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1. HEJIM U BAJJAYU JUCHUTIJIMHBI
esin 0cBOCHUSA TUCHUIIHHBI (MOYJIA):

Lenbt0 OCBOSHMSI JUCIUIUIMHBI ABJISICTCA (POPMUPOBAHKE U PA3BUTHE Y CTYJCHTOB 0a30BBIX
TEOPETUYECKUX CBEICHUN U MOJy4E€HUE NPAKTUYECKUX HABBIKOB, HAIIPABJICHHBIX HA PAa3BUTHE
CIOCOOHOCTH pelllaTh CTaHAAPTHBIE 33Ja4l IPOPECCUOHANBHOM NesATEIbHOCTH.

3agaun:

3aiayamMy OCBOCHHMSI TUCIUIUIMHBI (MOAYJISA) SIBISIOTCSA:

-M3ydyeHune TeopeTH4eCKUX OCHOB HEOPTaHUUECKOW XUMUMU.

-OBiaieHNe METOIAMU U CIIOCOOAMU CHHTE3a HEOPIaHUUECKUX BEIIECTB.

-OBilaicHNE HaBbIKAMU OIIMCAHMSI CBOMCTB BEIIECTB HA OCHOBE 3aKOHOMEPHOCTEH,
BBITEKAIOIINX U3 NEPUOIUYECKOr0 3aKkoHa U [lepnoanueckoil cUCTEMbl XUMUYECKUX 3JIEMEHTOB
J.1. Menneneena.

-OBiaieHe HOpMaMH TEXHUKH 0€30M1aCHOCTH

B pe3ynbraTe 0cBOEHUS AUCHUIIIMHBI O0yYaIOLIUICS TO0JIKEH:

- 3HaTh: TEOPETUYECKUE OCHOBBI HEOPTaHUUECKON XUMHUU (COCTaB, CTPOCHUE U XUMUYECKUE
CBOMCTBA OCHOBHBIX MPOCTHIX BEHIECTB U XUMHUYECKUX COCIUHEHUH, CBA3b CTPOEHHUS BEILIECTBA U
MPOTEKAaHUS XUMHUECKUX TPOIIECCOB).

- YMEeTh: pealin30BaTh BO3MOKHOCTH KJIACCUYECKOW HEOPraHUYECKON XUMUU
MPUMEHUTEIBHO K U3YUCHHUIO HEOPTraHWYECKUX BEIIECTB, B T.4. IIyTEM IIPOBEICHUS] XUMHUUECKOTO
SKCHEPUMEHTA U UCCIECJOBAaHUEM XMMUYECKUX BELIECTB U PEAKIUH.

- Bnagets: MmeTogamu 1 crnocobamMu CHHTE3a HEOPTAaHUYECKUX BEIIECTB, HABBIKAMU
OINMCAHMS CBOMCTB BEILIECTB HA OCHOBE 3aKOHOMEPHOCTEM, BBITEKAIOIINX U3 IEPUOAUIECKOTO
3akoHa U [lepuoanueckoi cucteMbl XuMu4yeckux 3yemMeHToB [[.. MenneneeBa, HopMaMy TEXHUKH
0e30MacHOCTH.

2. MECTO JUCHHUIIVIMHBI B CTPYKTYPE OOIl
Hukn (paznmen) OIT:  B1.0O
TpeGoBanus K MpeABAPUTEIBHOI MOAT0OTOBKE 00y4aK0IIerocs:

Maremarunka

Pycckuii s13b1K 1 KynbTypa pedn

OCHOBBI POCCHIICKOM rOCY1apCTBEHHOCTU
WNudopmaruka

HNHOoCTpaHHBIN A3BIK

Ucropus Poccun

JAucuuninHabl (MOAYJIM) U MPAKTUKH, AJI51 KOTOPBIX OCBOCHUE JAHHON JUCUMIIJIMHBI
(MoayJis) He00X0AMMO KaK NMpealIecTBYIOIIee:

HNHOoCTpaHHBIN A3BIK

WNudopmaruka

Ucropus Poccun

Maremartunka

OCHOBBI pOCCUICKOM TOCYAapCTBEHHOCTH

Pyccknii s13b1k 1 KynbTypa pedn
3. OFBEM JJUCHHUITVINHBI

O061asi TPYA10€MKOCTh 19 3ET
YacoB no yueOHOMY IUIaHY 684
B TOM YHCJIe:

aAyJAUTOPHBIC 3aHATHS 368
CaMOCTOsTEIIbHAs padoTa 82
4acOB HAa KOHTPOJb 54




4. INIAHUPYEMBIE PE3YJIBTATbBI OBYYEHUA 110 JUCHUIIJIMHE,
COOTHECEHHBIE C INTAHUPYEMBIMHU PE3YJIbTATAMU OCBOEHUA
OBPA3OBATEJIbHOM ITPOT'PAMMBI

OIIK-1.1: CucremMaTtu3upyeT ¥ aHAJTU3UPYET PE3yJIbTaThl XUMUYECKUX IKCIIEPUMEHTOB,
HaOJIIOJICHUH, U3MEPEHUH, a TaKXKe Pe3yJIbTaThl pACUETOB CBOMCTB BEILIECTB U MATEPUAJIOB

OIIK-2.1: PaboTaeT ¢ XUMUYECKHMHU BEIIECTBAMH C COOJIIOJJICHUEM HOPM TEXHUKHU
0e3011acHOCTH

OIIK-6.1: IlpencraBnser pe3yiabTaThl padOTHI B BUJIE OTYETA IO CTAaHAapTHOM (hopme Ha
PYCCKOM SI3bIKE

5. BUJbI KOHTPOJIA

Bunsl KOHTpOJIL B ceMecTpax:

9K3aMEHBI 1,2
KypCOBBIE pabOTHI 2

6. A3BIK ITPENNIOJABAHUA
SI3BIK ITpenogaBaHus: pyCcCKUi.

7. CTPYKTYPA U COAEP)KAHUE JUCUUILIMHBI (MOLYJIS)

Kon HanmeHnoBaHue pa3jeiioB u Bun Cemectp | Yacos | Ucrtou- | Ilpumeuan-
3aHAT. TeM 3ansaTua | / Kype HUKH ue

Pa3nen 1. Beenenue

1.1 Jlex 1 0
1.2 Cp 1 3
1.3 Jlab 1 20
1.4 DK3amMeH 1 3

Pasznen 2. OcHOBHEIE 3aKOHBI
TepMoaruHaMUKU.OOpaTUMOCTh
XAMHYECKUX PEAKIIHI

2.1 Jlex 1 4
2.2 Jlab 1 13
2.3 DK3amMeH 1 3
2.4 Cp 1 10

Pasnen 3. PacTBopsl

3.1 Jlex 1 6

3.2 Jlab 1 43

3.3 Cp 1 5




34 DK3aMeH 4
Pa3nen 4. Kunetnka u MeXaHu3M
XUMHUYECKHUX peakluuit
4.1 Jlex 8
4.2 JIab 24
4.3 Cp 5
4.4 OKk3ameH 6
Paznen 5. Ctpoenue atoma
5.1 Jlex 4
5.2 JIab 12
53 Cp 5
54 DK3aMeH 4
Paznen 6. Xumuueckast CBSI3b
6.1 Jlex 6
6.2 JIab 12
6.3 Cp 4
6.4 DK3aMeH 4
Paznen 7. KommiekcHbie
COEIMHEHUS
7.1 Jlex 6
7.2 JIab 12
7.3 Cp 5
7.4 DK3amMeH 3
Paznen 8. [leproanyeckuii 3aKoH
J.. Menneneena.
Ilepuonnueckas cucrema
8.1 Jlex 4
8.2 JIab 7
8.3 DK3amMeH 2
8.4 Cp 2




Pa3znen 9. OCHOBEI XUMUU
TBEPJOTO TeJa

9.1 Jlex 4
9.2 JIab 0
9.3 OKk3ameH 4
9.4 Cp 4
Paznen 10. Bonopon
10.1 Jlex 4
10.2 JIab 9
10.3 DK3aMeH 3
10.4 Cp 4
Paznen 11. DnemenTsl [A rpymisl
11.1 Jlex 6
11.2 JIab 16
11.3 DK3amMeH 3
11.4 Cp 3
Paznen 12. DOnements [IA
TPYIIIIBI
12.1 Jlex 6
12.2 JIab 15
12.3 DK3aMeH 2
12.4 Cp 7
Paznen 13. Dnementsi [1IA
TPYIIIBI
13.1 Jlex 6
13.2 JIab 16
13.3 DK3aMeH 2
13.4 Cp 3
Pazgen 14. Dnementsl [IVA
TPYIIBI
14.1 Jlex 6




14.2 JIab 2 19

14.3 OK3aMeH 2 2

14.4 Cp 2 3

Pa3nen 15. DnemenTs! V rpynibl

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

Pasnen 16. Dnements VI A

TpyHIbI
16.1 Jlex 2 6
16.2 JIab 2 19
16.3 DK3ameH 2 3
16.4 Cp 2 5

Pazgen 17. Dnementsr VIIA

TPYIIIBI
17.1 Jlex 2 6
17.2 JIab 2 20
17.3 DK3aMeH 2 2
17.4 Cp 2 5

Paznen 18. Daementsr VI A

TPYIIIEI
18.1 Jlex 1 0
18.2 JIab 2 4
18.3 DK3aMeH 2 2
18.4 Cp 2 6

8. OHEHOYHBIE MATEPHAJIbI JI51 IIPOBEJEHWA TEKYIIEA U
IMPOMEXYTOYHOU ATTECTALIUN

8.1. OneHo4HbIe MaTepUAJIbI JJIs1 IPOBEACHHUA TEKYIIEH aTTeCTalul

OHGHO'—IHBI@ MaTCpHraIbl JJId MPOBECACHUA TeKyHIef/’I aTTeCTalu NPUBCACHEI B HpI/IJ'IO)KeHI/II/I

8.2. OueHoyHbIe MaTEepHAJIBI JIS1 IPOBEACHHUS MPOMEKYTOYHOM aTTeCTALIMH




OreHOoUHBIE MaTepHaIIbl AJIs IPOBEIEHHS TPOMEXYTOUYHOM aTTecTalK IPUBEICHBI B
[Tpunoxxenun 2

8.3. TpeGoBaHus K PEeiTUHI-KOHTPO.JIIO
TpeboBaHusI K peHTUHT-KOHTPOIIIO NpuBeaeHb! B [Tpunoxxennn 1
9. YYEBHO-METOJNMYECKOE U TH®OPMALIMOHHOE OBECIIEYHEHHUE
JUCHUIIVIMHBI (MO Y JIS)
9.1. PexomenayeMas iuTeparypa

9.2. [lepeuenb pecypcoB HHGPOPMANMOHHO-TEJIEKOMMYHUKANIMOHHOM ceTH ""UHTepHer"

31
9.3.1 IlepeyeHb NPOrpaMMHOI0 OOecredeHus
1 Kaspersky Endpoint Security 10 ms Windows
2 Adobe Acrobat Reader
3 Google Chrome
4 WinDjView
5 Muorodyukunonanbubiii penqakrop ONLYOFFICE

9.3.2 CoBpemMeHHbI€e MPO(eccHoHATIbHBbIE 0a3bl JaHHBIX U HHGOPMAIlHOHHBbIE CIIPABOYHbIE
CUCTEMBI

1 Penosurapuii Tel'Y

Hayunas snexrponnas oubnnorexka eLIBRARY.RU (nmoanucka Ha xKypHabl)

ObC TeI'Y

3bC BOOK.ru

9BC «JIaaby»

OBC «YHuBepcurerckas OMOIMOTEKA OHIANHY

9BC «(IOPAUT»

ol I N ] B W] N

OBbC «ZNANIUM.COM»

10. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHME JUCHUIIJIMHBI (MOY JIS)

AyauT-1 ObopynoBanue

3-413 KOMIUIEKT yueOHOI MeOenn, MepeHOCHON HOYTOYK, TPOEKTOP, aKBAAUCTUIIATOP, BECHI,
HEHTPHU(YTa, KOJIOPUMETP, CTOI ¢ TYMOOH, IIKa(bI

5-311 [Tpoektop Dxpan Kommbrorep (MOHUTOP, CUCTEMHBIN OJIOK, KJIaB., MbIIIb) Jlocka -
lmr. Tpubyna -1 mr. Komnnext yue6noit mebenu Ctenn "[lepuonnyeckas tabauna

11. METOAUYECKHUE MATEPHAJIBI VIS OBYYAIOLIIUXCSI IO OCBOEHUIO
JUCHUTJINHBI

Mertoandeckue MaTepHabl A1 00yUJaIOIIUXCs TT0 OCBOCHUIO JUCITUTUTHHBI
[Iporpamma nucuuminebel «Heoprannueckas XuMus»

1. BBEJJEHME. Xumus kak cucTeMa 3HaHHH O BELECTBAaX U UX npespameHusx. [Ipenmer
Y 33/1a4d XUMHUH. Teopus U SKCIIEPUMEHT B XUMUU. Pa3inyHbie ypOBHU XUMUUYECKOU TEOPUH.




Nudopmanmonnsie cuctembl. OCHOBHBIE 3a7[a4l COBPEMEHHON HEOPTaHWYECKON XHUMUH.

2. OCHOBHBIE 3aKOHBI TEPMOAMHAMUKU. OOPaTUMOCTh XUMHUECKUX PEAKLUi

3ajaun XuMUYECKOM TepMoauHaMUKu. [ToHsATHS: cucTeMa, mapamMeTpbl COCTOSHHS,
TEPMOJMHAMHYECKOE paBHOBECUE, 0OpaTUMbIe U HeOOpaTUMBbIe Mpoliecchl. BaxkHeiiume npu3Haku
XUMHUYECKHX IpeBpanieHuii. HeoObuHbIe XUMIUECKHE MTPEBPALCHHUS.

[TepBrlii 3aKOH TEPMOAMHAMUKN. BHYTpEHHSA SHEPTUs U €€ U3MEHEHHUE NIPU XUMUYECKUX U
¢da3oBbIX mpeBpanicHusX. Ternora u padora pa3muyHoro poja. IHTanbnus. CTaHAapTHOE
COCTOSTHUE M CTaHJAPTHBIC TETUIOTHI XUMHUECKUX peakiuii. TemnoTa u sHTanbsnus o0pa3oBaHmsl.
TepmoxuMuueckue pacyeTsl, OCHOBaHHbIE Ha 3akoHe ['ecca. TermnoemkocTs. TemneparypHas
3aBUCUMOCTb TEIUIOEMKOCTH U SHTAJIbIIUU. DHEPIUs XUMUUECKOU cBsi3U. Vcnonb3oBaHue
XUMHUYECKHUX U (a30BBIX MPEBPAICHUN B HEOPTAHUYECKUX CUCTEMAX JUIsi TCHEPUPOBAHUS,
XPAHEHHS U TPAHCIIOPTUPOBKU IHEPTHIA.

Bropoii 3ak0H TepMOIMHAMUKN. DHTPONUS. 3aBUCUMOCTb SHTPOIHUH OT TEMIIEPATypPHI.
CranpaptHas sHTponus. VI3MeHeHre SHTponuH MpH Pa3oBbIX Mepexoax U XUMUYECKUX
peakuusax. Dueprusi ' ub6ca u sueprus I'enbMronbua. YpaBHEHUE COCTOSHUS. XUMHUECKUH
MOTEHLMAI U aKTUBHOCTh. KpUTEpHHU CaMOIIPOU3BOJIIBHOTO MPOTEKAHUS ITPOLECCOB B
W30 JIMPOBAHHBIX U OTKPBITHIX CUCTEMAX.

OOpaTUMOCTh XMMHUYECKUX PEaKIHUNA. Y CIIOBUSI XUMUYECKOTO MEK()a30BOr0 paBHOBECHSI.
KoHcTanTa XMMHYeCKOro paBHOBECHS Kak Mepa riIyOMHBI POTEKaHus mpoueccoB. Vcnonb3oBanue
CTaHJIAPTHBIX SHTAJBIIMN U SHTPOIINH JJIsI pACUETA KOHCTAHT PABHOBECHS XUMUYECKUX PEAKIIUM.
@akTOopBbl, BIUSIONIAE HA BETUYMHY KOHCTAHTHI PABHOBECHS.

3. PacTBOpBI

[IpencraBienre 00 NCTUHHBIX M KOJUIOMAHBIX pacTBopax. [Iporeccs pacTtBopeHus.
CriocoObI BEIpaKEHUS COCTAaBa PACTBOPOB. DHEPTUs KPUCTALTMICCKON PEIICTKH, SHEPTUS
cosbBarauu. GakTopkl, BIUSIOIIAE HA pACTBOPUMOCTh. HachIleHHbIE U HEHACBHIIIIEHHBIE
pactBopbl. OcaxaeHue TPyAHOPACTBOPUMBIX cosieid. [Ipon3Benenrne pacTBOPUMOCTH.

dazoBbie paBHOBecHs. OCHOBHbBIE MOHATHUA: KOMIIOHEHT, (a3a, cTeneHb cBo0oabl. [IpaBuio
da3. JluarpaMma coCTOSTHUS BOJIBI.

KoumnraruBHbie CBOMCTBA pACTBOPOB HEAJIEKTPOJIUTOB U JIEKTPOJIUTOB: JABICHUE
HACBIIIIEHHOTO Mapa, MOHKEHUE TEMIIEPaTyphbl 3aMep3aHusi (KPUOCKOMHS ), OBBILIIEHUE
TEeMIEPaTypbl KUTIEHUS (30YIUIMOCKOMHS ), 0CMOC 1 OCMOTUYECKOE JIAaBJICHHE B HEOPraHUYECKUX U
OMOJOrHYecKX cucTeMmax. M3oronndecknii koa(h(HUIMEHT, CTeTIeHb U KOHCTaHTa AUCCOIHAIIHH.
MembOpaHHO€E paBHOBECHE.

WneanbHble 1 HEUMAEATBHBIE PACTBOPHI. J{HarpaMmbl COCTOSIHUS IBYXKOMIIOHEHTHBIX
CHUCTEM C HEOTPAaHWYEHHOM pacTBOPUMOCTBIO. JIByXKOMIIOHEHTHAs CUCTEMA C IIPOCTOU
»BTEeKTUKON. Kproruaparsl. J[narpamMmma cOCTOSHUS C XUMHUYECKUM COETMHEHUEM KaK MpPeeabHBIN
ClIy4yall CUCTEM C OTPULIATEIbHBIMU OTKJIOHEHUSIMU CBOMCTB OT CBOMCTB MJI€AJIbHBIX PACTBOPOB.
Kpucrannoruapatsr.

KucnotHo-ocHOBHOE paBHOBecHe. [ToHATHS «KuCTOTa» U «0CHOBaHUe». Kitaccuueckast
Teopusi AppeHuyca u ee orpanrnueHusi. OCHOBHBIE MOJIO0KEHUSI POTOIUTUUYECKON TEOPUHU
bpencrena — Jloypu, conpsiKeHHbIE Mapbl KUCIOT U OCHOBaHUN. ABTONPOTONIN3 BoAbl. KOoHCTaHTa
MPOTOJIMTHYECKOTO PABHOBECHS KAK XapaKTEPHUCTUKA CHIIbI KUCJIOT U OCHOBaHU. B3anmoneiicteue
CUJIBHBIX U CIA0BIX MPOTOJIUTOB, THAPOJIA3 KAK YACTHBIN CITydail KHCJIOTHO-OCHOBHOTO
paBHOBECHS.

DIEeKTPOXUMHUYECKHE CBOMCTBA PacTBOPOB. COMNpPSKEHHBIE OKUCITUTEIBHO-
BOCCTAHOBUTEJIbHBIC MAPbIL. JIBOMHON 2JIEKTPUUECKUN CIION, AJIEKTPObI, FaJlbBAaHUYECKAs SYCHKa.
DNEeKTpOAHBIN noTeHMan. CTaHAaApPTHBIN 3JIEKTPOAHBIN NOoTeHIMal. OKUCIUTEIbHO-
BOCCTAaHOBUTEJIbHBIE PEAKIIMU U UX HallpaBiaeHue. P Hanpsokenuil. Y pasHenne HepHera. Psajb
Jlatumepa. [TonsiTHE O AMarpaMMax OKUCIUTEIBHBIX COCTOSHUMN (MarpaMMBbl «BOJIbT-9KBUBAJICHT
— CTENEeHb OKUCIEHUS»). DIEKTPOIN3. DIEKTPOXUMHUECKUE UCTOUYHU KU 3Heprun. Kopposus kak
ANEKTPOXUMHUYECKUN MPOLECcC.

4. KuHeTuka 1 MEXaHU3M XUMHYECKUX PEaKIui

CKOpOCTh XMMHUYECKOM peaKIuu, €€ 3aBUCUMOCTh OT IPUPOBI M KOHIIEHTPAIIUU PEareHTOB,
teMriepaTypsbl. [lopsgok 1 MOEKyIIpHOCTh peakuu. KoHCcTaHTa CKOPOCTH U €€ 3aBUCUMOCTh OT
TeMIiepaTypbl. YpaBHeHUE AppeHuyca. JHEPIHs akTUBaIMU. MeXaHu3M 1



KMHETUKA Peakuil B TOMOTe€HHBIX U FeTepOreHHBIX cucteMax. Llennble u konebaTelbHbIe peakuu.
["'oMOreHHBIi U reTeporeHHbIN KaTanu3. AyToKaTaius.

5. Ctpoenue aToma

PasButue npeacrasieHuii o crpoeHnu atoMa. BoiaHoBas npupoza siekTpoHa. BonHoBast
byukuus. Ypasuenue [lpenunrepa. [lonstie o kBaHTOBBIX unciax. PaauanbHas u opOuTanbHas
COCTABJISAIOLIME BOJIHOBOU (QyHKIUU: S-yp-, d- 1 f-opOuTamu. AToMHBIE OpOUTANIN, UX SHEPTHH U
rpaHUYHbIC TOBEPXHOCTH. [TOPsIIOK 3aIMOTHEHUS AIEKTPOHAME aTOMHBIX opOuTanei. [TpuaImmn
[Taynu. Tepmsl atomoB. IlpaBuna Xynaa. [Tonsatusi: opOuTanbHbI paguyc U JHEPTUs HOHU3ALIH
aToMa, CpPOJICTBO K 3JIEKTPOHY U 3JIEKTPOOTPULATEIBHOCTh. JHEPreTUYECKHUE TUarpaMMbl
MHOT'03JIEKTPOHHBIX aTOMOB. PenaruBucrckue 3¢ eKTol.

6. XumMuueckas CBS3b

[TonsATHE O IPUPOAE XUMUUYECKOMN CBS3U. XaPaKTEPUCTUKH XUMUUYECKON CBA3U: SHEPIHUs,
JUTMHA, MOPAJOK U NOJAPHOCTh. OCHOBHBIE MOJIOKEHUS U HEJOCTATKU METO/1a BAJICHTHOM CBSA3HU
(BC). a-} 1-, 5-cBsa3piBanue. Turmbl THOpUIU3AIMKE ATOMHBIX OpOHTAJICH.

OcHOBHBIE IOHATHS O METOJIE MOJIEKYJISIpHBIX opouTaineir (MO). Merog MO JIKAO.
JIByX1LIEHTPOBBIE BYX3JIEKTPOHHBIE MOJIEKYJIIPHbIE OpOUTAIN. DHEPreTUUECKUE TUarpaMMbl
JIByXaTOMHBIX TOMOSIICPHBIX MOJIEKYI, 00pa30BaHHBIX AJIEMEHTaMH 1-T0 U 2-r0 IepUOJIOB.
OHeprusi MOHU3ALUHU, MATHUTHBIE U ONITUYECKUE CBOMCTBA. DHEPreTUYECKUE TUarpaMMbl
npocreitmuxrereposaepubix Mmonekyn (CO, HF, LiH, H20 u 1.1.). [lonstue o TpexuenTpoBbix MO
(BeHr, XeF2). Bonopoanas cBsi3b. Criabble B3aUMOAECHCTBUS: BaH-1€P-BaajlbCOBbI CUIIBI.

XuMHuuecKas CBs3b B KOMIUIEKCHBIX COeIMHEHMIX. OCHOBHBIE TTOHATHS KOOPIUHAIIMOHHOM
XUMUU: LEHTPAIbHBIM aTOM U €r0 KOOPAMHALMOHHOE YHUCIIO; JINTAH/Ibl; BHYTPEHHSSI U BHEIIHSASA
KoopAuHaIMOHHBIE chepbl. HoMeHknaTypa v u3oMepusi KOMILIEKCHBIX COSTUHEHH.

Teopuu cTpoeHUsA KOMIIEKCHBIX COEIUHEHUM. JIOCTOMHCTBA U HEAOCTATKA METO1A
BanieHTHBIX cBszeit (MBC).

Teopus kpucrammmaeckoro noist (TKIT). Cummerpust d-opouraneii. I3smenenue sHepruu J-
opOuTanei B chepuuecKoM, OKTadAPUIECKOM U TETPAdIPUIECKOM MOJIe JINTaHI0B. DJHEPT U
paclilerieHHsl, SHEPTUs ClapuBaHus. JHeprus ctabunuzanuu kpucraumyeckuM noiiem (DCKII).
BnusiHue Ha BeIMUYMHY paclIeIEHUs IPUPO/IbI LIEHTPAJIbHOTO aToMa (3aps/ia, paauyca,
AIIEKTPOHHON KOH(UTYpALIMK), IPUPOIBI, YHCIIA U PACTIONOKEHHS TUTaH10B. CIIEKTPOXUMUYECKUIA
paa. Ododexr Ana-Temnepa, TeTparoHaIbHOE HCKAXKEHHUE OKTadIPUUYECKUX KOMILIEKCOB,
MJIOCKOKBAJIPATHBIE KOMILIEKCHI.

Meton monekynsapHbix opourtaneit (MMO). [locTpoenne rpynnoBbIx opOuTanel JUraiion
U UX B3aMMOJIEICTBHE ¢ OpOUTANIIMU LEHTPAIbHOIO aTOMa. DHEpreTudeckas auarpaMma
MOJIEKYJISIPHBIX OpOUTaNIell OKTa3JpUUECKOro KoMILiekca 6e3 U ¢ m-cBsi3biBaHuEeM. [lIOHOpHbIE U
akuenropHele nuranasl. McnonszoBanue TKIT 1 MMO ainis 00bsicHEHUS! ONITUYECKUX U
MarHUTHBIX CBOMCTB KOMILUIEKCHBIX COETMHEHHM.

Koncranra ycroitunBoctu. THUTIBI peakInii KOMIUIEKCHBIX COSTMHEHUN: TUTaHIHBIA OOMEH,
MEPEHOC MPOTOHA U 3JIEKTPOHA; BIMSHHUE LIEHTPAJILHOTO aTOMa Ha XMMHUECKOE TIOBE/ICHUE
AUraHioB. XenatHelid 23QdexT. dddekT TpaHcBIUAHUSA

7. KOMIUIEKCHBIE COEIUHEHUS

[Tonsitue kommiekcHoro coenunenus. Homenkmarypa. Ctpoenue. M3omepus.
Knaccudukanus. Teopust Kpuctauinueckoro mojisi. MeTo 1 BaJIeHTHBIX CBSI3ei

8. [lepmonnueckwuii 3akon [I.1. Menneneesa. [lepuoanueckast cuctema 3JIeMEHTOB

CospemenHnas ¢popmynnpoka [lepuoanueckoro 3akoHa. CTpyKTypa MepuoandecKoi
CUCTEMBI U €€ CBA3b C IJIEKTPOHHOM CTPYKTYpOH aTOMOB, 3ak0H Mo3znu. [lepnonnynocts B
M3MEHEHUH AIEKTPOHHOHN KoH(purypanuu atomoB. [lepuosr u rpymnmsl. KopoTko- u
JUTMHHOTIEPUOIHBIN BapuaHThI [lepronnueckoit Tabmuipl. [leprnoanuyHoCcTh B I3BMEHEHHUH BEIMYUH
paanycoB, SHEPTUU UOHU3AINH, CPOJICTBA K AJIEKTPOHY, JIEKTPOOTPULIATEILHOCTH aTOMOB.
[TonoxeHnne XMMUYECKOTO AieMeHTa B [lepuoauyeckoit cucteme Kak ero rilaBHasi XapakTepUCTHKa.
[TepnomMIHOCTH B N3BMEHEHUH CBOMCTB MTPOCTHIX BEIIECTB M OCHOBHBIX XUMUYECKUX COCTMHEHUI
(OKCHABI, THAPOKCHUIBI, TAJIOTEHUIBI). BepTHUKalbHbIE, TOPU30HTANIBHBIC U JUATOHATLHBIS
aHanoruu B [lepnoanueckoii cucreme.

9. OCHOBBI XMMUU TBEPAOIO TEJA

XumMmuueckas CBs3b U CTPyKTypa kpuctaiia. Kmaccuduxarms nedhektos: nedekTsl o



[Hottkn 1 @penkento. Hecrexnomerpuueckue coenuaenus. JlehexTsl u CBOWCTBA KPUCTAILIOB.
KBazuxumuueckoe onvcaHue paBHOBecHi 1e(heKToB. 3aBUCUMOCTh Ae(heKTHOro cocTaBa
KPHUCTAJJIOB OT YCJIOBU CHHTE3a. BiusHue neeKToB Ha KHHETUKY TBEPIO(a3HBIX PEaKIIHH.

10. Bonopoa—repBbiii 25iemMeHT [leproanueckoit cucteMbl

N3otonsl Bogopoaa. Ctpoenue u cBoiictBa nona okconus H3O+. Mon H~ u ocHOBHBIE
tunel ruapuaos a1eMenToB [-VIII rpynn. Ctpoenue u cBoiicTBa TBEpAOH, )KUIKON U ra3000pa3Hoi
BOJIbI. [Tommyuenue, cBOMCTBA M MIPUMEHEHUE BOJOPOA.

11.9nements! I A rpynmnsl: M€I04YHbIE METAILIIbI

3aKOHOMEPHOCTH B U3MEHEHHUH 3JIEKTPOHHBIX KOHPUTypalluii, BEIMYNH PaJANYCOB, SHEPTUU
noHM3aIKK atoMoB. Oco0oe MONToKEHHE TUTHS. DHEPIrHsi KPUCTANINYECKON PEIeTKH,
¢u3nUecKrue 1 XUMHYECKHE CBOMCTBA MPOCTHIX BemecTB. OCOOCHHOCTH B3aUMOICHCTBUS
IIEJIOYHBIX METAJIJIOB C BOAOH IO PSAAY JIUTUM — LIe3Ui. 3aKOHOMEPHOCTH B CTPOEHUU M CBOMCTBAX
(Tepmuueckasi yCTOWYMBOCTb, KUCIIOTHO-OCHOBHBIE CBOMCTBA) OCHOBHBIX THUIIOB COEAMHEHU:
OKCHJIOB, IEPOKCUIOB, THIPOKCHI0B, KapOOHATOB, raJOreHU-10B. J{uaronanbHOe CXOACTBO JIUTUN
— Marauil. [lonyyeHune menoYHbIX METAJUIOB U3 MPUPOJHBIX COeIUHEHUN. [[puMEHEHNE IETOYHBIX
METAJUJIOB U UX COCIUHECHUM.

Onementsl I b rpynmer: Measb, cepedbpo, 30510TO

ConocraBneHue 3JeKTPOHHBIX KOHPUTYpalluii, BETUYUH PaIlyCOB, SHEPTUH HOHU3AIIHH,
XapaKTEePHBIX CTENEHEN OKUCIEHUS U KOOPIMHALIMOHHBIX Yynces aTOMOB 3eMeHTOB [A u 1 b
rpynn. du3znueckrue, XMMUYECKUE CBOWCTBA, MOJIYyYEHUE U IPUMEHEHHE ITPOCTHIXBELIECTB.
ConocTaBieHUE CTPOCHUS U CBOMCTB OJAHOTUIIHBIX COEAMHEHNUN (OKCHIbI, TUAPOKCHUIBI,
rasiorenu 1) aneMeHToB [ A u [ b rpynn co crenensmu okucnenus (I). OcoGeHHOCTH cOeTMHEHUH
Cu (II). KomruiekcHbie coequHEHUS (aMMUAKAThI, IMAHUbI, TaJIOTEHU/IBI): KOOPIUHAIIMOHHBIE
YHcia, 3aBUCUMOCTH (POPMBI KOOPIMHALMOHHOTO MOJIMAIPa OT JIEKTPOHHON KOH(UTYparuu
HEHTPAIBHOTO aTOMa U MPUPObI Turanaa. CTpoeHre U CBOMCTBA coeAMHEHUH dieMeHTOB Cu, Ag,
AU B BBICIIUX CTEIIEHAX OKUCIEHUS. BricokoTemnepaTypHble CBEpXIIPOBOAHUKU Ha OCHOBE
CJIOKHBIX OKCHJIOB ME[IH.

12. OnemenTsl [IA rpynmnel: Oepuuinii, Marauii, KajabIUi, CTPOHIIUH, Oapwii

V3MeHeHne AIIeKTPOHHBIX KOHPHUTypanuid, BEIMYUH PAJUYCOB, JSHEPTUU HOHU3AIHN
atomoB. Ocoboe nonoxenue Oepusutus. [lomydeHre mpocThIX BEMIECTB U3 MPUPOIHBIX
coenuHeHul. ['uapoKCcHabI OSpUILINS U MarHUs: CTPOCHHE, KUCJIOTHO-OCHOBHBIE CBOMCTRA,
peaxiuu npoToiu3a u kouaeHcaruu noHos Be (II) u Mg (II). KapGonatsl Oepuiiius 1 MarHusl.
OxkcwuarneraTt 6epusuinsi. 3aKOHOMEPHOCTH B CTPOSCHUH M CBOMCTBAX OCHOBHBIX TUIIOB COSUHEHUN
IEJIOYHO3EMENBbHBIX 3JIEMEHTOB: OKCH/I0B, THIPOKCHUIOB, KApOOHATOB, raJIOr€HUIOB.
KomnuiekcHble coequHenus. [lnaronanbHoe cxo1cTBO Oepriuinii — antoMuHuid. [lpumenenue
OepuITvs, MarHus U EeJI0YHO3EMENbHBIX YJIEMEHTOB.

Onemenrts! 11 b rpynnsl: HUHK, KagMUI,PTYTh

ConocraBieHue 3JIeKTPOHHBIX KOHPUTYpalluii, BEJIMYUH PalyCoB, SHEPTUN HOHU3ALNH
aTOMOB 3JIEMEHTOB MOATPYIIIbI IMHKA U MOATPYIIIBI IIETOYHO3EMENBbHBIX AJIEMEHTOB,
XapaKTepHbIE CTENICHN OKUCIICHHS, KOOpAUHAIIMOHHbIe yuca. [lonyuenue, pusndeckue u
XMMHUYECKHE CBOMCTBA LIMHKA, KaJIMUsl, pTyTU. CpaBHEHUE CTPOEHUS U CBOMCTB COEMHEHUN B
crenenu okuciaenus (II) (okcunpl, ruapoKCHbl, ranorenuipl). CTpoeHue u
JTUCIIPOTIOPIIMOHUpOBaHKe coeanHennit Hg22+. KommiekcHbie coeIMHEHNs: aMMHUAKaThI,
raJIOreHU/Ibl, IMAaHUIbI, THOIMAHATHI. [I[puMeHeHe IMHKA, KaJIMUsl, PTYTH U UX COCTUHEHUM.

13. Onementsl 11l A rpynmsi: 60p, amOMUHUHN, TaNIAN, HHAWN, TaJUTHMA

DnexTpoHHas KoHGuUrypauus. Paguyc u sHeprus noHusauu aroma 6opa. XapakrepHbie
CTETeHH OKUCJIEHUS U KOOpAMHAIMOHHBIE yncna. Kpucrannnyeckas cTpykTypa, pusndeckue u
XUMUYECKHE CBOWCTBA Oopa.

[Tonyuenue, ctpoenue, cBoiicTBa qubopana B2H6: BoccTraHOBUTENBHEBIE CBOHCTBA,
B3auMoJieiicTBue ¢ BoaoH, ruapunom autus (LiBH4), okennom yrnepona (H3BCO — kapGonun
6opana). ['omonoruueckue psaasl ruapunos 0opa: BnHn+4 u BnHn+6. Crpoenue u
3aKOHOMEPHOCTH B CBOMCTBaX OOpaHOB.

[Tonyuenue, ocobeHHOCTH CTpoeHUs U cBoMcTBa B20O3 1 OOPHBIX KHCIIOT. 3aBUCHMOCTD
cocTaBa IPOAYKTOB MOJIMMEpU3aLuu okcobopaToB oT pH cpezp! u koHeHTpanuu. ComnocTaBieHue
IPOIIECCOB JeruapaTanuu opTohocGopHoil 1 OPTOOOPHOM KUCIOT.



JlnaroHanbHOe cX0/1CTBO O0Opa U KpeMHHUsI Ha IpUMEpE TUAPUIOB, FAIOT€HUIOB, OKCUIOB U
OKCOKHCIIOT. ConocTaBlieHHE CTPOCHUS U CBOMCTB OOpaToB, KApOOHATOB M HUTPATOB METAJLIOB.
AHajorus B CTpPOCHHH U CBOMCTBAX COSAMHEHMIA: O€H30I — Oopasoin, anmas — 6opa3oH. [lomyuenue
0opa u3 npupoaHbIX coeAnHeHui. [Ipumenenue 60pa u ero CoOeAMHEHUIA.

3aKOHOMEPHOCTH B U3MEHEHHUH 3JIEKTPOHHBIX KOHPUTypalui, paainycoB, SHEPTUU
MOHU3AIINH, XapAKTEPHBIX CTENEHEN OKUCICHUSI aTOMOB aJIFOMUHUS, TAJUTUS, MHAMS, TAJTUS.

[Tony4yenue, pu3nuecKkue U XMMUYECKHE CBOWCTBA MPOCTHIX BELIECTB. 3aKOHOMEPHOCTHU B
CTPOEHHUH U CBOMCTBAX (TepMUYECKasi yCTOMUUBOCTh, KUCIIOTHO-OCHOBHBIE U OKUCIIUTEIBHO-
BOCCTAaHOBUTEJIbHbBIC) COEIMHEHUIN AJIEMEHTOB B CTEIIEHU OKHCIEHUS +3: OKCUIBI, THIPOKCH/IBI,
raiio reH uabl. KominekcHble coeinHeHus antoMuHus. ['Uapua aTroMUHUS U aTlOMOTUIPUTBI
IIEJIOYHBIX METAJIII0B, VI3MeHEeHNEe yCTOMUNBOCTH COEAMHEHUI 3JIEMEHTOB B HU3KHUX CTEIECHSX
OKHCIICHHS B IOATPYIIIE, a TakKe ropuzoHTaIbHOM psay: TI-Pb-Bi. ConocraBnenue ctpoenus u
cBoricTB ogHoTunHBIX coequuenuid T1 (I) m Rb (1), Al (IIT), Sc(I1I), Ga (III) u Zn (II). I[Tpumenenune
QTIOMUHUS, TAJUTUS, UHIIUS, TAJUTHS U UX COSAMHEHUM.

14. Onementsl IV A rpynmsl: yriiepoa, KpeMHUN, TepMaHUii, 0JI0BO, CBUHELL

DnexkTpoHHast KOH(UTYpaLus, pa3Mep aToMa, YSHEPrus HOHU3ALUHU U CPOJICTBO K JIEKTPOHY,
AJEKTPOOTPHUIATEIIBHOCTh. 3aKOHOMEPHOCTH B U3MEHEHUU NTpouHocTH -2, O-H, O-I" (I'-ranoren)
u 3-0 cBazeil. Ocobennoctu karenanuu B psiay C-Si-Ge-Sn-Pb. XapakTtepHble cTeeHN OKUCIECHUS
U KOOpAMHALMOHHBIE uncia. OcCOOCHHOCTH yraepoa.

Tunel CTPyKTYp ¥ OCOOCHHOCTH XMMHUYECKOM CBSI3M B TBEP/ABIX MPOCTHIX BEIIECTBAX.
Anwma3s, rpadut, kapous, pymiepens: (C60, C70 u 1.1.) — nonumopdHbIe POpMBI yriiepoa.
3aKOHOMEPHOCTH U3MEHEHHS (PU3NUYECKUX U XUMUYECKIX CBOMCTB MPOCTHIX BELIECTB:
B3aMMOJICICTBHE ¢ pa30aBlIeHHBIMH U KOHIIEHTpUpoBaHHbIME pacTBopamu HC1, HNO3, H2SO4,
NaOH, meTtamnamu, HemetamiaMu. CoeTuHEHHS BKIIOUEHUS.

Pa3nnune B peakinOHHON CLIOCOOHOCTH YIJIEBOIOPOOB U CHUIIAHOB, XJIOPUAOB yIiiepo/ia
(CCl4) u xpemuus (SiCl4).

CO u CO2: nonyyenue, conocraBienue ctpoenus: (MO JIKAO, MBC), ¢puznyeckux
(9HEeprus JUCCOLMAIUH, TUIOIBHBIM MOMEHT, TeMIepaTypa (pa3oBbIX NEPEXO0I0B) U XUMHUECKUX
(B3aumopericteue ¢ H20, meTanmiaMu, OKUCITUTEILHO-BOCCTAHOBHUTEINIbHBIE cBOMCcTBA, CO 1 CO2
Kak uranbl) cBoiicTB. CoiictBa Si02. Conocrasnenue ctpoenus u ceoricts HCOOH u H2CO3.
Tepmuueckas ycroitunBocTh KapOoHaTtoB. ConocraBienue crpoeHus u cpoiicts CO2 u H2CO3,
KapOOHATOB U CUJIMKATOB. OCHOBHBIE THIIBI CTPYKTYP CHIIUKATOB.

CrpoeHue u cBOWCTBa IUAHOBOOPO/1a, POJIaHOBOIOPOIA U UX MTPOU3BOIHBIX.

PusnyecKue 1 XUMHUYECKHE CBOMCTBA KPEMHUS, TEPMaHMs, 0J0Ba, CBUHIA. KpeMHuii n
repMaHuil — MOJIYIIPOBOTHUKH.

3aKOHOMEPHOCTH B U3MEHEHUHU CTPOCHUSI 1 XUMUYECKUX CBOMCTB OKCHIOB U THAPOKCH]IOB
Ge-Sn-Pb (Tepmuueckas ycTOHYHBOCTb, KUCIOTHO-OCHOBHBIE M OKMCITUTENHLHO-
BOCCTaHOBUTEJbHbBIE CBOWCTBA).

[Ipuponusie coenunenus C, Si, Ge, Sn, Pb. [IpuHIumne! mogyueHus NpoCThIX BEIIECTB.
[IpuMeHeHre MPOCThIX BEMIECTB M OCHOBHBIX XUMUUYECKUX COCIUHEHUIN: OKCUJIOB, OKCO-KUCIIOT U
TUAPOKCUAOB, THIPHUJIOB, XaTbKOTEHUIOB, KapOUIOB U CUJIUIINIOB, KapOOHATOB, CHIIMKATOB.

15. Onementsl V A rpynmsl: a30T, pochop, MBIIIBSIK, CypbMa, BACMYT

OO11ast xapakTepUCTHUKa 3JIEMEHTOB: AJIEKTPOHHAsI KOH(UTypaius, pa3Mep aToMOB, SHEPTUs
MOHM3AIMU U CPOJICTBO K 3JIEKTPOHY, JIEKTPOOTPULIATEIHLHOCTh aTOMOB. 3AKOHOMEPHOCTH B
W3MEHEHUHU KOOPAMHAIIMOHHOTO YHCIIa, MPOYHOCTH OAUHAPHBIX (D-3) U ABOMHBIX (D=0) cBs3ei,
CTaOUITBFHOCTH COCTMHEHHH ¢ XapaKTepHBIMU CTeTIeHsIMH OKuciaeHus. OcoOble CBOMCTBA a30Ta.

MO u cBoiictBa N2, N2+. CtpoeHnue 6enoro, KpacHOro u uepHoro ¢ocgopa, MbIIIbSIKA,
CYpbMBI U BUCMYTa. 3aKOHOMEPHOCTH B U3MEHEHUHU (PU3UIECKUX M XUMHUUECKUX CBOWCTB MPOCTHIX
BeleCTB. MeTo/ibl CBA3bIBAHUS MOJIEKYIISIPHOTO a30Ta.

OcoGenHoctu cTpoeHus (BaneHTHBIE yriibl H-D-H, nnuna cBs3u 9-H, TunoiasHbI MOMEHT),
3aKOHOMEPHOCTH B U3MEHEHUHU (U3UIECKUX M XUMUYECKHX CBOMCTB BOJIOPOIHBIX COCTMHEHUI
OH3 (Temmneparypa $ha30BBIX IEPEXOJ0B, TEPMUUECKAS] YCTOMIHMBOCTH, KHCIIOTHO-OCHOBHBIC U
BOCCTAaHOBHUTEJIbHBIE CBOMCTBA). [loyueHne u cBOMCTBa aMMHaKa, aBTOMOHU3AIIHS, PEAKITHT
3aMeIIeHus, aKIEeNTOPHBIE (TPOTOIUTUYECKOE B3aUMOICHCTBUE CBO/IOH ), JOHOPHBIE



(oOpa3oBaHre aMMHAKaTOB) M BOCCTAHOBHUTEIIbHBIE CBOMCTBA aMMHaKa. TepMudeckas
YCTOMYUBOCTH COJlelt aMMOHUS — (hocdaToB, XJIOPUAOB, CYIb(HATOB, HUITPATOB, HUTPUTOB.
Conocrasnenue crpoenus u cBoiicts ruapokcuinamMmnia NH2OH u runpaszuna N2H4 (kucinoTtHo-
OCHOBHBIX U OKHCIIUTEIbHO-BOCCTAHOBUTEIIbHBIX).

CrtpoeHue u CBOICTBA a30TUCTOBOIOPOIHOM KUCIOTHL. COCTaB, CTPOCHUE U
3aKOHOMEPHOCTH B U3MEHEHUHU CBOMCTB OKcH10B a3ota: N20, NO, N203, NO2, N204, N205
(IMIIOJIBHBIIMOMEHT, MEKMOJIEKYJISIPHOE B3aUMOJICHCTBUE, B3aUMOIEHCTBUE C BOJOM,
Temreparypa (pa3zoBbIX IEPEX00B, TEPMHUECKAs YCTOHYUBOCTDb, KUCIIOTHBIE CBOMCTBA).
[Tomydyenue oxcuaoB azota. Cxema MO, conocraBienue cBoiictB NO 1 NO+. Aunonnsie (NO2-,
NO3-) u karuonnsie (NO+, N02+) ¢popmbl okcuaoB azota (I1I), (V). ucnponopunonupoBaHue
okcuoB azota (III), (IV) B kucioi u 1menoYHon cpeaax, NOJSpHbIX U HENOJSPHBIX
pactBopuTensix. CuHTE3 0€3BOIHBIX HUTPATOB METALIOB. TepMuUecKoe pas3ioKeHHe HUTPATOB
metauioB (Na, Ag, Pb).

[Tonyuyenue, comocraBieHue crpoeHus U cBorcTB azotuctoit (HNO2) u azornoit (HNO3)
KHCJIOT: YCTOMYHUBOCTD, KUCJIIOTHBIE U OKHCIUTEIBHO-BOCCTAHOBUTENIbHBIE CBOMCTBA BOJIHBIX
pactBopoB. OkucnutenbHble cBoiicTBa HNO3. 3aBucumocTts coctaBa IpoAyKTOB B3aUMOJEHCTBUS
HNO3 + Meram oT KOHLIEHTpALUK a30THON KUCJIOThI ¥ IPUPOIbI MeTasuia. I unoasorucras
kucnota (HON)2: crpoenue, KUCIOTHBIE U BOCCTAHOBUTENIbHBIE CBOMCTBA.

Ocobennoctu crpoerus okcuaoB ¢ocdopa (II1) u (V). 3akoHOMEPHOCTH B U3MEHEHUHN
KHCJIOTHO-OCHOBHBIX, OKUCIMUTEIbHO-BOCCTAHOBUTEIbHBIX CBOMCTB U TEPMUYECKONW YCTONYMBOCTU
kucinotr H3PO2, H3PO3, H3PO4. B3aumoneiictBue ¢pochopHOro anruapuaa ¢ BOJOM.
Kongencuposannsie ¢pocharsl. Opto-, mupo-, MeTa-, nonumeTtadocdarsl. Bzaumonelicteue
pactBopumbIx cosieid H3PO4, H3PO3, H3PO2 ¢ AgNO3.

Crpoenue u coiictsa xsopunos (PCI3, PCI5) u okcoxiopuna (POC13) docdopa.
Coenunenus docdopa ¢ a30ToMm.

Huarpammer BD-CO coenunenwmii azota u pocdopa.

OO01ue TeHIeHIIUU B U3MEHEHUH CTPOCHUS U CBOMCTB OKCHUIOB U OKCOKHUCIIOT 3JIEMEHTOB
VA rpynmsl [lepuoanueckoit cucteMsl (KUCIOTHBIX U OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX ).
OCHOBHBIE IPUPOAHBIE COCTUHECHNUS, IPUHIIMTIIBI TOTYYSHHS U3 HUX a30Ta, pocdopa, MBIIIbsIKA,
CYpbMBI, BUCMYTa. Poib coemuHennit a3ora u pocdopa B SKOJIOTUN U B OHOIOTUIECKUAX
mporeccax.

16. OnemenTsl VI A rpynnsl: KUCIOPOJ, cepa, CEJIEH, TEILTYp

3aKOHOMEPHOCTH B U3MEHEHHUH 3JIEKTPOHHOU KOH(UTYpally, BEIUYHUH PAIUyCOB, SHEPTUS
MOHM3AIMH U CPOJICTBA K DJIEKTPOHY, XapaKTEPHBIX CTETIEHEN OKUCIICHUS,
AIIEKTPOOTPHULATETLHOCTH aTOMOB. OTINYUTEIbHBIE CBOMCTBA KUCIOPO/a, G U T-CBSA3bIBAHUE,
0c00EHHOCTH KaTeHalu (00pa3oBaHMs roMOsIepHBIX 1emneil) B psaaax O-S-Se-Te, C1-S-P-Si.
O30H. O30HU]BI.

Cxema sHepreruueckux ypoBaeir MO, ocobeHHOCTH cBOMCTB MOJIeKyibl O2 1 noHoB O2+ u
0O2-. I3MeHeHue coctaBa MOJIEKYJI, BHYTPU- U MEKMOJIEKYIISIPHOTO B3aUMOICUCTBUS B PSAAY
KHCJIOPO/I-Cepa-CeIeH-TeJUTyp. 3aKOHOMEPHOCTH B U3MEHEHUH (PU3HUECKUX CBOWCTB MPOCTHIX
BEIIIECTB (9HEPIrHsl KPUCTAIIMUYECKOH peleTKy, Temmneparypa (pa3oBbIX MIpeBpalleHuil,
TEeMIEpaTypHas 3aBUCUMOCTh BA3KOCTHU cepbl). CpaBHEHHE (a30BbIX AMATPAMM BOJBI U CEPHI.
XUMHYEeCKHE CBOWCTBA IPOCTHIX BEIIECTB: aHAJIOTHS B MPOIIECCaX B3aUMO/AEHCTBUS TaJIOT€HOB U
XaJIbKOTEHOB € BOJIOM, B3aUMOJIEHCTBUE XaJIbKOT'€HOB C HEMETaNIaMU M METAJUIaMHU.
Xanbkorenusl. Kucnopogn, cepa, cenen, Teutyp B reo- u 6uocdepe. [Tomyuenne npoctbix
BEIIIECTB U3 MPUPOJHBIX coenHeHU. [I[pumMenenne Kucnopo/a, XaabKOreHOB U MX COEIMHEHHH.

Bonopoausie coenunenus. [lapamerpsr monexyn H23 (nnuHa u sHEprus CBsA3U, BaJCHTHBIN
yroJi), 3aKOHOMEPHOCTH U3MEHEHUs (PM3NYECKUX CBOMCTB MOJIEKYI (JUMOIbHBIA MOMEHT, SHEPTHs
JMCCOIMALINK, TemnepaTypa ¢pa3oBbIX epexooB). Apronporonus coeaunenuit HI' u H2D, nx
B3aUMOo/IeiicTBHE C BOAOH. 3aKOHOMEPHOCTH B M3MEHEHUU KUCIOTHBIX M BOCCTAHOBUTEIBHBIX
CBOMCTB XanbKkoreHoBo10po10B. Ocoboe nonoxxenne H20 B psaay coenunenuiit H20. [lepokcuabt
H-O-0O-H, rugponepokcuast M-O-O-H. Ionucynsdanst H- (Sn) -H.

Oxcupl xanbkoreHoB. CpaBHEHHE CTPOEHHUS U CBOMCTB M303J1EKTPOHHBIX aHanoros: S20,
SO2, NO2~. ConocraBieHue cTpoeHus 1 cBOMCTB okcuaoB D02 u 303. YcinoBus OKUCIEHUS



SO2 B SO3. Okcokucnorel H2SO3 1 H2SO4: xoppensuus CTpOSHHUSI aHHOHOB U XUMUYECKHX
cBoiictB. Tayromepus 6ucynbput-uona. CTpoeHue, MoIy4eHne, OKUCIUTEIbHBIE H
BoayoTHuMaromue cpoiictBa H2SO4. Cucrtema H20 ~ SO3. TepMmuueckasi ycTOHYMBOCTh
cynbharoB. ComocTaBlIeHUE CHUIIBI KUCIIOT, TEPMUUECKON YCTOMYMBOCTH U OKUCIUTEIHHOM
akTuBHOCTH okcokucioT H2203 u H2504. JIluarpaMmsbl BOJIbT-O9KBUBAJICHT — CTENIEHb OKUCJICHUS
B PSIy XaJIbKOT'€HOB.

Crpoenue, moxydeHue, cBoicTBa THOCYNb(ata HaTpus. ['oMosiepHbIe IIeTH B TOJIH-
tuoHatax [O3S -(Sn)- SO3], rae n = 1-22. U3osnekrponnsie 3amenienus B H2SO4: aroma
KHCJIOpOJia Ha cepy (THocynbdar-uoH), nepokcorpynny -O-O- (H2SO8); ruapoKCuiIbHOM TPYIIIIHI -
OH Ha MocTuKOBBIN KHCIOPO B Tosucynbdarax, [SO4-(SO3)n]2 rae n = 1,2,3; Ha rajgoreH B
okcoranorenngax 30212 u Ha nepexucHyto rpynmy -O-O- B nepokcocynbparax H-O-O-SO2-OH.
CrtpoeHue u CBOMCTBA TAJIOTEHUIOB CEPhI, CEJIeHa, TeILTypa.

17. Dnementsl VIIA rpynmsi: prop, xia0p, 6pom, Ho

3aKOHOMEPHOCTH B U3MEHEHHUH 3JIEKTPOHHOU KOH(MUTYpaIlK, BETUYUH PAInyCOB, SHEPTUH
MOHM3AINH, CPOJCTBA K DJIEKTPOHY, FIEKTPOOTPULATEIbHOCTH, XapPAKTEPHBIX CTENIEHEN OKUCICHUS
aTOMOB TajnioreHoB. Paznmuuue suepruu 3s-3p, 4s-4pu Ss-5popOuTaneii u CBOMCTBA TaJIOTCHOB.
OcobGennoctu ropa. Ananorus ¢prop - Bogopoa. Ctpoenue monekyn ramoreHoB (MO JIKAO),
MEXMOJIEKYIIpHbIE B3aUMOJCHCTBYS U (PU3NUECKHE CBOMCTBA MPOCTHIX BelecTB. [IpuHIUIIBI
MOJIy4EHHS IPOCTHIX BEIIECTB U3 MPUPOJHBIX coeMHEeHM. [[puMeHeHne rajJoreHos.

B3aumopeiicTBue rajloreHoB ¢ MeTajlllaMi U HeMeTaJlJlaMi. 3aKOHOMEPHOCTH U3MEHEHUS
THUIA XUMUYECKOM CBSA3U U CBOMCTB raJlIoreHuI0B 351eMeHTOB [-VI rpynn Ilepuoanyeckoi
CcUCTEMBI. ['OMO- U TeTepoIUTHYECKUE TYTH Pa3pbiBa CBA3U B MOJIEKYJIaX TAJIOT€HOB
(B3auMoIeliCTBUE C BOJOPOIOM, YTITIEBOJAOPOIAMH ).

Crpoenue moiekyn (MO JIKAO) u ¢puszndeckue cBoiCTBaA (IHEPTUS TUCCOIUAIUH, JTH-
MOJIbHBIM MOMEHT, TEMIIEpATypa IUIaBJICHUS, KUIIEHUS ) Tallor€HOBOA0PO0B. CriocOoObI MOTY4YEeHHUS.
Cuctrema HC1 - H20. 3akoHOMEPHOCTH B U3MEHEHUU KUCJIOTHBIX U BOCCTAHOBU TEIIbHBIX
CBOMCTB raJIOr€HOBOJIOPOJIHBIX KUCIIOT.

BsaumopeiicTBre raioreHoB ¢ BOJIOH: coibBaTallMsl U KJIaTpaTooOpa3oBaHue, TeTepo-
JUTUYECKOE Pa3I0KEHUE, TEPMOIMHAMUYECKHE U KUHETUYECKUE (PaKTOPBI, ONPEAEIAIOLINE COCTaB
IPOJYKTOB B3aUMOJEHCTBUS rajlOreHoB ¢ BOJIOM.

Kucnoponsle coeinHeHHs rajJoreHoB. 3aKOHOMEPHOCTH B CTPOCHHUH U CBOMCTBaX
okcuioB. CriocoOsI monydeHus. Mi3MeHeHne cCTpoeHus U CBOMCTB (TepMHUECKas YCTOHYHBOCTb,
OKHUCJIUTEIbHbIE, KHCIIOTHO-OCHOBHBIE CBOMCTBA) KUCIOPOAHBIX KUCIIOT rajnoreHon o psgy HI'O —
HI'O2 — HI'O3 — HI'OA4.

ConocraBneHne yCTOWYMBOCTH U OKUCIUTEIbHBIX CBOMCTB KUCIOPOIHBIX KUCIOT
rajoreHoB ¢ nomouisto quarpamm BO-CO. Iopsiok B3aMMHOTO BBITECHEHHUSI TaJIOTEHOB U3
raJIOT€HOBOIOPOAHBIX, KUCIOPOJOCOAEPKAIIMX KUCIOT U UX COJIEH.

Mesxranorennsle coequHenust (MI'C). Ctpoenune Mosekys B pUOIMKEHUN METoa
BasieHTHbIX cBsi3el (MBC). Karuonnsie u annonusie popmbl romoatoMHblx MI'C. DHeprus cBsizu,
cTtpoenue (Mozens ['miiencu) u TepMudeckasl ycTouunBocTh rerepoaTroMubix MI'C. Ananorus B
xuMuuecknx ceorctBax MI'C u mpocThix BemecT [2: B3aumoielicTBHE € BOJOM, OKUCIICHHUE
MeTaJlJIoB, aBTOMOHK3anus. Katnonusie n annonHsle popMbl rerepoatoMubix MI'C. [Ipumenenue
MI'C.

18. Onementsl VIII A rpynmbl: HHEPTHBIE Ta3bl

DnexTpoHHas KOHPUTYpallKs, BETHUYNHBI PAAUYCOB U YHEPTUU HOHU3ALIUU aTOMOB
MHEPTHBIX T'a30B.

[Tonyuenue, ctpoeHue, CBOMCTBa HHEPTHBIX ra30B: TemrepaTypa (pa3oBbIX EPEXO0JIOB,
pPacTBOPUMOCTH B BOJIE, KJIATPaThl, B3aUMOEICTBHE CO PTOPOM.

Cunres coenunenuit nHepTHBIX razoB (baptiert). Ctpoenue, cBoicTBa GTOPUAOB KCEHOHA
XeF2, XeF4, XeF6 (B3aumoneiicTBre ¢ BOJOM, TUCIPONOPLUUOHUPOBAHUE, OKUCIUTEIBHO-
BOCCTaHOBUTENbHBIE CBOWCTBA). Kucnopoausie coequnenus. TpexueHTpoBas,
YETBIPEXIICKTPOHHAS CBSI3b BO (PTOpHAaX MHEPTHBIX Ta30B. Juarpamma BD-CO coennHennit
KceHoHa. [I[puMeHeHre HHEePTHBIX ra3oB.

Onements! VIII b rpynmnst

DNeMeHTHI TpUabl XKele3a: Kele30, Ko0anbT, HuKelb. CpaBHEHUE dJIEKTPOHHOM



KOH(UTYypaluu, BEJIUUYHUH PaIUyCOB, SHEPTUU HOHU3AINH, XapaKTEPHBIX CTEIIEHEN OKUCIIEHUS 1
KOOPAMHALIMOHHBIX YKCEN 2JIEMEHTOB TpUaAbl xkene3a. [lomyduenne, cBOMCTBAa MPOCTHIX BEILIECTB.
®eppomarnetusm. Kopposus xene3a u nytu ee npenorspanieHusi. ConocTaBieHne CTPOSHUS U
xuMuueckux cBorctB coenuHeHuit Fe, CO, Ni co crenensto okucienus [Iu II1. CpaBHeHue
CTPOEHHS U CBOMCTB KOMIUIEKCHBIX (I[MaHH/IbI, aMMHUKATHI, TAJIOT€HU/IbI) COETUHEHUH jKeTe3a,
KoOanbTa, HUKENS. TepMOoIMHAMUYECKast U KHHETHYECKass YCTOHYMBOCTh TeKcarmanodepparon
xkenesa. [lonydyenue u conocrasnenue ceoicts coequnenuit Fe(Ilhu Fe (VI).
KapOoHubIepexoTHbIX JIeMEHTOB. Poutb jkene3a B OMOJIOTHYECKUX MPOIIeccax.

DJIeMEHTBI OATPYNIbI IJIATUHBL: PYTEHUN, POANH, NAJUIAANI, OCMUHN, UPUIUH, TIJIaTHHA.
CormnocTraBieHue CBOMCTB COEAMHEHUN PYTEHUs, OCMUS, IUIATHUHBI B PA3JIMYHBIX CTEIEHAX
OKHUCJICHUS. 3aKOHOMEPHOCTH B (PH3UYECKUX U XUMUIECKUX CBOHCTBAX MPOCTHIX BEIIECTB.
Crpoenue u cBoiictBa RuO4, OsO4. KoMIIeKCHbIE COSIMHEHUS: TUITBI, U30MEpUs, BIUSIHHUE
MPUPOJIBI JIMTAH/Ia ¥ SJICKTPOHHOM KOH(MUTYpallK LIEHTPAILHOTO aToMa Ha CTPOSHUE
KOMIUIEKCHOT'O HOHA, TEPMOAMHAMUYECKAsI U KHHETHYECKasi yCTOMYUBOCTh, 3P (HEKT TPAHCBIUSHUS
(.. YepnsieB) 1 HanrpaBJICHHBIM CUHTE3 KOMIUIEKCHBIX COEAMHEHU.

Bormpocs! 1y1st ceMuHapoB, KOJJIOKBUYMOB, IPUMEP UTOTOBBIX TECTOB

Tema 1. OcHOBHbBIE TOHATHUS U 3aKOHBI XUMUU

1.ATOMHO-MOJIEKYJIIPHOE YUEHUE.

1.1.ATomHas rumnoresa.

1.2.3akoH coxpanenus macchl. (JlomonocoB M.B., JlaBya3se A., DifHiTeitH A.)
1.3.AtoM. Monekyna. Ar. Mr.

1.4.IIpocToe BemecTBO U XUMUYECKUI 3JIEMEHT.

1.5.3akon nocrostacTBa coctasa. (IIpycr).

1.6.CoenrHeHUsI IEPEMEHHOTO COCTaBa.

2.I'a30Bo€ cOCTOSIHUE.

2.1.3ak0H 00BEMHBIX OTHOIIICHUH.

2.2.3axkoH ABorajapo. [locrostnHast ABoraapo.

2.3.0npenenenre MOJIEKYISIPHBIX MacC BEIIECTB, HAXOASIINXCS B
razoo0pasHoMm cocrosiHuu. (JlaboparopHnas padora: «Onpesnenenue
MouispHOi Maccel CO2»).

2.4.Ypasuenue Knaneiipona-MenzeneeBa. Y HuBepcalibHas ra3oBast
MOCTOSIHHAS.

2.5.11apunansHOe AaBJIeHUE Ta3a.

2.6.3akoH napluanbHbIX AaBieHHUN JlanpToHa.

3.OKBUBAJICHT U BAJICHTHOCTb.

3.1.0xBuBasienT. MossipHas Macca SKBUBaJIEeHTa. 3aKOH YKBUBAJICHTOB.
3.2.0mnpeneneHne 3KBUBATIEHTHON MacChl MPOCTOrO BEIIECTBA.

3.3. BanenTtHocTh. Onpenenenue. Paznuunblie equHULIBI BaJI€eHTHOCTH. CBS3b
MEXy BAJICHTHOCTBIO, MOJISIPHOM M MOJIBHOM MAacCOW SKBUBAJIEHTA IIPOCTOrO BEUIECTBA.
3.4.OKBUBAJICHT U MOJISIPHASI Macca SKBUBAJICHTA CJIOKHOTO BEIIECTBA.
4.BaxxHelme KjIacchl U HOMEHKJIATypa HEOPraHMYECKUX BEIIECTB.
4.1.Mertasibl U HEMETAILIBI.

4.2 buHapHble COeAMHEHUSI (OKCUIBI, TATH/IbI, HUTPUJIBI, KAPOUIbI, THAPHU/IBI).
4.3. 'mapokcusl. (OcHOBaHUSA).

4.4. Kucnotsl.

4.5. Conn.

Tema 2. Beenenue B TCOPHUIO XUMHUYCCKUX MMPOLCCCOB

1.DOHepreTuka XMMUYECKUX MPEBPALIEHUH.
1.1.0cHOBHBIE TapaMETPhI COCTOSIHUSI CHCTEMBI.
1.2. TenoBoii 3 PeKT peakuu.

1.3.Tennora oOpa3zoBaHusl, TEMJIOTA CTOPAHUS.
1.4. TepMOXUMHYECKHE YPABHEHHSI.



1.5. TepMOXUMHUYECKHE 3aKOHBI.

1.6.CtannapTHbIe yCIOBUS.

1.7.TepMOXUMHYECKUE PACUETHI.

2.0OCHOBHBIE MMOHATHSI XUMUYECKON TEPMOINHAMUKHU.

2.1.1-p1i1 3aKOH XUMHUYECKON TEPMOAMHAMUKH.

2.2 DHTaNBNUS.

2.3.BHyTpeHHss SHEprUsl.

2.4.CamMonpou3BOJIbHBIE U HECAMOIIPOU3BOJIbHBIE TIPOLIECCHI.

2.5.2-011 3aKOH XMMHUYECKON TEPMOAMHAMUKH.

2.6.OHTpONUA.

2.7.2ueprus ['n66ca (1306apHO-M30TEPMUYECKHUNA TOTESHIIHAN).
2.8.CrangapTHble TepMOAMHAMUYECKHE (PYHKIIMU M UX pacyeT Ha OCHOBE 3akoHa 'ecca.
2.9.YcioBus NpUHIMIIMAILHOW BO3MOXKHOCTH ITpoOIIEcca.

3.Xumuyeckasi KHHETHKA.

3.1.CKOpOCTh XUMUYECKUX PEAKIIUH.

3.2.3aBUCHUMOCTb CKOPOCTU OT KOHLEHTPALUU (KOHCTaHTa CKOPOCTH).
3.3.OCHOBHOE KUHETHUYECKOE YpaBHEHHUE.

3.4.Ilopsaok peakiuii 1 ee MOJIEKYISIPHOCTb.

