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BBeneHue

Pabo4yenn nporpamMmon AUCUMNAWHBI MNPEeAyCMOTPEHO NPOBEAEHWE ABeHaauaTtu
NpakTU4eCKNX 3aHATMI No cneymanbHocTn 35.02.10 «ObpaboTka BoAHbIX BMopecypcoBy.

Llenbio npoBeaeHNs NpakTUYECKNX 3aHATUI SBMSIETCA 3aKpensieHne TeopeTUdecKkmx
3HaHUN N NpMobpeTeHna HeoBXoANMbIX NPAKTUYECKUX HABLIKOB M YMEHWI NO OTAENbHbLIM
Temam Kypca. Hapsgy ¢ hopmnpoBaHMeEM yMEHMI U HaBbIKOB B MpoLiecce NpaKTUYecKux
3aHATMIA 0600 aloTCa, CUCTEMATU3UPYIOTCH,  YriybnslTcsa U KOHKPETU3MPYHTCS
TeopeTnyeckne 3HaHud, BblpabaTbiBaeTCA CNOCOOHOCTb M FOTOBHOCTb MCMNONb30BaTb
TeopeTU4ecKkne 3HaHMs Ha NpaKTUKe, pa3BMBalOTCA UHTENNEKTyalnbHbIE YMEHUS.

Mepen npoBeaeHUeEM NpakTUHeCKNX 3aHATUIN oby4atolmecs obs3aHbl npopaboTaTb
COOTBETCTBYHOLLMIA MaTepuar, YACHUTb Lefb 3aHATUSA, 03HAKOMUTLCS C COAepXXaHUeEM U
nocrnegoBaTenbHOCTBIO ero NpoBeAEHUs, a npenogaBaTeflb — NPOBEPUTb MX 3HAHUA U
rOTOBHOCTb K BbIMOSTHEHUIO 3agaHUs.

lMocne Kaxgoro MpakTU4ecKoro 3aHATUS npoBoauMTCA 3ayeT. Ha 3advete
oOyvyalolWnncs OOMKEH: 3HaTb TEOPUKO MO [aHHOW TeMme; MOSICHUTb, KakK MpOoBOAWUTCS
pacyeT wunuM YynpaxHeHue; yMeTb nNpoaHanuanpoBaTb MOMyYEeHHble pe3ynbTaTbl (B
COOTBETCTBUN C OCHOBHbIMM TpeboBaHMAMM K 3HAHMAM W YMEHUSIM MO OAHHOW Teme
paboyen nporpammbl).

B nocnegHne rogbl B cucTteMe cpegHero npodpeccmnoHansHoro obpasoBaHus
LULMPOKO CTasyli UCMonb30BaTbCs TECTOBbIA KOHTponb. Ero nonynsipHocTb obycnosneHa
MHOMMMM NPUYMHAMN KaK coaepXaTenbHOro, Tak U TexHonornyeckoro xapakrepa. Cioga
MOXHO OTHECTW BblAeneHne B copepxaHum ydebHoro npegmetra MHBaApPWAHTHOW YacTu
YyCBOEHUS, koTopasi obsa3aTtenbHa Ana obyyatowerocsi, 1 BHECEHUS B y4ebHbIe NporpamMmmbi
BapUaTMBHOIMO KOMMOHEHTA, MO3BOMSAOLLErO0 pa3BuBaTb CMNOCOOHOCTU ObByvarowmxcs, uUx
no3HaBaTesbHbIA U NPOdeCccMoHanbHbI MHTEPEC. TeCTOBbIM KOHTPOSb MOXET ObicTpee,
4YyeM TpaAMUMOHHLIN, NPOBEPUTbL 3HaHMS OOy4arLWMXCH, NPOCT AN OUEeHWBaHMS B
COBpPEMEHHOM cucteme o0bpaboTkn MHopMaLnn 1, Kak NpaBuIlo, aenseTcsa oba3aTenbHON
COCTaBHOM YaCTbO HOBbIX NeJAarorm4eCKux TEXHONOMIA.

B pesynbTaTe oCBOEHUS Matepuana no npakTUYECKUM 3aHATUAM Yy 0ByYaroLmnxcs
dopmupytotcsa cnegyrowme komneteHumn: OK 01-OK 02, OK 09, MK 1.4, MK 2.4, MK 3.4.
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1 KAYMECTBEHHbIA AHANN3
1.1 NepBas aHanUTUYecKan rpynna KaTUOHOB

MpakTnyeckoe 3aHATHE N2 1. OCHOBHbIE MNOHATUSA U 3aKOHbI XMMUU: pacyeTbl
MOJIEKYFIIPHOM MacCbl U 3KBUBArieHTOB BeLECTB; BafleHTHOCTb; Kfnacchl
HeopraHM4Yeckux coeguHeHUn

Llenb 3aHsmus:

MoBTopnTb M YyrNybmuTb OCHOBHbIE XUMWYECKME MOHATUA W 3aKOHbI, Kracchbl
HeopraHM4eckmx coeMHEHUN. YMeTb paccynTbiBaTb MOSEKYNSPHYIO Maccy, SKBUBANEHTbI
cnoxHbix BewwecTts (OK 01-OK 02, OK 09, MK 1.4, MK 2.4, 1K 3.4).

Ucronb3yemblie UCMOYHUKU:
Mepuogunyeckasa cnctema xummndeckmx anemeHtoB [1.. Mengeneesa;

Tabnunua pacTBOPUMOCTM KMCAOT, COMEN U OCHOBaHW B BOAE;

[1], [2].

Teopemu4yeckasi Yacmb:

TeopeTnyeckme OCHOBbI XMMWYECKOro aHanmMsa paccMaTpyBaloTCs C  NO3ULUIA
3aKoHa AencTBus Macc 1 nepunoanyeckoro 3akoHa .. MeHgeneesa.

3akoH coxpaHeHusi Macchkl: Macca BeLLecTB, BCTyNaloLwmx B peakuuio, paBHa macce
BeLLeCTB, 0Opasyowmxca B pesynbTaTe peakumm.

3akoH nocmosiHcmea cocmasa: Besikoe uncToe BeLecTBO HE3aBMCMMO OT cnocoba
ero nonyyeHns Bceraa MMeeT NOCTOAHHbIN KAa4YeCTBEHHbIN N KONMYECTBEHHbIA COCTaBbl.

3akoH Oeticmeusi macc: CKOPOCTb XMMUYECKON peakumMm NpsiMo NponopLmMoHanbHa
NPOV3BEAEHMIO KOHLEHTPALNN pearnpyoLmnx BeLLECTB.

3akoH Agoecadpo: B paBHbIX 06beMax pasfnmnyHbIX ra3oB NPy OAUHAaKOBbLIX YCITOBUSIX
(Temnepatype 1 AaBneHnn) COAEPXKNTCA OOUHAKOBOE YNCIIO MOSEKYI.

Cnedcmeue 3akoHa Aeozadpo: OguH Monb nboro rasa npu HOpPMasbHbIX
ycrnosuax 3aHuMaeTt obbvem 22,4 nutpa. Temnepatypa 0 °C (273 K) n gasnenue 1 atm.
(101325 lNa) xapakTtepuadyeT HopMarbHble yCrnoBus (H.y.) Ans rasa.

Ana wun3mMepeHus KonumyecTBa BellecTBa B XMMWUW Hapsgy C FpaMmMoM M
KMnorpammMoM Monb3ylTCAa U crneuvanbHON Mepon KOnMyecTBa BellectBa — epamMM-
MorieKyrnodu.

pamm-monekynou (unu mMosieM) HasblBaeTCa KOMMYEeCTBO BelwecTBa B rpammax,

YMCIEHHO paBHOE ee MOSeKyNsPHON Macce.

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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M3 3aKkoHa MOCTOSHCTBA criegyeT, YTO dfeMEeHTbl COeaMHSATCA ApYyr C APYroM B
CTPOro onpefeneHHbIX KOSNIMYECTBEHHbIX COOTHOLWEHMsX. [loaTomMy B Xxumuio Obinu
BBeOEHbl MOHATUS akBuBaneHTa. (CrnoBO «3KBMBANEHTHLIN» B MNepeBoge O3HayaeT
«PaBHOLEHHbINY ).

OKeusaneHmMoM 3leMeHma HasblBalOT Takoe €ero KOMMYecTBO, KOTOpoe
coeguHsieTca ¢ 1 mMoneMm aTtoMOB BOAOPO4A MMM 3aMeLlaeT TO Xe KOSIMYecTBO aTOMOB
BOAOPOAA B XMMUYECKNX peaKLnaX.

AKsueanieHMoM CII0XKHO20 8elecmea Ha3blBaeTCsl TaKoe ero Kofim4ecTBO, KOTopoe
B3anmoaencteyet 6e3 octaTka C OQHMM 3KBMBANEHTOM BogopoAda unn Boobuie ¢ ogHuMM
3KBMBaneHToM nboro apyroro BeLwecTsa.

3akoH akeusaneHmos: BellecTBa B3auMOAENCTBYIOT APYr C APYroM B KONMYECTBAX,
NpPONOpLUMOHanbHbIX NX SKBMBANEHTaMm.

KonnyectBo BewectBa B rpaMmax, UYUCIIEHHO paBHOE €ro 3KBUBASEHTY,
Ha3blBaeTCs epaMM-3K8u8arieHmom (r-okB.).

BaneHmHocmb afiemMeHma — 3TO CNOCOBHOCTb €ro aTOMOB COEAUHATLCA C APYrMMM
aToMaMn B OMpeAeneHHbiX COOTHOWEHUAX. BaneHTHOCTb dnemMeHTa B JaHHOM
COeaVHEHMN ONpeaensieTcsa n3 COOTHOLLEHUS: aTOMHasi Macca / 9KBUBaIEHT.

Knaccbel HeopeaHu4yeckux coeOuHeHUU: OKCUabl, KNCNOTbl, OCHOBaHMUS, COSN.

OKcudbl — CnoXHble BELLECTBA, COCTOSILLME U3 OBYX 3fIEMEHTOB, OAHUM N3 KOTOPbIX
asnsietTcsa kucnopog. Okenapl 4enaTca Ha Tpw rpynnbl:

- OCHOBHble (Hanpumep, Na20, CaO);

- KUCNOTHble (Hanpumep, CO2, SO3);

- amdOoTepHbIE, KOTOPbIE B 3aBMCUMOCTU OT YCIIOBMI MPOSABASAOT OCHOBHbLIE WIN
KMCNOTHbIe cBonCcTBa (Hanpumep, ZnO, Al203, Cr203).

C nos3numi Teopum aNeKTPONUTUYECKON gMccoumanmnmn KnaccnpmumpyoT:

Kucnomel — anekTponuTbl, AUCCOLMMpYOLLME B pacTBopax ¢ obpa3oBaHMEM MOHOB
Bogopoda. Pasnuuaot kucnotel  kucnopogHble  (Hanpumep, H2SO0s4, HNOs) wu
beckncnopogHble (Hanpumep, HCI, HBr, H2S). Obwwne cBoncTBa KUCNOT (KUCHMbIA BKYC,
N3MEHeHus uBeTa MHAMKaTopa, B3aMMOLENCTBME C OCHOBaHMSIMMU, COMSIMU, OCHOBHbIMU
okcugammn) obycrnoBneHbl MOHaMmn Bogopoaa.

OcHoBaHuUsi — 3nNeKTpPoNUTbl, Auccoummpylolme B pacTBopax C obOpasoBaHMeM
rmgpokcug-noHa. vapokcmg-moHamm  obycnoBneHbl o6Wue  WenovHble CBOWCTBA
OCHOBaHW (MbIFIKOCTb Ha OLWYMb, M3MEHEeHWEe LBeTa WHAMKaTopa, B3auMOAEWCTBUE C

Kncnotamu, conamm, KNCNOTHbIMUA OKCVI,D,aMI/I).

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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PasnuyaoT amdoTtepHble rmapokcuabl, KOTopble MNpu auccouuaumm obpasytoT
ogHoBpemeHHo H* u OH- (Hanpumep, AI(OH)s, Zn (OH)2, Cr(OH)s wn Aap.) wn
B3aMMOJENCTBYIOT Kak C pacTBOpaMU KUCIOT, Tak U C pacTBOpamMu LLESTOYEN.

Conu — anekTponuThbl, guccouuupyrome B pacteopax ¢ obpasoBaHMeM KaTUOHOB
MEeTansmnoB U aHWOHOB KWUCIOTHbLIX OCTaTKOB. PasnuyaloT cpefHue, Kucrble, OCHOBHbIE,
ABOWHbIE, KOMMSMEKCHbIE CONMU. XMMUYECKMEe CBOMCTBA conen obycnaBnuBalrTcs WX
OTHOLLEHMEM K MeTannam, Lenoyam, KUCNoTam 1 CONAM.

OKcuObl aNeKTponMTaMmn He sBMSI0TCS.

MonekynspHyto maccy BewecTBa BblMUCNAKOT MO (popmyne, Kak CyMMy aTOMHbIX
Macc aTOMOB, BXOASLMX B COCTaB MOeKynbl BellecTBa. ATOMHaa macca 6epetcsa c
TOYHOCTbIO, yKa3aHHoM B Tabnuue «[llepuoguyeckass cuctemMa XMMUYECKUX SNEMEHTOB
O.W. MeHgeneeBa». be3 ocobon HeOBXOANMOCTU ee OKPYrNAKT 40 Lenoro Yynucna (kpome
aTOMHOWN Macchbl xnopa — 35,5).

Mpumep 1. MonekynsipHasas mMacca BOAbl, MOSeKyna KOTOpOM COOepXuT 2 aToma
Bogopoaa n 1 aToM Kucnopoaa, paBHa:

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

Mpumep 2. MonekynsapHasa macca kpuctannorngpata BaClz - 2H20 paBHa:

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

pamm-3KkeuganeHm C/I0XKHO20 eewecmea BbIYUCIAKT, WUCXOAA U3 €ero
MOSEKYNsIPHON Macchbl:

Mpumep 3. M-akB () KMCNOTbI paBeH ee MonekynsipHon macce (M), oeneHHon Ha
OCHOBHOCTb KUCIIOTbI:

QHCI=M/1=36,5T1

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

Mpumep 4. [-0KB OCHOBaHUSA paBeH ero monekynsipHon macce (M), geneHHon Ha
KMCNOTHOCTb OCHOBaHUS:

O NaOH=M/1=40r

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

Mpumep 5. -3kB conu paBeH MOJSIEKYSISPHON Macce OefleHHOM Ha npousBeneHune
BaneHTHOCTN MeTarnsia, Ha YMCno ero aToMoOB B MOJIeKyne:

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

(paMM-3KBMBANEHT CrOXHOMO BellecTBa B pPasHblX peakumsix MOXeT ObiTb
pasnUYHbIM:

a) B peakumax obmeHa:

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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Hanpumep, Na2COs3 € KACIIOTOM MOXEeT pearnpoBaTb OBOSAKO:
Na2COs + HCI = NaHCO3 + NaCl Q)
Na2COs3 + 2HCI = 2NaCl + H2CO3 (2

B peakuun (1) oanH monb Na2COs pearupyet ¢ 1 mornem HCI, yto cooTBeTCcTBYET 1

r-aTomy BoAOpPOAa, a 3HAYUT:

3 Na:COs = M Naz2CO3 =106 .

B peakumn (2) 1 monb Na2COs pearupyet ¢ 2 monamu HCI, cnegoBaTtensHo,
O Na:COs= M/2 =106/2 =53 .

6) B OKUCITUTEJIbHO-BOCCTAHOBUTEJIbHbLIX peaKUuNAX rpaMmMm-3KBUBAJIEHT OKUCITUTENA

N BOCCTAHOBUTENA HaxooAT geneHnem mnx MOﬂeKyﬂﬂpHOVI MacCcCbl Ha 4YMUCJII0 nepexoaAanx

3MEeKTPOHOB (N):

3 =M/n.

UcxoOHble mamepuaribl U OaHHbIe:

OCHOBHbI€e NOHATUA
U 3aKOHbl XUMUUN

BapwmaHTbl 3agaHum

3

4

3aKOH coxpaHeHus macchbl

3aKoH NocTosAHCTBA
cocTaBa

3aKoH aencTemnsa macc

3akoH ABoragpo

CnepctBue 3akoHa
ABoragpo

3aKoH 9KBMBAareHToB

'pamm-monekyna (Monb)

'pamMM-9KBMBanNeHT (r-3KB.)

BaneHTHOCTb anemeHTa

Kucrnota, npnmep

Conb, npumep

+

+

OcHoBaHue, npumep

+

+

MonekynspHas macca

10H20

Na2B4O7-

H2S04

NaHCOs

Ba(OH)2

CHsCOOH

H3BOs

-akB (J)

Al(OH)s

Ca(OH).

H2C204
-2H>0

FeSOa4

Mn(OH):

CHsCOOK

CodeprxkaHue u rnopsidok 8bIrnorHeHUs pabomoi:

1 O3HakomMuUTbCS C TeOpeTquCKOﬁ YaCTblO 3aHATUA.

2 Mo 3agaHHOMY BapuaHTy:

1) patb POPMYNMPOBKN XMMUYECKUM MOHSATUSIM U 3aKOHaM (B BapuaHTe 3afaHus

0603HayeHbl *);

2) npowusBecTu

JKBMBaJrieHTa BelecCTB C yKka3aHnem eaqunHuL NSMepeHus.

Heobxoanmble pacyeTbl

3 OchopmuTb OTYHET NO NpakTU4eckon pabore.

4 OTBETUTb Ha KOHTPOSIbHbIE BOMPOCHI.

CodepxxaHue omyema:

MOMeKyrnsapHou

MaccChbl

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx

lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx

M rpamm-
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HanmeHoBaHMe NpakTUYecKoro 3aHATUS

Llenb 3aHATMA

BapwnaHT 3agaHus

OTyeT O BbINONMHEHMM Ha Kaxabld 3Tan pasgena «CogepxaHue U nopsnok
BbIMNONHEHUS paboTbl»

Cnuncok ncnonb3oBaHHOW NMTEpaTypbl U APYrMX MCTOYHUKOB

BbiBOAbI

[aTbl n nognucu KypCaHTa 1 npenogaBartens

Bonpocbi 0r1si caMorposepKu:

1. YT0 Ha3biBaeTca monem?

2. Kak doopMynmpyroTcs 3aKOHbI COXpPaHEHUS MaccCbl M MOCTOSAHHOIO cocTaBa?

3. dopmynupoBka 3akoHa ABoragpo un cneactsus uM3 Hero. Kakue ycnosus
Ha3blBAOTCS HOPManbHbIMA?

4. Yto Takoe r-akBMBaAnNEHT? HABnseTca M rpamMM-3KBMBANeHT BellecTBa
NOCTOSAHHOM BennumHon? OT Yero 3aBUCUT ero 3Ha4yeHune?

5. Y10 Takoe BaneHTHOCTb afieMeHTa?

6. [laTb XxapakTepuCTMKy BaKHENLLUMNX KNACCOB HEOPraHNYECKUX COEQUHEHNIA.

7. Onpegenutb maccy 50 NMTpPoB ABYOKUCK Cepbl NMPU H.Y.

8. Bblunmcnntb  rpamMm-SKBMBaANEHTbl  CNeaylolwmMxX  BELWEeCTB B peakumsx
HenTpanusauuun: a) NaOH; 6) H2SO4; B) Na2COs - 10H20; r) NaHCOs; ) Na2B4O7 -
10H20.

MpakTu4yeckoe 3aHATHE Ne 2. KomnneKkcHble coeaUHEeHUA: CTpoeHue,
auccoumaums, pacyeT 3apsiaa KoMnrekcoobpasoBaTernii, KOHCTaHTa HECTOMKOCTHU

Llenb 3aHamus:

M3yunTb KOMNEKCHbIE COeOMHEHNS: CTPOEHME, ANCCOLMaLno, HOMEHKNATYpYy.

(OK01-OK 02, 0K 09, MK 1.4, MK 2.4, INK 3.4).

Hcrnonb3yembie UCMOYHUKU:
Mepuogunyeckasa cnctema xummndeckmx anemeHTtoB [1.. Mengeneesa;

KOHCTaHTbl HECTOMKOCTU HEKOTOPbLIX KOMMIEKCHbIX MOHOB,

[1], [2].

Teopemuyeckasi Hacmab:

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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KomnnekcHbie  coeOuHeHus.  VIOHbl ~ HEKOTOpbIX  3nemMeHToB  obnagatoT
CMOCOBHOCTBIO NpUcoeanHATL K cebe nonspHblie MONEKybl UM MOHbI, 06pa3syst CNOXHbIE
KOMNMEKCHble WOHbl. CoeauHeHunsa, coaepXalime KOMMMEKCHbIE WOHbI, COXpaHAoLWme
COCTaB KOMMIeKca Npu guccounaumnm, HasblBalOTCHA KOMIMIEKCHLIMU COEOUHEHUSIMU.

O6pa3syTcsa OHW Npy B3aUMOAENCTBUM ABYX BELLECTB, Hanpumep:

CuSOa4 + 4NH3z = [Cu(NH3)4]SO4 Q)

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

KomnnekcHble coeavHeHusi, obOpas3oBaHHble KaTMOHaMW C  OpraHU4yecKuMu
BELLECTBaMN, Ha3blBaOTCA KOMIM/IEKCOHaMU.

LleHTpanbHbIN MOH MK aTOM KOMMEKCOHa Ha3biBalOT KOMIMIEKCoobpazosamerem.
B npuBegeHHbIX Nnpumepax 3TO aTOMbl Meau 1 xenes3a. VIoHbl v nonsipHble MONEKynbl,
CBsi3aHHbIE C KOMMrekcoobpasoBaTenem, HasbiBalT siueaHdamu unu addeHOamu. B (1)
KOMMeKce nuranabl — Morekynbl aMMmuaka, Bo (2) Komnrnekce nuraHabl — LMaHua-UoHbI.

Uucno nuraHgoB, CBsI3aHHbIX € KOMMnekcoobpasoBaTernemM, HasblBaeTcs
KOOpPOUHaUUOHHbIM 4UCITIOM (K.4.).

Pasnu4yatoT BHYTPEHHIO M BHELLHIOW cdhepbl KOMMNnekca. Hanpumep, B kKoMnnekce
(1) ueHTpanbHbIW aToOM Meau BMECTEe C NUraHgamu, MOnekynamu ammuaka, obpasyer
BHYTPEHHIO cdepy, a cynbdaT-NnoH — BHELHIOW. ATOMbI, BXOOSALWME BO BHYTPEHHIOK
chepy, 3aknoyalT B KBagpaTHble CKOOKM. [MOCKONbKY 3apsabl BHYTPEHHEN U BHELUHEN
cdep paBHbl Mexay cobor 1 NPOTUBOMOMOXHbLI MO 3HAKY, TO KOMMSIEKCHOE COeaMHEHne
3EKTPOHENTPArbHO.

