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Mepe4vyeHb NPaKTUYECKMUX 3aHATUN
Ne n/n HanmeHoBaHMe NpakTM4eCKOro 3aHATUSA l&;’l::

1 PeLueHMue 3ajad Ha pac4yeT TennoBoro adydekTa (IHTanbNUN) XMMUYECKNX >
peakuui

> PelueHuve 3agay. PacueT ocMOTUYECKOrO AaBneHus, TeMnepartyp KUneHns u >
3amep3aHus

3 CoctasneHune hopMyn 1 cxem MuLenn 2
Utoro 6

1 OCHOBHbIE NOHATMA W 3aKOHbI XUMWUW: pacyeTbl MONEKYNSPHON Macchl 1 § 1
9KBMBANEHTOB BELLECTB; BANIEHTHOCTb; KNacCbl HEOPraHNYeCKUX COeANHEHNN

5 KomnnekcHble coeguHeHus: CTpoeHne, anccoumanms, pacyeT 3apsaa 1
KoMnsiekcoobpasoBaTens, KOHCTaHTa HECTONKOCTH

3 [unccoumnaunsa KMcnoT, ocHoBaHuK, conen. Peakuum noHHoro oomeHa. Crnocobbl 1
BblPaXXEHUS KOHLIEHTPaLMn pacTBOpPOB
BbluncneHve cteneHn guccoumanum No KOHCTaHTe AMccoumannm U KOHLEeHTpauum

4 3NEKTPONUTOB. BbluncneHne s3HavyeHnin NpomM3BeAeHUS pacTBOPUMOCTU BUHAPHbBIX 1
3NEKTPONUTOB NO PacTBOPMMOCTU 1 HAaobopoT

5 BbluncneHve KOHUEHTpauun MOHOB BOAOPOAA U BENUYNHBLI BOAOPOAHOMO 1
nokasatens. Beluucnenvne pH 6ydepHbix pacTBOpoB

6 OKkncNUTENbHO-BOCCTaHOBUTENbBHbBIE peakunn. CTeneHb OKMCHEHNs. YNpaXHeH s 1

7 'maponus coneu. YnpaxHeHus 1

8 AHanuTnyeckme BeCbl, X yCcTporcTBeo. [1pasuna B3BeLInBaHus 1

9 PacyeTbl B TUTPpUMETPUHECKOM aHanu3e 1

10 PacyeTbl B KUCNOTHO-OCHOBHOM MeToe 1

11 PacyeTbl B MeTOAE NepMaHraHaToMeTpun 1

12 PacyeThbl B MeTOAE NOOOMETPUN 1

Utoro 12
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BBepeHue

Pabouen nporpammon y4ebHON AUCLMMMANHBI NpesycMOTpeHo 18 akagemuyeckux
4YacoB: AN NpPoBeAeHUs NMPaKTUYECKUX 3aHATUN, U3 HUX:

-ana 1-2 pasgenoB NpegycMOTPeHO 6 akageMUYecKkux YacoB Ha nNpoBefeHue Tpex
NPaKTUYECKNX 3aHATUN;

- ona 3-4 pasgernoB NpefycMOTPeHo 12 akageMuyecKknx YyacoB Ha nposefeHune 12
npakTudeckunx rno cneymnansHoctn 43.02.15 «MoBapckoe n KoHOUTEPCKoe Oenoy.

Llenbto npoBeaeHNsa NpakTUYECKNX 3aHATUIN SBRSIETCA 3aKkpensieHne TeopeTuyYeckmnx
3HaHWA N NpuobpeTeHne HeOBXOANMbIX NPAKTUYECKUX HABbLIKOB M YMEHMUI NO OTAENbHbIM
Temam Kypca. Hapsgy ¢ doopMmpoBaHMEM YMEHUM N HaBLIKOB B Mpouecce npakTUyecknx
3aHATMA 0600 aloTCa, CUCTEMaTU3UPYIOTCH,  YriybnsawTca U KOHKPEeTU3UPYHTCS
TeopeTnyeckne 3HaHud, BblpabaTbiBaeTCA CNOCOOHOCTb WM FOTOBHOCTb MCMOSMb30BaTh
TeopeTnveckne 3HaHUA Ha nNpakTuke, pa3sBnUBaKOTCH MHTENNEKTyarnbHble YMEHUS.

Mepen npoBefeHMEM MpPaKTUYECKUX 3aHATUM CTyAeHTbl 06sa3aHbl npopaboTaTb
COOTBETCTBYHOLLMIA MaTepuarn, YACHUTb Leflb 3aHATUSA, O3HAKOMUTBLCA C coaepXXaHuem U
nocrnegoBaTenbHOCTBIO ero NpoBedeHus, a npenogasateflb — NPOBEPUTb UX 3HAHUSA U
rOTOBHOCTb K BbIMOSMTHEHWUIO 3a4aHUSA.

[Mocne kaxgoro npakTUYeckoro 3aHATUS MpPoBOAUTCA 3adveT. Ha 3advete CTydeHT
AOJDKEH: 3HaTb TeOopuld MO AaHHOW TeMe; MOSAACHUTb, Kak MNpOoBOAMTCA pacyeT unm
ynpaXKHeHue; yMeTb MpoaHanuM3MpoBaTthb MOMyYeHHble peaynbTatbl (B COOTBETCTBUM C
OCHOBHbIMU TPeBOBAHUSMU K 3HAHUAM U YMEHUSIM NO AaHHOW TeMe paboyen nporpammbl).

B pesynbTtate ocBoeHus martepuarna no npakTUYeCKUM 3aHATUSAM Y Yyyalluxcs

dopmupytoTcsa cnegyrowme komneteHumn- OK 01.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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PA3OEN 1 PUSNYECKAA XUMUA

Tema 1.2 OCHOBbI XMMUY€CKOU TepMOANHAMUKN, TEPMOXUMUU U XUMUYECKOWN
KUHETUKMN

MpakTuyeckoe 3aHATUEe N2 1 PeweHue 3agay Ha pacyeT TennoBoro adgekra
(3HTanbNUKU) XMMUYECKNX peaKkLn

Llenb 3aHsamusi:

Yrnybutb 3HaHuMs NO Teme, yMeTb MpOoM3BOAUTbL pacdeTbl TenroBoro addpekra

XUMUHECKNX peaKLl,MVI n KaﬂOpMVIHOCTM nnueBbIX NPOAYKTOB

Ucnonb3yembie ucmoyHuku: [1]

Teopemuyeckasi Hacmab:

Bce xumudyeckue peakumm CONPOBOXOAKOTCS MOrMOWeEHNnEM WNU BblAeneHnem
TennoBon 9SHeprmn. Peakumn, wugywme € BblAeneHMEM  Tenna, HasblBalTCs
aKk3oTepMmyecknmun. K Takmm peakumsiM OTHOCATCHA: rOpeHue Yrns, cnupTa, MeTaHa,
peakuuMmM HeuTpanusauum u gpyrue. Peakuuu, npoTtekawowme C MorfoweHnemMm Tenna,
Ha3bIBalOTCA aHAOTEpMUYECKMMU. Hanpumep, pasnoxeHne BOASHOro napa, Yrnekucroro
Kanbuusi, rmapoOoOKNCKU Meau 1 T.1.

KonnuyecTtBo Tenna, BblAENMBLUEECS WNU MOrfOTUBLLEECS B MPOLIECCE peakuuu,
HasblBalOT TenmnoBbiM 3addekToM peakumn. Pasgen duamMyeckon XuMnu, U3yyatoLllen
TennoBble 3PEEKTbl XUMUYECKUX pPeakuun, HasblBaeTCcd TepMoOXumuen. Xumumyeckue
ypaBHEHNA, B KOTOPbIX YKasblBaeTCA TennoBonM ekt peakuum, HasbiBalOTCA
TEPMOXMMUYECKNMN YpaBHEHNAMU. B HUX TennoBon apdekT peakumm OTHOCUTCA K YnCny
MOMen pearvpyowmx mnn obpasyowmxcsa BewecTB (CornacHo Mx KoagduumeHTam) m
BblpaxaeTcsi 0ObI4HO B Kunokanopuax unu kunomxkoynax (1 kkan = 4,184 k[x).

B otnuumne ot TepmoaMHamuku, B TEPMOXUMUWN Bblaensemoe B npouecce Tenso
cynTaeTcsa nonoxutenbHbiIM M obo3HavaeTcs +Q, a nornowaemoe Tenno —
oTpuuaTtenbHbiM 1 0603HavaeTca —Q. Hanpumep, Tepmoxmmuyeckoe ypaBHEHME:

N2 + O2 =2 NO — 43,3 kkan

nokasblBaeT, 4YTO npu obpasoBaHMM M3 as3oTa U KUCNopoda OBYX MOSIEN OKUCK
asorta nornowaetcs 43,3 kkarn.

[na oTHeceHns TennoBoro adpdekta peakumm K ogHOMY Mom obpasyrouierocs
BelecTBa CTaBAT ApobHbIe KO3 PNLMEHTDI:

Y2 N2 + 72 O2 = NO — 21,6 kkan.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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KonuyectBo TennoTbl, BblAenuBLUEECA UNM nornowatrweecs npu obpasoBaHun
OAHOr0 MOMSA XMMWYECKOro COeAMHEHUS N3 MNPOCTbIX BELLECTB, Ha3blBaeTCs TEMNoTon
o6pa3oBaHnss OaHHOro coefuHeHus. I3 npuBedeHHOro Bbile ypaBHEHWSI crieqyeT, YTo
TennoTta obpa3oBaHMs OKUCKU a3oTa paBHa — 21,6 kkan/monb — (4Ns Apyrmx coeanuHeHumn
CM. npunoxeHue A, Tabnuua - 1).

Tennota o6pa3oBaHMs XMMWYECKOrO COEOUHEHWA YUCINEHHO paBHa TensnoTte
pasnoXeHus aToro BeLwecTsa, HO UMeeT NPOTUBOMOJSIOXHbLIV 3HAK.

TennoTton cropaHusi Kakoro-nubo BeLLecTBa HasbiBalOT TENMOTYy, BblAENALLYOCS
npw NOSIHOM CropaHun OOHOrO MOJIS BELLLECTBa B TOKe Kucrnopoaa.

Hanpumep,

C2oH2 + 5/2 O2=2 CO2 + H20 + 310,5 kkan.

B paHHOM cnyyae TennoTta cropaHus auetuneHa paBHa +310,5 kkan (cm.
npunoxenne A, Tabnuua - 2). Tennota cropaHus OMNpeaenseTca CXKUraHuem
onpeaeneHHoro KonmyecTsa BellecTBa B creumanbHOM npubope — KanopumeTpudeckon
bombe (3TO NPOYHbBIN KOHTEMHEP, EMKOCTb KOTOPOro NocTosiHHa). Ha ocHoOBaHMK BESNMYUH
TEeNnOTbl CropaHusl, B YaCTHOCTWN, PacCYMTbIBAETCH KanoOpUMHOCTb TOMMMBA M MULLEBbIX
NpPOAYKTOB.

B ocHoBe BCex TEPMOXMMMUYECKUX PacHeToB JEXUT OAWH M3 OCHOBHbIX 3aKOHOB
TepmMoxmmum (3akoH 'ecca): TennoBon 3ddeKkT peakLumm 3aBUCUT TONbKO OT Ha4asibHOro 1
KOHEYHOro COCTOSIHWA pearvpyolimx BeLwecTB, HO He 3aBUCUT OT €€ MNPOMEXYTOYHbIX
ctagun. OTO O3HA4YaEeT, YTO TEeNNoBOM 3PPEKT XMMMYECKOrO NPoLecca PaBHAETCA CyMMe
TennoBbIX 3 EKTOB BCEX MPOMEXYTOYHbIX CTaguMN.

B Tepmoxumunyeckmx pacdetax 4acTto MOnb3ylTcs crneactsmemMm 3akoHa [ecca:
Tennoson 3MeKT peakunmm paBeH pasHOCTU MexXay CYMMOM BenuYuH TennoThbl
obpa3oBaHns NPOAYKTOB peakumm U CYMMOMW BEMNUYMH TennoTbl 06pa3oBaHMs MCXOAHbIX
BeLLeCTB (C y4eToM KO3 (PULNEHTOB).

Hanpumep, ana peakumm tTuna: mA + nB = hC + p[l + Q,

g1 Q2 g3 g4
roe
m, n, h, p — koadppuumneHTsbl Npu dopmynax sBewects A, B, C, [;
A 1 B — ncxogHole BellecTBa;
C n 1 — npoayKTbl peakuuu;
g11 Qg2 - TennoTbl o6pas3oBaHMsa UCXoaHbIx BewecTs (A un B);

g3 U g4 - TennoTbl obpasoBaHMsa npoaykToB peakumm (C n 1);

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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Q — TennoBon 3PP EKT XMMNUYECKON peakLnu.

CornacHo cnencteumio 3akoHa 'ecca, TennoBon apeKT peakunmn paBeH:

Q = (hgs + pg4) — (Mg1 + ng2), (1)

Mpun pacuyeTtax cregyeTt y4nTbiBaTb, YTO TENNOTbl 06pa3oBaHMA NPOCTbIX BELLECTB
MPUHSTLI PaBHBIMU HYIHO.

MuweBasa LEHHOCTb NPOAYKTOB NUTAHUA B 3HAYUTENbHOW CTEneHu onpeaenseTca
NX XUMUYECKMM COCTaBOM.

Ha npaktuke nuueBble [OCTOMHCTBA NPOAYKTa OUEHMBAKT MPUOBNMXKEHHO Mo
KonuyectBy cbefobHon 4acTtu (T.e. 6e3 0TX0O0B NPU XONOLHOM N TENNOBOW KyNMHAPHOW
0b6paboTKke) N coaepXaHU B HEM OCHOBHbIX NMUTaATENbHbIX BELECTB — GENKoB, XMPOB,
yrneBoaoB.

CyToyHasa Hopma noTpebrieHus aHeprum ansa ycnosHoro (“cpegHero”) B3pocCnoro
yenoseka (18-29 neTt) cocTtaBnseT B cpegHeM 2775 kkan. 3Has XMMUYeCcKun coctaB (CM.
npunoxenune A, Tabn. 4) n sHepreTUYECKyo LLlEHHOCTb BENKOB, XXMPOB U YrNEBOAOB MOXHO
COCTaBUTb 3HepreTMyeckn cbanaHCMpoBaHHOE MEHK Ha Uenblii [eHb, BKovawuee
3aBTpak, 06e, NONAHUK, YXKUH.

Ana npubnmxkeHHoOro pacyeta 3HepreTudeckon (NULLEBOWN) LIEHHOCTU paLMOHOB
NCNONb3yIT TaKOW MoOKa3aTeslb, Kak KarlopUMHOCTb MpoAyKTa, T.e. KONMMYecTBO Tenna,
KOTOpOe MOXET ObITb NOMYYEHO B OpraHn3me 4YerioBeka npu OKMCneHun 6enkoB, KUPOoB U
yrnesoaos, cogepxawmxca B 100 r npoaykra (kkan/100 r npoaykra).

Mpwn okucnenuun 1 r 6enkoB BbigensietTca 4 kkan, 1 rxxupoB — 9 kkan, 1 r yrneBogos
— 4 Kkan (aaHbl cpegHne 3HadYeHus).

PasnuyaloT TeopeTUyecKyld U MNpakTUYeCKyr KanopumHocTb. [Ona onpeneneHus
NPaKTU4YECKON KaropuUMHOCTU Npu pacdeTe BBOAAT KOIPPUUMEHTbI YCBOEHUS MULLIEBBIX
BellecTB B opraHuame. KoadpdpuumeHT ycBoeHna 6enkos coctasnsieT B cpegHem 0,94,
xupos — 0,845, yrnesogoB — 0,956.

[MpakTnyeckyto kanopnnHocTb NpoaykTa K, kkan, HaxogaT no popmyne:
K=b-Ki-x+X-K2-y+¥Y-Ks-z, (2)
roe
B, XK, Y, — cogepxxaHne 6enkoB, X1MpoB, yrnesogoB B Npoaykre, %;
K1, K2 ,K3, — aHepreTnyeckas UeHHOCTb (KanopuMHOCTL) 1 I COOTBETCTBEHHO HENKOB,
XWPOB, YrneBoadoB, Kkan;

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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X, Y, Z — KO3 PULMEHT YCBOEHUS COOTBETCTBEHHO GENKOB, XXMPOB, YrNeBOAOB.

lMpumep 1. PaccuntaTb TeNNOBON 3(PPEKT peakummn ropeHns aueTuneHa.

PeweHue.

["lopeHune aueTnneHa npoTekaeT N0 TEPMOXMMUYECKOMY YPaBHEHUIO:

CoH2 +2 2 02 = 2 CO2 + H20 xua.

M3 tabnuubl 1 npunoxexmsa A Haxogmm: g CO2 = 94,0 kkan; g H20 = 68,3 kkan;

g CoH2 = — 54,2 kkan; g O2 = 0 kkan.

B atom cnyyae Tennoson appekT peakuum cornacHo cnenctBus 3akoHa [ecca
paBeH:

Q=(29 CO2+gH20)—-gCoH2 =(2-94,0 + 68,3) — (— 54,2) = 310,5 kkan nnn
1298 k[x.

lMpumep 2. Tlpn cropaHmm 1 Monb 3TaHa Bblgensetca 372,8 kkan Tenna.
Bblumcnnte Tennoty obGpas3oBaHus 3TaHa, €CnM U3BECTHO, YTO BEMWMYUHbI TEnnoThbl
obpasoBaHna H20 n CO2 coctaBnaoT cooTBETCTBEHHO 68,3 kKkan n 94,0 kkan.

PeweHwue.

"opeHue aTaHa NpoTeKkaeT N0 TEPMOXMMUNYECKOMY YPaBHEHUIO:

CoHe + 3% 02=2 CO2 + 3 H20 + 372,8 kkan

Q =(2g CO2 + 3g H20) — g C2Hs, oTkyaa

g C2He = (29 CO2 + 3g H20) —g=(2 - 94,0 + 3 - 68,3) — 372,8 = 20,1 kkan vnu

84,0 k[1x. B pelueHnn 3agayum ncnonb3oBaHo creacTeme 3akoHa [fecca.

lMpumep 3. Peakunsa ropeHms MeTaHa NpoTeKaeT No ypaBHEHUIO:

CHs + 202 =CO2 +2 HXO + 219,9 kkan. Bbluncnntb KONMYecTBO Tenna,
KoTopoe BbigensieTcs npu cropannmn 100 n meTaHa Npy HOpMarnbHbIX YCITOBUSX.

PeweHne.

CocTaBngem nponopumtio:

npu cropaHum 1 monb MeTaHa, 3aHumarowero obvem B 22,4 n (U3 cneacrtsus
3akoHa ABoragpo), Belgensaetca 219,9 kkan;

npu cropadun 100 N meTaHa — X Kkan,

x =100 - 219,9/ 22,4 =981,7 kkan = 4107,4 k[x.

lMpumep 4. Onpepenutb kanopunHoctb 200 r Monoka, 3Hasi €ro XUMUYECKUN
coctaB: 6enkn — 2,79 %, xupbl — 3,5 %, yrnesogpbl — 4,69 %.

PelweHne.
LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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K=2,79-4-094+35-9-0,845+469 -4 -0,956 =10,49 + 26,62 + 17,93 =55
kkan/100 r.

CnepoBatenbHo, kanopuirHocTb 200 r monoka coctaBuT: 55 - 2 = 110 kkan.

Mpumep 5. PaccuntaTb KanopumHOCTb 3aBTpaka, ecnv cbegeHo: 2 anua (100 r),
200 r xneba 1 yan c caxapoMm. MNpUHATL NPOLIEHT YCBOSIEMOCTM BCEX MULLIEBbLIX BELLECTB,
pasHbin 0,85.

XNMMYecknin cocTaB NPOAYKTOB NpeacTasrieH B Tabnuue 1.

Tabnuua - B npoueHTax

MpoAaykt Benku XKunpbl YrneBoabl
Anuo 12,7 11,5 0,7
Xneb 12,0 6,0 55,0

Yan ¢ caxapom - - 99,8

PeweHue.

1) KanopuinHoctb 2 siny, (100 r):

Kreop.= 12,7 -4+ 11,5-9+0,7 - 4=157,1 kkan/100 .

Knpakr. = 157,1 - 0,85 = 133,5 kkan/100 r.

2) KanopunHocTtb xneba:

Kreop.=12,0-4+6 x- 9+ 55 -4 =331 kkan/100 .

Knpaxr. = 331 - 0,85 = 281,35 kkan/100 r.

KanopwuinHocTtb 200 r xneba coctaBut 562,7 kkan.

3) KanopunHocTb 4aa ¢ caxapowm:

Kreop.= 99,8 - 4 =399,2 kkan/100r.

Knpakr. = 399,2 - 0,85 = 339,3 kkan/100 r.

KonnuyecTtBo caxapa Ha cTakaH 4asa coctaenseT 30 r, NnO3TOMy KanopumHOCTb byaeT
COOTBETCTBEHHO paBHa:

339,3 - 30/100 = 101,8 kkan.

Yain sHepreTnyeckomn LEeHHOCTU HE UMEET.

4) KanopuiHoCTb 3aBTpaka coctasuT 133,5 + 562,7 + 101,8 = 797,8 kkan, 4T0

COCTaBMSAET TPETbIO YaCTb OT CYTOYHONM NOTPEBHOCTUN B SHEPTUM.

UcxodHbie mamepuarbi U OaHHbIE:!

BapuaHTtbl

o 3apgaun
3agaHumn

Paccuntatb TennoBon adhdekT peakunmn ropeHnsa aTUNoBoro cnmpra:
CoHsOH + 30.=2C02+ 3H.0 + Q,

1

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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BapVIaHTj:I Janaun
3agaHun

g C2HsOH = 56,2 kkan, g O2 = 0, (Tennotbl 06pa3oBaHMs MPOCTbIX BELLECTB MNPUHATHI
paBHbIMK Hymto), g CO2 = 94,0 kkan u g H20 = 68,4 kkan.

Peakuus ropeHnss MeTaHa NpoTeKaeT Mo YpaBHEHWUIO:
2 CH4 + 202 = CO2 + 2H20 + 212,9 kkan. BbluMcnutb KONMYECTBO TENA, BblAENSAOLWEECs Npu
cropaHumn 250 n meTaHa Npu HOpMasbHbIX YCIIOBUSAX.

OnpeaenuTb TENMOTY CrOpaHusl 3TUNeHa:

CoHs + 302=2CO02+ 2H20 (k) + Q

3 Mcxoas us cneytowmx 4aHHbIX:

g C2H4 =— 62,01 kx/monb; g CO2 = + 393,9 k[x/Monb;
g H20 (k) = + 284,9 k[x/Monb.

Bbluucnnte TennoBow peakumy MOSNIHOMO OKUCIIEHWUSI 3TUIIOBOrO CnNupTa A0 YKCYCHOM
KUCNOTbI, ecrnv TensoTa obpa3oBaHnsi BCEX BELLECTB y4acTBYOLLMX B peakLun, paBHbl:

4 g C2HsOH (k) = — 277 kIx/monb; g CHsCOOH (k) = — 487 k[x/monb;

g H20 () = —285,9 k[xx/monb; g O2 = 0.

Peakuus okncnenuns atunosoro cnmpta: C2HsOH + O2 = CHsCOOH + H20

Mpn XpaHeHMM MyKM MOHOcaxapuabl MeASIeHHO OKUCHSITCA KUCMOPOAOM BO3gyxa C
BblgeneHnem Tenna. Hangute Tennoson adpeKkT 9TOM peakumn, ecnu  TennoThbl
5 00pas3oBaHus paBHbI:

g CO2=-393,6 kx/monb, g H2O =—285,9 k[x/mMonb,

g CsH1206 = — 1272,45 k[x/mone.

Peakuuns ropeHus MeTaHa npoTekaeT No ypaBHEHUIO:

CHs + 202 = CO2+ 2 H20 (Q = —891,3 kx)

Ckonbko TennoTbl Bbigenutcs npu cropaHum 100 N meTaHa, M3MEPEHHOro NPU CTaH4APTHLIX
ycnosusx (25 °C, 1atm)?

Peakuusa ropeHus okcuaa yrnepoga uaeT no ypaBHEHUIO:

CO + % 02=CO2 (Q = —284,7 k[x)

CkomnbKO NUTPOB OKCuAa yrnepoaa, M3MepeHHOro nNpu cTaHgapTHbIX yecrnoBusx (25 °C, 1atm),
Hagdo CxXeuyb, YToObI Bbiaenunock 4,187 kI Tennotbl?

Peakuua mexay xnopomM 1 MogMAOM BOAOPOAA MAET NO yPaBHEHUIO:

Clz+ 2HI =12+ 2HCI

3Has, yto npu yyactum B peakuum 1 n Clz, U3MepeHHoro npu craHAapTHLIX YCIOBUSAX,
Bbigensetcs 10,47 kXK TennoTbl, BbIYUCIIUTE TENNOBOW 3OdEKT peakumni.

Mpu cnuptoBom BpoxeHun 0,5 MoNs rNIOKO3bl, NPOMCXOASLLEM MPU U3rOTOBIIEHUM TecTa,
9 Bolgensetca 35,1 k[x Tennotbl. BeiumcnuTe Tennoty obpasoBaHus rmioko3bl, ecnu g CO2 =
— 383,6 kx/monb, g CoHsOH = — 277,9 k[x/mMonb.

Mo ypaBHeHuio ropeHus aueturneHa CzHz + 2 72 Oz = 2C0Oz2 + H20 (r) v TennoTtam
10 obpa3oBaHusi y4acTBYIOLMX B peakuuM BELLECTB BbIYUCNUTE TENNOBON 3(EEKT AaHHOMN
peakumu.

CodeprxaHue u rnopsidok 8bIrnorHeHUs pabomsi:

1 O3HaKOMUTbLCS C TEOPETUYECKON YaCTbiO.

2 Mo BapwuaHTy, 3agaHHOMY npenogaBaTeneM, pewnTb 3agady ¢ HeobxoaumMbiMu
NOSICHEHMSIMU U yKa3aHMEM eauHuy, namepeHus. Mcnonb3oBaTb AaHHble Tabnvy 7 n 8
npunoxexHus [3].

3 OdbopmuTb OTYET MO NpaKkTn4Yeckon paboTe.

4 OTBETUTb HA KOHTPOJbHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHMe NpakTUYecKoro 3aHATUS

Llenb 3aHaTMA

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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BapwuaHT 3agaHus

OTyeT 0 BbINOMHEHUN pabOoThI

Cnuncok ncnonb3oBaHHOW NUTepaTypbl U APYrnX MCTOYHUKOB

BbiBoAabI

HdaTbl n nognucm obyyatoLerocs v npenogasartens

KoHmporsibHbIe 80MpocChl:

YUTo nsyvaet Tepmoxummns’?

Kakune peakumn HasbIBalOTCA 9K3OTEPMUYECKUMUN, SHOAOTEPMUYECKUMUN?
YUTto HasbiBaloT TennoBbiM adpdekTtom? KakoBbl eanHULbI Er0 N3MepEHNA?
Kakune ypaBHeHNSA Ha3bIBalOT TEPMOXUMUYECKUMUN?

UTo HasbIBalOT TennoTon obpasoBaHusl, pasnoXeHusi, CropaHna?

Kak dpopmynumpyeTcs 3akoH ['ecca?

Kak TpakTyloT crneacrteue 3akoHa ecca?

© N o g A~ Wb PRE

KakoBa pornb 3akoHa 'ecca ans ouanonormum n Guoxmmmm?

©

HazoBute cpeHolo BeNMYMHY CYyTOYHOM NOTPEBHOCTU B 3HEPrMn Ans
yenoseka.
10. CopepxaHMeM Kakux BELLECTB onpeaenstoT NULLEBYIO LIEHHOCTb NpoayKTa?
11. YT0 NnogpasymeBatoT Nog KanopunHOCTLIO MULLIEBOrO NpoaykTa?

12. B 4em 3aknovaeTcs oTNiM4mMe TeopeTnYeCcKom KarilopumHOCTU OT NPaKTUYEeCKON?

Tema 1.3 PacTBOpPBDI

MpakTuyeckoe 3aHATUEe Ne 2 PeweHune 3apay. Pacyet ocmoTnyeckoro
AaBrneHus, Temnepatyp KUNeHus u 3amep3aHusi
Llenb 3aHsmus:

Hay‘-IVITbCFI pewatb 3agaydyn no onpegeneHnr  OoCMOTUYEeCKOro AaBrieHUd

pacTBOPOB, TeMNepaTyp KUNeHus 1 3aMep3aHuns

Ucnonb3yemble ucmoyHuku: [1]

Teopemuyeckasi Hacmb:

OcmoTmnm4yeckoe gaBneHue

OcmoTuveckMm gaBreHMeM HasblBaeTcs cuna Ha eguHugy nnowagun (MMa),
3acTaBnslOWan pacTBOPUTENb MNEPexXoanTb 4Yepes MNonynpoHULaemMydo Neperopoaky B

pacTBop, HaxogsLwmmncs npn TOM Ke AaBJieHN, YTO N PaCTBOPUTEIb.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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[iBa pacTBOpa pasnuyHbIX BELLECTB MpU OOMHAKOBLIX TemrepaTtype U MOJSISIpHON
KOHUEeHTpaumMm obnagalT OAMHaKOBbIM OCMOTUYECKMM [aBfEeHWEM W  Ha3blBalTCH
N30TOHUYeCKkUMUN. Pa3baBrneHHble pacTBOPbl XOPOLLO MOAYMHAITCA 3aKOHaM MaearnbHbIX
rasoB. CxoacTBo pa3baBrieHHbIX pacTBOPOB C MAeanbHbIMU ra3amu ronfnaHacKun XMMuK
BaHT-['0pbp BbIpasun B Buae 3akoHa, BbipaXkaloLLMMCS YpaBHEHNEM:

n = CRT, 3)
roe

T — OCMOTUYECKOEe aaBrneHue, la,

C — KOHUeHTpauus pacTtBopa, KMosb/M2 Unv monb/n;

R — yHuBepcanbHas ra3oBasi NOCTOAHHAS,;

T — abcontoTHasa Temnepartypa, K.

