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JIABOPATOPHAS PABOTA 1

OBIIUE ITPABUJIA PABOTBI U TEXHUKA BE3OITACHOCTH B
XUMHMNYECKOWM JIABOPATOPUN

Iesn u conepkanue

O3HAKOMUTH CTYJIEHTOB C OOIIMMHU IpaBWiIaMu PAaOOThl B XMMHUYECKHX
naboparopusax. C mnepBbIX JHEH paboThl B JA0OpPaTOpUM CTYIAEHT JOJDKEH
BbIpa0OTaTh B ceOE€ CAMOCTOSTEIBHOCTh U CEPbE3HOE OTHOUIEHHE KO BCEM
npoueccam  JJabopaTOPHOIO HKCIEPUMEHTa, UYTO BKJIIOYAET TEOPETHUECKYIO,
MPaKTUYECKYIO MOJTOTOBKY, MOJTOTOBKY XUMHUYECKUX PEAKTUBOB, PACUET TaHHBIX

H IIPOBCACHUC CaMOI'0O OIIbITA.

Teoperuyeckoe 000cHOBaHME

1. Bo BpeMs paOoThl B XUMHUYECKON JabOpaTOpuu COONIOAANTE THUIIHHY,
YUCTOTY U MOPAJIOK.

2. He npuctynaiite k pabote 6€3 pa3pelieHus mpenogaBaress.

3. 3anpemaercsa paboTaTh B 1a00paTOPUU OJTHOMY.

4. PaboTaTh CTYJIEHT JOJIKEH Ha 3aKPEIJIEHHOM 33 HUM pabo4yeM MecCTe.

5. He nomyckath nonagaHusi XkMUUYECKUX PEAKTUBOB Ha KOXKY U OJICKTY.

6.Bo Bpems paboThl HajeBaiiTe Xxajar, a JIUHHBIE BOJOCHI yOupaiTe
MO/ KOCBIHKY.

7. DKOHOMBTE PEaKTUBBI, I'a3, BOJY, JJIEKTPUUECTBO.

8. PeakTuBbI 00111€T0 TT0JIL30BaHKS HE YHOCUTE Ha CBOU paboune mecta. Eciu
HET yKa3aHUM Mo JO3UPOBKE PEAKTHUBOB JJIsl JAHHOTO OIBITA, TO OpaTh CIAEAYET UX
B MUHUMAaJIbHOM KOJINYECTBE.

9. AKKypaTHO W OCTOPOXKHO OOpallaTech € XUMHYECKOW TMOCYIOH,
npubopamu u peaktuBamu. Eciu nocyna pa3ounack, ciaite ee 1abopaHTy.

10. [Ins mpoBeneHHsI ONBITOB MOJB3YUTECh TOJBKO AUCTHILIMPOBAHHON

BOJIOH.



11. He myTaiite mpoOKH OT CKIISIHOK C pa3HbIMU peakTuBaMu. Cyxue peakTUBBI
HY’)KHO OpaThb TOJIBKO YHCTHIM InmarteieM. HeuspacxogoBaHHbIE pEaKTHBBI HE
BBICBHINATH (HE BBUIMBATH) B T€ CKIISTHKH, U3 KOTOPBIX OHH B3ATHI.

12. Tlomp3oBaThCsA peakTUBaAMH 0€3 AITHUKETOK WM C COMHHUTEIBHBIMU
TUKETKAMH KaTETOPUYECKH 3aIPENIACTCS.

13. He paGoTaiiTe ¢ rpsi3HOM MTOCYI0M, CaMH HE OCTABJISUTE €€ HEMBITOM.

14. He 3anyckaiite npubop 6e3 nmpeaBapuTeabHoi mpoBepku. He octaisiite
npuoop 6e3 mpucMoTpa.

15. He BbIHOCHTE 13 1TaOOpaTOpUH MPUOOPHI, PEAKTUBBI, TOCYY.

16. OcoOyr OCTOPOXKHOCTh COOMIOJANWTEe TpH pPadboTe C SIOBUTHIMU M
BpPEIHBIMU BELIECTBAMU: C KOHUEHTPUPOBAHHBIMU KHUCIOTAMH U IIEJIOYaMH.
PaboTy ¢ HUMU TIPOBOAUTE TONBKO B BBITSDKHOM IIKa(y, OKHA KOTOPOTO JOJKHBI
OBITh OTKPBITHI HE 00JIEE UeM Ha OAHY TPETh.

17. He BpulMBaliTeé B paKOBUHBI OCTAaTKH KHUCJIOT, IIEJIOYEH, OTHEOMACHBIX
xuakocTed u T.1. CauBaiiTe 3TU BEMIECTBA B CIIEHUAIIbHBIE CKIISTHKH, TIOMEIICHHbIE
B BBITsDKHOUM mikad. He Opocaiite B pakoBHHY Oymary, MECOK , METAJIbI U JIp.
TBEpAbIC BELIECTBA.

18. [Ipu HarpeBaHUM WM KHUISTYCHUH JKUJIKOCTU (OCOOEHHO C 0CaaKOM) Ha
ra3oBOil ropeyke WM CIUPTOBKE, BO M30€kaHHe pa3OpbI3TUBaHUs, HarpeBanTe
BEPXHIOI0 YAaCTh NPOOUPKH, IPU I3TOM J€pP’kKa €€ OTBEPCTHEM OT ceOs U OT
PabOTAIOIINX PAIOM.

19. IIpn B3BEIIMBAaHUN CYyXUX PEAKTUBOB HE BBICHIIANTE UX NMPSAMO Ha YalIKy
BecoB. B3BelmBaiiTe Ha 4aCOBOM CTEKJIE WJIM Ha (PUIIBTPOBaJIbHOM Oymare.

20. 3anpemaercs KypuTh U IPUHUMATH MMHIIY B XUMUYECKOU JIaOOpaTOpuu

21. He cnepyer BIbIXaTh Maxy4ne BEIIECTBA, B TOM YUCJIE U BbIIEISIOMIUECS
raspl, OJM3KO HAKJIOHAACH K COCYAy C OSTUMHU BemecTBamMu. HyxXHO Jerkum
JNBIKEHUEM PYKU HAlpaBUTh CTPYIO BO3JyXa OT OTBEpPCTUSl cocyAa K cebde u
OCTOPOKHO BAOXHYTb.

22. Yxons u3 mabopaTtopuu, MpOBEepPbTE, BBHIKIIOYEHBI JH ra3, BoJa,



BIEKTPUYECTBO.

23. PesynbTathel mabopatopHoil paboTh 0OPMIISIOT B BUJE OTYETA H
OTJAIOT MPENnoAaBaTeNIO.

Ilpasuna oxkazanusa nepeoil MeOUYUHCKOU NOMOWU 8 1aD0opamopuu

1. Ilpu nonagaHuu Ha KOXY (PYK, JIULA U T.]l.) KOHIEHTPUPOBAHHBIX KUCIOT
(a30THOM, CEpHOM, YKCYCHOH U T.JI.) CIETYET HACYXO BBITEPETH OXKOT MOJIOTECHIIEM U
3aTeM TPOMBITH OOJBIIMM KOJHYECTBOM BOJBI (Jydie Terioi) uinu 2-3%-HbIM
pacTBOpPOM TMHILEBOM COABI WM ClaObIM pacTBOPOM aMMHakKa, IOCJIE Yero
HAJIOKUTh MOBSA3KY U3 BaThbl, CMOY€HHOMU 3%-HBIM pacTBOPOM NEpMaHTaHaTa KaJIus.
[Ipy CUJIBHBIX OXKOTax TMOCJIE€ OKa3aHUs MEPBOM MOMOIIM — HAJO0 HEMEICHHO
0oOpaTUThCS K Bpayvy.

2. Ilpu oxore pacTBOpamMu IIEJIOYEl MPOMBIBATH BOJOU OOOMXKEHHBIN
Y4acTOK KOXKH JI0 T€X IOp, MOKa OHA HE MepecTaHeT ObITh CKOJIb3KON Ha OIYIIb,
3aTeM HeHTpann30BaTh 1-2%-HO¥ YKCYCHOW MU IUMOHHOW KHUCIIOTOM, TOCIHIE YeTo
MOJIOKHUTH MOBSA3KY U3 BaThl, CMOUEHHOM 3%-HBIM paCTBOPOM MIEpMaHTaHaTa KaJusl.

3. Ilpu nomamaHuu OpPBIT KUCIOTHI WM IIEJIOYM B Ija3a HEMEHJIEHHO
MIPOMBITh UX OOJIBIIUM KOJMYECTBOM BOJIbI KOMHATHOUW TeMIIepaTypbl HE MEHEE 5
MUHYT, TIOCJIE YeTO 0OPATUTHCS K Bpady.

4. Ilpu cmydaifHOM TIOTIaIaHAH PEaKTUBOB BOBHYTPh PEKOMEH TyETCS BHIITUTH
no6osbIre Bosbl. Hapsmy ¢ 3TuM HeoOXoaumo:

a) MpU OTPABJIICHUH KUCJIOTAMHU BBIIUTH CTakaH 2%-HOro pacTBOpa MUIIEBOM
COJIbI, MATHE3WH WJIK U3BECTKOBOM BOJIBI;

0) mpu OTpaBlIEHUH TIEI0YaMHu — cTakaH 2%-HOTo pacTBOpa YKCYCHOUW WIIH
JIAIMOHHOM KHUCJIOTBHI.

5. Ilpu orpaBimeHMHM TazamMu (XJ0poM, OpOMOM, CEpOBOJIOPOJOM H T.I.)
HEOOXOAMMO TMOCTPAJABIIET0 BBIBECTHM HAa CBEXHUHM BO3AYX M JaTh IOHIOXaTh
HAIATBIPHBIM CIUPT, @ B TSOKENBIX CIydasx cpa3y BBI3BATh Bpada, MPUMEHUTH

MCKYCCTBEHHOE JbIXaHue, MOJJEPKaTh padoTy cepaua.



6. Ilpu oOTpaBlIEHHUM COEOUHEHUSMU PTYTH, MBIIIbIKA HEMEAJICHHO
00paTuThCs B Bpauy, MPUHUMATh MOJIOKO, ChIPbIE Silla, H3BECTKOBYIO BOY.

7. B coyuae nopesa cTeKJIOM yOequTech B TOM, UTO B PAHE HET OCKOJIKOB, U
BAaTOM, CMOYEHHOH 3TWJIOBBIM CIUPTOM HWJIM NEPMAHTaHATOM Kaiusa (pacTBOp),
yZaJuTe KPOBb, CMaXbTE€ HOJIOM U 3a0UHTYMHTE.

8. IIpu TepMUUECKHX 0XKOraxX HAJIO0KUTE MOBSI3KY (Mapiisi, OMHT), CMOYEHHYO
2—-3%-HbIM PAcTBOPOM MEpMaHraHaTa Kamus, 2%-HbIM pacTBOPOM CTPENTOILH]IA
WJIM PaCTBOPOM IUUIIEBOM cobl. Henb3s cMa3bIBaTh 05KOTM Ba3€JIMHOM HIIU )KUPOM,
Jy4lIe BOCIOJIb30BAThCS CHELUAIBHON Ma3bIo.

9. Ilpu HecyacTHBIX CIy4asiX, CBSI3aHHBIX C 3JIEKTPUUYECTBOM, HEOOXOIAUMO
BBIKJIFOUHMTH TOK WJIM KOHTAKT (MCIIOJIb3Ysl PE3UHOBBIE NIEPUATKHU, CYXYIO MAaJIKy WU
JIpYrol mpeIMeT, HE NPOBOASUIMI TOK), MOCTPaJaBIIEro H30JIUPOBATH OT
TOKOBEAYIIEW 4acTh 3a CcyxXylo onexay. Ecmu mocrpanaBumuii B 0OMOpPOYHOM
COCTOSIHMM (T. €. CepAlle U OpraHbl JbIXaHUs pabOTalT), 00ECHeUYUTh IOCTYI
CBEXEro BO3[yXa W J1aTh MOHIOXaTh HAIIATBIpHBIA cnupT. [lpu smexkrpuyeckom
«yaape» (Korja HeT JbIXaHus U cepaue He paboTaeT) HaJo BHI3BATH B CKOPYIO
MOMOIllb, TOTYAC YAAJIUTh CTECHSIOLIYIO OAEXKIY, MPUMEHSATh HCKYCCTBEHHOE
JpIXaHNE HE MEHEE 4-X 4acoB U 1aBaTh BABIXaTh KUCIOPO. [locTpanaBiiero ykpsITh

OJICSITIOM M O0JIOKUTH TPEITKaMH WM OYTBUIKAMU C TOPSYEi BOJIOM.

OCHOBHA XUMHNYECKAA ITOCY JA U JIABOPATOPHLBIE
[MPUHA JJIEXXHOCTHU

1. ITocyna o0uiero Ha3HAYEHUS
IMpodupkmu. IIpencrapnstor codor y3KUe TUIMHAPUYECKON (POPMBI COCYIbI

C 3aKpyTJICHHBIM JHOM (puc. 1.1); oHM OBIBAIOT pa3IMYHON BEJIMYUHBI U AHAMETPa
Y U3 Pa3IM4YHOr0 CTEKJIA.

OObIuHbIe JTAOOpPATOPHBICE MPOOUPKU M3TOTABIMBAIOT M3 JIETKOILIABKOIO
CTeKJa, HO I OCOOBIX paboT, Korja TpeOyeTcs HarpeBaHUE JO BBICOKHX

TeMIlepaTyp, IPOOUPKU U3rOTABIMBAIOT U3 TYTOILUIABKOIO CTEKJIa WIIK KBaplia.



Kpome 00bI1YHBIX, TPOCTHIX, MPOOUPOK, MPUMEHSIOT TAK)KE TPadyuPOBAHHBIC

U [IeHTpU(yKHbIE KOHUYECKUE TPOOUPKHU.

Pucynok 1.1 — Ilpocras u rpagynpoBanHas npoOUpKH

Jlnst XpaHeHus MPOOMPOK, HAXOMSAIIUXCS B paboTe, CIyKaT CICIHATbHBIC

JEpPEBSHHBIE, MJITACTMACCOBBIE MJIM METAJUIMYECKHE IITAaTUBHI (puc.1.2).

Pucynok1.2 — ltatuB ¢ npoOupkamMu

[TpoOupku mpUMEHSIOT AJI TPOBEICHUS TJIABHBIM 00pa30M aHAIUTUYECKUX
VI MUKpOXUMHUYECKUX paboT. Ilpu mpoBeaeHnn peakiuii B NpoOHpKe peaKTUBBI
HE CJEIyeT TMPUMEHATb B CIUIIKOM OOJbIIOM KoJudecTBe. COBEPIIEHHO

HEJO0MYCTUMO, YTOOBI TpoOupKa Oblila HATIOJHEHA JI0 KPaeB.



NHorma B mpoOMpKY HYXHO BBECTH TBEPIO€ BEIIECTBO (ITOPOIIKH,
KPUCTAJUTBl U T. T.), JIJISL OTOTO MPUMEHSIOT MUKPOIIATENb, KOTOPBIM OTOHMPAIOT
HY’)KHO€ KOJIMYECTBO TBEpAOro BemiectBa. [IpoOupky paep:kaT B JIeBOW pYKe,
HAKJIOHHMB €€ TOPU30HTAJIBHO, U BBOJSIT B HEE MHUKPOIINATENb MOYTH A0 AHA (pHC.
1.3). 3atem mpoOMpPKyY CTaBIT BEPTUKAIIBHO U CJIeTKa yAapAIoT 1o Hel pykoi. Korna

BCC TBEPAOC BCIICCTBO BLICHINIACTCA, MUKPOIIIIATC]Ib BBIHUMAIOT.

Pucynox 1.3 — Buecenue B mpoOupKy NOPOIIKOOOPa3HbIX BEIIECTB

Jljis mepeMemnBaHusl HAIUTHIX PEaKTHBOB MPOOUPKY JEpKaT OONBIIUM H
yKa3aTeJabHBIM MaJbllaMHU JIEBOW PYKH 3a BEPXHUN KOHEL M MOJIEPKHUBAIOT €€
CpPEHUM TMalbIleM, a YKa3aTelbHbIM TMajblleM MPaBOM PYKH YyIApSIOT KOCHIM
yapoM MO HU3y NPOOUPKU. DTOro AOCTATOYHO, YTOOBI COAEPKUMOE €€ ObLIOo
xopo1uo nepeMeniano. COBEpIIEHHO HEAOMYCTUMO 3aKpbIBaTh MPOOUPKY HalIbLIEM
U BCTPSXMBATh €€ B TAKOM BHUJE; MPH 3TOM MOXHO HE TOJHKO BBECTU UTO-JIMOO
IOCTOPOHHEE B XKUAKOCTb, HAXOMSIIYIOCS B NMPOOMpPKE, HO MHOINA U MOBPEAMUTH
KOXY Majblla, NOJYYUTh OXOT M mp. Ecnm mpobupka HamosiHEeHa >KUAKOCTBHIO
0oJbllIe YeM Ha TOJIOBHHY, COACPKUMOE MEPEMEIINBAIOT CTEKISTHHON MaJIOUYKOM.

Ecnu mpo6GupKy HY>KHO HarpeThb, €e CielyeT 3axarthb B aepxkarene (puc. 1.4).
[Ipu HEymMenoM U CHJIBHOM HarpeBaHUM HMPOOUPKHU KUAKOCTH OBICTPO BCKHUIIAET U
BBITVIECKUBAETCA U3 HEe, MOITOMY HarpeBaTh HYXKHO OocTOpoxHO. Korga HauHyT

NOSIBJISITBCA MY3bIPbKU, TPOOUPKY CIENYET OTCTABUTH M, Jepika €€ He B IJIaMEHU



TOPEJIKH, a OKOJIO HETO WM HAJl HUM, ITPOIOJIKATh HArPEBAHUE TOPSYUM BO3YyXOM.
[Tpu HarpeBaHUU OTKPHITHINA KOHEI] IPOOUPKHU JTOKEH ObITh 00OpallleH B CTOPOHY OT

pa60Ta}0mer0 Hu OoT COCG,HCfI I10 CTOJIY.

Pucynox 1.4 — Jlepxatenb 115 IpoOUPOK

Bopounku. CiyxaT 175 nepeMBaHus )XUIKOCTEH, 1Sl PUIBTPOBAHUSA U T. [I.
XHWMUYECKHE BOPOHKH BBIMYCKAIOT PA3JIUYHBIX Pa3MEpPOB, BEPXHUM NHAMETP HX
cocraisgeT 35, 55, 70, 100, 150, 200, 250 u 300 mm.

[Ipu paboTe BOPOHKU yCTAHABIMBAIOT WM B CIECHMAIBHOM ILTATUBE, UJIA B
KOJIbII€ Ha OOBIYHOM JIa0OpaTOpHOM IITaTtuBe (puc. 1.5).

[Ipu nepenuBaHUU KUJIKOCTH B OyTHUIb WX KOJIOY HE ClIeAyeT HAIOJIHATh
BOPOHKY JI0 KpaeB.

Ecnu BOpOHKa MJIOTHO MPUJIETaeT K TOPIY COCyAa, B KOTOPBIN MEPENTUBAIOT
KUJKOCTh, TO TEpPEIMBAHUE 3aTPYIHSETCSA, TaK KaK BHYTPH COCYyJla CO3AaeTCs
MOBBIIEHHOE JaBiieHHe. [loaToMy BOPOHKY BpeMsi OT BpPEMEHU HYKHO

IMPpUIIOAHUMATD.



Pucynok 1.5 — IlltaTuB ¢ yKpEIUIEHHBIMH B CHEUHUAIBHBIX JIEPHKATEIAX

BOPOHKAMH

Eme myumie caemate MeXaIy BOPOHKOH W TOPJIOM COCYJa IEhb, BIIOKHB
MEXIy HUMH, HampuMmep, Kycodek Oymaru. [Ipum 3TOM HYKHO CIEAUTh, YTOOBI
MPOKJIaJIKa HE Tomaja B COCY/I.

XuMHn4yecKkue CTaKaHbl MPEJCTABISIOT COOOW HUIUHAPH Pa3IUUHON
eMKOCTHU. Tak e Kak M JPYryl0 XUMHUUYECKYIO MOCYdy, CTaKaHbl JAEJAIOT U3
dapdopa (puc. 1.6) u U3 xumudecku cToiikoro crekna (puc. 1.7). OHu ObIBAIOT: C
HOCHMKaMu U 0e3 HOCWKOB, (papdopoBwie cTakaHbl — ¢ pydykamMu U 0€3 pydeKk,
CTEKJISIHHBIE — C JICTICHUSIMU JIJIs1 IPUOIU3UTEILHOTO U3MEPEeHHsI 00BhEMa M 6e3
JIETICHU M.

HarpeBaTh cTrakaHbl U3 OOBIYHOTO CTEKJIa HA TOJIOM IUIAMEHH HENb3s — OT
’TOTO OHM JomaroTcsA. HarpeBaHuwe clieqyeT MPOBOAWTH TOJBKO dYepes

acOECTUPOBAHHYIO CETKY WJIM Ha BOJSIHOM MO0 JIpyroi OaHe.



Pucynok 1.7 — CteknsiHHbIE CTaKaHbI

InockoaoHHBIE K00BI. BrIBaIOT camMoii pa3HOOOpa3Ho# emMkocTH (puc.1.8),
HaunHas oT 50 Mz ¥ 10 HECKOJBKUX JIUTPOB, CO IIIHdoM U 0e3 nuuda Ha Topie.
WX U3roTOBISIOT M3 OOBIYHOTO, a TAKXKE W3 KBAPIIEBOTO W CICIHAIBHBIX COPTOB

CTCKJIA.



Pucynox 1.8 — IimockoioHHBIC KOJTOBI

Konnueckue k0061 (OprenmMeiiepa). Haxomst mmpokoe npuMeHEHUE TTPU
aHAJIUTHYECKUX padorax (TuTpoBaHue). OHU OBIBAIOT PA3NIMYHON EMKOCTH, C

HOCHKaMHU U 0€3 HOCUKOB, y3KOTOpJble U MHpoKoropisie (puc. 1.9).

Pucynok1.9 — Konnueckne ko061

HarpeBatb xonObI clemyeT TOJIbKO 4Yepe3 acOeCTUPOBAHHYIO CETKY WM Ha

KaKou-110o OaHe.



2. MepHasi mocyaa
MepHo#i Ha3bIBaIOT TIOCYAY, NPUMEHIEMYIO s H3MEpeHus o0bema

KUIKOCTH.

Mepuble nuianHapsbl. [IpencTaBiasioT co0oi CTEKISHHBIE TOJICTOCTEHHBIC
COCy/ibl C HAHECEHHBIMU Ha HapYKHOW CTEHKE JEJICHUSIMH, YKa3bIBAIOIIUMU 00BEM
B MuutiuTpax (puc. 1.10 a). Ouu 6pIBatOT caMoi pa3HOOOPA3HOM EMKOCTH: OT 5—
10 mi 1o 1 11 u Gonbire. UTOOBI OTMEPHUTH HYKHBIN 00bEeM KHUIKOCTH, €€ HATUBAIOT
B MEPHBIM LWIMHAP A0 TeX IOp, NOKAa HWKHUKA MEHUCK HE JOCTUTHET YpPOBHS

HYXHOT'O ICJICHUA.

Pucynok 1.10 — MepHble UMIHHIPHI (@) 1 MEH3YPKU (0)

Kpome uununapos, 1uist Tl ke e ynotpeossitor MeH3ypku (puc. 1.10 0).
DTO cOCyZlbl KOHUYECKOH (hOpMBI, Ha CTEHKE KOTOPBIX UMEIOTCS AeneHus. OHu
OYeHB yIOOHBI JJI1 OTCTAMBAHMSI MYTHBIX XKHIKOCTEH, KOTJIa 0CaIOK coOupaeTcs B
HIDKHEW, CYy’KEHHOW YaCTU MEH3YPKH.

Munerku. Cnyxar sl TOYHOTO OTMEPUBAHUSA OMNPENEIEHHOTO O0Bhema



KUIKOCTH. Pa3mnaaroT MUMETKH IS )KUJIKOCTEH M ra30BhIC MUTICTKH.

[Muntetkn st skunakocter (puc. 1.11). OObruHBIC MUIIETKH (MUTIETKH Mopa)
MIPECTABIIAIOT COOOM CTEKJISTHHBIC TPYOKH HEOOIBIIIOr0 AUaMeTpa ¢ paciIupeHueM
nocpeanHe. HKHUN KOHEI[ MMUMNETKU CIIETKa OTTAHYT U UMEET IUaMeTp OKoyo 1
MM.

[TuneTku O6pIBatOT eMKOCThIO OT 1 10 100 My, B BepxHEl 4acTH UX UMEETCs
METKa, J0 KOTOpoW HabuparoT xuakoctu. Illupoko mnpuMeHSIOT TaKxke
rpagyMpOBaHHbIC MHUIIETKH Pa3JIMYHON €MKOCTH, HA HApY>KHOM CTEHKE KOTOPBIX
HaHeceHbI geneHus B 0,1 mir.

JInsi HamoJHEHUsI MUIMETKU HWKHUM KOHEI[ €€ OIyCKAaloT B KUJKOCTh U
BTSATUBAIOT MOCJICAHION IMPU MOMOIIM TPYIIM WIM PTOM, HO JIy4Ille IPH 3TOM

ITOJB30BATHCA CIICIHUAJIBHBIMHU HpI/ICHOCO6JI€HI/ISIMI/I.

Pucynok 1.11 — Iunetku: a — npoctas (nunerka Mopa), 6 - rpagyrupoBaHHas

JKunkocTs HaOUparoT Tak, YTOOBI OHA MOHSIACH Ha 2—3 CM BBIIIC METKH,



3aTeM OBICTPO 3aKpPBIBAIOT BEPXHEE OTBEPCTHE, YKa3aTENbHBIM MAaJbIEM MpPaBOi
PYKH, IPUAEPKUBAI B TO K€ BpeMs MUIETKY OOJbLIIMM U CPEIHUM IMaJbLAMHU.
OdeHb NOJIE3HO yKa3aTeNbHBIN MAJIEl] CIeTKa YBJIAXKHUTD, TAK KAaK BJIIAYKHBIN NaJel]
0o0J1€€ TIIOTHO 3aKPbhIBAET MUIETKY.

Korna nunerka HamosjHeHa, OCJIAa0JIAIOT Ha)KUM yKa3aTeNbHOIO Majiblia, B
pe3yJibTaTe 4Yero >KUAKOCTh OYIET MEIJICHHO BBITEKaTh M3 MUIETKH; KaK TOJBKO
HIWKHUN MEHHCK KUJKOCTH OKa)XETCS Ha OJJHOM YpOBHE C METKOH, Majel] CHOBa
npwxuMaroT. Eciiy Ha KOHIE MUIIETKHU MTOCIIE 3TOT0 Oy1eT BUCETh KaIllsl, €€ CIIEyeT
OCTOPOKHO yAaJIUTh. BBeAs MUNETKY B COCYJl, OTHUMAIOT YKa3aTeJIbHBIN Majen u
JAI0T KUAKOCTU CT€Yb MO CTeHKe cocynaa. [locie Toro Kak *UAKOCTh BBITEYET,
NUIETKY Jep’KaT B TEUEHHUE elle 5 ceK (CuuTasl 10 5) NMPUCIOHEHHOW K CTEHKE
cocyza, Cilerka IMOBOpauMBas BOKPYT OCH, MOCIE YEro YIAISIOT IMHIETKY, He
oOpalliasi BHUMaHUS Ha OCTAaBIIYIOCS B HEM KUJKOCTb.

[Tpu BbUIMBaHMU pacTBOpa U3 MUIETKH B KOHUYECKYIO KOJIOY OUEHb Ba)KHO,
yTOOBl pPAacTBOpP CTE€Kal HMEHHO II0 CTEHKE KOHUYECKOM KOJIOBI H He
pa30pbI3ruBacs, Tak KakK MPH 3TOM YacTh BHUIMBAEMOTO paCTBOpPA MOKET MOMACTh
Ha CTEHKY KOJIObl U MPHU MOCIEIYIOUIEM TUTPOBAHUHM HE BCTYHHUT B PEAKLHIO C
pacTBOPOM, BBUIMBAEMBIM U3 OIOPETKH.

Hukorzaa He cieyeT CTpeMUTBCS BBITOHITh OCTaTKU JKUJIKOCTU U3 IHUIETKU
BbIJIYBAaHUEM WJIM HarpeBaHUEM PYKOW PaCIIMPEHHON YacTH MUIIETKH.

Jljis oTMepuBaHUs MajiblX 00BEMOB KHUAKOCTEH MPUMEHSIIOT MUKPOIUIIETKH
€MKOCTBIO 1, 2, 3 1 5 MiI. MUKpPOIIMIIETKH YaCTO TPALYUPYIOT, OHU UMEIOT JICJICHUS
B 0,01 M1, uTO TO3BOJIAET AeiaTh oTcueT ¢ ToyHOCThIO 0,002— 0,005 M.

['panynpoBaHHON MWUIETKOWM MOXXHO OTOMUpaTh HE TOJIBKO OAUH
OTpEEICHHBIA 00BbEM KUAKOCTH (KaK OOBIKHOBEHHBIMH MUIETKAMU), HO JIFOOOH B
npenenax ee eMKOCTH. KHUIKOCTh HaOWparoT B MUNETKY A0 HYKHOM METKH
(HIDKHMM MEHHUCK KUJIKOCTH HaXOJIUTCA HA YPOBHE IMOCIIEAHEN) U 3aTEM BBUINBAOT
ee, Kak 0OBIYHO.

[TuneTku JOJIDKHBI OBITh BCCraa YUCTO BBIMBITBIMH, UX CJIICAYCT CTAaBUTH B



0coObIit mTatuB (puc. 1.12) u 3aKpbIBaTh CBEPXY MAJICHBKUMHU NMPOOHPKAMH WU
KyCKOM YHUCTOH (pribTpoBalibHOM Oymaru. Ecnu mratuBa B jabopaTtopuu HET,
OUIETKH MOXXHO XPaHUTh B CTEKISHHOM IIWIMHApPE, Ha JHO KOTOpPOTO
IpeIBapUTENFHO KIATyT HECKOJBKO CIIOEB YHMCTOM (MIBTPOBAIbHON Oymarw,
BbIpE3aHHON KpyxKamu. [locie paOoThl MUMNETKY ONOJACKUBAIOT HECKOJIBKO a3
JVCTUJZIMPOBAHHON BOJOW M IOMEIIAIOT B CTEKJIIHHBIA LWIMHAD, KaXIBIM pa3s
3aMEHsA BEPXHUU ol puibTpoBagbHON OyMaru cBexxuM. OOBIYHBIMU MTUTIETKAMU
HEJb351 OTMEPATH JKUIKOCTH, BI3KOCTh KOTOPBIX 3aMETHO OTJIMYAECTCS OT BSI3KOCTU
BOJIbI, HAI[pUMEpP, KOHIIEHTPUPOBAHHBIE KUCIOTHI, MIEOYN H T. II., TAK KaK 00BEM
0TOOpaHHOM KHUAKOCTH HE OYJET COOTBETCTBOBATh yKa3aHHOMY. Jliist oTGopa Takmx

)I(I/I,I[KOCTeﬁ IMOJB3YIOTCA CIICIHIUAJIBHO l'IpOKaJ'II/I6p0BaHHBIMI/I IIUIICTKaMH.

Pucynoxk 1.12 — [IITatuBsl 17151 MUIIETOK

[Ipu oOpamieHM CcO BCEMHM BHAAMHM TMHUIETOK HYXKHO 00s3aTe€IbHO
MPUAEPKUBATHCS CIEAYIOMNX PABUII:

1. IMunetka npu oTOOpe KUIKOCTU BCErna JOKHA HAaXOAUTHCS B CTPOTO



BEPTUKAIILHOM OJIOKEHHH.

2. [Ipu ycTaHOBKE HMXKHErO MEHHCKA Ha YPOBHE YepThI I71a3 HaOmoaTens
JOJDKEH OBITh PACIOJIOKEH B OJIHOM IJIOCKOCTU ¢ METKOW (METKHM Ha mepeaHed u
3aJIHEW CTEHKaX JOJDKHBI IIPU 3TOM CIIMBATHCS B OJIHY).

broperku. [IpuMeHsIOT Ipy TUTPOBAHUH, JJII U3MEPEHUSI TOYHBIX 00HEMOB
u np. Paznuyator OopeTku 0ObeMHBIE, BECOBBIC, OPUIHEBBIE, MUKPOOIOPETKH U
ra3oBbI€.

Oobvemnvle 010pemKu. IT0 — CTEKISTHHBIE TPYOKH C HECKOJIBKO OTTSHYTHIM
HIPKHUM KOHIIOM WJIM CHaOKeHHbIEe KpaHOM. Ha HapyXHOI CTeHKe 1O BCEeil JIMHE
OropeTku HaHeceHsl AesieHus B 0,1 Mil, TaKk 4YTO OTCUETHI MOKHO BECTU C TOYHOCTHIO
10 0,02 mir.

bropetku (puc. 1.13) ObIBalOT OBYX THIIOB: C HPUTEPTHIM KpaHoM (0) u
OECKpaHOBBIE C OTTSHYTHIM KOHIIOM (@), K KOTOPOMY IOCPEICTBOM pPE3HMHOBOI
TPYOKU HPUCOEAUHSAIOT OTTSHYTYIO B KaWUISP CTEKISHHYIO TPYOKY; pE3MHOBYIO

TpYOKY 3a)KUMArOT 3aKuMoM Mopa.

Pucynok 1.13 — bropetku o0beMHbIe



Pe3unoBast TpyOka MoKHA MMETh CTEHKY TOJIIMHOM HE MeHee 1,5 mm, a
BHYTPCHHHUI AuamMeTp — Okojio 3 MM. Takum 00pa3oM, HApYXHBIA JHAMETP
PE3UHOBOM TPYOKH - OKOJIO 6 MM.

B OropeTkn ¢ KpaHOM MOKHO HaJMBaTh BCE XUAKOCTH 33 HCKIOYEHUEM
1IeJI04eil, KOTOpbIe MOTYT BBI3bIBATh 3a€JjaHUE MPUTEPTOro KpaHa. JJst paboThl co
niesIoyamMu NPUMEHSIIOT OECKpaHOBBIE OIOPETKU C PE3UHOBOM HACAIKOM.

J1i1s paboThI B yueOHBIX J1a00paTOPUSIX WM B TEX CIydasix, KOTJa TATPOBAaHHUE
MPOBOJAT PEAKO, U MPU BCEX BPEMEHHBIX paboTax OIOPETKH YKPEIUISIIOT Ha

7a00paTOPHBIX IITATUBAX B Jankax (puc. 1.14).

Pucynok 1.14 — IlItatus ¢ OropeTkamu

Tak kak OWOpPETKH MpeaHa3HAYCHBI JJIsI OYEHb OTBETCTBEHHOW pPabOThI —
TUTPOBAHUS, MX CIACAYET COJIepkKaTh B OCOOCHHON YMCTOTE.

[Toce paboThl OFOPETKY CIIeNyEeT BHIMBITH BOJION U OCTABHUTH €€ B IITATUBE,
MEePEBEPHYB OTKPHITHIM KOHIIOM BHH3. UTOOBI B OIOpETKY HE TOMajiaja IMbUib, €€
JydIe 3aTKHYTh KYCOYKOM BaTbl. Y OIOPETOK C KpaHOM HYXXHO BBIHYTH KpaH,
00epHYTH €ro OJIMH pa3 KyCKOM YHCTON (PMIBTPOBAILHON OyMaru u CHoBa BCTaBUTh

B Oropetky. Eciam sToro He caemarh, NUIM( MOXKET HUCIOPTUTHCS U KpaH Oyner



IPOTEKATh.
BropeTky ycTaHaBIMBAaIOT Ha HYJb TOJBKO IOCIE TOTO, Kak padoTarouuil
yOenuTcs, 4To B KaMWUISIpe WM KOHYMKE OIOPETKHM HE OCTajJoCh IYy3bIPHKOB

Bo3ayxa (puc. 1.15).

Pucynok 1.15 — Y ganenue Bo3ayxa u3 KOHUMKA OIOPETKU

BropeTky ciieqyer 3anoyiHATh TaK, YTOObl BHAYaJle YPOBEHb JKUJIKOCTH OBLI
HECKOJIPKO BBIIIIE HYJIEBOTO JelieHus ImKaabl (10 3—4 cm). 3areM, OCTOPOKHO
MPUOTKPBIBasl KpaH, aKKypaTHO YCTaHABJIMBAIOT YPOBEHb KHUAKOCTH Ha HYJIEBOE
nenenve. Kaxmoe TUTpoBaHHE CIIElyeT HAYMHATH TOJBKO IOCIE 3arOJHEHUs
OIOpeTKH 710 HYJIs. YPOBEHb KUIKOCTH MTPO3PAYHBIX PACTBOPOB YCTAHABIMBAIOT I10
HIDKHEMY MEHHCKY, a HETIPO3PAuHBIX — [0 BEPXHEMY.

Mepnblie k010b1. HeoOxoanmas nocyaa aast O0JbIIMHCTBA aHATUTUYECKUX
pabot (puc. 1.16); oHM NpeaCTaBISAIOT COOOM TUIOCKOJIOHHBIC KOJOBI pa3IMIHON
€MKOCTH; B OOJIBIIMHCTBE CIIy4aeB MEpPHbIE KOJOBbl MMEIOT NPULLIU(OBAHHBIC
CTeKJsiHHbIE TpoOku. OJHAKO YacTO TMPUMEHSIOT MEpHbIe KOJIOBI  6e3
npunUTHQOBAHHBIX CTEKJISHHBIX TpPoOOK. B Takux ciydasx s 3aKpbIBaHUSA

MEPHBIX KOJIO UCMONB3YIOT PE3UHOBBIE MPOOKK COOTBETCTBYIOIIETO pa3Mepa.



Pucynox 1.16 — MepHbie KOJIOBI

Pa3znuyarot y3koropbie ¥ MIMPOKOTOPIIBIE MEpHBIE KOJIOBI. J(namerp ropmia
NOCIEAHUX NPUOIM3UTEIBLHO B IIOJTOpa pa3a OOJbIIE [0 CPaBHEHUIO C
y3koropibiMu. Ha ropne xomnOwel mMeeTcsi KOJbIleBash METKa, a Ha camMou Kojbe
BBITPABJICHO YKCIIO, YKA3bIBAIOILIEE €€ EMKOCTh B MUJUIMIIUTPaX MPH ONpPEACIICHHON
temriepatype. llpuBeneHHas €MKOCTh O3HA4aeT, 4TO NPH JAHHOW TeMIleparype
00BeM BOJBI, HATUTOW B KOJOY /O METKH, TOYHO COOTBETCTBYET YKa3aHHOMY.
OObeM BbUIUTON U3 KOJIOBI BO/BI OYAET HECKOJIBKO MEHbIIIE TOMEUEHHOI 0, TaK KaK
4acTh €€ OCTaHEeTCsl Ha cTeHKax. [loaTroMy 0ObIYHBIE MEpHBIE KOJIOBI HE PUTOIHbI

AJIs1 OTMCPHUBAHUA TOYHOTI'O oO0BemMa BOJbI C ITOCJICAYIOIIIUM BBIJIMBAHHUEM C€C.

MeToauKa ¥ MOPAJAOK BBHINOJHEHUSI PA00ThI
J71s1 mosTydeHust HAaBBIKOB pabOThI ¢ XUMHYECKOH MOCY0M HEOOXO0IMMO B3SITh

BCE ONMCAHHBIC SJIEMEHTHI U MMOMPOOOBATH UX B padoTe.

Coaep:xxanue or4yera u ero popma
Kaxxaplii CTyI€HT IOJDKEH UMETh JIA00paTOPHBIN KypHaJl, KOTOPBIH SIBISETCS

JIOKYMEHTOM, OTPa)XarolIiM BCIO €ro padoTy.



Bce HaOmroaeHns U BBIBOABI MO IKCIIEPUMEHTAIBHON padboTe, MpoaeTaHHOMI
B JIabOpaTopuu, CTYJIEHT 3aHOCUT B JIaDOPaTOPHBIM *KypHaJd HENOCPEICTBEHHO

ITOCJIC €C BBIIIOJIHCHUA B BUAC OTUCTA.

Bonpocs! AJ1s1 3a10MTHI padoThI

Crneunduka qaHHOM pabOTHI IpeanoiaraeT ToJIbko ohopMIICHHE OTYeTa

Jluteparypa

[OcHoBHas nmuteparypa 1-4, nonosHUTENBbHAS TUTEparypa 2|
JIABOPATOPHAS PABOTA 2

OINPEJAEJIEHUE DKBUBAJIEHTA METAJIJIA

Ieab u coaep:kanue
O3HaKOMHUTBCA C MOHATHEM SKBHBAJICHTA, YKBUBAJIECHTHOW Macchl. M3yunTh
OCHOBHBIC TIOHSATHSI M 3aKOHbI XWMHUHM. HayyuThCd Ha OCHOBaHMHM 3aKOHa

9KBHUBAJICHTA IIPOU3BOJNUTL PACUYCTLI AKBUBAJICHTHOM MacCChI Pa3JINYHbIX BCIICCTB.

Teopernuyeckoe 000cHOBaHUE
3akon 3xBuBasieHTOB (M. PuxTep) B MoneKkyIapHBIX COEAMHEHUSX MACChI
COCTABJISIIOUIMX UX AJIEMEHTOB OTHOCATCS MEXKIY COOOM Kak MX SKBUBAJIEHTHI WM

MAacChl B3aUMOJEHUCTBYIOIINX BENIECTB MPOMOPIIMOHAIBHBI UX MOJISIPHBIM Maccam
SKBHBAJICHTOB (Ma):

m _ m
M M

, (1.2)

2(1) 2(2)

rae M u M,— Macchl pearupyrolmx BEUEeCTB, T, KT,



M o0 M M »(2) — MOJISIPHBIE MacChl 3KBUBAJIEHTOB 3TUX BEILIECTB, 2/ mow ; kel monw

XMMHYECKU IKBUBAJCHT BelleCTBA 3TO peaibHAas WIM yCJIOBHAs 4acTh
MOJIEKYJIbI WM aToMa (MOHA), KOTOpasi MOXKET IPUCOEIUHATD, BBICBOOOXK/1aTh UIIHU
JIpPYrUM CcrocoOOM OBITh HKBHBAJIEHTHA AaTOMY BOJOpOAa WJIM KAaTHOHY B
MOHOOOMEHHBIX PEAKUMSIX WM JJIEKTPOHY B OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX
peaxkuusx.

Moib 3KBHBAJEHTOB — Ha3bIBAETCA TAaKOE€ €ro KOJHMYECTBO, KOTOPOE

COCOUHACTCA C 1 monem aToMoOB BOJOpOJa HJIHM 3aMCIIACT TO XKC KOJIHMYCCTBO

aTOMOB BOJOPOJa B XUMHWYCCKHUX PCAKIIHAX.
Maccy OAHOI'0 MOJsI DJKBHBAJICHTA HA3bIBAIOT MOJIHpHOﬁ Maccou

JkBuBajeHTa BemecTBa (M,). MospHble MacChl SKBHBAJIE€HTOB BEIIECTB

u3MepsioT B 2/ Mo

[TockonbKy MOJISIpHAs Macca Kakoro-iau0o BellecTBa YHCIEHHO COBIAAET C
€ro OTHOCHUTEJIBHOM MOJEKYJAPHON MacCOoW, TO W3 3aKOHA HKBUBAJIECHTOB MOKHO
BBIBECTU CJeAyIonre GOPMYJIIbI 1711 BEBIYUCIECHUS SKBUBAJICHTHBIX MACC MPOCTHIX U

CJIOKHBIX BCIICCTB:

_ M ajlemenma (1 3)
O (onemenma) ~ A
Banenmnocmo snemenma

M oxcuoa ’ (1 ) 4)

Hucno amomoe anemenma - 6a1eHMHOCHb JJIeMEHMA

_ M KUCIIOMbl ’ (1 5)

5 =
(kucromer) OcnogHocmb KUCIOMbL

— M OCHOBAaH U5 , (1 . 6)

, =
(oerosanu) ke cnomHoOCHIb 0CHOBAHUS

Mco,m ] (1 . 7)

Hucno amomos memanna - 6a1eHMHOCMb Memaid

3 (okcuoa) =

O (conu) =

M — monpHas Macca coeqUHEHUN, 2/ Mo .



[Tpr penreHUn HEKOTOPHIX 3a/ad, B YCIOBUSAX KOTOPBIX COJEPIKATHCS
cBeneHusT 00 00BEéMax ra3000pa3HBIX YYACTHUKOB PEAKIMHU, IeIeco00pa3Ho
TI0JIb30BAThCsl 3HAYCHHUEM 3KBUBAJICHTHOTO 00BEMA.

JKBHBAJEHTHBIM 00bEMOM 2\, Ha3bIBaeTCs 00BEM, 3aHMMACMBIH TPH

JaHHBIX YCIIOBUAX 1 SKBHBAJICHTOM BellleCTBa. 3HAUYCHHE SKBUBAJICHTHOIO 00BbEMaA
BEIIECTBA, HAXOAAIIETOCS B Ta3000pa3HOM COCTOSIHUW, MOYKHO HaWTH, 3HAS, 4TO B
MOJBHOM 00BEME JIHOOOTO Ta3a, COCTOSIIEr0 M3 OJHOATOMHBIX MOJEKYII,

comepkuTcs 1moib aTOMOB, COCTOSIIETO M3 JBYXaTOMHBIX MOJIEKYNI — 2 MOJiA
aToMoB W T.a1. Hampumep, B 22,4 7 H, coaepUTCsl TIPU HOPMAJIBHBIX YCIOBHUSIX
2 monss aTOMOB Bojopoaa. IIOoCKONBbKY SKBHBAJIEHT aTOMOB BOJOPOJAa paBeH

1mone, 10 B 22,4171 H, comepXuTcs 2 DKBHBAJIEHTA aTOMOB BOIOPO/IA.

CrenoBaTenbHO, IKBUBAJICHTHBIN 00BEM MOJICKYII H, paBeH
22,4
3 (Hy) = 12 11,2 n/ mono. Paccyxnas aHAJIOTHYHO, BBIYUCIIAM
22,4

9KBUBAJICHTHBIN 00BEM razoo0pasnoro kuciopoga 3, (0,) = 2—’2 =5,6 1/ mons.

Anmaparypa ¥ MarepuaJbl

[Ipubop nyst ompeneneHUs] SKBUBAJICHTA MeTala. AHAJIUTUYECKUE BECHI.
Tepmometrp. bapomerp. Menszypka Ha 25-50 My, CTakaHUMK XUMHYECKUN
BMecTUMOCThIO 50 mul. Boponka ¢ giuHHBIM KOHIIOM. DuiibTpoBasibHas Oymara.

Hagecka metamna (x.4.) okojo 0,1 r. PacTBOp COJIIHOM KUCTOTHI 2H.

Yka3aHus no rexHuke 0€30nMacHOCTH

Cwm. nabopatopHyto padoty 1.

MeToanka U MOPSIIOK BHINIOJIHEHUSI PA0OTHI

OneIT NPOBOAUTCA B MPUOOPE COCTOAIIEM U3 OIOpeTKH BMeCTUMOCThIO 100



MJI, YPaBHUTEIBHOIO COCY/la , CTEKJISHHOTO TPOMHUKA, HA OJUH KOHEI[ KOTOPOTo
HaJieTa KaydykoBas TpyOka c 3axxumoMm. Ha npyroil xoHen TpoilHMKa Hajaera
Kay4dyKoBasi MpoOKa, MJIOTHO 3aKpbIBarolias OIOPETKYy, TPETUl KOHEl[ TPOMHHKA
npucoeaunsiercss K ckisHke OctBanbaa. Kycouek (mopomiok) meramna (0,1 1)
B3BECHUTh Ha AHAIUTUYECKHUX Becax ¢ TOUHOCTHIO 10 0,0002 r. B3BemeHHbIN MeTal
MIOMECTUTh B OJHO KOJICHO CKJISHKM OcTBasibia. B Apyroe KoieHO ¢ MOMOIIbIO
BOPOHKH C JJIMHHBIM KOHLIOM HaJuTh 10-12 mu 2H pacTBopa COJSHOM KHCIIOTHI.
OCTOPOKHO YKpenuTh CKIAHKY OCTBajapla B 3aKMME IITATUBA U MPUCOECIUHUTH K
TPOMHMKY, IJIOTHO 3aKphIB MpoOKH B Oroperke M B ckisiHke OctBanbaa. [lpu
OTKPBITOM 3aKMM€ Ha TPOMHHUKE JOBECTHU C MOMOIIBIO YPABHUTEIBHOIO COCYa,
MOJIHUMAs M OITyCKasl €ro, ypoBEHb BObI B OIOPETKE TOUHO /10 METKU «0». 3aKpbITh
32)KUM U UCTIBITaTh IPUOOP HA TEPMETUYHOCTH, JJISl YErO OMYCTUTh YPABHUTEIbHbBIN
COCYJl TaK, 4YTOObl YPOBEHb BOJIBI B HEM ObLIT HUXKE YPOBHS BOJbI B OIOpETKE, U B
TaKOM TOJIOKEHUU YKpenuTh ero. lIpum omyckaHuM ypaBHUTEIBHOTO COCYJa
YPOBEHB BOJIbI B OIOPETKE HECKOJIbKO MOHU3UTCS. Ecnu uepes 1-2 MUH ganbHEHIIero
MOHIKEHHS He OyeT, MPUOOP MOKHO CUMTATh T€PMETHUHBIM.

[locne wucnbiTanuss Tpubopa HA  TEPMETUYHOCTh, HE MOJAHUMAsA
YPaBHUTEIIbHBIM COCYJ, HAKJIOHUTh IITATHUB U NEPEIUTh KHUCIOTY B KOJICHO, TJIE
HaxoauTcss Metail. ToTyac HaunHaeTcsa BhiaelieHHEe Hy M BbITECHEHUE BOJBI U3
OIOpeTKH B ypaBHUTENIbHBIN cocya. [Io OKOHUaHMIO peaklMu ClIeayeT MOJA0XKAaTh
10-15 muH, 4TOOBI Ta3 B NMpuOOpe MPUHSII TEMIIEPATYPy OKPYXKAIOIICH Cpeibl.
[IpuBecTH Boy B OIOPETKE M YPaBHUTEIBHOM COCY/Ie K OJHOMY YPOBHIO U, €CJIA B
TeueHne 1 MHMH He HaOMIOJAeTCs W3MEHEHHUS YpPOBHS, OMNPEICIUTh 00BheM

BBIICIIMBIICTOCA BOJAOPOAa OT HYJISI 10 JaHHOT'O YPOBH:I.

Conep:xkanue oryera u ero popma
Bce mnabmiomenus 3amucath B JiabopartopHbld  KypHan. CrenaTh
CXeMaTHYeCKUI pUCYHOK mpubopa. Pe3ynbTaThl HU3MEpEeHUN 3amMcarbh 110

cienyromieit hopme:



Macca merania, m, r

OO0BeM BBIJICTUBILIETOCS BOJIOpoa, V, Ml

Temmneparypa, T, K

ATtmocdepHoe nasnenue, P, I1a

JlaBneHue HaChIIIEHHOTO BOASHOIO napa npu aaHnHou temmneparype P(H20),

ITa.

[TapuuansHoe nasienue Bogopoaa, P(Hz)=P- P(H.0)

PaccuuTaTh S5KBUBaJICHTHYIO MAacCy METajlia IByMs CIIOCOOaMM:

1. Beruucnuth Maccy BBITECHEHHOTO BOJIOPO/Ia IO ypaBHeHUIo Kianeipona-
MenpaeneeBa. Ha ocHOBaHMM 3aKOHA SKBUBAJICHTOB BBIYMCIUTH MAacCy
SKBUBAJICHTA JIAHHOTO METaJlIa.

2. IlpuBecTr 00BEM BBIJCIUBIIETOCS BOJOPOIa K HOPMAITBHBIM YCIIOBHSM 10
ypaBHeHuto Knanelipona. 3Hasi 00beM SKBUBAJICHTa BOJIOPOJIA, PACUUTATh

MacCCy 5KBHBAJICHTAa MCTAJLIA.

Bonpocsl 1j11 3amUTHI J1a00PATOPHOIT padoThI
1. Boruncaure skuBanent H;PO,, mpu peakiusx oOMmeHa, B pe3yibTare

KOTOPBIX 00pa3yrOTCsl KUCIIbIE U CPEIHUE COTH.

2. Haiigure skuBanent H,SO, u Cu(OH), B cneayromux peakuusx:
a) H,SO, + 2KOH =K,SO, +2H,0;

0) H,SO, + KOH =KHSO, + H,0;

B) Cu(OH), +2HCI =CucCl, + 2H,0;

r) Cu(OH), + HClI =CuOHCI + H,0.

3. Onpenennre 3KBUBAJIEHT U SKBUBAJIEHTHYIO Maccy (ocdopa, kucinopoaa u

opoma B coemuuennsx PH,, H,O, HBr.

4. B xaxoit macce NaOH comepXuTcsi CTOJIBKO e SKBUBAJICHTOB, CKOJIBKO

B 140 2 KOH ?



5. U3 1,352 oxcuaa mertamia momy4aercss 3,152 ero Hutpara. Beramcioure

9KBUBAJICHTHYIO MACCy 3TOI'0 MCTaJLJIA.

6. OnoBo o6pa3yet aBa okcunaa. [lepssriii conepxut 78,8 % , Bropoii - 88,2 %

0JI0Ba. BeruncianTe 3KBUBAJICHT 0JIOBA B ATHX OKCHaax.

7. 13 1,35 2 okcuaa metamia moiaydaercs 2,85 ¢ cynbdara 3TOro )Ke MeTallia
MeSQ, . Beruncinte SKBHBAJICHT METaJLIa.
8. M3 132 ruapokcwma wmetamia monydaercs 2,852 ero cynbdara.

Breraucnure OKBUBAJICHTHYIO MACCy 3TOIr0 MCTaJlJIa.

9. Okcupa TpexBaJeHTHOTO J3yeMeHTa coaepkut 31,58 % kucnopona.

Brraucnure 9KBUBAJICHTHYIO0, MOJIbBHYIO 1 aTOMHYIO MAaCCBI 9TOI'O 3JICMCHTA.

10. Yemy paBeH TpH H.y. SKBUBAJIECHTHBIM 00BeM Bojoponaa. Beruuciure
HKBUBAJICHTHYIO Maccy MeTailia, eciu Ha BocctaHoBienue 1,017 2 ero okcuma
uspacxogosaiock 0,28 7 Bomoponaa (x.y.).

11. OnuH okcua Mapratia CoIEepXKUT 22,56 % Kuciopona, a apyroi 50,50 %

. Beruncinre SKBUBaJICHTHI Mapratia B 9THX OKCHUaX U COCTABbTC HUX (bOpMYJ'II)I.

12. Beipasute B monsx: a) 6,02 -10% momexyn C,H, ; 6) 1,80-10* aTtomos

azota; B) 3,01-10% monexyn NH,. KakoBa MombHas Macca yKa3aHHBIX BEIIECTB?

13. Borunciuth 3KBUBAJICHT U dKBUBaNeHTHYI0 Maccy H,PO, B peakmmsx
obOpasoBaHnus: a) ruapodocdara, 6) quruapodocdara; B) oprodocdara HATpHSI.

14. B 2,48 2 okcuja 0OMHOBAJICHTHOTO MeTasuia coaeputcs 1,84 2 merana.
Brraucnute SKBUBaJIEHTHBIC MacChl METaJlIa U €ro OKcHia. YeMy paBHA MOJIBHAS U
aTOMHasl Macca 3TOro Merasa?

15. Yemy paBeH mpu H.). IKBHBAJICHTHBIA 00beM Kuciopoaa? Ha cxuranue
1,5 2 nByxBamentHoro Meramia tpedyercs 0,69 7 xucnopona (#.y.). Berauciure

9KBUBAJICHTHYIO MACCy, MOJIbHYIO MAaCCy U aTOMHYIO MAaCCy 3TOI'0O MCTaJlJIa.



16. 13 3,312 mutpara meTaia nmoiaydaercs 2,78 ¢ ero xiopuaa. Beraucnure

9KBUBAJICHTHYIO MACCy 3TOI'0 MCTaJLJIA.

17. Hanummure ypasaenus peakiuii Fe(OH), ¢ xmoposomopoxuoii (HCI)

KHCIJIOTOM, TIPU KOTOPBIX 00Pa3yrOTCs CIICAYIOIINE COSTUHEHNUS JKee3a: a) XJI0PU/I
muruapokcoxkenesa (111); 6) nuxmopun ruapoxcoxkenesa (111); B) xmopua sxenesa

(111). Beraucnure sxBuBajieHT u 3kBuBaneHTHyI0 Maccy Fe(OH), B kaxmoit u3

ATUX PEaKIU?

18. Ilpu BoccTaHoBiIeHMH 1,2 2 OKCHIa METajula BOJOPOJIOM 00pa3oBajioCh

0,27 2 BOJBI. Bpruucnoure S5KBUBaJICHT OKCHJIa U SKBHUBAJICHT MCTAJlJIA.

19. M30bITKOM THIAPOKCHIA KAJIHS MTOICHCTBOBAIHM HAa PACTBOPHI:
a) murugpodocdara kamus; 0) Hutpara murnapokcoBucmyta (I11). Hammmure
ypaBHeHHUs peakuuid atux BemectB ¢ KOH wu ompenenure ux SKBUBAJIEHTHI U
9KBHUBAJICHTHBIC MaCCHI.

20. BemiectBo comepxkut 39,0 2 cepsl, sxkBuBajeHT kotopoi 16,0 2/ mone u

MBIIILIK. BEIUKMCINTE SKBUBAJICHT U BaJICHTHOCTh MBbIIIbsAKA, COCTAaBbTC (bOpMy.Hy

9TOI'0 BCIICCTBA.

Jlureparypa

[OcHoBHas nuteparypa 1, 3, nonoJHUTENbHAS TuTeparypa 2|

JIABOPATOPHAS PABOTA 3

CKOPOCTb XUMHUUYECKHNX PEAKIIUH U XUMUYECKOE
PABHOBECHE

Leab u coaep:xxanue

O3HAaKOMHUTBCS C MOHSATHIMH CKOpPOCTH XUMHUYECKOM pCakuyn Hu

XHUMHUYCCKOI'O pPaBHOBCCHA. I/IBYLII/ITB BJINSAHHC Pa3IN4YHbIX (1)aKTOpOB



(KOHLIEHTpAaLlMKM, TEMIEpPaTypbl, MPUCYTCTBUS KaTalu3aTopa B CHUCTEME) Ha
CKOPOCTb TOMOTE€HHOM XUMHYECKOW PpEaKUWHU, BIWUSIHUE CTEIEHH IUCIIEPCHOCTU
BEILIECTBA HA CKOPOCTh F€TEPOreHHON peakuyu. M3ydnuTh CMEIIEHUE XUMUYECKOTO

paBHOBECHA ITPH U3MCHCHUU KOHHCHTpaI_[I/Iﬁ Y4aCTHHUKOB PCAKIIUU.

TeopeTnueckoe 060cHOBaHUE
OpmHOpOoMHAST YacTh CHCTEMBI, 00JIaIaroIIasi OJUHAKOBEIM COCTaBOM BO BCEX
TOYKaX W OJMHAKOBBHIMU CBOMCTBaMH, Ha3bIBaeTcs ¢pazou. Eciu wucxomHbie
BeIecTBa 00pa3yloT o/Hy (pa3y, peakiiis Ha3bIBACTCS 20MO2EHHOI.
[IpumMepoM roMOreHHOM peakIIi MOKET CITY>KUTh PEaKIIUs:
NaCI(m) + AgNO3(;K) = NaNOs + AgCll (31)
Peakuus B JaHHOM cllydyae MpOTEKaeT B pacTBOpE, HUTpAT cepedpa (pacTBop)
U XJIOpUJT HATpHsl (pacTBOP) 00pa3yroT oaHy (asy.
Ecnu wucxomnbie BemiecTBa 00pa3yloT Kaxkjoe CBOK0 (a3y, peakius
Ha3BIBACTCS 2emepozeHHoll. [ [puMepoM reTeporeHHON peaKIuu SBISICTCS PeaKITHs:
HZSO4()K) + Zn(TB) =7ZnS0O, + HQT. (32)
[unk (MeTau1) U cepHast KUCIO0Ta (pacTBOp) 00pa3yroT KaxK bl CBOIO (a3y.
Peakiust mpoxoIuT Ha TOBEPXHOCTH pazzena (das.
Ckopocmb  Xumuueckou peakyuu — U3MEHEHUE  KOHIIEHTpAIUH
pearupyronux BEMIeCTB B ¢IMHUITY BPEMEHHU:

p=C2=G_ AC (33)

]
T, T, At

rae C; — KOHUEHTpaly pearupyromux BemecTs 3a BpeMs T2, C; — KOHLIEHTpauuu
pearupyromux BemecTtB 3a Bpemss Ti, AC — U3MEHEHUE KOHIEHTpAIUU
pearupyrommx BEIIECTB 3a EpUo BPEMEHH.

3HaK MHMHYC YKa3bIBa€T Ha TO, YTO KOHILIEHTpalUs HCXOAHBIX BEIIECTB C
TEYEHHEM BpEMEHM ymeHblaercs, T. €. C; < C;. BenuunHa ckopocTu peakuuu -
BEJINYMHA IT0JI0KUTEIbHAS.

CKOpOoCTh XUMUYECKHUX PEAKIIMI 3aBUCUT OT TEMIIEPATYpPbl, KOHLICHTPALINH,



MPUPOJIbl PEATUPYIOIINX BEUIECTB U JABJICHUS Ta30B.

Biusinue KOHIIEHTpaluu pearupyromux BEIIECTB Ha CKOPOCTh PEaKIuu
BBIPAKACT 3AKOH OelCmEYIouiUxX Macc: IpU TOCTOSHHON TeMIlepaType CKOPOCTh
XUMHUYECKON pEeaKIUU MPSMO MPOMOPIHUOHAIIbHA MPOU3BEACHUIO KOHIIEHTpAaIUU
pearupyromux BeEIIeCTB, MpUYEM, KaKJas KOHIIEHTpalus OepeTcss B CTENEHU
CTEXHUOMETPUUECKOT0 KO3 (HUILIUEHTA.

J{ns peakuumn

mA +nB =pC +dD

CKOPOCTh peakiuu OyjeT:

v =KC"a - C'g (3.4)
rae K — KOHCTaHTa CKOPOCTH PEaKIMH, 3aBUCAINAs OT MPUPOABI PEearnpyroIuX
BEILIECTB M OT TeMIEpaTypbl. 3HAUCHUS] KOHCTAHTHI CKOPOCTH B 3aBUCHUMOCTH OT
TEMIEPATYPbl IPUBOAATCA B CIPABOYHUKAX.

Taxk, nanpumep, it peakiuu (3.1) ckopocTs OyneT paBHa:
U = kCnaci - Cagnos,
a s peakiuu (3.2): v =kChrysos.
Biusitnue TemnepaTypbl Ha CKOPOCTh PEAKIMU BhIpaxaeTcs npasuiom Banm-
T'oghgpa: tipym MOCTOSHHOW KOHIIEHTPALIMM HMCXOIHBIX BEIIECTB MPHU TMOBBIILICHUH
TeMnepaTypsl Ha Kaxabie 10°, CKOpOCTh XMMUYECKOW PEaKIUU YBEIUYUBACTCS B 3-

4 paza.

t,—t

v. =0y, (3.5)
IJIE Ly - CKOPOCTh PEAKIMK IIPH HavaabHOM TeMmepaType 11; Uy - CKOPOCTh PEaKIMu
npyd KOHEYHOW Temmepatype tp; y — TemmepaTypHbiii KOI()(OHUIUEHT CKOPOCTH
pEaKiiy, IOKa3bIBAIOIINI BO CKOJIBKO pa3 M3MEHHTCS KOHCTAaHTa CKOPOCTH

peaKuuy Mpy U3MEHEHUH TEMIIEPATypbl Ha KaXKIble JECATh I'PalyCOB.

k 0
=0 3.6
/4 K (3.6)

t

OgHuUM U3 METOAOB YCKOPEHHUSI XMMUYECKOW PEakIMM SIBJISIETCS KaTalus,



KOTOPBIII OCYIIECTBJSETCS NpPU TMOMOINM BelmecTB (KaTaau3aTopoB),
YBEJIMUMBAIOIINX CKOPOCTh PEAKIMU, HO HE PACXOAYIOIIMXCS B pPE3yJbTaTe €€

IIPOTEKAHUS.
MexaHn3M AEUCTBHS KaTaau3aTopa CBOAUTCA K YMEHBIIECHHUIO BEJIMYHHBI

SHEPrUU AKTUBAIMU PEAKIUU, T.€. K YMEHBIICHUIO PA3HOCTH MEXIY CpeaHeu
PHEpPruel aKTHUBHBIX MOJEKYJ (AKTHBHOTO KOMILIEKCA) U CpEIHEH sHepruei
MOJIEKYJ HUCXOJHBIX BelecTB. CKOpPOCTh XMMHUYECKOW peakiuu MpU STOM
YBEIIMYMBAETCH.

Bce xummnueckue peakiyy MOKHO pa3/IeTuTh Ha HeoOpaTUMbIe 1 0OpaTUMBIE.

Heobpamumosle peakyuu WnyT B OJHOM HAIIPAaBJICHUM 10 KOHUIA, T. €.
MCXOJ/IHBIE BEIIECTBA MMOJHOCTHIO MPEBPAIIAIOTCA B IPOIYKTHI PEAKIIMH.

[Tpu3HaKky HEOOPATUMOCTH PEAKIMU: BBIJICTICHUE ra3a, 0cajka, o0pa3oBaHue
ciaboro anekTponurta. Hanpumep,

NaOH + HCIl — NaCl+H.0,

CaCO;— CaO + CO-t,

NaQSO4+BaCI2—>BaSO4i+2NaCI.

XYMMHUUYECKHE PEaKIy, MPOTEKAIoIIUe KaK B MPSMOM, TaK U B OOpaTHOM
HaIlpaBJICHUM, HA3bIBAIOTCS 0OPAMUMbBIMU.

Korma ckopocts mpsiMoil peakiuu OyJaeT paBHA CKOPOCTH OOpaTHOM
pEeaKkIuy, B CUCTEME HACTYIIACT XUMUUECKOe PAGHOBecue. DTO TAKOE COCTOSIHUE
CUCTEMbI, KOIJla XUMHYECKHE PEaKkIuu HAYT OJHOBPEMEHHO B JBYX
MIPOTUBOMOJIOKHBIX HAMPABJICHUSX C OJUHAKOBON CKOPOCTHIO, BCIEIACTBHUE YETO
COCTaB CUCTEMbI OCTAETCS TOCTOSIHHBIM.

XHUMHUYECKOE PABHOBECUE XAPAKTEPUZYET KOHCHIAHMA PAGHOBECUs.
KoHcTanTa paBHOBeCHS XMMHYECKOW PEAKIMU — 3TO OTHOIICHHE KOHCTAHTHI
CKOPOCTH IPSIMOM peakIiMi K KOHCTaHTE CKOPOCTH 0OpaTHOU peaKIuu.

aA+bB«-cC+dD

CKOpOCTb MPSIMOM PEAKIINUMU:

v1 = ki[A]*[B].



CkopocTh OOpaTHOM pEaKIIuu:
V2 = kp[C][D],
o _k, [A]-[BP
k, [CT"-[DI"

v,

O0o3HaunM Kk = k—l , TOrIa
2

o _ [Ar-[Br
[CT-[D]"

2

v [Cr[or
v, [AT [BF

v
Tak kak v; = vy, T0o ecTb — =1. OTcrona,

v,

S (3.7)
Al [B]

KoHcTranta paBHOBECHS HE 3aBHCHT OT KOHIICHTpAIMH pPEarnpyrOIrX
BEIIECTB, HO M3MEHSETCS C TeMIeparypoil. 3HAa4YCHHs KOHCTAHT PaBHOBECHS
SIBJISIFOTCS CIIPABOYHBIMH JAHHBIMH.

Hanpumep, mns obpatumoit peakiuu Cl, + Hpy < 2HCI Bwipakenue
KOHCTaHThI PABHOBECHSI UMEET BUI:

C:ZHCI

k=——wo__
C, -C

cl,
Hanpasnenue cmemieHust paBHOBecUsl YyKas3biBaeT 3akon Jle-Illamenve:
€CJIM U3MEHUTh OJHO U3 YCJIOBHH (TeMIlepaTypy, AaBJICHUE WM KOHIICHTPAIIHUIO),
MIPU KOTOPBIX CUCTEMA HAaXOAUTCS B PaBHOBECHM, TO PABHOBECHE CMENIAETCS B

HaIpaBJICHUH, KOTOPOE MPOTUBOACHCTBYET MPOU3BEAECHHOMY U3MEHEHHIO.

Anmaparypa M MaTepuaJbl

[ratuB ¢ mnpobupkamu. Cekynaomep. Bopasnas OaHs (¢ KpbIIIKON



UMEIOIIEH OTBEPCTHS Il MpoOupokK) - 2 mT. Tepmometp Ha 50 °C. CrexnsHHAs
nanouka. [lunetku kanenapHble. OunbTpoBanbHas Oymara. [llnarens. PeakTuss
KpUCTAJUIMYECKHE: KapOOHaT Kaiublus (Men), XJopua Kanus. PeakTusbl
KOHIIEHTPUPOBAHHBIE: XJIOPOBOAOPOJHON KHCIOTHI (moTHOCTH 1,19 1 /em®). Bona
nucTWUIHpoBaHHas. PactBopsl: THocynbdarta Hatpus (0,5 H.), cepHoit kucnotsl (0,5
H.), xsopuaa xene3a (lll) (0,5 u., nacei.), poganunga kamus (0,5 H., HackIl.),

cynsdara menu (0,5 H.).

Yka3aHus 10 TeXxHuKe 0€30MacHOCTH
Cwm. nabopatopHyto pabdoty 1.

MeTtoanka U NOPSAI0K BBINOJIHEHUS Pa00ThI

OnbIT 1. BinsiHMe KOHIEHTPALUM PearupyoIMX BellecTB Ha CKOPOCTh
peakuu B TOMOT€HHOM CHUCTeMe

B3aumopeiictBue tuocynbdara HaTpUs C CEPHOUW KUCIOTOM MPOTEKaeT Mo
ypaBHEHHIO:

Na;S;03+ HaSO4 = NapSO4 + S| + SO21 + H0 (3.8)

[MpuroroBbre Tpu pactBopa THOCyNb(dara Hatpus (NaS;03) paznmnunOit
KOHIIEHTpauu. /{711 5T0r0o B Tpu Cyxue mpoOUpKU BHECUTE: B TIEPBYIO — 5 Kariesb
pactBopa Na;S;03 u 10 xamens Boabl, BO BTOpyio - 10 xamens pactBopa NaS;03
5 kamenb BOABI, B TpeThio - 15 kamenb pactBopa NaxS;0s. IlepByro u BTOpyIO
POOUPKH OCTOPOXKHO BCTpsixHUTE. Takum oOpazom, koHeHTparus NaS,03 (B
MoJib) Oynet: B mpodupke Ne 1 - ¢, B mpobupke Ne 2 - 2¢, B mpoOupke Ne 3 - 3c.

B mpobupky Ne 1 mobGaBbTe omHy Kamiio cepHoit kucioTbl (H2SOs) u
OJTHOBPEMEHHO BKJIIOUUTE cekyHiaomep. [lo cekyHmomepy u3MepbTe BpeMs OT
MOMEHTa J00aBJIeHHS KHCJIOTHI 10 TOSABIEHHS B pPacTBOpe 3aMETHOM
omanecieHIuu. Takxe 100aBbTe MO OJHOM Karie CepHOM KUCIOTHI B TpoOupKu No

2 1 Ne 3; oTMeuas Bpemsi J0 MOSBJIEHUSI B paCTBOPE OMaJIECUEHIIHIA.



3anuch JaHHBLIX omnbIiTa. JlanHbie ombiTa 3aHecutre B Tabmuiy 3.1.
[locunraiiTe yCIOBHYIO CKOPOCTh peakiuu u 3aHecuTe B Tabmuiy 3.1. CnenaTh

BBIBOJ] O 3aBUCHUMOCTH CKOPOCTH XUMHUYECKOMN PCaKI OT KOHICHTPAIIHNH.

Tabnuna 3.1 — 3aBUCHUMOCTh CKOPOCTH XMMHUYECKOW pEakluuu OT

KOHOCHTpAIIUH PCArcHTAa

Bpewms no VYcioBHas CKOPOCTh
No Konuenrpanus
MOSIBJICHUS 1
Haomoaenust | NaxS;03, oTH. en. peakuum v _ ==, ¢
MOMYTHEHUS T, C o
1
2
3

OmnpIT 2. Biausinue TemMneparypbl Ha CKOPOCTh PeakUMHd B FOMOICHHOM
cucreme

YT0oOBI BBISICHUTH, KaK BIMSAET TEMIlEpaTypa Ha CKOPOCTb pEaKkLHH,
npoBenéM peakiuto (3.8), orMeuass BpeMsi €€ MPOTEKaHUsI CEKYHIOMEPOM, TPH
pa3a: 0JIHO HAOJIOJIEHUE BBIMOJIHUM MPU KOMHATHOW TeMIEpaTrype, BTOpPOe - MpU
temneparype Ha 10° C Bbillle KOMHATHOU, TpeThe - Ha 20° C BbIllIe KOMHATHOM.

JIns1 BBIMOSTHEHUSI JaHHOW pabOThl MUCHOJIB3YIOTCS ABa OOIIUMX TEpMOCTaTa
(BoAsiHBIE OaHM), OTPETYIMPOBAHHBIE HA OMPEICIICHHYIO TEMIIEPATYPy: OJUH - Ha
10°C Bbllle KOMHATHOM TeMmmepatrypbl, Apyrod - Ha 20°C. OO6o3HauuM ux
coorBeTcTBeHHO Nel m Ne2. TemmepaTypa BOABI B TEPMOCTATax, a TAaKXKe

TeMIIepaTypa Bo3ayXa B IOMENICHUN KOHTPOJIUPYETCS TEPMOMETPOM.

