depeparnbHoe areHTCTBO MO pbI6ONOBCTBY
BEFAP® ®I'bOY BO «KI'TY»
KanuHuHrpaackumn MOpcKon pbioonpoMbILLNEeHHbIN Konneax

YTBepxaato
Bpuo 3amectutensa HavanbHMKa Konnegxa
no yyebHo-meTogMueckon pabote

M.HO. HukmwnH

=) LOKYMEHT MOAMNMCAH
, SNEKTPOHHOM MOANUCHIO

Ceptucpukat: 00861698655D171818D836B833A86412BD
Bnapeneu: HUKULWWH MUXAUN FOPBEBNY
Aeiicteutenen: ¢ 13.02.2026 go 09.05.2027

Onn.02 OCHOBbI AHAJTIUTUYECKOWN XUMUU

MeToaundeckoe nocobue ons BbINOSHEHNSA NPaKTU4ECKNX 3aHATUI MO cneunanbHOCTU

35.02.10 O6paboTka BoagHbIX bMopecypcoB

MO-35 02 10-0M.02.MN3

PA3PABOTYUK NnackuHa H.M.
3ABE,EWPOLLI,I/II7I OTOENEHMNEM CyabbuHa H.A.

o PASPABOTKN 2026




KMPK BF'AP® ®Ir'60Y BO «KI'TY»

MO-35 02 10-011.02.1M3

OCHOBbI AHANUTUYECKOW XMW | C.2/69
CopepxaHue
2] A= T = R 3
[MepeyeHb MPAKTUHECKMUX BAHATUM. .. .ceeuuueereerieeeeatuseeeesnseeseataseeeetnaeeeatanaaeeesnaeeeesnaearesnnaeeensnnaees 4
1.1 MNMepBasa aHANUTUYECKASA TPYMMA KATUMOHOB ......uuuieeeeeeeieiiiiaaaeeeeeeeeaaaenaaaaeeaaeeeansnnaasaeaaeeeennnnnnnnns 5
MpakTtnyeckoe 3aHATME Ne 1. OCHOBHbIE MOHATMA M 3aKOHbl XMMWU: pacyeTbl MOSEKYNSPHON
MaccCbl 1 9KBUBAIEHTOB BELLECTB; BaNleHTHOCTb; KNAacCbl HEOPraHNYECKUX COEANHEHWUMN ................ 5
MpakTtnyeckoe 3aHsaTMe Ne 2. KomnnekcHble COeAMHEHUs: CTpOeHue, Auccoumauuns, pacyeT
3apsiga KoMnnekcoobpasoBaTeNs, KOHCTAHTA HECTOMKOCTM . ..cceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaaeaaeaaaaaaaaeenns 9
Mpaktnyeckoe 3aHsaTMe Ne 3. [uccoumaumsi KMCNOT, OCHOBaHWW, conen. Peakumm WMOHHOro
obmeHa. Cnocobbl BbIPAXKEHNST KOHLEHTPALMM PACTBOPOB ...ovvvvuiieeeeeeeeiiiiiiaeeeaaeeeesssinnaaeeaasaeennnns 13
1.2 BTopag aHanUTUYECKas TPYMMA KATUOHOB ........uuuuaieeeeeeeeeertnaaaeeeeeeeeeaennnaaaeaeaeeeensnnnaaaeaeeeeennnes 21

MpakTudeckoe 3aHaTUE Ne 4. BbluMCneHne CcTeneHn AuccoumaLmMmn no KOHCTaHTe Auccouunaumm um
KOHLEHTpaLWM 3NEKTPONUTOB. BbluMcreHne 3HauyeHunin NponsBeaeHnst pacTBOPUMOCTU GUHAPHbIX

3MEKTPOSIUTOB MO PACTBOPUMOCTM N HAOBOPOT ...ceviiiieeieeeeiiiiiiiiiee e e eeeeeeeatiea e e e e e e e eeaastaaaeaeeaeeeeannns 21
MpakTnyeckoe 3aHaTMe Ne 5. BbluucneHve KOHUEeHTpauuMM WMOHOB BOAOPOAA W BENUYMHBI
BOOOpoaHOro nokasartens. BolumcneHne pH 6ydepHBIX PACTBOPOB .........cccvvvvviieeeeeeeeeeeiiiieee e 28
MpakTnyeckoe 3aHATME Ne 6. OKMCNNTENBbHO-BOCCTAaHOBUTENbHbIE peakumn. CTeneHb OKUCMEHMS.
1] =012 T= Y2 T = PSRRI 33
1.5 M9Taa aHaNUTUYECKAS TPYMMA KATUOHOB. .....cciiiieeeeeee e e e e e e e e e e e 37
MpakTndeckoe 3aHATNE N2 7. TMAPOSINE CONEN. YMPAKHEHMS ......cuuneeeiriieeeeeiiieeeeetee e e e eate e e eaea s 37
2 KONMNUECTBEHHDBIV AHATIMS ...ttt 42
2.1 TpaBUMETPUYECKUIN METOL QHASMBA ...uuueeeeeeeieiiinaeeeeeaseeaeetnaaaaeeeeeesaassnnnaaaaaaeeeesnssnnaaaaaaeeeennnes 42
MpakTndeckoe 3aHaTne Ne 8. AHanuTMyYeckne BECHI, UX YCTPOMCTBO. [paBuna B3BeLLUMBaHUA ..... 42
2.2 MeToabl TUTPUMETPUUECKOTO AQHATTMBA. ....uuueeeeetneaeeeiueeeeatnaaeeeetnaeeeestaaesestnaaaesesnaaeennnnaeaeennnns 47
MpakTuyeckoe 3aHATNE Ne 9. PacyeThbl B TUTPUMETPUUECKOM AHASTMBE .....eeeeeeeeiiiiieeeeeeeeeeeeennnnns 47
2.2 MeToabl TUTPUMETPUUECKOTO AQHATTMBA.....uuuueeeeeeeaeeeiuaeeeeetnaeeeattaeeeestaaesestaaaaesesnaeeeennnaeaeennnns 53
Mpaktndeckoe 3aHaTnE Ne 10. PacdeTbl B KNCTIOTHO-OCHOBHOM METOLE. .. ..cuuuueeeerineeeraineeeennnnnnns 53
2.3 METOADI PEAOKCUMETPMM ...ieeeeeeeeiiieaaeeeeeeeeeeattaaasaeaeaeeeaeetaaaaaaaeeeeassssnnaaaeaaesessnssnnaaaeaaeeeesnnns 57
Mpaktuyeckoe 3aHATNE Ne 11. PacyeThbl B METOAE NEPMAHTAHATOMETPUM. ...cceeeevveiaeeeeeeeeeeeaennnnnn 57
MpakTndeckoe 3aHATHE N2 12. PacdeTbl B METOOE NOAOMETPUM.....u.eeerruneeeeiiieeeeenineeeeanneeeeennnnnnns 63
CNNCOK NCMOMB30BAHHBIX MCTOUHUKOB: ....vvtteueseeeeeseeeestnnasseaeeeessssennaaaeeaaeeesnsennaaseeaeeeessssnnnnaaeeaeees 69

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx



KMPK BF'AP® ®Ir'60Y BO «KI'TY»
OCHOBbI AHATIMTUYECKOW XMW | C.3/69

MO-35 02 10-011.02.1M3

BBeageHue

Pabouelnn nporpammon AUCUMNNUHBLI NPeSyCMOTPEHO MNpoBeAeHWEe [BeHaauaTu
npakTUyecknx 3aHaTun no cneumansHoctn 35.02.10 «O6paboTka BogHbIX Buopecypcos».

Llenbio npoBeeHNA NpakTUYECKNX 3aHATUIN SBMSIETCA 3aKpensieHne TeopeTuyeckux
3HaHUN N NprnobpeTeHna HeoBXOOUMbIX NPAKTUYECKUX HABbLIKOB U YMEHUI NO OTAENbHbIM
Temam Kypca. Hapsgy ¢ dopmMmpoBaHMEM YMEHUW N HaBLIKOB B Mpouecce npakTUyYecKknx
3aHATM  obobLiatoTca, CUCTeMaTM3upyrtoTcda, YrnyonsTca UM KOHKPETM3MPYHTCH
TeopeTudeckne 3HaHud, BblpabaTbiBaeTcs CMNOCOBHOCTb M FOTOBHOCTb WCMNOMb30BaTb
TeopeTU4ecKkne 3HaHUSA Ha NPakTUKe, pas3BUBalOTCA UHTENNEKTyarbHble YMEHUS.

Mepen npoBeaeHNEM NpaKkTUYECKNX 3aHATUI oby4atowmnecs ob6a3aHbl npopaboTaTb
COOTBETCTBYKOLLMA MaTepuar, YACHUTb Lelb 3aHATUSA, O3HAKOMUTLCS C coaepXXaHnem u
nocrnegoBaTenbHOCTBIO ero NpoBedeHus, a npenogasateflb — NPOBEPUTb MUX 3HAHUA U
rOTOBHOCTb K BbINOJSTHEHUIO 3aJaHUS.

[Mocne Kaxgoro MpakTUYEeCcKOro 3aHATUS npoBoauTcA 3ayeT. Ha 3advete
oOy4alolWnNCcs OOSMKEH: 3HaTb TEOpUKD MO [aHHOW TeMme; MOSICHUTb, Kak MpOBOAUTCS
pacyeT wunuM ynpaxHeHwe;, yMeTb nNpoaHanM3npoBaTb MOSMyYeHHble pesynbTaTbl (B
COOTBETCTBUN C OCHOBHbIMWM TpeboBaHMAMM K 3HAHUAM W YMEHUSIM MO JaHHOW Teme
paboyen nporpaMmmbl).

B nocnegHwe rogbl B cucTeMe cpefHero npodeccuoHanbHOro obpasoBaHus
LUMPOKO CTan MCNonb30oBaTbCA TECTOBbIN KOHTPOSMb. Ero nonynspHocTb obycrnoBneHa
MHOMMMK NPUYMHAMN KaK coaepXaTenbHOro, Tak U TEXHONOrm4yeckoro xapakrepa. Cioga
MOXHO OTHECTW BblAeneHve B codepxaHum yd4ebHoro npegmera MHBaAPUAHTHOW YacTu
yCBOEHMUS, KoTopasi obsa3atenbHa Ang obyyarowerocs, U BHeCEHUS B y4ebHble nporpamMmmbl
BapuaTMBHOINO KOMMOHEHTA, MO3BOMSIOLEr0 pa3BuBaTb CMOCOOHOCTU OByvaroLmxcs, ux
no3HaBaTeNbHbIN 1 NPOJECCUOHANBHBLIN MHTEPEC. TECTOBbLIN KOHTPOSNb MOXET ObiCcTpee,
YyeM TpaauUMOHHBLIN, NPOBEPUTb 3HaHUSA OOyyarWmUxXca, NpoCcT AN OueHWBaHuS B
COBPEMEHHOM cucTteme 06paboTkn nHdopMaunmn 1, Kak NpaBuno, ABnseTcs oba3aTenbHON
COCTaBHOWM YacTbH HOBbLIX NeAarorn4ecknx TEXHOOMMN.

B pesynbTaTe 0CBOEHUS MaTepuana no NpakTUY4eCcKUM 3aHATUMSM Yy oby4datomxcs
dopmupytotca cnegyowme komneteHumm: OK 01-OK 05, OK 07,0K 09, MK 1.4,1.5, MK
24,25,MK3.4.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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1 MpakTuyeckoe 3aHATME Ne 1. OCHOBHbIE MOHATUSA U 3aKOHbI XUMUWN: pacyeThbl
MOMEKYNSAPHON MacCbl M 9KBMBANEHTOB BELLECTB; BaneHTHOCTb; Kracchbl
HEeopraHN4Yeckux coeanHeHNn

2 Mpaktuyeckoe 3aHATME Ne 2. KomnnekcHble COeOUHEHUS: CTPOEHME, 2
auccoumaums, pacdeT  3apsga KomnnekcoobpasoBaTend,  KOHCTaHTa
HECTOWKOCTU

3 MpakTtnyeckoe 3aHATMe Ne 3. [uccoumaumsi KUCNOT, OCHOBaHWMW, CONEW.

Peakunu noHHoro oémeHa. Cnocobbl BblpaXXeHWs1 KOHLEHTpaLmM pacTBOPOB ... ]

4 Mpaktnyeckoe 3aHsaTMEe Ne 4. BblumcneHne cteneHn aguccouumaumm no
KOHCTaHTe Auccoumaumm W  KOHUEHTpauuMu SMekTponuToB. Bblumcnenune
3HaYeHWn Npou3BEeOeHNss pPacTBOPMMOCTU OMHApPHBIX 3MEKTPONIMTOB MO
pacTBOPMMOCTM U HaobopoT 2

5 MpakTuyeckoe 3aHATME Ne 5. BbluMcneHne KOHLUEHTpauMm MOHOB BOAOPOAA U
BEMMYMHbI BOOOPOAHOro nokasartens. Beluncnexnve pH 6ydepHbIX pacTBOpoB

6 MpakTnyeckoe 3aHsaTME Ne 6. OKUCNMTENBHO-BOCCTAHOBUTESNbHbLIE peaKLun.
CrteneHb okucneHns. YnpaxHeHus

7 MpakTnyeckoe 3aHsaTmne Ne 7. maponua conen. YnpaxHeHusi

8 MpakTtnyeckoe 3aHaATME Ne 8. AHanuTuyeckue BecCbl, UX yCTponcTteo. Npasuna 2
B3BELUVBaHUS

9 MpakTnyeckoe 3aHaTMe Ne 9. PacyeTbl B TUTPMMETPUYECKOM aHanmse

10 MpakTnyeckoe 3aHsaTMe Ne 10. PacyeTbl B KUCIOTHO-OCHOBHOM METOAe
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lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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1 KAMECTBEHHbI AHANU3
1.1 MNepBas aHanUTUYecKas rpynna KaTUOHOB

MpakTuyeckoe 3aHATUE Ne 1. OCHOBHbIE MOHATUA U 3aKOHbI XMMUU: pacyeTbl
MOJIEKYNIAAPHOM MaccCbl U IKBUBANIEHTOB BeLleCTB; BalleHTHOCTb; Knaccbl
HeopraHM4ecKMx coeauHeHUn

Llenb 3aHsmus:

MoBTOpUTb M YrNybuTb OCHOBHbIE XWUMMWYECKME TMOHATUA M 3aKOHbl, Knacchbl
HeopraHMYecknx coegmHeHN. YMETb pacCumMTbiBaTb MOJSIEKYNSAPHYO Maccy, 3KBUBAsEHTbI
cnoxHbix Bewects ( OK 01-OK 05, OK 07,0K 09, INK 1.4,1.5, MK 2.4, 2.5,1K 3.4.

Ucrionb3yemblie UCMOYHUKU:
Mepuogunyeckasa cnctema xummndeckmx anemeHtoB .. Mengeneesa;

Tabnuua pacTBOPMMOCTU KUCIIOT, CONen n OCHOBaHUW B BOAE;

[1], [2].

Teopemuyeckasi Yacmb:

TeopeTnyeckme OCHOBbI XMMWYECKOrO aHanuMsa paccMaTpuBalTCs C  NO3ULNIA
3aKoHa JencTBmna Macc n nepuoguyeckoro 3akoHa .M. MeHgeneesa.

3akoH coxpaHeHusi Macchkl: Macca BeLlecTB, BCTyNaoLwmx B peakuuio, paBHa macce
BELLECTB, 00pasyoLmxcs B pesynbrate peakuum.

3akoH nocmosiHecmea cocmaea: Besikoe unctoe BeLecTBO HE3aBMCMMO OT cnocoba
ero nonyyeHns Bceraa MMeeT NOCTOSAHHbIN KaYeCTBEHHbI Y KONTMYECTBEHHbIN COCTaBbl.

3akoH Oeticmeusi macc: CKOPOCTb XMMUYECKON peakumm NpsiMo NponopLMoHanbHa
NpOn3BEeAEHMIO KOHLEHTPAUNN pearnpyoLmnx BeLLECTB.

3akoH Agoeadpo: B paBHbIX 0O6beMax pasfnuUyHbIX ra3oB MNPy O4MHAKOBbLIX YCNOBUAX
(TemnepaType 1 AaBrneHnn) COAEPXKNTCA OQNHAKOBOE YMNCINO MOMEKYTI.

Cnedcmeue 3akoHa Aeozadpo: OguH Monb nwboro rasa npu HOpMarbHbIX
ycnoBusix 3aHmmaeT obbem 22,4 nutpa. Temnepatypa 0 °C (273 K) n gaBneHne 1 atm.
(101325 lNa) xapakTtepudyeT HopMarbHble yCrnoBus (H.y.) And rasa.

[Ana un3mMepeHMs KonuMyecTBa BellecTBa B XMMWUW Hapsgy C rpaMmMoM M
KMNorpamMoM Monb3ylTCA U crneuuanbHON Mepor KOonuMyecTBa BellecTBa — epamMm-
Moriekyrnod.

[pamm-monekynou (unu mMosieM) HasblBaeTCa KONMYEeCTBO BelecTBa B rpammax,

YNCITIEHHO paBHOE €€ MOJ'IeKyJ'IﬂpHOIZ Macce.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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M3 3akoHa NOCTOSHCTBA crnefgyeT, YTO 3feMEHTbl COeAMHSAITCS APYr C OPYroM B
CTPOro OnpeaenieHHbIX KOMMYECTBEHHbIX COOTHOWEHUSX. [loaToMy B Xumuio Obinu
BBeOEHbl MNOHATUS akBuBaneHTa. (CrnoBo «3KBMBANEHTHbIM» B MNepeBode O3HayaeT
«PaBHOLIEHHbINY).

OKeusaneHmMoM 3rleMeHma HasblBalOT Takoe €ero KONMYecTBO, KOTOpoe
coeauHsieTcs ¢ 1 MoneM aToMOB BOAOPOA4A MMM 3aMeLlaeT TO Xe KONMMYeCTBO aTOMOB
BOOOPOAA B XMMNYECKNX peakUnsX.

SKsueanieHMoM CII0XKHO20 geljecmea Ha3blBaeTCsl TaKoe ero KofiM4ecTBO, KOTopoe
B3aMmogencteyeT 6e3 octaTtka C OOHUM 3KBMBANEHTOM BOAOpoAa MM BooOLwe C OaHUM
3KBMBaneHToOM nboro Apyroro BeLecTea.

3akoH akeusaneHmos: BelluectBa B3auMO4eNCTBYOT APYr C APYrOM B KONMYECTBaXx,
NPONOPLMOHANbHbIX NX 3KBUBANEHTaM.

KonnyectBo BellectBa B rpaMmax, YMCIIEHHO paBHOE €ro 3KBMBAIEHTY,
Ha3blBaeTCs epaMM-3K8UBaieHmMoMm (r-oKkB.).

BaneHmHocmb anemeHma — 3TO CNOCOBHOCTbL €ro aTOMOB COEAUHATLCA C APYrMMun
aToMamMuM B OMNpPedeneHHbIX COOTHOLWEHMSX. BaneHTHOCTb dnemeHTa B AaHHOM
COeANHEHNN onpeaensieTcsl U3 COOTHOLIEHUS:: aTOMHasi Macca / 3KBUBaneHT.

Knaccel HeopeaHu4yeckux coeOuHeHUU: OKCuabl, KNCNOTbl, OCHOBaHUS, COSIN.

OkKcudbl — CrnoXHble BELLECTBA, COCTOsILLNE U3 OABYX SIEMEHTOB, OAHUM N3 KOTOPbIX
aBnseTca kncrnopog. Okenabl 4enATCa Ha TPy rpynnbl:

- ocHOBHble (Hanpumep, Na20, CaO);

- KncnoTHble (Hanpumep, CO2, SO3);

- amgoTepHbIe, KOTOpble B 3aBUCUMOCTM OT YCITIOBUN MNPOSIBIISKOT OCHOBHbIE WA
KMCINOTHble cBoncTBa (Hanpumep, ZnO, Al203, Cr203).

C nosunumi Teopun aNEKTpPONIMTUYECKON ANccoumaumm KnaccuuumpyoT:

Kucnomel — anekTponuTbl, AMccoummpyolme B pactBopax ¢ obpa3oBaHMEM MOHOB
Bogopoda. Pasnuuyawt kucnotbl  kucriopogHble  (Hanpumep, H2SO04, HNO3) wu
B6eckucnopogHble (Hanpumep, HCI, HBr, H2S). Obwue cBoncTtBa KMCNOT (KUCHAbINA BKYC,
M3MEHEeHUs uBeTa MHAMKaTopa, B3aMMOLENCTBUE C OCHOBaHMAMMU, COMSIMU, OCHOBHbIMU
okcugamm) obycrnoBreHbl MoOHaMmn Bogopoaa.

OcHoBaHuUsi — 3nNeKTpPoNuTbl, Auccoummpylolme B pacTBopax C obpasoBaHMeM
rmgpokcug-unoHa. vgpokcug-moHamm  obycnoBneHbl oOWMe  WenovHble CBOWCTBA
OCHOBaHWN (MbINKOCTb Ha OLlynNb, U3MEHEHWe LBeTa WHAuKaTtopa, B3auMOAEeWUCTBUME C

KUcnotamu, conamMun, KNCIoTHbIMA OKCI/I)J,aMI/I).

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Pasnuyaor amdoTtepHble rmapokcuabl, KOTopble Npu Auccouuaumm obpasytoT
ogHoBpemeHHo H* un OH- (Hanpumep, AI(OH)s, Zn (OH)2, Cr(OH)s wn gp.) wn
B3aMMOOENCTBYIOT Kak C pacTBOPaMM KUCIOT, Tak U C pacTBOpaMu LLIENOYEN.

Conu — anekTponuThbl, guccouunpyrowme B pacteopax ¢ obpasoBaHMeEM KaTUOHOB
METansoB U aHWOHOB KWUCIOTHbIX OCTATKOB. PasnuyaloT cpefHue, KuCrble, OCHOBHbIE,
ABOVHbIE, KOMMIIEKCHblE CONMW. XWMMUYECKME CBOWCTBA conen obycnaenuBalTCa MX
OTHOLLEHMEM K MeTannam, Lernoyam, KUCroTam u CosisiM.

OKcuObl aNeKTponMTaMmn He ABMSIOTCS.

MonekynspHyto mMaccy BewecTBa BbIYUCAAKT No opMyne, Kak CyMMY aTOMHbIX
Macc aTOMOB, BXOASLMX B COCTaB MONeKynbl BeliecTBa. AToMHaa macca 6epetcsa C
TOYHOCTbIO, yKaszaHHOM B Tabnuue «llepuognyveckass cucteMa XMMUYECKUX SfEMEHTOB
O.W. MeHgeneeBa». be3 ocobon HeEOH6XOANMOCTU €e OKPYrNSAKT 40 Lenoro Yncna (kpome
aToMHOM Macchl xropa — 35,5).

Mpumep 1. MonekynapHaa macca Bofbl, MOSieKyria KOTOPOW copepXuT 2 aTtoma
Bogopoaa u 1 atom kucnopopa, paBHa:

1,0079 - 2 + 15,9994 = 18,0152 r/monb.

Mpumep 2. MonekynapHaa macca kpuctannorngpata BaClz - 2H20 pasHa:

137,33 +35,45 -2 + 2 - 18,015 = 244,28 r/moneb.

pamm-3KkeuganieHm C/I0XKHO20 eewecmsa BbIHYUCIAT, WCXOAS U3 ero
MOJIEKYIISIPHON MacChl:

Mpumep 3. M-9kB (B) KMCNOTLI paBeH ee MonekynspHon macce (M), neneHHoOn Ha
OCHOBHOCTb KUCIOTbI:

OHCI=M/1=36,5Tr

O HsPOs, = M/3 =98/3 =32,7T.

Mpumep 4. [-3kB OCHOBaHUSA paBeH ero monekynspHonm macce (M), aeneHHon Ha
KMCIOTHOCTb OCHOBaHMS:

O NaOH=M/1=40Tr

O Ca(OH) = M/2=74/2=37r.

Mpumep 5. -3kB conu paBeH MONEKYNAPHON Macce OerleHHOW Ha npou3BeneHue
BaneHTHOCTWN MeTanna, Ha YMCcro ero atToMoB B MOJSIeKyne:

O Fe(S04)3 = 400/(2-3) = 66,7 T.

pamMM-3KBMBANEHT CrIOXKHOrO BellecTBa B pasHbiX peakunsx MOXeT ObiTb
pasnUYHbIM:

a) B peakuusax obmeHa:

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Hanpumep, Na2CO3 ¢ KUCOTOM MOXET pearnpoBaTh ABOSIKO:
Na2C0O3 + HCl = NaHCOs3 + NaCl
Na2COs + 2HCI = 2NaCl + H2COs3

B peakuun (1) ognH monb Na2COs pearupyeTt ¢ 1 monem HCI, 4yto cooTBeTcTBYET 1

r-atoMy Bogopoaa, a 3Ha4uT:

3 NaxC0s = M Naz2CO3z =106 .

(1)
(2)

B peakumn (2) 1 monb Na2COs pearupyert ¢ 2 monsamu HCI, cnegoBaTtensHo,
O NaxCOs = M/2 = 106/2 = 53 r.

