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BBEJIEHUE

Bpicokuii ypoBeHb 3HAaHMHM, akKaJAeMHU4YECKas U COLHUAJIbHAd
MOOMJIBHOCTh, TMPO(ECCUOHATU3M  CHEHUAINUCTOB, TOTOBHOCTh K
caMOOOpa30BaHWIO U  CaMOCOBEPIICHCTBOBAHUID —  TpeOOBaHUE
CErOJHAIIHEr0 JAHSA. B CBA3M € 3TUM MEHSIOTCS TOAXOABI K
IUIAHUPOBAHUIO, OpraHU3aluu y4eOHO-BOCIIUTATENBHOM PadOThI, B TOM
YUCJIE U CAMOCTOSITEIbHON pabOThI CTYI€HTOB.

[Ipexnae Bcero, 3T0 KacaeTcsi U3BMEHEHHUS XapaKTepa U COACPKaHUS
y4eOHOIro Mpolecca, MEepeHOca AakKIeHTa Ha CaMOCTOSITENbHBINA BU/T
JESATEIbHOCTH, KOTOPBIN SBJISIETCS HE MPOCTO CaMOLENbIO, & CPEACTBOM
NOCTHXKEHUSI TIIIYOOKMX W MPOYHBIX  3HAHUM, HWHCTPYMEHTOM
(hopMUPOBaHUS Y CTYJICHTOB aKTUBHOCTH M CAMOCTOSATEIILHOCTH.

Lens METOIMYECKUX PEKOMEH 1a1Uid - MOBBIIICHUE
3 PexTUBHOCTH y4EeOHOro mpolecca, B TOM YHUCIE MNPAKTUYECKOU
CaMOCTOSITEIbHOM paOOThl, B KOTOPOM CTYJEHT CTAaHOBUTCS aKTHUBHBIM
CyOBbEKTOM OOyYEHUSI, YTO O3HAYAET:

- CIIOCOOHOCTh 3aHUMAaTh B 00YYEHNH aKTUBHYIO TO3UIIHIO;

- TOTOBHOCTb MOOWJIM30BAaTh MHTEJJIEKTYaJbHbBIE M BOJICBBIC
YCWIIMSL JJ1s1 IOCTHKEHUS YIYEOHBIX 1LIETIeH;

- YMEHHE IPOEKTUPOBATh, IUIAHUPOBATh W IPOTHO3UPOBATH
y4eOHYIO JIeATEeIbHOCTD;

- IPUBBIYKY MHUIMHUPOBATh CBOKO NO3HABATENIBHYIO JACATEIBHOCTh
Ha OCHOBE BHYTPEHHEH MOJIOKUTEIBHOW MOTHBALIUY;

- OCO3HaHUE CBOMX NOTEHLUHAJIBHBIX YYE€OHBIX BO3MOXKXHOCTEH M
IICUXOJIOTUYECKYI0 TOTOBHOCTH COCTABUTH MPOrpamMMmy JAEHUCTBHU IIO

CaMOpPa3BUTHUIO.
I[aHHI)IG MCTOAHUYCCKHUC YKA3aHHUA 110 BBIITOJIHCHUIO HpaKTHqGCKOfI
41 CaMOCTOSITCIIbHOU pa6OTI)I CTYACHTOB IIPCAHA3HAYCHBI  JJIA

YIJIyOJICHHOTO HW3YYEHHS NUCHUIUIMHBI  «AHAJIUTHYECKAsT XUMUS,
«Anamutnueckas xumusi 1 OXMA»B ayIUTOPHOE W BHEAYAUTOPHOE
BpEMSL.



1 PABHOBECUA B PACTBOPAX MAJIOPACTBOPHMMBIX
COEAUHEHNA

1.1 PacTBOpUMOCTH U NIPOU3BEJACHUE PACTBOPUMOCTH

HNoHHbIe paBHOBECHS, CBSI3aHHBIC C OCAXKJICHUEM M 0Opa30BaHUEM
OCaJIKOB, SIBJISIFOTCSI OOpaTUMBIMH, TTOAYUHSAIOTCS 3aKOHY JIEUCTBUSI MacC
U XapaKTEpU3YIOTCA KOHCTAHTOM PAaBHOBECUS - TaK Ha3bIBAEMbIM
npousBeneHrem pactopumoctu (ITP). ITpousBenaenrue pacTBOPUMOCTH
— NOCTOSIHHAsA BEJIMYMHA, PABHAS IPOU3BEACHUIO AaKTUBHOCTEW HOHOB B
HACBIEHHOM pacTtBOpe MaJIOPaCTBOPHUMOT'O DJIEKTPOJIUTA.
Hanpumep, mpu obpazoannu ocanka AgCl nMeer Mecto paBHOBecue,
KOTOPOE OIMUCHIBAETCS CIEAYIOIUM HOHHBIM YPABHEHUEM:

Ag" + C1«<AgCl|.

IIpu »sTOoM IPOU3BEICHUE PacTBOPUMOCTH 3alMChIBAEM
CIeAyIoIUM 00pa3omM

[TPager = @pg+-acr- = [AGT[CI]fagefar,

+ -
rledag+ U acl.- aKTUBHOCTHCOOTBETCTBYIOMMXMOHOB, [AgQ'] u[ClI] —
‘ 3.
PaBHOBECHBIC KOHIICHTpAIIMU 3TUX K€ WOHOB, MOJB/IM’; faq+ wufc -
KO3 GUIUCHTHI aKTUBHOCTH HOHOB.

B pactBOopax MamopacTBOPUMBIX COECIMHEHUM KOHUEHTPALUU
MOHOB, KaK MpPaBWIO, OY€Hb HU3KU. Eciv B pacTBOpe OTCYTCTBYIOT
OPYTUE HOHBI, TO KOHIEHTPALMHA Maj0 OTJIMYAKTCI OT aKTUBHOCTEMN
MOHOB, HaIlpuMep

apg+~ [Ag'] mac=[CI],

TaK KaK B OTCYTCTBHE IOCTOPOHHHUX OJEKTPOJIMTOB HOHHAs Cuja
pacTBOpa Ou€Hb Masia U KO3(POUIIMEHTHI AKTUBHOCTU OJIM3KU K CAMHUIIE.

Ha »TOoM ocHOBaHuu i1 MpUOJIMKEHHBIX PACY€TOB BMECTO aKTHUB-
HOCTEl MOHOB MOKHO HCIIOJB30BaTh UX MOJISIPHBIE KOHIIEHTPAIIUH, TaK
yTo npousBeaeHue pactBopumoctr AJCIl MokHO 3amucarh B BHJIE Clie-
TYIOIIETO BHIPAKEHUS:

ITPagcr = [Ag'T[CIT.

J1s1 HEKOTOPOM TPy AHOPACTBOPUMON conu MpA; MOXKHO 3alKCaTh:



ITPppaq = [M]p[A]q-

[Io ONBITHBIM JAHHBIM O PACTBOPUMOCTH MAJIOPACTBOPUMBIX
BJIEKTPOJIMTOB PACCUHUTHIBAIOT HUX NPOU3BEICHUE PACTBOPUMOCTH, a
TaKXe peraroT o0paTHYIO 3aJayy Ha OCHOBAHUHU TaOJMYHBIX JAHHBIX O
MPOU3BEJACHUMN PacTBOPUMOCTHU. [Ipy 3TOM HEOOXOAUMO MOMHHTH, YTO
PaCTBOPUMOCTD BEILIECTB MOXKET OBITh BhIpaXK€Ha B JIOOBIX €IUHUIIAX, A
B [IP BXoaut xonyemmpayus BEUIECTB B Mois/nm°. 3uavenust 1P
NPUBEICHBI B cIIpaBoyHUKax[1].

