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1. HEJIM U 3AJIAYU JUCIHHUTIJINHBI
Heau ocBoOeHNMS AUCHUNTIMHBI (MOTYJISA):

[{enbto OCBOEHUS IUCUUIUIMHBI SBJsIETCS (POPMUPOBAHUE U PA3BUTHUE Y CTYIEHTOB 0a30BbIX
TEOPETUYECKUX CBEICHUN M IIOJYYEHHE IPAKTUYECKUX HABBIKOB, HAIPABJICHHBIX HA pa3BUTHUE
CIOCOOHOCTH peliaTh CTaHAapTHBIE 3aja4l TPO(HEeCCHOHATBHOM e TEIIbHOCTH.

3agaun:

3aayaMu OCBOCHUS TUCIUIUIMHBI (MOIYJIsA) SIBJISIFOTCS:

-M3ydeHne TeOpeTHUeCKUX OCHOB HEOPTraHUYECKOW XUMUHU.

-OBnazieHre METO/IaMU U CIIOCO0aMU CUHTE3a HEOPTaHUYECKUX BEIECTB.

-OBnasieHHe HaBbIKAMHU OIMCAHMS CBOMCTB BEIIECTB Ha OCHOBE 3aKOHOMEPHOCTEH,
BBITEKAOIINX U3 IEPUOANYECKOro 3aKkoHa U [lepuonnueckoi cucreMbl XuMU4YecKux 3yieMeHToB J[.1.
Meunneneena.

-OBnajieHre HOpMaMU TeXHUKHU 0€30MacHOCTH

B pe3ynbraTe 0CBOCHUS TUCHUIUIMHBI O0YYarOIUICS TOJIKEH:

- 3HaTh: TEOPETUYECKUE OCHOBBI HEOPTaHMUYECKON XUMHUU (COCTaB, CTPOCHHUE U XUMUYECKUE
CBOMCTBAa OCHOBHBIX IPOCTBIX BELIECTB U XUMUYECKUX COCAUHEHUH, CBA3b CTPOCHHUsS BEIIECTBA U
MPOTEKAHUS XMMHYECKHUX MPOIIECCOB).

- YMeTh: peann3oBaTh BO3MOXKHOCTH KJIACCUYECKON HEOPraHUYECKON XUMHUH IPUMEHUTEIIBHO
K M3YYECHHUIO HEOPraHMYECKUX BEUIECTB, B T.4. IIYTEM IPOBEICHUS XUMHUUYECKOIO 3KCIIEPUMEHTa U
HCCIEA0BAHUEM XUMHUYECKUX BEIIECTB U PEaKIUH.

- BnageTs: MeTogamu 1 cioco0aMu CUHTE3a HEOPTaHUYECKUX BEIIECTB, HABBIKAMH OMHCAHUS
CBOMCTB BEUIECTB Ha OCHOBE 3aKOHOMEPHOCTEW, BBITEKAIOIIMX M3 MEPUOJUYECKOTO 3aKOHA U
[lepuonnueckoit cuctembl XuMHueckux d3nemeHToB .M. MeHnneneeBa, HOpPMaMu TEXHUKHU
0€30MaCHOCTH.

2. MECTO JUCIIMIIJIMHBI B CTPYKTYPE OOII
ukn (pazgen) OIT: B1.0O
TpeGoBanus k npeaBapuTeIbHON MOATOTOBKE 00y4al0IIErocs:

Maremarunka

Pycckuii A3bIK U KyJIbTypa pedu

OCHOBBI POCCHIICKOM roCcy1apCTBEHHOCTH

HNudpopmaruka

WMHOCTpaHHBIN A3BIK

Ucrtopus Poccun

Jucnumimebl - (MOAYJIM) M NPAaKTHKH, JJs  KOTOPBIX  OCBOCHHE JAaHHOM
AUCHMILINHBI(MO1YJIs1) HEOOX0AUMO KaK MpealIecTByomee:

NHOoCTpaHHBIN S3bIK

Nudopmaruka

Ucrtopus Poccun

Maremaruka

OCHOBBI POCCHIICKOM rOCYy1apCTBEHHOCTHU

Pycckuii s13bIK ¥ KynbTypa pedn

3. ObPBEM JIUCHHUIIJINHBI

OO0mas Tpy10eMKOCTh 19 3ET

Yacos 1o yueOHOMY TUTaHY 684

B TOM 4YHCJIC:

caMmocTosiTenbHast pabora 82
4acoB Ha KOHTPOJIb 54




4. INTAHUPYEMBIE PE3YJIBTATbBI OBYYEHUS 110
JUCIUIVIMHE,COOTHECEHHBIE C IINTAHUPYEMBIMMU PE3YJIBTATAMMU
OCBOEHHUAOBPA3OBATEJIBHOM ITPOT'PAMMBI

OIIK-1.1: Cucrematu3upyeT M aHAJIU3UPYET PE3YyIbTaThl XUMHYECKHX SKCIIEPUMEHTOB,
HaOJII0ACHNH, U3MEPEHUH, a TaK)XKe PE3yNbTaThl PACYETOB CBOICTB BEIIECTB U MaTepUAIOB

OIIK-2.1: PaGoraer ¢ XUMHUYECKHMMH BEIIECTBAMH C COOJIOJICHUEM HOPM TEXHHUKHU
0e30MacHOCTH

OIIK-6.1: IlpencraBnsier pe3ynbTaThl pabOTHl B BHJE OTYETa IO CTaHIAPTHOH (opme Ha
PYCCKOM sI3bIKE

5. BUAbI KOHTPOJIA

BI/II[BI KOHTpPOJIA B CEMECTpax:

9K3aMEHBI 1,2
KypCOBbI€ pabOThI 2

6. SI3BIK ITPEIIOJIABAHUA

SI3BIK NIpenoaBaHus: pyCCKU.

7. CTPYKTYPA M COJAEP)KAHUE JUCHUTIJIMHBI (MOYJIST)

Ne HaumenoBaHue pa3iesioB U TeM Bu Cem. | Yacos Ipumeyanue
3AHATUA
Pasnen 1. Beenenue
1.1 Jlex 1 0
1.2 Cp 1 3
1.3 JIab 1 20
1.4 Ox3amen |1 3
Paznen 2. OcHOBHEIE 3aKOHBI
TepMoIuHAMHUKH. OOPaTUMOCTh XUMHUYIECKHX
peakuui
2.1 Jlex 1 4
2.2 JIab 1 13
2.3 Ox3amen |1 3
2.4 Cp 1 10
Paznen 3. PacTtBOphI
3.1 Jlex 1 6
3.2 JIao 1 43




3.3 Cp 5
3.4 Dk3aMeH 4
Paznen 4. Kunetnka u  MexaHU3M
XUMHYECKHUX PeaKui
4.1 Jlex 8
4.2 Jlab 24
4.3 Cp S)
4.4 DKk3aMeH 6
Paznen 5. Ctpoenue aroma
5.1 Jlex 4
5.2 Jla6 12
5.3 Cp )
5.4 DK3ameH 4
Paznen 6. Xumuueckas cBs3b
6.1 Jlex 6
6.2 J1ab 12
6.3 Cp 4
6.4 DK3aMeH 4
Paznen 7. KommuiekcHble coequHEHUs
7.1 Jlex 6
7.2 Jlab 12
7.3 Cp 5)
7.4 DK3aMeH 3
Pasnen 8. Ilepuonnueckuii 3axon JI.M.
Menpeneesa. Ilepuonnueckas cucrema
8.1 Jlex 4
8.2 J1a6 7
8.3 DK3aMeH 2
8.4 Cp 2




Paznen 9. OcHOBBI XMMUM TBEPAOTO TENA

9.1 Jlex 4
9.2 JIab 0
9.3 DK3aMeH 4
9.4 Cp 4
Paznen 10. Bogopon
10.1 Jlex 4
10.2 JIab 9
10.3 DKk3amMeH 3
10.4 Cp 4
Paznen 11. DnemenTs! [A rpynmsl
111 Jlex 6
11.2 JlIab 16
11.3 DK3aMeH 3
11.4 Cp 3
Pasznen 12. Dnements! IIA rpynmst
12.1 Jlex 6
12.2 JIab 15
12.3 DK3aMeH 2
12.4 Cp 7
Paznen 13. Dnementst [IIA rpymnmbr
131 Jlex 6
13.2 JIab 16
13.3 OK3ameH 2
13.4 Cp 3
Pasznen 14. Dnements! [IVA rpynmel
141 Jlex 6




14.2 JIab 2 19

14.3 DOKk3ame” |2 2

14.4 Cp 2 3

Pa3znen 15. DnemenTs! V rpynbl

151 Jlek 2 6
15.2 JIab 2 19
15.3 Ok3ameH |2 2
154 Cp 2 3

Paznen 16. Dnementst VI A rpynms

16.1 Jlex 2 6
16.2 JIab 2 19
16.3 Ox3amen |2 3
16.4 Cp 2 5

Paznen 17. Dnementst VIIA rpynmst

171 Jlex 2 6
17.2 JIab 2 20
17.3 Ok3ameH |2 2
17.4 Cp 2 5

Paznen 18. Dnements! VI A rpymnmbt

18.1 Jlex 1 0
18.2 Jlab 2 4
18.3 Ok3ameH |2 2
18.4 Cp 2 6

8. OHEHOYHBIE MATEPHAJIbI JI51 IIPOBEJEHUA TEKYIIEA
HUITPOMEXYTOYHOU ATTECTALIUHN

8.1. OneHo4HbIe MaTepUAJIbI JJIs1 IPOBEACHHUA TEKYIIEH aTTeCTalul

OreHOYHBIC MaTEepHUANBI JUIsl POBEJICHUS TEKYIIEeH aTTecTalluy puBeaeHbl B [Ipmioxenun 2.

8.2. OneHoYHbIe MaTEePHUAJIbI IJIsl IPOBEIeHUS POMEKYTOYHOM aTTeCTALMHU




OneHouyHble MaTepHalbl s MPOBEIEHUS MPOMEXYTOUYHON aTTecTallud MPHUBEACHBI B

[Tpunoxenun 2

8.3. TpeOoBaHUs K PETHHT-KOHTPOJIIO

TpeboBaHus K peHTUHT-KOHTPOIIO ipuBeaeHbl B [Tpunoxenun 1.

9. YYEBHO-METOJUYECKOE U UTH®OPMALIMOHHOE
OBECINEYEHUEJIUCLHUIIUHBI (MOIY.JIS)

Pexomenayemas aureparypa

OcHoBHas
HIndgp Jlutreparypa
JI.1.1 |I'muuka, [Toniko, babko, O6mias xumus B 2 T. Tom 2, Mocksa: FOpaiit, 2024, ISBN: 978-5-

9916-9355-4,
URL.: https://urait.ru/bcode/537457

JI.1.10

boromonoBa, Heopranmueckass xumus, MockBa: W3narensckuit 1mom "Anbda-M",
2021,ISBN: 978-5-98281-187-5,
URL.: https://znanium.com/catalog/document?id=398927

J.1.2

I'munka, [TonkoB, babkos, O6mas xumus B 2 T. Tom 1, Mocksa: FOpaiit, 2024, ISBN: 978-5-
9916-9353-0,
URL.: https://urait.ru/bcode/537456

JL.1.3

AxwmeroB H. C., AszuzoBa M. K., baneiruna JI. Y., JlabopaTopHbie 1 ceMUHAPCKUE 3aHATUSITIO
obmeit u Heopranudeckoit xumuu, Cankr-IlerepOypr: Jlans, 2022, ISBN: 978-5-8114-1716-
2,

URL.: https://e.lanbook.com/book/211658

JI.1.4

MapteiHoBa, Cynonunkas, AreeBa, Heopranmueckas xumus, Mocka: OOO "Hayuno-
uznarenbekuit nentp MHOPA-M", 2022, ISBN: 978-5-16-012323-3,
URL.: https://znanium.com/catalog/document?id=392094

J.1.5

Casunkuna E. B., laBsinoBa M. H., Kapasaes U. A., [Ipaktudeckue 3a1aHus U ypakKHEHUs
K JJabOpaTopHBIM paboTaM 1o AucuuIuimHe «O01as 1 Heopranndeckas XuMus»: [IpakTukym,
Mocksa: PTY MUPDA, 2023, ISBN: 978-5-7339-1832-7,

URL.: https://e.lanbook.com/book/368852

JI.1.6

Kupumnos B. B., Heopraunueckas xumusa. CBOMCTBa 3JIEMEHTOB U UX COeAMHEHUH, CaHKT-
[TetepOypr: Jlans, 2023, ISBN: 978-5-507-45825-7,
URL.: https://e.lanbook.com/book/319325

J.1.7

AxmeroB H. C., O6mas u Heopranuueckas xumwus, Cankrt-lIlerepOypr: Jlanp, 2023,
ISBN:978-5-507-45394-8,
URL.: https://e.lanbook.com/book/267359

JI.1.8

Adonuna JI. U., AnapueB A. U., KazakoBa A. A., Heopranunueckas xumusi, HoBocubupck:
HoBocuOupckuii rocymapcTBeHHBI TexHn4Yeckuii yHuBepcutet, 2013, ISBN: 978-5-7782-
2172-7,

URL.: https://biblioclub.ru/index.php?page=book&id=228823

JI.1.9

Kupuinos B. B., Heoprannueckas xumus. CBOMCTBa 3JIEMEHTOB U UX coeaHEeHUM, CaHKT-
[etepOypr: Jlanb, 2024, ISBN: 978-5-507-47340-3,
URL.: https://e.lanbook.com/book/362297

Ilepeuens pecypcoB HHGPOPMALMOHHO-TEJIEKOMMYHUKAIMOHHOM ceTH ""UHTepHeT"

6]

O6mast xumus. Teopus u 3agaunl [DIEKTPOHHBIHN pecypc]: yuedHoe nmocobue i By3oB / H.B.
KoposwuH [u ap.]. - 7-e u3a., crep. - Cankr-IlerepOypr: Jlanb, 2023. - 492 c. Pexum nocrymna:
https://e.lanbook.com/book/291182: https://e.lanbook.com/book/319325




Kupumnos B. B. Heoprannueckast xumusi. CBOWCTBA 3JIEMEHTOB M MX COCAUHEHHUU [ DIEKTPOHHBIN
pecype] : yuebnuk mys By30B / B. B. Kupuinos. - Cankr-Iletepoypr: Jlans, 2023. - 380 ¢. — Pexxum
noctyna: https://e.lanbook.com/book/319325:https://e.lanbook.com/book/319325

(@)

DD

(@)

bapanoBa H.B, ®codanoa M.A. VY4eOHO-METOAMYECKHE MaTEpHUaJbl IS HAMUCAHUSA |
odopmIteHHs KypcoBO#l paboTh 1o auciuiuinHe «Heoprannueckas xumus» / H.B. bapanoBa, M. A.
deodanona. - TBeps: N3n-Bo TeI'Y, 2023.- 31
c.(https://tversu.ru/sveden/files/Metodicheskie_rekomendacii_dlya_napisaniya_kursovoy_raboty p
o_discipline_Neorganicheskaya_ximiya(2).pdf):(https://tversu.ru/sveden/files/Metodicheskie_reko
mendacii_dlya_napisaniya_kursovoy_raboty po_discipline_Neorganicheskaya_ximiya(2).pdf

(@8]
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10. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJIMHbBI (MOJAYJIS)

Aynuropumn O0opynoBanue
3-413 KOMILIEKT y4eOHoi MeOenu, mepeHOCHON HOYTOYK, MPOEKTOP, AKBAUCTUILIATOP, BECHI,
HEHTPHU(YTa, KOJIOPUMETP, CTOI ¢ TYMOOH, IIKa(bI
5-311 [Tpoextop Oxpan Komnerorep (MOHUTOpP, CUCTEMHBIHN OJIOK, KJIaBHaTypa, MbIilb) Jlocka

-1mr. Tpubyna - 1 mt. Kommiekt yuednoit medenu Crenp "llepuonnyeckas tadbnuua
J.W. Mennaeneena"

11. METOANYECKHUE MATEPUAJIBI VIS OBYUYAIOLIUXCHA ITO
OCBOEHHUIOINCHUIIJINHBI




Meroandeckue MaTepHaIIbl I 00y4JaronUXCsl IO OCBOCHUIO TUCITUTUTHHBI

IIporpamma guctuninuasl  «Heoprannueckas Xumusi»

1. BBEJIEHMUE.

XHUMHS KaK CUCTEMa 3HAaHUM O BELIECTBaxX W UX NpeBpameHusax. [Ipeamer u 3amauu Xumuw.
Teopuss ¥ SKCIIEPUMEHT B XMMHHU. Pa3nuyHble ypoBHM XMMHUYECKOH Teopuu. VH(popmannoHHbIE
cuctembl. OCHOBHBIE 3a/1a4l COBPEMEHHOW HEOPIaHUYECKON XUMUH.

2. OcHOBHBIE 3aKOHBI TePMOAMHAMUKU. OOPAaTUMOCTh XUMHUYECKUX PEAKLIUI

3&,[[3‘11/1 XHUMHYECKOM TEPMOIUHAMUKH. INonsarus: CUCTEMA, MapaMEeTpbl COCTOSAHUA,
TEPMOIUHAMHNYCCKOC PAaBHOBECHUC, O6paTI/IMBIe u HeO6paTI/IMBIe IIpOnICCChI. Baxuneimue IMPHU3HAKHU



XUMHUYECKHX IpeBpanieHuii. HeoObuHbIe XUMUUECKHE MTPEBPALICHHUS.

[TepBblii 3aKOH TEPMOAMHAMUKHN. BHYTpEHHSISI HEprus U ee U3MEHEHHE NMPU XUMUYECKUX U
(ha30BBIX TIpeBpalIeHUIX. Termnora u padoTa pa3IMuHOTO posa. DHTaNbMud. CTaHAAPTHOE COCTOSTHUE
U CTaHJapTHBIE TEIUIOTHl XUMHYeCKHX peakiuil. Terora u SHTamenus  o0Opa3oBaHMUSL.
Tepmoxumuueckue pacueTbl, OCHOBaHHbIe Ha 3akoHe [ecca. Temnoemkocts. TemneparypHas
3aBUCHUMOCTh TEIUIOEMKOCTH U SHTAJIBIIUU. DHEPIUsi XUMUYECKOI CBs3U. VIcTonb30BaHNEe XUMUYECKUX
u (a3oBbIX IMpEBpallleHUH B HEOPraHMYECKUX CHCTEMax [Jsi TEeHEPUPOBAaHUS, XpaHEHUS U
TPAHCIIOPTUPOBKU IHEPTHIA.

Bropoit 3akoH TepMOAMHAMUKH. DHTPONUS. 3aBUCHUMOCTh SHTPOIMUU OT TEMIEpPaTyphl.
CrangaprtHas sHTponus. V3MeHeHne SHTponuH npu (a3oBbIX MEpPexo/ax U XUMUUYECKUX peaKlusiX.
Oneprusi ['m66ca m sHeprusi ['eapMmrosbiia. YpaBHEHHE COCTOSIHUSA. XUMHUYECKUN MOTCHIMAT W
aKTUBHOCTH. KpuTepuu caMonpou3BOIbHOTO MPOTEKaHHs IPOIECCOB B M30JIMPOBAHHBIX M OTKPBITHIX
CUCTEMaX.

OOpaTuMOCTh XUMHUYECKUX DPEAKIHM. YCIOBUS XHUMHUYECKOTOo Mex(a30BOr0 paBHOBECHS.
KoHncranTta xuMuyeckoro paBHOBecUsl Kak Mepa IiIyOuHBI MpoTeKaHus mpoieccoB. Mcmonb3oBanue
CTaHJAPTHBIX SHTAJIBIUN U SHTPONHUM AJIS pacuera KOHCTAHT PABHOBECHUS XHMMHUYECKUX PEaKIIUM.
@DaxTOpHI, BIUSIOUINE HA BEJIMUYUHY KOHCTAHThHI PAaBHOBECHS.

3. PacTBOpBI

[TpencraBinenne 00 HCTUHHBIX U KOJUIOMIHBIX pacTBopax. [Ipomeccer pactBopeHusi. CriocoOs
BBIPQKEHHUSI COCTaBa PACTBOPOB. ODHEPIUs KpPUCTAUIMYECKOW PEIIETKHU, HHEPrUsiCOIbBaTALUU.
@daxTophl, BIUAIOIINE HA pacTBOPUMOCTh. HachlllleHHbIEe 1 HEHACHIIIEHHbIE pacTBOpbl. OcaxaeHue
TPyZHOPACTBOPUMBIX coJiel. IIponsBenenne pacTBOpUMOCTH.

@®a3oBple paBHOBecusi. (OCHOBHBIE TMOHATHS: KOMIIOHEHT, (pa3a, CTENEHb CBOOOJIBI.
[IpaBunogas. JluarpaMma coCTOsSIHUS BOABI.

Konnurarusasle CBOMCTBA pacTBOpOB HEIJIEKTPOJINTOB u JIEKTPOJIUTOB:
JABJICHUEHACBIILIEHHOTO  [apa,  IOHWKEHUE  TeMIlepaTypbl  3amep3aHus  (KpHOCKOmus),
MOBBIIICHUETEMIIEPATYpbl KHUIEHUs (30YJUIMOCKOIUS), OCMOC U OCMOTHYECKOE JaBJIEHHE B
HEOpPraHUYECKUX U OMOJIOTHYECKUX cucTeMax. M30ToHndeckuii Koo UIMEeHT, cTereHb U KOHCTaHTa
nucconuanui. MeMOpaHHOe paBHOBECHE.

W neanbHble 1 HEUIeaabHbIE PACTBOPHL. J(MarpaMMbl COCTOSIHUSL IBYXKOMITOHEHTHBIXCHCTEM C
HEOTrPAaHWYEHHOW pPacCTBOPUMOCTHIO. JIBYXKOMIIOHEHTHas CHCTEMa C MPOCTOM 3BTEKTHUKOM.
Kpuoruaparsl. /lnarpamma COCTOSHUS ¢ XUMUYECKHM COECIMHEHHUEM KaK MPEAEIbHBIMCIY4all CUCTEM
C OTPULATEIBbHBIMU OTKJIOHEHUSIMU CBOMCTB OT CBOMCTB MICAJIBHBIX pacTBOPOB.KpucTtammornaparsl.

KucnorHo-ocHOBHOE paBHOBecue. [IoHATHS «kucnoTa» n «ocHOBaHUeY. Kimaccuueckas Teopus
Appenunyca u ee orpannueHusi. OCHOBHBIE MTOJIOXKEHUS TpoToIuTHYECcKOoi Teopun bpencrena -Jloypu,
COTIPSIKEHHBbIE TMaphl KUCIOT U OCHOBaHWM. ABTONPOTONN3 BOjAbl. KOHCTaHTa MPOTOIUTHYECKOTO
paBHOBECHsI KaK XapaKTepUCTHUKa CUJIbI KUCIOT U OCHOBaHMM. B3aumoaeicTBie CHIIBHBIX U CIIa0bIX
MIPOTOJIUTOB, TUIPOJIN3 KaK YaCTHBIM CIIydaid KUCIIOTHO-OCHOBHOT'O PAaBHOBECHS.

DIIEKTPOXUMHUYECKUE CBOMCTBA pacTBOPOB. CornpsixeHHbIe OKHCIIUTEIBHO-
BOCCTAaHOBHUTEJIbHBIE MAapbl. JIBOMHON 3JIEKTPUYECKHUI CIIOW, AJIEKTPOJbI, TajlbBAHUYECKAs sSYEHKa.
Onexktpoansld  noreHuuan.  CTaHAapTHBIA — DJIEKTPOAHBIM  mOTeHHHal.  OKHUCIHUTEIBHO-
BOCCTAHOBUTEJIBHBIE PEAaKIIMM W WX HampasiieHue. Psan Hanpsbkenuil. YpaBHenue Hepncra. Psnbr
Jlatumepa. [loHsTHE 0 MUarpamMmax OKUCIUTEIbHBIX COCTOSHUM (IUarpamMmbl «BOJIbT-3KBUBAJICHT—
CTETIEHb OKHCIIEHUN»). OIJIEKTPOJIU3. OJIEKTPOXUMHUYECKHE HCTOYHUKH SHepruu. Kopposus kak
AJIEKTPOXUMHYECKUN MpOoIecC.

4. KuHeTrKa 1 MEXaHH3M XUMHYCCKUX peaKuHﬁ

CKOpOCTh XMMHUECKOHN peakluy, €€ 3aBUCUMOCTb OT IPUPOJBl U KOHIIEHTPALlMM PEAreHTOB,
temneparypbl. 1lopsnok M MosiekynaspHOCTh peakuuu. KoHCTaHTa CKOpPOCTM M €€ 3aBUCHUMOCTb
OTTEMIIEpPATypbl. YpaBHEHUE AppeHHyca. DHEpPrus aKkTUBALMU. MeXaHU3M U KUHETHKA peakuuil
BFOMOTEHHBIX M TETEpOreHHbIX cHcTeMax. llemHble W KosneOaTenbHBbIE peakuuu. [ 'OMOTeHHBIN
UTeTEpOreHHBIN KaTanu3. AyToKaTaius.

5. Ctpoenue aroma



CocraBJsiomue BOJIHOBOW (GyHKIUU: S-, P-, d- u f-opOuranu. AToMHBIC OpOUTANIN, UX DHEPTUU U
rpaHUYHbIE TOBEPXHOCTH. [lOpsOK 3amoiHEeHHs 3IEKTpPOHAMH aTOMHBIX opoutaneit. [IpuHumn
[Taymu. Tepmbr atomoB. I[lpaBuna Xynma. [loHaTus: opOUTaIbHBIA paguyc W SHEPTHs MOHH3AIUN
aToMa, CpOJICTBO K OJJEKTPOHY M 3JIEKTPOOTPULATENHOCTh. JHEPreTH4ecKHe Jguarpammbl
MHOT03JIEKTPOHHBIX aTOMOB. PensituBuctckue 3 (exTsl.

6. XuMnyeckas CBA3b

[lonsiTe O MpUPOIE XUMHUYECKON CBA3U. XapaKTEPUCTHKUM XMUMHUYECKOM CBSI3U: SHEPIuUs,
JUIMHA, NOPSA0K U NOJIAPHOCTh. OCHOBHBIE IOJIOKEHUS U HEJOCTATKN METO/1a BaJICHTHOU cBsi3U. Tumbl
THOpUIN3AIIY ATOMHBIX OPOUTAIICH.

OCHOBHBIE TIOHSATHUS O METOJE MOJICKYJIApHBIX opoOutanet (MMO). Meton MO JIKAO.
JIByXIIEHTPOBBIE JBYXDJIEKTPOHHBIE MOJICKYJISIPHBIE OpOUTANU. ODHEpreTHUecKUe AuarpaMMbl
JIByXaTOMHBIX TOMOSIIEPHBIX MOJIEKYJ, 00pa30BaHHBIX IE€MEHTaMU 1-To U 2-ro Nepuoa0B. DHEPrus
WOHU3ALMY, MAarHUTHbIE M ONTHYECKUE CBOWCTBA. DHEPreTUYECKUE JHUarpamMmbl MPOCTEUIINX
rereposaepabix Mojaekya (CO, HF, LiH, H2O u t1.1.). IToustue o tpexuentpoBsix MO (XeF»).
Bogopoanas cBsizb. Crabble B3aMMOICHCTBUS: BaH-/I€P-BaalbCOBHI CHIIBI.

XuUMHUYECKasi CBS3b B KOMIUIEKCHBIX COEIMHEHUSX. OCHOBHbBIE MOHATHUS KOOPAMHALIMOHHON
XUMHUU: LUEHTPAJIbHBIA aTOM U €ro KOOPJIMHALMOHHOE YHWCJIO; JIMTaH/bl; BHYTPEHHSSI M BHEIIHSS
KoopauHaIoHHbIe chepbl. HoMeHkaTypa 1 u3oMepusi KOMIUIEKCHBIX COeTMHEHUH.

Teopuu cTpoeHus! KOMIIJIEKCHBIX COeIMHEHUH. JIOCTOMHCTBA U HEIOCTATKU METOIaBaJIEHTHBIX
cesazeit (MBC).

Teopus kpucrammmyeckoro moist (TKIT). Cummerpus d-opOutaneii. M3menenue suepruu d-
opbutaneii B  chepuyecKOM, OKTadAPUYECKOM M  TETPAdIPUYECKOM  TI0JIe  JIUTaHJOB.
DHepruspacileIUIeHus, YHEprusl clapuBaHus. DHEprus CTaOWIM3alUU KPUCTAUIMYECKUM I10JIEM
(OCKII). BnusiHue Ha BeNWYMHY PACLICIUIEHUS HMPUPOJBI LIEHTPAIBHOTO aroMa (3apsna, pajauyca,
ANEKTPOHHOU KOH(Urypauun), IIPUPO/IBI, qucia U pacmnoaoKeHus JIMTaH/IOB.
Crekrpoxumudeckuiipsan. Dddekr SAna-Temrepa, TeTparoHadbHOEC HCKAKCHHE OKTadIPUICCKUX
KOMILJIEKCOB, MJIOCKOKBAAPAaTHbIE KOMIUIEKCHI.

Merton monekymspubix opourtaneit (MMO). IToctpoenune rpynmnoBbix opoUTasneil TMranaos u
WX B3aUMOJEHMCTBHE C OpOMUTaIsIMU LEHTPaJIbHOIO aromMa. OHepreTuyeckas Auarpamma
MOJIEKYJISIPHBIX OpOuTalIell OKTa’/IpUuecKOro KoMmIulekca 0e3 M ¢ m-cBsi3biBaHHEM. [loHOpHBIE U
akuentopHbie Juranasl. Mcnons3oBanue TKII u MMO st 00bsICHEHUST ONTUYECKUX WUMAarHUTHBIX
CBOWCTB KOMIUIEKCHBIX COEMHEHHM.

KoHcranta ycroiunBOCTH. THIIBI peakinii KOMIIEKCHBIX COSAMHEHUN: JTUTaHIHBIA OOMEH,
MIEPEHOC MPOTOHA U 3JIEKTPOHA; BIUSHUE LEHTPAJIHLHOTO aTOMa Ha XMMHUYECKOE TIOBE/ICHUEINTaH10B.
Xenatubiil 3pPext. DpdexT TpaHCBIUSHUS.

7. KoMmmekcHbIe COCIUHCHUA

[TonsTne  xommiekcHoro  coenuHenus.  Homenkmarypa.  Crtpoenme.  M3omepus.
Knaccudukanms. Teopust Kpuctammmueckoro mosis. MeTo ] BaJIeHTHBIX CBSI3EH.

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

CoBpemenHas popmynupoBka [lepuoanueckoro 3akoHa. CTpyKTypa NepHOANYeCKON CHCTEMBI
U €€ CBA3b C DJIEKTPOHHOM CTPYKTYpOll aTomMoOB, 3akOH Mo3nu. I[leproanyHOCTh BU3MEHEHHH
ANEKTPOHHON KOHpUTypauuu atoMoB. [lepross! 1 rpynmnsl. KopoTko- nATMHHONEPUOIHBIN BapHaHTbI
[lepuoanueckoit Tabmuipl. [leprnoanyHOCTh B M3MEHEHUHN BEIMYUH PaJlyCcOB, SHEPIMH MOHU3ALUHY,
CPOACTBA K DJIEKTPOHY, DJIEKTPOOTPULIATEILHOCTH aTOMOB. [lojojkeHHE XMMHYECKOro 3JIEMEHTA B
IIepuonnueckoi cucTeMe Kak €ro riaBHas XapakTepUCTHKA. [IepuoanyHOCTh B HU3MEHEHUN CBOMCTB
MPOCTHIX BEHIECTB M OCHOBHBIX XHMHYECKHUX COCIUHEHMH (OKCHJbI, TUIAPOKCH]IbI, TaJIOTCHU[BI).
BeprukanbHble, TOPU30HTAIbHBIE U TUAarOHAJIbHBIE aHanoruu B [lepuoanueckoi cucreme.

9. OCHOBBI XMMHUH TBEPAOTO TENA
XuMu4deckas CBs3b M CTpyKTypa kpuctaiia. Knaccudukamnus nedexros: nedexts mollloTTku
u OpeHKeIo. Hecrexnomerpuueckue COCTUHEHHS. JedexTor u CBOICTBA



razoo0pasHoii Bojibl. [Tomydenue, CBOMCTBA M IPUMEHEHUE BOIOPO/IA.
11.OnemenTs! | A Tpynnsbl: meI0YHbIE METAIIIBI

3aKOHOMEPHOCTH B U3MEHEHHH JIEKTPOHHBIX KOH(UTypaIuii, BEIUUYUH PAJUYCOB, SHEPTUUU
oHM3anuu aTtoMoB. Ocoboe MoJI0KEHUE JUTHUS. DHEPrusi KPUCTAJUIMYECKON pelieTky, Gu3nieckue u
XMMHUYECKHUE CBOICTBa MpOCThIX BemecTB. OCOOEHHOCTH B3aMMOJEUCTBHUS IIEIOYHBIX METAJIOB C
BOJOW 10 psAy JIMUTHH-1Ie3UH. 3aKOHOMEPHOCTH B CTPOCHHMM M CBOWCTBAaX (TepMHYECKas
YCTOWYMBOCTb, KHCIIOTHO-OCHOBHBIE CBOICTBA) OCHOBHBIX TUIIOB CO€IMHEHUN: OKCHIOB, IEPOKCHIOB,
TUIPOKCHIOB, KapOOHATOB, rajmoreHuJoB. [lmaronanbHoe cxoAcTBO JuTui—MmarHuil. Ilomydyenue
IIEJIOYHBIX METAJJIOB W3 TNPUPOAHBIX coenuHeHuH. [IpuMeHeHHe MIENOYHbIX METalIoB M HX
COCTUHEHUH.

Onementsl | b rpynmer: Mens, cepedpo, 30110TO

ComnocTaBineHne 3JI€KTPOHHBIX KOH(UIypaluid, BEIMYUH PaJAUYCOB, SHEPIUU HOHU3ALUM,
XapaKTepHBIX CTENEeHEN OKUCICHUS M KOOPAMHALMOHHBIX 4YHCed aTOMOB 31eMeHToB |A u | brpynm.
dusnyeckue, XMMUYECKHE CBOMCTBA, MOIYYCHHE U IPUMEHEHHE POoCcThIXBeniecTs. ComnocTaBieHue
CTPOEHUS U CBONCTB OJIHOTUITHBIX COEMHEHUH (OKCHU/IbI, TUAPOKCU/IbI, TAIOT€HHIbI) 371eMEeHTOB | A n
| b rpynn co crenensmu okucienus (). Ocobennoctu coemunenuit Cu (I1). Komrmuiekchbie
COEUHEHMS (aMMHaKaThl, IUAHUbI, TAIOTEHUIbI): KOOPAUHAIIMOHHBIEUUCIIA, 3aBUCUMOCTb (POPMBI
KOOPAMHAIIMOHHOTO TOJHM3/pa OT AIIEKTPOHHOH KOH(PUTYPAUMUICHTPAIFHOTO aTOMa M IPHPOJIBI
nuranja. CTpoeHue u cBolicTBa coequHeH 31eMeHToB Cu, AQ, AU B BBICIIMX CTENEHIX OKHCICHUS.
BricokoTeMneparypHble CBEpXIIPOBOJIHUKHN Ha OCHOBECIOAKHBIX OKCHJIOB MEJIH.

12. Onementsl ||A rpynmsl: Oepuinii, MarHuii, KaabIuil, CTPOHLIUHN, OapHii

M3MeHeHne 3JIeKTPOHHBIX KOHQUTYpAIUi, BEIMYUH PAJNYCOB, SHEPTUH HOHHU3AIUN aTOMOB.
Ocoboe mnomnoxxenue Oepusumsi. IlomyueHue MPOCTHIX BEIIECTB M3 MPUPOAHBIX COEIUHEHUH.
I'unpoxcunpl OepUIUIUS U MarHus: CTPOEHHE, KUCIOTHO-OCHOBHBIE CBOMCTBA, pEaKIIMK MPOTOIU3a U
koHnencaiuu woHoB Be (1) u Mg (I1). Kapbonatsl Gepwnins u Maraus. Oxkcuanerat OepHuIus.
3aKOHOMEPHOCTH B CTPOCHUM U CBOWCTBAaX OCHOBHBIX THIIOB COEIMHEHHMH IIEJIOYHO3EMETbHBIX
JJIEMEHTOB: OKCHJIOB, THAPOKCHAOB, KapOOHATOB, rajoreHuioB. KomiuiekcHble coeluHEeHus.
JnaronanpHoe  cXxoAcTBO — Oepwumuii—amtoMuHuid.  [lpumenenune — Oepusyuimsi, MarHust |
IEJI0YHO3EMENBHBIX JJIEMEHTOB.

OnemenTsl || b rpynnsl: HUHK, KaAMUH, pTYTh

ConoctaBneHue 3JEKTPOHHBIX KOH(PUIypaluui, BEJIWYUMH PpaJAUYyCOB, SHEPrud HOHU3ALUU
aTOMOB 3JIEMEHTOB MOJArPYIIIBI [IMHKA ¥ MOArPYIIIBI EJI0YHO3EMENBHBIX 2JIEMEHTOB, XapaKTEPHbIE
CTETIEHU OKHUCJIEHMsI, KOOpJAUHAIMOHHBIe yucna. [lomyuenue, gusnueckre MXUMUYECKHE CBONCTBA
IUHKA, Kagmus, pTyTH. CpaBHEHUE CTPOCHHS M CBOMCTB coenuHeHWi BcteneHu okucieHus (I1)
(OKCHIBI, THAPOKCHIBI, TanoreHuas). CTpoeHHe HWANCIIPONIOPIMOHNPOBAHNE coenuHeHuit Hg,?"
KoMmrutekcHble COeTMHEHNS: aMMHMAKaThI, TAJIOTE€HUIbI, [IMAHKU/IBI, THOLMAHAThL. [[puMeHeHne nuHKa,
KaJIMMsl, PTYTH U UX COETMHECHMI.

13. Onementsl |1 A rpynmst: 60p, amlOMUHUN, TATUN, UHIUH, TaJUTAN

DOnekTpoHHass  KoHurypanus. Paguyc W JHeprus WOHM3alMM  aToma  Oopa.
XapakTepHBIECTETICHH OKHCIEHUST M KOOpAMHALMOHHBbIE uucia. Kpucrammmyeckas CTpPYyKTypa,
¢dbu3nuecKre XUMHYECKHE CBOMCTBA Oopa.

[Tomyuenue, crpoeHue, cBoicTBa aubopana BoHe: BoccTaHOBHTENBHBIE CBOWCTBA,
B3auMojieiicTBre ¢ Bojaoi, rumpuaom nutus (LiBHs), oxcumom yriepoma (kapOonun Oopana).
T"omonoruueckue psaasl TuapugoB 6opa: ByHy™ u ByH, . Crpoenne u 3akoHOMepHOCTH B CBOMCTBAX
OOpaHoB.

[Tomryuenue, 0cCOOCHHOCTH CTpOCHHS U CBOHCTBA B203 u OGOpHBIX KHUCIOT. 3aBUCHMOCTH
cocTtaBa TDONVKTOR  TOJUMEDHRANNA  OKcoOonaToB oT DH  cnenbl W KOHIIEHTDAITHH.



CTPOCHUM W CBOMCTBAaX (TePMHUYECKas YCTOMYMBOCTH, KHUCIIOTHO-OCHOBHBIC M OKHCIIUTEIBHO-
BOCCTAHOBHTEIILHbIE) COCAMHCHHUI 2JIEMEHTOB B CTCIICHH OKHMCIICHUS +3: OKCHJIBI, THAPOKCH/IBI, TaJI0
red uabl. KoMIUIeKCHbIe COeMHEHUS AMOMUHKS. [ MAPH] aTIOMUHUS U ATFOMOTHIPUIBI [IETOYHBIX
MeTa/uioB, M3MeHEHHe YCTOMYMBOCTH COCIMHEHUN 3JIEMEHTOB B HU3KHX CTEIECHSIXOKUCICHUS B
HOATPYIIE, a TaKkKe ropu3oHTaabHOM psnay: TI-Pb-Bi. Comocrasienne CTpoeHHs HCBOMCTB
omnotunabix coeauuenuit T1 (1) u Rb (1), Al (111), Sc(I11), Ga (111) u Zn (I). [IpuMeHeHMEe aTIOMUHUS,
raJyIvs, HHIUS, TAUIAS ¥ UX COEANHEHUIA.

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

DneKTpoHHas KOHGUTypalus, pa3Mep aToMa, SHEepPrus MOHU3ALMU U CPOJICTBO K 3JIEKTPOHY,
AIEKTPOOTPHUIIATEIFHOCTh. 3aKOHOMEPHOCTH B M3MEHEHUH npovyHocTu D-2, D-H, O-I" (I'-ranoren) u
3-0 cBsseit. OcobennocTr kareHauu B psagy C-Si-Ge-Sn-Pb. XapakTepHbie CTEEHH OKHCICHHSN
KOOpauHAIMOHHBIEe yKciia. OCOOEHHOCTH YIiepoa.

THunbl CTPYKTYp ¥ OCOOEHHOCTH XUMHUYECKON CBSI3U B TBEPJIBIX NMPOCTHIX BellleCTBaX. Ajmas,
rpadut, kapouH, pymiepers! (Ceo, C7o 1 T.1.) — nonmmmopdHbIe PopMBI yriaepoaa. 3aKOHOMEPHOCTH
U3MEHEHUS (U3MUECKUX ¢ XUMHYECKHMX CBOMCTB TMPOCTHIX BEUIECTB: B3aWMOJEUCTBUE C
pa3zbaBieHHbIMU U KOHIEeHTpupoBaHHbIMH pacTBopamu HC1, HNO3z, H2SO4, NaOH, merannamu,
Hemetaiamu. CoeIMHEHHS BKITIOYCHHUS.

Paznuuyrie B peakuMOHHOW CIOCOOHOCTH  YIJIEBOAOPOJOB U  CHUJIAHOB, XJIOPUIOB
yriepona(CCls) u kpemuus (SiCly).

CO u CO2: nonyuenwue, conocrarienue ctpoerus (MO JIKAO, MBC), ¢usndeckux (3HEpTHs
JUCCOIMAIINY, JIUTIONLHBI MOMEHT, TeMmIiieparypa (a3oBBIX IEPEXOJ0B) M  XUMHUYECCKUX
(B3aumopericteue ¢ HoO, Metaninamu, OKMCIUTENIbHO-BOCCTaHOBUTENbHBIE cBOMCcTBA, CO n CO2 kak
nuranael) cBorcTB. CBoiictBa SiO2. ComocraBnenue crpoenuss u  cBoiictB HCOOH wu
H2COs.Tepmuueckast yctoitunBocTh kapOonaros. ComnocraBnenne crpoeHus u cBoiicts CO2 u H2COg,
KapOOHATOB M CUIMKATOB. OCHOBHBIC THIIBI CTPYKTYP CHIIMKATOB.

CrtpoeHre 1 CBOHCTBA IMAHOBOIOPO/1a, POJJAHOBOIOPO/IA M UX IMPOU3BOIHBIX.

®u3nyeckue U XUMHUYECKHE CBOWMCTBA KPEMHHMs, T'€pMaHus, OJ0Ba, CBHHIA. KpemHuiul u
repMaHui — TOJTYITPOBOIHHUKH.

3aKOHOMEPHOCTH B U3MEHEHHUU CTPOCHUS K XUMUYECKIX CBOHCTB OKCHIOB M THUIPOKCH 0B (Ge-
Sn-Pb (Tepmuueckas yCTOWYMBOCTH, KHUCIIOTHO-OCHOBHBIE W OKHCIIUTEIIbHO-BOCCTAHOBHUTEIIBHBIC
CBOICTBA).

[Mpupoausie coemuuenus C, Si, Ge, Sn, Pb. [IpuHIMIBI TOJYYEHHUS MPOCTHIX BEIIECTB.
[IpuMeHEHHEe TPOCTHIX BEIISCTB M OCHOBHBIX XHUMHYECKHX COCTUHCHHA: OKCHUIOB, OKCOKHCIIOT
UTHJIPOKCHJIOB, THIPHUJIOB, XAJIbKOTEHHUIOB, KApOUIOB M CHJIMIIHJIOB, KApOOHATOB, CHITUKATOR.

15. Dnementsl V A rpynmsl: a3o0T, pocdop, MBILIbSIK, CypbMa, BUCMYT

OOmias XxapakTepuCTHKa DJEMEHTOB: OJJICKTPOHHAas KOHQUTypalus, pa3Mep aToMOB,
SHEPTUSIMOHMU3AIIMN U CPOJICTBO K AJIEKTPOHY, JEKTPOOTPHUIIATEILHOCTh aTOMOB. 3aKOHOMEPHOCTH
BU3MEHEHHH KOOPIMHAIIMOHHOTO YMCiIa, MPOYHOCTH OAMHApPHBIX (D-3) m nBoHBIX (D=03) cBi3eil,
CTaOUIIbHOCTH COETMHEHHH ¢ XapaKTepHBbIMHU CTeNEeHsIMH okuciaeHus. OcoOble cBOMCTBA a30Ta.

MO u cBoiictBa N2, N2*. Ctpoenue 6eoro, KpacHOro 1 uepHoro Gpocdopa, MbIIIbAKA, CYyPbMbI
Y BUCMYTa. 3aKOHOMEPHOCTH B U3MEHEHUH (DM3MUECKUX M XUMHYECKHUX CBOMCTB MPOCTHIXBEIICCTB.
MeToap! CBS3bIBAHUS MOJICKYJIIPHOTO a30Ta.

Ocob6ennoctu crpoenus (BasieHTHbIe yriibl H-O-H, nynmna cBsizu O-H, qunonbHBI MOMEHT),
3aKOHOMEPHOCTH B U3MEHECHUH (PU3NUECKHX U XMMHUYECKUX CBOMCTB BOJOPOJHBIX coeanHeHuit DH3
(Temmneparypa (a3oBbIX TEpPEXOJ0B, TEPMHUYECKass YCTOWYUBOCTh, KHCIOTHO-OCHOBHBIE U
BOCCTAHOBUTEIbHBIE  CBOWcTBa). [lomydeHme w  CcBOWCTBA  aMMMaKka, AaBTOMOHHU3AITHS,
peaKklMU3aMeIleHUs, AaKIEeNnTOpHble (IMPOTOJIUTHYECKOE B3aUMOJCHCTBUE CBOJOW), JOHOpPHbBIE
(oOpa3oBaHHEaMMHUAKaTOB) M BOCCTAHOBUTENLHBIE CBOWCTBA aMMHUakKa. TepMHUUYecKass YCTOWYHUBOCTh
coneitammonus — (ochaToB, XJIOpUIOB, CyTHGATOB, HUTPATOB, HUTPUTOB. COMOCTABIEHUE CTPOCHUS
ucsoiicte runpokcunamuHa NH>OH u rumpasuna N2Hs (KMCTOTHO-OCHOBHBIX M OKHCIUTEIBHO-
BOCCTAHOBUTEJBHBIX).

CrtpoeHue 1 CBOMCTBAa a30TUCTOBOAOPOIHON KUCIOTHI. COCTaB, CTPOCHHE U 3aKOHOMEPHOCTH
B m3MeHeHnn cBoicTB okcuaoB azora: N2O, NO, N203, NO2, N20s4, N2Os (mumonbHbBIII MOMEHT,



[Tonyuyenne oxcumoB azota. Cxema MO, comocrasienue cBoiictB NO u NO+. Anmonnsie (NO2',
NOs3) u katuonnsie (NO*, NO2") dopmbr okcumos asora (I1), (V). JducnponopuuoHrpoBaHHe
okcuoB azora (1), (IV) B kucioit u mienouHoi cpenax, MONMSIPHBIX U HEMOISPHBIX PACTBOPUTEIISX.
CunTte3 6€3BOHBIX HUTPATOB MeTa/LTOB. Tepmuueckoe pasnokenue HurpatoB metaios (Na, Ag, Pb).

[Tonydyenue, comocraBienue crpoeHus u cBouicTB azorucroir (HNO2) m asorHoit (HNO3)
KHCIIOT:  yCTOMYMBOCTh,  KHCIOTHBIE U  OKHCIUTEIbHO-BOCCTAHOBUTENIbHBIE  CBOICTBa
BOAHBIXpacTBOpoB. OxucinurensHble cBoiictBa HNO3z.  3aBucuMocTh cocTaBa  MPOIYKTOB
B3aumojeiicteuss HNOz+MeTann oT KOHIEHTpalMu a30THOM KHUCIOTHI M MPHUPOABI MeTaa.
I'unoasorucrasikuciora (HON)2: cTpoeHre, KHCIOTHBIE U BOCCTAHOBUTEIbHBIC CBOMCTRA.

Ocob6ennoctu crpoeHust okcunoB ¢ocdopa (H1) u (V). 3akoHOMEpHOCTH B HM3MEHEHUHU
KHCIIOTHO-OCHOBHBIX, OKUCJIUTEIbHO-BOCCTAHOBUTENBHBIX CBOMCTB M TEPMHUYECKONH YCTOWYUBOCTH
kucinor HsPO2, Hs3POsz, H3POs. BsaumopeiictBue ¢ocdopHoro anruapuma ¢ BOAOH.
KongnencupoBanusie ¢ocdatel. Opto-, mnupo-, Mera-, nonumeradocdarsl. BiaumoneiictBue
pactBopumbix cosieir HsPOs, H3PO3s, H3PO2 ¢ AgNOs.

Crpoenre u corictBa xiaopuaoB (PClz, PCls) u okcoxmopuma (POC13) pocdopa. Coeaunenus
dhocdopa ¢ azorom.

Huarpammsl BD-CO coenunenwii azora u gocdopa.

OO01re TeHIeHIIMU B U3MEHEHUU CTPOCHUS U CBOMCTB OKCHUJIOB U OKCOKHUCIIOT 3JIEMEHTOB VA
rpynnsl [lepuonnyeckoil cuctembl (KUCIOTHBIX U OKHCIHUTEIbHO-BOCCTAHOBUTENBHBIX). OCHOBHBIE
MPUPOIHBIE COEAMHEHUS, MPUHLUIBI TMOJyYeHUsS U3 HUX a30Ta, (ochopa, MBIIIbIKA, CYpbMBI,
BucMyTa. Ponb coennnenuit a3ota u ocdopa B SKOJIOTUU U B OMOJIIOTUYECKUX MPOIIECCax.

16. Onementsl VI A rpynmbl: KUCIOPOJ, cepa, CeIeH, TEILTyp

3aKOHOMEPHOCTH B W3MEHEHHH JJICKTPOHHON KOH(HUTypamuu, BEJIHYUH PaTUyCOB, SHEPTHS
MOHM3ALMHU U CPOJCTBA K DIIEKTPOHY, XaPaKTEPHBIX CTETICHEH OKHCICHHS, dJIEKTPOOTPULATEILHOCTH
atoMoB. OTIMYMTENBHBIE CBOMCTBA KHCIOPOAA, G M T-CBSA3BIBAaHHE, OCOOCHHOCTH KaTEHAIUU
(oOpa3oBaHus TOMOSIICPHBIX 1eneil) B psagax O-S-Se-Te, C1-S-P-Si. O30n. O30HUIBL

Cxema sHepreTudeckux ypoBreit MO, ocoO0eHHOCTH CBOMCTB MoeKyIbl O2 1 noHoB 02" 1 O2”
. IamMenenne coctaBa MOJIEKYJI, BHYTPH- U MEKMOJICKYJISIPHOTO B3aUMOJICHCTBHS B Py KHACIOPOJ-
cepa-CceleH-TeJuTyp. 3aKOHOMEPHOCTH B M3MEHEHUH (PU3NYECKUX CBOMCTB IMPOCTHIX BEIIECTB (PHEPTHUS
KPUCTAJUTMIECKON peIeTKH, Temreparypa (a3oBbIX MpPEBpalleHHH, TeMmIepaTypHas 3aBHCHMOCTD
Bs3KOCTH cepbl). CpaBHeHHE (Da30BBIX JMarpaMM BOABI M CEpbl. XMMHYECKHE CBOMCTBA MPOCTHIX
BEIIECTB: AHAIOTHS B TMPOIECCaX B3aMMOJACHCTBHS TaJlOTEHOB HMXAJIbKOT€HOB C  BOJOM,
B3aMMOJICHCTBHE XAIBKOT'€HOB C HEMETANIaMH M MeTaulaMu. XaipkoreHuabl. Kucnopon, cepa, ceneH,
TeJTyp B Teo- u ouocdepe. [lomyueHne mpocTHIXBEIECTB U3 MPUPOTHBIX coennHeHmid. [IpuMenenne
KHCJIOPO/a, XaJTbKOTCHOB M X COCTUHEHHN.

Bonoponnsie coenunenus. [lapamerpsr Mmonekyn HzD (anuHa M 3HEprust cBsi3u, BaJICHTHBIH
yroi), 3aKOHOMEPHOCTH W3MEHEHHs (U3MYECKHX CBOWCTB MOJIEKYN (JAMITONBHBIA MOMEHT,
SHEPTUSIINCCOLIUAIINY, TeMIlepaTypa (a3oBbIX Mepexo10B). ABTomnpoTtonus coeaqunenuid HI' u H209,
MXB3aMMOJICHCTBUE C BOJOW. 3aKOHOMEPHOCTH B W3MEHEHHH KHCIOTHBIX M BOCCTaHOBHUTEIHHBIX
CBOMCTB XaJIbKOreHOBOAOPo10B. Ocoboe nmonoxkenue H20 B psny coenunenuit H20. Iepokcnasr H-
O-O-H, runponepokcuast M-O-O-H. IMonucynbdansr H-(Sn)-H.

Oxcuipl XanpKoreHoB. CpaBHEHUE CTPOCHUS U CBOMCTB N303JIEKTPOHHBIX aHaoroB: S0, SOz,
NO>. ComocraBiienne cTpoeHuss U cBoMCTB okcuoB D02 u D03, Ycemosus okucierus SOz B SOs.
Oxcoxkucnotel H2SO3 1t H2SO4: Koppensimst CTpOSHUST aHHOHOB ¥ XUMUYECKHUX CBOMCTB. TayTomepus
oucynbdut-noHa. CTpoeHue, MOydeHUE, OKUCIIUTEIbHBIC W BOJyOTHUMaronue cBoiictBa H2SOs.
Cucrema H20~SOs. Tepmmyeckas yCTOWYHBOCTH Cyib(aToB. CONOCTaBIEHHE CHIIBI KHCIOT,
TEPMUYECKOM YCTOMYMBOCTM M OKHCIWUTEIBHOM aKTHMBHOCTH OKCOKHCHOT H2003 m H200a.
JlnarpaMMbl BOJIbT-9KBHBAJICHT — CTETIEHb OKHUCIICHUS B PAIY XaJIbKOTCHOB.

CtpoeHue, nonydyeHue, cBoiicTa THoCyb(dara HaTpus. ['oMosiepHbIe IenH B MOJIM-THOHATAX
[O3S -(Sn)- SOs], roe m = 1-22. M3oanekrponnbie 3amemenus B HoSOs: aromakuciopoaa Ha cepy
(Tnocynbdar-uon), nepokcorpyniy -O-0O- (H2SOg); THAPOKCHUIIEHON TPYIITBI



-OH nHa mocTuKOBBIH KHCaopoa B moaucyinbdatax, [SO4-(SO3z)n]2 rae n = 1,2,3; Ha rajgoreH B
okcoranmoreannax D020z u Ha mepekucHyro rpynmny -O-O- B mepokcocyibdarax H-O-0O-SO,-OH.
CtpoeHue U CBOMCTBA TaJIOTEHHUIOB CEPBI, CEJICHA, TEITypa.

17. Dnementsl VIIA rpynmsr: ¢rop, xsop, Opom, non

3aKOHOMEPHOCTH B HM3MEHEHHHM JJIGKTPOHHOM KOH(MUTypaluu, BEJIUYUH PaJUYCOB,
SHEPTMMMOHU3ALUHU, CPOJACTBA K JJIEKTPOHY, 3JIEKTPOOTPULIATEIBHOCTH, XAPAKTEPHBIX CTEHEHEHN
OKHCJICHUSIaTOMOB rajoreHoB. Paznuune snepruu 3s- u 3p, 4S- u 4p, u 5S- u Sp- opOuTaneii u cBoicTBa
rasioreHoB.OcobeHHoctu (ropa. Ananorust ¢prop - Bomopoa. Ctpoenune mojekyn rajgorenoB (MO
JIKAO), MEXMOJEKYISPHBIC B3aUMOICHCTBUS M (PU3UIECKHE CBOMCTBA TPOCTHIX BeleCTB. [ [puHIHIIBI
MOJIy4EHUS IPOCTHIX BEIIECTB U3 MIPUPOIHBIX coeMHEeHUH. [[puMeHenune rajoreHos.

B3auMozeiicTBrE TAIOT€HOB ¢ METaUIAMHU U HEMETaJUIaMH. 3aKOHOMEPHOCTH U3MEHEHUSATUIIA
XUMHUYECKOH CBSI3U U CBOMCTB rajgoreHu10B aieMenToB |-V rpynn [lepuonuyeckoii cucremsl. I'omo-
U T€TEepOJIUTHYECKUE TYyTH pa3pbiBa CBSI3U B MOJIEKYJaX rajJloreHOB (B3aMMOJEUCTBUE C BOJOPOJIOM,
yTIEBOJIOPOIAMU)..

Crtpoenue Mmonekyn (MO JIKAO) u ¢usnueckue cBONCTBa (IHEPTUs IUCCOLMALNU, IH-
MOJIbHBI MOMEHT, TeMIIepaTypa IJIaBJIEHUS, KUIIEHUS) ralloreHoBO10poAoB. CrocoObl MONTyd4eHus.
Cucrema HCI - H20. 3akOHOMEpPHOCTH B U3MEHEHHHM KHUCJIOTHBIX U BOCCTAHOBUTEIBHBIX CBOMCTB
raJOr€HOBOJIOPOHBIX KUCIIOT.

B3anmMopeiicTBie TallOr€HOB € BOJOW: COJIbBAaTallsl M KIATpaTooOpa3oBaHUE, TeTepo-
JUTUYECKOE pa3oXKEHHE, TEPMOJUHAMUYECKHE M KHUHETUYECKHE (aKTOphl, OINpeAEIAIone
COCTaBINPOYKTOB B3aUMOJEHCTBUS FaJIOT€HOB C BOAOM.

KucnoponHble coeuHEHUs raloreHoB. 3aKOHOMEPHOCTU B CTPOEHMM U CBOMCTBaX OKCHJIOB.
CnocoOpl  momydeHus. H3mMeHeHHe CTpOE€HUS U CBOMCTB  (TepMHuUEcKas YCTOWYMBOCTb,
OKHUCJIUTEIbHBIE, KUCIOTHO-OCHOBHBIE CBOMCTBA) KUCIOPOAHBIX KUCIOT rajoreHoB no psay HI'O —
HI'O2 — HI'O3 — HI'Oa.

ConocraBneHue YCTOWYMBOCTH U OKUCIIUTENbHBIX CBOMCTB KUCIOPOJHBIX KUCIOTIAJIOTEHOB C
nomouisio auarpamMm BO-CO. [1opsa1ok B3aMMHOT0 BHITECHEHHSI FAJIOT€HOB U3 TaJOT€HOBOOPOIHBIX,
KHCIIOPOIOCOIEPKAIMX KUCIIOT U UX COJIEH.

Mexranorennsle coenuHenus (MI'C). CrtpoeHue Moijekyn B MNpUOIMKEHHH METOAA
BaneHTHbIX cBsizel (MBC). Karuonnsie u anuonssie ¢popmbl romoatroMubsix MI'C. OHeprus cs3w,
cTpoeHue (Mojenb ['Wiencu) u TepMudecKas YCTOMYMBOCTH reTepoaToMHbix MI'C. AnHanorusi B
xumuueckux cpoiictBax MI'C u mpocTbix BemiecTB ['2: B3auMoJeiicTBHE ¢ BOAOH, OKHCIEHHE
MeTaisioB, aBToMoHu3anus. Karnonnsle n annonusle ¢popmbl rerepoatoMueix MI'C. Ilpumenenue
MI'C.

18. Dnements! VIII A rpynmbl: nHEpTHBIE Ta3bl

DeKTpoHHass KOH(UTYpalUsi, BETUYHHBI PaIAyCOB U YHEPTUH HOHU3AIIUU aTOMOBHUHEPTHBIX
ra3os.

[Tomydyenue, cTpoeHHE, CBOWCTBA WHEPTHBIX Ta30B: TeMmriepaTypa (a3oBBIX IEPEX0JI0B,
pPacTBOPUMOCTH B BOJIE, KJIaTPAThI, B3aUMOJACHCTBHE CO (PTOPOM.

Cunre3 coeauHenuii wuHepTHbIX Ta3oB (baprnerr). Crpoenue, cBoiicTBa (GTOPUAOB
kceHoHaXeF2, XeF4, XeF6 (B3aumoneiicTBHE ¢ BOJOH, JUCTIPOTIOPITMOHUPOBAHHE, OKHCIUTEIIHHO-
BOCCTAaHOBUTEbHBIE CBOMCTBA). Kucmopoausie coemuuenus. Tpex1eHTpoBasi, YeThIpEXdIEeKTPOHHAS
CBs3b BO (ropumax WHEpPTHHIX raszoB. Jumarpamma BD-CO coenunenuiikceHoHa. [IpumeHeHme
WHEPTHBIX Ta30B.

Onements! VI b rpynmst

OneMeHThl TpUazbl JKeJes3a: JKene30, KobOanbT, HHUKenb. CpaBHEHHE DIEKTPOHHOM
KOH(Urypaluy, BEIUYHH PaJdyCcOB, SHEPIMHM HOHU3ALUH, XAPAKTEPHBIX CTENECHEW OKUCICHHS WU
KOOPJAMHAIIMOHHBIX YHUCENl 3JIEMEHTOB Tpuaibl kene3a. [lomydeHue, cBOWCTBAa MPOCTBHIX BEILIECTB.
®eppomarnerusm. Koppos3us skene3a um nytu ee mnpenorBpamieHus. CoONOCTaBIEHUE CTPOEHUS
uxummuueckux cBorcts coenunenuii Fe, CO, Ni co crenenbto okucienus Il u 11l. CpaBHeHnecTpoeHust
Y CBOMCTB KOMIUIEKCHBIX (I[MaHUIbl, AMMHKATBHI, TAJOT€HUIbI) COSAMHEHHH jKene3a,ko0anbTa, HUKEIs.



OKHUCJICHUS. 3aKOHOMEPHOCTH B (DM3MYCCKHUX U XMMHUYECKHX CBOMCTBaX MPOCTHIX BemecTB. CTpocHHE
u coiictBa RUO4, OsO4. KommiekcHbIE COETMHEHUS: TUITBI, H30MEPHSs, BIUSHUCTIPUPOIBI JINTAHA U
JNEKTPOHHOW  KOH(PUTYpAallMM  IEHTPAJbHOTO aTOMa Ha  CTPOCHHEKOMILICKCHOTO  HOHAa,
TepMOJAMHAMUYECKAsS M KHWHETHYECKas yCTOWYMBOCTh, 3hdext TpancBausuus (M.M.YepnseB) u
HaIPaBJICHHBIA CHHTE3 KOMIUICKCHBIX COCIMHCHHM.

Bomnpocs! 1151 ceMuHapoB, KOJJIOKBUYMOB, IPUMEP UTOTOBBIX TECTOB
Tema 1. OcHOBHBIE TOHATUS U 3aKOHBI XUMHUU

1.ATOMHO-MOJIEKYJISIPHOE YUCHUE.

1.1.AToMmHas rumoTe3sa.

1.2.3akoH coxpanenus maccol. (JJomonocoB M.B., JlaByasse A., DiiHIITEHH A.)
1.3.Atom. Monekyna. Ar. Mr.

1.4.IIpocToe BemecTBO U1 XUMUYECKUI 3JIEMEHT.

1.5.3akoH nocrostHcTBa cocTasa. (IIpycr).

1.6.Coeunenus mepeMeHHOTo COCTaBa.

2.I'a30BO€ COCTOSIHHE.

2.1.3ak0H 00BEMHBIX OTHOIIICHUH.

2.2.3akoH ABorajapo. [TocrosinHas ABoraapo.

2.3.0npenenenue MOJIEKYISIPHBIX Macc BELIECTB, HAXOIALINXCS B
razoo6pasHom coctosinuu. (Jlaboparopnas padora: «Onpenenenue
MoursipHoit Macchl CO2»).

2.4.Ypauenue Knaneiipona-MenpeneeBa. Y HuBepcaabHas ra3oBast
IOCTOSIHHASL.

2.5.IlapumanbHoe JaBJICHKE rasa.

2.6.3aKkoH napluyaibHbIX AaBiaeHui JlanbpToHAa.

3. OKBHBAJICHT U BaJCHTHOCTb.

3.1.0kBuBanenT. MosnspHas Macca SKBUBAJIEHTA. 3aKOH KBUBAJICHTOB.
3.2.0npeneneHre SKBUBAJIEHTHON MacChl TPOCTOIO BEILIECTBA.

3.3. BanentHoctb. Onpenenenue. PaznuuHble equHULBI BaleHTHOCTU. CBS3b
MEXIYy BAJICHTHOCTBIO, MOJISIPHOW U MOJIBHOM MaccOi SKBUBAJIEHTa IMPOCTOrO BEIIECTBA.
3.4.OKBUBAJIEHT U MOJISIPHAs MAacca SKBUBAJIEHTA CJIOKHOIO BEILIECTBA.
4.BaxxHelme KiIacchl U HOMEHKJIATypa HEOPTaHMYECKUX BEIIECTB.

4.1 .MeTtannsl 1 HEMETAJUIBI.

4.2 buHapHble COeIMHEHHs (OKCUIBI, TaTHIbl, HUTPHUJIbI, KApOUIBI, THAPUIIBI).
4.3. 'mapokcunsl. (OcHOBaHUA).

4.4, KHUCIOTHI.

4.5. Comn.

Tema 2. BBeenue B TEOpHIO XUMUYECKUX ITPOLIECCOB

1.OHepreTrka XUMHUYECKUX MTPEBPALICHUIA.
1.1.0cHOBHBIE MapaMeTPbl COCTOSTHUS CUCTEMBI.
1.2.TentoBoit 2P PeKT peakuu.

1.3.Tentora 06pa3oBaHusl, TEIJIOTA CTOPAHHUSL.

