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1. HEJIM U 3AJIAYU JUCIHHUTIJINHBI
Hean ocBoOeHNs AUCHUNIIMHBI (MOIYJISA):

Llenbi0 OCBOCHMS JUCHUIUIMHBI SBISIETCS (POPMUPOBAHKE M PA3BUTHE Y CTYIEHTOB 0a30BbIX
TEOPETUUECKUX CBEACHUN U NOJyYEHHUE NPAKTUYECKUX HABBIKOB, HAIPABJICHHBIX HAa Pa3BUTHE
CIOCOOHOCTH pelaTh CTaHAAPTHBIE 3a7a4 MPO(EeCCHOHAIBHOM eI TeIHbHOCTH.

3agaun:

3agauaMy OCBOEHUS TUCLUILIMHBI (MOYJIS) SABIISIOTCS:

-M3yuenune TeopeTndecKux OCHOB HEOPraHU4ECKONH XUMHUH.

-OBrajieHNe MeToJJaMM U CIIOCO0aMU CUHTE3a HEOPraHMUECKUX BEIIECTB.

-OBJ1aficHNE€ HaBbIKaMU ONMCAHUSI CBOMCTB BEIIECTB HA OCHOBE 3aKOHOMEPHOCTEH,
BBITEKAIOLIUX U3 IEPUOJNUECKOro 3aKkoHa U lleprnoanyeckoil cucTeMbl XUMHUUECKHUX DJIEMEHTOB
J.N. Menneneena.

-OBJlaficHe HOPMaMU TEXHUKHU 0€3011aCHOCTU

B pesynbrare 0CBOCHUS IUCHUILTUHBI 00YYaIOLIHIACS JOIKEH:

- 3HaTh: TEOPETUYECKUE OCHOBBI HEOPIaHUUYECKON XUMUU (COCTaB, CTPOCHUE U XUMUYECKUE
CBOMCTBAa OCHOBHBIX ITPOCTBIX BELIECTB U XMMHUECKUX COEIMHEHU, CBA3b CTPOCHHUS BEILLIECTBA U
MIPOTEKAHUS XUMHYECKUX IPOLIECCOB).

- YMeTh: peann3oBaTh BO3MOKHOCTH KJIIACCUYECKOW HEOPTAHMYECKOW XUMUN
MIPUMEHUTEIBHO K U3YYEHHIO HEOPraHUYECKUX BELIECTB, B T.4. IyT€M IPOBEACHUS XUMUYECKOTO
AKCIIEPUMEHTA U UCCIIEJOBAHUEM XMMHUUECKHX BEIIECTB U PEAKIIMM.

- Bnagets: MeTogamMu 1 criocodaMy CUHTE3a HEOPTaHUYECKUX BEILECTB, HABBIKAMU
OIMCAHUs CBOICTB BEILIECTB HA OCHOBE 3aKOHOMEPHOCTEH, BHITEKAIOIINX U3 MEPUOINYECKOTO
3akoHa u [lepuoanueckoi cucrembl XumMuyeckux 3yemMeHToB J[.1. MeHeneeBa, HopMaMy TEXHUKH
0€30MacCHOCTH.

2. MECTO JUCIIMIIJIMHBI B CTPYKTYPE OOII
ukn (paznen) OIT: B1.0
TpeGoBanus k npeaABapuTeIbHOI MOATOTOBKE 00y4al0IIerocs:

MaremMaruka

Pycckuii A3bIK U KyJIbTypa pedu

OCHOBBI POCCHIICKOM roCcy1apCTBEHHOCTH
HNudpopmaruka

WMHOCTpaHHBIN A3BIK

Ucrtopus Poccun

JucuuninHbl (MOAY/IH) U PAKTHKH, VIS KOTOPBIX 0CBOEHHUE IAHHOMN JMCIUIIIHHbI
(Moay.1s1) He00X0AMMO KaK NpealecTByIoee:

WMHOCTpaHHBIN A3BIK

HNudopmaruka

Ucrtopus Poccun

Maremaruka

OCHOBBI POCCHIICKOM rOCy1apCTBEHHOCTHU

Pycckuit s3bIK U KyJIbTypa peuu
3. OFBEM JUCHHUIIVIMHBI

O01as TPYJA0EMKOCTh 19 3ET
YacoB 1o yueOHOMY IIaHy 684
B TOM YHCJIe€:

ayJMTOPHBIC 3aHITHS 368
caMOCTOSTeNIbHAs paboTa 82
4acOB Ha KOHTPOJb 54




4. INTAHUPYEMBIE PE3YJIBTATBI OBYYEHUS 110 JUCHUIIVIMHE,
COOTHECEHHBIE C IVTAHUPYEMbBIMU PE3YJIbTATAMU OCBOEHUA
OBPA3OBATEJIBHOU ITPOI'PAMMBI

OIIK-1.1: CucreMaTtu3upyeT ¥ aHAJIU3UPYET PE3yJIbTaThl XUMUYECKUX IKCIIEPUMEHTOB,
HaOJI0/IeHUH, U3MEPEHUH, a TAK)Ke Pe3yJIbTaThl paCYeTOB CBOICTB BEILIECTB U MAaTEpUAIIOB

OIIK-2.1: PaGoTaet ¢ XUMHUYECKUMH BEIIECTBAMU C COOIIOJIECHUEM HOPM TEXHUKHU
0e30macHOCTH

OIIK-6.1: [IpencrasisieT pe3ynbTaThl pa0OTHI B BUAE OTUYETA IO CTAHJAPTHON (popMe Ha
PYCCKOM $I3bIKE

5. BUAbI KOHTPOJIA

Bunbl KOHTpOJISL B ceMecTpax:

JSK3aMEHBI 1,2
KypcoBbIe paboThI 2

6. AA3BIK ITPEIIOJJABAHUA
SI3BIK NIpenoaBaHus: pyCCKU.

7. CTPYKTYPA M COJAEP)KAHUE JUCHUTIJIMHBI (MOYJIST)

Kon HaumeHnoBaHue pa3jeiioB u Bun Cemectp | YacoB | HUctou- | [Ipumeuan-
3aHAT. TeM 3anatusa | / Kype HHUKH ue

Pazgen 1. Beenenue

1.1 Jlek 1 0
1.2 Cp 1 3
1.3 JIab 1 20
14 OK3aMeH 1 3

Pazgen 2. OCHOBHBIC 3aKOHBI
TepMOI[I/IHaMI/IKI/I.O6paTI/IMOCTL
XUMHUYCCKUX peaKuHﬁ

2.1 Jlex 1 4
2.2 JIab 1 13
2.3 OKk3aMeH 1 3
2.4 Cp 1 10

Paznen 3. PactBopbl

3.1 Jlex 1 6

3.2 JIa0 1 43

3.3 Cp 1 5




3.4 DKk3aMeH 4
Paznen 4. Kunetuka u MexaHU3M
XUMHYECKHUX PEAKLIHI
4.1 Jlex 8
4.2 JIab 24
4.3 Cp 5
4.4 DKk3amMeH 6
Paznen 5. Ctpoenne atoma
5.1 Jlex 4
5.2 Jla6 12
5.3 Cp 5
5.4 DK3aMeH 4
Paznen 6. Xumudeckasi CBS3b
6.1 Jlex 6
6.2 JIab 12
6.3 Cp 4
6.4 DK3aMeH 4
Paznen 7. KomrnekcHoie
COCTMHEHUS
7.1 Jlex 6
7.2 JIab 12
7.3 Cp 5
7.4 DK3aMeH 3
Paznen 8. [lepuoanueckuii 3akoH
JI.11. Menneneena.
Ilepuonnueckas cucrema
8.1 Jlek 4
8.2 JIab 7
8.3 DK3aMeH 2
8.4 Cp 2




Pasnen 9. OcHOBEBI XUMHUU
TBEPJIOTO TeJa

9.1 Jlex 4
9.2 JIab 0
9.3 OK3aMeH 4
9.4 Cp 4
Paznen 10. Bonopon
10.1 Jlex 4
10.2 JIab 9
10.3 OK3aMeH 3
10.4 Cp 4
Pa3nen 11. DnemenTsl [A rpymisl
11.1 Jlex 6
11.2 JIab 16
11.3 OK3aMeH 3
114 Cp 3
Paznen 12. Dnementsl 1A
TpYIIIBI
12.1 Jlex 6
12.2 JIab 15
12.3 DK3aMeH 2
12.4 Cp 7
Paznen 13. Dnements! [ITA
TpYIIIBI
131 Jlex 6
13.2 JIab 16
13.3 OK3amMeH 2
134 Cp 3
Paznen 14. Dnementsl [IVA
TPYIIIBI
14.1 Jlex 6




14.2 JIab 2 19

14.3 DK3aMeH 2 2

144 Cp 2 3

Pa3nen 15. DnemenTs! V rpynbl

15.1 Jlex 2 6
15.2 JIab 2 19
15.3 DK3aMeH 2 2
154 Cp 2 3

Pasznen 16. Dnementsl VI A

TPYIIIBI
16.1 Jlek 2 6
16.2 JIab 2 19
16.3 DK3aMeH 2 3
16.4 Cp 2 5

Paszgen 17. Dnementsr VIIA

IpYIIIBI
17.1 Jlex 2 6
17.2 JIab 2 20
17.3 DK3amMeH 2 2
17.4 Cp 2 5

Pasznen 18. Dnementer VI A

TPYIIIBI
18.1 Jlex 1 0
18.2 JIab 2 4
18.3 OK3amMeH 2 2
18.4 Cp 2 6

8. OHEHOYHBIE MATEPHUAJIbBI JI51 IIPOBEJEHWA TEKYIIEA "
HNPOMEXYTOYHOU ATTECTALIUHU

8.1. OueHoYHbIC MaTepHAJIBI /ISl IPOBEACHHUS TEKYLIEH aTTecTallul

OI_ICHO‘-IHBIC MaTCpUuaJIbl JId ITPOBCACHU A TCKyIL[CfI aTTeCTalluu IMPUBCACHLI B HpI/IJ'IO)KCHI/II/I

8.2. OneHo4yHblie MaTepuAaJIbl 1JIsl IPOBEACHUS IPOMEKYTOYHOM aTTecTaluu




OneHouHble MaTepUabl Ui IPOBEICHUS IPOMEKYTOUHOM aTTECTAllUU PUBEACHBI B
[Tpunoxenun 2
8.3. TpeOoBaHUs K PETHHT-KOHTPOJIIO

TpeGoBaHMs K PEUTHHT-KOHTPOJIIO puBeieHbI B [Ipunoxkenun 1

9. VYYEBHO-METOJINYECKOE 1 ”THOOPMALIMOHHOE OBECITEYEHUE
TACIHATLITAHBI (MOYJIST)

9.1. Pexomenayemasi iureparypa

9.2. [lepeuennb pecypcoB HHGOPMALMOHHO-TEJIEKOMMYHUKANIMOHHOM ceTH '"UHTepHeT"

Ol

9.3.1 IlepeyeHb NPOrpaMMHOI0 obecredeHust

Kaspersky Endpoint Security 10 ans Windows

Adobe Acrobat Reader

WinDjView

1
2
3 | Google Chrome
4
5

Mpuorodyaknuonansabiii pegaktrop ONLYOFFICE

9.3.2 CoBpemeHHbIe podeccHOHATbHBIE 0a3bI TAHHBIX U HH(OPMallMOHHbIE CIIPABOYHbIE
CHCTEMBI

Penozurapuit TBI'Y

Hayunas snextponnas 6ubnuoreka eLIBRARY.RU (noanucka Ha xypHasbl)

OBbC Tel'Y

9bC BOOK.ru

9BC «Jlaap»

ObC «YHuBepcuterckas OUOIMOTEKA OHIIANH

9BC «IOPAUT»

ool Nl o o B~ W N -

OBbC «ZNANIUM.COM»

10. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHME JUCHUIIJIMHBI (MOY JIS)

AyauT-1 OoOopynoBanue

3-413 KOMIUIEKT y4eOHOM Me0enn, epeHOCHOW HOYTOYK, TPOEKTOp, aKBaJAUCTUIISTOD, BECHI,
1eHTpudyra, KOJOPUMETP, CTOJ C TYMOO#, mKadbl

5-311 [Tpoextop Dxpan Kommbrorep (MOHUTOP, CUCTEMHBIN OJIOK, KJIaB., MbIIb) Jlocka -
1. Tpubyna -1 wt. Kommnekt yuebnoit medenu Ctenp "llepuoanueckas tabauna

11. METOAUYECKHUE MATEPHUAJIBI VIS OBYYAIOHIUXCSA ITO OCBOEHHIO
JNCHUIIVIMHBI

MGTOHI/I‘IQCKI/Ie MaTcpuraibl 1A 06yqa10mnxcsl 10 OCBOCHHIO AU CHUIITTMHBI
HporpaMMa JAUCHUITIINHBI ((HeopFaHI/IquKaﬂ XUMMUS»

1. BBEJIEHUE. XuMus kak cucteMa 3HaHUM O BELIECTBAaX U UX IpeBpauieHusx. [lpeqmer
U 3a/1a4¥ XUMUU. Teopus u SKCIIEpUMEHT B XUMUU. Pa3inuHbIe YPOBHU XUMUYECKOU TEOPHUH.




Nudopmanmnonnbie cuctembl. OCHOBHBIE 3319l COBPEMEHHOW HEOPTaHUUECKOW XUMUH.

2. OCHOBHBIC 3aKOHBI TepMOAMHAMUKH. OOpPaTUMOCTh XUMHUECKUX PEAKIIUHA

3agaun XUMUYECKO TepMoarHaMuku. [ToHaTHs: cuctema, mapaMeTpbl COCTOSTHUS,
TEpMOJUHAMHYECKOE paBHOBECHE, 00paTUMBbIe U HeoOpaTUMBbIe Mpoliecchl. BakHelye npu3Haku
XUMHUYECKUX MpeBpalieHuil. HeoOpuHbIE XMMHUECKHE TPEBPALLICHHUSI.

IlepBblil 3aKOH TEpMOJAMHAMUKUA. BHYTpEHHSs SHEPTHs U €€ U3MEHEHUE TP XUMUYECKUX U
(azoBbIX nmpeBpaunieHusx. Temnora u padora paznuyHoro poja. Jutanbnua. CTangapTHoe
COCTOSIHME U CTaHAAPTHBIE TEIUIOTHl XMMUUYECKUX peakuuid. Temnora u sHTanbnus o0pa3oBaHHUs.
TepmoxumMuueckue pacueTsl, OCHOBaHHbIE Ha 3aKoHe ['ecca. Tennoemkocts. Temneparypnas
3aBUCUMOCTD TEIUIOEMKOCTH M SHTAJIBIIMU. DHEPrUsl XMMUYECKOM CBsA3H. Mcnoap30BaHne
XUMHUYECKHUX U (a30BBIX MPEBpAILIEHUN B HEOPTaHUYECKUX CUCTEMAaX Ui TeHEpUPOBAHUS,
XpaHEHHs ¥ TPAHCIIOPTUPOBKHU IHEPTUH.

BTopoii 3akoH TepMOAMHAMUKA. DHTPONUS. 3aBUCUMOCTh SHTPOIUHU OT TEMIIEPATYPHI.
CrangaprtHas sHTponHs. Vi3MeHeHue YHTpornuu 1pu (Pa3oBhIX Mepexoaax U XUMUIECKIX
peaknusx. Dueprus ' m60ca u sueprus I'enbmrosbua. YpaBHEeHHE COCTOSHUS. XUMUUECKUT
MOTEHIMAI U aKTUBHOCTh. KpuTepuu caMOnpou3BOIBHOTO MPOTEKaHU IPOLIECCOB B
W30 JIMPOBAHHBIX U OTKPBITHIX CHCTEMaX.

OO0paTUMOCTh XUMHUYECKHUX PEAKIIHA. Y CIIOBUS XUMHUYECKOTO MEK()a30BOro PaBHOBECHSI.
KoHcTaHTa XUMHUYECKOTO PABHOBECHS KaK Mepa IITyOMHBI TPOTEKAHUS MPOIIecCoB. Vcmonbp3oBanme
CTaHJAPTHBIX PHTAJBIIUNA U SHTPOIUHU JJISl pacueTa KOHCTAHT PAaBHOBECHS XMMUYECKUX PEAKIUH.
dakTophl, BIUSAIONINE HA BEIMYUHY KOHCTAHTHI PAaBHOBECHS.

3. PacTBOpBI

[TpencraBieHre 00 MCTUHHBIX M KOJUIOMIHBIX pacTBopax. IIporeccsl pacTBOpeHHUS.
Crioco0ObI BEIpaKEHHS COCTaBa PACTBOPOB. DHEPTUS KPUCTALTUYECKON PEIIETKH, SHEPTHS
cosibBatauu. GakTopkl, BIUAIOLIIME HA pACTBOPUMOCTh. HachIIEeHHbIE Y HEHACBIILICHHBIE
pactBopbl. OcaxaeHue TPyAHOPACTBOPUMBIX coiieid. [Ipon3Benenne pacTBOPUMOCTH.

®a3o0Bble paBHOBecHs. OCHOBHBIE IOHATHS: KOMIIOHEHT, (ha3a, cTeneHb cBo0o k1. [IpaBuiio
¢a3. JlmarpaMma COCTOSTHUS BOJIBI.

KosmuraTtrBHbIE CBOMCTBA pACTBOPOB HEANEKTPOIUTOB U JICKTPOJUTOB: TABICHUE
HACBIIIEHHOTO Mapa, MTOHMKEHUE TeMIIEPaTyphl 3aMmep3aHus (KPUOCKOIHS ), TTOBBIIIIEHNE
TeMIIepaTypbl KUTICHUS (90YIITHOCKOMHS), OCMOC U OCMOTUYECKOE JIaBJIEHUE B HEOPTaHUUECKHUX U
Oouosornuecknx cucremax. Mzoronnueckuit KoaGPUIMeHT, CTeNeHh U KOHCTaHTa IUCCOIIAAIINH.
MembOpaHHOE paBHOBECHE.

WneanpHble U HeUI€aIbHBIE PACTBOPHIL. JlarpaMMbl COCTOSIHUSI IByXKOMITOHEHTHBIX
CUCTEM C HEOTPAaHUYEHHOU paCTBOPUMOCTHIO. JIByXKOMIIOHEHTHAsI CUCTEMA C IIPOCTOU
3BTeKTHKOM. Kproruaparsel. JluarpaMma COCTOSIHUS C XUMUYECKHM COEIMHEHUEM KaK MPEAEIbHbBIN
CIIy4ail CUCTEM C OTPULIATEIIbHBIMU OTKJIOHEHUSIMU CBOMCTB OT CBOMCTB UACATBHBIX PACTBOPOB.
Kpucramnoruaparst.

KucnorHo-ocHoBHOE paBHOBecHe. [IoHATHS «KUCHOTa» U «ocHOBaHuey». Kiaccuueckas
Teopusi Appennyca u ee orpanndeHusi. OCHOBHBIE MOJI0KEHUS MPOTOTUTUIECKON TEOPUHU
Bpencrena — Jloypwu, conpsikeHHBIE Mapbl KUCIOT U OCHOBAaHUN. ABTONpOTONIHN3 BObl. KoHcTaHTa
MPOTOJIMTUYECKOTO PABHOBECHS KaK XapaKTEPUCTUKA CUJIbI KUCIIOT M OCHOBaHM. B3auMoericTeue
CWJIBHBIX U CIa0BIX MPOTOIUTOB, THIPOJIN3 KaK YACTHBIN CITydail KHCIOTHO-OCHOBHOTO
paBHOBECHS.

DIEKTPOXUMUYECKHE CBOMCTBA pacTBOPOB. CONpPSKEHHBIE OKUCIUTENBHO-
BOCCTAaHOBUTEJIbHBIE Mapbl. /IBOMHON 2JIEKTPUUECKHUM CIIOW, 3JIEKTPO/IbI, T'aJIbBAHUYECKAs IUYEHKa.
DnekTpoAHbld noTeHnuan. CTaHAapTHBIN JIEKTPOAHBIN noTeHuuan. OKUCIUTEIbHO-
BOCCTAHOBUTEJIbHBIE PEAKIIUU U X HarnpaBlieHue. P nanpsokenuil. Ypasuenue Hepuera. Psibt
Jlatumepa. [loHaTHE O AMarpaMMax OKUCIUTENbHBIX COCTOSIHUN (AMarpaMMbl «BOJIbT-IKBUBAJIECHT
— CTENEHb OKUCIEHUNY). DICKTPOIH3. DIEKTPOXUMUIECKIE HCTOUHU KU dHepruu. Kopposus kak
AJIEKTPOXUMHYECKUN MPOLIECC.

4. KuHeTrka 1 MEXaHU3M XUMUYECKUX PEaKIi

CKOpOCTh XMMUYECKOHN peaKkIuu, €€ 3aBUCUMOCTb OT IPUPOAbl U KOHLEHTPAIUU PEareHTOB,
TemMriepaTypsbl. [Iopsaok U MOJIEKYIAPHOCTH peakiuu. KoHCcTaHTa CKOPOCTH U €€ 3aBUCUMOCTb OT
TeMIlepaTypbl. YpaBHEeHUE AppeHuyca. JHEpIus akTUBallMi. MeXaHus3m u



KMHETHKA PeaKkuii B TOMOTEHHBIX U FeTepOTeHHbIX cucTemax. LlenmHbie 1 konedarenbHble PeaKIiH.
['oMoOreHHsIi U TeTEpPOreHHbIN KaTaau3. AyToKaTaaus.

5. CTtpoeHue aroma

Pa3Butue npexacrasiennii o crpoeHnu aroMa. BoinHoBas npupoaa snekrpoHa. BoiHoBas
¢byukus. Ypasuenue llpenunrepa. [lonsitue o kBaHTOBBIX unciax. PaguansHas u opOuTanpHas
COCTaBJISIOIIME BOJHOBOU (QYHKIMHU: S-YP-, d- u f-opOuTanu. ATOMHbIC OpOUTAIH, UX SHEPIHU
rpaHu4HbIe TOBepXHOCTH. [opsiiok 3amonHeHus AIeKTpOHAMH aTOMHBIX opOuTanei. [lpunuumn
[Taynu. Tepmbr atomoB. [IpaBuna Xynna. [TousaTrs: opOUTAIBHBINA panyC U YHEPTUS HOHU3AITUN
aToMa, CPOJICTBO K 3JIEKTPOHY U 3JIEKTPOOTPULATENBHOCTh. DHEPreTUYECKHUE TUArPaMMBbl
MHOT03JIEKTPOHHBIX aTOMOB. PensituBuctckue 3h(exTsl.

6. Xumnueckas CBA3b

ITonsiTHE O IPUPOE XUMUYECKOH CBA3U. XaPAKTEPUCTUKHA XUMUYECKOM CBA3HU: DHEPIUs,
JUIMHA, TIOPSAA0K U NOJApHOCTh. OCHOBHBIE MOJIOKEHHS U HEAOCTATKU METO/Ia BAJIGHTHOU CBSA3HU
(BC). a-} n-, 5-cBsa3piBanue. Turbl ruOpuau3aiid aTOMHBIX OpOUTAJICH.

OcHOBHBIE IOHATHA O METO/I€ MOJIEKYIISIpHBIX opouTaneit (MO). Merox MO JIKAO.
JIBYyXLIEHTPOBBIE IBYX3JIEKTPOHHBIE MOJIEKYJISIpHBIE OpOUTAIN. DHEPreTUUECKUE TUarpaMMbl
JIByXaTOMHBIX TOMOSIZIEPHBIX MOJIEKYJI, 00pa30BaHHBIX 3JIEMEHTAMH 1-TO U 2-T0 MEPUOJIOB.
DHeprus MOHU3AIMK, MarHUTHBIE U OIITUYECKHUE CBOMCTBA. DHEPreTUYECKUE AUArpaMMBbl
npocreimuxrereposaepabix mosiekyi (CO, HF, LiH, H20 u 1.1.). [TonsTre o TpexueHTpoBsix MO
(BeHr, XeF2). Bonoponnas cBsizb. Criabble B3aUMOAEHCTBUSA: BaH-/€P-BaalbCOBBI CUJIBI.

XuMHYecKas CBSI3b B KOMIIJIEKCHBIX COeTUHEHUSIX. OCHOBHbIE MOHATUS KOOPAUHALIMOHHON
XUMHHU: LIEHTPAJIbHBIM aTOM U €ro KOOpAUHALIMOHHOE YKCIIO; JIUTAH Ibl; BHYTPEHHSS U BHELTHSSA
KoopauHaIoHHbIe cepsl. HoMeHkIaTypa u n3oMepus KOMILIEKCHBIX COSTUHEHUH.

Teopun cTpoeHUS KOMIUIEKCHBIX CO€UHEHUN. JIOCTOMHCTBA U HEJOCTATKU METO1a
BasIeHTHBIX cBs3elt (MBC).

Teopus kpucrammmyeckoro noist (TKIT). Cummerpus d-opoutaneii. i3mMeHenue snepruu J-
opbOuTaneit B chepruueckoM, OKTadAPUIECKOM U TETPASAPUIECKOM I10JIC JIMTaHJ0B. DHEPTUs
pacCHICTUICHHS], SHEPTUS CIapUBaHus. DHEprus ctadmimsanuu kpuctaumueckum nojieM (DCKII).
BnusiHue Ha BeMMYMHY pacuieIyIeHus: IpUpO/Ibl LIEHTPAJILHOTO aToMa (3apsaa, paauyca,
ANEKTPOHHON KOH(UTYpALMN), IPUPOJIbL, YHCIIA U PACTIOIOKEHHS JIUTaH10B. CIEKTPOXUMHUYECKUM
pan. Dpodexr Ana-Tennepa, TeTparoHaibHOE HCKA)KEHUE OKTa3IPUUYECKUX KOMIUIEKCOB,
IJIOCKOKBA/IPaTHbIE KOMILJIEKCHI.

Merton monekynspHbix opoutaneit (MMO). [locTpoenue rpynnoBbIx opOUTanel JUraHoB
1 UX B3aUMO/JICHCTBUE C OPOUTANIIMU LIEHTPAIbHOIO aTOMa. DHEpreTudeckas 1uarpaMmma
MOJIEKYJISIPHBIX OpOUTalIell OKTa3JpUUeCKOro KoMILIeKca 0e3 U ¢ m-CBsi3bIBaHuEM. JJoHOpHBIE 1
akuentopHbie nuranasl. Mcnonb3oBanue TKII 1 MMO st 00bSCHEHHS! ONITUYECKUX U
MarHMTHBIX CBOMCTB KOMIIEKCHBIX COEIMHEHUH.

KoHncranTta yctoiiunBocTr. THIBI peakiyil KOMIUIEKCHBIX COSAMHEHUN: JIMTaHIHbBIN OOMEH,
MIEPEHOC MPOTOHA U 3JIEKTPOHA; BIUSHUE LIEHTPAJIIbHOTO aTOMa Ha XUMHUYECKOE TIOBE/ICHUE
JTUranjoB. XenaTHbd 3Q@ekT. I eKT TpaHCBIUAHUS

7. KoMIUIEKCHBIE COEAMHEHUS

[Tonsitne komIuiekcHoro coequnenus. Homenknarypa. Ctpoenue. M3omepus.
Knaccudukanus. Teopust kpuctamumyeckoro nojis. MeTos BaleHTHBIX CBA3EH

8. Ilepnonnueckuii 3akoH .M. Menneneea. Ileproauyueckas cuctema 3J€MEHTOB

Cospemennas popmynuposka Ilepuoauueckoro 3akoHa. CTpykTypa nepuoIuuecKoi
CHCTEMBI U €€ CBA3b C AIEKTPOHHON CTPYKTYpOil aTOMOB, 3aK0H Mo3iu. [lepuoaudnocTs B
M3MEHEHHH JIEKTPOHHOM KoH(puUryparuu aroMoB. [leproas! u rpymnmnsl. KopoTko- u
JUTMHHOTNIEpUOIHBIN BapuaHThl [leproanueckoit Tabnuiel. [lepnoaudnocTs B U3MEHEHUH BETMYUH
paanycoB, SHEPTUU NOHU3ALIUN, CPOJICTBA K JIEKTPOHY, JJIEKTPOOTPULIATEILHOCTH aTOMOB.
[TonoxxeHne xumMuueckoro 3nemeHTa B [lepuogudeckoil cuctemMe Kak €ro riaBHas XapakTepUCTHKaA.
IleprogM4YHOCTH B U3MEHEHUH CBOMCTB IPOCTBIX BELLIECTB M OCHOBHBIX XUMHUYECKUX COCIMHEHUI
(oKcuABI, TUAPOKCUIBI, TAIOTEHH IBI). BepTHKanbHble, TOPU30HTATIbHbBIC U AUAarOHAJIbHBIE
aHasioruu B Ilepuoanueckoit cucreme.

9. OCHOBBI XMMHH TBEPIOTO TENA

XuMHuecKas CBsI3b M CTPYKTypa Kpuctasuia. Knaccudukanus negextoB: aAedeKTsl mo



[Hortku u @penkento. Hecrexuomerpuueckue coequuenus. J[edekTrsl 1 cBOHCTBAa KPUCTAIIIOB.
KBasuxumudeckoe onrcanue paBHOBeCHi AedeKTOB. 3aBUCUMOCTh Je(heKTHOTO COCTaBa
KPUCTAJIJIOB OT YCJIOBUM cuHTe3a. Bnusinue nedekroB Ha KHHETUKY TBEPAO(Da3HBIX pEaKIuii.

10. Bonopoa—riepBblii 25ieMeHT [lepruoauyeckoil cucTeMbl

N3otonsl Bonopoaa. Ctpoenue u cBoiictBa nona okconus H3O+. Mon H~ u ocHOBHBIE
Ttunbl THAPUIOB 351eMeHTOB |-VIII rpynm. CtpoeHue u cBoicTBa TBEPIOH, )KHIKOW U ra3000pa3HOM
BoJbl. [lonyuyenue, cBOICTBA U MPUMEHEHNE BOJOPOA.

11.OmemeHTHI | A TpyIIIBL: IEIOYHBIC METAJLIBI

3aKOHOMEPHOCTH B U3MEHEHHH AJIEKTPOHHBIX KOH(PUTypaluil, BETMYUH PAJANYCOB, SHEPTUU
noHHU3aK aToMOoB. Oco00e MOIoKEHUE TUTHSL. DHEPIrUsl KPUCTAUTNYECKON PEIeTKH,
(bu3nyecKkre U XUMHUYEeCKHEe CBOMCTBA MPOCTHIX BeliecTB. OCOOEHHOCTH B3aUMOACHCTBUS
LIEJIOYHBIX METAJIJIOB C BOAOM IO PSAAY JIMTUIN — LIe3Uid. 3aKOHOMEPHOCTH B CTPOEHUHU U CBOMCTBAX
(Tepmuueckasl yCTOWYMBOCTb, KUCIIOTHO-OCHOBHBIE CBOMCTBA) OCHOBHBIX THUIIOB COEIMHEHUI!
OKCHJIOB, IEPOKCHJIOB, THIPOKCHIOB, KApOOHATOB, raJIOT€HU-/10B. J{MaroHaJibHOE CXOACTBO JTUTUN
— Marauil. [losryyeHure menoyHpIX METAIOB U3 PUPOAHBIX COCIUHEHUN. [[puMEeHEHNE IETOYHBIX
METAJUIOB U UX COCIMHEHUH.

OnemenTtsl | b rpynmsi: Mmenb, cepedpo, 30J10TO

ComnocTaBiieHHe AIEKTPOHHBIX KOH(GUTYPAIHiA, BEIUYHH PaIUyCOB, YHEPIUH HOHU3ALNH,
XapaKTEePHBIX CTEIIEHEN OKUCIEHUS U KOOPAMHAIMOHHBIX YMCesl aTOMOB 37ieMeHTOB |A u | b
rpynn. @uznyeckue, XMMUYECKUE CBOMCTBA, MOIYyYEHHE U IPUMEHEHHUE ITPOCTHIXBEIIECTB.
ConocraBieHUe CTPOECHUS U CBOWCTB OJIHOTUITHBIX COEAMHEHUMN (OKCHUIbI, THIPOKCH/IBI,
rasioreHub1) 3eMeHToB | A u | b rpynn co crenensimu okucienus (1). OcobeHHOCTH coeTMHEHU I
Cu (I). KomrutekcHbIe COeAMHEHUS (aMMHAKAThI, [IHAHK/IbI, TAJIOTCHU/IbI): KOOPAUHAIIHOHHBIC
YHCIa, 3aBUCUMOCTH (POPMBI KOOPAMHAITMOHHOTO MOIUAIPA OT AIIEKTPOHHOH KOH(PUTYpaAIIH
LEHTPAIBHOTO aTOMa U MPUPObI uranaa. CTpoeHre U CBOMCTBA coenHeHUM 3nieMeHToB Cu, Ag,
AU B BBICIIUX CTEIEHAX OKUCIIEHMs. BrlcOKOTEMITEpaTypHbIE CBEPXIIPOBOJHUKHN Ha OCHOBE
CJIOKHBIX OKCHJIOB MEJIH.

12. Dnementsr |IA Tpymnmer: Gepuinnii, MarHuii, KanblIui, CTPOHIHA, Oapuii

M3meHeHne 31eKTPOHHBIX KOH(PUTYpalnii, BETUYMUH PaANyCOB, SHEPTHH HOHU3ALUU
aToMoB. Ocoboe nosoxxenue 6epuius. [loaydenre npocTeiX BEUIECTB U3 MPUPOIHBIX
coequHeHui. ['uapokcupl OepuuIis U MarHus: CTPOCHUE, KUCIOTHO-OCHOBHbBIE CBOWCTBA,
peakuuu mpotosin3a u KoHaeHcarnuu nonos Be (11) u Mg (11). KapOonats! Oepusutist 1 Marausi.
Oxkcwuarerat Oepusuinsi. 3aKOHOMEPHOCTH B CTPOCHUU M CBOMCTBAX OCHOBHBIX TUIIOB COEIUHEHUN
IIeJI0YHO3EMENbHBIX 3JIEMEHTOB: OKCUA0B, THJIPOKCHU/IOB, KApOOHATOB, raJIOr€HHIOB.
KommnekcHbie coequnenus. JluaronanbHoe cxo1cTBO Oepuiuii — antomMuHuil. [Ipumenenue
OepuilIns, MarHus U IeJI0YHO3EMENIbHBIX AJIEMEHTOB.

OnemenTs! || b rpynnsl: HUHK, KagMUi,pTyTh

ConocrtaBneHue 3JIeKTPOHHBIX KOHPUTYpalluii, BEJIMYUH PaNyCOB, SHEPTUN HOHU3ALNH
aTOMOB 3JIEMEHTOB MOATPYIIIEI IMHKA U MOATPYIIIbI MIETOYHO3EMENbHBIX 3JIEMEHTOB,
XapaKTepHbIE CTENEHU OKUCIICHUSI, KOOpJAUHAIIMOHHBIE yKcia. [lonydyenue, puznueckrue u
XMMHUYECKHE CBOICTBA IMHKA, KaaMus, pTyTu. CpaBHEHUE CTPOCHHUS U CBOICTB COEIMHEHUN B
crenienu okucienus (1) (okcunpl, ruapoKcuabl, ranorenuipl). CTpoeHue u
JTUCTIPOTIOPITMOHUpOBaHKe coenquHeHnit Hg22+. KoMruiekcHbie COeTUHEHMS: aMMHAKAaThl,
raJioreHubl, IUAaHU/bI, THOLMaHAThl. [[puMeHeHne IMHKA, KaAMUs, PTYTU U UX COCTUHEHUMN.

13. Onementsl |1 A rpynmst: 60p, amOMUHUN, TAITUN, UHIUH, TaJUTAN

DnekTpoHHas KoHburypauus. Paguyc u sHeprus noHU3auu aToMa 6opa. XapakTepHbIe
CTETIeHH OKUCJICHUS U KOOpAMHAIIMOHHBIE uncna. Kpucrammudeckas cTpykTypa, Gusndeckue u
XMUMHYECKHe CBOWCTBa Oopa.

[Tomyuenue, crpoeHue, cBoiicTBa qubopana B2H6: BoccTaHOBUTENBHBIE CBOICTBA,
B3auMoencTBre ¢ BoJoH, ruapuaom jautus (LIBH4), okcunom yrnepona (H3BCO — kapGonun
6opana). 'omonoruueckue paas! ruapugos 6opa: BnHn+4 u BnHn+6. Crpoenue u
3aKOHOMEPHOCTH B CBOMCTBaxX OOpaHOB.

[Tomyuenue, ocobeHHOCTH CTpOoeHus U cBoricTBa B20O3 1 60pHBIX KUCIOT. 3aBUCHIMOCTh
coCTaBa MPOAYKTOB MOJIMMEpU3aluu okcobopaToB oT pH cpezpl u koHneHTpauuu. CornocTaBieHne
MIPOLIECCOB JlerupaTanuu opTohocGopHoil 1 OPTOOOPHOIT KHCIIOT.



JlnaroHajbHOE CXOACTBO OOpa M KPEMHHUs Ha IpUMEpe T'MIPUIOB, FAJIOT€HUI0B, OKCUJIOB U
oKcOoKucnoT. ConocTaBieHHe CTPOCHUS U CBOMCTB OOpaToB, KAPOOHATOB U HUTPATOB METAJLIOB.
AHanorusi B CTpPOSHUHU U CBOMCTBAX COCIUHEHUMN: OeH3071 — 00opa3od, anMa3 — 6opas3oH. [Tomyuenue
00pa U3 NpupoAHbIX coearHeHui. [Ipumenenne 0opa 1 ero coeinHeHui.

3aKOHOMEPHOCTH B U3MEHEHUH JIEKTPOHHBIX KOH(DUTYpaLuii, painycoB, SHEPTHH
MOHU3ALMY, XapaKTEPHBIX CTENICHEH OKMCIIEHHUs aTOMOB aIIFOMUHUSA, FAJJIHSL, UHANS, TaJUIus.

[Tony4enue, pusnueckue 1 XUMUYECKHE CBOMCTBA ITPOCTHIX BELIECTB. 3aKOHOMEPHOCTH B
CTPOEHUU U CBOMCTBAX (TepMHUECKasl yCTONUYNBOCTb, KHCIIOTHO-OCHOBHBIE U OKHUCIIUTEIIBHO-
BOCCTAHOBUTEJIbHBIE) COEAMHEHUH JIEMEHTOB B CTEIICHH OKUCIIEHHS +3: OKCUIbI, THAPOKCUIBI,
rajo rex uapl. KommiekcHble coeiMHEHNs aMlOMUHNA. ' UApUA anfOMUHUS U aITFOMOTHIPUIbI
LIEJIOYHBIX METAJUIOB, MI3MeHeHNe yCTOMUMBOCTH COEAMHEHHH IEMEHTOB B HU3KUX CTETEHSX
OKHCJICHHSI B TIOATPYIIIE, a TAK)Ke TOpU3oHTaIBbHOM psiny: T1-Pb-Bi. ConocraBnenue ctpoenus u
cBoricTB ogHoTunHbIX coeaunenuit T1 (1) u Rb (1), Al (1), Sc(I11), Ga (I11) u Zn (11). IIpumenenue
QIIOMUHUS, TAJUTAS, MHIIUS, TAJUTUS U UX COCMHEHUH.

14. OnemenTtsl IV A rpynmnsl: yriepos, KpeMHUN, T€pMaHUii, 0JI0BO, CBUHELL

DJeKkTpoHHas KOH(UTYypanus, pa3Mep aToMa, SHEPTHsi HOHU3ALUHU U CPOJICTBO K 3JIEKTPOHY,
ANEKTPOOTPHULATEILHOCTh. 3aKOHOMEPHOCTH B U3MEHEHUHU ITpoyHocTy -3, 3-H, O-I" (I'-ranoren)
u D-0 cBsazeit. OcodenHoctu kareHanuu B psay C-Si-Ge-Sn-Pb. XapaktepHblie CTEIICHH OKUCIICHHS
Y KOOpJAMHAIMOHHBIE uKciia. OCOOCHHOCTH yriaepo/ia.

THIBI CTPYKTYp U OCOOCHHOCTH XUMHYECKOU CBS3H B TBEPBIX MIPOCTHIX BEIIECTBAX.
Anmas, rpadut, kapous, pymiepens: (C60, C70 u 1.1.) — nonmumopdHbIe POpPMBI yriiepoa.
3aKOHOMEPHOCTH N3MEHEHHS (PU3NIECKUX U XUMUYECKUX CBOMCTB IMPOCTHIX BEIIECTB!
B3aMMOJICHCTBHE C pa30aBIeHHBIMH U KOHIIeHTpUupoBaHHbIME pacTBopamu HC1, HNO3, H2S04,
NaOH, metamnamu, HeMmeTtamaaMu. CoeqUHEHNS BKIIOUEHUS.

Paznuuune B peakimoHHON CIIOCOOHOCTH YIIIEBOOPOIOB M CHIIAHOB, XJIOPUIOB YIIIepoa
(CCl4) u xpemuus (SiCl4).

CO u CO2: nomyuenwue, conocrasienue crpoenus (MO JIKAO, MBC), ¢pusnueckux
(9HEeprust TUCCOIMANNH, TUTIOJIBHBII MOMEHT, TeMIepaTypa (pa30BbIX MEPEXO0I0B) M XUMHUECKUX
(B3aumopericteue ¢ H20, meTamiamMu, OKUCIUTEILHO-BOCCTAaHOBUTENIBbHBIE cBOMCTBA, CO 1 CO2
Kak jiuranipl) cBoiictB. CoiictBa SiO2. Conocrasienue crpoenus u ceoiicte HCOOH n H2CO3.
Tepmuueckas ycroitunBocTh kapooHatoB. ComnocraBienue crpoerus u cBorcte CO2 nu H2CO3,
KapOOHATOB M CHIIMKATOB. OCHOBHBIE THITBI CTPYKTYP CHUJIIMKATOB.

CrtpoeHre 1 CBOWCTBa IMAHOBOIOPO/1a, POJJAHOBOIOPO/IA M UX MTPOU3BO/IHBIX.

®dusnyeckue 1 XUMUYECKUE CBOMCTBA KPEMHHSI, F€PMaHus, 0JI0Ba, CBUHIA. KpeMHHUi1 1
repMaHui — TOIYTIPOBOHUKH.

3aKOHOMEPHOCTH B U3MEHEHUHU CTPOCHUS K XMMUYECKUX CBOHCTB OKCHJIOB M THIIPOKCHIOB
Ge-Sn-Pb (Tepmuueckast ycTORYUBOCTh, KUCIOTHO-OCHOBHBIC H OKHCIIUTEIILHO-
BOCCTAHOBHTEJIbHBIE CBOMCTBA).

[Mpupoausie coequnenus C, Si, Ge, Sn, Pb. TIpuHIKTIBI TOTYYEHUS TPOCTHIX BEIIECTB.
[TpumMeHeHrne TPOCTHIX BEIIECTB U OCHOBHBIX XUMHYECKHX COSAMHEHHUI: OKCHIOB, OKCO-KHCIIOT H
THJIPOKCHIOB, THIPUIOB, XaJIbKOT€HHUIOB, KAPOUIIOB ¥ CHJIMIIN/IOB, KapOOHATOB, CHITUKATOB.

15. OnemenTsl V A rpynmnsl: a30T, pocop, MBILIBSIK, CypbMa, BACMYT

OO11ast XapakTepUCTHKA 3JIE€MEHTOB: AJIEKTPOHHAsI KOH(UTYpaIys, pa3Mep aTOMOB, SHEPTHs
MOHHU3ALUHU U CPOJICTBO K JEKTPOHY, IEKTPOOTPULIATEIbHOCTh aTOMOB. 3aKOHOMEPHOCTH B
W3MEHEHUU KOOPJMHAIIMOHHOTO YHCIIA, TPOYHOCTH OAMHAPHBIX (D-3) 1 ABOMHBIX (D=0) cBs3eil,
CTaOMIIBHOCTU COEIMHEHHH C XapaKTEepPHBIMU CTETIeHsAMH OKuciaeHus. OcoOble cBOMCTBa a30Ta.

MO u cBoiictBa N2, N2+. Ctpoenue 6enoro, KpacHOTro 1 4epHoro ¢ochopa, MIIIbSIKA,
CYpPbMBbI U BUCMYTA. 3aKOHOMEPHOCTH B U3MEHEHHH (PU3NYECKUX U XMMUYECKHX CBOMCTB MPOCTHIX
BelIecTB. MeTo/ bl CBA3bIBAaHUS MOJIEKYJISIPHOTO a30Ta.

Ocob6enHoctu crpoenus (BajgeHTHble yriel H-3-H, qnuna cBs3u O-H, nunonbHbI MOMEHT),
3aKOHOMEPHOCTH B U3MEHEHUHU (PU3UUECKUX U XUMHUECKUX CBOMCTB BOJIOPOIHBIX COETMHEHUI
OH3 (Temnepatypa (pa30BbIX Iepexo10B, TEPMUUYECKAsS YCTOMYMBOCTh, KUCIOTHO-OCHOBHBIE U
BOCCTAHOBUTENIbHBIE CBOCTBA). [TomyueHne u cBoiicTBa aMMHaKa, aBTOMOHU3ALIUS, PEaKIH
3aMeIIeHUs, aKLENTOPHbBIE (IPOTOIUTUYECKOE B3aUMOICHCTBIE CBOIOM), TOHOPUbIE



(oOpa3zoBaHME aMMHAKaTOB) M BOCCTAHOBUTEJIPHBIC CBOWCTBA aMMHaKa. TepMudecKas
YCTOMYHUBOCTH CcOJIe aMMOHMS — (hochaToB, XJIOPHUAOB, CYyJIb(PATOB, HUITPATOB, HUTPUTOB.
ComnocraBnenue ctpoenus u cBorictB ruapokcmaMmuaa NH20H u runpazuna N2H4 (kuciotHo-
OCHOBHBIX U OKHCIIUTEIbHO-BOCCTAHOBUTENbHBIX).

CtpoeHue u cBOICTBa a30TUCTOBOAOPOIHON KUca0Thl. COCcTaB, CTPOCHUE U
3aKOHOMEPHOCTH B M3MeHeHnH cBoMCTB okcnuioB azota: N20, NO, N203, NO2, N204, N205
(IMTIONBHBIIMOMEHT, MEKMOJIEKYJISIPHOE B3aUMOJIEHCTBHE, B3aUMO/IEUCTBHE C BOJIOM,
TeMIieparypa (ha3oBbIX IEPEX0/10B, TEpPMUYECKasi YCTOMUNBOCTh, KUCIIOTHBIE CBOMCTBA).
[Tonyuenune oxcumoB azota. Cxema MO, conocraBiienne cBorictB NO 1 NO+. Annonnsie (NO2-,
NO3-) u karuonnsie (NO+, N02+) dopmsr okcuaos azora (I11), (V). JducnpomnopiinoHupoBaHme
oxcuoB azota (I11), (IV) B kucyI0# ¥ MIETOYHOMN Cpeax, MOIAPHBIX ¥ HEMOISPHBIX
pactBopuTteisix. CuHTE3 0€3BOAHBIX HUTPATOB METAIOB. TepMHUUECKOE Pa3IoKeHUEe HUTPATOB
metawioB (Na, Ag, Pb).

[Tony4enue, conocrabieHue ctpoeHus U cBoicTB azotrctoit (HNO2) u azorroit (HNO3)
KHCJIOT: YCTOHYMBOCTb, KUCIIOTHBIE U OKUCIMTEIbHO-BOCCTAHOBUTEIBHBIE CBOICTBA BOJIHBIX
pactBopoB. Okuciurensubie cBoiictBa HNO3. 3aBucuMocTs coctaBa NpoyKTOB B3aUMOICHCTBUS
HNO3 + Metamt OT KOHIIEHTPAIIMH a30THOM KHCIIOTHI U IPUPOIBI MeTayuta. | unoazoTucras
kuciota (HON)2: ctpoenne, KHCIOTHBIE M BOCCTAHOBHTEIBHBIE CBOMCTBA.

OcobGennoctu ctpoenus okcuoB dochopa (1) u (V). 3akoHOMEpHOCTH B U3MEHEHUHT
KHCJIOTHO-OCHOBHBIX, OKUCIIUTEIEHO-BOCCTAHOBUTEBHBIX CBOMCTB M TEPMUYECKOH YCTOMYHUBOCTH
kuciaot H3PO2, H3PO3, H3PO4. B3anmoneiictBue hochopHOTo aHTHIpHUIA C BOJIOM.
Konnencuposanusie ¢pocdarel. Opro-, mupo-, MeTa-, monumeradocdarel. Bzanmopeiicteue
pactBopuMsIx coseii H3PO4, H3PO3, H3PO2 ¢ AgNO3.

Crpoenue u coiicta xsopuaoB (PCI3, PCI5) u okcoxmopuaa (POC13) docdopa.
Coemunenus ocdopa ¢ a30TOM.

Huarpammer BD-CO coenunenwmii azora u gocdopa.

OO0mye TeHIeHIINH B U3MEHEHUN CTPOCHUS M CBOMCTB OKCHJIOB U OKCOKHUCIIOT SJIIEMEHTOB
VA rpynms! [leproamueckoii CUCTEMBI (KUCIOTHBIX H OKUCIUTEIbHO-BOCCTAHOBUTENBHBIX ).
OcCHOBHBIE IPUPOAHBIE COCTMHEHNUS, IPUHIIMIIBI TOTYYCHUS U3 HUX a30Ta, (pocdopa, MbIIIbsIKa,
CypbMBl, BUcMyTa. Poiib coennuenuit a3ota u ¢pocdopa B 3KOJIOTUU U B OMOJIOTUIECKUX
poreccax.

16. Dnementsl VI A rpynmsl: KUCIOPO/I, CEpa, CeIeH, TEITYP

3aKOHOMEPHOCTH B U3MEHEHUH JICKTPOHHON KOH(PUTYpAINH, BEIUIHH PAJNYCOB, YHEPTUS
WOHM3AILIMH B CPOJICTBA K DJIEKTPOHY, XapaKTEPHBIX CTEIIEHEH OKMCIICHUS,
AJIEKTPOOTPHUIIATEIEHOCTH aTOMOB. OTIMUNTENFHBIE CBOMCTBA KUCIOPO/Ia, G U T-CBS3BIBAHHE,
0COOEHHOCTH KaTeHaluu (00pa3oBaHMs TOMOSIEPHBIX 11ernei) B psgax O-S-Se-Te, C1-S-P-Si.
O30H. O30HU[BL.

Cxema sHeprernueckux ypoBHeit MO, ocobeHHOCTH cBOMCTB MOJIeKy bl O2 1 moHoB O2+ u
O2-. 3meHeHme cocTaBa MOJIEKYII, BHYTPH- M MEKMOJIEKYIISIPHOTO B3aUMOJICHCTBHUS B PATY
KHCIIOPOA-Cepa-CeIeH-TeILTYp. 3aKOHOMEPHOCTH B U3MEHEHNUN (PU3UIECKUX CBOMCTB MPOCTHIX
BEIIECTB (PHEPTHsI KPUCTATUIMIECKOH PEIIeTKH, TeMIepaTypa (Ha30BbIX NMPEeBpaIICHHUH,
TeMIIepaTypHasi 3aBUCIMOCTb BSI3KOCTH cepbl). CpaBHeHHE (ha30BBIX JHAarpaMM BOJIBI M CEPHI.
XUMHUYECKHE CBOMCTBA MTPOCTHIX BEIIECTB: aHATIOTHUS B MPOIECCaX B3aUMOACHCTBUS raJIOTEHOB U
XaJIbKOT€HOB C BOJIOH, B3aUMO/ICHCTBUE XaJIbKOT€HOB C HEMETANIaMU M METaJJIaMHU.
Xanbkorenuasl. Kucnopon, cepa, cenen, Teutyp B reo- u ouocdepe. [lomyuenne npoctbix
BEIIECTB U3 MPUPOAHBIX coenHeHu. [[puMeHenne Kucnopo/ia, XalbKOreHOB U UX CO€AMHEHU.

Bonoponusie coenunenus. [lapamerpsr monexyn H23 (nnuHa u SHEpTUs CBSI3U, BAJTCHTHBIN
yTroll), 3aKOHOMEPHOCTH U3MEHEHUs (PU3MUECKUX CBOMCTB MOJIEKYI (JUIONbHBIA MOMEHT, SJHEPTUS
JMCCOLIMAITUH, TeMIlepaTypa (a30BbIX MepexoaoB). ABTonporonus coenunenuit HI' u H2D, ux
B3aMMO/ICHCTBHUE ¢ BOAON. 3aKOHOMEPHOCTH B U3MEHEHUHU KUCIOTHBIX M BOCCTAHOBUTEIBHBIX
CBOMCTB XaJIbKOI'€HOBO10poJ10B. Ocoboe nonoxenue H20 B psaay coenunennii H23. [lepokcuabt
H-0-0O-H, ruaponepokcuast M-O-O-H. [Monucynsganst H- (Sn) -H.

Oxkcunsl xanbkoreHoB. CpaBHEHUE CTPOCHUS U CBOMCTB M303JIEKTPOHHBIX aHanoros: S20,
S02, NO2~. ComnocTaBiieHue cTpoeHus 1 cBONCTB okcu1oB 02 u D03. YcnoBus OKUCIECHUS



SO2 B SO3. Okcokucnore H2SO3 u H2SO4: koppensnus CTpoeH!s aHHOHOB M XUMHYECKUX
cBoiicTB. Tayromepus 6ucynbdur-nona. CtpoeHue, MoaydeHUEe, OKUCIUTEIbHBIC U
BoayoTHuMaromue cBoictBa H2SO4. Cucrema H20 ~ SO3. Tepmuueckast ycTOWYUBOCTh
cyibgaToB. CoMoCTaBlIeHNUE CHIIbI KUCJIOT, TEPMHUUYECKOI YCTOWYMBOCTU U OKUCIUTEIHHON
akTUBHOCTH okcokucioT H2903 u H22504. JIluarpaMmsbl BOJIbT-DKBUBAJICHT — CTEIEHb OKUCJICHUS
B Psi/1y XaJbKOTE€HOB.

CtpoeHnue, noiay4yeHue, CBOMCTBa THOCY IbGhaTa HATPUs. | OMOsIepHbIE LIeTIH B O~
tuonarax [O3S -(Sn)- SO3], rae m = 1-22. U3o0anekTponnsic 3amernenns B H2S04: atoma
KHCJIOpoa Ha cepy (Tuocynbhar-noH), mepokcorpyimy -O-0O- (H2SO8); ruipoKCHIbHOM MPYIIIEI -
OH Ha MOCTHKOBBI# KHCI0PO B moaucyibdarax, [SO4-(SO3)n]2 rae n = 1,2,3; Ha rajoreH B
okcoranoreanax D02[2 u Ha nepekucHyto rpymmy -O-O- B nepokcocynbdarax H-O-O-SO2-OH.
CrtpoeHue U CBOICTBA TaJIOTEHHUIOB CEPBI, CEJIeHA, TeITypa.

17. Dnementst VIIA rpynmst: ¢rop, xiop, 6pom, noa

3aKOHOMEPHOCTH B H3MEHEHHH AJICKTPOHHOU KOH(PUTYPAIIMH, BETHYMUH PATUYCOB, SHEPTUU
MOHM3AINH, CPOJICTBA K DIIEKTPOHY, dJCKTPOOTPUIIATEIILHOCTH, XapaKTePHBIX CTCIICHEH OKHCICHUS
aTOMOB TajioreHoB. Pasnuune suepruu 3s-3p, 4s-4pu 5S-5popOuTaneii u CBOWCTBA TaJIOTEHOB.
Ocob6ennoctu (ropa. Ananorus ¢prop - Bogopoa. Ctpoenue monekyl rajorenoB (MO JIKAO),
MEXMOJICKYJIIPHBIC B3aMMOJICHCTBUS M (PU3UICCKIEC CBOMCTBA MPOCTHIX BEIMIECTB. [[pUHITUTIBI
MOJIYYEHUSI TPOCTHIX BEIIECTB U3 MPUPOIHBIX COeTUHEHUH. [[puMeHeHne rajioreHoB.

B3aumojeiicTBue rajoreHoB ¢ MeTaJljlaMi U HeMeTallJlaMi. 3aKOHOMEPHOCTH U3MEHEHUS
TUTIAa XUMAYECKON CBS3U U CBOMCTB rasioreHu10B aemMeHToB |-VI rpymnm [lepuoandeckoit
CUCTEMBI. [ OMO- M TEeTepOIMTHICCKHUE ITYTH Pa3phbiBa CBSI3U B MOJICKYJIAX TaJIOTCHOB
(B3auMoIeHiCTBHE C BOJOPOIOM, YTIIEBOJOPOAAMH ).

Crpoenune moinekyn (MO JIKAO) u ¢pusnueckue cBOMCTBA (IHEPTHS TUCCOUAIINAH, JIH-
MOJIEHBIF MOMEHT, TEMIIEpaTypa TUIABJICHHUS, KUTICHHUS) TaIOT€HOBOAOPO10B. CTIOCOOBI MOTYUICHHSI.
Cucrema HC1 - H20. 3aKkoHOMEPHOCTH B U3MEHEHUHN KUCIIOTHBIX U BOCCTAHOBU "TEJbHBIX
CBOWCTB TraJIOT€HOBOJOPOIHBIX KUCIIOT.

B3aumoseiicTBue rajgoreHoB ¢ BOJIOM: CoJbBaTalUs U KilaTpaTooOpa3oBaHUe, FeTepo-
JUTHYECKOE Pa3IOKEHHUE, TEPMOAMHAMUYECKNE U KHHETHUECKUE (PAKTOPHI, OTIPENIEIISIONINE COCTAB
MPOIYKTOB B3aMMO/ICHCTBUS TaJIOTCHOB C BOJIOH.

KucnopoaHbie coeIMHEHUS TaIOreHOB. 3aKOHOMEPHOCTH B CTPOCHUH M CBOMCTBAX
okcu10B. CrtocoOwI moiryueHus. Mi3MeHeHne CTpOCHUS U CBOMCTB (TEpMHYECKasl yCTONYHBOCTD,
OKUCJIUTETbHBIC, KHCIIOTHO-OCHOBHBIC CBOMCTBA) KUCIIOPOAHBIX KHCIIOT TaJIOTeHOB 110 psy HI'O —
HI'O2 — HI'O3 — HI'OA4.

CornocTaBiieHUE YCTOMYUBOCTH U OKUCIIUTEIBHBIX CBOHCTB KUCIOPOIHBIX KUCIOT
rajyioreHoB ¢ nmomMorisio quarpamm B2-CO. Topsamok B3aMMHOTO BRITECHEHHUS TAJIOTEHOB U3
raJIor€HOBOJIOPOAHBIX, KUCIIOPOIOCOAEPKAIINX KUCIOT U UX COJIEH.

Mexranorennsie coequHenust (MI'C). Ctpoenue MosieKkyn B IpUOIUKEHUH METO/1a
BasieHTHBIX cBsi3elt (MBC). Katnonnsie u annonnslie popmbl romoaroMusix MI'C. DHeprus cBs3u,
ctpoenue (Mojaenb ['mterncu) u TepmMudeckasl yctTouuuBoCTh rerepoaTtoMHbix MI'C. Ananorus B
xumudeckux cBorictBax MI'C u mpocTeix BemecT ['2: B3aumoieiicTBrUE ¢ BOJOM, OKUCIICHNE
MeTalIoB, aBTonoHn3anus. Karnonnsie u annonusie popmbl rerepoatoMubix MI'C. [lpumenenue
MI'C.

18. Dnementsl VIII A rpynmbl: nHEpTHBIE Ta3bl

DnekTpoHHas KOHGUTYpalus, BEIUYUHBI PAAHNYCOB U SHEPTUU HOHU3AIUN aTOMOB
WHEPTHBIX Ta30B.

[Tomyuenue, cTpoeHHe, CBOMCTBA MHEPTHBIX Ta30B: TeMIrepaTypa (pa3oBbIX MEPEX0/I0B,
PacTBOPUMOCTD B BOJIE, KJIATPAThI, B3aUMOJICHCTBHE CO (TOPOM.

Cunre3 coenuHenuit nHepTHBIX Ta30B (baptnett). CTpoeHue, cBolicTBa GTOPUIOB KCEHOHA
XeF2, XeF4, XeF6 (B3auMoelicTBrE C BOJIOH, TUCTIPOTOPIIIOHUPOBAHNUE, OKUCIUTEITHHO-
BOCCTaHOBUTENbHBIE CBOMCTBA). Kucnopoausie coequneHus. TpexieHTpoBas,
YEeTHIPEXAICKTPOHHAS CBsI3b BO PTOpHIaX MHEPTHHIX ra3oB. Juarpamma BD-CO coeannenwmii
KceHoHa. [I[puMeHeHre HHEePTHHIX Ta30B.

OnemenTtsl VI b rpynmst

DneMeHTHI TpUabl XKelesa: kKene3o, KooansT, HuKkellb. CpaBHEHUE dIIEKTPOHHOM



KOH(UTYypalyu, BEITUYUH PaINyCOB, SHEPIUH NOHU3AIUH, XapaKTEPHBIX CTETIEHENH OKUCIICHUS U
KOOPIMHAIIMOHHBIX YHCEN 3JIEMEHTOB TpUabl xkeine3a. [lonydenue, cBoiCcTBa MPOCTHIX BEIIECTB.
®eppomardetusm. Kopposust xkenes3a u myTu ee npeaoTBpaiieHus. CornocraBieHue CTPOCHUS U
xuMmudeckux cBorcTB coequnenuii Fe, CO, Ni co crenenpo okucienus llu 1ll. CpaBuenue
CTPOCHHS Y CBOMCTB KOMIUIEKCHBIX (I[MaHM]Ibl, aAMMHUKATBI, FAJIOT€HU/IbI) COSIMHEHHI Kee3a,
KoOasibTa, HUKeNs. TepMoAMHAMUYECKasi U KHHETHYeCKask yCTOMYMBOCTh rekcalmanodepparon
xenesa. [Tomyuenne u conocrasienue cBoiicts coequnenuii Fe(llhu Fe (V1).
KapOonusmbinepexoaHbIx 351eMeHTOB. Posib jkene3a B OMOIOrHYECKUX Mpolieccax.

DJIeMEHThI NOATPYIIIbI IJIATUHBL: PYTEHUW, pOAUH, TAJUIaANH, OCMUNA, UPUIUUI, IJIATUHA.
ConocraBneHne CBOMCTB COSMHEHHI pyTEeHUs, OCMUS, TUIATUHBI B Pa3JIMUHBIX CTEHEHSIX
OKHCJIEHUA. 3aKOHOMEPHOCTH B (PU3NYECKUX U XUMUYECKHX CBOMCTBAaX MPOCTHIX BEIIECTB.
Crpoenue u coiictBa RuO4, OsO4. KoMIuiekCHBIE COSTMHECHUS: TUTTBI, U30MEPHSI, BIUSHUE
MIPUPOJIBI JINTAH/Ia ¥ SJIEKTPOHHOW KOH(UTYpaITK IIEHTPAIEHOTO aToMa Ha CTPOSHUE
KOMIUICKCHOTO MOHA, TEPMOJMHAMHYECKAS U KUHETUYIECKAsl YCTOWYNUBOCTD, 3((HEKT TPaAHCBIUSHUS
(M.1.YepHseB) u HallpaBJIEHHBII CUHTE3 KOMIUIEKCHBIX COEAMHEHUH.

Bormpocs! 115t ceMUHApOB, KOJNIOKBUYMOB, TPAMEP UTOTOBBIX TECTOB

Tema 1. OCHOBHBIC TOHSATHS ¥ 3aKOHBI XUMHUHU

1.ATOMHO-MOJIEKYJISIPHOE YUEHHE.

1.1.ATOMHas TUIIOTE3A.

1.2.3akon coxpanenus macchl. (JlomonocoB M.B., JlaByasse A., DifHmTeiin A.)
1.3.Atom. Monekyna. Ar. Mr.

1.4.IIpocToe BeleCTBO 1 XUMUYECKUI SJIEMEHT.

1.5.3akon nocrosiHcTBa cocTasa. (IIpycr).

1.6.CoeanHeHust nepeMEHHOr0 COCTaBa.

2.I'a30BoOe cocTosHME.

2.1.3aKk0H 00BEMHBIX OTHOILIEHUH.

2.2.3akoH ABorajapo. [Tocrosinaas ABoraapo.

2.3.0mnpenenenne MOJIEKYJISIPHBIX MacC BEIIECTB, HAXOALIUXCS B
razoo6pasHom coctosinuu. (JlaboparopHas padota: «Onpenenenue
MoJsipHOM Maccel CO2y).

2.4.YpaBuenue Knanelipona-MenzeneeBa. Y HUBepcaibHasl ra3oBas
MMOCTOSIHHAS.

2.5.I1apimanbHoe JaBieHUE rasa.

2.6.3akoH napuHalbHbIX 1aBlieHui [{anbToHa.

3.OKBHBAJICHT U BaJE€HTHOCTb.

3.1.0kBuBasieHT. MossipHas Macca SKBUBAICHTA. 3aKOH DKBUBAJIEHTOB.
3.2.0npeneneHre 5KBUBAJIEHTHON MacChl TPOCTOIO BEILIECTBA.

3.3. BanentHoctb. Onpenenenue. PaznuuHble equHULBI Bal€HTHOCTU. CBs3b
MEXIYy BAJICHTHOCTBIO, MOJISIPHOW U MOJIbHOM MAacCOM SKBUBAJEHTa IPOCTOrO BEIIECTBA.
3.4.OKBUBAJIEHT U MOJISIPHAs MAacca SKBUBAJIEHTA CJIOKHOIO BEILIECTBA.
4.BaxxHelme KJIacchl U HOMEHKJIATypa HEOPTaHUYECKUX BEIIECTB.

4.1 Metamisl 1 HEMETAILUIBI.

4.2 .bunapHbie coOeTMHEHUS (OKCUIBI, TAIA/IbI, HUTPUIBI, KAPOUIBI, THAPUIHI).
4.3. 'mapoxcunpl. (OcHOBaHMS ).

4.4, KucnoTtsl.

4.5. Commn.

Tema 2. Beenenue B TCOPHUIO XUMHUYICCKUX ITPOLECCOB

1.DOHepreTnka XUMHYECKUX MTPEBPAIICHUM.
1.1.OcHOBHBbIE TapaMeTphbl COCTOSIHUS CUCTEMBI.
1.2. TeroBo# 2 exT peaxiuu.

1.3.Ternnora oOpa3oBaHusl, TEIJIOTA CTOPAHUSI.

1.4. TepmoxuMr4yecKne ypaBHEHU.



1.5. TepMOXUMHYECKHUE 3aKOHBI.

1.6.CtaniapTHbBIE YCIOBUA.

1.7. TepMOXUMHYECKHUE PACUETHI.

2.OCHOBHBIE MOHATHS XUMUYECKON TEPMOJUHAMHUKHU.

2.1.1-p1i1 3aKOH XUMHUYECKON TEPMOIMHAMHUKH.

2.2.DHTanbnus.

2.3.BHyTpeHHSS SHEPTHSL.

2.4.CaMonpon3BOJIbHBIE U HECAMOIIPOU3BOJIbHBIE MTPOIIECCHI.

2.5.2-011 3aKOH XUMHUYECKOW TEPMOTMHAMHKHU.

2.6.2HTpOonuA.

2.7.Oneprust [ m60ca (1300apHO-U30TEPMUYCCKUN TTOTEHITHAAN).
2.8.CrangapTHble TepMOAMHAMHUYECKUE (QYHKIIMHN U UX PacyeT Ha OCHOBE 3aKoHa I ecca.
2.9.YcnoBus NpUHIUMINAIBHON BO3MOYKHOCTH IIpOLECCA.

3. Xumuueckasi KHHETHKA.

3.1.CKOpOCTh XUMHUYECKUX PEAKLIHI.

3.2.3aBUCUMOCTH CKOPOCTU OT KOHI[EHTpAIMH (KOHCTaHTa CKOPOCTH).
3.3.OCHOBHOE KUHETHUUYECKOE YpaBHEHHE.

3.4.1lops ok peakuii U €e MOJIEKYJISIPHOCTb.