3.5.3aBUCHMOCTb CKOPOCTH PEaKIMK OT TeMIieparypsl (npasuio Baut-I'odda).
3.6. DHeprus akTUBALMK, SHEPreTUUECKUE JrUarpaMMBbl.

3.7.IlepexoaHO€ COCTOSTHUE CUCTEMBI.

3.8.3aBUCHMOCTb CKOPOCTHU PEAKIIMH U SHEPTUHU aKTHUBAIMH OT TEMIIEPATYPBhI.
3.9.YpaBHeHue Appenuyca.

3.10.Mexanun3mM XUMUYECKUX PEaAKIUH.

3.11.®u3nueckue METOAbl CTUMYJIMPOBAHUS XUMUYECKUX PEAKIUH.
3.12.Mexanu3M XUMUYECKUX PEaKIUH.

3.13.®uznyeckue METOAbl CTUMYIHUPOBAHUS XUMUYECKUX PEAKIUH.
3.14.Karanu3, BIUsHUE KaTaJIu3aTOpa HA YHEPTUI0 aKTUBALIMM MPOLECCa,
TOMOTEHHBIN Y FeTePOTreHHBIN KaTaau3.

3.15.OHTanpnuiiHas [uarpaMma XMMHUYECKOW peakuu ¢ KaTalu3aTopoM.
4. XvMHYECKOE pAaBHOBECHE.

4.1.06patumble 1 HEOOPAaTUMBbIE POLIECCHI.

4.2.3aKk0H ACHCTBYIOIINX Macc.

4.3. KoHCcTaHTa XMMHYECKOTO PaBHOBECHS U €€ 3aBUCUMOCTh OT
TEMIIEPATypHI.

4.4 Ilpunuun Jle-llatense.

Tema 3. PactBOpbI

1.OcHOBHBIE TOHATHS O PaCTBOPAX.

1.1.0mpenenenus: pacTBOp, paCTBOPEHHOE BEIIECTBO, PACTBOPUTEID,
PacTBOPUMOCTb.

1.2.Crioco06b! BbIpaxeH!sI KOHLIEHTPAIlMd PacTBOPOB.

1.3. TepmoinHaMuKa pacTBOPEHHUSI.

1.4.0cHoBHbIe OHATHUSA: (a3a, CUCTEMA, CTENICHb CBOOO/IBI.
1.5.Ycnosue paBHoBecus ¢as. [IpaBuio a3 I'n60ca.

1.6.®a30BbIe paBHOBECHUS B OJHOKOMIIOHEHTHBIX cuctemax (H20, S).
1.7.3aBUCHMOCTb paCTBOPUMOCTH TBEPABIX, KHUJIKHX U Ta3000pa3HbIX
BELIECTB OT TEMIIEPATYPBHI.

2.OCHOBHBIE 3aKOHBI JJIs1 PACTBOPOB HEAJIEKTPOJIUTOB.

2.1.3akon Payns, cneactBus u3 3akoHa Payis.

2.2.3aK0H OCMOTHYECKOTO JAaBICHUS.

2.3.3akoH ['enpu.

3.PaBHOBecHs B pacTBOpax AJIEKTPOJIUTOB.

3.1./luccounanys B BOOHBIX pacTBOpPax 3JIEKTPOIUTOB.



3.2.3oToHn4ecKuii KOd)PUIUEHT, CTENIEHD MIEKTPOITUTHICCKON  TUCCOIHAITIH, UX
B3aUMOCBSI3b.

3.3.PaBHOBecHs B pacTBOpax cIabbIX U CHIIBHBIX JIEKTPOJIIUTOB, KOHCTAHTA
nuccounanuu. CpaBHEHHE CBOMCTB cIa0bIX U CUJIbHBIX 3JIEKTPOIUTOB.

3.4 I'ereporennnie paBHoBecHs. [IponsBeeHne pacCTBOPUMOCTH.

4.0OCHOBHBIE MOJOKEHUS TEOPHUI KUCIOTHO-OCHOBHBIX PAaBHOBECHUH.

4.1.Teopus bpencrena-Jloypu, JIptouca u ap.

4.2 IloHATHE «KHUCIIOTa» U «OCHOBAHUE» B PA3JIMYHbIX TEOPUSIX.

4.3.OCHOBHBIE TIOJIOKEHUS, CONPSIKEHHBIE NTapbl KMUCIOT U OCHOBAHUM.

4.4.PaBHOBECHS B CpeJ/i€ HEBOJHBIX TPOTOHHBIX PACTBOPUTEIIECH.

4.5.I'naponu3 Kak 4YacTHBIM cilyyaill IPOTEOIUTUUECKOTO PABHOBECHSI.

IIpumepsl.

4.6.Pacuet pH u KOHIIEHTpalWii 111 BOJHBIX PACTBOPOB AJICKTPOJIUTOB.

Tema 4. KuHeTrka 1 MEXaHU3M XUMUYECKUX PEaKIUi

XUMHUYECKOE PAaBHOBECHE.

Koncranra paBHOBecus.

CKOpoCTh XMMHUYECKOH peakliuu, €€ 3aBUCUMOCTb OT MPUPOABI U KOHLIEHTPALIUU
peareHToB, TEMIIEPATYPbI

Uem 00bsACHSAETCS OBBILIEHHE CKOPOCTU PEAKIMU [IPU BBEACHUN B CUCTEMY KaTanusaTopa?

[Topsnox peakuuu.

MonekynspHOCTb PEaKIuu.

7 ITonsATHS 00 aKTUBUPOBAHHOM KOMITJIEKCE. DHEPTHsI aKTHBAITUH

8. KoHCcTaHTa CKOPOCTH U €€ 3aBUCHMOCTb OT TEMIIEPATYPBHI.

9.YpaBuenne Appenuyca.

10.MexaHu3M U KHHETUKA PEaKIMil B TOMOT€HHBIX U T€TEPOTEHHBIX CHCTEMAaX.

11.1ennble u KonebaTeIbHbIC PEAKIIHH.

12.I'oMOreHHBIN U TeTepOreHHbIN KaTalnu3. AyToKaTaIus.

Tema 5. Mogenu CTpoeHUsI aTOMa U XUMUYECKOU CBSI3U

1.Mopaenu crpoenust aroma. CoBpeMEeHHBIE MPECTaBICHUSI.

2.Ypasuenus lpenunrepa. KBanToBbie yncia, pacyeT MaKCUMaJIbHON

€MKOCTH YpOBHEH M MOJYPOBHEW B aTOMeE, ITpaBHJIa 3all0JIHEHUS UX

JIEKTPOHAMH.

3.Ilepuonuueckas cucrema xumuueckux 31eMeHToB (IICXD). AToMHbIE U HOHHBIE

paauycsl; p-, d- u f-cxxatre. DHeprus HOHU3AIMH, CPOJICTBO K IEKTPOHY,

3JIEKTPOOTPULATENBHOCTD. MI3MEHEeHHne 3TUX CBOMCTB B IEPUOJAX U

noarpynnax I1C3.

4.IlpencraBneHre 0 XUMHUYECKOU cBsi3H. KolnuecTBEHHbIE XapaKTEPUCTUKU

MPOYHOCTH CBSI3U. MOJIeTM XUMHYECKOMN CBSI3H.

4.1.KoBanentHas cBs3b. MeTos BaneHTHbIX cBszeil (MBC).

4.2 IlpocTpaHcTBeHHAs! KOHPUTYpALKs MOJIEKY] U MOHOB: THIIBI

TUOpUAM3AINH U TEOMETPUS YaCTHII, MOJIETh OTTAIKUBAHUS

3JIEKTPOHHBIX Map BaJIEHTHON 000J0uKH (Teopus ['nmnecnn).

4.3 .Metoa monekyisipabix opoutaneit (MMO). Onucanue romo- u

reTepoaTOMHBIX YaCTHII.

4.4 Meramnnueckas cBs3b MeTaibl, HEMETaJLIbl, MOIYINPOBOJAHUKU. 30HHASI MOJIENb
TBEPAOTIO Tela.

4.5.MlonHas cBsI3b. DHEPrUs KPUCTATUIMYECKON PEIIETKH.

4.6.BzaumopericTBue Mex 1y MosiekyinaMu. Ban-nep-BaanbcoBa

B3auMoJeiicTBue. BogopoaHas cBs3b.

4.7.BrnusiHue MpUpo/Ibl XUMUYECKOH CBS3M HAa XUMHUECKUE U (PU3HYECKHE



CBOMCTBA BEIIECTB.
Tema 6. KoMIiekcHBIE COETUHEHUSA

1.0mnpeneneHne KOMIJIEKCHOTO COEAMHEHHUS.

2.OCHOBHBIE MTOHATHUS KOOPANHALMOHHON TEOPUH (LIEHTPAIbHBINA aTOM,
KOMIUIEKCO0Opa3oBaTelb, TUTaH]l, IEHTATHOCTh JIMTAH/Ia,
KOOpAMHAIIMOHHAs (BHYTpEHH:s) chepa).

3. Kimaccudukanus KOMIUICKCOB.

4. IloBeneHHE KOMIUIEKCHBIX COEAMHEHUI B PACTBOpax.

4.1. KoHCTaHTBI yCTOMYUBOCTH B 00pa30BaHusl.

4.2 .CryneHyaTasi KOHCTaHTa YCTOMUMBOCTH.

4.3.00m1as KOHCTAaHTa YCTOMYHUBOCTH.

4.4 XenaTHbii 3P dekT.

5.XuMHUYECKas CBSA3b B KOMIUIEKCHBIX COCIMHEHUSAX.

5.1.0nMcanne KOMIUIEKCHBIX COEAMHEHUH C MO3ULIUNA TEOPUU BAJIEHTHBIX CBSA3EH.
5.2. loctounctBa u Hegoctatku MBC.

5.3.0nucanue KC ¢ no3unuii TeOpun KpUCTAIUIMYECKOTO MOJIS.
5.3.1.0cHoBuble nonoxenus TKIL.

5.3.2.Pacmernenue d-opouraneil B OKTad ApUIECKOM ITOJIC.
5.3.3.Pacmiernenue d-opouraneit B TeTpadipuuecKoM IoJIe.
5.3.4.DOneprus pacuiemieHus. CHeKTPOXUMHUUYECKH pAI.
5.3.5.0Heprus criapuBaHus.

5.3.6.PacnpeneneHue 3JIeKTPOHOB B CUIILHOM TIOJIE.
5.3.7.PacnipeneneHue 3JIEKTPOHOB B CJIA0OM TOJIE.

5.3.8.Hu3ko- 1 BEICOKOCITMHOBBIE KOMIUIEKCHBIE COSTMHEHUSI. MarHUTHBIE CBOMCTBA

KOMIIJICKCHBIX COCHHHCHHﬁ.

H20:

CN-?

5.3.9.0kpacka KOMIUJIEKCHBIX COCTUHEHUH.
5.3.10.locrounctBa u Hepocratku TKII.
6./30MepHst KOMIUIEKCHBIX COSAMHEHUH.
7.KOMILIEKCHI C OpraHUYE€CKUMH JINTaHIaMHU.
8.KapOoHuIbI METaNIOB.

9.Knatpartsl.

10.Peakuy KOMILIEKCHBIX COSIUHEHUM.

Tect o Teme «KOMIIJIEKCHBIE COCTMHECHUS

1.CKOJBKO AJIEKTPOHOB Ha 0-TI0IyPOBHE HEBO30YKIEHHOTO aToMa KeJe3a:
A2;b64,B6;,T7; ]15.

2.CKOJBKO 2JIEKTPOHOB Ha Q-IOAYPOBHE MOHA Fe3+?

A2;b4;,B6;T"7; 115.

3.KakoBo BO3/1elicTBHE MOJIEKYJ BOJIBI KaK JIMTaHJ0B Ha HOH Fe3+?

A cma6oe; b cunsHoe; B He 3nar0; I - ; [ -.

4.KaxkoBo coctosinue Fe3+ xommnekca [Fe(H20)6]3+?

A muskocnuaoBO€; b BricokocnmHoBOe; B He 3Haro; I - ; /1 -.

5.CKOJIbKO HECTIAaPEHHBIX JIEKTPOHOB B HOHE Fe3+ B OKTasInuecKkoM OKPYKEHUH MOJIEKYIT

AO0;b1;B2;T 3; JI5.

6.KakoBbl MarHuTHBIC CBOMCTBa HOHA B KomIuiekce [Fe(H20)6]3+?

A mapamaruuTHbii; b quamarautHsiil; B He 3Haro; I - ; /1 -.

7.KakoBo Bo3xelictBue noHoB CN- kak jquranga ga uod Fe3+

A cnaboe; b cunsnoe; B ne 3naro; I' - ; [ -.

8.KakoBo cmHoBOe cocTosiHue koMiuiekca [ Fe(CN)6]3-?

A nu3zkocnrHOBOE; b BRICOKOCTTMHOBOE

9.CKOJBKO HECTTAPEHHBIX JIEKTPOHOB B HOHE Fe3+ B OKTasIpuiyecKoM OKpYKEHUH HOHOB



AO0;b1;B2;T 3; [14.
10.KakoBbl MmarauTHbBIE cBOMcTBa HoHA Fe3+ B kommekce[Fe(CN)6]3-?
A mapamaruuTHbIi; b tuamarauTHeiit; B ve 3nar0; I -5 1 —

Tema 7. Onementsl [ rpynnsr IICXO JI.M1. Menneneesa

1.s-3nemeHThI 1 rpynmnsl.

1.1.CpaBHuTENBHAS XapaKTEPUCTUKA SJIEMEHTOB.

1.2.IIpocThle BeliecTna.

1.3.CoeaqnueHust MEeN0YHBIX METAJIOB.

1.3.1.MeTop! NOTY4YEHUS TUAPOKCHIOB, KAPOOHATOB U UX TEPMHUYECKAs

YCTOMYUBOCTb.

1.3.2.0c00€HHOCTH XUMHH JIATHUS.

1.3.3.ManopacTBOpUMBIE COETUHEHHUS.

1.3.4.Ilepokcuabl 1 MX OKUCITUTEIHLHO-BOCCTAHOBUTEIbHBIE CBOMCTBA.

2.d-snements! 1 rpymnma.

2.1.CpaBHuTeNbHAs XapaKTEPUCTUKA 3JIEMEHTOB.

2.2.ConocraBieHe CBONCTB 3JIEMEHTOB INIABHOW U MOOOYHOM MOATPYIIIIHL.

2.3.IIpocTblie BemecTBa.

2.3.1.Ilomydyenne METAIIIOB.

2.3.2.B3anmoielicTBHE METAIJIOB C KUCIOTaMH.

2.3.3.CoenunHenust Meau, cepedpa, 30J10Ta.

2.3.4.I'anoreHuipl: NOJy4€HHUE, CBOMCTBA.

2.3.5.'unpokcuipl: noay4eHue, CBOMCTBa.

2.3.6.KomruiekcHble coeIuHEeHUs Meniu, cepedpa, 3010Ta. [lepeBoa B pacTBOp METaIOB U
TaJIOTEHUIOB 32 CYET KOMIUIEKCOOOpa30BaHuUs.

Tema 8. Onementsl Il rpynner [ICXO JI.W. Menneneesa

1.s-371€MEHTHI 2 TPYIIIbI.

1.1.CpaBHuTENIbHAS XapaKTEPUCTUKA DIIEMEHTOB.

1.2.IIpocTsle BemecTna.

1.3.MeToap! IOJTy4EeHHUS.

1.4.VI3MeHeHue xapakTepa CBs3H B COEIMHEHUSAX. Y CTOMUYNBOCTh KOMITJIEKCHBIX
coenuHeHui. JlnaronanbHoe cxonctBo Li — Mg.

1.5.CoeanHeHus s-31€MEHTHI 2 TPYyNIbl (OKCUABI, THAPOKCUIBI, IIEPOKCUIBI, COIIH,
OMHapHbIE COEIMHEHU).

2.d->nemMeHTHI 2 rpyNibl.

2.1.CpaBHuTeNnbHas XapaKTEPUCTUKA 3JIEMEHTOB.

2.2.1IpocTsle BemecTBa, B3aMMOJEHCTBUE ¢ KUCIOTaMU U ILEJI0YaMH.

2.3.CoearHEHUs IMHKA, KaJAMUs, pTYTH (OKCHJIbI, TUAPOKCHIBI, CYIb(UIbI, TATOT€HUIbI).

2.4 KoMIuIeKCHbIE COeIMHEHUSI INHKA, KaAMUS U PTYTH.

Tema 9. Dnementsl 1l rpynnst IICXD JI.1. MenneneeBa

1.P-anemenTts1 3 rpynnsl a3nemenToB [1CX0.

1.1.CpaBHUTENBHAS XapaKTEPUCTUKA DJIEMEHTOB.

1.2.IIpocTeie BeliecTna.

1.3.Metoas!l nosyyeHus.

1.4.bopHast KucnoTa: MOJy4YeHrue, CBOMCTBA, CTPOEHUE OKCOOOpPAT-HUOHOB.
1.5.Coenunenus 6opa ¢ BOJOPOJAOM: CTPOCHHE, CBOMCTBA.
1.6.CoenvHeHus aIIOMUHMS: UX XapaKTep U CBOICTBA.

1.7.'uaponu3 COeNIMHEHUI aTFOMUHUSL.

1.8./InaronansHoe cxoacTso Be — Al.



Tema 10. Dnementsl [V-A rpynmnel [ICXD JI.M. Menaeneesa

1.ITonoxxenne snemenToB B [ICXD. DnekTpoHHas KOHPUTYpaIs aToma,

pa3Mepsl, JIEKTPOOTPULIATEILHOCTD.

1.1.lnaronanpHoe cxoacTBo B u Si.

1.2.¥YcroitunBocth romouene — 9 — 3 —.

1.3.ConocTaBiieHHE CTPOCHUS U CBOMCTB COEMHEHHI C BOJOPOJIOM, KUCIOPOIOM,
rajoreHaMu.

2.Yraepo.

2.1.AnnotpornHsie (OpMbI, CBOICTBA.

2.2.0kcup yriepoaa (II), crpoenne monekynsl CO (MBC, MMO), cBoiicTBa.

2.3.KapOoHaT-HOH: CTpOCHHE, TEPMUUYECKAS YCTOMYMBOCTD. [ HApOIM3 KapOOHATOB.

3.Kpemuuii.

3.1.CtpoeHue u ruipoin3 CUINKATOB.

3.2.Cnoco6HoCTh nepexoa SiO2 B pacCTBOPUMBIC COSAMHEHUS.

3.3.dropcoaepkalire COeAMHEHUS] KPEMHMUSL.

4 .IToarpymia repMaHusi.

4.1.CpaBHuUTENbHAS XapaKTEPUCTUKA JIEMEHTOB.

4.2 IlpocTblie BelecTBa: OTHOIICHUE K PACTBOPAM KHUCIIOT U IIEITIOYECH.

4.3 Kucnoponocoaepxaliye COeqUHEHU: OKCH/IbI, THIPOKCUbI; CPABHEHUE KUCIOTHO-
OCHOBHBIX U OKHCIIUTEIbHO-BOCCTAHOBUTENBHBIX CBOMCTB B moArpytie u B paxy I(II) - (IV).

4.4.Cynbduabl 1 THOCOIH.

Tema 11. Dnements! V-A rpynnsl [ICXO JI.1. Menneneesa

1.CpaBHUTENbHAS XapaKTEPUCTHKA JIEMEHTOB.

2.A30r1: ctpoenue (MO) u cBoiicTBa.

3.[lonydenue azoTa B 1a00OpaTOpPUU U B IPOMBIIIIIEHHOCTH.

4.CoenuHeHHs a30Ta.

4.1.CoequHeHus a30Ta ¢ BOJAOPOIOM.

4.2.0kcuapl a3ora.

4.3 .Oxcokuciotsl a3ota HNO2, HNO3 u ux comuu.

5.®@ocdop: cTpoeHHe MPOCTOrO BEIIECTBA, CBONCTBA, MOTYUYCHHE.

6.Coenunenust gocdopa.

6.1.Coenunenus hocdopa ¢ BOTZOPOIOM.

6.2.I'anoreHupl.

6.3.OKCcHUIbL.

6.4.0xcokucnoTsl hocdopa B HU3MIMX CTETICHIX OKUCIICHUS.

6.5.0prodochopHas kucnora.

6.6.3HaKkOMCTBO ¢ TOJIU(OCPOPHBIMUA KHCITOTAMHU.

7.CpaBHHTEIbHAS XapPAKTCPUCTHKA DJIEMEHTOB IMOATPYIIIBI MBIIIBSKA, HX CYTbPUIB U
THOCOJIH.

Tema 12. Onements! VI-A rpynnst IICXO JI.1. Menneneesa

1.CpaBHUTENBHAS XapAKTEPUCTHKA HIIEMEHTOB.

2.IIpocThle BemecTna.

2.1.@opmsl cylecTBOBaHMS B IpUpoe. MeTo bl TOYYEHHS] U OUUCTKH.

2.2.@a3oBas nuarpamma cepsl. [lonumopdubie MoaupUKaMU: MOyYeHHE U CTPOCHHUE.
O06pa3oBaHre TOMOSIIEPHBIX IIETIEH.

3.CoenuHenus cepsl, celeHa, Teuypa.

3.1.CoenuHenus ¢ BOJOPOJAOM: CTPOCHHUE U CBOMCTBA, MojyueHue. CornocTaBiaeHue CBONCTB
B MOJTPYIIIE.

3.2.Cynbbusl, CeNEHUIB U TEJUTYPHUIBI METAJIIOB.

3.3.'anoreHuasl cepbl: CTPOEHUE, CBOMCTBA, MOTy4YECHUE.



3.4.Coequnenus D(1V).

3.4.1.Juokcunsr 302: cTpoeHue, CBONCTBA, MOJIYyYSHHE.

3.4.2.Cepnucras kucioTa u ee conu. CpaBHEHUE KUCIOTHBIX U OKUCIUTEIBHO-
BOCCTAaHOBHUTEIBHBIX cBOMCTB kucinotr H2003 (3 =S, Se, Te).

3.5.Coequnenus D(1V).

3.5.1. Tpuokcunpl. I3MeHeHue ycTOMUNBOCTH 110 OATPYIIIIE.

3.5.2.CepHas kucnora u ee cosu. TepMoanHaMIUecKas OleHKa YCTOHYHUBOCTH CYIb(aToB.
CpaBHeHuE CUJIbI KMCIIOT U OKUCIINUTEIbHON akTUBHOCTH B psay H2SO4 — H2SeO4 — H6TeO6.

3.6.JIpyrue Kuciopoacoaepskaiiue KUCIOThI Cephbl U UX coenuHeHus: TnocepHas (H2S5203),
nepokcomonocepHas (H2SO5), nepokxcoaucepnas (H2S208), mutuonoras (H2S206),
nosmtuoHoBbie (H2Sn+206), nucepuucras (H2S205), autnonucras (H2S204).

Tema 13. Onements! VI-B rpynne! [ICXO JI.. Menneneesa

1.CpaBHUTEIbHAS XapaKTEPUCTUKA AIIEMEHTOB.

2.0cHoBHbIe MUHepaibl. CriocoObI MOTy4eHUs] METAJLJIOB.

3.CBoiicTBa xpoma. [Ipumenenue.

4.0OcHoBHbie coequHenus xpoma (II): okcuna, rugpokcun, conu. Mx cBoricTsa.
5.0cHoBHbIe coequHenus xpoma (IV): xpomaTsl 1 TUXpOMATHI.
6.OKUCIUTETHFHO-BOCCTAHOBUTEIIBHBIE CBOMCTBA COEIMHEHHUI XpoMa.

7.130 — ¥ T€TEpPONOIUCOCIUHEHUS.

8.MHoOros1epHble KOMIUIEKCHI.

Tema 14. Onementsl VII-A rpynne IICXD JI.M. Menneneena

1.CpaBHUTEIbHAS XapaKTEPUCTUKA AIIEMEHTOB.

2.IlpocThie BemiecTna.

2.1.Metozpl moydeHus B J1aOOpaTOPUU U MPOMBIILIICHHOCTH.

2.2 Xumnueckas cBsi3b (MMO), xumnuueckue cBoiicTBa. Mi3aMeHeHne OKUCINTENbHON
AKTUBHOCTH B PSIIy TaJIOT€HOB.

2.3.B3auMojieiicTBME TaJlOT€HOB C BOJAOU, TUCIPONIOPIIMOHUPOBAHUE B BOJIHBIX PaCTBOpax,
YCIIOBHS CMEIICHUS! PABHOBECHUSI.

3.CoequHeHus raJIOTCHOB.

3.1.I'amoreHoBOI0pO/: OTyUYEeHHE, 3aKOHOMEPHOCTH B U3MEHEHUHU CTPOCHUS U CBOMCTB B
pAly TaJoreHOBOAOPO/IOB.

3.2.I'anorennnpl. I'uaponus. U3menenue pactBopuMoctu. KauecTBeHHbIE peakliuy Ha
rajloreHu ] HOHEL.

3.3.Kucnoponoconepxkamue coequHeHus. Kucmorel. CpaBHEHHE KUCTOTHBIX,
OKHCJIMTEIbHO-BOCCTAHOBUTEIBHBIX CBOMCTB, TEPMUYECKON YCTOMYMBOCTH.

Tema 15. Dnements! VII-B rpynnst [ICXO JI.1. Menneneesa

1.CpaBHUTEIbHAS XapaKTEPUCTUKA AIEMEHTOB.

2.0OKuCIUTENbHO-BOCCTAHOBUTENBHBIE CBOMCTBA coequHenmit mapranua (I, IV, VI, VII).
2.1.YcToN4MBOCTh MOHOB MApTaHIla Pa3JINYHbIX CTEIIEHEW OKHUCIICHHUS.

2.2.3aBUCHUMOCTb OKHCIUTEIBHO-BOCCTAHOBUTEIBHBIX COeAUHEHMM 0T pH cpenpl.
3.KoMIiekcHble cOeIMHEHNS MapraHia.

Tema 16. Onements! VIII-B rpynner IICXD JI.11. Menneneesa

1.CpaBHUTEIbHAS XapaKTEPUCTHUKA HIIEMEHTOB.

2.XuMuueckue 1 pu3ndeckue cBONCTBA.

3.Coemunenus Fe, Co, Ni.

3.1.BoccranoBuTtenbHble cBoiicTBa coequHennit (1) B kucnoil u menoyHon cpenax.



3.2.0kcuabt 1 ruaporcuasl (1) u I(IIT), nX KUCIOTHO-OCHOBHBIE CBOMCTBA.
3.3.Coenunenus Fe(VI).

4 Kommiekcusie coequdennst Fe, Co, Ni.

4.1.XnopuaHble, aMMUaYHbIE U [TUAHUIHBIC.

4.2 Kap6onwuisl, ux oopazoanue ¢ nozuiuu MBC u TKII.

1. TunoBsle 3a1aHUs A5 OLICHUBAHUS PE3YJIbTATOB CPOPMUPOBAHHOCTU KOMIIETEHLIUU
OIIK-1.1

Tema 1. OcHOBHBIE NOHATUS U 3aKOHBI XUMHUU

1. ITpu 170C HekoTOpOE KOJIUUYECTBO Ta3a 3aHuMaeT 00bem 580 mit. Kakoit 00bem 3aliMer
3T0 k€ KonmuecTBo raza npu 1000C, ecau naBieHne ero OCTaHETC HEU3MEHHBIM?

2.B 3amknyToM cocyze npu 120 0C u naBnenun 600 xIla HaxoguTcst cMech, cocTosIIAs U3
Tpex oobemoB O2 u ogHoro oobema CH4 .KakoBo Oyzer naBieHHe B COCY/JIE, €CIIM B30pPBAaTh CMECh
U IIPUBECTHU COJIEPKUMOE COCY/1a K IEPBOHAYAIIbHOM TeMIieparype?

3.Macca 200 M anieTuieHa npyu HOpMaJIbHbIX yciaoBusx paBHa 0,232 r. Onpenenursb
MOJIBHYIO Maccy alleTUeHa.

4.2 r maruaus BoiTecHsieT 0,164 r Bogopona, 17,7 r cepedpa u 10,5 r Mmenu u3 coeilMHEHUs
9TUX 2JIEMEHTOB. HaliTu MOJIApHYIO MacCy 3KBUBAJIEHTA 3TOI'0 METaJUIA.

5.JlaBrenue rasa , 3aHuMaroiero oosem 2,5 i1, pasuo 121,6 kIla (912 mM prt. cT.). Uemy
OyZIeT paBHO JaBJICHHE, €CIIH, HE U3MEHsI TeMIEpaTyphl, CxKaTh ra3 10 oovema B 1 1?

Tema 2. Bgenenue B TCOPHUIO XUMHNYCCKHX ITPOLICCCOB

1. Onpenenute KOIUYECTBO TEIIOTHI, BhIACIstoMeecs npu ramenuu 100 kr uzpectu
BOJIOH, €CITU CTaHJJapTHBIE TEIJIOTHI 00pa30BaHUs PEarupyroLINX BeUIECTB paBHbI (K/[/MOIIb):
AHO CaO (x) = -635,1;

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

2. OnpeneauTh 3HaK U3MEHECHUSI SHTPOTIUH JIJIsI PEAKIIUHN:
2A2 (r.) +B2 (r.) =2A2B (x.).

Bo3moxHO 11 mpoTekaHne TaHHOW Peakiliy B CTaHJIAPTHBIX yciIoBusAx? OTBET 000CHYIITE.

3. Onpenenurte TeII0BOM 3P (HEKT peaKkIuu CHHTE3a aKPUIIOBOM KHUCIIOTHI:

CH = CH (1) + CO(r) +H20(x)— CH2= CH-COOH ().

Ecnu ctanmapTHBIC TETUIOTHI CTOPAaHUS alleTHIIeHa, okcua yrireposa ([11]) u akpuiaoBoi
KHCTIOTHI COOTBETCTBEHHO paBHBI (K/[x/Momb): -1299,63; -282,50 u 1370,0.

Tema 3. PactBOpbI

1.Beraucnuts 10%, CMm, Cu rugpokcuaa vatpus B 9,28H pactBope NaOH (p = 1,310 r/mn).

2.Kakoit 06beM 10%-noro pacrBopa NaOH (p = 1,093 r/mi) notpedyercs 11 HOTHOTO
pacTBOpeHMs 3T aTtOMUHUSA?

3.Cxonbko mutpoB 96% pactBopa H2SO4 (p = 1,84 r/mi) TpeGyeTrcs Ui IPUTOTOBICHUS
201 0,5M pacTtBOpa CEPHOI KHCIOTHI?

4.Hamnucath B MOJIEKYJIIPHO-UOHHOW (hopMe ypaBHEHUE peaklii. YKa3aTbh, B Kakol cpefie
npoTekaer peakuus. Uem onpenensercss HarpaBieHHe 0OMEHHON peakiuu?

5.Hanmcath B MOJIEKYJISIPHO-MOHHON (hopMe peakny HeMTpaau3aliy U yKa3aTh, KaKue U3
HUX TPOTEKAIOT 00paTUMO, a KaKre HeoOpaTUMO. YKa3aTh TaK)Ke PEaKIHIO CPEIbl PH YCIOBHH,
€CITM OCHOBAHUS M KHCJIOTHI B3STHI B CTPOTO SKBHBAJICHTHBIX KOJMYECTBAX.

NH40OH + HCN — NH40H + NCI —

6.YKazaTh NpUUMHY, BHI3BIBAIOILYIO CMEIIeHHEe paBHOBecus. HanucaTh ypaBHEHHE B
MOJIEKYJISIPHO-UOHHOH (popme.



Fe(OH)3 + HNO3— AICI13 + KOH—

Cr2(S0O4)3 + KOH — AICI3 + KOH* —

* - peakTuB B U30BITKE.

7.K ogHOMY TUTpPY HACHIIIEHHOTO pacTBOpa XJiopuaa cepedpa npubasien 0,1 Moib
xnopua kanus (okax=80%). Berunciauts CAg+ B TakoM pacTBOpeE.

10.CranapTHble 31€KTPOAHbIE OTEHIMAIBI ITpU 298 K:

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

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

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

Omnpenenure 3.71.C. 30J0TO-OJOBSIHHOTO T'aJIbBAHUYECKOTO JIEMEHTa TP CTaHAAPTHBIX
yenoBusix (CAu3+ = CSn2+ = 1 monb/n):

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

11.CocTaBUTh CXEMBI ANEKTPOHHO-HOHHOTO OajlaHca. 3anucaTth MOHHO-MOJIEKYJIIPHOE U
MOJIEKYJISIpHOE YpaBHEHHE peakiuu. PaccraButh koadduiimeHThl. YKa3aTh IPOLECC OKUCICHUS U
BOCCTaHOBJICHHUS.

1) Cu+ HNO3 [J

2) PbO2 + HNO3 + H202 [J

3) Fe203 + KNO3 + KOHL[J

12.Yka3aTh B KAKOM HaMpaBICHUU MOXKET CAMOIPOU3BOILHO MPOTEKATh JaHHAS PEaKIUs

H202 + HOCI = HCIl + O2 + H20

4. MoxHo 11 BocctanoBUTH 0710BO (IV) B omoBo (II) ¢ momortpio cienyromiel peakiuu

SnCl4 + 2KI = SnCI2 + 12 + 2KCl

OTBeT 000CHOBATh PACYETOM KOHCTAHTHI PAaBHOBECHSI.

5.BBIYHCITUTE KOHCTAHTY PAaBHOBECHS MPOTEKAIOMICH B METHO-CBHHIIOBOM TaIbBAHUYECKOM
AJIEMEHTE.

Tema 4. Kunetnka u MeXaHU3M XUMHUYECKUX PEAKIIUMA

1.Peakius mexay BeuiectBamu A 1 B mporekaer no ypaBHenuto 2A +B =C; koHLIEHTpaius
BeIIecTBa A paBHa 6 MOJIb/1, a BemecTBa B-5 Momnb/n. KoHCcTaHTa CKOpOCTH peakiuu paBHa
0,5 .Bbruuciure cKOpoCTb XMMUYECKON peaKLMU B HaYaJIbHbIII MOMEHT U B TOT MOMEHT, KOTJIa B
peakMOHHOM cMecu ocTaetcs 45% BemiectBa B.

2.BpluncnuTe, BO CKOJIBKO pa3 yBEIIMYUTCS CKOPOCTh PEAKIUU MPU YBETUUEHUN
temneparypsl Ha 400C, eciiu TemnepaTypHbIil KO3 GUIIMEHT peakuu paBeH 3.

3. KOHCTaHTBI CKOPOCTH peaKMy OMbUIEHUS IPOIMIIOBOTO 3(pHpa YKCYCHOM KUCIIOTHI
nienoubto npu 283 u 293 K cootBeTcTBEeHHO paBHbl 2,15 1 4,23 1-Monb-1 -Mun-1.Haligute
DHEPIrUI0 aKTUBALMU 3TON PEaKLINU.

4.11pu cunrese ammuaka N2+3H2 S 2NH3 paBHOBecHe yCTaHOBUIIOCH IPU CIEIYIOIINX
KOHIEHTpaLUsAX pearnpyoomux Bemects (Moiab/n): C(N2)=2,5; C(H2)=1,8; C(NH3)
=3,6.PaccunraiiTe KOHCTaHTY PaBHOBECHS 3TOM PEAKLIMH U UCXOJHBIE KOHLIEHTPALUU a30Ta U
BOZIOPOAA.

5. Onpenenure, Kak U3MEHUTCSI CKOPOCTh IpsiMol peakuuu 2502+ 0252503, ecnu
oO1iee TaBJIeHNE B CUCTEME YBEIUUUTH B 4 pasa.

6. ITpu 353 K peaxnus 3akanuuBaetcs 3a 20 ¢. CKOJIbKO BpEMEHU JJIUTHCS peaKLUsl IPH
293 K, ecnu TemnepaTypHbIi K03 GUIMEHT 3TOM peakluu paBeH 2,5.

Tema 5. Mogenu CTpo€HUsI aTOMa U XUMUYECKOU CBSI3U

1. Hanmummre snexkrpornsie konurypamuu Ca, Fe2+ , Ag+, Cu, Ne, Gd, Gd3+.

JUist 5IEKTPOHOB BHEIIHETO YPOBHsI HOHa Fe2+ ykakuTe Bce KBAaHTOBBIE

quca.

2.00BsICHUTE CYIIECTBEHHO pa3nyKe 3HAYEHUS MEePBbIX MOTEHIINAJI0OB HOHU3ALlMU aTOMOB
Auu Cs.

3.Kax uzmenuTtcs noisipHocTs cBsi3u B psiaax: a) LiCl-BeCl12-BCl3;



6) HF-HCI-HBr?

4.Tlouemy monexyna BeCl2 — nuneiinas, a H20 yrnosas?

5.Moxet 11 MoJieKyJ1a ObITh TOJSIPHON MTPU HETIONISIPHBIX CBA3SX U HEMOJSIPHON TpU
NOJIIPHBIX CBs34X? [IpuBenuTe npumepsl.

6.00bscauTe crpoeHue mojiekyia N20O, CO2, O3 ¢ momMoIbo METO/1a BAJICHTHBIX CBS3CH:

a) HAMMIIUTE IEKTPOHHYIO (GOpMYITy

0) yKaxuTe THI THOpUIN3AIMH EHTPAIILHOTO aTOMa, TEOMETPHIO MOJIEKYJIbI.

Tema 6. KoMIUIEKCHBIE COEIUHEHUS

1.J{st komrekcHbIX HOHOB Ni+2 (muamarautHoro [Ni(CN)4]2-,

napamarHuTHBIX [NiCl4]2- u [Ni(NH3)6]2+ ykaxwure:

a) SJEKTPOHHYIO KOHpurypanuwo Ni2+.

0) TUTI THOPUIU3AIMHN BAJICHTHBIX opOuTanein Ni2+.

B) KOOPAMHAIIMOHHBINA TTOJIUAIP.

T') SIBIISIFOTCS JIM OHU BHYTPH- UM BHEIITHEOPOUTATEHBIMH.

n) 3Hauenue oo (m.b.).

2.Uto Takoe sHeprus cnapuBaHus MeKTpoHOB (P) u oT kakux gaxTopoB

3aBHCHT €€ BeIMYnHa?

3.0t kakux (aKTOPOB 3aBUCUT BEIMUMHA SHEPTHH pacuierienus (A) d- opburaneii B mose
JIMTaHI0B?

4.KakuM J0HKHO OBITH COOTHOIICHHE MEXK1Y BEIMYMHAMH SHEPTUu pacuierienus d-
opOuTasneit B oJyie TuranioB (A) ¥ SHEPrUU capuBaHUs IEKTPOHOB (P), 4T00BI KOMIUTIEKC OBLIT
HU3KOCITUHOBBIM?

5.louemy Atetp.<AokT.?

6.[1pencraBpre ¢ nozunuen TKII cxemy pacripeneneHus BaJIGHTHBIX 3JIEKTPOHOB
LEHTPaJIbHOTO aTOMa B OKTadAPUYECKUX U TETPAdAPUIECKIX KOMIUIEKCaX:

[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. Onementsl I rpynner IICXD JI.M1. Menneneena

|.Hanmmmre ypaBHEHUs peaklyii, C IOMOIIBI KOTOPBIX MOKHO
OCYHIECTBUTH CIIEAYIOIINE MEPEXOIBI:

1) Na — Na202 — Na20 — NaNO3

2) NaCl — Na — NaOH— NaHCO3 — Na2CO3— NaCH3COO
3) KCl - K2CO3— X1 —- KOH— K0O3—-X2

4) Cu — CuS0O4 — Cul— KJ[Cul2]

5) Cu —»CuCI2— Cu20— [Cu(NH3)2]OH

6) Ag— AgNO3— Ag20 [Ag(NH3)2]OH— AgCl

N Ag— Ag2S

7) Au— Na[Au(CN)2] — Au— H[AuCl4]

2. JlonuimuTe ypaBHEHUSI peaKIIHii:

1) Na202 + KI + H2SO4 —

2) Na202 + Fe(OH)2 + H20 —

3) Na202 + KMnO4 + H2S04 —

4) KO2 + H2S04 —

5)KO2 +C0O2 —

Tewma 8. Dnements! Il rpynmer [ICXO JI.M. Menneneesa

1.ITouemy Mg pactBopsieTcs B Bojie, coneprkaiieii nonsl NH4+?

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

3.Hanumure ypaBHEHUs peakiyil, ¢ IOMOIIbIO KOTOPBIX MOXHO OCYILIECTBUTD CIIEIYIOIINE
HEPEXOABIL:



a) BeO — BeCl2 — Be(OH)2 « BeCO3

6) Be(NO3)3 —» X1— X2 — BeClI2(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.HanummTe peakuuy, ¢ IOMOIIBI0 KOTOPBIX MOYKHO JJ0Ka3aTh cXoAcTBO Mgu Zn, Ben
Zn.

5.K pactBopy nutpata Hg (I) npummnu cnenyromue Bemectsa: NH3 , KI(136), KCN, KBr.
Uto npousoitaet?

Tema 9. Dnementsl I rpynnet IICXD [I.1. Menneneena

1.Kakoii xapakTep cBsizu 1 MexaHu3M oopazoBanus BF3-NH3 u [BF4]-?

2.HanummuTe ypaBHEHUS pEaKIMil CICIYIONINX IMPEBPAICHUH, UCII0JIb3ysI MUHUMAIHHOE
YHCJIO CTaIUM:

a) B203 — B2H6— 6ypa— K[BF4]

0)A1203 —Na OH— x1-CO2— X2 — AI203 6/8 — KAI(SO4)2-12H20

B) AI203 — Al — x1-Na OH— AI(OH)3 —t— x2 — x3 —H2S— AI2S3

3.Hanummure ypaBuenue runpoiuza BCI13 u BH3. Uem onu otinuarorcs?

4.3anaum Ne 1051, 1055, 1057 u3 yue6Horo nocooust H.JI.I nunka.

Tema 10. Dnements! IV-A rpynnst IICXD /.M. Menneneesa

1.Kak uzmensercs reomerpus moaekyi B psany: CF4, COF2, CO2?

2.Kak moxxno nonyuntb K2SiF6? Paccmorpute ob6pazoBanue nona SiF62- ¢ mozunmu
MBC.

3.Hanummure ypaBHEeHUs peakiuii, ¢ HOMOIIbIO KOTOPBIX MOXKHO OCYILIECTBUTD CIIEIYIOIINE
IIPEBPALLICHUS:

a)Si02 — SiCl4—H20— X1— Si—-HNO3— X2

6)Sn—HNO3 (paz36)— Sn(NO3)2 -KOH(u36)— X1 — Bi(OH)3— SnO2

B)SnCI2 — H2SnCl6 — SnS2 — Na2[Sn(OH)6] — SnO2

r) Pb304 + HNO3 — X1 —KI— X2

N X2 —Mn 2+ HNO3— X1-H2S— X3

4. JlonumuTe ypaBHEHMs peaKLUi:

a)Sn +(NH4)2S —

06)PbSO4 + KOH —

B)PO2 + Cr(NO3)2 + HNO3 —

r)Ge + NaOH + H202 —

1)PbO + NaOH +CI2—

Tema 11. Dnements! V-A rpynnsl [ICXO JI.1. Menneneesa

1.JlonummTe ypaBHEHHsI pEAKIIMI U COCTABbTE DJIEKTPOHHO-NOHHBIE

YpaBHEHUS MOTYPEAKIMM JIUIS CIETYIOIUX IPOLECCOB:

a)H3PO3 + KMnO4 —

6)KI + Na3AsO4 + H2S0O4 —

B)KBiO3 + MnSO4 + H2SO4 —

2.HanucaTpe ypaBHEHMS peaKIUi, C TOMOIIBIO KOTOPBIX MOKHO ITOTYYHUTh:

a) u3 Bi — KBiO3

6) uz SbCI3 — (NH4)3SbS4

B) u3 NaAsO2 — As

r) u3z Bi(NO3)3 — BiCl3

3.Hanummre ypaBHEHUS peaklMil CIEAYIOINX IPEBPAILIECHNM, YKAKATE YCIOBHS MX
IIPOBECHUS:



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. Tlpu B3auMOACHCTBUY MOAKUCICHHOTO IIEPMaHTaHaTa Kajiusi C paCTBOPOM
HUTpPUTA KaJusl MHTEHCUBHAs MAJIMHOBAasl OKpacka pacTBOpa UCUE3aeT.

a) HaIllMIINTE YpaBHEHUE ITON PEaKIIUH.

0) paccuntath A G0298 3TOI peakIuu U €€ KOHCTAaHTY PAaBHOBECHSI.

B) MCIIOJIB3YSl pe3yabTaT mpeaslaymiero pacuera Haiagure EOMnO4-/ Mn2+, 6
yuutbiBas, yto EONO3 - / HNO2 = 0.94B.

I') paccuuTaiite, OyJeT Jiu 3Ta peakus TepPMOJAUHAMUYECKH BEpOsITHA MIPU
pH=4 u akTUBHOCTH BCEX YaCTHIl B pacTBope, kpome H+, paBHOI1 eaunulie.

Tema 12. Dnementsl VI-A rpynnel [ICXD JI.1. Menaeneesa

1.OcymiecTBUTE XUMUUYECKUE ITPEBPALLIECHUS:

a) BaSO4 — H2S — Na2S5203 — Na2S203 — Na2SO3.

0) CaSO4 — S — SOCI2 — K25207.

B) FeS2 — H2S04 — H2S208 — Na2S203.

r) CuFeS2 — CuS0O4 - 5SH20 — CuS — Na2S406.

1) Na2S04 - 10 H20 — Na2S207 — Na2S208.

2 Ilpennoxure criocod moyuaenus SO2(T), HCIONB3ys B KAYECTBE €IMHCTBEHHOTO
uctouHuka cepbl Na2SO4. Hanummre ypaBHeHUs BceX MPEIOKEHHbIX Bamu peakiuil v ycioBus
UX TIPOBE/ICHUSI.

2.1.KakoBo reoMeTpruyeckoe CTPOCHHE MOJIEKYJIbl 3TOTO BELIECTBA (OTBET MOSICHUTE)?

3.Hanuumre ypaBHeHUs peakLuii IPUBEIEHHBIX HUXKE MTPEBPAILECHUI; YKa)KUTE YCIOBHS UX
IIPOBEJCHUS; 1JIs1 BBIIEJICHHOM CTa/IMU HAIMILIUTE 3JIEKTPOHHO-UOHHBIE YPAaBHEHUS MOJypEeaKnil:

Xn — BEIIECTBA, COAECPKAIIHE CEPY.

Yn — BewiecTsa, coiepIKalline CelleH.

Zn — BeIeCTBa, CoJepKaIllie raJoreH.

M — BeniecTBa, coiepKallue cepy U XJop.

Tema 13. Dnements! VI-B rpynnet [ICXD JI.W. Menneneesa

1.ITouemy Bomubie pactBopbl CrCl3 MoryT uMeTh pasHyro okpacky? Kakyro?

2.Kakue koopaunanmonusie yucia xapakrepusl aist Cr(Il), Cr(III), Cr(VI)?

3.Mcnonp3ys BEIUYUHBI COOTBETCTBYIOIINUX OKUCIUTEIHHO-BOCCTAHOBUTEIBHBIX
MOTEHIINAJIOB, COTIOCTaBhTE U OOBIACHUTE OKUCIUTENBHYIO ClIOCOOHOCTH XpoMa (VI) B kucmoii u
LIEJIOYHON cpefax.

4. JlonumuTe ypaBHEHMS pEaKIU:

1) K2Cr207 — KI — H2SO4—

2) Na2CrO4 — NaNO2 — NaOH—

3) K2Cr207 — HCl(koH11.) —

4) Cr2(SO4)3 — H20 —

5) CuCl — K2Cr207 — HCl(pa36.) —

6) Cr203 - KMnO4 — KOH—

7) Cr2(SO4)3 — H2S0O4 — KMnO4 —

Tema 14. Onements! VII-A rpynnsr [ICXD JI.11. Menneneesa



1.3akoHUNTE ypaBHEHHS PEAKINN, T0g0epuTe KO HUIIMIHTHIL:

a) KBr + CI2(t°C) —

0) KBr + H2SO4 —

B) KMnO4 + HCI —

r) HI + FeCl3 —

2. HanumuTe ypaBHEHUs peaklUi NPUBEICHHBIX HUKE MPEBPALICHUN. Y KaXKUTE YCIOBUS
UX MPOBE/ICHUS.

Tema 15. Dnementsl VII-B rpynnst [ICXD .. Menaeneena

1.B yem cxoactro u paznuuue coiicts Mn(VII) u CI(VII)?

2.ITonyunTte U3 NPUPOAHOTO COSAUHEHHS MapraHia nepmanrasat kaiuus 1 MnSO4 - 7H20.

3.ConocTaBbTe U O0BICHUTE KUCIOTHO-OCHOBHBIE cBocTBa B psiay Mn(Il) — Mn(IV) — Mn
(VII). OTBeT noaTBEpAUTE YpaBHEHUSIMU PEAKLIUM.

Tewma 16. Onementsl VIII-B rpynmnsr IICX3 JI.M. Menneneena

1.Hanmummre cxemy neruapatanuu CoCl2-6H20.

2. JlonuimuTe ypaBHEHUs peakLuid:

1) FeSO4 + Na2CO3 + H20 —

2) Fe2(SO4)2 + Na2CO3 + H20 —

3) Fe2(S0O4)2 + H20 —

4) Fe203 + KCIO3 + KOH —

5) K2FeO4 + KI + H2S04 —

6) K4[Fe(CN)6] + K2Cr207 + H2SO4 —

7) Fe(OH)2 + 02 + H20 —

8) Ni(OH)2 + Br2 + NaOH —

9) Co(OH)3 + H2SO4 —

3.0cy1ecTBUTE CAeAyONINE IPEBPAIICHUS:

1) K3[Fe(CN)6] — K4[Fe(CN)6]

2) K4[Fe(CN)6] — K3[Fe(CN)6]

3) FeCl2— FeClI3

4) FeCl3— FeCl2

4.Kak 00bsicauth ckiioHHOCTH Co(Il]) k KoMImekcoobpazoBaHuio?

5. Jlonumnre ypaBHEHUs peaKLMii:

FeCI2 + NaNO3 + H2SO4 —

Onpenenure, npu kakoM 3HaueHUH pH peakuust BosmoxHa, ecinu EO (Fe3+/ Fe2+) = 0.77B,
EO0 (NO3+/NO)=0.957B, a a(Fe3+) = a(Fe2+) =a(NO3-) = 1%.

2. TunoBsle 3ajaHus 17151 OLIEHUBAHUS PE3yIbTaTOB C(HOPMUPOBAHHOCTH KOMIIETEHIIUU
OIIK-2.1

TexHuka 6e30mMacHOCTH MpU paboTe B XMMUUECKOH J1abopaTopuu

Heo6xoauMo TOYHO BBIMOTHATE BCE YKa3aHUs MpenoiaBarens u gjabopanta. CTporo
BOCTIpelIaeTcs MPOBOAUTH paObOThI, HE MPETYCMOTPEHHBIE IJIAHOM.

He paszpemaercst B 1abopaTopuyl HAXOAUTHCS B BepXHel ojiexzae. B maboparopuun
HE00X0/1MMO OBITh B XaJaTe.

Ha paGouem cTose 10 KHBI HAXOJUTHCS TOJIBKO T€ MPEAMETHI, KOTOPbIE HYXHBI B JAHHOE
BpeMmsl ISl pabOTHI.

CryneHTtam He pa3pelaercss OCTaBIsATh PEAKTUBBI HA CBOUX pabOYUX MecTax.



Bce onbITHI ¢ SII0BUTHIMH, HENPUATHO MAXHYIIUMHU BEIECTBAMH, a TAKXKE C
KOHIICHTPUPOBAHHBIMHU KHCIOTAMH U IIEJI0YaMHU POU3BOIUTH TOJBKO B BBITSHKHOM HIKaQy.

OMnBITHI C JIETKO BOCIUIAMEHSIOIIMMUCS BELIECTBAMU HEOOXOJMMO MPOU3BOAMTD BIAH OT
OTHS.

IIpu pabore ¢ MeTaNIM4eCKUM HaTPUEM U APYTMMH IIEI0OYHBIMU METAJUIAMU CIIEyeT
ocreperarbest BoJbpl. OOpe3KH IIENIOYHBIX METAIJIOB CAABATh JIAOOPAHTY U HHU B KOEM CIIydae He
OpocaTb B 0aHKH 1JIs1 Mycopa.

[Tpu HarpeBaHuu pacTBOPOB B MPOOUPKH BCETAA CIEAYET IEpKaTh €€ TAKUM 00pa3oM,
YTOOBI OTBEPCTHE IPOOUPKHU OBLIO HAIIPABJIEHO B CTOPOHY OT pabOTAIOIIEro, U €ro cocesiel o
pabouemy crony. OcoO0eHHO BaXXHO COOJII0IaTh 3TO B TEX ClIydyasiX, KOTJa HarpeBaeMoH KUAKOCThIO
ABJIIOTCS KOHLIEHTPUPOBAHHBIE KUCIIOTHI MM PACTBOPHI LIesIouel. PEKOMEHAYETCS 3TU OIBITHI
NPOU3BOJIUTH B BBITSDKHOM IIKady.

He HakJIOHATH JIMII0 Ha/l HArPEBAEMOM KHUIKOCTHIO UJIH CIUIABIISIEeMbIMH BELIECTBAMH BO
n30exaHue MomaaaHus OpbI3r HA JIHLO.

He cnenyer BapIxaTh naxy4ue BEIIECTBA, B TOM YHCIIE U BBIICISAIONINECS T'a3bl, OJHM3KO
HAKJIOHSISICh K COCYNly € 9TUMHU BelecTBaMu. CiielyeT JerkuM JIBUKEHUEM PYKU HAlPaBUTh CTPYIO
BO3/1yXa OT OTBEPCTHUS COCY/a K cebe U OCTOPOIKHO BIAOXHYTb.

Bbpatb menous pazpemniaercs TONBKO IINaTeNeM, IUNLIaMu Uil nuHueToM. Heo6xoaumo
TIIATEJIBHO YOUPATh OCTATKH LIeJI0uH ¢ pabouero Mecta. Te xe Mepbl HE0OX0IUMO COOII0aTh IpU
pabote ¢ pochopHBIM aHTHUIPUIOM.

IIpu paz6aBieHUM KOHLIEHTPUPOBAHHBIX KHCIOT, 0COOEHHO CEPHOI1, BIMBATh KUCJIOTY B
BOJly, @ HE HA00OPOT.

Paboty ¢ pTyThIO IPOU3BOIUTH HA CIIELUAIBHBIX ITOJHOCAX C BBICOKUMHU OOpTaMHU.

OcTaTKku COeAMHEHUH PEIKMX U [IEHHBIX METAJJIOB CJIMBATh B 0COObIE OaHKH (B35Th Y
nabopaHTa).

B pakoBuHy BbUIMBAThH TOJIKO BOAY. OTXO/IbI CIEAYET CIUBATh B CHELIMAJIbHBIE CKIISTHKH.

Heunb3st HU49ero npoboBaTh Ha BKYC.

3ampeniaercs B 1JaOOpaTOPUH MUTh U YIIOTPEOIATh MUILLY.

MeTo/1bl OUHUCTKHU BEILECTB

Ha gem ocHOBaH MeTOJI TEpEeKPHUCTAILITH3AINN?

Kaxum Tpe6oBaHNAM JOKEH yIOBIETBOPATH PACTBOPUTEND JUIS LieTei
nepeKkprcTaIu3anumn?

Kak nmon6uparot pactBoputesns? Kak onpenenstor KOJIM4eCTBO paCTBOPUTEIIS, HEOOXOIMMOE
JUIs IepeKpHUcTaiu3aumn’?

KaxoBbl OCHOBHBIE 3Talnbl (CTaAuN) NEPEKPUCTAIUIUIALIH?

Kak roToBsIT ropstunii HaCBHIIIIEHHBIH PACTBOP B JIETKOJIETYYUX, TOPIOYUX PACTBOPUTEIISX ?

Kak 0cBO60X/1al0T pacTBOP OT HEPACTBOPUBIIUXCS TpUMeEcei?

B kakux cimydasix BHOCAT aKTUBHUPOBAHHBINA yrojb B TOPsYMil HACHIILIEHHBIN pacTBOp?
Kakue mepsl mpe1oCcTOPOAKHOCTH IIPU ITOM HAJ0 cOoOM0AaTh?

Kak otnenstoT orpaboTaHHbIN aCOPOSHT — YrOJIb OT MaTOYHOT'O pacTBoOpa?

Kak BbInonHAIOT ropsyee GuiabTpoBaHue?

Kak nmoxaroroButs BopoHKy broxHepa aiist orcacbiBanus, 4ToObl B k0s10e byH3ena
oOpa3oBaiics Bakyym?

Kak OTMBIBarOT ¥ OKOHYATEIBHO OTIENSIOT OT MAaTOYHOTO PAacTBOPa KPHCTAILIBI?

Kak crienyer oTKIIFOUUTh BOJOCTPYWHBIN HACOC TTOCIIE OTCACHIBAHUS?

Kak BbICYIINMBaIOT KpUCTAILIBI MTOCIIE TIEPEKPUCTAIITH3AIMN?

Kak o1leHUTh cTeneHb YHUCTOThI EPEKPUCTAIUIN30BAHHOTO MPOTyKTa?

Jli1st 9ero HeoOX0IMMO HETIPephIBHOE MTEPEMEIIMBAHNE PACTBOPA IPU KPUCTAIITH3AIH?

Kak rmpoBecT BTOpUYHYIO MTEPEKPUCTAIUTH3AINIO BEIIeCTBA?

Hmeercs 1 4T0-TO 0011I€€ MEX/Yy BO3TOHKON U MEPETOHKOM?

OT KaKkKX BEIECTB OUMIIAETCS BOJOIPOBOIHAS BOJA MTPH (PUIBTPOBAHUH U IEpEroHKe?

Kakum mytem U3 MOpPCKOil BOABI MOKHO MOJIYYUTh YUCTYIO BOJY?

Yro NeKUT B OCHOBE METO/1a OYMCTKH T'a30B?

CymHOCTh THTPUMETPUIECKOTO aHan3a. TpeOoBaHus, PEeIbIBIIEMbIC K PEaKIIUsIM B



TUTPUMETPUYECKOM aHan3e. ToUYKa SKBUBAJICHTHOCTH U KOHEYHAas TOYKa TUTPOBaHHUA. OCHOBHBIE
pacyeTHble (HOPMYIIBL.

[TpumMepbl NpaKTHUECKOTO MPUMEHEHHSI KUCIOTHO-OCHOBHOTO TUTpOBaHus. OnpeaeneHue
KUCIIOT ¥ mienoueii. OnpeneneHne 5KeCTKOCTH BOIBI.

Oxazanue rnepBoi MOMOIIH B Ja0opaTopun

1.ITpu nomaganuu Ha KOXKY OpBI3T KMCIOTHI WX IEI0YH CIEAYET HEMEIJICHHO POMBIBATh
CHUJIBHOM CTpyeil BoJIbI 0000OKEHHOE MecTO B TeueHue 5-10 muHyT. 3atrem oOpaboTaTh
MOBEPXHOCTh 2%-HBIM PacTBOPOM IuApoKapOoHaTa HaTpusl (IIpH 0Kore KUCIOTON) uiu 1%-HbIM
PacTBOPOM YKCYCHOM KHUCTOTHI (TIPH 0XKOT€ HIEI0YBIO).

2.Ecnu KucnoTa uiy 1menodb MomaayT B IJ1a3a, TO X HEMEJIEHHO HYKHO IIPOMBITH BOJIOH,
MocJie 4ero pa3daBlIeHHBIM PACTBOPOM MUTHEBOM COJIbI (TIPU MOMAJaHUU KUCIOTHI) WK OOpHOM
KHUCJIOTOM (TP TOTIaIaHuH LIEI0YH ).

3.I1pu oxore ropsuuMu npeaMeTaMy (CTEKJIO0, METAUIBI U T. II.) IOPAKEHHOE MECTO
cienyeT cMounTh 1%-HbIM pacTBOPOM II€pMaHraHaTa Kajus.

4.I1pu oxorax pochopom HEOOXOAUMO HAIOKHUTH HA 000KKEHHOE MECTO TIOBSI3KY,
CMOUYEHHYIO 2%-HBIM PACTBOPOM Cyib(haTa Meu.

5.ITpu oTpaBIeHUU XJIOPOM, OPOMOM, CEPOBOIOPOAOM, OKHCHIO YIiiepoa HEOOXOqUMO
BBIBECTH ITOCTPA/IABIIETO HA BO3/IYX, a 3aTEM 0OpaTHTHCS K Bpady.

6.ITpu oTpaBieHNH COCTUHEHUSMH MBIIIBSIKA U PTYTH, a TAK)KE [IHAHUCTHIMHU COJISIMU
HEMEIJIEHHO 0OpaTUTHCS K Bpauy.

JlaGopaTopHbIe pabOThI
CBolicTBa XHMHYECKUX 3JICMCHTOB

JIaboparopHast pabota Nel. DnemenTs! moarpymmsl [ A
Omnwit 1. [lepokcun HaTpust

a) BzaumoseiicTBue nepokcuaa HaTpusi ¢ BOAOU

B npoOupky BHECTH MUKpOIIIIIAaTeIeM HEMHOTO MTOPOIIKA MEPOKCHIa HaTpus,
n06aBuTh 8—10 Kanenb TMCTUIITMPOBAHHOW BOJIBI U Pa3MEIIaTh CTEKJITHHON Majmoukoi. Jlokaszars
MPUCYTCTBHE LIENOYH B ITOJIYYEHHOM PacTBOPE, 100aBUB B HETO OJHY KaIlJIl0 pacTBOpa
¢denondranenna. Hanucare ypaBHeHHE peakiuy B3aMMOAECHCTBUS MEPOKCUAA HATPHUS C BOJOI.

6) OxucnuTenpHbIe CBONCTBA MEPOKCUAA HATPUS

Baectu B THTEns 3 Mukpolnaress NEPOKCHIA HATPUS, 2 MUKPOILIIIATENS COJbI U
HEMHOT0 (Ha KOHUYMKE MUKPOILIATENSI) paCTEPTOro B MOPOILIOK cyib(ara xpoma. CMech
THIATEJIBHO NepeMeIIaTh CTEKISIHHON NMaJIOYKOW, TOCTaBUTh TUTEJIb B TPEYTOJbHUK U HAarpeTh €ro
IUIaMEHeM TOPEJIKH J10 cIutaBieHus cMecd. OXJIauTh TUTEb Ha BO3/1yXe, 100aBUTh B Hero 8—10
Karejab JACTUUIMPOBAHHON BOJBI, IEPEMENIATh CTEKIITHHOM MTaJOYKON COAEPKUMOE TUTJISA, 1aTh
CMECH OTCTOATHCA U NEPETUTHh pacTBOP B MpooupKy. OTMETUTH IIBET 00pa30BaBILErocs XxpomaTa
HaTpus Na2Cr O4. Hanucath ypaBHEHUE peaKkIIMK B3aUMOJICHCTBUS EPOKCUIA HATPHUSI C
cyibdarom xpoma B mpucyrcTBuM Na2CO3, yuuThIBas, 4TO IMIPH STOM BBIJEIAETCS JTUOKCUT
yriaepona.

B) BoccTaHoBUTENBHBIE CBOWCTBA IEPOKCHIA HATPUS

Brectu B mpoOupky 4-5 xamens pacTBopa repMaHTaHaTa Kajaus, 100aBUTh |
MUKPOILIIATENb MOPOIIKa MEPOKCH/Ia HaTpUs U Bce nepemeniatb. OTMETUTD BbIACTIEHUE raza u
nosBieHHe Oyporo ocasnka. Hanucats ypaBHeHHE peakiMH.

OmnpiT 2. Kap6oHat u ruipokapOOHaT HaTpuUs

a) Peakuust cpensl B pacTBOpe KapOoHaTa U THAPOKApOOHATA HATPHUS

Brectu B Tpu npobupku mo 6—7 Kamneib TUCTHUTMPOBAHHON BOJIBI. B
KaX/1yI0 U3 HUX IPUOABUTh TAKOE e KOJIMYECTBO HEUTPAIbHOTO pacTBOpa JlakMmyca. B oqHy
npoOUpKy BHECTH | MUKpOIINATENb KPUCTAIIOB KapOoOHaTa HaTpHsl, B APYTYIO - TAKOE JKe
KOJINYECTBO IMIpoKkapOoHaTa HaTpus. TpeTbio MpoOHPKY OCTaBUTH JAJIs cpaBHeHus. [lepemernars



pPacTBOPHI CTEKJISTHHOM MaIOYKOM, CPABHUTH OKPACKY JIAKMYCA B paCTBOPaX COJIEH C €ro OKPaCKoM
B TpeThel mpodupke. Bee Tpu mpoOUpKU COXpaHUTh B KAYECTBE KOHTPOIBHBIX JIJISI CIIEAYIOIETO
ombiTa. Kakas cpena v moueMy: a) B pacTBope kapOoHata HaTpusi; 0) B pacTBOpe THIpOoKapOOHaTa
HaTpusa? HanmucaTh MOHHBIE U MOJIEKYJIIpHbIE ypaBHEeHUs peakiuil. [louemMy OTTEHOK OKpacku
JaKMyca B pacTBOpax 3TUX coiiedt pasnnyeH? OTBET MOTUBHPOBATh.

6) Tepmuueckoe paznoxeHne ruapokapOoHaTa HaTpuUs

[TomecTuth B TUTENH 3—4 MUKPOIIIIATENSI IOPOIIKA THAPOKapOOHATa HATPHUS,
MOCTaBUTh TUTEJNIb B TPEYTOJIBHUK U MPOKAIUBATH COACPKUMOE TIIaMEHEM TOpeNiKy B TeueHnue 10—
15 mun. OXx1aauTh TUTEIL HA BO3AYyXE, BHECTH B Hero 12—14 xanenb AMCTUIIMPOBAHHOW BOJIbI,
nepeMeniaTh CTeKJISIHHOM MajJouyKoi U pa3enuTh Ha J1Be MpoOupku. /loka3aTk, 4TO B pacTBOpe
HAXOJUTCS COJIb YTOJIBbHOM KHCIOTHL. J{J1s1 3TOro B 0JHY M3 MPOOUPOK 1006aBUTh 3—4 Karum 2 H.
pacTBOpa XJIOPOBOJOPOTHON KUCIOTH M HAOMIOAATh BBIICIICHUE IMy3bIpbKOB ra3a. Kakoii ras
BbIIENsIeTC? B npyryio npobupky K NoJIy4eHHOMY pacTBOPY NMPUOABUTH TAKOE K€ KOJIMUECTBO
HEeNTpaabHOro pacTBopa Jlakmyca. CpaBHUTh OKpacKy JaKMyca B JaHHOM PacTBOPE ¢ OKPacKoit
pPacTBOPOB B KOHTPOJBHBIX MPOOUPKAX, OCTABIIUXCS TOCIE MPEABIAYIIETo onbiTa. [1o okpacke
JaKMYyca OMPEJICNIUTh, KaKasi COJIb HAXOUTCS B paCTBOpPE — KapOOHAT WIIH THAPOKApOOHAT.
Omnucath nmponenanHyto padboty. Hanmcars ypaBHEHHE peaKIiy pa3ioKeHUs THApoKapOoHaTa
HATpUA [IPU HArPEBaHUU. ITa PeaKLUsl IPUMEHSIETCS B IPOMBIIIJIEHHOM CIIOCO0€ MOTy4YeHUS
KaJbIUHUPOBAHHOM COJIBI.