1.4. TepmoxumMudecke ypaBHEHHUS.

1.5. TepmoxumMudecKkue 3aKOHbI.

1.6.CtannapTHbI€ yCIOBHS.

1.7. TepmoxuMnyecKkne pacyeTsl.

2.OCHOBHBIE MOHATUA XUMHYECKON TEPMOJUHAMUKH.
2.1.1-p1ii 3aKOH XHMHYECKOH TePMOTTHAMHUKH.

2.2 OHTanenus.

2.3.BHyTpeHHSS SHEPTHSL.

2.4.CaMONIpOU3BOJILHBIE U HECAMOIIPOU3BOJIBHBIE ITPOIECCHI.
2.5.2-011 3aKOH XUMHUYECKOW TEPMOTMHAMHUKHU.
2.6.OHTpOonuA.



2.8.CranmapTHble TepMOAMHAMUYECKHE (PYHKITMU M UX pacyeT Ha OCHOBE 3akoHa [ ecca.
2.9.YcioBus puHIMIUATBEHON BO3MOKHOCTH MTPOIIECCa.

3.XuMu4ueckass KHHETHKA.

3.1.CKOpOCTh XUMHUUYECKUX PEAKIIUH.

3.2.3aBUCHUMOCTb CKOPOCTH OT KOHI[EHTPAIUHU (KOHCTaHTa CKOPOCTH).
3.3.0CHOBHOE KMHETUYECKOE YpaBHEHUE.

3.4 Ilopsaiok peakiuii ¥ €€ MOJICKYJISIPHOCT.

3.5.3aBUCHMOCTB CKOPOCTH peakIMK OT TeMIiepaTypsl (rpaBuiio Bant-I'odda).
3.6. DHeprus akTUBALIMM, YHEPTETUUYECKUE TUArPAMMBbI.

3.7 IlepexoqHoe COCTOSIHUE CUCTEMBI.

3.8.3aBUCHUMOCTb CKOPOCTH PEAKIMH U SHEPTHH aKTUBAIIMU OT TEMIIEPATYPBHI.
3.9.YpaBHenue Appenuyca.

3.10.MexaHu3M XUMUYECKUX PEaKIUM.

3.11.®usunyeckre METOAbl CTUMYJIMPOBAHUSA XUMUYECKUX PEAKIUM.
3.12.MexaHu3M XUMUYECKUX PEaKIUM.

3.13.®usunyeckre METOAbl CTUMYJIMPOBAHUSA XUMUYECKUX PEAKIUM.
3.14.KaTtanu3, BIusiHUE KaTalu3aTopa Ha SHEPTUI0 aKTUBALIUU IIpoliecca,
TOMOT€HHBII U TeTepOTreHHBIN KaTaaus.

3.15.OHTanbpnuiiHas quarpaMma XuMUYeCKOW PeakIuy ¢ KaTaanu3aTOPOM.

4. XuMHuueckoe paBHOBECHE.

4.1.06patumble U HEOOPATUMBIE MPOLIECCHI.

4.2.3aKk0oH JACHCTBYIOIIMX Macc.

4.3.KoHCTaHTa XMMHYECKOI'0 PABHOBECHUS U €€ 3aBUCUMOCTD OT
TEeMIIepaTyphl.

4.4 ITpunnun Jle-larense.

Tema 3. PacTtBOpHBI

1.OcHOBHBIE IOHSATHSI O PaCTBOPAX.

1.1.0npenenenusi: pacTBOp, paCTBOPEHHOE BEIIECTBO, PACTBOPUTEIND,

PacTBOPUMOCTb.

1.2.Cnoco6sl BbIpaxeHHsI KOHIIEHTpalM1 pacTBOPOB.

1.3.TepmoauHamMuKa pacTBOPEHHUS.

1.4.0OcHoBHbIe MOHATHS: (a3a, CUCTEMA, CTETIEHb CBOOOIBI.

1.5.Ycnosue paBaoBecus ¢as. [Ipasuno ¢az 'ub6ca.

1.6.®a30BbIc paBHOBECHUS B OIHOKOMITOHEHTHBIX cuctemax (H20, S).

1.7.3aBUCUMOCTb paCTBOPUMOCTH TBEP/BIX, KHUJKHX U ra3000pa3HbIX

BEIIECTB OT TEMIIEPATYPHI.

2.OCHOBHBIE 3aKOHBI JIJIsl PACTBOPOB HEAJIEKTPOIUTOB.

2.1.3akon Payns, cneactus us 3akoHa Payss.

2.2.3aK0H OCMOTHYECKOTO JTaBJICHUS.

2.3.3akoH ['enpn.

3.PaBHOBECHA B pacTBOpax 3JIEKTPOJHUTOB.

3.1. Iuccounarusi B BOAHBIX PACTBOPAX AJIEKTPOIUTOB.

3.2.30ToHN4ecKkuii KOI(DPUIMEHT, CTENEHb AJICKTPOIUTHUUECKON JIACCOIAAINH,
HXB3aUMOCBSI3b.

3.3.PaBHOBecHsI B pacTBOpax CJIaOBIX W CHJIBHBIX AJIEKTPOJIUTOB, KOHCTAHTAIHNCCOIUAIINH.
CpaBHeHHUE CBOWCTB CJIA0BbIX U CHIIbHBIX AJIEKTPOJIUTOB.

3.4.I'ereporennsle paBHOBecus. [Ipon3BeneHne pacTBOPUMOCTH.

4.0OCHOBHBIE MOJIOKEHUS TEOPUI KHCIOTHO-OCHOBHBIX PAaBHOBECHUI.

4.1.Teopus bpencrena-Jloypu, JIptonca u ap.

4.2 IToHATHE CKUCIIOTa» U «OCHOBAHUE» B PA3JIMYHBIX TEOPHUSIX.

4.3.OCHOBHBIE MOJIOKEHUS, CONPSKEHHBIE Napbl KUCIOT U OCHOBAaHUM.

4.4 PaBHOBeCHS B CpeZie HEBOJHBIX IPOTOHHBIX PACTBOPUTEIEH.

4.5.I'naponn3 Kak YaCTHBIN Cllydail IPOTEOIUTHUECKOIO PABHOBECHS.

IIpumepsl.



4.6.Pacuet pH u KOHIIEHTpalUii 1711 BOJHBIX PACTBOPOB AJIEKTPOIUTOB.
Tema 4. Kunetuka u MeXaHuU3M XUMHYECKUX pEAKIINI

1. Xumuueckoe paBHOBECHE.

2.Koncranra paBHOBecHs.

3.CKOpOCTh XUMUYECKOMN peakliiy, €€ 3aBUCUMOCTh OT MPUPOAbI U KOHIIEHTPAIUUPEAreHTOB,
TEeMIIEPaTypPhl

4.Yem 00bsACHSAETCS OBBIIIEHHE CKOPOCTH PEaKIMU MIPU BBEACHUU B CUCTEMY KaTanuzaTopa?

5.Ilopsimok peaknuu.

6.MosnekynsIpHOCTb peaKIuu.

7. IloHsTHS 00 AKTUBUPOBAHHOM KOMILJIEKCE. DHEPrUsl aKTUBALIUU

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

9.VpaBuenue Appenuyca.

10.MexaHu3M 1 KHHETUKA PEAKIIMi B TOMOT'€HHBIX U T€TEPOreHHBIX CHCTEMaX.

11.1lertHbIe U KOEOATEIBHBIE PEAKITUH.

12.'OMOTreHHBI U TreTepOreHHbIN KaTanu3. AyToKaTalus.

Tema 5. Mogenu cTpoeHus aToMa U XUMUYECKOM CBSI3U

1.Monenu crpoenust atoma. CoBpeMEHHBIE MPEACTaBICHUSI.

2.Ypasuenus lpeaunrepa. KBantoBbie ynciia, pacieT MaKCUMaIbHOM

€MKOCTH YPOBHEH U MOJYPOBHEW B aTOME, ITpaBHJIa 3aIl0JIHEHUS UX

AIIEKTPOHAMH.

3.Ilepuoanueckas cuctema xumudeckux 3eMeHToB ([ICX3). ATomHbIE U HOHHBIE

pamuycsl; p-, d- u f-coxaTre. DHEeprusi HOHU3AIMHU, CPOJICTBO K JICKTPOHY,

ANEKTPOOTPULATENBHOCTh. MI3MEHEHHE 3THX CBOMCTB B MEPUOAAX U

noarpynnax I[1CD.

4.IlpencraBnenue o XUMHUECKo# cBsi3u. KonnuecTBEHHbIE XapaKTEPUCTUKU

MPOYHOCTH CBSI3U. MOJEIn XMMHUYECKOM CBSI3H.

4.1.KoBanenrtHas cBa3b. Meto BaneHTHbIX cBs3eil (MBC).

4.2 IlpoctpancTBeHHass KOHGUTYpALUS MOJIEKY U HOHOB: THIIbI

rUOpUAM3ALMHI U TEOMETPHUSI YACTHIL, MOJIETb OTTAIKUBAHUS

AIICKTPOHHBIX TIAp BaJCHTHO# 000m04kH (Teopust [ miecmn).

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

reTepOATOMHBIX YaCTHII.

4.4 Meranmnuueckas CBsi3b MeTaiuibl, HEMETaUIbl, MOJYIPOBOJHUKH. 30HHas MOJENb
TBEPAOIO Tela.

4.5.MoHHas cBs3b. DHEPTUS KPUCTAJUIMYECKOM PEIIETKH.

4.6.B3aumoneiicTBue Mex 1y MoJiekyinamu. Ban-nep-BaanscoBa

B3auMoieiicTBrue. BomopoaHas cBsi3b.

4.7.BnustHue mpupoabl XUMUYECKOHN CBS3M HA XUMHUYECKHUE U (PU3HUECKHUE

CBOMCTBA BEIIECTB.

Tema 6. KoMIuiekcHbBIE COEIUHEHN

1.Onpenenenne KOMIUIEKCHOTO COEIMHEHUS.

2.OCHOBHBIE MTOHATHS KOOPIMHAIIMOHHON TeopuH (LIEHTPaIbHBIA aTOM,
KOMILIEKCO00pa3oBaTelb, JJUTraH]], JeHTaTHOCTh JIMTaH/1a,
KOOp/AMHAIIMOHHAas (BHYTpEHH:s) chepa).

3. Knmaccuguxaryst KOMIUIEKCOB.

4. IloBeneHrE KOMILJIEKCHBIX COEJUHEHH B pacTBOpax.

4.1. KoHCTaHTBI yCTOMYMBOCTH 1 00pa30BaHusl.

4.2.CryneHuaTasi KOHCTaHTa yCTOMYNBOCTH.

4.3.00mas1 KOHCTaHTa YCTOMYUBOCTH.



4.4 . XenatHblil 2QdeKT.

5.XuMunyeckas CBSI3b B KOMIUIEKCHBIX COEMHEHMSIX.
5.1.0nucanue KOMIUIEKCHBIX COCIMHEHUN € MO3UIMNA TEOPUU BAJICHTHBIX CBS3EH.
5.2.JlocrouncrBa u Hegoctatku MBC.

5.3.0nucanue KC ¢ no3unuii TeOpuu KpUCTALIUYECKOTO OIS,
5.3.1.0cuoBnble tonoxenus TKII.

5.3.2.Pacmierienue d-opouTaneii B OKTa3 IpHYCCKOM T0JIE.
5.3.3.Pacmierienue d-opouTaneii B TETpadAPHUECKOM IOJIE.
5.3.4.0ueprus pacuiemieHus. CHEKTpOXUMUYECKUN PS/I.
5.3.5.0Heprus cnapuBaHusl.

5.3.6.PacnipeneneHue 2JIeKTPOHOB B CHIILHOM TI0JIC.
5.3.7.PacnipeneneHue 3JIEKTPOHOB B CJ1a0OM ITOJI€.

5.3.8.Husko- u BBEICOKOCITMHOBBIE KOMILJIEKCHBIE COEIUHEHMUS. MaruutHsie

CBOMCTBAKOMIIJIEKCHBIX COEIUHEHNH.
5.3.9.0kpacka KOMIIJIEKCHBIX COCIMHEHUM.
5.3.10.JocrounnctBa u Hegoctatku TKII.
6./30MepHsi KOMIUICKCHBIX COSIUHEHUH.
7.KoMIUIEKChI ¢ OpraHUYeCKUMHU JIMTaHIaMU.
8.KapOoHubpl MeTasuioB.
9.Knatpatsl.
10.Peakiiny KOMIUIEKCHBIX COEIUHEHUIA.

Tect nmo Teme «KoMmIiekcHbIe COCAUHCHMU

1.CKOJIBKO 3JIEKTPOHOB Ha (-1o1ypoBHE HEBO30YKICHHOIO aTOMa XKeJie3a:

A2;64,B6;T"7; 15.

2.CKOIBKO 3JIeKTPOHOB Ha 0-1oypoBHe nona Fe®*?

A2;64,B6;T"7; 15.

3.KakoBo Bo3/1elicTBHE MOJIEKYJT BOJIbI KaK JIMTAHIAOB Ha MOH Fe

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

4 Kakoso coctostame Fe** kommexca [Fe(H20)s]**?

A HU3KOCTIMHOBOE; b BhIcOKOCTIMHOBOE; B He 3Hato; I - ; /] -.

5.CKOTBKO HECTapeHHBIX »JIeKTpOHOB B moHe Fed*
MmoutekyinH20:

A0;b1;B2;T 3; JI5.

6.KaKoBBI MarHUTHBIE CBOMCTBA HOHA B Kommiekce [Fe(H20)6]3?

A mapamarHuTHbii; b quamarautasiii; B ve 3nar0; I - ; /1 -

7 KakoBo Bo3zeiictBue nornoB CN™ kak nuranma Ha won Fed*

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

8.KaxoBo crmHOBOe cocTostHue Komrutekca [Fe(CN)g]>?

A HHM3KOCITHHOBOE; b BEICOKOCITHHOBOE

9.CK0JIbKO HEeCITapEHHBIX AIEKTPOHOB B HOHE F

3+n

3" B OKTadAPUIECKOM OKPYIKEHHH HOHOB

AO0;b1;B2;T 3; ]14.
10.KaxoBbI MarauTHbIe cBo¥icTBa noHa Fe3* B kommmekce[Fe(CN)s]>?
A mapamarauTHbIi; b quamarautaseii; B e 3naro0; ' - ; J1 —.

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

1.s-anemenTsI 1 rpymnmsl.

1.1.CpaBHUTENBHAS XapaKTEPUCTUKA FIIEMEHTOB.

1.2.IIpocTble BemecTBa.

1.3.CoennHeHus ET0YHBIX METAIIIOB.

1.3.1.MeTob! NOTY4YEeHUS TUAPOKCHIOB, KAPOOHATOB U UX TEPMUUECKas
YCTONYUBOCTb.

1.3.2.0co0eHHOCTH XUMUU JTUTHS.

1.3.3.ManopacTBOpuUMbIE COETUHEHUS.

B OKTa3JUYCCKOM OKPYKCHHUUN

CN-



1.3.4.Ilepokcuabl U WX OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIE CBOMCTBA.

2.d-smementsnl 1 rpymma.

2.1.CpaBHUTEIbHAA XaPAKTEPUCTHUKA DIIEMEHTOB.

2.2.CormocTaBieHre CBOMCTB JIEMEHTOB TJIABHOW M TOOOYHOM IMOATPYIIIIBL.

2.3.IIpocThle BelecTBa.

2.3.1.I1lonydyeHune MeTaioB.

2.3.2.B3auMoielicTBE METAJIOB C KUCIOTaAMHU.

2.3.3.CoenuHeHMS MeaM, cepedpa, 30J10Ta.

2.3.4.I'anoreHuipl: MOJy4eHUE, CBOMCTBA.

2.3.5.'mapoKCuIbl: TOJTy4YEeHHE, CBOMCTBA.

2.3.6.KomIuiekcHbIE COCIMHEHHUS MeIu, cepeOpa, 3oioTa. IlepeBom B pacTBOp METAJLIOB
WTAJIOTEHUIOB 3a CYET KOMIUIEKCOOOpa30BaHMsI.

Tema 8. Onementsl |l rpynner  TICXD JI.M1. Menaeneena

1.s-351eMeHTHI 2 TPYIIIIHI.

1.1.CpaBHuTENBHAS XapaKTEPUCTUKA JIEMEHTOB.

1.2.IIpocThie BeliecTBa.

1.3.MeTo1bl OJTy4YEHHUS.

1.4.VI3meHeHne XapakTepa CBSA3H B COSAMHEHUSIX. Y CTOMYUBOCTh KOMIUIEKCHBIXCOCAMHEHUN.
JuaronanbHoe cxoactBo Li — Mg.

1.5.CoennHenus S-31€MEHThI 2 Ipymnibl (OKCHIbL, TUAPOKCUbI, IEPOKCUIBI, COJIU, OMHAPHBIE
COCIMHCHHS).

2.d-371eMeHTBI 2 TPYIIIBL.

2.1.CpaBHUTENBHAS XapaKTEPUCTHUKA 3JIEMEHTOB.

2.2.IlpocTble BeliecTBa, B3aUMOAEHCTBHE ¢ KUCIOTaMU U LIEI0YaMH.

2.3.CoenuHeHus IMHKA, KaaMUs, PTYTH (OKCUIbI, THAPOKCUIBI, CYIb(MHUIbI, TATOTCHUIBI).

2.4 KoMIIeKCHbIE COEIMHEHUS LIUHKA, KaAMHUSI U PTYTH.

Tema 9. Onements! Il rpynner I[ICXD /.M. Menneneea

1.p-anemenTtsl 3 rpymimel 3nemenToB [1CX0.

1.1.CpaBHUTENBHAS XapaKTEPUCTUKA FIIEMEHTOB.

1.2.ITpocThie BemecTBa.

1.3.Metoab! OTyYEHUS.

1.4.bopHast KMCIIOTa: TTOyYeHNE, CBOMCTBA, CTPOCHHE OKCOOOpAT-HOHOB.
1.5.Coenunenus 6opa ¢ BOAOPOIOM: CTPOCHHE, CBOMCTBA.
1.6.CoetnHeHus alfOMMHHUS: UX XapaKTep U CBOMCTBA.

1.7.I'maposin3 cCOeAMHEHUI aTFOMUHUS.

1.8./InaronansHoe cxoacrtso Be — Al

Tema 10. Dnements! IV-A rpynnst [ICXD J[.1. Menneneesa

1.[Tonoxenue snementoB B [ICXD. DnexTpoHHas KOHGUTYpalus aToMa,

pa3Mepbl, JEKTPOOTPULIATENBHOCTb.

1.1.InaronansHoe cxoncTBo B u Si.

1.2.YcToHanBoCTh TOMOIEenen — 3 — D —,

1.3.ConocTaBieHne CTPOEHUS W CBOMCTB COEOUHEHUN C BOJOPOJOM, KHCIOPOIOM,
rajJloreHaMu.

2.Yraepon.

2.1.AnnotporHelie (OpMbI, CBOHCTBA.

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

2.3.KapboHat-uoH: CTpoeHUE, TEpMUUECKass yCTOMUUBOCTh. [ MIponn3 kapOoHATOB.

3.Kpemuwii.

3.1.CTpoeHue U ruApoan3 CUIUKATOB.

3.2.Cnocobnoctb niepexoaa SiO2 B paCTBOPUMBIE COCAMHEHHS.



3.3.@ropcoaepKaline COeIMHEHUS] KPEMHMUSI.

4.Iloarpyrima repMaHusl.

4.1.CpaBHUTENbHAS XapAKTEPUCTUKA PJIEMEHTOB.

4.2.1IpocTbie BeNIECTBA: OTHOIIEHUE K PACTBOPAM KHUCIIOT U IIEIOYECH.

4.3.Kucnoponocoaepxaliue COCIUHEHUs: OKCUIbl, THIPOKCH]bI; CPaBHEHHWE KHCIOTHO-
OCHOBHBIX U OKHCJIHTEIbHO-BOCCTAHOBUTEIBHBIX CBOWCTB B moarpyie u B psaay (1) - (1V).

4.4.Cynbuapl 1 THOCOIH.

Tema 11. Dnements! V-A rpynnel [ICX3 J[.. Menneneesa

1.CpaBHUTEIbHAS XapAKTEPUCTUKA HJIIEMEHTOB.

2.A30T: ctpoenue (MO) u cBOMCTBA.

3.Ilonydenue a3oTa B 71a00pPaTOpUU U B IPOMBILIEHHOCTH.

4.CoequHeHNs a30Ta.

4.1.CoenuHenus a3ota ¢ BOAOPOIOM.

4.2 .Okcugrl a3ora.

4.3.0kcoxucnotsl azora HNO2, HNOs wu ux conu.

5.®@ocdop: cTpoeHre TPOCTOro BEUIeCTBa, CBONCTBA, MOIYYECHHUE.

6.Coenunenust Gpocdopa.

6.1.Coenunenus gocdopa ¢ BOIOPOIOM.

6.2.'anorennaml.

6.3.0kxcupl.

6.4.0OKcoKuCIIOTHI (hocdopa B HU3IIMX CTCTICHIX OKUCIICHUS.

6.5.0prodochopras kucnora.

6.6.3HaKOMCTBO C 1OJIM(OCHOPHBIMU KUCIOTAMHU.

7.CpaBHUTENbHAS XapAaKTCPUCTHUKA JJIEMEHTOB IOATPYIIBI MBIIMIBIKA, WX CYIbQUIBI
HUTHUOCOJIH.

Tema 12. Dnements! VI-A rpynnst IICXD J[.1. MenneneeBa

1.CpaBHHTENBbHAS XaPAKTEPUCTHUKA DIIEMEHTOB.

2.IlpocThie BellecTBa.

2.1.®opmpbl cyliecTBOBaHUS B IpUpoAe. MeTo bl MOYUEHHS] U OUUCTKH.

2.2.@a3oBass  guarpamma  cepbl. [lomumopdHble  MoaudpuKanuu: — TOJTy4YeHHE U
ctpoenue.O0pa3oBaHUe TOMOSICPHBIX LIETICH.

3.CoenuHEeHHs Cephbl, CeNieHa, TeUTypa.

3.1.Coequnenus ¢ BOJAOPOJIOM: CTPOEHHUE U CBOMCTBA, mosrydeHue. CormocTaBjIeHUE CBOWCTBB
MOJIrpyTITIE.

3.2.Cynbbuasl, ceneHUIBI U TEJUTYPUIBl METAJUIOB.

3.3.I'amoreHu il Cephl: CTPOCHHE, CBOMCTBA, MOTyUYEHUE.

3.4.Coeaunenus I(1V).

3.4.1. Inokcunast 902: cTpoeHUE, CBOMCTBA, TOJTYyUYEHHE.

3.4.2.Cepaucras kuciora u ee coid. CpaBHEHHME KHCIOTHBIX M  OKHCIUTENIBHO-
BOCCTaHOBHTEIIbHBIX CBOMCTB Kuciot H2203 (D =S, Se, Te).

3.5.Coeaunenus 3 (1V).

3.5.1. Tpuokcuael. 3MeHeHne yCTOWYMBOCTH 1O MOATPYIIIIE.

3.5.2.CepHas kuciora W €€ coad. TepMOAMHAMHYECKash OIEHKAa YCTOMYMBOCTH
cynab(patoB.CpaBHCHHE CHIJIBI KUCJIOT W OKUCIHUTEIBHOW akTUBHOCTH B psaxy H2SOs — HoSeOs —
HsTeOs.

3.6.JIpyrue KUCIOPOACOAEPIKAIINE KHCAOTHI Cephl U MX coeauHeHus: TnocepHas (H2S203),
nepokcomonocepHas (H2SOs), nmepokcoaucepnas (H2S20g), nutnonosas (H2S206), momuTHOHOBBIC
(H2SnOg), nucepuucrast (H2S205), nutnonuctas (H2S204).

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

1.CpaBHUTEIBHAS XaPAKTEPUCTUKA HJIEMEHTOB.
2.0cHoBHBIe MUHepalibl. CIIOCOOBI MOTyYEHHUs] METAIIIOB.



3.CpoiicTBa xpoma. [Ipumenenue.

4.0OcuHoBubie coequnenus xpoma (I11): okeun, runpoxcun, comu. Mx cBolicTa.
5.0cHoBHBIE coenuHeHUS XpoMa (1V): XpoMaTsel W JUXPOMATHI.
6.OKHCIUTETBHO-BOCCTAHOBUTEIBLHBIE CBOMCTBA COEIMHEHUI XpOoMa.

7.130 — ¥ T€TEPONOIUCOCTUHEHUS.

8.MHoros1IepHble KOMIUIEKCHI.

Tema 14. Onementsl VII-A rpynnst IICXD JI.M1. Menneneesa

1.CpaBHUTEIbHAS XapAKTEPUCTUKA HJIIEMEHTOB.

2.IIpocTtbie BemecTBa.

2.1.Metoabl OTy4YeHUS B IaOOPATOPUH U IPOMBIIIJICHHOCTH.

2.2. Xumuueckas CBSI3b (MMO), XUMHUYECKHE CBOICTBA. N3menenue
OKHUCJIUTEIbHOUAKTUBHOCTH B PSAy IaJIOT€HOB.

2.3.B3auMopeiicTBME TaJIOTEHOB C BOJIOM, AUCIPONOPIIMOHMPOBAHME B BOJIHBIX PacTBOpax,
YCIIOBUS CMEILICHUS PAaBHOBECHS.

3.CoenyHeHus rajoreHoB.

3.1.T'anoreHoBOIOPO;: MOTy4EHUE, 3aKOHOMEPHOCTH B U3MEHEHUU CTPOCHUS M CBOMCTB BPSIY
rajloreHOBOJIOPO/IOB.

3.2.Tanorenunsl. ['mapomus. W3menenue pactBopuMocTH. KadecTBeHHbIE peakluu
HaraJoreHu ] HOHBHI.

3.3.Kucnoponocoaep:xamue coequnenus. Kucnorel. CpaBHEHHE KUCTOTHBIX, OKUCIUTEIBHO-
BOCCTAHOBUTEJIBHBIX CBOWCTB, TEPMUYECKON YCTOMYUBOCTH.

Tema 15. Onementst VII-B rpynnet [ICXD JI.W. Menneneesa

1.CpaBHHTEIbHAS XaPAKTEPUCTUKA HIIEMEHTOB.

2.OKHUCITUTENbHO-BOCCTAHOBUTENIBHBIC CBOWCTBA coenuHennit maprania (11, 1V, VI, VII).
2.1.YcToiunBOCTS MOHOB MapraHiia pa3iNdHbIX CTENCHEeH OKUCICHHUS.

2.2.3aBUCHMOCTh OKHCITUTENbHO-BOCCTAHOBUTENBHBIX COeTUHEHHH OT pH cpenbl.
3.KomMmriekcHbIe coeTMHEHUsT MapraHiia.

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

1.CpaBHUTEIbHAS XapAKTEPUCTUKA DIIEMEHTOB.

2. XuMuueckue U GU3ndeckue CBOUCTBA.

3.Coenunenus Fe, Co, Ni.

3.1.BoccranoButenbHbie cBolicTBa coeauuennit D (1) B Kucmoii U miea04HoM cpeax.
3.2.0xcunpt u ruapokeuanst D (1) u D (1), uX KUCIOTHO-OCHOBHBIE CBOMCTRA.
3.3.Coenunenus Fe (V1).

4 Komiutexkcubie coequnenus Fe, Co, Ni.

4.1. XnopunHele, aMMUAYHbIE U [IUAHUHBIE.

4.2 Kap6onuusl, ux obpazosanue ¢ nozuuuu MBC u TKII.

1. Tunosble 3aaHus 17151 OLIEHUBAHUS pe3yabTaToB chopmupoBaHHocTy Komnerenunn OITK-
11

Tema 1. OcHOBHBIE TIOHATHUS U 3aKOHBI XUMUU

1. TIpu 17°C nexoTopoe konmuyecTBo Taza 3aHUMaeT oobeM 580 M. Kakoii 06beM 3aiiMeT 310
’Ke KoIndecTBo rasa pu 100°C, eciu 1apjieHne ero 0CTaHeTCs HEU3MEHHBIM?

2.B 3amknytoMm cocyze npu 120 °C u napnennn 600 kI1a HaxoauTCs CMECh, COCTOAIIAS H3TPEX
o6bemMoB Oz u oxHoro oovema CHa. KakoBo Oyzner naBieHue B cOCyze, €ClIM B30pBaThb CMEChU
IIPUBECTH COAEPKUMOE COCY/Ia K IEPBOHAYAIBHON TemrepaType?



3. Macca 200 M1 arnieTusIeHa TPU HOPMAJIBHBIX yeloBUsAX paBHa 0,232 1. OnpeneauTs MOJbHYIO
Maccy aleTUIeHa.

4. 2 r maraus BeiTecHseT 0,164 r Bogopona, 17,7 r cepebpa u 10,5 T Meau U3 COETUHEHUSIITHX
37eMeHTOB. HaliTu MOJIApHYIO MacCy SKBUBAJIEHTa 3TOT0 METaJIIa.

5.JlaBnenue rasza, 3anumaroniero oosem 2,5 11, paBao 121,6 klla (912 mm pt. ct1.). Uemy Oyner
paBHO JIaBJICHUE, €CIIM, HE U3MEHSS TeMIIepaTyphl, CKaTh ra3 10 oobema B 1 11?7

Tema 2. BBezieHue B TEOpUI0 XUMUYECKHUX POLIECCOB

1. Omnpenenure KOJIMYECTBO TEILIOTHI, BbIAEsAtoNIeecs pu ramenuu 100 Kr u3BecTu BOJ0M,
eCIIM CTaHAPTHBIE TEIUIOTHl 00PAa30BaHUs PEarnpyoNuX BemecTs paHbl (K [x/Monb): AH® CaO (k)
=-635,1;

AH® Ca(OH)2(x) = -986,2; AH’H,0(x)= -285,84.

2. OnpenenuTh 3HaK U3MEHEHUSI SHTPOIUH i peakuun:2A» (1.) +B2 (r.) =2A2B (k.).
Bo3MoxHO 11 npoTekaHue JaHHOW PEaKIMK B CTaHAAPTHBIX yciaoBUAX? OTBET 000CHYMHTE.

3. Onpenenure Tema0Boi 3¢ (HeKT peakluy CUHTEe3a aKPUIIOBON KHUCIIOTHI:

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

Ecnn cranpapTHble TEIUIOTHI CropaHusi aueruwieHa, okcuja yriaepoaa () m axpuiosoii
KHCIIOTBI COOTBETCTBEHHO paBHHI (K/[x/Monp): -1299,63; -282,50 u 1370,0.

Tema 3. PactBOpHI

1. Beruucauts C%, CMm, ruapokcuaa Hatpust B 9,28 H pactBope NaOH (p = 1,310 r/mu).

2. Kakoit 06bem 10%-noro pactBopa NaOH (p=1,093 r/mu) morpebyercss Ui MOJHOTO
pacTBOpeHus 3 T alfOMUHUSA?

3. Ckonbko mutpoB 96% pactBopa H2SO4 (p=1,84 r/mi) Tpebyercst aust nmpurotoBienus 20 i
0,5 M pacTBOpa cepHOM KHCIOTHI?

4. HanncaTh B MOJIEKYJISIDHO-UOHHOW (hopMe peakiuy HeWTpaiu3aluu U yKazaTh, KaKue W3
HUX MPOTEKAI0T 00paTuMo, a Kakue HeoOpaTUMO. YKa3aTh TaKXKe PEaKIMIO CPebl IIPU YCIOBUH,

NH4OH + HCN — NH4OH + HCI —

5. VYka3arb NpUYMHY, BBI3BIBAIOIIYIO CMeIleHHe paBHoBecus. Hamumcate ypaBHeHHE
BMOJIEKYJISIPHO-UOHHOH (hopme.

Fe(OH)s + HNOs— AlCl3 + KOH—

Cry(SO4)3 + KOH — AICl3 + KOH* —

* - peakTHB B U30BITKE.

6.K oHOMY TUTPY HACBIIIEHHOTO PacTBOpa XJopuaa cepedpa mpudasieH 0,1 Mo Xjaopuaa
kanus (o kax=80%). Berunciurs CAg® B TakoM pacTBopeE.

7.CranapTHbIe 3JeKTpOAHbIE ToTeHIanb! npu 298 K:

AUt +3e=Au  E°Au*/Au=1,50B,

Sn* +2e=3Sn E% Sn**/Sn=- 0,14 B,

Sn** +4e=Sn E°Sn**/Sn =+ 0,01 B.

Omnpenenure 3.].C. 30JI0TO-0JIOBSIHHOTO raJlbBaHUYECKOTO JIIEMEHTa npu
crangapTHbIXYCIOBUAX (Cauz+ = Csnz+ = 1 Mounb/n):

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

8.CocTaBUTh CXEeMbl JJIEKTPOHHO-MOHHOrO OajaHca. 3amucaTb HOHHO-MOJIEKYJISIPHOE
UMOJIEKYJISIPHOE ypaBHEHHME peakuuu. PacctaButh kod(h(uIMeHThl. YKa3aTh MPOLECC OKHCICHHUS
MBOCCTaHOBJICHHUSI.

1) Cu + HNO3—

2) PbO2 + HNO3 + H202 —

3) Fe203 + KNO3 + KOH—



9.Vka3aTh B KAKOM HalpaBJICHUN MOXKET CaMOTIPOU3BOJIBHO MPOTEKATh TAaHHAS PEAKIIUS

H202 + HOCI = HCI + O2 + H20

10.MoxHo i BoccTanoBHUTH 0J10BO (1V) B omoBo (1) ¢ moMomipio ciaeayroiei peakiuu

SnCls + 2KI1 = SnCl; + I + 2KClI

OTtBeT 000CHOBATh PaCYETOM KOHCTAHTHI PABHOBECHSI.

11.BbIYUCINTE KOHCTAHTY PAaBHOBECHS MPOTEKAIOIICH B MEIHO-CBUHIIOBOM T'aJlbBAHHYECKOM
JJIEMEHTE.

Tema 4. Kunetuka u MexaHu3M XUMHYECKUX PEAKIINI

l.Peaknius Mexnay BemectBamu A u B mporekaer mno ypaBHeHutro 2A+B=C;
KOHIIEHTpalusBelecTBa A paBHa 6 MoJib/J, a BemecTBa B - 5 monb/i1. KoncTanTa ckopoctu peakiun
paBHal,5. Beruuciaure ckopocTh XUMUYECKON peaklii B HAYAJIbHBI MOMEHT M B TOT MOMEHT, KOTJa
BpEAKIIMOHHOM cMmecu ocTaercs 45% Bemiectna B.

2.BerunicnuTe, BO CKOJIBKO pa3 yBEIMYUTCS CKOPOCTh PEAKLIUU MPU YBETMUYECHUU TEMIIEPaTyphl
Ha 40°C, ecu TeMIIepaTypHBIi KO3QQHUIIMEHT PEeaKIIU PaBeH 3.

3. KoHCTaHTBI CKOPOCTH pEaKIMH OMBUICHUS MPOMUIOBOrO 3(pupa YKCYCHOM KHCIIOTHI
menousto pu 283 u 293 K cooTBercTBeHHO paBHHI 2,15 u 4,23 n-mons 1-mun . Haitnute sHepruto
aKTUBALIMU 3TON PEaKIIUU.

4. Tlpn cunrese ammmaka N2+3H252NH3 paBHOBecue yCTaHOBUIIOCH TPH  CIEAYIOLIUX
KOHIICHTpanusax pearupyrommux Bemiects (Monb/n): C(N2)=2,5; C(H2)=1,8; C(NH3)=3,6. PaccuuTraiite
KOHCTAHTY PaBHOBECHS ATOM pEaKIIMy U UCXOAHbIC KOHIIEHTPAIIMU a30Ta UBOJOPO/IA.

5. Omnpenenute, Kak U3MEHHUTCS CKOPOCTh mpsiMoit peakmuu 2SO+ 0252503, ecnu obmiee
JTaBJICHHUE B CUCTEME YBEJIMUUTH B 4 pa3a.

6. ITpu 353 K peaxnus 3akanunBaetcs 3a 20 ¢. CKOJIBKO BpeMEHU JTUThCA peakiust mpu 293
K, ecnu TemnepaTypHbIii KO3(GGUIIHEHT 3TOH peakuu paBeH 2,5.

Tema 5. Mogenu CTpoeHus aToMa U XUMUYECKOM CBSI3U

1. Hamummwure snekTpoHHble KOHGUTrypanuu Ca, Fe?*, Ag+, Cu, Ne, Gd, Gd3*.

JI1s1 271eKTPOHOB BHEIITHETO YPOBHsA HOHA ~ Fe?*  ykakuTe BCe KBaHTOBBIE UHCIIA.

2. OOBSACHUTE CYIIECTBEHHO Pa3IMuue 3HaUE€HUs IePBbIX MOTEHIMAIOB MOHU3AIMK aTOMOB AU
u Cs.

3.Kak u3meHHTCs MOJIspHOCTH ¢Bsizu B psjax: a) LiCl-BeClz-BCls; 6) HF-HCI-HBr?

4 TTouemy monekyna BeCl, — nuneiinas, a H20 yrnosas?

5.Moxer 1M Mojekyda ObITh TMOJIAPHOM INPH HENOJSAPHBIX CBS3SX M HEMOJSPHOM mpu
noJisipHbIX cBs3sax? [IpuBenure npumMepsl.

6.006mbscHuTe cTpoenne Mosekys N20O, CO2, O3 ¢ moMoI1bio METOa BaJIEHTHBIX CBS3€H:

a) HaIMILIUTE IEKTPOHHYIO GOopMyITy

0) yKa)KuTe THUI THOPUIN3AIH EHTPAIBHOTO aTOMA, FTEOMETPUIO MOJIEKYIIBI.

Tema 6. KommiaekcHble cCOeTMHEHUS

1.J1ns xommrexcHbIX noHoB Ni*? (mamarantaOro [Ni(CN)4]%,

napamarauTHeIX [NiCls]? u [Ni(NHs)e]?*  yxaxure:

a) oNeKTpoHHYI0 KoHdurypamuio NiZ*,

0) Tun THOpUIN3ALIMY BATCHTHBIX OpOUTaneit Ni?*.

B) KOOPJMHAIMOHHBIA TTOIHIP.

T') SIBJSIFOTCS JTM OHU BHYTPH- WJIM BHEITHEOPOUTATEHBIMHU.

2.Yto Takoe 3Heprus cnapuBanus 3J1eKTpoHOB (P) 1 0T kakux (pakTOpoB 3aBUCHUT €€ BeInUMHA?



3. Ot xakux (GaKTOPOB 3aBHCUT BEJIMYMHA dHEpruu pacuiericHus (A) d-opouraneii B moie
JIAraga0B?

4. KakuM JODKHO OBITh COOTHOINCHHE MEXKIY BEIMYMHAMH SHEPrUM paciiervicHus d-
opOuTazneil B mosie nuranaoB (A) u SHeprum crapuBaHus 3IeKTpoHOB (P), uT0OBI KOMIIIIEKC OBLIT
HU3KOCIIUHOBBIM?

5.I1ouemy AteTp.<AOKT.?

6.1lpencraBere ¢ mnosurmerdn TKII cxemy pacnpeneneHuss BaJIGHTHBIX AJIEKTPOHOB
LEHTPAJIBLHOTO aTOMa B OKTA3APUUYECKUX U TETPAdAPUIECKUX KOMILJIEKCAX:

[Mn(H20)6]3*, [MNn(CN)s]*, [MnCls]%, [Fe(CN)e]*, [Fe(CN)e]*, [Fe(H20)s]**, [FeCl]?*,
[Fe(H20)s]**, [FeCla] ", [NiCl4]*, [CoCl4]?.

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

1. Hanmmmre ypaBHEHUS peaKIMii, C TOMOIIBIO KOTOPBIX MOXKHO
OCYIIECTBUTD CJIETYIOIINE TIEPEXOIBL:
1) Na — Na202 — Na,O — NaNOs
2) NaCl — Na — NaOH— NaHCO3z — NaCO3— NaCH3COO
3) KCl - K2CO3— X1 — KOH— KO3—X>
4) Cu— CuSOs —» Cul— K[Culy]
5) Cu —»CuCly— Cu20— [Cu(NH3)2]OH
6) Ag— AgNO3— Agr0 — [Ag(NH3)2,]JOH— AgCl
N Ag— AgS
7) Au— Na[Au(CN)2] — Au— H[AuCl4]
2. JonummuTe ypaBHEHUS PEAKIIH:
1) Na;02 + KI + H2SO4 —
2) Naz202 + Fe(OH)2 + H20 —
3) Na202 + KMnO4 + HoSO4 —
4) KOz + H2SO4 —
5) KOz + CO2 —

Tema 8. Onements! |l rpynmsr  TICXD JI.W. MenneneeBa

1.IToueMy rHAPOKCHI MarHUs pacTBOpAETCs B BOjie, cofepkaiei nonst NHa "

2.ITouemy BaCOs pactBopsiercst B kuciorax, a BaSOs ner?

3.Hanumwure ypaBHEHHS peakUuid, C TIOMOIIBIO KOTOPBIX MOXHO OCYIIECTBUTH
CIIEYIOIIHENIEPEXO/IbI:

a) BeO — BeCl2 — Be(OH)2 - BeCO3

6) Be(NO3)s — Xi1— X2 — BeClz(p-p)

B) Zn(NOz)3 — Zn(OH)2 — Naz[Zn(OH)4]

r)Cd — Cdlz — Cd(OH)2 — X1 — CdCl; — CdCOs3

n) HgS — Hg — Hg(NO3), — X1 — HgCl»

4 HanummuTe peakiuu, C IOMOIIBI0 KOTOPBIX MOYKHO J0Ka3aTh cxoactBo Mgu  Zn, Be u Zn.

5. K pactBopy aurpara Hg (1) mpununu cnenyromue pactsopsl Bemects: NHs, KI(136), KCN,
KBr.Yro npou3soriger?

Tema 9. Onements! Il rpynmer I[ICXD /.M. Menneneena

1.Kakoii xapakTep CBsI3M U MeXaHu3M oOpa3oBanus BF3'NHsz u [BF4]™?

2.Hanummwre YpaBHEHUSA peakuuii CIIEAYIOIIUX IIPEBPAILCHH, HCIIOJIb3YS
MUHUMAaJIbHOEUYHUCIIO CTaUM:

a) B203 — B2He— Oypa— K[BF4]

0) Al203 -NaOH— X;—CO2— X2 — Al203 6/B — KAI(SO4)2-12H20

B) Al,03 — Al — X1— AI(OH);z —t— X2 — X3 —»H2S— AlLSs,

3.Hamumure ypaBuenue ruaponusa BClz u BHs. Uem onu otinmyarores?



Tema 10. Onements! |V-A rpynnst IICXO /.M. Menneneesa

1.Kak uzmensiercs reomerpust moiiekyi B psaay: CFs, COF2, CO2?

2.Kak mosxHo nonyunts K2SiFs? Paccmorpute 06paszosanne nona SiFs?™ ¢ mosumum MBC.

3.Hanumwure ypaBHEHHS peakiuid, C MOMOIIbI0 KOTOPHIX MOXHO OCYIIECTBHTH CIIEAYIOIIUE
MIPEBPAIICHHS:

a) Si02 — SiCls;—X1— Si—HNO3z— X>

6) Sn—HNO3 (pa36)— Sn(NOs)2 ~-KOH(u36)— X1 — Bi(OH)3— SnO;

B) SNCI2 — H>SnClg — SnS; — Naz[Sn(OH)s] — SnO2

r) Pb30s4 + HNO3 — X1 —Kl— X>

4. JlonuinTe ypaBHEHUS pEaKLIUN:

a) Sn +(NHg)2S —

0) PbSO4 + KOH —

B) PbO2 + Cr(NO3)2 + HNO3z —

r) Ge + NaOH + H.0; —

1) PbO + NaOH +Cl,—

Tema 11. Dnementsl VA rpynmnsl [ICXD JI.11. Menneneesa

1.JlonuiuTe ypaBHEHUS PEAKIUil U COCTABbTE JICKTPOHHO-HOHHBIC

ypaBHEHUSI MTOTYPEAKIHI IS CISAYIOIIUX MPOIIECCOB:

a) H3PO3 + KMnO4 —

6) KI + NazAsO4 + H.SO4 —

B) KBiO3 + MnSQO4 + H2SO4 —

2.Hamnucarb ypaBHEHHUS PEaKIMid, C TIOMOIIBIO KOTOPBIX MOYKHO MOJYYHTh:

a) u3 Bi — KBIiO3

6) u3 SbClz — (NH4)3ShS4

B) n3 NaAsO, — As

r) u3 Bi(NO3)s — BICls

3.Hamummure ypaBHEHHsI peakIuid CIEAYIONMX TMPEBPAIICHUH, YKAKUTE YCIOBHS
UXITPOBEICHHUS:

06) NaN3 — NHs — NH4Cl — NaNOsz — NO3

B) P — H3PO3 — H3POs — AgsPO4

1) SbClz — SbyS3 — (NH4)3ShSs — SboSs

¢)Ca3(POs)2 — P — PCls — X1 — H3POg4

4. Tlpu B3auMOJEHCTBUU MTOAKUCIECHHOTO TIEPMaHTaHaTa KaJiusi C paCTBOPOM
HUTPHUTA KaJIHsl HTHTEHCUBHAS MaJMHOBAs OKpacka pacTBOpa MCUE3aeT.

a) HAIIMIITUTE YPAaBHEHHUE ATOM PEaKITHH.

6) paccuntath A G%93 93TOif peaKIuy 1 ee KOHCTAHTY PaBHOBECHSL.

B) HCTIONB3YA PE3yNbTaT MpeAbIayIIero pacdyera Haiinure E°MNnOs/ Mn?*,
yanTsiBas, uto E°NO3/ HNO, = 0.94 B.

T') paccunTaiiTe, Oy/eT JIM 3Ta peakius TEPMOJMHAMUIECKH BEPOSTHA TIPU
PH = 4 1 akTHBHOCTH BCEX YAaCTHI B pacTBope, kpome H', paBHoii equnumILe.

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

1.OcyIecTBUTE XUMHUYECKUE TIPEBPAIIICHHS:

a) BaSO4 — H3S — NazS203 — NazS203 — NazSOs.
0) CaSOs — S — SOCl2 — K2S207.

B) FeSy; — H2SO4 — H2S,08 — NaS,0s.



r) CuFeS2 — CuSO4'5H20 — CuS — NaxS40e.

1) NaxSO4 10H20 — NaxS;07 — NazS20s.

2.Ilpennoxure ciocod momydeHus: SO2(T), UCMONB3Ys B Ka4eCTBE €AMHCTBEHHOTOMCTOYHHKA
cepsl Na2SO4. Hanummte ypaBHeHHS BCeX MPEATIOKEHHBIX BaMu peakiuii ¥ yCIOBHSIHMX POBEICHHUSI.

2.1.KakoBo reoMeTpu4ecKoe CTPOSHHE MOJICKYJIbI ATOTO BEIIeCTBa (OTBET MOsICHUTE)?

3.Hamummure ypaBHEHHs pEaKIMi TPUBEACHHBIX HIDKE MPEBPANICHUHN; YKaXHTE YCIOBHUS
UXIIPOBEJICHHUS; JJIs1 BBIICICHHON CTAIMH HAIMMIIUTE 3JICKTPOHHO-HOHHbBIC YPABHEHUS ITOTYPEAKITHIA:

Xn — BeniecTsa, coiepKaIine cepy.

Yn — BeriecTBa, CoieprKaIine CeJeH.

Zn — BemiecTBa, CoJIEPIKaIINE TaIOTEH.

M — BemiecTBa, colepxKalue cepy 1 XJjop.

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

1. TTouemy Boaubie pactBopsl CrCls MoryT nmets pasnyro okpacky? Kakyro?

2 Kakue koopaunanuonssie yncna xapakrepast s Cr(l1), Cr(111), Cr(V1)?

3.Ucnonb3ys BEJIMYHUHbI COOTBETCTBYIOIINX OKHCJIUTEIbHO-BOCCTAHOBUTENBHBIX
IIOTEHILIMAJIOB, CONOCTaBbTE U OOBSACHUTE OKUCIUTENbHYIO criocoOHocTh xpoma (V1) B kucioii
UILEJI0YHOH cpenax.

4. JlonuiuTe ypaBHEHUS pEeaKIUil:

1) K2Cr207 + Kl + H2SO4—

2) Na2CrOs + NaNO; + NaOH—

3) KoCr207 + HCl(komnm.) —

4) Crz(S04)3 + H2O —

5) CuCl + K2Cr207 + HCl(pa36.) —

6) Cr203 + KMnO4 + KOH—

7) Cr2(S04)3 + H2SO4 + KMNO4 —

Tema 14. Onementst VII-A rpynnst IICXD J1.M. Menaeneesa

1.3aKkoHUNTE ypaBHEHHS peaklnii, mogoepuTe KOOPPUIUIHTHI:

a) KBr + Clo(t°C) —

6) KBr + H,SO4 —

B) KMnOj4 + HCI —

r) HI + FeClz —

2.HanwmuTe ypaBHEHHs peakiMii MPUBEICHHBIX HUXKE MPEBpAICHUH. YKaXHUTE yCIOBUINX
MIPOBEICHUSI.

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

1.B uem cxozctBo 1 paznuuue ceoicte Mn(VII) u CI(VII)?

2.ITomyunte U3 IPUPOIHOTO COSNMHEHHS MapraHiia nepmanranar kainust 1 MnSO4-7H:0.

3.ComocraBbTe M OOBSCHHTE KHCIOTHO-OCHOBHBIC cBOicTBa B psimy Mn(ll) — Mn(1V) —
Mn(VI1I). OtBeT moaTBEpANTE ypaBHEHUSIMHU PEAKIIH.

Tema 16. Dnementst VIII-B rpynnst IICXD /.M. Menaeneesa

1.Hanumure cxemy aeruaparanuu CoCly'6H20.
2. JlonuiuTe ypaBHEHUsI peaKLUii:






1) FeSO4 + Na2CO3 + H20 —

2) Fe2(S04)3 + Na,CO3 + H,O —

3) Fe2(S04)3 + H2O —

4) Fe203 + KCIO3 + KOH —

5) KoFeOs + KI + H2SO4 —

6) Ks[Fe(CN)e] + K2Cr207 + H2SOs —

7) Fe(OH)2 + O2 + H.0 —

8) Ni(OH)2 + Br, + NaOH —

9) Co(OH)3 + H2SO4 —

3.0cy1iecTBUTE CleAyONINe IPEeBPAIICHUS:

1) Ks[Fe(CN)s] — Ka[Fe(CN)g]

2) Ka[Fe(CN)s] — Ks[Fe(CN)g]

3) FeCl,— FeCls

4) FeCl3— FeCl;

4.Kak 00bscuuth ckiaonHocts Co(l1l) k komiuiekcoobpazoBanuio?
5.Jlonuinte ypaBHEHUS pPEeaKIUid:

FeCl> + NaNO3 + H2SO4 —

Onpenenure, Ipy KakoM 3Hauennn pH peaxrus BosmoxkHa, ecu @° (Fe¥/ Fe?*) = 0.77 B,
¢° (NO3*/NO) =0.957 B, a a(Fe®*") = a(Fe?*) = a(NO3") = 1%.

2. TunoBbie 3alaHus IJIst OCHUBAHUS PE3YJIAbTATOB C(bOpMHpOBaHHOCTI/I KOMIICTCHIIUHA
OIIK-2.1

Texnuka 0e30acHOCTH NIPU padoTe B XMMUYECKO J1abopaTopun

HeoOxomuMo TOYHO  BBINOJNHATH BCE yKa3aHHWA NpenojaBarenss ©  JabopaHTa.
CrporoBocrpeniaercsi IpOBOAUTH PaOOTHI, HE MPETyCMOTPEHHBIE IIITAHOM.

He pa3zpemraercs B mabopaTopun HaX0IUThCA B BepXHel onexe. B maboparopunneodxoamumo
OBITH B Xajare.

Ha pabodyem crone IOKHBI HAXOMUTHCS TOJNBKO T€ MPEIMETHI, KOTOpbIE HYXHBI B
JaHHOEBpeMs /17151 pabOTHI.

CryneHTaM He pa3penraeTcsi OCTaBIISATh PEAKTHUBBI HA CBOMX PadOYHX MECTax.

Bce ompiThl ¢ S70BUTBIMH, HENPUSATHO TAXHYIOIMMH  BEIIECTBAMH, a  TaKke
CKOHIIEHTPUPOBAHHBIMH KHCJIOTAMH U IIET0YaMH IIPOU3BOUTH TOJIBKO B BEITSHKHOM IIKa(y.

OMBITHI € JIETKO BOCTIIIAMEHSFOLIIMHUCS BEIIIECTBAMHU HEOOXOIMMO MPOU3BOANUTH BJIAJIA OTOTHSI.

[lpu pabore C MeETAUIMYECKHUM HATPHEM W JAPYTUMH [ICTOYHBIMH  METauIaMH
clieyeTocTeperaThesi Bojbl. OOpe3KH IIEIOYHBIX METAJUIOB CIaBaTh Ja0OPAaHTY U HU B KOEM Cllydae
HeOpocaTh B 0aHKU JJI1 Mycopa.

[Tpu HarpeBaHWU PACTBOPOB B MPOOUPKH BCETIA CIIEAYET JIEPKATh €€ TAKUM 00pa3oM, YTOOBI
OTBEpCTHE MPOOUPKH OBLJIO HAIPABJIECHO B CTOPOHY OT pabOTaromiero, U €ro coceiei mopadboyemy
croiry. OcoOeHHO BaKHO COOJIOAATH ATO B TE€X CIyYasx, KOT/Ia HarpeBaeMOM KHUIKOCTHIOSBIISIOTCS
KOHIICHTPUPOBAaHHBIE KUCIIOTHI WJIM PACTBOPHI MIeTo4Yeid. PEeKOMEHIYEeTCS 3TH ONBITHIIIPOU3BOIUTE B
BBITSDKHOM ILIKaQy.

He HakjIOHATH JHMIIO HAJ HArpeBaeMoOW JKHIKOCTHIO WM CIUTABISIEMBIMH BEIIECTBAMH
BOM30€KaHWE TIOMAAaHus OPBIT Ha JIATIO.

He crmexyer BapIXaTh maxydue BEIIECTBA, B TOM WYHCIE€ W BBIACISIOMIAECS Tas3bl,
ONMM3KOHAKIIOHSISICh K COCYAY C 3TUMH BemecTBamMu. CIenyer JeTKUM JIBIKEHHEM PYKH HalpaBUTh
CTPYIOBO3IyXa OT OTBEPCTHSI cocyia K ce0e M OCTOPOKHO BIIOXHYTb.

bparp menoys paspemiaetcss  TOJNBKO  INNATENIeM, [IUMIIAMHA WA TTHHIETOM.
Heo6xoauMoTiarenbHo youpaTh OCTAaTKM IIeJo4yn ¢ pabouero mecra. Te ke Mepbl HEOOXOIUMO
cobmoaath nmpupadote ¢ GochOpHBIM AHTHIPHUIOM.

[Tpu pa3baBiaeHNN KOHIIEHTPUPOBAHHBIX KUCIOT, 0COOEHHO CEpHOM, BIMBATH KUCIOTY BBONY,
a He Ha00OPOT.

Paboty ¢ pTyThIO IPOU3BOIUTH HA CIIEHUAIBHBIX ITOJHOCAX C BHICOKUMHU OOpTaMHU.



OcTaTkd COCNMWHEHHH pPENKUX W IICHHBIX METAaJUIOB CJIMBAaTh B OCOOBIe OaHKH (B3STh
ymabopaHTa).

B pakoBuHY BBUTHBATh TOJIBKO BOAY. OTXOMBI CIEIYET CIIMBATh B CIICIIHATBHBIC CKIISTHKH.

Henb3st HU4ero npodoBarh Ha BKYC.

3ampemnaercs B JIaOOPaTOPUU MUTH U YIIOTPEOIIATH ITHIITY.

Oxa3zanue nepsoii NoMoIM B J1adopaTopuu

1. Ilpm mnomagaHuM Ha KOXY OpBI3T KUCIOTHl MM INEIOYM CJIEAyeT HEMEJICHHO
MIPOMBIBaTBCHIILHON CTpyeil BOJBI 000XKEHHOE MecTo B TeueHue 5-10 muuyT. 3areM obpaboTathb
MOBEPXHOCTh 2%-HBIM PacTBOPOM THIPOKapOOHATa HATPUS (IIPU 0KOre KUCIOTOH) win 1%-HbIM
pPacTBOPOM YKCYCHOM KHCJIOTHI (IIPU 05KOT'€ LIEJI0UbIO0).

2. Ecnu xucnoTa WM menodb MOMaayT B I1a3a, TO UX HEMEUIEHHO HY)KHO MPOMBITh BOJIOM,
mocje 4ero paz0aBlIeHHBIM PacTBOPOM MUTHEBOM CONBI (TMPH TMOMAAAHWU KHCIOTHI) WM OOpHOU
KHMCJIOTOH (TP MONAJaHUU LIEJI0UH).

3. [Ipu oxxore ropsYrMMHU IIpeaMeTaMu (CTEKIO0, METAJIBI U T. I1.) MOPAKEHHOE MECTO CIIEYeT
cMOYUTh 1%-HbIM pacTBOpPOM I€pMaHraHaTa Kajusl.

4. Tlpm oxorax ¢ochopoM HEOOXOTUMO HAIOKHUTh Ha OOO0MOKEHHOE MECTO IMOBS3KY,
CMOYEHHYI0 2%-HbBIM PacTBOPOM CyJib(aTa MEIu.

5. Ilpu otpaBiaeHuHn XJ0poM, OPOMOM, CEPOBOJOPOIOM, OKHUCBHIO YIJIepoAa HEOOXOAMMO
BBIBECTH IOCTPAJABIIETO HA BO3JIYX, a 3aT€M 00paTUTHCS K Bpauy.

6. Ilpu oTpaBiICHMU COCTUHEHUSMH MBIIIbSKA U PTYTH, a TAKXKE IMAHUCTHIMH COJSIMU
HEMeJUIEHHO 00paTUThCs K Bpauy.

JlaGopaTopHbie padoThI



CBolicTBa XMMHYECKHX 3JIEMEHTOB
JlaGopaTopHas padora Nel. DiemenTsl noarpynnsi | A
Onprt 1. I[lepokeun HaTpus

a) BzanmonelicTBre nepokcuaa HaTpus ¢ BOAOU

B npoGupky BHECTH MUKpOIINATeleM HEMHOIO MOPOIIKA ePOKCUAa HaTpus, 100aBuTh 8-10
Kalrejab JUCTWUIMPOBAHHOW BOJBI M pa3MellaTh CTEKISHHOW Manoukoi. JlokasaTb HPHUCYTCTBUE
1IE7I0YH B IIOJYYEHHOM pacTBOpeE, 100aBUB B HEIO OJIHY KaIulio pacTBopa ¢peHondranenta. Hanucars
YPaBHEHHE PEAKLIMHU B3aUMOIECHCTBUS IEPOKCHA HATPHS C BOJOM.

6) OkuciuTeNbHbIE CBONCTBA IEPOKCUIA HATPHS

Bhectu B Turens 3 Mukpoumnaresst HepoKCHia HaTpUs, 2 MUKPOLLIIATENsl COJbl 1 HEMHOI'O (Ha
KOHYMKE MMKPOILIATENs) pacTepTOro B MOPOILIOK cyiabdara XpoMa. CMech TIIATEIbHO MepeMenIaTh
CTCKJISIHHOW IaJ04YKOM, MOCTAaBUTh TUTENIb B TPEYrOJBHUK M HArpeTb €ro IUIAMEHEM TOpENKH 0
cruiaBieHus cmecu. OXIaguTh TUTeNb Ha BO3/yxe, 100aBUTh B Hero 8-10 kanens AUCTHIIMPOBAHHON
BOJbI, IEPEMEIIATh CTEKISIHHON NAJIOYKOW COIEPKUMOE TUIJIA, AaTh CMECU OTCTOSATHCS U NEPEIUTH
pactBop B mpobupky. OTmeruTh 1BeT oOpa3zoBaBiierocs xpomarta Hatpus NaCrO4. Hamwmcath
ypaBHEHHME peaKlUH B3aUMOJICHCTBUS NEPOKCHJA HATpusi C CyabpaToM XpomMa B MPUCYTCTBHU
Na2CO3, yuuThIBasi, 4TO IPH 3TOM BBIJIEJISAETCS TUOKCUT] YTIIEpOa.

B) BoccraHoBuTENbHBIE CBONCTBA IEPOKCHIA HATPUS

Buectu B npobupky 4-5 xanenp pacTBopa IepMaHraHarta Kaiaus, J00aBUTh | MUKpOIINaTelb
MOpOIlIKa NepOKCHIa HaTpus U Bce nepemerate. OTMETUTh BbIACIEHUE ra3a U HOsBIIEHUE Oyporo
ocajka. Hanmcarb ypaBHeHHE peakuu.

Ompit 2. Kap6oHat u rupokapboHaT HaTpHs

a) Peakius cpezpl B pacTBope kapOoHaTa U rupoKapOoHaTa HATPHUS

Buectu B Tpu mpoOupku mo 6-7 kamenb AUCTHILTUPOBAHHOW BOJBL. B Kaxkayro W3 HUX
npubaBUTh TaKoe K€ KOJIMYECTBO HEHTpPaIbHOrO pacTBopa JlakMmyca. B oaHy mpoOupky BHecTu 1
MUKpOIINATeNb KPUCTAIIOB KapOOHaTa HaTpuUs, B JPYTYIO - TAKOE K€ KOJIUYECTBO THpOoKapOOHaTa
HaTpus. TpeThio NpoOUPKY OCTaBUTH AJisi cpaBHeHMs. [lepemeniaT pacTBOpPbI CTEKISIHHOM MalOYKOH,
CPaBHUTb OKpAacKy JIaKMyca B pacTBOpax COJel C ero OKpackoi B TpeTbell npobupke. Bee Tpu
IPOOUPKHU COXPAHUTh B KaueCTBE KOHTPOJIBHBIX JUIA cieayrolieroonsita. Kakas cpena u mouemy: a) B
pacTBope kapOoHaTta HaTpus; 0) B pacTBope rujapokapOoHara HaTpusa? Hammcate HOHHBIE H
MOJIEKYJISIDHBIE ypaBHEHHUs peakuuid. [lodyeMy OTTEHOK OKpAacKH JIaKMyca B pacTBOpPax 3THX COJIEH
paznuueH? OTBET MOTUBHPOBATS.

6) Tepmuueckoe pasiiokeHHe ruipokapOoHaTa HaTpHsl

[Tomectuths B THrenb 3-4 MHKpOINNATENs MOPOIIKa TMAPOKapOOHAaTa HATpHs, MOCTaBUTh
TUTENIb B TPEYrOJbHUK U IPOKAJIUBaTh COACPKHUMOE IUIAMEHEM ropeiku B TeueHue 10-15 mun.
OxJ1aguTh TUTENh HA BO31YyX€E, BHECTH B HEero 12-14 xanenb AUCTHIUIMPOBAHHOM BOJBI, IIEPEMEIIATH
CTEKJIIHHOW MaJIOUYKON M pa3fenuTh Ha aBe MpoOupku. Jlokas3ark, 4TO B pacTBOpPE HAXOIUTCS COJIb
YroJbHOMH KHUCHIOTHL. Jlist 3TOro B OJIHY M3 MNpoOHpOK J00aBuTh 3-4 Karum 2 H. pacTBopa
XJIOPOBOZIOPOAHOM KUCIIOTHI M HAOMI0IaTh BBIZENICHHE My3bIpbKOB rasa. Kakoil ras Beigenserca? B
ApYryi0 MpOoOUpPKY K TOJIYYEHHOMY pacTBOpPY NpPHUOABUTH TaKO€ K€ KOJWYECTBO HEHTPAIbHOTO
pactBopa snakmyca. CpaBHUTb OKpacKy JIaKMyca B JJaHHOM pacTBOpE C OKpAackoil pacTBOpPOB B
KOHTPOJIBHBIX IPOOMpKaX, OCTaBIIMXCS IOcie Mpeaslayniero ombita. Ilo okpacke makmyca
OIpeNIeNIUTh, Kakas COJb HAaXOJUTCS B pacTBOpe — KapOoHAT uiaM rujpokapOonar. Omnucarb
npojeraHHy0 pabory. Hammcare ypaBHEHHME peakiMM pa3jiokKeHUs TMApoKapOoHaTa HaTpus NpU
HarpeBaHMWU. JTa peakiysi IPUMEHSETCS B IPOMBIIIIJIEHHOM CIIOCO0€ MOMyYeHHs KalbLIMHUPOBAHHOM
COJIBI.

Omnpit 3. OKpanBaHUe JIAMEHHU COJISIMU LIEIOYHBIX METAJNIOB

[TpoBOJIOYKY OMYCTUTH B HACBHIIIEHHBIM pacTBOpP XJIOpUAA Kalusl U BHECTH B IUIaMs TOPEJIKH.
Otmetutsb 1BeT M1aMeHu. OOyCIIOBICHHBIN HUUTOKHBIMU NPUMECSIMH COJIEH HATpPHUsl, JKENThII LBET
4acTo Mackupyer (QuoseToBoe miaams kanus. B aToM ciiydae crnefyer paccMaTpuBarth Iiamsl 4epes
CTEKJISIHHYIO TPU3MY C PACTBOPOM CHHET0 MHINUTO, MOJHOCTHIO MOJIOMIAIOMINM KENThIE JTydd. OTbIT
MTOBTOPUTH C HACBIILIEHHBIMU PAaCTBOPAMH CyJb(aTa JUTHS U



xjopuna HaTpus. Ilepen KakaplM ONBITOM MPOBOJIOUKY CIEAYyeT OuMIIaTh, IMOTpyxkas e€ B
KOHIEHTPHUPOBAHHYIO XJIOPOBOJIOPOJAHYIO KUCIOTY U MPOKAIMBas B IMIIAMEHU FOPEJIKH.