Bce BbluncieHus, CBsA3aHHbIE C OOpa30BAaHUEM W PACTBOPECHHUEM
OCaJIKOB, BBITIOJIHAIOT MO CIEAYIOIIECH CXEME:

a) COCTaBJIAIOT YpaBHEHUS JUCCOLMAIMU DJIEKTPOJUTOB, KOTOPHIC
00pa3yroT MOHBI, YYACTBYIOIIHUE B PEAKIIUN OCAXKICHUS;

0) COCTaBJISIIOT MOHHBIC YPaBHEHUSI 00pa30BaHUs OCAIKOB;

B) 3allMCHIBAIOT BbIPAXEHHUE MPOU3BEACHUS PACTBOPUMOCTH B COOT-
BETCTBUM C MIOHHBIM ypaBHEHUEM, OMMCHIBAIOIMM 00pa30BaHUE OCaJIKa,
1 HaxoxdT 3Hauenus 1P mo tabiunam;

I') BBIUKMCIISIIOT 3HAYEHUS] PABHOBECHBIX KOHLIEHTPALUA MOHOB WM IO
3aIaHHBIM  KOHIIEHTpAIUsIM  CUJIBHBIX  J3JIEKTPOJIMTOB, WU  C
yueTOMK ;¢ /1151 CTTAOBIX AJEKTPOJIUTOB;

1) COIOCTaBliAsl 3aJaHHbIE KOHIUEHTpallud W YCIOBHS 3aJayw,
COCTaBJISIIOT anredpanyeckoe ypaBHEHUE, o KOTOPOMY
ONPEAEISIIOT UCKOMYIO BEJIMUYUHY.

1.2. YcaoBusi 00pa3oBaHusl M PACTBOPEHUS 0CAIKOB

CrnenctBueM W3 ONpPEACICHUS TMPOM3BEICHUS PAaCTBOPUMOCTH
SIBJISICTCSI BBIBOJ, UTO OCAJOK BBIMAJAeT M3 MEPECHIIICHHOTO PacTBOpa,
T.€. €CJIM TPOM3BEJCHUE KOHIICHTPAIIUi HOHOB, CIIOCOOHBIX 00pa3oBaTh
MaJIoOpaCTBOPUMOE BEIIECTBO, OoJblie TabmuuHoro 3HadeHus [IP
JTaHHOTO BemecTBa. Eciu ke mpou3Be/iIeHNe HATMYHBIX KOHIICHTPALIUM
HOHOB MEHBIIIE TTPOU3BEACHNS PACTBOPHMOCTH, TO OCAJ0K HE BHIMIAIACT,
a MpHW BHECEHHWH B TaKOM pacTBOP TBep o (ha3bl 3TOrO BEIIECTBA Oy/IeT
HaOJII01aThCS €€ PaCTBOPECHHUE.

1.3 PacTBOpUMOCTH 0CAIKOBB IPUCYTCTBUU OJITHOUMEHHBIX HOHOB

[Tonb3ysick TabmuuHbIMU 3HaUeHUsIMU [1P, MOKHO paccuuTaTh pac-
TBOPUMOCTb OCAJKOB TPYJHOPACTBOPHUMBIX COCIMHEHUIN B IPUCYTCTBUU



OJIHOMMEHHBIX MOHOB. BBICOKas KOHIIEHTpAIUsl 3TUX UOHOB B PacTBOPE
MOXET OBbITh 00yCIIOBJIEHAa N0OaBiIeHnEM n30bITKa ocagutens. Kak mpa-
BUJIO, JIEWCTBHE OJIHOMMEHHOTO HOHA BBIPAXKAETCS B  PE3KOM
MOHM>KEHUH PACTBOPUMOCTH.

1.4 TlocienoBaTeIbHOCTH 00PA30BAHUS 0CAIKOB
MaJIOPACTBOPUMBbIX COCAMHEHU U

OuyepeaHOCTh BBINIAJICHUS OCAJIKOB U3 PACTBOPA, B KOTOPOM COJIEP-
KUTCSI PsAJI MOHOB, CIIOCOOHBIX K 0Opa30BaHUIO MajJOpacTBOPUMBIX Be-
IIECTB C OJJHUM U TEM K€ MOHOM-OCAJIUTENIEM, TaK)KE€ CBsI3aHA C UX IMPO-
U3BEJICHUSIMU PACTBOPUMOCTH. [IepBbIM BbINIaJIa€T B OCAJ0K TO BEIIECT-
BO, [IP KOoTOpOrO IOCTUTAaETCS paHblIIe.

Ilns omHotmmHbIX coequHenni, Takmx kak AQCl, AgBr, Agl,
AgCNS, ouepenHocTb  MOXET  OBITh  OMNpeAEieHa  MPOCThIM
conocrasieHueM 3Hadenuul IIP >Tux coeamnHeHui.

MMPagci = 1.6:107% MPagseni = 1.16-10™% TP pgg, = 7.7-107%;
ITPag = 1.5-10™.
TP pgci> P agseNiPTIP age >TIP og.

CienoBareiibHO, B OJWHAKOBBIX YCJIOBHSIX MEPBBIM JIOJKEH
OCYXKJIaThCs MOAU, Jajee OpOMU/I, 3aTeM POJaHU M, HAKOHEI, XJIOPH
cepedpa. Ecnu KOHIIEHTpaliuu OJHOTUITHBIX HOHOB HE PaBHBI, TO 3a/1a4M
TAKOr'0 POJIa MOT'YT PEUIaThCs HA OCHOBAHUU PACUYETOB.

1.5 PacTBOpUMOCTDH 0CAAKOBC Y4€TOM BJIMSIHUS
HOHHOM CHWJIbI PACTBOPOB

st Gornee TOYHBIX pacyeToB HEOOXOAUMO yueT KOd(PPUIIMEHTOB
akTUBHOCTEH.  IloBBIlIEHHME  PacCTBOPUMOCTH TPYAHOPACTBOPHUMBIX
COCIMHCHHUI B MPUCYTCTBUU COJICH, HE COoAepKaIuX OOIMMX ¢ OCAIKOM
MOHOB, Ha3bIBaeTcs «coyieBbiM 3(dexktom».ConeBoit 3¢ eKT BbI3BaH
yMEHbIIIEHHEM KO03((OUIIMEHTOB aKTUBHOCTH HOHOB C TIOBBIIICHUEM
MOHHOM CHJIBI pacTBOpa, onpeesieMon o hopmyse:

u=05%",CZf,

rae C — MossipHasi KOHLIEHTpalus HoHa; Z -3apsiji HOHa.



KoadduimeHTsl akTHBHOCTH MOYKHO PAaCCUUTATh MO YPaBHEHUSIM:
JUTsl pacTBOPOB ¢ noHHOM cuiont u< 0.01

-Igfi =~ 0.51Z%\,
a JUIs pacTBOPOB ¢ MOHHOM crton 1>0.01

N
—lgf. = 0.512> ——

WIH BOCIIOJIb30BAThCS CIIPABOYHBIMU JaHHBIMH[1].
2 PACUETHI BTPABUMETPUYECKOM AHAJIM3E
2.1 Pacyer Macchbl HaBeCKHM aHAJIM3UPYEMOM MPOObI

Macca  HaBecku, TNpEJHA3HAYCHHOW  JUI  aHalW3a W,
CJeAOBATENIbHO, /IS B3BCIIMBAHMS HAa aHAJIUTUYECKHUX Becax, Oepercs
HE MpoW3BOJIBHO. Eciy Macca HaBeCKM B3ATa CIMIIKOM MajoW, TO
OomHocumenbHble TOTEPU TPHU TMOCIEAYIOMINX ONEPALUUSIX MOTYT
OPUBECTH K 3aMETHOM OTHOCUTENbHOM ommnOke ananuza. Ecnwu,
HAIpOTHB, HABECKa B35TAa CIMIIKOM OOJIBIIONH, TO MNpPHU MOJTYYECHUH
ocaxxmaemoil (popmbl oOpa3yeTcs 3HAYMTENbHasg Macca OcCajika, 4YTO
3aTpyaHAeT ero (GUIbTPOBAaHME U MPOMBIBAHHME, CIIOCOOCTBYET
COOCAXIEHUIO M3 PACTBOPA 3HAYUTEIBHOIO KOJUYECTBA IIPUMECEM,
YBEJINYNBAET POIOJKUTEITLHOCTD aHanu3a " pacxon
peakTuBOB.I103TOMY TpeOyeTcst OLIEHUTh ONTUMAIBHYIO MacCy HABECKH.