OmpiT 3. OKpanmBanue MIaMeHu COJISIMH IIETOYHBIX METAIIIOB

[IpoBOJIOUKY OMYCTUTH B HACKHIIICHHBIA PACTBOP XJIOPHUIA KaJIUs U BHECTH B IIaMs
ropenku. OTMeTuTh IBeT mameHn. O0yCIOBIEHHBIM HUYTOXKHBIMU IPUMECSMU COJICH HATpus,
JKEJITBIH 1IBET YacTo MackupyeT (uoseroBoe miams kaius. B atom coyuae cnenyer
paccMaTpuBaTh IiaMs Yepe3 CTEKIISIHHYIO PU3MY C PACTBOPOM CHHET0 MUHJUTO, MTOJTHOCTHIO
MOTJIOIIAOIINM KENThIE JIydu. ONBIT HOBTOPUTH C HACKHIIIEHHBIMHA PACTBOPaMU CyJb(dara TuTus u
xjaopuaa Hatpus. [lepes kaxapiM ONBITOM MPOBOJIOUKY CIIEAYET OYHUIIATh, IOTpYyXkas e€ B
KOHIIEHTPUPOBAHHYIO XJIOPOBOJIOPOIHYIO KUCIOTY U MPOKAUBasi B IUIAMEHU TOPEJIKH.

JlaboparopHas padota Ne 2. Dnementsl noArpymnmnsl [ B

Omnsit 1. Boccranosnenue okcuna meau (1) yriém

Ha nucte uncroit 6ymaru TiiaTesnbHO niepemeniath nanoukoin oxkcua meau (11) (2-3
MHUKPOIITIATENS) ¢ TAKUM K€ 00bEMOM IMOPOIIKa IpeBEeCHOTO yrisl. [loydeHHyI0 cMech IepeHeCcTH
B [IWJIMHJIPHYECKYIO TPOOUPKY, 3aKPENUTH MOCIEIHIOI B IITATUBE B TOPU30HTAIBHOM MOJI0KEHUN
U HarpeBaTh CMECh CHIIbHBIM TuIaMeHeM ropenku 5—10 mun. HabmonaTh nporecc BOCCTaHOBIEHUS
okcuaa meau (II) mo metannuueckoit Mmeau (M3MeHeHue okpacku). OOpaTUTh BHUMaHKUE Ha
MPOUCXOJISIIEE IPU 3TOM pa3orpeBaHe CMECH 10 KpacHOro KajneHus. Eciau Ha cTeHkax npoOupKu
MOJIYYUTCS] TPYAHO OTMBIBAEMBII HAJIET MEIU, HY>)KHO HaJUTh B IPOOUPKY 2—3 Karuiu
KOHILICHTPUPOBAHHOM a30THOW KUCJIOThI, KOTOPasi OJHOCTHIO PACTBOPHUT

OmpiT 2. B3aumoaeiicTBue Meau ¢ pa30aBIeHHBIMU u
KOHILIEHTPUPOBAaHHBIMH KUCIOTAMHU

OmnbIT NPOBOAUTCS B BHITSDKHOM HIKady! B Tpu mpoOGUpKy MOMECTUTH 1O KYyCOUKY
Menu ¥ pruOaBuTh 1o 5—6 Kareib 2 H. paCTBOPOB KHUCJIOT: B MEPBYIO — XJIOPOBOJOPOIHOM, BO
BTOPYIO — CEPHOM, B TPEThIO —a30THOM. OKpacuIcs JH1 pacTBOp B MpoOMpPKax B CUHE-TOIy0OM IIBET,
xapakTepHsbli U1 noHa Cu2+? [IponenaTs aHAIOTMYHBIN ONBIT ¢ KOHIEHTPUPOBAHHBIMU
KHCJIOTaMU - XJIOPOBOJOPOIHOM (TuioTHOCTH 1,19 r/em3), ceproii (rutotHOCTh 1,84 r/cm3) u
a30THOM (Tu1oTHOCTH 1,4 r/cM3) 6e3 HarpeBaHUs U IpU HarpeBaHuu (ocToposkHo!). C KakuMu
KHCII0TaMU B3auMoJeicTByeT Menb? [Ipu HanncaHuu ypaBHEHMsI peakliy B3aUMOAECUCTBUS MEIU
C pa30aBIECHHOW a30THOM KMCJIOTOM CUUTATh, YTO a30THAS KUCJIOTa BoccTaHaBnuBaercs 10 NO.
[Touemy Menp HE B3aUMOJIEHCTBYET € XJIOPOBOJIOPOAHON KHUCIOTOM U ¢ pa30aBIeHHON CEpHOI
kucnotoi? Hanmcare ypaBHEHUS peaklMii B3aUMOJEHCTBUS MEIU C KOHIIECHTPUPOBAHHBIMU
KHCJIOTaMH, CUNTAasl, YTO KOHLIEHTPUPOBaHHAsI a30THAsl KUCII0Ta BOCCTAHABIIMBAETCS MEJIBIO J10
JUOKCHJIa a30Ta, a CEpHas — J10 TUOKCUA CEPBI.



OmmwiT 3. Baumoneiicteue oxcuaa meau (1) ¢ kucnoramu

B nBe npobupku BHecTr 2—3 mukpormatens okcuaa meau (1) u mpudaButh o 56
Karesb 2 H. KUCIIOT, B OJIHY MPOOUPKY — XJIOPOBOJOPOJIHOM, B IPYTYIO — cepHoii. HabmonaTs B
000MX CITyJasiX MOSIBJICHHE OKPACKH pacTBopa. Hammcars ypaBHEHUS peaKIfii B3aUMOICHCTBUS
okcuna meau (I1) ¢ HCl u H2S04 .

Onpit 4. [Tonyuenue rugpokcuna meau (1) u uccnenosanue €ro CBOMCTB

a) [Tonyuyenue rugpoxcuna meau (1I) u pasnoxenue ero npu HarpeBaHuu

Brectu B npobupky no 3—4 karum pactBopa cynbdara meau (I1) u 2 H. pacTBopa
ménoun. OTMETUTD LBET BhINaBIIero ocaaka ruapokcuaa Meau (II). OcropoxkHo HarpeThb
IPOOUPKY C MOITY4EHHBIM ocagkoM. Kak nu3MeHsercs nBeT ocajka Ipy MPEeBpaLICHUH THAPOKCUAA
memu (I1) B okcnn? Hamucats ypaBHEHUs peakuuii o0pa3oBanus ruapokcuna meau (I11) u ero
pasyioKeHus.

0) OtHomenue ruapokcuaa meau (1) k kucmoram u mienovaM.

[Monmyunts B AByX npobupkax runpokcua meau (11). K momyuennsm ocankam
npubaBUTh B OJHY MPOOUPKY 5—6 Kamenb 2 H. pacTBOPa CEPHON KUCIIOTHI, B IPYTYIO — CTOJIBKO )K€
2 H. pacTBOpAa IEN0YM. B KakoM ciiydae IpoucXoauT pacTBopeHue ocajaka? Kakoil BEIBOJ MOXKHO
c/ienaTh U3 3TOTO OMbITa O cBOMcTBax ruapokcuaa meau (11)?

Omnpit 5. [Tonyuenue manopactBopuMbIx coiieit meau (1)

a) [lonyuyenne cynbduna meau (1I)

OmnbIT MPOBOAXTCS B BHITSDKHOM mKady! B mpobupky ¢ pacTBopoM cyibdara wim
xnopuna menu (I1) (2-3 xamau) npubaBUTH CTOIBKO K€ CEPOBOIOPOAHON BOABI. OTMETUTH IIBET
BbIMaBIero ocajka cynbduaa meau (II). Hanucars B MOJIeKyIsIpHOM ¥ HOHHOM BHJIE YpaBHEHHE
peaxiuu ero oopa3oBaHusl.

0) [Tomyuenue ocHoBHOTO KapOonara meau (1)

B npobupky ¢ pactBopom cynbdara meau (I1I) (2—3 xamim) npuOaBUTH TaKOE Ke
KOJIMUECTBO pacTBopa cojpl. HabmonaTh BeilajeHune 3e1EHOr0 ocaaka rujpokcokapboHaTa Meau
(CuOH)2CO3. [Touemy npu B3aMMOJCHCTBUH COJIEH MEAH C PACTBOPOM COJIbI HE BHIMA/IaeT
cpennuii kapOonat menu? Hanmucats ypaBHEHHE peakiuy B3anMoaeHCTBHs cyiabdara meau (1) ¢
COZOU MPHU y4aCTHUH BOBI.

Omnpit 6. [Tonyuenue oguaa meau (1)

Buectu B npobupky no 3 xaruu pactBopos cyibdara meau (II) u loquaa kamus.
OTmeTuTh 00pa3oBaHME OCa/IKa U OKPAIIMBAHUE CONEPKUMOT0 IPOOUPKH B KENTHIHN 1IBET.
Jlokasatk ¢ MOMOIIBIO pacTBOpa Kpaxmala, 4To kEITas OKpacka 00yCJIOBII€HA BbIACICHUEM
cBoOoaHOrO Hona. J{is onpeneneHus BeTa BbIIaBIiero ocasaka woauna meau (I) neodxonumo
CBOOOJTHBIN 110/, MACKUPYIOIINNA CBOEH OKPACKOM I[BET OCa/IKa, IEPEBECTH B OCCIIBETHBIN HOH. st
3TOro NMPUOAaBUTH B MPOOHPKY HECKOJIBKO Kareb pacTBOPa CyIb(pHUTa HATPHS 10 HCUE3HOBEHHUS
xéntoi okpacku. Kaxos et onuaa meau (I)? Hamucars ypaBHeHHS peakuuid a)
B3aumojieiicTBus cynbdata meau (II) ¢ Hoguaom kanusi; 6) B3auMoAEUCTBHS Ho/1a ¢ CyIbPUTOM
HaTpUs B IPUCYTCTBUH BOJIbL. UeM o0BsicHSAeTCS ycToMunBOCTh Hoauna meau (I)?

Omnpit 7. KOMIUIEKCHBIE COEIUHEHUS MEU

a) I[lomyuenue xommuiekcHoro THocynbhara meau (I)

B npo6upky ¢ ogunom meau (I) mpubaBUTH HECKOIBKO Kamellb pacTBOpa
THocynb(aTa HaTpus. HabmoaaTh mogHoe pacTBOPEHUE 0CaiKa, MPOUCXOIAINEe BCISACTBUE
00pa30BaHMs XOPOIIO paCTBOPUMOT0 KOMILIEKCHOTO THocyb(hara meau(l). Hamucats ypaBHeHHe
MPOTEKAIOLIEH PEaKIIUH, YIUTHIBASA, YTO HOHBI S2032- IBISIOTCA MOHOJICHTATHBIMU JIUTaHIAMU, a
KOOpAMHaMOHHOE yKnciio Cu+t — MoHa paBHO 2.

0) Ilomyuenne ammuHokomruiekca meau (1I)

B nipoGupky ¢ pactBopom cyibdarta menu (I1) (2—3 xamau) npuOaBisTh MO KarjsMm 2
H. pacTBOp aMMHaKa Jio TIOJIHOTO pacTBOpeHHs ocasika ocHoBHOM coy (CuOH)2S04, Bemagiiero
npu 100aBJIECHUH MEPBBIX Kalelb pacTBopa aMmmHuaka. OTMETUTh OKPAcKy UCXOJHOTO pacTBopa



cynbs(arta MeIu U pacTBOPA, MOJYUYUBIIETOCS MOCIE pacTBOpeHus ocaaka. Hamucarh ypaBHeHUS
peakuumii: a) B3aumoeicTus cyiabdara menu (1) ¢ pactBopom ammuaka ¢ oopazoBaHrEM
ocHoBHOTO cynbdata meau (II), 6) pactBoperus ocHoBHoro cynbdara mean (II) B u3ObiTke
aMMuaKa ¢ OJJHOBPEMEHHBIM 00pa30BaHUEM KOMILIEKCHOM COM U KOMIUIEKCHOTO OCHOBAHUS MEU
(IT), yauTsiBasi, 9T0 KoopaAuHaMOHHOE Ynciio Cu2+ paBHO 4; B) AMCCOIMAIIMH TOJTYYCHHBIX
KOMIUIEKCHBIX coeiMHeHni Meau. Kakoe ocHoBanue cuibHee: ruapokeus meau (1) wim
ruapokcua rerpaammuamMenu (I11)? Kakve nonsl 00ycioBiIMBaloOT OKpacKy pacTBOpa, COAEPIKaIIEro
aMMUHOKOMILJIEKCHI MeJin?

Ompit 8. [Tomyuenue okcuaa cepedpa

B npobupky ¢ pactBopom HHUTparta cepedpa (3—4 karm) npubaBUTh HECKOIBKO
Karesb 2 H. pacTBOpa THIPOKCH]IAa HATPUs A0 BbIMaJIeHUs ocajka okcuaa cepedpa. Kaxoe
3aKIJIIOUYEHHUE O MPOYHOCTU TUAPOKCHIA cepedpa MOKHO CIeNIaTh Ha OCHOBAaHUH 3TOro onbita? Yem
3TO 00BsicHsIeTCS? HammcaTs ypaBHEHUS peakiuii 00pa3oBaHus THIPOKCH A cepedpa U ero
pacmaja.

OmnpiT 9. OKHUCIUTENBHBIE CBOMCTBA OKCUA cepedpa

a) BzaumoneiictBue okcuna cepedpa ¢ xsopuaom ososa (II) B menounoit cpene

Buectu B mpobupky 2—-3 kaniu pactBopa xjopua osnosa (II) u 1odaButh no kamism
2 H. pacTBOp I'MJIPOKCHA HATPHS 10 PACTBOPEHUs BBINABILIET0 ocajika ruapokcuaa oiosa (II). K
noJy4eHHoMy menounomy pactBopy Na2[Sn(OH)4] npubasuts 1-2 kamm HUTpaTa cepedpa.
HabGmronate BeinazeHue 4€pHOTO MOPOIITKa MeTauimdeckoro cepedpa. OOpazoBanue cepedpa
MOYKET OBITh I0Ka3aHO TEM, YTO BBIMABIIUI OCaJI0OK HE pacTBOpsETCs MpU J00aBIeHUH 5—6 Kareb
2 H. pacTBOpa aMMHMaKa B OTIMYHUE OT oKcuaa cepedpa. [IpoBeputs onbiTHEIM yTeM. Hanmcars
YPaBHEHMSI PEaKIIMM:

a) obpazoBanus terparuapokcocrannara (I1) marpus u3z xsnopuaa onona (II);

0) B3aMMOJICHCTBYS HUTpaTa cepedpa co meEI0UbIo;

B) B3auMozelcTBus TeTparuapokcocranHara (II) Hatpus ¢ okcuaom cepedpa ¢
oOpa3oBaHueM rekcargapokcocrantata (IV) Hatpus u anemeHTapHoro cepedpa, yauThbiBasi, 4To B
peaKIy MpUHUMAET yJacThue BOJa,

r) B3aumojeiicTeus xiaopuaa onosa (1) ¢ okcuaom cepedpa B MpUCYTCTBUU IIETOYH.

6) Ilomyuenue cepebpsiHOrO 3epKana

B MmasieHpKOM cTakaHUMKe HarperTh 10 KumneHus 25—-50 M1 BoJibl, OCIE Yero
OTCTaBUTh ropeiky. B npoOupky BHecTn 4—5 kamnenb pacTBopa HUTparta cepedpa U npubaBuTh 2—5
Karenb 2 H. pacCTBOpa aMMHaKa, BCTPSAXHUBAsI TPOOUPKY MOCIe MPHOABICHUS KaXKI0W Karuii 10
pacTBopeHus BbInasiiero BHavyane ocagka Ag20 (u3berats uzbpiTka NH3). K nonyuennomy
npo3pavyHoMy pacTBopy npubaButh 10%-Hblit pactBop rimoko3sl CSH6(OH)SCHO B 06béMme,
paBHOM CyMMapHOMY 00beMy HUTpaTa cepedpa 1 aMMHaKa, HaXOJIAIIUXCs B TPOOUPKE.
[TepememiaTs pacTBOp ¥ MOCTAaBUTh IPOOMPKY B CTAKaHYMK C ropsiuei Bogo. Yepes 2—3 MuH
BBIHYTH TPOOHMPKY U3 CTAKAaHYMKA M, BEUTUB PACTBOP, OTIOJIOCHYTH €€ BOJOW U3 TIPOMBIBAJIKH.
Kakoe BemiecTBo BBIAETHIIOCH U3 PAaCTBOpPA Ha CTEHKax npodupku? HamucaTh ypaBHEHHE peaklny,
CUMTas, YTO TIII0K03a MEPEXOIUT B TIOKOHOBYIO kucnoTy CSH6(OH)SCOOH.

OmnbiT 10. ManopacTBopuMbIe 1 KOMIUIEKCHBIE COEIMHEHUS cepedpa

a) [lonyuenne ammuHokomIiekcoB cepedpa (I)

B yetbIpe npoOupku BHECTH 110 2 KaIlJId pacTBOpa HUTparta cepedpa. B ogny
npoOUpKy A00aBUTH 2 KaIlIM XJIOPUIA Kalus, BO BTOPYIO — OpOMUIa Kaius, B TPEThIO — Hoauaa
KaJus, B 4eTBEPTYI0 — Xxpomara kaiaust K2CrO4. OTMeTuTh 11BeTa BBIMABIIUX 0CaKOB. Jl060aBUTh
BO BCE YeThIpe mpoOupku 1o 3 karum 25% pactBopa ammuaka. OcaJku KaKuxX BEIIECTB
NPaKTUYECKH MOTHOCTHIO PACTBOPHIIMCH B aMmMuake? OIMHAKOBO JIH aKTUBHO UIET
B3aUMO/IeiiCTBHE XJIOpH I, OpoMuia 1 Hoxuaa cepedpa ¢ aMMHakoM?

Hanwucatpe B MOJIEKYJIIPHOM ¥ HIOHHOM BH/JIE€ YPAaBHEHUS PEaKIIHii:

a) o0pa3oBaHUs MaJIOPACTBOPUMBIX COJIeH cepedpa;

0) pacTBOpeHHS XJIOpHIa, OpoMHUIa U XpomaTa cepedpa B aMMHuake ¢ 00pa3oBaHUEM
KOMIUIEKCHBIX COCTUHEHNH, YIUTBIBAs, YTO KOOPAWHAIIMOHHOE YUCIIO Ag+— HOHA PaBHO 2.



Ha ocHoBanuu cBomx HaOMIOICHUI U 3HAYCHHUI MMPOU3BEICHUIA PACTBOPUMOCTH
TaJIOTeHUI0B cepedpa OOBSICHUTH pa3indre UX PAaCTBOPHUMOCTH B aMMHAKE.

0) [TomyueHue KOMIUIEKCHOTO OCHOBaHUs cepedpa

K ocanky okcuzaa cepeOpa npubaBiaTh Mo KaruigM 2 H. paCTBOP aMMHUAKa.
HabmroaTe pacTBOpeHue ocajka BeiaeIcTBUE 00pa30BaHus paCTBOPUMOT0 KOMILIEKCHOTO
OCHOBaHUs cepedpa. Hanmucarh ypaBHEHHE MTPOTEKAIOIIEH PEaAKIIHH.

B)[lomydeHnne KOMIUIEKCHBIX Cylb(duTa U THOCYIb(aTa cepedpa

B ipoGupky ¢ pacTBopoM HUTpara cepedpa mpuOaBiIsATh MO KAIJIsIM pacTBOP
trocynbdara Hatpus Na2S203 u HaOIr01aTh pAaCTBOPEHHUE BBIMABIIETO BHAYAIE OCAIKa
THOCY/b(aTa cepeOpa. AHAJOTUYHO POBECTH ONBIT B3aUMOCHCTBHS HUTpaTa cepedpa ¢
cynshuToM HaTpus. HamucaTs ypaBHEHUS peakiinii: a) B3aMMOICHCTBUS HUTpaTa cepedpa ¢
THOCYIB(hATOM HATpHs ¢ 00pazoBaHHEM THOCYJIb(ara cepedpa U ¢ cylb(HUTOM HATPHS C
BbINA/ICHUEM B 0CaJIOK cylb(uTa cepedpa; 0) pacTBOPEHUS OCAIKOB B M30BITKE OCAAUTEIS,
cuutas, yTo SO32- —1oH u S2032- —MOH MOHOJICHTATHBI, & KOOPJIUHAITMOHHOE YUCIIO0 Ag+—1OHa
paBHO 2.

Jlaboparophast pabota Ne 3. Dnementsl moarpymmsl 11 A

OmnpiT 1. B3aumopeiicTBue Marausi ¢ BOJou

B3sth kycouek (1-2 cM) MarHueBoil IEHTBI U OYUCTUTDH €€ TIOBEPXHOCTh
Ha)kJ1a4HOW OyMaroit ot Hanera okcuaa. B mpoOupky BHecTu 6—7 Kamnenb AUCTUIUIMPOBAHHON BOJIBI
Y OMYCTUTh B HEE€ OUMILEHHBIA MarHuii. OTMETUTh OTCYTCTBUE PEAKLIMU IPU KOMHATHOM
temneparype. Harpers mpobupky HeGombIIM 1miaMmeHeM ropenku. Uro nadbmogaercs? [IpubaBuTh
K TIOJTlyYeHHOMY pacTBOPY OJHY Karuto ¢eHondTanenna. Ha oOpa3oBanne Kakux HOHOB B
pacTBoOpe yKa3bIBaeT MOsiBICHUE OKpacku GenondTanenna? Onucarp Habmonaemoe. Hanmucarsb
ypaBHEHHE PEAKIMH B3aUMOJICHCTBUS MarHus ¢ BOJIOM MpU HArpEBaHUU.

OmnpiT 2. B3aumoeiicTBie MarHusi ¢ KUCJIOTaMH

B 1Be mpoOupKu OMyCcTUTH 110 HEOOIBIIOMY KYCOUKY MarHHEBO# JICHThI. B oHY
poOUpPKY J00ABUTH HECKOJIBKO Kameib 2 H. PacTBOpa XJIOPOBOJOPOIHOM KUCIIOTHI, B IPYTYIO —
TaKO€ K€ KOJIMYECTBO 2 H. pacTBOpa a30THOM KucaoThl. YTo nmpoucxoaut ¢ maruuem? Kakoii ra3
BBIJICIISICTCS:

a) P B3aUMOJICHCTBUU MarHus ¢ XJIOPOBOJIOPOAHON KHUCIOTOM,

0) ¢ a30THOM KUCTOTON?

Omnpit 3. [TorydeHne THAPOKCH IA MAarHUS U €T0 PACTBOPEHUE B KUCIIOTE "
COJISTX aMMOHHUS

Buectu B aBe npoOupKu 1o 3 Karuid pacTBOpa COJIM MarHusl U B KAKIAYIO U3 HUX
J00aBUTH MO 4 KaIju pacTBOpa €IKOro HaTpa. B oHy U3 npoOUpoK, MoMeBas coiep>KumMoe
CTEKJISTHHOW MAJIOYKOM, TpUOABUTH TIO KAIJIsIM 2 H. pacTBOP XJIOPOBOJOPOAHON KUCIOTHI JI0
MOJIHOTO PacTBOpEHUs ocajika. [IpubaBisis KUCIOTY, OTCYUTHIBATH YUCIIO 100aBIsIEMbIX Kamnenb. B
JIPYro¥ MpoOUpKe TAaKUM Ke CITOCOOOM (TIOMEINBAas CTEKISTHHON MaJIOYKON U CUUTAst
no0aBisieMble Kalljii) pacCTBOPUTH OCAJ0K THAPOKCHIA MAarHUsI B 2 H. paCTBOPE XJIOPHIa aMMOHHSI.
B xakom ciydae 171 paCTBOPEHHsI 0CaKa MOTpeOoBanoch 0oJbIIee KOJTUYECTBO peakTuBa’?

Hanucars ypaBHeHUs peakiyil NOoJy4eHUs THIPOKCUAA MATHUS U €T0 PACTBOPEHUS B
KHCJIOTE U B pacTBOpE cojiu aMMOHUs. [1onb3ysch paBUiIoM NMPOU3BEAECHUS paCTBOPUMOCTH,
00BSCHUTH PACTBOPEHHUE THIPOKCHU]IA MarHus B XJIOPUE aMMOHUS U B XJIOPOBOJAOPOTHON KHUCIIOTE.
B xakoM peakTuBe pacTBOpEHUE THAPOKCU]IA MATHUS UAET JIErde: B XJOPOBOPOJHON KUCIOTE WU
B pacTBope xyopuaa ammonus? [Touemy? PacTBopuTcs U TUAPOKCH] MarHus Ipu JOOABICHHUH: a)
(NH4)2S04, 6) KC1?

Omnpit 4. [Tonydyenue rugpokcokapboHaTa MarHus

B npoGupky k 2—3 KaruisiM pacTBOpa COJIM MarHusi A00aBUTh pacTBOP COJIBI 10
o0pa3oBaHUs Ocajika THApoKcokapOoHaTa Mmaruusi. OTMETUTH BhlJeNeHHe ra3a. McnbiTaTh
OTHOILIEHHE 0CAJIKa OCHOBHOM COJIM MarHus K XJIOpOBOJOPOAHOM kuciote. Hanucate ypaBHEHUS



PEaKIHi MOTydeHUs THAPOKCOKapOOHATa MAarHUs U €r0 PACTBOPEHHUSI B KUCIIOTE.
OmnpiT 5. [TonyyeHne OKCua ¥ TUAPOKCUIA KATbIIUS

[TomecTuTh B MpoOUPKY Kycouek Mpamopa 1 J00aBUTh K HEMY HECKOJIBKO Karellb
BO/IbI. HaOmromaroTest mu kakue-nubo u3MeHeHus? Baectu B mpoOupky 1 karmo ¢erondTanienHa.
[TostBsieTcs 1 KpacHast okpacka? BTopoii Kycouek Mpamopa IOMECTUTh B CyXOH TUT€b U
MOCTABUTH MTPOKAIIMBATH B TOpsiayio MydenbHyro neus (Temmeparypa B MyheapHON TIeun JOHKHA
Ob1Th 0K0J10 910 °C.) Uepe3 20—25 MUH TUTEIHHBIMH IIUIIIIAMH ITEPEHECTH TUTEIIb B SKCUKATOP H
OXJIAJUTh €ro J0 KOMHATHOU TeMiiepaTypsl. [locne oxmaxaeHus BBIHYTh TUTENb U ITOJTyYEHHbIN
OKCHJ KaJIbIIUI CMOYUTH 1-2 kamiaMu TUCTUIUTMPOBAHHON BOJIbL. YUTO HabmogaeTcs?
Jlo6aButh B THrens emé 8—10 kamens BOAbI, pa3MenaTh 00pa30BaBIIUICS THIPOKCH KaTIbIIHS
(raméHyro U3BECThb) U J1aTh OCAJKY OTCTOSTHCS. 2—3 KaIUIH MOJIy4€HHOTO pacTBOpa NEPEHECTH
MIUATIETKOM B MpOOHpPKY 1 100aBuTh 1 Karumo ¢penondranenna. Uro Hadbmogaercs? PactBopum jim
TUAPOKCHUJI Kallblus B Bojie? HamvcaTs ypaBHEHUS peakiuid pa3ioKeHHst KapOOHATa KaIbIHs PU
HarpeBaHUM U B3aUMOJICUCTBHUS OKCUJIA Kablus ¢ BogoW. Kak Ha3pIBaeTCs pacTBOP TMAPOKCUIA
KaJpLus B Bozie?

Omnpit 6. [Tonyuenue kapboHaTa U rUAPOKapOOHATA KATBIIHS

Hanonuuts npobupky Ha 1/2 €€ 00bEMa U3BECTKOBOM BOJOW U MPOMYCTUTH B HEE
nuokcu yriaepoaa. OTMETHTD MOSIBJICHHE Oca/ika kapOoHarta Kaiubius. [IpoomkaTs Nponyckarh
JMOKCHJI yIJIepo/ia 0 paCTBOPEHMS 0CaiKa, KOTOPOE MPOUCXOAUT BCIIEACTBUE 00pa30BaHUs
pactBopuMoro runpokapbonara. Kak Ha3piBaeTcs Bosa, conepikaias 3Ty cosb? OTMETUTD
HaOII01aeMbIe SIBICHUS M HAMKMCATh YpaBHEHUS peaklinii 00pa3oBaHus KapOoHaTa KaJbLUs [IPH
B3aMMOJICHCTBUH TUOKCHU/IA YIIIepoia C U3BECTKOBOM BOJION U pacTBOpPEHHs KapOOHATa KaJIbIUs
MoJ1 AeMCTBHEM JUOKCH/IA YIIIepo/ia U BOJbI ¢ 00pa3oBaHHEM rUApoKapOoHara.

Omnpit 7. Kap6oHaTh! HIENTOYHO3EMENBHBIX METAIIOB

[omyunTh ocaaKu KapOOHATOB KaJbIHs, CTPOHIIUS U Oapus B3aUMOICHCTBUEM
pacTBOPOB COOTBETCTBYIOIIMX coJiel (3—4 Karin) ¢ pacTBOPOM cojibl. McbITaTh OTHOIICHHE
MOJIyYEHHBIX KapOOHATOB K XJIOPOBOJAOPOIHOM KucnoTe. Kuciaoty 100aBisiTh OCTOPOKHO IO
KarusiM. HanucaTs ypaBHEHMsI TPOTEKarOMUX peakiuii. OTMETUTh pacTBOPUMOCTh KapOOHATOB B
KHCJIOTE.

Omnpit 8. Cynbdatsl METOYHO3EMENBHBIX METAIIIOB

a) [lonyuyenue cynb(haToB KajabIus, CTPOHLUSA U Oapus

B Tpu npoOupku BHECTH 110 2—3 Karlld pacTBOPOB COJIEH: B TIEPBYIO — COJIM KaJbIIMA,
BO BTOPYIO —CTPOHLUS, B TpeThlo—0apus. B kaxyto npobupky 100aBuTh 1o 3—4 Karim pacTBopa
cynbdata Hatpus. Uto HabmogaeTcss? OTMETUTD Pa3TUYHYIO CKOPOCTh 00pa30BaHMs OCAIKOB
cynbdarta Oapus u cynbdata Kaabiua. Yem 310 oObsicHseTcs? VcnpiTath neiicTBre
XJIOPOBOJIOPOJHOM KHCIIOTHI Ha MOJIydeHHbIEe cylbdaThl. HanucaTh ypaBHEHHs peakiuii
o0pa3oBaHus Ccylb(}haTOB KaJbIHsl, CTPOHLIUS, Oapus M BhIpaKEHUE MPOU3BEIEHUI pacTBOPUMOCTH
cynb(ara u kapOonara 6apus. OObSACHUTH, MOJIB3YSICh IPABUIOM IIPOU3BEIEHUS PACTBOPUMOCTH,
novyeMy KapOoHaT Oapusi paCTBOPSETCs B pa30aBICHHON XJIOPOBOIOPOJIHON KHUCIIOTE,

a ero cyjib(ar He pacTBOpPSIETCS.

6) CpaBHHUTENBbHAS PAaCTBOPUMOCTD CyJb(aTa U KapOOHaTa KaJIbIHs

[Tonmyuuts cynbdat Kaablys, 100aBUB K 3—4 KarisiM pacTBOpa XJIOpHa KalbLus S5—
6 kamenpb pacTBopa cyibhara HaTpus. J[aTh pacTBOPY OTCTOSITHCS U MUIIETKOW MEPEHECTH YacTh €T
B YHCTYIO IPOOUPKY. Y OCAUTHCS B TIOJTHOTE OCAXKICHUS, TOOABHB €Ie OJHY KaIlJII0 pacTBOpa
cyibdara HaTpus. B momy4deHHbIH Tpo3payHblii pacTBOP BHECTH HECKOJIBKO Kareilb pacTBOPa COMbI.
Yro nabmogaercs? 3anucaTh 1aHHbIE OnbITa. [10B3ysICh TPaBUIOM POU3BEACHUS
pactBopuMocTH U Tabnuuen BenuuuH [1P, o0bscHUTH, MOueMy pacTBOp, MOCJE TOTO KaK U3 HEro
BhbImIas ocanok CaSO4, cHoBa 00pa3yeT ocafok npu no6asieHnr noHoB CO32-.

OmnprT 9. OkcanaTel MENOYHO3EMETBHBIX METAIIOB



[TonyunTh OCagKK OKCANAaTOB KajlbIHsl, CTPOHLIUS U Oapus B3aUMOIEHCTBUEM
pPacTBOPOB COOTBETCTBYIONIUX coliel (3—4 Karuin) ¢ TakuM ke 00bEMOM pacTBOpa oKcaara
aMMOHMs. McnibITaTh AEMCTBHE XJIOPOBOAOPOJHOM KUCIOTHI HA OCAaKHU OKcanaTtoB. Hanmucartp
ypaBHEHHUS peakiuil 00pa30BaHUs OKCAIATOB IIEI0YHO3EMENbHBIX METAIJIOB U UX PACTBOPEHUS B
HCI.

Omnpit 10. Xpomats! 1IET0YHO3EMENBHBIX METAIJIOB

B tpu mpoOupku BHECTH pa3iaesbHO 10 3—4 KaIIk pacTBOPOB COJIEH KaJbIUs,
CTpoHIMS U Oapusi. B kaxxayro u3 HUX J00aBUTH MO 4—5 Kamellb pacTBOpa XpoMaTa KaJusl.
XpomaThl KaKUX METaJIOB BhINIAJAIOT B 0cafok? OTMeTuTh ux 1BeT. McnbiTath nelictBue
YKCYCHOM KHCJIOTBI Ha OCaJIKU XpOMaToB. BHOBb OMy4uTh 0CaZ0K XpoMaTa 6apusi U UCIIBITATh
JIEHCTBHE HAa HETO XJIOPOBOJAOPOIHON KUCIOTHL. UTo HaOmoaaeTcsa? HanucaTs ypaBHEHHS peakIuid
MOJTyYEHUSI XpOMATOB Oapusi, CTPOHIIHS U KAIIBIUS M KX PacTBOpEHUs B kuciore. OOBSICHUTS,
MOYEeMY XpOMaT CTPOHIIMS paCTBOPSIETCS B YKCYCHOM KHCIIOTE, a XpoMaT Oapust MOYTH
HEPAaCTBOPUM B HEM, HO PACTBOPSIETCA B XJIOPOBOJAOPOJHOM KHCIOTE. XpOMaT KaKOro MeTasiia
Haubosee pacTBOPUM?

Omprt 11. Ilepokcua Gapust

a) OkucIuTeNnbHbIE CBONCTBA MEPOKCUAA Oapus

B dapdopossrii Turenék BHeCTH 3—4 MUKPOIIITATENSI IEPOKCHIA Oapysi 1 HEMHOTO
(Ha KOHYMKE MUKpPOILIIATENs) MOPOLIKa AUOKcH1a Mapranna. CMech TIIaTeabHO pa3MellaTh
CTEKJISTHHOW MAJIOYKOM, TOCTAaBUTh TUTEIb B TPEYTOJILHUK U HATPeTh 10 cruiaBieHus. Cras
OXJIAJIUTH U TO €ro IBETY yOeAUThCs B 00pa3oBaHWU MaHTaHaTa. HamucaTs ypaBHEHUE peaklnu.

0) BoccranoBuTenbHBIE CBOMCTBA MEPOKCHIA OapHst

B npobupky BHecTH 6—7 Kamneiab pacTBOpa HUTpaTa cepedpa U HEMHOTO IMOPOIITKa
nepokcuna 6apus. OTMETUTH BBIICTICHHE Ta3a U MOSBICHUE 0CaIKa METANTMIECKOTO cepedpa.
Kakoii ra3 Beiensiercsa? HanucaTh ypaBHeHHE peakuu.

OmnpiT 12. OkpammBaHue IaMEHU COJIIMU IIETOYHO3EMENIbHBIX METAIIJIOB

[IpoBonouky unu GpapopoByI0 NANIOUYKy BHECTH B KOHIIEHTPUPOBAHHYIO
XJIOPOBOAOPOJHYIO KHCIIOTY, a 3aT€M IIPOKAJIUTh B IUIaMeHu ropenku. [Tpu sTom nmpoBoioka
ouumaercs oT 3arpsi3HeHuil. Yucrasi mpoBoJioKa He JOHKHA OKpaluBaTh iaMsa. OYHUIEHHYO
IPOBOJIOKY ONYCTUTh B HACBIIIEHHBIN pacTBOP XJ0puaa Oapus U CHOBA BHECTH B IJIaMs TOPEIIKH.
OtmeTuTh 1BeT I1aMeH:u. ONbIT IOBTOPUTH C HACBIIEHHBIMU PACTBOPAMHU XJIOPUJIOB CTPOHILIUS U
kanpuus. [lepen KaxkIbIM ONBITOM IPOBOJIOYKY MPOMBITH KOHIIEHTPUPOBAHHOMN XJIOPOBOJOPOIHOM
KHUCIIOTOM U MpoKalnThk. Onucarh HabJt01aeMble SBJICHUS.

JIaboparopHas pabota Ne 4. Dnements noarpymisl [1 B
Omnpit 1. PacTBOpeHre IMHKA B KUCIOTaX U IIeJI04ax

Hanuts B npoOupky 4-5 xanenb 2 H. pacTBOpa CEpHOM KHCIOTHI, 100aBUTH |
MHUKpPOLINATENb [IMHKOBOM MBLIX U CJIETKA IMOAOTPETh. T0 ke MpoAesaTh ¢ KOHIIEHTPUPOBAHHOM
CepHOM KUCIO0TOH (MI0THOCTH 1,84 r/cM3) 1 Mo 3anaxy oNnpeienuTh BblIeIEHNE CEPHUCTOrO rasa.
Taxum »xe 00pa3oM MPOBEPUTH PACTBOPUMOCTD IIUHKA B 2 H. PACTBOPE XJIOPOBOJOPOIHON KHUCIOTHI
U B 2 H. pacTBope eaxoil ménoun. Onucare HaOmonaemoe. [louemy pasdasieHnas u
KoHIeHTpupoBaHHas H2S04 no—pa3HoMy pearupyet ¢ nuHkoM? Kakoii 21eMeHT U B Kakou
CTEIIEHN OKHCIICHUS SBJISIETCS] OKMCIIMTENIEM B TOM U B APYIOM ciydae?

OmnplT 2. BoccTaHOBUTEIBHBIE CBOMCTBA LIMHKA

B dapdopoBsrii TUTENEK MOMECTUTH HEMHOTO IIMHKOBOM MBLIH, TPUOAaBUTH 4 Karuiu
0,5 H. pacTBOpa HUTpaTa Kaiaus U 4—5 Kaneiab KOHUEHTPUPOBAHHOTO PACTBOPA €/IKOU IIEIOYH.
OcropoxHOo HarpeBas (Ha acOECTUPOBAHHOM CETKE), JOBECTH COJIEP)KMMOE TUTEIbKA MOYTH J10
kuneHus. HaGmronath BeIZIeIeHHE aMMHUaKa 110 3armaxy ¥ Mo MOCHHEHUIO B HEM KPacHOM
JTAKMYCOBOM OyMaXKKH, CMOYeHHOU BooM. Kakast cosib IMHKA HOHKHA TIOMYYUTHCS B TAHHBIX



ycinoBusax? HamucaTts ypaBHeHHE peakii B MOJICKYISIPHOM M HOHHOM Bujie. OOpaTuTh BHUMaHUE
Ha BBICOKYIO BOCCTAHOBUTENIbHYIO CIIOCOOHOCTH IIMHKA. BBINKCaB COOTBETCTBYIOIINE
OKHUCJIUTEITbHO-BOCCTAHOBUTENBHBIE MIOTEHITUAIIBI, PEIIUTH BOTIPOC O TOM, OYJIET JI IUHK
BOCCTAHABJIMBATh IMXPOMAT KaJIUsI B KUCJION cpejie.

OnbIT 3. ['MApOKCUABI IMHKA U KAMUSI U UX CBOMCTBA

Hanuts B 1Be mpoOupku 1o 3—4 Karim pacTBOpa COJU IIMHKA, B JIBE APyTue —
CTOJIBKO )K€ pacTBOpa coyu KaaMus. B kaxayro npoOupky 100aBisTh 10 KaruisiM 2 H. pacTBOP
€IKOM MEN0YH JIO0 MOSBICHUS OCJBIX CTYIEHUCTBIX OCAIKOB THAPOKCUIOB. VICIIBITaTh OTHOIIICHHE
MOJIYYEHHBIX THAPOKCUJIOB K KUCJIOTaM U 1esnioyaM. Kakoii BIBOJ MOXKHO CJEJIaTh O CBOMCTBAX
TUAPOKCUIOB IMHKA U Kaamus? HamucaTs ypaBHEHUS peakivii B MOJIEKYIISIPHOM 1 HOHHOU (opMme.
OOBSICHUTD pa3IMyue B CBOWCTBAX TUIPOKCUIIOB.

OmnbiT 4. Cynbhuapl IUHKA U KaIMUS

B nBe nmpoGupku, B OAHOM U3 KOTOPBIX COJEPKUTCA 3—4 KaIljIu pacTBOpa COJIH
LIMHKA, a B JIPYTOil — CTOJIBKO K€ pacTBOpA COJIU KaJMuUs, 100aBUTh 110 2—3 KallJId HaChILIEHHOTO
pacTtBopa cyiabpuaa aMMoHusl. OTMETUTH IIBETA 00Pa30BaBIIMXCS OCAJAKOB U JOOABUTh B KAXKAYIO
npoOUpPKy 1O OJTHOM Karute 1 H. XJIOpOoBOJOPOAHOM KucIoThl. Kakoit u3 cynbhumaos 6omee
pactBopuM B kuciore? Ilonb3ysack npaBuiIoM IIPOU3BEIECHUS PACTBOPUMOCTH, OOBSICHUTh
Pa3IMYHYI0 paCTBOPUMOCTD CYIb(HI0B LIMHKA U KaJMus B kuciore. Hanucate ypaBHeHus
peaKuHuii.

OmpiT 5. 'maponus comneit IMHKA U KaJIMUs

[TomecTuTh B 0HY IPOOUPKY HECKOJIBKO KPUCTAJIIUKOB COJIM IIMHKA, B APYTYIO —
CTOJIBKO 7K€ COJIM KaJMUS ¥ PACTBOPUTH MX B 1—2 Karuisax Bojbl. J100aBUTh B KaXIy0 IPOOHPKY TIO
2-3 karui pacTBOpa JaKMyca U CJIerka MoJorpeThb. B TpeThio mpoOupky HAIUTE 2-3 Karuiu
pacTBopa JlakMyca 1 1—2 Karii BOJbl U CPAaBHUTH I[BET COJAEPKUMOTO 3TOM MPOOUPKHU C OKPACKOI
MOJIYYeHHBIX PacTBOPOB. Ha kKakyro peakinio cpe/ibl yKa3bIBaeT OKpacKa JaKkMyca B pacTBOpax
coneii? Hanmcath B MOJICKYJISIPHOM ¥ HOHHOU (hOpMe ypaBHEHUS TIPOIECCOB, BBI3BIBAOIINX
M3MEHEHHE OKPACKH JITaKMYyca.

OmngpiT 6. KoMIIEKCHBIE COeTMHEHNS IIMHKA M KaJIMUS

[TomecTuth B poOupKy | Kario pacTBopa COMM IMHKA U JOOaBUTH 2 Kariu 2 H.
pactBopa ammuaka. OcaJok Kakoro Bemiectsa oopazoBaics? K monydeHHOMY OcaiKy MPHUIIMBAThH
0 KaryIsiM U30BITOK pacTBOpa aMMHUaKa JI0 PaCTBOPEHUsI 0cajka. TOT ke OMBIT MPOAENIATh C
pacTBOpoM conu kKaamus. Hammcars ypaBHEHUs peakliuii, CYUTasi, 4YTO XapaKTEPHBIM
KOOPJMHAIIMOHHBIM YHCIIOM JIJIs1 000MX MOHOB KOMILIeKcooOpa3oBatenelt spisercs 4. Hanucats
YpaBHEHUS JUCCOIMAIMY TIOJYYEHHBIX KOMIUJIEKCHBIX COEIUHEHUN U KOMIUIEKCHBIX HOHOB, a
TAKXEC BBIPAKCHHUA KOHCTAHT UX HECTOMKOCTH.

OmneiT 7. B3aumoaeicTBue cosieit pTyTH €O MET0YbI0

B oany npobupky BHecTH 3 karum pactBopa Hutpara ptytu (1), B npyryro — 3
Karu pactBopa Hutpara pryTtH (I). K kaxnomy pactBopy npu6aBuTh 1o 2 Karwim 2 H. pacTBOpa
€/1KOH 1ENoun U HabIoaTh ocaxaeHue B nepBoit nmpodupke oxcuna prytu (I1I) HgO. Bo Bropoit
npoOUpKe 0CaloK MPeACTaBIIsAET c000i cMech MPOIYKTOB TUCIPOIIOPLIUOHUPOBAHUS OKCUIA PTYTH
(D: okcun prytu (II) u metamnuueckyro pryTb. OTMETUTH I[BETA OCAJAKOB, HAIIMCATh YPaBHEHHS
MPOJACIIAHHBIX PEaKIUM.

Omnpit 8. [TosnydueHne MaopacTBOPUMBIX COJIEN PTYTH

a) [Tomyyenue XJI0pHI0B PTYTH

B onnHoii npobupke nonyuuts xnopuf pryta (11), B apyroii — xnopun pryt (1),
nerctBys 0,5 H. pacTBOPOM XJIOpHIa HATPHS HA COOTBETCTBYIOIIME HUTPATHI PTYTH. Ha ocHOBaHMM
HaOJII0/IEHUs C/IeTaTh BBIBOJ O CPaBHUTENIBHON pacTBopuMocTH cysneMbl HgC12 u kanomenu
HgCl2. Hanucath ypaBHEHUS peakiui.



0) [Tomyuenue HoaMIOB PTYTH

[Tonyunts Honun pryru (II) u omun pryru (I), aeiicrys 0,5 H. pacTBOpoM Hoauaa
KaJIMsI Ha COOTBETCTBYIOIIME HUTPATHI PTYTH B IBYX MpoOupkax. PacTBop ioanaa kamus
n00aBJATh MO OJHOW Karule A0 BhIMageHUs ocaakoB. OTMETUTh IBeTa 00pa30BaBLIMXCS
ocazkoB. Hanucarbh ypaBHEHHUS peakiii, yauTbiBasi, uTo HOH Hg22+ ckinoHeH k
JUCTIPOTIOPIIMOHUPOBAHMIO ¢ 0OpazoBanreM Hg2+ 1 cBoOoAHOI pTYTH.

B) JleiicTBUe cepoBOIOPO/Ia HA CONIU PTYTH

OmnbIT poBoaUTCS B BHITSDKHOM 1iKady! [TogelicTBOBaTh CEpOBOAOPOAHOM BOIOH Ha
pactBopbl HUTpaTa pryTH (II) m HETparta pryTH (I) B 1ByX npodbupkax. OTMETUTH I[BETa
oOpa3oBaBIIMXCs 0caaKkoB. Hamucath ypaBHEHUs MPOJIEIaHHbIX PEAKIIHMi, yYUTHIBAS, YTO AJIs
prytu (I) cynbdu coBepieHHO HEYCTOWMYUB | MPH JCHCTBUU HA €€ COIIb CEPOBOIOPOIHOM BOIBI
cpazy obpasyrores cynabdua pryru (1) u merammnyeckas pTyThb.

OnbIT 9. KOMILUIEKCHBIE COETUHEHUS PTYTH

a) Bzanmonetricteue mutpara prytH (II) ¢ n30pITKOM HOAMMA KaHst

[TomectuTs B npodbupky 1-2 karmum Hutpata prytH (II) m ocaguts Hoaua pTyTH,
00aBUB B MPOOUPKY 2 KaIuIk pacTBopa oauaa kanus. [IpubaBuTe n30bIToK Hoauna kamus (10—12
Karensb). Yro npousonuio ¢ ocaakom? UTo MOKHO cKa3aTh O PACTBOPUMOCTH MOIYYEHHOIO
KoMIutekcHoro coenuuenust Hgl2 - 2KI? Hanucath koOpAMHAIIMOHHYIO (DOPMYITY KOMILIEKCHOTO
coenunenus Hgl2 - 2KI, yunurtsiBas, uto non Hg2+ umeer koopaunanronnoe unciio 4. K
MOJIyYeHHOMY PacTBOpPY A00aBUTH 2 KaIlJIM pacTBOpa HUTpaTa cepedpa. KakoBa pacTBOpUMOCTh
MOJIy4E€HHOr0 KoMIlieKcHoro coeauHenust Ag2[Hgl4]? OrBetuts Ha BONpOCHI, Ha3BaTh 00€
KOMILJIEKCHBIE COJIM U HAMKUCATh YPaBHEHUS PEAKIMi B MOJIEKYJISIpHOU U HOHHOM opme. Hanncatpb
BBIpaXEHHE KOHCTAHThl YCTOWYMBOCTH MOTy4YEHHOTO KOMITJIEKCHOTO aHHOHA.

0) B3aumopeiicteue nutpara prytu (1) ¢ u3dbiTkoM pogaHuaa Kamus

K 2-3 xamsam pactBopa Hutpara pryru (I1I) npunuts 45 kanenb HACHIIIIEHHOTO
pacTBopa popanuaa Kanus. HamucaTs KOOpAHMHAIMOHHYIO (hOpMyITy 00pa3yromierocs
pacTBOPUMOTO KOMIUJIEKCHOTO COEUHEHUS Hg(SCN)2 - 2KSCN. [Jo6aButs 2—-3 karum
HACBILIEHHOT'O pacTBOpa xjopuaa kodansta. [Ipu 3TOM npoTekaet peakuus

K2[Hg(SCN)4] + CoC12 = Co[Hg(SCN)4] + KCl1

Hanmmcates ypaBHenme B wuoHHOW (opme. OOpaTUTh BHHUMaHUE Ha [BET
oOpa3zoBasiierocs ocajaka. [I[puBecTy Ha3BaHUS MOJTYYEHHBIX B OIBITE KOMIUIEKCHBIX COSIMHEHUH.

B) B3aumogeiicTBue coneii pTyTH ¢ pacCTBOPOM aMMHUaKa

B oany npobupky moMecTuTh 2 Karu pactBopa Hutpata prytu (1), B ipyryro —
cTonbKo ke HuTpara pryTH (I). B kaxxayro npoOupky 100aBUTH 11O 1-2 xannu 2 H. pacTBOpa
ammuaka. HaOmronats B mepBoil mpoOupke BbllageHne 0e1oro ocagka HUTpaTa MEPKypaMMOHHUS
[Hg2ONH2]NO3; Bo BTOpOi1 mpoOUpKe 3aMEeTEeH YEPHBINA 0CATOK METALTUYECKON PTYTH, KOTOpas
oOpa3zyercs Hapsily C HUTPATOM MEPKYpPaMMOHHUS 110 YPaBHEHHIO

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

B npucyrctBun ammuaka pacnag Hg22+ — H2+ + Hg tak ycunuBaercs, 4TO MOIYYHUTh
aMMuaydHoe npou3BoaHoe pTyTH (I) mpakTHUYeckn HEBO3ZMOXKHO.

B ueMm oTiinuune peakunu B3auMOJEHCTBUSI C aMMHAKOM COJIEH PTYTH OT COJIEH IMHKA U
KaaMusa?

Omnpit 10. OKucnuTEnbHBIE CBOMCTBA COJIEH PTYTH

Hanute B npo6upky 2 karmu pactBopa Hutpata prytu (1) u nob6asuts 3 karum 0,5
H. pacTBOpa Xjopua onosa. Habmogate nocie nepBoil Kamiu nosiBieHue 6esoro ocajaka
kanomenu Hg2Cl2. Yepes 3—4 mun ocanok TemHeet. [louemy? Hanucats ypaBHeHUs
IIPOTEKAIOIINX PEAKLIUH.

OmnsiT 11. BoccTanoBuTeNnbHbIE cBOWCTBA couelt pTyTH (1)

ITomecTtuts B dapdoposslit TUrens 7—8 Kamnenb pacTBopa HuTpata pryTH (I),
MpUOaBUTH 2 KaIlIM KOHIICHTPUPOBAHHON a30THOM KUCIOTHI (TWIOTHOCTH 1,4 T/cM3) M KUTISITHTH 1—
2 MuH. OXJIaAUTh KUAKOCTh U UIETKON NEpeHecTu ee B MpoOupKy. B npyryro npobupky
MIOMECTUTH PaBHBINA 00BEM pacTBopa HUTpaTa pTyTH (I) u Kk 000MM pacTBOpam npubdaBUTH HO 2



KaIlJId HACBIILIEHHOTO pacTBOpa XJopuaa HaTpus. B uém paznuyne noBeaeHus: 000ux pacTBOPOB?
YeM 370 MOKHO 00BsicHUTh? HanucaTh ypaBHEHHS PEaKIUi.

JlaboparopHast pabota Ne 5. Dnements moarpymsl 111 A

Omprt 1. [Tomyyerre opToOOPHOM KHUCIOTHI

B npobupky ¢ 5—6 kamisiMu ropsiaero HachleHHOTO pacTBopa 0ypel Na2B40O7 - 10
H20 BHecTH 2-3 Karmm KOHIICHTPUPOBAHHON CEpHON KUCIOThI. OTMETUTH OBICTPOE BBIMAICHHE
KpUCTAIJIOB OOpHOM KMcnoThl. HanucaTs ypaBHEHUE peakliuy MOTydyeHUs] OOPHON KHCIOTHI U3
TeTpaboparta HaTpUs U CepHOM KUCIOThI. COJIbI0 KaKOi KUCIIOTHI ABJseTCs TeTpabopaT HaTpus?
Hanwucares ¢popmyity 3T0i KHCIOTHI.

OmpiT 2. KucnoTHbie cBOMCTBa OOPHOM KUCITOTHI

B Tpéx npobupkax ¢ 5—8 KamisMu AUCTHIUIMPOBAHHON BOJIbI PACTBOPUTH IIPU
HarpeBaHuU M0 HECKOJIBKO KPUCTANIMKOB OOPHOM KUCIOTHL. B oiHy 13 mpoOupok npudaBute 3—5
Karesb HeMTpalbHOTO pacTBopa JakmMyca. OTMETUTh U3MEHEHUE €T0 OKpacku. B npyryro
npoOUpKy BHECTH Kycouek Maraus. OTMeTUTh BblieneHue raza. Kakoro? B TpeTbio mpoOupky
OIIYCTUTh HAa HECKOJILKO CEKYH/I MIOJIOCKY YHUBEPCAIHHON MHIUKATOPHON OyMaru u CpaBHUTH €&
OKpacKy ¢ OKpacKoi 3TajoHHOM mkainsl. Caenats BbIBOJ 0 pH nomydenHoro pactsopa 60pHOH
KHCJIOTHI.

Harmcars:

a) YpaBHECHHE PEAKIIMH B3aUMOICHCTBUSI OOPHON KHUCIOTHI C MATHHEM,

0) ypaBHEHHUE AUCCOIHAIIMI OOPHOU KUCIIOTHI; B)
3HadyeHue pH nomyueHHOro pactTBopa GOpHOM KUCIIOTBHI.

CunbHBIM WM cIa0bIM 3JIEKTPOJIUTOM sIBIIsieTCSl OOpHas KuciaoTa?

Omnpit 3. OkpammBaHue IaMeHu OOPHOM KHCIOTOMN

Haxkanute B ruiaMeHu ropenku GpappopoByro MajaoyKy, OTMETHTD I[BET IJIAMEHHU.
OnycTuTh NalovKy B MOPOIIOK OOPHON KMCIOTHI U BHOBb BHECTH B IU1aMs (Y Kpasi BHEIIHETO
koHyca). Kakyto okpacky rmiamenu qa€t 6opHast KucioTa?

Omnpit 4. 'unponu3s Tetpabopara HaTpUs

B nipoGupky ¢ 5-6 kamisiMu HEHTPaJIBbHOTO pacTBOpa JIakMyca 100aBUTh 3—4 Karau
pactBopa Terpabopara Hatpus. Kak n3menumnace okpacka gakmyca? Hamucats ypaBHeHUs peakLiuu
CTYNEHUYATOro ruApoIn3a TeTpadopara HATPHsl, YUUTHIBAs, YTO B pe3yJibTaTe EPBOM CTyNEHU
THJIposIM3a 00pa3yroTcst OpTOOOpHas KUCIOTa U MeTabopaT HaTpHsl, BTOPOH CTYIEHU — OpTOOOpHast
KHUCJIOTa U €KUM HATP.

OmprT 5. [onydyenne MaopacTBOPUMBIX OOpaTOB

B Tpu npoOupku BHECTH 110 3-4 Karuid HaCBIIIEHHOT'O pacTBOpa TeTpaboparta HaTpuUs
U 100aBUTH 10 HECKOJBKO Kareilb pacTBOPOB: B MEPBYIO — HUTpaTa cepedpa, BO BTOPYIO —
cyneara Meu, B TpeThIo — cyibdaTa amoMuHus. OTMETUTD 1IBeTa BIMABIINX OcaakoB. Hamucats
ypaBHEHUS MPOTEKAIOIINUX PEAKIIUH, YYUTHIBAsS, YTO BO BCEX PEAKIUAX yUaCTBYET BOJA U
MoJTyJaeTcsi O0pHasi KMCIIOTa, BBIMAIAIOIINE OCAIKU MPEACTABISIOT COOOH B IMEPBOM TPOOHpPKE
MeTabopat cepedpa, Bo BTOpoi — ocHOBHYIO0 cosib Mmequn CuOHBO?2 (runpokcomerabopat Mezn), B
TpeThell MPOOUpPKe — THUIPOKCHT amfoMHUHUS. [loueMy B IByX MOCIEIHUX CIy4asX HE MOTYIHIINCh
cpenHue coiu — 6opat meau u 6opat amoMuHusa? OTBET OOBSICHUTH, HATTUCAB YPaBHEHUS
COOTBETCTBYIOIIUX PEAKIIUH.

OmrsIT 6. B3anMmoeiicTBre aTTOMHHMS ¢ KUCIIOTaMHU

a) BzanmopeiicTBre amoMuHUs ¢ pa30aBICHHBIME KUCIOTAMH

B Tpu npoOupku BHECTH 10 5—8 Kamenb 2 H. paCTBOPOB KUCJIOT: XJIOPOBOIOPOIHOM,
CEpHOI1, a30THOM. B kaxayr0 mpoOUpKy OMyCTUTH IO MaJCHHKOMY KYCOUYKY aTlOMAHHEBON
donberu. Bo Becex U ciiydasix mpoTEeKaeT peakius Ipu KOMHATHOU TemmepaTtype?



Harpets nmpoOupku Ha BoasiHOM OaHe. Uto Habmonaerca? Hamucats ypaBHeHus peakiuii. Kakoi
ra3 BBIACSACTCSA IPU B3aUMOJICHCTBUHN allIFOMUHUS € pa30aBiIeHHON a30THOM kuciaoTon? C
pa30aBIICHHON CEpHOI U XJIOPOBOIOPOIHON?

0) BzaumogeiicTBue aqOMUHMS ¢ KOHLIEHTPUPOBAHHBIMH KHCIOTaMU

OmnbIT mpoBOAUTCS B BEITSHKHOM mikady! [Ipogenats onbIT, aHaTOTUYHBIN
IpEbIYILIEMY, 3aMEHUB pa30aBICHHbIE KUCIOThl KOHLEHTPUPOBAHHBIMU: XJIOPOBOIOPOIHOM
(otHoCTH 1,19 1/cM3), ceproit (mmotHOCTH 1,84 1/cM3) 1 a3oTHOM (TUIOTHOCTH 1,40 T/cM3). Kak
IIPOTEKAIOT PEAKLUH IPU KOMHATHOM TemriepaType? C Kakoi KUCIOTON altOMUHUI HE pearupyer?
[Touemy? Harpets npobupku Ha BoasHOM Oane. Kak Biauser HarpeBanue? OTMETUTH
HaOroaemble siBieHus. OTBETUTH Ha Bce Bonpockl. HanucaTs ypaBHEHUs peakiyii, yauThIBasi,
YTO a30THAsI KMCJIOTA [IPY HArPEBAHUU BOCCTAHABIIMBAETCS B OCHOBHOM JI0 TMOKCUAA

a30Ta, a cepHas IpU KOMHAaTHOM TeMIEpaType — 10 CEPHUCTOrO Ia3a, Py HarpeBaHUU — J10
cBOOOJIHOM cephl. BiuseT in u3MeHeHne KOHIEHTPALUU XJIOPOBOLOPOIHON KUCIIOTHI Ha XapaKTep
€€ B3aMO/IEUCTBHUSA C ATFOMUHUEM?

B) [laccuBarus amoMuHUS

B nipoGupky ¢ pacTBOpOM XJIOPOBOJIOPOAHOM KUCIOTHI (5—8 Karelb) OlyCTUTh
NOJIOCKY alfoMUHHMEBOH (osbru. Habmonate BeigeneHne Bogopoaa. BeiHyTh antoMuHuil u3
IPOOUPKH, OMOJIOCHYTh BOAOH U OIYCTUTh B KOHLEHTPUPOBAHHYIO a30THYIO KUCIIOTY (IIJIOTHOCTh
1,40 r/cm3) Ha 2—3 MuH. BeIHYTH, OMOJIOCHYTH BOJIOM U CHOBA OMYCTUTH B IPOOHPKY C
XJIOPOBOAOPOJHON KHUCI0TOH. Brinensercs nu Bogopon? PactBopsiercs u anromMuHuii? Uro
IIPOU30LLIO C ATIOMUHUEM?

OmnbIT 7. PacTBOpeHME aIIOMUHUS B BOJHOM PacTBOpPE IMIEI0UH

BHaecTu B mpoOUpKy MOJIOCKY aTtOMUHUEBOH (Pobru v 106aBUTh 3—4 Kariu BOBI.
Harpets npoOupky Ha BoasiHOl Oane. HabGnronaercs mu Boiaenenue Bojgopoja? JJo6aButh B
npoOupKy 5—8 Karmenb 2 H. pacTBOpa eAKoro Harpa. OTMETUTh MHTEHCUBHOE BbIIEJICHHUE BOJOPO/IA.
OTcyTCcTBHE peaky aTFIOMUHHS C BOJOW OOBSICHSACTCS HAIMYHEM Ha €r0 IOBEPXHOCTH IUIOTHOU
OKCHJTHOW TUICHKH, KOTOpast 3aTPYAHSIET JOCTYI BOAOPOAHBIX HOHOB K TIOBEPXHOCTH METAJLIA.
JloGaBneHHas mEN0Yb pacCTBOPSIET OKCUIHYIO IUIEHKY ¢ 00pa30BaHHEM I'MIPOKCOATIOMHHATA U
CO3/1a€T BO3MOKHOCTh HETIOCPEACTBEHHOI'O B3aUMO/ICHCTBUS AJIFOMUHUS C BOJIOM.

Peakuus nmporekaer no cxeme:

A1203 + NaOH + H20 — Na3[A1(OH)6]

Al +H20 — A1(OH)3 + H2

A1(OH)3 + NaOH — Na3[A1(OH)6]

ITonoGpate K03(pPULMEHTHI K ypaBHEHHSIM PEAKIIUHA.

OmnpiT 8. Businue Xa0pua—1MoHa Ha KOPPO3UIO ATFOMUHMS

Non x70pa siBiisieTcs: CUIIbHBIM aKTUBATOPOM Koppo3uu. Ero npucyrcteue B
pacTBope crocoOCTBYET pa3pyLICHUIO 3alIUTHON TNIEHKU OKCHJIA aJTFOMUHUS, BCIIEJICTBUE YETO
KOppo3us ycuiuBaercs. B 1Be mpoOMpKH MOMECTUTD MO KYCOUKY aJIFOMUHUS U JOOABUThH B OJTHY U3
HUX 5—8 Karenb pacTBopa cylbhaTa MeaH, a B JPYTyI0 — CTOJIBKO K€ PacTBOpa XJIOPHUIa MEIH.
OTMeTHUTh pa3INyYHbIi pe3yabTaT B 000UX Cllydasix: B TO BpeMs Kak B IIEPBOM mpoOupke
AIIOMUHUM OCTaeTcs MouTu 0e3 U3MEHEHUs], BO BTOPOIl OH OBICTPO MOKPHIBAETCSA HATETOM MEJIH.
HamnucaTb cooTBeTCTBYIOIIEE YpaBHEHHE PEAKIIUU.

OmnpiT 9. 'mapokcu anroMUHMS, €r0 MOJIyYEHUE U CBONCTBA

B nBe nmpobupku BHECTH MO 2—3 KaIuIM pacTBOpa COJIM AIFOMUHUS U IO 2—3 Karuiu
2 H. pacTBOpa €IKOr0 HAaTpa /10 00pa30BaHUs OCa/lKa MAPOKCHAA antoMuHus. B oqHy npobupky K
MOJIyYUEHHOMY OCaJIKy MpuOaBUTh 3—5 Karesb 2 H. pacTBOpPA XJIOPOBOJOPOIHON KHUCIIOTHI, B
JPYTYIO — CTOJIBKO K€ 2 H. pacTBOpa eIKoro Hatpa.qYto nmporcxoaut B oboux cinydasx? Caenarb
BBIBOJI O CBOMCTBaX IMAPOKCUAA adtoMuHus. Hanncars ypaBHEHUS peakyii MOIy4eHNs
TUIPOKCHUIA aTFOMUHUS U €0 B3aUMOJIEHCTBHS C XJIOPOBOAOPOTHON KMCIOTOM U €KUM HaTPOM,
YUUTBIBAsI, YTO B LIEJIOUHOM cpefie oOpazyeTcs komiuiekcHbIi anuoH [A1(OH)6]3-. Yka3ate
Ha3BaHMUs MOJIYYEHHBIX COeTUHEHUH amoMuHus. Hanrcars cxemy paBHOBeCHUS AUCCOLUAIIH
rupokcuaa amroMunus. Kak usmensercs konmnenrpaius nonoB Al13+ u [AlI(OH)6]3- npu



no6asiennu kuciaotel? [Ipu nobasneHun menoqn?

Omnpit 10. 'maponus conelt antoMUHUS

a) ['maponus xmopuaa aroMUHUS

B npoOupky BHECTH 5—6 Kareab HEHTPAIIBHOTO pacTBOpA JaKMyca 1 1-3
KaIlJId pacTBOpa XJiopuja amoMuHusa. OTMETUTh, KaKk H3MEHHJIACh OKpacka JakMyca U 00BbsSCHUTh
IPUYMHY 3TOr0 U3MeHEeHUs. HanucaTh B MOJNEKYJIIpHOM U MOHHOM BH/JI€ YPAaBHEHUE PEAKIIMU
TUAPOIN3a, IPOTEKAIOLIErO IPEUMYILECTBEHHO 110 IEPBOU cTyneHu. [ToueMy ruaposns 3Toi conu
He NpoTeKaeT 10 KoH1a? Kak MOXKHO yMEHBIIUTh CTENIEHb I'MIPOJIN3a ATOM Cou?

6) CoBMeCTHBIN THIPOIU3 XJIOPUA AIFOMUHUA U CYIbGuaa aMMOHUS

Buectu B ipoOupky 2-3 Karuid pacTBOpa COJIM aTFOMUHUS U TOOABUThH CTOJIBKO K€
pactBopa cynbpuaa aMMmorus. OTMETUTH BBINAICHUE 0CAKa THAPOKCHIA ATFOMUHHUS U BBIICTICHHUE
cepoBosiopoaa. HanmucaTs ypaBHEHHE peakliui COBMECTHOT'O TUAposn3a AByX coiieil. [louemy B
JAHHOM CiTy4ae FHMApOJIU3 MpoTekaeT 10 koHua? [Ipousoiier iu B BOAHOM pacTBOpE aHAIOTUYHAsS
peaxuusi, eciiu cyiabGua aMMOHUS 3aMEHUTH CYIbPuaoM HaTpus? Bo3MoXKHO 1 peakieit oomeHna
MEXy ABYMSI COOTBETCTBYIOLIMMHU COJISIMH B BOJHOM PacTBOPE MOJIYYUTh KapOOHAT allOMUHHUS?