JladopaTopnasi padora Ne 2. JnemeHThl noarpynnsi | B
OmneiT 1. Boccranosnenue oxkcuaa meau (1) yriném

Ha nucre uucrtoit Oymaru TIIaTeslibHO mepememaTh namoukod okcua meau (1) (2-3
MUKPOIIIATEINS) C TAKKM K€ 00BEMOM IOPOIIKa IpeBecHoro yris. [lonydeHHyo cMech IEpEeHECTH B
MWINHAPUYECKYIO MPOOHUPKY, 3aKPENUTh MOCIEAHIOI B IITATHBE B TOPU3OHTAIHHOM IOJIOKEHUHU
HarpeBaTh CMECh CHJIBHBIM IIaMeHeM ropenku 5-10 mun. HabGmromath mpoiiecc BOCCTaHOBJICHUS
okcuga meau (ll) mo wmeramnuueckoil menum (u3MeHeHWe oOkpacku). OOpaTuTh BHHUMAaHUE Ha
MIPOUCXOJIAIIEE MIPU STOM Pa30rpeBaHUE CMECH 10 KpacHOro KajeHws. Ecnu Ha cTeHkax mpoOHpKu
MONYYUTCS TPYIHO OTMBIBAGMbI HajeT MeAM, HYXHO HaIUTh B MNPOOHPKY 2-3 Karud
KOHIICHTPUPOBAHHOW a30THOM KUCIOTHI, KOTOPAs! MIOJHOCTBIO PACTBOPUT

OmnpiT 2. B3auMopeicTBrue Meau ¢ pa30aBICHHBIMH
HWKOHIICHTPUPOBAHHBIMU KUCIOTAMHU

OnBIT MPOBOIUTCS B BBITSHKHOM IKady! B Tpu mpoOUpKH MOMECTHTH MO KYCOYKY MEIH H
npubaBUTh MO 5-6 Kamenb 2 H. pacCTBOPOB KHUCIIOT: B MEPBYIO — XJIOPOBOJOPOIHOM, BO BTOPYIO —
CepHOIl, B TpeTbio — a30THOW. OKpacuics U pacTBOp B MpoOHMpPKax B CHHE-TOIYOOH IIBET,
XapakTepHsblit ;s nona Cu?™? TIpoaenaTs aHATOTHYHEIH OMBIT ¢ KOHIIEHTPUPOBAHHEIMH KHUCIOTAMH -
XJIOPOBOIOPOAHOI (I10THOCTH 1,19 r/em®), ceproii (mmotHocTh 1,84 T/cM®) M a30THOI (T10THOCTSH 1,4
r/cm®) Ge3 HarpeBaHus W HpU HarpeBaHHH (0cTOpokHO!). C KaKMMM KHMCIOTaMH B3aHMOJEHCTBYET
menp? Ilpu HamuMcaHWM ypaBHEHHS PEAKIIMUA B3aUMOJICHCTBUS MeIU C pa30aBJICHHOW a30THOM
KHCIIOTOM CYHMTaTh, YTO a30THas Kuciora BoccTaHaBimuBaercs a0 NO. Ilouemy wmeap He
B3aMMOJICHCTBYET C XJIOPOBOJOPOJHON KUCIIOTOH M ¢ pa30aBiCHHOW cepHOM Kucioroi? Hamucarb
yYpaBHCHHS PEAKIUN B3aUMOJCHCTBUS MEIU C KOHIICHTPUPOBAHHBIMU KHCIIOTAMH, CYHTAs, YTO
KOHIIEHTPUPOBAHHAS a30THAsI KUCJIOTa BOCCTAHABIMBACTCS MEJIbIO O TUOKCH/IA a30Ta, a CepHas — JI0
JTMOKCH/Ia CEPHI.

Omnpit 3. Bzaumoneticteue okcuna meau (I1) ¢ kucnoramu

B nBe npoOupku BHecTH 2—3 Mukpommarens okcuaa meau (1) u mpudaButh mo 5-6 xamens 2
H. KHUCJOT, B OJIHy MPOOMPKY — XJIOPOBOJOPOAHOM, B Apyryto — cepHoil. Habmonate B oboux
CIIy4asix MOsIBJICHUE OKpacku pacTBopa. Hanmucarh ypaBHEHHS peaknii B3aUMOICUCTBUSA OKCUIA MEIU
(1) ¢ HCI u H2SOa.

OmnsiT 4. [Tontyuenue runpokcuaa menu (1) u uccnenoBanue ero cBoicTB

a) [Tomyuenne rugpoxcuna meau (11) u paznoxeHnue ero npu HarpeBaHUU

Buectu B mpobupky no 3-4 kaniu pactBopa cyiabgpata meau (1) u 2 H. pactBopa ménouu.
OTtMmeTuTh LBET BhINaBiIero ocaaka rujgpokcuaa meau (l1). OctopokHO HarpeTb NPOOHPKY ¢
MOJTyYeHHBIM ocaakoM. Kak M3MeHseTcst 1BeT ocajka Mpu npeBpamieHuu rugpokcuna meau (I1) B
okcua? Hamucate ypaBHeHUs peakuuit oopazoBanus rujgpokcuaa meau (1) u ero pasnoxenus.

0) OtHomenue ruapokcuaa meau (1) k kucnoram u mienodam.

[MTomyuuts B nBYX mpodbupkax ruapokcun memu (I1). K momyueHHbiM ocagkaM mpuOaBUTH B
OJIHY MPOOHUPKY 5-6 Kamesnb 2 H. pacTBOpa CEPHOM KUCIOTHI, B APYT'YIO — CTOJIBKO K€ 2 H. pacTBOpa
ménoyn. B kakoM ciyuae mpoucXoauT pacTBopeHue ocaaka? Kakoil BBIBOJI MOXKHO c/iefaTh U3 3TOTO
OTbITa O CBo¥cTBaxX ruapokcuaa meau (11)?

Omeit 5. [Toyyenne mManopactBopuMbIx coueit mean (11)

a) [Monyuenue cynbduma meau (11)

OneIT IpOBOANUTCS B BBHITSDKHOM IiKady! B mpobupky ¢ pacTBopoM cynbdaTa WU XJIOpuaa
meau (1) (2-3 kammn) npubaBUTH CTOJBKO K€ CEPOBOAOPOAHOM BOABI. OTMETHTD I[BET BBINABIICTO
ocanka cynbduna menu (I1). Hanucats B MOJEKyIIpHOM M MOHHOM BHJE ypaBHEHUE PEAKIHMH €ro
o0Opa3oBaHUs.



0) ITonyuenue ocHoBHOTO KapOoHara meau (11)

B npo6upky ¢ pactBopom cynbhara meau (1) (2-3 xammn) nmpubaBUTh TaKoe K€ KOJTHYECTBO
pactBopa coasl. Habmromats BeIazeHue 3e1E€HOro ocaaka ruapokcokapoonara meau (CuOH)2CO:s.
[Toyemy ipu B3aUMOCHCTBHU COJIEH MEAH C paCTBOPOM COJIbI HE BBINIAIa€T CPEIHHI KapOOHAT MeTn?
Hammcarp ypaBHeHue peakuuu B3auMoeicTBus cynbdarta meau (1) ccomoit mpu ydacTuu Bobl.

Omspit 6. [Tonryuenwue foauma meau (1)

Buectu B npobupky mo 3 xarum pactBopoB cynbparta menu (1) u fioquna xamus. OTMETUTH
o0Opa3oBaHKe 0CaKa U OKPAIIMBAHUE COACPKUMOTO IPOOUPKH B KENTHIN 1BET. J0Ka3aTh C MOMOIIBIO
pacTBOpa Kpaxmaia, 4To >KENTas OKpacka oOycloBjieHa BbIACICHHEM cBoOoaHoro woma. s
ompeneleHusl I1[BeTa BbINaBIIEro ocaaka #oauna wmeau (1) HeoOxoaumo CBOOOIHBIM oI,
MaCKHUPYIOIINNA CBOCH OKPACKOH IBET OCA/IKa, IEPEBECTH B OSCIIBETHBIN MOH. J{JIs 3TOTr0 MpUOABUTH B
MPOOUPKY HECKOJIBKO Karellb pacTBOpa Cylb(uTa HaTpHs A0 UCUE3HOBEHHS KENTOM okpacku. Kakos
et oauna menu (1)? Hanucare ypaBHeHUs peakuuii: a) B3ammozeictus cyinbdara menu (1) c
Homumom Kanmusi; 0) B3aMMOACHCTBHUS 1oAa C Cyab(UTOM HATpHsl B MPHUCYTCTBUU BOABL. Yem
00BsICHETCS yCTOMUMBOCTD Hoauaa meau (1)?

OmeiT 7. KoMIiekcHbIE COETUHEHNS MEIU

a) TlomyueHne KOMIUIEKCHOTO THOCYIb(haTa meau (1)

B npobupky ¢ #oguaom menu (l) mpuOaBUTH HECKOJBKO Kamelb pacTBOpa THOCYIbdara
HaTpusi. HaGmonaTe mosHoe pacTBOpEHHE 0caka, MPOUCXO/ISINEe BCISACTBHE 00pa30BaHUs XOPOIIO
pacTBopuMoOro komiuiekcHoro tuocynbdara meau(l). Hanucars ypaBHeHHe mpoTeKarolel peakuuy,
YUHMTBIBas, 4TO HOHBI S,032" ABIAIOTCS MOHOIEHTATHBIMH JIUTAHAAMH, 2 KOOPAMHAIMOHHOE urcio Cu*
— MOHA PaBHO 2.

0) Ilomyuyenue ammunaOKOMIUIEKCa Menu (11)

B mpo0upky ¢ pactBopom cynbdara meau (11) (2-3 karuim) npubaBiisTh 1Mo KarisiM 2 H. pacTBOP
aMMHaka JI0 TIOJHOTO pacTBopeHHst ocaaka ocHOBHOM comu (CUOH).SOs, BemaBmero unpu
N00aBIICHNH TIEPBBIX Kallellb pacTBOpa aMMuaka. OTMETHTh OKPAacKy MCXOJHOTO pacTBopa cyib(aTa
MEIN W PacTBOpa, MOJYUYHBIIErOCs TOCIE PAaCTBOPEHHUs ocanka. Hamucare ypaBHEHHS peakiuil: a)
B3aumoJeiicTeus cynbdata menu (1) ¢ pactBopom ammuaka ¢ oOpazoBaHHEM OCHOBHOTO Cyibdarta
menu (Il), 6) pactBopenust ocHoBHOTO cynbdara menu (I1) B n30bITKE aMMuaka ¢ OJTHOBPEMEHHBIM
00pa3oBaHUEM KOMIUICKCHOM COJM W KOMIUIGKCHOro ocHoBanus wmeau (I1), yumThiBas, dTO
KoopAuHaHoHHOe uncao CU?" paBHO 4; B) AMCCOMMAIMM MOTYYEHHBIX KOMIUIEKCHBIX COEIHHEHHH
mean. Kakoe ocHoBanue cunbHee: ruipokcus meau (1) miu runpoxcun rerpaammunmenu (11)? Kakue
MOHBI 00YCIIOBJIMBAIOT OKPACKy pacTBOpa, COAEPIKAIIEr0o aMMHUHOKOMILIEKCH! Men?

Omnpit 8. [Tonydenue okcuaa cepedpa

B npoOupky ¢ pactBopoM HuTparta cepedpa (3-4 kamim) npudaBUTh HECKOJIBKO Karelb 2 H.
pacTBopa THUIPOKCHJA HATpusl 10 BBIMAJEHUS oOcajka okcuia cepedpa. Kakoe 3akimroueHue o
MIPOYHOCTH TUAPOKCHA cepedpa MOXKHO clienaTh Ha OCHOBaHHUH 3TOTO omnbITa? YeM 3To 00bscHSETCS?
Hammcarp ypaBHeHus peakmuii o0pa3oBaHus TUAPOKCHIA cepedpa U ero pacmaja.

OmnpiT 9. OKUCIUTENBHBIE CBOMCTBA OKCHIA cepedpa

a) BzaummopeiicTBue okcuaa cepedpa ¢ xsopuaom onosa (l1) B menouHoli cpene

Buectu B mpobupky 2-3 karmm pactBopa xsopuaa oinosa (1) u no6aButh mo kamiasm 2 H.
pacTBOp THJPOKCHAA HATpusi 1O PACTBOPEHMs BbIMaBIIEro ocaaka ruapokcuga oziosa (I). K
nojxydeHHoMy mienognomy pactBopy Naz[Sn(OH)s4] mpubaButh 1-2 kamumm HuTpara cepeOpa.
HaGmtonate BbInazeHne 4€pHOro MOPOIIKa MeTaindeckoro cepedpa. ObpasoBanue cepeOpamoxer
OBITH JIOKA3aHO TE€M, YTO BBITIABIIMKA OCAJOK HE PAcCTBOpSIETCS NpH J00aBlIeHWU 5-6 Kamenb 2 H.
pacTBopa aMMHuaKa B OTJIMYHE OT OKcHua cepedpa. [IpoBeputh onbITHRIM ITyTeM. Hamrcats ypaBHEeHUS
peaKuuii:

a) oopazoBanus terparuapokcocrannara (1) natpus us xiaopuaa onosa (11);



0) B3anMOJICHCTBUS HUTpaTa cepedpa co mEIoUbo;

B) B3auMo/eiicTBUA TeTparuapokcoctannara (1) Hatpus ¢ okcumom cepedbpa codpaszoBaHueEM
rekcaruapokcocrannara (V) Hatpus u smeMeHTapHOTO cepeOpa, y4YWThIBas, YTO B PEAKIUU
MPUHUMAET y4acTHe BOJA;

) B3aumo/ieiictus xjaopuaa ososa (I1) ¢ okcugom cepedbpa B MpUCYTCTBUH MIETOYH.

0) Ilomydenme cepeOpsiHOTO 3epKajia

B ManeHbKOM cTakaH4YMKE Harperb A0 KuneHus 25-50 M BOABI, MOCJIE YEro OTCTaBUTH
ropeiky. B nmpobupky BHecTH 4-5 Karenb pacTBopa HUTpaTa cepedpa u mpuOaBuTh 2-5 karmenp 2 H.
pacTBopa aMMMaka, BCTPSIXHMBas MPOOUPKY MOcie NMPUOABICHUS KaXAOW Kaluld J0 PacTBOPEHUS
BhITIaBIIero BHavane ocaaka AQ20 (u3beratsh u30biTka NH3). K moayuenHOMy po3padHoMy pacTBOPY
npubaButh 10%-ub1i pactBop rioko3bl CsHs(OH)sCHO B 00BEMeE, paBHOM CyMMapHOMY 00BEMY
HUTpaTa cepedpa M aMMMaka, HaxoJsimmxcs B mnpodupke. Ilepemematb pacTBOp M IOCTaBHUTH
MpOOUPKY B CTaKaHUYUK C ropsiyeil Bogoil. Uepes 2-3 MUHYTHI BHIHYTH MPOOUPKY U3 CTaKaHYMKa H,
BBUIMB PACcTBOP, OMOJIOCHYTH €€ BOAOM U3 MpoMbIBaiKu. Kakoe BelecTBO BhIICIUIOCH U3 PACTBOPA HA
cTeHkax npoOupku? Hamucats ypaBHEHHE peaklMU, CYUTAsl, YTO TIF0KO3a MEPEXOAUT B TIIIOKOHOBYIO
kucioty CsHe(OH)sCOOH.

Omnpit 10. ManopacTBoprUMbIe U KOMILJIEKCHBIE COETMHEHUS cepedpa

a) [TonyueHre aMMuHOKOMILTEKCOB cepebpa (1)

B uetpipe mpoOupkH BHECTH MO 2 Kamiid pacTBopa HUTpara cepebpa. B omHy mpoOupky
N00aBUTH 2 KaIuld XJIOpUJA Kajus, BO BTOPYIO — OpomHaa Kalus, B TPEeThlO — Hoauaa Kajus, B
4yeTBEPTYI0 — Xpomara Kaius KoCrOs. OTMeTuTs 11BeTa BBINABIINX 0CaIKOB. J[00aBUTH BO BCE YETHIPE
npobupku 1o 3 karum 25% pactBopa ammmuaka. Ocagky KakuxX BEIIECTB MPAKTHYECKH TTOJHOCTBHIO
pactBopwinch B ammuake? OIMHAKOBO JIM aKTUBHO MIET B3aWMOJICHCTBHE XJIOpUAa, Opomuma U
Hoauma cepedbpa ¢ aMMHUAKOM?

HamucaTs B MOJICKYJIIPHOM M MOHHOM BUJIC YPABHCHUS PCAKITUI:

a) oOpa3oBaHus MaJIOPACTBOPUMBIX COJIEH cepedpa;

0) pactBopeHus XJopuaa, OpomMuaa U Xpomara cepeOpa B amMMHUaKe ¢ 0OOpa3oBaHUEM
KOMILIEKCHBIX COEIMHEHHH, YIUTHIBAS, YTO KOOPAMHAIIMOHHOE Ynciio AQ'— MoHa paBHO 2.

Ha ocHoBanuu cBoux HaOMIOAEHUNA U 3HAUEHUHN MTPOU3BEIECHUN PACTBOPUMOCTHU TaJlOr€HH]I0B
cepeOpa OOBACHUTH pa3InNune UX PAaCTBOPUMOCTH B aMMHUAKE.

6) [lonyueHne KOMIUIEKCHOTO OCHOBaHUs cepedpa

K ocanky oxcuma cepeOpa mpubaBiaTh Mo KarmigMm 2 H. pacTBop ammuaka. HaOmropatsb
pacTBOpeHHe OcajKa BCIEACTBHE 0Opa3oBaHWs PACTBOPHMOTO KOMIUIEKCHOTO OCHOBaHHs cepedpa.
Hanwmcates ypaBHEeHHE MPOTEKAIOMIEH PeaKIInH.

B) [lonydyeHune KOMIUIEKCHBIX Cyb(GuTa U THOCYIb(DaTa cepedpa

B mpoOupky ¢ pactBopoMm HHTpara cepedpa MpUOABIATH MO KAIISIM PacTBOP THOCYJIb(ara
Hatpust NarS;O3 m Habm0gaTh PacTBOPEHHE BBINMABIIETO BHAYale Ocaaka THoOCyib(dara cepedpa.
AHAJOTHUYHO MPOBECTH OMBIT B3aMMOJCHCTBHs HHUTpaTa cepedpa ¢ cymbpuToM HaTpus. Hamucarhb
YpaBHEHHUsI peakluii: a) B3aMMOICUCTBUS HUTpaTa cepedpa ¢ THOCYNIb(paToM HaTpus ¢ 00pa3oBaHUEM
THOCYyJIb(aTa cepedbpa U c CcyabdUTOM HATpusi C BBINAJCHHUEM B OCaJ0K cylbdura cepebpa; 0)
PacTBOPEHHS OCAJIKOB B M30BITKE OCATUTENIS, CAUTAS], YTO SO3% — 1oH u S203% — HOH MOHO/ICHTATHBI,
a KOOPIMHAIMOHHOE YUCI0 AQ" HOHA PaBHO 2.

JlaGopaTtopnast pabota Ne 3. Dnements! noarpynmsl 11 A

Onrlt 1. B3anMoaelicTBue Mardus ¢ BOAOU

B3sate kycouek (1-2 cM) MarHueBoii IEHTHI U OYUCTHUTH €€ MMOBEPXHOCTh HAKIAUHOM Oymaroit
OT Hajera okcuaa. B mpoOupky BHecTH 6-7 Kamenb JUCTHILTUPOBAHHOW BOJIBI U OMYCTHTHh B HEE
OUMILEHHBbI MarHui. OTMETUTh OTCYTCTBME pEaKIMH NpH KOMHATHOM Temmepatype. Harpers
MPOOUPKY HEOOIBITUM MIaMeHeM Topenku. Uto Habmonaetcs? [IpubaBuTh K MOTy4eHHOMY PAacCTBOPY
onny karmo Qenondranenna. Ha obpazoBaHue Kakux HMOHOB B PACTBOPE YKA3hIBACT IMOSBICHHE
okpacku (enondranenna? Onucare HabIIOgaeMoe. Hanmucath ypaBHeHHE peaklluy B3auMOICHCTBUS
MarHus ¢ BOJOM IIPpU HarpeBaHUM.

OmblT 2. B3anMoaelicTBie Maraus ¢ KUCJIOTaMHU

B nBe npoOupku onmycTuTh M0 HEOOIBIIOMY KYCOUKY MarHHEBOI JIeHThI. B onHy



MPOOUPKY 100aBUTH HECKOJIBKO Karellb 2 H. pacTBOpa XJIOPOBOAOPOIHOM KUCIIOTHI, B APYTYIO — TAKOE
K€ KOJIMYECTBO 2 H. paCTBOPa a30THOM KUCIOTHL. UTo mporcxoaut ¢ Mmararem? Kakoii raz BelIenseTcs:

a) IpU B3aUMOJICHCTBUU MarHusi ¢ XJIOPOBOJOPOAHOU KHCIIOTOMH,

0) ¢ a30THOM KHCIIOTOM?

Oneir 3. TlomyueHue THAPOKCHAA MarHuss W €ro  pacTBOPEHHE B  KHUCIIOTE
UCOJISIX aMMOHUS

BuecTu B 1Be npoOHpKH 10 3 KaIjIk pacTBOpa COJIM MarHusi M B KAKAYIO U3 HUX JOOABUTH 11O
4 kamaM pacTBOpa €IKOro Harpa. B omHy M3 mpoOMpOK, MOMEMNBash COACPKUMOE CTEKIISTHHOM
MAJIOYKOH, MPUOABUTh O KAIUISIM 2 H. paCTBOP XJIOPOBOAOPOAHOI KHCIIOTHI 10 TIOJIHOTO PACTBOPEHHUS
ocazaka. [IpubaBisist KUCIOTY, OTCUMTHIBATh YUCIIO 100ABIsIEMbIX Karenb. B npyroit mpoOupke Takum
e CIIoco0OM (ITOMEeNIHBast CTEKJITHHOW MaJIOYKOM M cunTasi JoOaBiIsieMble KaIlli) paCTBOPUTH OCATOK
THIPOKCH/Ia MarHus B 2 H. pacTBOpPE XJIOpUJa aMMOHUS. B kKakoM citydae AJi1 pacTBOpPEHMsI ocasika
noTpedoBaock OoJbIIee KOJINYECTBO PeakTUBa?

Hanucath ypaBHeHMsI peakiuii OIY4EeHUs TUAPOKCHIa MAarHUs U €r0 paCTBOPEHUS B KUCIIOTE
U B pacTBope coiu amMMOHHs. [lonmp3ysch NMpaBUIOM NPOU3BENCHHS PACTBOPUMOCTH, OOBSCHHUTH
pacTBOpeHHE TMAPOKCUAA MArHus B XJIOPUJE aMMOHHUS M B XJIOPOBOJOPOAHOM KucioTe. B xakom
peaKTUBE paCTBOPEHUE T'MIPOKCHIa MarHUS UJET JIETYE: B XJIOPOBOPOJHOM KHCIOTE WIM B paCTBOPE
xnmopuaa ammonust? [Touemy? PactBoputcs mu ruapokcu maraus mpu godasineauun: a) (NH4)2SO4, 6)
KCI?

Onpit 4. [lonydyenne ruipokcokapOoHaTa MarHus

B nipoOupky k 2-3 KarisiM pacTBopa COJIM MarHusi 100aBUTh PACTBOP COJIBI 0 00pa3oBaHUS
ocajka ruapokcokapbonara maraus. OTMETUTh BblJENEHUE ra3a. VcnblTaTh OTHOLIEHHME OcajKa
OCHOBHOM COJIM MarHus K XJIOPOBOJOPOJHOM kucinore. HanucaTe ypaBHEHMS peakUui IOJIY4EHUS
THJIPOKCOKapOOHATa MarHus M €ro PaCTBOPEHHS B KUCIIOTE.

Ompit 5. [TonydeHnue okcuaa U THIAPOKCUIA KaIbIHS

[TomecTuTh B MpOOUPKY KycOUYE€K MpaMopa M J00aBUTh K HEMY HECKOJBbKO Kalejlb BOJBI.
Habmonatorcs nu kakue-nuOo uzMeHeHusi? Buectn B mpoOupky 1 kammo denondranenna.
[TosiBnsieTcst mu kpacHast okpacka? BTopoit kycouek MpaMopa TOMECTUTh B CyXOU TUTEIIb U TTIOCTaBUTh
MIPOKAJIMBATh B TOPsiuyIo MyQenbHyto rneus (TemnepaTtypa B My enbHON ey JoKHAOBITh 0KoJ10 910
°C.) Yepe3 20-25 MHUH TUTEIBHBIMH IIUIIAMHA TIEPEHECTH THUTEIh B DKCHUKATOP HOXJIAJAUTH €ro J0
KOMHaTHOW Temmeparypbl. [lociie oxyaxaeHus BBIHYTb TUI€lb U TOJYYEHHBIH OKCHJ KalbIHs
CMOYHTH -2 KarumsiMu JTUCTHIDITMPOBAaHHOW BoIbL. Uto Habmomaercs? Jlo6aButes B Turens emé §-10
Karejb BOJbl, pa3MellaTh 00pa30BaBIIMNCS THAPOKCU] KaJlbliks (TalI€HYI0 U3BECTh) U JaTh OCAJAKY
OTCTOSITBCS. 2-3 Karlii MOJIYYEeHHOI'O pacTBOPA NEPEHECTUITUIIETKON B MPOOUPKY U 100aBUTH 1 Karuio
dbenondranenna. Yro nadbmogaetcs? PacTBopuM IUTrHapOKCH I Kaabius B Boje? Hamucats ypaBHeHUS
peakuuil pasznokeHusi kapOoHaTa KajblLUs MPU HArPeBaHUM U B3aUMOJICHCTBHUS OKCHJa KalbLUs C
Bojoi. Kak Ha3pIBaeTCs pacTBOp THAPOKCHIA KAJIBLIHS B BOJE?

Onpit 6. [Tonydyenue kapboHaTa v ruApokapOOHaTa KaabIUs

Hanonaute npobupky Ha 1/2 e€ 06béMa M3BECTKOBOI BOAON M MPONMYCTUTH B HEE JTUOKCHU]
yriepoga. OTMETHTh MOsIBIEHUE ocajka KapOoHara KajblMs. [IpojoimkaTh HpOMyCKaTh JHOKCUA
yriepoa 0 PacTBOPEHMs OCaJKa, KOTOPOE MPOMUCXOIMUT BCIEACTBHE OOpa30BaHUS PAaCTBOPUMOTO
runpokapOonara. Kak HazpIBaeTcst BoJa, coaepxariasi 3Ty coib? OTMeTHTh HabJr01aeMble SIBICHUS U
HamKcaTh ypaBHEHUs peakuuii oOpa3oBaHUS KapOOHATa KaJbLUs NMPU B3aWMOJEHCTBUU JHOKCUIA
yriepoja ¢ M3BECTKOBOM BOJOW M pacTBOpeHMsA KapOoHaTa KajblMg IMOJ ACUCTBUEM JHOKCHIA
yTJIepo/ia ¥ BOJBI ¢ 00pa30oBaHUEM THAPOKApOOHATa.

Omnpit 7. KapOoHaTs! MIEN0YHO3EMETBHBIX METAJUIOB

[TomyunTth ocaaky KapOOHATOB KabLIUs, CTPOHIMS U OapHst B3aMMOICHCTBHEM



pPacTBOPOB COOTBETCTBYIOIIMX coyied (3-4 kamm) ¢ pacTBOpoM coibl. VcmeiTarh OTHOIIEHUWE
MOJIyYEHHBIX KapOOHATOB K XJIOPOBOJOPOIHOM KucioTe. KucnoTy 106aBisiTh OCTOPOKHO MO KaILIsM.
Hanucats ypaBHeHMsI IpOTEKAOMMX peakiuif. OTMETUTh paCTBOPUMOCTh KapOOHATOB B KUCIIOTE.

OmnpiT 8. CynbdhaThl mETOYHO3EMEIBHBIX METAIOB

a) [Tomydenwne cynb(haToB KaJIbIKs, CTPOHIUS U Oapus

B Tpu nmpobupku BHecTH mo 2-3 Karuld pacTBOPOB COJICH: B MEPBYIO — COJM KallblLlUs, BO
BTOPYIO — CTPOHIIUS, B TpeTbio — Oapus. B kaxayro mpobupky no0aBuTh 1o 3-4 Kamiu pacTBopa
cyabpara HaTpusa. Uto Habmomaercs? OTMETHTHh Pa3IUYHYI0 CKOPOCTh OOpa3oBaHUSI OCAJIKOB
cynbdata 6apus u cynbdara kanbuus. Yem 310 00bsicHseTcst? MicnbiTaTh 1eHCTBUE XIOPOBOAOPOIHOM
KHCIIOTHl Ha ToJydyeHHbIe cyinbdarbl. Hamucats ypaBHeHMsI peakuuii oOpa3oBaHHs CYiIb(haToB
KaJblUs, CTPOHIMS, Oapusi U BBIpaKEHUE MPOU3BEACHUN PACTBOPUMOCTU CyibdaTa M KapOoHaTa
O6apusi. OOBSICHUTD, MOJIB3YACH MPABUIIOM MPOU3BEACHUS PACTBOPUMOCTH, MMOYeMy KapOoHAT Oapus
pacTBopsieTcsl B pa30aBIeHHON XJIOPOBOIOPOAHON KUCIIOTE, a €ro cyiabhaT He pacTBOPSETCS.

0) CpaBHUTEIBHAS PACTBOPUMOCTD CyJib(aTa U KapOOHATa KAIBIIHS

[TomyuuTs cynbdaT Kanblus, 100aBUB K 3-4 KaruisiM pacTBOpa XJIOpUIa KalbIus 5-6 Karenb
pactBopa cynbdara HaTpus. J[aTh pacTBOPY OTCTOSTHCS U MUMETKOM NEPEHECTH YacTh €ro B YUCTYIO
npoOupKy. YOeIUThCs B MOJHOTE OCAXKIEHUS, T00aBUB €I1le OJHY KaIUTI0 pacTBopa cyibdaTa HaTpHsl.
B nony4yeHHbli Ipo3pavyHblil pacTBOP BHECTH HECKOJBKO Kalleidb pacTBOpa coabl. UTo HabmogaeTcs?
3anucath AaHHbIE ONbITa. [[0aB3ysICh MpaBUIOM MTPOU3BEACHUS PACTBOPUMOCTHU U TaOJIHIICH BETUYUH
[1P, 006bscHUTB, TOUEMY PACTBOP, MOCIE TOrO Kak M3 Hero Bbiman ocanok CaSOs, cHOBa 00pasyeT
0CaJIOK IMpHU J00aBJICHUHU HOHOB CO3%.

OneIT 9. OKkcanatsl METOYHO3EMEIBHBIX METAJIOB

[Tony4ynTh OCaaKM OKCANAaTOB KalbLWs, CTPOHIMS U Oapus B3aUMOICHCTBHEM PacTBOPOB
COOTBETCTBYIOIIMX coiel (3-4 Karuim) ¢ TakuM ke 00BEMOM pacTBopa okcajnaTa aMMoHus. McribITaTh
JeICTBUE XJIOPOBOJAOPOJHOM KHMCIOTHI Ha OCaJKM OKcanaroB. Hamucarth ypaBHEHHs peaxuuil
00pa3oBaHMs OKCAIATOB MIETIOYHO3EMENBHBIX METAIIOB U MX pacTBopenus B HCI.

Omnpit 10. XpomaTsl MET0YHO3EMENBHBIX METAIIOB

B Tpu npoOGupku BHECTH pa3lieNbHO MO 3-4 Karuld pacTBOPOB COJIEH KallbIUs, CTPOHLUS U
Oapus. B xaxnyro u3 HuUX 100aBUTH MO 4-5 Kameilb pacTBOpa Xpomara Kaius. XpoMaThl KaKUX
METAJIJIOB BBINAJAIOT B 0cafok? OTmeTuTh MX LBET. McnplTaTh NEHCTBHE YKCYCHOM KHUCIOTHI Ha
0CaJIKM XpOMaToB. BHOBb MONYy4HTH OCaJOK XpomaTra Oapusi M UCHBITaTh JEHCTBHE Ha HEro
XJIOPOBOAOPOAHOM KUCIOTHL. UTo HabmonaeTca? Hanucars ypaBHEHHS peakivii MOIy4eHUs] XpOMaTOB
Oapusi, CTPOHIIMS U KaJblUA U UX pacTBOpeHUs B Kucyiore. OOBACHUTD, TOYEMY XpPOMAT CTPOHLIUSA
pacTBOpsIeTCsl B YKCYCHOM KHCIIOTE, a XpoMmatr OapHs OYTH HEpacTBOPUM B Hell, HO pacTBOpPSIETCS B
XJIOPOBOZOPOAHOM KHcI0Te. XpoMaT Kakoro Meraaia Hanbosee pacTBOpUM?

Omnsit 11. Ilepoxcun 6apust

a) OxucnuTenbHble CBONCTBA MEpOKCUaa bapus

B apdopoBsrii Turenék Buectu 3-4 MuKpoIunaress nepokcuaa 6apus 1 HEMHOTO (Ha KOHUHKE
MUKPOILIIATENs ) MOpOIIKa AMOKcH1a Maprania. CMech TIIaTeIbHO pa3MelaTh CTEKISHHON MaJlOuKoH,
[IOCTaBUTh THUTE€JIb B TPEYroJbHUK W HarpeTh N0 cruiaBieHus. CruiaB OXJaJWTh U MO €ro LBETYy
yOenuThcsl B 00pa3oBaHMM MaHTaHaTa. Hamucath ypaBHeHHE peakIuu.

0) BoccranoButenbHbIE CBOMCTBA TIEpOKCHIa Oapus

B npobupky BHecTu 6-7 kamnenb pacTBOpa HUTpaTa cepedpa U HEMHOTO MOPOLIKa MepoKcuia
O6apusi. OTMETUTH BBIJENIEHHWE ra3a M IMOSBIEHHE OcajJKka MeTaludeckoro cepedpa. Kakoit ras
BbIIIEIsIeTCS? HanmcaTe ypaBHEHUE PEAKIUH.

Omnpit 12. OkpanvBaHue IJIAMEHU COJISIMU IETOYHO3EMENIbHBIX METAJJIOB

[TpoBonouky nian GapdopoByro NajouKy BHECTH B KOHIIECHTPUPOBAHHYIO



XJIOPOBOJOPOJHYIO KHCIIOTY, a 3aTeM MpOKaJuTh B IUIaMEeHU ropenku. [Ipu 3ToM mpoBosoka
OuuIIaeTcs OT 3arps3HeHuid. Uucras mNpoBoJIOKa HE JOJDKHA OKpalmuBarh IutaMsa. OUUIIEHHYIO
MIPOBOJIOKY OMYCTUTh B HACBILICHHBIA pacTBOp XJOpHaa Oapus U CHOBAa BHECTU B IUIaMsI TOPEIIKH.
Otmeruth 1BeT IUIaMeHU. ONBIT NOBTOPUTH C HACHIIIEHHBIMH PAaCTBOPAMHU XJIOPUIOB CTPOHLIUS
ukaneius. Ilepes kaxapIM OMBITOM MPOBOJIOYKY MPOMBITH KOHIICHTPUPOBAHHOM XJIOPOBOJOPOIHOM
KHCIIOTOM U npokanuTh. Onucarh Habt01aeMble SBICHUS.

JlaGopaTtopHnas pabora Ne 4. Dniements! noarpymnmsl |1 B
Omnbit 1. PacTBopeHrE IMHKA B KUCTOTaX M IIeJI0Yax

Hanute B npobupky 4-5 kanenb 2 H. pacTBOpa CEPHON KHCIOTHI, 100aBUTh 1 MUKpOIINATENb
LIMHKOBOW NBUIM U CJIETKA MOAOrpeTh. TO ke MpoAenaTh ¢ KOHLEHTPUPOBAHHOW CEPHOM KHUCIIOTOM
(mtotHOCTH 1,84 r/cM®) M 10 3amaxy ompeeuTh BhIIEIEHHE CEPHUCTOrO Tasa. Takum ke 06pazoMm
IIPOBEPUTH PACTBOPUMOCThH LIMHKA B 2 H. pacTBOPE XJIOPOBOJOPOIHOM KHUCIOTHI U B 2 H. pacTBOpE
enkoi ménoun. Onucare Habmogaemoe. [louemy pasbaBnenas ukoHueHTpupoBanHas H2SOs mo—
pa3zHoMy pearupyer ¢ {uHKoM? Kakoii 371eMEHT U B KaKOM CTETIEHU OKUCIICHUS SBIISIETCS OKUCIUTEIEM
B TOM U B JIpyroMm cityuae?

Omnpit 2. BoccTaHoBUTEIbHBIE CBOMCTBA LIMHKA

B dapdopoBsiii TUreIéKk TOMECTUTh HEMHOTO IIMHKOBOH MbLTH, NprbaButh 4 karum 0,5 H.
pacTBopa HUTpaTa Kanus u 4-5 Karnejab KOHIEHTPUPOBAHHOIO PacTBOpa €AKoi menouu. OCTOPOKHO
HarpeBasi (Ha acOECTUPOBAHHOM CETKE), JOBECTH COJEPKUMOE THUTENIbKa TIOYTH JOKUIICHUS.
HaGuro1aTh BbIICTICHHE aMMHUaKa T10 3a1axy | 10 TTOCHHEHHUIO B HEM KPacHOW JTaKMYCOBOHM OyMaXkKH,
cMoueHHOW BojoM. Kakas conp HIMHKA JOJDKHA TOJYyYUThCS B JaHHBIX ycioBusx? Hamucath
YpaBHCHHE pPEaKIMd B MOJIGKYJSIPHOM W HWOHHOM Buae. OOpaTuTh BHHMaHHEHA BBICOKYIO
BOCCTAHOBUTEIBHYIO  CIIOCOOHOCTh  IIMHKA. BBIMHMCaB  COOTBETCTBYIOIIUE  OKUCIUTEIHHO-
BOCCTaHOBUTEJBHBIC TOTEHIIMAIIBI, PEITUTH BOPOC O TOM, OyIET JIM IIMHK BOCCTAHABIIUBATH TUXPOMAT
KaJus B KUCIION cpejie.

OmnprT 3. ['UAPOKCHIBI IIMHKA U KaIMUSI U UX CBOMCTBA

Hanuth B 1Be mpoOupku 1mo 3-4 Karmim pacTBOpa COJM LUHKA, B JIBE APYTHE — CTOJIBKO K€
pacTBopa coii KaaMus. B kaxxayro mpoOHupKy 100aBIATh MO KaIUISIM 2 H. pacTBOpP €AKOH MIET0UH J10
NOSIBIICHUsI O€NbIX CTYJIEHHCTBIX OCaJKOB THUIAPOKCHIOB. VICIBITaTh OTHOLIECHHE IOIY4YE€HHBIX
THIPOKCHUIOB K KACIO0TaM U menodyaM. Kakoil BBIBOJ MOKHO CAENIaTh O CBOMCTBAX TMAPOKCUAOB IIMHKA
u kagmusa? Hamucats ypaBHEHUs peakluil B MOJIEKYJISIPHOM 1 HOHHOM (hopme. OOBACHUTH pazianyue
B CBOMCTBaX I'MJIPOKCHUIOB.

OmnpiT 4. CynbhuIbl IUTHKA U KaJIMUS

B nBe mpoOupku, B 0JHOW U3 KOTOPBIX COACPKHUTCS 3-4 Kaluld pacTBOpa COJIMIMHKA, a B
JIpyroil — CTOJBKO K€ PacTBOpa COJNM KaAMHsI, T00aBUTh MO 2-3 Kaluld HACBHIIIEHHOTO pacTBOpa
cynbpuaa aMmMoHUs. OTMETUTSH I[BETa 00PAa30BABIINXCS OCAJAKOB U JJOOABUTH B KAXKAYIO TPOOUPKY O
oIlHOM Karie 1 H. XJIOpoBOAOpOoAHON KucaoThl. Kakol u3 cynbpuaoB 6ojee pacTBOPUM B KUCIOTe?
[Tonb3ysick MpaBUIIOM TMPOU3BEACHUS PACTBOPUMOCTH, OOBSICHUTH PA3NUYHYIO PACTBOPUMOCTH
cynb(GUI0B IMHKA U KaJMUs B KucioTe. Hamucars ypaBHEHUS peakiuil.

OmnpiT 5. ['Maponu3 coneit MUHKA U KaJAMUS

[TomecTuTh B OZHY NPOOUPKY HECKOIBKO KPUCTAIIIMKOB COJIM LINHKA, B JPYTYIO — CTOJIBKO K€
COJIM KaJIMUSl U PACTBOPHUTH UX B 1-2 kamisx Boabl. J[00aBUTH B KaXIyl0 MPOOHPKY MO 2-3 Karuiu
pacTBopa JJaKMyca M clerka MoJorpeTb. B TpeTsio mpoObupKy HalnuTh 2-3 Karuid pacTBOpa Jakmyca U
1-2 xaruu BoJbl M CPABHUTH LIBET COAEP>KUMOTO 3TOM MPOOUPKHU C OKPACKOM MOTyYEHHBIX PaCTBOPOB.
Ha xakyro peakuuio cpeasl yKa3blBaeT OKpacka JIakMyca B pacTBopax cosiei? Hamucats B
MOJICKYJISIPHOM M HOHHOM (hopMe ypaBHEHHUS MPOLIECCOB, BHI3BIBAIOIIMX N3MEHEHHE OKPACKH JIAKMYCa.



OnrlIT 6. KoMIUIEKCHBIE COEIMHEHNS [IMHKA U KaIMUS

[TomecTuTh B mpoOUpKy 1 Kamio pacTBOpa COJIM LMHKA U J00ABUTH 2 KaIuld 2 H. pacTBOpa
ammuaka. OcaJloK Kakoro BemecTBa odpazoBaiicsi? K monyuyeHHOMY OCaJKy MPUIIMBATH MO KaIuLsM
M30BITOK PacTBOpa aMMHUaKa 0 paCTBOPEHHUs ocajka. ToT jke OMBIT MpPOJeNaTh ¢ PaCTBOPOM COJH
kagmust. Hamucarb ypaBHEHUS! peakiuid, CUUTasi, 9YTO XapaKTEPHBIM KOOPAMHAIIMOHHBIM YUCIIOM JUIS
o0OMX MOHOB KOMIUIEKcooOpa3oBarenei sBisercs 4. Hamucatp ypaBHEHHsS AMCCOLMAIMU
MOJTyYEHHBIX KOMIUIEKCHBIX COEIMHEHUH U KOMIUIEKCHBIX MOHOB, 8 TaK)K€ BBIPAKCHHUS KOHCTAHT MX
HECTOMKOCTH.

OmnbiT 7. B3auMopeicTBue colield pTyTu o MET0UbI0

B onny npobupky BHecTH 3 karuu pactBopa HuTparta prytH (I1), B mpyryro — 3 karium pactBopa
Hutpata pryta (l). K xkaxmomy pactBopy mpu0OaBuTh 1o 2 Karuid 2 H. pacTBOpa €IKOH IMIEN0YH H
Ha0MoaaTh ocaXkaeHue B nepBoil mpobupke okcuaa prytu (1) HgO. Bo BTopoit mpoOupke ocamok
IPEACTaBIsACT OO0 CMECh MPOAYKTOB AUCIponopuroHupoBanus okcuaa prytu(l): okcua pryru (1)
Y METAJUTUYECKYIO PTYTh. OTMETHTH IIBETA OCAJIKOB, HAIKCATh YPABHEHUS TPOJICIIAHHBIX PEAKIIHA.

Omnpit 8. [TonydyeHne ManopacTBOPUMBIX COJICH PTYTH

a) [lonydyenue xj0pu10B pTYyTH

B onnoit npobupke moayunth xiopun prytu (1), B apyroii — xmopun pryru (1), neiicteys 0,5
H. pacTBOPOM XJIOpUJa HATPHUS Ha COOTBETCTBYIOILME HUTpaThl pTyTu. Ha ocHoBaHMM HaOIIOaEHUS
clienath BBIBOJ O CpaBHUTENbHOH pactBopuMocTu cyiembl HQCl2 u kanomenn HQ2Cl,. Hamucats
ypaBHEHUS peaKIuil.

0) [lonydenue onua0B PTYTH

[Tonmyuuts Honun pryru (1) u ionun pryru (1), neiictBya 0,5 H. pacTBOpoM Houaa Kaius Ha
COOTBETCTBYIOIIME HUTPATHI PTYTH B ABYX MpoOupkax. PacTBop iloguaa kanus 100aBisATh MO OJHOM
Kamie J0 BbIMafeHuss ocagkoB.  OTMeTuTh  1[BeTa 00Opa3oBaBIIMXCS oOcajakoB. Hamucathb
ypaBHEHH PeaKIHii, yduThIBas, uto noH HYo?" CKIOHEH K AHCTIPONOPIMOHUPOBAHHUIO C 06PAa30BaHUEM
Hg?" u cBoGOHO# pTYTH.

B) [leiicTBHe cepoBOOPOAA HA COJIU PTYTH

OnbIT mpoBOUTCA B BRITSDKHOM 1Kady! IloaelicTBoBaTh cepoBOI0OpOIHON BOI0OI HAPACTBOPHI
Hutpata prytu (I1) m Hutpara pryru (l) B n1Byx mpoGupkax. OTMETUTH IBeTa 00pa30BaBIIMUXCS
ocankoB. HamucaTh ypaBHEHHs MpOAETaHHBIX peakiuil, yuuTtbiBas, 4yro Juist pTyTH (l) cynbdun
COBEPILIEHHO HEYCTOMUYMB M NpU JAECUCTBUHM HA €€ COJIb CEpPOBOJOPOIHOM BOABI Cpazy oOpa3yroTcs
cynbdun prytu (1) u Metanaumueckas pTyTh.

Omnpit 9. KoMIIIEKCHBIE COETMHEHUS PTYTH

a) BzaumopneiictBue Hutpara prytu (1) ¢ u36sITKOM Hoauaa kanus

[Tomectuth B pobupky 1-2 kamnu Hutpara prytu (ll) u ocanute Honun pryru, 100aBUB B
npoOUpKy 2 Kariu pactBopa oauna xamus. [IpudaButhk m30bIToK Homauna xamus (10-12 xanens). Uto
npousonuio ¢ ocaakoM? UYTo MOKHO CKa3aTb O PAacTBOPUMOCTH TOJYYEHHOI'O KOMILJIEKCHOTO
coequHenuss Hgl2:2KI1?  Hamucate koopauHanuoHHyio (QopMyily KOMIUIEKCHOTOCOEIWHEHUS
Hgl,-2K|, yauTeBas, uro non Hg*" mmeer koopmuHamuonHoe uncio 4. K momydeHHOMY pacTBOpy
n00aBUTH 2 Karuid pacTBOpa HUTpaTa cepedpa. KakoBa pacTBOPUMOCTH MOTYYEHHOTO KOMIIJIEKCHOTO
coequnaenust AgQ2[Hgls]? OtBeTuth Ha BOMPOCHI, Ha3BaTh 00€ KOMILICKCHBIC COJH W HAIKCATh
yYpaBHEHUsI peakuuid B MOJIEKYJSIpHOM M HOHHOM Qopme. HammcaTe BbIpakeHHE KOHCTAHTHI
YCTOWYMBOCTHU MOJyYEHHOTO KOMITJIEKCHOTO aHHOHA.

6) B3aumopeiictBue nurpara prytu (1) ¢ n30bITKOM pogaHuAa Kanus

K 2-3 xamiam pactBopa Hutpata prytu (1) mpunuts 4-5 xanenb HaCBIIIEHHOTO pacTBOpa
ponanuaa kanmus. HamucaTe KoopAMHAMOHHYIO (QopMyny 00pa3yrolerocs pacTBOPUMOTO
komruiekcHoro coenuHeHust HQ(SCN)2-2KSCN. JloGaBuTh 2-3 Karuid HACBIIIGHHOTO pacTBOpa
xJiopusia kobanbTta. [Ipu 3TOM npoTekaeT peakius

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

Hanucats ypaBHEHUE B NOHHOMN dopme. Ob6paruth BHUMaHUe Ha
BeT oOpa3oBaBlIerocss ocaaka. I[IpuBecTH Ha3BaHUS TMOJYYEHHBIX B OIBITE KOMIUIEKCHBIX
COCIMHECHUM.



B) B3aumoeiicTBue coseld pTyTy ¢ pacCTBOPOM aMMHaKa

B oy npoOupKy moMecTuTh 2 Kariu pactBopa Hutparta ptyTH (1), B Ipyryro  — CTONBKO ke
Hutpata ptyTH (). B kaxayro nmpobupky no6aButh no 1-2 karmm 2 H. pacTBopa ammuaka. HaGmronate
B IePBOI MpoOUpKe BhIMazeHne 6emoro ocaaka Hutpata Mmepkypammonus [Hg2ONH2]NO3; Bo Bropoii
MpoOUpKe 3aMeTeH YEPHBIA 0CAJOK METAJUIMYECKON PTYTH, KOTOpasoOpa3yeTcs HapsAy ¢ HUTPATOM
MEPKYypaMMOHHSI 110 YPaBHEHUIO

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

B npucyrctBun ammuaka pacnan Hgo?*—H?2*+Hg Tak ycunupaercs, 4To IOMydUTh MMHAYHOE
npou3BoHOE pTYTH (1) MpaKTHYECKH HEBO3MOKHO.

B ueM oTiMume peakiuy B3aMMOJICHCTBHS C aMMHUAKOM COJIeH PTYTH OT COJiell LIMHKa
UKagMUs?

Omnpit 10. OxUCAUTENBHBIE CBOMCTBA COJIEH PTYTH

Hanute B npobupky 2 xaruum pactBopa Hutpata pryTH (1) u gob6asuts 3 karum 0,5 H. pacTBopa
xJiopyia osioBa. HaGronaTh mmocsie nepBoii Karuiy mosiBiieHue 0esnoro ocaaka kamomernn HgoClo. Yepes
3-4 muH ocanok TeMHeet. [louemy? Hanmcars ypaBHEHUS IPOTEKAIOLINX PEaKIUi.

Omeit 11. BoccTranoButenbHbie cBoiicTBa coseid prytH (1)

ITomectuth B (hapdopoBelil Turenap 7-8 kamesiab pactBopa Hutpara prytu (l), mpubaButs 2
KaIlIi KOHIIEHTPHPOBAHHOH a30THOM KHCIOTHI (IITOTHOCTH 1,4 r/cM®) u kunsatuth 1-2 MuH. OX1aauTh
KHJIKOCTh U THIIETKOHW MEPEeHEeCTH ee B MpoOHpKy. B apyryro mpoOupKy MOMECTUTH paBHBIA 00BEM
pactBopa HuTparta prytH (I) u Kk 060uM pacTBopam NMprOABUTH MO 2 KAk HACHIIIEHHOTO PacTBOpa
xjopuaa Hatpusa. B u€m paznuume moBeneHus o00ux pacTBOpoB? UeM 3TO MOXKHO OOBSCHUTH?
Hamnmcars ypaBHeHUs peakiuil.

JlabopaTopnasi pa6ora Ne 5. DjiemenTsl noarpynnsi 111 A
Onpit 1. [Tonydyenue opToOOPHOIT KUCIOTHI

B mpo6upky ¢ 5-6 xamisiMu ropsiuero HackleHHOTo pactBopa 0ypsl NazB4O7-:10H20 BHecTn
2-3 Karm KOHIEHTPHUPOBAHHOW CEpPHOM KHCIOTHL. OTMETHTh OBICTpPOE BHINMAJCHHWE KPHCTAIIOB
O6opHo# k1cnoThl. Hanucats ypaBHEHHE peakliiy MoIy4eHrs OOpHOI KUCIOThI U3 TeTpabopara HaTpus
1 cepHO KUCIOTHL. COJbI0 KaKOW KUCIIOTHI siBisieTcs TeTpadbopat Hatpusi? Hamucats Gpopmymy 3Toit
KHCIIOTBHI.

Omnpit 2. KucnoTHble cBOMCTBa OOPHON KUCIOTHI

B Tpéx mpobupkax ¢ 5-8 KariasMu AUCTUILTMPOBAHHOM BOJIBI pACTBOPUTH MPU HArPEBAHUH T10
HECKOJIbKO KPHCTAJUIMKOB OOpHON KuCcIOThl. B oaHy u3 mnpobupox mnpubdaButh 3-5 Kamemnb
HEHUTpaIbHOTO pacTBOpa JakMyca. OTMETHTh U3MEHEHHE ero OKpacku. B npyryio mpoOupKy BHECTH
Kycouek marHus. OTMeTuTh BbiieneHue ra3a. Kakoro? B TpeTsio mpoOUpKy OMYCTUTh HAa HECKOIBKO
CeKYHJI TIOJIOCKY YHHMBEpPCATbHOW HWHAMKATOPHOW OymMaru M CpaBHUTh €€ OKpPacKy C OKpPacKoOi
sTanoHHOM mKanel. CaenaTs BBIBOJ O pH moydeHHOTo pacTBOpa OOPHOUKHUCIOTHI.

Hanucars:

a) YpaBHEHHE PEaKIIUU B3aUMOICUCTBUS OOPHOI KHCIOTHI C MarHUEM,

0) ypaBHEHHUE AUCCOIUAIINH OOPHOM KUCIIOTHI;

B) 3HadyeHne pH moixydeHHOro pacTBopa OOpHOI KUCIOTHI.
CUITBHBIM UJTH cTTA0BIM DJIEKTPOIUTOM SIBIISIETCSL OOpHAs KUCIOTa?

Omnpit 3. OkpamBaHue njIaMmeHu OOpHOM KUCIOTON
Hakanuts B ruiameHu ropenku ¢pappopoByro Majgouky, OTMETUTh IBET MuiaMeHU. OMmyCcCTUTh
MaJ04YKy B MOPOILIOK OOPHOI KMCIOTHI U BHOBb BHECTH B Ijiams (y Kpasi BHEIIHero konyca). Kakyro

OKpacKy IUIaMeHH Ja€T OopHas kuciaoTa?

OmnsiT 4. I'naponus Terpadbopara HaATPUS



B nipoGupky ¢ 5-6 xamiassMu HEHTpaJIbHOTO pacTBOpa JJakMyca 100aBUTh 3-4 KaIljiu pacTBOpa
Terpabopata HaTpus. Kak wu3mMeHunach okpacka jgakmyca? HamucaTe ypaBHEHHS peakIuu
CTYIIEHYAaTOIr0 TUApoiM3a TeTrpabopara HATpuUs, YUYMTHIBAs, YTO B pe3yJbTaTe IEPBOM CTyNEeHU
THAPOIN3a 00pa3yroTcsi OpTOOOpHAsT KMCJIOTa U METabopaT HATPHs, BTOPOH CTYIEHH — OpTOOOpHAas
KHCIIOTA U €AKUI HATP.

OmpiT 5. [TomydeHue MaaopacTBOPHUMBIX OOPATOB

B tpu mpoOupku BHecTH 1o 3-4 Kalulm HACBINIEHHOTO pacTBopa TeTpabopara HATPUS U
N00aBUTH MO HECKOJIBKO Kamellb pacTBOPOB: B MEPBYIO — HHUTpaTa cepedpa, BO BTOPYIO —CyibdaTa
MeH, B TPEThIo — cynbdara amomuamst. OTMETHTH I[BETA BBIMIABIINX 0CaIKOB. Hammcars ypaBHEHUS
MPOTEKAIOIINUX PEAKIUi, YYUTHIBAsI, 9YTO BO BCEX PEAKIMIX YY4aCTBYET BOAA U TOJydaeTcs OOpHas
KHCIIOTA, BBIMAJAIONINE OCAIKU TPEICTABIAIOT co00il B MepBoi mpoOupke merabopart cepedpa, BO
BTOpoil — ocHOBHYyIO cosib Menu CUOHBO: (rumpokcomerabopar menu), B TpeThel MPOOUpKEe —
TUAPOKCH afoMUHMS. [loueMy B ABYX MOCIETHUX CIyYasX HE MOJYYUIUCH CPETHUE COJIU — OopaT
Mean u 6opat amoMuHus? OTBET OOBSICHUTD, HATIMCAB YPABHEHHSI COOTBETCTBYIOIIUX PEAKITUH.

OmnbiT 6. B3auMopeiicTBue antoMUHUS ¢ KUCIOTaMU

a) B3aumoneiicTBue antoMuHuUsA ¢ pa30aBIeHHBIMU KHCIOTaMH

B Tpu npoOupku BHeCTH 10 5-8 Kamneib 2 H. paCTBOPOB KUCIIOT: XJIOPOBOJOPOJHOM, CEPHOM,
a30THOM. B kaxkayro nmpoOHpKy OIMyCTUTH 1O MaJ€HbKOMY KYCOUKY alfOMMHHUEBOM (osbru. Bo Bcex
JIM CITy4Yasix MPOTEKAeT Peakus Npyu KOMHATHOU TeMmepaTtype? Harpers mpoOupku Ha BOISIHOM OaHe.
Uro nabmionmaercsa? Hammcatrh ypaBHeHust peakiuii. Kakoil ra3 BbAENIAETCS NMPU B3aUMOJCHCTBUU
ITIOMHUHHUS ¢ pa30aBlIeHHON a30THOM KuciaoTon? C pa30aBIeHHON CEPHOU U XJIOPOBOAOPOIHOM?

0) B3aumopeiicTBue amoMUHNS ¢ KOHIIEHTPUPOBAHHBIMU KUCIIOTaMU

OmnbIT mpoBoauTcss B BHITSDKHOM IKady! [Ipoxenars ombIT, aHAIOTHYHBIA MPEABIIYLIIEMY,
3aMeHMB pa30aBJIeHHbIE KUCIOTHI KOHIIEHTPHPOBAHHBIMHE: XJIOPOBOAOPOIHOM (mmoTHOCTH 1,19 T/eM3),
cepHoil (mnotHocTs 1,84 r/cM®) m asotHoit (maotHOCTH 1,40 T/cM®). Kak mpoTekaroT peakium mpu
KoMHaTHoM Temnieparype? C kakoil kuciaoroil antomunuii He pearupyer? [louemy? Harpets npooupku
Ha BojsHOUN Oane. Kak Bmmsier HarpeBanue? OTMmeTuth HabOmonaeMble siBaeHUs. OTBETUTh Ha BCE
Bonpockl. Hammcare ypaBHEHUS peaklui, Y4WUTbIBas, YTO a30THas KHCIOTa IpPU HarpeBaHUU
BOCCTAHABIIMBAETCS B OCHOBHOM JI0 JUOKCHJA a30Ta, a CEpHasl IpU KOMHATHON TeMmIeparype — 10
CEepHHUCTOro rasa, Mpy HarpeBaHUU — JO CBOOOJHON cepbl. Biusier nu M3MeHEHHE KOHLIEHTPAlUu
XJIOPOBOJOPOJHON KHUCIOTHI Ha XapakTep €€ B3aUMOJCHCTBHS C allOMUHUEM?

B) [laccuBanust amoMuHus

B npobupky ¢ pacTBOpoM XJIOPOBOJOPOAHOM KHUCIOTHI (5-8 Kamenb) OMyCTUTH TMOJOCKY
amomMuHueBord Qornbru. HabmionaTe BbleneHHe BOAOpoAa. BbIHYTH altOMMHMHA M3 HPOOUPKH,
OTIONIOCHYTH BOJIOH U OMYCTHTh B KOHIIEHTPUPOBAHHYIO a30THYIO KUCIOTY (moTHOCTH 1,40 r/cm®) Ha
2-3 muH. BBIHYTB, OMOJIOCHYTH BOJIOW M CHOBA OIYCTUTH B IPOOUPKY C XJIOPOBOJIOPOIHON KHCIOTOM.
Briaensiercs nu Bogopoa? PactBopsiercs nu antoMuHMii? YTO MpOU301LIO C allFOMUHUEM?

Omnpit 7. PacTBOpeHre antoMUHUS B BOJHOM PacTBOPE LIENOUH

BaecTtu B mpoOupKy MOJOCKY alfOMUHUEBOU (oibru U 100aBUTh 3-4 kamu Boabl. Harpers
npobupKy Ha BojsiHOW Oane. HaOmromaercst nu BbieneHue Bopopoaa? Jlo6aBute BIpoOUpKy 5-8
Kamenb 2 H. pacTBOpa eakoro Harpa. OTMETUTh MHTEHCHBHOE BblieleHUEe Bojopoaa. OTCYTCTBHE
peaKkIMM ATIOMHUHUS C BOAOH OOBACHSAETCS HaJIMYHUEM HA €ro MOBEPXHOCTHU IUIOTHOM OKCHIHOMN
IUIEHKH, KOTOpas 3aTpyJIHSEeT JAOCTYI BOJOPOAHBIX MOHOB K MOBEPXHOCTH MeTayia. JloOGaBieHHas
mENOYh pacTBOPAET OKCUIHYIO IUIEHKY C OOpa3oBaHMEM THAPOKCOANIOMHUHATa W CO3MaET
BO3MOKHOCTh HEITOCPEICTBEHHOT'O B3aUMOJICHCTBUS aTFOMUHUS C BOJIOM.

Peakiust mpoTekaet 1o cxeme:

A1203 + NaOH + H20 — Nas[A1(OH)g]

Al +H20 — A1(OH)3 + Hz



A1(OH)s + NaOH — Nas[A1(OH)g]
[TonoGpath K03 HUIMEHTHI K YpaBHEHUSM PEAKIIHA.
OmnpbiT 8. BiustHue XJ10pUI-HOHA Ha KOPPO3HUIO ATTFOMUHHUS

Hon xyopa sBISETCS CUIBHBIM aKTUBATOpPOM Koppo3uu. Ero mnpucyrcTBue B pacTBope
CIOCOOCTBYET pPa3pyLICHHIO 3AIIWTHOM IUIEHKM OKCHAA AaIOMUHHS, BCIEICTBHE YEro KOPPO3us
ycuiuBaercs. B 1Be mpoOHpKH MOMECTUTh MO KYCOUKY QIIOMUHUS U T0OOAaBUTHh B OJHY M3HUX 5-8
Karesinb pacTBopa cyib(ara MeIau, a B IpYr'yl0 — CTOJBKO e pacTBopa xjopuaa mean. OTMETUTbH
pa3NUYHBIN pe3yapTaT B 000X Cllydasx: B TO BpeMs KaK B IEPBOW NMPOOWpPKE aIIOMUHHUI OCTAaeTCs
noyT 0e3 W3MEHEHHUs, BO BTOPOH OH OBICTPO TMOKpHIBaeTcs HanéToM wMeau. Hamucars
COOTBETCTBYIOIIEE YPABHEHUE PEAKLIUH.

Omnpit 9. 'Mapokcua antoMUHMS, €r0 OJyYEHUE U CBOMCTBA

B nBe mpoOupku BHecTH 1O 2-3 KamjiM pacTBOpa COJIM aTIOMUHUS U N0  2-3 Kamim 2 H.
pacTBopa €AKOro HaTpa A0 OOpa3oBaHUS OcCaJKa TUAPOKCHIA alOMUHUSA. B ogHy mnpoOupky
KIIOJIyYEHHOMY OCaJIKy MpUOaBUTh 3-5 Kamespb 2 H. pacTBOpa XJIOPOBOAOPOAHOMN KUCIIOTHI, B APYTYIO
— CTOJBKO XK€ 2 H. pacTBopa enkoro Harpa.Uto mpoucxoauT B oboux ciydasx? CruenaTh BBIBOJA O
CBOMCTBAaX TIMAPOKCHAA altoMuHUA. Hamucatb ypaBHEHHMS pEakIMl MOJIy4YeHHs] THAPOKCUAA
QIIOMHHMS U €T0 B3aUMOJICHCTBUS C XJIOPOBOIOPOAHON KHUCIOTOM U €KUM HAaTPOM, YYUTHIBAS, YTO B
1eno4Hoi cpene obpasyercs komiuiekcHbi annoH [A1(OH)e]®. YkasaTh Ha3BaHMS MOMy4eHHBIX
coequHeHuil amomuHus. Hanucarh cxeMy paBHOBecHs AMCCOLMALMM THAPOKCHAA amtoMHUHUs. Kak
u3MeHseTcs Konuentpanus nonos A13* u [AI(OH)s]* npu no6apnennu kucnotsi? Ipu 1o6apiennn
iénoun’?

Omnpit 10. 'uaponus coneit amtoMuHUS

a) 'maponus xyopuaa antoMUHUS

B npoGupky BHecTH 5-6 Kamenb HEHTpalbHOrO pacTBopa jakmyca W 1-3 Kamiau pacTBopa
xJjopyia amoMuHus. OTMETUTh, KaK U3MEHHIAch OKpacKa JakMmyca U OOBSICHUTh HNPUYMHY 3TOrO
u3MeHeHMs. HamucaTb B MOJEKYJISpHOM W HMOHHOM BHJE YpaBHEHUE peakIUM TUApOJIH3a,
IIPOTEKAIOIEro MPEUMYILIECTBEHHO 10 NepBoil cTynenu. [louemy ruposns 3Toi coyin He MPOTEKaeT
10 koHa? Kak MO’)KHO yMEHBIINTH CTENIEHb THIPOJIN3a 3TOM conu?

6) CoBMeCTHBIN THIPOIIN3 XJIOPHUIA ATFOMUHUS U CYIb(pH1a aMMOHUS

Bhaectu B npoOupky 2-3 Kamiau pacTBOpa COJIM aTlOMUHMS U 1I0OABUTH CTOJIBKO XK€ pacTBOpa
cynbpura ammoHus. OTMETUTh BBINAJEHUE OCaJKa THAPOKCHIA QJIIOMUHUS U BbLACICHUE
cepoBonopoaa. HammcaTe ypaBHEHHE peakLMM COBMECTHOIO TMapoiu3a AByX coieil. Ilouemy B
JAHHOM Ciy4ae TMApPOJIA3 NPOTEKaeT 10 KoHua? IIpon3oiiner 1M B BOIHOM pacTBOPE aHAJIOIMYHAas
peakiusi, eciiu cynb(ua aMMOHMS 3aMEHUTH cylabhuaoM Hatpus? Bo3zMokHO 1M peakiueir oOMeHa
MEX]y ABYMSI COOTBETCTBYIOIIMMHU COJIIMU B BOJHOM PacTBOPE MOJIYYUTh KapOOHAT alFOMUHUS?

JladopaTopnasi padora Ne 6. JinemenTsl noarpynnsi 1V A
Omnpit 1. Ancop6uumst yriaém Kpacsiux BEeIecTB U3 pacTBOpa

B npoOupky /10 moJI0BUHBI €€ 00bEMa HAIUTh CBETIO-PO30BBIN pacTBOp QykcuHa. BHectu B
pacTBOp HEMHOTO AaKTHUBHPOBAHHOTO yriis. [I10THO 3akpbITh HPOOMpPKY MalblieM HIHEPTHYHO
BCTpAXUBATh €€ 2-3 MUH. J|aTh pacTBOPY OTCTOSTHCS U OTMETUTH €r0 00eCI{BEUnBaHUE.

