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MepeyeHb NPaKTUYECKUX 3aHATUN

Ne n/n

HanmeHoBaHMe NpaKTU4eCKUX 3aHATUN

Kon-Bo
YyacoB

OCHOBHbIE MOHSATUS N 3aKOHbI XUMUMK: pacyeTbl MOJ'IGKyJ'IFlpHOVI Macchbl 1
OKBMBAJ1IEHTOB BELWECTB, BAJIEHTHOCTb, KNacCbl HEOPraHN4YeCcKnx coeguHeHnn

KomMnnekcHble coeauHeHns: CTpoeHune, anccoLumaums, pacyeT sapsaa
KOMMnekcoobpasoBaTens, KOHCTaHTa HECTOMKOCTU

[vccouunaunsa KucnoT, ocCHoBaHWUIM, conen. Peakuumn MoOHHOro obmeHa.
Cnocobbl BbIpaXXeHMs KOHLEHTpaLun pacTBOpoB

BbluncreHme cTeneHn auccoumalmMm no KOHCTaHTe guccoumaumm m
KOHLIEHTpAaLMKN 3MEeKTPONUTOB. BbluncrieHne 3Ha4eHnin nponsseaeHns
pPacTBOPUMOCTN BUHAPHLIX 3ANEKTPONUTOB NO PAaCTBOPUMOCTM M HA0BOPOT

BbluncneHme KoOHLUEHTpauum MOHOB BoAopoda Y BENUYUHBI BOOOPOAHOrO
nokasatens. Beluncnenue pH 6ydepHbIX pacTBOpoB

OxncnuTensHO-BOCCTaHOBUTENbHbIE peakuni. CTeneHb OKUCTIEHNS.
YnpaxHeHnsa

M'mpponns conen. YnpaxHeHuns

AHanuTnyeckme Bechbl, Nx yCTpOVICTBO. I'IpaBMna B3BeLUMBaHUA

PacyeThl B TUTPUMETPUYECKOM aHarnmse

PacyeTbl B KNCITOTHO-OCHOBHOM METoAe

PacyeTbl B MeTOaE nepmMaHraHaToMeTpuun

Slaale|eN| o

PacyeTbl B METOAE NOOOMETPUN

WUTtoro

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx

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

Pabo4yenn nporpamMmon AUCUMNIAWHBI MPEeAyCMOTPEHO NPOBeAEHWEe ABeHaauaTtu
npakTMyecknx 3aHaTmn no cneumanbHoctn 35.02.09 «BogHble ©Guopecypcbl U
akBaKynbTypa».

Llenbto npoBefeHns NpakTUYeCKNX 3aHATUN SBNSETCS 3akpensieHne TeopeTnyecknx
3HaHUN N NprMobpeTeHnsa HeoBXOaUMbIX NPAKTUYECKUX HABLIKOB M YMEHWI NO OTAENbHbLIM
Temam Kypca. Hapsay ¢ dopMmmpoBaHneM yMEHUA U HaBLIKOB B MpoLecce npakTn4ecKknx
3aHATMIA 0600 aloTCa, CUCTEMaTU3UPYHOTCA, YraybnsoTca U KOHKPETU3MPYHTCS
TeopeTudeckne 3HaHud, BblpabaTbiBaeTcs CNOCOBHOCTb M FOTOBHOCTb WCMOMb30BaTb
TeopeTnyeckne 3HaHUSA Ha NpakTuKe, pa3BMBalOTCA MHTENNEKTyalbHble YMEHUS.

Mepen npoBegeHWEM MPaAKTUYECKUX 3aHATUM CTyOeHTbl 06s3aHbl npopaboTaTb
COOTBETCTBYHOLUN MaTepuars, yACHUTb Lefb 3aHATUS, O3HAaKOMUTLCA C COAEpPXaHMeEM U
nocrefoBaTesNibHOCTbIO ero NpoBeAeHus, a npenogasartefle — NPOBEPUTb UX 3HAHUSA U
rOTOBHOCTb K BbIMOSTHEHWUIO 3a4aHUS.

[Mocne kaxgoro npakTUYeckoro 3aHATUS NPoBOAUTCSA 3adveT. Ha 3adveTe CTydeHT
OOIDKEH: 3HaTb TEOpUID MO [OaHHOW TeMe; MOSACHUTb, Kak MpOBOAUTCA pacyeT unu
ynpaxHeHue; yMeTb MpoaHanuM3vMpoBaTb MOMyYeHHble pesyrnbTaTbl (B COOTBETCTBUMM C
OCHOBHbIMW TPEOOBaHUSMU K 3HAHUAM U YMEHUSIM NO AaHHOW Teme paboyen nporpamMmmel).

B nocnegHuwe rogbl B cucTeMe cpefHero npodeccnoHanbHoro obpasoBaHus
LUMPOKO CTasyl MCNoSib30BaTbCA TECTOBbLIN KOHTPOSb. Ero nonynspHocTb obycrioBrieHa
MHOMMMU NPUYMHAMW KaK coaepXaTenbHOro, Tak U TEXHONOrm4yeckoro xapakrepa. Cioga
MOXHO OTHECTW BblAeneHne B copepXaHuum yy4ebHOro npeameTra MHBaApPUAHTHOW 4YacTu
YCBOEHUS, KOTopas obsidaTenbHa AONs CTyAEeHTa, U BHeceHust B ydebHble nporpammbl
BapuaTUBHOIMO KOMMOHEHTA, MO3BOMSAOLWEr0 pa3BuBaTb CMOCOOHOCTU CTYAEHTOB, WX
no3HaBaTeNlbHbIN 1 NPOECCUOHANBHBIN MHTEPEC. TECTOBbLIN KOHTPOSb MOXET ObicTpee,
YyemM TPaaWUMOHHBIA, MPOBEPUTb 3HAHUSA CTYOEHTOB, MNPOCT ANfs  OUEHMBaHUS B
COBPEMEHHOM cucTteme 06paboTkmn nHopmMauum 1, Kak NpaBuno, ABnseTcs 0b6s3aTenbHON
COCTaBHOWM YacTbH HOBbIX NeAarorn4yeckux TEXHOMOMMN.

B pesynbTtate ocBoeHus martepuarna o MpakTUY4EeCKUM 3aHATUAM Y y4yalluxcs
dopMupyoTCsa cnegyrowme KoMneTeHunn:

MK 1.1. TMpoBoanTb rMaponornyeckne wu rnapoxXuMmyeckne HabnwgeHus Ha

pbl60XO3FI NCTBEHHbIX BOgOEMaX.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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MK 4.5. KoHTponupoBaTb COCTOSAHME BOAHbLIX OOBEKTOB M BOLOOXPAHHbLIX 30H, a
TaKkKe XapakTep aHTPOMOreHHOro BO3AEWCTBUS Ha BOAHbIE Ouopecypcbl M cpedy WX

obuTaHus.
3 KAYECTBEHHbIW AHANU3

3.1 NepBasa aHanuTU4ecKasn rpyrnna KaTUOHOB

Mpaktnyeckoe 3aHATUEe N2 1 OCHOBHbIE NMOHATUA U 3aKOHbl XUMUKU: pacyeTbl
MONEKYNsApHOM MacCbl U 3IKBMBANIeHTOB BewWeCTB; BaNleHTHOCTb; Knacchbl
HeopraHM4ecKux coeguHeHnn

Llenb 3aHsmus:

MoBTOpUTL M YrNybuTb OCHOBHbIE XWUMUWYECKME TMOHATUA M 3aKOHbI, Knacchbl
HeopraHM4eckMx cCoeMHeHUN. YMeTb paccynTbiBaTb MOSNEKYNSPHYIO Maccy, SKBUBANEHTbI

cnoxHbix Bewects MK 1.1, MK 4.5.

Ucrionb3yemblie UCMOYHUKU:
Mepuogunyeckasa cnctema xummndeckmx anemeHtoB .. Mengeneesa;

Tabnuua pacTBOPMMOCTU KMUCIIOT, CONen 1 OCHOBaHUW B BOAE;

[1], [2].

Teopemuyeckasi Yacmb:

TeopeTnyeckme OCHOBbI XMMWYECKOro aHanmMsa pacCcMaTpuBalOTCs C NO3ULNNA
3aKoOHa OencTBma Macc n nepuoguyeckoro 3akoHa .M. MeHgeneesa.

3akoH coxpaHeHusi Macchkl: Macca BeLLecTB, BCTyNaoLWmx B peakuuio, paBHa macce
BELLECTB, 00pasyoLmxcsa B pesynbrate peakuum.

3akoH nocmosiHcmea cocmaea. Besikoe YucToe BelwecTBO He3aBUCMMO OT cnocoba
ero nonyyeHns Bceraa MMeeT NOCTOSAHHbIN KaYeCTBEHHbIV Y KONTMYECTBEHHbIN COCTaBbl.

3akoH Oeticmeusi macc: CKOPOCTb XMMUYECKOM peakumm NpsamMo nponopumoHarnbHa
NPOV3BEAEHMIO KOHLEHTPALN pearnpyroLmnx BELLECTB.

3akoH Agoeadpo: B paBHbIX 0O6beMax pasfnuyHbIX ra3oB MNPy OOUHAKOBbLIX YCIOBUAX
(Temnepatype v AaBneHnn) COAEPXKNTCA OQNHAKOBOE YMUCIO MOMEKYII.

Cnedcmeue 3akoHa Aeozadpo: OguH Monb nboro rasa npu HOpPMasbHbIX
ycrnosusax 3aHuMmaeTt obbem 22,4 nutpa. Temnepatypa 0 °C (273 K) n gasnenue 1 atm.

(101325 lNa) xapakTtepudyeT HopMarbHble yCrnoBus (H.y.) And rasa.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Ana wun3mMepeHus KomuyecTBa BellecTBa B XMMWUW Hapsgy C rpaMmMoM M
KMNorpaMmmMoM Monb3ylTCA U chneumanbHOM Mepon KOonmMyecTBa BellecTBa — epamMm-
MosieKynod.

pamm-monekynol (unu mMosieM) HasblBaeTCs KOMMYEeCTBO BeLWecTBa B rpammax,
YNCIIEHHO PaBHOE €€ MONEKYIISAPHON Macce.

M3 3akoHa MOCTOSHCTBA cnegyeT, YTO 3feMEHTbl COeAMHSAITCS APpYr C OPYroM B
CTPOro oOnpeAeneHHbIX KONMMYECTBEHHbIX COOTHOLWEHUsX. [loaTomMy B XvMuio  Obinu
BBeOEeHbl MOHATUS akBuBaneHTa. (CrnoBo «3KBMBANEHTHbIN» B MNepeBode O3HayaeT
«PaBHOLIEHHbIN»).

OKeusaneHmMoM 3rieMeHma HasblBalOT Takoe €ero KONM4yecTBO, KOTopoe
coeguHsaeTcss ¢ 1 MoneM aTOMOB BOAOPOAA MM 3aMellaeT TO Xe KONIMYEeCTBO aTOMOB
BOAOPOAA B XMMUYECKUX peaKLMsX.

OKeusaneHmMoM CriI0XKHO20 8euw,ecmea HasblBaeTCsa TaKoe ero Kofm4yecTBo, KOTopoe
B3aMmogencTeyeT 6e3 ocrtaTtka C OOHWUM 3KBMBANEHTOM BOAOPOAA MM BooOLlEe C OAHUM
3KBMBaANeHTOM NbOro Apyroro BeLecTsa.

3akoH akeusaneHmos: BelecTsa B3aMMOAENCTBYHOT OPYr C APYrOM B KONMYECTBAX,
NPONOpPLMOHAanbHbIX X 3KBMBaNEHTaM.

KonunyectBo BellectBa B rpamMmax, YMCIIEHHO paBHOE €ro 3KBMBAIEHTY,
Ha3bIBaeTCs 2pamMM-3K8u8arieHmom (r-akB. ).

BaneHmHocmb annieMeHma — 3TO CMNOCOBHOCTb ero aTOMOB COEAUHATLCSA C APYTMMU
aToMaMn B OMpeAeneHHbiX COOTHOWEHUAX. BaneHTHOCTb anemeHTa B OaHHOM
coeanHeHWN onpenensieTcsi U3 COOTHOLLEHUS: aTOMHasi Macca / SKBUBAseHT.

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

Okcudbl — CNOXHbIE BELLECTBA, COCTOSLNE N3 ABYX SNIEMEHTOB, OAHMM U3 KOTOPbIX
aBnsieTca kncnopod. Okenabl 4enaTcsa Ha TP rpynnbl:

- ocHOBHble (Hanpumep, Na20, CaO);

- KncnoTHble (Hanpumep, CO2, SO3);

- amcoTepHble, KOTOpbIE B 3aBUCUMOCTU OT YCITOBWIA NPOSIBIIAIOT OCHOBHbIE WK
KMCNoTHble cBorcTBa (Hanpumep, ZnO, Al203, Cr20s3).

C nosnumi Teopum aNeKTPoNUTUYECKON gMccoumaumnmn KnaccnpmumpyoT:

Kucnomel — anekTponuTbl, AUCCOLMMpYIOLLME B pacTBopax ¢ obpa3oBaHMEM MOHOB
Bogopoda. Pasnuuaot kucnotel  kucnopogHble  (Hanpumep, H2SOs4, HNO3) wu
B6eckmucnopogHble (Hanpumep, HCI, HBr, H2S). Obwue cBoncTtBa KMCMAOT (KUCHAbINA BKYC,

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



KMPK BFAP® ®I'EO0Y BO «KI'TY»

MO-35 02 09-Or1.02.113 OCHOBbI AHATIMTUYECKOW XMWW 1 BUOXUMKMN | C.7/67

N3MEHEeHUs uBeTa MHAMKaTopa, B3aMMOLENCTBME C OCHOBaHMAMMU, COMSIMU, OCHOBHbIMU
okcugamm) obycrnoBrieHbl MOHaMn Bogopoaa.

OcHosaHusi — 3neKTponuTbl, Auccounmpylolmne B pacTBopax ¢ obpasoBaHWeM
rmgpokcua-unoHa. 'vgpokcng-moHamm  obycnosneHbl oOwue  WenovHble CBOWCTBA
OCHOBaHWN (MbINKOCTb Ha OLlynb, U3MEHEHWe LBeTa WHAuKaTopa, B3auMOAEWUCTBME C
KMCroTamu, CONAMM, KUCITOTHBIMU OKCuAamMm).

PasnuyaoT am@oTtepHble rmapokcuabl, KOTopble MNpu Auccouuaumm obpasytoT
ogHoBpemeHHo H* u OH- (Hanpumep, AI(OH)s, Zn (OH)2, Cr(OH)s wn gp.) wn
B3aMMOOENCTBYHIOT Kak C pacTBOpaMm KUCIOT, Tak U C pacTBOpaMu LLIENOYEN.

Conu — anekTponuTbl, Auccouunpylowme B pactBopax ¢ o6pasoBaHMEM KaTUOHOB
MEeTanmnoB U aHWOHOB KWUCIOTHbIX OCTaTKOB. PasnuyaloT cpefHue, Kucrble, OCHOBHbIE,
ABOWHbIE, KOMMSEKCHbIE CONMU. XUMUYECKME CBOKWCTBA conen obycnaBnuBarTcsa WX
OTHOLLEHMEM K MeTannam, Lenoyam, KUCrnotTam n Cossim.

OKcuObl aNeKTpoNUTaMmn He SABNSAKOTCS.

MonekynsapHyto mMaccy BellecTBa BbIYUCIAIOT No opMyne, Kak CyMMY aTOMHbIX
Macc aTOMOB, BXOASLMX B COCTaB MOneKkynbl BellecTBa. AToOMHaa macca 6epetcsa c
TOYHOCTbIO, yKaszaHHoM B Tabnuue «llepuognyeckass cuctema XMMUYECKUX SEMEHTOB
O.W. MeHgeneeBa». be3 ocobon HeOBXOANMOCTU ee OKPYrNAT 40 uernoro Yynucna (kpome
aTOMHOWN Mmacchbl xrnopa — 35,5).

Mpumep 1. MonekynapHas mMacca BOAbl, MOJfiekyna KOTOPOW COAEPXUT 2 aToma
BoAopoaa u 1 atom Kucnopoga, 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-3KkeuganeHm C/I0XKHO20 eewecmsa BbIHYUCIAIOT, WCXOAS U3 €ero
MOMEKYNSIPHON Macchbl:

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

OHCI=M/1=36,5Tr

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

Mpumep 4. [-3KB OCHOBaHUSA paBeH ero mornekynspHon macce (M), geneHHon Ha
KMCITIOTHOCTb OCHOBAHMS:

O NaOH=M/1=40Tr

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

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



KMPK BFAP® ®I'EO0Y BO «KI'TY»

MO-35 02 09-Or1.02.113 OCHOBbI AHATIMTUYECKOW XMWW 1 BUOXUMKMN | C.8/67

Mpumep 5. -3kB conu paBeH MOSEKYNAPHON Macce OeneHHOW Ha npou3BeneHue
BaNieHTHOCTWN MeTanna, Ha Y1Cro ero aToOMOB B MOJIEKyIE:

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

pamMM-aKBMBaNeHT CrOXHOrO BellecTBa B pasHblX peakuusx MOXeT ObiTb
pasnUYHbIM:

a) B peakumax obmeHa:

Hanpumep, Na2COs ¢ KUCNOTON MOXET pearmpoBaTth ABOSKO:

Na2COs + HCI = NaHCOs + NaCl (1)

Na2COs + 2HCI = 2NaCl + H2COs3 (2)

B peakumn (1) oann monb Na2COs pearunpyet ¢ 1 monem HCI, yto cooTBeTCcTBYET 1
r-aTomy BoAopoAa, a 3Haumt: 3 Na2CO0s = M Na2COs3 = 106 r.

B peakumn (2) 1 monb Na2COs pearupyeT ¢ 2 monamu HCI, cnegoBaTtensHo,

O Na:COs= M/2 =106/2 =53 r.

6) B OKNCNIUTENBbHO-BOCCTAHOBUTESNbHbBIX PeaKkuMaX rpaMM-3KBMBaSIEHT OKUCINTENS
N BOCCTAHOBUTENS HaXoOAT AeNeHneM UX MOMNEKYIAPHON Macchl Ha YUCIO NepexoasaLumx

3NEeKTPOHOB (N): 9 =M/n.

UcxoOHble mamepuaribl U OaHHbIE:!

OCHOBHbIe NOHATUS BapuaHTbl 3a8aHni

N 3aKOHbI XMW 1 5 3 7 5 6
3aKOH coxpaHeHus macchbl +
3aKoH NOCTOSAHCTBA +
coctasa
3akoH gencraunga macc +
3akoH ABoragpo +
CnepacTteue 3akoHa +
ABsoragpo
3aKOH 9KBMBANEHTOB +
'pamm-monekyna (Monb) + +
pamm-3KBMBanNeHT (r-aKB.) + +
BaneHTHOCTL anemeHTa + +
Kucnota, npumep + +
Conb, npumep + +
OcHoBaHue, Npumep + +
MonekynspHasa macca NazB40O7- H2S04 NaHCOs | Ba(OH)2 | CHsCOOH HsBOs

10H20
r-aks (3) Al(OH)3 Ca(OH): H2C204 FeSO4 Mn(OH): CH3sCOOK
-2H20

CodepxxkaHue u nopsidok 8bInosiHeHUs1 pabomsni:
1 O3HaKOMUTLCA C TEOPETMYECKON YaCTbIO 3aHATUSA.

2 o 3agaHHOMY BapuaHTy:

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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1) aTb POPMYNUPOBKN XMMUYECKUM MOHATUAM U 3aKOHaM (B BapuaHTe 3ajaHus

0603Ha4veHbl *);

2) npousBecT HeobxoauMMmble pacdeTbl MOJSIEKYNSPHON Maccbl M FpaMm-
9KBMBaseHTa BELLECTB C yKa3aHWeM eQUHUL, U3MepPEeHUs.

3 OchopmuTb OTHET NO NpakTU4eckon pabore.

4 OTBETUTb Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHMe NpakTUYeckoro 3aHATUS

Llenb 3aHATMSA

BapwuaHT 3agaHus

OT4yeT O BbINOMHEHMM Ha Kaxabl 3Tan pasgena «CopgepXaHne W NOPSOOK
BbINOSTHEHUST PabOThbI»

Cnuncok ncnonb3oBaHHOW NUTEpPaTypbl U APYrMX MCTOYHUKOB

BbiBoAabI

,D,aTbI n noanncun KypcaHTta u1 rnpenogaBatens

Bonipocbi 0r1si caMorposepKu:

1. YTo Ha3biBaeTca Monem?

2. Kak bopMynupyoTcs 3akKOHbl COXpaHEeHUs MaccChbl Y MOCTOSIHHOIO cocTaBa?

3. dopmynupoBka 3akoHa ABoragpo un cneactsus uM3 Hero. Kakue ycnosus
Ha3bIBaOTCS HOPManbHbIMU?

4. Yto Takoe r-sKkBMBAnNeHT? fBNseTcA M rpaMM-3KBMBANEeHT BellecTBa
NOCTOSIHHOM BeNMYMHON? OT Yero 3aBUCUT ero 3Ha4YeHne?

5. YTto Takoe BaneHTHOCTb anemMeHTa?

6. [laTb XxapakTepuCTmKy BaXXHENLLMX KITaCCOB HEOPraHNYECKNX COeANHEHUN.