B omHo u3 orBepctuii tepmoctrata Nel BcTaBbTE TEPMOMETp, KOHEI]
KOTOPOTO OITYCTUTE B BOJY, B IPYro€ OTBEPCTHE - TpoOUpKy ¢ pactBopom HySO,4 u
OIYIIEHHOW B HEro MUIETKOW, B TpeTbe - MpoOupky c¢ 10 kamisiMu pactBopa
Na,S,03. AHanoruuHble MPUTOTOBJICHUS HYKHO cIenaTb M Ha TepMmocTtate Ne2.
[IpoOupku HarpeBatorcs B TeueHuu 10-15 mMuH. B 3TO Bpemsi MOXKHO MpPOBECTH

HaOJII0IeHUE NP KOMHATHOM Temriepatype. s 3Toro, B3siB TPEThIO TPOOUPKY C



10 xarusimu pactBopa NapS;Os, HyXkHO A00aBUTH B HEE OJHY KaIUIIO CEPHOM
KHCJIOTHl U OJJHOBPEMEHHO BKIIIOUHMTH CeKyHaoMmep. M3MepuTh BpeMs OT MOMEHTa
no0aBiIeHUs] KUCIOTHI 10 MOSIBIICHUS 3aMeTHOW omajnecueHmu. Yepes 10-15 mun
BBIJICP’KKU MPOOUPOK B TEPMOCTATaX BBITOIHUM ATH K€ U3MEPEHHsI C HArPeThIMU
peaKTHBaMu: He BBIHUMAs MPOOUPKHU C THOCYIb()ATOM U3 TepMOCTaTa, 100aBUM B
He€ OJHY KAIUTI0 CEpHOM KHUCJIOTHl M3 MPOOUPKHU, HAXOAAIICHCS B TOM Ke

TCPMOCTATC, U OIIPCACIINM BPCM TCUCHUA PCAKIIUU.

3anuchb JaHHBIX onbITA. [loTyueHHbIE JaHHbBIE 3aHECUTE B Ta0auIty 3.2.

Tabmuma 3.2 — 3aBUCHMOCTb CKOPOCTH XHUMHYECKOW pEaKIWu OT
TeMrepaTypbl
Bpewmsa no Y ci1oBHAA CKOPOCTH
Ne Temneparypa p P
o MMOSBJIEHUSA
HAOTIOICHUS t, °C 1

IIOMYTHEHHS T, C | PEAKIUU Vg =—, C
T

|

N

OnpiT 3. BiausiHMe BeJMYMHBI NOBEPXHOCTH pa3jesia pearupyroiumx
BEILECTB HA CKOPOCTh PeaKUMH B reTePOreHHOM cucTeMe
Bo3bmuTe 1Ba HEOOIBIIMX MO BO3MOXKHOCTH OJIMHAKOBBIX KyCOUKa Mena

(CaCOg3). OnuH U3 HUX MOJOXKHUTE HA KyCOUeK GUIBTPOBAJIBHON Oymaru u

CTEKJIIHHOW MaJOYKOW H3MEIBYUTh €r0o B INOpOLIOK. [lomydeHHBI mOpoIok
MOMECTUTE B KOHUYECKYIO0 MpoOUpKy. BTopoil Kycouek Mena eTMKOM OIyCTHUTE B
JIPYTyI0 KOHHMYECKYI0 TpoOupky. B 00e mpoOMpKM OJHOBPEMEHHO 00aBbTE
oauHakoBoe koauuecTBo (10-20 kamenp) koHuentpupoBanHoi HCI. Otmersre
BpeMs MOJTHOTO PACTBOPEHUS MeJia B KaXKJIOM ciiydyae (MPUOIU3UTEIBHO).

3anuce AaHHBIX ombiTa. Hanumure ypaBHEHHE COOTBETCTBYIOLIEH



pPC€aKIIUU U OIMHUIINTC PC3YJIbTAThI Ha6J'IIOI[eHI/I$L

OnpIT 4. BiusiHue KaTaIn3aTopa Ha CKOPOCTh peaKuu
B nBe npodupku BHecuTe o 10 kamnenb pactBopa poaannia kamms (KSCN)

u 1o 1 kamte pactBopa xsopuza sxkeinesa (111) (FeCls). B pesynbrare peakiiuu

obpasyercs ponanu xenesa (111) Fe(SCN); TemHo-kpacHoOTO 11BeTa:

FeCls + 3KSCN = Fe(SCN); + 3KClI (3.9)

B onHy u3 ipoOupok 100aBuTh 1 Karuto pactBopa cyiabdarta mean (CuSO,).
B o00e¢ mnpoOupkm BHecTH 1o 10 kamens THocynbdara Hatpus (NazS;0s).
Habnronath pasinyHyl0 CKOPOCTh OOCCIBECYMBAHHUSA PACTBOPOB, KOTOPOE
IPOUCXOANT BCICACTBUE BocctaHoBieHus okenesa () mo xemeza (1)

THOCYTb()ATOM HATPUS:

2Fe(SCN); + 2Na;S;0; = Na,S:06 + 2Fe(SCN); + 2NaSCN (3.10)

3anuch AaHHBIX onbITa. OTMETUTH BCce HaOonaemoe. Kakoe coequuenue
SABJISIJIOCHh KaTAJIM3aTOpOM B JaHHOM onbiTe? CrenaiiTe BBIBOJ O BIMSHUHU

KaTajnm3aTopa Ha CKOPOCTb XUMHYECKOM pCaKnium.

OnbiT S. Binsinne KOHIEHTPAIMM PearupylonuxX BelllecTB Ha cMelleHne
XHMHUY€CKOr0 PABHOBECHUSI 00PATUMBIX peaKkuuid

Peakuust (3.9) sBisercss oOpaTUMOM. DTO TO3BOJISIET PacCMOTPETh, Kak
BIUSIOT J00aBKU PEAKTHUBOB HAa CMEIICHHE PABHOBECHUS MO MHTEHCUBHOCTHU
OKpPAaCKH pacTBOpa.

B uersipe mpoOupku BHecuTe MO 5-7 Kamenb pa30aBICHHBIX PacTBOPOB
xnopupa xenesa (1) u ponannna kanus, u nepememnaiite. OkpailleHHbIE PACTBOPBI
JIOJKHBI OBITH MPO3pavyHbIMU. ECii OKpacka CIUIIKOM MHTEHCUBHAS, TO pa30aBbTe
pPacTBOPHI OIMHAKOBBIM KOJIMYECTBOM JUCTHUILTUPOBAHHOMN BOJIbI. OHY TPOOUPKY C
MOJIYy4YEHHBIM PAcCTBOPOM COXPAaHHUTE [Jii CPaBHEHHUS PE3yJIbTAaTOB OTBITA

(atasion). B ocTansHbIe TPOOUPKHU T00AaBHTE CIEAYIOIINE PEAKTUBHI: B MEPBYIO - 1



KaIuIo HacklmeHHoro pactBopa FeCls, Bo BTopyro - 1 Kamuio HacCHIIIICHHOTO
pactBopa KSCN, B TpeThIO - HECKOIBKO KPUCTAIIMKOB XJlopua kanus. CpaBHUTE
WHTEHCUBHOCTh OKPACKH IMOJIYUCHHBIX PACTBOPOB C MHTCHCUBHOCTHIO OKPACKHU
JTaJIOHA.

3anuch JaHHBIX ONBITA. 3aTTUIINTE CBOW HAOIOEHNUS, OTBEYasi HA BOTIPOC:
KaK M3MEHSETCS MHTEHCHBHOCTh OKPAaCKH pacTBOpa W B KaKOM HaIlpaBJICHUU
CMeIaeTcs paBHOBecue Ipu gobOamieHuu: a) xjopuaa xkeinesa (111); 6) ponanuaa
KaJus; B) XJiopu/a kanus? Hamummmure BeIpa)keHre KOHCTAHThI PABHOBECHS PEAKITUH

(3.9).

Conepxxkanue oryera u ero popma

Kaxaplil CTyIGHT OJIKEH UMETh JIa0OPaTOPHBIN >KypHaJI, KOTOPBIN SIBIISIETCS
JOKYMEHTOM, OTpa)KalollUM BCIO ero paboty. Bce HaOmtofeHus M BBIBOJBI IO
HKCIIEPUMEHTAIBHOM padoTe, MpOAETIaHHOM B J1a00paTOpHM, CTYJIEHT 3aHOCHUT B
71a00paTOPHBIN )KypHAI HETIOCPEJCTBEHHO MOCJE €€ BBIITOJIHEHUS.

OtueT 1o J1abopaTopHOl paboTe JOJDKEH COCTOATh M3 JaThl, HA3BaHUA U
HOMepa J1abopaTopHOM pabOThHI, 1AM paOOThl, METOJIUKH TPOBEACHUS OMBITOB,
HAOJIIOICHU, YPAaBHEHUN XUMHYECKUX PEaKIUi, BBIBOJOB M pacdyeToB ((hopMyIibl,

TaOJIULIBI, TPAPUKN).

Bonpocsl 1j11 3amUTHI J1a00PATOPHOIl padoThI
1. Uro Takoe ckopocTh Xxumuueckoil peakiuu? OT kKakux (PaxkTopoB OHa

3aBUCHT?
2. ChopmynupyiiTe 3aKOH JEHCTBYIONTUX MaccC.
3. HanumuTe BbIpa)keHUE 3aKOHA JEUCTBUSL MACC JIJIs1 PEAKIU:
a) 2501 + Oy <= 2SO3ry;
0) 3Fe+4H,0 > Fe304+4Hy 1),
B) N21 + 3H21=2NHs1.

4. ITouemy ¥ Kak BIMSET MOBBILIEHNE TEMIIEPATYPBI HA CKOPOCTh PEAKLINU?



5. B peakuuu Hy +Cl; = 2HCIT xoHmenTpanus Bogopoaa yBeImanBaeTcs B 2

pa3za Bo ckoibko pa3 Bo3pacTaeT CKOPOCTh PeaKiuu?

6. Bo ckolbko pa3 yBeIMYMBAETCS CKOPOCTh PEaKIMU €ClU TeMmIlepaTypa

noseicuaack Ha 30 °C, a y=3?
7. UTo Takoe KaTajau3 U KaTaau3aTop?

8. Kakume peakuuu Ha3bIBalOTCs HeoOpaTuMbiMU? KakoBbl TpH3HAKH

HEOOPaTUMOCTH PEaKITHH?

9. ObpaTumsble peakuu, UX OCOOEHHOCTb.

10. Yem xapakTepusyercss XUMHYECKOE paBHOBECUE?

11. Cpopmynupyiire npunuun Jle-IllaTense.

12. IIpuBecTu mpuMepbl TOMOT€HHOM U TE€TEPOr€HHON PEaKIIHil.

13. YuureiBass arperaTHoe COCTOSSHHE BEIIECTB B CHUCTEME, COCTaBbTE
YPaBHEHMS KOHCTAHTBI PABHOBECUSA JUIsl PEAKLIMIA:

a) CaO (1B) +CO;, T = CaCO3 (1B);

6) 2CO1 + 021 = 2CO021;

B) CuO + H,1 = H,O1 + Cu.

Vkaxxkure, B KakOM HamlpaBJCHUH OYJET CMEIIAThCsl PAaBHOBECHUE ITHUX

peaKI_[I/Iﬁ IIPpH IOBBIIICHUN JaBJICHUAI.

Jlureparypa

[ OcHoBHas nuTepatypa 1-4, nononHUTENbHAS TUTEpPATYypa 2|

JIABOPATOPHASA PABOTA 5

ONPEJAEJEHUE TEILIOBBIX D®®EKTOB XUMUYECKUX PEAKIIUIA

Leab u coaepxxanue
O3HaKOMHUTKLCS C 3JIEMEHTAMU XUMHYECKOU TEPMOJIMHAMUKH.

DOKCIEPUMEHTAIBHO OMPEICIUTh TEIJIOBbIE A(M(PEKTHI XUMUYECKUX PEAKIUN |

BBIINIOJIHUTE TCPMOAUMHAMUYCCKHUC PACUCThI.



Teopernueckoe 060cHOBaHuUe

Tennosvim 3hhpekmom xumuueckou peaxkyuu HAZBIBACTCI KOJIHYECTBO
TEIUIOTHI, KOTOPOE BBIAEIISETCS WU MOIJIOIAETCS B PE3yJIbTAaTe pEeaKLuy.

Ecnu mpouecc conpoBOKIaeTcs BbBLACIECHWEM TEIUIA, TO OH Ha3bIBAETCA
IK30mepmuyecKum, B CIrydae MorJIoIEHUs TEa — IHOOMEeEPMUYECKUM.

Pa3nen xumuum, KOTOpBIA HM3y4yaeT TEIUIOBbIE 3(PPEKThl peakuuid, BIMSHHUE
pa3nuyHBIX  (PAKTOPOB HA BEJIMYHHY TEMJIOBBIX 3(G(EKTOB, Ha3bIBACTCS
mepmoxumueu.

B ocHoBe TepMoxumuu N€XUT 3akon I'ecca: TemiioBoil 3pPexT peakuuu He
3aBHCHUT OT IIyTH IPOBEJACHUS MPOLECCA, a 3aBUCUT OT HAYAJIBHOIO M KOHEYHOIO
COCTOSIHUM CUCTEMBI.

B tepmoxumum TerioBoi 3¢hdEKT peakmuu o0o3HaYaeTcs cuMBOJIoM Q um
BBIPAXAeTCs B KWIIOKOYIAX (K/[K) nunu kunokanopusx (kKkan):

1 xkkan = 4,187 xkJIx.

s sx3oTepmudeckux peakiuit Q>0, nis supoTepmudeckux peakiuii Q<0.

B TepMoaumHamMuKe MaKpOCOCTOSHHME CHCTEMBI OIKCBHIBAIOT PSAIOM
TEPMOJMHAMUYECKHX (YHKUUWA, B YHUCIE KOTOPBIX TEIaoBas (PYHKUHS, HIH
ynmanvnusn (H).

H=U + pV, (5.1)
rae U — BHyTpeHHssI SJHEPTUs; p — AaBjieHue; V — 00beM CHUCTEMBI.

N3menenne oHranmbnuu AH paBHO KOJMYECTBY TEIUIOTHI, KOTOPOE
COOOILAI0T CUCTEME WIIM OTBOJAT OT HEE MPU MOCTOSHHOM JABJICHUU:

AH =U + pAV . (5.2)
[TorTomy AH xapakTepu3zyeT TerioBble 3PGEeKThl XUMUYECKUX PeaKlnid, (ha30BbIX
NepexoA0B (MIaBICHUS, KPUCTAJUIU3AIUY U JIP.).
[Ipu mocTossHHOM JaBji€HUM (B OTKPBITOM COCYJE) TermyioBoil 3ddext

peaxkuuu paBeH usmenenuro snmanvnuu (AH).



Tennoseie 3hdextor peakiuit (AH) 3aBHCSIT OT yCIOBUN NPOTEKAHUS
peakiuii. OOBIYHO TEIJIOBBIC 3PPEKTHI U3MEPAIOT MPH AaBieHUU B 1 aTMocdepy,
(unu 101325 Tla) u Temneparype 25°C (wnm 298 K). O1tu ycioBus Ha3bIBAIOTCS
cmanoapmuoimu. TernoBbie 3()(eKTh peakiuii, U3MEPEHHbIE MPU CTaHIAPTHBIX
YCJIOBUAX, HA3bIBAIOTCS CHMAHOAPMHbIMU menioevimu IPppexkmamu AH® u
NPUBOASTCS B CIIPAaBOYHUKAX.

CoriacHo ciencTBHIO U3 3aKoHa ['ecca, I3MEHEHHE YHTAIBIIUYN PEAKIUU
AH paBHoO:

AH, , = Z(AHUGp.)npw). - Z(AH()GP.)LW{. (5.3)

Hanpumep, nns peakunu A+ B =C + D
AH°=(H°¢c + H%) - (H°A + H®).

AH, xak u Q, Ha3pIBaeTCs TEIIOBEIM 3 dekTom peakiun. CBsa3b Mexay AH

u Q BBIpa)kaeTcsi ypaBHEHUEM:

AH=-Q. (5.4)

Ecimn (H°ctH) < (H°A+H°®), To B pe3ynbraTe peakiuu sHeprus (TermoTa)

BbIIeNIsIeTCS  (dK30TepMuueckas peakius, Q>0). B stom ciydae wu3MeHeHHE
SHTAJBIINK peakuuu MeHblie Hyns (AH<O0).

Ecmm  (H°c+H°%) > (H°A+H°), TOo B pe3ympraTe peakiuud SHEPrus

noromaetcs (3Hporepmuyeckas peakius, Q<0). B srtom ciydae u3MeHeHHE

SHTAIBIUU peakuuu 0onbie Hys (AH>0).

YpaBHEHUSI XMMHMYECKHMX PEaKIUi, B KOTOPBIX YKAa3bIBAIOT BEJINYUHY

TerI0BOr0 3 (}HeKTa, Ha3BIBAIOTCS MEPMOXUMUYECKUMU.

TepMoxuMHUecKoe ypaBHEHHE OTpakaeT 3aKOHBI COXPaHEHUsS MacChl U

HHEPTUHU:

a) Ka4CCTBCHHBIC W KOJIMYCCTBCHHBLIC COOTHOHICHUA MCKIY HCXOAHBIMH

BEILIECTBAMU U IPOJYKTAMH PEAKLUU;

0) arperaTHOE COCTOSIHUE YYaCTHUKOB PEaKIINU;



B) aJUIOTPOIHbIE MOU(UKALIUH.

3HayeHus TEIIOBOro 3¢ @dekra OTHOCIAT K 0003HAYEHHBIM B yPaBHEHHH PEAKIHH

KOJIMYCCTBAM HUCXOOHBIX U ITOJYYCHHBIX BCIICCTB.

YroObl TerioBoi >PQeKT peakiuu ObUT OTHECEH K 1 MOJb OJHOTO U3
UCXOJHBIX BEIIECTB HJIM K 1 MOJb NPOIYKTa pEaKIMH, MPUMEHSIOT APOOHbIE

KO2(PUIMEHTHI, HAaTpUMED:

IN 431, =NH
2

> AH ., =411k,

3(e) !
T. €. Teriota obpazosanust 1 Mmons NH, cocrasusier AH, =—471x/oic.

Omnpenenenue TemIoBbIX 3(PPEKTOB peakuii TPOBOAAT B KajopumeTrpax. B
3aBUCHUMOCTH OT XapakTepa IMpolecca M PEearupyroliux BEIECTB MPUMEHSIOT
KAJIODUMETPhl  Pa3IMYHBIX  KOHCTPYKLM, HO  BCE OHU  COAEpXkaT
KaJOPUMETPUUECKUNA COCYJl, KOTOpBIM 3alIMIlEeH OT MOTeph TeIula U CHaOXeH

TEPMOMETPOM WA APYTUM YCTPOKWCTBOM IS U3MEPEHUS TEMITEPATYPHI.

[IpocTeimnii KAJIOPUMETP COCTOUT U3 JIBYX CTAKAHOB — BHEIIHETO (EMKOCTBIO
~300 mi) u BHyTpeHHero (eMkocThio ~100 M), acOECTOBBIX MPOKIATOK U
pTyTHOTO TepMomeTpa ¢ neHou aenenus 0,1 °C. BHyTpeHHU cTakaH KalopuMeTpa

M30JIMPOBAH OT BHEIIHETO acCOSCTOBOM MPOKIIAIKOM.

KommuecTtBo Temia Q, BBIACIIAIOIICTOCA MWK  IIOTJIOIIAIOIIECTOCA B

KaJIOPUMETPE, BBIUUCIISIOT 1O (hopmyiie:
Q=C, _,.m(t, —t°)+C_ m,(t, —t°), (5.5)

rne Cppa, Cor — yACIBHBIE TEIUIOEMKOCTH pPAacTBOpa M CTEKJIA COOTBETCTBEHHO,

KaJ/T'-Tpaa; M3, My — Macchl pacTBoOpa W KaJOPUMETPUUECKOTO CTaKaHa

COOTBETCTBEHHO, Kr; 1’ - MakcumanbHas Temmeparypa, °C; t° - cpemHss

max

TeMIlepaTypa UCXOIHBIX PacTBOPOB, °C.

VYenbHasg TEIJIOEMKOCTh PacTBOPA 3aBUCUT OT €ro KOHILIEHTPALUU, HO IIPU

MaJIbIX KOHICHTpALMAX MOKHO IIPUHATH TCINIOCMKOCTE pacTBOpa paBHOﬁ



TEIIOEMKOCTH pacTBoputes — Bofbl (C,, , = 1 kan/r-rpaj), TemioemMKoCTb CTeKIIa

npuHUMaroT paBHOH HYMO (Ce; = 0).

Anmnaparypa 1 MaTepuaJIbl

Kanopumetp, TeXHUYECKHE BECHI, IMIMHIPHI MEPHBIC, CTCKJISTHHBIC TTUTIETKH,
tepmomeTp  (100-150°C), wmemanka, AWUCTWUIMPOBAHHAS BOAA, IITATHB,
¢bunpTpoBasbHAs Oymara, BOPOHKa, IITIATelNb, TPOOKa, CEKyHIOMEp, | H. pacTBOPHI

NaOH u HCI, neramenas u3sects (CaO).

YKa3aHus o TeXHUKe 0e30IacCHOCTH

Cwm. naboparopuyto padory 1.

MeTOIlI/IKa 1 NMMOPAAOK BBITIOJTHCHUA paﬁoTLI

OmnbIT 1. OnpenesieHne TEIIOTHI PEAKIMH IAlICHUS] U3BECTH
l"amenue u3BeCTU — ATO IK30TEPMUUECKAsI TETEPOTCHHAsT PEaKIIUS:

Ca0O,, +H,0,, =Ca(OH),, AH =...... (5.6)

1. Bo BHyTpeHHMI cocyn Kamopumerpa HaUTh 100 MJI JUCTHIIIMPOBAaHHOM

BOJBI, OTMepeHHOI?'I MCPHBIM HUJIMHAPOM.

2. Onyctuth B BOAy (HE KacasCch CTEHOK W JHA COCYyJa) TEPMOMETp U

3aKpPCIIUTL €I'0 B 3aAKUME IITATHBA.

3. Ha Texanueckux Becax oTBecuTh 10 I HeraeHou U3BECTU C TOYHOCTHIO
10 0,01 T (Mca0). U3Meputs Temnepatypy Boabl ¢ TouHOCTHIO 110 0,1°C (HavanbHas

TeMIIepaTypa OmbITa — tyay ).

4. Yepes BOpOHKY OBICTPO BCHINMATh HETAIICHYIO U3BECTh B COCY/] C BOJOW U
3aKpBITh OTBEpCTHE MPOOKOH. OCTOPOXKHO, MEepeMeIIUBasi PacTBOP MEIIATKOM,

HayMHaiTe HAOMIOaTh 32 M3MEHEHUEM Temmeparyphl. [IpekpaTuTh ombIT, KOTIA



HAYHETCS IOHWKEHUE TEMIIEPATYPHL.

3annch JaHHBIX ONBITA. 3aMUIINTE TOKa3aHUS TEPMOMETPA C TOYHOCTHIO J0
0,1°C. [1epBbie 5 MuHyT ¢ uHTEpBajoM B 0,5 MuH., nanee —yepe3 1 MuH. Pe3ynbrarhl

U3MEepeHHit 3aHecTy B Tabmuiry S.1.

Ta6muma 5.1 — OnpeaeneHue TEMI0THl PEaKIUHU TallleHUS U3BECTH

Bpewms oT
Hayaia 0lo5| 1 |15|2|25|3 |35 4 |45|5 |6

OIlbITa, MHUH

Temnepartypa,
°C

[lo monxy4eHHBIM JaHHBIM Ha MWUIMMETPOBOM OyMare mocTpoMTe KpPUBYIO
3aBHCHMOCTH TemrepaTypa-BpeMs t = f(t), oTkiaapiBas Ha ocu aOCIUCC BpeMs B
MHUHYTax, a 10 OCU OpJAUHAT — TeMIiepaTypy. OnpeaenuTs no rpaguKy HauBbICIIYIO

TemrepaTypy pactBopa (tmax) 1 BBIMUCIUTH pa3HOCTh TeMrepatyp: At = (tmax — tuau)-

Paccunraiite komumuecTtBO TemioTel AH, BblIeNUBIICICS MNpU Tall€HUU

u3Bectu 1o dpopmye (5.5).

PaccuuTaiiTe TeopeTMYECKOE 3HAYEHUE TEIIOBOro 3(QeKra peakuuu
rameHuss u3BecTu. [lo ypaBHEHHMIO peakUWM TalleHUsT W3BECTU OIPEIETUTE
Ter1oBoi 3 PeKT AToM peakiuu, UCTob3ys ciaeAcTBUE U3 3akoHa ['ecca (hopmyna

5.3), ecnu:
> AH® o0 (1) = -635,09 kJ[x/Moutb,
> AH® caony (s = 985,12 J[x/Mob,
> AH° 120 x) = -285,83 kJIx/MOJIB.

Boeruucnure abcomoTHyO (A) 1 OTHOCUTENBHYIO (8) MOTPEITHOCTH OTBITA IO

dbopmynam (5.7) u (5.8), cnenas nepecueT AH,; Ha 1 Mosib BemecTBa CaO.



A = AHreop — AHoken, (5.7)

AH,, —AH
§=| = [-100%. (5.8)

meop.

OnsIT 2. Onpeueﬂelme TEIJIOTHI peaKIInH HeﬁTpa.ﬂnsaunn
PeaKHHeﬁ HGfITpaJIHSaHI/II/I Ha3bIBAIOT PCAKIHUIO BSaHMOHCﬁCTBHH KHCJIOTBI U

ocHoBanwus. Onpenennm TermioBol 3¢ heKT peakiuu:

NaOH + HCl =NaCl + H,0, AH =?

VY CcTaHOBIIEHO, YTO TEIUIOTA PEAKIMH HEUTpalu3alMU JIIOOOW CHUIBHOW KHUCIIOTHI
JTH00BIM CHIBHBIM OCHOBAaHUEM (AHiciirp) SIBISAETCA BEIMYMHOW NOCTOSHHOW H
paBHoil 13,7 kkan/Monb. OTOT (AKT OOBSICHWIA TEOPHUS SIEKTPOJIUTHYECKOU
JUccoLuanuu AppeHuyca, COrjacHO KOTOpoMl Jito0as peakuuss HEeWTpalu3aluu

ceoautcs K mpoueccy: H™ +OH =H,0. To ectp TemnoBoil 3pQeKT peakun

HEUTpaln3aluu SBJISETCA TEIUIOBBIM 3(@dexkToM peakiuu obOpa3zoBaHus | Moib
BO/Abl. VIMEHHO MO3TOMY OH OJIMHAKOB JISi PEAKIMH HEUTpaTu3aluu JIOObIMU
CUJIbHBIMH OCHOBAHUSIMU JIFOOBIX CUIIBHBIX KHCIIOT.

B ciydae HeiTpanuzanuu ciaObIX KUCIOT U OCHOBAHUU TEIUIOBOM 3 (DeKT
pPEaKLMK 3aBUCUT OT IPUPOJBI B3SATHIX BEIIECTB. DTO CBA3AHO C TEM, YTO MPOLIECCY
oOpasoBanus BoJbl n3 noHOB H™ 1 OH™ npemecTByeT pacnaa BeniecTsa Ha HOHBI,
T. €. TeIJI0BOM 3PeKT FTOT0 Mpollecca BXOJAUT B TEIJIOTY HEHTpaIU3aIUH.

1. B cyxoii BHyTpeHHHWI CTakaH Kajopumerpa Haiente 25 mu 1 M pactBopa
TUAPOKCUIA HATPUSI, TOYHO OTMEPEHHOTO MUIMETKOU UM OIOPETKOM.

2. OnycTuTe B pacTBOp IIENIOUH, HE KAcCasiCh THA U CTEHOK CTaKaHa, TEPMOMETP U
3aMepbTe TeMieparypy ¢ TOUHOCTBIO 70 0,1 °C (tyay).

3. B Hebonbmioit crakanuuk Hamente 25 mu 1 M pacTtBopa COJSIHONW KHUCIOTHI U
U3MEPBTE €€ TEMIIEPATYPY.

4. BBICTPO U OYEHH OCTOPOMKHO BBUIEMTE PACTBOP KUCIOTHI BO BHYTPEHHUI



COCy/ KaJlopuMeTpa U, TMOMEIIMBas MeENIaTKoW, HaOIIofaiiTe 3a HW3MEHEHHEM
TEMIIEPATYPBL.

3anuce JaHHBIX ONbITA. 3AIIMIIUTE [TOKA3aHUSA TEPMOMETPA C TOYHOCTBIO 110
0,1°C B TeueHue 5 MUHYT C UHTEpBaAJIOM B | MuH. Pe3ynpTaThl H3MEpeHHii 3aHeCUTe

B Ta0uIy 5.2.

Tabmuua 5.2 — OnpeneneHue TEMIOTH peaklMi HEUTpaIu3aunuu

Bpems or Havama
OIbITa, MUH

0| 1|23 |4]53

Temneparypa, °C

[To TmOMy4YeHHBIM OSKCIEPUMEHTAIBHBIM JIAHHBIM IIOCTPOUTE TpaduK
3apucuMocTH t = f(1). Onpenenure mo rpaguky tnax — MAKCUMAIIbHYIO TEMITEPATyPy
pacTtBopa.

3) Ilo dopmyne (5.5) onpenenure KoIM4eCTBO TEIIOThl AH, BbiienuBIeecs
npu HeuTpanuzanuu 25 mi 1 M pactBopa COJSIHOM KUCIOTHI 25 M1 |
M pactBopom menoun NaOH. ®opmyna (5.5) npumer Bu:

AH = (mHCI *Pra T Myaon * Praon ) ) Cp—pa ) (tmax - tnau) 1
TJIE p — INIOTHOCTH, I/cM>; C — yenbHAas TEIMIOEMKOCTb.

Tak kak pacTBOpbI pa30aBiIeHHbIE, TO IPUHUMAEM INIOTHOCTh BCEX PACTBOPOB
paBHbIMH IIOTHOCTH Bombl (1 r/cM3). TemnoeMKOCTh BOALI OHpEEIIeM IO
cnpaBouHUKY (4,184 JIx/Moib).

Torna,

AH, =[m(HCI) + m(NaOH)] - C - At, k/x/monb K, (5.9)
7€ MAacChl KMCJIOTHI U IIEJI0YM PaBHBI MX 00beMaM (B MII), OCKOJBKY TIOTHOCTH
pacTBopa MblI ipuHsIK pasHoi 1 r/em® (1 Mot =1 em®).

[To ypaBHEHUIO peakiyi HEUTpaTU3alMi PACCUUTAUTE TETUIOBOM 3(dekT

HedTpanuzanuu 1 Monb kucnoTsl (B k) (ucnomnb3ys ¢popmyny 4.10), yuuTsiBas,



yTto 25 M 1M pactBopa coaepxat 0,025 MOJIb KUCTOTHI.
- AH

AH = 0,0—251 -1000, xJ]x/MOIb. (5.10)

OnpenenuTe OTHOCUTEIBbHYIO OMMOKY ombiTa (0) mo dopmyne (5.8), ecnu
TEOpPETUYECKOE 3HAYEHUE TEIUIOBOro 3ddexra peakuuu HeWTpaauzauuu 1 Moib
CUJIBHOM KHCJIOTBI CHJIBHOM IIEI0YBI0 paBHO 57,3 KJ[K.

OTtHocHTenpHAs OMIMOKA U3MEPEHUS HE TOKHA MpeBbiath 10%.

Conepxkanne oruera u ero ¢popma

Kaxxplil cTyIeHT TOJKEH UMETh JIa00paTOPHBIN sKypHaII, KOTOPBIH SIBIISICTCS
JIOKYMEHTOM, OTPa)KaloIIMM BCIO ero padboty. Bce HaOMroAeHUS U BBIBOIBI IO
HKCIIEPUMEHTAIBHON paboTe, MpojeiaHHON B 1abOpaTOpuH, CTYAECHT 3aHOCHUT B
71a00paTOPHBIN )KYpPHAI HETIOCPECTBEHHO TOCIE €€ BBIIOJIHEHUS.

Otyer mo yrabopaTtopHOM paboTe TOJDKEH COCTOSITh M3 JaThl, Ha3BaHUS U
HOMepa J1abopaTOpHOM pabOThHI, 1AM PpabOThl, METOJUKH TPOBEACHUS OMBITOB,
HAOJIIOICHN, YPAaBHEHUN XUMHYECKUX PEaKIMi, BHIBOJIOB M pacyeToB ((hOpMYIIbI,

TaOJIULIBI, TPAPUKN).

Bonpocsl 1j11 3amUThHI J1a00PATOPHOIT padoThI
1. OxapakTepusyiTe Ba)KHEWIIINE BEIMYMHBI XUMUYECKHUX CUCTEM SHTAIBIUIO U
SHTPOIHUIO.
2. [laiiTe onpenenenre dK30TepMuUIecKoil peakuuu. [IpuBennute mpumMepsl.
3. [aiite onpenenenue s3u10TepMuueckoil peakuuu. [Ipuenure npumepsl.
4. Yo Ha3bIBACTCS TETUIOTOM 0Opa3oBaHUs BellecTBa?
5. UTo Ha3bIBaeTCs TEIJIOTOM pa3ioKEeHUs BellecTBa?
6. Uro Ha3bIBacTCS TEIUIOBBIM d3(PGEKTOM XUMHUYSCKOM peakiuu? EnuHuIb
WU3MEpPEHUs TeTI0BOro 3 deKTa.
7. Kak paccuutaTh CTaHIAApTHBIA TEmiIOoBOM 3(PQEeKT U3 CTaHAAPTHBIX TEIUIOT

oOpa3oBaHUsI U CTOpaHUS?



8. B kakux ycloBUSX TEmIOBOM H3PQPEKT peakuud MOKeT OBITh 3aMEHEH
M3MEHEHHEM DHTAIbIINU polecca?
9. Kakas cBsi3p MEXIy BHyTpEHHEH dHEpTHUEH U SHTAIbIIHCH?
10.TepmoamHAMUYECKHE TTOTCHITNAIIBI, HX (PU3UIECKUN CMBICIL.
11.Chopmynupyiite I, 1l u 11l Hayana TepmouHaMuKy.
12.BpIYuCInTh, CKOJBKO TeIIa BBIASISICTCS NMPU ToidydeHuH 10 Kr rameHHOU
U3BECTH.

13. Bbiuucauts temnoTy pasnoxkenus 1 kr FeSO4 1o ypaBHEHHUIO:

FeSO,; = FeO+S0s,
rae AHogp.(FESOs) = -221,3 kxan/monb, AHggp.(FEO) = -196,5 kkan/momns,
AH,6,(SO3) = -70,94 kkan/mMosb.

14.  Bpruucnure temnosoit apdexr peakuun 4NH, +50, =4NO +6H,0,

€CJIM CTaHJapPTHBIE TEIIOTHI 00pPa30BaHMUs BEILIECTB PABHBI:
AH°(NH3) = -46 x/I)x/mou1b,
AH°(NO) = 90 xJI>x/MoJ1b,
AH°(H20) = -242 xJI>»x/MOb.
15. ITlonb3ysich COOTBETCTBYIOIIMMH TEPMOAMHAMHUYECKUMH KOHCTAHTAMH,
HAIMIIUTE TEPMOXUMHUYECKUE YPABHEHHUSI CIIETYIOMIMX MTPOLIECCOB:
Howyt Y2 Oz= H20 ),
Hz(r)‘i‘ Ya 02(1-): HzO(r).
16. CKOIBKO TEIUIOTHI BBIIECIATCS NPU CKUTaHUM 20 JTUTPOB ATUIIEHA, B3SITOTO
IPU HOPMAJIBHBIX YCIIOBUSX, €CITU U3BECTHBI CTaHAAPTHBIE TETUIOTHI 00pa30BaHMS
BEIECTB.
17. Tlonb3ysich COOTBETCTBYIOIIMMU TEPMOJAMHAMHUYECKUMHU KOHCTAHTaMHU
ONPEIENNTE IK30TEPMHUUECKHUE MPOLECCHI:
2CsHe0t 150:1= 12COs)+ 6H20 ),
2C )+ Hary= CoHag).
18. Onpenenure cTaHAAPTHYIO SHTAIBINIO PEAKIIMA BOCCTAHOBIICHUS! OKCHA

xpoMma (l11) anromuHueM.



19. Onpenenute 3K30TepMUUYECKUE MPOLIECCHI, TOJIb3YSICh COOTBETCTBYIOIIIMMU
KOHCTaHTaMU:

1/2N2(r)+ 3/2H2(F)= NH3(F) ; 1/2|2(1<)+ l/ZHz(r)z H|(F).

20. Onpeaenute cTaHIapTHYIO TEIJIOTY oOpa3oBaHus okcuaa meau (I), 3uas,
yto mipu BoccTaHoBiaeHMH 40 r CuO yrmem Bbeiensercs CO W moriomaeTcs
27,4 xJIx.

21. PaccunraiiTe CTaHZAPTHYIO TEILIOTY CrOPAHMUSA J3THIICHA 10 U3BECTHBIM
crangapTHeIM TeroTam oopazoBanus CoHa, CO2 n HoOgy).

22. TermmoTa HEUTpaIM3allid CHUIBHOW KHCJIOTHI CHJIBHBIM OCHOBAaHHUEM IIPH
crangapTHeIX ycnoBusax u 298°K paBnHa —57 k/Ik/Monb. Belumciure, CKONIBKO
TEIUTOTHI BhIACIUTC ipu cMemeHuu 100ma 0,5M pacteopa HCI co 100ma 0,5M
pactBopa NaOH. Otgert: 2,85 xJIx.

23. Ilpu cropanuu ¢ocdopa maccoit 9,3 r Beiaensierca 229,5 k[ TEmIOTHI.
PaccunraiiTe CTaHIApPTHYIO TEIUIOTY oOpa3oBaHus okcua dpochopa (V).

24. DOueprus ['m6oca peakiuun A+ B= C paBna —425k/[x/Moab. MoxHO 11
YTBEPKIATh, YTO 3TA PEAKUUS MPOTEKAET CAMOIPOU3BOIBLHO?

25. Paccuuraiite >HTaIbMUWHBIA W SHTPONUUHBINA (PaKTOPHI Tpoliecca, Mpu
YCJIOBUH, UTO BCE BEIIECTBA HAXOSATCS B CTAHIAPTHOM COCTOSIHUHU H,S
+ Cl,=2HCI + S(. Kaxoli u3 paccunmTaHHbBIX (aKTOpOB OyIeT CrOCOOCTBOBATH
CaMOITPOU3BOJIbHOMY T€UEHUIO PEAKIIMK B IPSIMOM HampaBiICHUHN?

26. Jna peakuun Howt+ Brywy S 2HBI) TemnoBoit addexT paccuuraiite o
JAHHBIM TEPMOJUHAMUYECKUM KOHCTAHTAM.

27. Kakue u3 npuBeAEHHBIX HUXKE MPOIIECCOB XapaKTepU3yrTCs YObIBAaHHEM
SHTPONUU (OTBET MOSICHUTE):

HZO(K)‘—_» HZO(K); Hz(r)+ 2N3.(K) s 2NaH(K); 2H|(r) s Hz(r)'i' |2(1<) ?

28. Tlonb3ysich COOTBETCTBYIOIIMMHU TEPMOJUHAMHUYECKUMH KOHCTaHTaMHU,

BBIYHCIIUTE U3MEHEHUE dHTponuH U dHeprun ['ub0ca (crangapTHbIC 3HAYCHHS TIPH

298%K) B cucreMe, ryie NPOTEKAET PEaKLUSL:

CU(OH)zZ CUO(K)"' HzO(r).



[Tosicaute yBenmuueHue SHTpONHH ASys M OOBSICHHUTE BO3MOXKHOCTH (WM

HGBO3M0)KHOCTB) CaMOIIPOU3BOJILHOT'O TCUCHUA PCAKITNN.

Jlurepartypa

[OcHoBHas nuTepatypa 1-4, nononHuTENpHAA TUTEpaTypa 4|

JIABOPATOPHAS PABOTA 6

PACTBOPBI JIEKTPOJIMTOB. MAJIOPACTBOPUMBIE
JEKTPOJIUTLI ITPOU3BEJAEHUE PACTBOPUMOCTMU.

eab u coaep:kanue

N3yuuTh OCHOBHBIE CBOWCTBA AJIEKTPOJIUTOB U OCOOECHHOCTH MPOTEKAHUS
XUMHUUYECKUX PEAKIUA B PacTBOpax 3JIEKTPOJUTOB. O3HAKOMHUTHCS C OOIIMMH
CBOMCTBaMU MaJIOPACTBOPUMBIX JIEKTPOIUTOB U METOJAUKON PacyeTOB, CBA3aHHBIX

C IPOU3BEICHUEM PACTBOPUMOCTH.

Teopernueckoe 060CHOBaHHE

Inekmponumamu Ha3bIBAIOT BEIIECTBA, TUCCOLIMUPYIOIINE B BOAE U IPYTUX
MOJIAPHBIX JKUJAKOCTSX WJIM pacilaBaX Ha HWOHBI U CIIOCOOHBIE TMPOBOJMTH
ANEKTPUYECKUM TOK. Pacria BemecTBa Ha HOHBI HA3bIBACTCS 2/1EKMPOIUMUYECKOU
ouccoyuayueiu. lIlepeHoc TOKa B pacTBOpax M paciuiaBax 3JIEKTPOJIUTOB
OCYLIECTBIISIETCS HOHAMU, TIO3TOMY HUX, B OTJIIMYME OT AJIEKTPOHHBIX ITPOBOJHUKOB
HAa3bIBAIOTCSI MOHHBIMM TPOBOJHMKAMHU WA MNPOBOAHUKAMH BTOporo pojga. K
BJIEKTPOJIUTAM OTHOCATCS COJIM, KUCIIOThI, OCHOBAaHMUS.

Kosm4yecTBEHHON XapaKTEPUCTUKOW DJICKTPOJIUTUUECKONM JHUCCOLMALNU

SIBIISICTCSL CHLENEeHb OUCCOUUAUUU O

o=—, (6.1)



rjie N — KOHIEHTPANHUS MPOIUCCOIMUPOBABIINX MOJIEKYJI, MOJIb/J; N — ucxoaHas
KOHIICHTpAIUs pacTBOPa, MOJIb/JI.

[To BemuuMHE CTENIEHU AUCCOLHUAIIMH BCE HICKTPOJIUTHI ST HAa CUIIBHBIC U
crnabpie. K CHIBHBIM OTHOCSITCS T€ JICKTPOJIUTHI, CTETICHD TUCCOIUAIIMUA KOTOPBIX
paBHa emmHHIe, T. € N = N. DiuekTpoauTHUecKas IHUCCOIMAINS CHIBHBIX
3JIEKTPOJIUTOB MPOTEKAET HEOOPATUMO, HAIPUMEP

HNO, - H™ + NO,,

NaCl - Na" +Cl".
K CHJIBHBIM 3JIEKTPOJIUTAM OTHOCATCS NPAKTHUYECKA BCE COJH, THAPOKCHJIBI
IICJIOYHBIX U MIETOYHO-3EMEIIbHBIX METAIUIOB H HEKOTOPHIE MUHEPATBHBIE KHCIOTHI
(HCI, HNOs3, H2S0,).

CreneHb JUCCOIUAITIH CITA0BIX AJIEKTPOJMTOB MEHBIIIE eIUHUIIBL, T. €. N<N.
Wx gucconmanust oOpaTiMa, Halpumep

CH,COOH <> CH,COO™ +H",
H,CO, <> H" + HCO; .
KoHcTaHTy paBHOBeCHsS 3JEKTPOJIMTHYSCKON JIHMCCOIMANMU  CIIaboro
JICKTPOJIUTA HA3bIBAIOT KOHCTAHTOM AMCCOIUAIINH.
Hampuwmep, mpu 298 K K, (CH,COOH)=18-10", K ,(H,CO,)=4,4-10".
CpapuuBas 3nauenns K, (CH,COOH) u K,(H,CO,) moxHO cka3aTh, uTO Y

YrOJIBHON KHCJIOTHI CIIOCOOHOCTh K AMCCOIMAIIMM HAa HOHBI MEHbBIIE, YeM Yy
YKCYCHOM.

[TopaBnstomee OONBIIMHCTBO DJIEKTPOJIUTOB O0JaJaeT OrpaHUuYCHHOU
pacTBOpUMOCThIO B Boje. Ha mpakTHke YacTo BCTpEYaroTCsl TeTepOreHHbIE
CHUCTEMBI, B KOTOPBIX OCaJO0K MaJOpPacTBOPHUMOIO DJIEKTPOJUTAa HAXOAUTCS B
PaBHOBECHH C HACBIIIEHHBIM PACTBOPOM ITOTO AJICKTPOJIUTA!

[Ipy  HacellleHMW  pacTBOpa CKOPOCTH  IPOLIECCOB  PacTBOPEHUS
KPUCTAJUTM3AI[MN OJWHAKOBBI, a KOHIIGHTpalUs HWOHOB HaJ TBepAoW ¢a3oii

AIEKTPONHTA () SABJISIIOTCS pABHOBECHBIMHU IPU JTAHHOW TEMIIEpaType.



KoHcTaHTa paBHOBECHS T€TEPOTEHHOTO MPOIIECCa ONMPEACIIIETCS TOIBKO
IIPOM3BEICHUEM KOHIICHTPAIIMH HOHOB B paCTBOPE M HE 3aBUCHT OT KOHIICHTPAIIUN
TBEPIOr0 KOMIIOHEHTA!

Takum 00pa3oM, MPOM3BEACHHE KOHIICHTPAIM WOHOB B HACBHIIICHHOM
pacTBOpe MajopacTBOPHUMOIO 3JICKTPOJIUTA IIPH 3aJaHHOW TeMIIEpaType €ecThb
BEJIMYMHA IIOCTOSHHAS; €€ Ha3bIBAlOT IPOM3BEACHUEM PACTBOPHUMOCTH H
o6o3uauarort [1P.

[IpousBeneHre paCTBOPHUMOCTH KaK KOHCTAHTA PABHOBECHS 3aBUCHT OT
IIPHUPOJIBI AJICKTPOJIMTA U OT TEMITEPATypPhl, HO HE 3aBHCHT OT KOHIICHTPAI[UH HOHOB
B PacTBOpE.

3nas, uyro 1P — BenmmuuHa noctostHHast mpu T = const , MOXKHO CKa3aTh, YTO
NP YBEJIMYCHUU KOHIICHTPAIIMK OHOTO W3 MOHOB B HACHIIIICHHOM PacTBOPE HaJ
TBepJ0i (Pa30il KOHIICHTPALIKS IPYroro HOHa YMEHBIIACTCH.

[To w®3BECTHOMY IMPOU3BEICHHUIO PACTBOPUMOCTH  JJICKTPOJIUTA H
KOHIICHTPAIIUU OJIHOTO M3 MOHOB MOXHO PACCUYHMTATh aKTHBHOCTBH JIPYroro MOHA,
HEOOXOJMMYIO JUIS OCaXJCHHS DJICKTPOJIMTA. MaTeMaTHUYeCKHUM  YCIOBHEM

oOpa30oBaHus OCaJKa B 3TOM CIIy4ae SBIISIETCS BbIpayKEHUE:

Anmnapatypa u MaTepHAaJIbl

[IltatuB ¢ TOpoOMpKaMH, MHUKPOIINIATEIb, CTCKISIHHBIC  ITAIICTKH,
YHUBEPCAIbHBIA HMHAWKATOpP, BOJAHAs OaHs, IUCTWUIMpOBaHHas Boja, | H.
pactBopel CH3COOH, HCI, NaOH, NaHCO;, FeCl;, CH3COONa, Aly(SO4)s,
Na,COs, pacTBOphl HWHIWKATOPOB METUJIOBOTO OpaHXEBOro, JAKMyca H
dbenondranenna, MUHK MeTamudeckuid, kpuctamwmmdeckue coium: CH3;COONa,
Al>(S04)3, Na;COs3, NaCl, Na,SOs. PacTBOpbI: XJI0pOBOAOPOIHON KUCIOTHI (2 H.);
YKCYCHOU KUCHOTHI (2 H.); ammuaxa (10%-noro); xinopuaa vatpusi(0,5 H.); xaopuaa
kanbiug (0,5 H.); nonuna kamus (0,5 H.); HUTparta cepedpa (1,0 H.); Xpomara Kanus
(0,5 n.); okcanara ammonus (0,5 H.); cynbduna ammonus; xyuopus oapus (0,5 H.);

opomup Hatpus (0,5 H.).



YKa3zaHus no TexHuke 0e30nacHOCTH

Cwm. naboparopuyto padory 1.

MeToz[mca H MOPHAAOK BbINMOJIHCHHUS p360TLI

OmnbIT 1. CpaBHeHHe XUMHYE€CKOH AKTHBHOCTH 3JIEKTPOJIUTOB

1. Bo3pmute nBe mpoOupku u HaynedTe B ogHy W3 HuUX 5-10 kamens 1 H.
pactBopa ykcycHoi#l kucinorsl CH3COOH, a B Ipyryro — cTOIbKO ke | H. COJIIHOM
kuciotel HCI.

2. B 00e mpoOupku 6pockTe 0 0OJUHAKOBOMY KYCOUKY ITMHKA.

3anuch AaHHBIX onbITa. YTo Habmogaere? OTMEThTE, B KaKoW MpoOupke
BbIICJICHHE Ta3a Oojyee >HepruyHo. Jlaiite oObsicHenue. Hanumure ypaBHEHUS

peaKI_[I/Iﬁ B MOJICKYJLIPHOM M MOHHOM BHAX.

OnbiT 2. CMelieHHe paBHOBECHS B PACTBOpPax CJa0bIX 3JIEKTPOJHUTOB
10/ 1efiCTBMEM OJHOMMEHHbIX HOHOB

1. B mpoOupky 10 MOJOBHMHBI HalUTh pa30aBICHHBIA PACTBOP YKCYCHOM
KHUCJIOTHI U J0OaBUTH 1-2 Karu pacTBOpa MHAMKATOPa METHIIOBOTO OPAaHKEBOTO.

2. Pa3nuth pacTBOp Ha JABE MPOOUPKHU, OJHY OCTaBUTH JJIi CPaBHEHUs, a B
IpYryl0 700aBUTh HEMHOI'O KPHUCTAJUIMYECKOTO YKCYCHOKHMCIOTO  HaTpHs
CH3;COONa.

3anuch JaHHBIX onbITa. CpaBHUTH OKPACKK 00EUX MPOOUPOK U, MOIb3YSICh
ypaBHEHHEM KOHCTAHTBI IUCCOLMALINN, OOBSICHUTD TPUUMHY CMEIICHHS PABHOBECHSI

B CTOPOHY HECANCCOIMUMMPOBAHHBIX MOJICKYJI yKCYCHOfI KHUCJIOTHI.

OnbIT 3. JIpoOHOE ocaxkaeHue
B 1Byx mpoOupkax TNOJydydTe pasleinbHO XJIOpUA M XpomaT cepedpa
B3anMojiericTBeM pacTBopoB xjopuaa HaTpus ( NaCl ) u xpomara kamust (KoCrOy,)

c autpatoMm cepedpa (AgNOs), B3B 1m0 2-4 Karum Kaxaoro pactsopa. Hammmmte



VMOHHBIE YpPAaBHEHUS pEaKLUi, OTMETHhTE I[BETa OCAJKOB M 3alUIIUTE BEITUYUHY
MPOU3BEICHHS PACTBOPUMOCTH JJIs XJIOpHIa 1 Xpomara cepedpa. Kakas conp menee
pactBopuma? Kakoe BemiecTBO OyneT BBINMAIaTh B OCAJOK B MEPBYIO OUYEpellb U3
pactBopa, coxepxkamero uoHsl ClI° , CrOs>, Ag* B paBHBIX KOHIICHTPALUAX?
[IpoBepbTe NMpeAnoaoKeHrne onbIToM. JlJig 3TOro BHECUTE B OJIHY MPOOUPKY 10 2-3
karu pactBopoB NaCl u KoCrOy4, noGaBbre 5-6 kamenb BOJBI U INEpeMEIIaiiTe
pacTBOpbl. OCTOPOKHO, 10 KarisiM (1-2 karim) npubaBbTe B HEro pactBop AgNOs.
Uro nabmonmaercsa? C KakuMU HMOHAMHM B MEPBYIO OYEpellb PEarupyroT HOHBI
cepebpa? Kakoe BemectBo mpu 3ToM o00pasyercsi? JloOaBpTe B pacTBOp ele
HECKOJIBKO Kameiab HuTpatra cepeOpa. HaOmromaercst nmu oOpazoBaHue XJopuja
cepebpa? OTmeThbTe Hadallo €ro 00pa3oBaHUS MpPU JAJbHEHIIEM YBEIWYCHUU
KOHIIGHTpallui HuoHa cepedpa. OOBSICHUTE MOCIEAOBATEIBHOCT 00pa30BaHUs
OCaJIKOB B JJAHHOM OIIbITE, YYUTHIBASI BEJIMYMHBI MPOU3BEIICHUN PACTBOPUMOCTH

XJIOpUJia U Xpomara cepedpa.

OmnbIT 4. CpaBHEeHHE MOJHOTHI 0CAXKACHUS COJIeil Oapusi pa3THYIHbBIMHA
0CaUTEJIAMH

[Tomyuute ocamok okcanata 6apusi (BaC,04) B3aumoneiictBreM 4 Kareib
pactBopa xyopuaa Oapust (BaCly) u 6 kamens okcanata ammonust ((NH4)2C204).
JlaiiTe pacTBOpY OTCTOSITBCA W MPO3PAUYHBI PACTBOP MEPEHECUTE MUIETKOU B JBE
YUCTbIE MPOOUPKHU MO 3-4 Kamm B Kaxayro. B oany u3 Hux npo6aBbre 1-2 karmim
pactBopa (NH;)2C,04, uT00BI YOEIUTHCS B MOJHOTE OCAXACHUS HOHA Oapus 10
OTHOIIIEHUIO K MOHaM OKcajlaTa aMMoHUs. B npyryro npobupky no6asere 3-4 karim
pactBopa K,CrO,. Kakoe BemiecTtBo BbImagacT B ocanok? Hamummre noHHBIC
YPaBHEHUS MPOTEKAOIIMX PEAKUUW. YKAKUTE BEIUYUHBI  [POU3BEICHHUMN
pacTBOPUMOCTH OKcajlaTa W XpoMara Oapusi U OoOBSICHUTE OOpa3OBaHHME OcajKa
BaCrO, mocne ynanenust u3 pactBopa noHoB Oapusi B Bujae BaC,O4. Kakum u3

MIPUMEHEHHBIX PEaKTUBOB HanboJIee MOJIHO yAAJISIOTCS HOHBI 0apus U3 pactBopa’?



OmnbIT 5. BiusiHue BeJIMYMHBI IPOU3BEACHUS] PACTBOPUMOCTH
HA PACTBOPEHHE 0CAKOB

B Tpex npobupkax paszieabHo MOTYyUYUTe OCATKU XJIOpUIa, OpoMuIa U Hoauaa
cepeOpa B3aUMOJEHCTBHEM pPACTBOPOB COOTBETCTBYIOLIMX COJIEM C HUTPATOM
cepebpa (1o 2-3 karmim Kaxaoro peaktusa). OTMeTbTe HBET ocaikoB. K ocaakam B
KOXAYI0 TMpOOUPKY JJ00aBbT€ MO HECKOJbKO Kamelb pacTBOpa aMMHUaKa.
Pa3memaiite comepxkumoe mnpoOupok. B pacTBope ammuaka HaOmogaeTcs
pacTBOpeHHE O0CaakoB ¢ oOpasoBanueM KomiwiekcHoro wuoHa [Ag(NH3),]"
Hanummre ypaBHeHHs peakuil 00pa30BaHUs OCAJIKOB U BBIPAKEHUS IPOU3BEICHUN
PacTBOPUMOCTH IS XJopuaa, OpoMuaa u noauaa cepedpa (ykazaTh UX YHCIOBBIE
3HadyeHus). [louemy Opomuna cepebpa pacTBOpsieTCs B aMMHUaKe MEJJICHHEE, YeM

XJIOpHJI, @ HOJU] cepedpa MPAKTUYECKH HEPACTBOPUM B AMMHAKE?

OnbIT 6. BiinsiHue KOHIIEHTPAIMHY MOHOB PACTBOPHUTEJISI HA PACTBOPEHHE
0CaJKOB

B nByx mpoOupkax moixyyuTe ocajioK oKcanaTa Kajablys B3auMOJIEHCTBUEM
pactBopoB xjopuaa kaibiusa (CaCly) u okcanaTta aMMOHMS B3SIB MO 2-3 Karuid
Kakaoro pactBopa. JlobaBbTe B OAHY TPOOUPKY HECKOJBKO  Karelb
KoHIIeHTpupoBaHHoro pactBopa HCI no nmosiHOrO pactBopenus ocaaka. B npyryio
MpoOUPKY CTOJBKO ke KoHIeHTpupoBaHHOoro pactBopa CH3COOH. Otmerbte
MPAKTUYECKYI0 HEpPAaCTBOPUMOCTh OKcajlaTa KajlblMsl B IMOCJIEIHEM CIIydae.
Hanumnre WOHHBIE YpaBHEHHS MPOTEKAIOIMIMX pEaKIUd U BBIPAXKEHUE
NPOU3BEACHUS pacTBOPUMOCTU. OOBICHUTE, MOYEMY OCAJOK OKcajlaTa KaJlbLus
pacTBOpSiETCA B XJIOPOBOJOPOJHON KHUCIOTE U MPAKTUUYECKH HEPacTBOPUM B
ykcycHoM. KoHIleHTpalysi, KaKoro HOHA BIMSIET HA PACTBOPEHHUE OKCalaTa KalblUs

B KHUCJI0Tax?

Conepxkanne oTtyera u ero popma

Kaxp1ii cTyieHT OJKEH UMETh JIa00paTOPHBIN KypHAII, KOTOPBIN SIBISETCS



JOKYMEHTOM, OTpaXKaroluM BCIO ero pabory. Bce HabOmiomeHuss W BBIBOJBI TIO
HKCIIEPUMEHTAIBHOM padoTe, MpOAETIaHHOM B J1a00paTOpPHM, CTYJIEHT 3aHOCHT B
71a00paTOPHBINA KypHAT HETIOCPEICTBEHHO TOCIIE €€ BBHITOJHEHHUS.

Otyer mo sabopartopHON paboTe NOJDKEH COCTOSTh M3 JaThl, Ha3BaHUA U
HOMepa JabopaTopHOU paboThI, 1AM PadOTHI, METOAMKHA IPOBEICHUS OIBITOB,
HAOIOJICHNI, YPaBHEHUIM XUMHUUYECKUX PEAKIIHi, BEIBOJOB U PacyeToB ((POpMYJIb,

TaOIUIBI, TPadUKH).

Bonpocsl aj1s 3amUThHI J1a00PATOPHOI padoThI

1. Kakwue BemiecTBa Ha3bIBAIOT JIEKTPOJIUTAMU?

2. Uto Ha3pIBAIOT CTEMEHBIO JauWcconuanuu djektponurta? Kakue
AJIEKTPOJIUTHI Ha3bIBAIOT CJIA0BIMU, & KAKUE — CUIIbHBIMU?

3. Hammmure B MONEKYISIpHOW W HMOHHOW (OpMe peakiuu TMOTyICHHS
CJIa0BIX OCHOBaHWM M KHCIIOT M3 pacTtBopoB ux couseii: Fe(OH)s, H.S, HCN,
Cu(OH),, CH3;COOH.

4. Onpenenuth CTENEHb TUCCOLMAIMM W KOHIEHTpauuio noHoB OH™ B
0,1 1. NH3-H,0, ecmu Ky, = 1,77 - 10°°.

5. Ot yero 3aBUCHUT IPOIIECC AUCCOIUAITAN?

6. Uto xapakTepu3yeT KOHCTaHTa JUCCOIUAIINNA?

7. YeMy paBHO MOHHOE ITpou3sBeaeHre Boabl mpu 22 °C?

8. DIeKTpoNUTOM KaKOW CHIIBI sIBJsieTCs (hochopHas Kucaora?

9. Koncranta mauccoruanuu (GocPopHOil KHUCIOTHI MO TEPBOM CTyNEHU
paBHA 7,11-1073, [Ipenebperas aucconmanueit Mo APYyruM CTYNEHSM, BBIYUCITUTh
KOHIIEHTpAIMIO HOHOB Bojopozaa B 0,5 M pactsope.

10.Haitaure crenens muccornumanuu (B %) a30TUCTOM KHCIOTHI B 1 M
pacteope, 3Hasd, uto 1 mu comepkut 6,15-10%° wacTur (HeAUCCOLMMPOBAHHBIX
MOJIEKYJI 1 HOHOB) paCTBOPEHHOTO BEIIECTRA.

11.TTo Tabau4HON BETUYMHE TIPOU3BEACHUS PACTBOPUMOCTH TUIPOKCHAA



MarHusi BBIMUCJIMTE PACTBOPUMOCTH ATOTO THIPOKCHU A TIPH 3aJaHHOM TeMIIepaType
(Monb/m). Cuntath KO3PGUIUEHTH AKTUBHOCTH PaBHBIMU 1.
12.1ToueMy noHsTHE O MMPpOoU3BeaeHUN pacTBOpuMOCTh (I1P) He mpunoxumo:
a) K MaJIOPaCTBOPUMBIM CIaOBIM AJICKTPOIUTAM
0) K XOpOIIO PaCTBOPUMBIM HEIIEKTPOIUTAM
JlaiiTe oTBET, 000CHOBAHHBIN 3aKOHOM JICHCTBYIOIIMX Macc.
13.CocraBbTe ypaBHEHHE (Pa30BOTO PaBHOBECHS B HACBHIIIEHHOM PacTBOPE
xpomara Oapus. IlpuBenaure Ha3BaHue, 3HAUYEHHE M BbIpaXeHUE (MO0 3aKOHY
JEHCTBYIONTUX Macc) M1l KOHCTAHTHI 3TOTO paBHOBecus. Vcnonb3ys cripaBoYHbIE
TAHHBIC, YKAKUTE, CMECTUTCS JH ()a30BOE paBHOBECHE (M €CIIH «J1a», TO B KaKYIO
CTOpPOHY IIpH J100aBJICHUM: a) XpoMara Kanus, 0) xyuopuna 6apus. U3meHuTcs nu

Macca 0CajJiKa IpHU 3TUX BO3JACUCTBUSIX?

Jlureparypa

[OcHoBHas nuteparypa 1-4, nononHuTenpHas aureparypa 1, 2]

JIABOPATOPHAS PABOTA 7

TUJIPOJIN3 COJIEHA

Leab u conepxanue
TeopeTruuecku U IKCIEPUMEHTAITBHO U3YUYUTh MPOLIECCH] TUAPOIN3a CONEH

Y BIUSIHUE PA3JIMYHbIX (PAKTOPOB Ha MPOLIECC MPOTEKAHUS TUAPOIU3A.

Teopernueckoe 000cHOBaHME
Boaubie pacTtBopbl cosieil B 3aBUCUMOCTH OT MPUPOJBI 00pa3yrouux HX

KHUCJIOT U OCHOBAHHUM MOT'YT OBITH KHCJIBIMH, IICJIIOYHBIMU H HCﬁTp&J'IBHBIMH.
KucnotHocts uinm MCJIOYHOCTE PaCcTBOPOB COJICH CBSI3aHBI C TEM, 4YTO HX

pacTBOpEHUE B BOJE COMPOBOXKIACTCS PEAKIIMEH THAPOIIU3A.



T'uoponuzom Ha3zpiBaeTCsi 0OOMEHHOE B3aUMOJICHCTBUE HOHOB COJIM C HOHAMU
BOJIbI, COMPOBOXKIAIOIIEECs] 00pa3oBaHUEM CIIa0Oro AJIEKTPOJIMTAa U M3MEHEHHEM

PCaKOuu CPCIabI.

Peakumio cpenbl  (KUCIOTHOCTh WJIA  IIEJIOYHOCTH)  XapaKTEPHU3YET
BOJAOPOAHBIN MoKa3zaresb pH.
Bonoponnsiii  mokasarenp (pH) — 93To oTpunarenbHbId  Jorapudm

KOHILIEHTPALIMH HOHOB BOJOPOJIA B PACTBOPE.
pH = -Ig[H"]

KoHLEeHTpanys BOJOPOJHBIX HOHOB, TAK K€ KAaK U THAPOKCUI-MOHOB, MOKET
xonebarhes B uaTepBaine ot 1 1o 1074, Ho npoussenenne xonnenTpanuii mpu 22°C
ocraercs Beeraa paBHbiM 1074

kw = [H][OH] = 10 — nonnoe nponssenenne BoabI

Torma pH + pOH = 14.

B Boze npu 22°C H,O«—[H"] + [OH]

[H]=[OH] = 107 mons/n

To ecth, ecnu W3BECTHA KOHIIEHTpaiuss MOHOB HY, MoOXHO paccuuTaTh
koHueHTpauo OH™ 1 Hao0opoT.

I[Ipu [H*] = [OH] = 107 mons/n, pH = 7 — HeliTpanbHas cpeja.

IIpu [H*] < 107 mons/n, pH > 7 — meno4nas cpena.

I[Ipu [H*] > 107 mons/n, pH < 7 — xkucnas cpena.

B BomHbIX pacTBOpax »3iekTposuTOoB pH ompenensror ¢ noMOLIBIO
MHIMKATOPOB — BEILECTB, M3MEHSAIOIMX OKPACKY PacTBOPA B 3aBUCMMOCTH OT pH

i npubopamu — pH-meTpamu.

Tabmuua 7.1 — VI3MeHeHUs OKpacKd WHJMKATOPOB B BOJHBIX PacTBOpax

AIEKTPOJIUTOB
LBer muaukaropa | L{BeT nnaukaropa
Nunukarop I{BeT naAMKaTOpA B KHCJIOU B ILIEJIOYHOU
pactBope (pH<7) | pactBope (pH>7)
Jlakmyc ¢brosIeTOBbIN KpacHbIN CUHUU




®denondranenH OeclBETHBIN OecCIBETHBIN MAaJIMHOBBIN
MeTunoBbIi
OPaHKEBbIN

OpaH>KEBBIN KpaCHbIN YKEITBIN

Conu, oOpa3oBaHHbIE CHJIBHOM KHUCIOTOM M CHIIBHBIM OCHOBaHHUEM,
TUAPOTU3Y HE MOJBEPraroTCs.

Conu, oOpa3oBaHHbIE CHJIBHOW KHCIOTOH W cIaObIM OCHOBaHUEM, IPHU
pacTBOpPEHUM B BOJE THUJPOJMU3YETCS BCJICIACTBHE 4YEro peakius pacTBopa
ctaHoBuTCs kucio (pH<7).

Conu, oOpa3oBaHHBbIE C1a00N KHUCIOTOW M CWJIBHBIM OCHOBAaHUEM, IPHU
PaCTBOPEHUHM TUIPOJIU3YETCS, peaKIysl pacTBOpa CTAaHOBUTCS 1iesouHou (pH>7).

[Ipu pacTBOpeHHU coJjel, 0Opa30BaHHBIX CJIa00N KHUCIOTOW M CiIa0bIM
OCHOBAaHHMEM, PEAKIUIO CpeAbl ONpesessieT Oojiee CWIbHBINA 3nekTponut. Cpena
MOXET OBITh CJIA00KUCIION UK CIA0O0IIeIIOYHOM.

YpaBHeHUS peakiMK TUAPOIN3a COJIe MOTYT ObITh 3alMCaHbl B BUJIE:

a) MOJIEKYJISIPHOTO YPABHEHUS:

CH3COONa + H,0 «» CH3;COOH + NaOH;

0) HOHHOTO yPaBHEHHS:

CH3;COO™ + H,0 «» CH3;COOH + OH-.

['maposnn3 cosell MHOTOOCHOBHBIX KHCJIOT, MHOTOKHUCJIOTHBIX OCHOBAHUU
MPOTEKAET CTyNEHYaTO C OOpa3oBaHUEM B TMEPBOM CIydae KHUCIBIX COJIEH, BO
BTOPOM —OCHOBHBIX COJIEH .

1) Na,CO3 + H,0 «» NaHCO3 + NaOH — nepBast cTyneHsb ruaposin3a;

l. COs* + H,0O <> HCO3 + OH;

I1. NaHCO3 + H,0 <> H,CO3+ NaOH — BTopas ctyneHs ruiposiuisa.

HCO; + H,O «— H,CO3+ OH".

2) ZnCl; + H,0 <« ZnOHCI + HCI;

l. Zn?** + H,O <> ZnOH* + H;

I1. ZnOHCI + H,0 « Zn(OH), + HCI;

ZnOH"+ H,O < Zn(OH), + H".



['uaponu3 npoTekaeT, r1aBHbBIM 00pa3oM, 1o | cTymneHu.

NHTEHCUBHOCTh TMAPOJIN3a XapaKTEpU3yeT CTeneHb ruaposmsa. CmeneHs
2uopoausa (ff)) — OTHOILIEHUE YKCIIA THAPOIM30BAHHBIX MOJIEKYJ COJU K OOILIEMy
yuCclIy MOJIeKyJl cosid. CTeneHb THIPOJU3a 3aBUCUT OT KOHILIEHTPALUU COJIH,

TEMIIEPATYPBI U IPUPOBI COJIH.

Bo MHOrux ciydasix TUapou3 siBIsSETCS 0OpaTUMBIM MPOIIECCOM, TTOITOMY
paBHOBECHE TMpOIlECCa MOXKHO CMECTUTh B JKEJIa€MOM HANpaBJICHUU, WU3MEHSS
yCIJIOBUSI IPOBEJEHUS €ro (KOHIEHTPAIUIO COJIU, TEMIIEPATYpy).

Honnvie ypagnenusn. VIOHHbIE ypaBHEHHUsS IOKa3bIBAIOT, MEXIY KaKHUMHU
MOJIEKYJIaMU U UOHAMH MPOU30IILI0 XUMUYECKOE B3aUMOICUCTBUE.

[Topsimox cocTaBi€HHsT HWOHHBIX YpaBHEHHWIl peakuuid B pacTBOpax
AIEKTPOIUTOB:

1. Hanmucatb ypaBHEHHE peaklMKi B MOJICKYJISIPHOU (popMme:

BaCl, + H,SO, = BaSO,| +2HCI.

2. Ilepenucarp ypaBHEHHE, OCTaBUB 03 M3MCHEHHH  (HOPMYIIBI
HEpPACTBOPUMBIX, Ta3000pa3HbIX WKW CJIa00JUCCONUUPYIONMIUX BEIIECTB, a
(GhopMyJIbl OCTaTBHBIX BEIIECTB 3aMMCaTh B BUJI€ CBOOOHBIX HOHOB:

Ba*+ 2Cl +2H* + SO,* = BaSQ,| + 2H* + 2CI".

3. CokpaTuTh OAHOMMEHHBIE HOHBI, HAXOASAIIMECS B JIEBOW U MPABOM YACTIX
YpaBHEHHMS, T. €. MPHUBECTHU TOJIOOHBIC WICHBI, OCTABUB TOJIKO HMOHBI, KOTOPBIC
COCIMHSIOTCS, 00pa3ys MaJIoAMCCOIMUPOBAHHbBIC BEIIECTBA, T. €. MOJYYUTh HOHHOE

ypaBHEHHE, BRIPAKAIOIIEE CYIIIHOCTh JAHHOW PEeaKIUU:

Ba" + 8042_ = BaSO4i.

Anmnaparypa u MaTepHuaJbl
[IratuB ¢ mpobupkamu. IluneTku kamenbHbIe. Mukpommarensb. Boma
TUCTUTMpOBaHHas.  PeakTuBbl  Kpucrajunueckue:  xmjopua  ojosa  (l).

Nunukaropsl: nmakmyc (p-p), benondranenn (p-p). PacTBopsr: Xm0poBogopoiHOM



kucnoTs (0,5 H.), anterata Hatpus (0,5 H.), cynbdara amomuans (0,5 H.), XJI0puaa
Hatpus (0,5 #.), arterat ammonus (0,5 H.), cynbduta Hatpus (0,5 H.), kapOoHaTa
Hatpus (0,5 H.), cynbduna natpus (0,5 H.), xinopunaa xene3a (1) (0,5 1.).

YKa3aHus 110 TeXHUKe 0e30MaCHOCTH
Cwu. nabopatopHyto padoty 1.

MeToauka U NOPsiAOK BHINOJHEHUsI padoThI

Omnbit 1. Peakuus cpeabl B pacTBOPax pa3jHYHBIX COJIeil

B uetsipe npoOupku HaOpaTh 1o 2-3 MII CIEAYIOMUX PACTBOPOB COJICH: B
nepByto - anerar Harpus (NaCH3;COO), Bo BTOpyro - cynbdar aaroMUHHS
(A1(S04)3), B Tpetbto - xiopun Hatpust (NaCl), B yeTBEépTyro - amerar aMMOHUS
(NH4,CH3COOQ). Ente B oy npoOupKy ( KOHTPOJIBHYIO )HAOPATh TAKOH ke 00bEM
JUCTUUIMPOBAaHHOW BoAbl. Bo Bce maATh mpoOMpok p00aBuTh mo 2-3 Karu
HEUTPaTbHOTO PacTBOpPA JIAKMYCa.

PactBOpBI pazMeniaTh U 0 U3MEHEHHUIO OKPACKH JIAKMYcCa CHENaTh BBIBO O
pPEaKIu CPeIbl B pACTBOPE KAXKION COJIH.

3anuch AaHHBIX OoNbITa. Kakue u3 MCCleIOBaHHBIX COJICH MOABEPraloTCs
ruapoiu3y? Hanumute WOHHBIE W MOJICKYJISIPHBIE YpPAaBHEHHUSI PEaKIUA HX

TUApOoIIN3a (B CIIy4ae CTYNEHYaTOro TUAPOIN3a - TOJIBKO JUIs 1-i cTyneHn).

OmnbiT 2. HeoOpaTuMbIid rHAPOJIN3 NPU CMEIIUBAHUN COJIei

B nBe mpoOupku BHecTH 1o 6-8 kamenb pacTBopa cyibdara amoMHHHS
(Al13(SO4)3). B onny mpobupky n00aBUTh Takoi e 00BbEM pacTBOpa cyibduaa
Hatpus (NayS), B apyryro - pactBopa kapoonara Harpus (Na,COs). OTMeTuTsh B
obeux mpoOWpKax BBHIJEICHHE Taza (B OJHOW C XapaKTEpHBIM 3amaxoM) W
BBITIAJICHUE 0CAJIKA.