6) B OKUCITIUTEJIbHO-BOCCTAHOBUTESIbHbLIX peaKunAaxXx rpaMm-3KBUBarEHT OKUCITUTENA

M BOCCTAHOBUTESA HaxoOAT AeJleHNnemM nx MOﬂeKyﬂHpHOﬁ MaccCbl Ha YMNCIO nepexoaAamnx

3NeKTpoHOoB (N):

3 =M/n.

UcxoOHble mamepuaribl U OaHHbIe:

OCHOBHbIEe NMOHATUSA
1 3aKOHbI XUMUN

BapuaHTtbl 3agaHun

3 4

3aKoH coxpaHeHus macchbl

3aKoH NocTosAHCTBA
cocTaBa

3aKoH AencTBmsa macc

3akoH ABoragpo

CnepctBue 3akoHa
Asoragpo

3aKoH 9KBMBAareHTOB

'pamm-monekyna (Monb)

‘pamm-9KBMBanNeHT (r-3KB.)

BaneHTHOCTb anemeHTa

Kucrnora, npumep

Conb, npumep

+

+

OcHoBaHue, npumep

+

+

MonekynspHas macca

10H20

Naz2B4O7-

H2SO4

NaHCOs | Ba(OH)2

CHsCOOH

HsBOs

-akB (J)

Al(OH)s

Ca(OH).

H2C204
-2H>0

FeSOas

Mn(OH):

CHsCOOK

CodepxxaHue u rnopsidok 8bInosiHeHuUs1 pabomsni:

1 O3HaAKOMUTLCA C TEOPETMYECKON YaCTbIO 3aHATUS.

2 1o 3agaHHOMY BapuaHTy:

1) 0aTb (bOpMyJ'IMpOBKI/I XUMNYECKNM TMOHATUAM U 3aKOHaM (B BapunaHTe 3agaHund

0003HayeHb! *);

2) npou3BecTu

HeobxoouMMmble pac4yeThbl

9KBMBalrieHTa BelwecTB C yKa3aHnem eanHul n3aMepeHUs.

3 OdhopmuUTb OTYET MO NpakTnyeckon pabore.

4 OTBETUTH Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxxaHue om4yema:

MOREKyIsipHOM

MaccChl

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx

lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx

M rpamm-
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HanmeHoBaHMe NpakTUYecKoro 3aHATUS

Llenb 3aHATMSA

BapwuaHT 3agaHus

OTyeT O BbINOMHEHUMM Ha Kaxabld aTan pasgena «CogepxaHne M NOpAOOK
BbINOSTHEHUS paboTbI»

CnncoK ncnonb3oBaHHOW NUTepaTypbl U APYrMX UCTOYHUKOB

BbiBoAabl

[aTbl 1 NognNucK KypcaHTa u npenogaBaTens

Bonpocbi 0r1si caMornposepKu:

1. YT0 Ha3biBaeTca monem?

2. Kak bopMynupyoTcs 3aKOHbl COXpaHEeHUs Macchbl U MOCTOSAHHOIO cocTaBa?

3. dopmynupoBka 3akoHa ABoragpo W cnencteus u3 Hero. Kakve ycnosus
Ha3blBaOTCS HOPManbHbIMK?

4. Yto Takoe r-sKkBMBAnNeHT? fBnNseTcA M rpaMM-3KBMBANeHT BellecTBa
NOCTOAHHOM BenuynHon? OT Yero 3aBUCUT ero 3Ha4YeHne?

5. YUTo Takoe BaneHTHOCTb afieMeHTa?

6. [laTb XxapakTepuCTuKy BaXXHENLLUX KITaCCOB HEOPraHNYeCKNX CoOeANHEHUN.

7. Onpegenutb Maccy 50 NNTpPoB ABYOKMUCU CEpPbI MPU H.Y.

8. Bblunmcnntb  rpamMm-oKBMBaneHTbl  Crlefylowmx  BewecTB B peakumsix
Hentpanusauun: a) NaOH; 6) H2SO4; B) Na2COs - 10H20; r) NaHCOs; a) Na2B4O7 -
10H20.

MpakTuyeckoe 3aHATHE Ne 2. KOMNneKcHble CoeaUHEeHUA: CTpoeHue,
Auccouunaums, pacyeT 3apsga KoMmnnekcoobpasoBaTens, KOHCTaHTa HECTOUMKOCTHU

Llenb 3aHsmusi:

M3yunTb KOMNEKCHbIE COEAMHEHNSA: CTPOEHME, ANCCOLMaLnNio, HOMEHKNATYpYy.

(: OK01-OK 05, OK07,0K 09, 1K 1.4,1.5,NMK 2.4, 2.5,1NK 3.4.

Ucnonb3yemblie UCMOYHUKU:
MNepunogunyeckas cuctema xmmmndecknx anemenTos .. MeHgeneesa;

KOHCTaHTbl HECTONKOCTH HEeKOTOpPbIX KOMMJ1IEKCHbIX NOHOB;

[1], [2].

Teopemuyeckasi Hacmab:

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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KomrinekcHble ~ COeOUHEHUSI. MoHbl  HekoTopbIX  3neMeHToB  obnapgatoT
CMOCOBHOCTBIO NpUcoeanHATL K cebe NonspHble MONEKYNbl UM MOHbI, 00pa3yst CNOXHbIE
KOMMNMEKCHble WOHbl. CoeauHeHWs, copepXalimMe KOMMSEKCHbIE WOHbI, COXpaHstowue
COCTaB KOMMIieKca Npu guccounaumnmn, HasblBatOTCHA KOMIMIEKCHLIMU COEeOUHEHUSIMU.

O6pa3sytoTcsa OHM Npy B3aMOAEWNCTBMM ABYX BELLECTB, HAanpumep:

CuSO4 + 4NH3s = [Cu(NH3)4]SO4 (1)

Fe(CN)2 + 4KCN = K4[Fe(CN)s] (2)

KomnnekcHble coeavHeHusi, obpasoBaHHble KaTUOHaMW C  OpraHU4yecKUMu
BeLLleCTBaMM, Ha3bIBAOTCS KOMIM/IEKCOHaMU.

LleHTpanbHbIN MOH NN aTOM KOMIMMEKCOHA Ha3bIBalT KOMIsiekcoobpa3ogamerem.
B npuBefeHHbIX Nnpumepax aTo aToMbl Meau U xenesa. VIoHbl unv nonspHble MOneKynbl,
CBsi3aHHbIE C KOMMekcoobpasoBaTtenem, HasbiBalT sueaHdamu unu addeHOamu. B (1)
KOMMneKkce niMraHabl — MOSeKyIibl aMmmMuaka, Bo (2) Komnriekce nuraHabl — LMaHua-UoHbI.

Uucno nuraHOoB, CBA3aHHLIX C  KOMMnekcoobpasoBaTernem, HasblBaeTcs
KOOPOUHaUUOHHbIM 4UCITIOM (K.4.).

PasnuyatoT BHYTPEHHIO N BHELHIO cepbl KoMmnnekca. Hanpumep, B KOMNnekce
(1) ueHTpanbHbIX aTOM Meau BMecTe C NuraHgamu, Mosfiekynamu ammuaka, obpasyeT
BHYTPEHHIO chepy, a cynbdaT-uoH — BHELLHIOW. ATOMbI, BXOASALWME BO BHYTPEHHIOK
cchepy, 3akno4alT B KBagpaTHble CKOOKM. [MOCKONbKY 3apsabl BHYTPEHHEN M BHELUHEN
cep paBHbl Mexay cobor 1 NPOTUBOMOMOXHbBI MO 3HAKY, TO KOMMMEKCHOe coeanHeHne
3NEeKTPOHENTPAasbHO.

KomMmnnekcHble coeanHeHnsa anccounmnpyoT ¢ obpasoBaHnMeEM KOMMIIEKCHBIX MOHOB:

K4[Fe(CN)e] <> 4K* + [Fe(CN)e]* (3)

Hunccoumaumsa (3) nponcxoguT No BHELWLHeEN cdepe.

KomMnnekcHble MoHbl 061agatoT pasfiMyHoOM CTENEHLIO YCTOMYMBOCTU U B pacTBOpax
CnocobHblI B CBOK o4epedb obpatumo cnabo guccoummpoBaTtb. Peakumsa guccoumaumm,
Hanpumep: [Fe(CN)s]* <« Fe?* + 6CN-, onucbiBaeTcs KOHCTaHTON paBHOBECKS,
Ha3blBaeMOW KOHCmMaHmou Hecmoukocmu, koTopasi bygeT paBHa:

Ku = ([Fe?*] - [CN]8) / ([Fe(CN)e]*.

Yem Bonblie 3HavyeHne Ky, TeM MeHee NpoYeH KOMMSIEKC, TEM fnerde pacnagaertcs
OH B pacTBOpeE.

Mcxoaa M3 KOHCTaHT HECTOMKOCTM KOMMIIEKCOB, MOXHO BbIYMCNATL KOHUEHTpaUuio
MPOCTbIX NOHOB, NPUCYTCTBYIOLNX B pacTBOpPax KOMMMEKCHbIX conen. A aTo Heobxoammo

3HATb AnA ocaKaeHnAa U3 pactesopa Toro Unm MHOro nNpocToro NoHa.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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KomnnekcHbie conu — conwu, Npy Auccoumaumm KOTOPbIX B BOAHOM pacTBope
KOMMNSEKCHbIE KaTMOHblI MMM aHWOHbI COXPAHSAOT CBOW COCTaB. TOMbKO MpU 0CObbIX
yCri08uUsiX OHWU MOTYT pasnaraTtbCs Ha COCTaBHble 4acTum unuv obpasoBbiBaTb HOBblE
KomMmnnekcol. B dpopmynax KOMMNIEKCHbLIX CONen crnesa 3anucbiBatoT popMyrny KaTUoHa, a
3aTeM (cnpasa) — OpPMYIy aHMOHa, T.e. aHanoOrm4yHO 3annUcuK NPOCTbIX CONEN:

Ks[Fe(CN)s] — rekcaunanodeppar (l1l) kanua (cpegHasa conb — KsPOs).

LeoliHbie conu — conu, KOTopble B BOAHOM pacTBOpe AUCCOLMMPYIOT Ha BCe BUAbI
NOHOB, BXOASLLMX B UX COCTaB:

kBacubl KAI(SO4)2 - 12H20 «> K* + AB* + 2 SO4%+12 H20

kapHanut KMgCI - 6H20 « K*+ Mg?* + 3CI+ 6 H20

Kpucmannoaudpamsbl — KpUCTanMyeckme BELLECTBA CONEN, KMCMOT, OCHOBaHUA U
OpraHM4yecKkUx COedMHEeHUK, WMmellwmne B cocTaBe oaHy U 6onee  Monekyn
KpUCTannm3aawMoHHON BOAbI, Hanpumep:

CuSOs4 - 5H20
H2C204 - 2H20.

MHorvne kpuctannormgpatbl SBAAKTCA KOMMMEKCHbIMU COeAMHEHUAMUN, HaNpUMep:
CrCls - 6H20 = [Cr(H20)6]Cls.

HomeHknamypa KOMMeKCHbIX coeduHeHul. HasBaHWs KOMMMEKCHbLIX COnewn
obpasyoT no obuwiemy rpasusy: CHayana HasbiBalOT aHWOH, a 3aTeM — KaTUOH B
poauTENbHOM nagexe.

HasBaHve KOMMMNEKCHOro KaTuoHa COCTaBNAT cregylwmm obpasom: cHavana
yKasblBaloT ymcna (MCnonb3ys rpevyeckme YncnuTenbHble: Ou, mpu, mempa, neHma, 2ekca
W T.4. U Ha3BaHUSA OTpULATENbHO 3apsXKEHHbIX NUraHaoB ¢ OkoHYaHnem «o» (Cl- — xsopo,
S04 % — cynbgpamo, OH- — 2udpokco n T.n.; a 3aTeM yKasbiBalOT YMCNa U HasBaHWSA
HenTpanbHbIX NMMraHgoB, NpUYeM BOAA Ha3blBaeTCHA akea, a aMMNaKk — aMMUH; NOCNeaHNM
Ha3bIBalOT KOMMekcoobpasoBaTesnb, YyKa3blBasi €ro CTeneHb OKMCNEeHUa (B cKobKax
pUMCKMMU Lmncbpammn nocne Ha3BaHWs KOMNiekcoobpasoBaTens), Hanpumep:

[Pt(NHs3)s CI]CI — xnopug, xnopotprammuHniaTuHbl (1).

HasBaHne KOMMNIEKCHOro aHMOHa COCTaBNAT aHANOMMYHO Ha3BaHWUIO KaTUOHA U
3aKaH4MBarT cypdukcom «aT», Hanpumep:

(NHa4)2[Pt(OH)2Cl4] — TeTpaxnopogurugpokconnatmHat (IV) ammoHus.

HasBaHna HenTpanbHbIX KOMMMEKCHbIX YacTul 0bpasyloT Tak e, Kak U KaTUOHOB,

HO KOMI'IJ'IeKCOO6pa3OBaTeJ'Ib Ha3blBalOT B WMMEHUTEJIbHOM nagexe, a CTeneHb ero

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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OKUCIMEHMS He YKa3blBAalOT, TaK KaK OHa Onpeaensietcs 9nekTpoHEeNTpanbHOCTbIO
komnnekca. Hanpumep, [Pt(NH3)2Cl2] — anxnopoamammuHnnaTuHa.

Mpn cocTtaBneHun ypaBHEHUS peakuui, B pesyrnbTaTe KOTopbliX 0OpasylTcs
KOMMMEKCHbIE COEeAUHEHMUsI, HeobXoaMMO YyuuTbIBaTb rpasusio ornpedesieHus 3apsoa
KOMI/IEKCHO20 UOHAa: 3apsii KOMMMEKCHOro MoHa paBeH anrebpanyeckon cymme 3apsiioB
NOHOB, 13 KOTOPbIX OH 0Bpa3soBarcs.

Mpumep 1. Onpegenutb 3apsag komnnekcHoro noHa [Fe(CN)s]*, B KOTOpOM Xeneso
NposiBrsieT CTeNeHb OKUCNEHUs +2.

PeweHve. 3apag wvoHa xenesa +2, a 3apsg LWeCTU WOHOB OOHOOCHOBHOW
CVHUIBbHON KNCIOTbI — 6. Anrebpaundeckas cymma 3apsigoB 6yaet: (+2) +(-1) -6 =—-4

Mpumep 2. OnpepennTb CTEMeHb OKUCMEHUS MeAW B KOMMSIEKCHOM WOHe
[Cu(NH3)4]?*.

PeweHue. Tak kak Yactuubl NH3 HenTpanbHbl, TO 3apsig OHa Meau paBeH 3apsay

BCEro Komnrekca, 1.e. +2.

UcxodHble mamepuarbl U OaHHbIe:

BapuaHTt
3agaHus

KomnnekcHoe coeguHeHue

K2[Hgl4]
Cuz[Fe(CN)e]
Fes[Fe(CN)s]2
[Cu(NH3)4]SO4
Ka[Fe(CN)e]
Ba[Cr(NH3)2(SCN)4]2
Ks[Fe(CN)e]
KIAI(OH)4]
[Cu(NH3)4]S0O4
K2Na[Co(NO2)e]
[Cu(NH3)4](OH)2
Fes[Fe(CN)s]a
Ka[Cr(OH)se]
Zn3[Fe(CN)e)2
K2[PtCl4]
[Cr(NH3)4(COg3)ICI
[Cu(NH3)2(SCN)2]
[Cr(NH3)3(H20)3]Cl3s
[Pt(NH3)2Cl4]
[Cr(H20)4P0O4]

Slo|x|Jo|a|m|a|R|2|a|0m|N|o|o| s wiv =

CodepxxaHue u nopsidok 8bINoSIHEHUST pabombi:
1 O3HaAKOMUTLCA C TEOPETMYECKOM YaCTbIO 3aHATUA.
2 lNo 3agaHHOMY BapuaHTy:

1) AaTb Has3BaHMe KOMMEKCHOMY COELMHEHWIO;

2) HanucaTb ypaBHEHWE ero ANCCoLMaLuu;

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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3) ykasaTtb KomnnekcoobpasoBaTesnb U paccumMTaTb ero 3apsa;
4) ykasaTtb nurangpl (agaeHabl);
5) HanTK KoOpAMHALMOHHOE YNCHO.

3 OhopmUTL OTHET NO NpakTU4ecKon padorTe.

4 OTBETUTbL Ha KOHTpPOJ1bHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTUYeckoro 3aHATUS

Llenb 3aHATMSA

BapwuaHT 3agaHus

OTyeT O BbINOMHEHUMM Ha Kaxabld aTan pasgena «CogepxaHne M NOpPAOOK
BbIMNONHEHUs1 paboTbI»

CnncoK ncnonb3oBaHHOWM NUTepaTypbl U APYrMX MCTOYHUKOB

BbiBoAabI

[aTbl 1 NognNucK KypcaHTa 1 NpenoaaBaTens

Bonpocbi 0r1si caMorposepKu:

Kakne conu HasbIBatOTCS KOMMNIIEKCHLIMUN?

UTto HasbiBaeTcAa kKomnekcoobpasoBaTenem?

YTo Takoe nuranabl?

YTo nokasblBaeT KOOPAMHALMOHHOE YNCIIO?

BHyTpeHHss1 1 BHeLWwHAA cdbepbl komnnekca? [Jante npumepsl.

Kak gmuccoummpytoT KOMMNNEKCHbIE CONn, ABOVHbIE CONN?
YT0 Takoe KOMMNMNEKCHbIN MOH?
UTo BblpaxxaeT KOHCTaHTa HECTOMKOCTN KOMMIEKCHOIO MOHA?

©NOeO Ok~ 0N =

MpakTtnyeckoe 3aHATMe Ne 3. [uccoumaumsa KAUCNOT, OCHOBAHWUMN, COJEN.
Peakuun noHHoro o6meHa. Cnoco6bl BbipaXXeHUs KOHLeHTpauum pacTBOpoB

Llenb 3aHamus:

3HaTb onpegeneHust  KUCNOTbl, OCHOBaHWS, CONMM B  CBeTe  Teopuu
ANEKTPONUTUYECKOM Aauccoumaumn. YMeTb JenaTtb pacdeTbl Npu  NPUroToBrEHWUU
pacTBopoB pasnuyHon koHueHTpaumm OK 01-OK 05, OK 07,0K 09, MK 1.4,1.5, MK 2.4,
2.5NMK 3.4.

Ucnionb3yemblie UCMOYHUKU:

MNepunogunyeckas cuctema xmmmndeckux anemeHtos .. MeHpeneesa;

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Tabnuua pacTBOPUMOCTM KMCMOT, CONEN N OCHOBaHW B BOAE;

[1], [2].

Teopemuyeckasi Yacmb:

BewecTBa, pacnagalowmecs Ha WOHbl B pacTBopax WNW pacnnaBax M MnoTomy
NpoBOASALLME 3JNEKTPUYECKUA TOK, HasblBaloTCa anekmponumamu. K anektponutam
OTHOCSTCS KUCIOTbl, OCHOBAHUS U MOYTWN BCE COMN.

Pacnag 3nekTponuTOB Ha WOHbI MNpW pPacTBOPEHUMM UX B BOAE Ha3biBaeTcs
anekmponumu4yeckol  ouccoyuayuel. C  NOMOLWbLID TEOPUM  INEKTPOSNIUTUYECKOM
anccoumaumn, kotopyto paspabotan C. AppeHuyc (naypeat Hobenesckon npemun 1903
roga), onpeaensioT U ONMCbIBaOT CBOMCTBA KUCIOT, OCHOBAHUIN U CONEN.

C nosnumi Teopum aNeKTPONUTUYECKON AMccoumaumnmn KnaccnupmumpyoT:

Kucrnomamu Ha3sbIBalOTCA SMNEKTPONUThLI, NpU AuMccouMauum KOTOpbIX B KavyecTBe
KaTnoHa obpasyeTcsi TONbKO KaTMOHbI Bogopoaa. (KaTuoHbl — MONOXUTENBHO 3apsXKEHHbIE
NOHbI, aHMOHbI — OTPULIATENbHO 3apsiKEHHbIE NOHbI). Hanpumep,

HCl - H* + CI

CH3COOH < H* + CH3sCOO-

[ByX- WU MHOIOOCHOBHbIE KUCIOTbl AMCCOLMUPYIOT CTyneH4yaTo (MOCTENEHHO),

Hanpuwep,
H3POs4 «— H* + H2PO4 (1 cTyneHb)
H2POs « H* + HPO4? (2 cTyneHb)
HPO4% « H* + PO4* (3 cTyneHb)

OcHoBaHUsIMU Ha3bIBalOTCA 3MEKTPONUTLI, NPU ANUCCOLMALMN KOTOPbIX B KayecTBe
aHMOHOB 006pa3yoTcs TONbKO rMAPOKCMA-NoHbLI. Hanpumep,

NH4sOH < NH4* + OH-; KOH < K* + OH-

OcHoBaHus, pacTBOpMMble B BOAE, HasblBalOTCA wjesiodamu. OTO OCHOBaHMUS
LLEeNoYHbIX U weno4YyHodemenbHbix meTannoB: NaOH, KOH, Ca(OH)2, Ba(OH)2, a Takke
NH4OH.

[BYX- 1 MHOTOKMUCNOTHbIE OCHOBAHMWS AUCCOLMUPYIOT CTyNneH4aTo:

Ca(OH)2 <« Ca(OH)* + OH- (1 cTyneHb)

Ca(OH)* « Ca?* + OH" (2 cTyneHb)

Conamu HasblBaOTCS 3NEKTPONUTLI, MpU  AMCCcouMaumMmM KOTopbiX 0obpasyoTcs
KaTMOHbl MeTannoB (a Takke KaTMoH aMMoHusi NHs*) M aHMOHbI KMCIOTHbLIX OCTaTKOB,
Hanpumep, NasPOs < 3Na* + PO4*

(NH4)2S04 <> 2NH4* + SO4%

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Tak AONCCoOUMMpYOT cpeaHne conu. Kucrble e n OCHOBHblE COMKU AOnccounnpyroT

CTyneH4yaTo:
Kncnble: KHSO4 « K* + HSO4
HSO4 < H* + S04
OcHoBHblE: Mg(OH)CI <> Mg(OH)* + CI-

Mg(OH)* < Mg?* + OH"
Hnccoumaums — obpaTmbI NpoLECC: NapannenbHo ¢ pacnagoM MOSeKyn Ha NOHbI
(ouccoumaumsa) npoTekaeT npouecc coeavHeHUa WOHOB (accoumauus). Moatomy B
YPaBHEHUAX 3MEKTPONUTUYECKON AMCcouMauMM BMECTO 3HaKa paBeHCTBa CTaBAT 3HaK

obpaTtmocTu («).

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Peakyuu uoHHo20 obmeHa.

CornacHo TeopuM 3NEeKTPONMTUYECKON Auccoumaumm BCe peakuuum B BOAHbIX
pacTBopax 9NeKkTPosIMTOB SABNSAOTCA peakumsmn mexgy uoHamu. OHM  HasblBalTCS
UOHHbIMU peakyusiMu, a ypaBHEHUSI 3TUX peakuni — UOHHbLIMU YPasHeHUSIMU.

Mpwn cocTaBneHumn nx cnegyet yu4nTbIBaTb, 4yTO BellecTBa
ManoAnCCOLUMMPOBaHHbIE, ManopacTBopuMble (BbiNagarLlimne B 0cafok) U razoobpasHblie
3anucbiBaloTCs B MONeKynspHon dopme. 3Hak | obo3HavaeT ocagok, 3Hak 1 — ras.
CunbHble 3NeKTPONUTbl Kak NOJSTHOCTbIO AMCCOLMMPOBAHHBLIE 3aNUCbLIBAOT B BUAE WNOHOB.
CyMma aneKkTpuyeckmx 3apsgoB NEBOM YacTu ypaBHEHMS O0SMKHA ObiTb paBHa Cymme

3apsag0B NpaBown YacTu.