7. Onpegenutb Maccy 50 NUTPOB OBYOKUCU CEPbI NPU H.Y.

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

MpakTnyeckoe 3aHATHUE Ne 2. KomnnekcHble coeauHEeHus: CTpo€eHwue,
Aunccouunauus, pacyet 3apsaga KOMHﬂeK0006p33OBaTe.ﬂﬂ, KOHCTaHTAa HECTOMKOCTHU

Llenb 3aHsmusi:

V|3y‘-II/ITb KOMMJ1IEKCHblE COEAUNHEHUNA. CTPOEHNE, ANnccoumnaumio, HOMEHKNaTypy.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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MK 1.1, MK 4.5.

Ycrionb3yemblie UCMOYHUKU:
Mepuogunyeckasa cnctema xummndeckmx anemeHtoB [1.. Mengeneesa;

KOHCTaHTbl HECTONKOCTH HEKOTOPbIX KOMIMJIEKCHbIX NOHOB,

[1], [2].

Teopemuyeckasi Yacmb:

KowmrinekcHble ~ cOeOUHEHUs. MoHbl  HekoTopbIX  anemMeHToB  obnagatoT
CNoCOBHOCTbIO NpUcoeanHATbL K cebe nonsipHble MONEKyIbl UM MOHbI, 00pa3ysi CNOXHbIe
KOMMMEeKCHble MOHbl. CoeanHeHus, cogepXallume KOMMIEKCHbIE WOHbI, COXpaHSAoLne

COCTaB KOMIJ1EKCA MNMpun gnccounaunmn, Ha3blBaltOTCA KOMII€KCHbIMU COEOUHEHUSsIMU.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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O6pa3sytoTcsa OHM NpY B3aUMOAENCTBMM ABYX BELLECTB, Hanpumep:

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

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

KomnnekcHble coeavHeHusi, obpasoBaHHble KaTUOHaMW C  OpraHU4yecKUMu
BELLEeCTBaMW, Ha3blBaOTCA KOMIM/IEKCOHaMU.

LleHTpanbHbIN MOH MNN aTOM KOMMEKCOHa Ha3blBalOT KOMIMIEKCOObpazosamenem.
B npuBefeHHbIX Nnpumepax aTo aToMbl Meau 1 xernesa. VIoHbl unm nonspHble MOMeKynbl,
CBsi3aHHblE C KOoMMekcoobpasoBaTenem, HasbiBalT siueaHdamu unu addeHOamu. B (1)
KOMMNeKce nuranabl — MOMeKybl aMmmuaka, Bo (2) Komnnekce nuraHabl — LMaHua-NoHbI.

Unucno nuraHgoB, CBsi3aHHbIX € KOMMnekcoobpasoBaTernem, HasbiBaeTcs
KOOPOUHAaUUOHHbLIM 4UCITIOM (K.4.).

PasnuyatoT BHYTPEHHIO N BHELHIO cepbl KoMmnnekca. Hanpumep, B KOMNnekce
(1) ueHTpanbHbIX aTOM Meau BMecTe C NuraHgamu, Mosfiekynamu ammuaka, obpasyeTt
BHYTPEHHIO cdepy, a CynbdaT-uoH — BHELWHOK. ATOMbI, BXOASLWME BO BHYTPEHHIOK
chepy, 3aknovalT B KBagpaTHble CKOOKM. [MOCKONbKY 3apsabl BHYTPEHHEN M BHELUHEN
cep paBHbl Mexay cobor 1 NPOTUBOMOMOXHbBI MO 3HAKY, TO KOMMMEKCHOe coeAuHeHne
3NEKTPOHENTPanbHO.

KomnnekcHble coeamMHeHnsa guccouumnpyoT ¢ obpasoBaHMeM KOMMMEKCHbIX MOHOB:

Ka[Fe(CN)s] < 4K* + [Fe(CN)s]* (3)

Hunccoumaumsa (3) nponcxoguT No BHELLHEN cdepe.

KomnnekcHble MoHbl 06naaatoT pasnUYHOM CTENEHb YCTOMYMBOCTU U B pacTBOpax
crnocobHbl B CBOK oYepedb obpatumo cnabo guccouumpoBatb. Peakums auccoumaumu,
Hanpumep: [Fe(CN)s]* <« Fe?* + 6CN-, onucbiBaeTcs KOHCTaHTON paBHOBECKS,
Ha3blBaeMOW KOHCmMaHmou Hecmoukocmu, koTopasi bygeT paBHa:

Ku = ([Fe?*] - [CN1°) / ([Fe(CN)s]*.

Yem Gonblue 3HayeHne Ky, TeM MeHee NpoYeH KOMMIEKC, TeM ferye pacnagaeTcs
OH B pacTBOpe.

Mcxoas 3 KOHCTaHT HECTOMKOCTM KOMIMMEKCOB, MOXHO BblYUCHSATb KOHLIEHTpaUMIO
NMPOCTbIX NOHOB, NPUCYTCTBYIOLLNX B pacTBOpPax KOMMMEKCHbIX conen. A aTo Heobxoammo
3HaTb A4NA OCaXAeHWs U3 pacTBopa TOro UM MHOro NPOCTOro MoHa.

KowmrinekcHble comu — conu, Npy guccoumauun KOTopbiX B BOAHOM pacTBope
KOMMNSEKCHbIE KaTMOHblI MMM aHWOHbI COXPAHSAOT CBOWM COCTaB. TOMbKO MpU 0CObbIX

yCriogusX OHW MOTYT pa3naratbCA Ha COCTaBHble Y4YaCTuU WA 06p8308bIBaTb HOBbIE

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Komnnekcbl. B popmynax KOMNekCcHbIX conen crieBa 3anucbiBaloT oOpMyry KaTMOHa, a
3aTeM (cnpasa) — OpPMYyIy aHMOHa, T.e. aHaNnoOrm4yHO 3annUcuK NPOCTbIX CONEN:

Ks[Fe(CN)s] — rekcaumnanodeppart (1) kanusa (cpegHasa conb — KsPOs).

LeoliHble conu — conu, KOTopble B BOAHOM pacTBOpe AUCCOLMUPYIOT Ha BCe BUAbI
NOHOB, BXOASALLMX B UX COCTaB:

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

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

Kpucmannozaudpamel — KpucTannuMyeckue BellecTBa COMeun, KACNOT, OCHOBAHUA U
OpraHM4yecKkMx COeAMHEHUN, WMewlwme B cocTaBe oaHy U 6onee  Monekyn
KpuUCTannm3aawmMoHHON BOAbI, Hanpumep:

CuSOs4 - 5H20
H2C204 - 2H20.

MHorne kpuctannormgpatbl SBNSAIOTCA KOMMMEKCHbIMUA COeAMHEHUAMMN, HaNpUMeEp:
CrCls - 6H20 = [Cr(H20)6]Cls.

HomeHknamypa KOMMMEKCHbIX coeduHeHuUl. HasBaHMsi KOMMMEKCHbIX COnewn
obpasyoT no obuwiemy rpasusy: CHayana HasbiBalOT aHWOH, a 3aTeM — KaTUOH B
poauTeNnbHOM nagexe.

Ha3BaHne KOMMNNEKCHOro KaTuOHa COCTaBMsAT creaykowmMm obpasoM: cHadana
yKasblBaloT YMcna (MCnonb3ysa rpevyeckme YncnutenbeHble: Ou, mpu, mempa, rneHma, 2ekca
W T.4. U HAa3BaHUA OTpULATESNbHO 3apsXKeHHbIX NUraHaoB ¢ okoHYaHnem «ox» (Cl- — xsopo,
S04 % — cynbgpamo, OH- — a2udpokco n T.N.; a 3aTeM yKasblBalOT YuUCNa M Ha3BaHUS
HEeMTpanbHbIX NMraHgoB, NpMYeM BOAA Ha3blBaeTCA akea, a aMMUaKk — aMMUH; NOCNeaHNM
HasblBalOT KoMMnekcoobpasoBaTernb, yKkasblBasi €ro CTeneHb OKucneHuss (B ckobkax
PUMCKMMU Lncbpammn nocne Ha3BaHMs KoMnnekcoobpasoBaTens), Hanpumep:

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

Ha3BaHne KOMMMEKCHOro aHWOHa COCTaBMSOT aHanoOrMyHO Ha3BaHUIO KaTMOHa U
3aKaH4YMBaKT CyPAUKCOM «aT», Hanpumep:

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

HasBaHnsa HenTpanbHbIX KOMMAEKCHbIX YacTul obpasyloT Tak e, Kak U KaTUOHOB,
HO KoMmnnekcoobpasoBaTenb HasbiBalOT B MMEHUTENbHOM Najexe, a CTeneHb ero
OKACNEHNS He YKasbiBalOT, TaK Kak OHa Onpefensercs 3NeKTPOHEUTPanbHOCTbIO
komnnekca. Hanpumep, [Pt(NH3)2Cl2] — guxnopognammuHnnatuHa.

Mpn cocTtaBneHMn ypaBHEHUS peakuui, B pesynbTaTe KOTopbiXx 0OpasylTca

KOMMNMEeKCHble COeAMHEeHUsi, HeobXoaumo YyuuTbiBaTb Mpasusio onpedeneHus 3apsida

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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KOMIM/IEKCHO20 UOHAa: 3apsii KOMMMEKCHOro MoHa paBeH anrebpanyeckon cymme 3apsiioB
NOHOB, 13 KOTOPbIX OH 0Bpa3zoBarcs.

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

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

Mpumep 2. OnpegennTb CTeNeHb OKUCNEHUS MeaW B KOMMSIEKCHOM  WOHe
[Cu(NHa)4]?*.

PeweHue. Tak kak yactnubl NHs HenTpanbHbl, TO 3apsi OHa Meau paBeH 3apsay

BCEro Komnrekca, 1.e. +2.

UcxoOHble mamepuaribl U OaHHbIe:

Bapuant KomnnekcHoe coegnHeHmne
3agaHuA

K2[Hgl4]

Cuz[Fe(CN)e]

Fes[Fe(CN)s]2
[Cu(NH3)4]SO4

1

2

3

4

5 Ka[Fe(CN)e]

6 Ba[Cr(NH3)2(SCN)4]2
7 Ka[Fe(CN)e]

8 K[AI(OH)4]

9 [Cu(NH3)4]SO4

10 K2Na[Co(NO2)e]

11 [Cu(NHs3)4](OH)2

12 Fes[Fe(CN)e]s

13 Ka[Cr(OH)s]

14 Zn3[Fe(CN)e)2

15 K2[PtCl4]

16 [Cr(NH3)4(CO3)ICI
17 [Cu(NH3)2(SCN)2]
18 [Cr(NH3)3(H20)3]Cls
19 [Pt(NH3)2Cl4]

20 [Cr(H20)4P0O4]

CodepxxaHue u rnopsidok 8bInosiHeHuUs1 pabomsbi:
1 O3HaKOMUTLCA C TEOPETMYECKON YaCTbIO 3aHATUA.
2 1o 3agaHHOMY BapuaHTy:
1) baTb Ha3BaHWE KOMMIEKCHOMY COEQUHEHWNIO;
2) HanucaTb YpaBHEHWE ero guccoumauuu;
3) ykasaTb KomnnekcoobpasoBaTenb 1 paccumMTaTth ero 3apsg;
4) ykasaTb nuraHabl (agaeHabl);
5) HaNTK KOOPANHALMOHHOE YNCHO.

3 OdhopmuTb OTYET MO NpakTn4yeckon paboTe.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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4 OTBETUTb Ha KOHTPOSbHbIE 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»

Cnuncok ncnonb3oBaHHOW NUTepaTypbl U APYrMX MCTOYHUKOB

BbiBoAabI

[aTbl n nognucu KypCaHTa 1 npenogaBartens

Bonipocbi 0r1si caMornposepKu:

Kakne conu HasbIBatOTCS KOMMNIIEKCHLIMMN?

UTo Ha3biBaeTCcs koMmnrekcoobpasoBarenem?

YT0 Takoe nuraHgbl?

YTo nokasblBaeT KOOPAMHALMOHHOE YNUCIO?

BHyTpeHHss1 1 BHeLwHAA cdbepbl komnnekca? Jante npumepsl.
Kak anccoummpytoT KOMMNNEKCHbIE CONK, 4BONHbIE CONMU?

UTO Takoe KOMMIEKCHbIN UOH?

© N o g b~ W DN =

UTo BblpaxxaeT KOHCTaHTa HECTOMKOCTM KOMMMEKCHOro noHa?

Mpaktnyeckoe 3aHATMe Ne 3. [uccoumaumsa KAUCNOT, OCHOBAHWUN, COJEN.
Peakunn noHHoro o6meHa. CnocoObl BbipaXXeHUs1 KOHLEeHTpauum pactTBopoB

Llenb 3aHsmusi:

3HaTb onpedeneHns  KUCNOTbl, OCHOBaHWA, CONMWM B  CBeTe  Teopumn
3NEKTPONUTUYECKON Aauccounaumm. YMeTb Jdenatb pacyeTbl Npu  NPUroTOBNEHUM

pacTBOPOB pasfiMyHom KoHueHTpauun MK 1.1, MK 4.5.

Ucrionb3yembie UCMOYHUKU:
Mepuogunyeckasa cnctema xummndeckmx anemeHtoB [.. Mengeneesa;

Tabnuua pacTBOPUMOCTM KMCHOT, CONEN U OCHOBaHW B BOAE;

[1], [2].

Teopemuyeckasi Hacmhb:
BewecTtBa, pacnagatowmecss Ha MOHblI B pacTBOpax WnM pacnnaBax M MnoTomy
nNpoBOAsILLME 3JMEKTPUYECKUA TOK, HasblBalTCs anekmponumamu. K anektponutam

OTHOCATCA KUCIO0Tbl, OCHOBAHNA N NOYTU BCE COJIN.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Pacnag 3nekTponuToB Ha WOHbI MNpW pPacTBOPEHUMM UX B BOAE Ha3blBaeTcs
anekmponumu4yeckol  ouccoyuayuelt. C  NOMOLWbLID TEOPUM  INEKTPOSNIUTUYECKOM
anccoumaumn, kotopyto paspabotan C. AppeHuyc (naypeat Hobenesckon npemun 1903
roga), onpeaensitoT U ONMCbIBaOT CBOMCTBA KUCIOT, OCHOBAHWN U CONEN.

C nosuumi Teopum aNeKTPONUTUYECKON AMccoumaumnmn KnaccnupmumpyoT:

Kucrnomamu Ha3sbIBalOTCA SMNEKTPONUThLI, NPU AuMccoumMauum KOTOpbIX B KavyecTBe
KaTnoHa obpasyeTcsi TONbKO KaTMOHbI Bogopoaa. (KaTuoHbl — NONOXUTENBHO 3apsKEHHbIE
WOHbI, aHWOHbI — OTpULIATENbHO 3apsiKeHHbIE NOHbI). Hanpumep,

HCl - H* + CI

CH3COOH < H* + CH3sCOO-

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

Hanpuwep,
H3POs4 «— H* + H2PO4 (1 cTyneHb)
H2POs4 « H* + HPO4? (2 cTyneHb)
HPO4% « H* + PO4* (3 cTyneHb)

OcHosaHusIMU Ha3bIBaKOTCA 3NEKTPONUTLI, NPpU OMCCOLMALMN KOTOPbIX B Ka4yecTBe
aHNOHOB 06pas3ytoTCsa TONbKO rMAPOKCUA-MOHbI. Hanpumep,

NH4OH < NH4* + OH-; KOH < K* + OH-

OcHoBaHusl, pacTBOpMMble B BOAE, Ha3blBAlOTCA wesiodamu. OTO OCHOBaHUSA
LLEeNoYHbIX U weno4YyHodemenbHbix MeTannoB: NaOH, KOH, Ca(OH)z2, Ba(OH)2, a Takke
NH4OH.

[BYyX- N MHOTOKUCINOTHbIE OCHOBaHMSA OUCCOLUUPYIOT CTyMNeH4YaTo:

Ca(OH)2 « Ca(OH)* + OH- (1 cTyneHb)

Ca(OH)* < Ca?* + OH- (2 cTyneHs)

ConsiMu HasbIBalOTCA 3MEKTPONUTbI, MpM  Aguccoumauum KoTopbix obpasytoTcs
KaTMOHbI MeTannoB (a Takke kKaTMOH aMMoHus NH4*) M aHMOHbI KMCAOTHBIX OCTaTKOB,
Hanpumep, NasPOs < 3Na* + PO4*

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

Tak ONCCoOUMMNPYOT CcpegHune CoJin. Kucrble e n OCHOBHblE COMU AOnccounmnpyroT

CTyneH4yaTo:
Kucnole: KHSO4 < K* + HSO4
HSO4 < H* + SO4?*
OcHoOBHbI€: Mg(OH)CI < Mg(OH)* + CI-

Mg(OH)* <> Mg2* + OH-

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Anccoumaums — obpaTmbl NpoLeCC: NapannensHo ¢ pacnagoM MOJSIEKY Ha NOHbI
(Ouccoumaumsa) npoTekaeT npouecc coeavHeHUa WOHOB (accoumauus). [loatomy B
YPaBHEHUAX 3MEKTPONUTUYECKON AMCcouMaumMm BMECTO 3Haka paBeHCTBA CTaBAT 3HaK

obpatnmocTu («).

Peakyuu uoHHo20 obmeHa.

CornacHo Teopun 3neKTPONMTUYECKON AuccouMaumm BCE peakumMm B BOAOHbIX
pacTBopax 9NeKTPONMTOB SABNATCA peakumsmmn mexagy uoHamu. OHKM  HasbiBaOTCA
UOHHbIMU peakyusiMu, a ypaBHEHUSI 3TUX peakuni — UOHHbIMU YPasHeHUSIMU.

Mpwn CoCTaBneHun nx cnegyet y4nTbIBaTb, yTO BelllecTBa
ManogMccounMnMpoBaHHble, ManopacTeopumblie (BbiNagalowme B 0CafoK) M ra3oobpasHble
3anucbiBaloTCa B MOneKynsapHon dgopme. 3Hak | obo3HavaeT ocagok, 3Hak 1 — ras.
CunbHble 3NeKTPoNnUTbl Kak MONMHOCTLI ANCCOLMMPOBaHHbLIE 3annCbIBalOT B BUAE WUOHOB.
CyMma anekTpuyeckuMx 3apsifoB NEBOW 4YacTu ypaBHEHMSI OOMkHa ObiTb paBHa cymme

3apsag0B NpaBon YacTu.

KoHueHmpauyuro pacTBopa WNU COAEP)KaHME BELLECTBA B pPaACTBOPE BblpaXkaroT
HEeCKOmnbKMMK cnocobamun: NpoLeHTHas, MONsipHas, HopMmarbHas, MondanbHasa, TUTP.

lMpoueHmHasi KOHUeHmMpayusi N0 Macce BblpaxaeT YNCII0 FPaMMOB PaCTBOPEHHOO
BewecTBa B 100 r pacteopa. Hanpumep, 100 r 30 % - Horo pactBopa a3oTHOM KUCMOThI
cogepxumt 30 r HNO3 n 70 r BoAbl.

MonspHass KoHueHmpauusi unu MosigpHocme (M) BblpaxaeT 4YuMCno Monen
pacTBOpeHHOro BewlectBa B 1 nutpe pacteopa. EguHMua wmnamMepeHuss MOSSIPHOMN
KOHUeHTpaumn — monb/n. Hanpumep, 1M H2SO4 0603HavaeT: pacTBOp CEPHOWN KUCMNOTHI, B
KaXgoM NMTpe KoToporo cogeputcs 1 monb, T.e. 98 r H2SOa4.

HopmarnbHas KoHUeHmpauusi unu HopmarnbHocms (H, N) BbipaxaeT 4Mcro rpamm-
9KBMBAaneHTOB pacTBOPEHHOro BewlectBa B 1 nutpe pactBopa. EguHuua mamepeHus
HOpManbHOW KOHUeHTpauun — r-ake/n (H). Hanpumep, 1H H2SO4 obosHavaeT: pacTsop
CEPHOWN KUCIOTbI, B KaXXOOM NUTpe KoToporo cogepxntca 1 r-ake, 1.e. 49 r H2SO4. YacTto
BMECTO HOPMaribHON KOHUEHTpauun ynoTpebnsaioT Ha3BaHWe «MOJSISPHOU KOHUeHmMpayuu
akgusaneHma» (M), monb/n (Monb/am?), n ykasbiBaloT PaKTop 9KBUBANEHTHOCTU, fake, UMK
xummyeckyto peakumto. Hanpumep, 1M H2SO4 (fos = 72) 0603HA4YaeT: pacTBOp CepHOM
KMCNOTbI, B K&XO0OM NUTPE KOToporo cogepxmntcs 1 Monb-akB, T.e. 49 r H2SOa.

MonspHast KOHUEHTpaumus aKBMBaneHTa Bcerga 6Gonblie unm paBHa MONSAPHOM
KOHLIEHTpaumm pacTeopa.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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MonsnbHasi KOHUeHmpauusi unu MorssiribHocms (M) BbipaxaeT 4ucno Monen
pactBopeHHoro Bewlectsa B 1000 r pactBoputens. EgmHnua mMonanbHOM KOHUEHTpauum —
Monb/1000 r pacteoputensa. [Ons pasbaBneHHbIX BOAHLIX PaCTBOPOB YUCMEHHbIE
3Ha4YeHNss MONANBHOCTUN N MOJSIAPHON KOHLIEHTpaLMM coBnagator.