JlaGopaTtopHnas padota Ne 6. DiiemenTsl moarpymnms! [V A
Omnpit 1. AncopObuus yriaém Kpacsaiux BELEeCTB U3 pacTBOpa

B ipoGupky 10 1osI0BUHBI €€ 00hEMa HATUTh CBETIIO-PO30BBIN pacTBOp (PyKCHHA.
Buectu B pacTBOp HEMHOT'O aKTUBUPOBAHHOIO yriisl. [1710THO 3aKphITh TPOOHPKY HaIbLIEM U
SHEPrUYHO BCTPAXMUBATH €€ 2—3 MuH. [laTh pacTBOpPY OTCTOATHCSA U OTMETUTH €ro 00eCIIBEUNBAHHE.

OmneiT 2. BoccTaHOBUTENBHBIE CBOWCTBA YIJIS

a) Boccranosiienue yriiém okcuaa Meau

Ha nmucte 6ymaru cmemarb 0luH 00bEM MOPOIIKA OKCHIA MEITU C IBYMsI 00BEMaMu
nopoitka yris. [[purotoBieHHy0 cMeCh IOMECTUTh B IMJIMHAPUYECKYIO TPOOUPKY, KOTOPYIO
YKpPENuTh B LITATUBE FOPU30HTAIbHO. HarpeBaTh cMech CHIIBHBIM IUIAMEHEM IOPEJIKU B TEUEHHE
10—-12 mun, Habm01as1 CHIIbHOE pacKaiuBaHue cMecu. OXJ1aauB NPoOOUPKY, BBICHIIATH €€
COJIEp’)KUMOE Ha JIUCT Oenol Oymaru. OTMETUTh LBET MOJYyYEeHHOro mnpoaykra. OOpaTuTh
BHUMaHUE Ha OJIECTAIMI KpacHOBaThli HaJIET, 00pa30oBaBLIMIICSI HA CTEHKax MPOOUPKH, U
00BSICHUTH ero oOpa3oBaHue. Hanucare ypaBHeHUE peakiiH.
6) BoccranoBneHue yriiéM cepHON KUCIOTHI

B unnmnapudeckyro npoOupKy NOMECTUTh 2—3 Karli KOHLEHTPUPOBAHHOM CEpHOM
KHUCIIOTHI (II0THOCTH 1,84 r/cM3) 1 MalleHbKHI Kycouek yrisi. YKpenuTh NpoOUpKY B IITATUBE U
Ha MaJIEHbKOM IUIAMEHU TOPEJIKU OCTOPOXKHO MoaorpeTs e€. HabmoaTe BblieeHHE Ty3bIPKOB
rasza. [lo 3amaxy onpeaenuTs OJMH U3 BbLIEISIOIMXCSA ra30B. HanucaTts ypaBHeHHe peakuuy,
YUUTBIBAs], YTO YIJIEPOJ OKUCISAETCS 10 TMOKcUAa yriepoaa. Kakoe BemecTBo BOCCTaHOBUIIOCH?

Omrt 3. [onydyeHne TMOKCHIA YTIIEpoO/ia U €ro PacCTBOPEHHE B BOJIE

[IpuroToBUTH MPOOUPKY C HEUTPAIBHBIM PacTBOPOM JlakMmyca (5—6 karens). B
MHUKPOKOJIOOUKY MOJOKHUTH 3—4 MaJIeHbKUX KyCOUKa Mpamopa. Y KpenuB KoJI00UKY B IITaTUBE
BEPTHUKAJILHO, BHECTH B Hee 5 Karesab BoAbl U 10 Karnenb KOHIEHTPUPOBAaHHON XJIOPOBOIOPOAHON
KUCIIOTBI. BBICTPO 3aKpbITh KOIOOUKY MPOOKOH ¢ ra300TBOHON TpyOKoil. KoHen TpyOku onmycTuTh
B IPOOUPKY C HEHTPaAIbHBIM PACTBOPOM JaKMyca U MPONyCcKaTh ra3z 2—3 MuH. OTMETUTh
U3MEHEHHE OKpacKku Jakmyca. Onucars npojaenaHHyro padoty. Hanucars cxeMy paBHOBecHs,
CYIIECTBYIOILEr0 B BOJHOM pacTBOpe JUOKcHIa yriaepoja. Kak cMecTurces 3T0 paBHOBECHE MTPH
no6asiieHuH B pacTBop 1ménoun? Kucnotsl? Ykazare NpUUUHy CMEIIEHHs PAaBHOBECHS B KAXKIOM
clIydae.

OmnsiT 4. ManopactBoprMble KapOOHATHl HEKOTOPBIX METAJIOB

a) IlonyueHnue kapOOHATOB MIETOYHO3EMENBHBIX METAIIOB M UX PaCTBOPEHHUE B
YKCYCHOM KHCJIOTE
B Tpéx mpobupkax momyuyuTh KapOOHATHI KaIbIIHs, CTPOHIUS U Oapws



B3aUMOJICICTBHEM PACTBOPOB COOTBETCTBYIOIINX COJICH ¢ kapOoHaTOM HaTpus (110 3—4 Karum).
JlaTh pacTBOpam OTCTOSITHCS U, yAIHB MUIETKON WIH KYCOUYKOM (PMIBTPOBAILHON Oymaru 4acthb
KUAKOCTH, JOOABUTH K OCAJKaM IO OJTHOM Karuie yKCyCHOM KUCIOThL. UTo HaOmonaercs?
OTMeTHUTD BBITIAZICHUE OCA/IKOB, UX LIBET U PACTBOPEHUE B YKCYCHOM KUCIIOTE,
COIPOBOXKAOIIeecs BblAeNeHueM raza. Hanmcarb ypaBHeHHs BCeX MPOTEKAIOLINX PEaKIUil.

0) OObpazoBaHue rUIPOKCOKAPOOHATOB HEKOTOPBIX METAIIIOB

K pactBopam comneit maraus, kob6anbpTa U kaaMus (1o 3—4 xamim) 700aBUTh CTOIBKO
e pacTBopa kapOoHaTta HaTpus. OTMETHUTh BBINMACHUE OCAIKOB I'MIPOKCOKaPOOHATOB YKa3aHHBIX
METaJIJIOB, UX LIBET U BbIIEJICHHE My3bIPhKOB ra3a. Hamucats B MOJIEKYJISIPHOM U HOHHOM BUJIE
YpaBHEHHUS peakIuii, MPOTEKAIOIIUX C Y4aCTUEM BOJBI.

OmpiT 5. 'mnponus kapboHata u ruApoKapOoOHaTa HATPHS

B nBe npobupku BHECTH 110 3—4 Karuti HEHTPaILHOTO pacTBopa JakMmyca. B ogHy u3
npoOupok 106aBuTh 1—2 Karum pacTBopa KapOOHATa HATPHS, B PYTyI0 — TAKOE e KOJIMYECTBO
pactBopa rugpokapOoHaTa HaTpus. OTMETUTh pa3Iuuue B OKpacke Jakmyca. Hamucats B
MOJICKYJISIPHOM U HOHHOM BUJIE YpaBHEHHsI peaKlMy THIPOIU3a NEpPBOM U BTOPOi conu. B kakom
ciIy4ae THApoJIn3 poTekaet cinadee? [Touemy?

OmnpiT 6. Bnusnue kapOoHAT-MOHA HA TUIAPOITIN3 HEKOTOPHIX COJIeH

K pactBopam coneit xenesa (I11) u onosa (I1) (3—4 karm) nobaButs mo  3—5 Karens
pactBopa kapOonara HaTpus. OTMETUTH BBIACTICHHE Ta3a U 00pa30BaHUE OCAAKOB THIIPOKCUIOB
JKenesa U oyioBa. HamucaTs ypaBHEHUS peakiuii THAPOIN3a yKa3aHHBIX COJIeH npu 100aBIeHUH K
HUM KapOoHnata Hatpusl. [Touemy B npucyrctue nona CO32- ruiposn3 NpoTeKaeT NpakTHIeCKH
J10 KoHLa?

OmnpiT 7. TepMudeckoe pa3inokeHne KapOoOHATOB

B onny npobupky BHecTH HeMHOTO (He Oosee 1/8 mpobupkm) cyxoro
THIPOKCOKapOOHATa ME/IH, B APYTYIO — CTOJBKO K€ CyXoro kapOoHara kanbius (mena). [Ipooupky
C COJIBIO ME/IM YKPENUTH B LITATUBE FOPU30HTAIIBHO, CIIETKA HAKIIOHUB OTBEPCTUEM BHU3. 3aKPbITh
e€ MpoOKO¥ ¢ U30THYTOM ra300TBOIHON TPYOKOi, KOHEll KOTOPOM OIYCTUTh B IPOOUPKY C
U3BECTKOBOM BOs0H. [IpoOupKy ¢ COJIBIO HarpeBaTh MAJIEHBKUM IJITAaMEHEM ropeniku. Uto
IIPOUCXOJUT C U3BECTKOBOM BO/10i? Uem 00bsicHUTH 3TO siBeHHe? KakoB cocTaB oOpa3oBaBiierocs
ocaznka? Hamucath ypaBHeHHUs peakluil pa3iokKeHus THAPOKCOKapOoHaTa MeIu PU HarpeBaHUH U
B3aMMOJEMCTBYS BBIAEIISAIOIIErOCS I'a3a C U3BECTKOBOW BOAOW. AHAJIOTUYHBIN OIBIT IIPOBECTH C
KapOoHaToM Kaiblus. [IpokanuBanue BecTH 0oJiee SHEPIrUYHO U MPOJoLKUTENBbHO. Habmronats
COOTBETCTBYIOIIKE siBJIEeHUSA. OTMETUTH pa3Inyie B TEPMUUECKON ycTOMUMBOCTH coneil. Hanmucats
YpaBHEHUS PEaKIIUM.

Onmnpit 8. [Tosryuenue reis v 30158 KpEMHUEBOW KUCIIOTHI

B oany npobupky BHecTH 4-5 Kamnenb CUIIMKaTa HATpus, B APYTy0 — 4-5 Kamnenb
KOHIIEHTPUPOBAHHOMN XJIOPOBOJOPOIHOM KUCIOTHI (TIIOTHOCTH 1,19 r/cm3). Jlo6aBUTE B IEPBYIO
npoOupKy 6-7 Karemns 2 H. pacTBOpa XJIOPOBOJAOPOIHON KUCIOTHI, BO BTOpYIO — 1-2 Karu
HaCBILIEHHOI'O PacTBOpa CUJIIMKATa HATPUs. 3aKpPBITh MPOOUPKH MAJBIEM U BCTPSIXHYTh HX.
Habmtonate oOpa3oBanue refis KpEMHUEBOM KUCIOTHI B TIEPBOM TPOOUPKE U 307151 BO BTOPOIA.
[TomydeHHBIH 307 KPEMHHEBOW KHUCIOTHI HATPETh MAJICHBKUM IIAMEHEM TOPENKH JI0 TIepexo/ia B
renb. Kak Ha3pIBaeTCs mpoliece rnepexoaa 307s B reib? Kakoe 3HaueHne nMeeT HarpeBaHue?
Onucatp npojenannyto padbory. HamucaTs ypaBHEHHE peaKIuu MOJTYISHUS KPEMHUEBOU KUCIOTHI
H2SiO3 .

OnpiT 9. Conu KpeMHUEBOM KHUCITOTHI

a) IlonyueHue cunmukara HaTpuUs

[ToctraButh TUTENEK HA (hapPOPOBBIN TPEYTOIBHUK, TOJIOKHUTH B HETO MTUHIIETOM
KYCOUEK €JKOTO HaTpa BEIMYMHOU ¢ TOpoIHHy. HarpeTs TUTensb 10 MOTHOTO pacIlIaBICHHS
niénoun. B pacniaBieHHy0 MacCy BHECTH OJJUH MHUKPOIIATENh MPOKAJICHHOTO CUIIUKAressl 1



CHOBa HarpeTh Maccy 0 MOJIHOTO paciuiaBieHus. YToObl yOeIUTHCS B MOTYYEHUH COJIN
KPEMHHEBOM KHCIIOTHI, IPOBECTH CIAEAYIOIUI ONBIT. TUTENEK OXJIaAUTh, MPUOABUTH B HETO 5—8
Kanesiab JUCTUIIMPOBAHHOW BOJIBI M TIIATEIBHO MEPEMENIATh CTEKIIIHHOM Najnoukoi. Heckonbko
KareJb pacTBOpa NEPEeHECTH MUMETKON B WIMHIPUYECKYIO Tpooupky. B pacTtBop mpubaButh
paBHBIN 00BEM 2 H. pacTBOpa XJIOPOBOJAOPOTHON KUCIOThI. Hanucars ypaBHEHUS peakiinii
MOJIyYEHHUs CHITUKATa HATPUsl M KPEMHHEBOM KHCIIOTHI yciaoBHOM (hopmyisr H2S103.

0) TlomyueHue MamOPaCTBOPUMBIX COJICH KPEMHHEBOW KHCIIOTHI

B 4 npobupku BHecTH o 3—5 Karelb pacTBOPOB COJICH: B TIEPBYIO — XJIOPUAA
KaJIbIUsl, BO BTOPYIO — HUTpaTa KoOasibTa, B TPEThIO — HUTpPaTa CBUHIIA, B UETBEPTYIO — CyibdaTa
Meau. J1o06aBuTh B Kaxayro IpoOUpKy Mo 2—3 Karulk pacTBopa cuiimkara HaTpus. OTMETUTh [[BETa
ocaakoB. Hanucarb cOOTBETCTBYIOIINE YPAaBHEHUS PEAKIUI.

Omnpit 10. 'maponus cunukara HaTpus

B nBe npobupku BHEeCTH 0 5-6 Karenb pacTBOpa CHIIMKATa HATPUs, B OJTHY U3 HUX
n100aBuTh Karumo GeHondranenna. OTMETUTD MOSBIECHUE KpacHOM okpacku. Ha n30bITOK Kakoro
HMOHA 3TO yKa3biBaeT? Bo BTOpyrO MpoOUpPKY 100aBUTH 4—5 Kameinb pacTBOpa XJOpH1a aMMOHHUS.
OTMeTUTh HaOJI0JTaeMBbIC SIBJICHUS U OOBSICHUTH Pa3Inune B CTEIICHU THAPOJIM3a CUIIMKATa HATPHUS
B YHCTOW BOJIC U B MMPUCYTCTBUU XJIOpHUIa aMMOHUA. Harncars MonekysipHble 1 MOHHBIE
ypaBHEHHUsI 000UX CiydaeB Tuaposin3a. [[pucyTcTBre KaKoro noHa YBEJIMYUIIO CTETIEHb THAPOIN3a
BO BTOpOM citydae? Kak yMeHbUINTh TUAPOIIN3 CUIIMKATa HATPUS?

OmneiT 11. BoccTaHoBiieHHE OKCHIA 0JI0BA YIIIEM

Oxcup onoBa (2-3 MUKpoOIITIaTeNs) cMellaTh Ha KyCOUKe OyMaru ¢ JBOMHBIM
KOJINYECTBOM MOPOIIKO0Opa3zHoro yris. [1ony4eHHy0 cMeCh TOMECTUTh B IMJIMHIPUIECKYIO
IpOOUPKY, KOTOPYIO YKPENUTh B IITATUBE rOpU30HTANIbHO. HarpeBath cMech m1aMeHeM Topesiky B
tedeHue 10 muH. [lo oxnaxkaeHuu npoOUpPKH BBICHINATH COAEP)KUMOE Ha OyMary U pacCMOTpPETh
MoJyueHHOe 0JI0BO. HamucaTh ypaBHEHHE peakiiii BOCCTAHOBJICHUS OKCH/IA OJI0BA YIIIEM.

OmeiT 12. Boccranosnenue ososa (1) u3 pacrBopa

B npoGupky BHecTu 5-6 kaneinp pactBopa xjiopuaa onosa (II). Onyctuts B Hero
MaJIeHbKUI KycoueK IMHKA. OTMETUTh BbIJIEICHUE METAITINYECKOIO 0JIOBA Ha IIOBEPXHOCTH
nuHKa. Hanucats ypaBHeHHEe peakiiy B MOHHOM BHJIE.

OmnriT 13. B3auMoeicTBre 0j10Ba ¢ KUCJIOTaMU

a) JleficTBre Ha 0J10BO pa30aBJIEHHBIX KUCIOT

OnbIT IPOBOAUTCS B BHITSDKHOM IKady! B Tpu mpoObupku monoxxuTs o
MaJIeHbKOMY KYCOUKY METaJLTNYECKOro 0JIoBa. B kaxayro 13 npoOupok 100aBUTh pa3aeabHo Mo 4—
6 Kamnenb 2 H. paCTBOPOB KHUCIIOT: XJIOPOBOJOPOIAHOM, CEPHOM, a30THONU. OTMETUTH MEJJICHHOE
B3aMMOJIeIICTBHE ITPU KOMHATHOH TeMriepatrype. HarpeTs nmpoOupku Ha BoJsiHOM OaHe Win Ha
MaJIeHbKOM IlIaMeHU ropeniku (octopoxHo!). Habmonats Beiaenenue raza. HanucaTs ypaBHEHUS
NPOTEKAIOIMX PEAKIUH, YUUTBIBAsA, YTO MIPHU B3aUMOJICHCTBHH 0JIOBA C pa30aBI€HHON a30THOM
KHCJIOTOU BhIZIENsieTCs TperumyiiecTBeHHO NO, a 0JI0BO OKHCIISIETCS BO BCEX CITydasx 10 Sn2+,
o0Opa3yst cooTBeTcTByomue conu. Kakoil ra3 Bblgensercs Ipu B3aUMOJAEHCTBUHU OJIOBA C
pa30aBIeHHOI CepHOI U XJIOPOBOAOPOAHOM KUCcIOTAMU?

0) JleiicTBHe Ha 0JIOBO KOHIICHTPUPOBAHHBIX KHCIIOT

OnbIT IPOBOAUTCS B BHITSDKHOM HiKady! PacTBop paz0aBieHHBIX KHCIOT
OCTOPOKHO CJIUTH C OJIOBA, TPOMBITH €0 BOJOW U B KaXAyI0 IPOOUPKY 100aBUTH 1O 4-5 Kamnenb
KOHIEHTPUPOBAHHBIX KUCJIOT: B MEPBYIO — XJIOPOBOJIOPOAHOM (MII0THOCTH 1,19 r/cM3), BO BTOpYIO
— cepHoii (T1oTHOCTH 1,84 r/cM3), B TpeThio — a30THOM (moTHOCTH 1,40 r/cM3). Kak umayt
peakuu Ipu KOMHAaTHOH TeMnepatype? Harpets mpoObupku Ha BOSIHON OaHe MM Ha MaJIEHbKOM
TJIaMeHU Topenku (ocTopokHO!). OTMETUTh TeUEHNE PeakIluu NMpy HarpeBaHuu. Kakoii ra3
BbIIENsIeTCs B 1epBoil mpoOupke? [lo 3amaxy onpenenuts ras3, BhIACISIOMUNACS BO BTOPOH
npobupke. Hanmcare ypaBHEHUs MPOTEKAIOLINX PEaKLUi, yUUTHIBAs, YTO IPU B3aUMOJCHCTBUU C
KOHIIEHTPUPOBAHHOM CepHOI KHCIOTOM 010Bo okucisercs 10 Sn(IV) ¢ obpazoBanuem Sn(SO4)2,
a cepHas Kuciora BoccraHaBinuBaercs 10 SO2. [Ipu B3aumoneiicTBuu 0J10Ba ¢



KOHIICHTPHUPOBAHHOM a30THOW KHCIIOTOW 00pa3yeTcst Oemblii 0caoK [ — OJIOBSIHHOW KHUCIOTHI
cioxxkHoro cocrasa xSnO2 - yH20, KOTOpO#i YCIOBHO MPUITUCHIBAIOT (POPMYITY METAOJIOBSIHHOM
kucioTel H2SnO3. A30THas KucnoTa BOCCTaHABIMBAETCS TP 3TOM 0 NO2.

Omwit 14. I'mapokcua onosa (II) u ero coiicTBa

B nBe npobupku BHecTH 110 2-4 Karm pactBopa xjopuaa oosa (II). B kaxmyro
npoOUpKy A00aBUTH MO 2-5 Kamnelnb 2 H. pacTBOpa €KOT0 HaTpa 10 oOpa3oBanus ocaaka. K
MOJIyUEHHOMY TUJIPOKCH]Y 0JIOBA J00aBUTh: B IEPBYIO MPOOUPKY — 3-5 Kamenb 2 H. pacTBOpa
XJIOPOBOAOPOJHON KHUCIIOThI, BO BTOPYIO — CTOJIBKO K€ 2 H. pacTBOpa €AKOro Hartpa. PacTBopsl
pa3Mernarh CTEKISTHHOM MaT0YKON HITH OCTOPOKHO BCTPSXUBATH MPOOUPKU B 00OHX CIIyYasix J0
pacTtBopeHHs ocaakoB. OTMeTUTH HaOI0JaeMble SIBJICHHS U CIENIaTh BBIBOJI O CBOMCTBAaX
ruapokcuaa onosa (II). Hanucats ypaBHeHUs peakuuii HOTy4yeHUs THIPOKCHIA 0JI0BA U €ro
B3aMMOJICHCTBYS C KHCIOTOM M MIENOYBI0, YIUTHIBAS, YTO B IIEJIOYHOM PACTBOPE 00pazyeTcs
KoMIUTeKCHbIM aHuoH [ Sn(OH)4]2- (terparuapokcocrannat(ll)-annon). Kakue nonsl ojioBa
HaxOoJsITCS MPEeuMyIecTBeHHO B pacTBope nipu pH < 7? Ilpu pH > 7?

Omprt 15. I'maponus xnopuaa ososa (11)

Hanute B npobupky 1-4 Karmim BoJbl ¥ ONYCTUTH B Hee 2-3 KpUCTAJUIMKA XJIOpUAA
osioa (II). Pazmeriats copepxuMoe CTEKJIIHHOM MAJIOUKOI 10 MOJTHOI'O PaCTBOPEHUSI KPUCTAILIOB.
K nosnyueHHOMY IpO3payHOMY pacTBOpy 100aBUTH elie 5-6 karneab Bojbl. OTMETUTH 00pa3oBaHue
ocanka ruznpokcoxsiopuna oyiosa (II) — SnOHCI. [Tpubasnenrem Kakoro peakTuBa MOXKHO
YMEHBUIMTh THAPOJIN3 XJIopHuaa ojoBa? IIpoBepuTs cBoe 3akitoyeHue onelToM. Yro Habaroaercs?
Hanucath ypaBHEHUs BceX MPOTEKAOUIUX peakiuil. OObACHUTD BAUsSHUE 100aBIECHUS BOJIbI U
KHCJIOTHI Ha CTETICHb TU/POJIN3a 3TOH COJH.

Omnpit 16. BoccranoBuTenbHbBIE cBOMCTBA coequHeHM ooBa (1I)

a) BoccranoBnenne nepMaHranaTa Kajus XJIOPUIOM OJI0OBa

B npobupky ¢ pactBopoMm nepmanranara kanus (3-5 kamnens) 100aButh 1-2 xarmim 2
H. pacTBOpa XJIOPOBOJAOPOIHOM KUCIOTHI M 3-4 Karuid pacTBOpa coiiu osoBa. Uro Habmogaercs?
Hamnucars ypaBHEHUE peakiu, MpOTEKaroIIe ¢ oopasoBanuem xyopuaa maprasia (11). B kakyro
CTETIeHb OKHCJICHHUS TIEPEXOUT 0JI0BO?

0) BoccranoBnenue nuxpomara Kanus

K pactBopy xsopuaa osnosa (II) no6aButs 1-3 kamau Xi10poBoIOPOJHON KUCTOTHI. K
MOJKHCIIEHHOMY PacTBOPY IO KarjIsiM MpHOaBiIATh AMXpomar kKainus (2-3 kamu). HaGmonaTs
MOSIBJIEHUE 3€JIEHON OKpacKu BcaeAcTBUE BoccTaHOBIeHUS HoHa Cr2072- B mon Cr3+. Hanucats
ypaBHEHUE MPOTEKAIOIIEH PEAKIIUH.

B) Boccranosnenue xmopuna xenesa (I11)

B nBe mpo6upku BHecTH 1o 1-2 kamu pactBopa xiopuna xxenesa (I1I) u
rexcarmanodeppara (I1I) kanmusa K3[Fe(CN)6] (peaktus Ha uoH Fe2+). B o6e nmpobupku 100aBUTH
BO/Ibl. OTMETUTH OKPACKY MOJYyYEHHBIX pacTBOPOB. OHY NPOOUPKY COXPAaHUTh JIJIsl CPAaBHEHUS, B
JIpyryto n1o6aBuTh 2-3 karum pactBopa xjuopuja ojosa (II) u HabmrogaTh B HEl MOSIBIEHNUE CUHEH
okpacku BcreacTBue oopazoBanus Fe3[Fe(CN)6]2. [louemy OTCYTCTBYeT CHHSISI OKpacKa B IEPBOM
npobupke? Hanucate ypaBHEHUs IPOTEKAIONIEH OKUCINTEIEHO-BOCCTAHOBUTEIBHOM peakiy U
peakuuu oOpa3oBanus rexcarranodeppara (I1) sxenesa (II).

Omnsit 17. Cynedun onosa (II) u ero coiicTBa

OnsIT IPOBOAUTCA B BBHITSDKHOM IKady! B aBe mpoOupku BHECTH MO 2-3 Karuu
pacTtBopa xjopuaa ososa (I1) 1 mo 5-6 kanenb cBEXXENMPUTOTOBICHHONW CEPOBOIOPOTHON BOJIHI.
OtmeTuTh 00pa3zoBaHMe OCa/IKa Cyab(puaa 0JI0Ba U ero LBeT. [laTh 0caKy OTCTOSTHCSA U YAAIUTh
MOJIOCKOH (pUIbTPOBaTIBLHOM OyMaru W30BITOK KUAKOCTH U3 00enx mpodupok. [pnbaButh Kk ocaaxy
B 0JIHOI npoOupke 3-4 Kary CBEeXENPUTOTOBICHHOTO CyIbGuaa aMMOHHUS, K OCAAKY B IpYyron
poOUpKe — CTOJIBKO ke pacTBopa Aucyabduma ammonust (NH4)2S2. O6e npoObupku S3HEPTrUIHO
BCTPSIXHYTh HECKOJIBKO pa3 WM pa3MelIaTh paCTBOPHI CTEKIITHHOM Majgoukoil. B kakom ciyuae
IIPOUCXOJUT pacTBOpeHue ocaaka? Hanucars ypaBHEHUs peakIuu:

a) nony4eHus cyibduna onosa (II);



0) B3aumozeiicTBus cynbduaa onosa (I1) ¢ nucynbhumom aMMOHUS B 1BE CTAIHH,
yuuTHIBas, uTo Cyibdun onosa (II) oxucnsercs qucynbduaom aMmmoHus 10 SnS2, KOTOPBIiA 3aTeM
pacTBopsieTcs B cynbpuae aMMOoHUs, 00pa3ys THoctanHaT amMmonus (NH4)2SnS3.

OTMeTUTh U OOBSICHUTH Pa3JINUUs B CBOMCTBaxX cynbhuaoB ojosa (II) u omosa (IV).

Omprt 18. I'mapokcua onosa (IV) u ero croiicTBa

B nBe npoOupku BHecTH 110 2-4 Kariu pactBopa xjopuaa onosa (IV) u mo 2-4
KaIlJIi 2 H. pacTBOpa €IKOro HaTpa (10 BeimaaeHus ocaaka). K moixyyennoMmy ocaaky 100aBUTh B
OJIHY IPOOMPKY HECKOJIBKO KaIlellb XJIOPOBOAOPOAHOM KHCIOTHI, B IPYTYIO — HECKOJIBKO Kareib
€IKOro HaTpa (B 000oUX ciydasix 10 pacTBOpeHUs ocaaka). Hamucars ypaBHEHUS peaKIIuii
nosryueHus rusipokcusia ojaosa (IV) u ero B3aumMoaeicTBus ¢ KUCIOTON U MIENOYbIO, YUUTHIBAS,
YTO B IIEJIOYHOM cpene oOpasyercs noH rekcaruapokcocrannara (IV) [Sn(OH)6]2-. OtmeTuts
cBoicTBa ruapokcuaa onosa (IV). Kak uzmensiercst konuentpaius 1ono Sné+ u [Sn(OH)6]2-
npu nqobasneHnn menoun? Kucnorel? Cnemyer OTMETUTD, YTO B CHIIBHOKHUCIION Cpefie PU
M30BITKE KUCIOTHI 00pa3yercst noH [SnC16]2-.

Ompit 19. Cynedua onosa (IV) u ero cBoiicTsa

a ) [lonyuenue cynsduna onosa (IV)

OmnsiT mpoBOAKTCA B BHITSDKHOM IKady! K pactBopy xmopuna  onosa (IV) (1-2
KaIjn) 100aBUTh CBEKETPUTOTOBIEHHON cEpOBOJOPOIHOM BOJBl. OTMETUTD LIBET NOJYYEHHOTO
0CaJIKa U HalucaTh ypaBHEHHUE COOTBETCTBYIOLIEH PEAaKIIUH.

6) [Tomyuenue THOCONIN OJIOBA

[TomyyeHHOMY B IPEABIYILEM OIBITE OCAJIKY 1aTh OTCTOSTHCS U, YAAIUB MOJIOCKOM
GMIBTpOBANBEHOM OyMaru U30BITOK KHUIKOCTH, 100aBUTH K HEMY 5—6 Karesb cylbhuaa aMMOHUS.
3aKkphIB IPOOHUPKY MANBILIEM, SHEPTHYHO BCTPAXHYTH €€ 10 TIOJTHOTO PACTBOPEHUS TUCYIb(HIa
0JI0Ba, NpOTEKaroIIero ¢ oopazosanuem TuoctanHara ammonus (NH4)2SnS3. PactBopsics nu
ocaziok cynbduaa onosa (II) B cynbdune ammonus? Hanucars ypaBHeHHE peakIUy.

B) Pa3pymienue THOCTaHHATa aMMOHUS B KUCIION cpefie

K pactBOpy THOCOIM 0J10Ba, TTOJYYEHHOMY B MPEIBIAYIIEM OIBITE, 100aBUTh 2—3
KaIlJIM KOHLIEHTPUPOBAHHON XJIOPOBOJAOPOAHOM Kuca0Thl. Kakoe BelecTBo BbIano B 0Ca0K?
Kakoii ra3 Beigensercs? OtmeruTs Habmogaemble sgBieHus. Hanucats ypaBHeHUe peakiuu
B3aMMOJEICTBYS THOCTAHHATA AMMOHHS C XJIOPOBOJIOPOJHOM KUCIOTOW B MOJIEKYJISIPHOM U
MOHHOM Buje. B kakoil cpesie ycToi4MBBI THOCOJIN — KUCIION WK 1eaoyHoi? Yem oObscHseTCs
pasnuuue B cBoiicTBax cyiabpuaos SnS u SnS2?

OmeiT 20. Boccranosnenne nona ceunia (1) uz pacrsopa

B npoOupky nomecTuTh Kycouek IMHKa U IpubaBuTh 5-6 Kamnesb pacTBopa
HUTpAaTa WK anerara cBuHua. HaOmronaTh BblJiesieHUue CBUHIIA B BUJIE€ OJIECTAIINX KPUCTAIIIOB.
Hanucath ypaBHeHHe peakiiuy B MOHHOU ¢opme. KakuMu MeTaniaMu MOKHO 3aMEHUTh B 3TOM
OIBITE IIUHK?

OmnriT 21. B3auMmoielicTBie CBUHIIA C KUCIOTaAaMHU

a) [leiicTBue Ha CBUHEI] pa30aBIEHHBIX KUCIOT

OnsIT TPOBOAMTCS B BBHITSDKHOM IKady! B Tpu mpoOUpKH MOMECTHTH 110
MaJE€HbKOMY KYCOUKY CBHUHIA M IPUJIUTH IO 5-8 Karemb 2 H. paCTBOPOB KHUCIIOT: B IIEPBYIO —
XJIOPOBOJIOPOJIHOM, BO BTOPYIO — CEpHOM, B TPEThIO — a30THOM. HarpeTs mpoOupku MaJleHbKUM
rIaMeHeM ropenku. Bo Bcex mu mpobupkax nporekaet peakius? [locne oxnaxaeHus pacTBOPOB
B KOKAYIO TPOOUPKY J00ABUTH MO 2—3 Karulk pacTBopa ioauaa Kanus. B kakom cirydae BbIman
ocazlok mommaa ceuHINA? Ha ocCHOBaHWH OITBITA CIAENATh BBIBOJI, B KAKOH M3 B3STHIX KUCIOT CBHHEI]
MpakTUYeCcKu pacTBopsieTcss. OOBSICHUTh TPUYUHY PA3TMIHOTO OTHOIICHHS CBUHIIA K YKa3aHHBIM
kuciotaM. OTBETUTH Ha Bolpockl. HanucaTe ypaBHEHUE peakuu, yYUTHIBAsI, 4YTO IPU
B3aMMOJICHICTBUH CBHHIIA C pa30aBIeHHON a30THOW KHCIOTOM BBIENIETCS TpenumyInecTBeHHO NO.



0) [eticTBue Ha CBHHEI] KOHIIEHTPUPOBAHHBIX KHUCIIOT

OmnbIT IPOBOAUTCS B BHITSDKHOM HIKady! OCTOPOKHO BBUTUTH PACTBOP KUCIOT U3
BCEX MPOOUPOK, OMOJIOCHYTH CBUHEI] BOJIOH 1 MOJEWCTBOBATh HA HErO KOHLIEHTPUPOBAHHBIMU
KHCJIOTAMU: XJIOPOBOIOPOHOM (ToTHOCTH 1,19 1/cM3) cepHoii (mmoTHOCTH 1,84 1/cM3) 1 a30THOM
(utotHOCTH 1,40 1/cM3), 1006aBIISIsI KX pa3IeIbHO B KXY MPOOUPKY 110 3-5 kanenb. OTMETUTb,
KaK [POTEKAIOT peaKkiMy Ipyu KOMHATHOU TeMiieparype. Harpets npoOupku Ha BoasHON O6aHe Wil
Ha MaJICHbKOM IJTAMEHHU TOpenkH (ocTopoxkHO!). Uto Habmomaercs? OtmeTuth oOpazoBanue NO2
IIPY B3aUMOJICHCTBUY CBUHIIA C KOHIIEHTPUPOBAHHOM a30THOM kucioTol 1 SO2 npu
B3aMMOJICHCTBUY ¢ KOHIIEHTPUPOBAHHOM cepHOii kucnoTol. [locie oxmaxaeHus: pacTBOpoB
I00aBUTh K HUM MO 2-4 KaIlyIk BOAGI U 10 2—3 xamiu Hoauaa kanus. Caenath BEIBO, B KAKOH U3
KHCJIOT CBUHEL HanOouiee pacTBopuM. Hanucarh ypaBHEHMsI COOTBETCTBYIOLINX PEAKIIHM,
YUUTBIBAs, YTO CBUHEII BO BceX ciaydasx okucisercs 1o Pb(Il), naBas ¢ KOHIIEHTpUPOBAaHHOMN
cepHoii kucinoroit Pb(HSO4)2. Kakoe coequHeHne CBUHIIA MTOTYYaeTCsl IPH B3aMMOJICHCTBHH C
A30THOM KUCJIOTON? BinsieT u Ha XapakTep peakiuy KOHIIEHTPAUsI XJIOPOBOIOPOAHON KUCIOTHI?

Omprt 22. I'mapokcua ceunna (I1) u ero cBoiicTra

B nBe npoOupku momMecTuTh 1o 2-3 Kariu pacTBOpa COJIU CBUHIIA U JOOABUTH B
KaXKIYI0 [10 HECKOJIbKO Kamelb 2 H. pacTBOpa €IKOro HaTpa J0 BbllajeHus ocajaka. Mccienosarsb
CBOWCTBA MOJIYY€HHOT'O THPOKCH/Ia CBUHIIA, T00ABUB B OJHY MPOOUPKY HECKOJIBKO Karelb 2 H.
pacTBoOpa a30THOI KUCIOTHI, B IPYTYIO — 2 H. pacTBOpa €KOro Hartpa. Pazmemiats pacTBopbI
CTEKJISTHHOW MAJIOYKOM MM OCTOPOKHO BCTPSXHUBATH MPOOUPKU J0 PACTBOPEHHUS OCAIKOB B 000MX
ciydasix. Ha ocHOBaHMH pe3yIbTaTOB ONBITA CENATh BHIBOJ O CBOWCTBAX T'MIPOKCHIA CBUHIIA.
Hanwmcare ypaBHeHUS peakiuii MorydeHus THAPOKCHAA CBUHIIA, €T0 TUCCOIMAINN 1 PACTBOPEHUS
B KHCJIOTE U IIETI0YH, YIUTHIBAs 00pa30BaHKE B LIENIOYHOM cpefie koMmiuiekcHoro annoHa [Pb(OH)
6]4- (rekcaruapoxcormntomOat (II)). [Touemy B JaHHOM OMBITE CEAYET MOIB30BATHCS a30THOMN
KHUCJIOTOM, a HE XJIOPOBOJIOPOITHOM WJIM CEPHOM?

Omnpit 23. [lonyyeHre HEKOTOPBIX ManopacTBOpUMbIX cosield cBuHLA (11)

OmnbIT MPOBOAMTCS B BHITSDKHOM IKady! B ueTpipe mpoOupku pa3aenbHo BHECTH 2
-4 Karmm 2 H pacTBOPOB CEPHOM U XJIOPOBOJOPOIHOM KUCIIOT, pacTBOpa HoAMUIa KaJIUs U
CepOBOZIOPOAHOM BOJBI. B Kaxkayro npoOupky 106aBUTh 1O 2-3 Kalii pacTBOpa COJIM CBUHIIA.
OTmeTuTh 00pa3oBaHME OCAIKOB U MX IIBET. Bo Bce mpoOupku 100aBUTH M0 2-3 Kariy BOJbI U
HarpeTh Ha BOJsHOW OaHe. OTMETUTh pacTBOPEHHUE XJIOPHa U 0u1a CBUHIIA IPU HAaIPEBaHUU.
OnycTuTh TpOOUPKH C PACTBOPOM B CTaKaH C XOJIOJHOM BOJIOH U MOCIIE OXJIaXKACHUS HaOII0AaTh
CHOBa 00pa3oBaHUE 0CAJKOB XJIOpUa U Hoauaa cBUHIA. PacTBOPSIIOTCS JIM IpU HarpeBaHUU
cynbdar u cynbdun ceunua? Hamucars ypaBHEHHs BCeX MPOTEKAIOIUX PEAKLIUH.

Omnpit 24. 'maponus coneit ceunna (1I)

OnycTuTth B IpoOUpKH 2-3 KpUCTAJUIMKA HUTpaTa CBUHIIA U 100AaBUTH 4-5 Karelsb
BOJIbl. PazMeriaTh coiep)kuMoe CTEKJITHHON MalOuKOoil 10 MOJTHOTO PaCTBOPEHUS KPUCTAIIIOB U
n00aBUTh HENTpaIbHBIN pacTBOp Jakmyca. Yto Habmonaercsa? Kakas cpea B pacTBope HUTpaTa
cBuHIa? Harpets cierka pactBop u, 100aBUB K HEMY TaKo e 00bEM pacTBOpa KapOoHaTa
HaTpus, CHoBa HarpeTb. HaGmonaTh Beinanenue ocajaka coinu 2PbCO3 - Pb(OH)2. B kaxoii
KHCJIOTE MOKHO PACTBOPUTH MOJTy4eHHYIO coilb? [IpoBepuTh CBOE 3aKiII0UEHHE OMBITOM.
OOBscHUTD Bee HaOmo1aeMble siBlieHHs. HanucaTh ypaBHEHHE peakuy THApOIn3a HUTparTa
CBUHIIA TI0 nepBoii cTyneHu. Kak BnusieT nobasneHue kapOoHaTa HaTpUsl Ha 3TOT Ipolecc?
Hanucarb ypaBHeHHE peakIIii COBMECTHOTO THAPOJIN3a HUTPATa CBUHIA U KapOOHATa HATPUS.

OmnpiT 25. Okucnenue coenunennit ceunua (1) nepokcuaom Boopoaa

K pactBopy conu ceunna (II) (2-3 xamm) no6asuts 2-3 xamum 40 % pactBopa
eakoro Hatpa U 4-6 xamnens nepoxkcuaa sogoposa. [lomydennsiii pactsop Na4[Pb(OH)6]
pa3MeriaTh CTEKJISHHOM Majl04YKoil U HarpeTh Ha BOJSHOM OaHe WM Ha MaJI€HbKOM IJIaMEHU



ropenku. HabGmonaTe 06pa3oBaHre KOpUUHEBOTO OCaKa JUOKCH/A CBUHIIA. Hamucats ypaBHEeHUS
peaxIuii B3auMOICHCTBUS HUTPATa CBUHIIA C U30BITKOM €IKOTO HAaTpa M OKUCICHUS MOTYYCHHOTO
Na4[Pb(OH)6] nepokcunom Bogopoaa. Moxkuo i Pb(Il) okucnuts nuxpomarom kamus? Kakas
CTEIeHb OKHCIIeHas OoJiee XxapakTepHa s cBuHna: +II umu +1V?

OmbIT 24. AMOoTEpHBIC CBOHCTBA TUOKCH/IA CBUHIIA

a) BzanmopelicTBre TMOKCHIa CBHHIIA C XJIOPOBOJIOPOIHON KUCIOTOM

[TomecTuth B poOUpKyY 2-3 MUKpOLINATENs AMOKCHUA CBUHIIA U JOOABUThH K HEMY
HECKOJIBKO Karlelh KOHIICHTPUPOBAHHOW XJIOPOBOIOPOJTHOM KUCIOTHL. HarpeTs ciierka mpooupky
Ha BOJIsIHOM Oane. Habmronarh mosiBieHUE ®KENTOW OKPACKH, XapaKTEPHOH IS TeTpaxJiopuaa
cBuHIa. OTMETUTH NPOSIBJICHHE OCHOBHBIX CBOMCTB IMOKCHa cBUHIIA. HabmonaTh BeieneHne
XJIOpa M0 3amaxy U Mo MOCUHEHUIO HoaKpaxMaabHOU OyMaXKu, MOJHECEHHON K OTBEPCTHIO
npobupku. HanucaTts ypaBHEHMs peakliuii B3aMMOAECUCTBUS JUOKCHIa CBUHIIA C
XJIOPOBOIOPOJIHOM KUCIOTOM U Pa3jioKeHUs TeTpaxyiopuaa cBuHIA. OTMETUTh €ro HEMPOYHOCTb.

0) B3aumopeiicTBue nuokcuaa CBUHIIA CO MIENOYbIO

B Turenéx noMectTuTh OAMH MUKpOIINATENb AUOoKcHaa cBuHLa u 10-15 kanens 40%
pacTBOpa eakoro Harpa. [locTaBuTh TUreNb Ha CETKY U HarpeBaTh MaJ€HbKUM INIAMEHEM TOPEIIKH,
MOMEIINBAsi CTEKJITHHON MaJ0uKoid, B TeueHue 2-3 muH. [locie oxiaxxaeHust nepeHecT!
COJIEPKUMOE THUTJISI B TpoOUpPKY. JlaTh 0caaky ocecTh, U 5-6 Kamesb pacTBOpa MUIETKON MePEHECTH
B YHCTYIO IpoOupKy. Kakoit non cBuHIa HaxoauTcs B pacTBope? Jl00aBUTH K pacTBOPY HECKOIBKO
KareJjab KOHIIEHTPUPOBAHHON XJIOPOBOAOPOAHON KUCIOTHI (TIoTHOCTH 1,19 r/em3). OTMeTuTh
MOSIBJICHUE KEJITONW OKPACKHU, YKa3bIBAIOIICH Ha 00pa3oBaHue TeTpaxiopuaa cBUHIA. Onucarhb
MPOJICIIAHHYIO pa0O0Ty W HAOJIFO1aeMbIC SIBIICHUSI.

Hamnucars ypaBHeHUs peakumii:

a) B3aMMO/ICHCTBUS AUOKCH/IA CBUHIIA C €KUM HAaTPOM, IIPOTEKAIOILEro ¢ 00pa3oBaHUEM
rekcaruspocoruitom6ara (IV) Hatpus (B peakliuu y4yacTBYeT BOJA);

0) B3aumoeiicTBUs Takcaruapokcoruomoara (IV) HaTpust XJ10poBOIOPOTHON KUCIOTOM,

B) Pa3JI0KEHUSI TETPAXJIOPHUIA CBUHIIA.

Kakue peakuiuu u3 onbITOB a) ¥ 0) YKa3bIBalOT Ha aM(OTEPHBIN XapaKTep AUOKCUIA
cBUHIA?

OmbIT 27. OKHCIUTENLHEBIE CBOMCTBA TUOKCHIA CBUHIIA

a) Okucnenue cynbgata xpoma (I1I)

B npobupky ¢ nuoxcuom cBuHIa 106aButh 10 xamnens 40% pacTBopa e1Koro
HaTpa. [Ipobupky HarpeTb Ha BOASIHON OaHe WM 3aKPENUTh B IITATUBE U OCTOPOKHO HArPeTh Ha
ropeinke. B ropsunii pactBop BHecTH 1 Karuito pacTBopa cyib(dara XpomMa U CHOBa HarpeTh
npooupky. OTMETHTD MOSIBIIEHHE KENTON OKPACKU pacTBOpa, XapakTepHo# st nona CO42-.
Hanucath ypaBHeHHE peakiMy, YUUThIBas, 4To cyibdaT u xpomar ceunua (1I), manopactBopumele
B BOJI€, PACTBOPUMBI B €/IKMX III€JI0Uax ¢ oOpazoBaHueM rekcaruapokcoruiromoaTos (1I).

0) OxucneHue oauaa Kamus

B npoOupKy BHECTH OJIMH MUKpOILTIATE b TOPOIIKA AUOKCH/Ia CBUHILIA, 3-5 Karenb 2
H. pacTBOpa CEpHOM KUCIIOTHI U 5-6 Karemb pacTBopa Hoauaa kanus. Harpers npoGupky
MaJIeHbKUM IIJIAMEHEM TOpENIKH WM Ha BOJSHOM O0aHe. OTMETUTh U3MEHEHUE 1IBETa pacTBOPA.
[TepeHecT CTEKISTHHON MAJIOYKON KAIlII0 3TOTO pacTBOpa B MpoOupky ¢ 8-10 xarsiMu pacTBOpa
kpaxMmana. OTMETUTh NOSIBICHUE CUHEN OKpacku. HanucaTe ypaBHEHHE peakuy B3aUMOIEUCTBUS
JUOKCH/Ia CBUHIIA C HOAMIOM KaJlus B KMCIION cpefie.

B) Okucnenue cyibdara mapranua (II)

B npoGupky nmomecTuTh oueHb HEMHOTO (Ha KOHYMKE MUKPOILTIATENsl) TUOKCHIa
CBHHIIA, T0OABUTH 6-8 Karens 2 H. pacTBOpPa a30THOM KHUCIOTHI M OJIHY KaIlJI0 pacTBOPa COJIN
mapranua (II). Conepxumoe npoOUPKH OCTOPOKHO MPOKUIATUTE. [Ipn n30BITKE AMOKCH A CBUHIIA
NpoOUPKY NOCTaBUTh B IITATUB U JJaTh PACTBOPY OTCTOAThCSA. OTMETUTh OKpPACKy MOJIYYEHHOTO
pactBopa. Hammcars ypaBHEHHUE peaklMd, yUYUTHIBAs, YTO 0OPa30BaAIUCh MapraHIlOBas KMCIOTa
u coisib cBuHIa (II).



JlaGopaTtopHas padota Ne 7. DneMeHTHl moaArpymnmsl VA

Omnepit 1. [Tonyyenne ammMuaka, €ro B3auMOACHCTBHE C BOAOU

U XJIOPOBOJIOPOIOM

[Tomectuth B hapdopoBsIii TUTENH TIO 3-4 MUKpPOIITIATENs CylIbpaTa aMMOHUS U
rupokcuaa Kanpius. CTEKISTHHON MAJOYKOM TIIATEIBHO MepeMeniaTh CMeCh U HeOOJIbIIoe e€
KOJIMYECTBO MIOMECTUTh B IUJIMHIPUYECKYIO MPOoOUpPKY (0koi10 1/2 06BbEMa). OTMETHTH 3ammax
amMuaka. [IpoOupKy yKpenuTh B IITATUBE, 3aKPHIB IPOOKOH C OTBOJIHOM TPYOKOH, KOHEI] KOTOPOit
OIIYCTUTh B KOHUYECKYIO POOUPKY, Ha 2/3 00bEMa 3anoaHeHHyo Bojoil. Ha cnabom miamenu
TOpENIKK HarpeBaTh CMeCh 3-5 MUHYT, IPOIMYCKasi aMMHAaK B BOALY, ITOCIIE YETO MPOOHPKY €
MOJIyY€HHBIM PACTBOPOM OTCTAaBHUTb, 3aKPHITh MPOOKON U COXPAaHUTH JJIS CIIEAYIOLIETo OIbITa, a K
OTBEPCTHUIO OTBOJHOM TPYOKH MOJHECTH CTEKIISIHHYIO MMaJ0YKY, CMOYEHHYIO KOHIEHTPUPOBAHHON
XJIOPOBOJOPOAHOM KHCIOTOM (TioTHOCTH 1,19 r/cMm3), 3aTeM BlIaXHYIO KPacHYIO JaKMYCOBYIO
OyMaxKy. Onwucarb HaOIIOTaeMbIC SBJICHUS U O0OBSICHUTH UX. HamucaTh ypaBHEHUS
peaKkuy MoJy4YeHHs] aMMHUaKa U B3aUMOJICHCTBUS C BOJIOW U XJIOPOBOJIOPOIOM.

OmpiT 2. PaBHOBECHE B BOJIHOM PacTBOPE aMMHaKa

B nBe npobupku HaIUTH pacTBOp aMMHaka. B ofHy U3 HUX 100aBUThH KAILTIO
denondranenna. OTMETUTH OKpacKy pacTBopa. Ha mpucyTcTBHE KaKuX HOHOB OHA yKa3bIBaeT?
JloGaBuTh B pacTBOp 3-4 MUKpoOIINATENs XJIOpU/Ja aMMOHUS M pa3MelaTh pacTBop. Kak
M3MEHUJIaCh MHTEHCUBHOCTH oKpacku? [louemy? K pactBopy aMmmuaka Bo BTOpOil IpoOupke
n00aBUTh 5-6 Kamenb pacTBopa cynbdara anroMuHus. OTMETUTh UCUE3HOBEHUE 3allaxa aMMHUaKa.
Hanucats: a) cxemy paBHOBeCHSI B BOJHOM PacTBOPE aMMHUAKa; 0)
MOJIEKYJISIPHOE ¥ HOHHOE YPaBHEHUS peaKlIMK B3aUMOJECHCTBUS Cysb(ara aJlOMUHUS C BOJHBIM
pacTBOpOM aMMHaKa. YKa3aTb, B KAKOM HaIlpaBJIIEHUH CMEIAETCsl paBHOBECUE B BOJIHOM pacTBOpeE
aMMHaKa Ipu J00aBICHUH K HEMY XJIOPHJIa aMMOHHS, Cyib(ara amoMunus. Kak mpu sTom
M3MEHSETCSI KOHIIEHTPALUs KOMIIOHEHTOB TaHHOM paBHOBecHOM cucteMbl: OH —HoHa,
NH4+—unona, NH3. B kakoM HanpaBjieHUH CMECTUTCSI paBHOBECHE JJAHHON CUCTEMBI NPU
T00aBICHUH XJIOPOBOAOPOIHOM KHCIOTHI? [Touemy?

OmeiT 3. BoccTaHOBUTEIBHBIE CBOMCTBA aMMHUAKA

B tpu ipoOupku BHECTH pa3ienbHO 10 3-4 KA pacTBOPOB: a) OPOMHOI BOJIBI; 0)
NepMaHraHata Kaius; B) AMXpoMaTa kanus. B kaxmayro npoOupky n1o6aButh mo 3-5 kamenb 25%
pacTBopa aMMHaka. B kakJioM cirydae pacTBOPHI ClieTKa MOJIOTPETh 10 U3MEHEHHSI UX OKPACKH.
Hanucath cOOTBETCTBYIOIINE YPaBHEHUS PEAKIIUH, YIUTHIBAs, UTO B KAKOM CITy4yae aMMHAaK B
OCHOBHOM OKHCJISIETCSI 10 MOJIEKYJsipHOTO a30Ta, KMnO4 BoccranasnuBaetcs 10 MnO2, a
K2Cr207 — no Cr203. Bo Bcex citydasix OTMETUTh U3MEHEHHE OKPACKH PACTBOPOB.

OmpiT 4. 'uaponus coneit aMMOHUS

B tpu npoOupku HamuTh 10 5-6 Kareas HeHTPaAIBLHOTO pacTBOpa Jakmyca. B kaxmayro
U3 MPOOUPOK pa3AeNbHO J00aBUTH MO 2—3 MUKpOIITATENs KPUCTAIIIOB XJIOpU/Ia, HUTpaTa U
arerata aMMoHUs1. Kaxxb1il pacTBOp nepeMeniarh YNCTOM CTEKISHHON Nanoykoi. OTMETUTh
M3MEHEHUE OKPACKHU JJaKMyca B KaKJI0M ciiydae. HamucaTs B MOJIEKYJIIPHOM U HOHHOM BH/JIE
COOTBETCTBYIOIINE YPAaBHEHUsI PEAKIINi THIPOJIH3A.

OmnbIT 5. BoccTaHOBUTEIBHBIE U OKUCIIUTEIBHBIE CBOMCTBA HUTPUTOB

B tpu npoOupku BHecTH 10 3-4 Karuiy: B EpBYIO — Hoauaa Kajvs, BO BTOPYIO —
IepMaHraHaTa Kajius, B TpeThblo — AUXpomara Kanus. Bo Bce npobupku 106aBUTh 1o 2-4 Karm 2
H. pacTBOpa CEPHOI KUCIIOTHI U 4-5 Karellb pacTBOpa HUTpUTA Kanusd. OTMETUTh U3MEHEHUE
OKpacKH pacTBOPOB B Kax/10M ciiydae. Hanucars ypaBHEeHUS TPOTEKAIOIINX peaklni, yIUThIBas,
YTO B MEPBOU MPOOUPKE HUTPUT Kains BoccTaHaBiuBaetcs 10 NO, Bo Bropoir KMnO4 nepexoaut
B cynbdar mapranua (II), B tperbeit K2Cr207 nepexonut B cyabdat xpoma (I1I). B xakoe
COEIMHEHUE MEPEXOAUT IIPH 3TOM HUTPUT Kanua? YKa3aTb, B KAKOM CIydae OH SIBJISIETCS
OKHUCJIUTEJIEM, B KAKOM — BOCCTaHOBUTENEM. [loueMy HUTPUTBI MOTYT MPOSIBIATH T€ U APYTUE



cBOMCTBA?

OmnbIT 6. OKUCIUTENBHBIE CBOMCTBA A30THOM KHUCIOTHI

OmnbIT IpoBOAXTCS B BHITSDKHOM HiKady! Baectu B mpobupky 3-4 xarm
KOHIICHTPUPOBAHHON a30THOM KUCIOTHI (IIIOTHOCTH 1,4 T/cM3) M MalleHbKUN KyCOUEK METHOM
CTPYXKH. B npyryro npobupky BHECTH 2 KaIlJId pacTBOPa a30THON KUCIOTHI (TUIOTHOCTH 1,12
r/cM3) u 2 xary Bojbl. [lomydeHHBIH pacTBOp pa3MeniaTh CTEKISHHON NAIOYKOH, TIOCIIe YeT0
BHECTH B HETO TaK)K€ KyCOUEK MEIHOU CTPYKKH. [IpoOupKy ¢ pa3daBiIeHHON a30THOM KUCIOTON
cierka mojaorpetsb. O0e mpodbupku aepxaTh Ha 0esioM Gpore. OTMETHTH pa3Inune TCUCHUs
peakuuii B 00oux ciaydasx. Kakoii ra3 BbIIenuTCs B IepBOi MpoOupKe, Kakoil — BO BTOPO?
Hanucatb ypaBHEHHS COOTBETCTBYIOIIMX peakiiuii. YeM 00bSCHUTH JIETKOE MOKEITCHHE
BBIJIETIMBIIETOCS ra3a BO BTOPOM MPOOUPKE B HAYaJIe peakuu?

OnbiT 7. Tepmuyeckoe pa3ioKeHUE HUTPATOB

OneIT TIPOBOAMTCS B BBRITSHDKHOM IKady! Bee HUTpAThI TPH HATPEBAHUH PA3JIaratoTCs C
BBIJIEJIEHUEM CBOOOJHOTO KUCIIOPOAA, BCIEICTBUE YETO B PACIIABE SBJISAIOTCSA CUIIbHBIMU
okucnutenasiMu. [Ipu 3ToM HUTPATHI HIEIIOYHBIX METAIUIOB MEPEXOAST B HUTPUTHI, & HUTPUTHI
HIETIOYHO3EMENbHBIX U TSKETBIX METAIJIOB pa3jaraiTcs ¢ 00pa3oBaHUEM MX OKCHIOB U AUOKCUIA
azoTta. HuTparhl Mai0aKTUBHBIX METAJLIOB C TOJIOKUTENBHBIM 3JIEKTPOIHBIM MOTEHIINATIOM
paznararoTcs ¢ BbIIEJICHHEM METAJIOB M TaKKe JUOKCHIa a30Ta. Bo Bcex ciayyasx MpoTeKaroT
BHYTPHUMOJIEKYJISIPHBIE OKHCIUTEIbHO—BOCCTAHOBUTEIIbHBIC PEAKIIUH.

a) PasnoxxeHue HuTpara Kaaus

B muinnapudeckyro npoOupKy nomectuTh 3-4 KpucTainka HuTpara kanus. [IpoGupky
YKPENUTH B INTATUBE BEPTUKAIBHO U HArPEBaTh HA IIJIAMEHH FOPEJIKH 10 PACIUIABIEHUS COIU U
Hauasa BblJIeJIEHUS ITy3bIpbKOB raza. Buectu B npoOupKy Tieromyto 1ydynHKy. Kakoii ra3
BbLienuTcs? [IponomkaTe HarpeBaHue 10 MOJIHOTO MPEKPAICHUsI BbIACIECHUS Ty3bIPHKOB Ta3a.
Jloka3aTe oOpa3oBaHMe HUTpATA KU IPU Pa3IoOKEHUU HUTpata. J{Jis 3Toro no oxjiaxxaIeHuu
npoOUPKHU BHECTH B HEE 4-6 xamenb BOJbI U, IOMEUINBAs CTEKJIIHHON MAJIOYKOW, PACTBOPUTH
TBEPABIN ocTaToK. 1o 2-3 KarM nojay4eHHOro pacTBOpa BHECTHU B JIBE€ IPOOUPKH, B OTHON U3
KOTOPBIX COJEPKUTCS 3-4 Karii pacTBOpa Hoauaa Kayus, NOJAKUCIEHHOTO 2 KaIuIIMU 2 H. CEpHOMN
KHCJIOTHI, a B APYroil — 3-4 ka1 moJAKUCIEHHOTo pacTBopa nepMaHranara kaiaus. OTMETUTh, Kak
M3MEHMJIACh OKPAcKa pPacTBOPOB B IIEPBOM M BO BTOPOM citydasx. IIpoBeputs, B3auMOAEHCTBYET JIn
KNO3 ¢ KI. Hantucats ypaBHEHHS BCEX MPOTEKAIOLINX PEAKLIUH.

0) Paznosxenue HUTpaTa CBUHIIA

B unnmnapudeckyro npoOupKy MOMECTUTD 1-2 MUKpOIIIaTeNs CyXOH COJIM HUTpaTa
cBuHUA. [[poOupKy yKpenuTh B IITaATUBE TOPU30OHTAIBHO U OCTOPOKHO HarpeTb. HabmonaTh
OKpacKy BbLIEIIOMUXCs ra3oB. CaenaTh BHIBOJ O COCTaBE ra3000pa3HbIX MPOAYKTOB Pa3IoKeHUs
HuTpara cBuHIa. Kakoii ra3 Beiienwiics kpome kuciopoaa? Kakoe BemecTBo ocTanoch B
npobupke? YkazaTh €ro 1BeT U Hanucath Gopmyny. Hanucars ypaBHEeHUE peakliMK pa3ioxKeHUs
HUTpAaTa CBUHIA. YKa3aTb OKUCIUTENb U BOCCTAHOBUTEIIb.

Omnsit 8. OpTOohocdaTsl HEKOTOPBIX METAIIIOB

a) [Tonyyenue rugpodocdaTa KaabIus

Buectu B mpobupky 1o 4-5 xanenb pacTBOPOB XJIOpHa Kanblius U ruapodocdara
HaTpusa Na2HPO4. OtmeTuTts 1IBET BhINaBIIEro ocasika. Hanucats ypaBHEHHE B MOJIEKYIISIPHOMN U
HOHHOU opMme.

0) Ocaxnenue ¢pocdaro xkene3a U ATIOMUHUS B IPUCYTCTBUU alleTaTa HaTpUs

B nBe mpo6upku BHeCTH 3-4 KaIIv pacTBOPOB COJIEH: B MEPBYIO — XJIOPUIA KeJe3a
(IIT), Bo BTOpYIO — XJI0pHAa MM cynbdara amomMuHus. Jl06aBUTh B KaXKIyI0 U3 IpoOUpok o 2-3
Karuid pacTBOPOB arietara HaTpus u ruapodocdara Hatpust Na2HPO4. OTMETUTh 1IBET BBITIABITNUX
ocaakoB. B nanHOM ciiydae B pacTBopax cojeil amomunus u xenesa (I111), 6ydepupoBannbix
alleTaToM HaTpusl, oJydaroTcs cpeHue (ocdarsl STUX METAIIIOB, HEPACTBOPHMBIE B YKCYCHON
KHCJIOTE:!

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



Hammcarp ypaBHEeHUs peakiuii B MOJICKYISIPHOW W HOHHOU opMme.

OmnpiT 9. 'maponus oprodocdaToB HATPUS

B Tpu npoOupku BHECTH 110 5-6 Kamnens pacTBOpa HeHTpabHOTO Jakmyca. OaHy
pOoOUPKY OCTAaBUTH KaK KOHTPOJIbHYIO, BO BTOPYIO 100aBUTh 3-4 Kprctamia pocdara HaTpusi, B
TPETHIO — CTOJIBKO ke quruapodocdara Hatpus. ConepKuMoe BTOPOH U TpeThei MpoOUpoK
TIIATEIBHO Pa3MeNIaTh YUCTHIMHU CTEKJITHHBIMH MaJI0YKaMH JI0 TIOJTHOTO PACTBOPEHHSI COJIEH.
OTMeTHTh U3MEHEHHE OKPACKH JIAKMYCa [0 CPAaBHEHHUIO C OKPACcKOil B KOHTPOJIbHOH npodupke. Ha
YBEIMYECHUE KOHIIEHTPAIIMN KaKUX NOHOB YKa3bIBACT N3MEHEHHE OKPACKHU JIAKMYCa IIPU
pactBopenun ocdara Hatpust u auruapodocdara marpus? Hanmcats ypaBHEHHE MTEPBOi
cTyneHu ruaponusa Gocdara HaTPHsL B MOJIEKYISIPHON M HOHHOH (opme.

Omprt 10. I'mapokcuast cypbmsl (I11) u Bucmyta (I11) u ux cBoiicTsa

B nBe npobupku BHecTH 110 3-4 Karu pactBopa ximopuaa cypbmsl (I11), B 18e apyrue
— CTOJIBKO K€ pacTBOpa HUTpaTa BUCMyTa. Bo Bce ueThipe npoOupku nprubaBuTh 1o 3-5 Kamnens 2
H. pacTBOpA ILEJI0YH J0 BBINAJACHUS 0CAAKOB. B 0aHY U3 MPOOHPOK ¢ 0CaIKOM THIPOKCHIA
CYpbMBI I00aBUTh HECKOJIBKO Kamelb 2 H. PacTBOpa XJIOPOBOIOPOTHON KUCIOTHI, B APYTYIO —
nienoud. HabmronaTh pacTBopeHue 0caakoB B 00oux ciydasx. [IponenaTs aHaJOTHYHBIE OMBITHI C
TUAPOKCUIOM BUCMYTa, 3aMEHUB XJIOPOBOJIOPOAHYIO KHCIOTY a30THOM. B 000oux nu cimydasx
pactBopuiics ocanok Bi(OH)3? OrmeruTs Habm01aeMble SIBJICHHS BO BCEX CITy4asiX U CACNATh
BBIBOIBI O CBOWCTBAX TMPOKCHIOB CYpPbMBI M BUCMYTa. HammcaTh B MOJIEKYJIIPHOM M HOHHOM
BUJIC YPaBHEHHSI peaKlUi MOMyYeHUs YKa3aHHBIX TUAPOKCUIOB U UX B3aUMOJICHCTBUS C KUCIOTOU
U I1EJI0YBI0, YYUTHIBAS, YTO B U30BITKE LIEJIOUYH THAPOKCH] CYypbMbI 00pa3yeT KOMIUIEKCHBIN aHHOH
[Sb(OH)6]3- — rekcaruapokxcoantumonar (I11) annon. B xakoii cpese Hanbosee yCTOWYUB 3TOT
aHnoH? B kako#i cpeae ycroituuB kaToH Sb3+?

Omprt 11. T'maponus coneit

B nBe mpobupku pasznensHo BHecTH 1o 3-5 kamens 0,5 H. pacTBOPOB XJIOPUIOB
cypbMbI 4 BucMmyTa. K kakomy u3 pactBopoB 1006aBUTh 110 5-10 kamens Bozbl. Pazmeriats
pacTBOPHI CTEKJIIHHOM MaJIOUKOM, HAOII0JaTh X IOMYTHEHHE U JajbHENIIIee BITAACHNE OCa/IKOB
OCHOBHBIX coJieil. HamrcaTh B MOJIEKYJISIPHOM M HOHHOM BHJIE YPAaBHEHHE PEAKIUi THAPOIU3A
XJIOPUIOB CYPbMBI M BUCMYTAa, MPOTEKAIOIMUX ¢ 00pazoBaHreM ocHOBHBIX coseil Sb(OH)2Cl u

Bi(OH)2Cl, xotopsle, OTIIEIUISISE BOAY, NEPEXOAAT B XJopua okcocypbMbl SbOCI u xmopun
okcoBucmyta BiOCl. Koropas u3 coneit runponusoBana cuibHee? OTBET MOTUBUPOBATD.

