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BBegeHue

Pabo4en nporpammon y4ebHOM AMCUMNNNHBI NpeaycMoTpeHo 18 akagemMuyeckux
4YacoB: A8 NPOBeAEHUs NPaKTUYECKNX 3aHATUN, U3 HUX:

-ona 1-2 pasgenoB nNpenycMOTPeHO 6 akageMUYecKknx YyacoB Ha nposeeHue Tpex
NpakTU4EeCKNX 3aHATUN;

- ons 3-4 pasgenos npefycMoTpeHo 12 akageMmndeckux 4acoB Ha rnposegeHne 12
npakTnyeckunx no cneuyuansHoctn 43.02.15 «lMoBapckoe n KoHAUTEPCKOEe Aeroy.

Llenbto npoBefeHns NpakTUYeCKnX 3aHATUN SBNSETCS 3aKkpenneHne TeopeTnyeckmx
3HaHUN N NprnobpeTeHne HeoBXoaMMbIX NPAKTUYECKMX HABBIKOB M YMEHWUI MO OTAENbHbIM
Temam Kypca. Hapsgy ¢ dopMmmpoBaHneM yMEHUA U HaBLIKOB B MpoLecce npakTu4ecKnx
3aHATMI 0600 aloTCa, CUCTEMaTU3NPYHOTCA, YriybnswTca U KOHKPETU3MPYHTCS
TeopeTudeckne 3HaHud, BblpabaTbiBaeTcs CNOCOBHOCTb M FOTOBHOCTb WCMOSb30BaTb
TeopeTnyeckne 3HaHUS Ha NpakTUKe, pa3BMBalOTCA MHTENNEKTYanbHble YMEHNS.

Mepen npoBedeHWEM MPaAKTUYECKUX 3aHATUM CTyOeHTbl 06s3aHbl npopaboTaTb
COOTBETCTBYHOLUMN MaTepuarsn, yACHUTb Lefb 3aHATUS, 0O3HAKOMUTLCS C COAepXXaHUeEM U
nocrefoBaTerNibHOCTbIO ero NpoBeAeHus, a npenogasartefle — NPOBEPUTb UX 3HAHUA U
rOTOBHOCTb K BbIMOSTHEHUIO 3a4aHUS.

[Mocne kaxgoro npakTUYecKoro 3aHATUS NPoBOAUTCA 3adveT. Ha 3adveTe CTydeHT
OOIDKEH: 3HaTb TEOpUI0 MO [OaHHOW TeMe; MOSACHUTb, Kak MpOBOAUTCA pacyeT unu
ynpaxHeHue; yMeTb MpoaHanuM3vMpoBaTb MNOMNyYeHHble pesyrnbTaTbl (B COOTBETCTBUMM C
OCHOBHbIMU TPEOOBaHUSMU K 3HAHUSIM U YMEHUSIM MO JaHHOW Teme paboyen nporpamMmmsl).

B pesynbTtate ocCBOeHUS mMatepuarna no npakTUYeCKUM 3aHATUSM Y yvalumxcs

dopmupytotcsa cnegyrowme komneteHummn- OK 01.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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PA3OEN 1 ®PUBNYECKAA XUMUA

Tema 1.2 OCHOBbI XMMUY€CKOU TePMOANHAMMUKUN, TEPMOXUMMUU U XUMUNYECKOW
KUHETUKMN

MpakTuyeckoe 3aHATUEe Ne 1 PeweHune 3agay Ha pacyeT TennoBoro adgpdekra
(aHTanbNUKU) XMMUYECKNX peakLuin

Llenb 3aHamusi:

Yrnybutb 3HaHUA No TemMe, YMETb MPOM3BOAUTbL pacyeTbl Tennosoro addekta

XMIMUYECKUX peakUmii N KanopUNHOCTM NULLEBLIX NPOAYKTOB

Ucnonb3yembie ucmoyHuku: [1]

Teopemuyeckasi Hacmab:

Bce xummuudeckne peakuum CcOMpoOBOXOAKTCA MOMMOWEHNEM WNN  BblAENEeHNeM
TennoBon 9Heprun. Peakuun, wngywme C  BblgeneHMeM  Tenna, HasblBaloTCA
ak3oTepMmmyeckumn. K Takum peakumsim OTHOCATCA: ropeHue yrnd, cnupTta, MeTaHa,
peakumn HenTpanusauuu wn apyrue. Peakuuu, npoTekawowue C norroweHnemMm Tenna,
Ha3bIBaOTCA dHOOTEpMUMYECKUMU. Hanpumep, pasnoxeHue BOOAHOrO napa, Yrnekucnoro
Kanbumsi, TMAPOOKUCK Mean n T.n.

KonuyecTtBo Tenna, BblgenMBLUEECA UMM MOrNOTMBLUEECA B MpoLecce peakuuu,
Ha3blBalOT TennoBbIM 3ddekToMm peakuun. Pasgen dusnyeckon XnmMun, u3y4daroLlen
Tennosble 3PEEKTbl XMMUYECKUX peakuun, HasblBaeTCca TepMOXUMUEN. XnMUYecKue
ypaBHEHMS,, B KOTOPbIX YKa3blBaeTCs TennoBon 3ddeKkT peakumu, HasblBalTCH
TEPMOXUMUYECKMMM ypaBHEHMSIMU. B HUX TennoBon adhpekT peakumm OTHOCUTCS K Yncny
MONEeNn pearvpyomnx mnm obpasyowmxca BewecTB (CornacHo mMx KoadgduumeHTam) u
BblpaXkaeTcst 06bIYHO B Kunokanopusax nnu kunogxkoynsax (1 kkan = 4,184 k[x).

B otnuumne oT TepmoaMHamMunki, B TEPMOXMMUM BblAensieMoe B MpoLuecce Tenso
cynTaeTcs nonoxuternbHbIM M obo3HayaeTca +Q, a nornowaemoe Tenno —
oTpuuaTenbHbiM 1 06o3HavaeTcs —Q. Hanpumep, TepMOXMMn4eckoe ypaBHeHME:

N2 + O2 =2 NO — 43,3 kkan

nokasbiBaeT, 4To npu obpasoBaHUM U3 a3oTa WM KMCNopoda LBYX MOSIEN OKUCK
asora nornowiaetca 43,3 kkan.

[na oTHeceHns TennoBoro adpdekta peakumm K ogHOMY Moso obpasytoLerocs
BELLleCTBa CTaBAT APOOHbIE KOIDDULINEHTDI:

Y2 N2 + %2 O2 = NO — 21,6 kkan.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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KonuyectBo TennoTbl, BblAenuBLIEECA UnM nornowatoweeca npun obpasoBaHum
OLHOrO MOMSA XUMMWYECKOTO COEOMHEHUS U3 MNPOCTbIX BELLECTB, Ha3blBAETCHA TENnOTOM
obpa3oBaHNs OaHHOro coefuHeHus. I3 npuBedeHHOro Bbile ypaBHEHUsS crieyeT, 4To
Tennota obpasoBaHns OKMCK asoTa paBHa — 21,6 kkan/monb — (ANg Apyrux coeanHeHun
CM. nNpunoxenune A, Tabnuua - 1).

Tennota ob6pa3oBaHMs XUMUYECKOrO COEOUHEHWA YUCINEeHHO paBHa TensnoTte
pasnoXeHus aToro BeLecTBa, HO MMeeT NPOTUBOMOMOXHbIV 3HaK.

Tennoton cropaHusi Kakoro-nmbo BeLLeCcTBa Ha3biBalOT TENOTY, BblAENSAOLLYOCA
npw NOJSTHOM CropaHnmn 04HOro Mosisi BeLeCcTBa B TOKE KMUcnopoaa.

Hanpumep,

C2H2 + %/2 O2=2 CO2 + H20 + 310,5 kkarn.

B paHHOM cnyyae TennoTta cropaHus auetuneHa pasHa +310,5 kkan (cm.
npunoxenne A, Tabnuua - 2). Tennota cropaHua onpegenserca CKuraHuvem
onpenerieHHoro KonmMyecTsa BellecTBa B crneuuanbHoOM npubope — KanopumeTpudeckom
Bombe (3TO NPOYHbLIV KOHTEMHEP, EMKOCTb KOTOPOro NOCTOsIHHA). Ha ocHOBaHMM BENWYUH
TennoTbl CropaHns, B YaCTHOCTWU, PacCYUTbIBAETCSA KaNOPUMHOCTb TOMSMBA U MULLEBbIX
NPO4YKTOB.

B ocHOBe Bcex TEPMOXMMUYECKMX PacyeToB NEXUT OAWH U3 OCHOBHbIX 3aKOHOB
TepmMoxmmum (3akoH 'ecca): TennoBor 3dEKT peakumm 3aBUCUT TOMbKO OT Ha4anbHOro U
KOHEYHOr0 COCTOSIHUA pearnpyrowmx BeELLECTB, HO He 3aBUCUT OT €€ MPOMEXYTOYHbIX
cTagun. OTO O3HaA4aeT, YTO TensIoBon A(PEKT XMMMUYECKOro npoLecca paBHAETCa CyMMe
TennoBbIX 3(P(EKTOB BCEX MPOMEXYTOUHbIX CTaANN.

B Tepmoxmmmuyeckmx pacyetax 4acto Nonb3ylTCA crneacTtBuMem 3akoHa [ecca:
TennoBon 3dpdeKT peakuum paBeH pasHOCTU Mexdy CYyMMOM BenvYMH TennoThbl
obpasoBaHNA NPOAYKTOB peakumm MU CyMMOW BENUYUH TennoTbl 06pas3oBaHUA UCXOOHbIX
BeLlecTB (C y4eToMm K03t dPMUNEHTOB).

Hanpumep, ansa peakuymm tvna: mA + nB = hC + p[] + Q,

g1 Q2 gs g4
roe
m, n, h, p — k0acppuumeHTsl Npn bopmynax BewecTts A, B, C, [;
A n B — ncxogHble BellecTBa;
C n [ — npoayKTbl peakuunu;
g11 Qg2 - Tennotbl obpasoBaHnsa ncxogHbix BewecTs (A n B);

g3 1 g4 - Tennotbl obpasosaHuns npoaykros peakuun (C un [);

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Q — TennoBon 3PFPEKT XMMUYECKON peaKkLni.

CornacHo cnegcreuio 3akoHa 'ecca, TennioBon apeKT peakumnmn paBeH:

Q = (hgs + pgs) — (Mg1 + ng2), (1)

Mpu pacyeTtax criegyeT yunTbiBaTb, YTO TENNOTbl 06pa3oBaHMs NPOCTbLIX BELLECTB
NPUHSATBLI PaBHbIMU HYIHO.

MuweBasa LEHHOCTb NPOAYKTOB NUTaAHUA B 3HAYMTENbHOW CTENEHM onpeaenseTca
NX XUMUYECKMM COCTaBOM.

Ha npakTvke nuwieBble OOCTOMHCTBA MPOAYKTa OLEHMBaOT MPUONMXKEHHO Mo
KonuyecTtBy cbefobHon 4acTtu (T.e. 6€3 0TX040B NPU XONOLHOM M TEMNOBOW KyNMHAPHOWN
o6paboTKke) U coaepXaHMto B HEM OCHOBHbIX NMUTaTENbHbIX BELECTB — GenkoB, XUPOB,
yrneBoAoB..

CyToyHas Hopma noTpebrneHus aHeprum ansa ycnosHoro (“cpegHero”) B3pocnoro
yenoseka (18-29 net) cocTtaBnseT B cpegHeM 2775 kkan. 3Hasi XUMUYECKUA COCTaB (CM.
npunoxexHue A, Tabn. 4) n aHepreTU4eCcKyto LLleHHOCTb B6eNnKoB, XXMPOB U YrNeBo40B MOXHO
COCTaBUTb 3HepreTMyeckn cbanaHCMpoBaHHOE MEHK Ha Uenbli LeHb, BKNo4awowee
3aBTpak, 06eal, NONAHUK, YXKWUH.

[na npubnmxkeHHoro pacyeta 3HepreTudeckon (MULLEBOWN) LIEHHOCTU paLMOHOB
NCNONb3yKT TaKOW MoKasaTeflb, Kak KanopUMHOCTb MpoAyKTa, T.e. KONM4YecTBO Tenna,
KOTOpOE MOXET ObITb NOMTyYEHO B OpraHn3me 4YerioBeka npu OKMCNeHnn 6enkoB, KUPOB U
yrneeogos, cogepxatwmxea B 100 r npoaykrta (kkan/100 r npoaykra).

Mpwn okucnenun 1 r 6enkos Bblaensaetcsa 4 kkan, 1 rxmpoB — 9 kkan, 1 r yrneeogoB
— 4 kkan (gaHbl cpegHue 3HaveHus).

PasnuuyaloT TeopeTMyeckyrdo M MpaKTUYECKYH KanopurHOCTb. [Ons onpeaeneHus
NPaKTUYECKOW KanopumMHOCTU Npu pacyeTe BBOAAT KO3I(PMUUMEHTbI YCBOEHUA MULLEBLIX
BellecTB B opraHuame. KoadpduumeHT ycBoeHnss 6enkoB coctaBnsieT B cpegHem 0,94,
xupos — 0,845, yrnesogos — 0,956.

[MpakTnyeckyto kanopumHocTb npoaykta K, kkan, Haxogat no gopmyne:
K=b-Ki-x+X -Ko-y+¥Y-Ks-z, (2)

roe
B, XK, Y, — cogepxaHue 6enkoB, XMpoB, YrnesogoB B NpoaykTe, %;
K1, K2 ,K3, — aHepreTmnyeckasi LEHHOCTb (KanopunMHOCTL) 1 1 COOTBETCTBEHHO GENKOB,

XMpPOB, YrNeBOAOoB, KKarn;

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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X, Y, Z — KO3 PULMEHT YCBOEHUS COOTBETCTBEHHO GENKOB, XXMPOB, YrNEBOAOB.

lMpumep 1. PaccuntaTb TENNOBON 3(PPEKT peakunm ropeHns aueTuneHa.

PeweHue.

"opeHve aueTuneHa npoTekaeT No TEPMOXMMNYECKOMY YPaBHEHWIO:

C2oH2 +2 %2 O2 = 2 CO2 + H20 xug.

M3 tabnuubl 1 npunoxexmsa A Haxogmm: g CO2 = 94,0 kkan; g H20O = 68,3 kkan;

g C2H2 =—-54,2 kkan; g O2 =0 kkan.

B atom cnydae tennoBon 3dppeKT peakuuu corracHo crneactBua 3akoHa [ecca
paBeH:

Q =(2g CO2 + g H2O0) — g CoH2 = (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.
Bboluncnnte TennoTty obpas3oBaHus 3TaHa, €Cnv U3BECTHO, YTO BeSIMYUHbI TensoTbl
obpaszoBaHnsa H20 n CO2 coctaBnAoT cOOTBETCTBEHHO 68,3 Kkan n 94,0 kkan.

PeweHue.

lopeHune aTaHa npoTekaeT No TEPMOXUMUYECKOMY YPaBHEHMUIO:

CoHs +3 %2 02=2C0O2 + 3 H2O + 372,8 kkan

Q =(2g CO2 + 3g H20) — g C2Hs, oTkyaa

g C2Hs = (29 CO2 + 3g H20) —g=(2 - 94,0 + 3 - 68,3) — 372,8 = 20,1 kkan nnu

84,0 k[Ix. B pelueHnn 3agayum ncnonb3oBaHo crieacTBme 3akoHa [fecca.

lMpumep 3. Peakunsa ropeHns MeTaHa NpoTeKaeT No ypaBHEHWIO:

CHs + 202 =C0O2 +2H0 + 219,9 kkan. Bbelumcnute KonmyecTBo Tenna,
KoTopoe Bbigensetca npu cropaHun 100 1 meTaHa Nnpu HOpMarsnbHbIX YCITOBUSIX.

PeweHwve.

CocTasnsiem nponopumtio:

npu cropaHum 1 Monb MeTaHa, 3aHumarowero obvem B 22,4 n (U3 cneacrsus
3akoHa ABoragpo), Bolaensetca 219,9 kkan;

npu cropaHun 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 XUMUYECKUI
cocTaB: 6enkn — 2,79 %, xupbl — 3,5 %, yrnesogbl — 4,69 %.

PeweHue.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 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 KanopumHOCTbL 3aBTpaka, ecnu cbegeHo: 2 anua (100 r),
200 r xneb6a n yan ¢ caxapom. MpuHATbL NPOLEHT YCBOSIEMOCTU BCEX MULLIEBbLIX BELLECTB,
paBHbIn 0,85.

XUMMYECKMIA cocTaB NPOAYKTOB NpeacTasrieH B Tabnuue 1.

Tabnwuua - B npoueHTax

MpoaykTt Benkun XKunpbl YrneBoAabl
Anuo 12,7 11,5 0,7
Xneb 12,0 6,0 55,0

Yan ¢ caxapom - - 99,8

PeweHwue.

1) KanopumnHoctb 2 auy (100 r):

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

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

2) KanopunHocTb xneba:

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

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

KanopuinHocTtb 200 r xneba coctaBut 562,7 kkan.

3) KanopuinHocTb 4asa ¢ caxapom:

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

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

KonunuyecTtBo caxapa Ha cTtakaH 4as coctaBnsieT 30 r, N03TOMy KanopumHocTb ByaeT
COOTBETCTBEHHO paBHa:

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

Yai aHepreTnyeckom LEHHOCTU HE NMEET.

4) KanopunHocTb 3aBTpaka coctaBut 133,5 + 562,7 + 101,8 = 797,8 kkan, 4TO

COCTaBNSAET TPETbI YacCTb OT CYTOUYHOW NOTPEOHOCTM B SHEPTUN.

HcxodHbie mamepuarbl U OaHHbIE:!

BapuaHTtbl

. 3agaun
3agaHumn

Paccuntatb TennoBomn achdeKT peakuumn ropeHnst 3TUNoBoOro cnupTa:

1 C2HsOH + 302= 2C0z + 3H20 + Q,

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

3apgaun

g C2HsOH = 56,2 kkan, g Oz = 0, (TennoTel 06pa3oBaHMs MPOCTbIX BELIECTB MPUHATHI
paBHbiMU Hynto), g CO2 = 94,0 kkan un g H20 = 68,4 kkan.

Peakunsi ropeHusi MeTaHa NpoTeKaeT Mo YpaBHEHWIO:
CH4 + 202 = CO2 + 2H20 + 212,9 kkan. Belanmcnutb KONNMYECTBO Tenna, Bblgenswoweeca npu
cropaHuu 250 n MeTaHa Npy HopMarbHbIX YCNOBUSX.

OnpegenuTb TENNOTY CropaHusl aTUIeHa:

C2H4 + 302=2C02+ 2H20 (x) + Q

Ncxops 3 cnepyrownx AaHHbIX:

g C2Hs = — 62,01 kx/monb; g CO2 = + 393,9 k[x/Monb;
g H20 (k) = + 284,9 k[x/Morb.

Bblumcnute TennoBow peakuuy MNOSHOMO OKUCHEHWMST STUMOBOIO ChAMpTa [0 YKCYCHOWM
KMCNOThI, ECNK TensioTa 06pa3oBaHns BCeEX BELLECTB y4aCTBYHOLLMX B peaKkLum, paBHbI:

g C2HsOH (k) = — 277 kx/monb; g CH3COOH (k) = — 487 k[x/Morb;

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

Peakuus okncnenus atunosoro cnmpta: C2HsOH + Oz = CHsCOOH + H20

Mpn XpaHeHuM MyKM MOHOcaxapugbl MEAMNEeHHO OKUCASITCA KUCMOpOAOM BO3gyxa C
BblaeneHvem Tenna. Hawmgute Tennoson adypekT STOM peakumu, ecnu  TennoThbl
06pa3oBaHus paBHbI:

g CO2=-393,6 kxx/Monb, g H2O =—285,9 k[Ix/mMonb,

g CeH1206 = — 1272,45 k[x/mMonb.

Peakuusi ropeHus MeTaHa NpoTeKaeT No ypaBHEHUIO:

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

CKorbko TennoTbl BbiaenuTcs npu cropaHum 100 N meTaHa, M3MEPEHHOrO NPY CTaHAaPTHbIX
ycnoBusix (25 °C, 1atm)?

Peakuus ropeHus okcuaa yrnepoga MaeT no ypaBHEHUIO:

CO + %2 02=CO2 (Q = —284,7 k1x)

Ckonbko NUTPOB OKcuAa yrnepoaa, MU3MepeHHOro Npu cTaHaapTHbIX ycnoBusx (25 °C, 1atm),
Hagdo CxXeub, YToObI Bbiaenunocs 4,187 k[x Tennotbl?

Peakuns mexagy Xnopom n MoagMaoM BOAOPOAA MAET MO YPaBHEHWIO:

Clz+ 2HI =12+ 2HCI

3Has, yto npu yyactum B peakuum 1 n Clz, namepeHHoOro npu CcraHAapTHbIX YCMOBUSX,
Bbolgensietcs 10,47 kX TennoThbl, BbIYUCAUTE TENNOBON 3dhheKT peakumu.

Mpu cnuptoBom GpoxeHun 0,5 mMONsA rNOKO3bl, NPOUCXOOALEM MPU U3FOTOBIIEHUU TECTa,
BolaensieTcs 35,1 k[x Tennotsl. Beluucnure tennoty obpasoBaHus rnoko3sbl, ecnm g CO2 =
— 383,6 k[x/monb, g C2HsOH = —277,9 k[x/monb.

10

Mo ypaBHeHuto ropenus auetuneHa CzHz + 2 % O2 = 2C0O2 + H20 (r) v TennoTtam
obpasoBaHUsl y4yacTBYIOLWMX B peakuuy BELEeCTB BbIYUCIUTE TENNOBON 3dMEKT AaHHOM
peakumu.

CodepxxaHue u rnopsidok 8bInosiHeHuUs1 pabomsbi:

1 O3HaKOMUTLCA C TEOPETMYECKOM YaCTbHO.

2 Mo BapwaHTy, 3agaHHOMY npernoaaBaTeneM, pelunTb 3agady ¢ HeobxoaumbIMK

NOACHEHUAMU N YyKa3aHMEM eOUHUL U3MepeHUud. Mcnonb3oBaTb AaHHble Tabnuuy 7 n 8

npunoxenus [3].

3 OchopmuTb OTHET NO NpakTU4eckon pabdore.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxxaHue om4yema:

HaumeHoBaHne NPaKTUN4YeCKOro 3aHATUNA

Llenb 3aHATMSA

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

OTyeT 0 BbINOMHEHUN pabOoThI

Cnncok ncnonb3oBaHHOW NUTepaTypbl U APYrMX MCTOYHUKOB

BbiBOAbI

HaTtbl n nognucu obyyatowierocst U npenogasartens

KoHmporibHbIe 80MpOChI:

UTto nsyyaet repmoxmmmsa?

Kakne peakumm Ha3bIBalOTCS 9K30TEPMUYECKUMU, IHOOTEPMUYECKNMN?
UTo HasbIiBaloT TennoBbiM apekTtom? KakoBbl equHuULbI ero n3amepeHnsa?
Kakvne ypaBHeEHMS Ha3bIBAOT TEPMOXUMUYECKNMN?

UTto HasbIiBalOT TENNOTON 06pa3oBaHMSA, PasfoXeHNs, CropaHns?

Kak dpopmynupyeTtcs 3akoH ['ecca?

Kak TpakTyloT crieacteue 3akoHa 'ecca?

© N o g bk 0N =

KakoBa pornb 3akoHa ['ecca anga pmsnonorum n Gunoxmmmmn?

©

HasoBuTe cpefHIo0 BENUYNHY CYTOYHON NOTPEBHOCTN B 3HEpPrnm ans
YyenoBeka.
10. CogepxaHnem Kakux BeLeCTB onpeaensitoT NMLLEBYO LLEHHOCTb NpoaykTa?
11. YT0 NnogpasymeBatoT No4 KanopuMHOCTBLIO NULLLEBOTO NpoayKTa?

12. B 4em 3aknoyaeTcsa oTnmyne TeOPETUYECKON KanopumHOCTN OT NPaKTUYECKON?

Tema 1.3 PacTBOpPBDI

MpakTuyeckoe 3aHATUEe Ne 2 PewweHne 3apad. Pacyet ocmoTnyeckoro
AaBrieHUsA, TeMnepaTtyp KUNeHUs u 3amep3aHus
Llenb 3aHsmusi:

Hay‘-II/ITbCFI pewaTtb 3agaydyn Mo onpegesieHno OCMOTUYHECKOro AaBJieHUA

pacTBOpOB, TEMNEpaTyp KMNeHnda n 3amep3aHmnd

Ucnonb3yemble ucmoyHuku: [1]

Teopemuyeckasi Hacmb:

OcmMoTunyeckoe gaBrneHue

OcmoTudeckMm pgaBneHveM HasblBaeTca cuna Ha eguHugy nnowagun (MMa),
3acTaBnslOWan pacTBOpUTENb MNepexoanTb Yepes MNonynpoHULAemMyto MNeperopoaky B

pacTBop, Haxoasawmmnca npun TOM Xe AaBJIEHUN, YTO N paCTBOpPUTESIb.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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[1Ba pacTtBOpa pasnuyHbIX BELLECTB MPU OAMHAKOBLIX TEMMepaType U MOSSIPHON
KOHUeHTpaumm obnagawT OAMHaKOBbIM OCMOTUYECKMM [AaBfeHMEM U HasblBaloTCA
N30TOHNYeCcKMMU. Pa3baBneHHble pacTBOpPbl XOPOLIO NOAYMHSAOTCH 3aKOHaM uaearnbHbIX
rasoB. CxoacTBo pa3baBneHHbIX pacTBOPOB C MAaearnbHbIMU ra3amn ronfnaHackuin XMmMmuk
BaHT-IN0hbp BbIpasunn B Buae 3akoHa, BbipaXkatloLMMCs ypaBHEHUEM:

n = CRT, (3)
roe

T — OCMOTUYeckoe faBneHue, Ma,

C — KOHLIeHTpaLmsa pacTBopa, KMonb/M3 Unun Monb/n;

R — yHuBepcanbHas razoBasi NOCTOSIHHaS;

T — abcontoTHaga TemnepaTtypa, K.

MonsapHocTb pacTtBopa, C, BbIMUCASAOT N0 hopmyne:

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

N — YMCNO MONEN PAaCTBOPEHHOrO BELLECTBA;

m — Macca pacTBOPEHHOrO BELLLECTBA B pacTBOpPeE, KT;

M — mornekynsipHas Mmacca pacTBOPEHHOIO BeLLEeCTBa, KI/KMOSb;

V — o6bem pacTBopa, M3.

Mpy BbIYUCNIEHMM OCMOTUYECKOrO [aBfiEeHUSI PacTBOPOB 3MEKTPONUMTOB B
ypaBHeHMe (3) BBOAAT NONPaBOYHbIN (M3OTOHMYECKMIA) KOIPPUUMEHT | > 1, yunTbiBaOLWLMIA
yBefMYeHne 4ncrna Yactul B pacTBope, BCMEACTBME 3MEKTPONUTUYECKOW Auccoumaumm
MOJSEeKyn pacTBOPEHHOrO BeLLeCTBa:

n =iCRT (5)

[1nsi pacTBOPOB HEANEKTPONNTOB U3OTOHNUYECKUN KOIPPULIMEHT paBeH 1.

lMpumep 1. PaccuntanmTe MOMEKYNSPHYHO MacCy HeanekTponuTta, ecnn B 5 n
pactBopa cogepxatcs 2,5 r HeanekTtponuTa. OCMOTMYECKOE AABreHME 3TOro pacTBopa
paBHo 0,23 10° Ma npu 20 °C.

PelwweHue.