Ecnn B 1 n pactBopa cogepxutca 1,0; 0,1; 0,01 n 0,001 r-askB pacTBOPEHHOro
BELLEeCTBa, TO PacTBOP Ha3blBAeTCA COOTBETCTBEHHO HOPMarbHbIM, AEUUHOPMAanbHbIM,
CaHTMHOPMarbHbIM UM MUNNIMHOPMAarnbHbIM. 1o aHanormm HasblBalOTCA pacTBOpbI
MOJISPHOW UM MOSISAANIBHOW KOHLIEHTPaLUM.

Tump pacmeopa (T) — TO4HOE 4YMCIO rPaMMOB PaCcTBOPEHHOro BeuwectBa B 1 Mn
pactBopa. EguHuua Tutpa — r/mMn (r/cm3). TloHATME «TUTP» YacTo 3aMeHsIloT
HOPMUPOBOYHLIM KO3GhUUUEHMOM.

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

PeweHue.

1) Hampem wmaccy conu, Heobxogumyro ONd MpUroToBNEHUs pacTBopa U3
nponopumu:

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

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

500 -25=475r

Mpumep 2. K 15 % - Homy pacTteBopy, macca kotoporo 80 r, gobasunu 30 r BoAbl.
Kakon ctana maccoBasi 401 paCTBOPEHHOIO BeLLeCcTBa B NOSly4eHHOM pacTBope?

PeweHue.

B pesynbtate pasbaBneHus pactBopa BOAOW Macca pacTtBopa yBenuyunach, a
BeLLEeCTBa B HEM OCTaroCb CTOSbKO Xe.

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

2) Paccuntaem maccy BHOBb nony4veHHoro pactsopa: 80 +30=110r

3) Paccuntaem maccoByto LOMO pacTBOPEHHOIO BELLECTBA BO BTOPOM pacTBOpE:

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

Mpumep 3. Paccuntante Mmaccy xnopuga 6apus, Heobxoaumyo Ons
NPUroTOBIEHMA 2 N pacTBopa, KOHUEeHTpaumst kotoporo 0,2M.

PeweHue.

1) Maccy conu, cogepxawienca B 1 n pacteopa, paccyMTtaem nu3 nponopLmmn:

1M BaClz2 coaepxut 1 monb/n conu unun 208 r BaCl2 B 1 nn pacteopa

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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0,2M BaClz cogepxut 0,2 - 208 = 41,6 r BaCl2B 1 nn pacTtBopa
2) Macca conu, cogepxawasnca B 2 n: 41,6 - 2 = 83,2 r BaClz
Mpumep 4. Onpepenute maccy 6essogHon cogbl Na2COs, Heobxogumyro ans

npurotossieHna 500 mn 0,1 H pacTeopa.

PeweHue.

1) Nopcuntaem rpamm-aKBMBaANEHT COAbI:

O NaxC0s = M/2 =106/2 =53 1

2) Haxogum maccy Na2COs onst npurotoBneHnsa pacreopa:

1H Na2COs cogepxmt 1 r-aks/n unm 53 r Na2COs B 1 i1 pacTtBopa
0,14 cogepxut 0,1 r-ake/n unn 5,3 r Na2COs B 1 n pacteopa

3) Macca cogpl B 500 mn (0,5 n) coctaBut 5,3-0,5=2,65T

UcxoOHble mamepuaribl U OaHHbIE:!

BapuaHThl

3aJaHun
1 1) Cxonbko waseneson kucnotbl (H2C204 - 2H20) Heobxoaumo ansa npurotosneHunsa 100 mn

0,15 H pactBopa?

2) KakoBa HopmanbHas koHueHTpauus 0,1M pactBopa xnopuga xpoma?

2 1) MpurotoBuTb 3 H pactBop MgSO4 B 06BEME 300 M.

2) KakoBa npoueHTHas KOHLEHTpaLmsa pacteopa, NOfy4YeHHOro Npu pacTBOpeHnn 75 1

K2CO3 B 300 r BOABI?

3 1) B 200 mn pactBopa HNOs copgepxuntcs 2,451 HNOs. BblunmcnnTe MOMSPHOCTL U

HOpMarnbHOCTb pacTeopa.

2) Ckonbko rpammoB KCl Heobxogumo aobasutb k 100 r Boabl ans nonyyeHms 20 % - Horo

pacTtBopa conun?

4 1) Ckonbko rpammoB NaOH cogepxutca B 2 n 0,1 H pacteBopa?

2) Ckonbko rpammoB NaCl Heobxoammo pacteopuTb B 100 r Boabl Ans nonydenus 1 % -

Horo pacteopa?

5 1) B 200 mn pactBopa H2SO4 cogepxutca 2,45 r H2SO4. BbluncnnTb MONAPHOCTb U

HOpPManbHOCTb pacTBopa.

2) Ckonbko rpammoB NaCl Heobxogmmo pacteopuTb B 100 r Bogbl Anga nonydenus 10 % -

Horo pacteopa?

3apgayn

6 1) Onpegenutb Maccy cynbdarta HaTpus, Heobxoaumyto ans npurotosnexunsa 200 mn 0,01
H pacTBopa.

2) B 250 mn Bogpl pactsopunu 90 r conu. KakoBa npoueHTHasA KOHLUEHTpaums Nofy4YeHHOoro
pacteBopa (MA0THOCTb BOAbI paBHa 1 r/mn)?

7 1) KakoBa npoLeHTHas KOHLEeHTpaumMs pacTBopa Nomny4eHHoro npu pactsopeHun 175 r
K2COs B 1300 r BOABI?
2) KakoBa HopMarnbHas koHueHTpauusa 0,1 M pactBopa xnopuvga kanusa?

8 1) Ckonbko rpammoB KCI Heobxogumo gobasuteb k 100 r Bogbl anga nony4veHus 10 % - Horo
pacTtBopa conun?
2) KakoBa HopMarnbHas koHueHTpauus 0,1 M pactBopa xnopvaa aMmmoHns?

9 1) KakoBa monsipHas koHueHTpauus 0,5 H pacTBopa cynbgarta mean?
2) B 140 mn Boabl pactsopunu 30 r conu. KakoBa nNpoLeHTHas KOHLEeHTpaums nony4yeHHoro
pacTtBopa (NNoTHOCTb BoAbl paBHa 1 r/mn)?

10 1) Ckonbko rpammoB KOH coaepxuntca B 200 mn 2 H pacteopa?
2) Paccuutatb Maccy xnopuaa HaTtpusi, HeobXoouMyo AN NPUrOTOBMEHUSA 2 1T pacTBopa C
KOHUeHTpaumen 0,2 M.

11 1) MpuroTtoBuTb 0,2 H pacTBop KOH B 06B€Me 0,5 n.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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2) Paccuutatb Maccy xnopuaa Hatpusd, Heobxoaumyto ang npurotosneHus 0,5 n pacteopa
¢ KoHueHTpauuen 0,01M.

12 1) Ckonbko rpammoB NaCl Heobxogmmo pactBopute B 100 r Bogsl Ansa nonyvexHms 7% -
HOro pacreopa?
2) MpurotoButb 0,01M pacteop NaOH B 06b€me 100 mn.

13 1) B 200 mn pactBopa KNOs cogepxutca 2,451 KNOs. BbluucnuTe MONSIPHOCTb U
HOpPManbHOCTb pacTBopa.

2) Bbumcnuts monsipHocTe pactBopa NaCl 0,5 % - HoM KoHueHTpauun. [noTHOCTb
pacteopa 1 r/cm?®

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

14 1) PaccumTatb Maccy xnopuga HaTpusi, HeOOX0AMMYHO A4S NPUMroToBeHMa 5 N pacTBopa C
KoHueHTpaumen 0,1M.
2) B 500 mn Boabl pactsopunu 90 r conu. KakoBa NpoLeHTHasa KOHLEHTpaLnst NOMy4YeHHOro
pacTtBopa (NNoTHOCTb BoAbl paBHa 1 r/mn)?
15 1) MpurotoBuTtb 5 % - HbI pacTBop NaOH B 06v€me 500 mn.
2) Onpegenutb maccy CuSO4, Heobxoammyto ans npurotosnexnus 200 mn 0,01 H pacTBopa
1 200 mn 0,01M pacTtBopa.

16 1) B 240 r Bogb! pactsopunu 80 r conu. KakoBa % - Hast KOHUEeHTpauma?
2) MpuroTosutb 0,01M AgNOs3 B 06béMe 0,5 n.
17 1) B 200 mn pactBopa K2SO4 copgepxutca 2,451 K2SO4. BblumcnmTe MONAPHOCTb U

HOpMarnbHOCTb pacTeopa.
2) B 300 r Bogb!l pacteopwnu 80 r conu. KakoBa % - Has koHUeHTpaumsa?

18 B 750 r Bogpl, pactBopunu 60 r AgQNOs. KakoBa npoLeHTHas KOHUEeHTpaums Nony4YeHHOro
pacTtBopa?
2) MpurotoButb 0,1M AgNO3 B 06bEMEe 0,5 1.

19 1) KakoBa MonsipHasi KOHLEHTpauUus 2 H pacTBopa COJIIHON KACNOTbI?

2) B 200 mn Bogpl pactBopunu 50 r conu. KakoBa NpoLeHTHasA KOHLEHTpaLUmMs NOMy4YeHHOro
pacTtBopa (NNOTHOCTb BoAbl paBHa 1 r/mn)?

20 1) Ckonbko Boabl HeobxoamMMo nNpmbaeuTb k 500 Mn 20 % - ro pacTBopa NoBapeHHOWM conu
(nnoTHOCTb 1,152 r/Mn), 4TobbI NONY4YnTE 4,5 % - HBIV pacTBOpP?

2) B 300 mn pactBopa cogepxutca 0,3723 r Tnocynbata Hatpus (Na2S203 - 5H20).
OnpegenuTte MOMSPHOCTb M HOPManbHOCTb PacTBopa.

21 1) B 200 mn cnmpTa (nnotHocTb 0, 84 r/cm?3) pacTBopeHo 17 r oga. Yemy paBHa
NPOLIEHTHAs KOHLEHTpaLUua Nony4YmBLLErocs pactsopa?

2) Onpegenntb maccy CuSOQO4, Heobxoammyto ans npurotosnexnus 200 mn 0,01 H pacTBopa
1 200 mn 0,01M pacTtBopa.

22 1) KakoBa HopManbHas KOHUEeHTpauus pacTeopa, ecnv u3BecTHo, 4to B 500 mn pacteopa
cogepxutca 5 r cynbduTta HaTpms?

2) Ckonbko rpammoB NaNOs 1 Boabl Heobxoammo ans npurotoenexunsa 1,6 kr 10 % - Horo
pacTtBopa?

23 1) Onpegenutb Mmaccy CuSOQO4, Heobxoaumyto ansa npurotoenexms 200 mn 0,01 H pacTBopa
n 200 mn 0,01M pacTBopa.

2) NpwuroTtoButb 0,5 H pactBop AgNO3 B 06BbEMe 1500 mn.

24 1) Ckonbko rpammoB Na2SOs notpebyetcst ans npurotoBneHma 5 n 8 % - Horo pacTtBopa
¢ nnotHocTblo 1,075 r/cm3?

2) Npurotosutb 0,5 H pactBop KMnO4 B 06b€Me 1500 mn.

CodepxxaHue u rnopsidok 8bInosiHeHuUs1 pabomsi:

1 O3HaAKOMUTLCA C TEOPETMYECKOM YaCTbIO 3aHATUA.

2 1o 3agaHHOMY BapuaHTy:

1) pewnTb 3a4a4un C NOSICHEHUSAMU U yKa3aHUEM eMHUL N3MEPEHWS;

2) HanucaTb AUccounaLmIo 3NeKTPONIMTOB, NPUBEAEHHbIX B 3aJa4vax;

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

3 OdhopmuUTb OTYET MO NpakTn4eckon pabore.

4 OTBETUTb Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxxaHue om4yema:
HanmeHoBaHMe NpakTUYeckoro 3aHATUS

Llenb 3aHATMSA

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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BapuvaHT 3agaHus

OTyeT O BbBINONMHEHMM Ha Kaxabld 3Tan pasgena «CogepxaHune M nopsnok
BbIMNONHEHUS paboTbl»

Cnncok ncnonb3oBaHHOW NUTepaTypbl U APYrMX MCTOYHUKOB

BbiBOAbI

[aTbl n nognucu KypCaHTa 1 npenogaBarend

Bonpocbl 0risi caMornposepKu:

1. llante onpeneneHnsa MOHATUAM «KUCMOTa», «OCHOBaHWE», «COSfib» B CBETEe
TEOPUN 3NEKTPONIMTUYECKON ANCCOLMaLINN.

2. Y10 Ha3bIBaeTCsa KOHUEHTpaLumen pacteopa? Kak oHa BbipaxaeTcs?

3. Hanuwmnte ypaBHeHUs cTyneH4aTon auccounaumm criegytowmx kmenot: Ha2SOs,
H2S, H3AsOa.

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

5. Hannwwnte ypaBHeHus auccoumaumm crnegyrowmx ocHoBaHui: Ba(OH),
Ca(OH)2, AI(OH)s.

6. HanuwuTe ypaBHEeHUs peakuun B MOMEKYNSPHOM U MOHHOW popmax Mmexay
pacTBOpamu xnopuaa HaTpusa n HuUTpaTa cepebpa.

7. Hannwmnte ypaBHEHWA peakuun B MOJSIEKYSISIPHOW U MOHHOW doopMe Mexay

pacTtBopamu xriopuga 6apms n cepHon KNCMOTbI.

3.2 Bropas aHanutu4yeckas rpynna KaTUoOHOB

MpakTuyeckoe 3aHATMEe Ne 4. BbluucneHue cTeneHM Auccouuauuu no
KOHCTaHTe AUCCOLMALMM U KOHLUEHTpauum 3neKkTponuTtoB. BbluncneHme 3HauveHun
npou3BefeHnss pacTBOPUMOCTU OMHapPHbLIX 3NEKTPOSINTOB MO PacTBOPUMOCTU U
HaobopoT

Llenb 3aHsmus:

YMeTb BblMUCNATb CTENeHb Auccoumaumm Mo KOHCTaHTe Aauccounaumm  u
KOHUEHTpaumMm  3MeKTPONUTOB,  3HAYEHUs  MPOU3BEOEHMS  PacCTBOPMMOCTM MO

pactBopumocTh n HaobopoT MK 1.1, MK 4.5.

Ucnonb3yembie UCMOYHUKU:

MNepunogunyeckas cuctema xmmmndeckux anemeHTos .. MeHpeneesa;
Tabnuua pacTBOPUMOCTM KMCMOT, CONEN U OCHOBaHW B BOAE;
Tabnuua nponsseaeHnin pacTBOPMMOCTY;

Tabnuua KoHCTaHT guccoumaunm;

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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[11, [2]-

Teopemuyeckasi Yacmb:

BewectBa, pacTtBOpbl KOTOPbIX MOMIHOCTBKD WMSIM YaCTUYHO COCTOST W3 MOHOB,
Ha3blBalOTCS asrlekmponumamu. Pacnag mMonekyn Ha MOHbl N0 AENCTBMEM MONEKyN BOAbI
(vnn gpyroro pacTBopuUTENs) Ha3bIBaeTCs 3/IeKmposiumuyeckou duccoyuayued.

Hunccoumauma — npouecc obpatumbiri. CnocoOHOCTL BellecTBa pacnagatbCsa Ha
MOHblI NOL AENCTBMEM MOJSIEKYNT PacTBOPUTENS XapakTepuayloT BENUYUHON CTENeHu
ANEKTPONNTUYECKOWN AMCCoUMaLnmM UM KOHCTaHTbI AUCCoLUMaLmn.

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

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

roe C — obuiee Yncno pacTBOPEHHbIX MOSIEKY;

X — YMCNO MOJEKYN, pacnaBLUNXCS HA UOHBI.

Takum obpasom, cmeneHbo Ouccoyuayuu Ha3blBAeTCA YUCNO, NoKasbiBatollee,
Kakas 4yacTb OT OBLLEro KonimyecTsa pacTBOPEHHOIO ANEKTPONIMTA pacnagaeTcs Ha UOHbI.

Ecnn a = 0, To guccoumauus otcytcreyeT, a ecnm a = 1 unun 100 %, To anekTponut
NOJSTHOCTBIO pacnagaeTcs Ha noHbl. Ecnn a = 20 %, To 3T0 o3Ha4vaeT, 4To M3 100 monekyn
AaHHoro anektponuta 20 pacnanock Ha MoHbI, a 80 — HeT.

CunbHble anektponutbl umetoT a > 30 % (> 0,3 go 1,0); cnabble 3nNekTponuTbI
nmetoT a < 3 %. CpeaHne aneKkTponuTbl MetT cTteneHb anccoumnaumm ot 3 oo 30 %.

CunbHble 9nNekTponuTbl MNpW PacTBOPEHUN B BOAE MPAKTUYECKN MOJTHOCTLIO
ANCCOLMMPYIOT Ha MOHbI, criabble 3NeKTPONnTbl — YaCTUYHO.

B aTom cny4ae npouecc guccoumnaumm aBnsieTcss obpaTUMbIM, U K HEMY NPUMEHUM
3aKkoH delicmeyrowux macc. Hanpumep, ons guccoumaumm yKCyCHOM KMCNoTbl (cnadoro
anektponuta), npoucxogdwen no ypasHeHmto CH3COOH < CH3COO- + H*, koHCTaHTa
XMMUYECKOro paBHOBECUA MOXET ObITb 3anucaHa cnegytowmm obpasom:

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

BennunHy «K» HasbiBaloT KoHCcmaHmou Ouccoyuayuu. OHa xapaktepusyeT
CNOCOBOHOCTb 3NEeKTponuTa AuccoummpoBaTtb Ha MOHbLI. Yem Gonblie «K», Tem 6onblie
NMOHOB B pacTBope. KoHcTaHTa guccoumaumm He 3aBUCUT OT KOHLEHTpaLuMM anekTponuTa.
OHa 3aBUCKT OT NpUPOAbI ANEKTPONNTA N OT TeMnepaTypbl.

Mexgy KOHCTaHTOM guccouuauunm U CTeneHbi  auccoumauum  CyllecTByeT
cnegylowasn 3aBUCUMOCTL (3akoH pa3basnennsa OcTeanbaa):

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

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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roe V — pasbasneHue pacteopa (V = 1/C);

C — KOHUeHTpauusa anekTponuTa (Morb/n).

M3 aTon 3aBMCMMOCTM crieflyeT, YTO CTeneHb Auccoumauun yBenuymsaeTcs npu
YMEHbLUEHUN KOHLeHTpauuu (T.e. npu pasbaBneHun pactBopa), a Takke rnpu yBenmyeHum
«K» (T.e. y 6bonee cunbHbIX 3NEKTPONAUTOB).

Cuctema, cocTtoswas W3 HaCbIWEHHOrO0 pacTBopa M oOcagka, HasblBaeTcs
eemepoz2eHHol (HeOOHOpPoOHoU) cucmemol. B HacbiweHHOM BOOHOM pacTBope
ManopacTBOPMMOro B BOAE 9rfeKTponuTa YyCTaHaBNUBAeTCA paBHOBECWE Mexay
KpucTannamu TBepaoro Bewectsa (0CaakoM) U €ro MoHamK, HaxogsAWMMNCS B pacTBOpe:
«OCafOoK <> HACbILLEHHbIN pacTBOPY.

[eTeporeHHoe paBHOBECUE «OCa[loK <> HaCbIWEHHbI PacTBOpP» MOAYMHSAETCA
npasusny npouseedeHuUsi pacmeopuMoCmu. B HACbILLEHHOM pacTBOpe MaropacTBOPUMOro
aneKkTponuta MNpov3BefeHUe  KOHLUEHTpauui  WOHOB, BO3BEOEHHbIX B  CTeMneHb
CTEXMOMETPUYECKMX KOI(PPULMEHTOB, €CTb BEefMYMHA NOCTOsSiHHAs npu  LaHHOM
Temnepartype.

Ana ypaBHeHusa obuwero Bnga AmBn < mMA®™ + nB- BblpaxeHwe npounsBeaeHus
pacTBOPMMOCTM ManiopacTBOPMMOro anektponuTta, MNP, 6yget umeTtb BUA:

MPAmB. =[AT]™- [B]", (3)

roe [A*] n [B] — paBHOBECHble KOHLEHTpauun COOTBETCTBYHOLMX WMOHOB B
HaCbILLEHHOM pacTBoOpe, MONb/N;

M 1 N — CTEXMOMETPUYECKNE KOIPDULMEHTDI.

OTcroga BbiTeKaloT ABa CreACTBuUS:

1. Ycnosue pacmeopeHusi ocadka: Npou3BedeHue KOHLUEHTpauui UOHOB,
BO3BEAEHHbIX B CTEMNEHb CTEXMOMETPUYECKMX KOIPMDULNEHTOB, OOIMKHO ObITb MEHbLUE
BENNYMHbI NPON3BEAEHNS PACTBOPUMOCTMU:

[A*]™ - [B]" < IMPAmB- (4)

2. Ycnosue ocax0eHusi ocadka: npousBedeHne KOHLEHTpauun WOHOB,
BO3BEAEHHbIX B CTENEHb UX CTEXMOMETPUYECKUX KOIDPULIMEHTOB, AOSKHO BbiTh BonbLue
BENNYMHbI NPON3BEAEHNSA PACTBOPUMOCTMU:

[A*]™ - [B]" > IMPAmB- (5)

BbiqucnieHue  cmeneHu  Oduccoyuayuu 0 KOHCmaHme  ouccouyuayuu U
KOHUeHmpauyuu 351eKmposiumaos.