3.5.3aBUCHUMOCTB CKOPOCTH PEaAKIMK OT TeMIieparypsl (mpasuio Bant-I'odda).
3.6. DHeprus akTUBALMK, YHEPreTUUECKHUE AUArPaAMMBbI.

3.7.1lepexoqHo€ COCTOSITHUE CUCTEMBI.

3.8.3aBUCUMOCTb CKOPOCTHU PEAKIMH U SHEPTHUH AKTUBALMHU OT TEMIIEPATYPBHI.
3.9.YpaBHenue AppeHuyca.

3.10.MexaHu3mM XUMHUYECKUX PEaKIIHil.

3.11.®u3nyeckue METOAbl CTUMYJIUPOBAHUS XUMUYECKUX PEAKIUIL.
3.12.MexaHu3mM XUMHUYECKUX PEaKIIHil.

3.13.®u3nyeckue METOAbl CTUMYJIUPOBAHUS XUMUYECKUX PEAKIUIL.
3.14.KaTtanu3, BusiHUE KaTajlnu3aTopa Ha YHEPTUIO aKTUBALIMU IpoIlecca,
TOMOTEHHBIN Y T€TEPOTreHHBIN KaTajus.

3.15.OHTanbpnuiiHas quarpaMmma XMMUYECKOU PeaKIuy ¢ KaTaJu3aTOPOM.
4. XuMr4eckoe paBHOBECHE.

4.1.06patumble U HEOOPATHUMBIE MPOLIECCHI.

4.2.3aKk0oH JAEHCTBYIOIINX Macc.

4.3.KoHCTaHTa XMMHYECKOI'0 PABHOBECHUS U €€ 3aBUCUMOCTh OT
TEMITePaTYpPHI.

4.4 ITpunnun Jle-llarense.

Tema 3. PactBOpHI

1.OCHOBHBIE TIOHSATHUS O PACTBOPAX.

1.1.0npenenenusi: pacTBOp, paCTBOPEHHOE BEIIECTBO, PACTBOPUTEIND,
pPacTBOPUMOCTb.

1.2.Crioco0sl BeIpaskeHHsI KOHIEHTPAIUU PacTBOPOB.
1.3.TepmoauHamMuKka pacTBOPEHHUSI.

1.4.0OcHOBHBIEC TOHATHUSA: (a3a, CUCTEMA, CTENIEHb CBOOOIBI.
1.5.YcnoBue paBaoBecus (as. [IpaBuio ¢a3 'ud0ca.

1.6.®a30BbIc paBHOBECHUS B OJTHOKOMIIOHEHTHBIX cuctemax (H20, S).
1.7.3aBHCHMOCTH PACTBOPUMOCTH TBEPJIBIX, KUIKUX U ra3000pa3HbIX
BEIIIECTB OT TEMIEPaTypHI.

2.OCHOBHBI€ 3aKOHBI JJIs1 pACTBOPOB HEIIEKTPOIUTOB.

2.1.3akoH Payns, cneactBus us 3akoHa Paysst.

2.2.3aKOH OCMOTHYECKOTO JABJICHUS.

2.3.3akoH ['enpu.

3.PaBHOBecHs B pacTBOPAX JIEKTPOJIUTOB.

3.1.Aucconnanus B BOAHBIX PACTBOpPaX AJIEKTPOJIUTOB.



3.2.13oToHN4ecKuid KOADPHUITUEHT, CTETICHB JICKTPOTUTHIECCKON JMCCOITUAIIAH, X
B3aUMOCBS3b.

3.3.PaBHOBecHs B pacTBOpax CJIa0bIX U CHIIBHBIX JEKTPOJIUTOB, KOHCTAHTA
nucconuanui. CpaBHEHHE CBOMCTB C1a0bIX U CHIIBHBIX AJIEKTPOJIUTOB.

3.4 I'ereporennsie paBHOBecHs. [Ipon3BeeHrne pacTBOPUMOCTH.

4.OCHOBHBIE TIOJIOKEHUS TEOPUI KUCIIOTHO-OCHOBHBIX PAaBHOBECHUH.

4.1.Teopus bpencrena-Jloypu, JIbtouca u ap.

4.2 IloHATHE «KUCTIOTAa» U «OCHOBAHME» B PA3JIMYHBIX TEOPUSIX.

4.3.0OCHOBHBI€ MOJI0KEHUS, CONPSIKEHHBIE Mapbl KUCIOT U OCHOBAHUM.

4.4.PaBHOBECHS B CpPe/I€ HEBOJIHBIX TPOTOHHBIX PACTBOPUTEIICH.

4.5.1'uaponu3 Kak 4acTHBIA Cllydail MPOTEOJIMTUYECKOTO PAaBHOBECHSI.

IIpumepsl.

4.6.Pacuer pH u KoHUEeHTpaLuii A1 BOJAHBIX PACTBOPOB 3JIEKTPOJIUTOB.

Tema 4. Kunetvka 1 MEXaHU3M XUMUYECKUX PEaKIUn

XUMHUYECKOE PABHOBECHE.

KoHcraHTa paBHOBECHS.

CKOopOoCTbh XMMHUYECKOHN peaKlM1, €€ 3aBUCUMOCTb OT NMPUPObl M KOHLIEHTPALUH
peareHToB, TEMIIEPATYPbI

YeM 00BsICHACTCS MOBBIIICHHE CKOPOCTH PEAKINH TP BBEJICHUN B CHCTEMY KaTaymzaropa?

ITopsimok peakuuu.

MonexyJIsIpHOCTb PEaKLUH.

7.IloHsTHS 00 AKTUBUPOBAHHOM KOMILJIEKCE. DHEPrusl akTUBALUU

8. KoHcTaHTa CKOPOCTH U €€ 3aBUCUMOCTb OT TEMIIEPATyphI.

9.YpaBHeHnue AppeHuyca.

10.MexaHu3M 1 KHHETUKA PEAKIMI B TOMOT'€HHbBIX U T€TEPOTr€HHBIX CUCTEMAX.

11.1lenHbie U KOeOaTETBHBIE PEAKITUY.

12.I'oMOreHHBbIN U TeTEpPOreHHbIIN KaTaln3. AyToKaTaius.

Tema 5. Monenu cTpoeHust aToMa U XMMUYECKOU CBSI3U

1.Monenu crpoenust atoma. CoBpeMEeHHBIE MPEACTaBICHUSI.

2.Ypasuenus lpeaunrepa. KBantoBble ynciia, pacyeT MaKCUMaIbHOM

€MKOCTH YpPOBHEH U MOJYPOBHEW B aTOMeE, ITpaBHJIa 3all0JIHEHUS UX

AJIIEKTPOHAMM.

3.Ilepuoauueckas cucrema XxuMuueckux 31eMeHToB (IICX3). AToMHBIE U HOHHBIE

pamuycsl; p-, d- u f-coxaTre. DHeprusi HOHU3AIMH, CPOJICTBO K JIEKTPOHY,

ANEKTPOOTPULATENBHOCTD. MI3MeHEeHne 3TUX CBOMCTB B IEpUOAaX U

noarpynnax I[1CD.

4.IIpencraBieHue 0 XUMHYECKOH CBsI3U. KonuecTBEHHBIE XapaKTEPUCTUKH

IIPOYHOCTH CBSA3H. MoJen XMMHUYECKOH CBS3H.

4.1.KoBaneHntHas cBs3b. Meton BaneHTHbIX cBszeit (MBC).

4.2 IlpocTpaHCTBeHHAs: KOHPUTypalys MOJIEKYJI U HOHOB: TUIIBI

rUOpHUIN3AIIH U TEOMETPUS YaCTHI], MOJIENb OTTAIKUBAHUS

AIIEKTPOHHBIX Map BaJeHTHON 000104kH (Teopus ['nutecnn).

4.3.Metoxa monekynspabix opouraneit (MMO). Onucanue romo- u

TeTEPOATOMHBIX YaCTHLI.

4.4 Metannuueckas cBA3b MeTasuibl, HEMETaJUIbI, TOJIYIPOBOIHUKH. 30HHAS MOJIENb
TBEPZIOTO TeNa.

4.5.MoHHas cBs3b. DHEPTUS KPUCTAIUINUECKOMN PEIIETKH.

4.6.B3aumogpeiicTBue Mexay MoJekyinaMu. Ban-nep-BaanbcoBa

B3auMozeilicTBre. BogopoaHas cBs3b.

4.7.Brnusinue npupo ikl XUMUYECKOH CBSI3M Ha XUMHUYECKUE U (pru3nyeckue



CBOMCTBA BEIIECTB.
Tema 6. KoMIuiEKCHBIE COEIUHEHU

1.OmnpeneneHrie KOMIJIEKCHOTO COEIUHEHUS.

2.OCHOBHBIE MTOHATHS KOOPAMHAITMOHHON T€OpHH (IIEHTPAIBHBIA aToOM,
KOMILUIEKCO0Opa3oBaTelb, JJUraH]l, JeHTaTHOCTh JIMTaH/a,
KOOpPJIMHAIIMOHHAS (BHYTPEHHSs) cdepa).

3. Kiraccudukanmsi KOMIUIEKCOB.

4. IToBeneHre KOMIUIEKCHBIX COEJUHEHUH B PaCTBOPAX.

4.1 . KoHCTaHTBl YCTOMYMBOCTH U 00pa30BaHUsI.

4.2.CryneHuaTasi KOHCTaHTa yCTOMUNBOCTH.

4.3.0011as1 KOHCTaHTa yCTONYUBOCTH.

4.4 XenatHblii 3¢ pexT.

5.XuMHueckas CBSI3b B KOMIUIEKCHBIX COCIMHEHUSX.

5.1.0nMcanne KOMIUIEKCHBIX COEIMHEHUH C MO3ULIUN TEOPUH BAJICHTHBIX CBSI3EH.
5.2. JocTronnctBa u HegocTtatku MBC.

5.3.0nucanune KC ¢ no3unuii Teopun KpuCTaIIIMYECKOIO MOJIS.
5.3.1.0cuoBubie onoxenus TKII.

5.3.2.Pacuieruienue d-opOuTasneii B OKTa3pUUECKOM IOJIE.
5.3.3.Pacmierienue d-opOuTaieii B TETpadApHUECKOM IOJIC.
5.3.4.Oneprus pacuemienus. ClieKTpOXUMUYECKUM psi.
5.3.5.OHeprus cnapuBaHusl.

5.3.6.Pacnipenenenue 351eKTPOHOB B CUIILHOM TIOJIE.
5.3.7.PacnpeneneHue 3J1€KTPOHOB B C1a00M II0JI€.

5.3.8.Hu3Ko- 1 BBICOKOCIIMHOBBIE KOMIUIEKCHBIE COEJUHEHHS. MarHUTHbBIE CBOMCTBA

KOMIIJICKCHBIX COGHHHCHHﬁ.

H20:

CN-?

5.3.9.0kpacka KOMILJIEKCHBIX COCTMHEHUMN.
5.3.10.loctounctBa u Henoctatku TKII.
6.130Mepust KOMIUIEKCHBIX COEIMHEHUH.

7. KOMIUTIEKCHI C OpraHUYE€CKUMH JINTAHIAMMU.
8.KapOoHnuisl MeTasios.

9.Knatpartsl.

10.Peakninm KOMIIJIEKCHBIX COEIUHEHU.

Tect o Teme «KoMriekCHbIE COETMHEHUSD

1.CKOJBKO 3JIEKTPOHOB Ha O-TIOZypOBHE HEBO30YX/IEHHOT'O aTOMa Kele3a:
A2;b64,B6;T"7; 115.

2.CKOJIBKO 3JIEKTPOHOB Ha O-TIOJypoBHE HOHa Fe3+?

A2;b64,B6;T"7; 115.

3.KakoBo Bo3/eiiCcTBIE MOJIEKYJT BOJIBI KaK JIMTAHI0B HA MOH Fe3+7?

A cmaboe; b cunsHoe; B He 3nar0; I - ; [ -.

4.KaxkoBo cocrosiaue Fe3+ komrutekca [Fe(H20)6]3+?

A HM3KOCTIMHOBOE; b BRIcCOKOCTIMHOBOE; B He 3Haro; I - ; [ -.

5.CKOJBKO HECTIapEHHBIX JIEKTPOHOB B HOHE Fe3+ B OKTa’IM4ecKOM OKPYKEHUU MOJIEKYIT

A0;b1;B2;T 3; JI5.

6.KakoBbI MarHuTHbIC CBO¥CTBA HOHA B KomIuiekce [Fe(H20)6]3+?

A mapamarauTHbIi; b quamarautasii;, B ve 3nato; ' - ; /1 -.

7 KaxoBo Bo3xeiictre noHOB CN- kak muranaa Ha non Fe3+

A cmaboe; b cunsHOe; B He 3Har0; ' - ; [ -.

8.KakoBo crimHOBOE coctosinue komiuiekca [Fe(CN)6]3-?

A Hu3KOCIUHOBOE; b BEICOKOCTIMHOBOE

9.CKoJIbKO HECTIapEHHBIX 3JIEKTPOHOB B HOHE FE3+ B OKTa3IpHueCKOM OKPYKEHUU HOHOB



AO0;b1;B2;T 3; J14.
10.KakoBbl MarauTHbIE cBoOlicTBa HoHa Fe3+ B kommutekce[Fe(CN)6]3-?
A mapamarnuTtHblid; b quamarautHeiii; B ve 3naro; I - ; J1 —

Tema 7. Onementsl | rpynnsl IICXD J1.M1. Menaeneena

1.s-aneMeHTsI 1 rpymmsl.

1.1.CpaBHuTeNbHAS XapAKTEPUCTUKA IIEMEHTOB.

1.2.IIpocTeie BeliecTBa.

1.3.CoenuHeHus MIEIOYHBIX METAJIOB.

1.3.1.MeTop! NOTY4YEHUS TUAPOKCHIOB, KAPOOHATOB U UX TEPMUUECKAs

YCTOMYUBOCTb.

1.3.2.0co0eHHOCTH XUMUHU JTUTHS.

1.3.3.ManopacTBOpuUMbIE COCTUHEHUS.

1.3.4.1lepokcusibl 1 MX OKUCIUTEIHLHO-BOCCTAHOBUTEIILHBIE CBOMCTBA.

2.d-anemenTsl 1 rpymma.

2.1.CpaBHuTENBHAS XapaKTEPUCTUKA SJIEMEHTOB.

2.2.ComnocTaBieHUE CBOMCTB JIEMEHTOB TIaBHON M MOOOYHON TOATPYIIIIHI.

2.3.IlpocThie BemecTBa.

2.3.1.IlonyueHue MeTaIoB.

2.3.2.B3aumMojeiicTBiEe METAIOB C KUCIIOTaMH.

2.3.3.Coenunenust meau, cepedpa, 30J0Ta.

2.3.4.T'anoreHuapl: MOJy4YeHUE, CBONCTBRA.

2.3.5.'uagpokcuapl: moydeHue, CBOMCTRA.

2.3.6.KoMIuiekcHbIe COeTUHEHUsT Melu, cepedpa, 301o0Ta. [lepeBoa B pacTBOp METAIOB U
TaJIOTEHHUIOB 33 CUYET KOMILJIEKCOOOpa30BaHusl.

Tema 8. Onementsl |l rpynner  TICXD .M. Menaeneena

1.s-neMeHTHI 2 TpyMBbI.

1.1.CpaBHUTENBHAS XapaKTEPUCTUKA FIIEMEHTOB.

1.2.ITpocThie BemecTBa.

1.3.Metoab! OTy4YEHUS.

1.4.VI3meHeHne XxapakTepa CBSI3U B COEIMHEHUAX. Y CTOMYMBOCTh KOMITJIEKCHBIX
coenuHenuii. JlnaronansHoe cxozctso Li — Mg.

1.5.Coenunenus S-3eMeHThl 2 rpynibl (OKCHIbI, THAPOKCUIBI, IEPOKCHUBI, COJIH,
OMHApHBIE COEIMHEHUS).

2.d-371eMeHTBI 2 TPYIIIBL.

2.1.CpaBHuUTENbHAS XapaKTEPUCTUKA SJIEMEHTOB.

2.2 IlpocTrie BemecTBa, B3aUMOACHCTBIE C KUCIOTaMH | IIeJI0YaMH.

2.3.CoeaMHEHMs IMHKA, KaJIMUsl, pTYTH (OKCHU[IbI, TUAPOKCHIBI, CYJIb(UIBI, TATOTEHUIBI).

2.4 KoMIUIEKCHBIE COEANHEHNS] INHKA, KaAMUS U PTYTH.

Tema 9. Onementsl |l rpynnst [ICXD JI.U. Menneneesa

1.P-anemenTsl 3 rpynmel anemenToB [1CX0.

1.1.CpaBHUTENBHAS XapaKTEPUCTUKA 3JIEMEHTOB.

1.2.IIpocTble BemecTna.

1.3.Meroab!l noayyeHUs.

1.4.bopHast KucCOTa: MOMy4eHHE, CBOMCTBA, CTPOEHUE OKCOOOpAT-MOHOB.
1.5.Coenunenust 6opa ¢ BOOPOJIOM: CTPOEHHE, CBOMCTBA.
1.6.CoenHeHuns alfOMMHHUS: X XapaKTep U CBOMCTBA.

1.7.I'unponu3 coOeTMHEHUI aFOMUHUSL.

1.8. InaronansHoe cxoacTso Be — Al.



Tema 10. Dnements! 1V-A rpynmst [ICXD 1.1, MenneneeBa

1.ITonoxenue snementoB B [ICXD. DnekTpoHHas KOHPHUTypanus aToma,

pa3Mepbl, JIEKTPOOTPULIATEIILHOCTD.

1.1./InaronansHoe cxoacTBo B u Si.

1.2.¥YcroituuBocth romorueneit — 9 — 3 —.

1.3.ConocraBieHne CTpOEHUS U CBOMCTB COEAUHEHUM € BOAOPOJOM, KUCIOPOIOM,
rajJloreHaMHu.

2.Yraepog.

2.1.AnnotpornHsie (OpMBbI, CBOHCTBA.

2.2.0kcup yraepona (1), crpoenune monexynst CO (MBC, MMO), cBolicTBa.

2.3.KapOoHaT-HOH: CTpOCHHE, TEPMUYECKAs YCTOMYMBOCTh. [ MaApOIn3 kKapOOHATOB.

3.Kpemuuii.

3.1.CtpoeHue u ruapoIn3 CUIMKATOB.

3.2.CnocobnocTs nepexozaa SiO2 B pacTBOpUMBIE COSAMHEHUS.

3.3.dropcoaepkallre COeAMHEHUS] KPEMHHUSI.

4.Iloarpyria repMaHusl.

4.1.CpaBHuTENbHAS XapaKTEPUCTUKA JIEMEHTOB.

4.2 IlpocTbie BemecTBa: OTHOILIEHUE K paCTBOPaM KUCJIOT U IIEJI0YEH.

4.3.KucnopoiocoaepxKaiiue COeIMHEHUs: OKCH/IbI, THAPOKCUIBI; CPABHEHHUE KUCIOTHO-
OCHOBHBIX U OKHCITUTEIbHO-BOCCTAHOBHUTENILHBIX CBOMCTB B moarpymie u B psay (1) - (1V).

4.4.Cynb(uabl ¥ THOCOH.

Tema 11. Dnementst V-A rpynnel [ICX3 J[.. Menneneesa

1.CpaBHUTEIbHAS XapAKTEPUCTUKA HJIIEMEHTOB.

2.A30t1: ctpoenue (MO) u cBoiicTBa.

3.Ilonyuenue a3oTa B 71a00pPaTOpPUU U B IPOMBILILIEHHOCTH.

4.CoenquHeHus a30Ta.

4.1.CoenrHeHHs a30Ta C BOJOPOIOM.

4.2.0xcupsl a3ota.

4.3.0xcokucnotsl a3ota HNO2, HNO3  u ux comm.

5.®ocdop: cTpoeHre TPOCTOro BEUIECTBA, CBONCTBA, MOIYYCHHUE.

6.Coenunenus pocdopa.

6.1.Coenunenus gocdopa ¢ BOIOPOIOM.

6.2.1'anoreHuipl.

6.3.0kcupbl.

6.4.0xcokucnoTs! hocdopa B HU3IINX CTETICHIX OKUCIICHUS.

6.5.0prodochopHas KUcIOTA.

6.6.3HaKOMCTBO € 1oJIM(ocHOPHBIMU KUCITOTAMHU.

7.CpaBHUTEIbHAS XapaKTEPUCTHKA JIEMEHTOB MTOATPYIIIBI MBIIIbIKA, UX CYJIb(UIBI 1
THOCOJTH.

Tema 12. Dnements! VI-A rpynnst [ICXD J[.1. Menneneesa

1.CpaBHUTENBHAS XapPAKTEPUCTUKA HIIEMEHTOB.

2.IIpocTeie BemecTBa.

2.1.®opMBI CyIIECTBOBAHUS B IPUPOAE. METOABI MIOYUYEHUSI U OUYUCTKH.

2.2.®a3oBast uarpamma cepsl. [Tonumopdubie MogubuKaum: MoTydYeHUE U CTPOCHUE.
OO6pazoBanre TOMOSIICPHBIX TETEH.

3.CoenuHeHus cepsl, celieHa, TeJuTypa.

3.1.CoenuHenus ¢ BOAOPOJIOM: CTPOCHHE B CBOMCTBA, mojyueHre. CormocTaBIeHnEe CBONCTB
B [TOJTPYTIIIE.

3.2.Cynbhuasl, celleHU bl U TEJLTYPHUIbl METAJLIOB.

3.3.I'anorenu bl cepbl: CTPOEHUE, CBOMCTBA, MOJTyYCHHE.



3.4.Coenunenus D(1V).

3.4.1. lnoxcuast 902: cTpoeHUE, CBOMCTBA, OJTYUYEHHE.

3.4.2.CepHucrtas kuciaoTa u ee coyii. CpaBHEHUE KUCIOTHBIX U OKHCIUTEIBHO-
BOCCTAHOBHTEIIbHBIX CBOMCTB KuciaoT H2D03 (3 =S, Se, Te).

3.5.Coenunenus D(1V).

3.5.1.Tpuokcunpl. I3MeHeHHe yCTOMYUBOCTH IO TIOATPYIITIE.

3.5.2.CepHas KHCI0Ta U €€ CoJIi. TepMoIMHaMHuYecKasi OIICHKa YCTOWYUBOCTHU CYJIb(aToB.
CpaBHEHME CHIIBI KUCIIOT U OKHCIIUTEILHON akTUBHOCTHU B psaxy H2S04 — H2SeO4 — H6TeO6.

3.6.JIpyrue KHCIOPOACOAEPsKaIMe KUCIOThI CEPBI U MX coeannenus: Tnocepras (H2S203),
nepokcomonocepHas (H2SO5), nepokcoaucepuas (H2S208), nurnonosas (H2S206),
nonuTroHOBbIe (H2Sn+206), nucepuucras (H2S205), autnonucras (H2S5204).

Tema 13. Dnements! VI-B rpynmer [ICXD JI.U. Menneneera

1.CpaBHUTEIbHAS XaPAKTEPUCTUKA FJIEMEHTOB.

2.0cHoBHBIe MUHEpalibl. CIIOCOOBI MOTy4eHHs] METAJIJIOB.

3.CaoiictBa xpoma. [Ipumenenue.

4.0OcuHoBusie coequnenus xpoma (I11): okcun, runpoxcun, conu. Mx coiicTaa.
5.0cHoBHbIe coequHeHus Xxpoma (IV): xpomaTsl U AUXPOMATHI.
6.0OKHCIUTEIbHO-BOCCTAHOBUTENbHBIE CBOMICTBA COEAMHEHU XpoMma.

7.1130 — ¥ TETEPONOINCOCTUHEHUS.

8.MHorosiiepHble KOMIUIEKCHI.

Tema 14. Dnementst VII-A rpynnst [ICXD J1.1. Menaeneesa

1.CpaBHUTEIbHAS XaPAKTEPUCTUKA HJIEMEHTOB.

2.IlpocThie BellecTBa.

2.1.Metoabl noay4yeHUs B JIaOOPATOPUU U MPOMBIIIIIEHHOCTH.

2.2. Xumnueckas cBsa3b (MMO), xumnyeckue cBoiicTBa. M3MeHeHne OKUCIUTENbHON
aKTUBHOCTH B Py TaJIOTE€HOB.

2.3.B3anmMoeiicTBMe TaJIOT€HOB C BOJOM, JUCIPONIOPIIMOHUPOBAHNE B BOJHBIX pacTBOpax,
YCIJIOBUS CMEILIEHNS PAaBHOBECHS.

3.CoeanHeHUsl TaJIOr€HOB.

3.1.T'atoreHoBOIOPO;: MOTY4YEHHE, 3aKOHOMEPHOCTH B U3MEHEHUHU CTPOCHUS U CBOMCTB B
PSAy TaJoreHOBOIOPO/IOB.

3.2.T'anorenuasl. ['uaponus. Mismenenue pactBopumoctu. KauecTBeHHbIE peaklivuy Ha
raJIOr€HU]] HOHBI.

3.3.Kucnoponocoaep:xamue coeauHeHust. Kucnorsl. CpaBHEHUE KUCITOTHBIX,
OKHCIIUTENBHO-BOCCTAHOBUTEIIBHBIX CBOWCTB, TEPMUYECKON YCTOMYUBOCTH.

Tema 15. Dnements! VII-B rpynmer [ICXD .. MenneneeBa

1.CpaBHUTENBHAS XapAKTEPUCTHKA HIIEMEHTOB.

2.OKHCIUTETBPHO-BOCCTAHOBHUTEIbHBIC CBOMCTBA coeauuenuit mapranma (11, 1V, VI, VII).
2.1.YcToiunBOCTh HOHOB MapraHIla pa3InYHbIX CTENIEHEN OKHUCICHUS.

2.2.3aBUCUMOCTB OKHCIIUTEIBHO-BOCCTAHOBUTEIBHBIX coeAMHEHUH OoT pH cpenpbl.
3.KoMIUTEKCHBIE COEIMHEHUSI MapraHIia.

Tema 16. Dnements! VIII-B rpynnst IICXD JI.1. Menneneesa

1.CpaBHUTENBHAS XapAKTEPUCTHKA FJIEMEHTOB.

2.XuMuyeckue 1 pu3ndeckue CBOUCTBA.

3.Coenunenus Fe, Co, Ni.

3.1.BoccranoBuTenbHbIe cBOMcTBa coequuennid D(11) B kucioit u menodyHoun cpenax.



3.2.0xkcunbt u ruapoxcuast (1) u (1), ux KHCITOTHO-OCHOBHBIE CBOMCTRA.
3.3.Coenunenus Fe(VI).

4 Kommnekcubie coequnenus Fe, Co, Ni.

4.1.XnopuiHble, aMMHAYHBIE U [TUAHUIHBIC.

4.2 Kap6onuisl, ux oopazoBanue ¢ nozunuu MBC u TKIIL.

1. TunoBsbIe 3a1aHUS 7151 OLICHUBAHUS PE3YIbTaTOB C(POPMUPOBAHHOCTH KOMIIETCHLIUU
OIIK-1.1

Tema 1. OcHOBHBIE TOHATUS U 3aKOHBI XUMHUU

1. ITpu 170C HexoTopoe KomuyecTBO ra3a 3anumaer oobeMm 580 mit. Kakoii 00bem 3alimeT
3TO k€ KoamdecTBo rasza npu 1000C, ecnu naBiieHHE €ro OCTAHETCS HEU3MEHHBIM?

2.B 3amknyToM cocyze nipu 120 0C u naBnenun 600 xIla HaxoguTcst cMech, COCTOSIILAs U3
Tpex oobemoB O2 u ogHoro oobema CH4 .KakoBo OyzeT naBieHue B COCy/e, €ClIM B30pPBaTh CMECh
Y TIPUBECTH COJCPKMMOE COCY/Ia K IEPBOHAYAIILHOW TemIeparype?

3.Macca 200 mu1 anieTuieHa Ipy HOpMaJIbHBIX yciaoBusX paBHa 0,232 r. Onpenenuth
MOJIBHYIO MacCy alleTHIICHa.

4.2 r marnus BoiTecHsieT 0,164 r Bonopoaa, 17,7 r cepedpa u 10,5 r meau U3 coeAMHEHUS
9TUX 3JIEMEHTOB. HaliTu MOJIIpHYIO Maccy SKBUBAJIEHTa 3TOI0 METaJuIa.

5.laBnenue rasa , 3anuMatoniero oosem 2,5 1, pasuo 121,6 klIla (912 mm pt. ct.). Uemy
OyzeT paBHO JaBlieHHUE, €CITM, HE U3MEHSISI TEMIIepaTyphbl, CKaTh Ta3 10 oobema B 1 11?7

Tema 2. Bgenenue B TCOPUIO XUMHUYCCKHUX ITPOLECCOB

1. Ompenenute KOIMYECTBO TEIIOTHI, BblAENsoIeecs npu ramenuu 100 kr uzBectu
BOJIOM, €CITM CTaHJIaPTHBIE TEIIOTH 00Pa30BaHUS PEAruPYIONIUX BEIIESCTB PaBHBI (K [>K/MOJIB):
AHO CaO (k) =-635,1,;

AHO Ca(OH)2(x) = -986,2; AHOH20(x)= -285,84.

2. OnpenenuTh 3HaK U3MEHEHUS SHTPOIIUHU JJIs PEaKIUH:
2A2 (r.) +B2 (r.) =2A2B (x.).

Bo3MoxHO 7111 IpoTeKaHue TaHHOW PeakluM B CTaHIAPTHBIX yclIoBUAX? OTBET 00OCHYHTE.

3. Onpenenure TerioBoi 3pPexT peakuu CHHTE3a AKPUIIOBOM KHCIOTHI:

CH =CH (r) + CO(r) +H20(x)— CH2= CH-COOH (k).

Ecnu cTanmapTHbIE TEIIOTHI CrOpaHus alleTHiIeHa, okcruaa yriaepoza ([ ) u akpuinoBoit
KHCIIOTHI COOTBETCTBEHHO paBHHbI (k/[x/Monp): -1299,63; -282,50 u 1370,0.

Tema 3. PactBOpHI

1.Berauciuts 10%, Cm, CH runpokcuna Hatpus B 9,28H pactBope NaOH (p = 1,310 r/mn).

2.Kakoit 06beM 10%-noro pactBopa NaOH (p = 1,093 r/mi1) motpeOyercs Al OJTHOTO
pacTBopeHHs 3T alOMUHUA?

3.Cxonbko mutpoB 96% pactBopa H2SO4 (p = 1,84 r/mn) TpeGyeTrcs i IPUTOTOBICHUS
2071 0,5M pactBOpa cepHON KUCIOTHI?

4.Hanucatp B MOJIEKYJISIpHO-UOHHOM (hopMe ypaBHEHUE peakiuii. YKa3aTb, B KaKOil cpene
npoTekaeT peakuus. Yem onpenensercs HarpapieHHe 0OMEHHON peakiuu?

5.HanucaTh B MOJIEKYJISIPHO-MOHHOHN (hopMe peakiMy HeMTpaau3aliy U yKa3aTh, Kakue 13
HUX IIPOTEKAIOT 00paTuMo, a Kakue HeoOpaTUMO. YKa3aTh TaKXkKe PEaKIMIO CPebl IIPU YCIOBHUH,
€CITM OCHOBAHUS M KUCJIOTHI B3ATHI B CTPOTO SKBUBAJICHTHBIX KOJIMYECTBAX.

NH40H + HCN — NH40H + NCI —

6.Yka3aTh IPUUMHY, BBI3BIBAIOILYIO CMEIlleHne paBHOBecus. Hanucars ypaBHeHue B
MOJICKYJISIPHO-UOHHOM (popme.



Fe(OH)3 + HNO3— AICI3 + KOH—

Cr2(SO4)3 + KOH — AIC13 + KOH* —

* - peakTuB B U30BITKE.

7.K ogHOMY IUTPY HACBHIIIEHHOTO pacTBOpa XJiopuaa cepedpa npubasien 0,1 moib
xsopuaa kanus (okax=80%). Berunciuts CAg+ B TakoM pacTBOpeE.

10.CtaniapTHbI€ 3IEKTPOJHBIE TOTEHIMABI TTpU 298  K:

Au3+ +3e=Au EOAu3+/Au =1,50 B,

Sn2+ +2e=3Sn EO Sn2+/Sn = - 0,14 B,

Sn4+ +4e=35n EO Sn4+/Sn =+ 0,01 B.

Omnpenenure 3.1.C. 30JI0TO-OJIOBSIHHOTO TFAJIbBAHUYECKOTO 3JIEMEHTA MPHU CTaHJapTHBIX
ycnoBusix (CAu3+ = CSn2+ = 1 mounb/n):

A +1,640; b — 1,640; B +1,360; I' — 1,360; /1 +0,680.

11.CocTaBUTh CXEMBI AIEKTPOHHO-UOHHOTO OanaHca. 3amucaTh HOHHO-MOJICKYIISIPHOE U
MOJICKYJISIPHOE ypaBHEHHE peakuuu. PacctaBuTh KO3 PUIMEHTH. YKa3aTh IPOIECcC OKUCICHUS U
BOCCTAHOBJICHHUSI.

1) Cu + HNO3 [

2) PbO2 + HNO3 + H202 []

3) Fe203 + KNO3 + KOH[J

12.Yka3aTh B KAKOM HaIpaBJICHUU MOKET CAMOIIPOU3BOJIBHO MPOTEKATh JaHHAS PEaKIIUs

H202 + HOCI = HCI + 02 + H20

4.MoxHo 1 BoccTanoBHUTH 0J10BO (V) B onoBo (1) ¢ moMomibio cieayromiei peakiuu

SnCl4 + 2KI = SnCI2 + 12 + 2KCl

OTtBeT 000CHOBATh PacYeTOM KOHCTAHTHI pABHOBECHSI.

5.BBIYHCIUTE KOHCTAHTY PAaBHOBECHSI MPOTEKAIONICH B METHO-CBUHIIOBOM TaJIbBAHHYECKOM
JJIEMEHTE.

Tema 4. Kunetruka 1 MEXaHU3M XUMHUYECKUX pEaKIUi

1.Peakuus mexay BemectBamu A u B mportekaer no ypaBaenuto 2A +B =C; koHLeHTpaus
BemecTBa A paBHa 6 MoJib/J1, a BeuiecTBa B-5 monb/n. KoHcTanTa ckopocTy peakiuu paBHa
0,5 .BbluncnuTe CKOPOCTh XUMUYECKOW PEAKIINH B HaYaJIbHBIII MOMEHT U B TOT MOMEHT, KOI'/1a B
peakirmoHHOU cMecu ocTaeTcs 45% BemecTna B.

2.Beraucnute, BO CKOJIBKO pa3 YBEIUYUTCS CKOPOCTh PEAKIIUH NP YBETUICHUN
temneparypsl Ha 400C, ecnu TemnepatypHbli K03 GUIMEHT peakiuu paBeH 3.

3. KoHCTaHTBI CKOPOCTH PEaKIINK OMBIICHHS IPOIHIIIOBOTO 3(hrpa YKCYCHON KHUCIOTHI
miennousto npu 283 u 293 K cootBeTcTBeHHO paBHbl 2,15 u 4,23 n-monb-1 -Mun-1.Haiiaurte
SHEPTUI0 AaKTUBAIMH ATOH PEaKITHH.

4.11pu cunte3e ammuaka N2+3H2 & 2NH3 paBHOBecHe ycTaHOBHUIIOCH TIPH CIIETYIOIINX
KOHLEHTpalusax pearnpyromux Bemects (Moiab/n): C(N2)=2,5; C(H2)=1,8; C(NH3)
=3,6.PaccunTaiiTe KOHCTaHTY PABHOBECHSI STOW PEAKIIMU M NCXOIHBIC KOHIICHTPAIIUH a30Ta U
BOJIOpPOJIA.

5. Onpenenure, Kak U3MEHUTCS] CKOPOCTH NMpsiMol peakiun 2502+ 0252503, ecnu
o0111ee 1aBJIeHUE B CUCTEME YBEIIMUUTH B 4 pasa.

6. ITpu 353 K peakuust 3akanunBaercs 3a 20 ¢. CKOIBbKO BPEMEHU JJIUTHCS peakLus IpU
293 K, ecnu TemnepaTypHbIi KOA(QPHUIIMEHT 3TON peakLuu paBeH 2,5.

Tema 5. Monenu cTpoeHust aToMa U XMMUYECKOM CBSI3U

1 .Hanmmure snektponnsie kouduryparuu Ca, Fe2+ , Ag+, Cu, Ne, Gd, Gd3+.

JIJ1st 5JIEKTPOHOB BHEIIHETO YPOBHS HOHa  F€2+  yKaXkKuTe BCEe KBAHTOBEIE

qHCIIa.

2.00BsICHUTE CYIIECTBEHHO pa3jInyKe 3HAYEHHUS MIEPBIX MIOTEHIMAIOB HOHU3AI[HH aTOMOB
Auu Cs.

3.Kak usmenurcs noasipaocts cBs3u B psagax: a) LiCl-BeCl2-BCI3;



6) HF-HCI-HBr?

4.Tlouemy monekyna BeCl2 — nmuneiinas, a H20 yriosas?

5.MoxeT 1 MOJIeKyJ1a ObITh TIOJIIPHOM MPU HETIOJISIPHBIX CBS3SIX U HETIOJSIPHON TIPH
NOJISIPHBIX CcBs3sx? [IpuBenuTe mpuMepsl.

6.00wsicauTe cTpoerue mojekyn N20O, CO2, O3 ¢ momoIpio METO/1a BaJICHTHBIX CBSI3CH:

a) HAIUIIUTE JIEKTPOHHYIO (HOpMYITy

0) yKa)KUTE TUI THOPUIN3AIUH IEHTPAIBHOTO aTOMA, FTEOMETPUIO MOJICKYITBI.

Tema 6. KoMIuIEKCHBIE COEIUHEHUS

1. lns komriekcHbix noHOB Ni+2 (muamarautaoro [Ni(CN)4]2-,

napamarduTHbIX [NICl4]2- u [Ni(NH3)6]2+ ykaxkwuTe:

a) DIEKTPOHHYIO KoHpurypanuto Ni2+,

0) Tun ruOpuaU3aIK BaIeHTHBIX opouTaieir  Ni2+.

B) KOOPJMHALMOHHBIA TOIH3IP.

T') ABJSIFOTCS JIM OHU BHYTPH- WJIM BHEITHEOPOUTAIbHBIMHU.

n) 3HadeHue udd (m.b.).

2.Urto Takoe sHeprus capuBanus NeKTpoHoB (P) u oT kakux (akTopos

3aBUCHT €€ BeIMYUHA?

3.0t xakux (aKTOPOB 3aBUCHUT BEJIIMYMHA SHEPTUH paciuerienus (A) d- opouraineii B osie
JIMTaHI0B?

4.KakuM JTOJDKHO OBITh COOTHOIICHHE MEXK/1y BETMYMHAMH SHEPTHH paciuervieHus d-
opOuTaneii B mose muranaoB (A) ¥ dHEPruu criapuBaHus >1MeKTPOHOB (P), uToOBI KOMITIIEKC OBLIT
HU3KOCIIHUHOBBIM?

5.I1ouemy Atetp.<AOKT.?

6.Ilpencraspre ¢ nozunueit TKII cxemy pacnpeneneHust BaIEHTHBIX 3JIEKTPOHOB
[EHTPAIILHOTO aTOMa B OKTaYIPHUECKUX U TETPAIAPUIECKUX KOMILIEKCAX:

[Mn(H20)6]3+ , [Mn(CN)6]3- , [MnCl4]2- , [Fe(CN)6]3- , [Fe(CN)6]4- , [Fe(H20)6]2+
[FeCl4]2-, [Fe(H20)6]3+, [FeCl4] , [NiCl4]2-, [CoCl4]2-.

Tema 7. Onements! | rpynmnst [ICXD JI.11. MenneneeBa

| . Hanummre ypaBHEHUs peaklnii, ¢ TOMOIIBIO KOTOPBIX MOXKHO
OCYHIECTBUTH CIEAYIOIINE MEPEXOIBI:

1) Na — Na202 — Na20 — NaNO3

2) NaCl — Na — NaOH— NaHCO3 — Na2CO3— NaCH3COO
3) KCl - K2CO3— X1 —» KOH— KO3—-X2

4) Cu — CuSO4 — Cul— K[Cul2]

5) Cu —CuCl2— Cu20— [Cu(NH3)2]0OH

6) Ag— AgNO3— Ag20 [Ag(NH3)2]OH— AgCl

N Ag— Ag2S

7) Au— Na[Au(CN)2] — Au— H[AuCl4]

2. JlonumnTe ypaBHEHUS PEAKIIUIL:

1) Na202 + KI + H2S04 —

2) Na202 + Fe(OH)2 + H20 —

3) Na202 + KMnO4 + H2SO4 —

4) KO2 + H2S0O4 —

5)KO2 +CO2—

Tema 8. Dnements! |l rpynmer  TICXD JI.W. MenneneeBa

1.ITouemy Mg pactBopsietcst B Boje, coaepxarieit nonst NH4+7?

2.ITouemy BaCO3 pactBopsercs B kuciorax, a BaSO4 ner?

3.Hanummre ypaBHEHHUsI peaklnii, ¢ TOMOIIBIO KOTOPBIX MOXHO OCYIIECTBUTH CIIEAYIOIINE
HEePEXOJIBL:



a) BeO — BeCl2 — Be(OH)2 « BeCO3

6) Be(NO3)3 —» XI— X2 — BeCI2(p-p)

B) Zn(NO3)3 — Zn(OH)2 — Na2[Zn(OH)4]

r)Cd — CdI2 - Cd(OH)2 — X1 — CdCI2 — CdCO3

n) HgS — Hg — Hg(NO3)2 — X1 — HgCI2

4. HanuiuTe peakiliuu, ¢ MOMOIIBI0 KOTOPBIX MOKHO JT0Ka3aTh cxoAactBo Mgu Zn, Bewu
Zn.

5.K pactBopy uurpara Hg (I) npummnu ciaenyromue Bemectsa: NH3 | Kl(u36), KCN, KBr.
UYto npousonaer?

Tema 9. Dnementsl | rpynmer [ICXD JI.M. Menneneena

1.Kakoit xapaktep cBsi3u U MexaHu3M oOpasoBanus BF3'NH3 wu [BF4]-?

2.Hamummure ypaBHEHUS peakuil CIEAYIOLUUX [IPEBPALIECHU, HCII0JIb3YSI MUHUMAJIbHOE
YUCJIO CTaIUM:

a) B203 — B2H6— 6ypa— K[BF4]

6)Al203 —Na OH— x1-CO2— X2 — AI203 6/8 — KAI(S0O4)2-12H20

B) Al203 — Al — x1-Na OH— AI(OH)3 —t— x2 — x3 “H2S— AIl2S3

3.Hamumure ypaBuenue ruaponusa BCI3 u BH3. Yem onun oimyarorcs?

4.3amaum Ne 1051, 1055, 1057 u3 yue6noro nocobus H.JI.I munka.

Tema 10. Dnementst |V-A rpynnst IICXD /.M. Menneneesa

1.Kak u3mensiercs reometpus monekyn B psaay: CF4, COF2, CO2?

2.Kak moxuo noiyunts K2SiF6? PaccMotpute oOpasoBanue nona SiF62- ¢ mosuiuu
MBC.

3.Hanummure ypaBHEHUs peakilyii, C TOMOIIbIO KOTOPBIX MOKHO OCYILIECTBUTH CIEIYIOIINE
MIPEeBPALICHHUS:

a)Si02 — SiCl4-H20— X1— Si-HNO3— X2

6)Sn—HNO3 (pa36)— Sn(NO3)2 ~KOH(u36)— X1 — Bi(OH)3— SnO2

B)SNCI2 — H2SnCl6 — SnS2 — Na2[Sn(OH)6] — Sn02

r) Pb304 + HNO3 — X1 —Kl— X2

N X2 —Mn 2+ HNO3— X1-H2S— X3

4.JlonuinTe ypaBHEHUS PEAKIIAN:

a)Sn +(NH4)2S —

6)PbSO4 + KOH —

B)PO2 + Cr(NO3)2 + HNO3 —

r)Ge + NaOH + H202 —

1)PbO + NaOH +CI12—

Tema 11. Dnementsl V-A rpynmnsl [ICXD JI.11. MenneneeBa

1.JlonuimmTe ypaBHEHUS pEAKIIUN U COCTaBbTE JIEKTPOHHO-MOHHBIE

YpaBHEHUS MOIYPEAKIUN IS CIIETYIOIUX MPOLECCOB:

a)H3PO3 + KMnO4 —

6)KI + Na3AsO4 + H2SO4 —

B)KBiO3 + MnSO4 + H2S04 —

2.HanucaTh ypaBHEHHS peakiMil, C TOMOIIbIO KOTOPBIX MOKHO MOJIYYUTh:

a) u3 Bi — KBIiO3

6) u3 SbCI3 — (NH4)3ShS4

B) m3 NaAsO2 — As

r) m3 Bi(NO3)3 — BIiCI3

3.Hanumure ypaBHEHUS peakiuil CIEAYIOINX TPEBPAILECHHM, YKAKATE YCIOBUS UX
MIPOBEACHUS:



6) NaN3 — NH3 — NH4Cl — NaNO3 — NO2
B) P — H3PO3 — H3PO4 — Ag3PO4

1) SbCI3 — Sb2S3 — (NH4)3SbS4 — Sb2S5

e)Ca3(PO4)2 — P — PCI3 — X1 — H3PO4

4. ITpu B3auMo1eHICTBUM IOJKUCIIEHHOTO IIEpMaHraHaTa Kajus ¢ pacTBOPOM
HUTPUTA KaJIMsl NHTCHCUBHAs MaJMHOBAs OKpacka pacTBOpa MCUE3aeT.

a) HAIMILIUTE YpaBHEHHUE 3TOM peaKiyH.

0) paccuntath A G0298 53TOM peakuu U €e KOHCTAHTY PaBHOBECHS.

B) UCIIOJIB3YsI PE3YJIbTAT NpeabIayiero pacuera Haiaure EOMNnO4-/ Mn2+, 6
yuutbiBast, uto EONO3 - / HNO2 = 0.94B.

I) paccuuTaiTe, OyIeT M 3Ta peaklus TEpMOANHAMUYECKU BEPOSATHA IpU
pH=4 u axTUBHOCTH BCEX YacTUI] B pacTBOpe, KpoMe H+, paBHOI ennHuLe.

Tewma 12. Dnements! VI-A rpynmst [ICXD 1.1, MenaeneeBa

1.Ocy1iecTBUTE XUMUYECKUE TIPEBPAILICHHUS:

a) BaSO4 — H2S — Na2S203 — Na25203 — Na2S03.

06) CaSO4 — S — SOCI2 — K28207.

B) FeS2 — H2S0O4 — H2S208 — Na2S203.

r) CuFeS2 — CuS04 - SH20 — CuS — Na2S406.

1) Na2S04 - 10 H20 — Na2S207 — Na2S208.

2.Ilpenmoxure criocod nmorydenus SO2(T), HCIONIB3ys B KAUECTBE €AMHCTBEHHOTO
uctounuka cepbl Na2SO4. HanmmuTe ypaBHEHHS BCeX MPEUIOKEHHBIX BaMu peakuunii u yciaoBus
HUX OPOBCACHUS.

2.1.KakoBO reoMeTpriecKoe CTPOEHUE MOJIEKYJIbI 3TOr0 BellecTBa (OTBET MOSICHUTE)?

3.Hanumure ypaBHEHUs peaKlUil IPUBEACHHBIX HUXKE NIPEBPAILEHUN; YKAKUTE YCIOBUS UX
IMPOBCACHUA, AJIA BI)II[GJICHHOﬁ CTaJuy HAITUIOWUTE 3JICKTPOHHO-MOHHBIC YPAaBHCHUSA HOHpraKHHﬁZ

Xn — BelecTBa, CofepKaIue cepy.

Yn — BemiecTBa, cofeprKaliue CeeH.

Zn — BelecTBa, COACpPIKaIME TAIOTEH.

M — BemiecTBa, coziepKaIme cepy 1 XJjop.

Tema 13. Dnements! VI-B rpynmnet [ICXD JI.11. MenneneeBa

1.ITouemy BoaHBIe pacTBopbl CrCl3 Moryt umers pasuyto okpacky? Kakyio?

2 Kakue koopaunanuonHsie yncia xapakrepas s Cr(l1), Cr(111), Cr(VI1)?

3.Hcnonb3ys BEIMUMHBI COOTBETCTBYIOUINX OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
MTOTEHIINAJIOB, COTMIOCTaBbTE U 0OBSICHUTE OKUCIUTENbHYIO criocoOHOCTh XpoMma (V1) B kucioii u
LIEJIOYHOM cpelax.

4. JlonumuTe ypaBHEHHS pEaKIU:

1) K2Cr207 — Kl — H2S04—

2) Na2CrO4 — NaNO2 — NaOH—

3) K2Cr207 — HCl(komni1.) —

4) Cr2(S0O4)3 — H20 —

5) CuCl —» K2Cr207 — HCl(pa36.) —

6) Cr203 - KMnO4 — KOH—

7) Cr2(SO4)3 — H2S04 — KMnO4 —

Tema 14. Dnements! VII-A rpynnst IICXD JI.1. Menneneesa



1.3akoHuMTEe YpaBHEHUS peakiuii, nogoepure Ko3hGUIUIHTHL:

a) KBr + C12(t°C) —

6) KBr + H2SO4 —

B) KMnO4 + HCl —

r) HI + FeCI3 —

2.Hanummre ypaBHEHUs peakuil IPUBEICHHBIX HUKE MPEBPAILECHUN. YKAKUTE YCIOBUS
UX IIPOBEJICHHUS.

Tema 15. Dnements! VII-B rpynmer [ICXD .M. MenaeneeBa

1.B uem cxoxctBo 1 paznuuue cporicte Mn(VIIl) u CI(VII)?

2 IlomyunTte U3 NPUPOAHOTO COETMHEHNS Maprania nepmanranar kamus u MnSO4 - 7TH20.

3.ComnocTaBbTe U OOBICHUTE KUCIOTHO-OCHOBHBIE cBo¥icTBa B psaay Mn(ll) — Mn(1V) — Mn
(VII). OTBer moaTBepANTE YPABHEHUSIMH PEAKIIHIA.

Tema 16. Onementst VIII-B rpynnst IICXD /.M. Menneneesa

1. Hanmumute cxemy neruaparaimu CoCI2:6H20.

2. JlonummTe ypaBHEHUSI pEaKIUii:

1) FeSO4 + Na2CO3 + H20 —

2) Fe2(S0O4)2 + Na2CO3 + H20 —

3) Fe2(S04)2 + H20 —

4) Fe203 + KCIO3 + KOH —

5) K2FeO4 + KI + H2SO4 —

6) K4[Fe(CN)6] + K2Cr207 + H2S0O4 —

7) Fe(OH)2 + 02 + H20 —

8) Ni(OH)2 + Br2 + NaOH —

9) Co(OH)3 + H2S04 —

3.0cy1iecTBUTE CleAyoIIre IPEeBPaIICHUS

1) K3[Fe(CN)6] — K4[Fe(CN)6]

2) K4[Fe(CN)6] — K3[Fe(CN)6]

3) FeCl2— FeCI3

4) FeCl3— FeCI2

4.Kak 00bscuauth ckitonHocTh CO(I11) k komIiekcoobpazoBanmio?

5. Jlonuimmure ypaBHEHUs pPEaKLIMii:

FeCl2 + NaNO3 + H2SO4 —

Onpenenure, npu Kakom 3HadeHuu pH peakius BosmoskHa, eciin EQ (Fe3+/ Fe2+) = 0.77B,
EO (NO3+/NOQO) =0.957B,a a(Fe3+)= a(Fe2+)=a(NO3-)=1%.

2. Tunosble 3a7aHus JIJ1s1 OLEHUBAHUS PE3yIbTaTOB CHOPMUPOBAHHOCTH KOMITETEHIIUN
OIlK-2.1

TexHuka 0e30macHOCTH MPH paboTe B XUMUYECKOH TabopaTopuu

HeobxoammMo TOYHO BBIOTHATE BCE YKa3aHUS IpernojaBarens u gjabopanta. CTporo
BOCITPEIIAETCS MPOBOAUTH PaOOTHI, HE TIPEAYCMOTPEHHBIC TIJIAHOM.

He pa3zpemraercs B mabopatopuu HaXOIUTHCA B BEpXHeEH oaexe. B mabopaTopun
HE00X0MMO OBIThH B XaJaTe.

Ha paGouem cTose 7omKHBI HAXOAUTHCS TOIBKO T€ IPEIMETHI, KOTOPHIE HY>KHBI B JAHHOE
BpeMs 17151 paboThI.

CryneHTtaMm He pa3peliaeTcs OCTaBIsATh PEaKTUBBI HA CBOMX Pa0OUMX MECTax.



Bce onbITH € SIIOBUTHIMY, HEMPUATHO MAXHYIIMMHU BEILIECTBAMH, a TAKXKE C
KOHIIEHTPUPOBAHHBIMU KUCJIOTaMH U LIEJI0YaMU IPOU3BOIUTH TOJILKO B BBITSDKHOM IIKaQdy.

OMnBITHI C JIETKO BOCIUIAMEHSIOIIMMUCS BELECTBAMU HEOOXOIUMO IPOU3BOJUTH BIAIN OT
OTHSI.

[Tpu pabote ¢ MeTaUIMYECKUM HAaTPUEM U APYTUMH LIETOYHBIMU METAIIIIAMHU CIIEAYET
ocreperarbcst BoJbl. OOpE3KH 1IEI0UHBIX METAJIJIOB C/1aBaTh JJAOOPAaHTY U HU B KOEM Cllydae He
OpocaTh B OaHKH JIJIs1 Mycopa.

ITpu HarpeBaHuu pacTBOPOB B MPOOUPKH BCErja cielyeT Aep)KaTh €€ TAKUM 00pa3oM,
4TOOBI OTBEPCTHE NPOOUPKH OBLIIO HAIPABJIEHO B CTOPOHY OT PabOTAIOIIEro, M €ro cocesei no
pabouemy ctoiny. OcoO0eHHO BaXKHO COOJIIOAATh 3TO B TEX CIIydasiX, KOTrJa HarpeBaeMoH KUAKOCThIO
SBJISIIOTCS] KOHLIEHTPUPOBAHHBIE KUCIIOTHI MIIM PAaCTBOPBHI Lesioueil. PEKOMEH1yeTCsl 3TH OIBITHI
MIPOU3BOIUTH B BBITSDKHOM HIKaQy.

He HaKIOHATH U110 HA/ HATPEBAEMOM KUAKOCTHIO MITH CIUIABIISIEMBIMH BELIECTBAMH BO
n30exaHue IOMNaJaHus OPbI3T HA JIHIIO.

He cnenyer BapIxaTh maxy4ue BELIECTBA, B TOM YUCIIE U BBIIEISIOIIUECS ra3bl, OJIM3KO
HAKJIOHSSICh K COCYALy C TUMH BeriecTBamMu. CrelyeT JISTKUM JBH)KEHUEM PYKH HAIPaBUTh CTPYIO
BO3/yXa OT OTBEPCTHS COCy/a K ce0e U OCTOPOKHO BIOXHYTb.

Bpatb menous pa3peniaercst TONBKO MIaTeaeM, IUMIaMi Wik nuHieroM. Heo6xoanmo
TIIATEIBHO YOUPATh OCTATKH IIEJI0UHU ¢ pabouero mecta. Te e Mepbl He0OX0IMMO COOII0IaTh MPH
pabote ¢ hochopHBIM aHTHAPHUIIOM.

[Tpu pa3baBieHNN KOHIIEHTPUPOBAHHBIX KUCIIOT, 0COOEHHO CEpHOM, BIIMBATh KHCIIOTY B
BOJy, @ HE HA00OPOT.

PaboTy ¢ pTyThIO IPOU3BOIUTH HA CIIEIUATBHBIX MOAHOCAX C BRICOKUMHU OOpTaMH.

OcTaTKu COeIMHEHUH PEIKUX U LIEHHBIX METAJJIOB CJIMBATh B 0COObIE OAHKH (B35Th Y
nabopaHnra).

B pakoBuHYy BBUTMBATH TOJIBKO BOAY. OTXOBI CIIEAYET CIIMBAThH B CIICUAIBHBIC CKIISTHKH.

Henb3sa Huyero npoOoBaTh Ha BKYC.

3ampemniaercs B JaOOpaTOPUU MUTH U YIIOTPEOIATH MUIILY.

MeTobl OUUCTKHU BEUIECTB

Ha yem ocHOBaH MeTOJ EpEKPUCTAILITU3ALIH?

Kakum TpeboBaHUsIM JOKEH yIOBIETBOPSITH PACTBOPUTEIND IS LIeTIeH
nepeKkpucTaum3anuu’?

Kak mogbupatot pactBoputens? Kak onpeaenstor KOTMUECTBO paCTBOPUTENS, HEOOXOIUMOE
JUTSL IEPEKPUCTAIITU3 AU ?

KakoBbl OCHOBHBIE ATarbl (CTaIUH) IEPEKPUCTATUTAZAINH?

Kax rotoBAT ropsunii HaChIIEHHBIA PACTBOP B JIETKOJIETYYUX, TOPIOUYUX PACTBOPUTENAX?

Kak ocB060k/1at0T pacTBOp OT HEPACTBOPUBIIUXCS ITPUMeECeii?

B kakux ciayyasix BHOCAT aKTUBUPOBAHHBIN YTOJIb B TOPSAYMI HACBIILIEHHBIN pacTBOp?
Kakue Mepsl pe1oCTOPOKHOCTH TIPHU STOM HAJI0 COOTIOAATh?

Kak oTaensitor oTpaboTaHHBINH aAcCOPOEHT — YToJib OT MATOYHOTO pacTBOpa?

Kak BbIMONHAIOT ropsiyee GpunbTpoBanue?

Kax moarotoButs BopoHky broxHepa myist orcacbiBanusi, 4ToObI B Ko10e byH3eHa
oOpazoBajicst BaKyym?

Kak oTMBIBarOT ¥ OKOHYATEIHHO OTEISAIOT OT MATOYHOTO PACTBOPA KPUCTAILIHI?

Kak cremyer oTKIFOUUTE BOJOCTPYWHBIM HACOC MOCIIE OTCACHIBAHUA?

Kaxk BBICYIIMBAIOT KPUCTAIIIBI TIOCIIE TIEPEKPUCTAILTAZAITIHN ?

Kaxk o1ieHuTh CTeneHb YHCTOTHI MEPEKPUCTALTU30BAHHOTO MPOAYKTA?

Jnst gero HEOOXO0IMMO HEMPEPHIBHOE TIEPEMEIIMBAHUE PACTBOPA TP KPUCTAILTU3AIINH?

Kax mpoBecTr BTOpUYHYIO IEPEKPUCTAILTA3AINIO BelecTBa?

Nmeercs mu 9T0-TO 00IIIE€ MEXKTY BO3TOHKOM M MIEPETOHKOM?

OT KaKuX BEIIECTB OYMIIAETCS BOAOIPOBOIHAS BOAA MPU (PHIIBTPOBAHUYU U TIEPETOHKE?

Kakum mmyTem u3 MOPCKO# BOABI MOKHO MOTYIUTH YHCTYIO BOIY?

UTo J1eXHUT B OCHOBE METOa OYMUCTKH ra30B?

CylIHOCTh TUTPUMETPUUYECKOTO aHaIu3a. TpeboBaHus, MPEIBIBISIEMbIC K PEAKIIUSIM B



TUTPUMETPUIECKOM aHan3e. TouKa SKBUBAJICHTHOCTH M KOHEUHAs TOUYKa TUTpoBaHUs. OCHOBHBIE
pacdeTHbIie (HOPMYJIBI.

[TpuMepb MPaKTHYECKOTO MPUMEHEHHS KUCIIOTHO-OCHOBHOTO TUTpoBaHus. OnpeneneHne
KHCJIOT | nienovei. OnpeieneHne sKeCTKOCTH BOIbI.

OxkazaHue 1nepBoii MOMOIIH B 1JaOOpaTopuu

1.I1pu nonaganuu Ha KOXKy OpBI3T KUCIOTHI WM IIEJI0YH CIeAyeT HeMEIJICHHO TPOMBIBATh
CHWJIBHOM CTpYyeH BOJIbI 000XIKEHHOE MeCTO B TeueHue 5-10 MunyT. 3atem 00paboTaTh
MOBEPXHOCTh 2%-HBIM PACTBOPOM TUIPOKapOOHATa HATPUS (TIPU OXKOTre KUCI0TON) miu 1%-HbIM
PacTBOPOM YKCYCHOUM KHUCTOTHI (TIPH 0XKOT€ IIEJI0YbIO).

2.Ecnu KuclioTa WiM 11Ee10Yb MONaAyT B Ij1a3a, TO UX HEMEJIEHHO HY>KHO IIPOMBITH BOJIOH,
1ocJie 4yero pa30aBieHHBIM PACTBOPOM MUTHEBOM COJIbI (MPU MONAJAaHUU KUCTIOTHI) WIIK OOpHOU
KHUCJIOTOM (IIpY NMOMaJaHUH IIET0UH).

3.Ilpu oxore ropsyuMH NpeaMeTaMy (CTEKJIO0, METAIUIBI U T. II.) IOPAKEHHOE MECTO
cienyer cMouuTh 1%-HbIM pacTBOpPOM IE€pMaHIraHaTa Kajusl.

4.IIpu oxorax gochopoM HEOOXOAMMO HAIOKHUTH HAa 000XKIKEHHOE MECTO TTOBSI3KY,
CMOYEHHYIO 2%-HBIM PacTBOPOM Cylb(haTa MEIH.

5.Ilpu oTpaBieHuu Xa0poM, OpOMOM, CEPOBOIOPOIOM, OKUCHIO yIilepoja HEOOXOUMO
BBIBECTH IOCTPAJABIIETO HA BO3JIYX, a 3aT€M 00OpaTUTHCS K Bpauy.

6.I1pu oTpaBIeHUN COCTUHEHHUSIMH MBITIBSIKA M PTYTH, & TAK)KE ITUAHUCTBIMU COJISIMHU
HEMEJIJICHHO 00paTUTHCS K Bpady.

JlaGopaTopHbie pabOThI
CBolicTBa XUMHUYECKUX 3JIEMCHTOB

JlaboparopHas pabota Nel. Dnements! noarpynmst | A
Omneit 1. [lepokcupa HaTpus

a) BzanmonelicTBre nepokcuaa HaTpus ¢ BOAOU

B npoOupky BHeCTH MUKpOIITIATeIEM HEMHOIO MTOPOIIKA IEPOKCUIA HATPUs,
n00aBuTh 8—10 Kanenb TUCTUIUTMPOBAHHON BOJIBI U Pa3MEIIaTh CTEKJITHHON Mamoukoi. Jlokaszars
MPUCYTCTBHUE LIENOYH B OTYYEHHOM PacTBOPE, J00aBUB B HETO OJHY KAILJIIO pacTBOpa
¢denondranenna. Hanucars ypaBHeHHE peaKklMK B3aUMOJICHCTBUS IEPOKCUA HATPUSI C BOAOH.

0) OkucnuTeNbHbIE CBONCTBA IEPOKCUIA HATPUS

Buectu B Turens 3 MukpoumnaTess NepoKcuia HaTpus, 2 MUKPOILTIATEINs COMIbI U
HEMHOT0 (Ha KOHYMKE MUKPOILIATENs) pacTepTOro B MOPOIIOK cyiabpara xpoma. CMmech
THIATEJILHO NEPEMEIIATh CTEKIISIHHON NaJIOYKOW, IOCTaBUTh TUTEJb B TPEYTOJBHUK U HATPETH €T0
IUTaMEHEeM T'OPEJIKH /10 cIiiaBieHus cMecH. OXJIauTh TUTEh Ha BO3/yXe, 100aBUTh B Hero 8—10
Kareiab JUCTUUINPOBAHHOM BOJBL, IEPEMENIaTh CTEKJITHHOM MMaJOUYKON COAEPKUMOE TUTJIA, 1aTh
CMECHU OTCTOSATHCS U MEPEIUTh PACTBOP B MPOOHPKY. OTMETUTH IBET 00Pa30BaBIIErocs XpoMaTa
Hatpusi Na2Cr O4. Hanmcats ypaBHEHUE peaKkI[MK B3aMMO/ICHCTBHSI IEPOKCHIAa HATPHS C
cynbdarom xpoma B npucyrcTBiur Na2CO3, yuuThIBast, 4TO MIPU ITOM BBIACISAETCSA JUOKCU
yriaepoja.

B) BoccraHOBUTENBHBIE CBONCTBA IEPOKCUA HATPHUS

Buectu B mpobupky 4-5 kanenb pacTBopa nepMaHraHata Kajius, 100aBuTh 1
MUKPOILIIATENb TOPOIIKa IEPOKCUIA HATPUS U Bee nepeMeniatb. OTMETUTD BBIAECICHUE Ta3a U
nosiBiieHHe Oyporo ocaska. HanucaTh ypaBHEeHHE peakIUu.

OmnsiT 2. Kap6oHat 1 rupokapOoHaT HaTpus

a) Peakius cpenpl B pacTBOpe KapOoHaTa U THApOKapOOHaTa HATpuUs

BuecTu B Tpu nmpobupku 1o 6—7 Kanenb AUCTHIUIUPOBAHHON BOJIBL. B
KaX/1yI0 U3 HUX MPHOABUTh TaKOE e KOJIMYECTBO HEUTPAIBHOIO pacTBOpa jJakmyca. B onny
npoOUpKy BHECTH | MUKpOILINATelb KPUCTAIIIOB KapOOHATa HATPHs, B APYTYIO - TAKOE K€
KOJIMYECTBO TUIpoKapOoHaTa HaTpusl. TpeThio MpoOUPKY OCTaBHUTH IJisi cpaBHeHMS. [lepemeniaTs



pacTBOPBI CTEKJISTHHOM MAJIOYKOW, CPABHUTH OKPACKY JIAKMYCA B paCTBOPaXx COJIEH C €ro OKpacKoit
B TpeTbel mpobupke. Bee Tpu npoOupku COXpaHUTh B Ka4eCTBE KOHTPOJIBHBIX JJIS CIIEAYIOIETO
onbiTa. Kakas cpena u mouemy: a) B pacTBope kapOoHaTa HaTpus; 0) B pacTBOpE ruapokapOoHaTa
Hatpus? HamucaTh HOHHBIE U MOJIEKYJIIpHbIE ypaBHEeHHUA peakiuii. [loueMy OTTEHOK OKpacku
JaKMyca B pacTBOpax 3TUX cosield pazinuueH? OTBET MOTUBUPOBATH.

0) Tepmuueckoe pasnokeHue rupokapOooHaTa HaTPUs

[TomectuTh B TUTENTH 3—4 MUKpOILIIATENS MOPOIIKa TUAPOKapOoOHaTa HATPHs,
MIOCTaBUTh TUTEIb B TPEYTOJIbHUK M NMPOKAIMBATH COJIEPKUMOE IJIAMEHEM ropesiku B TeueHue 10—
15 mun. OXnaauTh TUTEIb HAa BO3yX€e, BHECTU B HEro 12—14 kanenb JUCTUIIIIMPOBAHHON BOJIbI,
nepeMenaTh CTeKJIIHHOM MMajJoyKoi U pa3/IeuTh Ha JIBe MpoOupku. JfokazaTe, 4TO B pacTBOpe
HaxOJUTCS COJIb YTOJbHOW KUCIOTHI. {7151 3TOT0 B OHY M3 MPOOUPOK 100aBUTh 3—4 Karum 2 H.
pacTBoOpa XJIOPOBOJAOPOIHON KUCIOTHI U HAOIIOaTh BbIICJICHUE MY3bIPbKOB Tra3a. Kakoii ras
BhIIETIsIeTCA? B Apyryro mpoOupKy K OTy4eHHOMY PacTBOPY MPUOABUTH TAKOE KE KOTUIECTBO
HEUTpaIBHOTO pacTBOpa Jiakmyca. CpaBHUTH OKPACKY JIAKMYycCa B JAHHOM PAaCTBOPE C OKPACKOM
PacTBOPOB B KOHTPOJBHBIX IPOOUPKAX, OCTABIIMXCS TIOCTIE MPEABIAYIIero onbita. [1lo okpacke
JaKMyca ONPEIeIUTh, KaKasi COJIb HAXOJIUTCS B paCTBOPE — KapOOHAT WJIM TUAPOKApOOHAT.
Omnucatp npojaenannyro padboty. HanucaTts ypaBHeHHE peakIluu pa3ioKeHus ruapokapOoHaTa
HaTpus IPU HArPEBaHUH. DTa PEAKIUS IPUMEHSIETCS B MPOMBIIIJIEHHOM CIIOCO0E TOTy4YEeHHS
KaJIbLIUHUPOBAHHOM COJBI.