MonsapHocTb pacTteopa, C, BbMMUCAIAKT MO dopmyre:

C=n/V=m/M-V, 4)
roe

N — YMCNO MOSEeN PacTBOPEHHOrO BELLECTBA;

m — Macca pacTBOPEHHOIO BELLLECTBA B pacTBOpe, Kr;

M — mornekynspHaa macca pacTBOPEHHOIO BeLLLeCTBa, KI/KMOJIb;

V — 06bem pacTtBopa, M3.

Mpy BbIYUCNIEHUM OCMOTUYECKOrO [aBrfieHUs PacTBOPOB JNEKTPONUTOB B
ypaBHeHue (3) BBOAAT NONpPaBoOYHbIN (M30TOHNUYECKNIA) KOIPMULMEHT | > 1, y4UTbIBAKOLLNIA
yBeNnMYeHne 4ucrna YyacTtul B pacTBope, BCMEACTBME INEKTPONUTUYECKOW Auccoumaumm
MOMEKyn pacTBOPEHHOrO BELLECTBa:

n =ICRT (5)

[na pacTBOPOB HE3NEKTPONIMTOB U3OTOHMYECKMIA KOIPPULMEHT paBeH 1.

lMpumep 1. PaccuntamTe MOMEKYNSAPHYD MacCy HeanekTponurta, ecnnm B 5 n
pactBopa cogepxatcs 2,5 r HeanekTponuTa. OcMOTUYECKOE AaBreHue 3Toro pacTteopa
paBHo 0,23 -10° Ma npu 20 °C.

PeweHue.

U3 popmyn (3) n (4) HaxoaNMM MOMEKYNSIPHYIO Maccy:

M=m-R-T/n-V=25-8314-10%-293/0,23 - 10°- 5 - 103 = 52,96 r/mMmonb.

3amMep3aHne n KkuneHne pactBopoB.3akoHbl Payna

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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PactBop 3amep3aeT npu 6onee HM3KOM TeMnepaType, YeM YUCTbIN pacTBOPUTESb.
C yBenuyeHmeMm KOHLEHTpauuW pacTBopa TemnepaTtypa 3amep3aHusi MNOHWXKaeTCs.
lMoHmxeHWe TeMnepaTypbl 3amep3aHnsa pacTBopa, A tsaw, ONpegenseTcs no popmyne:

A tsam = Ksam® C, (6)

roe

Ksam — Kprockonuyeckas noctosiHHasi (KOHCTaHTa 3amep3aHusi),

C — monsnbHasi KOHUEHTpaLMs, YMCNo Monen pactBopeHHoro Bewlectsa B 1000 r
pacTtBopuUTENS.

Kpuormgpatel — cmecn conen (NaCl, KCI...) ¢ Bogow, 3amep3sawowme npu
TemnepaTtype Huwxke 0° C B 3aBUCMMOCTU OT KOHLUEHTpaLmm pacteopa.

PactBop kmnut npu Temnepartype Gonee BbICOKOW, 4YeM YUCTbIn pacTtBoputens. C
yBenuyeHnemM KoHUeHTpaunm pacteopa TemnepaTypa KuneHus nosblwaeTcs. [oBbiweHne
TemnepaTypbl KUMEHUS pacTBopa, A twn, onpegendeTca no gopmyrne:

A twn = Kin - C, (7)
roe

Kiwn — 30ynuockonuyeckasa NnocTositHHas (KOHCTaHTa KuneHus),

C — mMonsanbHasa KOHUEHTpauusl, YuCcro Mosnen pacteopeHHoro Bewlectsa B 1000 r
pacTBopuUTENS.

YpaBHeHus (6) u (7) 6binun BoiBEAEHbI AN pa3baBneHHbIX pacTBOPOB OpaHLy3CKUM
ydyeHbiM Paynem. BTtopon 3akoH Paynsi rmacut: nNoHWxeHue TemnepaTtypbl 3aMep3aHusd
UM MOBbIWEHWE TemnepaTypbl KUMNEHUS pPacTBOPOB MPsSIMO  NPONOPLMOHAnbHO
KOHUEHTpaunn pacTBOPEHHOrO BeLLeCTBa.

MonsanbHOCTb pacTtBopa, C, BbMMCAAT No bopmyne:

C=n/1000 =m - 1000/M - A, (8)
roe

N — YUCNO MOSEeN pacTBOPEHHOIO BELLECTBA;

m — Macca pacTtBopeHHoro Beulectsa B 1000 r pactsoputens, r;

A — macca pacTtBoputens, r;

M — monekynsipHas macca BeLlecTBa, r/Morsib.
lMpumep 2. MNpun kakon Temnepatype OyaeT 3amep3aTb BOOHLIN pacTBOp 3TUMOBOMO crnvpTa
40 % -Houn KoHueHTpaunn? Ksam Boabl paBHa 1,86.

PeweHwve.

Mcnonbayem gopmynbl (6) u (8):

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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A tsam = Ksam * C = Kzam - m - 1000/M - A = 1,86 - 40 -1000/60 - 46 = 26,95 OC,
tzam = tsam pactB — tzam pacT = 0- 26,95 = —26,95 °C.

PacTBop HayHeT 3amep3aTb NpUMEPHO Npu MUHyc 27 °C.

lNpumep 3. PactBop, cogepxawummn 8 r HekoToporo BewecTtsa B 100 r AgnaTnnoBoro

admpa, kmnut npn 36,86°C, Torga kak uncteii acpmp kmnmt npu 35,60 °C. Onpegenntb

MONEKYINSPHY0 Maccy pacTBOpeHHoro BellecTtsa. Kwn admpa pasHa 2,02.

PelweHne.

M3 ycnosusa 3agadm Haxoaum: A twn = 36,86 — 35,60 = 1,26 °C. N3 dpopmynbl (8)

Haxoaum monanbHocTb pacteopa: C = A twn /Kwn = 1,26 / 2,02 = 0,624 monsi/1000 r

admpa. Wcnonb3ya dopmyny (8), Haxooum MOSEKYNAPHYKDO MacCy pacTBOPEHHOro
Bewectea: M=m -1000/C - A =80 -1000/0,624 - 100 = 128,2 r/monb.

UcxoOHble mamepuarbl U OaHHbIE:!

BapuaHTbl

o 3apaumn
3agaHun
1 Mpu 22 °C ocmoTU4eCckoe AaBreHne pactsopa TPOCTHMKOBOrO caxapa paBHo 7,3 - 104 Ma.
KakoBo BygeT ocmoTuyeckoe faBrneHue, ecnu pacTeop pa3baBuTe B 2 pa3a, a TemnepaTypy
1 noBbICUTb Ha 25 °C?
2 Onpepenutb NPOLIEHTHYID KOHLUEHTpauuio BOAHOMO pacTBoOpa [fHOKO3bl, €CNU  OH
3amep3aeT npu —1 °C.
1 Mpun 18 °C ocMoTUYeckoe faBrieHne pacteopa rnuuepuHa pasHo 3,039 - 105 Ma. Kakoeo
OyoeT ocmoTuyeckoe [aBrieHue, ecnu pactBop pas3baBute B 3 pasa, a TemnepaTypy
2 nosbicnTb Ao 37 °C?
2 OnpepenuTb MPOLIEHTHYIO KOHLEHTpaUWO caxapa B pacTBOpe, €cnivM pacTBOp 3akvnaet
npn 100,5 °C.
1 BbluMcnute oCcMOTUYECKOE OaBneHue pacTtBopa caxaposbl npu 0 °C, ecnv npu 20 °C
3 OCMOTMYECKOE AaBrieHne 3Toro xe pactesopa 1,066 - 10° Ma.
2 Kakoe KOnM4ecTBO rnuuepuHa HyxHo gobasute k 1000 r BoAbl, YTOObLI pacTBOp He
3amep3an go —5 °C?
1 OcmoTuyeckoe [aBneHue pactBopa Heanektponuta npu 17 °C 4,82 - 105 MNa.
4 OnpegenuTb OCMOTUYECKOE JaBMeHne 3TOoro xe pacteopa npu 57 °C.
2 lMpu kakon Temnepatype OygeT 3amep3atb 45 % -HbI pacTBOp METMIIOBOrO cnupta
(CHsOH) B BOAe?
1 BblumMcnuTb OCMOTMYECKOE AaBreHue pacTteopa npu 25 °C  BogHoOro pacTteopa,
5 copepxatuero 225 r caxapa B 5 i pacteopa.
2 B KakoM COOTHOLIEHUWM (MO Macce) Hago cCMelwaTtb BOAY W FMUMUEPWH, YTOObl Mony4uTb
CMecCb, 3amep3atowyto npu — 20 °C?
1 Bblumcnutb ocmoTuveckoe paerieHne npu 27 °C pacTBopa TPOCTHUKOBOrO caxapa
6 C12H22011, koHUeHTpauums kotoporo 0,025 (2,5 %) maccoBon Jonw.
2 Onpepenutb MNPOLEHTHYI KOHLUEHTpaLWMO MOPCKOW BOAbl, €CNN OHa 3aMep3aeT npu
Temnepatype — 2 °C.
1 BblM4UCIIUTE MONEKYNSIPHYHO MacCy MOYEBUHbLI, ECNN BOAHLIN pacTBOp, COAEPXKaLLMMA
7 0,3680 r moyeBmHbl B 200 cM3, npu 20 °C umeeT ocMmoTudeckoe gaeneHme 74 630 lMa.
2 NMpwu kakon TemnepaType byaet knnetb 50 % - 11 pacTBOp caxapa B Boge?
1 OcmoTur4yeckoe daBrieHne pacTBopa, cogepxautero B 500 cm® 1,55 r aHunuHa, npu 21°C
8 8,104:10% Na. OnpenennTb MOMNEKYNSAPHYIO Maccy aHunnHa.

2 CKOMnbKO rpaMMOB [MoKO3bl HYXXHO o6aBuTtb K 100 r Boabl, 4TOGbI pacTBOp 3akunen npu

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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BapVIaHTj:I Janaun
3agaHun
102,5 °C?

1 OcmoTuyeckoe OaBneHwe pacTtBopa, cofdepxatlero 7,5 r caxapa B 625 cm?® pacTteopa,
8,307 - 104 Ma npu 12 °C. OnpeaennTb MONEKYNsSpHY Maccy caxapa.

9 2 BoaHbI pacTBOp, coaepXallui HereTydyee pacTBOPEHHOE BELLUECTBO (HE3NeKTposnuT),
3amep3aeT npu — 2,2 °C. OnpegennTb TeMnepaTypy KANeHUs pacteopa W gaBneHue napa
pactBopa npu 20 °C. [JaBneHne napa ymctom Bogpl npu 20 °C 2337,8 lNa.

1 PactBop, cogepxalwmi 9 © pacTBOPEHHOro BellecTBa (HeanekTponuTa) B 250 cm?
pacTtBopa, obnagaet ocMoTuyeckum fasneHvem 4,56 - 105 Ma npu 0 °C. Onpepenutb
MOJIEKYISIPHYIO Maccy pacTBOPEHHOIO BELLECTBA.

2 Bblumcnutb Temnepartypy 3amep3aHus pactsopa 7,308 r xnopuga Hatpua B 250 r Boabl,
ecnv npu 18 °C ocMmoTU4eckoe AaBneHue ykasaHHoro pacteopa 2,1077 - 108 Ma. MnoTHocTb
pacTBopa NpuHATL paBHoOn 1.

10

CodeprxaHue u nopssidok 8bINOSIHEHUS pabombi:

1 O3HaKOMUTLCA C TEOPETMYECKOM YaCTbHO.

2 Mo BapwaHTy, 3ajaHHOMy npenogasaTefnieM, pewmnTb 3agaym ¢ HeobxoauMbIMU
NOACHEHUSIMX U yKa3aHWeM eauHuy, uamepeHus. Mcnonb3oBaTb faHHble Tabnvy 7 n 8
npunoxenus [3].

3 OdhopMUTL OTYET MO NpakTn4eckon paboTe.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTUYecKoro 3aHATUS

Llenb 3aHATMSA

BapwnaHT 3agaHus

OT4eT 0 BbLINONHEHMN paboThI

Cnuncok ncnonb3oBaHHOW NUTEpPAaTypbl U APYrMX MCTOYHNKOB
BbiBoAabI

NaTbl 1 nognucy oby4yatollerocs 1 npenogasartens

KoHmpornbHbIie 80rpochi:

1. [NawnTte onpegeneHne oCMOTUYECKOMY LaBMEHNIO?

2. YTO NOHUMAIOT NOA N30TOHUYECKMMM pacTBOpaMn?

3. Cdopmynupynte 3akoH BaHt-fodbdba v Hanuwmte ero matemaTudeckoe
BblpakeHne. O603Ha4YeHU N eANHNLbI NU3MEPEHUS.

4. B uyem um3nyeckmin CMbICN M30TOHMYECKOro KoaddumuneHTa?

5. B yem ocobeHHOCTN 3amep3aHns U KUNEHNs pacTBOPOB?

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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6. lNMpegcraBbTe hOPMYIbI NOHWKEHUA TEMNEPATYPbl 3aMep3aHna n TemnepaTypbl
knneHusa pacteopoB. O603HAYEHNSA U eOUHULBI U3MEPEHUS.

7. YTO nNOHMMAaKT noa MOMAPHOW W MOSANbHOM KOHUEHTpauuen pacTtsopa?
O603Ha4YeHNsa N eguHULbI U3MEPEHUS.

8. Kak ucnonb3yetca CBOMCTBO pPacTBOPEHHbIX BELLECTB MOHWXKaTb Temnepatypy

3amep3aHusa?

PA3OEN 2 KOJUTOMWOHAA XUMUA
Tema 2.2 T'mapocobHbIe KoNnonaHo-AUCNepCcHble CUCTEMbI
MpakTnyeckoe 3aHaTHe Ne 3 CoctaBneHue hopmMysn u cxem MuLess
Lenb 3aHsmus:
Yrnyoute 3HaHus no Teme. OCBOUTb METOAMKY COCTaBMEHUS MULENNAPHbIX

doopmyn

Ucnonb3yembie ucmoyHuku: [1]
Teopemu4yeckasi Hacmb:

«lNpuembl Hawen KynMHapHOW TEXHUKWU, NUMEIOLEN MECTO Ha KyxHe, SBMSOTCH He
YeM WHbIM KaK MpPaKTUYECKUM MPUMEHEHMEM KOMmouaHou xumum»  (Bexronba).
KonnouaHas xumusa — 310 omandeckas XMMUs reTeporeHHbIX BbICOKOANCNEPCHbIX (CUMbHO
pa3gpobreHHbIX) CUCTEM, a TakkKe PacTBOPOB BbICOKOMOSEKYNSPHbLIX COEANHEHWIA.

OTN CUCTEMBI LLUMPOKO pacnpocTpaHeHbl B Npupoae 1 umetoT 6onbluoe 3HayeHne B
npounsBoacTee. Benuka ponb KONMOMAOB B MNULLEBON TEXHOMOrMM, K nNpumepy, B
NPUrOTOBMEHMM MULLN LUMPOKO MCMOMb3YTCA Macno, MaprapuH, ManoHes3, CMeTaHa,
CNMBKW, MOSIOKO, NpeacTaBnsatoLwmne cobor CnoxHble KONnonaHble CUCTEMBI.

KynuHapHble npouecchl: koarynaumsa 6enkoB (npu TennoBon obpaboTke Msca,
pbIbbl, auy, 1 T.M.), NONYyYEeHME CTOMKUX 3AMYMbCUA (MHOrMe coychl), neH (B3buBaHue
CNMBOK, GernkoB, MycCOB W T.M.), CTapeHue cTyaHen (odyepcTtBeHue xneba, otaoenexHve
XMOKOCTU OT Kucenewn, xene u T.n.), agcopbums (ocsetneHne 6yrnbOHOB) U T.4. OTHOCATCS
K KonnovaHbiM npoueccam. OHKM nexaTt Takke B OCHOBe xneboneyeHus, KOHOUTEPCKOro
NpOu3BOACTBA, BUHOAENMNS, MMBOBAPEHUSA N APYrnX NULLEBBLIX MPOM3BOACTB.

CBoMnCTBa KONMOWOHbLIX pPacCTBOPOB 3aBUCAT He TOMbKO OT CTENeHn Uux
avcnepcHocTu (pasmep Yactuy ot 10° oo 107 cm), HO Takke U OT UX NPUPOABI.

KonnouaHein pacteop (30nb) — AncnepcHas cuctema, obpasoBaHHas AMCNEPCHOWN

drason n gucnepcHou cpegon. AucnepcHyto a3y npeacTaBnalT KONNoOUaHbIE YacTulbl.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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TepMuH «KOnmongHas 4vactuua» HOCUT HeonpedesieHHbl xapaktep. bonee ToYHbIM
ABNAETCA TEPMUH «KONongHasa muuenna.

Mo HanpaBreHHOCTU nepeMelleHNs KOMMOUAHbLIX YacTul K MPOTUBOMOSOXHO
3apsSHKEHHOMY SNEKTPoAYy B 3MeKTpPUYeckoM nose (3nektpodopes) yyYeHbIM yaanoch
AoKasaTb, YTO YacTuubl 305ier obnagaloT aNeKTpuyeckum 3apsagom. 3apsa npenaTtcTeyeT
CMVNaHWI0 KOMMOMAHLIX YacTuy B Oonbluve arperatbl (Koarynauusi) v ocaXOeHuto
KONMoOMAHOro BellecTBa B ocagok (ceammeHTaums). Mentusaums — npouecc obpaTHbIv
Koarynauum.

[BMXeHne XWOKOM [OUCNEePCUOHHOW cpefbl 4Yepes nopucTy guadparmy B
3NEeKTPNYECKOM MOorie Ha3biBaeTCH 3NIEKTPOOCMOCOM.

OnekTpodopes 1 SMNEeKTPOOCMOC MCMOMb3YKTCA B TeXHUKe, B MeauuuHe U
npounssoacTee. K npumepy, 9NeKTPOOCMOTUYECKN MNPOU3BOAAT CYLUKY HEKOTOPbIX
nopucTtbix maTtepuanoB (Topd, gpesecunHa u ap.) Ha anektpodopese ocHoBaHa paboTa
3NEeKTPOoUNbTPOB — AbIMOYIIOBUTENEN, AENCTBME NEKapCTB B MeULMHCKON NpaKTuKe.

KonnouaHas yactuua MMeeT CrioXXHoe CTpoeHue. B ueHTpe yactuubl HaxoauTcs
A0po, coctoswee M3 6GONbLWOro Yucna MOSMeKyn Wnnm aTtoMoB BewectBa («m»),
obpasytowero 3onb. Ha noBepxHoCTN sgpa M3 ANCNEPCUOHHOW cpedbl aacopbupyroTcs
MOHbI TOrO UNN MHOro 3Haka. COBOKYNHOCTbL sApa ¢ agcopbupoBaHHbLIMU Ha NOBEPXHOCTU
MOHaMM HasblBaeTCs KOMMOWAHOW YacTuuen wunu rpaHynon. Ha noBepxHocTu sgpa
agcopObupyloTcsa MOHbI, UMEKOLLMECs B cocTaBe sgpa Yactuu (npasuno lMNMeckosa-dasHca).
WoHbl, agcopbupytowimeca Ha NoBepXHOCTM aapa n obycnasnveatoine BENNYMHY U 3HaK
3NEeKTpPUYeCcKoro 3apsaa YacTvubl, Ha3blBalOTCHA MOTeHuuanonpeaensiowumMm MoHaMmu
(«n»). OHKM 06pa3syloT Tak HasblBaeMbI HENOABWXHBLIN UMW aACOPOLNOHHBIA CION NOHOB.

MOHbI NPOTUBOMOSOXHOIO 3HaKa (MPOTMBOMOHBI) YacTUYHO(«N - X») agcopbupytotca
Ha NOBEpPXHOCTW AApa YacTuubl (T.e. BXOAAT B COCTaB agcopOLMOHHOro Crosi, a YaCcTUYHO
(«x») pacnonaratloTca B >KMAOKOCTM BONU3M rpaHynbl, oO0pasys MOABWMXHBLIA UK
Anddy3HbIN crio NoHOB. COBOKYMHOCTb rpaHyrbl ¢ ANddy3HbIM 06/1akomM NPOTUBOMOHOB
Ha3blBaeTCca MU LLenmnown.

CTpoeHve muuenn BbipaxaklT 0COObIMM MULENNSAPHbIMK hopMynamu. B obiem
BMAE MULenna 3anvcbiBaeTcs:

{m [agpo] n K" (n —x) A} x A, (8)
{m [agpo] n A" (n — x) K*} x K*, (9)
roe

K* — KaTWOHbI;
LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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A" — aHWNOHBI,

N — YMCro noTeHumnanonpeaensoLWmnX MOHOB,

X — YNCMO MOHOB, HaXOAALWNXCH B ANPPY3MOHHOM cnoe (X > n);

(n — X) — YnCnNO NPOTUBOMOHOB, HAXOAALLMXCH B AN PY3MOHHOM CrOoE;

M — YNCMo aTOMOB UM MONEKyYN B aape (m >> n).

Yucna m, n, X B 3aBMCMMOCTU OT YCIOBWIA NPUrOTOBMNEHNS 30M1EM MOTYT N3MEHATHCA
B LUMPOKUX npefenax, T.e. MUUEenna He UMeeT CTPOro onpeaesieHHoro coctasa. B aTux
dopMmynax B KBagpaTHble CKODKM 3akmntoueHOo s4po, a urypHble — rpaHyna, Hecylias
3apsa

Takum obpasom, muuenna — 3NeKTPUYecKn HeuTparbHas vactumua, crnocobHas K
camMoCTodATeNbHOMY cyulecTBoBaHuio. OHa onpegender BCe OCHOBHble CBOWCTBA
KonnomgHon cuctembl. COCTOMT MuUenna M3 agpa KpuUctanimyeckoro mnm amopdHoro
CTpOeHuUs, agcopbumoHHoro nnu anddysHoro cnoes.

PaccmoTpum  cTpoeHMe Muuennbl Ha npumepe obpasoBaHWs 30551 MOAUCTOrO
cepebpa, KOTOpbIBM MofyyYaeTcs Npu B3aMMOLENCTBUN OYeHb pa3baBrieHHbIX pacTBOPOB
AgNOs3 un KI:

AgNOs3 + Kl = Agl + KNOs,
Ag* + NOs + K*+ I = Agl + K*+ NOgs’

B npumepe sa4po — menbYanwnn Kpuctannuk nognaa cepebpa, coctoswmm ms

6onbworo yncna monekyn: m [Agl]. Cxema muuennsl nsobpaxeHa Ha pUcyHke - 1.

,ﬂ,nwvsuomm ﬂacopsunamm

f4P0

PucyHok 1 — CTpoeHune muuenn 3ona noguctoro cepebpa, nony4eHHoro
B n36bITke AgNO:s (1) n K (II)

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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CornacHo npaBuna [leckoBa-®asiHca Ha  MNOBepxHoCcTM  gdgpa  Oyayr
agcopbupoBaTbCd B Criyyae:

- n3bbitka AgNO3 — MoHbl Ag*, 1 rpaHyna (KonnouagHast yactuua) npuobpertet
NONOXUTENbHbIA  3apad.  OMeKTponuMT, B  COCTaB  KOTOPOrO0  BXOOAT  WMOHbI,
agcopbupyolmecs Ha MNOBEPXHOCTU AUCMNEPCHbIX YacTuy (noTeHuuanonpegenswoLwme
NOHbI), Ha3blBaeTCH aneKkTponuTomM-ctabunusatopom. B gaHHom crnydae — ato AgNOs. Ero
anccoumaums umeet Bug: N AgNOs < n Ag* + n NOgs'.

dopmyna muuennbi:

{m[Agl] n Ag* (n — x) NO3 }** x NOs".

- n36biTka Kl — noHbI I, 1 rpaHyna nonyyYnT oTpuuaTtenbHbin 3apsa. Auccoumaums
anekTponuta-ctabunmnsatopa Kl nmeetr Bua: nKl=nK* +nl-.

dopmyna muuennoi:

{m[Agl] n I (n—x) K} x K*.

Ucxo0Hble mamepuarbi U OaHHbIE:!

BapvaHTbl 3agaHun A B C
1 Nal AgNOs Agl
2 MgCl: NaOH Mg(OHz2)
3 AlCl3 NH4OH Al(OH)3
4 CrCl3 NH4OH Cr(OH)s
5 ZnCl NaOH Zn(OH2)
6 FeCls NaOH Fe(OH)3
7 AgNO3 HCI AgClI
8 FeCls K4[Fe(CN)e] Fes[Fe(CN)e)]3
9 K2CrOg4 AgNOs Ag2CrO4
10 Hg2(NOs)2 Kl Ho2l2
11 Pb(NO3)2 KI Pbl.
12 Na2SiO3 HCI H2SiOs

CodeprxaHue u nopsidok 8bINOIHEHUS pabombi:

1 O3HaKOMUTbLCS C TEOPETUYECKON YaCTbiO.

2 lNo BapuaHTy, NpeanoXeHHOMy npenogaBaTenem, BbiNONHUTL 3a4aHue.
3 OhopmuTb OTHET NO NpakTU4eckon pabdore.

4 OTBETUTb Ha KOHTpPOJ1bHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHMe NpakTUyYecKoro 3aHATUS
Llenb 3aHATMA

BapwuaHT 3agaHus

OT4yeT 0 BbINONHEHUN paboThI

Cnuncok Mcnosb30BaHHOWM NUTepaTypbl U OPYrMX MCTOYHUKOB

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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BbiBoAabI

[aTbl n nognucu o6yqarou.|,eroc;| U npenogaBartesnd

KoHmporsibHble 80rpochl:

UTO HasbIBaeTCA KONTOMOHBIM PacTBOPOM?

UTto Takoe anektpogopes?

lMpakTnyeckoe NpUMEHEHNE ITUX ANEKTPOKUMHETUYECKNX SABNEHUN.
B 4em nposiBnsieTca koarynsiums pactBopoB?

B uem nposiBnsieTca ceaumeHtaumnsa?

YTto Takoe nentmsauma?

KakoBa oCHOBHasi NpMynHa arperatMBHOM YCTONYMBOCTU 30557

KakoBo cTpoeHne muuennsl? Kakos ee 3apsia?

© © N o g A~ w D PRE

D,aTb onpeperieHne rpaHyrnbl.

[ERN
o

. Mpaswuno lNeckoBa-PasiHca.

=
=

. Kakune noHbl HasbiBaloTCA NoTeHUnanonpeaensiowmmm?

IR
N

. Kakon cnon munuennbel oHn o6pasyot?

[ERN
w

. Kakune noHbl obpasytoT andysHbIn crnon Muuensnbl?

[ERN
>

PA3OEN 3 KAMECTBEHHbIA AHANU3
3.1 NepBasa aHanuUTU4ecKas rpynna KaTUOHOB

MpakTu4yeckoe 3aHATUE N2 4 OCHOBHbIE NMOHATUA U 3aKOHbl XUMUU: pacyeTbl
MOJIEKYNIAPHOM MacCbl W 3KBUBANEHTOB BelWEeCTB; BalleHTHOCTb; Knacchbl
HeopraHM4YeCcKMx coeguHeHUmn

Llenb 3aHsmus:

MoBTOpUTb M YyrNybmuTb OCHOBHbIE XMMWYECKME TMOHATUS W 3aKOHbI, Knaccbl
HeopraHM4Yecknx coegmHeHn. YMeTb pacCumMTbiBaTb MOSIEKYNAPHYO Maccy, 3KBUBasEHTbI
CINOXHbIX BELLECTB.

Ucnonb3yemblie UCMOYHUKU:

Mepuogunyeckasa cuctema xummndeckmx anemeHtoB [.. Mengeneesa;

Tabnunua pacTBOPUMOCTM KMCMOT, CONEN U OCHOBaHWIN B BOAE;

[2], [3].
Teopemuyeckasi Hacmhb:
TeopeTnyeckne OCHOBbI XMMMWYECKOrO aHanu3a paccmaTpuBalroTCa C Mo3nuuin

3aKoHa OencTBmua Macc n nepuoguyeckoro 3akoHa .M. MeHgeneesa.
LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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3akoH coxpaHeHus1 Macchkl: Macca BeLlecTB, BCTyNalLwmux B peakuuio, paBHa macce
BeLlecTB, 0OpasyloLmxca B pe3ynbTaTe peakuun.