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

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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PewweHue. o 3akoHy pasbasneHns

a=VK/IC=+v2,110%0,2=3,24 - 102 unn 3,24 %.

BbiyucneHue 3Ha4yeHul rpou3ee0eHusi pacmeopumocmu 6uUHapHbIX
3/1eKmpoauMmoes o pacmeopumocmu u Haobopom. Mpn pac4yeTax HEOBXOANMO MOMHUTD,
YTO pPacTBOPMMOCTb BELLECTB MOXeT OblTb BblpakeHa B pasHbliX eauHuuax (Monb/nm;
mr/mi; mr/n), a B NP BXOAAT KOHUEHTpaLumMmM MOHOB B MOJIb/I.

Mpumep 2. MpounsseaeHune pactsopumoctt PbSO4 pasHo 2,2 -10-8. BeluncnuTb
a) KoHUeHTpaumio MoHoB Pb?*n S04?%; 6) pacTBopumocTb PbSQO4 (Monb/m, r/n).

PeweHue.

1) InA ypaBHeHWsA xummyeckoro pasHoBecust PbSO4 «» Pb?* + S04 Haxoaum

MNP PbSOs = [Pb?*] - [SO4%]

2) OB603Ha4YMM MOMSIPHYIO KOHLUEHTpaLMIO HacbIWeHHOro pacteopa PbSO4 yepes x.
Tak Kak pacTBOpeHHasi 4aCcTb CONMM Haueno AvccounmpoBaHa, To

[Pb?*] = [SO4%] = X, NoACTaBMM X B ypaBHEHUE:

x2=2,2-10% x=+v2,1-108=1,5-10* r-non/n.

CnepoBartenbHo, [Pb?*] = [SO4?] = 1,5 - 10** r-uoH/n.

3) pactBopuMocTb PbSO4 paBHa 1,5 - 104 monb/n.

M PbSOs = 303 r/monb. Belumncnvm pactesopmmocTtb B rpammax Ha 100 r pacteopa:

B 1000 r pactBopa coagepxutca 1,5 - 104 - 303 r
B100r « Xxr
x=45-103r.

Mpumep 3. Pacteopumocte Mg(OH)2 npu HekoToporn TemnepaType pasHa 0,012 r/n.
Onpegenutb NP Mg(OH)..

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

2) YpaBHeHue guccoumaumm (pasHosecust): Mg(OH)2 « Mg?* + 20H-;
oTkyaa [Mg?*] = [Mg(OH)2] = 2,07 - 10 r-uoH/n, a koHueHTpauus [OH] B 2 pasa Gonblue:
2-2,07-10% = 4,14 - 104;

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

Mpumep 4. O6pasyetca nu ocagok CaCOs npu cmeweHmn paBHbix 06bemos 0,02M
pPacTBOPOB XMOPWUCTOrO KanbLms 1 yrnekucnoro Hatpua? MPCaCos =1 - 105,

1) O6bem cmecu B 2 pasa 6onblue, a KOHLUEHTPaUUa KaXxkaoro u3 MOHOB B 2 pasa
MEHbLLE, YEM B MCXOAHbIX pacTBOpax.

CnepoBartenbHo, [CaCl2] = [Ca?*] = 0,02 - 0,5=1 - 102 monb/m;

[Na2CO3] = [CO3%]1=0,02 - 0,5=1"- 10 monb/n, oTkyaa

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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[Ca2*][COs2]=1-102-1-102 =1 - 104
2) I'IpoaHanwsvlpyeM HOﬂyquHbIVI pe3ynbTaT U OaHHble 3aa4vn B COOTBETCTBUU C

dopmynamm (4) u (5): ocagok obpasyetcs, Tak kak 1,0 - 10°< 1,0 - 104,

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

Tabnuuya 1
BapwuaHT MonspHas BapwuaHT Monsipas
KoHcTaHTa KOHUeHTpa| KoHcTaHTa
3agaHnda| OnekTponuT |[KOHUEHTpal, necounaLmn, | 33AaHNs AnekTponnt s NCCOLNALIAN
Ne 1 ns, Monb/n A Hvauan, Ne 1 VA, A Lvaumn,
K Monb/n K
1 HNO:2 0,01 4-104 6 HIO4 0,05 2,3-102
2 NH4OH 0,05 1,79 - 105 7 HF 0,03 6,61 - 10+
3 NH4OH 0,02 1,79 - 105 8 HCIO 0,04 5,01 - 108
4 Pb(OH) 0,05 9,6 - 10 9 HCN 0,01 7,9-10710
5 HBrO 0,02 2,06 - 10° 10 H2S0s3 0,02 1,58 - 102
Tabnuuya 2
KonnyecTtBo BewecTBa, r
BapuaHTt
BewecTtBo B 1 N1 HacbIWEHHOro
3agaHusa Ne 2
pacTtBopa
1 Xnopuctoe cepebpo 0,00172
2 BpomucToe cepebpo 0,000118
3 WNoguctoe cepebpo 0,00000282
4 Yrnekucnbin 6apui 0,00164
5 Yrnekncnbl CTPOHUMI 0,0059
6 LLlaBeneBoK1cbIn KanbLumn 0,00538
7 OkcanaT CTpoHUust 0,00422
8 Oxkcanat 6apusi 0,009
9 KapboHat kagmus 0,00276
10 XPOMOBOKUCIIbIA CBUHEL, 0,000042

CodepxaHue u nopssdok 8bINoSIHEHUST pabombi:
1 O3HAaKOMUTBLCS C TEOPETUYECKOWN YAaCTbIO 3aHATUS.
2 BbluncnuTb No npeanoXXeHHOMY BapuaHTy 3agaHus:
1) Ne 1 cteneHb gnccoumnaumm pacteopa crnaboro anekTponnTa;
2) Ne 2 npousBefeHne pacTBOPMMOCTU MarnopacTBOPMMOro SfieKTponuTa.
3 OchopmuTb OTYHET NO NpakTu4eckon pabore.

4 OTBETUTb Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTUYecKoro 3aHAaTus

Llenb 3aHATMSA

BapwuaHT 3agaHus

OTyeT O BbINOMHEHMM Ha Kaxabld 3Tan pasgena «CogepxaHue U nNopsgokK
BbIMNONHEHUS paboTbi»

Cnmncok ncnonb3oBaHHOWM NUTepaTypbl U APYrmx MCTOYHUKOB

BbiBOAbI

[aTbl 1 NoANUCK KypcaHTa 1 NpenoaasBaTens

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Bonpocbl 0nisi caMornpogsepKu:
1. Kakne BelLecTBa Ha3bIBalOTCS AnekTponutamm?

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

3. OT 4yero 3aBUCUT CTENEHb ANccoumnaummn anekTponuta? Kak matemaTtmyeckm oHa
CBsi3aHa C KOHCTaHTOM guccounaunmn?

4. Yto onpepenser KOHCTaHTa AuccoumaumMm XMMUYECKOW peakuuu, OT KaKux
hakTOpPOB OH 3aBUCUT?

5. Natb dhopMynnpoBKy npasusia npousBeaeHns pacTBOPUMOCTN.

6. HanuwwuTte BbipaxxeHne ans MNP B obwem Buae.

7. KakoBbl yCroBusi paCTBOPEHUSA N OcaXaeHus ocagka?

8. Kakume chaktopbl BNMSOT HA pacTBOPMMOCTb COEAUHEHNIA?

MpakTuyeckoe 3aHATME N2 5. BbluncneHme KOHUEHTpauum MOHOB Boaopoaa m
BefIM4YUHbI BOAOPOAHOro nokasartens. BoiuncneHue pH 6ycepHbIx pacTBopoB

Llenb 3aHsmus:

O3HaKoMUTLCS C MOHATUSIMM  «MOHHOE MpPOou3BEedEeHMEe BOAbI», «BOAOPOAHbLIN
nokasatenby, «OydepHble pacTBopbl». Hayuntbca paccumtbiBaTb BenuumnHy pH MK 1.1,
MK 4.5.

Ucrionb3yemblie UCMOYHUKU:
Mepuogunyeckasa cnctema xummndeckmx anemeHtoB [.. Mengeneesa;
Tabnuua norapndmos;

Tabnuua pacTBOPMMOCTU KUCIIOT, CONen, OCHOBaHUN B BOAE;

[1], [2].

Teopemuyeckasi Hacmb:
MoHHoe npounsBegeHme Boabl. BogopoaHbln nokasaTtesb.
Boaa aBngaetca cnabbiM 3neKTPONMTOM M AUCCOLMMPYET NO YPABHEHUIO:
H20 <& H*+ OH"
Mpu 25 °C B 1 N BoAbl pacnagatoTca Ha MoHbl nuwb 10-"Monbk. Mpu guccoumaumm
N3 Kaxxgon morekynbl Bogbl obpasyetca no ogHomy moHy H* u OH-, cnepoBaTtenbHO, MX
KOHLIEHTpaummn B Yncton Boge paeHbl: [H*] = [OH] = 10-"mMonb/n.

KoHcTaHTa guccoumauum Boapl:

KH20 = [H*] - [OH] / [H20] (1)
Mpeobpasyem 31O ypaBHEHME:
[H*] - [OH] = KH20 - [H20] (2)

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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MpuHMMast BO BHUMaHWe KOHUeHTpauuio Boabl, [H20], BennYMHOM npakTuyecku
MOCTOSAHHOW, MOXHO CYMTaTh, YTO MpaBas YacTb ypaBHEHMSA (2), 3HAYUT, U NPOM3BESEHUNE
[H*] - [OH] — Benu4umnHa noctosiHHas.

OTY BENNYMHY Ha3bIBalOT UOHHbLIM ripou3gedeHuem 800k, Ke :

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

NoHHOoe npousBegeHve BoAbl — BenuuMHa nocTtosiHHas, pasHasa 107 mpu 25 °C.
Mpwn noBbiweHnn TemnepaTypbl Ks B6ICTPO yBENMUYMBaAETCS.

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

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

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

Ho kak bl He MmeHsanuck [H*] n [OH7], nx nponsseneHne Bcerga octaeTcs paBHbIM
NOCTOSIHHbIM.

Takum o06pas3om, cTeneHb KUCAOTHOCTM WU  LENOYHOCTU pacTBopa MOXHO
BblpasnTb C MNOMOLUbI KOHUeHTpauun wuoHoB [H] mnn [OH]. OO6blMHO nonb3ykoTcs
KOHLEHTpaumnen BOOOPOAHbBIX NOHOB.

BmecTo koHueHTpaumn H* ynobHee ucnonb3oBate ompuyameribHbil decsamuydHbIl
Jioeapughm KoHUeHmpauuu 8000pP0O0HbIX UOHO8 — 8000POOHbIU rnokalamersb pH:

pH =—1g [H"] (4)

C yyetom atoro pH pasnuyHbix pactBopoB OyayT UMETb creayroLwme 3Ha4YEeHUS:

Kucnbii pactBop pH <7
HenTtpanbHbi pactBop pH=7
LLlenoyHou pacTtBop pH>7

Kpome BogopoaHoro nokasatenst pH npu pacdeTtax UCnonb3yT N MOPOKCUAHLIN
nokasartenb pOH = —Ig [OH1].

CymMma BOAOPOAHOro M rMApPOKCMAHOrO nokasaTtenen B BoAe MOCTOSAHHA M paBHa
nokasartesito MOHHOro npousseaeHna Boabl. [Npu 25 °C:

pKs = pH + pOH (5)

BydepHbie pacTtBopbl (OT aHrn. buffer — cMar4atb TONYKM)

bygepHbie pacmeopbl — 3TO pacTBopbl, pH KOTOPbIX MPaKTU4EeCKN HE MEHSAEeTCH
npun paseeneHnsax unm aobaeneHnn HebonbLINX KONMNUYECTB KUCIOTbI UM LLIETTOYMN.

B kavectBe B6ydepHbIX pacTBOPOB UCMOMb3YOT CMECU PACTBOPOB CriabbiX KACMOT U
UX CONnen, CMecu pacTBOPOB cnabblx OCHOBaHMA M UX conen. Hekotopble M3 HUX

npeacrtaBneHsl B Tabnvue 1.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Tabnuua 1
HassaHune CocraB H
OydepHon cuctemsl OydepHon cuctemsl P
AueTaTHasi cMecb CH3COOH n CH3sCOONa 4,7
AMMMAYHO-aMMOHUIAHAsS CMEeCb NH4OH n NH4Cl 9,2
CnocobHocTb OycbepHbIX cmecen nogaepxmBaTb MOCTOAHCTBO pH npwm

pobaBneHnn K HUM HebOonNbLUMX KONMUYECTB CUMbHOW KUCIOTbl UMW CUNIBHOrO OCHOBAHWUS
OCHOBaHa Ha TOM, YTO BXOASLUME B HUX KOMMNOHEHTbI CBA3bIBAOT H* - MOHbLI KUCNOTbI UK
OH - noHbl OCHOBaHUI, BBOAUMbIX B paCcTBOpP Uin o6pasylomnxca B pesynbTaTte peakumu,
npoTekarLen B 3TOM pacTsope.

Ho Takas cnocobHocTb OydepHbIX cmecen nogaepxuBaTb MNOCTOSHCTBO pH B
pactBope, He ©esrpaHuyHa, npegen ee 3aBUCUT OT KOHLEHTpauuuM KOMMOHEHTOB
OyepHon cmecun. Takum obpasom, OycepHaa cmecb obnagaeT onpeneneHHon
b6ychepHol eMKOCMbIO, T.€. UMeeTCa NpeaenbHoe KONMMYECTBO KUCNOTbl UM OCHOBAHWS,
KOTOpOe MOXHO fob6aBuTb K BydhepHOMY pacTBOpY, U Npu 3TOM 3HaveHue pH n3meHunoch
Obl He Bonee YyeM Ha eauHULLY.

PacueTbl.

Mpumep 1. KoHueHTpauusi nMoHoB Bogopoda B pactBope paBHa 0,004 r-uoH/n.
Onpepenntb pH pacTtBopa.

PeweHue. 3Has, yto pH = — Ig [H*] n okpyrnss norapmudmel go 0,01, nonyyaem: pH
=—-19 0,004 =-3,60=- (-3 +0,60) =24.

Mpumep 2. OnpegennTb KOHLEHTPaLMIO MOHOB BOAOPOAa B pacTBope, pH koToporo
paBeH 4,6.

Pewenune. CornacHo ycrnosuto 3agayum — Ig [H*] = 4,6 vnn Ig [H*] = — 4,6.

Utobbl onpegenutb oTcioga [H'], HY)XHO HaWTM NO AaHHOMY norapudMy 4YUCro
(aHTMnorapudpm). Ecnn Bocnonb3oBatbcs Tabnvuamu norapudmoB, TO BHavane Hago
npeobpasoBaTb Haw norapupm Tak, YTOObI TOMBKO LENOYUCreHHas YacTb ero
(xapakTepuctuka) 6bina otpuuaTenbHas, a gpobHas (MaHTUcca) — NonoXxuTensHon. [ns
3TOro OT XapaKTEPUCTUKN OTHUMEM, a K MaHTUcce npnbaBmMmMm eanHULLY:

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

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

Hanas 3atem no tabnvuam cCoOoTBETCTBYIOLWMIA aHTUROrapmdm, nonyvaem:

[H*] = 0,000025 = 2,5 - 105 r-moH/n.

Mpumep 3. KakoBa KOHUEHTpauus rmapoKCUbHbIX MOHOB B pacTBope, pH kKoToporo

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]=10"/1,6 - 10" =6,25 - 10" r-noH/n.

UcxoOHble mamepuaribl U OaHHbIe:

Tabnuuya 2
BapwuaHT oH BapwuaHTt oH BapwuaHT oH
3agaHus 3agaHus 3agaHus
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 8bInosHeHuUs1 pabomsbi:
1 O3HaAKOMUTLCA C TEOPETMYECKOM YaCTbIO 3aHATUA.

2 [o 3agaHHOMY BapuaHTy BbIYUCNUTL KOHUEHTpauMM WoHa Boaopoda WU

rmapoKkcna-noHa.

3 OdhopMUTb OTYET MO NpakTnyeckon paboTe.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxxaHue om4yema:

HanmeHoBaHMe NpakTUYecKoro 3aHATUS
Llenb 3aHATMSA

BapwnaHT 3agaHus

OTyeT O BbLINOMHEHUM HaA KaXAbl 3Tan pa3gena «Co,qep>KaH|/|e n nopaaok

BbINOSTHEHUS paboTbI»

Cnuncok ncnonb3oBaHHOM NMTEpPAaTypPbl U APYrMX MCTOYHUKOB
BbiBoabI

[aTtbl u nognucm KypCaHTa 1 npenogaBartens

Bonpochbi 0r1si caMornpo8epKu:
1. YTo HasbIBaeTCs NOHHBLIM NPou3BeaeHNeM BOAbI?

2. KakoBa KOHLUEHTpauus MOHOB BO4OpPOAa B HENTpanbHOM pacTBope? B kucnom?

B wenoyHom?

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. Kakon pacteop 6onee
Kncnbln?

7. Kakown pactBop 6onee wenoyHon: nmetowmn pH = 8 nnun numetrowmn pH == 10?

8. Yto Takoe BydepHble pacTtBopbl? NpuBeante npumMepsbi.

9. Yto xapakTtepuayet bydepHyto cuctemy?

10. Kak onpegenseTtcs 6ycdepHaa eMkocTb pactBopa?

3.4 YeTBepTana aHanuTM4YeCKana rpynna KaTMUOHOB

MpakTuyeckoe 3aHATUE N2 6. OKMCNUTENbLHO-BOCCTAaHOBUTESIbHbIE peaKkLuu.
CTeneHb OKUCINEHUA. YNpaXHEeHUA

Llenb 3aHamMus:

OcBouTb cocTaBneHne ypaBHEHUN OKUCINTENbHO-BOCCTAHOBUTENbHbIX peakummn MK
1.1, 1K 4.5.

Ucrnonb3yemblie UCMOYHUKU:
Mepuogunyeckasa cnctema xummndeckmx anemeHToB .. Mengeneesa;

ONEKTPOXMMUYECKUI PAS, HANPSXKEHNIN METanmnoB.;

[1], [2].

Teopemuyeckasi Hacmab:

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 OTpULATENbHbLIX MOHOB.

CTeneHb OKMCMEHMS MOXET UMeTb oTpuuaTenbHOe, MOMOXUTENbHOE WU 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 OKUCIEeHUs aToMa 3feMeHTa He coBMnadaeT C ero BarieHTHOCTbIO. BaneHTHOCTb
He nmeeT 3Haka.

MHorne atombl (@ 3HA4YUT, U 3ANEMEHTbl) UMEIT HECKOSbKO 3HAYeHUN CTeneHu
okucneHus. Bebiclwas nonoxutenbHasi CTeneHb OKUCNEHUA NposBNsSeTcHa, Koraa 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 BbiClas CTEMeHb OKUCMEeHUs paBHa +6, HuM3Was 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, MOMeKkynbl WU WNOHbI, OTAAKLWMNE SNEKTPOHbl, Ha3blBAKTCHA
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. Hnucno anekTpoHOB, OTAaBaeMblX BOCCTAHOBUTENEM, PABHO YUCIY 3NEKTPOHOB,
npucoeauHAeMbIX OKUCITUTENEM.

B kauyecTBe BOCCTAHOBUTENEW B  aHaNUTMYECKOW  XUMUM  MUCMOMb3YHOT:
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 OKNCINEHUS-BOCCTAHOBMNEHUS, Hanpumep, B MeToaax
nepmMaHraHaTtomMeTpuu, NOOOMETPUN.

Mpumep 1. BbluncnnTb cTENEHb OKMUCNEHUsS Xpoma B buxpomate kanunsa 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 OKMUCNEHNA aToMa a3oTa («X») B MOHE aMMOHWS, COCTaB/M 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 OKUCITUTENEM.

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.
YkasaB CTeNeHN OKUCIEHNS ANIEMEHTOB, COCTaBIIEM ypaBHEHMUS ANEKTPOHHOro 6anaHca:

2 Mn?*—5& — Mn’*

5/10 |Pb* +2& — Pb*

Yumcno 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



KMPK BFAP® ®I'EO0Y BO «KI'TY»
MO-35 02 09-0r.02.13 OCHOBbI AHATIMTUYECKOW XMWW 1 BUOXUMKMN | C.35/67

anaTca  koapduuneHtammn ana okvcnutena PbO2 un BocctaHoButens  Mn(NOs)e.
YpaBHMBaAEM YMCO KACNOTHBIX OCTATKOB M MOSEKY BOAbI:

2Mn(NO3)2 + 5PbO2 + 6HNO3 = 2HMnO4 + 5Pb(NO3)2 + 2H20

[na npoBepkn NpaBUNbHOCTU COCTaBIIEHHOINO YpaBHEHUS HaJO NPOBEPUTL YMCIIO
aTOMOB Ka)Xk[0ro afieMeHTa B €ro npaBoun 1 JIEBOWN YacTu.