KomnnekcHble coeanHeHns ouccounnpyroT ¢ obpasoBaHMEM KOMMNEKCHbIX WOHOB:

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

Aunccoumaumsa (3) nponucxoguT no BHeLLHeN cepe.

KomnnekcHble MoHbl 06naaatoT pasnMyHOM CTENEHb YCTOMYMBOCTU M B pacTBOpax
cnocobHblI B CBOK o4epeab obpatmmo cnabo guccoummpoBaTb. Peakuus guccoumaumm,
Hanpumep: [Fe(CN)s]* <« Fe?* + 6CN-, onucbiBaeTcs KOHCTaHTON paBHOBECKS,
Ha3bIBAaeMOW KOHCmMaHmou Hecmoulikocmu, koTopas byaeT paBHa:

Ku = ([Fe?*] - [CN1®) / ([Fe(CN)e]*.

Uem Bonblue 3HayeHne Ky, TeM MeHee NpoYeH KOMMMEKC, TEM ferye pacnagaeTcs
OH B pacTBoOpe.

Mcxoas M3 KOHCTaHT HECTOMKOCTM KOMIMMEKCOB, MOXHO BbIYUCHSATb KOHLEHTPaLUMIO
NPOCTbIX NOHOB, NPUCYTCTBYIOLLMX B pacTBOpPax KOMMMEKCHbIX conen. A aTo Heobxoammo

3HATb OAnA ocaXaeHna n3 pacteBopa Toro Ui MHOro nNpocToro MoHa.

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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KomnnekcHbie conu — conwu, Npy Auccoumaumm KOTOpbIX B BOAHOM pacTBope
KOMMNMEKCHbIE KaTMOHbl MMM aHWOHbI COXPAHSAOT CBOW COCTaB. TOMbKO MpU 0CObbIX
yCr108uUssIX OHWM MOTYT pasnaratbCs Ha COCTaBHble 4acTm unv obpasoBbiBaTb HOBbIE
Komnnekcol. B dpopmMynax KOMMMEKCHbIX COMen cneBa 3anvcbiBaloT QOpMysy KaTUOHa, a
3aTeM (cnpasa) — OpMyIy aHUOHA, T.e. aHanormMyHoO 3anncu NPOCTbIX CONeN:

Ks[Fe(CN)s] — rekcaumnarHodeppart (Ill) kanusa (cpeaHss conb — KsPOa).

LeoliHble conu — conn, KOTopble B BOOHOM pacTBOpe OUCCOUMMPYIOT Ha BCe BUAbI
NOHOB, BXOASLLMX B UX COCTaB:

kBacubl KAI(SOa4)2 - 12H20 « K*+ APR* + 2 SO42+12 H20

kapHannut KMgCl - 6H20 < K*+ Mg?* + 3Cl + 6 H20

Kpucmannoaudpamsbi — KpUCTaniMyeckme BELLECTBA COSEN, KACMOT, OCHOBaHUM U
OpraHM4yeckMx COeaMHEeHUN, WuMmelwme B cocTaBe oaHy W 6Gonee  Monekyn
KpucTannmaawmMoHHON BOAbI, Hanpumep:

CuSOs4 - 5H20
H2C204 - 2H20.

MHorvne Kpuctannormgpatbl SBMSIOTCA KOMMMEKCHbIMA COeAMHEHMAMMU, HaNpUMep:
CrClsz - 6H20 = [Cr(H20)6]Cls.

HomeHknamypa KOMMeKCHbIX coeduHeHul. HasBaHUsi KOMMMEKCHbIX COnewn
obpasyloT no obwemy rpasusly: cCHayana HasbiBalOT aHWOH, a 3aTeM — KaTUOH B
poauTenbHOM nagexe.

HasBaHne KOMMMEKCHOro KaTuoHa COCTaBMAT criegyowmm obpasom: cHadvana
yKasblBaloT ymcna (MCnonb3ys rpevyeckme YncnuTtenbHble: Ou, mpu, mempa, neHma, 2ekca
W T.4. U HAa3BaHUSA OTpULATENBHO 3apsXKEHHbIX NUraHAOB C OKOHYaHnem «o» (Cl — xs0po,
S04 % — cynbgpamo, OH  — 2udpokco w T.n.; a 3aTEM YyKa3blBalOT YMCMa U HA3BaHUS
HenTpanbHbIX NMMraHAOB, NpUYeM BOAA Ha3blBaeTCHA akea, a aMMNaK — aMMUH; NOCNeaHNM
Ha3bIBalOT KOMMekcoobpasoBaTenb, YKa3blBasi €ro CTeneHb OKUCNeHus (B CKobkax
PUMCKMMU Lnchbpammn nocne Ha3BaHUs KOMniekcoobpasoBaTensd), Hanpumep:

[Pt(NH3)3 CI]Cl — xnopug xnopoTprammMmmnHnnaTuHbl (1).

HasBaHne KOMMNIEKCHOro aHMOHa COCTaBMAT aHANOrM4yHO Ha3BaHUIO KaTUOHa U
3aKaH4YMBalT Cy(PuKcom «aT», Hanpumep:

(NHa)2[Pt(OH)2Cl4] — TeTpaxnopogurugpokconnatuHat (IV) aMMoHus.

HasBaHnsa HenTpanbHbIX KOMMMEKCHbIX YacTuL, 0bOpasyloT Tak e, Kak U KaTUOHOB,

HO KOMI'IJ'IeKCOO6pa3OBaTeJ'Ib Ha3blBalOT B WMEHWUTENNIbHOM nMagexe, a CTeneHb ero

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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OKUCNEHUS1 He YyKasblBalT, TaKk KakKk OHa onpeaenseTrcss 3neKkTPOHENTPanbHOCTbIO
komnnekca. Hanpumep, [Pt(NHs)2Cl2] — guxnopogunammuHnnatmHa.

Mpn cocTtaBneHMM ypaBHEHWS peakuui, B pesynbTaTe KOTOpbIX 006pasylTca
KOMMMEKCHbIE COEeOUHEHMUs!, HeOBXOAMMO yuuTbIBaTb rpasusio ornpedesieHus 3apsida
KOMI/IEKCHO20 UOHAa: 3apsii KOMMMEKCHOro MoHa paBeH anrebpanyeckon cymme 3apsifoB
WMOHOB, U3 KOTOPbIX OH 06pasoBarncs.

Mpumep 1. Onpenenutb 3apag KomnnekcHoro noHa [Fe(CN)s]*, B KOTOpOM Xeneso
NposiBNsieT CTeNeHb OKUCNEHNS +2.

PeweHnve. 3apsag woHa xenesa +2, a 3apsg LWECTU WOHOB OOHOOCHOBHOW
CUHUNBHOW KMCNoTbl — 6. Anrebpanyeckas cymma 3apsgoB oyget: (+2) +(-1)-6=-4

Mpumep 2. Onpegenuntb CTENeHb OKUCMEHMS MeaM B KOMMSIEKCHOM WOHEe
[Cu(NH3)4]?*.

PeweHune. Tak kak yactuubl NH3 HeMTpanbHbl, TO 3aps MOHa Meau paBeH 3apsagy

BCEro KomMnrnekca, 1.e. +2.

UcxodHble mamepuarbl U OaHHbIe:

BapuaHt KomnnekcHoe coeanHeHune
3agaHudA
1 K2[Hgl4]
2 Cuz[Fe(CN)¢]
3 Fes[Fe(CN)s]2
4 [Cu(NH3)4]SO4
5 K4[Fe(CN)g]
6 Ba[Cr(NH3)2(SCN)4]2
7 Ks[Fe(CN)s]
8 K[AI(OH)4]
9 [Cu(NH3)4]SO4
10 K2Na[Co(NO2)s]
11 [CU(NH3)4](OH)2
12 FesFe(CN)s]z
13 K3[CI'(OH)6]
14 Zn3[Fe(CN)6]2
15 K2[PtC|4]
16 [Cr(NH3)4(CO3)]CI
17 [CU(NH3)2(SCN)2]
18 [Cr(NH3)3(H20)3]Cls
19 [Pt(NH3)2Cl4]
20 [Cr(H20)4P0O4]

CodepixaHue u nopssidok 8bINOSIHEHUS pabombi:
1 O3HaKOMUTLCA C TEOPETMYECKOM YaCTbIO 3aHATUSA.
2 o 3apgaHHOMY BapuaHTy:

1) maTb Ha3BaHMe KOMMMNEKCHOMY COeUHEHWIO;

2) HanucaTb YypaBHEHWE ero guccoumaumm;

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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3) ykasaTb KomnnekcoobpasoBaTesnb 1 paccumMTaTth ero 3apsg;
4) ykasaTtb nuraHgpl (agaeHabl);
5) HaNTK KOOPANHALNOHHOE YUCHIO.

3 OchopmuTL OTYET NO NpakTu4eckon pabdore.

4 OTBETUTb Ha KOHTPOIbHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTUyYecKoro 3aHATUSA

Llenb 3aHATMA

BapwnaHT 3agaHus

OTyeT O BbINONMHEHMM Ha Kaxabld 3Tan pasgena «CogepxaHue M nopsnok
BbIMNONHEHUS paboTbi»

Cnuncok ncnonb3oBaHHOW NUTepaTypbl U APYrMX UCTOYHUKOB

BoiBoabl

,D,aTbI n noanncun KypcaHTta u1 rnpenogaBatens

Bonpocbi 0r1si caMornposepKu:

Kakne conu HasbIBatOTCS KOMMNIIEKCHLIMUN?

UTto HasbiBaeTcAa komnnekcoobpasoBatenem?

YT0 Takoe nuraHgbl?

YUTo nokasbiBaeT KOOPAMHALMOHHOE YNCIO?

BHyTpeHHsIs1 1 BHELWHAA cdhepbl komnnekca? dante npumepsl.

Kak gmuccoummpytoT KOMMeKcHble CoNu, ABOWHbIE CONN?
YTo Takoe KOMMMEKCHbIN NOH?
UTo BbipaXkaeT KOHCTaHTa HECTOMKOCTM KOMMMEKCHOro noHa?

©~NO kR~ WDdRE

MpakTuyeckoe 3aHATMEe Ne 3. [duccoumaums KUCNOT, OCHOBaHUWU, CONewn.
Peakuun noHHoro o6meHa. CnocoObl BbipaXXeHUs KOHLUEeHTpauum pacTBoOpoB

Llenb 3aHsmus:

3HaTb  onpefeneHns  KUCMNOTbl, OCHOBaHWHA, CONMM B  CBeTe  Teopumn
ANEKTPONUTUYECKON Aauccoumnaumn. YMeTb Jenatb pacdeTbl Npu  NPUroTOBEHUU
pacTBOpPOB pa3nnyHon koHueHTpaumm (OK 01-OK 02, OK 09, MK 1.4, MK 2.4, 1K 3.4).

Hcrnonb3yemble UCMOYHUKU:
Mepuogunyeckasa cnctema xummndeckmx anemeHtoB .. Mengeneesa;

Tabnuua pacTBOPUMOCTM KMCMOT, CONEN N OCHOBaHW B BOAE,

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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[1], [2].

Teopemuyeckasi Hacmab:

BewecTBa, pacnagjalowmecs Ha WOHblI B pacTBopax WNW pacnnaBax M MnoTomy
NpoBOASLME 3NEKTPUYECKUA TOK, HasblBalOTCA anekmponumamu. K anektponuTtam
OTHOCATCS KMCNOTbl, OCHOBAHWS M NOYTU BCE CONM.

Pacnag 9nekTponuMTOB Ha MOHbI MpU pacTBOPEHMM WX B BOAE Ha3blBaeTCs
anekmponumu4eckol  ouccoyuayuet. C  nNOMOLWbLID TEOPUM  INEKTPOSNIUTUYECKOM
anccoumaumn, kotopyto paspabotan C. AppeHuyc (naypeat Hobenesckon npemun 1903
roga), onpeaenstoT 1 ONUCbIBatOT CBOMCTBA KUCNOT, OCHOBAHWIA 1 CONeNn.

C nos3numi Teopum aNeKTPONUTUYECKON AMccoumaumnmn KnaccnpmumpyoT:

Kucnomamu HasblBalOTCA 3MEKTPONUTLI, NpU Auccoumauumn KOTOPbIX B KayecTBe
KaTnoHa obpasyeTcd TONbKo KaTuoHbl Bogopoaa. (KaTtnoHbl — NONOXUTENBHO 3apsKeHHbIe
NOHbI, aHWOHbI — OTPULLATENBHO 3apsKeHHbIe MOHbI). Hanpumep,

HCl « H* + CI

CH3COOH < H* + CH3COOr

[ByX- U MHOFOOCHOBHbIE KUCMOTbl AMCCOLMUPYIOT CTyneH4yaTo (MoCTENEeHHO),

Hanpumep,
HsPOs4 < H* + H2PO4 (1 cTyneHb)
H2PO4 < HY + HPO4% (2 cTyneHb)
HPO4? < H* + PO4s* (3 cTyneHb)

OcHoBaHUsIMU Ha3bIBAKOTCA 3MEKTPONUTLI, NPY ANUCCOLMALMN KOTOPbIX B Ka4ecTBe
aHMOHOB 06pa3ytoTCsa TONbKO MrMAPOKCHMA-MOHbI. Hanpumep,

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

OcHoBaHus, pacTBOpMMble B BOAE, HasbiBalOTCA wesiodamu. AOTO OCHOBaHUS
LLEeNOoYHbIX 1 WwenovHodemMenbHbix MeTannos: NaOH, KOH, Ca(OH)2, Ba(OH)2, a Takxe
NH4OH.

[BYX- N MHOIOKMCNOTHbIE OCHOBaHMSA OMCCOLMUPYIOT CTYNeHYaTo:

Ca(OH)2 « Ca(OH)" + OH" (1 cTyneHb)

Ca(OH)* « Ca? + OH" (2 cTyneHb)

Consmu  HasbIBaOTCA 3MEKTPONUTbI, NpU  guccounaumm KOTopbix obpasytTtcs
KaTMOHbI MeTanmnoB (a Takke KaTMoH amMoHus NH4*) M aHMOHbI KMCMOTHbLIX OCTaTKOB,
Hanpumep, NasPOas < 3Na* + PO4*

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

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx



KMPK BTAP® ®Ir'60Y BO «KI'TY»
OCHOBbI AHATIMTUYECKOW XMW | C.15/69

MO-35 02 10-011.02.1M3

Tak auccounupytoT cpeaHue conu. Kucnble e M OCHOBHblE COMW AUCCOLMUPYIOT

CTyneH4yaTo:
Kucnble: KHSO4 < K* + HSO4#
HSO4 <> H* + SO4%
OcHoBHbI€: Mg(OH)CI < Mg(OH)* + CI

Mg(OH)* <> Mg?* + OH"
Anccoumaums — obpaTmbl NpoLeCe: NapannensHo ¢ pacnagoM MOJSEeKySn Ha NOHbI
(auccoumaumda) npoTekaeT npouecc coeavHeHUa WOHOB (accoumauus). [loatomy B
YPaBHEHUAX 3NEKTPONUTUYECKON AMCCcouMaumMm BMECTO 3Haka paBEeHCTBA CTaBAT 3HaK

obpatnmocTu («).

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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Peakyuu uoHHo20 obmeHa.

CornacHO TeopuM 3MeKTPONUTMYECKOM [uccouMaLmMn BCE peakumm B BOLHbIX
pacTBopax 3MeKkTPOSIMTOB SABNAOTCA peakumsamm mexgy uoHamu. OHM  HasbiBaKOTCA
UOHHBIMU peakyusimu, a ypaBHEHNSI 3TUX PeaKUNA — UOHHbIMU YPaBHEHUSIMU.

Mpw coCTaBneHun nx cnepyet yunTbiBaThb, 4yTO BeLlecTBa
ManogMccounnMpoBaHHble, ManopacTBopuMblie (BbiNagalowme B 0CafoK) M ra3oobpasHble
3anucbiBaloTCa B MONeKynspHon dopme. 3Hak | obo3HavaeT ocagok, 3Hak 1 — ras.
CunbHble 9NEKTPONUTbI Kak NOMIHOCTbIO OUCCOLUMMPOBAHHBLIE 3aNUCbIBAOT B BUAE MOHOB.
CyMmma 3neKkTpuyecKkMx 3apsiioB NEBOW 4YacTW YpaBHEHUS OOMKHA OblTb paBHa CymMme

3apsa40B NpaBon YacTu.

KoHueHmpauyuro pacTBopa WNU CcOAep)XaHuMe BellecTBa B pacTBOpe BblpaxkatoT
HECKOSbKMMK criocobamun: NpoLeHTHas!, MONsipHas, HopMarbHas, MondanbHasa, TUTpP.

[MpoueHmHas KOHUeHmMpayusi N0 Macce BblpaXaeT YMCIo rPaMMOB PaCTBOPEHHOIO
BewecTBa B 100 r pacteopa. Hanpumep, 100 r 30 % - HOro pactBopa a3oTHOM KUCNOThI
cogepxut 30 r HNOz 1 70 r BoAbl.

MonspHas KoHUeHmMpauusi unu MosisgpHocmb (M) BblpaxaeT 4ucno Monen
pacTBOpeHHOro Bewectsa B 1 nuTpe pacteBopa. EguHMua uamepeHus MONspHON
KOHUeHTpaumn — monb/n. Hanpumep, 1M H2SO4 0603HavaeT: pacTBOp CEPHOWN KUCMNOTHI, B
KaXKOoM NMTpe KOToporo cogepxutcsa 1 mosep, T.e. 98 r H2SOa.

HopmarnbHasa kKoHUeHmpauyus unu HopmasnbHocmbs (H, N) BblpaxkaeT 4MCrio rpamm-
9KBMBaNneHTOB pacTBOpPeHHOro BewectBa B 1 nutpe pactBopa. EguHuua msmepeHus
HOpManbHOW KOHUeHTpauun — r-ake/n (H). Hanpumep, 1H H2SO4 obo3HavaeT: pacTsop
CEPHOWN KUCIOTbI, B KaXXOOM NUTpe KOToporo cogepxutca 1 r-ake, 1.e. 49 r H2SO4. YacTto
BMECTO HOPMasibHOW KOHLUEHTpauun ynoTpebnstoT Ha3BaHWe «MOJIpPHOU KOHUeHmpauuu
aksusaneHma» (M), monb/n (Monb/aAM3), 1 yKasbiBaloT PAKTOP 9KBUBANEHTHOCTU, fake, UMK
xnmmyeckyto peakumto. Hanpumep, 1M H2SOas (fos = 72) 0603Ha4YaeT: pacTBOp CepHOM
KMCNOTbI, B K&X40M NUTPE KOTOPOro coaepxmtcst 1 Monb-3kB, T.e. 49 r H2SOa4.

MonspHasi KOHUEHTpaumus aKBMBaneHTa Bcerga 6Gonblie unum paBHa MONSAPHOM
KOHUEeHTpauun pacteopa.

MonsaneHas KOHUeHmpauyus umnu MosnsabHocme (M) BblpaXaeT 4ucro Monewn
pacTtBopeHHoro Bewectsa B 1000 r pactBoputens. EaMHnua MoNsiNbHOM KOHUEHTpauumn —
Monb/1000 r pactBoputensa. [Ons pasbaBneHHbiX BOAHbIX PAaCTBOPOB YUCHEHHbIE

3Ha4YeHNA MONANbHOCTU U MOJ'IFIpHOIZ KOHLUEeHTpauun coBnagatroT.

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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Ecnu B 1 n pacteopa copgepxutca 1,0; 0,1; 0,01 n 0,001 r-skB pacTBOPEHHOro
BellecTBa, TO pacTBOP Ha3blBAeTCA COOTBETCTBEHHO HOPMarsbHbIM, AEeUMHOPMAarbHbIM,
CaHTMHOPMarsibHbIM MM MUNIMHOPMarnbHbIM. 10 aHanorMm HasbliBalOTCA pacTBOPLI
MOJSISIPHOW UM MOSISANIbHON KOHLEHTPaLUMNA.

Tump pacmeopa (T) — TO4HOE YMCIO rPaMMOB PacTBOPEHHOro BeuwlectBa B 1 Mn
pactBopa. EauHuua Ttutpa — r/mn (r/cm3®). TloHATME «TUTP» YacTo 3aMEHSIoT
HOPMUPOBOYHbLIM KO3GhUUUEHMOM.

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

PeweHwue.

1) Hampem wmaccy conu, HeobxoguMmyro ONd MPUroTOBMNEHUS pacTBopa U3
nponopumu:

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

2) PaccumTtaem, CKOMbKO HY>KHO BOAbI AN NPUroTOBEHUS:

500-25=475r

Mpumep 2. K 15 % - Homy pactBopy, macca kotoporo 80 r, no6asunu 30 r BOAbI.
Kakown ctana maccoBasi 40N paCTBOPEHHOro BeLLEeCTBa B NOy4eHHOM pacTsBope?

PeweHue.

B pesynbTtate pasbaBrneHuss pactBopa BOAOM Macca pacTBOpa yBenuuunach, a
BELLEeCTBa B HEM OCTarnoCb CTOSbKO Xe.

1) Paccuntaem maccy conu B pacteope: x =80 - 15/100 =12 r

2) Paccuntaem maccy BHOBb nosny4veHHoro pacteopa: 80 + 30 =110 r

3) Paccumtaem maccoByto JON0 paCTBOPEHHOIO BeLecTBa BO BTOPOM pacTBOpe:

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

Mpumep 3. Paccuntanmte maccy xnopuga ©Oapusa, Heobxogumyio Ons
NPUroToBEHNA 2 N pacTBopa, KOHUEeHTpauus kotoporo 0,2M.

PeweHne.

1) Maccy conu, cogepxawiencs B 1 n pacteopa, paccymtaem n3 nponopLmmn:

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

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

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

Mpumep 4. Onpepenute maccy 6essogHon cogbl Na2COs, Heobxoaumyko Lnd

npurotosrieHms 500 mn 0,1 H pacTeopa.

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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PelweHne.