3anuch, OaHHBIX ombIiTa. Hamwcarh ypaBHCHHE pEakIUd COBMECTHOTO

ruaposin3a. OOBICHUTH, TOUYEMY PEAKIIHSI POTEKAET HEOOPATUMO.



OmnbIT 3. Biansinue cHJibl KHCJI0ThI, 00pa3yloleii coJib HA CTENeHb eé
TUAPOJIN3a

B oany npo6upky BHecTH 2-3 M1 pactBopa kapoonata Hatpus (Na,COs), aBo
BTOPYIO CTOJIBKO k€ pacTBopa cyinbdura Hatpus (Na;SOs). B kaxmyio mpoOupky
00aBUTH 1O OAHOM Karuie peHondTanenna.

3anuch DaHHBIX onbiTa. Hamucare ypaBHeHUs THApoiu3a KapOoHaTa U
cynbdura Hatpus (MO TEpBOM CTymeHW). B pacTBope Kakod COM OKpacka
dbenondranenna Oonee nHTeHcHBHA? CTENEeHb THIPOJIM3a KAKOW CONM OO0JbIe?

OOBsicHUTH TTOUEMY?

OmnbIT 4. Biansinue TeMnepaTypbl Ha THAPOJIN3 COJTH

[TomecTuTe B iBE MpoOUpKH 110 2-3 Mt pacTBopa xsopua xxeiesa (111) -FeCls.
OnHy npoOWpKy OCTaBIAIOT JUIsl CpPaBHEHMs, a pacTBOp B JAPYroil MmpoOupke
HarpeBaror.

3anuch JaHHBIX ombITa. YTO HabmtomaeTca npu HarpeBaHuu? B xakom
HalpaBJICHUU CMeIaeTcss paBHOBecue Tuiaponu3a? Hanummmure ypaBHeHHA
rugposimza FeCl; na xomomy w npu HarpeBanuu. Craenath BBIBOJ O BIIMSHUU

TEMIICPATYPbI Ha CTCIICHDL THAPOJIN3a COJIN. Vkazartb IPUYHHBI 3TOI'O ABJICHUA.

OneiT 5. Caur paBHOBecHs THAPOJIM3A NPH JA00aBJICHHMH CHJIbLHOM
KHCJIOTHI

Buecute B mpobupky 8-10 kamenb JUCTUIUIMPOBAHHOM BOABI U OAWH
MUKpoImaresib KpuctamioB xjopuaa ojosa (1) - SnCl,. PactBop TiiarensHo
nepeMeniainTe CTEeKJISHHOW mnamodkoi. OOpasyromiuiics Oenslii 0calok
npejicTaBseT co0ol OCHOBHYIO cob ojioBa SNOHCI.

Jlo6aBbTe 5-6 Kanens pactBopa HCl u BHOBE nepemeriaiite.

3anuch JaHHBIX ONbITa. Hamummre ypaBHEHMS] TPOTEKAIONIUX PEAKITUN

HOJYYESHHS 3TOU coyt. YTO MPOUCXOAUT C 0OCaaKOM pu 1obasieHuu pacrsopa HCI?



OOBbscHUTE IPUUMHY HAOIIIOIAEMOTO.

Conepxanune u popma oTuera

Kaxx b1l CTyAGHT JOJIKEH UMETH J1a0OpaTOPHBIN KypHAJI, KOTOPBIi SBISETCS
JOKYMEHTOM, OTpaKalolUM BCKO €ro padoty. Bce HaOmroneHus M BBIBOABI IO
AKCIIEPUMEHTAIBHOM padoTe, MpPOAETaHHOM B J1a00paTOpPHM, CTYJIEHT 3aHOCHT B
71a00paTOPHBIN )KypHAI HETIOCPEJCTBEHHO MOCIE €€ BBIIOJIHEHUS.

Otuer 1o J1abopaTopHOl pabOTe JOJKEH COCTOATh W3 JaThl, Ha3BaHUS U
HOMepa J1TabopaTopHOl paboThl, LETU pabOThl, METOAUKU MPOBEIECHUS OIIBITOB,
HAOJIIOICHN, YPAaBHEHUN XUMHYECKUX PEaKUUi, BBIBOJOB U pacdyeToB ((hopMyIibl,

TaOJIULIBI, TPAPUKN).

Bonpocsl Aj1s 3amUThHI JIa00PATOPHOI padOThI

1. Yro HazpiBaeTcsa ruaponu3om? Jlaiite onpeneneHue.

2. Uro Takoe cTeneHb ruApoIn3a?

3. Uro Ttakoe pH cpenpi? 3nHauenue pH st KUCHON, IIENIOYHOM U
HEWUTPAJIbHOM Cpe.

4, Hanmmmre MOJICKYJISIPHbIC M MOHHBIC YpaBHEHUS THJPOJIM3a HUTpATa

aMMOHHUSI U aietata maraus. OnpeaenuTe cpeny BOIHBIX PaCTBOPOB

ATHUX COJICH.

Kakue conu He moaBepraroTcs ruipoan3y?

Kak 1 moueMy Temrieparypa BiIUs€T Ha CTENEHb THAPOIU3a?

Kak u IMOYCMY BJIMACT KOHLCHTPAIWA COJIM Ha CTCIICHD FI/I,Z[pOJ'II/I3a?

O N o O

Kakum 006pazoM MOXXHO TMOJaBUTh TUAposu3 coju? Pa3obparh Ha
npuMepe.

9. JloGaBneHne Kakux W3 MEPEUUCICHHBIX HIDKE PEareHTOB K PacTBOPY
FeCls ycunut ruaponus conu: a) HCI; 6) NaOH; B) ZnCl,; r) Na,COs; 1) NH4CI;
e) Zn; x) H,0.

10. B nmpoGupkwu ¢ BOJI0¥ BHOCST HEOOIBIIINE MTOPIIUH CIICTYIOIINX COJICH:



a) ZnBr;, CsNOy, Cry(S04)3, Ca(CIO),;

0) AI(NOs3)s, Li2SO4, Ba(NOs3),, FeCls;

B) NaHS, Sr(CN),, NaHPO4, NazHPOy;

r) K;SO,4, K3SO3, KHSO3, FeSO..

CocraBbTe ypaBHEHHS POTEKAIONIUX peakiui. YKaxuTe, kakoe 3Hauenue pH (>
7,<7,=7) OyayT UMETh IPUTOTOBIICHHBIC pacTBOPHI mpu 25° C.

11. CocraBbTe ypaBHEHHUS THAPOJIHA3A COJICH: KapOOHAT Kajus; HUTpar
UHKA; Cyab®uT HaTpus; cyiabdat Hukens (11); cynbput HaTpus; cynbdatr aMMOHUS;
cesleHuT Kanus, cyibdar xpoma (I1) — kamust; HUTPUT KaJlvs; HUTPAT ATFOMUHUS,
xjaopun xene3a (Il); cynbbun xkanus; cyab@ut xanus; cyiabdar UUHKA; Cyiabdar
xene3a (I1); HuTpuT HaTpusa. Ykaxute, kakoe 3HadeHue PH(>7,<7,=7) umeer

BOJIHBIM PACTBOP Ka)JA0M COJIN.

Jlutreparypa

[OcHoBHas muteparypa 1-4, tonomHuTenbHas ureparypa 2,3]

JIABOPATOPHAS PABOTA 8

OKHUCJIMTEJIBHO — BOCCTAHOBUTEJIBHBIE PEAKIIUHN

eab u conep:kanue
O3HaKOMHTBCA C OCHOBHBIMHM THIIAMH OKHUCIUTEIbHO-BOCCTAHOBUTEIIBHBIX

peakiuii, MpuoOPECTH HABBIKU B UX COCTABJICHUU U YPaBHUBAHUMU.

Teopernueckoe 060CHOBaHHE
Bce xuMudeckue peakiiuu MOKHO pasIeNiiTh Ha iBa Tuna. K mepBomy u3 HUX
OTHOCSITCSI PEAKIINH, MPOTEKAIoNIie 0e3 N3MEHECHUS CTEIICHW OKHCIICHHS aTOMOB,

BXOASALIMX B COCTaB pearupyromux semects. Hanpumep:



+1 +5 -2 +1 -2 +1 +1 +5 -2 +1 -2

HNOs;+ NaOH=NaNO:+H: 0,

+2 -1 +1 +6 -2 +2 +6 -2 +1 -1

BaCl,+ K, SO, =BaSO.+2KCl.

Ko BTOPOMY THUIIY OTHOCATCA pPCAKIHNH, UAYIIHUC C U3MCHCHUCM CTCIICHH

OKHUCJICHUA aTOMOB PCAarupyromux BCIICCTB. HaHpI/IMCpI

+1 +5 -2 +1 -1 0

2K ClOs; =2KCI+30:,

+1 -1 +1

-1
2K Br +CI; =Br, + 2K Cl.

Peakuuu, mnporekaromye ¢ HW3MEHEHHEM CTEMEeHM OKHUCJICHUS aTOMOB,
BXOJSIIUX B COCTaB pEarupyroliux BEIIECTB, HAa3bIBAIOTCS OKUCIUMETbHO-
eoccmanosumenvbHvimu (OBP).

Cmenenv oKucieHus — D5TO YCIOBHBIM 3apsA]l aroMa B MOJEKYIE,
BBIYUCJICHHBIN U3 MPEIOIO0KEHHUS, YTO BCE CBS3U SABJISIOTCS HOHHBIMU U YTO OOIIKE
AJICKTPOHHBIE  Mapbl  CMEIIEHBI B CTOPOHY aromMa ¢  OoJbliei

ANEKTPOOTPHULIATEIEHOCTBIO.

CreneHb OKHCJICHHUS MOXET HMMETh IIOJIOKUTCIIBHOC, OTPHLATCIIBHOC U

HyJIeBOE 3HaUeHUs. Ee 0003HavaroT apabckoi nudpoit HaJ CUMBOJIOM 3JIEMEHTa CO

+1 =2
3HaKOM IUTIOC Wik MuHyc nepex mudpoit. Hampumep, Na.S. Jlroboi

MOJIOKUTEIIbHBIA aTOM SIBIIIETCS OKHUCIUTEEM, a JIF0OOM OTpHUIlaTeIbHBI aTOM —
BOCCTAHOBHUTEJIEM.
B mro0oM coenuHEHWH KaXXKJIOMy aTOMy MOXKET OBITh IPHUIIHMCAaHA CTEIICHb

OKHUCJICHUS. BBIUHUCIISIOT €C, UCXOI U3 CIICAYIOIINX MOJIOKCHM I

0 0

o]
1) creneHb OKUCIIEHUs MPOCTHIX BemecTB paBHa Hyto (Clz, S, Na u 1. 1.);

2) MOCTOSHHYIO CTENEHb OKHUCIEHHS B COEIMHEHUSX MPOSABISIOT MIETOYHBIE
metawiel (+1) — Na*t, K* u ngp., metamsl rmasroit noarpynnst |l rpymmsr (+2) —
Ca*?, Mg*? u np., a Taxxke nuak Zn*? n xkagmuit Cd*?;

3) BOJOPOJ MPOSBISET CTENEHL OKUCIEHUS +1 BO BCEX COEIMHEHHMAX, KPOME

ruapunoB metauioB (NaH, CaH,), rue ero crenens okucienus —1,



4) creneHb OKUCIIEHHS KUCIOPOAA paBHA —2, 32 UCKIIFOUEHHEM MEPOKCHJIOB,
rne ero crenenb okucneHus —1 (H2Oz) u propuna kucnopona OF; (+2);

5) Mojekyaa 3JNeKTpoOHeHTpaiabHa, T. €. ajredOpandeckas cymMMa CTEleHEH
OKHUCJICHHSI aTOMOB B MOJICKYJIE BCET/Ia paBHA HYIIO, @ B CJIOKHOM HOHE — 3apsiay
HMOHA.

Hanpumep, onpenenum cTerneHr OKUCICHHUS cepbl B coenquHeHUsIX HpSO3 u
H,S. Jlns Bogopoma xapakTepHa CTENEeHb OKWCIeHUs +1, a maua kucimopona —2.
O0603HauYMM CTETEHb OKUCIICHUS cephl uepes «X», Toraa 1 HoSOs:

+1-2+X+3:(-2)=0, X=+4.

Ananorngso g H,S: +1-2 + X =0, X =-2.

ATOMBI OJTHOTO M TOTO JK€ DJIEMEHTA B PA3IUNYHBIX COSTUHEHUSIX MOTYT UMETh
pa3TuYHbIC CTETICHU OKUCIeHus1. HampruMep, cTereHb OKUCIICHHS a30Ta B MOJIEKYIax
NHs; u N2 =3 1 0 COOTBETCTBEHHO, HO BaJICHTHOCTh B 00OMX COCIMHCHHUSIX paBHA
TpeM. M3 yero nonsTeH GopMalIbHBIA XapaKTep MOHATHS «CTETICHb OKUCICHUS», HO
ATO TOHATHE YAOOHO TPHUMEHSATH MJIS COCTaBIICHUS YpPaBHCHHH OKHCIUTEIHHO-
BOCCTAaHOBHUTEIBHBIX PEAKITHM.

OKHCITUTETLHO-BOCCTAHOBUTEIILHBIC PEAKIIUA — CaMbIe PACTIPOCTPAHCHHBIC H
UTPAIOT OOJIBIIIYIO POJIb B IPUPOJIC M TEXHHKE.

OcHoeHble noJ10dceHUss meopul OKUCTUMETbHO-80CCIAHOBUMETbHBIX PeaKuuil

1. Oxucnenue - mporiecc OTIAYM DJIEKTPOHOB aTOMOM, MOJICKYJION WM

HOHOM.

Hanpumep: Al° -3e=Al*; Fe* —8=Fe*: H, —2e=2H";
2CI — 28 =CI°.

2. Boccmanoenenue — miporiecc TPUCOEAUHEHHs HJIEKTPOHOB AaTOMOM,

MOJIEKYJIOU WJIA HOHOM.
Hanpumep: S° +2e=S"; Cl; + 26 =2Cl"; Fe* +e=Fe*.
3. ATOMBI, MOJIEKYJBl WA HOHBI, OTHAIOLIME JJIEKTPOHBI, HA3BIBAKOTCA

eoccmanogumenamu. Bo BpCMs pCaKIIMK OHHU OKHUCJIAIOTCA.



4. ATOMBI, MOJIEKYJbI

WM  HOHBI,

MPUCOCINHSIOIINAE  JJIEKTPOHBI,

Ha3BIBAIOTCS oKucaumenamu. Bo BpEM:A pCaKIMHU OHU BOCCTAHABJIMBAIOTCA.

Tak kak aTOMBI WJIA HOHBI BXOIAT B COCTaB OIIPCACIICHHBIX BCIIICCTB, TO U OTHU

BEIICCTBA COOTBECTCTBCHHO HA3bIBAIOTCA BOCCTAHOBUTCIIAMHA UJINM OKHUCIUTCIIAMU.

Taomuma 8.1 — Baxkuelimre BOCCTAHOBUTEIIN U OKUCIATEIN

Boccranosurenu

OxucIuTEN

ATombI MeTaJuIOoB (S-, d-, f- aIeMeHThI),
BOJIOPO/I, YIIICPOJT

ATOMBI  p-3JIEMEHTOB B BBICIIEH CTENEHHU
OKHCJICHUs, paBHOW Homepy rpynnbsl. Camble
CHJIbHBIC OKUCIIUTENN — (PTOP U KUCIIOPO/I, CAaMbIe
cnabpie — arombel |IVA — rpynmbel B BbICHICH
CTETIEHU OKHCIICHUSI.

OTtpunarenbHO 3apsKEHHbBIE HOHBI

HEMETAJIJIOB (SZ_ , |7, Br™ u ap.) B HU31ICH
CTEIIEHNU OKUCIICHUS.

HMonpl MeTaIII0B B BEICOKOU CTENEHU OKUCICHUS
(Fe*, sn*, Au™® u np.)

CrioXHbIe HMOHBI M MOJICKYJIBI, COJEprKallie

aTOMBl B COCTOSHMHM  IPOMEXYTOUHBIX
+3 +4 +4

creneneii okucinenus NO;, NO,, SO,,

+4 -2
SO;, N2H, un np, npu B3anmoneiicreun ¢

CHUJIBHBIMH OKHCJIHUTCIIAMU.

CII0KHBIE HOHBI
ATOMBI

U MOJICKYJIbI, COIACPKAIINC
MCTallZla WM HEMCTalllla B COCTOSAHHHU

+7 +4
BBICOKOW CTENEHU OKHUCIICHUS (MnOf‘, MnQO, ,
+6 ) +6 +4 +5
Cr.0;, CrO;, PbO,, HNO, u ee commy,

+6 +5 N
H,S0,, CIO, wunp.)

9HeKTpI/I‘IeCKI/Iﬁ TOK Ha KaTtoac

O30H (0O3), mepokcun Bogopona H202 (moxer
ObITb U  BOCCTAaHOBHUTENEM), TMepcyibdar
ammonust (NH,),S,0,, mapckas Boaka, cmech

KOHIOCHTPUPOBAHHBIX a30THOH

IJTABUKOBOM U Jp.

KHUCJIOT: )44

DNEeKTPUUECKUN TOK Ha aHOIE

4. OkuHCICHHE BCErja COMPOBOXKAACTCS BOCCTAHOBJICHHEM, M HAa0OOPOT,

BOCCTAHOBJICHUC BCCraa CBiA3aHO C OKHCJIICHHCM,

YPaBHCHUSAMMU:

Boccranosurenp

OKucCIuTEID + e

4TO MOXKHO BBIPA3UTh

> OKUCIIUTEND

<~ BoccranoBurein




Ilpuuem, uucino 1eKmMpoHO8, OMOABAEMBIX GOCCHAHOBUMENEM, DAGHO
YuCy 31eKmpPoOHO6, NPUCOCOUHAEMBIX OKUCIUMEIEM.

Paznmuuaror Tpu THMDA  OKMCIMTEIBbHO-BOCCTAHOBHUTENBHBIX  PEAKIIUM:
MEJHCMONEKYNAPHbIE,  BHYMPUMOAEKYIAPHblE U peakyuu  CaMOOKUCTIeHUs-
CamMo80CCcmMano81enus: (OUCNPONOPYUOHUPOBAHUS).

MeosicmoneKynapuvie OKUCIAUMENbHO-60CCHAHOGUMEIbHBIX PEAKUUU 3TO
peaKuuu, B KOTOPbIX HOH-OKUCIUTED U HOH-BOCCTAHOBUTEND HAXOIATCS B PA3HBIX

BenecTBax. Hanpumep,
2K ,Cr,0., +3C +8H,S0, =2Cr,(S0,), + 2K,SO, +8H,0 T +3Cc0O, T

2Cr* +6e > 2Cr* |2
C'-4e—>C" |3

K,Cr,0, +6FeSO, + 7H,SO0, = Cr,(SO,), + K,SO, +3Fe,(S0,), + 7TH,0
2Cr* +68 - 2Cr 1
2Fe” — 28 - 2Fe”| 3

Wnu B nouHoit hopme:

Cr,0> +14H" +6€ —»2Cr® + 7H,0 |1
2Fe” — 28 - 2Fe* 3
Cr,0% +6Fe* +14H" =2Cr* + 6Fe* + 7H,0

BHympuMOJlel('le}lprle OKUCIUME/IbHO-60CCMAHOBUMEIIbHbIE peaKuuu
HUMCIOT MECTO TaM, I'I€ aTOM-OKHCJIIMTCIIb U aTOM-BOCCTAHOBHUTCIIb HAXOISATCSI B

MOJIEKYJIe OJIHOTO BellecTBa. Hampumep:

+5 -2

-1 0
2KClO; =2KCI+30;1



2
3

CI* + 68 - CI*
202 — 48 >0°

+2 -2
2HgO=2Hg’ +O

0
2

Hg” +2e > Hg’ | 2

202 -46>0° |1

-3 +6 +3
(NH,),Cr.0, =N°+Cr, 0, +4H,0
1
1

2Cr*® + 68 > 2Cr*
2N~ —6e — N}

B peaxkuunax CAMOOKUC/IEHUA-CAMO60CCMANHOB/ICHUA (0ucnp0nop-
uuouupoeauuﬂ) OKHUCIUTCICEM H BOCCTAHOBHUTCIICM ABJIICTCA OJMH M TOT XKC

DJICMCHT, KOTOpBIfI B HA4YaJIC pCAKIITMU HAXOAUTCA B OI[HOﬁ CTCIICHU OKUCJICHUI

+6 +7 +4
3KMnO, +2H,0=2KMnO, + MnO, + 4KOH

Mn*® + 28 > Mn*™| 1
Mn*® -8 >Mn"" |2

WM B HOHHO-3JICKTPOHHOU hopme
MnO; +2H,0+ 26 - MnO, +40H7| 1

MnO; —& — MnO, 2

3MnO? +2H,0 —> MnO, + 2MnO; + 40H"

CymeCTByeT ABa MCTOAa COCTAaBJICHUA OKHCINTCIBHO-BOCCTAHOBUTCIBHBIX

pEaAKINK:



1. Memoo >nekmponnozo dananca, B OCHOBE KOTOPOIO JIEKUT MPaBHIIO:
o0I1Ie€ YHCIIO IIEKTPOHOB, KOTOPBIE OTJAET BOCCTAHOBUTENb, BCET/Ia PABHO OOIIEMY
YUCIIY JJIEKTPOHOB, KOTOPBIE PUCOEANHAET OKUCIIUTEIID.

2. Honno-3neKkmponHvlii MemoO OCHOBAH HAa COCTABJICHUU YPaBHEHUM
HOJIypeaKlUii BOCCTAHOBJIEHUS aTOMa (MOJIEKYJIbI) OKHCIUTEINS U OKUCIICHUS aTOMa
(MOJIEKyYJIbI) BOCCTAHOBUTES U MOCIEIYIOIIEM CYMMUPOBAHUU 3TUX NOJypEaKlni,
C y4eTOM KO3 (P PUIIUECHTOB.

B OKMCIMTENBHO-BOCCTAHOBUTEIBHBIX PEAKUUAX IKE6UGAIEHMHAA MaACCa
OKucaumena paBHa OTHOLIEHUIO €r0 MOJIEKYJISIPHOM MacChl K UUCITY PUHATHIX UM
IIEKTPOHOB, IK6UBAINEHMHAA MACCA 60CCMAHOBUM e ONIPEIEIACTCS JEICHUEM
€r0 MOJIEKYJIIPHOM MacChl Ha YUCJIO OTJAHHBIX UM 3JIEKTPOHOB.

Ha nporekanne OKUCIUTENbHO-BOCCTAHOBUTEIBHBIX PpEAKIUN  BIHSIOT
IpUpoJa W KOHLEHTpalUs pearupyrolmux BemecTB, pH cpenpl, karamus3atopsl,
TeMIlepaTypa.

Jns peakuuii, MPOTEKAOIIUX B PacTBOpax, CTPEMIIEHHE K MEPEXOAY
JIEKTPOHOB OT OJHHUX AaTOMOB HWJIM MOHOB K JPYI'MM XapaKTepHU3yeTCs HX

OKHUCIIUTCIIPHO-BOCCTAHOBHUTCJIBHBIMH ITIOTCHIIMAJIAMMU.

Okucnumenvno-eoccmanosumenvhwiii nomenyuan (Red-Ox nomenyuan)
— 3TO paBHOBECHas Pa3HOCTh MOTEHIIMAJIOB, BOZHUKAIOIIASA MEXKIY JIEKTPOJIOM U

pPacTBOPOM B pe3yJibTaTe UX B3aUMOJICHUCTBUSI.

3nauenus Red-OX moreHmmanoB s craHgapTHeIXx ycnoBud (E°)

MMPUBOJATCA B CIIpABOYHHUKAX.

Yem Menbme BeamumHa Red-OX  moreHnmana, TeM — CHIIbHEE
BOCCTaHOBUTEIBHBIE CBOMCTBA. Yem Oombiie Beanunna Red-Ox morenmumana, Tem

BBIIIIEC OKUCIIUTEIbHBIC CBOMCTBA aTOMOB, HOHOB, MOJICKYIJI.

Hampumep, miisg nponecca K=K" +€, E°  =-292 B,

KIK*

T. €. KAJIUN — CUJIbHBIM BOCCTAHOBUTEJI.



s mponecca 2F =F, +2e, E°_ =42,87 B,

2FIF,
T. €. PTOp — CUIIBHBIN OKUCIIUTEb.

Benuuuna snexrponnoro norenuuana (E) 3aBUCUT OT mpuposl 3JIEKTpoaa,
koHieHTpaiuu (C) Win OT aKTUBHOCTHU (a) MOHOB B pacTBOPE U TeMIIEpaTypbl. ITa

3aBUCHUMOCTD BBIPAXKACTCSA YPABHCHHUCM HepHCTa:
E-e°+TigC, (8.1)
nF

rae E° — cTanmapTHBIN 31€KTPOAHBIN TOTEHIIUAI (IPUBOIUTCS B CIIPABOYHUKAX); R
— YHHMBEpCAJIbHAsI ra30Basl MOCTOSHHASA;, N — YHCIO 3JIEKTPOHOB, YYACTBYIOIIUX B
peakuun; F —uucno ®@apanes; T — temneparypa, K; C — koH1IeHTpaius, MOJIb/JI.
Bo3moxknocTs ocymectsienus OBP onpeznenser n3o0apHO-M30TEpMUUECKUI
noteHuan AG. Benuuuna E u 3Hauenune AG cBsizaHbl MEXTy COOOM:
AG =—-nFE. (8.2)
Takum 006pa3om, 3Hast Red-Ox moTeH1IUabl, MOXKHO TPEABUIECTh HAIIPaBICHUE
OKHUCJIUTEIIbHO-BOCCTAHOBUTENBHBIX PEAKIUI: pEaKIusi MPOTEKAaeT B BHIOPAHHOM

HaIIpaBJICHUH, €CJIM PA3HOCTh MOTEHIUAIIOB ITO0)KHTENbHA, a AG<O0.

IIpuGopsl 1 peakTUBbI

[IItatuB ¢ mpoOWpkamu; CTEKJISTHHbIE MUIETKH, (UIbTpOBajIbHas Oymara,
HaKJa4uHas OyMmara, ’eJe3Hble TBO3/H, JUCTUIIMPOBAHHAS BOJIA.

Kuoxue peaxmuswi: CuSQys, |y, cBexenpuroToBieHHbie 0.5 H. pacTBOPHI

N&zSOe,, KMnO4, H2804, NaOH, KNOQ, KszzO7,COJ’IB Mopa FESO4, FGC|3 5051

Fe,(S04)s, Kl, pactBop kpaxmaia.

Yka3aHus no rexHuke 0€30MacHOCTH

Cwm. nabopaTopuyto padoty 1.

MeToanka v MOPSIIOK BHINIOJHEHUS Pa0OTHI



OmnbiT 1. BoccTaHOB/IEHHE HOHOB MeIM METAJUIHYECKHUM KeJIe30M

1. B npob6upky naneiite 5-10 kanens pacTBopa cynbdhara MeIu.

2. Omnycture B COAEPKUMOE IPOOUPKU Ha HECKOIBKO MUHYT >KEJI€3HBIH
T'BO3/lb, IOBEPXHOCTHh KOTOPOTO MPEABAPUTEIHHO OUUIIIEHA HAXKIAYHOU Oymaroii.

3anucs paHHbIX onbITa. Hanumunre Bamm nHabmopenus. CoctaBbTe
ypaBHEHHE PEAKIIUU B MOJICKYJISIPHON U HOHHO-3JIEKTPOHHOM (hopMax U ypaBHANUTE

UX. YKa)XXUTe OKHUCIUTEIb U BOCCTAHOBUTEII.

OmnbIT 2. BoccTaHoBIeHHE MOJIEKYJ HOJa 10 MOJAUA-UOHOB CYJIb(PUTOM

HATPUS
1. B npo6upky Haneite 2-3 xariu pactBopa oza lo.
2. [IpubaBnsiiTe Kk pacTBOpy HOJAa CBEXKENPUTOTOBICHHBIM pPAaCTBOP

cynbduta Hatpus Na,SO3z 10 oGecuiBeunBanus pacTBopa.
3anuch JaHHBIX onbITa. OnUIINTE, 4TO IPOUCX0UT. CocTaBbTE ypaBHEHHE
peakuru B MOJIEKYJISIPHOM M HOHHO-3JIEKTPOHHOW (opMax U ypaBHSAWUTE €ro.

YKaxxuTe OKUCIMTEIb U BOCCTAHOBUTEIb.

OmnbIT 3. BoccTaHOB/IEHHE IEPMAHTAHATA KAJIUS HUTPUTOM KAJIUS

1. K 5-10 xanens pactBopa nepmanranara kanus KMnO,4 no6asbte 3-4 kanim
pa3baBieHHO# cepHO KUCTOTH HpSO4.

2. 3areM mo kamisiM goOasisiiiTe pactBop HutpaTta Kamus KNO; (MoxHO
KPUCTAJITMKU ) JIO0 MIOJTHOTO 00€CIIBEUMBAHUS.

3anuch JaHHBIX onbITa. UeMm 00yciioBieHO 00pa3zoBaHue Oyporo rasa npu
n00aBIeHUN U30BITKA HUTPUTA KU K KUCIIoMy pacTBopy? CocTaBbTe ypaBHEHHUE
peakiMu B MOJICKYJISIPHOW M HMOHHO-RJIIEKTPOHHOW (opMax U ypaBHSAWUTE €ro.
OxapakTepusyite QyHKIUIO KaXKI0TO U3 YIYaCTBYIOIINX B HEHM BEIIECTB. Y KAKUTE

OKHUCIIUTCIIb U BOCCTAHOBHUTCIIb.



OmnbiT 4. Oxucienue cyab@para keqaesa (II) fmxpomarom Kaaus

1. Hanetite B mpoOupky 2-3 xammm pactBopa nuxpomara kamus KCroO; m
cToJibko ke 0,5 H. pactBopa H2SO4.

2. K mosydeHHOMY pacTBOPY MpUJICHTE MO KarliiM CBEXEIPUTOTOBICHHBIHI

pactBop cyib(dara kene3a (1) FeSO, (mnmm conp Mopa), moka Juxpomar-HoHbI (
2- o
Cr,O7") NOMHOCTBIO HE IPOPEArUPYIOT, T. €. 10 JJOCTHKEHUS YCTONUMBOCTH OKPACKH.

3amuch JaHHBIX ombITa. B Kakoil 1Ber okpareH pactBop? Kakyro ¢yHkimro
BBITTOJTHSIET B 3TOM peakiuu cynbdar xkenesa (11)? CocraBbre ypaBHEHHE pEakiuu B
MOJIEKYJISIPHOH M HOHHO-RJIEKTPOHHOM (opMax. VYKaKUTE€ OKHUCIUTEIb U

BOCCTAHOBHTCIIb.

OnpIT 5. OKHCIUTEIbHBIE CBOICTBA coJieii skesie3a (111)

1. Haneiite B mpooupky 8-10 kamenb pactBopa xiopuna FeCls wim cynsdara
xene3a (1) Fez(SO4)s.

2. IlpubaBbTe Takoi xe 00beM pacTBopa uoauaa kamus Kl, nHabmrogas 3a
U3MEHEHHUEM OKPAaCKH.

3. HcnbiTyembiii pacTBOp BOAOMW, pasfeinTe Ha JIBE MPOOUPKU U B OJHY
J00aBbTE 10 KaIIsiM pacTBOP Kpaxmania.

3anuch JgaHHBIX omnbiTa. Kak wu3MeHseTcs OKpacka pacTBopa IIpu
nobapiennn wonuaa kKanus? O 4yeM CBUICTENBCTBYET CHHEE OKpallluBaHUe
pactBopa B Tmpodupke ¢ KpaxmamoM? CocTaBbT€ YypaBHEHHE pEaKIUu B
MOJICKYJISIPHOW W HWOHHO-JIGKTPOHHOU (opMax, ypaBHSINTE €€ M YKaKHUTE

OKHCJIMTECIIb 1 BOCCTaAHOBHUTCIIb.

OnbiT 6. Biausinue pH cpeabl Ha Hampab/ieHHE OKHCJINTEIbHO-
BOCCTAHOBHUTEJIbHBIX PeaKIuii

1. Bo3pmute uersipe nmpobupku. B kaxmyro m3 Hux Haneirte 9-10 kamenb
pactBopa nepmanranara kanusi KMnQO,. IlepByro npoOupky ocTaBbTe B KaueCTBE

KOHTPOJIBHOM.



2. Bo BrOpyto npobupky no6assTe 3 kammu 0,5 H. pacTBOpa CEPHOM KUCIOTHI
H,SO4 (pH < 7).

3. B Ttperbto mpobupky nobaspTe 3 Kamim 0,5 H. pacTBOpa THAPOKCHAA
Hatpus NaOH (pH > 7).

4. B yeTBepTyto npoOupKy ao0aBsTe 3 Karu Bojsl (PH = 7).

5. Bo 20, 310 u 4-10 1npoOupku J100aBUTH 1O  KaIlIgM
CBEXEMPUTOTOBJICHHBIA pacTBOp cyibpura Hatpus Na,SOsz A0 xapakTepHOro
WU3MEHEHHUS OKPACKH pacTBOPOB.

3anuck TaHHBIX oNbITA. Kak MeHsIeTCSI OKpacka pacTBopa Bo 2-if mpodupke?
Kakoe coenuHeHnue B Bujlie ocaaka oOpa3zoBajioch B 3-i mpobupke? Kakoill moH
MPUAAET PACTBOPY TaKyro oKpacky? Kak uaMeHumnach okpacka pacTBOpa B YETBEPTOU
npoOupke?

3anuiuTe ypaBHEHUS PEaKiMid B MOJICKYJISIPHOM M HMOHHO-RJIEKTPOHHOM
dbopmax, ypaBHsiiTe ux. Ha ocHOBaHUYM MPOBEIEHHBIX OMBITOB CAETANWTE BHIBOJ O
XapakTepe MpPOAYKTOB BOCCTAHOBIICHHS MEpMaHTaHaT-uOHA B 3aBUCUMOCTH OT pH
cpenbl. B kakodt cpeme TMepMaHTaHAT-WOH TIPOSBISAET 0oJjieeé  BBICOKYIO

OKHCJINTCIIBHYIO aKTUBHOCTb?

Conepxkanne or4era u ero gopma

Kaxap1il cTyi€HT OJKEH UMETh JIa00paTOPHBIH KypHAaII, KOTOPBIH SIBIISIETCS
JIOKYMEHTOM, OTPaKalIIUM BCIHO ero paboty. Bce HaOMrOAeHUS U BBIBOIBI 10O
AKCIIEPUMEHTAIBHON paboTe, MpOojeTaHHON B J1a00paTOpHH, CTYJIEHT 3aHOCHUT B
71a00paTOPHBIN KypHAJI HETIOCPEJACTBEHHO TTOCIIE €€ BHIMOJHEHUS.

Otuer 1o J1abopaTopHO paboTe JOJDKEH COCTOATHh M3 JaThl, HA3BaHUI MU
HOMepa J1abopaTopHOM pPabOThHI, 1M PpabOThl, METOJIUKH TPOBEIACHUS OIMBITOB,
HAOJIIOICHNUN, YPAaBHEHUN XUMHYECKUX PEaKIUi, BBIBOJOB M pacdyeToB ((hopMyIbl,

TaOJIULIBI, TPAPUKN).

Bonpocsl 1jis 32U ThHI JIA00PATOPHOH PadoThI



1. JlaiiTe onpeneneHue OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIIHUA.

2. Knaccudumupyiite  OKHCITUTEIHHO-BOCCTAHOBUTEILHBIC  PEAKIIHH.
[IpuBenuTe onpeneneHust U NPUMEPBI.

3. Ilepeuucnute OCHOBHBIE TIOJIOKCHHS  TEOPUH  OKHCIUTEIHLHO-
BOCCTAHOBUTEJIBHBIX PEAKIINMN.

4. YTo Takoe CTEeNeHb OKUCICHUS?

5. Jlaiite ompeneneHue IMOHATUAM «OKHCIUTEIb)» W «BOCCTAHOBUTEIb.
[lepeuncnure W3BECTHBIE BAM OKHCIWTEIN U BOCCTAHOBUTEIH, HCIOJIB3YEMBIE B
CTPOUTEIIbCTRE.

6. YKaxxurte, KaKue U3 MePEeUrCICHHBIX PEAKIIUA OTHOCATCS K OKHUCIIUTEIBHO-
BOCCTAHOBUTEIBHBIM:

a) Cry(S04)3+ 6RbOH — 2Cr(OH)3 + 3Rb,S0q;

0) 2Rb + 2H,0 — 2RbOH + Hy;

B) 2CuJ; = 2CuJ + Jy;

r) NH4Cl + NaOH = NaCl + NH3 + H,0.

7. Cpenn IIPUBEICHHBIX IIPEBPALLICHAN YKQOKHATE  PEaKLUU
JUCTIPONIOPIIMOHUPOBAHUS

a) S + KOH - K,S0;3 + K3S + H;0;

0) Au,03 - Au + Oy;

B) HCI + CrO,; — CrCl; + Cl; + H,0;

r) HCIO; - CIO2 + HCIOy;

1) NoHs — N2 + NH3,

8. Jlo kakuX MpOayKTOB MOXKET ObITh OKHcieHa Boja: a) O, u H'; 6) mo OH
u Hp; B) 1o 20H™?

9. B kakux M3 yKazaHHBIX MpPEBpaIleHUN KHUCIOPOJ BBITOJHIET (DYHKIUU
BOCCTAHOBUTEJIS:

a) Ag.0 — Ag + Oy;

6) F, + H,O - HF + Oy;

B) NH3 + O, — Ny + H0;



r) AgNO3z; + KOH — Ag + KNO3 + O..
10. VYkaszarp, Kakue U3 CIEAYIOIIUX PEAKUHAN SBISIIOTCS OKUCIUTEIBHO-
BOCCTAHOBUTEIbHBIMU:
HCI +NaOH = NaCl + H,0,
H,SO, + BaCl, = BaSO, + 2HCI,
Zn + HySO4 = ZnS0O4 + Hy,
C + 0, =COq,
CaCO; = CaO + COs,.
11. Yka3aTh, Kakue aTOMBI BJISICTCS OKUCITUTEIIEM U KAKHE BOCCTAHOBUTEIIEM
B pEaKIUsX:
H,S + Bro = 2HBr + S,
2HgO = 2Hg + O,.
12. Yka3aTp, Kakue U3 MPUBEIACHHBIX HUKE aTOMOB 1 HOHOB MOTYT SIBIIATHCSI:
a) TOJBKO BOCCTAHOBHUTENSIMH, ©O) TOJBKO  OKHCIUTEISIMH, B) Kak
BOCCTAHOBHTEIAMH, Tak 1 okucaurenamu: K*, CI-, S2, 5% S* N*3 N** N*°, N7,
13. Tlono6path KOd(PPHUITUEHTHI B MPUBOJUMBIX HUKE YPAaBHEHUSX:
SO; + Brz + HO — HBr + HyS0O4,
HNO; + P + H,O — H3PO4 + NO.
14. OnpenenuTh OKUCIUTENb U BOCCTAHOBUTEIb B PEAKLIUSIX:
HCIO;3 + H,SO3 — HCI + H,SOy,
I, + HNO; — HIO3 + NO + H,0.
15. VYka3zarb, Kakue U3 CIEAYIOUIUX PEAKUUN SBISIOTCS OKUCIUTEIBHO-
BOCCTAHOBUTEILHBIMU:
AgNO; + NaCl ->AgCl + NaNOs,
NO + O; —» NO3,
CaCO; + HCIl — CaCl, + CO; + H0,
H,SO;3; + Oy — H3S0s.

16. Haiitu k03¢ GuUIIMEHTHI B CIEAYIOMNUX YPaBHEHUSX:



FeCl; + H,S — FeCl, + S + HCI,

P,05 + C —>P + CO.

HNO; + Cu — Cu(NOs), + NO + H,0,
KOH + ClO; —» KCIO; + KCIO; + H,0.

17. Yka3aTh, 4TO SBJISICTCS OKHMCIMTEIEM, a YTO BOCCTAaHOBHUTEJIEM B

peakuusx:
HNO; + Cd — Cd(NOs), + N2O + H,0,
KCIO3; — KCI + 0.
As;S3 + HNO;3 + H,O — H3zAsO4 + NO + HySO,,
FeS + O, — Fe,03 + SO..
18. YpaBHATH peakuu METOJA0M AJIEKTPOHHOTO OajlaHca:
Nal + MnO; + H,SO4 — Na;SO4 + MnSO4 + | + H0,
HCI + Al - AICI; + H,.

19. Kakme w3  JOaHHBIX  pEaKUUA  SABISIIOTCS  OKHUCIMUTEIBHO-

BOCCTAHOBUTCIJIbHBIMMU:
HNO; + Zn — Zn(NOg3), + NH4;NO; + H;0,
KCI + NaNO3; — NaCl + KNOs,
Ca(OH); + HNO3; — Ca(NOs), + H,0,
HCIO; + HCI — Cl; + H,0.

20. KakoBa creneHb okucieHus — (Gochopa B COCAUHEHUSX:
21. YpaBHsiTE peakyio METOAOM 3JIEKTPOHHOTro OajaHca:
Na,C,0, + KMnO, + H,SO, - CO, + MnSO, + K,SO, + Na,SO, + H,0.
22. CocTaBbT€ ypaBHEHHUE PEAKIIUHM OKUCJICHUS MOAUAA Kallus IUXPOMATOM
KaJIisg B CEPHOKHUCIIOM PacTBOpE, MPUHHUMAsSI, YTO MPOJYKTaMHU PEAKLUU SBIISIOTCS

non, cynbdar xpoma (lll) u cynedar xanus. YpaBHsiTe METOOM DIEKTPOHHOTO

OajtaHca.



23. IlpuBecTu mpuMepbl COETMHEHHUI a30Ta, XJopa M Maprasia, KOTOpble
MOTYT MPOSIBIATE: TOJIbKO OKUCIHUTEIbHBIE CBOMCTBA; TOJBKO BOCCTAHOBUTEIIbHbBIE
cBoiicTBa. Hanumure ux GopmMyIisl.

24. CocrtaBbT€ YpaBHEHHE pEaKUUH B3aUMOJICWUCTBUS  KalbIUs C
KOHIIEHTPUPOBAHHOM cepHOW KucaoToi. CKOJIbKO 00pa3yeTcs MOJIEKYJ cyib(aTa
KJIbIUS, €CIW IMPOJAYKTOM BOCCTAHOBJICHHMSI CEPHOM KHCIOTHI SIBJISIETCS

cepoBoiopoa’?

25. Kakue u3 NpuBEIECHHBIX 3JIEMEHTAPHBIX HOHOB CITIOCOOHBI MTPOSBIISTH: a)
TONBKO (DYHKIUIO OKHUCIUTENsA, O) TOJbKO (YHKIIMIO BOCCTAHOBUTENSA, B)
nBolictBennyto ¢pynkumio: F,H',H™,Cu*,Cu*,Fe*,S*,S.,Sn*",Mg*,Mn*,J?
OTtBeT o0ocHYyiTE.

26. Kakme w3 yKa3aHHBIX HIKE BEIIECTB MOTYT TMPOSBISATH TOJBKO
OKHCIIUTENIbHBIE  CBOMCTBA; TOJIBKO BOCCTAHOBUTEIBHBIE CBOWMCTBA;  KakK

OKHCIIMTEIbHBIC TaK M BOCCTAaHOBHTENIbLHBIE cBoMCTBA: KMNO4; MnO,; V,0s; Ki;

PbO,, NHs; HNO>; Na,S; Na,SOs; HNOs; KoCro,O7; PH3s? OTBeT mosicHHUTE.

Jlureparypa

[OcHoBHas yuTepaTypa 1-4, TomoHUTEIbHAs TuTepaTypa 2-5]
JIABOPATOPHAS PABOTA 9
KOMIIUVIEKCHBIE COEIMHEHUS
ean u copep:kanue
[TomydeHne KOMIUICKCOB  pa3dW4YHOrO0 THma. VI3ydeHWe CTpOCHHS

KOMIIJICKCHBIX MOHOB U MX CBOMCTB.

Teopernueckoe 060CHOBaHUE



Komnnexkcnvimu Ha3bBIBAIOTCS COJIM, 00OPa30BAaHHBIE KOMIUIEKCHBIM HOHOM,

Hanpumep: Ka[Fe(CN)g], [CUu(NH3)4]SO,.

sHewnsAs cepa  6Hympennas cgepa

Ke [ Fe (CN)]

KOMnjieKkco-

0bpazosamas
Komnnekcooopazoeamens — TOJOXKUTEILHO 3apsDKCHHBIM HOH MeTajlia
(uarie Bcero d- u f-merasmibn).
Jluzanowt — MOJIEKYJIbI WA HOHBI, MPUCOEIUHSAIOIINAECS K

KOMILIEKCOOOpa30BaTeIo.

Koopounayuonnoe uucno (k.u.) — 41ciio, NoKa3bIBaroIlee, CKOJIbKO JIUTaH0B
yAEPKUBAECT KOMILIEKCOOOPa30BaTEINb.

Ha3BaHus KOMILJIEKCHBIX COJIEM 00pa3yloTcsi aHAJOTMYHO HAa3BaHUIO
OCTAJIbHBIX COJI€H, MPU HSTOM YKa3bIBAIOTCS JIMTAHIbl W CTENEHb OKHUCICHUS
komiutekcooopasosatens. Hanmpumep: [CU(NH3)4]SO4 — cynbdarrerpaammun Mean
(11), Naz[Be(OH)4] — TerparuapokcobepuiiaT HaTpus.

3apsii KOMIUIGKCHOTO HOHA paBeH 3apsay BHeEIHEW cdepbl, HO
MIPOTHUBOIIOIOXKEH emMy o 3HaKY. Koopauranmmonnoe YHUCIIO
KOMITJIEKCO0Opa30BaTesisi paBHO YHCITY JIUTAH/I0B, KOOPAMHUPOBAHHBIX BOKPYT HETO.
CrerneHp OKUCIICHHS KOMITJIEKCOOOpa3oBaTessl ONpeaessaeTcs TaK ke, KaK CTEIEHb
OKHUCJICHHSI aToMa B JIIOOOM COEIMHEHUH, UCXOAS U3 TOTO, YTO CymMMa CTeleHei
OKHUCJICHHS BCEX aTOMOB B MOJICKYJIC paBHA HYJO. 3apsibl HEUTPATBLHBIX MOJICKYJI
(H20, NH3) paBHBI HyJ10. 3apsiibl KHCIOTHBIX OCTaTKOB ONMPEACIISIOT U3 (hopmy

COOTBETCTBYIOIIMX KUCIOT. OTCIO/A:

KomruiekcHoe 3apsn | Koopaunanmonnoe | CreneHb
COEINHEHNE HOHAa YHCJIIO OKHCJICHHUS
K3[Fe(CN)s] -3 6 +3
Na[Ag(NO,),] -1 2 +1

[Cf(HzO)z(NHg)gCl]Clz +2 6 +3




Komnnexcuole coedunenus — dIEKTPOIUTHI, NPU JUCCOLMALNU B BOJHBIX
pacTBOpax o0O0pa3ylT KOMIUIEKCHbIE HMOHBI W HWOHBI BHemrHed cdepbl. Ota
JIACCOIMALINS HAa3bIBACTCS MEPBUYHOM, OHA MPOTEKAET MPAKTUYECKHU MTOTHOCTHIO.

OOpatumplii  pacmaag BHYTpeHHEH cdepbl KOMIUIGKCHOTO COCTUHEHUS
Ha3bIBAIOT BTOPUYHOM Juccolanueii. B pe3ynbTare BTOPUYHON JTUCCOIMALIMHI
YCTAHABJIMBACTCS PABHOBECHE MEXIY KOMIUIEKCHOM YacTUIICH, IEHTPAIbHBIM
MOHOM U JINTaHJaMHU.

Takum o0Opa3oM, IUCCOIMAIMIO YKa3aHHBIX KOMIUICKCHBIX COCJIMHEHUN
MOYHO MPEJICTaBUThH TAK:

a) Ks[Fe(CN)g] — 3K* + [Fe(CN)s]*,

[Fe(CN)e]* = Fe** + 6CN-.

0) [Cr(H20)2(NH3)3CI]Cl, — [Cf(HzO)z(NH3)3C|]2+ + CI

[Cf(HzO)z(NH3)3C|]Z+ = Cr® + 2H,0 + 3NH3 + CI~.

Bropuunas I CCOIhAIs, CBOMCTBEHHAas KOMILJIEKCHOMY HOHY
XapakTepu3yeTcsi  KOHCTAHTOW  PaBHOBECHS,  HAa3bIBAEMON  KOHCHIAHMOU

_[Fer]en |
HeCT. [[FG(CN)6]3_J '

HeCMoUKOCmu KOMNJIEKCHO20 uona. K

IIpuGopsI 1 peakTUBBI

[ratuB ¢ mnpoOuUpKaMH, THUMETKU KalelbHblE, MHUKPOIIMNATENb,
yHUBEpCaJlbHasl HHIUKATOPHBIA Oymara, BoJa IUCTHJLUINPOBAHHAS.

Kuokue peaxmuevl. pactBop ammuaka (25%), cynbdara nunka (0,5 H.),
cynbdara Hukens (0,5 H.), cyasdara meau (11) (0,5 H.), cynbdara amromunus (0,5
H.), xaopuaa xpoma (I11) (0,5 u.), xmopuaa 6apus (0,5 H.), pacTBop ammuaka (2 H.),
rugapokcuaa Harpus (2 H.), cynbduna Hatpus (0,5 H.), rexcarmanodeppara (111)
kayms (0,5 H.).

Cyxue peakTHUBBI: TPaHyJIbl 0JIOBA, cOJib Mopa.



YKka3aHus o TeXHUKe 0€30IacCHOCTH

Cwm. nabopatopHyto padoTy 1.

MeToauka u NOPsSiI0OK BHINOJHEHUSI pad0ThI

OnbIT 1. AHHOHHBIE KOMILJIEKCHI

AHHOHHBIMH B YaCTHOCTH SBJSIIOTCS THUAPOKCOKOMIUIEKCHI. [lis ux
MOJIyYEHUS B TPU MPOOUPKHU Pa3/ieNIbHO MOMECTUTE PACTBOPHI COJICH IIMHKA, XpOoMa
(1) u amomuansg. B kaxayro w3 HEUX 100aBbTE 1O KaIUSIM PAcTBOP IIEIOUH.

Ha6n}011aﬁTe BHAYaJIC BBIITAACHHUC OCAAKOB I10 NOHHBIM PCAKIIUAM THIIA

Me™ + nOH ™ — Me(OH)_ <,

a 3aTe€M UX PAaCTBOPEHHE B U30BITKE MIEIOUYU C 00pa30BaHUEM PACTBOPUMBIX

THAPOKCOKOMIIIICKCOB
Me(OH), +nOH™ —[ Me(OH),, |".

3anuch AaHHBLIX omnbITa. Hanummure ypaBHEHHS BCEX IMPOACIAHHBIX
peakiuii. ['MapoKcHIbl KaKuX METaJIJIOB CIIOCOOHBI 00Pa30BhIBATh TAKME AHUOHHBIC

KOMILIEKCHI?

OnbIT 2. KaTHOHHBIE KOMILTIEKCHI

KaTHOHHBIMU KOMILJIEKCAMU B YaCTHOCTH SIBJISIOTCA amMMHakaThbl. Jlis
MOJIyYeHUs] aMMHUaKaTa HUKEJIs BHECUTE B MpoOUpKy 3—4 Karu cyiab(aTta HUKENs
(NiSO,4) u takoii e 00béM pacTBopa ruapokcuaa Harpus (NaOH). Oopasyercs
ocanok ruapokcuaa Hukens (I1). AxkypaTHo ciedTe pacTBOp, W3 MPOOHPKU
ocTaBUB o0cafgok. OcTaTku KUIKOW (a3pl MOXKHO YyAAJIUTh MOJOCKOH
buIbTpOBATBHON OyMaru.

K ocanky mo6aBpTe 5—6 Kamenb KOHIIEHTPUPOBAHHOTO PacTBOpa aMMHAaKa.
TmarenbHO TNEpeMelanTe 10 IMOJHOrO pAacTBOPEHUS ocaaka. B oTaenbHyro
MPOOUPKY TTOMECTHTE HECKOJIBKO Kareibh pacTBopa Cyibh(hara HUKENSI U CPABHUTE

ero OKpacKy C OKpacKoil pacTBopa ruapokcuaa rakcaammuHaukens (I1)



MOJIYYCHHOTI'O 11O pCaKIINn

Ni(OH), + NH, - H,0 —[Ni(NH,), J(OH), + H,0.

3anuch JAaHHBIX onbiTa. Hanmummre ypaBHEHUs MPOBENEHHBIX pPEAKIUH.
Kakoe ocHoBaHue siBisieTcs 00Jee CHIIBHBIM: MPOCTOE WM KoMIUiekcHoe? OTBeT

o0ocHy#HTE.

OnbiT 3. IlosyyeHHe W HCC/IeAOBAHNE KOMILUIEKCHOIO CO€IMHEHUS
cyiabdara rerpaammuamenu (11)

[Tomectute B mpooupky 1-2 M pactBopa cynbharta meau (1) (CuSO4) u no
KarisM J00aBisiiTeé KOHUEHTPUPOBAHHBINM pacTBOp ammuaka. Habmronmaiite

BHAYaJIe BHIMAJICHIE 0CaIKa OCHOBHOTO CyJb(daTa, 00pa3yromerocs 1mo peaxkium

CuSO, + NH, - H,0 — (CuOH), SO, ¥ +(NH,), SO,,

a 3a TEM €ro paCTBOPEHHUE U MU3MEHEHHUE LBETAa pacTBOpa MpuU 0Opa3oBaHUU
KOMILIEKCHOTO Cyibpara TerpaammuamMenn (11):
(CuOH), SO, +(NH,),SO, + NH, - H,O0 —-[Cu(NH,),]SO, + H,O.

st uccrnenoBaHus KOMIUIEKCA TOJMYYEHHBIM PacTBOpP pasliefiuTe Ha JIBE
npooupku. B onHy mob6asbre 2 karm xnopuaa 6apus (BaCly). Ha npucyrctBue
KaKoro MOHA yKa3blBaeT BBIMABIIMK ocanok? Bo BTOopyl mpoOUpKYy BHECUTE
rpaHyiy ojoBa. Beijensiercss mu Menb Ha TpaHyJie 0JIoBa (OJDKEH IMOSBIISATHCS
KPaCHOBAThIM HAJIET Ha OJICCTSIICH TOBEPXHOCTH IPaHyIIbl)?

Jlnst cpaBHEHHMSI TIOMECTHUTE B JIBE JIpyrue mpoOupku mo 1-2 mur pactBopa
cynbdaTa MEIW W TPOBEAWTE TE e JBa OIBITA, KOTOPHIE OBUIM MPOACIAHBI C
PacTBOPOM KOMIUIEKCHOTO COSAMHCHHS.

3anuch JaHHBIX ONbITAa. Hamumure ypaBHEHHS BCEX MPOBEAEHHBIX
peaknuii. EcTb 1 pa3iauyne B MOBEACHUH CyIb(haTa MEIU U KOMIJIEKCHON COJIU TI0

OTHOUIEHUIO K KaXJI0MY 100aBIeHHOMY peakTuBy? JlaiiTe nmosicHeHusI.



OmnbIT 4. [IpoYHOCTH KOMILUIEKCHBIX HOHOB. Pa3pylieHue komMiiekca npu
pa3daBJIeHHH PACTBOPA

Baecute B mpoOupky 2 karum pactBopa Hutpara cepedpa (AgNO3) u mo
KarsM 106aBbTe pactBop wmoauaa kamus (KI), BerpsxuBas mpoOHpKy mocie
Kaxxnoi karmn. Habmronalite cHadana oOpa3oBaHue ocajka moauna cepedpa, a
3aTe€M €ro paCTBOPEHUE IO PEAKLIUAM:

AgNO, + KI — Agl { +KNO,,
Agl + KI — K[Agl, ].

K mnonyuuBmemycss pacTBOopy [100aBbTE HECKOJBKO Kallelb BOJIBIL.
HaGumronaiiTe nmosiBieHue onajgecleHlNH, CBA3aHHOE ¢ (hopMUpOBaHUEM TBEPIOH
¢da3br Agl BciencTBue CMEIIEHUsT PaBHOBECHS IMOCIETHEN peaklud B 0OpaTHOM
HaIpaBJICHUM.

3anuce AaHHbIX ombiTa. Hanmumwure ypaBHeHus peakuuil. Onumure
HaOrogaemeple npouecchl. Kakoe BausiHUE OKa3bIiBae€T pa3daBlieHUE pacTBOpa

Ha JUCCOIMAaIINI0 KOMIIIICKCHOI'O noHa?

Conepxkanue oryera u ero popma

Kaxxaplil cTyA€HT JOJIKEH UMETh JIa0OpaTOPHBIN KypHaJI, KOTOPBIH SIBIISIETCS
JOKYMEHTOM, OTpa)KalolllUM BCIO ero paboTy. Bce HaOmrofeHus U BBIBOABI IO
HKCIIEPUMEHTAIBHOM paboTe, MpOoAETaHHON B J1a00paTOpHUM, CTYJIEHT 3aHOCHUT B
71a00paTOPHBIN KypHAIT HETIOCPEJCTBEHHO MOCJIE €€ BIITOJIHEHUS.

Otyer no J1abopaTopHOl paboTe TOJKEH COCTOATHh M3 JaThl, HA3BaHUSA U
HOMepa yabopaTopHOM pabOTHI, IeNM PabOThl, METOJIUKH IPOBEICHHS OIBITOB,
HaAOJIIOICHU, YPAaBHEHUN XUMHYECKUX PEaKlui, BBIBOJOB U pacdyeToB ((hopMyIibl,

TaOJUIIBI, TPAPUKH).

Bonpocsl 115 32U ThI J1a00PATOPHOIT padoTHI
1. Kakue cosii Ha3bIBalOT KOMILJIEKCHBIMU?

2. VI3 yero coCcTOsT KOMIIJIEKCHBIC CON?



3. [aiite onpeaeneHue KOOPAMHAIMOHHOTO yncia. YTo OHO MOKa3bIBaeT?

4. YkaxuTe BHYTPEHHIOIO M BHEIIHIOIO c(ephl, KOMIUIEKCOOOpa3oBaTeb
(LeHTpaIbHBIM aTOM) M JJUTAH/BI B CIEIYIOIUX KOMIUIEKCHBIX COCIMHEHUSX

a) K3[Co(C204)3], [Zn(NH3)4](NOs3)2, Sro[Cu(OH)g];

0) [Cr(CO)e], Nas[Co(NO2)e]-H20, Ca[Cr(NH3)2(NCS)4]2;

B) [Cu(NH;3)4SO4]-H20, [K(H20)s][Cr(H20)]1(SO4)2, K[AG(CN):].

5. OHpeI[GJII/ITe CTCIICHb OKMCJICHHA KOMHHCKCOO6p330BaT€H$I H Ha30BUTC

KOMIIEKCHEIE COE/THHEHNS:
a) Nas[FeFe], [Cr(CsHe)2], [Ni(NHa)sClz;
6) Na[Shb(OH)e], Kz[Hgls], [Cr(H20)eICls;
8) Cs[ICl4], H[AUCL], [Fe(CsHs)q];
r) K[I(I)2], Ks[Cr(OH)e], Li[AIH4];
1) Nas[Ag(S0:S)2], [Ti(H20)s]Cls, Nas[Fe(CN)gl;
e) Ko[TaF-], Rb2[SnClg], [Cr(en)2(NCS )],SOx.

6. Onpez[enHTe CTCIICHb OKHCJICHHA MW KOOPIHMHAIIHMOHHOC YHCIIO

KOMHHCKCOO6pa3OBaT€H5[ B KOMITJICKCHBIX COCOAMHCHUAX:

a) K3[Cr(C,04)3]-3H20, [Ni(OH)sCl;], Al[BH4]s;

0) [Pt(NH3)2(Cl)2], Cs[Co(H20)3Brs], K[V(CO)s];

B) K;[CuCl,]-2H,0, [Co(NH3)s]Cl2(OH), [Cu(H.0)2(Br)2];
1) [Cr(H:0)4(CI),]C1-2H,0, [Ir(NHs)sCls], KFe"I[Fe(CN)e].
1) [Al(H20)6]2(SO4)3, [Cu(NHz)4CI(NO2)], [Cr(H20)s(OH)s];
e) [Co(NHs)2(en)(C)2]Cl, [Co(NHs)e]2; [ReY'(CN)gls;

%) (NHa4)2[Fe(H20)6](SO4)2, [Co(H20)(NH3)4CI]Cl..

HazoBute 3T KOMILICKCHBIC COCIUHCHMUA.

7. CocTtaBbTE Ha3BaHUS KOMIILJICKCHBIX OIHOAACPHBIX aHMOHOB U KaTHOHOB!

a) [Ni(HzO)(CN)5]3', [BrOQFz]', [CU(C204)2]2';



6) [S(NH2)Os], [Pd(C1)2(Ns).]*, [CIOF2]*, [SO-F]".

8. CocTaBbTe Ha3BaHUI KOMIUIEKCHBIX MHOTOAACPHBIX aHMOHOB U KaTHOHOB!
a) [Rh2(CHsCOO0)4BL,]%, Nio(NO)>(CN)]*, [Rua(H20),ClsN]?:

6) [Co2(CN)s]?, [Re2Cl100]*,[Zn2(N3)-]*;

B) [SN,S7]%, [CraS7]%, [GesSer]®;

1) [BisOs(OH)sJ**, [Rus(CHsCOO):OT", [Hga(H20) 2"

9. CocraBbTe (HOPMYITBI KOMIUIEKCHBIX HOHOB:

a) rekcanuTpokoOoabTaT(I1l)-non; rekcanutputoxkodbansTaT(I11)-noH;
0) katuoH rexcadroponoga( VII); katron terpaammunnamiagus(Il);
B) rekcapropoctudat(V)-uon; trerparunpuaodopat(lll)-uos;

r) akBarenTaxsopodeppar(ll)-uon; rexkcapropopyrenar(V)-uoH;

1) IeHTaKapOOHUIDKENe30; rekca(aMMHH )OCMUH.

10. CoctaBbTe Ha3BaHUSI KOMIUIEKCHBIX COEIMHEHUN:

a) [Cu(NHs)4](OH),, Cs[I(Br)CI];

6) [Pt(NH;)s(OH)]Brs, NH4[I(1)2];

B) K3[Cr(CN)s], [Fe2(H20)s(OH)2](SO4)2;

r) K[AU(CN)2Cl;], K4[C02(C204)4(OH)2];

) K4[W2C|100], [Zn(N H3)4[Pt”C|4];

e) Na[Nb,Fy1], [PC14][Au"'C14].

11. CoctaBbTe (POPMYITBI KOMIUIEKCHBIX COCIMHEHHUIA:
a) rekcaxsioponaiuiaaar(lV)ammonus;

0) rugpokcoTpuxsopoaypat(lll)okconus;

B) nuxisiopoaprenrar(l)uesus;

r) cynabdat nuxiaoporerpaammunakoodansTa(lll);
1) xjaopuna HutponeHtaaMmmuakoo6ansTa(lll);

¢) xJopua kapooHaroaekaaMMuHaukooansTa(Ill).



12. JlaiiTe Ha3BaHHE KOMIIJICKCHBIM HOHAM U KOMILJICKCAM
a) [Fe(CO)s], [Os(NH3)s], Ko[BeFa], [Ag(NHs ).]Cl,

6) [A1(H20)6]*"; [Cr(H20)4Cl], [TiFs]*, [AQ(CN).];

B) [SbF,4]", [PbC16]%, [CO(NH3)s]2(SO4)s.

Jluteparypa

[OcHoBHas nutepatypa 1, 3, nononHUTENBHASA TUTEpPaTYypa 2,4]

JIABOPATOPHAS PABOTA 10

OBIIUE CBOUCTBA METAJLJIOB

Leanb U coaepkanue
O3HaKOMHTCS C XapaKTePHBIMU CBOMCTBAMH PA3IUYHBIX METANIOB M UX

coenrHeHuu. [IpoBeCTH KaueCTBEHHOE ONPEICIICHUE METAIIOB.

Teopernueckoe 000CHOBaHME

Bce s-anmemenTtsl (kpome H u He), d-anemeHTsI (Bce 37€MEHTBI MOOOYHBIX
noarpynn) u f-ameMeHThl (JIAaHTAHOWIBI M AKTHHOMJBI) SBISIOTCS METaJUTAMH.
Cpenu p-371€MEHTOB €CTh M METAJLIbI, U HEMETAJIJIbI, YUCJIO AJIIEMEHTOB METAJIJIOB

YBCINYNBACTCA C YBCIMYCHHUCM HOMCpA IICPHUOaa.

CBoiicTBa METaNIOB MOKHO pPa3[eiuTh Ha YEThIpe TPYMIbL: (pu3nyeckue,

XUMHUYCCKHNEC, MCXaHNYCCKHNC U TCXHOJIOTHYCCKUC.

K ornuuutenbHbiM (U3UYECKUM CBOMCTBAM METAUIOB MOXHO OTHECTH
TBEpJIO€  arperaTHO€ COCTOSIHME (32  HCKJIIOYEHHEM PTYTH), BBICOKYIO
AIEKTPOINPOBOJIHOCTh,  TEIUIONPOBOAHOCTb,  METAJUNIMYECKUM  OJecK,  IIBET,

MAarHuTHbBIE U IPYTUE CBOMCTBA.



Bce meTanisl mpu 0OBIYHOM TeMIlepaType TBEpPIbIe BEIIECTBA, HO MO CTEIIEHU
TBEPAOCTH OHU CHJIBHO OTIMYAOTCA APYr OT APYyTra: LIEJIOYHbIE METAJLIbI JIETKO
PEXKYTCSI HOKOM, TOT/Ia KaK CaMbIi TBEPbIA — XpOM — IO CBOEH TBEPIOCTH OJIU30K
K amMasy.

JlyymimMu poBOJHUKAMU 3JIEKTPUUECTBA ABISIIOTCS cepedpo, Melib, 30JI0TO
U aMIOMUHUI. DTH JK€ MeTaulbl SBISIIOTCA Haubojee TEemIonpOBOIHBIMHU.
OnekTpuyeckas NPOBOJUMOCTh 3aBUCUT OT TEMIEPATYypbl: C IOBBIIIEHHUEM
TEeMIIepaTyphbl OHA CHUYKAETCH.

OtpakarenpHasg CHOCOOHOCTh METAJJIOB BBIPAXKAETCS B XapaKTEPHOM
METaJUIMYECKOM  OJIECKE€, HWHTEHCHUBHOCTH KOTOPOrO  3aBUCHT OT  JOJH
NOTJIOUIAEMOr0 METaNIOM CBETa — YeM OHa MEHbIle, TeM sipue Oneck. Haubonee
ApKO OJIeCTAT cepedpo U nayuiaauid. B MenkoaucrnepcHoM COCTOSIHUM OOJIBILIMHCTBO
U3 METAJUIOB YEpHOro IBeTa U 0e3 Onecka. AJNIIOMHUHMM UM MarHuil COXpaHsIoT
METAJTIMYECKUM OJIeCK J1aXe B MOPOIIKOOOPa3HOM COCTOSTHUM.

XapakTepHOil 0COOCHHOCTHIO METAJIIIOB B XMMUYECKOM OTHOIIICHUU SBJISIETCS
MPOSIBICHUE UMW TUITUYHBIX BOCCTAHOBUTEIBHBIX CBOMCTB.

OOGIIHOCTh (PUBMYECKUX M XUMHUYECKHUX CBOMCTB METAIOB OOBSICHACTCS
OOIIHOCTBIO CTPOEHHUS UX aTOMOB, XapaKTEPHBIMU THUIAMH KPHUCTAJUIMYECKUX
PELIETOK U TUIIOM XUMHUYECKOU CBSI3H.

B aromax meTaiyioB Ha BHEUIHEM JHEPreTUYECKOM YPOBHE, KaK IMPaBUIIO,

HeOO0JIBIIIOE YHCIIO QJICKTPOHOB - OT OAHOI'O OO0 TPECX.

Jlnst OONBIIMHCTBA METAUIOB XapaKTepHbl TPU THUMA KPUCTATTMYECKHUX
pemeTok: oObeMHO-IleHTpupoBaHHas kybuueckas (V, Cr, W wu g1p.),
rpaHenenTpupoBanHas kyomueckas (Al, Ca, Cu wu ap.), rekcaroHajabHas
mwiotHoynakoBanHas (Be, Mg, Ti, Zn u np.). Ha puc. 9.1 noka3aHsl 371eMEHTapHbBIE

AYEUKU PEIIETOK 3TUX THUIIOB.



sk orah )2

Pucynok 9.1 — OCHOBHBIE TUITBI KPUCTAIMYECKUX PEIIETOK METAIIOB!

a) 00BEMHO-IIEHTPUPOBaHHAsI KyOuueckas;, 0) rpaHelleHTpUPOBaHHAS KyOnudecKas;
B) reKcaroHajbHas INIOTHOYTaKOBaHHAs!.

S-MetaJjuibl. S-MeTtayuiamu Ha3biBatoT MeTasuibl | v |l rpynn rimaBHBIX nmoArpymm.
B aTomax S-MeTaJlJIOB Ha BHEUIHEM SHEPIreTUYECKOM YPOBHE HAXOJIUTCS IO
OoJHOMY (MeTaJUIbl | TpyMIbI) UK 1O ABA AIeKTpoHa (MeTasuisl |l rpyniebn).
OTnaya 3THX 3JIEKTPOHOB MPOUCXOJIUT JIETKO, HAa YTO YKa3bIBAlOT HU3KUE 3HAYCHMUSI
sHepruu noHuzauuu. [Ipuyem o6pazoBaHrne HOHOB METAIJIOB | rpymIbI
MIPOUCXOIUT rOpa3io JIeTye, 4eM METaJuIOB BTOpOoi rpyniibl. B o0enx rpynmax
HAOJII0JaeTCsl YMEHBIICHUE SHEPTUU MOHU3ALMHU TIPU NIEPEMEILIEHUH OT JIUTHUS K
LE3UI0 ¥ OT OEpWILIUS K OapHIo, TaK KaK YBEJIMYMBAETCS pa3Mep aToMa U BHEIIHHUE
S-3JIEKTPOHBI pacrojaraloTcs Bce Aaliblie oT sapa. Bee S-Metamibl npu
KOMHATHOM TeMIIepaType U HOPMaJIbHOM JIaBJICHUW HAXOJIATCS B TBEPJIOM
COCTOSIHMH U UMEIOT KPUCTAIUTMUECKYIO CTPYKTYPY XapakTEpHYIO I METaJJIOB.

Meramibl | Tpynmnbel O4eHb MATKHE W MUMEIOT HEOOJBIIYI0 TJIOTHOCTH IO
CPaBHEHHMIO ¢ ApyruMu Meramnamu. Camblii nerkuit metann — muruii (0,53 r/cm®)
BCIIBIBAET HA IMOBEPXHOCTh JAXKE JErKUX Macell, YTO 3aTPyAHSIET H30JIALHIO
metaia. S-Metamsl || rpynmsl umeroT 0osiee BBICOKYIO TBEPIOCTh U IIOTHOCTD,
HO 00JIee HU3KYIO IUIOTHOCTD YeM y (-MeTalioB.

Huzkue 3HadueHuss TemriepaTyp IJIABICHUS U KUTICHUSA, a TaKXKe YHTAIBITHMA
IUIABJICHUS W HWCHApPeHUsT MOTYT OBITb OOBSACHEHBI CPABHHUTEIBHO CIIA0BIMU
METATTNYECKIMH CBSI3SIMHU.

C yBenuueHueM paanyca IpH NepeMEIeHUH B KaKIOW IPyIIe MPOUCXOIUT

OcJla0JIeHHe METANIMYECKON CBs3M (YMEHbILIEHHWE TeMIlepaTyphbl IUIABJICHUS H



KHUIICHUS, SHTAJIBIIUN IJIaBJIeHUs U KuneHus B | rpymre). OcoOeHHOCTh U3MEHEHUS
TEMIIepaTyp IIaBICHUS U KUIIEHUS BO BTOPOU rpynie 0ObACHIETCS HEOIMHAKOBOU

KPUCTAJUIMYECKOU CTPYKTYPOU Y METaNIOB ATOU TPYIIIIHI.

Bce s-metamisl ropar B atMmocdepe Bo3ayxa, HO MPOIYKTHl TOPEHUS UMEIOT
pa3nmuuHblid  XapakTep. Metamiel | u |l rpynmbel 3a HCKIIIOUCHHEM OepHILIHS
pearupyroT ¢ BOAOPOJOM, 00pa3ys ruiapuibl. Bce S-meTamisl BOCCTaHABIMBAIOT
raJIoreHbl, HalIPUMeEp:

2Na + Cl, = 2NaCl.

Peaknuonnast cnocoOHOCTh y S-METAJUIOB IO OTHOLIEHUIO K TallOr€HaM
BO3pacTaeT NP NEPEMEILLEHUH B TPYIIIE OT JINTUS K HE3UI0 U OT OepHILIus K Oapuio.

Meramnbl |l rpynmel, a Takke nutuit (I rpynma) cropator B azore ¢ 00-
pa3oBaHHEM HUTPHUIOB, HAIPUMED:

6Li + N2 = 2Li3N,
3Mg + N2= MgsNo.

Bce metaist | u |l rpynmet pearupyiot ¢ cepoid, o0pasys CyIbpuabl:

2Na+S = Na,S,
Mg + S = MgS.

Jlutuit u HaTpuii, a Takxke Metauibl |l Tpynmel pearupyror ¢ JpeBECHBIM

yrieMm ¢ o0pa3oBaHHEM KapOUJIOB:
2Na + 2C = NayCy,
Mg+ 2C = MgCa.

Bce s-meramnsl | rpynmbl pearupyroT ¢ XOJOJHOW BOAOW, MpPUYEM peak-
[IUOHHAs CIOCOOHOCTH MO OTHOIICHHUIO K BOJIE BO3PACTAET OT JIUTHUS K LE3HUIO.