Mpumep 4. CocTaBreHne ypaBHEHUS peakLumu, NpoTeKatoLwen Mexay CossiMu:

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

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

UcxoOHble mamepuaribl U OaHHbIe:

BapuaHt
3adaHus

Cxema OKMCNNTENbHO-BOCCTAHOBUTENBLHOM peakuunn

CuS0O4 +Zn — ZnS0O4 + Cu

Na2S203 + |2 — Na2S40s + Nal

KMnO4 + NaNO2 + HoSO4 — MnSO4 + NaNO3 + KoSO4 + HoO
KMnO4 + Na2C204 + H2SO4 — MnSQO4 + CO2 + K2SO4 + Na2S04 + H20
PbS + H2O2 — PbSO4 + H20

K2Cr207 + Kl + H2S04 — Crz(SO04)3 + I2+ K2SO4 + H20
Br2+ H2S + HoO — HBr + H2SOq4

Ca + H2O — Ca(OH)2 + H2

H2S + HIO3 —» S + 12 + H20

Fe + HNOs; — Fe(NO3); + NO + H20

K2Cr204 + HClI — CrCls + Cl2 + KCI + H20

Cu + H2SO4 — CuSO4 + SO2 + H20

HI + Ho.SO4 — > + H2S + H20

H2SO3 + Clo + Ho O — H2SO4+ HCI

Naz(S203) + l2. — Na2840s + Nal

FeClz + H.S — FeCl, + S + HCI

PbS + HNO3 — PbSO4 + NO2 + H20

Kl + Clo — |2 + KCI

Ag + HNO3 — AgNOs + NO2 + H20

C + H2SO4 — CO2 + SO2 + H20

I2 + H202 — HIO3

RIBlo|z || |a|n|a|R|2|B|e|® N oo~ w|n

CodepxaHue u nopssdok 8bINoSIHEHUST pabombi:
1 O3HaKOMUTLCA C TEOPETMYECKOM YaCTbHO.
2 lNo 3agaHHOMY BapuaHTy:
1) HANTN aTOMbI, U3MEHSIIOLLME CTENEHb OKUCINEHNS B peakuuu;
2) BbINOSMIHUTb PacyeT CTENEHN OKUCTIEHUS;
3) cocTaBUTb ypaBHEHUS MONypeakuun OKUCIIEHUS-BOCCTAHOBMNEHNS METOO0M
9NEeKTPOHHOro 6anaHca ¢ HaxoXaeHeM MHOXUTENewn;

4) nogobpaTb KOIPPUUNEHTLI 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 KOHTPOSIbHbIE BOMNPOCHI.

CodepxaHue omyema:

HavnmeHoBaHMe npakTUyYeckoro 3aHATUS

Llenb 3aHATMSA

BapwuaHT 3agaHus

OTtyeT O BbINOMHEHUM Ha Kaxabld 3Tan pasgena «CogepXaHne UM NOPAOOK
BbINOSTHEHUS paboTbI»

Cnuncok ncnonb3oBaHHOW NUTepaTypbl U APYrMX MCTOYHUKOB

BbiBOAbBI M NpeanoXeHus

,D,aTbI M noannucun KypcaHTta 1 npenogapartend

Bonipocbi 0r1si caMorposepKu:

1. YTo Takoe cTeneHb okucneHna? Ee otnmune ot BaneHTHOCTM.

2. MoxeT nn cTeneHb OKUCHEHUS OblTb MNOMOXUTENbHOM, OTpuUaTeNbHON U
HyneBon?

3. MoxeT nun cteneHb okUCNeHus BbiTb BonbLle HOMepa rpynnbI?

4. OnpenenuTtb CTENeHb OKUCIEHUs MapraHua B coeauHeHusix: MnO2, H2MnOs,
MnSO4, MnCl2, KMnOa4

5. Kakne peakummn HasbIBaOT OKUCINTENBbHO-BOCCTAHOBUTENBHBIMWN?

6. Kakon npouecc Ha3blBalOT OKUCIEHNEM?

7. Kakor npouecc Ha3biBaloT BOCCTaHOBIIEHNEM?

8. HasoBute BaxkHeNLME OKUCNNUTENN, BOCCTAHOBUTENN.

3.5 MNaTaa aHanuTU4Yyeckas rpynna KaTUOHOB
MpakTnyeckoe 3aHaTne Ne 7. Flmpgponus conen. YnpaxHeHus

Llenb 3aHsmusi:
N3yunTb rugponna conen. YMeTb COCTaBMATb YpaBHEHUSA rmgponusa conen MK 1.1,
MK 4.5.

Ucnonb3yemblie UCMOYHUKU:
MNepunogunyeckas cuctema xmmmndecknx anemeHTos .. MeHpeneesa;

PacTtBoprMOCTb conemn, KUCNoT U OCHOBaHWIN B BOAE;

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

[1], [2].

Teopemuyeckasi Yacmb:

PactBopumble BewectBa B BOAE 4aCcTO  COMPOBOXOAKTCA  XUMUYECKUM
B3amogenctenem. OBbMeHHasa peakums Mexay BellecTBamMu U BOAOW, MpoTekawlasa c
obpasoBaHMEM  ManoAMCCOUMMPOBAHHbLIX  coeaMHEeHUn  (cnabblX  3NEeKTPOnuTOB),
HasblBaeTcs 2udposnu3omM. 'Maponns B nepeBoae 03Ha4vaeT «pasnoxXeHne BoOom».

Bopa, saBnaack cnabbiM 3NekTponiMToM, ANCCOLMNPYET HA NOHbI B HE3HAYUTENbHOWN
cTeneHu:

H20 <& H"+ OH"

Mpn pacTBOpEHMM HEKOTOpPbIX COMe’ B BOAE WOHbI PacTBOPMMOW  COMK
B3aMMOOENCTBYIOT C MOHamu Bofbl. [lpM 3TOM NPOUCXOAUT CMELLEHME pPaBHOBECUS
auccoumaumm BoAbl, T.K. OOMH U3 ee WOHOB (Mnu oba) CBA3bLIBAOTCA WOHaMM
pacTBOPEHHOroO BellecTBa ¢ 0bpa3oBaHMEM ManogucCoUUMMPOBaHHOIO CoeauHEeHUs (Unu
NoHa).

Takum obpasom, rmgponms conv — B3aMmMogencTene MOHOB COMM C MOHaMM BOAbl C
obpasoBaHMEM ManoguCCOUMMPYEMbIX COEAUHEHUA (MM MOHOB) U BO3MOXHbIM
n3meHeHnem pH cpefpbl.

Kaxgylo  conb  MOXHO  MNpeacTaBUTb  Kak  ripodykm,  obpas3oBaHHbIN
B3aMMOOENCTBMEM KUCIOTbl U OCHOBaHUA. KNCNOTbl U OCHOBAHUSA MOTYT ObITb CUMNbHbLIMM
unu cnabeimun anektponutamun. CnegosaTensbHO, B 3aBUCMMOCTU OT CBOEro CocTaBa, CoMu
Nno-pa3HoOMy pearvpytT C BOOOWN.

Conu, obpasoBaHHble B3aUMOLENCTBMEM CUSTbHbBIX KMCIIOT U CUSbHBIX OCHOBAHWUNA,
rmoponu3y He noABeEprawTCA U peakuus pacTBOpPOB conen atoro Ttuna Oyger
HenTpanbHou (pH = 7). Hanpumep:

Cynbat Kanusa — cunbHbIA 3NEKTPONUT 1 NPY pacTBOPEHUN B BoAe ANCCOLMMpYyeT
Ha NOHbI:

K2oSO4 «» 2K* + S04 2

OpaHoBpeMeHHO, Boga AUCCOLMNPYET Ha UOHbI:

H20 < H*+ OH"

MoHbl B pacTBope B3aMMOAEWNCTBYHOT mexay cobon. [Mpyn 3TOM MOHbI Kanus He
MOryT cCBfi3aTb MOPOOKCUA-MOHbI B  Monekynbl, T.K. KOH aBnseTtcs CuibHbIM
3NEKTPONNTOM UM CyLLECTBYET B pacTBOpe TOMbKO B BUAE MOHOB. B TO e Bpems cynbdar-

MOHbl HE CBA3bIBAKOT MOHbI BoOAOpOda T.K. H2SO4 aBnaeTcs CunbHbIM ANEKTPOJyIMTOM U

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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CylLLleCcTBYyeT B pacTBOpe TOMbKO B BuAe MOHOB. CymMMapHOe ypaBHEHWE OAHOBPEMEHHO
NpoTEeKaLNX NPOLECCOB:

H20 & H"+ OH-

OTO ypaBHeHMe MoKasblBaeT, YTO rMaporiu3a He NpPouCXoauT U peakuusa pactsopa
cynbdaTa Kanus HentpanbHasa (pH = 7).

Cnenyet obpaTuTb BHMMaHME Ha PacMpOCTPaHEHHYK OWMOKY npu cCocTaBneHun
YpaBHEHUN peakuuu rmaponunsa: Hesb3s 8 ypasHeHuUu 2udposu3a ucrionb3ogams b6oree
4yem OOHy MOJIeKyIrly 800bl — 3MO HerpasusibHo!

Pasnuyatot Tpu BapuaHTa rugponusa:

1 naponua conen, obpasoBaHHbIX B3aMMOAEWCTBMEM CUSbHbIX OCHOBAHWUA W
cnabbix kucnoT. MNprumepom Takom conm MoXeT cnyxuTb auetat Hatpua CH3COONa.

AueTaTt HaTpUsa — CUNbHBLIN MNEKTPONUT U NPU PacTBOPEHUN B Boge auccoununpyet
Ha MOHbI:

CHsCOONa < CH3sCOO - + Na*

OpHoBpeMeHHO, Boga AUCCOUUNPYET Ha UOHbI:

H20 & H"+ OH"

MoHbI B pacTBOpe B3aMMOAEWNCTBYIOT Mexay cobon. [1pn 3TOM WMOHbI HaATpUS He
MOryT CBA3aTb [MOPOOKCUMA-UOHbI B Mornekynbl, T.K. NaOH gaBnseTcs CunbHbIM
3NEKTPONUTOM U CyLLEeCTBYEeT B pacTBOpe TOMbKO B BMAE MOHOB. B TO e Bpems aueTaT-
MOHbI CBA3bIBAKOT MOHbI Bogopoda C obpasoBaHweM Morekyn crnaboro anekrponuta —
YKCYCHOW KMCNOTBHI.

CyMmapHoe ypaBHEHME O4HOBPEMEHHO NPOTEKAKLMNX NPOLECCOB:

CH3COO ™ + H20 «» CH3COOH + OH-

OTO ypaBHeHWe nokasblBaeT, YTO B pesynbTaTe rMaponusa peakums pacTtsopa
auertara HaTpus werno4dHas (pH > 7).

2 [wngponus conen, obpasoBaHHbIX B3anMOAENCTBMEM cCnabblX OCHOBaHUA W
CUnbHbIX KMcnoT. Hanpumep, rmugponua xnopuga ammonmst NH4Cl.

Xnopua aMMOHUS — CUMbHbIW 3NEKTPONUT U MpUM  pacTBOPeHUM B BoAe
AnccoummpyeT Ha UOHbI:

NH4Cl <> NH4* + CI-

OpaHoBpeMeHHO, Boga AUCCOLMNPYET 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 Xnopa He
MOryT CBSi3aTb MOHbI BO4OPOAA 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 rMapoKCuAa-
noHbl Boabl. Hanpumep, rugponns auetata ammoHmst CH3COONHa:

CH3COO- + NH4* + H2O— CH3COOH + NH4OH

lMockonbKy cTeneHn auccounaumm npoAyKTOB rMaponmsa MPUMEPHO paBHbl, TO

pactBop conu byaeTt HenTparnbHbiM (pH=7).

UcxoOHblie mamepuaribl U OaHHbIE:!

BapuaHThbl HassaHue
3agaHun conen
HutpaT cepebpa
Xnopua ammMoHust
AueTtart HaTtpus
LnaHuna kanuna
KapboHat HaTpus
Cynbdat megu
Hutput kanunsa
BopaTt HaTpus
Cynbng ammMoHus
docdaT HaTpus
Cynbart kanus
Hutpat ptyTn (1)
Xnopua kanbums
Auetart cepebpa
Lnanng HaTpus
KapboHat aMMoHusi
Cynbgart umHka
Hutput mean
BopaT kanus
Cynbdug kanus
docdaT Kanus
Cynbdut aMmMoHuns
HutpaT cepebpa
Xnopua UnHKa
Auetart 6apus
Lnanung kanunsa
KapboHart kanus
Cynbgat marHus
Hutpnt ammoHums
Bopat nutus
Cynbtng nutns
docdaTt aMMoHNSA
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Cynbut HaTpus

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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CooepxxaHue u rnopsidok 8bInosHeHUs pabomsi:

1 O3HaKOMUTBLCS C TEOPETUYECKON YACTbIO 3aHATUS.

2 CocTaBUTb ypaBHEHMSI TMAPONM3a COrfacHO BapwaHTy 3agaHust U1 oPopMUTb
OTYET NO NpakTU4eckon pabdore.

3 OTBETUTb Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTUYeckoro 3aHATUS

Llenb 3aHATMSA

BapwuaHT 3agaHus

OTyeT O BbINOMHEHUMM Ha Kaxabld 3Tan pasgena «CogepxaHne M NOpPAOOK
BbIMNOMNHEHUs1 paboTbI»

CnncoK ncnonb3oBaHHOW NUTepaTypbl U APYrMX UCTOYHMKOB

BbiBoAabI

[aTbl 1 NognNucK KypcaHTa 1 NpenoaaBaTens

Bonpocbi 0r1si caMorposepKu:

1. Kakas peakuuns HasbiBaeTCcs peakumen rugponmsa?

2. ObpasoBaHMeEM KaKMx NPOLYKTOB CONPOBOXAAETCS peakums ruaponunsa conen?

3. Bcneacrsue vero nameHsietca pH pactsopa npv rugponmse conn?

4. Kakne conu nogeeprarTcs ruaponnay?

5. No4yemy conb, obpasoBaHHasA CUMbHbIM OCHOBAHWEM W CUMbHOW KUCITOTOW, He
nogeepraetca rmgponmsy? Yemy paseH pH pacTtBopoB 3Tux conen?

6. NpuBeante Tpu npumepa pasnU4YHbIX TUNOB COfler, NoABepratroLmnxcs
rmoponunay.

7. Kak ncnonb3yeTca peakums ruaponmsa conum B TexHuKke 6esonacHocTn npu

paboTe B xummyeckon nabopatopunn?

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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4 KONWMYECTBEHHbLIA AHANU3
4.1 NpaBUMeTpPUYECKMA MeTOA aHanu3a

MNMpakTnyeckoe 3aHaTue Ne 8. AHanuTU4eckue Bechbl, UX yctpouctso. lNpaBuna
B3BeLUMBaHUSA

Lenb 3aHsmus:

M3yunTb yCTPOMCTBO U NpaBurna B3BELUMBAHUS HA aHanUTU4eckmx sBecax. OcBouTb

MeTOAUKY B3BeluMBaHUA Ha aHanutuyeckmx Becax MK 1.1, MK 4.5.

Ucnonb3yembie ucmoyHuku: [1], [2].

MamepuarnbHoe obecriedeHue:

AHanutunyeckue Becbl BJIP-200

BbicTpoaencTByowmne TeEXHUYECKME BECh! 451 NPUBIM3NMTENbHOMO B3BELLMBAHMWS
AHannTnyecknin pasHoBec

CTeKknsAHHbIN OKOKC N YacoBOE CTEKMO

MpoObl XMMUYECKNX BELLECTB.

Teopemuyeckasi Hacmab:

B ocHoBe rpaBuMmeTpudeckoro (BeCOBOro) MeToda aHanui3a IexuTt To4vHoe
n3MepeHne Maccbl NPoaykToB peakumm. OCHOBHaA onepauusi BeCOBOro aHanmsa —
B3BELUMBAHME Ha aHaNUTUYECKMX Becax C npegenbHon Harpyskon 200 r v TOYHOCTbIO A0
0,0002 .

OpaHOM M3 caMbIX BaXHbIX YacTen aHanNmMTUYEeCKMX BECOB SABMSETCH KOPOMbICIO C
YKPENNEeHHbIMU Ha HEM TpeMsa araToBbiMU npuaMamu. CpegHas npusama CriyXUT Onopomu
KOpOMbICNla B MOMEHT B3BewmBaHWUA. [1pu3Mbl, NOMELLEHHbIE Ha KOHLAX KOpOMbICHa,
ABNSAETCSA ONOPOW ANd Yallek BECOB.

AHanutnyeckme BecCbl CHabXeHbl cneunanbHbiM NpucnocobneHnem — appeTupom.
Mpn nomowmn appeTupa KOPOMbICNIO BECOB NPUNOOHMMAIOT N CTaBAT B TaKoe MOSIOXKEHME,
npu KOTOPOM HWM OfHa U3 MPU3M He KacaeTca CBOMX OMOpPHbIX noaywek. Appetup
NPUBOOAT B ABWXEHNE PYKOATKOWN, NPUKPENSIEHHOM K HUXHEN YaCcTu JOCKN BECOB.

Becbl nomelleHbl B CTEKNSAHHbIA QyTNaAp, 3awMwarolnin oT nbinn, konedaHun
TemnepaTypbl 1 PE3KOro ABUXEHUSI BO3ayXa.

lpasuna pabomsi Ha aHanuUMuU4YeCcKUx eecax:

1. Nepen kaxabiM B3BeELWMBaHWEM U MNPOBEPATb COCTOAHWE BecOB. AKKypaTHO
OYUCTUTD Mblflb, NPOBEPUTL HYNEBYH TOUKY.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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2. Mpn obHapyXeHnn HeucrnpaBHOCTM BECOB HU B KOEM Criydyae He MCnpaBnsTb
BECbl CAMOMY.

3. Henb3a ponyckatb HUKaKMX MNPUKOCHOBEHUW K HeappeTUpoBaHHbIM BecaM.
OnyckaTb U NogHUMaTbL appeTMp HaZo OCTOPOXHO U MMaBHbIM NOBOPOTOM PYYKMU.

4. He coBuraTb BeCbl C 3aHUMaeMoro MecTa.

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

6. KaTeropuyecku 3anpelwjaeTcs B3BelUMBaTb BeLleCTBa HENOCPEACTBEHHO Ha
YyallKe BECOB; B3BeLLUMBaeMOe BeLLEeCTBO MOMeELLAOT B BIOKC, TUrenb, YacoBOE CTEKIO.

7. MpnbaBnate unu yb6aBnsaTb B3BELUMBAEMOE BELLECTBO MOXHO TOMbKO BHE
dyTnapa Becos.

8. Henb3a B3BewwuBaTb ropayvMe WM CIAUWKOM  XONOAHble  MpeaMeThl.
B3BelwwnBaemble npeameTbl OMKHbI UMETb TEMMNepaTypy BECOBOW KOMHATbI.

9. Bce B3BeluMBaHMUs OaHHOro aHanmMsa nNpoBOAMTb Ha OOHUX WU TexX Xe Becax,
Nnosib3ysiCb OAHUM W TEM >Xe pa3HoBecOoM. Bce rvmpn aHanuTuyeckoro pasHoBeca MOXHO
OpaTb TOMbKO NUHLIETOM.

10. Mo OKOHYaHMM B3BELUMBaHMS Hado YybeauTbCHA, YTO BECbI appPEeTUMPOBaHLI,

Harpy3ska CHATa, ABEPKU NMOJTIHOCTbHO 3aKpbIThbl.

B3eewusaHue Ha aHanumu4ecKux gecax rnpoussoosim & crnedyrouem nopsoke:

1. BHayane npou3BOASAT B3BelUMBaHME nMpegMeTa Ha ObICTPOAENCTBYIOLLINX
TEXHUYECKNX Becax Asis NpubnunanTenbHOro onpeaesnieHnsi Maccebl.

2. [Nepen Havyanom B3BeELUMBAHUSA Ha aHANUTUYECKUX Becax crneuuanbHOW py4vKom
OVCK OennTenbHOro YCTpOMCTBa YycTaHaBnvBakwT Ha oTMmeTky «00» u apyron pyykon
HYNEeBY OTMETKY LLKaNbl COBMELLAOT C OTCYETHOW OTMETKOM 3KpaHa.

3. MNpeomeT cTaBAT Ha NeByl YallKy BecoB, nogdvpatoT rmpu M3 pasHoBeca
MUSIMrPaMMOBbIE Pa3HOBECKN, BCTPOEHHbIE B KOPMYyC BECOB B BUAE ChneuunarnbHbIX Konedy,
Mopbop pasHOBECOK NPOAOSPKAOT A0 TEX NOp, NoKa Ha 3KpaHe He NosABUTCSA n3obpaxeHue
LKansbl.

4. 3anucbiBas pesynbTaTbl B3BELUMBAHMWS, BHa4yane 3anucbiBalOT Maccy rupek, a
3aTeM nokasaTenu aKpaHa: B JIEBOM OKHE — MO NuMOy rmMpeBOro mMexaHmama — COTHU
MUMNSIUIPaMMOB, B LEHTparibHOM OKHe — MO LWKane — OeCATKM MUNIIMrpamMmoB U Lenble
MUNNUrpaMmbl, B NPpaBOM — OECATbIE U COTble 40NN MUNNUIPaMMOB.

lpumep onpedeneHusi Macchl 838elugaeMo20 rnpedMema U 835imusi HagecKuU:

Ha npaByl 4alwky BecoB MNonoxeHbl rMpbkn 10 r v 1 r, B N€BOM OKHe 3KpaHa

ycTaHoBMMnacb uudpa 6, B LEHTpanbHOM OKHE — OTMEeTKa Ha wWwkane 25 m B OKHe

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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penutensHoro yctpouctea — uyucno 35. CneposaTternbHO, Macca B3BELUMBAEMOrO
npegmeTta pasHa 11,62535 .