W3 cpopmyn (3) 1 (4) HAXOANM MONEKYNAPHYIO Maccy:

M=m-R-T/n-V=25-8,314-10%-293/0,23 - 10°- 5 - 103 = 52,96 r/monb.

3ameps3aHue n knneHme pactBopoB.3akoHbl Payns

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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PacTtBop 3amep3aeTt npu 6onee HM3KOW TemMnepaTtype, YeM YUCTbIN pacTBOPUTESb.
C yBenuvyeHMeM KOHLEHTpauuuM pacTBopa Temnepatypa 3amMep3aHusi MOHWXaeTcs.
[MoHmxKeHne TemnepaTypbl 3aMep3aHus pacTBopa, A tsam, ONpeagenseTcs no opmyrne:

A tsam = Ksam® C, (6)

roe

Ksam — Kprockonmnyeckas noctosiHHasi (KOHCTaHTa 3aMep3aHus),

C — mMonsanbHasa KOHUEHTpauus, Yucrno Mosien pactsopeHHoro Belwectsa B 1000 r
pacTBopuTens.

Kpuormgpatel — cmecn conen (NaCl, KCI...) ¢ Bogown, 3amep3sawowme npu
Temnepatype Huxe 0° C B 3aBMCUMOCTM OT KOHLIEHTpaLUmu pacTBopa.

PactBop kvnut npn Temnepatype Bonee BbICOKOW, 4YeM 4YUCTbIn pacTBoputens. C
yBenuyeHneM KoHLEeHTpaunm pacteopa TemnepaTypa KuneHus nosbiwaeTcs. MNoBbieHne
TemnepaTypbl KUMEHUsT pacTBopa, A twn, onpegendeTcs no gopmyne:

A tiwn = Kwn - C, (7)
roe

Kiun — 9Bynuockonuyeckasi NOCTOSHHasA (KOHCTaHTa KuneHus),

C — monsnbHasi KOHUEHTpaLMs, YMCNO Monen pactBopeHHoro Bewlectsa B 1000 r
pacTBopuTens.

YpaBHeHus (6) u (7) 6binun BbiBeAEHbI AN pa3baBreHHbIX pacTBOPOB (PpaHLy3CKUM
ydeHbiM Paynem. BTopoin 3akoH Paynsa rnacut: NOHWXEHWe TemnepaTypbl 3amep3aHusi
UNnU  NOBbIWEHWE TemnepaTypbl KWMEHUS PacTBOPOB MNPSAMO  NPOMNOPLMOHANbHO
KOHUEHTpaunn pacTBOPEHHOIO BeLLECTBa.

MonsaneHoOCTb pacTtBopa, C, BbIMUCAAOT MO bopmyne:

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

N — YACMO MOSIEN PacTBOPEHHOIO BELLECTBA;

m — Macca pacTtBopeHHoro Bewectea B 1000 r pactsoputens, T;

A — macca pactsopuTens, T;

M — monekynsipHas macca BeLlecTBa, /Mofb.
lMpumep 2. Tpun kakon TemnepaTtype OyaeT 3amep3aTb BOAHbLIN pacTBOP 3TUMOBOro cnupTa
40 % -Hon KoHUueHTpaunn? Ksaw Boabl paBHa 1,86.

PeweHue.

Mcnonb3yem copmynel (6) n (8):

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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A tsam = Ksam - C = Kzam *m - 1000/M - A =1,86 - 40 - 1000/60 - 46 = 26,95 °C,
tsam = tsam pacts — tsam pact = 0 - 26,95 = —26,95 °C.

PactBop HayHeT 3amep3aTb NPUMEPHO Npu MuHyc 27 °C.

lNpumep 3. PactBop, cogepxawmmn 8 r HekoToporo BewecTtsa B 100 r oguaTmunosoro

admpa, kmnut npn 36,86°C, Torga kak yncteit acpup kmnut npu 35,60 °C. Onpenenntb

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

PelweHne.

M3 ycnosusa 3agayn Haxogmm: A twn = 36,86 — 35,60 = 1,26 °C. U3 dpopmynbl (8)

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

acmpa. Wcnonb3ya dopmyny (8), HaxoaMm MOMEKYNSAPHYKD MacCy pacTBOPEHHOrO
Bewectea: M=m -1000/C - A =80 -1000/0,624 - 100 = 128,2 r/monb.

Ucxo0Hble mamepuaribl U OaHHbIE:!

BapuaHTbl

o 3apaun
3aAaHun
1 Mpu 22 °C ocmoTU4eCckoe AaBreHne pactsopa TPOCTHMKOBOrO caxapa paBHo 7,3 - 104 Ma.
KakoBo OygeT ocmoTunyeckoe JaBrneHue, ecnv pactesop pa3basutb B 2 pasa, a Temnepartypy
1 noBbICUTb Ha 25 °C?
2 OnpepenvTb NPOLEHTHYI KOHLIEHTpauWio BOAHOrO pacTBopa [OKO3bl, €CnuM  OH
3amepsaeT npu — 1 °C.
1 Mpmn 18 °C ocmoTUYecKkoe faBrieHne pacteopa rnuuepuHa pasHo 3,039 - 105 Ma. Kakoeo
Oyoet ocmoTudeckoe [AaBreHue, ecnu pacTtBop pasbasBute B 3 pasa, a Temnepartypy
2 nosbicnTb Ao 37 °C?
2 OnpepenuTb NPOLEHTHYIO KOHLIEHTpaUMo caxapa B pacTBope, eCnv pacTBop 3akunaet
npu 100,5 °C.
1 BbluMcnute ocMOTUYECKOE OaBneHue pacTtBopa caxaposbl npu 0 °C, ecnm npu 20 °C
3 OCMOTUYECKOe faBreHune aToro e pacteopa 1,066 - 105 Ma.
2 Kakoe KOmM4ecTBO rnuuepuHa HyxHo go6asutb k 1000 r Boabl, 4TOGbLI pacTBOp He
3amepsan go —5 °C?
1 OcmoTuyeckoe [aBneHue pactBopa Heanektponuta npu 17 °C 4,82 - 105 MNa.
4 OnpegenuTb OCMOTUYECKOE AaBreHne 3Toro xe pacteopa npu 57 °C.
2 lNpu kakon TemnepaType Oynet 3amep3atb 45 % -HbI pacTBOp METUIIOBOrO cnupTa
(CH3OH) B BOZE?
1 BblumMcnutb OCMOTMYECKOE AaBneHue pacTteopa npu 25 °C  BoAHOro pacTteopa,
5 copepxatuero 225 r caxapa B 5 n pactsopa.
2 B kakom COOTHOLWIEeHUM (N0 mMacce) Hago CMelwaTtb BoAY M MULUEpUH, YTOObl MOnyynTb
CMecCb, 3amep3atowyto npu — 20 °C?
1 Bblumcnutb ocmoTuveckoe paerieHne npu 27 °C pacTBopa TPOCTHUKOBOrO caxapa
6 C12H22011, koHUeHTpaums kotoporo 0,025 (2,5 %) maccoson gonw.
2 OnpepenuTtb MPOLEHTHYK KOHLIEHTpauMIO MOPCKOM BOAbl, €Cnv OHa 3amMep3aeT npu
TemnepaTtype — 2 °C.
1 BblYncnuTb MONEKYNAPHYIO Maccy MOYEBUHbI, €CNN BOAHBLIWN pacTBOp, codepXalumm
7 0,3680 r moyeBuHbI B 200 cm?, npu 20 °C umeeT ocMoTMnYeckoe aasneHne 74 630 Ma.
2 Npwu kakon TemnepaType byaet kunetb 50 % - 1 pacTBOp caxapa B Boge?
1 OcMmoTun4yeckoe OaBrneHue pacTtesopa, cogepxatiero B 500 cm® 1,55 r aHunuHa, npu 21°C
8 8,104-10* Ma. Onpenenutb MOMeKynNsiPHY0 Maccy aHunmHa.

2 CKoNnbKO rpamMMOB IfKOo3bl HYkHO gobaeutb K 100 r Bogpbl, YTOGbI pacTBOp 3akunen npu

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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BapMaHTPI Do
3agaHumn
102,5 °C?
1 OcmoTuyeckoe OaBrneHWe pacTBopa, codepkallero 7,5 r caxapa B 625 cm® pactsopa,
8,307 - 10* MNa npm 12 °C. OnpeaenuTs MOMEKYNSIPHYIO Maccy caxapa.

9 2 BogHbIn pacTBOp, coaepXallmi HeneTyyee pacTBOPEHHOE BeLLEeCTBO (HE3NeKTpomnuT),
3amep3aeT npu — 2,2 °C. OnpegenuTb TemnepaTtypy KANeHUs pactBopa W gaBneHue napa
pactBopa npu 20 °C. [JaBneHne napa ymctom Bogpl npu 20 °C 2337,8 lNa.

1 PactBop, cogepxawmin 9 r pacTBOPeHHOro BellecTBa (HeanekTponuta) B 250 cm?
pactBopa, obrnagaet ocmoTuyeckum pasrieHvem 4,56 - 105 IMa npu 0 °C. Onpegenutb

10 MOMNEKYNSIPHYO Maccy paCTBOPEHHOIO BeLLeCcTBa.

2 BbluncnuTb TemnepaTypy 3amep3aHus pactesopa 7,308 r xnopuga HaTpusa B 250 r BOAbI,
ecnu npu 18 °C ocMoTUYeckoe AaBreHne ykasaHHoro pacteopa 2,1077 - 108 Ma. MnoTHocTb
pacTBopa NpUHATL paBHoOn 1.

CodepxaHue u nopssdok 8bINoSIHEHUST pabombi:

1 O3HaKOMUTLCS C TEOPETUYECKON YacCTblO.

2 Mo BapnaHTy, 3aaHHOMY MpenogaBarerniemM, pelwnTb 3aadn C HeobxoanMbIMU

MOSICHEHUSIMN N yKa3aHUEM eauHul namepeHus. Mcnonb3oBaTb AaHHble Tabnuuy 7 n 8

npunoxexHus [3].

3 OhopmuTL OTHET NO NpakTU4eckon pabdoTe.

4 OTBETUTH Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHue NPaKTUN4YeCKOro 3aHATUNA

Llenb 3aHATMSA

BapwuaHT 3agaHus

OTyeT 0 BbINOMHEHUN pabOoThI

Cnucok ncnosnb3oBaHHON nmTepaTtypbl U Apyrnx MCTO4YHMKOB

BbiBoabI

[atbl 1 nognucu oby4yatoLlerocs 1 npenogaBaTens

KOHmpO]'IbeIe 80r1IpoChI:

1. [awnTe onpeageneHne oCMOTUYECKOMY OABIEHMIO?

2. YTo NnoHUMAIOT Nog U30TOHUYECKUMU pacTBOpamMm?

3. Coopmynupynte 3akoH BaHt-lodbcba u HanuwmTe ero matemaTundeckoe

BblpaxeHune. O6o3HavyeHns 1 eguHULbI n3mMepeHun4.

4. B 4em pm3nyeckmin CMbICI M30TOHNYECKOro koadhduumeHTa?

5. B yem 0COBEHHOCTU 3aMep3aHns U KUNEHNS pacTBOPOB?

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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6. lNpeactasbTe opMyribl MOHWXKEHUS TeMNepaTypbl 3aMmep3aHnda u TemnepaTypbl
KnneHusa pacteopoB. O603HAYEHUA N eOUHULBI N3MEPEHNS.

7. YTOo nNoOHMMAaOT nog MOMSAPHOM WM MOMSANbHOM KOHUEHTpauuen pacrteopa?
O603Ha4YeHnsa n eanHNLbI N3MEPEHNS.

8. Kak ucnonb3yeTcd CBOWCTBO PaCTBOPEHHbLIX BELLECTB MOHMXaTb TemnepaTypy

3amep3aHunsa?

PA3OEN 2 KOINTOUOHAA XUMUA
Tema 2.2 N'mapodho6HbIE KONNMONAHO-AUCNEPCHbIE CUCTEMbI
MpakTnyeckoe 3aHaTne Ne 3 CocraBrneHue hopMysn U cxem MuULenn
Llenb 3aHsmus:
Yrnyoute 3HaHua no Teme. OCBOUTbL METOOMKY COCTaBMEHUS MULUENNApPHbIX

dopmyn

Ucnonb3yembie ucmoyHuku: [1]
Teopemuyeckasi Yacmb:

«lMpremMbl Halen KynNMHaApHOW TEXHUKWU, MMEIOLLEN MECTO Ha KyxHe, ABMSTCS He
YeM WHbIM KaK MPaKTUY4ECKMM MNPUMEHEHMEM KOonmouaHon xumuny  (bexronbg).
KonnoungHast xummnsa — ato pmsnyeckas Xmmmsi reTeporeHHbIX BbICOKOANCNEPCHBIX (CUINBHO
pa3gpobeHHbIX) CUCTEM, a Takke PacTBOPOB BbICOKOMOSEKYNSPHbLIX COEANHEHWUNA.

OTN CUCTEMbI LUMPOKO pacnpoCTpaHeHbl B Npupoae U MMetoT BonblLoe 3Ha4YeHne B
npoussoacTee. Benvka ponb KoNnouagoB B MNULLEBOW TEXHOMOrMK, K MpUMeEpy, B
NPUrOTOBMIEHMN MULLN LUMPOKO WCMNONb3YKTCA Macro, MaprapuH, ManoHe3, CMeTaHa,
CNUBKM, MOJOKO, NpeactaBnsaoLmne cobon CnoXxHble KonnonaHble CUCTEMBI.

KynuHapHble npouecchl: koarynauus 6enkoB (Npy TennoBon obpaboTke wmsca,
pbIbbl, AUy 1 T.M.), NONYy4YEHUE CTOMKUX 3MYfbCUM (MHOrMe coychl), neH (B3buBaHue
CnNuBOK, 6enkoB, MyccoB W T.M.), CTapeHue CTyaHen (oyepcTtBeHne xneba, oToeneHue
XNOKOCTW OT KUcernen, xxene u 1.n.), agcopbuuns (oceetneHne 6yrnbOHOB) N T.A4. OTHOCATCSA
K konnouaHbiM npoueccam. OHWM nexaT Takke B OCHOBe xfieboneyeHusi, KOHOUTEPCKOro
NpPOu3BOACTBA, BUHOAENMS, NTMBOBAPEHUS N APYrMX NULLEBbLIX NMPOM3BOACTB.

CBoncTBa KONMMOMOHbLIX PacTBOPOB 3aBUCAT HE TONMbKO OT CTEMEHU Wux
avcnepcHocTtu (pasmep YacTtuy ot 10° 1o 1077 cm), HO Takke 1 OT UX NPUPOAbI.

KonnouaHbin pactBop (30nb) — AncnepcHas cucrema, obpasoBaHHas AMCNEPCHOWN

drason n gucnepcHoun cpenon. ucnepcHyto a3y npeactaBnaAloT KOMIoUgHbIe YacTuubl.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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TepMuH «KomnovagHasi 4Yactvua» HOCUT HeonpederneHHbIn xapaktep. bonee To4HbIM
ABNAETCA TEPMUH «KOMNnongHasa muuenna.

Mo HanpaBneHHOCTU NepeMeLLEHNs KOMMOUAHbIX YacTul, K MPOTUBOMOSOXHO
3apsHKeHHOMY 3MeKTpoAdy B 3rIeKTPMYEecKoM rone (3nekTpodopes) yyYeHbIM yaanoch
AoKasaTb, YTO YacTuubl 3o5ern obnagatloT anekTpmyecknum 3apsaom. 3apag npensTcTeyeT
CNUNaHUIO KONMOMAHbIX YacTuy B 6onblume arperatbl (koarynsumsi) M OCaXKOeHUHo
KONMomaHoro BellecTBa B Oocafok (ceammeHTaums). lNMentmsaums — npouecc obpaTHbIN
Koarynsaumm.

[BVXeHne >KMOKOW [OUCNEePCMOHHOM cpefbl 4Yepe3 NnopucTyi awuadparmy B
3NEKTPUYECKOM MOore Ha3blBaeTCHA 3NIEKTPOOCMOCOM.

OnekTpodopes U 3SMNEKTPOOCMOC MCMOMb3YKTCA B TeXHUKe, B MeguuuHe U
npounssoacTee. K npumepy, SMEeKTPOOCMOTMYECKM MNPOU3BOAAT CYLIKY HEKOTOPbIX
nopucTbix MaTepuanoB (Topd, gpesecuHa U Ap.) Ha anektpodopese ocHoBaHa paboTa
ANEeKTPOPUNbLTPOB — AbIMOYNOBUTENEN, AENCTBNE NEKAPCTB B MEAULMHCKOMN NpaKTUKe.

KonnouaHas yactuua MMeeT CrioXHoe CTpoeHue. B ueHTpe yacTuubl HaxoauTcd
A0po, cocrtosiwee M3 6GONbWOro 4ucna MOMeKyn Wnu aTtoMoB BewectBa («m»),
obpasytouiero 3onb. Ha noBepxHoOCTM sapa M3 OUCMEPCUOHHOM cpeabl agcopbupytoTcs
WOHbI TOrO UM MHOro 3Haka. COBOKYNHOCTb sApa ¢ agcopbupoBaHHBIMU Ha NOBEPXHOCTU
MOHaMM Ha3blBaeTCA KOMMOMAHOM YacTuuen unu rpadynon. Ha noBepxHocTM aapa
afcopOuvpyroTCca MOHbI, UMetoLLMecs B cocTaee agpa Yactuy (npasuno lMNeckosa-®asHca).
NoHbl, agcopbupytolumecs Ha NoBepPXHOCTN aapa u obycnaBnusalroLne BerMYMHY U 3HaK
3NEKTPUYECKOro 3apsaa YacTvubl, Ha3blBAlOTCHA MOTeHuuanonpeaensiowumMm MoHaMum
(«n»). OHK 0Opa3yloT Tak Ha3blBaeMbI HEMOABWXXHbIN UM aACOPOLNOHHBIN CNON MOHOB.

MOHbI NPOTUBOMOSOXHOIO 3HaKa (MPOTMBOMOHBI) YacTUYHO(«N - X») agcopbupytoTcs
Ha NOBEPXHOCTU siApa YacTuubl (T.€. BXOOAT B COCTaB aAcopOLMOHHOrO Crnosi, a YaCTUYHO
(«x») pacnonaraloTcs B >KMOKOCTM BONU3M rpaHynbl, 00pa3yss MNOABWXKHbBIA UMK
Anddy3sHbIA crio noHoB. COBOKYMHOCTb rpaHynbl ¢ Anddy3HbIM 061akomM NpOTUBOMOHOB
Ha3blBaeTCcss MU L, e N o n.

CTpoeHne muuenn BbipaxarT 0COObIMM MULENNSAPHbIMKM dopMynamu. B obiem
BMOE Muuenna 3anucbiBaeTcs:

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

K* — KaTUOHBI;
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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A" — aHNOHBbI;

N — YUCNO NOTEHUManonpeaensitomx NOHOB;

X — YUCIO MOHOB, HaxoasaLmxcs B anddyamoHHom cnoe (X > n);

(n = X) — 4Yncno NPOTUBOMOHOB, HaxoasLWmMXCs B ANPPY3MOHHOM Croe;

m — YMCro aTOMOB UMM MONeEKyn B sape (m >> n).

Yucna m, n, X B 3aBUCMMOCTU OT YCITIOBUI NPUTOTOBNEHUSA 3051EN MOTYT N3MEHATLCS
B LUMPOKUX Npeaenax, T.e. MULENna He UMeeT CTPOro onpedenieHHoro cocraea. B atux
dopmynax B KBagpaTHble CKOOKM 3akroyeHo s4po, a urypHble — rpaHyna, Hecyuias
3apsag

Takum obpasom, Muuenna — 3NeKTPUYECKN HenTpanbHas 4actuua, cnocobHas K
CaMOCTOATENbHOMY cyulecTBoBaHMio. OHa onpegensder BCe OCHOBHbIE CBOWCTBaA
KonnougHon cuctembl. CocToUT muuenna mn3 sgpa Kpuctannnmyeckoro unm amopdHOro
CTPOEeHUS, afcopbLMOHHOro nnu anggysHoro cnoes.

PaccmoTtpym  cTpoeHuMe muuennbl Ha npumepe obpasoBaHus 3018 NOAUCTOro
cepebpa, KOTOpbIBM MONyyYyaeTcsa nNpu B3aMMOLENCTBUN OYeHb pa3baBrieHHbIX pacTBOPOB
AgNO3 n KI:

AgNOs + Kl = Agl + KNOs,
Ag*+ NOs + K+ |- = Agl + K*+ NOsz

B npumepe a4po — menbYanwnm Kpuctannuk nognaa cepebpa, cocrtoswmm ms

6onbworo ynucna monekyn: m [Agl]. Cxema muuennsl nsobpaxeHa Ha puUcyHke - 1.

PucyHok 1 — CTpoeHve muuenn 3o0ns nogmctoro cepebpa, nony4eHHoro
B n36bITke AgNOs (1) n KI (I1)

LHokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauwemycsi 8 1C: Konnedx
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CornacHo npaBuna [leckoBa-dasiHca Ha  MOBEpPXHOCTM  sapa

OynyT
agcopbupoBaTtbCs B Cnyyae:

- n3boitka AgNOs — unoHbl Ag*, 1 rpaHyna (konnouagHas vactuua) npuobpetet
NMONOXWUTENbHBIA  3apad. ONEeKTpPonuMT, B  COCTaB  KOTOPOrO  BXOAAT  WOHBI,
agcopbupyrowmecs Ha MNOBEPXHOCTU OUCNEPCHbIX YacTuy (noTeHuuanonpegenswowmne
WOHBbI), Ha3bIBAETCS ANEKTPONMTOM-cTabunusatopom. B aaHHom cnyvae — ato AgNOs. Ero
guccoumaumsa nmeetT BuA; n AgNOs < n Ag™ + n NOs'.

dopmyna muuennbl:

{m[Agl] n Ag*(n — x) NO3 }** x NOs".

- n36bitka Kl — noHbl I, 1 rpaHyna nony4nt oTpuuatenbHbin 3apsg. Auccoumauns
anektponuta-ctabunmnsatopa Kl nmeetr Bua: nKl=nK* +nl-.
dopmyna muuensnbi:

{m[Agl]n I (n-x) K} x K"

Ucxo0Hble mamepuaribl U OaHHbIE:!

BapuaHTbl 3agaHuin A B C
1 Nal AgNOs3 Adgl
2 MgCl2 NaOH Mg(OHz)
3 AICl3 NH4OH Al(OH)3
4 CrCls NH4OH Cr(OH)3
5 ZnCl, NaOH Zn(OHy)
6 FeCls NaOH Fe(OH)s
7 AgNO3 HCI AgCl
8 FeCls K4[Fe(CN)e] Fe4[Fe(CN)e)]3
9 K2CrO4 AgNOs3 Ag2CrO4
10 Hg2(NO3)2 Ki Hgzl2
11 Pb(NO3)2 Kl Pbl2
12 NazSiO3 HCI H2SiO3

CodepxaHue u nopssdok 8bINoSIHEHUST pabombi:

1 O3HaKOMUTLCA C TEOPETMYECKOM YaCTbHO.

2Tlo BapunaHTy, npearoXXeHHoOMy npenogasarterieM, BbIlNMOJNIHUTbL 3aaHne.

3 OdhopMUTL OTYET MO NpakTU4eckon paborTe.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxxaHue om4yema:

HanmeHoBaHne NPaKTUN4YeCKOro 3aHATNA

Llenb 3aHATMSA

BapwnaHT 3agaHus

OT4eT 0 BbINONHEHMN paboThI

Cnuncok ncnosnb30BaHHON mTepaTtypbl U Apyrnx MCTO4YHMKOB

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

[atbl 1 nognucu oby4yatoLlerocs 1 npenogaBaTtens

KoHmporbHble 80Mpochi:

YT0 HasbiBaeTCA KOMMOMAHLIM PacTBOPOM?

YTto Takoe anektpodopes?

[MpakTuyeckoe NpUMeHeHne 3TUX ANEKTPOKNHETUYECKUX SABNEHNIA.
B uem nposiBnsieTca koarynauusa pactBopoB?

B uem nposiBnseTtcs ceammeHTaumna?

YTo Takoe nentusauma’?

KakoBa ocHOBHasi NpMynHa arperatMBHOM YCTOMYMBOCTU 30157

© N O g A~ 0w D=

KakoBo cTpoeHue muuennbl? Kakos ee 3apsa?

9. [laTtb onpeneneHue rpaHysol.

10. MNpasuno lNeckoBa-PasiHca.

11. Kakne noHbl Ha3blBalOTCA NOTEHUManonpeaensaowmmn’?
12. Kakou cnown muuennbl oHM ob6pasyroT?

13. Kakune noHbl 06pasytoT anddysHbln Cron Muuennbi?

14.

PA3OEN 3 KAYMECTBEHHbIAN AHANU3

3.1 NepBasa aHanuTU4ecKas rpyrnna KaTUOHOB

MpakTuyeckoe 3aHATUE N2 4 OCHOBHbIE€ NOHATUA U 3aKOHbl XUMUU: pacyeTbl
MOJIEKYNIAPHOM MacCbl W 3KBUBANEHTOB BeleCcTB; BaNieHTHOCTb; Knacchbl
HeopraHM4ecKMx cCoeauHeHUn

Llenb 3aHsmus:

MoBTOopUTb M YyrNybuTb OCHOBHbIE XMMWUYECKME MOHATUS W 3aKOHbI, Kraccbl
HeopraHMYecKnx coegMHEHUN. YMeTb paccumTbiBaTb MOSEKYNAPHYIO MacCy, 3KBUBANEHTbI
CITOXHbIX BELLECTB.

Ucnonb3yemblie UCMOYHUKU:

MNepunognyeckas cuctema xmmmndecknx anemeHtos .. MeHgeneeBa,;

Tabnuua pacTBOPMMOCTU KMUCIIOT, CONen N OCHOBaHU B BOAE;

[2], [3].
Teopemuyeckasi Hacmhb:
TeopeTnyeckne OCHOBbI XMMUYECKOrO aHanusa paccMaTpuBalrTCsa C MO3ULNN

3aKoHa JencTBus Macc 1 nepuoandeckoro 3akoHa .M. MeHgeneesa.
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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3akoH coxpaHeHusi Macchl: Macca BellecTB, BCTynalwLWmX B peakuuo, paBHa Macce
BeLLeCTB, 00pasyoLmxca B pesynbtate peakumm.

3akoH nocmosiHecmea cocmaea: Besikoe unctoe BelecTBO He3aBMCMMO OT cnocoba
ero nonyyeHns Bceraa MMeeT NOCTOSAHHbIN Ka4YeCTBEHHbI 1 KONTMYECTBEHHbINA COCTaBbI.

3akoH Oeticmeusi macc: CKOPOCTb XMMUYECKOW peakumn NpsMo NponopLMoHansHa
NPoOu3BeAEHMIO KOHLEHTPaUNn pearnpyoLmnx BeLLEeCTB.

3akoH Agozadpo: B paBHbIX 06beMax pasnuyHbIX ra3oB Npu OQMHAKOBbLIX YCIOBUAX
(TemMnepatype 1 faBneHUn) CoOOepXNTCH OAMHAKOBOE YMCITO MOSEKY.

Cnedcmeue 3akoHa Aeozadpo: OguH Monb nboro rasa npu HOpManbHbIX
ycnoBusix 3aHnmaeT obbem 22,4 nutpa. Temnepatypa 0 °C (273 K) n gasneHne 1 atm.
(101325 Ma) xapakTepuadyeT HopMaribHble YCroBUs (H.Yy.) ANS rasa.