3akoH nocmosiHcmea cocmasa: Besikoe ymctoe BelecTBo He3aBMCUMO OT cnocoba
ero nosiy4eHus Bcerga MMeeT NOCTOSIHHbIA Ka4eCTBEHHbIN N KONMYECTBEHHbIN COCTaBbl.

3akoH Oeticmeusi macc: CKOPOCTb XMMUYECKOW peakumm NpamMo nNponopumoHarnbHa
Npon3BeAEHMUIO KOHLIEHTpaUMi pearnpyowmnx BeLLecTs.

3akoH Agozadpo: B paBHbIX 06beMax pasnUYHbIX ra3oB MNpy OOMHAKOBbLIX YCIOBUSIX
(TeMnepatype 1 faBneHun) CoaepXnTcst OAMHAKOBOE YMCITO MOJIEKYI.

Cnedcmeue 3akoHa Aeozadpo: OguH Monb nwboro rasa npyv HopMasibHbIX
ycrnosusax 3aHumMaeTt obbvem 22,4 nutpa. Temnepatypa 0 °C (273 K) n pasneHue 1 atm.
(101325 lNa) xapakTtepudyeT HopMaribHble yCrnoBus (H.y.) And rasa.

Ans wn3MmepeHusa konuyecTBa BellecTBa B XUMUM Hapsgy C rpaMMoOM WU
KMnorpaMMOM MOMb3yTCA M CheuuanbHOM Mepon KonuvyecTBa BellecTBa — epamMm-
MorieKyrnod.

pamm-moneKkynol (unu mMorem) HasblBaeTCs KONMUYECTBO BellecTBa B rpaMmax,
YUCNEHHO paBHOE ee MOMEKYNspHON Macce.

M3 3akoHa MOCTOSIHCTBa CriedyeT, YTO 3MeMeHTbl COeAUHATCA Apyr ¢ APYroM B
CTPOro onpefeneHHbIX KONMYECTBEHHbIX COOTHOLWEHUsIX. [loaTomy B XvMuio Gbinu
BBeOEeHbl MNOHATUS akBuBaneHTa. (CnoBO «3KBMBANEHTHbIN» B nepeBoge O3HayaeT
«PaBHOLEHHbINY ).

OKeugasieHmMoM 3/leMeHma HasblBalOT Takoe €ero KOnuMyecTBO, KOTopoe
coeanHsieTcs ¢ 1 MorneMm aTtoMoOB BOAOpOAa MMM 3aMeLlaeT TO Xe KONMUMYeCcTBO aTOMOB
BOAOPOAA B XMMUYECKUX peaKLmsX.

OKeugasieHIMoM CII0XKHO20 8elecmea HasblBaeTCsa Takoe ero KonmyecTso, KoTopoe
B3ammogencTeyeT 6e3 octaTka C OOQHMM 3KBMBANeHTOM BOAOpOAa unuv BoobLle ¢ O4HUM
3KBMBaneHTom nboro Apyroro BeLlecTsa.

3akoH akeusaneHmos: BelwecTsa B3aMMOAENCTBYIOT APYr C APYrOM B KONMYecTBax,
NPONOPLUMOHarbHBIX X SKBUBANEHTaM.

KonnyectBo BewlectBa B rpaMmax, YUCIEHHO paBHOE €ro 3KBUBANEHTY,
Ha3blBaeTCs epaMM-3K8u8aieHmom (r-okB. ).

BaneHmHocmb arieMeHma — 3To0 CNOCOBHOCTb ero aTOMOB COEAUHSTLCA C ApYrMMun
aTomMamu B OnpefeneHHbIX COOTHOLWEHUsIX. BaneHTHOCTb anemeHTa B JaHHOM
coefVHeHM onpeaensieTcs U3 COOTHOLLIEHUSA: aTOMHasa Macca / 9KBMBareHT.

Knaccbl HeopeaHu4YecKux coeOuUHEHUU: OKCUabl, KUCIOTbl, OCHOBAHWUSI, COMW.
LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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OKcuOlbl — CNoXHble BELLECTBA, COCTOSALLME U3 ABYX NIEMEHTOB, OOHUM U3 KOTOPbIX
asnseTcsa kucnopog. Okenapl 4enaATca Ha Tpw rpynnbl:

- OCHOBHbIe (Hanpumep, Na20, CaO);

- KUCNOTHble (Hanpumep, CO2, SO3);

- am@oTepHble, KOTOpble B 3aBUCUMOCTU OT YCIOBUI MPOSBASAIOT OCHOBHbIE WK
KMCNOTHble cBoncTBa (Hanpumep, ZnO, Al203, Cr203).

C nosuumi Teopum aNeKTPONNTUYECKON AMUccoumanmm KnaccupuumpyoT:

Kucnomel — anekTponuTbl, AUCCoLMMpYOLLME B pacTBopax ¢ obpa3oBaHMEM NOHOB
Bogopoada. Pasnuuaot kucnotbl  kucropogHble  (Hanpumep, H2S0s4, HNO3) nu
beckncnopogHble (Hanpumep, HCI, HBr, H2S). Obwwne cBoncTBa KUCNOT (KUCHMbIA BKYC,
N3MEHeHus uBeTa MHAMKaTopa, B3aMMOLENCTBME C OCHOBaHMSMMU, COMSIMU, OCHOBHbIMU
okcuagamm) obycnoBneHsbl MOHaMn Bogopoaa.

OcHosaHusi — 3neKTponNuTbl, Auccoummpylolme B pacTBopax C obpasoBaHMeM
rmgpokcug-noHa. vapokcmg-moHamm  obycrnoBneHbl ob6wue  WenovHble CBOWCTBA
OCHOBaHWN (MbINKOCTb Ha OLynb, M3MEHEHWe LBeTa WHAuKaTopa, B3auMOAEWCTBUME C
KMCroTamu, CONAMU, KUCITOTHBIMU OKCuaamm).

Pasnuyalor amdoTtepHble rmapokcuabl, KOTopble MNpu Auccouuaumm obpasytoT
ogHoBpemeHHo H* n OH- (Hanpumep, AI(OH)s, Zn (OH)2, Cr(OH)s n Aap.) wu
B3aMMOOENCTBYHIOT Kak C pacTBOpaMM KACIOT, Tak U C pacTBOPaMm LLIENOYEN.

Conu — anekTponuTbl, AUccouunpyromne B pactBopax ¢ o6pa3oBaHMEM KaTMOHOB
METanmnoB U aHWOHOB KWUCIOTHbIX OCTATKOB. PasnuyaloT cpefHue, Kucrble, OCHOBHbIE,
ABOVHbIE, KOMMIIEKCHblE CONMW. XMMUYECKMe CBOWCTBA conen oOycnaBnvBalOTCs MX
OTHOLLEHMEM K MeTannam, Lenoyam, KUCrnoTam n Cossim.

OKcuObl aNeKTpoNUTaMn He SABNSAKOTCS.

MonekynspHyto Maccy BellecTBa BblMUCASKOT No opMyne, Kak CyMMY aTOMHbIX
Macc aTOMOB, BXOASILLUMX B COCTaB MOJSeKynbl BellecTBa. ATOMHasa macca 6epetcs C
TOYHOCTbIO, yKaszaHHoOM B Tabnuue «llepuognyeckass cuctema XMMUYECKUX Sr1EMEHTOB
O.U. Menpgeneea». be3 ocobon HeO6X0aUMOCTU ee OKPYrAST A0 LEeNoro yncna (kpome
aToOMHOW Macchbl xnopa — 35,5).

Mpumep 1. MonekynsipHaa Macca Bofbl, MOSieKyria KOTOpOW codepXuT 2 aToma
BoAopoaa u 1 atom Kucnopoga, paBHa:

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

Mpumep 2. MonekynsapHaa macca kpuctannorugpata BaClz - 2H20 paBHa:

137,33 + 35,45 -2 + 2 - 18,015 = 244,28 r/monb.
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bamm-3K8uBarieHmM  C/I0KHO20 g8ewecmsa BbIYUCIAIOT, WUCXOAA U3 ero
MOSEKYNsIPHON Macchbl:

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

QHCI=M/1=36,5T

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

Mpumep 4. [-0KB OCHOBaHUSA paBeH ero monekynspHon macce (M), geneHHom Ha
KMCITOTHOCTb OCHOBAHMS:

O NaOH=M/1=40r

O Ca(OH). = M/2 =74/2=3T7r.

Mpumep 5. -3kB conu paBeH MOSEKYNAPHON Macce OeneHHOW Ha npou3BeneHue
BaNieHTHOCTWN MeTarnna, Ha YACIo ero aToMoB B MOJIeKyre:

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

paMM-3KBMBANEHT CrOXHOMO BellecTBa B pasHbiX peakumax MOoXeT OblTb
pasnuyHbIM:

a) B peakuusx obmeHa:

Hanpumep, Na2COs3 € KACIIOTOM MOXEeT pearnpoBaTb OBOSKO:

Na2COs + HCI = NaHCO3 + NaCl (1)

Na2COs + 2HCI = 2NaCl + H2CO3 (2)

B peakuuu (1) oguH monb Na2COs pearnpyet ¢ 1 monem HCI, yto cooTBeTcTBYET 1
r-aTomy BOAOPOAa, a 3HaunT:  3Q Na:COs = M Na2CO3 = 106 .

B peakunn (2) 1 monb Na2COs pearupyet ¢ 2 monamu HCI, cnegoBaTtensHo,

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

6) B OKMCNUTENbHO-BOCCTAHOBUTESbHbBIX PeakumaxX rpaMM-3KBMBaASIEHT OKUCINTENS
N BOCCTAHOBUTENSA HaXo4AT AeneHneM nx MONeKynspHOM MaccChbl Ha YNCMO nepexogsaLmx
3MEeKTPOHOB (N): 3 =M/n.

UcxodHble mamepuaribl U OaHHbIE:

OCHOBHbI€ MOHATUS BapwvaHTbl 3agaHuii
U 3aKOHbI XMMUM 1 > 3 4 5 =

3aKOH CoXpaHeHus macchbl +
3aKOH NOCTOSAHCTBA +
cocTaBa
3aKoH gencTemnsa macc +
3akoH ABoragpo +
CneacTBue 3akoHa +
ABoragpo
3aKoH 3KBUBANEHTOB +

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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OCHOBHbIE MOHATUA BaleaHTbl 3ap‘a|.|"ﬁ
M 3aKOHbl XUMUM 1 2 3 ] 5 6
"pamm-monekyna (Monb) + +
'paMm-3KBMBaNEHT (r-3KB.) + +
BaneHTHOCTb anemeHTa + +
Kucnota, npumep + +
Conb, npumep + +
OcHoBaHwue, npumep + +
MonekynsapHas macca Na2B4O7- H2S04 NaHCOs | Ba(OH)2 | CHsCOOH H3:BOs3
10H20
-aks (J) Al(OH)3 Ca(OH): H2C204 FeSO4 Mn(OH): CHsCOOK
-2H>0

CodepixaHue u nopssidok 8bINOSIHEHUS pabombi:

1 O3HaAKOMUTLCA C TEOPETMYECKOM YaCTbIO 3aHATUA.

2 1o 3agaHHOMY BapuaHTy:

1) AaTb POPMYNMPOBKN XMMUYECKMM MOHATMAM W 3akoHaM (B BapuaHTe 3agaHus

obo3HayeHbl *);

2) npou3BecTn Heobxoaumble pacyeTbl MOSEKYNAPHOM MacCbl W rpamMm-
3KBMBarneHTa BELLECTB C yKa3aHMEM eMHUL N3MEPEHUS.

3 OdhopMUTb OTYET MO NpakTnyeckon pabore.

4 OTBETUTb HA KOHTPOJIbHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHMe NpakTUYecKoro 3aHATUS

Llenb 3aHATMSA

BapwnaHT 3agaHus

OTyeT O BbINOMHEHUM Ha Kaxablh aTan pasgena «CogepxaHne M NOpPAOOK
BbIMNONHEHUS paboTbi»

Cnuncok ncnonb3oBaHHOW NUTEpPaTypbl U APYrMX MCTOYHNKOB

BbiBOAbI

AdaTbl n nognucm obyyatoLerocs u npenogasartens

KoHmporsibHble 80MpocChl:

1. YTo HasbIBaeTcsa Monem?

2. Kak oopMynmpyoTcs 3aKOHbI COXpaHEHUS1 Maccbl M MOCTOSIHHOIO cocTaBa?

3. dopmynupoBka 3akoHa ABoragpo W cnegcteuss M3 Hero. Kakve ycnosus
Ha3blBaOTCS HOPManbHbIMU?

4. Yto Takoe r-akBmMBaneHT? fBnaetca M rpamMM-3KBMBANeHT BellecTBa

nocTossHHOW BenninHon? OT Yero 3aBUCUT €ro saHayeHune?

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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5. YTo Takoe BaneHTHOCTb anemMeHTa?

6. [laTb XapakTepUCTUKY BaKHENLLMX KNAaCCOB HEOPraHMYECKUX COEAMHEHNN.

7. OnpegenuTb Maccy 50 NUTPOB ABYOKUCK CEPbI MPU H.Y.

8. BbluMcnutb  rpaMM-3KBMBAmNeHTbl  Cleaylowmx  BewecTB B peakuusx
HenTpanusauun: a) NaOH; 6) H2SOas; B) Na2COs - 10H20; r) NaHCOs; a) NazB4O7 -
10H20.

MpakTuyeckoe 3aHATMEe Ne 5 KomnnekcHble coeaMHEHUA: CTpoeHue,
auccoumnaums, pacyeT 3apsaga KoMmnnekcoobpasoBaTerns, KOHCTaHTa HECTOMKOCTHU
Lenb 3aHsmus:

M3yunTb KOMNEKCHbIE COeAMHEHNS: CTPOEeHWEe, ANCcoumaLmio, HOMeHKNaTypy.

Ucrnonb3yembie UCMOYHUKU:

Mepuogunyeckasa cuctema xummndeckmnx anemeHtoB [.. MeHgeneesa;

KOHCTaHTbl HECTOMKOCTU HEKOTOPbIX KOMMSIEKCHBIX NOHOB;

[2], [3].

Teopemuyeckasi Hacmab:

KomrinekcHble  coeOuHeHusi.  WIOHbI  HEKOTOpbIX  3nemeHToB  obnagartT
CNOCOBHOCTBIO NpUcoeanHATL K cebe nonsipHble MONEKyNbl UM MOHbI, 0Bpa3sysi CNOXHble
KOMMMeKCHble WOHbl. CoeaMHeHud, cogepallime KOMMSEKCHbIE WOHbI, COXpaHsoLne
COCTaB KOMMIeKca Npu guccounaumnmn, HasblBalTCHA KOMMIEKCHLIMU COEOUHEHUSIMU.

O6pasyoTcsa OHM Npy B3aUMOAENCTBMM ABYX BELLECTB, Hanpumep:

CuSOa4 + 4NH3 = [Cu(NH3)4]SO4 (2)

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

KomnnekcHble coeauvHeHunsd, o06OpasoBaHHble KaTMOHaMWU C  OpraHUYecKUMmu
BeLLleCTBaMM, Ha3bIBAOTCS KOMIT/IEKCOHaMU.

LleHTpanbHbIN MOH NN aTOM KOMIMAEKCOHA Ha3bIBaKOT KOMIIsiekcoobpa3ogamersiem.
B npuBegeHHbIX npymepax 3To aToMbl Meau 1 xenesa. VIoHbl nnu nonsipHble Monekynbl,
CBSA3aHHble C KOoMMekcoobpasoBaTenem, HasblBalT suesaHOamu unu addeHOamu. B (1)
KOMMeKce nuraHabl — MOneKynbl aMMuaka, Bo (2) Komnnekce nuraHabl — LMaHua-UoHbI.

Uucno nuraHgoB, CBsI3aHHbIX C  KoMnnekcoobpasoBaTernemM, HasbiBaeTcs
KOOPOUHaUUOHHBIM YUCIIOM (K.4.).

PasnnyaloT BHYTPEHHIO 1 BHELLUHIO cdepbl Komnsekca. Hanpumep, B Komnnekce
(1) ueHTpanbHbIK aTOM Meau BMECTe C nuraHgamu, Mofekynamu ammuaka, obpasyeT
BHYTPEHHIO cdepy, a cynbdaT-uoH — BHELUHIOW. ATOMbI, BXOASALWME BO BHYTPEHHION

cepy, 3aknoyalT B KBagpaTHble CKOOKM. [MockonbKy 3apsabl BHYTPEHHEN W BHELLHEN
LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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cdep paBHbl Mexay coOOOM M NMPOTUBOMNOMOXHBI MO 3HAKY, TO KOMMSIEKCHOE COoeanHeHMne
SNEKTPOHENTPAIIbHO.

KomnnekcHble coeanHeHns anccounnpyoT ¢ obpasoBaHMeM KOMMIEKCHbIX NOHOB:

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

Aunccoumaumsa (3) nponcxoguT no BHELLHEN cdepe.

KomnnekcHble MoHbI 06nagaloT pasnUYHON CTENEHbIO YCTOMYMBOCTM M B pacTBOpax
CcnocobHblI B CBOK o4epeab obpatmmo cnabo guccoummpoBaTb. Peakuus guccoumaumm,
Hanpumep: [Fe(CN)s]* <« Fe?* + 6CN-, onucbiBaeTcs KOHCTaHTON paBHOBECKS,
Ha3blBaeMOW KOHCmaHmou HecmoutKkocmu, KoTopas dyaeT pasHa:

Ki = ([Fe?*] - [CN1®) / ([Fe(CN)e]*.

Yem Gonblue 3HavyeHne Ku, TeM MeHee NpoYeH KOMMIEeKC, TeM Nnerdye pacnagaetcs
OH B pacTBope.

Mcxoas n3 KOHCTAHT HECTOMKOCTM KOMMIIEKCOB, MOXHO BbIYUCIIATE KOHLIEHTpALMIO
MPOCThLIX MOHOB, MPUCYTCTBYHOLUNX B pacTBOpax KOMMIEKCHbIX coner. A 3To HeobxoaMmMo
3HaTb 419 OCaXOAeHUs U3 pacTBopa TOro UM MHOTO NPOCTOro MOHa.

KomninekcHble conu — conu, Npu Auccoumaumm KOTOpbIX B BOAHOM pacTBOpe
KOMMMEKCHbIE KaTUOHbI MM aHUOHbI COXPaHStOT CBOWM COCTaB. TONbKO MNpuU 0COb6bIX
yCrioguUsIX OHU MOTYT pasnaratbCs Ha COCTaBHble 4acTu wmnn obpasoBbiBaTb HOBbIE
KkomMmnnekcbl. B dpopMynax KOMNMeKCHbIX comnen crieBa 3anucbiBaloT QOpMyny KaTUoHa, a
3atem (cnpaBa) — OpPMYyIy aHMOHA, T.€. aHarorM4YHO 3anncu NPOCTbIX CONEN:

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

LeoliHble conu — conn, KOTOpble B BOAHOM pacTBOpPE OUCCOLMMPYHOT Ha BCe BUAbI
WNOHOB, BXOASILLMNX B MX COCTaB:

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

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

Kpucmannoaudpamsbi — KpUCTaniMyeckme BELLECTBA COJIEN, KACMOT, OCHOBaHUM U
OpraHMYecKkMx COoeavHEeHUR, uMmetowMe B cocTaBe oaHy U Oonee  Monekyn
KpUCTannmM3aunmoHHOM BOAbI, HAaNpuUMep:

CuSOs4 - 5H20
H2C204 - 2H20.

MHorne kpuctannorMapaTbl SBASAKTCA KOMMMEKCHbIMU COeAMHEHUSIMU, Hanpumep:

CrClsz - 6H20 = [Cr(H20)6]Cls.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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HomeHknamypa KoMrnekcHbix coeduHeHul. HasBaHUs KOMIMMEKCHbIX COnewn
obpasyloT no oblwemy rpasusy: CHayana HasbiBalOT aHWOH, a 3aTeM — KaTUOH B
poauTenbHOM nagexe.

HasBaHne KOMMIEKCHOro KaTuoHa COCTaBNAT crnegylowumm obpasoM: cHavana
yKasblBaloT ymcna (MCnonb3ysa rpevyeckme YncnuTtenbHble: Ou, mpu, mempa, neHma, 2ekca
W T.4. U Ha3BaHUA OTpULATESNbHO 3apsXKeHHbIX NUraHaoB ¢ OKoHYaHnem «ox» (Cl — xnopo,
SO4 % — cynbgpamo, OH- — 2udpokco n T.n.; a 3aTeM yKasblBalOT YuCra M Ha3BaHUS
HEeNTpanbHbIX NMMraHAo0B, NpUYeM BOAA Ha3blBAeTCHA akea, a aMMNaKk — aMMUH; NOCNeaHNM
Ha3blBalOT KOMMIeKkcoobpasoBaTenb, ykasblBasd €ro CTeneHb OKUCNeHust (B Cckobkax
pUMCKMMU Lumncbpammn nocne Ha3BaHWs KOMMNiekcoobpasoBaTens), Hanpumep:

[Pt(NHs)s CI]Cl — xnopug xnopotprammuHnnaTuHsl (1).

Ha3BaHne KOMMNMEKCHOro aHMoHa COCTaBNAT aHANOMM4YyHO Ha3BaHUIO KaTUOHaA U
3aKkaH4mBatoT cydPUKCOM «aT», Hanpumep:

(NHa4)2[Pt(OH)2Cl4] — TeTpaxnopogurnapokconnatmHart (IV) ammMoHus.

HasBaHnsa HenTpanbHbIX KOMMMEKCHbIX YacTul obpasyloT Tak e, Kak U KaTUOHOB,
HO KoMnrekcoobpasoBaTenb HasblBalOT B MMEHUTENbHOM nagexe, a CTeneHb ero
OKUCIMEHMS He YKasblBalOT, TaK KaK OHa onpedensietcs anekTpoHEenTPanbHOCTbIO
komnnekca. Hanpumep, [Pt(NH3)2Cl2] — guxnopoanammmHnnaTuHa.

Mpn cocTaBneHUn ypaBHEHUS peakuuin, B pesynbTaTte KOTOpbIX 0OpasytTcs
KOMMMEKCHbIE COeauHEeHUsi, HeobxoaMMO yuuTbiBaTb rpasusio ornpedesieHUs 3apsida
KOMI/IEKCHO20 UOHAa: 3apsa KOMMIEKCHOro MoHa paBeH anredbpanyeckon cymme 3apsgoB
NMOHOB, U3 KOTOPbIX OH 06pa3oBarncs.

Mpumep 1. Onpegenutb 3apag KomnnekcHoro noHa [Fe(CN)s]*, B KOTOpOM Xeneso
NposiBNsieT CTENeHb OKUCNEHUS +2.

PeweHve. 3apsg voHa xenesa +2, a 3apsg WeCTM WMOHOB OOHOOCHOBHOM
CUHUNBHOW KMCNoTbl — 6. Anrebpaunyeckas cymma 3apsgoB oyget: (+2) +(-1)-6=-4

Mpumep 2. Onpegenntb CTENeHb OKUCMEHUSS MeAW B  KOMMSIEKCHOM WOHEe
[Cu(NH3)4]?*.

PeweHue. Tak kak yactnubl NH3 HenTpanbHbl, TO 3apsg MOHa Meau paBeH 3apsay
BCEro Kkomnnekca, T.e. +2.

UcxodHble mamepuaribl U OaHHbIE:

BapuaHT KomnnekcHoe coequHeHmne
3agaHus

1 K2[Hg|4]

2 Cuz[Fe(CN)B]

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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Bap"aHT KomnnekcHoe coeanHeHue
3agaHusA

3 Fes[Fe(CN)s]2

4 [Cu(NH3)4]SO4

5 Ka[Fe(CN)g]

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

8 K[A(OH)]

9 [Cu(NH3)4]SO4

10 K2Na[Co(NO2)s]

11 [Cu(NH3)4](OH)2

12 Fes[Fe(CN)s]s

13 Ka[Cr(OH)g]

14 Zn3[Fe(CN)e)2

15 Ko[PtCla]

16 [Cr(NHs)a(CO3)]CI
17 [Cu(NH3)2(SCN)z]
18 [Cr(NHs3)3(H20)3]Cls
19 [Pt(NH3)2Cl4]

20 [Cr(H20)4P0O4]

CodepxxaHue u rnopsidok 8bIrnoHeHUs pabomsi:
1 O3HAaKOMUTbLCS C TEOPETUYECKON YACTbIO 3aHATUS.
2 o 3agaHHOMY BapuaHTy:
1) baTb Ha3BaHWE KOMMIIEKCHOMY COEQUHEHWNIO;
2) HanucaTb YpaBHEHWe ero gnccoumaumnm;
3) ykasaTb KomnnekcoobpasoBaTenb 1 paccumMTaTth €ro 3apsg;
4) ykasaTtb nuraHabl (agoeHabl);
5) HaNTK KOOPANHALNOHHOE YUCHO.
3 OhopmuTL OTHET NO NpakTU4eckon padorTe.
4 OTBETUTb Ha KOHTPOSbHbIE BOMPOCHI.
CodepxaHue omyema:
HanmeHoBaHMe NpakTUyYecKkoro 3aHsaTus
Llenb 3aHATMSA
BapwnaHT 3agaHus
OTyeT O BbIMNONMHEHMM Ha Kaxabld 3Tan pasgena «CopepxaHue M nNopsaok
BbIMNONHEHUs paboTbl»
CnncoK ncnonb3oBaHHOW NUTepaTypbl U APYrMX NCTOYHUKOB
BbiBOAbI

NaTbl 1 nognucy oby4yatolerocs 1 npenogasartens

KoHmpornbHbie 80rpochi:

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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1. Kakve conu HasbIiBalOTCA KOMMNIIEKCHLIMU?

UTo Ha3bIBaeTcs KomnnekcoobpasoBaTtenem?

YTto Takoe nuraHabl?

Y10 nokasblBaeT KOOPAMHALMOHHOE YNCIO?

BHyTpeHHss1 1 BHELWHAA cdbepbl komnnekca? [Jante npumepsl.
Kak guccoummpytoT KOMMNNeKcHble Cosu, ABOMHbIE CONN?

UTo Takoe KOMMMEKCHbIN NOH?

© N o o A~ WD

UTo BbipaxkaeT KOHCTaHTa HECTONKOCTM KOMMMEKCHOro noHa?

Mpaktnyeckoe 3aHsATMEe Ne 6 [Ouccoumauma KACNOT, OCHOBaHUW, CONEWN.
Peakunn noHHoro o6meHa. CnocoObl BbipaXXeHUsi KOHUEeHTpPaLum pacTBoOpoB

Llenb 3aHsmus:

3HaTb onpedeneHns  KUCNOTbl, OCHOBaHWA, CONMWM B CBeTe  Teopumn
3NEKTPONUTUYECKON Aauccounaumm. YMeTb Jdenatb pacyeTbl Npu  NPUroTOBNEHUU
pacTBOPOB Pa3fIMYHON KOHLEHTpaUnn.

Ucrnonb3yembie UCMOYHUKU:

Mepuogunyeckasa cnctema xummndeckmnx anemeHtoB .. MengeneeBa;

Tabnuua pacTBOPUMOCTU KACNOT, CONEN N OCHOBaHUI B BOAE;

[2], [3].

Teopemu4yeckasi Hacmb:

BewecTtBa, pacnagatowmecs Ha WMOHbl B pacTBoOpax WNW pacnnaBax M MNoTomy
NpoBOASALLME 3MEKTPUYECKUA TOK, HasblBawTCa anekmponumamu. K anektponutam
OTHOCHATCS KMCMNOTbI, OCHOBAHMUS M MNOYTU BCE COSMN.

Pacnag anekTponuToB Ha WOHbI NpU pPacTBOPEHUMM UX B BOAE Ha3blBaeTCs
anekmponumuyeckol  duccoyuayuel. C NOMOLWLbID Teopuu  SNEKTPOSNIUTUYECKOW
anccoumaumn, kotopyto paspabotan C. AppeHuyc (naypeat Hobenesckon npemun 1903
roga), onpeaensoT U ONUCbIBalOT CBOMCTBA KUCNOT, OCHOBAHWIA 1 CONen.