Tak, IUTUN ¢ BOAOU pearupyeT OTHOCUTEIBHO CIIOKOWHO:

2L1 + 2H,0 = 2LIOH + Ha1,
HaTpuil OypHO, KaJluii CaMOBOCTUIAMEHSIETCS, @ pyOUINiA U TIE3Uid C B3PHIBOM.

S-Metamibl |l rpynmbel Takke pearupyroT ¢ BOAOW, OJHAKO PEAKIIMOHHAS
CIOCOOHOCTH 110 OTHOILIEHHUIO K BOJIE MEHBIIIE, YeM Y S-METalIoB | rpymimbl.

p-Metaniabl. Hanbonbpmmuii uHTEpEC M3 P-METALIOB MPEACTABISIOT AIIOMUHUMH,



oloBO W cBuHel. ClenyeT OTMETUTh OTJIMYHUTENbHbIE (DU3NYEecKue CBOMCTBA
AJUTFOMUHUSI—BBICOKAs 3JIEKTPONPOBOJHOCTD u TEIUIONPOBOHOCT.
TemnonpoBoaHOCTh amoMuHus B 1,8 pa3 Oosblie, uem y Meau, U B 9 pa3 Oosbliie,
YEM Yy HEPXKABEIOUIEH CTANIA. AJIIOMUHUNA UMEET HEBBICOKYIO IUIOTHOCTh: B TPH pasa
MEHBIIIE, YEM Yy JKeJe3a, MEIU W LUHUHKA. AJIOMUHUWA — 3TO MPOYHBIA MeETal,
00J1aat0IINI XOPOIIIeH KOBKOCTHIO.

[Ipn B3aMMOAEHCTBMH AIOMHUHHUS C KHUCIOPOAOM Ha €ro IMOBEPXHOCTHU
oOpa3yeTcsi TOHKH CJOM OKCHJAa, KOTOpPBIM MPENnATCTBYeT JajbHEHIIeMy
B3aUMOJAECUCTBUIO. Hanmnume Takol OKCUAHOM TIUIEHKM IIO3BOJIET MIUPOKO
MCMOJIb30BaTh AIFOMUHUEBBIE METAINIOKOHCTPYKIIMU U aTFOMUHUEBBIE U3]IEIIHSL.

IIpu ynameHuM OKCHUIAHOM IUICHKH AIIOMHUHUKA MOXET pearupoBarb U C
KUCJIOPOJIOM, U C IPYTMMU HEMETAJIJIAMH:

4Al + 30, = 2Al1,04
2Al + 3S = AlLS;
2Al + N, = 2AIN.
Boanpie pacTBOpBI LIENOUEN TAKXKE «YIAIAIOT» OKCUIAHBINA ITOBEPXHOCTHBIN

CJIOM, YTO NPUBOJAUT K SHEPrUYHOMY B3aUMOJCHUCTBUIO AJIFIOMUHUS C BOJOM:

Al + 3H,O 2+ A|(OH)3 + 1,5H2T
AJIOMUHHI pearupyer ¢ ropsudMu pa30aBIIEHHBIMU XJIOPOBOJOPOIHOU H
CEpPHOM KUCIIOTaMU:
2Al + 6H* = 2AI1%* +3H,1.
C consHOM U CepHOM KUCIOTaMU MPU KOMHATHOUN TeMIIepaType alFlOMUHUI
HE B3aUMOJCUCTBYET.
KoniienTpupoBaHHas a30THasi KUCJIOTA BBI3BIBAET HACCUBAUUIO ATIOMUHUS
(T.e. TIOSIBJICHUE OKCHIHOW TUIEHKM Ha moBepxHocTH Mertauia). C pa3zbaBieHHOM
KUCJIOTOM peakius UAET M0 YPaBHEHUIO:
Al + 4HNO; = Al(N03)3 + NO + 2H,0.

OnoBo u cBuHeln — P-3aeMeHThl |V Tpynnbel NepUOAUYECKONW CUCTEMBI,



ABJISIIOTCS] METAJIaMU, ISl KOTOPBIX XapaKTEPHbI CTENEHU OKUCIICHUS +2 U +4.

B crenenu okucieHus +4 3TH 3JIEMEHTBl XapaKTEPU3YIOTCs CITIOCOOHOCTBIO
0o0pa30BbIBaTh KOBaJIEHTHbIE CBsA3M. CHOCOOHOCTHh K 0Opa3OBaHHIO IIEMEH,
XapakTepHas IS yTIepo/ia, yMeHbIIaeTcs B cieayromem nopsake: C >> Si > Ge =
Sn = Pb. YacTiuHO 3TO OOBSACHACTCS YMEHBIICHUEM MPOYHOCTH CBSI3U DJIEMEHT-
AJIIEMEHT.

On0BO Npu OOBIYHBIX YCIOBUSIX YCTOMYMBO K JIEUCTBUIO BOJBI U BO3ayXa.
[Ipu HarpeBaHUM HA BO3/IyX€ BBIIIE TOUKH IIJIABJICHUS TOPUT ¢ 0OpazoBanueM SnO,.
C xmopom u OpOMOM OJIOBO B3aUMOJICHCTBYET MPU OOBIYHOW TemrmepaType, MpH
HarpeBaHUM — C HOAOM, ceJeHoM, TemypoM u  Qochopom. C azorom
HEIOCPEICTBEHHO HE COCINHAETCS.

CBuHEN NOKPHIT NPU KOMHATHOM TEMIIEPATYpPE CHUHEBATO-CEPOM IUIEHKOU
okcuna. [Ipy HarpeBaHUM CBHUHEI] TaKXKE€ KaK U OJIOBO pEearnpyeT C rajoreHamu,
cepoii, ceaeHoM, TelutypoM, obpasys PbI'; (rae I'- ranoren), PbS, PbSe, PbTe.

On0BO M CBHHEI MEMJIEHHO B3aWMOJEUCTBYIOT C XOJIOAHOM IIEIIOYbI0, HO
OBICTPO PACTBOPSIFOTCS B TOPSYEH:

Sn + 2NaOH + 2H,0 = Nay[Sn(OH),] +H.1,
Pb + 2KOH + 2H,0 = K3[Pb(OH),] + H21.

OnoBo He pacTBOpsieTcsi B pa30aBICHHOM CEpHON M XJIOPOBOAOPOIHOM
KHCJIOTaX.

Konuenrpuposannas H,SO,4 okucsgeT ooBo o Sn**:

Sn + 4H,50, (komm) = Sn (504)2 + 250,71 + 4H;0.

CBuHel NpaKTUYECKM HE pacTBOpsieTCs B pa30aBICHHOM CEpHON W
XJIOPOBOJOPOIHON KUCIIOTAX.

Pa3baBrnenHas a30THasi KHMCJIOTa MEPEeBOAUT OJ0BO B HuUTpat ojoBa (Il), a
cBuHel B HuTpart cuHma (I1):

3Sn + 8HNO3(p336,) = 3S|"|(NO3)2 + 2NO + 4H,0,
3Pb + 8HNOs3 (pass) = 3PB(NO3), + 2NO + 4H,0.

KoHueHTprupoBaHHas a30THasi KUCJIOTa OKUCISET OJIOBO N0 [3-OJIOBSHHOU



kuciotsl HoSNO3:

Sn + 4HN03(KOHH) = H,SnO3; + 4NO, + H,0.
d-Meramabl. K d-MeTaiaMm OTHOCSTCS T€ 3JIEMEHTBI, aTOMBI KOTOPBIX COJEpIKAT
BAJICHTHBIC 3JCKTpOHBI Ha (N-1)d-, NS-ypOBHSX M COCTABISAIOT IOOOYHBIC
MOATPYIIIBI, 3aHUMas MPOMEKYTOUHOE TIOJIOKCHUE MEXITy THITMYHBIMU —S-
MeTaJlJIaMH U p-3ieMeHTaMu. d-MeTaiisl 00J1aatoT HEKOTOPBIMUA OCOOSHHOCTAMU
110 CPABHEHHUIO ¢ METAJIAMHU [JIABHBIX MOATPYII. Y d-MeTaIoB JIHIITL HEOOJIbIIast
YacTh BAJICHTHBIX DJIEKTPOHOB JICIOKAIN30BaHa MO BceMy Kpuctamury. OcTanbHbIC
d-27IeKTpOHBI YYACTBYIOT B OOpa30BaHMM HAIPABJICHHBIX KOBAJCHTHBIX CBs3EH
MEXIy COCEIHUMHU aToMaMu. TakuM o0pa3oMm, 3TU METAJIbl B KPUCTAILTMYECKOM
COCTOSSHUM O00JafaloT HE YHCTO METAUTMYECKOW CBSA3BIO, a KOBAJICHTHO-
Metaunueckoi. [loaromy Bce onu TBepabie (kpome HQ) u Tyromnaskue (kpome ZN,
Cd) metamisl. st d-MeTaioB xapakTepeH OOJIbIION Ha0Op BAJICHTHBIX COCTOSTHUIN
U, Kak CIEJCTBHUE 3TOr0, U3MEHEHHE KHCJIOTHO-OCHOBHBIX U OKHCIUTEIHHO-
BOCCTAHOBUTEIHHBIX CBOMCTB B IITUPOKUX IPECIIax.

CoenuHEeHHS, B KOTOPBHIX O-METa/UIbl HAXOAATCA B HH3IICH CTENCHH
OKHUCJICHHS, OOpa3yloT KpUCTAUTBl WOHHOTO THIA, B XHMHYECKUX PEaAKITUIX
MPOSIBJISIIOT OCHOBHBIE CBOMCTBA U SIBIIAIOTCS, KaK MPABUIIO0, BOCCTAHOBUTEIISIMHU.

CoenMHEHUs, B KOTOPBIX 0-MeTauIbl HaXOASATCS B IPOMEKYTOYHBIX CTCIICHSIX
OKUCJICHHS,  TPOSBISAIOT  aM(pOTEepHbIE  CBOWCTBA M OKHCIHUTEIHHO-
BOCCTAaHOBUTEIHHYIO TIBOWCTBCHHOCTb.

B mepuone c pocrom 3apsnga sigpa (Z) BOCCTaHOBUTENIBHBIE CBOMCTBA
METaJUIOB YMEHBIAIOTCSA, JOCTUTAsE MUHUMYyMa y 31eMeHTOB |B-rpynmsl. Tsokemnsie

metasuibl VIIIB- u IB-rpymi 3a ¢cBoro HHEPTHOCTH HA3BaHBI 01A20POOHBIMU.

IIpuGopsI 1 peakTUuBbI
[IpoGupku, razoBasi ropeika, JepxaTelid MPOOUPOK, CHUHSSA JIAKMYCOBas
Oymara.

Kuoxue peakmugwi: consiHasi KUcioTa (2 H.), cepHasi KMucjioTa (2 H.), a30THas



kucioTa (2 H. u 2%), KOHIEHTPUPOBAHHAS CEpHasl KHCIIOTa, KOHLEHTPUPOBAHHBIN
pacTBOp ILIEJIOYHU, PACTBOP HUTpPATa CBUHIA (2 H.), paCTBOPHI COJIEH LIMHKA, Kee3a
(1), omosa, meau (1), cepedpa.

Cyxue peaxmuevl: ATIOMUHHA METAJNIMUYECKUN, MarHui METaJTMYECKH,

JKCJIC3HBIC OITUJIKH, OJIOBO, MCOHAA CTPYZKKA, IMHK METaJJINYCCKUM.

YKa3zaHus no TeXxHuKe 0e30macHOCTH

Cwm. naboparopnyto padory 1.

MeTOIlI/IKa 1 NMMOPAAOK BBITIOJTHCHUA paﬁoTLI

OneiT 1. B3anmoaeiicTBue MeTaLJIOB C COJSTHOM KHCJI0TOM

B tpu npobupku Hamelte mo 2-3 mi 2 H. pacTBOpa COJITHOM KHUCIOTBHI H
MOMECTUTE B MEPBYIO KYCOYEK IIUHKA, BO BTOPYIO — HEMHOTO JKEJIE3HBIX CTPYKEK, B
TPETHIO — KyCOUEK ME/H.

3anuce gJaHHBIX ombITa. OnuinurTe HaOHIOHaeMble sSBIIEHHA. Hamuminre

YPaBHEHUSI pEaKIUH.

OmnbIT 2. B3aumoaeiicTBre META/VIOB € Pa30aBJICHHON CEPHOM KHCJI0TOM

B tpu npoOupku HaneiTe o 2 Mi1 2H. pacTBOpa CEPHOM KHUCIIOTHI U BHECUTE
M0 OJTHOMY KYCOYKY METajlla: B MEPBYI0 — aJIFOMUHUM, BO BTOPYIO — >Ke€Je30, B
TpeTbio — Meab. [logorpeiiTe cierka Haj MJIAaMEHEM TOPENKH T€ MPOOUPKHU, B
KOTOPBIX PEAKIUS UJET MEJICHHO.

3anuch JaHHBIX ONbITAa. OOBSICHUTE, TIOUEMY PEAKIIUU UAYT HE BO BCEX

npoOupkax. Hanummure ypaBHEeHUs peakLni.

OneiT 3. B3aumoaeiicTBHe METAJJIOB ¢ KOHIEHTPUPOBAHHOW CepPHOM
KHCJIOTOH

B onHy npoOHpKy NOMECTHTE KyCOYEeK MEIHOM CTPYXKKH, B JPYIyl0 —



HEMHOTO MarHus U MpujienTe B Kaxaylo MpOoOHPKY MO 2 MJI KOHIEHTPUPOBAHHOM
cepHOil kucnoThl. Kaxayio mpobupky cierka mojaorpeiTe Haja miaMeHeM TOpesKH
Y TIOJIHECUTE BIIAXKHYIO JIJAKMYCOBYIO OyMary K OTphITOMY Kparo IPOOUPKHU.

K kparo BTOpoOii mpoOUpPKK MOJHECUTE MOJOCKY (PUIBTpOBaIBLHON Oymaru,
MPONUTAHHOM PACTBOPOM HUTpPATa CBHUHIIA.

3anuch JaHHBIX onbITa. OTMETPTE HU3MEHEHUE OKPACKU JIAKMYCOBOM
Oymaru U GUIBTPOBAIbHON Oymaru, MPOMUTAHHON PAacTBOPOM HHUTpaTa CBUHIIA.
Onummrte u oO0BscHUTE HabOmomaeMble sBieHUs. Hamumure ypaBHeHUS

COOTBETCTBYIOIIMX PEAKIUN.

OnbIT 4. B3aumogeiicTBMe METAJJIOB € a30THOM KHMCJOTOW Pa3IHYHOM
KOHUEHTPaUMHU (Onvlm IPoeoOUmcsa noo ma2oii)

B Tpu npoOupku HaneiTe no 2 M KOHIEHTPUPOBAHHON a30THOM KUCIOTHI U
BHECHUTE B IIEPBYIO MPOOUPKY KyCOUEK IIMHKA, BO BTOPYIO — KEJIE3HYIO CTPYKKY, B
TPETHIO — KyCOUEK MEIu.

3anuck JaHHBIX ombITa. Onminure HaOOZaeMble ABJIeHHS. Hamuimmre
YPaBHEHUS PEAKIIUI.

B tpu npobupku Haneite no 2 mi 2%-HOro pacTBOpa a30THOM KUCIOTHI U
BHECHUTE B IIEPBYIO MPOOUPKY KyCOUEK IIMHKA, BO BTOPYIO — KEJIE3HYIO CTPYKKY, B
TPETHIO — KyCOUEK MEIu.

3anuck aaHHBIX ombITa. Onminnre HaOMOgaeMble ABJIEHHS. Hanuimmre

YPaBHEHUS PEAKIIUI.

OmnpIT 5. CpaBHUTEIbHASI AKTUBHOCTH METAJLJIOB

B 5 npobupox Haneiire o 1 mu coneii nuHka, xenesa (1), onosa, meau (1) u
cepebpa. OmycTure B pacTBOpHI COJeil MO Kycouky LuHKA. [IoBTOpUTE OMBIT C
YKEJIE3HOU CTPYKKOW, CBUHLIOM U MEJBIO.

3anuch JaHHBIX ombITa. Onummre HaOIOAaemble siBieHUs. M3 Kakux

PACTBOPOB BBITCCHAIOTCA MeTtaiel? Hammmmre YpPpaBHCHHUA COOTBCTCTBYIOIIHUX



peaxiuii. 3anuImTe METaJIbl O YOBIBAHUIO UX BOCCTAHOBUTEIBHOM CIIOCOOHOCTH,
ONPENEIICHHOW JKCIIEPUMEHTAIBHO. BpImummTe 3HA4eHUs HX CTAHAAPTHBIX
IEKTPOJHBIX MOTEeHIIMAN0B. ClienaTs BBIBOJ O COOTBETCTBUH HKCIIEPUMEHTAJILHOTO

psla METAJJIOB UX MOJIOKEHUIO B AJIEKTPOXUMUYECKOM PSY HAIIPSIYKEHUM.

OneIT 6. B3anMoaelicTBHe MeTAJIJIOB €O IIE€JI0YaMH

B 5 mpoOupok moMecTuTe COOTBETCTBEHHO: B IEPBYIO — aJIOMUHUNA, BO
BTOPYIO — OJIOBO, B TPEThIO — KEJIE€30, B UETBEPTYIO — ME/b, B MATYIO — IUHK.
[Ipuneiite Bo Bce MpoOHpKH 1-2 MJI KOHIIEHTPUPOBAHHOTO PAacTBOpa IIEIOYH U
HEMHOT'O Harpeure.

3anuch JAaHHBIX ombITa. B Kakux mnpoOupkax MpoTeKaeT peakius?

Hanummre ypaBHEHUS COOTBETCTBYIOIIUX PEAKIIAMN.

Conepxxkanue or4era u ero gpopma

Kaxxplil cTyIeHT TOJKEH UMETh JIa00paTOPHBIN sKypHaII, KOTOPBIH SIBIISIETCS
JIOKYMEHTOM, OTPa)KalIIUM BCIHO e€ro padboty. Bce HaOMrOAeHUS U BBIBOIBI IO
HKCIIEPUMEHTAIBHOM paboTe, MpoAeIaHHOM B J1a0OpaTopuu, CTYIEHT 3aHOCHUT B
71a00paTOPHBIN KypHAT HETIOCPEICTBEHHO TIOCTIE €€ BBHITTOJTHEHHUS.

Otuet 1o J1abopaTopHOl paboTe JOJDKEH COCTOATh M3 JaThl, HAa3BaHUA U
HOMepa J1abopaTopHOM paboOThHI, 1eMM PpabOThl, METOJUKH MPOBEACHUS OMBITOB,
HAOJIIOICHU, YPAaBHEHUI XUMHYECKUX PEaKlui, BBIBOJOB U pacdyeToB ((hopMybl,

TaOJIULIBI, TPAPUKH).

Bonpocsl 1j15 3amuThHI J1a00PATOPHOIT padoThI

1. XKeneso, coxepxkasmieecs B 10 mn ananusupyemoro pactBopa FeSO,,
okucineno no xene3a (I11) u ocaxxneno B Buae rugpokcuaa. Macca mpokai€HHOTO
ocajka okazanachk paBHou 0,4132 r. Beruucauth MosisipHyt0 KoHILeHTpauo FeSO4
B MCXOJHOM PacTBOPE.

2. Moxer mau Ni ObITh OKHCICH >XHIAKAM OpOMOM TpH CTaHIAPTHOM



cocTosiHuU BeniecTBa u 298 °K?

3. Beraucimars DJIC ranmsBanndeckoii mapst Ni/Ni*? || Pd*?/Pd. Konnenrpanuu
MOHOB MeTaiwioB B pacteope [Ni*?] = 4-1072 mons/i, [Pd*?] = 5-107 mons/m.

4. Onpenenure TeroBoi 3¢ dext peakiuu Fe304 + CO = 3FeO + CO,.

5. KakoBwl mponyktel B3aumoneicTBusi Na;COz ¢ BOJHBIM pacTBOPOM
Fez(SO4)3?

6. Haiitu wmaccy KoCrO;, HeoOxomumyro g modydeHus 1 Kr
XPOMOKAJIMEBBIX KBACIIOB.

7. Kaxoli 06bEM XJ10pa BBIACIUTCS NpU B3auMoJeicTBUM 1 Mo nuxpomara
HATpHsI C U30BITKOM COJISTHOM KUCIIOTHI? Y CIIOBHSI HOPMAJIbHBIE.

8. Kakass macca mepmaHranaTta kajius notpedyercst majis okucienus 7,60 T
FeSO, B HeliTpaTbHOM pacTBOpE?

9. Kakas macca mepmaHraHata Kajiusi notpedyercss ajis okucienus 7,60 T
FeSO, B xucnom pactsope?

10. Ilpu kakux TemnepaTypax MpoLecc NOJyYeHUs] XpOMa BOCCTAHOBJIEHUEM
Cr,0O3 BODOpPOIOM MOXKET TPOTEKATh CaMOIPOU3BOJIBHO TIPU CTaHIAPTHBIX

COCTOSIHUSIX BCEX BEIIECTB?

Jlureparypa

[OcHoBHas uTepatypa 1-4, momoyHUTENbHAs TUTeparypa 2-4]

JIABOPATOPHAS PABOTA 11

KOPPO3USA METAJIJIOB U METO/bI 3AIIIUTHI OT KOPPO3UH

eas u copep:kanue
CMonenupoBaTh B IaOOPATOPHBIX YCIOBUSAX MPOIIECCHI AIEKTPOXUMUIECKOM
KOPPO3UM METAIUIMYECKUX H3ACIUN U METOABl 3alIUTBl UX OT KOPPO3HOHHBIX

pa3pyLICHUN.



Teopernueckoe 060cHOBaHHE

CaMOIpou3BOIBHBIA TMPOLECC pa3pylICHUsT METAaUIOB TOJ JIeHCTBHEM
OKpY KaloMIeH CpeIbl Ha3bIBACTCSI KOPPO3Uell.

[To MexaHM3My MPOTEKAHUSI KOPPO3US IMOJpa3ieiseTcs Ha XUMUYECKYI0 U
anekTpoxumudeckyto. llox xumuueckoit kKoppo3ueit TOHUMAIOT OOBIYHYIO
TeTePOTCHHYI0 PEaKIMIo, MPOTEKAIONIYI0 HAa MOBEPXHOCTH MeTaynia. Hampumep,
paspyllieHue keie3a MpU HarpeBaHUM Ha Bo3ayxe. B 3ToMm ciiyyae mpoayKTom
KOppO3UU SBJISIETCS OKCUJ Jkemne3a (okanuHa) 2Fe + O, = 2Fe0.

dnekmpoxumuueckasa Koppo3us TPOTEKaeT B CpelAe DICKTPOJIHTA.
[TpryrHO# IEKTPOXUMHUYECKON KOPPO3UH SIBIAETCS 00pa3oBaHKE rajibBaHOIAp -
YYaCTKOB C pa3HbIM 3HAYCHHEM OJJICKTPOIHOTO TOTeHIMana. Peaknus Koppo3uu
COCTOUT M3 JIBYX CTaJUi: OJHA MPOTEKAEeT HA YYaCTKE C MEHBIIUM MOTCHIINAIOM
(aHOIHOM ydYacTKe), Apyras Ha y4acTKe ¢ OOJIbIIMM 3HAYE€HUEM DIIEKTPOIHOTO
noTeHIMaNa (KaTOJTHOM y4acTKe).

Memoowt  3awumel  memanioe - om Koppo3uu BKITIOYAIOT
AIIEKTPOXUMUYCCKHE METOJIbI, 3alIUTa MOCPEJACTBOM METAJUTHYECKUX TOKPBITHIA,
XUMHUYECKHX IUICHOK, MHTHOMTOPOB. BBIOOp TOrO MM WHOTO METOJa 3aIIUThI
OIIPENENIACTCS. XapaKTepoOM Cpeilbl, YCIOBHSIMHU JKCIUTyaTanuu netanu. Hamboiee
IIUPOKO  OT  DJCKTPOXUMHUYECKOH  KOPPO3UM  HCHOJB3YHOTCS  MOKPBITHS

MCTAJNIMYCCKOI'O 1 HCMCTAJINIMYCCKOI'O XapaKTepa.

B omnpeneneHHBIX YCIOBHUSX OKUCIUTEIbHO-BOCCTAHOBUTEIBHYIO PEAKIUIO
MO>KHO TPOBECTH TaK, YTO MPOILIECCHhl OKUCIEHHS M BOCCTAHOBJICHUS OyIyT
pasaesieHbl IPOCTPAHCTBEHHO, U AJIEKTPOHBI OYIYT MEPEXOUTh HE XaOTHYECKH, a
HaIpaBJICHHBIM TTOTOKOM B BHUJIE dJIeKTpUUecKkoro Toka. Korna peakius nporekaet
B pacTBOpe, HEOOXOAUMBIE JJIsi ITOrO YCIOBHUS CO3JAIOTCA MOTPYKEHUEM B
pacTBOp JBYX MPOBOJHUKOB, HA3BIBAEMBIX AJICKTPOAAMU. DJIEKTPO, HA KOTOPOM
MPOTEKAET MPOLIECC OKHUCIICHMS, Ha3bIBAETCS AHOAOM, a 3JIEKTPOJ, Ha KOTOPOM

MNpoTCKacT IPOHECC BOCCTAHOBJICHHA - KaTO0IA0M. Peaknus BO3MOXHa, €CJIN



UMEETCS DJIEKTpPUYEcKasi Iienb, o0pa3oBaHHAs, C OJIHON CTOPOHBI, 3aMBIKAHHEM
AJIEKTPOJOB BHEIIHUM IPOBOJHUKOM (KJIM HEMOCPEJICTBEHHBIM KOHTAKTOM), a C
JIpYyrol CTOPOHBI, Yepe3 pacTBOp - diekTpoiauTHuecku. OObequHEHHBIC
AJEKTPUYECKON LIENBIO aHOJ W KAaTOJl HA3bIBAKOTCA IaJibBAHUYECKOHM NMapoH, a
MPUOOPHI IJ1s1 OJIYYEHUS TAKUM ITYyTEM AJIEKTPUUECKOT0 TOKA — rajJbBaHUYECKUMU
3JIEMEHTAMHM.

BO3HMKHOBEHHE JJEKTPOJABUKYIIUX CUJI B TallbBAHMYECKOE Mape MOXKHO
O0BSICHUTH CcHeAyIIHUM o0pazoM. [lpu morpyKeHUH OTIEIBHO B3SITOTO
IIPOBOJHMKA M3 AKTUBHOTO MeTaia (Hampumep, ZN) B PacTBOP HAYMHACTCS
CaMONPOM3BOJIbHASL PEAKIMs MTOBEPXHOCTHBIX MOH-aTOMOB METAJUIA C MOJISIPHBIMU
MOJIEKYJIaMH BOJIbl. B pe3ynbTare NPOUCXOAUT OKUCIEHHE METaJUla, U €ro

I'uApaTUpPOBAHHBIC HOHBI IICPCXOOAT B paCTBOP, OCTABJIAA Ha MCTAJLJIC 3JICKTPOHLI:

Zn-28 — Zn* (11.1)

memaii pacmeop

DNEKTpOJl CTAaHOBUTCA 3apPSKEHHBIM — OTPUUATEIBHO, a pacTBOp —
noJIokUTeNbHO. Ha rpaHuile MeTasmi — pacTBOP JIOCTATOYHO OBICTPO BO3HHUKAET
JIBOMHOM 3JIEKTPUYECKHUU CIIOM, KOTOPBIA MPEMATCTBYET JAIBHENUILIEMY OKHUCICHUIO
aTOMOB M IIEpEeXOJly Marepuajia 3JIeKTpoJaa B pactBop. IIpum sToM BenmnunHa
DICKTPUUECKOTO TIOJISI JIBOMHOTO DJJIEKTPUUECKOTO CJIOSI MOXET OBbITh
OXapAKTEPU30BAHA PABHOBECHBIM AJIEKTPOJHBIM ITOTEHIIUATIOM.

Bo3moxkeH u nHou cityyaid. Eciii B pacTBOp COJIM MAJIOAKTUBHOIO METAJLIa
MIOMECTHTb MPOBOHUK M3 3TOTO Jke MeTaylia (Harmpumep, CU), To CaMOIIPOU3BOJIBHO

Ha4YMHACTCA pCaKIUA OCAKIACHUA HOHOB MCTAJlJIa U3 PACTBOPA HaA ITOBCPXHOCTD!
Cu*+2e — Cu (11.2)

pacmeop Memaini

B pesynbraTe 35€KTpON 3apsiKaeTcsl MOJOXKUTEIHHO, a PAaCTBOP C HM30BITKOM
AHHOHOB COJIM - OTPULATENBHO. BO3HUKAIOMMKA JBOWHOM JJIEKTPUUECKHUMN CIIOU
OyZneT MMETh PaBHOBECHBIM JJICKTPOJHBIM TOTEHIIMAT C MPOTUBOIOIOXKHBIM
3HAKOM I10 CPABHEHUIO C ITOTCHI[MAJIOM HA JIEKTPOJE U3 IUHKA.

COGI[I/IHCHI/IG B JJICKTPUYCCKYIO IMCIb JJICKTPOJAOB M3 AKTHUBHOI'O H



MAJIOAKTHBHOTO METAJUIOB MPUBOJUT K TOMY, YTO 3JEKTPOHBI OT OTPHUIATEIIHHO
3apSKEHHOTO AJIEKTPOJAa MEPEXOAAT K IOJOKHUTEIBHO 3apsKEHHOMY. [[BOMHOM
NEKTPUYECKUN CIIOW Ha OO0OMX DBJIEKTPOJax HCYe€3aeT U OKHUCIUTEIbHO-
BOCCTAHOBUTEJIbHAS pEAKIUs, NpeacTaBiaeHHas noxaypeakmusmu (11.1) u (11.2),
IPOTEKAET A0 TeX IOP, IMOKa, JUOO 3JIEKTPOA U3 AKTUBHOIO METaJIa MOJHOCTHIO
HE PACTBOPHUTCS, TMOO HA APYrOM 3JIEKTPOAE BCE HOHBI MAJOAKTUBHOIO METaJlIa
HEe OYJIyT OCaXKJI€HbI HA TOBEPXHOCTb.

PaBHOBECHBIE TOTEHIMANBI BJIEKTPOAOB K3 PA3HBIX METALUIOB HMEOT
pasnuuHble 3HaueHus. Kpome Toro, BenMumHa NOoTEHIHANa 3aBUCUT OT AKTUBHOMU
KOHI[EHTpAllUM MX HOHOB B pacTBOpe MU TemmepaTrypbl. UTOOBI MOTYUYUTH
CPaBHUMBIC BEJIIMYUHBI, IPUHATO U3MEPATH JICKTPOAHBIE MOTEHIMAIb METAIJIOB

IIPU AKTUBHOCTU UX UOHOB B pacTBope paBHOU 1 Monb/n u Temmnepatype 25° C.

OmnpenenseMble TakuM 00pa3oM TMOTEHIIMANBl HA3bIBAIOTCS CTAHAAPTHBIMH
JIeKTPOJAHBIMM MOTEHUHAJAMHM U TMPUBEICHB B CIpPaBOYHUKAX (CM.
[Tpunoxenue).

UeM MeHbIIe OTPULIATEIBRHOE 3HAYCHHE CTAaHJAAPTHBIX MOTEHIUAIOB (C
y4e€TOM 3HaKa), TeM OOJIbIlIe BOCCTAHOBUTEIbHAS CIOCOOHOCTh METAIJIOB M TEM
MEHBIIIE OKHCIIUTEIbHAs CIOCOOHOCTh MX HOHOB.

B o6mem cnydyae ranpBaHuueckas Iapa MOXET OBITh 0Opa3oBaHa
MPOBOJTHUKAMH W3 MHEPTHOTO METalsla, Ha TMOBEPXHOCTH KOTOPHIX CIOCOOHBI
OKHUCJISITBCS U BOCCTAHABIMBATHCS MOHBI WM MOJIEKYJIBI PACTBOPEHHBIX Ta30B. B
ATOM CJIy4ae METAJUTMYECKUE MPOBOJIHUKU UTPAIOT POIH TOKOOTBOJIOB ISl IprEMa
WJIM OT/Ia4uU DJICKTPOHOB.

[TockoabKy BENWYUHBI CTAHAAPTHBIX TOTEHIIMAJIOB BCEX METAJIOB
OTJIMYHBI, TO TaJhbBaHMYECKas Mapa MOXET OBITh COCTaBJieHAa M3 ABYX JIOOBIX
MeTauioB. bosiee TOro, yuumThIBas, 4TO MOBEPXHOCTH OJIHOTO METaJljla BCETra
DHEPTETHYECKH HEONHOPOJHA (M3-3a HATW4YMSA TMpPUMECeH, pas3nIuduil 1o

XUMHYECKOMY U (ha30BOMY COCTaBY CIUIaBa U Jp.), Ha HEHl Bcerja BO3HHUKAECT



MHOXECTBO MUKPOTAIBBAHUYECKUX Tap MpU (POPMUPOBAHWUU TOHKOW TUIEHKH
AIEKTPOJIUTA U3 aTMOC(HEPHOI BIIard ¢ PaCTBOPEHHBIMU B HEH ra3amMu U COJISIMHU.
Pa3zpymienne wmertanna B pe3yiabTaTte pabOThl OTPOMHOrO KOJIHUYECTBA
rajJbBaHUYECKUX MUKPOIJIEMEHTOB HA3bIBAIOT 3JIEKTPOXUMHYECKOH KOPPO3HUeil.

Ha xoppo3upyromeM ydacTke MeTaia (C MEHBIIMM 3HAaY€HUEM
MOTEHI[MaNIa) TPOTEeKAeT AaHOIHASL PEaKIUs -

aHomx: M —ne ->M",

a Ha yyacTKax MeTajuia ¢ OOJIbIINM MOTEHIIMAIIOM — KaTOAHOE BOCCTAHOBJICHHE
okucautensa. Haubonee pacnpoCcTpaHEHHBIMU  OKHUCIUTENSIMU  MPH
AIEKTPOXUMHUYECKOU KOPPO3UU SIBISIOTCS MOJICKYJIbI KHCJIOPO/a BO3yXa U MOHBI
BOJOPO/JIa AJIEKTPOJIUTA.

Koppo3us ¢ ydactrem KUCI0poJa Ha3bIBAETCA KOPPO3UEH C MOIJIOMIEHUEM

KHUcJIopoa (¢ KUCIOpOIHOH nenoigpusanueil). B 3asucumoctu ot pH cpenbl

BO3MOYHBI JIB€ PEAKIUH BOCCTAHOBJICHHUA KHUCJIOpoAa. B miemoyHou wuiu
HEUTPaJIbHOM Cpelie —
katox: O, +2H,0 +4e — 40H ",
B KHCJION cpele —
karon: O, +4H" +4e —»2H,0.
AHaJOTUYHO, TPU KOPPO3UHU C BBIJIETCHUEM BOIOPOJIa (C BOJOPOIHOM
nenossipusanueit). B menouHon i HeuTpaabHOU cpese —
karox: 2H,0+28 - H, T+20H ;
B KHUCJION Cpele —
karon: 2H" +2e > H, T.
OOpa3zoBaHue TabBAHOMAPHI MCTOIB3YETCSA NJISl 3aIUTHl METANIMYECKOTrO
U3JeNUsT OT DJIEKTPOXUMHUYECKON KOppOo3uH. B 3THUX 1eNsIX K 3alluilaeMoMy

HU3JCIINIO ITPUCOCAUHAIOT MCHCEC AKTUBHBIN METaJll, Ha3bIBACMBbIN IPOTEKTOPOM,

Ha KOTOPOM H MINPOTCKACT aHOJHasA PCaKIu:d. Ecnun B kauecTBe IMpOTCKTOpa



IIPUMEHSTh OTHOCUTENBHO JEUIEBbIE IMHK WM CIUIAB MAarHus C aJlOMUHUEM, TO 32
CUEeT MX KOPPO3UH MOXXHO 3(PPEKTUBHO 3aUTUTH JOPOTOCTOSIINE CTaIbHbIC

KOHCTPYKLMH, HAIpUMeEp OOLIMBKY KopItyca KopalJs.

IIpuOopsI 1 peakTUuBbI

[ItatuB ¢ mpodbupkamu, GpapPopoBbIii TUTEIb.

Kudkue peaxmuevl: pacTBOpP CEPHOM KHUCIOTHI (2 H.), pacTBOp COJSHOMN
KHUCIIOTBI, a30THas KucjaoTa (KOHIL.), pacTBOp TeKkcanudaHodeppara Kajaus
Ks[Fe(CN)g], pactBop ykcycHoi kuciotsl, 5% pacteop Kl, nuHK.

Cyxue peaxmugvl: MeIHasl TIPOBOJIOKA, OLIMHKOBAHHOE U JIY)KEHOE >KEIe30,

KCJIIC3HBIC I'BO3H, CBUHCII.

Yka3aHus no rexHuke 0€30MacHOCTH

CwMm. naboparopHyto padory 1.

MeToanka U NOPSIIOK BHINIOJHEHUSI PA00THI

Omnbit 1. Koppo3us npu KOHTaKTe pa3jiMYHbIX METAJJIOB

1. Bo3pmuTe nBe npoOHUpku U Hajeiite B HUX Ha 1/3 oObeMa 2 H. pacTBopa
CEPHOM KHUCJIOTHI.

2. B oagny mpoOupKy ONyCTHTE KYyCOYEK IMHKa, B JAPYTYI0 — MEIAHYIO
MIPOBOJIOKY, 3aYUIIICHHYIO HAKIAYHOW OyMaroii.

3. 3arem mepenelTe COACpKUMOE MPOOUPKHM C MEIHON IPOBOJIOKOW B
NPOOUPKY C IMHKOM TaK, YTOOBI ME/THAsl TPOBOJIOKA KOCHYJIACh KyCOUYKa LIMHKA.

3anuch JaHHBIX onbITa. OTMETHTE, YTO MPOUCXOIUT B KAKIOW MPOOUpKE
Ipy BHECEHUU KYyCOUKOB MeTasioB. Ha kakoM Mertayuie Oyaer HaOmrogaThes
BBIJICJICHHE BOAOpOJA MpHU CIMBAHUU JBYX NpPOOUPOK? 3amuIIuTe CXEeMy
KOPPO3HOHHOIO MEIHO-IIMHKOBOIO TaJIbBAHUYECKOTO 3JIEMEHTAa C BOJOPOIHOMN

JETIOJISIPU3AlUEN HA KATOJIE.



OnpbIT 2. 3amMTa 0T KOPPO3UM METAINYECKUM MOKPBITHEM

1. B nBe npo6upku HamuTh Ha 1/3 X oObeMa pacTBOP COJITHOM KUCIIOTHI U 1-
2 kamum pactBopa rekcanmanodeppara kamms (I11) Ks[Fe(CN)g]. IMocmemxnmii
ABIETCS PEaKTUBOM Ha MOHBI Fe™ ¢ KOTOphIM OH JaeT MHTGHCHUBHO CHHEE
OKpallliBaHUE.

2. Ilepemermaiite coAep:KUMO€ MPOOUPOK, B OJHY OIYCTUTE KYCOUEK
OLIMHKOBAHHOTO KeJIe3a, B IPYTYIO — KyCOUYEK JIY>KEHOTO JKele3a.

3. Haiite npoOUpKaM MOCTOSTH MSATh MUHYT.

3anuch JaHHBIX onbiTa. OTMETHTE, B KaKOW MPOOUpPKE MOSIBUIIOCH CHUHEE
OKpAIllMBaHUE T10 KpasiM METaNIMYeCKO# riacTuHky. [laiite oObsicuenue. Kakoe u3
MOKPBITHI Ha JKeJIe3€ BBITIOIHSAET POJib KATOJHOTO U aHOIHOTO TOKPBITHS U TIoueMy?
CocTaBbTe ypaBHEHHS pEaKIMi aHOJHBIX M KATOJHBIX MPOLECCOB NPHU JIEHCTBUU
raibBaHonapel Fe-Sn u Fe-Zn ¢ BogopoxHoit aenossipusaruei. [{ns cpaBHeHUs

COCTABBTE CXEMY JEUCTBUSA rajJbBaHOMAPhI Fe-Sn ¢ KHCIOpOHON AETOJIpU3aALUEH.

Oneit 3. IlaccuBupoBaHMEe METAJIOB M POJIb 3AIIMTHBIX IUICHOK B
npoiecce KOppo3uu

1. 3aunCcTUTh HAXKAAYHOM OyMarou JBa >KeJIe3HbIX TBO3IS.

2. OnivH TBO3/b TACCUBUPYWTE, T. €. OIYCTUTE €T0 B MPOOUPKY C HATUTOW HA
1/3 ee oObeMa KOHIICHTPHUPOBAHHOW a30THOM KHUCIOTOM W TOAEp)KUTE ero 1-2
MUHYTBHI.

3. 3areM BBIHBTE T'BO3[b U3 MPOOUMPKH, MPOMOMTE BOJION M3-TOJA KpaHa,
oOcymuTe PUIbTPOBaIBHON OyMaroii.

4. OmycTuTe NacCMBUPOBAHHBIA I'BO3[b B MPOOUPKY C PAacTBOPOM CEPHOM
KHCJIOTBI.

5. JInst cpaBHEHMS OMTYCTUTE B PACTBOP CEPHOM KUCIOTHI HEOOpaOOTaHHBIN, T.
€. HEITACCUBUPOBAHHBIN I'BO3/1b.

3anuch JaHHBIX onbiTa. Ha kakoM rBo3/ie ObICTpEe BBIASISAETCS BOJIOPO?



YBEeMMUWIOCh WM YMEHBIINUJIOCHh BBIJECICHHE BOAOPOJA MOCIIE MACCUBUPOBAHUS?
Jaitte oObsicHeHnsa. OTMETbTE pOJib OKCUIHOW IJIEHKH, OOpa30BaHHOM Ha MeTasuie
npu 00pabOTKE KOHUEHTPUPOBAHHOM Aa30THOM KHUCIOTOM, MO OTHOUIEHHIO K

Koppo3uu. Hanummnre ypaBHEHUSI COOTBETCTBYIOIIUX PEAKIIUH.

OmnbIt 4. IIpoTekTOopHAas 3alIUTA

1. B nBe mpoOupKu ¢ pacTBOPOM pa30aBIECHHON YKCYCHOW KUCIOTHI IPUIIEHUTE
HECKOJIBKO Kanenb 5% pactBopa KI.

2. B onHy npoOMpKy OIyCTUTE KYCOYEK CBHUHIIA, & B IPYTYIO - KyCOUKU CBUHIIA
Y IIUHKA TaK, YTOObI OHU CONPUKACAIIHCH.

3anuch gaHHBIX ombiTa. Habmionaiite, re ObicTpee OyneT pa3pyliaTbes
CBUHEII (TaM rJe ObICTpee MOSABUTCS KENTHIN 0Ca/I0K, TaK KaK MOHBI |” UTparoT posib
MHIMKaTOpa Ha HOHBI PH?*, 06pasys ¢ HUM MaIopacTBOPHMOE COEJMHEHUE HOIUN
ceunna Pbl,). CoctaBbre cxemy neiicTBus rambBaHomapsl Pb-Zn. Kakoit metamt

UTPAET POJIb POTEKTOpa?

Conepxxkanue ordyera u ero gpopma

Kaxxaplil cTyA€HT JOJIKEH UMETh JIa0OpaTOPHBIN >KypHaJI, KOTOPBIH SIBIISIETCS
JIOKYMEHTOM, OTPa)KaloIIUM BCIHO ero pabory. Bce HaOMrOAeHUS W BBIBOIBI 110
HKCIIEPUMEHTAIBHON paboTe, MpojeTaHHON B J1a00paTOpHM, CTYJEHT 3aHOCHUT B
71a00paTOPHBIN KypHAT HETIOCPEICTBEHHO TMOCIIE €€ BHITOJIHEHHUS.

Otyer no J1abopaTopHOil paboTe JOJKEH COCTOATH M3 JaThl, HA3BaHUA U
HOMepa yabopaTopHOM pabOTHI, IeNM pabOThl, METOJIUKH IPOBEICHHS OIBITOB,
HAOJIIOICHNN, YPAaBHEHUN XUMHYECKUX PEaKIi, BBIBOJOB M pacdyeToB ((hopMyIbl,

TaOJIULIBI, TPAPUKH).

Bonpocsel 115 32U ThI J1a00PATOPHOIl padoTHI
1. Ilpy Kakux YyCIOBHUSIX BO3HUKAET XUMHUYECKass M DJIEKTPOXUMHUYECKas

KOppO3Uu?



2. Hamummre ypaBHEHHE pEaKIMM KOPPO3UU XKene3a: a) B aTrmocdepe
BJIQ)KHOTO BO3/1yXa; 0) B pacTBOpE r'MAPOKCH 1A HATPHSL.

3. IlpuBemure mpUMEpPHl METAUIOB, KOTOPBIE OTHOCHUTEIBHO JKEJe3a
BBITIOJIHAIOT POJIb KATOAHOTO MOKPBITHS.

4. OOBACHUTE CYIIHOCTb KAXKAO0N 3JIEKTPOXUMHUYECKOM 3aIUThI OT KOPPO3HH.

5. YcranoBka pabortaer Ha Bo3ayxe. HeoOXoaumo 3aliuTuTh €€ AeTaau OT
Koppo3un. Kakoii BUI 3aIIATHI PEIOKUITA OBbI BBI?

a)  DIIEKTPOXUMHUYECKYIO KaTOJHYIO 3aIIUTy

0)  NPOTEKTOPHYIO 3aLIUTY

B)  3alIUTY NOCPEACTBOM METANTMYECKUX MOKPBITHIA.

6. XKenesnas neranp MOKpbITa CBUHLOM, pabotaeT B Bojxe. B ciyuae
HapyUIEHUS HETOCTHOCTH MOKPBITUS KaKOW MeTasu1 OyaeT pazpymarscs? Hanummre
YpaBHEHHE PEaKILIMii, Ha KATOAHOM U aHOJIHOM y4YacCTKaX.

7. Kakne wus HMXCYKA3aHHBIX OKCHIAOB MOI'YT OBITH BOCCTAHOBJICHBI

Bogopoaom: MgO, CuO, CaO, ZnO, HgO?

8. Kakme u3 oxcumon: Fe,Os;, CaO, Ag.0, Na,O, ZnO — moryTt OBITH

BOCCTAHOBJICHBI aJTFOMUHHEM ?

9. U3 kakux cousieii: Ph(NOs3),, Alx(SO4)3, CuSO4, AgNO3, ZnSO, — meTast

MOKET OBITh BEITECHEH HUKEJIEM?

10. B 200 M pactBopa, conepskamiero PD(NO3), 1 AGNO3 B KOHIIEHTpauu
kaxaoro 0,1 Monw/n, onymieH Kycok skene3a 1,12 r. CKOIbKO KaXKJI0ro MeTrasiia
BBITECHEHO KeJ1e30M?

11. B 250 ma pactBopa, coaepxamiero ZnSOs MgSOs u NiSO; B
KOHIIEHTpAIu Kaxaou comu 0,2 MOJb/11, morpykeH Kycok amomunus 0,8 r. Kakue

W3 METAJJIOB ¥ B KAKOM KOJIMYECTBE BHITUCHSITCS alllOMUHHUEM?

12. VYBeauuuTCcsd WAM YMEHBIIWTCA Macca LUHKOBOW IUIACTUHKU MpPHU

B3auMoeicTBum: a) ¢ pactBopoMm CuSQy; 6) ¢ pactBopom Pb(NO3),?

13. B pactBop AgNO; omymena memnas tuiactuaka 9,547 1. Uepes



HEKOTOpPOE BpeMsl IJIACTUHKA ObLIa BBIHYTa U3 PacTBOpa, MIPOMBITA, BHICYIIEHA U
B3BeleHa. Macca e€ okazanachk 9,983 r. Ckosbko cepeOpa BBIACIWIOCH Ha
MJIACTUHKE?

14. B 200 M1 0,1 M pactBopa CuSO, onymieHa sxene3Has iruiactuaa 10,112
r. KakoBa OyneT Macca niacTUHKHY 1O BHITECHEHUU BCEH MEIM U3 pacTBOpa?

15. BbIUMCAUTD 3AEKTPOAHBIN MOTEHUMAT UHMHKA, IMOTPYXKEHHOTO B

acTBOP, CoAepKaIInii HOHBI ZN%* B akTHBHOMN KoHIIeHTparu 0,1 MoJIb/1.
9 9

16. Kakoif »IeKTpoJ 3apsykeH OTPHUIATENHFHO B TalbBaHHYECKHX
3JIEMEHTaX, 00Pa30BaHHBIX CTAHIAPTHEIMU dekTpoaamu: a) Mg?* /Mg u A13Y/A1;

6) A1**/Al u Zn**/Zn?

17. CocTtaBuTh CXE€MBbI JBYX TaJiIbBAHUYECKUX IJIEMEHTOB, B OJHOM H3
KOTOPBIX HUKEJIb — OTPHUIATEIIbHBIN AJEKTPO/I, B APYTOM — MOJIOKUTEIbHBIMN.

18. Kakoii u3 D2JEKTpOJOB 3apsyk€H OTPULATEIBHO U KaKOW
MOJIOXKUTEIbHBIN B KOHIICHTPAIIUOHHOM BJIEMEHTE, 00pa3oBaHHOM
AJTIOMHHHEBBIMH DJIEKTPOJAMHU: [IPH aKTUBHOMN KOHIICHTPAIlU HOHOB AQ* B OJJHOM
0,01 momnw/1, B ipyrom - 0,1 momnn/n?

19. Kakue peakinuu NpOTEKAIOT Yy BJIEKTPOAOB B TaJlbBAHHUYECKUX
AJIEMEHTaxX, 00pa30BaHHBIX: a) KOOAITBTOM M XpPOMOM; 0) OJIOBOM M MEJbIO,
MOrPY>KEHHBIMHU B pAaCTBOPHI UX COJIEH?

20. Yto aBasieTCs OKUCIUTEIIEM, YTO BOCCTAHOBUTEJIEM B raJIbBAaHMYECKOM
AJIEMEHTE, COCTaBJIEHHOM MEJbI0 U cepeOpoM, MOrPY>KEHHBIMU B PACTBOPHI HUX

coJieun?

Jlureparypa

[OcHoBHas nuteparypa 1-4, nonosHUTENbHAS TUTEparypa 2,4]

JIABOPATOPHAS PABOTA 12



OIIPEJEJIEHUE KAPBOHATHOM )KECTKOCTH BO/bI

Leab u coaep:xanue
O3HaKOMHUTBCA C OCHOBAMHM KOJMYECTBEHHOro aHanu3a. Hayuutbes

OIIPpCACIIATH Kap6OHaTHYIO KCCTKOCTBb BOABI MCTOJIOM 00BEMHOI'0 aHAJIN3A.

TeopeTnueckoe 060cHOBaHUE

BaxneiiimiMu ~ mokazaTelqsiMM  KauecTBa  BOJbI,  ONpPEAEISIONIUMHU
MPUTOAHOCTh €€ MCIOIL30BAHMS IS PA3IUIHBIX 1€ (MUThsI, B CTPOUTEITHLHOM
Jiese, OXJIaKICHUs JBUTaTeNIel, HCTIOIb30BaHMS Ha TETUIOBBIX AJIEKTPOCTAHIIUAX ), B
CEJIbCKOM XO3WCTBE SBISIIOTCS: COAEpP’KaHWE B3BEIICHHBIX BEILECTB; CYyXOH
OCTaTOK; O0OIas >KECTKOCTh, KapOOHaTHAas >KECTKOCTh (0OIlas IIeJI0YHOCTh);
okucisieMocTh; pH; conepikanue koppo3rnonHoarpeccuBHbIX ra3oB (CO2, H,S, SO,
O, u 1p.); conepxanue nonos Na*, K*, Ca?*, Mg?*, Cl-, SO,%, COs%, SiOs*, Fe?*,
Fe*, AP,

Cyxoii ocTaTok — Macca COJieil, OCTaBIIMXCS TOCIJIE BBIMTAPUBAHUS BOJIBI.
OKHCIIAEMOCTh XapaKTepU3yeT 00111ee KOJTUUECTBO OPraHUYECKUX BEIECTB B BOJIE.

Opnum u3 HanboJiee BaXKHBIX MOKa3aTeIe KauecTBa BOJbI SBISIETCS 001ast
KECTKOCTb BOJIBI.

Oowan rsncecmkocmsb 600bl paBHA CyMME KOHILIEHTpAalWid B HEW KaTHOHOB
Ca** (xanpLueBas *ecTKoCTh) ¥ MQ?" (MarHmeBast )KECTKOCTb) U BBIPAKAETCS B
MUJUIM3KBUBAJIEHTAX Ha JUTP (MAKB/1) (MM, YTO OJHO M TO K€, B MUJUIUTPAMM-
AKBUBAJICHTaX Ha JUTP (MT-2KB/T).

Ko = Kea + Kwmg, MoKB/1 (12.1)
Jlnsg mepecyeTa BBIPAKEHHBIX B MI/N KoHueHTpauuii kamsius C(Ca?') wu
maraus C(MQ?*) B MDKB/JI MX HYKHO pa3/eluTh HA DKBUBAJICHTHBIE MACCHI JTUX

KaTHUOHOB, T. €.

3 C(Ca®)
“ 20,04

, MOKB/11,



2+
Mg = %, MDKB/J,
rae 20,04 u 12,16 — skBUBaneHTHBIE Macchl cooTBeTcTBeHHO Cat u Mg?*,
OOmiasi  KeCTKOCTh  BOJABI  MOJApA3JeNieTcs Ha KapOOHaTHYI0O H
HeKapOOHATHYIO.

Kapoonammnasn scecmkocms 600wt (7Kk) 00ycioBiieHa MPUCYTCTBUEM B BOJIC

rugpokapoonaroB kanbius 1 Maraus Ca(HCOs), m Mg(HCOs),.,

61,02
rne C(HCO'3) — xkoHueHTpamus ruOpokapOOHAT-uOHOB B wmr/m; 61,02 —

skBuBasieHTHas macca HCOs'.
KapOoHaTHy10 )X€CTKOCTh Ha3bIBAIOT TAKXKE 6PEeMEHHOU (YCMPAHUMOIL), TaK
KaK TIpU KUISIYCHUH PACTBOPUMBIC THUIAPOKAPOOHATHl KaJIbIMS W MarHus

MPEBpaIalOTCsl B HEPACTBOPUMBIEC KAPOOHATHI UM OKCUKAPOOHATHI:
Ca(HCO,), »CaCO, 4 +H,0+CO, T,
Mg(HCO,), >MgCO, ¥ +H,0+CO, T,

2Mg(HCO,), Mg, (OH),CO, L +H,0 +3C0, 1.

Kap6OHaTHYIO KCCTKOCTh 4YaCTO HA3bIBAIOT WE/104YHOCMbIO, TaK KakK

IUAPOKApOOHATHI, BCIEICTBUE TUAPOIN3A, IPUIAIOT IIEJIOUYHYIO PEAKLIUIO BOJIE:

Ca(HCO,), + HOH —Ca(OH), { +H,0+CO, T.

Hexapoonamnasn scecmxocms (Kux) 0OyCIOBICHA HaJMYUeM B BOJIC
XJIOPUJIOB, CYJIb(ATOB U APYTrUX HEKapOOHATHBIX cosiel Kanbius u Maraus: CaCly,
MgCl,, CaSO., MgSO,, CaSiOs, MgSiOs u ap.

HekapOoHaTHYI0 )K€CTKOCTh HA3bIBAIOT TAKKE HOCHOAHHOU JHCECMKOCMbIO.
Kunsiauenniem ona He yctpansieTcsi. OOBIYHO HCTONB3YIOT XUMHUYECKHE CTIOCOOBI
YCTPaHECHHS TIOCTOSTHHOM KECTKOCTH BOJIBI.

Takum oOpazom, odwas rcecmkocms 600bl paBHA CyMME KaJbIIUEBOU W



MarHM€BOM JKECTKOCTEM, C OJHOW CTOPOHBl, W CyMME€ KapOOHAaTHOH WU
HEKapOOHATHON KECTKOCTEH C IPYrod CTOPOHHI.

Boasl ¢ oO0mieil XKECTKOCThIO 10 3 MI-dKB/I Ha3bIBAlOT MATKHUMHU.
Coneconepxxanne banruiickoro, Kacnuiickoro, YepHoro mopeit paBHo 7,5-16 mr-
9KB/1. O01Iast )KECTKOCTh BOJBI MOPEl M OKEaHOB COCTaBMJIa MpuMepHo 215-225

MDKB/JI, B TOM 4HCJIe KapOoHaTHas — 15 MIKB/JI.

Ta6bmuma 12.1 — Knaccudukamuss npupogaHBIX BOJA MO BEIWYUHE OOIIEH

KECTKOCTHU
KecTrocTh Conepxanue, MIKB/J
Manas <15
Cpenuss 1,5-3,0
[ToBeImeHHas 3,0-6,0
Bricokas 6,0-12,0
OueHb BbICOKast > 12

KapOoHaTHyt0 JKE€CTKOCTb BOJbl OIPEACISIOT MEmoooM 00bEeMHO20
ananuza. CyTb €ro COCTOUT B TOYHOM ONPEIEIIEHNN 00beMa pacTBOpa PEAKTHBA C
TOYHO U3BECTHOW KOHIIEHTpALMEN, N3pAaCX0JOBAHHOTO HA XUMHUYECKYIO PEAKIIUIO C
W3BECTHBIM 00BEMOM PACTBOpPA OIMPEAEIIEMOro KOMINOHEeHTa. OKOHYaHUE peaKuu
(TOUKY SKBUBAJIEHTHOCTH) YCTAHABIMBAIOT C MOMOUIbIO HMHAMKATOpa-BEILECTBa,
M3MEHSIOLIEro B 3TOT MOMEHT CBOM 1IBET.

[Ipoliecc TOCTENEHHOrO MPUIMBAHUS PEAKTUBA C TOYHO HW3BECTHOMU
KOHLIEHTpaLMEN K UCCIEAYEMOMY PaCTBOPY Ha3bIBAIOT MUMIPOGAHUEM.

CornacHo 3aKOHY 9KBHBAJICHTOB BEILIECTBA B3aMMOJECHCTBYIOT MEXAY CO00M
MPOMOPIMOHAIBHO UX XUMUYECKUM JKBHUBaJIEHTaM (T. €. 1 3KBHUBAJIEHT OJIHOTO
BEILECTBA B3aUMOJEHUCTBYET ¢ | 3KBHUBaJIEHTOM Jpyroro Bemectsa). [loatomy B
O0OBEMHBIX ONPEIETEHUAX UCIOIb3YIOT HOPMaIbHbIE PACTBOPHI.

Kap6OHaTHYIO KECTKOCTh OHIpPCACIIAOT THUTPOBAHUCM OIIPCACICHHOIO



o0beMa uccieayemoi Boabl 0,1 H. pacCTBOPOM COJISIHON KHCJIOTHI B MPHCYTCTBUU
WHINKATOpa METHUIIOBOTO OpaHXeBOT0. I[Ipr 3TOM MPOUCXOAUT pPeaKIus:
Ca(HCOs3), + HCI — CaCl, + H,0O + CO2t.
Pacuer npoBoasaT o gpopmyie:

V(H20)-C,(H20) = V(HCI)-C,(HCI) (12.2)
rae V(H20) — o6bem Boapl, B3stoi s ananuza; V(HCI) — oovem 0,1 HCI,
n3pacxonoBanHoit Ha peaknuro ¢ Ca(HCO3); 1 Mg(HCOs3),; Cy(H20) — cymmapnas
konmentpaius coneit Ca(HCOs3), u Mg(HCO3),, r-3xB/11; Cu(HCI) — xoHIeHTparus
HCI, r->xB/m.

N3 ypaBuenus (12.2) maxomum Cy(H,0) (T. e. kapOOHATHYIO KECTKOCTb,
BBIPKEHHYIO B I-3KB/J):

C.(HCI)-V (HCI)

Ky :CH(HZO): V(H,0)

, T-DKB/IL. (12.3)

Bripazum kapOOHATHYIO )KHAKOCTH B MI'-3KB/JI HJIA MIKB/J.

K. =C . -10°, Moks/IL (12.4)

WH,0
IIpumep. Ilycts Ha TUTpoBanue 100 M BOJBI MONLIO B cpeanem 12,26 mi
0,1016 u. HCI. Torna kapOoHaTHASE KECTKOCTH BOJBI OyIET
Cu(H20)=12,25-0,1016/100 = 0,01225 r-3kB/71, a T.K. 1 r-3kB = 1000 M3KB =
1000 Mr-3xB, TO

K= 0,01225-10% = 12,25 Mr-sks/.

IIpuGopsI U peakTUBbLI

CrexisiHHas KOHUYEeCKas Kojaba Jjisi TUTpoBaHUsS 00beMoM 250 mu1 — 3 mmirT.,
MepHBIA UAUHAP Ha 100 M1, CTEKIISTHHBIC TUTIETKH, IITATHB ¢ OIOpETKOM Ha 25 MiI,
XMMHWYECKUN CTaKaH, METUJIOBBIM OPaHIKEBBINU.

JKuokue peaxmuseuwt. pactsop HCI (0,1 H.), BomonpoBoaHas Boja.

Yka3aHus no rexHuke 0€30MacHOCTH

Cwm. naboparopuyto padory 1.



MeToauka u NOPSAAOK BHINOJTHEHHUS PadOThI

1. OrMmepbTe MepHBIM ITUIHHAPOM 110 100 M1 BOAOIPOBOHOMN BOJBI B TPU
KOHMYECKHE KOJIOBI 111 TUTPOBAHUSI.

2. B kaxnaywo koi0y mo6aBbTe 1Mo 2-3 Kaluld WHAMKATOpPA METHIIOBOTO
OpPaHKEBOTO.

3. BropeTky mpomoiite TUCTHITMPOBAHHOW BOJOW M OJMH pa3 pacTBOPOM
tutpanTa 0,1 1. HCI.

4. Tlocne mpombiBaHus 3amoyiute Oroperky 0,1 H. pactBopom HCI no
HYJIEBOM OTMETKHU. TUTPYHTE TPpH KOJOBI C UCCIEAYEMON BOJOW MPU MOCTOSHHOM
nepeMeNIMBaHuH JI0 TIEPEX0/1a KEATOU OKPaCKU pacTBOpa B OJIETHO-PO30BBIN IBET.

3anuce AaHHBIX omnbiTa. [[0 MONy4yeHHBIM pe3yJbTaTaM pacCUUTANTE
cpennee 3nauenue V(HCI)., u onpenenure kapOOHATHYIO )KECTKOCTh HCCIICAYEMOit

BoAbI 110 opmyie (11.3). Caenaiite BBIBOA O KAUE€CTBE BOJIBI.

Conepxkanne oTtuera u ero gpopma

Kaxplil cTyieHT OJKEH UMETh JIa00paTOPHBIHN KypHaII, KOTOPBIH SIBIISIECTCS
JIOKYMEHTOM, OTPa)KalIIUM BCIO ero padbotry. Bce HaOmoAeHUS W BBIBOJBI MO
HKCIIEPUMEHTAIBHON paboTe, MpojeTaHHON B J1a00paTOpHH, CTYJIEHT 3aHOCHUT B
71a00paTOPHBINA KypHAT HETIOCPEICTBEHHO TIOCTIE €€ BBHITTOJTHEHHUS.

OtueT 1o J1abopaTopHOil paboTe JOJDKEH COCTOATh M3 JaThl, HA3BaHUA U
HOMepa J1abopaTopHOM pabOThHI, 1AM paOOThl, METOJIWKH TPOBEACHUS OMBITOB,
HAOJIIOICHUN, YPAaBHEHUN XUMHYECKUX PEaKIUi, BBIBOJOB U pacdyeToB ((hopMyIibl,

Ta0JIULIBI, TPAPUKH).

Bonpocel 1j11 3amuThI J1a00PATOPHOIT padoThI
1.[laliTe ompezneneHre TOHATHAM: «O0OIas KECTKOCThY, «KapOOHATHas
KECTKOCThY», «HEeKapOOHATHAS )KECTKOCTh». OXapaKTepU3yuTe ux.

3. Ilepeuuncnure U 0OXapakTepU3yruTe METOAbI YCTPAHEHUS HKECTKOCTH BOJIBI.



4. IlpucyTCTBUE KaKUX COJIEN B IPUPOJIE 00YCIOBIUBAET )KECTKOCTh BOJbI?

5. Kakne xumuyeckue peakuuyd MPOUCXOAAT NPHU JTOOABICHHH K KECTKON
Bojae: a) Na,COsz;, 6) NaOH; B) Ca(OH),? PaccmoTpeTh cilydan MOCTOSIHHON M
BPEMEHHOU JKECTKOCTH.

6. B uem 3akirodaercs MOHHOOOMEHHBIN CIIOCOO YCTpaHEHUS JKECTKOCTH
BOJBI?

7. Ilpn xunsiuennn 250 M BOABI, coaepiKalled ruapoKapOOHAT KaiabLus,
BBIIIAJI OCAJ0K Maccoi 3,5 Mr. YeMy paBHa )K€CTKOCTb BOJIbI?

8. Kak, ucxost u3 3aKOHOB 3KBUBAJIEHTOB, TPOBEPUTH IPABMIIBHOCTD AaHAJIN3a

BOJIBI, €CJIM M3BECTHO, YTO COZEpKaHue B Boje MoHOB B mr/m: Na* = 2500, Ca*? =

150, Mg*?= 75, HSO; = 3600, Cl-= 1500, SO%, = 2507

9. B 1 M BOmBl CONEPKUTCA TUAPOKAPOOHAT Kalblus Maccoi 44,6 T u
cysbdat maraus Maccoit 30,7 r. Uemy paBHa kapOoHaTHas1, HeKapOOHATHAs 1 o01Ias
JKECTKOCTH BOJBI?

10. Uemy paBHa >KECTKOCTh BOJABI B HachlleHHOM pactBope CaSO., ecnu
pPacTBOPUMOCTH €ro coctasiseT 2,02 T B 1uTpe pactBopa’?

11. Kakyro Mmaccy ramenoi uzpectu Ca(OH), cienyer nmpubaButs k 100 1
BOJIbl, YTOOBI YCTPAHUTH KAPOOHATHYIO KECTKOCTh, PaBHYIO 5,45 MMOJIb-3KB/11?

12. Ha kakyro BEJIMYHWHY MMOHU3UJIACHh KECTKOCTh BOJBI, €CIU NPHU
obpabotke 10 1 Boawl ramenoil m3Becthto Ca(OH)z B ocanok BbIman kapOoHAT
kanbius CaCOsz maccoit 1,58 r? Hanuimre ypaBHEHHE pEaKIMKU, KOTOpask Py 3TOM
IIPOTEKAET.

13. YUemy paBHa JKECTKOCTh BOJIbl B HACBIIIEHHOM pacTBOpe KapOoHarta
maruaust MgCQOg, eciiu ero pactBopuMocTh cocTanisieT 0,267 T B tuTpe pactBopa?

14. Bbuncnaure XeCcTKOCTh BOAbl, B 500 1 KOTOpPOMl COIEpPKUTCS
rugapokapoonatr maraus Mg(HCOs), maccoit 5,03 r u xmopun kambims CaCls
Maccou 72,6 T.

15. Hanumure ypaBHEHUE B3aMMOJACHCTBUS THUApOKapOOHATa KaJbLUS C

XJIOPOBOJIOPOIHOM KucyioToi. KakoBa kapOoHaTHAs )KECTKOCTb BOJIbI, €CJIM JJISI



peakiuu ¢ Ca(HCOs3),, conepxxamumcst B 100 Myt Bojbl, otpedoBaiocs 10,3 mur
0,0500 u. pactBopa HCI?

16. Jlns ymsruenus 1 M3 Boasl no6asumu 250 r kap6onara Hatpus Na,COs.
Ha xakyio BeJIMUrMHY YMEHBIIHIACH )KECTKOCTh BOJIbI?

17. Tlpu obpabotke 0,5 1 Boxbl KapOOHATOM HATPHUs B OCAJOK BbINAN
ruapokcusr maraus maccoil 50,4 mr. KakoBa >KeCTKOCTh BOJbI, OOYCIIOBJIEHHAs

COJISIMH Maruus?

Jlureparypa

[OcHoBHas uTepaTypa 1-4, mornoHUTEIbHAs TuTeparypa 1-4]

JIABOPATOPHAS PABOTA 13

KAYECTBEHHBIN AHAJIU3 KATUOHOB U AHUOHOB B
PACTBOPAX MHJIUBUJYAJIBHBIX COJIEH

Leab u conepxkanue

O3HAaKOMHTBCS C MPUHIUIIOM TOCTPOCHMSI aHATMTUYECKUX Kiaccuukanui
KaTHOHOB W  AHUOHOB; HAy4YUThCS MPOBOJUTH HPOOMPHBIM  CIIOCOOOM
UACHTU(PUKALNUIO KAaTUOHOB M AHMOHOB B PAcTBOPAX HWHAMBUAYAJIBHBIX COJIEH

HCOPTraHNYCCKUX BCIICCTB.

Teopernueckoe 000cHOBaHUE

KauecTBeHHBIN XUMUYECKUI aHAJIN3 MTPEICTABIIAET COOOM MPOLIecC OTKPBITHS
MOHOB B BEIIECTBE C MOMOIIBI0 XUMHUUYECKUX peaKkiuii 0e3 KOJIMUEeCTBEHHON OLIEHKU
pe3ynpTaToB. Ero NpUMEHSIOT Ui NPEABApPUTENBHOIO OINPENEICHUs COCTaBa
HEU3BECTHOI'O BELIECTBA, & TAKXKE JJIA IIPOBENCHUS TECT-KOHTPOJISA HA IPEBBILLICHNE
OpPEEeNbHON  KOHIEHTpAlMM Kakoro-audo coeauHeHuss B mpoaykre. s

H)I@HTI/I(l)HKaLII/II/I B aHAJIM3NPYEMOM BCIICCTBC TOIO MJIM HMHOI'O KOMIIOHCHTAa Ha



npo0y (HEOONBIIYI0O TOPUHIO BEMIECTBAa) BO3ACUCTBYIOT  CHEIUATHHBIMU
pEaKTUBaMH — pEeareHTaMH.

Ecnmu B aHanm3upyeMoM BEIIECTBE MMEETCS OINpPEAeIIeMbIii KOMITIOHEHT, TO
MEXIy HIM M PEareHTOM IMPOTEKAET XUMHUYECKas PEaKIlysl, COMPOBOKIAFOIIASACS
BHCIITHUM M3MCHCHHUEM WM aHAJIUTHYECKUM NpuzHakoMm. K Ttakum mpusHakam
OTHOCST 00pa30BaHUE 0CAJIKA, BbIACIICHIE XapaKTEPHOT0 ra3a WM U3MEHEHHUE 11BETa
pactBopa. Ecnmu monm Bo3melCTBHEM peareHTa OKHAAeMbIH Ui JaHHOTO HOHA
AHATUTUYECKUN TTPU3HAK HE HAOIOMAaeTCs, TO B TPOOE ATOT HOH OTCYTCTBYET.

[Ipu paboTe C MAOCTATOYHBIM KOJIMYECTBOM PACTBOPA aHATM3HPYEMOTO
BEIIECTBA MPUMEHSIOT MPOOHpKH (MpoOupHbIe peakuuu). [ 3Toro ordbuparor

0,5—2 MJI pacCTBOpa U ,ZIO63BH$IIOT B HCTO HCCKOJIBKO KalICIb WK KPHUCTAJJIbI

peareHTa. Peakius o/KHA TPOTEKATh OBICTPO M OJTHO3HAYHO.

IIpu pabore ¢ MajgbIM KOJIMYECTBOM BEIISCTBA IMPHUMEHSIOT KalelbHBIC,
MHUKPOKPUCTAUNIOCKONMUYECKUE U SKCTPAKIIMOHHBIE PEAKIIUU.

KanenbHble peakuuu BHITIOJIHSIOT Ha QUIBTPOBAIBLHOM Oymare, Ha KOTOPYIO
HAHOCSAT B ONPEACIEHHON MOCIIEI0BATEIIBHOCTH KAIJIM PACTBOPOB AHAIIU3UPYEMOTO
BelecTBa U peareHra. O MpUCYTCTBHH MCCIIETYEMOI0 HOHA CYAAT 10 00pa30BaHUIO
IISITHA ONPENEIEHHOTO LIBETA.

MuUKpPOKPHUCTALUIOCKONMYECKHE PeaKUuu NPOBOAATCA HA MPEIMETHOM
CTEKJIC TIPH BhINIApUBaHUM pacTBopa. MoHBI MACHTH(PHUIIUPYIOT IO IIBETY U (opme
00pa3yromuXcst KPUCTAIIOB, KOTOPBIE HAOII0IAF0T MOT MUKPOCKOTIOM.

IDKCTPAKIMOHHbIE peaKIMU BBIIOJHAIOT B IpoOMpKax ¢ IJIOTHO
3aKphIBAIOIIUMUCS TpoOkamMu. OT MPOOUPHBIX OHM OTIMYAIOTCS TEM, 4YTO
JIOTIOJITHUTEIIBHO ~ BHOCST JKCTPAar€eHT — OPraHUYECKHM pacTBOPUTEINb, HE
cMenuBaronuiics ¢ Bojaon. Coaepkumoe MpoOUPKH TIIATEBHO MEPEMEIINBAIOT U
naroT dazam paccioutbes. I3mMeHeHnne okpacku (pa3bl SKCTpareHTa CBUACTEIbCTBYET
0 HaJIMYUM OMPEICIIEMOr0 NOHA.

IIpenBapuTenbHble  HCCICIOBAHUS  HEW3BECTHOTO  BEIIECTBA  OOBIYHO

HaA4YWHAKT C HHpOXHMI/I‘IeCKOﬁ P€aKIMu, IMpoBOAs I/I,Z[eHTI/I(l)I/IKaL[I/I}O HOHOB IIO



VU3MEHEHHIO OKpPAaCKH IUIAMEHU TOPEJIKM. OJTa peaklHs XapakTEpHAa B IEPBYIO
ouepenb I IIEJOYHBIX M IIEJIOYHO3EMENbHBIX MeTauioB. llpu mnpoBeneHun
aHaJM3a Karlio MCXOJHOIO PacTBOpPa MIIM CyXO€ BEIECTBO MOMEIIAIOT B YUCTYIO
NETJII0 U3 HUXPOMOBOW ITPOBOJIOKH M BHOCAT B IIJIaMsl TOPEJIKH.