KoHueHmpauyuro pactBopa WnuM COAepXaHue BeLlecTBa B pacTBOpe BblpaXkaloT
HECKOSNbKMMN cnocobamu: NpoLEeHTHas, MonspHas, HopMmarnbHasi, MonssfbHas, TUTP.

lMpoueHmMHasi KOHUeHmMpayusi N0 Macce BblpaxaeT YUCII0 FPaMMOB PaCTBOPEHHOMO
BewectBa B 100 r pactBopa. Hanpumep, 100 r 30 % - HOro pactBopa a30THOM KUCAOThI
cogepxumt 30 r HNO3 1 70 r BoAabl.

MonspHas KoHUeHmpauusi unu MossipHocmbs (M) BblpaxaeT 4ucno Monen
pacTBOpeHHOro BeulectBa B 1 nutpe pacteopa. EguvHuua wmamepeHus MOSSIPHOM
KOHUeHTpaumn — mone/n. Hanpumep, 1M H2SO4 o60o3HavaeT: pacTBop CEpHON KUCNOThI, B
KaXkgoM NMTpe KoToporo cogepxutcsa 1 monb, T.e. 98 r H2SOa4.

HopmarnbHas KoHUeHmpauusi unu HopmarnbHocms (H, N) BblpaxaeT 4yMcno rpamm-
9KBMBANIEHTOB pPacCTBOPEHHOro BelwlectBa B 1 nutpe pacteBopa. EguHuua mnamepeHus
HOpPMarnbHOW KOHUEHTpauun — r-ake/n (H). Hanpumep, 1H H2SO4 o6o3HavaeT: pacTsop
CEPHOW KMUCIOThbI, B KaXX4OM NUTpe KoToporo coagepxntca 1 r-ake, 1.e. 49 r H2SO4. YacTto
BMECTO HOPMasibHOW KOHLEHTpauun ynoTpebnaiT Ha3BaHWE «MOJSISPHOU KOHUeHmMpayuu
akeueasneHma» (M), monb/n (Monb/am?), n ykasbiBaloT hakTop SKBUBANEHTHOCTU, fake, NN
Xnmudeckyro peakuuto. Hanpumep, 1M H2SO4 (fake = ¥2) 0603HA4YaeT: pacTBop CeEpHOM
KMCNOTbI, B K&XA0M NUTPE KOTOPOro coaepxmtcsa 1 Monb-akB, T.e. 49 r H2SO4.

MonsipHasi KOHUEHTpauus 3KBMBaneHTa Bcerga 6Gonblue unmM paBHa MONSPHOM
KOHLIEHTpauun pacTBopa.

MonsaneHass KOHUeHmpauyus unu MosnsnabHocme (M) BblpaXaeT 4ucro Monewn
pactBopeHHoro Bellectsa B 1000 r pactBoputens. EgmHnua mMonanbHOM KOHUEHTpaunm —
Monb/1000 r pactBoputens. [Ona pasbaBneHHbIX BOAHbLIX PAaCTBOPOB YMUCIIEHHbIE

3Ha4YeHnA MONANIbHOCTU U MOJ'IFIpHOIZ KOHUEHTpPaLunn coBnagatoT.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Ecnu B 1 n pactBopa cogepxutca 1,0; 0,1; 0,01 n 0,001 r-akB pacTBOPEHHOro
BELLEeCTBa, TO pPacTBOP Ha3blBAeTCA COOTBETCTBEHHO HOPMarsbHbIM, AEUUHOPMAanbHbIM,
CaHTMHOPMarbHbIM UM MUNIMHOPMAarnbHbIM. 10 aHanormm HasbliBalTCA pacTBOpbI
MOJISIPHOW UMW MOSISANIbHOW KOHLIEHTPaLU.

Tump pacmeopa (T) — TO4HOE YMCIO rPaMMOB PaCcTBOPEHHOro BeuwectBa B 1 Mn
pactBopa. EguHuua Tutpa — r/mMn  (r/cm3). TloHATME «TUTP» YacTo 3aMeHsoT
HOPMUPOBOYHbLIM KO3GhHUUUEHMOM.

Mpumep 1. MpurotoButb 500 1 5 % - Horo pactBopa KNOs.

PeweHue.

1) Hamgem wmaccy conn, Heobxoaumyk [nsi MNPUrOTOBMEHMS pacTBopa U3
nponopumu:

5 r conn cogepxutca B 100 r pactBopa
x r conu cogepxutca B 500 r pacteopa
x=5-500/100=25r

2) PaccumTtaeMm, CKOMbKO HY>KHO BOAbI ANS MPUrOTOBIEHUS:

500 -25=475r

Mpumep 2. K 15 % - Homy pactBopy, macca kotoporo 80 r, gobasunu 30 r BoAabI.
Kakon ctana maccoBasi 4onsi paCTBOPEHHOro BeLecTsa B Nofly4eHHOM pacTtBope?

PeweHwve.

B pesynbTtate pasbasneHus pactBopa BOLOM Macca pacTBopa yBenuyunacb, a
BELLeCTBa B HEM OCTanoCh CTOSbKO Xe.

1) Paccuntaem maccy conu B pacteope: x =80 - 15/100 =121

2) Paccuntaem maccy BHOBb nosiydeHHoro pacteopa: 80 + 30 =110 r

3) Paccuntaem maccoByto LOMO pacTBOPEHHOIO BELLECTBA BO BTOPOM pacTBOpE:

x=12-100/110=10,9 %

Mpumep 3. Paccuntante wmaccy xnopuga 6apus, Heobxoanmyo Ons
NPUroToBneHNa 2 N pacTBopa, KoHUeHTpauus kotoporo 0,2M.

PeweHue.

1) Maccy conu, cogepxallenca B 1 n pactesopa, paccuMtaemM 13 nponopLmu:

1M BaClz cogepxut 1 monb/n conun unn 208 r BaClz2 B 1 n pacteopa

0,2M BaClz cogepxut 0,2 - 208 = 41,6 r BaCl2B 1 nn pactBopa

2) Macca conu, cogepxawasca B 2 n: 41,6 - 2 = 83,2 r BaClz

Mpumep 4. Onpepennte maccy 6essogHon cogbl Na2COs, Heobxogumyro ans

npurotoenexHna 500 mn 0,1 H pacTeopa.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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PelwweHne.

1) Nogcuntaem rpamm-aKBMBaNEHT COAbl:
9 Na:C0O3 = M/2 =106/2=53Tr

2) Haxogum maccy Na2COs anga npurotoBrieHns pacTteopa:

1H Na2COs cogepxmt 1 r-aks/n unm 53 r Na2COs B 1 i1 pacTtBopa

0,1H cogepxuT 0,1 r-ake/n nnu 5,3 r Na2COs B 1 n pacTteopa
3) Macca cogpl B 500 mn (0,5 n) coctaBut 5,3-0,5=2,65r

UcxoOHble mamepuaribl U OaHHbIe:

BapuaHTbI
- 3apauu
3agaHun
1) Ckonbko waseneson kncnotbl (H2C204 - 2H20) Heobxogumo ans npurotosnexHus 100
1 mn 0,15 H pacTBopa?
2) KakoBa HopmanbHas koHueHTpaumsa 0,1M pacTtBopa xnopuga xpoma?
1) NpurotoBuTb 3 H pactBop MgSO4 B 06LEMe 300 mn.
2 2) KakoBa npoueHTHas KOHLUEHTpauus pacTBopa, MOMyYeHHOro npu pacTBOpeHun 75 T
K2CO3 B 300 r BOABLI?
1) B 200 mn pacteopa HNOs cogepxutca 2,45 r HNOs. Bbluucnutb MOMSPHOCTb U
3 HOpMarnbHOCTbL pacTeopa.
2) Ckonbko rpammoB KCl Heobxogumo gobaeute k 100 r Bogbl Ana nonydenusa 20 % -
HOro pacTBopa conm?
1) Ckonbko rpammoB NaOH cogepxutca B 2 n 0,1 H pacTBopa?
4 2) Ckonbko rpammoB NaCl Heobxoammo pactBopuTb B 100 r Bogbl ansa nonydexdmsa 1 % -
HOro pactBopa?
1) B 200 mn pactBopa H2SOs4 copepxutca 2,45 r H2SO4.  Bbluncnutb MOMSIPHOCTb U
5 HOpMarnbHOCTb pacTeopa.
2) Ckonbko rpammoB NaCl Heobxoaumo pactBopuTb B 100 r Boabl Ansa nonyyvenns 10 % -
HOro pacrteopa?
1) Onpegenutb Maccy cynbdarta HaTpus, Heobxoaumyto ansa npurotosneHus 200 mn 0,01
6 H pacTBsopa.
2) B 250 wmn Bogbl pactBopunu 90 r comnu. KakoBa NpoOuUEHTHas KOHLeEeHTpauus
nony4YeHHOro pacteopa (NNoTHOCTb BoAbl paBHa 1 r/mn)?
1) KakoBa npoueHTHas KOHLeHTpauus pacTBopa MoSlyYeHHOro npu pacteopeHun 175 r
7 K2COs B 1300 r Bogb!?
2) KakoBa HopmanbHas kKoHueHTpaumsa 0,1 M pacTtBopa xnopuga kanua?
1) Ckonbko rpammoB KCl Heobxogumo gobaeute k 100 r Bogbl Ana nonydenus 10 % -
8 HOro pacteopa conun?
2) KakoBa HopmanbHas KoHueHTpaumsa 0,1 M pactBopa xnopvaga aMMoHusa?
1) KakoBa monsapHasg koHueHTpauus 0,5 H pacTBopa cynbdaTta meam?
9 2) B 140 mn Bogbl pactBopunu 30 r conu. KakoBa NpoLEeHTHasd KOHLUeHTpauus
nony4yeHHoro pacteopa (NNoTHOCTb BoAbl paBHa 1 r/mn)?
10 1) Ckonbko rpammoB KOH copepxutes B 200 mn 2 H pacTeopa?
2) PaccuntaTb Maccy xnopuga HaTpusi, Heobxoanmyto s NpUroToBEHNst 2 N pacTeopa
C KoHUeHTpauuen 0,2 M.
11 1) NpurotoBuTb 0,2 H pacTBop KOH B 06BEMe 0,5 1.
2) Paccuutate Maccy xnopuaa HaTpus, Heobxoaumyk gans npurotoerneHus 0,5 n
pacTtBopa ¢ KoHueHTpauuen 0,01M.
12 1) Ckonbko rpammoB NaCl Heobxognmo pactBoputb B 100 r Bogbl Ansa nonyyeHus 7% -
HOro pacTteopa?
2) Npwvrotoutb 0,01M pacteop NaOH B 06b€me 100 mn.
13 1) B 200 mn pactBopa KNOs cogepxutcs 2,45 1 KNOs. Bbeluamcnnte MongpHocTb 1

HOpMarnbHOCTb pacTeopa.
2) Bblumncnutb monsipHocTb pactBopa NaCl 0,5 % - Hol koHueHTpauun. [MnoTHoCTb
pactBopa 1 r/cm®

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx

lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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14 1) PaccuntaTb Maccy xnopuaa HaTpusi, He06XoaAnMY0 ANs NPUroToBneHus 5 n pacteopa

C KoHueHTpauuen 0,1M.
2) B 500 mn Bogbl pactBopunu 90 r conu. KakoBa npoLeHTHasd KOHLEeHTpauus
nony4eHHoro pacteopa (MoTHOCTbL BoAbl paBHa 1 r/mn)?

15 1) NpurotoBuTb 5 % - HBI pacTBop NaOH B 06BE€Me 500 mn.
2) Onpegenute Maccy CuSOs4, Heobxogummyto ansa npurotosnexHmss 200 mn 0,01 H
pacteopa 1 200 mn 0,01M pacTtBopa.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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IMpogosmkeHne
BapuaHTbI 3
- apaum
3agaHun
16 1) B 240 r Bogb! pacteopunu 80 r conu. KakoBa % - Has KOHUeHTpaumsa?
2) MpuroTtoutb 0,01M AgNOs3 B 06b€me 0,5 n.
17 1) B 200 mn pactBopa K2SO4 copgepxutca 2,451 KoSO4. Bblumcnutb MONSPHOCTL U

HOPManbHOCTb pacTBopa.
2) B 300 r Bogp! pacteopunu 80 r conu. KakoBa % - Has KOHUEeHTpauua?

18 B 750 r Bogbl, pactsopunu 60 r AGNO3. KakoBa npoueHTHas KOHLEeHTpauusa nony4eHHoro
pacTteBopa?
2) NpwurotoButb 0,1M AgNO3 B 06béme 0,5 1.

19 1) KakoBa MonsipHas KOHUEHTpaUnst 2 H pacTBopa CONSIHOWM KUCMOTbI?

2) B 200 mn Boabl pacteopunu 50 r conu. KakoBa npoLeHTHas KOHUEeHTpaLuus
nony4eHHOro pacteopa (NNOTHOCTb BoAbl paBHa 1 r/mn)?

20 1) Ckonbko BoAbl Heob6xoamMmMo npmbasuTb k 500 mn 20 % - ro pacTBopa NoBapeHHOWN
conu (nnotHocTb 1,152 r/mn), yTobbl nonyunTe 4,5 % - HbI pacTBop?

2) B 300 mn pactBopa cogepxutca 0,3723 r Tnocynbgarta HaTpus (Na2S203 - 5H20).
OnpegenvTte MONSIpHOCTb U HOPMANbHOCTb pacTeopa.

21 1) B 200 mn cnupTa (nnoTtHocTb 0, 84 r/cm3) pacTBopeHo 17 r itoga. Yemy paBHa
MPOLUEHTHas KOHLIEHTpaLMs NOMyYmnBLLErocs pactsopa?

2) Onpegenutb maccy CuSQO4, Heobxoammyto ansa npurotosnennsa 200 mn 0,01 H
pacteBopa 1 200 mn 0,01M pacTBopa.

22 1) KakoBa HopMarnbHas KOHUEHTpaums pacTBopa, ecrv u3secTtHo, 4to B 500 mn

pacTBopa cogepxutca 5 r cynbduta HaTpma?

2) Ckonbko rpammoB NaNOs v Bogbl Heobxoammo ans npurotosneHmns 1,6 kr 10 % - Horo
pacTtBopa?

23 1) Onpegenutb mMaccy CuSOQs, HeobOxogumyko ana npurotoBneHms 200 mn 0,01 H
pacteBopa n 200 mn 0,01M pacTBopa.

2) NpwvrotoButb 0,5 H pactBop AgNO3 B 06BEMe 1500 M.

24 1) Ckonbko rpammoB Na2SOs notpebyetcsa ansa npurotoenexHusa 5 n 8 % - Horo pacteopa
¢ nnoTtHocTblo 1,075 r/cm3?

2) MpurotoButb 0,5 H pactBop KMnO4 B 06EMe 1500 mn.

CodepxxaHue u rnopsidok 8bInosiHeHuUs1 pabomsni:

1 O3HaAKOMUTLCA C TEOPETUYECKOM YaCTbIO 3aHATUA.

2 1o 3agaHHOMY BapuaHTy:

1) pewnTb 3a4a4u C NOSICHEHUSAMU U yKa3aHUEM eUHUL U3MEPEHWS;

2) HanucaTb Anccounanmio 3NeKTPoNIMTOB, NPUBEAEHHbIX B 3a4a4ax;

3) HanucaTb YpaBHEHUS peakunini B MONEKYNSIPHOM M MOHHOM dhopMax BELLIECTB; 3a
OCHOBY B35Tb XUMUYECKME COEANHEHNS, NPUBEAEHHbIE B 3aga4ax.

3 OdhopmMUTb OTYET MO NpakTnyeckon paboTe.

4 OTBETUTb Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxxaHue om4yema:

HanmeHoBaHMe npakTUyYeckoro 3aHATUS

Llenb 3aHATMSA

BapwnaHT 3agaHus

OTyeT O BbINOMHEHMM Ha Kaxabll 3dTan pasgena «CoaepxaHne W NOPSAOK

BbIMNONHEHUs paboTbl»

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Cnuncok ncnonb3oBaHHOW NUTepaTypbl U APYrnX MCTOYHUKOB
BbiBOAbI

[aTbl 1 NognNUcK KypcaHTa u npenogaBaTens

Bonpocbl 0risi caMornposepKu:

1. ante onpeneneHna MOHATUAM «KUCMOTa», «OCHOBaHWE», «COSfib» B CBETe
TEopUKN NEKTPONUTUYECKON anccounaumnn.

2. YTto Ha3biBaeTCAa KOHUEeHTpaumen pacteopa? Kak oHa BbipaxaeTcs?

3. Hanuwmnte ypaBHeHus cTyneH4aTton auccounaumm criegytowmx kmenot: Ha2SOs,
H2S, H3AsOa.

4. Kak anccounnpytoT Ha noHbl conu: KNOs, Ca(NO3)2, AI(NO3)3?

5. Hanuwwnte ypaBHeHna auccoumnaumm cnegyowmx ocHoBaHun: Ba(OH)z,
Ca(OH)z2, Al(OH)s.

6. HannwunTte ypaBHeHUsI peakuun B MOSNEKYNAPHOM M MOHHOW opmax Mmexay
pacTBopamu xrnopuaa HaTpusi 1 HUTpaTa cepebpa.

7. Hanuwmnte ypaBHEHWS peakuur B MOJSEKYNSPHOW M MOHHOW dhopme Mexay

pacTBopamu xriopuga 6apmsa n cepHom KUCOTbI.

1.2 Bropasa aHanutu4yeckas rpyrnna KaTMOHOB

MpakTuyeckoe 3aHATME Ne 4. BbluucneHue crTeneHM pguccoumauuum no
KOHCTaHTe AguccoumauuMm U KOHUEHTpauuu 3NeKTponutoB. BbluMcneHne 3HauyeHum
nponsBeneHUss PacTBOPUMOCTU OMHAPHbLIX 3NEKTPOSIMTOB NO PacTBOPUMOCTU U
HaobopoT

Lenb 3aHsmusi:

YMeTb BbMUCNATL CTEMNeHb AuccoumauuMm Mo KOHCTaHTe Aauccounaumm  u
KOHUEHTpaumMm  3MeKTponnTOB, 3Ha4vYeHusa npoun3BeneHus pacTBOPMMOCTM no

pactBopumocTn n HaobopoT OK 01-OK 05, OK 07,0K 09, MK 1.4,1.5, MK 2.4, 2.5,IK 3.4.

Hcrionb3yemble UCMOYHUKU:

MNepunogunyeckas cuctema xmmmndeckux anemeHTos .. MeHpeneesa;
Tabnuua pacTBOPMMOCTU KUCIIOT, CONen 1 OCHOBaHUWN B BOAE;
Tabnuua nponsseaeHnin pacTBOPMMOCTY;

Tabnuua KOHCTaHT auccouuaumm;

[1], [2].

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Teopemuyeckasi Hacmab:

BewecTtBa, pactBopbl KOTOPbIX MOMHOCTBIO WM YACTMYHO COCTOSIT U3 WOHOB,
Ha3blBalOTCS asrlekmponumamu. Pacnag mMonekyn Ha MOHbl N0 AENCTBMEM MOMEKYN BOAbI
(vnun gpyroro pacTBOpUTENS) Ha3bIBaeTCA asiekmposiumuyeckol duccoyuayued.

Anccoumaums — npouecc obpatumbin. CnocoBHOCTL BelwecTBa pacnagaTtbCa Ha
WMOHbI NMo4 AEWCTBMEM MOJEKYN pPacTBOPUTENS XapakTepusyrT BENMYMHOM CTENeHU
3ANEKTPONNTUYECKON AMccoumaumnm Unm KOHCTaHTbl AMCcounaLmn.

Cuna oanekTtponuta onpegensieTca CcTeneHbld ero guccoumaumun. CreneHb
anccoumaummn, a, B A0NSX eQUHULbI MNun B NpoueHTax, byaeT pasHa:

a=x/Cwunna=x/C-100 %, (1)

roe C — obuiee 4ncno pacTBOPEHHbIX MOSEKY;

X — YUCMO MOJIEKYS, pacnaBLUMXCS HA UOHDI.

Takum obGpasom, cmeneHbto duccoyuayuu HasbiBaeTCa YUCNO, MoKasbiBatoulee,
Kakasi 4acTb OT 00Lero Konn4yecTea pacTBOPEHHOrO 3MeKTpPoNuTa pacnagaeTcs Ha UOHbI.

Ecnn a = 0, To guccoumauus otcytcreyeT, a ecnm a = 1 unun 100 %, To anekTponut
NOSTHOCTbIO pacnagaeTcs Ha MoHbl. Ecin a = 20 %, To 310 o3HavaeT, 4To 13 100 monekyn
AaHHoro anektponuta 20 pacnanock Ha MoHbI, a 80 — HeT.

CunbHble anektponutel umeT a > 30 % (> 0,3 go 1,0); cnabble anekTponuTbI
nmetot a < 3 %. CpeaHne anekTponuTbl MetT cTteneHb anccoumnaumm ot 3 go 30 %.

CunbHble 9nNeKkTponuUTbl MNpW  PacTBOPEHUM B BOLE MPAKTUYECKU MNOJTHOCTLIO
ANCCOLMMPYIOT Ha MOHbI, criabble 3NeKTPONnTbl — YaCTUYHO.

B aTom cny4ae npouecc guccoumnaumm aBnsieTcss obpaTUMbIM, U K HEMY NPUMEHUM
3aKkoH delcmeyrowux macc. Hanpumep, ons guccoumnanmm yKCyCHOW KUCnoTbl (cnaboro
anektponuta), npoucxoaswen no ypasHeHuto CH3COOH « CH3COO- + H*, KoHCTaHTa
XMMMYECKOro paBHOBECUSA MOXET BbITb 3anncaHa cnegyrowmm obpasom:

K=[H*]-[CHs COO]/[ CHsCOOH,].

BennunHy «K» HasbiBaloT KOHCmaHmou oOuccoyuayuu. OHa XxapaktepusyeT
CNOCOBOHOCTb 3NEeKTponuTa AuccoummpoBaTtb Ha MOHbI. Yem Gonblie «K», Tem 6onblie
MOHOB B pacTBope. KoHCcTaHTa guccounauumn He 3aBUCUT OT KOHLEHTpauuKn 3nekTponuTa.
OHa 3aBUCKT OT NpUPOAbI ANEKTPONNTA N OT TeMnepaTypbl.

Mexay KOHCTaHTOM Auccoumaumm u  CTeneHbi Auccoumaumm  CylecTByeT
crnegytowasn 3aBUCUMOCTL (3akoH pa3basnennsa Octeanbaa):

a=vVKV nmm a=VK/C, (2)

roe V — pasbasneHue pacteopa (V = 1/C);

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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C — KOHUeHTpauusa anekTponuTa (Morb/n).

M3 aTon 3aBMCMMOCTM criefyeT, YTO CTeneHb Auccoumauun yBenuymBaeTcs npu
YMEHbLUEHUN KOHUEHTpaumm (T.e. npu pasdasneHnn pactesopa), a Takke npu yBenmyeHuu
«K» (T.e. y 6bonee CUINbHbIX 3NIEKTPONINTOB).

Cuctema, cocTtoswas W3 HaCbIWEHHOro pacTBopa WM Ocagka, Ha3blBaeTcd
2emepozceHHolU (HeoOHOpPOoOHoU) cucmemod. B HacbiweHHOM BOOHOM pacTBope
ManopacTBOPMMOro B BOAE 9NEeKTponiMTa YCTaHaBfIMBAETCA paBHOBECUE MeXay
Kpuctannamm TBepAoro Bellectsa (ocagkomM) U ero MoOHamu, HaxoasaLWNMUCA B pacTBOpE:
«0CadoK <> HaCbIWEHHbIN PacTBOPY.

[eTeporeHHOe paBHOBECME «OCAAOK <> HACbILEHHbIN pacTBOpP» MOAYMHSETCSA
npasusy npoudsedeHusi pacmeopuMocmu; B HACbILLEHHOM pacTBOpe ManopacTBOPUMOro
aNeKTponuTa npov3BedEeHWE  KOHLEHTPauWi  MOHOB, BO3BEOEHHbIX B  CTEMNEHb
CTEXMOMETPUYECKUX KOI(DPPULMEHTOB, €CTb BeNMYMHa MOCTOAHHAs Npu  AaHHOM
Temnepartype.

Ana ypaBHeHusa obuwero Bnga AmBn < mMA®™ + nB- BbipaxeHwe npounsBeaeHus
pacTBOPMMOCTM ManopacTBOpPMMOro anektponuta, NP, byaeT umeTtb BUA:

MPA-B. = [A*]™- [B]", (3)

roe [A*] n [B] — paBHOBeCHble KOHLUEHTpauun COOTBETCTBYHOLMX WOHOB B
HacbILWEHHOM pacTBOpe, MOSb/N;

M M N — CTEXMOMETPUYECKNE KOIPPULNEHTDI.