OmnpiT 12. Cynsduast cypsmsl (11I) u Bucmyta (I11) n ux coiictBa

a) [lonyuyenue cynbduna u Tnoconu cypbmsl (11I)

OneIT IPOBOAMTCA B BBHITSDKHOM IIKady! B mpoOupKy ¢ pacTBOpoM Xjopuaa cypbMsl (1
-2 xaru) 700aBUTh 5-8 Kareb CepoBOIOPOAHON BOAbl. OTMETUTH IIBET 00pa30BaBIIETroCs 0caaKa
cynbduua cypbMsal. J[aTh 0CaKy OTCTOSATHCS U, YJAJIUB MUIETKON NN KyCOYKOM (DMIBTPOBAIBHOM
Oymaru U30bITOK KHJIKOCTH, 100aBUTh K HEMY 4-5 Kkanenb cynbdua aMMOHHUS WK HATPHSL.
[TepememaTs cogepKUMoe MPOOUPKH CTEKIJIIHHOM MajouKkoi 1 HaOII0AaTh PaCTBOPEHMSI OCa/IKa,
IpoTeKarolee ¢ 0opazoBaHueM coiu TuocypbMsiHucTor kuciaotsl (NH4)3SbS3. K nonyuennomy
pacTBOpy puOaBUThH 5—6 kamnenp 2 H. pacTBOpa XJIOPOBOJOPOAHOM KUCIIOTHI, CIIETKA HATPETh
CMech U OTMETUTH CHOBA BbINIaJIeHUE ocaka cyiabduaa cypbMsl (III). UTo mporucxoauT ¢ THOCOIBIO
B KuCIoit cpene? Hamucath B MOHHON M MOJIEKYJISIpHOI (popMe ypaBHEHUS peakuil MOTydeHHs
cynspuna cypsmsl (I1I), conu THOCYpbMSHUCTOM KUCIIOTHI U €€ pa3pyLIeHHs B KUCIIOHN cpee.

0) Cynbdua BUCMyTa U €r0 CBOMCTBA

OnbIT IPOBOAUTCS B BHITSDKHOM HiKady! B nBe mpoOupku BHecTH 1o 1-2 Karu
pacTBOpa COJIM BUCMYTa U B KaXyl0 JOOABUTH M0 4—5 Karesab cepoBOIOPOIHON BOIbL. OTMETUTH
IBET OcaaKka. B oHy U3 MpOOUPOK C MOTYyYEHHBIM CYIb()HI0M BUCMYTa J00AaBUTH 3-4 Kariu
cynbpuaa aMMoHUs. Pe3ynbTaT onbITa CpaBHUTH C PE3yJIbTaTOM COOTBETCTBYIOIIETO OMBITA C
Cynb(GHUIOM CypbMBIL. B ipyryto mpoOupky ¢ cynbhuaoM BUCMYyTa J00aBUTh 2-3 Kariu
KOHIIEHTPUPOBAaHHON a30THOM KucinoThl. Habmonate pactBopenue ocaaka. Eciu ocanok



pacTBOpSETCS MEUIEHHO, MPOOUPKY cierka nojgorpers. Onucars npoaenannyio padoty. Hanmcars
yYpaBHEHHSI PEaKIMU NOTydeHus cynbpuaa BucMyTa. OTMETUTH pa3inyne B CBOUCTBaX Cyib(uia
CYpbMBI U CyIb(pH1a BUCMYTA 10 OTHOIICHUIO K U30BITKY Cyab(puaa aMMOHUS. YeM 00bSICHUTH 3TO
paznuune? HamucaTh ypaBHEHHE peakIUKM PACTBOPEHUS CyIb(uIa BUCMYTa B a30THOM KHCIIOTE,
YUYHUTBIBAsA, YTO TIPH 3TOM 00pasyercs cynbgar

BucMmyrta (III), a a30THas KKCIO0Ta BOCCTAaHABIMBAETCS 10 OKCHUJIA a30Ta.

OnbiT 13. BoccTaHOBUTEIBHBIE CBOMCTBA COSAUHEHMI CYpbMBbI
(IIT) u Bucmyta (1I)

B nBe mpoOupky moMecTuTh Mo 2-3 Karuik epMaHraHaTa Kajius U 2 H. pacTBopa
XJIOPOBOAOPOHON KUCTOTHL. B 011y 13 mpoOupok 1006aBuTh 3-5 Karenb pacTBOpa XJIopuia
CYpPBMBI, a B IPYT'YIO — CTOJIBKO € pacTBopa HUTpaTa BucMyTa. OTMETUTH OOECI[BEUHBAHHE
pactBopa B nepBoi npobupke. [IpoTekaer 11 aHaTOTHYHAS peakiys BO BTOPOM ciiydyae?

Hanmcates ypaBHeHHE peakIii BOCCTAHOBICHHS IIEpMaHTaHaTa KaJHsl 10 XJIOpHIa
mapranmna (II) u okucnenne SbC13 no H[SbCI6]. OTmMeTuTh pa3inuHyr0 BOCCTAHOBUTEIBHYIO
CrocoOHOCTh MOHOB Sb3+ u Bi3+.

Omnpit 14. Boccranosnenue conu Bucmyrta (I1I)

B npoGupky BHecTH oJiHy Karuio pactBopa xiopuaa onosa (II) u 5-6 xanens 2 H.
pacTBOpa €IKOro HaTpa J10 MOJIHOTO pacTBOPEHUS, BBIIIABILIEr0 BHAYaJIe 0CaIKa I'MIPOKCH/Ia 0JI0Ba
(II). K mosyuenHoMy pacTBOpy 400aBUThH OJHY Karuito pactBopa conu BucMmyta (III). Otmeruts
BBINA/IEHUE YePHOr0 0Ca/IKa MEeTaNInYeckoro BucMyTa. Hamucats ypaBHEHUE peakluy, yIYUThIBas,
yto on0Bo (IV) B menouHoii cpene oOpa3yer koMiiekcHbIi annos [Sn(OH)6]2-,

natomuid costb Na2[Sn(OH)6] — rekcarunpokcoctanHat (IV) natpus. Ykazarb OKUCIHUTEINb
Y BOCCTaHOBUTEIIb.

OmpiT 15. OkucnuTenbHbIE CBOWCTBA coequHeHui BucmyTa (V)

B xonmnueckyro nmpobupky BHecTH 1—2 Karmu pactBopa cyibdara mapranua (II), 2-3
KaIlIi 2 H. pacTBOpa a30THOM KUCIIOTHI U OJJUH MUKPOLINATENIh MOPOIIKa BUCMYyTaTa HATPUS.
OtmeTHuTh NosiBICHUE (PUOTETOBOM OKpACKHU, XapaKTEpHOU 1S mepMaHraHat—uona. Hammcarpb
YpaBHEHHUE PEAKIINH, YUUTHIBAsI, YTO BUCMYTAT HATpUs epexoaut B HuTpar Bucmyta (III), a
cynbdat mapranna (1) — B MapranioByro Kuciory.

JlabopaTtopHas padota Ne 8. Dnements! noarpynmsl VI A

Omprt 1. [TonydyeHne ManopacTBOPUMBIX CYIb()HUI0B

B nBe npobupku BHECTH pa3aenbHO 1Mo 3-4 Karid pacTBOPOB Cylib(aTa MapraHiia u
HUTpaTa CBUHIA. B kax b1l pacTBOp 106aBUTH 10 2-4 karnu cyiabhuaa ammoHus. Habmrogats
BBINA/IEHHE 0CATKOB CyIb(UIa Maprania u cyibpuaa cBuHna. K momydyeHHbIM ocaikam
npuOaBUTh 1O 2-3 Karik 2 H. pacTBOpa a30THOM KuciaoThl. Kakoii cynbdu pactBopuics?
Bo3moxHo 11 ero odpazoBaHue B KUCiou cpene? B e npyrue npoOUpKu ¢ pacTBOpaMH TEX Ke
coJjieil Maprasia 1 cBUHIA 100aBUTh 110 3-4 Kariu cepoBOIOPOIHON BOIbL. B kakom ciydae
ocazika He HaOmonanock? [louemy? HanmcaTh B MOJIEKYJIIPHOM M HOHHOM BHJIE YPAaBHEHHS
peakuuii mojyuyeHus cyib(GuI0B MapraHiia 1 CBUHIIA. YKa3aTh LBET ocaakoB. Hamucarp
ypaBHEeHHE peakuuu pactBopeHHus MnS B kucinore. [lonp3ysces 3nauenusimu [IPMnS u I1PPbS, a
TaK)Ke MPaBUIIOM NPOU3BEACHUS PACTBOPUMOCTH, OOBSICHUTD Pa3INdHbIe Pe3ybTaThl JEHCTBUS

H2S u (NH4)2S na conp mapraniia u oopasoBanue ocaaka PbS B 06oux ciydasix.

Omnslt 2. BoccTtanoBurenbHble cBoiicTBa SO32- - MOHa

B npobupky, coaepxariyio 5—6 Kamesb pacTBOpa IepMaHraHarta Kauus u 3-4 xarmm 2 H.
pacTBOpa XJIOPOBOJIOPOTHON KUCIOTHI, TPHUOABUTH HECKOIHKO KPUCTAIUIUKOB CYIb(H1a HATPHSI.
OtmeTuTh 00ecIBEUNBaHNE PACTBOPA B CBSI3U C nepexoaoM nona MnO4- B mon Mn2+. B kakoe
COEZMHEHUE MPH 3TOM Tepelen CyabGUT HaTpus? YUUThIBas, 4TO CyJIb(UT Oapus pacTBOPUM B
a30THOM KHCIIOTE, a cynbdar 6apus HepacTBOpUM, yoenuTech B nepexoze nona SO32- B mon SO42
-, ISl 4eTO B MOJIy4YEHHBIH pacTBOp A00aBUTH 1-2 KaruiM 2 H. a30THOW KUCIIOTHI U CTOJIBKO



e pacTBopa xyopuaa 6apus. Kakoe coennHeHue BeImaio B ocaiok? OTMETHTH HaOII01aeMble
SABJICHHUA U HAIIUCATh ypaBHeHI/ISI BCEX HpOTeKaIOH_II/IX peaKHHﬁ.

OmpiT 3. JleruapaTupyroiiue CBOMCTBA CEPHON KUCTOTHI

Ha nucrouke puibTpoBaHHOM OymMaru ¢ MOMOIIBI0 CTEKIISTHHOM MAT0YKH CIeIaTh
HAJUCh 2 H. paCTBOPOM CEPHOM KUCIOTHI. bBymary npocymmnTs, iepka BbICOKO HaJl IUIAMEHEM
ropenku. OTMETUTh U 00BACHUTH MoYyepHeHue Oymaru. Kakoe cBOMCTBO MpOSBISET
KOHLICHTPUPOBAaHHAs CEpHasi KUCIO0Ta B 3TOM ONbITE?

OnbIT 4. B3auMoielicTBUE CEpHOM KUCIOThI C METAJNIAMH

a) BzaumoelicTBue pa3d6aBieHHONM CEPHON KUCIOTHI C METAILIIAMH

B Tpu npoOupku BHECTH 110 5-8 Kamnens 2 H. pacTBOpa CEPHON KUCIIOTHI U IO 2-3
KyCOYKa METAJIJIOB: B MIEPBYIO — LIMHKA, BO BTOPYIO — KeJe3a, B TPeThio — Menu. Ecnu peakuus
UJET MEJUICHHO, CJIeTKa MOJA0rPeTh NPOOUPKU HEOOIBIIUM IJIaMEHEM Topeliki. B kakoMm ciydae
peakuus He uaer? [louemy? Hanucars ypaBHeHuUs poTeKaromux peakiuii. Kakoi sieMeHT B 3Tux
peakuusx sBISAETCS OKUCIUTEIEM?

0) BzaumoseiicTBre KOHIIEHTPUPOBAHHON CEPHON KUCIIOTHI C MENIBIO

B turens nomectuts 1-2 Kycouka MEIHON CTPYXKKH U NpUiauTh 5-10 xanenb
KOHIICHTPUPOBAHHOM CEpHOM KUCIOTHI (TUIOTHOCTH 1,84 r/cM3). Turens HarpeTsh Ha
acOecTUPOBAHHON CeTKe HEOOJBIINM IJIAMEHEM TOpeNKU. BiiakHyI0 CHHIOIO JIAKMYCOBYIO
OyMa)xKy MOJHECTHU K BblAeIsAOIEMYcs ra3y. OTMETUTh U3MEHEHUE OKPACKHU JTAKMYCOBOM
oymaxku. 1o 3amaxy (octopoxHo!) onpenenutsb, Kakoi ra3 Beiaensercsa. CoaepKuMoe TUTIIS
BBINAPUTH, OXJIATUTH U PACTBOPHUTD, IPHOaBUB B TUTeNb 8—10 Kanens AUCTUINIMPOBAHHOMN BOJIBI.
[IepenecTu NUNETKON HEKOTOPOE KOJIMYECTBO PACTBOPA B UUCTYIO NPOOUPKY. OTMETUTH OKPACKY
pactBopa. /s kakoro noHa xapakTepHa 3Ta okpacka? Onucars Habronaemble siBiieHus. Hamucartpb
YpaBHEHHE PEAKIUH U YKa3aTh, KAKON 3JIEMEHT B MOJIEKYJIE CEPHOM KUCIIOTHI SBISETCS
OKHUCJIUTEJIEM.

B) B3aumoeiicTBre KOHIIEHTPUPOBAHHON CEPHOI KUCIOTHI C IIMHKOM

B turens momecTUTh HEMHOTO ITMHKOBOM MBUIM U HAJIUTH 5-10 Kamesns
KOHIICHTPUPOBAHHON CEpHON KUCIOTHI (TWIOTHOCTH 1,84 r/cM3). Turens HarpeTs HEOOIBIIUM
iameneM ropenku. K BoiaenstomemMycs ra3y HaJl TUTJIEM MOJHECTH (GUITBTPOBAIBHYIO OymMary,
CMOYEHHYIO pacTBOPOM alleTaTa Wik HUTpaTa cBUHIA. OOBSICHUTH MOSBICHUE TEMHOTO IATHA Ha
sTol Oymare. Onucarh HaOMoAaeMble siBieHus. Hanucars ypaBHeHMsI peakiuii B3aUMOAEHCTBUS
KOHIEHTPUPOBAHHOMN CEpHOM KHUCIIOTHI C IIMHKOM C OOpa30BaHUEM: a) CEpHUCTOrO ras3a; 0) cepsl;

B) CEpPOBOJIOPO/IA.

Omnpit 5. PaznuynHast pacTBOPUMOCTD Cylb(huUTa U cynb(aTa 6apus B KHUCIOTE

B aByx mpoOupkax nosyuyuTb 0OMEHHOM peakiuei cyabGuT u cynbdar 6apus, 1is
4ero B3ATh 1O 3-4 KaIjiu pacTBOPOB COOTBETCTBYIOMIMX cosiell. Habmogath oOpa3oBaHue ocakoB
B 00eunx npoOupkax. CpaBHUTh PaCTBOPUMOCTH CyNb(pHTa U cyiab(daTta Oapus B KUCIOTE, 100aBUB B
00e npoOupku mo 1-2 karmm 2 H. a30THOU KUCIIOThL. YTo HabmogaeTcsi? MOXKHO I TPU TTOMOIIN
ATOU peakuu pa3auunuTh HoHbI SO32- u SO42-? Hanucarh ypaBHEHHs peakLUil OIy4EHHUS
cyibdara u cynbpuTa 6apus ¥ pacTBOPEHUS MOCIEAHETO B KUCIIOTE.

OmnpIT 6. THOCynB(hAT HaTPUS U €T0 CBOWCTBA

a) HeycroitunBocTh THOCYNB(aTa B KMCIIOH cpesie

Buectu B mpobupky 5-6 kanens pactBopa TuocyibdaTta Hatpus Na2S203 u 3-4
KaIIi 2 H. cepHoi KucaoTbl. OTMETUTH BhINajieHue cepbl. 1o 3amaxy onpenenuts, Kakoi ras
BBIJICIIUJIICS.

ITpuBectu rpadudeckyto popmyny Tuocynbdara HaTpus. Hanncath ypaBHEeHHE peakiiu
B3aMMO/ICHCTBUS THOCY Ib(aTa HATPHUS C CEPHOM KUCIOTON. YKa3aTh OKUCIUTEb U



BOCCTaHOBUTEb.

6) BoccranoBuTenbHbIe CBOWCTBA THOCYIb(aTa HATPUS

B nBe mpoOupku BHECTH pa3leNbHO 10 5-6 Kanens OpOMHOM U 1HoaHOM Bozibl. B 06e
poOUPKH T00ABUTH MO HECKOJIBKO Karellb THOCYNIb(aTa HaTpUs 10 00eCclIBEUNBAHUS PaCTBOPOB.
Hanucatp ypaBHeHHs IPOTEKAIOIINUX PEeAKIIUNA, YYUTBIBAsI, YTO OPOM OKUCISET TUOCYIb(AT 10
cynbdara, Ipu 3TOM B PeaKLIUU y4acTByeT Boja. (Briiensromasics cepa ABIseTcs MpoayKTOM
no6ouHoit peaximu.) Mox okucmsier THOCYIbdAT 10 Terpatnonata Na2S406. B kakyio cTerneHb
OKHCIICHHS IEPEXOIST IPU 3TOM OpoM U Hoa? MoKeT 1 XJI0pHasi BOJa OKUCIUThH THOCYIb(haT
Hatpusi? OTBET MOTUBUPOBATD.

OmnpiT 7. OKHCIICHHE HOAKMIA KAIHS TIEPOKCOIUCYIb(AaTOM aMMOHHMS

B npob6upky ¢ pactBopoM Hoauma kanus (3-4 Karim) npuOaBUTh CTOJIBKO JK€ PacTBOpa
nepokcoaucyibdara aMMmorus. OTMETUTh H3MEHEHHE OKPacKu pacTBopa. Hamucars ypaBHeHUe
peakiuu.

JlabopaTtopHas pabota Ne 9. Dnements! noarpymnmsl VI B

Ompit 1. [Tonyuenue okcuaa xpoma (I1I) pasnoxkenuem quxpomara aMMOHUS

[Tomectuth Ha acOecToBYIO ceTKy 1/3 00BEMa MPOOUPKHU PACTEPTOTO B TIOPOIIIOK
JIUXpoMaTa aMMOHMS. PackanuTh jKeJIe3HYI0 MPOBOJIOKY Ha FOPEJIKE U MOTPY3UTh €€ B TUXPOMAT.
Habmonate 6ypHoe pasznoxxkenue conu. Kakoil uBet numeeT noiaydeHHbId okcua xpoma (111)?
Hanucath ypaBHeHHE peakIIuy pa3oKeHUsl, YYUThIBAs, YTO OJHOBPEMEHHO 00pa3yrOTCs a30T U
BOJIa. YKa3aTh OKUCIIUTENIb U BOCCTAHOBUTENB. K KAKOMY THITY OKHUCIUTEIBHO-
BOCCTAHOBUTEJIBHBIX PEAKIIM OTHOCUTCS JaHHas peaKius?

Onpit 2. [Tonyuenue u cBoiictBa rujpokcuia xpoma (I11)

[TosyunTs B ABYX NpoOUpKax MallopacTBOpUMBI ruapokcus xpoma (III)
B3aumoieiictBueM pactBopa cosm xpoma (III) (3-4 xamum) ¢ 2 H. pactBopom tienoun (1-2 karuim).
HcnbITaTh OTHOLIEHHE THIPOKCUIA XpPOMA K KUCIIOTE U K U30BITKY IENOUH, A7 Yero 1o0aBiiTh B
OJIHY NPOOUPKY 110 KAIUISIM 2 H. pacCTBOP CEPHOM KHUCIIOTHI, B IPYI'YI0 — 2 H. pacTBOp LIENOUHU 10
pacTBopeHus ocaaka. Hanucars ypaBHeHuUs peakiuil nonydenus ruapokcuaa xpoma (11I) n
B3auMoJieiicTBus ruspokcuaa xpoma (I1I) ¢ kucaoToi u co mENOUbI0, yIUTHIBAsL, YTO BO BTOPOM
cinydae monydaercss komruiekcHbid annoH [Cr(OH)6]3-. Kak Ha3piBaeTcs COOTBETCTBYIOIIAS COJb
kanua? [Ipyu nonkucineHun pacTBopa MPOUCXOAUT MOCTENIEHHOE 3aMEILIEHUE TUAPOKCUIHBIX
JUTaHJ0B B ruapokco-koMmiuiekce xpoma (I1I) Ha Monekynbl Bosibl ¢ 00pa3oBaHUEM aKBaKOMILIEKCA.
[Tpu 3TOM KOOPIMHAIIMOHHOE YUCIIO KOMILIEKcooOpa3oBartes He MeHsieTcsa. Clienarb BHIBOJ O
KHCJIOTHO-OCHOBHOM XapakTepe ruapokcua xpoma (III).

OmpiT 3. ['uaponus coneit xpoma (I1I)

a) 'maponus cynbdara xpoma

Wcneitats aeiicteue cynbdara xpoma (II1) na makmyce, 1i1g gero B npoOupky ¢ 3-5
KaIlJIIMU pacTBOpa HEUTPAIbHOTO JaKMyca MPHUOaBUTh HECKOJIBKO KPUCTAIIIUKOB CyiIb(aTa XpoMa
710 U3MEHEHUs OKpacKu JlakMyca. HamucaTb B MOJIEKYJISIpHOM 1 MOHHOU (hopMe ypaBHEHHE
peakuuu ruaponusa. Kakue Bemecrsa npu atom nosydarorea? [Ipusectu Ha3Banus. Kak MokHO
ocnabuTh ruapoan3 nanHoi conu? Kak ycunuts ero?

6) CoBMecTHBIN ruIpoau3 cyiabdara Xxpoma U KapOoHaTa HATPHUS

K 2-3 xamsm pactBopa cynbgata xpoma (I1I) npubasnsars mo karisaM kapooHaT
HaTpus 10 obpazoBanus ocaaka Cr(OH)3. OtMmeruTs BhlneneHue ra3a. [lodyemy He moxyduics
kapOonar xpoma (III)? Kaxoii ra3 Beiensiics? Hanucats MoJeKysIsipHOE€ M HOHHOE YPaBHEHUS
peakumu. Kakast popma ruaponmsa cyiabdara Xxpoma uMesia MeCTO B JaHHOW peaKiuu?

OmnpiT 4. XpoMaThl U JUXPOMATHI
a) [lepexox xpomara Kanusi B AUXpOMAaT
K pactBopy xpomara kanus (3-4 karmim) npubaBiIsTh 10 KaIuisiM 2 H. pacTBOP CEpHOM



KUCI0Thl. OTMETUTH OKPACKY B3ATOTO U IMOJIYYEHHOT'O PACTBOPOB U yKa3aTh, KAKUMU HOHAMH 3TH
OKpacku o0ycioBnuBatotcs. Hammcars ypaBHeHue peakiuu. [louemy monydeHHast COb OTHOCUTCS
K COJISIM U30IOJIMKUCIOT?

0) [lepexon quxpomMara Kajus B XpoMar

K pactBopy nuxpomara kanus (3-4 kamiu) npudaBiIATh MO KariIM PacTBOP MIENOYH JI0
W3MEHEHUs OKpacku. HamucaTh ypaBHeHHE peakiiuu. Pa3oOparh cMeleHre paBHOBECHS

2CrO42- + 2H+ < Cr2072- + H20

npu A00aBiIeHUU KUCIOTHI, menodn. Kakoi non (CrO42- unu Cr2072-) cymecTByeT B
pactBopax nipu pH<7, npu pH>7?

Omnpit 5. [Tomyuenue xpomaroB O6apusi, CBUHIIA U cepedpa

B Tpu npoOupku ¢ pacTBOpoM XpomaTa Kaius (2-3 Karin) npubaBUTh 1O 2-3
KaIUTd pacTBOPOB: B IEPBYIO — XJIOpHUa Oapusi, BO BTOPYIO — HUTpaTa CBUHIIA, B TPEThIO — HUTpATa
cepebpa. OTMeTuTh 11BeTa 0caakoB. Hamucars B MONIEKYIISIpHOI 1 HOHHOM (hopMe ypaBHEHHS
peaKIui.

OmnpIT 6. OKHCIUTENBHBIE CBOMCTBA XPOMATOB

a) OkucieHue cepoBoIopoIa

B pactBop nuxpomara kanus (4-5 Kamnessb), MOJKUCIECHHOTO 2 H. paCTBOPOM CEPHOM
KHUCJIOTHI (2-3 Karin), BHOCUTH IO KAIUIsIM CEPOBOJIOPOAHYIO BOY 10 U3MEHEHHUS OKPACKH
pactBopa. OTMETUTHh NOMYTHEHHUE pacTBopa. Hanucars ypaBHeHUE peakuuu. Y Ka3aTh, KAKOE
COEIMHEHHUE XpOMa MOJyUYE€HO U TIOUYEMY pacTBOp NOMyTHEN. J[0 KaKoil CTeNeH! OKUCICHUS
BocctanaBnuBaercs xpoMm (VI)? [1o kakuM JaHHBIM MOKHO CYAUTH 00 3TOM?

0) OkucneHue HoauIa Kaaws

K noakucieHHOMY CEpHOM KHUCIIOTON pacTBOPY AUXpOMATa Kaaus (4-5
Karesb) 100aBuTh 3-4 Karum pactBopa ioauaa kaiaus. OTMEeTUTh U3MEHEHHe OKpacKku. Jlokasarts ¢
MOMOIIBIO PACTBOPA Kpaxmalsia BblJIeJIeHHe CBOOOIHOrO Hoa, sl 4YeTo B MPOOUPKY € 5-6 KaIuisIMu
Kpaxmajia BHECTH OJHY KaIUIIO IIOJyYEHHOI0 B ONbITE pacTBopa. Hanucarh ypaBHEHHE pEeaKIUH.

B) OKHCIJIEHHE XJIOPOBOJAOPOIHON KUCIOTHI

K pactBopy auxpomara kanus (2-3 kamiu) npu6asuts 10-12 kamnens
KOHIIEHTPUPOBAHHON XJIOPOBOIOPOIHON KUCIOTHI (IUIOTHOCTH 1,19 r/ecm3). Cmech HarpeTs 110
NIEPExX0/1a OpPaHKEBOH OKPACKH B 3€5I€HYI0. OTMETUTH BbIETICHNE ra3a. Kak n3MeHuIach CTeNeHb
okucienus xpoma? Kakoii ra3 Beraenuicsa? Hanucats ypaBHEHHE peakiuy OKUCIIEHUS
XJIOPOBOAOPOJHON KHCIIOTHI TUXPOMATOM KaJIusl.

JlabopaTtopHas padota Ne 10. Dnements noarpynmnsl VII A

Omprt 1. [Tony4yeHune raJoreHoB OKUCICHUEM TaJIOTeHUI0B

a) [lonyuenue xsopa

B nBe mpobupku pasnensHo BHecTH 10 2-3 kpuctauinka KMnO4 u K2Cr207. B obe
POOUPKH T0OABUTH MO 2-3 KaIlJIl KOHIIEHTPUPOBAHHOW XJIOPOBOJIOPOAHON KUCIOTHI (TIIOTHOCTh
1,19 r/cm3). Bropyro npobupky cierka nogorpets. HabmonaTts Beigenenue xmopa. OTMETUTh
OKpacky xJyiopa. Hamcarp ypaBHEeHHE TPOTEKAIONINX PEAKIIUH, YUUTHIBAS, YTO JUXPOMAT Kaus
nepexoauT B xyopua xpoma (I11), a mepmanranat kanus — B xsopua mapranna (I1). Ykazars
OKUCIUTENb U BOCCTAHOBUTEIIb.

0) [Tomyuenue 6poma u iona

B nBe npobupku BHECTHU: B OJIHY — 2-3 KpUCTaJIMKa OpoMuaa Kajlus Wil HaTpus u 1-2
MHUKPOIITIATENS TUOKCH/Ia MapTraHIla, B IPYTYI0 — TAKOE e KOJIMYECTBO CMECH HOAM/Ia KaJIHsI C
JTUOKCHIOM Maprasia. B kaxmayro npoOupKy 100aBUTh MO 2-3 Kariu KOHIIEHTPUPOBAHHOM CEpHOM
KHUCJIOTHI (TJIOTHOCTh 1,84 r/cm3). OT™MeTUTH BBIIECTICHHE U I[BET Opoma U fiosia B
ra3o00pa3HOM COCTOSTHUH. HamucaTs ypaBHEHHE MPOTEKAIOIINX PEAKIIHMA, YYUTBIBAS, YTO JHOKCH/T



Maprasiia nepexoaut B cynbdart mapranma (II).

Omnpit 2. PacTBOpUMOCTH OpOMa U 012 B OPraHUYeCKUX PaCTBOPUTEIISX

B nBe npoOupku pa3aenbHO BHECTH 10 2-3 Karuid OpOMHOM U MoiHO# Boabl. J00aBUTH
B KOXIYI0 TPOOUPKY 10 5-6 Kareab Kakoro-JIn00 OPraHM4ecKoro pacTBopuTes. PacTBopsl
nepeMeIiaTh CTCKISHHON NaouKoi. OTMETUTh OKPACKy OTCTOSIBIIUXCS CIIOEB B IPOOUPKaX.
(Oprannueckuii pacTBOPHUTEIH IKCTPArupyeT OpOM U o] U3 BOJIHOTO pacTBopa.) Kakue ranoreHsl
MO>KHO OOHAPYKUTh TPU MOMOIIIH 3TOTO OIbITA?

OmnbiT3. OKUCIUTENBHBIE CBOMCTBA T'AJIOT€HOB U UX
CpaBHUTEJbHAS AaKTUBHOCTh

a) OKHUCIUTENbHbIE CBOMCTBA TaJIOT€HOB

B Tpu npoOupku BHeCTH 110 3-5 Kamnenb XJIOpHOM, OpoMHOI 1 HoaHoi# Boabl. [lo6aBUTh
K XJIOPHOH BOJI€ HECKOJILKO Kallelh CEPOBOIOPOIHOM BOJIBI JI0 MOsIBICHUS MyTH. K OpoMHOI 1
HoHOM BoJe 100ABUTH MOPOIIOK MarHUs WK amoMuHus. [lepeMeriats pacTBOPHI CTEKITHHON
MAJIOYKOM U OTMETUTH X obOecliBeunBaHue. HamucaTh ypaBHEHHE BCEX MPOTEKAIOIIUX PEAKIUH.
Kaxkue cBolicTBa BO BCeX Cily4asix MPOSBIISIOT TaJIOT€HbI?

0) CpaBHEHHE OKHCIUTEIBLHBIX CBOWCTB TaJIOTCHOB

B onny npobupky BHecTH 3-5 Karenbs pacTBopa OpoMua HaTpus, B IBE IpyTrue — mo 3-5
KareJb pacTBopa Hoauaa kanus. Bo Bce Tpu mpoOupku 100aBUTH MO 2—3 Karluld OpraHHYeCcKOro
pactBopuTensi. B mpobupku ¢ pactBopoM Opomuaa u ioauaa BHECTH 10 3-4 Karliu XJIOPHOU BOJIBI,
B IIOCJIEIHIOI0 TPOOUPKY C pacCTBOPOM HOAMIa — CTOJIBKO ke OpoMHOI Bobl. Coneprumoe
pOOUPOK NepeMenIaTh CTEKJISIHHOM MajJOYKOM U 110 OKPACKe MOJYyYEHHOTr'O CJI0sl OPraHU4eCKOIro
pacTBOPUTEIIS YCTAHOBUTD, KAKOM I'aJIOTEH BBIJENSETCS B CBOOOJHOM BUJE B KaX/101 U3 IPOOUPOK.
Hanucatb ypaBHeHUs peakliuii B MOJIEKYJIAPHOM U MOHHOU dopMme. B kaxom ciydae yka3aTh
OKHUCJIUTEIb U BOCCTAHOBUTENb. PacmonoKuTh ralloreHsl B psijl 0 yOBIBAHUIO UX OKUCIUTEIHHON
akTUBHOCTH. OOBSICHUTD MTOCIIEA0BATEIBHOCTD PACIIONOKEHHS. MOTYT 1M MOJIEKYJISIPHbIE
raJIOre€HbI MPOSIBIISITh BOCCTAHOBUTEIbHBIE CBOMCTBa? OTBET 00OCHOBATH.

B) Okucnenue cynbdara xenesa (1I)

B nBe npoOupku pa3aenbHO BHECTH 110 3-5 Karenb OpOMHON U OTHOW BOBI.

JloGaBuTh B Kaxayto mpoOupky no 1-2 kpuctaymka cyibgata xxenesa (1I) [conn Mopa (NH4)
2S504-FeS0O4-6 H20]. Yto nabmonaercs? Hanucars ypaBHEHUE NpoTeKaroiei peakiuu. B kakom
cinydae peakuus okucienus: Fe2+-nona e nporekana? HanucaB 3HaueHusi CTaHIapTHBIX
3IeKTpoAHBIX moTeHnuanos cucrem C12/2C1 , Br2/2Br , 12/21 , Fe2+/Fe3+, yka3zarth, B Kakom
ciydae peakuus okucieHus FeSO4 neBo3moxna. [loarBepxnanock iau 3To oneitoM? byner nmu
XJIOpHas BoAa okucisaTe FeSO4?

OmpiT 4. CpaBHEHHE BOCCTAHOBUTEIIBHBIX CBOMCTB raJIOTEHOB

a) BoccranoBnenue nuxpomara Kanus

B Tpu npoOupku BHECTH 10 2-4 Karuid AUXpoMaTa Kajus, MOAKUCIEHHOTO 2 H.
pacTBopoM cepHoi kucnoToil (1-2 karm). Jlo6aBuTh B IepBYyr0 NpoOUPKY 2-3 Karuid pacTBopa
Honuaa Kanus, BO BTOPYIO — CTOJIBKO K€ KaKoro-110o OpoMuja, B TPEThIO — XJIOpUa HATPUSI.
PacTtBOpBI IEpeMeniaTe YUCTON CTEKISSHHOW NMAJIOYKON. B KakoMm ciiydae BOCCTaHOBIIEHHE
JuxpoMara He mpousonuio? HanucaTs ypaBHEHHS MPOTEKAOIINX PEAKIIMM, YUUTHIBASL, YTO
JTUXpOMAT KaJlus, BOCCTAaHABJIMBAsCH, epexoanT B cynbdar xpoma (II1). Kak nusmensnacey npu 3ToMm
CTETNEeHb OKUCIIEHUS COOTBETCTBYIOMIMX rajioreHoB? YTo mpu 3ToM HabIIr01a710Ch?

6) Boccranosnenue xiopuaa xenesa (I11)

[IponenaTe OmbIT, aHAJTOTUYHBIN ONBITY 4a, 3aMEHUB PACTBOP AUXpOMAaTa Kaus
pactBopoMm xstopuaa xenesa (III). Yro nabmoganu? B kakoM cityyae Mpou30III0 BOCCTAHOBICHHE
FeCl3 u cooTBeTcTBeHHO OKHMceHuE Taorena? CorjaacyroTcs I pe3yabTaThl ONbITOB 4a 1 40 ¢
OTHOCUTEJIbHBIMH 3HAUYEHUSMU CTaHIAPTHBIX AIEKTPOAHBIX TOTEHIIMAJIOB COOTBETCTBYIOIINX
OKHCITUTEIbHO-BOCCTAHOBUTENBHBIX cucTeM? Kak u3MeHseTcss BOCCTAaHOBUTENbHAs CIIOCOOHOCTD
OTPHULATENIBHBIX HOHOB IaJIOT€HOB? PacmonoXuTh X B Psii IO BO3pacTarolleh
BOCCTAaHOBUTEIBHON aKTUBHOCTH.



OmnpbIT 5. XapakTepHble peaklui Ha HOHBI TaJIOTEHOB

O6pazosanue ocankoB AgCl, AgBr u Agl sBisieTcst XapakTepHOW peakiuel Ha HOHBI
rajoreHoB. [lony4nTs yKka3aHHbIE BelIecTBa peakiueir oomena. Heo6xonumple pacTBOPHI
COOTBETCTBYIOIIUX COJIeH OpaTh B KomudecTBe 4—5 kanelnb. K momyueHHbIM OcaikaMm J0OaBUTH T10
2-3 xary 2 H. pacTBOpa a30THOU KHUCJIOTHI. HabmrogaeTcs mn ux pactBopenne? Hammcats B
MOJICKYJISIPHOM U HOHHOM (hopMe ypaBHEHUS MPOTEKAIOUINX PEaKI1il, OTMETUTD I[BETA
MOJIyYEHHBIX OCAJIKOB U PE3yNbTaT ACHCTBUS HA HUX a30THOM KHCIOTHI.

JlabopaTtopHas padora Ne 11. Dnementsl moarpymnmsl VII B

Omprt 1. 'mapokcun mapranna (II) u ero cBoiictBa

B nBe npobupku BHecTH 110 3-4 Karm pactBopa coiu mapranmna (II) u mo 2-3
Kariy 2 H. pacTBopa menaoun. KakoB 11BeT mosy4eHHoro ocajaka ruapokcuaa mapraama (11)?
Pa3MemaTh ocaiok CTEKJISTHHOM MAIOYKOM U OTMETUTD €ro MOOypeHUe BCIEACTBUE OKUCICHUS
mapranna (II) no mapranna (IV). Bo Bropyto npoOupKy ¢ 0cakoM rHAPOKCHIA MapTaHIia
100aBUTH 2-3 Kariy 2 H. pacTBopa cepHoi KuciaoThl. Uto Habmomaercsa? Kakue cBolicTBa
xapakTepHsl i ruapokcuaa mapranna (II). Hanucats ypaBHeHHs peakiiuii: a) MoTy4eHUs
ruapokcuaa mapranna (1) u ero okuciienus kucinopoom Bozayxa B MnO[( (OH)) 2; 6)
B3aMMO/JICHCTBUS THIPOKCHIA MapraHia C CEPHON KUCIOTOM.

Omnpit 2. [TonyueHne HEKOTOPBIX MaJIOPACTBOPUMBIX cojieil mapranua (1)

B Tpéx mpobupkax noayyuTh: a) XpoMaT Mapranua; 0) kapOoHaT Maprasiia; B)cyibdar
MapraHiia B3auMoIeiCTBUEM Xpomara Kalusi, KapOoHaTa HaTpUs U Cyabhuaa aMMOHUS C
cynsparom mapranua (II). PactBopsl 6path no 3-4 xarum. OTMETHTD 1IBeTa 0caKkoB. PacTBop
0CaZIKOM CyJb(HIa MapraHia pa3MemaTh CTEKISTHHON Manoukoi. OTMETUTh U3MEHEHHE [[BETa
ocazka. J00aBUTh K KaXA0MY 0CaJIKy 2-4 Karuii 2 H. pacTBopa KUcI0Thl. CenaTh BHIBOJ O
pPacTBOPUMOCTH MOJMYYEHHBIX COJIEH Mapraniia B KUcjoi cpene. Hanucats ypaBHEeHHE peakiuu: a)
MOJTyueHusl Xpomara, kapOoHaTa u cynbduaa Mapraiia; 0) OKMCICHHS Cynb(puaa Mapraiia
KHCJIOPO/IOM BO3/lyXa B MIPUCYTCTBUU BOBI, YIUTHIBAS, UTO MIPU ITOM IIOTy4AETCS THIPOKCHU
mapranna (IV); B) pactBopenus xpomara, kapOoHara u cyiab¢puaa mapraaua (II) B kucnore.

Omnsit 3. BoccTanoBuTenbHbIE cBoOMcTBA coenuHeHuit Mn (1)

a) Okucnenue conu mapranna (II) 6pomom

Brectu B mpobupky 2 kaniau pactBopa cynbdara mapranua (II) u 3 xarm 2 H. pactBopa
eznkoro Hatpa. K moimydeHHOMY oca/iky THAPOKCHIa MapraHia 100aBuTh 5—6 karneiab OpoMHON
BOJIbl. OTMETUTH U3MEHEHHUE 1IBETA OCaJKa BCIEACTBUE 00pa3oBaHus coeuHeHus: mapranna (IV).
Hanucath ypaBHeHHE peakiuu.

6) Oxucnenue comu mapradia (II) BucMyrarom HaTpus

ITomecTuTh B IpOOUPKY OJIHY Karuto pactBopa coiu Mapranua (II) u 5—6 xanens 2 H.
pacTBopa a30THOM KUCHOTHL. Jl00aBUTh MUKpOLINAaTEIeM HEMHOTO BucMyTtara HaTpus NaBiO3.
Kax oxpacuiics pactBop? Kak n3amMeHunach crerneHb OKuciieHus Mapranina? Hanucats ypaBHeHHE
peakiuu, MpoTeKarollei ¢ 00pa3oBaHNEM MapraHIEeBON KUCIOTH U HUTpaTa BucmyTta (III).

B) Oxucnenue conu Mapranua (II) mepokconucynbparom aMMoHuUs

B MUKpOKOJIOOUKY MM MIIMHAPUYECKYIO TPOOHPKY 110 1/3 e€ 00bEMa HAIUTh BOJIBI U
n06aBuTh 3-4 KpucTayUMKa iepokcoaucynbhara ammonus [ (NH 4)] 2S 20 8 mmo 2-3
KaIlJId pacTBOPOB 2 H. a30THOM KUCIIOTHI U HUTpaTa cepedpa, KOTOpbie 100aBIIOTCSA B KAUECTBE
Kataimzaropa. Harpes >KuaKoCTh MOYTH /10 KUIIEHUS, 100aBUTh B HEE KAILJII0 pacTBOpa Cyibdara
mapranna (II). OTmeTuts okpacky pacTBopa M yKas3aTh, KaK U3MEHWJIACh CTENIEHb OKUCIEHUS
Mmaprania. HamucaTte ypaBHeHuE peakiiuy, IpOTEKaIoLIei ¢ yuacTHEM BOJIbI U 00pa30BaHUEM
MapraHieBO KUCIOTh. B ypaBHEHUN peakliuy a30THAsi KUCJIOTa HE yYacTBYeET.

OmnpiT 4. PaznoxxeHre nepMaHraHara Kajaus Ipyu HarpeBaHUU
[Tomectuth 3-4 KpHcTauIMKa IepMaHTraHaTa Kajius B HIUIMHAPUYECKYIO TPOOUPKY,



YKPENUTh €€ B IITaTUBE TOPU3OHTAIBLHO U HArpeBaTh HEOOJIBIINM IJIAMEHEM TOPEIKU A0 MOJTHOTO
pa3J0KeHUs IEpMaHIraHaTa Ha JIMOKCU] MapraHlla, MaHraHaT Kalnus U kuciaopon. (Beinenenue
KHCJIOpPO/1a ¥ TIOJHOTY Pa3jIoKEHUs IEPMAHIaHaTa yCTAHOBUTH C MTOMOLIBIO TIICIOIIEHN JIYYHHKH. )
[Tocne oxnaxkaeHust MPOOUPKHU K CYyXOMY OCTaTKy 100aBUTH 5-6 Kamesnb BoJbl. OTMETHTDH LIBET
NoJIy4eHHOro pactBopa. Kakoe BeuectBo Haxoautes B pactBope? Kakoe B ocaake? Hanucars
YPaBHEHHE PEAKIMH PA3JIOKEHUS IIEpMaHraHaTa Kajaus. YKa3aTb OKHCINUTENb U BOCCTAHOBUTEND.

Omnplt 5. OkucnuTenbHble cBoMcTBa coequHenuit Mn (VII)

a) Bnmusnue pH cpenpl Ha XapakTep BOCCTaHOBJIEHUS IIEpMaHIraHaTa

B 3aBucHMOCTH OT Cpe/ibl — KMCIION, HEUTpaIbHON WM meouHoi — mapraner (VII )
BOCCTaHABIIMBACTCS 10 PA3JIMYHON CTETICHN OKUCIICHUs. B kucioii cpeae non [ MnO 4] -
NEPEeXOANT B HOH , B CHIIHOLIEIOYHOH, IPH HEAOCTATKE BOCCTAHOBIECHUS — B HOH [ MnO 4] (2
-). B Tpu mpobupku BHecTH 10 3-4 Karuim pacTBOpa MepMaHranara kauus. B ogny npoOGupky
N00aBUTh 2 KAy 2 H. PaCTBOPa CEPHOM KUCIIOTHI, B IPYTYIO — CTOJIBKO e BOJBI, B TpeThio — 3- 4
KaIul 2 H. pacTBopa 1enao4yu. Bo Bce Tpu npoOupku npuGaBUTh 10 1 MUKpOIINATEINIO
KPUCTAJNINYECKOT0 Cyb(puTa HaTpus WK Kayus. OTMETUTh Pa3IMuHOE U3MEHEHHE
[epBOHAYaAJIbHOM OKpAacKU pacTBOpa IepMaHraHaTa B Kax10M ciiydae. Yem 370 BbI3BaHO?
Hanmcars ypaBHeHHE peakuuil.

6) OkucneHue nepMaHraHaToM kanus cyiabgara mapranna (1)

Buectu B npobupky 3—4 kaniu pacTBopa lepMaHraHata Kajlus U CTOJIBKO K€ pacTBOpa
cynb(ara mapradmna. OTMETUTh HCUE3HOBEHUE (PUOJICTOBOM OKpacKu U 0Opa3oBaHue Oyporo
ocajaka. OnycTuTh B IPOOMPKY CHHIOKO JJAKMYCOBYI0 OymMaxky. Kakas cpena B monyueHHOM
pactBope? HammcaTh ypaBHEHHE PEaKIMU C y9acTHEM BOJBI U 00pa30BaHUEM CyJb(ara Kaius,
JMOKCHa MapraHiia ¥ CepHOI KMCIIOTHI.

B) OKHCIIeHHEe IepMaHraHaToOM KaJlusl IEpOKCHIa BOAOPOAa

B npoGupky BHecTu 3-5 Kkanenb pacTBOpa epMaHraHarta Kaiaus U 2-3 xamiu 2 H.
pactBopa cepHoit kucioThl. JlobaButh 3-4 xammu 10% pacTtBopa nepokcuaa Bogopoaa. Kakoit ra3
BoessgeTcsi? Kak u3mMeHunnacek creneHb okucieHus Maprania? Hanucats ypaBHeHHE peakiuy.

r) OKuclieHue epMaHraHaTOM Kalus CIUpTa B KMCJION U LIeTI0OYHON cpesie

B nBe npobupku BHecTH 1o 2-3 KaIulk pacTBOpa NepMaHraHara kaius. B ogny
NpOOUPKY A00aBUTH 2 KaIlJIu 2 H. pacTBOpPAa CEPHOM KUCIIOTHI, B IPYT'YIO — CTOJIBKO K€ 2 H.
pactBopa menoun. B mpobupky ¢ MOAKUCICHHBIM paCTBOPOM IEpMaHraHaTa Kajius 100aBUTh 3
KaIlJIi 3TUJIOBOTO CUpTa. PacTBOp MOgOrpeTh MaleHbKUM INIAMEHEM ropeiku. OTMETUTH
u3MeHeHHe okpacku. Kak u3MeHunacek creneHb oKucieHus mapraima? B apyryro npobupky k
IeJIOYHOMY PAacTBOPY IIEpPMaHraHaTa Takyke 100aBUTh 3 Karuik 3TuiioBoro cnupra. Habmronate
MIOCTENIEHHOE BOCCTAHOBJICHUE NTEpMaHIaHaTa CHayala o0 MaHraHara, a 3aTeM JI0 TMOKCUAa
Maprasia. OTMETUTh TOCIIEI0BATEIBHOCTh U3MEHEHHS OKPACKU pacTBopa. OTBETUTH HA BOIIPOCHI.
Hanucatp ypaBHeHHsI peakLnii: BOCCTAHOBJICHM IEpMaHraHaTa Kajlus CIIUPTOM B KHCIION cpenie U
BOCCTAHOBJIEHMSI B ILIEJIOYHON CpeJie CHavaa o0 MaHraHara, a 3aTeM JI0 TMOKCUAa MapraHua,
YUUTBIBAs], YTO B KAKJOM CIy4ae CIIUPT OKUCISAETCS B allbJeTU/I.

Jlaboparophas pabota Ne 12. Dnements! noarpynmnst VIII B

Omnpit 1. XapakTepHble peakuuu Ha HoHBI Fe2+ u Fe3+

a) [leiictBue Ha conu xene3a (II) rexcanmanodeppara (I11) xanus

[IpuroToBuTs B pobupke pacTBop coiau Mopa u 106aBuTh 1 Karmao pacTBopa
rexcarmanodeppara (I1I) xanus (kpacuoit kpossiHoi conu K3[Fe(CH)6]). OtmeTuTs 11BET
oOpa3oBasiierocs ocaaka (TypHOyJeBa CHHB), yKa3aTh XUMHUECKOe Ha3BaHUE U GOPMYILy
MOJIYYEHHOr 0 BellecTBa. JlaHHas peakuus sSBIsSIETCS XapakTepHoil Ha moH Fe2+ . Hanucatp
MOJIEKYJISIPHOE Y HOHHOE YpaBHEHHUE peaKILUu.

6) HeiictBue Ha comnu xene3a (I1I) recaunanodeppara (1) kanus



[TomecTuTh B mpobupky 2-3 karum pactBopa xjiopuaa xenesa (1) u qodasuts 1
Karutio pactBopa rexcanmanogeppara (1) kamust (xentoit kposiHoit conu K4[Fe(CN)6]). Uro
Habmromaercsi? OTMETUTH LIBET 00pa3oBaBIIErocs ocajaka (OepauHCKas a3yph), yKa3aTbh
XMMHYECKOe Ha3BaHHUE U (popMyily ITOJy4yeHHOr o BelecTBa. HanucaTrh ypaBHeHHE peakliuu B
MOJICKYJIIPHON M MOHHOHU (hopme.

B) JleiicTBue Ha conu xene3a (I11) poganuaa ammonus (MM Kajus)

[TomecTutsb B poOupKy 5-6 Kamens pactBopa xjopuaa sxenesa (I1I) u nobasuts 1
karo 0,01H. pactBopa poganuaa aMMoHMs (WK Kaius). Takol ke OIbIT IpoAeIaTh C paCTBOPOM
coiu Mopa. [lepenectu 1 kamiro noixy4eHHOro B IEPBOM MPOOUPKE pacTBOPaA B APYI'YIO IPOOUPKY
u nob6aButh 8-10 kanenb Boabsl. Hanmcars ypaBHeHue peakmuu noigydenus Fe(CN)3,
COOOILAIOLIETr0 PacTBOPY APKO-KPACHYIO OKpacKy. OTMETUTh, UTO OKpAcKa XapaKTepHa TOJIBKO IS
comu xkene3a (I11). Uem oObsicHsieTcst ocnabiieHue OKpacku mpu pa30aBieHuun?

OmnpIT 2. B3aumoeicTBue ese3a ¢ KUCIOTaMU

OnbIT MpoBOAUTCS B BEITSHKHOM mikady! B Tpu nmpoOupku BHECTH 110 5 Kanenb 2 H.
PacTBOPOB KUCIIOT: B IIEPBYIO — XJIOPOBOJOPOJHOM, BO BTOPYIO — CEPHOM, B TPETHIO — a30THOM. B
YETBEPTYIO MPOOUPKY MOMECTUTD 3 KaIId KOHIIEHTPUPOBAHHOM CEPHOM KUCIOTHI (TUIOTHOCTSH 1,84
r/cMm3). B kaxmyro nmpoOHpKy MOMECTUTh HEMHOTO JKEJIE3HBIX OTMHMJIOK MM KyCOYEK JKEJIe3HOM
CTPYKKH, I10CJI€ YETO NMPOOUPKY C KOHLEHTPUPOBAHHON CEPHOM KMCIOTON OCTOPOKHO HArpeTh.
HabmroaTe mpoucxoasiiue npolecchl. 3aTeM B Kaxk Iyt mpooupky npubasuth no 1 kamne 0,01H.
pacTBOpa pOJAHK/IA KaJIUs MJIM aMMOHUS, KOTOpbIe ¢ HOHaMH Fe3+ 1aroT XapakTepHy0 KpPacHYIO
okpacky coenuueHust Fe(SCN)3. YOenuTses B TOM, 4TO B XJIOPOBOJIOPOIHOM B pa30aBICHHON
CepHO Kuciote o0pasyrorca noHbl Fe2+, a B a30THOM KHCII0TE U KOHLIEHTPUPOBAHHOM CepHOM
kucnote — uoHsl Fe3+. HaGnronars 3a nmosiBeHHEM OKPAacKH ClielyeT BHUMATENIbHO, TaK KaK yepes
HekoTopoe Bpems (1-2 muH.) B kucnoii cpene Fe(SCN)3 paznaraercs. Hanucats ypaBHeHuUs
MIPOBEICHHBIX peakuuid. Kakue MOHbI SBIAIOTCS OKUCIUTENSIMU B KAKI0M U3 3TUX peakuuii? Uem
OOBSICHATH, UTO P B3aUMOJICHCTBUH Keje3a C CEPHOU KUCIOTON pa3InuyHON KOHIIEHTPAIIN
00pa3yroTCs COJM Kelle3a Pa3IMUYHON CTEIIEHU OKUCIICHUS?

Omnpit 3. 'uapokcun xenesa (1I)

B consx xxenesa (II) BcreacTBue 4aCTUYHOTO OKHUCIIEHUS HA BO3/IyX€ BCer/ia
npucytctByeT xene3o0 (III). [TosTtomy Bo Bcex ombITax mo u3ydeHuro cBoictTs xenesa (II) cnemyer
Opath Hanbosee YCTOMYMBYIO ABOMHYIO KpUCTaUIHYecKyto cotb Mopa (NH4)2S04
‘FeS04-6H20. Jlng npuroToBiaeHUs pacTBOpa B MPOOUPKY NOMECTUTH 2 MUKPOILIIATENS TOPOIIKa
ATOM COJIM M paCTBOPHUTH €€ B 4—5 Karisix Boabl. UeM 00bICHsSIETCS OObIas yCTOWYMBOCTh B
KPUCTANINYECKOM COCTOSIHMM coii Mopa 1o cpaBHeHuto ¢ cynbdatom xenesa (I)? [Touemy
pactBOp coiu Mopa JoKeH ObITh CBEXKENPUroTOBIEHHBIM? Hamucarh KOOpANHAIIMOHHYIO
dbopmyny conu Mopa. B ypaBHeHUs1X peakiuii BMecTo (GopMyisl coiar Mopa MOXKHO TOJIb30BaThCS
dbopmyroii cynbdara xenesa (I1), Tak kak ABoiHas coiib Mopa NpakTHYECKH TOTHOCTHIO
JMCCOLMUPYET NPU PACTBOPEHUH B BOJIE HA BCE COCTABJISIOLINE €€ HOHBI.

B npobupky ¢ 3—4 xamisMu pacTBopa coiu Mopa npuiInTh 2 H. pacTBOpa IIEJI0UH /10
BBITIQZICHUS 3€JIEHOTO ocajka runpokcua sxenesa (11). [lepememats momydeHHBIN 0cagoK
CTEKJISTHHOW NaouKoi u HabmoaaTh yepe3 1—2 MuH noOypeHue ocaika BCIEICTBUE OKUCIECHUS
ruapokcuaa xenesa (1) B rugpokeun xenesa (I1I) FEOOH. ITpoBepuTh ONBITHBIM MyTEM, Kak
B3aMMO/IEHCTBYET CBEXEOCAKICHHBIN ruipokcua xene3a (II) ¢ 2 H. pacTBopoM XJIOpOBOJOPOIHOM
kucinoTsl. Kakue cBoiicTBa nmposiBiisieT B 3Toi peakiuu ruapokcu xkenesa (I11)? Hanucats
YPaBHEHUS PEaKIIMA:

a) obpazoBanus ruapokcuaa xemnesa (II);

0) OKMCIIeHHs TOJTYYEHHOr0 OCHOBaHMA B rupokcua xenesa (I11) mox neiicrBuem
KHCIIOpO/1a BO3yXa U BOJBI.

OmnpiT 4. BoccTanoBUTeIbHBIE CBOMCTBA coennHeHu xenesa (1)

a) BoccranoBneHne a30THOM KUCIOTHI
OmngIT MMPOBOAUTCH B BBITS’KHOM mKa(I)y' HpI/II‘ OTOBUTH B IBYX MUJIMHAPUYICCKUX



npoOupkax pactBop cosit Mopa. B oiHy u3 HUX 100aBUTH | Kario KOHIIEHTPUPOBAHHON a30THOM
KUCIIOTHI (MII0THOCTH 1,4 T/cM3), OAOTPETh PacTBOP /10 MPEKPALICHUS BBIACICHHUS ra3a 1 JaTh eMy
OCTBITh. 3aTeM B 00e npoOupku n06asuth 1o 1 karte 0,01H. pacTBopa poganuaa ammonus. B
KaKoi mpoOrpKe HaOII01aeTCsl KpacHOE OKpallliBaHUE pacTBopa U noyemy? Hamnucars ypaBHeHue
peaxiuu, CuuTasi, YTO a30THAs KUCJIOTa BOCCTaHABIMBAeTCs peumyniectBeHHO 10 NO.

0) BoccranoBieHnue nepokcuaa BOAOPoOaa

[TpuroroBuTh B ABYX mpobOupkax pacTBop cosin Mopa. B ogny u3 Hux 106aBuTh 2—3
Karid 2H. pacTBOpa CEpHOM KUCIOTHI U 2—3 karum 3% pacTBopa MepoKcuaa BOAOPOa. 3aTeM B
00e npobupku no6aBuTh 1o 1 karute 0,01H. pacTBopa poganuga aMmmMoHus. B kakoit mpoOupke
Ha0II01aeTCs KpacHOe OKparirBaHue u nmoueMy? [IpoBepuTh ONBITHBIM TyTEM, KaK IIPOTEKAET
BOCCTaHOBJICHHE MEPOKCHIA BoJopoa coibto xkene3a (II) B menounoit cpene. OTMeTuTh
BhITIaZICHUE ocajika ruapokcua xxenesa (II). Hanucars ypaBHeHus peakiuii.

B) BoccranoBnenue Hutpara cepedpa

[IpuroroBuTh B IBYX MpoOUpPKax pacTBop coiau Mopa. B ogHy u3 HUX 1006aBUTH 6—7
KarleJib pacTBOpa HUTpaTa cepedpa U clerka HarpeBaTh HEOOJBIINM IJIAMEHEM TOPENIKH, HEe
JIOBOJIS KMJIKOCTh 10 KuneHus. Ha kakoii mporecc ykas3blBaeT NOSIBJIEHHE HA BHYTPEHHUX CTEHKaX
npoOupku cepedpsiHoro 3epkana? OxynaauB NpoOUpPKY, JOOABUTH B HEE U B KOHTPOJIbHYIO
npobupky no 1 xarute 0,01H. pacTBopa ponanuaa aMMonus. B kakoit mpoOupke HabmoaeTCs
OKpallliBaHue U nmovyemy? 3anucaTh ypaBHEHHE peaKlii BOCCTAHOBJICHHsSI HUTpaTa cepedpa COJbIo
xkenesa (11).

Omnsit 5. I'mapokeun xenesa (11I)

B nBe npobupku BHEecTH 0 5-6 Kamenb pactBopa xiopuaa xenesa (I11) u mobaButs mo
3-4 xaruu 2 H. pacTBopa mmeno4u. Yro Habronaercs? B onny npobupky 100aBUTh pa30aBiIeHHOM
KHCJIOTHI /10 pACTBOPEHUS 0Ca/iKa, BO BTOPOH MPOOHUpPKE MPOBEPUTH PACTBOPUMOCTh OCa/IKa B
menoyn. HecMoTpst Ha 0TCyTCTBUE B3aUMOACHCTBUS CO ILEI0YbIO TPU OOBIYHBIX YCIOBUAX
runpokeuy xenesa (I11) cmado amporepen. KucnoTaeie cBoiicTBa OH POSIBISET TOJIBKO TPU
CIUIABJICHUH CO ILEJIOYaMH MM KapOOHATaMH IEIOYHBIX MeTaiuioB. [lpu aTtom oOpa3yrorcs conu
KeJIe3UCTON KUCIIOThI, Ha3blBaeMble (eppuTaMu. Booit OHM MOTHOCTBIO THIPOIU3YOTCSL.
Hanucath ypaBHeHUs peakiuil: a) B3aumoaencTBus xiopuaa xeinesa (I11I) ¢ pactBopom mienouu ¢
obpazoBanuem runpokcua xenesa (11I) Fe(OH)3; 6) pactBopenus runpokcuaa sxenesa (11I)
KHCJIOTE; B) 00pa3oBaHUs PEPPUTOB MIPH CIUIABJIICHUH, TOTHCAB CJIEIYIONINE PEAKIIUN:

Fe203 + Na2CO3 —

Fe203 +KOH —

I') IOJHOTO TUAPOIN3a peppuTa HaTpHUs, MpoTeKaroliero ¢ oopazoBanueM FeOOH;
Hanucats popmyny okcuna Fe304 B Buzne deppura xenesa.

OmnpiT 6. OKMcIUTENbHBIE CBOMCTBA coequHeHui xkene3a (I11)

a) Oxucnenue noanaa Kamus

B npo6upky ¢ 3-4 xamsamu pactBopa FeCl3 no6asute 1-2 karum pactBopa oanaa
Kanus. B kakol 1BeT U moueMy okpammBaercsa pactsop? Hamucars ypaBHEHUE pEaKIIUH.

6) Oxucnenue cynb(pura HaTpPUs

B nipo6upky ¢ 3—4 xamsmu pactsopa FeCl3 100aBUTh HECKOIBKO KPUCTAIIIUKOB
cynbs¢uta Hatpus. [Ipu TOM BHavasne nossiseTcss Oypo-KpacHOE OKpallluBaHUE BCIIEICTBUE
o0Opa3oBaHus MajoycToiuuBoro cyibdura xenesa (III), koTopoe ncyesaer npu HarpeBaHUU.
Y6enuTbcs B BOCCTAaHOBJICHUH )KeJle3a 10 CTeTeHu okucienus +2. Kakoii peakTuB criemyer s
aTOrO NMpUMeHnTh? Hanmucarh ypaBHEHHE peakIui OKUCICHUS CYIb(QUTa HaTPUsI XJIOPHUIOM Keje3a
(IIT), yuuTsIBast, 4YTO B peakIK MPUHUMAET y4yacTUE BOJIA.

Omneit 7. 'maponns conent xenesa

a) l'maponus cynbdara xenesa (1I)

ITomecTuTh B IpoOUPKY 5-6 Kareab HEUTPAIBHOTO pacTBOpa JJakMyca U 100aBUTH J1Ba
MUKpommnaTess coau Mopa. Pazmemars CTeKISITHHON MAIOUKOM. Y CTAHOBHTSH I10 IIBETY JIAKMYCa
PEaKIMIo Cpebl B TOJIydYeHHOM pactBope. HamucaTs ypaBHeHHe peakuu runponnsa FeSO4.

0) l'maponus xmopuaa xenesza (I11)



[TomecTuTs B 1BE MpOOUPKH 1O 5-6 Kareilb HEUTPAITBHOTO JIAKMYca U 110 2
MukpournaTens xjaopuna xxenesa (11I). Onpegenuts no uBetTy pactBopa peakuuio cpeabl. OaHy u3
npoOupok HarpeTh. Uto HabmoqaeTcs npu HarpeBanuu? HamucaTs ypaBHEHHE peakiiuu
ruapoau3a FeCl3 npu koMHaTHOM TeMIiepaType 1 Ipu HarpeBaHuu. Kak MOXKHO YMEHBIITUTh
crerneHb ruaponu3sa stoi conmu? Kakas cons, FeCl2 unu FeCl3, B Gonblei cTernenn moasepraetcst
ruaponaunsy? OTBET MOTUBUPOBATH.

B) 'maponus xnopuaa xenesa (I11) B npucyrctBun conbl

[Tomectuth B ipobupky 3-4 xarumm pactBopa xjopuaa xenesa (I11) u mpubdaBnsates 1o
KaruisiM pactBop coabl. OTMETUTH BbiNaJeHue B ocaaok ruapokcuga FEOOH. Kakoii ra3
BbIIeNseTcs? Hanucars ypaBHEHUE peakInu.

OmmiT 8. JleiicTBUE cepOBOIOPOA U CYIb(UIa AMMOHUS Ha
coun kene3a (II) u xenesa (111)

OnbIT IPOBOAMTCS B BBITSDKHOM KAy !

a) [lonyuenne cynbhuna sxenesa (I1)

[TomecTuTh B ABE MpOOUPKHU MO 5-6 Karenb CBEKEMPUTOTOBICHHOTO PAcTBOPa COJIU
Mopa. B ogny u3 HUX 1006aBUTH 2 KaIulk CEpOBOJIOPOIHOM BOBI, B APYTYIO — 2 KaIlJId pacTBOpa
cynbduna ammoHus. B Kakoit mpoOupke Boiman ocanok cynbhuaa xenesa (11)? [Iposeputs
pPacTBOPUMOCTH BBIMABIIETO OCA/IKa B pa30aBICHHOMN XJI0POBOAOPOAHON KHCIOTe. OOBICHUTD,
nouemy cynbdun xenesa (II) He BrImagaer B ocaiok Mpu IEHCTBHU CEPOBOIOPOIHOM BOJIBI, HO
BbINaIaeT Npu AeicTBun cynbduaa ammonusa? HamucaTs B MOJIEKyIsipHON HOHHOM opme
ypaBHEHHS peakuuid o0pazoBaHus cyiabhuaa xenesa (1) u ero pacTBopeHHs B XJIOPOBOAOPOIHOM
KHCJIOTE.

0) HleiictBue cepoBoaopoa u cynbpuna ammonus Ha conu Fe (III)

[Tomectuth B ABE Mpobupku mo 3-4 kamau pactBopa coiu xenesa (I1I). B onny u3z Hux
100aBUTH 2 Karlld CEPOBOIOPOAHON BOMBI, B IPYTYIO — 2 KaIlJll pacTBOpa Cyiabhuaa aMMOHUSI.
OpauHakoB JIM IIBET BbINABIIUX ocankoB? OTBETUTH Ha Bolpockl: a) [louemy nipu nelictBun
cepoBojiopoza u cyibhuna ammonus Ha comu xkene3a (I11) He BrImagaeT ocanok cynbduaa xenesa
(I1D)?

0) Kaxum cBoiictBom >xene3a (III) oobsacHsaeTCS osiBJIeHUE B 00enX MpoOUpKax
KOJUIOUTHOTO OCaJIKa Cepbl?

B) YuuThIBas, 4To UcXoAHbIN pacTBOp conu Fe(Ill) moaxucnen

(mnst ocnmaGneHust THAPONN3a), OOBSICHUTD BBITIAJACHNUE TTPH JEHCTBUH CYNb(HIa aMMOHHUS
ocanka cynbhuna sxenesa (II). Hamucats ypaBHEHHS BceX MPOJENaHHbIX PEAKIIHIA.

OmnpiT 9. KoMIiekcHble COeTMHEHUS JKele3a

a) [Tonyuyenue kommiaekcHoro ¢ocgata xenesa (11I)

B nipoGupky ¢ 3-4 xamsamu pactsopa FeCl3 no6asuts 1 xarmmo 0,01H. pactBopa
poJlaHuia aMMOHHUS U 3aTeM 2 Karuli 2 H. pacTBopa optodochopHoii kuciaoTsl. Uto Habmonaercs?
VYuuteiBas, 4To yCTOWUYUBBIN kKoMIieKcHbIN noH [Fe(PO4)2]3- 6ecuiBeTeH, OOBSICHUTD
Ha0Jr01aeMoe SBJICHUE U HAlMCaTh YPaBHEHUE COOTBETCTBYIOIEH peaKIuy.

6) [Tomyuenue kommiekcHoro ¢propuaa xeneza (I11)

B nipo6upky ¢ 3-4 xamsamu pactBopa FeCl3 no6asuts 1 xammo 0,01H. pactBopa
poaaHua aMMOHHUSI M 2 Kariy 2 H. pacTBOpa (PTOpuCTOBOIOPOIHOM KHUCTOTH. UTo Habmonaercs?
VYuuteiBas, uro KomiuiekcHbI HOH [FeF6]3- 6ecuiBeTen, 00BbsICHUTH HaOMI01aeMO€ SIBIIEHUE U
HalMcaTh YpaBHEHUS COOTBETCTBYIOIINUX PEAKIIHA.