[IpoBoas Ty WM MHYIO aHAJIMTHYECKYIO PEAKLUI0, HEOOXOAMMO CO31aBaTh
OINpEAENIEHHBIE YCIOBUS sl €€ MPOTEKaHWs, TaK KaK MHA4e Pe3yJIbTaT PEeaKIuu
OKa)keTcsl He JOCTOBEpHBbIM. OTHUM U3 BAXKHEUIIINX YCIIOBUH SBIISIETCSI KUCTIOTHOCTh
Cpellbl, KOTOpasi B CIy4ae HEOOXOAUMOCTH pEryaupyercs J00aBIEHUEM K pacTBOPY
KUCHOTHI, Mménoun win OydepoB. J[pyrum BaxHbIM (HAKTOPOM  SABISETCS
TEMIIEpaTypa pacTBOpa, TaK KaK HEKOTOPbIE PEAKIHMH IMPOTEKAIOT TOJBKO IpHU

HarpeBaHUMU.
AHaIM3 ¥ KJIaccu(PUKANUA KATHOHOB

Jlist ompeneneHusT KaTHOHOB pa3paOOTaHbl M MPUMEHSIOTCS Ha TPAKTUKE
Takue Kiaccupukalum, Kak: cepoBoopoaHas (Cyib(uiHas); KUCIOTHO-OCHOBHAS,
TUAPOKCUTHO-TIEpOKcUIHAsA; (ochaTHO-amMuauHass u np. [loxg aHanuTUyeckoin
Kiaccuukanyeld KaTHOHOB TTOHMMAIOT BBIACIICHUE B OCAZ0K HEOOJBIIHMX TPYIIT
MOHOB U3 CMECH IyTEM IOCIEAOBATEIILHOTO BO3JEHCTBUSA CUCTEMBI TPYMHIIOBBIX

pEareHToB.

B ocHoBe mo0oit kitaccupuKauy JIEKUT TPUHIUI CXOJICTBA XMMHUYECKUX
CBOMCTB 3JIEMEHTOB: CITIOCOOHOCTH Psifila HOHOB 0OPa30BbIBATH MAJIOPACTBOPUMBIE
coenuHeHus (ocaaku). B kauecTBe peareHTOB MoAOUPaIOTCs BEUIECTBA, KOTOPHIC B
MUHUMAJILHON CTETICHH B JlajbHEHIIeM OyayT BIUSATH Ha XOJ OMpPEAeNICHUs], TU00
JIETKO MOTYT OBITh YJajeHbl. B epByto odepeb 3TO KUCIOThI, TUIPOKCUJIBI U COJTU

AMMOHUA.

Ceposooopoonan knaccugpukayua onHa U3 CaMbIX MPOCTHIX MO CTPYKTYpeE
(trabmuma 13.1), omHaKo ee MPUMEHEHWE B HACTOSIIEE BPEMsSl OTPAaHUYCHO H3-3a
WCIIOJIb30BaHUs BHICOKOTOKCUYHOTO CEpOBOIOpoia. Jlpyrue MeToapl aHaIu3a ObLIN

pa3paboTaHbl C IENBI0 3aMEHBl TOKCUYHBIX peareHTOB Ha OoJjiee Oe30IacHble U



COCTOSIT OOBIYHO U3 5 WK 6 TPYIIN KATHOHOB.

B pCaHBHOﬁ IMPAKTUKC aHAJIN3 BLIIIOJHACTCA Ha OCHOBC KOMILICKCHOI'O
nmoaxonaa: BBI6I/IpaIOT TC PCAKTUBLI, PCAIrCHTBI 1 CXCMbI €TI0 IIPOBCIACHNA, KOTOPLIC

IMO3BOJIAIOT JOCTHUYD KCIIACMOI'O pE3yJjibTaTa Han00JIee YKOHOMHBEIM ITYTCM.

CoryracHO cepoBOIOPOIHON KiIacCU(pUKAIMU, KaK BUIHO U3 TaOmuiel 13.1,
BCE KATHOHBI pa30UThl HAa S5 AHAJMTHYECKHUX TPYII, OCAXKICHUE KOTOPBIX
BBITIOJTHSICTCSI C TIOMOIIBIO CHUCTEMBbl TPYINIOBBIX PEAreHTOB B CIEAYyIOUIEH

IHOCJICAOBATCIIbHOCTH .

rpynma: \ v i 1 I

pearear: HClI —-» H,S - (NH,),S = (NH,),CO, — Her
pH: 05-1 =1 >9 9-10.

OrnpeneneHrne HAYMHAIOT C BBIJICIICHUS U OTJICTICHUS S-U TPYIIbI KATHOHOB,
00pa3yoInX HEPACTBOPUMBIC B BOJIC M KHCIIOTax XJjopuabl. 3ateM B cpene HCI
(pH=0,5-1) npoBomsaT ocaxicHue 4-il Ipynmbl KaTHOHOB B BHJIC CYJIb(QHUIOB,
YCTOMUYHMBBIX KAK B KHCJIOM, TaK U B HEUTpaidbHOU cpene. sl mOoCIenyommux ¢
MOMOII[BI0 aMMHAYHOTO Oydepa U3MEHSIOT KUCIOTHOCTh Cpe/bl Ha MIECJIOYHYIO U
MOCJIEA0BATEIbHO BBIACISAIOT B OCAJOK 3-F0 W 2-}0 TPYIIBI KaTUOHOB B BHUJE

COOTBETCTBYIOIIMX CYIb()UI0B, THIPOKCUIOB U KapOOHATOB.

Takum oOpa3om, B pacTBOpe IOcCi€ BO3ACUCTBUS CHUCTEMbl TIPYHIOBBIX
pEareHTOB OCTAKOTCS TOJIBKO KAaTHOHBI |-M aHAaJIMTUYECKOW T'PYIIbI, KOTOpas He

oCaXXaacTCA IIOJIHOCThIO HU OJHHUM M3 PCAIrCHTOB.

HanpHeimas uaeHTuduKanys KaTHOHOB B TPYIMIaxX OCHOBaHA Ha Pa3jinyue
UX PacCTBOPUMOCTH, YTO IO3BOJISIET PA3[eNIUTh IPYIIbI HA NOArpynnsl. Tak B 4-i
IpyIIEe KaTUOHOB BBIAECISAIOT MOArPYIILYy MEIW WU IMOATPYIILY MBIIIbsKA; B 3-U
rpynne — 3TO MOATPYNIbI HUHKA U amtoMUHHMs. OIpeneneHne WHIWBHYaIbHBIX

KaTMOHOB BHYTPU TPYIIl U MOATPYII BBIIOJHIIOT KOMOMHALMEW APOOHOro H



CHUCTCEMATHUYCCKOI'O MCTOAA.



Tabmuma 13.1 — CepoBogopoaHas kinaccuukaius KaTHOHOB

Ananutu- N
VYcenosus I'pynnoson XapaKTepHucTUKa
yeckas Katuonst Coeannenus, o0pa3yolre 0caiok
rpynna OCaXICHUS peareHT TPYIIIBI
. +
D H(J)rﬂrp ymna avmonma: K, Cynbhuast u KapOOHATHI
e Na*, NH, . i ) pacTBOpMMBI B BOJe, KapOoHaT
pBai Her MarHus. pacTBOPHMM B pacTBOpax
2) noarpynna maraus: MQ " coneii am 151) oI P P p
ap.
pH >7
Ca?, Ba*", Sr** Cynbbuast PacTBOPUMBI, a
BTOpas Rb2* NH,OH + NH ,Cl (NH,), CO; CaCo; . BaCO;, SrCo, KapOOHATHI HEPACTBOPHUMBI B BOJIE
1) noarpynna amomunms: Al %"
Ccr3. pH >7 AlL,O,-H,0, ZnS, Cymbhuasl (MM THAPOKCHIBI)
Oydep HEPaCTBOPHMBI B BOJIC M PACTBOPHMBI
. 3+ .
TPEThs 2) noarpynmna muaka: Fe”", NH ,OH + NH ,CI (NH,),S Cr,0,-H,0, MnS, Fe,S;, |, pAI6ARNCHHEX  MMHCDATHHHIX
Fe?* Mn?", Zn*", Co?", FeS, CoS, NiS KHCIIOTaX
Ni?" u ap.
Cynbbuast HEePacTBOPHMBI B
1) noarpynna mequ: ~ CU 2 , pa30aBICHHBIX KHUCIIOTAX, CYIb(HUIIBI
2+ 2+ i 3+ 1-ou NOArpyHIIBl PacTBOPHMEI B
Bi . i
Cd™. Hg™, P pH <7 Cus, CdS, HgS, Bi,S;, (NH,),S ¢ obpasoBaHueM
HETBEPTAR | 9y pogrpymma mimssika: AS H2S 4 P .
: : HCI As,S,, Sb,S;, SnS, Sn§, aMMHaKaToB, CymbpuIsl 2 — Ol
AS 5+ Sb3+ Sb5+ Sn2+ Y
' ' ' ' HOJATPYTIIBI PacTBOPUMBI B
Sn* u Ip. MoJIMCYNb-puaax ¢ o0pa3oBaHHEM
THO-COJIEH
Xnopuasl u Cynb(hUABI
2
Cu*, Ag™*, Pb*", [Hg,]™, pH <7 AgCl, CuCl, PbCl,, HEpacTBODMMBI B BOJE W
nsitast HCI
Au 3+ HCI Hg 2C| 5 pa3baBiIeHHBIX MHUHEPAIIbHBIX

KHUCJI0Tax




AHanu3 u kaaccupukanus AaHHOHOB

JlocTaTo4HO

CTpPOTOM aHAIMTUYECKOW KIacCHU(pUKAIMU aHUOHOB HE

pa3zpaborano. Hymepanius rpymi aHMOHOB U IPUMEHSIEMBIE PEAareHThl B pa3INUHbIX

HNCTOYHHKAX CHUJIBHO BApbHUPYIOT, KaK W KOJMYCCTBO BLIACIIACMBIX TI'DYIIII. an_He

BCCI'0 HUX PpPasaciiAl0oT Ha TPpH AHAIATHUYCCKUC TPYIIIIbI B 3aBUCHUMOCTH OT

00Opa30BaHMsI OCAJKOB C XJIOPUIOM Oapus U HUTpaToM cepedpa (Tadi. 13.2).

Ta6numa 13.2 — Knaccudukarnus aHnoOHOB

AHanuTHuecKas AHHOHEI I'pynnosoi XapakTepucTuKa
rpynna peareHr IpyNIb

Cco;Z, SOZ, soZ, Comu 6Gapus u cepebpa HEPaCTBOPUMEI
I . . BaCl, B BOJE, CONH cepedpa pacTBOPHMBI B

PO4 ) 5203 u ap. KHMC-JIOTax
Cl- Br .1~ SCN- Ag NC)3 Conu cepebpa HEpaCTBOPUMEI B BOJIE U
| o, ' pa30aBICHHBIX KHCJIOTAX, COJIH Gapus

ST ump. B cpene HNO, PacTBOPHMBI B BOJIC
" NO; . NO,, et Comnu Gapust u cepebpa pacTBOPHMBI B
CH,CO0~ Boae

B npennoxxeHHo# kiaccupuKaluu OINPEACIICHUE aHHUOHOB, B OTIMYUU OT

KaTMOHOB, HAYMHAIOT C |-W TPyNIbl, TaK KaK HEKOTOPbIE aHWOHBI €€ CIIOCOOHBI

pearupoBath ¢ HUTPATOM cepeldpa, 00pa3yst HeycToiunBbIe ocaaku. TpeTbs rpyria

MOXET aHAIU3UPOBATHCS COBMECTHO Kak ¢ 1-i, Tak U co 2-il rpynmnoil. AHMOHBI B

MEHbIIEH CTeNEeHN MEeIalT 0OHAPYKEHHIO JIPYT ApYyra, MO3TOMY IPHU UX aHAIIM3e

yaiie MCHOJIb3YIOT APOOHBIA METOJ, & K CUCTEMAaTUYECKOMY aHAIM3y MpHOEraroT

TOJIBKO B 00JI€€ CIIOKHBIX CITydasiX, HapUMep, P MOJ03PCHUHN HA MPUCYTCTBUE

TPYJHO PAaCTBOPUMBIX COJIed OOpaToB WM CHJIMKATOB. ['pynmoBbie peareHThI

HCIIOJIB3YIOT B OCHOBHOM JIJIA IPCABAPHUTCIIBHOT'O O6H3py>KCHI/I$I I'pyI1Il.

IIpuGopsI 1 peakTUBBI

[IItaTuB ¢ mpoOUpKamu, IepKaTesb TPOOUPOK.

Kunkue peaxrussr: CaCl,, FeSO,, FeCl,, CuSQO,, Pb(CH,COO0),, Pb(NQO,),,




NaCl, KBr, KI, Na,SO,, Na,SO,(K,S0,), NaNO,(KNO,) Na,HPO,,
K,[Fe(CN),], K,[Fe(CN),], AgNO,, KMnO,, BaCl,, KSCN, HCI, H,SO,,
HNO,, CH,COOH .

[TopoukooOpasnsle peaktusbl: FeSO, .

Yka3aHus 1o TexHuke 0e30acHOCTH

Cwm. naboparopnyto padory 1.

MeTomea H NMOPAI0K BBINMOJIHCHUA paﬁoTLI

Hcnonb3yss mpoOHMpHBIM aHamu3, BBINOJHUTH OIPEACIICHUE KATHUOHOB H
aHMOHOB B pacTBOpax MHAMBHUIYaJIbHBIX COJIEM corjacHoO metoauke (tadis. 13.3,
rpapsl 2). Ilpu HEoOXOaUMOCTH PACTBOPHI OCTOPOKHO MOJOTPETh Ha Tra30BOU
ropelke, He JOMycKasi BBIOpoca KUAKOCTH.

3anuch gaHHBIX ombIiTa. OTueT OQOPMHUTH B BHJI€ NPUBEICHHON HUXKE
Tabymibl 13.3, B KOTOpOH HEOOXOAMMO YKa3aTh IIBET UCXOAHBIX PacTBOpOB (Tpada
1), naOmomaemble Bamu ananmutuyeckue npusHaku (rpadga 3). VYpaBHeHUs
COOTBETCTBYIOLIMX PEaKUWi 3amucaTh B MOHHOM W MOJIEKYJISIpHOM (opmax, a
OKHCJIUTEIbHO-BOCCTAHOBUTENIBHBIE PEAKIIMH YPOBHATH METOJAOM IOJIyPEAKLUU

Takxe B rpade 3.



Ta6muma 13.3 — KauecTBeHHBIE peakiiii KaTUOHOB M aHMOHOB B PacTBOpax

HHAWBUIYAJIbHBIX coJiei

Onpene-
JISEMBIH HOH; AHaTUTUYECKUH PU3HAK,
VYcnoBus npoBeaeHus
IBET yYpaBHEHUE peaKIiu
pacTBOpa
1 2 3
PEAKIIHH KATHOHOB
B npo6upky oroopars 1 mu CaCl, (CaCOz) u
cCa* N00aBUTh HECKOJIBKO Kamelb 2 H. pacTBopa
H2SO4
B npoOupky oroOparb HEMHOTO pacTBOpa Obpasyerca TypuOysesa  cu
Fe?* FeSO4 (coms Mopa) u 106aBUTh HECKOJIBKO Fes[Fe(CN)s]2
kanens Ks[Fe(CN)s]
3+ - 3-
1) K 1 ma FeClz 106aBuTh HECKOIBKO Kareib Fe”+6SCN— [Fe(SCN)e]
pomanuna kanus KSCN
Fe™ -
2) K 1 mu FeClz 106aBUTh HECKOJIBKO Karleib Obpasyetes GepnHckas 1asyph
pactBopa HCl 1 Ka[Fe(CN)e] Fea[Fe(CN)sJs
2+
Cu® OTto6pats B ipoOupky 1mi pactBopa CuSOs Cu +K4[Fe(CN)6](_:
U k Hemy 100aBuTh Ka[Fe(CN)e] <Cuz[Fe(CN)e] + K
Ph2 K 1 mu pacteopa Pb(CH3COO); nim
Pb(NOz3)2 106aBuTh HecKoIbKO Kamnens Kl
PEAKIIUH AHUHOHOB
B npo6upky otodpats pacteop NaCl, coznats
Cl kucnyto cpeay 1 — 2 xan. HNO, u no6aBurs
pactBop AgNQ,
B npob6upky otobpats pactBop KBr, coznats
Br- kuciyto cpeay 1 — 2 xan. HNO; u noGaButh
pactBop AgNQ,
B npobupky otobpats pactBop Kl, co3nats
I~ kuciyto cpeay 1 — 2 xan. HNO, u no6GaBurs
pactBop AgNQ,
|- K 1 mn pacrBopa Kl 106aBUTh HECKOJBKO
kanens Pb(CH3COO);




Soz_ K 1 M NapSO4 nobGaBUTE HECKOJIBKO Kalleib

4 BaCl,
K 1 mn NaSO3 wm K2SOs n0o6aButh
SOZ_ HeckobKo Karens HoSO4 u pactBopa KMnO4

K 1 mun FeCls no6aBuTh HECKOJBKO KaIlEib

PO pactBopa pomanuaa kamsi KSCN, a 3atem | Fg(SCN), + POY —
4 Tyda IKC I[O6aBI/ITB HEMHOI'0 pacTBOpa —)[Fe(PO ) ]3— +3SCN-
NazHPO4 v

1) K 0,5 mn1 NaNO2 106aBuTh KpUCTaIUKH
FeSOs (comp Mopa) M HECKOJBKO Karelb
NO: ykeycHoi kucinotst CH3COOH

2) Tlomectutp B mpobupky 1 mi1 pactBopa
KNO2 nwimu NaNO> u nod0asute Heckoibko | KNO2+H2504—K2SO4+HNO-
Karenb pactBopa HaSO4

Conepxxkanue oryera u ero popma

Kaxxaplil CTyAeHT OJIKEH UMETh JIa0OPaTOPHBIN >KypHaJI, KOTOPBIH SIBISIETCS
JOKYMEHTOM, OTPa)KalolUM BCIO €ro paboTy. Bce HaOnrofeHus U BBIBOABI IO
HKCIEPUMEHTAIbHOM paboTe, MpOJeNaHHOM B J1aOOpAaTOpUH, CTYIEHT 3aHOCUT B
71a00paTOPHBIN KypHAT HETIOCPEICTBEHHO TOCIIE €€ BHITOJIHEHHUS.

Otuer nmo J1abopaTopHO pabOTe JOJDKEH COCTOATh M3 JaThl, Ha3BaHUS U
HOMepa jabopaTopHOM paboOTHI, Ieau pabOThl, METOJIUKH IIPOBEACHUS OIBITOB,
HAOJIIOICHU, YPAaBHEHUN XUMHYECKUX PEaKIUi, BBIBOJOB M pacdyeToB ((hopMyIibl,

TaOJIULIBI, TPAPUKH).

Bomnpochl 115 321U ThI JIAa00paTOPHO padoThI

1. CymHOCTh  KaueCTBEHHOIO  aHaliW3a W €ro  IMpPUMEHEHUE.
AHaJIUTUYECKUE MPU3HAKN KaU€CTBEHHBIX PEaKIUN (OTpeaeICHUE; TPUMEPHI).

2. VYcnoBusi mpoBeACHUST KAYECTBEHHBIX AHAMTUUECKUX PEAKIIHUM.
TpeOboBanus K peakiusM, NPUMEHICMBIM B aHAIWTHYCCKOH XUMHH H B
KaueCTBEHHOM aHaJIn3e.

3. Kaxk Ha3pIBaeTCs crioco00 OTKPHITHS HOHOB IO OKPAITMBAHHIO TUIAMEHU ?

Kak on BemomHsiercs (mpumepsl)? Kakue MOHBI MPEUMYIIECTBEHHO CIIOCOOHBI




OKpammBaTh miams u noyemy? Kakas peakuus npoTekaeT B 3TOM cirydae?

4. OnummTe METOIMKY MPOBEACHUS: a) KalelbHOM; 0) SKCTPaKIMOHHOM;
B) MUKPOKpHUCTAJIJIOCKONIYecKor peakuuil. [IpuBeante npuMepsl OTKPHITHS HOHOB
aTMH criocobamu. KakoBo nx mpuMmenenue B ananuze? Kakue pakTopsl BIUSIOT Ha
KayeCTBO MIPOBEJICHUSI MUKPOKPUCTAIIIOCKOTINYECKON peakuu?

5.  IlpuBeaute OCHOBHBIE OOIIECTIPU3HAHHBIE KIACCU(PHUKAUU KATHOHOB.
Kakwue rpynmnoBsie peareHTbl B HUX UCHOJIB3YIOT?

6. Kakoil mpuHUIMII TOJOXEH B OCHOBE KiIacCU(UKALMM KAaTUOHOB IO
rpynmnam u noarpymnmnam?

7. Ha yeM ocHOBaHa cepoBo1opoiHas Kiiaccudukaius kaTuoHoB? B uem
ee IOCTOMHCTBA U HEJJOCTaTKU?

8. Oxapakrepusyire AHAJIUTUYECKHUE TPYIIIIBL. B KaKkou
NOCJIEI0BATEIBHOCTH MPOBOJIUTCS pa3/ieIeHNE KATHOHOB?

9. KakoBa xapakTepHass OCOOCHHOCTb KaTMOHOB, BXOJSALIMX B 3-10
rpymy, B 1-10 u 2-10 rpymmsi? O6bsacuute, nouemy Al*" u Cr" mepesomst B ocamok
IPYNIIOBBIM peareHTOM B BHUJAE TUAPOKCHI0B? Hamummre cooTBeTCTBYIOLIUE
YPAaBHEHUS PEAKIIUI.

10. Ha kakoMm mnpuHIUIIE OCHOBAHO OIpeJeeHre aHuoHOB? B kakoi
NOCJIEI0BATEIBHOCTH OINPENEISIOTCS aHUOHBI TPAJAULIMOHHBIM CIOCOO0M?

11. Kakoii anmoH | Tpynmel ompedensercs 1Mo 00eCIBEYNBAHUIO
NepMaHraHara Kajausi B KUcjoiu cpene?

12. Kakme cBoiicTBa ocankoB aHHOHOB |l Tpymmbl MO3BOISAIOT UX
uaeHTuuurposars? Hanuimre ypaBHEeHUS peakinii STUX aHUOHOB C IPYIIIOBBIMU
peareHTaMH U MpH UX UICHTU(UKALINH.

13. KarnoH kakoil Tpymnmbl MOXXHO HCIONB30BaTh JISI OTKPBITUS |

AHAJIMTHUYECKOW Pyl AHUOHOB?

Jlureparypa

[OcHoBHas nuTepaTtypa 1-4, momoHUuTeIbHas JuTeparypa 2-5]
HNPUJIOKEHUE



Tabauua 1 — KoHCTaHTBI IMCCOUALMH HEKOTOPBIX CJ1a0bIX
3J1eKTPOJIUTOB B BOAHBIX pacTBopax npu 25°C

Xumudaeckas: hopmyia

Ha3zBanue snextponura

KoncTadTa quccormanun

HIG, HonnoBaTas kuciora 1,7-10™
K, =16-10""
H,SO;, CepHucTas KUCIoTa ! "
K,=6,3-10
K, =75-107°
H,PO, docdopHas kucioTa K,=6,2-10"°
K,=5,0-10""
HE PTOpOBOAOPOIHAS 7.0.10°
KHCJIOTa
HNO, A3oTHcTas KHUCIOTa 4,0.10™
HCOOH MypaBbuHas KHCIIOTa 1,8-107*
CH,COOH VYKcycHast KUCIIOTa 1,8-107°
H,CO, YronpHas KUCI0TA K;=45- 10_;
K, =4,7-10"
HoS c K,=6,0-10"°
€pOBOIOPOHAS KHCIIOTA
2 POROAIOROA K, =10-10""
HCIO XJIOpHOBaTHCTAs KUCJIOTA 5,0-10°
HCN [nanoBogopoaHas 80.10°1
KHCJIOTa
H;BO, Bbophas kucnota 5,7-1071°
H.Si Kpemnuesas kucinora K, =22 1077
,910; 1
K, =16-10
HIO WonnoBarucrass Kuciora 23.10™
K;=96-10""
I'mppokcnna cBUHIA 1=
Pb(OH), PR ;
K, =30-10
NH,OH I'unpokcu aMMOHHUS 1,8-107
H,0 Bona 18-10™

Tabimua 2 — CranaapTHbie 3J1eKTPOAHbIE NOTEHIMAIbI METAJLIIOB




DIEeKTPOsL DIEKTPOIHAS PEAKIU E°, B
Li*/Li Lit+ o =Li 3,045
K*/K Kr+ s =K -2,925

Rb*/Rb Rb* + & = Rb 12,925
Cs*ICs Cst+ e =Cs -2,923
Ca?*/Ca Ca®* + 6 = Ca -2,866
Na*/Na Na* + o = Na 2,714
Mg*/Mg Mg? + 2e = Mg -2,363
INETIN AP + 36 = Al 11,662
Mn?*/Mn Mn2* + 2e = Mn -1,179
Zn21zn 702 + 28 = 71 -0,763
CrCr Cr* + 38 = Cr 0,744
Fe*/Fe Fe?* + 2e = Fe -0,440
Cd?*/Cd Cd?* +2e = Cd -0,403
Co?*/Co Co%* +2e = Co -0,277
Ni2*/Ni NiZ* + 25 = Ni -0,250
Sn?*/Sn Sn2* + 2e = Sn -0,136
Pb?*/Pb Pb2* + 2e = Pb -0,126
H+/Y:H> H' + e = %H> + 0,000
Cu?*/Cu Cu2t+2e =Cu +0,337
Hg,?*/Hg Hg,%" + 2e = Hg +0,788
Ag'/Ag Ag*+ e = Ag +0,799
AU¥/Au AU + 3e = AU +1,498

OcHoBHas JauTEpaTypa.
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4
OOLLas N HeopraHuvecKasi XUMHS SIBIIICTCS OMHON M3 (PyHIAMEHTAIbHBIX €CTECTBEHHO-HAYYHBIX
JTUCIUIUINH, U3YYalolINX MaTepUalbHbI MHUpP, 3aKOHBI €r0 Pa3BUTHS, XUMUYECKYIO (pOpMY ABMKEHUS

MaTEepHUH.

OnHUM M3 OCHOBHBIX BHUJOB YYEOHBIX 3aHATHH CTYIEHTOB— CaMOCTOSTENbHas paboTa Hax
y4eOHBIM MaTepHanoM, KOTOpas cjlaraercs W3 M3y4eHHs TUCIHMIUIMHBI MO y4eOHHKaM U y4eOHBIM
MOCOOMSIM; BBINIOJHEHUS! KOHTPOJBHOIO 33/JaHUS; BBINOJIHEHUS JIaDOPaTOPHOTO MPAKTHKYMA;
WHIUBUAYAIbHBIX KOHCYJbTAallMi (OYHBbIE M MHCbMEHHBIE); 3allliTa JIabopaTOPHOrO MPaKTUKyMa;
C/Iauy 3K3aMe€Ha 10 JUCLMILINHE.

Jucunmmnaa «OO6LWAaA N HeopraHnuveckas XUMHUs» HeoOXomuma st (OPMHUPOBAHUS yYMEHHUIA,
HABBIKOB HAYYHOI'O JKCIEPUMEHTHUPOBAHHUS, UCCIEIOBATEILCKOIO MOAXOAA K HM3YYEHHIO NPEIMETA,

JJOTHYCCKOT'O XUMHNYCCKOT'O MBIIIJICHUA.

B camocrosarensHOM pabore mpemycMmarpuBaercs 12 3amaHuif, YTO TIO3BOJISIET OILICHUTH

TCOPCTUYCCKYIO U MPAKTUYCCKYIO ITOATOTOBKY CTYACHTA 110 JUCHUIIIINHE.



1. ®opmyMpoOBKA 3a1aHUS U €r0 00beM

BrimonHenne camMoCTOATENbHOM padoThl SABISETCS OJHUM U3 JTAaloOB HU3YYEHHs JTaHHOM
JTMCLUUIUIMHBI ¥ BBITIOJIHSIETCS CTYIEHTaMU 10 MHIUBUAYAJIbHOMY 3aJaHui0. BapuanT BeIOMpaercs mo
nocneaHuM IByM IupaM 3adeTHOM KHukKKM. Ecnu e mupsl npesbimaror 30, TO BapHaHT
BbIOMPAETCS U3 CyMMBI JIBYX HocieHuX Hudp. McxoaHsle naHHbIe 171 pelleH s 3a/1a4 IPECTaBICHbI
B Tabnuie 1 (mpunoxxenue A).

CamocrosTenbHas padoTa BBIOIHACTCS C LENbI0 3aKPEIUICHUs], CUCTEMATH3alluy U yriTyOlIeHus
TEOPETUYECKUX 3HaHUM, BBIPAOOTKM YMEHUS NPUMEHSATh MPAKTUYECKUE 3HAHMs NPU MPOBEICHUU
Hay4HOTO HKCHEPUMEHTa, JIOTMYECKOI0 XHUMHUYECKOro MBIIIJICHHUS, OCMBICIEHHE Marepuaia
1a00pPaTOPHOTO MPAKTHKYMA.

CamocrosrenbHas paboTa npeaycMaTpuBaeT pemieHne 12 3aaa4 U BBITOJIHAETCS M0 CIEAYIOINUM
temaMm: 1. Mosb. DKBUBaJEHTHl M SKBUBAJICHTHBIE MACChl IPOCTBIX M CJIOXHBIX BEIIECTB. 3aKOH
9KBUBalIeHTOB. 2. CTpoeHHe aToMa M MEpUOAMYEcKas CUCTeMa XHUMHUYecKux siemeHToB J[.U.
MenneneeBa. XuMudeckast CB3b. 3. DHEpreTuka XMMUYECKHUX TPOIeccoB (XMMHUYECKOE CPOJICTBO). 4.
XuMuyeckass KMHETHMKAa M XUMHYecKoe paBHoBecue. 5. CrocoObl BbIpaXEHHUs KOHILIEHTpalUU
pactBopoB. 6. CBoiicTBO pacTBOpoB. 7. MoOHHO-MoONEKy/spHble (MOHHBIE) peakiuu oOMeHa. 8.
I'maponns coneit. 9. OkucCIUTENbHO-BOCCTAHOBUTENbHbBIE peakiuu. 10. DinekTpoaHble MOTEHIMAIbl U
ANIEKTPOABIKYIIME critbl. 11. DnekTponu3 BOAHBIX pacTBopoB. 12. Kopposust MeTamioB ¥ MeTOJbI
3am|Thl OT Koppo3ud. 13. XKectkocTh BoAbl 1 MeTOAbI ee ymsardeHus. 14. OCHOBBI XMUMHUH BSDKYIITUX
BELIECTB.

Pexomenyemblit 00beM paboThI cocTaBiseT 13 - 15 cTpaHUIl pyKOIIUCHOTO TEKCTA.

2. O0uue TpeGOBaHMA K HANIMCAHUIO U 0pOPMIIEHUIO CAMOCTOSATEILHON PadoThI

1. CamoctosTenbHass paboTa BBINOJIHSAETCS B OOBIYHON yueHMueckoil Tetpaau (12 wim 18
JIMCTOB) WIM Ha JUcTax opmata A 4.

2. Ha TuTynbHOM JIMCTE YKa3bIBAIOTCS: HAMMEHOBaHUE By3a (TMepBas cTpaHuiia faHHoro MY),
kadenpa (Xumus), IpeaAMeT (XUMUs), BApUAHT CAMOCTOSTEIbHONW PabOThI, HOMEp 3a4€THON KHUKKU C
ykazaHueM crneuuanbHoctu, ®UO cTyneHTa U BeAylIero npenojaBaress, JaTa BhITOJHEHHUS PaOoTHI.
OOpa3zell TUTYJIBHOTO JIUCTA TIPUBE/ICH B MPUIIOKEHUHU A (c. 92).

3. Ha kaxmoi cTpaHUIle TETPaau OCTABIATh IIMPOKHE TOJS: 5 - 6 KIETOK Wik 3 cM 1
3aMeuyaHuil mpemnojaBares; MUcaTh YeTKO W SICHO, HOMEpa M YCJIOBHUS 3aJad MEepenuchbiBaTh B TOM
MOpSAJIKE, B KAKOM OHM YKa3aHbI B 331aHUH.

4. Hymepauus cTpaHMll BeJeTcs apaOCKUMHU IU(paMu CBEpXy, HO ILEHTPY, HayMHAs C
TUTYJIBHOTO JIUCTA U Jajiee MOCJIeN0BaTeNbHO 0 MocieaHel cTpanulbl. Ha TuTynbHOM nucte HOMeEp

CTpaHUI] HC CTAaBUTCA.
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5. lns pemieHus 3afay 3amnucarh JaHHbIE (€CIM 3TO TPeOyeTcsi B COOTBETCTBHM C YCIOBHUEM
3agad). OxapakTepu3oBaTh 3aKOH, METOJ, AaTh MOSCHEHHE K MPUMEHSIEMOU (popMysie WM PELICHUIO
3amad. PemieHuwe 3amad JOKHO OBITH MOAPOOHBIM C TPOBEICHHEM BCEX pacyeToB, (GOpMynT U
NOSICHEHUH K Hell, rpaduuecKkux n300pakeHu 3IeKTPOHHBIX (popMyil.

ITpy 1OI0KUTENHLHOM 3aKIIFOYEHUH paObOThl CTYJEHT JOIycKaeTcs K 3amure. [1opsiok 3amnTsl
CIICAYIOIIMNA: CTYJCHT 0053aH U3JI0KUTh CYIIIHOCTh TEOPETUYECKOT0 MaTepHasa, pacueTHbIE (POPMYITBI
U OIpeesIeHHs] K HUM, OCHOBHBIE TIOHSTHS U OTIPEIEJICHUS TI0 CTPOSHHUIO BEIECTBA.

PaboTa nomkHa BKIIOYATh:

1. TUTYNbHBINA JUCT.

2. PacueTsl TeOpETHUECKUX 3a/1ad.

3. Pocniich 37€KTPOHHBIX KOHPUIypaluii aTOMOB 3JIEMEHTOB.
4. Criucok UCHoIb3yeMOM JTUTEpaTyphl.

PacueTHy!0 4acTh CTYJIEHT MPOBOAUT C MOAPOOHBIM H3JI0XKEHHEM OCHOBHBIX 3aKOHOB XHUMHH,
3aKOHOMEPHOCTEH MPOTEKAHUSI XUMUYECKUX PEAKIHiA, TEPMOJMHAMUIECKON BEPOATHOCTH MPOTEKAHMUS
peaknmii,  momOOpa  KOX(PPHUIMEHTOB B  OKUCIUTEIBHO-BOCCTAHOBHUTEIBHBIX  PEAKIHSAX,
JIEKTPOXMMHUYECKUX IPOLIECCOB, BO3MOXHBIX METOAOB YMSAIYEHHUS BOJbI, CIIOCOOOB BBIPAKEHUS
KOHIIEHTpaLUi, pPacTBOPOB 3JEKTPOJUTOB M BOINPOCHl JUCHUIUIMHBI XUMHH, CBSA3aHHBIE C €€

IMPUMCHCHUCM B CTPOUTCIILCTBEC.

3 PexoMeH1alMu 10 OPraHU3anMU CAMOCTOATEIbHOM padoTel. IlpuMepHbIi

Kanenz{apﬂmﬁ IIJIaH €€ BbBINMOJIHCHUSA

3.1 UuauBuayajbHbIe 3aaHUSA

MoJb. DKBHBAJIEHTBI H JKBHBAJEHTHBbIE MACChHI NPOCTBIX U

CJI03KHBIX BellecTB. 3AKOH IKBUBAJICHTOB
1. Berunciure skeusanenr H3PO,, mnpn peakumsx oOMeHa, B pesynbTaTe KOTOPBIX
00pa3yroTCs KUCIIbIE U CPETHUE COTIH.

2. Haitnure sksusanenr H,SO, u CuU(OH), B cienyromux peaxumsix:
a) H,SO, + 2KOH =K,SO, + 2H,0;

6) H,SO, + KOH =KHSO, + H,0;

B) Cu(OH), +2HCI = CuCl, + 2H,0;

r) Cu(OH), + HCl =CuOHCI + H,0.
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3. Ompenenute HSKBUBAJCHT W SKBUBAJEHTHYIO Maccy ¢docdopa, kuciaopoga U Opoma B

coemuuenmnsix PH,, H,O, HBr.

4. B xaxoii macce NaOH conepsxutcs cronbko xe sxsuBanentos, ckonbko B 140 2 KOH ?
Otser: 100 2.

5. U3 1,35 2 oxcuna meramia nosnydaercs 3,15 2 ero murpara. BelumciauTe 3KBUBAIEHTHYIO
Maccy 9TOro MeTajla. Otser: 32,52/ monw.

6. OnoBo oOpasyer nBa oxcupia. Ilepsbiii comepxur 78,8 %, Bropoit - 88,2 % omnosa.
BbIUHCINTE SKBUBAICHT 0JI0Ba B 3TuX okcupax. Otser: 29,7 59,3 2/ monw.

7. U3 1,352 okcmpa meramna nomyuaercs 2,85 2 cynbdara sroro xe meramta MeSQO, .
BbIUMCINTE KBUBATIEHT METAJLIA. Otser: 28 2/ monw.

8. Us 132 runpokcuma wmertamna mnomyuaercs 2,852 ero cynsdara. Brorumcmure
SKBUMBAJIEHTHYIO MAacCy 3TOTO METajlla. Otser: 92/ monw.

9. Oxcup TpexBaleHTHOro onementa cojepxur 31,58 %  kucmopoma. Briumciure

9KBUBAJICHTHYIO, MOJIBHYIO U ATOMHYIO MACCBhI 3TOI'0O 3JICMCHTA.

10. YUemy paBeH Npu H.). SKBUBAJIECHTHBI 00BEM BOAOPOJA. BBIUMCINTE KBHBAIEHTHYHO
Maccy MeTanna, ecmu Ha BoccTanosnenue 1,017 2 ero oxcuna mspacxonosanocs 0,28 1 Bogopona
(H.3.). Otser: 32,68 2/ monw.

11. OmuH okcua Maprasua coaepskut 22,56 % xuciopopa, a apyroii 50,50 % . Beruucnure

OKBUBAJICHTHI MapraHHa B OTHUX OKCHOAX U COCTABbTC UX q)OpMyﬂI)I.

12. Bripasure B Momsx: a) 6,02 -10% monexyn C,H,; 6) 1,80-10* aromos azora; B)
3,01-10% monexyn NH ;- KakoBa MosbHast Macca yKa3aHHBIX BELECTB?

13. Boruucnnts dkBuBaeHT 1 okBuBanenTHyio mMaccy H,PO, B peakuusx oGpaszosanus: a)
ruapodocdara, 6) muruapodocdara; B) oprodhocdara HaTpusi.

14. B 2,48 2 oxcupma oxnoBanenTHOro Meramna cojepxkutcs 1,84 2 meranna. Beumciure
SKBHBAJEHTHBIE MacChl MeTaqga M ero okcuaa. UeMy paBHa MOJNbHAs M aTOMHAs Macca ITOrO
metamna?

15. Uemy paBeH TpH H.). OKBUBAIEHTHBIH 00Obem kucmopoma? Ha cxkuramme 1,52
nByxBanentHoro metamia tpebyercs 0,69 71 kucnopona (H. ).). BelunciuTe 5KBUBATIEHTHYIO Maccy,

MOJIBHYIO Maccy ¥ aTOMHYIO Maccy 3TOT0 MeTajlia.

Oreer: 12,17 2/ monw; 24,35 2/ moaw: 1217 2/ mons.
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16. U3 3,3le nmrpara wMeramma mnomydaercs 2,/8 e ero xmopuaa. BeramcamTe

SKBHMBAJICHTHYIO MAcCy 3TOTO METajlla. Otset: 103,6 2/ monw .

17. Hanumure ypaBHeHus peakuuii € (OH)3 ¢ xnoposonopomnoii ( HCl) xucnoroit, mpu

KOTOPBIX 00pa3yroTcs CICAYIOIIME COSAMHEHHUs skejie3a: a) xuopun muruapokcoxenesa (111); 6)

nuxnopun  rugpokcoxkenesa (l11); B) xmopun xemesa (l11). Berumcnure skBuBanent u

skBuBaenTHyro maccy Fe(OH )3 B K&)XJI0M U3 3TUX peakuui?

18. Ilpu BoccraHoBieHuH 1,2 2 okcuaa Meraaiaa BojgoponoMm obpaszosanock 0,27 2 Bomsl.

Brrancante sKBUBaJCHT OKCHJa U 3KBUBAJICHT MCTAaJljIa.

Orteet: 40,00 2/ moaw ;32 2/ monw.

19. U30bITKOM THAPOKCHIA KaJIUs TIOEHCTBOBAIM HA PACTBOPAL:
a) auruapodocdara kanus; 6) murpara auruapokcosucmyta (|11). Hanumure ypaBnenus peakumii
stux Bemects ¢ KOH u onpenennte ux skBUBaneHTH ¥ SKBUBAICHTHBIE MACCHL.

20. BemectBo comepsxnt 39,0 2 cepw, sxBuBanent xotopoit 16,0 2/ monb u MBSk,
BblUMCINTE DKBUBANIEHT W BAIEHTHOCTH MBINIbAKA, COCTAaBbTE (OPMYJTy OTOTO BEIIECTBA.
Otser: 25,03 2/ monw; —3; As,S,.

21. B xakom komnmuecte Cr(OH), comepxures cTONBKO ke 9KBHBAIEHTOB, CKOIBKO B

174,96 2 Mg(OH),? Oteer: 207,14 2.

22. W30BITKOM XJIOPOBOJOPOIHOM (COJISTHOM) KHCIOTHI TOAEUCTBOBAIM Ha PAcCTBOPHI: a)
IUApoKapOoHaTa Kalblus; 6) AMXJIOPUIa TMAPOKCOAMIOMUHMSA. HanumuTe ypaBHEHHs PeaKuii dTUX
semects ¢ HC| u onpenenute ux sxBuBaneHTH! 1 SKBUBANEHTHBIE MACCHL

23. Ipu oxucnennn 16,74 2 nsyxsanentHoro Mmeramna obpasosanoch 21,54 2 oxcupa.

BrluncianTe sKBHBaJCHTHBIE MAacChl METajlia M €ro OKCHIA. ‘{eMy paBHbI MOJIbHAad U aTOMHasi MAaCChL

meTaa?

Orser: 27,9 2/ monw; 35,9 2/ monw; 55,8 2/ monv; 27,9 a.e.m.

24. Tlpu B3aumoneiicteuu 3,24 2 TpexsaneHTHOro Merasnia ¢ kucaoroit Beiensercs 4,03 1

BOAOpPOda (Hy ) Brruucnute 9KBUBAJICHTHYIO, MOJIbHYIO 1 aTOMHYIO MaCChl METAaJlJIa.

25. Ucxonst m3 MOJBHOM MacChl yIriiepoaa M BOJABI, OMpPENETUTe aOCOMIOTHYIO Maccy aToma

yriaepoJa U MOJIEKYJIbl BOJIbl B TpaMMax.

Orser: 2,0-107%° 2; 3,0-107% 2.
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26. Ha meittpamusamio 9,797 2 pocdoproit xucnorsr uszpacxomosano 7,889 NaOH .

BbruncinuTe SKBUBAICHT, SKBHBAICHTHYIO Maccy u ocHoBHocts H,PO, B oroit peaxumn. Ha

OCHOBAHMHU pacy€Ta HAITMIIUTE YPaBHCHHUEC PCAKIIHUU.

Otser: 0,5 monw, 49 2/ monw, 2.

27. Ha neitrpamusammio 0,943 2 pocdopucroit kucnorst H,PO, uspacxonosano 1,291 2

KOH . Bouucnure 5KBUBaleHT, SKBUBAIEHTHYK) MAcCy M OCHOBHOCTh KMCJIOTHL Ha ocHOBaHMu
pacueTa HAaNMLIUTE YPAaBHEHUE PEAKIIUH.

Oreer: 0,5 moaw, 412/ monw,2 .

28. OzHa U Ta e Macca MeTallIa, U3MEPEHHOTo IpH H. . coenunsercs ¢ 1,591 & ranorena n

¢ 70,2cm®  xucmoposa, W3MEDEHHOrO IpH  H.).. BBIUACIMTE OSKBHBAICGHT —TalOrcHa.
Ortser: 126,9 2/ mow.

29. Ha wneitrpamusanuio 1,125 2 masenesoii kucnorer morpe6osanocs 1e  NaOH .
OnpenenuTe SKBUBAIEHT KUCIOTHI. Ortser: 45 2/ mons.

30. OxHO U To *e KoauuecTBo Metaina coequnsierca ¢ 0,6 2 xucnopona u 9,534 2 ranorena.

PaccumnraiiTe S5KBUBAICHT rajoreHa. Orser: 12712/ monw.

CTpoeHue aTOMa M NEPUOANYECKAS CHCTEeMAa XUMHUYECKHUX 3JIEMEHTOB
JI. 1. MenaeneeBa. XuMu4eckasi CBA3b

31. HanuimmTe >0eKTpoHHBIE (OPMYIIBI aTOMOB 31IeMEHTOB ¢ nopsaakoBeiMu Homepamu 40 u
51. Toxkaxure pacnpeneneHue >JIEKTPOHOB STUX AaTOMOB IO KBAaHTOBHIM sfYeiKaM, K KaKOMY

NEKTPOHHOMY CEMENUCTBY OTHOCHUTCS KaXKIBINA U3 ATUX DJIEMEHTOB?
. o 29e29 5
32. Jlnsa atomMa C 2JEKTPOHHOM cTpykTypoii 1S°2S 2p BIUIIUTE B TaOJMLy 3HAYCHUS

4eThIpeX KBAHTOBBIX umcelnl: N, I , M, M. ompenemnsrone Kaxaplil U3 3IEKTPOHOB B HOPMaJILHOM
| S

cocrosiauu (Tadmmia 1).

Ta6J'II/II_Ia 1- Pacnpe;[eneHHe QJICKTPOHOB € MTOMOIIIBIO 4-X KBaHTOBBIX YHCEII

KBanTOBBIE Howmep snektpona
yucia
1 2 3 4 5 6 7 8 9
n
I
m,
mS
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33. Hanummre 31eKTpOHHBIE (POPMYJIBI aTOMOB 3JIEMEHTOB C MOPSAKOBBIME HOMepamu 39 u

53. Pacnpenenute 31eKTPOHBI 3THX aTOMOB 10 KBaHTOBBIM sueiikaM. K KakoMy >JI€KTPOHHOMY

CEMENCTBY OTHOCUTCS KaXAbIA U3 3TUX HJIIEMEHTOB?

34. Cxonmbko cBoGomubix O — opburaneii comepxurcs B atomax SC, TI, V ? Hanmmmre

OJICKTPOHHBIC (bOpMy.]'IBI ATOMOB 3THUX 3JICMEHTOB, IIPUMCHUB ITIpaBHJIa KneukoBckoro.

35. DHepreTMueckoe COCTOSIHME BHELIHEro 3JIEKTPOHA aToOMa OMMCHIBACTCS CIIECAYIOUIUMU
3HaueHUsIMU KBaHTOBBIX uncen: N =4, | =0, m, = 0, M, = —. ATOMBI, KaKUX 3JIEMEHTOB UMEIOT

Takoi 3ekTpoH? CocTaBbTe 3JEKTPOHHBIE (OPMYIBI ATOMOB 3TUX AJIEMEHTOB, IIPUMEHUB IMpaBHJIA
KiieukoBckoro.
36. Kakoe MakcMMajlbHOE YHMCJIO 3JIEKTPOHOB MOTYT 3aHumath S-, P-, d- u f -op6uramu

JaHHOT'O SHCPIr€TUYICCKOI o ypOBHSI? HO‘IGMY? Hanummre SJICKTPOHHYIO (bOpMy'J'Iy aToMa 2JICMCHTA C

HOPSAIKOBBIM HOMEPOM 2.

37. Kakue op6uTaiy aroma 3amoiHsroTcs snekrponamu panbine: 4S8 i 3d; 6S wm 4p?
[Mouemy? Hanummre 31eKTpoHHYI0 (GOpPMYITy aTOMa SIEMEHTA ¢ HOPSIKOBEIM HOMEpoM D0 .

38. Kak 3aBHCHT JHEprus 5IeKTPOHA B aTOMe OT opOuTanbHOro kantooro uucna () mpu
TIOCTOSHHOM 3HAYeHHH TIaBHOTO KBaHTOBOTO umcna (N ): yBeaMumBaeTcs, yMEHbIIAeTcs ¢ pocToM |
WJIM OCTaeTcs Hen3MeHHON. OTBET MOTHBHUPYITE.

39. Kakue op6uTanu atoma 3amonssiorcs snekrponamu pausme: 4d wm 5S; 6S wm 5p?

[Touemy? Hanummure 351eKTpOHHYIO (OPMYITy aTOMA DJIEMEHTA C TTOPSAIKOBBEIM HOMEPOM 9.

40. CKOJBKO aTOMHBIX OpOHMTaneil cojepkuTcs Ha moayposae, mis xotoporo: | =0; | =1;
| =2. O6pacuure.
41. Hanumute 510eKTPOHHBIE GOPMYIEI aTOMOB 31IEMEHTOB C TIOPSAKOBBIME HOMepaMu 35 1

73. Cxompko cBobomHbX O - opOuTaseil y aTOMOB MOCIEIHETO YIeMeHTa?
42. Kakoe MaKCUMaIbHOE YHCIIO AIEKTPOHOB MOXKET CO/IEPKAThCS Ha DHEPTEeTHUECKOM YPOBHE:

n=2,n=3,n=4,n=5?

43. Hanummure 31eKTpOHHBIE (POPMYIIBI aTOMOB 3JIEMEHTOB C TOPAAKOBBIMM HoMepamu 49 n

75. Yemy paBeH CyMMAapHBIH CIIUH p) - SEKTPOHOB y aToMOB mepBoro u d - 51ekTpoHOB y aToMOB

BTOPOTO 3JIeMeHTa?
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44. CKOJIILKO M KaKue 3HAYCHUS MOXKET NPUHMMAThb MAarHUTHOE KBAaHTOBOE 4uciIo M, mpu
op6uransaom uuciie | =0, 1, 2, 3? Kakue 51eMeHTbI B IEpHOMYECKOI cHCTeMe Ha3bIBaloT S -, P -

, d -, T -snementamu? IpuBenure npumepsL.

45. Kakue 3Ha4eHHs MOTYT MPMHUMATh KBaHTOBBIe uncna N, |, m,, Mg, XapakTepu3yromue

COCTOSIHUEC JJICKTPOHOB B arome? Kakue 3HaueHHS OHU MNPUHUMAIOT JJIs1 BHCIIHUX 3JICKTPOHOB aTOMa

Maruus?

46. Kakue W3 DJIEKTPOHHBIX (OPMYJ, OTPAKAIOIIMX CTPOCHHE HEBO30YXKIECHHOTO aToMa
HEKOTOpOro sneMeHTa Hesepbl: a) 15°28°2p°3s™ wm 1s°25°2p°; 6) 1s°25°2p°®3s*3p°3d*
wm 15°25°2p°3s°3p°4s® wm 15°25°2p°®3s°3p°3d? 2 Mouemy? Atomam Kakux S1eMEHTOB
OTBEYAIOT IIPABUIILHO COCTABJICHHBIE 3JIEKTPOHHBIE (POPMYIIbI?

47. Hanumute 51eKTpOHHBIE (OPMYJIBI ATOMOB SJIEMEHTOB € TIOPSAKOBLIMU HoMepamu 42 u

33 , YUUTBIBAsA, 9TO y IEPBOTO IMPOUCXOAUT «IIPOCKOK» OAHOTO 55 - OJICKTpOHA Ha 4d - IOAYPOBCHb.

quy paBCH CYMMapHBIﬁ CIIMH d -3JICKTPOHOB y aTOMOB II€PBOI'0 U p -3JICKTPOHOB y aTOMOB BTOPOI'O

3JIEMEHTOB?

48. KBaHTOBbIE dYHCIAa ISl OJIEKTPOHOB BHEIIHETO JHEPreTHYECKOrO YPOBHS aTOMOB
HEKOTOPOTO DJIEMEHTA UMEIOT cetytomme 3Havenns: N =4, 1 =0, m =0, mg =+ E . Hanmmmare

NEKTPOHHYIO (hOPMYTy aTOMa JTOTO 3IEMEHTa M OMpeeNuTe, CKoIbko cBoboaHbX 30 -opOuraneit

OH COJICPIKHT.

49. B yem 3akmouaercs npuHimn [laynu? Moxer au ObITh Ha KakOM-HHOYIb MOJYpOBHE
7 12
aroma P° wmun 0°° snextponos? ITouemy? CocTaBbTe 3JEKTPOHHYHO (OPMYITy aToMma 3JEeMEHTa C

TIOPAIKOBBIM HOMEPOM 82 ¥ YKaKHTE €ro BAICHTHBIE SJIEKTPOHBL.

50. Ha3oBuTe 31€KTPOHHYIO KOH(UTYpalMI0 aTOMOB, MOJB3YSICh AJIEKTPOHHBIMU (hOpMylIaMu
JIIS DJIEMEHTOB € TTOPAAKOBBIMU HoMepamu 12, 25, 45.

51. Ionb3ysace npasuiom ['yHaa, pacnpenenuTe 3IEKTPOHBI MO 3HEPreTUYECKUM sUEHKaM,

COOTBCTCTBYIOIIIMM BHCITHEMY SHEPICTUUCCKOMY COCTOSAHUIO, AJId ATOMOB 3JICMCHTOB C IMMOPAIKOBBIMU

nHomepamu 26, 49, 74.

52. HanumunTte BCce KBaHTOBBIC YHCIIA AJId DJICKTPOHOB aTOMOB! a) JINTHUA, 6ep1/1nm/151, yriepoaa,

0) a3ora, kucioposa, Gpropa.

53. Hanmumure 3Ha4eHUS KBAHTOBBIX YHCEI ml n ms JJIg TEX YCTBhIPHAALATH 3JICKTPOHOB, IJIA

KOTOPLIX T'NTaBHOC U Op6I/ITaHBHOe qucjia COOTBETCTBCHHO pPaBHLBIL 4 n 3 .
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54. Onpenenute 110 npasuiry KIeukoBCKOro NopsaoK 3aloIHeH s SIeKTPOHAMHU HOAyPOBHEil B
aToMax 37eMeHToB, ecnu ux cymMbl (N + 1) cootercTBenno pasnr 4 5; 6.

55. Cxombko cBOGOAHBIX f -opOutaneii comepKuTcs B aToMax 3JIEMEHTOB C HOPSAKOBBIMH
nomepamu 61, 62, 91, 92? TIlone3ysce npasmiom I'yHna, pacmpenenure >I€KTPOHBI 110
SHEPreTUYECKUM sueiikaM Il aTOMOB 3TUX 3JIEMEHTOB.

56. B aromax kakux snementoB |V mnepuoma nambonbmiee umcno He chapensbix O -

snektponos? [Ipeacrasbre cTpykTypy O -momypoBHeii aTOMOB THX 371EMEHTOB.

57. HanumuTe 37eKTpOHHBIE (POPMYJIBI aTOMOB DJIEMEHTOB M HAa30BUTE HX, €CIH 3HAUCHHS
kBaHTOBBIX uncen (N, |, M, , Mg ) SIEKTPOHOB HAPYKHOTO HJIEKTPOHHOIO ClIos ciepyromue: a) 1, 0,

0,+1:2.0,0,-L.6y3,1,-1,-L:3,1,0,-L:3,1, 41, - L.
2 2 2 2 2

58. CocrasbTe »y1ekTpoHHbIe Gopmyisl emte He oTKphIThX dnemenTos N 108,113, ykaxure,

KaKoe MECTO OHM 3aiMyT B nepuoandeckou cucreme /. 1. Menneneena.
59. OxapakTepu3yiTe KBAaHTOBBIMH YHCJIAMM CIEAYIOLUIUME COCTOSHHUS HIEKTPOHOB:

60. Hamummre QJICKTPOHHBIC q)OpMy.HBI aTOMOB JJICMCHTOB W HA30BHUTC HX, €CJIM 3HAYCHUA

a) 2p [} HEH
6) 3d[yty [V ¥ |¥

B) 45 |

KBaHTOBBIX umcen (N, l M,, Mg) DIEKTPOHOB HAPYKHOTO (IIOCIENHEr0) M IPEANOCTEAHETO

QJICKTPOHHBIX CJIOCB CICAYIOUIUEC:

a) 61 0, 01 +la 6; 01 01 _la 6111 _1a +l1
2 2 2

0) 3,2,-2, +£;3,2,—1, +l; 4,0, 0, J_rl.
2 2 2

61. Yro takoe 3Heprus moHmzanuu? B kakux enmHunax oHa BbIpaxkaercs? Kak usmepsercs
BOCCTAHOBUTEJIbHASI AKTUBHOCT S- M [)-3I€MEHTOB B TIpylmnax MNEpUOANYECKOH CHCTEMBI C
yBeIMYEHUEM NOopsAIKOBOro Homepa? Ilouemy?

62. Hcxonss W3 BeNMYMH NOTEHLUMAIOB HOHM3ALUM, YKaXUTE, KaKO M3 IPUBEACHHBIX
snementoB: Be, Mg, Ca, Sr, Ba —npossnser naubonee spxo BbIpa)KeHHBIE METAITHYECKHE

cBoiictBa? [louemy?
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63. Yrto Takoe 3JIEKTPOOTPULATENBHOCTE? Kak M3MeHSAeTCs 3IEKTPOOTPHULATEILHOCTL [ -

JJIEMEHTOB B IIEPUOJE W TPYIIIEC MEPUOJMYECKOM CHUCTEMBl C YBEIMYEHUEM IOPAIKOBOIO HOMEpa

anemenTa? [louemy?

64. Uto Takoe cpoJCTBO K 3JEKTpOoHY? B Kakux eguHuIlaX OHO BbIpaxaercs? Kak uaMensercs
OKHCJIUTENIbHAs AaKTUBHOCTh HEMETAJIOB B IMEPUOJAEC U TPYIIE MNEPUOJUYECKON CHCTEMBI C
YBEJIMYCHUEM MOPSAKOBOro Homepa? OTBET MOTUBUPYHTE CTPOCHHEM aTOMa COOTBETCTBYIOIIETO

QJICMCHTA.

65. CocraBpTe (QOpPMYJIBl OKCHIOB M THAPOKCHIOB 3JEMEHTOB TPETHEro Iepuoia B
NIEPUONYECKON CHCTEME, OTBEYAIOIIMX UX BBICIIEH CTENEHU OKHciaeHUs. Kak u3MeHsercs KucioTHO-
OCHOBHOI XapakTep 3THUX COEJUHEHMH Npu Iepexone OoT Harpus K xjopy? Hamummure ypaBHEHUS
peakiuii, 10Ka3bIBAOLINX aM()OTEPHOCTh TUAPOKCUIOB amoMuHMs. Kakue U3 31eMeHTOB 4eTBepTOro
nepuosia BaHaIui WM MBIIbBIK 00Ja7al0T Oosiee BBIPAKEHHBIMU METAINIMYECKUMHU CBOMCTBaMHU?
Kakoii u3 3Tux 35meMeHToB 00pa3yeT razoo0pa3HOe COSAMHEHHUE ¢ BOA0poaoM? OTBET MOTUBUPYWTE,
HCXOJS U3 CTPOEHMSI aTOMa JaHHBIX 3JIEMEHTOB.

66. Mapraneny o0pa3yeT COEAMHEHHs, B KOTOPBIX OH IPOSBISET CTEHNEHb OKHUCICHHS

+2,+3,+4,+6,+7. CocraBbTe (OpMyJbl €0 OKCHOB, THAPOKCHIOB, OTBEYAIONIMX ATHM

CTENEeHsAM OKucieHus. Hanumunre ypaBHEHMs peakiuii, JOKa3bIBalOIIUX aM(OTEPHOCTb TMAPOKCHIA
maprarna (V).

67. Y Kakoro nsJieMEHTa 4YEeTBEPTOrO IEepHuoJa XpomMa WM CeJeHa CUJIbHEE BbIPaXKEHBI
MeTayuinueckue cBoicTBa? Kakoil W3 3THUX 3JIEMEHTOB 00pa3yeT Ta3000pa3HOe COEAMHEHHE C
BoAopoaoM? OTBET MOTUBUPYWUTE CTPOEHUEM aTOMOB XpOMa U CEJICHA.

68. Kakyro HM3LIYIO0 CTENEHb OKHCIEHUS NMPOSIBISAIOT XJIOp, cepa, a30T u yriuepon? Ilouemy?
CocraBbTe (OpMYJIbI COCIUHEHUH aIOMUHUS C JaHHBIMU 3JIEMEHTAaMH, B 3TOM CTENEHU OKUCIIECHUS.
Kak Ha3pIBatoTCsl COOTBETCTBYIOLINE COEAUHEHNA?

69. V xakoro u3 [ -31€MEHTOB MATOW TPYNNbl MEPHOAUYECKONH cUcTeMbl (ocdopa, WiIn

CYpbMBI, CWJIbHEE BBIPaKE€Hbl HEMETaJIM4eckue cBoiicTBa? Kakoe M3 BOJOPOAHBIX COEAMHEHUN
JAHHBIX JIEMEHTOB OoJiee CHIIbHBIN BOoccTaHOBUTENb? OTBET MOTUBHPYHTE CTPOEHHEM aTOMOB ATHX
JJIEMEHTOB.

70. Hcxons u3 mojoKeHus MeTaina B HepHOHH‘{eCKOﬁ CHUCTEMC, Jaiite MOTI/IBI/IpOBaHHHﬁ

OTBET Ha BOIPOC: KaKoil W3 JIBYX I'MIPOKCHOB SBIsieTcs Gonee cunbHbiM octoannem: Ba(OH),
um Mg(OH),; Ca(OH), wm Fe(OH),; Cd(OH), wm Sr(OH),?

71. KakoBa coBpeMeHHass (OpMyJIHMpOBKa mepuoguueckoro 3akoHa? OOBsCHHUTE, OYEMY B
NEPUOINYECKON CUCTEME BJIEMEHTOB aproH, KOoOalbT, TEUTYp U TOPUHA MOMEIIEHbl COOTBETCTBEHHO

nepes KajaueM, HUKelleM, HOJOM U IPOTaKTUHUEM, XOTS U UMEIOT OOJBIIYI0O aTOMHYIO Maccy?
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72. ATOMBI KaKuUX ODJIEMEHTOB YETBEPTOrO MEpHUoja IMEePHOAMUYECKOM CHCTEMBI 00pa3yroT

OKCH[IBI, OTBEYAIONINe UX BbIcuiel cternenu okucienus .0 ? Kakoif M3 HUX gaeT ra3000pa3HbIe
> 25

coenuHeHus ¢ Bogopoaom? CoctaBbTe (POPMYIIBI KHCIOT, OTBEUAIOIINX ITUM OKCHIAM, U U300pa3uTe
uX rpau4ecKu.

73. KakoB xapakTep M3MEHEHHsI CBOMCTB >1eMeHTOB B V Neprojie NEPUOANYECKON CHCTEMBI?
KakoB nops110k 3al01HEHUS 3JEKTPOHHBIX 000J04YEeK aTOMOB 3JIEMEHTOB 3TOr0 Iiepuoja?

74. Kakoe MONOXEHHE 3aHMMAET XUMHUYECKMHM 3JIEMEHT XJIOp B IEPUOAMYECKON cHucTeMe
anemeHToB Jl. 1. Menneneesa? Kakue creneHu oKUCiIeHUs XapakTepHsl Juist Xjopa? Kak uzMenstorcs
KHUCJIOTHBIE, OKUCIIUTEIbHO-BOCCTAHOBUTENIbHBIE CBOMCTBAa U TEPMUYECKUE CBOWCTBA (yCTONYMBOCTD)
B PsLy KUCIOPOACOAEPKAIIUX KHCIIOT XjIopa?

75. Kakue BomoponaHBIE COEIMHEHMs 00pa3yroT [ -31eMeHThl BTOporo nepuona? Kak

M3MEHSIOTCS IPOYHOCTh U KUCJIOTHBIE CBOMCTBA 3TUX COEMHEHUH B IEPHO/IE ClIeBa HANpaBo?

76. Kakyro XMMUYECKYIO CBSI3b Ha3bIBalOT KoBaneHTHON? Kak mMeron BanentHsix csseit ( BC)
OOBSICHACT CTPOSHHE MOJICKYJIBI BOJIBI?

77. Kakasg KoBaJleHTHasl CBSI3b HA3bIBACTCSl HEMOJSIPHOM M Kakas HoJisipHOM? UTO ciayXuT

KOJIMYECTBEHHON MepOil MONAPHOCTH KOBaJIeHTHOH cBs3H? CoCcTaBbTE IEKTPOHHBIE CXEMBI CTPOEHUS
monekyn N,, H,O, HI . Kakue u3 nux sisisrores munonsmu?

78. Kakoif cnoco6 o0pa3oBaHHsS KOBJIEHTHOH CBS3M Ha3bIBAeTCs JOHOPHO-aKLIENTOPHBIM?

+ _
Kaxue xumnueckue csizu nmetorest B monax NH,  n BF, ? Ykaxure nonop u akuenrop.

79. Kakas xoBaJleHTHasi CBsI3b Ha3bIBaeTCsl O -CBA3BIO M Kakas 77 -cBsi3pio? PazOepure Ha
MIpUMepe CTPOSHUSI MOJIEKYJIbI a30Ta.

80. Kakas xumuueckas cBs3b Ha3blBaeTcsi HOHHOU? KakoB MexaHusm ee oOpazoBanusa? Kakue
CBOWCTBA MOHHOMW CBS3M OTJIMYAIOT ee OT KoBasieHTHOM? [IpuBenuTe 1Ba mpuMepa TUITUYHBIX HOHHBIX
coeauHeHuil. Hanummre ypaBHeHHs IpeBpallieHUs] COOTBETCTBYIOIIMX HOHOB B HEUTPAJIbHbBIE ATOMBI.

81. Kak m3MeHSI0TCS B MEPUOJIE CIIEBA HANPABO W B TPYIIE CBEPXY BHU3 aTOMHBIC PaIUyCHI
AJIEMEHTOB: @) YMEHBINAIOTCS; 0) YBETUUHBAIOTCS; B) OCTAIOTCS HEeM3MeHHBIMH? OTBET MOTHBUPYHTE.

82. Kak m3MeHsieTcs 3JeKTpOOTPULIATEIbHOCTh aTOMOB 3JIEMEHTOB NP MEPEXoie B Mepuojie
CJIeBa HAIIPaBO U B IPYIINE CBEPXY BHU3: a) yMEHbIIAETCs?

0) yBenMuMBaeTcs? B) OCTaeTcs Heu3MeHHbIM? OTBET MOTUBHUPYHTE.

83. Mcxons w3 3HAUYEHWM SHEPIMM HMOHW3AIUHM, YKAKHUTE, KAKOM M3 DIIEMEHTOB IPOSBISAET
Hanbonee BEIpaxkeHHBIe MeTammueckue coiictea: LI, Na, K, Rb,Cs.

84. Ucxoas U3 BENMYHH 3JIEKTPOOTPULIATETLHOCTH, YKOKUTE, KAaKOW M3 3JIEMEHTOB o0Jsajaer

HauOOoIbLIEH CIOCOOHOCTHIO IIPUHUMATH DIEKTPOHBL: F | Cl,Br, 1?2
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85. Kakoe W3 mpuBEACHHBIX Ta3000pa3HBIX BOJOPOMHBIX COCAMHEHHUN HamOoJiee MPOYHO U

xakoe Haumenee npouno: NH,, PH,, AsH,, SbH,, BiH,?

3HepreTnKa XUMHYECCKHUX MpoeccoB

(XumMun4yeckoe CpoacTBo)

86. BblunciuTe, Kakoe KOJNMYECTBO TEILIOTH BblAenuTcs npu BoccraHosiaernn Fe€,0,
MeTaJIMYeCKUM aTIOMUHHEM, eCli ObLI0 MotydeHo 335,12 xenesa.

87. Tazoobpasueii stunossii cupr C,H.OH wmoxuo momyunts mpu B3aumoneiicrenn
srunera C,H, u BogsHbIx napos. Hanummre TepMOXMMHYECKOE PABHEHHE STOH PEaKLMK, BBIYUCIIHB
ee Temwtosoii apdexr. Otser: — 45,67 k/[orc.

88. Boiumrcnuth TerioBoii 3 pexT peakiuu Bocctanosnenus okeua xenesa (1) sogoponom,

HUCXO4 U3 CICAYIOIINX TCPMOXUMUUCCKHUX ypaBHCHI/IfII

FeO(x) + CO(2) = Fe(x) + CO, (2): AH = 1318 ke
CO() + %oz (2)=CO, (2): AH = —283.0 x/forc:
H, () + %oz (2)=H,0(): AH = 24183 /e

Omser: T+ 27,99 Kﬂofc.

89. HaiiTu W3MeHeHHE BHYTPEHHEH DHEPIHM NPH WCTAPEHUHM (D & STHIOBOTO CIIUPTA ITPH

TeMIepaType KUIIEHHs, €CIU yjelbHas TEeIuioTa ero umcnapenus pasua 857,7 [l e, a ynenbHbrii

o0beM Tapa npu Temmneparype kunenus pasen 607 cm® | 2. O6bemom xuaKoCTH npeHeOpeyb.
Otser: 99,72 k/[ic.

90. Ilpu B3auMOAEMCTBUU Tra3000pa3HBIX CEPOBOJOPOJA M TUOKCHUJA YTIepojia 00pa3yroTcs
napsl Boasl u cepoyriepoga CS, (2). Hamummre TepMOXMMHYECKOE ypaBHEHHE STOH pPeakIuu,

BBIYHCIIMB €€ TeTIOBOM (P (DHEKT.

Otser: 65,43 k/lonc.
91. HanmmuTe Tepmoxumuueckoe ypasHenue peakuun Mexay CO(e) u Bomopomom, B
pesynbrare kotoporo obpasyrores CH,(2) u H,0(e). Cxonbko Temnorsl BeLIETMTCS NpH STOM

peakuuu, ecnmu Obulo momydeHo 07,21 MeraHa B mepecueTe Ha HOPMAJbHBIE YCIOBHSA?

Otser: + 618,48 k/[orc.
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92. PactBopenne moust Gesogroit conn Na,CO; B nocratourHo GONBIIOM KOIHYECTBE BOIBI
conpoBoknaercss  BeienenneM 29,10 k/[o)c TemmoTe, Torma  Tak  OpU  PAcTBOPEHHH
kpucramorugpara Na,CO; -10H,0 nornowaercs 66,94 k/[orc ternorsl. Beruncauts temiory

TUIpaTalyu Na,CO, (Temtory 00pa3oBaHus KPUCTAJLIOTUIPATA).
Otser: — 92,04 x /.

93. [lpn B3aMMOJCHCTBHH Ia3000pa3HBIX METaHA M CEPOBOIOPOJA 00Pa3yrOTCs CEPOYIIIEpO.

CS2 (Z) 1 BOOOPO. Harmmmre TEPMOXUMHNYECKOEC YPABHCHHUEC 3TOM pCaKlru, BBIYHUCIIUB €€ TEIJIOBOH

¢ dekr.
Otser: + 230,43 x/{oc .

94. Kpucraqumyeckuil XJOpHJ aMMOHHUS 00OpasyeTcs NMpH B3aUMOJCHCTBHU Ta3000pa3HBIX
aMMMaka U xjopuja Bojopoaa. Hanummure TepMOXMMHUYECKOE ypaBHEHUE ATOH pEaKLUH, BHIYMCIHB

ee TemwioBoil 3¢Qekr. CKONBKO TEIIOTHI BBUIEINTCS, €CIIM B peakuuu O0buio uzpacxonosano 10 7

aMMHuakKa B IepeCcUCTC Ha HOpMAJIbHBIC YCHOBI/IH?

Otser: + 78,97 k/[orc.

95. TennoBoit >3 ekt kakoii peakiuu paseH Temnore oopazosanus NO ? Beruncnute Tennory

obpazosanus NO, ucxons u3 cieaylomux TEpPMOXMMUYECKHX YPABHEHUIA:

4NH, , +50,,, =4NO,, +6H,0,,, ; AH =-1168,88 x/oc;

3() 2(2) (o)

4NH, . +30, ,=2N, . +6H,0 AH =+1530,208 x/[c.

3() 2(2) 2(2) () *

Otser: 90,37 k/[oc.

96. TemnoBoil 3¢ ¢deKT KakoW peakiyd paBeH TeIoTe oOpa3oBaHusi MeraHa? Beraucnure

TCIUIOTY 06p330BaHI/IH METaHa, UCXOJAd U3 CICAYIOIINUX TCPMOXUMHUYCCKUX ypaBHeHHﬁ:

Hy + %02(2) =H,0,: AH =—285 84 k/loc;
Cy +20,,, =CO,,; AH =—-393 51 k/foic;
CH,., +20,,, =2H,0,,, +CO,.; AH =-890,31x/xc.

Otser: — 74,88 xk/{ic .

97. TenmoBoit 3(pdeKT KakoW peaKkIuu paBeH TEIUIOTe OOpa30BaHUs THAPOKCHUIIA KaJIbIUs?
Breraucnure TCIIIOTY O6p330BaHI/I${ TUAPOKCHUAA KaJIbIUsAd, UCXOAA U3 CICAYIOIINX TCPMOXUMHUYCCKUX

YPaBHEHUN:

1
Cay, +3Ozy =Ca0y,; AH =-635,68 k/Jc;

2(2) —
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H2(e) +%02(2) =H,0,, ; AH =-285,84 x/lxc;
CaQ, + H,0,, =Ca(0H),,:; AH =—-65,06 x/[oc.

Otset: — 986,50 x/[owc [ monw.

98. TemnoBoil 3P deKT peakuu CropaHus >KMJIKOro 0eH30s1a ¢ 00pa30BaHUEM IapOB BOJBI U

oxcuma yriaepona (1V) pasen —3135,58 x/[orc. CocraBbTe TepMOXMMHYECKOE ypaBHEHHE STOM

peakuuy 1 BeluciuTe Terory oopasosanus CyH (o) Orser:
+ 49,03 x/{oric.

99. Ilpu B3aumozeiicTBIK Tpex Moiel remuokenza asora N,O ¢ ammuakom oGpasyrorcest azor
u naphl Bobl. Temnosoii a¢pdexr peakuuu pasen — 877,76 k.
Brrunciate remory o6pasosanus N,O ). Otser: + 81,55 x/{oic.