1) Nopcuntaem rpamm-aKBMBaANEHT COAbI:
O Na2COz: =M/2=106/2=53r

2) Haxogum maccy Na2COs onst npuroToBreHnsa pacteopa:

1H Na2COs cogepxut 1 r-aks/n unm 53 r Na2COs B 1 n1 pacTtBopa

0,14 cogepxut 0,1 r-ake/n unu 5,3 r Na2COs B 1 n pacTeopa
3) Macca cogpl B 500 mn (0,5 n) coctaBut 5,3-0,5=2,65r

UcxoOHble mamepuaribl U OaHHbIe:

BapuaHTbI
- 3apaumn
3agaHun
1) Ckonbko waseneson kncnotbl (H2C204 - 2H20) Heobxogumo ans npurotosnexHus 100
1 mn 0,15 H pacTBopa?
2) KakoBa HopmanbHas koHueHTpauua 0,1M pactBopa xnopuga xpoma?
1) NpurotoBuTb 3 H pacTtBop MgSO4 B 06LEMe 300 mn.
2 2) KakoBa MpoueHTHas KOHLUEHTpauus pacTBopa, MOMy4eHHOro npu pacTtBopeHun 75 1
K>COz B 300 r BOABLI?
1) B 200 mn pactBopa HNOs cogepxutca 2,45 r HNOs. Bbluucnutb MOMSPHOCTb U
3 HOpMarnbHOCTbL pacTBopa.
2) Ckonbko rpammoB KCl Heobxognmo gobasute k 100 r Bogpl ana nonydeHusa 20 % -
HOro pacTBopa conm?
1) Ckonbko rpammoB NaOH cogepxutca B 2 n 0,1 H pacTBopa?
4 2) Ckonbko rpammoB NaCl Heobxoammo pactBopuTb B 100 r Bogbl ansa nonydexHmsa 1 % -
Horo pacteopa?
1) B 200 mn pactBopa H2SOs4 cogepxutca 2,45 r H2SO4.  BbluncnuTbe MONAPHOCTb U
5 HOpMarnbHOCTb pacTeopa.
2) Ckonbko rpammoB NaCl Heobxoaumo pactBopuTb B 100 r Boabl Ansa nonyyenuns 10 % -
HOro pacrteopa?
1) Onpegenutb Maccy cynbdarta HaTpus, Heobxoaumyto ansa npurotosneHus 200 mn 0,01
6 H pacTBsopa.
2) B 250 wmn Bogbl pactBopunu 90 r comu. KakoBa npoUeHTHas KOHUEeHTpauus
nony4eHHoro pacteopa (NNoTHOCTb BoAbl paBHa 1 r/mn)?
1) KakoBa npoueHTHas KOHLeHTpauus pacTBopa MOSlydYeHHOro npu pacteopeHun 175 r
7 K2COs B 1300 r BOABI?
2) KakoBa HopmanbHas koHueHTpauua 0,1 M pactBopa xnopuga kanusa?
1) Ckonbko rpammoB KCl Heobxognmo gobasute k 100 r Bogpl ana nonydenusa 10 % -
8 HOro pacTBopa conm?
2) KakoBa HopmanbHas koHueHTpauusa 0,1 M pactBopa xnopuaa aMMOHNs?
1) KakoBa monspHasg koHueHTpauus 0,5 H pacTBopa cynbdaTta meam?
9 2) B 140 mn Bogbl pactBopunu 30 r conu. KakoBa npoLEHTHas KOHUEeHTpauus
nony4eHHoro pacteopa (NNoTHOCTb BoAbl paBHa 1 r/mn)?
10 1) Ckonbko rpammoB KOH copepxutes B 200 mn 2 H pacteopa?
2) PaccuntaTb Maccy xnopvga HaTpusi, Heobxoammyto s NpUroToBMEHNst 2 N pacTeopa
C KoHueHTpauuen 0,2 M.
11 1) MpurotoBuTb 0,2 H pacTBop KOH B 06BEMEe 0,5 n.
2) Paccuutate Maccy xnopuaa HaTpus, Heobxoaumyr ganst npurotoerneHus 0,5 n
pacTtBopa ¢ KoHueHTpauuen 0,01M.
12 1) Ckonbko rpammoB NaCl Heobxogumo pactBoputb B 100 r Bogbl Ansa nonyyexHus 7% -
HOro pacrteopa?
2) Npwvrotosutb 0,01M pactBop NaOH B 06b€me 100 mn.
13 1) B 200 mn pactBopa KNOs cogepxutcs 2,45 1 KNOs. Bblumcnnte MongpHocTb 1

HOpManbHOCTbL pacTBopa.
2) Bblumncnutb monsipHocTb pactBopa NaCl 0,5 % - HoW koHueHTpauun. [MnoTHOCTb
pacTtBopa 1 r/cm®

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx

lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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14 1) PaccuntaTb Maccy xnopuvaa HaTpusi, He0BXxoanmyto Ans NpUroToBrneHns 5 n pacTeopa

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

15 1) MNpurotoBuTb 5 % - HBI pacTBop NaOH B 06BEMe 500 mn.
2) Onpegenutb Maccy CuSOs4, Heobxogummyto ansa npurotosnexHms 200 mn 0,01 H
pacteopa 1 200 mn 0,01M pacTtBopa.

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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[pogosmkeHne
BapuaHTbI
N 3apgaum

3agaHumn

16 1) B 240 r Bogb! pacteopunu 80 r conu. KakoBa % - Has KOHUeHTpaumsa?

2) MpuroTtoutb 0,01M AgNO3 B 06b€Mme 0,5 n.
17 1) B 200 mn pactBopa K2SO4 copgepxutca 2,451 KoSO4. Bblumcnutb MONSIPHOCTL U

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

18 B 750 r Bogbl, pactsopunu 60 r AgNO3z. KakoBa npoLeHTHas KOHLEeHTpauus nony4eHHoro
pacTteBopa?
2) NpwurotoButb 0,1M AgNO3B 06béme 0,5 1.

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

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

20 1) Ckonbko Boabl Heobxoammo npmbaeuTb k 500 mn 20 % - ro pacTBopa NOBapeHHOWN
conu (nnotHocTb 1,152 r/mn), yTobbl NonyunTe 4,5 % - HbI pacTBop?

2) B 300 mn pactBopa cogepxutca 0,3723 r Tnocynbdarta HaTpus (Na2S203 - 5H20).
OnpegenvTte MONSIPHOCTb U HOPMANbHOCTb pacTBopa.

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

2) Onpegenutb maccy CuSOa4, Heobxoammyto ana npurotosnenunsa 200 mn 0,01 H
pactBopa 1 200 mn 0,01M pacTBopa.

22 1) KakoBa HopMarnbHas KOHLEHTpaums pacTBopa, ecrv u3BecTtHo, 4to B 500 mn

pacTBopa cogepxutca 5 r cynbduTa HaTpma?

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

23 1) Onpegenutb Maccy CuSOs, Heobxogumyk ana npurotoBnednss 200 mn 0,01 H
pacteBopa n 200 mn 0,01M pacTBopa.

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

24 1) Ckonbko rpammoB Na2SOz notpebyetca ansa npurotoenexHusa 5 n 8 % - Horo pacteopa
¢ nnoTHocTblo 1,075 r/cm3?

2) NpwurotoButb 0,5 H pacTtBop KMnO4 B 06bEMe 1500 mn.

CodepxxaHue u rnopsidok 8bIrnosHeHUs pabomsi:

1 O3HaKOMUTbLCS C TEOPETUYECKOWN YaCTbIO 3aHATUS.

2 [No 3agaHHOMY BapuaHTy:

1) pewunTb 3a4a4m C NOSICHEHUSIMU U YKa3aHUeM eaNHUL, U3MEPEHNS;

2) HanucaTb AMCCOLMaLMIO NEKTPONNTOB, NPUBEAEHHbIX B 3aavax;

3) HanucaTb ypaBHEHUNA peakuun B MOMEKYNSPHOM U MOHHOM (popmax BeLLecTB; 3a
OCHOBY B3Tb XMMWYECKME COEANHEHWNS, NPUBEAEHHbIE B 3aga4ax.

3 OchopmuTb OTHET NO NpakTU4eckon pabore.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHuMe npakTuyeckoro 3aHATUS

Llenb 3aHaATMA

BapuvaHT 3agaHus

OTtyeT O BbINOMHEHUM Ha KaxablM 3Tan pasgena «CogepxaHve W MNOPSOOK

BbINOSTHEHNS PabOoTbI»

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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Cnuncok ncnonb3oBaHHOW NMTEpaTypbl U APYrMX MCTOYHUKOB
BbiBoAabI

[aTbl n nognucu KypCaHTa 1 npenogaBartens

Bonpocbl 0risi caMornposepKu:

1. Jante onpeneneHns MOHATUSAM «KUCIOTa», «OCHOBaHWE», «COSfib» B CBeTe
TeopUN dNEKTPONUTMUYECKON Anccoumaumn.

2. YTo Has3bIiBaeTCH KOHUEHTpaumen pacteopa? Kak oHa BbipaxaeTcs?

3. Hannwunte ypaBHeHUs CcTyneH4yaTon guccoumauumn creyrowmx kMenot: HaSO4,
H2S, H3ASOa.

4. Kak gnccoummpytoT Ha noHbl conu: KNOgz, Ca(NOs)z2, AI(NO3)3?

5. Hannwmnte ypaBHeHus auccoumaumm crnegyowmx ocHoBaHui: Ba(OH)z,
Ca(OH)z2, Al(OH)s.

6. Hanuwmnte ypaBHEHUS peakumn B MOSMEKYSNISIPHOM U MOHHOW hopmax Mmexay
pacTBopamu xrnopuaa HaTpusa n HuTpaTa cepebpa.

7. Hannwmnte ypaBHEHWA peakuurh B MOJSIEKYNSPHOM M MOHHOW hopme Mmexay

pacTBopamu xnopuvaa 6apus u cepHol KACMOTbI.

1.2 Bropasa aHanuTnyeckas rpynna KaTMUOHOB

MpakTuyeckoe 3aHATME Ne 4. BbluucneHue cTeneHn Auccoumauum no
KOHCTaHTe AUCCOLMALMU U KOHUEHTpaLuuUM 3NeKTPonuToB. BbluncneHmne 3HauvyeHun
npousBefeHNs pPacTBOPUMOCTU OMHAPHbIX 3NEKTPOSINTOB MO PacTBOPUMOCTU U
HaobopoT

Llenb 3aHsmus:

YMeTb BblMUCNATL CTEMNeHb Auccoumaumm Mo KOHCTaHTe Aauccoumaumm  u
KOHUEHTpPauUMn  SNEeKTPONUTOB,  3HAYeHUs  NpPouM3BEeAEeHUs  PacTBOPUMOCTU MO

pactBopumocTn 1 HaobopoT (OK 01-OK 02, OK 09, MK 1.4, MK 2.4, MK 3.4).

Hcrnonb3yemble UCMOYHUKU:

Mepuogunyeckasa cnctema xummndeckmx anemeHTtoB [1.. Mengeneesa;
Tabnunua pacTBOPUMOCTM KMCMOT, CONEN U OCHOBaHW B BOAE;
Tabnuua npon3BeaeHin pacTBOPMMOCTH;

Tabnuua KoHCTaHT guccoumaunm;

[1], [2].

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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Teopemuyeckasi Yacmb:

BewectBa, pacTtBOpbl KOTOPbIX MOSIHOCTBK WM 4YaCTUYHO COCTOST W3 MOHOB,
HasblBalOTCs arrekmposnumamu. Pacnag Monekyn Ha MOHbI NOA4 OENCTBMEM MOSEKYS BOAbI
(vnun gpyroro pacTBOpUTENS) Ha3bIBaeTCA a/iekmposiumuyeckol duccoyuayued.

Hdunccoumauma — npouecc obpatnmbln. CnocobHOCTL BellecTBa pacnagatbCa Ha
WMOHblI NoL AENCTBMEM MOJSIEKYST PacTBOPUTENS XapakKTepuaylT BENUYUHON CTENeHu
3NEKTPONNTUYECKON AMccoumaumnm Unm KOHCTaHTbl AMCCoUnaLmnn.

Cuna oanekTtponuta onpegensieTca CcTeneHbld ero auccounaumn. CreneHb
auccoumaummn, a, B 4ONAX eANHULbI UK B NpoLueHTax, byaeT paBHa:

a=x/Cwunna=x/C-100 %, (2)

roe C — obuiee 4mcno pacTBOPEHHbIX MOSIEKY;

X — YUCMO MOJIEKYS, pacnaBLUMXCS Ha UOHDI.

Takum obpasom, cmeneHbo Ouccoyuayuu Ha3blBAaeTCA YMUCNO, NoKasbiBatollee,
Kakasa 4yacTb OT ObLLEro KonimyecTsa pacTBOPEHHOMO ANEKTPONMTA pacnagaeTcs Ha UOHbI.

Ecnn a = 0, To guccoumauusa otcytcreyeT, a ecnv a = 1 unun 100 %, TO anekTponuT
NOJSTHOCTLIO pacnagaeTcs Ha noHbl. Ecnn a = 20 %, To 310 o3HavaeT, 4To 13 100 monekyn
AaHHoro anektponuTta 20 pacnanock Ha MoHbl, a 80 — HeT.

CunbHble anektponutbl umetoT a > 30 % (> 0,3 go 1,0); cnabble 3NeKkTponuTbI
nmeroT a < 3 %. CpegHue anekTponuTbl UMetoT cteneHb anccounaumm ot 3 oo 30 %.

CunbHble 9nNekTponuTbl MNpW PacTBOPEHUM B BOAE MPAKTUYECKN MNOJTHOCTLIO
ANCCOLMMPYIOT Ha MOHbI, Criabble 3NeKTPONNTbl — YaCTUYHO.

B aTtom cnyyae npouecc anccounaumm aenseTcsa odbpatumbiM, U K HEMY NPUMEHUM
3aKkoH delcmeyrowux macc. Hanpumep, ons guccoumaumm yKCYCHOW KMCnoTbl (cnadoro
anekTponuta), npoucxogduwen no ypasHeHnto CH3COOH « CHsCOO™ + H*, koHcTaHTa
XMMUYECKOro paBHOBECUSA MOXET ObITb 3anucaHa cnegyrowmum obpasom:

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

BennunHy «K» HasbiBaloT KOHCmaHmou oOuccoyuayuu. OHa XxapaktepusyeT
CNOCOBOHOCTb 3NEeKTponuTa AuccoummpoBaTtb Ha MOHLI. Yem Gonblue «K», Tem Gonblie
NOHOB B pacTBope. KoHcTaHTa guccoumaumm He 3aBUCUT OT KOHLEHTpaLUuMu anekTponuTa.
OHa 3aBUCUT OT NpMpPOAbI AMEKTPONUTA U OT TEMNEpPATYPbI.

Mexgy KOHCTaHTOM guccouuauum U CTeneHbi  guccoumauum  cyllecTByeT
cnefyoulas 3aBUCMMOCTb (3aKoH pasbasneHuss Octeanbga):

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

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

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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C — KOHUeHTpauus anektponuta (Monb/n).

M3 aTon 3aBMCUMOCTU criegyeT, YTO CTeneHb Auccoumauuu yBenunymMBaeTcsa npu
YMEHbLUEHUN KOHLUEHTpauuu (T.e. npu pasbaBneHnn pactBopa), a Takke npu yBenumdeHum
«K» (T.e.y 6bonee cunbHbIX 3N1EKTPOSINTOB).

Cuctema, cocTtosWaa U3 HacCbIWEHHOro pacTtBopa WM oOcafka, HasblBaeTcs
2emepoz2eHHoU (HeOOHOpPoOHoU) cucmemod. B HacbiWeHHOM BOOHOM pacTBope
ManopacTBOPUMOro B BOAE 9NeKTposiMTa YCTaHaBNUBAETCH paBHOBECUE Mexay
Kpuctannamm TBepaoro Bellecrsa (0cagkomM) U ero MoOHamu, Haxo4AWNMUCA B pacTBOpeE:
«0CafoK <> HACbILLEHHbIN pacTBOPY.

[eTeporeHHoe paBHOBECUE «OCafOK <> HACbILWEHHbIA PacTBOP» MOAYMHSAETCS
npasusny npouszeedeHuUsi pacmeopuMOCmuU. B HaCbILLEHHOM pacTBOpe MaropacTBOPUMOro
anekTponuta npousBedeHne  KOHUEHTPauun  MOHOB, BO3BEOEHHbIX B  CTENeHb
CTEXMOMETPUYECKNX KOIPMPUUMEHTOB, €CTb BeNMyMHa MNOCTOSAHHaAs npu  OaHHOMU
TemnepaTtype.

Ana ypaBHeHus obuwero Buaa AmBn < mMA*® + nB- BblpaxeHune npousBeneHUst
pacTBOPMMOCTM ManopacTBOpMMOro anekTponuta, NP, byaet umeTtb BUA:

MPAmB, = [A*]™- [B]", 3)

roe [A*] n [B] — paBHOBECHblE KOHLEHTpauuM COOTBETCTBYHLLMX WMOHOB B
HacbILWEeHHOM pacTBope, MOnb/N;

M 1 N — CTEXMOMETPUYECKNE KOIPPULIMEHTDI.

OTcroga BbiTeKaloT ABa CreaCTBuUS:

1. VYcrnosue pacmeopeHusi ocadka: TMpoOU3BedEeHNe KOHLEHTpauun WOHOB,
BO3BEAEHHbIX B CTEMNEHb CTEXMOMETPUYECKMX KOIPPUUNEHTOB, OOIMKHO ObITb MEHbLUE
BESIMYUHBI NPOU3BELEHNST PACTBOPUMOCTH:

[AT]™ - [B]" < MPAWB« (4)

2. Ycnosue ocaxOeHuss ocaldka: nNpou3BefeHME  KOHUEHTpauuhn  UOHOB,
BO3BEAEHHbIX B CTENEHb UX CTEXMOMETPUYECKUX KOIPPULNEHTOB, AOMKHO BbiTh BonbLue
BESIMYNHBI NPOU3BELEHNST PACTBOPUMOCTH:

[AT]™ - [B]" > MPAWB« (5)

BbiqucnieHue  cmeneHu  duccoyuayuu 0 KOHCmaHme  ouccouyuayuu U
KOHUeHmpauyuu 3/1eKmposiumos.

Mpumep 1. Bblumcnute cteneHb auccouunaumm 0,2M  pactBopa MypaBbUMHOM
kmcnotel HCOOH, ecrm K= 2,1 - 104,

PewweHwne. No 3akoHy paszbaBneHus

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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a=vVKIC=v2110%0,2=3,24 - 102 unu 3,24 %.

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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BbiyucnieHue 3Ha4yeHul rnpousseoeHust pacmeopumocmu 6uHapHbIX
3/1IeKMpPoUMo8 rno pacmeopumocmu u Haobopom. MNpun pacyetax HeoO6XO0ANMO NMOMHUTb,
YTO pPacTBOPMMOCTb BELLECTB MOXeT ObiTb BblpakeHa B pasHbiXx eauHuuax (Monb/m;
mr/mn; mr/n), a B NP BXoasaT KOHUEHTpaumMmM MOHOB B MOJSTb/I.

Mpumep 2. MpownsseaeHne pactsopumoct PbSO4 paBHo 2,2 -104. Bbluncnntb

a) KOHUeHTpauuto noHoB Pb?*n S042; 6) pactBopumoctb PbSO4 (Monb/n, r/n).

PeweHue.

1) Oinst ypaBHEHNA XxumMuyeckoro pasHoBecust PbSO4 <> Pb?* + SO42" Haxoaum

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

2) OB03HaYMM MOMSIPHYI0 KOHLIEHTPaLMIO HacbIWeHHOro pacteopa PbSO4 vyepes x.
Tak Kak pacTBOpeHHasi 4aCcTb COMM Haueno AnccouunpoBaHa, To

[Pb?*] = [SO4?] = x, noACTaBMM X B ypaBHEHUE:

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

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

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

M Pbs0. = 303 r/monb. Belumcnium pactesopumocTb B rpammax Ha 100 r pacTteopa:
B 1000 r pactBopa coaepxutcsa 1,5 - 104- 303 r

B100r « Xr

x=45-10°r.

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

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

2) YpaBHeHue amccoumnaumm (pasHoBecust): Mg(OH)2 « Mg?* + 20H-;

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

3) MP Mg(OH). = [Mg?*] - [OH]?=2,07 - 10*- (4,14 - 10%)? = 3,6 - 1011,

Mpumep 4. O6pasyetca nm ocagok CaCOs npu cmeweHnn paBHbix 06bemos 0,02M
PacTBOPOB XIOPUCTOro Kanbuus 1 yrnekucnoro Hatpusa? MPcaCcos =1 - 105,

1) O6bem cmecu B 2 pasa Gonblue, a KOHUEHTpaUnsa KaXKgoro u3 MoHoB B 2 pasa
MEHbLLE, YEM B UCXOAHbIX pacTBOpax.

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

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

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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2) MNpoaHanuanpyem nosyveHHbl pesynbTaT U AaHHble 3a4ayn B COOTBETCTBUM C

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

UcxoOHble mamepuaribl U OaHHbIe:

Tabnuuya 1
MonspHas MonsipHas
BapuaHT BapwuaHT
KoHUueHTpa| KoHcTaHTa KOHUeHTpa| KoHcTaHTa
3apgaHus| dnNeKkTponuTt 3apgaHus | dnekTponuT
ums, auccoumnaum ums, Auccouunaum
Ne 1 Ne 1
Monb/n n K Monb/n n K
1 HNO2 0,01 4-104 6 HIO4 0,05 2,3-102
2 NH4OH 0,05 1,79 - 105 7 HF 0,03 6,61 104
3 NH4OH 0,02 1,79 - 105 8 HCIO 0,04 5,01 -10%
4 Pb(OH): 0,05 9,6 - 10+ 9 HCN 0,01 7,9 1010
5 HBrO 0,02 2,06 - 10°° 10 H2S0s 0,02 1,58 - 102
Tabnuua 2
KonunyecTtBo BellecTBa, r
BapuaHTt
BewecTtBO B 1 N HacbIWEeHHOro
3apgaHus Ne 2
pacTBopa

1 Xnopuctoe cepebpo 0,00172

2 I§p0MMCToe cepebpo 0,000118

3 Moawncrtoe cepebpo 0,00000282

4 Yrnekucnbin 6apui 0,00164

5 Yrnekncnbl CTPOHUUI 0,0059

6 LLlaBeneBoK1CbIv KanbLun 0,00538

7 Okcanat cTpoHuus 0,00422

8 Oxkcanat 6apusi 0,009

9 KapboHat kagmus 0,00276

10 XPOMOBOKUCIIbIA CBUHEL, 0,000042

CodeprxaHue u nopssidok 8bINOIHEHUS pabombi:
1 O3HaKOMUTLCA C TEOPETMYECKOM YaCTbIO 3aHATUSA.
2 BbluncnuTb No npeanoXeHHOMY BapuaHTy 3aaHus:
1) Ne 1 cteneHb gnccounaumm pacteopa cnaboro anekTponnTa;
2) Ne 2 npounsBegeHne pacTBOPUMOCTU ManopacTBOPUMOro afiekTponuTa.
3 OdhopmuUTb OTYET MO NpakTnyeckon pabore.