OTcroga BbiTeKaloT ABa CreACTBuIS:

1. Ycnosue pacmeopeHusi ocadka: nNpou3BedeHne KOHLUEHTpauui UOHOB,
BO3BEAEHHbIX B CTEMNEHb CTEXMOMETPUYECKMX KOIPMDULNEHTOB, OOIMKHO ObITb MEHbLue
BENMYNHBI NPON3BELEHMST PACTBOPUMOCTH:

[A*]™ - [B]" < MPAmB, (4)

2. Ycnosue ocaxdeHus ocadka: npou3BegeHMe  KOHUEHTpauunh  WOHOB,
BO3BEAEHHbIX B CTENEHb UX CTEXMOMETPUYECKNX KOIPULIMEHTOB, AOMKHO ObiTh BonbLue
BENMYNHBI NPON3BELEHMNS PACTBOPUMOCTH:

[AT]™ - [B]" > MPAmBn (5)

BbiqucnieHue  cmeneHu  duccoyuayuu Mo KOHCmaHme  ouccouyuauuu U
KOHUeHmpauuu 3/1eKmposiumoe.

Mpumep 1. Bbluucnute cTeneHb guccoumauun 0,2M  pactBopa MypaBbUHOW
kucnotel HCOOH, ecrim K=2,1 - 104.

PelweHue. Mo 3akoHy pas6aBneHus

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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a=vVK/IC=v2,11040,2=3,24 - 102 unu 3,24 %.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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BbiyucnieHue 3Ha4yeHul rnpouseeoeHust pacmeopumocmu 6uHapHbIx
3/1IeKMpPOoIUMo8 1o pacmesopumocmu u Haobopom. Npun pacyetax Heob6XO0ANMO NMOMHUTb,
4YTO PaACTBOPUMOCTb BELLECTB MOXET ObiTb BblpaXeHa B pasHbix eguHuuax (Monb/n;
mr/mn; mr/n), a B MNP BXOAAT KOHUEHTpaLMM MOHOB B MOSTb/I.

Mpumep 2. MpounsseaeHune pacteopumoct PbSO4 paBHo 2,2 <108, Bblumcnuts

a) KOHLeHTpaumio noHoB Pb?*n S04%; 6) pactBopumocTb PbSO4 (Monb/n, r/n).

PeweHue.

1) Onsa ypaBHeHUs Xxumunyeckoro pasHoBecuss PbSO4 «» Pb?* + SO4% Haxoanm

MP PbSOs = [Pb?*] - [SO4?]

2) O603HaYMM MONSAPHYI0 KOHLEHTpauuio HacblweHHoro pacteopa PbSO4 uepes x.
Tak Kak pacTBOpPEHHasi 4acTb COMM HaLUeno ANCCoLuUMnMpoBaHa, To

[Pb?*] = [SO4?] = x, NoACTaBMM X B ypaBHEHME:

x2=22-10% x=v2,1108=1,5-10% r-uon/n.

CnepoBartenbHo, [Pb?*] = [S04%]=1,5- 10* r-noH/n.

3) pactBopuMocTb PbSO4 pasHa 1,5 - 10* monb/n.

M PbSOs = 303 r/monb. Bblumncnmm pactesopmmocTtb B rpammax Ha 100 r pacteopa:
B 1000 r pactBopa coaepxutca 1,5 - 104 - 303 r

B100r « Xr

x=45-103r.

Mpumep 3. PactBopnmoctb Mg(OH)2 npn HekoTopon TemnepaTtype pasHa 0,012 r/n.
Onpegenutb MNP Mg(OH)..

1) PactBopumocTtb Mg(OH)2: m Mg(OH)./ M Mg(OH). = 0,012/58 = 2,07 - 10* monb/n.

2) YpaBHeHue guccoumaumm (paBHoeecust): Mg(OH)z2 < Mg?* + 20H;

oTkyaa [Mg?*] = [Mg(OH)2] = 2,07 - 10 r-noH/n, a koHueHTpaums [OH] B 2 pasa
gonble: 2 - 2,07 - 104 = 4,14 - 104;

3) MP Mg(OH). = [Mg?*] - [OH]?=2,07 - 10%- (4,14 - 104)*> =3,6 - 10",

Mpumep 4. ObpasyeTtcsa nu ocagok CaCOs npu cmeLwweHnn paBHbix o6bemos 0,02M
PacTBOPOB XMOPUCTOro KanbLusa 1 yrnekucnoro Hatpusa? NMPcaCos =1 - 10,

1) O6bem cmecn B 2 pasa Gornblue, a KOHLEHTpaLMa KaXK4oro M3 MOHOB B 2 pasa
MEHbLLE, YEM B MCXOAHbIX pacTBOpax.

CneposaTtenbHo, [CaClz] = [Ca?*]=0,02 - 0,5 =1 - 102 monb/r;

[Na2COs3] = [CO3%]=0,02 - 0,5=1"- 102 monb/n, oTkyaa
[Ca?*][CO3*]1=1-102-1-102 =1-10*

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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2) MNpoaHanuanpyem noslydeHHbI pesynbTaT U AaHHble 3a4ayn B COOTBETCTBUM C

cdopmynamm (4) n (5): ocagok obpasyeTcs, Tak kak 1,0 - 10°< 1,0 - 104,

UcxoOHble mamepuaribl U OaHHbIe:

Tabnuua 1
MonsipHas MonsipHas
BapuaHT BapuaHTt
KoHueHTpa| KoHcTaHTa KoHueHTpa| KoHcTaHTa
3apgaHus| dnekTponut 3agaHusi | dnekTponut
ums, auccoumaum ums, auccouunaum
Ne 1 Ne 1
Monb/n n K Monb/n n K
1 HNO2 0,01 4-10* 6 HIO4 0,05 2,3-102
2 NH4+OH 0,05 1,79 - 105 7 HF 0,03 6,61 - 10+
3 NH4+OH 0,02 1,79 - 105 8 HCIO 0,04 5,01 - 108
4 Pb(OH) 0,05 9,6-10* 9 HCN 0,01 7,9 -1010
5 HBrO 0,02 2,06 - 10° 10 H2S0s 0,02 1,58 - 102
Tabnuua 2
B KonunuecTtBo BewecTBa, r
apuaHT
BewecTBO B 1 N HacbIWEeHHOro
3apgaHus Ne 2
pacTBopa

1 Xnopuctoe cepebpo 0,00172

2 BpomucToe cepebpo 0,000118

3 WNoaguctoe cepebpo 0,00000282

4 Yrnekucnbin 6apui 0,00164

5 Yrnekncnbl CTPOHUUI 0,0059

6 LLlaBeneBoK1cbIn KanbLumn 0,00538

7 OkcanaT CTpoHUus 0,00422

8 Okcanat 6apusi 0,009

9 KapboHat kagmus 0,00276

10 XPOMOBOKUCIIbIA CBUHEL, 0,000042

CodepxaHue u nopssdok 8bINoSIHEHUST pabombi:
1 O3HaAKOMUTLCA C TEOPETMYECKOM YaCTbIO 3aHATUA.
2 BblumcnuTb No NpeanoXXeHHOMY BapuaHTy 3afaHus:
1) Ne 1 cTeneHb guccoumaumm pacteopa crnaboro anekTponnTa;
2) Ne 2 npounssegeHne pacTBOPUMOCTU ManopacTBOPUMOro afieKkTponuTa.
3 OchopmuTb OTHET NO NpakTu4eckon pabore.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTUYecKoro 3aHATUs

Llenb 3aHATMA

BapwvaHT 3agaHus

OTyeT O BbINOMHEHMM Ha Kaxabld 3Tan pasgena «CogepxaHue u nNopsgok
BbINOSTHEHUSA PabOoTbI»

Cnmncok ncnonb3oBaHHOWM NUTepaTypbl U APYrmx MCTOYHUKOB

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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BbiBOAbI

[aTbl n nognucu KypCaHTa 1 npenogaBartens

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Bonpocbl 0nisi caMornpogsepKu:

1. Kakue BellecTBa Ha3bIiBalOTCS ANEKTPONMTaMn?

2. Yem oTnnyaeTcs CUrbHbIE 3NEKTPONNTLI OT CpeaHUX, cnaodbix?

3. OT yero 3aBUCUT CTeNeHb auccoumaumn anekTponuta? Kak matematnyecku oHa
CBsi3aHa C KOHCTaHTOM guccounaumnmn?

4. Yto onpepensieT KOHCTaHTa Auccoumaumm XMMUYECKOW peakuuu, OT KaKux
hakTOpPOB OH 3aBUCUT?

5. aTb hopmMynMpoBKy npasuna npon3seaeHns pacTBOPUMOCTM.

6. HanuwwuTte BbipaxkeHne ansa MNP B obwem Buae.

7. KakoBbl yCrioBusi paCTBOPEHUSA N ocaxaeHust ocagka?

8. Kakume chaktopbl BNMSOT HA pacTBOPMMOCTb COEAUHEHNIA?

MpakTuyeckoe 3aHATHE Ne 5. BbluncneHmne KOHUEHTpaLum MOHOB Bogopoaa m
BeNIM4YUHbI BOAOPOAHOIro nokasartens. BoiuncneHue pH 6ycepHbIx pacTBopoB

Llenb 3aHsmus:

O3HaKOMUTLCA C MOHATUSIMU  «MOHHOE Npou3BedeHNe BOAbl», «BOAOPOAHbIV
nokasaTtesnby», «bydepHble pacTBopbl». Hayuntbcs paccuntbiBaTh BenuumHy pH (OK 01-
OK02,0K09,1MK1.4,TIK 2.4, K 3.4).

Ucrnonb3yembie UCMOYHUKU:
Mepuogunyeckasa cnctema xummndeckmx anemeHToB .. Mengeneesa;
Tabnuua norapngmos;

Tabnvua pacTBOPMMOCTU KACIOT, CONEN, OCHOBaHUI B BOLE;

[1], [2].

Teopemuyeckasi Hacmab:

MoHHoe npounsBeaeHne Bogbl. BogopoaHbin nokasartens.

Bopoa siBnAetca cnabbiM 3NeKTponmMToM U AUCCOUUNPYET NO YPaBHEHUIO:

H20 « H"+ OH"

Mpun 25 °C B 1 N BoAbl pacnagatTca Ha MoHbl Nuwb 10-"Monbk. Mpu auccoumnaumm
N3 Kaxxgon monekynbl Bogbl o6pasyeTca no ogHoMmy noHy H* n OH-, cnegoBsaTensHo, MX
KOHLIEHTpaLmMKn B YncTon Bogde pasHbl: [H*] = [OH] = 10"monb/n.

KoHcTaHTa guccounauumn Boapl:

KH20 = [H*] - [OH]/ [H20] (1)

Mpeobpasyem 3To ypaBHEHME:

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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[H*] - [OHT] = KH20 - [H20] (2)

MpuHMMass BO BHUMaHWe KOHUeHTpauuio Boabl, [H20], BennUYMHOM npakTuyecku

MO-35 02 10-011.02.1M3

NMOCTOSAHHOW, MOXHO CYMTaTh, YTO NpaBas YacTb ypaBHEHUS (2), 3HA4UT, U Npou3BeaeHne
[H*] - [OH] — Benu4umnHa noctosiHHas.

OTY BENNYMHY Ha3bIBalOT UOHHbLIM ripou3gedeHuem 800k, Ks :

Ke =[H*]- [OH]=107-107=10" (3)

NoHHOe npounsBefeHve BoAbl — BenuuMHa MocTosiHHas, pasHasa 107 npu 25 °C.
Mpu nosblweHun TemnepaTypbl Ks B6ICTPO yBENUYMBaAETCS.

B HelimpanbHbix pactBopax [H*] = [OH] = 107.

Ecnu k Boae npnbasutb kucriomsl, To [H*] ctanet > 107, a [OH] < 107.

Ecnn k Boge npnbasutb wenoys, To Habnogaetca obpaTtHasa kapTuHa, [H*] ctaHeT
<107,a[OH]>10".

Ho kak 6bl He meHsanuck [H*] n [OH], ux nponssegeHne Bcerga octaeTcs paBHbIM
NMOCTOSAHHbLIM.

Takum o06pa3oMm, cTeneHb KUCAOTHOCTM WU  LENIOYHOCTU pacTBopa MOXHO
BblpasnuTb C MNOMOLUbK KOHUeHTpauun wnoHoB [H*] mnn [OH]. OO6blMHO nonb3ykoTcs
KOHLIEHTpaumen BOOOPOLAHbIX MOHOB.

BmecTo KoHueHTpaumn H* ynobHee ucnonb3oBate ompuyameribHbil decsamuydHbIl
Jl02apughm KoHUeHmpauuu 8000POOHbIX UOHO8 — 80O0POOHbIL rnokazamersb pH:

pH =—1g [H"] (4)

C yyeTtom atoro pH pasnu4yHbix pactBopoB ByayT UMeTb crieayrowme 3HaYeHUs:

Kucnein pacteop pH<7
HentpanbHbin pactBop pH =7
LLleno4Hown pacTteop pH>7

Kpome BogopoaHoro nokasartesnis pH npu pacdeTax UCMNONb3yT U MMOPOKCUOHbIN
nokasatesnib pOH = —Ig [OH1].

Cymma BOAOpPOOHOrO M r’MAPOKCUMAHOrO Mokasatenen B Boge NOCTOsSIHHA U paBHa
nokasaTesito MOHHOro npounaeenexHns Boabl. Npu 25 °C:

pKs = pH + pOH (5)

BydepHbie pacTtBopbl (OT aHrn. buffer — cmMardatb TONYKM)

bygepHbie pacmeopbl — 3TO pacTBopbl, pH KOTOPbIX MPaKTU4EeCKN HE MEHSAEeTCH

npu pas3segeHndax nnmn Ao6aBneHnn HeBOMbLUNX KONMNYECTB KACIOTbI UIN LLIETTOYM.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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B kayecTtBe BydepHbIX pacTBOPOB UCMOMb3YOT CMECH PacTBOPOB CrabblX KACMOT U
WX Cconen, CMecu pacTBOPOB crnabblx OCHOBaHWA U WX conen. HekoTopble U3 HUX

npeacrtaeneHbl B Tabnuue 1.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Tabnuua 1
HasBaHue CocraB H
oydepHON cucTtemsbl oydepHon cucrtemsbl P
AueTaTHasi CMeCb CH3COOH n CH3sCOONa 4.7
AMMMAYHO-aMMOHUIHAsS CMeCb NH4+OH n NH4Cl 9,2

CnocobHocTb ByhepHbIX cMecen noaaepxmBaTb NOCTOSAHCTBO pH npu gobasneHnn
K HUM HeBOoNbLUMX KONMMYECTB CUSIbHOW KUCIOTbl UMW CUITbHOTO OCHOBAHWSA OCHOBaHa Ha
TOM, YTO BXOASLLME B HUX KOMMOHEHTbI CBA3bIBAOT H* - MOHbI Kncnotbl unm OH - 1OHBbI
OCHOBaHWW, BBOAWMbLIX B pacTBOp WM obpasylwmuxca B pesynbrTate peakuuu,
npoTekalroLen B 3TOM pacTsope.

Ho Takaa cnocoBGHocTb OydepHbIX cMecen noaaepxuBaTtb MNOCTOSAHCTBO pH B
pactBope, He 6esrpaHunyHa, npegen ee 3aBUCUMT OT KOHLUEHTpauum KOMMOHEHTOB
OycdepHon cmecn. Takum obpasom, OydepHas cmecb obnagaeT onpeneneHHon
6yghepHOU eMKOCMbIO, T.€. UMeeTCa npeaenbHoe KONMMYEeCTBO KUCMOThbl UM OCHOBaHWS,
KOTOpoe MOXHO fo6aBuTb K 6ydhepHOMY pacTBOpY, U Npu 3TOM 3HavyeHue pH nameHunocb
Obl He Bonee YyeM Ha eanHULLY.

PacueTbl.

Mpumep 1. KoHueHTpaumsa noHOB Bogopoda B pactBope pasHa 0,004 r-mod/n.
Onpepenntb pH pacTtBopa.

PeweHue. 3Has, yto pH = — Ig [H*] n okpyrnss norapudpmel go 0,01, nonyyaem: pH
=—-1g 0,004 =-3,60=- (-3 +0,60) =2,4.

Mpumep 2. OnpenennTb KOHLEHTPALUIO MOHOB BOAOPOAA B pacTBope, pH koToporo
paBeH 4,6.

Pewenune. CornacHo ycnosuto 3agaum — Ig [H*] = 4,6 vnn Ig [H*] = — 4,6.

Utobbl onpegenutb oTcioga [H'], HY)XHO HaWTM NO AaHHOMY norapudMy 4YUCro
(aHTMnorapudm). Ecnn Bocnonb3oBaTbcs Tabnuuammu norapucpmoB, TO BHavane Hago
npeobpasoBaTb Haw norapupm Tak, 4YTOObl TOMBbKO LENOYUCrEeHHas 4YacTb €ero
(xapakTepucTuka) bbina otpuuaTenbHas, a gpobHas (MaHTUcca) — nonoXxuTeneHon. [ns
3TOro OT XapaKTePUCTMKN OTHUMEM, a K MaHTUcce npnbaBmMmMm eanHULLY:

-46=(-4-1)+(-06+1)= -5+04 =54

Takum obpasom, norapudcm Ig [H] = 5,4.

Harngs 3atem no tabnvuam cooTBETCTBYIOLMIA aHTUNOrapndm, nonyvaem:

[H*] = 0,000025 = 2,5 - 10 r-moH/n.

Mpumep 3. KakoBa KOHUEHTpaUNA rMapoKCUITbHbIX MOHOB B pactBope, pH koToporo
paBeH 10,87

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Pewenve. Haxogum [H*] B pacTteope: — Ig [H*] = 10,8; Ig [H*] =-10,8 = 11,2; [H*] =

1,6 - 10" r-non/n.

Tak kak [H*] - [OH] = 10", 10 [OH] = 104/ 1,6 - 10" = 6,25 - 10 r-moH/n.

UcxoOHble mamepuaribl U OaHHbIe:

Tabnuua 2
BapwmaHT pH BapuaHTt pH BapuaHT pH
3agaHusa 3agaHusa 3agaHusa
1 9,48 6 12,05 11 0,13
2 2,22 7 8,01 12 11,32
3 5,44 8 10,52 13 6,90
4 9,14 9 0,15 14 7,10
5 10,95 10 7,72 15 13,27
16 10,13 21 11,75 26 11,87
17 1,07 22 10,06 27 8,92
18 4,56 23 8,74 28 11,25
19 9,63 24 9,88 29 9,28
20 0,70 25 2,16 30 7,96

CodepxxaHue u rnopsidok 8bInosiHeHuUs1 pabomsni:
1 O3HaKOMUTLCA C TEOPETMYECKON YaCTbIO 3aHATUA.

2 [o 3agaHHOMY BapuaHTy BbIYUCNUTL KOHUEHTpauMM WoHa Boaopoda WU

rMOPOKCUA-NOHA.

3 OdhopMUTb OTYET MO NpakTnyeckon paboTe.

4 OTBETUTb Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTUYecKoro 3aHsaTus
Llenb 3aHATMSA

BapwnaHT 3agaHus

OTyeT O BbINONMHEHMM Ha Kaxabld aTan pasgena «CopepXxaHve U MNOPSIAOK

BbINOSTHEHUS paboTbI»

Cnncok Mcnonb3oBaHHOW NUTepaTypbl U APYrMX MCTOYHUKOB
BbiBoabI

[aTbl U NoANUCK KypcaHTa U NpenoaaBaTens

Bonpocbi 0risi caMornposepKu:
1. YTo Ha3bIBaeTCA MOHHLIM NPOU3BEAEHMEM BOAObI?

2. KakoBa KOHLUEHTpauus MOHOB BO4OPOAa B HENTpanNbHOM pacTBope? B kucnom?

B weno4yHom?

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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3. YTo Takoe BOoOOpOaHbIN Noka3daTenb? YTo xapakTtepusyeTt ero BenuynHa?

4. Y10 Takoe rmapoKCuaHbIN nokasaTernb? UTo xapaktepusyeTt ero BenuinHa?

5. Kak paccuntbiBaloT nokasaTternb MOHHOMO Npou3BeaeHns Boabl?

6. OguH pactBop umeet pH = 3, gpyron umeet pH = 5. Kakown pacteop 6onee
Kncnbln?

7. Kakown pactBop 6onee wenoyHon: nmetowmn pH = 8 nnu nmetrowmn pH == 107?

8. Yto Takoe BydepHble pacTtBopbl? NpuBeanTe npumMmepsl.

9. Yto xapakTtepuayet bydepHyto cuctemy?

10. Kak onpegenseTtcs 6ycdepHaa eMkocTb pactBopa?

1.4 YeTBepTas aHanUTU4yeckas rpynna KaTUOHOB

MpakTuyeckoe 3aHsATUe Ne 6. OKMCNUTENbHO-BOCCTAHOBUTESNbHbIE peaKuUu.
CTeneHb OKUCNEHUA. YNpaXXHeHUA

Llenb 3aHsmus:

OcBouTb COCTaBfeHWE YpaBHEHUA OKUCIUTENbHO-BOCCTAHOBUTENbHbLIX peakuui
(OK01-OK 02, 0K 09, K 1.4, K 2.4, INK 3.4).

Ucrnonb3yemblie UCMOYHUKU:
Mepuogunyeckasa cnctema xummndeckmx anemeHToB .. Mengeneesa;

ONEKTPOXMMUYECKUI PAS, HANPSXKEHNIN METanmnoB.;

[1], [2].

Teopemuyeckas Yacmb:

Peakuuun, npoTtekarowme ¢ M3MEHEHNEM CTEMEHN OKUCIEHMS aTOMOB, BXOOSALMX B
COCTaB pearupyroLLnx BeLeCcTB, Ha3blBaOTCH OKUC/IUMEbHO-80CCMaHO8UMEIbHbIMU.

CmereHbio OKUC/IeHUs Ha3blBAlOT YCIOBHbIA 3MEKTPUYEeCcKUn 3apsg atoma B
MORneKyne, BblMUCIIEHHbIN UCXOOA U3 NPeanofioXeHUs, YTO MOfeKyna COCTOUT TONbKO U3
MOMOXMUTENbHBIX U OTpULATENbHbIX MOHOB.

CTteneHb OKMCMEHMSI MOXeT UMeTb oTpuuaTenbHoe, MOMOXUTENbHOE U HyneBoe
3Ha4veHune, KoTopoe O6bIYHO BbipaxarT apabckummn uudpamm co 3HakoM (+) unu (-) u
CTaBAT Haf CMMBOMOM anemeHTa. Hanpumep, Naz2*'0 2, Cl2 0.

UTo6bl NpaBunbHO OnNpeaennTb CTENEHb OKUCIEHWS aTOMOB B COEAMHEHWUWN, Hado
MOMHUTb, YTO MONEKyNna B LIeNIOM 3neKTpoHenTpanbHa, cnegoBaTtenbHo, anrebpanyeckas
CyMMa MOMOXUTENbHbIX U OTpULUATernbHbIX aTOMOB B MOfeKyne Bcerga paBHa Hymo, a B
CMOXXHOM MOHEe — 3apsay MoHa.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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CTeneHb OKuUCNEeHUs — YCNoBHOe, doopMaribHoe MnoHATHe. Bo MHormx cryvasx
CTerneHb OKUCIeHUs1 aToMa 3feMeHTa He coBnadaeT C ero BaneHTHOCTbIo. BaneHTHOCTb
He nmeeT 3Haka.

MHorne atombl (@ 3HA4YUT, U 3ANEMEHTbl) UMEIT HECKOSbKO 3HAYeHUN CTeneHu
okucneHus. Bbiclwas nonoxutenoHas CTeneHb OKUCMEeHUs nNposiBNAEeTCHd, Korga B
o6pa3oBaHMM CBA3N NPMHMMAIOT y4acTMe BCE BaneHTHble 3MeKTPOHbl atoma. YncneHHo
OHa paBHa HOMepy rpynnbl Nepuognyeckon cuctembl. HaumeHbluee 3HavYeHue CTeneHu
OKWUCIIEHMS 3fieMeHTa MPUHATO Ha3biBaTb HU3WeU cmerneHbio oKucreHus. Bce octanbHble
CTEMEHN OKUCIEHUS1 3feMeHTa Ha3blBalOT MNPOMEXYTOYHbIMWU. Hanpumep, y aTtoma
(anemeHTa) cepbl BbiCWAA CTeNeHb OKUCMEeHUs paBHa +6, HuM3Waa paBHa -2,
NpPOMeXyTo4yHas paBHa +4.

PaccMOTpUM OCHOBHbIE MOMOXEHNA TEOPUUM OKUCIUTENBHO-BOCCTAHOBUTESNBbHbIX
peakunmn.