OmneiT 2. BoccTaHOBUTENBHBIE CBOMCTBA YIS

a) BoccranoBiieHue yriém okcuaa Meau

Ha nucte 6ymaru cmemaTth oAuH 00BEM MOPOIIKA OKCUAA MEIU C IBYMsI 00bEMaMHM MOPOILIKA
yris. [IpUroToBieHHY0 CMeCh NMOMECTUTh B LMIMHIPUYECKYIO MPOOHPKY, KOTOPYIO YKPENUTh B
HITaTUBE TOPU3OHTaIbHO. HarpeBaTh cMmech CHIIBHBIM IJIaMeHeM ropenku B TeueHue 10-12 muw,
Habroas CUIIbHOE packaiuBaHue cMecH. OxJiauB NMPOOUPKY, BHICHINIATH €€ COJEPKUMOE Ha JIUCT
O6enoit 6ymarn. OTMETUTh  IBET  IOJYYEHHOTO  MPOAYKTA. OOparuth BHHUMaHuE  Ha
OnmecTAmIMiA  KpacHOBaTBhIM  HaNET, OOpa30BaBIIMICS HA  CTEHKaxX HNPOOUPKH, U OOBSCHHUTH
ero oopasoBanue. Hamucars ypaBHeHUE peaKIIUH.

0) BoccranoBiienne yriém cepHOil KUCITOTHI

B munuHIpudecKyro npoOupKy MOMECTHTH 2-3 KaIljii KOHIIEHTPUPOBAHHON CEPHOM



KHCTOTHI (TUoTHOCTE 1,84 1/cM®) M ManeHbKnii Kycouek yrms. YKPEenuTh MpOOHPKY B IITATHBE U HA
MaJICHbKOM TUIAMEHH TOPEJIKH OCTOPOXKHO MoI0TpeTh e€. HabmoaTe BeIfeieHre My3bIphKOB ra3a. [1o
3amaxy ONpeAeUTh OJUH W3 BBIICISIONMXCS ra3oB. HamucaTs ypaBHEHHE peakliu, YIUTBIBAs, YTO
YIIIepO]I OKHUCISIETCS IO TMOKCH A yriaepoaa. Kakoe BemecTBo BOCCTaHOBUIIOCH?

OnpiT 3. TTomyueHue qUOKCHIA YIIIepoia U €ro paCTBOPEHUE B BOJIC

[IpurotoBuTh MNPOOMPKY C HEUTpPaNbHBIM pacTBOpoM Jakmyca (5-6 xamens). B
MHUKPOKOJIOOYKY TOJOXHUTh 3-4 MaJeHbKHX KyCOYKa Mpamopa. YKpEnuB KOJIOOUKYy B IITATHUBE
BEPTUKAIBHO, BHECTU B Hee S5 Kameiab Boabl M 10 Kameinb KOHIIEHTPUPOBAHHOM XJIOPOBOIAOPOJIHOM
KHUCJIOTBL. BBICTPO 3aKpBITh KOJIOOYKY MPOOKON ¢ ra300TBOAHON TpyOKoii. KoHer TpyOKu OmycTUTh B
npoOUPKY ¢ HEUTPAJIbHBIM PACTBOPOM JAaKMyca M MPOMyCcKaTh ra3 2-3 MuH. OTMETUTh M3MEHEHHE
oKpacku Jlakmyca. OnucaTh npojienianHyio padory. Hammcats cxeMy paBHOBECHSI, CYIIECTBYIOIIETO B
BOJIHOM pacTBOpe AMOKCHAA yriepoaa. Kak cMecTuTcs 3To paBHOBecHE NPUA0OABICHHH B PacTBOP
ménoun? Kucnotel? Yka3aTh NpUUMHY CMEILLIEHUS PABHOBECHUS B KaXKIOMCIyJae.

OmnbIT 4. ManopacTBoprMbIe KapOOHATH HEKOTOPBIX METAJIOB

a) ITonmyyenne xkapOOHATOB LIENOYHO3EMENIbHBIX METANIOB U UX PACTBOPEHHE B YKCYCHOM
KHCJIOTE

B Tpéx mpoOupkax HoiayduTh KapOOHAThl KajbLMsl, CTPOHLHMSA M Oapusl B3auMoJeicTBHEM
pacTBOPOB COOTBETCTBYIOIIMX coJiell ¢ kapOoHatoM Hatpus (mo 3-4 kamiu). [late pacTtBopam
OTCTOSITHCS U, YAAJIUB MUIETKON MM KYCOUKOM (PHIIBTPOBAJILHOM OyMaru 4acTb KUAKOCTH, 100aBUTh
K OCaJIKaM I10 OJJHO! Karjie yKCyCHOU KucioThl. Uto HaOmogaerca? OTMETUTH BbINAJIEHUE OCATKOB,
UX LBET U PacTBOPEHUE B YKCYCHOM KMCIIOTE, COIPOBOXKJAIOLIEeCs BblJeNeHUEM rasa. Hamucatsb
YpaBHEHHUSI BCEX IMPOTEKAIOLINX PEAKIUIl.

0) OOpa3zoBaHKEe THIPOKCOKAPOOHATOB HEKOTOPHIX METAJIJIOB

K pactBopam coneil marnus, kobanbra U Kaamus (o 3-4 xamiu) 100aBUTH CTOJNBKO XKe
pactBopa kapOoHata Harpusi. OTMETUTH BBINAJICHHE OCAIKOB THIPOKCOKAPOOHATOB YKa3aHHBIX
METAJIJIOB, WX ILBET U BbIIEJICHHE IYy3bIpbKOB ra3a. Hamucate B MOJIEKYISIPHOM UM HOHHOM
BUJICypaBHEHUS PEAKIIMH, TPOTEKAIOIIUX C YYaCTHEM BOJIBL.

Omnpit 5. M'uaponu3s kapboHaTa U ruapokapOOHaTa HATPUS

B nBe npo6upku BHECTH 10 3-4 Karin HEUTPAIBHOTO pacTBOpa JJakMyca. B onHy 13 npo6upox
n06aBuTh 1-2 Karum pactBopa KapOOHaTa HaTpus, B APYryl0 — TaKOe K€ KOJIWYECTBO pacTBOpa
rujpokapOoHara Hatpus. OTMETHTh pa3iMuyue B OKpacke JakMmyca. HamucaTb BMOJEKYISpHOM U
MOHHOM BHJI€ YPaBHEHMS PEaKLUU TMAPOJIM3A IMEPBOM M BTOPOW COJM. B kakoMm cilydae ruaposins
npotekaet ciabee? [Touemy?

OmnbIT 6. Biusinue kap6oHaT-MOHA HA THJIPOJIN3 HEKOTOPBIX COJIeH

K pactBopam coseii xenesa (I11) u onosa (11) (3-4 kamim) mo6aBuTh mo 3-5 kamesnab pacTBopa
kapOoHara HaTpusi. OTMETUTH BBIICTICHUE Ta3a U 00pa30BaHUE 0CAAKOB THAPOKCHIIOB XKeJe3a U 0JIOBa.
Hanucats ypaBHEHHS peakiuil TWIpoiM3a yKa3aHHBIX coOJied IpH 100aBleHUU K HUM KapOoHaTa
narpus. [louemy B npucytctaue nona CO3?” rHAPOIH3 MPOTeKaeT MPAKTHIECKH 10 KOHIIA?

OmnpiT 7. TepMudeckoe pasiiokeHue KapOOHATOB

B oany npoGupky BHecTH HeMHOro (He Ooniee 1/8 mpoOupkH) cyxoro ruapokcokapboHaTa
MEJIH, B IPYT'YIO — CTOJIBKO K€ CyXOro kapOoHara kanbius (Mena). [Ipobupky ¢ conbio Meau yKpenuTh
B IITaTUBE TOPU3OHTAIBHO, CIIETKa HAKJIOHWB OTBEPCTUEM BHM3. 3aKpbITh €€ MpOOKOil ¢ M30THYTOM
ra300TBOAHON TPyOKOM, KOHEL KOTOPOil OMyCTUTh B MPOOHPKY C W3BECTKOBOW Bo0i. [Tpobupky c
COJIBI0 HarpeBaTh MAJEHBKUM IUIAMEHEM TOpenkHU. UTO NMpPOMCXOIUT C M3BECTKOBOM Boaon? Uem
o0BsicHUTh 3TO siBieHue? KakoB coctaB oOpazoBaBiierocsiocagka? HamucaTh ypaBHeHHs peakuuit
pas3ioKeHusl TuAPOKCcOoKapOOHaTa MeI MpU HarpeBaHUM U B3aUMOJICHCTBUS BBIJICINAIONIETOCs Ta3a ¢
M3BECTKOBOW BOJIOW. AHAJOTMYHBIN OMBIT MPOBECTH ¢ KapOoHaTOM Kaiblus. IIpokanuBaHue BecTH
Oosiee PHEPTUYHO U NPOoOKUTENBbHO. Habmoaate cooTBeTcTBYOMME siBIeHUS. OTMETHTD pa3indue
B TEPMHUYECKOU



yCTOHYMBOCTH coJieid. Hanucath ypaBHEHUS peakinii.
Omnpbit 8. [TonydeHue resns v 305151 KPEMHUEBOU KUCTIOTHI

B onmny mpobupky BHecTH 4-5 Kamenb cuiMKaTta HaTpus, B JApyryio — 4-5 kamenb
KOHIIEHTPHPOBAHHON XJIOPOBOJOPOAHON KMCIOTH (mmotHOCTs 1,19 r/cm®). JIo6aBUTH B TIEpBYIO
npoOupky 6-7 kamenb 2 H. pacTBOpa XJIOPOBOAOPOJTHOW KHUCIOTHI, BO BTOpyr — 1-2 xamim
HACBHIIIEHHOTO pAacTBOpa CHJIMKAaTa HATPHUA. 3aKphITh MPOOMPKM NalbIEM M BCTPSIXHYTh UX.
Habmronate oOpa3oBaHue Teisi KPEMHHUEBOM KHCIOTHI B IEPBOM MpPOOHMPKE W 30J1 BO BTOPOM.
[TosydeHHBIN 301b KPEMHUEBOM KHMCIOTHI HarpeTh MaJIEHBKMM IUIAMEHEM TOpPEIKU A0 Mepexoja B
renb. Kak HazpIBaeTcs npoliecce nepexoja 30 B reab? Kakoe 3HaueHne umeer Harpeanue? Onucarb
npoJiesiaHHyI0 padoTy. HanucaTh ypaBHEHUE peakuy MOTydeHHs KpeMHUeBO# kuciotel HzSiOs.

OnbiT 9. Conu KpeMHUEBOUW KUCIIOTHI

a) [lonydyenue cunukara HaTpUs

[ToctaButh Turenék Ha (apPopoBbIld TPEyroJbHHK, MOJIOKUTh B HEro MHHLETOM KYCOYEK
€KOr0 HaTpa BEJIMYMHOM C ropolmnHy. Harperp Turenp A0 MOJHOIO paciuiaBiieHHs wEnoud. B
pacIuiaBjIe€HHYI0 Maccy BHECTH OJIMH MHMKpPOULINATEIb MPOKAJIEHHOI'O CUJIMKArelis U CHOBA HAarpeTh
Maccy A0 IOJIHOTO paciuiaBieHus. YToObl yOequThCs B TOJTYYEHHUH COJM KPEMHHEBOMH KHCIIOTHI,
IIPOBECTHU CIeNyIOIUi onbIT. TUrenék oxiaaauTh, NpUOaBUTH B HETO 5-8 Kamnenb AUCTUIIIIMPOBAHHON
BOZBI M TINATEJIBHO MEpPEMEIIATh CTEKISAHHOW nanoykoil. Heckonbko kamenb pacTBopa IEpEeHECTH
IUIETKON B IWIMHAPHYECKYI0 NpoOupky. B pactBop mpubGaBuTh paBHBIM 00bEM 2 H. pacTBOpa
XJIOPOBOZOPOAHON KHMCIOThl. HammcaTe ypaBHEHMs peakuuil IOJydyeHUs CHIMKAaTa HaTpus MU
KPEMHHUEBO# KHCIIOTHI ycaoBHON Gopmyiabl H2SiOs.

6) IlonydyeHue MaaopacTBOPUMBIX COJIEH KPEMHUEBON KUCIIOTHI

B 4 npoGupku BHecTH 1o 3-5 Kamesnb pacTBOPOB COJIEH: B MEPBYIO — XJIOpUJA KaJbLHs, BO
BTOPYIO — HUTpaTa KoOaJibTa, B TPEThIO — HUTpaTa CBUHIIA, B 4eTBEPTYIO — cynbdara meau. Jlo6aBuTh
B KXy IpOoOUpPKY 1o 2-3 KaIuld pacTBopa cuiukaTta Hatpus. OTMeTuTh 1BeTa ocajkoB. Hamucars
COOTBETCTBYIOIINE YPABHEHUS PEAKIIUIA.

Omnprit 10. 'maponus cunukara HaTpus

B nBe mpoOupku BHECTH 1O 5-6 Karenb pacTBOpa CHIIMKATa HATPUs, B OAHY U3 HUX JOOABHUThH
Karmo QeHondranenHa. OTMETUTh NOSIBIEHHE KpacHOM okpacku. Ha u30BITOK Kakoro MoHa 3TO
yka3eiBaeT? Bo BTOpyro mpoOupky mo6aBuTh 4-5 Kamenb pacTBopa xjopuaa amMMoHUs. OTMETHUTH
HaOJI01aeMBbIe SIBIICHUS U OOBSICHUTH PA3JINUME B CTETICHU THIPOJIM3a CHIIMKATa HATPUSB YUCTOH BOJIE
U B IPUCYTCTBUU XJIOPHIa aMMOHHMSA. HanmcaTh MOJIeKyIIsipHbIE U MOHHBIE YPaBHEHHUSI 00OUX CITyJaeB
ruzaponu3a. [IpucyrcTBue Kakoro MOHa YBEIMUYWIIO CTENEHb T'MIpojiu3a Bo BTopoMm ciydae? Kak
YMEHBIIUTD THIPOJIA3 CUIINKATA HATPHS?

Omnpit 11. BoccranoBieHue okcua 010Ba yriiém

Oxcun onoBa (2-3 MuKpommaress) cMemaTh Ha KyCouke Oymaru ¢ JBOWHBIM KOJHYECTBOM
nopoikoodpazHoro yris. [lonydyeHHyr0 cMech TOMECTUTh B LHUIMHAPUYECKYIO POOUPKY, KOTOPYIO
YKpenuTh B IITaTHBE rOpu30HTaNbHO. HarpeBaTh cMmech miaameHem ropenku BreueHue 10 mun. Ilo
OXJIX/IEHUM TMPOOMPKU BBICHINIATh COAEPKMMOE Ha OyMary M paccMOTPETh IOJIyY€HHOE OJIOBO.
Hanwucatps ypaBHeHHE peakIii BOCCTAHOBJICHHS OKCHJIA OJI0BA YIIIEM.

Ompit 12. Boccranosnenue onoa (1) u3z pactBopa

B npoGupky BHecTH 5-6 kamnenb pactBopa xjuopuaa ojosa (I1). OnycTuTs B Hero MajneHbKUN
Kycodek IUHKa. OTMETUTH BbIJICIEHHE METAUIMYECKOro 0JIoBa Ha MOBEPXHOCTU IMHKa. Hamucatb
ypaBHEHHE PEeaKLUU B HOHHOM BHJIE.

Ompit 13. B3aumoeicTBre 0J10Ba ¢ KUCIOTaMHU
a) JleticTBue Ha 0J0BO pa30aBICHHBIX KUCIOT

OnbIT IPOBOAUTCS B BHITSDKHOM 1Kady! B Tpu npoOupku MoI0KUTh 10 MaJI€HBKOMY KYCOUKY
METAJTNYECKOro 0JIoBa. B kaxayto u3 mpoOupok 100aBUTh pa3ieiabHO IO



4-6 kanenb 2 H. paCTBOPOB KUCIIOT: XJIOPOBOJOPOJAHOM, CEpHOM, a30THOU. OTMETHTh MEIJICHHOE
B3aUMOJICHCTBHE TPU KOMHATHOMW Temriepatype. Harpers mpoOupku Ha BOASHOW OaHE WM Ha
MaJIeHbKOM TulamMeHu ropenku (ocropoxHo!). HabOmomate Beimenenue rasza. Hamucats
YPaBHEHUSINPOTEKAIOIIMX PEAKIMI, YUUThIBas, UTO MPU B3aHUMOJCHCTBUH 0OJOBa C pa3z0aBIeHHOM
a30THOU KUCIOTOU BhIIEseTca npeumyinectBeHHO NO, a 010BO OKHUCIISIETCS BO BCEX CIydasx J0
Sn%*, obpasys COOTBETCTBYIOIINE COJIH. Kakoii ra3 BBIJICTISICTCS npu
B3aUMOJICHICTBUH 0JIOBA C Pa30aBICHHON CEPHON U XJIOPOBOJOPOIHON KHCIOTAaMHU?

0) JleiicTBHe Ha OJIOBO KOHIIEHTPUPOBAHHBIX KUCIIOT

OnbIT mpoBOAUTCA B BHITSKHOM IKady! PacTBop pa3zdaBiieHHBIX KUCIOT OCTOPOKHO CIIUTh
C 0JIOBA, POMBITH €0 BOJIOH U B K&XKIYI0 MPOOUPKY 100aBUTH 110 4-5 Karenb KOHIIEHTPUPOBAHHBIX
KHCJIOT: B TIEPBYIO — XJIOPOBOAOPOIHO# (rmoTHOCTH 1,19 T/cM®), BO BTOPYIO — CepHOil (ILIOTHOCTh
1,84 r/cM®), B Tperhio — a3oTHO# (IW1oTHOCTH 1,40 r/ecm®). Kak mayT peakiuu mpu KOMHATHOM
temneparype? Harperb npoOupku Ha BOASHOM OaHe MM HAa MAJIEHBKOM IIJIAMEHHM TOPENIKU
(octopoxno!). OTMETUTh TEUYCHHE pEaKIMH NMpu HarpeBaHuu. Kakoi ra3 BbIENsAeTCS B MEPBOH
npobupke? Ilo 3amaxy omnpeaenuTh ras, BBIIACIAIONIMICA BO BTOpod mpoOupke. Hamumcarts
YpaBHEHHUSI TPOTEKAIOIINX PEAKIUH, YUUTHIBAsI, YTO MPU B3aUMOACHCTBUU C KOHIICHTPUPOBAHHOM
cepHoii kmciaoTor omoBo okucisieres a0 Sn(IV) ¢ obpasoBanmem Sn(SOs)2, a cepHas KuciaoTa
BocctanaBnuBaercss a0 SO. [lpu B3auMopelcTBUM OJI0Ba C KOHILIEHTPUPOBAHHOW a30THOMN
KHCIIOTON oOpasyercsi Oemnblii 0caloKk B — OJOBSIHHOW KHCIOTBHICIOXKHOTO coctaBa xSnOzyH20,
KOTOPO YCIIOBHO HPUIUCHIBAIOT (GOPMYIy META0NOBIHHON KucinoThl HoSNO3. A3oTHas kucinorta
BoccTaHaBnuBaercs mpu 3Tom 10 NOo.

Onpit 14. I'mapokcun onosa (1) u ero cBoiicTBa

B nBe npobupku BHecTu 1o 2-4 kamu pactBopa xyopuaa onosa (I1). B kaxayro npobupky
n00aBUTH MO 2-5 Kamenb 2 H. pacTBOpa €AKOro Hatpa Ao obpa3zoBaHus ocaiaka. K momyueHHOMY
THAPOKCHUAY 0JIOBA T0OABUThH: B MEPBYIO MPOOUPKY — 3-5 Kamenb 2 H. pPacTBOP XJIOPOBOAOPOIHON
KHCIIOTHI, BO BTOPYIO — CTOJIBKO )K€ 2 H. pacTBOpa eKOro HaTpa. PacTBophI pa3Meniats CTEKISTHHON
MAJTOYKOM MJIM OCTOPOXHO BCTPSAXUBATh MPOOUPKU B OOOMX Cly4asX JO PACTBOPEHUS OCAIKOB.
OTmeTuTh HabII01aeMBbIe SIBIICHUS U CI€TIaTh BBIBOJ O cBOIcTBax rujapokcuia osiosa (11). Hanucars
ypaBHEHMS peaKkIuil oTydeHUs THIPOKCHAA 0JI0Ba U €r0 B3aUMOACHCTBUS C KMUCIOTON U MIENOYBIO,
VUUTHIBAs, UTO B IIEJOYHOM pacTBope oOpasyeTcs KOMIUIEKCHEIH aHmoH [Sn(OH)4]*
(rerparuapokcocranHat(l1)-annon). Kakue HOHBI 0J10Ba HAXOAATCS PEUMYILIECTBEHHO B PACTBOPE
npu pH < 7? Ilpu pH > 7?

Omeit 15. I'maponu3 xnopuza onosa (11)

Hanuts B npoOupky 1-4 kanau BoJbl U ONYCTUTH B Hee 2-3 KpUCTAJUIMKA XJIOpU/a 0JI0Ba
(I). PasMemaTh coaep>kKUMOE CTEKISIHHOW TMaJOYKOM 10 MOJHOTO PacTBOpEHUs KpuctamwioB. K
MOJIyYEHHOMY MPO3padyHOMY pacTBOpPY A00aBuUTH eimie 5-6 kamenb Boabl. OTMETUTHh 00pa3oBaHue
ocaaka rtuapokcoxyiopuaa onoBa (II) — SnOHCI. IlpuGaBreHHeM Kakoro peakTHBA MOXHO
YMEHBIINUTh THIPOJIU3 XJiopuaa oiosa? [IpoBepuTs cBoE 3aKitoueHre onbIToM. YTo Habmoaaercs?
Hanwmcate ypaBHeHHsI BceX mpoTekarommx peakiuid. OOBSICHUTh BIUSHHE TO0OABICHUS BOIBI
MKHCIIOTHI HAa CTENEHb TUAPOIIN3a STOU COJIH.

OmnpiT 16. BocctaHoBUTEIbHBIE CBOMCTBA coenuHeHmit oosa (I1)

a) BoccraHoBrieHue nepMaHranara Kajausi XJOpUI0M OJI0Ba

B npobupky c¢ pactBopoM nepmanranara kamus (3-5 xanenb) 106aBuTh 1-2 xamim 2 H.
pacTBopa XJIOPOBOJOPOAHON KHCIOTHI M 3-4 Kamium pacTBopa cojiu ojioBa. Uto HaGmromaercs?
Hammcare ypaBHeHUE peakiuu, MpoTeKaromei ¢ oopasoBanueM xjopuaa mapranma (I1). B kakyro
CTETEeHb OKUCIIEHUSI IEPEXOAUT 0JI0BO?

6) BoccranoBnenue auxpomara Kauus

K pactBopy xmopuna onosa (II) mo6aBute 1-3 kammm XJ0poBOAOpOIHOW KUCIOTHL. K
MOJIKMCIIEHHOMY PacTBOpY IO KaIUIsiM MpHOaBisATh nuxpomar kamus (2-3 karum). HaGmronate
TIOsIBJIEHNE 3eNE8HOH OKpacKd BCIEACTBHe BoccTaHoBieHus moHa Cro07% B monm Cr** Hammcats
ypaBHEHHE IPOTEKAIOIIEH peaKIiHy.

B)Boccranosienune xiaopua sxenesa (1)

B nBe npobupku BHecTH 1o 1-2 karm pactBopa xyopuna xenesa (1) u



rexcanmanodeppata (111) kamus Ks[Fe(CN)s] (peakTus Ha non Fe?"). B 06e mpo6upkn 106aBHTH BOJIBI.
OTMeTUTh OKpacKy MOJYYCHHBIX pacTBOpPoB. OAHY MPOOHPKY COXPAHHUTH Il CPaBHEHUS, BIPYTYIO
n006aBuTh 2-3 Karum pactBopa xyopuaa ojoBa (1) u HabmonaTe B HEll MOSBIEHWE CHUHEW OKPacKu
Beeacreue oopaszoBanust Fes[Fe(CN)slz. IToyeMy oTCyTCTBYET CHHSIS OKpacka B IIEpBOM mpooupke?
Hanwmcate ypaBHEHHsSI TPOTEKAMOIIEH OKUCIUTEILHO-BOCCTAHOBUTEIILHOW pEAKIUU W PEaKIiu
obpasoBanus rexcanuanodeppara (1) sxemesa (11).

Omneit 17. Cynedup onona (1) u ero cBoiicTra

OmnbIT mpoBoAUTCS B BHITSDKHOM Ikady! B aBe mpoOupku BHecTH mo 2-3 KamumpacTBopa
xsopuga onoBa (Il) u mo 5-6 xanenb CBEXENPUTOTOBIEHHON CEPOBOAOPOIHOM BOABI. OTMETUTH
oOpa3zoBaHHe ocajka Cyiab(puaa onoBa U ero user. Jlatb ocaiKy OTCTOSTHCS M yJAIUTh IOJOCKOU
(GUIbTPOBANBHON OymMaru M30BITOK KUIKOCTH M3 00eux mpoodupok. [IpubaBuTh K 0CaaKy B OJHOU
npobupke 3-4 Karm CBEKEMPUTOTOBICHHOTO Cylb(HIa aMMOHHS, K OCAAKy B APYrod MpoOHpKe —
CTOJBKO ke pacTBopa mucyinbduma ammoHus (NHi)2Sz2. Obe mpoOupkn 3HEPTUYHO BCTPSXHYThH
HECKOJIBKO Pa3 WJM pa3MellaThb PACTBOPbI CTEKJISHHOW MNMajJO4YKOM. B KakoM ciydyae NpOHUCXOIUT
pactBopenue ocanaka? Hamvcarh ypaBHEHHS peaKLIUU:

a) nonyueHus cynbpuna onosa (I1);

0) B3aumoneiictBus cynbpuaa omnosa (1) ¢ nucynppugomM aMMOHHS B IBE CTAUH, YIUTHIBaSI,
gto cynbdun onosa (1) okucnsiercs nucynbdumom aMmmMoHus 10 SNSy, KOTOPEII 3aTeM PacTBOPSETCS
B cynb(uae aMMoHusi, 00pasyst TuoctranHat amMmonus (NHa4)2SnSs.

OT™MeTHuTh 1 00BSICHUTH pa3indus B cBoiicTBax cynbuaos osoa (1) u onosa (1V).

Ompit 18. I'mapokeunn ososa (IV) u ero coiicTBa

B nBe npoOupku BHecTH no 2-4 kamiau pactBopa xsopuna ososa (1V) u no 2-4 kamnu 2 H.
pacTBopa eIKoro Hatpa (10 BbinajgeHus ocajka). K monydeHHoMy ocasiky 100aBUTh B OAHY IPOOUPKY
HECKOJIBKO KaIeJb XJI0POBOJOPOIHOM KUCIIOTHL, B IPYT'yI0 — HECKOJIBKO Kallellb €JKOT0 HaTpa (B 000ux
clTydasix JI0 pacTBOpeHus ocajika). Hamucars ypaBHEHHUs peakiuii moaydeHus ruapokcua onosa (1V)
M €ro B3aMMOJCUCTBUS C KHCIOTOW M IIEN0YbI0, YUUTHIBAS, YTO B MIETOYHON cpenie oOpa3yeTcsi HOH
rexcaruapokcocragnata (IV) [Sn(OH)s]>. Ormernts cBoiictBa ruapokcuma omosa (IV). Kax
M3MeHsieTcsa KoHneHTparus noros Sn* u [Sn(OH)s]? npu no6asnernn ménoun? Kucnorer? Cremyer
OTMETHUTb, 4TO B CHIILHOKHCIION cpesie IPUU30BITKE KUCIOTHI 06pasyercs noH [SnC1e]%.

Omnpit 19. Cynedun onosa (1V) u ero cBoiictsa

a) [Tonyuenue cynpduna onosa (1V)

OmneiT npoBoauTes B BeITsDKHOM mikady! K pactBopy xnopuma onosa (V) (1-2 karuin)
N00aBUTh CBEKEINPUTOTOBICHHON CepoBOJOPOIHON BOJBI. OTMETUTH LIBET MOJIYYEHHOTO OCaJKa U
HanucaTh ypaBHEHUE COOTBETCTBYIOIEH peaKIiy.

0) [lonydeHnue THOCONN OIOBA

[TonydyeHHOMY B HpEIBIAYIIEM OIBITE OCAAKY JaTh OTCTOATHCS M, YJAJIWB MOJOCKOH
¢GuIbTpOBaNbHOM OymMaru M30BITOK JKUAKOCTH, JO0OABUTh K HEMY 5-6 Kamenb Cylb(uia aMMOHHS.
3aKkpbIB IPOOHPKY MajIbIEM, JHEPTUUHO BCTPSIXHYTD €€ J10 MOJIHOTO PAaCTBOPEHUS TUCYIb(HIA0I0Ba,
nmpoTekaromero ¢ obpasoBanuem TtuoctaHHata amMmoHusi (NHs)2SnS3. PactBopsiicst nu  ocagok
cynbduna onosa (1) B cynsdune ammonua? HanucaTb ypaBHEHHE peakLUu.

B) Pa3pyienne TnocTaHHaTa aMMOHHUS B KUCIIOH cpefie

K pactBopy THOCOMM 0JIOBa, MOJYYEHHOMY B IpPEIBIAYLIEM OIBITE, A00aBUTh 2-3 KaIUld
KOHIIEHTPUPOBAHHOU XJIOPOBOJOPOJHON KHCIOTHl. Kakoe BemecTBo Bbimaio B ocanok? Kakoif ras
BbItenercsi? OTMeTuTh HabmogaeMble sBieHHs. HamucaTe ypaBHEHHE peaklMU B3aMMOJEHCTBHS
THOCTaHHATa aMMOHHUS C XJIOPOBOAOPOAHOM KHUCIOTONH B MOJIEKYJISPHOM HHOHHOM Buie. B kakoi
Cpeie YCTOHYMBBI THOCOIM — KUCIOH WM IIedo4Hoi? Yem oOBsCHsAETCS pa3iuyhe B CBOWCTBax
cynabhuaoB SnS u SnS,?

Ompit 20. Boccranosnenue nona ceunna (l1) u3 pactsopa

B mpoGupky momecTuTh Kycouek LIMHKAa M MpHOaBUTh 5-6 Kamenab pacTBOpa HUTpaTa WIH
arierara cBuHia. Ha0nroars BblfesieHue CBUHIIA B BUJIE OJIECTSAIIMX KPUCTAIUIOB.



Hammcare ypaBHeHUE peakiiuu B HoOHHOM popme. Kaknumu MeTaiaMu MOYKHO 3aMEHUTD B 3TOM OTIBITE
AHK?

Omnplt 21. B3aumoeicTBre CBHHIIA C KUCIIOTaMU

a) [leiicTBue Ha cBUHEl pa30aBIEHHBIX KUCIOT

OnbIT IPOBOUTCS B BHITSHKHOM HIKady! B Tpu mpoObupku moMecTUTh IO MaJIEHbKOMY KYyCOUKY
CBUHIIA U MIPWINTH 10 5-8 Karenb 2 H. pacCTBOPOB KUCIIOT: B MIEPBYIO — XJIOPOBOJAOPOIHON, BO BTOPYIO
— CEpHOI, B TpeThi0 — a30THOI. Harpers mpoOupku MaleHbKUM IJIaMeHeM ropenku. Bo Bcex nu
npobupkax nporekaet peakuus? [locne oxnakaeHus: pacTBOPOB B KaXAyI0 MPOOUPKY A0OABUTH IO
2-3 Karm pactBopa Woauaa Kanus. B kakoMm ciyuae BeImayiocazok oauaa ceuHia? Ha ocHoBaHuu
OTIbITa CHIENATh BBIBOJI, B KAKOM M3 B3ATHIX KHCIIOT CBUHEI IPAKTHUECKU pacTBopsiercsa. OObICHUTH
MIPUYMHY Pa3JIMYHOIO OTHOIIEHUS CBUHIIA K YKa3aHHBIM KucioTaM. OTBETUTH Ha Bonpockl. Hanmucarsb
ypaBHEHHE peaKllUy, YUUThIBAs], 4YTO P B3aMMOCHCTBUH CBUHIIA C Pa30aBIIEHHOM a30THON KUCIOTOM
BeIZIEIsIETCS TipenmyiiecTBeHHO NO.

0) JleiicTBre Ha CBUHEI] KOHIICHTPUPOBAHHBIX KUCIIOT

OneiT npoBoguTCcs B BHITSDKHOM IiKady! OCTOpOXHO BBUIMTH PAcTBOP KHUCIOT U3 BCEX
MPOOUPOK, OTMIOJIOCHYTh CBUHEI BOJIOW U MO/ICHCTBOBATh HA HETO KOHIICHTPUPOBAHHBIMU KUCIOTAMHU:
XJIOPOBOZOPOAHOI (I10THOCTH 1,19 r/em®) ceproii (mumotHoCTh 1,84 r/cM®) 1 a30THOM moTHOCTH 1,40
r/*3), no6GaBAs MX pa3lelbHO B KAXKAYIO NMPOOMPKY MO 3-5 kamendb. OTMETUTh, KaK HPOTEKAIOT
peakiuu Mnpyu KOMHATHOM Temmeparype. Harpers mpoOupku Ha BOASHOW OaHEe WJIM Ha MaJCHbKOM
wiaMeHn ropenku  (ocropokHo!). Urto wnHabmomaerca? Otmeruts oOpasoBanue NOz mpu
B3aMMO/ICHCTBUY CBUHIIA C KOHIICHTPUPOBAHHOW a30THOHU kuciaoTor 1 SO, mpu B3aMMOJCHCTBUM C
KOHIICHTPUPOBAHHOU cepHoii Kucinotou. [locie oxaxaeHus: pacTBOpPOB J0OABUTH K HUM 110 2-4 Karuiu
BOJIBI U 110 2-3 Karuy oauaa kanus. CaenaTh BEIBOI, B KAKOW U3 KUCIIOT CBUHEI] HAan00JIee paCTBOPUM.
Hamucare ypaBHEHHS COOTBETCTBYIOUIMX pEAKIMH, YYUTHIBAas, YTO CBUHEIl BO BCEX CIydasx
okucisiercs a0 Pb(Il), naBas ¢ konnenTprpoBantoiiceproit kuciaoroir PO(HSO4)2. Kakoe coennnenue
CBUHIA IOJYYaeTcs IPU B3aUMOJCHCTBUM Ca30THOW KUCIOTOM? Bnuser nu Ha xapakrep peakuuu
KOHIICHTPAIIUS XJIOPOBOJIOPOTHON KUCTOTHI?

Omprt 22. 'uppoxcup ceunina (1) u ero coiictra

B nBe mpoOupku MomMecTuTh MO 2-3 Karjiu pacTBOpa COJM CBHHIA U 100ABUTh B KAXIYIO 110
HECKOJIBKO Kallelab 2 H. pacTBOpa €AKOro HaTpa A0 BbIMajeHus ocaaka. McciaenoBaTh cBoiicTBa
MOJyYEHHOT0 THAPOKCHJA CBHHIA, J00aBUB B OAHY NMPOOUPKY HECKOJBKO Kameiab 2 H. pacTBopa
a30THOM KHCIIOTHI, B JIPyTYl0 — 2 H. pacTBOpa €IKOro Harpa. PasmemaTrs pacTBOpHI CTEKIISHHOU
NAJIOYKON MJIM OCTOPOXHO BCTPSAXMBATH MPOOMPKH 10 PACTBOPEHHUSI OCAIKOB B 000ouX ciydasx. Ha
OCHOBAaHMM PE3YJbTAaTOB OMNbITAa CHEIATh BBIBOJ O CBOWCTBAaxX TMApPOKCHAA cBUHIA. Hamucars
YPaBHEHUs peakLMi MMOITy4eHHUs THIPOKCHIA CBUHIIA, €r0 IUCCOLMALNN U PACTBOPEHUS B KUCIIOTE U
mENnoun, yduThiBas 0Opa3oBaHME B IIENOYHOM cpelle KOMIUIEKCHOro anuoHa [Ph(OH)s]*
(rexcarunpokcorirom6ar (11)). [ToueMy B JTaHHOM OIBITE CIEAYET MOJIB30BATHCS A30THOW KHCIIOTOM, a
HE XJIOPOBOJIOPOJIHOM MJIM CEPHOM?

Omeit 23. [ToxydeHne HEKOTOPBIX MaJIOpacTBOpUMbIX coseit ceuHIa (1)

OnbIT MpoBOAUTCS B BHITSHKHOM HIKady! B ueTsipe mpoOupku paszaenbHO BHECTH 2-4 karuy 2
H. paCTBOPOB CEPHOM U XJIOPOBOJIOPOJHOM KUCIIOT, pacCTBOpa HOAMAA KIS U CEPOBOJOPOAHON BOIBI.
B xaxnyto mpoOupky 1006aBUTH 10 2-3 Karii pacTBopa coju cBUHIA. OTMETUTH 00pa30BaHNE OCA/IKOB
1 ux uBer. Bo Bce mpoOupku 100aBUTH MO 2-3 KaIlIkd BOJbI MHArpeTh Ha BOAsSHOW Oane. OTMETHUTH
pacTBOpeHHe XJIOpUIa U HOAuIa CBUHIIA IpU HarpeBaHuH. OnmycTUTh MPOOUPKHU C paCTBOPOM B CTaKaH
C XOJIOJTHOM BOJOW U TTOCJIE OXJIAXKEHHUS Ha0II0aTh CHOBA 00pa30BaHME OCAKOB XJIOpPHUIA M HOIUIa
cBUHIA. PacTBOpsIOTCS 1M MpU HarpeBaHuu cynabdar u cynbdun ceunna? Hanucars ypaBHEHHS Bcex
MIPOTEKAIOIINX PEAKLIUN.

Omnpit 24. I'naponus coseii cunma (1)



OnycTuTh B POOUpKU 2-3 KpUCTAUIMKA HHUTpATa CBHHIIA W T00aBUTH 4-5 Kareiab BOIBI.
Pa3memiaTs conepkuMoe CTEKJIIHHOM MalouKOW J0 MOJIHOTO PacTBOPEHHUS KPUCTAIJIOB M J00aBUTh
HEUTpalbHBIA pacTBOp JakMyca. Uto Habmomaercs? Kakas cpega B pacTBOpe HUTpaTa CBUHIIA?
Harpetp crnerka pactBop u, 100aBMB K HEMY TaKoi ke 00BEM pacTBopa KapOoHaTa HaTpHs, CHOBA
Harpetb. HaOmromate Beimazenune ocagka comu 2PbCOsPb(OH),. B kakoil KHCIIOTE MOKHO
pacTBOpUTh moinydeHHyr conb? IlpoBeputrh cBOE 3akitoueHue oOmNbITOM. OOBICHUTH BCE
HalOmoiaeMble sBieHUs. Hamucath ypaBHeEHUE peakIMHM TUAPOJIM3a HUTpaTa CBHUHIA IO MEPBOI
crynenu. Kak Bnusier nobGaBineHue kapOoHaTa HaTpus Ha 3ToT mporecc? Hamucate ypaBHeHHe
peaKiuy COBMECTHOTO THIPOJIM3a HUTPATa CBUHIIA U KapOoHaTa HaTpHsL.

OmnpiT 25. Oxucnenue coenuaenuit ceuana (I1) mepokcuaom Bogopoaa

K pactBopy comnu cBunna (1) (2-3 xarm) nodaButh 2-3 karm 40 % pactBopa eJIKoro HaTpa
u 4-6 xamenp nepokcuna Bogopoaa. [lomydennsiit pactBop Nas[Pb(OH)e] pasmemiate CTEKISTHHOM
NAJIOYKOH W Harperb Ha BOJSHOW OaHe WJIM Ha MaJeHbKOM IUIaMEHH ropenku. Habmonatsb
oOpa3oBaHMe KOPUYHEBOTO OC3JKa JUOKCHJAa CBHMHIA. Hamucate ypaBHEHHs — peakiui
B3aMMOJICHCTBHSI HUTpaTa CBHHIA C HW30BITKOM €IKOTO HATpa M OKHUCIEHUS TOJTY4E€HHOTO
Nas[Pb(OH)e] mepokcumom Bomopoma. Moxuo nu Pb(Il) oxucnuts auxpomarom kamus? Kakas
CTETIeHb OKHCIICHAs OoJiee XapaKTepHa sl CBHHIA: +2 nin +47

OmnpiT 24. AMdoTEepHBIE CBOWCTBA TUOKCHIA CBUHIIA

a)B3anMozaelicTBrEe AHOKCH1a CBUHIA C XJIOPOBOAOPOJIHON KHCIOTON

[TomecTuTh B IpoOUpPKY 2-3 MUKPOILIIATENS] JUOKCHIa CBUHIA U JOOABUTH K HEMY HECKOJIBKO
Karejab KOHLIEHTPUPOBAHHOM XJIOPOBOJOPOAHOM KUCIOTHL. Harperb cierka npoOupky Ha BOJSHOMN
6ane. Habmronate mosiBieHue ®ENTONW OKPACKH, XapaKTEPHOH Ui TeTpaxyiopuaa cBUHIA. OTMETHTH
IIPOSIBJIEHUE OCHOBHBIX CBOMCTB AMOKcHJA cBUHLA. HaOmonaTh BblieneHHE XJiopa MO 3amaxy U Io
MTOCHHEHHIO HOAKPAaXMaJIbHON OYMaKKH, MOTHECEHHOM K 0TBEpPCTHIO TpoOupkH. Hanmcars ypaBHeHHS
peakuuii B3aMMOJEWCTBUS JMOKCHJA CBHUHLA C XJIOPOBOJAOPOJHOW KHCIOTOM U Ppa3IoKEHUsS
TeTpaxjaopuaa cBUHIA. OTMETUTH €r0 HEMPOUHOCTb.

0)BzanmoelicTBrEe TUOKCH/IA CBUHIIA CO MIETOYBIO

B Turenék momecTuTh OMH MUKpOIINATENb uokcuaa ceuHna u 10-15 kanens 40%pactBopa
eakoro Hatpa. [locTaBUTh TUredb Ha CETKY M HarpeBaTh MaJIEHbKUM IIJIAMEHEM FOpPEJIKH, TOMEIINBas
CTEKJISIHHOW MaJloukoi, B TeueHue 2-3 MuH. Ilocne oxnakIeHus MepeHecTH COAEpPKUMOE THUIJIS B
npoOupky. JlaTte ocajKy ocecTh, U 5-6 Karelb pacTBOpa MUIMETKON MEPEHECTH B YHCTYIO MPOOUPKY.
Kakoit wuon cBuHIIA Haxomutcs B pactBope? JloOaBUTH K pacTBOPY HECKOIBKO Karelb
KOHIIEHTPUPOBAHHON XJIOPOBOAOPOAHON KHCIOTH (mmoTHocTh 1,19 r/cm®). OTMernTs mosBieHne
KEJITOM OKpackM, yKasbIBalollell Ha oOpa3oBaHMe TeTpaxyopujaa cBuHLA. Omnucarh HpoAeaHHYIO
paboTy u HaOIIIOJaeMbIe SIBJICHHS.

Hamnmcars ypaBHEHHUs peakuuil:

a) B3aMMOJEWCTBUS JMOKCHJA CBUHIA C €JKUM HAaTpPOM, MPOTEKAIOIIEro ¢ 00pa30BaHHEM
rekcarugpocoritomOara (1V) Hatpus (B peakuuu y4acTBYeT BOJA);

0) B3anmoeiicTBus rekcaruapokcoritomOara (1V) HaTpust XJI0pOBOJOPOIHOM KUCIOTOH,

B) pa3yIO’KEHUs TETPaxXJIOpUIa CBUHIIA.

Kakmue peakiinu u3 onbITOB a) ¥ 0) YKa3bIBalOT Ha aM(OTEPHBIN XapaKTep AUOKCHa CBUHIA?

OmeiT 27. OKUCIUTENBLHBIE CBOMCTBA JUOKCUIA CBUHIIA

a) Oxucnenue cyiabdara xpoma (111)

B npoOupky c¢ auokcuaom cBuHIa Ao6aButh 10 kamens 40% pacTBOpa €IKOro Hartpa.
[TpoOupky HarpeTh Ha BOJSHON OaHe MITH 3aKPETUTh B ITATUBE H OCTOPO’KHO HArpeTh Ha Topeske. B
TOPSIYUil pacTBOP BHECTH | KaruIio pacTBOpa cyiab(aTa XpoMa U CHOBa HarpeTh mpoOupky. OTMETHTD
TIOSIBIIEHHE KENTOI OKpacK| pacTBOpa, XxapakTepHoit 11 nona COs?. Hanmcath ypaBHEHHE peakiiy,
yUUTHIBasi, yTo cynbdar u xpomar cBuHia (ll), ManopacTBopuMbIe B BOJE, PACTBOPHUMBI B €IKUX
1ieao4ax ¢ oopazoBanueM rekcaruapokcorirombaros (11).

0)OxucneHre Hoauaa Kaius



B npoGupky BHECTH OJIMH MUKPOIIIATEIh MOPOIIKA TUOKCH/Ia CBUHIIA, 3-5 Karelb
2 H. pacTBOpa CEpHOM KHUCIOTHI U 5-6 Kamenb pacTBopa onuaa kanus. Harpets mpoOupky
MQJICHPKAM IJITAMEHEM TOpENIKM WJIM Ha BOIsSHOW OaHe. OTMETUTh WM3MEHEHHE IIBETa
pactBopa. IlepeHecTn CTEKISTHHOW MajJOYKOW KaIlIo 3TOro pacTBopa B mpoOupky ¢ 8-10
KaIUSIMH pacTBopa Kpaxmasia. OTMETHTh MOSIBIICHUE CHHEH OKpacku. Hamucatb ypaBHeHHE
peaKIiy B3aUMOJICHCTBHS JMOKCUIA CBUHIIA C HOAMIOM KaJusl B KHCIIOH cpelie.

B) Okwucienue cyibdara mapranua (1)

B npoOupky moMecTuTh OYEHb HEMHOTO (Ha KOHYMKE MHUKPOIIIATEIs) JHOKCUIA
CBHHIIA, 100aBUTH 6-8 Kamelb 2 H. pacTBOpa a30THOW KUCIIOTHI M OJIHY KaIlJIl0 pacTBOpa
comu mapranna (Il). Comepkumoe MpPOOMPKH OCTOPOKHO MPOKUMATUTH. [Ipy M30BITKE
JMOKCHUIa CBUHIA IPOOUPKY OCTABUTh B IITATHB U IaTh PACTBOPY OTCTOATBCA.  OTMETUTh
OKpacKy TIOJIY4YeHHOro pacTBopa. Hamuwcare  ypaBHEHHE pEakIMH, YYHUTBIBAS, YTO
obpa3oBanuck MapraiioBas KucioTan coib ceunia (11).

JlabopaTopHas padora Ne 7. JineMeHTHI moaArpynnsl VA

OmnsiT 1. [Tosyuenne ammuaka, €ro B3auMozIelcTBUE ¢ BOJIOM U XJIOPOBOIOPOJIOM

[Tomectuth B (hapdopoBslil TUrens 1no 3-4 Mukpounarens cyib(ara aMMOHUS U
ruJipokcuaa Kanbuus. CTeKISHHON MaJOYKOM TIATEeNbHO epeMelaTh CMeCh U HEOOIIbILIOE
€€ KOJIMYECTBO MOMECTUTh B IMJIMHIAPUYECKYIO TPOOHPKY (0koJ0 1/2 00BEMa). OTMETHUTH
3anax ammuaka. [Ipobupky yKpenuTh B LITaTHUBE, 3aKpbIB IPOOKON ¢ OTBOIHOI TpyOKOH,
KOHeIl KOTOPO# OMYCTHTh B KOHUYECKYIO MPOOHPKY, HA 2/3 00bEMa 3aIIOJTHEHHYIO BOJIOM.
Ha cmabom miamMeHHM TOpEJKH HarpeBaTh CMech 3-5 MUHYT, MPOIyCKas aMMHAaK B BOAY,
IIOCJIE YET0 MPOOUPKY € MOIYYEHHBIM PACTBOPOM OTCTABUTh, 3aKPbITh IPOOKOM M COXPAHUTH
JUIS CJIEYIOILIETO OMBITA, a K OTBEPCTHUIO OTBOJHON TPYOKH MOJIHECTH CTEKIISTHHYIO NTAJIOUKY,
CMOYEHHYIO KOHIIEHTPHPOBAHHON XJIOPOBOAOPOAHON KHCIOTOH (mioTHocTh 1,19 T/emd),
3aTeM BJAXHYIO KpPacHYIO JIaKMYyCOBYIO OyMmaxky. OmnucaTe HaOitoaeMble SBJICHUS U
00BsIcCHUTh UX. HamncaTh ypaBHEHUS peakluu MOJTYYCHUs aMMHaKa M B3aMMOJICHUCTBUS C
BOJIOM 1 XJIOPOBOJIOPOJIOM.

OmnsIT 2. PaBHOBECHE B BOJTHOM PacTBOPE aMMHUaKa

B nBe mpoOupku HalmuTh pacTBOp aMMMaka. B OAHY M3 HUX J00aBUThH Karllo
¢enondranenna. OTMETUTh OKpacky pacTBopa. Ha mpucyTrcTBHE KakuX HOHOB OHA
ykas3piBaeT? JloGaBuTh B pacTBOp 3-4 MUKpoUINaTess XJIOpHJa aMMOHHUS U pa3MellaTh
pactBop. Kak n3menunace mHTeHcUBHOCTh OKpacku? Ilouemy? K pactBopy ammmaka BO
BTOpOi mpoOupke m006aBUTH 5-6 Kamenb pacTtBopa cyibdarta amoMuHUsA. OTMETUTh
HCYE3HOBEHME 3amaxa aMMuaka. Hamucate: a) cxemMy paBHOBECHs B BOJHOM pacTBOpE
aMMHaKa,

0) MOJIeKYJISIpHO€ M HOHHOE YPAaBHEHHUS pPEaKIMU B3aHUMOAEUCTBUS Cynbdara
QJIFOMUHUS C BOJHBIM pacTBOPOM aMMHaka. YKa3aTh, B KaKOM HallpaBJIEHUM CMEIaeTcs
paBHOBECHE B BOJHOM pacTBOpeaMMMaKa MpH JOOaBIEHUH K HEMY XJIOpHJAa aMMOHUS,
cynbdara amomMuHus. Kak mpu 3ToM H3MEHseTCs KOHIEHTPAlus KOMIIOHEHTOB IaHHOM
paBHoBecHol cuctembl: OH -nona, NHs -nona, NH3. B kakoM HampaBieHHH CMECTHTCS
paBHOBECHE JJAHHOM CUCTEMBI ITPH 10O0ABIEHUH XJIOPOBOJOPOAHOM KUCIOTHI? [Touemy?

OmnbiT 3. BoccTaHOBUTENBHBIE CBOMCTBA aMMHUaKa

B tpu nipoOupku BHECTH pa3AesbHO 1O 3-4 Karuiid pacTBOPOB: a) OPOMHOM BO/IBI; 0)
TepMaHTaHaTa KaJlvs, B) TuXpoMara Kanus. B kaxmayro mpoOupky 106aBuTh 1o 3-5 Karmeinb
25% -HOro pacTBOpa aMMuaka. B KakJIOM cilydae pacTBOPBI CJieTKa IOJOTPETh JI0
M3MEHEHHUS MX OKpacku.HamucaTth COOTBETCTBYIOIINE YPAaBHEHUS PEAKIUH, YUUTHIBAS, YTO
B KQXKJOM CiIy4ae aMMHaK BOCHOBHOM OKHUCISETCS OO0 MoOJeKyssipHoro a3zora, KMnOs
BocctanaBnuBaercs 10 MnO2, a KoCr207 — no Cr203. Bo Bcex cnydasix OTMETUTh U3MEHEHHE
OKpacKu pacTBOPOB.

Onpit 4. 'uaponus coneil aMMOHUS
B Tpu mpoOupku HamuTh 1Mo 5-6 Kamenb HEHTpaJbHOTO pacTBopa JakMmyca. B



arerata amMMoHus. KaxIplii pacTBOp IiepeMeniaTh YUCTOM CTEKISHHOW Maloykod. OTMETUTH
M3MEHEHHE OKpacKu JlakMyca B KaxkJIoMm ciydae. HamucaTe B MOJIEKYNISpHOM M HOHHOM BHJIE
COOTBETCTBYIOIIME YPAaBHEHUS PEAKIUi THAPOIU3a.

OmnpiT 5. BoccTaHOBUTEIBHBIE U OKUCIUTENIBHBIE CBONCTBA HUTPUTOB

B Tpu npoOupku BHeCTH 110 3-4 KaIuly: B IEPBYIO — HOM1a KalKsl, BO BTOPYIO —[I€pMaHraHaTa
KaJIvsi, B TPEThIO — IUXpomMara Kainusi. Bo Bce mpoOupku 106aBUTh 110 2-4 Karum 2 H. pacTBOpa CEPHOM
KHCJIOTHI U 4-5 Kareab pacTBopa HUTpUTA Kaiaus. OTMETUTh U3MEHEHUE OKPACKU PaCTBOPOB B KaXKJIOM
ciydae. HanucaTs ypaBHEHUs IPOTEKAIOIINX PEAKIIUM, yUUThIBAs, B IIEPBOM NPOOUPKE HUTPUT KaJUs
BoccranasiuBaetrcs 10 NO, Bo BTopoit KMnOs mepexonut B cynbdar mapranua (ll), B Tperbeit
K2Cr207 nepexoaut B cynbgat xpoma (111). B kakoe coennHeHne nepexoauT Ipyu 3TOM HUTPUT KaJus?
VYka3arb, B KAKOM CJIy4ae OH SIBIISIETCA OKUCIIMTEIIEM, B KAKOM — BOCCTaHOBUTENEM. [loueMy HUTPUTEI
MOTYT IPOSIBJIATH T€ U IpyrHe cBoncTBa?

OmnpIT 6. OKUCINUTENBHBIE CBOMCTBA A30THON KHUCIOTHI

OnbIT MPOBOAUTCS B BHITSDKHOM Ikady! BHecTr B mpodupky 3-4 Karim KOHIEHTPUPOBAHHOM
a30THOH KHCIOTHI (MmoTHOCTH 1,4 T/cM®) M ManeHpKmii Kycouek MeJHOH CTpYKKH. B mpyryo
NPOGHPKY BHECTH 2 KAIIM PacTBOPa a30THOH KMCIOTHI (IIoTHOCTH 1,12r/cm®) M 2 Kamim BOBL
[TonyuyeHHBbI pacTBOp pa3MeliaTh CTEKISHHON NaJlOYKOM, [1OCJIE Yer0 BHECTU B HETO TAKKE KYyCOUEK
MeaHoU cTpyKku. [IpoOupky ¢ pa3zbaBieHHOIN a30THOW KUCIOTON cierka nogorpers. O0e mpoOupku
nepxath Ha OenmoMm (ore. OTMETUTH pa3Myuie TEUYCHUS peakiuii B oboux ciydasx. Kakoit ras
BBIIEJIUTCSL B NEpPBOIl mpoOupke, Kakoi — BO BTOpoil? HammcaTe ypaBHEHUS COOTBETCTBYIOLIUX
peakuuii. Yem O0OBSICHUTH JIETKOE TOXKEITEHUE BBIICIMBILETOCS ra3a BO BTOPOW MpoOUpKe B Havase
peakuuun?

Ompit 7. TepMuueckoe paznokeHue HUTPATOB

OneIT mpPOBOAMTCA B BHITSDKHOM mikady! Bce HHUTpaThl mpu HarpeBaHUU pasiiaraiorcs ¢
BBIIETICHUEM CBOOOJHOTO KHCIOpPOJAA, BCIEACTBUE UEro B pacIUlaBe SBIAIOTCS CUJIbHBIMU
okucnurenasiMi. [Ipy 3TOM HHUTpaThl IMIETOYHBIX METAJUIOB TMEPEXOAAT B HUTPUTHI, & HHUTPHUTHI
IIEIOYHO3EMENbHBIX U TSHKENBIX METAJUIOB Pa3iaraloTcsi ¢ 00pa3oBaHUEM HX OKCHJIOB U TUOKCHAA
a30Ta. HwuTpaThl MallOaKTUBHBIX METANIOB C TOJOXKUTEIBHBIM JJIEKTPOJHBIM MOTEHIIUATIOM
pasnaratorcs € BBIACICHHMEM METAIOB M TaKXke JAMOKCHAAa a30Ta. Bo Bcex ciyyasx HpOTEKaroT
BHYTPUMOJIEKYJISIPHBIE OKHCIUTEIbHO—BOCCTAHOBUTEIbHBIE PEAKIIUH.

a) Pasnoxenue HuTpara Kanus

B mununapuyeckyro npodbupky moMmecTuTh 3-4 KpuCTaJIMKa HuTpara Kamus. lIpobupky
YKPENUTh B MITATUBE BEPTUKAILHO U HArpeBaTh Ha MJIAMEHU FOPEJIKY JI0 PacIIaBIeHUs COJIM MHadata
BbIIEJICHUS] TY3BIPHKOB Ta3a. BHecTw B mpoOHMpKy Tiewomyr JdydyuHKy. Kakoil ra3 BbpienuTcs?
[Iponomkare HarpeBaHwe A0 IIOJHOTO IIPEKpallleHMs BBIACICHHS Iy3bIpbKOB ras3a. JlokasaTe
o0Opa3oBaHMe HUTpATa KaJlis IpU pa3sIoKeHUH HUTpaTa. J{J1s 3Toro rno oxjaxxJ1eHuu NpoOUpKH BHECTH
B He€ 4-6 Karenb BOJBI M, TOMEIINBAs CTEKIISTHHOM ITaJOYKOM, pacCTBOPUTH TBEPBIA ocTaTok. [1o 2-3
KAaIlIy MOJIy4€eHHOTO pacTBOpa BHECTHU B JIB€ MPOOUPKHU, B OAHON U3 KOTOPBIX COJEPKUTCS 3-4 Kariu
pacTBopa oauaa Kaius, MOJAKUCICHHOTO 2 KarluisiMU 2 H. CEpPHON KUCIIOTHI, a B APYroi — 3-4 Karutm
MMOAKHCIEHHOTO pacTBOpa nepMmaHraHara kamus. OTMETUTh, KaKk M3MEHHWJIACh OKpAacka pacTBOPOB B
MIEPBOM U BO BTOpoM cirydasx. [Iposeputs, B3anmoaeiictByet 1 KNO3 ¢ Kl. Hammcats ypaBHeHUS
BCEX MPOTEKAIOIINX PEAKIIUM.

0) PaznoxxeHue HUTpaTa CBUHIIA

B nununapuyeckyro npoOUpKy MOMECTUTH 1-2 MUKpoIIaTeNis CyXOoi COJIi HUTpaTa CBUHIA.
[IpoGupky yKpenuTh B IITaTUBE TOPU3OHTAILHO M OCTOPOKHO HarpeTb. HalmronmaTe okpacky
BbIIETISIOIUXCS Ta30B. CaenaTh BBIBOJ O COCTaBe ra3000pa3HbIX MPOAYKTOB pa3jloKEHUs HHUTpaTa
ceuHIa. Kakoit ra3 Beigenuicsa kpome kuciopoja? Kakoe BemecTBo ocranaock B mpoOupke? Ykaszarb
ero IBeT 1 HanucaTh hopMyny. Hanmucars ypaBHeHHE peakliiy pa3iokKeHUs] HUTpaTa CBUHIIA. YKa3aThb
OKHUCJIUTEIb U BOCCTAHOBUTEIb.

OmnpiT 8. OpTodocdaThl HEKOTOPHIX METAIIOB



a) [Tomyuenne rugpodocdara kanbIus

Brectn B mpoOupky mo 4-5 kamenab pacTBOPOB XJIOpHJa Kajiblus W TuapodocdaTa HATpUS
NaoHPO4. OTmeTuTh 11BEeT BhINABIIEro ocajaka. HamucaTe ypaBHEHHE B MOJICKYJISIPHON M MOHHOU
dhopwme.

0) Ocaxnenue dhocdaros xkene3a u ATFOMUHUS B IPUCYTCTBUHU alieTaTta HaTpHs

B nBe npoOupku BHECTH 3-4 KaIid pacTBOPOB CoJIcii: B mepByro — xiopumaa xeiesza (I11), Bo
BTOpPYIO — XJiopua wiu cyibdaTta amomunus. [[00aBUTh B KaXIyl0 M3 MPOOUPOK MO 2-3 Kariu
pacTBopoB arerata Hatpus u ruapodocdara Hatpus Na;HPOs. OTMeTHTh 1IBET BBIMABIINX OCAIKOB.
B nanHom ciyuae B pactBopax cojeit anmromunus u xenesa (111), OydbepupoBaHHbIX aneTaToM HaTpus,
noJtydarorcs cpenue ¢hocdarbl 3TUX METAJIOB, HEPACTBOPUMBIE B YKCYCHOM KHCIIOTE:

Me3* + HPO4? + CH3COO™ = MePQ4| + CH3COOH

Hamnucatp ypaBHEHUs peakivii B MOJICKY/IIPHOM U HIOHHOU (hopMme.

OmnsiT 9. I'maponus oprodocdaToB HATPUSL

B Tpu npoOupku BHECTH 10 5-6 Kamens pacTBOpa HeHTpanbHOro Jakmyca. OaHy mpoOupKy
OCTaBUTh KaK KOHTPOJBHYIO, BO BTOPYIO 100aBUTh 3-4 kpucramia ¢ocdara HATpus, B TPEThIO —
CTOJBKO ke auruapodocdara Harpuss. ConaepkUMOe BTOPOW M TpeTheil NMpPOOMPOK TIHIATENBHO
pasMemaTh YUCTBIMH CTEKSIHHBIMH TAJIOYKaMH JO TIOJHOTO pacTBOpeHust coieid. OTMeTuTh
M3MEHEHHE OKPACKH JIAKMYCa M0 CPAaBHEHHUIO C OKPACKON B KOHTPOJILHOU mpodupke. Ha yBenmueHue
KOHIICHTPALIMU KaKMX MOHOB YKa3bIBAaeT M3MEHEHHE OKPACKH JIaKMyca IMpH pacTBopeHH: ¢ocdara
Hatpusi U auruapodocdara Harpus? Hammcare ypaBHeHWE TepBOW CTymeHH ruuponmsa Qocdara
HaTpUs B MOJIEKYJIIPHON M HOHHOM hopme.

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

B nBe mpobupku BHectu 1o 3-4 kamiu pactBopa xinopuna cypsmsel (1), B n1Be npyrue —
CTOJIBKO K€ pacTBOpa HUTpaTa BucMyTa. Bo Bce yeTbipe mpoOupku npudaBuTh 1O 3-5 Kameipb 2 H.
pacTBopa IIEJIOYH 10 BBHINAJACHUS OCAaAKOB. B omHY M3 MpoOMPOK € OCAIKOM THAPOKCHIA CYPbMBI
N00aBUTh HECKOJBKO Kalelb 2 H. pacTBOpa XJOPOBOJOPOJHOM KHCIOTHI, B JIPYIyl0 — ILEJIOYH.
Habutoiate pactBopeHue ocakoB B 00oux ciaydasx. [Iponenars aHaTOrnYHbIE OMBITHI C THAPOKCHIOM
BHUCMYTa, 3aMEHUB XJIOPOBOJOPOJIHYIO KHCIIOTY a30THOM. B 000uX M citydasx pacTBOPHIICS OCaZ0K
Bi(OH)3? OtmeruTh HaOJrOMaeMble SIBICHHS BO BCEX CAy4asX M CJejaTh BBIBOIBI O CBOMCTBax
THIPOKCHIOB CYpbMBbI U BUCMYyTa. HamucaTe B MOJEKYJIIPHOM M MOHHOM BUJE YPaBHEHHUS PEaKIUil
MOJIy4YEHHUsI YKa3aHHbBIX THIPOKCHUJIOB U UX B3aMMOJAEUCTBUSI C KUCIOTOM U IIEN0YbI0, YUUTHIBASI, UTO
B U30BITKE INENOYM THAPOKCHI CypbMBI 00pasyeT KoMIUeKkcHbIi ammoH [Sb(OH)s]®—
rekcaruapokcoanTumonar (l1l) annon. B kakoil cpene nHaubonee ycTouuB 3TOT aHHMOH? B kakoi
cpene ycToiumnB katHoH Sh3+?

Omnprir 11. I'maponus coneit

B nBe nmpoOupku pa3aenbHO BHecTH 1o 3-5 kamensb 0,5 H. pacTBOPOB XJIOPHUIOB CYpPbMBI
BucMmyta. K kaxkmomy u3 pacTBOpoB nobaButh mo 5-10 kamems Boapl. Pa3smemars pacTBOpEHI
CTEKJSIHHOW NaJIOYKOH, HAOII0IaTh UX MOMYTHEHUE W JajbHEHIee BHINaJCHUE OCaIKOB OCHOBHBIX
coseii. Hanmucarth B MOJIEKYIISIPHOM ¥ HOHHOM BHJIE YpaBHEHHE PEAKIUi THAPOIH3a XJIOPUIO0B CYPbMBI
U BUCMYTa, TpoTekammux ¢ obpasoBanuem ocHOBHBIX coyieii SH(OH)2Cl u Bi(OH).Cl, kotopsie,
OTILIEIUISISE BOLY, MepexoasT B xyopua okcocypbMbl SOOCI n xmopun oxcoBucmyra BiOCI. Koropas
U3 cojiei ruponr3oBana cuiibHee? OTBET MOTUBHPOBATH.