100. Berumciute, CKOJNBKO TEIUIOTHI BhIAEIUTCS mpu cropanun 165 71 (H.)y.) auermnena
C,H,, ecim npomykramm cropanus sBistorcs okenp  yriaepopa (IV) m o mapsl  Bogwl?

Otser: + 9248,8 x/]uc.

101. Peakuus TOpCHU MCTUJIOBOI'O CITUPTA BBIPAXKACTCA TCPMOXUMUYICCKUM YPABHCHUCM:

3

CH30H(%)+EO =C0O,,, +2H,0,,,; AH =7

2(2) 2(2)

Brlunciaure TemiaoBoM B(I)(beKT 3TOM peaknuuu, ¢€Ciiu H3BCCTHO, UYTO MOJIbHAsg  TCIJIOTA

napoo6pasosanns CH,OH i pasua + 37,4 k/]oic.

102. Tpu cropanmun 1152 xunkoro stunosoro cmupra (C,H,OH) Beizenmiocs
308,71 k/{oic Tennorel. HamuimuTe TEpMOXMMHUYECKOE yPABHEHHE PEAKIMM, B PE3YIBLTATE KOTOPOIi
oGpasyiorcst mapsl Boas! 1 okeuy yriepoaa ( 1V). Berancnure temnory o6pasosanus C, H ,OH (orc) .
Otser: — 277,67 x/[orc.

103. Beruuciute TemwioBoi 5QQEKT peakiuM M HANMIIMTE TEPMOXMMHUYECKOE yPABHEHHE

roperns 1 mone srana C,H (2), B pesynprare xoroporo 06pasyroTcst mapbl BOABI M OKCHJL

3
yrnepoga (V). Ckonbko TemnoTsl BbimenuTcs npu cropanud 1.M° STaHa B IlepecueTe Ha

HOPMAJIbHBIC YCIIOBUA.

Otset: 63742,86 x/[oic.
104. Tlpu B3ammoneiicteun 6,32 xenesa c¢ cepoit Beimenunocs 11,31 x/[o#xc Tennotsi

Berauciure TemnoTy obpasobanus cyabduna xenesa (11) FeS .
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Otser: —100,26 x/[orc.

105. Tlpu cropaunu 1.1 anerunena (H.y.) Boimemsercs 96,0593 x/[oic rennorer. Hanmmmre
TEPMOXMMHUECKOE YPABHEHHME PEaKIHH, B Pe3ylbTaTe KOTOPOH 0Opa3yloTCs Taphl BOJABI M OKCHIL

yrnepona (1V). Beruncnure temnory o6pasosanus C,H, (2) . Ortser:
+ 226,75 x]oic.
106. Tlpu monydyeHHH SKBHUBAJIEHTHOM MAacChl THAPOKCHJIA KaJbLMS U3 CaO(K) u HZO(M)

Beifensgercs 32,93 k/[oic Temnorsl. HanmuiumTe TepMOXMMMYECKOE YpPAaBHEHHE BTOH peaklMH U

BBIUUCIIUTE TEIUIOTY 0Opa30BaHUS OKCHJIA KAJIBITHSL. Ortser:

—635,6 x/{orc.
107. Moacuuras AG® peakumn: N, +2H,0 = NH,NO,. Onpenenure, Bo3mMoxHa Jin
takas? AG(NH,NO,) =-256,04 x/[c.

108. Tonb3ysick 3nauenusmu AG® pearupyromux Bemects, paccuutaiite AG® peakiuu n

onpenenute Bo3moxHocTh ee npotekanus: PDO (k) + C (k) =CO(e) + Pb(k).

109. Ha ocHoBaHuM 3HAUYECHUU AG°298 MPUBEJCHHBIX HIKE OKCHIOB T€pMaHHUs, 0JIOBA U

CBHHIIA, YKAKHUTE, KAKHE U3 HUX ABIAIOTCS OKUCITUTENISMHU, KAKUE BOCCTAHOBUTEIISAMH.
PbO, (k) + Pb(x) =2PbO(x);
Ge,0,(x) + Ge(x) = 2GeO(x);
SnO, (k) + Sn(x) =2SnO(k);
AG®,44(SNO, (x)) =—519,65 /ot monw;
AG® 5, (SNO(x)) =—257,32 k/{orc] mons.

110. Peakums ropennst OGemsoma Boepaxaercs  AG® ., (SNO, (k) =—519,65 x/{orc
TEPMOXUMHYECKUM YPABHEHUEM:

CH¢(orc) + 7,50, (2) =6CO, (2) + 3H,0(e); AH =?
Boruncnute TeruoBoit 3ddexT  ITOM peakuMM;  €ciAM U3BECTHO, YTO MOJIbHAsl TeIioTa

napooGpa3zoBanus Genszona pasna + 33,9 k/[oic .

111. Bormcnuts  AH®,  AS°, AG°, peakuuu, nporekaromeil [0 ypaBHEHHIO:
TiO, (k) + 2C(x) =Ti(x) + 2CO(2).

Bosmoskna i peakius Boccranosienus 110, yrineponom npu temneparypax 1000 u 3000K ?



Tabmnuua 2 — CraHapTHbIC TEIOTH! (3HTANBIMN) 06pasoBarus AH © o, HekOTOpBIX BelecTs

BemecTtBo CocrosHue AH?®° 2081 BemecTtBo CocrosiHHE AH 0298’
ke | monw ke | monw

1 2 3 4 5 6

C,H, 2 + 226,75 CO 2 —-110,52
CS, 2 +115,28 CH,OH 2 —-21017
NO 2 +90,37 C,H,OH 2 —23531
C.H, 2 +82,93 H,O 2 — 24183
C,H, 2 +52,28 H,O Y% — 285,84
H,S 2 —-2015 NH,CI K —-315,39
NH, 2 —-46,19 Co, 2 —-39351
CH, 2 —7485 Fe,O, X 88210
C,H, 2 - 84,67 Ca(OH), K —-986,50
HCI 2 -9231 Al,O, K —-669,80

XuMHuYecKasi KHHETHKA U XUMHYeCKoe paBHOBECHE

112. Okucnenrne aMMuaka UAET 10 YPaBHEHHIO:

ANH, +50, <> 4NO + 6H,0 .
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‘lepe3 HCEKOTOPOC BpEMs IIOCJIC Hadadlla PCaKIMU KOHLCHTpPAIIMU PpCarupyromunx BEIICCTB ObLIH

(moawl 1): [NH,]1=0,9; [O,]=2,0; [NO]=0,3. Beraucinre xouuenrpauno [H,0] B sror

momenT M Havanshble KoHuentpaunn [NH;] u [O,].

0,45 monvl 1; 1,2 monwl n; 2,375 monw/ 1.

OTtBeT:

113. Tpu 393 K peaxkuus 3akanumBaercs 3a 25 MHUHYT. Uepes CKOJIBKO BPEMEHH 3Ta

peaxuus 3akonuntcs npu 443 K, ecnu temneparypHbliii kod(HIMEHT CKOPOCTH PEAKIMU PaBeH

2,57

Orser: 15,3 ¢C.

114. Peakuust mporekaer mo ypasuenuto N, +3H, <> 2NH,;. Kak n3mennrcs cxopocts

pcaKknuu, €ClIn

OtBert: B 375 pas.

KOHICHTPAIUIO [ N 2 ] YBCIUNYUTL B

3 paza, a

[Hz] B

S5 pas.
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115. Koncranra ckopoctu peakunn A+ 2B <> C pasua 0,6 1° - moaw - ¢ . Hauanbhas
xonnentpauus: [A]=5 monvl 1, [B]=3 monv/ 1. Kakosa crana xonuentpanus Bemectsa A 1
CKOPOCTh peaxiyy, ecnn B pesynbTare peakuuu [B]=1monw! 1.

Ortser: 4 moavl 1;2,4 monwln-c.

116. Koncranra pasHoecust peakuun N, +3H, <> 2NH, pasia 0,1. PasuosecHsie
xouuentpauny; [H,]=3 monv/ 1, [NH;]=9 monws/ 1. Paccunraiite ncxoanyro u paBHoBecHyto

xonuentpaumio [N, ].
Oreer: 34,5 moaw! 1; 30 moawl 1.

117. Pasnoxenue N,O nporexaer no ypasuenno 2N, O =2N, + O, . Koncranta ckopoctu

JaHHOM peakuun D5 107 - mun™ - moaw ™. Hauanenas xouuentpaus [N,O] =6 monv/ 1.

Onpejennre CKOPOCTb peakluy B HadaibHblii MomeHT Korja pasnoxutcs 50 %  N,O.
Oreer: 0,018 monw/ 1+ mun, 0,0045 monwl - mun.

118. Koncranta pasHosecust romorenHoit cucremsl N, +3H, <> 2NH, npu sexoropoii
temnepatype pasHa 0,1. PaBHOBecue KoOHIEHTpalmuu BOAOPOJA M aMMHAKa COOTBETCTBEHHO PaBHBI
0,2 u 0,08 Monb/ . BoluuciuTe paBHOBECHYIO U HCXOAHYIO KOHIIGHTPALMM  a30Ta.

Ortser: 8 moawl n; 8,04 monwl n.

119. Papuosecue B cucreme 2Cl, , +2H,0., =4HCI  + O,.., ycranosuiocs mpu

2(2)
cnenyrommx konuentpamusax (Mmoawl n): [Cl,]1=08; [H,0]=2,2; [HCI]=11; [O,]=16.
Bolumcnnth  KOHCTaHTy — paBHoBecus u  ucxommbie  kommentpaumu  [ClL,] w [H,O].

Ortser: 0,75 monwv/ 1.

120. B  kakoM  HampaBieHMH  OyAeT  cMemarbes paBHOBECHE  pEaKlUu

2Cl,,, +2H,0,,,) = 4HCI ) + O,,, npn ymenbiennu oGbema B Tpn pasa?

121. Ha ckoibKO HYXHO TMOBBICUTH TEMIEpPATypy, YTOOBI CKOPOCTh peakuuu Bo3pocia B 50

pa3? TemmeparypHblii kodpduiment pasen 2,3.

Ortsert: 47°C .

122. Onpenenuth TemrnepaTypHbId KOAPGUIUEHT CKOPOCTH peaKkluu, €CiIu MPHU MOHMKEHUU

temneparypsl Ha 45°C peaxuus zamemmanace B 30 pas.
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Orser: 2,13.

123. Ha cKOJIIBKO HYXHO MOBBICHTH TEMIIEPATYPY, YTOOBI CKOPOCTH peakiuu Bo3pocaa B 90

pa3? TemneparypHblii ko3pduiuent pasen 2,3.

Otser: 47°C.

124. Peakuusi mpoTEKaeT MO YpPaBHEHHIO 2A =B. Hcxonnas KOHIICHTpallKs BeEIleCTBa

[A]=0,5monb/ 1. Koucranta pasnosecuss peaktmu 0,5 monw/ 1. Haiinure paBHOBecue

KOHIICHTPAIIUX BEIECTBA.

Orteer: 0,067 moan/ n; 0,366 monw/ 1.

Cnoco0b! BbIpaskeHUs1 KOHIEHTPAHii pAaCTBOPOB

125. Bbuuciuth MONSspHy u HopMaibHyto koHuentpauuun 20 % —20 pactsopa xsopuna

KaJIbIHs, INIOTHOCTH KoToporo 1,178 2/cm 3,
Otser: 21 M , 4,2 h.

126. Yemy pasna nopmanbHocTh 30 % —20 pacteopa NaAOH , nmotmocts kotoporo

1,328 2/cm®? K 1n osroro pacteopa npuGaBwim 5.1 Bombl. BMHCIHTE IPOLEHTHYIO

KOHLEHTPALUIO MTOJIyYeHHOTO pacTBOpa.

Orser: 9,96 1.; 7,3%.

127. Boraucinute HopMasibHyro 1 MosuibHyko koHuentpaimio 20,8 % — 2o pacrsopa HNO,,

3
mroTHOCTH KoToporo 1,12 2/ cm”. Ckombko rpaMMoB kucinoTsl cofepskntcs B 4 71 atoro pactopa?

Orser: 3,7 H., 417 m, 9318 2.

128. K 32 10%—20 pacteopa HNO, mwrothocteio 1,054 2/cm® npuGasmmn 5 1

y 3
2% — 20 pacropa Toit xe kucrmotsl mmotHocthio 1,009 2/cm”. Belumcnute mpoueHTHYIO 1
MOJISIPHYKO ~ KOHIIEHTPAIlMIO  MOJYYEHHOTO pacTBopa, 00BEM KOTOpPOrO paBeH 8 JI.

Oreer:5%,0,82 M .

129. BeluMciuTe MOISPHYIO, SKBHBAJIEHTHYIO M MOJSUIbHYH KoHuentparuu 16 % — 2o

pacteopa xnopua amomuans ( AICI, ) mwiotsoctsio 1,149 2/ e’

Orser: 1,38 M , 414 1,143 m .
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3
130. CxonbKO M KaKoro BellecTBa ocTaHeTcss B M30bITke, ecnu k (D cm” 0,3 1. pactBopa

H,SO, npubasuts 125 ey’ 0,2 1. pacreopa KOH 2

Ortser: 0,14 2 KOH .

131. Jns ocaxnuenus B Buge AQCI Beero cepeGpa, comepxamerocs B 100 cu® pacreopa
AgNO,, norpebosanocs 50 cu® 0,2 n. pacteopa HCI. Kaxoea mopmamsHOCTs pactsopa

AgNO,? Kaxas macca AQCI Bbmana B ocanok?

Orser: 01x.; 1,435 2.

132. Kakoit 06vem 20,01 % — 20 pacteopa HCI (mwiotnocrs 1,12/ cm®) tpebyercsa s

npurorosnenns 1.1 10,17 % — 20 pacrsopa (0 =1,050 2/ cu®).
Orser: 488,88 cn®.

133. Cmemamn 10 cm® 10 % — 2opacteopa HNO, (p=10562/cn’) u 100 cu®

30% —20 pacreopa HNO, (p=11842/ cv®). BbMMHCINTE NPOLEHTHYIO KOHLEHTPALMIO

HOIYYEHHOTO PACTBOPA. Otser: 28,38 %.
134. Kakoii o6sem 509% —20 pacteopa KOH (p =1538 2/cm®) tpebyercs mms
npurorosnerns 3 7z 6% — 20 pacreopa (o =1,0482/cn’)?
Orser: 245,5 e’
135. Kaxoii o6bem 10 % — 20 pacteopa xap6onara matpus (o =1,05 2/ cm®) tpebyercs

st mpurotosnernst 5 1 2% — 20 pacteopa (p =1,02 2/ cm®).
Orser: 9231 cn®.

136. Ha neitrpammsanmo 31cm® 016 n. pactsopa menoun tpebyercs 217 cm® pactsopa

H,SO, . Yemy pasubl HopmansHocTs U THTp pacteopa H,SO,?

Oreer:0,023 1., 1,127 102/cn’.

137. Kakoit oosem 0,3 #. pactBOopa KmcioThl TpeOyeTcs Ul HeHTpaiu3aluy pacTBOPA,
conepsxamero 0,32 2 NaOH s 40 em®?

Orser: 26,6 e,
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138. Ha meiirpamusammio 1.1 pactsopa, comepxamero 1,42 KOH , tpe6yerca 50 cu®

pacTBOpa KHCJIOTHI. Brruucnoure HOPMAaJIbHOCTDH pacTBOpa KHCJIOTHI.

Ortser: 0,53 1.

139. Kakas wMacca HNO3 colepXkajlach B PAacTBOpE, €CIM Ha HEUTPAIM3ALUI0 €ro
norpe6osanocs 35 cm® 0,4 n. pacteopa NaOH? Kakos turp pacteopa NaOH ?

Orser: 0,882 2, 0,016 2/ ca’®.

140. Kakyro maccy NaNO, wyxuo pacrBopure B 4002 Bombl, 4TOOBI IPHTOTOBUTH

20 % — w111 pactBOp? Otset: 100 2.

141. Cvemamu 300 2 20 % — 20 pacteopa u 5002 40 % — 20 pactopa NaCl. Yemy

paBHa NPOILIEHTHAsI KOHLIEHTPALK [TOJIy4eHHOT0 pacTBopa?

Otsert: 32,5 %.

142. Cvmemamu 247 2 62% — 20 u 145 2 18 % — 20 pactsopa cepnoii kucnotsl. Kakosa

MPOIICHTHAS KOHIIEHTPAIIS TTOJIYY€HHOTO pacTBopa?

Otset: 42,75%.

143. U3 700 2 60 % — 20 pacrtBopa ceproii kucnots! Bemapusanuem yaamain 200 & Bomsl.

quy paBHa MMPOLCHTHAA KOHICHTpanu-d OCTaBIICTOCA paCTBopa?

Oteert: 84 %.

144. M3 10 ke 20% — 20 pacropa mpu oxnaxaenuu Boigemunocs 400 2 comu. Yemy

paBHA MPOLUCHTHAA KOHLUCHTPpAUA OXJIAXKJICHHOI'O paCTBopa?

Ortser: 16,7 %.
145. Boruncinre crenens auccommannn HNO, B ee 0,01 M pacrsope n xonuentpaumo

MOHOB BozI0posia a pacteope, ecin K, = 4,6 107,

146. B 61 mnacwmennoro pactsopa PBSO, conepxurcs 0,186 2 wona ceumua (11).

BEIUICINTE IPOM3BEICHHE PACTBOPUMOCTH.
-8
Orser: 2,25-107.

147. Onpenenvute KOHCTAHTY JUCCOLMAIIMN KUCIOTHI, €CJIM BOJOPOIHBIN MOKA3aTeNb B 0,08 H.

pacTBope 0JIHOOCHOBHOI kucinoTsl pasen PH =2,4.
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148. B 0,5 1 pacrsopa conepxutcs 2 2 Hesnexrponuta, u 310t pacteop npu t =0°C umeer

5
ocmoTnueckoe nasnenue, papaoe 0,51-10° I1a . Onpenenure MonekynapHylo Maccy pacTBOPEHHOIO

BCIIIECTBA.

149. Konuenrpanus nHaceiuennoro npu t=20°C pacrBopa cepoBOIOPOAHON KUCIOTEI
cocrauser 0,13 monw/n. Koucranra mmccormarmu no mnepBoii crymenn K I =1-10"".
Onpenenute konuentpanuu nonos [H ™ Ju [HS].

150. Ilpomssenenue pacteopumoctd nomuaa cepedpa Agl 8,5-107". O6pasyercs am

ocanok, eciu cMewars pasubie 06bemst 0,02 #. pactsopa KJ u 0,04 #. pacrsopa AgQNO,?

151. Onpenenure PH 0,001 M pacteopa KOH , cunras aucconumanuro nonnoii.

152. Onpenenure pH pacTBopa B 37 KOTOPOTO COJICPKUTCSA

0,81-107° 2 — uonos[OH] .

153. Kakoe xomnuectso Hurpara cepedpa ( AGNO,) coxeprkanocs B pacTBope, eciu 13 3T0ro

pacTBopa 6b110 BeITecHeHO Menbio 4,32 2 cepebpa.

154. Us 321 50 % — 20 pactsopa exoro kamms, mwioTHocTs Kotoporo pasna 1,512/ cu®,
nykno npurotosuts 10 % pacteop (p =109 2/cm®). Ckombko Bombl HyKHO B3STH I
IIPUIOTOBIEHHS YKA3aHHOTO PacTBOpa?

155. KoHCTaHTa IMCCONHMALMN CEPOBOTOPO/IHO KHCTOTH 1o TepBoii crynenn K, =9 1078,
Onpenenuts KoHueHTpauuio Bogopoausx noos B 0,1 #. pactope H.,S .

156. TIpu t =20°C B 17 wacemmennoro pacrBopa momuma cepeopa Agl comepxmrcs
0,044 2 conu. Beraucnure npousBeeHUe PaCTBOPHMOCTH.

157. Cxonbko rpammos CaCl, norpebyercst wis npurorosnenus 2.1 20 % — 20 pacrsopa,
mnoTHOCTH paBHa 1,177 2/ em’®. Oteet:470,8 2.

158. Crenens auccommamun H,PO, no nepsoit crynenn 8 0,1 M pactsope pasna 0,17 ne

YUYUTBIBAsA AUCCOLNUAINIO IO CICAYIOMIUM CTYIICHAM, BBIYHUCIUTC KOHICHTPAIIUO BOAOPOJHBIX NOHOB

[H™] B pactope.

159. Pacreopumocts BaCO, passa 8,9-107° moawn/n. Bermcmate mpowssencHue

pacTBOpuUMOCTH KapOoHaTa Oapus.
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160. KoHueHTpauys HOHOB Bogopoaa B pacteope pasHo 2,5-107° 2 —uon/ 11, oupenennre

pH u pOH.

161. K 780 mn 20% — 20 pacreopa NaOH (p =1,225 2/ mn) npubasumu 140 mn
10% — 20 pacreopa NaOH (o, =11152 2/ mn). Onpenenuts NpOLEHTHYIO KOHIEHTPALMIO

HOTy4eHHOTO PacTBOPA. Otser: 18,596 %.

162. Beluuciure creneHb AUCCONMANMUA O U [H+] B 0,1 M pacrsope xnopHoBarucroii

xucotsl, ecn K, =5 1078,

163. Boruuciure Momsipuyto kowuentpauuioo pactsopa  K,SO,, B 0,02 7 xoroporo

conepxurca 17,4 2 pacTBOPeHHOTrO BellecTBa.

164. Crenens nuccounannu 0,1#. pacrsopa NH,OH pasna 1,3% (0,013). Ckomnbko

PacTBOPEHHBIX YacTHII (MOJIEKYI U HOHOB) COIEPXKHUTCS B 1 /1 TAKOro pacTBopa?

165. Tpomnssenenue pactsopumoct PPI, pasro 8,7-107°. Beramcinre kommentparmio

uonos [Pb 2+] u nonos [l ] B nacsuuennom pacreope PbI,.

CaoiicTBa pacTBOpOB

166. Pactsop, comepxaumii 0,512 2 mesnexrponmra B 100 2 Gemsoma C Hg,
kpucrammusyercs npu 6,296°C . Temneparypa kpucrammsanuu 6enszona 5,59°C . Kpuockonugeckas
KOHCTaHTa 51°. Brruucinte MOJIBHYIO Maccy PacTBOPEHHOIO BEIIECTBA.

Ortser: 128 2/ monw .

167. BbluncanTe NPOLEHTHYIO KOHLEHTPALKIO BojHOro pactopa caxapa C;,H,,0O,,, 3Has,

yTO Temmeparypa kpuctamsanuu pacteopa - 0,93°C . Kpuockonuueckas koncranta soasl 1,86°.

Otset: 14,6 %.

168. Bbmunciure Temmneparypy kpucrammmsamuu pactsopa mouesunsl (NH,),CO ¢

comepsxanneM D2 wmouesunsl B 150 2 Bogpl. Kpuockommueckass koHctata Bomsl 1,86°.

Otser: —1,03°C.
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169. BbluncinuTe IPOLEHTHYIO KOHLEHTpauuio BoaHoro pacrsopa rmuepuna C,H_ (OH),,

3uas, uto 31orT pactBop kumut npu 100,39°C . D6ymmmockonuueckas xoncranra Boasl 0,52°.

Orteer: 6,45% .

170. BeluncanuTe MOJBHYIO Maccy HEdIeKTPONIMTA, 3Has, 4To pacTBop, coiepxkammuii 2,25 2
storo Bemectsa B 250 2 Boawl, kpuctammsyercs npu 0,279°C. Kpuockonudeckas KOHCTaHTa
Bozsl 1,86°. Ortset: 60 2/ monw.

171. Beruncinure KpHOCKOIIMUYECKYI0 KOHCTAHTY YKCYCHOM KHMCIJIOTBI CH3COOH , 3Has, 4TO
pactsop, copepxaumii 4,25 2 anrpauena C,H,, B 100 2 ykcycHoii kucnorsl, kpucrammsyercs
npu 15,718°C. Temneparypa KPHMCTAJIN3aLUK ykcycHoit  kuciotel  16,65°C .
Ortset: 3,9°C.

172. Temneparypa KpuUCTaUIM3allAM pacTBOpa, cojepxkamero 06,32  Hekoroporo
nesnekrpomuta B 500 2 Boawr, pasnma 0,558°C. Berumcmure MosibHYH0 Maccy pacTBOPEHHOTO
BemecTsa. Kpuockonudeckas KoHcTanTa Bojsl 1,86°.

Otset: 442 2/ monw.
173. Beluucaure Temmneparypy kpucramnmsamuun 2 %0 — 20 pacTBopa 3THJIOBOTO CIIUPTA

C,H.OH . Kpuockonnueckas koncranra Bogs! 1,86°.

Oreer: —0,82°C.

174. Berauciute MPOICHTHYIO KOHIICHTPAIMIO BOAHOTO pactBopa roko3bl CeH1206 3Has,
4yTO 9TOT pacTteop kunut npu 100,26°C. DOyaamockonuueckas koHcranta soasl 0,52°.
OtBerT: 8,25%.

175. CkombkO rpaMMOB MOYEBHUHBI ciefyeT pacTBoputh B 250 2 Bospl, 4T0OBI TemmepaTypa

kunenus  noseicunack Ha  0,26°?  D6ymmmockomumueckas ~— koHcranta  Bomel  0,52°.

Otser: /,5e.

176. Onpenenute nasnenne mapa 10 % — 20 pacreopa mouesnnsr CO(NH, ), B Boze npu
t=100°C. P,-  nmamenume mapoe Boast mpu 100°C  pasmo  1,01- 10* Ia.
Orser:0,98-10° I1a.

177. Onpenenurte MonsipHyro Maccy anmmuaa, 3Has, uto npu t=30°C naenenue mapa

pactBopa, comepkamero 3,09 2 ammmma C;H,NH, 8 3502 osdupa C,H,,O, pasno
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0,858 -10° I1a, a maBnenue uncroro >dupa mpu Toii xe Temmeparype pasao 0,864 -10°[7a.

Otser: 92 2/ monw.

178. Okucnenne aMmmMuaka mpoTeKaeT Mo YPaBHEHUIO:
4NH,(2) +30,(2) =2N,(2) + 6H,0(o1c) —1528 x/lowc. Onpenemnre  AH®,o(NH, ) n
NH,OH (p), ecau rernora pactsopenns NH,(2) B Bone pasna 34,65 x/{orc.

179. Beraucnuts Temneparypy kunerus 15 % — 20 Boanoro pactsopa mponmioBoro crnmpra

C,H,0H . 56ynmockonnueckas koxcranta Bogs! passa 0,52°.

HNonHo-Mo1eKy/IsipHbIE (MOHHBIE) peaKuu 00MeHa
180. CocTaBbTe MOJIEKYJISIPHBIE U HOHHO-MOJIEKYJISIPHBIE YPaBHEHUS peakuil B3aUMOIEHCTBUSA
B PacTBOpax, MOCYUTAUTE CYMMY CTEXHOMETPHUYECKUX KOI(D(OUIIMEHTOB B COKPAIICHHBIX YPaBHEHHIX

MEKIY:
a) H,S0, n NaOH ;
6) K,SiO, n HCI;
8) BaCl,u Na,SO,.
181. CocTaBbTe MONIEKYJIAPHBIE H HOHHO-MOIEKYIISIPHBIE YPABHEHUS PEaKIUii B3aUMOaeiicTBHSA

B PacTBOpax, MOCYUTANTE CYMMY CTEXMOMETPUUYECKUX KO3(D(PUIIMEHTOB B MOJIEKYJISIPHBIX YPaBHEHUSAX

MEXIIY:
a) K,S u HCI;
6) FeSO, u (NH,),S:
8) Cr(OH), u KOH .

182. CocraBbTe MOJIEKYJIADHBIE M HWOHHBIE YPAaBHEHHs pEaKIMM, NPOTEKAIOUIMX IpU
CMEIIMBAHUU PAacTBOPOB, YEMY paBHA CymMMa CTEXMOMETPUYECKUX KOIPPUIMEHTOB B MOJHOM U

COKpAIllCHHOM HOHHBIX YPABHEHUSX CJIEIYIOIIUX BEIIECTB:
a) AgNQ, + FeCl,;
6) CaCO, + HCl;
8) Na,PO, + Ba(NO,),.
183. Hanummre MOJEKYISIpHBIE U MOHHBIE YPABHEHUS PEaKIINNA B3aUMOJCHCTBUSA:

a) xyiopuaa 6apus u cyiabdara aTFOMAHUS;
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0) arerara KaJusi 1 CEpHON KHCIIOTHI,

B) XJIOpUJa aMMOHMS U €JKOTO KaJIH (IIpU HarpeBaHuM).

184. CmemnBaroT onapHoO pacTBOPHI:

a) Cu(NG,), + Na,SO, —;

6)BaCl, + K,SO, —;

8)Ca(OH,) + HCl —;

r) K,Cr,0, + K,SO, —;

1 K,Cr,0, +CaCl, —.

B kakux u3 NpHUBENEHHBIX CllydaeB peakuuu nouayr 1o koHua? CocraBbTe i HHUX

MOJICKYJISIDHBIC W HOHHBIC YpPAaBHCHHUA, Y€MY pPaBHA CyMMa KOB(b(i)I/II_[I/IeHTOB B IIOJHBIX HMOHHBIX

YpaBHCHHUAX.

185. CocTaBbTe MOJIEKYJISIPHbIE U MOHHBIE YpaBHEHUS pEaklUii, MPOTEKAIOIIUX B pacTBOpax

MEXy CIEIYIOUIMMH BEIIECTBAMHU:
a) nuruapodocdaToM Kanus ¥ €IKUM Kajlu;
0) KapOOHATOM KaJIbIIUS U COJITHOM KUCIIOTOM;
B) ruapokcugom onosa (1) u eqxum marpom.

186. CocraBbTe MOJEKYJISApHbIE W HWOHHBIE YPAaBHEHMs,  IPOTEKAIOIIMEe B pacTBOpax

CHETYIOIIMX BEIIECTB:
a) MgCl, + Na,CO, —;
6) CH,COOK + H,SO, —;
8) MgCO, + HCI —.

187. CocraBpTe ypaBHEHHUS peaklil, MPOTEKAIOIIMX B PACTBOpax IMpPHU B3aMMOJACHCTBUU

CIETYIONUX BEIECTB:
a) Na,S + FeSO, —;
6) K,S + HCI —;
8) Pb* + HCl —.

VYpaBHEHUs peaklvii HalMIIUTE B MOJEKYIIpHON 1 HOHHOH popmax.
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188. Kakoe u3 semecrs: Al(OH),; H,SO,; Ba(OH), 6Gyzer BsaummoneiictsoBats ¢

THAPOKCHIOM Kamusi? BbIpasute 5TH  peakuuu MOJICKYISPHBIMH WM HOHHO-MOJICKYJISIPHBIMU
ypaBHEHHSIMHU.
189. CocraBbTe MOJEKYJIAPHBIE U HOHHO-MOJIEKYJISIPHBIE YPAaBHEHUS PEAKIIMM B3aUMOIECHCTBUS

B PacTBOpax MEXIy:

a) KHCO, u H,50,;6) Zn(OH), 1 NaOH ; 5) CaCl, u AgNO,.

190. CocTtaBbTe MOJICKYJISIPHBIE U HOHHO-MOJIEKYJISIPHBIC YPABHEHUS PEAKIM B3aUMOICUCTBUS

B PacTBOpax MEXY:
a)CuSO, u H,S;6) BaCO, u HNO;; ) FeCl, u KOH .

191. CocTaBbTe MO TPU MOJIEKYJISIPHBIX YpaBHEHHUS peakLUi, KOTOPbIE BBIPaKalOTCSd MOHHO-

MOJICKYJIIPHBIMU YPABHCHUSIMU
+2 -2 s 2 + :
a) Cu” +S? =CuS {;6) Si0,” +H* = H,SiO,.

192. CocraBbTe MOJIEKYJISIPHBIE 1 HOHHO-MOJIEKYJISIPHBIE YPaBHEHUS peakuil B3aUMOIEHCTBUS

B pacTBOpaxX MEXKIy:
a) SN(OH), u HCI; 6) BeSO, u KOH ;&) NH,CI 1 Ba(OH),.

193. Kaxoe u3 Bemects: KHCO,, CH,COOH, NiSO,, Na,S Bssanmopneiicteyer ¢
PacTBOPOM CEPHOM KHUCIOTHI? 3alUIIATE MOJIEKYISPHbIE W MOHHO-MOJIEKYIISIPHBIE YPABHEHHUS THUX

BCIICCTB.

194. CocraBbTe MOJEKYIJIAPHBIE U HOHHO-MOJIEKYJIIPHBIE YPABHEHUS PEAKIMI B3aUMOIEHCTBUA

B PacTBOPax MEKIY:
a) AgNO, u K,CrQ,; 6) Pb(NG,), u Kl ;8) CdSO, n Na,S.
195. CocTaBbTe MOJIEKYJSPHBIE YpAaBHEHHS DEaKIUi, KOTOPHIE  BBIPAKAKOTCS HOHHO-

MOIEKYIIIPHBIMH YPABHCHHSMI:
a) CaCO, + 2H" =Ca’" + H,0 + CO,;
6) AI(OH), +OH = AlO,” +2H,0;
B) Po*?+21" =Pbl, .

196. CocTaBbTe MOJIEKYJISIPHBIE U HOHHO-MOJIEKYJISIPHBIE YPAaBHEHUS PEAKIUI B3aMOAECHCTBUS

B pacTBOpax MCKAY:

a) Be(OH), u NaOH ; 6) Cu(OH), u HNQ,; 8) ZnOHNO, u HNO,.



30

197. CoctaBbTe MOJIEKYJISIPHBIE U HOHHO-MOJIEKYJISIPHBIC YPABHEHUS PEAKIIUi B3aUMOICHCTBUS

B PacTBOPax MEKIY:
a) Na,PO, n CaCl,; 6) K,CO, n BaCl,; s Zn(OH), n KOH .
YeMy paBHA CyMMa CTEXHOMETPHYECKUX KOO()(GHUIIMEHTOB B IIOJHOM HOHHOM YPABHEHUHU PEAKIUH (a).

198. CocrtaBbTe MOJEKYJIApHbIC YpPAaBHEHUSI pPEaKIMi, KOTOPHIE BBIPAKAIOTCA HOHHO-

MOJICKYJISIPHBIMUA YPaBHEHHUSIMHU:
Fe(OH), +3H" =Fe* +3H,0;
Cd? +20H" =Cd(OH),:

H* +NO,” = HNO,.

199. CocraBbTe MOJIEKYJISIPHBIE U HMOHHO-MOJICKYJISIPHBIC YPAaBHEHHS PEAKIIMiA B3aUMOICHCTBHS

B pacTBOpaxX MEKIy:
a) CdS u HCI; 6) Cr(OH), n NaOH ; &) Ba(OH), u CuCl,.

200. Kakoe u3 semects: NaCl, NiSO,, Be(OH),, KHCO, gsanmoneiicteyer c

pacTBOpPOM THIPOKCHA HATpUsI? 3alUIINTE MOJEKYIspHbIE 1 HOHHO-MOJIEKYJSPHbIE YPAaBHEHUS 3TUX

peaKuui.

I'maponus conei
201. Xnopua Kanplus U CUIMKAT HATPHUS MCIONb3YIOT B MIPOU3BOJCTBE (PUOPOIUTOBBIX ILTUT.
Hanummre ypaBHeHuUs Auccoluanuy 3TUX COJEW B BOAHBIX pacTBopax. [lo kaTMOHY win 1o aHHOHY
UIET THAPOJIM3 COJM CHUIMKaTa Harpusa. Hamummre COOTBETCTBYIOIIME PEAKIMH B COKPAILIEHHOM,

ITIOJTHOM MOHHOM U B MOJICKYJIIPHOM BUIC.

202. Iouemy pactsop coxsl Na,CO, nmeer wenounyto peakuuio, a pacTBOp XJIOpUa LHHKA

- kuciayro? OTBET NOATBEPIUTE COOTBETCTBYIOIIMMHI YPABHEHHUAMU PEAKLIUN THIPOIU3A.

203. Ka3enHOBBIN KJIEH B NOPOUIKE, IMOCTYMAIIUNA B TOPrOBYIO CETh, KPOME OPTraHUYECKOIO
BEIECTBA KAa3eWHA COJAEPKUT TMIPOKCHI Kablius, kapooHar Harpus, cyiabdar meau (1) u ¢propun
Hatpus. Hanummwre mosHBIE M COKpANIEHHBIE MOHHBIE YPAaBHEHUS PEAKLHM, KOTOPBIE MPOUCXOIAT
MEXIy BXOJSAIIMMHU B KJI€H MHHEpAJIbHBIMHU BEIECTBAMHU IPHU PACTBOPEHUHU €ro B Boje. Hanummmre

BO3MOJKXHBIC pCAKIIUU THAPOJIN3A.

204. K pacreopy FeCl, no6asumm cnenyromue semecrsa: a) HCI;
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6) KOH; 6) ZnCl,; 2) Na,CO,. B kakux cmyuasx rugpomns xiopuma skenesa (I11)
yewmurea? IMouyemy? CocTaBbTe HOHHO-MOJIEKYJIAPHBIE yPABHEHHsS THAPOJN3a COOTBETCTBYIOLIMX

coJeit.

205. K pacreopy Na,CO;; no6asnnu cnenyromme Bemectsa: ) HCI;

6) NaOH; g) Cu(NGQ,),; ¢) K,S.B kakux ciyyasx ruapoaus kapboHaTa HaTpHsl yCUIUTCS?

ITouemy? CocTraBbTe€ HOHHO-MOJIEKYJIIPHBIE YPABHEHUS I'MIPOJIN3a COOTBETCTBYIOLIUX COJIEH.

206. CoctaBbT€ MOHHO-MOJIEKYJISIPHBIE M MOJIEKYJISIDHbIE YpaBHEHUS T'MAPOJIU3a COJICH:
CH,COOK, ZnSQO,, AI(NO;,),. Kakoe snaserne PH(> 7 <) umeror pacteopst stux coneit? B

Kako# 1BEeT OKpacCUuTcs J'IaKMYC?

207. Kakas wu3 aByX coneil mpu paBHBIX yCJIOBHAX B OONbIIEH CTENEHH MHOABEpraercs
ruapommsy:  Na,CO, wm Na,SO,; FeCl, wm FeCl,? Touemy? Cocrassre nonuo-

MOJIEKY/IApHbIE U MOJIEKY/ISApHbIE YPaBHEHUS THAPOIIN3A ITUX CONEH.
208. Ilpu cmemmsannn pacteopos Al,(SO,), nu Na,CO, kaxnan u3 B3sthIX CcOeit

THIPOJIU3YETCSI HEOOpaTUMO 10 KOHIIA ¢ 00pa30BaHUMEM COOTBETCTBYIOUIMX OCHOBAHUS U KHUCIOTHI.
CocraBbTe HMOHHO-MOJICKYJIIPHBIE W MOJEKYJISIPHBIE YPaBHEHUS MPOUCXOJSIIETO COBMECTHOTO

TUIPOJIN3A.
209. IloueMy H3MEHEHHE TeMIIEpaTypbl pPacTBOpa BIIMSAET Ha CTENEHb THUIPOJIM3a COIH?
CocraBbTe ypaBHEHHs THAPOJINM3a 110 TIepBOii cTynenu s caenyrommx conei: CuSO, n Na,PO,,

ykaxute PH pactsopa.

210. Kakyro peakuuio cpeasl umeror pactsopsl caeaytommx coneit: ZN(NO;),, K,CO;,

KNO,, NaCN?

211. Onpenenute crenens ruaposiusa (mis mepsoit crymern) u PH B 0,001 M pactsope
-7 -7
K,S(K, (H,S)=11-10" n Na,CO, (K, (Na,CO;)) =4,45-107.
212. Kaxas u3 coneit noasepraercs ruapommsy FeCO,, CaS, AICI,, sannumre nonnsie n
MOJIEKYJISIPHBIC YPaBHEHHS ONIPECIUTE PEaKIIUU CPE].

213. Kakne u3 coneii momsepratorcst ruaponmzy CaCO,, Na,S,Cr,(SO,),, sanuumre

VOHHBIE W MOJIEKYJISIDHBIE YPAaBHEHMSI OIPENEIUTE pEaKIUu Cpell, B KaKOW IBET OKPACHUTCS
METHJIOBBIN-OpaHKEeBBIN?

214. CocraBbTe HOHHO-MOJICKYJISIDHBIC U MOJICKYJIAPHBIC YPABHCHUA THUAPOJIN3a CICAYIOIINX

coneii: CuSQO,, ALS,;, NH,CN, Na,CO;, onpenenure cpeny.
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215. CoctaBbTe MOHHO-MOJIEKYJSAPHBIE U MOJICKYJISIPHBIE YPAaBHEHUS THUIPOJIN3A CIEAYIOIIUX

coreii: (NH,),S0,, K,S, Cr,(CO;),, onpenenure cpeny.

OKHCAUTEIBHO-BOCCTAHOBUTEIbHbIE PeaKIIUU
216. Ucxonst W3 CTENEHM OKHCICHHS 3JIEMEHTOB B MOJIEKYJAaX pPEarupyrolluX BeIIECTB
COeIMHEHUH, OIpeeNnTe, KaKoe BEIIECTBO SBISETCS OKUCIUTENEM, Kakoe BOccTaHoBHTeneM. Ha
OCHOBAHUHU DHJIEKTPOHHOTO OamaHca paccraBbTe KOI(D(UIMEHTH B YpaBHEHHHM OKHCIUTEIBHO-

BOCCTaHOBUTEIILHON peaxkuuu:
K,SO, + KMnO, + H,0 — MnSO, + H,PO, + K,SO, + KOH .

217. Hoquy a30THUCTAaA KHCJIOTa MOXKCT IIPOABIIATH KakK OKHUCIHTCIIbHBIC, TaK H
BOCCTAaHOBHUTEIbHEIE cBoicTBa? Kakoe cBOMCTBO MNpOABIIICT HUTPUT Kallkusd B ,Z[aHHOI>'I peaKHI/II/I?

Hanummre ypaBHEeHHS OKHCIUTEIFHO-BOCCTAHOBUTEIILHOW PEAKIINU, COCTAaBUB AJICKTPOHHBIN OaaHc:

KMnO, + KNO, + H,S0, - MnS0O, + K,SO, + KNO, + H,0O.

218. Mcxons u3 crenenu okucienus xinopa B coemumennsx HCI, HCIO,, HCIO,,

OIIPCACIINTE, KAKOC U3 HUX ABJIACTCA TOJIbKO OKHUCIHUTCIEM, TOJBKO BOCCTAHOBHUTCIICM U KaKOC MOXKCT
IMPOABJIATE KaK OKHCIUTCIBbHBIC, TaK W BOCCTAHOBUTCJIIHBHBLIC cBoiicTBa? HOquy? Ha ocnHoBanum

JIEKTPOHHBIX YPaBHEHUH paccTaBbTe KO3(PPUIMEHTH! B ypaBHEHUH pEaKLMK, UAYILIEH 110 cxeme:
KBr + KBro, + H,S0, — B, + K,SO, + H,0.
219. Peaknuu BeIpakaroTCs CXEMAMHU:

P+ HIO, + H,0 — H,PO, + HI ; H,S +Cl, + H,0 — H,S0, + HCI.

CocraBbTe 3JEKTpPOHHbIE ypaBHEHUs. PacctaBbTe KO3(QUIMEHTH B YypaBHEHHSIX peakuuid. s
KaKJOW peaKiK yKa)XHUTe, KaKoe BEIIECTBO SIBJISETCS OKUCIUTENEM, KaKOe BOCCTAHOBUTEIEM, KaKoe
BEIIECTBO OKUCIISAETCS, KAKOE BOCCTaHABIMBAETCSI.

220. CocTraBbTe 2JIEKTPOHHBIE YPABHEHUS U YKAXKUTE, KAKOW IIPOLECC OKUCIICHMSI TN

-3 +5 +3 -3
BOCCTaHOBJIEHHS TIPOMCXONUT NPH Clieayromux npespamenusx: AS™ — AS™; N™—>N™;
-2 0
ST —>S".
Ha ocHOBaHHMH 3JIEKTPOHHBIX yPaBHEHUH paccTaBbTe KOO()(QUIMEHTHI B yPABHEHUM PEAKIUH, UYL

10 CXEMCE!

Na,SO, + KMnO, + H,0 — Na,SO, + MnO, + KOH .

221. Ucxonst u3 crenenu okucienus docpopa B coenmuennsx PH,, H,PO,, H,PO,,

OIIPCACIINTEC, KaKOC U3 HUX ABJIACTCA TOJIBKO OKHUCIHUTCIICM, TOJIbBKO BOCCTAHOBUTCIICM U KAKOC MOXKCT
MPOABJIATH KaK OKHUCIUTCIBHBIC, TaK W BOCCTAHOBUTCIIBHBIC cBoiicTBa? HO‘{CMy? Ha ocHoBanum

ANEKTPOHHBIX YPaBHEHUH paccTaBbTe KOA((UIIMEHTH B YypaBHEHUHU PEAKIUH, UAYIIEH 10 cXxeMe:
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PbS + HNO, —» S + Pb(NG,), + NO+ H.,O.

222. CM. ycioBue 3aaaun 215.
P+ HNO, + H,0 - H,PO, + NO;

KMnQO, + Na,SO, + KOH — K,MnO, + Na,SO, + H,0.
223. CocTaBbT€ JJICKTPOHHBIC YPAaBHEHHUS U YKKHUTE, KAKOHW MPOLECC OKHUCICHUS WIN
BOCCTAHOBJICHUS IPOMCXOAUT IIPU CIIEAYIOIINX IPEBPAIICHUAX !
Mn*™ — Mn*: Cl*® > Cl; N= > N*,
Ha ocHOBaHUM 3J€KTPOHHBIX YpaBHEHHUH paccTaBbTe KOA(P(UIMEHTH B PEaKUUH, UAYIIEH 0 CXeMe:
Cu,0 + HNO, - Cu(NG,), + NO+ H,0.

224. Cwm. ycnosue 3amauu 219.
HNO, + Ca — NH,NO, + Ca(NO,), + H,0;

K,S + KMnO, + H,S0, — S + K,SO, + MnSO, + H,0.
225. Ucxons U3 CTENEHU OKHMCICHHsI XpoMa, Ho/la U Cepbl B COCTMHEHUSAX KZCI’ZO7, KCI,

HZSO3, OIIPEACIINTE, KAKOC M3 HUX ABJIACTCA TOJIBKO OKHUCIIHUTCIICM, TOJIbBKO BOCCTAHOBUTCICM U

KaKOC MOKCT MPOABJIATH KAaK OKHCIUTCIBHBIC, TAK U BOCCTAHOBUTCJILHBLIC cBoiicTBa? HOquy? Ha

OCHOBAHMH 3JeKTPOHHBIX YPaBHEHHil PaccTaBbTe KOd(GQULMEHTH! B YPABHEHAH PEaKLH, HAYLLEHl 110
cxeme: NaCrO, + PbO, + NaOH — Na,CrO, + Na,PbO, + H,O.
226. Cm. ycnosue 3aaun 219,
H,S+Cl, + H,0— H,SO, + HCI;
K,Cr,O, + H,S + H,SO, —» S +Cr,(S0,), + K,SO, + H,O.
227. Cwm. ycnosue 3azaun 219.
KCIO, + Na,SO, — KCI + Na, SO, ;

KMnQO, + HBr — Br, + KBr + MnBr, + H,O.

228. HanumuTte ypaBHEHUS B3auMOJCHCTBHS, moadepuTe Kod()PUIMEHTH B OKHUCIUTEIHHO-
BOCCTAaHOBUTCIIBHBIX PCAKIUAX MEXKIY BCIICCTBAMMU: a) Cy.]'H)(i)I/I}I Kajud U a30THaA KUCJI0Ta, IIPpHU 3TOM
BBIIEIAETCA dleMeHTapHas cepa u okcua asora (11); 6) momun xanms u nepokcua Bojgoposa, npu
3TOM 00pa3yeTcss MOJIEKYSPHBIN MO M €IKOe KA.

229. HamumuTte OKHCIUTENbHO-BOCCTAHOBUTEIBHYIO PEAKIHIO, COCTaBbTE JIIEKTPOHHBIE

YpaBHCHU:A, OIPEACTIUTE SKBUBAJICHT BOCCTAHOBUTCIIA:

H,S + K,Cr,0O, + H,50, —» S + K,SO, +Cr,(S0,), + H,O.
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230. Omnpenenure 5SKBUBAJICHT OKHUCIMTENS, HAMUCAB OKHUCIUTEIbHO-BOCCTAHOBUTEIBHYIO

peakImio, nogoepure KO3 PHUIHEHTHI COCTaBJICHUEM AJIEKTPOHHBIX YpaBHEHHIA:
NaCrO, + Br, + NaOH — Na,CrO, + NaBr + H,O.

231. Cwm. ycroBue 3agaun 219.
P+ HCIO, + H,0 —> H,PO, + HCI ;

H,AsO, + KMnO, + H,SO, —» H,AsO, + MnSO, + K,SO, + H,0.
232. Cwm. yerosue 3aaun 219.
NaCrO, + Br, + NaOH — NaCrQ, + NaBr + H,O;
FeS + HNO, —» Fe(NG,), + S+ NO+H,0O.

233. Cm. ycnoBue 3aaauu 219.
HNO, + Zn — N,0 + Zn(NO,), + H,0;
FeSO, + KCIO, + H,50, — Fe,(S0O,), + KCl + H,0.

234. Cm. ycioBue 3aaauu 219.

K,Cr,0, + HClI - Cl, + CrCl, + KCIl + H,0O;
Au + HNQ, + HCl — AuCl, + NO+ H,0.

235. Moryr adM TPOUCXOAUTH  OKHUCIHTEIbHO-BOCCTAHOBHUTENBHBIE PEAKIMU  MEXKIY
semectsamu: @) NH, n KMnO,; 6) HNO, u HI; 8) HCl u H,Se? Iouemy? Ha ocuoBanun
3IIEKTPOHHBIX YPABHEHHUH paccTaBbTe KOI(P(PUIIMEHTHI B YPABHEHHH PEAKIMH, HIYIIEH MO CXeMe:

KMnO, + KNO, + H,S0, - MnSQ, + K,SO, + H,0 + KNGQ,.

236. Cm. ycnosue 219.

HCI + CrO, —»Cl, + CrCl, + H,0;

Cd + KMnO, + H,S0, — CdSO, + MnSO, + K,SO, + H,0.
237. Cm. ycnoBue 3amaun 219.
Cr,0, + KCIO, + KOH — K,CrQ, + KCIl + H,0;

MnSQO, + PbO, + HNO, - HMnQO, + Pb(NO;), + PbSO, + H,O.
238. CM. ycioBue 3amaun 219.
H,SO, + HCIO, — H,SO, + HCI;
FeSO, + K,Cr,0, + H,50, — Fe,(S0,), + Cr,(S0,), + K,S0, + H,0.

239. Cwm. ycroBue 3amaun 219.
I, +Cl, + H,0— HIO, + HCI ;
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K,Cr,O, + H,PO, + H,S0O, — Cr,(SQ,), + H,PO, + K,SO, + H,O.
240. Moryr 1M NpOUCXOIMTh OKHCIUTEJIbHO-BOCCTAHOBHTENBLHBIE PEAKIMH  MEXIY
semecrsamu: a) PH, u HBr; 6) K,Cr,O, u H,PO,; B) H,S u HNQO,? Ilouemy? Ha

OCHOBAHHUU JIEKTPOHHBIX YpaBHEHHH paccTaBbTe KO3(PPHUIMEHTH B ypaBHEHUN PEAKIMH, WAYIIEH 10

cxeMme:
AsH, + HNO, — H,AsO, + NO, + H,0..
241. Cm. ycnoBue 3anaun 219.
|, + NaOH — NaOCl + Nal + H,0;

FeCO, + KMnQ, + H,S0O, — Fe,(S0;), + CO, + MnSO, + K,SO, + H,0.

242. Hcxons U3 cTereHy OKUCIICHUS CCPhbI, a30Ta, OIIPCACIINTC, KAKUMHU CBOMCTBaAMM 06.]18.,[[8.IOT
BCIICCTBA, YYACTBYHOIIUE B IMPUBCACHHBIX HHIKXEC OKHUCIUTCIIbHO-BOCCTAHOBUTCIIbHBIX PCAKIUAX.

CocraBbTe HOHHO-DJICKTPOHHBIE ypaBHEHHUs, ToAOepUTe K03 HUITUSHTHI:
a) H,S+ HNO, - S+ NO, + H,S;
6) H,S+S0O, »> S+ H,O.

243. 3akoHUMTE YpaBHEHHS PEAKIMi BHYTPHUMOJICKYJISIPHOTO OKHCICHHS-BOCCTAHOBIICHHS,

noao0paB KO3 PUITUEHTHI:

KCIO, - KCI +O,;
AgNO, — Ag + NO, +0,.

244. CocraBbTe ypaBHEHMsI pEaKIMi AUCTTPONOPLIMOHUPOBAHUS:

H,MnO, — MnO, + HMnO, + H,0.

245. 3aKOHYMTE YPaBHEHHUS peaKlUil BHYTPHUMOJEKYJSPHOTO OKHCIIEHUS-BOCCTAHOBIICHUS,

110/100paB KOAPPHUIMEHTH! Y pearupyroIiX BeIecTB:
a) NH,NO, —> N,O+ H,0,
6) HJO — Hg + O, .

aﬂeKTPOIIHble MOTCHIHUAJIBI U 3JICKTPOABUIKYIIIME CUJIBI
246. B nBa cocyna ¢ roiyObIM pPacTBOPOM MEIHOTO KyHopoca IOMECTUIIM: B MEPBBIH
IIMHKOBYIO ITUIACTHHKY, @ BO BTOpPOH cepeOpsiHyro. B kakom cocyne IIBEeT pacTBOpa MOCTEIEHHO
nponanaer? I[louemy? CocTaBpTe 3JIEKTPOHHBIE M MOJIEKYJSIPHBIE YPaBHEHHS COOTBETCTBYIOIINX

peaKkuuid.
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247. YMEHBIIUTCS, YBEIUYUTCS WJIA OCTAaHETCs 0e3 M3MEHEHHs Macca IMMHKOBOM IIIaCTHHBI
npu B3aumozeiicteun ee ¢ pacreopamu: a) CuSO,; 6) MgSO,; 8) Pb(NG,),? Mouemy?

CocTaBbTe 2JEKTPOHHBIE U MOJIEKYJIIPHBIE YPABHEHUSI COOTBETCTBYIOINX PEAKLIUM.

248. Ilpn xakoil KOHIEHTPALUU HOHOB [Zn+2] (monw/ 1) nmoteHuMan MMHKOBOTO 3JEKTPOJA
oyner ma  0,015B  menbme  ero  CTaHmapTHOrO  SIEKTPOJAHOTO  IOTEHIHana?

Oreer: 0,30 moaw/ 1.

249. MapraHIoBblii 31eKTpo/ B pacTBope ero conu umeer norenuuan (—1,23 B). Boruuciute

KOHIIEHTPALUIO HOHOB [Mg+2] (monwl n).

Orger: 1,89 -107% monw/ 1.

250. CocraBbTe CXEMY, HANMILUTE 3JIEKTPOHHBIE YPABHEHMs 3JIEKTPOJHBIX IPOLECCOB U

BBIYMCIIUTC SI[C MCIHO-KaAMHUECBOI'O raJbBaHUYCCKOI'O JJICMCHTA, B KOTOpPpOM

[Cd**]1=0,8 mons/ 1, a [Cu™]=0,01 monw! 1. Orser: 0,68 B.

251. CocTaBbTe CXEMBI JABYX TaJIbBAHUYCCKUX JIECMEHTOB, B OJJHOM U3 KOTOPBIX MeJb Oblia ObI
KaToJoM, a B JIpyroM — aHoAoM. Hamummre ais KaXaoro M3 STUX AJIIEMEHTOB JJIEKTPOHHBIE

YpaBHCHUA peaKquI, MMPOTCKAOIINEC HA KATOAC U HA aHOJC.

252. Ilpu Kakoil KOHIEHTpallud HOHOB [CU+2] (monbl 1)  3Hayenme »aEKTpoOAHOTO

MNOTCHIMAaJIa MCJHOTO JJICKTPOJa CTAHOBHUTCA PABHBIM CTAHAAPTHOMY OJJICKTPOJHOMY ITOTCHIOHATY

BOJIOPOJHOTO dJIeKTpoaa?
Orser: 1,89 107 moanl 1.

253. CocraBbTe CXCMY, HAIIMIIUTC OJBJICKTPOHHLIC YPABHCHUS ISJICKTPOAHBIX IMPOHCCCOB U

sorauciute DJIC TalbBaHMYECKOTO DJIEMEHTA, COCTOSIIETO W3 CBUHIOBOH M MAarHHEBOH IUIACTHH,
o o +2 +2
OMyIIEHHBIX B pacTBOphl cBoux coneit ¢ konmentpammeit [Cu™“]=[Mg™]=0,01 .m0/ 1.

HW3menurca m 9]:[(: 9TOIr0 J3JICMCHTA, C€CJIM KOHLICHTPAIMIO KaXIOro M3 HWOHOB YBCIWYUTL B

OJIMHAKOBOE YHCIIO Pa3? Otger: 2,244 B.

254. CocrtaBbTe CXEMbI JBYX TaJIbBAHUYECKHUX DJIEMEHTOB, B OJHOM U3 KOTOPBIX HUKEIb
SIBJISIETCSL KaTOAOM, a B PYroM aHoAoM. Hamummure s KaXJoro M3 3TUX 3JEMEHTOB AJIEKTPOHHBIE
yYpaBHEHUS PEAKIIH, MPOTEKAOIINE Ha KaTO/Ie U Ha aHO/Ie.

255. CoctaBbTe CXE€My TaJIbBAHMUECKOTO 3JIEMEHTa, B OCHOBE KOTOPOrO JIEKUT peakuus,

nporexatomas o ypasnennmio: Ni+ Pb(NO;), — Ni(NO,), + Pb. Hannmmure snexrponnsie
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YpaBHEHUS aHOJHOIO W KaTOJHOrO IPOIIECCOB. Beruncaure 3JIC sToro sneMeHTa, eciu

[Ni**]=0,01 moxu/ 7, [Pb**]=0,0001 morn/ 2. Orser: 0,064 B.

DJ1eKTPOJIM3 BOIHBIX PACTBOPOB
256. Dnexrponus pacreopa K,SO, mposommmu mpu cune toka 5 A B Teuennme 3u.

CocraBbTe OJICKTPOHHBIC YPABHCHUA IIPOLECCCOB, IMPOUCXOAAININX Ha 3JICKTPOJax. Kaxas macca BOJBI

IIPU 5TOM Pa3JI0KUIIACh U Y€MY PaBEH 00bEM ra3os (/. ).), BBIJCIMBIIMXCS HA KaTOJIE U HAa aHOE?
Ortser: 5,03 2; 6,266 z; 3133 1.
257. CocraBbTe 3JEKTPOHHBIC yPaBHEHHUsS NPOIECCOB, MPOMCXOJSAIIMX HA DIIEKTPOAAX IPH
snexrponuse pactsopa KOH . Uemy paBna cuna toka, eciu B teuenne luacl5 mun 20 cex na

anozie Bbyieaminock 0,4 2 raza? Ckonbko OMTPoB raza (H. ).) BBLIEIWIOCH IIPU 3TOM Ha Kartoje?

Oteer: 17,08 4: 8,96 1.

258 . CocraBbTe OJICKTPOHHBIC YpPAaBHCHUA IIPOLCCCOB, MPOUCXOAANNX Ha YTOJBbHBIX

3JIeKTpoAax npu srekrponuse pactopa Na,SO,. Beruncinre maccy BelecTsa, BbICAMBLICIOCS Ha
KaToJie, eciu Ha aHoje Bbigesiercss 112 7 rasa (w.).). Kakas macca H,SO, o6pasyercs npu sTom
BO3JIE aHoza?

Otser: 0,82:9.8¢.

259. TIpu »71eKTpoNU3e COMM HEKOTOPOro MeTasia B Tedenue 1,5y mpu cune toxa 1,8 4 ma

karoge Bbyenminock 17,52 »ororo Meramna. BeluMcIMTE OJKBHMBAJIEHTHYIO MacCy MeTalla.

Orser: 17,37 2/ monws.

260. Tlpu smexrpommse pacteopa CUSO, wa amome Beuzemmmocs 168 Cr’rasa (m.y.).

CocraBbTe OJICKTPOHHBIC YPABHCHUA TPOUCCCOB, IMPOTCKAIONIMX HA JJICKTPOJaX, W BbBIYUCIUTEC, KaKasd

MacCa MEM BBIACINIIACh HA KaTOJC.

Otser: 0,953 2.

261. CocTaBbTE CXEMBI QJICKTPOJIN3a JJICKTPOJIUTOB B BOAHBIX PACTBOpAX:

a) nurpara Meau (|1) ¢ MenusiM anonom; 6) HuTpara cepebpa ¢ cepeOPAHBIM aHOJIOM; B) Cyab(hara

KaaMus ¢ KaIMUEBBIM aHOIOM.
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262. CkobKO BpeMEHH HaJ0 TIPOITyCKaTh TOK ciloii 2 A depe3 pacTBop HUTpaTa cepebpa Ipu
cepeOpEHNH MEIHOrO IWIMHAPA IIyOOKOi IedaT, 4ToObl Ha €ro IOBEPXHOCTH OTIOXKUIOCH 9 2

cepebpa? Orser: 67 mun .

263. OmnpenenuTe SKBUBAJICHT KaJMUsl, €CIIM U3BECTHO, YTO MPU NPOIMYCKAHUHM TOKa 4Yepes

pacTBOp HHMTpara KagMus Ha katojie Beiaemunoch 11,2 2 kaamus, a na anome 112 7 xucnopona

(1. p.). Otset: 56 2/ monwb.

264. CKOIbKO JIUTPOB XJIOpAa MPH H.). BBIICIWIOCH HAa aHOAE IPU 3JIEKTPONIU3E XJIOpUAa

memu (1), ecnu na karone seiaenunocs 1,6 2 memu?
Otset: 560 M.

265. Dnexrponu3  pacteopa Na,SO, nposommnu B Teuennme Sy mpu cune toka [ A.

CocraBbTe QJICKTPOHHBIC YpAaBHCHHUA TIPOLECCOB, ITPOUCXOAAIHNX Ha SJICKTPOAAX. Kaxkas macca BOJbI

IIPU 5TOM Pa3JI0KUIIACh U YEMY PaBEH 00BEM ras3oB ( . )).), BBIACIMBIIMXCS HA KaToJe U aHoae?
Otser: 11,75 2; 14,62 n; 7,31 1.

266. CKoJbKO TpaMMOB cepeOpa BBIICIUTCA Ha KaToJe MPH MPOMYCKAHUM Yepe3 PacTBOP

HuTtpara cepedpa Toka cunoit 4 A B reuenne 0,5y,
Ortser: 8,06 .

267. Dnexrponus pacrsopa CUSO, nposoawiu ¢ meanbIM aHogOM B Teuenne 4 u mpu cue
TOKa 50 A HpI/I 3TOM BBIACINIIOCH 224 Z2 MEIu. Brrauciure BBIXO/ IO TOKY (OTHOHIeHl/Ie MacCChbI

BBIACIIMBHICTOCA BCIICCTBA K TCEOPCTUYCCKU B03MO)KHOI>'I). CocraBbTe 9JICKTPOHHBIC YPABHCHUA

IMpOLECCOB, MMPOUCXOAANINX Ha IJICKTPOAAX B CJIyda€ MCIHOI'O U YI'OJIbHOTO aHOJA.

Otser: 94,48 % .

268. CocrtaBbTe OJICKTPOHHBIC YpPAaBHCHUA IIPOLCCCOB, IMPOUCXOAAIIHNX Ha YIOJIbHBIX

snextpozax npu oekrponusze pactBopa AGNO,. Ecim snekrponus npoBoauth ¢ cepeGpsHbIM
aHOJIOM, TO €ro Macca yMeHbluaerca Ha D,4 2. Ompenemurte pacxo >AEKTPHUYECTBA HPH ITOM.
Otset: 4830 K.

269. Kakoif cuibl TOK Hajo HpOMycTHTh uepe3 pactsop cyibdara xpoma (I11), aro6er B
teuenne 0,5y Beenunocs 3,25 2 xpoma? Otset: 10 4.

270. CocraBbTe D3JEKTPOHHBIE YpaBHEHHS IPOLIECCOB, MPOUCXOIANIMX Ha TIpadUTOBBIX

sexTponax npu sexTponnse pacteopa KBI. Kakas macca BemecTsa BhlmenseTcss Ha KaTo[e M Ha
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aHoje, €CIM DJeKTpONM3 IpoBoguTh B Teuenne 1y 3D mum npu cune Toka 15 A47?
Orser: 0,886 2; 70,79 2.

271. Ilpu nponycKaHUU Yepe3 pacTBOP XJIOPUJIA Kallusl IIOCTOSHHOT'O JIEKTPUYECKOT0 TOKA Ha

katoge Bblgemwiock 2,242 raza (xkakoro?) CKONBKO THAPOKCHAA Kauus 00pa3oBanoch?

Otser: 11,2 2 B pacTBODE.

272. Tlpu >JEKTPOIHM3E COJIM TPEXBAJIECHTHOTO MeTamna npu cuie Ttoka 1,5 4 B Teuenme

30 mMun mna xarone sbigemunoch 1,071 2 wmeranna. Bolumcnure aToMHYI0O Maccy MeTaia.

Orser: 114,82 .

273. CKOJbKO HUKEISI BBIIEIUTCA U3 PACTBOPA HUTpATa HUKENS IPU MPOIYCKAHUU TOKA CHIION

2 A B reuenne 40 c. Oteer:~ 0,025 2.

Koppo3usi MeTa10B 1 METOABI 3alIIMTHI OT KOPPO3UH
274. Kak mpoucxogut armocdepHas KOppo3us ITy>KEHOro XKejie3a M JYKEHOW MeIu Mpu

HapyleHU! NOoKpbITUsA? CocTaBbTE ANEKTPOHHBIE YPAaBHEHUS aHOJHOTO U KaTOJIHOT'O IPOIIECCOB.

275. Ecnau miuacTMHY W3 YUCTOrO LIMHKA ONYCTUTh B pa30aBIEHHYIO KHUCJIOTY,  TO
HA4YMHAIOIIEEC BBIIEICHUE BOJOPOJA, KOTOPOE BCKOpPE MOYTH Ipekpamaercs. OnHako, mpu
MIPUKOCHOBEHUH K IIMHKY METHON NalouKoil Ha mocieHel HaunHaeTcs OypHOe BbIAETICHHE BOJIOPOIA.
JlaiiTe 3TOMy OOBSCHEHHE, COCTAaBUB HJIEKTPOHHBIE YPABHEHUS aHOAHOTO M KAaTOJHOTO IPOLECCOB.

Hammmmre ypaBHeHHE NpOTEKAONIEN XUMUYECKON pPEaKIUH.

276. B ueM CyIIHOCTh MPOTEKTOPHOM 3alllUThl METajula OT KOpPpo3uu? NPUBEAUTE IPUMEP
IIPOTEKTOPHOM 3aIlUTHI XKeJe3a B JJIEKTPOJIMTE, COAEpIKAILEM pacTBOpPEHHBINH Kuciaopol. CocraBbTe

QJICKTPOHHBIC YPABHCHUA AHOAHOI'O U KATOAHOT'O ITPOLICCCOB.

277. Kenesnoe uzaenue MOKpbUTH HUKEIeM. Kakoe 3TO MOKpHITHE — aHOAHOE WU KaTogHoe?
[Touemy? CocTaBpTe AIEKTPOHHBIE YPABHEHUS AHOJHOTO M KATOJHOTO IPOLECCOB KOPPO3UU ITOTO
W3JIeIMs TIPYU HapyLUIEHUH MOKPBITHS BO BJIAYKHOM BO3/1yX€ U B XJIOPOBOJOPOJHOM (COJISTHON) KUCIIOTE.

Kakne npoayKkTsl KOppo3uu 00pa3zyroTcs B IEPBOM U BO BTOPOM cirydae?

278. TloueMy XMMHUYECKH YHCTOE Keie30 Oosiee CTOMKO MPOTUB KOPPO3UHU, YEM TEXHHUECKOE
xene30? CocTaBbTe AJIEKTPOHHbBIE YPAaBHEHUS aHOJJHOTO M KaTOJHOTO MPOIECCOB, TPOUCXOIAIINX pU

KOpPpPO3UH TCXHUYCCKOT'O KCJI€3a BO BJIA)KHOM BO3YXC U B KHCIOH cpeac.

279. Kakoe INOKPBITUC MCTAJlJIa HA3bIBACTCA AHOJHBIM M KaKoOC KaTO,[[HBIM? HazoBurte

HCECKOJIBKO MCTAJIJIOB, KOTOPBLIC MOIYT CIYXWUTh IJId aHOJHOI'O M KAaTOAHOT'O IIOKPBITHA XKCJIC3a.
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CocTaBbTe DSJIEKTPOHHBIE YPAaBHEHHUS AHOAHOTO M KaTOAHOTO IPOLIECCOB, MNPOMCXOIAIIMX IpPHU
KOPPO3HH KeJie3a, MOKPHITOTO MEbI0, BO BIAYKHOM BO3IyXe U B KUCIIOH cpefe.

280. XenesHnoe uzaenue NOKpbuld KagmueM. Kakoe 3T0 MOKpHITHE — aHOIHOE UM KaTOJHOE?
ITouemy? CocraBbTe 3J1E€KTPOHHBIE YpaBHEHMs aHOJHOIO M KaTOAHOI'O MPOLIECCOB KOPPO3UHU ITOTO
U3JeNUs IPY HapyILEeHUH MTOKPBITHSI BO BJIaKHOM BO3JyX€ U B XJIOPOBOJOPOIHON (COISIHOM) KHCIIOTE.
Kakue npoayKTsl KOppo3un 00pazyroTcs B IEPBOM U BO BTOPOM CITy4asix?

281. XKenesnoe uzaenue NOKpbUIM CBUHIOM. Kakoe 3T0 MOKpBITHE — aHOHOE UM KaTOJHOE?
ITouemy? CocraBbTe 3J1E€KTPOHHBIE YpaBHEHMs aHOJHOIO M KaTOAHOIO MPOLIECCOB KOPPO3UHU ITOTO
U3JeNUs IPY HapyILEHUH ITOKPBITHSI BO BJIaKHOM BO3JyX€ U B XJIOPOBOJOPOIHON (COJISIHOM) KHCIIOTE.
Kakue npoayKTsl KOppo3un 00pa3yroTcs B IEPBOM U BO BTOPOM CITy4asix?

282. CocraBbTe JIEKTPOHHBIE YPABHEHHS aHOJHOTO M KaTOJAHOTO MPOIECCOB C KUCIOPOIHON U
BOJIOPOJIHOM Jlenossipu3alei npyu KOppo3uu napbl METAIJIOB aIFOMUHMN — kene30. Kakue npoayKTsl

KOppO3uu 00pa3yroTcs B IEPBOM U BO BTOPOM CITydasix?

283. Kak mnporekaer arMmocdepHas KOppo3usi >Kejle3a, MOKPBITOTO CJIOEM HHKEINs, €Clu
MOKpbITUE HapylieHO? CocTaBbTE AIEKTPOHHBIE YPAaBHEHUSI aHOJHOTO U KaToAHOro npoueccoB. Kakos

COCTaB MPOAYKTOB KOPpO3uu?

KecTkoCTh BOJABI H METOAbI €€ YMAT4YCHUSA

284. Brruncnute kKapOOHATHYIO )KECTKOCTh BOJIbI, 3HAsI, YTO ISl PEAKIIMH C THIPOKapOOHATOM
kanpuus,  cogepxkamumca B 200 e’ o, Tpebyercs 15 em® 0,08 . pacteopa HCI.

Orser: 6 me —oxel 1.

285. B 1.1 Boawl comepxkurcs nonos maraus 306,47 me u uonos xaneuus 50,1 me . Yemy

paBHA )KECTKOCTh 3TOM BOABI? Ortser: 5,5 me —oxel 1.

286. Kakast macca CaSO, comepxures B 200 1 Bozbl, ecinu xecTKOCTb, 00yCIaBIMBaCMast
53TOii cONbIO, paBHa 8 M2 — 9K6 ? Orser: 108,9 .

287. Kakue MOHBI HAJI0 yJAJINTh U3 IPUPOAHOM BOJBI, UTOOBI C/eaTh ee MATKoN? BBenenuem

KaKUX MOHOB MOKHO yMArduth Bojay? CocTaBbTe€ ypaBHEHHS! COOTBETCTBYIOIIMX peakiuil. Kakyro

maccy Ca(OH), wamo npubasute k 2,57 Bombl, 4TOOBI YCTPAHUTH €€ JKECTKOCTb, PABHYIO

4,43 me — sxel 1?
Orser: 0,406 2.

288. Kakyro maccy kapOonara Harpus Hajgo rnpubasuts k 400 2 Bomel, 4To6GBI ycTpaHHTH

KECTKOCTb, PaBHYIO 3 M2 — K&/ 117 Otser: 63,6 2.
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289. Bona, comepikamias TONbKO Cylb(aT MarHus, UMeeT xKecTkocTh [ M2 — ok6/ 1. Kakas

macca cynbdara maraus cogepxkurca B 300 1 3T0it BobI?
Ortser: 126,3 2.

290. Kakyro Maccy TUAPOKCH/IA KalbLMs Halo MPUOaBUTh K 275 2 BOJbL, YTOOBI YCTPAHUTh €€

KapOOHATHYIO KECTKOCTh, PABHYIO D,D M2 — 9K ?

Orser: 56,96 2.

3 y
291. K 1 m° sxectkoit Bomsl npubasmwmm 132,5 2 kap6onara natpus. Ha ckoibko IOHH3MIACK

JKECTKOCTB? Ortser: Ha 2 M2 — axel 1.

292. Ha kakux XUMHYECKMX CBOICTBaxX BELIECTB OCHOBAaHO YMSIYEHUE BOJbI IpHU

B3aHMOHCﬁCTBHH er[pOKap60HaTa KaJlbusAa C €10 FI/I,I[pOKCI/I,I[OM? Hanumure YpaBHCHUA peaKHHﬁ.