[Ana wun3mMepeHMa KonuyecTBa BelleCcTBa B XMMWUW Hapsgy C rpaMmMoM M
KMMorpaMMOM MOMb3yTCH M CheuuanbHOM Mepon KonuyecTBa BellecTBa — epamMm-
Moriekyrnod.

pamm-monekynod (unu mosrieMm) HasblBaeTCA KONMYECTBO BeLLeCTBa B rpammax,
YUCNEHHO paBHOE ee MOMEKYsipHON Macce.

M3 3akoHa MOCTOSIHCTBa credyeT, YTO 3feMeHTbl COeAMHSITCA Apyr C APYroM B
CTPOro onpefesieHHbIX KOMMYECTBEHHbIX COOTHOLWEHUsX. [lo3ToMy B XumMuio Obinu
BBeOEeHbl MNOHATUS akBuBaneHTa. (CrnoBO «3KBMBANEHTHbIM» B MNepeBode O3HayaeT
«PaBHOLIEHHbINY).

OkeusanieHmMoM afieMeHma HasblBalOT Takoe €ero KONM4ecTBO, KOTopoe
coeauHsieTcs ¢ 1 MoneMm aTtoMOB BOAOPOAa MMM 3aMeLlaeT TO Xe KONMUMYeCTBO aTOMOB
BOAOPOAA B XMMMUYECKUX peaKkuunsaXx.

OKeusarieHMoM CII0XHO20 8ewjecmesa Ha3blBaeTCHa Takoe ero Korim4ecTBo, KOTopoe
B3ammogencTeyeT 6e3 octaTka C OOHMM 3KBMBANeHTOM BoAOpoAa vnu BoobLle ¢ O4HUM
3KBMBaneHToM nboro Apyroro BeLecTsa.

3akoH akeusaneHmos: BellecTBa B3anMogeNCTBYIOT ApYr C APYrOM B KONMYECTBaX,
NPONOpPLUMOHAanbHbIX UX 3KBMBaNEeHTaM.

KonnuectBo BewlectBa B rpamMmax, YUCNEHHO paBHOE €ro 3KBUBASEHTY,
Ha3blBaeTCs epaMM-3K8UBaieHmMoMm (r-oKB. ).

BaneHmHocmb arieMeHma — 3To CNOCOBHOCTb ero aToOMOB COEAUHATLCSA C APYTMMN
aToMaMn B OMpeAeneHHbiX COOTHOWeHWsX. BaneHTHOCTb anemMeHTa B OaHHOM
coefVHEeHNN onpeaensieTca U3 COOTHOLLEHUSA: aTOMHas Macca / 9KBMBaseHT.

Knaccel HeopeaHu4yeckux coeOuHeHUU: OKCUabl, KNCNOTbl, OCHOBaHMUS, COSN.
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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OKcuOlbl — CNoXHble BELLECTBaA, COCTOALLME U3 ABYX NIEMEHTOB, OOHUM U3 KOTOPbIX
aBnseTca kucrnopoq. Okenabl 4enaTcs Ha TPy rpynnbl:

- ocHOBHble (Hanpumep, Na20, CaO);

- kKncnoTHble (Hanpumep, CO2, SO3);

- amgoTepHbIe, KOTOpblEe B 3aBUCUMOCTM OT YCIOBUN NPOSABASIIOT OCHOBHbIE WA
KMCIOTHble cBoncTBa (Hanpumep, ZnO, Al203, Cr203).

C nosunumimn Teopun aNeKTpoNIMTUYECKON ANccoumaumm KnaccuuumpyoT:

Kucnomel — anekTponuTbl, AMCcoLMmpytoLmMe B pactBopax ¢ obpa3oBaHMEM NOHOB
Bogopopda. Pasnuuyawt kucnotbl  kucriopogHble  (Hanpumep, H2SO4, HNO3) nu
B6eckucnopogHble (Hanpumep, HCI, HBr, H2S). Obwue cBoncTtBa KUCMOT (KUCHbIA BKYC,
N3MEHEHNSA LBeTa MHAMKATopa, B3aMMOAEWNCTBME C OCHOBAHUAMM, COSISIMU, OCHOBHbLIMU
okcugamm) obycrnoBrieHbl MOHaMn Bogopoaa.

OcHosaHuUsi — 3neKTponNuTbl, Auccoummpylolme B pacTBopax ¢ obpasoBaHMeEM
rmgpokcng-noHa. [mapokcua-moHamm obycnosrneHbl oOLiMe  WenoYHble CBOWCTBA
OCHOBaHM (MbIFIKOCTb Ha OLYMb, M3MEHEHWEe LBeTa WHAMKaTopa, B3aMMOAEWCTBUE C
KMCroTamMu, CONAMM, KUCITOTHbIMU OKCugamm).

Pasnuyator amdoTepHble rmapokcuabl, KOTopble Npu Auccouuaumm obpasytoT
ogHoBpemeHHo H* u OH- (Hanpumep, AI(OH)s, Zn (OH)2, Cr(OH)s wn gp.) wn
B3aMMOAENCTBYIOT Kak C pacTBOpaMKn KUCNOT, Tak U C pacTBOpaMM LLIENOYEN.

Cornu — anekTponuTbl, Auccouunpyrowme B pactBopax ¢ o6pa3oBaHMEM KaTUOHOB
MEeTanyoB U aHMOHOB KUCMOTHbIX OCTATKOB. Pasnu4yaloT cpedHue, KUCnble, OCHOBHbIE,
ABOWHbIE, KOMMSEKCHbIE CONMU. XMMUYECKME CBOMCTBA conen obycnaBnuBarTcs WX
OTHOLLEHMEM K MeTannam, wenodam, KNCnoTam 1 Congam.

OkcuObl aNeKTponuTaMmmn He ABNSATCS.

MonekynspHyto mMaccy BellecTBa BbIYUCAAKT No opMyne, Kak CyMMY aTOMHbIX
Macc aToMOB, BXOASLUMX B COCTaB MoOIekynbl BeuwectBa. AToMHaa macca 6epetca c
TOYHOCTbIO, yKa3aHHoOM B Tabnuue «[llepuoguyeckass cuctemMa XMMUYECKUX SNEMEHTOB
O.1. MengeneeBa». be3 ocobon HeOOX0aMMOCTM ee OKPYIAST A0 Lenoro ynucna (kpome
aToMHOM Macchl xropa — 35,5).

Mpumep 1. MonekynsapHasi macca BOAbl, MOMeKyna KOTOPOW COAEPXUT 2 aToma
BOOOpPOAA U 1 aToM Kucnopoaa, paBHa:

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

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

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

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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pamm-3KkeuganeHm C/I0XKHO20 eewecmea BbIYUCIAKT, WCXOAA U3 €ero
MOJIEKYSISIPHON MacChl:

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

OQHCI=M/1=36,5T

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

Mpumep 4. -0KB OCHOBaHUSA paBeH ero monekynspHonm macce (M), geneHHon Ha
KMCITOTHOCTb OCHOBAHMS:

O NaOH=M/1=40Tr

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

Mpumep 5. -3KkB conn paBeH MOJSIEKYIISIPHON Macce OefeHHOM Ha npousBeneHune
BaNieHTHOCTWN MeTanna, Ha YACno ero aToOMOB B MOJIEKyIe:

O Fe2(S04)3 = 400/(2-3) = 66,7 1.

paMM-3KBMBANEHT CrOXHOrO BellecTBa B pasHbiX peakunsax MOXeT ObiTb
pasnUYHbIM:

a) B peakuuax obmeHa:

Hanpumep, Na2COs3 ¢ KUCNOTON MOXET pearmpoBaTth 4BOSIKO:

Na2COs + HCI = NaHCOs + NaCl (1)

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

B peakuun (1) ognH monb Na2COs pearupyet ¢ 1 monem HCI, 4to cooTBeTCcTBYET 1
r-aToMy BoAopoaa, a 3HaunT: 3O Na2COs = M Na2COs3 = 106 .

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

O NaxCO3= M/2 =106/2 =53 r.

6) B OKNCNIUTENbHO-BOCCTAHOBUTESbHbBIX PeaKLMaX rpaMM-3KBMBaSIEHT OKUCNNTENS
N BOCCTAHOBMUTENSI HAXo4AT AENEHNEM UX MOMEKYNSAPHON MacChl HA YNCIO NEPEXOaALLNX
3MEKTPOHOB (N): 9 =M/n.

UcxoOHbie mamepuaribl U OaHHbIE:!

OCHOBHbI€ MOHATUSA BapwvaHTbl 3agaHuii
U 3aKOHbI XMMUM 1 2 3 4 5 6

3aKOH COXpaHeHus macchbl +
3aKOH NOCTOSAHCTBA +
cocTaBa
3aKkoH AencTBusa macc +
3akoH ABoragpo +
CnepctBue 3akoHa +
ABoragpo
3aKOH 3KBMBANEHTOB +

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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OCHOBHbIE MOHATUA BaleaHTbl 3ap‘a|.|"ﬁ

M 3aKOHbl XUMUM 1 2 3 a 5 6
pamm-monekyna (Monb) + +
"pamMM-3KBMBanNEHT (r-aKB.) + +
BaneHTHOCTb anemeHTa + +
Kucnorta, npumep + +
Conb, npumep + +
OcHoBaHue, npumep + +
MonekynsapHas macca NazB4O7- H2SO4 NaHCOs | Ba(OH)2 | CHsCOOH HsBOs

10H20
r-aks () Al(OH)s Ca(OH)2 H2C204 FeSO4 Mn(OH): CHsCOOK
-2H20

CodepxaHue u nopssdok 8bINoSIHEHUST pabombi:
1 O3HaAKOMUTBLCHA C TEOPETUYECKOM YacCTbIO 3aHATUSA.
2 o 3agaHHOMY BapuaHTy:
1) atb POPMYNMPOBKN XMMUYECKUM MOHATMAM M 3aKoHaMm (B BapuaHTe 3agaHus
obo3HayeHbl *);
2) npousBecTM HeobxoauMble pacyeTbl MOMEKYNSAPpHOM Maccbl W rpamm-
3KBMBarieHTa BELECTB C yKa3aHMeM eJuHUL N3MEPEHUS.

3 OhopmunTb OTYHET NO NpakTU4eckon pabore.

4 OTBETUTb Ha KOHTPOSIbHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTUYecKoro 3aHATUS

Llenb 3aHATMSA

BapwnaHT 3agaHus

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

Cnuncok Mcnonb3oBaHHOW NUTepaTypbl U APYrMX MCTOYHUKOB

BbiBoAabI

HaTbl n nognucm obyvatollerocs u npenogasartens

KoHmporsibHbIe 80Mpochi:

1. YTo Ha3bIBaeTca monem?

2. Kak hopmynumpytoTcs 3aKOHbl COXpaHEHUSI MacCbl U MOCTOAHHOrO coctaBa?

3. dopmynupoBka 3akoHa ABoragpo W cneacteust M3 Hero. Kakue ycnosus
Ha3bIBalOTCS HOPManbHbIMU?

4. Yto Takoe r-aKBUBANEHT? HABnsetca nu

rpaMmm-sKkBMBarieHT BeLllecTBa

MOCTOAHHOW BenuiuHon? OT Yero 3aBUCUT €ro saHayeHmne?

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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5. YT0 Takoe BaneHTHOCTb anieMeHTa?

6. [laTb XxapakTepuCTMKy BaXXHENLLMX KITaCCOB HEOPraHNYeCKUX CoeANHEHUN.

7. Onpegenutb Maccy 50 NUTPOB OBYOKUCK CEpPbI NPU H.Y.

8. Bblumcnutb  rpamMm-sKBMBanEHTbl  Cnefylowmx  BeWecTB B peakumsix
HenTpanu3daumn: a) NaOH; 6) H2SO4; B) Na2COs - 10H20; r) NaHCOs; g) Na2B4O7 -
10H20.

MpakTuyeckoe 3aHATME Ne 5 KomnnekcHble coeAMHEHUA: CTpoeHue,
Auccouunaums, pacyeT 3apsiga KoMmnrnekcoobpasoBaTens, KOHCTaHTa HECTOUMKOCTHU
Llenb 3aHsmus:

M3yunTb KOMNIEKCHbIE COEAMHEHNSA: CTPOEHME, ANCCOLMaLnio, HOMEHKNATYpYy.

Ucrionb3yemblie UCMOYHUKU:

Mepuogunyeckasa cnctema xummndeckmx anemeHtoB [.. MengeneeBa;

KOHCTaHTbl HECTOMKOCTN HEKOTOPbIX KOMIMMEKCHbLIX NOHOB;

[2], [3].

Teopemuyeckasi Hacmab:

KomrinekcHble ~ COeOUHEHUSI. MOHbI ~ HeKkoTOpbIX  3nemMeHToB  obnagatoT
CMOCOBHOCTLIO MPUCOEOMHATL K cebe NoNspHbIe MOMEKYIbl UM MOHbLI, 0Bpa3ysa CroXHble
KOMMMEKCHble MOHbl. CoeanHeHns, codepallme KOMMIEKCHbIE WOHbI, COXpaHSAoLne
COCTaB KOMIMEKca Npu guccounaumm, HasblBatOTCA KOMMIEKCHBIMU COEOUHEHUSIMU.

O6pasyoTcs OHM NpU B3aUMOAENCTBUN OBYX BELLECTB, HAaNnpumMep:

CuSOs4 + 4NH3 = [Cu(NH3)4]SO4 (1)

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

KomnnekcHble coeouMHeHus, o0OpasoBaHHbIE KaTMOHaMU C  OpPraHUYeCKUMU
BeLeCcTBaMu, Ha3blBalOTCA KOMI/IEKCOHaMU.

LleHTpanbHbIA MOH MU aTOM KOMIMSIEKCOHA Ha3blBalOT KOMIIIeKcoobpasogamernem.
B npuBegeHHbIX Npymepax 3To aToMbl Meaun 1 xenesa. VIoHbl nnu nonsipHbie MOnekynbl,
CBsi3aHHbIE C KOMMrekcoobpasoBaTtenem, HasbiBawT sueaHdamu unu addeHOamu. B (1)
KOMMneKkce nuraHabl — MOSEKy bl ammMuaka, Bo (2) KoMnnekce nuraHabl — LMaHUa-UoHbI.

Uncno nuraHgoB, CBs3aHHbIX € KOMMnekcoobpasoBaTenem, Ha3sblBaeTcs
KOOPOUHaUUOHHBIM YUCIIOM (K.4.).

PasnnyaloT BHYTPEHHIO 1 BHELLUHIO cdiepbl Komnsiekca. Hanpumep, B KoMmnrekce
(1) ueHTpanbHbLIN aTOM Meau BMeECTe C NuraHgamu, Morfekynamu ammuaka, obpasyet
BHYTPEHHIO chepy, a cynbdaT-uoH — BHELLHIOW. ATOMbI, BXOASALWME BO BHYTPEHHIOK

chepy, 3akno4alT B KBagpaTHble CKOOKM. [MOCKONbKY 3apsabl BHYTPEHHEN M BHELUHEN
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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cep paBHbl Mexay cobor 1 NPOTUBOMOMOXHbBI MO 3HAKY, TO KOMMSEKCHOE COoeauMHEHne
3EeKTPOHENTPAribHO.

KomnnekcHble coemMHeHns guccouunpyot ¢ obpasoBaHMeM KOMMNEKCHbIX MOHOB:

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

Anccoumaums (3) nponcxoauT No BHELLHEN cdepe.

KomMnnekcHble MOHbI 06M1agatoT pasfiviyHoOM CTENEHbID YCTOMYMBOCTU U B pacTBOpax
CcnocobHblI B CBOK o4epenb obpatmmo cnabo guccoummpoBaTtb. Peakumsa guccoumaumm,
Hanpumep: [Fe(CN)e]* <« Fe?* + 6CN-, onucbiBaeTcs KOHCTAHTOM paBHOBECUS,
Ha3bIBaeMOW KOHCmaHmou HecmouUkocmu, KoTopas 6yaeTt paBHa:

v = ([Fe?*] - [CN16) / ([Fe(CN)e]*.

Yem Bonblue 3HayeHne Ky, TeM MeHee NMpoYeH KOMMMEKC, TeM ferye pacnagaeTcs
OH B pacTBOpeE.

Mcxoas 3 KOHCTaHT HECTOMKOCTM KOMIMMEKCOB, MOXHO BblYUCASATb KOHLIEHTPaUMIO
NMPOCTbIX NOHOB, NPUCYTCTBYIOLWNX B pacTBOpPax KOMMMEKCHbIX cofnen. A aTo Heobxoanmo
3HaTb A48 OCaXXAeHWst U3 pacTBopa TOro UM MHOro MPOCTOro MOHa.

KomnnekcHbie conu — conu, Npy Auccoumaumm KOTOPbIX B BOAHOM pacTBope
KOMMNSIEKCHbIE KaTMOHbl MMM aHWOHbI COXPAHSAOT CBOWM COCTaB. TOMbKO MpU 0CObbIX
yCri08UsIX OHWU MOTYT pasnaraTtbCs Ha COCTaBHble 4acTu unuM obpasoBbiBaTb HOBblE
KomMmnnekcol. B dpopmynax KOMMNEKCHbIX COMen crnesa 3anucbiBatoT popMyny KaTUoHa, a
3atem (cnpaBa) — hopMysSly aHUOHA, T.€. aHanorM4yHoO 3anucu NPOCTbIX COSMEMN:

Ks[Fe(CN)s] — rekcaunanodeppart (1) kanua (cpegHasa conb — KsPOs).

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

kBacubl KAI(SO4)2 - 12H20 « K*+ AR* + 2 SO42+12 H20

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

Kpucmannoaudpamsbl — KpUCTanMyeckme BELLECTBA COSEN, KACNOT, OCHOBaHUM U
OpraHM4yeckMx COeavHEeHUK, WMmewlwmne B cocTaBe oaHy U 6onee  Monekyn
KpUCTannm3awuMoHHON BOAbI, Hanpumep:

CuSOs4 - 5H20
H2C204 - 2H20.

MHormne kpuctannormgpatbl SBASAKOTCA KOMMMEKCHbIMUA COeAMHEHUAMMN, HaNpUMeEp:

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

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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HomeHknamypa KoMrneKkcHbix coeduHeHul. HasBaHuUs KOMIMMEKCHbIX COnewn
obpasyoT no obuwemy rpaesusly: CHayana HasbiBalOT aHWOH, a 3aTeM — KaTUOH B
poauTenbHOM nagexe.

HasBaHne KOMMMEKCHOro KaTuMoHa COCTaBNAT crnegywwmm obpasom: cHavana
yKasblBatoT Ymcna (MCnonb3ys rpeveckme YncnuTenbHble: Ou, mpu, mempa, neHma, 2ekca
W T.4. U Ha3BaHUA OTpULATENbHO 3apsXKeHHbIX NUraHaoB ¢ okoHYaHnem «ox» (Cl- — xsopo,
S04 % — cynbgpamo, OH- — 2udpokco n T.n.; a 3aTeM yKasbiBalOT YMCna U HasBaHWS
HenTpanbHbIX NMraHgoB, NpMYeM BOAA Ha3blBaeTCHA akea, a aMMNaKk — aMMUH; NOCNeaHNM
Ha3bIBalOT KOMMekcoobpasoBaTesnb, YKa3blBasi €ro CTeneHb OKucreHuss (B Cckobkax
PUMCKMMU Lncbpammn nocne Ha3BaHUs KoMMNiekcoobpasoBaTensd), Hanpumep:

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

HasBaHne KOMMNIEKCHOro aHMOHa COCTaBNAT aHANOrM4YHO Ha3BaHWUIO KaTUOHA U
3aKaH4YMBaKT CyPAPUKCOM «aT», Hanpumep:

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

Ha3BaHna HenTpanbHbIX KOMMMEKCHbIX YacTul obpasyloT Tak e, Kak U KaTUOHOB,
HO KoMmnnekcoobpasoBaTenb HasblBalOT B MMEHUTENbHOM Nagexe, a CTeneHb ero
OKUCIMEHMS He YKa3blBalT, TaK KakK OHa onpedensietcs areKkTpoHEeNTPanbHOCTbHO
komnnekca. Hanpumep, [Pt(NHz3)2Cl2] — guxnopogunammuHnnatmHa.

Mpn cocTtaBneHuM ypaBHEHUS peakuui, B pesynbTaTe KOTopbix 0OpasylTcs
KOMMNMEKCHblE CcoeauHEeHUs, HeobxoamMmo y4unuTbiBaTb rpasusio orpedesieHUss 3apsida
KOMI/IEKCHO20 UOHAa: 3apsii KOMMMEKCHOro MoHa paBeH anrebpanyeckon cymme 3apsifoB
MOHOB, U3 KOTOPbIX OH 06pa3zoBarcs.

Mpumep 1. Onpegenutb 3apsg komnnekcHoro noHa [Fe(CN)s]*, B KOTOpOM Xeneso
NposiBNsieT CTeNeHb OKUCNEHNS +2.

PeweHve. 3apsag woHa xenesa +2, a 3apsg LWeCTU WOHOB OOHOOCHOBHOW
CUHUNBHON KMCNoTbl — 6. Anrebpanyeckas cymma 3apsigoB byaert: (+2) +(-1) -6 =-4

Mpumep 2. Onpegenntb CTENeHb OKUCNEHUS Meau B KOMMSIEKCHOM WOHe
[Cu(NH3)4]?*.

PeweHune. Tak kak yactuubl NH3s HenTpanbHbl, TO 3aps MOHa Meau paBeH 3apsagy
BCEro koMmnnekca, T.e. +2.

UcxodHble mamepuaribl U OaHHbIE:

BapuaHT KomnnekcHoe coegnHeHue
3agaHus

1 K2[Hgl4]

2 Cuz[Fe(CN)e]

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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BapMaHT KomnnekcHoe coegvHeHue
3a4aHusA

3 Fes[Fe(CN)g]2

4 [Cu(NH3)4]SO4

5 Ka[Fe(CN)e]

6 Ba[Cr(NH3)2(SCN)4]2

7 Ks[Fe(CN)e]

8 K[AI(OH)4]

9 [Cu(NHs)4]SO4

10 Kz2Na[Co(NO2)e]

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

12 Fes[Fe(CN)g]s

13 Ks[Cr(OH)g]

14 Zns[Fe(CN)el2

15 K2[PtCls]

16 [Cr(NH3)4(CO3)]ICI

17 [Cu(NHs)2(SCN)2]

18 [Cr(NH3)3(H20)3]Cl3

19 [Pt(NHs)2Cla]

20 [Cr(H20)4P04]

CodepxxaHue u rnopsidok 8bInosHeHuUs1 pabomsni:
1 O3HaAKOMUTLCA C TEOPETMYECKOM YaCTbIO 3aHATUA.
2 1o 3agaHHOMY BapuaHTy:
1) maTb HasBaHMe KOMMNEKCHOMY COeVHEHWNIO;
2) HanucaTb YpaBHEHWE ero guccoumauuu,
3) ykasaTb KomnnekcoobpasoBaTenb 1 paccumMTaTth ero 3apsg;
4) ykasaTb nurangpl (agaeHabl);
5) HanTK KOOpPANHALMOHHOE YNCHO.
3 OdhopMUTL OTYET MO NpaKkTU4eckon paboTe.
4 OTBETUTb HA KOHTPOSbHbIE BOMPOCHI.
CodepxaHue omyema:
HanmeHoBaHMe NpakTUYecKoro 3aHATUS
Llenb 3aHATMSA
BapwnaHT 3agaHus
OTyeT O BbINOMHEHUMM Ha Kaxabld 3Tan pasgena «CopepxaHne M NoOpsAOoK
BbINOSTHEHUS PaboTbI»
Cnncok ncnonb3oBaHHOW NUTepaTypbl U APYrMX MCTOYHUKOB
BbiBOAbI

[aTbl 1 nognucy obyyatoLerocs 1 npenogaeartens

KOHmpOJ'IbeIe 80ripocChI.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Kakne conu HasbIBatOTCS KOMMNIIEKCHLIMMN?

UTto HasbiBaeTCcAa kKomnnekcoobpasoBaTenem?

YT0 Takoe nuraHgbl?

YTo nokasbiBaeT KOOpPAMHALMOHHOE YUCNO?

BHYyTpeHHss 1 BHeLWwHAA cdbepbl komnnekca? [Jante npumepsl.
Kak gmuccoummpytoT KOMMeKcHble CoNnun, ABOWMHbIE CONN?

YTO Takoe KOMMNMEeKCHbIN UOH?

© N o g bk 0N~

Yrto Bblpa>aeT KOHCTaHTa HECTOMKOCTN KOMMSIEKCHOIO MOHA?

MpakTtnyeckoe 3aHATMEe Ne 6 [Ouccoumaums KUCNOT, OCHOBaAHWUW, COJEN.
Peakunn noHHoro o6meHa. CnocoObl BbipaXeHUs KOHLEeHTpaLum pactTBoOpoB

Llenb 3aHsmus:

3HaTb  onpedeneHns  KUCNOTbl, OCHOBaHWSA, CONMM B CBEeTE  Teopun
ANEKTPONUTUYECKON Aauccoumnaumm. YMeTb Jenatb pacdeTbl Npu  NpUroTOBNEHUU
pacTBOPOB Pa3fnMMYHON KOHLEHTpaUnN.

Ucrnonb3yembie UCMOYHUKU:

Mepuogunyeckasa cucrtema xummndeckmx anemeHtoB [.. Mengeneesa;

Tabnuua pacTBOPMMOCTU KAUCOT, CONEN N OCHOBaHWI B BOAE;

(2], [3].

Teopemu4yeckasi Yacmb:

BewecTtBa, pacnagaiowmecd Ha MOHbI B pacTBOpax WM pacniaBax U MNOTOMY
NpoBOASALLME 3MEKTPUYECKUA TOK, HasblBawTCa anekmponumamu. K anektponutam
OTHOCHATCS KMCMNOTbI, OCHOBAHUS U MOYTU BCE COJMN.

Pacnag 3nekTponuToB Ha WOHbI MPU pPacTBOPEHMM UX B BOAE Has3biBaeTcs
anekmponumu4yeckoli  duccoyuayuel. C NOMOLLbID TeopuM  SNEKTPOSNIUTUYECKOM
anccoumaumn, kotopyto paspabotan C. AppeHuyc (naypeat Hobenesckon npemun 1903
roga), onpeaensoT 1 ONUCbIBalOT CBOMCTBA KUCNOT, OCHOBAHWIA 1 CONeN.

C nosnumi Teopum aNeKTponnTUYECKON gMuccoumaumnmn KnaccnpmumpyoT:

Kucriomamu Ha3sbIBalOTCA SMNEKTPONUThLI, NPU Auccoumauum KOTopbIX B KavyecTBe
KaTnoHa obpasyeTcd TOMNbKO KaTnoHbl Bogopoaa. (KatnoHbl — NONOXUTENBbHO 3apsKEHHbIE
NOHbI, aHWOHbI — OTpULLATENBHO 3apsKeHHbIe MOHbI). Hanpumep,

HCl < H* + CI

CH3COOH « H* + CH3COO-

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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,D,ByX- M MHOINOOCHOBHbl€ KWUCIOTbl AUCCOUMUPYKOT CTyneH4YaTo (I'IOCTel'IeHHO),

Hanpumep,
H3POs4 «— H* + H2PO4 (1 cTyneHb)
H2PO4 > H* + HPO4* (2 cTyneHb)
HPO4% « H* + PO4*> (3 cTyneHb)

OcHogaHusIMU Ha3bIBaKOTCA 3NEKTPONUTLI, NpU OMCCOoLMaLMM KOTOPbIX B KayecTBe
aHMOHOB 06pasyloTCH TONbKO MOpPOKCNa-noHbl. Hanpumep,

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

OcHoBaHusl, pacTBOpMMble B BOAE, Ha3blBAOTCA wesioyamu. OTO OCHOBaHUSA
LLEeNoYHbIX U wweno4YyHodemenbHbix MeTannoB: NaOH, KOH, Ca(OH)2, Ba(OH)2, a Takke
NH4OH.