4 OTBETUTb Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTUyYecKoro 3aHsaTus
Llenb 3aHaTUA

BapwnaHT 3agaHusa

OT4yeT O BbLINOMHEHUM HA KaXAbl 3Tan pa3gena «CouepmaHme n nopAaaok

BbIMNONHEHU paboTbl»

Cnuncok Mcnosb30BaHHOWM NUTepaTypbl U OPYrMX MCTOYHUKOB

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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BbiBoAabl

[aTbl 1 NognNucK KypcaHTa u NpenogaBaTens

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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Bonpocbl 0risi caMornposepKu:

1. Kakue BellecTBa Ha3blBalOTCA 3MeKTponuTaMmmn?

2. Yem oTnmyaeTca cunbHble SNEeKTPONUTbI OT CPeaHUX, cnabbix?

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

4. Yto onpenensieT KOHCTaAHTa AuccouMaumnm XMMUYECKOW peakumm, OT KaKux
¢aKkTopoB OH 3aBUCUT?

5. Natb doopMynmMpoBKY Npasusia NpomMsBeeHns pacTBOPMMOCTMU.

6. Hanuwwnte BbipaxeHue ana MNP B obwem Buge.

7. KakoBbl yCroBusi paCTBOPEHUSA N OcaxaeHust ocagka?

8. Kakue hbaktopbl BIMSOT HA pacTBOPMMOCTb COEaUHEHUNIA?

MpakTu4yeckoe 3aHATHE Ne 5. BbluncrneHme KOHUEHTpaLuMmM MOHOB Bogopoaa u
BeNM4MHbI BOAOPOAHOro nokasartens. Boluncnenme pH 6ycdepHbIx pacTtBopoB

Lenb 3aHsmus:

O3HaKOMUTLCA C MOHATUSIMUM  «MOHHOE MNPOU3BEAEHNE BOAbI», «BOAOPOLHbIV
nokasatenby, «bydepHble pacTBopbl». Hayuntbca paccumtbiBaTb BennumHy pH (OK 01-
OK 02, OK 09, MK 1.4, 1K 2.4, TK 3.4).

Ucrnonb3yembie UCMOYHUKU:
Mepuoguyeckasa cnctema xummndeckmx anemeHtoB [1.. Mengeneesa;
Tabnuua norapndpmos,

Tabnuua pacTBOPMMOCTU KUCIOT, CONEen, OCHOBAHWIA B BOAE;

[1], [2].

Teopemuyeckasi Hacmab:

MoHHOoe npounsseneHve Boabl. BooopoaHbln nokasartens.

Bopna siBnaetca cnabbiM 3NeKTponnMTOM U AUCCOUUNPYET NO YPaBHEHUIO:

H20 « H*+ OH-

Mpu 25°C B 1 n BoAbl pacnagalTca Ha MoHbl Nuwb 10'monbk. Mpu anccouunauun
N3 Kaxxgon mornekynbl Bogbl obpasyetca no ogHomMmy moHy H* nu OH-, cnegoBaTtenbHo, nx
KOHLIEHTpaummn B YnucTon Boge paeHbl: [H*] = [OH] = 10-"mMonb/n.

KoHcTaHTa guccouunauumn Boapl:

KH20 = [H*] - [OH"]/ [H20] (2)

Mpeobpasyem aToO ypaBHEHUE:

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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[H*] - [OH] = KH20 - [H20] (2)

MpuHMMas BO BHUMaHWE KOHLUeHTpauuto Boabl, [H20], BenuumMHOM npakTu4ecku

MO-35 02 10-011.02.1M3

NOCTOSIHHOM, MOXHO CYMTaTb, YTO NpaBad YacTb ypaBHEHUS (2), 3HAYUT, N NPoOU3BeaEeHNe
[H*] - [OH] — Benu4unHa nocTtosiHHas.

OTY BENMYMHY Ha3bIBalOT UOHHbLIM ripou3gedeHuem 800k, Ks :

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

NoHHOe npousBedeHne BoAbl — BeNUYMHA nocTosHHasA, paBHasa 1014 npu 25 °C.
Mpw nosbiweHun TemnepaTypbl Ks 66ICTPO yBENMUMBaETCS.

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

Ecnu k Boge npubaeutb kucrnomsl, 7o [H*] ctaHet > 107, a [OH] < 107.

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

Ho kak bl He meHsanuck [H*] n [OH7], nx nponssegeHne Bcerga octaeTcs paBHbIM
NMOCTOSAHHbIM.

Takum o00pa3oMm, CTeneHb KUCAOTHOCTM WM LWENOYHOCTU pacTBoOpa MOXHO
BblpasnTb C MNOMOLLUBK KOHUeHTpauun wuoHoB [H*] wnn [OH7]. OB6blMHO nonb3yTCA
KOHLIeHTpaumen BogOPOLHbIX MOHOB.

BmecTo koHueHTpaumm H* yoobHee ucnonb3oBatb ompuyameribHbll 0ecsamuyHbIl
Jl02apuchm KoHUeHmpauuu 8000pP0OHbLIX UOHO8 — 80O0POOHbIU roka3amersb pH:

pH = —1g [H'] @

C y4eTom atoro pH pasnunyHbix pactBopoB byayT MMeTb cnegyowme 3Ha4eHns:

Kucnbin pacteop pH <7
HenTtpanbHbin pactBop pH=7
LLlenoyHou pacTtBop pH>7

Kpome BogopogHoro nokasatenst pH npu pacyetax ncnonb3yoT U rMAPOKCUAHBLIV
nokasatens pOH = —Ig [OH1].

Cymma BOAOPOAHOrO M r’MAPOKCMAHOrO nokasaTtenen B BoAEe MOCTOAHHA M paBHa
nokasartesito MOHHOro nNpousseaeHna Boabl. [Npu 25 °C:

pKs = pH + pOH (5)

BydepHble pactBopsbl (OT aHrn. buffer — cmsaryate Ton4km)

bygbepHbie pacmeopbl — 3TO pacTBopbl, pPH KOTOpbIX NPaKTUYEeCKU HEe MEHSIeTCs

npun pa3segeHndax nnn AobaBneHnn HebOoNbLINX KONTIMYECTB KUCNOTbI UMW LLIENOYN.

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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B kavectBe BydepHbIX pacTBOPOB NCMOMb3YIOT CMECU PAacTBOPOB Crnabblx KNUCIOT U
UX CONnen, CMecu pacTBOpPOB cnabblx OCHOBaHWA M UX conen. HekoTtopble M3 HUX

npenctaBsieHbl B Tabnuue 1.

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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Tabnuuya 1
HasBaHue CocTaB H
oydrepHOM cuctembl 6ydepHoOM cucrtembl P
AueTaTHasi CMeECb CH3COOH n CH3sCOONa 4.7
AMMMAYHO-aMMOHUIHAA CMECh NHsOH n NH4Cl 9,2

CnocobHocTb BydepHbIX cMecen NoaaepXmBaTb NOCTOAHCTBO pH npu go6asneHun
K HUM HebOonbLUMX KONMNYECTB CUSbHOM KUCIOTbl UMW CUITbHOTO OCHOBAHWSA OCHOBaHa Ha
TOM, YTO BXOASLME B HUX KOMMOHEHTbI cBA3bIBAOT H* - MOHbI KncnoTbl unm OH - NOHBbI
OCHOBaHWN, BBOAWMbBIX B pacTBOp WM ob6pasylowmuxca B pesynbraTte peakumu,
npoTekalrLen B 3TOM pacTeope.

Ho Ttakas cnocobHocTb OydepHbIX cmecen nogaepxuBaTb MNOCTOSHCTBO pH B
pactBope, He 6esrpaHvyHa, npefen ee 3aBUCUT OT KOHUEHTpauum KOMMOHEHTOB
OydepHon cmecu. Takum obpasom, OydepHas cmecb obnagjaet onpegeneHHou
b6ychepHOU eMKOCMbIO, T.€. UMeeTCa npeaenbHoe KONMMYEeCTBO KUCMOThbl UM OCHOBaHWS,
KOTOpoe MOXHO fo6aBuTb K BydhepHOMY pacTBOpY, U Npu 3TOM 3HavyeHue pH n3meHunoch
Obl He Bonee YyeM Ha eauHULLY.

PacueTbl.

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

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

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

Pewenune. CornacHo ycrnosuto 3agaum — Ig [H*] = 4,6 vnu Ig [H*] = — 4,6.

Ytobbl onpegenutb oTctoga [H'], HykHO HaWTM NO AaHHOMY norapudMy 4MUCro
(aHTMnorapudpm). Ecnn Bocnonb3oBatbCs Tabnvuamu norapudmoB, TO BHavane Hago
npeobpasoBatb Haw norapudm TakK, 4TOObl TOMBbKO LESIOMUCIEHHAs 4YacTb €ro
(xapakTepucTtuka) 6bina oTpuuatensHas, a gpobHas (MaHTucca) — nonoxutensHon. Ang
3TOro0 OT XapaKTEPUCTUKN OTHUMEM, @ K MaHTucce npnbaBmmMm eanHuLLY:

-46=(-4-1)+(-0,6+1)= -5+04 =54

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

Hanas 3atem no tabnvuam cooTBETCTBYIOLWNA aHTUOrapudm, nonyvyaem:

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

MNpnmep 3. KakoBa KOHUEHTpaUMsa rmapoKCUbHbIX MOHOB B pacTeope, pH koToporo
paseH 10,87

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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Pewenune. Haxogum [H*] B pacTteope: — Ig [H*] = 10,8; Ig [H*] =—- 10,8 = 11,2; [H*] =
1,6 - 1071 r-moH/n.

Tak kak [H*] - [OH] =10, 10 [OH] = 10'%1,6 - 10*t1=6,25 - 10" r-uoH/n.

UcxoOHble mamepuaribl U OaHHbIe:

Tabnuua 2
BapuaHTt pH BapuaHTt pH BapuaHTt pH
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

CodeprxaHue u rnopsidok 8bInosHeHUs pabomsi:

1 O3HaAKOMUTLCA C TEOPETMYECKOM YaCTbIO 3aHATUA.

2 Tlo 3agaHHOMY BapwaHTy BbIYUCAMTbL KOHLEHTpauMM MOHa BoAopoda W
rmapokcua-noHa.

3 OchopmuTb OTHET NO NpakTU4eckon pabore.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTUYecKoro 3aHATUSA

Llenb 3aHATMSA

BapwnaHT 3agaHus

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

CnncoK ncnonb3oBaHHOW NUTepaTypbl U APYrMX NCTOYHUKOB

BbiBOAbI

[aTtbl u nognucm KypCaHTa 1 npenogaBatens

Bonpocbi 0risi caMorposepKu:

1. YTo Ha3bIBaeTCS MOHHBIM NPOM3BEAEHMEM BOAbI?

2. KakoBa KOHLEHTpauus MOHOB BO4OPOAa B HEMTpanbHOM pacTtBope? B kucrnom?
B weno4yHom?

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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3. Yto Takoe BOAopoaHbIN nokadaTenb? YTo xapakTtepusyeT ero BenuynHa?

4. Y10 Takoe rmapoKcuaHbIi nokasatenb? YUTo xapakrepusyeT ero BenmymnHa?

5. Kak paccuntbiBaloT nokasaTtenb MOHHOMO Npon3BeaeHns Boabl?

6. OguH pacteop nmeet pH = 3, gpyron nmeet pH = 5. Kakoi pactsop 6onee
Kncnoln?

7. Kakon pacTtBop 6onee LenoyHon: umetowmnn pH = 8 nnun umerowmn pH = = 10?

8. Uto Takoe BydepHble pacTBopbl? [NpuBeante npumepbi.

9. Yto xapaktepusyeTt bydepHyto cuctemy?

10. Kak onpegensietca 6ydepHasi eMKOCTb pacTtBopa?

1.4 YeTBepTaa aHanuTu4yeckas rpynna KaTMOHOB

MpakTu4yeckoe 3aHATME Ne 6. OKUCNUTENbHO-BOCCTAaHOBUTESbHbIE peaKuuun.
CTeneHb OKUCNEeHUA. YnpaxXHeHuns
Lenb 3aHsmus:

OcBouTb coCTaBreHne ypaBHEHW OKUCINUTENbHO-BOCCTAHOBUTENbHbLIX peaKkuuin
(OK01-OK 02, OK 09, MK 1.4, MK 2.4, T1K 3.4).

Ucnonb3yemblie UCMOYHUKU:
Mepuoguyeckasa cnctema xummndeckmx anemeHtoB [1.. Mengeneesa;

ONEKTPOXNMUYECKNI PSia HANPS>KEHWUIA METanmoB.;

[1], [2].

Teopemuyeckasi Hacmab:

Peakuuu, npoTtekawoLwme ¢ MU3MEHEHNEM CTEMEHN OKUCIEHUS aTOMOB, BXOOALMX B
COCTaB pearmpyoLmx BeWeCcTB, Ha3bIBaTCH OKUCIUMEIbHO-80CCMaHo8UMEIbHbIMU.

CmerneHbio OKUC/IEHUS Ha3blBalOT YCMOBHbIA 3NeKTpUYECcKMn 3apsg atomMa B
MOneKyne, BblYUCIIEHHbIN UCXOAA N3 NPeanonoXeHnsa, YTo MoseKyna COCTOUT TOMNbKO U3
MONOXUTESbHBIX N OTPULLATENBbHbLIX NOHOB.

CTteneHb OKMCMEHMS MOXeT UMeTb oTpuuaTenbHoe, MOMOXUTENbHOe U HyneBoe
3HayeHne, KoTopoe OObIYHO BbipaxarwT apabckumu umdpamm co 3HakoMm (+) nnm (-) u
CTaBAT Hag cMMBOIOM anemeHTa. Hanpumep, Na2*tO -2, Cl2 9,

YT106bI NPaBUNbHO ONpedennTb CTeNneHb OKUCINEHUs aTOMOB B COeAVMHEHWWU, Hado
NMOMHUTb, YTO MONEKyna B LierioOM anekTpoHenTparnbHa, cnegosaTtenbHo, anrebpanyeckas
CyMMa MOMOXUTENbHBIX M OTpULATENbHBIX aTOMOB B MOSEKyre Bcerga paBHa Hyrmo, a B
CMOXXHOM MOHe — 3apsay MoHa.

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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CTeneHb OKMUCNEHUA — YCNOBHOE, doopMarbHOe MnoHATHE. Bo MHormx crniydasix
CTeneHb OKUCNEeHUs aToMa 3fieMeHTa He coBnadaeT C ero BanieHTHOCTbIo. BaneHTHoCTb
HEe MMeeT 3HakKa.

MHorne atombl (a 3HA4YMT, U 3NEMEHTbI) UMEKT HECKONbKO 3Ha4YeHUn CTerneHu
oKucneHusi. Bbiclwiaa nonoxmtenbHas CTeneHb OKUCIEHUs NPOosIBNSIeTCs, Korga B
obpasoBaHUN CBA3N NPUHUMAIOT y4acTue BCE BareHTHble 3fIEKTPOHbI aToma. YncneHHo
OHa paBHa HOMepYy rpynnbl NepUoanyYecKon cucTemMbl. HaMmeHbllee 3HavyeHue CTeneHu
OKUCNEHUS 3NIEMEHTA MPUHATO Ha3blBaTb HU3WeU cmerneHbio OKuceHus. Bce octanbHble
CTEMEHN OKUCMEHUA 3feMEeHTa HasblBalT MPOMEXYTOYHbIMW. Hanpumep, y artoma
(anemeHTa) cepbl BbIClIAsi CTENEHb OKUCIEHUSI paBHa +6, Hu3Wasi paBHa —2,
NPOMEeXyTOYHas paBHa +4.

PaccMoTpM OCHOBHbIE MOSIOXKEHUSI TEOPUU OKUCIIUTESIbHO-BOCCTAHOBUTENBHbIX
peakuunn.

1. OkucneHuem Ha3blBaeTCA NPOLECC OTAa4M 3feKTPOHOB aTOMOM, MOSEKYNON Unun
NOHOM: Na®-& — Na*

Fe?*—& — Fed*

Mpw okMCNeHNn cTeneHb OKUCNEHNS NOBbILLAETCA.

2. BoccmaHosrneHuem Ha3blBaeTcsa NpoLecc NpucoeanHeHns 3rneKTpoHOB aTOMOM,
MOMEKYNon NN NOHOM: Mn™* + 58 — Mn?*

Fe3+ +& > Fez+

Mpw BOCCTAHOBNEHUM CTEMNEHDb OKUCIIEHUSI MOHMXKAETCS.

3. ATOMbI, MONEKynbl WINW WOHbI, OTAAlWME SNEKTPOHbI, Ha3biBaKTCA
goccmaHosumersismu. Bo Bpems peakumm oHM OKMCAATCA. ATOMbI, MOMEKYSTbl NN NOHBI,
NPUCOEOUHAIOLME ISNEKTPOHbI, Ha3bIBAOTCA OKucrumensmu. Bo Bpemsi peakuum OHU
BOCCTaHaBNMBAOTCS.

4. OkucneHne Bcerga conpoBOXOaeTCss BOCCTAHOBNEHMEM U, HaobopoT. MoaTomy
OKUCINUTENbHO-BOCCTAHOBUTESNbHbIE peakuun nNpeacTaBnsalT coborM eaAMHCTBO  ABYX
NPOTMBOMNOSIOXHbIX NPOLIECCOB.

5. Uncno anekTpoHOB, OTAABaeMbIX BOCCTAHOBUTENEM, PABHO YMCMY 3NEKTPOHOB,
NPUCOEeaNHAEMbIX OKUCIIUTENEM.

B kayectBe BOCCTaHOBUTENEW B  aHanNMTUYECKOW  XUMWUM  UCMOSNb3YIOT:
MeTannuyeckmm UmHK n xerne3o Na2S203, Na2SOs, SnClz, Crz(SOa4)s, FeSOs4, H2S, B

kavectBe okucnutenen: KMnOas, H202, K2Cr207, Brz, KJO3, HNOg3, |o.

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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OKUCNNTENbHO-BOCCTAHOBUTENbBbHbIE  peakuun  LWIMPOKO  MPUMEHSITCA B
XMMUYECKOM aHanui3e. B kayecTBeHHOM aHanu3e uX MPUMEHSIOT AN OTKPbITUA U
pasgeneHns NOHOB.

B konnuyecTBeHHOM aHann3e B OCHOBE LENoro psga TUTPUMETPUYECKUX METOAOB
nexar peakumm OKUCNEHUS-BOCCTAHOBMNEHNS, Hanpumep, B mMeToaax
nepmaHraHaToMeTpun, NOgOMETPUMN.

Mpumep 1. Bbluncnntb cTeneHb okucneHns xpoma B 6uxpomate kanna KzCr207.

O603HaunM CcTeneHb OKUCIEHUS OAHOro atoma Xpoma 4epe3 «X» U YMHOXUM
CTENEeHN OKUCMEHWS aTOMOB Kanusa U KMcnopoda Ha 4YMCcrno ux atoOMOB B COEAMHEHUMW.
CocTtaBuM ypaBHEHME:

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

2x = +12; x = +6.

Mpumep 2. OnpeaennTb CTENEHb OKUCIEHNA aTOMOB a3oTa B coeanHeHnn NHaNOs.

3apsag komnnekcHoro noHa ammonms NHa*, Hutpat-noHa NOs'. YTtobbl onpeaenuTtb
CTeneHb OKUCNEHNA aToMa a3oTa («X») B MOHE aMMOHUS, COCTaBUM YpaBHEHUE:

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

Onpegenvm cTeneHb OKUCNEHUSI a30Ta B HATPAT-UOHE:

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

CnepoBaTtenbHO, B COEAUHEHUN aTOMbl a30Ta MMEKT PasHy CTENEeHb OKUCINEHUS:
-3 1 +5.

Ona  ©6e30wnboyHOro  HaxoXaeHus  KO3PPUUMEHTOB B OKUCIIUTESBHO-
BOCCTaAHOBUTENbHbLIX peakuusix cnegyeTt NOMHUTb rpasusia coxpaHeHuUsl 4ucra amomos
Kax0020 afleMeHma 8 peakuuu U coxpaHeHus 3apsida: Hago bpaTb CTOMbKO aTOMOB UMK
MOHOB KaXkgoro 9femMeHTa, CKOMbKO WX COAEPXKUTCA B MOSEKyne OKUCIUTENnsa wu
BOCCTAHOBUTENSA W YMCNO SNEKTPOHOB, OTAAHHbLIX BOCCTAHOBWUTENEM, pPaBHO 4uCny
3NEKTPOHOB, NPUHATLIX OKUCIUTENEM.

Mpumep 3. CocTaBneHne ypaBHEHUS peakummn okucreHusa coner Mn (Il) B kucnom
cpege: Mn(NO3)2 + PbO2 + HNO3 — HMnOas + Pb(NO3)2 + H20

Mpn nogbope kO3I(PPUUMEHTOB MUCMONb3YyeM MemoO 3/1eKmpoHHO20 barnaHca.
YKa3aB CTENeHN OKUCNEHNS ANIEMEHTOB, COCTaBNAEM YpaBHEHUS ANEKTPOHHOro 6anaHca:

2 Mn?*—5& — Mn’*

5|10 | Pb* +2& — Pb?

Yucno 10, MHOXMTENb, — HaUMeHbLUee obLLee KpaTHOE MEXAY YUCITIOM OTAAHHbIX U

NPUHATBIX 3MEKTPOHOB. JTO YUCMO AENAT Ha YUCIO 3TUX SNEeKTpPoHoB. Ymcna 2 u 5

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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aBnsaTca  koadpduumeHtamm gnsa  okucnutena PbO2 u BocctaHoButens Mn(NOs)a2.
YpaBHMBaAEM YMCIO KUCNOTHBIX OCTATKOB M MOMEKyn BOAbI:

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

[na npoBepkn NpaBUSTbHOCTU COCTABMIEHHOIO YpaBHEHUA HaOOo MPOBEPUTb YUCHO
aTOMOB KaXX[JOro afieMeHTa B €ro npaBoun U1 JIeBOM YacTu.