C nosuumi Teopum aNEKTPONUTUYECKON AMccoumaumnmn KnaccnuguumpyoT:

Kucriomamu Ha3blBalOTCA SMNEKTPONUThbI, NpU AMccoumauum KOTOPbIX B KayecTBe
KaTnoHa obpasyeTcs TONbKO KaTnoHbl Bogopoaa. (KaTtnoHbl — NONOXUTENbHO 3apsiKEeHHbIE
NOHBbI, aHWOHbI — OTPULIATENBHO 3apsKeHHble MOHbI). Hanpumep,

HCl - H* + CI

CH3COOH « H* + CH3COO-

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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[ByX- U MHOrOOCHOBHbIE KUCIOTbl AMCCOLMUPYIOT CTyneH4YaTo (MOCTENEHHO),

Hanpumep,
H3POs4 < H" + H2PO4 (1 cTyneHb)
H2PO4 < HY + HPO4% (2 cTyneHb)
HPO4? < H* + PO4s* (3 cTyneHb)

OcHoBaHUsIMU Ha3bIBAKOTCA 3MNEKTPONUTLI, NPYU AUCCOLMALMN KOTOPbIX B KayecTse
aHNOHOB 06pa3ytoTCsa TONbKO MMAPOKCMA-MOHbI. Hanpumep,

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

OcHoBaHus, pacTBOpMMble B BOAE, Ha3blBalOTCA wWesiodamu. OTO OCHOBaHUSA
LLENOYHbIX N WwenodHodemMenbHblx MeTannos: NaOH, KOH, Ca(OH)2, Ba(OH)2, a Takke
NH4OH.

[BYyX- 1 MHOTOKMCIIOTHbIE OCHOBAHMSA OUCCOLMUPYIOT CTyNeHYaro:

Ca(OH)2 <« Ca(OH)* + OH" (1 cTyneHb)

Ca(OH)* < Ca?* + OH (2 cTyneHb)

Conamu HasblBalOTCS 3NEKTPONUTbI, MpU  AMCCouMaumm KOTopbix o6pasyoTcs
KaTMOHbl MeTansnoB (a Takke KatMoH aMMoHus NHs*) M aHMOHbI KMCIOTHbBIX OCTaTKOB,
Hanpumep, NasPOas <> 3Na* + POs*

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

Tak ONCCcounnpyroT cpegHue Ccorin. Kucrnbie Xe n OCHOBHblE COMK anccounmnpyroT

CTyneH4aTo:
Kucnebie: KHSO4 > K* + HSO«
HSO4 <> H* + SO4%
OcHoBHblE: Mg(OH)CI < Mg(OH)* + CI

Mg(OH)* < Mg?* + OH-

Avccoumnaums — obpaTMbIn NpoLEeCc: NapanneneHO ¢ pacnagom MOEKYI Ha NOHbI
(auccoumaumsa) npoTekaeT npouecc coeauvHeHuss WMOHOB (accoumaums). oatomy B
YPaBHEHUAX 3MEKTPONIMTUYECKON AMccouMaumy BMECTO 3HAKa PaBEHCTBA CTaBST 3Hak
obpaTtmocTu («).

Peakyuu uoHHo20 obmeHa.

CornacHo Teopumn 3MNeKTPONUMTUYECKON AMccouMauun BCE peakuum B BOAOHbIX
pacTBopax 3neKkTPONIMTOB SBASIOTCA peakuusmyi Mexay uoHamu. OHM  HasbiBalTCs
UOHHBIMU peakyusiMu, a ypaBHEHUS 3TUX peakuni — UOHHbIMU ypasHEeHUSIMU.

Mpwu COCTaBneHnn nx crnegyet yYnTbIBaTb, 4TO BelllecTBa

ManoAnCCOUMMPOBaHHbIE, ManopacTBopuMble (Bbinagarowmne B 0CafokK) n razoobpasHbie
LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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3anucbiBaloTCa B MosekynspHon dopme. 3Hak | obo3HavaeT ocagok, 3Hak 1 — ras.
CunbHble 9NEKTPONUTbI Kak NOMIHOCTbIO OUCCOLUMMPOBAHHBLIE 3aNUCbIBAOT B BUAE MOHOB.
CymMMa aneKkTpuyeckmx 3apsgoB feBOM 4acTW ypaBHEHUS AOMMKHa ObiTb paBHa cymme
3apsagoB NpaBown YacTu.

KoHueHmpauyuro pacTBopa WNU coAep)kaHue BellecTBa B pacTBOpe BblpaxatT
HECKONbKMMM cnocobamu: NpoLEeHTHas, MonsipHas, HopMmarnbHasi, MonssnbHas, TUTP.

lpoueHmHas KOHUeHmpayusi N0 Macce BblpaxaeT YNCII0 rPaMMOB PaCTBOPEHHOIO
Bewectea B 100 r pactBopa. Hanpumep, 100 r 30 % - HOro pactBopa a3oTHOM KUCAOThI
cogepxut 30 r HNOs 1 70 r BoAbl.

MonspHass KoHUeHmpauusi unu MosigpHocmb (M) BblpaxaeT u4ucno Monen
pacTBOpeHHOro Bewectsa B 1 nutpe pacTteBopa. EguHuua wunamepeHuss MonsipHOM
KOHLUeHTpaumn — monb/n. Hanpumep, 1M H2SO4 0603HayaeT: pacTBOp CEPHOM KUCNOTbI, B
KaXKOoM NMTpe KOToporo cogepxutca 1 monep, T.e. 98 r H2SOa.

HopmarnbHas KoHUeHmpauyusi unu HopmasnsHocmbs (H, N) BblpaxaeT 4yMcno rpamm-
9KBMBANEHTOB PaCTBOPEHHOro BelwlectBa B 1 nutpe pactBopa. EanHuua mnamepeHus
HOpPMarnbHOW KOHUEHTpauun — r-ake/n (H). Hanpumep, 1H H2SO4 o6o3HavaeT: pacTeop
CEPHOM KUCIOTbI, B KaXXAOM NNTpe KoToporo cogepxutcs 1 r-ak., 1.e. 49 r H2S04. Yacto
BMECTO HOPMaribHON KOHUEHTpauum ynoTpebnsaioT Ha3BaHWe «MOJISPHOU KOHUeHmpauyuu
akeusaneHma» (M), monb/n (Monb/am?3), 1 ykasbiBatoT (hakTOp 9KBUBANEHTHOCTU, fake, UK
xnmmyeckyto peakumto. Hanpumep, 1M H2SOas (foxe = ¥2) 0603HA4YaeT: pacTBOp CEpPHOM
KMCNOTbI, B K&XX4OM NUTPE KOTOPOro cogepXxmntcs 1 Monb-ake, T.e. 49 1 H2SOa.

MonsipHasi KOHUEHTpaums 3KBMBaneHTa Bcerga OGonblue unvM paBHa MOSSIPHOWN
KOHUEHTpaumn pacteopa.

MonsnbHas KoHueHmpauus unu mornssnbHocms (M) BbipaxaeT 4ucno Monen
pactBopeHHoro Bellectsa B 1000 r pactBoputens. EamHnua mMonanbHOM KOHUEHTpauum —
Monb/1000 r pactBoputens. [Ona pasbaBneHHbIX BOAHbLIX pPaCTBOPOB YUCMEHHbIE
3Ha4YeHNss MONANBHOCTU N MOSNSAPHON KOHLIEHTPALMM COBMNagatoT.

Ecnu B 1 n pactBopa cogepxutca 1,0; 0,1; 0,01 n 0,001 r-akB pacTBOPEHHOro
BeLLeCcTBa, TO pPacTBOP Ha3blBAeTCA COOTBETCTBEHHO HOPMarsbHbIM, AEUUHOPMAanbHbIM,
CaHTMHOPMarbHbIM UM MUNNIMHOPMarnbHbIM. 10 aHanormm HasbiBalOTCA pPacTBOpbI
MOSAPHOWN UNU MOJSISANIbHOM KOHLEHTPaLNM.

Tump pacmeopa (T) — TOMHOE 4MCNO rPaMMOB PaCTBOPEHHOroO BewecTsa B 1 Mn
pactBopa. Egunvua Tutpa — r/mn (r/cm®). TloHATME «TUTP» 4YacTo 3aMeHsiioT

HOPMUPOBOYHBLIM KO3GhhULUUEHMOM.
LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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Mpumep 1. MpurotoBute 500 r 5 % - Horo pactBopa KNOs.
PeweHue.
1) Hamgem wmaccy conn, Heobxoaumyk [nsi MNPUrOTOBMEHMSI pacTBopa U3
nponopumu:
5 r conun cogepxutca B 100 r pacTeopa
x r conu cogepxuntca B 500 r pacteopa
x=5-500/100=25Tr
2) PaccunTtaeMm, CKOMbKO HY>XHO BOAbI AN NPUroTOBEHUS:
500-25=475r1
Mpumep 2. K 15 % - Homy pacTteopy, macca kotoporo 80 r, gobasunu 30 r BoAbl.
Kakown ctana maccoBasi 4ONs pacTBOPEHHOIO BELLECTBA B NOTyYEHHOM pacTBope?
PeweHwue.
B pesynbrtate pasbaBrneHus pacTBopa BOLOWM Macca pacTBopa yBenuyunacbh, a
BELLECTBa B HEM OCTanoCb CTOSbKO Xe.
1) Paccuntaem maccy conm B pacteope: x =80 - 15/100 =12 r
2) Paccuntaem maccy BHOBb nosiydyeHHoro pacteopa: 80 + 30 =110 r
3) Paccuntaem maccoByto JOMO pacTBOPEHHOIO BELLLECTBA BO BTOPOM pacTBOpPE:
x=12-100/110=10,9 %
Mpumep 3. Paccuntante wmaccy xnopuga 6apusi, Heobxogumyro  AOns
NPUroToBIIEHNA 2 N pacTBoOpa, KOHUEeHTpauus kotoporo 0,2M.
PeweHue.
1) Maccy conu, cogepxawencs B 1 n pacteopa, paccymtaem u3 nponopLmmn:
1M BaClz2 coagepxuTt 1 monb/n conu unun 208 r BaCl2 B 1 i1 pacteopa
0,2M BaCl2 cogepxuT 0,2 - 208 = 41,6 r BaCl2B 1 i1 pactBopa
2) Macca conu, cogepxawasnca B 2 n: 41,6 - 2 = 83,2 r BaClz
Mpumep 4. Onpepenute maccy 6essogHon cogbl Na2COs, Heobxoaumyko Lnd
npurotoenexHnsa 500 mn 0,1 H pacTeopa.
PeweHue.
1) Moacuntaem rpamm-aKBUBANIEHT COAbI:
O NaxCOs = M/2 = 106/2 =53 r
2) Haxognm maccy Na2COs onst npuroToBreHnsa pacteopa:
1H Na2COsz cogepxut 1 r-ake/n nnm 53 r Na2COs B 1 n pacteBopa
0,1H cogepxuT 0,1 r-aks/n nnu 5,3 r Na2COs3 B 1 n pacTteopa
3) Macca cogpl B 500 mn (0,5 n) coctaBut 5,3-0,5=2,65T

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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UcxoOHble mamepuaribl U OaHHbIE:!

BapuaHTtbl
o 3apgaumn
3agaHun

1 1) Cxonbko waseneson kucnotbl (H2C204 - 2H20) Heobxoaumo ansa npurotosneHunsa 100 mn
0,15 H pactBopa?
2) KakoBa HopmanbHas koHueHTpauus 0,1M pacTBopa xnopuga xpoma?

2 1) MpurotoBuTtb 3 H pactBop MgSO4 B 06BEMeE 300 M.
2) KakoBa npoLeHTHas KOHLEeHTpaLnusa pacTeopa, Nony4eHHOro npu pactTBopeHun 75 r
K2COs B 300 r Bogb!?

3 1) B 200 mn pactBopa HNOs cogepxutes 2,451 HNOs. Bblumcnnte MONSIPHOCTb U
HOpMarnbHOCTb pacTeopa.
2) Ckonbko rpammoB KCl Heobxogumo aobasutb k 100 r Boabl ansa nonyyeHms 20 % - Horo
pacTtBopa conun?

4 1) Ckonbko rpammoB NaOH cogepxutca B 2 n 0,1 H pacteBopa?
2) Ckonbko rpammoB NaCl Heobxogmmo pacteopuTb B 100 r Bogbl Anga nonydeHusa 1 % -
HOro pacreopa?

5 1) B 200 mn pactBopa H2SO4 copepxutcsa 2,451 H2SO4. Bbrumcnntbs MONsipHOCTb M
HOpPManbHOCTb pacTBopa.
2) Ckonbko rpammoB NaCl Heobxoammo pacteopuTtb B 100 r Boabl ans nonyyexHms 10 % -
HOro pacreopa?

6 1) Onpegenutb maccy cynbdara HaTpus, Heobxoaumyto anst npurotosnenns 200 mn 0,01
H pacTBopa.
2) B 250 mn Bogpl pactsopunu 90 r conu. KakoBa NpoueHTHasA KOHLEHTpaums Nofy4YeHHOro
pacTeBopa (MNO0THOCTb BOAbI paBHa 1 r/mn)?

7 1) KakoBa npoueHTHas KOHLUEeHTpaumsa pacTBopa Nony4eHHoro npu pacrsoperHmn 175 r
K2COs B 1300 r BOABI?
2) KakoBa HopmanbHas koHueHTpaums 0,1 M pacTtBopa xnopuga kanusa?

8 1) Ckonbko rpammoB KCI Heobxoammo gobasuts k 100 r Bogel Ana nonyyerHns 10 % - Horo
pacTtBopa conun?
2) KakoBa HopmanbHas koHueHTpaums 0,1 M pactBopa xnopuga aMmmMoHna?

9 1) KakoBa monsipHas koHueHTpauus 0,5 H pacTBopa cynbdarta mean?
2) B 140 mn Boabl pactsopunu 30 r conu. KakoBa nNpoLeHTHas KOHUEeHTpauns nofy4eHHoro
pactBopa (NNoTHOCTb BoAbl paBHa 1 r/mn)?

10 1) Ckonbko rpammoB KOH cogepxuntcsa B 200 mn 2 H pacTBopa?
2) Paccuutatb Maccy xnopuaa HaTpusi, HeobXoaumyr AN NPUroTOBMEHUA 2 1T pacTBopa C
KOHUeHTpaumen 0,2 M.

11 1) MpuroTtoeuTb 0,2 H pacTBop KOH B 06BEMe 0,5 .
2) Paccuutatb Maccy xnopuga HaTtpusi, Heobxogumyto ans npurotosnexus 0,5 n pacrteopa
C koHueHTpaumen 0,01M.

12 1) Ckonbko rpammoB NaCl Heobxogumo pactsoputb B 100 r Bogb! Ans nonyyeHus 7% -
HOro pacreopa?
2) NpwvrotoButb 0,01M pacteop NaOH B 06béme 100 mn.

13 1) B 200 mn pactBopa KNOs cogepxutca 2,451 KNOs. BbluucnnTe MONSPHOCTb 1
HOpPManbHOCTb pacTBopa.
2) Bblumcnute monsipHocTe pactBopa NaCl 0,5 % - HOM KoHueHTpauun. [nOTHOCTb
pactBopa 1 r/cm3

14 1) Paccuutatb Maccy xnopuaa Hatpusi, Heo6xoauMyo NS NpUroToBrneHnst 5 n pacrteopa ¢
KOHUeHTpaumen 0,1M.
2) B 500 mn Boabl pacteopunu 90 r conu. KakoBa npoLeHTHas KOHUEHTpaums nonyyeHHoro
pactBopa (NNoTHOCTb BoAbl paBHa 1 r/mn)?

15 1) MpurotoBuTb 5 % - HbIN pacTBop NaOH B 06bEMe 500 mn.
2) Onpegenntb Mmaccy CuSQa, Heobxoammyto ansi npurotoeneHuns 200 mn 0,01 H pacTBopa
1 200 mn 0,01M pacTBopa.

16 1) B 240 r Bogb! pactesopunu 80 r conu. KakoBa % - Hast KOHUeHTpauma?
2) MpurotoButb 0,01M AgNO3z B 06BEMEe 0,5 .

17 1) B 200 mn pactBopa K2SOa4 copgepxutca 2,451 K2SOs. BblumcnmTb MONSPHOCTL U

HOPMasIbHOCTb pacTBopa.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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BapVIaHT!:I Janaun
3agaHun
2) B 300 r Bogb! pacteopwnu 80 r conu. KakoBa % - Has koHUeHTpaumsa?
18 B 750 r Bogpl, pacteopunu 60 r AQNOs. KakoBa npoLeHTHasa KOHUeHTpaunus Nofy4eHHoro
pacTtBopa?
2) MpurotoButb 0,1M AgNO3 B 06BEMe 0,5 1.
19 1) KakoBa MonsipHasi KOHLEHTpauus 2 H pacTBopa COJIIHON KACNOTbI?

2) B 200 mn Boabl pactBopunu 50 r conu. KakoBa NpoLeHTHas KOHUEHTpauusl Nony4eHHOro
pacTtBopa (NNOTHOCTb BoAbl paBHa 1 r/mn)?

20 1) Ckonbko Boabl HeobxoamMmMo nNpmbaeuTb k 500 Mn 20 % - ro pacTBopa NOBapeHHOW conu
(nnoTHOCTb 1,152 r/Mn), 4TobbI NONY4nTL 4,5 % - HBIM PpacTBOpP?

2) B 300 mn pactBopa coagepxutca 0,3723 r Tnocynbgarta HaTpus (Na2S203 - 5H20).
OnpegenuTe MOMSIPHOCTbL M HOPMasbHOCTbL pacTBopa.

21 1) B 200 mn cnupTa (nnotHocTb 0, 84 r/cm3) pacTtBopeHo 17 r noga. Yemy paBHa
NPOLEeHTHas KOHLLEeHTpaLUuMs nonyyYnBLIerocs pacteopa?

2) Onpegenntb Mmaccy CuSOa4, Heobxoammyto ans npurotosnexnus 200 mn 0,01 H pacTBopa
1 200 mn 0,01M pacTtBopa.

22 1) KakoBa HopManbHas KOHLEeHTpauus pacTeopa, ecnv n3BecTHo, 4to B 500 mn pacteopa
cogepxutca 5 r cynbduTta HaTpms?

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

23 1) Onpegenutb Maccy CuSOa4, Heobxoaumyto ansa npurotoenexnms 200 mn 0,01 H pacTBopa
n 200 mn 0,01M pactBopa.

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

24 1) Ckonbko rpammoB Na:SOsz notpebyeTtcst ans npurotoBneHma 5 n 8 % - Horo pacTtBopa
¢ nnotHocTblo 1,075 r/cm3?

2) MNpwrotosutb 0,5 H pactBop KMnO4 B 06b€me 1500 mn.

CodepixaHue u nopssidok 8bINOIHEHUS pabombi:

1 O3HaAKOMUTLCA C TEOPETMYECKOM YaCTbIO 3aHATUA.

2 1o 3agaHHOMY BapuaHTy:

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

2) HanucaTb AnccounaLmio 3NeKTPONUTOB, NPUBEAEHHbIX B 3a4a4vax;

3) HanucaTb YpaBHEHUSA peakunini B MONEKYNSIPHOM M MOHHOM dhopMax BELLECTB; 3a
OCHOBY B35Tb XMMWYECKNE COEANHEHNS, NPUBEAEHHbIE B 3aga4ax.

3 OdhopmMUTb OTYET MO NpaKkTnyeckon pabore.

4 OTBETUTb Ha KOHTPOSIbHbIE BOMPOCHI.

CodepxxaHue omyema:

HavnmeHoBaHMe npakTUyeckoro 3aHATUS

Llenb 3aHATMA

BapwvaHT 3agaHus

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

CnncoK ncnonb3oBaHHOW NUTepaTypbl U APYrMX NCTOYHUKOB

BbiBoAabI

[atbl 1 nognucu oby4yatoLlerocs 1 npenogaBaTtens

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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KoHmporibHble 80rpochi:

1. Jante onpegeneHus MOHATUSM «KUCIOTa», «OCHOBaHWE», «COfb» B CBeTe
TeopuUn dNEeKTPONUTUYECKON Anccoumaumn.

2. YTo Has3bIiBaeTCH KOHUEHTpaumen pacteopa? Kak oHa BbipaxaeTcs?

3. Hannwunte ypaBHeHUs CcTyneH4yaTon guccouumauumn cregyrowmx kMenot: Hz2SO4,
H2S, H3ASOa.

4. Kak guccoummpytoT Ha noHbl conu: KNO3z, Ca(NO3)2, AI(NO3)3?

5. Hanuwmnte ypaBHeHMa auccoumaumm crnegyrowmx ocHoBaHui: Ba(OH)z,
Ca(OH)z2, Al(OH)s.

6. Hanuwmnte ypaBHEHUS peakumn B MOMEKYINSPHOM U MOHHOW hopmax Mmexay
pacTBOpamu xrnopuaa HaTpusa n HuTpaTa cepebpa.

7. Hannwmnte ypaBHEHWA peakuun B MOJSIEKYSISIPHOW U MOHHOW doopMe Mexay

pacTBopamu xnopuaa 6apus u cepHol KACMOTbI.

3.2 Bropasa aHanuTtu4yeckas rpynna KaTMOHOB

MpakTnyeckoe 3aHaATHe Ne 7. BbluncneHue cTteneHn guccouumawmm no
KOHCTaHTe AMCCOLMALUN U KOHLEHTpaLun 3NeKTponnToB. BbluncneHue 3HavyeHun
npousBeneHns pacTBOPUMOCTU OMHAPHLIX 3NEKTPOSIMTOB MO PaCTBOPUMOCTU U
HaobopoT

Llenb 3aHsmus:

YMeTb BbIMUCIATbL CTEMNeHb AuccouMauun Mo KOHCTaHTe guccouuauun  u
KOHLUEHTpaumMM  9rnekTPonuTOB,  3HayeHust  MNPOM3BEAEHMSI  PaCTBOPUMOCTM MO

pPacTBOPMMOCTU U HA0BOPOT.

Hcrionb3yemble UCMOYHUKU:

MNepunognyeckas cuctema xmmmndecknx anemeHtos [1.. MeHgeneeBa;

Tabnunua pacTBOPUMOCTM KMCMOT, CONEN U OCHOBaHW B BOAE;

Tabnuua nponsBeaeHnii pacTBOPMMOCTH;

Tabnuua KOHCTaHT gnccoumauumm;
[2], [3].

Teopemuyeckasi Hacmb:

BeliectBa, pactBopbl KOTOPbIX MOSIHOCTBIO WAM YaCTUYHO COCTOAT M3 MOHOB,
HasbIBalOTCS ar1ekmposiumamu. Pacnag Monekyn Ha MoHbl Nod 4eNCTBMEM MOSIEKYN BOAbI

(vnn gpyroro pacTBOpUTENS) Ha3bIBAETCS 3/IeKmMposiumuyeckou duccoyuayued.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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Hdunccoumauma — npouecc obpatumbin. CnocobHOCTL BellecTBa pacnagatbCa Ha
WOHbl NMOA4 AEWCTBMEM MOJSEKYN pacTBOPUTENS XapakTepusyloT BENUYMHOM CTENeHU
3MEKTPONNTUYECKON AMccoumaumnm Unmnm KOHCTaHTbl AMCCoUnaUmm.

Cuna oanekTponuta onpegensieTca CcTeneHbld ero  auccoumaumn. CTeneHb
auccoumaumn, o, B 4ONAX eANHULbI UK B NpoLleHTax, byaeT paBHa:

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

rae C — obLiee Yncno pacTtBOPEHHbIX MOSMEKYIT;

X — YMCNO MOMEKYS, pacnaBLUMXCH Ha UOHBbI.

Takum obpasom, cmeneHbo Ouccoyuayuu Ha3blBAaeTCA YMUCNO, MoKasbiBatollee,
Kakasa 4yacTb OT 0bLLEero KonmyecTsa paCTBOPEHHOIO SNEKTPONMTa pacnagaeTcs Ha UOHbI.

Ecnn a = 0, To guccoumauusa otcytcreyeT, a ecnv a = 1 unun 100 %, To anekTponut
NOSTHOCTbIO pacnagaeTcs Ha MoHbl. Ecnn a = 20 %, To 3T0 o3Ha4vaeT, 4To M3 100 monekyn
AaHHoro anektponuTta 20 pacnanock Ha MoHbl, a 80 — HeT.

CunbHble anektponutel umetT a > 30 % (> 0,3 go 1,0); cnabble anekTponuTbI
nmetroT a < 3 %. CpegHue anekTponuTbl UMetoT cteneHb anccounaumm ot 3 oo 30 %.

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

B aTom cnyyae npouecc guccounaummn aBnsieTcss obpaTUMbIM, U K HEMY NPUMEHUM
3aKkoH delicmsyrouwux macc. Hanpumep, onst guccoumnaumm yKCyCHOM KMCNoTbl (cnadoro
anektponuta), npoucxoaswen no ypasHeHnto CH3COOH « CHsCOO- + H*, koHCTaHTa
XMMMUYECKOro paBHOBECUSA MOXET BbITb 3anncaHa cneayowmnm obpasom:

K=[H"]-[CH3z COO]/[ CH3COOH].

BennumHy «K» HasbiBaloT KoHcmaHmou Ouccoyuayuu. OHa xapaktepusyeT
CNOCOOHOCTb 3NEeKTponuTa AuccoummpoBaTtb Ha MOHbI. Yem Gonblie «K», Tem 6onblie
NMOHOB B pacTBope. KoHcTaHTa guccoumaumm He 3aBUCUT OT KOHLUEHTpaLuMu anekTponuTa.
OHa 3aBUCUT OT NpUPOAbLI ANEKTPONUTa 1 OT TeMNepaTypbl.

Mexay KOHCTaHTOM Aguccoumauum U CTENeHbi Auccoumaumm  cylectByeT
cnegyrowasn 3aBUCUMOCTL (3aKkoH pa3basnennsa Octeanbaa):

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

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

C — KOHUeHTpauums anektTponuta (Mone/n).

M3 aTon 3aBMCMMOCTM criefyeT, UTO CTeneHb Auccoumauumn yBenuymBaeTcsi npu

YMEHbLUEHUN KOHLUEHTpauuu (T.e. npu pasbaBneHun pactBopa), a Takke npu yBenumdeHum

«K» (T.e. y 6bonee CunbHbIX 3NEKTPOSNINTOB).
LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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Cuctema, cocTtoswWas K3 HaCbIWEHHOro pacTtBopa M ocafka, HasblBaeTcs
eemepozaeHHolU (HeOOHOpPoOHoU) cucmemol. B HacbiWeHHOM BOOHOM pacTBope
ManopacTBOPMMOro B BOAE 9rleKTponuTa YyCTaHaBNMBAETCA paBHOBECUE Mexay
KpucTannamun TBepaoro Belectsa (0cagKkoM) U ero MoHaMu, Haxo4ALWUMUCH B pacTBOpE:
«0CafoK <> HaCbILLEHHbIN pacTBOPY.

[eTeporeHHoe paBHOBECME «OCALOK <> HACbILWEHHbI pPacTBOP» MNOAYMHAETCA
npasursy npouseedeHuUs pacmeopuMOCmU. B HACbILLEHHOM pacTBOpe MaropacTBOPUMOro
anekTponuta nNpov3BefeHMe  KOHUEHTpauuin  WOHOB, BO3BEAEHHbIX B  CTerneHb
CTEXMOMETPUYECKNX KOIPPULUMEHTOB, €CTb BeNnuMyYMHa MNOCTOAHHAs npu  OaHHOW
Temnepartype.

[Ana ypaBHeHus obuwero Buaa AmBn < mMA*® + nB- BblpaxeHune npousBeneHUst
pacTBOPUMOCTM ManopacTBOpMMOro anektponuTta, MNP, byget umeTtb BUA:

MPAmB, = [A*]™- [B]", (3)

roe [A*] n [B] — paBHOBECHble KOHLUEHTpauuuM COOTBETCTBYHOLLMX WOHOB B
HaCbILLEHHOM pacTBoOpe, MONb/n;

M 1 N — CTEXMOMETPUYECKNE KOIPPULINEHTDI.

OTcroga BbiTeKaloT ABa CreACTBuUS:

1. Ycnosue pacmeopeHuss ocadka: Npou3BedEeHNe KOHLEHTpauun WOHOB,
BO3BEAEHHbIX B CTEMNEHb CTEXMOMETPUYECKMX KOIPMPULNEHTOB, OOIMKHO ObITb MEHbLUe
BENNYMHbI NPON3BEAEHNS PAaCTBOPUMOCTMU:

[A*]™ - [B]" < MPAmB, (4)

2. Ycnosue ocaxOeHuss ocaldka: nNpou3BeLeHME  KOHLUEHTpauuh  NOHOB,
BO3BEAEHHbIX B CTENEHb UX CTEXMOMETPUYECKNX KOIPPULNEHTOB, AOMKHO ObiTh GonbLue
BENNYMHbI NPON3BEAEHNS PACTBOPUMOCTMU:

[A*]™ - [B]" > MNMPAB- (5)

BbiqyucnieHue cmeneHu  duccouyuauyuu 1o KOHcmaHme  ouccouyuayuu U
KOHUeHmpauyuu 3/1eKmposiumos.

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

PeweHue. o 3akoHy pa3baBneHus

a=vVKIC=+2110%0,2 =3,24 - 102 unm 3,24 %.