[Ipu pacuere ONTUMAIBHOM MAacChl HABECKU AHAIMA3UPYEMOTO
BEIIIECTBA YYUTHIBAIOT BO3MOYKHYK) MAaCCOBYIO JIOJIO OIPEIAEISIEMOro
KOMIIOHEHTa B aHaJIM3UpyeMO MpoOe W B I'paBUMETpUUECKON opme,
Maccy TpaBUMETPUUECKON  (DOpPMBI, CHCTEMATHYECKYI)  OIIHMOKY
B3BCIIMBAaHMS Ha aHanuTH4YecKuX Becax (00brgHO +£0.0002 1), Xapaktep
nojiyyaeMoro  ocajaka — aMOpQHBIH, MEJIKOKPUCTAIUIMYECKUH,
KPYITHOKPUCTATUTMYECKUU.

Heo6xoaumo MCXOAuTh M3 TOr0, YTOOBI OTHOCHTEIbHAS OIIMOKa
rpaBUMETpUYECKOro aHanusza He mpeBblmana + 0.2 %. Hcnomb3yror
TaKue METOAWKH aHalih3a, MPH KOTOPHIX OCHOBHOW BKJAJ B OIIHOKY
aHaJln3a BHOCHUT IMOTPEITHOCTh B3BEIIMBAHUS HA aHAJUTHUYECKUX Becax,
TOT/Ia KaK OITHMOKH, CBSI3aHHBIE C PACTBOPUMOCTBIO OCaJKa B MAaTOYHOM
pacTBOpe, C TOTEPSMHU MPH €ro MPOMBIBAHWM, OBLIA OBl MEHBIIE
MOTPEIIHOCTH B3BEIIMBAHMS Ha aHAJIMTUYECKUX BEcax.



OTtHOocHuTeNIbHasA omMOKa O B3BEIIMBAHMS Ha aHAJMTHYCCKUX BEcax
onpecaACIsICTCA COOTHOIICHUCM

0 = 100-A/m, %,

rae A = 0.0002 r, m — HaBeCcKa aHAJIM3UPYEMOTO BEIIECTBA B rPaMMax.
ITockobKYy OTHOCHUTEIbHAS OIIMOKA TPAaBUMETPUYECKOrO aHald3a HE
JO0JDKHA TIpeBBIMaTh 10 abcomroTHOM BenmumHe 0.02 %, a onHa
ONpeAesieTcsl OTHOCUTEIbHOMN MOTrPEITHOCTHIO B3BEIIMBAHUS, TO

0 = 0. 2% (ue 6onpie). Torma,

0.02% =ma.

CrnenoBaTenbHO, ONTHMAJbHA Macca m HAaBECKH, NPH KOTOPOH
JOIMYCTUMa OTHOCHUTEJIbHAS OIMOKa TPaBUMETPHUUYECKOTO aHalIM3a He
oonee +£0.2%, nomxHa OBITH HE MEHBIIIE YEM

m =0.02/6=0.02/0.2 =0.1 .

Koneuno, yem Ooibllie mMacca m, TeM MEHbBIIIE OTHOCUTEIbHAS
ommnOka aHanmm3a. OnHAKO OpaTh CIMIIKOM OOJIBIIYIO HABECKY HE
PEKOMEHAYETCS MO MPUYNHAM, YITIOMUHABIIUMCS BBIIIIE,

B Merozne ocaxaeHusi B3BEUIMBAIOT HE TOIBKO UCXOJHYIO HABECKY
OMpEIETIEMOT0 BEIlIECTBA, HO U KOHEYHYIO0 HABECKYTPABUMETPUUECKON
(dbopMbI, Macca KOTOPO B COOTBETCTBUU C W3JIOKEHHBIM BBIIIE TAKXKE
noykHa ObITh He MeHblie 0.1 . DTo ycimoBue HEOOXOAMMO MMETH B
BUJly TIpU pacyeTe MacChl HCXOJHOW HABECKH aHAIM3UPYEMOIO
BEILIECTBA.

Ha mpaktvke npu pacuere ONTUMAJIBHOM MAaCChl HCXOAHOMU
HABECKU HCXOIAT M3 TOro, 4TOObI ONTHUMAaJbHAs Macca KOHEYHOH
rpaBUMETpUYeckoil popMbl ObL1a ObI HE MeHbIIIE 0.1 T.

B pesynbpTate 00001IeHNSI MHOTOUYHMCICHHBIX HCCIEI0BAHUN OBLIO
PEKOMEHJIOBAHO 3a/laBaTh ONTUMAJIbHYI0 MAacCy TIpaBUMETPUUYECKOM

(bOpPMBI CIIETYIOICH:

TUIs1 00BEMHUCTBIX aMOP(PHBIX 0ocagkoB — oko1o 0.1 T,
1151 KpucTammmdeckux ocaakoB — oT 0.1 10 0.5 r (s 1erkux ocajakoB
— o1 0.1 10 0.2 1, 11 Tskenbix ocaakoB — ot 0.4 10 0.5 ).

3Has TpeObyeMyr Maccy rpaBUMETpHUYecKoil (OopMBI, ee cocTaB, a
TaKXKe€ TPUMEPHOE COACPKAHHE OIPEACIIEMOro KOMIIOHEHTa B



UCXOJHOM aHaIM3UpyeMOr MpoOe, MOKHO PacCUUTATh MACCy UCXOHOM
HABECKHU B KaXJJOM KOHKPETHOM CIIy4ae.
OOBIYHO Macca MCXOJIHOW HABECKW YKa3bIBA€TCS B METOJIMKE,
aHanu3a.

B oOmem ciyyae HWKHUNA Tpeaend ONTUMAJIBHOM  MaccChl
MUCXOMHOM HABECKHM aHAJIM3MPYEMOro BellectBa (B IpaMMax)
paccuMThIBaOT 10 opmyiie (2.3):

m= mrq)'F/ C
rie  Mre — Macca IpaBUMETpUYECKOM ¢opwmbl, I'; F— rpaBumer-
puueckuii (hakTop ((pakTop rnepecyera, aHaTUTHYECKUNA MHOXKHUTEIb);
C — wmaccoBas gonsi (B %) ompenensieMoro KOMIIOHEHTa B

aHAJIM3UPYEMOM BELIECTBE.

I'paBumerpuueckuii  ¢daktop  FumcinenHo  paBeH  macce
OMpENIEeNIEMOro KOMIIOHEHTa B TIpaMmax, COOTBETCTBYIOLIECH OJHOMY
rpamMmy rpaBUMETPUUECKON (hOPMBI.