Mpumep 4. CocTaBneHne ypaBHEHUS peakLummn, NPpOoTEKatoLWEN MeXay CONsMu:

FeCls + SnCl2 —» FeCl2 + SnCla
CocTaBnsiem ypaBHEHMWS aNeKTpoHHoro banaHca 2| Fe3* + é — Fe?*
11 Sn?*-2é — Sn**

OxkoH4aTtenbHoe ypaBHeHue peakumn:  2FeCls + SnClz = 2FeClz + SnCla.

UcxoOHble mamepuaribl U OaHHbIe:

BapuaHTt -
Cxema oKMcnuTernbHO-BOCCTaHOBUTENbLHON peakumnmn
3agaHuAa
CuSOs4 +Zn — ZnS0O4 + Cu

Na>S203 + 12 — NaxS406 + Nal

KMnO4 + NaNO2z + H2SO4 — MnSO4 + NaNO3 + K2SO4 + H20

KMnOs + Na2C204 + H2SO4 — MnSO4 + CO2 + K2SO4 + NaxSO4 + H20

1
2
3
4
5 PbS + H,O2> —» PbSO4 + H20
6
7
8
9

K2Cr207 + Kl + H2SO4 — Cr2(S04)3 + 12 + K2SO4 + H20
Brz+ H2S + H2O — HBr + H2SO4

Ca + H20 — Ca(OH)2 + Hz

H2S + HIO3 —» S + 12 + H20

10 Fe + HNOs — Fe(NO3z)s + NO + H20
11 K2Cr204 + HClI — CrClz + Cl2 + KC| + H2.0
12 Cu + H.SO4 — CuSO4 + SO, + HO
13 HIl + HoSO4 — 12 + H2S + H20

14 H>SOs + Clo + HoO — H2SOas+ HCI

15 Naz(S203) + I2 — Na2S406 + Nal

16 FeClz + Ho.S — FeCl> + S + HCI

17 PbS + HNO3z — PbSO4 + NO2> + H>O
18 Kl + Cl2 — |2 + KCI

19 Ag + HNO3 — AgNOs + NO2 + H20

20 C + H2SO4 — CO2 + SO2 + H20

21 I2 + H2O2 — HIOs

CodepixaHue u nopssidok 8bINOSIHEHUS pabombi:
1 O3HaKOMUTbLCS C TEOPETUYECKOWN YaCTbHO.
2 o 3apgaHHOMY BapuaHTy:

1) HANTW aTOMbI, U3MEHSIIOLLIME CTEMEHb OKUCIEHNS B peaKLuu;
2) BbINOMHUTb PacyeT CTENEHN OKUCTEHUS;

3) cocTaBuUTb YpaBHEHUS MOMypeakuuin OKUCIEHUS-BOCCTAHOBIIEHNS METOOO0M
3NEKTPOHHOro GanaHca ¢ HaxoXaeHUeM MHOXUTENeN;

4) nogobpaTb KOIPULNEHTLI NOINEMEHTHO;

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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5) paccuntaTb r-ake (3) okMCNUTENST N BOCCTAHOBUTESNS C YKa3aHWEM eanHUL,
n3mMepeHus.
3 OchopmuTb OTHET NO NpakTU4eckon pabdore.

4 OTBETUTb Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxaHue omyema:

HavnmeHoBaHMe npakTUyeckoro 3aHATUS

Llenb 3aHATUSA

BapwuaHT 3agaHus

OTyeT O BbINOMHEHUM Ha Kaxabld 3Tan pasgena «CogepXaHne M NOPAOOK
BbIMNOMHEHUs paboTbl»

Cnncok ncnonb3oBaHHOW NUTepaTypbl U APYrMX UCTOYHUKOB

BbiBOAbBI M NpeanoXeHus

,D,aTbI n noanncun KypcaHTta u1 rnpenogaBatens

Bonpocbl 0risi caMornposepKu:

1. YTo Takoe cTeneHb okMcneHun? Ee oTnuune oT BaneHTHOCTH.

2. MoxeT nu cTeneHb OKUCINEHUS ObiTb MOMNOXUTENbHOW, OTPULATENBHON W
HyneBon?

3. MoxeT nun cteneHb okUcneHus G6biTb GonbLle HoOMepa rpynnbl?

4. OnpegennTb CTEMNEHb OKUCNEHUA MapraHua B coeguHeHusix: MnOz2, H2MnOs,
MnSOa4, MnCl2, KMnOa4

5. Kakne peakummn HasblBaOT OKUCINTENBbHO-BOCCTAHOBUTENBHLIMWN?

6. Kakor npouecc Ha3bIBaOT OKUCIIEHNEM?

7. Kakoi npouecc Ha3biBaoT BOCCTAHOBIIEHNEM?

8. HasoBute BaxxHenLwIme OKNCNUTENN, BOCCTAaHOBUTENM.

1.5 MNaTaa aHanuTU4YeckKas rpynna KaTMOHOB
MpakTnyeckoe 3anAaTne Ne 7. F’maponus conen. YnpaxHeHus

Llenb 3aHsmus:
N3yuntb rmgponms conen. YMeTb COCTaBnsATb ypaBHeHna rmgponunaa conen (OK 01-
OK 02, 0K 09, MK 1.4,TIK 2.4, TIK 3.4).

Ucnonb3yemble UCMOYHUKU:
lNepunogunyeckas cuctema xmmmndeckux anemeHTos .. MeHgeneesa,;

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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PacTtBopuMOCTbL conen, KNCNoT U OCHOBaHWW B BOAE;

CrteneHb guccoumaunm anekTposIMToB;

[1], [2].

Teopemuyeckasi Hacmab:

PactBopumble BelwlecTBa B BOAe YaCTO COMPOBOXOAKTCA  XUMUYECKUM
B3amogenctenem. OBbMeHHasa peakuus Mexay BellecTBamMu U BOAOW, MpoTekawLlasa c
obpasoBaHMeM  ManoAMCCOLMMPOBAHHbLIX  COeAMHeHun  (crnabbiX  3NEKTPONMTOB),
HasblBaeTCcs 2udposu3oM. 'Maponns B nepeBoae 03HavyaeT «pasnoxeHne BoON.

Bopa, aBnaack crnabbiM anekTposiMToM, ANCCOLMNPYET HA UOHbI B HE3HAYUTENbHOW
cTeneHu:

H20 < H*+ OH"

Mpn pacTBOpeHMM HEKOTOpPbIX COMel B BOAE WOHbI PacTBOPMMOM  COMK
B3aMMOOENCTBYIOT C WMOHamu Bofbl. [1pM 3TOM NPOUCXOAUT CMeELLeHWe paBHOBECUS
auccoumaumm BoAabl, T.K. OOMH U3 ee WoHoB (Mnu oba) cCBA3bIBAOTCA WOHaAMM
pacTBOPEHHOroO BellecTBa ¢ 06pasoBaHMEM ManogucCoLUMMPOBAHHOIO COeaUHEeHUs (Unu
NoHa).

Takum obpasom, rmgponms conv — B3aMmMogencTane MOHOB COMU C MOHaMM BOAbl C
obpa3oBaHMEM ManoguCCOUMMPYEMbBIX COEAVMHEHMA (MM MOHOB) U BO3MOXXHbIM
n3ameHeHnem pH cpegbl.

Kaxgylo conmb  MOXHO  npeactaBuUTb  Kak  ripodykm,  obpas3oBaHHbIN
B3aMMOOENCTBUEM KUCHOTbl U OCHOBaHUA. KNCROTbI 1 OCHOBAHUSA MOTYT ObITb CUMbHBIMU
unu cnabeimun anektponutamun. CnegosatensHO, B 3aBUCMMOCTIN OT CBOEro COCTaBa, Conu
no-pa3HoOMy pearvpyoT ¢ BOOOW.

Conun, obpasoBaHHble B3aUMOLENCTBMEM CUITbHBIX KMCIIOT U CUSbHBIX OCHOBaHWN,
rmgponu3y He nogBeprawTCcs M peakuus pacTBOpPOB conen 3atoro Tuna Oyper
HenTpanbHou (pH = 7). Hanpumep:

Cynbat Kanusa — CUnbHbIA 3NEKTPONUT U NPU PacTBOPEHUN B Boge Anccoummpyet
Ha NOHbI:

K2SO4 < 2K + SOs %

OpHoBpeMeHHO, Boga AUCCOUUNPYET Ha UOHbI:

H20 < H*+ OH-

MoHbl B pacTBope B3aMMOAEWNCTBYHOT Mmexay cobon. [MpyM 3TOM MOHbI Kanus He
MOryT cCBfi3aTb MOPOOKCUA-MOHbI B  Monekynbl, T.K. KOH 4BnseTcs CunbHbIM

3MEeKTPONMTOM U CyLLIEeCTBYET B pacTBOpe TONbKO B BUAE MOHOB. B To e Bpems cynbdart-

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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MOHbI He CBA3bIBalOT MOHbI Bogopoda T.K. H2SO4 ABNSETCSA CUMbHBIM 3NEKTPOSINTOM U
CyLLleCTBYeT B pacTBOpe TOMbKo B Buae MoHoB. CymMapHOe ypaBHEHWe OAHOBPEMEHHO
npoTeKarLnX NpoLeccoB:

H20 < H*+ OH"

OTO ypaBHeHMe MoKasblBaeT, YTO rMOporiu3a He NpPouCXoauT U peakuus pactsopa
cynbdaTa Kanus HenTpanbHas (pH = 7).

Cnenyet obpaTuTb BHMMaHME Ha PacnpOCTPaHEHHYK OLWMOKY nNpu CoCTaBneHUn
YPaBHEHUN peakuuu rmaponusa: Hesb3s 8 ypasHeHuu 2udposiu3a ucrosb3oeames 6osee
yeM OOHy MOreKyrly 800bl — MO HerpasusibHo!

Pasnuyatot Tpu BapuaHTa rugponusa:

1 mgponua conen, obpasoBaHHbIX B3aMMOAENCTBMEM CUJSTbHbLIX OCHOBaHUA U
cnabbix KMCNoT. [pMMmepoM Takonm conm MoxXeT crnyxuTb auetat Hatpua CH3COONa.

AueTaTt HaTpusa — CUNbHBIN NEKTPONUT U NPU PacTBOPEHUU B Boge auccouumnpyet
Ha NOHbI:

CH3COONa < CH3COO " + Na*

OpaHoBpeMeEHHO, Boga AUCCOLMNPYET Ha NOHBI:

H20 < H*+ OH"

MoHbI B pacTBOpe B3aMMOAEWNCTBYIOT Mexay cobown. [lpn 3TOM MOHbI HaATpUS He
MOryT cCBsi3aTb MOPOOKCUMA-UOHbI B Mornekynbl, T.K. NaOH saBnseTcs CUnbHbIM
3NEKTPONNTOM U CyLLEeCTBYET B pacTBOpE TOMbKO B BMAE MOHOB. B TO e Bpems auetar-
MOHbI CBA3bIBAKOT MOHbI Bogopoda C obpasoBaHweM Mmornekyn cnaboro anekrponuta —
YKCYCHOW KMCIOTHI.

CymMmmapHoe ypaBHeHMEe O4HOBPEMEHHO NPOTEKALMNX NPOLECCOB:

CHsCOO ™ + H20 « CH3COOH + OH"

OTO ypaBHEeHWEe MoKasblBaeT, YTO B pes3ynbTaTe rmaponuia peakums pacTtsopa
aueTaTa HaTpus wenoyHaa (pH > 7).

2 [wngponun3 conen, obpa3oBaHHbIX B3aUMOAENCTBMEM CInabbiX OCHOBaHMA W
CUIbHbIX KMCNoT. Hanpumep, rugponua xnopuga ammonmst NHaCl.

Xnopug amMMOHUSI — CUMbHbIA  3MNEKTPONUT WU MpUM  pacTBOPEHMM B BoOAe
AnccoummpyeT Ha NOHbI:

NH4Cl < NHs* + CI

OpHoBpeMeHHO, Boga AUCCOLMNPYET Ha NOHbI:

H20 < H"+ OH"

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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B atom cnyyae obpasyetcsa cnabbivi anektponut NH4OH. Mpn 3TOM MOHBI Xriopa He
MOryT CBSA3aTb MOHbLI BOAOpoAa B Morniekynbl, T.K. HCI sBnsieTca cunbHbIM 3NEKTPOSIUTOM U
CyLLIeCTBYET B pacTBOpe TOSbKO B BUAE NOHOB.

CymMmapHoe ypaBHeEHME rTMAPOM3a MOXHO 3anucaTth Tak:

NH4* + H20 < NH4OH + H*

CnepoBaTtenbHo, B pe3ynbtaTte rmgponuaa xnopvga aMMOHUS pacTBOpP 3TOW COMnm
npuobpeTaeT Kucny peakumto (pH<7).

3 [maponu3 conen, o6pa3oBaHHbLIX B3aMMOAEWCTBMEM CnabblX OCHOBaHUN U
cnabbix KMCnoT. B pacTBopax Takmx Conen CBA3bIBaOTCA M MOHbI BOOOPOAA, U TMAPOKCUA-
NoHbI Boabl. Hanpumep, rmgponns auetata ammoHnss CH3COONHa:

CH3COO + NH4* + H20— CH3COOH + NH4OH

lMockonbKy cTeneHn auccoumaumm nNPoAYKTOB MAPONM3a NPUMEPHO pPaBHbl, TO

pactBop conu byaeTt HenTpanbHbIM (pH = 7).

UcxoOHble mamepuaribl U OaHHbIE:!

BapuaHTbl HasBaHue
3agaHumn conewn

1 Hutpat cepebpa
2 Xnopua ammMoHus
3 AueTtaT HaTpus
4 Linanung kanus
5 KapboHaTt HaTpusi
6 Cynbat meau
7 Hutput Kanus
8 BopaTt HaTpus
9 Cynbng ammMoHus
10 docaT HaTpus
11 Cynbart kanus
12 Hutpat ptyTu (1)
13 Xnopuva Kanbums
14 Auetart cepebpa
15 Unanung HaTpus
16 KapboHaT aMMOHUs
17 Cynbart umHka
18 Hutput mean
19 Bopat kanus
20 Cynbug kanus
21 docdaTt Kanus
22 Cynbut aMMoHust
23 Hutpat cepebpa
24 Xnopua UnHKa
25 Auetart bapus
26 Unanung kanus
27 KapboHat kanus
28 Cynbat marHus
29 HuTpuT amMmmoHus
30 Bopat nutus
31 Cynbtng nutns
32 doccat aMMOoHUS

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx



KMPK BTAP® ®Ir'60Y BO «KI'TY»

MO-35 02 10-0M.02.N3 OCHOBbI AHATIUTUYECKOM XMUM [ C.41/69

33 | Cynbdut HaTpus

CodepxaHue u nopssdok 8bINoSIHEHUST pabombi:

1 O3HaKOMUTBLCS C TEOPETUYECKON YACTbIO 3aHATUS.

2 CocTaBuTb ypaBHEHMSI TMApoOnM3a COrfacHO BapuaHTy 3agaHust 1 ohOpPMUTb
OTYeT NO NpakTu4eckon pabore.

3 OTBETUTbL Ha KOHTPOJ1bHbIE BOMPOCHI.

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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CodepxxaHue omyema:

HanmeHoBaHMe NpakTUYecKoro 3aHATUS

Llenb 3aHATMSA

BapwnaHT 3agaHus

OTyeT O BbINOMHEHUMM Ha Kaxabld aTan pasgena «CogepxaHne M NOpAOOK
BbIMNONHEHUS paboTbl»

CnncoK ncnonb3oBaHHOW NUTepaTypbl U APYrMX MCTOYHUKOB

BbiBOAbI

[aTbl 1 NognNucK KypcaHTa u NpenogaBaTens

Bonipocbi 0r1si caMorposepKu:

1. Kakas peakums HasblBaeTCs peakumen rmgponunsa?

2. ObpasoBaHMEM KakMX MPOAYKTOB COMPOBOXOAAETCA peakums ruaponunaa conen?

3. Bcneacteue yero namensieTca pH pactesopa npu rugponuse conn?

4. Kakue conuv nogeepratoTcsa rugponmay?

5. MNo4vemy conb, obpasoBaHHaA CUMbHbIM OCHOBAHWEM W CUMbHOW KUCIIOTOW, He
nogeepraetca rmgponmsy? Yemy paseH pH pactBopoB 3TuX conen?

6. MpuBegute Tpu npumepa pasnU4YHbIX TUMOB COSMIEN, NOABEPraroLNXCS
rmgponumay.

7. Kak ncnonb3yetca peakums rvaponusa conm B TexHuke 6Ge3onacHoCTU npwu

paboTe B xummyeckon nabopatopunn?
2 KOJNIMYECTBEHHbIN AHATTU3

2.1 N'paBuMeTpUYECKU MeTOA aHanu3a

MpakTnyeckoe 3aHaTMe Ne 8. AHanuTU4yecKkue Bechbl, UX ycTtponctBo. lNpaBuna
B3BeLMBaHUA

Llenb 3aHaImus:

M3yunTb yCTPOMCTBO M NpaBuna B3BELUMBaAHUS Ha aHanuTudeckux secax. OcBoUTb
MEeTOAUKY B3BeLLMBaHMsA Ha aHanuTnyecknx Becax (OK 01-OK 02, OK 09, MK 1.4, INK 2.4,
MK 3.4).

Ucnonb3yemble ucmoyHuku: [1], [2].

MamepuanbHoe obecriedeHue:

AHanutunyeckue Becol BJ1IP-200

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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BbicTpoaencTeytolme TeXHMYECKME BECHI A5 NPUBNN3MTENBHOrO B3BELLNBAHUS
AHannTnyecknin pasHoBec
CTeKnsAHHbIN OKOKC UMM YacoBOE CTEKIO

I'Ipo6b| XMMNU4EeCKnX BeLLECTB.

Teopemuyeckasi Hacmab:

B ocHoBe rpaBuMmeTpudeckoro (BeCOBOro) MeToda aHanusa JIexuT To4vHoe
n3mMepeHne maccbl npoayktoB peakumu. OCHOBHas onepauusi BeCOBOro aHanusa —
B3BeLUMBAHME Ha aHaNUTUYECKMX Becax C npegenbHon Harpyskon 200 r v TOYHOCTbIO OO0
0,0002r.

OaHOM 13 cambIX BaXKHbIX YaCTeW aHaNUTUYECKUX BECOB SBNSETCS KOPOMBICIIO C
YKPENIEeHHbIMWU Ha HEM Tpems araToBbiMW npuamamu. CpedHss npusama Cny>XuT Onopomu
KOpOMbICfla B MOMEHT B3BelUMBaHWA. [Mpu3Mbl, NOMELLEHHbIE Ha KOHLAX KOpOMbICMa,
SBIISIETCA ONOPON ANA YalleK BEeCOB.

AHanuTuyeckme Becbl CHabXeHbl cneuuanbHbIM NPUCNocobneHnemM — appeTUpoM.
Mpn nomoLm appeTmpa KOPOMbICNIO BECOB NPUMNOAHMMAIOT U CTaBAT B TaKoe MOSIoXeHue,
npy KOTOPOM HU OAdHa W3 MNPU3M He KacaeTCsl CBOMX OMOPHbIX nogyluek. AppeTtup
NPUBOOAT B ABWXEHNE PYKOSATKON, NPUKPENSIEHHOM K HXXHEN YaCcTu 4OCKN BECOB.

Becbl nomelleHbl B CTeKMAsHHbIA QYTNAp, 3alimlialowunm oT nblnn, kKonebaHumn
TemnepaTypbl U PE3KOro ABMXEHUS BO3ayXa.

lMpasuna pabomel Ha aHanuUMU4YeCKUX 8ecax:

1. Mepen kaxgbiM B3BELUMBAHMEM W MPOBEPSATb COCTOSIHME BeCOB. AKKypaTHO
OYUCTUTD Mblflb, NPOBEPUTL HYNEBYIO TOYKY.

2. MNpun obHapyXeHUM HencrnpaBHOCTM BECOB HM B KOEM Criydae He MCnpasBnsTb
BECbl CaMOMy.

3. Henb3a ponyckatb HUKaKMX MPUKOCHOBEHUM K HeappeTUpOoBaHHbLIM BecaM.
OnyckaTb U nogHMMaTb appeTup Hago OCTOPOXKHO U NIaBHLIM MOBOPOTOM PYYKM.

4. He caosuraTb BeCbl C 3aHMMaEMOro MecTa.

5. He neperpyxaTb Becbl cBepx npegensHon Harpy3kn — 200 .

6. Kateropnyeckn 3anpeuiaetca B3BelMBaTb BeLLECTBA HENOCPEACTBEHHO Ha
Yallke BECOB; B3BELLMBAEMOE BELLECTBO NOMELLAOT B BHOKC, TUrenb, YacoBOe CTEKO.

7. Mpubaensate unn ybaBnATb B3BELUMBAEMOE BELIECTBO MOXHO TOJSIbKO BHE
dyTnapa Becos.

8. Henb3a B3BewwuBaTb ropsyMe UnM  CIULWIKOM  XONogHble  npeaMeThl.

BasewwmnBaemble npeamMeTbl JOJTXHbI UMETb TEMNEpaTypy BECOBOM KOMHAThI.

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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9. Bce B3BewMBaHUS OaHHOro aHanunaa npoBoAnMTb Ha OAOHUX N TEX Xe BecCax,
noJib3yACb OAHUM N TEM Xe pa3HOBECOM. Bce r’mpun aHarimTM4eCcKkoro pasHoseca MOXHO
6paTb TOJIbKO NMMHLIETOM.

10. Mo OKOHYaHMM B3BELUMBAHUSA HaOo y6e,D,I/ITbCFI, 4YTO BeCbl appeTnpoBaHbl,

Harpyska CHsiTa, ABEPKM NOMHOCTLIO 3aKPbIThl.

B3eewusaHue Ha aHanumu4ecKkux eecax rpouseoosm 8 criedyrouwem rnopsioke:

1. BHayane npou3BOoOAT B3BelMBaHMe npegMetTa Ha ObICTPOOENCTBYHOLLNX
TeXHUYECKUX Becax Asns npnbnmanTenbHOro onpeaeneHnss Macchbl.