[BYX- N MHOTOKUCNOTHbIE OCHOBaHMA OUCCOLUMUPYIOT CTyNeHYaTo:

Ca(OH)2 « Ca(OH)* + OH" (1 cTyneHb)

Ca(OH)* « Ca?* + OH- (2 cTyneHsb)

ConsiMu HasblBalOTCA 3MEKTPONUTbI, MpUM  Aguccoumauum KoTopbix obpasytoTcs
KaTMOHbI MeTannoB (a Takke kaTMOH aMMoHMs NH4*) M aHMOHbI KMCAOTHBIX OCTaTKOB,
Hanpumep, NasPOs < 3Na* + PO4*

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

Tak auccouuunpytoT cpeaHue conn. Kucrnble e U OCHOBHbIE CONMU AUCCOLUUPYIOT

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

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

Anccoumaums — obpaTmbI NpoLeCC: NapannenbHo ¢ pacnagoM MOJSeKyn Ha NOHbI
(anccoumaumsa) npoTekaeT nMnpouecc coeavHeHUA WOHOB (accoumauus). [loatomy B
YpaBHEHUNAX JMEeKTPONUTUYECKON AMccouMauMM BMECTO 3HaKa paBeHCTBa CTaBAT 3Hak
obpaTUMOCTH ().

Peakuyuu uoHHo20 0bmeHa.

CornacHo TeopuM 3NeKTPONMTUYECKON AuccoumaummM BCe peakuuu B BOAHbLIX
pacTBOpax 3MeKTPONUTOB HABMATCA peakumamu mexagy uoHamu. OHM  HasbiBaloTCA
UOHHbIMU peakuyusiMu, a ypaBHEHUS 3TUX PeaKUNn — UOHHbLIMU YpasHEeHUSIMU.

Mpwn COCTaBneHun nx cnegyet y4nTbIBaTb, yTO BelllecTBa

ManogmnccounnpoBaHHblie, ManopacTBopuMbIie (BbII'Ia,D,aPOU.l,I/Ie B oca,q0|<) n rasoo6pasHble
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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3anucbiBaloTCa B MoOneKynspHon dopme. 3Hak | obo3HavaeT ocagok, 3Hak 1 — ras.
CunbHble aNeKTponNuTbl Kak NOSTHOCTbIO AMCCOLMUMPOBAHHbIE 3anuvChiBalOT B BUAE WUOHOB.
CymMma anekTpuyeckux 3apsgoB NEBOW YacTu ypaBHEHMS OOSMKHa ObiTb paBHa cymme
3apsag0B NpaBow YacTu.

KoHueHmpauyuro pactBopa WnuM cOAepXaHue BeLlecTBa B pacTBOpPe BblpaXkatoT
HEeCKONbKMMK cnocobamu: NpoLeHTHas, MonspHas, HopMmarnbHasi, MonsnbHas, TUTP.

lpoueHmMHasi KOHUeHmMpayusi N0 Macce BblpaxaeT YNCII0 FPaMMOB PaCTBOPEHHOO
BewecTBa B 100 r pacteopa. Hanpumep, 100 r 30 % - HOro pactBopa a3oTHOM KUCNOThI
cogepxumt 30 r HNO3 1 70 r BoAabl.

MonspHass KoHuUeHmpauusi unu MosigpHocmb (M) BblpaxaeT 4YuMCno Monen
pacTBOpeHHOro BeulectBa B 1 nutpe pacteopa. EguHMua wmnamepeHuss MOSSIPHOM
KOHUeHTpaumn — mons/n. Hanpumep, 1M H2SO4 0603HavaeT: pacTBOp CEpPHOM KUCNOThI, B
KaXKOoM NMTpe KoToporo cogepxutca 1 monb, T.e. 98 r H2SOa4.

HopmarnbHas KoHUeHmpauusi unu HopmarnbHocms (H, N) BblpaxaeT 4Mcro rpamm-
9KBMBASIEHTOB pPacTBOPEHHOro BelwlectBa B 1 nutpe pacteBopa. EauHuua mnsamepeHus
HOpManbHOW KOHUeHTpauun — r-ake/n (H). Hanpumep, 1H H2SO4 obosHavaeT: pacTsop
CEPHOWN KUCIOTbI, B KaXX4OM NUTpe KoToporo cogepxntca 1 r-ake, 1.e. 49 r H2SO4. YacTto
BMECTO HOPMaribHOW KOHUEHTpauun ynoTpebnsaioT HasBaHWe «MOJISPHOU KOHUeHmpayuu
aksusaneHma» (M), monb/n (Monb/aM3), 1 ykasbiBaloT PAKTOP IKBUBANEHTHOCTH, fake, UMK
xumuyeckyto peakumto. Hanpumep, 1M H2SO4 (fos = 72) 0003Ha4YaeT: pacTBOp CepHOM
KMCNOTbI, B K&XX40M NUTPE KOToporo cogepxntcs 1 Monb-akB, T.e. 49 r H2SOa.

MonspHasi KOHUEHTpauns aKBMBaneHTa Bcerga 6Gonblue unv paBHa MONSAPHOM
KOHLIeHTpaumm pacTeopa.

MonsnbHas KoHueHmpauus unu mornssnbHocms (M) BbipaxaeT 4ucno Monen
pacTtBopeHHoro Bewectsa B 1000 r pactBoputensi. EquHnua mMonsnbHOW KOHUEHTpauum —
Monb/1000 r pactBoputensa. [Ons pasbaBneHHbIX BOAHLIX PaCTBOPOB YMUCIEHHbIE
3Ha4YeHNs MONANBHOCTU N MOSIAPHON KOHLIEHTpaLMM CoBMNagatoT.

Ecnu B 1 n pactBopa cogepxutca 1,0; 0,1; 0,01 n 0,001 r-skB pacTBOPEHHOro
BELLeCTBa, TO pPacTBOP Ha3blBAETCA COOTBETCTBEHHO HOPMarslbHbIM, AEUVUHOPMAanbHbIM,
CaHTMHOPMAarsibHbIM UM MUNNIMHOPMarnbHbIM. 1o aHanormm HasbliBalTCA pPacTBOPLI
MOJSISIPHOW UM MOSISINIbHOW KOHLEHTPaLUMA.

Tump pacmeopa (T) — TOYHOE 4MCNO rPaMMOB PaCTBOPEHHOro BewecTsa B 1 mn
pactBopa. Egununua Tutpa — r/mn (f/cm3). TloHATME «TUTP» 4acTo 3aMeHsioT

HOPMUPOBOYHLIM KO3GhPUUUEHMOM.
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Mpumep 1. MpurotoButb 500 r 5 % - Horo pacTBopa KNOs.
PeweHue.
1) Hampgem wmaccy conu, Heobxogumyko ONd MPUroTOBMEHUA pacTBopa U3
nponopumu:
5 r conn cogepxutca B 100 r pacTBopa
x r conu cogepxuntca B 500 r pacteopa
x=5-500/100=25Tr
2) PaccumTtaem, CKOMbKO HY>KHO BOAbI AN MPUrOTOBIEHUS:
500 -25=475r
Mpumep 2. K 15 % - Homy pactBopy, macca kotoporo 80 r, no6asunu 30 r BOAbI.
Kakown ctana maccoBasi 40N pacTBOPEHHOro BeLLEeCTBa B NOIy4YEHHOM pacTsope?
PeweHue.
B pesynbTate pasbaBneHus pactBopa BOAOM Macca pacTBopa yBenuyunacb, a
BeLLeCTBa B HEM OCTaroCb CTOSbKO Xe.
1) Paccuutaem maccy conu B pacteope: x =80 - 15/100 =121
2) Paccuntaem maccy BHOBb nony4eHHoro pacteopa: 80 + 30 =110 r
3) PaccumMtaem maccoByto JON0 pacTBOPEHHOrO BeLecTBa BO BTOPOM pacTBOpe:
x=12-100/110=10,9 %
Mpumep 3. Paccuntante Mmaccy xnopuga 6Gapus, Heobxogumyo Ans
NPUroToBneHNa 2 N pacTBopa, KoHUeHTpauus kotoporo 0,2M.
PeweHue.
1) Maccy conun, cogepxawiencs B 1 n pacteopa, paccyMTtaem u3 nponopLmmn:
1M BaClz2 cogepxunt 1 monb/n conun unn 208 r BaCl2 B 1 n pacteopa
0,2M BaClz cogepxut 0,2 - 208 = 41,6 r BaCl2B 1 nn pactBopa
2) Macca conu, cogepxawasca 2 n: 41,6 - 2 = 83,2 r BaCl2
Mpumep 4. Onpepennte maccy 6essogHon cogbl Na2COs, Heobxogumyro ans
npurotosnieHna 500 mn 0,1 H pacTeopa.
PeweHne.
1) Moacuntaem rpamm-aKBUBASIEHT COAbI:
O NaxC0s = M/2 =106/2 =53 1
2) Haxogum maccy Na2COs anga npurotoBrieHns pacTteopa:
1H Na2COs cogepxmt 1 r-aks/n unm 53 r Na2COs B 1 i1 pacTtBopa
0,1H cogepxuT 0,1 r-ake/n nnu 5,3 r Na2COs B 1 n1 pactBopa
3) Macca cogpl B 500 mn (0,5 n) coctaBut 5,3-0,5=2,65r

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Ucxo0Hble mamepuaribl U OaHHbIE:!
BapuaHTtbl
o 3apgaun
3agaHun

1 1) Ckonbko waseneson kucnotbl (H2C204 - 2H20) Heobxoanumo ansa npurotosneHusa 100 mn
0,15 H pacTtBOpa?
2) KakoBa HopmanbHas koHueHTpauus 0,1M pacTtBopa xnopuga xpoma?

2 1) MpurotoBuTtb 3 H pactBop MgSO4 B 06BEME 300 M.
2) KakoBa NpoueHTHas KOHLIEHTpaLmMs pacTBopa, NOMy4YeHHOro Npu pacTBOpeHnn 751
KoCO3z B 300 r BOAbI?

3 1) B 200 mn pactBopa HNOs cogepxutcst 2,45 1 HNOs. BbluMCIIMTE MOMSAPHOCTb U
HOpPManbHOCTb pacTBopa.
2) Ckonbko rpammoB KCI Heobxoammo aobasutb k 100 r Boabl ans nonyyenuns 20 % - Horo
pactBopa conu?

4 1) Ckonbko rpammoB NaOH cogepxutca s 2 n 0,1 H pactBopa?
2) Ckonbko rpammoB NaCl Heobxoammo pacteoputb B 100 r Boabl And nonydenusa 1 % -
HOro pacreopa?

5 1) B 200 mn pactBopa H2SO4 copepxutca 2,451 H2SO4. Bblumcnntbs MONSPHOCTL U
HOpPManbHOCTb pacTBopa.
2) Ckonbko rpammoB NaCl Heobxoammo pacteoputb B 100 r Bogbl Ang nonydeHus 10 % -
HOro pacreopa?

6 1) Onpegenutb maccy cynbdara HaTpus, Heobxogumyto ans npurotosrnenns 200 mn 0,01
H pacTBopa.
2) B 250 mn Bogpl pactBopunu 90 r conu. KakoBa NpoLeHTHasA KOHLEHTpaUmMs NOMy4YeHHOro
pacTtBopa (NNOTHOCTb BoAbl paBHa 1 r/mn)?

7 1) KakoBa npoLeHTHas KOHLEHTpaUmMsa pacTBopa Nofy4yeHHoro npu pacteoperun 175 r
K2CO3z B 1300 r BOAbI?
2) KakoBa HopmanbHas koHueHTpauus 0,1 M pacTtBopa xnopuga kanusa?

8 1) Ckonbko rpammoB KCI Heobxoammo gobaeute k 100 r Bogsl gns nonyyenus 10 % - Horo
pacTtBopa conun?
2) KakoBa HopManbHas koHueHTpauus 0,1 M pacTBopa xnopuga aMmmMmoHnUs?

9 1) KakoBa monsipHas koHueHTpauums 0,5 H pacTBopa cynbdata megmn?
2) B 140 mn Bogpl pactsopunu 30 r conu. KakoBa NpoueHTHasA KOHLEHTpaums Nofy4YeHHOoro
pacTtBopa (MAOTHOCTb BOAbI pasHa 1 r/mn)?

10 1) Ckonbko rpammoB KOH cogepxutcsa B 200 mn 2 H pacTeopa?
2) Paccuutatb Maccy xnopuaa HaTpusi, Heobxogumyto Ans NpurotToBrneHus 2 n pacTeopa ¢
KoHueHTpauunen 0,2 M.

11 1) MpurotosuTb 0,2 H pacTBop KOH B 06B€Me 0,5 n.
2) Paccuutatb Maccy xnopuga Hatpusi, Heobxogumyto ans npurotosnenusa 0,5 n pacteopa
C KoHueHTpauuen 0,01M.

12 1) Ckonbko rpammoB NaCl Heobxognmo pactsoputs B 100 r Bogb! Ana nonyyeHus 7% -
Horo pacteopa?
2) NpwvrotoBute 0,01M pacteop NaOH B 06tE€me 100 mn.

13 1) B 200 mn pactBopa KNOs cogepxutca 2,451 KNOs. Bblumcnntb MOMSIPHOCTb U
HOpPManbHOCTb pacTBopa.
2) Bblumcnute MongpHoctb pactBopa NaCl 0,5 % - HoM koHueHTpauuu. [NOTHOCTbL
pactBopa 1 r/cm®

14 1) PaccuuTatbh Maccy xnopmga Hatpusi, HeoO6xoouMyto Ans NpuroToBrneHnst 5 n pacrteopa ¢
KoHueHTpaumen 0,1M.
2) B 500 mn Boabl pacteopunu 90 r conu. KakoBa NpoLeHTHas KOHLEHTpaumsl Nony4YeHHOro
pacTtBopa (MIOTHOCTb BOAbl paBHa 1 r/mn)?

15 1) MpurotoBuTtb 5 % - HbI pacTBop NaOH B 06bE€me 500 mn.
2) Onpegenutb Mmaccy CuSQO4, Heobxogumyto ona npurotosnennsa 200 mn 0,01 H pacTBopa
1 200 mn 0,01M pacTBopa.

16 1) B 240 r Bogb! pactesopunu 80 r conu. KakoBa % - Hast KOHLeHTpauma?
2) NpwuroTtoButb 0,01M AgNO3 B 06BbEMEe 0,5 .

17 1) B 200 mn pactBopa K2SO4 cogepxutca 2,451 KaSO4. BbluncnuTb MONAPHOCTb U

HOpMaJibHOCTb pacTBopa.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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BapMaHTvbl e
3agaHun

2) B 300 r Bogpl pacteopunu 80 r conu. KakoBa % - Has KOHLeHTpauua?

18 B 750 r Bogpl, pacteopunu 60 r AGNOs. KakoBa npoLeHTHasa KOHUEHTpaLnst Nofy4eHHOro
pactBopa?
2) NpwvroTtosute 0,1M AgNOs3 B 06béme 0,5 n.

19 1) KakoBa monsipHas KOHLUEHTpaunsa 2 H pacTBopa CONSIHON KACNOThbI?

2) B 200 mn Boabl pactsopunu 50 r conu. KakoBa npoLeHTHas KOHLEeHTpaums nony4YeHHoro
pactBopa (NNOTHOCTb BoAbl paBHa 1 r/mn)?

20 1) Ckonbko Boabl Heobxoammo npubasuTb k 500 Mn 20 % - ro pacTBopa NOBapeHHOW conu
(mnoTHocTb 1,152 r/Mn), yTobbl Nony4nTe 4,5 % - HBI pacTBOp?

2) B 300 mn pactBopa coaepxutca 0,3723 r Tnocynbgarta HaTpus (Na2S203 - 5H20).
OnpegenuTe MOMSIPHOCTb M HOPMAJIbHOCTb pacTBopa.

21 1) B 200 mn cnupTa (nnotHocTb 0, 84 r/cm®) pacTtBopeHo 17 r noga. Yemy paBHa
NPOLEHTHas KOHLLEeHTpaumMs nonyyYnBLIerocs pacrteopa?

2) Onpegenntb Mmaccy CuSQO4, Heobxoammyto ans npurotosnexnus 200 mn 0,01 H pacTBopa
1 200 mn 0,01M pacTtBopa.

22 1) KakoBa HopmarnbHasi KOHLEHTpaLumsa pactBopa, ecnm n3BectHo, 4to B 500 mn pacTteopa
cogepxutca 5 r cynbcuta HaTpma?

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

23 1) Onpegenutb maccy CuSOQOs4, Heobxogumyto ans npurotosnexms 200 mn 0,01 H pacTBopa
n 200 mn 0,01M pacTtBopa.

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

24 1) Ckonbko rpammoB Na2SOs notpebyetca ons npurotoBneHnss 5 n 8 % - Horo pacTteopa
¢ nnotHocTblo 1,075 r/cm3?

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

CodepxaHue u nopsidok 8bINoSIHEHUST pabombi:

1 O3HaKOMUTBLCH C TEOPETUYECKOWN YaCTbIO 3aHATUS.

2 o 3agaHHOMY BapuaHTy:

1) pewunTb 3aga4m C NOSICHEHUSIMU U YKa3aHMeM eANHUL, U3MEPEHWS;

2) HanucaTb AMCCOoLMaLMIO ANEKTPONNTOB, NPUBEAEHHbIX B 3a4aYaXx;

3) HanucaTb YpaBHEHUSA peakuun B MOMEKYNSPHOM U MOHHOM (popmax BeLLEeCTB; 3a
OCHOBY B35Tb XMMUYECKME COEANHEHWS, NPpUBEAEHHbIE B 3a[a4ax.

3 OchopmuTb OTYHET NO NpakTU4eckon pabore.

4 OTBETUTb Ha KOHTPOSIbHbIE BOMNPOCHI.

CodepxxaHue om4yema:

HaunmeHoBaHWe nNpakTUyYecKoro 3aHAaTUS

Llenb 3aHATMSA

BapwnaHT 3agaHus

OT4yeT O BbINONMHEHWMM Ha Kaxdbln aTan pasgena «CogepxaHve M NOPSAOK
BbIMNONHEHUS paboTbi»

Cnmcok ncnonb3oBaHHOW NuTepaTypbl U APYrMX NCTOYHMKOB

BbiBOAbI

[aTbl 1 nognucy obyyatoLlerocs 1 npenogaeartens

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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KoHmporbHble 80rpochi:

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

2. YTto Ha3biBaeTCAa KOHUEeHTpaumen pacteopa? Kak oHa BbipaxaeTcs?

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

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

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

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

7. Hanuwmnte ypaBHEHWS peakuun B MOJSEKYNSPHOW M MOHHOW dhopme Mexay

pacTBopamu xriopuga 6apmsa n cepHom KUCOTbI.

3.2 Bropas aHanuTtu4yeckas rpynna KaTUoOHOB

MNMpakTuyeckoe 3aHaTMe Ne 7. BbluncneHune crteneHu guccoumaumm no
KOHCTaHTe Auccoumauum U KOHUEeHTpauun 3fneKTponnToB. BbluncneHne sHavyeHnn
npousBeneHNs pacTBOPUMOCTU OMHAPHBLIX 3NEKTPOSIMTOB NO PaCTBOPUMOCTU U
HaobopoT

Llenb 3aHsmus:

YMeTb BblMUCNATbL CTeneHb Auccouuauum no  KOHCTaHTe guccouuaumm wm
KOHUEeHTpauunn ANEeKTPOJINTOB, 3Ha4YeHnA npoun3dseageHnA pacTBOPUMOCTIU no

pacTBOPUMOCTU N HAOBOPOT.

Ucrnonb3yemblie UCMOYHUKU:

Mepuogunyeckasa cuctema xummndeckmx anemeHtoB [.. Mengeneesa;

Tabnuua pacTBOPMMOCTU KMUCIIOT, CONEen N OCHOBaHU B BOAE;

Tabnuua npom3BeaeHin pacTBOPUMOCTH;

Tabnuua KOHCTaHT Anccoumaumm;
(2], [3].

Teopemuyeckasi Hacmb:

BewectBa, pacTtBOpbl KOTOPbIX MOMHOCTbKD WM 4aCTUYHO COCTOSAT W3 WMOHOB,
Ha3blBalOTCS asrlekmponumamu. Pacnag Monekyn Ha MOHbl Nog AENCTBMEM MONEKYN BOAbI

(Mnun gpyroro pacTBOpUTENS) Ha3bIBAETCA a/1eKmposiumuyeckol duccoyuayued.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Iunccoumauma — npouecc obpatumbiri. CnocoOHOCTL BellecTBa pacnagatbCsa Ha
MOHbl NOL AENCTBMEM MOJSIEKYNT PacTBOPUTENS XapakKTepuaylT BENUYUHOW CTENeHU
ANEKTPONNTUYECKON AMccoumMaumnm Unm KOHCTaHTbl AMccoumnaummn.

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

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

roe C — obuiee 4ymcno pacTBOPEHHbIX MOSIEKY;

X — YMCNO MOMEKY, pacnaBLUMXCA Ha UOHBbI.

Taknum obpasom, cmeneHbio Ouccoyuayuu Has3blBAaeTCA YMUCNO, MoKasbiBawollee,
Kakasa 4yacTb OT O6LLEro KonimyecTsa pacTBOPEHHOIO ANEKTPONIMTA pacnagaeTcs Ha UOHbI.

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

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

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

B aTtom cny4ae npouecc auccounaumm aensetca odbpatumbiM, U K HEMY NPUMEHUM
3aKkoH delicmeyrowux macc. Hanpumep, ons guccoumaumm yKCyCHOM KMCnoTbl (cnadoro
anekTponuta), npoucxogsdwen no ypasHeHnto CH3COOH « CH3COO- + H*, koHcTaHTa
XMMUNYECKOro paBHOBECUA MOXET ObITb 3anucaHa cnegytowmm obpasom:

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

BennunHy «K» HasbiBaloT KoHcmaHmou Ouccoyuayuu. OHa xapaktepusyeT
CNOCOBHOCTb 3MEKTpONMTa AnccouMmpoBaTtb Ha MOHLI. Yem Gonbwe «K», Tem 6onblie
NMOHOB B pacTBope. KoHcTaHTa guccoumaumm He 3aBUCUT OT KOHLEHTpaLMM anekTponuTa.
OHa 3aBnCUT OT NpMpPOAbI AMEKTPONUTA U OT TEMNepaTypbl.

Mexagy KOHCTaHTOM JguccouMaumm W CTEMNEHbK AOuMccoumauum  CyLlecTByeT
cnefytoulas 3aBUCMMOCTb (3aKoH pa3sbasneHuss OcTeanbga):

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

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

C — KoHUeHTpauus anekTponuta (Monb/n).

M3 aTonm 3aBMCUMMOCTM credyeT, YTo CTeneHb Auccoumauum yBennuMBaeTCcsa npu

YMEHbLUEHUN KOHLeHTpauun (T.e. npu pasbaBneHnn pactBopa), a Takke npu yBenmyeHum

«K» (T.e.y 6bonee CunbHbIX 3NEKTPONNTOB).
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Cuctema, cocTtoswas W3 HaCbIWEHHOro pacTBopa M oOcagka, HasblBaeTcs
eemepoz2eHHolU (HeOOHOpPOoOHoU) cucmemol. B HacbiWeHHOM BOOHOM pacTeBope
ManopacTBOPMMOro B BOAe 9rfeKTponuTa YyCTaHaBNUBAETCA paBHOBECUE Mexay
KpucTannamy TBepaoro Bewectsa (0CagkoM) M €ro MoOHamK, HaxogAWMMNCS B pacTBoOpe:
«0CafOoK <> HACbILLEHHbIN pacTBOPY.

[eTeporeHHoe paBHOBECUE «OCaflOK <> HaCbIWEHHbI PacTBOpP» MOAYMHSAETCA
npasursny npouseedeHuUs pacmeopuMOCmU. B HACbILLEHHOM pacTBOpe MaropacTBOPUMOro
aneKkTponuta MNpov3BeAeHMEe  KOHUEHTpauui  WOHOB, BO3BEOEHHbIX B  CTeneHb
CTEXNOMETPUYECKUX KOI(PPULMEHTOB, €CTb BENMYMHA MOCTOSAHHAs Npu  [AaHHOM
Temnepartype.

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

MPA-B. = [A*]™- [B]", (3)

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

M 1 N — CTEXMOMETPUYECKNE KOIPDULMEHTDI.

OTcroga BbiTeKaloT ABa CreaCTBuUS:

1. Ycnosue pacmeopeHuss ocadka: NpPOU3BEAEHME KOHLEHTPaUUn UWOHOB,
BO3BELEHHbIX B CTEMNEHb CTEXMOMETPUYECKMX KOIPMPUUNEHTOB, OOSMKHO ObITb MEHbLUEe
BENNYMHbI NPON3BEAEHNSA PACTBOPUMOCTMU:

[A*]™ - [B]" < IMPAmB- (4)

2. Ycnosue ocaxdeHuss ocadka: nNpou3BeOeHWE  KOHLEHTpauuh  WOHOB,
BO3BEAEHHbIX B CTENEHb UX CTEXMOMETPUYECKUX KOIDPULIMEHTOB, AOSHKHO BbITh BonbLue
BENNYMHbI NPON3BEAEHNS PACTBOPUMOCTMU:

[A*]™ - [B]" > IMPAmB- (5)

BbiqucnieHue  cmeneHu  duccoyuayuu o0 KOHCmaHme  duccoyuauuu U
KOHUeHmpauyuu 3/1eKmposiumaos.