['paBumMeTpruecKuil (aKTOp paCCUUTHIBAETCS KaK OTHOLIECHHUE
MOJISIpHOM Maccbl My omnpenenseMoro KOMIIOHEHTa X K MOJISIpHOU
Macce rpaBUMeTpruyecKor (hopmbl Mg, YMHOKEHHOE Ha YUCIIO 1 MOJIEH
OIPEAENIIEMOr0 KOMIIOHEHTA, U3 KOTOPOI'O MOIY4YaeTcsl OJUH MOJIb
IpPaBUMETPUYECKON (POPMBI:

F= nMx/qu).

Tak, ecim u3 aByx moneit FeCls-6H,O Ilomyuaercs omuiH MOJb
rpaBumeTrpuueckot popmel Fe,03, To N = 2.EciM u30qHOTO MOJs
Ba(NO3), momyuaroT oauH MOJb TpaBuMeTpudeckor popmer BaCrO,, To
n=1.

Benuauner IPaBUMETPUICCKOTO ¢akropa IS psaa
IpaBUMETPHYCCKHUX (hOPM MOKHO HAWTH B ClipaBOYHHKE [1].

2.2 Pacuer 00bema (Macchbl) ocauTeIst

Pacuem konuuecmea (obvema unu maccel)ocaoumens BEAYT C
YY4E€TOM BO3MOKHOI'O COJIEp)KAHUS OINPEACIIEMOr0 KOMIIOHEHTa B
aHanu3upyemoil mpobe. [[ns yBenuueHus MOJTHOTHI BBIIEICHUS OCaaKa
OPUMEHSIOT YMEpPEHHBbI U30BITOK ocaauTens. bombiioit  u30bITOK
ocanutens OpaTh HE PEKOMEHIYEeTCSIBO M30€KaHUEe 3arpsi3HEHUs OcaKa
M30BITOUYHBIM OcCaauTeNeM. Eciu ocaauTenp JIeTyd — yaaluseTrcs Ipu
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HarpeBaHuu ocajka (Hampumep, ocaautenb — pactBop HCI1), To 6epyt
IBYX-TPEXKPATHBIN ero M30BITOK o CpPaBHEHUIO co
CTEXUOMETPUYECKUM (T. €. COOTBETCTBYIOIIMM YPaBHEHUIO PEaAKIUU
oOpaszoBaHusa ocajaka). Ecnu ocamurens Heneryd (Hampumep, pacTBOP
xyopuaa Oapusi BaCl,), Oepyr MeHbLIUN €ro M30BITOK — MNPUMEPHO
IOy TOPAKPATHBIM.

OcHogHble mp€606aHl/l}Z, I’lpe()’bﬂ&fl}leﬂ/lble K ocaoumeio.

1) Ocagurens AOMKEH OBITh CHCIUGUYHBIM, CCICKTUBHBIM II0
OTHOIIIEHUIO K OCAXJaEMOMY HOHY.

2) OcaguTenlb JOJDKEH OBITH 110 BO3MOXHOCTH JICTYYUM, T. €.
JOJKEHJIETKO YAAISAThCsl MPU HArpeBaHUM WM MPOKAJTUBAHUU
ocaxaaemMoil (hOpMBl.

Tak, wHampumep, KaTHOHBI Oapusl OCaXKIAKOTCA W3 BOJHOTO
pactBopa B hopMe cyibdarta Oapus mpu NMpuOaBICHUU pacTBOpa CEpHOM
KHCJIOTHI, PACTBOPOB CYyJIb(PaTOB HATPHUSI, KAJIUS U JPYTUX PACTBOPUMBIX
cynbaroB. Ilpumecn copOUPOBAaHHOW OCaJIKOM CEPHOM KHCJIOTHI
yIAIAIOTCS TMPU TOCJIEAYIONMIEeM HAarpeBaHUU M MPOKAIMBAHUM OCAJKA
cynbdara Oapusi, TOrJa Kak COpOMPOBAHHBIE MPUMECH CYJIb(aToB
HATpUs WK Kaius He yaamstorcs. [loaTomy nist ocaxknaeHust 6apus B
BUJE cynab(dara Gapust cieayeT MPUMEHSITh PAaCTBOP CEPHOU KHUCIOTHI, a
HE pacTBOPHI CYJIb(PaTOB METAILIOB.

K Ba)KHEUIIMM HEOPTAHUYECKUM OCAJIUTEISIM OTHOCSATCSI PACTBOPBI
HC1, H;SO, H3PO4 NaOH, NH; AgNO; BaCl,, (NHg).C,0,,
(NH4);HPO4 1 np.

B kauectBe OpraHMYeCKHMX OCAOUTENEN IPUMEHSIIOT PACTBOPHI
JTUMETUIITIIMOKCUMA, 1-HUTPO30-2-HadToma, 8-OKCUXUHOJIMHA, II[aBEIeBON
KHUCJIOTHI U T. [I.

[IpuMeHeHre OpraHuyYecKuX OcaJuTernen, 00pa3yromx ¢ KAaTHOHAMU
METAJIJIOB  YCTOWYMBBIE BHYTPUKOMILUICKCHBICCOCAUHEHUS, 00J1aaeT
PAIOM TMPEUMYIIECTB MO CPABHEHUIO C WCIOJIb30BAHUEM TUIIMYHBIX
HEOPTaHUYECKUX OCATUTEIICH:

1)BHYTpHKOMILIEKCHBIE COCAMHEHMS METAJ/IOB, KaK IPaBHUJIO,
00J1aJat0THE3HAYUTEIbHOM PACTBOPHUMOCTBIO B BOJIC, 4To
obOecriednBaeT BBHICOKYIO MOJHOTY OCAXACHUS OMPEACIISIEMOrO KaTHOHA
MeTamiaX.
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2)AncopOLnoHHas CIIOCOOHOCTh OCAIKOB BHYTPHKOMILICKCHBIX
COCAMHEHUM, UMEIONUX MOJIEKYJISIPHYIO KPUCTAIUNIMYECKYIO PELIETKY,
HUDKE aJICOPOIIMOHHOM CMOCOOHOCTH HEOPTraHUYECKUX OCAaJKOB C
VOHHOU cTpykrypou.lloatomy OCaJIK1 BHYTPUKOMILIEKCHBIX
COCAMHEHUM aACcOopOMPYIOT U3 pacTBOpa MEHbIIE MOpuUMecer u
MOJTy4aroTCst 00JI€€ YUCTHIMH.

3)B0O3MOKHO CEICKTUBHOE WIIH JIaXKe CTICIU(DUIESCKOE OCaXKICHUE
TOTOWJIM MHOTO KaTHMOHA METajllla U3 PacTBOpa B MPUCYTCTBUHU APYTHUX
KaTHUOHOB.

4)bnarogapsi CpaBHHTEIBLHO OOJBIIOH MOJICKYJISIPHOM Macce
BHYTPUKOMIIJIEKCHBIX COCJIUHEHU I OTHOCHUTEIIbHAS ommoKa
OTpeIeICHUS NOHMXaeTCsA(yMEHbIIAETCS 3HAYCHUE
rPaBUMETPUUYECKOTO daxTopa F) o CpPaBHEHHUIO v
UCIIOJIb30BAaHUEM  HEOPTaHWYECKMX  OCaJUTelIeld C  HEBBICOKOMU
MOJIEKYJIIPHOMMACCOM.