293. KoarynupoBaHue KOJUIOMAHBIX MpUMECEd B TEXHUYECKOM BOJIE OCYILIECTBIISIETCS
nobasneHreM K Hel cynbdara amromuaus. OOpa3yrOMmUNACS XJIONBEBHIHBIA THIPOKCUA AIFOMUHUS
OOBOJIAKMBACT KOJIOMJIHBIC YACTHIIBl W BBI3BIBAET HUX ocaxiaeHue. OObBSICHHTE 00pa3oBaHUE

THAPOKCHU A aJIFOMUHUSA B PE3YJIbTATC PCAKIUH, HpOI/ICXOI[HH_[Cﬁ B JKE€CTKOM BOJAC:

Al,(S0O,), +3Ca(HCO,), =3CaSO, + 2AI(OH), + 6CO, 1.
294. Kak oTnu4uTh JUCTUIUIMPOBAHHYIO BOAY OT NIPUPOIHONI? OTBET MOTUBUPYHTE.

295. AHaIM30M YCTaHOBJEHO, YTO OAMH JIMTP BOABI coiepsxkuT 1,62 2 ruapoxapGoHara

kanpius. Ckonsko 20% — 20 pactBopa kapGoHaTa HATpHs MOTPEOYETCS IS YCTPAHEHHUS KECTKOCTH

3TOU BOOKI?

296 K sxecTkoil Boje, coaepxkalleid T'MIpOoKapOOHAT KalbIMs, NPHJIWIM PacTBOp TalleHON
u3Bectd. Yto mpu 3TOM npoucxonut? Hamummre ypaBHEHUE peaklMM B MOJEKYJISIPHOM M HOHHOM

BHJIE.
297. B Bome comepxurcs 120 me/n tunpoxap6onara xamemms n 200 me/n cymsdara

o 3 o
KaJbIus. CKOIIBKO HOTpC6yeTC}I KaJIbIIUHUPOBAHHOU COJbI JIA YMATUYCHUA 2 M TAaKOU BOI[BI?

o 3
298. CKOJIBKO KalblIMHUPOBAHHOM copl Hamo n06aButh k 20 M Bombl, 4TOOHI yCTpaHUTH €€

JKECTKOCTb, paBHyto 96 Mz — axe [Ca™?]?

299. B 1.1 Bomst comepurcst 60 me [Ca*’] monos n 12 me [Mg™] nomnos. Cxonbko Hamo

3 .
B3ATH COJBI Ay yeTpaHeHus sxectkoctu 50 M° Takoit Boawl?
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300. Hdnst ymsTYEeHHsS] KECTKOW BOJBI B IPOMBIIUICHHOCTH HCIOJIB3YIOT HOHHO-OOMEHHBIC

cMONIBI-MOHUTEL. [IpuHsB ycnoBHo popmyny karnonuta RH,, a anmomnra R(OH),, manmmmure

YPaBHEHUSl pEaKLUi, IPOUCXOMAIIMX IPU MPONYCKAHUHM YEpe3 HMOHMUTBI BOJBI, COJAEpXKALICH

IUIPOKapOOHATHI KAIbLIMS U MarHusl.
3 . .
301. INpu nponyckanuu 4yepe3 karnouut B H - popme 100 a° xecToit Boasl, comeprxameit
IUIPOKapOOHAT KasblMs, Macca KaTHOHMTA YBEIMYMIach Ha 9,/ k2. OnpenenuTe KeCTKOCTh ITOM
BOJIBL.

302. Kakuwe M3 TEpEYMCIICHHBIX HIDKE BEIIECTB MOXKHO WCIIONB30BaTh JJISl yCTPAHEHUS
KECTKOCTH BOJBI, COJACpXkaIleld THIPOKApOOHAT KajbIMsa: a) mmoTami; O) a30THAs KHUCIOTa; B)
THAPOKCUI Kayius, T) Xyopun Oapus? Jlaiite 0OOCHOBaHHBIA OTBET M HANWINUTE YypaBHEHUS

COOTBCTCTBYROIIHUX peaKHHﬁ.

303. B ecTKoOii BOjie KeIe30 0OBMHO IPHCYTCTBYET B BHie ruapokapbonata xeneza (I1).

HpI/I XPAaHCHUHU TaKasd BOAA MYTHECT, an/I06peTa;I CJ'I8.6YIO OKpacky. B PE3YbTAaTC, KAKNX XUMUYICCKUX

peaKIuil MpOUCXOIAT HAOII0JaeMbIe H3MEHCHHUS?

304. B 220 71 Boasl conepxutes 11 2 cynbdara maruus, uemy paBHa KeCTKOCTb STOM BObI?

Ortser: 0,83 me —oxel 1.

305. Berumcoure kecTkocTh Bojbl, 3Has, uto B 0007 ee comepxurca 65,6 2
ruapokap6onara maruus 1 61,2 2 cynbara kanbuus. Otser: 3,2 Me —okel 1,
306. Kakyro maccy Na,PO, wnamo npuGasurs x 500 7 Bombl, uro6bl ycTpanuts ee

KapOOHATHYIO KeCTKOCTh, paBHyIo D M2 —oke/ 1.  Otser: 136,6 2.

307. Men mpakThuecku HepacTBOpuM B Boje. [louemy Boja, mpoTekaromass Mo MecTam

3aJICraHus MEJia, O6J'I8.,Z[8.CT MMOBBIIICHHOHN KECTKOCThIO?

308. Kakue siBnenus OyayT HaOMIONAThCs, €CIM K PacTBOPY THIpOKapOOHATa KalbIUs
IPHIATE: @) U30BITOK COJSHON KUCIOThI; 0) m3bbiTok pactBopa coasl Na,CO,; B) mssectkoByio

BOJIY; T') M30BITOK a30THOW KHCIIOTHI?;
1) ruapokcuy 6apus? Hamummre noHHBIC YpaBHEHUSI COOTBETCTBYIOIIMX PEAKITHMA.
309. Kakoe konuyectBo raumeHoii nssectu, cogepxameii 60% Ca(OH),, neobxomumo s

y 3
ycrpanenus  Bpemennoi  skectkoctn 1000 v Bomer, ecrm B 1z H,O  maxomwres

10 me —oxe¢ HCO, ?
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310. Kakoe xomudgectBo 99% —ou coxsr Na,CO, neobxomumo st ycrpaHeHus obmieit

3
xectkoctr 1000 v” Boner, ecrm 11 H,O comepxur 1 me — 9x6 xanbuust u maraus?

311. JKecTkocTh BOJBI, B KOTOPOHl pPACTBOPEH TOJBKO THAPOKApOOHAT KaJbIHsl, paBHA

4 me — oke . Kakoit oosem 0,17. pactopa HCI morpebyercs mns peakumm ¢ ruapoxap6onaTom

3
KaJIbIUS, COEPIKAIEMCS B /D CM”~ ITOM BOJIBL.

3

Otset: 3 cm”.

3 .
312. B 1 m° Bousr COIECPIKUTCS 140 - cynabdara Maraus. Berauciure )XeCTKOCTh 3TOM BOJIBI.

Otser: 2,33 m2 — kel 1.

313. K 100 7z sxectxoit Boapl npubasumu 12,95 2 rugpoxcuna kamsius. Ha ckonbko

MMOHHU3MIIACh KapOOHATHAS KECTKOCTH? Otser: Ha 3,5 me—oxel 1.

OCHOBBI XUMHH BSZKYIIUX BEIIECTB
314. Hoquy HU3BCCTKOBYIKO BOAY HAJAO XPaHUTb B XOPOIIO 3aKYIIOPCHHBIX ckisgakax? OTBer

NMOATBCPAUTEC YPABHCHUCM PCAKIIUH.

315. Ecnu 4yepe3 M3BECTKOBYIO BOJIY IPOAYBAaTh BBIJBIXa€MbI M3 JIETKUX BO3IyX, TO BOJA

mytHeeT. [louemy? Hanummmure ypaBHeHHE COOTBETCTBYIOLIEH peaKIIUHU.

316. Kakue COCAUHCHUA MArnvusd HW KaJbOWUA TMPUMCHAKOTCA B KA4YCCTBC BAKYIIHUX

CTPOUTCIIbHBIX MaTepI/IaHOB? Yem 06YCJ'IOBJ'I6HLI HX BSAXYHIUC cBoiicTBa?

317. Kak MOXHO mony4uTh KapOuj kambius? Yro obOpasyercs MpH €ro B3aMMOJICHCTBHUM C

BOJI0M? Hamummmre ypaBHEHUS COOTBETCTBYIOIIUX PEAKITHH.

318. Kak MOXHO MOJY4YUTh THIPOKCUABI HIENOYHBIX MeTauioB? [louemy eakue mienodu
HE0OXOIMMO XPaHUTh B XOPOIIO 3aKpbITON mocyae? CocTaBbTe YpaBHEHHs PEaKIUi, MPOUCXOISIINX
MIPY HACBHIIIEHUH TUAPOKCUAA HATPHUS: a) XJIOPOM; 0) OKCUIOM CEpBI (V |) SO,; B) CEPOBOIOPOAOM
H,S.

319. Ilpu crutaBneHun OKcuAa OEpHILIUS IPOUCXOAUT B3aUMOICHCTBUE C JUOKCHIOM KPEMHHUS

¥ C OKCHJIOM HaTpus. Hanummre ypaBHEHHUs COOTBETCTBYIOMMX peakuuii. O kakux cBoiictax BeO

TOBOPSAT TH peAKUU?
320. [pu npormyckaHuy JTUOKCHJA Yrileposia uepes u3sectkoByro Boxy (pacteop Ca(OH),)
obpasyercs ocalok, KoTopblii mpu nambheifmem mnponyckanun CO, pacrsopsietcs. [laiite

o0BsicHEHHE 3TOMY siBieHHI0. COCTaBbTE ypaBHEHUS PEaKIIHA.
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321. Kakoe CBOMCTBO KaJIbIIUH MO3BOJISIET MPUMEHATHh €0 B METALIOTEPMUM JJISI TTOTYyUEHHUS

HEKOTOPBIX METAIOB U3 UX coeauHeHuii? CocTaBbTe AIEKTPOHHBIE M MOJEKYISpHBIE YpaBHEHUS
peakuust kanpus: a) ¢ P,Og; 6) ¢ CaSO,. B kaxgoll u3  3THX peakUuil OKHUCIUTENb

BOCCTaHABJIMBACTCSI MAaKCUMAJIbHO, TPUOOPETast HU3IIYIO CTENEHb OKUCIICHUSI.

322. Kakue coenrHEHUs] Ha3bIBAIOT HETalllCHOW U rameHou n3BecThio? COoCTaBbTE ypaBHEHUS
peaknuii ux nonydeHusi. Kakoe coennHeHne oOpa3yeTcs NMpH MPOKATMBAHWK HETAIICHOW M3BECTH C
yraeM? UYTo SBISIETCS OKHCIMUTENEM M BOCCTaHOBUTENEM B mocieaHed peakuuu? CocTtaBbTe
3JIEKTPOHHBIE U MOJIEKYJISIPHBIE YPaBHEHUS.

323. CocTaBbTe JIEKTPOHHBIE M MOJICKYJISIPHBIC YPAaBHEHUS PEAKIIUI:

a) KaJbLIUs ¢ BOJOM; 0) MarHus ¢ a30THOM KUCIIOTOM, YUYUTBIBAsA, YTO OKUCIUTENh IPUOOpETaeT

HU3IIYIO CTCIICHb OKHUCJICHUA.

324. CocraBbTe€ ypaBHEHUS peEakUUd, KOTOpPbIE HYXHO MPOBECTH Uil OCYILECTBICHUS

CJIEYIOIIUX TMpPEeBpaIleHU:
Ca— CaH, —Ca(OH), —CaCO, — Ca(HCO,),.

HazoBute BCe IMOJIYYCHHBIC BCIICCTBA.

325. Tlouemy pacTBOp MEIHOIO KyHopoca, MpHUMEHseMbId Uil 0oOpabOTKH CTEH Iepen
oOeKoi, HENMb3sl XPaHWUTh B JKEJIE3HOM WM OLMHKOBAaHHOM Bezape? OObBSICHUTE W HaIUIINTE

YPAaBHEHUS COOTBETCTBYIOLIUX PEAKIUH.

326. YToOBI OOHAPYKUTH COJIIHYIO KMCIIOTY B paCTBOpPE MarHusi, K HeMy J00aBJISIOT MarHE3UT
(xapOoHaT MmarHusi). Ecau mpu 3TOM BBIIENSAIOTCS My3BIPbKHU ras3a (Kakoro?), ToO pacTBOP CONEPKUT

KUCJIOTy. Hanmmmnre ypaBHEHHE COOTBETCTBYIOIIEH PEAKIINH.

327. benast kpacka JJMTOIIOH COJIEP’KUT MUTMEHT, COCTOSIIMN U3 cyibdaTta Oapus u cyabpuia
uuHKa. [Tpy neficTBuM Ha IMTONOH COJISTHOM KMCIIOTOM BBIIEISAETCS a3 ¢ HEMPUATHBIM 3allaxOM. JDTUM
CBOWCTBOM JIMTONOHA TMOJIb3YKOTCSI JUIs TOTO, YTOOBI OTJIMYMUTH €ro OT JPYTruX OesbIX Kpacok.

Hanummre ypaBHeHue peakiinu 00pa3oBaHus 3TOr0 ra3a U Ha30BUTE €TO.

328. Pacteopsr comeii  MQCIL,;MgSO,, FeSO, upumensior mun 3arBepaenus

KayCTHYECKOI0 Mar"He3uTa (OKCI/II[a M&FHI/I?I) npru HOpOU3BOACTBE MArHE3WaJlbHBIX BSXKYIIUX.

Hanummre ypaBHEHUs peaklyii OJIy4E€HUs ITUX COJIEH.

329. TloueMy Henb3s «3aTBOPSATH» HETAIIEHYIO M3BECTb WM XPAaHUTh TalllEHYI0 B
amroMuHMeBoM Tape? JlaliTe 0OOCHOBaHHBIN OTBET W HANUIIUTE YPaBHEHHWE COOTBETCTBYIOIICH

pEaKIvH.
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330. Hanumure ypaBHEHHE PEAKIMi, IPU MOMOIIM KOTOPBIX HE PACTBOPUMBIN Si02 MOXHO

IIpEBPaTUTh B paCTBOPHUMBIC COCANHEHUA KPEMHUA.

331. s  Opou3BOACTBA  OKOHHOIO  CTEKJa  MCIOJB3YIOT  KBapLEBBI  IECOK,
KaJIbLUUHUPOBAHHYIO COAy W U3BeCTHAK. Kakue XMMHUYECKHE peaklMM MPOUCXOIAT MEXIY STUMU
BEILIECTBAMM B CTEKJIOIIABWIBHOU Neun? Hanmummre ypaBHEHHS 3TUX PEaKLU.

332. lng mTykaTypHbIX pabOT Ha MOpO3€ IITYKATypKy «3aTBOPSIOTY» XJIOPUPOBAHHOW BOJOM,
KOTOPYIO IIOJIy4aroT U3 XJIOPHOW M3BecTU. Hanmummure ypaBHEHHE peakuu MEXAYy BOJOW U XJIOPHOMN
U3BECTHIO.

333. B cocTaB CHIIMKATHOW TPYHTOBKH BXOAAT MEJ M )KHIKOE CTEKJI0, KaK MOYKHO OOHApPYKHUTh
KapOOHAT KaJbl¥s TPYHTOBKHU U OMPEJIEIUTh €ro Maccy?

334. Hanumure ypaBHEHUS PEAKIU MTOJIy4E€HUS CUIIMKATa KaJlus TPEMsl ClIocoO0amH.

335. B nBe mpoOMpKH MOMECTHIIM 1O KYCOYKY Mpamopa W MPHWIMIN: B OAHY— COJISTHOU, B

IpyTyio — cepHoi KucaoThl. Uto Bel MoxkeTe HabmonaTs? OO0bsicHUTE HAOII0JaeMOe SIBJICHHE.

336. CBUHIIOBBIE GeNuiIa COlepKaT B KauecTBe MUIMeHTa ocHoBHOM kapGonat cunna (1)

Pb,(OH), (CO,).,. ITpu xeiicTBuu Ha 3TH OGeniia a30THON KHCIOTHI BBIICISSTCS OSCIBETHBIH Ta3, a
3 2 3)2- 1P

IpHU ACWCTBUH CEPOBOJIOpPOJA — MHUTMEHT 4depHeeT. OOBSICHUTE SBICHHUS W HANUIINTE YPaBHEHUS
COOTBETCTBYIOLINX PEAKLUH.

337. llunkoBble Oennia B KayecTBe O€NIOro MUIMEHTa CoJepXkaT OKCHJ LMHKA, MHOIJa, C
npuMmecbio Mena. Kak o0OHapyXuTh MNpUCYTCTBHME Meja B Takux Oenunax? OmnpeaenuTs €ro
MPOLIEHTHOE COZIEpKaHME.

338. LIBeT HEKOTOPBIX MMTMEHTOB, BXOJIAIINX B MAISIPHbIE KPACKH, U3MEHSIETCS B 3aBUCUMOCTH
OT cpenpbl (1esnouHol, kucioil). [Touemy M3BECTKOBBIE M CHIIMKAaTHbIE MaTepHallbl W3MEHSIOT IBET

HEKOTOPBIX TUTMEHTOB? {7151 000CHOBaHUS OTBETA COCTABHTE YPABHEHUSI COOTBETCTBYIOIIMX PEAKITHHA.

339. B Boze ncrounnka obHapyxens! cnegyiomme nonsl: Na*, Ca™, Mg*, Fe®, CI,
HCO, , Br. Hanummure popmysl coneii, Ipu pacTBOPEHUH KOTOPBIX 0GPa3yI0TCs 9TH HOHBI.

340. YepHble KpacKH, HUCIOIb3yEMBIE B MAISIPHOM JI€J€, COAEP/KAT MUTMEHT Ca)Xy MU OKCHUJ

mapranna (1V). Kak, uMes Tombko cONSHYIO KHCIOTY, pacmo3HaTh 5T Kpacku? Hammmmre
YPaBHEHHUsI COOTBETCTBYIOIUX PEAKIUN.
341. JInst momy4yeHHs CEphIX KPacoK B KayecTBE MUITMEHTa UCIOIb3YIOT MOPOIIOK rpaduta uim

IMUHKOBYIO IbUIb B CMCCU C OKCUAOM IIWHKA. HpI/I IMOMOIIN KaKOro BCIICCTBA MOKXHO PacClliO3HATh 3TU

murMeHThl? Hanummre YpaBHCHUEC pCAKIINU.
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342. Kak moay4uTh JAMOKCHJ YIJIEpOJa B MPOMBINUICHHOCTH M B Jlaboparopuu? Hamummmre
YpaBHCHHA COOTBCTCTBYIOIIUX peaKum”I, C IIOMOMIBIO KOTOPBIX MOKHO OCYHICCTBUTBH CICAYIOLINC

IIPEBPALLICHMUSL:
NaHCO, —» CO, —» CaCO, — Ca(HCO,),.

343, Kakoe nmpuMeHeHue HaxoauT KpeMHui? CocTaBbTe YpaBHEHUsS PEAKIIMI, KOTOPBIE HAJl0

IIPOBECTU AJId OCYIIECCTBIICHHUA CICAYIOIIUX HpCBpaIHGHHfIZ
SiO, — Si —» K,Si0, —» H,Si0;;
Mg,Si — SiH, — Si0O, — K,SiO;, — H,SiO;.

HpI/I KaKOM IIPCBPAlICHUU IIPOUCXOAUT OKUCIIUTCIIbHO-BOCCTAHOBHUTCIIbHAA peaKL[I/IH?

3.2 Ilpumepsl penieHus 3a1a4

33113‘—[3 1. MoJib. IKBHBAJIEHT U 3KBHBaJI€HTHbIE MACChHI MPOCTBIX U CJI0KHBIX BCIICCTB.

21 24
Beipasute B momax: a) 6,02-107 monexyn CO,; 6) 1,2-10" aromos xucnopoxa; B)
23
2,00 -10* monexyn Bozsl. UeMy paBHA MOJIbHAs (MOJISAPHAS) MACCa YKA3aHHBIX BELIECTB?
Pemenne. Monb — 9mo KOIUHECMEO 6eecmed, 6 KOMOPOM COOEPICUMCS YUCILO YaCchmuy

. 23 -1
1106020 onpedenennozo copma, pasroe nocmosnnoli Agoeadpo (6,02 107 mons ™) . Orciona: a)

6,02 -10%, 1. e. 0,01 moas; 6) 1,20 -10%, 1. e. 2 moab; 8) 2,00-10%, 1. e. 1/3 mons.

Macca MoJIs BemiecTBa BBIPAXKACTCA B Z/MO./lb HJIn KZ/]I/IOJZb. MoarHas Macca BEIecTBa B

rpaMMax 4YHUCICHHO paBHa €ro OTHOCHUTEJIBbHOU (aTOMHOﬁ) Macce A,, BBIpa)KeHHOﬁ B AaTOMHBIX

eIMHUIax Maccel (a.e.M.).

Tax xak wmonekymwsspusie Mmaccst CO, w H,O wu aromnas wmacca xuciopoaa

(O) coorserctrenno pasunt 44 2/ monw, 18 2/ monv u 16 a.e.m., To ux MONBHEIE MAacChl PABHBL

a) 44 2/ monw ; 6) 18 2/ monw; B) 16 2/ monw.

OKBHUBAJIEHT. JKBUBANEHMOM eeujecnea Hasbleaemcs maxKkoe €20 Koauvwecmeo, Konopoe

coedunsiemess ¢ 1L moem amomos 6000p00A UNU 3aMewyaenm mo JHee KOJIULECmB0 amomMo8 8000po0d 8

XUMUHYECKUX peaKYUsX.
Dkeusanenmmuoll Maccol Ha3BIBa€TCSI Macca OJJHOI'O SKBHUBAJICHTA BCIICCTBA.

3agada 2. 3aK0H DKBHBAJICHTOB.
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Ha Boccranosnenue 7,09 2 oxcuna aByxsanenTHOro Meramna tpedyerca 2,24 1 Bomopona

(H.y.). BeruncanTe 3KBUBAJICHTHYIO Maccy MeTaia. YeMy paBHa aTOMHasi Macca MeTasuia’?

Pemenne. Cocnacro 3akony 5Kk6u6aneHmos, MacChl pearupyromux ApPYyr ¢ JAPYyroM BELIECTB

MMPpONMOPHUOHATIbHBI UX SKBUBAJICHTHBIM MacCcCaM:

rnm1 _m (1) nan m(MeO) m(H,)

M, m, (MeO) m, (H,)

(2).

2(1)

€CIIM OJIHO M3 BEIICCTB HAXOAUTCS B ra3000pa3HOM COCTOSIHHUH, TO, KaK MPaBUJIO, €r0 KOJIUYECTBO
3 3

u3MepsieTcsi B 00beMHbIX eaunautiax (em™, MJA, a1, m™).

06’[)6]!/[, 3aHUMAaCMBbIH IprU JaHHBIX YCJIOBHAX OJHHUM S3KBUBAJICHTOM BCHICCTBA, HA3bBIBACTCA

3KBHBAJEHTHHIM 00HLEMOM.

MonbHbIil 06beM 060ro rasa npu H.). pasen 22,4 1/ Moab. Onpenenum SKBUBATEHTHBIH
o6beM mosekystst Bogopona ( H ) cocrosiueit us nsyx atomos, T.k.B 22,4 71 H, conepxurcs npu
HOPMalbHEIX YCIOBHAX 2 MOJISI aTOMOB BOJOPOJa, a SKBHBAJIEHT BOAOpPOAa paBeH 1 MOJb, TO B
22,4 1 H, copepxurcs 2 5KBUBaIeHTa BOAOPO/A, 3HAYMT SKBHBAICHTHBI 00bEM BOLOPOAA PABEH:

3, (H,)=11,2 1/ monv; ananoruuno MoxHO omnpenenuth u s Kucnopoxa. B dopmyne (2)

m(H,) V(H,)

OTHOIICHHUEC —— — - 3aMCHACM paBHbIM C€MY OTHOLICHHEM 3 (H )
\ 2

m, (H,)

BOJOpO/A, 9\/ (H 2) — DKBUBAJICHTHBIH 00HEM BOJOPOJIA:

m(MeO) V(H,)
m, (MeO) 3, (H,)’

, tie V(H,) — o6bem

3)

W3 ypaBHeHus (3) HaX0AMM SKBUBAJIEHTHYIO MacCy OKCHJla MeTaJlja:

7,09 2,24 7,09 2-11,2 1/ monw
= ; m,(MeO) =
m, (MeO) 11,2 2,24 1

=3552/ monw.

CormacHo ~ 3aKOHy  SKBUBAJIECHTOB, m,(MeQO)=m,(Me) +m,(0),  orcrona
m,(Me) =m,(MeO) —m,(0) =355-8=27,52/ moxs.
A

MonsHas Macca MeTaiia OMpeaAcCIICTCA N3 COOTHOICHUA ma = E , TIC

ma — OKBHBAJICHTHAasA MaccCa Z/MOJZb ; A - aTOMHasg Macca Meraiia dad.e. M.,

B — BanentHocTh snementa, orcioma: A=m, - B=225-2=55,02/mons.
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Tak xak aromMHas Macca B d.€.M. YHCIICHHO paBHA MOJIbHOW (MOJIApHOI) Macce, BRIPaKEHHOU

B 2/ MoJb, TO nckomas atoMmHas Macca meramia 55,0 a.e.m.

3anauya 3. CTpoeHue aToMa W NepPUOAUYECKAS cHCTeMa XMMHU4YecKHX jaementoB /. WU.

Menneieena.

CocrtaBbTe 3JEKTPOHHYIO (OPMYIy aroma 3JIeMEHTa C y4eTOM 3HAueHHH KBAaHTOBBIX YHCEI

3JIEKTPOHOB HapyKHOro ciosd. HamummuTe 351ekTpoHHYI0 (hOpMyiTy aTomMa JIEMEHTa U Ha30BUTE €ro,

eciu 3HadeHHs KBaHTOBBIX umcen (N, |, M, Mg) >IEKTPOHOB HAPYKHOTO SIEKTPOHHOIO CIIOS
1 1 1
cnenyromue: 4,1, —1, +E; 41,0, +§; 41,1, +§.

Pemenne. CocTOsiHME KaXJIOro AJIEKTpOHAa HAPY)KHOI'O  SHEPreTUYECKOro  ypPOBHS

OIPEIeINISETCS CIISTYIONM HabOpOM KBAaHTOBBIX YHCEI:
o 1
1-piif onextpon: N=4; 1=1; m =-1; mg = +§;
. 1
2-oii smextpon: N=4; 1 =1; m =0; mg = +§;

1
3-it onexrpon: N=4; 1 =1: m =+1; mg =+E.

I'maBHOE KBaHTOBOE YHCIIO paBHO YE€TBIPEM, CJIICAOBATCIIbHO, 3JICKTPOHBI HAXOAATCA Ha 4-m
OHEPICTUYCCKOM YPOBHCE. Op6I/ITaJ'IBHOC KBAHTOBOC YUCIIO OIPCACIIACT (1)0pMy aTOMHOM Op6I/ITa.]'II/I.

Ecm | =1, 10 opburtams HasbiBaeTcs P -opOutainbto, cienoBaTeabHO, 3TH TPHU DIIEKTPOHA

Haxo4ATCA Ha p -IIOAYPOBHC YCTBECPTOT'O SHEPICTUICCKOTI'O YPOBHI.

MaruutHoe kBaHTOBOE 4uciIo M, (-1, 0, +1) OTIpe/IeTIsIeT OPUEHTAIIUI0 AaTOMHON OpOUTaAIH

B npocrpanctee. Ha Bcex p-opburamax (P, P,, P,) maxomurcs mo ommomy snexrpomy

(mg = +E). HapyxHblli 3HEpreTMdeckuil ypoBEHb aTOMa »3TOTO JJIEMEHTAa COACPKHUT IATh

3JIEKTPOHOB: ...4s%4 p3 . Takyto 371€KTPOHHYIO KOH(UTYPAIIUIO HAPY>KHOTO SHEPreTUYECKOTO YPOBHS
uMeer aToM MBIIIbSIKA As, JJIEKTPOHHAs dopmyna KOTOPOTo ClIeAYIOIIas:
s As 1s°25*2p°®3s*3p°3d*°4s*4p4ad®.

3agaua 4. [IpyHnun HanMeHbIIeH dHeprun. /[Ba npasuiaa Kneukosckoro.

CocTaBbTe 2JIEKTPOHHBIE (POPMYIIBI aTOMOB 3JIEMEHTOB C MOPSAAKOBBIM HoMepoM 16 m 22.

ITokaxxure pacrpeaciI€HuEC 3JICKTPOHOB 3TUX ATOMOB IO KBAHTOBBIM STIYCHKaM.
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Pemienne. DnekTpoHHbIE (OPMYIIBI OTOOpaXXaIOT pPACHpEleSICHUE AJIEKTPOHOB B aTOME I10
SHEPreTUYECKUM YPOBHSM, MOIYPOBHSAM (aTOMHBIM opoOutamsim). OKOJO faepHOE MPOCTPAHCTBO, B
KOTOpOM C HauOoJbiel BeposTHOCTBIO (0,9 — 0,95%) MoKeT HaxOJHUTBHCS IICKTPOH, HA3bleAemcs
amomHoil opoéumanvio. DINEKTPOH 3aHUMACT TOT SHEPreTUYECKUH IOAYypOBEHb, Ha KOTOPOM OH

o61aziaeT HaUMeHBbIIeH SHepruei, T. e. riae cymma (N + | ) manmensmas (nmpasuno Kineuxosckoro).

Tak kak 4YMCIIO 3JEKTPOHOB B aTOME€ TOTO HJIM MHOIO 3JIEMEHTa PAaBHO €ro MOPSIKOBOMY
Homepy B Tabmnuie J[. 1. Menneneesa, TO 115 2JIEMEHTOB C Nel6 — cepa, ¢ No 22 —tutan. CoctaBuM
ANEKTPOHHBIC (POPMYJIBI JIJIsI ATOMOB JTJAHHBIX 3JIEMEHTOB IO MPUHIIUIY HAUMEHBIIICH YHEPTHH:
6S  1s? 2s? 2p°® 3s* 3p* 3d°
2 3 3 3
1 0 1 2
3 3 4 5

n=1
1=0

n+l=1

2
0
2

Tl 1s® 2s* 2p°® 3s* 3p° 3d? 4s” 4p 4d 4f
n=1 2 2 3 3 3 4 4 4 4
I=0 0 1 0 1 2 O 1 2 3

n+l=1 2 3 3 4 5 4 5 6 7

Ecmu cymma (N + |) mns xaxux-nmu6o momypoBHeli 0MHAKOBA, TO IEKTPOH CTPEMUTCS HA TOT
TIOIypOBEHB, y KOTOPOTo 3HaueHHe N —TIaBHOTO KBAHTOBOTO YHCIA HAUMeHbIee, a | —HanGonpimee
(2-s1 wactp npaBmia KieukoBckoro).

DONeKTpoHHAasi CTPYKTypa aTOMOB MOXET OBITb H300pakeHa Tpaduueckd MO0 KBAHTOBBIM
AYeiiKkaM, KOTOPBIE SBISIOTCS CXEMaTUYEeCKUM u300paxenueM aromubeix opburaneii (AO).
KBanTtoByro sueiiky 0003Ha4arOT B BUJIE€ MPSIMOYTOJIBHUKA, a SJIEKTPOHBI B 3TUX sSUYeWKax 0003HAYAIOT

cTpenkamMu. B Kaxmod KBaHTOBOM s4Yeiike MoOKeT ObITh He O0ojiee JABYX DIEKTPOHOB C

IMPOTUBOIIOJIOKHO HANPABJICHHBIMU CIIMHAMU (T\L) . Op6I/ITaJ'II/I JaHHOT'O TIOAYPOBHSA 3aIlOJHAKOTCA

CHa4ajla IO OAHOMY DJ3JICKTPOHY C OAWHAKOBLIMU CIIMHAMW, 3ATCM [0 BTOPOMY OJJICKTPOHY C

MIPOTUBONOJIOKHO HAMpaBiIeHHBIMU CcHOUHAMH (MpaBuwio ['yHmay ONEKTpoH B aroMmMe J0JKEH
OTJIMYAThCA XOTs Obl OJHUM KBAaHTOBBIM YHCIIOM, T. €. 8 amome He Modicem Oblmb 08YX 2JIeKMPOHOE C

0OUHAKOBbIM HAOOPOM 6cex uemblpex Keanmosvix ducen (npunyun I[laynu-1925).
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3agaua 5. DHepreTuka XMMHYECKHX MPOLECCOB (XMMHYECKOe CPOACTBO).

Pacuem mennogozco sghgpexma peaxyuu no cmaHOapmHviM MenIOMaM  00PA306AHUSL
peazupyrowux sewjecms. TepMOXUMHYECKUE pacueThl OCHOBaHBI Ha 3akoHe ['ecca (1840): TensioBoii
3¢ ¢eKT peakunu 3aBUCUT TOJBKO OT NPUPObI U (PU3HMUECKOr0 COCTOSIHUS UCXOAHBIX BEelleCTB U

KOHEYHBIX MPOAYKTOB, HO HE 3aBUCHUT OT IIYTH 1Iepexoaa.

YacTto B TEPMOXMMHUYECKHX pacueTax MPUMEHSIOT CIEeICTBUE M3 3akoHa ['ecca: mennogot
appexm peaxyuu (AHX.P.) pasen cymme mennom obpazosanus npodykmos peaxyuu 3a eviuemom

CYMMbl nmenjiont 06pa306anz UCXOOHBIX eeulecnis ¢ yuemom cmexuomempudeckKux KOSd)Qbub;ueHMOG 6

VPaBHEHUU peaKyuu.

AHX p = ZAH 06p.npod. ZAH 00p .ucx.6—6 (4)

OHpeI[eJ'H/ITe KOJIMYCCTBO TCIIJIOTHI, BBIACIAIOIICCCS IIPU TallCHHUN 100 KZ H3BECTH BOI[Oﬁ,

ecili CTaHAapTHBIE TEMIOTH 00Pa30BaHMs PearupyroNuX BelecTs pasubl ( K[/ mos ):

AH® 5 (Ca0,,,)) =-6351; AH®x4(H,0,,,,) =—28584; AH®,,(Ca(OH), ) =-986,2.

Pemrenne. Peakiing ramenust U3BECTH:

CaO

(xp

|+ H,0(o¢) =Ca(OH), .

TennoBoii 3¢ ekt peakuuu 1o 3akony ['ecca paBeH:

AH®X.p.=AH®,e(Ca(OH )2(Kp) —[AH®,,(Ca0,,,) + AH s (H,0,,,) )] =
=-086,2 — (—635,1—285,84) = —65,3 k/[orc.
Tennosoii »>pdexr peakumn paccunrtan Ha 1.moas CaO, T1e. ma 562 CaO,

M (CaO) =56 2/ moawb. CocraBum npomopio:
3 56 2 (CaO) seinensercs rennora — 65,3 k/{oic

u3 100000 2 (CaO) suinensercs X kl]oic.

)4 & mnpomnopuun  onpeaAciisicM CKOJIBKO BBIACIHUTCH TEIUIOBOM OHCPIUM MpH TalICHUH 100 K2

CaO:
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100000 - (—65,3)
56

X ~1,16 -10° x/Trc.

Otser: —1,16 -10° x/]orc.

3agaua 6. Berunciuts Temiory o6pasosanust CaCO, no remnore peaxiun pasnokeHus
CaCO, na CaO u CO,, pasuoit 200,9 x/[oic, ecnu usBecTHO, UTO
AH ., (Ca0,,,, ) =635,2 /[, AH (COZ(Z)) =-393,6 xk/oic.

oop. oop.

Pemenue. 113 ypaBHeHUS peakuu Ciaeayer:

AH,. (CaCO,)+AH,. (Ca0)+AH,_ (CO,)=-200,9 x/oc.

oop. oop.

Otcrona:
—AH (CaCO;) =200,9 x/{orc — AH Oép,CaO(K) - AH 06P_COZ(2) :

AH,,, CaCO, =-200,9+ AH , CaO+AH, CO, = -200,9 - 653,2 ~393,6 =
= —1229,7 /.

3anaua 7. XumMuuyecKkasi KHHETHKA U XUMHYECKOe paBHOBecHe.
BblrunciieHre CKOPOCTH peakuuM M0 KOHIEHTPAUAM Pearupyrimx BeuecTs

Peakuus mexny Bemectsamu A nm B nporekaer mo ypasnenmio: A+ 2B =C, navansusie

xonnenrpanuu pasuel: [A]=8mons/ n; [B]=10mons/ 1. Koncranta cxopoctn peakuum paBHa

2 -2 -1 o o
0,3]1 - MOJb ~ - C . Beraucnure CKOPOCTb XMMUUYCCKOU PCAKIMWH B HAYAJIbHBIM MOMCHT W B TOT

MOMCHT, KOT'JIa B peaKHHOHHOﬁ CMCCH OCTAHETCA 30 % BCIICCTBA B .

Pemenne. CornacHo 3aKOHY JEHCTBYIOIIMX MAacC CKOPOCTh JaHHOW XHMHUYECKOW peakIuu

pasna L =K[A]-[B]’.

ITo ucTeueHnH HEKOTOPOTO BpeMeHH B peakionHoi cMecu octanercst 30 % Bemectsa B, 7.
e. xonnentparus BemectBa [B] cramer pasmoit 10-0,3=3 mosns/ 1. 3uaunur, xoHnentpanus
semectBa [B] ymemsmmnace ma 10 —3=7 monw/ . T. x. Bemectea A u B BiaumoneiictByror

MeXIy co0oi B cooTHomeHmH 1.2, TO KOHIEHTpamus BemectBa A  yMeHbIIMIach Ha

3,5 monwl 1 (7:2) " crana PpaBHOI 4,5 monol 1(8—3,5). CIie/10BaTeNBHO,

v,=03-45- 32 =1215 moavl 1 c.

3anaya 8. Biausinue 1aBjieHHsI HA CKOPOCTDH PeAKIUH.
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Onpepnenure, kak uamenutes ckopocts peakiun 2NO + O, =2NO0O, , eciun obwee nasnenue

B CHCTEME YMEHBIINUTE B D pas.
Pemenne. YMeHbIIECHNE JABJICHHS B CHCTEME B D Pa3 BBI3OBET yBEIMYEHHE 00bEMA B CHCTEME

B D pa3s, a KOHLEHTpalMs pearMpyloIIUX BEIIECTB yMEHbIIAETCA B O pa3. HawambHas CKOpOCTH

peaxkiuu paBHa:

v, =k-[NOJ* [0, ]. (5)

[Tocne ymeHbIIEHUS TaBICHUSA:

NO])* [O,] _ [NOJ* [0, ]
25 5 125

I[Tociie yMeHBIIEHNS JABJICHUS B D pa3 CKOPOCTh peakuu ymMeHbmanachk B 125 pas.

(6)

Uz=k-([

3agaua 9. OmnpegeneHue BpeMeHHM MPOTEKAHUSI PpPeaKUUH B 3aBHCHMOCTH OT

TeMIepaTyphbl.

Ipu 393 K peakuus 3akanausaercs 3a 10 munym . Cxonbko Bpemenu GyieT IIpoI0IKaThCs
peaxuus npu 363 K | ecnu TemnepatypHslii Ko GUIHEHT 3Toi peakiuy paBeH 3 ?

Pemtenue. 3aBUCHMOCTH CKOPOCTH XHMHYECKOM PEAKIMH OT TEMIIEPATYPBl BBIPAKAETCSA
cooTHoweHueMm Bant-I'odda:

TZ_TI
.10
U, =Up -y 10, (7)
TJle ¥ — TeMmepaTypHbli KodpdumueHnt. Mex Iy CKOpOCThIO MPOTEKAHUS XMMHUYECKUX PEAKIHI U MX

IpOAOJIKUTCIIbHOCTBIO CYIECTBYET o6paTHa;1 IIPONOpIUHOHATIbHAs 3aBUCUMOCTh .

= (8)

rae t, u t, —Bpemst mporexanus peakiuu npu Temmeparypax 1, u 1,.

CnenoBarenbHO, cooTHOIIEHNE (7) B JAaHHOM Cllydae MOKHO 3alicarh:

T-h
Lo
t2

= }/ ,

T,-T, 393-363

orkyma: t, =t,-y 1 =10-3 © =10-3°=10-27 = 270 mun =45 u.

Ipu temneparype 363 K sra peakuus 3akanumsaercs 3a 4,5 4.

3anaya 10. BoruncieHue paBHOBECHbIX KOHICHTPAIMI pearupyouX BelecTB.
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Peakuus nporexaer no ypasuenunto A+ B = 2C .Onpenenure paBHOBeCHBIE KOHIEHTpAUK

pearupyroIMX BEIecTB, €CIIM MCXOAHbIe KoHIeHTpamuy Bemects A u B cootserctenno pasnbr: 4
u 6 monw/ 1, xoucranta pasrosecus K =1,

Pemenue. K MomeHTy paBHOBecus KoHuentpauuu Bemect8 A u B nonmsarca, a

xoHueHTpamus Bemecta C yBennmuutes. Ha xaxmpii Monb Bemectea A u B o6pasyercs nsa moins

semectBa C. IlosTomy, ecnu moHWkeHwe KoHueHTpauuu BemecTB A um B 06o3naumts yepes

X MoJieli , To yBennuenue konuentpauuu semecrsa C Oymer 2X Molei.
PaBHOBECHBIC KOHIICHTPAI[UH PEarupyIOIIUX BEIICCTB:
[Al=(4 - X) monvln;  [C]=2X monvl n;
[B]=(6—X) morv/ n;

K — [C] _ 4x° B 4x* .
" [A]'[B] (4-X)-(6—Xx) 24—-10x+x*"
4x?
1= g
24 —10X + X

3x* +10x-24=0; x=19.
OTCIO,I[a PaBHOBECHBIC KOHICHTPALMN PCArupyronux BCIICCTB PABHBI:
[A]=4-19=21monvl 1; [C]=38 monv/n; [B]=6—-1,9=41 monv/ 1.

3agaya 11. CniocoObI BbIpaKeHHs1 KOHIEHTPALHI PACTBOPOB.
KonnuecTBeHHBI CcOCTaB pacTBOpa OINpPEAEHSAETCS €ro KOHILEHTpalMeW, T. €. OTHOCUTEIIBHBIM

COACPIKAaHUEM KOMIIOHCHTOB, COCTABJIAIOIIUX paCTBOP.

Konuenrpanueii Ha3bIBaeTcsl cojepKaHue PaCTBOPEHHOr0 BelIecTBA B €MHHIIE MACCHI
WM 00beMa pacTBopa.

CymecTtByeT MHOTO crmocoOOB BbIpaKeHHUs KOHIeHTpauuii. Hawmbonmee mnpuUMEHUMBI
CIIeAYIOIINE:

Maccosaa 00as 6vipadxicaemcsi YUCIOM, NOKA3BIBAIOWUM KAKYIO 000 COCMABIAem MAaccd
pacmeopennozo  eewjecmsea (My) om maccet pacmeopa (Mp). Dta Oe3pasMepHas BeTHYINHA

BBIPAKACTCA B JOJISIX CAUHUIIBI UJIKM B MPOLCHTAaX (MaCCOBBIﬁ HpOLIeHT). Ecnu 0003HaYUTh MacCCOBYIO

nomo @(C%), To MOXHO 3amucaTh:

o="5100%. 9)
mP



54
3
Eciin Macea pacTBopa HaxoauTcs 1o ero oobemy V (1) m naornoeru (2/cm’) T. e.

m=V-.-p, To

mB
LR 10
V.o (10)

(4

Monspnas Konyenmpayus Ixeusanenmos (nopmanshocms) C,,  nokasvieaem uucio mons-

IKBUBAIIEHNOB6 pPACMBOPEHHO20 6euecmea (‘{I/lCJZO aksusaieumos NN codepofcameec;z 6 1]1

ke !

pacmeopa ( moawl 1) unu (monb — oxel n):

c _N,-1000 _m,-1000 a1
o % m,-V '

m
n=—2, (monv—sxe)
m3

rae N, — SKBMBAJIEHTHOEC KOJIUYECTBO PACTBOPEHHOIO BEILECTBA,
M, — Macca pacTBOPEHHOIO BEILECTBA, 2 ;
M, — MospHas Macca SKBUBAJICHTA BEIIECTBA, 2l monw.
Monapnaa Konyenmpauua (MOJAAPHOCHIL) CM nokasvieaem KoJIUYecmeo pacmeopeHHO20

(uucno monetl) eewecmsa, cooepaucaweecs 6 1 1 pacmeopa (Mmoawl 1):

C, = n-1000 _mg -1000 (12)
\Y M-V

m
n=—2 (monb—2x6)
m9

rae V — o6beM pactsopa, Ji | ML ;
N — KOIMYECTBO PACTBOPEHHOTO BEIIECTBA, MOJIb |
M — Macca pacTBOPEHHOTO BEIECTBA, & |
M — monspras macca pacTBOpEHHOTO BemecTsa, 2/ MOb.

Monsanvnasn KOHUenmpauun (MOJl}lJleOC‘mb) Cm nokasvleaem  KoJauvyecmeo (n)

pacmeopennozo éewecmea (wucno monetr) , npuxooaweecs na 1000 2 pacmeopumens ( monwl k2)

¢, =""1000, (13)
ml

m
(n):M-
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3anaua. [lpuroroBjieHre pacTBOpPa 32IaHHON KOHUEHTPAUM pa3daBjieHUeM BOIOM.

Ipurorosuts 20 M1 0,1 4. pacrsopa NaOH u3 0,5 #.pacteopa NaOH .
Pemenune. Haiinem monb-skusanentHoe komuuectso NAOH | comepxameeca B 20 m

0,1 x. pacteopa NaOH , socnonbzopasmmce popmynoit (11)

C,V 01-20
n = =
* 1000 1000

Haiinem o6wem 0,5 1. pacrsopa, B xotopom conepxurca 0,002 monw — sxeusanenma

=0,002 monw — oxe.

NaOH , socionssyemcs dpopmymoii (11) :

v ré_ 1000 = 9:002 1000

H 1

=4 un.

Cnenosatensro, uto6s1 npurotoButs 20 ma 01w, pacteopa NaOH | meo6xomumo B3ate 4 M

0,5 #. pacropa NaOH u npumuts 16 Mz BosL

3amaua 12. Cwmemenue pactBopoB (Meron Kpecra). I[IpuroroBiiennme pacTBopa

IPOMEIKYTOUHOI KOHIIEHTPALMH U3 IBYX PACTBOPOB MeHbIIel H 00/IbIel MJI0THOCTH.
B kakux BecoBbix cooTHomenusx Hano cmemats 20 % — w1z pacteop NaOH u 5 % — vt
pactop NaOH | uro6s1 momyunts 10 % — b2l pacTBOp?

Pemenue. BOCHOJ’IIByeMCSI YpaBHCHHUEM (9) , 1 BBIIIOJITHUM CJICAYIOIINEC BBIYUCIICHUA:

m6

mP

= 100 % mna 10 % — 20 pacrsopa;

m, =m,_ (20 %) +m_(5%); mp, = m, (20 %)+ m, (5 %).

20-m(20 %
”‘e(ZO%FW;

5'mP(5%).
100 %

O:20.mp(20%)+5-mp(5%)_
m, (20 %) + m, (5%)

10-m, (20 %) +10 - m, (5 %) = 20 - m, (20 %) + 5 m,, (5 %) ;
m, (5 %) = 2-m, (20 %):

m, (5 %) =
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m,(20%) 1
m,(5%) 2
Cnenoparensho, 20 % — Ho2o pactBOpa Hano B3aTh 1 BecoByro yacth, a D% — Ho2O 2

BCCOBBIC HaCTH.

3amauda 13. 3akoH 00bEeMHBIX DKBUBAJIEHTOB.

y 3 3
Ha neiirpamuszammo 50 cv” pactBopa kucnotsl mspacxomosano 25 cm” 0,5 n. menoun.

Uemy paBHa HOPMaJbHOCTb KUCIOTHI?

Pemenne. [1o 3ak0oHy 00BEMHBIX SKBUBAJIEHTOB BELIECTBA B3aUMOJICHCTBYIOT APYT C IPYIOM B
SKBHMBAJIETHBIX KOJIMYECTBAX, a PACTBOPHI pABHON HOPMAaJIbHOCTH PEArupyroT B paBHbIX oObeMax. [Ipu
Pa3HBIX HOPMAJIBHOCTSAX OOBEMBI PACTBOPOB PEArHPYIONINX BEIIECTB 0OPATHO MPOMOPLUHAHATBHBI UX

HOPMAJIBHOCTAM, T. €.

V C
(K) H (L) _
() H(K)
orcroma 50° CH(K) =25-0,5, 3snaunt CH(K) = w =0,25n.

TI/ITp. Tumpozvz pacmeopa Haswvleaemcs KOJIWUYCCTBO I'paMMOB PAaCTBOPCHHOI'O BCHICCTBA B

1 em® (mr) pacteopa.

3Hasi HOPMAJIbHOCTH PAcCTBOpPAa W SKBUBAJIEHT PACTBOPEHHOTO BEIIECTBA, MOKHO HAWTH TUTpP IO
dbopmyre:

:M (Z/MJZ).
1000

3agaua 14. CpoiicTBa pacTBOpoB. Bpiunciure teMneparypbl KpUCTAJUIM3AUUU U KUIMIEHUS

2% — 20 Boanoro pacrsopa rimoxkossl CsH,,0;.

Pemienue. Ilo 3akony Paynd moHmwkeHwe Temreparypbl KPUCTAIM3ALMM W TOBBIIIECHUE

Temneparypsl kunenus pactsopa (Al ) mo cpaBreHUIO ¢ TeMIEpaTypaMu KpUCTAUTM3alMU M KATICHHS

PACTBOPUTCIIA BBIPAKAIOTCS YPABHCHUCM:

At= K m-lOOO’ (15)
M -m,

rac K — KPUOCKOIMMYCCKAasA HIIN 96YJ'IJ'II/IOCKOHI/ILIeCKa$[ KOHCTAHTBI. 21.]'[51 BOAbI OHHU COOTBETCTBCHHO

pasubl 1,86 u 0,52 rpangycos;

M, —Macca pacTBOPEHHOIO BELIECTBA, 2 |
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M —wmonspHas Macca pacTBOPEHHOTO BemlecTsa, 2/ MOJb |

M, —Macca pacTBOpUTENS, 2 .

Honmkenne Temneparypsl kpuctammsamun 2 % — 2o pacrsopa C H,,O, HaBogum wus3

dopmyssr (15):

2-1000
180 -98
Bonga kpucrammsyercas npu 0°C, cnemosarenbHO, TemmepaTypa — KpUCTAIIM3alMd — PacTBOpa

0°C -0,21°C =-0,21°C.

At =1,86° 0,21°.

U3 popmymnsr (15) maxomum u nossimenue TemnepaTypsl kunerus 2 % — 20 pactsopa

At = O,SZOM =0,06°.
180 -98
Boga xumur mpu 100°C, crenmoparensbHo, TemmepaTypa KHMIIEHHsS 3TOTO pacTBOpa

100 + 0,06 =100,06°C .

3anaua 15. MoHHO-MoJIeKy IsipHbIe (MOHHBIE) peaKkuu 00MeHa.

HoHHO-MOJNIEKyIApHbIE, WM TMPOCTO HOHHbIE, YpPaBHEHHUS pEaKIHil oOMeHa OTpakaroT
COCTOSIHME JJIEKTPOJUTA B pacTBOpe. B ATUX ypaBHEHMSAX CHIIBHBIE PACTBOPUMBIE 3JIEKTPOJIUTHI,
MOCKOJIBKY OHM TOJIHOCTBIO JTUCCOLMMPOBAHBI, 3allMCHIBAIOT B BHUJI€ MOHOB, a claOble JIEKTPOJIUTHI,
MaJIOpAaCTBOpPUMBbIE,  CIA0OAMCCOLMUPYIOIIME M ra3000pa3Hble  BELIECTBA, 3alUChIBAlOT B

MOJIEKYJISIpPHOH (popMe.

B MOHHO-MOJIEKYISIPHOM ypaBHEHUU OJMHAKOBBIE MOHBI U3 00EUX €ro YacTell MCKIHYarOTCS.
IIpu cocraBieHUM MOHHO-MOJIEKYJIAPHBIX YPAaBHEHHUH CIEAYET MOMHMTb, YTO CyMMa JJIEKTPUYECKUX
3aps/10B B MPAaBOM 4YacTU ypaBHEHHUS JIOJDKHA OBITh paBHA CyMME JJIEKTPHUUECKUX 3apsijioB B JIEBOM

YacTH YPaBHECHUS.

Harmmcats HOHHO-MOJICKYJISIPHBIC YPAaBHCHUA peaKHI/Iﬁ BSaHMOHeﬁCTBHH MCXKJIY BOAHBIMU

pactBopamu cienyrommx Bemects: a) HCl u NaOH ;

6) Pb(NO;), n Na,S; 5) CH,COOH u NaOH . Hoxcunrars cymmy crexnmomeTpHyueckux

KOE)(I)(I)I/II_II/ICHTOB B MOJICKYJISIDHOM U COKpAallICHHOM MOHHOM YPaBHCHUSAX.

Peluenne. 3anuiiem ypaBHe NS B3aUMO/EHCTBUSA YKa3aHHBIX BELECTB B MOJIEKYISPHOM BHJIE:
a) HCl + NaOH = NaCl + H,O Zkoagbgbuuemme =4

6) Po(NO;), + Na,S = PbS { +2NaNO, > xosgdpuyenmos =5;

8) CH,COOH + NaOH =CH,COONa + H,0 > ros¢ppuyenmos=4.
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OTMeTuM, YTO B3aMMOJCWCTBUE STHX BEIIECTB BO3MOXKHO, T.K. B PE3YJIbTaTe MPOUCXOIUT
CBSI3bIBAHME MOHOB ¢ oOpasoBanneM ciabbix suekrpoauros (H,O), ocanka (PbS ), BosmoxHO 1

rasa.

B peaknum (B) aBa cimaObIX 3JEKTPOJIUTA, TaK KAaK PEAKIMU HUIYT B CTOPOHY OOJIBIIETO
CBSI3bIBAHUS MOHOB W BojAa Oosiee claOblid 3JEKTPOJIUT, Y€M YKCYCHas KHCIOTa, TO paBHOBECHE
peaKiuu CMEIIEHO B CTOPOHY 00pa3oBaHuUs BOJbl. VICKIIOYMB OAMHAKOBBIE MOHBI U3 00EUX yacTei

PABHOBECHI, TIOYIHM HOHHO-MOEKY/IAPHEIE YPABHEHUS COOTBETCTBYIOIIMX PEAKIIHIL:
ay H"+OH™ =H,0O ZK03¢¢uueHmoe =3;
6) Pb™?+S? =PhS { Zkoaqbgbuueﬁmoe =3;
8) CH,COOH +OH™~ - CH,COO™ + H,0 Zkoad)d)uueﬂmoe =4,

3amaua 16. OKHCJINTEILHO-BOCCTAHOBHTEJILHBIE peakumnm. Okucaumensvno-
B60CCMAHOBUMEIDHbIMU HA3bIEAIOM peaKyuu, COnpOGOJfCOCliOM/ﬂ/IGC}l UBMEHEHUEM CmeneHUu OKUCIEeHUA
amomos, 8X00AUWUX 8 COCMA8 peazupyrouux eujecms.

Ilon cTeneHpIO OKHUCIEHHUS (n) MOHUMAIOT TOT YCJIOBHBIM 3apsl aToMa, KOTOPBIH
BBIYUCIISIETCS, UCXOS U3 MPEATION0KEHHS, YTO MOJIEKYJIa COCTOUT TOJIKO U3 MOHOB.

[Ipomiecc oTmaum SIEKTPOHOB HA3bIGACMC NPOYECCOM OKUCAEHUs U COIMPOBOXKIIAETCA
MOBBIIIICHUEM CTETNIeHU OKHUcIeHus. M, Hao0opoT, mpoIrecc MPUCOSTUHEHUS dIIEKTPOHOB HA3bIBAENICS
npoyeccom 80CCMAHOBIeHUsT U CONIPOBOXKIAETCS TTOHIKEHUEM CTeNeHH okucieHus. O crnocoOHOCTH
TOI'0O UJIN UHOI'O BCIIIECTBA HpOSIBJ'ISITB OKHCJIUTECIBHBIC, BOCCTAaHOBUTCIBbHBIC NJIN )IBOfICTBGHHBIG (KaK
OKHCJIHNTCIIbHBIC, TaK U BOCCT&HOBI/ITGJ'ILHBIG) CBOI\/’ICTBa MOXHO CYI[I/ITB II0 CTCIICHU OKHCJICHHUA aTOMOB

OKHCIIHUTEIA 1 BOCCTAHOBUTCIIA.

5 6 y
Hanpumep, HNO, — N™, H,SO, —S™ — nposasiior TobKO OKHCTUTENBHBIE CBOICTBA:
4 4 y
(NO,)—N™, (SO,) —S™ — nposBnAIOT OKHCIUTENbHBIE H BOCCTAHOBUTEIBHBIE CBOHCTBA;

-3 2 y
(NH,;)—=N"; (H,S) —S™ — nposBisior ToIbKO BOCCTAHOBUTENBHbIE CBOHCTBA.

[Ipu  OKHMCIUTETHHO-BOCCTAHOBUTENbHBIX PEAKIMAX BAJIEHTHOCTh ATOMOB MOJKET M He
MeHAThCA. Hampumep, B okucnurensHo-BoccTanoButenbHoi  peakmun  H, + Cl, =2HCI
BAJIEHTHOCTh ATOMOB BOJIOPOJIA M XJIOpa JI0 U MOCIE PEAKIHH PaBHA eIHHHUIIE, H3MEHUIACH UX CTENEHb

OKHCIICHHS. BajgeHTHOCTh OMPEACIACT YUCIIO CBH3Cﬁ, 06pa3OBaHHBIX AaHHBIM aTOMOM, U TIO3TOMY

3HaKa He uMeeT. CTeleHsb JKe OKHUCIIEHUS UMeeT 3HaK IUII0C WUIx MHHYC.

CocTaBbTe 3JIEKTPOHHBIE YPaBHEHUS! OKUCIUTEILHO-BOCCTAHOBUTEIHHON PeaKIuu, UAYILIEH 110

CXEMC!:
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+7 +3 +2 +5
KMnO, +H,PO, +H,S0, »>MnSO, + H, PO, + K,SO, + H,0.

Pemenue. Ecnu B ycinoBUM 3a7auyd JaHbl KaK HCXOJIHBIE BEIIECTBA, TaK M TMPOAYKTHI HX
B3aUMOJICHCTBUSA, TO HANMCAaHWE YPAaBHEHUS PEAKIMH CBOAMTCS, KaK MPAaBHIIO, K HAXOXKICHUIO U
paccranoBke kod(dduimentoB. KoapduimeHts! onpenensioT METOIOM 3JIEKTPOHHOro OajaHca ¢
MOMOUIBIO DJIGKTPOHHBIX YpaBHEHUH. BpluucisieM, Kak HM3MEHSIOT CBOIO CTENEHb OKHCIICHUS

BOCCTAHOBUTCIIb U OKUCIIUTCIIb, U OTPAXKACM 3TO B DJICKTPOHHLIX YPABHCHUAX:

3 Ha 5
5 P™ — 268 = P™ — BoccraHOBUTEIb, OKHCISIETCS

10

+7 = +2
2 Mn + 5e = Mn — OKHCJIHUTECIIb, BOCCTaAaHABJINBACTCA

OOmiee YUCIIO DIIEKTPOHOB, OTHAHHBIX BOCCTAHOBUTENEM, JOJDKHO OBITh PABHO YHCIY
53JIEKTPOHOB, KOTOPOE MPHUCOEIMHSAET OKMCIUTENb. HauMeHbllee obllee KpaTHOE IS OTAAHHBIX U
npunaTeix daekTponoB —10, paspenmuB 510 uwmcno wa 5, momywaem koddduument - 2 s
OKMCIIMTENS M MPOIYKTa €ro BoccTaHoBinenus, a npu aenenun 10 ma 2 nomywaem xospdunuent 5
JUISl BOCCTAHOBHTENS ¥ IIPOYKTa €ro oKucaeHus. KodppuuueHT nepesi BemecTBaMu, aToMbl KOTOPBIX

HE MEHSIOT CBOIO CTETIEHb OKHMCJICHUSI, HAXOAT MOI00POM. Y paBHEHUE peakIiu OyAeT UMETh BUL:
2KMnO, +5H,PO, +3H,50, —> 2MnS0, +5H,P0O,+K,S0, +3H,0.

3agaya 17. DJieKTpoAHbIe NOTEHHUANBI W JJICKTPOABMKYIIMe CHiIbl. CTaHIapTHBIN
3JIEKTPOHBIA MOTEHIMAI HUKeNs Gonbire, yeM kobanbra ([Ipunoxenue A, tabnuuad). UsMenurcs

JIX1 3TO COOTHOWICHUEC, €CIIU M3MCPUTH MMOTCHIMUAJ HUKEIIA B PAaCTBOPE €ro MOHOB C KOHIIGHTpaHI/IGI\/JI

0,001 moaw! n?

Pemenne. DiexkTpoAHbIM MOTEHIMAN MeTaaa ( () 3aBUCUT OT KOHIIEHTPALUU €r0 MOHOB B

pacTBope. DTa 3aBUCUMOCTh BbIpaxkaeTcsl ypaBHeHHeM HepHera:

0,059 o
Q=0°+ - lgC(Me™),

e (° — CTaHAapTHBIN SIEKTPOIHBIN TTOTEHIMAI METalIa B pacTBope, B ;

N — 9KCIT0 HMEKTPOHOB, MPHHUMAONINX YIaCTHE B IPOIECCE;

+n
C(Me™) —xonuentpanus (IpH TOYHBIX BBIYMCIEHHAX AKTHBHOCT) THIPATUPOBAHHBIX HOHOB
MeTallna B pactBope, MoJibl Ji;

¢ o =-025B; ¢ _, =-0277B.

OnpenenHM OJICKTPOJHBIC MOTCHIUAJIBI 9TUX METAJIJIOB ITPH JAHHBIX B YCJIOBHMH KOHICHTPAIUAX:
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0059, . |
P Ni*Z/Ni:_0’25+Tlg'1o =-0,339 B;
0059, .
¢ C0+2/CO: _01277 + T Ig'lo = _0’307 B .

Takum o0Opa3oMm, Mmpu U3MEPEHUHM KOHIICHTPALWHU IMOTEHIMA KoOaibTa cTayl OoJble MOTEHIMAIa

HUKCIIA.

3agaua 18. DuekTpoxMMUYecKHe TrajJbBaHHM4Yeckue 3JjeMeHTbl. (CoCTaBbTe CXEMY
raJIbBAHUYECKOTO JIEMEHTa, B KOTOPOM 3JIEKTPOJAMU SIBJISIOTCS MarHueBas U LIMHKOBas IJIACTUHKH,
OTYILIEHHBIE B PACTBOPHI X MOHOB C aKTHBHOM KkoHNenTpamumeii 1 Mo/ 2. Kakoit Metann sBisercs
aHoJoM, Kakod katomom? Hamummre ypaBHEHHE OKHCIMTEIbHO-BOCCTAHOBUTEIHHOW pEaKIIUH,

HpOTCKaIOH_Ieﬁ B 3TOM raJiJbBAaHM4YCCKOM 3JICMCHTC, W BBIYHCIIUTC CI'0 Qﬂc .

Pemenne. Cxema JAHHOT'O TaJIbBBAHUYCCKOI'O DJICMCHTA.
A(-) Mg/Mg*?||Zn?/Zn (+) K.

BeprukanbHast uHElKa 0003HAa4aeT MOBEPXHOCTH paszesia MKy METalUIOM M pacTBOPOM, a JIBE
JUHENKW — TpaHULy pasjena MeXIy JBYX JKUIKMX (a3 —TIOpUCTYI0 MEperopoaky (Wiau
COEMHUTENIbHYIO TpPYOKY, 3allOJIHEHHYIO pPAaCTBOPOM OJJIEKTPOIMTA). MarHuil umeer MeHblee

3HaYeHHe CTAHAAapTHOro 3yeKTpoaHoro notenuuana — (— 2,37 B) u sasnserca anonom, Ha koTopom

IMPpOTCKACT OKHUCJINTEIbHBIN Imponecc:
Mg° —2e — Mg ™. (16)

[{uHK, 3HaYeHHWE CTaHIAPTHOTO AIIEKTPOJHOTO MoTeHnuana koroporo 0,763 B — xaton, T.e.

AIEKTPOJI, HA KOTOPOM TPOTEKAET BOCCTAHOBUTEIBHBIN MTPOIIECC:
Zn* +2e=27n°". (17)

YPaBHeHI/IC OKHUCIIMTEIIbHO-BOCCTAHOBUTEIHLHOM PCaKkIy, XapakKTCPpU3yrOUICC pa60Ty JaHHOT'O

TaJIbBAHUYCCKOTO 3JIEMCHTA, MOKHO IMOJIYYUTb, CJIIOKHUB 3JICKTPOHHBIC YPABHCHUA aHOAHOTO (16) n

xatoxHoro (17) mpomeccos:
Mg® +Zn** = Mg* + Zn°.

Jns onpenenenns I/{C raapBaHUYECKOTO DIIEMEHTA U3 MOTEHIUANA KATOAA CIIEAYET BHIYECTh
TIOTeHIHMAN aHoaa. Tak Kak KOHIEHTpaIys HOHOB B pacTBope paBHa 1 Moibl 1, To D/]C snemenra

paBHa pa3HOCTH CTaHJAPTHBIX MOTEHLUATIOB JIBYX €T0 3JEKTPOJIOB:
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IC(E) = ¢°Zn*? | Zn — p°Mg° | Mg *? = 0,736 — (=2,37) = +1,607 B.

Ecmu E BCJIMYHHA ITOJIOXKUTECIIbHAsA, TO TaKOH raJlbBAaHMYSCKHUI DJIEMEHT MOKET pa60TaTB.

3agaua 19. D1eKTPoJIN3 BOJAHBIX PACTBOPOB U PACILJIABOB COJIEii.

Kakast Macca Meu BblzenuTest Ha Karoze npu snekrposmse pactsopa CUSO, B reuenne 1u
npu cune Toka 4 A?

Pemenne. CormacHo o0beinHEHHOMY 3aKoHYy Dapajes:

_m,-J-t
96500 '

rae M — macca BCIIICCTBA, OKMCICHHOI'O MJIM BOCCTAHOBJICHHOI'O Ha JJIEKTPOIEC, 2 ,

(18)

M., — 9KBUBaJNEHTHAs Macca BewecTsa, 2/ Mob;
J —cmmatoka, A;
t — mpooImKKUTETBEHOCTD BMIEKTpONH3a, C .

OKBHUBaJICHTHAsT Macca MeEOU B CUSO4 paBHa €ro MOJIIPHOM Macce, JCIICHHOW Ha

BaleHTHOCTh MeTawna (B) m ma uymeno aromoB mertamma B otoii comu (N) , 3HAYMT

M (CuSO,) =159,54 2/ monw , nenennoii na 2 w pasna 79,77 2/ moaw, noncrasus B popmyiy:

79,77 -3600

m(CuSQ,) = 96500

=2,976 2.

33}13‘13 20. Brruncaute OKBHUBAJICHTHYIO MAacCCy MCTAJlIA, 3HAd, YTO IIPU IJICKTPOJINU3EC paCTBOPaA

xnopuaa sroro meramna 3arpadeno 3880 K1 snextpuuectsa, u Ha katoze Beimenserca 11,742 2

METajia.

Pemenne. 13 popmynsr (18) Beramcnnm sxBuBanenTHYI0 Maccy:

5 = W  J -t =0Q =3880 K1 —xonuuecTBO SIEKTPUUECTBA, TOT/IA

. 11,742 - 96500
2 3880

=29,352/ monw.

Ortset: DKBUBaNeHTHas Macca Metanna pasHa 29,35 2/ monw.

3agaua 21. Koppo3uss MeTa/ioB M MeTOAbl 3alUUThI OT Koppo3uu. Kopposus — smo
CAMONPOU3BOILHO NPOMEKAIOWUL NPOYECC PA3PYULEHUs MEMAllo8 8 pe3yibmame XUMUYecKkoeo Uil

INEKMPOXUMULECKO20 B3AUMOOCUCMBUS UX C OKpYIHcaloujeli cpeooli.

IIpu 251€eKTPOXUMUYECKONW KOPPO3UH Ha NOBEPXHOCTU METallJla OJHOBPEMEHHO MPOTEKAIOT JBa

mnmpormnecca:
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. 0 - +n
anoouwlli — okucienne metamia; Me +ne=M ",
.« + -
KamooHnbiti — BOCCTaHOBIeHHE HOHOB Bojopona: 2H ™ +2e=H,,

HJIM MOJIEKYJI KUCJI0poaa, paCTBOPEHHOI'O B BOJIE:

0, +2H,0 +4e =40H .

Kak nmpoucxoaut koppo3usi LIMHKA, HAXOIAIIErOCsd B KOHTAKTE ¢ KaJAMHUEM B HEUTPAJIbHON M KUCIION
cpenax. CocTaBbTe 3JIEKTPOHHBIE YPAaBHEHMsSI AaHOJHOTO M KaTOJIHOro mnpoueccoB. KakoB cocras

MIPOJYKTOB KOPPO3Un?

Pemenue. [{unk umeer Ooliee MEKTPOOTPHLIATEIBHOE 3HAYCHUE CTAHAAPTHOTO AIEKTPOIHOTO

norennmana (— 0,763 B), uem kanmuii

(— 0,403 B), nosromy oH sBISETCA aHOAOM, a KaJIMHii KAaTOJOM.
AHOOHBII npoyecc: Zn® —2e = Zn+2,
Kkamoonwiii npoyecc: 6 kucnoii cpede 2H" + 28 =H, T

6 netimpansnot cpede O, + 2H,0 + 48 =40H"

+2 o o o
Tak xak wmomel ZN C TUJIPOKCUJIBHOM Tpynmoil o00pa3ylOT HEpacTBOPUMBIN THUIAPOKCUI, TO

npoxykrom kopposuu 6yzer ZN(OH), .

3agaua 22. ’KecTKocTh BOAbI H METOAbI €€ YMATYeHH.

[IpuponHas Bojga HaXOAUTCS B HENPEPBIBHOM B3aHMOJCHCTBHM C OKPYKAIOIIEH CpenoH, NMpu

OTOM BOJa pacCTBOPACT Pa3JIAYHBIC OPraHUYCeCKUC W HCEOPraHUYCCKUE COCAUHCHUS, I103TOMY

JKECTKOCTh BOJBI ONpefensercs conepkanmem B Heii monoe [Ca'™], [Mg™], xomuuectsenno
oipaxaercs B Me — okel 1 XK =[Ca*][Mg™].

Paznuuator: 1) KapOoHaTHyI0 skecTKocTb, oOycnoenennyto nammuuem MQ(HCO,), u
Ca(HCO,), , xotopsie xopoto auccommpyiot B Bosie Ha uorst [Mg ], [Ca™?]u [HCO, ]

2) HekapOOHATHYIO JKECTKOCTh, OOYCIOBIICHHYIO NPUCYTCTBUEM COJIEH MarHusl W Kajblus,

o6pasosannbix cuibhbivu kuciotamu (CaCl, 1 MgSQO,).

CymiecTByeT psiji clioco00B YMATYESHHUSI BOJIBI:

1. Kapbonammuyio (8pemenuyro) scecmkocms MOACHO YOAIUMb MEPMUUECKUM NYMeM:
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20

t- =]
Ca{HCO:) : —=Cath: + HeCOs <:
H: O
2. Memoo uzeecmkosanus KapOOHAMHOU HCECMKOCMU.

Ca(HCO,), + Ca(OH), =2CaCO0, 4 +2H,0:

Mg(HCO,), + 2Ca(OH), = Mg(OH), 1 +2CaC0, | +2H,0.

3. Hexapbonammuyo (NOCMOAHHYIO) JHCECMKOCHb MOJNCHO YCMPAHUMb C HOMOWDBIO pedazeHma

Na,CO, (coooswiii memoo):

CacCl, + Na,CO, = 2NaCl + CaCO, { .
ConoBbIit METO IPUEMIIEM JUTS YMSITYCHHUSI U KapOOHATHON M HeKapOOHATHOHN YKECTKOCTH.

3
CKOJIBKO TpaMMOB CaSO4 conepxutcss B 1M° BOIBI, €CM KECTKOCTh, OOYCJIOBJIEHHAs

IPUCYTCTBUEM 9TO¥ comu, paBHa 4 me — oke [ 17?

Pemrenne. Onpenenum momsipayto maccy CaSO, :
M(CaSO,)=40+32+16-4=136 2/ moxw.

OxsuBaieHTHas Macca conu CaSO, pasua:

M(CaSO,) 136

5= = =682/ monb.
B(Ca)-n(Ca) 2

3
Mo ycnosmio 3amaum B 1m°  Bomel  comepxkures 4 me—okeln, 1. e

4.1000 =4000 me —oxel n.

m

XK= :
m, -V

(19)

rae M — macca BCIICCTBA, 06y0HaBJII/IBaIOH_[a$I JKCCTKOCTb BOJbI UK NPHUMCHACMAA JIs1 YCTPAHCHUS

JKECTKOCTH BOJIBI, M2 |

m3 — 3KBHBAJICHTHasA MaccCa 3TOro BCIICCTBA, Z/Jl/lO]lb ;

3 3
V —o6wem Bomel, 1, CM™, M°.

13 popmynst (19) maxomum M (2):
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m(CaSQO,) =K -2-V =4-.1000 - 68 =272,28 2.

3.3 IIpuMepHbIii KaJeHAAPHBIH VIAH BHINOJHEHUs KOHTPOJILHOH padoThI

[Ipuctynas K BBIIOJHEHHUIO KOHTPOJIBHON pabOThl, HEOOXOIUMO HU3YyYUTh PEKOMEHAYEMYIO
OCHOBHYIO JINTEPATYpPy IO pa3jesaM 3aJaHus U JONOJIHUTEIbHYIO, €CIH B 9TOM €CTh HEOOXOAUMOCTb.
3azaHue BbIJIaeTCs Ha NepBOil Henene cemecTpa. [IpuMepHblii KajeHAapHbIi [171aH BITOJHEHUS

KOHTPOJIbHOW pabOThI MpeCTaBjIeH B TabauIie 2.