2. Nepen HavYanoMm B3BelUMBaAHWS Ha aHanNUTMYECKUX Becax crneuuanbHOW pyvKon
ANCK [OenuTenbHOro YCTpoWCTBa YycTaHasnuealoT Ha oTMeTky «00» u gpyrovd pydkom
HYNEeBY OTMETKY LUKasbl COBMELLAIOT C OTCYETHOW OTMETKOM 3KpaHa.

3. lNMpeameT cTaBAT Ha fieByHO Yallky BecoB, noabupatrT rMpu M3 pasHoBeca U
MUIIMrPamMMOBbI€ Pa3HOBECKN, BCTPOEHHbIE B KOPNYC BECOB B BMAE ChneLmanbHbIX Konedw,.
MonGop pasHOBECOK NpoAomKakT A0 TeX Nop, NokKa Ha aKpaHe He NOoSIBUTCH M3obpaxkeHune
LIKanbl.

4. 3anucbiBaa pesynbTaTbl B3BELUMBAHWSA, BHavane 3anucbiBalT Maccy rmpek, a
3aTeM rnokasaTenu 3KpaHa: B NIEBOM OKHe — Mo nNuMmby rMpeBOoro mexaHmsama — COTHU
MUINIMIPaMMOB, B LieHTpanbHOM OKHE — MO LWKane — AEeCATKA MUMIMrpamMoB U Lernble
MUANUIPaMMbl, B NPaBoOM — AeCATbIE U COTble 0N MUNNIUIPaMMOB.

lpumep onpedeneHusi Macchl 838ewugaeMo20 rnpedmMema U 83simusi HagecKu:

Ha npaByt 4Yallky BecoB MnonoxeHbl rmpbkun 10 r n 1 r, B NIEBOM OKHE 3KpaHa
ycTaHoBMnacb uudpa 6, B LEeHTpanbHOM OKHE — OTMeTKa Ha Wwkane 25 n B OKHe
penutenbHoro yctponctBa — uyucno 35. CnepoBaTtenbHO, Macca B3BeELLUMBAEMOro
npegmeTta pasHa 11,62535 .

Ecnu gna onpegeneHua maccbl npegmeTa AOCTATOMHO TOYHOCTb A0 YeTBepToro
AECATMYHOrO 3Haka, NHATbIM 3HAKOM MOXHO npeHebpeyb, NONb3ysicb MNpaBurIamMm
oKkpyrneHus: 11,6254 r.

Haseckol Ha3biBaeTCst YacTb Npobbl XMMNYECKOrO BeLLeCTBa, TOYHO B3BELUEHHOE
Ha aHanuTu4yeckux Becax. [Ing B3ATMA HaBeCKN NOCTYNatoT criegyowmnm obpasom:

1. MNpoBepstoT, YTOObLI GIOKC MM YacoBoe CTEKMO ObiM YUCTBIMU U COBEPLLEHHO
CYXUMM.

2. Cobntogas Bce npaBuna B3BELUMBAHNA, B3BELLMBAIOT BHOKC UM YacoBOE CTEKITO.

3. CymmmpytoT maccy 6wkca unmM cTekna € Maccon HeobxoouMMowm HaBeCKMW,

onpeaensitoT nx obLyo maccey.

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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4. CH/AMaloT C BECOB Harpysky, COOTBETCTBYHOLLYIO Macce Btokca, 1 CTaBAT HOBYIO,
paBHyto obLen macce 6toKca U HaBECKN.

5. CHumaroT GHOKC C BECOB, HAcbINalT B HEFO HEMHOIO BELLECTBA U CHOBA CTaBAT
Ha Becbl. OCTOPOXHO OTKpbIBAs appeTup, M HabnwaalT 3a OTKIOHEHMEM CTPErKA n
yCTaHaBNMBalOT, Mano unM MHOro BewecTtBa B Otokce. [ocbinawT wMnu oTcbinatoT
BELLECTBO, CHMMas BIOKC C YallLKn BECOB A0 TEX MOp, NoKa He NOMy4YnTCs HyXKHas macca.

Hago 3HaTb, YTO BO MHOMMX Criydyasix HeT HeobOXOAMMOCTM OTBELMBATb TOYHO
paccyMTaHHOE KONMMYEeCTBO BELLECTBa, BaXXHO MMETb MOYHYK Maccy Hagecku, No3TOMy B
3TOM Ccry4ae:

6. B 6tokC HacbinalT NPUMEPHO HYXXHOE KONMUYECTBO BeLecTBa (C TOMHOCTbIO A0
AecaTbIX Aonen rpamma) v B3BelMBaloT OKOKC BMecTe ¢ HaBeckow. Maccy HaBecku
onpegensioT, BbluMTasa n3 CyMMapHoOM mMmacchbl, Maccy Btokca.

PesynbTaTbl B3BELLUMBAHUA 0OOPMIAIOT 3aMMCblo, Hanpumep:

Macca nycrtoro 6rokca - 11,6254 r

Macca 6tokca ¢ HaBeckon — 12,9677 r

Macca HaBecku — 1,2423r.

Ownbkn, BCTpevawwmecs B  nabopaTopHOM  NpakTMke, AenaTcs  Ha
cucmemamuyeckue U criyHalHsble.

Ownbkn cucmemamuyeckue OOYCNOBMNEHbI HENPaBUIILHOCTBID B MOKa3aHUSAX
npubopoB, HeagocTaTkaMyM B METOAUKE W3MEpPEeHUA U OAHOCTOPOHHE HanpaBlieHHbIM
BNMUSIHUEM  KaKUX-NMMOO BHELLIHMX BO3OEWCTBUA. Takne OLNbKNM cuUcTeEMaTUYECKN
NMOBTOPSIIOTCS,, MO3TOMY WX MOXHO Y4YeCTb, Hanpumep, MOoNb3ysiCb MONpaBkaMn K
rnokasaHusiMm NpnbopoB, KOTopble NPUBOASTCS B NacnopTax, Nepnoanyeckon noBepkom no
aTanoHam (Hanpumep, NoBepKa pasHOBECOB, rpaaynpoBka TEPMOMETPOB, BOPETOK 1 T.M.)

Owunbkn cnyvalHble  3aBMCAT OT  YCNOBUM oOMbiTa W  ONpedensitoTcs
NHOMBMAYaNbHLIMU OCOBEHHOCTAMM yyawlerocsi. OTU NOrpeLIHOCTUN 0ObIYHO HEBENMKMU, HO
OHM HEYCTpPaHUMBbI.

Ownbkn npn mnamepeHunsix BoobLLe Hen3bexHbl BBMAOY OTCYTCTBUS MAeanbHbIX
n3mepuTenbHbiX MNpubopoB, HECOBEpPLUEHCTBA OpPraHOB 4YYyBCTB 3KCMEpMMeHTatopa MU
HEenoCTOSIHCTBA BO3OEWCTBUN BHELUHWX YCMOBUW: BIaXHOCTM BO34yxa, [OaBrieHus,
COTpsiCEHWI 34aHus nabopatopum 1 T.n

AGBCOMIOMHYI0 U OMHOCUMENIbHY0 OLNOKM W3MEPEHU HaxoaUT CrneayoLmnm

obpasom.

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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AbconomHas owubka N3MepeHUss — PasHOCTb MeXAY «UCTUHHbIM» 3HaYeHuem
BENUYMHbI U Pe3ynbTaToM U3MEPEHUS 3TON BENNYMHDI.

OmHocumernbHass owubka WN3MEpPeHUs — MNPOLEHTHOE OTHOLUEHWE abCoNOTHOM
OLUNBKM K UICTUHHOMY 3HAYEHUIO N3MEPSEMON BESTUYNHDI.

B ycnoBusix nabopaTopHOro npakTukyma AornyckaeTca OTHOCUTenbHas owwnbka B

npegenax 3 — 5 %.

UcxoOHble mamepuaribl U OaHHbIe:

HaBecka BapwuaHTbl 3agaHun
XMMUYECKOro BelecTsea 1 2 3 4 5 6
NaCl 0,5 0,6
NaOH 0,9 1,0
BaCl, - 2H>0 1,2 1,3

1 O3HaAKOMUTLCA C TEOPETMYECKOM YaCTbIO 3aHATUA.
2 o 3agaHHOMY BapuaHTy:

1) npou3BecTM B3ATME HABECKM XMMMYECKOrO BellecTBa, MOMb3ysACb
aHanuMTU4YeCcKMMn BeCaMmn U aHanUTUYECKMM pasHoBecoM, cobntogasa npasuna paboTbl Ha
Becax;

2) 3anucatb pe3ynbTaTbl B3BELUMBAHUS.

3 OdhopmMUTb OTYET MO NpakTn4eckon pabore.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTUyYecKoro 3aHATUS

Llenb 3aHATMSA

BapwuaHT 3agaHus

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

CnncoK ncnonb3oBaHHOW NUTepaTypbl U APYrMX NCTOYHUKOB

BbiBOAbI

[aTtbl u nognucm KypCaHTa 1 npenogaBatens

Bornipocsi 0nsi camornposepKu:

1. C Kakom TOYHOCTbIO MOXHO B3BELUMBATb HA aHaNUTUYECKNX BeCax?
2. KakoBo HasHayeHue appetunpa?

3. KakoB nopsaok B3selumBaHns?

4. Kak NpoBepuTb HyneByt TOYKY?

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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5. KakoBbl npaBuna, KoTopble HeobXxoaumoO BbINOMAHATL MNpu  pabote cC
aHanMTU4ecKnMm Becamm?
6. Kak npaBunbHO 3anuncatb pesynbTaThl B3BELUMBAHUNA?

7. Buapl olwumbok namepeHuii B nabopatopHoM npaktukyme? MNpusegute npumMepsl.

2.2 MeTtoabl TATPUMETPUYECKOrO aHanmsa
MpakTu4yeckoe 3aHATHE Ne 9. PacyeTbl B TUTPUMETPUYECKOM aHanuse

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

Ucrionb3yemblie UCMOYHUKU:
Mepuogunyeckasa cnctema xummndeckmx anemeHtoB .. Mengeneesa;

Tabnunua pacTBOPUMOCTW CONEN, KUCMOT, OCHOBAHWMI;

[1], [2].

Teopemuyeckasi Hacmb:

B Ttutpumetpnyeckom (06beMHOM) aHanu3e KONMYecTBEHHOe orpeaeneHve
BeLlecTBa nNpon3BoanTcsa no obbemy pacTtBopa U3BECTHOM KOHLIEHTpaLMK, 3aTpa4YeHHOro
Ha peakuuto ¢ onpeaensemMbiM BELLLECTBOM.

Mpouecc onpegeneHus cogepXaHmsa BeLLecTBa WAM TOYHOW KOHUEHTpauuu
pacTtBopa 06bEMHO-aHANUTUYECKUM MYTEM Ha3bIBAETCHA MUMPOBAHUEM.

OTa BaxHenwasa onepaumsi TATPMMETPMUYECKOrO aHanmns3a 3akno4yaeTcs B TOM, YTO K
nccnegyeMmomy pacTtBopy NpUMBalOT APYrov pacTBOP TOYHO M3BECTHOM KOHLUEHTpauum 4o
OKOH4YaHus peakumn. [lpy TUTpoBaHUM npubaBnAT He WU3bbITOYHOE KONMUYECTBO
peakTMBa, a TOYHO OTBevawllee YypaBHEHUIO peakuun. CnepoBaTenbHO, Takoe
onpegeneHne BO3MOXHO TOMbKO B TOM Cfydae, €cnu KOnu4ecTBO npubaBnsieMoro
peakTvBa 3KBUBANEHTHO KONMYECTBY ONpeaensieMoro CoOeanHeHus.

M3BeCTHO, YTO 06BEMbI pacmeopos, KOJIUYECMBEHHO peazaupyrouux mexady cobod,
0bpamHo MpornopyUOHasbHbl HOPMasbHbIM KOHUEHmpauusM 3mux pacmeopos (3aKoH
3KeueasieHmos):

V1/V2 = N2/Navnn N1-Vi=Va- Nz, (2)

rae Vi um V2 — oGbeMbl NeEPBOro U BTOPOro pacTBOpPOB, M (cM3);

N1 1 N2 — HOpManbHble KOHLEHTpaLMM pacTBOPOB, r-ake/n (H).

OTO NONoOXeHne 1 nerno B OCHOBY TUTPUMETPUYECKOIo onpeaeneHund.

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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BaxHelwumu MoMeHmMamu TUTPUMETPUYECKNX OnpeaerneHNn ABNATCS:

1. TOYHOE n3MepeHne 06 LEMOB pearnpyroLmnx pacTBopoOB;

2. nNpuroToBfneHWEe pacTBOPOB TOYHO W3BECTHOW KOHUEHTpauuu, C MOMOLLbO
KOTOPbIX NPOBOANTCSA TUTPOBaHME, Tak HasblBaeMblx paboyux pacmeopos (mumpaHmos);

3. onpegeneHune KoHUa peakuumn (TOYKM 3KBUBASIEHTHOCTM).

Ana onpegeneHvss TOYKWM  3KBMBANEHTHOCTM  MPUMEHSATCA  cheumanbHble
BelLeCcTBa, Ha3bliBaeMble UHOUKamopamu.

KoHueHTpauuo paboyero pacrteopa BblpaxalT 4Yepe3 HOpMarnbHOCTb UMK 4yepes
TUTP.

Ana onpegeneHns TOYHOM KOHLUEHTpauum paboyero pacrtBopa (YCTaHOBKM TUTpa
Unu ctaHgapTusaumm pabodero pactesopa) Nonb3yTCHA Tak Ha3blBa€MbIM UCXOOHbLIM UU
yCcmaHO804YHbIM 8euwecmseomM. VIcxogHoe BelecTBO AOSMKHO YAOBMAETBOPATL Cneayowmm
mpebosaHusIM:

1. ero coctaB JO/MKEH CTPOro COOTBETCTBOBATL €r0 XMMNUYECKON hopmyne;

2. OHO JOIMKHO ObITb XMMUYECKUN YUCTBIM (X.Y.);

3. OHO JOIMKHO BbITb YCTONYMBBIM HAa BO3AYXE U B pacTBOPE;

4. OHO JOMKHO BbITb XOPOLLO PacTBOPMMO B BOAE;

5. OHO [JOMKHO pearvpoBaTb C PacTBOPOM, TUTP KOTOPOro ycTaHaBnuBaeTcs, Mo

CTpOro onpegeneHHomMmy ypaBHeHNO U C oonbLion CKOPOCTbHO.

Crocobbl npu2omoesieHuUsi mumpo8aHHbIX pacmeopos:

1. No TOYHOM HaBeCKe MCXOOHOro BELLECTBA;

2. N0O HETOYHOMW HaBecke WCXOOQHOro  BewectBa unu  pasbaBneHnem
KOHLIEHTPMPOBAHHOIO pacTBopa B MEPHOM LIUINHAPE;

3. 13 bmkcaHana (ctaHgapTHOro TMTpa).

Mo cnocoby BbLINONHEHNA OOBLEMHO-aHANUTUYECKMX ONpeaeneHnn pasnuyatoT
NpsiMoe N KOCBEHHOE TUTPOBaHME.

lNpu npssMomM mumpogaHuu: onpeaensemMblil KOMNOHEHT HEMOCPEACTBEHHO TUTPYIOT
nogxogsawmnm paboynm pacTBOPOM.

lMpu KOCB8eHHOM MmumpoeaHuUU — TUTPYKT HE caM onpeaensembli KOMMOHEHT, a
NpoayKT €ero B3aMMOLENCTBUS CO cneumnanbHo [obaBneHHbIM BeLwecTtBoM (Memod
3ameweHuUs1) wnu mn3bbITOK Takoro cneuvanbHO Ao6aBneHHOro BewecTBa, KOTOPbIN
OCTaeTCsi No 3aBepLUEHNN ero B3anMoLencTBUSA ¢ onpeaensiemMbiM KOMMOHEHTOM (Memod

0bpamHo20 mumpoeaHusi).

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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Takum obpasom, B MeETOJAX KOCBEHHOIO TUTPOBaHUSA HENOCPEACTBEHHO TUTPYIOT HE
onpegensemMoe BeLlecTBO, a cneumnansHo gobasneHHoe.

BapuaHmbl mumpumMempu4yecko20 aHasu3a: MeTOA4 NUNEeTUPOBaHWA W MeToA
OTAENbHbIX HABECOK.

B nepBomM TUTPYIOT HECKONbKO pa3 OAMHaKoBble NMopuun pacteopa, 0TbMpaemoro
NUNETKON M3 MEPHOM KoNbbl onpeneneHHoro obbema, B KOTOPOM pacTBOpPEHa Macca
HaBeCKM UCXOLHOro Unu onpenensemMoro Bellectsa. TUTpoBaHME NPOBOAAT TpU pasa U
Ansa pacdeta 6epyT cpegHun pesynbTarT.

Bo BTOpOM — HECKONbKO HaBECOK BELLECTBA, PAaCCYUTaAHHbIX HA OQHO TUTPOBaHME,
pacTBOPAOT B MPOM3BOSILHOM O6beMe pacTBOPUTENS U TUTPYIOT Kaxabln pacteop. [Ons
TUTpoBaHUs 6epeTcs He MeHee ABYX HaBECOK, N BbIMUCAAOT CPeaHUN pe3yrbTarT.

BaxHo 3Hamb, 4mo ece pacyembl 8 MUMPUMEeMPUYECKOM aHasu3e eedymcs 00
yemeepmou 3HadYauwel yugpesl.

MprMepbl BbIYUCNEHUA B TUTPUMETPUYECKOM aHanumse.

Mpumep 1. Ona onpegeneHna KoHueHTpauuun paboyero pacteopa NaOH B
KayecTBe ucxogHoro pacteopa Obin B3AT 0,1H pactBop consiHOM KucnoTbl. O6bem
NcxXogHoOro pacTtBopa, B3sATOro and TtutpoBaHuda, paBeH 10 mn. O6bem pabouero
pacTBopa, nowleLero Ha TuTposaHue, 11,3 mn.

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

NNaoH = NHcl - VHel/ Vnaon = 0,1 - 10/ 11,3 = 0,08850 r-ake/n (H).

Mpn BbIpaXXeHNUN TOYHOM HOPMAanbHOW KOHLEHTpauum paboyero pacrtBopa 4acTto
NPUMEHSIOT TaK Ha3bIBaeMbIN «NonpaBoYHbI koaddpuumeHT» (K).

BenuunHy K HaxopaT, pasgenus onpeaeneHHyo TUTPUMETPUYECKM HOPManbHOCTb
pacTBopa Ha npegnoriaraemoe 3HayeHne HopMasibHOCTU pacTBopa:

K = N/No, 2

rae N — akcnepumeHTanbHO onpeaeneHHass HopManbHOCTb PacTBOpa, M-3KB/I;

No — npegnonaraeMasi HOpManbHOCTb pacTBOpa, r-aKB/1.

Ecnn pabounn pactBop nNpUroToBreH TOYHO 3afaHHOW KOHLUEHTpauuu K3

chKcaHana NN NO TOYHO B35TOW HaBecke, To K = 1, n Ha cknsaHKe OH He obo3HavaeTco.

Mpumep 2. Hantu nonpaBoyHbIn KO3puumeHT «K» npubnmsmntensHo 0,1 H
pactBopa NaOH, ecnu ero onpegerneHHas TUTPUMETPUYECKN HOpMarbHas KOHLUEHTpaums
0,08850 H.

PeweHuve. Bocnone3yemcsa dopmynon (2).

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

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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KoHueHTpauusa pacteopa MOXeT ObiTb BblpaXeHa TUTPOM paboyero pactBopa, T.e.
B rpaMmmax BellecTBa Ha 1 mn pacTteopa:

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

roe O — aKBMBarneHTHasa Macca BeLwecTBa, T;

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

[Ana npuroToBrneHnss pacTBOPOB OMpeAeneHHOMW KOHLEHTpauuMmM HaBecky, m, T,
paccunTbIBalOT No hopmyne:

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

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

3 — r-akB BellecTBa, T;
V — 06BbEM NPUroTOBIEHHOrO pacTeopa, M.

PacuyeTbl npuv BblpaXeHUM KOHUEHTpauun 4Yepe3 TUTP NO onpeaensieMomy
BELLECTBY, T.e. MacCoW onpenensdemMoro BellecTBa, KOTOPOMYy cooTBeTcTByeT 1 Mn
paboyero pacTtBopa, BeayTcs no popmyne:

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

roe x — pabouunn pacTBop;

y — onpegensiemoe BeLecTBO;
Nx — HOpMarnbHOCTb paboyero pacTtsopa r-aks/n (H);

Oy — r-3KB onpeaensemMoro BeLlecTsa, T.

Mpumep 3. HopmanbHocTb pacteopa AgNOs paBHa 0,1020 H. Hantn ero TuTtp no
xropy.

PeweHue. Bocnonbsyemcsa opmynon (5):

T AgNos/cl- = 0,1020 - 35,5/ 1000 = 0,003616 r/mn.

Tump makxe paccyumsigarom 0o yemeepmol 3Haqalwel yugpsl.

Mpumep 4. Beuncnute TuTp 0,1 H pactBopa AgNOs no NacCl.

PeweHune. Bocnonesyemcsa cpopmynon (5):

T AgNOs/NaCl = N -3 /1000 =0,1 - 58,5/1000 = 0,005850 r/mn, 4To 03Ha4aeT: 1 Mn
0,1 H pactBopa AgNOs BcTynaeT B peakuuto ¢ 0,005850 r NacCl.

Mpumep 5. Kakoe KONMYECTBO XMNOP-MOHOB COAEPXKariocb B TUTPyeMOM Xxnopuae,
€CInn Ha TUTpoBaHue 3aTtpadeHo 8,20 mn HuTpaTta cepebpa? T AgNOs/Cl- = 0,003616 r/mn.

PeweHune. Bocnonb3yemcsa chopmynon (3), Toraa macca xsiop-noHoB byaeT paBHa:

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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m = T AgNOs/CI- - V AgNOs3 = 0,003616 - 8,20 = 0,02965 r.