Ecnv ana onpegeneHns maccbl npegMmeta AOCTAaTOMHO TOYHOCTb O YeTBEpPTOro
AEeCATUYHOrO 3HakKa, NATbIM 3HAKOM MOXHO MpeHebpeyb, MOMb3ysCb MpaBuriamu
okpyrneHus: 11,6254 r.

Haeeckol HasbiBaeTcst YacTb Npobbl XMMMYECKOro BeLlecTBa, TOYHO B3BELUEHHOE
Ha aHanUTU4ecknx Becax. [1na B3ATUS HaBeCKM NOCTynatT crieayowmm obpasom:

1. NpoBepstoT, 4TOObI BIOKC UM YacoBOE CTEKNO Oblnn YNCTbIMU N COBEPLUEHHO
CYXUMM.

2. Cobniogas Bce npaBuia B3BELLMBAHUS, B3BELUMBAIOT BIOKC MM YacoBOE CTEKIO.

3. CymmmpytoT maccy 6rokca unm cTekna € Maccon HeobxoouMmon HaBeCKw,
onpeaensiioT ux obLyyo Maccy.

4. CHMMAIOT C BECOB HarpysKy, COOTBETCTBYIOLLYIO Macce 6ioKca, U CTaBsAT HOBYHO,
paBHyto obLien macce 6roKca U HaBeCKN.

5. CHMmaloT 610KC C BECOB, HacbinalT B HErO HEMHOrO BellecTBa U CHOBA CTaBAT
Ha Becbl. OCTOPOXHO OTKpbIBas appeTup, U HabniogarT 3a OTKINOHEHWEM CTpernku U
yCTaHaBNMBalT, Mano unM MHOro BewecTtBa B Otokce. [locbinailT wmnmu oTcbinatoT
BELLECTBO, CHMMas BIOKC C YallKn BECOB A0 TEX MOp, NoKa He NOMyYUTCS Hy>XHas macca.

Hago 3HaTb, YTO BO MHOMMX cry4asix HeT HeobxoAuMOCTM OoTBelnBaTb TOYHO
paccyMTaHHOE KONMMYEeCTBO BELLECTBA, BaXXHO MMETb MOYHYHK Maccy Hagecku, No3TOMY B
3TOM cry4ae:

6. B OlOKC HacbinalT NPUMEPHO HYXKHOE KOSIMYECTBO BellecTBa (C TOYHOCTbIO A0
AecATblX Oonen rpamma) v B3BewMBaKT OKOKC BMecTe ¢ HaBeckon. Maccy HaBecku
onpenensioT, Bbl4MTag U3 CyMMapHoOM Macchbl, Maccy Brokca.

PesynbTaTbl B3BELLUMBAHNA OCOOPMASAIOT 3anNnUChio, HaNpumep:

Macca nycrtoro 6tokca — 11,6254 r

Macca 6tokca ¢ HaBeckon — 12,9677 r

Macca HaBecku — 1,2423 .

Ownbkn, BCTpevawwmecs B  nabopaTopHOM  NpakTMKe, AenaTcs  Ha
cucmemamuyeckue u criydalHsble.

Owunbkn cucmemamuyeckue 0B6yCNoOBEHbI HENPaBUITbHOCTBID B  MOKa3aHUAX
npnbopoB, HegocTtaTkamu B METOAMKE W3MEPEHUN U OLHOCTOPOHHE HarpaBlieHHbIM
BNUAHMEM  KakMX-NMMOO BHEWHMX BO3AEUCTBUMWA. Takme OWwubKn cucTemaTnyeckm

NOBTOPAKOTCA, MO3ITOMY WUX MOXHO Y4eCTb, Harnpumep, noJib3ydAaCb nornpaskamMmnm K

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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nokasaHusam npmbopoB, KOTOpPbIE NPUBOASTCS B NacnopTax, Nepnognveckor noBepKon no
aTanoHam (Hanpumep, NoOBepKa pasHOBECOB, rpadynpoBKka TEPMOMETPOB, BIOPETOK 1 T.M.)

Owunbkn  cnyvalHble  3aBUCAT OT YCNOBMW OMblTa W ONpeaensitoTcs
NHAMBUAYanbHbIMM OCOBEHHOCTAMM y4yaLLerocsi. AT NOrpeLlHOCTN 0ObIMHO HEBESMKN, HO
OHW HEeYCTPaHMUMbI.

Ownbkn npn mnamepeHunsix BoobLie HensBexHbl BBMAY OTCYTCTBUS MAeanbHbIX
n3mepuTenbHbiX NPUOOPOB, HECOBEPLUEHCTBA OPraHOB YyBCTB 3KCMNEpuMeHTatopa u
HEMOCTOSIHCTBA BO3AENCTBUA BHELLUHUX YCMOBUW: BRA@XHOCTM BO34yxa, [AaBreHus,
COTpsAICEHMI 34aHuMsa nabopatopum u T.0.

A6conomHyro U OmMHOCUMEsbHY0 OWNOKN WN3MEPEHNA HAXOAUT CReayHLUM
obpasom.

AbcontomHas owubka W3MeEpPeHUss — PasHOCTb MeXAy «UCTUHHbIM» 3HaYeHueM
BENNYMHbI U Pe3yNbTaToOM U3MEPEHUS 3TON BENNYMHDI.

OmmHocumerbHas owubka N3MepeHUs — MNPOLUEHTHOoe OTHOoLleHue abCconioTHOM
OLUMOKN K UICTUHHOMY 3HAYEHUIO U3MEPSIEMOW BESNUYMHBDI.

B ycnoBusix nabopaTopHOro npakTukyma OOMycKaeTcsl OTHOCUTENbHas olmbka B

npegenax 3 — 5 %.

UcxodHble mamepuarbl U OaHHbIe:

Hagecka BapuvaHTbl 3agaHui
XMMWYECKOro BeLlecTBa 1 2 3 4 5 6
NaCl 0,5 0,6
NaOH 0,9 1,0
BaClz- 2H20 1,2 1,3

1 O3HAaKOMUTBLCS C TEOPETUYECKOWN YACTbIO 3aHATUS.
2 1o 3agaHHOMY BapuaHTy:

1) npou3BecTM B3SATUE HABECKM XUMUYECKOrO BELWECTBa, MNOMb3ysCb
aHanMTUYEeCKMMN BECaMU N aHaNUTUYECKMM pa3HOBECOM, cobntogasa npasuna paboTbl Ha
Becax;

2) 3anucatb pe3ynbTaTbl B3BELUMBAHUS.

3 OhopmuTL OTHET NO NpakTU4eckon pabore.

4 OTBETUTb Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxaHue omyema:
HanmeHoBaHMe NpakTUYeckoro 3aHATUS
Llenb 3aHATMA

BapwnaHT 3agaHus

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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OTyeT O BbINOMHEHUM Ha Kaxablh aTan pasgena «CopepxaHue W NoOpAOOK
BbINOSTHEHUS paboTbI»

Cnncok ncnonb3oBaHHOW NUTepaTypbl U APYrMX MCTOYHUKOB

BbiBoAabl

[aTbl n nognucu KypCaHTa 1 npenogaBartens

Bonipocbi 0r1si caMornposepKu:

1. C Kakon TOYHOCTbLIO MOXHO B3BELUMBATb HA aHaNMTUYECKNX Becax?

2. KakoBo Ha3HaveHue appeTtunpa?

3. KakoB nopsaok B3selumBaHna?

4. Kak NpoBepnUTb HYNEBY TOUKY?

5. KakoBbl npaBuna, KoTopble HeoOXoAMMO BbLINOMHATL nNpu  pabote C
aHanUTU4YeckumMmn Becamm?

6. Kak npaBunbHO 3anncaTb pesynbTaTthl B3BELUNBAHNA?

7. Buabl owumnbok namepeHui B nabopatopHom npaktukyme? MNMpueeguTe npumepsl.

4.2 MeToAbl TUTPUMETPUYECKOro aHanms3a
MpakTuyeckoe 3aHATUE Ne 9. PacyeTbl B TUTPUMETPUYECKOM aHanuse

Llenb 3aHsmus:

OcBounTb METOANKY pacyeToB B TUTpuMeTpudeckom aHanuse MK 1.1, MK 4.5.

Ucrnonb3yembie uCmMOYHUKU:
Mepuoguyeckasa cnctema xummndeckmx anemeHtoB [1.. Mengeneesa;

Tabnuua pacTBOPMMOCTU COSEN, KNCNOT, OCHOBaHWNA;

[1], [2].

Teopemu4yeckasi Hacmb:

B TutpumeTtpudeckom (06HLEMHOM) aHanu3e KONMYECTBEHHOE OnpeaeneHne
BELLEeCcTBa NpPoM3BoauTCA Mo 06bEMy pacTBOpa M3BECTHOW KOHLEHTpaUun, 3aTpavyeHHOro
Ha peakumto C onpeaensiemMbiM BELLLECTBOM.

Mpouecc onpegeneHus copepXaHusi BeLlecTBa WM TOYHOW KOHLEHTpaLuumu
pactBopa 06 bEMHO-aHaNUTUYECKUM NYTEM Ha3blBAETCA MUMpPO8aHUEM.

OTa BaxHenwasa onepaumsi TATPMMETPMUYECKOrO aHann3a 3akno4yaeTcsl B TOM, YTO K
nccnegyemomy pacTtBopy NpUMBaKOT APYrov pacTBOP TOYHO M3BECTHOM KOHLUEHTpauumn 4o
OKOHYaHusa peakumn. [lpu TUTpoBaHWMM MpUOaBNAT He U3ObITOYHOE KONMUYEeCTBO

peakTMBa, a TOYHO OTBevalllee ypaBHEHMIO peakuun. CnepgoBaTenbHO, Takoe

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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onpegeneHme BO3MOXHO TOSMbKO B TOM Crlydae, ecrnvM KonudecTtBo npubaBnsemoro
peakTBa 9KBUBASIEHTHO KONIMYECTBY ONPeaensieMoro CoOeanHEHNS.

M3BeCTHO, YTO 06BEMbI pacmeopos, KOJIUYECMBEHHO peazaupyrouux mexady cobod,
obpamHo nponopyuoHasibHbl HOpPMarsbHbIM KOHUeHmpauusM 3mux pacmeopos (3aKoH
3K8UBasIeHMOos):

V1/V2 = N2/N1mnm N1 -Vi=V2- N2, (1)

rae Vi n V2 — 06beMbl NEPBOro U BTOPOrO pacTBOPOB, M (cm3);

N1 1 N2 — HOpmarbHble KOHLEHTpauun pacTBOpPOB, r-aKB/n (H).

OTO NOMOXEHME 1 NErfno B OCHOBY TUTPUMETPUYECKOTO ONpeaeneHus.

BaxHelwumu MOMeHmamMu TUTPUMETPUYECKMNX ONpeaeneHnin ABNSOTCS:

1. TO4HOE n3MepeHne 06 LEMOB pearnpyroLmnx pacTBopoOB;

2. NpuroToBfieHMe pacTBOPOB TOYHO W3BECTHOW KOHUEHTpauun, C MNOMOLLbIO
KOTOpPbIX MPOBOAUTCA TUTPOBaHME, Tak HasbiBaeMblX paboyux pacmeopos (mumpaHmos);

3. onpegeneHune KoHUa peakuumn (TOYKM 3KBUBANEHTHOCTHM).

Ana onpegeneHvss TOYKWM  3KBMBANEHTHOCTM  MPUMEHSAOTCA  cheunanbHble
BeLLeCTBa, Ha3blBaeMble UHOUKamopamu.

KoHueHTpauuio paboyero pactsopa BblpaxaloT 4yepe3 HOPMasrbHOCTb MK 4vepes
TUTP.

Ana onpegeneHns TOYHOW KOHLUEHTpauuu paboyero pacrtBopa (YCTaHOBKM TUTpa
UnNu ctaHgapTmsaumm pabodero pacteopa) Nonb3yTCA Tak Ha3blBAa€MbIM UCXOOHbLIM USU
yCmMaHOB0YHbIM 8euwecmeomM. VIcxoaHoe BeLecTBO AOSMKHO YAOBMETBOPATL Cneayowmm
mpebogaHusIM:

1. ero coctaB AO/MKEH CTPOro COOTBETCTBOBATbL €r0 XMMmuYeckon oopmyne;

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

3. OHO OSMKHO ObITb YCTONYMBBLIM Ha BO3yXe U B pacTBOpPE;

4. OHO AOMKHO BbITb XOPOLLO PacTBOPMMO B BOAE;

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

CTPOro onpeaeneHHoOMy ypaBHEHUIO U C BOMbLLIOM CKOPOCTLHO.

Cnocobbi npuaomosneHusi mumpoeaHHbIX pacmeopos:

1. NO TOYHOWM HaBeCKe UCXOAHOro BELLECTBA;

2. N0 HETOYHOW HaBecke WCXOOQHOro BewectBa wunuM  pasbaBneHuem
KOHLIEHTPUPOBAHHOIO pacTBopa B MEPHOM LMNUHAPE;

3. 13 bmkcaHana (cTaHgapTHOro TuTpa).

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Mo cnocoby BbLINONHEHNA OOBLEMHO-aHANUTUYECKUX ONpeaeneHun pasnuyatoT
NpsiMOe N KOCBEHHOE TUTPOBAHME.

lpu npssMomM mumpoesaHuu: onpegensemMblii KOMMNOHEHT HEMOCPEACTBEHHO TUTPYIOT
nogxoaswum paboynm pacTBOPOM.

[lpu KoceeHHOM mumpogaHuUu — TUTPYKT He caM onpeaensemMbl KOMMNOHEHT, a
NpoayKkT €ero B3aMMOOENCTBUA CO cneumanbHo [obaeneHHbIM BewecTBoM (Memod
3amMeuweHuss) vnn unsbbITOK Takoro cneuuanbHO [O6aBNEHHOro BeLLECTBaA, KOTOPbIU
OCTaeTCs No 3aBepLleHnn ero B3aMMoaencTBusa ¢ onpegensemMbiM KOMNOHEHTOM (Memod
0bpamHo20 mumpoeaHusi).

Takum ob6pasom, B METOA4AX KOCBEHHOMO TUTPOBaHUSA HENOCPEACTBEHHO TUTPYIOT HE
onpegensemMoe BeLlecTBO, a cneunansHo gobasneHHoe.

BapuaHmbl mumpumMempu4yecko20 aHasnu3a: MeTOA4 NUNEeTUPOBaHWA W MeToA
OTAENbHbIX HABECOK.

B nepBomM TUTPYIOT HECKONbKO pa3 OA4MHaKoOBble MOpUUK pacTBopa, OTOMpaeMoro
NUNETKON M3 MEPHOM KoNbbl onpegeneHHoro obbema, B KOTOPOM pacTBOpPEHa Macca
HaBECKM MCXOOHOro UM onpenensieMoro BellecTBa. TUTpoBaHWe NPOBOAAT TpU pasa U
ansa pacyeta 6epyT cpefHU pesynbTar.

Bo BTOpOM — HECKONbKO HaBECOK BELLECTBA, PACCYUTAHHbIX HA OQHO TUTPOBaHME,
pacTBOPSAOT B MPOM3BOSIbHOM O6beMe pacTBOPUTENS U TUTPYIOT Kaxabin pacteop. [Ons
TUTpOBaHWs BepeTcs He MeHee ABYX HAaBECOK, U BbIYUCNAOT CpeaHUN pe3ynbTar.

BaxHo 3Hamb, 4Ymo ece pacyembl 8 mumpuMempu4yecKkoM aHasnuse eedymcs 00
yemeepmou 3Hadauwel yugpesl.

MprMepbl BbIYUCNEHUIA B TUTPUMETPUYECKOM aHanmse.

Mpumep 1. Ona onpepeneHnsa KoHueHTpauumn paboyero pactBopa NaOH B
KayecTBe ucxogHoro pacteopa Obin B3aT 0,1H pactBop consiHOM KucnoTbl. Ob6bem
MCXOQHOro pacTtBopa, B3ATOro ana TtutpoBaHud, paBeH 10 mn. O6bem paboyero
pacTBopa, nolwlegLlero Ha TuTposaHue, 11,3 mn.

PeweHune. ToyHaa HopManbHOCTb paboyero pacTBopa Haxoantcs u3 gopmynbl (1):

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

Mpu BblpaXeHMM TOYHOW HOPMAaSibHOM KOHUEHTpauunm pabodero pactBopa 4acTto
NPUMEHSIIOT TaK Ha3blBaeMbIn «nonpaBoYHbIi KoadhdpuumeHT» (K).

BenuunHy K HaxoaaT, pasgenus onpeaeneHHyo TUTPUMETPUYECKM HOPManbHOCTb
pacTBopa Ha npegnosiaraemoe 3HayeHne HopMarsibHOCTU pacTBopa:

K = N/No, (2)

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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roe N — akcnepuMeHTanbHO onpeaeneHHas HopMasibHOCTb pacTBopa, r-aKke/f;
No — Npegnonaraemas HopMasibHOCTb pacTBopa, r-ake/n.
Ecnn pabounn pacTtBop nNPUroToBrEH TOYHO 3afdaHHOW KOHLUEHTpauuu U3

domkcaHana unm nNo TOYHO B3ATOM HaBecke, To K = 1, n Ha cknsiHke oH He 0603HavaeTcs.

Mpumep 2. Hantu nonpaBoyHbIn KO3IppuumeHT «K» npubnusntensHo 0,1 H
pactBopa NaOH, ecnu ero onpegeneHHas TUTPUMETPUYECKN HOPMaribHasi KOHLEHTpaums
0,08850 H.

PeweHuve. Bocnonb3yemcsa dopmynon (2).

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

KoHueHTpauusa pactBopa MOXeT ObiTb BblpaxkeHa TUTPOM paboyero pacTeopa, T.€.
B rpamMmMax BellecTBa Ha 1 mn pacTteopa:

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

roe O — 9KBMBareHTHas Macca BeLwecTBa, T;

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

[na npurotToBneHnsa pacTBOPOB OMpeferieHHOM KOHUEHTpauuuM HaBecKy, m, T,
paccyuTbiBalOT No oopmyre:

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

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

3 — r-akB BellecTBa, I;
V — 06beM NpUroToBEHHOrO pacTeopa, M.

PacyeTbl npu BbIpaXXeHUM  KOHUEHTpauuum 4epes TUTP MO onpenensieMomy
BELLeCTBY, T.e. MacCoOW onpeaensemoro BellecTBa, KOTOPOMY COOTBeTCTByeT 1 Mn
paboyero pactBopa, BeayTcsa nNo hopmyrne:

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

roe x — pabouunn pacTBop;

y — onpefensieMoe BeLlecTBO;
Nx — HopmarnbHOCTb paboyero pacTsopa r-aks/n (H);

Oy — r-3KB onpeaensaemMoro BeLlecTsa, r.

Mpumep 3. HopmanbHocTb pactBopa AgNOs pasHa 0,1020 H. Hantn ero TuTtp no
Xnopy.

PeweHune. Bocnonesyemcsa cpopmynom (5):

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

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Tump makxe pacc4yumbigarom 00 Yyemeepmol 3HaYawel yugpsbl.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Mpumep 4. Beumncnute Tutp 0,1 H pactBopa AgNO3 no NaCl.

PeweHuve. Bocnons3yemcsa 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 AgNO3 BcTynaet B peakuuio ¢ 0,005850 r NacCl.

Mpumep 5. Kakoe konNnMYecTBO XNOP-MOHOB coAepXanocb B TUTPYyEMOM Xropuae,
€eCnun Ha TuTpoBaHue 3atpadeHo 8,20 mn HuTpaTa cepebpa? T AgNOs/CI- = 0,003616 r/mn.
PeweHune. Bocnonb3yemca chopmynon (3), Toraa macca xnop-noHoB OyaeT paBHa:
m = T AgNOs/CI-- V AgNOs = 0,003616 - 8,20 = 0,02965 r.

UcxoOHble mamepuaribl U OaHHbIe:

CrtaHpapTHbIV pacTBop U
BapwuaHTt €ro XxapakrepucTtumka Tutp, Onpegensemoe
3
3apaHud BELLECTBO KOHIV_II,;e"H;'F)aLI, r5KB r/cm BELLEeCTBO
1 H2SO4 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 H2SO4 0,1 49 0,004998 KOH
6 HCI 0,1 36,5 0,003797 NaHCOs3
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(NOs)2 0,1 280,6 0,033670 NaCl

CodepxxaHue u rnopsidok 8bInosiHeHuUs1 pabomsbi:

1. O3HAKOMUTLCS C TEOPETUYECKOM HYaCTbHO 3aHATUS.

2. T[lo 3agaHHOMY BapWaHTy BblYUCIIUTb  HOPMAasnbHOCTb, MOMNPaBOYHbIN
KO3 PUUMEHT N TUTP NO OnNpeaensiemMoMy BELLECTBY ANA CTaHOApTHOro pacTBopa.
PeweHune BbINONHUTL C NOAPOBHLIMU NOACHEHUSAMU N YKa3aHUEM eUHUL, U3MEPEHUS.