1. OKucneHuem Ha3blBaeTCsA NPOLLECC OTAAYM INEKTPOHOB aTOMOM, MOJSIEKYION UK
MNOHOM: Na’-& — Na*

Fe?*—& — Fe?*

Mpn OoKMCNEHMM CTENEHb OKUCIEHUS NOBbLILLAETCS.

2. BoccmaHosneHuem Ha3blBaeTCsa NpoLecc NpucoegmHeHns1 3NeKTPOHOB aTOMOM,
MOMEKYrnon Unu NOHOM: Mn’* + 5& — Mn?*

Fe¥* +& — Fe?

Mpn BOCCTAHOBNEHMM CTEMEHb OKUCNEHUS MOHMXKAETCS.

3. ATOMbI, MOMeKynbl WM WOHbI, OTAaKWMe SfEKTPOHbl, Ha3blBalTCA
goccmaHosumesnsamu. Bo BpeMsi peakumm OHM OKUCASOTCS. ATOMbI, MOMNEKYIbl U NOHBI,
NpUCOEaMHAIOWNE INEKTPOHbI, Ha3blBaKOTCA OKuciumesnsamMu. Bo Bpemsi peakumm OHM
BOCCTaHaBNMBAOTCS.

4. OkucneHne Bcerga conpoBOXOaeTcs BOCCTAHOBMEHMEM U, HA06opoT. [loaTomy
OKUCIUTENbHO-BOCCTAHOBUTENbHbIE peakuun npeactaBnsaT cobon eauHCTBO  ABYX
NPOTMBOMNOSIOXHbIX NPOLECCOB.

5. Ynucno anekTpoHOB, OTAaBaeMblX BOCCTAHOBUTENEM, PABHO YUCIY 3NEKTPOHOB,
npucoeauHAeMbIX OKUCITUTENEM.

B kayecTBe BOCCTAHOBUTENEW B  aHaNUTMYECKOW  XUMUM  UCMOMb3YHOT:
mMeTannuyeckun UuHK n xene3o Na2S203, NaxSO0s, SnClz2, Cr2(S04)3, FeSO4, H2S, B
kayectBe okncnutenen: KMnOas, H202, K2Cr207, Brz, KJOs, HNOs, |2.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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OKMCNUTENBbHO-BOCCTAHOBUTESbHbIE  peakuuu  LUMPOKO  MPUMEHSATCA B
XMMUYECKOM aHanu3e. B kayecTBEHHOM aHanu3e WX MNPUMEHSIIT ANA OTKPbITUA U
pasgerneHns NOHOB.

B konnuyecTBeHHOM aHanu3e B OCHOBe LeNoro psga TUTPUMETPUYECKUX MEeTOLOB
nexart peakuuu OKUCINEHUS-BOCCTAHOBMNEHUS, Hanpumep, B MeToaax
nepmMaHraHaTtomMeTpuu, NOOOMETPUN.

Mpumep 1. BbluncnnTb cTENEHb OKMUCIEHMS Xpoma B Buxpomate kanusa KoCrz07.

O603HaunM cTeneHb OKUCIEeHUS OAHOro atomMa XpoMa 4vepe3 «X» W YMHOXUM
CTEMNEHN OKUCNEeHUS aTOMOB Kanusa M KUCIopoda Ha 4YUCOo MX aTOMOB B COEAVHEHUW.
CocTaBumM ypaBHeHue:

2+2x+(-2)-7=0;

2x = +12; x = +6.

Mpumep 2. OnpegennTb CTeNeHb OKUCIEHNA aToMoB a3oTa B coegmHeHnmn NH4NOs.

3apsag komnsiekcHoro noHa ammoHust NH4*, Hutpat-noHa NOs~. YTtobbl onpegenutb
CTeneHb OKUCNEHNA aToMa a3oTa («X») B MIOHE aMMOHUS, COCTaBUM ypaBHEHUE:

x+(+1)-4=+1;, x=-3

Onpegenvm cteneHb OKUCNEHUS a3oTa B HATPaT-MUOHE:

X+(-2)-3=-1; x=+45

CnepoBaTenbHO, B COEAUHEHUN aTOMbl a30Ta MMEKT PasHy CTeneHb OKUCIEHUS:
-3 1 +5.

Ons  6e30wnboyHOro  HaxoxaeHuss  KO3(pMPUUMEHTOB B OKUCIIUTENbHO-
BOCCTAHOBUTESbHBIX peakuusax cnegyeT NOMHUTL ripaesusia CoxpaHeHUs 4Jucra amomos
Kax0020 arieMeHma 8 peakyuu U coxpaHeHusi 3apsida: Hago 6paTb CTONbKO aTOMOB UIu
MOHOB KaXkOoro 9femMeHTa, CKOMbKO WX COAEPXUTCA B MOSEKyne OKUcnutena wu
BOCCTAHOBUTENA W YMCMNO 3NEKTPOHOB, OTAAHHbIX BOCCTAHOBUTENEM, PaBHO 4uCny
3IEKTPOHOB, NPUHSATBLIX OKUCTIUTENEM.

Mpumep 3. CocTaBneHne ypaBHEHUA peakuun okucnenunsa conen Mn (Il) B kncnonm
cpege: Mn(NOs)2 + PbO2 + HNO3 — HMnO4 + Pb(NO3)2 + H20

Mpn nogbope kO3IPPUUMEHTOB MCMONb3YyeM Memood 3/1eKmpoHHO20 barnaHca.
YKkasaB CTENEeHN OKUCNEHNS 3NIEMEHTOB, COCTaBMIIEM YpaBHEHMUS ANEKTPOHHOro 6anaHca:

2 Mn?*—5& — Mn’*

5/10 |Pb* +2& — Pb*

Yucno 10, MHOXMTENb, — HAUMEHbLLEee obLLee KpaTHOE MEXAY YNCITIOM OTAAHHbIX U

NMPUHATBIX 3J1EKTPOHOB. OTO 4UCNo OendaT Ha 4YUCNo 3TUX AJ1IEKTPOHOB. Uncna 2 n 5

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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aBnaTca  koapduumeHtammn ansa okucnutensa PbO2 u BocctaHoButensa Mn(NOs)e.

ypaBHVIBaeM YNCIO KUCIOTHbIX OCTaTKOB N MOJEKYIT BOAbl:
2Mn(NO3)2 + 5PbO2 + 6HNO3 = 2HMnO4 + 5Pb(NOs)2 + 2H20

[ns npoBepku NpaBWUIbHOCTM COCTABIIEHHOIO YpaBHEHWUSI HaZo MPOBEPUTL YMCIIO

aTOMOB KaxXgoro asfiemeHTa B ero npaBon N NIeBON YacTu.

Mpumep 4. CocTaBneHne ypaBHEHMS peaKkLMK, NpoTeKatoLLen Mexay ConsmMmu:

FeCls + SnCl2 — FeCl2 + SnCl4
CocTaBnsem ypaBHEHWs aneKkTpoHHoro banaHca 2| Fe3* +é — Fe?*
11Sn%* - 2& — Sn**

OxkoHyaTenbHoe ypaBHeHue peakumn:  2FeCls + SnClz2 = 2FeCl2 + SnCla.

UcxoOHble mamepuaribl U OaHHbIe:

BapuaHTt
3agaHus

CxemMa OKMCNUTENbHO-BOCCTAaHOBUTENbLHOMN peakunun

CuSO4 +7Zn — ZnS0O4 + Cu

Na>S203 + |2 — NaxS40s + Nal

KMnO4 + NaNO2 + H2SO4 — MnSO4 + NaNO3 + K2SO4 + H20

KMnO4 + Na2C204 + H2SO4 — MnSO4 + CO2 + K2SO4 + NaxSO4 + HoO

PbS + H2O2 — PbSO4 + H20

K2Cr207 + Kl + H2S04 — Cr2(SO04)3 + I2+ K2SO4 + H20

Bro+ HoS + Ho O — HBr + H2SO4

Ca + H20 — Ca(OH)2 + Ho

H2S + HIO3 — S + 12 + H20

Fe + HNOs — Fe(NOa)s + NO + Hz0

K2Cr204 + HClI — CrCls + Clz2 + KCI + H20

Cu + HoSO4 — CuSO4 + SO2 + H20

Hl + H2SO4 — [2 + H2S + H20

H>SO3+ Clo + HDO — H2SOs+ HCI

Naz(S203) + l2. — Na28406 + Nal

FeCls + HoS — FeClz + S + HCI

PbS + HNO3 — PbSO4 + NO2 + H2O

Kl + Clo — > + KCI

Ag + HNO3 — AgNO3 + NO2 + H20

C + HoSO4 — CO2 + SO2 + H20

S NN R A A NS NN

Io + H2O2 — HIO3

CodeprxaHue u nopsidok 8bINoSIHEHUST pabombi:
1 O3HaKOMUTLCA C TEOPETMYECKOM YaCTbHO.
2 lNo 3agaHHOMY BapuaHTy:

1) HaNTU aTOMbl, UBMEHSIIOLLNE CTENEHDb OKUCIIEHUS B peakunun,
2) BbIMOJTHNTb pacyeT CTeNneHn OKUCITEHUA;

3) COCTaBUTb YypaBHEHUA nonypeaku,mﬁ OKUCIeHNnA-BOCCTAaHOBITIEHNA MeTOoOOM

SJIEKTPOHHOIo DOanaHca ¢ HaxoX4eHMeEM MHOXUTENEWN;

4) nogobpaTb KO3PULNEHTLI NOINEMEHTHO;

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx

lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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5) paccuntaTb r-akB (3) oKUCNUTENS N BOCCTAHOBUTENS C YyKa3aHMEM eauHUL,
N3MepeHus.
3 OhopmuTL OTHET NO NpakTU4eckon padorTe.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTUYecKoro 3aHsaTus

Llenb 3aHATUSA

BapwnaHT 3agaHus

OTyeT O BbINOMHEHMM Ha KaxablM 3Tan pasgena «CogepxaHue U nopsgok
BbIMNONHEHUS paboTbi»

CnncoK ncnonb3oBaHHOW NUTepaTypbl U APYrMxX MCTOYHUKOB

BbiBOAbI M NpeanoXeHus

[aTbl U NognNucK KypcaHTa 1 npenoaaBaTens

Bonipocbi 0risi caMornposepKu:

1. YTo Takoe cTteneHb okucneHna? Ee otnmume oT BaneHTHOCTM.

2. MoXeT nuM CcTeneHb OKUCNEHUA ObiTb MONOXUTENBHOW, OTpULATENbHON W
HyrneBon?

3. MoxeT nun cteneHb okUcNeHus bbiTb BonbLle HoMepa rpynnbl?

4. Onpenenntb CTeNeHb OKUCNEHUA MapraHua B coeguHeHusx: MnO2, H2MnOs,
MnSO4, MnCl2, KMnOa4

5. Kakne peakummn Ha3bIBaOT OKUCINTENBbHO-BOCCTAHOBUTENBHBIMWN?

6. Kakoun npouecc Ha3blBalOT OKUCIIEHMEM?

7. Kakou npouecc HasblBaloT BOCCTaHOBEHNEM?

8

. HasoBuTe BaxxHeWLLIe OKUCNNTENN, BOCCTAHOBUTEIN.

1.5 MaTaa aHanuTU4Yeckas rpynna KaTMOHOB
MpakTnyeckoe 3aHaTue Ne 7. F’mgponus conen. YnpaxHeHus

Llenb 3aHsmus:
N3yunTb rugponma conen. YmMeTb COCTaBNATb ypaBHeHUs rugponumsa conen (OK 01-
OK 02, 0K 09, MK 1.4,TK 2.4, TIK 3.4).

Hcrionb3yemble UCMOYHUKU:
Mepuogunyeckasa cnctema xummndeckmx anemeHToB .. Mengeneesa;

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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PacTtBopmMOCTb conemn, KUCNoT U OCHOBaHWIN B BOAE;

CTteneHb guccoumaunm aneKkTponunTos;

[11, [2].

Teopemuyeckasi Hacmab:

PactBopnmble BelwectBa B BOAE 4acTO  COMPOBOXAAKTCA  XMMWUYECKUM
B3anmogenctenem. ObMeHHasa peakums Mexay BellecTBamu U BOAOW, MpoTekawwlasa C
obpasoBaHMEM  MarnoAMCCOUMUPOBAHHbLIX  coeauMHeHun  (cnabblx  3NeKTpPonuToB),
HasblBaeTCcs 2udposu3oM. 'Maponns B NnepeBoae O3HavyaeT «pasnoxeHne BoOON».

Bopa, saBnaack cnabbiM aNekTponiMToM, ANCCOLMMPYET HA NOHbI B HE3HAYUTENbHOWN
cTeneHu:

H20 & H"+ OH-

Mpn pacTBOpEHUN HEKOTOPbLIX COMEN B BOAE WOHbI pPacTBOPUMOW CONMU
B3aMMOAENCTBYIOT C MOHamMu Bofbl. [Npn 3TOM npoucxoauT CMeLLeHWe paBHOBECUS
auccoumaumm  BoAbl, T.K. OOMH ©3 ee WOoHOB (Mnu oba) CBA3bIBAOTCA WOHaMWU
pacTBOPEHHOrO BellecTBa ¢ 0bpa3oBaHMEM ManogucCoUUMMPOBaHHOIO CoeauHEeHUs (Unu
NOoHa).

Takum obpasom, rmgponms conm — B3anMOAeENCTBME NOHOB COMM C MOHaAMK BOAbl C
obpasoBaHMeM ManoguccouMmpyembiX COeAUHEeHUM (UM MOHOB) U BO3MOXHbIM
n3meHeHnem pH cpefpbl.

Kaxgyto conb  MOXHO  npeactaBUTb  Kak  ripodykm,  obpas3oBaHHbIN
B3aMMOOENCTBMEM KUCNOTbl U OCHOBaHUA. KNCNOTbl 1 OCHOBAHUSA MOTYT ObITb CUMNbHbLIMM
unu cnabeimu anekTponutamu. CnegosaTtenbHO, B 3aBUCMMOCTM OT CBOEro cocTaBa, Conm
Nno-pasHoOMy pearupyrot ¢ BO4OW.

Conun, obpasoBaHHble B3aUMOLENCTBMEM CUSTbHbBIX KMCIIOT U CUSbHBIX OCHOBAHWUNA,
rmaponu3y He noaBeprawTCa W peakuus pacTBOpPOB conen atoro Tuna Oyget
HenTpanbHou (pH = 7). Hanpumep:

Cynbdat Kanus — CUNbHbBIN ANEKTPONUT U NP PacTBOPEHUN B BOAE AnccouumpyeT
Ha NOHbI:

K2SOs4 «» 2K* + SO4%

OpHoBpeMeHHO, BoAa AMCCOUMNPYET Ha UOHDI:

H20 <« H*+ OH-

MoHbl B pacTBope B3aMMOAEWNCTBYHOT mexay cobon. [Mpy 3TOM MOHbI Kanus He
MOryT CBfi3aTb MOPOOKCUO-MOHbI B  Monekynbl, T.K. KOH 4BnseTcs CunbHbIM

3MNEeKTPONMTOM U CYyLLIECTBYET B pacTBOpe TONbKO B BUAE MOHOB. B To e Bpemsi cynbgart-

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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MOHbI He CBA3bIBAOT MOHbI Bogopoaa T.K. H2SO4 aBnseTca CUnbHbIM 3MEKTPONUTOM U
CylLLlecTBYyeT B pacTBOpe TOMbKO B BuAe MoHOB. CymMMapHOe ypaBHEHWE OAHOBPEMEHHO
npoTeKarLnxX NPoLEecCoB:

H20 & H"+ OH"

OTO ypaBHEHME NOKa3bIBAET, YTO rMOPONM3a He NPOMCXOaUT U peakuusa pactsopa
cynbdaTa Kanus HentpanbHas (pH = 7).

Cnegyet obpaTuTb BHMMaHWE Ha pacrnpoCTpaHEHHYH OLWMBKY Mpu COCTaBneHun
YpaBHEHUN peakuuu rmaponunsa: Hesb3s 8 ypasHeHuUu 2udposnu3a ucrionb3osams b6oree
yeM 0OHy MOsIeKyrly 800bl — 3mMO HerpasusibHo!

Pasnu4yatot Tpu BapuaHTa rugponunsa:

1 'mgponua conen, obpasoBaHHbLIX B3aUMOAENCTBMEM CUITbHbIX OCHOBaHUA W
cnabbix kucnoT. MNprumepom Takom conm MoXeT cnyxunTb auetat HaTpua CH3COONa.

AueTtaTt HaTpusa — CUNbHbIN 3MEKTPONUT U NPU PacTBOPEHUN B Boge Auccounmnpyet
Ha MOHbI:

CH3COONa « CH3COO- + Na*

OpHoBpeMeHHO, Boga AUCCOUUNPYET Ha UOHbI:

H20 « H*+ OH-

MoHbI B pacTBOpe B3aMMOAEWNCTBYIOT Mexay cobon. [1pn 3TOM WMOHbI HaATpUS He
MOryT CBSi3aTb [MOPOOKCUMA-UOHbI B Moriekynbl, T.K. NaOH gBnseTcs CunbHbIM
3NEKTPONNTOM U CyLLEeCTBYEeT B pacTBOpe TOMbKO B BMAE MOHOB. B TO Xe Bpems auetaT-
MOHbI CBA3bIBAKOT MOHbI Bogopoda C obpasoBaHWeM Mornekyn crnaboro anekrponura —
YKCYCHOW KMCNOTBHI.

CyMmapHoe ypaBHEHME OAHOBPEMEHHO NPOTEKAOLWMX MPOLLECCOB:

CHsCOO - + H20 « CH3COOH + OH"

OTO ypaBHeHWe nokasblBaeT, YTO B pesynbTaTe rMaponusa peakums pacTtsopa
aueTtarta HaTpus wenoyHasa (pH > 7).

2 [wgponus conen, obpasoBaHHbIX B3anMOAENCTBMEM cCnabblX OCHOBaHUA W
CUnbHbIX KMCNoT. Hanpumep, rugponms xnopmaa ammonmst NH4Cl.

Xnopua aMMOHUS — CUMbHbIW  3NEKTPONUT W MpUM  pacTBOPEHUUM B BoAe
AnccoummpyeT Ha NOHbI:

NH4Cl <> NH4* + CI-

OpHoBpeMeHHO, Boga AUCCOUUNPYET HA UOHbI:

H20 < H*+ OH"

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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B atom cny4yae obpasyetca cnabbin anektponut NH4OH. Mpn 3TOM MOHbI Xrnopa He
MOryT CBSi3aTb MOHbI BOAOPOAA B Monekynbl, T.K. HCI aBnseTcs cunbHbIM 311eKTPOSIMTOM U
CyLlecTBYeT B pacTBOpe TOSIbKO B BUAE MOHOB.

CymmapHoe ypaBHEHME rnaponmsa MOXHO 3anmcaTb Tak:

NH4* + H20O < NH4OH + H*

CnepoBaTtenbHo, B pesynbtaTte rmaponuia xnopuga aMMOHUS pacTBOpP 3TOW COMnm
npuobpeTtaeT kucnyto peakumto (pH<7).

3 vnaponu3 conen, obpasoBaHHbIX B3aMMOAENCTBMEM CnabblX OCHOBaHUA W
cnabbix KNCnOT. B pacTBopax Takmx conen CBA3bIBaOTCA U MOHbI BOAOPOAA, U r’MAPOKCUA-
noHbl Boabl. Hanpumep, rugponns auetata ammoHmsa CH3COONHa:

CH3COO- + NH4* + H2O— CH3COOH + NH4OH

lMockonbKy cTeneHn auccounaumm npoAyKTOB rMaponmsa MPUMEPHO paBHbl, TO

pactBop conv byaeTt HenTpanbHbIM (pH = 7).

UcxoOHblie mamepuaribl U OaHHbIE:!

BapuaHTbI HasBaHue
3agaHun conew
Hutpat cepebpa
Xnopua ammoHust
AueTaT HaTpus
Lnanung kanus
KapboHaTt HaTpusi
Cynbdat meaun
Hutput Kanusa
BopaT HaTpus
Cynbng ammMoHus
docaT HaTpus
Cynbar kanusa
Hutpat ptyTu ()
Xnopuva Kanbums
AueTart cepebpa
LUnanung Hatpus
KapboHat aMMoHus
Cynbart umHka
Hutput meamn
BopaT kanus
Cynbug kanus
docdaT Kanus
Cynbut aMMoHus
HutpaTt cepebpa
Xnopua UnHKa
Auetart 6apus
Unanung kanus
KapboHat kanus
Cynbat marHus
HuTpnT ammoHus
BopaTt nutns
Cynbtug nutns
docchaT aMMOHUS
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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33 | CynbuT HaTpus |

CodepxxaHue u nopssdok 8bINoSIHEHUST pabombl:

1 O3HaKOMUTBCA C TEOPETUYECKOM YaCTbIO 3aHATUSA.

2 CocTaBUTb ypaBHEHMSI TMAPONM3a COrMacHO BapwaHTy 3agaHus U oopMUTb
OTYeT MO NpakTnyeckon paboTe.

3 OTBETUTb Ha KOHTPOJSIbHbIE BOMPOCHI.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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CodepxxaHue omyema:

HavnmeHoBaHMe npakTUyeckoro 3aHATUS

Llenb 3aHATMA

BapwuaHT 3agaHus

OTyeT O BbINOMHEHUM Ha Kaxabld 3Tan pasgena «CogepXaHne UM NOPAOOK
BbINOSTHEHUS PaboTbI»

Cnncok ncnonb3oBaHHOWM NUTEpPaTypbl U OPYrMX MCTOYHUKOB

BbiBoAabI

[aTbl n nognucu KypCaHTa 1 npenogaBartens

Bonipocbi 0r1si caMornposepKu:

1. Kakas peakuusi HasblBaeTCca peakumen rugponmnsa?

2. ObpasoBaHMEM KaKMX NPOLYKTOB CONPOBOXAAETCS peakums ruaponunsa conemn?

3. Bcneacteue vero nameHsietcs pH pactsopa npu rmgponmse conn?

4. Kakne conu nogsepraroTcs ruaponnay?

5. MNo4vemy conb, obpasoBaHHaA CUMbHBIM OCHOBAHWEM W CUMBbHOW KUCIIOTOW, He
nogsepraetca rmgponmsy? Yemy paseH pH pactBopoB aTux conen?

6. MNMpuBeonte Tpu npuMepa pasfMyHbIX TUMNOB COMENW, NoaBepratoLmxcs
rmoponunay.

7. Kak ucnonb3yetcs peakuusi ruaponivsa conv B TexHuke ©6esonacHocTn npwm

paboTe B xumMuyeckomn nabopatopumn?
2 KONMTMYMECTBEHHbIA AHATNIU3

2.1 N'paBMMeTpUYECKUI MeTOA aHanusa

MpakTnyeckoe 3aHATMe Ne 8. AHanuTUYecKue Bechl, UX ycTtponctBo. lpaBuna
B3BeLUMBaHUA

Llenb 3aHamus:

M3yunTb yCTPOMCTBO M MpaBuna B3BELUMBAHWUS Ha aHanuMTuyeckux secax. OcBouTb
MEeTOAMKY B3BelMBaHUs Ha aHanuTuyeckux Becax (OK 01-OK 02, OK 09, 1K 1.4, IK 2.4,
MK 3.4).

Ucnonb3yemblie ucmoyHuku: [1], [2].

MamepuarnbHoe obecrieyeHue:

AHanutunyeckue secol BJ1IP-200

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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BeicTpogencTBytoLmne TEXHUYECKME BEChI A5 NPUBIM3NMTENbHOMO B3BELUMBAHMWS
AHannTU4yecknin pasHoBec
CTeKngaHHbIN OHOKC UM YacoBOE CTEKNo

MpobGbl XMMUYECKUX BELLECTB.

Teopemuyeckasi Hacmab:

B ocHoBe rpaBuMmeTpudeckoro (BECOBOro) MeToda aHanua3a InexuT TOo4vHoe
n3MepeHne Maccbl NpoaykToB peakummn. OCHOBHaAA onepauusi BeCOBOro aHanmMsa —
B3BeLUMBaHME Ha aHanNUTUYecKMx Becax Cc npegenbHon Harpy3kon 200 r u TOYHOCTbIO A0
0,0002r.

OaHOM 13 camblX BaXKHbIX YACTEW aHaNUTUYECKUX BECOB SIBMISIETCS KOPOMBICIIO C
YKPENNEeHHbIMU Ha HeM TpeMsa araToBbiMu npuaMamu. CpegHas npusama Criy>XUT onopomu
KOpoMbICnia B MOMEHT B3BelUMBaHUSA. [1pu3Mbl, MOMELLEHHbIE Ha KOHLAX KopoMmbicna,
SBNAETCHA ONOpPOon ANA Yallek BECOB.