Pacuem obwema pacmeopa ocadumensi TPOBOIAT, HUCXOHS U3
TpeOyeMoro KOJMYeCTBa oOcaAauTelss W ero KoHIleHTparuu. Kak
OTMEYEHO BBIIlIe, MPUMEHSIOT U30BITOK ocamutens. IIpu 3TomM Macca
OCaX/IaeMOT0  BEIIECTBA, OCTAIOWIAACs B PAcTBOPE  BCJIEIICTBHE
HEKOTOpPOH (MyCTh U HE3HAYUTEJILHOW) €ro paCTBOPUMOCTH, HE JIOJKHA,
Kak mpaBuio, npesBbimath 0.0002 r, T. €. OMMOKM B3BEIIMBAHMUS Ha
aHaJUTUYECKUX Becax. B NpoTUBHOM ciiydae HEOOXOAMMO BHOCHTH
NONMPAaBKA HA MOTEPU ONPENEIIEMOTO KOMIIOHEHTA BCJEACTBHE 4Yac-
TAUYHOTO PACTBOPEHUSA OCAIKa.

3 PEIHEHMA TUITOBBIX 3A/1IAY

Ilpumep 1.Bprauciuth mnpousBeAeHue pactBopumoct BaSOy,
€CJIM 1O TaOJUYHBIM JTaHHBIM PacTBOPUMOCTD €r0 paBHa 2.33 Mr/IM .

Pewenue. 1na seranciaenns [1Pgasos = [Ba2+][SO4'2] HEOOXO0IUMO
paccunTaTh KoHIleHTparuio BaSO, B MOJIB/,Z[M3, g 4dero 2.33 Mr/,uM3,
win 0.00233 r/oM°, HYXKHO pa3ienuTh Ha MOJSIPHYIO Maccy BaSO,, T.e.
233.4 r/momb.0.00233/233.4 = 1-10°Mons/mv.

Tak xak moznekynsl BaSO4B TakoM pa3daBieHHOM pacTBOpE MOJ-
HOCTBIO JIMCCOLIMMPOBAHBI, TO KOHIICHTpAIUs Ba®- u SO4'2 WOHOB

Oyner paBHa 1107 MOJII)/,Z[MB, a UX MIPOU3BEIICHUE
IIPgaso. = [Ba*][SO,%] = 1-10-1-107= 1107,
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Ilpumep 2. Bpruucoute pactBopumocth CaCOsz B r Ha 100 T
HACBIIIEHHOTr0 pacTBopa, eciu 1P ¢ co.= 1.7-10°%,

Pewenue. 3anucpiBacM ypaBHEHHE 00pa30BaHuUs 0CaIKa
Ca*? + CO;” =CaCO;,
coriacHo KoTopoMy I1Pc,cos = [Ca+2][C03'2] =1.7-10%, ITockoJbKY B

HACBHIIIICHHOM PAacTBOPE, HE COJeprKalleM MOCTOPOHHUX M M30BITOUHBIX
#OHOB, paBHOBecHbIe KoHnenTpauuu [Ca*?] u [CO3“] paBHEI, HX MOXKHO
o6o3naunts [Ca’] = [CO37] = X, u Torna
IIPcacos = 1710_8 = XZ;X: \/ ITPcacos= 1.3'10-4MOHB/I[M3.
CrneoBaTeNibHO, B HACBHIIIEHHOM PacTBOPE COJCPKUTCS 1.3-10™
Monb/mM°CaCO3. PacTBOpHMOCT ¢ (B IpaMMax) MOIYYHM, YMHOKHB
KOHI[CHTPAIAIO BMOJIB/IM° Ha MossipHyro Maccy CaCOgs, T.e. Ha 100

I/MOJIb.
a=1.310"* 100 = 1.3-10 r/aqm®, wm 1.3-10° /100 em®.

[IpyHSB MJIOTHOCTH TaKOro pa30aBICHHOrO pacTBopa paBHOW |,
nosyanm: pactBopumocts CaCOs pasHoit 1.3-10°r/100 r.

[IpuBeneHHOE BHINNIE PEIIEHWE HOCUT MPUOMKEHHBIN XapakTep,
TaK KaK HE YYUTBHIBACT pEaKIMil MPOTOHHW3AlMKM KapOOHAT-UOHA W
o0pa3oBaHUsS THIPOKCOKOMIUIEKCOB HMOHA  KaJbIIHS.

Ilpumep 3. Moxer ym obOpaszoBatbes ocagok Mg(OH),, ecnm
cmemats paBHble 00beMbl 0.5 MMQCI, u 0.1MpactBopa NH,OH?

Pewenue. YUuThIBalOT YMEHBIIEHUE HAYAIbHBIX KOHIIEHTpAlUH
PacTBOPOB 3a CUeT YyBEIWYEHHS oObeMa MpU CIAuBaHUU. Tak, Tpu
CJIMBAHUU JBYX PaBHBIX O0BEMOB CyMMAapHBIM OOBEM YBEIUYHUBACTCS
BJIBOE, @ KOHILICHTPALIMKM YMEHBIIAKOTCS BABOE, T.€. KOHIIEHTpAIMs PacT-

Bopa MQCI, craner pasnoit 0.5 : 2 = 0.25 MOJIB/,Z[M3, a KOHLICHTpaIus
NH;,OH— paBnoii 0.1 : 2 = 0.05 MOJII)/,Z[M3.

YPaBHeHI/IH 3aIIUCBIBAKOT B CJIGI[yIOHIeM HMOHHOM BH/AC:
Mg*? + 20H —Mg(OH),.; TTPygony =[Mg ][ OH T

JI1s1 mpuOIMKEHHBIX PAcUYeTOB PEaKIMsIMH 00pa30BaHUS aMMHad-

HBIX KOMIUIEKCOB MarHusi MOKHO MpeHeOpeub. OTCIo/ia OYEeBHAHO, YTO

Ui oTBeTa Ha Bompoc o Bbimaaenuu ocagka MQ(OH), HyXHO 3HATBH
2+ - 2+

koHIeHTpanuo noHoB Mg~ u OH'. Konnenrpamuio Mg~ npuHumaem
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paBHOM 0.25 MOJIB/I[MB, yuutbiBasg, uro MQCl, sBiseTcss CHIBHBIM
AJIEKTPOJUTOM.
g  BhIUMCIEHHS KOHUEHTpauuii wWoHOB OH  ucnome3yrot
BBIpakeHUE 111 KoHCTaHThI aucconuanuu NH;OH, T.e.
_|_ —
[NH{][OH™]

K = =1.8-107°
[NH,OH]

[Ipunse paBHoBecHble KoHueHTparmu [NH; ] = [OH] = xu
[NH4OH] = 0.05 - X, moxy4yum:

x*(0.05- x) = 1.8-10™.

Pemasi 5T0 ypaBHEeHUE B NPUONMKEHHOM BHUIE, T.€. IpeHeOperas
BEJIMUMHOM X 1o cpaBHeHuto ¢ 0.05 B 3HameHaresne, HaXoIAT:

x= v1.8-10"5-0.05 =9.5-10~* monn/am’.

Ucnone3yst 3nauerns [Mg®] = 025 u [OH] = 9.510" mu
BBIUMCIICHHS TIPOU3BEICHUS HaYaIbHBIX KOHIIEHTPAIIUN 110 BBIPAKCHUIO
s TP, momyyvaror:

[Mg*4][ OHT? = 0.25:(9.5:10)*~ 2.25-10"".

[Tony4eHHYI0 BEIMUMHY COIMOCTABJISIFOT C TaOJMYHBIM 3HAYECHUEM

1P = 5-10%%, BunHo, 4TO paccunTaHHOE MPOU3BEICHUE KOHIICHTPAIIUI
npeBbiaeT TadbauuHoe 3HaueHue I[1Pygony2, T.€. pacTBOp MEpECHIIEH U
0CaJIOK JIOJIKEH BHINAJATh.

Ilpumep 4. 1lpm kakoMm 3HaueHun pH HauHETCs BbIMAAECHHE OCAJKa-
Fe(OH), u3 0.1 MpactBopa FeSO, mnpumodasiennn NaOH?