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

a) [Tonyuenwue cynbpuna u Tuoconu cypbmbi (111)

OnpIT MPOBOIUTCS B BRITSDKHOM InKady! B mpoOupky ¢ pactBopom xjopunua cypbMbl (1-2
Karu) 1o0aBUTh 5-8 Karedab cepoBOAOPOJHOM BoAbl. OTMETHTH LIBET 0Opa3oBaBIIErocs OCajKa
cynbduia cypbMbl. JlaTk 0CaAKy OTCTOATHCS M, YIAIWB MUMETKON MM KYCOYKOM (PUIBTPOBAILHOM
Oymaru H30BITOK >KUIKOCTH, JO0aBUTh K HeMmy 4-5 kamenb cynb(uia aMMOHHS WIH HaTpHAL.
[lepememaTh coaep)UMOE MPOOUPKH CTEKJISSHHOW MajJO4YKOW M HAON0JaTh PAacCTBOPEHHUS OCAJIKa,
mpoTeKaroliee ¢ oOpa3oBaHHEeM COJM THOCYpbMSHUCTONH KuCIOThl (NH4)3ShS3. K monyuenHOoMy
pactBopy npuOaBuTh 5-6 Kamnens 2 H. pacTBOpa XJIOPOBOIOPOTHON



KHCJIOTHI, CJIETKa HArPeTh CMECh M OTMETHUThH CHOBA BhINaaeHue ocanka cyabpumaa cypbMmel (1), Uro
MIPOUCXOAUT C THOCOJIbIO B KHCIION cpene? HamucaTh B MIOHHON U MOJIEKYJISIpHOUW (hopMe ypaBHEHHS
peakumii mosryderus cynbdunaa cypbmsl (111), comu THOCYpEMSIHUCTOM KHUCTIOTHI M €epa3pyIIeHus: B
KHUCJION cpenie.

6) Cynbdua BUCMyTa U €r0 CBOMCTBA

OnbIT TPOBOJUTCS B BBITSDKHOM Ikady! B nBe mpoOupku BHecTH mo 1-2  Karuim pacTBopa
COJIM BUCMYTA U B KOXKIYIO 100aBUTH 10 4-5 Kamneib cepoBOJOPOIHOMN BObl. OTMETHUTDH IIBET OCAAKA.
B oany 13 npoOHpoK ¢ MOTy4eHHBIM CYIb(PUAOM BUCMYyTa 100aBUTH 3-4 KaIiu cyiabduaa aMMOHUS.
Pe3ynbrar ombiTa CpaBHUTH C PE3yJIbTaTOM COOTBETCTBYIOUIETO OMBITa CCynb(UIOM CypbMbl. B
Ipyrylo OpoOHupKy ¢ Ccyiab(huIoM BHUCMYyTa A00aBUTH 2-3 Kalld KOHLIEHTPUPOBAHHOW a30THOM
kucnotel. Habmonate pactBopenue ocaaka. Eciu ocaok pacTBopsieTcs MeAJIEHHO, TPOOUPKY cllerka
noporpets. OmnucaTh MpoJienanHyto padoty. Hamucate ypaBHEHHS peakluu MOJXY4YeHHs Cylnbduia
BucMyTa. OTMETUTH pa3iinyue B CBOMCTBAX Cylb(uUAa CypbMbl U Cylib(puia BUCMyTa IO OTHOLICHHUIO
K U30BITKY cyibbuia amMmoHus. Yem oObsicHUTH 3TO paziuuue? HanucaTe ypaBHEHHE peakiuu
pacTBopeHUs cylab(duaa BUCMyTa B a30THOM KUCJIOTE, YUUTHIBAsl, UTO IIPHU 3TOM 0Opasyercs cyiabgar
BucmyTa (I11), a a30THas KMCITIOTa BOCCTAHABIMBAETCS O OKCHJIAa a30Ta.

OmpiT 13. BoccTaHOBUTEIBHBIE CBOMCTBA COSTMHEHUM
cypbMmbI(111) 1 BucMyTa (1)

B nBe npobupku mnomectuth no 2-3 KamiM IE€pMaHraHara Kajaus M 2 H. pacTBopa
XJIOPOBOJIOPOJHOM KUCTOTHL. B 010y U3 mpoOupok 100aBuTh 3-5 Kamenb pacTBOpa XJIOPHIa CYpbMBI,
a B IPYT'YIO — CTOJIBKO )K€ pacTBOpa HUTpaTa BUcMyTa. OTMETUTH OOECI[BEUHBAHKE PACTBOPA B TIEPBOit
npobupke. [Iporekaer a1 aHajgOru4Has peakius BO BTOPOM cirydae?

Hanucatp ypaBHEHHE peakIMi BOCCTAHOBJICHUS MIEpMaHTaHaTa Kallus 10 XJIOpUAa MapraHia

(I u oxucnenne SbCl3 no H[SbCle]. OT™MeTUuTh pa3iu4HYI0 BOCCTAHOBHTEIBHYIO CIOCOOHOCTDH
nonos Sb** u Bi®*.

Omneit 14. Boccranosnenue conm Bucmyta (111)

B npobupky BHeCTH 0HY Karuio pactBopa xjuopuna ojiosa (1) u 5-6 xanens 2 H. pacTBOpa
€IKOro HaTpa IO IOJHOTO pacTBOPEHMS, BbINABLIEr0 BHauaie ocajaka ruapokcuaa ososa(ll). K
MOJYYEHHOMY PacTBOPY J100aBUTh OJIHY KarLiro pactBopa coiu BucMyta (111). OTMeTuTs BhINageHne
YEpPHOT0 0CaJIKa METAIUTMYECKOT0 BCcMyTa. HamnrcaTh ypaBHeHHE peakIiy, yIuThIBasi, 4To 051080 (1V)
B IEJIOYHOI cpesie 06pasyeT KoMIUIeKcHbIH arioH [Sn(OH)s]%,

naromuit costb Na[Sn(OH)g] — rexcaruapokcocrannat (V) Harpust. Yka3zaTh OKUCIUTENIb U
BOCCTAHOBHUTEITb.

Omeit 15. OxucnuTenbHbIE CBOWCTBA coeAnHeHui BucMyTa (V)

B xonuueckyro mpobupKy BHecTH 1—2 karm pactBopa cyibdara mapranua (1), 2-3 karumu 2
H. pacTBOpa a30THOW KHUCIOTHI W OJMH MHKpOILUNATENIb MOPOIIKAa BUCMyTara HaTpus. OTMETUTh
nosiBiieHHE (HUOJIETOBOM OKpacKH, XapakTepHOW i NepMaHraHat-uoHa. HamucaTh ypaBHeHUe
peakIMy, yIUThIBas, 4YTO BUCMYTAaT HaTpus nepexoaut B Hutpat BucmyTa (ll1), a cynbdar mapranna
(1) — B MapraHioByr0 KHUCJIOTY.

JlaGopaTopHas padora Ne 8. Jinementsl noarpynnsi VI A

Ompit 1. [TonydeHne ManopacTBOPUMBIX CyNIb()HIOB

B nBe npobupku BHECTH pa3zienbHO 1Mo 3-4 Karii pacTBOPOB Cyib(aTa MapraHiia U HUTpaTa
CBUHIIA. B KaxIplii pacTBOp 100aBUTH MO 2-4 Karmu cynbpuaa ammoHus. Habmronate BhIMajeHue
ocagkoB cynbhuga mapradmna u cynbduna cuHna. K momydeHHBIM ocajkaM MPUOaBUTH MO 2-3
Karum 2 H. pacTBopa a30THOM KHCIOTHL. Kakoit cymbdun pactBopmwicsa? Bo3MoxHO a1 ero
oOpasoBanue B Kucioi cpene? B nBe apyrue mpoOUpPKH ¢ pacTBOpPaMH TEX K€ COJeH MapraHiia u
CBUHIIA 00aBUTH MO 3-4 Karuiv CepOBOJIOPOIHONM BOMbI. B kakoM citydae ocajka He HaOJII0AaI0Ch?
[Toyemy? HamucaTh B MOJEKYJISIPHOM M MOHHOM BHJC YPAaBHECHHS PEaKIMK TMOJYyUYCHHUS CYIb()HI0B
MapraHiia ¥ CBHHLA. YKa3aThb IBeT ocaakoB. HamucaTte ypaBHeHue peakuuu pactBoperus MnS B
kuciore. [Tonb3ysice 3HaueHussMu [1Pvns 1 [1Ppps, a



TaKKe MPABHIOM [IPOU3BEICHUS PACTBOPUMOCTH, OOBSCHUTD PA3JINYHBIC PE3YIbTAThl ACHCTBHS
H2S u (NH4)2S Ha conp mapranma u oopa3oBanue ocaaka PbS B 06oux cirydasx.

OnwiT 2. BoccranoBuTenbHbIe cBoiicTa SO32 - HOHA

B nmpobupky, comepxkairyro 5-6 kamenb pacTBopa NepMaHraHatra Kauus U 3-4 karim 2 H.
pacTBopa XJIOPOBOJAOPOAHON KHCIIOTHI, MPHOABUTh HECKOJIBKO KPUCTAJUIMKOB CYIb(HIa HATPHSL.
OTMeTHTh 00ecIBEUMBAHME PAcTBOpA B CBA3M C IepexogoM moHa MnOs B mom Mn?*. B kakoe
COCAMHEHHUE TMPH 3TOM IMepeuien CylbPuT HaTpusa? YUuThIBasg, 4To CyIb(UT Oapus pacTBOpPUM
BA30THOH KHCIIOTE, a CynbhaT Gapus HepacTBOpHM, yoemuTech B epexone nona SOs> B mon SO47,
JUISL 9eTO B TIOJYYEHHBIA pacTBOp A00aBUTH 1-2 Karm 2 H. a30THOM KHUCIOTHI M CTOJIBKO JK€ PacTBOpa
xyopuna 6apusi. Kakoe coennHeHue BhIMaio B 0caok? OTMETUTh HAaOII0JaeMBISSBIICHHS U HATTHCATh
YPaBHEHUS BCEX NMPOTEKAIOIINX PEAKIIUH.

Omnpbit 3. Jlernapatupyromme CBOMCTBA CEPHON KUCIOThI

Ha nucrouke ¢punbTpoBaHHOM Oymaru ¢ moMoIbl0 CTEKISIHHON MalOYKU CeNaTh HaAMUCh 2
H. pacTBOPOM CEpHOM KHUCIOTBHL. bymary mpocymuTh, Jep’ka BBICOKO HaJ IJIAMEHEM TOpENIKH.
OtmeTtuth M OOBSCHUTH NouepHeHHe Oymaru. Kakoe CBOWCTBO MHpOSBISET KOHIEHTPUPOBAHHAS
CepHas KUCII0Ta B TOM OTbITE?

Omneit 4. B3aumoneicTBrue CEpHOM KUCIIOTBI C METAJUIaMU

a) B3aumoneiictBue pa30aBiIeHHOM cepHOI KHCIOTHI ¢ METAJIAMU

B tpu npobupku BHecTH 1o 5-8 Kamenb 2 H. pacTBOpa CEpHOM KHCIOTHI M O 2-3 KyCOYKa
METAJIJIOB: B IIEPBYIO — LIMHKA, BO BTOPYIO — XK€EJIe3a, B TPEThI0 — MeAu. Eciin peakuyst naeT MeUIEHHO,
cllerka noAorpeTb NpoOUpKH HEOOJBIINM IUIaMEHEM ropesiki. B kakom ciydae peakuus He UaeT?
[Touemy? Hanucatb ypaBHEHUs NpOTEKarOMMX peakuuil. Kakol 3J1eMEHT B 3TUX peaKLUsAX sBIAETCS
okuciurenem?

6) B3aumoseiicTBre KOHLIEHTPUPOBAHHON CEPHOM KUCIOTHI C MEJIbIO

B turenr mnomectutrh 1-2 Kycouka MEIHOW CTPYKKM M nOpuiuth 5-10 kamens
KOHIIEHTPHPOBAHHO cepHOM KucnoThl (maoTHocTh 1,84 r/cm®). Turens HarpeTh Ha ac6eCTHPOBAHHOI
CeTKe HEeOOJIBIIMM IUIAMEHEM TOpENIKM. BlaXXHYyl0 CHHIOI JIaKMYCOBYIO OyMaXKKy IOJHECTH K
BbLIENAOIIEMYCSl Ta3y. OTMETUTh HU3MEHEHHE OKpacku JakMmycoBoil Oymaxku. [lo 3amaxy
(ocTopokHo!) ompenenuTh, KakoW ras3 Bwiaenserca. ConxepKUmMoe THUIJIS BBIIAPUTH, OXJIATUTh U
pacTBOpuTh, NpubaBUB B THrenb 8—10 kamenb AMCTHILIMPOBaHHOM BojblIlepeHecTn numeTkoit
HEKOTOpOE KOJIMYECTBO PAacTBOpa B YUCTYIO MpoOHpKy. OTMETUTHh OKpacKy pactBopa. [l kakoro
MOHa XapakTepHa 3Ta okpacka? Onucats HaOmogaeMble sBieHus. HamucaTh ypaBHeHUE peakiuu U
yKa3aTb, KAKOM 3JIEMEHT B MOJIEKYJIE CEPHOM KUCIIOTBI SIBISETCS] OKMCIUTENIEM.

B) B3aumopeiicTBue KOHIEHTPUPOBAHHOM CEPHOM KMCIOTHI C IIMHKOM

B Turens moMecTUTh HEMHOIO LIMHKOBOM NBUIM M HAJIUTh 5-10 Kamenb KOHLEHTPUPOBAHHOU
cepHO# KuCIOTHI (moTHOCTH 1,84 r/cM®). Turens Harperh HeGOJNBIIMM IIaMeHeM ropenku. K
BBIJICJIAIONIEMYCSl Ta3y HaJ TUIJIEM MOJAHECTH (UIbTPOBAIbHYIO OyMmary, CMOYEHHYIO PacTBOPOM
arierata MM HUTpara cBUHIA. OOBSCHUTH MOSABICHME TEMHOIO MsATHAa Ha 3Toil Oymare. Ommcarb
HaOmogaeMble sBieHus. Hamucath ypaBHEHUS peakIMid B3aMMOACWUCTBUS KOHIEHTPHPOBAHHOM
CepHOMN KUCIIOTHI C IUHKOM C 00pa30BaHMUEM: a) CEPHUCTOTO ra3a; 0) cephl;

B) CEpOBOJIOPO/A.

Omnpit 5. Paznuynast pacTBOpuMOCTh cynbdurta u cynbdaTa 0apusi B KUCIOTE

B aByx npoOupkax mosyduTh OOMEHHON peakuuen cynbQUT U cynbdaT 6apus, A 4ero B3sITh
no 3-4 xarM pacTBOPOB COOTBETCTBYHOIIMX cosield. HaOmronate oOpazoBaHue ocalkoBB 00€HX
npobupkax. CpaBHUTh PAcTBOPUMOCThH Cylb(uTa U cyinbdara O6apusi B KHCIOTe, A00aBUB B 00€
npo6upku 1o 1-2 xarim 2 H. a30THOM KucaIoThl. Uto Habmonaercs? MOXXHO JIM MIPH MOMOIIHU 3TOMN
peakuuu pasmuunth HoHbl SO3* n SO,2? HanmcaTh ypaBHEHHS peaKluii TOmydeHHs cynbdara
cynb(ura 6apus 1 paCTBOPEHUS MOCIETHETO B KUCIIOTE.



OmnbiT 6. THOCYIB(MAT HATPHUS U €T0 CBOKWCTBA

a) HeycroitunBoCTh THOCYIB(AaTa B KUCIION Cpejie

Brectu B mpoOupky 5-6 kanenb pactBopa THocyiabdara Hatpus NaS;03 u 3-4 kamm 2 H.
cepHoil kucnoTel. OTMETUTD BhINajieHue cephl. [1o 3anmaxy onpenenuTb, Kakoi ra3 BbLACITUIICS.

[TpuBectu rpaduueckyro dopmyny THocynbdara HaTpus. HamucaTh ypaBHEHHE peakluu
B3aMMOJICHCTBUS THOCY Ib(aTa HATPUS C CEPHOM KUCIOTON. YKa3aTh OKUCIUTENb U BOCCTAHOBUTEb.

0) BoccTanoBuresbHbIe CBOMCTBA THOCYIb(aTa HATPHUS

B nBe mpoOupku BHECTH pa3aesibHO 1o 5-6 Kareiab OpoOMHOM U o 1HO#M Bobl. B 00€ mpoOupku
N00aBUTH MO HECKOJBKO Kallelb THOCYyJb(haTa HaTpus 10 oOeclBeUYMBaHUs pacTBOopoB. Hamucarthb
YpaBHEHUS MPOTEKAIOLINX PEaKLUi, YUUTHIBas, YTO OpOM OKHCISET THOCYNIb]ar aocynabdara, Ipu
3TOM B PEaKIMM ydacTByeT Boja. (Beimenstomniascs cepa sBisieTcs MpoayKTOM MOOOYHOHN peakluu.)
Won oxucnser Tnocynbgar 10 terpatnonara NazS4Os. B Kakyro cTeIeHb OKHCIICHHS TIEPEXOIAT P
3TOM OpoM U #oa? MoKeT i1 XJIOpHAas BOJa OKUCIUTh TUOCYNIb(aT HaTpusi? OTBET MOTUBUPOBATH.

Omnpit 7. Okucinenue oauaa Kaaus NepoKCoAnuCyib(paToM aMMOHUS

B npoOupky ¢ pactBopoM #oamnma kamus (3-4 karum) mpuOaBUTH CTOJNIBKO K€ pacTBOpa
nepokcogucynbdara ammonus. OTMETUTh HM3MEHEHHE OKpAacKd pactBopa. Hammcats ypaBHEeHHE
PEaKIMH.

JlaGopaTopnasi pabora Ne 9. Diementsl noarpynnsi VI B

Onpit 1. [Tonyuenue oxkcuna xpoma (111) pasnoxennem quxpomara aMMOHHUS

[TomecTuTth Ha acOecToByIO ceTKy 1/3 00BEMa MPoOUPKH PAcTEPTOro B MOPOIIOK AUXPOMATA
aMMOHWUs. PackamuTh jKelne3Hyro MPOBOJIOKY Ha TOpesike W MOTrpy3uTh e€ B nuxpomar. Habmomarts
OypHoe pasnoxkenue conu. Kakoii et umeer nony4deHnubiit okcun xpoma (111)? Hanucats ypaBHeHMe
peaKIyy pa3ioKeHUs, yYUTHIBasI, YTO OJHOBPEMEHHO 00pa3yroTcsl a30T MBOJA. YKa3aTh OKUCIHTENb
¥ BOCCTaHOBHTENb. K KaKOMY THITY OKHCIHTEIHHO-BOCCTAHOBUTEIBHBIX PEAKIINH OTHOCHUTCS TaHHAS
peakuus?

Omeit 2. [Tonyyenue u cBoiictBa ruapokcuaa xpoma (1)

[Mony4yuTth B ABYX MpoOUpKax ManopacTBopuMbiii ruapokcua xpoma(lll) B3aumoneiictBrem
pactopa cosu xpoma(lll) (3-4 xarmu) ¢ 2 H. pactBopoM 1mesouu (1-2 karuim). VicnbITaTh OTHOIICHHE
THJIPOKCUIA XPOMA K KUCIIOTE U K N30BITKY HIETOYH, AJIS Yero J00aBIIATh BOAHY IPOOUPKY MO KAIUIIM
2 H. pacTBOpP CEPHOM KUCIIOTHI, B JPYTyI0 — 2 H. pacTBOp LIEIOUYHN AOPACTBOPEHMs ocasika. Hamucars
ypaBHEHUs peakiuii nomydenus rugpokcuaa xpoma (1) u Baumoneiictus runpokcuaa xpoma (111)
C KHMCJIOTOW M €O HIENOYBIO, YUUTHIBAsA, YTO BO BTOPOMCIyYae MOIY4aeTcss KOMILJIEKCHBIN aHUOH
[Cr(OH)e]** Kak HasbiBaeTcs COOTBETCTBYIOmas coib Kanua? IIpu TIOAKHCIEHMH pacTBOpa
MPOHMCXO/UT TIOCTENICHHOE 3aMEICHNE THAPOKCHUIHBIX JIMTaH0B B THUIpoKco-KoMIuiekce xpoma (I11)
Ha MOJEKYyJIbl BOJAbI C OOpa3oBaHMEM akKBakoMIUIeKca. IIpu STOM KOOpIAMHALMOHHOE YHCIIO
KOMILIeKcooOpa3oBaresst He MeHsieTcsl. Clienarh BHIBOJI OKUCIOTHO-OCHOBHOM XapakTepe IMJIPOKCUAA
xpoma (I11).

Omeit 3. T'uaponus coneit xpoma (1)

a) 'maponus cynbdarta xpoma

HcneiTath neiictBue cyibdara xpoma (111) Ha nakmyce, a5 yero B mpoOUpKY ¢ 3-5 KarssMu
pacTBopa HEWTpaJbHOrO JakMyca MNpHOaBUTh HECKOJIBKO KPHCTAUIMKOB cylbpaTa Xpoma a0
M3MEHEHMs OKpacKu JlakMmyca. HamucaTb B MONEKyNnsipHOIl U MOHHOW (opMe ypaBHEHHE pEaKIUH
runponusa. Kakue BemiectBa npu stoM nonydatorca? IlpuBectu HazBanus. Kak MOXHO oci1aOuTh
ruAponn3 gaHHou conu? Kak ycunuts ero?

6) CoBMecTHBIN TUPONIN3 CyIb(aTa XpoMa 1 KapOoHaTa HATPHUS



K 2-3 kammsm pactBopa cynasdara xpoma (I11) mpubasisaTe mo karmisiMm kapOoHAT HATPHUS 10
obpazoBanus ocagka Cr(OH)s. Otmeruts BoiAencHHE Ta3a. [loueMy He TMOaydrics KapOoHAT Xpoma
(111)? Kaxoii ra3 Beigensuics? Hamucats MoOJIEKyIsIpHOE U HOHHOE ypaBHeHHs peakiun. Kakas Gopma
TUAPOIHN3a cylbdaTa XpomMa BMeNIa MECTO B JaHHOM peakIuu?

Omnpit 4. XpoMatsl ¥ JUXPOMATHI

a) [lepexon xpomara Kanausi B JUXpomMaT

K pactBopy xpomara kanus (3-4 karm) npuOaBiIsaTh 0 KaIUIIM 2 H. paCTBOP CEPHOM KMCIIOTHI.
OTMETUTHh OKpacKy B3ATOTO M MOJIYYEHHOI'O PacTBOPOB MU YKa3aTh, KAKUMH MOHAMHU 3TH OKPACKH
oOycnoBnuBaroTcs. Hanucars ypaBHeHue peakiuu. [loueMmy mosrydeHHast COJIb OTHOCHUTCS K COJISIM
U30MOIUKHUCIOT?

0) Ilepexon nuxpomMara Kajids B XpomaT

K pactBopy amxpomara kamusi (3-4 xarmim) npuOaBisSTh MO KamjisM PacTBOp IIEIOYH 10
n3MeHeHus okpacku. HamucaTte ypaBHeHHe peakuuu. Pa3oOpaTh cMelieHe paBHOBECUS

2Cr0O4% + 2H' & Cr,07% + H,0

TIpu 00aBIEHNN KUCIOTHI, menoun. Kakoit mon (CrOs% umu Cr,07%) cymecTByeT BpacTBOpax
npu PH<7, mpu pH>7?

Ompit 5. [Torydenne xpomatoB O6apusi, CBUHIIA U cepedpa

B tpu npoGupku ¢ pactBopoM xpomata Kauus (2-3 Kariu) npubdaBuTh 10 2-3Karii pacTBOPOB:
B IIEPBYIO — XJIOpHU1a Oapusi, BO BTOPYIO — HUTpaTa CBUHIIA, B TPEThIO — HATpaTa cepedpa. OTMETHTH
BeTa 0caakoB. Hammcars B MOJEKYIISIpHOW M HOHHOHM ()OpME ypaBHEHHUS PEAKIIHH.

OmnbIT 6. OKUCIUTENBHBIE CBOMCTBA XPOMATOB

a) Okucnenue cepoBoopoa

B pactBop nuxpomara kanus (4-5 xamnenb), OJAKUCIEHHOTO 2 H. PACTBOPOM CEPHOM KHCIIOTHI
(2-3 xamuTn), BHOCUTB TI0 KaIUISIM CEPOBOOPOTHYIO BOY J0 M3MEHEHUS OKpacku pacTBopa. OTMETHTh
OMyTHEeHHe pacTBopa. HanmucaTh ypaBHeHHE peakiiy. YKa3aTh, KAKOE COEAMHEHUE XpOMa MOJy4EHO
U ToueMy pactBop momyTtHeln. J[o kakoil cremeHu okucienus BocctaHaBiauBaercs xpoMm (VI)? Tlo
KaKUM JJAaHHBIM MOKHO CYJTUTBh 00 3TOM?

0) Oxucnenue oauaa Kamus

K nozkucieHHOMY cepHOW KHCIOTOM pacTBOpy Auxpomata Kanusi  (4-Skarens) 106aButh 3-4
Kariau pacTBopa Woauna kanusg. OTMETUTh M3MEHEHHe OKpacku. Jloka3aTh CIIOMOILIBIO pacTBOpa
Kpaxmalia BblJieJIeHre CBOOOAHOrO fo/1a, sl 4ero B MPOOUPKY ¢ 5-6 KarisiMu Kpaxmajia BHECTU OJIHY
KAaIlIIo MOJIy4eHHOTO B OIBITE pacTBOpa. Hanmucarh ypaBHeHHE peakiuu.

B) OKHCIIEHHE XJIOPOBOJIOPOIHON KUCIOTHI

K pactBopy nuxpomara xamus (2-3 kamuu) npu6aButh 10-12 kamnenb KOHIEHTPUPOBAHHON
XJIOPOBOJOPOAHOH KuCIOTH (mIoTHOCTH 1,19 r/em®). CMmech HarpeTh 10 Hepexoja OpaHKeBOI
OKpacku B 3es€Hy0. OTMETUTH BblJeeHre ra3a. Kak n3amMeHunacek creneHs okucieHus xpoma? Kakoit
ra3 Belaenuics? Hanucats ypaBHEHUE peakliiy OKUCIIEHUS XJIOPOBOIOPOIHON KUCIOThI JUXPOMATOM
KaJusl.

JladopaTopnasi padora Ne 10. Duementsl nmoarpynnsi VII A

OmneiT 1. [Tonmy4yeHue ragoreHoB OKMCIEHHEM raJoreHNuI0B

a) [Tonydyenue xnopa

B nBe npoOupku pazaenpHo BHecTH 110 2-3 kpuctamummka KMnO4 i K2Cr207. B 06e mpobupku
106aBUTH MO 2-3 KAarId KOHIEHTPHPOBAHHOH XIOPOBOAOPOAHOM KHCIOTHI (mmoTHOCTH1,19 T/eMd).
Bropyro nmpoGupky crnerka nomorpers. HaGmrogaTe Beifenenne xigopa. OTMETUTh OKPAcKy XJopa.
HanucaTe ypaBHEHME IPOTEKAIOIIMX PEAKIUMI, YIATBIBAs, YTO TUXPOMAT KaJIHs IEPEXOIUT B XJIOPU]
xpoma (111), a mepmanranar kamus — B xjaopua mapraaia (I1). Ykazars



OKHCITUTEIh U BOCCTAHOBUTEIT.

0) [Tonyuenue 6poma u Homa

B nBe mpoOupku BHECTH: B OJHY — 2-3 KpHCTAJTMKa OpoMuaa Kajaus WiIu HaTpus u 1-2
MUKpOIIIATENS TUOKCHIA MapraHiia, B IPYI'yl0 — TaKoe XK€ KOJUYECTBO CMECH HOAMIA Kalaus C
JMOKCUIOM Maprania. B kaxayro mpoOupky 100aBuUTh MO 2-3 Karuld KOHIIGHTPUPOBAHHOW CEpHOU
KHUCHOTHl (TIoTHOCTH 1,84 r/cM®). OTMETHTH BBIICICHHE M IBET OpoMa M ifofa B ra3000pa3HOM
cocTosiHuU. Hamucath ypaBHEHWE TNPOTEKAIONIMX PEaKIUi, yYUTHIBas, YTO JUOKCHJ Maprasiia
nepexoaut B cynbdar mapranma(ll).

OmnpiT 2. PacTBOpMOCTB OpoMa 1 fi0/1a B OPraHUYECKUX PACTBOPUTEIIAX

B nBe mpoOupku pasfaenbHO BHECTH MO 2-3 Karwikm OpoMHOM M HomHO# Boabl. JloGaBUTH B
KOXKAyI0 OpoOupKy Mo 5-6 Kamenb Kakoro-imudo OpraHHyYecKoro pactBoputens. PacTBopsl
nepeMenaTh CTEKISIHHOM MNanodkoil. OTMETUTh OKpacKy OTCTOSIBIIMXCS CIOEB B MPOOHMpPKax.
(oprannueckuii pacTBOPHUTENb SKCTPArupyeT OpoM M O M3 BOAHOrO pacTBopa.) Kakue ranoreHs
MO>KHO OOHApy>XKUTh IPH IIOMOILY 3TOTO OIbITa?

OnpIT 3. OKUCIHUTENBHBIE CBOMCTBA T'AJIOT€HOB
U UX CpPaBHUTEJIbHASI AKTUBHOCTh

a) OKUCIIUTENbHBIE CBOWMCTBA TaJIOI€HOB

B Tpu npoOupku BHeCTH Mo 3-5 Kamenb XJOPHOW, OpOMHON M HOomHOW BoAbl. J[00aBUTH K
XJIOPHOM BOJI€ HECKOJIBKO Kamejlb CEPOBOJOPOAHOM BOJIBI 10 TOsiBIIeHUs MyTH. K OpomHOI 1 HiogHON
BOJI€ 100aBUTH MOPOLIOK MarHus Wiu antoMuHus. Ilepemeniats pacTBOpbI CTEKISIHHON —MaJI0YKON U
OTMETHUTH WX obeciBeunBanue. Hamucarh ypaBHeHHE Bcex MpoTeKaromux peaknuii. Kakue cBoiicTBa
BO BCEX CIIyYasiX MPOSBIISAIOT FaJIOr€HbI?

0) CpaBHEHUE OKHUCIIUTEIbHBIX CBOWCTB TIaJIOT€HOB

B oany nmpoGupky BHecTH 3-5 Kamenb pacTBopa OpoMuaa HaTpus, B ABE ApPYrHe — 1Mo 3-5
Karenb pacTBopa Hoauma Kanus. Bo Bce Tpu mpoOupku 100aBUTH MO 2—3 KAIId OPraHUYECKOTO
pactBopuTelss. B mpobupku ¢ pacTBopoM OpoMuia U Hoauaa BHECTH 1O 3-4 Karuid XJIOPHOU BOJEBI, B
MOCJIETHIOI0 TTPOOUPKY C paCTBOPOM HOAMIa — CTOJIBKO ke OpoMHOU Bobl. ConepkruMoe TPoOUpOK
nepeMenaTh CTeKISTHHOW MalouKOW U IO OKpPAacKe MOJTYYEHHOIO CJIOSl OPraHMYECKOI0 pacTBOPUTENS
YCTaHOBUTh, KaKOM rajloreH BbIAENSETCS B CBOOOJHOM BHUJAE B KaxJI0M u3 mpodbupok. Hammcath
ypaBHEHUS PEaKIuii B MOJEKYJISIPHOU M MOHHOU PopMme. B kaxmom cirydae yka3aTh OKHCIHUTENb U
BOCCTAaHOBUTENb. PacnoyiokUTh TajoreHsl B psAl MO YOBIBAHUIO HUX OKUCIUTEIBbHOW aKTHMBHOCTH.
OOBACHUTDH MOCIIENOBATEIBLHOCTh PACIOIOKEHUS. MOTYT JIM MOJIEKYJISIPHBIE TaJIOTE€HbI MPOSIBIISITH
BOCCTaHOBUTENbHBIE CBOMCTBa? OTBET 00OCHOBATH.

B) Okucnenue cynbdara sxemnesa (I1)

B aBe mpoOupku pa3aenbHO BHECTH MO 3-5 Kareiab OpoMHOW M HomHO#M Bojwl. Jl00aBUTH B
KaXIyro pooupKy 1o 1-2 kpucramiuka cyibdara sxenesa (1) [comu Mopa (NH4)2SO4-FeSO4-6 H0].
Uro HaOmonaercsi? Hamucath ypaBHeHME mpoTekarolled peakuuu. B kakom ciywyae peaxius
oxucnenus Fe?'-mona me mporexana? Hamucap 3HaueHHs CTAHJAPTHBIX DIEKTPOIHBIX TOTEHIIHATIOB
cucrem Clo/2CI™, Bro/2Br, 12/21°, Fe**'Fe®, ykasars, B xakoM ciydae peakmus okuciaenns FeSOq
HeBO3MOXKHA. [TonTBepkaanocs i 3To onbiToM? byaer nuxiopHas Boja okuciaTh FeSO4?

OmneiT 4. CpaBHEHHE BOCCTAHOBUTENIBHBIX CBOMCTB I'aJIOTEHOB

a) BoccranoBnenue nuxpomara Kajius

B Tpu npobupku BHecTH Mo 2-4 KaruM Iuxpomara Kajus, MOJAKUCIEHHOTO 2 H. pacTBOPOM
cepHoil kucnotoi (1-2 kamu). Jlo6aBuTh B epByro NpoOUpKy 2-3 Kariu pacTBopa Hoauaa Kanus, BO
BTOPYIO — CTOJIBKO K€ Kakoro-inbo 6pomunaa, B TPEThIO — XJOpUAa HaTpus. PacTBopsl nepemeniaTh
YUCTOM CTEKJISTHHOW MalloyKod. B KakoMm cilydyae BOCCTAaHOBJIEHHWE AMXpPOMATa HE MPOU3OILIO?
Hammcarp ypaBHeHUST TPOTEKAIONUX PEAKIINM, YIUTHIBAS, YTO JTUXPOMAT Kajus, BOCCTAHABIHBASCh,
niepexoauT B cyabdart xpoma (I11). Kak usmensmace mpu 3T0M CTENEHb OKUCICHUS COOTBETCTBYIOIIHNX
rajioreHoB? UTo mpu 3ToM HAOII01a7I0Ch?

0) Boccranosnenue xmopuna sxenesa (1)

[IponenaTp onbIT, aHATOTUYHBIM ONBITY 4a, 3aMEHUB PACTBOP IUXPOMATA KaJIHs



pactBopoMm xiyopuaa sxenesa (I11). Uro nabmoganu? B kakom ciydae MpOM30IUIO BOCCTAHOBJIEHUE
FeCls u coorBercTBeHHO OKHCieHue ramoreHa? CormacyroTcsi JIW pe3ysbTaThl ONMBITOB 4a u 40
COTHOCUTENIFHBIMU 3HAUYEHUSIMH CTaHAAPTHBIX AJIEKTPOJHBIX IMOTEHIIHAIIOB COOTBETCTBYIOIIMX
OKHCITUTEIIbHO-BOCCTAHOBUTEIBHBIX cucTeM? Kak W3MeHseTcss BOCCTaHOBHTEIbHAs CHOCOOHOCTH
OTPHIIATEIIEHBIX HOHOB T'aJIOTeHOB? PacroyioXuTh MX B PsAJl MO BO3PACTAIOIIEH BOCCTAHOBUTEILHOU
AKTHBHOCTH.

Omnpit 5. XapakTepHble peakliii Ha HOHBI FaJIOT€HOB

Oo6pazoBanue ocaakoB AQCl, AgBr u Agl sBisiercs XxapakTepHOW peaklIUe Ha HOHBI
rajoreHoB. [lomyunTh yKka3aHHbIE BemiecTBa peakuueil oOmena. HeoOxoaumbie pacTBOPHI
COOTBETCTBYIOIIUX CcOJIel OpaTh B KomuuecTBe 4-5 kanenb. K momydeHHbIM 0cagkaM J00aBUTH 10 2—3
Kaluli 2 H. pacTBopa a3oTHOW kucioTel. Habmomaercs mm ux pactBopenue? Hammcates B
MOJICKYJISIPHOM ¥ MOHHOM (hopMe ypaBHEHHS MPOTEKAIOUINX PEaKIfif, OTMETUTH LIBETA IMOJIY4YEHHBIX
OCAJIKOB U pe3yJbTaT ACUCTBUSA Ha HUX a30THOU KUCIIOTHI.

JlabopaTtopHnas pa6ora Ne 11. Dnementsl noarpynms VIl B

Ompit 1. 'uapokcun mapranna (1) u ero coiictsa

B nBe npoGupku BHecTH 1o 3-4 xarum pactBopa cosn Mapranua (Il) m mo 2-3 kammm 2 H.
pactBopa nienoun. KakoB 1BeT mosrydeHHoro ocajaka ruapokcuaa Mapranma (11)? Pasmemars ocamok
CTEKJIIHHOM MaJIOYKOM U OTMETUTD €ro nodypeHue BeieacTsue okucienus mapranmna (I1) mo mapranma
(IV). Bo BTOpyI0 MpOOMpPKY C OCaIKOM T'HMIPOKCHIA MapraHia 100aBuUTh 2-3 Kamui 2 H. pacTBopa
cepHoit kucnotel. Uro HaOiromaercs? Kakue cBoiicTBa xapakTepHsl uisi ruapokcuaa Mapranma ().
Hanucate ypaBHeHusl peakuuil: a) monydeHus rugpokcujga mapradua () m ero oxucneHus
kuciopooMm Bo3ayxa B MNO(OH)2; 6) B3anMoieiicTBUS THIPOKCHIAa MapraHIia ¢ CEpHOW KUCIOTOM.

Ombit 2. [Tony4yeHne HEKOTOPBIX MalIopacTBOPUMBIX coieid maprania (11)

B Tpéx mpoOupkax MoyydyuTh: a) XpomarT MapraHua; 0) kapOoHaT MapraHua; B) cyib¢paT
Maprasiia B3auMoJIeHCTBHEM XpoMara Kajius, KapOoHaTa HaTpus U cyibdua aMMOHUS ¢ CylbdaTom
mapranua (ll). PactBopsl Opate mo 3-4 kamm. OTMeTHTHh LiBeTa OcCaakoB. PacTBop ¢ ocajakom
cynb(ua MapraHua pasMmeniarb CTEKISIHHOM majgodykod. OTMETUTh HM3MEHEHHE IIBeTa OCaJKa.
Jl06aBUTh K KaXJA0My OcalKy 2-4 KarM 2 H. pacTBOpa KUCIOThl. CaenaTh BBIBOJI O paCTBOPUMOCTH
MOJyYeHHBIX CcoJiell MapraHua B KHcHoW cpene. HamucaTh ypaBHEHHE peakLMM: a) IMONYyYCHMS
Xpomara, kapOoHaTa U CyJab(uia Mapratia; 6) OKMcIeHHs Cylb(uia Mapraiia KUCiIopoaoM Bo3Iyxa
B IIPUCYTCTBUU BOJIbl, YUUTHIBAs, UTO MPU ATOM NoTydaeTcs rupokcuamapranna (1V); B) pactBopenus
Xxpomara, kapooHarta u cynbpuaa mapranua (l1) B kuciore.

Omeit 3. BoccranoButenbHble cBoicTBa coenurenuit Mn (11)

a) Oxucnenue conu mapranua (1) 6pomom

Buectu B npobupky 2 karuiu pactBopa cynbdara mapranua (1) u 3 xamiu 2 H. pacTBOpaeaKoro
Hatpa. K momydeHHOMY oOcalKy THAPOKCHIAa MapraHma 100aBuTh 5-6 Kameilb OpOMHON BOJIBI.
OTMeTHTh U3MEHEHHE I[BETa OCaJIKa BCIIEACTBHE 00pa3oBanus coenuHenus mapranmna(lV). Hamucats
YpaBHEHHE PEaKIUH.

6) Okucnenue conu Mapranua (1) Bucmyratom HaTpus

[TomecTuTh B mpoOUpKY OAHY Karuto pactBopa cosiv Mapratia (1) u 5-6 xanens 2 H.pacTBOpa
a30THOM KUCIOTHL. J[00aBUTh MUKpoIIITaTeieM HeMHoro BucMmyrata HaTpust NaBiO3. Kak okpacuiics
pactBop? Kak wu3MeHusnachb crTeneHb OKHCIeHUs MapraHua? HamucaTh ypaBHEHHME peakluu,
MpOTEKaroIIei ¢ 00pa3oBaHHUEM MapraHIleBOW KUCIOThI M HUTpara Bucmyta (111).

B) Okucnenue conu Mapratua (l1) nepoxconucynbdparom aMMoHuUs

B Mukpokon6ouky WM IWIMHAPUYECKYIO MpoOHpKy 10 1/3 e€ o0bEmMa HaTUTh BOMABI
n100aBuTh 3-4 KpHucTayumka nepokcoaucyibdara ammonust (NH4)2S20g 1 o 2-3 karum pacTBopoB 2
H. a30THOM KHUCIIOTHI M HUTpaTa cepedpa, KoTopble 100aBIIOTCA B KauecTBE Karanusaropa. Harpes
KHJKOCTh TIOYTH JI0 KHIICHHUs, 100aBUTh B He€ Karuio pacTBopa cyiabdara mapranua (I1). OtmeruTs
OKpacKy pacTBOpa M yKa3aTh, KAK U3MEHUJIACh CTEIICHb OKUCIICHUS



Maprania. Hamucate ypaBHeHHME peakiuu, MpOTEKaroulel ¢ ydacTueM BOAbl U 00pa3oBaHHEM
MapraHieBoil KUCIOTHL. B ypaBHEHUU peakliuy a30THAsi KUCJIOTa HE YYacCTBYET.

Onpit 4. PaznoxxeHue nepMaHraHara Kajaus IpU HarpeBaHUU

[TomecTuth 3-4 KpHUCTAIIMKA IEPMaHraHaTa Kajlus B HUJIHHIPUYECKYIO TPOOUPKY, YKPETIUTh
e¢ B IITAaTHBE TOPU3OHTAIBHO M HArpeBaTh HEOOJIBIINUM IUIAMEHEM TOPENKU JI0 MOJHOTO Pa3IOKEeHHUs
IIepMaHraHaTa Ha JMOKCHMJl MapraHija, MaHraHaT Kajius U Kuciopoi. (Beiaenenue xuciopona u
IIOJIHOTY pa3JIOKEHUs II€pMaHraHara yCTaHOBUTb C IIOMOLIBIO Tieroled JyuynHku.). Ilocne
OXJIQX/ICHUS POOUPKU K CYyXOMY OCTaTKY 100aBUTH 5-6 Karesb BoAbl. OTMETHTDH BET MOIY4EHHOTO
pactBopa. Kakoe BemiectBo Haxoautcs B pactBope? Kakoe B ocanke? Hamucarh ypaBHEeHHE peakiuu
pa3ioKeHus IepMaHraHara Kajaus. YKa3aTb OKHCIUTENb U BOCCTAHOBUTENb.

OmnpiT 5. OkucauTeapHbIe cBOMcTBA coenuuenuii Mn (V1)

a) Bmusaue  pH cpenbl Ha XapakTep BOCCTaHOBIIEHUS II€pMaHIaHaTa

B 3aBucuMMOCTH OT Cpeabl — KHCIOH, HeiTpanbHoM win menounoi — wmapraner (VII)
BOCCTaHABJIMBACTCS /10 PA3JIMYHOM cTerneHu okucieHus. B kucioit cpene mon MnOs mepexoauT B
Mn?* HOH, B CHIILHOILEIOYHOM, NP HEA0CTAaTKe BOCCTAHOBIEHHS — B HoH MNO42. B Tpu npobupku
BHECTH 1O 3-4 KaIjii pacTBopa NepMmaHraHara kanus. B ogny mpoOupky 1006aBuTh 2 Karu 2 H.
pacTBopa CepHON KHUCIIOTHI, B JAPYI'yIO — CTOJBKO € BOJBI, B TPeThl0 — 3-4Kariy 2 H. pacTBopa
uiesniour. Bo Bce Tpu npoOupku mpuOaBUTh 1o 1| MUKPOIINIATENO0 KPUCTAIUIMYECKOTO CYIb(UTa HATPUs
i Kanusi. OTMETUTh Pa3INYHOE U3MEHEHHE NEepBOHAYaIbHOW OKpPACKU pacTBOpa MEepMaHraHara B
KaxsioM cirydae. Yem 3710 BeI3BaHO? HamucaTs ypaBHEHUE peakiuil.

0) OkuciieHue nepMaHraHaTom Kaius cynbgdara mapranua (1)

Buectu B mpoOupky 3-4 kamu pacTBOpa INE€pMaHraHaTa Kajlusi M CTOJIBKO K€ pacTBOpa
cynb(dara mapranma. OTMETUTh UCUE3HOBEHUE (PHOJIETOBOM OKpacku ¥ oOpazoBaHHe Oyporo ocajika.
OnyctuTe B IPOOMPKY CHUHIOI JIaKMycoBYr0 Oymaxky. Kakas cpena B mosiyueHHOM pactBope?
Hanucats ypaBHEHHE peaklMM C ydacTHEM BOJAbI M oOpa3oBaHMEM cyib(aTa Kaius, IUOKCUIA
Maprasia 1 CepHON KHUCIIOTBHI.

B) OKucieHne nepMaHraHaToOM Kajiusi IepoKcua BOJAopoia

B npobupky BHecTu 3-5 kamenp pacTBopa NepMaHraHara Kaiaus ¥ 2-3 Karuii 2 H.pacTBopa
cepHoil kucnotbl. [loGaButh 3-4 kammm 10%-HOro pacTBOpa mepokcuaa Bojpopoaa. Kakoit ras
BbiiensieTcs? Kak n3aMeHusach creneHb okucieHus: Mmapranna? Hanucats ypaBHeHUE peakii.

r) OKHclIeHne IEPMaHTaHaTOM KaJlMsl CIIMPTa B KMCIION U LIEJIOUHOM cpefie

B nBe mpoOupku BHecTH Mo 2-3 KaulM pacTBOpa MepMaHraHara kanus. B ogHy mpoOupky
N100aBUTh 2 KaIUIM 2 H. pacTBOpPa CEPHOM KHUCIIOTHI, B IPYTYIO — CTOJIBKO K€ 2 H.pacTBopa Iienouu. B
MPOOUPKY C MOJKHUCIECHHBIM PACTBOPOM NEPMaHraHaTa Kajaus J0OaBUTh 3 KaIUIM ATHJIOBOTO CIHUPTA.
PacTBOp nmogorpers ManeHbKUM IIaMeHeM ropenku. OTMETUTh U3MeHeHHe okpacku. Kak uamMeHnuiach
CTENeHb OKUCJIEHMsI Mapranua? B npyryro npoOupky K LIEJI0YHOMY pacTBOpY NE€pMaHraHaTa TakkKe
n00aBuTh 3 Karuid 3TuUioBOoro crnuprta. HabmiomaTh mocTeneHHOE BOCCTaHOBIEHHE IEepMaHraHaTa
CHauaja /10 MaHTaHaTa, a 3aTeM JI0 IMoKcuaa Mapradia. OTMETUTh MOCIeA0BaTeNIbHOCTh N3MEHEHNUS
okpacku pactBopa. OTBeTHTh Ha BONpOChl.. HammcaTe ypaBHEHUs pEAKIH: BOCCTAHOBJIEHHUS
MepMaHraHaTa Kajausl CIMPTOM B KHCIIOHM cpelie M BOCCTAaHOBJIEHUS B IIEIOYHON Cpelie CHayalia 1o
MaHraHara, a 3aTeM JI0 JUOKCHJla MapraHila, YYUTbIBas, YTO B KaKJOM CIy4ae CIUPT OKUCISETCS B
aJbJIETUI.

JlabGopaTopuas padora Ne 12. Dnementsl noarpynnsi VI B

Omwit 1. XapakTepHble peaknuu Ha nonsl Fe?*  u Fed*

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

[IpuroroButh B mpoOHWpKe pacTBOp coidu Mopa u 1g006aBuTh 1 Kamio pacTBopa
rexcanunanodeppara (I11) kamust (kpacuoit kpossiroit conmu Ks[Fe(CH)e]). OTmMeTuTs 118eT



oOpasoBaBmierocsi ocajaka (TypHOyJieBa CHHB), YKa3aTh XHMHYECKOE€ Ha3BaHUE H (HopmyTy
TIOJTy4EHHOTO BeIlecTBA. JlaHHAas peakuus SBISETCS XapakTepHoil Ha WoH Fe?'. Hammcats
MOJICKYJISIPHOE U HOHHOE YPaBHEHUE PEaKIUH.

0) [etictBue Ha conu xene3a (1) recartmanodeppara (1) kanmus

[TomecTuts B mpoOupky 2-3 kamau pactBopa xsopuaa skenesza (ll1) u modaButs 1 kamito
pactBopa rekcanuanodeppara(ll) kamus (skenaroit kpossuoii comu Ka[Fe(CN)e]). Uronabmromgaercs?
OtmeruTh 1BET 00pa3oBaBIIerocs ocajika (OepiauHCKas ja3ypb), yKa3aTh XUMHUECKOE Ha3BaHHUE W
(bopMyITy MoTydeHHOT O BemecTBa. Hamucarb ypaBHEHHE peakiiy B MOJICKYIISIPHOW B HOHHOU (opMme.

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

[TomecTuTh B mpoOHUpKy 5-6 Kamnens pactBopa xiopuzaa sxenesa (1) u no6asuts 1karuto 0,01
H. pacTBOpa pojaHuja aMMOHUs (MK Kanusi). Takoil xe OIBIT MpoJiesiaTh ¢ pacTBOpoM cosin Mopa.
[lepenectn 1 karuio MOIYYEHHOTO B MEPBOW MPOOMPKE pacTBOpa B IPYTYIO MPOOHPKYH T00aBUTH 8-
10 kamnens Bojabl. Hamucars ypaBaenue peakiuu norydenus Fe(CN)sz, cooOraroriero pactBopy sipko-
KpacHyl0 OKpacky. OTMETHTh, YTO OKpacka xapakTepHa ToJibko ni siconmu sxkeneza (l11). Yem
00BsCHsIETCS OclabJICHHE OKpacKH MpH paz0aBieHun?

Omnpit 2. B3aumoeiicTBue xee3a ¢ KUCI0OTaMU

OnbIT MPOBOIUTCS B BBITSHKHOM miKady! B Tpu mpoOupku BHECTH O 5 Kareib 2 H.paCTBOPOB
KHCJIOT: B IIEPBYIO — XJIOPOBOJAOPOJHON, BO BTOPYIO — CEPHOM, B TPEThIO — a30THOW. B ueTBepTyto
NIPOGHPKY MOMECTUTh 3 KaIlld KOHIIEHTPHPOBAHHOH CEepHOM KHCI0TH (maotHocTs 1,84 r/em?®). B
KKyl IPOOUPKY MOMECTUTh HEMHOI'O JKEJIE3HBIX OMMUIIOK MM KYCOYEK JKEIE3HOU CTPYKKH, IOCIIe
4ero NpoOUpPKY C KOHLEHTPUPOBAHHON CEpHOM KHUCIOTOM OCTOpoKHO HarpeTh. Habmronatsb
IPOUCXOJAIINE MPOLECChl. 3aTeM B Kaxayro npooOupky npubaButh no 1 kamie 0,01H. pacTBOpa
pojaHuia Kadus WIM aMMOHHMS, KOTOpble ¢ MoHamu Fe®' naloT XapakTepHYI0 KpacHyl0 OKpacKy
coenunenust Fe(SCN)z. Yoeauthbcst B TOM, 4TO B XJIOPOBOAOPOIHOMN U pa30aBICHHOW CEPHOM KHCIOTE
o6pasyroTcs HoHbI Fe?*, a B a30THOI KHCIIOTe M KOHIIEHTPUPOBAHHOM CepHOM KucioTe — noHsl Fe3*,
HaGnronate 3a mosiBJIEHUEM OKpAacKu ClleAyeT BHHUMATEJBbHO, TaK Kak 4yepe3 HekoTopoe Bpems (1-2
muH.) B kucioit cpene Fe(SCN)s pasnaraercs. Hanmcats ypaBHeHUs! poBeIeHHBIX peakuuii. Kakue
UOHBI SIBIIIIOTCS OKUCIUTENSAMU B KaXJIOM U3 3TUX peakuuii? Yem OOBICHATH, UYTO MpHU
B3aMMOJICHCTBHUHU JKelle3a C CEPHOM KHCIOTOM pa3iMyHON KOHIIEHTpaLUMU 00pa3yloTCsi COJM JKeies3a
Pa3IUYHOM CTENCHU OKHCICHUS?

Omeit 3. T'uapokcun xenesa (11)

B comsax sxenesza (ll) BciencTBue 4acCTUUHOTO OKHMCIIEHUSI Ha BO3JIyX€ BCEI/la MPUCYTCTBYET
xene3o (I11). [ToaTtomy Bo Bcex ombITax 1mo u3ydeHuro cBoMcTB kene3a (l1) cmenyer 6parh Hauboiee
YCTOWUHBYIO JIBOMHYIO KpucTammueckyro coinb Mopa (NH4)2S04-FeSO4-6H?0. J{ns npurotosieHus
pacTBopa B MpOOUPKY ITOMECTUTH 2 MUKPOIITIATENSI IOPOIIKAITON COIH M PACTBOPHUTH €€ B 4-5 KaruIsax
BOJbl. UeM 0OBsICHSIETCS OOJbINasi YCTOMYMBOCTh BKPUCTAIUIMYECKOM COCTOSHHHM coiu Mopa 1o
cpaBueHnio ¢ cyiabparom kene3a(ll)? Tlouemy pactBop comu  Mopa J0DKEeH — OBITH
CBEXKENpUTroToBIeHHbIM? Hamucate koopaunHanuoHHytro ¢opMyiny conu Mopa. B ypaBHeHMsIX
peakuuii BMecTo GopMyiibl cond Mopa MOXKHO moJib3oBaTbes hopmyinoit cynbdarta xenesza (I1), Tax
KaK JIBOIHAsi cob Mopa MpakTHYECKH MOJIHOCTHIO JHCCOIMUPYET MPH PACTBOPEHUH B BOJIE Ha BCe
COCTABIISIONIHE €€ HOHBI.

B mpobupky c¢ 3-4 kamnsMu pactBopa conu Mopa mpuianTh 2 H. pacTBOpa LIENOYU 0
BBITIAJICHUS 3€JIEHOTO ocaaka ruapokcua xxenesa (I1). [lepememaTs momydeHHBIN 0CaI0K CTEKISTHHON
MajJoukod W Habmromath vepe3 1-2 MuUH MOOypeHHE OcaJKa BCIEICTBHE OKUCIEHUS THAPOKCHIIA
xene3a (1) B rumpokcun xenesa (111) FEOOH. [IpoBepuTh ONMBITHBIM MyTeM, KaK B3aHMMOJICHCTBYET
CBeXXeocaxJIeHHbIN ruapokcua xeneza (I1) ¢ 2 H. pacTBOpoM XJIOpoBOIOPOAHON KHCHOTHL. Kakwue
CBOICTBa MPOSBIIAET B 3TON peakiuu ruapokcua xenesa (11)? Hanucats ypaBHeHHs peakUuid:

a) oopaszoBanus ruapokcua xemnesa (I1);

0) OKHCJIeHMs TOTYYeHHOTO OCHOBaHus B rujpokcun xenesa (111) mon geiicrBuem kuciopoaa
BO3/yXa U BOJBI.

OmnpiT 4. BoccranoBuTeIbHBIC CBOICTBA coeaunenuii sxemnesa (I1)



a) BoccranoBienue a30THOM KUCIOTHI

OnbIT POBOAUTCS B BBHITSDKHOM IKady! IIpUroToBUTH B ABYX HMIMHIPUYECKHX MPOOMpPKax
pactBop conu Mopa. B ogHy u3 HuxX n00aBUTh | Karumi0 KOHIIEHTPUPOBAHHOW a30THOW KHCIIOTHI
(wiotHOCTH 1,4 T/cM®), IONOTPETh PACTBOP [0 MPEKpPAIeHUs BBIACNEHHUS Ia3a U JaTh €My OCTBITh.
3arem B 00e poOupku 106aBuTh 1o 1 kame 0,01 H. pacTBopa poganua aMMoHus. B kakoii mpoOupke
HaOJI0AaeTCsl KpacHOE OKpallMBaHUE pacTBopa M modemy? HammcaTe ypaBHEHHE peakiMM, CUUTAs,
YTO a30THas KMCIOTa BOCCTaHaBIMBaeTcs npeumymiectseHHo 10 NO.

0) BoccranoBiieHue repokcua BOA0poia

[TpurotoBuTh B IBYX MpoOUpKax pacTBop coau Mopa. B onny u3 Hux n06aButh 2-3 Karim 2
H. pacTBOpa CepHOM KUCIOTHI U 2-3 karui 3% pacTBopa MepoKCcHia BOIOpoaa. 3aTeM B 00€ MPOOHUPKHU
no6asutk 1o 1 karwte 0,01 H. pacTBOpa poganuga aMMOHUs. B kakoii mpoOupke HaOIr01aeTCst KpacHOe
okpamuBanue u nouemy? [IpoBepuTh ONBITHBIM IyTE€M, KaK MPOTEKAET BOCCTAHOBIICHUE MEPOKCHIA
BoJI0poAa coibto kene3a (l1) B menounoit cpene. OTMETUTH BhINAJACHUE OCAJKa THIPOKCUIA Keje3a
(I). Hartucatp ypaBHEHHSI PEaKIIH.

B) BoccranoBnenue Hutpara cepedpa

[TpuroroBuTh B IBYX NpodUpKax pacTBop cosin Mopa. B ogHy u3 HUX 100aBUTH 6-7 Kamnenb
pacTBopa HHUTpara cepedpa W clerka HarpeBaTh HEOOJBIIMM IUIAMEHEM TOPENKH, HE JIOBOJS
KHUJIKOCTh 10 KurieHus1. Ha xakoii mporece yka3pIBaeT MOSBICHAE HA BHYTPEHHUX CTEHKAX MPOOUPKH
cepeOpsiHOTO 3epKana? OxnaauB MpoOUpPKy, TOOABUTH B HEE U B KOHTPOJIBHYIO MPOOUPKY 1Mo 1 karure
0,01 =. pacTBOpa pomanuaa aMMOHUs. B kakoil mpoOupke HaOJFOMAETCs OKpAIIMBAHHE W TOYeMY?
3anucaTh ypaBHEHHE PEaKI[MH BOCCTAHOBICHUS HUTpaTa cepebpa coubio xeresa (11).

Omeit 5. I'mapokcun sxenesa (1)

B nBe mpoOupku BHecTH 10 5-6 Karenb pactBopa xiopuna xkenesa (1) u no6asuts mo 3-4
Karuty 2 H. pacTBopa mienoun. Yro Habmogaetcsi? B onHy npoOupKy 100aBUTH pa30aBICHHON KHCIOTHI
710 pacTBOPEHHUsI 0Ca/IKa, BO BTOPOU MPOOHPKE MPOBEPUTH PACTBOPHUMOCTB OCa/iKa Biesioun. Hecmotpst
Ha OTCYTCTBHE B3aWMOJICHCTBHUSI CO IICJIOYBIO MPU OOBIYHBIX YCiaoBHUsAX Tunpokcus xenesa (111) cnado
amdorepeH. KucioTHple CBOWCTBA OH MPOSBISIET TOJNBKO TMPH CIUIABICHHH CO IIEIOYaMH WA
KapOOHaTaMM MIETIOYHBIX METAIUIOB. [Ipr TOM 00pa3yrOTCs COJH KENE3UCTON KUCIIOTHI, Ha3bIBaEMbIC
¢depputamu. Bomoil OHM TMONHOCTBIO THAponu3yroTcs. Hamucarh ypaBHEHUS peakiuil: a)
B3auMoieiicTBrs xJopua xesesa (111) ¢ pactBopom menoun codpasoanuem ruapokcuaa sxemnesa (111)
Fe(OH)s; 0) pactBopenusi rumpokcuga xeine3a (l11) B kuciore; B) oOpa3oBaHus (eppuUTOB TPH
CIUIABJICHUH, JTOTIMCAB CIIEAYIOIINE PEaKIUu:

Fe,O3 + Na2CO3 —

Fe2O3 +KOH —

T') MOJTHOTO THApoNK3a heppuTa HaTpus, mpoTekatomiero ¢ oopasoBanuem FeEOOH; Hanmcats
dopmyny okcuna FesOs B Bune depputa xenesa.

Ompit 6. OKHCAUTENBHBIC CBOWCTBA coennnenuii skenesa  (111)

a) Okucienue Hoauaa Kaiaus

B npobupky ¢ 3-4 xarmsimu pactBopa FeClz no6aBute 1-2 xarmmm pactBopa ionuaa kanus. B
KaKoH IIBET U 1oueMy okparimBaercsi pactBop? HamucaTs ypaBHEHHE peaKIIHH.

6) Oxucnenue cynbpuTa HaTpUs

B npoGupky ¢ 3-4 xamsmu pactBopa FeClz mo6aBuTh HECKOIBKO KPHCTAJUIMKOB CyIb(pHTA
Hatpusi. Ilpu »TOM BHauane mosiBiseTcsl Oypo-KpacHOE OKpallMBaHHWE BCJIEJICTBHE OOpa30BaHMS
manoycroiyuBoro cynbdura sxenesa(lll), koropoe wncuezaer mnpu HarpeBaHHH. YOEAUTHCS B
BOCCTAHOBJICHHMH eJie3a 10 CTeNeH! OoKucieHus +2. Kakoil peakTuB ciieayer Ui 3TOro NpUMEHUTH?
Hanwucatp ypaBHeHHE peakiuy OKHCIeHus cynbdura Hatpus xiaopuaom xkenesa(lll), yaureias, uro B
peakiy NpUHUMAeT yJacTue BoJa.

Omnpit 7. 'upponus coneit xenesa

a) l'maponus cynbdara xenesa (1)

[TomecTuTh B mpoOHMpKY 5-6 Kamenb HEUTPaJIbHOTO pacTBOpa JakMyca M J00aBHTH JBa
MHUKpommnarens coau Mopa. Pasmemars CTEKISHHON NAJIOYKOM. Y CTAHOBUTH 110 LBETY JIAKMYCa



PEeaKIuIo CpeIbl B MOJIydYeHHOM pacTBope. HamucaTh ypaBHeHHe peakiuu ruaponsa FeSOas.

0) I'maponu3 xnopua sxenesa (1)

[TomecTuTh B 1BE MPOOUPKHU 1O 5-6 Kamenb HEUTPaIbHOTO JaKMyca M MO 2 MUKPOIIIATEIIs
xnopuaa xxenesa (111). Onpenenuts 1o nBETY pacTBOpa peakiuio cpeapl. OaHy U3 mpoOUPOK HATPETh.
Yro Habmogaercst npu HarpeBanuun? Hanucars ypaBHenue peakuuuruaponusa FeCls npu koMHaTHOR
TeMIIepaType U pu HarpeBanuu. Kak MO)KHO yMEHBIIUTh CTENICHb TUAPOIIH3a 3TOH conu? Kakas cob,
FeCl, unu FeCls, B 6osbieii cTenenu moasepraercs ruapoan3y? OTBET MOTHBHPOBATH.

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

[TomecTuth B IpoOupKy 3-4 Karau pactBopa xjopunaa xkene3a (111) u mpubapiare mo xarisam
pactBop coabl. OTMETUTH BbINajieHUe B ocanok ruapokcuna FEOOH. Kakoii ra3 Beimensercs?
Hanwucates ypaBHEHUE pEaKIIHH.

OnpIT 8. JeiictBue CepoBoIOpOaa u cynbdua aMMOHHS
Ha coun xese3a (1) u xenesa (111)

OnBIT TPOBOAMTCS B BBHITSHKHOM IIKady!

a) [Monyuenue cynbduma sxemnesa (1)

[TomecTuTs B ABE MPOOUPKH MO 5-6 Karmeb CBEXKEMPUTOTOBIEHHOTO pacTBopa coiii Mopa. B
OJIHY M3 HUX JIOOABUTH 2 KaIlId CEPOBOJOPOIHON BOJBI, B IPYTyIO — 2 KAl pacTBopa Cyiabhuaa
amMMoHud. B kakoll mpoOupke Bbiman ocagok cyibpuna xenesza (11)? IlpoBeputs pacTBOpUMOCTH
BBITIABIIIETO OCaJKa B Pa30aBICHHON XJIOPOBOAOPOAHOU KHCIOTE. OOBSICHUTH, MOYEMY CYIbMOUI
xeine3a (I1) He BeImagaeT B 0caloK Npu AEWCTBUN CEPOBOIOPOAHOM BOJIbI, HO BBINAAET MIPU JIECHCTBUU
cynabhuaa amMmonus? HamucaTs B MOJEKyIsipHONH MOHHOH (popme ypaBHEHHs peakiuii oOpa3oBaHus
cynbbumaa xxenesa (1) u ero pactBopeHus B XJIOpPOBOJAOPOAHON KUCIIOTE.

0) JleiicTBHE cepoBoOpoa U cyabduaa ammonus Ha coau Fe (1)

[Tomectuts B n1Be mpoOupku mo 3-4 kamaum pactBopa conu keneza (lll). B ogny u3 Hux
N00aBUTh 2 Kalld CEpOBOJOPOAHON BOIBI, B JPYryl0 — 2 Kaljd pacTBopa cCyiabhuaa
amMMoHUA.OJMHAKOB JIU LIBET BBIMABIIUX 0caakoB? OTBETUTH Ha Bompockl: a)llouemy npu aeiictBun
cepoBoiopofa U cynbpuga amMmoHus Ha conu skeneza (1) He Bbmamaer ocagok cynbduaa
xemnesza(lll)?

0) Kaxum cBoiictBom xene3a (111) oObsicHsieTcs mosiBneHne B 00enX NpoOHpKax KOJIJIOUTHOTO
ocaJka cepbl?

B) YuuThIBast, 4TO UCXOaHBIH pacTBop conu Fe(lll) moakucnen

(st ocnmabnieHus: TUAPONH3a), OOBSICHUTh BBIMAJCHHE TpPU JCUCTBUU Cylbduna aMMOHHUS
ocanka cynbhuna xenesa (11). Hamucats ypaBHeHHs Bcex MpOAETaHHBIX PEaKIIU.

OmnpiT 9. KoMIiekcHbIE COeTMHEHUS Kele3a

a) [Tonyuenue komruiekcHoro docdara xenesa (1)

B npobupky ¢ 3-4 xamsimu pactBopa FeClz no6asuth 1 xarumo 0,01 H. pacTBopa popaHuIa
aMMOHHS U 3aTeM 2 Karuiy 2 H. pacTBopa opTtodocGopHoil KucioTel. Uto Habmomaercsa? YuuteiBas,
4TO yCTOMHuMBHIH KommnekcHbiid noH [Fe(PO4)2]* Gecuperen, o0bACHUTL HAOMIOMAEMOE SBIEHUE 1
HamucaTh ypaBHEHHE COOTBETCTBYIOIIEH peaKIiu.