BbiyucneHue 3HayeHul rnpou3eedeHusi pacmeopumocmu O6UHapHbIX

371eKMPOoIUMo8 o pacmeopumocmu u Hao6opom. MNpu pacyeTax HEOGXO0AMMO NOMHUTb,

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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YTO pPacTBOPUMMOCTb BELLECTB MOXeT OblTb BblpaXeHa B pasHblX efuHuuax (Monb/nm;
mr/mi; mr/n), a B NP BXOAAT KOHUEHTpaLMM MOHOB B MOJb/I.
Mpumep 2. MNMpounsBeneHne pactesopumoct PbSO4 paBHo 2,2 -108. BeluncnuTb
a) KOHUeHTpaumto noHoB Pb?*n S04%; 6) pactBopumocTb PbSO4 (Monb/n, r/n).
PeweHue.
1) Oinst ypaBHEHNA XxumMmuyeckoro pasHoBecust PbSO4 <> Pb?* + SO42” Haxoaum
MNP PbSO. = [Pb?*] - [SO4%]
2) O603Ha4YMM MONSAPHYI0 KOHLEHTpauuio HacblweHHoro pactsopa PbSO4 vepes x.
Tak kak pacTBOpeHHasi HacTb CONMM Haueno guccouunpoBaHa, To
[Pb?*] = [SO4?] = x, noACTaBMM X B ypaBHEHUE:
x2=272-10% x=+v2,1108=1,5-10* r-uon/n.
CnepoBatenbHo, [Pb?*] = [S04%]=1,5- 10 r-noH/n.
3) pactBopuMocTb PbSO4 paBHa 1,5 - 104 monb/n.
M PbsO. = 303 r/monb. Belumcnum pactesopumocTb B rpammax Ha 100 r pactBopa:
B 1000 r pactBopa coaepxutcs 1,5 - 104- 303 r
B100r « Xxr
x=45-103r.
Mpumep 3. Pacteopmumocte Mg(OH)2 npu HekoTopoun TemnepaType pasHa 0,012 r/n.
Onpegenutb NP Mg(OH)-.
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-noH/n, a koHueHTpauusa [OH’] B 2 pasa Gonblue:
2-2,07-10% = 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
pPacTBOPOB XIOPUCTOro Kanbuus 1 yrnekucnoro Hatpusa? MPCcaCos =1 - 105,
1) O6bem cmecu B 2 pasa 6onblue, a KOHLUEHTPaUUa KaXxkaoro u3 MOHOB B 2 pasa
MEHbLLE, YeM B UCXOAHbIX pacTBOpax.
CnepoBartenbHo, [CaClz] = [Ca?*] = 0,02 - 0,5=1 - 102 monb/m;
[Na2COs] = [CO3?] =0,02 - 0,5=1"- 102 monb/n, oTkyaa
[Ca?*][COz*]=1-102-1-102 =1-10"
2) MNMpoaHanunanpyem nosyYeHHbI pesynbTaT U faHHble 3ag4adn B COOTBETCTBMM C
dopmynamm (4) n (5): ocagok obpasyetcs, Tak kak 1,0 - 10°< 1,0 - 104,

UcxoOHble mamepuaribl U OaHHbIe:
LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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Tabnuua 1
BapuaHTt MonsipHas BapuaHTt LCITETPTE)
KoHcTaHTa KOHUeHTpa | KoHcTaHTa
3afaHusl| ONEeKTPoOnuT [KOHLIeHTpaL, necounaLmn. | 33AaHNs AnekTponut s NCCOLIAALIN
Ne 1 1S, Monb/n A Laumn, Ne 1 HVs, A Hatin,
K Monb/n K
1 HNO2 0,01 4-104 6 HIO4 0,05 2,3-102
2 NH4+OH 0,05 1,79 - 105 7 HF 0,03 6,61 104
3 NH4+OH 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 HBroO 0,02 2,06 - 10-° 10 H2SO3 0,02 1,58 - 102
Tabnuua 2
KonuyecTtBo BelecTea, r
BapuaHTt
BewecTtBo B 1 N HacbILWEHHOro
3agaHusa 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 LLlaBeneBok1cnbl KanbLun 0,00538
7 OkcanaT CTpoHUuS 0,00422
8 Oxkcanat 6apus 0,009
9 KapboHat kagmus 0,00276
10 XPOMOBOKUCIIbIA CBUHEL, 0,000042

CodepxxaHue u rnopsidok 8bIrnosHeHUs pabomsi:

1 O3HaAKOMUTLCA C TEOPETMYECKOM YaCTbIO 3aHATUA.

2 Bbluncnutb no npennoXeHHoOMY BapuaHTy 3aaHnA:

1) Ne 1 cteneHb gnccoumaumm pactsopa cnaboro anekTponuTa;

2) Ne 2 npousBegeHne pacTBOPMMOCTI MarnopacTBOPUMOrO 3NeKTPoNnuTa.

3 OhopmuTb OTYHET NO NpakTU4eckon pabore.

4 OTBETUTb Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHne NPaKTUN4YeCKOro 3aHATUNA

Llenb 3aHaATMA

BapwuaHT 3agaH

n4

OTyeT O BbIMOMHEHUM Ha Kaxablh 3Tan pasgena «CopepxaHve U MNOPSAOK

BbINOSTHEHUSA PabOoTbI»

Cnucok ncnonb30BaHHON mTepaTtypbl U Apyrnx MCTO4YHMKOB

BbiBoAabI

[aTbl 1 nognuncy oby4yatoLlerocs 1 npenogaeartens

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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KoHmpornbHble 80rpocki:

1. Kakne BellecTBa Ha3blBalOTCA 3NeKTPONUTamMmn?

2. Yem oTnmyaeTca cunbHble SNEeKTPONUTbI OT CPeaHuX, cnabbix?

3. OT yero 3aBUCUT CTeNeHb auccoumaummn anekTponuta? Kak matematnyecku oHa
CBsi3aHa C KOHCTaHTOM guccounaunmn?

4. Yto onpegensieT KOHCTaHTa guccouuauum XUMUYECKOW peakuun, OT  KaKux
¢rakTopoB OH 3aBUCUT?

5. [laTb hopMynmMpoBKYy NpaBusia NpoM3BeAeHNs pacTBOPMMOCTMU.

6. Hanuwwnte BbipaxeHue ana NP B o6wem Buge.

7. KakoBbl yCNoBUS paCTBOPEHUSA N ocaxaeHust ocagka?

8. Kakue haktopbl BIMSIOT HA pacTBOPMMOCTb COEaUHEHUNIN?

MpakTnyeckoe 3aHATMEe Ne 8 BbluMcrneHne KOHUEHTpauum MOHOB Boagopoaa u
BeJIM4YUHbI BOAOPOAHOro nokasarens. BoiuncneHnue pH 6ydepHbIx pacTBopoB
Lenb 3aHsmus:

O3HaKOMUTLCA C MOHATUSAMU «MOHHOE MNPOU3BEeAEeHNe BOAbl», «BOAOPOAHbIV

nokasaTtenby, «0ydepHble pacTBopbl». Hayuntbca paccuntbiBaTb BENUYUHY pH.

Ucrnonb3yemblie UCMOYHUKU:

Mepuogunyeckasa cuctema xummdeckmx anemeHToB .. Mengeneesa;

Tabnuuya norapugmos;

Tabnuua pacTBOPMMOCTU KMUCIIOT, CONen, OCHOBaHWN B BOAE;

(2], [3].

Teopemu4yeckasi Hacmb:

MoHHoe npounsseaeHne Boabl. BogopoaHbln nokasartesib.

Boaa aBngetcsa cnabbiM 3f1eKTPONNTOM U ANCCOLUMPYET NO YPaBHEHUIO:

H20 «~ H*+ OH"

Mpun 25 °C B 1 N BoAbl pacnagatTca Ha MoHbl Nuwb 10-’Monbk. Mpu auccoumaumm
N3 Kaxgon Mornekynbl Bogbl obpasdyetca no ogHomMmy moHy H* u OH-, cnegoBaTtenbHo, nx
KOHLIEHTpaummn B Ynucton Boge paeHbl: [H*] = [OH] = 10-"mMonb/n.

KoHcTaHTa guccouunaumm Boabl:

KH.0 = [H*] - [OH]/ [H20] Q)
Mpeobpasyem 3TO ypaBHEHME:
[H*] - [OH] = KH20 - [H20] (2)

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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MpuHMMas BO BHUMaHWE KOHLUeHTpauuto Boabl, [H20], BenuumMHOM npakTn4ecku
NOCTOSIHHOM, MOXHO CYMTaTb, YTO NpaBad YacTb ypaBHEHUS (2), 3HAYUT, N NPOU3BeaEHNE
[H*] - [OH] — Benu4unHa noctosiHHas.

OTY BENUYMHY Ha3bIBalOT UOHHbLIM ripou3gedeHuem 800hbl, Ks :

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

NoHHOe npousBeneHne BoAbl — BeNUYMHA nocTosHHasa, pasBHasa 1014 npu 25 °C.
Mpw nosbiweHun TemnepaTypbl Ks 66ICTPO yBENMUMBaAETCS.

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 ©6bl He mensanuck [H*] n [OH7], nx nponsseneHne Bcerga octaeTcsi paBHbIM
NMOCTOSAHHbLIM.

Takum o00pa3omMm, CTeneHb KUCIOTHOCTM WM LWENOYHOCTU pacTBoOpa MOXHO
BblpasnTb C MNOMOLLBK KOHUeHTpauun wuoHoB [H*] wnn [OH7]. OB6blMHO nonb3yTCA
KOHLIeHTpaumen BogOPOLAHbIX MOHOB.

BmecTo koHueHTpaumm H* yoobHee ucnonb3oBatb ompuyamesibHbil decsamuyHbIl
Jl02apuchm KoHUeHmpauuu 8000pP00OHbIX UOHO8 — 80O0POOHbIU roka3amersib pH:

pH = —1g [H'] @

C y4eTom atoro pH pasnunyHbix pactBopoB byayT MeTb cnefyowime 3HadeHns:

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

Kpome BogopoaHoro nokasartenst pH npu pacdeTtax UCnonb3yT U MOPOKCUOHLIN
nokasatens pOH = —Ig [OH1].

CyMmma BOOOpPOOHOIO M rMAPOKCMAHOMO rnokasatesieM B BOAE MOCTOAHHA M paBHa
nokasartesito MOHHOro npousseaeHna Boabl. [Npu 25 °C:

pKs = pH + pOH (5)

BydepHbie pactBopsbl (OT aHrn. buffer — cmsaryate Ton4km)

bygbepHbie pacmeopbl — 3TO pacTBopbl, pPH KOTOpbIX NPaKTUYEeCKU HE MEHSIeTCs
npu passefeHnsx unum gobasneHnmn HebONbLINX KOMYECTB KACIOThI UIN LLESTOYM.

B kayectBe B6ydepHbIX pacTBOPOB UCMOMb3YOT CMECU pacTBOPOB criabblx KUCMOT U
MX CONnen, CMecu pacTBOPOB cnabbix OCHOBAHWA U UX conen. HekoTopble M3 HUX

npeacraeneHsl B Tabnmue 1.
LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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Tabnuua 1
HassaHune CoctaB H
bydepHol cuctembl bydepHomn cnuctembl P
AueTaTHasi CMeCcb CH3COOH n CH3sCOONa 4,7
AMMMAYHO-aMMOHUIHAA CMECh NH4OH n NH4Cl 9,2

CnocobHocTb BydepHbIX cMecen NoaaepKnBaTb NOCTOAHCTBO pH npu gobasneHun
K HUM HebOonbLUMX KONMNYECTB CUSBbHOM KUCIOTbl UMW CUITbHOTO OCHOBAHWSA OCHOBaHa Ha
TOM, YTO BXOASLME B HUX KOMMOHEHTbI CBA3bIBaOT H* - MOHbI KncnoTbl unm OH - NOHBbI
OCHOBaHWN, BBOAMMbBIX B pacTBop unn obpasylwmxcs B pesynbTate peakuumu,
npoTekarLen B 3TOM pacTeope.

Ho Takas cnocobHocTb OydepHbIX cmecen nogaepxuBaTb MNOCTOSHCTBO pH B
pactBope, He 6esrpaHuyHa, npegen ee 3aBUCUT OT KOHUEHTpauum KOMMOHEHTOB
OyepHon cmecu. Takum obpasom, OycepHaa cmecb obnagaeT onpeneneHHon
b6ychepHOU eMKOCMbIO, T.€. UMeeTCa npeaenbHoe KONMMYeCTBO KUCMOThbl UM OCHOBaHWS,
KOTOpoe MOXHO fo6aBuTb K BydhepHOMY pacTBOpY, U Npu 3TOM 3HavyeHue pH n3meHunocb
Obl He Bonee YyeM Ha eauHULLY.

PacueTbl.

Mpumep 1. KoHueHTpaumsi nMoHoB Bogopoda B pactBope paBHa 0,004 r-uoH/n.
Onpegenutb pH pactBopa.

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

Mpumep 2. OnpegennTb KOHLEHTPaUMIO MOHOB BOAOpPOAa B pacTBope, pH koToporo
paBeH 4,6.

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

Ytobbl onpegenutb oTcioga [H'], HykHO HaWTM NO AaHHOMY norapudMy 4YMUCro
(aHTMnorapudm). Ecnn Bocnonb3oBatbCsa Tabnvuamu norapudmos, TO BHavane Hago
npeobpasoBatb Haw forapudm Tak, YTOObl TOMBbKO LESIOMUCIIEHHAs 4YacTb €ro
(xapakTepucTtuka) 6bina oTpuuatensHas, a gpobHas (MaHTucca) — nonoxutensHon. Ang
3TOr0 OT XapaKTEPUCTMKN OTHUMEM, @ K MaHTucce npnbaBmMmMm eanHuLLy:

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

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

Hangs 3atem no tabnvuam cooTBETCTBYIOLLNIA aHTUNOrapndm, nonyvaem:

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

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

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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Pewenune. Haxogum [H*] B pacTteope: — Ig [H*] = 10,8; Ig [H*] =—- 10,8 = 11,2; [H*] =
1,6 - 101 r-mow/n.

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

UcxoOHble mamepuaribl U OaHHbIe:

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

CodepixaHue u nopssidok 8bINOSIHEHUS pabombi:

1 O3HaAKOMUTLCA C TEOPETMYECKON YaCTbIO 3aHATUS.

2 o 3agaHHOMY BapuaHTy BbIYUCNUTL KOHUEHTpauMM WoHa Boaopoda WU

rMOPOKCUA-NOHA.

3 OdhopmMUTb OTYET MO NpakTnyeckon pabore.

4 OTBETUTb Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHue NPaKTUN4YeCKOro 3aHATNA

Llenb 3aHATMSA

BapwnaHT 3agaHusa

OT4yeT O BbLINOMHEHMM HA KaXabl 3Tan pasgena «Co,qepx(aHme n nopAaaok

BbIMNONHEHUs paboTbl»

Cnuncok Mcnosb30BaHHOWM NUTepaTypbl U OPYrMX MCTOYHUKOB

BbiBOAbI

NaTbl 1 nognuncy obyyatoLerocs 1 npenogasartens

KOHmpOﬂbeIe 80r1IpoChI.

1. YT0 Ha3bIBaeTCA MOHHBbIM NPOU3BEAEHMEM BOAbI?

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx

lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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2. KakoBa KOHLEeHTpaunsa MOHOB BOAOPOAA B HEUTparnbHOM pacTteope? B kucrom?

B weno4yHom?

3. YTo Takoe BOAoOpOaHbIN NokadaTenb? YTo xapakTtepusyeT ero BenuynHa?
4. Y10 Takoe rmapoKcuaHbIi nokasatenb? YUTo xapakrepusyeT ero BenmymnHa?
5. Kak paccuuTbiBatoT nokasaTesib MIOHHOIo NPoM3BeAeHNs BOObI?

6. OguH pacteop umeet pH = 3, gpyron umeet pH = 5. Kakon pactsop 6onee

KUCNbIN?

7. Kakon pacTtBop 6onee wenoyHon: umeowmn pH = 8 nnu nmetowmm pH == 10?
8. Yto Takoe BydepHble pacTtBopbl? NpuBeante NnpumMepsbi.
9. Yto xapakTtepuayet bydepHyto cuctemy?

10. Kak onpepensetca 6ydepHast eMKoCcTb pacTeopa?

3.4 YeTBepTasa aHanuTn4YeckKas rpyrnna KaTMOHOB

MpakTnueckoe 3aHATMe Ne 9. OkncnUTenbHO-BOCCTAaHOBUTENbHbIE peaKkLUu.
CteneHb OKUCNEHUs. YNpaXXHEeHUA
Lenb 3aHsmus:

OcCBOVWTb COCTaBEHNE YpaBHEHWI OKUCITUTENbHO-BOCCTAHOBUTENbHbIX peakLui.

Ucnonb3yemble UCMOYHUKU:

Mepuogunyeckasa cuctema xummndeckmnx anemeHtoB [.. Mengeneesa;
ONEKTPOXUMUNYECKUI Paa HANPSXKEHNN MeTanmnos,

(2], [3].

Teopemu4yeckasi Hacmb:

Peakuuu, npoTtekalowme ¢ MU3AMEHEHUEM CTEMEHN OKUCIIEHMSI aTOMOB, BXOASLLMX B

COCTaB pearmpyrwmnx seecTB, Ha3blBalOTCA OKUC/TUMESIbHO-80CCMaHo8UMesIbHbIMU.

CmeneHb OKUC/IEeHUs HasblBaloT YCMOBHBIA 3NEKTPUYECKMIA 3apsig atoma B

MoOJeKkyne, BbIYUCMEHHbIN UCXoaa u3 npeanonoXxeHmd, 4YTo Momnekysla COCTOUT TOJIbKO U3

NOJIOXKUTENIbHbLIX N OTpULaTEsibHbIX MOHOB.

CTeneHb OKMUCIEHUS MOXET MMETb oTpuuatesribHoe, MNOJIOXKUTESIbHOE U HyneBoe

3HayeHne, KoTopoe OObIYHO BbipaxarwT apabckumu umdpamm co 3HakoMm (+) nnm (-) u

CTaBAT Hag cCMMBOSOM 3anemeHTa. Hanpumep, Na2*1O -2, Cl»°.

YTobbI npaBunbHO onpegennTb CTteneHb OKUCIEHNA aTtoMOB B COe€aAUHEHUN, HAOo0

MOMHUTb, YTO MOJIEKyNa B LIeSIOM 3f1IeKTpOHeNTparbHa, crnegoBaTenbHo, anrebpanyeckas

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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CyMMa MOMOXUTENbHbIX U OTpULaTENbHbIX aTOMOB B MOSIEKyfie Bcerga paBHa HymM, a B
CINOXXHOM WOHe — 3apsily UoHa.

CTeneHb OKuUCNEHUS — YCroBHOe, doopMaribHoe MnoHATHe. Bo MHormx criydasix
CTerneHb OKWUCIeHUs aToMa 3rieMeHTa He coBMajaeT C ero BaneHTHOCTbIo. BaneHTHOCTb
He nmeeT 3Haka.

MHorne atombl (a 3HA4YMT, U 3NIEMEHTbI) UMEKT HECKONbKO 3Ha4YeHUn CTerneHu
okucneHus. Bebiclwas nonoxutenoHass CTeneHb OKUCMEeHUs NposiIBNAETCH, Koraa B
obpa3oBaHMM CBA3W MPUHMMAIOT yYacTue BCe BareHTHble 3eKTPOHbl aTomMa. YncneHHo
OHa paBHa HOMepy rpynnbl NepuoanMyeckon cucteMbl. HaumeHbluee 3HavYeHue CTeneHu
OKWUCIEHMS 3fieMeHTa NMPUHATO Ha3biBaTb HU3WeU cmerneHbi OKuceHus. Bce octanbHble
CTEMEHN OKUCMEHUA 3remMeHTa HasblBalT MPOMEXYTovHbIMW. Hanpumep, y aTtoma
(3nemeHTa) cepbl BbiCWaA CTeneHb OKUCMEeHUs paBHa +6, HuU3Waa paBHa -2,
NpPoOMeXyToyHas paBHa +4.

PaccMoTpyM OCHOBHbIE MOSIOXEHUS TEOPUU OKUCIIUTENBHO-BOCCTAHOBUTENBHbIX
peakuunn.

1. OkucneHuem Ha3blBaeTCA NPOLECC OTAa4n 3feKTPOHOB aTOMOM, MOSEKYON Unun
MNOHOM: Na’-é& — Na*

Fe2+_ & > FeS+

Mpw okncneHnn cteneHb OKUCNEHNS NOBbILLAETCA.

2. BoccmaHoereHuem HasbiBaeTCs NpoLecc NpUcoeanHEHUs 3NeKTPOHOB aTOMOM,
MOIEKYNON UM NOHOM: Mn’™* + 56 — Mn?*

Fe3+ +& > Fez+

[Mpw BOCCTAHOBNEHUM CTEMEHDb OKUCIIEHUS MOHMXKAEeTCS.

3. ATOMbI, MOMEKynbl WU  WOHbI, OTAAKLWMNE SNEKTPOHbl, Ha3blBATCHA
goccmaHosumesiamu. Bo Bpems peakumm OHM OKMCAATCA. ATOMbI, MOMEKYIIbl UNN NOHBI,
NPUCOEOUHAIOLWME 3NEKTPOHbI, HasbiBaKTCA oOKucrumernsamu. Bo Bpems peakuuun OHU
BOCCTaHaBfIMBaAKOTCA.

4. OkucneHne Bcerga ConpoBOXOaeTCs BOCCTAHOBIEHMEM U, HAo6opoT. [oaTomy
OKUCIUTENbHO-BOCCTAHOBUTENbHbIE  peakuun npeactaBnaT cobon eauHCTBO  ABYX
NPOTUBOMOJSIOXHbLIX NPOLECCOB.

5. YUncno anekTpoHOB, OTAABaeMbIX BOCCTAHOBUTESIEM, PABHO YMCIY ANIEKTPOHOB,

npucoegunHAeMbIX OKUCITUTETIEM.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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B kadectBe BOcCCTaHOBUTENEW B  aHaANMTUYECKOW  XUMWUM  UCMOSMb3YIOT:
MeTannuyecknn uuHk mn xeneso NazxS203, Na2S0Os3, SnClz2, Crz(SO0a4)3, FeSOs4, H2S, B
kadectBe okncnutenen: KMnOas, H202, K2Cr207, Brz, KJOs, HNOs, I2.

OKUCNNTENbHO-BOCCTAHOBUTENbBbHbIE  peakuun  LWIMPOKO  MPUMEHSITCS B
XMMUYECKOM aHanu3e. B kayecTBeHHOM aHanu3e uX MPUMEHSIT AN OTKPbITUA U
pasgeneHns NOHOB.

B konnuyecTBeHHOM aHanun3e B OCHOBE LENoro psga TUTPUMETPUYECKUX METOAOB
nexar peakumm OKUCNEHNS-BOCCTAHOBMNEHNS, Hanpumep, B mMeToaax
rnepmaHraHaToMeTpun, NogoOMETPUN.

Mpumep 1. BelumcnuTb cTeneHb okMcneHns Xxpoma B buxpomate kannsa KoCr207.

O603Ha4Mm cTerneHb OKUCMEHWA OAHOro atoMa Xpoma 4Yepe3 «X» U YMHOXUM
CTENEeHN OKUCMEHUS aTOMOB Kanuna U KUCopoda Ha YMCo MX aTOMOB B COEAMHEHUMW.
CocTtaBuM ypaBHeEHME:

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

2x = +12; x = +6.

Mpumep 2. OnpegennTb CTENEHb OKUCIEHNA aTOMOB a3oTa B coegmHeHmnm NHaNOs.

3apsag komnnekcHoro noHa ammonms NHa*, Hutpat-noHa NOs'. YTtobbl onpeaenutb
CTeneHb OKUCNEHNa atoMa asoTa («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 COEQMHEHMN aTOMbI a30Ta UMEKT PasHylo CTeneHb OKUCIEHUS:
-3 1 +5.

Ona  ©6e3owmnboyHOro  HaxoxaeHusi  KO3(PEPUUMEHTOB B  OKUCIIUTENBbHO-
BOCCTAHOBUTESbHbIX peakuusax crnegyet NMOMHUTL ripasusia CoXpaHeHUs 4Yucra amomos
Kax0020 aflemMeHma 8 peakyuu u coxpaHeHusi 3apsida: Hago 6paTb CTONMbKO aTOMOB Un
MOHOB KaXkOoro 9femMeHTa, CKOMbKO WX COAEPXUTCA B MOSIEKyNe OKUCIUTens Wu
BOCCTAHOBUTENA W YMCNO 3NEKTPOHOB, OTAAHHbIX BOCCTAHOBWUTENEM, PaBHO 4uCny
3NEKTPOHOB, NPUHATBIX OKUCINTENEM.

Mpumep 3. CocTaBneHne ypaBHEHUS peakuumn okucneHusa conen Mn (ll) B kucnom
cpege: Mn(NO3)2 + PbO2 + HNO3 — HMnOa4 + Pb(NO3)2 + H20

Mpn nopgbope koaPPULMEHTOB MCMONb3YyeM MemoO 3/1eKmpoHHO20 barnaHca.
YKa3aB CTENeHN OKUCNEHNS ANIEMEHTOB, COCTaBNAEM YpaBHEHNS ANEKTPOHHOro 6anaHca:

2 Mn?*—-5& — Mn’*
LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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5 10 Pb* +2& — Pb%

Yumcno 10, MHOXMTENb, — HaUMeHbLLee obLLee KpaTHOE MEeXAy YMCIOM OTAAHHbIX U
NPUHATBIX 3EKTPOHOB. JTO YUCMO AENAT Ha YMCIO 3TUX 3NEeKTpoHoB. Ymcna 2 u 5
ansaTca  koadpduumeHtamm ana okmcnutena PbO2 u BocctaHoButens  Mn(NOs)a.
YpaBHMBaAEM YMCIO KUCNOTHBIX OCTATKOB M MOMEKyn BOAbI:

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

[na npoBepkn NpaBUNbHOCTU COCTaBSIEHHOIO YpaBHEHUA HaJo NPOBEPUTL YMCIO
aTOMOB KaXX[J0ro afieMeHTa B ero npaBsou 1 NIeBOM YacTu.

Mpumep 4. CocTaBneHne ypaBHEHUS peakummn, NPOTEKaoLWEN MEXay CONSMN:

FeCls + SnClz — FeCl2 + SnCl4
CocTaBnsiem ypaBHEHMWS aneKTpoHHoro banaHca 2| Fe®* + é — Fe?*
11 Sn?* - 2é — Sn**

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

UcxodHble mamepuarbl U OaHHbIe:

BapuaHt

Cxema OKUCIUTENIbHO-BOCCTaHOBUTEIbHOW peakuum
3apaHus

CuSO4 +Zn — ZnS04 + Cu

Na>S203 + 12 — NaxS406 + Nal

KMnO4 + NaNO: + H2SO4 — MnSOa4 + NaNO3 + K2SO4 + H20

KMnO4 + Na2C204 + H2SO4 — MNSO4 + CO2 + K2SO4 + Na2SO4 + H20

K2Cr207 + Kl + H2SO4 — Crz(S04)3 + 12 + K2SO4 + H20

Br2+ H2S + H2O — HBr + H2SO4

Ca + H.O — Ca(OH)2 + H2

1
2
3
4
5 PbS + H202 —» PbSO4 + H20
6
7
8
9

H2S + HIOzs —» S + 12 + HO

10 Fe + HNOsz — Fe(NO3z)s + NO + H0
11 K2Cr204 + HClI — CrCls + Cl2 + KCI + H20
12 Cu + H,SO4 — CuSO4 + SOz + H0
13 HIl + H2SO4 — 12 + H2S + H20

14 H>SO3+ Cl2 + Ho O — H2SO4+ HCI

15 Naz(S203) + 12 — Naz2S406 + Nal

16 FeClz + HoS — FeCl> + S + HCI

17 PbS + HNO3z — PbSO4 + NO2 + H20O
18 Kl +Cl2 — |2 + KCI

19 Ag + HNO3 — AgNOs + NO2 + H20

20 C + H>SO4 — CO2 + SO2 + H20

21 I + H2O2 — HIO3

CodeprxaHue u rnopsidokK 8bIrnorHeHUs pabomsi:
1 O3HaAKOMUTLCA C TEOPETMYECKOM YaCTbHO.
2 1o 3agaHHOMY BapuaHTy:

1) HaTK aTOMbl, U3MEHSIIOLLNE CTEMEHb OKUCIIEHNSI B peaKkuuu;

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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2) BbINOMHUTb PacyeT CTENEHN OKUCIIEHUS;

3) COCTaBUTb YypaBHEHUA nonypeaKu,lel OKUCI1EeHNA-BOCCTAHOBJIEHNA METOOOM

AJIEKTPOHHOIO ©anaHca ¢ HaxoXaeHMeEM MHOXUTEenen;

4) nogobpaTb KO3IPULNEHTLI NOINEMEHTHO;

5) paccuntaTb r-akB (3) OKMCNUTENST N BOCCTAHOBUTENS C YKa3aHMEM eauHUL,

N3MEpPEHNUA.