3. OopmUTb OTHET MO NpakTnyeckon paboTe.

4. OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHMe NpakTUYecKoro 3aHATUS

Llenb 3aHATMSA

BapwuvaHT 3agaHus

OTyeT O BbINOMHEHUM Ha Kaxabld aTan pasgena «CogepxaHne M NOPAOOK
BbINOSTHEHUSA PabOoThI»

Cnuncok ncnonb3oBaHHOW NUTEpPATypPbl U APYrMX MCTOYHUKOB

BbiBOAbI

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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[aTbl n nognucu KypCaHTa 1 npenogaBsatens

Bonipocbi 0r1si caMornposepKu:

1. UTto Takoe TUTpMMeTpmYeckoe onpeaeneHne?

2. Y10 Ha3biBaeTcsa TUTpOBaAHNEM?

3. Hanuwwnte dopmyny 3aBUCUMOCTM OBBLEMOB KONMMYECTBEHHO pearnpytowmx
pacTBOPOB U UX HOPMasibHbIX KOHLEHTpauun.

4. Yto Takoe pabounn pacteop?
Kak BblpaxkaeTcsa KOHUeHTpaumst paboyero pactesopa?
YT0 Takoe ncxoaHoe BeLLECTBO?

KakoBbl TpeboBaHUs, npeabsiBnsieMble K UICXOOHbIM BelllectBamMm?

© N o o

Kakue cywectBytoT Cnocobbl NPUroToBIEHUsE TUTPOBAHHbLIX PAacCTBOPOB?

9. B yem npuHUUNUanbHasa pasHvua Mexagy NpsiMbIM U KOCBEHHbIM TUTPOBaHMEM?

10. B 4em cywHOCTb MeTO4a NMMNETUPOBAHUA N METOAA OTAENbHbLIX HABECOK?

11. Hannwwute dopmyny, No KOTOPOM MOXHO paccumTatb TUTP pabodero pacteopa
no ornpegensemMomMy BeLlecTBY, €Cnu M3BECTHa HopMaribHasi KOHUeEeHTpauusi paboyero
pacTteopa.

12. Hanuwmte cdopmyry, No KOTOPOW MOXHO paccymnTaTb TUTP pacTBopa, 3Has ero
TOYHYIO HOPMarbHYHO KOHLEHTpaLUunto.

13. Hannwwute hopmyny Ans BbIMMCEHUS KONMYECTBA BELLECTBA, €Cl U3BECTHDI
obbem paboyero pacTBopa, nowegwero Ha TUTPOBaHMe, W TUTP pacTBopa Mo
onpegenseMomMy BeLLECTBY.

14. Y70 NnoKasbIBAET NONPABOYHbLIN KOIPPULNEHT?

4.2 MeToAbl TUTPUMETPUYECKOro aHanus3a
MpakTnyeckoe 3aHaTne Ne 10. PacyeTbl B KNCNIOTHO-OCHOBHOM MeToAe

Lenb 3aHsmusi:

OcBouTb METOANKY pacyeToB B KMCNOTHO-OcHOBHOM MmeToge MK 1.1, MK 4.5.

Hcrnonb3yemble UCMOYHUKU:

Mepuogunyeckasa cnctema xummndeckmx anemeHToB [1.. Mengeneesa;
Tabnuua pacTBOPUMOCTM KUCMOT, CONEN, OCHOBAHWU B BOAE;
IMNOTHOCTb BOAHbLIX PAacTBOPOB KUCHOT;

[1], [2].

Teopemuyeckasi Hacmab:

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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B ocHoBe KMCNOTHO-OCHOBHOro Metoda (MeTtoda HenTpanusauun) nexnt peakums
HenTpanusauyuun: H* + OH- —» H20

OTOT MeToq NPUMEHSAETCA ANS KONUYECTBEHHOro onpeaerieHns KACNOT, LWenoYven,
conemn, CnocoBHbIX MMAPONM30BaTbCA B BOOHbIX pacTBopax, a Takke Ux cMecen.

B kayectBe paboumx pacTBOPOB MCMOMb3YKT Yalle BCEro pacTBOPbl COSIAHON U
CEPHOM KMCNOT, pacTBOPbI IMAPOKCUOO0B HATPUS U Kanus.

B kadectBe wuCXOAOHbIX BeLWECTB ANA YCTaHOBKM TUTpa pacTBopa KUCroT
ncnonb3yoT TeTpabopar Hatpua (6ypa) NazxB4sO7z - 10H20 wnn kapboHaT HaTpus
6e3BogHbI Na2COs, a anga yctaHOBKM TUTpa pacteopa wenodyen — waseneByto H2C204
2H20 wnu anTapHyto knucrnoty H2C4H4O4.

Mpy NnomMOLKN KUCNOTHO-OCHOBHOIO MeToda onpeaensatT KapboHaTHYI XKeCTKOCTb
BOAbl, KUCNOTHOCTb MOSIOYHBIX U PbIBHBIX NPOAYKTOB, KUCNIOTHOE YMCIO Macna u xupa.

B meTogme HenTpanusauuMm B KadecTBe WHOMKATOpa MPUMEHSIIOT OpraHn4eckue
COEAMHEHNSs, MEHSIIOLME CBOK OKpacky B 3aBMCUMOCTM OT KOHLUEHTpauum WOHOB
Bofopoda B pacTtsope. BennunHy pH, npmn KoTopon 3akaH4MBalOT TUTPOBAHUE C AaHHbLIM
WHOMKATOPOM, Ha3bIBalOT r1okazamersieM mumposaHusi (pT).

XapaKTepMCTVIKa HEKOTOPbIX NHONKATOPOB.

NHankaTop pT N3meHeHune okpacku
MeTnnoBbIN OpaHXeBbIn 4,0 KpacHas — xenras
MeTunoBbIN KpacHbIN 5,5 KpacHas — xenrtas
deHondranenH 9,0 OecuBeTHas — CUHSAS
TumondTaneunH 10,0 OecuBeTHas — KpacHasi

MprMepbl pacyeToB B KNCAOTHO-OCHOBHOM METOZAE.

Cnedyem umems 6 sudy: 1) B npoLecce pacTBOpPeHMUs BeWecTBa Unu pasdasneHnu
pacTBopa, Macca BelecTBa, a, CrneaoBaTenbHO, W YUCMO €ro 9KBUBANIEHTOB He
n3meHsieTcs; 2) B Ntobon peakuumn BeLLECTBa pearmpyoT B 3KBUBANEHTHbLIX KONMYECTBaXx.

Mpumep 1. Tpebyetca npurotoButb 5 N 0,1 H pacTBOpa COMSIHOW KUCMOTbl U3
KOHLIEHTPMPOBaHHOW C NNOTHOCTLIO P =1,19 (38 % - cnpaBoO4YHbIE AaHHbIE).

PeweHue.

1) OHel = Muct = 36,5 T.

2) Haxogum maccy yucton (100 %) HCI ansa npurotoenexus 5 n 0,1 H pacTBopa:

1 H HCI copepxut 1 r-akB = 36,5 r HCI B 1 n pacTtBopa,;
0,1 H HCI comgepxuTt 0,1 r-akB = 3,65 r HCI B 1 n pacTtBopa;

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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0,1 H HCI copepxuT 3,65 - 5 =18,25r HCI B 5 n pacTtBopa.

3) U3 nponopuuun Haxogum maccy 1 mn 38 % - Horo pacTteopa HCI:

38 r x.4. HCI cogepxutcs B 100 r CXOQHOM KUCNOTbI

Xr « 1-119r

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

4) Onpegensiem ob6bem 38 % - HOro pacTtBopa COMAHOW KMCNOTbI, He0BXoaMMOoro
ans npurotosnexnsa 5 n 0,1 H pacTeopa:

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

Mpumep 2. PaccuntaTb, CKONbKO rmapokcuga Hatpus  cogepxutcsa B 500 mn
pacTtBopa, ecnu Ha TutpoBaHme 20 mn aToro pacteopa naet 20,8 mn pacTBopa COSsTHOM
KMcnotbl, TUTp kotoporo paseH 0,002022 r/mn.

PeweHwue. YpaBHeHue peakunn: NaOH + HCI = NaCl + H20 (1)

1 cnocob pacyema:

1) KonnyecTtBo consHon KMcnoTel, cogepxawenca B 20,8 mn pacTteopa:

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

2) Mo ypaBHeHuto peakuun (1) Ha 1 r-akB NaOH unaet 1 r-aks HCI, 3HauuT:

Ha 40 r NaOH TtpebyeTtca 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 * Vkonee = 0,04613 - 500/20 = 1,1532 r.

2 cnocob pacyema:

1) Haxogum HopmanbHy KOHUEHTPaUnio CONSHON KUCAOTbI:

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

2) HopmanbHOCTb LLenoyu:

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

3) Macca wenouu, cogepxattadaca B 500 mn pacteopa:

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

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

PeweHue.

1) Mpn NONHOW HeNTpanu3aunm CEPHON KUCNOTbl ee rpaMM-3KBUBANeHT paBeH

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

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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2) Moatomy konuyectBo rpammoB uucton (100 %) H2SO4, Heobxogmmoe ans
npurotoenexusa 0,5 n 0,1 H pacTBopa, MOXHO BbIMUCAUTL CreayroLwmnm obpasom:

MHS0: =3 -N-V=49-0,1-0,56=245r.

3) CepHaa kucnoTta nnoTHocTblo 1,84 r/cm® mMMeeT koHueHTpauuwo 96,0 %
(cnpaBo4yHble AaHHbIE). J1erko BblMUCANTL B KAKOM KONTMYECTBE 3TOW KMCMOThI COAEPKUTCS
2,45 r ynctom H2SOa:

100 r 96 % - HoM kucnoTbl cogepxat 96 r H2SO4

XTr « 2,45 r H2SO4

x =100 -2,45/96 =2,55T.

4) Ho cepHyl KUCNOTYy He B3BeWMBAlOT, a OTMepuBalT Mo obbemy. YTOObLI
nepenTn OT Macchbl K 06beMY KMCMOTbI, MONb3YyOTCS OOPMYION:

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

Takum obpasom, gns npurotosneHna 500 mn npubnusntensHo 0,1 H pacTBoOpa
H2SO4 HY)XHO OTMEpPUTb MEpPHbIM LMUANHOPOM UK rpagympoBaHHon npobupkon 1,39 mn
KOHLIEHTPUPOBAaHHOW cepHol kucnoThl (p = 1,84 r/cm3), pacTBOpUTL M JOBECTU BOAOW A0
ob6bema 500 mn.

5) [leicTBMTENbHYD HOPMAarbHOCTb 3TOr0 pacTBopa eule HYXXHO YCTaHOBUTb MO
ncxogHomy BewectBy (Na2COs, Na2B4O7 - 10H20) nnu no To4HOMY pacTBOpY e€OKoro
HaTpa nyTem TUTPOBaHUS.

Ucxo0Hbie mamepuaribl U OaHHbIE:!

Tabnuua 1
BapwuaHT CtaHgapTHbIN pacTBop Wccnegyemsblii pacteop Obbem
3afaHus o6bem, N, obbem, V2, KOnoel,
Ne 1 BELLECTBO Vi, Mn H. Knonp. | BeLLecTBO mn r-3KB mn
1 H2S04 23,44 0,1 0,980 NaOH 25,00 40 250
2 HCI 11,64 0,1 1,050 Na2C03 10,00 53 100
3 NaOH 12,21 0,1 1,100 H2S04 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 H2S04 23,44 0,05 0,980 NaOH 25,00 40 250
7 HCI 11,64 0,05 1,050 Na2C03 10,00 53 100
8 NaOH 12,21 0,05 1,100 H2S04 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
Tabnuua 2
BapuahT [MnoTHOCTb BOAHOIO
3apaHuns BeuwecTtBo 3 % O6bem Konbbl, cm3
No 2 pacTtBopa, p, r/cm
1 HCI 1,049 10 1000
2 H2S04 1,143 20 500
3 HNO3 1,184 30 200
4 CH3COOH 1,049 40 250

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

1,100 | 20

500

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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lMpogosmkeHne
Bapuant MnoTHOCTb BOAHOIO
3agaHud BeliecTtBO % O6bem konbbl, cm3
No 2 pacTtBopa, p, r'cm3
6 H2S04 1,503 60 400
7 HNO3 1,421 70 300
8 CH3COOH 1,070 80 250
9 HCI 1,152 30 200
10 H2S04 1,819 90 100

CodepxxaHue u nopsidok 8bInosHeHUs pabomsi:
1 O3HaAKOMUTLCA C TEOPETUYECKOM YaCTbIO 3aHATUS.
2 1o npeanoXxeHHOMY BapuaHTy:
1) 3agaHunsa Ne 1 (cMm. Tabnuuy 1) BbIMMCIIMTL MaccCy BellecTBa, coaepxallerocs
B onpeaeneHHoMm obbeme pactBopa, Mo AaHHbIM TUTPOBAHUS;
2) 3agaHusa Ne 2 (cm. Tabnuuy 2) BbIMMCNUTL MacCy BellecTBa, coaepallerocs
B onpeneneHHomMm obbeme pacTteopa.
3 OdhopMUTL OTYET MO NpakTnyeckon paboTe.

4 OTBETUTH Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTUYecKoro 3aHATUs

Llenb 3aHATMSA

BapwuaHT 3agaHus

OTyeT O BbINOMHEHMM Ha Kaxabld 3Tan pasgena «CogepxaHue U nNopsgok
BbIMNONHEHUs paboTbl»

Cnuncok ncnonb3oBaHHOW NUTEpPATypPbl U APYrMX MCTOYHUKOB

BbiBoAabI

,D,aTbI M noannucun KypcaHTta u1 rnpenogaBaterns

Bonipocbi 0r1si caMornposepKu:

1. Kakon TuTpumeTpmnyeckuin Metoq aHanusa HasblBaeTCsl KUCNIOTHO-OCHOBHbIM?

2. CogepXaHme Kakux BeWeCcTB MOXHO oOnpeaenutb  KAUCIOTHO-OCHOBHbLIM
MeToaoMm?

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

4. Kakue BellecTBa NPUMEHSIIOTCS B Ka4eCTBE UCXOAHbIX BELECTB B 3TOM MeToae?

5. Kak dmkcmpyeTcs Touka 3KBUBarNeHTHOCTU B KUCIOTHO-OCHOBHOM MeToae?

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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6. Uto npeacrtaBnsaT cobon MHOAMKATOPLI, MPUMEHSIEMbIE B KMCITOTHO-OCHOBHOM
meTtoae”?

7. YTto Has3bIiBaeTCH nokasaTtenem TUTpoBaHnA?

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

9. Kakyto okpacky nmeeT MHANKATOp METUNOBLIN opaHxeBbin npu pH=2,0; 5,0; 7,07

4.3 MeTtoabl peaoKcumMmeTpumn
MpakTuyeckoe 3aHATUe Ne 11. PacuyeTbl B MeTOAEe NepmMaHraHaToMmeTpum

Lenb 3aHsmus:

OcBounTb METOANKY pacyeToB B MeToae nepmanraHatometpum MK 1.1, MK 4.5.

Ucrionb3yemblie UCMOYHUKU:
Mepuogunyeckasa cnctema xummndeckmx anemeHtoB [.. MenaoeneeBa;
Tabnuua pacTBOPMMOCTU COSEN, KUCNOT 1 OCHOBAHUW B BOAE;

ONEKTPOXUMUYECKNI Psi HANPSX)KEHWUIA MEeTanmoB;

[1], [2].

Teopemuyeckasi Hacmab:

B ocHOBYy MeTOOoOB pefoKCUMETPUN (OKCUOAUMETPUN) MONOXEHbI OKUCIUTESbHO-
BOCCTAHOBUTESbHbIE peakuuun, B pesyrbTaTe KOTOPbIX U3MEHSIOTCS CTEMNEHU OKUCIEHUSA
WOHOB WKW 3fIEMEHTOB. TepMUH «pedoKCy» npousowen B pesynbTaTe CcovYeTaHud
naTUHCKUX cnoB. reduction — BOCCTaHOBIEHNE N oxydatio — oKucneHue.

[MepmaHraHaToMeTpusi — YaCTHbIN Criydan pegoKCUMETPUU, STOT MEeTO OCHOBAaH Ha
OKUCINUTENbHOM JencTBuM paboyvero pactBopa nepmaHraHata Kanug. [lepmaHraHaT
Kanusa aBnaeTcs CUMbHbIM OKUCIMTENneM, ocobeHHO B KUcnon cpege. [Ans nogkucneHus
NPUMEHSIOT TOSNbKO CEPHYIO KMCMOTY. [pn TUTpOBaHMM NpOTEKaeT crieayrowas peakuns:

2KMnO4 + 3H2S04 + 5H2C204 = 2MnSO4 + K2SO4 + 10CO2 + 8H20

YpaBHEHUs anekTpoHHOro 6anaHca gnst paccTaHoBKM KO3 PULNEHTOB:

2 Mn’*+5& — Mn?*

5|10 | C204%> — 28 — 2CO2°

TutpoBaHne Begetcs 6e3 wuHOuKaTopa, TaK Kak To4yka 9SKBUBANEHTHOCTU
dukcupyetcs no obecLBevMBaHUIO caMoro e paboyero pactsopa, MMeIoLLEero B Havane
JoMoNeToBYH OKPACKY.

lMepmaHraHat Kanus He sIBNsieTCA CTaHO4apTHbIM BELWeCTBOM, (npenapaTt CoOAepXuT

npumecn MnOz2). NoToBaT paboumi pactBop KMnOs, BbliOepKMBalOT €ro B CKMSIHKE U3

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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TEMHOro ctekna B TedeHue 7-10 cyTOK, nocrne 4yero otaensoT pactBop oT ocagka MnO:2
(bvnbTpoBaHMe). XpaHAT pacTBOpP B CKMAHKE M3 TEMHOrO CTekna C npuwiMdgoBaHHOM
npobkon. PacTtBop craHaapTM3mpytoT no waseneson kucnote, ee gurmapaty (H2C204
2H20) nnu okcanaty HaTpus (Na2C204).

MeTogom nepmMaHraHaTOMETPUM MOXHO OnpeaensaTb BOCCTAHOBUTENW (MpsiMoe
TUTPOBaHME) N okncnuTenu (obpatHoe TUTpoBaHue). NepmaHraHaToMeTpusi NPUMEHAETCA
Ana onpefeneHnsa Tak HasblBaEMOW OKUCNSEMOCTM BoAbl, T.e. onpeaeneHns KMnOsg,
HeobXoAMMOro AN OKUCIEHUS OpraHMYeckuX BeLLeCTB B CTOYHbIX BOAAX; KONMu4yectsa
TSOKENbIX METaNoB 1 cepbl B pbIGHON NPOAYKLMK.

pamMM-3KBMBaANEHT  OKUCIUTENS U BOCCTAHOBUTENSI B OKUCIUTESbHO-
BOCCTaHOBUTENbHbIX peakuusax HaxoamTcsa no gopmyne:

9 =M/n, (1)
raoe M — monekynsipHas macca okucnuTens (BoCCTaHOBUTENS);
N — 4YMCNO NEepPexXoqsalnX SNEKTPOHOB, NPMOBOPETEHHbIX (MOTEPSHHbIX)
aneMeHTaMn UM MoOHaMm Kakaon Monekyrnbl OKucnmuTens (BOCCTaHOBUTENS).

Okucnsatowasa cnocobHocTb pactBopa KMn*’Os oGbsicHAETCS BOCCTAHOBIEHUEM
ero B pasHbix cpegax go:

Mn*2S0Os4 - B KuUCnoW cpefe;
Mn*4O2  — B HelTpanbHoOI cpeae;
KoMn*604 — B LLlenoYHom cpeae.

Moatomy, rpamm-aksmBaneHT KMnOs B pasHbix cpefax HaxoauTcs no dopmyrne

(1):
9 KMnOs = 158,03/5 =31,61r - B Kucnon cpeae,

roe Mn™ + 58 — Mn?*;

O KMnO: = 158,03/3 = 52,68 r — B HenTpanbHoOn cpeae,
roe Mn™* + 38 — Mn**;
3 KMnOs = 158,03/1 = 158,03 r — B Wweno4Hon cpeae,

roe Mn™ +1& — Mn®*,

Mpumepbl B MeTode nepmaHraHatometpun. [lpu pelueHun 3agad  criedyem
noMHUmMb, 4mo 6 mobol peakyuu eewecmea peasupyrom 6 3IKeUBaNeHMHbIX
Kosiuyecmeax: YMCro 3KBMBANEHTOB OOHOr0 M3 BELLUECTB paBHO YUCIy IKBMBANEHTOB
APYroro BellecTBa, npopearnpoBaBLUEro C HAM, U PaBHO YMCIy SKBMBANEHTOB Ka)aoro m3

MONMYYMBLUMXCS B pe3ynbTaTe peakuuii BELLECTB.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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OcHoBHas pacyeTHas opmyna TUTPOBaAHUA WCXOAUT U3  ITOrO  3aKkoHa
akBMBaneHToB, npomssegeHne «N-V» NOCTOAHHO, TO e€CTb YyeM 6ornblue HOpMarbHOCTb
pactBopa, TeM MeHblle ero o6beM, coaepXawmi onpegerieHHoe KOnMyecTBO
9KBUBANEHTOB.

Mpumep 1. N3 1,4380 r okcanata HaTpusa npurotoBrneHo 200 mn pacTtBopa. Ha
TuTpoBaHne 25,0 MmN nosiydeHHoro pacTteBopa wu3pacxopoBaHo 23,85 mn pacTtsopa
nepmaHraHarta kanvs. Onpegenutb HopmarnbHOCTb U TUTP KMnOa.

PeweHue.