0) [Monyuenue komruiekcuoro ¢propuna xenesa (1)

B npobupky ¢ 3-4 kamisimu pactBopa FeCls nodasuts 1 kammro 0,01 H. pacTBopa pomanuia
aMMOHUS ¥ 2 Karumi 2 H. pacTBOpa (PTOPUCTOBOIOPOIHON KUCTOTHL. UTO HaOmomaeTcsa? YunuThIBas,
uTO KoMIeKkcHsIi noH [FeFs]® GecrseTen, 06bICHUTL HAOMIONaEMOE SIBICHUE W HATTHCATh YPABHEHHUS
COOTBETCTBYIOIIMX PEAKIIMI.

Omnpit 10. 'mapoxcust kodanbta (1) u Hukens (11)

a) [Tonydyenne ruapoxcuaa kobansta (I1) u ero oxucnenue

B nBe npobupku moMecTuTh 1o 2-3 Karjiu pacTBOpa COlH KoOanbTa U 100aBIATH MO KaIlIsM
pacTBOp €IKOHM MIeNoYM; CHadajda MOSIBISIETCS CHHHM OCaJOK OCHOBHOM COJIHM, KOTOPBIH 3aTeM
CTAaHOBUTCSI PO30BBIM, YTO yKa3blBaeT Ha oOpazoBaHue ruapokcuaa xkoodampta (I1). Ocamox BomHOM
MPOOUPKE TINATEIBPHO Pa3MeIIaTh CTCKISHHOW Majlo4YKoi, a B JApyryr mpubaButh 2-3 karmmu 3%
pacTBopa nepokcuaa Bogopoja. B kakoit u3 mpoObupok HabII0JaeTCsl OKUCTICHHUE



ruapokcuaa kobanpera? Hamucate ypaBHeHus peakiuil. CpaBHUTH TOJYyYEHHBIE PE3YNIbTAThl C
pe3yIbTaTOM OIBITA IO OKUCIIeHUIO THaApoKkcua xenesa (11). Kakoit non sBisercst 60jieesHeprHaHbIM
BoccTaHoBuTeneM: Co?* mmu  Fe?*?

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

B Tpu npoOupku nmomecTuTh Mo 2-3 KAl pacTBOpa COJMM HUKENS U J100aBISATh MO KaIUIsIM
pacTBOp €AKOM 1Ien04H A0 BbinaaeHus ocaaka ruapokcuaa nukens (11). B mepBoit mpobupke ocagok
THIATENILHO pPa3MeIlaTh CTEKJISIHHOM Malo4yKkoi, BO BTOpYyI0 A00aBuTh 2-3 kammm 3% pacTBopa
nepokcuga Boaopona. HaGmromaercs nu usmeHeHue nBera ocanka? IIpoucXoauT auM OKHUCIIEHUE
ruapokcuaa Hukens (1) kucmopomom Bo3myxa U mepokcuaoMm Bogopona? B TpeTbio mpoOupky
npuOaBuTh 1 ka0 6pomMHOM Bobl. UTo HabmogaeTcs? OTBETUTH Ha BONpockl. Hamucats ypaBHEHUS
peakuuii. CpaBHUTh BOCCTAaHOBHUTEIbHBIE CBOICTBA THAPOKCUIOB Keie3a, KoOajabTa U HUKENsS B
CTENIEHH OKHUCJIeHUus +2 1o HaOMIOJEHUSIM W TPU CPaBHEHUH CTaHIAPTHBIX OKHCIUTEIbHO-
BOCCTAaHOBUTEJIbHBIX MMOTEHIIMAIOB (IIPH MEPEXOE ITUX AIEMEHTOB B CTEIIEHb OKUCICHHUS +3).

OrmeiT 11. KoMIiutekcHbIE cOeTMHEHNS KOOAIIbTAa U HUKEIIS

a) AxBakomiuiekc ko6asbta (1) u ero paspymienue

B 1Be npoOupKu MoMecTUTh 4-5 Kariellb HachIeHHOro pacTBopa cou kodanbra(ll). B mepsyro
MpoOUpPKy 00aBUTh 2 KaIUld KOHIIEHTPUPOBAHHOW XJIOPOBOAOPOIHOM KUCIOTHI (TIOTHOCTH 1,19
r/cm®), BO BTOpYIO NPOOGHMPKY BHECTH HeGOIBIION KycOdeK IpeaBapHTENHHO IIPOKAIEHHOTO Ha
acOecTHpOBaHHOW ceTKe xyopuaa Kanplus. Yto Habmonaercs? B TpeTbio mpoOUpKy MOMeECTHTH |
MUKpOIIIATENb COJIM KoOanmbTa M 3-4 Karud STWIOBOTO CIHPTa, OTMETHTH IBET IOJIYYEHHOTO
pactBopa. [IpubaBuTh K pacTBOpy 7-8 Kameiab BOABI O HOBOTO M3MEHEHHs OKpacku. Hammcatsb
CTeKJIIHHOW mayoukoi, cmoueHHoi 0,02 wu. pactBopom CoCly, kakoe-HHOymb CJIOBO Ha
¢unbTpoBaHHOK Oymare. [loacymmB Oymary, MOJHECTH €€ K TNIAMEHH TOPENIKH M CJIeTKa TO0TPETh,
MOKa TEKCT HE cTaHeT BUAMMBIM. OOpaTuTh BHUMaHHE Ha MOCIEAYIoIIee 00eCIBEYMBAHUE HAITUCH
npu oxJjaxaeHuu. Onucarb HAOII01aeMbIE SIBJICHUSI.

M3MeHeHne nBeTa pacTBOPABO BCEX CITydasX OOBACHSIETCS TEM, YTO HETIPOUHBIN KOMILIEKCHBIN
noH [Co(H20)s]?* coobiaeT pacTBOpy po30BYIO OKPACKY, a dIeMeHTapHbli HoH CO?" — cuHIoK0.

0) I[TonyueHne KOMIUIEKCHOTO poAaHuaa 1 KoOaabTa

[TomecTHuTh B TPOOUPKY 2 KaIIi HACHIIIEHHOTO pacTBopa conu kobanbTa (1) m mo6aBuTh 5-6
KareJib HACBIIIEHHOTO PAacTBOpa pOJaHWAAa aMMOHUS; Y4eCTh, YTO MPH ITOM 00pa3yeTcs pacTBOp
xommekcHoit comu (NH4)2[Co(SCN)a]. Kommnexcusie noust [CO(SCN)4]? okpamueHns! B CHHUIA IBET,
a ruapatuposanaeie HoHb [CO(H20)6]%" — B po30BbIi. OTMETHTH LBET MOTYYEHHOTO PACTBOPA.
Paz6aBuTh ero Bo/10¥# /10 U3MEHEHHUS OKPACKH, I00aBUTH 2 KaIlJId CMECH CIIHPTa ¢ 3(UPOM, pa3MeiaTh
pacTBOp CTEKJISTHHOW MajJ04YKOW ¥ BHOBBH HAOIIOAATh H3MEHEHHE OKPACKH. 3aTeM B TY )K€ MPOOHPKY
NPUINBATh IUCTHJUIMPOBAHHYIO BOJY, HAONIOZas TOCTETIIEHHOE H3MEHEHHEe OKpacku. Omnucarb
HaOmoiaemble siBIeHUs. HamucaTh: a) ypaBHEHHE IUCCOLMALIMK KOMIUIEKCHOM COJHM KoOanbTa; 0)
YpaBHEHHE JWCCOLUMAIMM KOMIUIEKCHOTO HWOHA; B) BBIp@&XECHHE KOHCTAHTBI HECTOMKOCTH
KOMIUIEKCHOTO WoHa. KakoBa poib BOABI M CIUPTa B CMEIICHHWH DPABHOBECHS JHWCCOLMAINH
KOMILIEKCHOTO MOHA.

B) [lonyueHne aMMHHOKOMIUIEKCOB KOOaslbTa

K 3-4 xamusim pactBopa conu kobaineta (1) mpubasnsaTe no kamisim 25% pacTBop aMMHaka J1o
BBINIAJIEHNs ocajka ruapokcuaa kobambta (II) m ero nanpHeimiero pacTBOpEHUS BCIIEICTBUE
00pa3oBaHMs KOMIUIEKCHOTO COEIWHEHHs, B KOTOPOM KOOAJIBT WUMEET KOOPAWHAIIMOHHOE YHCIOo 6.
[TonydeHHBIN pacTBOp pa3iuTh B JIB€ MPOOUpPKHU. B 0qHON M3 HUXTIIATEIHHO MEpEeMelaTh pacTBOP
CTEKJITHHOW TaJ0YKON /10 M3MEHEHHUSI OKPACKH BCIIEACTBUE OKUCIICHUS MOTYYSHHOTO KOMIUIEKCHOTO
coenuHenus kobanbta (1) B kommiiekcHoe coennuenue kobanbrta (111). [ToueMy aMMHUHOKOMITIIEKCHBIH
non Co(ll) okucnsercs KHCIOPOAOM BO3ayxa, Torjma kak akBakomiuiekc CO(ll) ymaercs okucauThb
JIUIIb NEPOKCUIOM Boiopoaa. OObACHUTH U3MEHEHHE OKPAcKu. 3aTeM IPUINTh B 00€ MpoOUpKH 1o 2-
3 karm pactBopa cyiabdumaa ammonus. OObSICHUTH, TOYEMY BBINTa1aeT ocagok. HamucaTs ypaBHeHHE
peakiuii: a) oOpa3zoBaHusi aMMHUHOKoMITIeKca kobanbTa (11); 6) ero okucieHus: KUCIOPOIOM BO3IyXa
U TEePOKCHIOM BOJOpoJa 10 oOpa3oBaHusi amMmMuHOKomIuiekca koOanbra (lll); B) mumccormarum
MOJTyYEHHBIX



KOMIUIEKCHBIX COEIWHEHHUH; T') NUCCOLMALNUA KOMIUIEKCHBIX HOHOB M BBIPQXEHHUS KOHCTAHT HX
Hecroiikoct (Kakoit koMmriekcHbIi MOH mpouHee? OTBET MOTHBHPOBATH.); 1) B3aMMOJICHCTBHS
ammuHOKOMITIeKca KobanbTa (1) ¢ cynpdumom aMMOHUS; €) CPaBHUTH KOOPIUHAIIMOHHBIE (DOPMYJIBI
KOMIUIEKCHBIX COEAMHEHUH KOOanpTa MPHU pa3HbIX CTeNeHsX okucieHus. OTaudaercs U HX
MIPOCTPAHCTBEHHAs KOHpUryparus?

r) [lonydyeHnne aMMUHOKOMILIIEKCA HUKES

Opaun mukpounaresns conu Hukens (1) pactBoputs B 5 karuisix Boasl. [lo6aButs 5 kanens 25%
pactBopa ammuaka. Kak m3mensiercs nper pactBopa? J{00aBUTH K pacTBOpy 2-3 Kaluld pacTBopa
cyabbuaa amMmoHus. Uto BbeimamaeT B ocaaok? HamucaTh ypaBHeHHs peakuuid: a) oOpa3oBaHHS
aMMHUHOKOMILJIEKCA HUKeIs (KOOPIMHAIMOHHOE YHCIIO HUKeNs — 6); 0) Aucconuanii KOMILJIEKCHOTO
COCIMHEHUS] U KOMILJIEKCHOTO MOHA; B) B3aUMOJEUCTBUS MOJIYYEHHOIO KOMIUIEKCHOTO COEAMHEHUS
HUKeNs ¢ cynb@uaoM aMMoHHS. OOBACHUTH MEXaHU3M B3aWMOJEUCTBUS, IMOJIb3YACh KOHCTAHTOM
HECTOWKOCTH KOMIUIEKCHOT'O MOHA U IPOU3BEICHUEM PACTBOPUMOCTH.

Onpit 12. PeakTuB Ha MOH HUKENS — AUMETUITIIMOKCUM (peakius Yyraesa)

[TomecTuth B mpoOHMpKY 5-6 Kamenb BOJIBI, 2 KallJld PacTBOpa COMM HUKENs W 1 Karuio
aMMHMA4YHOTO pacTBOpa TUMETWINIHOKCHMA. Peakmust uaér ¢ oOpa3oBaHHEM HEPAaCTBOPHMOIO
KOMIUIEKCHOTO JAMMETUITIMOKCHUMA HUKeNs. braromaps MHTEHCUMBHOM M ApKOM OKpacke ocajka
(oOpaTuTh BHMMaHHE Ha IBET!) 3Ty pPEAKIMIO HCIOJB3YIOT Ui OOHapyKEHHS OYEHb MaJoi
KOHLIEHTPALlMl NOHOB HUKEJSI B paCTBOPE.

Jladoparopnas padora Nel3. KommjiekcHble coeIMHEHU

Onmeir 1.  Ilomydenne u  HCCIeAOBaHHWE  KOMIUIEKCHOTO  COCOUHEHUS — —
cynbhararerpaammuamenn (11)

Peaktusbl: 1 H. pactBop CuSQOs, 1 H. pactBop BaClz, rpanynupoBanHoe 0510B0, 25%-Hblii
pacTBOp aMMHaKa.

Brimonnenue pa6otel. B 18e npo6upku nomectute no 10 kamnens 1 H. pactBopa CuSOs. B ogny
u3 mpobupok 106aBbTe 2 Karu pacrsopa BaClz. OtmersTe 1BeT 06pasyromerocs ocaaka. Bo Bropyro
npoOUpKy BHECUTE Kycodek osoBa. Uto Habmogaercsa? Kakoro msera mertasi, BbIIEISIOMMICT Ha
MOBEpXHOCTHU 0yioBa? Bo3bmuTe uncTyro mpoOMpKy, IOMECTUTE B Hee 15 Kamenb pacTBopa cylbhara
menu () m mo karmsam mobaBnsiite 25%-HbI pacTBOp aMMHaka. BHadane BbIagaeT 0CaaoK
OocHOBHOro cynb(dara menu. Otmerbre ero 1mBer. IlpomomxkasnoOaBisTh amMMHuak, HaOiojaiTe
pacTtBopeHue ocanaka. Kakoro nsera pactBop oopaszyercs? [lomyueHHBIH pacTBOp pa3zienuTe Ha JBe
npobupku. B onny mpuseiite 4 kamm 1 H. pactBopa BaCls, B apyryro momecture KycOodeK OJIOBa.
Beimamaer mu ocamok npu pobasnernu BaCly? Brigensiercst mu Meap Ha rpanysie ojoBa? OObsICHUTE
Ha0JI01aeMble SIBICHUS.

3anuch AaHHBIX OMbITa. Hamummure ypaBHEHHs BceX NPOBEACHHBIX peakmuii. HazoBute
oOpasyromieecss KOMIUIEKCHOE COEJIMHEHHE M HalMIINTE YPaBHEHHS €ro MepBUYHONW M BTOPUYHOMN
JMCCOLIMAITUH.

OmnbiT 2. KaTHOHHBIE KOMIUIEKCHI

a) KommiekcHoe ocHOBaHME HUKENS

PeaxTuBsr: 2 H. pactBop NiSOs, 2 H. pactBop NaOH, 25%-HsIii pacTBOp aMMuaxa.

Beimonnenne pabotel. Baecute B mpoOupky 5-6 kamenb pactBopa 2 H. NiSO4 u Takoii xe
oobem pactBopa 2 H. NaOH. Ormerbre mnBer BhImaBimiero ocaaka. OTnenure ocanok
neHTpudyrupoBaHmeM, K ocaiky MnpudaBbTe 5-6 kamenb 25%-HbI pacTBopa ammuaka. Yto
npoucxoauT ¢ ocagkom? OTMeTbTe 1BeT 0Opa3oBaBlIerocs pactBopa. [IpucyTcTBHeM KakuX HMOHOB
00ycJIOBJIeHa OKpacKka pacTBopa?

3anuch MaHHBIX OMbITAa. Hamummure B MONEKYISIpHOH W HWOHHOM (Qopme ypaBHEHHE
npoucxoamux peakuuii. HazoBute nmomyuarommecs: coequnenus. Kakoe ocHoBanue siBisercs: 6osee
CHJIBHBIM: TIpocToe WK KomruiekcHoe? [louemy?

0) KommuiekcHoe OCHOBaHME KaaMUs

Peaktussl: 2 H. pactBop CdSOs mimm Cd(NOz)2, 2 u. pactBop NaOH, 25%-ubIii pacTtBOp
aMMHaKxa.

Brimonaenue pabotsl. BHecuTe B mpoOUpKy 5-6 Kamesnb 2 H.pacTBOPA COHM KaaMHUs U TaKOU



ke oOveM pactBopa 2 H. NaOH. OtmersTe 1BeT BbBINaBmIEro ocagka. OTIENHTE OCAIOK
ueHTpudyrupoBanmeMm, K ocaiky mnpubaBbTe 5-6 kKamenb 25%-HbI pacTBopa ammuaka. 4Yro
HaOronaercs?

3anuch JaHHBIX OmNbITa. Hamummure B MONEKYIIpHOH W HMOHHOM QopMe ypaBHEHHE
poucxoasmux peakuuii. HazoBute nonyvaromuecs coequnenus. Kakoe ocHoBanue siBisieTcst 6osee
CHUJIbHBIM: MIPOCTOE Wi KomIuiekcHoe? [Touemy?

OnbIT 3. AHUOHHBIE KOMIUIECHI

a) [Tonydyenue TeTpaiiojoBUCMyTAaTa KaJIUI

PeaktuBsl: 2 H. pactBop Bi(NO3)s, 2 H. pactBop KI.

Brinonnenue pabotel. B mpobupky BHecuTe 5-6 kanens 2 H. pactBopa Bi(NOsz)z u mo kamisam
nobasisiite 2 H. pactBop Kl. OTmeThTe BhITIafieHne ocaaka u ero neet. [Ipomomkaiitre no6asusate Kl
710 TIOJIHOTO pacTBOpeHus ocajaka. OTMeTbTe IBET MOJYyYEHHOTO PacTBOpa.

3anuch JaHHBIX OMNbITa. Hanmummre B MOJEKyIIpHOW M HOHHOM QopMme ypaBHEHHE
npoucxosmux peakuuid. HazoBute mnomyuaromuecss coeauHeHus. [lpucyTcTBueM Kakux HOHOB
00yCIOBJIEH LIBET OTy4YeHHOTo pacTBopa? Hanumure ypaBHEHHE SJEKTPOIUTUUECKOM AUCCOIUAIINU
00pa30BaBIIETOCS KOMITJIEKCHOTO COSIMHEHHUS.

0) [lonydenue TeTpaiiofoMepKypaTa Kanus

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

Beimonrenue padbotel. B aBe npobupku BHecuTe 4-5 kanenb 2 H. pactBopa HY(NO3)2. Oany
MPOOUPKY OCTaBbTE B KAUeCTBE KOHTPOIBHOM, a B APYTyIO MO KaruisiM AoOasisiite 2 H. pactBop Kl.
OtmeTbTe BbIMajieHue ocaaka u ero user. lIpomomkaiite nobasnsate Kl o monHOro pactBopeHus
ocaaka. OTMeTbTe IBET MOJYYEHHOTO pacTBopa. VcmeiTaiiTe pacTBOpbl B 00enMX NpOOHMpKax Ha
npucytcTBue nonos Hg?*, no6asuBs B kaxayIo pobupKy mo 3 kamiu pactBopa NaOH.

3anmuch MAHHBIX OMbITAa. Hanmummre B MOJNEKYISIpHOH W HWOHHOH (opme ypaBHEHHE
npoucxoasumx peakuuii. HazoBute nonywaronmecs coenuHeHud. [IpucyTcTBueM Kakux HOHOB
00yCIIOBJICH IBET MorydeHHOTO pactBopa? [Touemy mpu qo6aBnennn NaOH ocafok BeImagaeT TOIBKO
B OJIHOH W3 TIPOOHUPOK?

B) ['mapokcokoMIuIeKCh

PeakTuBbI: 2 H. pacTBOPHI cojiel uHKa, amromuaus, xpoma (I11), 2 1. pactBop NaOH.

Boinonnenue pabotsl. B Tpu npoOupku nomecture no 4-5 Kameiab pacTBopa coyied IIMHKA
,amoMuHnus, xpoma (llI) B kaxayro. 3areM nobaBisiiTe Mo KamisiM B KaXJyl MPOOHUPKY pacTBOp
menourd. OTMeThTe IBETa BBINAJAIONIMX OcaakoB. l[IpomomkaiiTe a00aBiSATH PacTBOpP LIEIOYU
JIOTIOJTHOTO PaCTBOPEHHUS BBIMABIINX OCAIKOB.

3anuch JaHHBIX oOMNbITa. Hanummure B MONEKYISpHOM M HOHHOM (opme ypaBHEHUs
peakuuiioOpa3oBaHUsl  THIPOKCHJIOB  METAJJIOB M MX  pacTBOpeHUs ¢  oOpa3oBaHHEM
T'HIPOKCOKOMITJIEKCOB IIMHKA, aintoMuHus, xpoMma (111). PactBopsTcs mu ruipoKcH bl 3TUX METAIIJIOB B
kucnorax? KkakoMy kiaccy cCoeAMHEHU OHM OTHOCATCS?

OmnbiT 4. BHYTpUKOMITJIEKCHBIE COCTUHEHUS

PeaktuBbl: 2 H. pactBop FeCls, 2 H. pactBop NaOH, 2 H. pacTBOop mIaBeseBOil
kuciaote(HOOC-COOH), 2 H. pactBop numonnoi kuciorel (HOOC-CH2-C(OH)(COOH)CH2-
COOH), 0,01 u. pacTBOp poJaHu/a Kaus WA aMMOHHUSI.

Beimonrenue pabotel. B Tpu npobupku BHecTH 1o 4 karum pactBopa FeCls. Onny nmpoOupky
OCTaBbTE B KAaUE€CTBE KOHTPOJIbHOU. B 1B npyrue BHecuTe mo 3 Karuim pactBopa miesnodn. OTMeTbTe
1BeT oOpasoBaBiierocs ocaaka. B omxny u3 npobupok ¢ ocankom Fe(OH)s mo6assTe 12-15 kamens
[aBeJIEBOM KUCIIOTHI, B IPYT'YIO — TaKOH k€ 00BbeM pacTBopa JUMOHHOM KUCIOTHL. UTo Habmonaercs?
Bo Bce Tpu npoOupku BHecuTe 1-2 Karum pacTBopa poaanuaa. B kakoit u3 mpooupok odpazyeTcs pKo
okparirenusiii pactBop Fe(SCN)3? Kakoro on 1Bera?

3anuch naHHbIX onbITa. [Ipu pacTBopennu ruapokcuaa xenesa (111) B oprannyeckux Kuciaorax
o0pa3yloTcsi BHYTPUKOMIUIEKCHBIE COEIWHEHHUS, B KOTOPHIX K KOMILIEKCOOOpa3oBaTeto
MIPUCOEANHSIOTCS  KapOOKCHUJIbHBIE TIpyNIbl KUCJIOT. Hanummure CTpyKTypHBIE  (QOPMYIIBI
I1aBEJIEBOKUCIIOTO U IUTPATHOTO KOMILIEKCOB. KakoBa 1€HTaTHOCTD JIUTaHAO0B B ATUXKOMILJIEKCaX?

OmnpiT 5. KoMIiekcHbIC COETMHEHUS B PEakusax oOMeHa

a) [Tonydyenue coennHeHus, COAEPHKAIIETO KOMIUIEKCHBIA KATHOH U aHUOH

Peakrussl: 1 H. pactBop CuSOs, 1 H. pactBop Ka[Fe(CN)s], 25%-HbIii pacTBOp aMMHuakKa.



Brimonaenue pabotsl. B mpoOupky nomecture 5-6 kanenb pactBopa CuSO4 u nobaBbTeTaKOM
ke o0vem pactBopa Ka[Fe(CN)s]. OrMerhTe 1BeT oOpasoBaBimerocst ocaaka. OTmenuTe 0caiok
HEeHTpU(yrupoBaHUEM U 0OABLTE K HEMY 4-5 Karenb pacTBOpa aMMmuaka. UYto HaOmogaeTcs?

3anuch JaHHBIX OmbITa. Hamwmmre B MONEKYIIpHOW M HMOHHON ¢opMe ypaBHEHHE
MPOUCXOAIIMX peakiuii. HazoBuTe nmomyyaroniyecst coeIMHEHUS.

0) BzaumoeiictBue Terpapomanomepkypara (11) ammonus ¢ muutpatom kodansra (11)

Peaxtussl: PactBop HQ(NO3)2, Haceiennsiii pactBop NHsNCS, pacteop Co(NO3)..

Beimonnenue pabotel. B mpoOupky momectute 4-5 kamenb pactBopa HQ(NO3)2 u
no6asbpTeHackimeHHbId pacTBop NH4sNCS o monmHOro pactBopenus oOpa3yromerocsi BHadajie 0caaKa.
B apyryro npobupky BrHecure 4-5 kanens pactBopa Co(NO3)2 u 100aBbTe Takoi ke 00beM pacTBOpa
KOMIUIEKCHOTO COEIUHEHMs] PTYTH U3 MepBoi mpoOupku. IIpoOupky BCTpsSXHHUTE OIS YCKOPEHUs
o0Opa3oBaHMs OCaKa.

3anuch JaHHBIX OMbITa. HamuimmmTe B MOJICKYJIIpHOH M MOHHOU (popMe ypaBHEHHS pEaKIuid
obOpazoBanus pomanuna pryta (1), pacTBopeHus: pomanuma pTyTH B M30BITKE POJIaHHM]IAa aMMOHUS,
o0pa3oBaHMs KOMIUIEKCHOTO coenHeHus koOanbTa. HazoBuTe Bce 00pazoBaBIINECs COSTUHEHMUS.

Omnpit 6. KoMIIeKCHBIE COETUHEHUS B OKHCIUTEIbHO-BOCCTAHOBUTENIBHBIX PEAKIIUIX

a) Boccranosnenune rekcarmanodeppara (1) xamus

Peaktussr: 0,1 1. pactBop Kl, 2 1. pactBop HCI, kpucrammnueckuii Ka[Fe(CN)e], Tomyou.

Bremonnenue pabotsl. B nmpobupky Baecute 8-10 kamens 0,1 H. pactBopa Kl, 6-8 xamenb
COJITHOM KHCIIOTHI JIJISl CO3JaHUsl KUCION cpeabl u 4-5 kamenb Tonyosna. OTMEThTE LIBET TONYOJA.
Jlo6assTe omauu mukpormareab kpuctamuioB Kia[Fe(CN)s] u mepemeriaiite pactBop. OTmeThTe
M3MEHEHHE OKPACKH TOJIyOJIa.

3anuchk JaHHBIX onbiTa. Hamummre ypaBHEHHE NPOMCXOIIICH peakiHud, UMesl BBHIY, YTO
Ks[Fe(CN)e] nepexomut B Ka[Fe(CN)s]. CocTaBbTe 3JICKTPOHHBINA 0ajaHC, YKQKUTE OKUCIUTEIb U
BOCCTAaHOBHUTEIb, ToAOepHuTe K03()(HUIIMEHTHI B ypaBHEHUH PEAKLIUH.

0) Okucnenue rexcauunanodeppara (I 1) kanus

PeaxTuBbr: PactBop KMnOg, 2 H. pactBop H2SO4, pactBop Ka[Fe(CN)s].

Brimonnaenue padotel. B mpobupky BHecute 3-4 karu pactBopa KMnOg, 3-4 xarum pactBopa
H2SO4 1 no6asbte 1o karuisam pactBop Ka[Fe(CN)e] 10 obecriBeurBanus pacTBopa.

3anuch NaHHBIX OMbITa. Hamummre ypaBHEHWE MPOMCXOISIIEH pEaKkIUH, yIUTHIBAs, UTO
KENe30 W3 CTENEHH OKHUCIEHUS +2 TMepexoauT B CcTeneHb OokucieHus +3, a woH MnOys
BOCCTaHaBIMBaeTcss 10 MoHa Mn?*. CocTaBbTe ypaBHEHMS MOMypeaKIWii, YKaKUTe OKHCIUTENb M
BOCCTaHOBUTEIb, 1010epHUTe KOAP(UIUEHTH B yPaBHEHUU PEAKIINU.

B) BoccranoBienue cepedpa u3 KOMIUIEKCHOTO COSTUHEHUS [IMHKOM

PeaxtuBsl: PacTBOp HUTpaTa cepeOpa, pacTBOp xjopuaa HaTpus, 25%-Hbli pacTBOp aMMHaKa,
TpaHyJIMPOBAHHBIN ITHHK.

Brimonnenue pabotsl. B mpobupky BHecute 5-6 kamenb pacTBopa HUTpata cepedpa v Takou
xKe o0beM pacTBopa xsopunaa Hatpus. Otnenure oOpa3oBaBIIMICS OCalOK LUEHTPUDYTHPOBAHUEM.
Jlo6aBbTe K OCaJKy pacTBOp aMMHakKa JI0 €ro IOJIHOTO pacTBopeHHs. B oOpaszoBaBmmiics pacTBOp
OIIYCTHUTE I'paHysly IMHKa. YTo HaOmtonaerca?

3anuch MaHHBIX OnbITa. Hamummre ypaBHEHUS peakIiiii OJTy9IeHHUs ocaika XJIopuia cepedpa,
pacTBopeHUs XJIopuaa cepedpa B aMMHaKe, B3aUMOJICHCTBUSI KOMIUIEKCHOTO COSAMHEHUS C IIMHKOM.
HazoBute Bce oOpasyrommecs coeauHeHus. CocTaBbTe JJIEKTPOHHBIM OallaHC AJisi IOCJIETHETO
YpaBHEHWUsI, YKOKUTE OKUCIUTENh 1 BOCCTAHOBHUTEINb, TIOJ0epHuTe KOI(DOUITMESHTHI.

OmnpiT 7. [TpOYHOCTH KOMIUIEKCHBIX HOHOB

a) Paspymenne komruiekca npu pa30aBlIeHUH pacTBOpa

Peaxrussr: 0,1 H. pactBop Kl, pactBop AgNO3.

Bemmonnenne pabotel. B mpoOupky BHecute 2 karum pactBopa AgGNO3 m mo kamism
nobasinsiite  pactBop Kl, BerpsxuBas mnpobupky. OTMEThTE BBIMAJICHHE OCaaKa, €ro IIBeT.
[Iponomxaiite mpubaBiIsATH pacTBOP HOAKA KaJIKs /10 TIOJIHOTO pacTBOpeHus ocaaka. K nmonydeHnomy
pacTBopy 100aBbTe 5-6 Kanenb BoAbl. OTMEThTE HAOII0JaeMBbIC SIBJICHUSI.

3anuch TaHHBIX omnbITa. Hanumure ypaBHeHus peakuuii oopasoanus Agl, pactBopenus Agl
B Kl, nmuccommannym KOMIUIEKCHOTO WMOHA, a TaKXe BBIPAKEHHE KOHCTAHTHl HECTOWKOCTH
KOMILIeKCHOTO noHa. HazoBute Bece oOpazoBaBiuecs coennHeHust. OObsACHUTE, KaK BIUIET



pa3baBiieHHe pacTBOpa Ha JUCCOLHUAIMIO0 KOMIUIEKCHOT'O HOHA.

0) Pa3pymienne koMIuiekca mpu OCaXJICHUH KOMILUIEKCOOOpa3oBaTes

Peaktussl: 1 H. pactBop cynbdara meau (I 1), pactBop (NHa)2S, pactBop (NH4)2C204, 25%-
HBIH PacTBOpP aMMHaKa.

Brimonaenue padotsl. B 1Be mpoOupku BHecTH 1m0 5-6 kamenb pactBopa CuSOs.3aTteM B oqHY
U3 mpooupok aobassTe 5-6 Kanens pactBopa (NH4)2C204, a B npyryro 5-6 kamnens pactBopa (NHa)2S.
OtmeTbTe 11BeTa 00pa3yroImuxcst ocaakoB. B aBe apyrue npoOupku BHecuTe 1o 4-5karesb pacTBopa
CuSO4 u pacTBOp aMMHaKa A0 MOJIHOTO  PACTBOPEHHUS BBINAJAIOIIET0 BHAYAJIE 0CaIKa OCHOBHOM COJIU
Meau. OTMeThTE LIBET MOJyYEHHOT0 pacTBOpa KOMILIEKCHOM conu. Jlanee 106aBbTe B OAHY MPOOUPKY
C MOJIyYSHHBIM PACTBOPOM KOMILICKCHOM coiu Meau 4-5 kamenb pactBopa (NHs)2C20s4a B mpyryto
Takoii ke 00beM pactBopa (NHa)2S. B kakoii u3 mpoOupok Beimagaet ocaaok? B mpoGupky, riae Bbiman
0caJioK, n00aBbTe emie 6-7 Kamenb TOro e peakTHBa ,[IOMECTUTE MPOOUPKY B BOASHYIO OaHIO.
CoxpaHunach J1 B pacCTBOpPE OKpacka KOMIUIEKCOB Meu?

3anuch JaHHBIX OMNbITa. Hanummure B MOJNEKYISpHOM M HMOHHOM Qopme ypaBHEHUs
MIPOTEKAIOIINX PeaKluii, ypaBHEHUsI JUCCOLUAIMU KOMILIEKCHOM coni Meau. OObsICHUTE, KaK BIUSET
no6asienue (NHs)2S Ha aucconuanuio KOMILIEKCHOTO MOHA. Mcmosb3ys 3HaYeHUE MPOU3BEIACHUI
pactBopumoctr CUC,04 (TTP=2,5 1022) u CuS (ITP=8,5 10™*), 06acHuTEe, MOUeMy 01Ha U3 coneii He
BBITNIA/1a€T U3 KOMIUIEKCHOTO COETMHEHUSI.

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

Peaxtussl: Hacbimennsie pactBopsl COCl, 1 NHANCS, aMuioBbIii criupr.

Beimontaenne pabotel. B nBe mpoOupku BHecuTe 3-4 Karid pacTBopa coclz M 8-10 kamenb
pactBopa NH4NCS. OtmersTe Habnromaembie siBneHus. Pa3nenurte MOMyYeHHBIH pacTBOp Ha JIBE
npobupku. B omHy 3 Hux mo6aBpre 10 Kamens BOAbI, B IPYTYIO — 5 Kareiab aMHIOBOTO ciupTa. Kak
M3MEHSETCS OKpacKa pacTBOpa B KaXI0u Mpooupke?

3anmuch  JAaHHBIX ~ OmbITa.  Hamummre — ypaBHEHHWE — TMOJNYYEHHS  KOMIUIEKCHOTO
coenuHeHusikoOanpTa (KoopauHaiponnoe uucio Co (1) paBHO 4), HAa30BUTE 3TO COCIMHEHHUE.
Hanumure ypaBHEHUSI TUCCOIMALMM KOMIUIEKCHOTO COEJIMHEHHUS W KOMIUIEKCHOTO MOHA. B kakoi
cpele CuibHee UCCOLMUPYET KOMIUIEKCHBIN noH? [louemy?

OmeiT 8. CBOlicTBa IBOWHBIX COJIEH

Peaxtussr: Kpucrammuueckas conb Mopa ((NH4)2SO4:FeSO4-6H20), pacteop (NHa)2S, 2 H.
pactBop NaOH, pacteop BaClz, pactsop Ka[Fe(CN)g].

Boinonnenue padbotel. B Tpu npobupku BHECUTE 110 0AHOMY MUKpPOILTIATEN0 cosii Mopa u 1o
6-7 karenb BOABI. 3aTeM B OJHY IpOOUPKY no0aBbTe 5-6 kamenb pactBopa (NHi)2S, a B apyryro —
Takol ke 00beM pactBopa BaClo.Onummre Habmoaembie siBieHus. Ha npucyTcTBUE KaKMX HOHOB B
pacTBope coiu Mopa yKa3bIBaroT I[BeTa 00pa3oBaBIINXCcs 0caakoB? B TpeTbio mpoOupky n1o6aBeTe 6-
7 xanenb pacTBOpa I'MIPOKCHIa HaTpHsl, MpoOUpKy Harpeire. Hag mpoOupkoii moaepKuTe CMOYEHHYIO
BOJION JaKMycoByI0 Oymaxkky. [lo m3MeHeHHo mBeTa OyMaXKKUU 110 3araxy OINpeNeNnTe, KakKon ra3
BbIZenseTcsl. Ha mpucyTcTBHE KakMX HMOHOB B pacTBope coimu Mopa ykaswiBaeT 3Ta peakuus’ B
npobupky nomectute 5 kanenb pactBopa K4[Fe(CN)e] u 2-3 karum pactBopa (NHs).S. Beinamaet mu
gyepHbIit ocanok FeS? TTouemy?

3anuch JaHHBIX omnbiTa. Hamumure B MOHHON (Qopme ypaBHEHHs MPOTEKAIOMIMX PEaKIIHil.
Harnmmmre ypaBHeHHNE 3JIEKTPONIMTHYECKONW TUCCOMAMU ABOMHON con Mopa 1 KOMIUIEKCHOM CONn
Ka[Fe(CN)e].

Omeit 9. 'uaparHas uzomepus akpakomiuiekcoB xpoma (111)

B pactBope CrClz mpu moBsimieHnn temmneparypsl noubl Cl” 3amemaror mosekynst H2O B
KOOpMHAIMOHHOI chepe axBa-uoHa [Cr(H20)6]>". TIpu 5ToM okpacka pacTBopa H3MEHSETCs OT CHHe-
duonerosoit (momsr [Cr(H20)6]*") no Temuo-3enmenoit (monsr [Cr(H20)sCI]?*") u cBetno-3enenoit
(xomrutexchr [Cr(H20)3Cls)).

Peaxtussr: Kpucramumueckuit CrClz-6H20.

Beimonnenne pabotel. BHecTH B 1BE MPOOHMPKH MO OJHOMY MHKPOIITIATENI0 KPUCTAIOB
CrCl3-6H20 u mo 10 xamenb IUCTHILIMPOBAHHOW Bombl. OJHY MPOOHMPKY OCTaBbTE B KadyecTBE
KOHTPOJIbHOW, BTOpPYIO HarpeiTe Ha BojsHOW Oane. Kakoil m3omep ycTOWYMB TP KOMHATHOMW
temneparype? Kakoii nzomep cymiectByer B ropsiuem pactBope? HazoBute Bce Tpu nsomepa.

OmeiT 10 CuHTE3 KOMIUIEKCHBIX COEIUHEHUMI

a) Cunres Tetpaionomepkypara (l1) kanus



[TpuGoper u peaktuBbl: Ctakan eMkocThio 100 MJI, MEpHBIH HMWIMHAP €MKOCThIO 10 M,
(dhapdopoBas garika, YJKCHKaTOp ¢ cepHOU kucioroi. Boponka broxuepa, 0,5 H. pactBop Kl, pactBop
Hg(NO3)2, kpucrammmueckuii K.

Breimonaenne pabotel. Paccumraiite HeoOxommmoe kommyectBO 0,5 H. pactBopoB Kl u
Hg(NO3)2 mis monyuenus 5 r ocagka Hglo mo peakuuu oomena. IIpurorossre 31y coJib, maite Hglo
0cecTh, OTGUIBTPYHUTE U TPpOMOiTE ocanok. B ctakane emkocthio 100 M pactBopute 10 r KI B 10Ma1
ropsiueid Bozbl, oxianute. B oxnaxxaennom pactBope Kl pactBopute Hglo. [lepenecure nonyueHnsrit
pactBop B paphopoByr0 HalIKy U MOMECTUTE €€ B AKCUKATOP Ui KpucTayuiu3anuu. [lepuonnyecku
MepeMEeLINBaiTEe PacTBOP CTEKIISTHHOM MaJOYKOM AJIsl pa3pylIeHus oOpasyrolleiicss Ha MOBEPXHOCTH
KOPKU. BpInaBiine KpucTamuibl KOMIUIEKCHOM cou OTGUIbTPYHTEe HAa BOpOHKE BroXxHepa u BhICyIIUTE
npu 60-70 °C. [TomydenHble OpaHKeBO-KPACHBIE KPHCTAILIEI IPEACTABIAIOT COO0H KPUCTAIOTHAPAT
tetpaiiogomepkypara (1) kamus Ko[Hgls]-2H20.

3anuch JAaHHBIX oOnbiTa. Hamummre ypaBHEHUS peakluu IONYYEHUS KOMIUIEKCHOTO
COEIMHEHMUS, €T0 TUCCOLMAIUH, a TAK)KE BBIPAXKECHHSI KOHCTAHThI HECTOUKOCTH.

0) CuHTE3 KOMIUIEKCHOTO COeIuHEeHUs — cyabdara Terpaammuamenn (I1)

[Tpubops! u peakTuBbl: Bechl TexHO-xHMMHUecKHe, BopoHka broxHepa, dapdopoas cTymka,
BOJOCTPYIHBIM Hacoc, cTakaH eMKocTbio 100 My, MepHbId UMIMHAP eMKOoCcThio 10  wul,
kpucramnyeckuit CuSOs-5H20, stanon, 2 H. pactBop BaClz, 25%-Hblii pacTBOp aMMHaKa.

Brmonnenue padotsl. Paccunraiite 00beM pacTBOpa aMMHaKa, HeOOXOIUMBIIA 7S TIOTYYCHHUSI
KOMIUIEKCHOTO coenuHeHusi. OTMephTe MEpHBIM IWIMHIPOM BIBOE OONbIIM 00bEM pacTBOpa
aMMHakKa, BbUICHTE ero B crakaH M pactBopute B HeM 5 r CuSOs-5H20. M30bITOK amMMmaka
CIIOCOOCTBYET YBEITMYEHHUIO BBIXOAA MPOAYKTA, TaK KaK YMEHBIIAET PACTBOPUMOCTH KOMIUIEKCHOU
comu. K nonyyennomy pactBopy no6aBbTe 10 Mi1 3TaHONIA U OCTaBbTE PACTBOP JJISl KPUCTAJUIU3ALMU
Ha 20-25 munayT. OTHUABTPYHTE BBINABIINE KPUCTAIIIBI HA BOPOHKE BIoXHepa u mpoMoiite 1Ba pasza
CMECBbI0 paBHBIX 00bEMOB 3TaHona U 25%-HOoro pactBopa ammuaka. llomyueHHble KpUCTaIIbI
seicymute ripu 50-60 °C B Teuenne 20 MuUHYT, OXJIa[uTe U B3BEChTE. PaccunTaiiTe BBIXO MPOIYKTA.

3anmuch JAHHBIX ONBITa. HamumuTe ypaBHEHUS peaKUUU IOTYYCHHS KOMIUIEKCHOTO
COCIUHEHMUS, €T0 JTUCCOIUAIUH, & TAKXKE BBIPAKCHUS KOHCTAHTHI HECTOHKOCTH.

Jladoparopnasi padora Nel4. OnpenesieHue ;KeCTKOCTH BOAbI

KectkocThb BOAbI 3aBUCHUT OT IPUCYTCTBHUU B HEH cojel ABYXBAJICHTHBIX MCTAJUIOB,
NpEUMYIICCTBECHHO MAardus U KaJIbIUs. MBb110 B J)KECTKOM BOAE HE MBUIUTCS (He HacT HeHLI), TaK Kak
O6p83y10TC}I HEPACTBOPHUMBIC B BOJC KAJIIIUCBLIC 1 MAI'HUCBLIC COJIN JKUPHBIX KUCIIOT. Kecrtkas BOJa
HC IIpUToJHa IJId NUTAaHUA [TAPOBLIX KOTJIOB, HC UCIIOJIB3YCTCA B XUMHYECKOM TEXHOIOTHH.

Paznu4yaioT KECTKOCTh BPpEMCHHYIO H TIOCTOAHHYIO. BpeMeHHa}I KECTKOCTb O6yCJ'IOBJ'IeHa
MpUCYTCTBUEM B BOJC FI/I,[[pOKap6OHaTOB U YCTPAHACTCA KUIIAYCHUCM, IIPU 3TOM I‘I/I)IpOKap6OHaTBI
NepexXoasaT B HEPACTBOPHUMBIC Kap60HaTBIZ

[TocTosiHHAs KECTKOCTh 00YyCIIOBIIEHA MPUCYTCTBUEM B HEMl Cylb(})aToB U XJIOPUA0B KaIbIIHS
1 Maraus. Ee ycTpaHsSIoT XUMHUYECKUMHU METOJJaMH, OCHOBAaHHBIMU Ha BBEJICHUU B BOJY PEarcHTOB,
oboramatorux ee arnonamu COs® mu OH™ — B pesynbTare 06pasyroress Manopactsopumbie CaCOs u
Mg(OH)2. s aToro Boay 00pabaThIBarOT raleHoi H3BECThIO MITH COIOM:

Jlnis ynaneHust MOHOB KaJIbIMsI M MAarHUsL MOKHO IIPUMEHSATH hocdatel HaTpus, Oypy, MoTamt u
Aap.

CymMa BpeMeHHOM (ycTpaHseMOii) U TOCTOSHHON KECTKOCTH COCTaBIISIET OOIIYIO JKECTKOCTh
BOJBI.

a) OnpeneneHue BpEMEHHOMN KECTKOCTH
Bona, conepkaias ruipokapOOHAThI KAIBIUS U MarHus, UMEET MIEIOYHYIO



peaxiuio, onpeaeneHne KapOoOHaTHOM JKECTKOCTH MPOU3BOIUTCS HEMOCPEICTBEHHBIM TUTPOBAHUEM
BOJIbI XJIOPOBOJIOPOJAHOMN KUCIOTON B MPUCYTCTBUU UHIUKATOPA — METUIIOBOT'O OPAHKEBOTO.

Meroanka. OTMEpUTh TUTIETKON YKa3aHHBIN MperogaBaTeraeM 00beM uccaeayemon Boasl (50-
100 Mi1) ¥ IepeHecTH €€ B KOHUYECKYIO KOJIOY mJisi TuTpoBaHus. Jlo0aBuTh 2-3 Karum WHAMKATOPA
METHJIOBOTO OPaH>KEBOT0, B IPUTOTOBICHHYIO 3apaHee OopeTKy HainuTh 0,1 H. THTPOBaHHBIN pacTBOP
XJIOPOBOJOPOJHON KUCIOTHL. YCTAaHOBUTH YPOBEHb HA HYJEBOE JEJICHHE U MO KaIlIsiM MPUINBATh
XJIOPOBOJOPOJHYIO KHCIOTY /10 M3MEHEHHUS OKPAaCKHU pacTBOpa OT JKEITOM JIO OpaHXKEeBO-PO30BOM.
Onpenenuts 00beM U3PACXOJOBAHHON HA TUTPOBAHUE XJIOPOBOIOPOJAHOM KUCIOTHI U 3allUCaTh €ro B
tabnuiy. TurpoBaHue NOBTOPUTS €Ll JIBa pa3a, KX IbIi pa3 J0IUBasi B IOPETKY KUCIOTY JI0 HYJIEBOTO
JIeJIeHUs U OIOJIACKMBasi KOJMOOYKY JUIsi TUTpoBaHUA. PacxoxaeHue B o0beMe KHUCIOTHI IMPHU
TUTPOBAHUU HE NOJKHO npeBbiaTh 0,05 M. Paccuntath BpeMEHHYIO dKECTKOCTbD.

0) OnpeneneHue oOIIEH )KECTKOCTH

B HacTosiiiee Bpemsi JK€CTKOCTh BOJBI OIMpPENESIOT KOMIUIEKCOMETPUYECKUM METOJIOM C
npuMmeHenuem peaktuna I TA.

Meroauka. 3anoaHuTh OrOpeTKy TUTpoBaHHBIM pactBopoMm DJITA (0,02 H.). OT™MepuTh
MUIIETKOM yKa3aHHBIN MpernojaBaTesieM 00beM aHAIU3UPYEMOW BOJIbI U MIEPEHECTH €€ B KOHUYECKYIO
K00y nnsi TUTpoBaHus. JlOMUTH AMCTUIUIMPOBAHHON Bomoil no oOmiero oovema 100min (Bomy
OTMEPHTh MEeH3ypKoii). 106aBuTh 5 M 6ydeproro pacrBopa (NHz+H20 +NH4Cl) ans momnepxanus
pH B unTepBanie 9-10 u 2-3 kamiM WHIMKATOpa — 3PUOXPOMa YEPHOTO, MPU KOTOPOM PacTBOP
OKpacuTcs B KpacHbli 11BeT. [lepemeniats pacTBOp U cpa3y TUTPOBaATh U3 OropeTku pactBopom DATA
710 TIepexo/1a KpacHOM OKpacKH B CHHIOIO. TUTpOBaHUE MOBTOPUTH 3 pa3a, Kak BombITe (). Berunciautsb
OONIYI0 ¥ IOCTOSTHHYIO KECTKOCTbD.

JlaboparopHasi padora NelS. CkopocTh XMMHYECKUX peaKkuui

[Tpubopsr u peaktuBbl. MerpoHom. Tepmoctar (Tpu crakaHa eMkocTeio 200-250 mi) u
KpBIIIKa K HEMY ¢ 0TBepcTUsiMU [yt ipodupok. Tepmomerp Ha 100 C. CTexnsiHHAs MajgovKa, MATIETKH
KarenbHble, (puiIbTpoBaibHas Oymara, IIMaTeNb, JTyYWHA, MMM THTEIbHBIE, CTYIKA C TECTUKOM,
Ccyab(GUT HaTpus (KpUCTAUIMYECKUH), ABYOKHCh Maprasiia, KapOoHAT KaibLus (Mell), alrOMUHHMA
(ponpra m mopomok), Mon (xkpucramumueckuit). PactBoper: Mogara natpus (0,02H.), THocynbdata
Hatpus (1H.), cepHOM KUCTOTHI (2H.), COISTHON KUCIOTHI (KOHII. ), KpaXxMaJIbHOTO KJIEHCTepa, IEPEKUCH
Bojtopoa (10%-Hoit).

Onpit 1. BnusiHue KOHIIEHTpalMi XUMHUYECKHUX BEIIECTB HA CKOPOCTh XMMHUECKON PEeaKIiy B
TOMOTE€HHOM CUCTEME

a) BzaumonelicTBre nogata HaTpHs C CyIb(OUTOM HATPHS B KUCIIOH Cpelie.

[Ipu B3auMonEHCTBUU HMoOJaTa HATpUsl C CyIb(UTOM HATPUS B MPUCYTCTBUM KHUCIOTHI B
pacTBope 00pa3yroTcs CepHHCTas U HOJHOBATAas KMUCIOTHI, KOTOPbIE pearupyroT MKy co0oil.

[TosiBneHue B pacTBOpC CBO6OI[HOFO Homa MPOUCXOAUT TOJIBKO IIOCJIC IMOJIHOT'O OKHUCIICHUA
CepHHCTOﬁ KHUCJIOTHI.



C yBenuueHuWEM KOHILEHTPAMM HOAAaTa HATPUs MPONOPLUUOHAIBHO YBEIUYMBACTCSA
KOHIIEHTpalus HOAHOBATOM KHCIIOTHI, a, CIEI0BATEIBHO, H CKOPOCTH COOTBETCTBYIOIIETO MPOLECCa,
MIPOTEKAIOILIETO C €r0 YYaCTHEM.

HavanoMm peakuuuy cienyer cUyMTaTh MOMEHT CIIMBAHUSA PACTBOPOB, a KOHLIOM- MOMEHT
MOSIBJICHUSI B pacTBOpe CBOOOJHOro MHojma. BeineneHue nake HE3HAYMTEIBHOTO KOJIUYECTBA
cBOOOMHOrO #oja Jerko oOHapyKHBaeTcsl B MPHUCYTCTBUM KpaxMmania, TaKk Kak B pe3yibTare
o0pa30BaHMsl HHTEHCUBHO OKPAIIEHHOTO COEMHEHMSI, pACTBOP MPUOOPETAET CUHUM 1IBET.

Brimonnenue pabotel. B 1Byx cyxux KOHHYECKUX MPOOUpPKaX MPUTOTOBUTH OJTMHAKOBBIE

00BEMBI pAaCTBOPOB MO/IaTa HATPHS PA3IMYHON KOHIIEHTpalMHU. /{71t 3TOro B nepByro npoOupKy
BHecTH 2 karu 0,02 H. pacTBopa moaaTa HaTpus U 6 Karelb, JUCTUIUIMPOBAHHOM BObI, BO BTOPYIO
poOupKy- 4 Karum nojaTa HaTpus U 4 Kariu Bojabl. Takum o0pa3om, pu 0IMHAKOBOM 00111eM 00beme
pacTBOPOB HOJAaTa HATPHs, coAepkaHue (KOHIEHTPALKs) OCIEAHEr0 BO BTOPOM citydae OyleT B ABa
pa3za Ooublie, yueMm B repBoM. Ciie10BaTeNIbHO, €CIIM YCIOBHO 0003HAYUM MOJISIPHYIO KOHIIEHTPAIHIO
noxaara B mpooupke Nel C moib, To B mpooupke No2 Oynem nmeTh kKoHeHTpaiuto 2C Mok, PacTBopsl
nepeMenaTh CTeKJITHHBIMU MMaloYKaMU, HE BBIHUMAs UX U3 IPOOUPOK.

[IpUroToBUTH BOCCTAHOBUTEIIbHYIO CMECh, JUUISl YEro J[Ba MHUKpPOLINATENs Cylb(puTa HATpUs
BHECTHU B KOHUYECKYIO TPOOMPKY U PACTBOPUTH B IECATH KaIlIsX BoJIbl. B pacTBop no6asuth 10 kanensb
CBEKEIPUTOTOBJICHHOT0 KpaxMalla U JIB€ Karid 2 H. CEpHOU KUCI0Thl. CMech pa3MellaTh CTEKISSHHON
najoukou. Bkirounth MeTpoHOM. BHECTH OAHY KaIlIt0 IPUTOTOBIEHHOW BOCCTAHOBUTEIBHOM CMECH
B mnpoOupky Nel. Cuuras yaapsl METPOHOMA, H3MEPHUTh BpeMs OTMOMEHTa J00aBJICHUS
BOCCTAHOBUTEIBHON CMECH JI0 NOSIBJICHUSI B PACTBOPE CUHEHN OKPACKHU.

TakuM ke 00pa3oM BHECTU O/IHY KaIUII0 BOCCTAHOBUTENIbHOIN cMecH B poOupky Ne2, cuuras
yaapsl MeTpoHoMa. ConocTaBUTh pa3jinyve B KOHLUEHTPALUMU HOoJaTa HaTpUsl C pa3IdMeM BpEMEHU
TEYEHUs peakiuu (MOSBJICHHE CHHEW OKpacKu) B mpooupkax Nel m Ne2.

3anuch 1aHHBIX OMbITa. JlaHHBIE OIBITA 3aIMCaTh B BUE TAOIUIIBI, B KOTOPOH yKa3aTh HOMEp
MpOOUPKH, KOJIMYECTBO MOJaTa HATPHs (KOHLEHTpAIMs B YCIOBHBIX €IMHUIAX) U BPEMs PEaKIUH
(oTcueTsl METpOHOMA). 3anucaTh COOTBETCTBYIOIIMN BbIBOJA. Kak M3MeHMIach CKOPOCTh PEaKLUU C
M3MEHEHHUEM KOHIIEHTpaluil ogara HaTpus?

0) B3aumopeiictBue TrocyinbhaTa HaTpUS C CEPHOU KHCIOTOM.

Beimonnenne pabotel. IlpeaBapuTenbHO MNpojenaTh KayeCTBEHHBIH OIBIT, JUId 4YEro B
npobupky BHecTH 5-10 kanens 1 H. pacTBopa THOCYIb(aTa HaTpUs U 3-5 Kamnelb 2 H. pacTBOpa CEpPHOM
kuciaoTel. Habmonate mosiieHue cinaboil onanecueHIMd U JanbHeiIIee MOMyTHEHHE pacTBOpa OT
BBINAaBIIEH CBOOOIHOM Cephbl.

[TpurotoBUTH TpH pacTBOpa THOCYJb(aTa HATpUs Pa3TUYHON KOHLEHTpauuu. Jias sToro
BHYTPb CyXMX KOHHYECKUX IPOOHUPOK BHECTH: B MEPBYIO - 4 Karuiu 1 H. pacTBopa THOCYJIb(aTa HaTpHs
u 8 Kamelb BOJIbl, BO BTOPYIO — § Kareib THOCYNb(aTa HaTpus U 4 Karul BOJbl, B TpeTbio —12 Karneib
TOT0 e pacTBOpa THOCYJIb(aTa HATPHsL.

(ITepByto u BTOpYIO NMPOOUPKH OCTOPOXKHO BCTPSIXHYTh.) TakuM 00pa3oM, B OJUHAKOBBIX
o0beMax MOJyYeHHBIX paCTBOPOB OyIeT CoJlepKaThCsl PA3IMYHOE YUCII0 MOJIeH THOCYIb(aTa HATPHSL.
Ecnu ycrnoBHO 0003HAaUMTh KOHLEHTPAIMIO THOCYJb(aTa HaTtpus, To B npodupke Nel- C Monsb, B
npobupke Ne2- 2C moib, B Ne3 - 3C moinb.

Bxutounts MetpoHoMm. B mpobupky Nel no0GaBuTh OfHY Karuio cepHOil kuciaoTel. Cumras
yJaapbl METPOHOMA, U3MEPUTH BPEMsI OT MOMEHTa J100aBJIeHUs KHCIOTHI JI0 MOSBJICHUS B PacTBOpE
3aMEeTHOM onayieciieHnu. Tak ke J00aBUTh MO OJJHOM Karuie 2 H. CepHOM KUCIOTHI B MpoOUpKH Ne2 u
Ne3, cunrate ynapsl METpPOHOMA 110 MTOSIBJIEHUSI B PaCTBOPE ONAJIECLIEHLINN.



HauepTuth rpadux, WUTIOCTPUPYIOUINI 3aBUCMOCTh CKOPOCTH PEAKIIUH OT KOHIEHTPALUUOT
KOHIIEHTpAllMK pearupyromux BemecTB. Ha ocu alcuucc OTIOXKHUTH B ONpeAesieHHOM Maciutade
OTHOCHUTEJIbHbIE KOHIEHTpalluu THOCYJIb(aTa HATpus, HA OCHU OPAMHAT — COOTBETCTBYIOIIME UM
CKOPOCTH (B YCJIIOBHBIX CIMHHIIAX ).

OmnpiT 2. BiustHue TeMnepaTrypbl Ha CKOPOCTh XUMUYECKOW pEeaKIui B TOMOI€HHOUCUCTEME.

Beimontaenne pabotel. IlpurortoButs Tpu TepmoctaTta: Nel, Ne2, Ne3, nmst wero B Tpu
crakanurka Ha 200-250 mu HamomauTh Ha 2/3 Bomoil. Crakanuumk Nel ocTaBUTH Ha CTOJIE TIPH
KOMHATHOU TeMmmeparype. Temmeparypy BoJbl u3MepuTh TepmomeTpoMm. CrtakaHuuk No2 u No3
MOCTaBUTh Ha acOECTHpPOBAaHHBIE CETKH, MOMEIIEHHbIE Ha Kojbla mraTuBa. [loa kaxayro ceTky
noctaBuTh Topenky. Harpers B crakane Ne3 Boxy Ha 10°C BbIme TeMiepaTypsl BOABI YeM B CTAaKaHE
No2. YMeHbUINTH IUTaMs TOPENKU B 00OUX CIIy4asxX W OTPEryJIHpOBaTh IUIaMs TOPEIKU TaK, 4TOObI
TeMIeparypa BoAbl ObUTa MOCTOAHHOM. Kakaplii cTakaHYMK MOKPBITh KapTOHHOM WM TOHKOMN
JEPEBSHHOM KPBIIIKOW € TpEMsI OTBEPCTUSIMU. B 01HO M3 OTBEPCTUI KaKIOTO TEPMOCTATa IOMECTUTh
HEOOJIbIION TEPMOMETP, KOHEI] KOTOPOTro MOTPY3UTh B BOIY, B JIPYroe OTBEPCTHE - KOHUYECKYIO
MPOOUPKY € 2 H. paCTBOPOM CEPHOM KUCIOTHI M OMYIIEHHOW B HETO MUIIETKON, B TPEThE OTBEPCTHUE -
npobupky ¢ 10 xarusimu 1 H. pacTBopa TUOCYJIb(haTa HATPUSL.

Yepez 10-15 muH. BKIIOYUTH MeTpoHOM. He BbIHMMAas MpoOUpPKY C THOCYIb(haTOM U3
tepmoctaTa Nel. J/Io6aBUTh B Hee OHY Karllio 2H. CEPHOU KUCIIOTHI U3 MPOOUPKU, HAXOSIICHCS B TOM
xe Tepmocrate. Cunrtas yaapsl METPOHOMA, H3MEPUTH BPEMsI OT MOMEHTA JJ00aBIICHUS KUCIIOTHI 10
MOSIBJICHHSI 3aMETHOM oOmnayieclieHnny. [IOBTOPUTH OIBIT € pacTBOpPOM THOCYNIb(ara HaTpus B
tepmocraTax Ne2 u Ne3. IlpousBecTu OTCUET BPEMEHM TEUEHHS PEAKIMM [0 METPOHOMY, Kak U B
[IEPBOM CIydae.

Crenatp BBIBOJ O 3aBUCUMOCTU CKOPOCTH XMMHUYECKON PEAKIIMH OT TEMIIEPaTypBhI.

Omnpit 3. BiusiHue katanu3aropa Ha CKOPOCTh XUMUYECKOW PEAKIUH.

a) Karanutuueckoe BiaMsiHUE BOJbI HA PEAKIIMIO B3aUMOJICHCTBUS AIFOMUHUS C HO/IOM.

Brmonnaenue paboTel. B mumHApHYecKyr0 MpoOMpKy BHECTH MHUKPOUINATEIEM HeOOIIbIIoe
KOJIMYECTBO IIOPOIIKA AMIOMHHUS M MEJIKO pacTepTslii Hoxa. Pasmemars BcCe CTEKISHHON
nanoukoil. OTMETHTh, YTO peakuus mouth He uaer. [[00aBuUTh B MPOOMPKY OJHY KAIUTIO BOJBI.
OTMeTUTh, KaK BIUsET J0OaBJIEHNE BOJBI HA CKOPOCTh TE€UCHUSI TAaHHOW PEaKIIUHU.

3anuch JaHHBIX onbITa. Bee HaOmoaeHus 3anucath B KypHall. Hanucats ypaBHEHUE peakinu
B3aMOJCUCTBHS aJIIOMUHUSA C HOJIOM.

6) Karanutuueckoe pasnokeHre NepeKrcH BOJOPOa.

Brimonnenue pabotsl. B koHmveckyro mpobupky BHectH 3-5 kamenb 10%-ro pactBopa
nepekucu Boaopoaa. OTMETUTh, UTO B OOBIYHBIX YCIOBHSIX Pa3JIOKEHHs MEPEKUCH BOJOpPO/a HE
HabJro1aeTcsl.

K pactBopy nepexucu Booposia 100aBUTh HECKOJIBKO KPYIUHOK JABYOKMCH Maprasua. Yro



HaOmomaetcs? [logHecuTe TICIONIYIO TYYUHY K TOopiry ipooupku. Kakoii ra3 Beaensercs?

3anuce MaHHBIX OmbITa. Bce HaOmromaeMoe omucath, OTBETHTh Ha BOINPOCHL. HammcaTh
ypaBHEHHE PEAKIMH Pa3NIOKEHUs IEPEKUCH BOJIOPOIa.

VYkazaTh pa3nuuue B CKOPOCTH PEAKIHUU PasIOKEHUsl MEPEKUCH BOIOPOJA MPH OTCYTCTBHHU
JIBYOKHCH MapraHia u rnpu ee no0asneHuu. Kakoro 3HaueHue AByOKHCH MapraHiia B 3TOM peakuuu.

Onpit 4. BausiHre BeJTMYKUHBI TOBEPXHOCTH PEearpyroIIuX BEIIeCTB Ha CKOPOCTh XUMUYECKOM
peaKkiuu B TeTepOreHHON CUCTEME.

a) ['openne MeTamIn4ecKkoro aJTOMUHUS.

Brimonnenue paboTel. B3sSTh TUreNbHBIMH IIMOIAMH MaJIeHBKHM KYCOUEK aTlOMUHUEBOM
(OoJIbrU ¥ BHECTH €r0 B I1aMsi Topenku. OTMETHTb, YTO TOPEHUSI aJTIOMUHUS HE HAOII01aeTCs.

B 3710 ke miaMs BHECTH MEJKUN MOPOIIOK alfoMUHUA. /|71t 3TOTO0 cienyer B3ATh HEOObIIOe
KOJIMYECTBO aJTIOMHUHUEBOTO MOPOILIKA MINATe]IeM U MOCHINAaTh Ha MIaMsl TOPEIIKH.

3anuch JaHHBIX ombiTa. OTMETUTH HAOMIOAEMOE SIBICHHE, HAmucaThb COOTBETCTBYIOIIEE
ypaBHEHHE PEAKIUU U CAENaTh BBIBOJ O BIUSHUU BETUYMHBI TOBEPXHOCTU PEArHPYIOIIETr0 BELIECTBA
Ha CKOPOCTh peaKluu.

0) PacTBOopeHne kapOoHAaTa KaJbIHS B COJSTHON KUCIIOTE.

Brimonnenue paboTsl. B3sTh 1Ba, MO0 BO3MOKHOCTH OJIMHAKOBBIX KYCOUKa MeJa, BETHUHNHOM C
ropomuHy. OJIMH U3 HUX PacTOJIOYb HAa KycOYeK (PUIBTPOBAIBLHOM OyMaru u CTEKIJISIHHOM Manoykoit
M3MENBYHUTh €ro B Mopomiok. [omydeHHbI MOpOIIOK MOMECTUTh B KOHHUECKYIO MPpoOupKy. Bropoit
KyCOUYeK MeJia IETMKOM OIYCTUTh B JIPYT'yio MpoOupKy. B 06e mpoOupku 0IHOBPEMEHHO H00aBUTH
onuHakoBoe KommuecTBO (10-20 kamenb) COISHOM KHUCIOTHI IUIOTHOCTHIOL,19 r/cm®. Ha6onaTs
TIOJTHOE PACTBOPEHHE MeEJIa.