Ompit 10. I'mapokcuast kobansta (I1I) n Hukens (1I)

a) [lomyuenne ruapokcuaa kodansta (II) u ero okucnenue

B nBe npobupku momMecTuTh Mo 2-3 Kariu pacTBopa coiu KoOaiabTa U J0OaBISTH 110
KaIlJIsIM pacTBOP €AKOM LIEJI0YH; CHaYalIa MOSABIIAETCS CHHUN 0CaJl0OK OCHOBHOM COJIM, KOTOPBIH
3aTeéM CTAaHOBUTCS PO30BBIM, UTO YKa3bIBaeT Ha oOpazoBaHue ruapokcuaa kodansra (II). Ocagok B
OJIHO poOMpKe TIIATENBHO pa3MellaTh CTEKISIHHON MaJIouKoM, a B IPYTryto NpUOaBUTh 2-3 Kariu
3% pacTBOpa mepoKCcHIa Bo1opoaa. B kakoit u3 mpoOHMpoK HAOIIOMAeTCS OKUCICHHE THIAPOKCHIA
kobanpTa? Hamwmcare ypaBHeHUs peakuuil. CpaBHUTBH NOJyYEHHbBIE PE3YIbTaThI C



pEe3yIbTaTOM OIIBITA MO OKUCIEHUIO Tuapokcuaa xenesa (II). Kakoit non sBisiercs 6omee
SHEPrUYHbIM BoccTaHoBUTENeM: Co2+ unu Fe2+?

0) [Tomyuenue ruapokcuna aukens (1) u ero okucienue

B Tpu npoOupku noMecTuTh 1o 2-3 Karuid pacTBOpa COJIU HUKENS U 100aBIsATh 1O
KaruIsiM pacTBOP €IKOM IIeJI0Yr JI0 BBINMaIeHUs ocaaka ruapokcuaa Hukens (11). B meppoii
MPOOUPKE OCATOK TIIATETHHO pa3MeNIaTh CTEKISHHONW MAI0YKOM, BO BTOPYIO 100aBUThH 2-3 Kariu
3% pacTBOpa nepokcuaa Bogopoa. Habmrogaercs nu u3meHenne npera ocanaka? [Ipoucxoaut mm
okucnenue ruapokcuaa Hukens (Il) kucmopoaom Bo3ayxa u nepokcuaoM Bojgopoaa? B TpeTsio
npoOupKy nprbaBuTh 1 Karuro 6pomMHOi Boabl. UTo Habmomaercs? OTBETUTH HA BOIIPOCHI.
Hanucars ypaBHenus peakiuii. CpaBHUTh BOCCTAHOBUTEIbHBIEC CBOMCTBA T'MIPOKCHIOB XKele3a,
KOOaJIbTa M HUKEJIS B CTENICHU OKUCIICHUS +2 10 HAOJIIOICHUSM U TIPU CPABHEHHUH CTAHIAPTHBIX
OKUCITUTEIHbHO-BOCCTAHOBUTEIbHBIX MOTEHIIMAJIOB (TIPU MEPEX0/IE ITUX FJIEMEHTOB B CTEIIEHb
OKHCeHUs +3).

Ompit 11. KommiekcHble COeTMHEHHS KOOAIbTa U HUKEIIS

a) AxBakomruiekc kobansTta (II) u ero paspymenue

B nBe npoOupku momMecTuTh 4-5 Karenb HAaChIIEHHOTo pacTBopa coiu kodansra (II). B
NEPBYIO MPOOUPKY J00ABUTH 2 KAl KOHIICHTPUPOBAHHOM XJIOPOBOIOPOTHOM KHCIOTHI
(mmotHOCTH 1,19 r/cM3), BO BTOpYIO MPOOHPKY BHECTH HEOOJIBIIION KYCOUYEK MPEIBAPUTEIHHO
MIPOKAJICHHOTO Ha acOECTUPOBAHHOM CeTKe XJiopuaa Kanbius. Yro nadmogaercs? B TpeTsio
MPOOUPKY NOMECTUTH | MUKPOILIIATENb COJIM KOOanbTa v 3-4 Kariu 3TUIIOBOTO CIIUPTa, OTMETUTh
[[BET MOJy4yeHHoro pactBopa. [IpnbaButh k pacTBOpy 7-8 Karesab BOJbI O HOBOTO H3MEHEHHS
okpacku. Hamucartp crexisiHHON nanoukoit, cmoyennoit 0,02 H. pactBopom CoCl2, kakoe—HHOY b
cJI0BO Ha (punbTpoBaHHOM Oymare. [loacymmB Oymary, MoIHECTH €€ K IJIaMEHU TOPENIKH U CIIeTKa
[IOJIOTPETh, 10KA TEKCT HE CTAaHET BUAUMBIM. OOpaTuTh BHUMaHUE Ha MOCIENYIOIIEe
oOecrBeYrBaHNE HAMUCH MPU oxJaxAeHuH. Onucarh HaOII0JaeMble SIBICHHUS.

N3meneHue 1iseta pacTBOpa BO BCEX CIIydasxX OOBSCHSAETCS T€M, YTO HETPOUHBIH
koMmrIuiekcHbI HOH [Co(H20)6] 2+ coobiaet pacTBOpY pO30BYIO OKPACKY, a AJI€MEHTapHbBIA HOH
Co2+ — cuHio10.

6) IlomyuyeHne KOMILIEKCHOTO POJaHUA U KOOAIbTa

ITomecTuTh B IPOOUPKY 2 KaIJIM HACBIIIEHHOTO pacTBopa cosn kobansTta (1) n
n00aBUTh 5-6 Kamesb HAaCBIIIEHHOTO PacTBOpa pPO/IaHK1a aMMOHHUS; YU€CTh, YTO MIPH 3TOM
obpasyercs pactBop komruiekcHo# conu (NH4)2[Co(SCN)4]. Kommnekcubie nonsl [Co(SCN)4]2-
OKpallleHbl B CUHUH 1IBET, a TuapatupoBanHble HOHBI [Co(H20)6] 2+ — B po30BbIil. OTMETUTH LIBET
NOJIy4eHHOTr0 pacTBopa. Pa30aBuTh ero Bo10i 10 M3MEHEHUs OKPACKH, 100aBUTh 2 KallJIl CMECH
cnupTa ¢ 3pUpPOM, pa3MeNIaTh PacTBOP CTEKISHHOM MaioYkol M BHOBb HAOJII01aTh U3MEHEHHE
OKpackH. 3aTeM B Ty K€ IPOOUPKY NPUIUBATh AUCTUIIMPOBAHHYIO BOJlY, Ha0I10/1as MOCTETIEHHOE
M3MeHeHue okpacku. Onucath HaOmoAaeMble siBieHus. HanmucaTs: a) ypaBHEeHUE AUCCOIMALIMN
KOMILJIEKCHON COJIM K0OasnbTa; 0) ypaBHEHUE TUCCOLMAIIMY KOMIJIEKCHOTO HOHA; B) BBIpaKEHHE
KOHCTaHTbI HECTOMKOCTH KOMIIJIEKCHOT0 HoHa. KakoBa poJib BOABI M CIUpPTa B CMELICHUH
PaBHOBECHSI IUCCOLMALINY KOMIUIEKCHOTO HOHA.

B) [lonyueHne aMMHMHOKOMIUIEKCOB KOOanbTa

K 3-4 xamnsam pactBopa conu kob6anbTa (1) mpubaBisaTs no kamism 25% pactBop
aMMMaKa JI0 BBINIAJCHUs ocajika rujipokcua kodansTa (1) 1 ero nanbHeiiero pacTBOpeHHs
BCJIEJICTBHE 00Pa30BaHMsI KOMIUIEKCHOTO COETUHEHNUSI, B KOTOPOM KOOAIbT UMEET
KoopAuHaIMOHHOE yKciio 6. [lonydeHHbIN pacTBOp pa3iuTh B BE Mpooupku. B o1HOM U3 HUX
THIATENIFHO MepeMeIIaTh PacTBOP CTEKISTHHON MaT04YKOM 10 U3MEHEHUS OKPAcKH BCIIEJCTBUE
OKHCIICHHSI TOJTy4YEeHHOT0 KOMIUIEKCHOTO coequHeHus kobanbTa (II) B koMmiekcHOe coeiuHeHHe
kobOanbTa (III). [Touemy ammunokommiekcHbiit noH Co(Il) okucasieTcst KUCIOpPOAOM BO3ayXa, TOTAa
kak akBakomiuieke Co(Il) yaaeTcst OKUCIUTh JIMIIb TIEPOKCHUIOM Bo10poia. OOBSICHUTH U3MEHEHHUE
OKpackH. 3aTeM NMPUWIUTh B 00€ IpoOHpKH 110 2-3 Kariu pacTBopa cyabduaa aMMOHUS.
OO0bsicHUTD, TOUEMY BbINAAAET 0cafoK. Hamucars ypaBHEeHUE peakiyii: a) o0pa3oBaHUs
aMMHHOKoMIIekca kobanbTa (I1); 0) ero okuciaeHus KUCIOPOAOM BO3lyXa U EPOKCHIOM
BOJIOpO/JIa 10 00pa3oBaHusi aMMHUHOKoMILIekca kobanbTa (I1I); B) mucconuanum nomydeHHbIX



KOMIUIEKCHBIX COEAMHEHUI; T') JUCCOLMAIIUN KOMITJIEKCHBIX MOHOB M BBIPQXKEHUS KOHCTAHT UX
HecToiikocTu (Kakoii koMIieKCHBIM HOH nTpouHee? OTBET MOTUBUPOBATH.); /1) B3aUMOICUCTBUS
ammuHOKoMILiekca kobanbsTa (I11) ¢ cynbpuaoM aMMOHNS; €) CpaBHUTH KOOPAHMHAIIMOHHBIC
bopMyIIbl KOMITJIEKCHBIX COETUHEHUI K0OanbTa P Pa3HbIX CTENEHIX OKUCIeHus. OTinyaeTcs 1
UX MPOCTPAHCTBEHHAs KOH(pUTyparus?

r) [lonyueHre aMMHUHOKOMILIEKCA HUKEIIS

Opnun mukpormmnarens conu Hukens (1I) pactBoputs B 5 kamsx Boabl. J1o6aBUTE 5
Kamneib 25% pactBopa ammuaka. Kak usmensercs uset pactsopa? Jlo0aBUTh K pacTBopy 2-3 Karuiu
pactBopa cynb(uaa amMoHus. Uto BeimagaeT B ocagok? HamucaTs ypaBHeHUs peakluid: a)
00pa3oBaHUsl aMMHHOKOMIUIEKCA HUKeNA (KOOPAMHALMOHHOE YHCIIO HUKENSA—6); 0) quccoiuanun
KOMILJIEKCHOTO COE€IMHEHHUS U KOMIUIEKCHOTO MOHA; B) B3aUMOACHCTBUS MOJY4YEHHOTO
KOMIUIEKCHOTO COSIMHEHUSI HUKENS ¢ Cynbdunom aMMoHUs. OOBSCHUTH MEXaHU3M
B3aMMOJICHCTBUSI, MOJIb3YSICh KOHCTAHTOW HECTOMKOCTH KOMILIEKCHOTO HOHA U MPOU3BEACHUEM
pPacTBOPUMOCTH.

OmpiT 12. PeakTuB Ha MOH HUKEIS — JUMETHITIHOKCUM (peakius Yyraesa)

[TomecTuTh B mpoOHpKy 5-6 Kamesnb BOJIbI, 2 KaIId PacTBOPA COJIM HUKENS B 1 Karumo
aMMHUAYHOTO PacTBOPA JUMETHITIIMOKCUMA. Peakius uaér ¢ o0pa3oBaHreM HEPACTBOPUMOTO
KOMILIEKCHOTO TUMETWITIMOKCUMA HUKeNsA. biaronapss MHTEHCUBHOM U SIPKOM OKpacke ocajika
(0OpaTuTh BHUMaHHE Ha IBET!) ATY PEAKIMIO UCTIOIB3YIOT 7151 OOHAPYKEHUSI OUeHb Majon
KOHIIEHTPAIlUU NOHOB HUKEJSI B PaCTBOPE.

JlaboparopHas pabota Nel3. KommekcHble coeTuHEHUS

Omnpit 1. [Tonyuenue u rccnea0BaHue KOMIUIEKCHOTO COETUHEHHS — Cyab(ara
terpaammuuamenu ([7)

Peaktussl: 1 H. pactBop CuSO4, 1 1. pactBop BaCl2, rpanynupoBaHHOE 0JI0BO, 25%-HBbIii
pacTBOp aMMHaKa.

Breimonnenue pa6otsl. B 1Be npobupku nomecture no 10 kanens 1 H. pactBopa CuSO4. B
0JIHYy U3 poOupok 106asbTe 2 Karum pactBopa BaCl2. OtMersTe 11BET 00pa3yronierocs ocaaka.
Bo BTOpyto mpoOupky BHEcHTE Kycouek onioBa. Yto Habmromaercs? Kakoro mpera meran,
BBIJICJISTFOIITUICS. HA TTIOBEPXHOCTHU 0Ji0oBa? Bo3pMuUTE YHCTYIO MPOOUPKY, TOMECTUTE B Hee 15
Karelspb pactBopa cyibdarta meau( [ [1) u mo kamasm nodasisiite 25%-Hbli pacTBOp aMMHUaKa.
BHauase BbImagaeT ocaJok OCHOBHOTO cyibdara menu. OTmeTsTe ero uset. [Ipogomxkas
N00aBIIATh aMMHUaK, HaOMro1aliTe pacTBopeHue ocaaka. Kakoro 1isera pactsop o0paszyercs?
[TosryueHHBIH pacTBOp pasnenuTe Ha ABe Npodupku. B onny npuieiite 4 kamnu 1 H. pacTBopa
BaCl2, B npyryto nomecture Kycodek ojioBa. Beimagaer iau ocanok npu nodasnenuu BaCl2?
Beinensercs nu Mmeap Ha rpanyse ojgoBa? O0bscHUTE HaOIr01aeMble SIBICHUS.

3anuch JaHHBIX onbiTa. Hanummnre ypaBHEHUS BCeX MPOBEAEHHBIX peakumil. HazoBure
oOpa3yromieecs KOMIUIEKCHOE COEJUHEHNE U HAITUIIUTE YPAaBHEHUS €ro MepBUYHON U BTOPUYHOMN
JUCCOLIMAINY.

OmnpiT 2. KaTHOHHBIE KOMIUIEKCHI

a) KommnekcHoe ocHOBaHUE HUKETS

Peaktussl: 2 H. pactBop NiSO4, 2 H. pactBop NaOH, 25%-HbIil pacTBOp amMMHaKa.

Brinonnenue pabotel. Buecure B mpobupky 5-6 kanens pactsopa 2 H. NiSO4 u Takoii xe
o0wem pactBopa 2 H. NaOH. OtMerbTe 11BEeT BbINaBiIero ocaaka. OTaenure ocagiok
HEHTPUPYTUPOBAHUEM, K OCAJKY MpubaBbTe 5-6 Kamnenb 25%-Hblii pacTBopa aMMuaka. Uto
IPOUCXOIUT ¢ ocaakoM? OTMeThTe LIBET 00pa3zoBaBIIerocs pactBopa. [IpucyTcTBueM Kakux HOHOB
o0ycIoBieHa OKpacka pacTBopa?

3anuck JaHHBIX OMbITa. HanmuimTe B MOJIEKYJIIPHON M HOHHOW (hopMe ypaBHEHHE
IpOoUCXOAAIMX peakuuid. HazoBuTe nonyvaromuecs coennHenus. Kakoe ocHoBaHUeE sIBIIETCS
6oJiee CUIIBHBIM: MPoCTOE WK KomIuiekcHoe? [Touemy?

0) KomrmuiekcHoe OCHOBaHME KaMUS

Peaxtussr: 2 H. pactBop CdSO4 i Cd(NO3)2, 2 1. pactBop NaOH, 25%-Hbr1i1 pacTBOp
aMMuaKa.



Brimonaenue padotel. BHecuTe B mpoOupKy 5-6 Karens 2 H.pacTBOPa COJIM Kaus U TaKOH
xe 00beM pactBopa 2 H. NaOH. OtmerbTe 1BeT Bbinasiiero ocaaka. OTaenuTe ocagok
HEHTPUPYTUPOBAHUEM, K OCAJKY MpubaBbTe 5-6 Kamnenb 25%-Hblii pacTBopa aMMuaka. Uro
HaOrogaercs?

3anuch JaHHBIX OMbITa. Hanumure B MOJEKYIApHON U HOHHOHN popMe ypaBHEHHE
npoucxoasmux peakuuii. Hazopure nomnyyaromuecs coequaenus. Kakoe oCHoOBaHUE SBIISIETCS
0oJiee CUIIBHBIM: IpocToe WK KoMiuiekcHoe? [Touemy?

OnbIT 3. AHUOHHBIE KOMILJIECHI

a) [lonyuenue TeTpaitomoBucMyTaTa Kajaus

PeaxTtussl: 2 H. pacTtBop Bi(NO3)3, 2 H. pactBop KI.

Brimonnenue pabotsl. B mpobupky BHecute 5-6 kanens 2 H. pactBopa Bi(NO3)3 u no
KarsaM pobasidiite 2 H. pactBop KI. OTMersTe Brinagenue ocaaka u ero user. Ilponomxkaiite
no6aBnaTh KI 10 monHoro pactBopenus ocagka. OTMEThTE LIBET MOJIYYEHHOTO pacTBOpA.

3anuch JaHHBIX OMbITa. Hanumure B MOJIEKYIIpHOM U HOHHOHN opMe ypaBHEHHE
npoucxoasmux peakuuii. Hazopure nonyvarommecs coequuenus. [I[pucyrcrBueM Kakux HOHOB
00yCIIOBJIEH LIBET NIOJy4eHHOro pacTBopa? Hanumure ypaBHEHHE 31EKTPOIUTUY ECKON
JMICCOIMALIMU 00Pa30BABILETrOCsI KOMIUIEKCHOTO COCTUHEHHUS.

0) [Tomyuenue TeTpaiiojoMepKypara Kanus

Peaktussl: 2 H. pactBop Hg(NO3)2, 2 H. pactBop KI, 2 H. pactBop NaOH.

Boinonnenue pabotsl. B 18e npobupku BHecute 4-5 kanens 2 H. pactBopa Hg(NO3)2.0any
IPOOMPKY OCTaBbTE B KAUECTBE KOHTPOJILHOM, a B IPYTyI0 MO KarisM go6asisiite 2 H. pactop K.
OTtmeThTe BbINIaZieHHe ocajika U ero 1BeT. [Ipomomxkaiite nodasnsate KI 1o nmonHoro pactsopeHus
ocagka. OTMEThTE LIBET MOJIyUYEHHOTO pacTBopa. McmbITaiite pacTBOpsl B 00enx nmpoOupKax Ha
npucytcTeue nonoB Hg2+, no6aBuB B Kaxayro npoOupky mno 3 karau pactsopa NaOH.

3anuch JaHHBIX OMbITa. HanuimmTe B MOJEKYIISIPHOM U MOHHOH opMe ypaBHCHHE
npoucxoisamux peakuuil. HazoBute nonyvaromuecs coenunenus. IlpucyrcTBuem kakux HOHOB
00ycIoBIeH LBET nosyueHHoro pactBopa? [Touemy mpu nodasnenuun NaOH ocanok Beimagaer
TOJIBKO B OJTHOH M3 MPOOUPOK?

B) 'napokcokoMIIeKCh

PeaxTuBbl: 2 H. pacTBOpHI CoJiel IIMHKA, amoMuHus, Xxpoma ([J[1[]1), 2 H. pactBop NaOH.

Brinonuenue pa6otsl. B Tpu nmpoOupku nmomectute 1o 4-5 kamnesb pacTBopa coyiel IUHKa,
anmoMuHus, xpoma ([11[1) B kaxkayro. 3aTeM J00aBIIsHTE 10 KallIsiM B KaXKAYI0 IPOOUPKY pacTBOp
mienoun. OTMeThTE 1[BETA BBINAJAONIMX 0caaKoB. [IpogomkaiiTe 106aBIATh pacTBOP LIEIOYH 10
MIOJIHOTO PACTBOPEHUS BBINABIIUX OCA/IKOB.

3anuch JaHHBIX ombITa. Hanumure B MoNeKyIspHON U HOHHOU (hopMe ypaBHEHUS pEeaKIHii
00pa30BaHus TUAPOKCUIOB METAJUIOB M UX PACTBOPEHUS ¢ 00pa30BaHUEM I'MIPOKCOKOMITIIEKCOB
[IUHKa, almoMuHus, Xxpoma (L[] []). PacTBOpATCS 1M THAPOKCUIBI AITUX METAJUIOB B KucioTax? K
KaKOMY KJIacCy CO€MHEHHUI OHU OTHOCATCA?

OmnbIT 4. BHYTPUKOMITJIEKCHBIE COCTUHEHHS

PeaxTtussl: 2 H. pactBop FeCl3, 2 H. pactBop NaOH, 2 H. pacTBOp L1aBeneBOi KUCIOTHI
(HOOC-COOH), 2 u. pactBop numonHo# kucnotel( HOOC-CH2-C(OH)(COOH)CH2-COOH),
0,01 . pacTBOp poAaHuAa KaJIHs WM AMMOHHSL.

Beinonnenue pabotsl. B Tpu npoOupku BHecTH no 4 kamnu pactsopa FeCl3. Oany
pOOMPKY OCTaBbTE B KAUECTBE KOHTPOJBHOU. B /1Be npyrue BHecuTe 1o 3 Karuiv pacTBopa
menoyn. OTMeThTe LBET 00pa3zoBaBIerocs ocajaka. B onqny u3 npodupok ¢ ocagkom Fe(OH)3
no6asbTe 12-15 Kamenpb 1iaBeaeBol KUCIOTHI, B IPYTYIO — TAKOH k€ 00beM pacTBOpa TMMOHHOMN
KuCJIOTHL. Uto HaOmomaetcs? Bo Bce Tpu npobupku BHecuTe 1-2 Karum pacTBopa poaanuaa. B
KaKkoi u3 mpoOupok obpazyercs sipko okparieHHbii pactBop Fe(SCN)3? Kakoro on nisera?

3anuch JaHHBIX onbiTa. [Ipu pactBopenun ruapokcuaa xenesa (L [J[]) B opraHnueckux
KHCJIOTaxX 00pa3yroTcs BHYTPUKOMIUIEKCHbBIE COETUHEHNUS, B KOTOPBIX K KOMIUIEKCOOOpa30BaTeio
MPUCOEANHSIOTCS KapOOKCHIIbHBIE TPYIIIBI KUCIIOT. Hanmummre cTpykTypHbIe (popMyIbl
I1aBEJIEBOKUCIIOTO U IUTPATHOTO KOMITJIEKCOB. KakoBa I€HTaTHOCTh JIMTAaH/I0B B ATHX
KOMILIEeKcax?

OmnpiT 5. KoMIuiekcHble COeIMHEHUS B peakIMsIx oOMeHa



a) [Tonyuenue coenuHeHus, cofepx ailero KOMIJIEKCHbIA KATUOH U aHUOH

Peaktussl: 1 H. pactBop CuSO4, 1 H. pactBop K4[Fe(CN)6], 25%-HbIi1 pacTBOp aMMHaKa.

Brimonnenue padotsl. B mpobupky nmomecture 5-6 kanens pactBopa CuSO4 u noGaBbTe
Takoii ke 00beM pactBopa K4[Fe(CN)6]. OTmeThTe 11BeT 00pa3zoBagierocs ocajaka. Otaenure
0CaJIoK IIeHTpu(yrupoBaHueM U 100aBbTe K HeMY 4-5 Kamnenb pacTBopa aMmmuaka. Uro
Habro1aeTcs?

3anuch JaHHBIX OMbITa. HanuimmTe B MOJEKYISIPHOM U MOHHOHU opMe ypaBHEHHE
MPOUCXOASAIINX peakunii. HazoBuTe nosnyvarommecs COeAMHEHU.

0) B3zaumopeiictBue Terpaponanomepkypara ([1[]) ammoHus ¢ HuTpaTom kKobdansta ([1[7)

Peaktussl: PactBop Hg(NO3)2, naceimennsiii pactBop NH4NCS, pactBop Co(NO3)2.

Brimonnenue pabotsl. B mpobupky nomecrure 4-5 xanens pactBopa Hg(NO3)2 u no6aBbre
HachleHHbd pacTBop NHANCS 10 monmHoro pactBopeHus o0pa3yrolierocsi BHayaie ocajaka. B
JIpyryro mpoOupky BHecuTe 4-5 kamenb pactBopa Co(NO3)2 u nob6aBbTe Takol e 00beM pacTBOpa
KOMIUIEKCHOTO COeIMHEHUS PTYTH U3 NepBoil mpoOupku. [Ipodupky BCTpSAXHUTE ISl yCKOPEHUS
00pa3zoBaHus OcajiKa.

3anuch 1aHHBIX OMbITa. Hamummure B MONEKYISIpHOW U MOHHOHM (pOopMe ypaBHEHHUS peaKkLnit
oOpa3zoBanus poganuna prytH ([J[1), pactBopeHus poJaHuIa PTYTH B U30BITKE POAaHUIA
aMMOHHsI, 00pa30BaHUs KOMILIEKCHOTO coequHeHus koOanbTa. HazoBuTe Bce 0OpazoBaBiuecs
COETUHEHHUSI.

OmnpiT 6. KoMIUIEKCHBIE COETUHEHUS B OKMCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIMSIX

a) Boccranosnenue rekcaunanogeppara (L [) kamus

Peaktussl: 0,1 H. pactBop KI, 2 H. pactBop HCI, kpucrannuueckuit K3[Fe(CN)6], Tomyor.

Brimonuenue pabotsl. B npobupky BHecute 8-10 kanens 0,1 H. pactBopa K, 6-8 kanens
COJISTHOM KHUCIIOTBI JJIs1 CO3/1aHUs KMCIION cpenibl U 4-5 karenb Tonyosa. OTMEThTe IIBET TOIYOJIa.
Jlo6aBbTe oquH Mukpoumnarens kpuctaioB K3[Fe(CN)6] u nepemeiaiite pactBop. OT™MeTbTe
M3MEHEHHE OKPACKH TOJIyoJIa.

3anuch JaHHBIX ONbITa. HanuiuTe ypaBHEHHE MIPOUCXOIAIICH peakiluu, UMes BBUY, YTO
K3[Fe(CN)6] nepexoaut B K4[Fe(CN)6]. CocTaBbTe 21E€KTPOHHBIN 0anaHc, yKaKUTE OKUCIUTENb
¥ BOCCTaHOBUTEIb, MOI0EPUTE KOOPPHUINEHTH B YypaBHEHUH PEAKIIHH.

0) Oxucnenue rexcanuanodeppara ([J[]) xamus

Peaktussl: PactBop KMnO4, 2 1. pactBop H2SO4, pactBop K4[Fe(CN)6].

Brimonnenue padotsl. B mpobupky BHecute 3-4 kamu pactBopa KMnO4, 3-4 kanu
pactBopa H2SO4 u no6assTe no karsim pactBop K4[Fe(CN)6] no obecuiBeunBaHust pacTBOpa.

3anuch JaHHBIX ombITa. Hanumure ypaBHEHNE IPOUCXOAAIIEN peaklUy, YIUThIBas , UTO
JKEJIe30 U3 CTENEHU OKUCIEHMS +2 MepEeXoIuT B CTENEHb OKUCIeHus +3, a noH MnO4-
BOCCTaHaBJIMBaeTcs 10 moHa Mn2+ CocTtaBpTe ypaBHEHHS MOJTYPEAKIUHN, YKaXKUTE OKUCIUTEND U
BOCCTaHOBHUTEIb, TOAOEpUTE KO3 (HUIIMEHTHI B ypaBHEHUN PEAKLIUH.

B) BoccranoBnenue cepedbpa u3 KOMIUIEKCHOTO COCTMHEHUS IIMHKOM

Peaktussl: PacTBOp HUTpata cepedpa, pacTBOp xJiopujia HaTpus, 25%-Hblil pacTBOp
aMMuaKa, TpaHyJIMPOBAHHBIN ITUHK.

Brimonnenue padotsl. B mpobupky BHecuTe 5-6 Karenb pacTBOpa HUTpaTa cepedpa v TaKkoi
e 00beM pacTBopa xjopuaa HaTpus. OTaenuTe o0pa30BaBIINCA 0CaOK LIEHTPUDYTUPOBAHNUEM.
JloGaBbTe K 0caJ Ky pacTBOp aMMHUaKa JI0 €ro NoJHOro pacTBopeHus. B o6pa3oBasiuiics pacTBop
OITYCTHUTE IrpaHyily uHKa. Uto Habmonaercs?

3anuce 1aHHBIX OonbITa. Hanummure ypaBHeHUs peakluil MoJydeHHs 0caIKka XJIopHIa
cepebpa, pacTBOpeHUs XJI0puaa cepedpa B aMMUaKe, B3aUMOJICHCTBUS KOMITJIEKCHOTO COEIMHEHUS
¢ muakoM. HazoBuTte Bce oOpasyromuecs coequHeHus. CocTaBbTe dJIEKTPOHHBIN OamaHC s
MOCJIEIHETO YPaBHEHUS, YKAKUTE OKUCIUTEIh U BOCCTAHOBUTEN, T0AOEpUTE KO (UIIUEHTHI.

Omnplt 7. [IpOYHOCTH KOMIUIEKCHBIX HOHOB

a) Pa3pymienne komiiekca nmpu pa30aBieHUU pacTBOpa

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

Brinonnenue pabotsl. B npoOupky BHecuTe 2 karau pactBopa AgNO3 u no kamism
nobasnsiite pactBop KI, Berpsixubast mpoOupky. OTMETHTE BBINIAJICHUE OCAJIKA, €0 IIBET.
[Tponomxkaiite mpubaBIATH pacTBOP HOIMAA KaIHs 0 OTHOTO pacTBOpeHus ocaaka. K
MOJIy4YeHHOMY pacTBOpY J00aBbTe 5-6 Kamenb Bojibl. OTMEThTE Ha0I0JaeMble SBIICHHS.



3anuck JaHHBIX onbITa. HanmumuTe ypaBHeHHs peakiuii oopazoBanus Agl, pacTBOpeHHst
Agl B KI, nucconuanuy KOMIJIEKCHOTO MOHA, a TAKXKE BbIPAKEHUE KOHCTAHTBI HECTOMKOCTH
KOMILIEKCHOTO HoHa. HazoBuTte Bce oOpazoBapmuecs coequHenns. OObsICHUTE, KaK BIUSET
pa3baBiieHHEe PacTBOPA Ha AMCCOLUAIINIO KOMIUIEKCHOTO HOHA.

0) Paspyiienue komiiekca mpu ocakJIeHUU KOMILIeKcooOpa3oBaTes

Peakrtussl: 1 H. pacTtBOp cynbdara meau ([ ), pactBop (NH4)2S, pactBop (NH4)2C204,
25%-Hblil pacTBOp aMMHAKa.

Brimonnenue padotsl. B n1Be npobupku BHeCTH 10 5-6 Kamnenb pactBopa CuSO4.3atem B
OJIHY U3 NMpoOHPOK 1006aBbTe 5-6 Kamens pactBopa (NH4)2C204, a B apyryro 5-6 karmenb pacTBopa
(NH4)2S. OrmetbTe 11BeTa 00pa3yronuxcs ocaakoB. B nBe npyrue npoOupku BHECUTE 110 4-5
karenb pactBopa CuSO4 u pacTBop aMMHaKa J10 IOJIHOIO PACTBOPEHMSI BBINIAAAIOIIEr0 BHAYAIIE
0caJika OCHOBHOM coyii Meid. OTMEThTE LIBET MOJYYEHHOTO pacTBOpa KOMIUIEKCHOM coiu. Jlanee
n00aBbTE B OJIHY MPOOUPKY € MOTy4YEHHBIM PACTBOPOM KOMILJIEKCHOM colii Meau 4-5 Kareib
pactBopa (NH4)2C204, a B npyryro Takoi ke o0beM pactBopa (NH4)2S. B kakoii u3 mpoOupok
BBINAzaeT 0cagok? B mpoOupky, rae BImai ocaiok, 100aBbTe emie 6-7 Kareib TOTo e peakTHBa,
MOMECTHTE POOUPKY B BOAsSHYIO OaH0. COXpaHMIACh JIM B PACTBOPE OKPAacKa KOMILIEKCOB Mean?

3anuce 1aHHBIX OmbITa. Hanummure B MONEKYIIpHOW U MIOHHOH (popMe ypaBHEHUS
MPOTEKAIOIINX PEaKUUii, ypaBHEHHsI TUCCOLIMALINY KOMIUIEKCHON COJTM MEJIU U €€ KOMILJIEKCHOTO
nona. O0bsicHUTE, Kak BiusieT nodasnenue (NH4)2S Ha aucconuanuio KOMILUIEKCHOTO HOHA.
Hcnonp3ys 3HaueHue npousseaeHuil pacreopumocta CuC204 (I1P=2,5 10-22) u CuS (I1P=8,5 10-
45),00bsICHUTE, IOYEMY OJIHA U3 COJICH HE BBINAJAET U3 KOMIUIEKCHOTO COSTUHEHUS.

B) CpaBHUTENbHAS YCTONYUBOCTH POJAAHUIHOTO KOMITJIEKCA KOOaIbTa B BOJIE U B CIIUPTE

Peaktussl: Haceimennsie pactBopbl CoCl2 1 NH4NCS, aMunnoBblil ciupr.

Bemonnenue padotsl. B nBe npobupku BHecute 3-4 karumm pactBopa CoCl2 u 8-10 kamens
pactBopa NH4NCS. OtmerbTe Habmo1aemblie iBiIeHUs. Pa3aenuTe nony4eHHbIN pacTBOp Ha JIBE
npoOupku. B oqny u3 Hux no6asere 10 Kamnenb BOJbI, B IPYTyIO — 5 Kaneib aMHJIOBOTO CITUPTA.
Kak u3mensieTcst okpacka pacTBopa B KakJI0i mpooupke?

3anuch JaHHBIX ONbITa. HanuiuTe ypaBHEHHE MOJIYY€HUS KOMIUIEKCHOTO COeIMHEHUS
koOanbTa (koopauHarmonHoe uncio Co([[]) paBHo 4), Ha30BHUTE ATO coequHeHue. Hanmummre
YpaBHEHHUS JUCCOLMALMU KOMIUIEKCHOT'O COEJMHEHMSI U KOMIUIEKCHOTO HOHA. B Kakoii cpene
CUJIbHEE JUCCOLUUPYET KOMILUIEKCHBIN noH? [louemy?

OmnpiT 8. CBOMCTBa IBOMHBIX COJIEH

Peaxtussl: Kpucrammueckas cob Mopa ((NH4)2S04-FeSO4-6H20), pacteop (NH4)2S,
2 H. pactBop NaOH, pactBop BaCl2, pactBop K4[Fe(CN)6].

Boinonnenue pabotel. B Tpu npoOupku BHECUTE 110 OJJHOMY MHUKpOUINATesto coau Mopa u
1o 6-7 kareib BOABL. 3aTeM B OAHY NPOOUPKY 100aBbTe 5-6 kanenb pactBopa (NH4)2S, a B
JpYyTryIo — Takol ke 00beM pactBopa BaCl2.Onumute Habmogaemsle siBieHus. Ha npucyrcTeue
KaKHX MOHOB B pacTBOpe cosii Mopa yka3bIBatoT 11BeTa 00pa3zoBaBLIMXcs ocaikoB? B TpeTbio
npoOupKy 100aBbTE 6-7 Kamenb pacTBOpa TUIPOKCHIA HaTpusl, Mpooupky Harpeite. Han
poOUPKON MOJEPKUTE CMOUYEHHYIO BOJIOH JTaKMyCOBYIO OyMakKy. [1o M3MeHeHuIo 11BeTa OyMaXKKu
Y TI0 3aIaxy ONpeAeNnTe, Kakoi ras Boaensercs. Ha mpucyTcTBue Kakux MOHOB B pacTBOPE COJIU
Mopa yka3biBaeT 3Ta peakiusi? B npobupky nmomectute 5 kanenb pactBopa K4[Fe(CN)6] u 2-3
karu pactopa (NH4)2S. Beinagaer nu uepHsiii ocagok FeS? Tlouemy?

3anuch JaHHBIX onbiTa. Hanumurre B MOHHOM popMe ypaBHEHHUS IPOTEKAIOIINUX PEAKIIUMI.
Hanummure ypaBHEHHE 3JIEKTPOJIMTUYECKON TUCCOLMALMU JBOWMHOW coi Mopa 1 KOMIUIEKCHOU
comu K4[Fe(CN)6].

OmnpiT 9. 'mapaTtHas nzoMepus akBakoMIiekcoB xpoma ([ [1[])

B pactBope CrCl3 npu nossitiennu temneparypsl HoHbl Cl- 3amematot moniekynsl H20 B
KoopauHannoHHOU chepe akBa-roHa [Cr(H20)6]3+.I1pu aTOM okpacka pacTBopa H3MEHSETCS OT
cune-duoneroBoit (nousl [Cr(H20)6]3+) mo remuo-3enenoit (nonsl [Cr(H20)5Cl1]2+) u cBetino-
3enenol (komrmuiekcol [Cr(H20)3ClI3)).

Peaktussl: Kpucramnuueckuii CrCl13-6H20.

Brinonnenue pabotel. BHectu B ABe mpoOUpKH O 0THOMY MUKPOIIIATENI0 KPUCTAIUIOB
CrClI3-6 H20u o 10 xanens AUCTHIUIMPOBAHHON BOJIbl. OIHY MPOOUPKY OCTaBbTE B KAUeCTBE



KOHTPOJILHOM, BTOPYIO HarpeuTe Ha BoJssHON OaHe. Kakoi n3oMep yCTOWYUB MTPU KOMHATHOM
temneparype? Kakoii nzomep cyuiectByer B ropsiueM pactBope? HazoBute Bce Tpu usomepa.

OmbiT 10 CuHTE3 KOMIUIEKCHBIX CO€IUHEHUN

a) Cunre3 Terpariogomepkypata ([1[]) kamus

[IpuGops! u peaktuBbl: CTakaH eMKOCTBI0 100 M1, MEpHBIN ITUIMHAP eMKOCThIO 10 M1,
dapdopoBast yaiika, SKCHKaTOp ¢ CepHOU KucioToi. Boponka broxuepa, 0,5 H. pactBop KI,
pactBop Hg(NO3)2, kpucramnuueckuii KI.

Brimonnenue padotsl. PaccunTaiite Heooxonumoe xonuaectso 0,5 H. pactBopoB Kl u Hg
(NO3)2 nnsa monyuenus 5 r ocaaka HgI2 mo peakiiun oomena. [IpuroroBere 3Ty coib, paiire Hgl2
0CeCTh, OTOUIBTPYHTE U MPpOMOKTE 0casok. B ctakane emkocThio 100 M pactBopute 10 T KI B 10
MJI ropsiueit Bojibl, oxsanute. B oxnaxnennom pacteope Kl pactBopute Hgl2. [lepenecure
MOJIYYECHHBINH pacTBOp B paphopOBYIO YAIIKY U IIOMECTUTE €€ B SKCUKATOP JJISI KPUCTAIUTH3AIINY.
[Tepuoanuecku nepemMenInBaiiTe pacTBOpP CTEKISHHON MaJ0YKOil 1715 pa3pyiieHus: oopas3yroencs
Ha MOBEPXHOCTH KOPKU. Bhimapiire KpUCTaIbl KOMIUIEKCHON COJIM OT(UIBTPYIHTE HA BOPOHKE
broxnepa u Boicymute npu 60-70 0C. [losnyueHHbIE OpaHXKEBO-KPAaCHbIE KPUCTAJLIBI IPEICTABIISIOT
coboit kpuctamuioruapar terpaitogomepkypara (1) kamus K2[Hgl4]-2H20.

3anuch JaHHBIX onbiTa. Hanumunre ypaBHEHUS peakliUy OJIy4EHUsI KOMIUIEKCHOTO
COEIMHEHUS, €TO TUCCOLIMAIINY, a TAK)KE BBIPAKEHHSI KOHCTAHThI HECTOUKOCTH.

6) CuHTEe3 KOMILJIEKCHOTO COEIMHEHUS — Cynb(arta TeTpaammuamenu ([10])

[Tpubops! 1 peakTUBHL: Beckl TeXHO-XUMHUYECKHE, BOPOHKA broxHepa, dpapdoposas cryrmka,
BOJIOCTPYIHBIN Hacoc, crakaH eMKocThio 100 mi1, MepHbII HMIMHAP eMKocThio 100 M,
kpuctamnaeckuit CuSO4-5H20,3tanon, 2 H. pactBop BaCl2, 25%-nbiii pacTBOp amMmmHaka.

Breimonnenue pabotsl. Paccunraiite o00beM pacTBopa amMMmHaka, HEOOXOAUMBIHN TS
MOJTy4YEeHHUsI KOMILIEKCHOTO coeinHeHus. OTMephTe MEPHBIM IIMIIMHAPOM BIBOE OOJIBIIHIA 00BEM
pacTBopa aMMHuaka, BbUICHTE ero B cTakad u pactBopute B HeM 5 T CuSO4-5H20. U36sITOK
aMMuaKa CriocoOCTBYET YBEIMUEHHUIO BbIX0OJIa MPOJIYKTA, TAK KaK YMEHBIIAET paCTBOPUMOCTD
KoMIUIeKCHOU conu. K nmonydenHoMy pacTBopy n106aBbTe 10 M1 9TaHONIA 1 OCTaBBTE PACTBOP AJIS
kpuctamzanuu Ha 20-25 MmunyT. OTQUIBTpYyHTE BhIMABIINE KPUCTAJUIBI HA BOpOHKE broxHepa u
IIPOMOITE J1Ba pa3a CMEChIO paBHBIX 00BEMOB 3TaHoja U 25%-HOro pacTBOpa aMMHUaKa.
[Tosryuennsie kpuctamisl BeicymuTe 1npu 50-60 0C B Teuenne 20 MUHYT, OXJIaIUTE U B3BECHTE.
PaccuuraiiTe BBIXOJ MPOAYKTA.

3anuck JaHHBIX onbITa. HanmummTe ypaBHEHHs peaKkIuy NOJIyYEHHS] KOMIUIEKCHOTO
COEIMHEHUS, €T0 TUCCOLIMAIINY, a TAK)KE BBIPAXKEHHSI KOHCTAHThI HECTOMKOCTH.

JIaboparopHas pabota Nel4. OnpeneneHue >keCTKOCTH BOJBI

JXecTkoCcTh BOJBI 3aBUCHUT OT NIPUCYTCTBUU B HEM CUJIEH JBYXBAJEHTHBIX METAJIIOB,
PEUMYIIECTBEHHO MarHus 1 Kajablysl. MBUIO B )K€CTKOM BOJIE HE MBUIMTCS (HE J1aeT MEHbI), TaK
KaK 00pa3yloTcsi HEpaCTBOPUMBIE B BOJIE KaJIbIIEBbIE U MAarHUEBbIE COJIM KUPHBIX KHCIIOT.
JKectkas Boga He NPUTOIHA JUIsl TUTAaHUS APOBBIX KOTJIOB, HE UCIIOJIB3YETCS B XUMUYECKON
TEXHOJIOTUH.

Pa3nuyaroT )KeCTKOCTh BPEMEHHYIO U IIOCTOSIHHYI0. BpeMeHHas )KeCTKOCTh
00ycJI0BJIeHa IPUCYTCTBUEM B BOJIE€ THAPOKAPOOHATOB U YCTPAHIETCs KUIITYEHUEM, ITPH 3TOM
rUIpoKapOOHaTHI MEPEXOAAT B HEPACTBOPUMBIE KAPOOHATHI:

[TocTosiHHas kecTKOCTh 00YCIIOBJIEHA IPUCYTCTBUEM B HEW CyNIb()aTOB U XJIOPHUIOB
KaJblus 1 Marausi. Ee yCTpaHsSIoT XUMUYeCKUMU METO/1aMH, OCHOBAaHHBIMU Ha BBEJICHUH B BOJTY
pearenToB, oboramaromux ee anmonamu CO32- u OH- — B pe3ynbrare oOpa3yroTcs
manopactBopumbie CaCO3 u Mg(OH)2. [lns aToro Boy 00pabaThiBalOT ralieHoi H3BECThIO WIH
COJIOM:

I[J'ISI YAAJICHUA NOHOB KaJIbIIHUA U Marous MOKHO IIPUMCHATH (bOC(baTLI HaTpus, 6ypy,
noramr 1 ap.



CyMmMa BpeMeHHOH (yCTpaHSIeMOW) U TTIOCTOSTHHON KECTKOCTH COCTABIISIET OOIIYIO
KECTKOCTH BOJIBI.

a) OnpeneneHue BPEeMEHHOM )KECTKOCTH

Bopa, copeprxarias ruipokapOOHaThl KaJbIUA U MarHHsI, UMEET IIEIOYHYIO PEaKIuio,
omnpezeneHue KapOOHATHOM KECTKOCTH MPOU3BOAUTCS HEMOCPEACTBEHHBIM TUTPOBAHUEM BOJIbI
XJIOPOBOAOPOHON KUCIIOTOM B MPUCYTCTBUU MHAUKATOPA — METHIIOBOTO OPAH>KEBOTO.

Meroanka. OTMEpUTh TUNIETKON YKa3aHHBIN MPEIo aBaTelieM 00bEM HCCIIeIyeMOM
BoJibI (50-100 M) M IepeHecTH ee B KOHMYECKYIO KOOy st TutpoBanus. Jlo6aBute 2-3 Karm
WHMKATOPa METUIIOBOTO OPaHKEBOT0, B IPUTOTOBICHHYIO 3apaHee OropeTky HamuTh 0,1 H.
TUTPOBAHHBIN PACTBOP XJIOPOBOJOPOIHOM KUCIOTHI. Y CTaHOBUTH YPOBEHDb Ha HYJIEBOE JeJIEHUE U
0 KarisiM MPUJIMBATh XJIOPOBOJOPOIHYIO KUCIOTY JI0 U3MEHEHHS OKPACKU PACTBOPA OT JKEITOMN
JI0 OpaH)KeBO-p0o30Boi. Onpenenuts 00beM U3PACX0J0BAHHON Ha TUTPOBAHUE XIJIOPOBOIOPOIHON
KHCJIOTHI M 3aMKCcaTh €ro B Tabnuiy. TuTpoBaHue MOBTOPUTH €IIIe J1Ba pa3a, KAKIBIH pa3 J0InBas B
OIOpETKY KHUCIIOTY JI0 HYJIEBOTO JICJICHUS U OMOJacKUBas KOJIOOUKY Jj1sl TUTpoBaHus. PacxoxaeHue
B 00beME KUCIIOTHI IIPU TUTPOBAHUU HE NOJKHO npeBbimaTh 0,05 mut. Pe3ynbratel onbiTa 3anucath
B TAOJIHILY:

Ne tutrpoBanus O6wvem nunerku-oobem H20 (V1), mn O6nem pactBopa HCIL,
HomIeIIero Ha TuTpoBanue, i Cpenauii 06bem pactopa, HCI (V2), M HopmanbsHOCTB
pactBopa HCI,

BpemeHHYI0 )KeCTKOCTh BOJIBI (B MOJIb 3KB/J) PaCCUUTHIBAIOT 11O (hOpMYyIIe

0) Onpenenenue OOIICH KECTKOCTH

B Hacrosiee Bpems KeCTKOCTb BOJIbI ONPEAEISIIOT KOMILUIEKCOMETPUUYECKUM
METO/IOM ¢ TIpuMeHeHueM peaktusa I/ TA.

Metoauka. 3anoiaHUTh OIOPETKY TUTpOBaHHBIM pacTBopoM DJITA (0,02 H.).
OTMepuTh MUIETKON YKa3aHHBIN NpenojaBareieM 00beM aHAIM3UPYEMOM BOJIbI U IEPEHECTH €€ B
KOHMYECKYIO KOJIOY A1t TUTpOBaHUs. JlONNTh TMCTUIUIMPOBAHHOM BOJOM /10 o61ero oovema 100
MIT (BOIY OTMEPHUTHh MEH3YpKOii). Jlo6aBuTh 5 Mt 6ydeproro pacteopa ( NH3+H20 +NH4Cl) s
noanepkanus pH B untepsane 9-10 u 2-3 kamim UHAUKATOpa — 3pHOXPOMa YEPHOTO, IPU KOTOPOM
pacTBOp OKpacuTcs B KpacHbIi 1BeT. [lepemeniaTs pacTBOp U cpa3zy TUTPOBATh U3 OIOPETKU
pactBopoM D/ITA 1o nepexosia KpacHOM OKpacku B CHHIO. THUTpOBaHUE MOBTOPUTH 3 pa3a, Kak B
omnebite (a). Pesynbrarel 3anmucarp B Ta0nuILy.

OO611y10 )K€CTKOCTh BOJIBI (B MMOJIB/9KB/JT) paCCUMTHIBAIOT 1O (hopmyIie

Brruncaurs MOCTOAHHYIO KECTKOCTD:
KectkocTh mocrossHHAS = JKeCcTKOCTh 061112151 - XecTtkocThb Kap6OHaTHa}I.

JlaboparopHas padota Nel5. CkOpOCTh XUMHUYECKUX PEaKIUit

ITpuGops! u peaktuBsl. MeTpoHoM. TepmocTat (Tpu cTakaHa eMkocThio 200-250 min) u
KpBILLIKA K HEMY ¢ OTBepcTusaMuU 1uia mpooupok. Tepmomerp Ha 100 C. CreknsiHHas najiouka,
MUTICTKH KareabHbIe, PIIbTpoBadbHasA Oymara, mmaTelb, TyddHa, IUIIBI TUTEIbHBIC, CTYIKA C
MEeCTUKOM, CYJIbPUT HATPHsI (KPUCTALTUISCKUN ), IByOKHCh MapraHiia, KapOoOHAT KabIus
(mem),amoMuHU# (Poibra U MOPoIIOK), Hoa(kpuctamnaeckuii). PactBopsl: Moaara natpus (0,02
H.),Tuocynbdara HaTpus (1H.),cepHOI KUCTOTHI(2H. ),CONMTHOM KHUCIOTHI (KOHII. ),KpaxMaJIbHOTO
KIiericrepa, nepekucu Bogopoaa(10%-uoii).

OnbiT 1. BnusHue KOHIIEHTpaMi XUMHUYECKHUX BEIIECTB Ha CKOPOCTh XMMUYECKOU
peakly B TOMOT€HHON CUCTEME

a) BzaumoeiicTBue noaTa HaTpus ¢ Cyab(MUTOM HATPHUS B KUCIIOU Cpee.

[Ipu B3aumMoIeCTBIY MOaTa HATPHS C CYIH(OUTOM HATPHS B IPUCYTCTBHH KHUCIIOTHI B
pacTBope 00pa3yroTcs CepHHUCTas U HOJHOBATAs KUCIOThI, KOTOPbIE pearupyroT MeKIay co0oil:



C MOMeHTa MOSIBJICHUSI B paCTBOPE MOIUCTOr0 BOAOPO/Ia, MapajliiesIbHO MPOTEKAIOT /1Ba
nporecca:

ITpu 3TOM MocneAHss peakuus UAET 3HauuTelIbHO ObICcTpeil BTopoil. [loaToMy nossieHue B
pacTBOpe cBOOOJIHOTO 0/ja MPOUCXOAUT TOIBKO IOCIIE ITOJIHOTO OKUCIEHUS! CEPHUCTONW KUCIIOTHI.
C yBesnMueHHeM KOHLIEHTPALMK NO0/1aTa HAaTPUs IPONOPLMOHATIBHO YBEJIMUMBACTCS KOHIIEHTPALUS
HOJHOBATON KHUCIIOTBI, a CJIEI0BATEIbHO, U CKOPOCTH COOTBETCTBYIOILETO MpoLecca,
IIPOTEKAIOIIETO C €r0 Y4aCTUEM.

Havanom peakuuu ciefyer c4MTaTh MOMEHT CIIMBaHMS PaCTBOPOB, & KOHLIOM- MOMEHT
HOSIBJIEHUS B pacTBOpE CBOOOIHOIO Hoja. Beiaenenue naxe HE3HAUUTENBHOIO KOJIMUYECTBA
CcBOOOTHOTO H0/1a IETKO OOHAPYKUBAETCS B MPUCYTCTBUM KpaxMaia, Tak Kak B pe3yJIbTare
00pa30BaHUs] MHTEHCUBHO OKPALLIEHHOT'O COEIMHEHMs, PACTBOP MPUOOpETaeT CUHUM IIBET.

Beinonnenue pabotel. B 1ByX cyXnx KOHHYECKUX ITPOOUPKAX IPUTOTOBUTH OJUHAKOBBIE

OOBeMBbI pacCTBOPOB MOJATa HATPHUS PA3TMYHON KOHLIEHTpAIMH. J{J1s 3TOro B IEpBYIO
npobupky BHecTH 2 Karu 0,02H. pacTBopa MojaTa HaTpus U 6 Kanelb, AMCTUIUIMPOBAHHON BOJIBI ,
BO BTOPYIO NMPOOHPKY- 4 Kariy nojata HaTpus U 4 Kariy BoJsl. TakuM o0pazom, pHu 0JIMHAKOBOM
o01ieM oObeMe pacTBOPOB MOJIaTa HATPUS, COZiepKaHue (KOHLIEHTPALMs) OCIETHET0 BO BTOPOM
ciyuyae OyneT B 1Ba pa3a Oouiblie, 4yeM B mepBoM. Ciie10BaTeNIbHO, €CJIM YCIOBHO 0003HAUYUM
MOJIIPHYIO KOHIIEHTpamuto noaara B mpoodupke Nel C mMoib, To B mpobupke No2 Oymaem UMeTh
koHUeHTpauuio 2C Moib. PacTBopsl nepeMeiaTh CTEKJISIHHBIMU [TaJIOUKAMU, HE BBIHUMAs UX U3
POOUPOK.

ITpUroToBUTH BOCCTAHOBUTENIBHYIO CMECH, JJISl UETO JIBa MUKPOILIATENs CyIb(pUTa HATPHS
BHECTH B KOHMUYECKYIO IPOOUPKY M paCTBOPUTH B AECATHU KaIlIsX BoAbl. B pactBop nob6asuth 10
KarleJb CBEXKEIPUTOTOBIEHHOT0 KpaxMalla U JIBE€ Kalljid 2H. CepHOil KuciioTsl. CMech pa3melaTh
CTEKJITHHOM ITaJJOYKOW. BKIr0UnTh METpOHOM. BHECTH OZ1HY KaIuIIO IPUTOTOBJICHHON
BOCCTaHOBUTEJIbHOM cMecH B mpobupky Nel. Cuutas ynapsl METpOHOMA, U3MEPUTH BpEMsl OT
MOMEHTa JJ00aBJIeH!s] BOCCTAHOBUTEIBHON CMECH J10 MOSIBIIEHUS B paCTBOPE CUHEN OKpPACKH.

Taxum xe 00pa3oM BHECTH OJTHY KaIUTIO BOCCTAHOBUTEJBHOM cMecH B IpoOupKy No2,
cuuras ynapsl MeTpoHoMa. COnoCTaBUTh pa3iMyue B KOHIIEHTPALMU HOoJaTa HATpUs C Pa3InuueM
BpPEMEHU TE€UECHHUS PeaKLuu (MOsIBIIEHHE CUHEeH okpackn) B mpooupkax Nel u Ne2.

3anuce 1aHHBIX OMbITA. JJaHHBIE OMBITA 3aMKCaTh B BUJIE TaOIUIbI, B KOTOPOU yKa3aThb
HOMEp MPOOUPKH, KOJIMYECTBO NO/AaTa HATpUs (KOHIIEHTPALUs B YCIOBHBIX €IMHUIAX) U BPEMS
peakuuu (0TCYeThl METPOHOMA). 3alKcaTh COOTBETCTBYIOIMINM BbIBOJI. Kak U3MeHMIIach CKOPOCTh
peakuuy ¢ U3MEHEHNEM KOHIIEHTpalui Hojiara HaTpusi?

6) BzaumopeiictBue THocynbdara HaTpUs C CEPHON KUCIOTOH.

Peaxnus Tvocynbdara HaTpUs ¢ CEpHOM KUCIOTOM MPOTEKAET M0 YPAaBHEHHIO:

Brimonnenue padotsl. [IpeaBapuTtenbHo MpojenaTh KaYeCTBEHHBIN OIBIT, 171 YEro B
npoOupky BHecTH 5-10 xanens 1H. pacTBopa THOCYyab(paTa HaTpus U 3-5 Kanenb 2H. pacTBOpa
cepHoii kucioTel. Habmtonate nosiBiieHue caaboi onajecleHIIny U TajdbHenIee TOMYTHEHIE
pacTBOpa OT BbINaBIIEH CBOOOTHON CEpHl.

[TpUroToBUTH TpU pacTBOpa THOCYb(aTa HATPHUS pa3IMYHON KOHLEHTpauu. s aToro
BHYTPb CYXUX KOHHUECKUX MPOOUPOK BHECTU: B IIEpBYIO- 4 Kariiu 1H. pacTBopa THOCynb(dara
HaTpUs U § Karelnb BOJbI, BO BTOPYIO — 8 Karmelb THOCYNIb(aTa HaTpusl U 4 Karid BOJbl, B TPETHIO —
12 xamenb TOTO K€ pacTBOpa THOCYJIb(aTa HATPUSI.

(ITepByto u BTOpYIO MPOOMPKH OCTOPOXKHO BCTPSAXHYTh.) Takum 0O6pa3oM, B OJMHAKOBBIX
o0BbeMax MoJIydeHHBIX PACTBOPOB OYJIET COJIepKaThCs PA3IMYHOE YUCIO MOJIeH THocynbhaTa
HaTpus. Eciin yciioBHO 0003HAaUYNUTh KOHIICHTPAIIUIO THOCYNIb(aTa HaTpus, TO B ipodupke Nel- C
MOJTb, B pooupke Ne2- 2C moib, B Ne3-3C Modb.

Bxuttounts MeTpoHoM. B mpobupky Nel 100aBuTh OfHY Karuio cepHON KUCIOTHL. CuuTas
yJlapbl METPOHOMA, U3MEPHUTh BpeMsi OT MOMEHTA J0OABJIEHUS KUCIIOTHI JI0 MOSIBIICHUS B pacTBOpE
3aMETHOM omasecieHIuu. Tak ke 100aBUTh M0 OJTHOM Karyie 2H. CEPHOM KUCIOTHI B IPOOUpKU Ne2
u Ne3, cuuraTh yaapsl METPOHOMA JI0 TIOSIBJIEHUS B PACTBOPE ONAJIECLICHIIUH.

3anuch JaHHBIX OMbITA. J[aHHbBIE ONBITA 3aHECTU B TAOJHILY:



Ne mpoOupku

(mabmrogenwus) Yucino kamenb pacTBopa

THOCYIb(aTa HaTpus Yucio kanenpb BoIbl YNCIIO Kareiab CEpHOM KHUCIOTHI
OO6muit 00beM pacTBopa (YUCIIO

karenb) KoHuenTpanust tHocyiabgara HaTpus ,

MoJib Yucno ynapos MerpoHoma CKOPOCTh PEaKLIUU B YCIOBHBIX

eauHuIax, 1/t

148113C

2841132C

312-1133C

HaueptuTh rpaduk, HUTOCTPUPYIOINI 3aBUCUMOCTb CKOPOCTH PEAKLIUU OT KOHLEHTPaLUU
OT KOHILIEHTpALMK pearupyromux seniects. Ha ocu abcruce oTia0KUTh B ONpeieIeHHOM MaciuTade
OTHOCHTEJIbHBIE KOHIIEHTPAIIMHN THOCYIb(aTa HATPusl, HA OCH OPJAUHAT — COOTBETCTBYIOIIHE UM
CKOPOCTH (B YCJIOBHBIX €IMHULAX).

OIIBIT 2. BiusiHue TemnepaTypbl Ha CKOPOCTb XUMUYECKOW PEAKIIMU B TOMOTE€HHOM
CUCTEME.

Brimmonuenue pa6otsl. [IpurotoButs Tpu Tepmoctata:Nel, No2, Ne3, nnst uero B Tpu
crakanuuka Ha 200-250 M1 HanoaauTh Ha 2/3 Bomoii. CtakaHunk Nel ocTaBUTBH Ha CTOJIE MIPH
KOMHaTHOU Temnepatype. Temmneparypy Bozbl usmeputh TepmomeTpoM. CtakaHuuk No2 u Ne3
IIOCTaBUTh Ha acOECTUPOBAaHHBIE CETKHU, IIOMEILEHHbIE Ha KOJIbLA ITaTuBa. [loa KaxKayro ceTky
noctaBuTh ropesky. Harpers B crakane Ne3 Boay Ha 100C Beliie TeMiiepaTypbl BOJIbI YEM B
crakaHe No2. YMEHbLIUTb IJIaMsl TOPEJIKU B 000UX Cy4asiX U OTPEryJIUpOBaTh IJIaMs TOPEIKU Tak,
4yTOOBI TEMIIEpATypa BObI ObLIa NOCTOSTHHON. KaX /bl cCTakaHUYMK MMOKPBITh KAPTOHHOM WK
TOHKOH JIEPEBSHHOM KPBIIIKOW € TPEMS OTBEPCTUAMU. B OIHO U3 OTBEPCTUH KaKI0TO TEPMOCTATa
HOMECTUTh HEOOJIBIION TEPMOMETP, KOHEL] KOTOPOT'O IIOIPY3UTh B BOJY, B IPYrO€ OTBEPCTHE -
KOHMUYECKYIO IPOOUPKY € 2H. paCTBOPOM CEPHOM KUCIIOTHI U ONYILIEHHON B HErO MUIIETKOM, B
TpeThe oTBepcTHe- MpoOupKy ¢ 10 karusimu 1H. pacTBOpa THOCYIb(haTa HATPUSI.

Yepes 10-15 muH. BKIIOUATH MeTpoHOM. He BEIHMMAast poOUpPKyY ¢ THOCYIIb(aToM u3
tepmoctaTta Nel. JIo0aBUTh B Hee OJHY KaIlIlo 2H. CEPHOM KUCIIOTHI U3 IPOOUPKH, HaXOAsIIeHcs B
TOM ke TepMocTtaTe. CunTas yaapbl METPOHOMA, U3MEPUTh BpeMsl OT MOMEHTa J00aBJIEHUS
KHCJIOTHI J10 MOSIBJICHUS 3aMETHOM omnajieciieHIMU. [IoBTOpUTH OIBIT € pacTBOPOM THOCY Ib(aTa
HaTpus B TepmocTaTax Ne2 u Ne3. [IpousBecTu oTcueT BpeMEHH T€UEHUsI peakluu 110 METPOHOMY,
KaK 1 B [IEPBOM CJIydae.

3anuce 1aHHBIX OnbITa. [lodydeHHbIe JaHHBIE 3aHECTH B CIEAYIOIIYIO TaOIHILY:

Ne nHabnmronenus t onbita B rpagycax Llenbcus Bpems TeueHus peakiuu (4UCio yaapoB
cekyHzoMepa) CKOpOCTh B YCIOBHBIX €IUHMIIAX, 1/t

CrenaTh BBIBOJ O 3aBUCUMOCTH CKOPOCTH XMMUYECKON pEaKIUU OT TEMIIEPATYPBHI.

OmnpIT 3. BnusiHMe KaTanu3aTopa Ha CKOPOCTh XUMUUYECKON PEaKLIUH.

a) Katanutuueckoe BIMsTHUE BOABI HA PEAKIIUIO B3aUMOJICHCTBUS aTFOMUHUS C HOJIOM.

Brimonaenue padoTel. B munmmHaprudeckyo mpoOupKy BHECTH MUKPOIITIATEIeM HEOOIbIIIOe
KOJINYECTBO MOPOIIKA ATFOMUHUS U MEJIKO pacTepThid ioJ1. PazMeniath Bce CTEKISTHHOW MAIOYKOM.
OTMETHTb, YTO PeaKIs MOYTH He uaeT. Jlo0aBUTh B MPOOUPKY OAHY



KaruTio Bojibl. OTMETUTh, KaK BIUSET 100aBIeHUE BOJbI HA CKOPOCTh TEUEHUS JAHHOMN peakluu.
3anuch JaHHBIX OmbITa. Bee HaOmI0AeHNs 3anmucarh B )KypHal. Hanmucath ypaBHeHHE
peaKury B3aUMOAECHCTBHS aTFOMUHUSA C MOJIOM.

6) Karanutuueckoe pasnokeHue NepekrucH BOA0PoIa.

Boimonnenue pabotel. B konnyeckyro npoOupky BHectu 3-5 kamnens 10%-ro pactBopa
nepeKkucH Bojopoa. OTMETUTH, YTO B OOBIYHBIX YCIIOBUSX PA3JIOKECHHUS MIEPEKUCH BOJOPOIa HE
Ha0JIr01aeTCsl.

K pactBopy nepekucu Boiopoa 100aBUTh HECKOJIBKO KPYITUHOK JABYOKHCH Maprasia. Yto
HaOmonaetcs? [logHecuTe TICIONIYIO JTYYUHY K TOpiry Tpooupku. Kakoit ra3 Beiiensercs?

3anuch JaHHBIX onbITa. Bee Habm01aemMoe onucath, OTBETUTH Ha Borpockl. HamucaTh
ypaBHEHHUE PEAKLIUU PA3TI0KEHUS IEPEKUCH BOAOPO/Ia.

VYka3zarh paznuyue B CKOPOCTH PEAKLUH PA3IOKEHUS IEPEKUCH BOJAOPO/IA MPU OTCYTCTBUU
JBYOKHCH MapraHia u npu ee no6asinenuu. Kakoro 3naueHre AByOKHCH MapraHiia B 3TOM peakiuu.

OmnbiT 4. BnusiHME BEJIMYMHBI IOBEPXHOCTH PEArupyrOIIUX BEIECTB HA CKOPOCTh
XUMUYECKON PeaKkluy B T€TEPOreHHOM CUCTEME.

a) ['opeHne MeTaTM4eCcKOro aTlOMUHMUSL.

Breimonaenue paboTel. B3sTh THreTbHBIMU IIUTIIIAMU MAJIEHBKHA KYCOUEK aTFOMUHUEBOMN
(GoNbru U BHECTH €r0 B I1aMs Topenku. OTMETHTD, YTO TOPEHHUSI ATIOMUHUS HE HAOTI0OAaeTCs.

B 5710 ke miaMsa BHECTH MENKUI TOPOLIOK antoMuHus. /{111 3T0r0 cineayer B3sATh
HEO0OJIBIIIOE KOJIMUECTBO ATIOMUHHUEBOTO TOPOIIIKA IIMATENIEM U TTOCHINATh HA IJIaMs TOPEJIKHU.

3anuck JaHHBIX onbiTa. OTMETUTH HAOII0JaeMOE SIBJICHUE, HAITUCATh COOTBETCTBYIOIIIEE
YpaBHEHUE PEAKLUU U CAENATh BBIBOJI O BIMSHUU BEJIUYHHBI IOBEPXHOCTU PEATUPYIOLIETO
BEILECTBA Ha CKOPOCTh PEAKIUU.

0) PacTBopenue kapOoHaTa KalblHs B COJSTHOMN KHCIIOTE.

Brinonnenue padoTsl. B34Th 1Ba, 110 BO3MOXHOCTH OJJUHAKOBBIX KYCOUYKA MeJia, BETUYHMHOM
¢ ropormHy. OJIMH U3 HUX PacTOIOYh Ha KyCOUeK (DHIBTPOBATBHON OyMaru v CTCKISTHHOU
MaJIOYKOW U3MENBbYUTH €Tr0 B NOPOIIOK. [1oayyeHHbII NOPOIIOK TOMECTUTh B KOHUYECKYIO
npobupky. BTopoii kycodek Mena eTuKOM OIYCTHTh B IPYT'yIo MpoOupky. B 06e mpobupku
OJTHOBPEMEHHO 00aBUTH 0MHAKOBOE KOIM4ecTBO (10-20 Kamesns) coNsiHOM KUCIOTHI TNIOTHOCTHIO
1,19r/cm.xy0. HabmogaTh moTHOE pacTBOPEHUE Mea.