AHanuTnyeckmne Becbl CHabXeHbl cneumanbHbiM NPUCNOCOBNEHMEM — appPETUPOM.
Mpn nomowm appeTnpa KOPOMbLICIIO BECOB NPUMNOAHMMAIOT U CTaBAT B TaKoe MosfioXKeHue,
npu KOTOPOM HWM OfHa U3 MPU3M He KacaeTca CBOMX OMOpPHbIX noaywek. Appetup
NPUBOAAT B ABMKEHNE PYKOATKOWN, MPUKPENSIEHHON K HUXXHEN YaCTu JOCKN BECOB.

Becbl nomelleHbl B CTEKNsHHbIA QYTNAP, 3allMlialowunim oT Nblnn, KonebaHumn
TemnepaTypbl 1 PE3KOro ABUXEHUS BO3dyXa.

lNpasuna pabomsi Ha aHarNIUMU4YeCKUX 8ecax:

1. Mepen kaxabiM B3BeLUMBAHMEM W MPOBEPSATb COCTOSHUE BEeCOB. AKKYypaTHO
OYUCTUTL Mblflb, MPOBEPUTL HYIEBYHO TOYKY.

2. Npn oBHapy>XeHUM HEUCNPaBHOCTM BECOB HM B KOEM Cllydae He WCNpaBnsiTb
BECbl CaMOMYy.

3. Henb3a pgonyckaTb HUKaKMX MNPUKOCHOBEHUW K HeappeTUpOBaHHbIM BecaM.
OnyckaTb 1 nogHMMaTb appeTup Hago OCTOPOXKHO U NIaBHLIM MOBOPOTOM PYUKM.

4. He coBuratb Becbl C 3aHMMaeMOro MecTa.

5. He neperpyxaTb Becbl cBepx npeaenbHoun Harpy3km — 200 r.

6. KaTeropuyeckn 3anpeljaetcs B3BelMBaTb BelleCTBa HENocpeacTBEHHO Ha
YallKke BECOB; B3BELUMBAEMOE BELLECTBO NOMELLAIOT B BIHOKC, TUrenb, YaCoBOE CTEKIO.

7. Mpubaenate Mnn yb6aBnATb B3BELUMBAEMOE BELIECTBO MOXHO TOJNIbKO BHE
doyTnsipa BeCOB.

8. Henb3a B3BewMBaTb ropsyMe WM CAUWIKOM  XOnogHble  NpeaMeThl.

B3BelunBaemble npegmMeThbl JOMKHbI UMETb TEMMepaTypy BECOBOW KOMHATbI.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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9. Bce B3BeluvBaHMUS OaHHOro aHanmsa nNpoBOAMTb Ha OAHUX WU TeX Xe Becax,
Nnosib3ysiCb OOHMM U TEM >Xe pa3HoBecOM. Bce rvpn aHanutuyeckoro pasHoBeca MOXHO
OpaTb TOMNbKO NUHLIETOM.

10. MO0 OKOHYaHMM B3BELUMBaHUS Hado YybeauTbCHA, YTO BEChbl appPeTUMPOBaHbI,

Harpy3ka CHATa, ABEPKU NMOJTHOCTbHO 3aKpbIThbI.

B3eewusaHue Ha aHanumu4ecKkux eecax rnpou3eoosm 8 criedyrouwem rnopsioke:

1. BHayane npou3BOAAT B3BELUMBaHWE npeamMeTa Ha ObICTPOAENCTBYIOLNX
TEXHUYECKMX Becax Ans npnubnmanTenbHOro onpeaeneHns macchbi.

2. [Nlepen Havyanom B3BELUMBAHUS Ha aHaNUTUYECKMX Becax creunanbHON py4ykoun
OVCK OennTernbHOro YCTpOMCTBa YycTaHaBnvBalwT Ha oTMmeTky «00» u apyron pyykon
HYNEeBYH OTMETKY LUKasbl COBMELLAT C OTCHYETHON OTMETKOM 3KpaHa.

3. MNpeomeT cTaBAT Ha NeBYyl YallKy BecoB, nogdvpatoT rmpu M3 pasHoBeca u
MUANUTPaMMOBbIE Pa3HOBECKM, BCTPOEHHbIE B KOPMYC BECOB B BUAE CrneumanbHbIX KOneL.
Mopbop pasHOBECOK NPOJOSPKAOT A0 TeX Nop, NoKa Ha 3KpaHe He NosABUTCA n3obpaxeHue
LKanbl.

4. 3anucbiBas pesynbTaTbl B3BELUMBAHUS, BHayare 3anucbiBalOT Maccy rmpek, a
3aTeM nokasaTenu 9KpaHa: B JIeBOM OKHE — MO NMMOy rMpeBoro MexaHuama — COTHMU
MUNAUIPAMMOB, B LIEHTParibHOM OKHe — MO LWKane — OeCATKW MUMNMrpaMmoB U Lenble
MUNIMrpaMmbl, B NPaBOM — OECATbIE U COTble 40NN MUMNNIUIPaMMOB.

lpumep onpedeneHusi Macchl 83gewugaeMo20 rnpedMema U 83simusi HagecKuU:

Ha npaByto 4aluky BecOB MOMoXeHbl rmpbkn 10 1 n 1 1, B NEBOM OKHe 3KpaHa
ycTaHoBuMnacb uudgpa 6, B LEHTparibHOM OKHE — OTMEeTKa Ha wkane 25 m B OKHe
AenutenbHoro ycrtpouctea — uucno 35. CnepgoBaTenbHO, Macca B3BELUMBAEMOro
npegmeTta pasHa 11,62535 .

Ecnn gona onpegeneHus maccbl npeameTa AOCTAaTOMHO TOYHOCTb OO YETBEpPTOro
AECATUYHOrO 3HakKa, NATbIM 3HAKOM MOXHO MpeHebpeyb, NOMb3ysiCb MpaBuiaMu
okpyrnenHuns: 11,6254 r.

Haseckol HasblBaeTCs 4YacTb NPoObl XMMUYECKOro BELLECTBA, TOYHO B3BELLEHHOE
Ha aHanUTU4ecKnx Becax. [ns B3ATUA HAaBECKM NOCTYNatT cnegyowmm obpasom:

1. MNpoBepstoT, YTOOLI BIOKC MM YacoBOe CTEKNO ObiNM YUCTBIMU U COBEPLUEHHO
CYXUMM.

2. Cobntogas Bce Npasuna B3BELLMBaHMWS, B3BELUMBAKOT BIOKC MM YacoBOE CTEKITO.

3. CymmumpytoT maccy 6rokca unm cTekna € Maccol HeobXo4MMOW HaBeCKM,

onpeaenstoT nx obLuLyo maccy.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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4. CHMMAIOT C BECOB HarpysKy, COOTBETCTBYIOLLYIO Macce 6loKca, n CTaBsAT HOBYHO,
paBHyt0 0bLLen macce Grokca U HaBECKM.

5. CHumaroT 6HOKC C BECOB, HAcbIiNakT B HErO HEMHOIO BELEeCTBA U CHOBa CTaBAT
Ha Becbl. OCTOPOXHO OTKpbIBas appeTup, M HabnwaalT 3a OTKIOHEHMEM CTPESKA n
yCTaHaBNMBalT, Mano WM MHOro BewectBa B Otokce. [locbinalT mnu oTcbinatoT
BELLECTBO, CHMMasa BIOKC C YallKn BECOB A0 TEX NOp, NoKa He NOMYy4YUTCS Hy>XHas Macca.

Hago 3HaTb, 4TO BO MHOMMX crydadx HeT HeobXxoaMMOCTU OTBELUMBATb TOYHO
paccyYnTaHHOEe KOSNIMYECTBO BeLeCTBa, BaXXHO UMETb MOYHY Maccy Hagecku, N03TOMYy B
3TOM cry4ae:

6. B 610KC HacbinalT NPUMEPHO HYXXHOE KONMYECTBO BellecTBa (C TOMHOCTbIO A0
AEecATbIX Aonen rpamma) u B3BeLUMBalOT OOKC BMecTe C HaBeckon. Maccy HaBecku
ONpeaensiioT, BbluMTasd N3 CyMMapHON Macchbl, Maccy Orokca.

PesynbTaTbl B3BELLUMBAHNA OCOOPMAAIOT 3anUChio, HaNnpumep:

Macca nycTtoro 6tokca — 11,6254 r

Macca Otokca c HaBeckon — 12,9677 r

Macca HaBecku — 1,2423 .

Ownbkn, BCTpevawwmecs B nabopaTopHoM  MNpakTuke, Oenatcsa  Ha
cucmemamudyeckue U criydalHsble.

Ownbkn cucmemamuyeckue 0B6yCNoOBMEHbI HENPaBUITbHOCTBID B  MOKa3aHUAX
npubopoB, HegocTaTkamMyM B METOAMKE WM3MEPEHUMA U OOAHOCTOPOHHE HanpaBliEHHbIM
BIIUSSHNUEM  KaKMUX-NMMOO BHELWHMX BO3OEWCTBUWA. Takme OwWnbku cucTtemaTuyeckm
MOBTOPSAKOTCA, MNO3TOMY WX MOXHO Y4YeCTb, HanpuMmep, MOMb3ysCb MonpaBkaMn K
nokasaHuam npnbopoB, KOTOpbie NPUBOASTCS B NacnopTax, Nepnognyeckon noBepkomn no
aTanoHam (Hanpumep, NOBEpPKa pa3HOBECOB, rpagynpoBKa TEPMOMETPOB, BIOPETOK 1 T.M.)

Owunbkn cnyvalHble 3aBMCAT OT YCNOBUM oOMbiTa W  OnpenenswTcs
NHONBMAOYaNbHbIMWU OCOBEHHOCTAMM ydaLlerocsi. AT NOrpeLHoOCT 0ObIMHO HEBESUKN, HO
OHW HEeYCTPaHMUMbI.

Ownbkn npm unamepeHmnsx BooOLLe Hen3BexHbl BBMAY OTCYTCTBUA WOeanbHbIX
n3mepuTenbHbiX NpubopoB, HECOBEPLUEHCTBA OpPraHOB YYyBCTB 3KCMEpMMeHTatopa MU
HEMNOCTOAAHCTBA BO3LEWCTBMIA BHELLUHMX YCMOBMIW: BRaXHOCTW BO34yXa, AaBreHus,
COTpACeHU 3aaHnsa nadopaTopumn 1 T.n

AGBCOMIOMHYI0 U OMHOCUMESIbHY0 OWWNOKM WU3MEPEHUN HaxXoAUT Ccrneayrowmnm

obpasom.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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AbconromHas owubka W3MeEpeHUss — PasHOCTb MeXAy «UCTUHHBIM» 3HaYeHuem
BEMUYNHBI U Pe3yNbTaToOM U3MEPEHUS 3TON BENTUYMHDI.

OmHocumenbHas owubka WN3MEpPeHUs — MNPOLEHTHOE OTHOLUEHWE abCoNOTHOM
OLUMOKN K UICTUHHOMY 3HAYEHUIO U3MEPSIEMOW BESNTUYMHBDI.

B ycnoBusx nabopaTopHOro npakTukyma AorycKaeTcsl OTHOCUTEenbHas olmbka B

npegenax 3 — 5 %.

UcxoOHble mamepuaribl U OaHHbIe:

HaBecka BapuaHTbl 3agaHun
XUMUYECKOro BelwecTsa 1 2 3 4 5 6
NaCl 0,5 0,6
NaOH 0,9 1,0
BaClz - 2H20 1,2 1,3

1 O3HaKOMUTBLCS C TEOPETUYECKOWN YACTbIO 3aHATUS.
2 1o 3agaHHOMY BapuaHTy:

1) npousBecTM B3ATME HaBECKM XUMMYECKOrO BelecTBa, MOMb3ysaChb
aHanMTUYeCKMMN BECaMWN 1 aHaANUTUYECKMM pa3HOBECOM, cobntogasa npasuna paboTbl Ha
Becax;

2) 3anucaTtb pesynbTaTbl B3BELLUMBAHUS.

3 OhopmuTb OTYHET NO NpakTU4eckon pabore.

4 OTBETUTH Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTUYecKoro 3aHAaTus

Llenb 3aHATMSA

BapwnaHT 3agaHus

OTyeT O BbINONMHEHMM Ha Kaxabld 3Tan pasgena «CogepxaHue U Nopsgok
BbIMNONHEHUS paboTbi»

CnmncoK ncnonb3oBaHHOW NUTepaTypbl U APYrMx MCTOYHUKOB

BbiBoabI

[aTbl U NoOANUCK KypcaHTa U NpenoaaBaTens

Bonpocbl 01151 caMornposepKu:

1. C Kakol TOYHOCTbI MOXHO B3BELLUMBATb HAa aHaNUTUYECKUX Becax?
2. KakoBo Ha3Ha4yeHue appeTtupa?

3. KakoB nopsiaok B3selUMBaHUA?

4. Kak npoBepuTb HYNEBYIO TOYKY?

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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5. KakoBbl npaBuna, KoTopble HeobXxooumo BbINOMHATL Npu  pabote c
aHanMTU4ecknMm Becamm?
6. Kak npaBunbHO 3anucatb pe3ynbTaThl B3BELUMBAHUNA?

7. Buabl owumbok namepeHui B nabopatopHom npaktukyme? MNMpueeauTe npumepsl.

2.2 MeTtoabl TUTPUMETPMUYECKOIrO aHanusa
MpakTuyeckoe 3aHATUE Ne 9. PacyeTbl B TUTPUMETPUUYECKOM aHanuse

Lenb 3aHsmus:
OcBouTb METOAUKY pacyeToB B TUTpumeTpuyeckom aHanuse (OK 01-OK 02, OK 09,
MK 1.4, MK 2.4, MK 3.4).

Ucrionb3yemblie UCMOYHUKU:
Mepuogunyeckasa cnctema xummndeckmx anemeHtoB .. Mengeneesa;

Tabnuua pacTBOPMMOCTU COMEN, KUCIOT, OCHOBAHWUIA;

[1], [2].

Teopemu4yeckasi Hacmb:

B Tutpumetpudeckom (06HLEMHOM) aHanu3e KONMYECTBEHHOE oOnpeaeneHne
BELLleCTBa NpoM3BOANTCSA NO 0O6bEMY pacTBOpa M3BECTHOW KOHLEHTpauun, 3aTpadeHHoro
Ha peakumto ¢ onpeaensiemMbiM BELLLECTBOM.

Mpouecc onpegeneHus copepXaHusi BeLecTBa WM TOYHOW KOHLEHTpaLumu
pacTBopa 06bEMHO-aHaANUTUYECKUM MYTEM Ha3bIBAETCHA MUMPOBAHUEM.

OTa BaxHeKLwas onepaunsa TMTPUMETPUYECKOrO aHanmM3a 3akni4yaeTcsi B TOM, YTO K
nccnegyeMomy pacTtBopy NpunMBatoT APYron pacTBOP TOYHO M3BECTHOW KOHLIEHTpaLMm 4o
OKOHYaHusa peakumn. [lpu TUTpoBaHMM nNpubaBnAT He Un3bbITOYHOE KONMUYEeCTBO
peakTMBa, a TOYHO OTBevawllee ypaBHEeHUIO peakuun. CnepoBaTenbHO, Takoe
onpeaeneHne BO3MOXHO TOSIbKO B TOM Crlydae, €Cnu KONM4YecTBO npubaBnsemMoro
peakTuBa 9KBMBAIIEHTHO KONMMYECTBY ONPEeAenaeMoro CoOeanHeHus.

M3BeCTHO, YTO 06BEMbI pacmeopos, KOJIUYECMBEHHO peazaupyrouux mexady cobod,
obpamHO npPoNopuUUOHabHbl HOPMasbHbIM KOHUEHMpPayUusM 3mux pPacmeopos (3aKoH
3KeueasieHmos):

V1/V2 = N2/N1unmn N1-Vi=Vz- N2, (1)

raoe V1 n V2 — oGbeMbl NepBOro U BTOPOro pacTBOpOB, M (cm3);

N1 1 N2 — HOpManbHbI€ KOHLEHTPaLMM pacTBOPOB, r-aks/n (H).

OTO NOMOXeHne u Nerno B OCHOBY TUTPUMETPUYECKOTIO ornpeaeyieHnA.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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BaxHelwumu MOMeHmMamMu TUTPUMETPUYECKMNX ONpeaeneHnin ABNSOTCS:

1. TO4HOE n3mepeHne 06 LEMOB pearnpyroLmnx pacTBoOpoOB;

2. NpuUroToBfiEHME pPacCTBOPOB TOYHO W3BECTHOW KOHLEHTpauMuM, C MNOMOLLbHO
KOTOPbIX NPOBOANTCSA TUTPOBaHUE, Tak Ha3blBaeMblx paboyux pacmeopos (mumpaHmos);

3. onpegeneHune KoHUa peakuumn (TOYKM 3KBUBANEHTHOCTM).

Ana onpegeneHnss TOYKM  3KBMBANEHTHOCTM  MPUMEHSAOTCA  cheumanbHble
BELLEeCTBa, Ha3blBaeMble UHOUKamopamu.

KoHueHTpauuto paboyero pacrteopa BblpaXalT Yepe3 HOPMarnbHOCTb UIK Yepes
TMTP.

[Ana onpegeneHns TOYHOM KOHLUEHTpaumm paboyero pacrtBopa (YCTaHOBKM TUTpa
UNn ctaHgapTusaumm paboyvero pacTteopa) Nonb3yrTCA Tak HasbiBa€MbIM UCXOOHbLIM USTU
yCmMaHOBOYHbIM 8ewecmeom. VicxogHoe BeLEeCTBO AOMKHO YAOBNETBOPATL Crieayowmnm
mpebogaHusiM:

1. ero coctaB AO/MKEH CTPOro COOTBETCTBOBATb €ro XMmmnudeckon oopmyne;

2. OHO AOJTKHO BbITb XMMUYECKN YNCTBIM (X.4.);

3. OHO JOIMKHO ObITb YCTONYMBBIM HA BO3AYXE U B pacTBOPE;

4. OHO [OMKHO BbITb XOPOLLUO PacTBOPMMO B BOAE;

5. OHO [JOMKHO pearMpoBaTb C PacTBOPOM, TUTP KOTOPOro ycTaHaBnNMBaeTCH, MO

CTpOro onpeaeneHHoOMY ypaBHEHUIO U C BObLLIOM CKOPOCTLHO.

Criocobebl npueomosneHuUss mumpoBaHHbIX Pacmeopos:

1. Mo ToOYHOM HaBecke NCXOOHOro BELLECTBA;

2. N0 HETOYHOW HaBecke WCXOOQHOro BewectBa wunuM  pasbaBneHnem
KOHLIEHTPMPOBAHHOIO pacTBopa B MEPHOM LIUINHAPE;

3. 13 bmkcaHana (ctaHgapTHOro TuTpa).

Mo cnocoby BbINOMHEHUS OOBLEMHO-aHANUTUYECKUX OMNpeaeneHnn pasnuyaroT
NpsIMOE N KOCBEHHOE TUTPOBAHME.

[pu npssMomM mumposaHuu: onpeaensemMblii KOMMNOHEHT HEMOCPEACTBEHHO TUTPYIOT
noaxoasium paboynmm pacTBOPOM.

lMpu KOocBeHHOM mumpoeaHuU — TUTPYKT HE caM onpeaensembli KOMMOHEHT, a
NpoayKT €ero B3aMMOOENCTBUA CO cneumanbHO [obasneHHbIM BeLwecTtBoM (Memod
3ameweHus’) wnu mn3bbITOK Takoro cneuvanbHO Ao6aBneHHOro BewecTBa, KOTOPbIN
OCTaeTCsl No 3aBepLUEHNN ero B3anMoLencTBUSA ¢ onpeaensiemMbiM KOMNOHEHTOM (Memod

06pamHo20 MumMpOosaHusl).

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Takum obpasom, B METOA4AX KOCBEHHOMO TUTPOBAHUSA HENOCPEACTBEHHO TUTPYIOT HE
onpegensemMoe BewWecTBO, a cneumnanbHo gobasneHHoe.

BapuaHmbl mumpumMempu4yecko20 aHasnu3a: MeTOA4 NUNEeTUPOBaHWA W MeToA
OTAENbHbIX HABECOK.

B nepBomM TUTPYIOT HECKONbKO pa3 OA4MHaKOBble MOpUUK pacTBopa, OTOMpaeMoro
NMNETKON M3 MepHOW Konbbl onpefeneHHoro obbema, B KOTOPOW pacTBOpeHa macca
HaBECKM MCXOOHOro WUnn onpenensieMoro BellecTBa. TUTpoBaHWe NPOBOAAT TpU pasa U
Ansa pacdeta 6epyT cpefHUN pesynbTarT.

Bo BTOpOM — HECKONbKO HaBECOK BELLECTBA, PACCYUTAHHbIX HA OQHO TUTPOBaHME,
pacTBOPSAOT B MPOM3BOSIbHOM O6beMe pacTBOPUTENS U TUTPYIOT Kaxabi pacteop. [Ons
TUTpOBaHWs BepeTcs He MeHee ABYX HAaBECOK, U BbIYUCNAOT CpeaHUN pe3ynbTarT.

BaxHo 3Hamb, 4mo ece pacyembl 8 MUMPUMempuUYecKoM aHasnuse gedymcsi 00
yemeepmou 3Hadawel yugpesl.

MprMepbl BbIYUCNEHUA B TUTPUMETPUYECKOM aHanmse.

Mpumep 1. Ona onpegeneHnsa KoHueHTpauuu paboyero pactBopa NaOH B
KayecTBe ucxogHoro pacteopa Obin B3aT 0,1H pactBop congHon KucrnoTbl. O6bem
NCXOOHOro pacTeBopa, B3ATOro Ans TuTpoBaHusi, paBeH 10 mn. O6bem paboyero
pacTBopa, nolwlegLlero Ha TuTposaHue, 11,3 mn.

PeweHune. ToyHasa HOpManbHOCTb paboyero pacTBopa HaxoanTcs u3 gopmynbl (1):

NNaoH = NHel - VHel/ VNaon = 0,1 - 10/ 11,3 = 0,08850 r-aks/n (H).

Mpu BblpaXXeHMM TOYHOM HOPMASiIbHOM KOHUEHTpauuum pabodero pactBopa 4acTto
NPUMEHSIOT TaK Ha3blBaeMbI «nonpaBoYHbI KoaddpuumeHT» (K).

BenuunHy K HaxoaaT, pasgenus onpeaeneHHyo TUTPUMETPUYECKM HOPManbHOCTb
pacTBopa Ha npeanonaraeMoe 3HayeHne HopMarnbHOCTU pacTBopa:

K = N/No, (2)

roe N — akcnepuMeHTanbHO onpeaeneHHas HopMasibHOCTb pacTBopa, r-aKks/f;

No — npegnonaraemasi HOpManbHOCTb pacTBopa, r-aKe/n.

Ecnn pabounn pacTtBop nNpPUroToBrNEH TOYHO 3adaHHOW KOHLUEHTpauuum U3

dunkcaHana unm no ToOYHO B3ATOM Haeecke, To K = 1, 1 Ha cknsiHKe OH He 06o3Ha4vaeTcs.

Mpumep 2. Hantn nonpaBoyHbIn ko3pPuumeHt «K» npubnusutensHo 0,1 H
pactBopa NaOH, ecnu ero onpegeneHHas TUTPMMETPUYECKU HOpMarnbHas KOHLUEHTpaums
0,08850 H.

PeweHune. Bocnonbayemcs oopmynon (2).

K=0,0885/0,1=0,885

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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KoHueHTpauusa pactBopa MOXET ObiTb BblpaxkeHa TUTpoMm paboyero pactesopa, T.e.
B rpaMmax BellecTBa Ha 1 mn pacTteopa:

T=3-N/1000mmm T=m/V, (3)

roe O — aKBMBarieHTHas Macca BeLwecTBa, I;

N — HOpManbHOCTb pacTBopa, r-ake/n (H);
M — HaBecka BellecTBa, .

[na npuroToBneHMsi pacTBOPOB OMNpenerieHHON KOHLEHTpauuu HaBecky, m, T,
paccuyuTbiBaloT No oopmyre:

m=N-3-V/1000, (4)

roe N — 3agaHHaa HopMarnbHasa KOHUEHTpaums r-ake/n (H);

3 — r-aKB BellecTBa, T;
V — 061beM NpUroToBNEHHOro pacTeopa, Mil.