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

PeweHue. No 3akoHy pa3zbaBneHus

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

BbiyucneHue 3HayeHul rnpou3eedeHusi pacmeopumocmu buHapHbIX

371eKMpOoIumos o pacmeopumocmu u Hao6opom. MNpu pacyeTax HeOoGXOAUMO MOMHUTb,

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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4YTO PaCTBOPUMOCTb BELLECTB MOXET ObiTb BblpaXeHa B pasHbix eguHuuax (Mornb/n;
mr/mn; mr/n), a B MNP BXOAAT KOHUEHTpaL MM MOHOB B MOJIb/N.
Mpumep 2. MpounsseaeHune pacteopumocty PbSO4 pasHo 2,2 -10-8. BeluncnuTb
a) KoHUeHTpaumto noHos Pb?*n S04?%; 6) pactBopumocTb PbSO4 (Monb/n, r/n).
PeweHue.
1) Onsa ypaBHeHUs Xxumundeckoro pasHoBecuss PbSO4 «» Pb?* + SO42% Haxoaum
MNP PbSOs = [Pb?*] - [SO4?]
2) O603Ha4YMM MONSAPHYI0 KOHLEHTpauuio HacblweHHoro pacteopa PbSO4 vepes x.
Tak Kak pacTBOpeHHasi 4aCcTb CONMM Haueno AvccounnpoBaHa, To
[Pb?*] = [SO4?] = x, NoACTaBMM X B ypaBHEHME:
x2=2,2-10% x=+v2,1-108=1,5-10* r-non/n.
CnepoBartenbHo, [Pb?*] = [S04%]=1,5- 10* r-non/n.
3) pactBopuMocTb PbSO4 paBHa 1,5 - 104 monb/n.
M PbSOs = 303 r/monb. Bblumncnmm pactesopmmocTtb B rpammax Ha 100 r pacteopa:
B 1000 r pactBopa cogepxutca 1,5 - 104 - 303 r
B100r « Xxr
x=45-103r.
Mpumep 3. PactBopnmocTtb Mg(OH)2 npu HekoTopon TemnepaTtype pasHa 0,012 r/n.
Onpegenutb NP Mg(OH)2.
1) PactBopumocTtb Mg(OH)2: m Mg(OH)./ M Mg(OH). = 0,012/58 = 2,07 - 10* monb/n.
2) YpaBHeHue guccoumaumm (paBHoeecust): Mg(OH)z2 < Mg?* + 20H;
oTkyaa [Mg?*] = [Mg(OH)2] = 2,07 - 10" r-uoH/n, a koHueHTpaums [OH] B 2 pasa GonbLue:
2-2,07-10% = 4,14 - 10%;
3) MP Mg(OH). = [Mg?*] - [OH]?=2,07 - 10*- (4,14 - 104)*> =3,6 - 10",
Mpumep 4. ObpasyeTtcsa nn ocagok CaCOs npu cmelwweHnn paBHbix o6bemos 0,02M
PacTBOPOB XMOPUCTOro KanbLusa 1 yrnekucnoro Hatpusa? NMPcaCos =1 - 10,
1) O6bem cmecu B 2 pasa 6onblue, a KOHLEHTPaALUUSA KaXKaoro u3 MOHOB B 2 pasa
MeHbLUE, YeM B UCXOOHbIX pacTBOpax.
CneposaTtenbHo, [CaClz] = [Ca?*]1=0,02 - 0,5 =1 - 102 monb/r;
[Na2CO3] = [CO3*]1=0,02 - 0,5=1- 102 monb/n, oTKyaa
[Ca?*][CO3*]=1-102-1-102 =1-10*
2) MNMpoaHanuanpyem NosnyYeHHbIn pe3ynbTaT U AaHHble 3a4adn B COOTBETCTBMM C
cdopmynamm (4) n (5): ocagok o6pasyeTcs, Tak kak 1,0 - 10°< 1,0 - 104,

UcxoOHble mamepuaribl U OaHHbIe:!
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Tabnuuya 1
BapuaHTt MonspHas K BapuaHTt GG
OHCTaHTa KOHUEeHTpa| KoHcTaHTa
3adaHns| OneKkTpomuT [KOHLEeHTpaL necounaLm. | 33Aanna OnekTponut s HCCOLNALIAM
Ne 1 ns, Monb/n A Lmaun, Ne 1 ts, A HMatuu,
K MOJb/N K
1 HNO:> 0,01 4-10* 6 HIO4 0,05 23-102
2 NH4+OH 0,05 1,79 -10° 7 HF 0,03 6,61-10+*
3 NH4+OH 0,02 1,79 -10° 8 HCIO 0,04 5,01 -108
4 Pb(OH)2 0,05 9,6-10% 9 HCN 0,01 7,9-107°
5 HBrO 0,02 2,06 - 10° 10 H2SO0s3 0,02 1,58 - 102
Tabnuua 2
KonnyecTBo BellecTBa, r
BapuaHt B
€eLlEecTBO B 1 N HacbILLIEHHOrO
3agaHusa Ne 2
pacTBopa
1 Xnopuctoe cepebpo 0,00172
2 BpomucToe cepebpo 0,000118
3 NoawncTtoe cepebpo 0,00000282
4 Yrnekucnbin 6apun 0,00164
5 Yrnekucnbln CTPOHUUN 0,0059
6 LLlaBeneBoKMCNbIV KanbLum 0,00538
7 Okcanat cTpoHuus 0,00422
8 Okcanat 6apus 0,009
9 Kap6oHat kagmus 0,00276
10 XpOMOBOKUCIbIV CBUHEL| 0,000042

CodepxxaHue u rnopsidok 8bInosHeHuUs1 pabomsbi:

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

2 BbluncnnTb No NpearnioxkeHHOMY BapuaHTy 3agaHus:

1) Ne 1 cteneHb gnccoumnaumm pacteopa crnaboro anekTponnTa;

2) Ne 2 npounssegeHne pacTBOPUMOCTU ManopacTBOPUMOro afiekTponuTa.

3 OdhopmMUTb OTYET NO NpakTn4eckon pabore.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxxaHue om4yema:
HanmeHoBaHMe NpakTUYecKoro 3aHATUS
Llenb 3aHATMSA

BapwuvaHT 3agaHus

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

BbIMNONHEHUS paboTbi»

Cnuncok Mcnosb30BaHHOWM NUTepaTypbl U OPYrUX UCTOYHUKOB

BbiBOAbI

NaTbl 1 nognucy obyyatoLerocs 1 npenogasartens

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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KoHmpornbHblie 80rpocki:

1. Kakne BelLecTBa Ha3bIBalOTCS AnekTponuramm?

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

3. OT 4yero 3aBUCUT CTEMNEHb ANccoumnaummn anekTponuta? Kak matrematnyeckm oHa
CBsi3aHa C KOHCTaHTOM guccounaunmn?

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

5. Natb dopMynmnpoBKy npasusia NpoMsBeaeHns pacTBOPMMOCTMU.

6. HanuwwuTte BbipaxkeHne ansa MNP B obwem Buae.

7. KakoBbl yCrioBusi paCTBOPEHNSA N OcaxaeHust ocagka?

8. Kakume chaktopbl BNMSOT HA pacTBOPMMOCTb COEAUHEHNIA?

MpakTuyeckoe 3aHATUEe Ne 8 BbluncrneHme KOHLEHTpaLum MOHOB Bogopoaa U
BefIM4YUHbI BOAOPOAHOro nokasartens. BoiuncneHue pH 6ycepHbIx pacTBopoB
Llenb 3aHsmus:

O3HAKOMUTLCA C MOHATUSIMUA  «MOHHOE NpPou3BedeHNe BOAbl», «BOAOPOAHbLIN

nokasaTtesiby», «0ydepHble pacTBopbl». HayunTbca paccumTbiBaTb BENUYNHY pH.

Ucrionb3yemblie UCMOYHUKU:

Mepuogunyeckasa cnctema xummndeckmx anemeHtoB .. Mengeneesa;

Tabnuua norapndmos;

Tabnuua pacTBOPUMOCTM KMCAOT, COMEN, OCHOBaHWI B BOAE;

[2], [3].

Teopemuyeckasi Hacmb:

MoHHOe npounsBeageHne Boabl. BooopoaHbii nokasaTensb.

Boaa aBngaetca cnabbiM 3nEKTPONMTOM M AUCCOLMMPYET NO YPABHEHUIO:

H20 < H*+ OH-

Mpu 25 °C B 1 N BoAbl pacnagatTca Ha MoHbl nuwb 10-"Monbk. Mpu auccoumnaumm
N3 Kaxxgon morekynsl Bogbl obpasyetca no ogHoMmy noHy H* u OH-, cnegoBaTtenbHO, X
KOHLIEHTpaLmMKn B YnucTon Bogde pasHbl: [H*] = [OH] = 10"mMonb/n.

KoHcTaHTa guccoumauum Boap!:

KH.0 = [H*] - [OH] / [H20] (1)
Mpeobpasyem 3TO ypaBHEHME:
[H*] - [OH] = KH:20 - [H20] (2)

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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MpuHMMast BO BHUMaHWe KOHUeHTpauuio Boabl, [H20], BennUMHOM npakTuyecku
NOCTOSIHHOM, MOXHO CYMTaTb, YTO NpaBas YacTb YpaBHEHUS (2), 3HAYUT, N NPOU3BEAEHUNE
[H*] - [OH] — Benu4umnHa noctosiHHas.

OTY BENNYMHY Ha3bIBalOT UOHHbLIM ripou3gedeHuem 800k, Ks :

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

NoHHOoe npousBefeHve BoAbl — BenuuMHa MocTosiHHas, pasHasa 107 npu 25 °C.
Mpwn noBbiweHnn TemnepaTypbl Ks B6ICTPO yBENMYMBaAETCS.

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

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

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

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

Takum o006pa3om, CTeneHb KUCMAOTHOCTM WM LLENOYHOCTM pacTBOpa MOXHO
BblpasnTb C MNOMOLUbI KOHUeHTpauun wuoHoB [H] mnn [OH]. OO6blMHO nonb3ykTcs
KOHLIEHTpaumen BOOOPOLAHbIX MOHOB.

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

pH =—1g [H'] (4)

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

Kucnein pacteop pH<7
HenTtpanbHbin pactBop pH=7
Lleno4Hown pacTteop pH>7

Kpome BogopogHoro nokasatenst pH npu pacyetax ncnonb3yT U rMAPOKCUAHBLIN
nokasatesnib pOH = —Ig [OH1].

Cymma BOAOpPOOHOrO M r’MAPOKCMAHOrO MokasaTenen B BoAe NOCTOsSIHHA U paBHa
nokasaTesito MOHHOro npounaeenexHns Boabl. Npu 25 °C:

pKs = pH + pOH (5)

BydepHbie pacTtBopbl (OT aHrn. buffer — cMardatb TONYKM)

bygepHbie pacmeopbl — 3TO pacTBopbl, pH KOTOPbIX MPaKTU4EeCKN HE MEeHSAeTCH
npu paseeneHnsx unm gobaeneHmmn HebONbLINX KONMNYECTB KACIOTbI UIN LLIESTOYM.

B kavectBe B6ydepHbIX pacTBOPOB UCMOSMb3YOT CMECU PACTBOPOB CriabbiX KACMOT U
UX COMen, cCMecu pacTBOpPOB cnabblXx OCHOBaHMM M MX conen. HekoTtopble M3 HUX

npeacrtaBneHsl B Tabnvue 1.
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Tabnuua 1
HassaHune CoctaB H
OydepHon cuctemsl OydbepHon cuctemsl P
AueTaTHasi cMeCb CH3COOH n CH3sCOONa 4,7
AMMMAYHO-aMMOHUIAHAsS CMEeCb NH4OH n NH4Cl 9,2

CnocobHocTb ByepHbIX cMecen nogaepxmBaTb NOCTOSHCTBO pH npu gobasneHnn
K HUM HeBOoNbLUMX KONMNYECTB CUSbHOW KUCIOTbl UMW CUITbHOTO OCHOBaHWSA OCHOBaHa Ha
TOM, YTO BXOASLLME B HUX KOMMOHEHTbI CBA3bIBAOT H* - MOHbI Kncnotbl unm OH - nOHBbI
OCHOBaHWW, BBOAWMBLIX B pacTBOp WM obpasylwmuxca B pesynbTate peakuuu,
npoTekalroLen B 3TOM pacTsope.

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

PacueTbl.

Mpumep 1. KoHueHTpaumsa noHOB Bogopoda B pactBope paBHa 0,004 r-uod/n.
Onpepgenntb pH pacTtBopa.

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

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

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

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

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

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

Harngs 3aTtem no tabnvuam cooTBETCTBYIOLMIA aHTUOrapndm, nonyvaem:

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

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

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



MO-43 02 15-EH.01.M3 KMPK BIr'AP® ®I'60Y BO «KI'TY»

XUMUSA | C.43/79

Pewenuve. Haxogum [H*] B pacTteope: — Ig [H*] = 10,8; Ig [H*] =-10,8 = 11,2; [H*] =
1,6 - 10" r-mon/n.
Tak kak [H*] - [OH]=10", 10 [OH]=10"/1,6 - 10" =6,25 - 10* r-noH/n.

UcxoOHble mamepuaribl U OaHHbIE:!

Tabnuua 2
BapuaHT pH BapuaHt oH BapuaHt 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

CodepxaHue u nopssdok 8bINoSIHEHUST pabombi:

1 O3HaKOMUTBLCS C TEOPETUYECKOWN YACTbIO 3aHATUS.

2 Tlo 3agaHHOMY BapwaHTy BbIYUCAMTbL KOHLEHTpauMM MWOHa BoAopoda W
rmapokcua-noxa.

3 OchopmuTb OTYHET NO NpakTUdeckon paborTe.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTUYecKoro 3aHATUS

Llenb 3aHATMSA

BapwnaHT 3agaHus

OTyeT O BbINOMHEHUMM Ha Kaxabld 3Tan pasgena «CogepxaHne M NoOpsAOoK
BbIMNONHEHUS paboTbi»

CnmncoK ncnonb3oBaHHOW NUTepaTypbl U APYrMx MCTOYHUKOB

BbiBOAbI

HaTtbl u nognucu obyyatowierocs n npenogasartens

KOHmpO]'IbeIe 80r1IpoChI.

1. YT0 Ha3bIBaeTCA MOHHbLIM npoun3BegeHnem BOAObI?

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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2. KakoBa KOHLEeHTpauus MOHOB Bo4OpOAda B HeNTparbHOM pacteope? B kucnom?
B weno4yHom?

3. UTo Takoe BOAOpOOHbIN NokasaTenb? YUTo xapakTepuayeT ero BennMynHa?

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

5. Kak paccuuTbiBatoT nokasaTesib MIOHHOIo Npou3BeeHnsa Boab!?

6. OguH pactBop umeet pH = 3, gpyron umeet pH = 5. Kakon pacTteop 6onee
KNCNbIN?

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

8. Uto Takoe BydepHble pacTBopbl? [NpuBeanTe Nnpumepbi.

9. Yto xapakTtepuayeTt bydepHyto cuctemy?

10. Kak onpepnensetcsa bydepHas eMKOCTb pactsopa?

3.4 YeTBepTasa aHanuTMYeCKana rpynna KaTMUOHOB

MpakTuyeckoe 3aHATUE N2 9. OKUCNUTENbLHO-BOCCTAaHOBUTESbHbIE peaKkUuu.
CteneHb OKUCNeHUsA. YNpaXXHeHusA
Llenb 3aHsmus:

OcBouTb cocTaBneHune ypaBHeHI/IIZ OKUCJINTENbHO-BOCCTAHOBUTESIbHbIX peaKuMﬁ.

Ucrnonb3yembie UCMOYHUKU:

Mepuogunyeckas cuctema xmmmyeckux anemenTos [.. MeHgeneesa;

ONEKTPOXUMMUYECKNI P HAaNPsKEHUA METanmnoB.;

[2], [3].

Teopemuyeckasi Hacmb:

Peakunn, npotekarome ¢ NI3SMEHEHNEM CTENEHN OKUCIIEHMS aTOMOB, BXOASLINX B
COCTaB pearmpymoLLmx BELWEeCTB, Ha3bIBAKOTCH OKUCIUMEIbHO-80CCMaHO8UME IbHbIMU.

CmereHbio OKUC/IeHUs Ha3blBAlOT YCIOBHbIA 3MEeKTPUYEecKUn 3apsg atoma B
MOneKyne, BblMUCMEHHbIN UCX0AA U3 NPEeAnoNoXeHUs, YTO MOMeKyna COCTOUT TONbKO M3
NONOXUTESNbHbLIX N OTpULATENbHbIX NOHOB.

CTeneHb OKMCNEHUA MOXET MMeTb oTpuuaTenbHOe, MONOXUTENbHOE W HyneBoe
3Ha4veHune, KoTopoe O6bIYHO BbipaxarT apabckummn uudpamm co 3HakoM (+) unu (-) u
CTaBAT Haf CMMBOMOM anemeHTa. Hanpumep, Naz2*'0 2, Cl2 0.

YT06bl NpaBuNbHO ONpeaenuTb CTENeHb OKUCIEHUS aTOMOB B COeOMHEeHUWU, Haao

NOMHWTb, YTO MOJeKyla B LeJyioM aNeKTpoHeuTparbHa, cregoBaTenbHo, anre6pa|/|qe0|<a$|

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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CyMMa MONOXMTENbHbIX M OTpULIaTeNbHbLIX aTOMOB B MOMNEKyne BCerga paBHa Hymnoo, a B
CINOXHOM WOHe — 3apsay UoHa.

CTeneHb OKUCMEHUS — YCroBHOe, hopMarnbHoe MoHATUe. Bo MHormx cnydasx
CTeneHb OKUCMNEHUs aToma dreMeHTa He CoBMnagaeT C ero BaneHTHOCTbio. BaneHTHOCTb
He MMeeT 3HakKa.

MHorme aTombl (@ 3HA4YUT, U BNEMEHTbl) UMET HECKOMNMbKO 3HAYEeHWU CTeneHu
OKUCNeHUs. Bbicllaa MonoxuTenbHas CTeneHb OKUCINEHUs MNposiBNsAeTcs, Koraa B
obpa3oBaHUM CBA3M MPUHUMAOT yyacTue BCe BareHTHble 3NeKTPOHbl aToma. YucneHHo
OHa paBHa HOMepY rpynmnbl NEPUOANYECKON CUCTEMbI. HavMeHbllee 3HaYyeHue CTeneHu
OKUCINEHUS 3NeMeHTa NPUHATO HasblBaTb HU3Wel cmerneHbio OKUCeHUs. Bce octanbHble
CTENeHn OKUCMEHUA dremMeHTa HasbliBalT MPOMeXyTodyHbiMKU. Hanpumep, y aToma
(anemeHTa) cepbl BbiClIAA CTeMeHb OKUCMEeHWs paBHa +6, Hu3lwas paBHa -2,
NPOMEXYTOUYHasA paBHa +4.

PaccMOTpMM OCHOBHbIE MOMOXEHUSA TEOPUM OKUCTIUTENBHO-BOCCTAHOBUTENbHBLIX
peakunin.

1. OKucneHueM Ha3blBaeTCs NPOoLIeCC OTAauu dNEeKTPOHOB aTOMOM, MOJEKYIION N
NOHOM: Na®-& — Na*

Fe?*—& — Fe®*

Mpu OKMUCNEHUMN CTEMNEeHb OKUCIEHNS NOBbILLAETCS.

2. BoccmaHosneHueMm Ha3blBaeTCcsa NPoLLecc NPUCcoeaMHEHUs! 3NeKTPOHOB aTOMOM,
MOJIEKYIION UM NOHOM: Mn™ + 58 — Mn?*

Fe3* +& — Fe?

Mpv BOCCTAHOBMNEHWUM CTEMNEHb OKUCIEHMS NOHUXKaeTCs.

3. ATOMbI, MoOnekynbl WNW WOHbI, OTAAlWIME OMNEKTPOHbl, Ha3biBalTCH
goccmaHosumesnsmu. Bo Bpemsl peakuuy OHU OKUCNATCA. ATOMbI, MOMNEKYbl UMK UOHbI,
npucoeauHAIOLLME 3MEKTPOHbI, Ha3blBAKOTCA OKUcIumernsmu. Bo Bpems peakumum OHM
BOCCTaHaBNNBAOTCS.

4. OkucrneHne Bceraa ConpoBOXOaeTCcss BOCCTAHOBMNEHNeM U, HaobopoT. MoaTomy
OKUCINUTENbHO-BOCCTAHOBUTENbHbIE peakuMn npeacTaBnaiT coboil eauMHCTBO  OBYX
NPOTUBOMOMOXHbLIX NMPOLECCOB.

5. Yncno anekTpoHOB, OTAaBaeMbiX BOCCTAHOBUTENEM, PABHO YMCMY SIEKTPOHOB,

npuncoegnHAEeMbIX OKUCITUTENEM.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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B kauyecTBe BOCCTAHOBUTENEW B  aHANUTMYECKOW  XUMUM  UCMOMb3YHOT:
MeTannmyeckmn umHK 1 xenes3o NaxS203, NaxSO0s3, SnClz, Crz(S0O4)3, FeSO4, H2S, B
kayecTBe okncnutenen: KMnOas, H202, K2Cr207, Brz, KJOs, HNOs, |2.

OKMCNNTENBbHO-BOCCTAHOBUTESbHbIE  peakuun  LWIMPOKO  MPUMEHSKTCS B
XMMUYECKOM aHanu3de. B kayecTBEHHOM aHanu3e WX MNPUMEHSIIT ANSA OTKPbITUA U
pasgerneHns NOHOB.

B konnuyecTBeHHOM aHanu3e B OCHOBE LENoro psga TUTPUMETPUYECKUX MEeTOLOB
nexart peakumm OKNCNEHNS-BOCCTAHOBNEHNS, Hanpumep, B mMeToaax
rnepmaHraHaToMeTpun, NogOMETPUN.

Mpumep 1. BblumcnnTb cTeNeHb OKMUCNEHUsA Xpoma B buxpomate kanusa KaCrz07.

O603HaunM cTeneHb OKUCIEeHUS OAHOro aTtomMa XpoMa 4Yepe3 «X» W YMHOXUM
CTENEeHN OKUCMEHUS aTOMOB Kanus U KMcnopoda Ha 4YMcrio uX atoOMOB B COEAUMHEHUMW.
CocTaBuM ypaBHeHuUe:

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

2x = +12; x = +6.

Mpumep 2. OnpegennTb cTeneHb OKUCNeHns atTomoB a3oTta B coegmHeHnn NH4NOs.

3apsag komnriekcHoro noHa ammonust NH4*, Hutpat-noHa NOs™. YTobbl onpegenutb
CTeneHb OKUCNEHNA aToMa a3oTa («X») B MIOHE aMMOHUSI, COCTaBUM ypaBHEHUE:

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

Onpegenvm cteneHb OKUCMEHWST a30Ta B HATPAT-UOHE:

X+(-2)-3=-1; x=+5

CnepoBaTtenbHO, B COEQUHEHUN aTOMbl a30Ta MMEKT PasHy CTeNeHb OKUCIEHUS:
-3 1 +5.

Ons  6e30wnboyHOro  HaxoxaeHuss  KO3(PMPUUMEHTOB B OKUCIIUTENbHO-
BOCCTAHOBUTENbHbLIX peakuusix cnegyeTt NOMHUTb rpaesusia coxpaHeHuUsl 4ucra amomos
Kaxx0020 arleMeHma 8 peakuuu U coxpaHeHusl 3apsida: Hago bpaTb CTONbKO aTOMOB UMK
MOHOB KaXkOoro 9femMeHTa, CKOMbKO WX COAEPXUTCA B MOSEKyne OKUCnuTena wu
BOCCTAHOBUTENSA W YMCNO SNEKTPOHOB, OTAAHHbLIX BOCCTAaHOBWUTENEM, pPaBHO 4uMCny
3NEKTPOHOB, NPUHATBLIX OKUCIINTENEM.

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

Mpn nogbope kO3aPPUUMEHTOB MCMONb3YyeM MemoOd 3/1eKmpoHHO20 banaHca.
YKka3aB CTeNeHM OKUCNEHUS AIEMEHTOB, COCTaBNAEM YpaBHEHUSA 3NIeKTPOHHOro 6anaHca:

2 Mn?*— 56 — Mn’*

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauwemycsi 8 1C: Konnedx
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5 10 Pb* +2& — Pb*

Yuncno 10, MHOXUTENDb, — HAMMEHbLLEE 0bLLee KpaTHOE MEeXAY YMCINOM OTAAHHbIX U
NPUHATBIX 3MEKTPOHOB. JOTO YUCMO AENAT Ha YMCIIO ITUX ANEKTPOHoB. Ymcna 2 n 5
anaTca  koapduuneHtammn ana okucnutena PbO2 un BocctaHoButens  Mn(NOs)e.
YpaBHMBaEM YUCIIO KUCNOTHbLIX OCTATKOB W MOSEKYST BOAbI:

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

[na npoBepkn NpaBUNbHOCTU COCTaBIIEHHOINO YpaBHEHUSA HagO NPOBEPUTL YMCIIO
aTOMOB KaXk[Oro afieMeHTa B €ro npaBoun 1 fIeBOM YacTu.

Mpumep 4. CocTaBreHne ypaBHEHUS peakLumu, NpoTeKatoLwen Mexay CossiMu:

FeCls + SnCl2 — FeCl2 + SnCls

CocTaBnsem ypaBHEHUs aneKkTpoHHoro b6anaHca 2| Fe3* + & — Fe?*

11Sn?*—2& — Sn**

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

UcxodHble mamepuaribl U OaHHbIEe:

BapuaHTt

CxemMa OKMCNUTESIbHO-BOCCTAaHOBUTENLHON peakuumn
3apaHuA

CuSO4 +Zn — ZnS0O4 + Cu

Na2S203 + I — Na>S40e + Nal

KMnO4 + NaNO2 + H2SO4 — MnSO4 + NaNOs3 + K2SO4 + H20

KMnO4 + Na2C204 + HoSO4 — MnSO4 + CO2 + KoSO4 + Na2SO4 + H20

PbS + H2O2 — PbSO4 + H20

K2Cr207 + Kl + H2SO04 — Cr2(S04)3 + 2+ K2SO4 + H20

Br2+ H2S + H2 O — HBr + HoSOq4

Ca + H2O — Ca(OH)2 + Hz

H2S + HIO3 — S + |2 + H20

Fe + HNO3 — Fe(NOs3)3 + NO + H20

K2Cr204 + HClI — CrCls + Cl2 + KCI + H20

Cu + HxSO4 — CuSO4 + SO2 + H2O

HI + HoSO4 — |2 + H2S + H20

H>SO3 + Clo + Ho O — H2SOas+ HCI

Naz(S203) + l2 — Na28406 + Nal

FeClz + HoS — FeClo + S + HCI

PbS + HNO3 — PbSO4 + NO2> + H20O

Kl + Clo — |2 + KCI

Ag + HNO3 — AgNO3 + NO2 + H20

C + HxSO4 — CO2 + SO2 + H20

N8I3 (2 (3 (3@ R [3[R|2[a]0|e|~| o]0~ e~

I + H2O2 — HIO3

CodepxxaHue u rnopsidok 8bInosiHeHUs1 pabomsni:
1 O3HaKOMUTbLCS C TEOPETUYECKON YaCTbiO.
2 o 3agaHHOMY BapuaHTy:

1) HaTK aTOMbIl, U3MEHSIIOLLNE CTEMNEHb OKUCIIEHUS B peaKkLuu;

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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2) BbINOMIHUTb PacyeT CTENEHN OKUCTIEHUS;
3) cocTaBUTb ypaBHEHUSI MOSypeakumMi OKUCIIEHUS-BOCCTAHOBIIEHNS METOAOM
3NeKTPOHHOro 6anaHca ¢ HaxoXAeHNEM MHOXUTENEN;
4) nogobpaTb K03 PULNEHTBI NOINEMEHTHO;
5) paccuutatb r-akB (3) OKMCNUTENS M BOCCTAHOBUTENS C yKasaHWEM eOuHuL,
N3MepeHuS.
3 OhopmuTL OTHET NO NpakTU4eckon padorTe.
4 OTBETUTb Ha KOHTPOSIbHbIE BOMNPOCHI.
CodepxaHue omyema:
HanmeHoBaHMe NpakTUYeCcKoro 3aHATUS
Llenb 3aHATMSA
BapwnaHT 3agaHus
OTyeT O BbINOMHEHUM Ha Kaxabld 3Tan pasgena «CogepxaHne M NOPAOOK
BbIMNONHEHUS paboTbi»
Cnuncok ncnonb3oBaHHOW NUTEpaTypbl U APYrMX MCTOYHUKOB
BbiBOObI M NpeanoXxeHus

,D,aTbI n noanmcu o6yl-|a+ou4erocq U npenogaBartesnd

KoHmporbHbIe 80MpoChi:

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

2. MoXeT nM CcTeneHb OKUCNEHUA ObiTb MNONOXWUTENbHOW, OTpULATENbHON W
HyneBon?

3. MoxeT nu cteneHb okncneHus 6biTb 6onbLle Homepa rpynnbl?

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

5. Kakne peakummn HasbIBaOT OKUCINTENBbHO-BOCCTAHOBUTENBHBIMWN?

6. Kakon npouecc Ha3bIiBalOT OKMCNEHNEM?

7. Kakon npouecc HasblBalOT BOCCTAHOBEHNEM?

8. HasoBute BaxkHenLMe OKUCNNUTENN, BOCCTAHOBUTENN.
3.5 MNaTaa aHanuTU4eckas rpynna KatTMoHoB

MpakTunyeckoe 3aHaTne Ne 10 r’maponus conen. YnpaxHeHus

Lenb 3aHsmus:

N3yunTb rugponus conen. YMeTb COCTaBNATbL YpaBHEHUS ruaponusa coneun.
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Ycrionb3yemblie UCMOYHUKU:
Mepuogunyeckasa cuctema xummndeckmx anemeHtoB [.. MengeneeBa;
PacTtBopmMMOCTb conen, KUCAOT U OCHOBaHUIN B BOAE;

CTteneHb guccoumaummn anekTposinToB;

[2], [3].