3anuchk qaHHbIX onbita. Onucarh Bee HabmoaeHus. Hanucats ypaBHeHUE
COOTBETCTBYMOIIEH peakiuu. OOBSICHUTD, TOYEMY CKOPOCTh PACTBOPEHHSI MeJia B 3TUX JIBYX
CIIy4asix pa3jauyvHa.

JIaGoparopHas pabota Ne 15. BinusiHue u3MeHeHUs! KOHLEHTPAIMK PearupyouIiX BEIIeCcTB
Ha CMEILEHUE XUMUYECKOTO PaBHOBECHSI

[IpuGops! u peakTuBhl. YeThipe KoHMUecKHe podupKy. CTeKISHHbIE TIanodky. Hognas
Bo/a. PacTBoph! xsopuaa tpexBaneHTHoro xenes3a (0,00251), pacrBop ponanuaa kanus (0,00251),
MBILIBSKOBHUCTAsl KUCII0TA, KpaXMallbHBIN KiecTep.

OmnbiT Nel. CmerieHre paBHOBECHsI 00paTUMOM peaklMy MEXIY XJIOPHBIM JKEJIe30M U
POJAHUCTBIM KaJIUEM.

Brinonnenue pabotel. B yeTbipe koHn4eckne npodupku BHecTH 1o 5-7 karmm 0,0025H
pPacTBOPOB XJIOpUAA TPEXBAJIEHTHOI'O KeJle3a U poAaHu ia Kanus. PacTBopsl pa3menaTh
CTEKJISTHHOW MaJIOYKOM M MOCTaBUTh B ITATUB. OHY NIPOOUPKY OTIOKUTH, JIJIsl CPABHEHUS
pe3ysbTaToB ONbITa. B ocTanbHble MPOOUPKHU 100aBUTH CIETYIONINE PEaKTHBBI: B MIEPBYIO-1 Karito
HaCBILIEHHOI'O PacTBOpa XJIOPH/1a TPEXBAJIEHTHOTI'O JKEJI€3a, BO BTOPYIO- | KaIlllto HaChIILIEHHOTO
pacTBopa poJiaHu/a Kajus, B TPETbIO- HECKOJIbKO KPUCTAITMKOB XJopuaa kanus. CpaBHUTD
MHTEHCUBHOCTh OKPACKH MOJIYY€HHBIX PACTBOPOB C MHTEHCHUBHOCTBIO OKPACKH 3TaJOHA.

3anuch 1aHHBIX OMbITA. 3anmucaTh cBoU HabroaeHus. COCTaBUTh ypaBHEHUE
COOTBETCTBYIOIIIEE OOPATUMON PEaKLIMU M HAIKCATh BBIPAYKEHHUE JJIs1 KOHCTAHThI €€ PaBHOBECHSI.

1.Kakwue BemecTBa HaXOIATCS B UCCIEAYEMOM PACTBOPE MPU COCTOSTHUU paBHOBECHS?



2.Kakoe BelecTBo NpuAaeT pacCTBOPY KPaCHYIO OKpackKy?

3.Kak u3aMeHseTcsi MHTeHCUBHOCTh OKPACKH PACTBOPA, M B KAKOM HATIPABICHUU CMEIACTCSI
paBHOBECHE JaHHOW PAaBHOBECHOU CHCTEMBI MPU T0OABICHUU: a) XJIOPUIA TPEXBAIIEHTHOTO
Kenesa, 0) polaHnu1a Kallvsl, B) XJIOpUa Kaaus?

Kak u3MeHsieTcst mpu 3TOM B KaXkJ10M OTIEJILHOM cllydyae KOHIICHTPAlUU KOMIIOHEHTOB
PaBHOBECHOU CHCTEMBI: a)poJIlaHUIA Kee3a, 0)XIopHuaa Kelesa, B)XJIOprIa TPEXBAIEHTHOTO
kKelesa, T)poJlaHuIa KallKs 10 CPAaBHEHUIO C X KOHIICHTPAIUSMU MPU YCTAaHOBJICHUN
IIEPBOHAYAJIbHOTO paBHOBECUS?

Omnpit 2. CMelieHue paBHOBECHS 00paTUMOTO MPOIiecca OKUCICHUS MBIIIbIKOBUCTOM
KHUCJIOTBI HOZIOM.

OOpamiarbes ¢ COSTUHEHUSMU MBIIIBSIKA CIIEYEeT 0Y€Hb OCTOPOYKHO, T.K. OHH SJOBUTHI.
MBIIIBESIKOBHCTHIC MPenapaThl Ja00PAHT BBIIAET CTYJACHTY HETIOCPEICTBEHHO Tepe] MPOBEICHUEM
OTIBITA.

Brinonaenue padoTel. BHECTH B KOHUYECKYIO TPOOUPKY S Kamnenb HOHON BOJIBI U 2 KaIUIHd
CBEXXENPUTOTOBIIEHHOT0 pacTBOpa kKpaxmaia. K nmoiaydeHHOMY cuHeMy pacTBOpy 100aBUTH 1
KAaILTIO0 PACTBOPA MBIIIBSIKOBUCTON KUCIOThL. OTMETUTh NCYE3HOBCHHE CHHEH OKPACKHU, TIPU ITOM
pOTEKaeT 00paTUMast peaKIys.

K obGecuiBeueHHOMY pacTBOpPY T00ABUTH 5-6 Kareidh MBIIIBIKOBOW KUCIOTHI. 3aITUCh
JaHHBIX OMbITa. OTMETUTH U O0BSCHUTH HAOIIOAaEMbIE SIBIICHUS ,B YACTHOCTH, NCYE3HOBEHHE
CUHEH OKpacKU U TMOSBIIEHUE €€ BHOBb (OKpacKa MOSBISETCS MEUICHHO).

3. OueHuBaHue pe3ynbTaToB chopMupoBaHHOCTH KomrteTeHITH OITK-6.1

MeTtoauueckue peKoOMEHIaluy 110 HAlTMCaHUIO KypCOBOW paboThI

KypcoBas pabota no nucuuruinae «Heopranudeckas XuMus» siBJISIETCS IEPBOU
opuUILIMATBEHOM, CAMOCTOSTEILHOM, TBOPUECKOM M, B HEMAJION CTENEHHU, HAyYHO-UCCIIEI0BATEIbCKOM
pabotoii ctyneHToB. Ee onieHka HayuyHbIM pyKOBOAMTENEM (DUKCUPYETCS B 3a4€THON KHUXKKE U
BIIOCJIE/ICTBUH BbICTaBJIsIeTCA B AUILUIOM. bosee Toro, Marepuansl KypcoBoil paboThl MOTYT OBITh
MCII0JIb30BaHbl CTY/IEHTOM B €0 JaJibHEHIIeH HayqHO! 1 yueOHOM NesTeIbHOCTH: TP MOATOTOBKE
HAYYHBIX JOKJIAI0B JUIS BEICTYIUICHHS HA Pa3IMYHBIX KOH(pepeHusax. KauectBeHHO
HOJrOTOBJIEHHAs! KypcoBasi paboTa MOXKET CTaTh MEPBOHAYATIBHBIM (DYHIaMEHTOM BBIITYCKHOMN
KBAJTM(PHUKAIIMOHHON pabOTHI M BIIOCIEACTBUY JIA)KE€ MaruCTepPCKON MM KaHAUIATCKON
JcCepTalyu.

3aauy HalKMCaHus KypCoBOM pabOThI:

1.IIpuoOpeTeHre HOBBIX TEOPETUUECKUX 3HAHUN B COOTBETCTBUU C TEMOI pabOThI U
3a1aHUEM PYKOBOIUTEIS;

2. ®OopMUPOBAHKE y CTYIEHTOB HABBIKOB U YMEHUU ITPOBEIEHUS Pa3IMYHOIO POJa HaAy4YHO-
HCCIIEIOBATENbCKUX pPadoT;

3. [loka3aTh yMEHHE CTYIEHTOB HaXOJUTh U aHAJIU3UPOBATH PA3IUYHBIE UCTOUYHUKU
y4eOHOT0 U HAyYHOTO XapakTepa;

4. HayuuTb CTYAE€HTOB IIPUMEHSATH MOJIyY€HHBIE HAa IEPBOM Kypce 00ydeHHs 3HaHUS O
Pa3JINYHBIX 3aKOHOMEPHOCTSAX XUMUYECKUX MPOLECCOB;

5.IToka3ath crmOCOOHOCTh CTYAEHTOB K TBOPUECKOM M HayuyHO-HCCIIEA0BaTENbCKOM padoTe,
yMeHHe GopMyIHpPOBAaHUS CAMOCTOSTEIbHBIX BBIBOJOB 110 PELICHUIO TOM WM HHOW TEOpeTHUYEeCKON
WY TPAaKTUYECKOH Mpo6eMbl, BO3MOXKHOCTb apIr'yMEHTHPOBATh CBOE 3aKIIOUYEHUE;

6. BeipaOoTka y cTy/IeHTOB HaBBIKOB M YMEHUH MPaBUIbHO OQOPMIISATH IPOBEACHHOE
HCCIIEI0BAHUE;

7.CoepiieHcTBOBaHUE MPO(HECCHOHATFHOM MOITOTOBKH OYAYIIUX CIEIIUATNCTOB.

K ocHOBHBIM TpeOOBaHUAM, PEABABISIEMBIM K KYpCOBOH pabOTE, OTHOCSTCS:

1. KypcoBas pabora 10/1%Ha OBITh BBIIIOJIHEHA CTYIEHTOM CAMOCTOSITEIbHO U HOCUTh
TBOPYECKUI U HAYYHO-UCCIIEI0BATEIBCKUI XapaKTep;

2. OHa J0J>KHa OCHOBBIBAThCS HA aHAIM3€ Pa3InYHOro MaTepraia, HaUYMHas OT
NEePUOANYECKOMN U CIIPaBOYHOM W 3aKaHYMBas HAYYHOU M yuyeOHOM IUTepaTypou;

3. KypcoBast pabota 1o/kHa ObITh IPaBUIBHO 0(OPMIIEHA, B COOTBETCTBUU CO BCEMH



TpeOOBaHUSIMU;

4. V310EeHHBIH MaTepuall JI0JDKEH OBITh XOPOIIO apryMEHTUPOBAHHBIM;

5.CtpykTypa paboThl JOKHA OTIIMYATHCS CTPOMHOCTBIO, JIOTUYECKOW MPOTyMaHHOCTHIO U
MIOJIHOCTBIO COOTBETCTBOBATH 3a51BJICHHOM TEMAaTHKE.

1.TIEPBBII DTAII

1.1. Beibop Tembl KypcoBoii paboThI

Temy kypcoBoii paboTsl o qucuuiuinae «Heopranudeckass XuMus» MOXHO BBIOpaTh
U3 IPUMEPHOTO MepeyHs TeM . JlomyckaeTcs HanucaHue KypcoBoi pabOThI U 110 TeMe, KOTopast
OTCYTCTBYET B IPUMEPHOM MEPEYHE TEM, HO TOJIBKO MOCIIE IPEABAPUTEIBHON KOHCYJIBTALMY U
YTBEPKACHUS €€ HayYHbIM pyKoBoAuTeNIeM. B mpoTuBHOM citydyae paboTa MOXKET OBbITh HE 3aUTEHA.

1.2. Perucrpanust TeMbl KypCcOBOW paOOThI U BBIOOP HAYYHOT'O PYKOBOIAUTEIIS

[Tocne Toro Kak onpeneIIiCh C HHTEPECYIONIEH TeMOoi OyayIe KypcoBol paboThI,
HE00XO0IUMO 3aperucTpUpoBaTh ee Ha Kadeape HeopraHMUeCKON U aHATUTHYECKON XUMUU.
Jy6nupoBaHue TeM KypCcOBbIX pabOT HE JOMYCKAETCs, B CBSI3U C 3TUM, PEKOMEHIYETCsl, KaK MOXKHO
paHbliie BEIOpPATh U 3apPErHCTPUPOBATH TEMY KYPCOBOU PaOOTHI.

1.3. KoHcynbTHpOBaHHE C HAYYHBIM PYKOBOJUTEIEM

[Tocne Toro Kak BbI BBIOpAI TEMY KYPCOBOM pabOThI, HEOOXOAUMO BCTPETUTHCS C
Hay4HbIM PYKOBOJIUTEIIEM U IPOKOHCYJIBTUPOBATHCS C HUM . J{JIs1 3TOr0 NOJ0MANTE B YacChl
KOHCYJIbTAIIMH BAIllero HAy4YHOT0 PYKOBOAUTENS (BpeMs U JaTy KOHCYJIbTAIMH MpernojaBaTenen
Kadeapel MOXKHO y3HATH Y JJabopaHTa Kadeapsl IpU PEruCTPaLMU TEMBI WIIK Ha CTEH e Kadeapsl),
YTOYHUTE TEMATHKY paOOThI, COTTIACYITE TUIaH KypCOBOM pabOTHI, a TAK)KE BBIICHUTE BCE
MHTEPECYIOIINE BaC BONPOCHL. B CBsI3M € 3TUM pEKOMEHIyeTCs 3apaHee IOCMOTPETh
OTIpeIeNIEHHYIO TUTEPATypy MO TeMe Balllel paboThl, COCTABUTH NMPEABAPUTEIbHBIN IJIaH PaOOTHI,
3anMcarh BCE HEMOHATHBIE U MHTEPECYIOIINE BaC BOMPOCH! U T.1I.

HayuHblil pyKOBOJUTENb OCYIIECTBISET KOHTPOJIb 3a IIPOLECCOM BBINOIHEHUS
paboThl, a IO OKOHYAHUIO €€ MOATOTOBKH IPOBEPSET U Ia€T Ha HEE PELICH3UI0

2. BTOPOU DTAII

2.1. CocraBneHue miaHa KypcoBoii paboTsl

[1nan paboTel — 3TO NepBOHayYaIbHAsi OCHOBA pabOThI, OT IPAMOTHOI'O COCTABJICHUS
KOTOPOH 3aBHCUT MPAaBMIIBHOCTh HAIMCAHUS U TIOJHOTA PACKPBITUSI BBIOPAaHHON TEMBI.
CocraBieHue 11aHa — 3T0 HeMpocTas 3aa4a, Tak Kak IMpu 3TOM YKe He0OX0IUMO BIIaJIcHUE
MaTepHajJIoM IO BEIOPaHHOM TeMe KypCOBOM pabOThl, U, KPOME TOT0, OH JJOJKEH C OJTHOM CTOPOHBI
MIOJIHO PAaCKPBIBAThH COJIEPKaHUE 3asBJIEHHOM TEMBI, a C IpYroil HA0OOOPOT HE BBIXOAMTH 3a paMKHU
npeaMeTa ucciaenoBanus. boiee Toro, miaH J0MKEH ObITh JTOTMYECKH BHICTPOEHHBIM, T. €.
MOCJIEI0BATENBHO PACKPHIBATh 0003HAUEHHYIO TEMY.

CornacHo ycTosIBIIEHCS TPaJUIIUH 110 HATMCAHUIO HAYYHBIX Pa0OT IJIaH JOKEH
COCTOATB U3 BBEICHUS, IByX-TpeX IJIaB 110 JIBa-TpH Maparpada B KaxJ10i (He JOMycKaeTcs riiaBa
0e3 pasneneHust XoTs Obl Ha JBa naparpada), 3aKIr0YeHUs U CITUCKA UCTIOJIb30BAHHBIX HCTOYHUKOB
u ureparypsl. [Ipu 3ToM Ha/l0 MOMHUTE, YTO Ha3BaHME I1aB HE JOJHKHO HU B KOEM Cilydae
MOBTOPSATH Ha3BaHHUE TEMbI, a Ha3BaHMUE NaparpadoB — Ha3BaHHUE IJ1aB.

CTyneHT MOKeT COCTaBUTh IJIaH CAMOCTOATENBHO, HO TOT/1a, KOHEYHO K€, TpeOyeTcs
corjlacoBaHue IUIaHa C HAy4YHbIM pyKoBoauTeneMm. Kpome Toro, B mpoliecce HanucaHusl, B CBSI3U €
HaXO0XJ/IEHUEM CTYJEHTOM MHTEPECHOr0 MaTepHaa, a TakKe Mo APyrUM MpUUKHaAM, IJIaH paboThl
MOJKET MEHSITHCSI U KOPPEKTUPOBAThCs. M B 3TOM citydae Tak:ke HE00X0JUMO MpeIBAPUTENIbLHOE
COIIACHE HAyYHOT'O PYKOBOJMUTEIIS.

2.2. [Ton6op 1 aHaIM3 UCTOYHUKOB U JINTEPATYPHI

OcHoBHast yacTh pabOTHI JOJKHA OBITh OCHOBAHA Ha aHAIN3€E PA3JIMYHBIX HCTOYHUKOB
Hay4yHOTo (pa3nuyHble MOHOTpaduu, CTaThH, JUCCEPTALIMK U aBTOpedepaTsl AUccepTalnii) U
y4eOHOro IJ1aHa (HanpuMep, y4eOHUKH WA Y9eOHbIe TTOCOOMST) KaK OT€UECTBEHHBIX, TaK U
3apyOexHbIX aBTOpoB. [laHHas nuTepatypa a1bo 6epercs B bubnuoteke, 1160 u3 MurepHer-
pecypcoB, TM00 U3 APYTUX UCTOUHUKOB.

Kpome Toro, cTyIeHT AOJKEH I0Ka3aTh CIIOCOOHOCTH OMCKA HEOOXOIMMOM
UH(OPMAIINH JIJTsl HATUCAHUS CCIISIOBAHNS, TIOATOMY B IAaHHOM TIOCOOMH HE TIPUBOJIUTCS CITUCOK



PEKOMEH1yeMOH JIUTepaTyphbl, TaK KaK HEOOXOAUMbIE MaTE€PHUaIbl CTYAIEHTHI JOJKHBI HAWNTH CaMU U
TEM CaMbIM IIPOJAEMOHCTPUPOBATh CBOU HAyYHO-UCCIIEI0BATENBCKUE HABBIKU 110 TOUCKY
uHpOpMaLIUH.

JIro0oe HuTHpOBaHKE KaK HAYYHOU U y4eOHOU JIUTepaTypbl, TaK U MEPHUOIUUECKUX U
CIPABOYHBIX U3/IaHUM, JOJKHO OBITh JOCIOBHBIM JINOO U3JI0KEHHBIM CBOMMH CJIOBAMU,
MaKCHMaJIbHO MOBTOPSIOLUIMMH CMBICII IEPBOUCTOYHUKA, @ MOCJIE KaK0T0 IUTUPOBAHUS
00513aTEIIbHO CTAaBUTCA CChUIKA, B KOTOPOH YKa3bIBAIOTCA BCE TaHHBIE 00 aBTOPE M HCTOYHHKE
LIUTUPYEMOIO MaTepHaa.

3. TPETUH DTAII

3.1. CtpyKTypa KypcoBO# pabOThI

CtpykTypa KypcoBoi pabOThI JOKHA COOTBETCTBOBATh U30paHHON TEMeE,
CIIOCOOCTBOBATH €€ IMOJHOMY PACKPBITUIO U PELIEHUIO IOCTABICHHBIX 1IEJIU U 331a4. B cTpykTypy
KypcOBOH paboThl BXOAAT CIEAYIOIINE 3JIEMEHTHI:

TUTYNBHBIN JUCT.

Conepxanue.

Bsenenue.

OcHOBHOE cOJepKaHUE, BKIIOYAOIIEE B CE0s1 TEOPETUUECKYIO YaCTh, KOTOpasl JOJKHA
coJiepKaTh HE MeHee JBYX mnaparpados.

3aKItroueHue.

Cnucok MCTOYHMKOB U JIUTEPATYPBHI.

[Ipunoxenus.

3.2. TpeGoBaHUs K CTPYKTYPHBIM 3JIEMEHTaM KypPCOBOU pabOThI

3.2.1. TUTyNIbHBINA JTUCT

TUTynbHBIN JIUCT ABISETCS IEPBOM CTpaHUIIEH KYpCOBOI paOOThI U CITYKHUT
HCTOYHHUKOM HH(pOpMAaIu, HEOOX0TUMOH 117151 00pabOTKH 1 TIOMCKA TOKYMEHTA.

3.2.2. Conepxanue

CopneprkaHue BKIIIOYAET BBEICHNE, HAUMEHOBAHHME BCEX Pa3/IeloB, 10Apa3eiioB,
3aKJII0YEHUE, CIIUCOK UCIOIb30BAHHBIX MCTOUHUKOB U JINTEPATYPbI, IPUIIOKEHUS C YKa3aHUEM
HOMEPOB CTPaHUI], Ha KOTOPBIX pa3MeIaeTCsl Hayaio MaTepuania.

3.2.3. Beenenue

KypcoBast paboTa HaunHaeTCs ¢ BBEJICHHsI, OJTHAKO 3TO HE 03HAYaeT, YTO HAYMHATh €
HanucaHue HeoOX0AUMO ¢ JaHHOTO paszena. Kak 3To He mapaJoKcalbHO 3BYUHT, HO
PEKOMEHAYETCs MPUCTYIATh K HAIMCAHHUIO BBEACHUS B ITOCIIETHIOI O4Yepelb UK, 10 KpaiHen
Mepe, Korja OyAeT 3aKkoOHUeHa cojiepKaTelibHasl 4acTh KypCOBOM pabOTHI .

Bo BBeneHnn 00513aTenbHO JOKHBI COAEPKATHCS YKa3aHUsI Ha:

— aKTyaJIbHOCTb TEMBI UCCIIEIOBAHMS;

— 00BEKT KypcoBOil paboThI;

— IpeMET KypCOBOM paboThI;

— 1IeJIM ¥ 33/1a4¥ MCCIIE0BaHNUS;

— METO0JIOTHYECKasi OCHOBA MCCIIEI0BAHNUS;

— TeOpeTHUYECKasi OCHOBA KypCOBOIl paboThI;

— CTpYKTypa paboThl.

AKTyaJIbHOCTb TEMBI HCCIIeIOBaHUA. B JaHHOM pasziene yka3blBaeTcs 3HaYUMOCTh
IIPOBEJCHUS HCCIIEA0BAaHUS UMEHHO 0 JaHHOW TeMe Ha COBPEMEHHOM 3Talle pa3BUTHS
XUMHUYECKON MPOMBIIIJIEHHOCTH M XMMUUYECKON HAyKH, a TaKk)kKe 000CHOBBIBAETCS MO3UIIMS aBTOpa
10 BEIOOpPY UM TeMaTHKH KypcoBoi paboTel. Kpome Toro, 3/1ech MOKET ObITh 3aTpOHYTa
MPaKTHUYECKasi U TEOpETHUECKas IEHHOCTh UCCIIEIOBaHMs B BBIOpaHHOM HarnpaBieHuH. OHaKo
HE00XO0IUMO TOMHHTb, YTO aKTyaJIbHOCTb HE J0JKHA 3aHUMATh CIIMIIKOM MHOTO MECTa,
ONTUMAJBHBIN 00BeM cocTaBiseT 1/2 unu 2/3 cTpaHUIIbL.

enu n 3anaum uccnenoBanus. Llenu uccnenoBanus Mpe1onpeaeIeHbl IPEAMETOM
KypCOBO# pabOThl, HEOCPEACTBEHHO BBITEKAIOT U3 HETO, a 3ajlauu, B CBOIO O4Yepe/ib,
IpelonpeiesieHbl IeIbI0 UcclieoBaHus. Yale Bcero 1eib UCCIIE0BaHUs OHa, a 3aj1a4,
€CTECTBEHHO, HECKOJIbKO. Llenb KypcoBoiif paboThl — 3TO TOT OPUEHTHUP, TO KOHEUHOE COCTOSIHUE,
KOTOPOE aBTOpP CTPEMUTCS B UTOTE JOCTUTHYTh. Llenn ¢ 3a1auaMu cooTHOCATCS Kak oO1ee u
Y4aCcTHOE, TO €CTh 3a/1a4M — 3TO OIpeIeIeHHbIE IPOMEXYTOUHBIE ITYHKTHI, KOTOPbIe HEO0X0AUMO



JIOCTHYb, YTOOBI OCYIIIECTBUTH OOIIYIO LIETIb.

3.2.4. ConeprxaTenpHasi 4acTb KypCOBOH pabOTHI

JlaHHBIN pa3zen KypcoBOi pabOThl COCTOUT M3 HECKOJIBKUX IJIaB U maparpados, B
KOTOPBIX COOCTBEHHO U MPOBOJUTCS CaMO MCCIIeI0BaHNE, HEOOXOAUMO, YTOObI OHU OBbLIH
H0CJIEI0BATEbHBIMU U JIOTHYECKU BBICTPOCHHBIMU. [l03TOMY ciieqyeT cobmoaars joruyeckoe
MOCTPOCHHE MaTepHaja 1 IUIaBHbIC TIEPEXO0/Ibl MBICTH U3 OHOTO naparpada B apyroii. Ilpu sTom
OUYCHb BAXKHO, YTOOBI aBTOP HE TOJIBKO MEPEMHUCHIBANI HMEIOLIUIICS MaTepHall, HO U IITyOOKO
AQHAJIM3UPOBAJ €T0, IPUBOJS Pa3IUYHbIC Pa3MBILUICHU 110 JaHHOMY ITOBOAY. B nueane kypcosas
paboTa 0JKHA COJIepKaTh HE IIPOCTO aHAIN3, @ KPUTHUECKUI aHAJINU3 pa3InYHbIX UICTOYHUKOB, a
aBTOP JOJDKEH M3J1araTh U CBOE BUJICHHE IPOOJIEMATUKH.

OntuManbHbIi 00BEM COJIEPKATEIHHON YaCTH KypCOBOM pabOTHI I0JKEH COCTABIAThH
npumepHo 13-18 cTpanu.

3.2.5. 3akmouenue

B 3akiroueHnn npuBOIUTCS KPAaTKUI peTpOCIIEKTUBHBIN 0030p MPOBEJEHHOM B
UCCIICIOBAaHUU PA0OTHI, YKAa3bIBAIOTCS Y3JI0BbIE MOMEHTBI UCCIICIOBAHMSI, U3J1aratoTCs
TEOPETUYECKHUE U ITPAKTUUECKHUE BBIBOJIbI, K KOTOPBIM IPHUILEN CTYJEHT B pE3y/bTaTe
UCCIIEI0BAHMS, A TAKXKE MPEJIOKEHHUS 110 YIYYIICHHUIO, ONITUMHU3ALUN COCTOSHUS U3y4aeMOro
Bornpoca. OHU JI0JIKHBI ObITh KPATKMMHU U YETKUMH, JAIOLIMMH [OJHOE MPEACTaBICHUE O
COJIepKAHNU, 3HAUUMOCTH, 000CHOBAaHHOCTHU U 3()(heKTUBHOCTH MpeAaraeMbIx pa3padoTok. OHO
IPECTaBIsIET PEe3yIbTaT Ha-yqYHOT'O TBOPUECTBA CTYIEHTA, KPATKHA UTOT KypcoBoi paboTsl. 1o
00BeEMY 3aKJIFOUEHUE COCTABISAET 1-2 CTpaHULIBI .

3.2.6. Cnucok auTeparypbl

B conepxanue naHHBIN 3JIEMEHT 10JKEeH ObITh OTpakeH Kak CIMCOK HCTOYHHUKOB U
autepaTypsl. OH 10JKEH BKIIIOYaTh B ce0s1 He MeHee 10 MICTOYHUKOB, UCII0JIb3YyEMBIX ITPU
HanucaHuu padoTel. JIuTepaTypHble HCTOYHUKH TPYIIUPYIOTCS B aj(haBUTHOM IOPSIKE HITH B
MOPSJIKE UCIIOJb30BaHUS MaTepuaa HCTOYHUKA B KypcoBoil. Eciiu aBTOpbI paboT ABISAIOTCA
oJIHO(aMuIbLIaMy, YUUTBIBaeTCs an(aBUT UX HHULIMAIOB. Eciu B crivicke ecTh pabOThI OAHOTO
aBTOpPA, TO OHU BBICTPAUBAIOTCS 110 aJ(aBUTy Ha3BaHUN KHUT U CTaTEH.

HcTouHnKH Ha MHOCTPAHHBIX SA3bIKAX, KaK U IHTEpHET-CaliThl yKa3bIBAIOTCS 1IOCIIE
NepeYHs OCHOBHOM JINTEPATYPhl HA PYCCKOM SI3bIKE B aJI()aBUTHOM IMOPSIIKE.

3.2.7. llpunoxxenus

B npunoxeHun crieayet moMemnars BCIoMoraTeabHbli MaTepua, KOTOPbIH Mpu
BKJIIOYEHUHU B OCHOBHYIO YacTh 3arpOMO’KJaeT TeKCT. K BcmoMoraTenbHOMY MaTepually OTHOCSATCS
Oosblne TabauIbl, rpaduKy, CXeMbl, pUCYHKH.

3.3. HayuHsblil pyKoBOIUTEND

Hay4HbIil pyKOBOIUTENH OCYIIECTBISIET PYKOBOJICTBO HA MPOTSHKECHUN BCETO BPEMEHU
HOJrOTOBKM M HAITMCaHMs KypCOBOM paboThl, a B KOHIIE JA€T PELEH3HIO Ha BBIIOJHEHHYIO paboTy
U Ha 3alUTe ONpe/eNsieT, OLICHNBAaeT KaueCTBO U caMOi pabOThl, M HEOCPEACTBEHHO Mpolecca
3aIIUTHl pabOTHI CTYICHTOM. B CBS3H ¢ 3TUM MOXHO 00paIiaThCs K HAy9HOMY PYKOBOJIUTEIIO IO
MIOBOJIY BCEX HESCHBIX MJIM YTOYHSIONINX BOMPOocoB. K HUM OTHOCSTCS:

— MOMOIIIb HAYYHOT'O PYKOBOAMTEINS TP BEIOOpE TEMATHKU pabOTHI M COCTABJICHUS €€
TUIaHa;

— OKa3aHue MOMOIUIM B 0J00pe y4eOHBIX U HAyYHbBIX UCTOYHUKOB,;

— PEKOMEHIAINH TI0 HAIMCAaHUIO KYPCOBOW pabOThI, B TOM YHUCIIE pa3penieHre CIOPHBIX
BOITPOCOB;

— pa3bsiCHEHUE NMpaBul 0hOPMIIEHHUSI KypCOBOl paboThI;

— MpesBapuTeIbHas IPOBEpKa OT/ENbHBIX IJ1aB WK HaparpagoB paboThl U T. 1. U T. II.

3.4. Haubonee yacTo BcTpedyaeMble OMUOKU MTPH HAITUCAHUU KYpCOBON padOTHI

— coziepkaHue padOThI MOJTHOCTHIO MITM YaCTHYHO HE COOTBETCTBYET 3asBJICHHON TEMaTHKE;

— MePEeNUChIBAHUE OJHOTO UM HECKOJIBKUX YUCOHUKOB;

— OTCYTCTBYIOT P€30JIFOTUBHBIE BBIBO/IbI, K KOTOPBIM IPHILIEN aBTOP B pe3yjibTaTe
UCCIIE/IOBaHMS;

— HE TIOKa3aHa paboTa ¢ MePUOTNICCKUMH H3IaHUSIMHU;



— OTCYTCTBYET aBTOPCKOE MHEHHE B padoTe.

4 YETBEPTBIM DTAII

4.1. OdbopmieHne KypcoBoi pabOThI

4.1.1. O6mue TpeboBaHMs

KypcoBas pabota HaOupaeTcsi Ha KOMIIBIOTEPE B TEKCTOBOM penakTope Microsoft
Word. Pexomennyercs cnenyromuii BapuanT popmaTupoBanus Tekcta: mpudt — Times New
Roman pazmepom 14 nt., MeX1yCTpOUHBIN MHTEPBAI — OJYTOPHBIN, BEIpaBHUBAHKUE TEKCTa Ha
cTpaHuIle — 1o mupuHe. PaboTa nmevaraercs Ha 0HOM cTOpOHE JKcTa Oenoit Oymaru ¢popmara A4
CO CIICYIOIIMMU TOJIIMHU: JIeBoe — 25 MM, BepxHee — 20 MM, HuxKHee — 20 MM, nipaBoe — 15 mm.
Pexomenryemslii 00beM KypcoBO# paboThI cocTaBiseT 20-25 cTpaHHIl NEYaTHOTO TEKCTa.

Ha tutynbHOM nucTe Mex1y cBeieHus MU 00 aBTope paboThl U ero (haMusnei
CTaBUTCS MOJIKUCH aBTOPA, MOATBEPKIAI0MIasl IMYHOE HAITMCAHUE KYPCOBOM pabOThI.

Kaxnas ctpykrypHas 4acTb KypcoBOW pabOThI (BBEIEHUE, TIaBa, 3aKIIIOUCHHE,

CIIMCOK MCII0JIb30BaHHBIX HCTOUYHUKOB U JINTEPATYPbI) HAUMHAETCSA C HOBOW CTPaHUIIBI.

CrpaHuisl KypcoBoil paboTHI cienyeT HyMepoBaTh apaOCKuMu nudpamu, coomoaas
CKBO3HYIO HyMEpAaIUIO M0 BCEMY TEKCTY paOOThI B IICHTPE HIKHEH 4acTH JiucTa 6€3 TOUKH.
TUTYIbHBIN JIUCT BKIIIOYAIOT B OOIIYI0 HYMEPAIUIO CTPAHULI, HO HOMEP CTPaHUIIbI HA TUTYJIHHOM
JIUCTE HE IPOCTABIISAETCS.

HaumenoBanus CTpyKTypHBIX 35ieMeHTOB KypcoBoit padoTel: «COAEPKAHUEY,
«BBEJAEHUE», «3AKIIIOYEHUE», «CITMCOK NCITOJIb3OBAHHBLIX NCTOYHUKOB 1
JINTEPATYPbI», a Takxke Ha3BaHUS TaB CIEAYyET MeYaTaTh NOMYKUPHBIM HIPUGTOM,
BBIpPaBHUBAHHUE 110 IIEHTPY 0e3 a03a1HOr0 OTCTYIa U TOYKH B KOHIIE IPOIMCHBIMU OYKBaMH, HE
MO{YEPKUBasl.

3aronoBku naparpagoB, IyHKTOB U MOIYHKTOB CJIEIyeT eYaTaTh C MPOMUCHON
OyKBBI, HE TOAUYEPKUBasi, 6e3 TOUKU B KOHIIE. Eciu 3aronoBok BKIIIOUAET HECKOJIBKO MPEI0KEHUH,
UX pa3fengioT Toukamu. [IepeHoCHI CI0B B 3arojioBKax HE IOMYCKAIOTCS.

PaccrosiHre Mexy 3arojgoBKkaMu KypcoBoi pabOThl, pa3/ielaMi OCHOBHOM 4acTu U
TEKCTOM JIOJKHO OBITh HE MeHee 3 (2 X 1,5 uHTepBasna) HHTEPBAJIOB.

BBenenue u 3akitoueHe HE HyMEPYIOTCSL.

I'maBb1, maparpadsl, TyHKTHl U MOAMYHKTHI pa0OTHl HYMEPYIOTCS apaOCKUMU I pamMu
C TOYKOH .

4.1.2. CchUIKH ¥ CHOCKH

CHocCKH B KypcoBOi paboTe MpUMEHSIOTCS TOra, KOT/1a aBTOp JKEJaeT JMO0 yTOUHUTD
Kakoi-mbo ¢akr, 160 pacmudpoBaTh TO UM UHOE YTBEPXKICHHUE, UIIU YTO-JIN00
POKOMMEHTHPOBATh U T. 1. CHOCKH NMPUBOAATCS B KOHIIE CTPaHMIIbI, @ HyMepanus u ohopMieHue
OCYIIIECTBIISIETCS TAKXKE KaK U B CJIy4yae UCIOIb30BaHUS CCHUIOK.

CchUIKM K€ IPUMEHSIOTCS B TOM CIy4ae, KOTr/1a UCIOJIb3YIOTCS WM LIUTUPYIOTCS
UCTOYHUKHU WIN JINTEPATypa, a TAKXkKe Ipyrue GpakThl, B3AThIe U3 HCTOUHUKOB U JINTEPATYPHI.
PexomeHyeTcst HCIOIB30BaTh B KypCOBOIl paboTe MOJICTPOUYHBIE CCHUIKU C IIOCTPAaHUYHON
HyMepaiueil apabckumMu nu@pamu.

Jlnst opopmIiIeHus CCHUTOK M CHOCOK CJIETYET MCTOJb30BaTh GyHKIIUIO B Microsoft
Word 97-2003 «BcTaBKa — CChIIIKa — BCTABUTh CHOCKY», B Microsoft Word 2007 «cchuiku —
BCTaBUTb CHOCKY». 3HAaK CCBUIKH, €CJIM IIPUMEYaHUE OTHOCUTCS K OTJAEIBHOMY CJIOBY, TOJKEH
CTOATH HEMOCPEACTBEHHO Y ATOTO €JI0Ba. ECIN k€ OH OTHOCHUTCSA K MPEAIOKEHUIO WM IPYIIIE
MpeJI0AKEHHH, TO CTAaBUTCS TIOCTIE 3HAKa IPENUHAHUs B UX KoHIE. [locTpoUHble CChUTKH
HYMEpYIOTCs apabckuMu niudpamu 6e3 ckoOKH Ha KaXa0i cTpaHulle, HaunHas ¢ uugps! 1. Ha
KaKIOU CIEIYIOIIEN CTPaHULIE HyMEpalMIo CCbUIOK HAYMHAIOT CHAavaIa.

B ccpuike 00s3aTenbHO NPUBOAATCS CIEAYIONINE JaHHbIe: (paMUIUs U HHULUAIIBI
aBTOpa(oB), Ha3BaHUE PabOTHI, MECTO, TOJ] U3JaHUSI U CTpaHULa(bl) OTKYAA IUTUPYETCS WIN
JIpyruM 00pa3oM HCIOIb3yeTcs B KypCOBOM paboTe JaHHBIM UCTOYHUK WM JIUTEpATypa.

Ecnu nutupoBanue npon3BoAUTCS HE IO IEPBOUCTOUHUKY, a IO paboTe APYyroro
aBTOpa, 3TOT (pakT He0OX01MMO 0003HAUATh B CChUIKE. B Takux cirydasx oHa HAUMHAETCS CO CJIOB
«uT. mo:», a ganee opopmiseTcs, Kak ObLIO yKa3aHo BbllIe. LlUTHpOBaHUE HCTOYHUKA MOYKET



OBITH JOCJIIOBHBIM, B 3TOM CJIy4ae Takas [IUTaTa 3aKJI0YaeTcsl B KaBbIYKU B TEKCTE KypCOBOM
paboThl, a M000e HcTIpaBlieHUE B HEll He omycKaeTcs. Eciu je BBl BCce paBHO ClIeNain
HE3HAYUTENIbHbIE U3MEHEHUS, TO HEOOXOAMMO cpa3y MOCiIe HUX yKa3aTh B KPYIJIBIX CKOOKax To,
YTO Bbl U3MEHWIN U TIOCTaBUTH NIepBbie OYKBHI Ballero MMeHu U Gpammind. Eciu ke nutupoBaHue
OCYIIIECTBIISIETCS] HE JOCIOBHO, HO MPH 3TOM IJIaBHAsl MBIC/Ib 3aMMCTBOBaHAa U3 HCTOYHHUKA, TOT/1a
3aKJII0YaTh UTATY B KaBBIUKH HE TpeOyeTcsi, 0JHAKO HEOOXOMMO MTOCTABUTh CCBUIKY.

4.1.3. OcopmieHuns CIMCKa UCTIONBb30BAaHHBIX HCTOYHUKOB U JIUTEPATYPHI

Crnycok UCOIb30BaHHBIX UICTOYHUKOB U JIMTEPATYPbI JOJKEH COCTOSITh U3 YEThIPEX
pa3/elios:

1. Ileppoanueckue u3aanusl.

2. Hayunas u yueOHas TuTepaTypa BKIIOYACT B CeOsl pa3IMYHbIC HAYYHBIC U YIeOHBIC
U3JJaHKs, MOHOTpa(duu, CTaThH, AUCCEPTALMHU, aBTOpedepaThl AUCCEPTALUM U T.11.

3. 3gaHust Ha THOCTPAHHOM SI3BIKE.

4. InTepHET-pecypchl.

4.1.4. Unmoctpauuu

Wnmoctpanuu (dpororpaduu, pucyHku, cXemsl, rpadukn) pacrioiararoTcs B KypcoBOi
paboTe HemoCcpeACTBEHHO Ha CTPAaHUIIE C TEKCTOM Iociie ad3ala, B KOTOPOM OHU YIIOMHUHAIOTCS
BIIEPBBIC, WIIM OTIEIBHO Ha cleAyroleil crpanulie. Vuoctpaium, KOTOpble pacioiokeHbl Ha
OTJICbHBIX JTUCTAX, JOJDKHBI BKIIFOUATHCS B OOIIYI0 HyMEpaIUIO CTPAHUIL.

Nnmroctpanuun 0603HavaroT cioBoM «PUCYHOK» U HyMEpPYIOT IIOCIIE10BaTENbHO B
npeznenax naparpaga. Homep nitoctpauy 10KeH COCTOSATh U3 HOMepa maparpada u
MOPSIKOBOTO HOMEpPA WILTIOCTPAIINH, pa3feleHHbIX Toukoi. Hampumep: Puc.1.2 (BTopoii pucyHnok
nepsoro naparpada). Homep mimoctpanuu, ee Ha3BaHUE U MOSCHSIONINE MOAMUCH TOMEIAIOT
MOCJIEIOBATEIBLHO MO WiLTIoCTpanueit. Eciu B KypcoBoii paboTe npuBeieHa 0HA WILTIOCTpaIus,
TO €€ HE HyMEpYIOT U CJI0BO «PUCYHOK» HE MUIIYT.

Wnroctpanuy 10JKHBI UMETh HAMMEHOBAaHUE, KOTOPOE JIaeTCsl MOCIe HoMepa
pucyHka. [Ipy HeoOX0IMMOCTH WILTIOCTPAIIMH CHA0XKAIOT MOSICHAIOUIMMHE TTOAMUCSIMH
(moapucyHo4HbIN TeKcT). Homep mimocTpanuu, ee Ha3BaHUE U MOSICHSIONINE MOAMKUCH TOMEIAI0T
MO/ WJUTKOCTPALIUEH.

Nnroctpanuy 10JKHBL OBITH PACIIONIOKEHBI TaK, YTOOBI X ObLIO YA0OHO
paccMmatpuBaTh 06€3 MOBOpOTa pabOThI UJIH C IOBOPOTOM IO 4acoBoil cTpenke. KauecTBo
WITIOCTPALMHA JOKHO 00ecrieynBaTh X YeTKOE BOCIIPOU3BEACHNUE.

4.1.5. TaGnuisl

Hudposoii MaTepuai, Kak IpaBUiIo, JOHKEH 0popMIIIThCS B BUe Tabnun. Kaxnas
Tabyna JOKHA UMETh 3ar0JIOBOK, KOTOPBIN pacroyiaratoT HaJl TabJuIel U reyaTaioT B Havyalie
crpoku. Haanuce «Tabnuuay» ¢ ykazaHuem e€ HoMepa MOMEIIaeTcsl B IPaBOM BEPXHEM YTy HaJ
3aroJI0OBKOM TaOJIHUIBL. 3ar0JI0BOK U €10BO «Tabauiay HAYMHAIOT C MPONUCHON OYKBBI.
[TonuepkuBaTh 3aroJI0BOK He ciiefyeT. Touka B KOHIIE 3ar0JIOBKa HE CTaBUTCSL.

3aroyioBKU rpad JOMKHBI HAUMHATHCS C MPOMMCHBIX OYKB, MOA3ar0J0BKH - CO
CTPOYHBIX, €CJI OHU COCTABIISIOT OJHO MPEAJIOKEHHE C 3ar0JIOBKOM, U C IIPONUCHBIX, €CIIU OHU
camocTosTeNbHbIe. [lenenue 3aronoBka TabIuUIB! IO AUArOHANIM He JomyckaeTcs. BoicoTa cTpok B
Tabynie AoKHA o0ecreunBaTh YeTKOE BOCIIPOU3BEIeHNE BKIIIOUEHHOU B Hee nH(opmanuu. ['pada
«Ne 11/m1» B TaONHITy HE BKITFOYAETCS.

Tabnuipl HyMepYyIOTCS MOCTIEA0BATENbHO (32 UCKIIIOUEHHEM TaOuUIl, TPUBEACHHBIX B
NpPUJIOKEHNN) B IIpeaenax naparpaga. B mpaBom BepxHEM yIily Haj COOTBETCTBYIOIIUM
3aroJIOBKOM TaOJIHUIIBI TOMeNIaeTcst Haanuch «Tabnuma» ¢ ykazanueM e€ Homepa. Homep Tabnuiiel
JOJI’KEH COCTOSATh U3 HoMepa mnaparpada u mopsAKOBOro HoMepa TaOIuIbl, pa3/IeIeHHbIX TOUKOH,
Harpumep: «Tabmwuma 1.2» (Bropas Tabmuiia nepBoro naparpada) .Eciu B kypcoBoii pabote ogHa
Tabnuia, e€ He HyMepyloT U clloBO «Tabauia» He MHUIIyT.

Tabnuua pazMeriaeTcs mocie nepBoro ymoMHHaHUS O Hel B TEKCTE TaKUM 00pa3oM,
4TOOBI €€ MOYKHO OBIJIO YUTATh 0€3 MOBOPOTA PAOOTHI HIIH C TIOBOPOTOM TI0 YACOBOM CTPEIIKE.

Tabmuiry ¢ 60NBIINM KOJIUYECTBOM CTPOK JOITYCKAETCsl IEPEHOCUTH Ha APYTOil JIUCT.

[Tpu nepenoce yacTu TaOIUIBI HA IPYrOM JUCT (CTpaHuULly) cinoBo «Tabmuna» u HoMmep eé
yKa3bIBAIOTCS OJJMH pa3 clipaBa HaJ MEpBOM YacTbi0 TaOIUIIbI, HAJ JPYTUMH YaCTSAMU IHUIITYT



cioBo «IIponomkenue». Ecnu B pabote Heckosibko Tabnul, To nocie ciaosa «lIpogomkenue»
yKa3bIBaeTcsi Homep Tabnuibl, Hanpumep: «IIpomomxenne Tadmn. 1.2». [Ipu nepenoce Tabnuibl Ha
JpYroH JINCT (CTpaHMIly) 3ar0J0BOK ITOMEIIAETCS TOIBKO HAJl IEPBOM €€ YacThIO.

Tabnuiy ¢ 60JBIIMM KOJIMYECTBOM I'pad 1OMyCKaeTcs JeIUTh Ha YaCTH U IIOMEIaTh
OJIHY 4acCTh IOJ APYroi B mpezenax oJHoN cTpaHulbl. Eciu cTpoku rpadsl TaOnuIbl BEIXOAAT 32
dopmar cTpaHHIIBI, TO B IEPBOM CIIy4ae B KQKI0W YaCTH TaOJIMIBI IOBTOPSIETCS €€ TOJI0BKA, BO
BTOPOM Cllyuyae — OOKOBUK.

Ecnu moBTOpstomuiics B pa3HbIX CTPOKax rpadbl TaOIUIIBI TEKCT COCTOUT U3 OJHOTO
CJIOBA, €ro 10cJie EPBOro HAIIMCAHUS J0IYCKAeTCs 3aMEHITh KaBblUKaMHU; €CIIM U3 IBYyX U OoJiee
CJIOB, TO IIPY IIEPBOM ITIOBTOPEHUH €T0 3aMEHsIeTCs ci0BaMu «To xe», a fajnee — KaBbIYKAMM.
CTaBUTH KaBBIYKH BMECTO MOBTOPSIOLINXCS IIU(P 1 MHBIX CHMBOJIOB HE JAomycKkaeTcs. Ecimu
U POBBIC I UHBIE JAHHBIE B KaKOI-THOO0 CTpOKEe TaOIUIIbI HE IPUBOJSATCS, TO B HEW CTaBUTCS
IIPOYEPK.

4.2. IlpaBuna CKperieHUs] KypcoBOW pabOThI

KypcoBast pabota gomkHa ObITh aKKypaTHO CKpEIUIeHa ITyTeM UCIIOIb30BaHUS
NepEIIETa UK C IIOMOIBIO UCII0JIb30BaHuUs ANKK — cKopocumBareis. He nonyckaercs npu
CKpPEIJICHUH KypCOBO# pabOThI HCIIONB30BaTh MANKy ¢ MHAMBUAYaJIbHBIME (paiizamMmu, B KOTOPBIE IO
OTJIEIIbHOCTH BKJIA/IBIBAETCS KaXIbIi JIMCT, TaK KaK 3TO 3aTPYAHSET JeJIaTh UCIIPABICHUS B
IIPOLIECCE €€ IPOBEPKHU.

Haunbonee yacto BcTpeuaemplie OMMOKY pU 0(hOPMIIEHUN KYPCOBOW PaOOTHI:

— HeMpaBUIbHOE 0(hopMiIeHHE (OTCYTCTBYIOT HOMEpA CTPAHUII, CHOCKH, CIIUCOK
UCTOYHUKOB U JIUTEPATYPhl OPOPMIICH HE B COOTBETCTBUH C BbIIIEYKa3aHHBIMU ITPaBUJIAMHU U T. 11.);

— He0O0JIbII0E KOJIMYECTBO HCTOYHUKOB B CIIMCKE UCIOIb30BAHHBIX MCTOUHUKOB U
JUTEPATYPhL;

— HCIIOJIb30BaHKE B pabOTe pa3IMyHbIX HIPUPTOB;

— TEKCT WJIM MOJHOCTBIO, WJIM YaCTUYHO HE BBIPOBHEH 110 LIMPUHE;

— TOYKHU B KOHIIE 3ar0JIOBKA;

— HENIPaBUIILHO O()OPMIICHBI PUCYHKH;

— HEMIPaBUIBHO 0()OPMIICHBI TAOIHIIBI.

5. TIATBINA DTAI

5.1. IIpoBepka u 3ammTa KypcoBoil paboThI

5.1.1. IIpoBepka KypcoBoi pabOThl HAYYHBIM PYKOBOJIUTENIEM

[Tocne Toro kak KypcoBasi paboTa BBITIOJIHEHA U HaJyIeKaIuM 00pa3oM odopmiieHa,
PEKOMEHAYETCsI €1le pa3 €€ BHUMATEJIbHO POYUTATh U MPOBEPUTH HA HAJIMUKME PA3IMUHBIX
omuOO0K, B TOM YHCJI€ U TPaMMaTUYECKUX, U HeTouHocTel. [locne aToro padoTa cimBaeTcs U
caeTcs Ha Kadeapy HeOpraHMUeCKOW U aHaTUTUYECKON XUMHHM, TJI€ pETUCTPUPYETCs JTaOOPaHTOM
Kaeapsl U nepeiaeTcs Ha MPOBEPKY HAyYHOMY pyKoBojuTento. Eciu pabota cOOTBETCTBYET BCceM
IPEIbSABISEMBIM U BBILIE TIEPEUUCIEHHBIM TPeOOBAaHUSAM, TO OHA JoIyckaeTcs K 3amure. [1pu
9TOM Hay4YHBIA PYKOBOAMTENb MOArOTaBINBAET PELICH3UIO HA KYPCOBYIO paboTy, B KOTOPO MOTYT
OBITh yKa3aHbI OIpeJIeJIEHHbIE HE3HAUUTEIbHBIE 3aMEYaHNsl WM OCHOBHBIE BOIIPOCHI, HA KOTOPbIE
ciefyeT oOpaTUTh BHUMaHUE MpH 3aluTe KypcoBoit paboTsl. KypcoBas paboTta Bo3BpalaeTcs
00paTHO CTYAEHTY JJIsl HOJATOTOBKHU K 3aIlUTE.

Ecnu paGoTa He COOTBETCTBYET NPEIBABIIEMBbIM TPEOOBAaHUAM, TO OHA HE
JIOTTYCKaeTCs /10 3alUThI U NEepeIaeTcs CTYAEHTY Ha 10paboTKy. [Ipu 3TOM Ha He TOMyLIEHHYIO
paboTy Take Hay4yHbIM PYKOBOJMTEIEM COCTABIISIETCS PELICH3Hs, B KOTOPOIl OTpakatoTcs Te
HEJI0CTAaTKU, KOTOPbIE HEOOXOIMMO YCTPAHUTD.

5.1.2. TlpumepHbIe KpUTEPUH OLIEHKU KYpPCOBOIl pabOThI

B kypcoBoii paboTe CTyIeHT 10JKEH MOKa3aTh:

— npo(hecCHOHANBHYIO 3PYAUPOBAHHOCTD, 3HAHKUE OOIIEH U CIIEIHATIBLHOM JIUTepaTyphl;

— YMEHUE TUIaHUPOBATh U MPOBOIUTH UCCIIEOBAHUE;

— C1OCOOHOCTh BUJIETh B3aUMOCBSI3b MPOOJIEM U BOIPOCOB TEOPUU U IPAKTHUKHY;

— YMEHHE COIOCTABIIATh U aHAJIM3UPOBATh HayUHbIE MOAXO0/bI U UJIEH;

— YMEHUE JIOTUYHO U CTPOMHO M3JIaraTh MaTepHual B COOTBETCTBHUHU C IIJIAHOM;

— YMEHHE JIeIaTh BBIBOBI M 0000ICHNUS;



— YyMEHHUE OOBSICHUTD U 3aIUTUTD MOJOKEHUS PaOOTHI.

OOuMu TpeOOBaHUSAMH K KYPCOBOW pabOTe U MEPBUYHBIMU KPUTEPUSIMHU KauecTBa e
BBITIOJTHEHUS SIBIISIFOTCSL:

— JIOTUYHOCTh B U3JI0)KEHUH MaTepualia Ipu pacKpbITUH TEMBI;

— 000CHOBAaHHOCTb (COLMANIbHAS M Hay4yHasl) aKTyaJbHOCTH TEMbI U TOUHOCTh IOCTAaHOBKHU
poOJIEMbI UCCIIEOBAHUS;

— KOHKPETHOCTb LIeJIel U 3a/1a4 UCCIIEI0BaHuUs, IPUHIMIINAIbHASL BO3MOYXKHOCTb UX
JOCTHKEHUS M PELICHHUS B X0/1€ pabOTHI;

— MOJIHOTA U3JI0KEHUS BOIIPOCOB IJIaHA;

— MPUBJIEYEHUE I0CTATOYHO IIMPOKOI0 Kpyra y4eOHO! 1 Hay4yHOH JINTepaTyphl U, B IIEPBYIO
ouepe]ib, IEPBOMCTOYHUKOB;

— CaMOCTOATEIBHOCTD U JI0KA3aTEIbHOCTh BHIBOJIOB U NMPEJIOKEHUH, KOTOPBIE COJIEPIKATCS
B COOTBETCTBYIOILIMX pa3jiesiax paboThl U 3aKIIOYECHUY;

— IPaMOTHOCTb HalMCaHUsl, IPABUIBHOCTb U aKKypaTHOCTb O(OPMIICHHMSL.

«OTINYHO» BBICTABIIAETCS B TOM CIIydae, e€c paboTa BhIOJIHEHA Oe3 3aMeyaHuii U B Hel
IPUCYTCTBYET OO0JIbILAs JOJS CAMOCTOATEIbHBIX aBTOPCKUX BBIBOJOB U NpeiokeHu. CTyeHT B
IIPOLIECCE 3AILUTHI XOPOILO BJIAJIEET COAEPKAHUEM ITPOBEIEHHOTO UCCIIEI0BAaHUS, CMOT OTBETHUTD
Ha BCE IIOCTaBJIEHHBIE BOIIPOCHI, BXOAALINE B IPEAMET HCCIel0BaHUs KypCOBOM pabOThI, CMOT B
JIOJDKHOM 00pase apryMeHTHpPOBaTh CBOM BBIBOIbI, ONUPAsCh Ha IPOaHAIU3UPOBAHHbBIE HCTOYHUKU
U JINTEparypy.

«XO0po1IO» BBICTABIISIETCS B TOM CIIy4dae, €CJIM TeMa KYPCOBOM pacKphiTa OJHOCTbIO, HO
UMEIOTCS 3aMe4aHus 10 0(hOPMIIEHUIO KYpCOBOM MM CTYAEHT B IIPOLIECCE 3aLUTHI HE CMOT
OTBETUTH Ha BCE [TOCTABJICHHbIE BONPOCHI, BXOAIUE B IPEIMET UCCIIEAOBAHUS KYPCOBOH PaOOTHI.

«Y 10BJIETBOPUTEILHO» BBICTABIISIETCS B TOM CIIy4yae, €CJIU TEMa KYpCOBOM pacKphiTa HE
IIOJIHOCTHIO, UMEIOTCA 3aMEUYaHUs 10 OPOPMIIEHHUIO, CTYAEHT B IIPOLIECCE 3AIUTHI HE CMOT
OTBETUTH Ha BCE IOCTaBJIEHHbIE BOIIPOCHI, BXOASILUE B IPEIMET HCCIEA0BaHUs KYpCOBOM pabOTHI,
IUI0XO OPUEHTHPOBAJICS B TEME.

«HeynoBneTBOpUTEIbHO» BBICTABIJIAETCS B TOM CiIydae, €ciau padoTa HE COOTBETCTBYET
IpEIbABISIEMBIM TPEOOBAHUSAM.

[TpuMepHBIii TepeYeHb TeM Ui KypPCOBBIX padOT MO AUCIUILTIHE

«Heopranuueckas XuMus»

1.JIutnid.

2.VoHHble COJM TUTHSL.

3.bepuinuii.

4.CoenuHenus oepuus.

5.Xumust BOAHbIX pacTBopoB 6epuuus (II).

6.Kommnekcusie coenunenus 6epumnus (1I).

7.VIOHHBIE COETMHEHUSI HATPUS.

8.MoHHbIE COeAMHEHUSI KaJUs.

9.I'mnpuapl MWETOYHBIX U IEIOYHO3EMETBHBIX METAIIIOB.

10. AmroMHuHMIA.

11.CBoilicTBa COeIMHEHUM TaJIIusl.

12.CoenvHeHre UHAMSL.

13.Coenunenus tamnus (1) u tamuas (I0).

14.Marnufii.

15.Kanbimii.

16.CtpoHnuuii.

17.bapwuii.

18.Mapraset.

19.MexMoneKkyspHble B3aUMOAECUCTBHS.

20.ITpupoa cBsi3M B COEMHEHUSX BOAOPOA.

21.PannoakTBHBIE U CHHTE3UPOBAHHBIE SJIEMEHTHI.

22.3o0n0t0. Coenunenus. [Ipumenenue.

23.buonoruueckas pojab HEOPraHUYECKUX COEIUHEHUM.

24 Pryts. Coequnenus. [Ipumenenue.






25.Kene3o. Coenunenus. [Ipumenenue.

26.11naTuHOBBIC METAJLIIBI.

27.Huxkens. Coenunenus. [Ipumenenue.

28.Kopposus meTauios.

29.Kob6anst. CoennaeHns KoOabTa.

30.Penko3emMenbHBIEC SJIEMEHTHI.

31.KomriuiekcHbie coeiMHEHUs cepedpa.

32.Menw. Coenunenusi. CiuiaBbl.

33.KuakocTHas 3KCTpaKIys HEOPraHUYECKUX BEILECTB.

34.00m11e CBOMCTBA METAILIOB.

35.Heopranuueckue nmpouecchl B XyA0KECTBEHHON JTUTEPATYPE.

36.Heopranuueckast XuMHH U OKpY’KaroIias cpesa.

37.XuMHUYECKHUE FJIEMEHTBI B OpraHu3Me 4eJIoBeKa.

38.Bucmyt. Coenunenus. CpoiictBa. [Ipumenenue.

39.Cepebpo. Coenunenus cepedpa. [Ipumenenue.

40. XuMHU4YeCKue bl U IPOTUBOSAMSL.

41. MeTtoabl OUUCTKU HEOPTAaHUYECKUX BEIIECTB.

42. Mertajuibl, KOTOpBIE Bcera ¢ ToOOM.

43.CBoiiCTBa NMEPEXOIHBIX JIEMEHTOB.

44. Ucropus otkpsitus [lepuoanueckoro 3akona u [lepuoanyueckoil CUCTEMbl XUMHUYECKUX
AJIEMEHTOB.

45.Pycckue ydeHble 1 XUMUSL: BKIIJ] B pa3BUTHE HAYKH.

46. MeuneneBuii.

47. NUnepTHBIE ra3bl.

48. Vctopus pa3BUTHS XUMUU. ATIXUMHUSL.

49. Heoprannyeckasi XMUMHUs U UCKYCCTBO.

50. Heopranuueckast Xumusi B ObITY.

51. I'paden — camast TOHKast MaTepus.

52.0ta yauBuUTENIbHAS BOJA.

53. KoMIuIeKCHBIE COSIMHCHUS KOOAIbTA.

54. Muxaun BacunseBud JIOMOHOCOB.

55. Imutpuii IBanoBuy Mennenees.

56.AnnorponHbie MOAUGUKAIINH YTIIEpOa.

57. parolnieHHbIE KAMHU: COCTaB, CTPOCHHUE U CBOWCTBA.

58. PagnoakTuBHBIC METaJUTBl. PaInoakTHBHOCTb.

59. XumMunueckast CBs3b.

60.Teopun cTpoeHus aToma.

61. OxucnuTEeILHO-BOCCTAHOBUTENIBHBIE MPOIIECCHI.

62. I'enuid.

63. A30T U ero coeAMHEHUSI.

64. MBILIBSIK U €r0 COEAMHEHUS.

65. lunk.

66. Teopus KOMIUIEKCHBIX coeHeHu A. BepHepa.

67. ictopun OTKPBITUS XUMUYECKUX IEMEHTOB M UX Ha3BAHUU.

68. 3aHMMAaTENbHBIE ONBITHl B HEOPTaHUUYECKOW XUMUMU.

69. CrunaBsl metaiios. [lonydenne. Ilpumenenue. CoiicTsa.

70. Teopun KUCIOT U OCHOBAHUU.

71. I'maponus coneil.

72.0OCHOBHBIE 3aKOHBI XUMHHU.

73. Cepa. CoiictBa. CoeTMHEHUS CEPHI.

74. lllenovHbie METAILIBI.

75. I'anoreHsl.

76. Xpom. Coenunenusi. Coiicta. [Ipumenenue.

77. Kucnopoa. CoeaHeHUsI KUCIOPOA.

78. Bonbdpam.






79.Crioco0sI omydeHus1, cOopa M ONpeeIeHHs Ta3000pa3HbIX BEIIECTB.
80. AnnorponHsle MOAU(UKALMY HEMETAIIIOB

Hpnioxenne 1

8. METOJAWYECKHUE MATEPHAJIBI JJISI OBYYAIOLIAXCS IO OCBOEHUIO
JTACIHATLITAHBI

Oopa3oBaTe/ibHbIE TEXHOJIOTUH

VY4eOHast mporpamma —
HanMEHOBAHHE Pa3JeNIOB H TEM
(6 cmpozom coomeemcmeuu ¢
pasoenom 11 PI1]])

Bun 3anarus

O6p830BaTeJIbHBI€ TCXHOJIOI'MHN

1. BBenenue. OCHOBHEIE
IIOHSITHUA U 3aKOHBI XUMHUHA

JCKIUS
naboparopHast pabota
B XMMHYECKOM
nabopaTopuu
peleHue 3aaad u
YIPaXHEHU N
MPOBEpKa JOMAITHIX
3aJaHuN

® TPaTUIMOHHBIE
(bpoHTaNmBHAS JEKIHS,
pellIeHne yrpaXHEHNH),

e HHQOPMAIMOHHBIE
(TIOKa3 Mpe3eHTAIIH )

® TEXHOJOTHUs
HCCIIEN0BATEIBCKON
JEeSTENIbHOCTH (XUMHUECKUN
HKCIIEPUMEHT)

® TEXHOJIOTHS MOAYJIBEHOTO U
0JI0YHO-MOAYJIBHOTO
00y4eHus

® 3710pOBBECOEpETaroIIHe
TEXHOJIOTUU

2. OCHOBHBIE 3aKOHEBI
TepMoauHamMuKu. OOpaTUMOCTh
XUMUYECKHUX PeaKLni

JIEKIUS
nabopaTtopHas pabota
B XMMHYECKOU
naboparopuu
perieHue 3a1aq u
YIPaXHEHU N
MIPOBEpKa JOMAITHHX
3aJlaHu i

® TpaJUIIMOHHbBIE
(ppoHTanbHas Nekuus,
pelieHne yrnpaxHeHnui),

e HMHQOPMAIMOHHBIE
(moxa3 mpe3eHTalHii)

® TEXHOJIOTUs
HCCIIEI0BATEIBCKON
JeSTeTbHOCTH (XUMUYECKUN
AKCIIEPUMEHT)

® TEXHOJIOTUSI MOJYJILHOTO U
0JI0YHO-MOAYJIBHOTO
0o0y4deHus

e 3]0pOBbecOeperaronye
TEXHOJIOTUHU




3. PactBophl. KucnotHo-
OCHOBHOE PaBHOBECHE.
DIEKTPOXUMHUYECKUE CBONCTBA
pPacTBOPOB. DJIEKTPOJIH3.
Koppo3us.

JCKIUs
naboparopHast pabota
B XUMUYECKOU
nabopaTtopuu
pelieHue 3a1a9 u
yIpaKHEHUI
MIPOBEpKa JOMAITHUX
3aaHui

TpaauLIMOHHbBIE
(pponTanbHas nekuus,
perieHue yrpaxxHeHU),
nH(pOpMaITMOHHBIC

(moka3 nmpe3eHTalmii)
TEXHOJIOTHUS
HCCJIEIOBATEIBCKOM
JIEeATETbHOCTH (XUMUYECKHI
AKCIICPUMEHT)

TEXHOJIOTHSI MOJYJIBHOTO U
0JI0YHO-MOAYJIHHOTO
o0yueHHs
310poBBEcOeperaronme
TEXHOJIOTUHI

4. Kunetnka v MEXaHU3M
XUMUYECKHUX PEaKIIUM.

TeKUHUs
naboparopHast pabota
B XMMUYECKOU
naboparopuu
pelieHue 3a1a4 u
YIPaXHEHUMN
MIPOBEpKa JOMAITHUX
3a1aHUI

TPaTUIIHOHHBIE
(ppoHTANEHAS TEKITHS,
peIIeHUE yIpaKHEHU ),
UH(POPMAIIMOHHBIC

(Toka3 mpe3eHTaInii)
TEXHOJIOTHS
UCCIIEIOBATEIbCKON
JESITSIIBHOCTH (XUMHYCCKUAN
AKCIICPUMEHT)

TEXHOJIOTUSI MOIYJIBHOTO U
OJI0YHO-MOYJIBHOTO
00y4eHus
310pOBBECOEperaronre
TEXHOJIOTUU

5. CtpoeHnue aToma.

JIEKIUSA
peuieHue 3a1a4 u
YIPAKHEHU N
MIPOBEPKA JOMAIIHUX
3a1aHUI

TPaTUIIMOHHbBIE
(pponTanbHas NeKuus,
peIlICHHE YIIPAKHEHHIA ),
UH(pOPMaLMOHHbIE

(Toka3 mpe3eHTaIHii)
TEXHOJIOTUSI MOIYJIBHOTO U
0JI0YHO-MOAYJIBHOTO
00y4eHus
310pOBBhecOeperaronre
TEXHOJIOTUU

6. XUMHWYECKas CBA3b.

JICKITUS
pelIeHue 3a1a4y u
YIOPaKHEHUI
MpOBEpKa JOMAaIIHUX
3aJaHuM

TpaaUIIOHHBIE
(ppoHTanbHas nekuus,
pellieHne yrpaxHeHni),
nH(pOpMaIMOHHBIE

(moxa3 mpe3eHTalHii)
TEXHOJIOTUSI MOAYJIBHOTO U
0JI0YHO-MOAYJIHHOTO
o0y4deHus
310pOBbecOeperaronme
TEXHOJIOTUHU




7. KoMIUIEKCHEIE COETMHEHNUS

JCKIUs
naboparopHast pabota
B XUMUYECKOU
nabopaTtopuu
pelieHue 3a1a9 u
yIpaKHEHUI
MIpOBEpKa JOMAITHUX
3aaHui

TpaauLIMOHHbBIE
(pponTanbHas nekuus,
perieHue yrpaxxHeHU),
nH(pOpMaITMOHHBIC

(moka3 nmpe3eHTalmii)
TEXHOJIOTHUS
HCCJIEIOBATEIBCKOM
JIEeATETbHOCTH (XUMUYECKHI
AKCIICPUMEHT)

TEXHOJIOTHSI MOJYJIBHOTO U
0JI0YHO-MOAYJIHHOTO
o0yueHHs
310poBBEcOeperaronme
TEXHOJIOTUHI

8. [lepnonuueckuii 3akon J1.1.