Pewenue.  OOpa3oBaHue  oOcajka  ONHCBHIBAETCS  HOHHBIM
ypaBHEHUEM

Fe*? + 20H —Fe(OH),|
N IJ1A HCT'O BBIITOJIHACTCA YCJIOBUC
TTPrecory. =[Fe*][ OH]? = 1.10-10°.

+2 < 3
PaBHOBecHyr0 KoHIIeHTpanuio [Fe ] canraror paBHo# 0.1 Moas/AM”, Tak
kak FeSO, — CWIBHBIN 3JICKTPOJIHT, U TOTJA, UCXOJ U3 BBIPAKCHHS
s TP, momyyaror:
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[OH™] = \/1'10‘15/0_1 = 1-1077

Haxomsar pOH =-Ig[OH’] = 7; cnenoBarensno pH = 14 - 7 = 7. 3Haywur,
npu pH = 7 maunnaercs Beimajgenne ocaaka Fe(OH), u3 0.1 MpactBopa
FeSO, mpu nobasiennu NaOH.

Ilpumep 5. Beruucnuth pactBopumocth BaSO, B pactBope 0.1 M
cepHol KUCHOTHI. [1Pgas0.= 1.10-107%.

Pewenue. B pacTBope NPOUCXOIAT IPOLIECCHI, KOTOPHIE MOXHO
ONnrcaTh YPABHCHUSIMU:

BaSO,—Ba”" + SO, (pacTBopeHne ocaka);
H,SO,« 2H" + SO4'2 (muccoumanus KUCIOThI).

O06o03HaYUM MOJISIPHBIC KOHIIEHTpAIMK Oapuii- U Cylb(aT-uoHOB,
oOpa3yronmxcsi Ipu pacTBOPEHUM ocaakoB, uepe3 X.Kpome Toro, B
pacTBOpe HaXOAATCS Cylb(aT-HOHBI, O00pa3yloluecs BCICICTBHUE
JTUCCOLMAIIMK CEPHOM KUCTOTHI. [IOCKOJIbKY CepHasi KUCJIOTa B JJAHHBIX
YCIOBUSAX TUCCOIMHUPYET MPAKTUYECKU IMOJTHOCTHIO, TO KOHIIEHTpaIus
ATUX MOHOB paBHAa HAYaJbHOM KOHIIEHTPAIMU KHUCJIOTHL. Takum
oOpa3oM, 00I1asi KOHIIEHTpaIus Cyiab(}aT-nOHOB ¢ KOHIICHTpAIus
noHoB Ba”* GymyT paBHbI:

[Ba”] = x; [SO,%] = x +0.1.
Torna [1Pgasos = X(x+0.1) = 1.1-10%°,

Tak kak x << 0.1, 10 x = 1.1-10%%0.1 ~ 1.1-10"° momns/mm>,

KoHuentpanuss  pactBopeHHbix  Mmosiekyn  BaSO,  pasna
PABHOBECHOU KOHIIEHTpAIlMU HOHOB Oapusi B pacTBope (3TO CleAyeT u3
ypaBHEHUs Juccoluanuu cyiabdara Oapusi). Torma pacTBOPUMOCTH
3TOro ocajxa (B MI/IM°) MOKHO OIPELCIINTD U3 YPABHCHHSL:

Ogasoe= 1.1-10° 233.4 r/mons = 2.57-10" r/nm°
v 2.57-10 Mr/z[M3

CpaBHMBas 3TO 3HAUYEHHE C PACTBOPUMOCTBIO CylibdaTa Oapus B

BoJie (cM. mpuMep 1), HaXoUM, YTO PaCTBOPHMOCTb CHU3MJIACH MOYTH B
4
10" pas.
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Ilpumep 6. llpn kakux 3HadyeHuUsix pH M KakoW W3 OCaIKOB -
Fe(OH); unmn Mn(OH), - Oyzaer Bbimagath HEPBBHIM MPU MOCTECICHHOM
npubaBinenun  pactBopa  NaOHxk pactBopy, comepxkamemy 0.1 M
MnCl, u 0.001 MFEC|37

Pewenue. TTPynony = 4-10™; TPy onys = 3.8-10°%,

Yuureisasi, uto MNC1, u FeCl; - crubHBIE 37IEKTPOIUTHI, CAUTAIOT
xoHrertpanuio [Mn®] = 0.1 mons/om® u [Fe™] = 0.001 momb/mm’.
3anuchIBaroT BeIpakeHus s [1P:

[Py <[MN* JIOH T 1 TTPeeony: =[Fe*J[OHT’,

[ToacTaBiA0T 3HaYECHUS [Mn2+]: 0.1 mous/om°,
[Fe**]= 0.001 monb/mm’ u Haxomst [OH]:

1) 0.1[OH7* = 4-10 " zst Mn(OH),
2) 0.001[OHT’ = 3.8-:10 s Fe(OH)s.

I[CJ'I&IOT COOTBCTCTBYHOIMUEC BBIYHUCIJICHUA:

1) [OHT] = J4 ' 10_14/0.1 = 6.3 10~ monp/om°;

2) [OH™] = 3\/3'8 ' 10_38/0.001 = 3.4- 10" 2 momn/nm°.

Takum oOpasom, jJi1 Havana BeimageHus ocanka Fe(OH); myxHa
MeHbIIIass KoHIeHTpanus noHoB OH', u oH OynmeT BBIMAIaTh B OCAI0K
TICPBBIM.

Jliis Havana ocaxaeaus Mn(OH), nyxHa konnenTpanus [OH] =
6.3- 107 mons/mm’, T.e. mpu sToMpOH = -Ig(6.3- 107) = 7 — 0.8 = 6.2;
pH=14-6.2=7.8.

AmnayornyHo, Ui Hadana BeimaaeHus ocaaka Fe(OH); myxuo [OHT] =
3.4- 10" momb/nm°, T.e. pOH = -Ig3.4- 10" =12 -0.53=11.47 upH =
14 —11.47 = 2.53.

Ilpumep 7. BpluMCIUTh, HMOHHYIO CHIIY pactBopa, conepxaimiero 0.01
mons/nv° KCl u 0.02 moss/mm® CaCls,.

Pewenue. Tuccoumanus cuibHbix 35ekTposmtoB KC1 un CaCl,
OMUCHIBAETCSI YPABHECHUSAMU
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KC1 —»K"+CI; CaCl,— Ca*®+2C1".

KonrnenTpaiinu MOHOB B pacTBOpe OYIyT PaBHBI:

Cxs =0.01 MOJIB/I[MB; Ccar = 0.02 MOJIB/TIMC

Cc1. = 0.01+0.04 =0.05 moms/mm’. MoHHASE crila pacTBOpa PaBHA:
n=0.5(0.01-1% + 0.02-2? + 0.05-1%) = 0.07.

Ilpumep 8. BbrUMCIUTH BAUSHUE «COJIEBOrO 3(pdeKTay Ha pacTBO-

pUMOCTh cynbdaTa CBUHIIA 3a CYCT TMPUCYTCTBUS B PACTBOpE
0.1 mons/nm°KNOs.

Pewenue. BerauciiieM HOHHYIO CUJTY PacTBOpA:
n=0.5(0.1-1° + 0.1-1%) = 0.1.

To cripaBounuky [1] HaxoauM KOI(QHUINEHTH aKTHBHOCTH HOHOB Ph**
1 SO, KoTopsie pu noHHOoM cuiie 0.1 pasubr 0.33.