Teopemuyeckasi Hacmab:

PactBopymble BelwecTBa B BOAE 4aCTO  COMPOBOXAAKTCSA  XUMMUYECKUM
B3amogenctanem. ObMeHHasa peakumsa Mexay BellecTBamu U BOAOW, MpoTekawwlasa C
obpasoBaHMeM  MaroAMCCOUUUPOBAHHbLIX  coeAnHeHun  (cnabblx  3NEeKTpPonuToB),
HasblBaeTcs audposiu3omM. moponns B NEpEBOAE O3HAYAET «PasrioXKeHNe BOLOMY.

Boga, aBnascb cnabbiM 3MeKTPONIMTOM, AUCCOLUMNPYET HA NOHbI B HE3HAYUTENBHOMN
CTENneHun:

H20 < H*+ OH-

Mpn pacTBOpEHUN HEKOTOPbLIX COMEN B BOAE WOHbI pPacTBOPUMOW CONMU
B3aMMOAENCTBYIOT C MOHamMu Bogbl. [Npn 3TOM NpoOMCXOAUT CMELLEHNE paBHOBECUS
auccoumaumm  BoAbl, T.K. OAMH ©3 ee WoHOB (M o6a) CBA3bIBAOTCA WOHaMWU
pacTBOPEHHOro BellecTBa ¢ obpaszoBaHMEM MasfioANCCOUUNPOBAHHOIO COeAnHEHUs (Unu
NoHa).

Takum obpasom, rmgponms conm — B3anMOAENCTBME NOHOB COMM C MOHAMU BOAbI C
obpasoBaHMeM ManoguMCcCcoUMMPyeMbIX COeOUHEHUA (UM MOHOB) U BO3MOXXHbIM
n3meHeHnem pH cpegbi.

Kaxgyto conb  MOXHO  npeactaBUTb  Kak  ripodykm,  obpas3oBaHHbIN
B3aMMOAENCTBMEM KUCNOTbl U OCHOBaHMSA. KNCNOTbl 1 OCHOBaHUSA MOTYT ObiTb CUMNbHBIMA
unn cnabbimu anekTponutamu. CnegosaTesnbHO, B 3aBUCMMOCTU OT CBOErO COCTaBa, Conm
Nno-pasHoOMy pearupyot ¢ BO4OW.

Conun, obpasoBaHHble B3aMMOOENCTBUEM CUITbHBIX KUCIIOT U CUSbHbIX OCHOBaHUN,
rmoponudy He MNOABEPralTCs W peakumss pacTBOPOB coner 3toro Tuna bOyaer
HenTpanbHou (pH = 7). Hanpumep:

Cynbdat Kanus — CUMbHbIN ANEKTPONNUT U NP PaCTBOPEHUN B BoAE AnccouumpyeT
Ha MOHbI:

K2SO4 « 2K* + S04 2

OpOHOBpEeMEHHO, Boaa AMCCOLMMPYET Ha UOHBI:

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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H20 < H*+ OH-

MoHbI B pacTBOpe B3aMMOLEWCTBYKOT Mexay cobown. [Mpy 3TOM MOHbI Kanus He
MOryT cCBfi3aTb MOPOOKCUO-NMOHbI B  Monekynbl, T.K. KOH 4dBnseTcs CunbHbIM
3NEKTPONNTOM UM CyLLECTBYET B pacTBOpE TOMbKO B BUAE MOHOB. B TO e Bpemsa cynbdat-
MOHbI He CBA3bIBAlOT MOHbI Bogopoda T.K. H2SO4 aBnsieTcss CUMMbHBIM 3NEKTPONINTOM U
CyllecTByeT B pacTBOpe TOMbKo B BuAe MOHOB. CyMMapHOe ypaBHEHWe OAHOBPEMEHHO
npoTeKarLnX NPoLEecCoB:

H20 < H*+ OH-

OTO ypaBHEHME MOKa3bIBAET, YTO rMOpoNiM3a He NPOUCXOAUT U peakumnsa pacTeopa
cynbdaTa Kanus HenTpanbHas (pH = 7).

Cnegyet obpaTuTb BHMMaHME Ha PacrnpoCTPaHEHHYH OLWMOKY Npu COCTaBneHUn
YpaBHEHUN peakuuu rmaponuaa: Hesb3s 8 ypasHeHuu 2udposnusa ucrionb3osames 6onee
4yeM 0OHy MOsieKyrly 800bl — 3mMO HerpasusibHo!

Pasnuyalot Tpu BapuaHTta rugponusa:

1 'mgponua conen, obpasoBaHHbLIX B3aUMOAENCTBMEM CUITbHbIX OCHOBaHUA W
cnabbix KAcrnoT. [Npumepom Takonm conm MoxeT crnyxuTb auetat Hatpua CH3COONa.

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

CH3COONa « CH3COO- + Na*

OpHoBpeMeHHO, Boga AUCCOLMNPYET Ha UOHbI:

H20 < H*+ OH-

MoHbI B pacTBOpe B3aMMOAEWNCTBYIOT Mexay cobown. [lpn 3TOM WMOHbI HaATpUS He
MOryT CBfi3aTb IMOPOOKCUMA-UOHbI B Mornekynbl, T.K. NaOH gBnseTcs CunbHbIM
3NEKTPONNTOM U CyLLLEeCTBYET B pacTBOpe TOMbKO B BMAE MOHOB. B TO e Bpems auetaT-
MOHbI CBA3bIBAKOT MOHbI Bogopoda C obpasoBaHWeM Mornekyn crnaboro anekrponura —
YKCYCHOW KUCIIOTbI.

CyMmapHoe ypaBHeHMEe O4HOBPEMEHHO NPOTEKaLWMUX NPOLECCOB:

CH3COO ™ + H20 « CH3COOH + OH-

OTO ypaBHeHWe nokasbiBaeT, YTO B pesynbTaTe rMaponuMsa peakumsi pacTeopa
aueTtarta HaTpus wenoyHas (pH > 7).

2 [wngponu3 conen, obpa3oBaHHbIX B3aMMOAENCTBMEM CnabblX OCHOBaHUA W
CUnbHbIX KMcnoT. Hanpumep, rugponua xnopuaa ammonms NH4Cl.

Xnopug amMMOHMS — CWIbHbIA 3NEKTPONUT U NpU  PacTBOPEHUN B BoAe

anccounnpyeT Ha UOHDbI:
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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NH4Cl <> NH4* + CI-

OpHoBpeMeHHO, BoAa AMCCOUMNPYET Ha UOHDI:

H20 < H*+ OH"

B atom cny4yae obpasyetca cnabbin anektponut NH4OH. Mpn 3TOM MOHbI Xnopa He
MOryT CBfi3aTb MOHbI BoAopoaa B Mosiekynbl, T.K. HCI siBnsieTca cunbHbIM SNeKTPosIMTOM U
CyLlecTBYeT B pacTBOpe TOSbKO B BUAE MOHOB.

CyMmapHoOe ypaBHEHME rnaponmsa MOXHO 3anmcaTb Tak:

NH4* + H20 < NH4OH + H*

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

3 maponu3 conen, obpasoBaHHbIX B3aUMOAENCTBMEM CnabblX OCHOBaHUA W
cnabbix KNCnoT. B pacTBopax Takmx conen CBA3bIBaOTCA U MOHbI BOAOpOAA, U rMAPOKCUA-
NoHbI Boabl. Hanpumep, rugponns auetata ammoHnss CH3COONHa4:

CHsCOO- + NH4* + H2O— CH3COOH + NH4OH

lMockonbKy cTeneHn auccounaumm npoAyKTOB rMaponmsa MPUMEPHO paBHbl, TO

pactBop conu byaeTt HenTparnbHbiM (pH=7).

UcxoOHble mamepuaribl U OaHHbIE:!

BapuaHTbl 3agaHum Ha3BaHue conewn
HutpaT cepebpa
Xnopua ammMoHust
AueTaT HaTpus
Lnanna kanuna
KapboHat HaTpus
Cynbdat megu
Hutput kKanunsa
BopaTt HaTpus
Cynbng ammMoHus
docdaT HaTpus
Cynbart kanus
Hutpat ptyTn (1)
Xnopua kanbums
AueTart cepebpa
Lnanna HaTpus
KapboHat aMMoHuUst
Cynbgart umHka
Hutput mean
BopaT kanus
Cynbdug kanus
docdaT Kanus
Cynbdut aMmMoHuns
HutpaT cepebpa
Xnopua UnHKa
AueTart 6apus
Lnanuna kanunsa

NININDININDINDIN|[R (R
o|a|R DN [S|o|x|N|o|a|n|w|v[o|o|@(® N O AW IN =

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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BapuaHTbl 3agaHun HasBaHue conen

27 KapboHart kanus

28 Cynbgat marHus

29 HWTpuT ammMoHus

30 Bopart nutusa

31 Cynbdmg nutms

32 doccaTt ammoHus

33 CynbuT HaTpus

CodepxaHue u nopssdok 8bINoSIHEHUST pabombi:

1 O3HaKOMUTbLCS C TEOPETUYECKON YACTbIO 3aHATUS.

2 CocTaBUTb ypaBHEHMS TMAPOMM3a COrflacHO BapuaHTy 3agaHus U 0POPMUTb
OTYET NO NpakTu4eckon pabdore.

3 OTBETUTb Ha KOHTPOJSIbHbLIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTUYecKoro 3aHATUS

Llenb 3aHATUSA

BapwnaHT 3agaHus

OTyeT O BbINOMHEHMM Ha Kaxabld 3Tan pasgena «CogepxaHne M NOpPSAOOK
BbIMNONHEHUS paboTbi»

CnncoK ncnonb3oBaHHOW NUTepaTypbl U APYrMX UCTOYHMKOB

BbiBoabI

[atbl n nognucu oby4yatoLlerocs 1 npenogaBaTtens

KoHmporibHbIe 80MpocChI:

1. Kakas peakuus HasbiBaeTCs peakumen rugponmsa?

2. ObpasoBaHMEM KaKMX NPOLYKTOB CONPOBOXAAETCS peakums rmaponunaa conen?

3. Bcneactsue vero nameHsietca pH pacteopa npuv rmgponuse conm?

4. Kakvne conu nogsepraroTca ruaponnay?

5. No4yemy conb, obpasoBaHHasA CUMbHbIM OCHOBAHWEM W CUMbHOW KUCITOTOW, He
nogeepraetca rmgponmay? Yemy paBeH pH pacTtBopoB 3TMx conen?

6. MpuBeante Tpu npumMepa pasnMYHbIX TUMNOB CONMEN, noaBepralwLmxcs
rmgponumay.

7. Kak ncnonb3yeTca peakums ruaponmsa conum B TexXHUKe 6e3onacHoOCTU npu
paboTe B xummuyeckon nabopatopun?

8.

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

MNMpakTnyeckoe 3aHaTne Ne 11. AHanuTUYeCcKue BecCbl, UX YCTPOMUCTBO.
MpaBuna B3BewmnBaHuA
Lenb 3aHsmus:
M3yunTb yCTPOMCTBO M NpaBuna B3BeELUMBaAHUSA Ha aHanuTuyecknx secax. OCBoUTb

MeTOAMKY B3BELUMBAHNA Ha aHaANIMTUYECKUX BECaX.

Ucnonb3yemblie ucmoydHuku: [2], [3].

MamepuanbHoe obecriedeHue:

AHanutunyeckue Becbl BJIP-200

BbicTpogencTByowmne TeEXHUYECKME BEChI 451 NPUBIM3MTENBbHOMO B3BELLMBAHMWS
AHannTnyecknin pasHoBec

CTeKknsAHHbIN OKOKC NN YacoBOE CTEKMO

MpoObl XMMUYECKNX BELLECTB.

Teopemuyeckas Hacmb:

B ocHoBe rpaBuMmeTpudeckoro (BeCOBOro) MeToda aHanus3a JIexuT To4YHoe
n3mMepeHue maccbl npoayktoB peakumum. OCHOBHas onepauusi BEeCOBOro aHanusa —
B3BELUMBAHME Ha aHaANUTUYECKMX Becax C npegenbHon Harpyskon 200 r v TOYHOCTbIO A0
0,0002 .

OaHOM 13 camblIX BaXKHbIX YaCTEW aHaNUTUYECKUX BECOB SIBMISIETCS KOPOMBICIIO C
YKPENNEHHbIMM Ha HEM TpeMsd araToBbiMU npuaMamu. CpegHas npuama CriyXUT Onopowu
KOpOMbICla B MOMEHT B3BelMBaHWA. [Mpu3Mbl, NOMELLEHHbIE Ha KOHLAX KOpOMbICNA,
ABNSAETCSA ONOPOW ANS Yallek BECOB.

AHanuTunyeckmne Becbl cCHabXeHbl cneumanbHbiM NpucnocobnieHem — appeTUpom.
Mpn nomoLwmn appeTupa KOPOMbICIIO BECOB NPUNOOHMMAIOT U CTaBAT B Takoe MOSIOXeEHUe,
npu KOTOPOM HWM OfHa U3 MPU3M HEe KacaeTca CBOMX OMOpPHbIX noaywek. AppeTtup
NPUBOOAT B ABWXEHNE PYKOATKON, NPUKPENSIEHHOM K HUXXHEN YacTu JOCKN BECOB.

Becbl nomelleHbl B CTEKNSAHHbIA QyTNap, 3awMwarolnin oT nbinn, konebaHun
TemnepaTypbl 1 PE3KOro ABUXEHUS BO34yXa.

lNpasuna pa6ombl Ha aHasiumu4ecKux eecax.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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1. Nepen kaxabiM B3BeELWMBAHWEM U MNPOBEPATb COCTOAHWE BecOB. AKKypaTHO
OYUCTUTD MblSb, MPOBEPUTH HYNEBYIO TOYKY.

2. Mpn obHapyXeHUn HeucrnpaBHOCTM BECOB HU B KOEM Criydae He MCnpaBnsTb
BECbl CAMOMY.

3. Henb3a pgonyckaTb HUKaAKMX MNPUKOCHOBEHUW K HeappeTUpOBaHHbIM BecaM.
OnyckaTb 1 NogHUMaTbL appeTUp HaZo OCTOPOXHO U MMaBHbIM NOBOPOTOM PYYKMW.

4. He caoBuratb Becbl C 3aHMMaeMOoro MecTa.

5. He neperpyxaTb Becbl cBepx npegernbHon Harpy3ku — 200 r.

6. Kateropuyeckn 3anpellaeTcs B3BelMBaTb BellecTBa HEeNnocpeAcTBEHHO Ha
YallKe BECOB; B3BeLLUMBaeMOe BeLLECTBO MOMeELLAOT B BIOKC, TUrenb, YacoBOE CTEKIO.

7. Mpnbaenate unu yb6aBnsaTb B3BELUMBAEMOE BELLECTBO MOXHO TOSIbKO BHe
dyTnsapa Becos.

8. Henb3a B3BewwuBaTb ropsyMe WAM  CIAULWIKOM  XONogHble  npeaMeThl.
B3BelwwmnBaemble npeameTbl OMKHbI UMETb TEMMNepaTypy BECOBOW KOMHATbI.

9. Bce B3BelwMBaHWS OAHHOrO aHanusa NpPoOBOAUTb Ha OAHUX U TeX Xe Becax,
Nnosib3ysiCb OAHUM W TEM >Xe pa3HoBecOoM. Bce rvpn aHanuTuyeckoro pasHoBeca MOXHO
OpaTb TOMNbKO NUHLETOM.

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

Harpyska CHsiTa, ABEPKM NOMHOCTLIO 3aKPbIThl.

B3eewusaHue Ha aHanumu4ecKux gecax rnpoussoosim & crnedyrouem nopsoke:

1. BHayane npou3BOAAT B3BELUMBaAHME npegMeTa Ha ObICTPOAENCTBYIOLLNX
TEXHUYECKMX Becax asis NpubnunanTenbHOro onpeaesnieHnsi Maccsbl.

2. lNepen Hayanom B3BELUMBAHUS Ha aHANUTMYECKMX Becax crneumnaribHON pyykown
OVCK OennTenbHOro YCTpOMCTBa YycTaHaBnvBakwT Ha oTMmeTky «00» u apyron pyykon
HYNEeBY OTMETKY LLKaNbl COBMELLAIOT C OTCYETHOW OTMETKOM 3KpaHa.

3. MNpeomeT cTaBAT Ha NeByl YallKy BecoB, nogdvpatoT rmpu M3 pasHoBeca u
MUNSIMrPaMMOBbIE Pa3HOBECKN, BCTPOEHHbIE B KOPMYyC BECOB B BUAE CheumnarbHbIX Konedy,
Moabop pasHOBECOK NPOAOKalT 40 TEX MOP, NMOKa Ha 3KpaHe He NoSABUTCS U3obpaxeHune
LKanbl.

4. 3anucbiBaa pes3ynbTaTbl B3BELUMBAHWA, BHayarne 3anucbiBalOT Maccy rupek, a
3aTeM nokasaTenu aKkpaHa: B JIEBOM OKHe — Mo nNuMOy rmpeBOro mMexaHmama — COTHU
MUSIMTPAaMMOB, B LEHTParibHOM OKHe — MO LWKane — OeCATKM MUNIMrpaMmMmoB U Lenble

MuUnnurpamMmmebl, B npaBomM — aecAtblie U COTblE€ O MUNTNTTPAMMOB.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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lMpumep onpedernieHUs Macchl 838ewu8aeMo20 rnpedMema U 835iMmusi Ha8eCKU:

Ha npaByt 4aluky BecoB MonoxeHbl rmpbkn 10 1 m 1 r, B NeBOM OKHe 3KpaHa
ycTaHoBunacb uudgpa 6, B LEHTpanibHOM OKHE — OTMeTKa Ha wWkane 25 M B OKHe
penutensHoro yctpouctea — uyucno 35. CnepgosarternbHO, Macca B3BELUMBAEMOro
npegmeTta pasHa 11,62535 .

Ecnu ana onpegeneHua maccbl npegMeTta AOCTaTOMHO TOYHOCTb [0 YeTBEPTOro
AEeCATUYHOrO 3HakKa, NATbIM 3HAKOM MOXHO MpeHebpeyb, MOMb3ysCcb MpaBuriaMmu
okpyrneHus: 11,6254 r.

Haeeckol HasbiBaeTcst YacTb Npobbl XMMMYECKOro BeLlecTBa, TOYHO B3BELUEHHOE
Ha aHanNUTU4ecknx Becax. [1ns B3aTMs HAaBECKM NOCTynatT crieayowmm obpasom:

1. MNpoBepstoT, 4TOObI BIOKC UMM YacoBOE CTEKNO OblfN YNCTbIMU N COBEPLUEHHO
CYXUMM.

2. Cobntogas Bce nNpasuna B3BeLLMBaHWS, B3BELUMBAKOT OIOKC UITM YacoBOE CTEKITO.

3. CymmmpytoT mMaccy 6rokca unm cTekna € Maccon HeobxoouMmon HaBEeCKw,
onpeaensitoT ux obLyyo maccy.

4. CHMMaIOT C BECOB Harpysky, COOTBETCTBYIOLLYIO Macce Brokca, U CTaBAT HOBYIO,
paBHyto obLien macce 6roKkca U HaBeCKN.

5. CHMmaloT 610KC C BECOB, HacbinalT B HErO HEMHOrO BellecTBa U CHOBaA CTaBAT
Ha Becbl. OCTOPOXHO OTKpbIBas appeTup, U HabniogarT 3a OTKIOHEHWEM CTPEenku U
yCTaHaBnmMBawT, Mano unum MHOro BewectBa B 6wokce. [ocbinawT unuM oTcbinarT
BELLLECTBO, CHMMAas BIOKC C YaLlKM BECOB [0 TeX Nop, Noka He NosydnTCs Hy)XHas Macca.

Hago 3HaTb, YTO BO MHOMMX cry4asix HeT HeobxoAuMOCTM OoTBelnBaTb TOYHO
paccyMTaHHOE KONMMYEeCTBO BELLECTBA, BAXHO MMETb MOYHYHK Maccy Hagecku, No3TOMY B
3TOM criy4vae:

6. B OlOKC HacbinalT NPUMEPHO HY)KHOE KOSIMYECTBO BellecTBa (C TOYHOCTbIO A0
AECcATbIX OO0nen rpamma) u B3BeLUMBAKOT OOKC BMecTe C HaBeckon. Maccy HaBecku
onpenensioT, Bbl4MTad U3 CyMMapHoOM mMacchbl, Maccy brokca.

PesynbTaThl B3BELWIMBAHUSA OOOPMASIOT 3anNnCho, Hanpumep:

Macca nycTtoro 6tokca — 11,6254 r

Macca 6tokca ¢ HaBeckon — 12,9677 r

Macca HaBecku — 1,2423r.

Ownbkn, BCTpevawwmecs B  nabopaTopHOM  NpakTMKke, AenaTcs  Ha

cucmemMamu4yeckue u cnyanHb/e.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Owunbkn cucmemamuyeckue o06ycnoBNeHbl HEMPaBUNbHOCTLIO B MOKa3aHUSAX
npubopoB, HegocTaTkamum B METOAMKE W3MEPEHWA W OOHOCTOPOHHE HamnpaBfieHHbIM
BMUSHUEM  Kakux-Nnnbo BHELIHWX BO3OENCTBMW. Takne Owubkn cuctemaTnyecku
MOBTOPSAIOTCA, MO3TOMY WX MOXHO YYeCTb, HanpuMmep, MONb3ysCb MonpaBkaMn K
nokasaHmam nNpmbopoB, KOTOPbIE NPUBOAATCS B NacnopTax, Nnepnoanyeckon noBepKon no
aTanoHam (Hanpumep, NOBEpKa pasHOBECOB, rpagynpoBKka TEPMOMETPOB, BIOPETOK U T.M.)

Owunbkn  cnyvalHble  3aBUCAT OT YCNOBMW OMblTa W ONpeaensitoTcs
NHONBMAYaNbHbIMWU OCOBEHHOCTAMM yYaLLlerocs. AT NOrpeLlHOCT OObIMHO HEBESNKN, HO
OHW HEeYCTPaHMUMbI.

Ownbkn npn unamepeHmsax BoobOLLe HensbexHbl BBMAY OTCYTCTBUSA WOeanbHbIX
n3mepuTenbHbIX NPUOOPOB, HECOBEPLUEHCTBA OPraHOB 4YyBCTB 3KCMEpUMeHTatopa W
HEMNOCTOAHCTBA BO3LEWCTBMIA BHELUHMX YCMOBWW: BRaXHOCTW BO34yXa, AaBreHus,
COTpSICEHMI 34aHMsa nabdopatopum u T.0.

A6COMOMHYl0 U OMHOCUMESIbHYI0 OLNOKA M3MEPEHUN HAXOOUT CreayoLwmnm
obpasom.

AbconomHas owubka M3MepeHUss — PasHOCTb MeXAY «UCTUHHBbIM» 3HaYeHuem
BENNYMHbI U Pe3ynbTaToOM U3MEPEHUS 3TON BENNYMHDI.

OmHocumenbHas owubka WN3MEpPEHUs — MNPOLEHTHOE OTHOLUEHWE abCoNOTHOM
OLUMOKN K UICTUHHOMY 3HAYEHMI0 U3MEPSIEMOW BESNTUYMHBDI.

B ycnoBusix nabopaTopHOro npakTukyma Aornyckaetcs OTHOCUTenbHas owwmnbka B

npegenax 3 — 5 %.

UcxodHble mamepuaribl U OaHHbIE:

Haecka BapuvaHTbl 3agaHui
XUMUYECKOro BellecTBa 1 2 3 4 5 6
NaCl 0,5 0,6
NaOH 0,9 1,0
BaClz- 2H20 1,2 1,3

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

1) npousBecTM B3SAITUE HABECKM XUMUYECKOrO BeWecTBa, MOMb3ysiCb
aHanuMTU4yecKMMn BecamMmmn U aHanuTU4ecKMM pasHoBecoM, cobnogasa npasuna paboTbl Ha
Becax;

2) 3anucaTtb pe3ynbTaTbl B3BELUMBAHUS.

3 OdhopmuUTb OTYET MO NpaKkTnyeckon pabore.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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4 OTBETUTb Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTUYeCKOro 3aHATUA
Llenb 3aHATMSA

BapwuaHT 3agaHus

OT4yeT O BbLINOMHEHUM HA KaXAbld 3Tan pa3gena «Co,qep»(aHme n nopAaaok

BbINOSTHEHUS PaboTbI»

Cnuncok ncnonb3oBaHHOW NUTEpaTypbl U APYrMX MCTOYHUKOB
BbiBOoAabI

,D,aTbI n noanmcu o6yl-|a+ou4erocq U npenogaBartesnd

KoHmpornbHble 80rpocsi:

1. C Kakon TOYHOCTbIO MOXXHO B3BELUMBATb Ha aHaNUTUYECKUX Becax?
2. KakoBo Ha3HaveHue appeTtupa?

3. KakoB nopsaok B3selumBaHna?

4. Kak npoBepuUTb HYNEBY TOYKY?

5. Kakosbl npaBuna, KOTopble HeobXoaAMMO  BbIMOSMHATb npu pa60Te C

aHanuUTU4eckMMmn Becamm?

6. Kak npaBunbHO 3anucatb pesynbTaThl B3BELUMBAHWNA?

7. Buabl owmbok namepeHni B nabopatopHom npaktukyme? MNMpueegute npumepsl.

4.2 MeTtoAbl TUTPUMETPUYECKOrO aHanmsa
MpakTuyeckoe 3aHATUE Ne 12. PacyeTbl B TUTPUMETPUYECKOM aHanuse

Llenb 3aHsmus:

OcBouTb METOANKY PacYEeTOB B TUTPMMETPUYECKOM aHanNM3e.
Ucrionb3yembie UCMOYHUKU:

Mepunogunyeckasa cuctema xummndeckmx anemeHToB [.. Mengeneesa;
Tabnuua pacTBOPMMOCTU CONEN, KNCNOT, OCHOBaHUN,

[2], [3].

Teopemuyeckasi Hacmab:

B Ttutpumetpnyeckom (06bEMHOM) aHanu3e KONMMYeCcTBEHHOE ornpeaeneHve

BelwecTtBa nNpon3soanTCcAd no o6be|v|y pactBoOpa N3BECTHOM KOHUEeHTpauuun, 3atpav4eHHOoro

Ha peakuuto ¢ onpeaensieMbiM BELLLECTBOM.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Mpouecc onpegeneHus copepXaHust BeLecTBa WM TOYHOW KOHLEHTpaLumu
pacTtBopa 06beMHO-aHaANUTUYECKUM NMYTEM Ha3blBAETCH MUMpPOBaHUEM.

OTa BaxHeKLwas onepaunsa TMTPUMETPUYECKOrO aHanm3a 3aknyaeTcsl B TOM, YTO K
nccnegyemomy pacTtBopy NpUMBalOT APYrov pacTBOP TOYHO M3BECTHOM KOHLUEHTpauum o
OKOHYaHusa peakumn. [lpu TuUTpoBaHMM npubaBnAlOT He Un3bbITOYHOE KONMUYEeCTBO
peakTuBa, a TOYHO OTBevawllee YypaBHEHMIO peakumn. CnepoBaTenbHO, Takoe
onpegeneHne BO3MOXHO TOSIbKO B TOM Crlydae, €CnuM KONM4YecTBO npubaBnsemMoro
peakTVBa 9KBUBANIEHTHO KONMYECTBY ONpeaensieMoro COeanHeEHus.