PacuyeTbl npuv BblpaXeHUM KOHUEHTpauuu 4Yepes TUTP NO onpeaenseMomy
BelLlecTBy, T.e. MacCcoW onpefendemMoro BellecTBa, KOTOpOMy cooTBeTcTByeT 1 Mn
paboyero pacTtBopa, BeayTcs no popmyne:

Txy = Nx - 3y/1000, (5)

roe X — paboymin pacTteop;

y — onpegensiemoe BeLecTBO;
Nx — HOpMarnbHOCTb paboyero pactsopa r-ake/n (H);

Oy — r-aKB onpeaensiemMoro BeLLecTBa, .

Mpumep 3. HopmanbHocTb pactBopa AgNOs pasHa 0,1020 H. HanTtu ero tutp no
Xrnopy.

PeweHune. Bocnonbayemcs doopmynon (5):

T AgNOs/CIF = 0,1020 - 35,5/ 1000 = 0,003616 r/mn.

Tump makxe pacc4yumbigarom 00 Yyemeepmol 3Havyawel yugpsbl.

Mpumep 4. Boumcnute TuTp 0,1 H pactBopa AgNO3 no NaCl.

PeweHune. Bocnonbsyemcsa dopmynon (5):

T AgNOs/NaCl = N -3 /1000 =0,1-58,5/1000 = 0,005850 r/mn, 4to 03Ha4aeT: 1 mn
0,1 H pactBopa AgNOs BcTynaet B peakuunto ¢ 0,005850 r NaCl.

Mpumep 5. Kakoe KONMMYECTBO XNOP-MOHOB COAEpPXKanocb B TUTPYEMOM XIOpuae,
€eCnun Ha TuTpoBaHue 3atpadeHo 8,20 mn HuTpaTa cepebpa? T AgNOs/Cl- = 0,003616 r/mn.

PewweHue. Bocnonbayemcs cpopmynoii (3), Toraa macca xop-MoHoB OyaeT paBHa:

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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m = T AgNOs/CI - V AgNOs = 0,003616 - 8,20 = 0,02965 .

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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UcxoOHble mamepuaribl U OaHHbIe:

CtaHaapTHbIM pacTBOp U
BapuaHTt ero xapaktepucTuka TuTp, Onp;g:nﬂe
3
3apanua BeLecTBO KOH::’H:.pa"" r-akB rlem BeLecTBO
1 H2S04 0,1 49 0,005880 Na2COs3
2 HCI 0,1 36,5 0,002920 NaOH
3 KOH 0,1 56 0,006160 HCI
4 NaOH 0,1 40 0,003600 H2SO04
5 H2S04 0,1 49 0,004998 KOH
6 HCI 0,1 36,5 0,003797 NaHCO3
7 NaOH 0,1 40 0,004880 HCI
8 AgNOs3 0,1 170 0,005850 NaCl
9 HCI 0,1 365 0,005300 Na2COs3
10 Hg2(NOs3)2 0,1 280,6 0,033670 NaCl

CodepxxaHue u nopssdok 8bInosIHeHUs1 pabomei:
1. O3HaKOMUTLCA C TEOPETMYECKOM YaCTbIO 3aHATUA.

2. Mo 3aflaHHOMY BapuaHTy BbIHUCIIUTb  HOPMAaAlibHOCTDb, HOHpaBOLIHbIVI

KOS(*)(*)I/ILI,I/IGHT n TUTP nNo onpepgendaeMoMy BelwecTBy Ald CTaHOapTHOrNo pacTtBopa.

PelueHune BbINONHUTL C HOﬂ,pOGHbIMVI NOACHEHNAMU N YKa3aHNEM eNHUL NUSMEPEHNA.

3. OhopmunTb OTHET NO NpakTU4eckon pabore.

4. OTBETUTbL Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTUYecKoro 3aHATUs
Llenb 3aHATMSA

BapwnaHT 3agaHus

OTyeT O BbINOMHEHWMM Ha Kaxabld atan pasgena «Copep)aHve U MNOPSAOK

BbIMNONHEHUs paboTbl»

Cnuncok Mcnonb3oBaHHOW NUTepaTypbl U APYrMX MCTOYHUKOB
BbiBoAabI

[aTbl 1 NogNUcK KypcaHTa 1 npenoaasBaTens

Bonipocbi 0r1si caMorposepKu:
1. Yto Takoe TMTpUMETpPUYECKOE onpeneneHne?
2. Y10 Ha3bIBaeTcsa TUTPOBaAHNEM?

3. Hanunwwnte cbopmyny 3aBNCMMOCTM OOBLEMOB KONIMYECTBEHHO pearnpyrommx

pPacTBOpPOB N X HOPpMaAJlbHbIX KOHLleHTpaLlMVI.

4. Yto Takoe pabounn pacteop?

5. Kak BblpaxkaeTca KOHUeHTpaums paboyero pactesopa?

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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6. YUTo Takoe ncxogHoe BELWECTBO?

7. KakoBbl TpeboBaHus, NpeabsaBnsemMble K UCXo4HbIM BellectBam?

8. Kakne cywecTtByoT cnocobbl MPUroToBNeHNA TUTPOBAHHbLIX PacTBOPOB?

9. B yem npmHUMnManbHas pasHuiua Mexay NpsiMbiM Y KOCBEHHbIM TUTPOBaHMEM?
10. B yeM cyLHOCTb MeTOA4a NMNETUPOBAHNA N MeToAa OTAENbHbIX HABECOK?

11. Hanuwwute dopmyny, no KOTOPOM MOXHO paccumTatb TUTP pabodero pacrteopa

no onpefensieMoMy BeLLecTBY, €Cl M3BECTHa HopMasbHash KOHLUEeHTpauus paboyero

pacTBopa.

12. Hannwute dopmyny, No KOTOPOM MOXHO paccymTaTb TUTP pacTBopa, 3Hasi ero

TOYHYIO HOpMaAllbHYH KOHLUEHTpaunto.

13. Hanuwmte dopmyny ans BblYMCIIEHUA KONMYECTBA BELLECTBA, €CN U3BECTHbI

obbem paboyero pacTBopa, MOWEAWEro Ha TUTPOBaHWe, W TUTP pacTeopa Mo

onpeaensieMomy BeLLecTBy.

14. Y70 NnokasbIBaeT NONPaBOYHbIN KOIPPULNEHT?

2.2 MeTtoabl TATPMMETPUYECKOro aHanumsa
MpakTnyeckoe 3aHaTne Ne 10. PacyeTbl B KNCNNIOTHO-OCHOBHOM MeToAe

Llenb 3aHsmus:

OcBonTb METOAUKY pacyeToB B KUCIOTHO-ocHOoBHOM MeTode (OK 01-OK 02, OK 09,

MK 1.4, MK 2.4, MNK 3.4).

Ucrnonb3yembie UuCMOYHUKU:
Mepuoguyeckasa cnctema xummndeckmx anemeHtoB .. Mengeneesa;
Tabnvua pacTBOPUMOCTU KACIOT, CONEN, OCHOBaHUI B BOLE;

[MNoTHOCTb BOAHbIX pacTBOpPOB KNCIIOT,

[1], [2].

Teopemuyeckasi Hacmb:

B ocHoBe KMCMOTHO-OCHOBHOrO MeToda (MeToda HerWTpanusauun) NexuT peakums

HenTpanusauuun: H* + OH- — H20

OTOT mMeToq npuMmeHAaeTca Ana KornmM4eCcTtBeHHOro onpeaeneHnda KUCIorT, Leno4en,

conew, cnocobHbIX TMAPONN30BaTbLCS B BOAHbLIX pacTBOpPaXx, a TakkKe UX CMeCeM.

B kauectBe pa6oqu pacTBOpPOB MUCNOJIb3YOT Yalle BCero pacTBoOpbl CONdAHON U

cepH0|71 KUCINOT, PpacTBOPbl rTMOPOKCNOO0B HATPUA N Kanua.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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B «kayectBe WCXOAHbIX BELWECTB ANA YCTAHOBKM TUTpa pacTBopa KUCHOT
ncnonb3yoT TeTpabopar Hatpua (6ypa) NazxB4O7 - 10H20 wnm kapboHaT HaTpus
6e3BoaHbI Na2COs3, a Anga ycTaHOBKM TUTpa pacTeopa Lenoyven — wasernesyto H2C204 -
2H20 unu sHTapryto kncnoty H2CaH4O4.

Mpy NnomMowm KMCNOTHO-OCHOBHOIO MeToda onpeaensatT KapboHaTHYH KECTKOCTb
BOAbl, KNCNOTHOCTb MOSOYHbIX U PbIGHBIX NPOAYKTOB, KUCNIOTHOE YMCIO Macna u xupa.

B meTome HemTpanmsauum B KayecTBe MHOMKATOpa MPUMEHSIIOT OpraHuyeckue
COEQVHEHNsI, MEHSOWNE CBOK OKpacKy B 3aBUCMMOCTM OT KOHLEHTpauum WOHOB
BoAopoaa B pacTteope. BennumHy pH, npu KoTOopon 3akaH4YMBalOT TUTPOBAHWE C OAHHBIM

WHOMKATOPOM, Ha3blBalOT r1okazamesieM mumposaHusi (pT).

XapaKTepI/ICTI/IKa HEKOTOPbLIX NHONKATOPOB:

UnagukaTop pT U3meHeHune oKkpacku
MeTunoBbIv OpaHXeBbIn 4,0 KpacHasg — xentas
MeTunoBbIn KpacHbIN 55 KpacHasg — xentas
deHondTanenH 9,0 DecuBeTHag — cuHaA
TumondTanenH 10,0 BecuBeTHas — KpacHas

MprMepbl pacyeToB B KNCAOTHO-OCHOBHOM METOZAE.

Cnedyem umems 6 sudy: 1) B npoLecce pacTBopeHus BelwecTsa unu pasdasneHnu
pactBopa, Macca BellecTBa, a, CrnefoBaTernbHO, M YWCNO €ro 9KBMBANIEHTOB He
n3meHsieTcs; 2) B Ntobor peakuumn BeLLecTBa pearmpyoT B 9KBUBANIEHTHbIX KONMYeCcTBax.

Mpumep 1. Tpebyetca npurotoButb 5 N 0,1 H pacTBopa CONSIHOW KUCMOTbl U3
KOHUEHTpMpoBaHHOM ¢ niioTHOCTLI p =1,19 (38 % - cnpaBoOyYHbIE AaHHbIE).

PeweHue.

1) OHel = Muer = 36,5T.

2) Haxogum maccy umcton (100 %) HCI gnsa npurotosnenmsa 5 n 0,1 H pactBopa:

1 H HCI cogepxut 1 r-akB = 36,5 r HCI B 1 n pactBopa;
0,1 H HCI cogepxut 0,1 r-akB = 3,65 r HCI B 1 n1 pacTtBopa;
0,1 H HCI cogepxuTt 3,65 - 5 =18,25r HCI B 5 n pactBopa.

3) N3 nponopuwmn Haxogum maccy 1 mn 38 % - Horo pacteBopa HCI:

38 r x.4. HCI cogepxutca B 100 r ncxogHon KUCNOTbI

XT « 1-1,19r

x=38-1-1,19/100=0,452r.

4) Onpegensiem ob6bem 38 % - HOro pacTtBopa COMAHOW KMCROTbI, He0BXoaUMOro
ansa npurotosnenuna 5 n 0,1 H pacTeopa:

V =m/p =18,25/0,452 = 40,4 mn.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Mpumep 2. PaccuutaTtb, CKOMbKO rugpokcuga Hatpua cogepxutca B 500 mn
pacTtBopa, ecnu Ha TutpoBaHme 20 mn aToro pacteopa naet 20,8 mn pacTBopa COSIsTHOM
KMcnotbl, TUTP koToporo paseH 0,002022 r/mn.

PeweHue. YpaBHeHue peakunn: NaOH + HCIl = NaCl + H20 (1)

1 cnocob pacyema:

1) Konu4yecTtBo consHon KncnoTsl, cogepxawenca B 20,8 mn pacTteopa:

muer =V - T = 20,8 - 0,002022 = 0,04206 r.

2) MNo ypaBHeHuto peakuun (1) Ha 1 r-akB NaOH unget 1 r-aks HCI, 3HauunT:

Ha 40 r NaOH TpebyeTtcs 36,45 r HCI
XT « 0,04206 r
x =40 -0,04206/36,45 = 0,04613 r

3) Toraa macca NaOH:

MNaOH = X NaOH * Vkon6e/ VNaoH = T * Vionee = 0,04613 - 500/20 = 1,1532 r.

2 cnocob pacyema:

1) Haxogum HopmarnbHYt KOHUEHTPaUMo CONAHON KNCNOTbI:

Nuc =T - 1000/3 = 0,002022 - 1000/36,45 = 0,05546 H.

2) HopmanbHOCTb Lwernoyu:

NnNaoH = NHci - VHel / VNaon = 0,05546 - 20,8/20,0 = 0,05768 H.

3) Macca wenouu, cogepxallasacsa B 500 mn pacTteopa:

m=23 - N-V/1000 =40 - 0,05768 - 500/1000 = 1,1532 .

Mpumep 3. Heobxogmumo npurotoButb 500 mn npubnusntensHo 0,1 H H2SO4 n3
KMCnoTbl NnoTHocTbio 1,84 r/cm® (npu 20 °C) M ycTaHOBUTb TOYHYK HOPMarnbHOCTb MO
paboyemy pactesopy NaOH.

PeweHwve.

1) MNpwn nonHOM HENnTpanM3aunm CEPHON KACIOThbl €€ rpamMM-3KBMBAriEHT paBeH

O=M/2=98/2=49r.

2) lMoatomy konuyectBo rpammoB 4dmucton (100 %) H2SO4, Heobxogumoe ans
npurotoBnexmst 0,5 n 0,1 H pacTBOpa, MOXHO BbIYMCNNTL Creayowmm odpasom:

MHS0, =3 -N-V=49-0,1-0,5=245r.

3) CepHaa kucnoTta nnoTHocTbio 1,84 r/cm® mMeeT koHueHTpaumwo 96,0 %
(cnpaBo4Hble AaHHbIE). Jlerko BblMUCNTL B KAKOM KONMYECTBE 3TOW KMCMOThI COAEPKUTCS
2,45 r yncton H2SO4:

100 r 96 % - HoM kmcnoTbl cogepxat 96 r H2SO4

XT « 2,45 r HoSO4

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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x =100 - 2,45/96 = 2,55T.

4) Ho cepHyto KUCMOTY He B3BELLMBAKOT, 8 OTMEPUBAOT No 06bemMy. YTobbl nepenTu

OT Maccbl K 06beMy KUCIOTbI, NOMb3YyTCs OPMYIION:

V =m/p =2,55/1,84 = 1,39 mn.

Takum obpasom, onsa npurotoBneHna 500 mn npubnuantensHo 0,1 H pacTBopa

H2SO4 HY)XHO OTMEPUTb MEPHBIM LMAMHAPOM UMW rpagyvpoBaHHON npobupkon 1,39 mn

KOHLIEHTPUPOBaHHOW cepHol kucnoThl (p = 1,84 r/cm3), pacTBOpUTL M [OBECTU BOAOKW A0

obbema 500 mn.

5) ﬂ,eVICTBMTeﬂbHle HOPMaAlibHOCTb 3TOro pacTtBopa elle HYXXHO YyCTaHOBWUTb MO

ncxogHomy BewiectBy (Na2COs, Na2B4O7 -

HaTpa nyTem TUTPOBaHMUSI.

UcxoOHble mamepuaribl U OaHHbIe:

10H20) vnn No ToOYHOMY pacTBOpPY €AKOoro

Tabnuuya 1
Baf_’r”a"' CTaHaapTHbLIN pacTBop WUccnenyembliih pacteop O61Lem
Konobl,

1 H>SO4 23,44 0,1 0,980 NaOH 25,00 40 250

2 HCI 11,64 0,1 1,050 Na>CO3 10,00 53 100

3 NaOH 12,21 0,1 1,100 H2SO4 15,00 49 200

4 KOH 9,52 0,1 0,954 HCI 10,00 36,5 200

5 NaOH 9,48 0,1 0,908 H2C204 10,0 63 1000

6 H2SO4 23,44 0,05 0,980 NaOH 25,00 40 250

7 HCI 11,64 0,05 1,050 Na2COs 10,00 53 100

8 NaOH 12,21 0,05 1,100 H2SO4 15,00 49 200

9 KOH 9,52 0,05 0,95 HCI 10,00 36,5 200

10 NaOH 9,48 0,05 0,908 H2C204 10,0 63 1000

Tabnuuya 2

BapwmaH

T BewectBO MnotHocTs Bo‘qurf % O6bem konbbl, cm®
3agaHu pacTeopa, p, ricm

A Ne 2

1 HCI 1,049 10 1000

2 H2SO4 1,143 20 500

3 HNOs3 1,184 30 200

4 CH3COOH 1,049 40 250

5 HCI 1,100 20 500

6 H2SO4 1,503 60 400

7 HNOs3 1,421 70 300

8 CHsCOOH 1,070 80 250

9 HCI 1,152 30 200

10 H2SO4 1,819 90 100

CodepxxkaHue u nopsidok 8bInosiHeHUs1 pabomsni:

1 O3HakomMuUTbCS C TeOpeTquCKOﬁ YaCTblO 3aHATUA.

2 o npeanoXxeHHOMY BapuaHTy:

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx



KMPK BF'AP® ®Ir'60Y BO «KI'TY»

MO-35 02 10-0M.02.n3 OCHOBbI AHATIUTUYECKOW XVIMAM [ C.57/69

1) 3agaHunsa Ne 1 (cMm. Tabnuuy 1) BbIMMCIIMTL MacCy BellecTBa, coaepxallerocs
B onpeaeneHHoMm obbeme pactBopa, Mo AaHHbIM TUTPOBAHUS;
2) 3agaHusa Ne 2 (cm. Tabnuuy 2) BblMMCNUTL MaccCy BellecTBa, coaepallerocs
B onpegeneHHoM obbeme pacTtsopa.
3 OchopmuTb OTHET NO NpakTU4eckon pabore.

4 OTBETUTb Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHMe NpakTUYeckoro 3aHATUS

Llenb 3aHATMA

BapwuaHT 3agaHus

OT4yeT O BbINOMHEHMM Ha Kaxabln 3Tan pasgena «CogepxaHue U NopsiAoK
BbINOSTHEHUST PabOThbI»

Cnuncok ncnonb3oBaHHOW NUTEpPaTypbl U APYrMX MCTOYHUKOB

BbiBoAabI

,D,aTbI n noanncun KypcaHTta u1 rnpenogaBatens

Bonipocbi 0r1si caMorposepKu:

1. Kakon TuTpMmMeTpmnyeckuin Metoq aHanumsa HasblBaeTCsl KUCITIOTHO-OCHOBHbIM?

2. CogepXaHme Kakux BeWeCcTB MOXHO onpeaeniutb  KACIOTHO-OCHOBHbLIM
MeToaom?

3. PacTtBOpbl Kaknx BELLECTB NPUMEHSAOTCSA B KayecTBe paboumx pacTBOPOB B 3TOM
meTtoae?

4. Kakue BellecTBa NPUMEHSIOTCS B Ka4€CTBE MCXOOHbIX BELECTB B 9TOM MeToae?

5. Kak domkcmpyeTcs Touka 9KBMBANEHTHOCTU B KMCIOTHO-OCHOBHOM MeToae?

6. Uto npeacraBnaioT cobon MHOMKATOPbLI, MPUMEHSEMbIE B KUCITOTHO-OCHOBHOM
meTtoae?

7. YT0 Ha3biBaeTCcs NokasaTenemMm TMTPOBaHNA?

8. Kakyto okpacky nmeet nHgmkatop deHondgptanenH npu pH=7,0; 9,0; 13,07

9. Kakyto okpacky MMeeT MHANKaTop METUMNOBbLIN opaHxeBbin npu pH=2,0; 5,0; 7,0?

2.3 MeToabl pegokcumeTpumn

MpakTnyeckoe 3aHATUEe Ne 11. PacyeThbl B MeToAe nepMaHraHaToMeTpum

Llenb 3aHsmusi:

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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OcBouTb MeTOaMKy pacyeToB B MeTode nepmaHraHatomeTpum (: OK 01-OK 05, OK
07,0K09, MK 1.4,1.5,1NMK 2.4, 25K 3.4.

Ucronb3yemble UCMOYHUKU:
Mepuogunyeckasa cnctema xummndeckmx anemeHtoB [1.. Mengeneesa;
Tabnuua pacTBOPUMOCTW CONEN, KNCIOT U OCHOBaHW B BOAE;

ONEKTPOXMMUYECKUI PSi HANPSX)KEHWUIA MeTanmoB.;

[1], [2].

Teopemuyeckasi Hacmab:

B ocHoBYy mMeTOooOB pefoKCMMETpun (OKCUOAUMETPUN) MONOXEHbI OKUCIUTENbHO-
BOCCTAHOBUTENbHbIE peakumn, B pesyrnbTaTte KOTOPbIX M3MEHAOTCA CTEMNEHUM OKUCIEHMUS
MOHOB WNN 3NemMeHToB. TepMWH «pedoKCc» npousollen B pesynbTaTte CcoveTaHus
naTUHCKUX cnoB. reduction — BOCCTaHOBIEHNE N oxydatio — oKucneHue.

lMepmaHraHaToMeTpusi — YacCTHbIN CnyYan pegokCUMEeTpUKU, 3TOT MEeToL OCHOBaH Ha
OKUCNUTENbHOM AENCTBMM paboyero pactBopa nepMaHraHata kanuvs. [lepmaHraHat kanus
SABMAETCA CUMbHbIM OKUCNUTENEeM, OCOBGEeHHO B Kucron cpepe. [Ons nogkucneHus
NPUMEHSIOT TOSNTbKO CEPHYIO KMCMOTY. [1pn TUTpOBaHMM NPOTEKAET CrieayroLas peakums:

2KMnO4 + 3H2S04 + 5H2C204 = 2MnSO4 + KoSO4 + 10CO2 + 8H20

YpaBHEHNS aneKkTpoHHOro 6anaHca ans pacctaHoOBKM KO3 PULMEHTOB:

2 Mn”+5& — Mn?*

5|10 | C204%> —2& — 2CO2°

TutpoBaHne BegeTcs 6e3 wHOMKaATOpa, TakK Kak ToO4vka SKBUBANEHTHOCTMU
dukcupyetcst no obecLBe4MBaHNIO CaMoro xe paboyero pacTteopa, UMeKLEero B Havane
PMONETOBYHO OKPACKY.

lMepmaHraHaT kanusi He sIBNSIETCA CTaH4apPTHLIM BELWECTBOM, (MpenapaTt COAEpXuT
npumecn MnOz2). lNotoBat paboumn pactBop KMnOs, BbiOEPKMBAKOT €r0 B CKISIHKE U3
TEMHOro cTtekna B TeyeHue 7-10 cyTOK, nocrne Yero otaensoT pactBop oT ocagka MnO:2
(dbvnbTpoBaHMe). XpaHAT pacTBOpP B CKMSHKE M3 TEMHOrO CTekna ¢ npuwniMdOoBaHHOM
npobkon. PacTtBop ctaHaapTM3vpytoT no waseneson kucnote, ee guruapaty (H2C204
2H20) unu okcanaty HaTpus (Na2C20a4).

MeTogom nepmMaHraHaTOMETpPUMM MOXHO OnpeaensaTb BOCCTAHOBUTENW (MpsiMoe
TUTPOBaHME) N okncnuTenu (obpatHoe TUTpoBaHue). NepmaHraHaToMeTpust NPUMEHSIETCA

ANs onpeferneHns Tak HasblBAaeMOW OKMCNSieMOCTM BoAbl, T.e. onpegeneHns KMnOa,

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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HeobX0AMMOro AnA OKUCNEHMS OpraHMYeckuX BELLECTB B CTOYHbIX BOAAX; KONM4YecTBa
TSHKENbIX METaNoB 1 cepbl B pbIGHON NPOAYKLMK.

paMM-3KBMBANEHT  OKUCNUTENA WU BOCCTAHOBUTENA B OKUCIUTESbHO-
BOCCTAHOBUTESbHbIX pPeaKkLmMsiXx HaXoanTcs no gopmyne:

9 =Min, (1)

raoe M — monekynsipHas macca okucnuTens (BOCCTaHOBUTENS);

N — YMCNO NEPEXOAALLNX INEKTPOHOB, NPUOBPETEHHDLIX (MOTEPSAHHBLIX) fIEMEHTaMM
NI MOHAMM KaXXO0W MONEKY bl OKUCITUTENS (BOCCTAHOBUTENS).

OkucnsawLlaa cnocobHocTb pactBopa KMn*’Os 0o6bACHAETCA BOCCTAHOBIEHMEM
ero B pasHblx cpegax go:
Mn*2S0Os - B KuCrOW cpefe;
Mn**OQ2  — B HelTpanbHoW cpeae;
KoMn*60O4 — B WienoyHoln cpege.