3anuck JaHHBIX omnbiTa. Onucarh Bce HaOmoaeHus1. Hanucats ypaBHEHHE COOTBETCTBYIOIIEH
peakuuu. OOBICHUTD, IOYEMY CKOPOCTH PACTBOPEHHUS MEJIa B 3TUX JIBYXCIIydasX pa3iMyHa.

JlabopaTopnasi paGora Ne 15. Biansinne n3aMeHeHNs] KOHIEHTPALMHU Pearnpyrommx
BellleCTBHA CMellleHHe XUMHYeCKOro paBHOBECHS

TIpuGopk! 1 peakTuskl. YeThipe KoHMUecKHe mpodupky. CTeKIsSHHbIE Tanodky. Momnas Boxa.
PactBopbl xmopuna TpexBaienTHoro xene3a (0,0025 H.), pactBop pomanmaa kamus (0,0025 H.),
MBIIIBSKOBHCTasl KMCIIOTA, KpaXMaJbHBIN KIIEHCTEp.

OnbiT Nel. CmemieHne paBHOBecHs OOpPAaTUMON peaKLUU MEXIY XJIOPHBIM JKEIe30M H
POJIAaHUCTBIM KAJIUEM.

Beinonnenue pabotsl. B ueTslpe koHmueckue npoOupku BHectd mo 5-7 xarum 0,0025 H.
pPacTBOPOB XJIOPHJIa TPEXBAJIEHTHOIO XKeJle3a U poJaHua Kanus. PacTBopsl pazMemaTs CTEKJISSHHON
NAJIOYKOH M MOCTaBUTh B IITaTUB. OIHY NPOOHPKY OTJIOKUTH, ISl CPABHEHUS Pe3y/IbTaTOB ONbITa. B
OCTaJIbHbIe TPOOUPKH 100aBUThH CIIEIYIOLINE PEAKTUBBI: B IEPBYIO -1 KaIuII0 HACBIIEHHOTO pacTBOpa
XJIOpHJIAa TPEXBAJIEHTHOTO JK€JI€3a, BO BTOPYIO - | KaIlIlo HaCBIIEHHOIO pacTBOpa poJaHuja Kajus, B
TPETBIO -  HECKOJBKO KPHUCTAUIMKOB xjopuaa Kamnus. CpaBHUTh HHTEHCHUBHOCTb OKPAacKH
MIOJIyYEHHBIX PACTBOPOB C MHTEHCUBHOCTBIO OKPACKH 3TAJIOHA.

3anmuch  JaHHBIX ~ OMbITAa. 3anucaTb cBou  HaOmrogeHusi. COCTaBUTh  ypaBHEHHE
COOTBETCTBYIOIIlee 00pPaTHMOM peaklMu U HaMCaTh BhIPaXKEHHE JJIsi KOHCTAHTHI €€ PAaBHOBECHSI.

1.Kakue BemecTBa HaXOAATCS B UCCIELYEMOM PACTBOPE MPU COCTOSIHUM PaBHOBECHSI?

2.Kakoe BelecTBo MpUAAET PACTBOPY KPAaCHYIO OKpacKy?

3.Kak m3MeHseTCs MHTEHCUBHOCTh OKPAacKd PacTBOPA, U B KAaKOM HalpaBJICHUU CMEILAETCS
paBHOBECHE JaHHOW paBHOBECHOM CHCTEMBI IPH JJOOABICHUH: &) XJIOPHJIAa TPEXBAIEHTHOTO JKene3a, 0)
pOJaHK/IA KalKsl, B) XJIOpUAa Kaaus?

Kak wu3meHsercs mnpu 3TOM B KaXJIOM  OTAEIbHOM  Cily4dae  KOHLEHTPALUU
KOMIIOHEHTOBPABHOBECHOM CHCTEMbI: a) poJaHMIa >keieza, 0) xyopuaa Keiesa, B) XJIOpuaa
TPEXBAJICHTHOIOXKEJIE3a, ') POJJaHUAA KaJIHs [10 CPABHEHMIO C UX KOHLEHTPALUSAMH NIPU YCTAHOBICHUU
MIEPBOHAYAIBHOI'O PAaBHOBECHS?

OmpiT 2. CMenieHrne paBHOBECHS 00paTUMOTO TPOIECCa OKUCICHUS MBIIIBIKOBHCTON



KHUCJIOTEI HOJIOM.

OOparmarbcsi ¢ COCIUHEHUSIMU MBIIIbsIKA CIIEAYeT OYeHb OCTOPOKHO, T.K. OHU SIFOBUTHI.
MBIIBSKOBUCTBIE Mpenapathl JTaOOpaHT BBIJACT CTYACHTY HENOCPEACTBEHHO MeEpe] MPOBEICHHEM
OTIbITA.

BrimontHeHne paboTel. BHECTH B KOHMYECKYIO TPOOUPKY S5 Karellb HOJHOW BOJBI M 2 KaIrlld
CBEXKETPUTOTOBIEHHOTO pacTBopa Kpaxmaina. K momyuyeHHOMY cuHEeMy pacTBOpY /100aBUTH | Karuio
pacTBOpa MBILIBIKOBUCTON KUCAOTH. OTMETUTH HCUE3HOBEHHE CUHEN OKPAaCKH, IIPU 3TOM MPOTEKAET
oOpaTtumast peaxiusi.

K oGecniBeueHHOMY pacTBOpY J00aBUThH 5-6 Kareiah MBIIIBIKOBOW KUCIOTHI. 3alKiCh JaHHBIX
ombiTa. OTMETUTH U OOBACHUTH HAOIIOJaeMbIe SIBIICHUS, B YACTHOCTH, HCUE3HOBEHUE CUHEH OKpaCKH
U TIOSIBJICHUE €€ BHOBb (OKpacKa MOSBIISECTCS MEJIJICHHO).

3. OnennBaHue pe3yjbTaToB cpopmupoBaHHocTH KomneTenuuu OITK-6.1

MeTtoauyeckue peKOMeHAAlMHU 110 HANMCAHUIO KYPCOBOii padoThI

KypcoBas pabota no aucuumuinae «HeopraHudeckas XMMUsD» SIBISIETCS TIEPBOH 0(pUIIMAIbHOIM,
CaMOCTOSITENIbHOW, TBOPUYECKOW W, B HEMaJlOW CTENeHH, HAayYHO-HCCIIEOBATEIbCKON paboTon
cTyIeHTOB. Ee olieHKa Hay4HbIM PYKOBOAMTENEM (PUKCUPYETCS B 3a4ETHOM KHUXKKE U BIOCIIEACTBUU
BBICTABJISIETC B AMIIOM. bojee Toro, marepualibl KypcoBOW pabOThl MOTYT OBITh HCIOJIb30BAHBI
CTYZIGHTOM B €ro JAajbHEWIIed HaydyHOW M Yy4eOHOM JesTEeIbHOCTH: NPH IOJArOTOBKE Hay4HBIX
JIOKJIa/I0B JUIsl BBICTYIJICHHSI HA pa3IMyHbIX KOHpepeHIHsIX. KauecTBeHHO MOAroTOBIEHHAs KypcoBast
paboTa MOXeT cTaTh MEpPBOHAYAIbHBIM (PYHIaMEHTOM BBITYCKHOM KBaJM(PHUKALIMOHHON paboThl U
BIIOCJIEICTBUY J1a)K€ MAruCTEPCKON MM KaHIUJATCKOW TUCCEPTaLUU.

3agaun HaNMCcaHMUs KypCOBON paboThI:

1. [IpuoOpeTeHne HOBBIX TEOPETUUECKUX 3HAHUI B COOTBETCTBHHM C TEMOM pabOThI H3aJaHUEM
PYKOBOIMTEIS;

2. ®opMUPOBaHUE y CTYIEHTOB HABBIKOB U YMEHUH NPOBEACHUS Pa3IMYHOIO poAa HAay4HO-
HCCIIeI0BAaTENBCKUX paldoT;

3. IToka3aTh yMEHHUE CTYI€HTOB HAXOUTh U aHAIM3UPOBATh Pa3IMYHbIE HCTOYHUKH YyU4eOHOTO
Y HAy4YHOTO XapaKTepa;

4. HayuuTh CTYIACHTOB HpPHUMEHSATh IOJYYEHHbIE Ha IEPBOM Kypce OOydeHUs 3HaHUS
OpAa3JIMYHBIX 3aKOHOMEPHOCTAX XMMUYECKUX IPOLECCOB;

5. IlokazaTh cOCOOHOCTH CTYAECHTOB K TBOPYECKOM M Hay4dHO-HCCIeI0BaTelbCcKoi padore,
yMeHue (popMyJIupOBaHUS CaMOCTOSTENbHBIX BBIBOJOB IO PELICHUIO TOW WJIM MHOM TeOpeTHYECKOn
WM IPAaKTUYECKOH MpoOsieMbl, BO3MOXKHOCTh apI'yMEHTHPOBATh CBOE 3aKII0UEHUE;

6. BplpaOoTka y CTy/IE€HTOB HAaBBIKOB W YMEHHUH MNpaBUIBHO O(QOPMIISATH IMPOBEIECHHOE
HCCIIEJOBAHMUE;

7.CoBepliIeHCTBOBaHUE MPO(ECCHOHANIBHOM MOJTOTOBKH OYAYIIHX CIIEIUATUCTOB.

K ocHOBHBIM TpeOOBaHUSAM, IPEIbABISIEMBIM K KypCOBOI pabOTe, OTHOCATCS:

1. KypcoBas pabora 1okHa OBITh BBIIIOJHEHAa CTYIACHTOM CaMOCTOATENbHO M HOCHUTh
TBOPYECKUI U HAYYHO-UCCIIEA0BATEIbCKUN XapaKTep;

2. OHa JOKHA OCHOBBIBATbCS HA AQHAINW3€ paA3IM4YHOrO MaTepuana, HaduHas oT
MEPUOINYECKOI U CIIPaBOYHON U 3aKaHUMBAsi HAYYHOU U y4eOHOM JINTepaTypoil;

3. KypcoBast pabora moimkHa OBITh NMPaBUIBHO OGOpMIIEHa, B COOTBETCTBUU CO BCEMHU
TpeOOBaHUSIMU;

4. V3noxeHHbIM MaTepuall J0JKEH ObITh XOPOIIO apryMEHTHPOBAHHBIM;

5.CtpykTypa paOOThl JOJDKHA OTIMYAThCS CTPOMHOCTBIO, JIOTUYECKOH MPOIYMaHHOCTBIO U
IIOJIHOCTBIO COOTBETCTBOBATH 3asIBJICHHON TEMAaTHUKE.

1.IIEPBBIN DTAI

1.1. BeiOop TeMbl KypcoBOii pabOoThI

Temy kypcoBoil paGoTsl mo aucuuruinHe «Heopranumdeckass XuMus» MOXXKHO BBIOpaTh W3
pUMepHOro mnepeyHsi TeM. [lomyckaercss HamucaHue KypcoBOM paOOThl M O TeMme, KOTopas
OTCYTCTBYET B IPUMEPHOM II€PEYHE TEM, HO TOJBKO IIOCIE INPEABAPUTEIBLHOW KOHCYIbTALlMM U
YTBEPKJEHHSI €€ HAy4YHBbIM PYKOBOJUTEIEM. B mpoTUBHOM ciydae paboTa MOXET



OBbITH HE 3aUTeHa.

1.2. Peructpanus TeMbl KypCOBOM pabOTHI U BEIOOP HAYYHOTO PYKOBOIUTEIS

[Tocne Toro Kak OMNPEACTUIIUCH C WHTEPECYIOIIeH TeMoil Oyayimeld KypcoBOW paboThI,
HEOoOXOIMMO 3aperucTpupoBaTh €€ Ha Kadeape HEOpPraHM4YeCKOW M aHAIUTUYECKOM XUMHM.
Jly6nupoBaHue TeM KypCOBBIX pabOT HE JOIMYCKAaeTCsl, B CBSI3U C 3TUM, PEKOMEHAYETCs, Kak MOXKHO
paHbllie BEIOpATh U 3apEerUCTPUPOBATH TEMY KYpPCOBOIl pabOTHI.

1.3. KoHcynbTpOBaHUE C HAYYHBIM PYKOBOJUTEIIEM

[Tocne Toro xKak Bbl BHIOpaIM TeMYy KYypCOBOM pabOThI, HEOOXOIUMO BCTPETUTHCA CHAYYHBIM
PYKOBOJUTENEM M NPOKOHCYJIbTHUPOBATHCSA ¢ HUM. JlJis 3TOro mojoWauTe B 4Yachl KOHCYJbTallUU
Balller0 HAyYHOTO PYKOBOAMTENS (BpeMs M JaTy KOHCYJIbTAallMi mpernojaBaTenieil kadeapbl MOKHO
y3HaTh y JabopanTa Kadeapbl Ipy perucTpaly TeMbl WK Ha CTeH e Kadeapbl), yTOYHUTE TEMaTUKY
paboThl, cornacyiiTe miaH KypcoBoi padoThl, a TaK)Ke BBISICHUTE BCE HHTEPECYIOIINE Bac BOIPOCHL. B
CBSI3M C 3TUM PEKOMEHAYETCsl 3apaHee MOCMOTPETh OMPENEICHHYIO JIUTEpaTypy MO TeMe Ballel
paboThl, COCTaBUTH MIPEIBAPUTEINbHBIH IJIaH pabOThI, 3aMIMCATh BCE HETIOHSATHBIE M MHTEPECYIOIINE Bac
BOIPOCHI U T.JI.

HayuHblif pyKoBOAUTEIh OCYIIECTBIIIET KOHTPOJIb 32 MPOIIECCOM BBIIIOJHEHUSI padOThI, a 10
OKOHYAHUIO €€ MOATOTOBKH MPOBEPSET U JAAET HA HEE PELICH3UIO .

2. BTOPOU DTAII

2.1. CocraBneHue miaHa KypcoBoi paboThI

[Tnan paGoThI — 3TO MEpBOHAYANLHAS OCHOBA PabOTHI, OT IPAMOTHOTO COCTABJICHUS KOTOPOi
3aBHCHT MPABUIILHOCTh HAMTMCAHUS U MTOJIHOTA PACKPBITUS BBIOpaHHOI TeMbl.CocTaBlieHUE IJIaHa — 3TO
HEMpocTas 3a/1a4a, TaK KaK MMPH 3TOM YK€ HE0OXOAMMO BJIaJICHHE MaTepPHajiOM IO BEIOPaHHOH Teme
KypcoBOil paboThl, U, KpOME TOTrO, OH JIOJKEH C OJHOW CTOPOHBI IOJIHO PacKpblBaTh COAEpKaHUE
3asIBJICHHOM TEMBI, a C APYroil HA0OOOPOT HE BBIXOAMUTH 32 paMKHU IpeaMeTa uccieaoBanus. bonee toro,
IUIaH JOJDKEH OBITh JIOTMYECKU BBICTPOEHHBIM, T. €. IOCJIEI0BATENbHO PACKPHIBATh 0003HAYEHHYIO
TEMY.

CornacHO yCTOSIBIIEICS TPaJUIMK 110 HAMCAHUIO HAYYHBIX pa0OT IJIaH JOJIKEH COCTOSITh U3
BBEJICHUS, IBYX-TPEX TJIaB 110 JBa-TPpH maparpada B KaxI0# (He JomycKaeTcs riaBa 0e3 pas3ieicHus
X0TsI OBl Ha JIBa naparpada), 3aKJIFOUeHHS U CITUCKA UCTIOJIb30BaHHBIX NCTOYHUKOBH JIUTEpaTyphl. [Ipu
9TOM HaJI0 TTOMHHTbH, YTO Ha3BaHUE IJ1aB HE JIOJDKHO HU B KOEM ClIydae MOBTOPSITH Ha3BaHUE TEMBI, a
Ha3BaHMe naparpaoB — Ha3BaHUE TJIaB.

CTyneHT MOXKET COCTaBUTh IJIaH CaMOCTOSTEIbHO, HO TOrJa, KOHEYHO e, Tpedyercs
COIJIacOBaHUE IUIaHAa C Hay4yHbIM pykoBoauTesneM. Kpome Toro, B mpoliecce HamucaHHsl, B CBA3H C
HaxO0XXJICHHEM CTYJICHTOM WHTEPECHOT0 Marepuaia, a TakkKe Mo APYruM MpUYMHAaM, TUTaH paboThI
MOXKET MEHSTbCS U KOppeKTHpoBaThcsi. I B 3TOM ciiydae Takke HEOOXOIUMO IpPEIBAPUTEIBLHOE
coryacue Hay4yHOTo PyKOBOJUTEIIS.

2.2. I[Ton6op u aHaIM3 UCTOYHUKOB U JIUTEPATYPbI

OcHoBHas 4acTh paboOThl JODKHA OBITh OCHOBaHA Ha aHaU3€ pa3IMYHBIX HCTOYHUKOB
HAy4YHOTO (pa3ianyHble MOHOTpa(uH, CTaThU, JUCCEPTALIUH U aBTOpedepaThl 1uccepTanuii) Ny4eGHOro
IlaHa (HampuMep, Y4eOHMKHM WM y4eOHble MOCOOMs) KaK OTEYECTBEHHBIX, TaK M 3apyOexHBIX
aBTOpoB. JlanHas nuTepaTypa n1ubo Oepercs B Oubnuoreke, b0 u3 MHTEpHET-pecypcoB, MO0 U3
JPYTUX UCTOYHUKOB.

Kpome Toro, CTyAeHT J0KeH oKa3aTh ClIOCOOHOCTH MOUCKA HE0OXOAUMO HUH(POPMALIUH IS
HaIMCaHUs MCCIE0BAHUsA, TIOATOMY B JaHHOM IOCOOMM HE MPUBOJIUTCA CHUCOK PEKOMEHIyeMOn
JUTEpaTyphl, TaK KaK HEOOXOAMMbIE MaTepHajbl CTYAEHTHl JOJDKHBI HAaWTH CaMH U TeM CaMbIM
MIPOAEMOHCTPUPOBATH CBOU HAYYHO-HCCIIEA0BATENIbCKHAE HABBIKU 110 TIOUCKY WH(OPMAIIHH.

JIroboe UMTHpOBaHME KaK HAY4YHOM M y4eOHOW aMTeparyphl, TaKk U MEPUOJUYECKUX U
CIPAaBOYHBIX U3JJAHUH, JOJKHO OBITH JIOCIOBHBIM JINOO U3JI0’KEHHBIM CBOMMH CJIOBaMHU, MaKCUMAIIbHO
MOBTOPSAIOIIMMH CMBICI TEPBOMCTOYHMKA, A TOCJIE KaKAOro IIUTUPOBAHUS O0S3aTENBbHO CTaBUTCSA
CCBUIKA, B KOTOPOH yKa3bIBalOTCS BCE JTaHHBIE 00 aBTOPE U UCTOUYHUKE IUTUPYEMOT0 MaTepHara.

3. TPETUM DTATI

3.1. CtpykTypa KypcoBOM pabOThI

CtpyKTypa KypcoBOii pabOThI TOJDKHA COOTBETCTBOBATH M30paHHOM TeMe,



CHOocOOCTBOBAaTh €€ IOJHOMY pACKpPBITUIO U PEIICHUIO [OCTABIEHHBIX LIETM U 3afady. B
CTPYKTYPYKYpPCOBOI pabOThI BXOJAT CIEAYIOLIUE IIEMEHTHI:

TUTYyNBHBIN JTUCT.

Coneprxanue.

BBenenue.

OcHoBHOE cojep)kaHue, BKJIIOYarollee B ceOsl TEOpPEeTUYECKYI0 YacTh, KOTOpas [OJKHA
coJiepkaTh HE MEeHee JABYX naparpados.

3aKJroueHue.

Cnucox  HMCTOYHHMKOB U JIUTEPATYPHI.

[Tpunoxenus.

3.2. TpeboBaHuUs K CTPYKTYPHBIM dJIEMEHTaM KyPCOBOM pabOTHI

3.2.1. TUTyAbHBIA JIUCT

TUTYIbHBIA JUCT SBJISICTCS TIEPBOM CTPAHMIEH KYpCOBOM paOOTBHI M CIYKUT HCTOYHHUKOM
nHpopManuu, He0OXOAMMOM Il 0OPaOOTKH M MOKCKA JTOKYMEHTA.

3.2.2. Conepxanue

CopepxaHue BKIIIOYAET BBEJIEHUE, HAMMEHOBAHUE BCEX Pa3/iesioB, MOPa3IeiioB ,3aK/II0UEHHE,
CIHUCOK MCIOJIb30BaHHBIX UCTOYHUKOB M JIUTEPATYPhI, IPUIOKEHHS C YKa3aHHEM HOMEpPOB CTpPaHMUII,
Ha KOTOPBIX pa3MelaeTcsl Hayauio MaTepuaa.

3.2.3. Beenenue

KypcoBass pabora HauuMHaeTcsi ¢ BBEIEHHUS, OJHAKO ATO HE O3HAYaeT, YTO HAYMHATHL €e
HamucaHue HeoOXOAMMO ¢ JaHHOTO pasjena. Kak 3To He mapajgoKcalbHO 3BYYHT, HO PEKOMEHAYETCS
IpUCTyNaTh K HAMCAHWUIO BBEJICHUS B IOCIEIHION OYepeab WM, IO KpailHel mepe, Koraa Oyaer
3aKOHYEHA COZepXKaTeNIbHasl 4YacTh KypCOBOI paOOThI.

Bo BBeeHuM 0053aTeIbHO JOHKHBI COAEPKATHCS YKa3aHUs Ha:

— aKTYaJIbHOCTh TEMbI UCCJICIOBAHMS;

— 00BEKT KypcOBO# paboTHI;

— IIpeaMET KypcoBOH paboThI;

— 1IeJI ¥ 33a4d UCCIICOBAHNUS;

— METOJI0JIOTUYECKasi OCHOBA UCCIIEI0BAHUS;

— TeOpeTUYecKasi OCHOBa KypcoBOil pabOThlI;

— CTPYKTypa paboThl.

AKTyalbHOCTh TEMBl HccienoBaHus. B 1maHHOM pasnene ykasbplBaeTcs 3HAUYMMOCTb
MIPOBEACHUS UCCIICOBAHUS UIMEHHO T10 JJAHHOM TeMe Ha COBPEMEHHOM dTalle pa3BUTHUS XUMUUYECKON
MIPOMBIIIIJICHHOCTH U XUMHUYECKOW HAYKH, a Takke 00OCHOBBIBAETCS TIO3UIIMS aBTOPA 1O BHIOOPY UM
TEeMAaTUKH KypcoBoil paboTel. Kpome Toro, 3mech MokeT OBITH 3aTpOHyTa MpaKkTHYecKas Hu
TeopeTHuecKasi ICHHOCTh MCCIIE0BAHMS B BRIOpaHHOM HamnpaiieHud. OHaKo HEOOX0IMMO IIOMHHTb,
YTO aKTYaJIbHOCTh HE JIOJDKHA 3aHUMATh CIUIITKOM MHOTO MECTa, ONITUMAJIbHBIN 00BheM cocTaBisieT 1/2
Wi 2/3 cTpaHUIbL.

[lenu u 3amaun uccnenosanus. Llenn uccnenoBanus npenonpeaeseHbl IPeIMETOM KypCcoBO
paboThl, HETIOCPEICTBEHHO BHITEKAIOT M3 HETO, a 3a/1a4M, B CBOIO OUEPE/b, MIPEIONPEACIIECHbI LIEIbI0
uccinenoBanus. Yamie Bcero Leiab HMCCIEIOBaHUS OJHA, a 3ajad, €CTEeCTBEHHO, HECKOJbKo. Llenb
KypcoBOil pabOThl — 3TO TOT OPUEHTHUP, TO KOHEYHOE COCTOSIHHE, KOTOPOE aBTOP CTPEMUTCS B UTOTe
nocturHyth. Llenn ¢ 3amadaMu cOOTHOCSTCS Kak oOliee M YacTHOE, TO €CTh 3aJadyd — 3TO
OTpe/IeJICHHBIE MPOMEXKYTOUHBIE ITYHKTBI, KOTOpPbIE HEOOXOIWMO JOCTHYb, YTOOBI OCYIIECTBUTH
0O0IITyTO T1eTh.

3.2.4. ConeprxarenbHasi 4aCTh KypcoBOW pabOThI

Jlannblit pa3zaen KypcoBoi pabOThl COCTOUT M3 HECKOJBKUX IJ1aB UM maparpagos, B KOTOPbBIX
cOoOCTBEHHO M TIPOBOJIUTCS CaMO HUCCIIEIOBaHUE, HEOOXOIMMO, YTOOBI OHHM OBLIH MOCIIEI0BATEILHBIMU
U JIOTHYECKU BBICTpOeHHBbIMU. [lo3TOMYy ciienyer cobioaTh JTOrMUecKoe MOCTPOCHHE MaTepuasia U
TIJIaBHBIE TEPEXO0/Ibl MBICIH U3 OJHOTO Taparpada B aApyroi. [Ipu 3TOMOYEHB Ba)KHO, YTOOBI aBTOP
HE TOJBKO NEpEeNuChiBAl HMMEIOLIUICS MaTepuan, HO M TJIyOOKO aHaJu3UpoBall €ro, MpUBOAS
pa3iIMyuHble pa3MBIIUIEHUS 110 JaHHOMY MoBoay. B maeane kypcoBaspaboTa JOHKHA COAepkKaTh He
MPOCTO aHAU3, a KPUTHUYECKUH aHAIN3 Pa3IMYHBIX UCTOYHUKOB, a aBTOP JOJDKEH M3JlaraTh U CBOE
BUJICHUE MTPOOIEMATHKHY.

OnTtuManbHbIE 00BEM CONEp)KATETBbHOM YacTH KypCOBOH pabOThl JOJDKEH COCTaBIIAThH
npumepHo 13-18 crpanuu.



3.2.5. 3akmoueHue

B 3aknroueHun npuBOIUTCS KPATKUA PETPOCTIEKTUBHBIN 0030p TPOBEICHHON B MCCIICIOBAHUN
paboThl, YKa3bIBalOTCA Yy3JIOBBIE MOMEHTHI HCCIEAOBAaHHUSA, W3JIaraloTCsl TEOpPETHYECKHe |
MPAKTUYECKHE BBIBOJBL, K KOTOPHIM MpHILIET CTYICHT B pe3ylbTaTeé HCCIEAOBAHUSA, a TaKXKe
MIPEJIOKEHUS TI0 YIYUIICHUIO, ONTUMHU3ALUU COCTOSIHUS H3y4aeMoro Borpoca. OHU JOKHBI ObITh
KpaTKUMU ¥ YEeTKUMH, JalollMMU TIOJHOE€ NPEJCTaBICHHE OCOAEpPKaHUM, 3HAYMMOCTH,
000CcHOBaHHOCTH U 3¢ (EKTUBHOCTH MpeasiaraeMbix pa3zpaboTok. OHONpeCTaBlseT pe3yabTaT Ha-
YYHOT'O TBOPYECTBA CTYACHTA, KPaTKUI UTOT KypcoBOi paboThl. [Io 00beMy 3akiltoueHUE COCTABISET
1-2 crpaHuIb .

3.2.6. Ciucok auTepaTypbl

B conepxanue naHHBIM 3JNEMEHT JOODKEH ObITh OTpaxeH Kak CHUCOK MCTOYHHKOB
uiutepaTypbl. OH T0JIKeH BKIII0UaTh B ce0s1 He MeHee 10 MCTOUHHKOB, HCIIOJIb3yEeMbIX IPU HAITMCAHUU
pabotel. JluTeparypHble HMCTOUYHHUKH TPYHIHUPYIOTCS B andaBUTHOM TMOPSAKE WM B THOPSAKE
UCIOJIb30BAaHUs MaTepralia HCTOYHHKA B KypcoBO. Eciu aBTOpbI paboT ABISAIOTCS OJHO(PAMUIIBIAMH,
yuuThiBaeTcsl andaBUT UX HHUIMANOB. Ecnu B cmucke ecTh pabOThl OJHOTO aBTOpa, TO OHU
BBICTpanBaroOTCA Mo andaBUTy Ha3BaHUI KHUT U CTaTeH.

VicToOuyHUKH Ha MHOCTPAHHBIX SI3bIKaX, Kak U VIHTepHeT-calThl yKa3bIBAIOTCS MOCIE MEPEUHS
OCHOBHOI1 TUTEpaTyphl Ha PYCCKOM SI3bIKE B ali(paBUTHOM HOPSIKE.

3.2.7. llpunoxenus

B npuiioxkeHnu ciieyer noMenarh BCIoMoraTelbHbIi MaTeprai, KOTOPhIM TP BKJIIOUEHUHU B
OCHOBHYIO 4acThb 3arpoMoxjaaeT TekcT. K BcromorarenbHOMY Marepuanry OTHOCATCS OoJiblive
TabIUIBl, TPaUKU, CXEMbI, PUCYHKH.

3.3. HayuHblil pyKOBOAUTEIND

Hay4Hblil pyKOBOOMTENb OCYILECTBIIIET PYKOBOJCTBO HA MPOTSXKEHUHM BCETO BPEMEHH
MOJIFOTOBKM M HalKCaHMs KypcOBOM paboThl, a B KOHIIE JJaeT PELEH3UI0 Ha BBINOJIHEHHYIO paboTy U
Ha 3alIUTe ONPE/EIsAeT, OLEHUBAET KaueCTBO U CaMOil paboThl, U HETTOCPEACTBEHHO MPOLIECCa 3aIUTHI
paloThI CTyIEHTOM. B CBSI3U € 3TUM MOKHO 00paIaThCcsi K HAYYHOMY PYKOBOJUTEIIO IO TOBOAY BCEX
HESICHBIX WIN YTOYHSIOIIKX BONpocoB. K HUM oTHOCATCA:

— MOMOIIb HAYYHOT'O PYKOBOJMTEJS TP BEIOOpE TEMAaTHUKU paObOThl M COCTABJICHHUS €€ IJIaHa;

— OKa3aHue MOMOUIH B MOJ00pe y4eOHBIX U HAYYHBIX UCTOYHUKOB,;

— PEeKOMEHJallMU MO HAMMCAHWIO KYpPCOBOM paboOThl, B TOM 4YHCJE pPa3pelieHHe CIIOPHBIX
BOIIPOCOB;

— pa3bsiCHEHHUE NnpaBul 0ohopMIIeHUsT KypCOBOIl paboTHI;

— Mpe/iBapUTeIbHAS IPOBEPKA OTJCNBHBIX IJ1aB WK NaparpagoB paboThl U T. A. U T. II.

3.4. HanGonee yacto BcTpeyaeMble OIIMOKH MPH HATMCAHUU KYPCOBOU PabOThI

— coziepykaHue padOoThI MOJIHOCTBIO WIIM YaCTUYHO HE COOTBETCTBYET 3asBJICHHON TEMaTHKE;

— MepenuCchIBaHNue OHOTO MM HECKOJIBKUX YU€OHUKOB;

—  OTCYTCTBYIOT  DPE30JIIOTUBHBIE  BBIBOJBI, K  KOTOPbIM  IpHUILEN  aBTOp B
pE3yJIbTaTEUCCIIEJOBaHMS;

— HE MoKa3aHa padoTa ¢ MepUOoANYECKUMHU U3IaHUsIMHY;

— OTCYTCTBYET aBTOPCKOE MHEHHE B padoTe.

4 YETBEPTbIN DTAII

4.1. Opopmnenue KypcoBor paboThI

4.1.1. O6mue TpeGoBaHMs

KypcoBasi pabora HaOupaercsi Ha KOMIIbIOTEpE B TeKCTOBOM permaktope MicrosoftWord.
Pexomennyercst cienyronmii BapuaHT (opmarupoBanusi Tekcra: mpudt — Times NewRoman
pazmepoM 14 nt., MeX1yCTPOUYHBII HHTEPBAJ — IIOJYTOPHBIM, BEIPABHUBAHKME TEKCTA HACTPAHULIE — 1O
mupuHe. PaboTa meyaTaeTcs Ha OJTHOM cTOpoHE JncTa 6emoit Oymaru dpopmara A4 co cIeayrOIIMU
MOJIAIMU: JIeBOE — 25 MM, BepxHee — 20 MM, HuxHee — 20 MM, ipaBoe — 15 MM. Pekomennyembliii 00bemM
KypcoBo# paboTsl cocTaBisieT 20-25 cTpaHMIl TEYaTHOTO TEKCTa.

Ha tutynsHOM MCTEe MEXy CBEACHUSAMHU 00 aBTOpe paboThI U ero pamMuinen



CTaBUTCSI MOAMKCH aBTOPA, OATBEPKAAIOIas] TUYHOE HAMCAaHUE KYpPCOBOM pabOTHI.

Kaxgast cTpykTypHas 4acTb KypcoBOil paOoThl (BBeIeHHE, TIJlaBa, 3aKIIOYEHHE, CIIHCOK
MCIOJIb30BAHHBIX UCTOYHUKOB U IUTEPATyphl) HAUMHAETCS C HOBOI CTpaHUIIbL.

CtpaHunipl KypcoBOM pabOThl clieyeT HyMepoBaTh apaOCKuMu Imudpamu, coOmroaas
CKBO3HYI0 HYMEpAlMIO 0 BCEMY TEKCTy paboThl B IEHTpE HIDKHEW 4YacTu JucTa 0e3 TOYKH.
TUTYNbHBIN TUCT BKJIIOYAIOT B OOIIYI0 HYyMEpalUIO0 CTPAHUI], HO HOMEp CTpPaHHIIbl Ha TUTYJIbHOM
JIUCTE HE MPOCTABIISIETCA.

HanMeHOBaHMS  CTPYKTYpHBIX 3JIEMEHTOB KypcoBoil paborel: «COJEPXAHUEDY,
«BBEJAEHUE», <3AKIIFOUEHUE», «CIIMCOK UCIIOJIbB3OBAHHBIX WCTOYHUKOB

WINTEPATYPbI», a Takke  Ha3BaHMs  TJIaB  ClE€AyeT  Me4araTb  IOJYKUPHBIM
upudToM,BRIpaBHUBAHUE 10 HEHTPY 03 a03a1HOro OTCTYIA U TOYKU B KOHIIE TPONUCHBIMHU OYKBaMH,
HEMoYepKHUBasl.

3aros0BKM naparpagosB, IIYHKTOB U MOJAIYHKTOB CJEIyeT IeyaTaTb C IPONUCHOW OYKBbI, HE
noJ4yepkuBas, 0e3 TOukM B KoHIe. Eciu 3arogoBoK BKIIIOYAET HECKOJIbKO NPEIJIOKEHHH, HX
pas3fesnsaoT ToukaMu. [lepeHocs! ClI0B B 3aroj0BKax HE JOIYCKAKOTCS.

PaccrosiHre mMexay 3arojloBKaMH KypcoBOM paboOThl, pa3/iesaMi OCHOBHOM 4acTH U TEKCTOM
TOJDKHO OBITh He MeHee 3 (2 X 1,5 nHTepBaia) HHTEPBAJIOB.

BBenenue u 3akinoueHre He HyMepyrTCs.

['naBbl, nmaparpadpl, MyHKTbl U MOANYHKTHI pabOThl HyMEpyrOTCS apaObCKuMH Ludpamu ¢
TOYKOM.

4.1.2. CchUIKH ¥ CHOCKH

CHockH B KypcoBoOi paboTe NPUMEHSIOTCS TOT1a, KOT/1a aBTOp JKEJaeT JM00 YyTOUHUTh KaKOM-
m60 dakr, 60 pacmuppoBaTh TO WIK HHOE YTBEPXKICHHE, I YTO-THO0 IPOKOMMEHTHPOBATH H T.
1. CHOCKM IPUBOASATCS B KOHIIE CTPAHUIIBI, @ HyMepanus U opopMIIeHHEe OCYIIECTBIISIETCS TAK)KE KaK
U B CJIy4ae UCIOJIb30BaHUs CChIJIOK.

CchUIKH K€ IPUMEHSIOTCS B TOM ClIy4yae, KOT1a UCIOJIb3YIOTCS W HUTHPYIOTCS UCTOUHUKH
WIH JINTEpaTypa, a Takke Apyrue (akThl, B3AThIC M3 WCTOYHHKOB M JHMTEPATyphl. PexoMeHmyeTcs
UCIOJIB30BaTh B KypCOBOI paboTe MOJCTPOYHBIE CCBUIKH C TIOCTPAaHUYHOW Hymepamuend apaOCKuMu
uuppamu.

Jlnis ohopMITEHHST CCBUTOK M CHOCOK CJIeyeT MCIoJb30BaTh (yHkmuto B MicrosoftWord 97-
2003 «BcTaBKa — CChUIKA — BCTaBUTh CHOCKY», B Microsoft Word 2007 «cchUiku —BCTaBUTh CHOCKY».
3HaK CCBUIKHU, €CIIM MPUMEYaHUE OTHOCUTCS K OTJEIbHOMY CIIOBY, IOJIKEH CTOSITh HEMOCPEICTBEHHO
y 3TOro cioBa. Eciy jke OH OTHOCUTCS K MPEAIOKEHUIO WK TPYIIE MPEATI0KEHUH, TO CTABUTCS MOCIIe
3HaKa npenuHaHus B ux KoHue. Iloxctpounsle  apaOckumu 1udpamu 6e3 CKOOKM Ha KaKJIou
cTpaHulle, HaunHas ¢ uugpsl 1. Hakaxaoil cnenyromeil crpaHulle HyMEpalulo CCbUIOK HauYMHAIOT
cHauaJja.

B ccbuike 00s13aTenbHO MPUBOAATCS CIENYIOIIME JaHHbIE: (paMUIUs U UHULMABI aBTOpa(oB),
Ha3zBaHHe pabOThl, MECTO, IOJ M3JaHMUS U CTpaHUIA(bl) OTKYyJAa LUTUPYETCA WIM JIPYrMM 00pazom
HCIOJIb3YETCsl B KypCOBOM paboTe NaHHBIM HCTOYHUK WM JTUTEpaTypa.

Ecnu nutrpoBaHue Npou3BOIUTCS HE MO IEPBOUCTOYHUKY, a IO paboTe Jpyroro aBTopa, 3ToT
(hakT HEOOX0IMMO 0003HAYaTh B CCHUIKE. B Takmx ciaydyasx oHa HauyWHaeTcs co clioB «l{ut. mo:», a
nanee opopmiisercs, Kak ObuIo yka3aHo Bbllle. [{uTupoBaHrne HCTOYHMKA MOKET OBITH JOCIOBHBIM, B
ATOM ClTy4yae Takas [IUTaTa 3aKJIF04aeTCs B KaBbIUKH B TEKCTE KypCOBOM paboThI, a JIto00e UCpaBiIeHHE
B Hell He JomnyckaeTcs. Eciu xe Bbl Bce paBHO c/iesiaii He3HAUUTeIbHbIE H3MEHEHUS, TO HE0OX0IUMO
Cpa3y Mocjie HUX yKa3aThb B KPYIJIBIX CKOOKaxX TO, YTO BBl U3MEHWJIM U MOCTAaBUThH MEPBbIE OYKBBI
Ballero MMeHu U ¢aMuwinu. Eciam e HUTUpOBaHHE OCYIIECTBISETCS HE JIOCIOBHO, HO MPU 3TOM
rJIaBHas MbBICJIb 3aMMCTBOBAaHA M3 MCTOYHMKA, TOT/IAa 3aKJII0YaTh LIUTATy B KaBBIUKU HE TpeOyercs,
OJIHAKO HEOOXOAMMO MOCTAaBUTh CCBLIKY.

4.1.3. OdopmieHus crrcKa UCIOJIb30BAHHBIX HCTOYHUKOB U JINTEPATYPHI

Cnucok UCTI0Nb30BaHHBIX UCTOYHUKOB U JIUTEPATYPHI IOJKEH COCTOATH U3 YEThIPEXPa3/1eI0B:

1. Tlepponnueckre u3aanus.

2.Hayuynas m y4eOHas IuTepaTypa BKJIIOYaeT B ce0sl pa3iuyHble HAaydyHbIE W y4deOHBIC
W3/laHus, MOHOTpaduu, CTaThH, TUCCEPTALIUU, aBTOpeepaThl JUCCepTALUi U T. 1.

3. I3naHus Ha NHOCTPAHHOM $I3BIKE.



4. IuTepHET-peCypCHlI.

4.1.4. NnmocTtpanuu

Nnmroctpamnuu (pororpadun, pucyHKH, CXeMbI, TpapuKH) pacoIararoTcsi B KypcoBoi padbore
HEMOCPEACTBEHHO Ha CTPaHUIIE C TEKCTOM Mocje ab3ala, B KOTOPOM OHH YIIOMUHAIOTCS BIIEPBBIE, UITU
OTJIENIbHO Ha clenyolel crpanule. Mmoctpaiyu, KOTOpble pacioioKeHbl Ha OTJENbHbIX JIUCTaX,
JOJKHBI BKITIOYATHCS B OOIIYI0 HyMEepaIiio CTPaHUII.

Wnmoctpanuu 0603HavaroT clioBoM «PUCYHOK» M HYMEPYIOT IOCIIEI0BaTEIbHO B Mpeaenax
naparpada. Homep miuiroctpaniui 10JKEeH COCTOSITh U3 HOMepa naparpada ¥ MopsIKoBOr0 HOMepa
WUTFOCTpAIMK, pasleileHHbIX Toukou. Hampumep, Puc.1.2 (Bropoi pucyHokmepBoro maparpada).
Homep wimtocTpanuu, ee Ha3BaHHWE M TMOSCHSIOLIME IMOANKMCH MOMEUIAIOT MOCIEA0BAaTENIbHO MO
wuoctpanueit. Eciu B KypcoBoii paboTte npuBeieHa 0/iIHa UIUTFOCTPAIs, TO €€ He HyMEPYIOT U CIIOBO
«PucyHox» He mUIIyT.

Wnmroctpanuu J0KHBI IMETh HAMMEHOBAHUE, KOTOPOE JaeTcs 1mocie HoMmepa pucyHka. [Ipu
HEO0OXOIMMOCTH WILTIOCTPALUK CHA0XAlOT MOSCHSIIOMIMMH TOIMUCAMU (IIOAPUCYHOUHBINH TEKCT).
Howmep mmmtoctpanyu, ee Ha3BaHUE U MOSCHSIONIUE MOMICH TOMEIIAI0TIION WILTIOCTPAIUEH.

Wnmroctpanuil JOJMKHBI OBITH PACIIOIOKEHBI TaK, YTOOBI UX OBLIO YA0OHO paccMaTpuBaTh 03
MOBOpOTa paboThl WJIM C IMOBOPOTOM IO 4YacoBOW crpenke. KauecTBo wWiumOCTpanuii AOIKHO
o0ecrneunBaTh UX YE€TKOE BOCIIPOU3BEICHHUE.

4.1.5. Tabauust

[{udpoBoii MaTepual, Kak MpaBHIIo, JOJKEH 0hopMIIATHCS B BuAe Tabnui. Kaxnas tadnuia
JOJKHA MMETh 3arojOBOK, KOTOPBIN pacroiaraloT Haj TabmuIedl U medararoT B Hadajie CTPOKH.
Hannucs «Tabmuna» ¢ ykazaHueMm e€ HoMepa IOMELIaeTcsl B IPAaBOM BEPXHEM YIUIy HaJl 3aroJI0OBKOM
TaOIUIIBL. 3aTOJIOBOK | cJI0BO «Tabiuia» HaYMHAIOT ¢ IPONUCHOM OykBBI. [To14epKuBaTh 3aroI0BOK
He cienyeT. Touka B KOHIIE 3ar0JIOBKAa HE CTABUTCSL.

3aroyioBKU rpad JOIKHBI HAUMHATHCS C IPONUCHBIX OYKB, 10A3ar0JI0BKU — CO CTPOUYHBIX, €CIIH
OHU COCTABJISIIOT OJIHO MPEIJIOKEHUE C 3aroJIOBKOM, U C IPOIMUCHBIX, €CJIM OHU CaMOCTOSITENIbHBIE.
Jlenenue 3arojoBka TaOJIUIBl 110 AMAroHalW HE JAomyckaercs. BwicoTa cTpok B Tabnuie JOJKHA
o0ecrieunBaTh YeTKOE BOCIIPOM3BEACHNE BKIIIOUEHHOH B Hee nHpopmanuu. ['pad «Ne ii/m» B Tabmuiry
HE BKJIIOYAETCS.

Tabmuipl HyMEpYIOTCSl TOCJIEIOBATENbHO (32 MCKIIOUYEHHEM TaOJNuIl, TMPUBEICHHBIX B
MIPUJIOXKEHNH) B Mpezenax naparpada. B mpaBoM BepxHeEM yrily HaJl COOTBETCTBYIOIIUM 3ar0JIOBKOM
TaOIUIBl TOMeIaeTcss Haanuch «Tabmuma» ¢ ykazanuem e€ Homepa. Homep Tabmuibl NOKEH
COCTOSITh U3 HOMepa naparpada 1 MopsiAIKOBOIo HoMepa TabJIULIbI, pa3/ieJIeHHbIX TOUKOM, HanpuMep,
«Tabmuma 1.2» (BTopas Tabnuiia nepsoro maparpada). Ecau B kypcoBoit pabote ogHa Tabnuia, eé He
HYMEpYIOT U clI0BO «Tabnuiia» He MUIIyT.

Tabnuira pa3zMeniaercs mociie IePBOro YIIOMUHAHUS O HEH B TEKCTE TAKUM 00pa3oM, 4TOOKI €€
MO>KHO ObUIO UHUTaTh 06€3 MOBOPOTa pabOTHI UJIH C TIOBOPOTOM IO YaCOBOI CTpEIIKE.

Tabnuiy ¢ 60JBIIMM KOJIWYECTBOM CTPOK JIOMYCKAETCs MEPEeHOCUTh Ha Apyroil juct. [lpu
TePEeHOCe YacTH TaOJUIIBI HA IPYrou JMCT (CTpaHuIly) cioBo «Tabmuia» u HoMep €€ yKa3bIBarOTCS
OJIMH pa3 CIpaBa HaJ MEepBOH YacThIO TaOIUIIbI, HA/L APYTUMHU YaCTAMHU IMUIIYT c10BO [Iponomkenue.
Ecnu B pabore Heckonbko Tabnuil, To nocie cioBa «lIpomomkeHue» yka3bplBaeTcsi HOMEp TaOJIULIbI,
Hanpumep, «IIpogomkenue Tadmn. 1.2y». [Ipu nepeHoce TabiuIIbpl HAIPYTOH JUCT (CTPAHUILY) 3aTOJTOBOK
MTOMEIAeTCs TOIBKO HAJl IEPBOM €€ YacThIO.

Tabmuiy ¢ 601bIINM KOJIMYECTBOM Ipad AOMYCKAETCs JeIUTh HA YaCTU U YacTh MO APYrou
B IIpeesiax OJHON CTpaHHIBI. Eciam cTpoku rpadbl TaOIUIBI BEIXOAAT 32 OpPMAT CTPaHUIIBI, TO B
MIEPBOM CiTydae B Ka)KJ0M 4yacTH TaOJIUIIbI IOBTOPSETCS €€ roJI0OBKa, BO BTOPOM Cilydyae — OOKOBHK.

Ecnu nosTopsitouiics B pa3HbIX CTPOKax rpadbl TaOIUIBI TEKCT COCTOUT U3 OJHOTO CIIOBA,
€ro 1ocJje MepBoro HalucaHUs JOMYyCKAaeTCs 3aMEHSTh KaBbIYKaMU; €CIIM U3 JABYX M OoJiee CJIOB, TO
IIpY IEPBOM MOBTOPEHUH €To 3aMeHseTcs ciioBamMu «To xey, a nanee — kaBblukamMu. CTaBUTh KaBBIYKH
BMECTO TIOBTOPSIFOIIIMXCS TU(P U MHBIX CHMBOJIOB He J0ITyckaeTcs. Eciu 1ud)poBbIe WM HHBIC TAHHBIC
B KaKoM-1100 CTpoKe TaOIHIIbl He MPUBOJAATCSA, TO B HEMl CTaBUTCA MPOUYEPK.

4.2. IlpaBuna ckpernjaeHus: KypcoBoi paboThl

KypcoBas pabota nomxHa ObITh aKKypaTHO CKpEIJIEHA MTyTEM HCIOJIb30BAHUS



neperyieTa MWIK € TOMOIIBI0  HCIOJNb30BaHMs —MamnKu-cKkopocimuBarenas. He momyckaercs
MPUCKPETIIEHUH KypCcOBOIl pabOThl HCIOIb30BaTh MANKy ¢ UHAUBUAYAIbHBIMU (ailiaMu, B KOTOpbIE
[0 OTAENBHOCTH BKJIAJBIBAETCS Ka)bIH JIMCT, TaK KaK 3TO 3aTPyIHSET JejaTh HCIPABICHUS B
MIPOLIECCE €€ MTPOBEPKHU.

Haubonee yacto BcTpeuaemble omMOKY pu 0(OpMIICHUH KYPCOBOI paOOThI:

— HenpaBuiIbHOE 0(hopmiieHHE (OTCYTCTBYIOT HOMEpa CTPaHHULl, CHOCKHU, CIIUCOK UICTOYHUKOB U
nuTepaTypsl 0hOpMIIEH HE B COOTBETCTBUU C BBILICYKa3aHHBIMU IIPABUJIAMU U T. 11.);

— HeOOJIbIIOE KOJMYECTBO HMCTOYHHKOB B CIUCKE HCIOIb30BAHHBIX HCTOYHUKOB H
JTUTEPaTypHI;

— UCTOJIb30BaHUE B pabOTe pa3InYHBIX MIPUQPTOB;

— TEKCT WX TOJHOCTHIO, WJIM YACTUYHO HE BHIPOBHEH 10 HIMPUHE;

— TOYKHU B KOHIIE 3ar0JIOBKA;

— HeMpPaBUILHO 0OPMIICHBI PUCYHKHU;

— HeMpaBUIHLHO 0OPMIICHBI TAOIHUIIBI.

5. IIATBIN DTAI

5.1. IlpoBepka u 3ammTa KypcoBOi pabOThI

5.1.1. IlpoBepka KypcoBoii pabOThl HAYYHBIM PYKOBOAHUTEIEM

[Tocne Toro kak KypcoBas paboTa BBIIOJHEHAa W HaJUIeKalmMM o0pa3oM odopMIeHa,
PEKOMEHIyeTCsI ellle pa3 €€ BHUMATENbHO MPOYUTATh U IPOBEPUTH HA HATMUKE PA3IUYHBIX OLINOOK, B
TOM YHCIIE U TpaMMaTH4eCcKuX, 1 HeTouHocTeil. [locie atoro pabota cimBaercs u caaercs Ha Kadeapy
HEOPraHMYECKOHN M aHAJTUTHYECKON XUMUH, TJ€ PErUCTPUpPYETCs TaOOpaHTOM Kadeapsl U nepegaeTcs
Ha [IPOBEPKY HAy4yHOMY pykoBoauTento. Eciu paboTa COOTBETCTBYET BCEM IPEIbSABISEMBIM U BbIIIE
IIEPEYUCIIEHHBIM TpeOOBaHMSIM, TO OHA JIOMycKaeTcs K 3amure. [Ipu 3TOM HayudHBIM pyKOBOJIUTEND
[IO/IFOTABJIMBAET PELICH3UI0 HA KYPCOBYIO paboTy, B KOTOPOW MOT'YT OBITh yKa3aHbl OIpPEIEICHHBIE
HE3HAYUTEIIbHBIC 3aMEYaHus MJIM OCHOBHBIE BOIIPOCHI, HA KOTOPBIE CIIEAYET OOpAaTHUTh BHUMAHHE MIPU
3amuTe KypcoBoil pabotsl. KypcoBas pabora Bo3BpamaeTcsi 00paTHO CTYACHTY IS TIOJTOTOBKH K
3aluTe.

Ecnu paboTta HE COOTBETCTBYET MPEIbSIBIIEMbIM TPEOOBAHUSAM, TO OHA HE JIOIYCKAETCS JI0
3alUTHI U IEPEeIAETCs CTYAEHTY Ha 1opaboTKy. [Ipu 3TOoM Ha He HONyIIEHHYI0 padOTy TaKKe HayYHbIM
PYKOBOJUTENIEM COCTABJISETCSl pELEeH3Us, B KOTOPOW OTpakaloTCsl T€ HENOCTaTKH, KOTOpbIe
HEOOXOMMO YCTPAHUTh.

5.1.2. IlpumMepHbIe KPUTEPUU OLIEHKU KYpPCOBOIl pabOThI

B kypcoBoii paboTe CTyIEeHT A0KEH OKa3aTh:

— PO ECCHOHATIBHYIO 3PYIMPOBAHHOCTH, 3HAHKE OOIIEH U CIIeUATIbHON JIUTEPATyPHI;

— YMEHUE IUIaHUPOBAaTh U POBOIUTH UCCIIEJOBAHMUE;

— CIIOCOOHOCTH BU/IETh B3aMMOCBSA3b MPOOJIEM U BOIIPOCOB TEOPUH U IPAKTHUKHU;

— YMEHUE COIOCTABJIATh U aHAIU3UPOBATh HAYUHbIE MTOJXObI U UJIEH;

— YMEHUE JIOTUYHO U CTPOMHO M3JIaraTh MaTe€pHuall B COOTBETCTBHUHU C IIJIAHOM;

— YMEHHUE JIeNIaTh BBIBOJBI U 0000IICHUS;

— yMeHUe OOBSICHUTD U 3aLUTUTH MOJI0KEHUS pabOTHI.

O6muMu TpeOOBaHUAMU K KypcOBOM paboTe M TNEepBUYHBIMU KPHUTEPHUSIMH KauecTBa
eEBBINOIIHEHUS ABIISIOTCS:

— JIOTUYHOCTb B U3JI0’KEHUU MaTepuaa Mpu pacKpbITUU TEMBIL;

— 00OCHOBaHHOCTD (COIMANIbHAS U HAay4Has) aKTyaJbHOCTH TEMbl M TOYHOCTH IMOCTAHOBKH
poOJIEMBI HCCIIETOBAHUS,

— KOHKPETHOCTh 1IleJied MW 3a7ad UCCIIEOBaHMsS, MNPHUHIMINAAIbHAS BO3MOXXHOCTh MX
JIOCTUKEHUS U PEIICHUs B X0JI€ paOOThI;

— TIOJTHOTA U3JI0’KEHUS BOIIPOCOB IUIAHA;

— MPUBJIEUEHUE JOCTATOUYHO HMIMPOKOT0 Kpyra yueOHOM M HaydyHOU JIUTepaTypsl U, B IEPBYIO
ouepe]b, HIePBOMCTOYHUKOB;

— CaMOCTOSITEJIBHOCTh U JJOKa3aTEIbHOCTh BBIBOJIOB U MPEANIOKEHUHN, KOTOPBIE COJepkKaTCs B
COOTBETCTBYIOIIUX pa3jienax paboThl U 3aKII0UEHUN;

— I'PaMOTHOCTb HAIlMCaHUs, MPABUIBHOCTh U aKKYpaTHOCTb O(OPMIICHHUS.

«OTIMYHO» BBICTABISIETCA B TOM CiIydae, €ciii paboTa BHINOJIHEHA 0e3 3aMeyaHHii U B HEH
MIPUCYTCTBYET OO0JIbIIAS OS] CAMOCTOATENBHBIX aBTOPCKUX BBIBOJIOB M IpeuioskeHUi. CTy/IeHT B



MIPOLIECCE 3aIUThHI XOPOLIO BIa/eeT COAepKaHUEM MPOBEAECHHOTO UCCIIEJOBaHMSI, CMOT OTBETUTh Ha
BCE TOCTaBJICHHBIE BOIPOCHI, BXOIALINE B MpPEIMET MCCIEAOBaHUS KypcoBOil paboOThl, CMOT B
JOJKHOM 00pase apryMeHTHPOBAaTh CBOM BBIBOJIbI, ONUPASICh HA MPOAHATU3UPOBAHHBIE HCTOUHUKUN
JTUTEpPaTypy.

«XOopouIo» BBICTABIISIETCS B TOM cllydae, €ciid TeMa KypCOBOMl pacKphiTa MOJIHOCTHIO, HO
UMEIOTCS 3amMeuaHus 1Mo OGOPMIICHHIO KypCOBOM WJIM CTYIEHT B MPOLIECCE 3alUThl HE CMOT
OTBETUTH Ha BCE IOCTABJICHHBIE BOIIPOCHI, BXOAIIUE B MPEAMET UCCIIETOBAHUS KypCOBOM PabOTHI.

«Y IOBJIETBOPUTEIILHOY» BBICTABIIACTCS B TOM Ciy4ae, €clid TéMa KypCOBOH pacKpbiTa He
MOJIHOCTBIO, UMEIOTCSI 3aMeuaHusi Mo O(QOpMIICHUIO, CTYIEHT B MpOIECCE 3allUThl HE Ha BCe
[OCTABJICHHBIE BOIPOCHI, BXOASIIME B IMPEIMET HCCIEIOBaHUs KypCOBOM pabOThl, ILIOXO
OpPUEHTHPOBAJICS B TEME.

«HeynoBneTBOpUTENbHO» BBICTABISIETCSI B TOM cllydae, €clii paboTa HE COOTBETCTBYET
MIpeIbSABISIEMBbIM TPEOOBAHUSIM.

[TpumepHBIii TepeueHb TeM ISl KypCOBBIX padoT no aucuuruinie «Heopranudeckas XuMus»

1.JIutwmii.

2.MloHHBIE COJIM JIUTHSL.

3.bepuuii.

4.CoequHeHUs1 OCPHUILTHSL.

5. Xumust BoAHbIX pacTBopoB Oeprmiust (11).

6. Kommiekcusie coenunenns oepumnus (11).

"7.loHHBIE COEIMHEHUS HATPHSI.

8.MlonHbIe coeTuHEHUs KaJusl.

9.I'mapuipl METOYHBIX U IIEJTOUYHO3EMENIbHBIX METAIIOB.

10. AmroMuHUIA.

11.CBoiicTBa COEIMHEHHM TauIHsL.

12.CoenuHenne UHIUA.

13.Coenunenus taiuus (1) u tammust (11).

14.Maruwuii.

15.Kanbiui.

16.CtpoHuuii.

17.bapuii.

18.Mapranei.

19.MexMoeKyIIpHbIE B3aUMOICHCTBHS.

20.ITpupona cBs3M B COEAMHEHUAX BOJIOPO/A.

21.PannoakTUBHBIE U CUHTE3UPOBAHHBIC DIIEMEHTHI.

22.3omo0t0. Coenunenus. [Ipumenenue.

23.buosiornyeckas pojib HEOPraHUYECKUX COCTUHEHUI.

24 Ptytb. Coenunenus. llpumenenue.

25.Kenezo. Coequnenus. [Ipumenenue.

26.I1naTuHOBBIC METAJLIIBI.

27.Hukens. Coenunenus. [Ipumenenue.

28.Koppo3ust MeTamios.

29.Ko0OansT. CoeguHeHnst KOOAIbLTA.

30.Peako3emMenbHbIE 3JIEMEHTBHI.

31.KomriekcHbIe COeTMHEHUS cepedpa.

32.Mens. Coennuenus. CiuiaBsl.

33.KuakocTHast SKCTPAKIMS HEOPraHUYECKUX BELIECTB.

34.001m11e cBOMCTBA METAJUIOB.

35.Heoprannueckue npouecchl B XyA0KECTBEHHOM JINTEPATYPE.

36.Heoprannueckas XMMHUHU U OKpPY>Karolas cpea.

37.X“MHAYECKHE DJIEMEHTHI B OpraHU3ME YEIOBEKA.

38.Bucmyr. Coenunenns. Cpoiicta. [Ipumenenue.

39.Cepebpo. Coenunenus cepedpa. [Ipumenenue.

40. XuMu4uecKkue siabl U IPOTUBOSIAMSL.

41. Meroabl OUMCTKH HEOPTraHUYECKUX BELIECTB.



42. Metaibl, KOTOpPHIE BCEra ¢ TOOOH.

43.CBoiICTBA MEPEXOTHBIX JIEMEHTOB.

44 Uctopusi  otkpeiTust  [lepmoamdeckoro 3akoHa u  llepwoguyeckodt  cHCTEMBI
XUMHUYECKUXAIIEMEHTOB.

45.Pycckue y4eHble U XUMUS: BKJIJl B pa3BUTHE HAYKU.

46. MeupgeneBui.

47. nepTHBIE Ta3bl.

48. VcTopus pa3BUTHSI XUMUU. ATTXUMHUSL.

49. Heoprannyeckasi XMMHUs U UCKYCCTBO.

50. Heoprannyeckast XuMus B OBITY.

51. I'paden — camast TOHKast MaTepus.

52.9Ta ynuBUTEIbHAS BOJA.

53. KoMIuiekcHBIE cOeqUHEHU KOOAJIbTA.

54. Muxaun BacunbeBud JIOMOHOCOB.

55. Amutpuii iBanoBuy Menenees.

56.AmnoTporHbie MOAU(PUKAIINK YTIIEpOa.

57. JIparolieHHbIE KAMHHU: COCTaB, CTPOEHUE U CBOMCTRA.

58. PagnoakTuBHEIE METAJUIBL. Paql0aKTUBHOCTD.

59. Xumuyeckas CBSI3b.

60.Teopuu cTpoeHus aToma.

61. OKUCIUTENHHO-BOCCTAHOBUTENIBHBIE POLIECCHI.

62. I'enuid.

63. A30T U €ro COeIMHECHHUS.

64. MBILIBSIK U €r0 COCTUHCHHUS.

65. llunk.

66. Teopus KOMIUIEKCHBIX coeuHeHU A. BepHepa.

67. UcTtopun OTKPHITHS XUMHYECKUX SJIEMEHTOB U UX Ha3BaHUM.

68. 3aHuMaTeNbHbIE ONBITHI B HEOPraHUYECKOW XUMMH.

69. CrunaBbl MetaiuioB. [lomyuenue. [Ipumenenue. CBoiicTaa.

70. Teopuu KUCIOT ¥ OCHOBAHHIA.

71. I'mpponus coneil.

72.0OCHOBHBIE 3aKOHBI XUMHH.

73. Cepa. CpoiictBa. CoeTMHEHUS CEpHI.

74. lllenoyHbple METAILITBI.

75. I'anoreHsl.

76. Xpom. Coeaunenusi. CoiictBa. [Ipumenenue.

77. Kucnopon. CoeqHEHUST KUCTOPO/Ia.

78. Bonbdpam.

79.Crioco0sI mosTydeHus1, coopa 1 OrnpeiesIeHHs Ta3000pa3HbIX BEIIECTB.

80. AmtoTponHble MOIU(UKAIIMY HEMETAIITIOB



IIpunosxenne 1

METOJUYECKHUE MATEPHUAJIBI JIJIS1 OBYUAIOIUXCS IO OCBOEHUIO
JUCHUIINHBI

Oo0pa3oBaTte/ibHbIE TEXHOJIOTHH

VYdeOHas mporpamma —
HaMMEHOBAHUE PA3JICIIOB U TEM
(6 cmpoeom coomseemcmeuu ¢
paszoenom || PIIJ])

Bun 3anarusa

O6paBOBaTeHBHBIe TEXHOJIOTHH

1. Beenenune. OCHOBHEBIE
MOHSITUSA U 3aKOHBI XUMUH

TICKITUS
nabopaTopHas pabota
B XUMHUYECKOU
JabopaTopun
pelieHue 3a1a4d u
YOpaKHEHU I
MPOBEpKa JOMAIIHUX
3a1aHUI

®  TpPaJUIMOHHBIC
(bpoHTaNBHAS JEKIIHS,
pelleHre yrpaxHEeHU),

e uHpOpPMaLUOHHbIE
(TIoka3 mpe3eHTaIuii)

®  TEXHOJIOTHS
UCCIIe1I0BaTEIbCKON
NeSITeIbHOCTH (XUMUUECKUI
9KCIIEPUMEHT)

® TEXHOJIOTHS MOAYJIBHOTO U
0JI0YHO-MO/YJIbHOTO
oOyueHus

e 370pOBbecOeperaromme
TEXHOJIOTHH

2. OCHOBHBIE 3aKOHBI
TepMoauHaMuKu. OOpaTUMOCTh
XUMHYECKUX PEAKIUN

JEKIUS
nabopaTopHas pabora
B XUMHUYECKOU
naboparopuu
peleHne 3aaad u
YIPa)KHEHUN
MPOBEpPKa JOMAITHUX
3alaHuI

® TpaJUIIMOHHBIC
(bpoHTanbHas TEKIHS,
pelleHue yrnpaxxHeHul),

e UH(OpPMAaIOHHBIE
(moka3 mpe3eHTaruii)

®  TEXHOJIOTHS
HCCIIEA0BATENbCKON
JeSITeTbHOCTH (XUMUYECKUH
9KCIIEPUMEHT)

® TEXHOJIOTHS MOAYJIBHOTO U
0JIOYHO-MOYJTEHOTO
oOydeHus

e 370poBbecOeperaronye
TEXHOJIOTHH




3. PactBOpsI. KucnotHo-
OCHOBHO€E PaBHOBECHE.
DNEeKTPOXUMHUYECKUE CBONCTBA
PacTBOPOB. DIEKTPOIIU3.
Koppo3usi.

TCKITUS
nabopaTopHas pabota
B XUMHUYECKOU
nabopaTopuu
peleHue 3a1a4d u
YIpaXXHECHUI
MIPOBEPKa JOMAIIHUX
3a1aHuI

TpaIUIMOHHBIE
(bpoHTaNBHAS JTEKIIHS,
pelieHue ynpaxHeHUu ),
uH(GOpPMaIMOHHbBIE

(Toka3 npe3eHTaruii)
TEXHOJIOTHSI
HCCIIEA0BATEIBCKOU
JEeSTeNIbHOCTH (XUMHYECKUN
9KCIIEPUMEHT)

TEXHOJIOTHSI MOAYIbHOTO U
0JI0YHO-MOJYJTBHOTO
o0y4eHus
3/10poBbecOeperaoime
TE€XHOJIOTHH

4. Knuuetuka 1 MEXaHN3M
XUMUYECKUX PEaKITUH.

JeKIUs
nabopaTopHas pabota
B XUMHUYECKOU
naboparopuu
penieHue 3aaa4 u
YOpaKHEHU I
MIPOBEPKA JOMAIITHUX
3aJlaHuN

TPaaUIIMOHHBIC
(ppoHTANIEHAS JTEKITHS,
peIICHHE YITPAKHEHHIA),
UH(POPMALIMOHHBIE

(TIOKa3 Mpe3eHTAaIIH )
TEXHOJIOTHUS
HICCIIEI0BATENIbCKOU
NEeSATSILHOCTH (XUMHYECKUN
IKCIICPUMEHT)

TEXHOJIOTUS] MOAYJIEHOTO U
0JIOYHO-MOYJTEHOTO
oOyueHus
3/10pOBBhecOeperaronme
TEXHOJIOTHH

5. Ctpoenue aToma.

JEKLNS
pelieHue 3a1a4 u
YIPa)KHEHUN
IIPOBEPKA JOMALIHUX
3aJaHui

TpaJUIIMOHHEIE
(pponTanbHas neKuus,
pelieHre yrpaxHeHui),
WH(POpPMaITMOHHEIE

(TIoka3 mpe3eHTaIuin)
TEXHOJIOTUSI MOAYJIEHOTO U
0JI0YHO-MOJYJIbHOTO
oOyueHus
3/10poBbecOeperaronye
TEXHOJIOTHH

6. XuMH4YecKas CBI3b.

JEKIHS
pelieHue 3a1a4 u
YIIPa)KHEHU N
MIPOBEPKA JOMAIITHUAX
3alaHU I

TpaIUIIHOHHBIE
(pponTanbHas neKuM,
peleHne yrpaKkHeHHH),
UH(pOpPMaIOHHbIE

(TIoKa3 mpe3eHTaIHi)
TEXHOJIOTUSI MOAYJIEHOTO U
0JI0YHO-MOYJIBHOTO
o0yueHHs
310pOoBbecOeperaroue
TEXHOJIOTHH




7. KoMIUIEKCHEIE COETUHEHUA

TCKITUS
nabopaTopHas pabota
B XUMHUYECKOU
nabopaTopuu
peleHue 3a1a4d u
YIpaXXHECHUI
MIPOBEPKa JOMAIIHUX
3a1aHuI

TpaIUIMOHHBIE
(bpoHTaNBHAS JTEKIIHS,
pelieHue ynpaxHeHUu ),
uH(GOpPMaIMOHHbBIE

(Toka3 npe3eHTaruii)
TEXHOJIOTHSI
HCCIIEA0BATEIBCKOU
JEeSTeNIbHOCTH (XUMHYECKUN
9KCIIEPUMEHT)

TEXHOJIOTHSI MOAYIbHOTO U
0JI0YHO-MOJYJTBHOTO
o0y4eHus
3/10poBbecOeperaoime
TE€XHOJIOTHH

8. [lepuonnueckwuii 3akon [1.1.