M3BeCTHO, YTO 06BbemMbl pacmeopos, KOJIU4eCM8EeHHO peazaupyrouux mexaoy cobod,
0bpamHo npornopyuUoHaibHbl HOPMaslbHbIM KOHUEHmMpauusM 3mux pacmeopos (3aKoH
3K8UBasnieHmMos):

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

raoe V1 m V2 — oGbeMbl NEPBOro U BTOPOro pacTBOPOB, M (cm3);

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

OTO NONOXEHNE U NErno B OCHOBY TUTPUMETPUYECKOTO onpeaeneHums.

BaxHelwumu MOMeHmamMu TUTPUMETPUYECKMNX ONpeaeneHnin ABNSIOTCS:

1. TO4HOE n3MmepeHne 06 bLEMOB pearmpyoLmnx pacTBOpPOB;

2. NpUroToBriEHWE pPacTBOPOB TOYHO W3BECTHOM KOHLUEHTpauun, C MOMOLLbIO
KOTOPbIX NPOBOANTCSA TUTPOBAHME, Tak Ha3blBaeMbIxX paboyux pacmeopos (mumpaHmos);

3. onpegeneHune KoHUa peakuumn (TOYKM 3KBUBANIEHTHOCTHM).

[Ona onpegeneHnss TOYKM  3KBMBANMEHTHOCTM  MPUMEHSAOTCA  cneumanbHble
BELLLECTBA, Ha3blBaeMble UHOUKamopamu.

KoHueHTpauuio paboyero pactBopa BblpaXkaloT 4Yepe3 HOpMaribHOCTb UNK 4Yepes
TUTP.

[na onpegeneHns TOYHOM KOHUEHTpaumm paboyero pacrtBopa (YCTaHOBKM TUTpa
Unu ctangaptmsauumn paboyero pacteopa) NONb3yHTCHA Tak Ha3biBAEMbIM UCXOOHbLIM USU
yCmMaHoB804YHbIM seuwecmeoM. VicxogHoe BelecTBO AOSMKHO YAOBMETBOPAThL Creayowmm
mpebosaHusIM:

1. ero coctaB AO/MKEH CTPOro COOTBETCTBOBATb €ro Xummndeckon opmyne;

2. OHO JOIMXHO BbITb XMMUYECKUN YNUCTBIM (X.Y.);

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

4. OHO JOMKHO BbITb XOPOLLO PacTBOPMMO B BOAE;

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

CTpOro onpegefnieHHomMmy ypaBHEHUIKO U C oonbLuon CKOPOCTbIHO.
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx



MO-43 02 15-EH.01.M3 KMPK BIr'AP® ®I'60Y BO «KI'TY»

XUMKUA | C.59/79

CrocobbI npueomossieHUsi mumpo8aHHbIX pacmeopos:

1. Mo ToYHOW HaBecke NCXOOHOro BELLECTBA;

2. N0 HETOYHOW HaBeCcke WCXOOHOro BewectBa wunuM  pasbaBneHuem
KOHLIEHTPUPOBAHHOIO pacTBopa B MEPHOM LMNUHAPE;

3. 13 bukcaHana (ctaHgapTHOro TuTpa).

Mo cnocoby BbINOMHEHUS OOBLEMHO-aHANUTUYECKUX ONpeaeneHnn pasnuyaroT
NPSIMOE N KOCBEHHOE TUTPOBAHME.

[pu npsamom mumpoeaHuu: onpegensemMblii KOMMIOHEHT HEMNOCPEACTBEHHO TUTPYIOT
noaxoaswmum paboyunm pacTBOPOM.

[Mpu KOCBEHHOM MumMpoBaHUU — TUTPYKOT HE CaM onpeaensiemMblii KOMMOHEHT, a
NPO4YKT €ro B3auMMOLEWCTBUA CO crneumanbHo [oOaBrneHHbIM BeLecTBoM (mMemod
3ameuwjeHusi) vnu unsbbITOK Takoro cneuuanbHO [06aBNEHHOro BeLLeCcTBa, KOTOPbIU
OCTaeTCs No 3aBepLUEeHUN ero B3aMMOAENCTBUSA C onpeaenseMbiM KOMNOHEHTOM (Memod
0bpamHo20 mumpoeaHusi).

Takum obpa3om, B MeTo4ax KOCBEHHOIO TUTPOBaHMUS HEMNOCPEACTBEHHO TUTPYIOT HE
onpeaensieMoe BeLLeCcTBO, a cneunanbHo JobaBneHHoe.

BapuaHmbl mumpumempu4yecko20 aHasu3a: MeTon NuUNeTUpoBaHuMs U MeTon
OTAENbHbIX HABECOK.

B nepBomM TUTPYHOT HECKONbKO pa3 OAMHAKOBbIE MOpUMK pacTBopa, OTbupaemoro
NUNEeTKON M3 MepHoM Konbbl onpedeneHHoro obbema, B KOTOPOM pacTBOpPEHa Macca
HaBECKM UCXOOHOro MUNn onpegensdemMoro BewecTsa. TUTpOBaHWE NPOBOASAT TpM pasa U
ansa pacyeta 6epyT cpegHui pesynbTar.

Bo BTOpOM — HECKONbKO HABECOK BELLECTBA, PACCYMTaAHHbLIX HA OQHO TUTPOBaHMeE,
pacTBOPSIOT B NPOU3BOSIbHOM 0ObeMe pacTBopuUTensa U TUTPYIOT Kaxablin pacteop. Ons
TUTpOBaHus B6epeTcs He MeHee ABYX HaBeCOK, N BbIMUCAAOT CPeaHUN pe3yrbTarT.

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

MpuMepbl BbIMUCNIEHNA B TUTPUMETPUYECKOM aHanmse.

Mpumep 1. [Onsa onpeaeneHnsa KoHUeHTpauum paboyvero pactBopa NaOH B
KadecTBe ucxogHoro pacteBopa Obin B3AaT 0,1H pactBop consiHom Kucnotbl. O6bem
MCXOOHOro pacTBopa, B3ATOro Ans TutpoBaHus, paBeH 10 mn. O6bem pabouero
pacTBopa, nowleLlero Ha TuTposaHue, 11,3 mn.

PeweHune. ToyHaa HopManbHOCTb paboyero pactBopa HaxoanTcs u3 opmynbl (1):

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

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Mpn BbIpaXXeHUN TOYHOM HOPMAanbHOW KOHLEHTpauuM paboyero pacTtBopa 4acTto
NPUMEHSIOT TaK Ha3blBaeMbIN «NonpaBoYHbI koadduumeHT» (K).

BennumHy K HaxogsaT, pasgenvs onpegeneHHyo TUTPUMETPUYECKM HOPMarnbHOCTb
pacTBopa Ha npegnosiaraemoe 3HayeHne HopMasibHOCTU pacTBopa:

K = N/No, (2)

roe N — akcnepuMMeHTanbHO onpeaeneHHas HopMasibHOCTb pacTBopa, r-ake/f;

No — Npegnonaraemasi HopMasnbHOCTb pacTBopa, r-aks/n.
Ecnn pabGouni pactBop NpPUroToBNeH TOYHO 3a4aHHOM KOHUEHTpauum u3

domkcaHana unm nNo To4HO B3ATOM HaBecke, To K = 1, n Ha cknsiHke oH He 0603HavaeTcs.

Mpumep 2. Hantu nonpaBoyHbIn KO3pPmuneHT «K» npubnuantenbHo 0,1 H
pacteopa NaOH, ecnv ero onpegeneHHas TUTPUMETPUYECKN HOPMarbHas KOHLEHTpauns
0,08850 H.

PeweHune. Bocnonbayemcs doopmynon (2).

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

KoHueHTpauns pactBopa MOXeT ObITb BblpaxkeHa TUTPOM paboyero pactsopa, T.€.
B rpaMmmax BellecTtsa Ha 1 mn pacTteopa:

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

roe O — 9KBMBaneHTHas macca BellecTsa, T;

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

[Ana npurotoBneHna pacTBOPOB ONpefenieHHOM KOHLUEeHTpauuu HaBecKy, m, T,
paccynTbIBalOT No hopmyne:

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

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

3 — r-aKB BellecTBa, T;
V — 06beM NpUroToBNEHHOrO pacTeopa, M.

PacyeTbl npu BblpaXeHUM  KOHUEHTpauuMuM 4epe3 TUTP MO onpegensemomy
BELecTBy, T.e. Maccol oOnpeaenseMoro BellecTBa, KOTOpPOMYy cooTBeTcTByeT 1 mn
pabouyero pacTtBopa, BeayTcsa no popmyne:

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

roe X — paboymin pacTteop;

y — onpefensieMoe BeLlecTBO;

Nx — HopmanbHOCTb paboyero pacTesopa r-ake/n (H);

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Sy— r-OKB ornpependemMmoro sewecrtsa, r.

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

PeweHune. Bocnonbayemcs doopmynon (5):

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

Tump makxe pacc4yumbigarom 00 Yyemeepmol 3Havawel yugpsbl.

Mpumep 4. Beumncnute TuTp 0,1 H pactBopa AgNOs no NaCl.

PeweHune. Bocnonbayemcs doopmynon (5):

T AgNOs/NaCl = N -3 /1000 =0,1 - 58,5/1000 = 0,005850 r/mn, 4to o3Ha4aeT: 1 Mn
0,1 H pactBopa AgNOs3 BcTynaet B peakuuto ¢ 0,005850 r NaCl.

Mpumep 5. Kakoe KONMYecTBO XNOP-MOHOB coepXanocb B TUTPyEMOM Xropuae,
€CInn Ha TUTpoBaHue 3aTtpadeHo 8,20 mn HuTpaTta cepebpa? T AgNOs/Cl- = 0,003616 r/mn.
PeweHune. Bocnonbsyemcs oopmynon (3), Torga macca xnop-moHoB byaeT paBHa:
m = T AgNOs/CI- - V AgNOs = 0,003616 - 8,20 = 0,02965 r.

UcxodHble mamepuarbl U OaHHbIe:

CranaapTHbI pacTBop U
BapuaHT €ero xapakTepucTuka Tutp, Onpenensemoe
3agaHus KOHLIeHTpaL, r/cm?3 BELLEeCTBO
BeLLIeCTBO ns . r-aKB

1 H2S04 0,1 49 0,005880 Na2COs3

2 HCI 0,1 36,5 0,002920 NaOH

3 KOH 0,1 56 0,006160 HCI

4 NaOH 0,1 40 0,003600 H2SO04

5 H2S04 0,1 49 0,004998 KOH

6 HCI 0,1 36,5 0,003797 NaHCO3

7 NaOH 0,1 40 0,004880 HCI

8 AgNO3 0,1 170 0,005850 NaCl

9 HCI 0,1 365 0,005300 Na2COs3

10 Hg2(NO3s)2 0,1 280,6 0,033670 NaCl

CodepxxaHue u nopsidok 8bInosiHeHuUs1 pabomsbi:

1. O3HaKOMUTBLCA C TEOPETMYECKOM YaCTbIO 3aHATUA.

2. Tlo 3apaHHOMYy BapuaHTy BbIMUCIIUTb HOPMAribHOCTb, MOMPaBOYHbLIN
KO PUUMEHT N TUTP NO OnpegensiemMoMy BeLLeCcTBY ANA CTaHOapTHOro pacTBopa.
PeweHune BbINOMHUTL C NOAPOBHLIMU MOACHEHUAMU N YKa3aHUEM eUHUL, U3MEPEHUS.

3. OchopmuTb OTHET NO NpakTU4eckon padore.

4. OTBETUTb Ha KOHTPOSIbHbIE BOMPOCHI.

CodepxxaHue om4yema:

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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HanmeHoBaHMe NpakTU4YecKoro 3aHATUS

Llenb 3aHATMSA

BapwuaHT 3agaHus

OTyeT O BbINOMHEHUM Ha Kaxabld 3Tan pasgena «CogepXaHne M NOpPAOOK
BbINOSTHEHUS paboTbI»

Cnncok ncnonb3oBaHHOW NUTepaTypbl U APYrMX MCTOYHUKOB

BbiBoAabI

HaTtbl n nognucu oby4atowierocst U npenogasartens

KoHmporbHble 80npochi:

1. YTo Takoe TMTpUMETpUYECKOE onpeneneHmne?

2. Y10 Ha3bIBaeTCcsa TUTPOBaAHNEM?

3. Hannwunte dopmyny 3aBUCMMOCTM OOBEMOB KONMUYECTBEHHO pearmpytomx
pPacTBOPOB M UX HOPMarsbHbIX KOHLEHTPaLuui.

4. Yto Takoe pabounn pacteop?
Kak BblpakaeTca KOHUeHTpauusa paboyero pactsopa?
YUTo Takoe ncxogHoe BeLecTBo?

KakoBbl TDGGOBaHI/IFI, npeabaBndemMble K NCXOOHbIM BewecTBam?

©® N o o

Kakne cywecTtBytoT cnocobbl MPUroToBNEHNA TUTPOBAHHbIX PACTBOPOB?

9. B yem npvHUMNManbHasa pasHuLa Mexay NpsiMbiM Y KOCBEHHbIM TUTPOBaHMEM?

10. B 4em cywHOCTb MeTO4a NMNETUPOBAHNA N MeTOAA OTAENbHbIX HABECOK?

11. HannwwuTte dopmyny, N0 KOTOPOM MOXHO paccuuTatb TUTP pabodero pacteopa
no onpegenseMoMy BeLLEeCTBY, €CnM U3BECTHA HopMarnbHas KOHUeHTpauusi paboyero
pacTtBopa.

12. HannwuTte dopmyny, No KOTOPOM MOXHO paccymTaTb TUTP pacTBopa, 3Hasi ero
TOYHYIO HOPMarbHYH KOHLEHTPaLMIO.

13. Hanuwmte dopmyny ans BblYMUCIIEHUSA KONMYECTBA BELLECTBA, €CN U3BECTHbI
obbem paboyero pacTtBopa, noweawero Ha TUTpoBaHMe, M TUTP pacTeBopa Mo
onpegenseMomMy BeLLECTBY.

14. Y70 NnokasbIBaeT NONPaBOYHbIN KOIPDPULNEHT?
4.2 MeToaAbl TUTPUMETPUYECKOro aHanms3a
MNMpakTnyeckoe 3aHaTMe Ne 13. PacyeTbl B KNCNNIOTHO-OCHOBHOM MeToAe

Llenb 3aHsmusi:

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



MO-43 02 15-EH.01.M3 KMPK BIr'AP® ®I'60Y BO «KI'TY»

XUMKUA | C.63/79

OcBouTtb MeTOAnKY pac4eToB B KUCJTOTHO-OCHOBHOM MeTOoe.

Ucnonb3yembie UuCMOYHUKU:

Mepuogunyeckasa cuctema xummndeckmx anemeHtoB [.. Mengeneesa;

Tabnuua pacTBOPUMOCTU KMCAOT, CONEN, OCHOBaHWI B BOAE;

MNOTHOCTb BOAHbLIX PAacTBOPOB KUCHOT;

[2], [3].

Teopemuyeckasi Yacmb:

B ocHoBe KMCNOTHO-OCHOBHOroO Metoda (MeTtofa HenTpanusauun) NexuT peakums
HenTpanusauuun: H* + OH- — H20

OTOT MeToa NPUMEHSIETCA AN KONMYEeCTBEHHOro onpeaeneHns KUCIOT, LWenoYven,
conen, cnocobHbIX rMAPONM30BaTbCA B BOAHbLIX pacTBoOpax, a Takke nx cCMecen.

B kauyectBe paboymx pacTBOPOB MCMONb3YHT 4alle BCEro pacTBOpPbl COMNSAHON U
CEPHOW KNCMOT, pacTBOPbI MTMAPOKCUAOB HATPUS U Kanus.

B «kayectBe WCXOAHbIX BELWECTB ANA YCTaHOBKM TUTpa pacTBopa KUCROT
ncrnonb3yloT TeTpabopat HaTpua (6ypa) Na2B4sO7 - 10H20 wunu kapboHaT HaTpus
6e3soaHbIn Na2COs, a ana yctaHOBKM TUTpa pacTeopa Lenoden — wasenesyo H2C204
2H20 unu sHTapHyto kncnoty H2Cs4H4O4.

Mpy NnomMoLwm KUCNOTHO-OCHOBHOMO MeToda onpeaensatT KapboHaTHYH KEeCTKOCTb
BOAbIl, KNCNOTHOCTb MOSOYHbIX U PbIGHBIX NPOAYKTOB, KUCNOTHOE YMCIO Macna u xupa.

B meToge HenTpanusaumm B KayecTBE WHOMKATOPA MPUMEHSIIOT OpraHn4yeckme
COEOVHEHMNS, MEHSIIOWME CBOK OKPacKy B 3aBUCMMOCTM OT KOHLEHTpauuMm WOHOB
BoAopoaa B pacTteope. BennumHy pH, npu KoTopon 3akaH4YMBalOT TUTPOBAHME C OAHHBIM

WHOMKaTOPOM, Ha3blBalOT r1okazamesieM mumposaHusi (pT).

XapakTepucTuka HEKOTOPbIX MHANKATOPOB:

NHankaTop pT N3meHeHune okpackm
MeTunoBbIn opaHXeBbl 4,0 KpacHas — xenrtas
MeTunoBbIN KpacHbIN 5,5 KpacHaa — xenras
deHondranenH 9,0 OecuBeTHass — CUHSS
TumondTaneunH 10,0 OecuBeTHas — KpacHasi

anMepr pac4yeToB B KUCJTOTHO-OCHOBHOM METOE.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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Cnedyem umems 6 sudy: 1) B npoLiecce pacTBOPEHUS BeLwecTBa unm pasdasneHmm
pacTBopa, Macca BelecTBa, a, CrneaoBaTenbHO, W YUCIO €ro 9KBUBANEHTOB He
n3meHsieTcs; 2) B Ntobon peakuumn BeLLecTBa pearmpyoT B 9KBUBANEHTHbIX KONMYecTBax.

Mpumep 1. Tpebyetca npurotoButs 5 n 0,1 H pacTBopa COMSAHOW KUCNOTbI U3
KOHUEHTpMpoBaHHOM ¢ NiIoTHOCTLI p =1,19 (38 % - cnpaBoYHbIE AaHHbIE).

PeweHue.

1) OHel = Muct = 36,5 T.

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

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

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

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

Xr « 1-119r

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

4) Onpegensiem obbeMm 38 % - HOro pactBopa COMSIHOM KMCNOTbI, HEOBX0AMMOro
ansa npurotosnenuna 5 n 0,1 H pacTBopa:

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

Mpumep 2. Paccuutatb, CKOMbKO rmgpokcuaga Hatpus cogepxutca B 500 mn
pacTtBopa, ecnun Ha TutpoBaHme 20 mn aToro pacteopa naet 20,8 mn pacTBopa COSsTHOM
KMcnoTbl, TUTP KoToporo paseH 0,002022 r/mn.

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

1 cnocob pacyema:

1) KonnyecTtBo consHon KMcnoTsl, cogepxawenca B 20,8 mn pacteopa:

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

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

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

3) Toraa macca NaOH:

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

2 criocob pacyema:

1) Haxogum HopManbHY KOHLEHTPALMIO CONSIHOM KUCMOTbI:

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

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

NNaoH = NHel - VHer / VNaon = 0,05546 - 20,8/20,0 = 0,05768 H.

3) Macca wenouu, cogepxatlasaca B 500 mn pacTteopa:

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

Mpumep 3. Heobxoammo npurotoButb 500 mn npubnuantensHo 0,1 H H2SO4 n3
KMCNoTbl nnoTHocTbio 1,84 r/cm® (npu 20 °C) M ycTaHOBUTb TOYHYH HOPMarnbHOCTb MO
paboyemy pactsopy NaOH.

PeweHue.

1) MNpwn nonHOM HenTpanu3aunm cepHOM KUCNOTbl ee rpamMM-3KBMBareHT paBeH

O0=M/2=98/2=49r.

2) Moatomy konu4yectBo rpammoB uucton (100 %) H2SO4, Heobxoammoe ans
npurotosniexns 0,5 n 0,1 H pacTBopa, MOXHO BblYUCNNTL Crieayowmm odpas3om:

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

3) CepHasa kucnota nnoTHocTbio 1,84 r/cM® umeeT KoHueHTpaumwo 96,0 %
(cnpaBo4yHble AaHHbIE). Jlerko BblMUCANTL B KAKOM KONIMYECTBE 3TOW KUCMOThlI COAEPKUTCS
2,45 r yncton H2SOa4:

100 r 96 % - Hom kucnoTbl cogepxat 96 r H2SO4

XT « 2,45 r H2SOq4

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

4) Ho cepHyl KMCMOTY He B3BELIMBAKOT, a OTMepuBalT MNo obbemy. YToObI
nepenTn OT Macchbl K 06 beMy KMCNOTbI, NONb3YOTCA POPMYON:

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

Taknum obpasom, ons npurotosneHna 500 mn npubnuantensHo 0,1 H pacTBOpa
H2SO4 HY)XHO OTMEpPUTb MEpPHbIM LUANHOPOM UK rpagympoBaHHon npobupkon 1,39 mn
KOHLIEHTPUPOBaHHOW cepHoM kucnoThbl (p = 1,84 r/cm3), pacTBOpUTL U AOBECTU BOAOK A0
ob6bema 500 mn.

5) [JencrtBuMTEenbHYIO HOPManbHOCTb 3TOr0 pacTBOpa eue HYXHO YCTaHOBUTb MO
ncxogHomy BewectBy (Na2COs, Naz2B4O7 - 10H20) unm no TOYHOMY pacTBOpY €4KOro
HaTpa NyTem TUTPOBaHUS.

HcxodHbie mamepuarbl U OaHHbIE:!

Tabnuua 1
BapuaHTt CTaHgapTHbIA pacTBop Wccnegyembii pactBop Obbem
SRl obbewm, N, obbem, Vo, konGel,
Ne 1 BELLECTBO Vi, Mn H. Kromp. | BellecTBO M r-aKB —
1 H2S04 23,44 0,1 0,980 NaOH 25,00 40 250

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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2 HCI 11,64 0,1 1,050 Na2C0O3 10,00 53 100
3 NaOH 12,21 0,1 1,100 H2S04 15,00 49 200
4 KOH 9,52 0,1 0,954 HCI 10,00 36,5 200
5 NaOH 9,48 0,1 0,908 H2C204 10,0 63 1000
6 H2S04 23,44 0,05 0,980 NaOH 25,00 40 250
7 HCI 11,64 0,05 1,050 Na2COs 10,00 53 100
8 NaOH 12,21 0,05 1,100 H2S04 15,00 49 200
9 KOH 9,52 0,05 0,95 HCI 10,00 36,5 200
10 NaOH 9,48 0,05 0,908 H2C204 10,0 63 1000
Tabnuuya 2
ERIPVET [1n0THOCTE BOQHOIO
3agaHud BeliectBo 3 % O6bem Konbbl, cm3
No 2 pacTtBopa, p, r/cm

1 HCI 1,049 10 1000
2 H2S04 1,143 20 500
3 HNO3 1,184 30 200
4 CH3COOH 1,049 40 250
5 HCI 1,100 20 500
6 H2S04 1,503 60 400
7 HNO3 1,421 70 300
8 CH3COOH 1,070 80 250
9 HCI 1,152 30 200
10 H2S04 1,819 90 100

CodepxxaHue u nopssdok 8bINoSIHEHUST pabombi:
1 O3HaAKOMUTLCA C TEOPETUYECKON YaCTbIO 3aHATUS.
2 o npeanoXxeHHOMy BapuaHTy:
1) sagaHus Ne 1 (cm. Tabnuuy 1) BbIMMCIIMTE Maccy BeLwlecTBa, cogepallerocs
B onpeneneHHomMm ob6beme pacTeopa, No AaHHbIM TUTPOBAHUS;
2) 3agaHusa Ne 2 (cm. Tabnuuy 2) BblMMCNUTL MacCy BeLlecTBa, coaepallerocs
B onpegeneHHoM obbeme pacTtBopa.
3 OdhopmMUTb OTYET MO NpakTnyeckon paboTe.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxxaHue om4yema:

HanmeHoBaHMe NpakTUYecKoro 3aHATUS

Llenb 3aHATMSA

BapwvaHT 3agaHus

OT4yeT O BbINOMHEHMM Ha Kaxabln 3Tan pasgena «CogepxaHue U NopsiAoK
BbINOSTHEHUSA PabOoTbI»

Cnncok ncnonb3oBaHHOW NUTEpPaTypbl U APYrMX MCTOYHUKOB

BbiBOAObI

AdaTbl n nognucm obyyatoLerocsa u npenogasartens
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx



MO-43 02 15-EH.01.M3 KMPK BIr'AP® ®I'60Y BO «KI'TY»

XUMUA | C.67/79

KoHmporibHble 80rpochi:

1. Kakon TUTpUMeTpmn4eCcKnin METOA aHanm3a HasblBaeTCHA KUCITOTHO-OCHOBHbLIM?

2. CogepxaHne Kakux BeLleCTB MOXHO onpeaenuTb  KUCIOTHO-OCHOBHbBIM
MeToaom?

3. PacTtBopbl Kakux BELWECTB NPUMEHSIOTCS B KadecTBe paboymx pacTBOPOB B 3TOM
meTtoae”?

4. Kakue BelLecTBa NPUMEHSAIOTCA B Ka4eCTBe UCXOAHbIX BELECTB B 3TOM MeToae?

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

6. Uto npeacrtaBnsT cobor UMHOUKATOPbI, MPUMEHSIEMbIE B KMCIIOTHO-OCHOBHOM
meTtoae?

7. YTto Ha3bIiBaeTCH NokasaTtenem TUTpoBaHnA?

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

9. Kakyto okpacky nmeeT MHANKaAToOp MEeTUNOBbLIN opaHxeBbin Nnpu pH=2,0; 5,0; 7,07

4.3 MeToAbl peAoKCUMeETPUMU
MpakTnyeckoe 3aHaTne Ne 14. PacyeTbl B MeTOoAe NepMaHraHaToMeTpumn

Llenb 3aHsmus:

OcBOUTbL METOAMKY pacyeToB B MeTOAE NepMaHraHaTOMeTpUMN.

Ucrnonb3yembie UCMOYHUKU:

Mepuogunyeckas cuctema xmmmyeckux anemenTos [.. MeHgeneesa;

Tabnuua pacTBOPUMOCTU COSEN, KNCNOT U OCHOBaHW B BOAE;

ONEKTPOXUMMUYECKUI P HAaNPSXKEHUA METanmoB.;

[2], [3].