Brruncnsiem PacTBOPUMOCTD PbSO4(a(1)pbso4), IpUHUMAS
KO3(PUITMEHTHI aKTUBHOCTH MOHOB, PABHBIMHU 1, aHAJIOTMYHO PEIICHHIO
B IpuMepe 2:

[Pb**][SO4*] = TPpysos = 1.6-10°,
aPppsos = [PH?*] = [SO.F] =VITPpysos = V1.6-10°% = 1.27-10™ mons/mv’.

2
Borancsiem  pactBopumocts  PbSOs  (0Pppsos) B mpucyrcTBHE
3
0.1 M mons/mM"KNQO3, T.e. ¢ y4eTOM HMCTHUHHBIX KO3(P(UIIMEHTOB
aKTUBHOCTH MOHOB:

ITPppsos =[P 1[S04 Ifopo+fsoe-

Otkyna

-8
@) _ 2+ _ 2- _ MPppso 4 [1.6:107°
0 “ppsos = [PPT] = [SO,7] = FE =
1'27.10_4M0Hb/ M
0.33 AM

Lo (2 1

OTHOLIIEHUE PacTBOPUMOCTEN 0 Pppsoatt o )pbso4xapaKTepH3yeT BIIUSIHUE
«coneBoro 3¢ dexTay», T.e. MOBBIIMICHUE PACTBOPUMOCTH MajOpPaCTBOPH-
MOT'O CO€TMHEHUS B MIPUCYTCTBUU CHIIBHBIX 3JIEKTPOJIUTOB!
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1.27-10~%

( _
0.33-1.27-10~4

2) 1) —
o Pbsozt/a PbSO4 —

Taxum o6pazom, pactBopumocts PhSO, moBsimaercs B 3 pasa.

Ilpumep 9. Pacder Macchl HCXOJHOHW  HABECKH  MPH
rpaBuMeTpudeckoM ompezaenenun xeneza(lll) B xmopune FeCls-6H,0
OCAXKJEHUEM pacTBOPOM aMMuaka B Bujae ruapokcunaa xeneza(lll)
Fe(OH); (ocaxmaemass ¢dopma) C TOCIACAYIOMUM IPOKAJIUBAHUEM
ocaxxnaemoit popmel 1o Fe,03 (rpaBuMerpryeckas hopma).

[Tonyuenue ocaxaaeMoil OpMbI:
FeC|3+3NH3HgO—>F€(OH)gl+3NH4CI

Ocaxmaemas ¢opma TmpeactaBisier coOoi amMop(HBIA CHIBHO
TUAPATUPOBAHHBIM ocafgok ruApokcuaa keneza(lll), mnpakTuyecku
HEPACTBOPUMBIN B BOJIE.

[Tonmy4yeHne rpaBUMETPHUUECKON (POPMBI:
ZFE(O H)3—>F9203+3H20

B COOTBETCTBUM C W3JIOKEHHBIM BBIIIE (OCaIOK aMOpPQHBIiL)
3a/1aBa€MyI0 MacCy rpaBUMETPUUECKOM (hOpMBbI IPUMEM PaBHOM:

mFezog = 0.1 I.

Yucno aromoB xkene3a(lll) B ogHOM MoJie TpaBUMETPUUYECKOM
(GbopMBI paBHO JABYM, a B OAHOM MOJIE€ UCXOJIHOro Xjopuaa sxeneza(lll)
— enunune. CrenoBaTeiabHO, YuClIO MoJied xisopuna skenesa(lll) B
HCXOJHOM HaBEeCKe JOJDKHO ObITh B JiBa pasza OoJbIlIe 4Yucia MOJICH
okcuja xene3a(lll) B HaBecke rpaBumMeTpudeckoi popmel. Torga macca
UCXO0/IHOM HaBecku xjopuja xkene3a(lll) Oyner paBHa:

MEecl-6H20 = 2m|:ezog'M|:eC|3.6H20/M|:e203: 2:0.1-270.3/159.7 = 0.340 r.

Takum oOpa3om, Macca UCXOJIHOM HaBeckH xsopuaa sxenesa(lll)
He ospkHa ObITh MeHblie 0.340 T,

Ilpumep 10. Pacuer wMacchl HWCXOJHOW HABECKH  IIPH
rpaBUMETPUYECKOM ompeaeiieHnu Oapus B Hutpate Oapus Ba(NOs), B
Buge xpomata Oapus BaCrO, (rpaBumerpuueckas (opma).
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Ocaxnaemas popma — Takke XpomaT Oapusi — IPEJCTaBIIET COOOM
MEJIKOKPUCTAJUIMYECKAN OCAIOK.

B CcOOTBETCTBMM C U3JIOKEHHBIM paHee 33JaBaEMYyI0 MaccCy
rpaBUMETPUUYECKON POPMBI TPUMEM paBHOU Mpycro: = 0.3 T (MOCKOIBKY
0CaJI0OK — MEJIKOKPUCTAJUIMYECKOE BEUIECTRO).

Macca ucxoHoi HaBeCKU HUTpaTa 6apusi Mgynos). PABHA MIPOU3BE-
JICHUIO YKCJia MOJIe 1 HUTpaTa Oapusi, COJECPKAIIUXCS B 3TOM HaBECKE,
Ha MOJISIpHYIO Maccy HUTpara 6apust Mganos.:

MeaNos): = N*Mpanos)

Yucno moiieid HuTpata 0apus B UCXOJTHOM HABECKE PaBHO YHUCIY
MoJIe XpomaTa Oapusi B rpaBUMETPUUYECKOU PopMme, T. €.

Torna
mBa(NO3)2: mBaCI’O4'MBa(NOS)Z/MBaCrO4 =0.3:261.3/253.3=0.31r.

Takum 00pa3zoM, mMacca HCXOJHOW HAaBECKHM HHUTpara Oapus He
oJKHA OBITh MeHble 0.31 T.

IIpumepll.PaccuutaeM KOJMYECTBO OCAAMUTENI U ONTUMAJIbHBIN
0o0bEM pacTBOpa OCAIUTENS ISl TPAaBUMETPUUYECKOTO OIpeeTICHUs
CepHOM KHCIIOTHI B BuUJe cyiab(ara Oapusi BaSO, (ocaxmaemas u
rpaBumeTpuueckas Gopma). OpueHTUPOBOYHAS Macca CEPHOM KHUCIOTHI
B pactBope o0bemMoMm 100 mut okoso 0.2 T: My,so. = 0.2 1. Ocagutens —
BOoAHBIN 0.2 MOB/1 pacTBOp Xs1opuaa 6apusaBaCl,.

[Ipu mnpubaBieHHM pacTBOpa OCATUTENS K aHAIUZUPYEMOMY
PacTBOPY CEPHOM KHCIIOTHI BBIICISICTCS OCIBIM MEIKOKPUCTAIINYCCKUN
ocaiok cyib(dara Oapus (ocaxxmaemas hopma):

BaC|2+stO4—>BaSO4l+2HC|

Ocanok (Tociie ero Cco3peBaHusl IOJ, MaTOYHBIM PacTBOPOM)
OTAENSOT, TPOMBIBAIOT, BBICYIIMBAIOT, TIPOKAIUBAIOT U B3BEIIUBAIOT.

Pewenue:

1) Paccuntaem mnpubau3uTeIbHOE KOMMUECTBO (NH.50.) CEPHOIM
KHCJIOTHI B aHAJIM3UPYEMOM PacTBOpE:

NH250.— mH2504/MH2304 = 0.2/98.08 =0.002 moi1s.
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2) Paccumraem 00beM Vpyc. 0.2 Monb/I pacTBOpa XJIopuaa
Oapusi, HEOOXOAUMBIA JUISI CTEXMOMETPUYECKOTO MPEBpAIllCHUs BCeEi
CepHOM KHCIIOTHI Beyibdar Oapua. KosumuecTBo xiopuma Oapus,
tpedyemoe mns cBa3biBaHUA0.002 MoJisE CEepHOM KHCIOTHI, TaKxke
paBHo 0.002 moJist, 4TO CHNEAYET U3 CTEXUOMETPUN PEAKITUH.