Tabnuua 2 — [TpuMepHBIii KaJeHJapHBIHA TUIaH BBITOJTHEHUS KOHTPOJIBHON paboThI

Oransbl BHIIOJHEHUS! KOHTPOJIBHOU paboThl CpoK BBINOJIHEHUS
Brigaua 3aganust Ha KOHTPOJIBHYIO paboTy 1 Henens cemecTpa
Cnava KOHTPOJIBHON pabOTHI HAa IPOBEPKY 13 Henens cemectpa
JlopaboTKa KOHTPOJIBHOH pabOThI 14 Henens cemecTpa
3ammTa KOHTPOIBHOM pabOThHI 17 Henens cemecTpa

4. Tlops10K 321U THI M OTBETCTBEHHOCTH 32 BHINOJHEHHE KOHTPOJIBLHON PadoThl
BoinonHenHas KoHTposibHas paboTa perucrpupyercss Ha Kadeape, 3aTeM  BbLIAaeTcs
MIpernojaBaTellto Ha IPOBEPKY.
[Tpy NOOKUTETBHOM 3aKJIIOUEHUH PAOOTHI JOMYCKAETCS K 3alllUTe.

[Topsimok 3amuThl CIEOYIOUIMH: CTYyIEHT O053aH WU3JIOXKHTh CYIIHOCTh TEOPETUYECKOIO
MaTepuana, yMEHHE INPUMEHATh (OpMYNIbl MPU pEIIeHUH 3ajad, YpaBHUBAHUE OKHCIUTENIbHO-
BOCCTAHOBUTEJBbHBIX PEAKIINM, 3aIIUCh NEKTPOXUMUYECKUX MPOIECCOB, METO/bI, IPUMEHSIEMbIE IS
yMsTueHus: 1 00e33apakuBaHMsI BOJbI, @ TAKXKE BOIPOCHI, CBSI3aHHBIE CO CIEUU(UKON CTPOUTETBHBIX
MaTEpUaJIOB.

[Ipy HanMuuu 3aMedyaHU KOHTpOJbHas paboTa BO3BpalIaeTcss Ha JOPaOOTKY CTYIEHTY 10
3alUThl B COOTBETCTBUHU C 3aME€UaHUsIMU IpenojaBaTens. [Ipu moBTropHOM npeacTaBieHuy paboThl Ha
MIPOBEPKY HEOOXOAMMO MPUJIOKUTH M MEpBOHAUYalbHYIO paboTy. B ciywae, ecam k 3ammre paboTa
npeacTaBieHa 6e3 UCIPAaBICHNS 3aMEYaHni MpenoaBaress, CTYACHT MOIydaeT «He3aueT.

KontponbHast paboTa, BBIIIOJHEHHAs HE IO CBOEMY BapHaHTY, BO3BpalllaeTcs CTYICHTY 0e3
MIPOBEPKHU.

[Ipn 3aTpynHeHMH B OCBOEGHUU JUCHMIUIUHBI «XHUMHS» CTyIEHTaM pEKOMEHAYETCs

oOpariatecs 3a KOHCYIbTalMel Ha Kadeapy K BeaylieMy npernoaaBaTeo.
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OneHka ypoOBHS BBIIOJHEHUS KOHTPOJBbHOM palbOThl, a TakXKe CTEeNEeHU YCBOCHHS
TEOPETUYECKOT0 MaTepuayia MPOU3BOJAMTCA BeAylmIMM npenojaBareneMm. Omenka 3a paboty

BbICTaBJIsIETCS HeU(B(HEPEHITUPOBAHHO — «3aYTEHOY HITU «HE3AUTECHOY.

5 Cnmncok pekoMeHyeMoil JJuTepaTypbl
5.1 OcHoBHast

1. Heopranmueckas xumus: B 3-x T. / Ilog pen. 1O0. . TperbskoBa. T. 2: Xumus HemepexoaHbIX
AJIEMEHTOB: YUYEOHHK JJIsl CTY/. BBICII. y4eO. 3aBeieHui / A. A. Ipo3nos, B. I1. 3nomanos, I'.
H. Ma3zo, ®. M. CniupuaonoB — M.: M3narenbckuii HeHTp «Akaaemusi», 2004. — 368 c.

2. T'manaka H. JI. O6mas xumus: YaeOHoe mocobue st By30B / Ilon pen. A. U. EpmakoBa —
Nznanue 30-e, ucnpasnennoe — M.: Uurterpan-Ilpecc, 2003. — 728 c.

3. Bamaum u ynpaxuenus mo ooreit xumuu / I[Tog pen. Koposuna H. B. — M.: Beicuias mikosa, 2003.
—225c.

4. Tmumuka H. JI. 3amaun u ynpakHerus no o0meit xumun: Y4yeOHoe nocodue aist By30B / [lox pen.
B. A. PabunoBuua u X. M. Pyounoi. [Ipu yuactuu T. E. Anekceeoii, H. b. [lmarynoBoit,
B. A. PabunoBuua, X. M. Py6unoii, T. E. Xpunynosoii. — M.: Unrterpan — IIpecc, 2002. — 240
c.

5. Koposun H. B., Murynuna 3. 1., Pepxosa H. I'. JlabopaTopHsie paboTsl o xumuu. — M.: Beicias
mkoJa, 2001.

6. AxmeroB H. C. ObOmas u HeopraHuyeckas xuMmusi: YueOHoe mocoOue s By30B. — 3-€ W3[.,
nepepab. u gomn. — M.: Beicias mikona, 1998.-743 c.

7. Koposun H. B. OOmias xumus: Y4eOHUK I TEXHUYECKUX HAIpaBji. M CHell. By30B. — M.:
Bricmras mkoia, 1998. — 559 c.

8. Vraii f. A. Obmas u Heopranuueckas xumusi. — M.: Beicias mkona, 1997. 520 c.

9. TonbOpaiix 3. E., MacnoB E. M. COopHuK 3agay M ymnpakHeHMH mo xumuu. — M.: Beicias
mxosna,1997. — 384 c.

10. TIpaktukym o Heopranuyeckoi xumuu / ITox pea. mpodeccopa B. I1. 3nomanoBa —

M.: UzgarensctBo MI'Y, 1994. — 320 c.
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1. Kapanerssian M. X., Ipakun C. U. Obmas u HeopraHudeckasi XuMusi: Y4eOHUK Ui BYy30B. — 4-¢
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2. Jlumuua JI. A., Anux6eposa JI. 1O., Jlorunosa I'. Il. Heopranudeckass Xxumusi B BOIpOcCax. —
M.: Xumus. 1991.
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xumun. — M.: Beiciias mkona, 1991.
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HeopraHudeckoi xumuu. — Jlenunrpan: Xumus, 1986. — 288 c.
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[Ipunoxenne A

Tabmuna Al — UHauBuayanbHble 3aaHusl 10 BapUaHTaM

Ne
Howmepa 3agau
BapHaHTa

1 1 60 61 86 | 141 | 145 | 191 | 210 | 212 | 242 | 270 | 300
2 2 59 62 87 | 140 | 146 | 190 | 209 | 213 | 243 | 271 | 301
3 3 58 63 88 | 139 | 147 | 189 | 208 | 214 | 244 | 272 | 302
4 4 o7 64 89 | 138 | 148 | 188 | 207 | 215 | 245 | 273 | 303
5 5 56 65 90 | 137 | 149 | 187 | 206 | 216 | 246 | 274 | 304
6 6 55 66 91 | 136 | 150 | 186 | 205 | 217 | 247 | 275 | 305
7 7 o4 67 92 | 135 | 151 | 185 | 204 | 218 | 248 | 276 | 306
8 8 53 68 93 | 134 | 152 | 184 | 203 | 219 | 249 | 277 | 307
9 9 |52a)| 69 94 | 133 | 153 | 183 | 201 | 220 | 250 | 278 | 308
10 10 o1 70 95 | 132 | 154 | 182 | 202 | 221 | 251 | 279 | 309
11 11 50 71 96 | 131 | 155 | 181 | 211 | 222 | 252 | 280 | 310
12 12 49 72 97 | 130 | 156 | 180 | 210 | 223 | 253 | 281 | 311
13 13 48 73 98 | 129 | 157 | 179 | 209 | 224 | 254 | 282 | 312
14 14 47 74 99 | 128 | 158 | 178 | 208 | 225 | 255 | 283 | 313
15 15 46 75 | 100 | 127 | 159 | 177 | 207 | 226 | 256 | 284 | 314
16 16 45 76 | 101 | 126 | 160 | 176 | 206 | 227 | 257 | 285 | 315
17 17 43 77 | 102 | 125 | 161 | 175 | 205 | 228 | 258 | 286 | 316
18 18 43 78 | 103 | 124 | 125 | 174 | 204 | 229 | 259 | 287 | 317
19 19 42 79 | 104 | 123 | 127 | 173 | 203 | 230 | 260 | 288 | 318
20 20 41 80 | 105 | 122 | 129 | 172 | 202 | 231 | 261 | 289 | 319
21 21 40 81 | 106 | 121 | 131 | 171 | 201 | 232 | 262 | 290 | 320
22 22 39 82 | 107 | 120 | 133 | 170 | 200 | 233 | 263 | 291 | 321
23 23 38 83 | 108 | 119 | 135 | 169 | 199 | 236 | 264 | 292 | 322
24 24 37 84 | 109 | 118 | 137 | 168 | 198 | 237 | 265 | 293 | 323
25 25 36 85 | 110 | 117 | 139 | 167 | 197 | 238 | 266 | 294 | 324
26 26 35 [52(6)| 87 | 116 | 141 | 166 | 196 | 239 | 267 | 295 | 325
27 27 34 65 90 | 115 | 140 | 165 | 195 | 240 | 268 | 296 | 326
28 28 33 66 92 | 114 | 144 | 164 | 194 | 241 | 269 | 297 | 327
29 29 32 67 94 | 113 | 143 | 163 | 193 | 235 | 260 | 298 | 328
30 30 31 68 96 | 112 | 142 | 162 | 192 | 233 | 255 | 299 | 329
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Tabmuma A3 — Tabauia pacTBOPUMOCTH HEOPTAaHUYECKUX BEIIECTB B BOJIE TTPH KOMHATHOM

TeMIeparype

SO+

S*

PO4*

OH-

NOs

CI

COs?

CH3COO" | CN-

Br-

M

Honnl

Ag*

AP

Ba%

Be?*

Ca%*
Ccd?*

Co?**

Cr3*

Cs*

Cu?*

Fe?*

Fed*

Hg?

H922+

K+

Li*

Mg?*

Mn2*

NH4*

Na*

Ni®*

PbZ*

Rb*
Sn%

Sr?*

TI*

Zn%*




Cd2+
H92+
Cu2+
Ag*
Sn2+
Pb**
Hon

o
T

I I I T I T IT 9T

H
H
OH"

v I T o ZZ/xTZZ T 9 vwl v Tm

I| v ©v I

=

Q

< ©U|I W ©U| U W U| U W U|lTU U U|lU U Ul U O

Cr

O0o03Ha4YeHNs: P — XOPOIIO PAaCTBOPUMBII, M — MAJIOPACTBOPUMBIH, H — IPAKTUYECKH

w
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[Tponomkenne TadauIb A3

S03% |SO4% |INO3 |PO4% |CO3% |SiOs% |CH3COO"

I T I T I I I| U Ul T

I T I T

H

P

v Z| v Wl v w v v w| o v I/ W T|lT

H

P

W W W UW TUW| U U|TU| U U U U O W T T

P

P

I I T ITIT T X T T T I I T I IT| 9|l ©

H

P

I I I ©U| o

I T T T ITITIT T I

H

H

I I T T T r* T T T I I U

I T

H

P

©| ©v| U ©U| Ul v U v v ©wl v < U|lTU U UT|lTO

P

S03% |SO4% |NOs™ | POs* |CO3% SiOs* | CH3COO

HEPaCTBOPUMBIH, + - TOJIHOCTBIO pearupyeT C BOJOW WJIM HE OCAXKIACTCS U3 BOJHOTO PacTBOpa, -- - HE

CYILICCTBYCT, ?- JaHHBIC O PaCTBOPUMOCTU OTCYTCTBYIOT.



Tabmuma A4 — CtangapTHBIE JIEKTPOIHBIC ITOTEHIUAIBI ( @° ) HEKOTOPHIX METAILIIOB (PsT

HaIpsHKEHUIN )

DIIEKTPOJT | °,B | DJIEKTPOJI | ¢°,B

Li*/Li -3,045 | cd?/cd | -0,403
Rb* /Rb -2,925 | Co*/Co -0,277
K* /K -2,924 | Ni*? /Ni -0,25

Cs*/Cs -2,923 | sSn*?/Sn -0,136

Ba*’/Ba -2,90 | Pb*?/Pb -0,127

Ca™/Ca -2,87 | Fe*?/Fe -0,037

Na*/Na |-2,714| 2H"/H -0,000
Mg*?/Mg |-237 | Sb*/Sb +0,20

Al /Al -1,70 | Bi**/Bi +0,215
Ti*?/Ti -1,603 | cu*?/Cu +0,34
Zr | Zr -1,58 | Cu*/Cu +0,52

Mn*?/Mn -1,18 | Hg**/Hg +0,79

VZIV ‘118 | Ag'/Ag | +0.80

Cr/Cr -0,913 | Hg**/Hg | +0,85

Zn*?/Zn -0,763 | Pt*? /Pt +1,19

Cr/Cr -0,74 | Au*®/Au +1,50

Fe*? /| Fe -0,44 | Aut/Au +1,70
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Tabmuma A5 — ®usndeckre BETUIUHBI, UCTIOIb3YEMBIC IPU PEIICHUH 33129

HauMeHnoBanne BennunH Ennaunel O06o3Hauenue dopwma 3anucu
HU3MEpeHHS
KonmuectBo Bemectna MOJIb v (110) v(H,S) =16 monw
Macca BelecTsa M2, 2, K m(Ca0) =1,6 xe
m
m(CaO)=0,52
MoustpHas Macca 2l monv, M(CO,) =44 2/ monv
M
xe/ mom M (Ca) =40 ke monw
MousipHbIi 00beM nl monw, V, =22,4 1l monv =
Vv
3 _
M [ monw " 22.4-10% a° | monw
O06beM BelecTBa 1, M3, v V (H,)=10 1
pacTBopa V (HCI)=0,2 »°
[1JI0THOCTH BEIIECTBA, 2l mn, 2l en?, p(H,O)=12/mn
pactBopa o] 1 p(po) ;
p(KOH) =1062 ke / m
OrtHocuTeNnbHAs Oe3pa3mepHas D, =22
D 2
IUTOTHOCTh
OTHOcHTENIbHAS aTOMHAs 6e3pa3zMepHas A (Ca)=40
Mmacca A,
A(C)=12
OtHocuTENBHAS Oe3pazmepHas M, (CaO) =56
MOJIEKYJISIpHAs Macca M.
M, (O,)=32
MaccoBas noist Ge3pasmepHas o(KOH) =0,45
PaCcTBOPEHHOI'O BEIICCTBA, HIIn CO(O Meza) w(C) =80%
ANIEMEHTA B COSTUHEHUU o
g Y0
BbIxo/1 BelecTsa Ge3pasMepHas n(oma) n(NH,) = 25%
0
O0BeMHas 101 uid B %

@(pu)

@(CH,) = 0,98 11 98%




Tabnuia A6 — Gusnyeckue MOCTOSIHHBIE, HCIIOIb3YEeMbIC MIPU PEIICHUH 3a/1a4
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AOCOJIOTHBIN HYITh

temneparypsi 273, *C

[Tocrosinnast ABorajipo,

6,02 -10% monn*

[Tocrosaunas ®apanes,

9,65-10* K- moaw ™

Hopmanbnas
atMocdepa
760 mm pm. cm.

nJIn

101325 Ila

YHuBepcanbpHas razopas

IIOCTOsAAHHAasA

8,31 /Joic - moav™ - K™ wmm

0,082 1 - amm - moap " - zpad_l

CrangapTHBIM MOJISIPHBIN

00BEM HACAIHLHOIO ra3a
mpu H.y. (0°C,1amm)

22,4-107 m® - moaw "




Tabnuia A7 — KOHCTaHTHI ¥ CTENIEHU AUCCOIMAIIMA HEKOTOPBIX CIA0BIX 3JICKTPOIUTOB

DIIEKTPOJIHTEI dopmyna YucnoBhIe 3HAYEHUS CreneHp AUcCoLMaNUK
KOHCTaHT 8 0,1 n. pactsope, %
JMCCOLMALIAH
1 2 3 4
AszorHcTas KHCinoTa HNO, K=4,0-10" 6,4
AMMuaK (TUIPOKCH) NH ,OH K=18-10" 13
MypaBbuHas KUCI0Ta HCOOH K=176-10" 4,2
K,=58-10"
BopHas Kuciora H;BO, K,=18-10" 0,007
K,=16-10"
K,=77-10"°
®ocopHas KuCIOTa H,PO, K,=6,2-10"° 27
K; =22 1078
K, =17 1072
CepHucras Kuciora H,S0;, ! 5 20,0
K, =6,2-10
-8
Ceposogopoanas H,S K, =57-10 0,07
-15
KUCII0Ta K, =12:10
[uanoBogopoaHas HCN K —792.10 0,09
KHCIIOTA ’
K,=4,3-10""
VYronbHas KUCJIoTa H,CO, ! T 017
K, =5,6-10
VKCycHast KHCII0Ta CH,COOH K =175-10"° 13
®dTopoBOAOpOAHAS 8,5
KHCIIOTa HF K=72-10"
XnopHOBaTHCTAS HCIO K=30- 1078 0,05

KHCJIO0Ta




Tabauua A8 — HaszBaHus coeIMHEHU

(Oemast kpacka)

Cynbhun unHka

TexHUueckoe HazBanwne o XuMHuueckue

Ha3BaHUE HOMEHKJIaType dopmybl

XJI0pUJ MarHust
bumodur 5 MgC|2 6H20
6-TU BOIHBINA
MoueBuHa
KapGomut CO ( NH 2 ) 9
Kayctuueckuit
Oxcun maraus (1) M g 0]
MAarHe3uT
JIutonon

nS

Maruesut

KapOonat maraus

MgCQ,

OKOHHOE CTEKJIIO

Cunukar HaTpus

Na,SiO,

IToTam

KapOonat xamus

K,CO,

CBUHIIOBBIE OelTiia

OcHoBHO# KapOoHaT

ceunia (1)

Pb,(OH),(CO;),

®ubponurtoBas mra

dTopun HaTpUA

NaF
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MUHUCTEPCTBO HAYKHU U BBICIIIET'O OEPA3OBAHUS POCCUMCKOM
OEJIEPALINN
OEJIEPAJIBHOE 'OCYJJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YYPEX/IEHUE BbICHIEI'O ObPA3OBAHUA
«CEBEPO-KABKA3CKUI ®EJIEPAJIbHbI YHUBEPCUTET»

OO01as 1 HeopraHudecKass XUMHS

MeTonnuyeckue peKOMEHIAINH IJI51 CTYI€HTOB 10 BbINOJHEHUI0 KYyPCOBOM
padoThI

Hamnpasnenne noaroroku 04.03.01 Xwummus
[Tpodwitb: Opranudeckas 1 MEIUIIMHCKAS XHUMHSI

Craspomnoanb
2026



OO01Me moJIoKeHus

TpeGoBaHus K BBINIOJHEHUIO M 3allUTE KYPCOBBIX PadOT (MPOEKTOB) B
OI'AOY BO «CKDVY» ompenenser [lonoxkenne 00 opraHu3aiiid U BBHITTOJTHCHUH
KypCOBBIX paboT (MpOeKTOB) B ¢eaepalbHOM TOCYAapCTBEHHOM aBTOHOMHOM
00pa30BaTENbHOM YUYPEXKICHUU BBICIIETO MPOPECCHOHATBHOTO 00pa30BaHMUs

«CeBepo-KaBka3ckuil peaepanbHblil YHUBEPCUTET»

KypcoBas paboTa 1151 00yyaromuxcs no HanpasieHuio noaroroBku 04.03.01
XuMusl 1O JUCHUIUIMHE oOliasi U HEOpPraHWYecKas XUMHUU BBINOJHSETCS BO 2

ceMecTpe.

Brimonaenne KypcoBoit pa®OThl (ITPOEKTa) MMEET IENIbI0 pPacCIIupeHHe
3HAHUU CTYJIEHTOB 10 MNPO(WIbHBIM XUMUYECKUM JUCIUIUIMHAM, OOyYeHUE
METOJaM TEOPETHYECKOI0 aHAJIM3a SIBJICHUM M 3aKOHOMEPHOCTEM XUMHYECKOU
HayKH, OTpPabOTKy HAaBBIKOB CaMOCTOSATEIBHOTO MPUMEHEHUS TEOPETUYECKUX
3HAHUU K KOMIUIEKCHOMY pelIeHHIO MPO(EeCCHOHANBHBIX 3a7ad, MCIOJIb30BaHUs
CIIPaBOYHOM JIUTEPATYPHI, METOI0B MaTeMaTU4eCKOn 00paboTKn
AKCIIEPUMEHTAIIBHBIX JJAHHBIX, KOMIIBIOTEPHBIX TEXHOIOTHI. CUCTEMON KYpPCOBBIX
paboT (IIPOEKTOB) CTYAEHT TMOJArOTABIMBACTCS K BBINOJHEHUIO BBITYCKHOM

KBaJIU(UKAIIMOHHON PabOTHI.

KypcoBast pabora sBisieTcs 4acTbi0 Hay4HO-HMCCIEI0BATEIbCKONH padOoThI
CTYACHTA U UMEET LIEJBbI0 3aKPEIJICHUE CTYIEHTOM HaBBIKOB CaMOCTOSITEJIBHOTO
BBIMIOJHEHUSI ~ (PYHIAMEHTAJIBHBIX W MPUKIAAHBIX  pabOT  MOMCKOBOTO,
TEOPETUYECKOIO0 U HKCIEPUMEHTAIBLHOTO HAINpaBJIECHMs], BJIQJCHUEM HaBbIKAMU
IIPOBEICHHUSI XUMHYECKOTO JKCIIEPUMEHTA, OCHOBHBIMU CHHTETHYECKHMMH U
AHATMTHYECKUMHU METOJaMU TOJyYEHHSI U UCCIIEIOBAHUSI XUMUYECKUX BEIIECTB U
peakuuii, paboThl ¢ OPUTHHAJIBHON JTUTEpaTypoil — MOHOrpadUsIMU, CTaTbsIMHU B
HAay4YHbIX JKypHaJax, paboTel C pedepaTuBHONW JUTEPAaTypod, a TaKxkKe

MpECTaBIICHUs MaTepuasa B 00IenpUHATON (hopMe HAYIHOTO OTUETA.

TemaTuka KypcoBbIX padorT.



OaHMM W3 BaXHBIX KOMIIOHEHTOB TPU BBITIOJHEHHH KypCOBOW pabOThI
SBIIICTCSL ~ OMNpeJAeNieHue TEeMaTUKUA. TeMaTuka KypCOBBIX pabOT SBISETCS
aKTyaJIbHOM, OTBEYAeT y4yeOHBIM 3aJayaM JUCLUIUIMH HEOpraHudecKas XUMus, a
TaKk)Ke MOTPEOHOCTSIM HAYKH M MPAKTUKH. AKTyaJbHOCTb TEMAaTHUKHU KYPCOBBIX
paboT 00yciOBIIEHA HAYyYHOCTHIO, COBPEMEHHOCTBIO M HAIpPAaBIEHHOCTBIO K
IOJyYEHUIO CTYJEHTAMH HAaBBIKOB CAMOCTOSITEIBHOM TBOPYECKOM M Hay4dHO-
UCCIIEIOBATENLCKON pabOTHI.

Tembl KypcoBBIX paboT (IIPOEKTOB) SABIISAIOTCA KOMIUIEKCHBIMHU, T.€. COJIEPKaT
P B3aMMOCBSI3aHHBIX MEXIY COOOM NpOoOJeM U OMUPAIOTCA Ha (PaKTUYECKHM
MaTepuan NpoPUIbHBIX NPEINPUATANR U YUPEXKICHUA XUMUYECKOro Mpoduiis, a
takke Ha utorn HUWP crynentoB, Ha HayuyHble pabOTHl 4YJIECHOB Kadeapsl,
CTYJEHYECKHX HAYUYHBIX KPYXKKOB U MPOOJEMHBIX IPYIII; UCHOIb3YIOT HOBEUIINE
JOCTUKEHHUSI OTEYECTBEHHON M 3apyOeKHOW HayKH, aKkTyajbHbI€ MPHUKJIAJHbIE
ACIEKTBHI.

TeMbl KypcOBBIX paOOT (IPOEKTOB) YTBEPXKAAIOTCA Ha 3acelaHuu Kadeapbl
XUMUH, B T€UEHHUE 2-X HEJEb IOCJIE Hayajga CEMECTPA, 3aTEM PACHOPSIKEHUEM
MHCTUTYTA 00 YTBEPKACHUHU TEM KYPCOBBIX padOT (IIPOEKTOB).

OcHOBHBIE cOfiepXKaTelbHbIE W MPOIeCCyalbHbIE ACHEKThl, HEOOXOAUMbIE
JUTSL BBITIOJIHEHUS PpaloThl, 0hOpMIIAIOTCS KadeApol B 3aJaHUSX MO KypPCOBOMY
POEKTUpOBaHUIO. B 3amanusax yeTko ¢opmynupyercs Tema paboThl (TPOeKTa) 1
TpeOOBaHUs, ONpeesIoNIe ee 00BEM, COIepKaHNE, a TAKXKE UCXOJHbIE JaHHbIE.

Hay4dHo-uccienoBarenbckyro paboTy 1o TeMaM KypCOBBIX IPOEKTOB CTYACHT
BBITIOJIHSET B Jlaboparopusix kadeapbl XumMuu. Pabotath ¢ HaydHOU JIUTEpaTypoin
CTyZeHT MOXeT B Oubnmoreke CKOY.

Kaxnapiit oOyyaromuiicss ©MeeT IT0CTyn K 0a3aM JTaHHBIX U OMOIMOTEUHBIM
donnam. i camMOCTOSITENBHOW MOATOTOBKM K KYpCOBOMY IPOECKTHPOBAHUIO
oOy4arorirecs: 00ecreyeHbl T0CTynoM K cetu HTepHeT.

bubnuoTeunbiii (OHA YKOMIUIEKTOBAH TEYATHBIMU W/WIM DJIEKTPOHHBIMU
U3JITaHUSIMU OCHOBHOM yueOHOM JINTEPATYPhI [0 BCEM TUCIUIUIMHAM, U3/ITaHHBIMHU 32

nocienHue 5 net. oHA AOMOIHUTEIbHON JTUTEPATYPBl HOMUMO Y4eOHON BKITOUAET



ouManpHbIe CIPABOYHO-ONOIMOTpadrUecKre U NePUOANYECKIE U3TAHUS.
Kaxnomy obydatroiemycst o0ecrieueH J0CTyH K KOMITIEKTaM OMOIMOTEYHOTO

(1)OHI[a, COCTOAMCTO U3 OTCUCCTBCHHLIX U Sap}I6e)KHI>IX KYPHAJIOB U3 CIICAYIOIICTO

MepeyHs:

1. bromMmenumHCcKass XUMHUS

2. Bompocel  Ouonornueckoi, MEIUIMHCKOW U  (QapMaleBTHYECKON
XUMUHA

3. KypHan npukIaiHOM CIEKTPOCKOIINHU

4, Kypuan pusznyeckoil XuMuu

S. M3BecTusi BBICIIMX Y4Y€OHBIX 3aBEICHUNA. XUMHUS U XHMHYECKas
TEXHOJIOTHS

6. Kommonguast xumust

7. HanotexHojoruu: pa3paboTka, IpUMEHEHHE - XXI BEK

8. Hedrexumus

9. Poccuiickue HaHOTEXHOIOTHU

10. VYcnexu xumun

11.  Xumus reTepoUKINYECKUX COCAMHEHUN

12. XuMus npupOgHBIX COSIUHCHUMA

13. Xumuxo-apmareBTUYECKUN KypHaI

B CKO®VY obecneunBaercss AOCTYyH K COBPEMEHHBIM HH(POPMALIMOHHBIM
pecypcam:

- PoccraTa — www.gks.ru;

- MeXayHapoaHas pedepaTuBHas 0aza JaHHBIX — WWW.SCOpPUS.com;

- DJIGKTPOHHO-OMONMOTEUHAsT CHUCTEeMa «YHUBEPCUTETCKas OMOIMOTEKa

OHJIalH» — www.biblioclub.ru;

- DIIEKTPOHHO-O0MOaMOTeYHast cuctema «Jlaue» — e.lanbook.com;

- Hay4Has JJIeKTpoHHas Oudmmoreka e-Library — elibrary.ru

Conep:kaHue ¥ CTPYKTYPa KYPCOBBIX PadoT (IPOEKTOB)


http://www.gks.ru/
http://www.scopus.com/
http://www.biblioclub.ru/

KypcoBas padoTa (MpoeKT) N0KHA COACPKAThH JIIEMEHTHI HOBU3HBI, HAPSTY
¢ ¢yHIaMEHTAIBHBIM aCIEeKTOM JOJKEH OBbITh MPOBEACH aHAIN3 COBPEMEHHOTO
COCTOSIHUA M3y4yaeMo# mpoOsiembl. B cBs3M c ueM, 3a/laHue 1o KypcoBOil pabote
(MpoeKTy) WHIWBUIYaTU3UPOBAHO C YYETOM HHTEPECOB M  CIIOCOOHOCTEH
CTYJICHTOB.

KypcoBast paGota (mpoeKT) A0HKHA COCTOSITh U3 BBEACHHUS, TEOPETHUECKON
YacTH, IMIUPHUUECKON (MPAKTUYECKON) YaCTH, 3aKJIFOUEHHUS, CIIUCKA JTUTEPATYPHI U
npuwiokeHusl. B OTHenbHBIX Ciayyasix, B COOTBETCTBUU C TEMAaTHUKOW pabOThI
(mpoekTa), SMOUpUYECKast 4aCTh MOXKET OTCYTCTBOBATb.

TutyneHblii snuct odopmisiercs B cooTBeTcTBUM ¢ [lonoxkenue 00
OpraHM3allMd M BBIIOJIHEHUU KYPCOBBIX padoT (IpoeKToB) B (enepaibHOM
roCyJapCTBEHHOM aBTOHOMHOM  0Opa3oBaTE€IbHOM  YUYPEKIECHUU  BBICILIETO
npodeccuonanpHoro  oOpazoBanusi  «CeBepo-KaBkasckuil  ¢denepanbHbiii
YHUBEPCUTET»

Bo BBemeHnn  OOOCHOBBIBA€TCS  AKTYyaJIbHOCTh  BBIODAHHON  TEMBI
UCCIIEIOBAHMSI; OTPaXarTCs 00BEKT, MPEeAMET, 3aJauM, 1IeJId, METO/bl, HOBU3HA,
TEOpEeTHYECKasi U MPaKTHYeCKasi 3HAYMMOCTh UCCIIEI0BAHUS.

Teopernyeckass 4acTh JOJDKHA COAEP)KATh AHAIU3 COCTOSIHUS HM3y4aeMOW
mpoOseMbl Ha OCHOBE 0030pa HAy4YHOM, Hay4HO-UH(OPMAIMOHHOM, CIIPAaBOYHOU
muteparypsl. [IpeactaBiaeHHbIN MaTepHUall TOJKEH ObITh JIOTUYECKU CBS3aH C LEIBIO
uccienoBanus. B maparpadax TeopeTHMUeCKOM YacTH HEOOXOIUMMO OTpa)kaTh
OTJIEJIbHbIE KOMIIOHEHTHI TPOOJIEMBI U 3aBEPILIATH UX BHIBOJIAMHU.

OMmnupuyeckass (MpakTUYecKas) 4YacTh BKIIOYAET ONHCAHUE CHCTEMBbI
HKCMEPUMEHTAIBHOIO HCCJIEeIOBaHUS, OOOCHOBAHHUE METOJOB HCCIIEI0BaHUS,
aHaJIN3 Pe3yJbTaTOB HKCIIEPUMEHTAIBLHOTO UCCIEAOBAHMS, CXEMbI, rpaduyecKue 1
MaTeMaTHYECKHUE CIIOCOObI MHTEPITPETALIMN TOTYYEHHBIX JaHHBIX, BHIBOIBL.

3aKIOYEHUE COAEPHKUT BBIBOABI, MOATBEPKIAIOIINE WM ONPOBEPrarolue
NEepPBOHAYANIbHBIE MPEANOJIOKEHUSI (TUIIOTE3bl), TEPCHEKTUBBI JadbHEHIIEero
U3y4eHHUs TpOoOJIeMbl, CBA3b C NPAKTUKOMW, aHAIM3 pealu3aluy Leled U 3aaay

HCCIIEIOBAHHUS.



Cromcok nuTepaTypsl JOJDKEH OBITh COCTaBIEH B COOTBETCTBHUH C
TpeboBanusimu 'OCTa k opopmiienuto Oudmorpaduu.

[Ipunoxenue coepXUT Bech (GAKTUUECKUI MaTepras SKCIEePUMEHTATbHBIX
UCCJIEIOBAHUM (CXEMBI, YEPTEKHU, PACUECTHBIEC MAaTEPUAIIbl, PUCYHKU U T.J.).

KypcoByto paboTy(IIpoeKT) peKOMEHIYETCs MPEACTaBIATh B o0beme 1-2
nevyaTHbIX JucTa. TekcT paboThl JoJKEH ObITh HamevaraHn uyepes 1,5 narepBaia Ha
OJIHOW CTOpPOHE CTaHAapTHOTo jucta Oenoit Oymaru (A-4). Tekct u apyrue ot-
neyaTaHHBIC JIEMEHTHI Pa0OTHI TOJDKHBI OBITh YEPHBIMH, KOHTYPHI OYKB M 3HAKOB
yeTkuMu, 0e3 opeosa u 3areHeHus. Ipudt Times New Roman, keremns 14.
Ha3zBanust rnaB u maparpadoB BBIACIAIOTCS MOTYKUPHBbIM IIpupToM. JIHCT ¢
TEKCTOM JOJKEH UMETh 1oJIsi: cieBa —30 MM, cripaBa —10 mm, cBepxy —20 MM, CHU3Y
—20 mMm. Hymepanust cTpaHull TEKCTa AENAeTCs B NPABOM HIKHEM YTIIy JIMCTA.
[IpocTaBiATh HOMEp CTPaHMIBI HEOOXOAMMO CO CTpPaHUIbl, T/€ IeYaTaercs
«BBenenue», Ha kotopoi craButcs mudpa «3».Ilocie sToro Hymepyrorcs Bce
CTpaHUIIbl, BKJIFOYasi TPUIIOKECHHUS.

Mexy Ha3BaHWEM TJIaBbl M HAa3BaHWEM Maparpada 3TOW TJIaBbl CTaBUTCS
npo0es paBHBINM IBYM MHTEpBaJiaM, a Ha3BaHUe maparpada He JOIKHO OTIACISITHCS
OT TekcTa »Toro maparpada mpoOenom. Hazpanus maparpadoB OTACHSIOTCS OT
TEKCTa MpeapIayIero naparpada nmpoodeaoM, paBHbIM JABYM MHTepBasiaM. Kakmas
rJlaBa, a TaKXe€ BBEJCHUE, BBIBOJbI, MPHUJIOXKEHUS U CIHUCOK MCIOJIb30BAaHHOU
JUTEPATYPbl HAUMHAIOTCA C HOBOM cTpaHuilbl. CiioBo «I'nmaBa» He numercs. [ naBbl
UMEIOT TIOPSAJIKOBBIE HOMEpa B TIpe/iesiax Bcei paboThl, 0003HaAYaeMble apaOCKUMU
uuppamu (Hanpumep: 1,2,3), mociie KOTOPbIX cTaBUTCSA Touka. CloBO «maparpad»
WM 3HAYOK maparpada B Ha3BaHUM He cTaBsTcs. [laparpadpl MEIOT MOPSIKOBBIC
HOMEpA B Mpejienax rias, 0003Hauyaemble apabckumu nudpamu (Hanpumep: 1.1. u
1.2.). 3arosioBku riaB u naparpadoB B TeKCTe pabOThI TOJDKHBI paclojiarathbCs Mo
IIEHTPY, TOYKY B KOHIIE Ha3BaHUs TJIaBbl U maparpada He crapsaT. He momyckaercs
NEPEHOCUTD YaCTh CJIOBA B 3ar0JIOBKE.

Hywmeparust Tabnuir 1 puCyHKOB MOKET ObITh CKBO3HOW MJTU COOTHOCUTBHCS C

HOMEPOM TJIaBhl U maparpada. Hampumep, ecnu Tabiniia WM pUCYHOK BKIIFOUEHBI



B TEKCT IEpBOro maparpada BTOpOM TiaBbl, HymMepauus cienyromias: TaOmuia
2.1.1., puc. 2.1.1. [locnennsis mudpa o3HAYAET TOPSIKOBBIA HOMEP TAOTUIIHI (FITH
pucyHka) B naHHoM mnaparpade. Tabnuna momemnaeTcss B KayecTBe CIEAYIOIIEH
CTPaHHMILIBI IOCJIE IEPBOT0 YIIOMUHAHUS O HEH B TEKCTE.

KypcoBas paboTa ckiaabpiBaeTCsi U3 HECKOJIbKUX YacTeu

llepsas yacme KypcoBOii pabOTHI 3aKITIOYAETCSl B HATUCAHUU JINTEPATYPHOTO
o030pa Ha TeMy, ONpEACNIIeMyl0 TMpernojaBaTeieM U  CBS3aHHYIO C
BBITIOJIHIEMOM CTY/IEHTOM CUHTETUYECKOM YyacThio paboThl. Tema 0630pa oTpaxaer
100 CrOCOOBI MOTYYEHUSI M CBOMCTBA Kjlacca COEAMHEHUH, BXOASAIIMX B OAHY U3
CTaJMi SKCIEPUMEHTAIBHON PabOThI, TMOO TUIT peaKLUU, XapaKTEPU3YIOIIEH OIHY
u3 craguid skcnepuMeHTa. COOTBETCTBYIOIIAs JUTEpaTypa MOXKET ObITh
PEKOMEHJ0BaHa MPENoJaBaTeIeM WIH CaMOCTOSITENIbHO HAliJIEHA CTYIEHTOM.

Bmopas uacms KypcoBoil pabOThI 3aKJII0YAETCS B OTBICKAHUY UMEIOLUXCSI B
MHUPOBOI XUMHYECKON (CIpaBOYHOW U pedepaTUBHOM) JUTEpaType NaHHBIX IO
METO/IaM TOJIyYE€HHs, CBOMCTBAM M MPEBPAIICHUSIM OAHOTO W3 M3Y4YaeMbIX WIIU
CUHTE3UpyeMbIX BemlecTB. [Ipn monbope nuTepaTypHBIX TaHHBIX, KPOME XOPOILO
m3BecTHbIX “‘CripaBouHMKa xumuka’, “Kpatkoro cmnpaBouHMka XuMmHKa”,
“CryTHHKA XMMHKA”, CTyJIEHTY PEKOMEHAYETCS MO0JIb30BaThCs “CHCTEMAaTUUECKUM
CIpaBOYHUKOM IO opranudveckoit xumun” benbireiina(Beilstein Hundbuch der
Organische  Chemie), pedeparuBabiMu  kypHanmamu  “Xwumus”, “Chemical
Abstracts”, “YkasareneM npemnapaTuBHbIX CHHTE30B OPraHHMUYECKUX COCAMHCHHI
(1. M. Jlepuep, A. U. bepnun, H. M. CnaBaueBckas).

Tpemvsi uyacms 3aKIIOYAETCST B AaHAJIM3€ WM BBIIIOJHEHUU CUHTE3a
COOTBETCTBYIOIIUX XUMHUYECKUX COCOUHEHUS MO HMMEIOIUMCI B XUMHUYECKON
JUTEpAType METO/IaM CHHTE3a JAHHOTO BEIECTBA WA €0 OJIM3KUX aHAJIOroB. JTa
4acTh pabOThl MOXKET BBIMOJIHATHCS MOJHOCTHIO WM YACTUYHO B Y4eOHOE BPEMSL.
HUtorom 53T0il yacTu pabOTHI SBISETCS claya MPENoAaBaTel0 TEOPETUYECKOTO
MaTepuana WId CHUHTE3MPOBAHHOTO BELIECTBA, WHIWBHUIYAIbHOCTb M CTPOCHHUE

KOTOPOI'0 HCYUCPIIBIBAIOIIC IIOATBCPIKACHBI, B YaCTHOCTH CI)I/IBI/IKO-XI/IMI/I‘-IGCKI/IMI/I



METOJAMH aHAJIM3a, METOJAAMH KAadeCTBEHHOTO M KOJMYECTBEHHOI'O aHaJM3a,
cnekTpabHbiMu MeToaamu (UK, macc u AMP-cniekTpockonun).

Omuem no Kypcosoti pabome NOIKEH COCTOSITh U3 CIEAYIOIUX YaCTEH:

1. Bgeoenue, B KOTOpOM U3JIaraercs Lejb padoThl U COOOIIAIOTCS CBEACHHUS O
HEKOTOPBIX CBOMCTBAX HM3y4aeMOIro WJIM CHHTE3HPYEMOTO BellecTBa (WM Kiacca
COEJIMHEHU, K KOTOPOMY OHO MPUHAJIEKUT), 00YCIABIUBAIOIINX MTPOSIBISIEMBINA K
HEMy  UHTepec. BBeaenue  HOWKHO  OBITh  KpaTKUM U HArjasAHO
JIEMOHCTPUPOBATH 3a4€M MPOBOUIIACH 3T PabOTa;

2. Jlumepamypuoiii  0030p, B KOTOPOM TIPUBOJAATCS H  OOCYKITAIOTCS
JUTEpATypHbIE JTaHHbIE TO Teme paboThl, a TaKXKe IO METOJaM IMOIy4YEeHUs,
CBOMCTBAM M IIPUMEHEHHUIO BEIIECTBA, KOTOPOE HM3Yy4aeTCsl WIN CHHTE3UPYETCS
CTYJEHTOM [0 OpUTHMHAJIbHOM Metoauke. llpu mombope auTepatypbl MOKHO
UCIOJIb30BaTh yYE€OHUKH, MOHOrpaduu WM OO30pHBIE CTaThU, TJ€ HMEITCA
CCBUIKM Ha JuTeparypy. JlutepaTypHselii 0030p HE TOJDKEH OBbITh (POpMasibHOM
CBOAKON  surepaTypbl.  HeoOXonuMo  KpUTHYECKH  MpPOAHAIU3UPOBATh
JUTEepaTypHbIE JaHHbIE U HA 3TOM OCHOBE COPMYIIMPOBATH BBIBOJIbI, OTPAXKAIOIINE
COOTBETCTBEHHYIO CPABHUTENBHYIO OLIEHKY PacCMAaTPUBAEMbIX CBOMCTB U METOJIOB
CUHTE3A.

JIuteparypHbslii MaTepual HAaCTOSTEIBHO PEKOMEHIYETCS WILIHOCTPUPOBATH
cxemMamu peakuuil. Kaxaomy u3 yINOMHHAeMbIX COEOUHEHUH HEOOXOIUMO
MPUCBOUTH HOMEpP (0OBIYHO apalOckod mU@poi). DTO CUIBHO YIPOIIAET €ro
YIOMHHAHUE B TEKCTE, OCOOEHHO €ClIi HOMEHKJIATYpHOE Ha3BaHUE JOCTATOYHO
rpoMo31K0. B MoAoOHBIX ciaydasx MOXKHO HCIOJIb30BaTh (DOPMYJIUPOBKU THUIIA
“...keroH 10 mpu B3aumojeiicTBuM ¢ amMmuHOM 12 obpasyer enamuu 13...”. B ToM
cilly4ae, €clii COEIMHEHHE HeoOXOJMMO Ha3BaTh (HANpUMEp, €Clid peyb UIET O
COCIMHEHWH, CHUHTE3UPYEMOM CTYJIEHTOM) CIEIYyET NPHUMEHITh EAUHYIO
HOMEHKJIATYypy, [JI1 4Ero peKOMEHIyeTCs 0JIb30BaThcsl HoMeHknarypoit MIOITAK
JUISl HEOPTaHMYECKUX U OPTraHUYECKUX COeNuHEHUU. JIsi yTOuHEeHUsI Ha3BaHUsA
MOKHO OOpaTUTHCS K CIIPABOYHBIM M3/IaHUSM WM UCHOJB30BATh CYIIECTBYIOIINE

JUIS1 ’TOTO KOMITBIOTEPHBIE TPOTPAMMBL.



CrnenyeT mMpUMEHSTh CKBO3HYIO HyMEpalMIO CCBUIOK MO Bced pabore — OT
NEPBOI U 10 MOCNIEIHENW. DTO 03HAYAET, YTO IPU MOBTOPHOM IIUTUPOBAHUH KAKOW -
160 paboThl COXpaHsAeTCs TOT HOMEP CChUIKU, KaKUM OHa Obljia 0003HayYeHa Mpu
nepBoM yrnomuHaHuu. CCBUIKM Ha JHUTEpaTypy B TEKCTE CJeayeT AaBaTh B
KBaJIpaTHBIX CKOOKax, Hampumep [2], nmu0o B BUIE HAJACTPOUYHOIO HHJCKCA,
Hanpumep?. Ecium 110 kakoif-mi6o mpudarHe yaanoch 03HaKOMHUTECS ¢ pabOTOM JIHIIb
no pedeparty, TO cChUIKa JOJDKHA 00s3aTENIBHO MOCIEA0BATEIHHO YKa3bIBaTh Kak
OpUTHHAJIBHYIO CTaThl0, TaKk U pedepaTuBHBIA >KypHaI, B KOTOPOM IOMEIIEH
pedepar;

3. Obcysicoenue  nONYUeHHBIX pe3yIbmamos  TOCBSIIACTCS  OMUCAHHUIO
BBIMIOJIHEHHOM paboThl W OOCYXXIEHMIO IMOJIyYEHHBIX pe3yibTaToB. llocTpoeHue
ATON YacTh oOmpeessieTcs creuupukor padoThl U COOOpaKEHUSMHU aBTOpa O
HaubOosee ONTHUMAJbHOM BapuaHTe TMojaud Martepuansa. B To ke Bpewms
IpPEJCTaBISIETCST  LENeco00pa3HbIM  MPUICPKUBATHCA  CIEAYIOIIUX OCHOBHBIX
NPUHIMIIOB TOCTPOECHHUS JTOro pasiaena. B mepByro ouepenb, Ha OCHOBE
pe3yJIbTaTOB KPUTHUECKOIO aHalIM3a OMHMCAHHBIX B JIMTEPATYpE METOAOB CHHTE3a
000CHOBBIBAETCSI BHIOOP MCIOJIB30BAHHOTO B paboTe crioco0a MoydyeHus 1eJIeBOTro
coequHeHus. B Tom ciydae, ecniu paboTa MOCBAILIEHA H3YyYEHUIO XMMHUYECKUX
CBOICTB KaKoro-inoo COEIMHEHMUS, clenyer IPOJEMOHCTPUPOBATh
1eJecCO00pa3HOCTh ATOM padOThI, ONMUPAsCh HA JaHHBIC, W3J0KEHHBIE B 0030pe
autepaTypbl. Jlamee mnpuBOASATCS HamOoJiee  CYIIECTBEHHBIE CBEICHHU O
BBINIOJIHEHHBIX ~ dKcnepuMeHTtax. (Oco0oe  BHUMaHHE  CJIEAyeT  yIEIuTh
MOJITBEPXKJICHUIO WM JIOKA3aTeIbCTBY CTPOCHUS TOMYyYEHHBIX COCIWHEHUH Ha
OCHOBE METOJIOB KaUE€CTBEHHOTO M KOJIMYECTBEHHOIO aHalln3a, HX CIEKTPaJIbHbIX
xapakTepucTuk. CrenyeT MPHUBECTH TMOJHYI0 HWHTEPIPETALUI0 MPUBEACHHBIX
CHEKTPOB,  JOKAa3bIBAIOUIYI0  HAJIWYUE  OMNPEACNIEHHBIX  HEOPraHUYEeCKHX
IPYNIHUPOBOK,  DJIEMEHTOB, (YHKIMOHAIbHBIX TPYII  OPraHUYEeCKUX U
HEOPTraHWYECKUX COEAUHEHUN WiIn (parMeHToB B COCTaBe MOJIEKYJIbl, Ha

OCHOBAHHMHK YCTO0 MOXKHO JO€JIaTb BBIBOA O €C CTPOCHHMH. P&BI{GJ’I 3aBCpIIaCTCA



OOCY>KJI€HHEM TMOJyUYEHHBIX PE3yJIbTaTOB B COIMOCTABJICHUU C JIMTEPATYPHBIMHU
JTAHHBIMU;

4. DxcnepumenmanvHas 4yacme.

[Ipu odopmieHne 53TOM dYacTh pabOTHl  CIEAYET PYKOBOJCTBOBATHCS
npaBuaMHu MPUHATBHIMU JJis MyOJauKauuu ctaTedl B kypHasie, Heopranuueckas
xumus, Oprannyeckas Xumusi, XUMUs T€TEPOLUKINYECKUX COEAUHEHUN U APYTUX,
COOTBETCTBYIOIIMX TEMATHKH KypCOBOTrO MpOeKTa. B Hauane skcnepruMeHTaIbHON
YacTH MPHUBOJATCSA Ha3BaHUSI MPUOOPOB, HA KOTOPBIX 3apErUCTPUPOBAHBI (PUUKO-
XUMUYECKHE XapaKTEPUCTUKHA BEIIECTB, YKa3bIBAIOTCS JMOO HMCTOYHUKHU
UCIIOJIb30BAaHHBIX ~ HETPUBHAIBHBIX PEarceHToOB (HampuMmep '"KOMMeEpYeCKue
npernaparsl, Ha3BaHue GUpMBbI"), 1100 JAIOTCS CChUIKM HAa METOJUKU UX MOJIYYEHHUS,
METOAMKN HAEHTU(UKaMK BeniecTB. Kaxaplii maparpad sKcnepruMeHTaIbHOU
YacTH, ONUCHIBAOIIMI NOJy4€HHE KOHKPETHOIO COEAMHEHMS, TOJKEH CONEpKATh
ero noyiHoe HaumeHoBanue 1o HomeHkiarype MIOITAK u ero nopsakoBelil HoMep.
Jlnst Bcex BIEpPBbIE CUHTE3UPOBAHHBIX COEAMHEHUN HEOOXOAMMO MPUBECTU
JI0Ka3aTeJIbCTBA MIPUIIMCHIBAEMOT0 UM CTPOEHHUS U JTaHHBIE, [TO3BOJISIOIINAE CYIUTh
00 MX MHIMBHUAYAJIbHOCTH M CTENEHU YUCTOTHL. B YacTHOCTH, NOJKHBI OBITH
IIPEICTABIICHBl JAHHBIE 3JIEMEHTHOIO aHalW3a WJIA MAacC-CHEKTPbl BBICOKOIO
paspemennss u  crnektpel AMP H um BC. Jlna wm3BeCcTHBIX  BeINECTB,
CUHTE3UPOBAHHBIX ONMYOJMKOBAHHBIM pPaHEE METOJIOM, JOJKHA OBITh NMpHUBEACHA
CCBUJIKA Ha JIMTEpaTypHbIE AaHHbIE. J[J11 N3BECTHBIX BEIIECTB, OJyYEHHBIX HOBBIMU
WM  MOIM(UIMPOBAHHBIMU METOJIAaMH, JOJDKHBI OBITh MPEACTABICHBI HUX
buznueckue UM CHEKTpaJbHbIE  XapaKTEPUCTUKH, HCIOJIb30BAHHBIC  JUIS
NOATBEPKIACHUS MACHTHYHOCTH CTPYKTYpbl, METOJ CHHTE3a MW CChLJIKAa Ha
JUTEpaTypHbIEC JaHHBIC.

[IpuBeTcTBYETCS  HCNOJB30BAHME  CTAHJAPTHBIX  COKpPALEHUH  WIIU
OJTHO3HAYHBIX MOJICKYJISIPHBIX (DOPMYJI JJI1 PEareéHTOB U PACTBOPUTENICH, a TaKxke

nM(@POBBIX MHKUPPOB BMECTO XUMHUYECKUX HaA3BaHUU Il UIACHTU(DUKAIUN
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WCXOJIHBIX BEIIECTB M MPOMEXYTOUHBIX MPOAYKTOB. IIpu couetanuu 1mudpoBbIX
mpoB ¢ OYKBEHHBIMH WHACKCAMH UCIOIB3YIOTCSI OYKBBI JATHHCKOTO ayaBuTa.
[Ipu ynoMuHaHUM MOJHOTO Ha3BaHUs coeAMHEHUs mudp naércs B ckoOkax. Henb3s
ynotpeonsaTh mudpsl 6e3 06o0maromero caora (HampuMep: "peakius COeTUnHEHUS
2d ¢ amumom 3", Ho He "peakius 2d ¢ 3"). CTepeoXUMHUECKHUE CHMBOJIBI U
MPUCTaBKHU, XapaKTEPU3YIOUIUE CTPYKTYpPHbIE OCOOCHHOCTH WJIM TOJIO)KEHHE
3aMeCTUTENISI B MOJICKyJe, clieyeT HaOupaTh KypcuBoM (italic), mampumep: (R)-
OPHAHTUOMEp, mpem-OyTUN, napa- KCwioid. BmecTto rpoMo3akuxX Ha3BaHUU
HEOPTraHWYECKUX M YacTO YMOTPEOJIAEMBIX OPraHMYECKUX COCIMHEHHH CIeayeT
naBath ux (opmynsl, Hampumep NaBr, TsOH Bmecto Opomun Hatpus,
TOJIyOJICYJIb(OHOBAS KUCIIOTA.

OnucaHue 3KCIEPUMEHTOB B OKCIEPUMEHTAIIBHOM YacTH JOJIKHO OBITh
HAIMCAaHO B HACTOAIIEM BPEMEHH (KUTISATAT, CyIIaT U T. .). B unciax qpoOHas yacth
OTHeNseTCcs OT ILesoll Toukoil. Macca BBENEHHBIX B pEaKkUUI0 pPEarcHTOB
INPUBOAUTCS B IpaMMax (MUJUTUTPaMMax) ¢ 00A3aTeNbHbBIM YKa3aHUEM KOJIMYECTBA
B MOJISIX (MUJUTUMOJISIX ), Hapumep: "...103 mr (1.0 MMob) 2-3TUHUINMpUIKHA..." .
BreIxonbl coeuHEeHUN TPHUBOAATCS B rpamMmax (MUJUTMTpaMMax) W B IPOIICHTAX.
[IpennouruTenpHEe UCIIOIL30BaTh IeibIe uncia, HapuMep: "Boeixon 93 mr (78%)"
BMmecto "Boeixon 0.093 r (78%)". B smmupuyeckux OpyTTo-hopMmysax 3IeMEHTHI
pacnionaratorcss o cucreme Chemical Abstracts: C, H um panee coriacHo
gaTuHcKoMy andaButy. [lpum omucaHuM HCHONIB30BAHMS TOHKOCIOWHOW U
npenapaTuBHOW XpomaTorpaduu JOJDKHBI OBITh yKa3aHbl Kak COPOEHT, Tak M
MoeHT. PU3NUecKue U CHEKTPaIbHbIE XAPAKTEPUCTUKHU OOJBIIOTO KOJIMYECTBA
OJTHOTUIHBIX COCJUHEHUN peKoMeHayeTcss odopMIATh B BHAE TaOIUII.
YrnomMuHaeMble B 3arosioBkax rpad TaOauilbl BEIUYHMHBI JTOJDKHBI Yepe3 3ariTyio
COMPOBOXK/IATHCS YKa3aHUEM, B KaKUX EIUHUIAX OHU BBIPAKEHBI (HampuMep:
"Beixon, %").

OU3NKO-XUMUYECKIE XapaKTEPUCTUKH BEIIECTB HEOOXOAMMO YyKa3aTh B
HUXKE- IPUBEAEHHOM TTopsiike. BHeNHMIT BUI, TeMIiepaTypa TUIaBJICHUS U KUTICHUS.

I[J'ISI KaOKI0I0 KpPUCTANIMYCCKOr0o IIpOoAYKTa CICAYCT YKa3bIiBaTb AWAIIa30H



TEMIEpaTypbl IUIABJICHUS BMECT€ C PACTBOPUTEIEM, HCIOIb3YEMbIM MpPHU
nepekpuctammmzanyu. Hanpumep "xénteie urmel, 1. mi. 78-80 °C (EtOH)".
AHANOTUYHO ISl JKUJIKUX TPOAYKTOB — TEMIIepaTypa KHUIICHUS, HaIpUMeEp
"OecuBetHoe macio, T. kum. 126-128 °C (10 mm pt. cT.)". Jid M3BECTHBIX
COEJIMHEHUI HEe0OXOAMMO yKa3aTh W JIUTepaTrypHble Aanubie: " T. mi. 200-202 °C
(2-PrOH) (1. mr. 202-203 °C (EtOH))".

UK n YO cnekrtpel. B sxcnepumentansHon yactu 1 UK u YO cnexktpos
JIOJDKHBI  OBITH yKa3aHbl XapaKTEPUCTHUYECKHUE YacCTOThl IOJIOC, JUMHBI BOJIH
MaKCUMYMOB TOTJIOIIEHUS, KOI(P(ULIHUEHTbI SKCTUHKUIMU (UM UX JorapupMbl) U
YCIIOBHUSI, IPU KOTOPBIX 3aIIUCaH CHEKTP.

Ipumepwr 3anucu: IK cnextp (ToHkwuit cioit), v, cM—1: 1650 (C=N), 3200-
3440 (O-H). YO criextp (EtOH), Amax, uwm (Ig €): 242 (4.55), 380 (4.22).

Crnextpst IMP *H u C. JlomkHbI OBITE yKa3aHbl paboyast 4acToTa Ipuoopa,
VCIIOJIb30BaHHBIN CTAaHJIAPT U pacTBopuTens. Ecim nis cnektpoB AAMP B xauecTse
crtanaapra ucrnoib3yerca He TMC, ciaeayer ykazarh XUMHUYECKUM CIBUT CTaHIApTa
B 1iKase o. Jlyis 0003HaueHUs IOJI0KEHUSI aTOMOB BOAOPO/ia CIEAYET UCIIOJIb30BATh
ob6o3nauenus tuna H-3, H-2,6 (m1s1 apomatudeckux npotonos) win 3-CH, 4,5-CH,
(mmst amudaTudecKux MpoToHOB). [IpOTOHBI B COCTaBE CIOXKHBIX TPYIII, K KOTOPHIM
OTHOCHTCS CUTHAJ, CJISAYeT Moa4epKHYTh cHu3y — 3.17-3.55 (4H, m, N(CH2CH3));
JUIS  TIOJOKEHHST 3aMECTHTENICH MCIIOJb30BaTh o00Oo3HaueHus 3-CHs;, goa
o0o3Hauenus nonoxkenus atomMoB — C-3, N-4 u 1. n. Ecnu xakoii-mubo curxan B
CIIEKTPE OMHUCHIBAETCA KaK IyOJIeT, TPUILIET, JyOaeT 1y0JaeToB U T. I1. (4 He CUHTJIET
WIM MYJIbTHIUIET), HeoOxoaumo mnpuBecTH cooTBercTBytomne KCCB. Ecmu
MPOBEJEHBI JOMOJHUTEIbHBIC HCCIEIOBAHUS I YCTAHOBIECHUSI CTPOCHUS WIIU
MPOCTPAHCTBEHHBIX  B3aUMOJCHCTBHI  aTOMOB, JOJDKHBI ~ OBITh  YKa3aHbI
MCIIOJIb30BaHHBIE ABYMEPHBIE MeTOBI. B onmcannu cniektpos SIMP BC otnecenune
KOHKPETHOTO CUTHAJ K KOHKPETHOMY aTOMa YTjepo/ia MPUBOJIUTCS TOJIBKO TOT/A,
KOTI'/Ia OIpeiesieHre TPOBEICHO HA OCHOBAHUM JIBYMEPHBIX IKCIIEPUMEHTOB.

Ipumepwr 3anucu: Cnexrp IMP H (400 MI'u, CDCly), §, M. 1. (J, T'mr): 0.97
(3H, 1, J =7.0, CH3); 3.91 (2H, x, J = 7.0, COOCHy); 4.46 (2H, 1, J = 6.1, NCHy);



7.10-7.55 (9H, M, H-6,7,8, NHCH,C¢Hs); 7.80 (1H, c, H Ar); 7.97 (1H, ¢, H-5');
8.13 (1H, 1. n,J =8.2,J = 2.3, H-5); 11.13 (1H, ¢, NH).

Crnektp SIMP 3C (100 MI'u, CDCl), 8, m. a. (J, I'm): 36.3 (CH,CHj3); 48.5
(C-5); 62.3 (CH2CH3); 123.0 (C Ar); 125.8 (1, 2Jcr = 26.1, C-3',5" Ar); 128.9 (C Ph);
134.4 (C-5a); 168.3 (C=0).

Macc-CiekTpsl NPHUBOASTCS B BHAC YHCIOBBIX 3HAa4eHUH M/Z U
OTHOCHTEJIBHBIX 3HAYCHUH HMOHHOTO Toka. HeoOxommmo yKa3plBaThb METON M
HHEPTUI0 HOHU3AIMHM, MAaCCOBbIE YHCIIa XapaKTEPUCTUYECKUX HMOHOB, HX
WHTEHCHUBHOCTH 110 OTHOIIICHUIO K OCHOBHOMY HOHY Y TI0 BO3MOXXHOCTH WX T€HE3HC.
B cnydae xuMudeckoi MOHHM3AIIMY TIPH OMKMCAHUH MPUOOpa HEOOXOAMMO YKa3aTh
ra3-peareHt. B macc-cnekTpax BbICOKOTO pa3pelieHus HallICHHbIE U BBIYUCIICHHBIC
3HAYCHUS M/Z MPUBOIATCSA C YCTHIPHMS JCCATHYHBIMU 3HAKAMH; €CJIM HaWJICHHOE
3HAYCHHE M/Z COOTBETCTBYET HE MOJICKYISIPHOMY HOHY, OpyTTO-hopMmyna u
BBIUUCIICHHOE 3HAYCHUE M/Z Tak)Ke MPUBOIUTCS IS TOTO K€ HOHA.

IIpumep 3anucu OaHHbIX MAcCC-CNeKmpa.:

Macc-crextp (3Y, 70 3B), M/Z (I, %0): 386 [M]+ (36), 368 [M-H,0O]+ (100),
353 [M—H,0-CHjs]+ (23).

Macc-cnektp (XU, 200 3B), m/z (low, %): 387 [M+H]+ (100), 369 [M+H-—
HoO]+ (23).

IIpumep 3anucu OaHHBIX MACC-CNEKMPA BbICOKO20 PA3PEULCHUSL:

Haiigeno, m/z: 282.1819 [M+Na]+. Ci7HsNNaO. Beraucieno, m/z:
282.1828.

IIpumep 3anucu 0aHHbIX 21eMEHMHO20 AHATU3A.

Haiineno, %: C 55.22; H 4.09; Br 20.42; C1 9.04; N 7.18. C1sH1sBrCIN,O.
Brranciaeno, %: C 55.19; H 4.12; Br 20.40; C19.05; N 7.15. 4.8.

JlaHHBIE PEHTTEHOCTPYKTYPHOTO HCCJIEAOBAHMS CJEAYyEeT MPEACTaBISATH B
BHJIE PUCYHKA MOJIEKYJIbI C MPOHYMEPOBaHHbIMU atoMamu, Hanpumep C(1), N(3)
(TT0 BO3MOKHOCTH B TIPE/ICTABIICHUH aTOMOB 3JUTHIICOUIAMH TETUTOBBIX KOJICOAHU ).
[Tonnpie KpucTayworpaduyueckre TaHHBIC, TAOJUIBI KOOPJAMHAT aTOMOB, IJIUH

CBSI3€H U BAJICHTHBIX YTJIOB TEMIIEpaTypHbIe (DaKTOPBI, B AKypHaJE HE MyOIUKYIOTCS,



a nenoHupyiorcs B KeMOpwmKkckoM OaHKE CTPYKTYPHBIX JaHHBIX (B CTaThe
YKa3bIBACTCS PETUCTPAIMOHHBIA HOMEp NETIOHEHTA) WM TPHUBOAATCS B (aiine
COMPOBOAUTENILHON UH(MOPMAIUH.

Cnucok UCnoyib30BaHHOM JTUTEpaTypbl HYMEPYETCS B MOPSAJIKE YIIOMUHAHUS
B TEKCTE M TeyaTaeTcsl ¢ yKa3aHWeM WHUIMAJIOB U (paMuiIMil Bcex aBTOpoB. Bce
CCBUIKH JTAIOTCSI B OPUTUHAIILHON TPAHCKPUIIIIMK; UEPOTTU(DUUECKHUE TEKCTHl MOTYT
IIUTUPOBATHCS KaK B pycckou (cMm. Pegepamusnviil swcypuan Xumuu), Tak U B
gatuackor (cm.  Chemical Abstracts) Ttpanckpumnimy, HO eIMHOOOpPA3HO.
[IpenmouTuTenbHEE JTaTUHCKAS.
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JIns quccepranuii MOYKHO YKa3bIBaTh ajpec canrta B MinTepHere.

OnucaHue XoJja CHHTE3a JI0JDKHO ObITh OoJiee MOJAPOOHBIM M YTOUHEHHBIM, YEM
B OpDUTMHAJIBHOW CTaThe, 4YTOObl B HAMOOJIBIIEH CTENEHHM OOECIeYuTh
BOCIIPOU3BOAUMOCTh oImbITa. Ocoboe BHHMaHHE CJEAyeT YAeNIATbh crocodam
BBIJICJICHUSI M OYUCTKH MPOAYKTOB PpEAKIUU, OOSA3aTENbHO YyKa3bIBas BBIXO]l
HEOYHILIEHHOTO MpenapaTa. BeIxo Ha0 1aBaTh Kak B TpaMMax, Tak U B IPOLECHTAX
OT TEOPETUYECKOTO.

JIns  KpUCTaUIMYECKUX BEIIECTB OIHUCHIBAIOT CHOCO0 WX OYHUCTKH C
YKa3aHUEM  B3STBIX U1 [EPEKPUCTAUIM3AIMU  KOJWYECTB  BEIIECTBA U
pactBopuTei. Ecinuy BelecTBO NepeKpUCTAIIIN30BBIBAIN U3 CMECH PACTBOPUTENIEH,
HEOOXOJIMMO YKa3zaTh UX COOTHomIeHHe. OO0s3aTeNbHO YKa3bIBAIOT TEMIEpaTypy
IUIABJICHUs BEIIECTBA [0 M IIOCIE KaXIOM Iepekpuctaumsauuu. s Bcex
BBIJICJICHHBIX BEIIECTB MPUBOAAT (PU3NUYECKHUE KOHCTAHTHI, MOATBEPKIAIONINE HX
YHUCTOTY B CPAaBHEHUU C COOTBETCTBYIOIIMMH JUTEPATYPHBIMH JaHHBIMH. Eciu
BEII[ECTBO OIKCHIBAETCS BIIEPBHIE WM OBLJIO OMHCAHO, HO Majo W3Y4YEHO W HE
0XapaKTEPU30BAHO B JOCTATOUYHOM CTEMEHU, TO HEOOXO0IUMO MTPUBECTH PE3YIbTAThI
3JIEMEHTHOTO aHaM3a, JaHHbeie Y @-, UK-, AMP- u Mmacc-ciektpoB. MOXKHO Takxke
IPUBECTU BHEIIHUM BUJ CHUHTE3UPOBAHHBIX BEUIECTB, UX 3allax, PaCTBOPUMOCTH
(KaueCTBEHHO) B BAKHEUIIIUX PACTBOPUTENSAX, YCTOMUYHUBOCTh MPU XPAHEHUH.

Ecnu B peakumu oOpa3yeTcsi cMech HECKOJIBKUX COSTMHEHUI, TO HEOOXOIMMO
CTPEMUTBHCSI K TOMY, YTOOBI BBIJICIUTh U OXapaKTEPHU30BaTh KaK MOXKHO OOJIbIIE
VMHJIMBUIYaJIbHBIX BEIIECTB, B TOM YHUCJIE U HE BOIICMAIINE B PEAKINIO MUCXOHBIC
COCIMHEHUS, KaK YyKa3zaHo Bbime. [Ipu wucnonb3oBaHUM — aCcOPOIIMOHHOM
xpomaTtorpaduu (TOHKOCIOMHOM WM KOJIOHOYHOM) IS pa3feieHus cmecen
BEIIECTB CIIEAYeT yKa3aTh TUI U 00bEM HUCIIOIB3YEMOTO afCOPOCHTA WIIH TONIIUHY
CJIOsI, PaCTBOPUTEIND, CIIOCOO OOHapyx)eHus msaTeH (B YD-cBeTe Ha TOHKOCIOWHOMN
rmactunke “Silufol”, xuMuueckoe nposiBIeHUE, HATpUMEpP apamu Hoja | T. 11.).

Jns IKX crenyer nmpuBeECTH pa3Mepbl U BUJ KOJOHKH, TBEPAYIO U KUJKHE

(a3bl, Ta3-HOCUTEIb U €r0 CKOPOCTh, TUI AETEKTOPA, TEMIIEPATYPHBIN PEXKUM.



Ecnu HecKoNbKO COeAMHEHW CHHTE3UPOBAHO IO OOIIeH METOauKe, TO
MO>KHO MOAPOOHO OIMUCATH MOIYYEHUE TOJIBKO OJJHOTO BEIIECTBA, a B JaJIbHEHIIEM
CCBhUIATHCA HA ATOT OTIBIT.

[Ipu ommcanuy 3KCIiepUMEHTa HEOOXOAMMO HE JTOMYCKaTh BYJIBIapHU3MOB.
Tak, He ciemyeT mucaTh “IpuKanbiBaIK’ (IPaABUIBHO “TIPHOABIISIIM 10 KaIlisaM”),
“MaTOYHUK” (MPaBUIBHO ‘“‘MaTOYHBIM pacTBOp”), ‘“‘chipoit ¢eHon” (MpaBUILHO
“HeouninieHHbIN Genon”) u T.1. HeompeneneHHbie BEIpAXKCHUSI THTIA “HArpeBad HA
CeTKe” WJIM “‘HarpeBaJid ¢ 0OPAaTHBIM XOJIOUILHUKOM 0€3 yKa3aHUs TeMIlepaTyphl
HarpeBaHUs JTUIIECHBI CMBICTIA, TaK KaK HE MO3BOJISIIOT BOCITPOU3BECTH SKCIIEPUMEHT.
Ecnau umeercs B BUAY KUIMSYEHUE, TO, CIEAYET CKa3aTh “‘KUIMATWIA C OOpPaTHBIM
xonoauinbHUKOM . He cremyer mucath “peakuus B3aUMOJEHUCTBUS , MOCKOJIBKY
B3aMMO/ICHCTBUE BEILIECTB 3TO U €CTh PEAKIIUS MEXKTY HUMHU.

dusnueckue KOHCTAHTBHI, CIEKTPAJIbHbBIC W aHAJTUTUYECKHE
XapaKTEPUCTUKH, & TAKKE BHIXOJIbI CHHTE3UPOBAHHBIX BEIIIECTB MOKHO 0000111aTh B
Ta0JIUIaX WM 1aBaTh B TEKCTE SKCIIEPUMEHTAIBHOUN YyacTu 1o Gopme.

CryneHT nOoKJIabIBaeT MOJYyUYECHHBIE pe3yJbTaThl B TeueHue 10 MuH, nznaras
CYILLECTBO PabOThI UETKO U SCHO, MIUTIOCTPUPYSI CKa3aHHOE CXEMaMHU U TaOIUIaMHu.
Onenka 3a KypcoByH pabOTy CKIaabIBaeTCs U3 Tpex mnapameTrpoB. [lepssril:
KaueCTBO M 00BEM BBIMOJHEHHON IKCIIEPUMEHTAILHOM paboThl; BTOPOIi: KaueCTBO
opopMmIICHUSI OTYETa O MPOJACIAHHOW padoTe; TpEeTHil: OKJIaa U OTBETHl Ha

ITOCTABJICHHLIC HA 3aIlIUTC BOIIPOCHI.



Mertoauyeckne MaTepuaibl, ONpeaesIoHe Npoueaypbl OleHUBAHUA
3HAHWH, YMEHUI, HABBIKOB U (MJIH) ONBITA JAeATEJIbHOCTH, XaPAKTEPHU3YIOLIINX

sranbl GOpMUPOBAHUS KOMIICTEHIIUH.

[Iponenypa npoBeieH s JAHHOTO OLEHOYHOTO MEPOTIPUSITHSL OCYLIECTBIISETCS B
cootBeTcTBUH [10J10KEHNEM O BBITIOJIHEHUH U 3alIUTE KypCOBBIX padoT B CKOY.

[Ipennmaraemble  CTYIEHTY  3aJaHUSA no3BoJisitoT — mpoBeputh  OINK-1
KOMIIETEHIIUH.

[Ipr mpoBepke 3amaHMsl, OLEHUBAIOTCS IOCIENOBATENBbHOCTh M JIOTMYHOCTD
BbIOOpA JIMTEPATYPHBIX MCTOYHUKOB, HAyYHBIX CTATEH, MATEHTOB IO TEME KypCOBOM
paboTHl,

- COOJTIOZICHHE TTPABUJI TEXHUKH O€30TaCHOCTH;

- IPAaBUJILHOCTH MOJI00pa U BIITOTHEHUSI METOTUKHY;

[Ipu 3amuTe paboThl OLEHUBAIOTCS:

- YMEHUE NPEACTABUTh OCHOBHBIE PE3YJIBTATHl UCCIEIOBAHUS B BUAE OTUETA
10 JIaHHOM MpoOJIeMaTHKe. ;

- BJIaJICHHE MaTEpUajIoOM IO TeMe KypCcOBOil pabOTHI;

- COOTBCTCTBUC IMPOBCACHHOI'O UCCIICIOBAHUA LCJIAM U 3aa4YaM.