Teopemuyeckasi Hacmb:

B ocHOBYy mMeTOoOB pefoKCMMETPUM (OKCUOAUMETPUN) MONOXEHbI OKUCIUTESbHO-
BOCCTAHOBUTENbHbIE peakumn, B pesyrbTaTte KOTOPbIX U3MEHSAOTCA CTEMNEHU OKUCIEHMUS
WOHOB WKW 3fIEMEHTOB. TepMUH «pedoKCy» npousowen B pesynbTaTe CcoveTaHud
NaTUHCKMX CroB reduction — BOCCTaHOBMEHNE N oxydatio — OKUCneHne.

lMepmMaHraHaToMeTpusi — YaCTHbIN Criyvyan pegoKCUMeTpumn, 3TOT METOA OCHOBaH Ha
OKUCINUTENbHOM AencTBMM paboyero pactBopa nepMaHraHata kanus. lNepmaHraHat kanus
ABNSAETCA CUMbHBbIM OKMUCNUTENEM, OCODEHHO B Kucnow cpege. [na noakucneHus
NPUMEHSIOT TOSTbKO CEPHYIO KMCMOTY. [pn TUTpOBaHMM NpOTEKAET crieayrolasl peakums:

2KMnO4 + 3H2SO4 + 5H2C204 = 2MnSO4 + K2SO4 + 10CO2 + 8H20

YpaBHeHNS aneKkTpoHHOro 6anaHca ans pacctaHOBKM KO3(PPULMEHTOB:

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauwemycsi 8 1C: Konnedx
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2 Mn™ +5& — Mn?*

5 10 C204>-2& — 2CO2°

TutpoBaHve Bepgetca 6e3 wuHOMKaTOpa, TaK Kak Toyka SKBUBANEHTHOCTM
dukcupyetcs no obecLBe4MBaHUIO CaMoro xe paboyero pacteopa, UMeEKLLEero B Havyane
P1MONEeTOBYHO OKPACKY.

lMepmaHraHat Kanusa He sSBNSieTCs CTaHOapTHBIM BeLLeCcTBOM, (NpenapaTt CoaepXuT
npumecn MnOz2). NotoBat paboumn pactBop KMnOs, BbliOEPKMBAKOT €r0 B CKIsIHKE U3
TEMHOro cTekna B TeyeHune 7-10 cyTok, nocre 4Yero oTaensitoT pacteop oT ocagka MnO:2
(dbvnbTpoBaHMe). XpaHAT pacTBOp B CKMSAHKE M3 TEMHOrO CTeKkna C npuwniMdoBaHHOM
npobkon. PacTtBop ctaHaapTMampytoT no waseneson kucnote, ee gurmapaty (H2C204
2H20) nnu okcanaty HaTpus (Na2C204).

MeTogom nepmMaHraHaTOMETPUM MOXHO OnpeaenaTb BOCCTAHOBUTENW (nNpsimoe
TUTPOBaHME) N okncnuTenu (obpatHoe TUTpoBaHue). NepmaHraHaToMeTpusi MPUMEHAETCA
Ana onpefeneHns Tak HasblBaEMOW OKUCNSEMOCTM BoAbl, T.e. onpeaeneHnss KMnOg,
HeobXoAMMOro AnA OKUCHEHUS OpraHMYeckuX BeLLeCTB B CTOYHbIX BOAaX; Konmu4yectsa
TSOKENbIX METanNoB 1 cepbl B pbiIGHON NPOaYKUMK.

pamMM-3KBMBaANEHT  OKUCIUTENA WM BOCCTAHOBUTENSI B OKUCIUTESIbHO-
BOCCTaHOBUTENbHbIX peakuusax HaxoamTcsa no gopmyne:

9 =M/n, (1)
roe M — monekynspHas macca okucnmTens (BocctaHoBUTENS);
N — 4YMCNO NEepPexoqslmxX SNEKTPOHOB, NPMOBOPETEHHbIX (MOTEPSHHbIX)
aneMeHTaMn UM MoOHaMM Kakaon Monekyrbl OKUCAUTensa (BOCCTaHOBUTENS).

Okucnsiiowasa crnocobHocTb pactBopa KMn*’Os4 0GbSACHAETCA BOCCTaHOBIEHMEM
ero B pasHblx cpegax go:

Mn*2SQOs4 — B KuUCnow cpee;
Mn*4O2  — B HelTpanbHoOI cpeae;
KoMn*604 — B LLleno4Hom cpeae.

Moatomy, rpamm-akeBmBaneHT KMnOs B pasHbiXx cpefax HaxoauTcs no dopmyrne

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

roe Mn” + 58 — Mn?*;

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

3 KMnO4 = 158,03/1 = 158,03 r — B LWeno4Hom cpeae,
HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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roe Mn™ +1é& — Mn®*.

Mpumepbl B MeToAe nepmaHraHatometpuun. [lpyu peweHun 3apadv  criedyem
noMHUMB, 4mo & mobol peakyuu eeujecmea peasupyrom 8 3IK8UBaNeHMHbIX
Konu4ecmeax: YACIO 3KBMBANEHTOB OLHOMO M3 BELWECTB PaBHO YUCIYy SKBUBANEHTOB
ApYroro BeLlecTBa, NpopearMpoBaBLUErO C HAM, U PaBHO YMCIY 3KBMBANIEHTOB KaX4oro n3
NOMyYMBLUNXCS B pe3yrbTaTe peakumi BeLLEeCTB.

OcHoBHass pacdeTHaa dopmyna TUTPOBAHUSA UCXOOUT W3 3TOMO  3aKoHa
aKkBMBaneHToB, npomssegeHne «N-V» NOCTOAHHO, TO e€CTb YyeM 6orblue HOpMarbHOCTb
pactBopa, TeM MeHblle ero o06beMm, coaepxawun onpeaeneHHoe KOonmMyecTBO
9KBUBANEHTOB.

Mpumep 1. N3 1,4380 r okcanata Hatpusa npurotosneHo 200 mn pactBopa. Ha
TuTpoBaHme 25,0 MmN nonyvYeHHoro pacrteBopa wu3pacxogosaHo 23,85 mn pacTtsBopa
nepmaHraHarta kanvs. Onpegenutb HopmManbHOCTb U TUTP KMnOa4.

PeweHwve.

1) HopmanbHocTb pactBopa Na2C204 Haxoamm ns popmynbi:

N NazC204=m - 1000/3 - V = 1,4380 - 1000/67 - 200 = 0,1073 H.,
roe O Na:C0. = M/2 =134/2 =67 .
2) HopmanbsHocTb pacteopa KMnO4 Haxoanm ncxons U3 3akoHa SKBUBANEHTOB:
N KMnOs = N NazC204 * V NazxC204/ V KMnOs = 0,1073 - 25,0/23,85 = 0,1125 H.
3) Tutp pactBopa KMnOa4:
T KMnOs =3 - N/1000 = 31,61 - 0,1125/1000 = 0,003556 r/mn,

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

Mpumep 2. HaBecka 3,2240 r waBenieBOM KUCMOTbl pacTBOpeHa B MepHoU Konbe
eMmkocTbto 500 mn. Ha tutpoBaHue 25 mMn 3TOro pacrteBopa u3pacxogoBaHo 22,8 mn
pactBopa KMnOs 0,1122 H. koHueHTpauuu. OnpenennTb MNPOUEHTHOE coaepXaHue
H2C204 B o6pasue.

PeweHne.

1) HopmanbHOCTb pacTBopa LiaBeneBon KUCNOThbI:

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

2) Konn4yecTso waseneson kmucnotsl B 500 mn pacTteopa:

m=3-N -V/1000 = 45,02 - 0,1023 - 500/1000 = 2,3034 ,
roe O H:C2:04=M/2 =90/2 =45T.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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3) NpoueHTHoe coaepxaHne KUCNoThl B obpasue cCoCTaBuT:
% H2C204=m -100/3,2240 = 2,3034 - 100/3,2240 = 71,44 %.
Mpumep 3. HopmarnbHOCTL NepmaHraHata pasHa 0,0220 H. Yemy paBHbI TUTPbI €ro
no H2C204, no Fe, no H2027?
PeweHue.

1) T KMnO4/H2C204 = N KMnOs4 = 3O H2C204/1000 = 0,0220 - 45/1000 = 0,0009904 r/mn.
2) T KMnO4/Fe = N KMnO4 * 3 Fe /1000 = 0,0220 - 55,85/1000 = 0,001228 r/mn.
3) T KMnO4/H202 = N KMnO4 © 3 H20./1000 = 0,0220 - 17/1000 = 0,0003741 r/mn.

Mpumep 4. Ha tTutposaHue 0,03350 r Na2C204 uspacxogosaHo 12,50 cm? pactBopa
KMnOas. Onpegenute TUTP 1 HOpMarnbHY0 KOHLeHTpauuio pactesopa KMnOa.
PelueHne. YpaBHeHNe peakumu:
2KMnO4 + 8H2S04 + 5Na2C204 = 2MnSO4 + K2SO4 + 10CO2 + 8H20 + 5Na2S04
1) Bbluncnsem, kakaa macca KMnO4 cogepxutca B 12,50 cm® (Npopearnposarno ¢
0,03350 r Na2C204):
5134 r Na2C204 akBuBaneHTHo 2 - 158 r KMnO4
0,03350 r NazC204 « X T KMnOa4
x=0,03350 -2 -158/5- 134 = 0,01580 .
2) Onpegensiem TuTp pacteopa KMnOa:
T KMnOs= m/V = 0,01580/12,50 = 0,001264 r/ cm3.
3) HopmanbHocTb pactBopa KMnOs4: N = T-1000/3 = 0,001264-1000/158 =
0,008000 H.

UcxodHble mamepuaribl U OaHHbIE:

BapuaHT O6bem pactBopa B H

3agaHuns nepmaHraHata kanus, cm® SLIeCTBO asecka, r
1 22,48 Fe 0,1262
2 11,67 (NH4)2Fe(S04) - 6H20 0,9367
3 18,06 H2C204 - H20 0,1139
4 24,68 H2C204 - H.O 0,3111
5 28,12 Na2C204 0,3772
6 44,96 Fe 0,2524
7 23,34 (NH4)2Fe(S04) - 6H20 1,8734
8 36,12 H2C204 - H2O 0,2278
9 49,36 H2C204 - H20O 0,6222
10 56,24 Na2C204 0,7544

CodepxxaHue u rnopsidok 8bInosiHeHUs1 pabomsni:

1 O3HAKOMUTBLCH C TEOPETUYECKOWN YaCTbIO 3aHATUS.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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2 Mo 3agaHHOMY BapuaHTy BbIYUCIIUTb HOPManbHOCTb M TUTP pacTBOpa, €Cnv Ha
TUTPOBaHME HABECKN NOLLEN onpeaeneHHbIn 00bem pacTeopa.

3 OhopmuTb OTHET NO NpakTU4eckon pabore.

4 OTBETUTb HA KOHTPOJIbHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHMe NpakTUYecKoro 3aHATUS

Llenb 3aHATMSA

BapwnaHT 3agaHus

OTtyeT O BbINONMHEHUMM Ha Kaxablh 3Tan pasgena «CopepxaHne M NopsAOoK
BbIMNONHEHUS paboTbi»

Cnuncok ncnonb3oBaHHOW NUTEpPaTypbl U APYrMX MCTOYHUKOB

BoiBoabl

[aTtbl n nognucu obyvatowierocst 1 npenogasartens

KoHmpornbHble 80rpocsi:

1. Kakne MeToabl  KONMYECTBEHHOrO  aHanm3a OTHOCATCA K MeToaam
oKkcuanmeTpumn?

2. Ha3oBuWTE OCHOBHbIE YCNOBUS NEpMaHraHaTOMETPUYECKOro TUTPOBAHMS.

3. Kakaa peakumsa nexut B OCHOBE KONMMYECTBEHHbLIX oOnpeneneHuin rno mertoay
nepmMaHraHaTomeTpum?

4. Kakas peakums Ha3blBaeTCs aBToOKaTanMTU4eCKomn?
UTo sABNAeTCA KaTanM3aTopoM B peakumm No MetTody nepmMaHraHatomeTpumn?
HaszoBute pabounin pactBop nepmaHraHatomeTpun. Kak ero xpaHaT?

B kakol cpefe NpoBoAATCS NnepMaHraHaTOMeTpuyeckme onpeaeneHns?

©® N o o

Kak onpefensaeTcs To4Yka 9KBUBANIEHTHOCTU B METOAE NepMaHraHatomeTpum?

9. Kakas kucnota npuMeHsaeTcsa Ang NnogkUcneHns TMTpyeMblX pacTBOPOB B MeTOAEe
nepmaHraHatomeTpun? lNouemy?

10. MNMoyemy B nepmaHraHaTOMETPUM BO3MOXHO TUTpOBaHMe ©e3 crneumanbHOro
nHgukatopa?

11. HasoBute wucxogHble BewecTBa ANs OnNpeaesieHMsi TOYHOM KOHLEeHTpauuu
pacTBOpa nepmaHraHaTa Kanus.

12. Kak HanTu r-akB nepmMaHraHaTa Kanums B pasHblx cpegax?

13. Kakme aHanuTtudeckune 3agayum pewaroT MeTogoM nepMaHraHaToMeTpum?

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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MpakTnyeckoe 3aHaTne Ne 15. Pacyetbl B MeTOAE MogoOMETpPUM

Llenb 3aHsmus:

OcBoWTb METOAMKY pacyeToB B MOAOMETPUMN.

Ucnonb3yembie UCMOYHUKU:

lMNepuogunyeckasa cucrtema xummndeckmx anemeHtoB [.. MeHgeneesa;

Tabnuua pacTBOPUMOCTU COSEN, KNCMOT N OCHOBaHWI B BOAE;

ONEKTPOXNMUNYECKUI PAS HANPSXKEHNA MeTanmoB,

[2], [3].

Teopemuyeckasi Hacmab:

B ocHOBY MeTOA0B pefoOKCUMETPUM NOSTOXKEHbBI OKUCINTENTbHO-BOCCTAHOBUTESbHbIE
peakumn. HasBaHMe MeToOOoB, B KOTOPbIX WCMOMb3yeTCs MNPUHUMN pedoKCumMeTpuu,
NPONCXoauT OT Ha3BaHNA pabounx pacTBOPOB.

MopomeTpus — 310 MeToq, B KOTOPOM paboynmM pacTBOPOM CRYyXUT pacTBOp 1oaa B
nogmnae kanus (KI). Metog ocHoBaH Ha peakuusix, B Xo4e KOTOpbiX obpasyeTcs unu
pacxogyeTcs MoA;:

[20 + 26 & 2I

MeToaoM 1040OMETPUM MOXHO ONpeaenuTb Kak okucnutenu (oHn okucnaioT |- go 19),
TaK 1 BOCCTaHOBUTENM (OHM BOCCTaHaBnmBaroT nog 4o ).

[na onpegeneHust okMcnuMTenem ucnonb3yetca paboynn pacTBop TuocynbdaTa
HaTpua Na2S203 - 5H20 1 BcnomoraTenbHbIn pacteop noauaa kanua Kl, kotopbin 6epetcs
B N30bITKE.

TuocynbdaT HaATpPUs HE OTHOCUTCSH K CTaHAApPTHbIM (MCXOAHbIM) BELWECTBaM, Tak
Kak MOXeT He COOTBETCTBOBaTb CBOEN XMMWUYECKON hopMyrie n3-3a HeyCTOMYNMBOCTU MpU
XpaHeHWU, paspyLueHnsa TnobakTepusMm 1 BbIBETPUBAHNS KPUCTANIN3aLMOHHOM BOAbI.

McxoOgHbIM  BewecTBOM Ansi YCTAHOBKM TUTpa TUOCyNbaTta HaTpusi CryxuT
anxpomar kanusa K2Cr207 (okucnurens).

Mpwn TUTPOBaHUK NPUMEHSAETCS MemoO 3aMeUeHUs.

B ocHoBe nogoMeTpu4ecKoro onpeaeneHus nexart ABe peakummn:

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

O6pasyeTca nog B KONMYeCTBE, 3KBUBANEHTHOM konudectry KaCr207.

YpaBHeEHNS aneKkTpoHHOro banaHca:

1 2Cr%* +68 — 2Cr3*

3 6 2I-28 — 2I°

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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BbigenusLumica noa oTTUTPOBbLIBAOT PAaCTBOPOM TMOCYNbaTa HaTpus:

2Na2S203 + 12° = Na2S40e6 + 2Nal (2)

YpaBHeHNs anekTpoHHOro banaHca:

112 | 25203% — 26 — S40¢6*

112 129+ 28 — 2I

MHankaTop — pacTBop Kpaxmana, KOTopbii Jo6aBnsaoT B JaHHOM Clyyae B KOHLEe
TUTPOBAHWS, KOr4a KOHUEHTpauus noga Mana, U pacTtBop UMEET COSIOMEHHO-XEMNTYIo
okpacky. B npucyTcTBum Kpaxmana pactBop npuvobpeTaeT CUMHIOK OKpacky, TUTpoBaHue
npogoskatoT 4o obecupeymBaHnga pacTeopa.

MeTtogom  MogOMETPUM  MOXHO  OnNpefensaTb  BOCCTAHOBUTENW  MPSIMbIM
mumposgaHuem. TWTpaHT — pacTBOp MoLa, KOTOPbIN TFOTOBAT pPacTBOPEHWEM TOYHOW
HaBeckn cmecu 2 ¢ Kl (l2 + Kl = K][l3]) B auctunnuposaHHon Boae. NMpuroToBneHHbIN
pacTBOp XpaHAT B CKIISIHKE M3 TEMHOro CTekna BO M30exaHue OKUCMeHWUs noamaa u
ynetyunmBaHua noga. MIHOMKaATopoM CRy>XUT pacTBOpP Kpaxmarna, KoTopbli Ao6aBnsalT B
Havyane TUTPoBaHMA. TOYKY OSKBUBANEHTHOCTU (OUKCUPYIOT MO MOSABMAEHUIO CUHEro
OKpalLMBaHUA pacTBopa OT M3BbLITOYHOM Kannm pacTeBopa noaa.

WopomeTpus wvcronb3yeTca Ans onpeaeneHvsi: cBOBGOAHOTO Xropa B BOAE;
MOOHOro 4mcna pacTUTENbHOro Macna W Xupa;, Meauw, pTyTM WU OpYyrux MeTannos;
BUTaMunHa C; NakTo3bl 1 rMIOKO3bl B MULLEBLIX NPOAYKTaX.

Mpumepbl pacyeToB B MeToae nogomeTtpuun. lNpu pelseHun 3agad no AaHHOMY
MeToay Takke criedyem roMHUMb, 4mo 8 obol peakyuu seujecmea peazsupyrom 8
3K8UBAJIEHMHbIX KOo/lu4Yecmeax: YNCNO 3KBMBASNIEHTOB OOHOMO M3 BELLECTB PaBHO 4YUCITY
3KBMBANEHTOB [pyroro BellecTBa, MNpopearvpoBaBlUEro C HUM, W PaBHO 4ucny
9KBMBANEHTOB KaXXA0ro M3 NOSyYMBLUMXCS B pe3ynbTaTe peakuui BELLECTB.

OcHoBHas pacyeTHas opmyna TUTPOBaAHUA WUCXOAUT U3 ITOrO  3aKoHa
akBuBaneHToB, npomssegeHne «N-V» NOCTOAHHO, TO €CTb YyeM 6orblie HOpMaribHOCTb
pactBopa, TeM MeHblle ero o06beM, coaepXawmi onpegerieHHoe KOnMyecTBO
9KBMBANEHTOB.

Mpumep 1. Ckonbko rpammoB K2Cr207 copgepxutca B pacTBope, ecnu nocne
pobaeneHnsa Kk Hemy n3bbiTka Kl n H2SO4 Ha TuTpoBaHWe BblgeNMBLUErOCsA Moga MoLwso
30,0 mn 0,1 H pacTBopa Na2S203?

PeweHue.

1) KonuyecTtBo guxpomarta kanus onpegensdem rno opmyrne:

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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m = 3 - N -V/1000, y4yntbiBas, 4T0 NpM JaHHOM MOAOMETPUYECKOM onpeaerneHnm
konndectBa Na2S203 n K2Cr207 akBMBaneHTHbl, a O K:Cr207 = M/6 = 49,03 r, To macca
coctaBuT: m =49,03 - 0,1 - 30/1000 = 0,1471 .

Mpumep 2. HaBecka 6,8920 r TocynbgaTa HaTpua Naz2S203 pacTBOpeHa B MepHOWN
konbe emkoctbto 500 mn. Ha TtutpoBaHme 25,0 mn atoro pactBopa nowso 25,2 mn
paboyero pactBopa wnoga 0,05510 H. koHueHTpauuu. OnpenennTb MNPOLEHTHOE
cogepxaHune 6e3BogHOro Tmocynbdara HaTpus B obpasue.

PeweHue.

1) HopmanbHOCTb pacTBopa TUocynbara HaTpus:

N Na2S203 =N I2- V I2/ V Na2S:03 = 0,05510 - 25,2/25,0 = 0,0555 H.

2) CogepxaHune TnocynbdaTta HaTpus B 500 mn pactBopa:

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

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

3) MNMpoueHTHOE coaepxaHne TuocyrnbdaTa HaTpUsl B HABECKE:

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

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

PeweHwve.

1) Haxogum HopmanbHOCTb TUOCYNbMaTa HaTpus n3 QopMy-bi:

T NazS203/l2 = N NazS203 - 9 12/1000. Otkyaa N NazS203 = T NazS20s/12 - 1000/312

N Naz2S:0s = 0,01290 -1000/127 = 0,10116 H.,

rned L =M2=127r.

2) Konun4yecTBo noga B pacTeope:

m=23-N-V/1000 = 127 - 0,1016 - 10,3/1000 = 0,1329 .

UcxoOHbie mamepuaribi U OaHHbIE:!

B Ob6bem
apuaHT
PacTteop pacTtBopa, BellecTtBo HaBecka, r

3agaHuns i
1 Na2S203 21,09 K2Cr207 0,1053
2 Na2S203 41,59 K2Cr207 0,2122
3 Na2S203 15,67 CuSOq4 0,3913
4 KoCrOa4 12,73 (NH4)2Fe(S04) - 6H20 0,4992
5 K2Cr207 25,88 (NH4)2Fe(S04) - 6H20 0,5000
6 Na2S203 16,78 I2 0,2129
7 Na2S203 34,56 K2Cr207 0,1718
8 Naz2S203 22,44 KIO3 0,1601
9 Na2S203 33,56 I2 0,4258
10 Na2S203 50,34 I2 0,6387

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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CodepxxaHue u rnopsidok 8bInosHeHuUs1 pabomsi:

1 O3HaAKOMUTLCA C TEOPETMYECKOM YaCTbIO 3aHATUS.

2 Mo 3agaHHOMY BapwaHTy BbIMUCIIUTb HOPMarbHOCTb U TUTP pacTBOpa, €Cnu Ha
TUTPOBaHME HaBECKWN NoLLen onpeaeneHHbIn o6bem pacTeopa.

3 OchopmuTb OTHET NO NpakTU4eckon pabore.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTUyYecKoro 3aHATUSA

Llenb 3aHATMSA

BapuaHT 3agaHus

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

CnncoK ncnonb3oBaHHOWM NUTepaTypbl U APYrMx MCTOYHUKOB

BoiBoabl

[atbl 1 nognucu oby4yatoLlerocs 1 npenogaBaTtens

KoHmpornbHble 80rpocsi:

1. Kakne wMeTodbl  KONMWYECTBEHHOINO  aHanmM3a  OTHOCATCA K MeTodam
oKkcuanmeTpumn?

2. Ha3oBuTe OCHOBHbIE YCNOBUSA NOLOMETPUYECKOTo TUTPOBAHMUS.

3. Kakas peakums nexuTt B OCHOBE MeToAa nogomeTpumn?

4. HaszoBute paboumni pactBop AONd  MOAOMETPUYECKOrO  OnpeaeneHus
okucnutenen. Kak ero xpaHar?

5. HasoBute pabounn pactBop AN NOOOMETPUYECKOro  onpeneneHuvs
BoccTaHoBuTenen. Kak ero rotoBat n xpaHar?

6. HasoBuTe ncxogHoe BeLWeCTBO AN onpeneneHns Tutpa Tmocyrnbdara HaTpus.

7. HazoBute paboumn pactBop Ans  onpedernieHust OKUCIUTenenm MeTonoMm
nogomMeTpum.

8. HaszoBute pabounin pactBop LNd onpeaeneHusi BOCCTaHOBUTENEN MeTOO0M
NoaoMeTPUN.

9. Hanuwwnte ypaBHeHVe peakuuun B3aMMOOEWUCTBUSA AuXpomaTa Kanua ¢ Moanaom
Kanusi.

10. Hannwute ypaBHeHVME peakuuu, KOTopass MPOUCXOOUT MpU  TUTPOBaHUU

TUocynbgaToM HaTpus pacTeopa roaa.

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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11. Kakoe BellecTBO MPUMEHSETCA B KadecTBe uHAMKaATOpa B MOOOMETpUn?
KakoBbl OCOBEHHOCTM €ro WCnonb30oBaHMS [Afs8 WOAOMETPUYECKOro onpeneneHus
okucnuTenem n BocctaHosutenemn?

12. Kakne aHanutnyeckue 3agayum pellaroT MeTogomMm nogomeTpum?

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

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

Tabnuua 1 — Tennota 06pa3oBaHUA HEKOTOPbIX COEANHEHWI, B KKan/mMosb

H2Onap. 57,8 NO -21,6 CO2 94,0
H2O0xug. 68,3 P20s5 360 CO 26,4
HCI 22,1 CHg4 17,9 CaO 151,7
O2 71,0 C2oHa -12,5 Ca(OH)2 236,0
NH3 11,0 C2oH2 —54.2 Fe203 195,2
N20 -19,5 C2Hs0OH 56,2 Al2O3 393,3
Tabnuua 2 — TennoTa cropaHus HEKOTOPLIX BELLECTB
B KKkan/monb
MeTaH +248,5 | AueToH +437,2 | Tonyon +938,2
ATaH +372,8 | AMMuak (cropaet go +69,85 | MeTaHon +289,1
OKMCK a3oTa)
ATuneH +337,1 | AMMunak (cropaet oo + 75,8 | lNponaHon +481,0
asora)
AueTune +310,5 | Nniokosa +674,0 | Caxaposa +1351,3
H
MponaH +579,8 | MoyeBuHa +151,7 | YKcycHasa +208,3
Kncnota
byTtaH +747,0 | BeH3on +783,4 | dnatnnosbin +660,9
ahup

Tabnuua 3 — TennoTa cropaHus 1 r NMWEBLIX BEWECTB B XKMBOTHOM OpraHn3me

N KanopumeTpe/kkan

Tennota cropaHus

TennoTta cropaHusi

BellecTtBO
B OpraHuame B KanopumeTpe
Yrnesoabl 4,0 4,0
Kupbl 9,0 9,0
Benkn 4,0 5,6

Tabnuua 4 — CoageprkaHMe OCHOBHbIX BELECTB B NULLEBLIX NPOAYKTaxX

B npoueHTax

MoHogauca- OHepreTuyec
MpoaykT Boga Benkn YKupbl Xapuabl Kpaxman 3ona Ll,eH|:-|a:CTb,
kkan/100 r
Xneb n xnebobyno4Hblie n3genms

Xneb paHon NOAOBbLIN 39,5 4,7 1,0 1,4 42,2 1,8 208
Xneb nweHUYHbIN 41,0 8,7 1,5 1,4 37,3 2,0 209
BaToH npocTton 36,6 8,0 0,9 0,8 48,1 1,5 235
Cpoba obblkHOBEHHAsA 27,5 8,0 5,3 7,2 46,5 1,7 299

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsauemycsi 8 1C: Konnedx
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MoHopaunca- OHepreTuyec
MpoaykT Boga Benku Kupebl XapuEt NPT 3ona Ll,eHlf-IaCTCTb,
kkan/100 r
Cyxapu 12,0 11,2 1,4 1,5 66,3 2,1 337
KoHauTepckue nsgenuvs
Caxap-necok 0,14 0 0 99,8 0 0 379
Opex gyHayk 4,8 16,1 66,9 - 9,9 2,3 707
LWokonap 0,8 54 54 35,3 47,2 1,1 544
Kakao nopoLuok 4,0 24,2 17,5 3,5 24,4 6,3 380
lMeyeHbe 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 NOSY>XKUPHbIN 70,3 16,7 9,0 2,0 - 1,0 159
Monoko cryLéHHoe ¢ 26,0 7,2 8,5 12,5 43,5 1,8 320
caxapom

Macno crnmBo4Hoe 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
JIumoH 87,5 0,99 0,1 3,0 3,7 0,5 33
Cok abpukocosbli 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 s161104HbIN 88,1 0,5 0 9.1 -/0,5 0,3 38
BuHorpag cyweHbin 18,0 2,3 0 56,0 1,2 3,0 262

HokymeHm ynpasnsemcs npogpammHbiMu cpedcmeamu 1C: Konnedx

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