Moatomy, rpamm-akeBmBaneHT KMnOs B pasHbiX cpefax HaxoauTcs no dopmyrne
(1):

O KMnO: = 158,03/5=31,61r1 - B Kucnon cpege,
roe Mn™* + 58 — Mn?*;
9 KMnOs = 158,03/3 = 52,68 r — B HenmTpanbHoOU cpeae,
roe Mn™* + 38 — Mn**;
O KMnOs = 158,03/1 = 158,03 r — B Wweno4Hon cpeae,

roe Mn™ +1& — Mn®*,

Mpumepbl B MeToge nepmaHraHatomeTpuwn. [lpu peweHun 3agady  criedyem
MoMHUMb, 4mo 6 sobol peakyuu eewecmea peazupyrom 8 IKeusasieHMHbIX
Koruyecmeax: 4YMCIo 3KBUBASNIEHTOB OOHOMO M3 BELLECTB pPaBHO YUCIY 3IKBUBASIEHTOB
ApYroro BellecTBa, NpopearnpoBaBLLErO C HAM, U PaBHO YUCITy SKBUBASIEHTOB KaXkgoro u3
NMONyYUBLUNXCA B pe3yrbTaTe peakunin BeLecTs.

OcHoBHas pacyeTHas opmyna TUTPOBaAHUA WUCXOAUT U3  ITOrO  3aKOHa
3KBMBaneHToB, npoussegeHne «N-V» MOCTOSAHHO, TO eCTb Yem 6ornblle HOpMarbHOCTb
pactBopa, TeM MeHblle ero ob6beMm, coaepxawmi onpegerieHHoe KOnMyecTBO
9KBVBamneHTOB.

Mpumep 1. N3 1,4380 r okcanaTta Hatpua npurotosneHo 200 mn pacTtBopa. Ha
TuTpoBaHne 25,0 MmN nonyyYeHHoro pacrteBopa u3pacxogoBaHo 23,85 mn pactBopa
nepmaHraHarta kanvs. Onpegenutb HopmarnbHOCTb U TUTP KMnOa.

PelweHne:

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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1) HopmanbHocTb pactBopa Na2C204 Haxogmum n3 hopmyrnbi:
N NazC204=m - 1000/3 - V = 1,4380 - 1000/67 - 200 = 0,1073 H.,
roe O NaxC.0. = M/2 = 134/2 =67 T.
2) HopmansHocTb pactBopa KMnO4 Haxogum ncxons U3 3akoHa SKBUBaANEHTOB:
N KMnOs = N NazC204 - V Naz:C204/ V KMnOs = 0,1073 - 25,0/23,85 = 0,1125 H.
3) Tutp pactBopa KMnOa4:
T KMnO4 =3 - N/1000 = 31,61 - 0,1125/1000 = 0,003556 r/mn,

rae 3O KMnOs= M/5 = 158,04/5 = 31,61 .

Mpumep 2. HaBecka 3,2240 r waBeneBoW KUCNOTbI pacTBoOpeHa B MepHon konbe
emkocTtbto 500 mn. Ha TtuTpoBaHue 25 mMn 3TOro pacrteBopa u3pacxonoBaHo 22,8 mn
pactBopa KMnOs 0,1122 H. koHueHTpauuun. OnpenennTb MNPOLEHTHOE coaepXKaHue
H2C204 B 06pasue.

PeweHue.

1) HopmanbHOCTb pacTBopa LaBeneBown KUCOThI:

N H2C204 = N KMnO4 "V KMnO4/ V H2C204 = 0,1122 22,8/25 =0,1023 H.

2) Konn4yecTso waseneson kucnoTol B 500 mn pacTteopa:

m =3 N V/1000 = 45,02 - 0,1023 - 500/1000 = 2,3034 r,

roe O HaC04=M/2 =90/2 =45T.

3) MNMpoueHTHOE coaepxaHne KNcnoTbl B 0bpasue CoCTaBUT:

% H2C204 = m 100/3,2240 = 2,3034 100/3,2240 = 71,44 %.

Mpumep 3. HopmarnbHOCTL NepmaHraHata pasHa 0,0220 H. Yemy paBHblI TUTPbI €ro
no H2C204, no Fe, no H2027?

PeweHue.

1) T KMnO4/H2C204 = N KMnOs4 * 3 H2C204/1000 = 0,0220 - 45/1000 = 0,0009904 r/mn.
2) T KMnO4/Fe = N KMnO4 - 3 Fe /1000 = 0,0220 - 55,85/1000 = 0,001228 r/mn.
3) T KMnO4/H202 = N KMnO4 = 3 H202/1000 = 0,0220 - 17/1000 = 0,0003741 r/mn.

Mpumep 4. Ha tutposaHue 0,03350 r Na2C204 n3pacxogosaHo 12,50 cm?® pactBopa
KMnOas. Onpegenute TUTP 1 HOpMarnbHYy0 KOHUeHTpaumto pactsopa KMnOa.
PelueHne. YpaBHeHNE peakumu:
2KMnOg4 + 8H2S04 + 5Na2C204 = 2MnSO4 + K2SO4 + 10CO2 + 8H20 + 5Na2S04
1) Bbluncnsaem, kakaa macca KMnO4 cogepxutca B 12,50 cm® (npopearnposarno ¢
0,03350 r Na2C204):
5134 r Na2C204 akBmBaneHTHo 2 - 158 r KMnO4

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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0,03350 r NazC204 « X T KMnOa4
x=0,03350-2-158/5-134 = 0,01580 .
2) Onpegensiem TuTp pacteopa KMnOa:
T KMnOs= m/V = 0,01580/12,50 = 0,001264 1/ cm3.
3) HopmanbHocTb pactBopa KMnOs4: N = T-1000/3 = 0,001264-1000/158
0,008000 H.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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UcxoOHble mamepuaribl U OaHHbIe:

BapuaHTt O61bem pacTBopa B H

3afjaHuA | nepmaHraHara Kanus, cm3 elliecTso aBecka, I
1 22,48 Fe 0,1262
2 11,67 (NH4)2Fe(S0O4) - 6H20 0,9367
3 18,06 H2C204 - H20 0,1139
4 24,68 H2C204 - HO 0,3111
5 28,12 Na2C204 0,3772
6 44,96 Fe 0,2524
7 23,34 (NH4)2Fe(S0O4) - 6H20 1,8734
8 36,12 H2C204 - HO 0,2278
9 49,36 H2C204 - H20 0,6222
10 56,24 Na2C204 0,7544

CodepxxaHue u nopssdok 8bINoSIHEHUST pabombi:

1 O3HaKOMUTBLCS C TEOPETUYECKOWN YACTbIO 3aHATUS.

2 Mo 3agaHHOMY BapuaHTy BbIYUCIIMTb HOPManbHOCTb M TUTP pacTBOpa, eCcriv Ha
TUTPOBAHWME HABECKM NOLLEN onpeaerneHHbIi 06bem pacTeopa.

3 OhopmunTb OTYHET NO NpakTU4eckon pabore.

4 OTBETUTH Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTU4YecKoro 3aHATUs

Llenb 3aHATMSA

BapwuaHT 3agaHus

OTyeT O BbINONMHEHMM Ha Kaxabld 3Tan pasgena «CopepxaHue U nopsgok
BbIMNOMHEHUs paboTbl»

CnncokK ncnonb3oBaHHOW NUTepaTypbl U APYrMx MCTOYHUKOB

BbiBoabI

[aTbl 1 NogNUCK KypcaHTa 1 NpenoaaBaTens

Bonpochbi 0risi caMornposepKu:

1. Kakne meToabl  KONMMYECTBEHHOrNO  aHanmmM3a  OTHOCATCA K MeTodam
oKCUONMETPUN?

2. HazoBuWTe OCHOBHbIE YCNOBUS NepMaHraHaTOMETPUYECKOro TUTPOBaHMS.

3. Kakass peakumsi nexuT B OCHOBE KONMYECTBEHHbIX OnpefeneHui no metomy
rnepmaHraHaTomMeTpum?

4. Kakasa peakuusi Ha3blBaeTCs aBTokaTanmMTU4eCcKon?

5. UT0 aBNsieTcs kaTannM3aTopom B peakLmm No MeToay nepmaHraHatoMeTpumn?

6. HasoBuTe pabouunii pacteop nepMmaHraHatomeTpun. Kak ero xpaHar?

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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7. B kakon cpefe npoBoOATCA NepMaHraHatoMeTpuyeckme onpegerieHnsa?

8. Kak onpepgensieTcst Touka 9KBMBANEeHTHOCTM B MeTo4e NepMaHraHaToMeTpun?

9. Kakas kucnota npMMmeHsieTcs AN NOAKUCIEHNSA TUTPYEMbIX pacTBOPOB B MeToae
nepmMmaHraHatomeTpun? lNMoyemy?

10. No4yemy B nepmaHraHaTOMeTpuM BO3MOXHO TUTpoBaHuMe 6e3 chneumanbHOro
nHamnkaTopa?

11. HasoBuTe ucxogHble BellecTBa ONA OnpefeneHuss TOYHOW KOHLUEeHTpauuu
pacTBopa nepmaHraHarta Kanus.

12. Kak HanTu r-akB nepMaHraHaTa Kanus B pasHbix cpegax?

13. Kakne aHanutnyeckue 3agayu pewakT meTogom nepmaHraHaTomeTpMM?

MpakTnyeckoe 3aHaTHe Ne 12. PacyeTbl B MeTOAE MOAOMETPUMN

Llenb 3aHsmusi:
OcBoutb mMeToamky pacyetoB B mogometpum (: OK 01-OK 05, OK 07,0K 09, K
1.4,1.5, 1K 2.4, 25K 3.4.

Wcronb3yembie ucmoyHUKU:
lMepuogunyeckasa cnctema xummndeckmx anemeHtoB .. Mengeneesa;
Tabnuua pacTBOPUMOCTW CONEN, KNCMOT U OCHOBaHW B BOAE;

ONEKTPOXMMUYECKUI PAS, HANPSXKEHNIN METanmnoB.;

[1], [2].

Teopemuyeckasi Hacmab:

B ocHOBY MeTOA0B pefOKCUMETPUN NOSTOXKEHbBI OKUCINTESNTIbHO-BOCCTAHOBUTESbHbIE
peakumn. HasBaHMe MeToOOB, B KOTOPbIX WCMOMb3yeTcsl MNPUHUMN pedoKCumMeTpuu,
NPOUCXOANT OT Ha3BaHWs paboynx pacTBOPOB.

MonomeTpus — aTo MeToa, B KOTOPOM pabounm pacTBOPOM CRYXWUT pacTBop oaa B
nognge kanus (KI). Metog oCHOBaH Ha peakuusix, B Xo4e KOTopblX obpasyetca unm
pacxogyeTcs NoA;:

120 + 26 < 2I

MeToaoM MoooMeTpUM MOXHO onpeaenuTb kak okucnutenu (oHn okmcnsoT |- go 19),
TaK U BOCCTaHOBUTENM (OHM BOCCTaHaBnmBaroT nog 4o ).

[na onpegeneHust okMcnuMTenem ucnonb3yetca paboynn pacTBop TuocynbdaTa
HaTpusa Na2S203 - 5SH20 n BcnomoratenbHbin pactsop noanga kanua Kl, kotopbin 6epetcsa
B n30bITKE.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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TuocynbdaT HaTpUs HE OTHOCUTCH K CTaHOapTHbIM (MCXOAHbIM) BellecTBaMm, Tak
KaK MOXeT He COOTBETCTBOBATb CBOEN XUMUYECKOW hopMyrie U3-3a HEeYCTONYMBOCTU NpU
XpaHeHuu, paspyLleHnsa TMobakTepusamMm 1 BblBETPUBAHUS KPUCTaNNM3aUnoHHOM BOAbI.

McxooHblM  BelecTBOM AN YCTAHOBKM TUTpa TUOCYNbMata HaTpusa CRyxXuT
anxpomart kanusa KaCr207 (okucnutens).

Mpw TUTPOBaHUM NPUMEHAETCA MemoO 3aMeWeHUs.

B ocHoBe nogomeTtpuyeckoro onpeaeneHns nexar AsBe peakuuu:

K2Crz207 + 6Kl + 7H2SO4 = Cr2(S0a4)3 + 3l2 + 4K2SO4 + 7H20 (1)

O6pasyeTcsa nog B konuyecTse, akBnBaneHTHOM konmyectBy K2Cr207.

YpaBHeEHNS aneKkTpoHHOro 6banaHca:

1 ‘ ‘ZCr6+ +66& — 2Cr3*
316121 — 28 — 2I°

BbligenueLuminca nog OTTUTPOBBIBAKOT PacTBOPOM TUOCY b(aTa HaTpus:

2Na2S203 + 20 = Na2S406 + 2Nal (2)

YpaBHeHNS anekTpoHHOro banaHca:

112 | 25203% — 26 — S406*

112 12°+28 — 2I

MHaukaTop — pacTBoOp Kpaxmarna, KoTopblh 4oDaBnsalT B JaHHOM Clyyae B KOHUe
TUTPOBaAHWS, KOr4a KOHUEHTpauus noga Mana, U pacTBOp UMEET COSIOMEHHO-XEMNTYIo
okpacky. B npucyTtcTtBumM Kpaxmana pactBop npuobpeTaeT CUHIOK OKpacky, TUTpoBaHue
npogormkatT Ao obecuBeymBaHus pacTsopa.

MeTogom  MogoOMeTpUM  MOXHO — OMpedensaTb  BOCCTaHOBUTENW  MPSMbIM
mumpoeaHueM. TUTpaHT — pacTBOp Woda, KOTOPbLIN FOTOBAT PaCTBOPEHWEM TOYHOW
HaBeckn cmecu l2 ¢ Kl (2 + Kl = K[l3s]) B guctunnuposaHHon Boae. [puUrotoBneHHbIN
pacTBOp XpaHAT B CKIISIHKE M3 TEMHOro CTekna BO u3bexaHue OKUCNeHus noamaa u
yneTtyumBaHus noga. MHOMKaTopoM CRYXUT pacTBOp Kpaxmana, KoTopbi Ao6asBnsioT B
Ha4ane TUTPOBaHUS. TOYKY OKBMBANEHTHOCTU (UKCUMPYIOT MO MNOSBAIEHUIO CUHEro
OoKpaluMBaHUA pacTtBopa OT 3bbITOYHOW Kannun pacTeopa roaa.

MopomeTpus wvcronb3yeTca [Ans onpeaeneHnsi: cBoBOAHOTO Xropa B BOAE;
MOOHOrO uYucna pacTUTENbHOMO Macra W Xupa; Meau, pTyTM U ApYyrux MeTansnos;
BuTammHa C; nakTo3sbl U MMIOKO3bl B MULLIEBbLIX NPOAYKTaX.

Mpumepbl pacdyeToB B MeTode wmogomeTpun. [Npu pelieHun 3agad no gaHHOMY
mMeToay Takke credyem rnoMHUmMb, 4mo 8 ibol peakyuu seuwjecmea peazupyrom 8

3KeuegasileHMHbIX Kosriu4decmeax. 4YnCro 3KBMBaJrieHToB OAHOINo M3 BeweCTB paBHO YUCHY

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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9KBMBANEHTOB [pyroro BellecTBa, NpopearnpoBaBLUEr0 C HUM, W PaBHO 4uUCHy
9KBMBASIEHTOB KaXXA0r0 M3 NOSyYMBLUMXCS B pe3yfbTaTte peakumi BELLECTB.

OcHoBHasa pacyeTHas opmyna TUTPOBaAHUA WUCXOOAUT U3  3TOrO  3aKoHa
aKBMBanNeHToB, npousseneHne «N-V» MOCTOAHHO, TO €CTb Yem Bonblue HOPMAarbHOCTb
pactBopa, TeM MeHblle ero obbeMm, coaepxawuihn onpeaeneHHoe KOonMyecTBO
9KBMBASEHTOB.

Mpumep 1. Ckonbko rpammoB K2Cr207 cogepxutcss B pacTtBope, ecnu nocne
pobaeneHnsa Kk Hemy n3bbiTka Kl n H2SO4 Ha TuTpoBaHWe BblOENMBLUErOCSA Moga MOLUSo
30,0 mn 0,1 H pacTtBopa Na2S2037?

PeweHue.

1) Konu4yecTtBo anxpomara kanus onpegensiem no opmyne:

m = 3 - N -V/1000, yuntbiBasi, YTO NpM OaHHOM MOAOMETPUYECKOM OnpeaeneHum
konnyectBa NazS203 n KaCr207 akBMBaneHTHbl, a O Ko:Cr207 = M/6 = 49,03 r, TO macca
coctaBuT: m =49,03 - 0,1 - 30/1000 = 0,1471 .

Mpumep 2. HaBecka 6,8920 r Tnocynbdarta HaTpus Na2S203 pacTBopeHa B MEPHOW
konbe emkoctbto 500 mn. Ha tutpoBanue 25,0 mn atoro pacteopa nowno 25,2 mn
paboyero pactBopa wnoga 0,05510 H. KoHueHTpauun. Onpegenntb NPOLEHTHOE
cogepxaHune 6e3BogHoro Tnocynbara HaTpusa B obpasue.

PeweHwve.

1) HopmanbHOCTb pacTtBopa Tuocynbdara HaTpus:

N Naz2S203 = N I2-V 12/ V Na2S20s = 0,05510 - 25,2/25,0 = 0,0555 H.

2) CogepxaHue TuocynbdaTta HaTpus B 500 mn pactBopa:

m =3 - N -V/1000 = 158,11 - 0,0555 - 500/1000 = 4,3908 r.

roe O Na2S:0s =M = 158,11 .

3) MNMpoueHTHOE coaepxaHne TuocynbdaTa HaTpMsl B HABECKE:

% = m - 100/6,8920 = 4,3908 -100/6,8920 = 63,71 %.

Mpumep 3. OnpegenuTb KONMUYECTBO MOA4a B pacTBoOpe, €CNu Ha TUTpOBaHue
nowuno 10,3 mn TrocynbdaTa HaTpus. T NaxS:0s3/12 = 0,01290 r/cmd.

PeweHue.

1) Haxogum HopmanbHOCTb TUocynbdaTta HaTpusa 13 popmynbi:

T Na2S203/l2 = N Na2S203 - 3 12/1000. OTkyaa N Naz2S203 = T Na2S203/I2 - 1000/312

N Na2S:03 = 0,01290 -1000/127 = 0,10116 H.,

roe O I =M/2 =127 .

2) Konn4yecTtBo noga B pacTteope:

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx



KMPK BF'AP® ®Ir'60Y BO «KI'TY»

MO-35 02 10-011.02.1M3

OCHOBbI AHATIMTUYECKOW XMW | C.66/69

m=3-N-V/1000 =127 - 0,1016 - 10,3/1000 = 0,1329 .

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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UcxoOHble mamepuaribl U OaHHbIe:
B O6bem
apuaHT
PacTtBop pacTBoOpa, BewecTtBO HaBecka, r
3agaHus om®
1 Na2S203 21,09 K2Cr207 0,1053
2 Na2S203 41,59 K2Cr207 0,2122
3 Na2S203 15,67 CuS0Oq4 0,3913
4 K2CrO4 12,73 (NH4)2Fe(S04) - 6H20 0,4992
5 K2Cr207 25,88 (NH4)2Fe(S04) - 6H20 0,5000
6 Naz2S203 16,78 l2 0,2129
7 Naz2S203 34,56 K2Cr207 0,1718
8 Naz2S203 22,44 KIO3 0,1601
9 Naz2S203 33,56 l2 0,4258
10 Naz2S203 50,34 2 0,6387

CodepxaHue u nopssdok 8bINoSIHEHUST pabombi:

1 O3HaAKOMUTLCA C TEOPETMYECKOM YaCTbIO 3aHATUA.

2 lNo 3ajaHHOMY BapuvaHTy BbIHUCITNTb HOPMaAlribHOCTb U TUTP pacTBopa, eCrint Ha

TUTPOBaAaHME HABECKU MoLuen OﬂpeﬂeﬂeHHbIVI obbem pacTtBopa.

3 OhopmuTb OTYHET NO NpakTU4eckon pabore.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHune NPaKTN4YeCKOro 3aHATUNA

Llenb 3aHATMSA

BapwnaHT 3agaHus

OTyeT O BbINOMHEHMM Ha Kaxabld aTan pasgena «CopepXxaHve U MNOPSAOK

BbIMNOMHEHUs paboTbl»

Cnuncok ncnosnb3oBaHHON nmTepaTtypbl U Apyrnx MCTO4YHMKOB

BbiBoAabI

[aTbl 1 NogNUcK KypcaHTa 1 npenoaasBaTens

Bonipocbi 0r1si caMorposepKu:

1. Kakne wmeTogbl  Konu

oKCManMeTpun?

4YeCTBEHHOIo aHarmaa OTHOCATCA

2. Ha3oBuTe OCHOBHbIE YCNOBUA NOLOMETPUYECKOro TUTPOBAHUS.

3. Kakas peakums nexuT B OCHOBE MeToga nogoMeTpum?

4. HazoBute

pabounin

okucnutenen. Kak ero xpaHar?

5. HasoBute

pabounn

pacTBop AONsa  10OOMEeTpUYecKoro

pactBOp AnNa  MOOOMETPUYECKOro

BOCCTaHoBuUTeNen. Kak ero rotoBAT 1 XpaHAaT?

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx

K MeTodam

onpepeneHna

onpeneneHus
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6. HasoBuTe nCxoQHOE BELLECTBO ANA onpeaeneHnsa Tutpa TmocynbgaTa HaTpus.

7. HazoBute paboumn pactBop Anst OMpedeneHus OKUCIMTenenm MeTonoMm
nogomMeTpumn.

8. HaszoBute pabounin pactBop ANd onpeaeneHusi BOCCTAaHOBUTENEN MeTOOOM
NnogomMeTpun.

9. Hanuwwnte ypaBHeHVWe peakuun B3aMMOOEWUCTBUSA AuXpomaTa Kanusa ¢ Moanaom
Kanus.

10. Hanvwunte ypaBHeHWe peakuuu, KoTopad MNpPOUCXOAUT TMpU  TUTPOBAHUMU
TMOCYynb(aToM HaTpuUs pacTeBopa noaa.

11. Kakoe BelleCcTBO MPUMEHSAETCA B KayecTBe uHAMKaATOpa B WogoMeTpumn?
KakoBbl OCOBEHHOCTM €ro WCnonb30BaHMS [AOfs WOAOMETPUYECKOro onpeaeneHus
OKMUCIUTENEN N BOCCTaHOBUTENEN?

12. Kakne aHanutnyeckue 3agayum pellaroT MeTogomMm nogomeTpum?

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Cnucok ncnonb3oBaHHbIX MCTOYHUKOB:

Buabl UICTOYHMKOB

HauvmeHoBaHue peKkoMeHayeMbIX yqe6|-||:.|x n3gaHun

OcHoBHble

1. Hukntuna, H. . AHanutnyeckas xmmus [OneKTPOHHbIN pecypc] : y4ebHMK 1
npakTUKym gnsi cped. npod. obpasosanusa / H. I'. HukutuHa, A. I'. Bopucos, T.
M. XaxaHuHa. - 4-e uag., ucnp. n gon. - M. : KOpanr, 2021.

2. BepwiHuH, B. V. AHanuTtudeckas xumus [ONeKTPpOHHLIN pecypc] : y4eOHUK /
B. N. BewwnnnH, W. B. Bnacosa, /. A. Hukndopoea. - 3-e unsg. - CaHKT-
MeTepbypr : NlaHb, 2019. - 428 on-line

[ononHutenbHble

1. AHanuTnyeckas xumud. YuebHuk anga ctyq. cped. npod. yyeb. 3aBeaeHuin.
Mop pea. A.A. NweHko. M., UL «Akagemusa», 2011 — c¢. 317

Memoduueckue nocobusi u pekomeHOauuu Ons 6bIMOMTHEHUS MPaKmMu4ecKux
3aHamul, nabopamopHbIX U camMocmosimesibHbIX pabom

OneKTPOHHbIE
obpasoBartenbHble
pecypcsbl

1. O3B6C «Book.ru», https://www.book.ru

2. 9BC « OPAUT»https://www.biblio-online.ru

3. OBC «Akagemusa», https://www.academia-moscow.ru

4. NapatenbctBo «JlaHby, https://e.lanbook.com

5.0nekTpoHHO-0MbNMoTeyHass cuctema  «YHuBepcuteTckas  GubnvoTeka
oHnamH», https://www.biblioclub.ru

nepI/IO/J,I/I‘-IeCKI/Ie n3gaHua
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