OmpiT 3. OKpaiMBanye MJIAMEHH COJISIMU IISIOYHBIX METAJNIOB

[IpoBOJIOUKY OMYCTUTH B HACKHIIICHHBIA PACTBOP XJIOPHUIA KaJIUs U BHECTH B IIaMs
ropeikud. OTMeTUTh 1BeT iaMeHu. O0yCIOBICHHBINM HUUYTOKHBIMH MPUMECIMH COJICH HATpHS,
YKEJTHIN [BET YaCTO MAaCKUPYyeT (PUOJIETOBOE TUIaMsl Kaius. B aTom ciydae cnemyer
paccMaTpuBarTh IJiaMs 4Yepe3 CTEKISIHHYIO IPU3MY C PACTBOPOM CHHETO WHIUTO, TTOJIHOCTHIO
MOTJIOMIAOIINM KENTHIE Tydr. OTBIT TOBTOPHUTH C HACHIIIICHHBIMU PACTBOPAMU CyJb(aTa JINTUS U
xjopuaa Hatpud. [lepeq kaxapIM ONIBITOM MTPOBOJIOYKY CIIEYET OUYHINATh, TOTpyXasi e€ B
KOHIICHTPUPOBAHHYIO XJIOPOBOJOPOAHYIO KUCIOTY M MPOKAJIMBAs B TUIAMEHU TOPEJIKH.

JlabopaTtopnast pabota Ne 2. Dnements! noarpymnmsi | B

Omnpit 1. Bocctanosnenue okcuna meau (1) yrném

Ha nucte uncToit 6ymaru TiiatesibHO mepeMernaTh nanoukoi okcua meau (1) (2-3
MUKPOIIIATENS) C TAKUM K€ 00beMOM MOpoIIKa ipeBecHOro yrid. [loaydeHHyro cMech TepeHecTH
B IMJIMHAPUYECKYIO TPOOHPKY, 3aKPEIHUTh MOCIEIHIOK B IITATUBE B TOPU30HTAILHOM MOJI0KEHUU
U HarpeBaTh CMECh CUJIbHBIM IJIaMeHeM ropenku 5—10 mus. Ha0nronaTe npoiiecc BOCCTaHOBIIEHUS
okcuga meau (1) o metamnueckoit Menu (M3MeHeHHe OKkpacku). OOpaTUTh BHUMaHKE Ha
IIPOUCXOJIAIIEE TIPU 3TOM pa3orpeBaHUe CMECH JI0 KpacHOro KajieHus. Eciu Ha cTeHkax npoOupku
MOJYYUTCS TPYIHO OTMBIBAa€MbIi HAJIET MeJlU, HY>)KHO HAaJIUTh B MPOOUPKY 2—3 Karuu
KOHIIEHTPUPOBAHHOW a30THOM KUCIOTHI, KOTOPAs MOJHOCTBIO PACTBOPUT

OnpIT 2. B3anmoperictue MeIu c pa3z0aBiIeHHBIMU
"
KOHIEHTPUPOBAHHBIMH KUCIOTaMH

OnbIT NPOBOAUTCS B BHITSDKHOM HiKady! B Tpu npoOUpKy MOMECTUTH 1O KYCOUKY
Me/IM ¥ MPUOaBUTH 10 5—6 Kamens 2 H. pacTBOPOB KHUCIIOT: B TIEPBYIO — XJIOPOBOIOPOTHOMN, BO
BTOPYIO — CEPHOI1, B TPEThI0 —a30THON. OKpacuiICs I pacTBOP B MpoOUpKax B CUHE-TOIy00i 1BET,
xapakTepHbli [y noHa Cu2+? [Ipoaenars aHaIOrMUHBIN ONBIT C KOHIIEHTPUPOBAaHHBIMU
KHCIIOTaMH - XJIOPOBOJOPOIHOM (TuioTHOCTH 1,19 r/ecm3), cepHoii (tutotHOCTS 1,84 1/cMm3) 1
a30THOM (ToTHOCTH 1,4 1/cM3) 6e3 HarpeBaHUs U IpU HarpeBaHuu (ocTopokHO!). C KakuMu
KHMCIIOTaMHU B3auMoJeicTByeT Menb? [Ipu Hanucanum ypaBHEHUS peaklIMK B3aUMOJEHCTBUS MEN
¢ pa30aBIE€HHOMN a30THON KMCIIOTOM CUMTATh, YTO a30THAS KUCIIO0Ta BoccTaHaBnuBaercs 10 NO.
[Touemy Menlb HE B3aMMOJIEHCTBYET C XJIOPOBOAOPOAHOM KHCIOTON U ¢ pa30aBiIeHHON CEpHOM
kucaoToi? Hanucate ypaBHEHUS peaklMii B3aUMOJEHCTBUSA MEIN C KOHLIEHTPUPOBAHHBIMU
KHMCJIOTaMH, CUNTAs, YTO KOHIIEHTPUPOBAaHHAs a30THAsl KMCIO0Ta BOCCTAHABIMBAETCS] MENIBIO J10
JUOKCHJIa a30Ta, a CEpHasi — 10 JUOKCUA CEPBHI.



OmneiT 3. B3aumopeiicteue oxcuaa meau (1) ¢ kucinoramu

B nBe npobupku BHecTH 2—-3 Mmukporumnaresns okcuaa meau (1) u mpubasuts mo 5—6
Karenb 2 H. KUCIIOT, B OAHY MPOOHPKY — XJIOPOBOJOPOJHOM, B IPYTylo — cepHoii. HaGmonats B
000UX cIyYasx MOSBICHUE OKPacKH pacTBopa. HamucaTh ypaBHEHHS peakiuii B3aUMOCHCTBUS
oxcuaa meau (1) ¢ HCl u H2SO4 .

Onepit 4. Tlonyuenne ruapokcuaa meau (l1) m uccnenoBanue €ro
CBOMCTB

a) [Tomyuenne rugpokcuaa menu (1) u pasznoskenue ero npu HarpeBaHUU

Buectu B mpobupky no 3—4 xamu pactBopa cyibdara menu (1) u 2 H. pactBopa
ménoun. OTMETUTH LBET BbINaBIero ocajaka ruapokcuaa Meau (11). OctopoxxkHo Harperhb
MPOOUPKY C MOITYYEHHBIM 0caakoM. Kak u3MeHsieTcst iBeT ocajka MpH MpeBpaIleHud THAPOKCHIA
menu (1) B okcun? Hanucars ypaBHeHHs peakuuii oOpasoBanus ruapokcuaa meau (1) u ero
pa3IoKeHusl.

0) Ornomenue ruapokcuaa meau (1) k kucnoram u menodam.

[TosryunTs B AByx npodbupkax rugpokcun meau (I1). K noaydyennsim ocagkam
npuOaBUTH B OJTHY MPOOUPKY 5—6 Karesb 2 H. pacTBOpa CEpPHON KUCIIOTHI, B JPYTYIO — CTOJIBKO K€
2 H. pacTBOpa mIEI0oUU. B kakoM ciydae mpoucxoauT pacTBOpeHue ocaaka? Kakoi BEIBOJ MOKHO
ClleNiaTh U3 3TOTO OIbITa O CBOWCTBax ruapokcuaa meau (11)?

Omeit 5. [Tonyuenue mManopactBopumbix couieit meau (11)

a) [Tonyuenwue cynbpuna meau (11)

OmnbIT IPOBOAMTCS B BHITSHKHOM IKady! B mpoOupky ¢ pactBopom cyibdara win
xnopuaa meau (1) (2—3 xamii) mprubaBUTh CTOJIBKO %Ke CEPOBOIOPOAHOM BOIBI. OTMETHUTD I[BET
BhIMaBiiero ocaaka cyinbduna meau (11). Harmucatrs B MOJEKyISI[pHOM U HOHHOM BUJIC YPaBHEHHUE
peaKIu ero 00pa3oBaHHsI.

6) IMonyuenue ocHoBHoro kapbonara meau (I1)

B npo6upky ¢ pactBopom cynbdara meau (1) (2—3 kamiu) npubaBuTh TaKOE XKe
KOJIMUYECTBO pacTBopa cobsl. HabmomaTh BeiaaeHNe 3€IEHOTO 0caKa THAPOKCOKapOboHaTa MeIu
(CuOH)2CO03. TTouemy mpH B3aUMOJICHCTBHH COJIEH MEIH C PACTBOPOM COJIbI HE BBIMAIaET
cpeanuit kapOoHat meau? Hanmcars ypaBHeHUe peakiuy B3auMoaeicTBus cyiabdara menu (1) ¢
COJIOM MPH Y4aCTUU BOJBI.

Omeit 6. [Tonyuenue wonuma meau (1)

Buectu B mpobupky no 3 xarmum pactBopos cyibdara meau (1) u ionuaa xanus.
OTmeTuTh 00pa3oBaHue 0CaJKa U OKpAIIMBaHUE COAEP)KUMOI0 IPOOUPKH B KENTHIN 1IBET.
Jloka3zaTh C MOMOIIBIO pacTBOpa Kpaxmaia, uto KEaTasi OKpacka o0yclIOBJI€HA BbIIEJICHHEM
cBOOOTHOTO Homa. [lyist onipesesiennst IiBeTa BhIMABIIETro ocaika oauaa meau (1) Heodxoamumo
CBOOOJTHBIN 110/, MACKHPYIOLTUH CBOEH OKPACKOM I[BET OCa/IKa, IEPEBECTH B OCCIIBETHBIN MOH. {51
3TOro NMpUOABUTH B MPOOUPKY HECKOJIBKO Kamelb pacTBOpa Cyab(pUTa HATPUS 10 UCUE3HOBEHUS
xénToit okpacku. Kakos 1ser ionuaa menu (1)? Hanucate ypaBHeHus peakuuit a)
B3auMo/ieiicTBus cynbdata meau (1) ¢ ionumom kanus; 6) B3auMoOeHCTBUS oa ¢ Cynb(hUuTom
HaTpHs B IPUCYTCTBHH BOJbI. UeM 00BsICHsETCS ycTOHUMBOCTD omuaa meau (1)?

Omnpit 7. KOMIIIEKCHBIE COETMHEHUS MEIN

a) [lomyueHue KOMIUIEKCHOTO THOCY b(haTa Meau (1)

B nipo6upky c flonuaom meau () mpubaBUTh HECKOIBKO Karellb pacTBopa
THocyibdata Hatpus. HabGmroaatek mojiHoe pacTBOpEeHHE 0CaiKa, IPOUCXOISIIEE BCIEACTBHE
o0pa30BaHMs XOPOILIO paCTBOPUMOT0 KOMILIEKCHOTO THOoCcyab(harta menu(l). Hanucats ypaBHeHue
MPOTEKAOIIEH PEAKITNH, YIUTBIBAsI, YTO HOHBI S2032- SBIAIOTCS MOHOICHTATHBIMY JINTaH/IaMH, a
KoopanHaIroHHoe unciio Cu+ — noHa paBHO 2.

6) Ilomyuyenne ammuaOKOMIUTEKCA Menu (11)

B npo6upky ¢ pactBopom cynbsdara meau (1) (2—3 kamim) npubaBisTh Mo Karism 2
H. PaCTBOp aMMHaKa JIo TTOJTHOTO pacTBOpeHHs ocasika ocHoBHOM coyn (CUOH)2S04, Bemasmiero
IpU 100aBIEHUH NIEPBIX Kalellb pacTBOpa aMMuaka. OTMETUTh OKPAacKy UCXOAHOTO pacTBOpa



cynbdara MeIu ¥ pacTBOPa, MOIYYMBIIETOCS TIOCIIE PAaCTBOPEHHsI ocaka. Hamucath ypaBHEHHS
peaknuii: a) B3aumoeicTBus cynbdara meau (I1) ¢ pactBopom ammuaka ¢ 00pa3zoBaHuEM
ocHoBHoro cyib(ara menu (I1), 6) pactBopenust ocHoBHOTO cynbdara meau (I1) B n30bITKE
aMMHaKa C OJJHOBPEMEHHBIM 00pa30BaHHEM KOMILICKCHON COJIM M KOMIUIEKCHOTO OCHOBAHUS MEIH
(1), yuutsiBas, 4T0 KOOpAMHAIIMOHHOE Ynciio CU2+ paBHO 4; B) AMCCOIMALIMH MTOTYIECHHBIX
KOMILUIEKCHBIX coenuHeHnid Menu. Kakoe ocHoBaHue cuibHee: Tuapokcun meau (1) wim
runpokcua rerpaammvuamenu (11)? Kakre nonsr 00ycIoBIMBAIOT OKPACKY pacTBOPA, COJACPKAIIETO
AMMHHOKOMIUIEKCHI MeJTH?

Ompit 8. [Toydenue okcuma cepedpa

B npobupky ¢ pactBopoM HHUTparta cepedpa (3—4 karn) npubdaBUTh HECKOIBKO
Karenb 2 H. pacTBOpa TMIPOKCHIA HATPUS 10 BBIMACHHUS 0CaKa oKcua cepedpa. Kakoe
3aKJIFOUYEHHUE O IPOYHOCTU THIPOKCHIA cepedpa MOKHO CIIENaTh HA OCHOBAHUU 3TOro onbiTa? Yem
3T0 00BsicHseTcss? HanmcaTs ypaBHEHUS peakiuii 00pa3oBaHus THAPOKCHIA cepedpa U ero
pacrnaza.

OmnbiT 9. OKHCIUTENBHBIC CBOWCTBA OKCHJIA cepedpa

a) BzaumopneiicTBue okcuaa cepedpa ¢ xjaopuaom ojoa (1) B memounol cpene

Buectu B npobupky 2—3 kamiu pactBopa xsopuaa ojiosa (1) u 1o6aButh mno xarmisam
2 H. pacTBOpP FHAPOKCHUIA HATPHUSI IO PACTBOPEHUS BBINABIIEro ocaaka ruapokcusa oiosa (I1). K
nosiyueHHoMY Inenouynomy pactBopy Na2[Sn(OH)4] npubaButs 1-2 kamiau Hutpata cepedpa.
Habmronate BeimaieHue 4€pHOro Mopolika MeTauimyeckoro cepedbpa. ObpaszoBanue cepedpa
MOJKET OBITh I0Ka3aHO TEM, YTO BBIMABIINN OCAIOK HE PACTBOPSETCS pU JO0OABICHUH 5—6 Kareb
2 H. pacTBOpa aMMHaka B OTJIMYHUE OT okcuja cepedpa. [lpoBeputs onbiTHEIM myTeM. Hamucathb
ypaBHEHUS PeaKIuil:

a) obpazoBanus terparuapokcocrannara (I1) natpus us xiaopuaga onosa (11);

0) B3anMOJICHCTBUS HUTpaTa cepedpa co mEI0UbIO;

B) B3auMoOJIecTBUs TeTparuapokcoctannara (1) Harpus ¢ okcuom cepedpa ¢
oOpa3zoBaHMeM rekcaruipokcocranHara (1\V) HaTpus u aneMeHTapHOro cepedpa, yuuThIBasi, 4TO B
peakIMy NpUHUMAET yJacTue BOJa;

r) B3auMoieiicteus xyiopuaa oiosa (I1) ¢ okcugom cepedpa B IpUCYTCTBUU ILENTOYH.

6) IlomydyeHue cepeOpsiHOTO 3epkana

B MmaneHpKkoM cTakaHUMKe HarpeTh 10 KuneHus 25—50 Mi1 BoJIbl, ITOCIIE Yero
OTCTaBHUTb ropesky. B mpoOupky BHecTH 4—5 Kamenb pacTBopa HUTpara cepeOpa u mpubaBUTh 2—5
Karemnb 2 H. pacTBOpa aMMHaKa, BCTPSAXUBask MPOOUPKY MOcie MpruOaBIeHUs KaXI0H Karliu 10
pacTBopeHHs BhINaBiero BHavane ocagaka Ag20 (u3berats n30biTka NH3). K monyduennomy
po3payHoOMy pacTBopy nprbaButh 10%-He1ii pacTBop rimoko3sl CSHO6(OH)SCHO B 06béMme,
pPaBHOM CyMMapHOMY 00beMy HUTpaTa cepedpa U aMMHaKa, HaXOISALIUXCs B IPOOHpPKE.
[lepemeriaTh pacTBOp M MOCTaBUTh MPOOUPKY B CTAKaHUYMK C ropsiueil Bogoi. Uepes 2—3 MuH
BBIHYTH NTPOOHMPKY U3 CTAaKaHYMKA U, BEUIUB PACTBOP, OTIOJIOCHYTH €€ BOJIOW M3 MTPOMBIBAJIKH.
Kakoe BemiecTBo BbIIETNIIOCH U3 PACTBOpA Ha CTEHKaX NMpoOupku? Hanucars ypaBHEHUE peakiiuy,
CUHTasl, YTO TIFOKO03a MEPEXOAUT B TI0KOoHOBYIO kucioty CSH6(OH)SCOOH.

Omnpit 10. ManopacTBoprUMbIe U KOMILJIEKCHBIE COETMHEHUS cepedpa

a) [Tonyuenune ammuHOKOMILTEKCOB cepedpa (1)

B gertbipe npoOupku BHECTH 110 2 KaIlJll pacTBOpa HUTpaTa cepedpa. B oqny
MpoOUpPKyY A00aBUTH 2 KaIlJIM XJIOpUAA Kalusi, BO BTOPYIO — OpOMHU/Ia Kausl, B TPEThIO — Houaa
KaJus, B 4eTBEPTYIO — xpoMata kanust K2CrO4. OTMeTHuTh 11BeTa BBIABIINX OCaIKOB. J[00aBUTH
BO BCe 4YeThIpe mpoOupku 1o 3 karum 25% pactBopa ammuaka. Ocalku KaKuxX BEIIECTB
MPAKTUYECKH MTOTHOCTHIO PACTBOPHIINCH B aMMuake? OIMHAKOBO JIH aKTUBHO UIET
B3aUMOJICHCTBHUE XJIOpHIa, OpoMua U oauaa cepedpa ¢ amMuakom?

HammcaTth B MOJIEKYIISIPHOM ¥ HIOHHOM BH/IE YPaBHEHHS PEaKITHIA:

a) o0pa3oBaHUs MAJIOPACTBOPUMEBIX COJIeH cepedpa;

0) pacTBOpeHHS XJIOpHIa, OpOMHU/Ia U XpomaTa cepedpa B aMMHake ¢ 00pa3oBaHUEM
KOMIUIEKCHBIX COCTMHEHNH, YIUTBIBAs, YTO KOOPAWHAIIMOHHOE YMCIIO AJ+— HOHA PaBHO 2.



Ha ocHoBaHuu cBOMX HAOMIOICHUN W 3HAYCHUH MTPOU3BEICHUNA PACTBOPHUMOCTH
raJIOTeHUIOB cepedpa OOBSICHUTH pa3IMuie UX PaCTBOPUMOCTH B aMMHUAKE.

0) I[TomyueHne KOMIUIEKCHOTO OCHOBaHMsI cepedpa

K ocanxy okcuna cepeOpa mpuOaBisTh MO KaruisiM 2 H. paCTBOp aMMHaKa.
Habnronate pacTBOpeHHE OcajiKa BCIEICTBUE 00pa30BaHUs PACTBOPHUMOTO KOMITJICKCHOTO
ocHOBaHUs cepeOpa. Hamucats ypaBHEHUE MPOTEKAIONICH PEaKIIUH.

B)[lonmyueHne KOMILIEKCHBIX Cyab(duTa U THOCYIb(]aTa cepedpa

B nipoOupky ¢ pactBopom HHUTparta cepeOpa MpuOaBiIATh O KalUIsIM PacTBOP
tuocynbdata HaTpust Na2S203 u HaOmrogaTh paCTBOPEHHUE BBINIABIIETO BHAYAJIE 0CaIKa
THocynb(haTa cepedpa. AHAIOIMYHO TPOBECTHU OIBIT B3aUMOJICHCTBHUSI HUTpaTa cepedpa ¢
cynbdurom HaTpus. Hamucarb ypaBHEHHs peakluii: a) B3aMMOJICHCTBHS HUTpaTa cepedpa ¢
THOCYIb(hATOM HAaTpUs ¢ 00pazoBaHHEM THOCYNIb(ara cepedpa u ¢ cyab(hUTOM HATPHSI C
BBINAJICHUEM B OCaJIOK Cynbpura cepedpa; 6) pacTBOpEHHs OCaIKOB B U30BITKE OCAIUTEII,
cuntas, 9to SO32- —non u S2032- —MOH MOHOJICHTATHEI, 2 KOOPAMHAIIMOHHOE YHCII0 A(+—H1OHa
paBHO 2.

JlabGopatopnast padota Ne 3. Dnements! noarpynmns 11 A

OmneiT 1. B3auMopeiicTBue Marausi ¢ BOJ01

B3saTh kycouek (1-2 cM) MarHueBoi JIEHTHI M OYUCTUTD €€ TTOBEPXHOCTh
HaXIayHOU Oymaroi ot Hajiera okcuaa. B mpoOupky BHecTu 6—7 Kanenb JUCTUIUTMPOBAHHON BOJIbBI
Y ONYCTUTH B HEE OUMIICHHBIM MarHuidi. OTMETUTh OTCYTCTBHE PEAKIIMU IPU KOMHATHOU
temreparype. Harpers npobupky HeGonbInM miameHem ropeiku. Yro nadbmonaercs? [pubaButh
K IMOJIy4eHHOMY PacTBOPY OJIHY Karuto genondranenHa. Ha obpazoBanue Kakux HOHOB B
pacTBope yKa3bIBaeT MOsiBICHHUE OKpacku GeHondTanenna? Onucarp Habmonaemoe. Hanmucarnb
ypaBHEHHUE PeaKIMK B3aUMOJICHCTBUS MarHus ¢ BOJIOM MpPU HarpeBaHHH.

OmeblT 2. B3auMoaelcTBre Maruus ¢ KUCJIOTaMHu

B 1Be npoOupku ormycTUTh 10 HEOOIBIIOMY KYCOUKY MarHHEBOM JIeHTHI. B oqHy
MPOOUPKY JO0OABUTH HECKOJBKO Karlelb 2 H. pacTBOpa XJIOPOBOJOPOIHON KUCIOTHI, B IPYTYIO —
TaKO€ K€ KOJMYECTBO 2 H. pacTBOpa a30THOM KUCIOTHI. YTo nmpoucxoaut ¢ maruuem? Kakoi ra3
BbIJIETISIETCSI:

a) NP B3aMMO/IEWCTBUU MarHus ¢ XJIOPOBOJIOPOJAHOMN KUCIOTOM,

0) ¢ a30THOM KHUCIIOTOM?

Onpir 3. IlomyueHue THAPOKCHAA MarHuss W €ro  pacTBOPEHHE B  KHUCJIOTE
"
COJISIX AMMOHUS

Bhectu B ABe mpoOUpKH MO 3 Karuid pacTBOpa COJIM MarHus U B KaXyl0 U3 HUX
100aBUTh MO 4 KaIlJIM pacTBOpa €IKOro HaTpa. B ofHy U3 npoOUpoK, MOMELINBast COEPKUMOe
CTEKJIIHHOU MaJIOYKOM, MpuOaBUTh MO KAIUIAM 2 H. pacTBOP XJIOPOBOAOPOAHOI KHCIOTHI 710
MOJTHOTO pacTBOpEeHUs ocanka. [IpubaBiisst KHCIOTY, OTCYUTHIBATH YUCIIO T100ABIsIEMbIX Kameinb. B
JPYToi MPOOHPKE TAKKUM ke CIIOCOOOM (IMTOMENTUBAsT CTEKIISTHHOM MaIOYKOM M cunTas
no0aBisieMble Kalljil) pacTBOPUTH OCa0K FMAPOKCH/Ia MarHus B 2 H. pacTBOPE XJIOPH1a aMMOHHSIL.
B kaxom ciyuae 17151 pacTBOpEHHUs Ocajika oTpedoBaoch 0oJiblee KOJTUYECTBO peakTuBa?

Hanucatb ypaBHeHUs peaklnii OTy4eHUs THIPOKCHAa MarHUSl M €r0 pacCTBOPEHUS B
KHCIIOTE U B pacTBOpe cosin aMMoHHUsl. [1onb3ysch mpaBuiIoM NPOU3BEIEHHS pAaCTBOPUMOCTH,
OOBSICHUTH PACTBOPEHUE TUPOKCHIA MATHUS B XJIOPUAE aMMOHHUS U B XJIOPOBOJAOPOJHON KHUCIIOTE.
B kakom peakTuBe pacTBOpEHHE THIPOKCHIa MarHUSI UIET Jierye: B XJIOPOBOPOIHOM KUCIIOTE UITU
B pacTBOpe xjopuaa ammonusi? [louemy? PacTBopuTCs M THIPOKCH]T MarHus pu 100aBIeHUH: a)
(NH4)2504, 6) KCI?

Omnpit 4. [lonydyenne ruipokcokapOoHaTa MarHus

B nmpobupky k 2—3 kamisiMm pacTBOpa COJIM MarHus J00aBUTh PacTBOP COJIbI 10
o0pa3oBaHMs Ocajika THAPOKCOKapOoHaTa MarHusi. OTMETUTH BblJieNieHHe ra3a. VcnbitaTh
OTHOIIIEHHE 0CaJIKa OCHOBHOM COJIM MarHus K XJOpOBOJOPOIHOM kucioTe. Hamucats ypaBHEHUS



peaKIuil MoJydeHUs TUAPOKCOKapOOHATa MarHusl U €ro PAaCTBOPEHHUSI B KUCJIOTE.
OmpiT 5. [lonydyeHue okcuaa U TUAPOKCUAA KaTbIUs

[TomecTuTh B mpOOMPKY KycOUeK MpamMopa U J0OaBUTh K HEMY HECKOJIbKO Karelb
Bojbl. HaGmrogarorest mu kakue-nunbo nsmeHeHus? Buectu B mpoOupky 1 xammo ¢genondranenHa.
[TosiBsieTcs iu kpacHas okpacka? BTopoil kycodek Mpamopa MOMECTUTh B CyXOH TUTEIb U
MIOCTaBUTh MPOKAIMBATH B TOpsuyto Mydenbuyto neus (Temneparypa B MmydenbHOIM eun JoKHa
0bITh 0K0J10 910 °C.) Uepe3 20—25 MUH TUTECIBHBIMU LTUTIIIAMH ITEPEHECTH TUTEIIb B SKCUKATOP U
OXJIaJIUTh €r0 10 KOMHATHOM TemrepaTypsl. [locie oxiaxaeHus BIHYTh TUTEIb U MOTYYeHHbIN
OKCHUJ KaJIbIIUI CMOYUTH 1-2 kamisiMu IUCTUILTUPOBAHHOM BOJbl. UTO HabmoqaeTcs?
Jlo6aButh B THrens emeé 8—10 kanenb BoAbl, pa3MenaTh 00pa30BaBIIMICS THIPOKCUI KaTbIH
(raményro U3BECTh) U 1aTh OCAJKY OTCTOSATHCA. 2—3 Karlld MOJTYyYEHHOTO PacTBOpa NEPEHECTH
MUTETKON B MPoOHpPKY U 1006aBuTh | Karmo ¢penondranenna. Yro nHabmaromaercs? PactBopum mu
TUIPOKCHU Kalblus B Boje?HanucaTs ypaBHEHMsI peakuil pa3iioKeHNs KapOoHaTa KalbLysl IpU
HAarpeBaHUM U B3aUMOJICHCTBHUS OKCHJIa Kaiblus ¢ BogoW. Kak Ha3pIBaeTCs pacTBOp rMAPOKCHIA
KaJIbIIUS B BOAC?

Onpit 6. [lonydyenue kapboHaTa U ruApokapOOHaTa KaabIUs

Hanonuuts npobupky Ha 1/2 e€ 00bEMa U3BECTKOBOM BOAON U MPOMYCTUTH B HEE
nuokcua yriepona. OTMETUTH MOSIBJICHHE Ocajika kapOoHarta Kajibius. [IpoomkaTs mpomyckarh
JTMOKCH]I yTIIepoia 10 PACTBOPEHHsI 0Ca/IKa, KOTOPOE MPOUCXOAUT BCIIEICTBUE 00pa30BaHUs
pactBopumoro ruapokapOoHara. Kak Ha3piBaeTcs Bojia, coaepkaiias 3Ty coib? OTMETUTh
Ha0It0/1aeMbI€ SIBIICHUS M HANKMCATh YpaBHEHUS peaklnii 00pa3oBaHus KapOoOHaTa Kalblus IpU
B3aMMO/ICHCTBUM TMOKCHAA YTIEpoAa C U3BECTKOBOM BOJIOM M pacTBOpEHUS KapOoHAaTa KalbLus
Mo/ ICMCTBUEM TMOKCH/IA yIiIepo/ia U BOJIbl ¢ 00pa3oBaHUEM ruapoKapOoHaTa.

Ompit 7. Kap6oHaTs! MIENOYHO3EMETBHBIX METAIUIOB

[Tony4unTth 0caaky KapOOHATOB KaIbLIUsI, CTPOHIHS U OapHsi B3aMMOICHCTBHEM
PacTBOPOB COOTBETCTBYIOMIUX coJiel (3—4 Karin) ¢ pacTBOPOM cofibl. McribITaTh OTHOIIIEHKE
MOJIyYEHHBIX KapOOHATOB K XJIOPOBOJOPOIHOM KucioTe. Kuciaory 100aBiasiTh OCTOPOKHO MO
KarsiM. HammrcaTs ypaBHEHUS MPOTEKAIOMIMX peakiuii. OTMETUTh paCTBOPUMOCTh KapOOHATOB B
KHCJIOTE.

Omnpit 8. CynbdaTsl METOUHO3EMENBHBIX METATIIOB

a) [lomydenue cynbp(haToB KaJlbliHsl, CTPOHIUS U Oapus

B tpu npoOupku BHECTH 110 2—3 Karid pacTBOPOB COJIEH: B IEPBYIO — COJIM KaJIbLIUA,
BO BTOPYIO —CTPOHIMS, B TpeThI0—0apus. B kaxayro npobupky 106aBuTh no 3—4 karim pactBopa
cynb(dara Hatpus. Uro HabmogaeTcss? OTMETUTD Pa3IuYHYI0 CKOPOCTh 00pa30BaHMS OCAIKOB
cynbdara Oapus u cynbdarta kanbiusa. Yem 510 o0bsicusierca? McnbiTaTh neiicTBre
XJIOPOBOZOPOAHOM KHCIIOTHI Ha MOJTydeHHbIE cynbdaTel. Hamncars ypaBHEHHs peakiuii
o0pa3oBaHus cynb(haTOB KajblMs, CTPOHLUS, Oapus U BhIpaKEHUE MPOU3BEIEHUI pacTBOPUMOCTH
cynbdara u kapooHara 6apust. OObACHUTD, OIB3YACH MPABUIIOM IIPOU3BEICHHUS PACTBOPUMOCTH,
nouemy kKapOoHaT Oapusi pacTBOpsieTcs B pa30aBICHHOM XJIOPOBOJOPOAHOM KUCIIOTE,

a ero cyibdar He pacTBOpsIETCS.

6) CpaBHUTENBbHAS PACTBOPUMOCTD CyJIb(aTa U KapOOoHaTa KaJIbIH

[Tonyunts cynbdar Kaablus, 100aBUB K 3—4 KarisiM pacTBOpa XJIOpHIa KaIbLus S5—
6 kamenpb pacTBopa cyibdarta HaTpus. JlaTh pacTBOPY OTCTOATHCSA U MUIIETKOW MEPEHECTH YaCTh €T
B YHUCTYIO IPOOUPKY. YOEIUTHCS B TIOJTHOTE OCAXKACHUS, 100AaBUB €llle OJHY Karlllo pacTBOpa
cynbdara HaTpusl. B momydeHHbIN mpo3payHblii pacTBOP BHECTH HECKOJIBKO Kareib pacTBOpPa COIbI.
Uro Habmogaercs? 3anucarh JaHHbIE OnbITa. [10/1b3ysCh MpaBUiIOM MPOU3BEACHUS
pacTBopuMocTH ¥ Tabnunel BenuynH [1P, 00bscHUTD, TOYEMy pacTBOp, OCIE TOTO KaK U3 HEro
Bl ocagok CaSO4, cHoBa oOpa3yeT ocaok npu JodasieHnr noHOB CO32-.

OneiT 9. OKcanaTsl MEIOYHO3EMEIBHBIX METAIIIOB



[TomryunTh OCagKK OKCAIAaTOB KajbIHs, CTPOHILIUS U Oapus B3aUMOIEHCTBUEM
PacTBOPOB COOTBETCTBYIOIIMX coJieh (3—4 Karuin) ¢ TaKuM ke 00bEMOM pacTBOpa OKcasaTa
aMMOHMs. McnbITaTh I€MCTBHUE XJIOPOBOJAOPOAHOM KUCIOTHI HA OCaJKU oKcanaToB. Hanucats
ypaBHEHHUSI peaKuii 00pa30BaHUs OKCATATOB MIENTOUYHO3EMENIbHBIX METANIOB U UX PaCTBOPEHUS B
HCIl.

Omnpit 10. XpomaTsl mET0YHO3EMETBHBIX METAJIIIOB

B Tpu npoOupku BHECTH pa3fienbHO 10 3—4 KaIlk pacTBOPOB COJIEN KaJlbLus,
CTpOHITUS 1 Oapus. B kaxayro U3 HUX J00aBUTH 10 4—5 Karmelb pacTBOpa XpoMmaTa Kallus.
XpomaThl KaKMX METaJUIOB BBINAAAIOT B 0cafok? OTMeTUTh ux 1BeT. cnbiTath neicTBre
YKCYCHOM KHUCIIOTBI HAa OCAQJIKU XpOMaTOB. BHOBB MOYYUTh 0CaIOK XpoMarta Oapusi U UCIBITATh
JEHCTBHE HA HETO XJIOPOBOJIOPOIHOM KUCIOTHL. UTo Habmomaerca? Hanucarh ypaBHEHUS peakiuit
MOJTYYEHUST XPOMATOB Oapsi, CTPOHITUS U KaJbIIUS U UX pacTBOpPEHUs B KUCIOTE. OOBSICHUTD,
IMOYeMy XpOMaT CTPOHIIMS PacTBOPSAETCS B YKCYCHOM KHCIIOTE, a XpoMat Oapusl OYTH
HEPaCTBOPHM B HEH, HO PaCTBOPSETCS B XJIOPOBOJOPOAHOM KHCIIOTE. XPOMAT KAaKOTO METaslia
HanboJiee pacTBOpUM?

Ompit 11. Ilepokeun 6apus

a) OxucnuTeNnbHbIE CBOWCTBA IMEPOKCUIa Oapust

B dapdopossrii Turenék BHecTH 3—4 MUKpoOLIIATENs IEPOKCHAA OAPHsl © HEMHOTO
(Ha KOHYMKE MUKpOILLIIATENs1) MOPOLIKa AUOKCcH1a Mapradna. CMech TIIAaTeIbHO pa3MeliaTh
CTEKJISIHHOW NAJIOYKON, IOCTaBUTh TUTEJIb B TPEYTOJIbHUK U HAarpeTh A0 ciuiaBiaeHus. Cruias
OXJIaJIUTh U IO €r0 LBETY yOeauThcs B 00pa3oBaHUU MaHraHarta. Hanucate ypaBHEHUE peaklinu.

06) BoccraHoBUTENBHBIE CBOWCTBA MEPOKCUIA Oapus

B npoGupky BHecTH 6—7 Karellb pacTBOpa HATpaTa cepedpa U HEMHOTO MTOPOIIIKa
nepokcuaa 6apus. OTMETUTH BBIACTICHHE Ta3a U MOSBJICHUE 0CaIKa METANTNIECKOTO cepedpa.
Kaxoii ra3 Beigenserca? Hanucats ypaBHeHHE peakilnu.

Omnpit 12. OkpalivBaHye IIaMEHU COJISIMU IIET0YHO3EMENbHBIX METAIIJIOB

[TpoBonouky mnu ¢papdopoByro MajouKy BHECTU B KOHLIEHTPUPOBAHHYIO
XJIOPOBOZOPOJHYIO KHCIIOTY, a 3aT€M IIPOKAJIUTH B IUIaMEHU ropenku. [Ipu aTom npoBosoka
OuuIIAeTCs OT 3arpsi3HeHui. Yucras MpoBoJIoKa He JOJKHA OKPAIIUBaTh IuiaMs. OUUIEHHYIO
IIPOBOJIOKY OMYCTUTh B HACBIIIEHHBIA PacTBOpP XJI0puaa Oapus U CHOBA BHECTH B IJIaMs TOPEIIKH.
OTmeTuTh 1BET MIaMeHU. ONbIT MOBTOPUTH C HACBIIEHHBIMU PACTBOPAMH XJIOPUAOB CTPOHLIUS U
kanpius. Ilepen kaxapIM ONBITOM MPOBOJIOYKY IIPOMBITH KOHLIEHTPUPOBAHHOM XJIOPOBOIOPOIHOMN
KHUCJIOTOU M MpOoKaauTh. OnucaTh HabI0JaeMble SBJICHHUS.

JlaboparopHas pabota Ne 4. Dnements! moarpymnmsl |1 B
OmnpiT 1. PacTBOpeHue 1uHKa B KUCIOTAX U MIEI0Yax

Hanute B mpoOupky 4—5 xanens 2 H. pacTBOpa CEpHON KUCIIOTHI, T00aBUTH |
MUKPOILIIATENb HUHKOBOM MBUIM U CJIETKA OJOTPpeTh. To ke npojaenars ¢ KOHUEHTPUPOBAHHON
cepHOM KUCIOTOH (I10THOCTH 1,84 1/cM3) U 1O 3amaxy onpeieauTh BbIIEIEHUEe CEPHUCTOrO Tasa.
Taxum xe 00pa3oM NpOBEpUTH PACTBOPUMOCTD IIMHKA B 2 H. paCTBOPE XJIOPOBOJAOPOAHOM KHCIOTHI
U B 2 H. pacTBope eaKoii meénoun. Onucare Habmonaemoe. [louemy pa3bdaienas u
koH1eHTpupoBanHas H2S04 no—pazHomy pearupyet ¢ iuHkoM? Kakoif s1neMeHT u B Kakoi
CTETIEHHU OKUCJICHUS ABJIETCS OKUCIUTENEM B TOM U B JPYTrOM citydae?

Omnpit 2. BoccTaHOBUTEIBHBIE CBOMCTBA LINHKA

B dapdopossriii Turenék moMecTuTh HEMHOTO IIMHKOBOW TTBLIH, MPUOABUTH 4 Karliu
0,5 H. pacTBOpa HUTpaTa Kanus 1 4—5 Kaneiab KOHIEHTPUPOBAHHOIO PACTBOPA €IKOU IIEIOYH.
OctopoxHO HarpeBas (Ha acOECTUPOBAHHON CETKE), JOBECTH COJIEP)KMMOE TUTEIbKA IMMOYTH J10
kuneHus. HaGmrogaTe BeIieIeHHE aMMHUaka 1o 3anaxy ¥ 1o MOCHHEHHUIO B HEM KpacHOM
JTAKMYCOBOM OYMa)KKH, CMOUEHHOU BojoW. Kakas coyib IMHKA JOMKHA TOJTYYUTHCS B JAHHBIX



ycnoBusax? HamucaTh ypaBHEHHE peakIlii B MOJICKYJISIPHOM ¥ HOHHOM BHjie. OOpaTuTh BHUMaHUE
Ha BBICOKYIO BOCCTAHOBUTEIBHYIO CTIOCOOHOCTH ITMHKA. BBINMHMCAaB COOTBETCTBYIOIINE
OKHCTUTEIHFHO-BOCCTAHOBUTEIBHBIE MTOTCHIIMAJIBI, PEITUTH BOIIPOC O TOM, OYET JIN IIUHK
BOCCTaHABJIMBATh IUXPOMAT KaJIHs B KUCIIOH cpeie.

OmnbiT 3. ['MAPOKCUABI LIMHKA U KaIMHS M UX CBOMCTBA

Hanute B 1Be mpoOupku 1o 3—4 Kamim pacTBOpa COJIM LMHKA, B IBE IpyTHE —
CTOJIBKO K€ pacTBOpa COJIM KaaMus. B kax1yro mpoOUpKy 100aBISATh MO KaIIsiM 2 H. pacTBOP
€/IKOH IIEN0YH /10 TOSBICHUS O€bIX CTYACHUCTBIX 0CaIKOB TMAPOKCHIOB. McTibITaTh OTHOLICHHE
IIOJIYYE€HHBIX THJIPOKCHUJIOB K KHCJIOTaM M 1ienodaM. Kakoi BEIBOI MOKHO CJIENaTh O CBOMCTBAX
TUIPOKCHUIOB IIMHKA U Kaamusi? HamucaTs ypaBHEeHHS peakliii B MOJIEKYJISIPHOM U MOHHOH dopMe.
OOBACHUTD pa3IUNYUE B CBOWCTBAX TUAPOKCUIOB.

Omnpit 4. Cynbpuapl IUHKA ¥ KaJIMHUS

B nBe npoOupku, B 0JTHOM M3 KOTOPBIX COJAEPIKUTCS 3—4 KaIlIu pacTBopa CoJn
LIMHKA, a B IPYTON — CTOJIBKO K€ PacTBOPa COMU Kaamus, 100aBUTh MO 2—3 KaIljIl HACHIIIEHHOTO
pactBopa cynbdpuaa aMMoHusl. OTMETUTH 11BETa 00PA30BABIINXCS OCA/IKOB U JOOABUTH B KaXKIYIO
MpoOUPKY MO OAHOM Karuie 1 H. XJIOpoBoAOpoAHOM KuciaoThl. Kakoii u3 cynedunos 6onee
pactBopuM B kuciote? [loap3ysich npaBUIoM MPOU3BEACHUS PACTBOPUMOCTH, OOBSICHUTD
Pa3IMYHYIO PaCTBOPUMOCTH CYJIb(PHUA0B IMHKA U KaAMHUs B KucioTe. HamucaTts ypaBHeHHS
peaKkuuid.

Omnpit 5. I'maponau3 cojield HMHKA U KaaIMUs

[TomecTuTh B 0/1HY IPOOUPKY HECKOJIBKO KPUCTAINIMKOB COJIM IIUHKA, B IPYTYIO —
CTOJIBKO K€ COJIM KaJMUs U pacTBOPUTH UX B 1—2 karuiax Bojbl. Jl00aBUTh B KaXk 1yl IPOOUPKY MO
2-3 Karum pacTBopa JJaKMyca | CJIeTKa MOAOrpeTh. B TpeThio mpoOupKy HaIUTh 2-3 Karum
pacTBopa JlakMyca U 1—2 Karum BOJIbI M CPAaBHUTH I[BET COJIEPKUMOT0 3TOH MPOOUPKHU C OKPACKOI
IIOJyYEHHBIX pacTBOPOB. Ha Kakylo peakluio cpebl yKa3bIBaeT OKPACKa JIAKMYyca B pacTBOpax
coneil? Hanncate B MOJIEKYJIIpHOM U HOHHOM (hopMe ypaBHEHHS MPOIIECCOB, BBI3BIBAIOIINX
M3MEHEHHE OKPACKH JIAKMYyCa.

Omnpit 6. KoMIiekcHbIE COETMHEHUS [IMHKA U KaJMHUS

[TomecTuTs B IpoOHMpKy | Karmo pacTBopa COM IMHKA U JOOaBUTH 2 Kariu 2 H.
pactBopa ammuaka. Ocaok Kakoro Beriectsa oopazoBaics? K moixydeHHOMY OcaiKy MpHINBATh
IO KaruisiM U30BITOK pacTBOpa aMMHaKa JI0 pacTBOPEHUs ocanaka. TOT jke OMbIT MPoAeNaTh C
pacTBOpoM conu kaamusi. Hanmucate ypaBHEHUs! peaklnid, CUUTas1, YTO XapaKTEPHBIM
KOOPIUHAIIMOHHBIM YUCIIOM JIJIs1 000UX MOHOB KOMILIeKcooOpa3oBareneil sBisiercsa 4. Hanmucath
YpaBHEHUSI JUCCOLMAIIMH MOJYYEHHBIX KOMIUIEKCHBIX COEMHEHUN U KOMIUIEKCHBIX HOHOB, a
TAKKC BBIPAXKCHUA KOHCTAHT UX HECTOMKOCTH.

OmneiT 7. B3auMopeicTBue cosieit pTyTH €O METOYbI0

B onny nmpobupky BHecTH 3 Karui pactBopa Hutpara prytu (l1), B apyryro — 3
Karu pactBopa HuTparta prytH (1). K kaxmaomy pactBopy npubaBuTh 1o 2 Karju 2 H. pacTBopa
€/IKOH MIEN0oYn 1 HabIIoaTh ocaxieHue B nepBoit npodupke okcuna prytu (11) HJO. Bo Bropoii
poOUpKe 0CaIOK MpeACTaBIsIeT COO0I cMech MPOIYKTOB AUCIPONOPIIMOHUPOBAHUS OKCUIA PTYTH
(I): okenp pryru (1) 1 MmeTamueckyto pTyTh. OTMETHTH IIBETa OCAJAKOB, HATIMCATh YPaBHEHHUSI
MPOJIETaHHBIX PeaKIuil.

OmnsiT 8. [TosyueHre ManopacTBOPUMBIX COJIEH PTYTH

a) [lonydyeHue xJI0puI0B pTYTH

B oanoit npodupke nmonyuuts xiaopua prytu (1), B apyroit — xnopun prytu (1),
nerctBys 0,5 H. pacCTBOPOM XJIOpHU/Ia HATPUSI HA COOTBETCTBYIOIIME HUTPAThl pTyTH. Ha ocHOBaHUM
HaOJI0/IeHNUs CIeNIaTh BBIBOJ O CpaBHUTENBHON pacTBopuMOcTH cynembl HQC12 u kanomenn
HQCI2. Hamucarb ypaBHEHHSI peaKIIHii.



0) I[Tonyuenue HoaAWIOB PTYTH

[Momyuwuts tomun prytu (1) u iomun pryru (I), nefictBys 0,5 H. pacTBOpoMm ioauaa
KaJiusl Ha COOTBETCTBYIOILIME HUTPATHI PTYTH B IBYX IpoOupkax. PacTBop Honuaa xanus
N00aBIATH MO OJHOM Karuie 10 BblIaAeHUs ocaakoB. OTMeTUTh IBeTa 00pa30BaBLINXCS
ocaakoB. Hanucarb ypaBHEHUS peaklMii, yauThiBasi, 4To noH HQ22+ ckioHeH Kk
JUCIPONOPIIMOHUPOBAaHUIO ¢ 0Opa3zoBanuemM HgY2+ u cBoGo1HOI pTYTH.

B) JlelicTBue cepoBOIOpOAa HA CONU PTYTU

OmnbIT poBoUTCS B BBITSHKHOM mmiKady! [loaelicTBoBaTh cepoBOIOPOIHON BOAOH Ha
pactBopsl HUTpaTa pryTH (I1) u HUTpaTa pryTH () B 1ByX npobupkax. OTMETUTH I1BETa
oOpa3oBaBIIMXCS 0caKoB. Hamucats ypaBHEHUS IPOJICIaHHbBIX PEAKIINM, yYUTHIBAs, YTO AJIS
prytu (1) cynpdua coBepiieHHO HEYCTONYHB U MPH JIEHCTBUU Ha €€ COJIb CEPOBOIOPOAHON BOJIbI
cpasy obpa3zyrotcs cynbdua prytu (1) u Metammudeckas pTyThb.

Ombit 9. KOMITIIEKCHBIE COSTMHEHUST PTYTH

a) BzaumoneticrBue autpara prytu (1) ¢ n36pITKOM HOoamma Kamus

[TomecTuts B ipobupky 1-2 xarmmm Hutpata prytH (l1) u ocaguts Hoaua pTyTH,
n00aBUB B MPOOUPKY 2 Kariu pactBopa Hoauaa kanus. [IpubaButs n30eiTok Hoaunaa xamus (10-12
Karens). Uto npousonwio ¢ ocaakom? UTo MOKHO cKka3aTh O PaCTBOPHUMOCTH MOTYy4YEHHOTO
KoMIuiekcHoro coenunenuss HQI2 - 2KI1? Hanmcats koopauHaMOHHY0 GOpMYITy KOMILIEKCHOTO
coequnenus HQI2 - 2K, yautsiBas, yto non Hg2+ umeer koopauHamrontoe yucio 4. K
MOJIyYUEHHOMY PacTBOpPY A00aBUTH 2 KaIlJlM pacTBopa HUTpaTa cepedbpa. KakoBa pacTBOpuMOCTh
MOJIYYEHHOTO KoMILIeKCHOTOo coennHennss Ag2[Hgl4]? OtBeTuTh Ha BOIIPOCHI, Ha3BaTh 00€
KOMIUIEKCHBIE COJI M HAMKUCATh YpaBHEHUS peaklnii B MOJICKYIISIpHOM 1 noHHOU ¢opme. Hammcatp
BBIPQKEHUE KOHCTAHTHI YCTOWYMBOCTH MOTY4YEHHOTO KOMITJIEKCHOTO aHHOHA.

0) B3aumopeiictBue nurpata prytu (l1) ¢ n30bITKOM pogaHuaa Kamus

K 2-3 xamisim pactBopa HuTpata prytu (1) mpunuts 45 karnenb HACHIIIEHHOTO
pacTBopa poaanuaa kanus. Hamucath KoopAHHAIMOHHYIO (OpMYITy 00pa3yromerocs
PacTBOPUMOTr0 KOMIUIEKCHOTO COCIMHCHHS Hg(SCN)2 - 2KSCN. Jlo6aButs 2-3
Kariu
HACBILIIEHHOTO pacTBoOpa XJjopuaa kodanbsra. [Ipu 3TOM mpoTekaeT peakuus

K2[HQ(SCN)4] + CoC12 = Co[Hg(SCN)4] + KC1

Hanucarp ypaBHEHUE B MOHHOHU dopme. OO6patuth BHUMaHUe Ha
L[BET
oOpa3oBagiierocst ocajka. [IpuBecTy Ha3BaHUS MOTYYEHHBIX B ONBITE KOMIUIEKCHBIX CO€AMHEHUH.

B) B3aumopeiicTBue coneil pTyTa ¢ pacTBOPOM aMMHUaKa

B onny npoOupky nomecTuTs 2 Kariau pactBopa Hutpara prytu (1), B ipyryro —
CTOJIBKO ke HuTpata pryTH (I). B kaxxayro npoOupky 100aBUTh 1O 1-2 xaruum 2 H. pacTBOpa
ammuaka. HabGnrogats B mepBoii mpoOupke BhIageHue 0e1oro ocaaka HUTpaTa MEPKypaMMOHHUS
[Hg20ONH2]NO3; Bo BTOpO# poOupke 3aMeTeH YEPHBINA 0CaT0K METAJUINYECKON PTYTH, KOTOpast
o0pasyeTcs Hapsdy C HUTPATOM MEPKYPaMMOHHMS MO0 YPaBHEHUIO

2 Hg 2(NO3)2 + 4 NH3 + H20 = [Hg2ONH2|NO3 + 2 Hg + 3 NH4NO3

B nmpucyrctBun ammuaka pacnaa Hg22+ — H2+ + HQ Ttak ycunuBaercs, 4TO MOJIY4YHUTh
aMMHaydHoe NMpou3BoaHoe pTyTH (|) mpakTHYeCKH HEBO3MOXKHO.

B dyem otninune peakuuu B3aMMOACHCTBHS C aMMHAKOM COJIEH PTYTH OT COJIEH IIMHKA U
KagMus?

OmneiT 10. OxkHucnuTenbHBIE CBOWCTBA COJEN PTYTH

Hanute B npoOupky 2 xarmm pactBopa Hutpata prytv (I1) u no6asurs 3 kamu 0,5
H. pacTBOpa XJjiopuaa ojoBa. HabmogaTe mocse nepBoii Kamiy nosiBieHue 0eoro ocaaka
kamomenn HY2CI2. Yepes 3—4 mun ocanok temueer. [louemy? HanmcaTs ypaBHEeHUS
MIPOTEKAIOIINX PEAKLIUN.

Omeit 11. BoccTranoButenbHbIe cBoiicTBa coseid prytH (1)

[Tomectuthb B haphopoBslii TUTENb 7—8 Karesb pacTBopa Hutpata prytH (1),
puOaBUTh 2 Karuld KOHIIEHTPUPOBAHHOM a30THOM KUCIOTHI (MIIOTHOCTH 1,4 1/cM3) ¥ KUNATUTH 1—
2 muH. OXJIaauTh KUAKOCTh M MUIETKOM TIEPEHECTH €€ B MpoOupKy. B nmpyryto mpodupky



KaIlJIi HACHIIIEHHOTO pacTBOpa XJIopua HaTpusi. B uém pasnuuue noseaeHus 000Ux pacTBOpoB?
Uem 310 MOXHO 00BSICHUTEL? Hamucats ypaBHEHUST PEaKIIAid.

JlaGopaTtopnast pabota Ne 5. Dnements! moarpynms 1 A

OmprT 1. [TomydyeHnne opToOOPHOM KUCITOTHI

B npobupky ¢ 5—6 karisiMu ropsyero HacsleHHoro pactsopa Oypet Na2B407 - 10
H20 BHecTH 2-3 Karmm KOHIEHTPUPOBAHHOHN CEpPHOI KHCIOThL. OTMETUTH OBICTPOE BBIMAJCHHUE
KpHUCTaJIOB OOpHOM KUCIOTHI. HamucaTs ypaBHEHUE peakIiy MOJydeHUs OOPHOI KHCIOTHI U3
TeTpabopaTa HaTpus U cepHOU KUCIOThI. COJbIO KaKOH KUCIIOTHI SBIIICTCS TETpadopaT HaTpus?
Hanwmcate ¢popmyity 3Tol KUCIOTHI.

OmnpiT 2. KuciioTHbIE CBOMCTBA OOPHOM KUCIOTHI

B Tpéx nmpobupkax ¢ 5—8 KarsiMu AUCTUILTMPOBAHHON BOJIBI PACTBOPUTH MPH
HarpeBaHUU M0 HECKOJIBKO KPUCTAITUKOB OOPHOM KUCIOTHL. B 01HY U3 mpoOupok mprubaBuTh 3—5
Karejab HEMTpanbHOIO pacTBopa JakMyca. OTMETUTh U3MEHEHHE €r0 OKpacku. B npyryro
poOUPKy BHECTH Kycodyek MarHus. OTMeTuTh BblaeneHue raza. Kakoro? B Tpersio mpoOupky
OITyCTUTh HAa HECKOJIBKO CEKYH/I IMIOJIOCKY YHUBEPCAIHHON HHIUKATOPHON OyMaru u CpaBHUTH €€
OKpPAaCKy C OKpacKo# 3TajJoHHOH 1mikainel. Crenars BbiBoJ 0 pH noiydeHHoro pacrsopa 60pHOi
KHCIIOTBHI.

Hanucars:
a) ypaBHEHUE PEAKIIMK B3aUMOJICHCTBUSI OOPHOU KUCIIOTHI C MarHueM,
0) ypaBHEHUE JUCCOIIHAITUT 60pHOi1 KHCJIOTHI,

B)
3HaueHune pH mosydeHHoro pactBopa OOpPHOM KUCIOTHI.
CuUNbHBIM UJIH CIIA0BIM JIEKTPOJIUTOM SIBJII€TCS OOpHAst KUcioTa?

Ompit 3. OkpanrBaHue mIaMeHu OOpHOM KUCIOTON

Hakanute B imamenn ropenku GpaphopoByro MajaoyKy, OTMETHTD [[BET IJIAMEHHU.
OnycTuTh NaJIOUKy B MOPOIIOK OOPHON KUCIOTHI M BHOBb BHECTH B IU1aMs (y Kpasi BHEIIHETO
konyca). Kakyto okpacky rmiamenu qa€t 6opHast KucioTa?

OmnsIT 4. I'naponus trerpabopara HaTPUS

B npoOupky ¢ 5-6 kamisiMu HEUTPaILHOTO pacTBOpA JIakMyca 100aBUTh 3—4 Karu
pactBopa Terpabopata HaTpusi. Kak m3mMeHnIach okpacka takmyca? HammcaTs ypaBHEHUS peaKIiu
CTYIEHYATOTO THAPOIIN3a TeTpadopara HaTPHsl, yYUTHIBAs, YTO B pe3yJIbTaTe MEPBOIl CTYIIEHU
TUAPOIN3a 00pa3yroTcst OpToOOpHAs KUCIOTa U METa0opaT HATPHsl, BTOPOH CTYIIEHH — OPTOOOpHAs
KHCJIOTa U €IKUI HaTp.

OmnsbiT 5. [TostyueHre ManopacTBOPUMBIX OOPATOB

B Tpu npoOupku BHECTH 110 3-4 Karjid HACBIILIEHHOT'O pacTBOpa TeTpabopaTa HATPUS
1 100aBUTH 110 HECKOJIBKO Kalleldb pacTBOPOB: B IIEPBYIO — HUTpaTa cepedpa, BO BTOPYIO —
cyibdaTa Menu, B TPEThIo — cynbdarta antoMuHuss. OTMETUTH 1[BETa BBINMABIIUX ocaakoB. HamucaTth
ypaBHEHUS MPOTEKAIOIINUX PEAKITUHN, YUUTHIBAsS, YTO BO BCEX PEAKIUAX yJaCTBYET BOJIA U
noJtydaercsi 00pHast KMCIIOTa, BbINaIalolue OCaaKU MPEICTaBISIIOT OO0 B EpBON IPOOHpKe
MeTabopar cepedpa, BO BTopoi — ocHOBHYIO costb Mmeau CUOHBO2 (ruapokcomerabopar meaun), B
TpeThel MpoOupke — rupokcu ]l amomMuHus. [loueMy B IByX MocieTHUX CaydasiX He HOTyYHINCh
cpenHue conu — 6opat Meau u 6opat amomMuHuA? OTBET OOBSICHUTD, HAITMCAB YPABHEHUS
COOTBETCTBYIOIIMX PEAKIIMIA.

OmnbIT 6. B3auMo1eiicTBHE aTFOMUHHUS C KUCIOTAMHU

a) B3aumoneiicTBre antoMuHUS ¢ pa30aBIeHHBIMH KHCIOTaMH

B Tpu npoOupku BHECTH 110 5—8 Kamenb 2 H. paCTBOPOB KUCIIOT: XJIOPOBOIOPOTHOH,
CepHOM, a30THOU. B KaXkyt0 mpoOUPKY OMYCTUTH MO MaJICHbKOMY KYCOUYKY aTFOMHUHHUEBOM
donbru. Bo Bcex M ciyyasx MpoTeKaeT peakius Ipyu KOMHATHON TeMiieparype?



Harpets npobupku Ha BoasiHOM OaHe. Uto Habmomaercs? HamucaTts ypaBHeHHs peakiuii. Kakoii
ra3 BBIJICISICTCS TIPU B3aUMOJICHCTBUN aTIOMHHHMS ¢ pa30aBIeHHON a30THOM KucioTon? C
paz0aBIICHHON CEPHOU U XJIOPOBOIOPOTHOM?

06) BsaumopeiicTBue anOMHUHUS ¢ KOHIICHTPUPOBAHHBIMH KHCIOTAMU

OnbIT npoBOAUTCS B BBITSHKHOM mmiKady! [Ipoaenars onbIT, aHATOTUYHBII
MpebIAyIIeMY, 3aMeHHUB pa30aBIeHHbIE KUCIOTHl KOHLIEHTPUPOBAHHBIMU: XJIOPOBOIOPOIHOM
(rutotHoCTH 1,19 r/cM3), cepnoit (utoTHOCTH 1,84 1/cM3) 1 azotHOM (T10THOCTH 1,40 r/cM3). Kak
MPOTEKAIOT PEeaKIMU MpU KOMHATHOU TemnepaType? C Kakoil KUCIIOTON allOMUHUN HE pearupyer?
[Touemy? Harpets npoOupku Ha BoasHOM Oane. Kak Biauser HarpeBanue? OTMETUTh
Habmo1aemsbie siBnieHus. OTBETUTDH Ha BCE BOMpPOCHl. HanucaTs ypaBHEHUS peakluii, yYuThIBas,
YTO a30THAsI KUCJIOTA MPU HATPEBaHUH BOCCTAHABIIMBAETCS B OCHOBHOM JI0 IMOKCUA

a30Ta, a CepHas IpY KOMHATHOM TeMIepaType — 10 CEPHUCTOIO ra3a, P HarpeBaHUU — J10
cBOOO/HOM cepbl. BiusieT 11 n3MeHeHne KOHIIEHTPaIMK XJI0POBOJOPOIHON KUCIOTHI Ha XapaKTep
e€ B3aUMOJICHCTBUS C AIFOMUHHEM?

B) [TaccuBamus amroMuHUs

B npoOupky ¢ pacTBOpOM XJIOPOBOJIOPOAHON KUCIOTHI (5—8 Karelb) OMmyCTHTh
MI0JIOCKY aTtoMUHUEBOH (onbru. HabmonaTe BeiaesieHne Bo1opoaa. BeIHYTh aqtoMuHuUM U3
MIPOOUPKH, OTIOJIOCHYTH BOJIOWM U OITYCTHTHh B KOHIICHTPHPOBAHHYIO a30THYIO KUCIIOTY (TUIOTHOCTH
1,40 r/cm3) Ha 2—3 MuH. BeIHYTH, OMIOJIOCHYTH BOJIOW U CHOBA OITYCTUTH B TIPOOHMPKY C
XJIOPOBOJOPOJHOMN KHcI0TOM. Beiaensercs nu Bogopoa? PactBopsiercs nu amoMuauii? Yro
IIPOM30LLIO C ATIOMUHUEM?

OmpiT 7. PacTBOpeHne altOMUHMS B BOJHOM PacTBOPE MIENOYU

BHecty B mpoOUpKY MOJIOCKY aIFOMHUHHAEBON (OJIBIH U 100aBUTh 3—4 Karuid BOJBI.
Harpets nmpoOupky Ha BoasiHOM 6ane. Habmronaercs mu Beinenenue Bogopona? /106aButh B
npoOupKy 5—8 Karenb 2 H. pacTBOpa eAKoro Harpa. OTMETUTh MHTEHCUBHOE BbIIEJICHUE BOJOPO/IA.
OtcyTCTBHE peaKIMy alFOMHHUS C BOJOH OOBSCHACTCS HAJTMYMEM Ha €ro MOBEPXHOCTHU TUIOTHOM
OKCHUIHOMW IUICHKH, KOTOpask 3aTPYyJHSET TOCTYH BOJAOPOIHBIX HOHOB K IIOBEPXHOCTH METalIa.
JloOaBieHHas WENOYs pacTBOPSET OKCUAHYIO TUICHKY C 00pa30BaHHEM THIPOKCOATIOMUHATA U
CO3J1a€T BO3MOKHOCTh HETIOCPEICTBEHHOI'O B3aUMO/IEHCTBUS aIFOMUHUS C BOJIOM.

Peaxius mpoTekaer 1o cxeme:

A1203 + NaOH + H20 — Na3[A1(OH)6]

Al +H20 — A1(OH)3 + H2

A1(OH)3 + NaOH — Na3[A1(OH)6]

[Tono6path K03(h(HUIMEHTH K YypaBHEHUSM PEeaKLni.

OmnsIT 8. BiiusiHue xJ10puA—MOHA HA KOPPO3HIO ATFOMUHUS

Hon xyopa gBigeTcsl CHIIbHBIM aKTUBAaTOPOM KOppo3uu. Ero npucyrcrsue B
pacTBope crocoOCTBYET pa3pyLICHUIO 3alIUTHON TNIEHKU OKCUJA aJIFOMUHUS, BCIEICTBUE YETO
KOppo3us ycunuBaeTcs. B 1Be mpoOMpPKH MOMECTUTH 110 KyCOUKY aJIFOMUHUS U J00aBUTh B OJHY U3
HuX 5—8 Karesnb pacTBopa cyib(aTa MU, a B IPYT'YIO — CTOJIBKO K€ pacTBOPA XJIOPUJIA MEJIH.
OTMeTUTH pa3IUYHbIN pe3yabTaT B 000UX CIydasix: B TO BpeMs Kak B IepBO MpoOupke
AIFOMUHUM OcTaeTcst MouTH 0e3 U3MEHEHHUs1, BO BTOPOH OH OBICTPO MOKPHIBAETCS HAJETOM MEIH.
HanucaTts cOOTBETCTBYIOLIEE YPABHEHUE PEAKIIMH.

Omnpit 9. 'Mapokcua anroMUHMS, €ro MOJyYEHUE U CBOMCTBA

B nBe npoGupku BHECTH 10 2—3 KAl pacTBOPA COJIM AIIOMUHUS M 10 2—3 Kariu
2 H. pacTBOpa €AKOr0 HaTpa 10 00pa30BaHUs OCa/IKa TMIPOKCHAA ATIOMUHUS. B o1HY MpoOHpKy K
MOJIyYEHHOMY OCa/IKy MpuOaBUTh 3—5 Kamelnb 2 H. pacTBOpa XJIOPOBOJIOPOJHOM KUCIIOTHI, B
JPYTYIO — CTOJIBKO K€ 2 H. pacTBOpa eaKoro Hatpa.YTto nporcxoaut B o0oux ciaydasx? Cuenarb
BBIBOJI O CBOMCTBaX rMApPOKCUAA antoMuHus. HanncaTe ypaBHEHUS peakivil MOITy4eHUs
TUIPOKCHU/IA ATFOMUHUS U €r0 B3aUMOJENCTBHS C XJIOPOBOAOPOJHON KUCIOTON U €JKUM HaTpOM,
YUUTBIBAs, YTO B ILEJIOYHOM cpenie oOpa3yercs komriekcHbiil annoH [A1(OH)6]3-. Yka3zatsb
Ha3BaHMsI ITOJIYYEHHBIX COEIMHEHUH alltfoMUHUA. Hanuncarb cxemMy paBHOBECHSI IUCCOLMALIAN
ruIpokcuaa amomMunus. Kak usmensercs konnenrpanus nonos Al3+ u [AI(OH)6]3- npu



no6asiiennu Kucinotel? [lpu nobasneruu meénoun?

Omnbit 10. 'uaponus comneit amtoMUHUA

a) ['maponus xmnopuaa amOMUHUS

B npobupky BHECTH 5—6 Kamnenb HEHTPaJIbHOT'O PacTBOpa JakKMyca 1 1-3
KaIlJIi pacTBOpa XJIopuaa amoMuHusa. OTMETUTh, KaK U3MEHHIIACh OKpacKa JakMyca U OOBbsICHUTh
MPUYKHY 3TOro U3MeHeHus. HanmucaTh B MOJIEKyISpHOM U MOHHOM BHJI€ YPAaBHEHUE PEAKIUU
TUIPOJIN3a, IPOTEKAIOIIEr0 MPEUMYILECTBEHHO IO 1epBoii ctynenu. [louemy ruaponus aToit conu
He TpoTeKaeT 10 KoHna? Kak MOXKHO yMEHBIIUTh CTETIEHb IMAPOIN3a ATON COIU?