Menpneneena. [lepuoauueckas
cHCTEMA.

JeKIUs
nabopaTopHas pabota
B XUMHUYECKOU
naboparopuu
penieHue 3aaa4 u
YOpaKHEHU I
MIPOBEPKA JOMAIITHUX
3aJlaHuN

TPaaUIIMOHHBIC
(ppoHTANIEHAS JTEKITHS,
peIICHHE YITPAKHEHHIA),
UH(POPMALIMOHHBIE

(TIOKa3 Mpe3eHTAaIIH )
TEXHOJIOTHUS
HICCIIEI0BATENIbCKOU
NEeSATSIILHOCTH (XUMHYSCKUAN
IKCIICPUMEHT)

TEXHOJIOTUS] MOAYJIEHOTO U
0JIOYHO-MOYJTEHOTO
oOyueHus
3/10pOBBhecOeperaronme
TEXHOJIOTHH

9. OCHOBBI XMMUU TBEPAOTO
Tena.

JEKLNS
pelieHue 3a1a4 u
YIPa)KHEHUN
IIPOBEPKA JOMALIHUX
3aJaHui

TpaJUIIMOHHEIE
(pponTanbHas neKuus,
pelieHre yrpaxHeHui),
WH(POpPMaITMOHHEIE

(TIoka3 mpe3eHTaIuin)
TEXHOJIOTUSI MOAYJIEHOTO U
0JI0YHO-MOJYJIbHOTO
oOyueHus
3/10poBbecOeperaronye
TEXHOJIOTHH

10. Bogopoa.

JEKIUS
nabopaTopHas padora
B XUMHUYECKOU
nabopaTtopuun
peleHne 3aaad u
YIIPa)KHEHU N
IPOBEPKa JOMAIIHUX
3aJaHui

TPaIUIINOHHBIE
(pponTanbHas neKuM,
pelieHre yrnpaxxHeHul),
UH(POPMAIIMOHHBIC

(TIoKa3 mpe3eHTaIHi)
TEXHOJIOTHS
HCCIIEI0BATEILCKON
JEeSATeNbHOCTH (XUMHYECKUN
9KCIIEPUMEHT)

TEXHOJIOTHS MOIAYIHHOTO U
0JIOYHO-MOYJTLHOTO
o0yuyeHHs
3I0pOBbecOeperamIme
TEXHOJIOTHH




11. Dnements! | A rpymimbl
(1IeTT0YHbIE METAIIbI).

TCKITUS
nabopaTopHas pabota
B XUMHUYECKOU
nabopaTopuu
peleHue 3a1a4d u
YIpaXXHECHUI
MIPOBEPKa JOMAIIHUX
3a1aHuI

TpaIUIMOHHBIE
(bpoHTaNBHAS JTEKIIHS,
pelieHue yrnpaxHeHu),
uH(GOpPMaIMOHHbBIE

(Toka3 npe3eHTaruii)
TEXHOJIOTHSI
HCCIIEA0BATEIBCKOU
JEeSTeNIbHOCTH (XUMHYECKUN
9KCIIEPUMEHT)

TEXHOJIOTHSI MOAYIbHOTO U
0JI0YHO-MOJYJTBHOTO

o0y4eHus
30pOBbECOEpETAIOIIUE
TEXHOJIOTUHU

12. Onementsl |l A rpynmsl JeKIus

(66pPIJ'IJ'IPII>i, MarHui, KaJbIH, Ha6opaTopHag pa60Ta
TpaaAuLIMOHHBIC

CTPOHLIMM, Oapwii).

B XUMHUYECKOU
nJabopaTopuu
penieHue 3aaad u
YOpaKHEHU I
MpOBEpKa JOMAIIHUX
3a1aHUI

(bpoHTaNBHAS JIEKIIHS,
pelIeHre yrpaXKHEHU),

1 poBbIe (ITOKa3 Mpe3eHTa-
T

13. Onemenrsl |1 A rpynmsl
(60p, amOMUHUH, TAJUIHH,
TaJUTU).

JEeKIUS
nabopaTopHas padora
B XUMHUYECKOU
naboparopuu
peleHne 3aaad u
YIPa)KHEHUN
NPOBEpPKA JOMAITHUX
3alaHuI

TpaIULMOHHbBIE
(ppoHTANIEHAS JTEKITHS,
pelleHue yrnpaxxHeHuk),
uH(GOpPMaIMOHHBIE

(moka3 mpe3eHTanuil)
TEXHOJIOTHUS
HCCIIEA0BATENbCKON
JEeSATSIIEHOCTH (XUMHYECKUN
9KCIIEPUMEHT)

TEXHOJIOTHS MOAYIHHOTO U
0JIOYHO-MOYJTEHOTO
oOyueHus
310pOBBheEcOeperaronme
TEXHOJIOTHH

14. Onements! IV A rpynmnbl

(yrimepon, KpeMHUMN, TepMaHuii,

OJIOBO, CBUHEIT).

TICKITUS
nabopaTopHas pabota
B XUMHUYECKOU
nabopaTtopuun
pelieHue 3a1a4d u
YIpa)KHEHUN
MIPOBEpKa JJOMAITHHX
3aJaHui

TpaJULIMOHHbIE
(pponTanbHas neKuMs,
pelieHre yrnpaxHeHul),
nH(pOpMaLMOHHbIE

(Toka3 mpe3eHTaruii)
TEXHOJIOTHS
HCCIIEN0BATEIbCKOU
JeSITeTbHOCTH (XUMUYECKUH
9KCIIEPUMEHT)

TEXHOJIOTUSI MOAYJIEHOTO U
0JI0YHO-MOJYJIBHOTO
oOydeHus
3I0pOBbecOeperamIme
TEXHOJIOTUH




15. Dnementsl V A Tpynimsl
(a3ot, pocdop, MBIIIBIK,
CypbMa, BUCMYT).

TCKITUS
nabopaTopHas pabota
B XUMHUYECKOU
nabopaTopuu
peleHue 3a1a4d u
YIpaXXHECHUI
MIPOBEPKa JOMAIIHUX
3a1aHuI

TpaIUIMOHHBIE
(bpoHTaNBHAS JTEKIIHS,
pelieHue yrnpaxHeHu),
uH(GOpPMaIMOHHbBIE

(Toka3 npe3eHTaruii)
TEXHOJIOTHSI
HCCIIEA0BATEIBCKOU
JEeSTeNIbHOCTH (XUMHYECKUN
9KCIIEPUMEHT)

TEXHOJIOTHSI MOAYIbHOTO U
0JI0YHO-MOJYJTBHOTO
o0y4eHus
3/10poBbecOeperaoime
TE€XHOJIOTHH

16. Onementsl VI A rpynmnbl
(xkuciopon, cepa, ceneH,

TEJUTYD).

JeKIUs
nabopaTopHas pabota
B XUMHUYECKOU
naboparopuu
penieHue 3a1ad u
YOpaKHEHU I
MIPOBEPKA JOMAIITHUX
3aJlaHuN

TPaaUIIMOHHBIC
(ppoHTANIEHAS JTEKITHS,
peIICHHE YITPAKHEHHIA),
UH(POPMALIMOHHBIE

(TIOKa3 Mpe3eHTAaIIH )
TEXHOJIOTHUS
HICCIIEI0BATENIbCKOU
NEeSATSILHOCTH (XUMHYECKUN
IKCIICPUMEHT)

TEXHOJIOTUS] MOAYJIEHOTO U
0JIOYHO-MOYJTEHOTO
oOyueHus
3/10pOBBhecOeperaronme
TEXHOJIOTHH

17. Dnementsl VII A rpynmnsl
(ranoreHst).

TICKITUS
nabopaTopHas pabota
B XUMHUYECKOU
nabopaTtopuun
pelieHue 3a1a4d u
YIPa)KHEHUN
MIPOBEpKa JJOMAITHHX
3aJaHui

TpaJUIIMOHHEIE
(pponTanbHas neKuus,
pelieHre yrpaxHeHui),
nH(pOpMalMOHHbIE

(TIoka3 mpe3eHTaImii)
TEXHOJIOTHS
UCCIIEI0BATEIIbCKOU
JeSITeTBbHOCTH (XUMUYECKUH
9KCIIEPUMEHT)

TEXHOJIOTUSI MOAYJIEHOTO U
0JI0YHO-MOJYJIBHOTO
o0yueHHs
310pOBbecOeperaronye
TEXHOJIOTHH




18. Dnementsl VI A rpynmb
(VHEpTHBIE Ta3bl).

® JICKIUS
e jabopaTopHas pabota
B XUMHUYECKOU

¢ TpaadUuIIMOHHBLIC
(bpoHTaNBHAS JTEKIIHS,
pelieHue yrnpaxHeHu),

e UHPOPMAIMOHHEIC
(Toka3 npe3eHTaruii)

® TCXHOJIOTHUS

nabopaTopuu HCCIIeI0BaTEIbCKOM
® pEuICHME 3a7a4 U NEATETbHOCTH (XUMHUYCCKHUI
YIpaXXHECHUI SKCIEPUMEHT)
® TIPOBEPKA JIOMAITHUAX ® TEXHOJOTHS MOJIYJIBHOTO U
3a7laHuil 0JI0YHO-MOJYJTBHOTO
o0y4eHus
e 370pOBbecOeperarnme
TEXHOJOTUH
19. KypcoBas pabota 1o ® TEXHOJOTHS
nuciuiuinHe «Heopranmueckas ® HallMCaHHUC u HACCIIEN0BaTEILCKON
XUMUS) opopmiicHue JEATCIIbHOCTH

KypCOBOH paboThI

TpeGoBanus K peHTHHI-KOHTPOJIIO

1 cemecTp

PACCYET BAJIJIOB B 1 CEMECTPE

IO JMCIUIIVIMHE «<HEOPI'AHUYECKASA XUMUS»

Tect

1 moayanb
Ne PesyabTar Bup padotsl / cniocod
Kpurtepuu onenuBanus
(uHaUKATOP)
1 OIlK-1.1 JlabopaTopHbie paboThI-7 7 (1 6amn 3a 1 mabopaTopHytO
abot
OIlK-2.1 P y)
2 Kontponsnas padora Nel 5*
OIIK-6.1
KonTtponbHast padora Ne 2 5
KonTtponbHas padora Ne 3 5

“(5 3apanmnii, 1 6aam 3a 1
NPABHILHO PelIeHHOe
3ajiaHue)




(Tect compep:kut 20 BONpPOCOB,
1 npaBuabHbI oTBeT -0,15
0aJ1a)
3 Brimonnenue nomarineit paboTsl, 2
4 [TocemaemocTthb 1
5 Pabota Ha 3aHATHH 2
Hroro: 30
2 MoayJib
Ne Pe3yabTaT Bup pa6orsl / cnocod
(MHAUKATOP)
Kpurepun oneHuBaHusi
1 OIIK-1.1 | JlaboparopHbie pabOTHI - 6 6 (1 6amn 3a 1 maboparopHyrO
abot
OIIK-2.1 P y)
2 KonTpossHast pabota Ne 4 5
OIIK-6.1
Kontponbnas padota Ne 5 5)
Kontponbnas pabora Ne 6 5)
Kontponbnas pabora Ne 7 5)
“(5 3apanuii, 1 6an3a 1
NPaBUIbHO pelIeHHoe
3a/iaHue)
3 Brimonnenue nomamixeit paboThbl 2
4 ITocemaemocts 1
5 PaboTa Ha 3aHaTHH 1
Hroro: 30
6 IK3aMeH 40 (4 3apanus B oujiere nmo 10
0aJ1J10B)
Hroro 3a 1 cemecTp 100 6an10B




2 cemecTp

PACCYET BAJIJIOB BO 2 CEMECTPE

O JMCIUIIVIMHE «<HEOPI'AHUYECKAS XUMUS»

1 moayab
Ne Pesyabrar Buj padorsl / cniocod
(MH1MKATOP) Kpurtepuu onennBanus
1 OIIK-1.1 Jlaboparopubie paboThI-8 8
OIIK-2.1 (1 6ann 3a 1 maGopaTopHyro
pabdory)
OIIK-6.1 Y
2 Konrpossnas padora Nel 5
Konrtponsnas padora Ne 2 5
KonrtpomnsHas padora Ne 3 6
“(npu oueHMBaHUH
KOHTPOJIbHOI padotbl 1
0aj1 BbICcTaBaseTCsT  3a 1
NPaBUJIbHO pellieHHOe
3a/laHme)
3 BrimonHenue nomariHei paboTsl, 2
4 ITocermaemocTts 1
5 Pabora Ha 3aHsTHN 2
6 CBoeBpeMeHHas 3aluTa 1
71a00paTOpHBIX paboT
Hroro: 30
2 monyJib
Ne PesyabTar Buj paborsl / criocod

(uHaUKATOP)

Kpurepun oueHuBanus




OIIK-1.1
OIIK-2.1
OIIK-6.1

JlabopaTtopHubie paboThI-9

9

(1 6amn 3a 1 maboparopHyro
paboty)

Konrponsnas padora Ne 4
Konrponsnas padora Ne 5
Konrtponsnas padora Ne 6
Konrponsnas padora Ne 7

Konrponbnas padora Ne 8

*

w

w w w w

“(npu oneHHBAHUM
KOHTPOJIbHOI padotbl 1
0aJy1 BeicTaBasieTcss 3a 1
NPaBUJIbHO PelICHHOE
3alaHme)

Beinonnenue nomanineit paboTsl 2

ITocemaemoctsb 1

Pabora Ha 3aHsTHN 2

CBoeBpemMeHHas 3aInTa 1

1a00paTOPHBIX paboT

Hroro: 30

JK3aMeH 40 (4 3apanus B OuJiere mo
10 6as10B)

Hroro 3a 1 cemecTp 100 6an0B




puioxenue 2

OIIEHOYHBIE MATEPHAJIBI JIJI1 TIPOBEJEHUS TEKYIIIENH ATTECTALIAA

OueHoYHBbIEe MATEPHAJIBI VISl IPOBe/IeHUsI TEKYIIel aTTecTauuu

1 cemecTp
1 monyJab
Konrpoabnas padora Nel. Tema: «OCHOBHBIE TOHATHS U 3aKOHBI XHMHI

Ilpumep
1.06beMHbBIE 107U Ta30BOM cMecH cocTaBisioT: MeTtana — 30% u Bogopoaa — 70%. CMech HaxoauTCs
nox nasnenneM 1,07-10° Ia. HaiiguTe napupanbHele JaBICHAS Ta30B.

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(H2) B cmecw.

3.ITocne B3pwiBa 0,02 11 cMecu BojopoAa u kuciaopoaa octanock 0,0032 i kucnopoaa. Beipasuts B
MIPOLIEHTAaX [0 00bEMY NEPBOHAYAIBHBIN COCTAB CMECH.

KonTpoubsnas padora Ne2. Tema: «TepMoanHaMuKa 1 XUMUYECKasi KHHETHKA

Ilpumep
1.OYyHKIMHU COCTOSTHUS, XapaKTEPUIYIOIINE XUMUYECKUE CUCTEMBI.

2. Jlaiite onpesienieHre CTaHAapTHOMY coCTOsiHUIO. CTaHaapTHBIC ycinoBus. CTaHIapTHBIC U3MEPEHUS U
0003HaueHus.

3. Tepmoxumuueckue ypaBHeHHUs. IIoHSATHA 5K30- M DHAOTEpMHUYECKME peakuuu. 3akoH ['ecca.
CnencrBue u3 3akoHa ['ecca. OTBET NOATBEPAUTE IPUMEPAMH.

4. IIpu HekoTopoit Temmeparype T sHmoTepmuueckas peakius A —B mpakThdyecku UaeT 10 KOHIA.
Onpenenurs:

a) 3HaK AS peakuuu.

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

B) BO3MOKHOCTb NPOTEKaHUsI peakuuu B — A npu HU3KUX TeMIepaTypax.
5.NHsNO3 (x) — N20(1) + 2H20(1)

VYKaXUTe 3HaK SHTPOIIMH.

6.CKOpOCTh XMMUYECKOHN peakiuu. 3aKoH AercTByrommx Mace. [Ipasuno Bant-I'odda.



7.OHeprus akTUBallMK. Y paBHEHHE AppeHuyca.

8. Xumunueckoe paBHOBecue. CBsi3b KOHCTaHTHI paBHOBecHs ¢ AG m AH peakmuu. Ilpunnumn Jle-
[Marense. OTBETHI MWILTIOCTPUPYUTE IPUMEPAMHU.

9. Uem 00BsACHSETCS MOBBIILIEHHUE CKOpPOCTH pE€aKIUU IIPpU BBEACHHUE B CUCTEMY KaTaJ'II/ISaTOPa?

10.Koncranra paBHoBecus peakiuu A(r) + B(r) «» C(r) + JI(r) paBHa equnuiie. CKOJIbKO MPOIEHTOB
BEIIECTBA A MOJIBEPraeTcsi MPEBpaIlCHHIO, €CIIM CMeIIaTh 3 MOJIb BelecTBa A U 5 MoJib Belectsa B?

KonTtpouabnas pa6ora Ne 3. Tema: «KoH1ieHTpalus pacTBOPOB»

Ilpumep
1.Borauciuts 10%, Cy, Cy ruapokcuaa Hatpus B 9,28 H. pactBope NaOH (p = 1,310 r/mun).

2.Kakoii 06bem 10%-1oro pactsopa NaOH (p =1,093 r/mi1) motpeOyercst s OJIHOTO  PacTBOPECHHUS
3r anmoMuHUSA?

3.Cxoinbko muTpoB 96% pactBopa H2SOs (p=1,84 r/mn) tpebyercs mis npurorosienus 20 i 0,5 M
pacTBopa cepHON KUCIOTHI?

2 MonyJib

KonTtpouabnas pa6ora Ne 4. Tema: «loHHBIE paBHOBECHS B pacTBOpPax»

Ilpumep
1.Hanmcare B MOJIEKYJISIpHO-HOHHOM (hopMe ypaBHEHHE peaklnii. YKa3aTk, B KaKOil cpeae MpoTeKaeT
peakuus. Yem onpezenseTcs HanpaBieHne 0OMEHHON peakiuuu?

2.Hanmcate B MOJEKYJISIpHO-UOHHOW (popMe peakuuu HeHTpalu3aluud U yKa3aTb, Kakue M3 HHX
MPOTEKAIOT 00paTHUMO, a Kakhe HeoOpaTuMo. YKa3zaTh TAaKK€ PEaKLUIO0 CPelbl MPU YCIOBHHU, €CIIU
OCHOBAHUS U KUCJIOTBI B3SIThl B CTPOT'O SKBUBAJICHTHBIX KOJIMYECTBAX.

NH4OH + HCN — NH;OH + HCI —

3.Yka3aTh NpUUMHY, BBI3BIBAIOIIYIO CMEIICHNE paBHOBecHs. Hamucarh ypaBHEHHE B MOJICKYIISIPHO-
HMOHHOH (hopMme.

Fe(OH)s + HNO3— AlClz + KOH—
Cry(SO4)3 + KOH — AlCl3 + KOH* —
* - peaKTHB B U30BITKE.
KonTpoubnasi pabora Ne 5. Tema: «I'eTeporeHHbIE paBHOBECHS»
Ilpumep

1.K osHOMY JTMTPY HACHIIIEHHOTO PacTBOpa XJopuaa cepedpa npudasieH 0,1 MOJIb XJIOpHIa KalHst
(0xax= 80%). Berumcints Cag+ B TaKOM pacTBope.



KonTtpoabsnas padora Ne 6. Tema: «OBP»
Bormpocs! 1y1st moAroTOBKH:
1.27eKTpoIHbIE TPOLECCHI

2.CraHIapTHBIA OKUCIUTEIFHO-BOCCTAHOBHUTENbHBIN TTOTeHITHAN ((°). CTaHIapTHBIA BOJOPOIHBIN
MOTEHIINA.

3.I'anbBaHUYECKUM DTIEMEHT.

4. DK TPOABIIKYIIAs CUJIa TaIbBAHMYCCKOTO 3JIeMeHTa (3.11.C.)

5.3aBUCUMOCTb JIEKTPOJIHOTO OTEHIMaIa OT KOHLEHTPALlMK HOHA B pacTBope. YpaBHeHue HepHera.
Ilpumep

1.CrannapTHbI€ 3JE€KTPOIHbBIC TOTEHIMANBI pu 298  K:

AU +38 = Au E%u®au= 1,50 B,

Sn?* +2& = Sn E%sn*/sn=-0,14 B,

Sn** +48 = Sn E%sn**/sn =+ 0,01 B.

OmnpezenuTe 3.71.C. 3010T0-0N0BIHHOTO TaTbBAHAYECKOT0 JIEMEHTA IIPH CTaHAAPTHEIX yenoBusax (Cau®
= Csn?* = 1 Momb/1):

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

2.CocTaBUTh CXEMBI 3JIEKTPOHHO-UOHHOIO OanaHca. 3anucaTth HOHHO-MOJIEKYIISIPHOE U MOJIEKYJIIPHOE
ypaBHeHHUe peakiun. PacctaBuTh K03 PUIHEHTHI. YKa3aTh MPOILIECC OKUCICHUS U BOCCTAHOBIICHHUS.

1) Cu + HNO3 —
2) PbO2 + HNO3 + H202 —

3) Fe203 + KNO3 + KOH—

Kourpoabsnas padora Ne 7. Tema: «Hanpasnenue OBP»

1. HampaBneHue TMNPOTEKAHUS OKUCIUTEIHHO-BOCCTAHOBUTENBHBIX peakuuid. 2.0OmpenencHue
HaIpaBJIeHUs BO3MOKHOTO CAMOITPOU3BOILHOTO MPOTEKAHUS PEAKITUH.

3.CBa3b cTanaapTHOit 7.1.¢. (E°) ranpBanmyeckoro aneMeHTa co CTaHAApTHOI SHeprueii ['n66ca.

4 BrrunciaeHue KOHCTaHThI paBHOBCCHUA OBP 10 3HaYeHHIO CTaHHapHOﬁ 9.4.C.

Ilpumep
1.Yka3arp B KaKOM HaNpaBJIEHUHA MOXKET CAMOIIPOU3BOJIBHO IPOTEKATh JAHHAS PEAKIUs

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



2. MoxHo i BoccTaHOBUTH 0710BO (1V) B 010Bo (1) ¢ momortisio cienyronieii peakiuu

SnCly

OTtBeT

+2K1=SnCl2 + I2 + 2KCl

000CHOBAThL pacde€TOM KOHCTAHTEI paBHOBCCHS.

3 .Beruncnuth KOHCTAHTY PaBHOBCCHA npOTeKa}omeﬁ B MEJHO-CBMHIIOBOM I'aJIbBAHHYCCKOM JJICMCHTC.

10.
11.

12.

13.

14.

HUToOrosnlii TECT MO TEMAM:
OcHOBHBbIE ra30Bble 3aKOHbl. XHUMUYeCKash KNHETHKA. XHUMHUYeCKas TePMOAUHAMUKA
Ilpumep

DKBUBaJIEHTHas Macca MeTamia paBHa 12 r/moib. UeMmy paBHa >KBHBAJIGHTHAsh Macca €ro
oKcupa: a) 24 r/Momb, 6) HeIb3sl ONpeAeInuTb, B) 20 T/MOJIb.

Cepa o6pasyet xsopuasl S2Cl2 u  Clo, sxBuBanentHas macca cepbl B SClz paBua 16 r/mMob.
BriOpaTh mpaBuiibHOE 3HAYCHUE SKBUBAICHTHOM Macchl cepbl B S2Cl2: a) 8 r/mosib, ) 16 r/mMob,
B) 32 r/MOb.

Kak crmemyeT M3MEHHTH YCIIOBHUS, YTOOBI YBEIIMUECHUE MACChl JAHHOTO Ta3a HE MPHBEIO K
BO3PACTaHHUIO €r0 00beMa: a) MOHHM3HTH TEMIIEpaTypy, O0) YBEIMUYUTHh AABICHHE, B) HENB3S
moaoopaTh yCciaoBHii?

Cocyn HamoJHEH CMeChl0 KHuciopoaa M a3ora. [Ipm KakoM COOTHOIIEHMHM MaplIHaIbHBIX
JaBJIeHU Macchl ra3oB OyayT omuHakoBel: a) P(O2)=p(N2), 6) p(0O2)= 0,875p(N2), B) p(02)=
1,14p(N2)?

Cwmemanu paBHbie 00beMbl Clz u Ho. Kak u3MeHuTCst 00beM CMeCH MMOCIe POTEKAHUS PEaKIuu:
a) He U3MEHUTCA, 0) YBETUUUTCS B J[Ba pa3a, B) YMEHBIIMUTCS B JIBa pa3a?

l"azoo0pazubiii okcup coaepxkut 30,4% azora. B Mosiekyny okcuaa BXOAUT OJUH aTOM a30Ta.
Uemy paBHa IJIOTHOCTH rasa 1o kuciopoay: a) 0,94, 6) 1,44, 8) 1,507

[Ipocreitmas popmyna coenuaenust yriepoaa ¢ Bogopoaom CHz. KakoBa uctunnas dpopmyna
coeuHEeHMs, eciau Macca | 1 raza paBHa macce 1 1 a3zota: a) CsHg, 6) C2Hs, B) C4Hg?
VYkazarh, Kakue U3 MEePEUNCICHHBIX YTBEPKACHUM MPaBUIbHBI IS peakluid, MPOTEKAIOIINX B
CTaHJIaPTHBIX YCIOBHSIX: &) SHIOTEPMUUECKHIE PEAKIINH HE MOTYT ITPOTEKAaTh CAMOIPOU3BOIBHO,
0) PHIOTEPMUYECKUE PEAKIIMU MOTYT MPOTEKAaTh MPH JOCTATOYHO HU3KHUX TemrepaTypax, B)
IHAOTEPMHUYECKUE PEAKIIMH MOTYT MPOTEKATh MPU JOCTATOYHO BBICOKUX TEMIIEPATYpax, €CIIU
W3MEHEHUE YHTPOITHH TTOJIOKUTEITHHO.

B kxakoMm M3 crienyromux ciydaeB peakis BO3MOXHa TpH JIIOObIX Temmeparypax: a)AH<O,
AS>0, 6) AH<0, AS<0, B) AH>0, AS>0.

Kaxos 3nak AG nporecca tasHus ipaa npu 263 K a) AG>0, 6) AG=0, B) AG<0.

Uem 00BsICHSIETCS MOBBIIIEHUE CKOPOCTU PEAKIIMU MPU BBEACHUH B CUCTEMY KaTaiau3aTopa: a)
YMEHBIIIEHUEM JHEPIHH aKTHBAIMH, 0) YyBEIMUYEHHUEM CpeJHEH KUHETHYECKOH JHEpruu, B)
BO3paCTaHHEM YHCIIa CTOJIKHOBEHUIA, T') POCTOM YHCIIa aKTUBHBIX MOJIEKY?

Kakoe BimsiHWE OKa3bIBaeT IIEpPeMENIMBAHUE HA CKOPOCTh TIPOTEKAaHUs TeTePOTCHHOMN
XUMHYECKOH peakiuu 6 a) BO BCeX CIIydasX YBEIUYHBACT CKOPOCTh PEAKITUH, 0) B HEKOTOPBIX
CJIyYasix yBEJIMIMBACT CKOPOCTh PEAKITNH, B) HE BIIUSCT HA CKOPOCTH PEAKITUU?

Ecnu 00beM 3aKpbITOrO peakIMOHHOTO COCY/1a, B KOTOPOM YCTaHOBMIJIOCH paBHOBecue 2S0: (1)
+ 02 (n 52 SO3(r), YMEHBIIUTH B 2 pa3a, TO: @) CKOPOCTb NPAMO M 0OpaTHOMN peaKkIMy OCTaHYTCS
OJIMHAKOBBIMH, 0) CKOPOCTb MPSAMON peakluu CTaHeT B 2 pa3a OOJble CKOPOCTH OOpaTHOM
peaxkiuu, B) paBHOBECHE HE CMECTHUTCS, I')DaBHOBECHE CMECTUTCS BIIPaBO, /1) paBHOBECHE
CMECTUTCS BIEBO?

CKOpPOCTb KaKHX PEaKIUH YBEIUYUBACTCS C POCTOM TEMIIEpaTyphl: a) JH00bIX, 0) MPOTEKAIOMNX

C BBIJICJICHUEM DHEPIHH, B) IPOTEKAIOLIUX C OTJIOMIEHUEM YHEPTUU?



15. Kakue u3 mepeducieHHBIX BO3JACHCTBUII NpPUBEIYT K HM3MEHEHHIO KOHCTAHTHI PaBHOBECHUS
XUMHYECKUX pEaKIMi: a) M3MEHEHHE HaBJIeHUs, 0) W3MEHEHHE TEeMIIepaTyphl, B) 3aMeHa
KaTajan3aTopa, ') '3MEHEHHE KOHLEHTPALUN pearupyroIux BeecTs?

16. B kakoM HampaBIIeHHH CMECTUTCS paBHOBecHe B cuctemMe 4 Fe (k.)+ 3 O2(r.)S2 FeO3(k.)
IIpU yBEJIMYCHUHU JIABIICHUS: a) B CTOPOHY MpPSIMOM peakuuu, 0) B CTOPOHY 0OpaTHON peakuu,
B) HE CMeCTUTCA?

17. Inss mexoropoit peakuuu AG<0. Kakue M3 NEpEeYUCIICHHBIX YTBEPXKICHHH IPABWIBHBL: Q)

KOHCTaHTa PAaBHOBECHUS peaKLIUK OOJbIlIE €AUHULIBI, 0) KOHCTAHTa PABHOBECHUS PEAKIIMK MEHbIIIE
€IMHUIIBI, B) B PABHOBECHOM CMeCH MPe00i1aIaloT HCXOAHBIE BEIECTBA, T') B PABHOBECHOM CMeCH
peo0IagaroT TPOAYKTHI peaKkiuu?

18. KoHcraHTa paBHOBecHs HeKoTopoii peakiuu 1ipu 293 K pasna 5-1073, a mpu 1000 K cocrasiser
2-10°®. Kakos 3nax AH? sroif peakrmu: a) AH®>0, 6) AH’<O.

19. Jins HekoTopoii camompou3BonbHONH peakimu AS°<0. Kak OyneT HM3MEHAThCS KOHCTAHTA
paBHOBECHSI C MOBBIIIEHUEM TEMIIEPATYPHI: a) YBEIMYUBATHCS, 0) YMEHbBILIATHCS, B) MO JaHHBIM
3aJ1a4M HEJIb3s ONPEAeSIuTh?

20. ITpu 20°C xoHCTaHTa CKOPOCTH HEKOTOpoii peakiuu pasHa 107 mun, a mpu 50°C — 27-1073
mun L. UeMy paBeH TemmepaTypHbIH KO3 GUIHEHT CKOPOCTH peakuuu: a)2, 6)3, B)4?

2 cemecTp
1 moayan
Koutpoabsnas padora Nel. Tema: «CtpoeHue aToma 1 XUMHUECKas CBSA3b)»

Ipumep
1.PaccunTaiite MakKCHMaIbHYIO EMKOCTh S-, P-, d-, f- opOuTaneii.

2.ConocTaBbTe paguyChl HOHOB U aTOMOB:

a)F,Cl", Br-.

6) Na*, Mg?*, A",

3.Hanmmmre >nektpoHHkle KoHduTypamuu Ca, Fe?*, Ag*, Cu, Ne, Cd, Cd®*.
JI1s STIeKTPOHHO- BHEIHETO YPOBHA HOHA Fe?" ykaxuTe Bce KBaHTOBBIE UMCIIA.

4.00bSICHUTE CYIIECTBOBAHUE PA3IMYHBIX 3HAUEHUM MEPBHIX MOTEHIIUAIOB HOHU3AIMK aTOMOB AU 1
Cs.

5.Kak n3mMeHuTCS NOJISIPHOCTh CBA3M B PSAAX:

a) LiCl - BeCl> - BCls.

06) HF - HCI- HBr.

6.ITouemy monekyna BeCl, nuneiinas, a monexyna H20O — yrimosas?
7.00nscaute ctpoenue monekyn N2O, CO2, O3 ¢ momombsio MBC:
a) HAMMIIIATE JIEKTPOHHYIO GopMyny (pe30oHaHCHBIE (POPMBI).

0) yKa)XUTe TUTI THOPUIU3AINH [ICHTPATLHOTO aTOMa, TEOMETPUIO MOJICKYJIBI.

8.Cpasuute mnst CH4, NHs, H20, HF:



a) TEOMETPHYECKOE CTPOCHHUE MOJICKYIL.
0) TeMIiepaTypbl KUTICHH (OTBET MOSICHUTE).
9.01cHHMTE BO3MOXKHOCTH CyIlleCTBOBaHMs Mojiekyi1: Hey Liz, Bez , Bo.

10.Yem o6BsCHUTH 6IM30CTH TeMmepaTyp Kumenus asota (-196 °C), kucnopona (-183 °C), ¢ropa (-
188 °C)? IToueMy OHH OTIMYAIOTCS OT TEMIIEPATyphl KHIeHus xiuopa (-34 °C)?

11.Mcnone3yst MMO, o0bsicauTe:

a) B kakoii yactune O, umu 0% MexbanepHoe paccTosHue 60bIre?

6) norennuan (l1) kakoii yacTuIe! Gombine: atoma O WM MOJIEKyIsIpHOro nona 0y2?
12.Paccmotpute ctpoenune yactuiy CN, CN°, N2 1 00bsicHuTe, ricnionibzys MMO:

a) nmouemMy sHeprus quccounanuu yactuiel CN6ombiie, uem CN u 6:113Ka K SHEPTUH TUCCOLMALIAN
N2?

0) mouemy yactura CN ckiIoHHA K AUMepU3anun’?

Kountpoabnas padora Ne 2. Tema: «KoMIsieKCHbIE COSTMHEHUS»
Bormpocs! 1u1st noAroToBKU:
1.Onpenenenune cocraBa KOMIUIEKCHOTO HOHA.
2.HomeHknaTypa KOMITJIEKCHBIX COETUHEHHI.
3.PaBHOBecue B pacTBOpax KOMIUIEKCHBIX COEIMHEHUH.
4. MarHuTHbI€ 1 ONTHYECKHE CBONCTBA KOMILUIEKCHBIX coennuenuit (TKIT).
S.IIpocTpaHCTBEHHAsS CTPYKTYpa KOMILIEKCHBIX COCIMHEHUN.

Ilpumep
1.CKOJIBKO 3JIEKTPOHOB Ha 00 —TI0JypOBHE HEBO30YKIEHHOTO aToMa »eJesa:

A2;64,B6;,T"7; ]15.

2.CKOIEKO DNIeKTPOHOB HA 0i— MOAYpOBHE HoHa Fe3*?

A2;b64,B6;T"7; ]15.

3.KakoB0 BO3/1€IICTBHE MOJIEKYJ BOJIbI KaK JINTAHJIOB HA HOH Fe3*?

A cma6oe; b cunsHoe; B He 3Ha10; I - ; 11 -.

4 Kakoso cocrostane Fe®* xommexca [Fe(H20)s]**?

A nuskocnuHoBoe; b BeicokocnmHoBOE; B He 3Haro; I - ; ]I -.

5.CKOJIBKO HECTapeHHBIX 3I1eKTPOHOB B HoHe Fe* B okTasamueckoM okpyxkernu Monekya HoO:
AO0;b1;B2;T 3; 5.

6.KakoBbl MaruuTHbIE cBOMCTBA MOHA B Komiutekce [Fe(H20)s]*?



A mapamaruuTHbIi; b tuamarauTHeiil; B ve 3nar0; I -5 11 -.
7 KakoBo Boszeiictere nonoB CN” kax jurana Ha won Fe3*
A cma6oe; b cunsHoe; B He 3Ha10; I - ; 11 -.
8.KakoBo cnimHOBOE cocTostHue Komiuiekca [Fe(CN)s]>?
A HHM3KOCIIHHOBOE; b BRICOKOCIIMHOBOE
9.CKOJIBKO HecIapeHHBIX JIEeKTPOHOB B none Fe3* B okTasapuueckom okpyxerun noaos CN™?
A0;b1;B2;T 3; 14.
10.KakoBbl MarauTHeIe cBoiicta noHa Fe®* B kommrexce[Fe(CN)g]®?
A mapamarautHblii; b nuamarautaslii; B He 3nar0; I -5 [ —.
KonTpoubnas padora Ne 3. Tema: «CBoiicTBa 351eMeHTOB | rpynmb»
Ilpumep

1. Kak n3MeHSI0TCS XUMHUYECKHE CBOMCTBA METAJIJIOB INIaBHOM MOATPYIIIIbLI I T'pYHIIBI 3JICMEHTOB C
YBCJIMYCHUEM ITOPAAKOBOTO HOMepa? B 4eM 3akmrouaroTcs 5TH U3MEHEHHUS U YeM OHH O6y0J'IOBJ'ICHBI?

2.Hanmcarh CXeMbI MPOIIECCOB, MPOTEKAIOIIUX TPU AJIEKTPOJIM3E€ PAcTBOpAa M paciuiaBa XJIOpHIA
cepeOpa ¢ TUIATHHOBBIM U IIMHKOBBIM AJICKTPOIAMHU.

3.Hanmcath ypaBHCHHS peakiuii TH]IPOJIN3A: a) cyiabduna HaTpus,
0) anierara Kanusi, B) HUTPUTA JIUTHSL.

4.0mpesiennTe AaTOMHYIO MacCy JIUTHS, €CIIM PUPOJIHAs cMech colepknt 7,42 %  3°Lin 92,58 % 3

"Li.
5.3aKOHYNTH ypaBHEHUS PEAKIIHIA:
a) NaH+ H.O0—
6) Na;02+H.0—
6.CocTaBbTe ypaBHEHHS PEAKIIUN, TPOTEKAIOIIUX 110 CXEME:!

Ag — AgNOs— AgCl — [Ag(NH3)2]Cl  — AgeS

7.0npenenute, ckoiabko rpamMmoB NaxO2 BcTynmuio B peakuuio ¢ BOAOH, eciu oOwmuil o0bem
nosydyeHHoro pactsopa 0,750 1, a 0,010 51 moxy4eHHOro pacTBOpa HEOOXOIUMO JJIsl HEHTpaIu3aluu
0,030 1 0,1 1. HCI?

2 MoayJab
KountpoabHnas padora Ne 4. Tema: «CBoiicTBa 3JIEMEHTOB U UX
coenunaenuii |l rpynmn [ICX3 Menaeneesay
Ilpumep
1.CpaBHHTE JIEKTPOHHOE CTPOEHUE IEMEHTOB 1-A TpymIbl.
2.0Cy11eCTBUTE CAEAYIONINE TEPEXOAbL:

Cu— CuClz — Cu20 — [Cu(NHz3)2]OH



3.Hanummure ypaBHEHUs peakluii CIeAYyIOMNX MPEeBPaILCHH:
Ag — AgNOs — Ag20 — [Ag(NHz)2]OH — AgCI

NAQ — AQlS
4 HanumuTe ypaBHEHUE PEaKIUU:
Na20O2 + Kl + H2SO4 —

5. 25 mn pactBopa CuCl, Beigenunu u3 pacrsopa Kl 0,3173 r iiona. KakoBa MOJISIpHOCTH pacTBOpa
CuCl,?

KonTtpouabnas padora Ne 5. Tema: «Coiictsa snementos |1-1V rpynn
I[ICXD Menneneesa»
Ipumep

1.3aKOHYNUTH ypaBHEHUS PEaAKIIUA:

a) SnCl, + Fe2(SO4)3 —
6) SnCl, + KOH + Pb(NO3) 2 —
B) SnCl,; + KBrOsz + HCl —

2.Ilpu medicTBuM pa3daBieHHON a30THOM KHCAOTHI Ha P20z m Ha Pb3Os obpasyercs B obomx
ciydasix PbO2 . OTHOCATCS JIM 3TH PEakliu K OKUCIMTEIbHO-BOCCTAHOBUTEIbHBIM ? Kakue BBIBOIBI
MOJKHO CJIejlaTh Ha OCHOBAHHH MPOAYKTOB PEaKIIMKU OTHOCUTENBHO cTpoeHus PhoO3 u PhzO4?

3.Uto monyduTcs mpu B3auMoJeHcTBUU (pochuaa amroMUHHS C a) BOJOW; 0) CEpHOM KUCIOTOH; B)
rUApoKcuaoM Hatpusi? Hamucath ypaBHEHUs peakUuid.

4. Yem paznuuaetcs aeiictBue u30biTka BoaHBbIX pacTBopoB NHz u NaOH Ha pactBop AlCI3?
Hanwucatp ypaBHEHHs COOTBETCTBYIOIIUX peakiuil. YeM 0ObsICHUTH CKIIOHHOCTh MOJIEKYJI TAJIOT€HU10B
QTIOMUHUS K TUMEPU3AITIH?

5.CpaBHUTH Macchl THAPUAA KANbLUA U METANINYECKOT0 aIFOMUHUS, HEOOXOAUMBIE JUIsl OTYYEeHUs
50 1 Bomopoaa.

KonTpoabHnas padora Ne 6. Tema: «CBoiicTBa 351eMeHTOB V IpyIibl

IICXD Meuneneesay

Ilpumep

1.ConocraButh noBenenune As, Sb u Bi mo oTHOIIEHUIO K a30THOW KUCTIOTE — pa30aBIeHHON 1
KOHLICHTpUpOBaHHOM. HanucaTte ypaBHEHMs peakuil.

2.3aKOHYMTH YpaBHEHUS PEAKIIHIL:

A') AsHz + KMnO4+ H2SO4 —



b ) MgsSh,+ K2Cr.07+ HCl—
B) SbCls+ HCI+ Zn—

3.Kakumu nocieoBaTeIbHBIMU peakiusIMi MOKHO iony4unth HsPO» u3 6emnoro docdopa, pactBopa
Ba(OH)2 u cepnoii kuciaotsl?

4. Kaxum o6pemom 20%-Horo pactBopa NH4Cl (p=1,06) moxxHo 3amenuth 1 11 14%-HOro pacteopa
(NH4)2S04 (p= 1,08)m1s1 moyueHus: paBHBIX KOJUUECTB aMMuaka ripu aeiictBun KOH Ha pacTBopsI
3TUX coJiei?

5. PactBopumMocts AsS203 B Boze 1,5%. Onpenenuts MOJISIpHYIO KOHLIEHTPALMIO MBIIIbSIKOBUCTON
KHCJIOTHI, 00pa3yromeiics pu pacTBOPEHUH aHTHPUIA B BOJIE.

6. [Tomyuenue a30THON KUCIIOTHI B IPOMBIIIJIEHHOCTH U JJabopatopun. Hanucats ypaBHeHUs
peaKkuuii, MOATBEPKIAIOIIMX €€ XUMUYECKHUE CBOMCTBA.

Kontpoabnas pa6ora Ne 7. Tema: «CpoiictBa anemeHTOB V| rpymmbl
[1CXD Menneneesa»
Ilpumep

1. Kakoit 06beM Ho S cienyer npomyctuts yepes 400 vt 6%-unoro pacteopa KMnOy (p = 1,04),
MOJIKUCIIEHHOTO CePHOU KUCIIOTOH J10 moTHOTO BocctaHoBieHuss KMNO4?

2.YT0 npouCXOAUT MPH MOAKUCICHUN CEPHOM WM COJISTHOW KMCIIOTON pacTBOPa, COAEPHKAIIETO
cynbdur u cynbdat Hatpus? Hanmcars ypaBHEHUS peaKIuii.

3)K,Cr0, —= K,Cr0, —=(r,(SO,); —= Cr(OH), —= Cr,0, —>= K,CrO,

3.0mmcarp CyImHOCTh KOHTAKTHOTO METO/1a TOJIyUYeH s CEPHOI KHCIOoThI. Hamucars ypaBHEHUS
COOTBETCTBYIOMIMX XUMUYECKUX PEAKI[HIA.
4.3aKOHYUTH YPaBHEHHS PEAKIHI U PacCTaBUTh KOAPPHUITUCHTHI:

H>SO3+H2S—

H2SOu4(kon1.) +Zn —

H2SO4(kon1.) +C —

5.Kak 1 mouemy MEHSIFOTCS KUCJIOTHBIE CBOMCTBA B PAY:
H2S0O3, H2SeOs , HaTeOs?

KonTposbnas padora Ne 8. Tema: «CpoiictBa anementoB VI rpynmsl
IICXD Meuneneesay
Ilpumep
1./1aTh CpaBHUTENBHYIO XapaKTEPUCTUKY CBOICTBA raJIOT€HOBOIOPOOB, YKa3aB XapaKTep U3MEHEHUS:
a) TEeMIepaTyp KUIEHUS U TUTaBIICHUS;
0) TePMUYECKON YCTOWYNUBOCTH;

B) BOCCTAHOBUTEIBHBIX CBOUCTB. OOBSICHUTH HAOI0JaeMbIE 3aKOHOMEPHOCTH.



2.3aKOHYMTH YpaBHEHUS PEAKIIHIL:
a) I2 + HNOs3 gg—

0) KaMnO4 + HCly—
3.0cy1iecTBUTE NpeBpalICHUS:

a) MnO4 — Mn?*

6) MnO4 — MnOz

B) Mn?* — MnOy

4 Kak wW3MeHsETCSA MPOYHOCTh CBSI3U MEXAYy atomamu B psay Mmoiekyn Clz, Brz, 12? Yem sto
o0BsicHsieTcsi? Kak u3aMeHseTcs B 3TOM Psily SHTAIBIUS IUCCOLMALINY MOJIEKYI U UX YCTOHYMBOCTH?

5.0cymiectute npespainetue: KCl — Cl; — Bro— HBr — Br».

5.2. OueHouHble MaTepHAJIbI /1JI51 MPOBEIEHHUS IPOMEKYTOUYHOM aTTeCTAlINU
Bonipocs! 1151 IOATOTOBKHU K 3K3aMeHY N0 JAUCHHUILINHE
«Heoprannueckasi XumMus»

Yacts | (I cemectp)

1.TemnoBoit s dekt peakiuu. 3akoH ['ecca. DHTANBIUS 00pa30BAHMUS.

2.IlepBblit 1 BTOPO 3aKOHBI TEPMOJUHAMUKU. DHTATIBIUSA. DHTPOIUSA. BHYTpeHHSS SHEPTHSL.
3.Oneprus ['m606ca. YciaoBus caMonpon3BOILHOTO IPOTEKAHUS TMIpoIiecca.

4.CxopocTh XxuMudeckoi peakiuu. OCHOBHOE KHHETUYECKOE ypaBHeHHE. KoHcTaHTa CKOPOCTH.

5.®aKTOpBI, BAUAIONIME HA CKOPOCTh XUMUYECKON PEAKIIMK: KOHIIEHTpALUs pearupyrolnx BEMECTB, UX
MIpUPOAA, TEMIIEPATYPA.

6.Xumnueckoe paBHoBecwe. KoHcCTaHTa paBHOBecus. 3akOoH JeWcTByromux wmacc. [lpunnmn Jle-
HIaTtemnne.

7. BausiHME HA COCTOSTHUE PAaBHOBCCHUS PA3JIMIHBIX q)aKTOpOBZ KOHICHTpPAIHU BCIICCTB, TEMIICPATYPhI U
JaBJICHU.

8.KoBaneHTHass cBsa3pb. Meron BaJIEHTHBIX CBs3eil. HachlaemMocTh, HampaBiI€HHOCTb, IHOJSIPHOCTH
KOBAJICHTHOM CBsI3U. J|TMHA CBS3H.

9.KoBanentHas cBsi3b. [IpocTpaHcTBeHHass KOHGUTypaiuss MoJieKyil. Teopust TMOpUIU3aIi aTOMHBIX
opouTanei.

10.Teopuss MOJEKYJSPHBIX OpOUTAIICH. DHepreTuyeckue auarpamMmbl. CBs3bIBAIOIIME U
Pa3phIXJIAIONINE MOJIEKYJIIpHbIE OpOUTAIIH.

11.0xuCcIUTENTEHO-BOCCTAHOBUTEIIBHBIE PEAKITUY.



12.HanpaBieHne OKUCINTEIbHO-BOCCTAHOBUTENIBHBIX PEAKLINN.

13.CoBpeMeHHBIE IPEACTABIEHUS O pacTBOpax
14.PactBopuMocTb. 3akoH ['eHpu. 3aKoH pacrpenencHus
15.PacTtBOpUTENHN

16.Crioco0bI BeIpaXKEHHUS COCTaBa pacTBOpa

17.CBoiicTBa pacTBOPOB HERJIEKTPOJIUTOB (JIAaBJICHHE Iapa, OCMOTUYECKOE JaBIEHUE, Ui, b
pactBopa). 3akoHsl Payns, Bant-I'odda

18.PeanbHble pacTBOpPHI
19.AxtuBHOCTB. K03(ppurimenTsr aktuBHOCTH

20.PacTtBOpBI 251eKTposnTOB. OTKIOHEHUS! CBOMCTB pa30aBIICHHBIX PAacTBOPOB OT 3aKOHOB Payns u
Bant-T'odda

21.Teopus snekTponuTuueckoit nuccounanuu C. Appenuyca

22.CoBpeMeHHbIE B3IJISIbI HAa MIPOLIECCHI AIEKTPOIUTHYEeCKOM qucconuanui. Padorsr M3maiinosa H.A.
23.Teopuu kucnoT u ocHoBanuii bpencrena-Jloypu, JIstouca, Ilupcona

24 I'maparanusi HOHOB. MeXHMOHHBIE B3aUMOICHUCTBUS

25.KonuuecTBeHHOE OMMCAHUE PABHOBECUN BOJAHBIX PACTBOPOB IEKTPOIUTOB (3.7.M.)

26.Monu3zanus c1adbIX KUCIOT M OCHOBAaHUM

27 .MlonHoe npousBeneHue Bojbl. PH pactBopoB

28.I'maponus cosneii. CTeneHs TUPOIN3a, KOHCTAHTA THAPOIN3a

29.I1pousBeneHre pacCTBOPUMOCTH

30.Knaccel HeOpraHM4eCKMX COEJUHEHNH (HOMEHKIIaTypa, FeHETUUECKasl CBSA3b, HOHHO-MOJIEKYJIIPHBIE
YpaBHEHUS).

31.0CHOBHEBIE Ta30BbIE€ 3aKOHEI.



MakeT 3K3aMeHAIIHOHHOI'0 oujaera mo AUCHUIIJIMHE
«HeopraﬂnquKaﬂ XUMUS»

Yacrse 1 (I cemecTp)

1.bunapHbie coenuHeHus (OKCHIBI, TATUIBI, HUTPUIBI, KapOUIbl, CyabhuIbl, GOCHUABI U T.1.).
Homenkitatypa Ounapubix coeauHenuit (10 6amios)

2.Teopwst CHIIbHBIX AJIEKTPOIUTOB. M30TOHMUECKUI KO3 PHUIIUEHT, KAXKYIAsCs CTENICHD IUCCOLUAIINH,
WX B3aMMOCBS3b 1 3HaYeHue. (10 6amioB)

3. OnpejenuTe  CKOIBKO MOJIEKYN ra3a cojepxurcs B 1 M2 raza npu 32 °C B kocMoce Ipu J1aBIeHUH
133,3-10%® ITa. (10 6amn1oB)

4.PactBopumocts Ags POs B Bome paBma 0,0065 1/1m. Paccumraiite 3Ha4YeHHE MPOU3BEICHUS
pactBopumoctH. (10 6amios)

IIIkana oneHNBAHNS BbINIOJHEHUS] HHINKATOPOB:

I/IH,Z[I/IKaTOp CUMTACTCs BBIIIOJIHCHHBIM, CCJIM 1100 BO BpCMs TeKymeﬁ, §19%(s10) HpOMeH(YTOqHOﬁ
arrecrallu CTyJCHT Ha6pan KaKk MUHUMYM IOPOT'OBOC KOJIHNYECTBO 0asIoB 3a Te BUAbl aKTUBHOCTH,
KOTOPBIC OTBCHAIOT 34 I[aHHbII71 HHIUKATOop.

1-ii cemecTp

Tekywmas arrecrauus Tpomeskyrotmas
Ne | Hupukarop arrecranus (IK3aMeH)
ITopor Makcumym ITopor Makcumym
1 OIIK-1.1 20 60 20 40
OIIK-2.1
OIIK-6.1

IIxana n KPUTEPHUHA BBICTABJICHUSA OLCHOK 34 JUCHHUILJINHY:

[IIkana W KpUTEPUU BBICTABICHUS OLEHOK «OTIMYHO», «XOPOIIO», «YIAOBJIETBOPUTEIBHO» U
«HEYJOBJIIETBOPUTEIBHO» ONMCAHbl B JIOKAWIBHOW HOPMAaTMBHOW JOKyMEHTauuum TBepckoro
rocynapctBeHHoro ynuBepcurera ([lomoxkeHne o peiTUHroBoOI cucteMe 00ydueHus ctyaeHToB TBIY).
[TonoxxutenbHasi OLIEHKA MOXET OBITh BBICTABJI€HA TOJBKO B TOM Cllydae, €CIIM BBHITIOJHEHBI BCE

WH/IUKATOPBI.
Bonpocs! /151 HOATOTOBKH K 3K3aMeHY 110 THCHUILIHHE
«Heoprannueckasi XuMHUsI»
Yacrs 11 (11 cemectp)
1 OOmas xapakrepuctuka p-aneMeHToB VI rpymisl

2. @top. Crpoenmne monekynsl ¢ mo3umu MMO u MBC. Ilpoctoe BemectBo. [lomydyenne u
npumeHeHue. CoeIMHEHUs CO CTETICHbIO OKUCIeHus ropa -1.

3. Xmnop. Crpoenmne momaekynasl ¢ mo3unuii meroga MO u meron BC. Ilpoctoe BemecTBoO.

[Tonyuenue u npuMeHEHNE

[Toarpymma 6poma. [Ipocteie BemectBa. Coequnenue. [lomyuenue. [Ipumenenne

O6mas xapakrepuctuka p-3aeMenToB VI rpynmel. Kucnopoa. Ctpoenne Mosekyibsl. Guznueckue

o~
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U XUMUYECKHE CBOMCTBA

CoennHenuss nepokcuaHoro tuna. OKHCIHTENBHO-BOCCTAHOBUTENBHBIE CBOWCTBA. (CTpoeHHe
MOJIEKYJIbl IEPOKCHAA BOJOPOA

Cepa. IIpoctoe BemecTtBo. Monudukamnus cepbl. Ousnyeckne W XHUMHUYECKHUE CBOWMCTBA.
Haxoxnenue B mpupoje, noixydyeHue, IpuMeHeHHe

Coenunenusi co creneHpio okucieHus cepbl -2. Cynbduasl. CepoBomopon. dusmueckue u
xummuueckue coiictsa. [lomydenue. [Ipumenenue. Cynbhunokapoonars (1V)

[Momucynpduapt (nepcynbdunsr). Ctpoenue, mnonydeHue, OKUCIUTETHLHO-BOCCTAHOBUTEILHBIC
CBOMCTBA

Coenunenus cepsl (1V): terparamorenuasl SHals, okconuranorenunasr SOHaly, auokcua SO,
CepHHUCTas KUCIO0Ta, Cynb(uthl. CBolicTBa. CTpOCHHE MOJIEKYJT

Coenunenus cepol (VI): SFs; SO2; Halz; SOs3; H2SOs4. Crpoenue mosekysn. CBoiicTsa.
IIpumenenue. Ilonyuenue

Oxcoxkucinotsl cepsl (VI). Ctpoenue nonos. Cpoiictsa. [Ipumenenue

OTHoIIEeHHEe CEpHOM KMCIIOThI K MeTaljlaM U HEMeTallaM

OO1m1as xapakTeprCTUKA P-3J€MEHTOB V IpyIIIIbI

A3ort. Ilpocroe BemectBo. CtpoeHune Mosiekynabl ¢ no3uiuii merogoB MO u BC. ®usuueckue
cpoicTBa. [lomyuenue. Ilpumenenue

CoenuHeHus: a3oTa Co CTENEeHbI0 okucieHus -3. Hutpunpl. @usmueckue cBoiictBa. [lomydenue.
[Ipumenenue

Ammuak. Ctpoenue Mosekyibl. Pusnueckue cBoicTBa. I'mapokcua ammonus. Coau aMMOHMSL
[Tonyuenne. I Ipumenenne

Coenunenus azora (V). AszorHas kucinora. Crpoenue moinekyinsl HNOs u moma NO3".
CsoiictBa. [lonyuenue. [Ipumenenue

Coenunenus xpoma (l11). Cpoiictsa. [Tonyuenue. ['unponus coneit

OxucauTenabHble CBOMCTBA @30THOM KUCIOTHI

®octop. Ilpocroe BemectBo. Momuduxanus ¢ocdopa. Ilomyuenue. CsoiictBo. CTpyKTypa.
IIpumenenue

CoetMHEHHs CO CTeNeHbI0 okucienus ocdopa -3. Dochuapt. Docdun. [Tpoussoanbie nona PHs
Coenunenus gocdopa (V, I). [Tonyuenue. Cpoiicta. [Ipumenenue

Coemunenust  ¢ocpopa (V). Oprodochopnas  kucnmora. Ilomyuenue. IIpumeHeHue.
[TonubochoHOBBIE KUCTOTHI

[Toarpynmna mbimbska. [Ipocteie BemectBa. Monudukamuu. Crpykrypa. CsoiictBa. Ilonyuenue.
[Ipumenenue

Cypbma. Mbibsik. Bucmyt. O630p cBoiicTs. [Ipumenenue

O6mias xapakrepuctuka p-aneMeHToB |V rpynnel. Yriaepon. HaxoxzaeHue B mnpupoje.
IIpocroe Bemectso. Ilonyuenue. [Ipumenenune

Coenunenus yriuepoaa (I1). CO, CS, HCN. Crpoenue monexyi. [Tonyuenue. CoiicTa
CoenuHeHus ¢ OTpULATENBHON CTemeHblo oOKucieHus yriepona. Kapbuasl. Ilomyudenwue.
IIpumenenue

Coenunenus yriepoga (IV). Ctpoenue monekyn. Tun ruGpuanszanuu. Coiicta. [lomyuenue.
[Ipumenenue

Kpewmnuii. [Ipocroe BemectBo. Xumnuueckue cBoiictsa. [lonyuenne. Ilpumenenune

CoenvHeHUs CO CTENEHBIO0 OKUCIIEHUS KpEeMHUS +4, ¢ OTPULIATEIbHOM CTENEHbI0 OKUCICHUS
[Monrpymnmna repmanus. Coenunenus repmanus (1), omosa (I1), ceunna (11)

Coenunenus repmanust (1V), onosa (1V), ceunna (1V)

Kpemnuesas kucinora. CUIMKaThl, UX CTPYKTypbl. PU3HUECKHE U XUMHYECKHE CBOICTBA.
[Tonyuenue. [Ipumenenne

OTHOLIEHNE AIIEMEHTOB MOJATPYIIIBI FTEPMAHUS K KACIOTaM M LIejIouaM

O6mas xapaktepuctrka p->nemeHToB || rpynmnel. bop. Coiictsa. [lonyyenue

Anromunuii. CoiictBa. [Tomyuenue. Okcuabl ¥ THAPOKCUIBI AITFOMUHUS

Oo6mias xapakrepuctuka d-amementoB VI rpymmel. IIpocteie BemectBa. CeoiictBa. [lomyuceHue.
[Ipumenenue

Oomias xapaktepuctuka d-smementoB VI rpymmel. TIpocteie BemecTBa. CoiictBa. [lomyucHue.
[Ipumenenue

OcHoBHbIe coeauHeHus Xxpoma V1. XpoMaThl 1 TUXpOMaThI

OKHCAUTENBHO-BOCCTAHOBUTEIBHBIE CBOMCTBA COEAMHEHUH XpoMa



43.
. B3aumopeiictBue menu, cepedpa 1 30710Ta C KUCIOTaAMU
45,
46.
47.
48.
49,

50.
5l

2.

3.

Oo6mras xapaktepructuka d-amementos | rpynmsl. Meap. CBoiictsa. [Tonydyenune

KomrnekcHbie coequueHns menu, cepedpa, 30J10Ta

Oo6mas xapakrepucruka d-anemenTos |l rpymmsr.

[nHk, kagmuii, pTyTh. IIpocThie BemecTBa. B3anMozaecTBue ¢ KUCIOTaMu

CoenvHeHus LIMHKA, KAAMUS U PTYTH (OKCHJIbI, THIPOKCUIBI, CYIb(MHUIbI, FaIOT€HU/IbI)

OOmiasi xapakTepuCTUKa JJEMEHTOB ceMeiicTBa Jkene3a  (kene3o, KoOalbT, HHKEIb).
B3anmoneiicTBue ¢ KHUCIOTaMU

Kucnorno-ocHoBHbIe cBoMicTBa oKcH10B U THaApokcuoB (1) u (111) cemeiicTra xenesa
Coemunenus xenesa (V).

MakeT 3K3aMeHalHOHHOI0 OuJieTa no aucuuiuinie «Heopranmyeckast XuMusi»
Yacrs I (11 cemecTp)

O6mas xapakrepucTtuka p-mieMeHToB VI rpynnsl. Xiop. @usndyeckue 1 XMUMUYECKHE CBONCTBA.
(10 6amnoB)

Otnomenue d-31nemenToB || rpymnmsl (IMHK, KaAMUA, PTYTh) K KHUCJIOTaM | ieio4am. CoeTMHeHUs
[UHKA, KaIMUS U PTYTH (OKCUJIBI, THIPOKCHIBI, CyNb(ubl, ranorenusl). (10 6ammos)

Jlomucatp ypaBHEHHE peakui U PacCTaBUTh KO3 pHUImeHTHI:

K2Cr207 + NazS + H.SO4 — (10 6amnioB)

4.

3aKOHYHUTh YpPaBHCHUC pCaKIINU:

Al2(S04)3 + Na,CO3 + H,O — (10 GamnoB)

IIIxana oneHUBAHKS BbINOJIHEHHS HHIUKATOPOB:

I/IHI[I/IKaTOp CUMTAcCTCA BBIIIOJIHCHHBIM, CCJIM 100 BO BpCMs TeKymeﬁ, §19%(s10) HpOMeH(YTOqHOﬁ
arrecTallu CTyJACHT Ha6pan KaKk MUHUMYM HOPOT'OBOC KOJIHWYECTBO 0ayIoB 3a Te BUJAbBI aKTUBHOCTH,

KOTOPLBIC OTBCYAIOT 34 I[aHHBIﬁ HUHAUKATOP.

2-ii cemecTp

Tekymas arrecrauus TpomeskyTotnas
Ne | Hupukarop arrecraums (3K3aMeH)
ITopor Makcumym ITopor Makcumym
1 OIIK-1.1 20 60 20 40
OIIK-2.1
OIIK-6.1

IIIkana ¥ KpUTEPUH BHICTABJCHUS OLICHOK 32 JUCHHUILIMHY:

Illkama u KPpUTCPUHU BBICTABJICHUA OLCHOK «OTIUYHO», «XOpPOHIIO», «YAOBJICTBOPUTCIBHO» H

«HEYJOBJIIETBOPUTEIBHO» ONHMCAHbl B JIOKAWIBHOW HOPMAaTUBHOW JOKyMEHTauuu TBepcKoro

rocynapctBeHHoro ynuBepcurera (Ilonoxxenne o peTuHroBoii cucreme o0yueHus cryaeHtoB TBI'Y).

ITonoxurenpHast OIICHKa MOXCET OBITH BEICTABJICHA TOJBKO B TOM cj1ydac, €CJIM BBIIIOJIHEHBI BCEC

HHIUKATOPBHI.



IIpunoxenne 3

Ceenenust 00 00HOBJICHHH pado4eil MPOrpaMMbl JUCIUTIINHBI

Nerr.on. OOHOBJIEHHBINI Onucanue BHECEHHBIX PexBU3UTHI TIOKyMEHTA,
paszen padoueit W3MEHEHUH YTBEPIUBIIETO H3MEHEHHUS
MIPOrpaMMBbI
JIACIIATUIHHEI
1.
2.