1) HopmanbHocTb pactBopa Na2C204 Haxogmum n3 hopmyrbi:

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) HopmanbsHocTb pactBopa KMnO4 Haxoanm ncxons U3 3akoHa SKBUBaANEHTOB:
N KMnOs = N NazC204 * V Naz:C204/ V KMnO: = 0,1073 - 25,0/23,85 = 0,1125 H.
3) Tutp pactBopa KMnOa4:
T KMnOs =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 waBeneBon KUCMOTbl pacTBOPeHa B MepHOW Konbe
emkocTtbto 500 mn. Ha TtuTpoBaHue 25 mMn 3TOro pacrteBopa u3pacxonoBaHo 22,8 mn
pactBopa KMnOs 0,1122 H. koHueHTpauuu. OnpenennTb MNPOUEHTHOE coaepXaHue
H2C204 B 0bpasue.

PeweHue.

1) HopmanbHOCTL pacTBopa LiaBeneBown KNUCMOThI:

N H2C204 = N KMnOs * V KMnO4/ V H2C204 = 0,1122 - 22,8/25 = 0,1023 H.

2) Konn4yecTso waseneson kmucnoTsl B 500 mn pacTteopa:

m=3-N -V/1000 = 45,02 - 0,1023 - 500/1000 = 2,3034 r,
roe O HxC2:04=M/2 =90/2 =45T.
3) MNMpoueHTHOE coaepxaHne KNCnoTbl B 0bpasue CoOCTaBUT:
% H2C204=m -100/3,2240 = 2,3034 - 100/3,2240 = 71,44 %.

Mpumep 3. HopmanbHOCTb NepmaHraHaTa pasHa 0,0220 H. Yemy paBHbI TUTPbLI €ro
no H2C204, no Fe, no H202?

PeweHne.

1) T KMnO4/H2C204 = N KMnO4 * 3 H2C204/1000 = 0,0220 - 45/1000 = 0,0009904 r/mn.
2) T KMnO4/Fe = N KMnO. - 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.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Mpumep 4. Ha tutposaHue 0,03350 r Na2C204 nspacxogosaHo 12,50 cm? pactsopa
KMnO4. Onpegennte TUTp U HOpManbHyH0 KoHUeHTpauuio pactsopa KMnOa.
PelueHne. YpaBHeHne peakumu:
2KMnO4 + 8H2S04 + 5Na2C204 = 2MnSO4 + K2SO4 + 10CO2 + 8H20 + 5Na2S04
1) Bbluncnsem, kakas macca KMnOs cogepxuTcs B 12,50 cm® (npopearvposarno ¢
0,03350 r Na2C20a4):
5134 r Na2C204 akBuBaneHTHo 2 - 158 r KMnO4
0,03350 r Na2C204 « X T KMnOa4
x=0,03350 - 2 - 158/5 - 134 = 0,01580 .
2) Onpepensem Tntp pacteopa KMnOa4:
T KMnOs= m/V = 0,01580/12,50 = 0,001264 r/ cm3.
3) HopmanbHocTb pactBopa KMnOs: N = T-1000/3 = 0,001264-1000/158 =
0,008000 H.

UcxoOHblie mamepuaribl U OaHHbIE:!

BapwuaHTt O6bem pacTtBopa B H

3agaHnA nepmaHraHaTta Kanud, cm3 etiectso asecka, T
1 22,48 Fe 0,1262
2 11,67 (NH4)2Fe(S04) - 6H20 0,9367
3 18,06 H>C204 - H2O 0,1139
4 24.68 H>C204 - H2O 0,3111
5 28,12 Na2C204 0,3772
6 44,96 Fe 0,2524
7 23,34 (NH4)2Fe(S04) - 6H20 1,8734
8 36,12 H2C204 - H20 0,2278
9 49,36 H2C204 - H20 0,6222
10 56,24 Na2C204 0,7544

CodepxxaHue u rnopsidok 8bIrnosiHeHUs pabomsi:

1 O3HaKOMUTLCS C TEOPETUYECKON HYaCTbIO 3aHATUS.

2 Mo 3agaHHOMY BapuwaHTy BbIMUCIIUTb HOPMAarbHOCTb U TUTP pacTBOpa, €Cnu Ha
TUTPOBaHME HABECKN NOLLEN OnpeaeneHHbIn 06bem pacTeopa.

3 OdhopmMUTb OTYET MO NpakTnyeckon paboTe.

4 OTBETUTb Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxxaHue om4yema:
HanmeHoBaHMe NpakTUyYecKkoro 3aHsaTus
Llenb 3aHaTUA

BapwuaHT 3agaHus

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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OTtyeT O BbINONHEHUM Ha Kaxabld 3Tan pasgena «CogepXaHne UM NOPAOOK
BbINOSTHEHUS paboTbI»

Cnncok ncnonb3oBaHHOW NUTepaTypbl U APYrMX MCTOYHUKOB

BbiBoAabl

[aTbl n nognucu KypCaHTa 1 npenogaBartend

Bonipocbi 0r1si caMornposepKu:

1. Kakne meTogbl  KONMMYECTBEHHOrO  aHanm3a OTHOCATCA K MeTodam
oKkCcManmMeTpun?

2. HasoBuTe OCHOBHbIE YCINOBUA NepMaHraHaTOMeTPUYECKOro TUTPOBaHKS.

3. Kakaa peakumsa nexut B OCHOBE KONMMYECTBEHHbLIX onpeneneHun rno mertoay
nepmMaHraHaTtomeTpum?

4. Kakas peakums HasblBaeTCs aBToOKaTanMTU4eCKomn?
UTo siBNsieTCA KatanmM3aTtopoMm B peakuuu no Metony nepmaHraHatomeTpum?
HaszoBute pabounin pactBop nepmaHraHatoMeTpun. Kak ero xpaHaT?

B kakon cpene nposogAatcsd nepmMmaHraHatomMeTpunyeckme Ol'lpe,D,eJ'IeHI/IFI?

© N o O

Kak onpefenseTcs To4Yka 9KBUBASIEHTHOCTU B MeTOAE nepMaHraHatomeTpumn?

9. Kakas kucnota npumeHsieTcs AN NOAKUCIEHNSA TUTPYEMbIX PacTBOPOB B MeToae
nepmMmaHraHatomeTpun? NMoyemy?

10. MNMoyemy B nepmaHraHaTOMeTpPUM BO3MOXHO TUTpOBaHMe ©0e3 creumanbHOro
nHgukatopa?

11. HasoBuTe ucCxogHble BellecTBa ONS OnpefeneHusi TOYHOW KOHLUEeHTpauuu
pacTBopa nepmaHraHarta Kanusi.

12. Kak HanTu r-skB nepMaHraHaTa Kanusi B pa3Hbix cpegax?

13. Kakne aHanutnyeckue 3agauu pewakT meTogom nepmaHraHaTomeTpMM?

MpakTnyeckoe 3aHATHe Ne 12. PacyeTbl B MeTOAE MOQOMETPUM

Llenb 3aHsmusi:

OcBouTb MeToanky pacyetoB B nogometpum MK 1.1, MK 4.5.

Hcrnonb3yemble UCMOYHUKU:

MNepunogunyeckas cuctema xmmmndeckux anemeHtos .. MeHpeneesa;
Tabnuua pacTBOPMMOCTW COMEN, KNCNOT 1 OCHOBAHUWN B BOAE;
ONEKTPOXNUMUNYECKNI PSS HAMNPSPKEHUI METanmMoB;

[11, [2].

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

B ocHOBY MeTOA0B pejOKCUMETPUN NOSTOXKEHbBI OKUCINTESTbHO-BOCCTAHOBUTESbHbIE
peakumn. HasBaHMe MeTOOOB, B KOTOPbIX WCMOMb3yeTCs MNPUHUMN pedoKcumeTpuu,
NPONCXOANT OT Ha3BaHWs paboynx pacTBOPOB.

MopomeTpus — 3T0 MeTof, B KOTOPOM paboynM pacTBOPOM CRYXMUT pacTBop oaa B
noguge kanusa (Kl). Metog ocHoBaH Ha peakuusx, B Xode KOTOpbiXx obpasyetca unu
pacxogyeTcs nog;:

120 + 26 < 2I

MeToaoM 1oooMeTpUM MOXHO onpeaenuTb Kak okucnutenu (oHn okucnsoT |- go 19),
TaK U BOCCTaHOBUTENN (OHM BOCCTaHaBnmMBaroT nog Ao ).

[na onpegeneHust oKUCNUTENEN Mcnonb3yeTca paboumn pacTBop TuocynbdaTa
HaTpusa Na2S203 - 5SH20 n BcnomoratenbHbIn pactsop noanaa kanua Kl, kotopbin bepetcs
B N3bbITKE.

TuocynbdaT HaTpUs HE OTHOCUTCSH K CTaHAapTHbIM (MCXOAHbIM) BewecTBaMm, Tak
Kak MOXeT He COOTBETCTBOBaTb CBOEW XMMUYECKOM (bopMyre n3-3a HeyCTOMYMBOCTU NpU
XpaHeHuU, paspyLleHnsa TMobakTepusamMm 1 BblBETPUBAHUS KPUCTANNM3aUMOHHOM BOAbI.

McxogHbIM - BewecTBOM ANt YCTAHOBKM TUTpa TUOCyNbaTta HaTpus CryxuT
anxpomart kanusa KaCr207 (okucnutens).

Mpn TUTPOBaHUN NPUMEHSIETCH Memod 3aMeweHUs.

B ocHoBe nogomeTtpuyeckoro onpeaenenns nexar ase peakumu:

K2Crz207 + 6Kl + 7H2SO4 = Cr2(S04)3 + 3l2 + 4K2SO4 + 7H20 (1)

O6paasyeTca nopg B KonmyecTse, akBuBaneHTHoM konudectry Ka2Cr207.

YpaBHEHNS 3aneKTpoHHOro banaHca:

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

BbligenueLuminca nog oTTUTPOBBIBAKOT PacTBOPOM TUOCY baTa HaTpus:

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

YpaBHeHNS anekTpoHHOro banaHca:

1] 2| 2S203% — 2& — S406*

112 120+ 28 — 2I

MHOukaTop — pacTBoOp Kpaxmana, KoTopbl 4o0aBnsalT B JaHHOM Clyyae B KOHUe
TUTPOBaHUSA, KOrga KOHUEeHTpauus noda mMana, U pacTBOp UMEET CONOMEHHO-XENTYIo
okpacky. B npucytcTBumn kpaxmana pactBop npuobpetaeT CUHIOK OKpacky, TUTpOBaHWe

npoaosrnKarT A0 obecuBeynBaHus pacTtBopa.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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MeTtogom  MogOMETPUM  MOXHO  ONpedensaTb  BOCCTAHOBUTENW  MPSMbIM
mumpogaHueMm. TUTpPaHT — pacTBOP MOAa, KOTOPbIA TOTOBAT PacTBOPEHMEM TOYHOM
HaBeckn cmecu l2 ¢ Kl (2 + KI = K[ls]) B auctunnuposaHHon Boae. [puUrotoBneHHbIN
pacTBOp XpaHAT B CKIISIHKE M3 TEMHOro cTekrna BO u3bexaHue OKUcneHus noauaa u
ynetydunmBaHma noga. MIHOMkaTtopom Cry>XUT pacTBOP Kpaxmana, KoTopbli Ao6aBnsaT B
Hayane TUTpoBaHMsA. TO4YKY OSKBUBANEHTHOCTU (OUKCUPYIOT MO MNOSIBNIEHUO CUHEro
OoKpaluMBaHUA pacTtBopa OT U3bbITOYHOM Kannu pacTeopa rhoaa.

MogomeTpus wncnonb3yetca ANA  onpedeneHvs: CBOBOAHOrO Xropa B BOAE;
MOOHOrO 4mcna pacTUTENbHOrO Macna W Xupa;, Meau, pPTyTM W OpYyrux MeTasnsos;
BUTaMmnHa C; NakTo3bl 1 rMIOKO3bl B MULLEBLIX NPOAYKTaX.

Mpumepbl pacyetoB B MeToge wnopometpuwn. pu pelwweHun 3agad no gaHHOMY
MeTody Takke credyem rnoMHUmMb, 4mo & obol peakyuu seujecmea peazsupyrom 8
3K8UBAIEHMHbIX KOJlUYecmeax: YNCrOo 3KBMBANEHTOB OAHOMO M3 BELLECTB PaBHO 4YUCITY
9KBMBANEHTOB [pyroro BellecTBa, nNpopearnpoBaBLIEr0O C HUMM, W pPaBHO 4uUCny
9KBMBASIEHTOB KaXXA0ro M3 NOSyYMBLUMXCS B pe3yfibTaTte peakumin BeLLecTB.

OcHoBHas pacyeTHas opmyna TUTPOBaAHUA WCXOOAUT W3 ITOr0  3aKoHa
aKkBMBaneHToB, npomssegeHne «N-V» NOCTOAHHO, TO €CTb YyeM 6ornblue HOpMaribHOCTb
pactBopa, TeM MeHblle ero ob0beMm, coaepxawmh onpeaerieHHoe KOnMYecTBO
9KBUBASIEHTOB.

Mpumep 1. Ckonbko rpammoB K2Cr207 cogepxutcss B pacTBope, ecnu nocne
pobasneHns Kk Hemy u3dbiTka Kl n H2SO4 Ha TuTpoBaHMe BblgenmMBLUErocs noga MoLwuso
30,0 mn 0,1 H pacTBopa Na2S203?

PeweHue.

1) Konu4yecTtBo gnxpomarta kanus onpegensem no gopmyrne:

m = 3 - N -V/1000, yuntbiBasi, 4YTO NpuM OaHHOM MOAOMETPUYECKOM OnpeaeneHum
konunyectBa Na2S203 n K2Cr207 akBMBaneHTHbl, a Q K:Cr:07 = M/6 = 49,03 r, To macca
coctaBuT: m =49,03 - 0,1 - 30/1000 = 0,1471 .

Mpumep 2. HaBecka 6,8920 r Tnocynbdarta HaTpust Na2S203 pacTBopeHa B MEpPHOW
konbe emkoctbto 500 mn. Ha TtutpoBaHme 25,0 mn atoro pactBopa nowso 25,2 mn
paboyero pactBopa wnoga 0,05510 H. KoOHueHTpauuu. OnpenenuTb MPOLEHTHOE
coagepxaHune 6e3soagHoro Tmocynbgara HaTpus B obpasLe.

PeweHue.

1) HopmanbHOCTb pacTBopa Tuocynbdarta HaTpus:

N Na2S203 = N I2- V 12/ V NazS203 = 0,05510 - 25,2/25,0 = 0,0555 H.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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2) CopgepxaHue TuocynbdaTta HaTpus B 500 mn pactBopa:
m =23 - N -V/1000 = 158,11 - 0,0555 - 500/1000 = 4,3908 r.

roe O Na:S:0s =M = 158,11 .

3) MNMpoueHTHOE coaepxaHne TuocynbdaTa HaTpusl B HaBECKE:

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

Mpumep 3. OnpegenuTb KONMMYECTBO MOda B pacTBOpe, €Cniv Ha TUTpoBaHue
nowuno 10,3 mn TrocynbdaTa HaTpus. T NazS:0s3/2 = 0,01290 r/cm3.

PeweHue.

1) Haxogum HopmManbHOCTb TUOCYNbMaTa HaTpusa U3 PopMyrbi:

T NazS203/l2 = N Naz2S203 - 9 12/1000. OTtkyaa N Na2S203 = T NazS203/12 - 1000/312

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

rned L =M2=127r.

2) Konun4yecTtBo noga B pacTeope:

m=23-N-V/1000 = 127 - 0,1016 - 10,3/1000 = 0,1329 .
UcxoOHblie mamepuaribl U OaHHbIE:!

B Ob6bem
apvaHT
PacTteop pacTtBopa, BewecTtBO Hasecka, r

3agaHus i
1 Na2S203 21,09 K2Cr207 0,1053
2 Na2S203 41,59 K2Cr207 0,2122
3 Na28203 15,67 CuS04 0,3913
4 K2CrO4 12,73 (NH4)2Fe(S04) - 6H20 0,4992
5 K2Cr207 25,88 (NH4)2Fe(S0O4) - 6H20 0,5000
6 Na2S203 16,78 2 0,2129
7 Na2S203 34,56 K2Cr207 0,1718
8 Na2S203 22,44 KlO3 0,1601
9 Na2S203 33,56 2 0,4258
10 Na2S203 50,34 2 0,6387

CodepxxaHue u rnopsidok 8bInosiHeHuUs1 pabomsbi:

1 O3HaAKOMUTLCA C TEOPETUYECKOM YaCTbIO 3aHATUA.

2 Mo 3agaHHOMY BapwaHTy BbIMUCIIMTb HOPMAarbHOCTb U TUTP pacTBOpa, €Cnu Ha
TUTPOBaHME HABECKN NOLLEN onpeaeneHHbIn 00bem pacTeopa.

3 OdhopMUTb OTYET MO NpakTnyeckon pabore.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxaHue omyema:
HanmeHoBaHMe NpakTUYecKoro 3aHATUS
Llenb 3aHATMA

BapwvaHT 3agaHus

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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OTyeT O BbINOMHEHUM Ha Kaxablh aTan pasgena «CopepxaHue W NoOpAOOK
BbINOSTHEHUS paboTbI»

Cnncok ncnonb3oBaHHOW NUTepaTypbl U APYrMX MCTOYHUKOB

BbiBoAabl

[aTbl n nognucu KypCaHTa 1 npenogaBartens

Bonpochbl 0risi caMornposepKu:

1. Kakne MeToadbl  KOMMYECTBEHHOIO  aHanmMsa  OTHOCATCA K MeTodam
oKCUaNMETPUN?

2. Ha3oBuTe OCHOBHbIE YCITOBUSA NOAOMETPUYECKOrO TUTPOBAHUS.

3. Kakas peakuusi nexxuT B OCHOBE MeToda NoaoMeTpun?

4. HazoBute paboumn pactBop Ansa  MOOOMETPUYECKOro  onpedeneHus
okucnutenen. Kak ero xpaHar?

5. HazoBute pabounn pactBop Ans  MOOOMETPUYECKOro  onpeneneHus
BOoccTaHoBuTenen. Kak ero rotoBAT U XpaHAT?

6. HasoBuTe MCXOQHOE BELLECTBO ANA onpeneneHnsa Tutpa TmocynbgaTa HaTpus.

7. HazoBute paboumn pactBop Ans  ONpedeneHust OKUCIUTENen MeTonoM
nogomMeTpum.

8. HasoBute paboumin pactBop AnNs onpeaenieHns BOCCTaAHOBUTENENW MeTOO0M
NnogomMeTpun.

9. Hannwunte ypaBHEHME peakuun B3aUMOOENCTBUS AnMXpomMaTta Kanua ¢ nognaom
Kanus.

10. Hanvwunte ypaBHEHWEe peakuun, KoTopad MNPOUCXOAUT TMpU  TUTPOBaHUMU
TMoCynb(aToM HaTpusl pacTeBopa noga.

11. Kakoe BeLLEeCTBO MPUMEHSAETCA B KayecTBe uHAMKaATopa B WogomMeTpumn?
KakoBbl OCOBEHHOCTM €ro WCnonb30BaHMA [ONA  MWOOOMETPUYECKOrO onpeaeneHns
OKMCIUTENEN N BOCCTaHOBUTENEN?

12. Kakne aHanutnyeckue 3agayum pellarT MeTogomMm nogomeTpum?

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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Cnucok ncnonb3oBaHHbIX MCTOYHUKOB

Buabl nctoyHukoB

HanmeHoBaHMne peKkoMeHAyeMbIX Y4eOHbIX U3gaHumn

OcCHoBHble 1. Hukntuna, H. I. AHanutnyeckas xmmus [OneKTPpOoHHbIN pecypc] : y4ebHMK 1
npakTUKym gnsi cped. npod. obpasosanusa / H. I'. HukutuHa, A. I'. Bopucos, T.
M. XaxaHuHa. - 4-e u3a., ucnp. u gon. - M. : KOpawnr, 2021.
2. BepwuHuH, B. U. AHanuTtnyeckaa xmmmns [QNeKTPOHHbINA pecypc]: y4eOHuK /
B. . BepwuHuH, L. B. Bnacoea, U. A. Hukndoposa. - 3-e mnsg. - CaHkr-
MeTepbypr : NaHb, 2019. - 428 on-line
3. banpganuHoBa, J1. C. buoxmmus ruapobuoHTOB: NabopaTopHbIN NPAKTUKYM :
y4yebHoe nocobue ans cnedy. "MpoayKTbl NMUTaAHNUS XXMBOTHOMO npouncxoxaeHms” /
J1. C. banganuHoBa. - Mocka : MopkHura, 2017.
4 banpganvHoBa JI1.C., Apxombek A.A. bBuoxmmmsi Cbipbsi  BOLHOIO
npoucxoxgenua. — M. : Mopknwura, 2011.

HononHuntensHble MeTtoguyeckne nocobus Ons  BbINOfAHEHUss nabopaTopHbix paboT u
NPaKTUYECKNX 3aHATUN

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

obpasoBareribHble 2. 3BC « FOPANT»https://www.biblio-online.ru

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

4. N3patenbctBo «JlaHby, https://e.lanbook.com
5.0nekTpoHHO-6nbnnotevyHaas  cuctema  «YHuBepcuTteTckasa — bubnmoTeka
OHNawH», https://www.biblioclub.ru
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