6) CoBMECTHBII FHAPOIIN3 XJIOPUJIA ATFOMUHUS U CYIb(UIa aMMOHUS

Buectu B pobupky 2-3 Kariy pacTBOpa COJIM aTIOMUHUS U TOOABUThH CTOJIBKO K€
pactBopa cynbdpuaa aMMoHus. OTMETUTH BBINAEHUE OCa/IKa TUAPOKCHA ATIOMUHUS U BBIJICICHNE
cepoBosopoaa. HanucaTts ypaBHEHHE peakilii COBMECTHOTO TUIpoJin3a AByX cojiei. [louemy B
JAHHOM Clly4ae TUIPOJIu3 MpoTeKaeT 10 koHua? [Ipon3oiaeT i1 B BOJHOM pacTBOpPE aHATIOTHYHAS
peaxiusi, eciiv Cyab(Gu] aMMOHUS 3aMEHUTh CYTbGUAOM HaTpus? Bo3MOXKHO Jiu peakiueii ooMeHa
MEX/TY IBYMsI COOTBETCTBYIOIIMMHU COJIIMU B BOJHOM PAaCTBOPE MOJIYYUTh KAPOOHAT ATFOMUHHUS?

JlaboparopHuas pabota Ne 6. Dnementsl noarpymnmsl 1V A
Omnpit 1. Ancop6uust yriaém Kpacsiux BeIecTB U3 pacTBOpa

B npoGupky 10 1mosioBUHBI €€ 00hEMa HATTUTH CBETIIO-PO30BBIN PacTBOp (PpykcHHA.
BHecTu B pacTBOp HEMHOTO aKTUBUPOBAHHOTO yriis. II1OTHO 3aKpbITh MPOOKPKY MaIbLEM U
SHEPTrUYHO BCTPAXUBATH €€ 2—3 MUH. [laTh pacTBOpPY OTCTOATHCSA U OTMETUTH €r0 00ECIIBEUNBAHUE.

OneiT 2. BoccraHnoBuTenbHBIE CBONCTBA YIS

a) Boccranosnenue yriém okcuaa Meau

Ha nucre 6ymaru cMenath 04uH 00bEM MOPOILIKA OKCUA MEU C IByMSI 00BbEMaMU
nopoimika yrisi. [I[puroroBieHHy0 cMeCh TOMECTHTD B IMIIMHAPHYECKYIO TPOOUPKY, KOTOPYIO
YKPENUTh B LITATUBE FOPU30HTAIBbHO. HarpeBath cMech CHIIBHBIM IJIAMEHEM TOPEJIKU B TEUEHHE
10-12 muH, HabMIOMas CHITbHOE pacKauBanue cMecu. OX1aIuB MPOOUPKY, BBICHITIATH €€
COJIEp’)KUMOE Ha JUCT Oentoit Oymarn. OTMETUTh IBET IOJIyueHHOro mpoaykra.  OOpartuthb
BHUMAaHNE Ha Onectsmuit KpPaCHOBAaTBIN HAJIET, oOpa3oBaBIIHiics Ha CTEHKax
MpOOUPKH, U
00BACHUTH €ro oOpa3zoBanue. Hamucars ypaBHEHHE pEaKIIUH.
0) BoccranoBnenue yriém cepHOM KUCIOTHI

B nununapudeckyro npoOupKy MOMECTUTD 2—3 KaIull KOHLEHTPUPOBAHHOM CEpHOM
KHMCIIOTHI (MJI0THOCTH 1,84 r/cM3) 1 MalleHbKHI Kycouek yriis. YKpenuTb NpoOUpKY B IITaTUBE U
Ha MaJICHbKOM IUIAMEHHU TOPENIKU OCTOPOXKHO MoaorpeTs e€. Habmo1aTh BblIeeHNE Ty3bIPhKOB
rasa. [lo 3amaxy onpenenuTs OJUH U3 BBIIEISIOMMXCS Ta30B. Hanucars ypaBHeHHE peakiuu,
YUUTBIBAs], UTO YIIIEPOJ OKHUCISETCs 10 IMoKcuaa yraepoaa. Kakoe BeniecTBo BOCCTaHOBUIIOCH?

OmprT 3. [lomydyeHne AMOKCHAA YTIIEpOia U €r0 PAaCTBOPEHHUE B BOJIE

[TpuroToBUTH TPOOUPKY C HEUTPAJILHBIM PACTBOPOM JlakMyca (5—6 kamnens). B
MHUKPOKOJIOOUKY MOJOXKUTh 3—4 MaJeHbKUX KyCOuKa Mpamopa. YKpenuB KoJI00UKy B IITATHBE
BEPTHKAJIBHO, BHECTH B Hee 5 Kamesnb BoJbl U 10 karnenb KOHUEHTPUPOBAHHOM XJIOPOBOAOPOAHOM
KHCIIOTHI. BBICTPO 3aKphITh KOIOOUYKY MPOOKOH € ra300TBOJHON TpyOKoii. KoHer TpyOku onmycTuTh
B IIPOOUPKY C HEUTPAIBbHBIM PACTBOPOM JIAKMyCa U MPOMycKaTh ra3z 2—3 MuH. OTMETUTD
M3MEHEHHEe OKpackH JakMyca. OnucaTh npojaenaHHyro paboty. Hanucars cxemy paBHOBecHS,
CYILIECTBYIOILETO B BOAHOM PacTBOpPE IMOKCHIA yriiepoa. Kak cMecTuTes 3T0 paBHOBECHE IpU
noGasieHuu B pacTBop ménoun? Kucnore? Ykazath NpUUnHy CMEUICHHS] PABHOBECHS B KaXKJI0M
ciIydae.

OmnpiT 4. ManopacTBopuMble KapOOHAThl HEKOTOPBIX METAIIOB

a) Ilomyuyenue kapOOHATOB HMIENOYHO3EMENBHBIX METAJIIOB U UX PACTBOPEHHE B
YKCYCHOH KHUCJIOTE
B Tpéx npobupkax nosyuyuTh KapOOHATHI KaJIbIHs, CTPOHIIUA U Oapus



B3aUMOJICHICTBHEM PACTBOPOB COOTBETCTBYIOIIUX COJICH ¢ kKapOoHaToMm HaTpusl (1o 3—4 Karuim).
Jlatb pacTBOpam OTCTOATHCS U, YJAINUB MUMETKON WM KYCOYKOM (PUIIbTPOBAILHOM OyMaru 4acthb
KUJKOCTH, T00aBUThH K OCaJKaM IO OJTHOU Karule YKCYCHOUM KucaoThl. UTo Habmomaercs?
OTMeTHUTD BBINIQJICHUE OCAJIKOB, UX LIBET U PaCTBOPEHUE B YKCYCHOM KHUCIIOTE,
COIPOBOYXKAAtOIIEecs BblaeIeHeM ra3a. Hamucars ypaBHEeHUs BCEX MPOTEKAIOIMINX PEAKIIHMA.

6) OOpa3zoBaHue THIPOKCOKAPOOHATOB HEKOTOPBIX METAJIIOB

K pactBopam cosneii Maruus, ko0anbra u kKagmus (1o 3—4 kamin) 106aBUTh CTOJIBKO
e pacTBopa KapOoHaTa HaTpus. OTMETUTH BBINAJCHUE OCAIKOB T'HAPOKCOKAPOOHATOB yKa3aHHBIX
METaJIJIOB, UX IIBET U BbIIEJICHHUE MMYy3bIpbKOB ra3za. Hamucars B MOJIEKYJISIPHOM U HOHHOM BHJIE
YpaBHEHHUSI pEaKkiuii, MPOTEKAIOIINX C Y4aCTUEM BOJBbI.

Ompit 5. 'uaponu3s kapboHaTa u ruapokapOOHaTa HATPUS

B nBe npobupku BHECTH 110 3—4 KaIuIk HEUTPAJIBLHOTO pacTBopa jakMyca. B onHy u3
poOupok 100aBuTh 1-2 Kamiu pacTBopa kapOoHaTa HATPUSs, B IPYIyI0 — TaKOE K€ KOJIUYECTBO
pactBopa rugpokapbonaTta Hatpusi. OTMETUTH pa3indKe B OKpacke Jlakmyca. Hamucats B
MOJIEKYJISIPHOM M HOHHOM BUJIE YPaBHEHHs peaklUy THIPOJIN3a MepBoi U BTOpoi conu. B kakom
cllydae THIpOou3 mpoTtekaeT cnadee? [louemy?

Omnpit 6. Bnusinue kapOoHaT-MOHA HAa THAPOIIU3 HEKOTOPBIX COJIEH

K pactBopam coueii sxenesa (I11) u onosa (1) (3—4 xarun) qo6aButh mo 3-S5 Karenb
pactBopa kapOonata HaTpusi. OTMETUTH BBIJICIICHUE ra3a U 00pa30BaHUE 0CAKOB TUIPOKCUIOB
xele3a u oyoBa. HamucaTe ypaBHEHUS peaklMii THApOIn3a yKa3aHHBIX COJIeH pu 100aBIeHNH K
HUM KapOoHata HaTpus. [louemy B mpucyrcrBue nona CO32- ruipoan3 npoTeKaeT MPaKTHIECKU
710 KOHIa?

OmpiT 7. TepMudeckoe pasiiokeHue KapOOHATOB

B onny npobupky BHecTH HeMHOTO (He 6oee 1/8 mpoOupku) cyxoro
THJIpOKCOKapOOHaTa Me/IM, B IPYT'YI0 — CTOJIBKO e Cyxoro kapOoHara kayipLus (Mena). [IpoGupky
C COJIBIO MEJIM YKPENIUTh B IITATUBE FOPU3OHTAIIBHO, CIIETKA HAKJIOHUB OTBEPCTUEM BHU3. 3aKPbITh
e€ MpoOKO¥ C U30THYTOH ra300TBOIHON TPYOKOI, KOHEI KOTOPOM OMYCTUTh B TPOOUPKY C
M3BECTKOBOU BOJIOM. IIpoOupKy € cobI0 HAarpeBaTh MajleHbKUM IJIaMEHEM Topesiku. YTo
MIPOUCXOJUT € U3BECTKOBOM Bo0i? UeM 00BsICHUTH 3T0 sABNeHHEe? KakoB cocTaB 00pa3oBaBIIerocs
ocaaka? Hanmucate ypaBHEHHUs peakLuil pa3iokKeHus THAPOKCOKapOOHaTa Me/lu MPU HarpeBaHUM U
B3aMOJIEHCTBUS BBIIEISIOIIEr0Cs ra3a ¢ U3BECTKOBOM BOJOW. AHAJIOTMUYHBIN OIBIT IPOBECTH C
kapOoHatoMm kanbius. [IpokanuBanue Bectu 0oJsiee SHEPrUUHO U MPooKUTENbHO. Habmogats
COOTBETCTBYIOIIUE ABIEHUSA. OTMETUTH pa3lInyie B TEPMUUECKON yCTOMYNBOCTH coiel. Hanucats
YPaBHEHHUS pEaKLuil.

Onmnprt 8. [lonydeHune rens U 3011 KPEMHUEBOU KHCIIOTHI

B oany npobupky BHeCTH 4-5 Karnenb CUIIMKAaTa HaTpus, B APyryio — 4-5 xamnenb
KOHIIEHTPUPOBAHHON XJIOPOBOIOPOIHOM KUCIOTHI (IMIO0THOCTH 1,19 r/ecm3). Jlo6aBUTE B IEpBYIO
npoOupKy 6-7 Karesb 2 H. pacTBOpa XJIOPOBOJOPOJHOM KUCIOTHI, BO BTOpYI0 — 1-2 Karum
HACBHIIIEHHOTO PACTBOpA CUJIMKATa HATPHs. 3aKPbITh MPOOUPKH MajblieM U BCTPSIXHYTh UX.
Habmtonate o6pa3oBaHue reisi KpeMHHUEBON KUCIIOTHI B IEPBOM MPOOUPKE U 3011  BO BTOPOH.
IlosydeHHBI 301 KDEMHUEBOW KUCIIOTHI HArPETh MAJIEHBKUM INIAMEHEM TOPEJIKU A0 NEPEX0/ia B
renb. Kak Ha3pIBaeTCs Ipoliece rnepexona 304 B renb? Kakoe 3HaueHne umMeeT HarpeBaHue?
Omnwucats npojenanHyio padory. Hanmcats ypaBHeHHE peakiiiy MOJydeHNs] KPEMHUEBOM KHCIOTHI
H2SiO3 .

OmnbiT 9. Conu KpEMHUEBOUN KUCIIOTHI

a) Ilomyuyenue cunukarta HaTpuUs

[ToctaBuTth TUTENEK Ha hapdHOpPOBBII TPEYTONBHUK, TOJOKHUTH B HETO MUHIIETOM
KYCOUEK €JJKOT0 HaTpa BEJIMYMHOW ¢ TOpolMHY. Harpers Turens 10 NOJHOTO pacIilaBiIeHUs
ménoun. B pacnnaBieHHy0 MacCy BHECTH OJJMH MUKPOIINATEb IPOKAJIEHHOIO CUIIMKAreys U



CHOBa HarpeTh Maccy J0 MOJHOTo paciuiaBieHus. UToObl yOeAUTHCS B MOTYYEHUH COJIU
KPEMHHEBOU KUCJIOTHI, IPOBECTHU CIACAYIOMMMA OMBIT. TUTENEK OXJIaTuTh, MPUOaBUTH B HETO 5—8
KareJyb JUCTUJUIMPOBAHHOM BOJBI U TIIATENIBHO NIEPEMEIIATh CTEKIISTHHON nanmoukoil. Heckonbko
Karejb pacTBOpa MEPEHECTH MUMETKONW B HUIMHIPUUECKYI0 TPoOUpKy. B pacTBop npudaBUTh
paBHBIN 00BEM 2 H. pacTBOpa XJIOPOBOAOPOTHON KHCIOTHI. Hammcarh ypaBHEHHsI peaKiuit
MOJIyYCHHSI CHITUKATa HATPUS M KPEMHHEBOM KUCIIOTHI yciioBHOH (opmymner H2SiO3.

0) IlomydeHue ManoOpacTBOPUMBIX COJNEH KPEMHUEBOM KUCIOTHI

B 4 npoGupku BHecTH 110 3—5 Kareiab pacTBOPOB COJICH: B TIEPBYIO — XJIOpUIA
KaJIbIUsl, BO BTOPYIO — HUTpaTa KoOallbTa, B TPEThIO — HUTpPaTa CBUHIIA, B UETBEPTYIO — CylbdaTa
Meau. J1o0aBuTh B Ka)ayro MpoOUpKY 1o 2—3 KaIljik pacTBOpa cuinkara HaTpus. OTMETUTD 1[BETa
ocajkoB. Hamucars COOTBETCTBYIOIINE YPABHEHUS PEAKIIHIA.

Omnprit 10. 'maponus cunukara HaTpus

B nBe npoOupku BHECTH 0 5-6 Karesab pacTBOpa CUIIMKATa HATPHs, B OJIHY U3 HUX
n00aBUTh Karumo peHonpranenna. OTMETUTH NOSBICHUE KPpaCHOHM Okpacku. Ha n30hITOK Kakoro
HMOHa 3TO yKa3biBaeT? Bo BTOpyro mpoOupKy 100aBUTh 4—5 Kareb pacTBOpa XJIOPH1a aMMOHHUS.
OTMeTUTh HaOII0JaeMBbIC SIBJICHUS U OOBSICHUTH pa3JINuMe B CTEIICHU THAPOJIM3a CUIIMKATa HATPHUS
B YHCTOH BOJIe ¥ B MPUCYTCTBUHU XJIOpUJa aMMOHUs. Hamrcats MONeKyIsipHbIe U HOHHbBIE
ypaBHEHHUs 000X ciiydaeB ruAponusa. [IpucyTcTBue Kakoro HOHa yBETUYHIIO CTENIEHb THIPOIH3a
BO BTOpoM ciy4ae? Kak yMEHbIIUTh TUAPOIN3 CUIIMKATa HATpUs?

OmneiT 11. BoccTaHoBiieHHE OKCHAA 0J10BA YIIIEM

Oxkcup onoBa (2-3 MUKpoLIaTess) CMellaTh Ha KyCOuke OyMaru ¢ JBOMHBIM
KOJIMYECTBOM MOPOILIKO0Opa3Horo yrisl. [lonydeHHy0 cMeCh MOMECTUTh B LIMJIMHAPUYECKYIO
poOUPKY, KOTOPYIO YKPETIUTh B IITATUBE TOPU30HTAIBHO. HarpeBaTs cMech MiIaMeHEM TOPEIKH B
teyenue 10 mun. [1o oxnakaeHnn mMpoOUPKH BEICHINATH COACPKUMOE Ha OyMary U pacCMOTPETh
0JIy4eHHOE 0J10BO. HamucaTs ypaBHEHHE peakliui BOCCTAHOBJICHUS OKCUIA 0JI0BA YIIIEM.

Omeit 12. Boccranosnenue ososa (1) u3 pactBopa

B pobupky BHecTH 5-6 Kanens pactBopa xsopuaa ojiosa (I1). Omycturs B Hero
MaJIeHbKUH Kyco4eK IIMHKA. OTMETUTH BbIJIEJICHHE METAITIMYECKOTO 0JIOBA HAa MTOBEPXHOCTH
nuHKa. Hancats ypaBHEeHHE peakiii B MOHHOM BHJIE.

OnriT 13. B3aumoeicTBre 0j10Ba ¢ KUCJIOTaMU

a) JleticTBue Ha 0J0BO pa30aBIIEHHBIX KUCIIOT

OnbIT IPOBOAUTCS B BHITSDKHOM IIKady! B Tpu mpoOUpKH MONT0KUTH 110
MaJIEHbKOMY KYCOYKY METAJTMYECKOTO 0JIOBA. B Kaxayro U3 mpoOUpoK J00aBUTH pa3iebHO Mo 4—
6 Kamnenb 2 H. paCTBOPOB KHCJIOT: XJIOPOBOJOPOIHOM, CEPHOM, a30THONH. OTMETUTH MEJICHHOE
B3aMMO/ICIICTBHIE NPU KOMHATHOM TemrnepaType. Harpers mpoOupku Ha BoAsIHON OaHe WM Ha
MaJIeHbKOM IJTaMeHU ropenku (octopokHo!). Habmonate Beinenenue rasa. Hanmucats ypaBHeHMs
MPOTEKAIOIINX PEaKlUid, YIUThIBas, YTO MPU B3aMMOACHCTBUH 0JIOBA C pa30aBICHHON a30THON
KHCI0TON BeIEnseTcs npeumyiiectBeHHo NO, a 0510BO OKHCIsIeTCsl BO BCeX Cilydasix 10 SN2+,
o0Opa3yss ~ cooTBeTcTByromue coimu.  Kakoil ~ ra3  Bbyiensercss — IpHU B3aUMOJCHCTBUHU
0JIOBa C
pa30aBIeHHON CepHOI U XJIOPOBOAOPOAHON KUCIOTAMU?

0) JleiicTBHe Ha OJIOBO KOHIIEHTPUPOBAHHBIX KHCIIOT

OnbIT MPOBOAMTCS B BRITSHKHOM IKady! PacTBop pa3daBieHHBIX KUCIOT
OCTOPOYKHO CIIUTh C OJIOBA, IPOMBITH €r0 BOJOU U B KAXKAYI0 MPOOUPKY 100aBUTH MO 4-5 Karenib
KOHIIEHTPUPOBAHHBIX KHCJIOT: B MIEPBYIO — XJIOPOBOOPOIHOH (1I0THOCTH 1,19 r/ecm3), Bo BTOpyIO
— cepHoii (TutoTHOCTH 1,84 1/cM3), B TpeThio — a30THO# (1oTHOCTH 1,40 r/cm3). Kak uayt
peakiuu npu KOMHaTHOU TemnepaTtype? Harpeth nmpoOupku Ha BOJSHOW OaHe UM Ha MaJICHHKOM
IJIAMEHH TOPENKH (OCTOpOoxkHO!). OTMETUTh TeUEHUE peakliuu pu HarpeBanuu. Kakoit ra3
BbIJIeNIAeTCs B epBoit mpoOupke? [o 3amaxy onpeaenuTs ra3, BHIICISIOMUIACT BO BTOPOI
npobupke. HamucaTh ypaBHEHHS MPOTEKAIOIINX PEAKIIHA, YYUTBIBAS, YTO IIPU B3aUMOJICHCTBUH C
KOHIICHTPUPOBAHHOW CEPHOU KUCIOTOM 0510B0 okucisieTcs 10 SN(1V) ¢ oopazoBanuem Sn(S04)2,
a cepHasi KucioTa BoccranaBiuBaetcs 1o SO2. [1pu B3aumMoeiicTBuM 010Ba C



KOHIICHTPUPOBAHHOM a30THOM KUCIIOTOM 00pa3yeTcs Oeblii 0caoK [ — OJOBSIHHON KHUCIOTHI
cinoxHoro coctaBa xSNO2 - YH20, koTopo# yCIIOBHO TPUMHUCHIBAIOT (HOPMYITY METAOJOBIHHON
kucinoTel H2SNO3. A3oTHas kucioTa BoccTaHaBiauBaeTcs mpu 3Tom 10 NO2.

Omnpit 14. I'mapokcup onosa (1) u ero cBoiicTBa

B nBe npobupku BHecTH 110 2-4 Karmu pactBopa xyiopuaa onosa (11). B kaxayro
poOUpPKy A00aBUTH O 2-5 Kamelsb 2 H. pacTBOpa €KOT0 HaTpa J0 o0pa3oBanus ocaaka. K
MOJIY9€HHOMY THIPOKCH]Y 0JIOBA JOOABUTH: B TIEPBYIO MPOOUPKY — 3-5 Kamens 2 H. pacTBOpa
XJIOPOBOZOPOAHOM KHCIIOTHI, BO BTOPYIO — CTOJIBKO e 2 H. pacTBOpa eAKoro HaTpa. PacTBopsl
pa3Meniath CTEKIISTHHOM MaJOYKON MM OCTOPOKHO BCTPSIXUBATH IPOOUPKH B 000UX CITydasX J0
pactBopeHus ocaakoB. OTMETUTH HaOII0JaeMble SIBICHUS U CIIENIaTh BHIBOJI O CBOMCTBAaX
ruapokcuaa onosa (I1). Hanucars ypaBHeHUs peakiuii moaydeHus THAPOKCUIA 0JI0BA U €T0
B3aMMO/JICHCTBUS C KMCIOTON U IIENOYBIO, YYUTHIBAS, YTO B IIEJIOYHOM pacTBOpe o0paszyercs
komIutekcHbIl annoH [SN(OH)4]2- (terparuapokcocrannar(ll)—-anron). Kakue HoHBI 0J10Ba
HaXOJATCS MPEUMYIIECTBEHHO B pacTBope nipu pH < 7? Ilpu pH > 7?

Omnsit 15. T'naponus xmopuaa onosa (11)

Hanute B mpoOupky 1-4 xarmm BOJIbI U OMTyCTUTH B Hee 2-3 KPUCTAIUIMKA XJIOpUIa
osioBa (Il). Pazmemars copepKuMoe CTEKISTHHON aJIOUKON JI0 MTOJIHOTO paCTBOPEHUS! KPUCTAILIOB.
K monmy4deHHOMY mpo3padHOMY pacTBOPY A00ABHTH eIme 5-6 Karmenb Boabl. OTMETUTh 00pa3oBaHue
ocazka ruapokcoxiopua onosa (1) — SNOHC1. TIpubaBiaeHreM KaKoro peakTuBa MOYKHO
YMEHBIINUTb T'HIPOJIu3 XJiopuaa onosa? [IpoBeputh cBoe 3akiitoueHue onbiToM. Yto HabmonaeTcs?
Hanmcats ypaBHEHUS BCeX MPOTEKAIONINX peakiuii. OObICHUTH BIHMSHNAE 100aBICHNUS BOJIBI U
KHMCJIOTHI Ha CTENIEHb TUPOJIN3a 3TOU COJIH.

OmnpiT 16. BocctaHoBUTEIbHBIC CBOWCTBA coenuHeHmit ooBa (I1)

a) BoccraHoBiieHue nepMaHrasara Kajausi XJOpUaI0M 0JI0Ba

B mipobupky ¢ pacTBopoM nepmanranara kanus (3-5 karnenb) 106aButh 1-2 xarm 2
H. pacTBOpa XJIOPOBOJIOPOAHON KUCIOTHI U 3-4 Karuii pacTBopa coiu osioBa. Yto Habmonaercs?
Hamucath ypaBHEHHE peakiiuy, MpOTeKaroIiei ¢ oopasopanuemM xyopuaa mapranma (11). B kakyro
CTETEeHb OKUCIIEHUSI IEPEXOAUT 0JI0BO?

6) BoccranoBneHue auxpomara Kaius

K pactBopy xnopuna osnosa (lI) no6asuts 1-3 kanau xj10poBoJOpOAHON KUCIOTHL K
MOJIKUCIIEHHOMY PacTBOPY M0 KarisiM NMpUOaBIATh JUXpomat kainus (2-3 kamnu). HaGnronats
nosiBJIeHHE 3eJEHOM OKpacku BeieacTBHE BoccTaHOBNIeHUs noHa Cr2072- B non Cr3+. Hanucatp
ypaBHEHME POTEKAIOIIEH peaKIiy.

B) Boccranosnenue xiopuaa sxemnesa (111)

B nBe nmpobupku BHecTH no 1-2 karm pactBopa xiopuna xkenesa (1) u
rekcarmanodeppara (111) kanus K3[Fe(CN)6] (peaktus Ha o Fe2+). B 06e mpodupku 100aBUTH
BO/ibl. OTMETUTH OKpacKy MOITY4YE€HHBIX pacTBOpoB. OHY NpOOUPKY COXPaHUTh Ul CPAaBHEHMUS, B
IpYTyIo 100aBUTH 2-3 Karumi pactBopa xjopusa osioa (1) u Habmrogats B Hell MOSIBJICHUE CUHEH
okpacku BenescTBre oopasoBanusi Fe3[Fe(CN)6]2. [ToueMy OTCYTCTBYET CHHSISI OKpacka B IepBOit
npobupke? HamucaTs ypaBHEHHsI MPOTEKAIOIICH OKUCIUTEIbHO-BOCCTAHOBUTEILHON PEAKITNN 1
peakuuu oopazoBanus rexcanunanodeppata (I11) sxenesa (I1).

Omnpit 17. Cynedun onosa (Il) u ero coiictsa

OnbIT IPOBOAMTCS B BHITSDKHOM 1iKady! B nBe mpoOupku BHECTH 10 2-3 Karuu
pactBopa xjopuna osiosa (1) u mo 5-6 xanens cBeKeNPUTOTOBIEHHON CEPOBOIOPOIHON BOJIBI.
OTmeTuTh 00pa3zoBaHKe Oca/iKa Cyab(puaa 0J0Ba U ero UBeT. [laTh 0cagKy OTCTOSTHCSA U YAAIUTh
MOJIOCKOH (PUIBTPOBAIILHON OyMaru U30BITOK KUIKOCTH U3 00enx npodupok. [IpubaBuTh k ocaaky
B OJTHOU TIpoOupKe 3-4 Karu CBEKEMPUTOTOBICHHOTO CyIb(pHUaa aMMOHUS, K OCaJIKy B JJPyrou
npoOupKe — CTOJIBKO ke pacTBopa nucynbhuaa ammonus (NH4)2S2. O6e mpoOupku SHEPrHIHO
BCTPSAXHYTh HECKOJIBKO pa3 WM pa3MeNIaTh PacTBOPHI CTEKISHHON Majnoukoi. B kakom cirydae
MIPOUCXOJUT pacTBOpeHue ocaaka? HanucaTh ypaBHEHHS peaKIMu:

a) noyueHus cynbpunaa onosa (I1);



0) B3aumoseiicTBus cynbbuaa onosa (1) ¢ nucynsdhumom aMMoHUS B 1BE CTAINH,
y4uTBIBas, 4TO cyabdua onosa (1) okucnsercs nucynbhuaomMm aMMoHus 10 SNS2, KOTOPHIN 3aTeM
pacTBopsieTcs B cynb(huae aMMOHus, 00pa3ys TnoctanHatT ammorust (NH4)2SnS3.

OTMeTUTh M OOBSICHUTH pa3anuus B cBoicTBax cynbduaos omosa (I1) u omosa (1V).

Omnepit 18. I'mapokcua ososa (1V) u ero cBoiicTBa

B nBe npobupku BHecTH 10 2-4 Karau pacTBopa xjopuzaa onosa (1V) u no 2-4
KaIui 2 H. pacTBOpPa €IKOro Hatpa (10 BbImaaeHus ocazaka). K momyueHHoMy ocanaky 100aBUThH B
OJIHY MMPOOUPKY HECKOJIBKO Karellb XJIOPOBOIOPOJIHON KUCIIOTHI, B APYTYIO — HECKOJIBKO Karelb
€/IKOro Hatpa (B obomx ciydasix O pacTBOpEHHs ocanka). Hamwcarh ypaBHEHHS
peakuuii
nostydeHus rusipokcuaa onona (V) u ero B3auMoeiicTBys ¢ KUCIOTON U MIENOYbIO, YUUTHIBAS,
4TO B IICIOYHOM cpejie oOpasyercs noH rekcaruapokcocrannara (1V) [Sn(OH)6]2-. OrmetuTs
cBoiicTBa ruapokcua ososa (1V). Kak usmensercs konreHTpanus noHoB Sn4+ u [Sn(OH)6]2-
npu gobasnenuu menoun? Kucnors? Crieryer OTMETUTD, YTO B CHIIBHOKHCIION Cpelie Ipu
M30BITKE KUCIOTHI 00pa3yercs uoH [SNC16]2-.

Ompit 19. Cynedun onosa (1V) u ero croiictBa

a ) [Nonyuenue cynbduna onosa (1V)

OmnsIT mpoBoauTcs B BRITSDKHOM mikady! K pactBopy xiopuna onoga (1V) (1-2
KaIuIi) J00aBUTh CBEKETPUTOTOBICHHON CEPOBOIOPOIHON BOIBI. OTMETHTH LIBET IMOIy4EHHOTO
0caJIKa U HalMcaTh YpaBHEHUE COOTBETCTBYIOIIEH peaKIuH.

6) [losnyduenue THOCOIN OJIOBA

[Tony4eHHOMY B MPEIBIIYIIEM OMBITE OCAIKY JaTh OTCTOSTHCS U, YIAIUB MOJIOCKON
(GUIBTPOBANBHOM OyMaru U30BITOK KUIKOCTH, J00aBUTh K HEMY 5—6 Karemnb cylib(uaa aMMOHUSI.
3aKpbIB MPOOHPKY MAITBIEM, SHEPTHYHO BCTPIXHYTH €€ 710 TIOJTHOTO PaCTBOPEHUS AUCYIbPHIA
0JI0Ba, IPOTEKAIOIIEro ¢ oopazoBanueM TnoctanHaTa ammonus (NH4)2SnS3. PactBopsiics in
ocasiok cyabduaa oiosa (1) B cyabdune ammonus? Hanrcats ypaBHEHHE PCaKIIHH.

B) Paspymenue TuoctaHHaTa aMMOHMSI B KUCIIOH cpenie

K pactBopy THOCOJIH 0JIOBA, TOTYICHHOMY B MPEABIAYIIIEM ONBITE, T0OABUTH 2—3
KaIlTH KOHIICHTPUPOBAHHOW XJIOPOBOIOPOIHON KACIOTH. Kakoe BemecTBo BhIMaio B 0CaI0K?
Kakoii ra3 Beinensercs? Otmeruts HaOMronaeMble siBieHus. Hamcars ypaBHEHHE peakiium
B3aMMOJICHCTBHS THOCTAHHATA AMMOHHS C XJIOPOBOJIOPOTHON KUCIIOTOM B MOJIEKYJISIPHOM U
MOHHOM Buje. B kakoil cpesie ycToH4YMBBI THOCOJIN — KUCIION WK 11en0ouHoi? UeM oObsacHsaeTCs
pasznuune B CBOWCTBaxX CyiabpumoB SNS u SnS2?

Ompit 20. Boccranosnenue nona ceunna (l1) u3 pactsopa

B npoOupky nmomecTuts Kycouek LHMHKA U TpuOaBUTh 5-6 Kamenb pacTBopa
HUTpaTa WK aneraTta cBUHIA. HabmonaTh BeeeHNE CBUHIA B BUIE€ OJIECTALINX KPUCTAIIIIOB.
Hanwucates ypaBHeHUe peakiiy B HOHHOW (popme. KaknuMu MeTaaiaMu MOKHO 3aMEHUTh B TOM
OIIBITE LIMHK?

OmnpiT 21. B3auMoieicTBUe CBUHIIA C KUCIOTAMU

a) [leiicTBue Ha cBUHEIl pa30aBIEHHBIX KUCIOT

OnBIT MPOBOAUTCS B BRITSHKHOM IiKady! B Tpu mpoOUpKU MOMECTHTH 110
MaJIeHbKOMY KYCOYKY CBHHIIA U IPHIUTH MO 5-8 Kamenb 2 H. pacTBOPOB KHCIIOT: B MEPBYIO —
XJIOPOBOJIOPOHOM, BO BTOPYIO — CEPHOI, B TPEThIO — a30THOM. HarpeTs mpoOupky ManeHbKUM
IaMeHeM ropenku. Bo Bcex mu mpobupkax mpotekaet peakiusa? [locne oxnaxaeHus pacTBOPOB
B K&Ky MPOOUPKY N0OaBUTH O 2—3 KaIlIM pacTBopa oauaa kanus. B kakoM citydae BeImal
ocaJlok oauaa ceuHua? Ha ocHOBaHMM OMbITA CAENATh BHIBOJ, B KAKOM U3 B3SITHIX KUCIOT CBUHEI]
MPaKTUIECKH pacTBopsieTcsi. OOBSCHUTH MPUUYUHY PA3TUYHOTO OTHOIICHHS CBUHIIA K YKa3aHHBIM
kucinoraM. OTBETUTH HA BOIpoChl. Hamucath ypaBHEHUE peakluy, YYUThIBAs, YTO MPU
B3aMMO/ICHICTBIY CBHHIIA C pa30aBIEHHONM a30THOM KUCIOTOM BhIesieTcs nmpenmyiiectBeHHo NO.



0) /leticTBre Ha CBHHEI] KOHIIEHTPUPOBAHHBIX KHUCJIOT

OnbIT MPOBOAUTCS B BHITSHKHOM IIKady! OCTOPOKHO BBUIMTH PACTBOP KUCIIOT U3
BCeX MPOOUPOK, OMOJIOCHYTh CBHHEI BOAOW U MOJEHCTBOBATH HA HETO KOHLIEHTPUPOBAHHBIMU
KHCJIOTaMU: XJIOPOBOAOPOIHOH (T1oTHOCTH 1,19 1/cMm3) cepHoit (rumoTHOCTH 1,84 1/cM3) 1 a30THOM
(rutotHOCTH 1,40 r/cM3), m0OaBIISIS MX pa3AeIbHO B KXKIYIO IPOOUPKY 1Mo 3-5 kanenb. OTMETHT,
KaK MPOTEKaIOT peaKlMK MPU KOMHATHOM TeMmeparype. Harpets npoOupku Ha BOJSHOM OaHe WU
Ha MaJICHbKOM IlJIaMeHHU Topenku (octopokHo!). Uro Habmogaercsa? OtmeTuts oopazoBanne NO2
MIPU B3aMMOJICHCTBUM CBHHIIA C KOHIIGHTPUPOBAHHOM a30THOM kucioToi u SO2 npu
B3aUMOJICCTBUM C KOHLIIEHTPUPOBAHHOM cepHOIl KuCIoTOM. [locie oxiaxaeHus: pacTBOPOB
J00aBUTh K HUM I10 2-4 KaIlJIk BOALI U 10 2—3 Karuik Hoauna kanus. CaenaTh BEIBOJ, B KAKOH U3
KHCIIOT CBUHEL Hanbosee pacTBopuM. HamucaTh ypaBHEHUS! COOTBETCTBYIOIIUX PEAKIIUH,
YUYUTBIBAs, YTO CBHHEIL BO BeeX ciydasix okucisercs 1o Pb(ll), naBas ¢ KOHIIEHTpUPOBAHHOI
cepnoii kucinoroit Pb(HSO4)2. Kakoe coennHeHne CBUHIIA TIOIy4aeTCsl IPH B3aUMOJICHCTBUY C
a30THOM KHUCIO0TON? Binser 11 Ha XapakTep peakluy KOHIIEHTPALUs XJI0POBOJOPOIHON KUCIOTHI?

Omprt 22. 'uppokcup ceunna (I1) u ero coiictea

B nBe npobupku momMecTuTh Mo 2-3 Karjiu pacTBOpa COJIM CBHHIIA U J00aBUTH B
KaXKyI0 110 HECKOJIBKO Karesb 2 H. pacTBOpa €KOro HaTpa J0 BhIMaaeHus ocaaka. MccnenoBarthb
CBOICTBA MOJIYYEHHOTO TUPOKCH 1A CBUHIIA, TOOABUB B OJIHY MPOOUPKY HECKOJBKO Karemib 2 H.
pacTBopa a30THOM KUCIIOTHI, B APYTYIO — 2 H. pacTBOpa €IKOro Hatpa. Pa3memniats pacTBopsbI
CTEKJISTHHON MaJIOUYKON MJIM OCTOPOYKHO BCTPSIXUBATH MPOOUPKH 10 PACTBOPEHUS OCATKOB B 000MX
cinydasx. Ha ocHOBaHMM pe3ylbTaTOB OMBITA CAENATh BBIBOJ] O CBOMCTBAaX T'MJIPOKCH 1A CBUHIIA.
Hanucats ypaBHeHMsI peakuuii TOTy4eHUs TUAPOKCHIA CBUHIIA, €r0 AUCCOIMAIMY U PACTBOPECHHUS
B KUCJIOTE U IIENTOYH, YIUTHIBask 00pa30BaHKe B MICIOYHOM cpeie KoMIUIeKcHOro anuoHa [Pb(OH)
6]4- (rexcaruapokcorirom6ar (11)). [ToueMy B JaHHOM OIBITE CIEIYET MMOJIB30BATHCS a30THOU
KHUCJIOTOM, a HE XJIOPOBOIOPOHOM WIIM CEPHOM?

Ompit 23. [TosydeHre HEKOTOPBIX MaJIOpacTBOpUMbIX coseit cBunia (1)

OnbIT MPOBOAMTCS B BHITSDKHOM Kady! B ueTbipe mpoOupku pa3aensHO BHECTH 2
-4 Karum 2 H paCTBOPOB CEPHOU U XJIOPOBOJIOPOTHOM KUCIIOT, pacTBOpa HOAMIA KAJIUSI U
CEPOBOJIOPOIHOM BOJIBI. B Kax1yro mpoOupKy 100aBUTH 10 2-3 Karid pacTBOpa COJIM CBUHIIA.
OtmeTuTh 00pazoBaHue OCAAKOB U UX 1BET. Bo Bce mpodupku 100aBUTh 1O 2-3 Karjiu BOJbI U
HarpeTh Ha BOJsHOM 6aHe. OTMETUTh paCTBOPEHUE XJIOPUAA U HouAa CBUHIIA IPU HarPEBaHUU.
OnyctuTh IpOOUPKH C PACTBOPOM B CTaKaH C XOJIOJHOM BOJION U MOCIIE OXJIaXAeHUs Ha0II01aTh
CHOBa 00pa3oBaHUE OCAJKOB XJIOpUAa U Hoauaa CBUHIIA. PacTBOPSAIOTCS iU MpU HAarpeBaHUU
cynbdat u cynbhun ceunma? Hamucars ypaBHEHHs BCEX MPOTEKAIOIINX PEAKIIUM.

Omnebit 24. T'uaponus coneii ceunia (11)

OnyctuTh B IpoOUpKH 2-3 KpUCTAJIIMKA HUTpATa CBUHIIA U J00aBUTH 4-5 Karelnb
BOJbl. PazMerniats copep kuMoe CTEKJISIHHOM MaJIOUuKOH J10 MOJTHOTO PACTBOPEHHSI KPUCTAIUIOB U
N00aBUTh HEUTpalbHBIN pacTBOp Jakmyca. Uto Habmogaercs? Kakas cpena B pacTBope HUTpaTa
ceuHIa? Harpets crerka pactBop H, 100aBUB K HEMY Takoi ke 00bEM pacTBopa KapOoHaTa
HaTpHs, CHOBa HarpeTh. HaOmoaare Beimagenue ocaaka conu 2PbCO3 - Pb(OH)2. B xakoi
KHUCJIOTE MOKHO PacTBOPUTH MOJIyUYEHHYIO cOIb? [IpoBepUThH CBOE 3aKIIOUEHUE OIIBITOM.
OOBscHUTD Bce HaOMo1aeMble siBJIeHHs. HamucaTh ypaBHeHHe peakiuy THAPOJIn3a HUTpaTa
CBHHIIA IO NiepBoii ctynenu. Kak Binusier nob6aBneHune kapOoHaTa HaTpUs Ha 3TOT Hporecc?
Hanwucate ypaBHeHHE peakIi COBMECTHOTO THPOJIN3a HUTpaTa CBUHIIA U KapOOHATa HATpHSl.

Ompit 25. Okucnenne coenunenuii ceunmna (1) nepoxcuaom Bogopoaa

K pactBopy comu cBuna (1) (2-3 kamn) nob6asuts 2-3 karu 40 % pactBopa
€IKoTO HaTpa u 4-6 kamnenb nepokcuaa Bogoponaa. [lomyuennsiit pactBop Na4[Pb(OH)6]
pasMelaTb CTEKJITHHOM HAJIOUKOH U Harpe€Thb Ha BO}IS[HOI\/’I OaHe MM Ha MAJIEHHKOM IIAMEHU



ropenku. HaGmronaTs oOpazoBaHre KOpUYHEBOTO OCaJKa JUOKCH/IA CBUHIIA. Hamucath ypaBHEHUS
peaKkIuii B3aMMOJICHCTBHS HUTPATa CBUHIIA ¢ M30BITKOM €IKOTO HAaTpa M OKUCIICHHS MOJTy4eHHOTO
Na4[Pb(OH)6] nepokcuaom Bogopoaa. Moxuo i Pb(Il) okuciute auxpomarom kamust? Kakast
CTENeHb OKHCIIeHas OoJiee XxapakTepHa s cBuHna: +l1 wmu +1V?

OmnbiT 24. AMboTepHBIe CBOMCTBA TUOKCH/Ia CBUHIIA

a) BzaumoselicTBue 1MoKcH1a CBUHIIA C XJIOPOBOIOPOAHON KHUCIOTOM

[TomecTuTh B IPOOHUPKY 2-3 MUKPOIITIATENS JUOKCHIA CBUHIIA U JOOABUTH K HEMY
HECKOJIBKO Karellb KOHIICHTPUPOBAHHOM XJIOPOBOAOPOTHOM KHCIOTH. Harpets cierka mpooupky
Ha BOJsiHOM Oane. Habmroarh mosiBeHue ®KENTON OKPACKU, XapaKTEPHOU JIJIsl TeTpaxJiopuaa
cBuHIa. OTMETUTH MPOSBICHUE OCHOBHBIX CBOMCTB IMOKCUIa cBUHIIA. HabmonaTh BeiaeIeHne
XJIOpa IO 3arnaxy U Mo MOCHHEHUIO HOAKpaxMaibHON OyMakKH, MOJHECEHHOM K OTBEPCTHUIO
npobupku. HarmucaTts ypaBHEeHHS peakluidi B3aMMOACHCTBHS TMOKCHAA CBUHIIA C
XJIOPOBOJAOPOJHON KUCIOTOM U pa3iokKeHHs TeTpaxiaopuaa cBUHIA. OTMETUTh €r0 HEPOUYHOCTb.

0) B3aumopeiicTBue 1MOKCHIa CBUHIIA CO MIENOYBIO

B turenéx noMecTuTh OAMH MUKpOIIIATENb AUOKCH1a cBUHLA U 10-15 xanens 40%
pactBopa enkoro HaTpa. [locTaBUTh TUTENh HAa CETKY M HarpeBaTh MaJeHbKUM IUIAMEHEM TOPEIIKHU,
MOMEIINBas CTEKIITHHOM Mano4YKoi, B Teuenue 2-3 muH. [locie oxnaxkaeHus: mepeHecTu
COJIEP>)KUMOE TUTJIA B TPoOUpPKy. JlaTh ocasky ocecTh, U 5-6 Kamenb pacTBOpa MUIMETKON MepeHEeCTH
B 4HCTYIO TpoOupKy. Kakoit moH cBuHIAa HaxoauTcs B pacTBope? J100aBUTH K pacTBOPY HECKOIBKO
Kareab KOHIIEHTPUPOBAHHOM XJIOPOBOJAOPOIHON KUCTOTHI (T10THOCTH 1,19 r/ecm3). OtmeTuTh
MOSIBJICHHE KEIITOM OKPacKH, YKa3bIBaoIlel Ha 00pa3oBaHue TeTpaxyiopuaa cBuHIa. Onucath
MIPOJICIAHHYIO padOTy U HAOJII01aeMbIe SBJICHUS.

Hanucate ypaBHEHUS peakuuid:

a) B3aUMO/JICHCTBUS AUOKCH/IA CBUHIIA C €KUM HAaTPOM, IMPOTEKAIOIIETO ¢ 00pa30BaHHEM
rekcaruapocoruttom6ara (1V) Hatpus (B peakuuu y4acTByeT BOJA);

0) B3auMojeiicTBUS rakcaruapokcoruiromoara (1V) HaTpus XJa0poBOAOPOTHON KHCIOTOM,

B) pa3NiOKEHUs TETPAXJIOpUIa CBUHIIA.

Kakwue peakiinu u3 onbIToB a) v 0) yKa3bIBalOT Ha aM(pOTEPHBINA XapakTep IUOKCUAA
CBUHLIA?

OnprT 27. OKUCIUTEBHBIE CBOWCTBA THOKCHUIA CBUHIIA

a) Okucnenue cynbgara xpoma (I11)

B npobupky ¢ nuokcuiom cBuHIa 106aBuTh 10 kanens 40% pacTBopa e1Koro
Hatpa. [IpoOGupky HarpeTh Ha BOJSHON OaHe UIIM 3aKPENUTh B IITATUBE U OCTOPOYKHO HArpeTh Ha
ropeske. B ropsiunit pactBop BHecTH 1 Karuio pacTBopa cyibhaTa XpoMa U CHOBa HarpeTh
npooupky. OTMETUTD MOSIBIIEHUE XKENTONW OKPACKU pacTBOpa, XapakTepHoi ais noHa CO42-.
Hanwucate ypaBHeHHE peakiiy, yIUThIBast, 4To cyibdat u xpomar ceuHua (1), manopactBoprmsble
B BOJI€, PACTBOPUMBI B €IKHX IIEJI04Yax ¢ 00pa3oBaHueM rexcaruapokcoruiom6aros (11).

0) Oxucnenue oauaa Kamus

B npoOupky BHeCTH OJIMH MUKpPOILTIATENb OPOIIKA JUOKCHIa CBUHIA, 3-5 Karemnb 2
H. pacTBOpa CEpHOIl KUCIOTHI U 5-6 Kanenb pacTBopa oauna kainus. Harpers mpoOupky
MaJIeHbKUM TUIaMEHEM TOPEIKU WM Ha BOJASHON OaHe. OTMETUTh U3MEHEHHE IIBETa pacTBOpa.
[TepenecTu CTEKITHHON MATOYKOW KaTUTIO TOTO PacTBOPa B MpoOHpPKy ¢ 8-10 karissMu pacTBopa
kpaxMana. OTMETUTh NOSIBJICHUE CUHEN OKpacku. HanucaTe ypaBHEHHE peakuy B3auMOICUCTBUS
JMOKCH/Ia CBUHIA C HOAMIOM KaJlus B KHCIIOH cpefie.

B) Okwucnenue cyibdara mapranma (1)

B npo6upky noMecTuTh 0ueHb HEMHOTO (Ha KOHUMKE MUKPOILIIATENs ) AMOKCH 1A
CBUHIIA, T0OABUTH 6-8 Karens 2 H.  pacTBOPa a30THOM KUCIIOTHI M OJHY KaIUTI0 pacTBOpa COJIn
mapranua (11). Cogepxumoe npoOUPKH OCTOPOKHO MPOKUIATUTD. [Ipr U30bITKE AMOKCHIa CBUHIIA
MPOOUPKY MOCTAaBUTH B IITATUB U JaTh PACTBOPY OTCTOATbCA. OTMETUTh OKpacKy IOJy4YE€HHOTrO
pactBopa. Hammcare ypaBHeHUE peaklUd, yYUTHIBAs, YTO 00Opa30BaIMCh MapraHIiOBast KUCIOTa
u conb cunIa (11).



JlaGopaTtopHnas pabota Ne 7. DnemenTtsl noarpynmsl VA

Omnprt 1. [lonydyeHne ammuaka, €ro B3auMoIEHCTBUE C BOJOU

U XJIOPOBOJOPOJIOM

[TomectuTs B (hapPopoBbIil TUTETH O 3-4 MUKpOIIIATENs CylIb(paTa aMMOHUS U
rHIpoKcuaa Kainblus. CTEKISTHHON NaIOYKOH TIIATENBbHO MepeMeIIaTh CMeCh M HeOOobIIoe e
KOJIMYECTBO MOMECTUTHh B HWJIMHAPUIECKYIO MPOOUPKY (0Ko0J0 1/2 00bEMa). OTMETUTH 3amax
ammuaka. [[poOupKy yKpenuThb B MITaTHBE, 3aKPBIB IPOOKON C OTBOJHOM TPYOKOM, KOHEI KOTOPO
OITyCTUTh B KOHUYECKYIO MPOOUPKY, Ha 2/3 00bEMa 3amonHenHyto Booil. Ha crabom miamenu
TOpEJIKK HarpeBaTh CMECh 3-5 MUHYT, IIPOITYCKasi aMMHaK B BOAY, I10CJIE YET0O MPOOUPKY C
IIOJyYEHHBIM PACTBOPOM OTCTaBUTh, 3AKPBITh IPOOKOI U COXPAaHUTH ISl CIEAYIOIIETO OIbITa, a K
OTBEPCTHUIO OTBOJHOM TPYOKH MOJHECTU CTEKJISHHYIO AJIOUKY, CMOYCHHYIO KOHLIEHTPUPOBAHHON
XJIOPOBOJIOPOTHOM KUCIOTOH (TUIOTHOCTH 1,19 r/cM3), 3aTeM BiIaXKHYIO KPaCHYIO JIJAKMYCOBYIO
OyMaxKy. Onucate HaONrOmaeMble sIBJIEHUA U 0OBACHUTH MX. Hamucatb
YpaBHEHMSI
peaKIMy NOJy4YEeHUs: aMMHaKa U B3aUMOJIEMCTBUS C BOIOM U XJIOPOBOAOPOIOM.

OmpiT 2. PaBHOBECHE B BOJHOM PAacCTBOPE aMMHaKa

B nBe npoOupku HaIUTHL pacTBOp aMMHaKka. B oJjHy U3 HUX 100aBUThH KaIlIO
¢benondranenna. OTMETHTH OKpAcKy pacTBopa. Ha mpucyTcTBHe KaKMX MOHOB OHA YKa3bIBACT?
Jlo6aBuTh B pacTBOp 3-4 MUKpOLINATENs XJIOpUJa aMMOHUS U pa3Meniath pacTBop. Kak
M3MEHWIACh HHTEHCUBHOCTH OoKkpacku? [louemy? K pacTBopy amMmmuaka Bo BTOpOil mpoOHpke
n00aBUTh 5-6 Kamelb pacTBopa cyibdara amroMuHus. OTMETUTH UCUE3HOBEHHUE 3allaxa aMMHUaKa.
Hanucars: a) CXeMy paBHOBECHS B BOJIHOM pacTtBope aMMHaKa;
6)
MOJICKYJISIPHOE U HIOHHOE YPABHEHUS PEaKIIUH B3aMMOACHCTBUS Cylb(haTa aJIOMHUHHS C BOJHBIM
pacTBOpOM aMMHaKa. YKa3aTh, B KAKOM HaIlPaBJIEHUU CMEILAETCs] PABHOBECUE B BOJHOM PacTBOpe
aMMHaKa npu J00aBICHUH K HEMY XJIOpHAa aMMOHUS, cyibdara antomunus. Kak npu stom
U3MEHSIETCS| KOHIIEHTPAIMS KOMIIOHEHTOB JJAHHOM paBHOBeCHOM cucteMbl: OH —uoHa,
NH4+-nona, NH3. B xakoM HampaBlieHUH CMECTUTCS paBHOBECHE JAHHON CHCTEMBI IIPU
100aBIICHUH XJIOPOBOAOPOIHOM KucaoThl? [Touemy?

Omsit 3. BoccTanoBuTeIbHBIE CBOMCTBA aMMHUaKa

B Tpu npoOupku BHECTH pa3eiabHO MO 3-4 Kariu pacTBOPOB: a) OpOMHOMN BOJIBL; 0)
MepMaHraHaTa Kallus; B) AMXpoMata kanus. B kaxmayro npoOupky no6aButh mo 3-5 kamens 25%
pacTBopa amMmMHaka. B kaxIom ciydae pacTBOpHI ClierKa MOJIOTPETh 10 U3MEHEHHSI UX OKPACKH.
HamucaTh cooTBeTCTBYIOIINE YPaBHEHHSI PEAKIIUi, YIUTHIBAs, UTO B KOKJIOM CITydyae aMMHaK B
OCHOBHOM OKHCTISIeTCs 10 MojieKynsipHoro azota, KMnO4 BocctanaBnuBaetcsa 1o MnO2, a
K2Cr207 — mo Cr203. Bo Bcex ciay4asx OTMETUTh U3MEHEHHE OKPACKH PaCTBOPOB.

Omnpbit 4. ['maponu3 cojield aMMOHUS

B Tpu mpoOupku HamuTh 10 5-6 Kamens HEHTPaTbHOTO pacTBOpa JakMmyca. B kaxmyio
13 MPOOMPOK pa3ieTbHO 100aBUTH MO 2—3 MUKPOIIIIATENsT KPUCTAIUIOB XJIOpUIa, HUTpaTa U
arerata aMmMoHus. Kaxapiii pacTBOp nepeMeniatb YUCTOM CTEKIIHHON majnoukoil. OTMETUTh
W3MEHEHUE OKPACKH JJaKMycCa B KaKJIOM ciiydyae. HamucaTh B MOJIEKYJIIPHOM U HOHHOM BHJIE
COOTBETCTBYIOIIME YPAaBHEHUS PEAKIUIA TUIPOJIN3A.

OmnbIT 5. BoccTaHOBUTENBHBIE U OKHCIUTEIbHBIE CBOIICTBa HUTPUTOB

B Tpu npobupku BHECTH 110 3-4 Karuy: B MEPBYIO — HoAMa Kallusi, BO BTOPYIO —
NepMaHTaHaTa Kajus, B TPeThl0 — AMXpoMara Kanus. Bo Bce nmpoOupku 106aBUTh 1o 2-4 Karm 2
H. pacTBOpa CEpHON KUCIOTHI U 4-5 Karenab pacTBOpa HUTPUTA Kaiaust. OTMETUTh U3MEHEHHE
OKpAacKH pacTBOPOB B KaXJIOM citydae. Hanmucarh ypaBHeHHS MPOTEKAIOIUX PEAKIUH, YUUThIBaS,
4TO B NepBOM MpoOupke HUTPUT Kanus BoccTaHaBiauBaercs 10 NO, Bo Bropoit KMnO4 nepexoaut
B cynbdar mapranua (1), B perbeit K2Cr207 nepexonut B cynbdat xpoma (I11). B xakoe
COEIMHEHUE MEePEXOUT MPU ITOM HUTPUT Kanus? YKa3arh, B KAKOM CIIydae OH SIBIISETCS



cBoiicTBa?

OmnbIT 6. OKUCIUTENBHBIE CBOMCTBA a30THON KUCIOTHI

OnbIT MpoBOAMTCS B BHITSDKHOM 1iKady! Brectu B mpoOupky 3-4 xamm
KOHIIEHTPUPOBAHHON a30THOM KUCIIOTHI (TWIOTHOCTH 1,4 r/cM3) 1 MaJIGHBKHI KyCOUEK METHOM
CTpYXKH. B pyryro npoOupKy BHECTH 2 KaIlId PacTBOPa a30THOM KUCIOTHI (MJIOTHOCTH 1,12
r/cMm3) u 2 xaru Bobl. [lodydeHHbIN pacTBOp pa3MemiaTh CTEKISTHHOM MajJ0YKON, TIOCIIE Yero
BHECTH B HETO TAK)Ke KyCOueK MeIHOU CTpyKKH. [IpoOupKy ¢ pa3daBieHHOM a30THOM KHCIOTON
cierka nmojxorpetb. O0e mpobupku Aepxarh Ha 6etoM Gone. OTMETUTD pa3IHune TCUCHUS
peakiuii B 00oux ciaydasx. Kakoil ra3 BbIIEIUTCS B IEPBO MPOOUPKE, KAKOH — BO BTOPOU?
HanucaTp ypaBHeHHsI COOTBETCTBYIOIINX peakiuil. YeM 00BbACHUTS JIETKOE MOXKEITCHHE
BBIICTIUBIIETOCS ra3a BO BTOPOM MPOOUpPKE B HAYaJIEe PeaKIu?

Omnpit 7. TepMuuecKoe pasoKeHUE HUTPATOB

OnbIT IPOBOAUTCS B BHITSDKHOM HiKady! Bece HUTpaThl py HArpeBaHUM pa3iararoTcs ¢
BBIJICJIEHUEM CBOOOIHOTO KHCIIOPO/a, BCIEACTBUE YETO B PACIIABE SIBJISIOTCS CHIIbHBIMU
okucauTensMu. 1Ipu 5ToM HUTPATHI MIEIOYHBIX METAJUIOB IEPEXOIAT B HUTPUTHI, & HUTPUTHI
LIEJI0YHO3EMENBHBIX M TSKEIBIX METAJIIOB Pa3JIaratoTcsi ¢ 00pa3oBaHUEM UX OKCUIOB U JTUOKCHIA
azora. HuTparsl MaJ0aKTUBHBIX METAJIJIOB C IOJOKUTEIBHBIM MIEKTPOIHBIM IIOTEHIAAIOM
pasnararoTcs ¢ BBIIEICHUEM METAJUIOB M TAK)Ke AMOKCHIA a30Ta. Bo Bcex ciaydasx MpOTEKaroT
BHYTPHUMOJIEKYJISIPHBIE OKMCIIUTEIbHO—BOCCTAHOBUTEIIBHBIC PEAKIIUH.

a) Pasnoxenne HuTpaTa Kanus

B nunuHapuyeckyto npoOupKy HoMecTuTh 3-4 KpucTajuinka HuTpaTa Kanus. [Ipodupky
YKPENHTh B LITATHBE BEPTHKAJIBHO U HAPEBATh HA INIAMEHH FOPEJIKH JI0 PaCIIaBICHUS COJIU U
HavaJia BBIJICJICHHS Ty3bIPHKOB r'a3a. BHecTr B mpoOupKy Tieromyto 1yduHKy. Kakoii ras
BeIgenutTcs? [Ipogomkars HarpeBaHue 70 MOJIHOTO MPEKPAICHHs BBIICICHUS ITy3bIPEKOB rasa.
Jloka3aTb 00pa30BaHUE HUTPATA KU [IPU Pa3IoKEHUN HUTpaTa. JJIs 3TOro mo oxJakaeHUuH
npoOUpPKU BHECTH B HEE 4-6 kamnenb BOABI U, IOMEIINBAs CTCKJISTHHOM MMAJIOYKOH, paCTBOPUTH
TBEPBINA ocTaToK. 1o 2-3 Kamau nosy4yeHHOro pacTBOpa BHECTH B JIB€ MPOOUPKH, B OJHOM U3
KOTOPBIX COJIEPKUTCS 3-4 Karuii pacTBopa HOIuIa Kajusi, TOAKHCIEHHOTo 2 KaluIsiMU 2 H. CEPHOM
KHCJIOTHI, @ B IPYTroi — 3-4 Karum MOAKHUCIEHHOTO PacTBOpa NepMaHraHara Kanusi. OTMETHTb, Kak
M3MEHWIACh OKpacka pacTBOPOB B IIEPBOM M BO BTOPOM ciydasx. [IpoBeputs, B3auMoeicTByeT 11
KNO3 ¢ KI. Harucatb ypaBHEHHsI BceX MPOTEKAIOIINX PEAKIIHHA.

0) PaznoxxeHue HUTpaTa CBUHIIA

B munuHapruecKyto nmpoOupKy TOMECTUTh 1-2 MUKpOIITIATENsi CyXOW COJM HUTpaTa
cBUHIA. [[poOupKy YKpenuTh B IITATUBE TOPHU3OHTAILHO U OCTOPOXKHO HarpeTh. Habmogats
OKpacKy BbLIEISIOIUXcs Ta30B. CaenaTh BBIBOJ] O COCTaBE Ia3000pa3HbIX MPOAYKTOB Pa3JI0KEHUS
HUTpaTa cBuHIa. Kakoil ra3 Beigenuics kpome kuciopoja? Kakoe BemecTBo octanoch B
npobupke? YKkazaTh ero uBeT U Hamucath Gpopmyrny. HanucaTts ypaBHEHHE peaKIIH Pa3IoKeHHs
HUTpaTa CBUHIIA. YKa3aTh OKUCIIUTENb U BOCCTAHOBHUTEIIb.

OmnsiT 8. OpTOhochaTel HEKOTOPHIX METAIIIOB

a) [Tomyuenne rugpodochara KanbIus

Buectu B mpobupky 1o 4-5 xanens pacTBOpPOB XJIOpHaa Kanblus U ruapodocdara
Hatpusi Na2HPO4. OtmeTtuts 1iBeT BhIMaBLIero ocajaka. Hamucars ypaBHEeHHE B MOJIEKYIISIPHOU U
MOHHOH (hopMme.

6) Ocaxnenue GocaToB Keje3a U ATIOMUHUS B IPUCYTCTBUU alleTaTa HaTpus

B nBe npo6upku BHecTH 3-4 Karjiu pacTBOPOB COJIEH: B MEPBYIO — XJIOpUA Kele3a
(1), Bo BTOpYIO — XJTOpHU A MM CyiIb(daTa amoMuHus. JJ00aBUTh B KXyt U3 TPOOHPOK 1O 2-3
KaIlIM pacTBOPOB areTara HaTpus u rugpodocdata Hatpuss Na2HPO4. OtMeTuTh IBET BHINABIINX
ocaakoB. B nanHOM citydae B pacTBopax cosieit amoMunus u xenesa (111), 6ydhepupoBanHbix
alleTaToOM HaTpHsl, ody4aroTcs cpeauue Gocdarsl STUX METAIIIOB, HEPACTBOPUMBIE B YKCYCHON

KHUCIIOTE:
Me3+ + HPO42- + CH3COO = MeP0O4| + CH3COOH



Hamucatb ypaBHEHUS peakivii B MOJICKYJISIPHOM U HOHHOM (hopMme.

OmnsiT 9. I'maponus oprodochaToB HATPUSL

B tpu npoOupku BHECTH 110 5-6 Kamelb pacTBOpa HEUTPaIbHOrO JakMmyca. OqHy
pOOUPKY OCTAaBUTH KaK KOHTPOJIbHYIO, BO BTOPYIO 100aBuTh 3-4 Kprcramia gocdara HaTpus, B
TPETBIO — CTOJIBKO ke auruapodocdara Harpus. ComepkumMoe BTOPOH U TpeTheil MpoOUpPOK
TIIATEJILHO pa3MelaTh YUCTHIMU CTEKJIIHHBIMU MAJ0YKaMH JI0 TIOJTHOTO PAaCTBOPEHUS COJIEH.
OTMeTHTh U3MEHEHHE OKPACKH JIAKMYCa 110 CPaBHEHUIO ¢ OKPACKOW B KOHTPOJIBHOH Tipodupke. Ha
yBEIMYEHUE KOHIEHTPAIUN KaKUX HOHOB YKa3bIBACT U3MEHEHHE OKPACKHU JIAKMYCa IIPU
pactBopenun (ocdara Hatpus u guruapodocdara Harpus? Hanucars ypaBHeHue nepBoi
cryneHu ruaponusa gocdara HaTpHsL B MOJIEKYISIPHON M HOHHOH (opMe.

Omnpit 10. 'mapoxennst cypeMsl (1) u Bucmyra (1) u ux cBoiictsa

B nBe npobupku BHecTH 10 3-4 Karau pactBopa xjopuaa cypbMmsl (111), B 1Be npyrue
— CTOJIBKO K€ pacTBOpa HUTpaTa BUcMyTa. Bo Bce ueTbipe mpoOupku npuOaBuTh 1o 3-5 xamnens 2
H. pacTBOpA IIEJI0YH J0 BBINAJACHUS OCAAKOB. B 0HY M3 MPOOUPOK C 0CAIKOM THAPOKCHIA
CYpbMbI JOOABUTh HECKOJIBKO Karelb 2 H. pacTBOPa XJIOPOBOJIOPOAHON KUCIOTHI, B APYTYIO —
menoyn. Habmronate pacTBOpeHHe 0caiKoB B 000uX ciydasx. [IpojenaTs aHaIOTUYHBIE OTIBITHI C
THJIPOKCUIOM BHCMYTa, 3aMEHUB XJIOPOBOJAOPOAHYIO KHCIOTY a30THOH. B 000mX 1n ciry4asix
pactBopuiics ocanok Bi(OH)3? OrmeruTs Hab01aeMbIe SBJICHUS BO BCEX CIIyYasx M CAeIaTh
BBIBOJIBI O CBOMCTBAX T'MIPOKCHIOB CYpbMBI M BUCMYTa. HammcaTh B MOJIEKYJISIPHOM M HOHHOM
BUJIC YPAaBHEHHS PEAKIIMI TOTYICHHUS YKa3aHHBIX TUAPOKCHIIOB U MX B3aUMOJICHCTBHUS C KHCIOTOM
U IEJI0YBbI0, YYUTHIBAs], YTO B M30BITKE MIETIOYH THIPOKCU CYpPbMBI 00pa3yeT KOMIUIEKCHBIN aHUOH
[Sb(OH)6]3- — rexcaruapokcoantumonar (I11) anuon. B kakoii cpee Hanbosiee yCTOHYUB 3TOT
annoH? B kako# cpene ycroiunB kaTHoH Sh3+?

Omnpit 11. 'uaponus conei

B nBe mpoOupku pasnesibHo BHECTH 110 3-5 kanenb 0,5 H. pacTBOPOB XJIOPUIOB
CypbMbI 1 BUcMyTa. K KakaoMy U3 pacTBOpoOB 100aBuTh 10 5-10 kamenb Bobl. Pazmemars
PacTBOPHI CTEKJITHHOM MAJIOYKOH, HAOIIOAATh UX TOMYTHEHUE U IaIbHEHIIIee BBINaICHHE OCaIKOB
OCHOBHBIX cojiell. HammcaTh B MOJIEKYISIpHOM M MOHHOM BH/IE YPaBHEHHE PEaKIHid THAPOIH3a
XJIOPHIOB CYPbMBI i BUCMYTa, MPOTEKAIOMIMX ¢ 00pa3oBanueM ocHOBHBIX cojieir Sh(OH)2CI u

Bi(OH)2Cl, xoropsle, oTiiemsist BOLy, epexoast B xiaopua okcocypbmbl SDOCI u xmopua
okcoBucmyta BiOCI. Koropas u3 couneit ruaponuzoBana cuibHee? OTBET MOTHBHPOBATD.