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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UcxoOHble mamepuaribl U OaHHbIe:
CtaHAapTHbIM pacTBoOp U Onpegensie
BapuaHTt ero xapakTepucTuka TuTp, Moe
3agaHua KOHLeHTpau ricm®
BelecTBO Us. H. r-akB BelwecTBO
1 H2S04 0,1 49 0,005880 Na2COs3
2 HCI 0,1 36,5 0,002920 NaOH
3 KOH 0,1 56 0,006160 HCI
4 NaOH 0,1 40 0,003600 H2S04
5 H2S04 0,1 49 0,004998 KOH
6 HCI 0,1 36,5 0,003797 NaHCO3
7 NaOH 0,1 40 0,004880 HCI
8 AgNOs3 0,1 170 0,005850 NaCl
9 HCI 0,1 365 0,005300 Na-COs
10 Hg2(NO3)2 0,1 280,6 0,033670 NaCl
CodeprxaHue u nopssidok 8bINOSIHEHUS pabombi:
1. O3HAKOMUTLCS C TEOPETUYECKOM HYaCTbIO 3aHATUSI.
2. [lo 3agaHHOMY BapwaHTy BblMUCIIUTb  HOPMAarbHOCTb, MOMNPaBOYHbIN

KO3(PPULUMEHT M TUTP NO ONpefensieMoMy BeLlecTBy [AJfi CTaHAapTHOro pacTeopa.

PeleHne BbINOAHUTL C I'IO,D,pO6HbIMVI NOACHEHNAMU N YKa3aHNeEM eNHUL NUSMEPEHNA.

3. OopMUTb OTHET NO NpakTnyeckon paboTe.

4. OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTUyYecKoro 3aHATUS
Llenb 3aHATMSA

BapwnaHT 3agaHus

OT4yeT O BbLINOMAHEHMM HA KaXabl 3Tan pasgena «Co,qep>KaH|/|e M nopaaok

BbINOSTHEHUS paboTbI»

Cnuncok ncnonb3oBaHHOW NUTEpPaTypbl U APYrMX MCTOYHNKOB
BbiBOAbI

[aTtbl u nognucm KypCaHTa 1 npenogaBatens

Bonipocbi 0r1si caMorposepKu:
1. YTo Takoe TUTpMMeETpUYECKOe onpeadeneHme?
2. YTto Has3biBaeTcAa TUTpoOBaHNEM?

3. Hanuwwute dopmyny 3aBUCUMOCTM OOBEMOB KONMYECTBEHHO pearnpyowmnx

PacTBOPOB N X HOPMaAJIbHbIX KOHLl,GHTpGLIMI?I.

4. Yt0 Takoe pabounin pacteop?

5. Kak Bblpa)kaeTcsa KOHLieHTpaLuusa paboyero pactsopa?

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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6. Yto Takoe ncxogHoe BeLecTso?

7. KakoBbl TpeboBaHusi, NpeabsaBAsieMble K UCXOAHbIM BelwecTBam?

8. Kakne cywecTtByoT cnocobbl NPUroToBNEHUSA TUTPOBAHHbBIX PAaCTBOPOB?

9. B yem npvHUMnManbHasa pasHuLa Mexay npsiMbiM Y KOCBEHHbIM TUTPOBaHMEM?
10. B 4yem cywHoCcTb MeTof4a NUNEeTUPOBaHMA U MeTOoAa OTAENbHbIX HABECOK?

11. Hanuwwnte opmyny, No KOTOPON MOXHO paccymTaTb TUTP paboyero pacTeopa

no onpeagendemMomMmy BewecTtBy, €Clin n3BeCtHa HOpMalibHaA KOHUEHTpauud pa60l-|ero

pacTBopa.

12. HanuwunTe doopmysny, Mo KOTOPOM MOXHO paccyuTaTb TUTP pacTBopa, 3Has ero

TOYHYIO HOPMasbHYH KOHLIEHTPALMIO.

13. Hannwwute (bopmyny OnAa BbIHUCIIEHUA KONM4yecTBa BellecTBa, €Cliin U3BECTHbI

obbem paboyero pacTBopa, nolWleAllero Ha TUTPOBaHWE, W TUTP pacTeBopa Mo

onpenenseMomy BELLECTBY.

14. Yto nokasbiBaeT NonpaBoYHbI KOIDPULMEHT?

2.2 MeToabl TUTPUMETPMUYECKOrO aHanusa
MpakTu4yeckoe 3aHaTHe Ne 10. PacyeTbl B KNCITOTHO-OCHOBHOM MeToAe

Lenb 3aHsmus:

OcBouTb METOOUKY pacyeToB B KNCIOTHO-ocHoBHOM MeToae (OK 01-OK 02, OK 09,

MNK1.4, MK 2.4, K 3.4).

Ucronb3yembie UCMOYHUKU:
Mepuogunyeckasa cnctema xummndeckmx anemeHtoB .. Mengeneesa;
Tabnuua pacTBOPMMOCTU KMUCIIOT, CONen, OCHOBaHUN B BOAE;

[noTHOCTb BOAHbIX pacTBOpPOB KUCIIOT,

[1], [2].

Teopemuyeckasi Hacmhb:

B oCHOBEe KMCNOTHO-OCHOBHOrO MeToAda (MeToga HerTpanuaauuu) NeXuT peakuns

HenTpanusauum: H* + OH — H20

OTOT MeToq npuMeHAeTCcA Anda Konn4ectBeHHOro ornpeaneneHna KACHoT, wenoyen,

conen, cnocobHbIX rmapornin3oBaTbCA B BOAHbIX paCcTBOpax, a Takke nx CMecen.

B kayecTBe pabouymx pacTBOPOB MCMOMb3YHOT Yallle BCEro pacTBOPbl COMSAHON U

CEpPHOI KUCMOT, pacTBOPbI MMAPOKCUA0B HATPUS U Kanusi.

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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B kayecTBe WCXOAHbIX BELWECTB ANA YCTAHOBKM TUTpa pacTtBopa KUCMOT
ncnonb3yloT TeTpabopaTr Hatpua (b6ypa) NazxBsO7 - 10H20 wnu kapboHaT HaTpus
6e3BogHbI Na2COs, a Anga yCTaHOBKM TUTpa pacTeopa Lenoyen — waesenesyto H2C204 -
2H20 vnun aHTapHyto kncnoty Hz2CaH4Oa.

Mpy NnomMoLM KUCNOTHO-OCHOBHOMO MeToda onpeaensaT KapboHaTHYH XeCTKOCTb
BOAbl, KUCNOTHOCTb MOSIOYHbIX U PbIBHBIX NPOAYKTOB, KUCIOTHOE YMCIO Macna u xupa.

B mMeToge HenTpanusaumMm B KayecTBe WHOMKATOpa MPUMEHSAIOT OpraHuyeckue
COEQVHEHMUS, MEHSIIWMe CBOK OKpacky B 3aBUCMMOCTM OT KOHUEHTpauum WOHOB
BoZopoda B pacTtsope. Bennunny pH, npmn KoTopon 3akaH4MBalOT TUTPOBAHME C AaHHbIM

WHOMKaTOPOM, Ha3blBaloOT r1okazamesiem mumposaHus (pT).

XapakTepucTuka HEKOTOPbIX MHANKATOPOB:

Unpukartop pT N3meHeHMe okpacku
MeTunoBbIn OpaHXeBbIn 4,0 KpacHasg — xentas
MeTunoBbIN KpacHbIN 55 KpacHasg — xentas
deHondTanenH 9,0 DecuBeTHag — cuHaA
TumondTaneuvH 10,0 BecuBeTHas — KpacHas

MprMepbl pacyeToB B KNCANOTHO-OCHOBHOM METOZE.

Cnedyem umems 8 sudy: 1) B npoLecce pacTBOpeHus BewecTsa unu pasdasneHnu
pacTBopa, Macca BellecTBa, a, CrneaoBaTenibHO, W YUCNO €ero 9KBMBANEHTOB He
n3meHsieTcs; 2) B Ntobor peakuumn BeLLECTBa pearnpytoT B 9KBUBASIEHTHbIX KONMYeCcTBaXx.

Mpumep 1. Tpebyetca npurotoButs 5 1 0,1 H pacTBOpa COMSHOW KUCNOTbl U3
KOHLIEHTPMPOBaHHOW C NNOTHOCTLIO P =1,19 (38 % - cnpaBo4YHbIE AaHHbIE).

PeweHwve.

1) Onel = Muci = 36,5 T.

2) Haxognm maccy ynctom (100 %) HCI ansa npurotosnenuns 5 n 0,1 H pacTBopa:

1 H HCI cogepxut 1 r-aks = 36,5 r HCI B 1 n pacTteopa;
0,1 H HCI cogepxuT 0,1 r-akB = 3,65 r HCI B 1 i1 pactBopa;
0,1 H HCI cogepxuT 3,65 - 5= 18,25 r HCI B 5 n pactBopa.

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

38 r x.4. HCIl cogepxutca B 100 r "CXoaHOW KUCIOTbI

XT « 1-1,19r

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

4) Onpegensiem o6bem 38 % - HOro pactBopa COMSIHOW KUCNOTbI, Heo6Xxoanmoro
ansa npurotosnenna 5 n 0,1 H pacTBopa:

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

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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Mpumep 2. PaccuutaTtb, CKOMbKO rugpokcuaa Hatpus cogepxutca B 500 mn
pacTtBopa, ecnu Ha TutpoBaHue 20 mn aToro pacteopa naet 20,8 mn pacTBopa COJSIsTHOM
Kncnotbl, TUTP koToporo paseH 0,002022 r/mn.

PeweHwue. YpaBHeHue peakunn: NaOH + HCl = NaCl + H20 (2)

1 cnocob pacyema:

1) Konn4yecTtBo consiHon KMCnoTbl, cogepxawenca B 20,8 mn pacTteopa:

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

2) lMNo ypaBHeHuto peakuunn (1) Ha 1 r-ake NaOH unget 1 r-aks HCI, 3HauuT:

Ha 40 r NaOH Tpebyetca 36,45 r HCI
Xr « 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) Haxoaum HopmManbHy KOHUEHTpaLUmo CONSHON KACOTbI:

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

2) HopmanbHOCTb LLenoyu:

NnaoH = NHcl - VHer / Vnaon = 0,05546 - 20,8/20,0 = 0,05768 H.

3) Macca wenouu, cogepxatladacsa B 500 mn pacTteopa:

m=3 - N -V/1000 = 40 - 0,05768 - 500/1000 = 1,1532 r.

Mpumep 3. Heobxogmmo npurotoButb 500 mn npubnuantensHo 0,1 H H2SO4 m3
KucnoTbl nnoTtHocTblo 1,84 r/cm® (Mpu 20 °C) M yCTaHOBUTb TOYHYKD HOPMAarnbHOCTb MO
pabouyemy pactsopy NaOH.

PeweHue.

1) Mpn NONHOW HENTpanM3aLmm CEPHON KUCMOThbI ee rpaMM-3KBUBaNeHT paBeH

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

2) Moatomy konuyectBo rpammoB uucton (100 %) H2SO4, Heobxoammoe ans
npurotoBnexunst 0,5 n 0,1 H pacTBOpa, MOXHO BblMUCANTL CrieayloLwmm odpasom:

MH.S0, =3 -N-V=49-0,1-05=245r.

3) CepHas kucnota nnoTHocTblo 1,84 r/cM® mMMeeT KoHueHTpaunwo 96,0 %
(cnpaBo4yHble AaHHbIE). Jlerko BblMUCANTL B KAKOM KONIMYECTBE 3TOW KUCMOThI COOEPKUTCS
2,45 r yucton H2S0Oa4:

100 r 96 % - Hom kucnoTbl cogepxat 96 r H2SO4

XT « 2,45 r H2SO4

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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x =100 - 2,45/96 = 2,55 .

4) Ho cepHyo KUCINOTY He B3BELLMBALIOT, @ OTMEpPMBALOT No o6bemy. UTobbl nepentn

OT Macchbl K 06beMy KUCNOTbI, NOMb3YTCs POPMYIIon:
V =m/p =2,55/1,84 = 1,39 mn.

Takum obpasom, gnsa npurotoeneHna 500 mn npubnuantensHo 0,1 H pacTeopa

H2SO4 HYXHO OTMEPUTb MEPHbLIM LMAVHAPOM UMW rpagyvpoBaHHoOn npobupkon 1,39 mn

KOHLIEHTPUPOBaHHOW cepHol kucnoTbl (p = 1,84 r/cm3), pacTBOpUTL U AOBECTU BOAOK A0

obbema 500 mn.

5) dencrtBuTenbHyt0 HOPManbHOCTb 3TOM0 pacTBOpa €euwe HYXHO YCTaHOBUTb MO

ncxogHomy BewtectBy (Na2COs, Na2B4O7 -

HaTpa nytemMm TUTpoOBaHUA.

UcxoOHble mamepuaribl U OaHHbIe:

10H20) nnn nNo TOYHOMY pacTBOPY €OKOro

Tabnuua 1
BaF_’r“a'" CTaHAaapTHbIN pacTBOp Uccnenyembliit pacteop 051%9,\,,
Konobl,

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

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

3 NaOH 12,21 0,1 1,100 H>SO4 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 H>C204 10,0 63 1000

6 H>SO4 23,44 0,05 0,980 NaOH 25,00 40 250

7 HCI 11,64 0,05 1,050 Na>-COs 10,00 53 100

8 NaOH 12,21 0,05 1,100 H>SO4 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

BapwmaH

T BewectBoO fnotHocTe BO‘D‘HOFP,O % O61Lem konbbl, cm®
3aAaHu pactBopa, p, ricm
A Ne 2

1 HCI 1,049 10 1000

2 H>SO4 1,143 20 500

3 HNOs3 1,184 30 200

4 CHsCOOH 1,049 40 250

5 HCI 1,100 20 500

6 H>SO4 1,503 60 400

7 HNOs3 1,421 70 300

8 CHsCOOH 1,070 80 250

9 HCI 1,152 30 200

10 H>SO4 1,819 90 100

CodeprxaHue u rnopsidok 8bIrnorHeHUs pabomsi:

1 O3HaKOMUTBLCS C TEOPETUYECKON HYaCTbHO 3aHATUS.

2 1o npeanoXxeHHOMY BapuaHTy:

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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1) 3agaHus Ne 1 (cm. Tabnuuy 1) BbIMMCIIMTE Maccy BeLwecTBa, coaepKallerocs
B onpegeneHHoM o6beme pacTeopa, Mo AaHHbIM TUTPOBAHUS;
2) 3apgaHusa Ne 2 (cm. Tabnuuy 2) BblYMCNNTL MacCy BeLecTBa, CoAepKallerocs
B onpegeneHHoM o6beme pacTeopa.
3 OhopmuTb OTHET NO NpakTU4eckon pabore.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHMe NpakTUYecKoro 3aHATUS

Llenb 3aHATUSA

BapuvaHT 3agaHus

OTyeT O BbINOMHEHMM Ha KaxablM 3Tan pasgena «CogepxaHue U NopsgoK
BbIMNONHEHUs paboTbi»

CnncoK ncnonb3oBaHHOWM NUTepaTypbl U APYrMX NCTOYHUKOB

BoiBoabl

[aTbl U NogNncK KypcaHTa 1 NpenoaaBaTens

Bonipocbi 0r1si caMorposepKu:

1. Kakon TUTpMMETPUYECKUI METO, aHann3a Ha3blBaeTCsl KUCNOTHO-OCHOBHbLIM?

2. CopepxaHne Kakumx BeLLleCTB MOXHO onpeaenuTb  KUCIOTHO-OCHOBHbIM
mMeToaom?

3. PacTtBopbl Kaknx BeLeCTB NPUMEHSAIOTCS B KayecTBe paboynx pacTBOpPOB B 3TOM
meTone”?

4. Kakue BeLLecTBa NPUMEHSAIOTCSA B KA4eCTBE UCXOLHbIX BELLECTB B 3TOM MeToae?

5. Kak chukcmpyeTtcsa Touka 3KBUMBANEHTHOCTU B KUCITOTHO-OCHOBHOM MeToae?

6. UTo npencraBnsalT cobOM MHAMKATOPbLI, MPUMEHSEMbIE B KUCIOTHO-OCHOBHOM
meTtoae?

7. YT0 Ha3biBaeTCA NnokasaTenem TUTPOBaHUA?

8. Kakyto okpacky nmeet nHgmkatop deHondtanenH npu pH=7,0; 9,0; 13,0?

9. Kakyto okpacky MmeeT nHamkaTop MeTUNoBbIN opaHxesbin npu pH=2,0; 5,0; 7,07

2.3 MeToabl pegokcuMeTpumn

MNMpakTnyeckoe 3aHaTMe N2 11. PacyeTbl B MeTOAle NepMaHraHaToMeTpuUmn

Llenb 3aHsmus:

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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OcBouTb MeToauky pacyeToB B mMeTtoge nepmaHraHatometpum (OK 01-OK 02, OK
09, MK 1.4, TK 2.4, MK 3.4).

Ucronb3yemble UCMOYHUKU:
lMepuogunyeckasa cnctema xummndeckmx anemeHtoB .. Mengeneesa;
Tabnuua pacTBOPUMOCTM COMNEN, KNCMNOT U OCHOBaHW B BOAE,

OMEKTPOXNMUNYECKUI pAS, HANPSXKEHNIN METanmnoB,

[1], [2].

Teopemuyeckasi Hacmab:

B ocHoBy meTonoB pedokcMmeTpum (OKCUOUMETPUM) MOSIOXKEHbI OKUCIIUTENbHO-
BOCCTAHOBUTENbHbIE peakuun, B pesyrnbTaTte KOTOPbIX U3MEHSAIOTCA CTEMNEHU OKUCIEHMUS
MOHOB WKW 3NIEMEHTOB. TepMWH «pedoKcy» npousowen B pesynbrate coveTaHud
naTUHCKMX crnoB reduction — BoccTaHOBNEHNE 1 oXxydatio — OKucneHume.

[NMepmaHraHaToMeTpusi — YaCTHbIN Criydan pegoKCUMETPUU, STOT MEeTO OCHOBAaH Ha
OKUCNUTENbHOM AencTBMM paboyero pactBopa nepMaHraHata kanus. NepmaHraHat kanus
ABNSAETCA CUIbHBbIM OKMUCNUTENEM, OCODEHHO B KUcron cpege. [na noakucneHus
NPUMEHSIOT TONIbKO CEPHYHO KUCNOTY. Mpn TUTpOBaHUKM NpOTEKaeT crneayLwas peakums:

2KMnOa4 + 3H2S04 + 5H2C204 = 2MnSO4 + K2SO4 + 10CO2 + 8H20

YpaBHeHUs anekTpoHHOro 6anaHca onst paccTaHoBKM KO3 PULNEHTOB:

2 Mn’*+ 56 — Mn?

5|10 | C204% —2& — 2CO°

TutpoBaHne Bepetcs 6e3 wuHOuKaTopa, TaK Kak To4yka SKBUBANEHTHOCTM
dukcupyetcs no obecLBevBaHUIO caMoro xe paboyero pacteopa, UMeKLLEro B Havyarne
doMOoNeToBYH OKPACKY.

lMepmaHraHat Kanusa He sIBNSieTCA CTaHO4apTHLIM BELLECTBOM, (NpenapaTt CoaepXuT
npumecn MnO32). FoToBAT pabouni pactBop KMnOas, BbliOEpPXKMBaAKOT €ro B CKMsIHKE M3
TEMHOro cTekrna B TedeHue 7-10 cyTok, nocre 4ero oT4enstoT pacTBop OT ocagka MnO:2
(dbunbTpoBaHME). XpaHAT pacTBOpP B CKISIHKE U3 TEMHOrO CTekna € npuwnndgoBaHHON
npobkon. PacTBop ctaHOapTU3MpyoT Mo wasenesoun kucnote, ee gurnapaty (H2C204
2H20) nnu okcanaty HaTpus (Na2C204).

MeTogom nepmMaHraHaTOMETpPUM MOXHO OnpeaensaTb BOCCTAHOBUTENW (MpsiMoe
TUTPOBaHWE) N okncnuTenu (obpatHoe TUTpoBaHue). NepmaHraHaToMeTpust NPUMEHSAETCA

Ana onpefeneHns Tak HasblIBaEMOW OKUCNAEMOCTUM BoAbl, T.e. onpegeneHns KMnOsg,

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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HeobXxo4MMOro Ans OKUCNEHMSI OpraHMYeckux BELLECTB B CTOYHbIX BOAAX; KOnmM4yecTBa
TSKENbIX METanNMoB 1 cepbl B pbIGHON NpoayKUWK.

[paMM-3KBMBANEHT  OKUCNUTENA U BOCCTAHOBUTENS B OKUCIUTEIbHO-
BOCCTAHOBUTENbHbIX peakunsax HaxXoguTcs no dopmyne:

9 =Min, (1)

rae M — monekynsipHas macca okucnuTens (BocCTaHOBUTENS);

N — YNCINO NEPEXOaALLNX INEKTPOHOB, NPUOBPETEHHBIX (MOTEPSAHHbBIX) ANIeMeHTaMu
NN NOHaMM KaXK4oW MOSEKY bl OKUCNNTENS (BOCCTAHOBUTENS).

Okucrnsiiowasa crnocobHocTb pactBopa KMn*’Os 0ObSACHAETCA BOCCTaHOBIEHMEM
ero B pasHbix cpegax go:
Mn*2S0O4 — B KUCIOW cpefe;
Mn**Q2  — B HelTparnbHOW cpeae;
K2Mn*€Os4 — B WienoyHon cpepe.

lMoatomy, rpamm-akBuBaneHT KMnOas B pasHbix cpefax HaxoauTcs no dpopmyre
(2):

9 KMnOs = 158,03/5=31,61r - B Kucnon cpeae,
roe Mn’t + 58 — Mn?*;
O KMnO, = 158,03/3 = 52,68 r — B HenTpanbHoOn cpeae,
rge Mn’t +3& — Mn*;
3 KMno, = 158,03/1 = 158,03 r — B Weno4Hon cpeae,

roe Mn’t +1& — Mn®*.

Mpumepbl B MeTogoe nepmMaHraHatomeTpun. [lpu peweHun 3agad  criedyem
MoMHUMBb, 4Ymo 8 Jobol peakyuu eewecmea peasupyrom 8 3Keu8asleHMHbIX
Konu4ecmeax: YMCNO 3KBMBANEHTOB OA4HOMO M3 BELWECTB PaBHO YUCIY SKBUBANEHTOB
ApYroro BeLlecTBa, NpopearnpoBaBLLErO C HAM, U PaBHO YMCITy SKBUBAIIEHTOB KaXXOoro m3
NONyYMBLUNXCA B pe3yribTaTe peakunin BELLECTB.

OcHoBHasi pacyeTHas opmyna TUTPOBaAHUA WCXOAUT W3  ITOr0  3aKoHa
3KBMBaneHToB, npoussegeHne «N-V» MOCTOSAHHO, TO €CTb Yem 6onblie HOpManbHOCTb
pactBopa, TeM MeHble ero o06beM, coaepXawmin onpegerieHHoe KONMMYecTBO
3KBMBAmneHTOB.