MenpeneeBa. [lepuoanueckas
cucTema.

TeKUHUs
naboparopHast pabota
B XMMUYECKOU
naboparopuu
pelieHue 3a1a4 u
YIPaXHEHUMN
MIPOBEpKa JOMAITHUX
3a1aHUI

TPaTUIIHOHHBIE
(ppoHTANEHAS TEKITHS,
peIIeHUE yIpaKHEHU ),
UH(POPMAIIMOHHBIC

(Toka3 mpe3eHTaIuii)
TEXHOJIOTHS
UCCIIEIOBATEIbCKON
JESITSIIBHOCTH (XUMHYCCKUAN
AKCIICPUMEHT)

TEXHOJIOTUSI MOIYJIBHOTO U
OJI0YHO-MOYJIBHOTO
00y4eHus
310pOBBECOEperaronre
TEXHOJIOTUU

9. OCHOBBI XIMUU TBEPAOTO

TpaaAUuIIUOHHBIC

Tena. (ppoHTANIEHAS JTCKITHS,
elIeHUE QKHEHUI
JN— p ynp )
nH(pOPMaIMOHHbBIE
pelIeHne 3a1a9 u .
9 (Toka3 mpe3eHTaIHii)
yIpaXHEeHU
TEXHOJIOTHS MOJYJILHOTO U
MpOBEpKa JOMAITHUX
. OJI0YHO-MOAYTHHOTO
3aJlaHui
00y4eHus
310pOBBhecOeperaronre
TEXHOJIOTUU
10. Bogopon. TPaIUIIMOHHBIC

JIEKIUS
nabopaTopHas pabota
B XMMHYECKOM
naboparopuu
pelIeHne 3a1a9 u
YIPaXHEHU N
MPOBEpKa JOMAITHHX
3aJlaHu i

(ppoHTanbHas Nekuus,
pellieHne yrpaxHeHni),
MH(pOpPMaLMOHHbIE

(moxa3 mpe3eHTalHii)
TEXHOJIOTUS
HCCIIEN0BATENbLCKON
JEeSITeTbHOCTH (XUMUYECKUN
HKCIIEPUMEHT)

TEXHOJIOTUSI MOAYJIEHOTO U
0JI0YHO-MOAYJIBHOTO
0o0y4deHus
310pOBhecOeperaronme
TEXHOJIOTUU




11. OnemenTsl I A rpynnsl
(1Ie7I0YHbIE METAILITBI).

JCKIUs
naboparopHast pabota
B XUMUYECKOU
nabopaTtopuu
pelieHue 3a1a9 u
yIpaKHEHUI
MIpOBEpKa JOMAITHUX
3aaHui

TpaauLIMOHHbBIE
(pponTanbHas nekuus,
perieHue yrpaxxHeHU),
nH(pOpMaITMOHHBIC

(moka3 nmpe3eHTalmii)
TEXHOJIOTHUS
HCCJIEIOBATEIBCKOM
JIEeATETbHOCTH (XUMUYECKHI
AKCIICPUMEHT)

TEXHOJIOTHSI MOJYJIBHOTO U
0JI0YHO-MOAYJIHHOTO

o0yueHHs
310poBBEcOeperaronme
TEXHOJIOTUU

12. Onementsl 11 A rpynisl JeKLus

(OepwiIHii, MarHuiA, KaJabIUi, naboparopnas pabota T

CTPOHIIMH, Oapuii).

B XUMUYECKOU
nabopaTopun
pelieHue 3a1a4 u
YIPaXHEHUI
MIPOBEpKa JOMAITHIX
3aJaHui

(ppoHTANEHAS TEKITHS,
peIlICHHE YIIPAKHEHHIA ),
nudpoBbIe (MMOKa3 Mpe3eHTa-
1U)

13. Onementsl [II A rpynmsl
(6op, amOMHHUH, TAJUTHH,
TaJUTHI).

JCKIUS
naboparopHas pabota
B XMMHYECKOMN
nabopaTopuu
peleHue 3aaad u
YIPaXHEHUI
MIPOBEpKa JOMAITHIX
3a7laHuN

TPaIUIIHOHHBIC
(bpoHTaNmBHAS JIEKIHS,
pellIeHne yIpaXKHEHNH),
MH(pOpMaLMOHHbIE

(TIOKa3 Mpe3eHTAIIHIA )
TEXHOJIOTHS
HCCIIEN0BATEIBCKON
JESATENIbHOCTH (XUMHUECKUN
HKCIIEPUMEHT)

TEXHOJIOTUSI MOIYJIBHOTO U
0JI0YHO-MOAYJIBHOTO
00y4eHus
310pOBBhecOeperaronme
TEXHOJIOTUU

14. OnemenTsl IV A rpynmnst
(yraepon, KpeMHH, TepMaHui,
0JIOBO, CBUHEI).

JIEKIUS
nabopaTopHas pabota
B XMMHYECKOM
nabopaTopuu
pelieHue 3a1a4d u
YIPaXHEHU N
MPOBEpKa JOMAITHHX
3aaHuI

TpaTUIIOHHBIE
(ppoHTanbHas Nekuus,
pelieHne yrpaxHeHnui),
nH(pOpMaIMOHHBIE

(moxa3 mpe3eHTalHii)
TEXHOJIOTUS
HCCIIEN0BATEIBCKON
JeSTeIbHOCTH (XUMUYECKUI
AKCIIEPUMEHT)

TEXHOJIOTUSI MOAYJIBHOTO U
0JI0YHO-MOAYJIBHOTO
0o0y4deHus
310pOBBhECOEperaronye
TEXHOJIOTUU




15. Onementsl V A rpynmsl
(a3oT, hocdop, MBIIIBSIK,
CypbMa, BUCMYT).

JCKIUs
naboparopHast pabota
B XUMUYECKOU
nabopaTtopuu
pelieHue 3a1a9 u
yIpaKHEHUI
MIpOBEpKa JOMAITHUX
3aaHui

TpaauLIMOHHbBIE
(pponTanbHas nekuus,
perieHue yrpaxxHeHU),
nH(pOpMaITMOHHBIC

(moka3 nmpe3eHTalmii)
TEXHOJIOTHUS
HCCJIEIOBATEIBCKOM
JIEeATETbHOCTH (XUMUYECKHI
AKCIICPUMEHT)

TEXHOJIOTHSI MOJYJIBHOTO U
0JI0YHO-MOAYJIHHOTO
o0yueHHs
310poBBEcOeperaronme
TEXHOJIOTUHI

16. OnemenTsl VI A rpynbt
(xucnopon, cepa, CelieH,
TEJLTYD).

TeKUHUs
naboparopHast pabota
B XMMUYECKOU
naboparopuu
pelieHue 3a1a4 u
YIPaXHEHUMN
MIPOBEpKa JOMAITHUX
3a1aHUI

TPaTUIIHOHHBIE
(ppoHTANEHAS TEKITHS,
peIIeHUE yIpaKHEHU ),
UH(POPMAIIMOHHBIC

(Toka3 mpe3eHTaInii)
TEXHOJIOTHS
UCCIIEIOBATEIbCKON
JESITSIIBHOCTH (XUMHYCCKUAN
AKCIICPUMEHT)

TEXHOJIOTUSI MOIYJIBHOTO U
OJI0YHO-MOYJIBHOTO
00y4eHus
310pOBBECOEperaronre
TEXHOJIOTUU

17. Onementsl VII A rpynnsl
(rajoreHsr).

TeKIHUs
nabopaTopHas pabota
B XUMUYECKOU
naboparopuu
pelieHre 3a1a4 u
YIPAKHEHU I
MpOBEpKa JOMAITHUX
3a1aHUI

TPaTUIIMOHHbBIE
(ppoHTANIEHAS JTCKITHS,
peIlICHHE YIIPAKHEHHIA ),
UH(pOPMaLMOHHbIE

(Toka3 mpe3eHTaIHii)
TEXHOJIOTHUS
HCCIIEN0BATEIbCKOU
JEeSITETHHOCTH (XUMUYECKUAN
HKCIIEPUMEHT)

TEXHOJIOTUSI MOAYJIBHOTO U
0JI0YHO-MOAYJIHHOTO
o0yuyeHHs
3J10pOBbecOeperaronye
TEXHOJIOTUU




18. Dnementrl VIII A rpymnmsl
(MHEpTHBIE Ta3bl).

JCKIUs
naboparopHast pabota
B XUMUYECKOU
nabopaTtopuu
pelieHue 3a1a9 u
yIpaKHEHUI
MIpOBEpKa JOMAITHUX
3aaHui

® TPaTUIIMOHHBIE
(pponTanbHas nekuus,
perieHue yrpaxxHeHU),

e uH(pOpPMAIMOHHBIC
(moka3 nmpe3eHTalmii)

® TEXHOJIOTHUS
UCCIIEIOBATEIIHCKON

JIEeATETbHOCTH (XUMUYECKHI

AKCIICPUMEHT)

® TCXHOJIOTHA MOAYJIBHOI'O U

6J'IOLIHO-MO,Z[YJ'H:HOFO

o0yueHHs
e 3]0poBbecOeperaronye
TEXHOJIOTUU
19. Kypcogast pabota no ® TEXHOJOTHUs
muctuuinae «Heopranuueckas ¢ HalMCaHue u UCCIICTIOBATEIbCKOM
XAMUSIY odopmieHue JeATEIIEHOCTH
KypCOBOH paboThl
TpeGoBanusi K pedTHHI-KOHTPOJIIO
1 cemecTp
PACCYET BAJIVIOB B 1 CEMECTPE
MO IMCHUIIVIMHE «<HEOPTAHUYECKAS XUMUS»
1 monyJab
Ne Pesyabratr Bup padotsl / ciocod
Kpurtepuu onennBanus
(uHaUKATOP)
1 OIIK-1.1 JlaGoparopHblie pabOThI-7 7 (1 6amn 3a 1 1abopaTtopHyto
abot
OIIK-2.1 P y)
2 KonTponbHas padora Nel 5*
OIIK-6.1 R P
KonTponbhas padota Ne 2 5
KonTtponbHas padora Ne 3 5

*(5 3ananmii, 1 6am13a 1
NPaBHILHO PeleHHoe
3aJaHue)

3

(Tect cogep:xut 20 Bonpocos,
1 npaBuabHbIii oTBeT -0,15
0as1a)




Tect
3 Brimonaenue nomanisaeit paboThl, 2
4 [Tocenraemocthb 1
5 Pabora Ha 3aHsTHI 2
Hroro: 30
2 MoayJib
No Pe3syabrar Buna padorsl / criocod
(uHaMKATOP)
Kputepuu oneHuBanus
1 OIIK-1.1 | JIJabopaTopHble paboThI - 6 6 (1 6ayn 3a 1 naboparopHyro
abor
OIIK-2.1 P )
2 KonTponbnas padora Ne 4 5"
OIIK-6.1
KonTponbnas padora Ne 5 5
Kontponbnas padota Ne 6 5
Kontponbnas padora Ne 7 5
*(5 3ananmii, 1 6ama 3a 1
NMPaBUJIBHO PellleHHOe
3alaHme)
3 Brimonnenue nomarixei paboThl 2
4 [Tocemaemocts 1
5 Pabota Ha 3anaTHH 1
Hroro: 30
6 JK3aMeH 40 (4 3axanus B Ouiere mo 10
0aJ1J10B)
Hroro 3a 1 cemecTp 100 6an0oB




2 cemecTp

PACCHYET BAJIJIOB BO 2 CEMECTPE

IO JMCIUIIVIMHE «<HEOPI'TAHUYECKASA XUMMUS»

1 moayan
No Pe3yabTat Bun pa6orsl / cnocod
(H1HKaTOP) Kputepuu onenuBanus
1 OIIK-1.1 JlabopaTopHbie paboThI-8 8
OIIK-2.1 (1 6amn 3a 1 maboparopHyro
pabory)
OIIK-6.1 Y
2 KonTpomnbHas padora Nel 5"
KonTponbnas padorta Ne 2 5
KonTponbnas padorta Ne 3 6
*(nMpu OLeHHBAHUU
KOHTPOJIbHOI padoThl 1
0aJ1 BbICcTaBJIsAeTCs 3a 1
NPaBUJIBHO PeleHHOe
3ajiaHue)
3 Brimonnenue nomaiinei padoThl, 2
4 [Tocemaemocts 1
5 PaGora Ha 3aHsATHI 2
6 CBoeBpeMeHHas 3aluTa 1
1a00paTOpHBIX PaboOT
Hroro: 30

2 MoayJib




Ne PesyabTatr Bup pa6orsl / cnocod
(MHaMKaTOP) Kpurepuu oneHuBanust
1 OIIK-1.1 JlaboparopHbie paboThI-9 9
OIIK-2.1 (1 6ann 3a 1 maGopaTopHyto
abot
OIIK-6.1 P y)
2 Kontponbnas padora Ne 4 3"
KonTponbnas padora Ne 5 3
Kontponbnas padota Ne 6 3
Kontponbnas padota Ne 7 3
KonTponbnas padora Ne 8 3
*(nMpW OLeHNBAHUT
KOHTPOJIbHOM padoThl 1
0aJu1 BbICcTaBJIseTCs 3a 1
NPaBUIbHO pelleHHOoe
3a/JiaHue)
3 Brinmonnenue nomarixei paboThbl 2
4 [Tocemaemocts 1
5 Pabota na 3anaTun 2
6 CBoeBpeMeHHasl 3a1nTa 1
abOpaTOPHBIX pabOT
Hroro: 30
7 JK3aMeH 40 (4 3axaHusa B OuJiere Mo
10 6ans10B)
Hroro 3a 1 cemecTp 100 6an0B




IIpunoxenue 2

5. OIEHOYHBIE MATEPHUAJIBI JUISI TIPOBEJEHUA TEKYIIEA ATTECTALIMMA

5.1. OneHo4YHbIe MATEPHUAJIbI IJIsl IPOBeeHUS TeKYIIel aTTecTaluu
1 cemecTp
1 moayan

KonTpoabsnas padora Nel. Tema: «OCHOBHBIE ITOHATHS U 3aKOHBI XUMHUW)
Ilpumep
1.06beMHbBIE 107U Ta30BOM cMecH cocTaBisioT: MeTtana — 30% u Bogopoaa — 70%. CMech HaxoauTCs
nox nasienuem 1,07-10°TTa. Haiinute MapuraibHbIC TaBJICHUS ra30B.

2.Cmech azota ¢ Bogopoaom Becut 6,4 r u naxonures npu 27°C u P = 101,3 kIla, 3anumas oovem 20
1. Onpenenute m(N2) u m(Hz) B cmecn.

3.ITocne B3pwiBa 0,02 11 cMecu BojopoAaa u kuciaopoaa octanock 0,0032 i kucinopoaa. Beipasuts B
MPOICHTaX M0 00BEMY MIEPBOHAYATIBLHBIN COCTaB CMECH.

KonTtpoabnas padora Ne2. Tema: «TepMoarHaMHKa U XUMUYECKasi KHHETHKA

Ilpumep
1.OyHKIMHU COCTOSIHUSA, XapaKTEPHU3YIOIINE XUMUYECKHE CUCTEMBI.

2.JlaliTe ompeneneHune cTaHIapTHOMY cocTosiHuio. CTaHnapTHbele ycinoBus. CTaHIapTHBIE U3MEPEHUS
u 0003HAUEHUS.

3. Tepmoxumuueckue ypaBHeHHs. IIoHATHS 5K30- M 3SHAOTEpMHUecKHe peakiuu. 3akoH [ecca.
CrnenctBue u3 3akoHa ['ecca. OTBeT noATBEpAUTE IPUMEPAMHU.

4.I1pu HekoTopoil Temneparype T sHIOoTepMHUUecKas peakius A —B mpakTHuecku HAET 10 KOHIA.
OnpenenuTsb:

a) 3HaK AS peakuuu.

0) 3nak AG peakuuu B — A npu tremnepatype T.

B) BO3MOKHOCTb IIPOTEKaHMsI peakuuu B — A npu HU3KUX TeMIeparypax.
5.NH4NO; (k) <& N2O(r) + 2H20(1)

VYKaXuTe 3HaK SHTPOIIHH.

6.CKOpOCTh XMMHYECKOHN peakiuu. 3aKoH AercTByronmx Mace. [Ipasuno Bant-I'odda.



7.OHeprus akTUBaUMU. Y paBHEHNE AppeHHyca.

8. Xumuueckoe paBHoBecue. CBaA3b koHCTaHThl paBHOBecus ¢ AG m AH peakuuu. [lpunmun Jle-
[[Tatense. OTBETHI WILTIOCTPUPYUTE MPUMEPAMHU.

9.Yem 00BsACHSETCS MOBBIIIEHUE CKOPOCTH PEAKIIMU IIPU BBEACHUE B CUCTEMY KaTainu3aTopa?

10.Koncranra paBHoBecuss peakumu A(r) + B(r) <=> C(r) + JI(r) paBHa emunuie. CKOJBKO
MIPOIICHTOB BEIIECTBa A TOJBEpraeTcsl MPEBPALICHUIO, €CIIM CMEIaTh 3 MOJIb BellecTBa A U 5 MOJIb
Beuiectsa B?

KonTpoabHnas padora Ne 3. Tema: «KoHueHTpalus pacTBOPOB»

Ilpumep
1.Boraucnuts 10%, Cy, Cu Tunpokcuna vatpus B 9,28H pacrsope NaOH (p = 1,310 r/m).

2.Kaxoit 06bem 10%-noro pactBopa NaOH (p = 1,093 r/mi) notpelyercs 11 HOTHOTO PACTBOPEHUS
3r anroMuHus?

3.Cxonbko muTpoB 96% pactBopa H2SO4 (p = 1,84 /M) tpebyercs mis npurorosinenus 20m 0,5M
pacTBopa CepHOM KUCIOTHI?

2 moayJib

KonTtpouabnas padora Ne 4. Tema: «loHHbIE paBHOBECHS B pacTBOPax»

Ilpumep
1.HamucaTp B MONIEKyNIApHO-UOHHOU (hopMe ypaBHEHHUE peakiii. YKa3aTh, B KaKOW cpefie MPOTeKaeT
peaknus. Uem omnpenenseTcs HanpaBieHHe 0OMEHHOM peakiuun?

2.Hanucats B MOJ'ICKy.TIprHO—HOHHOfI Q)opMe peaknuuu HeﬁTpaHH3aHHH " YKa3aTb, KAKUC U3 HUX
MMPOTCKAIOT O6paTI/IMO, a Kakue H606paTI/IMO. VYkazaTh Takxke PCaKnunro Cpeabl IIpU yCJIOBUH, €CIIN
OCHOBAHUSA U KUCIIOTBI B34AThI B CTPOI'0 SKBUBAJICHTHBIX KOJIMUCCTBAX.

NH4+OH + HCN — NH4OH + NC1 —

3.YkazaTh NpuU4HHY, BHI3BIBAIOIIYIO CMEIIIEHUE paBHOBecHs. HamucaTs ypaBHEHUE B MOJIEKYISPHO-
HWOHHOU opme.

Fe(OH); + HNO;— AICl; + KOH—
Cr2(S0O4); + KOH — AICl; + KOH* —
* - peakTuB B U30BITKE.
KonTtpoubHnas padora Ne 5. Tema: «I'eTreporeHHbIe paBHOBECHS

Iipumep
1.K ogHOMY IHTPY HACHIIIEHHOTO pacTBOpa XJopuaa cepedpa mpubasiex 0,1 Moss X1opuaa Kamus
(0xax=80%). Beruncauth Cagr B TAKOM pacTBOPE.



KonTpoabHas padora Ne 6. Tema: «OBP»
Bormpocs! it HOArOTOBKHU:
1.D5ekTpoiHbIE MTPOLIECCHI

2.CraHIapTHBIA OKUCIUTEIFHO-BOCCTAHOBHUTENIbHBIN TTOTeHITHAN ((°). CTaHIapTHBINA BOJOPOIHBIN
MOTEHLINA.

3.I'anbBaHUYECKUI SJIEMEHT.

4.25eKTpOABIIKYIIAsl CHJIA TAIbBAHUYECKOTO 3JIeMeHTa (3.]1.C.)

5.3aBHCHUMOCTb 3JIEKTPOIHOTO MOTEHIIMAa OT KOHIICHTPAIlMU HOHA B pacTBope. YpaBHeHue HepHcera.
Iipumep

1.CTanfapTHbIe 3J1eKTpoHbIe HoTeHuuans! mpu 298° K:

A" +3e=Au  E%u3+/au= 1,50 B,

Sn*" +2e=Sn  E’s,?>"/sn=-0,14 B,

Sn** +4e=Sn  E%s*'/sn=+0,01 B.

OnpenenuTe 3.71.C. 30J0TO-ONOBSIHHOTO TAlbBAHAYECKOTO JIEMEHTa NPH CTAHIAPTHBIX YCIOBHAX
(Car®" =Csa®" = 1 monb/n):

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

2.CoCTaBHUTBH CXEMBI SJICKTPOHHO-MOHHOTO OajaHca. 3amucath HOHHO-MOJIEKYIJISIPHOE M MOJIEKYIISIPHOE
ypaBHEHHE peakuuu. PacctaBuTh KOAQPHUIMEHTH. YKa3aTh NPOIECcC OKUCICHUS U BOCCTAHOBJICHUS.

1) Cu+ HNOs <
2) PbO; + HNOs + H,0, <

3) Fe>O3 + KNOs; + KOH®

KonTpoubnas pabora Ne 7. Tema: «Hanpasnenue OBP»

1. HanpaBiieHue npoTeKaHusi OKHCINTENbHO-BOCCTAHOBUTENIbHBIX peakiuil. 2.0npenenenue
HaIlpaBJICHUs BO3MOKHOIO CaMOIIPOU3BOJIBHOIO IIPOTEKAHNS PEAKIUU.

3.CBs3b cTaHAapTHO# 9.1.¢. (E®) ransBannyeckoro sneMeHTa co CTaHaapTHOM sHeprueii ['n66ca.
4.Bpluncnenne KoHCTaHThl paBHOBecHsi OBP 1o 3HaueHuto crangapHoil 3.1.c.

Iipumep
1.Yka3aTh B KaKOM HaNpaBJICHUU MOKET CAMOMPOU3BOJIBHO MPOTEKATh JaHHAS PEAKIIUS
H>0,+HOCI =HCI + O, + H20
2.MosxHo 11 BoccTaHoBUTH 0110BO (IV) B omoBo (II) ¢ moMombto cneayromieit peakuuu

SnCly +2KI= SnCl + I, + 2KClI



OTtBeT 000CHOBATh PacYeTOM KOHCTAHTHI PABHOBECHSI.

3.Beuncnuth KOHCTAHTY paBHOBCCHUA HpOTCKaIOHIGP'I B MCIHO-CBMHIIOBOM I'aJIbBAHHNYCCKOM 3JICMCHTC.

10.
11.

12.

13.

14.

HNToOrosnlii TECT MO TEMAM:
OcHOBHBIE ra30Bble 3aKOHbI. XUMHYECKAsi KHHETHKA. XUMHYeCKasi TEPMOJUHAMHUKA
Ilpumep

DKBUBaJIEHTHas Macca MeTamia paBHa 12 r/monb. Yemy paBHa SKBUBaJCHTHas Macca €ro
okcupga: a) 24 r/moinb, 0) HEIB35 ONPEAEeIUTh, B) 20 I/MOIb.

Cepa o6pazyet xnopuabl S2Cl u Cla, sxBuBanienTHas macca cepbl B SClr paBaa 16 r/morb.
BriOpath npaBuiibHOE 3HAYEHUE SKBUBAJICHTHOW Macchl cepbl B S2Clo: a) 8 r/monb, 6) 16
r/MOIb, B) 32 T/MOb.

Kak crnemyer M3MeHUTH yCIOBHSA, YTOOBI YBEIMUYEHHE MAacChl JAHHOTO Ta3a HE IMPHBENO K
BO3pACTaHHUIO €ro o0beMa: a) MOHU3UTH TeMIepaTypy, 0) YBEIHUUTh AABICHUE, B) HENb3s
nooopaTh yCiaoBHii?

Cocyn HamoJHEH CMEChI0 Kuciaopojaa M aszora. [Ipy KakoM COOTHONIEHHH MaplUaIbHBIX
JaBJICHUN Macchl ra3oB OynyT oguHakoBsl: a) p(O2)= p(N2), 6) p(O2)= 0,875 p(N2), B) p(O2)=
1,14p(N2)?

Cmemamu paBueie 00beMbl Cl; m Hz. Kak m3menutcs oObeM cMmecw mocie HpPOTEKaHUS
peaxkuuu: a) He U3MEHUTCS, 0) YBEJIMUUTCS B JBa pasa, B) YMEHBIIUTCS B /1Ba pa3a?
I"a3000pa3nbrit okcua cogepxut 30,4% azorta. B Monekyiy okcuaa BXOAHWT OJMH aTOM a30Ta.
Uemy paBHa IJIOTHOCTH ra3a o kuciopony: a) 0,94, 6) 1,44, B) 1,50?

7. Tlpocreiimas ¢dopmyna coenuHeHus yriepoaa ¢ Bogopoaom CH>. KakoBa wucTtuHHas
dbopMyna coenuHeHus1, ecid Macca 1 1 rasza paBHa macce 1 i a3ora: a) CsHs, 0) CoHa, B)
C4Hg?

VYkazaTh, KakKue U3 MEePEUUCICHHBIX YTBEPKICHUN TPABWIIBHBI JJIsl PEaKIUii, TPOTEKAONINX B
CTaHIAPTHBIX  YCJIOBHUSAX: a) DHJOTEPMHUYECKHE pEaKIHuH HE MOTYT MpPOTEKaTh
CaMOTIPOHM3BOJIFHO, 0) PHIOTEPMUYECKHE PEAKIIUH MOTYT MPOTEKATh NMPU AOCTATOYHO HU3KHX
TeMIepaTypax, B) DHIOTEPMUUYECKHE PEaKIUH MOTYT MPOTEKaTh MPU JOCTATOYHO BBICOKHX
TeMIepaTypax, eclii U3MEHEHNE SHTPOIHHU MOJOKHUTEIBHO.

B kakoMm u3 cieayronmx ciaydaeB peaklus BO3MOXKHa HpHU J0ObIX TemmepaTtypax: a)AH<O,
AS>0, 6) AH<0, AS<0, B) AH>0, AS>0.

KakoB 3nak AG mporecca TasgHus apaa npu 263 K a) AG>0, 6) AG=0, B) AG<O0.

YeM 00bsCHSAETCS MOBBILIEHHE CKOPOCTH PEAKLIUU MPH BBEACHUHU B CHCTEMY KaTaJln3aropa: a)
YMEHBIICHHEM JHEPTruM aKTHUBAllMHM, 0) yBEITMYEHHUEM CpeIHEed KHHETHYECKOW DHEPTUH, B)
BO3PAaCTaHUEM YHCIIa CTOJIKHOBEHUH, I') POCTOM YHCIIa aKTHBHBIX MOJIEKYJI?

Kakoe BimsiHHME OKa3bIBaeT IE€pPEMEIIMBAHWE HA CKOPOCTh TPOTEKAaHUS TeTEePOreHHOU
XUMHAYECKON peakiuu 6 a) BO BCEX CIyYasx YBEIMYMBAET CKOPOCTh PEAKIINH, 0) B HEKOTOPHIX
CllyyasiX yBeJIMYMBAET CKOPOCTh PEAKIIMH, B) HE BIUSAET Ha CKOPOCTh pPeaKIuu?

Ecnu 00beM 3aKphITOro peakMOHHOIO COCYyla , B KOTOPOM YCTaHOBHIIOCH paBHOBecue 2SOz (1)
+ O2 i 52 SO3(), YMEHBIIUTH B 2 pas3a, TO : a) CKOPOCTb MPsAMOMl UM 0OpaTHOW peakuuu
OCTaHyTCsI OJJUHAKOBBIMH, 0) CKOPOCTh MPSIMOI peakluu CTaHeT B 2 pas3a OOJble CKOPOCTH
oOpaTHON peakluu, B) paBHOBECHE HE CMECTUTCSA , T) paBHOBECHE CMECTHTCS BIIPaBoO, [)
pPaBHOBECHE CMECTHUTCSI BIIEBO?

CKOpOCTh KaKMX peakIMil yBEIHMYMBACTCS C POCTOM TEMIEpaTypel: a) JO0bX, 0)

MPOTCKAOMIIUX C BBIACIICHUEM DHEPIruu, B) MMPOTCKAOMIUX C IMOTTIOIICHUEM 3Hepr1/m‘?



15. Kakue M3 NEepeyrclIeHHBIX BO3JEHCTBUN MPHUBEAYT K HM3MEHEHHIO KOHCTAHTHI PaBHOBECHS
XUMHYECKUX pEaKlUi: a) W3MEHEHHe MaBJICHUs, 0) M3MEHEHHE TeMIepaTyphl, B) 3aMeHa
KaTajan3aTopa, ') '3MEHEHHE KOHLEHTPALUH pearupyroux BeecTs?

16. B kakom HampaBJIieHHH cCMeCTHTCs paBHOBecue B cuctemMe 4 Fe ( k.)+ 3 O2(r.)S2 Fe03(k.)
P YBEJIMYCHHUH JABIICHUS: a) B CTOPOHY MPSAMOi peakiuu, 0) B CTOPOHY OOpaTHON peakiinu,
B) HE CMECTUTCS?

17. Ans nexoropoit peakiun AG<0. Kakue u3 nepeuucieHHbIX YTBEPXKICHUU MPaBWIbHBL Q)

KOHCTaHTa pPAaBHOBECUS PEAKIMU OOJbIe €AWHUIBI, 0) KOHCTaHTa PAaBHOBECUS PEAKIIUU
MEHbBIIIE EAMHHUIBI, B) B PABHOBECHOH CMeCH NpeoOiagaroT HMCXOJHBIE BEUIeCTBA, I') B
PaBHOBECHOM cMecH MpeodIIaatoT MPOAYKTHl peaKknuu?

18. Koncranta paBHOBecHs HEKOTOpoil peakumn npu 293 K pasma 5-10°, a mpum 1000 K
coctapmser 2-10°. Kakos 3nax AH? 51001 peakuun: a) AH*>0, 6) AH’<0 .

19. JIns HekoTopoii camompon3BonbHON peaknmn AS’<0. Kak OyaeT HM3MeHAThCS KOHCTAaHTA
paBHOBECHSI C MOBBIIIEHUEM TEMIIEPATYPHL: a) YBEIUYUBATHCS, 0) YMEHbBIIATHCS, B) MO JaHHBIM
3aJ1a4M HEJIb3s ONPEAeIIUTh?

20. Tpu 20°C koHCTaHTa CKOPOCTH HEKOTOpoil peakiuu pasHa 107 mun!, a mpu 50°C — 27-107
mun™! Uemy paBeH TeMIepaTypHbIi K03()(PULIMEHT CKOPOCTH PEaKIuH : a)2, 6)3, B)4?

2 cemecTp

1 moayan
Konrpoabnas padora Nel. Tema: «CTpoeHne aToma U1 XUMHYECKasi CBA3b)»

Ipumep
1.Paccunraiite MakcUMaIbHYIO €MKOCTb S-, p-, d-, f- opOuraneii.

2.ComocTaBbTe pauyCchl HOHOB U aTOMOB:

a)F,Cl, Br.

6) Na" ,Mg?>*, AI*,

B) Nd** , Cd*, Ho** .

3.Hanumure >nextponnsie kondurypanuu Ca, Fe?’, Ag’, Cu, Ne, Cd, Cd*".
JI11st DIeKTPOHHO- BHELIHEro ypoBHs HoHa Fe?" ykakuTe Bce KBAHTOBBIE UMCIIA.

4.06’[)5[CHI/ITC CYIHGCTBOBaHI/Ie pa3J'II/I‘-IHI)IX 3Ha‘-ICHI/II\/'I HepBBIX IIOTCHIOIHAJIOB MOHHU3AaIINU aTOMOB Au %1
Cs.

5.Kak u3MeHHUTCs NOJSPHOCTD CBSI3U B pAAax:

a) LiCl - BeCl, - BCls.

6) HF - HCI1 - HBr.

6.ITouemy monekyna BeCl, nuneitnas, a monekyna H,O — yriosas?
7.006bscHuTE cTpoenue Mmoiekyn N2O, CO2, O3 ¢ momorisio MBC:

a) HaMMIIUTE IEKTPOHHYIO (GopMyTy (pe30HAHCHBIE (POPMBI).

0) yKakute TUI THOpUIN3aLUU EHTPATbHOIO aTOMa, TEOMETPUIO MOJIEKYJIBI.

8.Cpasnute musa CHs, NH3, H,O, HF:



a) FeOMETPUUECKOE CTPOCHHUE MOJIEKYIL.
0) TemriepaTypsl KUMIEHHUs! (OTBET MOSCHUTE).
9.01eHuTe BO3MOKHOCTH CyliecTBOBaHMs Moiekyn: Hex  Liz, Bex , Bo.

10.YeMm 00BACHUTH GIIM30CTH TeMIepaTyp kunenus azota (-196°C), kucnopona (-183°C), ¢propa (-
188°C)? IToueMy OHH OTIMYAIOTCA OT TEMIIEPATyphl KHIeHus xuopa (-34°C)?

11.Ucnons3zys MMO, oObscauTE:

a) B Kakoif yactuie Oz win 02> MexXbsIepHOe paccTosiHIE 60bIe?

6) motenrman (I1) kakoi yacTuIsl 6ombire: atoMa O MM MOJEKy IApHOro HoHa 0,%?
12.Paccmotpute crpoenue gactuiy CN, CN™, N> u 00bscHuTe, ucnonbzys MMO:

a) ouemy sHeprus aucconuanuy yactuibl CN™ Oonbine, yeM CN 1 0J11M3Ka K SHEPTUM AMCCOLHALIIH
N»?

6) mouemy yacturia CN CKJIOHHA K AUMEpU3alnn?
Konrpoabnas padora Ne 2. Tema: «KoMIIeKCHbIE COEAMHEHUS»
Bormpocs! 1u1st 1oAroToBKU:
1.0npeneneHue cocraBa KOMIJIEKCHOTO HOHA.
2.HomeHkaTypa KOMILJIEKCHBIX COCIMHEHUM.
3.PaBHOBecHE B paCTBOpaX KOMIUIEKCHBIX COEIMHEHUM.
4. MarHuTHbBIC U ONITHYECKUE CBOMCTBA KOMILIEKCHBIX coenuueHmi (TKIT).
5.1IpocTpaHCTBEHHAs! CTPYKTYpa KOMILUIEKCHBIX COEANHEHHI.

Ipumep
1.CKOJIBKO 3JIEKTPOHOB Ha 0L —MOlypOBHE HEBO30YKICHHOTO aTOMA Kele3a:

A2;64,B6;,T7; ]15.

2.CKOJIBKO JIeKTPOHOB Ha 0— MOypoBHe noHa Fe**?
A2;b4;,B6;T"7; 11 5.

3.KakoBo Bo3/eicTBIE MOJIEKYJI BOJIBI KaK IMTAHI0B Ha MOH Fe*™?

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

4 Kaxoso cocrostaue Fe*" xommuexca [Fe(H20)6]**?

A nuskocnnaoBoe; b BeicokocnimHoBoe; B He 3Haro; ' - ; /1 -.

5.CKONBbKO HECTIApEHHBIX 271eKTPOHOB B HoHe Fe’' B okTasanueckom okpyxenun monexyn HoO:
AO0;b1;B2; T 3; 5.

3+?

6.KakoBbl MarHuTHBIC cBOMcTBa HOHA B KoMmIuiekce [Fe(H20)s]

A mapamaruuTHbli; b quamarauthsiii; B He 3Haro; I - ; /1 -.



7 KakxoBo Bo3zeiictBrue nornoB CN™ kak juranaa na non Fe’*

A cnaboe; b cunsnoe; B ne 3nato; I' - ; [ -.
8.KakoBo cnimHOBOE cocTostHre Kommekca [Fe(CN)g]>?
A HHM3KOCIIHHOBOE; b BRICOKOCIIMHOBOE
9.CKOJIBKO HECTIapEHHBIX AIEKTPOHOB B HoHe Fe*' B okTasapuueckoM okpyxkeHun noHos CN?
AO0;b1;B2;I3; 14
10.KakoBbl MarauTHeIe cBoiicta noHa Fe** B kommexce[Fe(CN)g]>?
A mapamarautHblii; b quamarauteslii; B He 3Haro; I - ; J1 —.

KonTpoubnas padora Ne 3. Tema: «CoiicTBa 351eMeHTOB | rpynmb»

Iipumep

1. Kak u3MeHSI0TCS XUMUUECKHE CBOMCTBA METAJIOB IJIABHOW MOATPYIIIHI | rpymibl 3JIEMEHTOB ¢
yBEJIMYEHUEM MOPSIIKOBOro HoMepa? B ueM 3akiitouaroTcs 3TH U3MEHEHHSI U YeM OHU 00YCIOBIEHBI?
2.Hanucatp cxembl NPOLIECCOB, IMPOTEKAIOLIMX IPHU 3JIEKTPOJIU3E pacTBOpa M paciulaBa XJIOpUAA

cepebpa ¢ TUIATHHOBBIM U ITMHKOBBIM JICKTPOIAMHU.
3.HamucaTh ypaBHEeHUs peakuuii TUAPOIKN3a: a) cynbduua HaTpus, 0) amerara
Kalusi, B) HUTPUTA JIUTHUA.
4.0mnpesienuTe aTOMHYIO Maccy JIUTHS, €CId IPUPOIHAsA cMech coaepsxkut 7,42 % 3°Li u 92,58 % 3
"Li.
5.3aKOHYUTBH YPaBHEHUS PEAKIINNA:
a) NaH+ H,O—
6)Na;0>+H0—
6.CocTaBbTe ypaBHEHHS PEAKIIUN, TPOTEKAIOIIUX 110 CXEME:

Ag — AgNO; — AgCl — [Ag(NH3)2]C1 — AgS

7.0npenenute, CkoJbko TpamMMoB NarO> BCTYNMWJIO B PEAKIMIO C BOJOM, €clid OO0mMi o0beM
noydeHHoro pactsopa 0,750 1, a 0,010 11 momyyeHHOTO pacTBOpa HEOOXOAMMO ISl HEUTpaIU3aIliu
0,030 1 0,1 1. HCI?

2 Mmoayab
KonTpoubsnas padora Ne 4 . Tema: «CBoiicTBa 2JIEMEHTOB U UX
coenunenuit Il rpynn [ICXO Menneneesa»
IIpumep
1.CpaBHUTE 3IEKTPOHHOE CTPOEHUE PIIEMEHTOB |-A TpyIIIbL.
2.0Cy11eCcTBUTE CAEAYIONINE TEPEXOAbL:
Cu— CuCl, — Cu0 — [Cu(NH3)2]OH

3.Hanumure ypaBHEHUS pEeaKIU CIEIYIOMNX MPEBPAILCHUMN:



Ag — AgNO3; — Ag,0 — [Ag(NH3),]JOH — AgCl

[Mag— AgsS
4 HanumuTe ypaBHEHUE PEaKIUU:
NaxO; + KI + HoSO4 —

5. 25 ma pactBopa CuCl, Beigemunu u3 pactopa KI 0,3173 r itoma. KakoBa MoJIIpHOCTE pacTBopa
CuCly?

KonTpoubnas padora Ne 5. Tema: «CsolictBa 3nementos III-1V rpynn
TICXD Meuneneenay
Ilpumep

1.3aKOHYUTH YpaBHEHUS PEAKIUM:
a) SnClz + Fex(SO4)3 —
0) SnCl> + KOH + Pb(NO3) » —

B)SnCl, + KBrOs + HCl —

2.Ilpu pevictBumM pa30aBiIeHHON a30THOH kuciaoThl Ha Pb2O3z m Ha Pb3Os obOpasyercs B oboux
ciyyasx PbOz . OTHOCATCS JIM 3TU pPeaKLUU K OKUCIUTEIbHO-BOCCTAaHOBUTENbHBIM ? Kakue BBIBO/BI
MOJKHO C/IeJIaTh Ha OCHOBAaHUH MPOAYKTOB PEAKIIMH OTHOCUTENBHO cTpoeHns PboO3 1 Pb3O4 ?

3.Yto momy4yuTcs mpH B3auMOAEHcTBUM (docduaa amroMUHUS ¢ a) BOAOH; 0) CepHON KHCIOTOH ; B)
rupokcuioM Hatpusi? HamucaTe ypaBHEHUS peakiMid.

4. Yem paznmuaercs nelictBue M30bITKa BOAHBIX pacTBopoB NH3; m  NaOH na pactBop AlCI3?
Hanucate ypaBHeHUS COOTBETCTBYIOIIMX peakiuil. Yem OOBSCHUTH CKIOHHOCTH MOJEKYI
TJIOTCHUOB ATFOMUHUS K TUMEpPU3aIIu?

S.CpaBHI/ITB MaCChI rnz[pnz[a KaJlblud 1 MCTAJUIMYECKOI'O aJIlOMHUHUA, HCO6XO}II/IMBIC JJISL HOJ'[yLIGHI/Ifl
50 1 Bomopoa.

KonTtpoabsnas padora Ne 6. Tema: «CBoiicTBa 251eMEHTOB V IpymIibl
I[ICX3 Menneneesa»
Ilpumep

1.ConoctaButh noseneHue As, Sb u Bi mo oTHOIIEHHIO K a30THOI KUCIIOTe — pa30aBlIeHHON U
KOHIIEHTpHUpOBaHHOM. HanucaTte ypaBHEeHMs peakiuil.
2.3aKOHYMTH YpaBHEHUS PEaAKIIHil:

A )AsH3 + KMnOs+ H2SO4 —
b )Mg3Sbx+ KoCr207+ HCl—
B) SbCl3+ HCIl+ Zn—
3.Kakumu nociie1oBaTeIbHBIMU peakiusIMu MOKHO mosryuuTh H3PO, u3 6emoro docdopa , pactBopa

Ba(OH), u cepHoit KuciaoTsi?

4.Kaxum o6vemom 20%-noro pactsopa NH4Cl (p= 1,06) moxxHo 3amenuTs 1 11 14%-Horo pactBopa
(NH4)2SO4 (p= 1,08)151s momydeHus: paBHbIX KoJndecTB amMuaka npu nerictsuu KOH Ha pacTBOpbI
ITUX coJien?



5.PactBopumocts As203 B Boze 1,5%. Onpenennuts MOJIIpHYIO KOHLEHTPALMIO MBIIIbSIKOBUCTON
KHCJIOTBI, 00pa3yroleiics Ipu pacTBOPEHUH aHTHIPUIA B BOJIE.

6. ITomydenue a30THON KUCIIOTHI B IPOMBILIUIEHHOCTH U JTaboparopuu. Hanucats ypaBHeHUs
peakuui, NOATBEPKAAOIINX €€ XUMUYECKHE CBOMCTBA.

KonTpoubnas padora Ne 7. Tema: «CpoiicTBa 3siemeHTOB VI rpyniibl
IICXD Menneneesa»
Ilpumep

1.Kaxoit o6bem H> S ciexyet mpomyctuts uepe3 400 ma 6%-noro pacteopa KMnOy4 (p = 1,04),
IIOJIKMCIIEHHOTO CEPHON KHUCIIOTOM 10 MOIHOro BocctaHoBieHnss KMnO4?

2.YT0 npOouCXOAUT MPU MOAKUCIEHUN CEPHOM WM COJISHOW KMCIOTON pacTBOPa, COAEPHKAIIETO
cynb(GUT U cynbdar HaTpus? Hamrcars ypaBHEHUS PEaKIIHA.

3)K,Cr,0, —= K,CrO, —=Cr,(80,); —>= Ci(OH), — Cr,0;, —= K,Cr0,

3.0nmcarh CyIMIHOCTh KOHTAKTHOTO METO/Ia MOJIyUeHHs CEPHOI KHCIOoThl. HanucaTs ypaBHEHHS
COOTBETCTBYIOIIMX XUMUYECKUX PEAKIIHH.
4.3aKOHYMTDH ypaBHEHUS PEAKLUN U PacCTaBUTh KOAPPHUIIUEHTHI:

H>SO3+H.S—

H2SO4(xonu.) +7Zn —

H>SO4(xonm.) + C —

5.Kak u IMo4YeMy MCHAKOTCA KUCIIOTHBIC CBOIICTBA B pany:
H>SO3 , H2SeOs , HyTeO3?

KonTposbnas padora Ne 8. Tema: «CpoiictBa anementoB VII rpynmsl
I[ICX3 Menneneesa»

Ipumep
1.J1aTh CpaBHUTENBHYIO XapaKTEPUCTUKY CBOMCTBA raJOr€HOBOJIOPOAOB, YKa3aB XapaKkTep U3MEHEHUS:
a) TeMIEepaTyp KUIEHUS U TUIaBJICHUS;

0) TepMHUECKON yCTOWYNBOCTH;

B) BOCCTAaHOBUTEIbHBIX CBOMCTB. OOBSICHUTH HAOIOJaeMbIe 3aKOHOMEPHOCTH.
2.3aKOHYMTH YpPAaBHEHUS PEAKIIUIL:

a) [, + HNO3 @—

0) KoaMnOs4 + HClgy—

3.0cy1uecTBUTE NPEBpAILIECHUS:

a) MnO4” — Mn?*



06) MnO4s” — MnO>
B) Mn?*" — MnOy

4.Kak W3MEHSETCS MPOYHOCTh CBSI3W MeXAy aromamu B psagy mosiekyn Clp, Bra, 2? Yem 310
o0BsicHsieTcs? Kak M3MEHSeTCs B 3TOM PSIIy SHTAIBITUS TACCOIMAIINN MOJIEKYI U UX YCTOHYHBOCTH?

5.0cymectBute npeBpamienue: KCl — Cl, — Br,— HBr — Bro.

5.2. OneHoYHbIE MATEPHAJIbI JJIS IPOBEAeHNsI IPOMEKYTOYHON aTTecTalnu
Bonpochl 1151 IOATOTOBKH K 3K3aMeHY 10 JMCIUIIHHE
«Heoprannueckasi XuMHusD)

Yacts I (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.@aKTopHl, BIUSIOUINE HA CKOPOCTh XMMUYECKOW PEaKLMU: KOHIEHTPAIUs pearupyroniux BeIlecTs,
WX MPUpPOJIa, TEMIIepaTypa.

6.Xumnueckoe paBHoBecue. KoHcraHTa paBHOBecus. 3akoH aeWcTByromux Macc. [lpunnun Jle-
[IIaTenne.

7..BnusiHue Ha COCTOSIHHME pPaBHOBECHUS PA3JIMYHBIX (PAKTOPOB: KOHIIEHTPALMM BEIIECTB, TEMIIEPATyphl
U J1aBJICHUSL.

8.KoBaneHntHass cBs3b. MeTon BaJleHTHBIX CBs3eil. HacbllaemMocTb, HampaBiIeHHOCTb, MOJISPHOCTD
KOBAJICHTHOM CBsI3W. J|JTMHA CBS3H.

9.KoBanenrtHas cBsi3b. [lpocTpancTBeHHass KoHUrypauus Mojekys. Teopus ruOpuau3alii aTOMHBIX
opouTanei.

10.Teopus MOJIEKYJISAPHBIX ~ OpOUTAJIEH. OHepreTuueckue auarpamMmbl. CBsA3bpIBalOLUE U
Pa3pBIXJISIOIINE MOJIEKYJIIPHBIE OPOUTAIIH.

11.0OxuCcIUTENTEHO-BOCCTAHOBUTEIIBHBIE PEAKITUY.

12.HaHpaBJ'ICHI/Ie OKUCIUTCIIBHO-BOCCTAHOBUTCIIBbHBIX peaKHHﬁ.

13.CoBpeMeHHbIE TPEACTABIEHUSA O pacTBOpax
14.PactBopuMocTb. 3akoH ['eHpu. 3akoH pacrpeneneHus
15.PacTBOopuTenu

16.CiocoObI BbIpa)keHUsS COCTaBa PacTBOpa



17.CBoiicTBa pacTBOPOB HEIIEKTPOJIUTOB (JIaBJIEHUE TMapa, OCMOTHUYECKOE [ABIEHUE, tium, tsam
pactBopa). 3akonsl Payns, Bant-I'odda

18.PeanbHble pacTBOPHI
19.AxtuBHOCTB. K03(ppurimenTsr aktuBHOCTH

20.PactBopbI 25eKTpoauToB. OTKIIOHEHUST CBOMCTB pa30aBiIEHHBIX PAacTBOPOB OT 3aKOHOB Paynsa u
Bant-T'odda

21.Teopus snekTpoauTuaeckoit nucconuanuu C. AppeHuyca

22.CoBpeMeHHBIC B3IJISIBI Ha TPOIIECCHI AJIEKTPONMTHIECKON nucconnanuu. Padoter M3maiinosa H.A.
23.Teopuu kucioT u ocHoBauuil bpencrena-Jloypu, JIstouca, [lupcona

24 I'maparanust HOHOB. MeXHMOHHBIE B3aUMOICUCTBUS

25.KonuuecTBeHHOE OMUCAaHUE PABHOBECHI BOJHBIX PACTBOPOB JICKTPOIUTOB (3./1.M.)

26.Monu3anus cnabblX KUCIOT U OCHOBaHUMN

27.Monnoe npousseaeHue Bojibl. pH pactBopoB

28.I'maponus coneid. CteneHb ruIpoin3a, KOHCTAHTA TUAPOIN3a

29.ITpousBeneHne pacTBOPUMOCTH

30.Kiaccel  HeopraHM4YecKMX COEAMHEHMH (HOMEHK/IaTypa, TIE€HETHYecKas CBs3b, MOHHO-
MOJIEKYJISIPHBIE YPABHEHUS).

31.0CHOBHEBIE I'a30BEIE 3AKOHLI.
MakeT YK3aMEHAIMOHHOIr0 OUJIeTa IO JUCIHHILINHE «Heopranuueckasi XuMus»
Yactb 1 (I cemecTp)

1 .bunapubie coemuHeHUs (OKCUABI, TATHUbI, HUTPUJBI, KapOouabl, cynbhuasl, docPuab u T.1.).
Homenxknarypa 6unapHbix coenqunenuil .(10 6anios)

2. Teopusi CUIBHBIX DJEKTPOJUTOB. M30TOHMYECKHMU  KOAPDPHUIIMEHT, KaXylascs CTENeHb
JUCCOITMAIIMH, X B3aUMOCBA3b U 3HaueHue. (10 6amon)

3.0npenenuTe CKOJBKO MOJIEKYJI ra3a COAEpKUTCS B | M> rasa pu 32 OC B KocMoce IIpY JABJICHUU
133,3-10°'¢ ITa. (10 6annoB)

4. PactBopumocth Ags; POs B Bome paBua 0,0065 r/m. PaccumrtaiiTe 3Ha4YeHHE NPOW3BEACHUS
pactBopumocTu. (10 GanioB)

Ika/ja oueHMBaHUs BBINOJHECHUSA HHAUKATOPOB:

NHnukaTop cuuTaercs BBITOJHEHHBIM, €CIH JUOO BO BpeMs TEKYIIECH, JHO0 MPOMEKYTOUHOM
aTTECTAIlMU CTYICHT HaOpal Kak MHHUMYM TTOPOTOBOE KOJWYECTBO OAJIJIOB 3a T€ BUABI aKTHBHOCTH,
KOTOpBIE OTBEYAIOT 32 JJaHHBIM UHIAUKATOP.

1-ii cemecTp

‘ Ne ‘ HNuaukarop ‘ Tekymas arrecrauus ‘ IIpomexxyTOoYHAast




arrectaums (IK3aMeH)

ITopor Maxkcumym ITopor Maxkcumym
1 OIIK-1.1 20 60 20 40
OIlK-2.1
OIIK-6.1

Ikaja 1 KpUTEPUHU BbICTABJIEHUS OLEHOK 32 IUCUMUILJIMHY:

IIkana wu KPpUTCPUMU BBICTABJICHUA OLCHOK «OTIUYHO», «XOPOHIO», «YAOBJICTBOPUTCIBHO» U

«HEYIOBJICTBOPUTEIBHO» OINKCAHBl B JIOKAIBHOW HOPMAaTUBHOM JOKyMEHTauuu TBepcKoro

rocynapcrBeHHoro ynusepcurera (Ilonoxxenne o peiTMHroBol cucreMe 00yueHus cryaeHToB TBIY).

IlonoxurenpHas OICHKa MOXCT OBITh BBICTABJIEHA TOJLKO B TOM cjiydac, CCJIM BBIIIOJIHCHBI BCC

UH/IUKATOPBI.
Bonpocs! /15 NOATOTOBKH K 3K3aMeHy N0 AUCHHUILJINHE
«Heoprannueckasi XuMus»
Yacrs II (II cemectp)

1. OOwas xapakrepuctuka p-3nemenToB VII rpynmst

2. @top. Crpoenue moiekynsl ¢ noduuun MMO u MBC. Ilpoctoe BemectBo. [lonyuenue u
npumMeHenne. CoeMHeHns CO CTENeHbI0 OKHUCIIeHus Gropa -1

3. Xunop. Crpoenmne momnexkynasl ¢ no3unuii meroga MO u metron BC. Ilpoctoe BemecTBoO.
[Tony4yenue u npumMeHeHue

4. Tloarpynna 6poma. IIpoctsie BemectBa. Coenunenue. [lonyuenue. Ilpumenenue

5. OO6wmas xapakrepuctuka p-3aemeHToB VI rpynmnel. Kucnopon. Ctpoenue monexyisl. Puznueckue
U XUMHYECKHE CBOUCTBA

6. CoenuHeHust nepokcuaHoro Ttumna. OKHCIUTENbHO-BOCCTAHOBUTENbHBIE CBOMCTBA. CTpoeHue
MOJIEKYJIbl IIEPOKCHIA BOJOPOA

7. Cepa. Ilpoctoe BemiectBo. Moaudukanus cepsl. Pu3ndeckue M XHUMHUYECKHE CBOWCTBA.
Haxoxnenue B mpupoze, moxydeHune, IpuMeHeHHe

8. CoenuHeHus co creneHbto okucieHus cepbl -2. Cynbounsl. CepoBomopon. dusmueckue u
xumuueckue cporicta. [lonyuenue. Ilpumenenne. Cynbhunokapoonats (1V)

9. Tlomucynwshunsr (nepcynbdunsl). Crpoenue, moiaydeHue, OKHUCIUTETHLHO-BOCCTAHOBUTEIHHBIC
CBOMCTBA

10. Coenunenus cepsl (IV): terparanorennast SHals, oxcomuranorennasl SOHal, nuokcun SO»,
CepHHCTas KMCI0Ta, Cynb(uTel. CBolicTBa. CTpOEHHE MOJIEKY

11. Coequnenust cepol (VI):SFs; SO2; Haly; SOs;; HoSOs4. Crpoenune Mosekyn. CBoHcTBa.
[Ipumenenue. Ilonyuenune

12. Oxcokucnotsl cepsl (VI). Crpoenue nonos. Caoiictsa. [Ipumenenune

13. OTHOMIEHUE CepHON KUCIOTHI K METalIaM U HeMeTaJlllaM

14. OOuiast XxapakTepUCTUKA P-3JIEMEHTOB V TPYIIIIbI

15. Azot. IIpoctoe BemectBo. CTpoeHue moJiekysbl ¢ no3uuuid MerogqoB MO u BC. ®usnueckue
cpoiicTBa. [lomyuenne. [Ipumenenne

16. CoequHenust a3oTa CO CTeneHbro OokuciaeHus -3. Hutpuael. dusnueckue cpoiictBa. Ilomydenne.
[Ipumenenue

17. Ammuak. Ctpoenue Monekynbl. Pusnueckue cBoucTBa. ['mapokcun ammonus. Coiau aMMOHMS.
[Tonyuyenue. [Ipumenenue

18. Coenunenus azota (V). AzotHas kuciota. Crtpoenue Mmoiekyiabsl HNOs u mona NOs-.
CgoiictBa. [lonyuenue. [Ipumenenue

19. Coenunenus xpoma (III). CoiictBa. [lonyuenue. ['uaponus coneit

20. OxucnuTeNnbHbIe CBONCTBA a30THOW KHUCIIOTHI

21. ®ochop. Ilpoctoe BemectBo. Momubukamus ¢ochopa. Ilomyuenue. CsoiictBo. CTpyKTypa.

[Ipumenenue



22.
23.
24.

25.

26.
27.

28.
29.

30.

31
32.
33.
34.
35.

36.
37.
38.
39.

40.

41.
42.
43.
4.
45.
46.
47.
48.
49.

50.
51.

2.

3.

CoenuHeHus co crenenpio okucnenus pocdopa -3. Pochunst. Pochun. Iponssomusie nona PHs
Coenunenus docdopa (V, III). [Tonyaenne. CroiictBa. [Ipumenenue

Coemunenust  dgochopa (V). Optodochopnas  kucmora. I[lomyuenme.  Ilpumenenue.
[TomudocdoHoBBIE KUCTOTHI

[Monrpynmna memmesika. [Ipocteie BemectBa. Monudukamun. Ctpykrypa. Cpoiicta. [lomyuenue.
[Ipumenenue

Cypsma. Mpimbsik. BucmyT. O630p cBoiicTB. [Ipumenenne

OOmas xapakTtepucTuka p-3iemMeHToB IV rpynmel. Yriaepoa. Haxoxxaenue B mpupoje.
[Ipocroe BemectBo. [lonyuenue. [Ipumenenue

Coemunenus yraepona (II). CO, CS, HCN. Ctpoenue monekyi. [Tonyuenue. ColicTBa
CoenuHeHus ¢ OTpHULATENbHOM cTenmeHblo okucieHus yriepona. KapOunael. Ilomydenue.
[Ipumenenue

Coenunenus yraepona (IV). Crpoenue monekyn. Tun rubpuamsanuu. CpoiictBa. Ilomydenue.
[Ipumenenue

Kpemnuii. [IpocToe BemecTBo. Xumuueckue cBoictsa. Ilomyuenue. [Ipumenenue

CoenuHeHus Co CTENEHBI0 OKUCIEHUSI KpEMHUS +4, C OTPULIATEIbHOM CTENIEHBIO OKUCIICHUS
[Toarpynna repmanus. Coequnenus repmanus (11), onosa (II), ceunua (I1)

Coenunenus repmanus (IV), omosa (IV), ceunna (IV)

Kpemnuesas kucinora. CUIMKaThl, UX CTPYKTYpbl. PU3HUECKHE U XUMUUYECKUE CBOMCTBA.
[Tonyuenue. [Ipumenenne

OTHOLIEHHE AJIEMEHTOB MOJATPYIIBI FT€PMaHUs K KUCIOTaM U LIejiouam

O6mas xapaktepuctuka p-anemeHToB Il rpynmnsl. bop. CoiictBa. [lonydyenue

Anromunuii. Coiictsa. [Tomyuenue. OKcuabl ¥ THAPOKCUIbI AITFOMUHUS

O6mas xapakrepuctuka d-snementoB VI rpymnmsl. Ilpocteie BemecTBa. CBoiicTBa. [lomydenue.
[Ipumenenue

O6mas xapakrepuctuka d-snementoB VII rpymmel. [Ipocteie BemectBa. CpoiictBa. [lomyuenue.
[Ipumenenue

OcHoBHbIe coequHeHus xpoma VI. XpoMatel 1 TUXpOMaThl

OKHCIIUTENBHO-BOCCTAHOBUTEINIbHBIE CBOMCTBA COEAUHEHUI XpoMa

O6mas xapakrepuctuka d-anemenToB I rpynmsl. Menps. Coiictsa. [lonydyenne

BiaumogeiictBue menu, cepedpa 1 300Ta ¢ KUCIOTaMu

KomruiekcHble coeuHenus Menu, cepedpa, 30J10Ta

O6mas xapaktepuctuka d-anemenTtos Il rpynmnel.

[unk, kagmuit, pryTh. [IpocTsie BemecTBa. B3anmoaencTBue ¢ KuciotaMu

CoenvHeHus LIMHKA, KaAMUS U PTYTH (OKCHJIbI, THIPOKCUIBI, CYIb(QHIbI, FaIOT€HU/IbI)

OOmias  xapakTepuUCTHKa DJIEMEHTOB ceMeicTBa jkene3a  (Kene30, KoOalbT, HHUKEINb).
B3anmoneiicTBue ¢ KucioTaMu

Kucnorno-ocnoBublie cBoiicTBa okcu10B U ruapokcuoB (I1) u (III) cemeiicTBa xenesa
Coenunenus xenesa (VI).

MakeT 3K3aMeHAIlHOHHOI'0 oujera mo AUCIHHUIIJIMHE «Heopra}mqeacaﬂ XUMMUA»

Yacrs II (I cemectp)

O6mas xapaktepuctuka p-3nemerToB VII rpymmel. Xnop. Ousnueckrue U XUMHUYECKHE CBOKUCTBA. (
10 6ammoB)

OtHomenue d-anementoB I rpynnb! (IMHK, KaAMHUH, pTYTh) K KMcI0TaM U mienoyam. CoeinHeHHs
LUHKA, KaMUsS U PTYTH (OKCHUJIBI, THIPOKCHUIBI, CYNb(ubl, ranorenusl).(10 6amos)

Jlonucath ypaBHEHHE peaklui U pacCTaBUTh KOAPPHUIIMEHTHI:

K2Cr,07 + NaxS + HoSO4 — (10 6annos)

4.

3aKOHYUTH YPAaBHCHHUE PEAKITHU:

Alx(SO4)3 + NaxCO3 + HoO — (10 6anmoB)



Ikaja oueHMBaHUS BHINOJHECHUSA HHAUKATOPOB:

WHaukaTtop cyMTaeTcsl BBIMOJHEHHBIM, €CIU JHOO0 BO BpeMs TeKylleH, Ju00 NpOMEeXyTOUHOMH
aTTeCTallUU CTYACHT HaOpaja KaKk MUHHMYM IOPOTOBOE KOJIMYECTBO OAJIJIOB 32 T€ BHUJbI aKTUBHOCTH,

KOTOPLIC OTBCHAIOT 34 I[aHHbe/'I HUHAUKATOP.

2-i1 cemecTp

Tekymas arrecrauus TpomesyTounas
Ne | Hupuxarop arrecraums (3K3aMeH)
ITopor Makcumym ITopor Maxkcumym
1 OIIK-1.1 20 60 20 40
OIIK-2.1
OIIK-6.1

Ikana n KPUTEPHUH BBICTABJCHUA OLICHOK 3a TUCHHUIIJIUHY:

[lkana W KpUTEpUU BBHICTABICHUS OICHOK «OTIUYHO», «XOPOIIO», «yIOBIETBOPUTEIHHO» U
«HEY/IOBJICTBOPUTEIILHO» OMUCaHbl B JIOKAJbHOM HOPMATHBHOW JOKYMEHTaluu TBepckoro
rocynapctBeHHoro ynuBepcurera (Ilonoxkenue o peiTUHroBoI cucteMe 00yueHus cryaeHToB TBIY).
[TonoxxutenbHasi OLIEHKAa MOXET OBITh BBICTaBJIEHA TOJILKO B TOM Cllydae, €CIIM BBIIIOJHEHBI BCE
WHIUKATOPBI.

IIpuaoxenne 3

6. YueOHO-MeTOAUYeCKOEe M MH(OPMAIIHOHHOE 00ecTiedeHue TN CIUTIINHbI

6.1. Pexomenayemas aureparypa

OcHoBHast MTEparypa:

1. MaprteiHoBa T. B. Heoprannueckas xumus : yue6Huk / T. B. MapteiHoBa, H. C. Cynonuiikas,
IO. C. AreeBa; MOCKOBCKMI NIOJUTEXHUYECKUN YHUBEPCUTET; MOCKOBCKUN MOJIUTEXHUYECKUI
yHUBEpCHUTET. - 2. - Mocksa : OO0 "Hayuno-uznatensckuii nenrp MHOPA-M", 2023. - 348 c.
- (Boiciee oOpa3zoBanue: Maructparypa). - BO - bakamaBpmar. — Pexum pocryma:
https://znanium.com/catalog/document?1d=425196

2. Adonmna JI. M. Heopranmueckas xumus [DneKTpoHHBIH pecypc]: yueObHOe mocobue. -
HoBocubupck : HoBocubupckuii rocynapcTBeHHbIH TexHUUeCKUid yHuBepcuret, 2013. - 104 c.
- Kunura mHaxomutcs B OazoBoir Bepcunm OBC  IPRbooks.— Pexum pocryma:
http://www.iprbookshop.ru/47698.html

3. Axwmeros H. C. O0mias u Heoprauuueckast XuMust [ DIeKTPOHHBIN pecypc] : yueOHUK Il BY30B
/ H. C. AxmetoB - 13-e u3a., crep. - Cankt-Ilerepoypr : Jlans, 2023. - 744 c¢. — Pexum
nocryma: https://e.lanbook.com/book/267359

JlononmHuTeNbHAs IUTEPaTypa:

1. Kupunnos B. B. Heopranunueckas xumusi. CBONCTBA 3JIEMEHTOB M UX COCAMHEHUN [ DIEKTPOHHBIN
pecypce] : yuebnuk nnst By3oB / B. B. Kupwmnos. - Cankr-IlerepOypr : Jlans, 2023. - 380 c. —
Pexxum moctyna: 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 U. B. Heoprannueckas xumus : yueOHoe nocodue / M. B. boromonosa. - Mocksa :
M3narensckuit mom  "Anwspa-M", 2021. - 336 c. - (ITPO®Unp). — Pexum mocryma:

https://znanium.com/catalog/document?1d=398927

O6mas xumust. Teopust M 3ama4uu [ DIEKTPOHHBIN pecypc]: yueOHoe mocooue ayis By3oB / H. B

KoposuH [u ap.]. - 7-e u3zn., crep. - Cankr-IletepOypr : Jlans, 2023. - 492 c. Pexxum pocryma:
https://e.lanbook.com/book/291182

3.

4. bapanoBa H.B, ®eodanoBa M.A. Y4eOHO-METOAMYECKHE MATEPHANBI JJIs HAIUCAHUS 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)

Ipuioxenue 4

9. CBenenusi 00 00HOBJIEHUM padoyeii MPOrpaMMbl TUCHUTILIMHBI

Nerm.1i. OOHOBJICHHBII Onucanue BHECEHHBIX PexBU3UTHI TOKyMEHTA,
paznen paboueit W3MEHEHUHN YTBEPAUBIIETO U3MEHEHUS
MIPOTrpaMMBbI
IUCLUAIUINHBI
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