3 OchopmuTb OTHET NO NpakTU4eckon pabdore.
4 OTBETUTb HA KOHTPOSIbHbIE BOMPOCHI.
CodepxaHue omyema:

HanmeHoBaHMe NpakTUYeCKOro 3aHATUSA
Llenb 3aHATMSA

BapwuaHT 3agaHus

OTyeT O BbINOMHEHMM Ha Kaxabld 3aTan pasgena «Copgep)aHve U MNOPSIAOK

BbINMOJIHEHNA pa6OTbI»

Cnuncok MCnorb30BaHHOWM NUTepaTypbl U OPYrUX MCTOYHUKOB
BbiBOAbI M NpeanoXxeHus

[atbl 1 nognucu oby4yatoLlerocs 1 npenogaBaTens

KOHm,OOj'IbeIe 80r1IpoChI:
1. Yto Takoe cTeneHb okncnenusi? Ee otnuyme ot BaneHTHOCTH.

2. MoXeT nu cTeneHb OKUCIMEHNA ObiTb MNOMOXUTENBHOMN, OTpMLLaTeﬂbHOIZ n

HyrneBon?

3. MoxeT nun cteneHb oknUcneHus G6biTb GonbLle HoOMepa rpynnbl?

4. Onpepenntb CTENEHb OKUCIEHMS MapraHua B coeguHeHusix: MnO2, H2MnOs,

MnSOa4, MnCl2, KMnOa4

5. Kakne peakuum HasblBalOT OKUCINTENbHO-BOCCTAHOBUTENTbHLIMN?
6. Kakor npouecc Ha3bIBaOT OKUCIIEHNEM?
7. Kakor npouecc Ha3biBaoT BOCCTAaHOBIEHNEM?

8. HasoBuTe BaxHeWLLIne OKUCINTENN, BOCCTAHOBUTEIN.
3.5 NaTaa aHanuTU4YecKas rpynna KaTUOHOB

MpakTnyeckoe 3aHaTne Ne 10 M'maponus conen. YnpaxHeHus

Lenb 3aHsmus:

N3yuntb rugponus conen. YMeTb COCTaBMATb ypaBHEHUS TMAPOSiM3a Comnen.
LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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Ycrionb3yemblie UCMOYHUKU:
lMNepuogunyeckasa cucrtema xummndeckmx anemeHtoB [.. Mengeneesa;
PacTtBopuMOCTb cosnen, KUCNoT U OCHOBaHUW B BOAE;

CteneHb aguccounaumm ANEKTPOJINTOB,

[2], [3]

Teopemuyeckasi Hacmab:

PactBopumble BewectBa B BOAE 4aCcTO  COMPOBOXOAKTCA  XMMUYECKUM
B3amogenctenem. ObMeHHaa peakums Mexay BellecTBamMn U BOAOW, MpoTekawLlasa C
obpasoBaHMeEM  ManoaMCCOUMMPOBAHHLIX  COeAMHEHUn  (cnabblX  3NEeKTPonuTOB),
HasblBaeTcs 2udposnu3omM. 'Maponns B nepeBoae 03HayaeT «pasnoxeHne BoOON.

Bopa, saBnaack cnabbiM aNekTposiMToM, ANCCOLMUPYET HA NOHbI B HE3HAYUTENbHOWN
cTeneHu:

H20 < H"+ OH"

Mpn pacTBOpeHMM HEKOTOPbIX COMel B BOAE WOHblI PacCTBOPMMOW  COMU
B3aMMOOENCTBYIOT C MOHamu Bofbl. [lpM 3TOM NPOUCXOAUT CMELLEHME pPaBHOBECUS
auccoumaumm  BoAabl, T.K. OOAMH U3 ee WOoHOB (Mnu oba) CBA3LIBAOTCA WOHaAMM
pacTBOPEHHOrO BeLlecTBa C 0bpasoBaHMEM ManogMCcCoLUNMPOBAHHOIO coefuHeHus (Mnu
NoHa).

Takum obpasom, ruaponms conn — B3aMMogencTene MOHOB COMM C MOHaMM BOAbl C
obpasoBaHMEM ManoguMCCOUMUPYEMbIX COEOUHEHMA (UM MOHOB) U BO3MOXXHbIM
n3meHeHnem pH cpegpbl.

Kaxgylo conmb  MOXHO  npeactaBUTb  Kak  ripodykm,  obpas3oBaHHbIN
B3aMMOOENCTBMEM KUCIOTbl U OCHOBaHWUA. KNCNOTbI 1 OCHOBAHWUSE MOTYT ObiTb CUMbHBIMU
unu cnabeimun anektponutamun. CnegoBaTensbHO, B 3aBUCMMOCTU OT CBOEro COCTaBa, Conu
no-pasHoOMYy pearvpyot ¢ BOOOMW.

Conun, obpasoBaHHble B3aUMOLAENCTBMEM CUITbHbBIX KMCIIOT M CUSbHBIX OCHOBAHWUN,
rmgponuay He noABEprawTCA W peakuus pacTBOPOB conen 3atoro Tuna Oyget
HenTpanbHou (pH = 7). Hanpumep:

Cynbat Kanusa — cuUnbHbIA 3NEKTPOSNUT U NpY PpacTBOPEHUN B BOAE AUCCOLMMPYET
Ha NOHbI:

K2SO4 «» 2K* + SO4 %

OpHoBpeMeHHo, Boga ANCCOoLUMMPYET Ha UOHBI:

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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H20 < H"+ OH"

MoHbl B pacTBope B3aMMOAEWCTBYHOT mexay cobon. lMpu 3TOM MOHbI Kanus He
MOryT cCBfidaTb MOPOOKCUA-UOHBI B  Monekynbl, T.K. KOH qBnseTcs CUnbHbIM
3NEKTPONNTOM U1 CyLLEeCTBYET B pacTBope TOSbKO B BUAE MOHOB. B To e Bpems cynbdart-
MOHbI He CBA3bIBalOT MOHbI Bogopoda T.K. H2SO4 ABNSEeTCS CUMbHBIM 3NEKTPOIUTOM U
CyllecTByeT B pacTBOpe TOJSIbKO B BuAe MOHOB. CymMMapHoe ypaBHeHMe O4HOBPEMEHHO
npoTeKalrLnX NpoLeccoB:

H20 < H"+ OH"

OTO ypaBHeHMEe MOKasbIBaeT, YTO rMMOposiM3a He NPOUCXOoANT U peakumnsa pactsopa
cynbaTa Kanus HenTpanbHasa (pH = 7).

CnepyeT obpaTuTb BHMMaHWE Ha pacrnpoCTPaHEHHYH OLWMBKY Npu cocTaBneHun
YPaBHEHUN peakuun rmaponusa: Hesb3s 8 ypasHeHuUU 2udposiusa ucriosib3ogame boriee
yeM OOHy MOsieKyrly 800bl — MO HerpasusibHo!

Pasnnyatot Tpmn BapmnaHTa rugponunsa:

1 mgponua conen, obpasoBaHHbIX B3aMMOAENCTBMEM CUJSTbHbLIX OCHOBaHUA U
cnabbix KMCMoT. [pMmepoM Takom conm MOXeT crnyuTb auetat Hatpua CH3COONa.

AueTtaTt HaTpua — CUNbHBIN 3MNEKTPONUT U NpU PacTBOPEHUN B Boge auccoununpyet
Ha VOHbI:

CH3COONa < CH3COO " + Na*

OpHoBpeMeHHO, Boga AUCCOUUNPYET Ha UOHbI:

H20 < H*+ OH"

MoHbl B pacTBOpe B3aMMOAEWNCTBYIOT Mexay cobown. [pn 3TOM WMOHbI HaTpus He
MOryT CBfi3aTb MOPOOKCUO-UOHbI B Mornekynbl, T.K. NaOH 4gBndetcs cunbHbIM
3NEKTPONNTOM U CyLLEeCTBYEeT B pacTBOpe TOMbKO B BMAE MOHOB. B TO e Bpems auetar-
MOHbI CBA3bIBAKOT MOHbI Bogopoda C obpasoBaHmem mornekyn cnaboro anekrponuta —
YKCYCHOW KMCINOTbI.

CyMmapHoe ypaBHeHME OQHOBPEMEHHO NPOTEKAIOLLMX NPOLIECCOB:

CH3COO "~ + H20 « CH3COOH + OH-

OTO ypaBHeHWe nokasblBaeT, YTO B pe3ynbTaTe rMaponuMsa peakumsi pactsopa
aueTarta HaTpus wenoyHas (pH > 7).

2 'ngponu3 conen, obpasoBaHHbIX B3aMMOOAEWCTBMEM cCnabbiXx OCHOBaHUA U
CUNbHbIX KNCNoT. Hanpumep, rmgponms xnopmaa ammonumst NH4Cl.

Xnopua amMMOHUA — CUMbHBIA  3IEKTPONUT U NpUM  pacTBOpPeHUn B BoAe

anccounnpyeT Ha NOHbI:
LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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NH4Cl < NH4* + CI

OpHoBpeMeHHO, Boga AUCCOLUNPYET Ha UOHBI:

H20 < H*+ OH"

B atom cny4ae obpasyetcsa cnabbii anektponut NH4OH. Mpn 3TOM MOHBI Xfiopa He
MOryT CBS3aTb MOHbLI BOAOpoAa B Mosiekynbl, T.K. HCI sBnsieTca cunbHbIM 3NEKTPOSIUTOM U
CyLLIeCTBYET B pacTBOpe TOSbKO B BUAE NOHOB.

CymMmmapHoe ypaBHeEHME r’MAPOM3a MOXHO 3anucaTth Tak:

NH4* + H20 < NH4OH + H*

CnepoBaTtenbHo, B pe3ynbtaTte rmaponuaa xnopvga aMMOHUSI pacTBOpP 3TOW COMnn
npuobpeTtaeT Kucnyto peakumto (pH<7).

3 ngponus conen, obpasoBaHHbIX B3aMMOOEWNCTBMEM CrabblX OCHOBaHUA WU
cnabbix KMCnoT. B pacTBopax Takmx Conen CBA3bIBaOTCA M MOHbI BOOOPOAA, U TMAPOKCUa-
NoHbI Boabl. Hanpumep, rmgponns auetata ammoHmnss CH3COONHa:

CH3COO + NH4* + H20— CH3COOH + NH4OH

lMockonbKy cTeneHn auccoumaumm nNPoAYKTOB MAPONM3a NPUMEPHO paBHbl, TO

pactBop conu byaeTt HenTpanbHbiM (pH=7).

UcxoOHbie mamepuaribi U OaHHbIE:!

BapuaHTbl 3agaHumn HasBaHue conen
1 HutpaT cepebpa
2 Xnopua aMmMOHUs
3 Auetart HaTpwus
4 Linanng kanus
5 KapboHat HaTpus
6 Cynbdat meam
7 HuTtpuT Kanus
8 Bopart HaTpus
9 Cynbdug aMmmoHus
10 docdat HaTpust
11 Cynbart kanus
12 Hutpat prytm (Il)
13 Xrnopua kanbuma
14 Auetart cepebpa
15 Linanng Hatpus
16 KapboHat amMMoHust
17 Cynbgar umHka
18 HuTtput megu
19 BopaT kanus
20 Cynbdug kanusi
21 docdaTt kanus
22 Cynbdut aMMoHus
23 HutpaTt cepebpa
24 Xnopua uUnHKa
25 AueTtat Gapus
26 LnaHna kanuna

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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BapuaHTtbl 3agaHun HasBaHue conen

27 KapboHart kanus

28 Cynbgat marHus

29 Hutpnt ammoHumnsa

30 Bopat nutus

31 Cynbcung nutns

32 docdaTt aMMoHNSA

33 CynbuT HaTpus

CodepxxaHue u nopssdok 8bINoSIHEHUST pabombi:

1 O3HaKOMUTLCA C TEOPETUYECKOM YaCTbIO 3aHATUSA.

2 CocTtaBUTb ypaBHEHUS MMAPOMM3a COrfacHO BapwaHTy 3adaHus M 0PopMUTb
OTYeT No npakTu4eckon padore.

3 OTBETUTb Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTUYecKoro 3aHATUs

Llenb 3aHATMSA

BapwnaHT 3agaHus

OTyeT O BbINONMHEHMM Ha Kaxabld 3Tan pasgena «CogepxaHue M nopsaok
BbIMNOMHEHUs paboTbl»

CnncoK ncnonb3oBaHHOW NUTepaTypbl U APYrMX MCTOYHUKOB

BbiBoAabI

AdaTbl n nognucm obyyatoLlerocs u npenogasartens

KoHmporsibHble 80Mpochi:

1. Kakas peakums HasblBaeTCs peakumen rmgponunsa?

2. ObpasoBaHMeM Kakmx NPOAYKTOB CONPOBOXAAETCa peakunsa ruaponmnsa conen?

3. Bcneacteue yero namensietca pH pactesopa npu rugponuse conn?

4. Kakune conuv nogsepratTcs ruaponunay?

5. MNo4vemy conb, obpasoBaHHas CUMbHBIM OCHOBAHWEM U CUMbHOW KUCIIOTOW, He
nogeepraetca rmgponmsy? Yemy paseH pH pacTtBopoB 3TuUX conen?

6. NpuBegnute Tpu npumepa pasfnyHbIX TUMNOB CONewn, MoABeprarLmnxcs
rmoponunay.

7. Kak vcnonb3yetca peakuusi ruaponivsa conv B TexHuke ©6e3onacHocTu npwm
paboTe B xumuyeckon nabopatopnmn?

8.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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4 KONIMYECTBEHHbIW AHANU3

4.1 NpaBUMeTPUYECKUA MeTOA aHanms3a

MNMpakTnyeckoe 3aHaTMe N2 11. AHanuTU4YeCcKue BecCbl, UX YCTPOMUCTBO.
MpaBuna B3BewnBaHUA
Lenb 3aHsmus:
M3yunTb yCTPONCTBO U NpaBura B3BELUMBAHUS HA aHanuTU4eckmx secax. OcBoUTb

MeTOAUKY B3BELLUMBAHNA HA aHAJIMTUYECKMNX BECAX.

Ucnonb3yemblie ucmoyHuku: [2], [3].

MamepuanbHoe obecriedeHue:

AHanutnyeckue Becol BJIP-200

BbicTpoaencTeytomMe TEXHMYECKME BECHI A5 NPUBNN3MTENBHOrO B3BELLNBAHUS
AHannTuUyecknin pasHoBec

CTeKknsiHHbIN BHOKC N YacoBOE CTEKIO

Mpo6Gbl XMMUYECKUX BELLECTB.

Teopemuyeckasi Hacmab:

B ocHoBe rpaBuMmeTpudeckoro (BECOBOro) MeToda aHanuaa IeXxuT TOo4vHOe
N3MepeHne Maccbl nNpoaykToB peakumn. OCHOBHAsA onepauusi BECOBOro aHanusa -—
B3BELUMBaHME Ha aHaNUTMYEeCKUX Becax C npegenbHon Harpy3kon 200 r n TOYHOCTbIO A0
0,0002 .

OaHOM 13 camblX BaXKHbIX YACTEN aHANUTUYECKUX BECOB SIBNSIETCS KOPOMBICIIO C
YKPEMMNEHHbIMM HA HEM TpeMs araToBbiMM nNpuamamu. CpegHas npuama Cry>XMT Onopowu
KOpOMbICNla B MOMEHT B3BelUMBaHUSA. [1pM3Mbl, MOMELLEHHbIE HAa KOHLAX KOpoMbICNa,
SIBMNSETCA ONOpon Ans Yallek BECOB.

AHanuTmnyeckmne Becbl CHabXeHbl cneumanbHbIM MPUCNOCOBNEeHMEM — appPETUPOM.
Mpn nomowm appeTnpa KOPOMbICIIO BECOB NPUNOAHUMAIOT U CTaBAT B TaKOe MOSIOXKeEHMeE,
npyv KOTOPOM HM OfHA M3 MNPU3M HE KacaeTcsl CBOMX OMOPHbIX noaywek. AppeTtup
NPUBOOAT B ABWXEHNE PYKOSATKON, NPUKPENSIEHHOM K HXXHEN YaCcTu 4OCKN BECOB.

Becbl nomelleHbl B CTEKMsHHbIA QYTNAp, 3allmlialowunim oT nblnn, konebaHumn
TemnepaTypbl U PE3KOro ABMXEHUS BO3ayXa.

Mpasuna pabomsl Ha aHaNUMUYECKUX 8ecax:

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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1. MNepen kaxabiM B3BELUMBaHMEM W MNPOBEPATb COCTOSHWE BeCOB. AKKYypaTHO
OYUCTUTD Mblfb, NPOBEPUTL HYNEBYIO TOYKY.

2. Mpn oBGHapyXeHUM HeucnpaBHOCTU BECOB HW B KOEM Cllydae He UCnpaBnaTb
BECbl CaMOMy.

3. Henb3a ponyckaTb HWKaKMX MNPUKOCHOBEHUN K HeappeTMpPOBaHHbIM BecaM.
OnyckaTb U nogHMMaTb appeTup Hago OCTOPOXKHO U NIIaBHLIM MOBOPOTOM PYYKMU.

4. He cgosuraTb BeCbl C 3aHMMaeMOro Mecra.

5. He neperpyxaTtb BeCbl cBepX npeaesibHon Harpyskm — 200 r.

6. Kateropmnyeckn 3sanpeljaeTcs B3BelUMBaTb BeLleCTBa HENOCPEACTBEHHO Ha
YallKe BeCOB; B3BELUMBAEMOE BELLECTBO NOMELLAT B BIOKC, TUrenb, YacoBOe CTEKO.

7. Npubaensate unn ybaBnATb B3BELUMBAEMOE BELIECTBO MOXHO TOJSIbKO BHe
doyTnsipa BeCOB.

8. Henb3a B3BewwuBaTb ropsyne WM  CIAUWIKOM  XOJOAHble  MpeaMeThl.
BaBelwmnBaemble npeaMeTbl JOMKHLI UMETb TeMnepaTypy BECOBOW KOMHATbI.

9. Bce B3BelMBaHMUs OaHHOro aHanmMsa nNpoBOAMTb Ha OOHUX WU TeX Xe Becax,
Nnonb3ysiCb OOHUM U TeM Xe pa3HoBecoM. Bce rmpu aHanMTMyeckoro pasHoBeca MOXHO
OpaTb TOMNbKO NUHLIETOM.

10. lNo OKOH4YaHMM B3BeWMBAHUA Hado ybeauTbCs, YTO BeCbl appeTUpOBaHbl,

Harpy3ka CHATa, ABEPKUN MNOJTHOCTbHO 3aKpbIThbl.

B3eewusaHue Ha aHanumu4ecKux gecax rnpoussoosim 8 cnedyrouwem nopsoke:

1. BHavane npou3BogAT B3BewwMBaHWe npeameTa Ha  ObICTPOOENCTBYHOLMX
TeXHUYECKUX Becax Asns npnbnmanTenbsHOro onpeaeneHnss Macchbl.

2. Nepen HayanomMm B3BELUMBAHUSA Ha aHaNMTUYECKUX Becax crneumnanbHOW pyyKomn
ANCK OennTerNibHOro YCTPOWCTBA YyCTaHaBnMBalOT Ha oTMeTKy «00» mn apyrom pyykon
HYNEeBYIO OTMETKY LUKasnbl COBMELLAT C OTCHETHON OTMETKOW 3KpaHa.

3. lNMpeameT cTaBAT Ha NeByH Yallky BecoB, noabupatoT rMpu M3 pasHoBeca U
MUNIMrpaMMOBbIE€ Pa3HOBECKWN, BCTPOEHHbIE B KOPMYC BECOB B BUAE CrneunarbHbIX Konedy,.
MoaGop pasHOBECOK NpPoAOIMKaKT A0 TeX Nop, Noka Ha aKpaHe He NOoSIBUTCH U3obpaxkeHune
LUKanbl.

4. 3anucbiBasi pes3ynbTaTbl B3BELUMBAHUS, BHayane 3anucbiBalOT Maccy rMpek, a
3aTeM MnokasaTenu 9KpaHa: B JIEBOM OKHe — Mo NumOy rMpeBoro MexaHmama — COTHU
MUMNIUIPaMMOB, B LEHTpParibHOM OKHe — MO LWKane — OeCATKM MUNIMrpaMmMoB U Lenble

MunnurpamMmmbl, B NnpaBoM — AieCATbIE U COTbl€ AOJIN MUNMTNTUTPAMMOB.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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lpumep onpedeneHusi Maccbl 838eLWIUBAEMO20 nMpedMema U 835imusi HaBeCKuU:

Ha npaByto 4Yaliky BecoB nonoxeHbl rmpbkn 10 r 1 1 r, B NEBOM OKHE 3KpaHa
ycTaHoBunacb uudcpa 6, B UEHTpanbHOM OKHE — OTMeTKa Ha wkane 25 u B OKHe
AenutenbHoro ycrtpouctea — uucno 35. CnepgoBaTenbHO, Macca B3BeLUMBAEMOro
npegmeta pasHa 11,62535 .

Ecnu ana onpegeneHns maccbl npegMeTta AOCTAaTOMHO TOYHOCTb [0 YeTBEPTOro
AECATUYHOIO 3Haka, NATbIM 3HAKOM MOXHO npeHebpeyb, NOMb3ysiCb MpaBuamMm
okpyrneHuns: 11,6254 r.

Haeseckol HasbiBaeTcst YacTb Npobbl XMMUYECKOro BeLlecTBa, TOYHO B3BELUEHHOE
Ha aHanNUTU4eckMx Becax. [1na B3sTMA HAaBECKM NOCTyNatT crieayoLwmm obpasom:

1. MpoBepstoT, 4TOObLI GIOKC MNK YacoBOE CTEKMO OblfiM YUCTbIMM M COBEPLUEHHO
CYXUMM.

2. Cobnogas Bce npaBuia B3BELLMBAHMWS, B3BELUMBAKOT BIOKC MM YacoBOE CTEKITO.

3. CymmumpytoT Maccy 6rwokca unm cTekna € Maccon HeobxoOuMMOW HaBecKw,
onpenensaT ux oduyo maccy.

4. CH/MMaIOT C BECOB HarpysKy, COOTBETCTBYIOLLYIO Macce Blokca, 1 CTaBAT HOBYIO,
paBHyto 0bLLen macce 6toKca M HaBECKN.

5. CHMmatoT 610KC C BECOB, HacbiNalT B HEFO HEMHOIO BeLlecTBa U CHOBa CTaBAT
Ha Becbl. OCTOPOXHO OTKpbIBas appeTup, M HabniogarT 3a OTKNOHEHWEM CTPEenku U
yCTaHaBNMBaloT, Mano unM MHOro BewecTtBa B Otokce. [docbinalT wmnu oTcbinatoT
BELLECTBO, CHMMasd BIOKC C YallKn BECOB A0 TEX MOp, NoKa He NOMNy4YnTCS Hy>KHas macca.

Hago 3HaTbh, YTO BO MHOMMX Criydyasix HeT HeobGXOAMMOCTM OTBELMBATb TOYHO
paccyMTaHHOE KONMMYEeCTBO BELLECTBA, BAXHO UMETb MOYHYHK Maccy HagecKku, No3TOMY B
3TOM cry4ae:

6. B 610KC HacbinalT NPUMEPHO HYXXHOE KONMUYECTBO BellecTBa (C TOMHOCTbIO A0
AecATbIX AofierM rpamma) u B3BelUMBalOT OKOKC BMecTe C HaBeckon. Maccy Hasecku
onpegensioT, BbluMTasa n3 CyMMapHoOM mMacchl, Maccy Otokca.

PesynbTaTbl B3BELLUMBAHNA OCOOPMISAIOT 3anMCblo, HAaNnpumep:

Macca nycrtoro 6tokca - 11,6254 r

Macca 6tokca ¢ HaBeckon — 12,9677 r

Macca HaBecku — 1,2423r.

Owunbkn, BCTpevawlwmecs B nabopaTopHOM  MNpakTuUke, AenaTtca  Ha

cucmemMmamu4eckue u cnyqaL“/Hb/e.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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Owunbkn cucmemamuyeckue 06yCNOBNEHbl HEMNPaBUIIbHOCTLIO B MOKa3aHUAX
npnbopoB, HegocTtaTkamuM B METOAUMKE W3MEPEHUN U OL4HOCTOPOHHE HarnpaBlieHHbIM
BNUAHMEM  KakKuMX-MOO BHEWHMX BO3AEWUCTBUMWA. TakMe OWwubKM CcucTemMaTmyecku
MOBTOPSIOTCA, MO3TOMY WX MOXHO YYeCTb, Hanpumep, MNoNb3ysCcb MNoMnpaBkamMun K
nokasaHusm NpubopoB, KOTOpble NPMBOAATCA B MacnopTax, NepMoanyeckon MOBEPKOW MO
aTanoHam (Hanpumep, NoOBepKa pasHOBECOB, rpagynpoBka TEPMOMETPOB, BIOPETOK 1 T.M.)

Owunbkn  cnyvalHble  3aBUCAT OT YCNOBMW oOMblTa W ONpeaensitoTcs
NHAMBUAYyanbHbIMM OCOBEHHOCTAMM y4yaLerocsi. AT NOrpeLLHOCTN OObIMHO HEBEMMWKN, HO
OHW HEYCTPaHUMBbI.

Ownbkn npn mnamepeHunsix BoobLie HensbexHbl BBMAY OTCYTCTBUS MAeanbHbIX
n3mepuTenbHbiX MNpubopoB, HECOBEpPLUEHCTBA OpraHOB YYyBCTB 3KCMEpMMeHTatopa MU
HEMOCTOSIHCTBA BO3AENCTBUA BHELUHUX YCMOBUW: BMAAXHOCTM BO34yxa, [AaBreHUs,
COTpPSICEHUI 30aHNsa nabopaTopum 1 T.0.

A6COMOMHyl0 U OMHOCUMESIbHY0 OLNOKA M3MEPEHUN HAXOOUT CregylLum
obpasom.

AbconomHas owubka n3MepeHuUss — PasHOCTb MeXAY «UCTUHHbIM» 3HadYeHuem
BEMMYUHBI U PE3YNbTAaTOM U3MEPEHUS 3TOWN BESNTUYMHDI.

OmHocumernbHass owubka WN3MEPEHUS — MNPOLEHTHOE OTHOLUEHWE abCoNTHOM
OLUMBKM K UICTUHHOMY 3HAYEHUIO N3MEPSEMON BESTUYNHDI.

B ycnoBusix nabopaTopHOro npakTukyma OOrMycKkaeTcs OTHOCUTENbHas olmbka B

npegenax 3 — 5 %.

UcxodHble mamepuarbl U OaHHbIe:

HaBecka BapwvaHTbl 3agaHui
XMMUWYECKOro BelecTea 1 2 3 4 5 6
NacCl 0,5 0,6
NaOH 0,9 1,0
BaCl; - 2H20 1,2 1,3

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

1) npou3BecTM B3ATME HABECKM XMMMYECKOrO BellecTBa, MOMb3ysCb
aHanMTUYeCKMMN BECaMn U aHaNUTUYECKMM pa3HoBeCOM, cobntogasa npasuna paboTbl Ha
Becax;

2) 3anucatb pe3ynbTaTbl B3BELUMBAHUS.

3 OchopmuTb OTYHET NO NpakTU4eckon pabore.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx



W KMPK BIrAP® ®I'BOY BO «KI'TY»

MO-43 02 15-EH.01.M3 XNMUA | C.57/79

4 OTBETUTb Ha KOHTPOJbHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHMe NpakTUYecKoro 3aHATUS

Llenb 3aHATUSA

BapwnaHT 3agaHus

OTyeT O BbINOMHEHMM Ha Kaxablh aTan pasgena «CopepxaHune M nNopsaok
BbIMNOMHEHUS paboTbl»

CnncoK ncnonb3oBaHHOW NUTepaTypbl U APYrMX NCTOYHUKOB

BoiBoabl

[atbl 1 nognucu oby4yatoLlerocs 1 npenogaBaTens

KoHmporsbHble 80rpocsi:

1. C KaKkom TOYHOCTbIO MOXHO B3BELUMBATL HA aHANUTUYECKUX Becax?

2. KakoBo HasHa4eHue appeTupa?

3. KakoB nopsaok B3selumBaHna?

4. Kak NpoBepuUTb HyNneByt TOYKY?

5. KakoBbl npaBuna, KoTopble HeobxoauMMoO BbINOMHATL npu  pabote C
aHanuMTU4yecknmMn secamm?

6. Kak npaBunbHO 3anucaTtb pesyrbTaTbl B3BELLUMBAHUSA?

7. Buabl owmnbok namepeHui B nabopatopHoMm npaktukyme? MNMpueegurte npumepsl.

4.2 MeTtoAbl TUTPUMETPUYECKOIO aHanumsa
MpakTuyeckoe 3aHATHEe Ne 12. PacyeTbl B TATPUMETPUYECKOM aHanuse

Llenb 3aHsmus:

OcBonTb METOANKY pacyeToOB B TUTPUMETPUYECKOM aHaNu3e.

Ucnonb3yemblie UCMOYHUKU:

Mepuogunyeckasa cnctema xummndeckmx anemeHtoB [1.1. MengeneeBa;

Tabnuua pacTBOPUMOCTU CONMEN, KUCMOT, OCHOBAHWUM;

[2], [3].