Omnpit 12. Cynedunst cypsmsl (1) u Bucmyra (1) u ux coiictsa

a) [Tonyuenwue cynbpuaa u Tnoconu cypbmbi (111)

OneIT IPOBOAUTCS B BHITSHKHOM IIkady! B mpobupky ¢ pactBopom xiopua cypbMsl (1
-2 xarm) 100aBUTh 5-8 Karmelb cepoBOAOPOAHON BOAbl. OTMETUTH IIBET 00pa30BaBILIETroCs 0CaaKa
cynbdura cypbMsel. J[aTh 0CafKy OTCTOSATHCS H, YJAUB IMHUIETKON WM KYCOYKOM (DMIIBTPOBATBHOM
Oymaru u30bITOK )KUIKOCTH, 100aBUTh K HeMy 4-5 Karemb cylb(huaa aMMOHUS WU HATPHUSL.
[lepemeriaTh copepxumMoe IPOOUPKH CTEKISTHHOM MaNo4yKoi ¥ HabI0AaTh PAaCTBOPEHUS OCalKa,
npoTeKarolee ¢ 00pa3oBaHueM coiid THOCYpbMsHUCTOH KucioThl (NH4)3ShS3. K nonydenHOoMy
pacTBOpy MpuOaBUThH 5—6 kamenb 2 H. pacTBOPa XJIOPOBOAOPOAHOM KHCIIOTHI, CIIETKAa HAarpeTh
CMECh M OTMETUTh CHOBA BbINaJieHHe ocajka cynbduiaa cypbMsl (111). YTo mporcxoauT ¢ THOCObIO
B KucIoi cpene? Hamucarh B MOHHOW U MOJIEKYJISIPHOM (pOpMe ypaBHEHHUS PEaKLUi MOITydeHUs
cynbduna cypbMmsl (1), conu THOCYpbMSHUCTOM KMCIOTHI U €€ pa3pyLIeHUs B KUCIIO cperie.

0) Cynbdua BUCMyTa U €ro CBOICTBa

OnbIT poBOAUTCS B BHITSDKHOM iKkady! B n1Be mpoOupku BHecTH 1o 1-2  karum
pacTBOpa COJIM BUCMYTa U B KaX1yI0 T00AaBUTh 110 4—5 Kareiab cepoBOIOPOIHON BO/IbI. OTMETUTH
BT ocaJika. B oHy 13 MpoOUPOK C MOTyYEHHBIM CYJIb(UI0OM BUCMYTa J00aBUTh 3-4 Karu
cynb(uia aMMoHUA. Pe3yabTar onbiTa CpaBHUTH C PE3YJIBTATOM COOTBETCTBYIOIIETO OMbITA C
cynb(uroM cypsMbl. B npyryto mpoOupky ¢ cynbhuaom BUCMyTa J00aBUTh 2-3 Kariu
KOHIICHTPUPOBAHHOU a30THOM KucinoThl. Habmonats pactBopenue ocanka. Eciu ocanok



pacTBOpsIeTCS] MENIEHHO, POOUPKY clieTka moaorpets. Onucarh npojaenannyro padoty. Hamucartb
YpaBHEHHUsI peaKIMK MOTy4YeHUs Cynbduaa BucMyTa. OTMETUTH pa3inyre B CBOWCTBAX CyIb(uaa
CYpbMBI U CyJb(]HIa BUCMYTa [0 OTHOUIEHUIO K U30BITKY CYlbhuIa aMMOHUSA. YeM 0OBSICHUTE 3TO
paszimmure? HammcaTh ypaBHEHHE peakIK PacTBOPEHHs CyIb(HUIa BACMYTa B a30THON KUCIIOTE,
YUUTBIBasI, YTO IIPU ITOM 00pa3yercs cynibdar

BucmyTa (I11), a a30THas KHUCIO0TA BOCCTAHABIMBACTCS A0 OKCHJIA a30Ta.

OrnbIT 13. BoccranoButenbHbIe CBOICTBA COEIMHEHHI
CYPbMBI
(1) u BucmyTa (1)

B 1Be mpoOHpKH MOMECTUTH M0 2-3 KaIuly MepMaHraHarta Kajaus U 2 H. pacTBopa
XJIOPOBOJIOPOIHON KUCIOTHI. B 0/1HY M3 MpoOUpoK 100aBUTh 3-5 Karesb pacTBOpa XJI0puaa
CYPbMBI, a B IPYTYIO — CTOJIBKO JK€ pacTBOpa HUTpara BucMyTa. OTMETHTh 00ECI[BCUMBAHUE
pacTtBopa B mepBoii mpodupke. [IpoTekaet Jin aHaIOTHYHAs PEAKIMsl BO BTOPOM ciiy4dae?

Hamnucars ypaBHEHUE peakIlii BOCCTAHOBJICHUS IIEPMAHTaHaTa KaJus 10 XJIOpHIa
mapranna (1) u okuciaenne SbCI3 no H[SbCI6]. OtmeTHTh pa3IuYHyIO BOCCTAHOBHTEIBHYIO
croco0HOCTh HOHOB Sh3+ u Bi3+.

Omneit 14. Boccranosnenue conm Bucmyta (111)

B mpobupky BHECTH 0/1HY KaIuTiO pactBopa xjopuaa ojiosa (I) u 5-6 kanens 2 H.
pacTBopa eIKoro HaTpa A0 MOJTHOTO PACTBOPEHHS, BHITIABILIETO BHAYAJIE OCAAKa THAPOKCHA 0JI0OBA
(1. K monyuenHOMy pacTBOpy 100aBUTh OJHY Karuio pactBopa coiu Bucmyta (I11). OrmeTuTs
BBINAJICHUE YEPHOTO 0CaJIKa METAJUIMYECKOro BUCMyTa. HammcaTs ypaBHEHUE peakiiy, yIUTHIBAs,
gto 051080 (V) B mieounoi cpeae oopasyer koMmiiekcHbii annon [SN(OH)6]2-,

naromuit cotb Na2[Sn(OH)6] — rekcaruapokcoctannat (V) Hatpus. Yka3ath OKHCIUTEb
Y BOCCTAHOBUTEIT.

Ompit 15. OkucIuTENbHBIE CBOMCTBA coeauHeHui BucMyTa (V)

B xoHudeckyro npoOupKy BHecTH 1-2 Karm pacTBopa cynbdara mapranmna (11), 2-3
Kariy 2 H. pacTBOpa a30THOM KUCIIOTHI U OJTMH MUKPOIITIATENb TOPOIIIKA BUCMYyTaTa HATPHUSL.
OtmeTuThb nosiBJeHUE (PUOIETOBOM OKPACKH, XapaKTepHOI JIJIs mepMaHraHaT—uoHa. Hamucatp
ypaBHEHHUE PEaKIINH, YUUTHIBAsI, YTO BUCMYTAT HATpHs nepexoaut B HUTpart Bucmyta (lll), a
cynbdar mapranina (1) — B MaprasioByro KUCIOTY.

JlabopaTtopHnast pabota Ne 8. Dnements! noarpynmst VI A

OmnsbiT 1. ITonyueHne ManopacTBOPUMBIX CYIb(GHUI0B

B nBe nmpobupku BHECTH pa3esibHO Mo 3-4 Karii pacTBOPOB cyib(ara MapraHua u
HUTpaTa CBUHIA. B Kax b1l pacTBOp 100aBUTH 1O 2-4 Karu cyiabduna ammonus. Habironats
BBINA/IEHNE 0CAJKOB Cyab(duaa Mapradua u cyiabpuia cBuHa. K mosydeHHbIM ocaakam
MpuOaBUTH 1O 2-3 KarIu 2 H. pacTBopa a30THOM KuciaoThl. Kakoit cynbbua pactBopuics?
BosmoxHo 11 ero oOpa3zoBaHue B KUCIOH cpene? B nBe apyrue npoOUpKH ¢ pacTBOPAMHU TEX JKe
coJieil Maprasia u CBUHIA 100aBUTH 110 3-4 Karii cepoBOIOPOAHOM BoAbl. B kakom ciyuae
ocajka He HaOmonanocs? [louemy? Hanucath B MOJIEKYJISIPHOM M HOHHOM BUJIE YPaBHEHUS
peakuuii moayyeHus cyinb(GUI0B MapraHiia U CBUHIIA. YKa3aTh LBET ocaakoB. Hamucatp
ypaBHeHHe peakiuu pactBoperust MnS B kuciote. [Tonb3yschk 3nauenusmu [IPMnS u I[TPPDS, a
TaK)Xe MPAaBUJIOM MPOU3BEACHHS pACTBOPUMOCTH, OOBSICHUTH PA3IMUYHbIE PE3yNbTaThl 1EHCTBUS

H2S u (NH4)2S na cons maprania u oopasoBanue ocaaka PbS B 0boux ciydasx.

OmnsiT 2. BoccranoBurenbHble cBoiicTBa SO32- - noHa

B npobupky, conepxairyto 5—6 Karenb pacTBOpa IepMaHraHara Kauus u 3-4 xarmm 2 H.
pacTBopa XJIOPOBOJAOPOIHON KUCIOTHI, MPUOABUTH HECKOJIBKO KPUCTAIIIMKOB CYJIb(pH1a HATPHSL.
OTmeTuTh 0OECIBEUNBAaHUE PacTBOpa B CBsI3M ¢ nepexozoM noHa MnO4- B non Mn2+. B kakoe
COEZIMHEHUE MPH ITOM Tepelel CyabQUT HaTpus? YUUTbIBas, 4TO CyIb(UT Oapus pacTBOPUM B
a30THOM KHCIOTE, a cynbdat Oapus HepacTBOpUM, yoenuTech B nepexozae nona SO32- B non SO42
-, JUIS1 4€TO B MOJIyUYEHHBI pacTBOp J00aBUTH 1-2 Karuiu 2 H. @30THOM KUCIOTHI M CTOJIBKO



e pacTBopa xyopuaa 6apusi. Kakoe coequHeHre BbInano B 0cafgok? OTMETUTh HaOII0JaeMbIe
SIBJICHUS] ¥ HAITUCATh YPABHEHUS BCEX MPOTEKAIOIINX PEAKIIHA.

Omnpit 3. Jleruapatupyronme CBOMCTBAa CEPHON KUCIOTBI

Ha nuctouke punbTpoBaHHOM OymMaru ¢ MOMOIIBIO CTEKJISTHHOW MAJIOUKU CHIENaTh
HAJMKUCh 2 H. paCTBOPOM CEPHOM KUCIOTHL. bymary npocymurs, Jepa BbICOKO HaJl IUIAMEHEM
ropenku. OTMETHTh U OOBSACHUTh ToYepHeHHe Oymaru. Kakoe cCBOWCTBO MposBIIsIET
KOHLIEHTPHUPOBAaHHAs CEPHAsl KUCIIOTA B 3TOM OIbITE?

OmnbiT 4. B3auMoJIeiCTBHUE CEPHON KUCIOThI C METaJNIAMH

a) BzaumoselicTBue pa3daBIeHHON CEPHON KUCIOTHI ¢ METAJTIaMU

B tpu npoOupku BHECTH 110 5-8 Kanelpb 2 H. pacTBOpa CEPHOM KUCIOTHI U 1O 2-3
KyCOUYKa METaJJIOB: B IIEPBYIO — LIMHKA, BO BTOPYIO — XKEJI€3a, B TPEThI0 — Meau. Eciu peakius
UJET MEIUICHHO, CJIETKA MOI0TPETh MPOOUPKU HEOOIBIIUM IIJIAMEHEM Tropesiki. B kakom ciaydae
peakuus He uaer? [louemy? Hanucars ypaBHeHMs poTeKaronux peakiuii. Kakoi anemMeHT B 3Tux
PEaKIMSX SIBJISCTCS] OKUCIUTEIIEM?

0) B3aumopeiicTBue KOHLIEHTPUPOBAHHOW CEPHON KUCIOTHI C MEABIO

B turens nomectuts 1-2 Kycouka MEIHOM CTPYKKH U IpUiauTh 5-10 kamnensb
KOHIICHTPUPOBAHHOW CEpHOU KUCIOTHI (TUIOTHOCTH 1,84 1/cM3). Turens HarpeTs Ha
acOeCTHPOBAHHOW CeTKe HEOOJBIINM ITAMEHEM FOPENKU. BIIaXHyI0 CHHIOIO JTAKMYCOBYIO
OyMaKKy IOJHECTH K BBLICISIOMEMYCs Ta3y. OTMETHTh U3MEHEHHE OKPACKH JIAKMYCOBOM
oymaxku. [1o 3amaxy (ocTopokHO!) onpene/nTh, Kakoi ra3 Beiaessercs. ComaepKuMoe THTIS
BBINTAPHUTD, OXJIAAUTH U PACTBOPUTH, IPHOABUB B TUTENb 8—10 Kameiab TUCTUILTUPOBAHHOMN BOIBI.
[lepenecTn NUNETKOM HEKOTOPOE KOJIMYECTBO PACTBOPA B UUCTYIO MPOOUPKY. OTMETUTH OKPACKy
pactBopa. s kakoro noHa xapakTepHa 3Ta okpacka? OnucaTs Habrogaemble siBiieHus. Hamucarsb
YpaBHEHUE PEAKLUU U YKa3aTh, KAKON AJIEMEHT B MOJIEKYJIE CEPHOM KUCIIOTHI SBJISETCS
OKHUCJIUTEJIEM.

B) B3aumMopelicTBre KOHLIEHTPUPOBAHHON CEPHOM KUCIIOTHI C IIMHKOM

B turens moMecTUTh HEMHOTO IIUHKOBOM MBUIA U HATUTH 5-10 Kamnens
KOHLEHTPUPOBAHHOMN CEpHOM KUCIOTHI (TIIOTHOCTH 1,84 1/cM3). Turens HarpeTb HEOOIBIINM
miameneM ropeinku. K BolienstonieMycs razy HaJl TUTJIEM MOJHECTH (PUITBTPOBAIbHYIO Oymary,
CMOYEHHYIO paCTBOPOM alleTaTa Win HUTparta cBUHIA. OOBSICHUTD MOSBICHUE TEMHOTO MATHA Ha
sToi Oymare. OnucaTh HaOII0AaeMble siBieHUs. HanucaTth ypaBHeHUs peakiuii B3auMOIEHCTBUS
KOHIUEHTPHUPOBAHHOMN CEPHOM KHUCIIOTHI C IIMHKOM C O0Opa30BaHMEM: a) CEpHUCTOrO ras3a; 0) cepbl;

B) CEPOBOJIOPOIA.

OmnsIT 5. Pa3nuyHas pacTBOPUMOCTb Cynb(huUTa U Cynbdara Oapus B KUCIOTE

B nByx mpobupkax mosyuyuTb 0OMEHHOM peakiuen cyabQuT u cynbdat 6apus, A
4ero B3sITh MO 3-4 KaIIu pacTBOPOB COOTBETCTBYIOLINX coield. HabmonaTs 06pa3zoBaHue 0caiKoB
B 00eunx npodupkax. CpaBHUTH paCTBOPUMOCTH Cylb(UTa U cyiabdaTa 6apus B KHCIOTE, J0OaBUB B
00e npoOupkw 1o 1-2 karm 2 H. a30THON KUCIOTHL. UTo Habmomaercss? MOXHO M TIPU TTOMOIIA
9TOM peakiuu pa3nunautb HoHbl SO32- n SO42-? HanmcaTh ypaBHEHUS pEakIfil MOTydeHHS
cynb(dara u cynbhuTa 6apusi ¥ paCTBOPEHUS MOCIICTHETO B KUCIIOTE.

OmnsbIT 6. THOCyNB(hAT HATPUS U €TO CBOMCTBA

a) HeycroitunBocTs THOCYNB(aTa B KMCIIOH cpesie

Buectu B mpobupky 5-6 kanens pactBopa THocyiIbdara Hatpus Na2S203 u 3-4
KaIuim 2 H. cepHOM KHcnoThl. OTMETUTS BhInaeHue cepsl. [1o 3anmaxy onpenenurs, kakoi ra3
BBIIETIUIICS.

[TpuBecTu rpaduueckyto popmyny Tuocynbdara Harpus. HanucaTs ypaBHEeHHE peakuuu
B3aMMOJICHCTBHS THOCYIb(aTa HATPHUS C CEPHOM KUCIOTOU. YKa3aTh OKUCIUTENb U



BOCCTaHOBUTEb.

0) BoccranoBuTeNbHBIC CBOMCTBA THOCYJIb(aTa HATPUS

B nBe npoOupku BHECTH pa3eibHO 1Mo 5-6 Kareiab, OpOMHOM U HoHOHM BBl B 00€
MPOOUPKH 100aBUTH 11O HECKOJIBKO Kameslb THOCYNIb(aTa HaTpHsl 10 00ecliBeUnBaHUs PACTBOPOB.
Hanucatp ypaBHeHHsI IPOTEKAIOIIMX PEAKIIHiA, yYUTHIBAsI, YTO OPOM OKHCISIET THOCYIb(hAT 10
cyabdata, IpU 3TOM B peaklMK yuyacTByeT Boja. (Briaenstomasics cepa SBiasSeTCs MPOLYKTOM
noGounoii peaximu.) Mo okuciser trocynbdar 1o terpatnonata Na2S406. B kakyio cTerneHb
OKHCJICHHUS NIEPEXOJIAT IPU ITOM OpoM U #oa? MoKeT i1 XJIOpHas BoAa OKUCIUTh THOCYIb(aT
Hatpusi? OTBET MOTUBUPOBATb.

OmnpiT 7. OKUCIIEHHE HOaUAA KaIHs TIEPOKCOIUCYIb(ATOM aMMOHHMS

B npobupky ¢ pactBopoM Hoauma kanus (3-4 Karum) NpuOaBUTh CTOJIBKO YK€ PacTBOpa
nepokcoaucyiabdara aMmmonus. OTMETHTh H3MEHEHHUE OKPACKH pacTBopa. HamucaTs ypaBHEeHHE
peaKkIuu.

JlaboparopHas pabota Ne 9. Dnements noarpymnmsl VI B

Onpit 1. [Tonyuenune okcuaa xpoma (1) pasnoxennem quxpomara aMMOHHUS

[TomectuTh Ha acOecTOBYIO ceTKy 1/3 00bEMa MPOOUPKHU paCcTEPTOTO B IOPOIIOK
IMXpoMara aMMOHHUs. PackanuTs jkee3HyI0 POBOJIOKY Ha TOPENKE U OTPY3UTh €€ B TUXPOMAT.
HaGmonate OypHOe pazioxkenue conu. Kakoii 1iBetT uMeeT noiy4eHHblin okeu xpoma (111)?
Hanmcats ypaBHEHUE peakIy Pa3IoKEeHUs, YIUTHIBAs, YTO OJJHOBPEMEHHO 00pa3yloTcs a30T U
BOJIa. YKa3aTh OKUCIUTENIh H BOCCTAHOBUTENb. K KaKOMY THITY OKHUCIIUTENEHO-
BOCCTaHOBHTEIILHBIX PEAKI[MIA OTHOCHTCS TAHHAS PeaKIns?

Ompit 2. TToyuenue u cBoiicTBa ruapokcuaa xpoma (111)

[TonyuuTh B ABYX MpOOHpPKax MaaopacTBopuMbiii ruapokcun xpoma (1)
B3auMoeiictBueM pactBopa conu xpoma (111) (3-4 kamn) ¢ 2 H. pactBopom 1eaoun (1-2 Kariu).
HcnpiTaTh OTHOIIEHHE THIPOKCHIA XpOMa K KUCIIOTE U K U30BITKY MIENOYH, I Yero T00aBIsAThH B
OJIHY MPOOUPKY IO KAIUISIM 2 H. PACTBOP CEPHOI KHCIOTHI, B IPYT'YIO — 2 H. pacTBOP MIENOYH 10
pacTBopeHus ocajika. HanucaTs ypaBHeHMs peakuuii noiaydeHus ruapokcunia xpoma (1) u
B3aumo/eiicTBus ruapokcuaa xpoma (l11) ¢ kucaoroit u co mENOYbI0, YIUTHIBAS, UTO BO BTOPOM
crnydae mosydaercsi komiutekcHbii anron [Cr(OH)6]3-. Kak Ha3pIBacTCs COOTBETCTBYIOIIAS COJTb
kanus? [lpu moaKuCIEHUN pacTBOPa MPOUCXOAUT MOCTEIIEHHOE 3aMEeIIeHUE THIPOKCHUTHBIX
JUTaHJ0B B ruapokco-komiekce xpoma (1) Ha Monekynbl Bobl ¢ 00pa3oBaHHEM aKBaKOMILIEKCA.
[Tpu 5TOM KOOPAMHAITMOHHOE YHCIIO KOMIUIEKCOOOpa3zoBaTelnsa He MeHseTcs. CnenaTh BBIBOJ O
KHCIIOTHO-OCHOBHOM XapakTepe ruapokcuaa xpoma (I11).

Omeit 3. T'uaponus coseit xpoma (111)

a) 'maponus cynsdara xpoma

Hcnwitats aeiictBue cynbdara xpoma (I11) Ha makmyce, 11 gero B mpodupky ¢ 3-5
KaIUTSIMM PacTBOpa HEUTPAIBHOTO JJAKMYCa MPUOABUTH HECKOJIBKO KPUCTAIIIMKOB CyIb(aTa Xpoma
710 U3MEHEHHUsI OKPAcKu Jlakmyca. Hamucarb B MOJIEKy IsIpHOM U MOHHOU (popMe ypaBHEHHE
peakiuu ruaponnza. Kakue Benjectsa npu 3Tom nonyyatotcsi? [Ipusectu HazBanus. Kak MoxHO
ociabuTh rUAPoan3 TaHHO# conn? Kak ycuiuTh ero?

6) CoBMecTHBIN TUPONIN3 CyJIb(aTa XpoMa 1 KapOoHaTa HATPHUS

K 2-3 kamsm pactBopa cynbdara xpoma (111) mpubasnsaTs no kamism kapooHat
Hatpus 10 oopazoBanus ocanka Cr(OH)3. Otmeruts BoieneHue raza. [louemy He momy4uics
kapoonar xpoma (111)? Kaxoii ra3 Beiensiiics? Hanucats MoJeKkysIsipHOE€ M HOHHOE YpaBHEHUS
peakimu. Kakast ¢popma ruzponusa cyiabgpara XxpoMa UMeia MECTO B IaHHOW peakuuu?

OmnpiT 4. XpoMaTsl U JUXPOMATHI
a) [lepexon xpomata Kajaus B JUXpomMaT
K pactBopy xpomara kanust (3-4 karum) npuOaBIsATh MO KaIuisiM 2 H. paCTBOP CEPHOM



KUCJIOThI. OTMETHTh OKPACKY B3ATOTO U MOJYYEHHOTO pacTBOPOB M YKa3aTh, KAKUMHU HOHAMU TH
OKpacku o0ycioBiuBatoTcs. Hammucars ypaBHenue peakmnuu. [louemy moiaydeHHast CoOlb OTHOCUTCS
K COJISIM M30ITOJIMKHUCIIOT?

0) Ilepexon nuxpomMara Kajus B XpomaT

K pactBopy nuxpomara kanus (3-4 karim) npuOaBIsTh MO KaruisiM pacTBOP MIEI0YH 10
M3MeHeHus okpacku. Hammcarp ypaBHeHue peakuun. PazoOpaThs cMelieHue paBHOBECHUS

2CrO42- + 2H+ « Cr2072- + H20

npu go0aBiaeHUU KUCIOThI, menoun. Kakoi non (CrO42- unu Cr2072-) cymiecTByeT B
pactBopax mpu pH<7, mpu pH>7?

OmnprT 5. [TomyyeHnue xpomaToB O6apus, CBUHIIA B cepedpa

B tpu mpoGupku ¢ pacTBOpoM Xpomata Kanus (2-3 Karim) npudaBUTh 10 2-3
KaIlli pacTBOPOB: B MEPBYIO — XJIOpuAa 0apusi, BO BTOPYIO — HUTpaTa CBUHIIA, B TPETbIO — HUTpaTa
cepebpa. OTMeTHTh 11BeTa 0caaKoB. Hamucars B MOJIEKYISIpHOM U HOHHON hopMe ypaBHEHUS
peaKkuuid.

OnbIT 6. OKMCIUTENBHBIE CBOMCTBA XPOMATOB

a) OkucreHue cepoBoIopoaa

B pactBop nuxpomara kanus (4-5 kanens), MOAKUCICHHOTO 2 H. paCTBOPOM CEPHOU
KHUCIOTHI (2-3 KaIljin), BHOCUTD [0 KaIlIIM CEPOBOJAOPOIHYIO BOAY 0 U3MEHEHUS OKPACKU
pactBopa. OTMeTUTh HIOMYTHEHHE pacTBopa. HamucaTs ypaBHEeHHE peakiinu. YKa3aTh, KaKoe
COEIMHEHHNE XpOMa MOJyYeHO U TOYeMy pacTBOp MOMYyTHEN. [0 KaKoil cTerneHn OKUCIIeHUs
BoccTtanaBnuaercs XxpoMm (V1)? ITo kakum JaHHBIM MOKHO CYAUTH 00 3TOM?

0) OkucneHue Hoauaa Kamus

K moakucieHHOMyY CEpHOI KUCIOTOM pacTBOPY JUXpoMara Kaius (4-
5
Karenb) 100aBUTh 3-4 Karum pacTBopa oauaa kamus. OTMeTUTh U3MEeHEeHUe OKpacku. J[okasats ¢
MOMOIIIBIO PACTBOPA Kpaxmalia BbIJIeJIeHHE CBOOOTHOTO HO/a, AJIs 4YeTo B MPOOUPKY € 5-6 KaruisiMu
KpaxMaja BHECTH OJIHY KaILUTIO MOJYyYEHHOIO B ONbITE pacTBOpa. Hamucars ypaBHEHHE peakiy.

B) OKHUCIIeHHE XJIOPOBOIOPOAHON KHUCIOTHI

K pactBopy auxpomara kanus (2-3 karum) npu6asuts 10-12 kanens
KOHIIEHTPUPOBAHHOHN XJIOPOBOJOPOIHOM KUCIOTHI (MIOTHOCTH 1,19 1/cM3). CMmech HarpeTh 10
Mepexo/ia OpaH)KEBOM OKpacKH B 3€€HYI0. OTMETUTH BblIeNeHUE ra3a. Kak n3MeHn1ach CTENeHb
okucnenus xpoma? Kakoii ra3 Bernenmica? Hanucath ypaBHEHHE peakIIuy OKHCICHUS
XJIOPOBOJIOPOJHOM KUCIOTHI AUXPOMATOM KaJHsl.

JlabopaTtopnast pabota Ne 10. Dnements noarpymmsl VII A

OmnsiT 1. [TosryueHne raJoreHOB OKMCICHUEM TalOT€HUI0B

a) [Tomyuyenue xmopa

B nBe npobupku paznensHo BHecTH 110 2-3 kpuctainka KMnO4 u K2Cr207. B o6e
poOUpKH 100aBUTH 10 2-3 KaIuId KOHLIEHTPUPOBAHHOMN XJIOPOBOIOPOTHON KUCIOTHI (IIIOTHOCTD
1,19 r/cm3). Bropyro npobupky cnerka mogorpets. Habmonats Beigenenue xmopa. OTMETUTh
OKpacky xJiopa. Hanucare ypaBHeHHE MPOTEKAIONINX PEAKLUH, YUUTBIBAs, UTO AUXPOMAT KaJIHsI
nepexoaut B xjopua xpoma (I11), a nepmanranar kanus — B xsopua Maprasua (11). Ykazats
OKHCIIUTEIb U BOCCTAHOBUTEIIb.

0) [Nonyuenue 6poma u Hona

B nBe npoOupku BHECTH: B OJHY — 2-3 KpUCTAJUIMKA OpoMHU/Ia KaJus UK HaTpus U 1-2
MUKpOIIIATENS AMOKCHIAa MapraHiia, B APYrylo — TaKOe K€ KOJIUYECTBO CMECH HOu1a Kanus ¢
JTMOKCUIOM MapraHia. B kaxayro npoOupky 100aBUTh 10 2-3 Karuid KOHIEHTPUPOBAHHOM CEpHOI
KHUCJIOTHI (TJIOTHOCTH 1,84 r/cm3). OTMeTHUTh BBIICIICHUE U IIBET OpoMa U ioja B
razoo0pa3HoM cocTosiHuM. Hamucars ypaBHEHHE IPOTEKAIOIIMX PEAKIUi, YIUTHIBAsI, YTO TUOKCH]L



Maprasia nepexoaut B cyiabdar mapranmna (I1).

OmnpiT 2. PacTBOpuMOCT OpoMa 1 Hi0/1a B OPraHUYECKUX PACTBOPUTEIIAX

B nBe mpoOupky pa3aenbHO BHECTH 10 2-3 Karu OpOMHOM U o qHOM BoAbI. [[00aBUTh
B KQX/IyIO MPOOHUPKY 10 5-6 Kamesb Kakoro-ITu00 OpraHnyeckoro pacTBopuress. PacTBopsl
nepeMenaTh CTeKISTHHOM nanodykoid. OTMETHTh OKPACKy OTCTOSIBIIMXCS CIOEB B MPOOHPKAX.
(Opranmueckuii pacCTBOPUTEINH IKCTPArupyeT OpoM U o1 M3 BOJHOTO pacTBopa.) Kakue rajoreHsl
MOKHO OOHApY>XUTh MPH MOMOIIHU 3TOTO OIbITa?

OmnpiT3. OxucnuTenpHble CBOMCTBA raJIOr€HOB
17870'¢
CpaBHUTEJIbHAS AKTUBHOCTD

a) OKucauTenbHBIC CBOWCTBA TaJIOTCHOB

B Tpu npobupku BHECTH 110 3-5 Kamnens XJIOpHOI, OpoMHOI 1 HoaHO# Bob!. [l00aBUTH
K XJIOPHOHM BOJIE HECKOJIBKO Kareilb CEPOBOJOPOIHON BOJIBI 10 MOsiBICHHS MyTU. K OpomMHOI 1
1o1HOH BOJie 100aBUTH MMOPOLIOK MarHus win anoMuHus. [lepemeniaTte pacTBOpPbI CTEKJIIHHON
NAJI0YKOM U OTMETUTH UX obeclBeunBaHue. HamucaTh ypaBHEHHE BCEX MPOTEKAOLIUX PEAKIUH.
Kakwue cBolicTBa BO BCeX CilydasiX IPOSBISIOT FaJIOrE€HbI?

0) CpaBHEHHE OKHCIUTEIBHBIX CBOWCTB TaJIOT€HOB

B onny mpobupky BHecTH 3-5 Kamnens pacTBOpa OpoMua HaTpus, B IBE ApYyrue — 1o 3-5
Karesnpb pacTBopa oauaa kamusi. Bo Bce Tpu nmpoObupku 100aBUTH 10 2—3 KaIuld OPraHu9ecKoro
pactBopuTels. B mpoOupku ¢ pacTBOpoM OpomMuIa U Houaa BHECTH IO 3-4 KAITu XJIOPHOU BOJIBI,
B TIOCJIETHIOIO TIPOOMPKY C pacTBOPOM HOIUIA — CTOJIBKO ke OpoMHOU Boibl. Conepkumoe
MPOOHUPOK MepeMeNIaTh CTEKITHHOHN MaJOYKON U 10 OKPAacKe MOIyYSHHOTO CJI0s1 OPraHUIeCKOTo
pacTBOpUTEIIS YCTAHOBUTD, KAKOM TajoreH BBIJENIAETCS B CBOOOAHOM BUE B K10 U3 MPOOUPOK.
Hanwmcate ypaBHEHUS peakiuii B MOJIEKYISIPHOM U MOHHOU opme. B kaxiom cirydae ykasatb
OKHUCJIUTEIb U BOCCTAHOBUTENb. PacioynoxKUTh rajloreHsl B psij 10 YObIBAHHUIO UX OKHCIUTEIBHON
akTUBHOCTH. OOBSICHUTD MTOCIEA0BATEIBHOCTD PACIIONOKEHHS. MOTYT 1M MOJEKYJISpHbIE
raJIoreHbl MPOSIBJIATH BOCCTAHOBUTEIbHBIE CBOMCTBA? OTBET 00OCHOBATH.

B) Okucnenue cynbdara sxemnesa (I1)

B nBe npoOupku pazaenbHO BHECTH 10 3-5 Kanesib OpoMHON U 0JHON BOABI.

J1o0aBUTH B KaXKAyro MpoOUpPKy 1o 1-2 kpuctamuka cyibdara xenesa (I1) [conn Mopa (NH4)
2504-FeS04-6 H20]. Yro nabnromaercs? Hanmcats ypaBHEHUE MPOTEKAIOIEH peaknnu. B kakom
ciydae peaxius okucieHus Fe2+-mona ne nporekana? HanvcaB 3Ha4eHUs CTaHIApTHBIX
sneKkTpoaubix norennuanos cucrem Cl2/2CI1, Br2/2Br , 12/21, Fe2+/Fe3+, ykaszarh, B Kakom
cirydae peakius okucienus: FeSO4 nesozmorkHa. [lonTeepxkaanocs m 310 onsiToM? Byner iu
XJIOpHAst Boga OKUCATh FeSO47?

Omnpit 4. CpaBHEHNE BOCCTAHOBUTEJIBHBIX CBOMCTB rajlOr€HOB

a) BoccranoBnenue quxpomara Kanus

B Tpu npoOupku BHECTH 10 2-4 KaIuld AUXpoMata Kausi, OJAKUCIEHHOTO 2 H.
pacTBOpoM cepHoit kucnoroi (1-2 karum). /lo6aBuTh B epByI0 NMpoOHpPKY 2-3 Karum pacTBopa
fouaa Kaius, BO BTOPYIO — CTOJIBKO K€ KaKoro-mm6o OpomMu/a, B TPEThIO — XJIOPHIa HATPHSL.
PacTBopbI nepemeniate YMCTON CTEKIISIHHON NalIOUKON. B KakoM cilydae BOCCTaHOBJIEHHE
JuxXpomara He npousonuio? Hanucats ypaBHEHHs IPOTEKAIOIINX PEAKIIUN, YIUTHIBAsA, YTO
JIUXpoMaT Kajusi, BOCCTaHABIMBAsCh, epexoauT B cynbdart xpoma (I11). Kak usmensnacs npu sTom
CTEIEHb OKUCIICHUSI COOTBETCTBYIOIIMX TranoreHoB? YTo mpu 3ToM HaOm01a510Ch?

0) Boccranosnenue xmopuna sxenesa (1)

ITponenate ONbIT, aHAJTOTMYHBIN ONBITY 4a, 3aMEHUB PacTBOP AUXPOMATA KalHs
pactBopom xsopuma xenesza (111). Uro nabmoganu? B kakoM cityuae Mpou30III0 BOCCTAHOBIICHHUE
FeCl3 u cooTBeTcTBeHHO OKHCiIeHHUE rajgoreHa? CoriacyroTcs JIM pe3yabTaThl ONbITOB 4a 1 40 ¢
OTHOCHUTEJIbHBIMH 3HAUYEHUSIMHU CTaHIAPTHBIX AIEKTPOAHBIX TOTEHIINAJIOB COOTBETCTBYIOIINX
OKHCIIUTEIbHO-BOCCTAHOBUTEIbHBIX cucTeM? Kak n3MeHsieTcss BOCCTaHOBUTENbHAs CIIOCOOHOCTD
OTPHULATENBHBIX HOHOB raJloreHoB? PacmonoXuTh X B psil IO BO3pacTaroIen
BOCCTAHOBUTEIbHON aKTUBHOCTH.



Omnpit 5. XapakTepHble peakliii Ha HOHBI FaJIOT€HOB

O6pasoBanue ocaakoB AgCIl, AgBr u Agl sBisieTcst xapakTepHOU peakineil Ha HOHBI
rajoreHoB. [lonyunTs yKazaHHbIE BelleCTBa peaknueld oomena. Heo6xomumele pacTBOpPbI
COOTBETCTBYIOIIUX COJICH OpaTh B KomuecTBe 4—5 Kanelnb. K momydeHHbIM 0caikaM JOOABUTH IO
2-3 xaru 2 H. pacTBOpa a30THOM kucioTel. Habmonaercs nu ux pactsopenue? Hammcats B
MOJICKYJISIPHOM U MOHHOHU (popMe ypaBHEHHS MTPOTEKAIOIIUX PEAKIIUNA, OTMETUTH IIBETa
IIOJIyYEHHBIX OCAJKOB U PE3yJbTaT ACHCTBUSI HA HUX a30THOW KHCIIOTBHI.

JlabopaTtopHnas padora Ne 11. Dnementsl moarpynms VII B

Omnprt 1. 'uppokcun mapranna (1) u ero coiictsa

B nBe npobupku BHecTH 10 3-4 Karu pactBopa conu Mapranua (1) u mo 2-3
Karuid 2 H. pacTBopa 1eao4n. Kakos 1BeT mojydeHHOro ocaika ruapokcuaa maprania (11)?
Pa3memiaTh 0cajioK CTEKIISTHHOM IMalOYKON M OTMETHTH €ro MOOypeHue BCIICICTBUE OKHCICHUS
maprasnia (1) no mapranna (1V). Bo Bropyro mpoOupky ¢ 0cagkoM rUApOKCHIa MapraHiia
n00aBUTH 2-3 KaIliu 2 H. pacTBopa cepHoit kuciotel. Uto Habmonaercs? Kakue cBoiicTBa
XapakTepHsl [yt ruapokcuia mapranna (11). Hanucats ypaBHeHusl peakiuii: a) noixy4eHus
rugpokcua mapranua (1) u ero okucnenus kuciaopoaom Bozayxa B MnO[[ (OH)) 2; 6)
B3aUMOJICVCTBUS THAPOKCHIA MapraHa ¢ CEpHOM KUCIOTOM.

Ompit 2. TTosryueHne HEKOTOPBIX MAJIOPACTBOPUMBIX cojieit maprania (1)

B Tpéx mpobupkax moay4duTh: a) XpoMar Maprania; ©0) kapOoHAT Maprasiia; B)cyibdar
Maprasiia B3auMoJICHCTBUEM XpoMaTa Kajusl, KapOoHaTa HaTpus U CyJib(uaa aMMOHHUS C
cynabdarom Mapranua (I1). PactBopsl 6path no 3-4 karum. OTMETHTD LIBeTa 0caKoB. PacTBop ¢
0CaJIKoM Ccyib(uaa Mapratiia pa3MemiaTh CTeKISHHON Nano4ykoi. OTMETUTh U3MEHEHHE 1[BETa
ocanka. J[06aBUTH K KaXkI0MY OCalIKy 2-4 Karum 2 H. pacTBopa KUCIOThl. Caenars BBIBOJ O
pPacTBOPUMOCTH TOJTYUYECHHBIX COJICH MapraHiia B KUCIIOH cpene. Hamucarh ypaBHeHHE peakiuu: a)
MOJIy4eHUsl Xpomara, kapooHaTa u cynbduaa maprania; 0) okuclIeHus cyabpuaa Maprasia
KHUCJIOPOAOM BO3JlyXa B MPUCYTCTBUU BOJIbI, YUUTHIBASA, UTO MIPHU ITOM MOIYyYAETCS THIPOKCU
Mmapranua (1V); B) pactBopeHust xpomara, kapooHarta u cynbpuaa Mapranua (I1) B kucnore.

Omeit 3. BoccranoBuTenbHble cBoicTBa coenurenuit Mn (11)

a) Oxucnenue conu mapranua (1) 6pomom

Buecrtu B mpoOupky 2 kamu pactBopa cyiabdara maprania (1) u 3 kannu 2 H. pacTBOopa
eakoro Hatpa. K moiydeHHOMY 0caJiIKy TUAPOKCHIa MapraHiia 100aBUTh 5—6 Kamneiab OpoMHO#
BoJbI. OTMETUTH U3MEHEHHE I[BETa OCaIKa BCICACTBHE 00pa3oBaHus coenuHenus maprania (1V).
Hanucatps ypaBHEeHHE peakIyH.

6) Oxucnenue conu mapranna (1) Bucmyrarom HaTpus

[TomecTuTh B IpoOMpPKY OJIHY Karuto pactBopa coiu Mapranua (ll) u 5—6 xanens 2 H.
pacTBOpa a30THOM KHCIOTHI. Jl00aBUTh MUKpoIIaTeneM HeMHoro BucMyTtaTa Hatpus NaBiO3.
Kak okpacuics pactBop? Kak usmeHnunach cTeneHb okuciaeHus Mmapranna? Hanmcars ypaBHeHue
peakiuy, IpoTeKaroleil ¢ 00pa3oBaHHEM MapraHieBOW KUCIOTH 1 HUTpata BucmyTa (I11).

B) Okucnenue conu Mapranua (ll) nepoxconucynbparom aMMoHuUs

B Mukpokon60uKy WM HWIMHAPHIECKYIO TPOOHPKY 110 1/3 e€ 00bEMa HAIUTH BOJBI U
n006aBuTh 3-4 KprcTaumka nepokcoaucyabdara ammonust [ (NH_4))] _2S 20 8 umo 2-3
KaIlIM pacTBOPOB 2 H. @30THOM KHUCJIOTHI M HUTpaTa cepedpa, KOTOphle JOOABIIOTCS B KAUECTBE
Karanusaropa. Harpes >KuAKOCTh MOYTH /10 KMIIEHUS, T00aBUTh B HEE KAILIIO pacTBOpa Cyjbdara
mapranna (I1). OTMeTuTh OKpacky pacTBOpa U yKa3aTbh, Kak HU3MEHHIACh CTENIEHb OKUCICHUS
Mapranua. Hamucars ypaBHEeHHE peakliny, MPOTEKaloIIel ¢ yuacTHeM BOJIbI U 00pa30BaHUEM
MapraHieBoOi KMCIOThl. B ypaBHEHUH peakIuy a30THAs KUCIOTa HE Y4acTBYeET.

Onpit 4. PaznoxxeHne nepMaHraHara Kajaus IpU HarpeBaHUU
[TomecTuth 3-4 KpUCTAUIMKA IEpMaHraHaTa Kajius B IMJIMHAPHUECKYIO IPOOUPKY,



YKPENUTh €€ B MITATHBE TOPU3OHTAILHO U HAarpeBaTh HEOOIBIINM TUIAMEHEM TOPETIKU JI0 MTOJIHOTO
pa3ioKeHus IepMaHraHaTa Ha IMOKCH]] MapraHiia, MaHraHaT Kaius U kuciopon. (Beinenenue
KHCIIOPO/Ia ¥ TIOJTHOTY Pa3JIoKeHUs IepMaHTraHaTa yCTAaHOBUTH C MMOMOIIBIO TIICIOIEH JIYYHHKH. )
[Tocne oxnaxkaeHust npoOUPKU K CyXOMY OCTaTKy 100aBUTh 5-6 kamenb Bojbl. OTMETUTH IIBET
noJydeHHoro pactsopa. Kakoe BemectBo HaxoauTcs B pactBope? Kakoe B ocagke? Hanucatp
ypaBHEHHUE PeaKIMK pa3oKeHHs MepMaHTraHarta Kajius. YKa3aTh OKHCIUTENb U BOCCTAHOBUTEIIb.

OmnpiT 5. OkucauTeabHbIe cBoMcTBa coeaunenuit Mn (V1)

a) Binsanue pH cpenpl Ha XapakTep BOCCTaHOBJIEHUS IIEpPMAaHraHaTa

B 3aBHCHMOCTH OT cpeJibl — KUCIIOW, HEUTpaabHOM WK mienouHoi — mapraner (V1)
BOCCTAHABIIMBAETCS J0 PA3IMYHON cTeneHN okuciaeHus. B kucnoit cpene uon [ MnO_4) *-
MEPEXOIUT B HOH , B CHIILHOLICIOYHOM, IPH HEJOCTaTKE BOCCTaHOBJICHUS — B OH [ MNO_4) ~(2
-). B Tpu npoGupku BHecTH 10 3-4 KaruiM pacTBOpa MepMaHranara kanus. B ogny npooupky
N00aBHUTH 2 KAk 2 H. paCTBOPA CEPHOM KHUCIIOTHI, B IPYTYIO — CTOJIBKO K€ BOJIBI, B TPEThIO — 3- 4
KaIuiu 2 H. pacTBopa 1enaouu. Bo Bce Tpu npoOupku nprubaBuTh N0 | MUKpOILIIIATEINIO
KPUCTAJNINYECKOrO cyabduTa HaTpus WiK Kaiusgd. OTMETUTD pa3IMuyHOE U3MEHEHNE
IIepBOHAaYaAJIbHON OKpAaCKU pacTBOpa IepMaHraHaTa B Kax10M ciiydae. Yem 3To BbI3BaHO?
Hamnmcars ypaBHeHUe peaknuii.

0) OkuciieHue nepMaHraHaTom Kaius cynbgdara mapranua (1)

Buectu B mpobupky 3—4 Karii pacTBOpa iepMaHraHaTa Kajius U CTOJIBKO JK€ pacTBOpa
cynbgara mapranma. OTMETUTh HCUE3HOBEHUE (PHOJIECTOBON OKpacKH U 00pa3oBaHue Oyporo
ocajka. OnycTuTh B IPOOUPKY CHHIOKO JIAKMYCOBYI0 Oymakky. Kakast cpeaa B mosrydeHHOM
pactBope? Hamucarp ypaBHEHHE PeaKklMU C yYaCTHEM BOJIbI M 00pa30BaHUEM Cyib(ara Kaus,
JMOKCHJIa MapraHiia U CEpHON KUCIIOTHI.

B) OKucieHne epMaHraHaToOM Kajius IepoKcua BOAOpoaa

B nipobupky BHecTH 3-5 Kanenb pacTBOpa nepMaHraHaTa Kajaus u 2-3 ka2 H.
pactBopa cepHoit kucnoTsl. Jlo6aButh 3-4 karm 10% pacTBopa nepokcuna Bogoposa. Kakoi ras
BbiiensieTcs? Kak n3aMeHusach creneHb okucieHus mapranna? Hanucats ypaBHEHHE peakLnu.

r) OKHCclIeHne IEpMaHTaHaTOM KaJlMsl CIIMPTa B KMCJION U LIEJIOUHOM cpesie

B nBe npoOupku BHECTH 1O 2-3 KaIljii pacTBOpa epMaHranara kaiuus. B onqny
MpOOUPKY A00aBUTH 2 KAIlJId 2 H. pacCTBOpPA CEPHOM KUCIIOTHI, B IPYT'yI0 — CTOJBKO K€ 2 H.
pacTtBopa meaoud. B nmpobupky ¢ moJAKUCICHHBIM PACTBOPOM MepMaHraHaTa Kaius 700aBUTh 3
KaIly 3TUJIOBOTO cupTa. PacTBOp Moa0rpeTh MajJeHbKUM IIaMeHeM ropenaku. OTMETUTD
n3MeHeHre okpacku. Kak u3menumnach creneHb okuciaeHus Mmapradna? B qpyryio npoOupky k
LIEJIOYHOMY PacTBOPY NIEpMaHraHaTa Takke 100aBUTh 3 Karuik 3TuioBoro cnupra. Habmronats
MIOCTETIEHHOE BOCCTAaHOBJIEHUE MIEpMaHIaHaTa CHayajla o MaHraHara, a 3aTeM JI0 IMOKCuaa
Maprania. OTMETUTh TIOCIIEI0BAaTEIbHOCTh U3MEHEHUS OKpacku pacTBopa. OTBETUTH Ha BOMPOCHI.
Hanwucate ypaBHeHUS peakiuii: BOCCTaHOBIIEHH ITEPMaHIaHaTa Kajlusl CIIUPTOM B KHCIION cpesie U
BOCCTAaHOBJICHMS B IIE€JIOYHOM cpesie CHavasa JI0 MaHTaHaTa, a 3aTeM JI0 IMOKCHJIa MapraHIia,
YUUTBIBAS, YTO B KQKJOM CIIy4ae CIIUPT OKUCIISAETCS B AIbJCTU.

JlaboparopHuas pabota Ne 12. Dnementst noarpynmst VIl B

OmnpiT 1. XapakTepHble peakiuu Ha HOHBI Fe2+ u Fe3+

a) [eiictBue Ha conu xene3a (1) rekcaunanodeppata (1) kanus

[TpurotoBuTh B mpoOupkKe pacTBOp comr Mopa u 106aBuTh | Karuto pacTBopa
rekcarmanodeppara (111) kanus (kpacuoii kpossiHoit comu K3[Fe(CH)6]). OtmeruTs 1set
oOpazoBaBiierocst ocajaka (TypHOyJeBa CHHB), yKa3aTh XUMHUECKOE Ha3BaHUE U (HopmMyTy
MOJIyYE€HHOT 0 BellecTBa. J[aHHas peakius sBisieTcs XxapakTepHoil Ha noH Fe2+ . Hamucatp
MOJIEKYJISIPHOE U HOHHOE YpaBHEHUE PEaKIIUH.

0) [etictBue Ha conu xxenesa (l11) recarmanodeppara (I1) kanmus



[TomecTuTs B ipobupky 2-3 karum pactBopa xiopuaa xenesa (111) u no6aButs 1
KaruTio pactBopa rekcarmanodeppara (1) kamus (xenroii kposinoii conu K4[Fe(CN)6]). Uro
HaOmogaeTcsi? OTMETHTH IBET 00Opa30BaBIIETOCs ocajika (OepIMHCKas Ja3yph), YKa3aTh
XMUMHAYECKOEe Ha3BaHUE M (pOpMyITy OJTyYSHHOTO BellecTBa. Hamucarh ypaBHEHHE peakiuy B
MOJICKYJIIPHON U MOHHOU (popme.

B) JleiicTBue Ha conu xene3a (111) poganuaa aMmmonus (MK Kaivs)

[TomecTuTs B mpobupky 5-6 kamenb pactBopa xjopusa xenesa (1) u modbasuts 1
karwtro 0,01H. pacTBOpa pojanua aMMOHUs (MU Kaitusi). Takol jke OIBIT POoJIeNaTh C PacTBOPOM
coiu Mopa. [lepenectr 1 Karuiro MorydeHHOTO B IIEPBOW IPOOUPKE pacTBoOpa B IPYTYIO MPOOUPKY
u 100aBuTh 8-10 Karmesp Boabl. Hanmcats ypaBHenue peaxiuu moiaydenus Fe(CN)3,
COOONIAOIIETO PACTBOPY SPKO-KPACHYIO0 OKpacKy. OTMETUTh, YTO OKpACKa XapaKTepHa TOJIBKO IS
conu xene3a (111). Yem oObsicHseTcst ocnabieHne OKpacku npu pa30aBieHuu?

OnelT 2. B3anMoaelcTBue Keje3a ¢ KUCIOTaMU

OnbIT IPOBOAUTCS B BBHITSHKHOM mmiKady! B Tpu mpoOupku BHECTH 10 5 Karenb 2 H.
PacTBOPOB KHUCIIOT: B MEPBYIO — XJIOPOBOAOPOIHOM, BO BTOPYIO — CEPHOM, B TPEThIO — a30THON. B
YEeTBEPTYIO MPOOUPKY MOMECTUTH 3 KaIljll KOHLIEHTPUPOBAHHON CEPHOI KUCIIOTHI (TIIOTHOCTH 1,84
r/cm3). B kaxayro npoOupKy HOMECTUTh HEMHOT'O KEJIe3HBIX OMHIIOK MIIM KyCOUYEK KeJle3HON
CTPYKKH, I1OCJI€ YeT0 MPOOUPKY ¢ KOHIEHTPUPOBAHHON CEPHOM KHCIOTON OCTOPOKHO HArPeTh.
Habmonate mpoucxopsiire nporecchl. 3aTeM B Kaxayro npooupky npubasuth o 1 kamie 0,01H.
pacTBopa poJaHua KaIus UM aMMOHUS, KOTOpbIe ¢ noHamu Fe3+ naroT xapakTepHyro KpacHYIo
okpacky coenunenust Fe(SCN)3. YOeautbcst B TOM, 9TO B XJIOPOBOIOPOIHOM U pa30aBIeHHO
CEpHOI1 KUCIOTe 00pa3yroTcs HOHBI FE2+, a B a30THON KUCIOTE U KOHIIEHTPUPOBAHHOW CEPHOM
Kucnote — uoHsl Fe3+. Habnroaarh 3a nmosiBICHHEM OKPAacKH ClielyeT BHUMATENIbHO, TaK KaK yepes
HekoTopoe Bpems (1-2 muH.) B kucoii cpene FE(SCN)3 pasmaraercs. Hamucats ypaBHEHUS
MIPOBEJICHHBIX peakiuii. Kakre noHbI SBISIOTCS OKUCIUTEISIMHI B KQXKI0M U3 9TUX peakiuii? Yem
OOBSICHATH, UTO MIPH B3aUMOJICHCTBUU JKeJe3a C CEPHOM KHCIOTON pa3NIuYHON KOHIICHTPAIIUU
00pa3yroTCs COJIM XKelle3a PA3TUYHON CTETICeHU OKUCIICHUS?

Omneit 3. T'uapokcun sxenesa (11)

B comsx xenesa (11) BeieacTBre 4acTHUHOTO OKUCIICHHS Ha BO3/IyXe BCET/Ia
npucyrctByer xene3o (111). [Toaromy Bo Bcex onbiTax 1o usydenuto cBoiicts xenesa (1) cnenyer
OpaTh HanboJIee YCTONYHMBYIO IBOMHYIO KPHCTAILTHUECKYI0 coiib Mopa (NH4)2S04
‘FeSO4-6H20. [Inst mpuroToBIeHUs pacTBOPa B MPOOUPKY MOMECTHTH 2 MUKPOIIITATEINS TOPOIITKA
9TOM COJIM M pacTBOPUTH €€ B 4—5 Karisiax BoAbl. UeM 00bsICHSIETCSl OOJbIIasi yCTOWYUBOCTD B
KPUCTAIJINYECKOM COCTOSTHUM coii Mopa 1o cpaBHeHHIo ¢ cynbdarom xenesa (I1)? Ilouemy
pactBop coiu Mopa JT0JKeH OBITh CBEXKETPUTOTOBICHHBIM? HanncaTh KOOpAMHAITMOHHYIO
dhopmyny conu Mopa. B ypaBHeHUsIX peakiuii BMecTo (OpMysbl coT Mopa MOKHO TTOJIB30BaThCS
dhopmynoit cynbsdara xenesa (I1), Tak kak gBOITHAs cosib Mopa MPaKTUYECKH TTOJIHOCTHIO
JMCCOIIMUPYET MPH PACTBOPEHHH B BOJIC HA BCE COCTABIISIONINE €€ HOHBI.

B npoOupky ¢ 3—4 xarmisimu pactBopa conv Mopa npuiInTh 2 H. pacTBOpa IIEJI0YH /10
BBINAJICHN 3€JICHOT0 ocajika rupokcuaa xxenesa (I1). [lepemeriate noxy4eHHbIH 0cag0K
CTEKJITHHOU MaJlouKoi n Habmo1aTh yepe3 1—2 MuH nodypeHue ocajka BCJIEACTBUE OKUCICHHUS
ruapokcuna xenesa (1) B ruapoxcun sxenesa (111) FEOOH. IIpoBepuTh ONBITHBIM ITyTEM, KaK
B3aMMOJICHCTBYET CBEXKEOCaKICHHBIN runpokcu xenesa (1) ¢ 2 H. pacTBOpoM XJI0pOBOJOPOIHOM
kucioThl. Kakue cBoiicTBa nposiBiisieT B 3Tol peakuuu ruapokcuy xenesa (11)? Hanucars
YpaBHEHMSI PEaKIIMM:

a) oOpazoBanus ruapokcua xenesa (I1);

0) OKMCIIEHHS MTOJIYYeHHOTO OCHOBaHUS B ruapokcus xenesa (111) mox geiictBuem
KHUCJIOPO/Aa BO3AyXa U BOJIBI.

Omneit 4. BoccTaHOBUTENBHBIE CBONCTBA coenuHeHuit xemnesa (11)

a) BoccTranoBneHue a30THON KHCIOTHI
OmngIT IMPOBOAUTCS B BBITSX)KHOM mKa(py' HpI/IPOTOBI/ITL B IBYX HUJIMHAPHUYCCKUX



npobupkax pacTBop cosit Mopa. B oHy u3 HUX 100aBUTH | Karuiio KOHIIEHTPUPOBAHHOW a30THOU
KHCIOTHI (IJIOTHOCTH 1,4 1/cM3), MOAOTrpeTh pacTBOP 10 MPEKpaIlleHus BbIIECTICHHS ra3a u AaTh eMy
OCTBHITh. 3aTeM B 00e mpoOupku 106aBuTh 1o 1 kxare 0,01H. pacTBopa poganuaa aMmmonus. B
Kakoii mpoOupke HaOII0AaeTCsl KpacCHOE OKpalllMBaHuE pacTBopa u noyemy? Hanucars ypaBHeHUe
peaxiuu, cunuTas, 4To a30THasl KUCI0Ta BoccTaHaBIuBaeTcs npeumyiiectseHHOo 10 NO.

0) BoccTanoBnenue nepokcuaa BoAopoia

[TpuroToBUTH B ABYX NpoOUpKax pacTBOp coiau Mopa. B onny u3 Hux no6aButh 2—3
KaIuli 2H. pacTBOpa CEpPHOM KUCIOTHI U 2—3 Karu 3% pacTBOpa MepoKcua BOAOPOIa. 3aTEM B
00e npobupku 1o6aBuTh 1o 1 karute 0,01H. pacTBopa poganua aMmmMoHMs. B kKakoit mpoOupke
Ha0JIt0/1aeTCsl KpacHOe OKpanrBaHue u nmoueMy? [IpoBepuTh ONBITHBIM ITyTE€M, KaK IPOTEKAET
BOCCTAHOBJICHHE MEPOKCHIa BOJ0poa coubto xenesa (11) B menounoit cpene. OTMETUTH
BbITIaJICHUE ocajika rujipokcua xxenesa (11). Hanucars ypaBHeHus peakiuii.

B) BoccranoBnenue Hutpara cepedpa

[TpuroToBuTH B ABYX poOupKax pacTBop cosv Mopa. B ogny u3 Hux 100aBuTh 6—7
Karlesb pacTBOpa HUTparTa cepedpa U ciierka HarpeBarb HeOOJIBIINM IUTaMEHEM TOPEJIKH, He
JOBOJIS )KUJKOCTB 10 KunieHus. Ha kakoii mporecc yka3blBaeT NOSIBIEHHE HA BHYTPEHHUX CTEHKaX
npodupku cepedpstHoTO 3epkana? OxiaauB NpoOUpPKyY, T00aBUTH B HEE U B KOHTPOJIHHYIO
npobupky 1o 1 kame 0,01H. pacTBopa poganuga aMMoHus. B kakoii mpobupke HabogaeTcs
OKpalllMBaHUE U 1novyeMy? 3anucaTh ypaBHEHUE peaklii BOCCTAHOBJIEHUsI HUTpaTa cepedpa CoJIbIo
xenesa (I1).

Omeit 5. T'unpokcun sxenesa (1)

B nBe npobupku BHECTH 10 5-6 Kaneab pactBopa xyopuaa xkenesa (111) u mobaButh mo
3-4 xaruu 2 H. pacTBopa ienoun. Yro Habmonaercsa? B onny npobupky 1o0aBUTh pazdaBieHHON
KHCJIOTBI IO PACTBOPEHUS 0CaJ/iKa, BO BTOPOii MPOOHPKE MPOBEPUTH PACTBOPUMOCTH OCaJIKa B
nienoyr. HecMoTpst Ha OTCyTCTBHE B3aUMOCHCTBUS CO IEIOYbI0 TPH OOBIYHBIX YCIOBUSIX
ruapokcu xenesa (1) cimado amdorepen. KucioTHbie CBOMCTBA OH MPOSBIISET TOJBKO MPH
CIUIABJICHUU CO IIEJI0YaMH M KapOOHATaMU IIEIOYHBIX MeTaJLIoB. [Ipu 3ToM 00pa3yroTres conu
KEJIC3UCTON KUCIIOTHI, Ha3bIBaeMble peppuTaMu. Bogoit OHU MOJHOCTBIO THAPOJIU3YIOTCS.
Hanucate ypaBHeHMsI peakuuii: a) B3aumoieicTBus xaopuaa xkenesa (111) ¢ pactBopom menoun ¢
obpazoBanuem ruapokcuaa sxenesa (111) Fe(OH)3; 6) pactBopenus rumpokcua xeinesa (111) B
KHCIIOTE; B) 00pa3oBaHus PeppHUTOB MPH CIIABICHUH, JOMUCAB CIEAYIONIUE PEAKIIUU:

Fe203 + Na2CO3 —

Fe203 +KOH —

T') HOJTHOTO THpOU3a eppuTa HaTpHsl, IpoTekarouero ¢ oopazopanuem FeOOH;
Hanucate popmyny okcuaa Fe304 B Bune deppura xenesa.

OmnpiT 6. OKKCTUTEIbHBIE CBOMCTBA coenuenuit xkene3a (111)

a) Oxucnenue Hoauma Kaius

B npo6upky ¢ 3-4 kamsimu pactBopa FeCl3 no6asuts 1-2 kamim pacTBopa ioanaa
Kanus. B kakoil 1iBeT u moueMy okpammBaeTcs pacTBop? Hanucarh ypaBHEHHE peaKIUH.

6) Oxucnenue cynbpuTa HaTpUs

B npo6upky ¢ 3—4 kamisimu pactBopa FeCI3 106aBUTh HECKOIBKO KPUCTAIITHKOB
cynbdura Hatpus. [Ipu 3TOM BHavasne nospisiercs: 0ypo-KpacHOE OKpallliBaHUE BCIIEICTBHE
oOpa3zoBaHus ManoycToiunBoro cyinbdura sxenesa (1), koTopoe ucyesaer npu HarpeBaHuu.
Y6enutbcs B BOCCTAaHOBJICHUH JKeJle3a JI0 CTeNeHu okucienus +2. Kakoii peakTuB ciemyer uis
3TOro npuMeHnuTh? Hamucars ypaBHEeHHE peaklMU OKUCIIEHUS Cylb(UTa HATPUS XJIOPUIOM Kelle3a
(M), yauTsiBasi, 4T0 B peakMi NPUHUMAET y4acTHE BOJIA.

OmneiT 7. 'maponus conent xenesa

a) l'maponus cynbdara sxenesa (11)

[TomecTuTs B mpoOUpKy 5-6 Kamenb HEUTPATBLHOTO PacTBOpA JIAKMYyca B I00aBUTH JBa
MHUKpommnarens coau Mopa. Pa3memars CTEeKISIHHON NAJI0YKOM. Y CTAHOBUTH 10 LIBETY JIAKMYyCa
PEaKIurIo Cpeibl B MOTYICHHOM pacTBope. Hamucarh ypaBHeHHe peakiuu ruaposmsa FeSO4.

0) I'maponus xnopua sxenesa (1)



[TomecTuTs B 1BE MPOOUPKH 1O 5-6 Karelb HEUTPAITHHOTO JIAKMYCa U T10 2
Mukpormarens xjaopuaa xenesa (111). Onpenenuts mo nBeTy pacTBopa peakmuio cpenbl. OnHy u3
npoOupok HarpeTh. Uto HaOmogaeTcs npu HarpeBanun? Hammcath ypaBHEHHE peakiiuu
ruaposu3a FeCl3 npu koMHATHO# Temreparype u npu HarpeBaHuu. Kak MOXKHO YMEHBIIUTh
creneHs ruapoiu3a sroi coiau? Kakas cons, FeCI2 unu FeCl3, B Gounbliieii cTeneHu moaBepracTcs
ruaposn3y? OTBET MOTUBUPOBATD.

B) ['mnponu3 xmopuna xenesa (1) B mpucyrcTBun coapl

[TomecTuTs B npobupky 3-4 karum pactBopa xjiopuaa xenesa (111) u mpudasisaTs 1o
KaruisiM pacTtBop conbl. OTMETUTH BhIMajieHue B ocaaok ruapokcuaa FEOOH. Kakoii ra3
BbIIensieTcs? Hamucath ypaBHEHUE peaKIiH.

OnbiT 8. HevictBue CepoBOIOPO/Ia u cynbduaa aMMOHMUS
Ha
comum xene3a (1) u sxenesa (1)

OnbIT IPOBOAUTCS B BHITSHKHOM IIKady!

a) [Monyuenwue cynbdua sxemnesa (1)

[TomecTuTs B ABE MPOOUPKHU O 5-6 Kamenb CBEKEMPUTOTOBICHHOTO PACTBOPA COJIU
Mopa. B ogny 13 HUX 100aBUTH 2 KAl CEPOBOAOPOIHON BOABI, B IPYTYIO — 2 KaIlld pacTBOpa
cynabdhuaa aMmMmoHus. B kakoit mpobupke Bbinman ocanok cynbhuaa sxenesa (11)? [Iposeputs
PacTBOPUMOCTD BBHITMIABIIETO OCa/IKa B pa30aBICHHON XJIOPOBOIOPOAHOM KucioTe. OOBICHUTD,
noueMy cynbdua xenesa (1) He BriagaeT B ocaiok MpH IEHCTBUU CEPOBOIOPOIHOM BOJIBI, HO
BBINIA/IaeT NpH JAecTBUM cynbduna ammonusa? Hanucats B MONEKyIApHON HOHHON opMme
ypaBHEHUs peakiuii o0pazoBanus cynbpuaa sxenesa (1) u ero pactBopenus B XJ10pOBOAOPOTHOM
KHCIIOTE.

0) JleiicTBHE cepoBoopoa U cyabduma ammonus Ha coau Fe (1)

[TomecTuThb B iBE MPOOHPKH 10 3-4 Karutk pactBopa coiu xesesa (111). B onxy u3 Hux
N00aBUTH 2 KaIlld CEPOBOIOPOJAHOM BOJIBI, B IPYTYIO — 2 KaIlIk pacTBopa Cyibpuiaa aMMOHHUS.
OpauHaKoB JU IBET BBIMABIINX 0cakoB? OTBETUTH HAa BONpockl: a) [louemy npu neiicTBun
cepoBoiopoa U cynbduaa ammonus Ha coiu xkene3a (l11) He BrimagaeT ocanok cynbduaa xenesa
(nn?

6) Kakum cBoiictBoM xenesa (I11) oO6bsicHseTcs nosiBIeHHE B 00enX MPOoOUpKax
KOJUIOMIHOTO OCaJIKa CephI?

B) YuuThIBas, 4TO UCXoaHbIH pactBop conu Fe(lll) moakucnen

(mns  ociabneHus ruAponn3a), 00BICHUTH BBINAJCHHUE MIPU IEHCTBUU CYlIbhuIa aMMOHUS
ocanka cynehuna xenesa (11). Hamucats ypaBHeHHs Bcex MpOACTaHHBIX PEaKIIU.

OmnpiT 9. KoMIiekcHbIE COeTMHEHUS Kele3a

a) [Tonyuenue komruiekcHoro docdara xenesa (1)

B nipo6upky ¢ 3-4 kamsimu pactBopa FeCl3 no6asuts 1 xamiro 0,01H. pacTBopa
pOaHK/Ia aMMOHUS U 3aTeM 2 Karuii 2 H. pacTBopa opTodochopHOit KUCIO0Thl. UTo HabmogaeTcs?
YuuThIBast, 4TO YCTONUUBBINA KOMIUIEKCHBIH HOH [Fe(PO4)2]3- GecuiBeTeH, 00BICHUTH
Habr01aeMoe SBJICHNE U HAallMCaTh YPaBHEHUE COOTBETCTBYIOIIEH peakLny.

0) [Mony4yenue komriekcHoro Gpropuna xeneza (1)

B npo6upky ¢ 3-4 xamsimu pactBopa FeCl3 no6asuts 1 xamiro 0,01H. pactBopa
poJaHua aMMOHHS U 2 KaIuii 2 H. pacTBOpa PTOPUCTOBOAOPOAHOM KHCHIO0ThL. UTo Habmonaercs?
Y4uThIBast, 4TO KOMIUIEKCHBIN HOH [FeF6]3- OecuiBeTeH, 00BsICHUTH HAOIIOIaEMOE SIBJICHUE U
HaIKcaTh YPaBHEHUS COOTBETCTBYIOLINX PEaKLUH.