Mpumep 1. N3 1,4380 r okcanaTta HaTpua npurotoneHo 200 mn pactBopa. Ha
TUTpoBaHMe 25,0 M MOMNyYEeHHOro pacTBopa u3pacxogoBaHo 23,85 mn pacTtBopa
nepmMmaHraHarta kanusi. Onpegenutb HopManbHOCTb U TUTP KMNOa.

PelweHne:

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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1) HopmanbHocTb pactBopa Na2C204 Haxogum 13 oopMynbl:
N Na:C.04=m - 1000/3 - V = 1,4380 - 1000/67 - 200 = 0,1073 H.,
roe O Na:C.0s = M/2 =134/2 =67.
2) HopmansHocTb pactBopa KMNnO4 HaxoaMm Ucxoasi U3 3aKkOHa 3KBUBANEHTOB:
N KMnOs = N NazC20s * V NazxC204/ V KMnos = 0,1073 - 25,0/23,85 = 0,1125 H.
3) Tutp pactBopa KMnOa:
T KMnO2= 3 - N/1000 = 31,61 - 0,1125/1000 = 0,003556 r/mn,

roe 9 KMnO.= M/5 = 158,04/5 = 31,61r.

Mpumep 2. HaBecka 3,2240 r waBeneBOWM KUCNOTbl pacTBOpPEHaA B MepHOn Konbe
eMmkocTbto 500 mn. Ha tutpoBaHue 25 mMn 3TOro pacrteBopa M3pacxogoBaHo 22,8 mn
pactBopa KMnOs 0,1122 H. koHuUeHTpauuu. Onpegenutb MPOUEHTHOE coaep)KaHune
H2C204 B obpasue.

PeweHwue.

1) HopmanbHOCTb pacTBopa LWaBeneBon KUCOoThbI:

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

2) Konn4yecTBo waserneson kmucnoTsl B 500 mn pacTteopa:

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

roe O H:C:0.=M/2 =90/2 =45T.

3) MNMpoueHTHOE coaepxaHne KMcnoTbl B 06pasue CoCTaBuUT:

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

Mpumep 3. HopmanebHoCTb NnepmaHraHata pasHa 0,0220 H. Yemy paBHbl TUTPbI €ro
no H2C204, no Fe, no H202?

PeweHue.

1) T KMnO4/H2C204 = N KMnOs * 3 H2C204/1000 = 0,0220 - 45/1000 = 0,0009904 r/mn.
2) T kKMnOs/Fe = N KMnO4 * 3 Fe /1000 = 0,0220 - 55,85/1000 = 0,001228 r/mn.
3) T KMnO#/H20> = N KMnOs * 3 H20./1000 = 0,0220 - 17/1000 = 0,0003741 r/mn.

Mpumep 4. Ha Tutposanme 0,03350 r Na2C204 nspacxogosaHo 12,50 cm? pactBopa
KMnOa4. Onpegenute TUTP U HOPMarsnbHYH KOHUEeHTpauuio pactsopa KMnOa.
PelweHne. YpaBHeHUe peakumu:
2KMnOg4 + 8H2S04 + 5Na2C204 = 2MnSO4 + K2SO4 + 10CO2 + 8H20 + 5Na2S04
1) Bbluncnsiem, kakas macca KMnOas cogepxutcs B 12,50 cm® (npopearmpoBarno ¢
0,03350 r Na2C204):
5 - 134 r Na2C204 akBmBaneHTHo 2 - 158 r KMnOa4

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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0,03350 r Na2C204 « x r KMnOa
x=0,03350 -2 - 158/5 - 134 = 0,01580 .
2) Onpepensem Tntp pacteopa KMnOa:
T KMnOs= m/V = 0,01580/12,50 = 0,001264 r/ cm?.
3) HopmanbHocTb pactBopa KMnOs: N = T-1000/3 = 0,001264-1000/158
0,008000 H.

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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UcxoOHble mamepuaribl U OaHHbIe:

BapuaHTt O61bem pacTBOpa B
3 eLecTBo HaBecka, r
3ajaHnUA | nepMaHraHara Kanus, cm
1 22,48 Fe 0,1262
2 11,67 (NHa4)2Fe(S04) - 6H20 0,9367
3 18,06 H>C204 - H20O 0,1139
4 24,68 H>C204 - H.O 0,3111
5 28,12 Na2C20a4 0,3772
6 44,96 Fe 0,2524
7 23,34 (NHa4)2Fe(S04) - 6H20 1,8734
8 36,12 H>C204 - H20O 0,2278
9 49,36 H>C204 - H.O 0,6222
10 56,24 Na2C204 0,7544

CodepixaHue u nopssidok 8bINOSIHEHUS pabombi:

1 O3HaAKOMUTLCA C TEOPETMYECKOM YaCTbIO 3aHATUA.

2 o 3agaHHOMY BapuaHTy BbIYUCIIUTbL HOPManbHOCTb M TUTP pacTBOpa, ecnv Ha
TUTPOBaHME HaABECKWN NOLLEN onpeaeneHHbIn o0bem pacTBopa.

3 OdhopMUTb OTYET MO NpakTnyeckon paboTe.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTUyYecKoro 3aHATUS

Llenb 3aHATMSA

BapwnaHT 3agaHus

OTyeT O BbINONMHEHMM Ha Kaxabld 3Tan pasgena «CogepxaHune M nopsnok
BbIMNOMHEHUS paboTbi»

CnncoK ncnonb3oBaHHOW NUTepaTypbl U APYrMX NCTOYHUKOB

BbiBoAabI

,D,aTbI M noannucun KypcaHTta u1 rnpenogaBatens

Bonpocsi 0r1isi caMornposepKu:

1. Kakne meTogbl  KOMMYECTBEHHOrO  aHanmmMsa  OTHOCATCA K MeTodam
oKCUaNMeTpun?

2. HasoBuTe oCHOBHbIE YCMNOBUSA NepMaHraHaToOMeTpUYeCcKoro TUTPOBaHUS.

3. Kakas peakuusi nexuT B OCHOBE KOJIMYECTBEHHbIX OrnpeaerieHMi no mertoay
nepmMaHraHaTomeTpum?

4. Kakasi peakums HasblBaeTCsa aBToKaTanMTUYeckomn?

5. YTo aBnseTca kKatanu3aTopoM B peakuuu no Metoay nepmaHraHatomeTpum?

6. HaszoBute paboumnii pactBop nepmaHraHatomeTpumn. Kak ero xpaHaT?

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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7. B kakon cpefie npoBoaATCA NepMaHraHaTomeTpuieckme onpeneneHns?

8. Kak onpegenseTtca To4Yka 3KBMBANEHTHOCTM B MeToAe NepMaHraHatomeTpumn?

9. Kakas kucnota npuMeHaeTcsa Ang NogkUcneHns TMTpyeMblX pacTBOPOB B MeTo4e
nepmMmaHraHatomeTpun? lNMoyemy?

10. MNMoyemMy B nepmaHraHaTOMeTpPUM BO3MOXHO TUTpPOBaHWe Ge3 cneumanbHOro
nHaukatopa?

11. HasoBuTe ucxodHble BelwlecTBa [ONA onpefeneHns TOYHOW KOHLUEHTpauuu
pacTBOpa nepmaHraHaTa Kanus.

12. Kak HanTu r-akB nepmaHraHaTa Kkanus B pasHbix cpegax?

13. Kakve aHanuTuyeckue 3agayum pellaT METOAOM NepMaHraHaToMeTpum?

MpakTnyeckoe 3aHATHe Ne 12. PacyeTbl B MmeTOAE MOAOMETPUM

Llenb 3aHsmus:
OcBoutb MmeToauky pacdetoB B nogometpum (OK 01-OK 02, OK 09, MK 1.4, INK 2.4,
MK 3.4).

Wcronb3yembie ucCmoYHUKU:
Mepuoguyeckasa cnctema xummndeckmx anemeHToB [1.. Mengeneesa;
Tabnuua pacTBOPMMOCTU CONEN, KNUCNOT 1 OCHOBAHUW B BOAE;

ONEKTPOXNMUYECKNI PSia HANPS>KEHWUIA METanmoB.;

[1], [2].

Teopemuyeckasi Hacmab:

B ocHOBY MeTOA0B peqoKCUMETPUM NOSTOXKEHbBI OKUCINTENTbHO-BOCCTAHOBUTESbHbIE
peakumn. HasBaHume MeTodoOB, B KOTOPbIX WCMONb3yeTCsas MNPUHUMN PeaoKCUMETPUN,
NPoONCXoauT OT Ha3BaHUA pabounx pacTBOPOB.

MopomeTpus — 3T0 MeTof, B KOTOPOM paboynmM pacTBOPOM CRYyXWUT pacTBop 1oAa B
nognge kanusa (Kl). Metog ocHoBaH Ha peakuusx, B XO4e KOTOpbiIX obpasyetca wunu
pacxogyeTtcs nog;:

120 + 28 & 2I

MeToaoM 0OOMETPUM MOXHO OonpeaenuTb Kak okucnutenu (oHun okuensoT |- go 19),
Tak U BOCCTaHOBUTENN (OHW BOCCTaHaBnmBatoT nog oo ).

[na onpepeneHnst okMCnMTENnem ucnonb3lyeTca pabounn pacTBop TuocynbdaTa
HaTpusa Na2S203 - 5H20 n BcnomoraTtenbHbIn pacteop noanaa kanua Kl, kotopbin 6epetcs
B n36bITKE.

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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TuocynbdaT HaTpUs He OTHOCUTCH K CTaHOApPTHbIM (MCXOLHbIM) BelwlecTBaM, Tak
Kak MOXeT He COOTBETCTBOBaTb CBOEW XMMUYECKoM bopMyrie n3-3a HeyCTOMYMBOCTU Npu
XpaHeHWU, paspyLleHnsa TMobakTepusiMm 1 BbIBETPUBAHNSA KPUCTanM3aunoHHOM BOAbI.

McxoaHbIM  BelwecTBOM AN YCTAHOBKM TUTpa TUOCyNbMata HaTpus CryxuT
anxpomart kanusa K2Cr207 (okucnutens).

[Mpw TUTPOBaHUM NPUMEHAETCA Memo0O 3aMeWeHUs.

B ocHoBe nogomeTpuyeckoro onpeaeneHus nexar gBe peakummn:

K2Cr207+ 6KI + 7H2SO4 = Cr2(S04)3 + 3l2 + 4K2S04 + 7H20 (1)

O6paasyeTca nog B KONMYeCTBe, akBMBaNeHTHoM konudectry K2Cr207.

YpaBHeHNS aneKkTpoHHOro 6banaHca:

1‘ ‘2Cr6+ +6€& — 2Cr3*
316121 — 26 — 2I°

BbligenueLumincs nog oTTUTPOBBIBAKOT PaCTBOPOM TUOCYSbd)aTa HaTpuUA:

2Na2S203 + 12° = Na2S406 + 2Nal (2)

YpaBHeHNs anekTpoHHoro 6anaHca:

1|2 | 2S203% — 2& — S406”

12| 12°+28 —2I

MHankaTop — pacTBop Kpaxmarna, KOTopbii J06aBnsoT B JaHHOM Crydae B KOHLE
TUTPOBaHUSA, Korga KOHUEHTpauus nhoda mMana, U pacTtBOp UMEET CONOMEHHO-XENTYHo
oKkpacky. B npucyTtcTBum kpaxmarna pacTBop npuobpeTaeT CUHIOK OKpacKy, TUTpPOBaHWE
npogoskatoT 4o obecuBeynBaHnsa pacTeopa.

MeTogom  MogoMeTpUM  MOXHO — OMpedeniaTb  BOCCTAHOBUTENW  MPSMbIM
mumpoegaHueM. TUTpaHT — pacTBOp Moda, KOTOPbLIN FOTOBAT PaCTBOPEHWEM TOYHOW
HaBeckn cmecun l2 ¢ Kl (I2 + KI = K]Iz]) B guctunnuposaHHon BoAe. NMpuroToBneHHbIN
pacTBOpP XPaHAT B CKMSIHKE M3 TEMHOrO CTekna BO u3bexaHue OKUCIeHust noguaa u
ynetyumBaHua noga. MHOMKaTopom CryXUT pacTBOpP Kpaxmarna, KoTopbli Ao6aBnsawT B
Hayane TUTPOBaHUSA. TOYKY OKBUBAINEHTHOCTU (UKCUPYIOT MO MNOSABIIEHUIO CUHEro
OoKpallMBaHUA pacTtBopa OT n3bbITOYHOW Kannu pacteopa rnoaa.

NopomeTpus wncronb3yeTcs ANA onpedeneHnsi: cBOBOAHOTO Xropa B BOAE;
MOOHOrO 4ucna pacTUTENbHOMO Macra v Xupa; Meaun, pTyTM U AOpYyrux MeTansos;
BuTaMmnHa C; NakTo3bl U IMOKO3bl B MULLEBLIX NPOAYKTaX.

Mpumepbl pacdyeToB B MeTode mogomeTpun. lNpu peweHun 3agad no gaHHOMY
MeTody Takke criedyem noMHUMb, 4mo 8 obol peakyuu eeujecmsa peazsupyrom 8

3KeuegasileHMHbIX Kosiu4decmeax. 4YNCio 3KBMBaJrieHToB OAHOINo0 M3 BeWweCTB paBHO YUCHY

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
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SKBMBAreHTOB [Jpyroro BeLlecTBa, MpopearMpoBaBlUero C HWM, W pPaBHO 4uChy
9KBMBASIEHTOB KaXXA0ro U3 NOSTyYMBLLMXCS B pe3ynbTaTe peakunin BeLLecTB.

OcHoBHas pacyeTHas opmyna TUTPOBaAHUA WCXOAUT W3  3ITOr0  3aKkoHa
3KBMBaneHToB, npomssegeHne «N-V» NOCTOAHHO, TO €CTb YyeM 6ornblue HOpMarbHOCTb
pactBopa, TeM MeHblle ero o06beM, coAepxawumin onpegerieHHoe KONMYecTBO
9KBMBANEHTOB.

Mpumep 1. Ckonbko rpammoB K2Cr207 copepxutcsa B pacTBope, ecrnv rnocne
pobasneHns Kk Hemy n3bbiTka Kl u H2SO4 Ha TUTpoBaHWe BblAenuBLLErocs noga noLuso
30,0 mn 0,1 H pacTBopa Na252037?

PeweHwue.

1) Konu4yecTtBo gnxpomarta kanusa onpegensdem rno gopmyne:

m =3 - N -V/1000, y4ntbiBasi, 4YTO NpM OAHHOM MOAOMETPUYECKOM onpeneneHnm
konnyectBa Na2S203 n KoCr20O7 akBMBaneHTHbl, a 3 K.Cr.0; = M/6 = 49,03 r, To macca
coctaBuT: m =49,03 - 0,1 - 30/1000 = 0,1471 .

Mpumep 2. HaBecka 6,8920 r TMocynbdaTa HaTpmsa Na2S203 pacTBopeHa B MEPHOM
konde emkoctbto 500 mn. Ha tutpoBaHue 25,0 mn aTtoro pacrteBopa nowsio 25,2 mn
paboyero pactBopa wnoga 0,05510 H. koHueHTpauuu. OnpenennTb MNPOLEHTHOE
cogepxaHune 6e3sogHoro Tmocynbdara HaTpus B obpasue.

PeweHue.

1) HopmanbHOCTb pacTtBopa Tuocynbgata HaTpus:

N Na:S203 =N I2- V I2/ V Na.S:03 = 0,05510 - 25,2/25,0 = 0,0555 H.

2) CogepxaHue TnocynbdaTta HaTpus B 500 mn pactBopa:

m =23 - N -V/1000 = 158,11 - 0,0555 - 500/1000 = 4,3908 .

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

3) MNMpoueHTHOE cogepxaHne TuocynbgaTa HaTpusl B HaBECKe:

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

Mpumep 3. OnpegenuTb KONMMYECTBO MOAa B pacTBOpe, €Cnv Ha TUTpoBaHue
nowuno 10,3 mn TrocynbdaTa HaTpus. T Na:S:0s/l2 = 0,01290 r/cm3.

PeweHne.

1) Haxogum HopManbHOCTb TUOCynbdaTa HaTpua 13 PopMynbl:

T NazS20s/l2 = N NazS20s - 9 12/1000. OTkyaa N NazS:03 = T Na2S203/12 - 1000/312

N NazS20s = 0,01290 -1000/127 = 0,10116 H.,

rae d 1, =M/2=127r.

2) Konun4yecTtBo noda B pacTeope:

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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m=23 - N -Vv/1000 =127 - 0,1016 - 10,3/1000 = 0,1329 .

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
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UcxoOHble mamepuaribl U OaHHbIe:
O6bem
BapuaHTt
PacTtBop pacTBopa, BewecTtBO HaBecka, r

3apaHuAa om®

1 NazS203 21,09 K2Cr207 0,1053

2 NazS203 41,59 K2Cr207 0,2122

3 NazS203 15,67 CuSO4 0,3913

4 K2CrO4 12,73 (NH4)2Fe(S04) - 6H20 0,4992

5 K2Cr207 25,88 (NH4)2Fe(S04) - 6H20 0,5000

6 NazS203 16,78 l2 0,2129

7 NazS203 34,56 K2Cr207 0,1718

8 Na2S203 22,44 KIO3 0,1601

9 NazS203 33,56 l2 0,4258

10 Na2S203 50,34 2 0,6387

CodeprxaHue u nopssidok 8bINOSIHEHUS pabombi:

1 O3HaKoMUTbCS C TGOpGTI/I‘-IGCKOVI YaCTblO 3aHATUA.

2 Mo 3agaHHOMY BapuaHTy BbIYMCIIUMTb HOPMasribHOCTb U TUTP pacTBopa, ecnv Ha

TUTPOBaHWE HaABECKM NMoLLen onpeaeneHHbIn 06bem pacTeopa.

3 OdhopMUTb OTYET MO NpakTnyeckon paboTe.

4 OTBETUTH Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxaHue omyema:

HaumeHoBaHne NPaKTN4eCKOoro 3aHATuA

Llenb 3aHATMSA

BapwnaHT 3agaHus

OTyeT O BbINOMHEHUM Ha Kaxabld aTan pasgena «CopepxaHve U NOPSAOK

BbINOSTHEHUS paboTbI»

Cnuncok Mcnosb30BaHHOWM NUTepaTypbl U OPYrMX MCTOYHUKOB

BbiBoabI

,D,aTbI M noannucun KypcaHTta u rnpenogaBaterns

Bonpocbi 0r1si caMornposepKu:

1. Kakne wmetogbl  Komnwu

okcuanmeTpumn?

YeCTBEHHOIO aHannsa OTHOCATCA

2. HasoBuTe OCHOBHbIE yCrnoBu4 ﬁo,qomeTpmquKoro TUTPOBAHUA.

3. Kakaga peakuuna nexmTt B OCHOBE MeToaa IZO,EI,OMeTpI/II/I?

4. HazoBute

pabounn

okucnutenen. Kak ero xpaHaT?

5. HasoBute

pabounin

pactBOp AnNa  MOOOMETPUYECKOro

pacTBop AONsa  /0OOMEeTpUYecKoro

BOoccTaHoBuTenen. Kak ero rotoBAT U XpaHAT?

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
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6. HasoBuTe ncxogHoe BeLLECTBO A5 ONpeaeneHnst TuTpa Tmocynbdarta HaTpus.

7. HazoBute pabounn pactBop Ans  OnNpedenieHust OKUCIUTENnen MeToLoM
NnoaoMeTpum.

8. HazoBute pabounin pactBop ONA onpeaeneHus BOCCTAaHOBUTENEN MeToOoM
NoaoOMeETPUN.

9. Hanunwunte ypaBHEHME peakuun B3aUMOOENCTBUA AnxXpomMaTta Kanma ¢ nognaom
Kanusi.

10. HanuwuTe ypaBHeHWE peakumn, KoTopas npoucxoauT npu  TUTPOBaHUMU
TMocyrnbdaTtoM HaTpuUs pacTteopa noaa.

11. Kakoe BeLECTBO MPUMEHSETCA B KayecTBe WHOMKATOpa B MOAOMETpPUMU?
KakoBbl OCOGEHHOCTM €ero Wucrnonb3oBaHMA Ans MOOOMETPUYECKOro onpeaerieHuns
OKUCNUTENEN 1 BOCCTaHOBUTENEN?

12. Kakne aHanuTuMyeckne 3agaydv pellatoT METOAOM MoaoOMeTpUn?

LokymeHm ynpasnsemcs npozpaMmHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauwemycsi 8 1C: Konnedx
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CnucoK ncnosnb30BaHHbIX UCTOYHUKOB:

Buabl ncroyHukoB

HanmeHoBaHMe peKoMeHAyeMbIX Y4eOHbIX U3gaHumn

OcHoBHble

1. HukutnHa, H. I'. AHanuTudeckas xmmus [ONeKTPOHHbIA pecypc] : YY4eOHUK n
npakTuKym gns cped. npod. obpasosanus / H. I'. HukutnHa, A. I'. Bopucos, T.
M. XaxaHuHa. - 4-e uag., ucnp. n gon. - M. : KOpanr, 2021.

2. BepwuHuH, B. U. AHanuTtuyeckas xmmus [QneKTpoHHbIA pecypc] : y4ebHuK /
B. N. BewwunnnH, W. B. Bnacosa, W. A. Hukndopoea. - 3-e usg. - CaHKT-
MeTepbypr : NlaHb, 2019. - 428 on-line

[ononHutenbHble

1. AHanuTuyeckas xumusa. Y4yebHuk ons ctyg. cped. npod. yveb. 3aBeaeHun.
Mop pea. A.A. NweHko. M., UL «Akagemus», 2011 — c¢. 317

Memoduueckue nocobusi u pekomeHOauuu Orisi 8bIMNOSTHEHUS] MPaKMUYeCcKuUx
3aHsamul, nabopamopHbIX U caMocmosimesibHbIX pabom

OneKTPOHHbIE
obpasoBartenbHble

pecypchl

1. 3BC «Book.ru», https://www.book.ru

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

3. 3bC «Akagemus», https://www.academia-moscow.ru

4. N3paTenbcTBo «JlaHby, https://e.lanbook.com

5.0nekTpoHHO-0MbnMnoTeyHas cuctema  «YHuMBepcuteTckasi  GubnvoTeka
oHnanHy,https://www.biblioclub.ru

I'Iepmop,mqecwle n3gaHuA
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