Teopemuyeckasi Hacmab:

B TutpumeTtpuyeckoMm (06bEMHOM) aHanu3e KONMYEeCTBEHHOe onpegeneHune
BeLLeCcTBa nNpon3BoanTcsa no obbemy pactBopa U3BECTHOW KOHLEHTpauuKn, 3aTpavyeHHoro
Ha peakuuto ¢ onpeaensemMbiM BELLECTBOM.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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Mpouecc onpegeneHus codepXaHuUs BeLwlecTBa WM TOYHOW KOHLUEHTpaLuumu
pacTBopa 06 beMHO-aHaNMMTUYECKUM NyTEM Ha3blBAETCA MUMmMpo8aHUeM.

OTa BaxHenwasa onepaumsi TATPMMETPMUYECKOrO aHann3a 3akno4yaeTcst B TOM, YTO K
nccnegyeMmomy pacTtBopy NpUnMBaloT APYror pacTBOP TOYHO M3BECTHOW KOHLUEHTpauuu 4o
OKOHYaHusa peakumn. [lpu TUTpoBaHMM MpubaBnAlOT He U3bbITOYHOE KONMUYeCcTBO
peakTMBa, a TOYHO OTBevarwllee YypaBHEHUIO peakuun. CnepoBaTenbHO, Takoe
onpegeneHne BO3MOXHO TOSMbKO B TOM Crlyvae, €ecnu KonmdecTBo npubaBnsemoro
peakTuBa 3KBUBASIEHTHO KONMYECTBY ONpeaenaeMoro COeanHeHus.

M3BeCTHO, YTO 06BbemMbl pacmeopos, KOJIUYECMBEHHO peazupyrouux mexaoy cobod,
obpamHo npornopyuUoHarsbHbl HOpMasbHbIM KOHUEHmpauyusM 3mux pacmeopos (3aKoH
aK8UeasnieHmos):

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

rae Vi um V2 — o6beMbl NeEPBOro U BTOPOro pacTBOpOB, M (cm3);

N1 1 N2 — HOpMarnbHbIe KOHLEHTPaLUUn pacTBOpPOB, r-ake/n (H).

OTO NOMOXeEHME 1 NErmno B OCHOBY TUTPMMETPUYECKOrO OnpeaeneHus.

BaxHelwumu MOMeHmMamu TUTPUMETPUYECKNX ONpeaeneHnin ABNSOTCS:

1. TOYHOE n3mepeHne 06 LEMOB pearnpyroLmnx pacTBOpPOB;

2. NpUroToBMEHWE pPacTBOPOB TOYHO W3BECTHOW KOHLUEHTpauUuW, C MNOMOLLbIO
KOTOPbIX NPOBOANTCSA TUTPOBAHWE, Tak Ha3blBaeMbIX paboyux pacmeopos (mumpaHmos),

3. onpegeneHune KoHUa peakuumn (TOYKN 3KBMBANIEHTHOCTHN).

Ana onpegeneHnss TOYKWM  3KBMBANEHTHOCTM  MPUMEHSAOTCA  cheumanbHble
BeLLeCTBa, Ha3bliBaeMble UHOUKamopamu.

KoHueHTpauuio paboyero pactsopa BbipaxalT 4epe3 HOpPMasrbHOCTb MK 4vepes
TUTP.

[na onpegeneHns TOYHOW KOHUEHTpauum pabodero pactBopa (YyCTaHOBKM TUTpa
Unu ctaHgapTmsaumm pabodero pactesopa) NoMb3yTCHA Tak Ha3biBAEMbIM UCXOOHbLIM USU
yCmaHO804YHbIM 8euwecmeomM. VIcxoaHoe BewecTBO AOSMKHO YAOBMETBOPATL Creayowmm
mpebosaHusIM:

1. ero cocrtaB JOJTXEH CTPOro COOTBETCTBOBATb €ro XMMuyeckon qopmyrne;

2. OHO JOMKHO ObiTb XMMUYECKUN YNUCTBIM (X.Y.);

3. OHO OIMKHO ObITb YCTONYMBBLIM Ha BO3YyXE U B pacTBOpPE;

4. OHO JOMKHO BbITb XOPOLUO PacTBOPMMO B BOAE;

5. OHO [JOMKHO pearvpoBaTb C PacTBOPOM, TUTP KOTOPOro yCTaHaBNMBaeTCH, MO

CTPOro onpeaeneHHoMy ypaBHEHMIO 1 C BOMbLLION CKOPOCTLIO.
LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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Criocobebl npueomosieHUss mumpo8aHHbIX Pacmeopos:

1. No TOYHOM HaBeCKe MCXOOHOro BELLECTBA;

2. N0 HETOYHOMW HaBecKe WCXOOQHOro  BewectBa unu  pasbasneHuem
KOHLIEHTPMPOBAHHOIO pacTBopa B MEPHOM LIUNNHAPE;

3. 13 cbmkcaHana (ctaHgapTHOro TuTpa).

Mo cnocoby BbLINONHEHNA OOBLEMHO-aHANUTUYECKMX ONpeaeneHnn pasnuyatoT
NpsIMOe N KOCBEHHOE TUTPOBAHME.

lNpu npssMomM mumpogaHuu: onpeaensaemMblii KOMNOHEHT HEMOCPEACTBEHHO TUTPYIOT
nogxogswmum paboynm pacTBOPOM.

lMpu KOoCB8EHHOM MumpoeaHuuU — TUTPYIOT He cam onpeaensembli KOMMOHEHT, a
NPO4YKT €ro B3auMMOLEWCTBUSA CO crneumanbHo [oOaBrneHHbIM BeLecTBOM (Memoo
3ameweHuUs1) wnu mn3bbITOK Takoro cneuvanbHO Ao6aBneHHOro BeWecTBa, KOTOPbIN
OCTaeTCsl No 3aBepLUEHNN ero B3anMoLeNCTBUSA C onpeaensiemMmbiM KOMNOHEHTOM (Memod
0bpamHo020 mumpo8aHusi).

Takum o6pa3om, B METOA4AX KOCBEHHOMO TUTPOBaHMSA HENOCPEACTBEHHO TUTPYHOT HE
onpegensemMoe BeLlecTBO, a cneumnansHo gobasneHHoe.

BapuaHmbl mumpumMempu4yecko20 aHasnu3a: MeTOA4 NUNEeTUPOBaHWA W MeTOoA
OTAENbHbIX HABECOK.

B nepBomM TUTPYKOT HECKONbKO pa3 OfMHaKoBble MOpUWUK pacTBopa, 0TOMpaemoro
NUNETKON M3 MEPHOW Konbbl onpeneneHHoro obbema, B KOTOPOM pacTBOpPEHa Macca
HaBECKM MCXOOHOro WU onpefensieMoro BellecTBa. TUTpoBaHWe NPOBOAAT TpU pasa U
Ansa pacdeta 6epyT cpegHuin pesynbTarT.

Bo BTOpOM — HECKONbKO HaBECOK BELLECTBA, PACCYUTaAHHbIX HA O4HO TUTPOBaHWeE,
pacTBOPAOT B MPOM3BOSIbHOM O6beMe pacTBOPUTENS U TUTPYIOT Kaxabl pacteop. [Ons
TUTpPOBaHWs B6epeTcs He MeHee ABYX HAaBECOK, U BbIYUCNAOT CPpeaHUN pe3ynbTarT.

BaxHO 3Hamb, 4Ymo 8ce pacyembl 8 MUMPUMEMPUYECKOM aHanu3e eedymcs 00
yemeepmou 3HadYauwel yugpesl.

MprMepbl BbIYUCNEHUA B TUTPUMETPUYECKOM aHanmse.

Mpumep 1. [Ons onpegeneHus KoHueHTpauum paboyero pacteopa NaOH B
KayecTBe wucxogHoro pactsopa Obin B3saT 0,1H pactBop consHon kucnotbl. O6bem
NCXOQHOro pacTeBopa, B3ATOro Ans TutpoBaHusi, paBeH 10 mn. O6bem pabodero
pacTBopa, nolwlegLwero Ha TuTposaHue, 11,3 mn.

PeweHune. TouyHaa HopmanbHOCTbL paboyero pacteopa HaxoguTces M3 chopmynbl (1):

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

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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Mpn BblpaXXeHNUN TOYHOM HOPMAasibHOW KOHLUEHTpauum paboyero pacrtBopa 4acTto
NPUMEHSIOT TaK Ha3blBaeMbIn «nonpaBoYHbI KoaddpuumeHT» (K).

BennumHy K HaxogsaT, pasgenvs onpegeneHHylo TUTPUMETPUYECKM HOPMarbHOCTb
pacTBopa Ha npeanonaraeMoe 3HayeHne HopManbHOCTU pacTBopa:

K = N/No, )

raoe N — akcnepuMeHTarnbHO onpeaeneHHas HopMasibHOCTb pacTBopa, r-ake/n;

No — Npegnonaraemas HopManbHOCTb pacTBOpa, M-aKB/n.
Ecnn pabounn pacTtBop nNpUroToBreH TOYHO 3afaHHOW KOHLUEHTpauuu w3

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

Mpumep 2. Hantu nonpaBoyHbIn KO3ppuumeHT «K» npubnusntensHo 0,1 H
pactesopa NaOH, ecnu ero onpegenieHHas TUTPUMMETPUYECKM HOpMaribHas KOHUEeHTpauus
0,08850 H.

PeweHuve. Bocnonb3yemcsa cdopmynon (2).

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

KoHueHTpauusa pactBopa MOXeT ObITb BblpaxkeHa TUTPOM paboyero pacTteopa, T.€.
B rpamMMax BellecTBa Ha 1 mn pacTteopa:

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

roe O — aKBMBaneHTHas Macca BeLwecTBa, T;

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

[ns npuvrotoBneHMs pacTBOPOB OnpedeneHHON KOHUEeHTpauuu HaBecky, m, T,
paccuyMTbiBalOT No hopmyne:

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

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

3 — r-aKkB BellecTBa, T;
V — 06bemM NpuMroToBneHHOro pacTeopa, Mrl.

PacyeTbl npu BbIpaXXeHUM  KOHUEHTpauuu 4epe3 TUTP MO onpenenseMomy
BELecTBy, T.e. Maccol onpegenseMoro BellecTBa, KOTOpPOMYy cooTBeTcTByeT 1 mn
paboyero pactBopa, BeayTcs no hopmyne:

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

roe X — pabouunn pacTeop;

y — onpeaensieMoe BeLeCTBO;

Nx — HOpMarnbHOCTb paboyero pacTsopa r-aks/n (H);

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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Oy — r-aKB onpeaensiemMoro BeLLecTBa, .

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

PeweHuve. Bocnonb3yemcsa dopmynon (5):

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

Tump makxe pacc4yumbigarom 0o 4yemeepmou 3Havyawel yugpsbl.

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

PeweHune. Bocnonb3yemcsa dopmynon (5):

T AgNOs/NaCl = N -3 /1000 =0,1 - 58,5/1000 = 0,005850 r/mn, 4To 03Ha4aeT: 1 Mn
0,1 H pactBopa AgNOs3 BcTynaet B peakuuio ¢ 0,005850 r NacCl.

Mpumep 5. Kakoe KONMYECTBO XNOP-MOHOB COAEpPXKanocb B TUTPYEMOM XITOpuAe,
€eCnun Ha TuTpoBaHue 3atpadeHo 8,20 mn HuTpaTa cepebpa? T AgNOs/Cl- = 0,003616 r/mn.
PeweHune. Bocnonbayemcs oopmynon (3), Toraa macca xnop-moHoB 6yaeT paBHa:
m = T AgNOs/CI- - V AgNOs = 0,003616 - 8,20 = 0,02965 r.

UcxodHble mamepuarsibl U OaHHbIe:

CTtaHgapTHbIN pacTBop U
BapuaHT €ro xapakTepucTtumka Tutp, Onpepensemoe
&
3agaHus BeLLECTBO KOHH:,H;Pau r-oKB r/cm BELLECTBO
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 AgNOs 0,1 170 0,005850 NaCl
9 HCI 0,1 365 0,005300 Na2COs3
10 Hg2(NOs)2 0,1 280,6 0,033670 NaCl

CodeprxaHue u rnopsidok 8bIrnorHeHUs pabomni:
1. O3HaKOMUTLCA C TEOPETMYECKOM YaCTbIO 3aHATUA.
2. Tlo

KO3(PULUMEHT M TUTP NO ONpedensieMoMy BeLlecTBy [AJfi CTaHAapTHOro pacTeopa.

3afjaHHOMY BapuaHTy BbIHUCIIUTb  HOPMAalibHOCTDb, HOﬂpaBOQHbIVI

PeweHne BbINONHUTL C NOAPOOHLIMU MOACHEHUAMU N YKa3aHUEM eOMHUL, U3MEPEHUS.
3. OdopmUTb OTHET NO NpakTn4yeckon paboTte.

4. OTBETUTbL HA KOHTPOJIbHbLIE BOMPOCHI.

CodepxxaHue omyema:

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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HanmeHoBaHMe NpakTUYeckoro 3aHATUS

Llenb 3aHATUSA

BapwnaHT 3agaHus

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

CnncoK ncnonb3oBaHHOW NUTepaTypbl U APYrMX NCTOYHUKOB

BbiBOAbI

HdaTbl n nognucm obyyatoLerocs v npenogasartens

KoHmporbHble 80rpochi:

1. Yto Takoe TUTpUMETpU4ECKoe onpegeneHme?

2. YTo HasbIiBaeTCcHa TUTpOBaAHNEM?

3. Hanuwmnte dopmyny 3aBMCUMOCTM OOBLEMOB KONMUYECTBEHHO pPearnpyroLmx
pacTBOPOB M X HOPMarbHbIX KOHLEHTPaLNNA.

4. YT0 Takoe pabouunin pactBop?
Kak BblpakaeTcsi KOHUEeHTpaunsa paboyvero pactesopa?
YT0 Takoe ncxoagHoe BeLLeCcTBO?
KakoBbl TpeboBaHUs1, NnpeabsaBsSeMble K UICXOAHbIM BeLecTBam?

Kakune CylecCTByrOT cnocobbl NPUroToBreHnAa TUTPOBAHHbIX paCTBOpOB?

© 0 N o O

B 4em npuvHUMnmnansHasa pasHuua mexay npsiMbiM U KOCBEHHLIM TUTPOBaAHUEM?

10. B 4yem cyulHOCTb MeTOA4a NUNETUPOBAHMSA U MeTOAA OTAENbHbIX HABECOK?

11. Hanuwwnte copmyny, No KOTOPON MOXHO paccumnTaTb TUTP paboyero pacTeopa
no onpegenseMoMy BeLLeCTBY, €Cn U3BECTHAa HopMarbHas KOHUeHTpauus paboyero
pacTtBopa.

12. Hanuwwute dopmyny, Mo KOTOPOM MOXHO paccumTaTb TUTP pacTBopa, 3Hasa ero
TOYHYIO HOPMarsibHYI0 KOHLIEHTPaLMIO.

13. Hanuwwnte dopmyny Ansi BbIYUCAEHNSA KONUYECTBA BELLECTBaA, €CNN U3BECTHbI
obbem paboyero pacTtBopa, nOWeAWero Ha TUTpoBaHME, W TUTP pacTBopa Mo
onpeaenseMomy BeLLecTBy.

14. Y70 NokasbiBaeT NONPaBOYHbIV KOIPPULMEHT?
4.2 MeToaAbl TUTPMMETPUYECKOIrO aHanu3a

MNMpakTnyeckoe 3aHATHEe Ne 13. PacyeTbl B KNCNOTHO-OCHOBHOM MeTOoAe

Llenb 3aHsmus:

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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OcBoutb MeTOoaAnKy pac4eToB B KMCJTOTHO-OCHOBHOM MeTOeE.

Ucrnonb3yembie UCMOYHUKU:

lMNepuogunyeckasa cucrtema xummndeckmx anemeHtoB [.. Mengeneesa;

Tabnuua pacTBOPUMOCTHM KMUCMOT, CONEn, OCHOBaHWU B BOAE;

MNOTHOCTb BOAHbIX PACTBOPOB KUCHOT;

[2], [3].

Teopemuyeckasi Yacmab:

B ocHOBe KMCNOTHO-OCHOBHOrO MeToAa (MeTtoda HerTpanu3auuu) NeXuT peakums
HenTpanusauyuun: H* + OH" — H20

OTOT MeToq NPUMEHSETCA ANS KONMYECTBEHHOIo onpeaerieHns KUCMoT, Wenoyen,
conemn, CnocoBHbIX MOPONM30BaTbCA B BOOHbIX pacTBopax, a Takke nx cMecen.

B kayectBe paboumx pacTBOPOB MCMOMb3YKT 4alle BCEro pacTBOPbl COMSAHON U
CEPHOM KMCNOT, pacTBOPbI TMAPOKCUO0B HATPUS U Kanus.

B «kayectBe WCXOAHbIX BeLWECTB ANA YCTaHOBKM TUTpa pacTBopa KUCNOT
ncnonb3yloT TeTpabopar Hatpua (b6ypa) NaxBsO7 - 10H20 wnm kapboHaT HaTpus
6e3sogHbIn Na2COs, a Ana ycTaHOBKM TUTpa pacTBopa wenodven — wasenesyto H2C204
2H20 nnun aHTapHyto kncnoty HzaCaH4Oa.

Mpy NnomMOLM KUCNOTHO-OCHOBHOIO MeToAa onpeaenstoT KapboHaTHYK XeCTKOCTb
BOAbl, KUCNOTHOCTb MOSIOYHbIX U PbIBHBIX NPOAYKTOB, KUCAIOTHOE YMCIO Macna u xupa.

B meTogme HenTpanusauuMum B KayecTBe WHAMKATOpa MPUMEHSIOT OpraHuveckue
COeAMHEHNsI, MEHSIIOLME CBOK OKpacky B 3aBMCUMOCTM OT KOHLUEHTpauum WOHOB
Bofopoda B pacTtsope. BenuunHy pH, npn koTopon 3akaH4MBalOT TUTPOBAHUE C AaHHbIM

WHOMKaTOPOM, Ha3blBaloOT r1okazamesiem mumposaHus (pT).

XapaKTepl/ICTl/IKa HEKOTOPbIX NUHONKATOPOB:

WNHankaTop pT N3meHeHne okpacku
MeTunosbIn opaHXeBbl 4,0 KpacHaa — xenras
MeTnnoBbIN KpacHbIN 5,5 KpacHaa — xentasi
deHonTanenH 9,0 becuBeTHas — CUHSS
TumondTanevH 10,0 bGecuBeTHas — KpacHas

MpyMepbl pacYeToB B KUCITOTHO-OCHOBHOM METOJeE.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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Cnedyem umems 6 sudy: 1) B npoLiecce pacTBOPEHUS BeLwecTBa unm pasdasneHmm
pacTBopa, Macca BellecTBa, a, CrnefoBaTerfibHO, M YXCMNO €ero 9KBMBANIEHTOB He
n3meHsieTcs; 2) B ntobon peakuumn BeLLeCcTBa pearmpytoT B 9KBUBASIEHTHbIX KONMYeCTBaXx.

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

PeweHue.

1) OHel = Muci = 36,5 .

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

1 H HCI cogepxuTt 1 r-aks = 36,5 r HCI B 1 n pactBopa;
0,1 H HCI cogepxuT 0,1 r-akB = 3,65 r HCI B 1 1 pacTBOpa,;
0,1 H HCI copepxuT 3,65 - 5 =18,25 r HCI B 5 n pacTtBopa.

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

38 r x.4. HCI cogepxutcs B 100 r nCXxogHOW KMCNOTbI

XT « 1-1,19r

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

4) Onpegensiem ob6bem 38 % - HOro pactBopa CONMAHOW KMCROTbI, HE06X0aUMOro
ans npurotosnenus 5 n 0,1 H pacTBopa:

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

Mpumep 2. PaccuuTtatb, CKOMbKO rmagpokcuaa HaTtpusi cogepxutca B 500 mn
pacTtBopa, ecnun Ha TutpoBaHue 20 mn aToro pacteopa naet 20,8 mn pacTBopa COSIsTHOM
KMcnoTbl, TUTp kKoToporo paseH 0,002022 r/mn.

PeweHuve. YpasHeHue peakuuun: NaOH + HCl = NaCl + H20 (2)

1 cnocob pacyema:

1) Konn4yecTtBo consiHon KMcnoTbl, cogepxawenca B 20,8 mn pacteopa:

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

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

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

3) Torga macca NaOH:

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

2 criocob pacyema:

1) Haxoanm HopmanbHy KOHUEHTpaLUM CONSHON KACHOThI:

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

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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2) HopManbHOCTb Lenoyu:

NnaoH = NHcl - VHel / VNaoH = 0,05546 - 20,8/20,0 = 0,05768 H.

3) Macca wenouu, cogepxattaaca B 500 mn pacteopa:

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

Mpumep 3. Heobxogmmo npurotoButb 500 mn npubnuantensHo 0,1 H H2SO4 m3
KMcnoTbl nnoTHocTbio 1,84 r/cm® (npu 20 °C) M ycTaHOBUTb TOYHYH HOPMarnbHOCTb MO
paboyemy pactsopy NaOH.

PeweHue.

1) MNpwn nonHOM HeNnTpanM3aunm CEPHON KNCNOTbl €€ rpaMM-3KBMBArieHT paBeH

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

2) lMoatomy konuyectBo rpammoB 4dmuctonm (100 %) H2SOas4, Heobxogumoe Ans
npurotoBnexmst 0,5 n 0,1 H pacTBopa, MOXHO BbIYMCNNTL CreayoLwmm odpasom:

MH.S0, =3 -N-V=49-0,1-0,56=245r.

3) CepHasa kucnota nnoTHocTblo 1,84 r/cM® mMeeT KoHueHTpaunwo 96,0 %
(cnpaBo4yHbIe AaHHbIE). Jlerko BblMUCANTL B KAKOM KONIMYECTBE 3TOW KMCMOThI COAEPKUTCS
2,45 r ynctom H2S0O4:

100 r 96 % - HoM knucnoTbl cogepxat 96 r H2SO4

XT « 2,45 r H2SO4

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

4) Ho cepHyl KMCMOTYy He B3BELUMBAKOT, a OTMEpMBaKT nNo obbemy. YUTOObLI
nepenTn OT MaccCbl K 06beMY KNCIOTbI, MONb3YTCS OPMYIION:

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

Takum obpasom, ansa npurotosneHuss 500 mn npubnuantensHo 0,1 H pacTeBopa
H2SO4 HYXHO OTMEpPUTb MEPHbBIM LMAVHAPOM UMW rpagyvpoBaHHoOn npobupkon 1,39 mn
KOHLIEHTPUPOBaHHOW cepHol kucnoTobl (p = 1,84 r/cm3), pacTBOpUTL U JOBECTU BOAOKW OO0
obbema 500 mn.

5) [leicTBMTENbHYHD HOPMAanbHOCTb 3TOrO pacTBopa €eue HY)XHO YCTaHOBUTb MO
ncxogHomy BewectBy (Na2COs, NazB4O7 - 10H20) unm no TOYHOMY pacTBOpY €AKOro
HaTpa nyTem TUTPOBaHUS.

UcxodHbie mamepuarbi U OaHHbIE:!

Tabnuua 1
BapuaHTt CraHpapTHbIV pacTBoOp Wccnepgyembii pactsop Obbem
3apanua obbewm, N, obbem, Vz, konbel,
Ne 1 BELLECTBO V1, Mn H. Kromp. | BellecTBO M r-aKB M1
1 H2S04 23,44 0,1 0,980 NaOH 25,00 40 250

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
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2 HCI 11,64 0,1 1,050 Na>COs 10,00 53 100
3 NaOH 12,21 0,1 1,100 H2SO4 15,00 49 200
4 KOH 9,52 0,1 0,954 HCI 10,00 36,5 200
5 NaOH 9,48 0,1 0,908 H2C204 10,0 63 1000
6 H2S04 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 H2SO4 15,00 49 200
9 KOH 9,52 0,05 0,95 HCI 10,00 36,5 200
10 NaOH 9,48 0,05 0,908 H2C204 10,0 63 1000
Tabnuua 2
Bapuan MNoTHOCTbL BOAHOO
3afaHus Beuiectso 2 % O6bem konbwl, cm?
No 2 pacTtBopa, p, r/cm

1 HCI 1,049 10 1000
2 H2SO4 1,143 20 500
3 HNOs 1,184 30 200
4 CHsCOOH 1,049 40 250
5 HCI 1,100 20 500
6 H2S04 1,503 60 400
7 HNOs 1,421 70 300
8 CHsCOOH 1,070 80 250
9 HCI 1,152 30 200
10 H2S04 1,819 90 100

CodepixaHue u nopssidok 8bINOIHEHUS pabombi:
1 O3HaAKOMUTLCA C TEOPETUYECKOM YaCTbIO 3aHATUA.
2 1o npeanoXxeHHOMY BapuaHTy:
1) 3agaHms Ne 1 (cm. Tabnuuy 1) BbIMMCNIMTL Maccy BeLwecTBa, coaepKallerocs
B onpeaeneHHoMm obbeme pactBopa, No AaHHbIM TUTPOBAHUS;
2) 3agaHusa Ne 2 (cMm. Tabnuuy 2) BblMUCNUTL MaccCy BellecTBa, coaepallerocs
B onpegeneHHoMm obbeme pacTtsopa.
3 OhopmuTb OTYHET NO NpakTU4eckon pabore.

4 OTBETUTb Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHMe NpakTUYecKoro 3aHsaTus

Llenb 3aHaTMA

BapwnaHT 3agaHus

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

Cnncok ncnonb3oBaHHOW NUTepaTypbl U APYrmx NCTOYHUKOB

BbiBOAbI

HaTtbl u nognucu obydatowerocs 1 npenogasartens
LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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KOHmpOJ'IbeIe 80r1pocChkI.
1. Kakon TVITpVIMeTpI/I‘-IeCKI/IIZ MEeTO[, aHanm3a Ha3blBaeTCs KUCITIOTHO-OCHOBHbIM?

2. Co,u,ep>|<aH|/|e Kakmx BewecCcTB MOXHO onpegennmtb KUCITIOTHO-OCHOBHbIM

MeToaom?

3. PacTBOpbl kakuMx BELLECTB MPUMEHSIOTCS B Ka4ecTBe paboymx pacTBOPOB B 3TOM

meTtoae”?

4. Kakue BelecTBa NPpUMEHSIOTCS B KA4eCcTBE UCXOAHbIX BELLECTB B 3TOM MeToae?
5. Kak doukcmpyeTcst Touka SKBMBarIEHTHOCTU B KUCIIOTHO-OCHOBHOM MeToae?

6. Yto npenctaBnsAlT cobo MHOMKATOPbLI, MPUMEHSIEMblE B KUCIOTHO-OCHOBHOM

meTtoae?

7. YTo HasbIiBaeTcHd Nokasartenem TUTpoBaHNA?
8. Kakyto okpacky nmeet nHamkatop deHondTaneunH npu pH=7,0; 9,0; 13,0?

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

4.3 MeToabl pefoKCUMeTpUU
MpakTnyeckoe 3aHaTMe Ne 14. PacyeTbl B MeTOoAle NepMaHraHaToMeTpumn
Llenb 3aHsmus:
OcBonTb METOANKY pacyeToB B METOAE NepMaHraHaTOMETPUu.
Ucnonb3yemble UCMOYHUKU:
Mepuogunyeckasa cuctema xummndeckmnx anemeHtoB [.. Mengeneesa;
Tabnunuya pacTBOPUMOCTU COMEN, KNCAOT N OCHOBaHWM B BOAE;
ONEKTPOXUMUNYECKUI PA HANPSXKEHNN MeTanmnos,
[2], [3].
Teopemu4yeckasi Yacmb:

B OCHOBY MeTOoOOB penoKCUumeTpun (OKCI/I,EI,VIMeTpI/II/I) NoNnoXeHbl OKUCITUTEJIbHO-

BOCCTAHOBUTEJIbHbIE peaKuunn, B pe3yribTate KOTOPbIX U3MEHAKTCA CTENEHU OKUCIIEHUA

MOHOB WM 3remMeHToB. TepMUH «pedokc» npousowen B pe3ynbTaTe CoYeTaHus

naTuHCKux cros reduction — BoccTaHOBRNEHNE 1 oXydatio — OKuCneHune.