Omeit 10. M'mapokcuast kodansTa (1) u Hukens (11)

a) [lomyuenne rugpokcuaa kodansta (1) u ero okucnenue

B nBe npobupku momecTuTh Mo 2-3 Karjiu pacTBOpa Cojiu KoOanbTa U J00aBMISThH 110
KaruIsiM pacTBOP €JIKOU IIEJIOYH; CHaYaJIa MOSBISETCS CUHUM 0CaIOK OCHOBHOM COJIM, KOTOPBIN
3aTeM CTaHOBUTCS PO30BBIM, YTO YKa3bIBaeT Ha 0OpazoBaHue ruapokcua kodansta (I1). Ocanok B
OJIHOM MPOOMpPKeE TIIATEIBHO pa3MelllaTh CTEKISTHHON MalouKoM, a B IPYTyto NPUOaBUTh 2-3 Kariu
3% pacTBOpa mepokcuaa Bogoposa. B kakoit n3 mpoOUpok HaOIIOJAETCS OKUCICHUE THIPOKCHIA
koOanpTa? Hammcare ypaBHeHus peakuuii. CpaBHUTH MOJYYCHHBIE PE3YIBTATHI C



pe3yIbTaTOM OIIbITa IO OKHCIIeHUIO Tuapokcuaa xxemnesa (11). Kakoit non ssisercs 6omee
SHEPTUYHBIM BoccTaHoBuTeneMm: Co2+ wm  Fe2+7?

0) I[Tonyuenue ruapokcuna Hukens (1) u ero okucienne

B Tpu npoOupku moMecTuTsh 1o 2-3 Karuid pacTBOpa COJIM HUKENS U 100aBISATh MO
KaIlIsiM pacTBOP €IKOI 1IeI04H 10 BbhliaZeHus ocaaka ruapokcuaa nukens (I11). B nepsoit
MpOOUpPKE 0CATOK THUIATEIBHO pa3MelaTh CTEKISTHHOM MaI04YKoil, BO BTOPYIO 100aBUTH 2-3 Kariu
3% pacTBOpa nepokcuaa Bogopoaa. Habmrogaercs mu usmeHenue 1upera ocaaka? [Ipoucxoaut nu
okucnenue runpokcuna Hukenst (1) kucaoponom Bo3ayxa u nepokcuoMm Bogopoaa? B Tpetbio
npoOupky npudaBuTh 1 Karmro 6poMHoO# Boabl. UTo Habmonaerca? OTBETUTH Ha BOTIPOCHI.
Hanucats ypaBHenust peakuuii. CpaBHUTh BOCCTAHOBUTEIbHBIE CBOMCTBA I'MAPOKCUIOB XKelle3a,
KOoOaJIbTa U HUKEJIS B CTENIEHU OKUCIICHUS +2 110 HaOII0ACHUAM U IIPU CPABHEHUH CTAaHAAPTHBIX
OKHUCJIUTEIHHO-BOCCTAHOBUTENIBHBIX MTOTCHIIUAJIOB (IIPH MEPEXO0I€ ITHUX AIEMEHTOB B CTCIICHb
oKucieHus +3).

Ompit 11. KoMmIuiekcHbIe COSMHEHHS KOOAThTa U HUKEIS

a) AkBakomiuiekc kobanbTa (1) u ero pazpymenue

B nBe npobupku momecTuTh 4-5 Karnenb HACHIIIIEHHOTO pacTBopa coiu kodbaista (l1). B
MEPBYIO MPOOUPKY 100aBUTH 2 KAIUIM KOHLIIEHTPUPOBAHHOHN XJIOPOBOJOPOJHON KHUCIOTHI
(mmotHOCTS 1,19 r/cM3), BO BTOpYIO MPOOUPKY BHECTH HEOOJBIION KYCOUYEK MPEABAPUTEIHHO
MIPOKAJICHHOTO Ha acOECTUPOBAHHOM CETKEe XJIopuaa Kanblusa. Uto Habmonaerca? B Tperbio
NpOOHUPKY MOMECTHTH | MUKpOUINATENb COMM KOOaIbTa U 3-4 KaIrIk STHJIOBOTO CIIUPTa, OTMETUTh
LIBET MOJYy4YeHHOTO pacTBopa. [IpnbaBuTh K pacTBOpy 7-8 Kameib BOJbI 10 HOBOTO U3MEHEHHS
okpacku. Hammcath crekiisiHHO# nanoukoid, cmouenHoi 0,02 H. pactBopom CoCI2, kakoe—HuOYy1b
ci1oBO Ha ¢unbTpoBaHHOM Oymare. [loacymus Oymary, MOAHECTH €€ K TUIAMEHHU TOPEJIKU U ClIeTKa
MOJIOTPETH, ITOKA TEKCT HE CTaHeT BUAUMBIM. OOpaTuTh BHUMaHUE Ha TIOCIIEAYIONIEe
oOecuBeYMBaHUE HAMUCH MIPH OXJIaKAeHnU. Onucarh HabIr01aeMbIe SIBICHUS.

M3MeHeHne 1IBETa pacTBOpa BO BCEX CIIydasiX OOBSCHIETCS TEM, YTO HEMPOUHBIN
komiuiekcHbid noH [CO(H20)6] 2+ coobmiaer pacTBOpy po30BYIO OKPACKY, a AJIEMEHTapHBIN HOH
Co02+ — cuHro10.

6) IlomydeHne KOMIUIEKCHOTO pOJaHUIa U KOOaIbTa

[TomecTuTh B mpOOHMPKY 2 KaIlljid HACHIIIEHHOTO pacTBopa coiu kobansta (1) n
I00aBHUTH 5-6 Kareiabh HACHIIIEHHOTO PAcTBOpA POJAaHH/Ia AMMOHHS;, YUECTh, YTO IPH STOM
obpasyetcs pactBop komiiekcHoi conu (NH4)2[Co(SCN)4]. Kommnekcusie nonsl [ CO(SCN)4]2-
OKpaIlleHbI B CHHUI 11BET, a ruapatupoBanHbie HoHbl [CO(H20)6] 2+ — B po3oBbIit. OTMETHTH IIBET
MOJTYYEHHOTO pacTBopa. Pa30aBUTh €ro BOAOW 10 U3MEHEHHUS OKPACKH, TOOABUTH 2 KaIlIM CMECH
cupTa ¢ 3GpUpoM, pazMemIaTh pacTBOP CTEKISTHHON MAJOYKON  BHOBH HAa0IIIOJaTh N3MEHEHHE
OKpackH. 3aTeM B TY K€ MPOOUPKY NPHIMBAThH AUCTHIUTMPOBAHHYIO BOJY, HAOIOAast TOCTETICHHOE
n3MeHeHne okpacku. Omucarp HabIroaeMble sSiBiIeHUs. Hamucarts: a) ypaBHEHHE AUCCOIAAIIH
KOMIUIEKCHOM COJIM K0OabTa; 0) ypaBHEHHE JUCCOIUAIIMN KOMITJIEKCHOTO HOHA; B) BEIPAKEHUE
KOHCTaHTBI HECTOMKOCTH KOMIUIEKCHOTO HOHA. KakoBa poib BOABI M CIUPTa B CMEIIECHUH
PaBHOBECHSI TUCCOLMAIINN KOMITJIEKCHOTO HOHA.

B) [TosyueHre aMMHUHOKOMITIIEKCOB KOOAIbTa

K 3-4 xamnsam pactBopa conu kob6anbTa (1) mpubaBnsaTs mo kamsm 25% pacTBop
aMMMaKa J0 BBINIAJAEHUs ocajika rujipokcuaa kodbansTa (1) u ero nanpHeiiiero pacTBopeHus
BCJIEJICTBHE 00Pa30BaHMUS KOMIUIEKCHOTO COETMHEHHUS, B KOTOPOM KOOAJIbT UMEET
KOOpAMHAIIMOHHOE unciio 6. [TomyyeHHbIH pacTBOp pa3nuTh B ABE MPOOUPKU. B 0HOM U3 HUX
TIIATEJILHO MEPEMEIIaTh PaCTBOP CTEKISIHHOM Malo4KOM 10 U3MEHEHUS! OKPACKH BCIIEJICTBHE
OKHCJICHHS TOJY4eHHOT0 KOMIUIEKCHOTO coequHeHus kobanbTa (1) B kommiekcHoe coeiuHeHne
ko0OanbTa (I11). [Touemy ammuHokoMmIUTIeKCcHBIN HOH CO(Il) OKMCIsIeTCss KUCIOPOIOM BO3/TyXa, TOT 1A
kak akBakoMmruiekc Co(ll) ynaercst OKMCIHUTB JIMIIB TIEPOKCHIOM BO0poaa. OObSICHUTH H3MEHEHUE
OKpacku. 3aTeM IpWINTh B 00€ MPOOUPKH 1O 2-3 KaIluIM pacTBOpa cylb(uia aMMOHUS.
OOBsCHUTD, TOYEMY BbINAAeT 0cagoK. Hamucare ypaBHeHUe peakiuii: a) oopa3zoBaHus
aMMHHOKOMIIeKkca kobasbTa (I1); 6) ero okuciaeHHs KUCIOPOA0M BO3IyXa U EPOKCHIOM
BOZOpOJA 10 00pa3oBaHus aMMUHOKOoMILIeKca kobanbTa (111); B) ariccorumaruy momy4eHHbIX



KOMIUIEKCHBIX CO€AMHEHUI; T') TUCCOLUMAIUN KOMIJIEKCHBIX HOHOB U BBIPQXKEHUS KOHCTAHT UX
HecroiikocTy (Kakoit koMruieKCHBIN HOH mpouHee? OTBET MOTUBHPOBATS. ); 1) B3aUMOICHCTBUS
amMuHOKoMILIekca kobanbsTa (1) ¢ cynphumom aMmmMoHus; €) CpaBHUTH KOOPAUHAIIMOHHBIC
(bopMyIIbl KOMILIEKCHBIX COeTMHEHUN K0OaabTa MPHU Pa3HbIX CTENEHSIX OKUCIeHU. OTinyaeTcs 1u
WX MPOCTPaHCTBEHHAs KOHpUryparus?

r) [lonydyeHnne aMMUHOKOMILIIEKCA HUKEIS

Onun Mukpormatenb conu Hukens (1) pactBoputh B 5 kamiax Boasl. Jlo6aBUTH 5
kanenb 25% pactBopa ammuaka. Kak usmensiercs uset pacrsopa? J{o6aButh k pactBopy 2-3 Kariu
pactBopa cyibdpuaa aMMoHus. YTto BeinmanaeT B ocafok? HamucaTe ypaBHEHUS peakiuii: a)
o0pa3oBaHMs aAMMHHOKOMILIEKCA HUKeNs (KOOPAWHALMOHHOE YHUCII0 HUKEISI—0); 0) Auccoruaiiu
KOMIUIEKCHOTO COEIMHEHUSI U KOMILIEKCHOTO MOHA; B) B3aMO/ICUCTBHUS MTOJIyY€HHOTO
KOMIUICKCHOTO COSIMHEHUSI HUKENS ¢ Cylbduaom aMmMoHusl. OOBICHUTh MEXaHU3M
B3aUMOJICVCTBHUSI, MOJIb3YSICh KOHCTAHTOW HECTOMKOCTH KOMIUJIEKCHOTO MOHA U MTPOU3BEACHUEM
PacTBOPUMOCTH.

OmnpiT 12. PeakThB Ha MOH HUKENS — TUMETHITIMOKCHUM (peakius Uyraesa)

[TomecTuTh B IpoOUPKY 5-6 Kamenb BOJbI, 2 KAl pacTBOPA COJM HUKENS U | Karuio
aMMHAYHOTO pacTBOpa AMMETHITIMOKCcUMA. Peakius unér ¢ oopasoBaHrneM HEPaCTBOPUMOTO
KOMIUIEKCHOTO TUMETHIITIIMOKCMMA HUKesl. biarogaps MHTEHCUBHOM U SPKOW OKpacKe ocaaka
(0OpaTuTh BHUMaHHUE HA [[BET!) ATy PEAKIUIO UCTIOIB3YIOT A7l OOHAPYKEHUSI OUEHb MaJlOi
KOHIIEHTPALlM HOHOB HUKEJSI B paCTBOpE.

JlabopaTtopnast pabora Nel3. KomiuiekcHbie coeIMHEHUS

Omnpit 1. [Tonydenue u uccneaoBaHne KOMIUIEKCHOTO COETUHEHUS — cynbdara
terpaammuaMen ([11])

Peaktussl: 1 H. pactBop CuSO4, 1 H. pactBop BaCl2, rpanynupoBantoe 051080, 25%-Hblii
pacTBOp aMMHaKa.

Brimotaenue pabotsl. B 1Be npodupku momectute mmo 10 kamens 1 H. pactBopa CuSO4. B
oZIHy U3 poOupok gobaBbTe 2 Karu pactBopa BaCl2. OtMersTe 1iBeT 00pasyrorierocs ocajka.
Bo Bropyro npoGupky BHecuTe Kycouek ojoBa. Urto Habmonaetcs? Kakoro npera meran,
BBIJICJIAIONIUIICS HAa TOBEPXHOCTH 0s1oBa? Bo3bMuTE YMCTYIO MPOOUPKY, TOMECTUTE B Hee 15
Karenb pactBopa cynbdara meau( ] [1) u mo kamasam nobasisite 25%-Hblii pacTBOpP aMMHUaKa.
BHauase BbImagaeT ocaJJok OCHOBHOTO cyibdara Mmenu. OtmersTe ero uset. [Ipogomxkas
N100aBIIsATh aMMHUaK, HaOMo1aiiTe pacTBopeHue ocajaka. Kakoro misera pactBop oopazyercs?
[Tonmy4yeHHbIH pacTBOp pa3zenute Ha ABe Npoobupku. B onny mpuneiire 4 karum 1 H. pacTBopa
BaCl2, B apyryro nomectute Kycodek ojoBa. Beimaaaer nu ocajok npu gobasnenun BaCl2?
Beinensiercs mu Menp Ha rpanysie osoBa? O0bsAcHUTE HAOII0AaeMBbIE SBICHUS.

3anuch JaHHBIX OMnbITa. Hanmuimmre ypaBHEHUsS BCeX NMPOBEACHHBIX peakuuii. HazoBure
oOpasyromieecss KOMITJIEKCHOE COeIMHEHHE U HAITUIINUTE YpaBHEHUs €ro NepBUYHOI U BTOPUUHON
JIFCCOTIMAITUH.

OmnpiT 2. KaTHOHHBIE KOMIUIEKCHI

a) KomriekcHOe OCHOBaHME HUKES

Peaxtussr: 2 H. pactBop NiSO4, 2 H. pactBop NaOH, 25%-HbIit pacTBOp amMmMHaKa.

Beimonaenue pabotsl. BHecute B mpoOupky 5-6 kamenb pactBopa 2 H. NiSO4 u Takoit xe
00BeM pactBopa 2 H. NaOH. OtMersTe mBeT BhITIaBIIero ocaaka. OTaenuTe ocaiok
LHeHTpudyrupoBaHmem, K ocajaky npubdasbre 5-6 kamnenb 25%-Hbli pacTBopa ammuaka. Urto
MPOUCXOTUT ¢ ocaakoM? OTMEThTE IIBET 00pa30BaBIIETroCs pacTBopa. [IpucyTcTBHEM KaKuX HOHOB
00ycIIOBJIeHa OKpacka pacTBopa?

3anuchk JaHHBIX OmbITa. HanmuimmTe B MOJIEKYJISIPHON ¥ HOHHOM (hopMe ypaBHEHHE
MPOUCXOIAIINX peakiwii. HazoBute momydaronmecs: coenaeHus. Kakoe ocHOBaHUE SIBIISIETCS
OoJiee CHIIBbHBIM: PpOCcTOe Win KoMiuiekcHoe? [Touemy?

0) KommuiekcHoe OCHOBaHME KaaMUs

Peaxtusr: 2 H. pactBop CAdSO4 unu Cd(NO3)2, 2 1. pactBop NaOH, 25%-Hsb1it pacTBOp
aMMHaKa.



Brimonaenune pabotsl. BHecuTe B mpoOupKy 5-6 Kamesns 2 H.pacTBOpa COJM KaJusl U TaKOH
xe oobeM pacTBopa 2 H. NaOH. OTmeTsTe 11BeT BhITaBmiero ocaaka. OTIAenuTe 0cagok
ueHTpudyrupoBaHmem, K ocaaky npubdasbre 5-6 kamnenb 25%-Hbli pacTBOpa ammuaka. Urto
HaOronaercs?

3anuch JaHHBIX OMbITa. Hanummre B MOJIEKYIAPHONM U HOHHOHN (popMe ypaBHEHHE
poucxosamux peakuuii. HazoBute nonyvaromuecs coenuuenusi. Kakoe ocHoBaHue SBIISETCS
OoJiee CUIIBHBIM: pocToe Wi KoMiuiekcHoe? [Touemy?

OnbIT 3. AHHOHHBIE KOMIUIECHI

a) [Tonydyenue TeTpaiiojoBUCMyTAaTa KaJIUsI

Peaxtussl: 2 H. pactBop Bi(NO3)3, 2 u. pactsop KI.

Beinonnenue pabotsl. B mpobupky BHecute 5-6 kamens 2 H. pactopa Bi(NO3)3 u o
KarsiM no6asisiiite 2 H. pactBop Kl. OTmeTsTe Binagenue ocaaka u ero uset. [Ipogomkaiite
no6asiats Kl 1o moaHoro pacrBopenus ocaaka. OTMEThTE LIBET MOJYYEHHOTO PacTBOpA.

3anuch JaHHBIX OMbITa. HanmuimmTe B MOJIEKYISIPHOM U MOHHOU (popMe ypaBHEHHE
npoucxoasumx peakuuii. HazoBure nonydaronmecs coenuHenus. [IpucyrcTBueM Kakux MOHOB
00yCIJIOBJICH I[BET MOJIy4E€HHOTO pacTBopa? Hanummre ypaBHEeHHE SJIEKTPOIUTHIECKOM
JUCCOLMAIIMU 00Pa30BaBILEroCcs KOMIUIEKCHOTO COEIMHEHUSI.

0) [lonyuenue TeTpaiiofoMepKypaTa Kajius

Peaxtussr: 2 H. pactBop HQ(NO3)2, 2 H. pactBop KI, 2 1. pactBop NaOH.

Beinonnenue pabotsl. B e npodupku BHecuTe 4-5 kanens 2 H. pactBopa HG(NO3)2.0any
POOHUPKY OCTAaBHTE B KAUECTBE KOHTPOJIBHOH, a B IPYT'YIO MO KarumsiM Ao0asisiiiTe 2 H. pactBop K.
OTtmeTbTe BbIaieHNE ocaka u ero uset. [Ipogomxaiite nodasnate Kl 1o nmoiHoro pactBopeHus
ocaaka. OTMeThTe IBET NOJIYYSHHOTO pacTBOpa. McmbiTaiiTe pacTBOpsl B 00enX MpoOupKax Ha
MPUCYTCTBUE HOHOB HQY2+, 106aBHB B Kax1yro pooupKy 1o 3 karum pactBopa NaOH.

3anucek JaHHBIX onbiTa. Hanmuimmre B MOJIEKYISIpHON M HOHHOM (hOopMe ypaBHEHHE
npoucxoasumx peakunii. Hazosure nonyyarommecs coenquaenus. [IpucyrctBueM Kakux MOHOB
o0ycIoBJIeH 1IBeT noirydyeHHoro pactBopa? [louemy npu nob6asnernnn NaOH ocanok Bemamaer
TOJIBKO B OJIHOM U3 MPOOUPOK?

B) ['mapokcokoMIuIeKCh

PeakTuBbI: 2 H. pacTBOPHI COJICH MMHKA, amtoMuHus, xpoma ([1[1[]), 2 H. pactBop NaOH.

Boinonnenue pabotel. B Tpu npoOupku nomectute 1no 4-5 kanenb pacTBopa coyiel UHKa,
anmroMunust, xpoma ([J[1[]) B kaxkayro. 3aTem 100aBIsSHTE MO KaIJIsiM B KOKIyI0 TPOOUPKY pacTBOP
miesniour. OTMeThTe 1IBETa BBINMAJAIOUINX 0caiKoB. [Ipogomkaiite 100aBiIsTh pacTBOP IIEIOUYH 10
MIOJIHOTO PaCTBOPEHUS BBIMABILNX OCAJKOB.

3anuch JaHHBIX onblTa. HanuimTe B MOJIEKyIsIpHON U MOHHOM opMe ypaBHEHUSI peakiuil
o0Opa3oBaHMs THAPOKCUIIOB METAIJIOB M UX PACTBOPEHUS ¢ 00pa30BaHUEM I'MAPOKCOKOMILIIEKCOB
LMHKa, afoMuHMSL, Xpoma ([ [J[1). PacTBOpsTCS 1M TUIPOKCUIBI 3TUX METAIIOB B kKucioTax? K
KaKOMY KJIacCy CO€JMHEHHUI OHU OTHOCSTCS?

OmnbiT 4. BHYTpUKOMITJIEKCHBIE COSTUHEHUS

Peaxrtussr: 2 H. pactBop FeCl3, 2 u. pacteop NaOH, 2 H. pacTBOp 11aBeIeBOI KUCIOTHI
(HOOC-COOR), 2 1. pactBop numonHo# kucnote( HOOC-CH2-C(OH)(COOH)CH2-COOH),
0,01 H. pacTBOp pOJaHKIA KAJIUSI HJIX aMMOHUS.

BrmmonHenue pabotsl. B Tpu npo6upku BHecTr 1o 4 karu pactBopa FeCl3. Onny
poOUPKY OCTAaBbTE B KaueCTBE KOHTPOJIbHOU. B 1Be npyrue BHecuTe mo 3 Karum pacTBopa
menoyn. OTMeThTe 1IBET 00pa3oBaBIIerocs ocajaka. B onny u3 npobupok ¢ ocagkom Fe(OH)3
no6asbTe 12-15 Kamnenp 11aBeaeBoi KUCIOTHI, B APYTYIO — TaKOH ke 00beM pacTBOpa IMMOHHOMN
kucaoThl. Uro Habmonaerca? Bo Bece Tpu npoOupku BHecuTe 1-2 kamiu pactBopa ponanuaa. B
KaKoi n3 mpoOupok oOpazyercs sipko okpamieHHbIi pactBop Fe(SCN)3? Kakoro on nsera?

3anuck TaHHBIX onbITa. [Ipu pacTBopeHnu ruapokcua xxenesa (111 []) B opraHMuecKux
KHCJIOTaX 00pa3yroTcs BHYTPUKOMILJIEKCHBIE COETMHEHHUS, B KOTOPBIX K KOMIUIEKCOOOpa30BaTEIIo
MPUCOETUHSIOTCS KapOOKCHIIbHBIE TPYIIIBI KUCIOT. HanummTe cTpyKTypHbIe (hOpMYIIBI
L1ABEJIEBOKUCIIOTO U IUTPATHOIO KOMILIEKCOB. KakoBa JEHTaTHOCTD JIMTaHAO0B B 9THUX
KOMILIeKcax?

OmnbIT 5. KoMIuiekcHbIE COEIMHEHNUS B peakIisIx oOMeHa



a) [Tonydyenue coennHeHus, COAEPHKAIIETO KOMIUIEKCHBIA KATHOH U aHUOH

Peaktussl: 1 H. pactBop CuSO4, 1 u. pactBop K4[Fe(CN)6], 25%-Hb1it pacTBOp aMMHaKa.

Brimonaenue pabotsl. B mpobupky momectute 5-6 kanenb pactBopa CuSO4 u nob6aBbTe
Takoii e 00bem pactBopa K4[Fe(CN)6]. OrmersTe iBeT 0Opa3oBasierocs ocaaka. Otaennure
0caJIoK IeHTpU(yrupoBaHueM U 100aBbTe K HEMY 4-5 Karelb pacTBOpa aMMuaka. Yro
HaOJronaercs’?

3anuch JaHHBIX OMbITa. Hanummre B MOJIEKYIIPHON U HOHHOHN (popMe ypaBHEHHE
MPOUCXOAIIMNX peakiuii. HazoBuTe nomyvaromuecs CoeIMHEHUS.

0) BzaumoeiictBre TeTpapoaanomepkypara (L1 []) aMmMOHus ¢ HUTpaToM KobaibsTa ([1[])

Peaxtussl: PactBop HQ(NO3)2, Haceimennsiii pactBop NHANCS, pactsop Co(NO3)2.

Beinonaenue pabotsl. B mpooupky momecture 4-5 kanens pacrBopa HG(NO3)2 u no6aBsTe
HaceieHHbd pactBop NHANCS 1o monHOTrO pacTBOpeHus o00pa3yromierocsi BHadaie ocaaka. B
Apyryto npooupky BHecute 4-5 kanenb pactBopa Co(NO3)2 u 1o6aBbTe TakoH ke 00beM pacTBopa
KOMILIEKCHOTO COCMHEHUS PTYTH U3 NepBoil mpoOupku. [IpoOupky BCTpAXHUTE ISl YCKOPEHUS
o0Opa3oBaHUs OCajKa.

3anuch TaHHBIX ONbITa. Hanuimmre B MONEKYIApHON M HOHHOH (popMe ypaBHEHUS peaKiuii
obpasoBanus poganua pryta ([J[]), pacTBopeHHs poJjaHuIa PTYTH B U30BITKE POIaHUA
aMMOHMsI, 00pa30BaHuUsI KOMIUIEKCHOTO coeTuHeHns1 kobanpTa. HazoBuTe Bce 00pazoBaBIInecs
COCIMHEHMUSL.

OmnpiT 6. KOMIUIEKCHBIE COSIMHEHNUS B OKACITUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIUIX

a) Boccranosnenne rexcannanodeppara ([ ) xanus

Peaxrussr: 0,1 H. pactBop Kl, 2 . pactBop HCI, kpucrammyeckuit K3[Fe(CN)6], Tomyo.

Brmonaenue pabotsl. B mpooupky BHecute 8-10 kamnens 0,1 H. pactBopa Kl, 6-8 kamens
COJISTHOHM KHCIIOTHI JUISI CO3/IaHUS KHCIION cpeabl 1 4-5 Karenb Toiryosia. OTMEThTE [BET TOJIYOIA.
Jlo6aBbTe ouH Mukpommarens kpuctawioB K3[Fe(CN)6] u nepemeniaiite pactBop. OT™MeThTE
M3MEHEHHE OKPACKH TOJIyOJIa.

3anuch TaHHBIX OMbITa. Hanummure ypaBHEHUE MPOUCXOASIIECH PeaKkiny, UMesi BBUIY, YTO
K3[Fe(CN)6] nepexoaut B K4[Fe(CN)6]. CocTaBbTe 3JEKTPOHHBIH OalaHC, YKAKUTE OKUCITUTEITh
Y BOCCTAHOBUTEIb, MOA0EpUTE KOAPPHUIIMEHTH B YPABHEHUH PEAKIIHH.

0) Oxucnenue rexcarmanodeppara () kamms

PeaxTuBbr: PactBop KMNnO4, 2 1. pactBop H2S04, pactBop K4[Fe(CN)6].

Brmonaenue padotsl. B npobupky Baecute 3-4 xarum pactBopa KMnO4, 3-4 karmu
pactBopa H2S04 u no6asbTre mo karmissM pactBop K4[Fe(CN)6] 1o obeciiBeunBanus pacTBoOpa.

3anuch TaHHBIX OMbITa. Hanuimmre ypaBHEHUE MPOUCXOASIIEH PEaKIMy, YIUTHIBAS , UTO
KEJe30 U3 CTETIeHN OKHUCIICHUS +2 ePEeXOoanT B CTENEHb OKucIeHus +3, a mon MnO4-
BOCCTaHaBlIMBaeTcs 10 HoHa Mn2+ CocTtaBbTe ypaBHEHUS MOIYPEAKIUI, YKaXKUTE OKUCIUTENDb U
BOCCTaHOBUTEIb, 11010epuTe KOAP(ULUEHTH B yPaBHEHUU PEAKIINH.

B) BoccranoBienue cepebpa U3 KOMIUIEKCHOTO COSTUHEHUS [IMHKOM

PeaktuBsi: PacTBOp HUTparta cepedpa, pacTBOp xJiopuja HaTpus, 25%-Hblil pacTBOp
aMMHaKa, TPaHyJINPOBAHHBIN ITHHK.

Brimonnenue padotel. B mpobupky BHEcHTe 5-6 Karenb pacTBOpa HUTpaTa cepedpa v TaKoi
e 00beM pacTBopa xjopuaa HaTpus. OTaenuTe 00pa30BaBIIMICS 0CAOK LIEHTPUPYTUPOBAHUEM.
Jlo6aBbTe K 0CaAKy pacTBOp aMMHUAKa JI0 €ro MOJHOr0 pacTBOpeHUs. B oOpazoBaBuiicss pacTBop
OIyCTUTE IpaHyy IuHKa. YTo Habmogaercs?

3anuch TaHHBIX ONbITa. Hanuimmre ypaBHEHUs peakiuil MoydeHHs 0caKka XJIopHIa
cepebpa, pacTBOpeHHs XJIopua cepedpa B aMMUaKe, B3aUMOACHCTBUS KOMIUIEKCHOTO COeTUHEHHUS
¢ uuHkoM. Ha3oBure Bce oOpa3yromuecs coequHenns. CocTaBbTe IEKTPOHHBIN OataHc A
MOCTIETHETO YPaBHEHUS, YKQXKUTE OKUCIUTENb U BOCCTAHOBUTEb, O10EpUTE KOIPPHUIIUEHTHI.

OmnbIT 7. IIpOYHOCTH KOMIUIEKCHBIX HOHOB

a) Pazpymenue xommiekca nmpu pa3daBiIeHUn pacTBOpa

Peakrtussr: 0,1 H. pactBop KI, pactBop AgNO3.

Brimonnenue pabotsl. B mpobupky BHecute 2 karu pactBopa AGNO3 u no karisam
nobasinsiite pactBop Kl, BcTpsixuBast mpooupky. OTMEThTE BbIIIaIGHUE OCAIKa, €TO I[BET.
[Iponomxkaiite npubaBIATh pacTBOP HOAMIA KaJIHsI IO OJTHOTO pacTBOpeHus ocaaka. K
MOJTyYeHHOMY PacTBOpY A00aBbTe 5-6 Karenb Bojabl. OTMETbTe HAOII0JaeMbIe SIBICHHUS.



3anuck AJaHHBIX onbiTa. HanmuimmTe ypaBHeHus peakiuii oopazoBanus Agl, pacTBopeHus
Agl B KI, muccormaiuy KOMIIJIEKCHOTO HOHA, a TAKKE BhIPAKEHNE KOHCTAHTHI HECTOMKOCTH
KoMIUIeKkcHoro noHa. HazoBure Bce oOpazoBaBiuecs coequHeHusi. OObsACHUTE, KaK BIHSIET
pa3baBiieHHe pacTBOpa Ha JUCCOLHUAIMIO0 KOMIUIEKCHOT'O HOHA.

0) Pa3pymienue Komriekca mpu OCaXkJIeHUU KOMILIEKcooOpa3oBarTens

PeaktuBsl: 1 H. pactBop cyibdara meau ([1[), pactBop (NH4)2S, pacteop (NH4)2C204,
25%-HpIl pacTBOp aMMHAKA.

Brimotaenue pabotsl. B 1Be mpoOupku BHECTH 10 5-6 kanenb pactBopa CuSO4.3atem B
OJIHY M3 IPoOUPOK 100aBbTe 5-6 Kamenb pactBopa (NH4)2C204, a B 1pyryro 5-6 kamenb pactBopa
(NH4)2S. OtmetnTe 1BeTa 00pa3yroOIUXCst 0CaakoB. B aBe apyrue mpobupku BHeCUTE 110 4-5
Karnenb pactBopa CuSO4 u pacTBOop aMMHaKa J10 OJHOTO PACTBOPEHHUSI BBITIAAAIOIIET0 BHAYalIe
ocaJika OCHOBHOM coyii Me/id. OTMEThTE LIBET MOJYYEHHOTO PacTBOpPa KOMILIEKCHOM conu. [lanee
n00aBbTE B OJJHY IPOOUPKY C MOJIy4EHHBIM PACTBOPOM KOMIUIEKCHOH coyin Menu 4-5 Karelnb
pactBopa (NH4)2C204, a B npyryio Takoi ke o0beM pactopa (NH4)2S. B kakoit u3 npoOupok
BBINaJaeT 0canok? B nmpoOupky, rie BbImai 0caiok, 100aBbeTe emie 6-7 Kareiab TOTO K€ pEeaKTHBa,
MIOMECTHTE IPOOUPKY B BOJsHYIO OaH0. COXpaHMIACh JIU B PACTBOPE OKPACKa KOMIUIEKCOB MEH?

3anuch JaHHBIX onblTa. Hanummre B MOJIEKYIpHONW U MOHHOM (popMe ypaBHEHHUS
MPOTEKAIOIINX PEAKINA, YPaBHEHUS TUCCOUAIIMNA KOMITIEKCHON COJIM ME/IU M €€ KOMITJIEKCHOTO
noHa. O0bsicHuTe, Kak Biuser podasneHune (NH4)2S Ha aucconuanuio KOMILICKCHOTO HOHA.
Hcnonp3ys 3nauenue npousseneHuii pacrsopumocta CuC204 (ITP=2,5 10-22) u CuS (ITP=8,5 10-
45),00bsCcHITE, TIOYEMY OJIHA M3 COJICH HE BBIMAJaeT U3 KOMIUIEKCHOTO COSTMHEHHUSL.

B) CpaBHUTENbHAS YCTONYUBOCTh POAAHUIHOTO KOMILJIEKCA KOOaIbTa B BOJE U B CIIUPTE

PeaxTuBbr: Hacbimennsie pactBopsl COCI2 1 NHANCS, amunoBslii cimpr.

BeinonHenue pabotsl. B e mpodupku BHecuTe 3-4 karum pactBopa CoCl2 u 8-10 kanensb
pactBopa NHANCS. OrmersTe HabmogaeMbIe sSiBJICHU. Pa3aenuTe moaydeHHbI pacTBOp HA JBE
npobupku. B ogay 3 Hux no6aBete 10 Kamenb BOJbI, B APYTYIO — 5 Karellb aMUJIIOBOTO CITHPTA.
Kaxk n3mensiercs okpacka pacTBopa B Kaxaou npooupke?

3anuch TaHHBIX OMbITa. Hanummre ypaBHEHUE MOIyd4eHUS] KOMIUIEKCHOTO COCTUHEHHUS
koOanbTa (koopauHamonHoe yucio Co([][]) paBHo 4), Ha30BUTE 3TO coenuHenne. Hanummre
YpaBHEHHSI TUCCOIMAINN KOMIUIEKCHOTO COeIMHEHNS M KOMIUIEKCHOTO HOHA. B xakoii cpene
CHJIbHEE JUCCOLMUPYET KOMIUIEKCHbIN noH? [louemy?

OmeiT 8. CBOlicTBa IBOWHBIX COJIEH

Peaxtussr: Kpucrammuueckas coinb Mopa ((NH4)2S504-FeSO4-6H20), pacteop (NH4)2S,
2 u. pactBop NaOH, pacteop BaCl2, pacteop K4[Fe(CN)6].

Boinonnenue padotel. B Tpu npoOupky BHECUTE 110 OJHOMY MHUKpoLInaresnto coiu Mopa u
1o 6-7 Karesb BOJbL. 3aTeM B OJIHY POOHPKY 100aBbTe 5-6 Kamnenb pactBopa (NH4)2S, a B
APYTYI0 — Takoit xe o0beM pactBopa BaCl2.Onummre Habmogaemble siBiaeHus. Ha npucyrcrBue
KaKHX HOHOB B PacTBOpe cosii Mopa yKa3bIBaIOT IIBETa 00pa30BaBIINXCS 0CaakoB? B TpeTbio
npoOupky n00aBbTe 6-7 Kamenab pacTBOpa TMIAPOKCUA HATpHsl, MpoOupKy Harpeite. Han
MPOOUPKOH MOAEPIKUTE CMOUYCHHYIO BOJIOH JIAKMYCOBYIO OyMakKy. [1o uaMeHeHu1o 1BeTa OyMakKu
U TIO 3a1axy OINpeNenTe, KaKoi ra3 Beyiessiercs. Ha mpucyTcTBre Kakux HOHOB B PACTBOPE COJIU
Mopa yka3biBaeT 3Ta peakuusi? B nmpobupky nomectute 5 kanenb pactBopa K4[Fe(CN)6] u 2-3
karu pactBopa (NH4)2S. Bemanaer nmu yepHsiii ocanok FeS? [Touemy?

3anuch TaHHBIX onbITa. Hanuimmre B MOHHOH opMe ypaBHEHHUS MPOTEKAIONIUX PEAKIIUH.
Hanummure ypaBHEHHE 3IIEKTPOIMTHYECKON TUCCOLMALMU IBOMHOM coiii Mopa U KOMIUIEKCHOU
coiu K4[Fe(CN)6].

Omeit 9. 'maparHas u3oMepus akBakomIuiekcoB xpoma ([ [[])

B pactBope CrCI3 npu noseimennu temnepatypbl nonsl Cl- 3amemator monexynst H20 B
KoopauHaIoHHOU cdepe akBa-uona [Cr(H20)6]3+.I1pu 3TOM OKpacka pacTBOpa U3MEHSETCS OT
cune-¢puonerooii (nousl [Cr(H20)6]3+) no remuo-3enenoit (monst [Cr(H20)5CI]2+) u cBetio-
3enenoit (komruiekcel [Cr(H20)3CI3]).

PeaxTuBbr: Kpucrammueckuit CrCI3-6H20.

Brimonnenue pabotsl. BHecTH B 1Be MPOOUPKH MO OJTHOMY MUKPOIINATENIO KPUCTAIIIOB
CrCl3-6 H20u no 10 kanenb TuCTHILITMPOBAHHOM BobI. OIHY MPOOUPKY OCTaBbTE B KAUECTBE



KOHTPOJIBHOM, BTOPYIO HarpeiTe Ha BoassHOU OaHe. Kakoii n3oMep yCTOWYMB NMPU KOMHATHOM
temnepatype? Kakoi nzomep cymecTByeT B ropsuem pactBope? HazoBure Bce Tpu nzomepa.

OnrlT 10 CuHTE3 KOMILUIEKCHBIX COSTUHEHUN

a) Cunre3 TeTpaiiogomepkypata ([11]) kamus

[Tpu6Gops! u peaktuBbl: CTakaH eMKOCTBIO 100 M1, MEpHBIH ITUIMHAP €eMKOCThIO 10 M1,
(dapdopoBas Jaika, SKCUKaTop ¢ cepHOoil kuciaoroi. Boponka broxuepa, 0,5 H. pactop K,
pactBop HQ(NO3)2, kpucrammueckuii KI.

Brimonaenue pabotsl. PaccunTaiite HeoOxoaumoe komudecTBo 0,5 H. pactBopoB Kl u Hg
(NO3)2 ms monydenus 5 r ocagka HQl2 mo peakuuu oo6mena. IIpurorossre 3Ty coib, gaire HQl2
0CcecTh, OTQUIBTPYHUTE U TPOMOITE ocanok. B ctakane emkxocthio 100 mu pactBopute 10 T Kl B 10
MJI ropsiueit Bojpl, oxianute. B oxnaxaennom pactsope Kl pactsopure HgI2. [lepenecure
MIOJTyYCHHBIH pacTBOp B paphHopoBYIO HALIKY U TIOMECTUTE €€ B SKCHKATOP AJIsi KPHCTAITH3AIHH.
[Teproandecku nepeMenInBaiTe pacTBOpP CTEKISTHHOM MAI0OYKOU JIIsl pa3pylieHus: 00pa3yromeics
Ha TIOBEPXHOCTH KOPKH. BhIMaBIIMe KPUCTAIITBI KOMIUICKCHOM COJIM OT(PHIBTPYITE Ha BOPOHKE
broxnepa u BoicymmTe npu 60-70 0C. [TomyueHHbIE OpaHKEBO-KPAaCHbIE KPUCTAILIBI IIPEICTABISIOT
coboii kpucTaoruapar Terpaiogomepkypata ([111) kamus K2[Hgl4]-2H20.

3anuch JaHHBIX onblTa. Hanummre ypaBHEHUs peakliy MOJIy4€HUs KOMIUIEKCHOTO
COEIMHEHMS, €r0 JUCCOLUAIMH, a TAKKE BbIPAXKEHUS KOHCTAHThl HECTOMKOCTH.

0) CuHTEe3 KOMIUIEKCHOTO coeMHeHHs — CynbdaTa Terpaammuamenu ([1[])

[Tpubopk! 1 peakTUBEL: Bechl TeXHO-XUMUYECKue, BOpoHKa broxuepa, gpapdoposas cTyrika,
BOJOCTPYHHBINA Hacoc, cTakaH eMKOcTbio 100 M1, MepHbIH IIMIIMHAP eMKOoCcThIo 100 M,
kpuctaunueckuii CuSO4-5H20,3tanon, 2 H. pactBop BaCl2, 25%-Hb1it pacTBOp aMmMHaKa.

Brinonnenue padotel. Paccunraiite 00beM pacTBOpa aMMuaka, HEOOXOIUMBIN JIJIst
MOJTyYeHUST KOMIUIEKCHOTO coeinHeHusl. OTMephTe MEPHBIM LWJIHMHIPOM BJIBOE OOIBIINI 00beM
pacTBopa aMMHaKa, BbUICHTE ero B cTakaH U pacTBopute B HeM 5 T CuSO4-5H20. 136b1TOK
aMMHaKa CIIOCOOCTBYET YBEJIIMYCHHUIO BBIX0/1A MPOYKTA, TAK KAK YMEHBIIAET PACTBOPUMOCTD
KoMIuiekcHoM conu. K momydennomy pactBopy no6aBbte 10 Mi1 3TaHOJIa U OCTaBbTE PaCTBOP ISt
Kpuctaum3anun Ha 20-25 MuayT. OTQUIBTPYiiTE BRINIABIINE KPUCTAILIBI HA BOPOHKE broxHepa n
MIPOMONTE JIBA pa3a CMEChIO PaBHBIX 00HEMOB 3TaHOJa U 25%-HOTO pacTBOpa aMMHAKA.
[Tonyuennsie kpucramisl BeicymuTe npu 50-60 0C B Tedenne 20 MUHYT, OXJIaUTE U B3BECHTE.
PaccunraiiTe BBIXOJ TPOIYKTA.

3anuch JaHHBIX onblTa. Hanummre ypaBHeHMs peakluy NOJy4yeHUs] KOMIUIEKCHOTO
COEIMHEHMUS, €T0 JUCCOLMAIUH, a TAKKE BhIPAXKEHUS KOHCTAHThl HECTOMKOCTH.

JlaGopaTtopHnast pabota Nel4. OmnpezeneHne )KeCTKOCTHA BOJIBI

JKecTkocTh BOJIBI 3aBUCUT OT IPUCYTCTBUU B HEM CHUJIEH IBYXBAJIEHTHBIX METAIUIOB,
MIPEUMYIIECTBEHHO MarHus M Kajbls. MbIIO B )K€CTKON BOJIe HE MBUIMTCS (HE 1aeT MEHBI), TaK
Kak 00pa3yloTcsi HepaCTBOPUMBIE B BOJIE KAJIbLIMEBbIE 1 MArHUEBBIE COJIN KUPHBIX KUCIIOT.
JKectkas Boxa He IPUTOIHA JUISl TUTaHUS APOBBIX KOTJIOB, HE UCIIOJIB3YETCS B XMMUYECKON
TEXHOJIOTHH.

Pa3nnuaroT )XeCTKOCTh BPEMEHHYIO M IIOCTOSIHHYI0. BpeMeHHast )KeCTKOCTh
00ycIoBJIEHa MPUCYTCTBUEM B BOJIE THPOKAPOOHATOB U YCTPAHSIETCS KUIITUYCHUEM, TIPU STOM
rUIpoKapOOHATHI IEPEXOAST B HEPACTBOPUMbIE KApOOHATHI:

[TocTosiHHAS KE€CTKOCTh 00YCIIOBJIEHA IPUCYTCTBUEM B HEl CyIb(haToOB U XJIOPUIOB
KaJblMs U MarHus. Ee ycTpaHsioT XMMUYeCKMMHU METO/IaMH, OCHOBAaHHBIMH Ha BBE/IEHUH B BOAY
peareHnToB, oboramaronux ee annonamu CO32- u OH- — B pe3ysnbTare 00pa3yroTcs
marnopactBopuMbie CaCO3 u Mg(OH)2. Ins sToro Bogy 00padaThIBatOT raieHoi H3BECThIO W
COJIOH:

Jlist ynaneHus: HOHOB KalbIIHs U MAarHHsI MOKHO IPUMEHATH (hocdaTsl HATpuUs, Oypy,
MoTall 1 Jap.



CyMMa BpeMeHHOM (yCTpaHsSIeMOM) U TTOCTOSTHHOM KECTKOCTH COCTABIISIET OOITYIO
KECTKOCTH BOJIBI.

a) OnpeneneHue BpEMEHHOM KECTKOCTH

Bopna, cogeprkamiast ruipokapOOHAThI KaJbIM U MarHHs, UMEET MIET0OYHYIO PeaKIuIo,
orpeiesieHue KapOOHATHOM KECTKOCTH MTPOU3BOAUTCS HEMOCPEICTBEHHBIM TUTPOBAHHEM BOJIBI
XJIOPOBOZOPOAHOM KHCIOTOW B IPUCYTCTBUH MHAUKATOPA — METHIIOBOTO OPAHKEBOTO.

Metoauka. OTMEpPHUTh MUMETKON YKa3aHHBIN MpenoaBareneM 00beM UCCIeayeMOi
BoibI (50-100 M) 1 IepeHecTH ee B KOHMYECKYI0 KOOy auist TutpoBanus. Jlo6aButh 2-3 karmu
WHIMKATOpPa METHIIOBOTO OPAHXKEBOTO, B IPUTOTOBIICHHYIO 3apaHee OropeTky HamuTh 0,1 H.
TUTPOBAHHBII PACTBOP XJIOPOBOIOPOTHOM KUCIOTHI. Y CTAHOBUTH YPOBEHD Ha HYJIEBOE JCIICHHE U
0 KaIUISIM MTPHJIMBATh XJIOPOBOJAOPOJIHYIO KHCIOTY IO U3MEHEHHSI OKPACKU PACTBOPA OT KEITOU
710 OpaHKEBO-p0o30BOH. OrpenenuTs 00beM U3PacX00BaHHON Ha TUTPOBAHUE XJIOPOBOIOPOTHON
KHCJIOTHI ¥ 3aIiCaTh ero B Ta0umily. TUTpoBaHKE MOBTOPUTH €IIIE /1BA pa3a, KAl pa3 J0IHBas B
OIOpPETKY KHCIIOTY JIO HYJICBOTO JICJICHUS M OTIOJIACKMBasi KOJIOOYKY JIJIsl TUTpOBaHUs. PacxoxneHne
B 00bEMe KUCIIOTHI IIPU TUTPOBAHHUH HE TOJDKHO mpeBbimath 0,05 mMi. Pe3ynbraTsl omnbiTa 3anucath
B TaOIUILY:

Ne turpoBanus O6bem numnerku-oobeM H20 (V1), mn O6bem pacteopa HCI,
MOLIE/IIEro Ha TUTpoBaHue, M CpenHuii oo0beM pactBopa, HCI (V2), Mt HopmaneHOCTB
pactBopa HCI,

BpemeHHy10 %KeCTKOCTh BOBI (B MOJIb 9KB/J) PACCUUTHIBAIOT 1O (opMyIie

0) OnpenencHue oOIIEH )KECTKOCTH

B Hacrosiiiee Bpemsi )KeCTKOCTb BOJIbI ONIPENENIAI0T KOMILIEKCOMETPUYECKUM
METOZOM ¢ IIpuMeHeHneM peaktuBa D/ TA.

Metoquka.  3amoiHUTH Or0peTKy TUTpoBaHHBIM pacTBopoM D/ITA (0,02 H.).
OTMepuTh NUMNETKOHN yKa3aHHBIN NpernojaBareneM 00beM aHATU3UPYEeMOI BOJIbl M IEPEHECTH €€ B
KOHHYECKYIO KOJIOY /Uit TATPOBaHUA. J{oMUTh AMCTHIIIMPOBAHHOM BO0 10 oOmiero oobema 100
M (BOJY OTMEpHUTh MeH3ypKoii). JlobaButh 5 Mt OydepHoro pacrsopa ( NH3+H20 +NH4CI) ns
nojaepxanus pH B unrepaie 9-10 u 2-3 xamim UHAMKAaTOpa — 3PHOXPOMA YEPHOTO, IPU KOTOPOM
pacTBOp OKpacHuTcs B KpacHbI 1BeT. [lepemeniaTs pacTBOp U Cpa3zy TUTPOBATh U3 OIOPETKU
pactBopom D/ITA no nepexoaa KpacHOM OKpacku B CHHIOI. TUTpOBaHUE MMOBTOPUTH 3 pa3a, KaK B
omneite (a). Pe3ynbraThl 3anucars B TaOIHULLY.

OO11y10 KECTKOCTH BO/IBI (B MMOJIB/3KB/JI) pACCUUTBIBAIOT 1O (OopMyIie

Breraucnutb MMOCTOAHHYIO JKCCTKOCTb:
KectrocTh nocrosaHas = JKeCTKOCTh 06111351 - XectkocThb Kap6OHaTHa$I.

JlaboparopHas pabota Nel5. CkOpOCTh XUMHUYECKUX PEAKIUI

[TpuGops! u peaktuBbl. MeTpoHoM. TepmocTar (Tpu ctakaHa emkocTbio 200-250 M) u
KpBIIIKAa K HEMY € OTBepcTUsaMHU Juist ipodupok. Tepmomerp Ha 100 C. CrekiissHHas nanoyka,
MUIIETKU KarelbHble, PUIbTpOBalibHAs Oymara, Inareib, Jy4YuHa, LUl TUTeJIbHbIE, CTYIIKA C
MECTUKOM, CYIb(PUT HATPHS (KPUCTALTUIECKUN ), IBYOKUCh MapraHila, KapOOHAT KaabIUs
(men),amoMuHUHN (poJibra U MOpoIoK), Hoa(kpuctanauueckuil). PactBopsl: Mogara natpus (0,02
H.),Tuocynbdata HaTpus (1H.),cepHOI KUCIOTHI(2H. ),COISTHOW KUCIOTHI (KOHII. ),KpaxMaJlbHOTO
KJeicrepa, nepexkucu Bogopoaa(10%-Hoii).

OmneiT 1. BinssHME KOHIIEHTPAlMM XMMUYECKHUX BEIECTB HA CKOPOCTh XUMHUYECKOU
peaKuruu B TOMOT€HHOU CHCTEME

a) BzanmmonelicTBre noaata HaTpHs C CYIbL(OUTOM HATPHS B KUCIIOH Cpeie.

[Tpu B3auMoOIeHCTBUY HOAAaTa HATPUS C CYIb(OUTOM HATPHUS B IPUCYTCTBUU KHUCIIOTHI B
pacTBope 00pa3yroTcs CepHHCTas U HOHOBATAas KHUCIOThI, KOTOPbIE pEarupyroT MEXAy co00ii:



C MOMEHTa MOSBJIEHMSI B paCTBOPE MOAUCTOrO BOAOPOA, apaJIeIbHO MPOTEKAIOT 1Ba
npouecca:

[Tpu 3TOM nocneaHsAs peaklus UAeT 3HaYuTeIbHO ObIcTpell Bropoid. IlosTomMy nosiBneHue B
pacTBOpe CBOOOJHOIO H0/1a MPOUCXOAUT TOJIBKO M1OCIIE OJIHOTO OKUCIIEHUS] CEPHUCTON KUCIIOTHI.
C yBennyeHreM KOHLEHTPALMK N01aTa HATPHUS IPONOPLUUOHAIBHO YBEINYUBACTCS KOHIEHTPALUs
JOIHOBATOM KMCIIOTHI, a CJIE0BATEIIbHO, U CKOPOCTH COOTBETCTBYIOLIETO MpOLIECCa,
IIPOTEKAOILETO € €r0 YYaCTHEM.

Havanom peakuuu ciieyeT CYATaTh MOMEHT CJIIMBAHMS PACTBOPOB, & KOHIIOM- MOMEHT
MOSIBJICHHSI B PaCTBOpPE CBOOOIHOTO oaa. Brinenenue qake HE3HAYUTEIBHOTO KOJTUYECTBA
CBOOOHOTO i0/1a JIeTKO OOHAPYKUBAETCS B IPUCYTCTBUU Kpaxmalia, Tak Kak B Pe3yJbTaTe
00pa30BaHMs UHTEHCUBHO OKPALICHHOTO COeIMHEHUS, PACTBOP MPHOOpETaeT CHHUH IIBET.

Brimonnenue paboTel. B 1ByX CyXHX KOHUYECKUX MPOOMPKAX MPUTOTOBUTH OJIMHAKOBBIC

O0beMbl pacTBOPOB MOJaTa HATPUS Pa3IMYHON KOHIIEHTpauu. [y 3Toro B epByro
npobupky BHecTH 2 karu 0,02H. pacTBOpa MoaTa HaTpUs U 6 Kareib, JUCTUIUTMPOBAHHON BOJIHI ,
BO BTOPYIO MPOOUPKY- 4 Karui Hojaata HaTpus U 4 Karui BoJsl. TakuM 00pazom, pHu 0ANHAKOBOM
o01mieM o0beMe pacTBOPOB HOJaTa HATPHS, COJIepKaHKe (KOHLIEHTPAIHS) TIOCIEHETO BO BTOPOM
ciydae OyzeT B JBa pasza 0oJbliie, ueM B nepBoM. CiieoBaTeIbHO, €CIH YCIOBHO 0003HAYNM
MOJIIPHYIO KOHIIEHTpauio uoaara B mpoodupke Nel C moib, To B mpodupke No2 Oynaem uMeTh
koHUeHTpauuto 2C Moib. PacTBOphI epeMeliaTh CTEKJISHHBIMU MaJIOUKaMU, HE BBIHUMAs UX U3
POOUPOK.

[TpUroTOBUTH BOCCTAHOBUTEIBHYIO CMECH, JISl UETO JIBa MUKPOIIIIATENs CyIb(uTa HATpHS
BHECTU B KOHMYECKYIO IPOOMPKY U pacCTBOPUTH B JAECATU Kallisix BoJbl. B pactBop nodasuts 10
Karejb CBEXKENPUTOTOBIEHHOIO KpaxMaia U JBE Karuld 2H. CepHOM KucnoTel. CMech pa3Mmelarhb
CTEKJIIHHOM NaJ0YKOW. BKIIIOUMTE METPOHOM. BHECTH OHY KAIUIIO PUTOTOBJICHHON
BOCCTAaHOBUTENbHON cMecH B TpoOupky Nel. Cunras ygapbl METpOHOMA, U3MEPUTH BPEMS OT
MOMEHTa J0OABJICHUS BOCCTAHOBUTEIHLHON CMECH JIO MOSIBICHUS B pACTBOPE CHHEW OKPACKH.

TakuM jxe 00pa3oM BHECTH OJHY KaIUII0 BOCCTAHOBUTEIbHOM cMecu B pooupky Ne2,
cuntas yjnapsl MeTpoHoMa. COnoCTaBUTh Pa3Inyie B KOHLIEHTPALUK NO/1aTa HATPUS C pa3InuueM
BpPEMEHH TE€UEHMsI peaklnu (TIosBIIeHUE CUHENW OKpackH) B mpobupkax Nel u Ne2.

3anuch JaHHBIX ONBITA. JlaHHBIE OMbITA 3aMIMCaTh B BUJIE€ TaOIUIIbI, B KOTOPOU yKa3aTh
HOMEp IPOOUPKH, KOJIMUYECTBO MO/AaTa HATpUs (KOHIIEHTPAIUS B YCIOBHBIX €JUHUIIAX) U BpeMs
peakuuu (0TCYEeThl METPOHOMA). 3aMKcaTh COOTBETCTBYIOIMINM BbIBOI. Kak U3MeHMIIach CKOPOCTh
peaxkuuu ¢ U3MEHEHHEeM KOHLIEHTpalui o1aTa HaTpus?

0) B3aumopeiictBue TvocyibhaTa HaTpUsS C CEPHONU KHCIOTOM.

Peakuus TvocynbgaTta HaTpHUs C CEPHON KUCTIOTOM MPOTEKAET M0 YPaBHEHUIO:

Beimonnenue padotsl. [IpensapurensHo mpoaenaTh KaueCTBEHHBIN OTBIT, 7S YEro B
npobupky BHecTH 5-10 kanens 1H. pacTBopa THOCYIb(aTa HATpUs U 3-5 Kamnenab 2H. pacTBOpa
cepHoil kucnoTel. HabmonaTh nosisneHue cnadboi onajieclieHlny U JajabHeiiee IOMyTHEHHE
pacTBopa OT BhITIABIIEH CBOOOTHOM CEPHI.

[TpuroToBUTH TpU pacTBOpa THOCYIb(haTa HATPHUS Pa3INIHON KOHIIeHTpauu. /st aToro
BHYTPb CyXUX KOHHYECKUX NMPOOUPOK BHECTHU: B NIEPBYIO- 4 Karuin 1H. pacTBopa THOCYIb(aTa
HaTpus U § Karelb BOJbI, BO BTOPYIO — 8 Karelb THOCYNIb(aTa HaTpus U 4 Karid BOJIbI, B TPEThIO —
12 xamenb TOro ke pacTBopa THOCYJIb(aTa HATPHSI.

(ITepByto 1 BTOpYIO MPOOUPKU OCTOPOKHO BCTPAXHYTH.) Takum 06pazoM, B OJJUHAKOBBIX
o0BbeMax MOJIyYeHHBIX PACTBOPOB OYIET COAEePKAThCS pa3IMYHOE YHCIIO MoJiel THOCYb(haTa
Hatpusi. Ecim yciioBHO 0003HaYUTh KOHIICHTPAIMIO THOCYIIb(aTa HaTpHs, TO B mpodbupke Nel- C
MOJTb, B ipooupke Ne2- 2C moib, B Ne3-3C moib.

Bxurounts MeTpoHOM. B mpo6upky Nel no6aButh 0Hy Karuito cepHoil KucioTsl. Cuntast
yZAapbel METPOHOMA, U3MEPUTH BPEMsI OT MOMEHTA J100aBJIEHUS! KUCIIOTHI JI0 MOSIBJICHHSI B paCTBOpE
3aMeTHOM onanecueHuuu. Tak ke 106aBUTh 10 OJJHOM Karuie 2H. CepHOI KUCIOTHI B TpoOupku Ne2
n Ne3, cuuraTh yaapsl METPOHOMA JI0 TIOSIBJIEHUS B PACTBOPE ONAJIECLICHIINH.

3anuch JaHHBIX ONbITA. J[aHHBIE OMBITA 3aHECTH B TaOJIHILY:



Ne mpoGupku

(mabmrogenus) Uwmcso Kamenb pacTBopa

trocynbdara Hatpus Yucio kamenb Boasl UKCIIO Kareib CepHOM KUCTOThI
OO6mwmit 00BeM pacTBopa (YHCIIO

karesnb) Konuentpauus tuocyibdaTta HaTpHs ,

MoJib Yucio ynapoB MerpoHomMa CKOPOCTh peakliy B YCIOBHBIX

equHunax, 1/t

148113C

2841132C

312-1133C

Haueptuts rpaduk, WITIOCTPUPYIOMNN 3aBUCIMOCTh CKOPOCTH PEAKLIMU OT KOHIIEHTPAIUH
OT KOHLIEHTPAIH pearupyronmx Bemects. Ha ocu abciuce OTa0KUTh B ONpeieIeHHOM MaciTade
OTHOCHUTEJIbHBIE KOHLIEHTPAIH THOCYIb(aTa HATPHsl, HA OCH OPJIUHAT — COOTBETCTBYIOIINE UM
CKOPOCTH (B YCJIOBHBIX €IMHUIIAX).

OIIBIT 2. BiiussHue TemnepaTypbl Ha CKOPOCTb XUMUYECKOW PEAKI[UU B TOMOI'€HHOM
CUCTEME.

Boinonnenue pabotsl. [Ipurorosuts Tpu TepmoctaTta:Nel, Ne2, Ne3, nsust uero B Tpu
crakanuynka Ha 200-250 M HanoHUTh Ha 2/3 Bogoi. CtakaHunk Nel ocTaBHTB Ha CTOJIE MIPH
KOMHaTHOU Temneparype. Temneparypy Bojabl u3Meputb TepmoMeTpoM. Ctakanuuk Ne2 u Ne3
[IOCTaBUTh Ha aCOECTUPOBAHHBIE CETKU, TOMEILIEHHbIE Ha KOJIbLa IITaTuBa. [1o Kax1yto ceTKy
noctaBuTh ropenky. Harpers B crakane Ne3 Boay Ha 100C Bbile TemnepaTypsl BOJIbI UEM B
crakaHe Ne2. YMEHbIINTD IJ1aMs TOPETIKU B 000MX CIIydasiX U OTPETyJIMPOBATh IIaMsl TOPENIKH TakK,
9TOOBI TeMIIepaTypa BOJIbI OblIa MOCTOSTHHOM. Kax 1l CTaKaHYMK TOKPBITH KAPTOHHOW WIIH
TOHKOU JE€PEBSHHOM KPBILIKOW C TpEMS OTBEPCTUAMU. B OHO M3 OTBEpCTUH KaXI0r0 TepMOCTaTa
MTOMECTHTH HEOOJIBIION TEPMOMETP, KOHEI] KOTOPOTO TIOTPY3HUTh B BONLY, B APYrO€ OTBEPCTHUE -
KOHHMYECKYIO MPOOUPKY C 2H. paCTBOPOM CEPHOM KUCIOTHI M OMYIIEHHOMN B HETO MUIETKOM, B
TpeTbe OTBepcTHe- TpodupKy ¢ 10 kamsimu 1H. pacTBOpa THOCYIb(haTa HATPHUSL.

Uepes 10-15 muH. BKIr0YUTH MeTpoHOM. He BbIHMMAas MpoOupKy ¢ THOCYIb(aToM U3
tepmoctaTta Nel. J1o6aBUTh B Hee OJHY KaIlIlO 2H. CEPHOM KUCIIOTHI U3 POOUPKH, HaXOsAIIeHcs B
TOM ke TepMocTare. CunTas yaapbl METPOHOMA, U3MEPUTH BPEMs OT MOMEHTa J00aBJIeHUS
KHCJIOTHI /10 MOSABJIEHUS 3aMETHON onaieclieHIIMH. [I0BTOPUTH OMBIT ¢ pacTBOpPOM THOCYJb(haTa
HaTpus B TepmocTaTax Ne2 u Ne3. [IpousBecT OTCUET BpEMEHH TEUEHMSI p€aKLUU 10 METPOHOMY,
KaK 1 B IEPBOM CIIy4ae.

3anuch JaHHBIX onbITa. [lomyyeHHbIe JaHHbBIE 3aHECTH B CIEAYIOLIYIO TaOIHILy:

Ne nabnronenus t onbita B rpagycax Lenscus Bpemst Tedenus peakuuu (4Ucio yaapoB
cexkyHomepa) CKOpoCTh B YCTIOBHBIX €IUHUIAX, 1/t

Cnenatb BBIBOJ O 3aBUCMMOCTH CKOPOCTH XMMUYECKOM peakIi OT TEMIIEPaTyphl.

OmneiT 3. BiinsgHMe KaTanu3aTopa Ha CKOPOCTh XUMHYECKOW PEaKIIMH.

a) Kartanutudeckoe BIMsHUE BOJBI HA PEAKIIUIO B3aUMOICHCTBHSI ATFOMUHUS C HOJIOM.

Brimonaenune paboTsl. B mummHapudeckyro mpoOupKy BHECTH MUKPOIITIATEIEM HEOOIBIIIOe
KOJINYECTBO MOPOIIKA ATFOMUHUS U MEJIKO pacTepThli ioJ1. PazMeniath Bce CTEKISTHHOW MAIOYKOM.
OTMeTUTB, YTO peakuus MouTH He uaeT. [[06aBuTh B IpOOUPKY OHY



Karutio BoAbl. OTMETUTH, KaK BIUSET 100aBlIeHUE BOJIbI HA CKOPOCTh TEUEHUS TaHHOM peakluu.
3anuck JaHHBIX ombITa. Bee HabmroaeHus 3anucaTh B )xypHai. Hamucars ypaBHeHue
peaKIUK B3aMMOAECHCTBUS aTIOMUHUS C HOJIOM.

6) Karanutuueckoe pasnokeHrue NepeKrucH BOJOPOIa.

Brmonnenue pabotsl. B konndeckyro npoOupky BHectu 3-5 kamnens 10%-ro pactBopa
nepekucH Bojgopoaa. OTMETUTD, YTO B OOBIYHBIX YCIOBHSIX Pa3JIOKEHUsI IEPEKUCH BOJIOPOIA HE
HaOJIroaeTcs.

K pactBopy nepekucu Bogopo/ia 100aBUTh HECKOJIBKO KPYMUHOK JIBYOKHCH Mapranua. Yro
HaOmonaetcs? [logHecuTe TIeroMyIo Jy4YuHy K Topiay npooupku. Kakoi ra3 Beiaensercs?

3anuch JaHHBIX onbiTa. Bee HabM0gaemMoe onucath, OTBETUTH Ha Borpockl. HamucaTth
YpaBHEHUE PEAKLUN PA3JI0KEHUSI IEPEKUCU BOJOPOJIA.

VYkazarp pazinuue B CKOPOCTU PEAKIIMH PA3JIOKEHUS IEPEKUCH BOJOPOa MPU OTCYTCTBUH
JIBYOKHCH Maprasiia u rnpu ee aodasieHuu. Kakoro 3HaueHue AByOKMCH MapraHiia B 3TON peakIuu.

OmnbiT 4. BiusHue BeJIMUMHBI TOBEPXHOCTH PEATUPYIONINX BEIIECTB Ha CKOPOCTh
XUMUYECKON PEaKIMU B FETEPOreHHOM CUCTEME.

a) ['opeHre MeTAIITNYECKOTO aTFOMUHHS.

Breinonnenue pa®otel. B34Th TUTEIBHBIMY IIMIIIAMA MAJICHBKUN KYCOUEK aJIFlOMUHUEBOU
(OJIEIY ¥ BHECTH €T0 B TUIaMs TOpelki. OTMETHTh, YTO TOPCHHUSI ATFOMUHUS HE HAOTIOAaeTCS.

B 370 %€ miams BHECTH MEJIKUH MOPOIIOK aIFOMUHUSA. [{151 3TOTO ciaeayeT B3sTh
HEOOJIBIIIOE KOJIMYSCTBO ATFOMIUHHEBOTO MTOPOIIIKA IITIATEJIEM U TMOCHIATh Ha TUTAMS TOPEIIKH.

3anuch qaHHBIX onbiTa. OTMETUTH HAOIIOIaeMOE SIBIICHUE, HAITMCATh COOTBETCTBYIOIICE
ypaBHEHHUE PEAKIIUU U CIEIaTh BBIBOJI O BIMSHUU BETUYMHBI IOBEPXHOCTH PEATHPYIOILIETO
BEIIIECTBA HA CKOPOCTh PEAKIIUH.

0) PacTBopeHune kapOoHaTa KaJlbLiis B COJIIHOM KUCIIOTE.

Brinonnenue padotel. B34Th /1Ba, 110 BO3MOXHOCTH OJJMHAKOBBIX KYCOUKA MeEJIa, BETUYUHOMN
¢ roporHy. OJIUH U3 HUX PAcTOJIOYh HAa KyCOUYeK (PUIBTPOBATBHON OyMaru U CTCKISTHHON
MaJI0OYKOM U3MENBYHUTH €r0 B TOPOIIOK. [lomydeHHbIN TOPOIIOK TOMECTUTh B KOHUYECKYIO
npobupKy. BTopoii Kycouek Merna IeTMKOM OIYCTHTh B APYTYIO MpoOupKy. B 06e mpobupku
OJIHOBPEMEHHO J100aBUTh OAMHAKOBOE Koyin4uecTBO (10-20 xamnesnb) COISTHON KUCIOTHI INIOTHOCTHIO
1,191/cm.xy6. HaGmtonaTe mostHOE pacTBOPEHHE MeTa.

3anuck gaHHBIX onbiTa. OnucaTk Bce HaOmoaeHus1. Hanmucats ypaBHeHHE
COOTBETCTBYIOIIEH peakiuu. OObSICHUTh, TOYEMY CKOPOCTh PACTBOPEHHMSI MEJIa B 3THX JIBYX
Cllydasix pa3jinyHa.

JlaboparopHnas padota Ne 15. BiussHre u3aMeHeHus1 KOHIIEHTPAUU pearupyollirX BEIIECTB
Ha CMCIICHNEC XUMHUYCCKOT'O PAaBHOBECHA

TIpuGops! u peakTuskl. YeThipe KoHMUYecKue npodupky. CTeKISHHbIE Manouku. Hoanas
Bosia. PacTBopH! xsopuaa TpexsaneHTHOro xenesa (0,00251), pactBop pomanuaa kamnus (0,0025H),
MBIIIBSIKOBHCTAsA KUCIIOTA, KpaXMalbHBIN KJeicTep.

Omnpit Nel. CMernieHre paBHOBECHSI 0OpaTUMON peaKIuU MEXY XJIOPHBIM JKEJIE30M U
POJIAaHUCTBIM KaJIUEM.

Brmonnenue pabotsl. B yetsipe koHnyeckue npodbupku BHecTH no 5-7 karu 0,00251
pacTBOPOB XJIOpHIA TPEXBAIEHTHOI'O JKeJle3a U polaHu1a Kanus. PacTBopsl pazmemaTsb
CTEKJISTHHOW MaJIOYKOW M MOCTaBUTh B MITaTUB. OHY NPOOUPKY OTIOKHUTb, ISl CPAaBHEHUS
pe3yNbTaTOB OMbITAa. B ocTanbHble MPOOUPKH 100aBUTH CIIEIYIOIINE PEAKTUBBI: B IEPBYIO-1 Karuio
HACBIIIEHHOTO PACcTBOpA XJIOPUA TPEXBAIEHTHOT'O JKeJjle3a, BO BTOPYIO- | KaIlIro HAaCBILIEHHOTO
pacTBopa pojlaHu/a Kalus, B TPETbIO- HECKOJIbKO KPUCTANIMKOB XJiopuaa kanus. CpaBHUTh
MHTEHCUBHOCTh OKPACKH MOJTYYEHHBIX PACTBOPOB C MHTEHCUBHOCTHIO OKPACKH 3TAJIOHA.

3anuch JaHHBIX OMBITA. 3anucaTh CBOM HaOmoaeHus. CoCTaBUTh ypaBHEHHE
COOTBETCTBYIOIleE OOpaTUMOM pPEeaKIMK U HAaIucaTh BHIPAYKEHUE /ISl KOHCTAHThI €€ PaBHOBECHS.

1.Kakue BemecTBa HaXOASATCS B UCCIEAYEMOM PACTBOPE MPU COCTOSTHUM PaBHOBECHS?



2.Kakoe BelecTBO NpUAaeT paCTBOPY KPaCHYIO OKpacKy?

3.Kak n3meHsieTcs HHTEHCUBHOCTh OKPAaCKH pacTBOPa, M B KAKOM HAINPABIEHUH CMEIAETCS
paBHOBecHE JaHHOW PaBHOBECHOI CHCTEMBI IPH 100ABICHUU: a) XJIOPUIA TPEXBAIIEHTHOTO
xKenesa, 0) poJlaHu1a Kallvs, B) XJIOPHUIa KaJHs?

Kaxk u3meHsercs npu 3T0M B KaKJIOM OTJEIbHOM Clly4ae KOHIIEHTPALMN KOMIIOHEHTOB
PaBHOBECHOM CHCTEMBI: a)poJlaHuIa Kene3a, 0)XJIopuaa Keesa, B)XJIOpUIa TPEXBAIIEHTHOTO
xKelesa, T)poJaHuAa Kallks M0 CPAaBHEHUIO C UX KOHIICHTPAIUSIMH MPU YCTaHOBJICHUU
MIEPBOHAYAJIBHOI'O PaBHOBECHS?

Ompit 2. CMelieHue paBHOBECHUSI 0OPaTUMOTO MpOoIlecca OKUCICHUS MBIIIbIKOBUCTON
KHUCJIOTEI HOJIOM.

OOpararbcest ¢ COEeTMHEHUSIMU MBILIBSKA CIEIyeT OYeHb OCTOPOXKHO, T.K. OHU SIFOBUTHI.
MBIIBSIKOBHUCTBIE TIpenapaTsl JIAOOPAHT BBIAAET CTYACHTY HEMOCPEACTBEHHO MEpe]] MPOBEICHUEM
OITIbITA.

Brimonnenue pabotel. BHeCTH B KOHUYECKYIO MPOOHPKY S5 Kareab HOAHOM BOABI U 2 KaIlIx
CBEXKEIPUTOTOBICHHOTO pacTBopa Kpaxmaina. K monyueHHOMYy cuHeMy pacTBopy 100aBuTh 1
KAaIlII0 pacTBOPa MBIIIBbSIKOBUCTON KUCIOTHL. OTMETUTh NCUE3HOBEHUE CUHEN OKPACKH, IIPH 3TOM
MpOTEKaeT 00paTuMasi peaKiiys.

K obecuiBeueHHOMY pacTBOpY 100aBUTH 5-6 Kareab MBIIIbIKOBOI KHUCIOTHI. 3aIlliCh
JTaHHBIX OnbITa. OTMETUTH U OOBSICHUTH HAOJII01aeMbI€ SIBIICHUS ,B YACTHOCTH, NICUE3HOBEHUE
CHHEH OKpacKu U MOsBICHUE €€ BHOBD (OKpacKa MOSBISETCS MEJICHHO).

3. OuenuBanue pe3ynbTatoB copmupoBannoctu kommereHmu OITK-6.1

MeTtonnyeckue peKOMEHAANU 110 HAIMCAHUIO KypCOBOM paboThI

KypcoBas pabora no aucrummuie «Heopranndeckast XUMUsD» SBISIETCS IEPBOI
o UIHATTEHOM, CAMOCTOSTEIILHOM, TBOPUSCKOH ¥, B HEMAJION CTEIICHU, HAYYHO-HUCCIIeIOBATEIILCKON
pabotoii crynenToB. Ee onieHka HaydHBIM pYKOBOAHMTEIEM (DUKCUPYETCS B 3a4€THOW KHUKKE U
BIIOCJIEJICTBUU BBICTABJISETCS B TUILIIOM. boiiee Toro, MaTepuaisl KypcoBOil paboThl MOTYT OBITh
HCII0JIb30BaHbI CTY/IEHTOM B €ro JaJbHEeWIIel HayqYHOU U y4eOHOH 1eATeNbHOCTHU: PU OTOTOBKE
Hay4YHBIX JOKJIAJ0B JUIsl BHICTYIJICHUS HAa pa3IMuHbIX KoH(pepeHuusx. KauecTBeHHO
MIOATOTOBJIEHHAsI KypcoBas paboTa MOXKET CTaTh EpPBOHAYAIbHBIM (DYH/IaMEHTOM BBIITYCKHOM
KBaJIN(DUKAIIMOHHOM pabOThI M BIOCIEACTBUM JaK€ MarCTEPCKOM MM KaHIUAATCKON
JUCCEPTALUH.

3a1auM HalMcaHUsl KypcoBOM paboThI:

1.IIpnoOpereHre HOBBIX TEOPETUUECKUX 3HAHUN B COOTBETCTBUH C TEMOU pabOThI U
3aIaHMEM PYKOBOIUTEIS;

2. ®opMUPOBaHUE y CTY/IEHTOB HABBIKOB U YMEHUU MPOBEAEHUS Pa3IMYHOIO Poja Hay4YHO-
HCCIIEI0BATENbCKUX padoT;

3. IToka3aTh yMeHUE CTYJIEHTOB HaXOUTh U aHAJIU3UPOBAThH PA3JINYHbIE UCTOUYHUKHU
y4e0HOr0 U Hay4yHOr'0 XapakTepa;

4. Hay4uTb CTyJI€HTOB IPUMEHSTH MOTYUEHHbIE HAa IEPBOM Kypce 00yUYeHHs 3HAHUS O
Pa3JIMYHBIX 3aKOHOMEPHOCTAX XMMUYECKHUX IPOLIECCOB;

5.IToka3zatb ciocOOHOCTH CTY/IEHTOB K TBOPUECKOM M HAyYHO-UCCIIEI0BATENbCKOM padoTe,
yMeHue (popMyJInpOBaHUS CaMOCTOATENbHBIX BBIBOJOB IO PELICHUIO TOW MM HHOM TeopeTHuYeCcKon
WM IPAaKTUYECKOH MPpoOieMbl, BO3MOXKHOCTh apI'yMEHTHPOBAThH CBOE 3aKJII0UEHUE;

6. BeipaOoTKa y CTyJICHTOB HaBBIKOB M YMEHUI MPaBUIbHO OQOPMIISATH IPOBEIACHHOE
HCCIIEI0BAHMUE;

7.CoBepIleHCTBOBaHUE MPO(ECCHOHANTBHOM MOJTOTOBKH OYAYIIHX CIIEIUATUCTOB.

K ocHOBHBIM TpeOOBaHUSAM, IPEIBABISIEMBIM K KYpCOBOI paboTe, OTHOCATCS:

1. KypcoBast paboTa J10J1’KHa ObITh BBIIIOJIHEHA CTYIEHTOM CAMOCTOSITEIbHO U HOCUTD
TBOPYECKUH U HAYYHO-UCCIIEI0BATEIbCKUM XapaKTep;

2. OHa 10J1KHA OCHOBBIBAThCSI HA aHAJIM3€E PA3IMYHOI0 MaTepuana, HauuHas OT
NEPUOINYECKOI U CIIPAaBOYHON U 3aKaHYMBasi HAYYHOU M y4eOHOM JITepaTypoii;

3. KypcoBas paboTa 1o/kHa ObITh IPaBUIBLHO 0(hOpMIIEHA, B COOTBETCTBUU CO BCEMH



TpeOOBaHUSIMU,

4. I3n0’keHHBI MaTepUa I0JDKEH ObITh XOPOIIO apryMEHTHPOBAHHBIM;

5.CtpykTypa paboThl JOJKHA OTIMYATHCS CTPOMHOCTHIO, JIOTHUECKOU MPOTYMaHHOCTBIO U
MIOJIHOCTBbIO COOTBETCTBOBATH 3asBJIEHHOM TeMaTHKe.

1.TIEPBBIN DTAII

1.1. Be16op Te€MBI KypCcOBOH PabOTHI

Temy KypcoBoiil paboTsl 1o aucuuiuinHe «Heoprannyeckas XMMHUsD MOXKHO BBIOpaTh
13 IPUMEPHOTO nepedHst TeM . Jlomyckaercss HanmMcaHue KypcoBoil paboThI U [0 TeMe, KOTopast
OTCYTCTBYET B IPUMEPHOM MEPEYHE TEM, HO TOJIBKO MOCIIE MPEIBAPUTEIHLHON KOHCYIbTAIIUN U
YTBEpPXKJACHUS € HayYHbIM pyKoBoauTeIeM. B mpoTuBHOM citydyae paboTa MOXKET ObITh HE 3aUTEHA.

1.2. Peructpanus TemMbl KypcoBOil paboThl U BEIOOP HAYYHOTO PYKOBOIUTEIS

[Tocrne TOro Kak onpeneIiich C HHTEPECYIONIEH TeMoi OyayIei KypcoBoi paboThI,
HE00XO0AMMO 3apETUCTPUPOBATH €€ Ha Kadeape HEOPraHNIECKON 1 aHATUTHYECKOW XUMUU.
JlybnupoBaHue TeM KypCOBBIX pabOT HE JIOIYCKaeTCsl, B CBSI3M C ATUM, PEKOMEHIYETCsl, KaK MOKHO
paHblIIe BEIOPATh U 3apPETHCTPUPOBATH TEMY KYPCOBOM pabOTHI.

1.3. KoHcynpTHpOBaHKE C HAYYHBIM PYKOBOJIUTEIEM

[Tocre Toro Kak BbI BEIOpaJIM TEMY KYpPCOBOW PabOThI, HEOOXOAUMO BCTPETUTHCS C
Hay4YHBIM PYKOBOJHUTENEM U POKOHCYIBTUPOBATHCS C HUM . /{7151 3TOr0o nogoiuTe B yachl
KOHCYJIbTAIlMH Balllero HAy4YHOrO0 PYKOBOJUTENS (BpeMsl U JaTy KOHCYJIbTalMi penojaBaTesien
Kadeapel MOKHO y3HATH Yy J1abopaHTa KadeaApsl IpY PETHCTPALMU TEMBI WIIM Ha CTEH/IE Kadeapsl),
YTOYHUTE TEMATHKY pa0dOThI, COTJIaCYHTE TUIaH KypCOBOM pabOTHI, a TAK)KE BBIICHUTE BCE
MHTEPECYIOIINE BaC BOIPOCHL. B CBA3M € 3TUM peKOMEHyeTcsl 3apaHee MOCMOTPETh
OTIpEeICIIEHHYIO JINTEPATypy MO TEME Ballel paboThl, COCTABUTh MPEABAPUTEIBHBIN TUIaH pabOTHI,
3anMcarh BCE HEMOHSATHBIE U MHTEPECYIOIME BAaC BONPOCH! U T.1.

HayuHblIil pyKOBOIUTENb OCYIIECTBIISET KOHTPOJIb 3a IIPOLIECCOM BBIIIOJIHEHUS
paboThI, a IO OKOHYAHUIO €€ IOJrOTOBKH MIPOBEPSET U JaeT Ha Hee PEIICH3HIO

2. BTOPOM DTATI

2.1. CocraBneHue miaHa KypcoBoi paboThbl

[Tman paboTHI — ATO IEpBOHAYATILHASI OCHOBA pabOTHI, OT IPAMOTHOTO COCTABJICHUS
KOTOPO# 3aBUCUT NMPaBUIbHOCTh HAIMCAHUS U TIOJTHOTA PACKPBITHS BBIOPAHHOMN TEMBI.
CocraBiieHre I1aHa — 3TO HEMpocTas 3ajada, TaK Kak [pH 3TOM YK€ He0OX0IMMO BIIaJICHHUE
MaTepuaioM 0 BEIOpAaHHOU TeMe KypCOBOM pabOTHI, M, KPOME TOTO, OH JIOJDKEH C OJTHOW CTOPOHBI
MIOJIHO PAacCKphIBATh COJIEPIKAHNE 3aBJIEHHON TEMBI, a C IpYroi HA0OOOPOT HE BBIXOAMTH 3a PAaMKH
npenMera uccienoBanusd. bonee Toro, miaH qokKeH ObITh JOTUYECKH BHICTPOCHHBIM, T. €.
MOCJIEZI0BATENBHO PACKPHIBATh 0003HAUYEHHYIO TEMY.

CornacHo ycTosIBLIEHCS TpaAUIMK 110 HAMCAHUIO HAyYHBIX pa0oT IJIaH JOJIKEH
COCTOSITh U3 BBEJCHMSI, IBYX-TPEX IJ1aB MO ABa-TpH naparpada B Kaxaoi (He JolycKaeTcs riaBa
0e3 pazneneHus XoTs Obl Ha JBa naparpada), 3aKIF0YeHUs U CITUCKA UCTIOIh30BaHHBIX HCTOYHUKOB
u utepatypsl. [Ipu 3TOM Ha/10 TOMHUTB, YTO Ha3BaHUE IV1aB HE JOJDKHO HU B KOEM Cilydae
MOBTOPSITh Ha3BaHUE TEMBI, a Ha3BaHME NaparpaoB — Ha3BaHUE TJIaB.

CTyneHT MOKeT COCTaBUTh IUIaH CaMOCTOSITENIbHO, HO TOT'/1a, KOHEUHO K€, TpedyeTcst
COTJIaCOBaHUE IMJIaHA C Hay4YHbIM pykoBojuTeneM. Kpome Toro, B rpoliecce HalmucaHus, B CBSA3H C
HaXO0XJACHUEM CTYJEHTOM WHTEPECHOTO MaTepHualia, a TakKe Mo JPYTHM MPUIHHAM, TUTaH PaOOTHI
MOJKET MEHATHCS U KOPPEKTUPOBAThCs. M B 3TOM cilydae Takke He0OX0IMMO IpeBapuTeIbHOE
COIJIacH€ HAyYHOTO PYKOBOJUTEIIS.

2.2. Tlog6op v aHAINU3 UCTOYHUKOB U JIUTEPATYPhI

OcHoBHast yacTh pabOTHI 10JIKHA ObITh OCHOBAHA HAa aHAJIM3€ Pa3IMUHBIX HICTOYHHUKOB
Hay4yHOro (pa3inuHble MOHOTpa(UH, CTaThH, TUCCEPTALIUU U aBTOpedepaThl AuccepTaiuii) u
y4eOHOT0 M1aHa (HampuMmep, YaeOHUKH WM YIeOHbIEe TTOCOOHS) KaK OTEUECTBEHHBIX, TaK U
3apyOeKHBIX aBTOPOB. JlaHHas nuTeparypa aubo Oepercs B oubanoreke, 11u60 u3 MaTepHET-
pecypcoB, T100 U3 IPYyruX UCTOUHUKOB.

Kpowme Toro, cTyieHT 10KeH oKa3aTh CIOCOOHOCTH MOUCKa HEOOXOAUMOMN
nH(pOpMaLUY JJI1 HATMCAHUSI UCCIIeI0BaHUS, [I0ATOMY B JAHHOM ITOCOOMH HE MPUBOJUTCS CIIUCOK



PEKOMEHAYEMOH JINTepaTypbl, TaK KaK HEOOXOAUMBbIE MaTepHasIbl CTYAECHThI JOJKHBI HAMTH caMu U
TEM CaMbIM IIPOJIEMOHCTPUPOBATH CBOU HAYYHO-HUCCIIE0BATEIbCKNAE HABBIKHU 110 TIOUCKY
nHpopMaIuu.

JIro6oe nuTHpOBaHKUE KaK HAYYHOM U yueOHOU IUTepaTypsl, TaK U MEPUOJUUECKUX U
CIPAaBOYHBIX U3JIaHUM, JOJKHO OBITh JOCIOBHBIM JINOO U3JI0)KEHHBIM CBOUMU CIIOBAMH,
MaKCUMaJIbHO NOBTOPSIOLIMMHU CMBICJI IEPBOMCTOUHUKA, a IOCIE KAXKA0T0 LIUTUPOBAHMS
00513aTeJIbHO CTAaBUTCS CChUIKA, B KOTOPOM yKa3bIBalOTCs BCE JaHHbIE 00 aBTOPE U UCTOUYHUKE
LUTUPYEMOTr0 MaTepuaa.

3.TPETUI DTAII

3.1. CtpykTypa KypcOoBOM pabOThI

CrpykTypa KypcoBoi paboThl JOKHA COOTBETCTBOBATh U30paHHOM Teme,
CIOCOOCTBOBATh €€ TIOJTHOMY PACKPBITHIO M PEILICHHIO TOCTABICHHBIX IIETH U 3a7a4. B cTpyKkTypy
KypCOBO# pabOTHI BXOAAT CICAYIOIINE JIEMEHTHI:

TUTyJIBHBIN JUCT.

Coneprxanue.

Bsenenue.

OcHOBHOE conepKaHne, BKITIOYAIOIIEe B CE0sl TEOPETHIECKYIO YacTh, KOTOpasi JIOJDKHA
coJiep’kaTh HE MEHee ABYX naparpados.

3aKiroueHue.

Cnucoxk HMCTOYHUKOB M JIUTEPATYPHI.

IIpunoxenus.

3.2. TpeOoBaHus K CTPYKTYpPHBIM 3JIEMEHTaM KypCOBOIl paOOThI

3.2.1. TurynpHbIi qUCT

TUTYNbHBIN JIUCT ABISAETCS MEPBOM CTpaHUILIEH KypCOBOM paOOThI U CITYKHUT
MCTOYHHUKOM HH(pOopMaImu, He0OX0IMMOH /17151 00pabOTKH U TIOMCKA JTOKYMEHTA.

3.2.2. Conepxanue

CopepxaHue BKIIOYAET BBEJCHIE, HAMMEHOBAHHUE BCEX Pa3JIEoOB, 0Ipa3/elioB,
3aKJIIOUYEHHUE, CIIUCOK MCIIOJb30BaHHbBIX UCTOYHUKOB U JIUTEPATYPBhl, IPUIIOKEHUS C YKa3aHHUEM
HOMEPOB CTPaHUL], Ha KOTOPBIX pa3MeIlaeTcsl Hauyajio MaTepuaia.

3.2.3. Breaenue

KypcoBast pabota HaunHaeTcs ¢ BBEJCHMS, OJHAKO 3TO HE O3HAYAET, YTO HAUMHATD €€
HamucaHue HeoOX0IMMO ¢ JaHHOTO pa3zena. Kak 3To He mapagokcallbHO 3ByYHUT, HO
PEKOMEHIyeTCsl IPUCTYIATh K HATMCAHHUIO BBEJCHUS B IIOCIIETHIOI O4Yepeb UITH, 110 KpaiHen
Mepe, Korza OyJieT 3aKOHUEHa CoJiepKaTesIbHas YacTh KypcOBOM pabOTHI .

Bo BBeneHun 0053aTeabHO JOHKHBI COAEPKATHCS YKa3aHUs Ha:

— aKTyaJIbHOCTb TE€MBbI UCCIIEIOBAHMS;

— 00BEKT KypcoBO paboThI;

— IIpeaMeT KypcoBOH paboThI;

— IIeJIN ¥ 33/1a4d UCCIIEOBAHNUS;

— METOJ0JIOTUYECKasi OCHOBA UCCIIEI0BAHUS;

— TeOpeTUYecKasi OCHOBa KypcoBOil pabOThlI;

— CTPYKTypa paboThl.

AKTyaJIbHOCTb TEMBI UCCIIEIOBaHUS. B TaHHOM paszerne yka3plBaeTcs 3HaUMMOCTh
IIPOBEJIEHUS UCCIIEA0BAHNS HMEHHO I10 IaHHOW TeME Ha COBPEMEHHOM 3Talle Pa3BUTHUSA
XUMHUYECKOH MPOMBIIUIEHHOCTH U XMMUYECKON HAayKH, a TaK)kKe 000CHOBBIBACTCS MO3MIIMS aBTOPa
10 BEIOOPY UM TeMaTHKH KypcoBoii paboTel. KpoMe Toro, 31ech MOXKET ObITh 3aTpOHYTa
MpaKTUYecKast U TeOpEeTUUECcKasi IICHHOCTh UCCIIeI0BaHNUs B BBIOpaHHOM HarnpasieHuu. OJHaKo
HE00XO0AMMO MTOMHUTh, YTO aKTYaJIbHOCTh HE JIOJDKHA 3aHMMATh CIUIIKOM MHOTO MECTa,
ONTUMABHBIA 00BeM cocTaBisieT 1/2 unu 2/3 cTpaHuIlbL.

[lenu n 3apaun nccnenosanus. Llenu uccnenoBanus NpeonpeaesIeHbl IPEAMETOM
KypCcOBO# pabOTHhI, HEITOCPEICTBEHHO BBITEKAIOT U3 HETO, a 33]]auH, B CBOIO O4epe/ib,
IIPEIONPEAEIIEHBI LIETBIO UCCIIE0BaHMsI. Yalle BCero 1eib UCCIEI0BAHN O/IHA, a 3344,
€CTECTBEHHO, HECKOJIbKO. L{enb KypcoBoit paboThl — 3TO TOT OPUEHTHP, TO KOHEYHOE COCTOSIHUE,
KOTOPOE aBTOp CTPEMHTCS B UTOTe JOCTUTHYTh. Llenu ¢ 3a1auaMu cooTHOCSTCS Kak ol1iee 1
YaCTHOE, TO €CTh 33/1a4H — 3TO ONpe/IeTICHHbBIE TPOMEKYTOUHBIE ITYHKTHI, KOTOPbIE HEO0X0AUMO



JIOCTHYb, YTOOBI OCYIIECTBUTH OOIIYIO ETTh.

3.2.4. ConeprkatesibHasi 4acTh KYpCOBOUM pabOTHI

JlaHHBI# pa3aen KypcoBOM pabOThl COCTOUT M3 HECKOJIBKUX TJIaB U maparpados, B
KOTOPBIX COOCTBEHHO U IMPOBOJUTCS CaMO UCCIIeI0BaHNe, HE0OOX0IUMMO, YTOOBI OHH OBLITH
MOCJIEI0BATEIbHBIMU U JIOTUYECKU BBICTPOCHHBIMU. [I0aTOMY cienyeT co6oaaTh J0ruieckoe
MIOCTPOCHHE MaTepuasa U MaBHbIe IEPEX0/Ibl MBICIU U3 OHOTO naparpada B apyroil. [Ipu atom
OYEHb BAXXHO, YTOOBI aBTOP HE TOJBKO MEPENUCHIBATI UMEIOIIHICS MaTepHal, HO U IITyOOKO
aHAJIM3UPOBAI €ro, IPUBOJA PA3IUYHbIE PA3MbIIUICHHS 10 JaHHOMY ITOBoAY. B nneane kypcoas
paboTa J10JKHA cofiepKaTh HE MPOCTO aHAIN3, a KPUTUYECKUI aHaIN3 Pa3InyHbIX HCTOYHUKOB, a
aBTOp JIOJDKEH U3JIaraTh U CBOE BUJEHHUE MPOOIEMATUKH.

OnTuManbHbI 00beM COoepPIKaTeIbHON YacTU KypCOBOIl pabOThI TOJIKEH COCTABIISTh
npumepHo 13-18 crpanuu.

3.2.5. 3akimoueHue

B 3akimoueHnn NpuBOIUTCS KPATKUI pETPOCTIEKTUBHBINA 0030p MPOBEICHHOM B
UCCIIEIOBAaHUH PAOOTHI, YKa3bIBAIOTCS Y3JI0BbIE MOMEHTBI UCCIIEIOBAHMS, U3J1araroTCs
TEOPETUUECKHUE U IPAKTUUECKHUE BBIBOJIbI, K KOTOPHIM IPULIEI CTYJEHT B pe3yJbTaTe
HCCIIEIOBaHMsI, a TAKKE MPEIJIOKEHUS 110 YIYUIIEHUIO, ONITUMHU3ALMY COCTOSHUS N3y4aeMOro
Borpoca. OHU JTODKHBI OBITh KPATKMMH U Y€TKUMH, JAIOIIUMH MTOJITHOE TPEICTABICHUE O
COJZIepKaHNH, 3HAYUMOCTH, 000CHOBAaHHOCTHU M 3()(hEeKTUBHOCTH MpeaaraeMpix pa3padoTok. OHO
MIPEJICTABIISIET PE3yJIbTAaT Ha-yYHOI'O TBOPUYECTBA CTYACHTA, KPaTKUI UTOT KypcoBoM paboTsl. [1o
00bEMY 3aKJIIOUEHHE COCTABISACT 1-2 CTpAHUIIBI .

3.2.6. Cnucok JuTeparypsl

B conepxanue naHHbBIN JIEMEHT JTOJDKEH OBITh OTpaXkeH Kak CIIMCOK MCTOUHUKOB U
muteparypbl. OH TOJDKEH BKIIIOYATh B ce0s1 He MeHee 10 HCTOYHHKOB, UCTIONB3YEMBIX IIPH
HanucaHuy padoTel. JluteparypHble HCTOUHUKY TPYIIHPYIOTCS B ali)aBUTHOM TOPSIIKE WK B
MOPSAJIKE UCII0JIb30BAaHUs MaTepuaa HCTOYHUKA B KypcoBoil. Eciii aBTOpbI paboT sABISAIOTCA
oHO(aMUITbLIaMH, YIYUTBIBAeTCS an(aBUT MX MHULKMANOB. Ecin B criricke ecTh paboThI OTHOTO
aBTOPA, TO OHU BBICTPAUBAIOTCS IO al(aBUTy Ha3BAHWIN KHUT U CTaTEH.

HcTouyHNKY Ha MHOCTPAHHBIX SI3bIKAX, Kak U IHTEpHET-CalThl YKa3bIBAKOTCS MOCIIE
MIEpEeYHsl OCHOBHOM JIUTEpaTyphl HA PYCCKOM SI3bIKE B aji(paBUTHOM MOPSAKE.

3.2.7. Ilpunoxenus

B nmpuiioskeHnu cieyeT noMelaTh BCIOMOTaTeIbHbIA MaTeEpHa, KOTOPBIH Ipu
BKJIFOUEHUHU B OCHOBHYIO YacTh 3aIpPOMOXKaeT TeKCT. K BcrnoMorareapHOMy MaTepually OTHOCSTCS
Oosnplre Tabauibl, rpaduKy, CXeMbl, PUCYHKH.

3.3. HayuHbIi1 pyKOBOJUTEID

HayuHbIil pyKOBOAMTEIB OCYILECTBISAET PYKOBOJICTBO HA MPOTSYKEHUHU BCETO BPEMEHU
MOJITOTOBKM U HAITMCaHMs KypCOBOM pabOThI, a B KOHIIE J]a€T PELEH3UI0 Ha BBIIOJIHEHHYIO paboTy
U Ha 3alIUTe OIpeeIIseT, OLICHNBAeT KaueCTBO U caMOi pabOThl, M HEMOCPEICTBEHHO Mpoliecca
3alIUThl pabOThI CTYJEHTOM. B CBS3M € 3TUM MOXHO 00paIiaThCsi K HAyYHOMY PYKOBOJUTEIIO IO
IIOBOJly BCEX HESICHBIX MJIM YTOUHSIOIUX BOIpocoB. K HUM oTHOCATCS:

— IMOMOIIb HAYYHOT'O PYKOBOJUTEJNS TP BEIOOpE TEMAaTHKHU pabOTHI U COCTaBJICHUS €€
IUIaHa;

— OKa3aHue MOMOIIY B NOJ00pe YUeOHbIX U HAYYHBIX HCTOUHUKOB;

— PEKOMEHJAINH 110 HAIMCAaHUIO0 KYPCOBOIl pabOThI, B TOM YHUCIIE Pa3pEeLIEHUE CIIOPHBIX
BOIIPOCOB;

— pa3bsACHEHHE MPaBUI OPOPMIICHHUS KYPCOBOM pabOTHI;

— IpeaBapuTeIbHas MPOBEpKa OTAEIbHBIX TJIaB WK naparpado paboThl U T. 1. U T. II.

3.4. Haubonee yacTo BcTpeuaeMble OMMUOKY MTPHU HAITMCAHUU KypCOBOU pabOThI

— coJiepKaHue paboThI MOJHOCTHIO WM YACTUYHO HE COOTBETCTBYET 3asBJIEHHON TEMaTHKE;

— MepEenuChIBAaHUE OJTHOTO WJIM HECKOJIBKUX Y4E€OHUKOB;

— OTCYTCTBYIOT PE30JIIOTUBHBIE BBIBObI, K KOTOPBIM IIPUILIET aBTOP B PE3yJIbTaTe
HCCIIEIOBAHMUS;

— He MoKa3aHa paboTa ¢ MepHUOJUYECKUMHU U3/IaHUSIMU;



— OTCYTCTBYET aBTOPCKOE MHEHHE B padoTe.

4 YETBEPTBIN DTAII

4.1. OpopmieHue KypcoBor paboThI

4.1.1. O6mue TpeboBaHMs

KypcoBas paboTta HabupaeTcsi Ha KOMITBIOTEpE B TEKCTOBOM penakrope Microsoft
Word. PexoMenayercs cieayromuii BapuanT popMaTupoBaHus TekcTa: mpudt — Times New
Roman pazmepom 14 nT., MEXyCTpOUHBIH HHTEpPBaJl — IOJYTOPHBIN, BBIPABHUBAHUE TEKCTa Ha
CTpaHHIle — 1o mmpuHe. PaboTa mevaraercs Ha OHON cTOpoHE JucTa Oemoit Oymaru ¢popmara A4
CO CIEAYIOIIMMU MOJIIMHU: JIeBO€ — 25 MM, BepxHee — 20 MM, HuxkHee — 20 MM, paBoe — 15 mm.
Pexomenayemsiii 00beM KypcoBoit paboTsl cocTaBiisieT 20-25 cTpaHMIl IEYaTHOTO TEKCTA.

Ha tutynsHOM JMCTE MEXTy CBEACHUSAMHU 00 aBTOpE paboTHI U ero pamMuinen
CTaBUTCS MOANMKCH aBTOPA, MOATBEPIKIAIOIIAS INYHOE HATMCAHNE KYPCOBOM PabOTHI.

Kaxnast ctpykTypHas 4acTb KypcOBOW pabOTHI (BBEICHUE, TIaBa, 3aKIIIOYCHHE,

CIHMCOK MCIIOJIb30BAaHHBIX UCTOYHUKOB M JIUTEPATYPhl) HAYMHAETCS ¢ HOBOM CTPaHMIIBI.

CrpaHuIBI KypCOBO# paboTHI clieyeT HyMepoBaTh apabCcKkuMu nmudpamu, cooroaast
CKBO3HYIO HyMEPAIHUIO 10 BCEMY TEKCTY pabOTHI B IEHTPE HIDKHEH YacTy JINCTa 0€3 TOUKH.
TUTyIBHBIN JIMCT BKIIOYAIOT B OOIIYI0 HYMEpPAaIUIO CTPAHMII, HO HOMEP CTPAHHIIBI HA TUTYJIbHOM
JIUCTE HE IPOCTABIISIETCS.

HanMeHnoBaHus CTPYKTYPHBIX 3JIEMEHTOB KypcoBoii padboTer: «COAEPXKAHUEY,
«BBEJIEHUME», «3AKJIIFOUEHUEY, «CITMCOK NCITIOJIb30OBAHHbBIX NCTOYHUKOB 1
JIMTEPATYPBI», a Takxe Ha3BaHUS I71aB CIEAYET IeYaTaTh MOITYKUPHBIM MpU(TOM,
BBIpaBHUBAHME 110 IIEHTPY 0e3 a03aIlHOTO OTCTYIA U TOYKU B KOHIIE MPOITUCHBIMH OyKBaMu, HE
MOTYEPKUBASI.

3arosoBku naparpagoB, IyHKTOB U IOJITYHKTOB CJIEIyeT IeYaTaTh C MPOMUCHON
OYKBBI, HE ITOTYepKHBasi, 03 TOUKU B KOHIIE. Ecin 3arooBoK BKIIFOUAET HECKOIBKO MPEII0KECHUH,
WX pa3fenstoT Toukamu. [lepeHochl cI0B B 3aroyioBKax HE JAOIYCKarOTCs.

Paccrosinue Mexay 3arojgoBkaMu KypcoBoi paOoThl, pa3/ieaMy OCHOBHOM 4acTH U
TEKCTOM JIOJDKHO OBITH HEe MeHee 3 (2 X 1,5 uHTepBana) HHTEPBAJIOB.

BBenenve u 3aKiroueHne He HyMEpPYIOTCS.

['naBbl, maparpadsl, MyHKTHI ¥ MOATYHKTHI pa0OThl HyMEpYIOTCS apabCKuMu uppamu
C TOYKOH .

4.1.2. CcbUIKM U CHOCKHU

CHOCKH B KypCOBOH pab0OTe MPUMEHSIOTCS TOTIa, KOTIa aBTOP JKEJaeT JIN00 yTOUHUTh
Kakoi-1100 ¢axTt, b0 pacmndppoBaTh TO I UHOE YTBEPKIEHUE, TN YTO-TN00
MIPOKOMMEHTHPOBATH U T. 1. CHOCKH NMPHUBOATCS B KOHIIE CTPAHMIIBI, 8 HyMepalus u opopmieHne
OCYILIECTBIISETCS TAK)KE KaK U B CIIy4ae MCIOIb30BaHUS CChUIOK.

CchUTKH K€ IPUMEHSIFOTCS B TOM ClTydae, KOTJa HCIOJb3YIOTCS WIN IIUTUPYIOTCS
WCTOYHHKH WX JINTEPATYPA, a TAKXKE Ipyrue (GaKThl, B3AThIC N3 HICTOYHUKOB U JINTEPATYPHI.
PexomeHyeTcst HCIIONTB30BaTh B KYPCOBOM paboTe MOACTPOUHBIE CCHUIKH C TIOCTPAaHUYHON
HyMepanueit apabckuMu nudpamu.

Jnst opOpMIICHUS CCBUTOK M CHOCOK CIIIYET MCIOb30BaTh GyHkuuio B Microsoft
Word 97-2003 «BcTaBKa — cCchlTKa — BCTaBUTh CHOCKY», B Microsoft Word 2007 «ccputku —
BCTaBUTh CHOCKY». 3HAK CCBUIKH, €CITU PUMEYaHHE OTHOCUTCS K OT/AEIBHOMY CIIOBY, IOJI’KEH
CTOSITh HEIIOCPEJICTBEHHO Y 3TOTr0 ciI0Ba. Ecin ke OH OTHOCHUTCS K MPEAJIOKEHUIO WM TPYIIe
MPEUIOKEHUH, TO CTABUTCS MOCJIE 3HAKa MPENUHAaHUs B UX KoHIE. [oIcTpouHbIe CChUTKU
HyMepYyIoTcs apaOckuMu 1dpamu 6e3 CKoOKM Ha Kax/10i cTpaHulle, HaunHas ¢ nudpsl 1. Ha
KaX/101 cienyrolei cTpaHuIle HyMepalnio CChUIOK HAaUWHAIOT CHavaJa.

B ccpuike 06s13aTebHO NPUBOJIATCS CAEIYIONINE JaHHbIEe: (paMUIus U MHULTUAIIBI
aBTOpa(OB), Ha3BaHHE PAOOTHI, MECTO, TO/ U3JIAHHS U CTpaHHULA(bl) OTKY/a IUTUPYETCS WIN
JPYrUM 00pa3oM UCMOIb3yeTCsl B KypcOBOW paboTe NaHHBINA HCTOYHHUK WITH JIUTEpaTypa.

Ecnu nutupoBanue npou3BOIUTCS HE 110 MEPBOUCTOYHHKY, a IO paboTe Ipyroro
aBTOPA, 3TOT (pakT HEOOX0IMMO 0003HAUATh B CChUIKE. B TakuX cilydasx OHa HAUMHAETCS CO CIIOB
«quT. mo:», a nanee opopmisieTcs, Kak ObUIO YKa3aHo BbIlIe. LIUTHpOBaHNE HCTOYHUKA MOKET



OBITh JIOCIIOBHBIM, B 3TOM CJIy4ae Takas [IUTaTa 3aKJI0YaeTcsl B KaBbIYKU B TEKCTE KypCOBOM
paboThl, a M000e UCIIpaBiIeHUE B HEl He omycKaeTcs. Eciu jke Bbl Bce paBHO clenaiu
HE3HAYUTENIbHbIE U3MEHEHHUS, TO He0OOX0IMMO cpa3y Mocie HUX YKa3aTh B KPYTJIbIX CKOOKax TO,
YTO Bbl U3MEHUIIN U MIOCTaBUTH MepBble OYKBbI Balllero MMeHU U Gpamuiuu. Eciu jxe quTupoBaHue
OCYILIECTBIISIETCS HE JOCIOBHO, HO MPH 3TOM TJIaBHAsI MBICIIb 3aMMCTBOBaHA U3 UCTOYHHKA, TOT/1a
3aKJII0YaTh UTATY B KaBBIUKH HE TpeOyeTcs, 0JIHaKO HEOOXOJMMO MTOCTaBUTh CCHUIKY.

4.1.3. OdopmiieHHs CITHCKA UCIIOJIb30BAHHBIX HCTOYHHKOB U JIMTEPATYPhI

Cnucok uCnob30BaHHBIX UCTOYHUKOB M IUTEPATYPHI JOJKEH COCTOATH U3 YETHIPEX
pa3ernos:

1. Tlepuonnueckre u3aanusl.

2. Hayunas u yueOHas 1uTepaTypa BKJIIOYAeT B ce0s pa3uyHbIC HAYYHbIE U YUeOHBIC
U3JaHNs, MOHOTpaduu, CTaThH, AUCCEPTALMH, aBTOpedepaTsl AUCCEPTALUM U T.1I.

3. 3naHus Ha NHOCTPAHHOM $I3BIKE.

4. 'nTepHeT-pecypchl.

4.1.4. Nnmroctpauuun

Wnmtoctparmu (dpororpaduu, pUCyHKH, CXeMbl, TpadUuK1) pacroyiaraloTcsi B KypcoBOii
paboTe HeTOCPEACTBEHHO Ha CTPAHUIIE C TEKCTOM Iociie ab3ala, B KOTOPOM OHU YIOMUHAIOTCS
BIIEPBBIE, WM OT/EIBHO Ha clieAyrolel crpanule. Mroctpanuu, KOTOpble pacioioKeHbl Ha
OTJIENbHBIX JIUCTAX, JIOJKHBI BKJIFOUATHCS B OOIIYI0 HYMEpALUIO CTPAHULL.

Nnmoctpanyu 06003Ha4aroT clioBOM «PUCYHOK» U HyMEPYIOT MOCJIE10BAaTENIbHO B
npenenax naparpacga. Homep numroctpanuu 10KEH COCTOATh U3 HOMepa maparpada u
MOPSIZIKOBOTO HOMEPA WILTFOCTPAIINH, pa3ieleHHbIX Toukoil. Hanmpumep: Puc.1.2 (Bropoii pucyHok
nepBoro naparpaga). Homep nuttoctpanuu, ee Ha3BaHHUE U MOSICHAIONINE MTOIIMTUCH TOMEIIAI0T
MOCIIEI0BATEIHHO 0T WILTIOCTpanuei. Eciin B KypcoBoil paboTe nmpuBeeHa OJHA HIUTFOCTPAITHS,
TO €€ HE HyMEpYIOT U CJI0BO «PUCYHOK» HE MUILYT.

Nnmoctpanuu T0JIKHBI UMETh HAUMEHOBAHUE, KOTOPOE JTAeTCsl 10CIIE HoMepa
pucyHka. [Ipy He06X0AMMOCTH UIUTIOCTPALIUU CHAOXKAIOT MOSCHSAIOLIUMU HOAIUCIMHI
(mogpucyHouHslil TekcT). Homep mimroctpanyy, ee Ha3BaHUE U MOSCHSIOLIUE MOANNCH TOMEIAI0T
OJ1 WJUTKOCTPALIUEN.

NnnrocTpamnuu 10KHBI OBITH PACIIONIOKEHBI TaK, YTOOBI MX ObUIO yI00HO
paccMmarpuBaTh 6€3 MOBOPOTa padOThI UITU C IIOBOPOTOM IO YacoBo# crpenke. KauectBo
WUTIOCTPAIUM TOJKHO 00ecreunBaTh UX Y€TKOE BOCIIPOU3BEACHHUE.

4.1.5. Tabmute

[Mu¢poBoit MmaTepua, Kak NpaBUiIO, JOHKEH 0popMIIIThCs B Bue Tabnun. Kaxnas
Tabynia J0HKHA UMETh 3ar0JI0BOK, KOTOPBIN pacrosiaratoT Hajl Tabaulel U reyaTaioT B Hayalle
ctpoku. Hannuep «Tabnuna» ¢ ykazanueM e€ HoMepa IoMeIIaeTcsl B IpaBOM BEPXHEM YTy Hajl
3aroJIOBKOM TaOJIMIIbl. 3ar0JI0BOK U €I0BO «Tabnuiia» HaYMHAIOT C MPONHUCHOM OYKBBI.
[TonuepkuBaTh 3aro0BOK He ciieyeT. Touka B KOHIIE 3aroJIoOBKa HE CTABUTCSL.

3aronioBku rpad JOHKHBI HAUMHATHCS C MPOMUCHBIX OYKB, MOA3ar0JI0BKH - CO
CTPOYHBIX, €CJIM OHU COCTABIIAIOT OJHO MPEJIOKEHHUE C 3ar0JIOBKOM, U C MPOMUCHBIX, €CIIH OHU
camocTosITeNbHbIe. JleneHne 3arojoBKa TaOIMIIbI 0 AUaroHaau He Jomyckaercs. BeicoTa cTpok B
Tabyuie JomKHA o0ecreunBaTh Y€TKOE BOCIIPOU3BeIeHNE BKIIIOUEHHON B Hee nHopmaruu. ['pada
«Ne 11/m1» B TabaMIly HE BKIIIOYAETCS.

Talnuibl HyMepYIOTCS MOCIIEA0BATENHHO (32 UCKITIOYEHUEM Ta0JINI, TPUBEICHHBIX B
MIPUIIOKEHNH) B Ipejieniax naparpacga. B mpaBoMm BepxHEM yIily Hajl COOTBETCTBYIOIIUM
3aroJOBKOM Ta0JIMIIBI TOMeIaeTcst Haanuck «Tadauma» ¢ ykazanueM e€ Homepa. Homep Tabmuibt
JIOJKEH COCTOSITh U3 HOMEpa naparpada 1 nopsiIKOBOro HoMepa TabIuIb, pa3AeIeHHbIX TOUKOM,
Hanpumep: «Tabauna 1.2» (Bropas Tabnuua nepBoro naparpada) .Eciau B KypcoBoit pabote oaHa
Tabauia, e€ He HyMepyIoT U clioBo «Ta0nuia» He MUIIyT.

Tabnuua pazMeriaercs 1nocie nepBoro ymoMHHaHUS O HeH B TEKCTE TaKUM 00pa3oM,
9TOOBI €€ MOXKHO OBLIIO YUTATh 06€3 MOBOPOTa pabOThI UM C TIOBOPOTOM I10 YACOBOM CTpEJIKe.

Tabnuity ¢ 60JIBLIIMM KOJIUYECTBOM CTPOK JOMYCKAETCsl IEPEHOCUTH Ha JAPYToH JIUCT.

ITpu nepenoce yactu TabaMIIBI HA APYroOM JIUCT (CTpaHUIly) cinoBo «Tabmuna» u Homep eé
yKa3bIBaIOTCS OJIMH pa3 clipaBa HaJl MEPBOIl YacTbiO TaOIUIIbI, HAJ JPYTUMH YaCTSAMHU IHUIIYT



cioBo «[Ipogomkenue». Ecnu B pabote Heckosibko Tabiul, To nocie ciaosa «IIpogomkenue»
yKa3bIBaeTCsl HOMEp TaOuIlkl, HanpuMmep: «lIpogomxenue tadi. 1.2y». [Ipu nepenoce Tabauisl Ha
APYToH JIUCT (CTpaHUILy) 3ar0JIOBOK TOMELIAETCS TOJIBKO HaJl IEPBOM €€ 4acThio.

Tabnuiy ¢ 60bIIMM KOJIUYECTBOM Ipad AOIMYCKAETCs JeINTh Ha YaCTH U IOMEIIATh
OJIHY 4acTh 10/ APYrod B Ipezenax oJHoN cTpaHulibl. Eciu cTpoku rpadsl TaOInIbl BEIXOAAT 32
(dopmar cTpaHHIIbl, TO B IEPBOM CiIydae B KaX10H yacTu TaOIULbl OBTOPsETCS €€ roJI0BKa, BO
BTOPOM CJlydae — OOKOBHK.

Ecnu noBTopsttoiuiicst B pasHbIX cTpoKax rpadsl TaOIMUIBI TEKCT COCTOUT U3 OJTHOTO
CJIOBa, €ro MOoCJIe EPBOro HAIMCAaHUs J0IYCKaeTCs 3aMEHATh KaBblUKaMM; €CJIM U3 ABYX U Ooiiee
CJIOB, TO IIPU MIEPBOM ITOBTOPEHUU €T0 3aMeHsieTcs ciioBaMU «To ke, a jajiee — KaBbIYKaMu.
CraBUTb KaBbIYKM BMECTO IIOBTOPSIOLIMXCS LU(P U UHBIX CUMBOJIOB He Jlonyckaercs. Eciu
1 pOBBIC WK UHBIE JAHHBIE B KaKOH-THO0 CTpOKEe TaOIUIIBI HE IPUBOJSATCS, TO B HEH CTaBUTCS
IIPOYEPK.

4.2. [IpaBuna cKperieHus1 KypcoBOi pabOThI

KypcoBast pabota qomkHa OBITh aKKypaTHO CKPEIUICHA ITyTeM UCTIOIb30BaHUS
IeperJieTa Uiy ¢ IOMOILBIO HCII0JIb30BAaHUs TAIIKU — cKopociuuBatend. He nonyckaercs npu
CKpEIIEHUU KypCOBOW pabOThl UCIIOJIb30BaTh MANKYy ¢ MHAUBUAYAIbHBIMU (ailiiaMu, B KOTOPbIE 10
OTJIENbHOCTH BKJIA/IBIBAETCS KAXK/IbIM JIUCT, TaK KaK 3TO 3aTPYAHSIET JeJIaTh UCIIPABICHUS B
IIPOLIECCE €€ TPOBEPKHU.

Haubonee yacto BcTpeuaeMble OMIMOKU ITpH 0(OPMIIEHUH KYPCOBOI paOOThI:

— HempaBWIbHOE 0(hopMiIeHHE (OTCYTCTBYIOT HOMEpa CTPAHUI], CHOCKH, CITCOK
MCTOYHUKOB M JIUTEPATYPhl OPOPMIICH HE B COOTBETCTBHH C BBIIICYKA3aHHBIMU MPABHIIAMH U T. 11.);

— HEOOJIBIIOE KOJIMYECTBO HCTOYHUKOB B CIMCKE MCIIOIB30BAHHBIX HCTOYHHKOB U
JIUTEPaTypHl;

— UCMOJIb30BaHUE B pabOTE pa3InYHBIX LIPUPTOB;

— TEKCT WM MOJHOCTBIO, WJIM YaCTUYHO HE BBIPOBHEH 110 IIUPHUHE;

— TOYKHU B KOHIIE 3ar0JIOBKA;

— HETIPaBWJILHO 0()OPMIICHBI PUCYHKH;

— HETIPaBWIBLHO 0(h)OPMIICHBI TaOIHUIIHI.

5. IATBIN DTATI

5.1. [IpoBepka u 3amiuTa KypcoBOi paboThI

5.1.1. IlpoBepka KypcoBoi pabOThl HAYYHBIM PYKOBOAHUTEIEM

[Tocne Toro kak KypcoBasi paboTa BBIINOJIHEHA U HaJIeXKalUM 00pa3oM opopMIleHa,
PEKOMEHIyeTCsl €l pa3 €€ BHUMATEJIbHO MPOYNUTATh M MPOBEPUTH HA HATMYME Pa3IMUHBIX
omuOO0K, B TOM YHCIIe U TpPaMMaTUYeCKUX, U HeTouHocTel. [Tociie aToro padoTa cimBaeTcst U
ciaercs Ha kadeapy HEOPraHWYEeCKON U aHAIUTUYECKONW XUMUM, /1€ PETUCTPUPYETCS J1abOpaHTOM
Kadenpsl U niepesaeTcs Ha IPOBEPKY HaAyYHOMY pyKoBoauTento. Eciu paboTa COOTBETCTBYET BCEM
MIPEIbSABISEMBIM U BbIIIE IEPEYUCIEHHBIM TPEOOBAaHUAM, TO OHA JoNycKaeTcs K 3auure. [Ipu
STOM Hay4YHBIH PYKOBOAMTEIb MOATOTABIMBAET PELEH3UIO Ha KYpPCOBYIO paboTy, B KOTOPOI MOTYT
OBITh YKa3aHbl ONpe/ie/IEHHbIE HE3HAYUTENIbHbIE 3aMEUaHus WM OCHOBHBIE BOIIPOCHI, HA KOTOPBIE
cienyer oOpaTUTh BHUMaHKE IIPU 3a1uTe KypcoBoi pabotsl. Kypcoast paboTta Bo3Bpalaercs
0o0paTHO CTYAEHTY JJIsl HOJATOTOBKHU K 3aIlUTE.

Ecnu paboTa HE COOTBETCTBYET MPEABSBIIEMBIM TPEOOBAHUSIM, TO OHA HE
JIOMYCKAETCs 10 3aLIUThI U EPEAaeTCs CTyIeHTY Ha JopaboTKy. [Ipu 3TOM Ha He TOMyIEHHYIO
paboTy Tak)Ke Hay4YHBIM PYKOBOJHMTEIEM COCTABIISIETCS PELICH3Ms, B KOTOPOH OTpa)xaroTcs Te
HE/I0CTAaTKU, KOTOpbIe HEOOXOIUMO YCTPAHUTD.

5.1.2. IIpuMepHbIe KPUTEPHH OLIEHKU KYpCOBOM paboThI

B kypcoBoii paboTe cTyIeHT JOKEH MOKa3aTh:

— npoecCHOHANBHYIO 3pYAUPOBAHHOCTD, 3HAHKUE OOILEH U CHEIMAIbHOM TUTepaTyphbl;

— YMEHUE IUIaHUPOBATh U IIPOBOJUTH UCCIIEJOBAHMUE;

— CIIOCOOHOCTH BUJIETh B3aUMOCBSI3b MPOOJIEM M BOIPOCOB TEOPUU U MTPAKTUKH;

— YMEHUE COIOCTABIIATh U aHAJIM3UPOBATh HAYUHBIE ITOAXOABI U UJIEH;

— YMEHUE JIOTUYHO U CTPOMHO M3JIaraTb MaTepHall B COOTBETCTBUH C IIIIAHOM;

— YMEHHE JeTIaTh BBIBOJIbI U 0000IIEHMS;



— yMeHHe OOBSICHUTD U 3aLUTUTh MOJOKEHUS paObOTHI.

O6mmmu TpeOOBaHUSIMHU K KYPCOBOM pab0oTe 1 MEPBUYHBIMU KPUTEPHUSIMHU KauecTBa e
BBITIOJTHEHUS SIBIISIFOTCSL:

— JIOTUYHOCTD B U3JI0’KEHUU MaTepuaa Mpu pacKpbITUU TEMBIL;

— 000CHOBaHHOCTH (COLIMaIbHAs U Hay4Hasl) aKTyaJlbHOCTU TEMbI U TOYHOCTh TOCTaHOBKHU
MpOoOGJIeMbI HCCIIEIOBAHUS;

— KOHKPETHOCTb IIeJIel U 3a/1a4 HCCIIeI0BaHus, IPUHLIUITHATIbHAS. BO3MOXHOCTh X
JOCTUKEHHS U PEIICHUS B X0J€ pabOThI;

— TMIOJTHOTA U3JI0’KEHUS BOIIPOCOB IUIAHA;

— IPUBJIEYCHHE JOCTATOYHO IUPOKOT0 Kpyra yueOHOM U HayYyHO JIUTEepaTyphl U, B IIEPBYIO
ouepe/b, IePBOMCTOYHUKOB;

— CaMOCTOSITEJILHOCTD U JJOKa3aTEIbHOCTh BBIBOJOB U IPEJIOKEHHUH, KOTOPBIE COJIEPIKATCS
B COOTBETCTBYIOIIUX pa3/ienax paboThl U 3aKIIIOYCHUN;

— IPaMOTHOCTb HANMCaHUs, IPABHIBHOCTh U aKKYPaTHOCTh O(OPMIICHUSI.

«OTIMYHO» BBICTABJISIETCS B TOM Clly4yae, €clii paboTa BHINOIHEHA 0e3 3aMevaHuil U B He
MPUCYTCTBYET OOJIbIIAS OS] CAMOCTOATENBHBIX aBTOPCKUX BBIBOJIOB M MpeioskeHHi. CTyIeHT B
IIPOLIECCE 3AIIUTHI XOPOILO BIAJEET COAECPHKAHUEM IIPOBEIEHHOTO HCCIIEI0BaHNUs, CMOI OTBETUTh
Ha BCE IOCTaBJICHHbIE BOIIPOCHI, BXOASIINE B IPEIMET UCCIIEI0BAaHUS KypCOBOM pabOThl, CMOT B
JOJDKHOM 00pase apryMeHTHPOBATh CBOM BBIBOIbI, OUPAsCh HAa IPOAHATH3UPOBAHHBIE HCTOYHUKA
U JIUTEpaTypy.

«Xopouio» BBICTABISETCS B TOM Cllydae, €CJI TeéMa KypCOBOM pacKpbITa MOJHOCTHIO, HO
HMMEIOTCS 3aMeYaHusl 10 0POPMIIEHHIO KYpCOBOM WJIM CTYJEHT B IPOLIECCE 3ALUTHI HE CMOI
OTBETUTD Ha BCE IOCTABJICHHBIE BOIIPOCHI, BXOAIIUE B IPEAMET UCCIIEI0BaHUS KypCOBOM PabOTHI.

«Y 1OBJIETBOPUTEIILHO» BBICTABIISIETCS B TOM CIIy4ae, €CJIM TeéMa KypCOBOM pacKpbiTa HeE
MOJTHOCTBIO, UMEIOTCS 3aMEYaHus 10 0(OPMIICHHIO, CTYAEHT B MPOIECCE 3alIUTHI HE CMOT
OTBETUTD Ha BCE IOCTABJICHHBIE BOIIPOCHI, BXOASIIUE B IPEAMET UCCIIEI0BAaHUS KypCOBOW padoOTHI,
IIJIOXO OPUEHTUPOBAJICS B TEME.

«HeynoBneTBOpUTEIHHO» BBICTABISIETCSA B TOM Cllydae, €Clid paboTa HE COOTBETCTBYET
MPEIBSIBIIEMBIM TPEOOBAHHSIM.

[TpuMepHBIii TepeueHb TeM JUIsl  KYypPCOBBIX paOOT MO JUCIMILIUHE

«Heopranuyeckast XuMus»

1.JIutmi.

2.VloHHBIE COJIU JTUTHSI.

3.bepunnuii.

4.CoenuHenus Oepuus.

5.Xumus BoaHbIX pactBopoB Oeprntus (11).

6.Komrmutekcubie coenunenus oepumtust (11).

7.VIOHHBIE COETMHEHHUS HATPHUS.

8.MonHbIe coeTuHEHUS KaJusl.

9.I'uipupl METOYHBIX U LIEIOYHO3EMEIbHBIX METAJUIOB.

10. AmroMuHUI.

11.CBoiicTBa COETMHEHHM TaJUIHsL.

12.Coennuenue uHUA.

13.Coenunenus tayuus (1) u Tamwmms (11).

14 Marnuii.

15 Kanbuwmii.

16.CtpoHuuii.

17.bapuii.

18.Maprasneun.

19.MexmMoneKynsapHble B3aUMOJICHCTBUSI.

20.ITpupona cBsA3M B COEIMHEHUSAX BOJOPOA.

21.PafnoaKkTUBHBIE U CHHTE3UPOBAHHbIE SJIEMEHTHI.

22.3on0t0. Coenunenus. [Ipumenenue.

23.buosnornueckas pojib HEOPraHUYECKUX COEINHEHUM.

24 Pryts. Coenunenus. llpumenenue.






25.Kene3o. Coenunenus. [Ipumenenue.

26.I1naTuHOBBIE METAILIIBI.

27.Hukens. Coenunenus. [Ipumenenue.

28.Koppo3us MeTajuios.

29.Ko6anet. Coenuuenus KodaibTa.

30.Penko3eMenbHbIE DIIEMEHTEL.

31.KoMruiekcHbIe cOeTMHEHUS cepedpa.

32.Menn. Coequuenus. CiiiaBEbL.

33.)KunkocTHasi SKCTpaKIMs HEOPraHUUYECKHUX BEIIECTB.

34.001me cBOMCTBA METAJLIOB.

35.Heopranuueckue npouecchl B XyA0KECTBEHHOM JINTEpAType.

36.Heoprannyeckass XUMHUU U OKpPY’Karolliasi Cpejia.

37.XUMHUECKHE AIIEMEHTHI B OpraHU3Me Y€JI0BEKa.

38.Bucmyt. Coenunenus. CpoiictBa. [Ipumenenue.

39.Cepebpo. Coenunenus cepedpa. [Ipumenenue.

40. XuMHU4eCKue bl U MPOTUBOSAUS.

41. Metoapl OYMCTKH HEOPTaHUYECKUX BEILIECTB.

42. MeTtamibl, KOTOpPBIE BCETIa ¢ TOOOM.

43.CBoiCcTBa MEPEXOIHBIX AJIEMEHTOB.

44. Uctopus otkpsitus [lepuoandeckoro 3akona u [lepuoandeckoit cuCTeMbl XUMUYECKUX
3JIEMEHTOB.

45.Pycckue yueHble M XUMUS: BKJIaJ] B pa3BUTHE HAYKH.

46. Mennenesuil.

47. nepTHBIE Ta3bl.

48. Uctopus pa3BUTHS XUMUHU. ATIXUMHUSL.

49. Heopranuueckasi XMMHsI U UCKYCCTBO.

50. Heopranuueckast XuMusi B ObITY.

51. I'paden — camast TOHKast MaTepus.

52.0t1a ynuBuTENbHAS BOJA.

53. KommiekcHble coelMHEeHUs: KoOanbTa.

54. Muxaun BacunbeBud JIomoHOCOB.

55. Amutpuii iBanoBuy Menaenees.

56.AnnotpornHbie MOAU(PHUKALIUY YTIIIEpOa.

57. JlparonieHHbIE KAMHH: COCTaB, CTPOCHUE U CBOMCTBA.

58. PagnoakTuBHbBIE MeTaJIbl. PaIli0aKTUBHOCTD.

59. Xumuueckas CBs3b.

60.Teopuu cTpoeHHs aToMa.

61. OKHCIUTETFHO-BOCCTAHOBUTEIIbHBIE TTPOLIECCHI.

62. I'enuii.

63. A30T U €ro COeIMHEHHUS.

64. MBIIIBSIK U €70 COSIUHEHHS.

65. lnHk.

66. Teopust KOMIUIEKCHBIX coeuHeHnit A. Bepuepa.

67. UcTtopun OTKPBHITHS XUMHUYECKUX SJIEMEHTOB U UX Ha3BaHUM.

68. 3aHMMaTeNbHbIE ONBITH B HEOPTaHUYECKON XUMUHU.

69. CrutaBbl MetaiuioB. [lonyuenue. [lpumenenue. CBoiicTsa.

70. Teopun KUCIOT U OCHOBaHUI.

71. I'unponus coneil.

72.OCHOBHBIE 3aKOHBI XUMHH.

73. Cepa. CpoiictBa. CoeITMHEHUS CEPHI.

74. lllenouHbie METAILIEI.

75. I'anoreHsl.

76. Xpom. Coequnenust. Colicta. [Ipumenenue.

77. Kucnopoz. CoequHeHMs KUCIOPOAA.

78. Bonbdpam.






79.Crioco0sI mosTydeHus1, coopa 1 OnpeesICHHs Ta3000pa3HbIX BEIIECTB.
80. AnmoTpornHbie MoIU(HUKAITMNA HEMETAJLIOB

Ipuioxenne 1

8. METOJAWYECKHUE MATEPHAJIBI JJISI OBYYAIOLIAXCS IO OCBOEHUIO
JTACIHATLITAHBI

Oo0pa3oBaTesibHbIE TEXHOJIOTUH

VYyeOHas nporpamma —
HaVMEHOBaHUE Pa3/IeoB U TEM
(6 cmpozom coomeemcmeuu ¢
pasoenom || PI1]])

Bun 3anarus

O6p330BaT€J'IBHLIC TCXHOJIOT'MHU

1. BBenenune. OCHOBHEIE
MOHSTHUSA U 3aKOHBI XUMUU

TICKITUS
nabopaTopHas pabota
B XMMHUYECKOMN
nabopaTtopuun
pelieHue 3a1a4d u
YIOPaXHEHHUI
MPOBEpKa JJOMAITHHX
3aJaHuN

®  TpPaJIUIMOHHEIC
(bpoHTaNBHAS JIEKIIHS,
pelieHre yrpaxHEeHU),

e uHpOPMALMOHHEIE
(TIOKa3 Mpe3eHTAaIIH )

® TEXHOJOTHS
HCCIIEA0BATENbCKON
JeSITeIbHOCTH (XUMUUECKUI
9KCIIEPUMEHT)

® TEXHOJIOTHS MOAYJIBHOTO U
0J10YHO-MOJTYJIbHOTO
oOyueHus

® 370pOBBECOEpeTaroNe
TEXHOJIOTHH

2. OCHOBHBIE 3aKOHBI
TepMoauHaMuKu. OOpaTUMOCTh
XUMHYECKUX PEAKIUN

JICKITUS
nabopaTopHas pabota
B XMMHUYECKOU
naboparopuu
perieHue 3a1aq u
YIpaXXHEHUI
MIPOBEpKa JJOMAITHHX
3aJaHuN

® TpPaJIUIMOHHEIE
(pponTanbHas NEeKIMA,
pelIeHre yrpaxxHeHui),

e HH(OpPMAIOHHBIE
(moka3 mpe3eHTaruii)

®  TEXHOJOTHS
HCCIIEI0OBATEILCKON
JeSITeIbHOCTH (XUMUUECKUI
9KCIIEPUMEHT)

® TEXHOJIOTUSl MOJYJIBHOTO U
0J1I0YHO-MOJTYJIBHOTO
oOydeHus

e 3]0pOBbecOeperaromme
TEXHOJIOTHH




3. PactBopsl. KucnotHo-
OCHOBHO€E PaBHOBECHE.
DNEeKTPOXUMHUYECKUE CBONCTBA
PacTBOPOB. DIEKTPOIIU3.
Koppo3usi.

TEKITUS
nabopaTopHas pabota
B XUMHUYECKOU
naboparopuu
pelieHue 3a1ay u
YIpaXXHEHUI
MIPOBEpKa JOMAIIHUX
3alaHui

TpaaUIIHOHHBIC
(¢ponTanbHas neKUMs,
pelieHue ynpaxHeHUu ),
nH(pOpMaIMOHHBIE

(Toka3s npe3eHTaruii)
TEXHOJIOTHSI
UCCIIEIOBATEIIBCKON
NESATEIbHOCTH (XUMHUYECKHUI
IKCTICPUMEHT)

TEXHOJIOTUSI MOAYJIEHOTO U
0JI0YHO-MOJTYJTBHOTO
o0yueHHs
3JI0pOBbecOeperamIme
TEXHOJIOTHH

4. Knuuetuka 1 MEXaHU3M
XUMHUYECKUX PEaKITUH.

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

TPaJUIIMOHHBIC
(pponTanbHas neKkuus,
peIICHHE YIPAKHEHHIA),
UH(POPMAIIMOHHBIC

(TIoKa3 mpe3eHTaIuii)
TEXHOJIOTHUS
UCCIIEIOBATEIIHCKON
JeSITeTBbHOCTH (XUMUYECKUH
IKCIICPUMEHT)

TEXHOJIOTUS] MOAYJILHOTO U
0JI0YHO-MOJTYJIBHOTO
oOyueHus
3/10pOBBECOEperaroime
TEXHOJIOTHH

5. CTpoeHue aToma.

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

TPaaUIIMOHHBIC
(ppoHTaNBHAS NEKIMS,
peleHne yrpaxHeHH),
UH(POPMAaLIMOHHbIE

(TIoka3 mpe3eHTaIuii)
TEXHOJIOTUSI MOAYJIEHOTO U
6J1I0YHO-MOJYJIbHOTO
oOyueHus
3/10pOBBheEcOeperaronme
TEXHOJIOTHH

6. XuMHUYecKas CBA3b.

JICKIIUS
peleHue 3a1a4 u
YIpaXXHEHHUI
MpOBEpKa JTOMAIIHUX
3aJaHuN

TpaJUIIMOHHEIE
(pponTanbHas neKUM,
pelieHre yrnpaxxHeHui),
nH(pOpMalOHHbIE

(moka3 mpe3eHTaruii)
TEXHOJIOTUSI MOAYJIBHOTO U
0JI0YHO-MOYJIBHOTO
o0yueHHs
310pOoBbecOeperaroue
TEXHOJIOTHH




7. KoMIUIEKCHEIE COETUHEHUSA

TEKITUS
nabopaTopHas pabota
B XUMHUYECKOU
naboparopuu
pelieHue 3a1ay u
YIpaXXHEHUI
MIPOBEpKa JOMAIIHUX
3alaHui

TpaaUIIHOHHBIC
(¢ponTanbHas neKUMs,
pelieHue ynpaxHeHUu ),
nH(pOpMaIMOHHBIE

(Toka3s npe3eHTaruii)
TEXHOJIOTHSI
UCCIIEIOBATEIIBCKON
NESATEIbHOCTH (XUMHUYECKHUI
IKCTICPUMEHT)

TEXHOJIOTUSI MOAYJIEHOTO U
0JI0YHO-MOJTYJTBHOTO
o0yueHHs
3JI0pOBbecOeperamIme
TEXHOJIOTHH

8. [lepuonnueckuii 3akon [1.1.