[MepmaHraHaToMeTpusi — YaCTHbIW Crly4yan pegoKCUMeTpumn, 3TOT MeTO OCHOBaH Ha

OKUCNUTESTIbHOM OENCTBUM pa6oqero pacTBOpa nepmMmaHraHaTta Kanuma. I'IepmaHraHaT Kanumd

SABMNAETCA CWMNbHBbIM OKUCNUTENeM, OCOBEHHO B KUCIOW cpene. Ona nogkucneHna

NMPUMEHSIIOT TOSTbKO CEPHYH KUCMOTY. MNpn TUTPOBaHMM NPOTEKaET creayroLLas peakums:

2KMnO4 + 3H2S04 + 5H2C204 = 2MnSO4 + K2SO4 + 10C0O2 + 8H20

YpaBHEHMS 3NeKTPOHHOro 6banaHca ans paccTtaHoBKN KO3 ULIMEHTOB:

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lMpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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2 Mn’*+5& — Mn?*

5 10 C204% -2& — 2CO2°

TutpoBaHne Begetcsa 6e3 wuHOuKaTopa, TaK Kak Touyka 9SKBUBANEHTHOCTM
dukecupyetcs no obecLBevMBaHUIO CaMoro xe paboyero pactsopa, UMeKLLEro B Havyarne
doMOoNeToBYHO OKpPACKY.

lMepmaHraHat Kanua He sBNSieTCA CTaHA4apTHBIM BELLECTBOM, (NpenapaTt COaepXuT
npumecn MnO32). MoToBAT paboumi pactBop KMnOas, BblOEPXKMBAKOT €ro B CKMASIHKE M3
TEMHOro cTekrnia B TedeHue 7-10 cyTok, nocrne 4yero oTaensarT pacTBop oT ocagka MnO:2
(dbvnbTpoBaHMe). XpaHAT pacTBOpP B CKMNSHKE M3 TEMHOrO CTEKMna C npuwnMdoBaHHOM
npobkon. PacTBop cTaHOapTU3MpyoT Mo waseneson kucnote, ee guruapaty (H2C204
2H20) nnu okcanaty HaTpus (Naz2C204).

MeTogoM nepmMaHraHaTOMETPUM MOXHO oOnpeaenaTb BOCCTAHOBUTENW (nNpsiMoe
TUTPOBaHME) N okucnuTenn (obpaTtHoe TUTpoBaHue). NepmMaHraHaToMeTpus NPUMEHSETCA
ANa onpefeneHns Tak Ha3blBAEMOW OKUCNSAeMOCTU BoAbl, T.e. onpegeneHns KMnOa,
Heob6Xo4MMOro Ans OKUCMEHMS OpraHMYeckuX BELLECTB B CTOYHbIX BOAAX; KONM4yecTBa
TSOKENbIX METAN0B 1 cepbl B PbIGHON NPOaYKUUK.

paMM-3KBMBANEHT  OKUCIUTENA W BOCCTAHOBUTENS B OKUCIIUTESbHO-
BOCCTAHOBUTENbHbIX peakunsax HaxoguTces no dopmyne:

9 =Min, (1)
rae M — monekynsipHas macca okucnuTens (BOCCTaHOBUTENS);
N — YUCNO NEepexoasWmnx IfeKTPOHOB, MNPUOBPETEHHLIX (MOTEPAHHBIX)
aNeMeHTaMn UM MoHaMM Kaxgon Monekysbl OKUCIUTeNsa (BOCCTaHOBUTENS).

Okucnsawwaa cnocobHocTe pactBopa KMn*’Os 0GBbACHAETCA BOCCTAHOBIIEHUEM
ero B pasHblx cpegax go:

Mn*2S0Os4 - B KuUCnow cpefe;
Mn**Q2  — B HelTpanbHoOW cpeae;
KoMn*60O4 — B Lieno4vHon cpege.

Moatomy, rpamm-akBuBaneHT KMnOas B pasHbix cpefax HaxoauTcs no dpopmyrne

(2):
3 KMnO, = 158,03/5=31,61r1 - B Kucnon cpege,

roe Mn’t + 58 — Mn?t;

3 KMnOs = 158,03/3 = 52,68 r — B HemTpanbHoOW cpeae,
rae Mn’t + 38 — Mn*;

O KMnOs = 158,03/1 = 158,03 r — B LWeno4YHoM cpege,
LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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roe Mn’t +1& — Mn®*.

Mpumepbl B MeTode nepmMaHraHaTtomeTpuu. [lpu peweHun 3apad  criedyem
noMHUMb, 4mo & mobol peakyuu eeujecmea peasupyrom 8 39K8UBaNeHMHbIX
Konudecmeax: YMCNO 3KBMBANEHTOB OAHOMO M3 BELWECTB PaBHO YUCIY SKBUBANEHTOB
ApYroro BeLlecTBa, NpopearnpoBasLLero ¢ HAM, U paBHO YMCIY 3KBMBASIEHTOB KaX4oro u3
MONyYMBLUNXCA B pe3yrbTaTe peakunin BeLwecTB.

OcHoBHas pacyeTHas opmyna TUTPOBaAHUA WCXOAUT W3  3ITOrO  3aKkoHa
3KBMBaneHToB, npomssegeHne «N-V» MOCTOAHHO, TO €CTb YyeM Borblie HOpMaribHOCTb
pactBopa, TeM MeHblle ero o06beMm, coaepxawumin onpegerieHHoe KOnMYecTBO
9KBMBAEHTOB.

Mpumep 1. N3 1,4380 r okcanaTta HaTpusa npurotoBneHo 200 mn pactBopa. Ha
TUTpoBaHMe 25,0 MST MOMNyYeHHOro pacTBopa u3pacxopoBaHo 23,85 mn pacTtBopa
nepmaHraHarta kanvs. Onpegenutb HopMarnbHOCTb U TUTP KMNOa.

PeweHue.

1) HopmanbHocTb pactBopa Na2C204 Haxogum ns opmyIbi:

N Na:C.04=m - 1000/3 - V = 1,4380 - 1000/67 - 200 = 0,1073 H.,
roe O Na:C0: = M/2 =134/2 =67 .
2) HopmanbHocTb pactBopa KMNnO4 HaxoaMm UCXoast U3 3aKOHa 3KBUBANEHTOB:
N KMnOs = N NazC:0s * V Na:C204/ V KMn0O. = 0,1073 - 25,0/23,85 = 0,1125 H.
3) Tutp pactBopa KMnOa:
T KMnO4s =3 - N/1000 = 31,61 - 0,1125/1000 = 0,003556 r/mn,

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

Mpumep 2. HaBecka 3,2240 r waBeneBOW KUCNOTbI pacTBOpEHa B MepHOn Konbe
emkocTbto 500 mn. Ha tutpoBaHue 25 mMn 3TOro pacrteBopa u3pacxogoBaHo 22,8 mn
pactBopa KMnOs 0,1122 H. koHueHTpauuu. Onpegoenutb MPOUEHTHOE coaep)KaHune
H2C204 B obpasue.

PeweHue.

1) HopmanbHOCTb pacTBopa LiaBeneBon KUCNOThbI:

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

2) Konu4yecTBo waseneson kucnoTel B 500 mn pacTtBopa:

m=3-N -V/1000 = 45,02 - 0,1023 - 500/1000 = 2,3034 ,
roe O H:C2:0.=M/2 =90/2 =45T.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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3) MNMpoueHTHOE coaepxaHne KMcrnoTbl B 0bpasue CoCTaBUT:
% H2C204=m -100/3,2240 = 2,3034 - 100/3,2240 = 71,44 %.
Mpumep 3. HopmanebHoCTb NepmaHraHata pasHa 0,0220 H. YeMy paBHbl TUTPbI €ro
no H2C204, no Fe, no H202?

PeweHue.
1) T KMnO4/H2C204 = N KMnO4 - O H2C204/1000 = 0,0220 - 45/1000 = 0,0009904 r/mn.
2) T KMnO4/Fe = N KMnO. * 3 Fe /1000 = 0,0220 - 55,85/1000 = 0,001228 r/mn.
3) T KMnO«#/H202 = N KMnO4 * 3 H20./1000 = 0,0220 - 17/1000 = 0,0003741 r/mn.
Mpumep 4. Ha tutposaHue 0,03350 r Na2C204 napacxogosaHo 12,50 cm3 pactBopa
KMnOa4. Onpegenunte TUTP U HOPMasnbHYH KoHUeHTpauuio pactsopa KMnOa.
PeweHue. YpaBHeHWe peakumu:
2KMnO4 + 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 KMnOg
0,03350 r NazC204 « X 1 KMnOa
x=0,03350-2-158/5-134 = 0,01580 .
2) Onpepgensem Tutp pacteopa KMnOa:
T KMnOs= m/V = 0,01580/12,50 = 0,001264 r/ cm?.
3) HopmanbHocTe pactBopa KMnOs: N = T-1000/3 = 0,001264-1000/158 =
0,008000 H.

UcxodHble mamepuarbl U OaHHbIe:

BapuaHT O6beMm pacTBopa B
3 eLLecTBo Hasecka, r
3agaHus rnepmaHraHaTa kanus, CM
1 22,48 Fe 0,1262
2 11,67 (NHa1)2Fe(S04) - 6H20 0,9367
3 18,06 H2C204 - H20 0,1139
4 24,68 H2C204 - H20 0,3111
5 28,12 Na2C204 0,3772
6 44,96 Fe 0,2524
7 23,34 (NHa1)2Fe(S04) - 6H20 1,8734
8 36,12 H2C204 - H20 0,2278
9 49,36 H2C204 - H20 0,6222
10 56,24 Na2C204 0,7544

CodeprxkaHue u rnopsidok 8bIrnorHeHuUs pabomni:

1 O3HaKOMUTLCS C TEOPETUYECKON HYaCTbIO 3aHATUS.

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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2 Mo 3agaHHOMY BapWaHTy BbIYMCIIUTb HOPMarnbHOCTb U TUTP pacTBOpa, €Cnu Ha
TUTPOBaHME HABECKWN NOLLIEN OnpeaeneHHbIn 06bemM pacTeopa.

3 OchopmuTb OTHET NO NpakTu4eckon pabore.

4 OTBETUTb HA KOHTPOSIbHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHMe NpakTUYeCKoro 3aHATUA

Llenb 3aHATMSA

BapwuaHT 3agaHus

OTyeT O BbINOMHEHUMM Ha Kaxabld 3Tan pasgena «CogepxaHne M NOpPSAOOK
BbINOSTHEHUST pabOThbI»

Cnuncok ncnosnb3oBaHHOW NUTepaTypbl U APYrnX MCTOYHUKOB

BbiBoAabI

HaTbl n nognucm obyyatollerocsa u npenogasartens

KoHmporsbHble 80rpocsi:

1. Kakne wmMeToabl  KONMMYECTBEHHOrO0  aHanm3a  OTHOCATCA K MeTodam
oKCUaNMETPUN?

2. HazoBuTe OCHOBHbIE YCIOBUSA NEpMaHraHaTOMETPUYECKOro TUTPOBAHKS.

3. Kakas peakuusi nexut B OCHOBE KOSIMYECTBEHHbIX OnpeaesieHuin no meTtoay
nepmaHraHatomeTpum?

4. Kakasi peakums Ha3bIBaeTCa aBTOKaTanMTUYeCcKkomn?
UTo siBNsieTCA KatanM3aTtopom B peakuuu no Metony nepmaHraHatomeTpum?
HasoBuTte paboumi pactBop nepmaHraHatomeTpun. Kak ero xpaHaT?

B kakon cpene nposogAaTcd nepmMmaHraHatomMeTpunyeckme OI'Ipe,D,eJ'IeHI/IFI?

© N o Ou

Kak onpepensieTcsa To4YKa 3KBMBANEHTHOCTM B MEeTOAE NepMaHraHaTomeTpumn?

9. Kakas kucnota npumMeHsaeTcsa And nogkucneHns TMTpyeMblX pacTBOPOB B MeTode
nepmMmaHraHatomeTpun? MNMoyemy?

10. MNo4yemy B nepmaHraHaTOMeTpUM BO3MOXHO TUTpOBaHMe 6e3 cneumanbHOro
nHamkartopa?

11. HasoBuTe ucxodHble BellecTBa ONA onpefeneHns TOYHOW KOHLUEeHTpauuu
pacTBOpa nepmaHraHara Kanus.

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

13. Kakne aHanutmn4yeckune 3agaym pewarT meTogom nepmaHraHaTomeTpmm?

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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MpakTnyeckoe 3aHaTHe Ne 15. PacyeTbl B MeTOAE MOAOMETPUMN

Llenb 3aHsmus:

OcBouTtb MeTOANKY pac4HeToB B VIOﬂOMeTpMM.

Ucrnonb3yemble UCMOYHUKU:

Mepuoaunyeckas cuctema xmmudeckux anemenTos [1.. MeHgeneesa;

Tabnuua pacTBOPUMOCTM COSEN, KUCIIOT M OCHOBaHWUI B BOAE;

ONEKTPOXNMUYECKUI P HAaNPs>KEHUA MEeTansoB.;

[2], [3].

Teopemuyeckasi Hacmab:

B ocHoBY MeTO40B pefOKCUMETPUN NOSTOXKEHbBI OKUCINTESTbHO-BOCCTAHOBUTESbHbIE
peakumn. HasBaHMe MeTOOOB, B KOTOPbIX WCMOMb3yeTCs MPUHUMM pedoKcumeTpuu,
NPONCXOANT OT Ha3BaHWs paboynx pacTBOPOB.

MopomeTpus — 3T0 MeTof, B KOTOPOM paboynM pacTBOPOM CRYyXUT pacTBop MoAa B
nognae kanvs (KI). Metog oCHOBaH Ha peakuusix, B Xode KOTopblx obpasyetcsa unm
pacxogyeTtcs nog;:

120+ 28 < 2I

MeToaom AoOOMeTPUM MOXHO OonpeaenuTb Kak okucnutenu (oHun okucnsoT |- go 19),
TaK 1 BOCCTaHOBUTENN (OHM BOCCTaHaBnmBaroT nog 4o ).

[na onpepeneHvst okMcnuvTenem ucnonb3lyeTca pabounn pacTBop TuocynbdaTta
HaTpusa Na2S203 - 5SH20 n BcnomoratenbHbIn pactsop noanga kanua Kl, kotopbin 6epetcsa
B n36bITKE.

TuocynbdaT HaTpUs HE OTHOCUTCH K CTaHOapTHbIM (MCXOAHbIM) BellecTBam, Tak
Kak MOXeT He COOTBETCTBOBATb CBOEN XMMMYECKOM (bopMyrie n3-3a HeyCTOMYNMBOCTU NpU
XpaHeHWU, paspyLleHnsa TMobakTepusmMm 1 BblBETPUBAHUS KPUCTANNM3aUnoHHOM BOAbI.

McxoaHbIM  BewecTBOM ANt YCTAHOBKM TUTpa TUOCyNb(ata HaTpus CryxuT
anxpomart kanusa K2Cr207 (okucnutens).

Mpw TUTPOBaHUM NPUMEHSAETCS MEMOO 3aMeUeHUs.

B ocHoBe nogomeTpuyeckoro onpeaenenuns nexar ase peakumu:

K2Cr207 + 6KI + 7H2SO4 = Cr2(SOa4)3 + 3l2 + 4K2S04 + 7H20 ()

O6paasyeTca nopg B KonmMyecTBe, akBuBaneHTHoM konuyectry K2Cr207.

YpaBHeHNS anekTpoHHoro 6anaHca:

1 2Cr%* +6é — 2Cr3*

3 6 2I'-2& - 2I°

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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BbligenueLumincs nog oTTMTPOBBLIBAKOT PaCTBOPOM TUOCYNbdaTa HaTpuS:

2Na2S203 + 12° = Na2S406 + 2Nal (2)

YpaBHEHNS aneKkTpoHHOro 6anaHca:

1| 2| 2S5203% — 28 — S406*

12| 12°+28 —2I

MHankaTop — pacTBop Kpaxmarna, KOTopbli o6aBnsaioT B JaHHOM Crydae B KOHLE
TUTPOBaHUSA, KOrga KOHUEeHTpauus nhoda mMana, U pacTBOp UMeEET COSTIOMEHHO-XENTYHo
okpacky. B npucyTtcTtBumM Kpaxmana pactBop npuvobpeTaeT CUMHIOK OKpacky, TUTpoBaHue
npogoskatoT 4o obecuBeynBaHnsa pacTeopa.

MeTtogom  MogOMETPUM  MOXHO  OnNpefensaTb  BOCCTAHOBUTENW  MPSIMbIM
mumposgaHuem. TWTpaHT — pacTBOp MoLa, KOTOPbIN FOTOBAT PACTBOPEHMEM TOYHOW
HaBeckn cmecu l2 ¢ Kl (2 + KI = K[ls]) B guctunnuposaHHon Boae. [puUrotoBneHHbIN
pacTBOp XpaHAT B CKIISIHKE M3 TEMHOro CcTekrna BO u3bexaHue OKUCNeHus noauaa u
yneTyymBaHus mnoga. NHOMKaToOpoM CRYXWUT pacTBOp Kpaxmana, KoTopbii Ao6aBnsoT B
Havane TUTPOBaHUSA. TOYKY OKBMBANEHTHOCTU (UKCUMPYIOT MO MOSBIEHUIO CUHEro
OoKpallMBaHUA pacTtBopa OT 3bbITOYHOW Kannn pacTeopa rhoaa.

MogomeTpus wncnonb3yetca ANA onpedeneHvs: CBOGOAHOrO Xropa B BOAE;
MOOHOrO 4ucna pacTUTENbHOIO Macra MW Xupa; Meaun, pTyTu W Opyrux MeTansnos;
BuTammHa C; nakTo3sbl U rMIOKO3bl B NULLEBLIX NPOAYKTaX.

Mpumepbl pacyeTtoB B MeToge wnopometpuwn. pun pelwweHun 3agad no gaHHOMY
MeToay Takke criedyem roMHUMb, 4mo 8 iobol peakyuu seujecmea peazsupyom 8
3K8UBaAJIEHMHbIX KO/lu4Yecmeax: YACHO 3KBUBANEHTOB OAHOrO M3 BELLECTB PaBHO 4uUCIly
9KBMBANeHTOB [ApYyroro BellecTBa, MpopearnpoBaBlIEr0O C HUM, M pPaBHO uYucny
9KBMBASIEHTOB KaXXA0ro0 M3 NMOSyYMBLLMXCS B pe3ynbTaTe peakuunin BELLEeCTB.

OcHoBHas pacyeTHas opmyna TUTPOBaAHUA WCXOAUT W3  3ITOMO  3aKoHa
3KBMBaneHToB, npoussegeHne «N-V» MOCTOSAHHO, TO eCTb Yem 6ornblle HOpManbHOCTb
pacTBopa, TEeM MeHble ero obbem, cogepxawmn onpeneneHHoe KONMM4ecTBO
9KBVBamneHTOB.

Mpumep 1. Ckonbko rpammoB K2Cr207 cogepXutcss B pacTBope, ecnu nocne
pobaBneHns K Hemy n3bbiTka Kl n H2SO4 Ha TUTpoBaHME BblAENMBLLErOCS MoAa NOLUSO
30,0 mn 0,1 H pacTBOopa NazS203?

PeweHne.

1) Konu4yecTtBo anxpomarta kanusa onpegensem rno gopmyne:

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNpoeepb akmyanbHOCMb 8epcuu o opuauHany, xpaHsauiemycsi e 1C: Konnedx
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m = 3 - N -V/1000, y4yntbiBasi, YTO NpM OAHHOM MOAOMETPUYECKOM OnpeaeneHnm

konnyectBa Na2S20z n KoCr207 skBMBaneHTHbl, @ O K:Cr207 = M/6 = 49,03 r, To macca

coctaBut: m =49,03 - 0,1 - 30/1000 = 0,1471 r.

Mpumep 2. Haeecka 6,8920 r Tnocynbdarta HaTpus Na2S203 pacTBopeHa B MeEPHOU

konde emkoctbto 500 mn. Ha tutpoBanme 25,0 mn atoro pacteopa nowno 25,2 mn

paboyero pactBopa wnoga 0,05510 H. koHueHTpauuun. Onpenenutb MNPOLEHTHOE

copgepxaHune 6e3BoaHOro TMocynbgarta HaTpusa B obpasLe.
PelweHne.

1) HopmanbHOCTb pacTtBopa Tuocynbgara HaTpus:

N Na2S20s = N I2-V I2/ V NazS:05 = 0,05510 - 25,2/25,0 = 0,0555 H.

2) CogepxaHue TnocynbdaTta HaTpus B 500 mn pacteopa:

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

roe 9 Na.S;0s =M = 158,11 .
3) MNMpoueHTHOE cogepxaHne TuocynbdaTa HaTpUs B HaBECKe:
% = m - 100/6,8920 = 4,3908 -100/6,8920 = 63,71 %.

Mpumep 3. OnpegennTb KONMWYECTBO MOAa B pacTBOpe, €CNu Ha TUTpOBaHue

nowno 10,3 Mn TMocynbdata HaTpusa. T NaxS:0s/l> = 0,01290 r/cm3.
PeweHue.

1) Haxogum HopmManbHOCTb TUOCYNb(aTa HaTpus U3 opmMynbi:

T NazS203/l2 = N NazS20s - 3 12/1000. OTkyga N NazS:0s = T NazS204/l2 - 1000/312
N Na:S:0s =0,01290 -1000/127 = 0,10116 H.,
roe O I, = M/2 =127 .
2) Konun4yecTtBo noga B pacTeope:
m=3-N-Vv/1000 =127 - 0,1016 - 10,3/1000 = 0,1329 r.
UcxodHbie mamepuaribl U OaHHbIE:
O6bem
ERRLENT Pacteop pacTtBopa BewecTtBo Hasecka, r
3agjaHud - ’ ’
1 Na2S203 21,09 K2Cr207 0,1053
2 Na2S203 41,59 K2Cr207 0,2122
3 Na2S203 15,67 CuSOa 0,3913
4 K2CrO4 12,73 (NH4)2Fe(S04) - 6H20 0,4992
5 K2Cr207 25,88 (NHa)2Fe(SOa) - 6H20 0,5000
6 Na2S203 16,78 I2 0,2129
7 Na2S203 34,56 K2Cr207 0,1718
8 Na2S203 22,44 KlO3 0,1601
9 Na2S203 33,56 I2 0,4258
10 Na2S203 50,34 I2 0,6387
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CooepxxaHue u rnopsidok 8bIrnoHeHUs pabomsi:

1 O3HaKOMUTbLCS C TEOPETUYECKON YACTbIO 3aHATUS.

2 Mo 3agaHHOMY BapuaHTy BbIYUCIIUTbL HOPManbHOCTb M TUTP pacTBOpa, €Cnv Ha
TUTPOBaHME HaBECKWN NoLLen onpeaerneHHbIn 06bem pacTBopa.

3 OhopmuTb OTHET NO NpakTu4eckon pabore.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTUYecKoro 3aHATUS

Llenb 3aHATMSA

BapwuaHT 3agaHus

OTyeT O BbINOMHEHUM Ha Kaxablh aTan pasgena «CopepxaHue M NopsOoK
BbIMNOMHEHUs paboTbl»

Cnncok ncnonb3oBaHHOW NUTepaTypbl U APYrMX UCTOYHUKOB

BbiBoAabI

[atbl 1 nognucu oby4yatoLlerocs 1 npenoaaBaTtens

KoHmporsbHble 80rpocsi:

1. Kakne meToObl  KOMMYECTBEHHOrO  aHanmmMsa  OTHOCATCA K MeToaam
oKCUONMETPUN?

2. HasoBuTe OCHOBHbIE YCIOBUSA NOAOMETPUYECKOTO TUTPOBAHUS.

3. Kakas peakums nexuTt B OCHOBE MeToAa nogomeTpum?

4. HazoBute paboumn pactBop AN MOOOMETPUYECKOro  onpeneneHus
okucnutenen. Kak ero xpaHart?

5. HazoBute pabounin pactBop AN MOOOMETPUYECKOro  onpeneneHus
BoccTaHoBuTenen. Kak ero rotoBat n XxpaHaT?

6. HazoBuTe ncxogHoe BeLLECTBO ANs onpeaeneHnst TuTpa Tmocynbdarta HaTpus.

7. HasoBute pabouni pactBop AnNd onpeaeneHus OKUCIUTENen MeTonooM
NnoaoMeTpum.

8. HasoBute pabounn pactBop ONs OnpedeneHuss BOCCTAHOBUTENEW MeToaoM
NoaoMeTpUN.

9. Hanuwmnte ypaBHeHME peakuun B3aMMOLEWCTBUSA auMXpomaTa Kanusa ¢ Moanaom
Kanus.

10. HanuwuTte ypaBHeHWE peakumn, KoTopas MNPOUCXOAUT nNpu TUTPOBaAHUU

TMOCYyIbdaToOM HaTpUs pacTeopa noaa.
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11. Kakoe BeLEeCTBO MNPUMEHSETCA B KayecTBe WHOMKATOpa B MOAOMETpUn?
KakoBbl OCOOGEHHOCTM €ro WCnonb30BaHUs [Ona WOAOMETPUYECKOro onpeaeneHus
oKMcnuTenewm n BocctaHoBuTenen?

12. Kakve aHanuTuMyeckue 3agadv pelatoT METOA0M NOOOMETPUN?
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MPUNOXEHWE A

HeKOTOpre crnpaBoO4yHbl€ AaHHbIE q)VISI/IKO-XVIMI/I‘-IeCKI/IX BEJIMYNH

Tabnuuya 1 — Tennota 06paszoBaHNA HEKOTOPbIX COEANHEHWI, B KKan/Mosb

H20nap. 57,8 NO -21,6 CO2 94,0
H20xun. 68,3 P20s 360 CO 26,4
HCI 22,1 CHa4 17,9 CaO 151,7
(07) 71,0 C2Ha4 -12,5 Ca(OH): 236,0
NH3 11,0 C2H2 —54.2 Fe20s3 195,2
N20 -19,5 C2HsOH 56,2 Al2O3 393,3
Tabnuua 2 — TennoTta cropaHnsi HEKOTOPbIX BELLECTB
B Kkan/mornb
MeTaH +248,5 | AueToH +437,2 | Tonyon +938,2
AT1aH +372,8 | AMMuak (cropaet oo +69,85 | MeTaHon +289,1
OKMCK a3oTa)
QTuneH +337,1 | AMMunak (cropaet oo + 75,8 | NponaHon +481,0
asoTa)
AueTune +310,5 | 'nioko3sa +674,0 | Caxapo3sa +1351,3
H
MponaH +579,8 | MoyeBuHa +151,7 | YKcycHas +208,3
Kucnorta
byTtaH +747,0 | beHson +783,4 | lnatmunosbin +660,9
a¢np

Tabnuua 3 — TennoTa cropaHus 1 r NMWEBLIX BEWECTB B XKMBOTHOM OpraHn3ame

N KanopumeTpe/kkan

TennoTta cropaHus

TennoTta cropaHusi

BewecTtso
B OpraHusme B KarnopumeTtpe
Yrnesoabl 4,0 4,0
YKnpbl 9,0 9,0
Benku 4,0 5,6

Tabnuua 4 — CoaepkaHnue OCHOBHbIX BELLIECTB B MULLIEBLIX NPOAYKTaX

B npoueHTax

MoHoauca- OHepreTuyec

xapuvabl Kpaxman Kas

Mpoaykt Bopa Benkn YKupbl 3ona LEHHOCTb,

kkan/100 r

Xneb n xnebobynoyHble n3genus

Xneb p>xaHon NogoBbLIN 39,5 4,7 1,0 1,4 42,2 1,8 208
Xneb neHnYHbIN 41,0 8,7 15 1.4 37,3 2,0 209
baToH npocTon 36,6 8,0 0,9 0,8 48,1 1,5 235
Cpoba obblkHOBEHHAasA 27,5 8,0 5,3 7,2 46,5 1,7 299
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MoHoaunca- OHepreTuyec
Mpoaykt Bopa Benkn Knpbl Xapuas! NEERTED) 3ona Ll,eH|I(-|a0ﬂCTb,
kkan/100 r
Cyxapu 12,0 11,2 1,4 1,5 66,3 2,1 337
KoHauTepckue nsgenus
Caxap-necok 0,14 0 0 99,8 0 0 379
Opex yHayK 4.8 16,1 66,9 - 9,9 2,3 707
LWokonapn 0,8 54 54 35,3 47,2 11 544
Kakao nopouuok 4,0 24,2 17,5 3,5 24,4 6,3 380
NeyeHbe caxapHoe 55 7,5 11,8 23,6 50,8 0,3 436
Mono4Hble NPoAYKTbI, X1pbl, Macna

Monoko 3,2 % >upa 88,5 2,8 3,2 4,7 - 0,7 58
CwmeTtaHa 25 % xupa 68,5 2,6 25,0 2,7 - 0,5 248
TBOpOr NOSYXUPHbLIN 70,3 16,7 9,0 2,0 - 1,0 159
Monoko crywéHHoe ¢ 26,0 7,2 8,5 12,5 43,5 1,8 320
caxapom

Macno cnnBo4yHoe 16,0 0,5 82,5 0,8 - 0,2 748
Cblp «Poccuickuing 41,0 23,0 29,0 - 2,0 4,6 360
Anuo KypuHoe 74,0 12,7 11,5 0,7 - 1,00 157

Mnoabl, coku

Abnoko 87,0 0,4 0,4 9,0 1,6 0,5 45
JInmoH 87,5 0,99 0,1 3,0 3,7 0,5 33
Cok abpukocoBblii 84,0 0,5 0 13,7 0/0,8 0,4 56
Cok ToMaTHbIN 94,3 1,00 0 3,3 0,2/0,5 0,7 19
Cok a6n0YHbIV 88,1 0,5 0 9,1 -/0,5 0,3 38
BuHorpag cyleHbin 18,0 2,3 0 56,0 1,2 3,0 262
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