Menaeneea. [lepuoauueckas
cucTema.

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

TPaJUIIMOHHBIC
(pponTanbHas neKkuus,
peIICHHE YIPAKHEHHIA),
UH(POPMAIIMOHHBIC

(TIoKa3 mpe3eHTaIuii)
TEXHOJIOTHUS
UCCIIEIOBATEIIHCKON
JeSITeTBbHOCTH (XUMUYECKUI
IKCIICPUMEHT)

TEXHOJIOTUS] MOAYJILHOTO U
0JI0YHO-MOJTYJIBHOTO
oOyueHus
3/10pOBBECOEperaroime
TEXHOJIOTHH

9. OCHOBBI XMMUU TBEPAOTO

TPpaAUIIUOHHBIC

Tena. (ppoHTANIEHAS JTEKITHS,
CLICHUE YITPAXXHEHU N
[N p ynp )
uH(GOpPMaIMOHHBIE
pelreHue 3a1a49 u .
9 (TIoka3 mpe3eHTaIuii)
yIpaxHEHHH
TEXHOJIOTHS MOIYIHHOTO U
MpOBEpKa JOMAIIHUX
. 0JI0YHO-MOYJIHHOTO
3aIaHui
o0y4eHus
3/10pOBBheEcOeperaronme
TEXHOJIOTHH
10. Bonopon. TpaJULNOHHbIE

JICKITUS
nmabopaTopHas pabota
B XUMHUYECKOMN
naboparopuu
pelreHue 3a1a4d u
YIpaXXHEHUI
MIPOBEpKa JJOMAITHHX
3aJaHuN

(pponTanbHas neKUM,
pelieHre yrnpaxxHeHui),
nH(pOpMalOHHbIE

(moka3 mpe3eHTaruii)
TEXHOJIOTHS
HCCIIEI0OBATEILCKON
JeSITeIbHOCTH (XUMUYECKUI
9KCIIEPUMEHT)

TEXHOJIOTUSI MOAYJIEHOTO U
0J10YHO-MOJTYJIBHOTO
oOydeHus
3I0pOBBECOEperarone
TEXHOJIOTHH




11. Onementsl | A rpymnmsl
(1IeToYHbIE METAJIIBI).

TEKITUS
nabopaTopHas pabota
B XUMHUYECKOU
naboparopuu
pelieHue 3a1ay u
YIpaXXHEHUI
MIPOBEpKa JOMAIIHUX
3alaHui

TpaJuLNOHHbIE
(¢ponTanbHas neKUMs,
pelieHue yrnpaxHeHun),
nH(pOpMaIMOHHBIE

(Toka3s npe3eHTaruii)
TEXHOJIOTHSI
UCCIIEIOBATENIbCKOMN
NESATEIbHOCTH (XUMHUYECKHUI
IKCTICPUMEHT)

TEXHOJIOTHSI MOAYIHHOTO U
0JI0YHO-MOYJBLHOTO

o0yueHHs
3JI0pOBbecOeperamIme
TEXHOJIOTHH

12. Onementsl |l A rpynmel JEeKLUs

(OepwuLuii, MarHuii, KaJIbIUH, nabopaTopHas pabota IpaHIHOHHbIE

CTPOHIIMMA, Oapwii).

B XMMHUYECKOMN
JabopaTopun
pelieHue 3a1a4d u
YIPa)KHEHUN
MIPOBEPKa JJOMAITHHX
3a1aHUI

(ppoHTANIEHAS JTEKITHS,
peIICHHUE YIPaKHEHHIA),
rdposkIe (MOKa3 mpe3eHTa-
T

13. DnemenTsl |11 A rpynmnst
(60p, amOMUHUH, TAJUIHH,
TaJUTU).

TICKITUS
nabopaTopHas pabota
B XMMHUYECKOMN
nJabopaTopun
pelieHue 3a1a4d u
YIPaKHEHU N
MIPOBEpKa JJOMAITHHX
3alaHUi

TPaIUIINOHHBIC
(bpoHTaNBHAS JIEKIIHS,
pelleHre yrpaxHEHUl),
UH(POPMALIMOHHBIE

(TIOKa3 Mpe3eHTAaIIH )
TEXHOJIOTHUS
MCCIIEI0BATENIbCKOU
JEeSTeNbHOCTH (XUMHYECKUN
9KCIIEPUMEHT)

TEXHOJIOTUSI MOAYJIEHOTO U
0J1I0YHO-MOJYTIbHOTO
oOyueHus
3/10pOBBhecOeperaronme
TEXHOJIOTHH

14. Dnements! IV A rpynisl
(yraepon, KpeMHUH, repMaHui,
0JIOBO, CBUHEII).

JICKITUS
nabopaTopHas pabota
B XUMHUYECKOU
nabopaTtopuu
pelieHue 3a1a4d u
YIpa)KHEHU N
MPOBEpKa JJOMAITHHX
3alaHui

TpaJUIIMOHHEIE
(pponTanbHas neKUU,
pelieHre yrnpaxHeHnui),
nH(pOpMaLIMOHHbIE

(moka3 mpe3eHTaruii)
TEXHOJIOTHS
HCCIIEI0BATEILCKON
JeSITeIbHOCTH (XUMUUECKUI
9KCIIEPUMEHT)

TEXHOJIOTUSI MOAYJIEHOTO U
0JI0YHO-MOJTYJIBHOTO
oOydeHus
3I0pOBBeECOeperaronme
TEXHOJIOTHH




15. Onements! V A rpynimsl
(azot, dhocdop, MBITIBSIK,
CypbMa, BUCMYT).

TEKITUS
nabopaTopHas pabota
B XUMHUYECKOU
naboparopuu
pelieHue 3a1ay u
YIpaXXHEHUI
MIPOBEpKa JOMAIIHUX
3alaHui

TpaaUIIHOHHBIC
(¢ponTanbHas neKUMs,
pelieHue yrnpaxHeHun),
nH(pOpMaIMOHHBIE

(Toka3s npe3eHTaruii)
TEXHOJIOTHSI
UCCIIEIOBATEIIBCKON
NESATEIbHOCTH (XUMHUYECKHUI
IKCTICPUMEHT)

TEXHOJIOTUSI MOAYJIEHOTO U
0JI0YHO-MOJTYJTBHOTO
o0yueHHs
3JI0pOBbecOeperamIme
TEXHOJIOTHH

16. Onementsl VI A rpynnbl
(kucnmopon, cepa, CeleH,
TEJLTyp).

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

TPaJUIIMOHHBIC
(pponTanbHas neKkuus,
peIICHHE YIPAKHEHHIA),
UH(POPMAIIMOHHBIC

(TIoKa3 mpe3eHTaIuii)
TEXHOJIOTHUS
UCCIIEIOBATEIIHCKON
JeSITeTBbHOCTH (XUMUYECKUH
IKCIICPUMEHT)

TEXHOJIOTUS] MOAYJILHOTO U
0JI0YHO-MOJTYJIBHOTO
oOyueHus
3/10pOBBECOEperaroime
TEXHOJIOTHH

17. Onementsl VII A rpynisl
(ranoreHsl).

JEKIUS
nabopaTopHas pabota
B XUMHUYECKOU
naboparopuu
pelieHue 3aga4d u
YIPa)KHEHUN
MpOBEpKa JOMAITHUX
3aJaHui

TpaJULMOHHbBIE
(bpoHTanbHas NEKIHS,
peleHne yrpaxHeHH),
UH(POPMAaLIMOHHbIE

(TIoka3 mpe3eHTaIuii)
TEXHOJIOTHS
UCCIIEI0BATENIbCKOU
JeSITeTbHOCTH (XUMUYECKUH
9KCIIEPUMEHT)

TEXHOJIOTUSI MOAYJIBHOTO U
0JI0YHO-MO/YJIBLHOTO
o0yueHus
3/10poBbEcOeperaronye
TEXHOJIOTHH




18. Dnements! VIII A rpynmbt ® TpaJULUOHHEIE
(MHEpTHBIC Ta3bl). (ppoHTaNbHAS TEKIHS,
pelieHue yrnpaxHeHun),
® JICKIUS ¢ uHpOPMAIMOHHEIC
e jabopaTopHas pabota (Toka3s npe3eHTaruii)
B XUMUYECKOH ® TEXHOJOTHUS
naboparopun UCCIIEIOBATEIIBCKON
e pelieHue 3a1a4d u JEeSATENHOCTH (XUMHYECKUN
yIpaKHEHUH IKCIEPUMEHT)
® TIPOBEpKa JIOMAITHUX ® TEXHOJIOTUSI MOJIYJIBHOTO U
3ajaHui 0JI0YHO-MOJTYJTBHOTO
o0yueHHs
e 370pOBbECOEperaromme
TEXHOJIOTHH
19. KypcoBas pabota 1o ® TEXHOJOTHUS
muctumuinHe «Heopranmueckas e HalucaHue u HCCIIeIOBATEILCKOM
XML odopmiieHne JeSITeIbHOCTH
KypCOBOi1 pabOThI

TpeGoBanus K peHTHHT-KOHTPOJIIO

1 cemecTp
PACCUYET BAJIJIOB B 1 CEMECTPE

O JMCIUIIVIMHE «<HEOPI'AHUYECKASA XUMUSA»

1 moayanb
Ne Pesyabratr Bup padotsl / cniocod
Kpurepuu onenuBanus
(uHaUKATOP)
1 OIlK-1.1 JlaGoparopHblie pabOThI-/ 7 (1 6ann 3a 1 mabopatopHyto
a0dot
OIlK-2.1 P y)
2 Kontponbnas padota Nel o*
OIIK-6.1
KonTponbhas padora Ne 2 3)
KonTtponsHas padora Ne 3 5

“(5 3apanmii, 1 6ana 3a 1
NPABHILHO PelIeHHOe
3ajaHue)

3

(Tect cogep:xut 20 BOonpocos,
1 npaBuabHbIii oTBeT -0,15
0aJsjia)




Tect
3 Brimonaenue nomamiaei paboThl, 2
4 ITocemaemocTth 1
5 Pa6ora Ha 3aHaTHH 2
Hroro: 30
2 MoayJib
No Pe3syabTar Bun padorsl / ciocod
(uHaMKATOP)
Kputepuu onenuBanus
1 OIIK-1.1 JlaGopaTopHbie paboThI - 6 6 (1 6ayn 3a 1 maboparopHyro
abot
OIIK-2.1 P y)
2 Kontponbnas pabota Ne 4 5
OIIK-6.1
Kontponbnas paborta Ne 5 5
KonTponbnas padota Ne 6 5
KonTponbnas padota Ne 7 5
“(5 3apanuii, 1 6ana3a 1
NPaBUIBHO PelIeHHOe
3a/iaHme)
3 Brinmonnenue nomarineit paboThl 2
4 ITocemaemocts 1
5 PaOora Ha 3ausatun 1
Hroro: 30
6 DK3aMeH 40 (4 3apanus B oujiere mo 10
0aJ1J10B)
Hroro 3a 1 cemecTp 100 6an0B




2 cemecTp

PACCUYET BAJIJIOB BO 2 CEMECTPE

O JMCIUIIVIMHE «<HEOPI'AHUYECKASA XUMUS»

1 moayan
No Pe3yabTat Bua pa6orsl / cnocod
(H1HKaTOP) Kpurepuu onennBanus
1 OIIK-1.1 JlaboparopHbie paboOThI-8 8
OIIK-2.1 (1 6amn 3a 1 mabopaTopHyrO
pabory)
OIIK-6.1 Y
2 KonTponbnas padora Nel 5
Kontponbnas padota Ne 2 5
KonrtpomnsHas padora Ne 3 6
“(npu oneHUBAHUM
KOHTPOJIbHOI padoTbr 1
0aJu1 BeIcTaBJsieTcst 3a 1
NPaBUJIbHO pellleHHOe
3a/laHme)
3 BrimmonHenue nomarixei paboTsl, 2
4 [TocemaemocTthb 1
5 Pabora Ha 3aHsTHN 2
6 CBoeBpeMeHHas 3aIIuTa 1
71a00paTOpHBIX paboT
Hroro: 30

2 MOYJIb




Ne PesyabTatr Bup padorsl / ciocod
(MHaMKaTOP) Kpurepun oueHuBanus
1 OIIK-1.1 JlaboparopHbie paboThI-9 9
OIIK-2.1 (1 6amn 3a 1 maboparopHyro
aboTy)
OIIK-6.1 P Y
2 Kourpossnas pa6ora Ne 4 3
Konrponsnas padora Ne 5 3
Kontponbnas padora Ne 6 3
Kontponbnas pabora Ne 7 3
Konrtponsnas padora Ne 8 3
“(npu oLeHUBAHUH
KOHTPOJIbHOM padoThl 1
0aJu1 BpIcTaBJsieTcst 3a 1
NPaBUJIbHO PellieHHOe
3alaHme)
3 Brmmonnenue nomarixei paboThbl 2
4 [TocemaemocTtb 1
) Pabota Ha 3anaTUM 2
6 CBoeBpeMeHHas 3alIuTa 1
1a00paTOPHBIX paboT
Hroro: 30
7 JK3aMeH 40 (4 3apanus B OmJiere no
10 6as10B)
Hroro 3a 1 cemectp 100 6ann0B




IIpuioxenne 2

5. OIEHOYHBIE MATEPHUAJIBI JUISI TPOBEJEHUA TEKYIIEA ATTECTALIMMA

5.1. OneHoYHbIE MATEPHAJIbI JIJISl IPOBEIeHNs TEKYIeH aTTeCTAIMU
1 cemecTp
1 moayan

KonTpoabsnas padora Nel. Tema: «OCHOBHBIE ITOHATHS U 3aKOHBI XUMHUW)
Ipumep
1.06beMHbBIE 107U Ta30BOM cMecH cocTaBisioT: MeTtana — 30% u Bogopoaa — 70%. CMech HaxoauTCs
nox naeienuem 1,07-10°T1a. Haiinute MapuraibHbIC TaBJICHUS ra30B.

2.Cmech azota ¢ Bo1opoaoM Becut 6,4 T u Haxoxutcs npu 27°C u P = 101,3 kIla, 3anumas oowem 20
1. Onpenenure M(N2) u m(H2) B cmecw.

3.ITocne B3peiBa 0,02 11 cMecu Bojopoa u kuciaopoaa octaioch 0,0032 i kucnopoa. Beipa3suts B
MPOICHTaX M0 00BEMY MIEPBOHAYATIBLHBIN COCTaB CMECH.

KonTpoubnas padora Ne2. Tema: «TepMoanHaMuka 1 XUMHUYECKasi KHHETHKA

Ilpumep
1.OYyHKIMK COCTOSIHHS, XapAKTEPU3YIOIINE XUMUUECKUE CUCTEMBI.

2.JlaliTe onpenenenue cTaHAapTHOMY cocTossHUIO. CTaHnapTHble ycinoBus. CTaHAapTHBIE U3MEPEHHS U
0003HaUeHUS.

3. Tepmoxumuueckue ypaBHeHHs. IIoHATHS 5K30- M 3SHAOTEpMHUEcKHEe peakiuu. 3akoH [ecca.
CrnenctBue u3 3akoHa ['ecca. OTBeT noATBEpAUTE IPUMEPAMHU.

4.1lpu Hekoropoi Temneparype T sHmoTepmuueckas peakuus A —B mpakTHyecku HAET A0 KOHIA.
Onpenenuts:

a) 3HaK AS peakuuu.

0) 3nak AG peakuuu B — A npu tremnepatype T.

B) BO3MOKHOCTb IIPOTEKaHMsI peakuuu B — A npu HU3KUX TeMIeparypax.
5.NHsNO3 () <> N20(r) + 2H20(r)

VYKaXuTe 3HaK SHTPOIIHH.

6.CKOpOCTh XMMHYECKOHN peakiuu. 3aKoH aeicTByroumx macc. [Ipasmio Bant-I'odda.



7.OHeprus akTUBaUMU. Y paBHEHNE AppeHHyca.

8. Xumuueckoe paBHoBecue. CBsaA3b koHCTaHThl paBHOBecus ¢ AG m AH peakuuu. [lpunnun Jle-
[[Tatense. OTBETHI WILTIOCTPUPYUTE MPUMEPAMHU.

9.Yem 00BsACHSETCS MOBBIIIEHUE CKOPOCTH PEAKIIUU IIPU BBEICHUE B CUCTEMY KaTaiu3aropa’?

10.KoncranTta paBHoBecus peakiuu A(r) + B(r) <=> C(r) + JI(r) paBHa enunwuiie. CKOJIBbKO IPOIIEHTOB
BellecTBa A Mo/Bepraercs MpeBpalieHHI0, €CJIU CMELIaTh 3 MOJIb BellecTBa A U 5 Mouib BelecTBa B?

KonTpoabHnas padora Ne 3. Tema: «KoHueHTpamusi pacTBOPOB»

Ilpumep
1.Berauciuts 10%, Cy, Cu ruapokcua Hatpus B 9,28H pacrsope NaOH (p = 1,310 r/mu).

2.Kakoii 06bem 10%-noro pacteopa NaOH (p = 1,093 r/mu) motpedyercs i MOJHOTO PaCTBOPECHHUS
3r anroMuHus?

3.Cxoinbko muTpoB 96% pactBopa H2SO4 (p = 1,84 r/mn) tpebyercst mist npurorosienus 201 0,5M
pacTBOpa CEPHOM KUCIOTHI?

2 MoayJib

KonTtpouabnas padora Ne 4. Tema: «loHHbIE paBHOBECHS B pacTBOPax»

Ilpumep
1.Hanucare B MONEKynApHO-UOHHON (hopMe ypaBHEHHE peaklMid. YKa3aTh, B KAKOW Cpejie MpOoTeKaeT
peakuus. Yem omnpenenseTcs HanpaBieHHe 0OMEHHOM peakuun?

2.Hanmcate B MOJIEKYISIpHO-UOHHON (hopMe peakIMy HEHTpaln3aluu U yKa3aTh, KaKue U3 HUX
IIPOTEKAIOT 00paTUMO, a Kakue HeoOpaTuMo. YKa3aTh TaKXKe PEaKIMIO Cpe/Ibl IPU YCIOBUH, €CIH
OCHOBAHUS M KUCJIOTHI B3SIThl B CTPOTO 3KBUBAJIEHTHBIX KOJIMYECTBAX.

NHsOH + HCN — NH4sOH + NCI —

3.YkazaTh Npu4KHY, BHI3BIBAIOIIYIO CMEIIIEHUE paBHOBecHs. HamucaTs ypaBHEHUE B MOJIEKYIISPHO-
HOHHOH opme.

Fe(OH)s + HNO3z— AlCl3 + KOH—
Cr2(SO4)3 + KOH — AlCl3 + KOH* —
* - peakTHB B U30BITKE.
KonTtpoubHnas padora Ne 5. Tema: «I'eTreporeHHbIe paBHOBECUS
Ilpumep

1.K oqHOMY IMTpY HAChILIEHHOTO PacTBOpPa XJiopua cepedpa npudasieH 0,1 Mosb XI0puia Kaaus
(0xax=80%). Beruncnuth Cag+ B TAKOM PacTBOPE.



KonTpoabHas padora Ne 6. Tema: «OBP»
Bormpocs! it HOArOTOBKHU:
1.D5ekTpoiHbIE MTPOLIECCHI

2.CraHIapTHBIA OKUCIUTEIFHO-BOCCTAHOBHUTENbHBIN TTOTeHITHAN ((°). CTaHIapTHBIA BOJOPOIHBIN
MOTEHLINA.

3.I'anbBaHUYECKUI SJIEMEHT.

4.27eKTpOABMKYIIAs CHJIa TaJIbBAHMYECKOTO dJieMeHTa (3.11.C.)

5.3aBUCHUMOCTB 3JIEKTPOIHOTO MOTEHI[MAIa OT KOHIIEHTpAIlMu HOHAa B pacTBOpe. YpaBHeHue HepHera.
Ilpumep

1.CTanaapTHbIe 3J1eKTpoHbIe HoTeHuuans! mpu 298° K:

Au®t +3e = Au E%u3+/au= 1,50 B,

Sn®* +2e =Sn E%sh?*/sn="- 0,14 B,

Sn** +4e =Sn E%sn**/sn=+0,01 B.

OnpeJIeNnTe 3.]1.C. 30JI0TO-0JIOBIHHOTO I'aIbBAHNYECKOT0 3IEMEHTA PU CTaHAAPTHBIX ycnoBusax (Cay®*
= Csn?* = 1 Mmomw/n):

A +1,640; b - 1,640; B +1,360; I" — 1,360; /1 +0,680.

2.CoCTaBHUTBh CXEMBI SJICKTPOHHO-MOHHOTO 0ajaHca. 3anicaTh HOHHO-MOJIEKYIJISIPHOE M MOJIEKYIISIPHOE
ypaBHeHUe peakiuu. PacctaButh K03hGUIMEHTHI. YKa3aTh MPOIIECC OKUCIECHUS U BOCCTAHOBJICHUS.

1) Cu + HNO;3 &
2) PbO2 + HNO; + H20, <

3) Fe203 + KNO3 + KOH<®

KonTpoubnas pabora Ne 7. Tema: «Hanpasnenue OBP»

1. HanmpaBiieHue npoTekaHusi OKMCINTENbHO-BOCCTAHOBUTENIbHBIX peakiuil. 2.0npenenenue
HaIlpaBJICHUs BO3MOKHOIO CAMOIIPOU3BOJIBHOIO IIPOTEKAHUS PEAKIUU.

3.CBa3b cTanaapTHOit 7.1.¢. (E°) ranpBanmdeckoro aneMeHTa co CTaHAapTHOI SHeprueii [u66ca.
4.Bpluncnenne KoHCTaHThl paBHOBecHs OBP 1o 3HaueHuto crangapHoii 3.1.C.

Ilpumep
1.Yka3arpe B KaKOM HANpPaBICHUH MOXKET CaMONPOU3BOJIBHO ITPOTEKATh JaHHAS PEAKIUs
H>0, + HOCI = HCI + Oz + H.0
2.MosxHo 11 BoccTaHoBUTH 0110Bo (1V) B omoBo (I1) ¢ moMombto cneayromieit peakuuu

SnCls+ 2KI1 = SnCl; + 12 + 2KCI



OTtBeT 000CHOBATh PacYeTOM KOHCTAHTHI PABHOBECHSI.

3.Beuncnuth KOHCTAHTY paBHOBCCUA HpOTeKaIOH_Ief/’I B MCAHO-CBHHIIOBOM I'aJIbBAHHUYCCKOM 3JICMCHTC.

10.
11.

12.

13.

14.

HNToOrosnlii TECT MO TEMAM:

OcHOBHBIE ra30Bble 3aKOHbI. XUMHYECKAs KHHETHKA. XUMHYeCKasi TEPMOJUHAMHUKA

Ilpumep

DKBUBaJIEHTHas Macca MeTamia paBHa 12 r/monb. Yemy paBHa SKBUBaJCHTHas Macca €ro
okcuga: a) 24 r/monb, 0) HeNb3s ONpPeNeNuTh, B) 20 I/MOIIb.

Cepa o6pasyer xmnopuasl S2Clou  Clp, sxBuBaienTHas macca cepbl B SCl paBa 16 1/mMob.
BbiOpaTh mpaBuiibHOE 3HAYCHUE SKBUBAICHTHOH Macchl cepbl B S2Clo: a) 8§ r/monb, 0) 16
r/mMonb, B) 32 1/MOJb.

Kak crnemyer M3MEHUTH YCIOBHSA, YTOOBI yBEIMUYEHHE MacChl JAHHOTO Ta3a HE IMPHBEIO K
BO3pAaCTaHHUIO €ro o0bema: a) MOHU3UTh TeMIleparypy, 0) YBEIUYUTH JABJICHHE, B) HENb3S
moaoopaTe yciaoBHii?

Cocyn HamoJHEH CMEChI0 Kuciaopona M aszora. [Ipm KakoM COOTHOIIEHMHM MaplHUaIbHBIX
JaBJeHUI Macchl Ta30B OyayT oquHakoBbl: a) P(O2)= p(N2), 6) p(02)=0,875 p(N2), B) p(O2)=
1,14p(N2)?

Cwmemanu paBHbie 00beMbl Clz n Ho. Kak n3Menutcst 00beM cMecH 1mocie NpoTeKaHus PeaKiuu:
a) He U3MCHUTCS, 0) YBEITMYHUTCS B JIBA pa3a, B) YMECHBIIUTCS B JIBa pa3a?

I"a3o00pasubiii okcun conaepxkut 30,4% a3ora. B Monekyny okcuaa BXOAWT OJUH aTOM a30Ta.
Uemy paBHa IJIOTHOCTH ra3a o kuciopony: a) 0,94, 6) 1,44, B) 1,507

7. lpocreiimas Gpopmyna coenuuenus yriaepoza ¢ Bogopoaom CHp. Kakosa uctunnas ¢popmyna
coeuHEeHMs, ecau Macca | 1 raza paBHa macce 1 mazota: a) CsHe, ©0) CoHa, B) C4Hsg?
VYka3arh, Kakue U3 MEePEUNCICHHBIX YTBEPKIACHUI MPABUIBHBI ISl PEaKIUii, MPOTEKAOIINX B
CTaHIAPTHBIX  YCJIOBHUSX: a) DHIOTEPMHYECKHE pEaKIHA HEe MOTYT TPOTEKaTh
CaMOTIPOHM3BOJIFHO, 0) PHIOTEPMUYECKHE PEAKIIMA MOTYT MPOTEKATh MPH JOCTATOYHO HHU3KUX
TeMIepaTypax, B) DHIOTEPMUUYECKHE PEaKIUH MOTYT MPOTEKaTh MPU JOCTATOYHO BBICOKHX
TeMIIepaTypax, eClii U3MEHEHNE SHTPOIHH MOJIOKHUTEITHHO.

B kakoM M3 crenyrommx ciydyaeB peaklys BO3MOXKHA IMpH JIOOBIX TemmepaTypax: a)AH<O0,
AS>0, 6) AH<0, AS<0, B) AH>0, AS>0.

Kaxos 3nak AG mporecca TassHus npaa npu 263 K a) AG>0, 6) AG=0, B) AG<0.

Yem 00BsICHSETCS MOBBIIIEHUE CKOPOCTU PEAKIMU MPU BBEACHUU B CUCTEMY KaTaiu3aTopa: a)
YMEHBILIEHUEM JHEPIMHM aKTHBAIMH, 0) yBEIMYEHUEM CpeIHEeH KUHETHMYECKOH JHEpruu, B)
BO3pAaCTaHUEM YHCIIa CTOJIKHOBEHUH, I') POCTOM YHCIIa aKTHBHBIX MOJIEKYI?

Kakoe BimsiHHE OKa3bIBaeT IE€pEeMEIIMBAHWE HA CKOPOCTh TPOTEKaHUS TeTEePOreHHOU
XUMHAYECKON peakiuu 6 a) BO BCEX CIIyYasX yBEITMYHMBAET CKOPOCTh PEAKINU, 0) B HEKOTOPHIX
CITydasiX yBEITMYMBAET CKOPOCTh PEAKIINH, B) HE BIUSET Ha CKOPOCTh PEaKIiu?

Ecnu 00beM 3aKphITOr0 peakIMOHHOTO COCY/a , B KOTOPOM YCTaHOBMIIOCH paBHOBecue 2S0: ()
+ 02 1) S2 SO3(r), yMEHBIINTE B 2 pa3a, TO : a) CKOPOCTH MPSIMOI U 00paTHON PEaKIIMK OCTaHyTCS
OJIMHAKOBBIMH, 0) CKOPOCTbH NPSIMOM peakIiH CTAaHEeT B 2 pa3a OOJblIe CKOPOCTH OOpaTHOM
peakinuy, B) paBHOBECHE HE CMECTHTCS , T) PAaBHOBECHE CMECTHUTCS BIPABO, ) paBHOBECHE
CMECTHTCSI BJICBO?

CKOpOCTh KakMX peaklWil yBEIWYHUBACTCSI C POCTOM TEMIIEpaTyphl: a) Jo0bIX,  0)

MPOTCKAOMIUX C BBIACIICHUEM DHEPIruu, B) MPOTCKAOIINUX C IMOTTTOMCHUEM 3Hepr1/m?



15. Kakue W3 mepeducieHHbIX BO3JECHCTBUM NPHUBEAYT K M3MEHEHUIO KOHCTAHTHI PaBHOBECHUS
XUMHYECKUX pEaKIMi: a) M3MEHEHHE HaBJIeHUs, 0) W3MEHEHHE TEeMIIepaTyphl, B) 3aMeHa
KaTaJlu3aTopa, I') U3MEHEHUE KOHIIEHTpaIUi pearupyomnx BeiecTs?

16. B kakoM HampaBJICHMH CMECTUTCS paBHOBecue B cucteme 4 Fe (k.)+ 3 Oz (r.)S2 Fex03(k.)
[P YBEJIMYCHHUH JIABIICHUS: a) B CTOPOHY MPSAMOM peakiuu, 0) B CTOPOHY 0OpaTHON peakiuy,
B) HE CMECTUTCS?

17. Inst Hexotopoi peakumu AG<0. Kakuwe W3 MEpEeYUCIICHHBIX YTBEP)KICHUI TpPAaBHJIBHBL: Q)

KOHCTaHTa PAaBHOBECHS PEaKIIUH OOJIbIIE eAMHUIIBI, 0) KOHCTAaHTA PABHOBECHUS PEAKIMH MEHBIIIE
€IMHUIIBI, B) B PABHOBECHOM CMeCH MPe00i1aIaloT HCXOAHBIE BEIECTBA, T') B PABHOBECHOM CMeCH
peodIIagaroT IPOAYKTHI peakiuu?

18. KoHcTraHTa paBHOBeCHs HeKoTopoii peaximu ripu 293 K pasna 5-107%, a mpu 1000 K cocTapiser
2-10°®. Kakos 3nax AH? stoit peaximu: a) AH®>0, 6) AH’<0 .

19. Jins HekoTopoii camompou3BonbHONH peakimu AS°<0. Kak OyneT HM3MEHAThCS KOHCTAHTA
paBHOBECHSI C MOBBIIICHUEM TEMIIEPATYphI: a) YBEIMUUBATHCS, 0) YMEHbBILATHCS, B) TIO TaHHBIM
3aJ1a4M HEJIb3s ONPEAeIIUTh?

20. ITpu 20°C xoHCTaHTa CKOPOCTH HEKOTOpPOi peaknuu pasHa 107 mun?, a mpu 50°C — 27-1073
mun ! UeMy paBeH TeMIIepaTypHbIi KO3Q(PULUEHT CKOPOCTH PeakiuH : a)2, 6)3, B)4?

2 cemecTp

1 moayan
KonTpoasnas padora Nel. Tema: «CTpoeHre aToMa U XUMUYECKasi CBSI3b»

Ilpumep
1.PaccuunTaiiTe MaKCUMaabHYIO €MKOCTh S-, P-, d-, f- opOuTaei.

2.ComocTaBbTe pauyCchl HOHOB U aTOMOB:

a)F, Cl-, Br-.

6) Na*,Mg?*, AI®*.

B) Nd®*, Cd®*, Ho®*.

3.HammmmTe >nextpornsie konduryparmu Ca, Fe?*, Ag*, Cu, Ne, Cd, Cd®".
JI1s STIeKTPOHHO- BHEIIHETO YPOBHS HOHA Fe?" ykauTe Bce KBaHTOBBIE UMCIIA.

4.00bsSICHUTE CYIIECTBOBAHNE PA3IMYHBIX 3HAUEHUM MEPBHIX MOTEHIIUATIOB HOHU3AIMK aTOMOB AU 1
Cs.

5.Kak M3MEHHTCS MOJISIPHOCTH CBS3U B psijiax:

a) LiCl - BeCl> - BCls.

0) HF - HCI - HBr.

6.ITouemy monekyna BeCl, nuneitnas, a monexyna H2O — yrioBas?
7.06wscHuTe cTpoenue moiekyn N2O, CO2, Oz ¢ nomoimrsio MBC:
a) HaITUIIUTE YIEKTPOHHYIO GOpMyITy (pe30HaHCHBIE (POPMBI).

0) ykakute TUI THOpUIU3aLUU EHTPAIbHOIO aTOMa, TEOMETPUIO MOJIEKYJIBI.

8.Cpasnaute misa CHa, NHs, H20, HF:



a) TEOMETPHUECKOE CTPOCHHUE MOJIEKYI.
0) TemriepaTypsl KUTIEHHS (OTBET MOSICHUTE).
9.01eHHUTE BO3MOXKHOCTH CYIIeCTBOBaHUs MoJieky.1: Hex Lizx Bez, Bo.

10.Yem 06BsACHUTD OIM30CTH TeMmeparyp Kumenus asora (-196°C), kuciaopona (-183°C), dpropa (-
188°C)? IMoyeMy OHM OTIMYAIOTCS OT TEMIEPATYPh! KuneHus xiopa (-34°C)?

11.Ucnons3zys MMO, oObsicHHTE:

a) B kakoii yactune Oz mm 022 MeXbAIepPHOE PACCTOSHIE OONbIIIe?

6) motennuan (l1) Kakoit yacTuIpl GompIne: atoMa O WM MOJTEKYISIpHOTO HoHa ~ 0227?
12.Paccmotpure crpoenue yactuiy CN, CN™, N2 1 o0bsicaute, nucnons3zyst MMO:

a) mouemy 3Heprus aucconuanyu yactuibl CN™  6ombie, uem CN 1 61113Ka K SHEPrUH TUCCOITUAIIUN
N>?

6) mouemy yacturia CN ckioHHa K AuMepu3anuu’?
KonTpoabsHnas padora Ne 2. Tema: «KomIsieKCHbIE COSAMHEHUS»
Bormpocs! 1u1st 1oAroToBKU:
1.0Onpenenenue cocraBa KOMIJIEKCHOTO HOHA.
2.HomeHkaTypa KOMILJIEKCHBIX COCIMHEHUM.
3.PaBHOBecHE B paCTBOpaX KOMIUIEKCHBIX COEIMHEHUM.
4. MarHuTHbBIC U ONITHYECKUE CBOMCTBA KOMILIEKCHBIX coenuaenmi (TKIT).
5.IIpocTpaHCTBEHHAs! CTPYKTYpa KOMILUIEKCHBIX COEIUHEHMUIA.

Ilpumep
1.CKOJIBKO 3JIEKTPOHOB Ha 0L —MIOTypOBHE HEBO30YKAEHHOTO aTOMA JKeye3a:

A2;64,B6;,T7; ]15.

2.CKONBKO 3IeKTPOHOB HA 0— TIOyPOBHE HoHa Fe¥™?
A2;b4;,B6;T"7; 11 5.

3.KakoBo BO3/1eliCTBHE MOJIEKYJ BOJIbI KaK JIMTAHJOB Ha HOH Fe3+?

A cma6oe; b cunsHoe; B He 3na10; I - ; 11 -.

4.KakoBo cocrosaue Fe®* xommexca [Fe(H20)s]**?

A nuskocnuHoBoe; b BeicokocnimHOBOE; B He 3Haro; I - ; /1 -.

5.CKOIIBKO HECTIAPEHHBIX IeKTPOHOB B noHe Fed* B okTasamueckoM oxpyxkennu momekyn HpO:
AO0;b1;B2; T 3; 5.

6.KakxoBbI MareuTHBIE CBOICTBA HOHA B Kommuiekce [Fe(H20)6]3"?

A mapamaruuTHbii; b quamarautHsiil; B He 3Hato; I - ; /1 -.



7 KakoBo Boszeiictere nonoB CN” kax nuranma Ha non Fed*

A cna6oe; b cunsnoe; B ve 3naro; I - ; J] -.
8.KakoBo crimnoBoe coctostaue Kommekca [Fe(CN)s]>?
A HHM3KOCIIHHOBOE; b BRICOKOCIIMHOBOE
9.CKOBKO HecTapeHHBIX YMeKTPoHOB B noHe Fe3* B okTasapudeckom okpyxernn nosos CN™?
A0;b1;B2;T 3; 14.
10.KakoBsl MarauTHeIe cBoiicta noHa Fe®* B xommexce[Fe(CN)g]3?
A mapamarautHblii; b quamarautaslii; B He 3nar0; [ - [ —.

KonTpoubnas padora Ne 3. Tema: «CoiicTBa 351eMeHTOB | rpynmb»

Ilpumep

1. Kak u3MeHSI0TCS XUMUUECKHE CBOMCTBA METAJIOB IJIABHOW MOATPYIIIBI | rpymibl 3J1EMEHTOB ¢
yBEJIMYEHUEM MOPSIIKOBOro HoMepa? B ueM 3akiitouaroTcs 3TH U3MEHEHHSI U YeM OHU 00YCIOBIEHBI?
2.HamucaTp cxembl INPOLIECCOB, INPOTEKAIOLIUX IPU 3JEKTPOJIM3€ pacTBoOpa M pacillaBa XJIOpHaa

cepebpa ¢ TUIATHHOBBIM U ITMHKOBBIM JICKTPOIAMHU.
3.Hamucatps ypaBHeHusi peakuuil ruaponusa: a) cyibduua HaTpus, 0)
alierata Kajuusi, B) HUTPHUTA JIUTHSL.
4.0mnpeiennTe aTOMHYIO Maccy JIUTHS, eCId IPUPOIHAs cMech coaepskut 7,42 %  3°Li u 92,58 %
3 'Li.
5.3aKOHYNTH ypaBHEHUS PEAKIIHIA:
a) NaH+ H.O0—
6)Na202+H.0—
6.CocTaBbTe ypaBHEHHS PEAKIIUNA, TPOTEKAIOIIUX 110 CXEME:

Ag — AgNOs3s — AgCl — [Ag(NH3)2]C1  — AgS

7.0npenenute, ckonbko rpaMMoB NaOr BcTymmiio B peakidio ¢ BOJOH, ecim oOmud o0beM
norydeHHoro pactopa 0,750 1, a 0,010 11 momyyeHHOTO pacTBOpa HEOOXOAMMO ISl HEUTpaIU3aIluu
0,030 11 0,1 1. HCI?

2 MoayJab
Kounrpoabnas padora Ne 4 . Tema: «CBoiicTBa 3JIEMEHTOB U UX
coeaunenuii |l rpynn IICX3D MenneneeBa»
Ilpumep
1.CpaBHUTE 3IEKTPOHHOE CTPOEHUE PIIEMEHTOB |-A TpyIIIbL.
2.0cCy11eCcTBUTE CAEAYIONINE EPEXOAbL:
Cu— CuClz — Cu20 — [Cu(NHs3)2]OH

3.Hanumure ypaBHEHUS pEaKIUN CIEIYIOMNX MPEBPAILICHUMN:



Ag — AgNOs — Ag,0 — [Ag(NH3)2JOH — AgCI

[MAg — AgS
4 HanumuTe ypaBHEHUE PEaKIUU:
Na202 + Kl + H2SO4 —

5. 25 mu pactBopa CuCly Beimenwmnn u3 pacrsopa Kl 0,3173 r iioga. KakoBa MOISIpHOCTE pacTBOpa
CuCly?

KonTtpouabnas padora Ne 5. Tema: «Coiictsa snementos |1-1V rpynn
[ICXD Meuneneesay
Ilpumep

1.3aKOHYNTBH ypaBHEHUS PEAKIIUNA:
a) SnClz + Fex(S04)3 —
6) SnCl, + KOH + Pb(NO3) » —

B)SNCl; + KBrOz + HCIl —

2.Ilpu nevictBum pa30aBieHHON a30THON kuciotel Ha P20z m Ha Pb3Os oOpasyercs B obomx
cnydasx PbO2 . OTHOCSTCS JIM 3TH PEAKIHH K OKHUCIUTEILHO-BOCCTAHOBUTEIbHBIM ? Kakue BBIBOIBI
MOJKHO CJIeJIaTh Ha OCHOBAHHH MTPOJAYKTOB PeaKIMKi OTHOCUTENBHO cTpocHus PhoOsu PhzO4 ?

3.Yto momyuutcs nmpu B3auMojencTBuu (ochuaa amoMUHUS ¢ a) BOJOI; 0) CEpHON KUCIOTOH ; B)
ruipokcuioM Hatpusi? Hanucarh ypaBHEHUs peakiuil.

4. Yem paznuuaercs neiictBue n30biTka BoaHBIX pactBopoB NHz u  NaOH Ha pactBop AICIs?
Hanwucatp ypaBHEHHs COOTBETCTBYIOIIUX peakiuil. YeM 0ObsICHUTH CKIIOHHOCTh MOJIEKYJI TaJIOT€HU10B
QTIOMUHUS K TUMEPU3AITIH?

S.CpaBHI/ITI) MacCChI FI/II[pI/I)Ia KajJblud U METAJIJIMYECKOI'O aJIlOMHUHUA, H€O6XOI[I/IMI)I€ 1A HOJ'Iy‘-ICHI/ISI
50 1 Bomopoa.

KontpoabHas padora Ne 6. Tema: «CBoiicTBa 351eMeHTOB V Ipymibl
I[1CXD Menneneesa»
Ilpumep

1.ConocraButh noseneHre AS, Sb u Bi mo oTHOIIEHHIO K a30THOM KUCIIOTEe — pa30aBIICHHOW U
KOHIIEHTpUpOBaHHOW. Hanucarh ypaBHEHUs peakinii.
2.3aKOHYNTDH YPABHEHUS PEAKIINN:

A )AsHz + KMnO4+ H2SO4 —
b )MgsSho+ K2Cr,07 + HCl—
B) SbCls+ HCI+ Zn—
3.Kakumu 1ociea0BaTelbHBIMU PEAKIUAMU MOKHO oay4uTh H3PO2 u3 Genoro ¢pocdopa , pacteopa

Ba(OH), u cepHoit KuciaoThI?

4 Kakum oovemom 20%-noro pactBopa NH4Cl  (p=1,06) moxxno 3amenuts 1 1 14%-HOTro pacTBOpa
(NH4)2S04 (p= 1,08)m1s moy4eHus: paBHBIX KOJIMUECTB aMmMmuaka rpu aeiicrBun KOH Ha pacTBopbI
ITUX coJien?



5.PactBopumocts AS203 B Boze 1,5%. OnpenenuTs MOJISIPHYIO KOHIICHTPALIMIO MBIIIbIKOBUCTOMN
KHCIIOTBI, 00pa3ylomuieiicst mpu pacTBOPEHUHU aHTUIPUA B BOJIE.

6. [lomydeHnue a30THON KUCIOTHI B IPOMBILIUIEHHOCTH U J1aboparopuu. Hanucats ypaBHeHUs
peakuui, NOATBEPKAAOIINX €€ XUMUYECKHE CBOMCTBA.

KonTtpoabnas pa6ora Ne 7. Tema: «Cpoiictsa asiemeHTOB V| rpymbl
[1CXD Menneneesa»
Ilpumep

1.Kakoii o6beM Ho S crienyer nmponyctutsb depe3 400 mit 6%-noro pactsopa KMnOs (p = 1,04),
MOJIKUCIIEHHOTO CePHOU KUCTIOTOH 10 moTHOTro BocctanoBieHuss KMnO4?

2.YT0 npOouCXOAUT MPU MOAKUCIEHUN CEPHOM WM COJISHOW KMCIOTON pacTBOPa, COAEPHKAIIETO
cynbdur u cynbdar Hatpus? Hanmcars ypaBHEHUS peaKIuii.

3)K,Cr,0, —= K,CrO, —=Cr,(80,); —>= Ci(OH), — Cr,0;, —= K,Cr0,

3.0nmcarh CyIIHOCTh KOHTAKTHOTO METO/Ia IMOJIyUeHHs CEPHO# KKCI0Th. HamucaTh ypaBHEHHMS
COOTBETCTBYIOIINX XHMUYCCKUX PEAKITUI.
4.3aKOHYHTH YPAaBHECHUS PEAKIIUH M PACCTABUTh KOAPPHUIIMCHTHI:
H2SO3+H2S—
H2SOs(koni.) +Zn —

H2SO4(kon1.) + C —

S.KaK 158 HOquy MCHSAKTCS KUCJIIOTHBIC CBOﬁCTBa B pﬂﬂy:
H2SO3, H2SeOs , HoTeO3?

KonTposbnas padora Ne 8. Tema: «CpoiictBa anementoB VI rpynmsl
I[1CXD Menneneesa»

Ilpumep
1.J1aTh CpaBHUTENBHYIO XapaKTEPUCTUKY CBOMCTBA raJOr€HOBOJIOPOAOB, YKa3aB XapaKkTep U3MEHEHUS:
a) TeMIEepaTyp KUIEHUS U TUIaBJICHUS;

0) TepMHUECKON YCTOWYUBOCTH;

B) BOCCTAaHOBUTEIBHBIX CBOMCTB. OOBSICHUTH HAOIIOJaeMble 3aKOHOMEPHOCTH.
2.3aKOHYMTH YpPAaBHEHUS PEAKIIUIL:

a) I2 + HNO3 g—

0) KaMnOs + HClg—

3.0cy1uecTBUTE NPEBpAILIECHUS:

a) MnOs” — Mn?*



0) MnO4”— MnO2
B) Mn** — MnOy

4 Kak uW3MeHsETCA MPOYHOCTh CBSI3U MEXAYy atomamu B psay Mmoiekyn Cly, Bra, 12? Uem sto
o0bsicHsaeTcs? Kak M3MEHSeTCs B 9TOM Py SHTAIBINS AUCCOLUAIIMHA MOJICKYJ U UX YCTOMYUBOCTH?

5.0cymiecrBute npespartienue: KCl — Cl, — Bro— HBr —  Bra,

5.2. OneHoYHbIE MATEPHAJIbI JJIS IPOBEIeHNsI IPOMEKYTOYHON aTTecTaunu
Bonpoch! 1151 IOATOTOBKH K 3K3aMeHY 10 THCIHUILINHE
«Heoprannueckasi XuMush»

Yacts | (I cemectp)

1. TennoBoit 3¢ ekt peakuuu. 3akoH ['ecca. DHTambIUs 00pa30BaHUS.

2.I1epBblit 1 BTOPOI 3aKOHBI TEPMOJUHAMUKU. DHTATIBIUSA. DHTPOIUS. BHYTpeHHSIsSI SHEPTHsL.
3.Oneprus ['n60ca. YciaoBus caMonpou3BOILHOTO IPOTEKAHUS MIpoIecca.

4.CxopocTh XxuMudeckoi peakiuu. OCHOBHOE KMHETUYECKOE ypaBHeHHE. KoHcTaHTa CKOPOCTH.

5.®aKTOopHl, BIUAIONIME HA CKOPOCTh XMMUUYECKOM PeaKIK: KOHIIEHTPAIIUs pearupyroux BeecTB, HX
IIpUpoJIa, TEMIEPATYpA.

6.Xumnueckoe paBHoBecue. KoHcTaHTa paBHOBecHs. 3akoH neWcTByromux Macc. [lpunnun Jle-
[IIaTenne.

7..BnusiHue Ha cOCTOSIHME PaBHOBECUS PA3JIMYHBIX (PAaKTOPOB: KOHIIEHTPAIMH BEIIECTB, TEMIIEPATYPHI U
JIABJICHMSL.

8.KoBaneHntHass cBsi3b. MeTon BaJIeHTHBIX CBsi3eil. HachlliaeMocTh, HampaBiI€HHOCThb, MOJSPHOCTh
KOBAJICHTHOM CBsI3W. J|JTMHA CBS3H.

9.KoBanenrtHas cBs3b. [IpocTpancTBeHHass koHGUrypauus moijekya. Teopus ruOpuau3anuy aTOMHBIX
opouTanei.

10.Teopus MOJIEKYJISPHBIX ~ OpOUTAaJIEH. OHepreTnueckue auarpammbl. CBs3bIBaoOlue U
Pa3pBIXJISIOIINE MOJIEKYJIIPHBIE OpOUTAIIH.

11.0xuCcIUTETEHO-BOCCTAHOBUTEIIBHBIE PEAKITUY.

12.HaHpaBJ'ICHI/Ie OKUCIUTCIIBHO-BOCCTAHOBUTCIIBbHBIX peaKHHﬁ.

13.CoBpeMeHHbIE TPEACTABIEHUSA O pacTBOpax
14.PactBopuMocTb. 3akoH ['eHpu. 3akoH pacrpeneneHus
15.PacTBOopuTenu

16.CiocoObI BbIpaKeHUSI COCTaBa PacTBOpa



17.CBoiicTBa pacTBOPOB HEIIEKTPOJUTOB (JIaBJIEHUE TMapa, OCMOTHUYECKOE JHaBIEHUE, Ulium, tiam
pactBopa). 3akonsl Payns, Bant-I'odda

18.PeanbHble pacTBOPHI
19.AxtuBHOCTB. K03(ppurimenTsr aktuBHOCTH

20.PactBopbI 25eKTpoauToB. OTKIIOHEHHS CBOWCTB pa30aBlIEHHBIX PAacTBOPOB OT 3aKOHOB Payns u
Bant-T'odda

21.Teopus snekTpoauTuaeckoit nucconuanuu C. AppeHuyca

22.CoBpeMeHHBIC B3IJISIBI Ha TIPOIIECCHI AJIEKTPOMTHYECKON auccornnanuu. Padoter M3maiinosa H.A.
23.Teopuu kucioT u ocHoBauuil bpencrena-Jloypu, JIstouca, [lupcona

24 I'maparanust HOHOB. MeXHMOHHBIE B3aUMOICUCTBUS

25.KonuuecTBeHHOE OMMCAaHUE PABHOBECHI BOJHBIX PACTBOPOB AJIEKTPOIUTOB (3.1.M.)
26.Monun3anud ciadbIX KUCIOT U OCHOBAaHUN

27 Mlonnoe npousBeeHue Bosl. PH pactBopoB

28.I'unponu3 coneil. CTeneHb ruipoian3a, KOHCTaHTa THIPOIN3a

29.ITpousBeneHne pacTBOPUMOCTH

30.Kiacchl HEOpraHUYEeCKUX COeITMHEHUH (HOMEHKIIaTypa, FeHeTUYeCKas CBsI3b, HOHHO-MOJIEKYJIIpHBIE
YpaBHEHUS).

31.0CHOBHBIE TA30BbIE 3aKOHHI.

MakeT 3K3aMeHAIlMOHHOI0 OMJIeTa 10 AMCHHUILIMHE «Heopranuqeckaﬂ
XHUMMUA»

Yacre 1 (I cemectp)

1.bunapnasie coeMHEHUsT (OKCHBI, TaTUIbl, HUTPUABI, KapOuabl, Cyabduabl, Gochuasl 1 T.1.).
Homenxknarypa 6unapubix coenqunenuii .(10 6anioB)

2. Teopust CHITBHBIX DJIEKTPOIUTOB. M30TOHMYEeCKHiA K03 (PUITMEHT, KaKyIasiCsi CTETIEHb TUCCOIHAIINH,
WX B3aHMOCBS3b 1 3HaYeHue. (10 6amioB)

3.0HpCIleJ'H/ITe CKOJIBKO MOJICKYJI Ira3a COACPIKUTCA B 1 M3 ra3a 1npu 32 OC B KOCMOCC IIpHU JaBJICHUU
133,310 Ta. (10 G6amoB)

4.PactBopumocts Ags POs B Bome paBHa 0,0065 1/;m PaccumraiiTe 3HAaYeHHE IPOU3BEICHUS
pactBopumoctu. (10 6anion)

Ikana oueHMBaHUS BHINOJHEHUS HHAUKATOPOB:

NHnukaTop cuuMTaercs BBITOJIHEHHBIM, €CIM JMOO BO BpeMs TEKYIIeH, JUOO0 MPOMEKYTOUHON
aTTECTAIlMU CTYICHT HaOpajd KaKk MUHHMYM ITOPOTOBO€ KOJIMYECTBO OAJUIOB 3a T€ BUIbI aKTUBHOCTH,
KOTOpBIE OTBEYAIOT 32 JJaHHBIM UHIAUKATOP.

1-ii cemecTp



Ne | Hupukarop

IIpome:xyTouHast

Texymas arrecTanus
ym B arrecranus (3K3aMeH)

ITopor Makcumym ITopor Makcumym
OIIK-1.1 20 60 20 40
OIIK-2.1
OIIK-6.1

IIkxana n KPUTECPUH BBICTABJICHUSA OCHOK 3a JUCHHUILJINHY

Illkama wun KPpUTCPUHU BBICTABJICHHUA OLCHOK «OTIUYHO», «XOpPOLIO», «YAOBJICTBOPUTCIHBHO» H

«HEYOOBJICTBOPUTECIIBHO»  OIIMCAHBI B JIOKAJIbHOM HOpMaTHBHOﬁ JOKYMECHTAall1 TBepCKOFO

rocyaapctBeHHOro yHuBepcutera (Ilomoxxenne o pedTHHTOBOM cucteMme oOydeHus cTyaeHToB TBI'Y).

IlonoxuTenpHass OICHKA MOXKET OBITH BBICTABJIECHA TOJBKO B TOM cj1ydac, €CJIM BBIIIOJIHEHBI BCE

WH/IUKATOPBI.
Bonipocs! /151 NOATOTOBKHU K K3aMeHy N0 HCHMILJIAHE
«Heoprannyeckasi XuMHUsI»
Yacrs 1 (11 cemectp)

1. OO6mas xapakrepuctuka p-3aemeHToB VI rpymmsl

2. ®rop. Crpoenue monekynsl ¢ nozunun MMO u MBC. IIpoctoe BemectBo. [lomyuenue u
npumenenue. CoeJMHEHUs CO CTENEeHbI0 OKUcIeHus ¢ropa -1

3. Xunop. Crtpoenue monekynbl ¢ nmo3uuuit metoga MO u metron BC. Ilpoctoe BemecTBo.
[Tonyuenue u npuMeHeHue

4. Tloarpymnmna 6poma. Ilpocteie BemectBa. Coenunenue. [lonydenune. [Ipumenenne

5. O6mas xapakrepuctuka p-anementoB VI rpynnel. Kucnopon. Ctpoenue monexynsl. Gusnyeckue
Y XMMHAYECKUE CBOMCTBA

6. CoenuHeHHs mepokcuaHOro TtHA. OKHCIUTEIHLHO-BOCCTAHOBUTENIbHBIE CBOMCTBA. CTpocHHe
MOJIEKYJIbI IEPOKCHJIa BOJIOPO/Ia

7. Cepa. IIpoctoe BemectBo. Moauduxamus cepbl. Puznyeckne M XUMHUUYECKUE CBOWMCTBA.
Haxosxaenue B mpupoze, noixyueHue, IpuMeHeHHe

8. CoenuHeHus co creneHblo okucieHus cepol -2. Cynbpunsl. CepoBomopon. dusmueckue u
xumudeckue coiicta. [lonydenue. [Ipumenenune. Cynbduaokapoonarsi (1V)

9. Tomucynsdunel (nepcynbdunsl). CrtpoeHue, mnoiaydeHue, OKHCIUTENBHO-BOCCTAHOBHUTENbHBIE
CBOICTBA

10. Coenunenus cepol (1V): Terparamorennasl SHals, okcomuranorennnsr SOHalz, aunokcun SO,
CEpHHCTAsI KUCIIOTA, CYIbGuThl. CBOMCTBA. CTpOECHUE MOJIEKYIT

11. Coenunenust cepsl (VI1):SFes; SO2; Halz; SOsz; H2SOs4. Crpoenne Monekyin. CBoiicTsa.
IIpumenenue. Iomyuenue

12. Okcoxkucnots cepol (V). Ctpoenue nonos. Cpoiictsa. [Ipumenenue

13. OTHOWmIEeHNE CEepHOI KUCIOTHI K METaJIaM U HEMeTaJllaM

14. OOu1as xapaKTepuCTHKA P-37€MEHTOB V IpyIIibl

15. Asort. IIpocroe BemectBo. CtpoeHne Momnekyibl ¢ no3uiuii merogqoB MO u BC. ®dusnueckue
ceoicTBa. [lomyuenue. IIpumenenue

16. CoenuHenust a3ota co cTeneHblo okucieHus -3. Hutpunael. @usnueckue cBoiictBa. [lomydyenue.
[Ipumenenue

17. Ammuak. Ctpoenne Mosekynasl. Dusznueckue cBoicTBa. ['mapokcun ammoHus. Colld aMMOHWS.
[Tony4enue. [Ipumenenne

18. Coenunenus aszota (V). Azornas kucnora. Ctpoenue Mmoiekyinasl HNOsz u nona NO3".
CsoiictBa. [lonyuenue. [Ipumenenne

19. Coenunenus xpoma (l11). CpoiictBa. [Tomyuenue. ['uaponus coneit

20. OxuCcIUTEeNbHBIC CBOMCTBA a30THON KUCIOTHI

21. ®ocdop. IIpocroe BemectBo. Momudukamus ¢ochopa. Ilomydenme. CpoiictBo. CTpykTypa.



22.
23.
24,

25.

26.
27.

28.
29.

30.

3L
32.
33.
34.
35.

36.
37.
38.
39.

40.

41.
42.
43.
44,
45,
46.
47.
48.
49.

[Ipumenenue

CoeuHeHusI CO CTerneHbto okucienus pochopa -3. @ochunpr. Pocun. [Tponssomusie nona PHs'
Coenunenus gocdopa (V, I). [Tomyuenue. Cpoticta. [Ipumenenue

Coemunenuss  ¢docdopa (V). Oprodochopnas  kucmora. [lomyuenue. IlpumeHenwue.
[TombochoHOBBIE KUCTOTHI

[Toarpynmna meimbska. [Ipocteie BemectBa. Moaudukanuu. Ctpykrypa. CBoiictBa. [lomydenue.
[Ipumenenue

Cypbma. Mpiubsik. Bucmyt. O630p cBoticT. [Ipumenenune

O6mas xapakrepuctuka p-aneMeHToB |V rpynnel. Yriaepon. HaxoxzaeHue B mnpupoje.
[Ipocroe BemectBo. [lonyuyenue. [Ilpumenenue

Coemunenus yriepona (I1). CO, CS, HCN. Ctpoenue monekyi. [lonyuenue. CoiicTBa
CoenuHeHuss ¢ OTpULATENBHON CTemeHbl0 oOKucieHus yriaepona. Kapouasl. Ilomyuenwue.
[Ipumenenue

Coenunenust yriaepoaa (1V). Crpoenue momekyn. Tun rubpuauzanuu. CsoiictBa. I[lomydenue.
[Ipumenenue

Kpemuuii. IIpocroe BemectBo. Xumuueckue cBoictpa. [lonyuenue. [lpumenenne

CoenrHeHus CO CTENEHBIO OKUCIIEHUS! KPEMHUS +4, ¢ OTpULIATEIbHOMN CTENEHBIO OKUCIEHUS
[Moarpymnmna repmanus. Coenunenust repmanus (1), omosa (I1), ceuntia (11)

Coenunenus repmanust (1V), onosa (1V), ceunna (1V)

Kpemuuesas kucnora. Cunukarsl, uX CTpyKTypbl. DU3ndeckre 1 XUMHUYECKUE CBOMCTBA.
[Tonyuenue. [Ipumenenne

OTHOILLIEHHE IEMEHTOB MOATPYIIIIBI F€pMaHusl K KMUCIIOTaM U 1IeI04am

O6mas xapaktepuctuka p-3nemeHToB || rpynnel. bop. Coiictsa. [lonyuenue

Amomunuii. Coricta. [lomyyenue. OKcuibl U TUAPOKCUABI ATFOMUHUS

Oomias xapakrepuctuka d-amementoB VI rpynmel. [Ipocteie BemectBa. CpoiictBa. [lomyucHue.
IIpumenenue

Oomias xapaktepuctuka d-amementoB VI rpymmel. [Ipocteie BemectBa. CoiictBa. [lomyucHue.
IIpumenenue

OcHoBHbIe coenrHenus xpoMa V1. XpomaTsl 1 TUXpOMATHI

OKHCAUTENBHO-BOCCTAHOBUTEIbHBIE CBOMCTBA COEIMHEHUI XpoMa

OG6ias xapakrepucruka d-anementos | rpymmnsl. Meas. Caoiictsa. [Tonyuenue

B3aumopeiictBue menu, cepedpa 1 30J10Ta ¢ KUCIOTaAMH

KommnekcHble coeinHeHust Meau, cepedpa, 30510Ta

OG6ias xapakrepucrtika d-anementos |l rpymmsr.

[nuk, kagmuii, pTyTh. [IpocThie BemecTBa. B3anMoaecTBue ¢ KuCIoTaMu

CoenvHeHUs IIMHKA, KaAMUS U PTYTH (OKCHUJIBI, THIPOKCUIBI, CYTb(MHUIbI, TATOTeHU/IbI)

OO6mrast  xapakTepuCTHKAa DJIEMEHTOB CEMEHCTBa Jkene3a  (Kene30, KOoOaJlIbT, HHKENb).
B3anmoneiicTBue ¢ KkucioTaMu

50. KucnotHo-ocHoBHBIE cBoiicTBa okcu0B 1 ruapokcuaoB (1) u (111) cemeiicTBa xenesza
51. Coenunenus xenesa (V).
MakeT 3K3aMeHAallMOHHOI0 OWJIeTa MO0 AMCUHMILIMHE «Heopranuyeckas
XUMHUS»
Yacrs II (1T cemectp)

1. OGmas xapaktepuctuka p-3nemeHtoB VI rpymmer. Xiop. ®usudeckie u XUMHUUECKHE CBOUCTBA. (
10 6amnoB)

2. Ortnomenue d-anementoB |l rpymnmsl (IMHK, KaIMHA, PTYTh) K KUCJIOTaM | 1ieio4am. CoeTuHeHUs
[IUHKA, KaJMUS ¥ PTYTH (OKCHUJIBI, THAPOKCHUIBI, CyNb(uabl, ranorenus).(10 6ammos)

3. Jlomucarh ypaBHEHHE pEaKIIuU U PACCTaBUTh KO3 pHUImeHTHI:

K>

4.

Cro07 + NazS + H.SO4 — (10 6annos)

3aKOHUYUTH YPAaBHEHHUE PEaKLIUU:



Al>(SO4)3 + Na2CO3 + H,O — (10 6amos)

Ikana oueHMBaHUS BHINOJHEHUS HHAUKATOPOB:

WuaukaTtop cuuTaercs BBHINOJHEHHBIM, €CIM JUOO BO BpeMsl TEKylled, JTuO0 MpPOMEKXYTOUHOU
aTTecTalluu CTYJEHT HaOpasl Kak MUHUMYM MOPOTOBOE KOJUYECTBO OAJJIOB 32 T€ BHUJbI aKTUBHOCTH,
KOTOpPbI€ OTBEYAIOT 33 JAHHBIN UHAUKATOP.

2-it cemecTp

Texkymas arrecrauus IpomesxyTounas
Ne | HMuaukarop arrecraums (3K3aMeH)
ITopor Makcumym ITopor Makcumym
1 OIIK-1.1 20 60 20 40
OIlK-2.1
OIIK-6.1

Ikana n KPUTEPHH BBICTABJCHUA OLICHOK 3a TUCHHUIIJIUHY

[lIkama W KpUTEPUU BBHICTABICHUS OLEHOK «OTJIIMYHOY», «XOPOIIO», «YIOBJICTBOPUTEIHLHO» |
«HEYJOBJICTBOPUTEILHO» OINHCAaHbl B JIOKAIBHOW HOPMAaTUBHOW JOKyMEHTaluu TBepcKoro
rocygapctBeHHOro yHuBepcuteta ([lonoxenne o pedTHHTOBOM cucteMe o0yueHus cTyaeHToB TBIY).
[TonoxxurenpHas OlEHKAa MOXET OBITh BBICTaBJI€HA TOJBKO B TOM ClIydae, €CJIM BBINOJIHEHBI BCE
WHIMKATOPBI.

Ipuioxkenue 3

6. YueOHO-MeTOANYecKOe U HH(OpMalIHOHHOE o0ecTievyeHne I CIMIIJIMHbI

6.1. Pexomenayemas iureparypa

OcHoBHas UTEpaTypa:

1. MaptsinoBa T. B. Heopranndeckas xumus : yueOnuk / T. B. MapteinoBa, H. C. Cynonuukas,
1O. C. AreeBa; MoCKOBCKUI OJUTEXHUYECKHI YHUBEPCUTET; MOCKOBCKUHN MOJUTEXHUYECKUI
yHUBepcHUTeT. - 2. - Mocksa : OO0 "Hayuno-uznarensckuii neatp MHOPA-M", 2023. - 348 c.
- (Bpiciee oOpa3zoBanue: Maructparypa). - BO - bakanaBpuar. — Pexum nocryna:
https://znanium.com/catalog/document?id=425196

2. Adonmna JI. U. Heopranmueckas XuMwus [DIIEKTPOHHBIN pecypc]: ydeOHOe mocobue. -
HoBocubupck : HoBocuOupckuii rocyiapcTBeHHbIN TeXHUYeCKui yHuBepcuret, 2013. - 104 c.
- Kunura mHaxomaurcs B 0OaszoBoir Bepcum OBC  IPRbooks. — Pexum  mocryma:
http://www.iprbookshop.ru/47698.html

3. AxwmeroB H. C. O0mmast u HeopraHudeckass XuMus [ DIIEKTPOHHBIN pecypc] : YIeOHUK TSl By30B
/ H. C. AxmeroB - 13-e u3z., crep. - Cankr-IlerepOypr : Jlans, 2023. - 744 c. — PexxuMm nocrymna:
https://e.lanbook.com/book/267359

JlononmHuTeENbHAS IUTEPATypa:

1. Kupumnos B. B. Heoprannueckas xumus. CBoMCTBa 3JIEMEHTOB U WX COCTMHEHUN [ DIIEKTPOHHBIN
pecypc] : yuebnuk ais By30B / B. B. Kupunnos. - Cankr-IletepOypr : JIans, 2023. - 380 ¢. — Pexxum
noctyma: https://e.lanbook.com/book/319325



https://znanium.com/catalog/document?id=425196
http://www.iprbookshop.ru/47698.html
https://e.lanbook.com/book/267359
https://e.lanbook.com/book/319325

2. boromonosa 1. B. Heopranuueckas xumus : yueOHoe nocobue / M. B. boromonosa. - Mocksa :

W3narensckuit mom "Anwsdpa-M", 2021. - 336 c. -
https://znanium.com/catalog/document?id=398927

(ITPO®Un). — Pexum goctyma:

3. O6mas xumus. Teopust u 3amaun [DIEeKTPOHHBIA pecypc]: yueOHoe mocooue st By3oB / H. B.
KoposuH [u ap.]. - 7-e usn., crep. - Cankr-IlerepOypr : Jlans, 2023. - 492 c. Pexxum gocryma:
https://e.lanbook.com/book/291182

4. bapanoBa H.B, ®deodanoBa M.A. YueOHO-METOIUYECKHE MaTE€pPHaibl Ui HANHCAHUS U
odopmMIleHHsT KypcoBO# paboThl 1o aucnuiummae «Heoprannueckas xumus» / H.B. bapanosa,
M.A. ®eodanosa. - Teeps: U3a-so TBI'Y, 2023.- 31 c.
(https://tversu.ru/sveden/files/Metodicheskie_rekomendacii_dlya napisaniya_kursovoy raboty

po discipline Neorganicheskaya ximiya(2).pdf)

Ipwioxenue 4

9. CBenenusi 00 00HOBJIEHUH Padoyeii MPOrpaMMbl TUCHUILTMHBI

Noer.1. OOHOBJICHHBII Onucanue BHECEHHBIX PexBU3UTHI TOKyMEHTA,
pasnen paboueit U3MEHEHUH YTBEPIUBIIETO U3MEHEHHS
MIPOTrpaMMBbI
TACHMIIINHEI
1.
2.



https://znanium.com/catalog/document?id=398927
https://e.lanbook.com/book/291182
https://tversu.ru/sveden/files/Metodicheskie_rekomendacii_dlya_napisaniya_kursovoy_raboty_po_discipline_Neorganicheskaya_ximiya(2).pdf
https://tversu.ru/sveden/files/Metodicheskie_rekomendacii_dlya_napisaniya_kursovoy_raboty_po_discipline_Neorganicheskaya_ximiya(2).pdf