B 1000 mn 0.2 momws/n pactBopa BaCl, coxepxurcs 0.2 mos
BaCl,.

B Vpgaci:M 0.2 momb/n Toro ke pactBopa cojaepskutcst 0.002 mosst
BaC|2.

CraenoBaTenbHO,

Vgac1. = 0.002:1000/0.2 = 10 mu,

3) TlockoibKy ocaauTenh — XJOPUA Oapus — HeEJIeTy4ee
BEIIIECTBO, TO BCOOTBETCTBHUM C M3JI0KEHHBIM BBIIIE CIeAyeT OpaTth
IPUMEPHO MOTYTOPAKPATHBIA €0 U30BITOK, T. €. ONTHUMAaJIbHbINH 00BheM
pactBopa ocaautens paBeHl.5-10 mia = 15 mi.

B IMPUBCACHHOM IMpUMEpe OblL1a HN3BCCTHA MOJIBIpHasA
KOHLOCHTpAIUA pacCTBOpa OCAAUTCIIA. Ecmm xe 3a1aCTCA HC MOJIIPpHAaA
KOHLOCHTpaNuA, a MaCCoOBas A0JIA OCAAUTECIIAA B paCTBOPEC, TO IJIA pacuycTa
KOJIMYCCTBA OCaAAUTCIA U o0BeMa pacTtBOpa OCAAUTCILA HGO6XOI[I/IMO
3HATh INIOTHOCTB paCTBOPA OCAAUTCIIA.

4 3BAJTAYN JIUII CAMOCTOSTEJILHOM PABOTHI
B 3amauax 1 — 11 paccunrats [IP o gaHHBIM O PacTBOPUMOCTH
MaJIOPaCTBOPHUMBIX BEIIECTB:

1. B 500 cm® HachimenHoro pactopa cogepxutcs 9.5:10 r AgCl.

2. U3 2 ;M HACHIIIEGHHOTO PacTBOPA IOCJIC BHIIAPHBAHMS IIOIYYCHO
2.688 T CaSO4‘ 2H,0.

3 PactBopumocts CaCOg paBua 0.0062 r/am°.
4. Pacropumocts Fe(OH); pasna 2:107° r/nm’.

5. B 2.5 nM® HACHIICHHOTO pactBopa comepxkurcs 21.5 wmr
MgNH4PO4

6. PactBopumocts AQCI paBra 2.57 Mr/am’.
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7. HacbIlmeHHSIH pacTBOp comepxurt 3.84 mr PhSO, B 100 cnm’.
8. B 2 am® HAaCBILIEHHOTO pactBopa conepxkutcs 0.124 r CaCOs.
9. Jlnst Haceimerus 200 cM® Bobl tpedyetcs 0.57 mr BaCOs.
10. Pacreopumocts CaC,0,4 mpu 20 °C pasHa 4.8:10™ moms/mm’.
11. PactBopumocts AgsPO, pasua 1.96:107 r/mm’.

12. Ha ocHOBaHWM TPOMU3BEACHUS PACTBOPUMOCTH PaCCUUTATh,
3

ckosnbko TpammoB BaCrO, conepxurca B 500 c¢M® HacChIIIEHHOTrO

pacTBoOpa 3TOU COJIH.

13. Ompemennth MaccoBYI0 IONK0 HOHOB Ba®® B  HACHIMIEHHBIX
pacTBopax cienyroux coneii: a) BaS0,4<; 6) BaCOs; B) BaF-.

14. Bemmenuts pactBopumocts  Mg(OH), B r/mM’, ecim
HPMg(OH)Z = 6'10-10.

12
15. 3Has HPAngrO43, paBHoe 1.1-107°, BBIYMCIUTHL PacTBOPUMOCTH
9TOH COJIM B MOJIB/IIM .

16. BBIUUCIUTH MOJSPHYIO KOHIIGHTPAIMIO M PAaCTBOPUMOCThH HAChI-
meHHoro pactsopa PbSOy (B r/mm®).

17. Tlo mpomsBexeHmio pactBopuMoctd Pbl,, pasmomy 1.1-107
BBIYHUCJIUTH PACTBOPUMOCTS B MOJIB/I[M3, F/,Z[M3.

18. Bo ckompko pa3 pactBopumocth AgCl B pactBope 0.1
MNaCl mensbIie Mo cpaBHEHHIO C €r0 PacTBOPUMOCTBHIO B Boje 0Oe3
ydeTa v ¢ y4eToM K03 (PUITMEHTOB aKTUBHOCTH?

19. Bsmuucaute pactBopumocts CaC,04 B pactBope (NH4),Co04 ¢
MoJisipHoi koHIleHTparuei 0.01 M.

20. Kak mnoBiusier Ha pactBopumocTh CaC,0O, mpUCYTCTBHUE B
pactBope KC1 ¢ konnentparueti 0.1 MOJIB/ M ?

21. BoraucnuthpactBopumocTh CaCO3 B 0.01 M pactBope KNO3, ecnu
ITPcacos= 2.8:10° (mpoToHM3anmel KapOoOHAT-WOHA MpeHeOpeun). Bo
CKOJIBKO pa3 pactBopuMocTh CaCO3z B 3TOM pacTBOpe OOJbIle, YeM B
BOJIE?
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22. Berunciuts pactBopumocts Pbl, B 0.02 M pactBope Al(NOs)s.Bo
CKOJIBKO pa3 pacTBOpuMOCTh Pbl,B 3TOM pactBope Gosibie, yeM B Boje?

23. Bo ckonbko pa3 moBeicuTcs pactBopuMocth PhSO, B pacTBOpeE,
comepxxkamem 3.4 r/):[M3Mg(N03)2 0 CPaBHEHUIO C  €ro
PacTBOPUMOCTBIO B BOJIE?

24. Bo cKonbKO pa3 yBeaumuuTcs pactBopuMocTh AgBraa cuer
«conesoro 3¢dexra» B 0.05 M pactBope NaNO3?

. 11

25.1Tpouseenenune aktuBHOocTer AQ,C,0, = 3.5-107". Berumcnurp c

ydeToM KOd(PPHUIIMEHTOB aKTUBHOCTH pacTtBopuMocTh Ag,C,04 u
+

KOHIICHTPAIIMIO HOHOB AJ™ B HACBHIIIIEHHOM PacTBOPE.

26. Bo ckoinbko pa3 pactBopumocts BaCO3; B 0.01 Mpactope KNO;
BBIILIE IO CPABHEHMIO C €0 PACTBOPUMOCTHIO B BOzE?

2+
27. Kakas xoHIeHTpamus HOHOB PD” ocrtaHeTcs B pacTBOpe IpH
ocaxxaenun ero B Buae PbSO, aeiictBueM cepHOM KHCIIOTHI B SKBHBA-
JIEHTHOM COOTHOIIICHUHN?

2+
28. Ilpm ocaxjaeHuu moHOB Ba“ co3maH HM30BITOK KapOOHAT-HOHOB,
paBublii 1:10™ mons/am”. Ckonbko rpaMmMoB Ba“ octanercs B pacTBope,
3
€CJIM OCaxJeHrue MpoBoawiik B oobeme 200 cm™?

< + 3
29. Ckombko Mouneil noHOB Sr** ocramercst B 500 cM® HACBIIIEHHOTO
pactBopa npu ocaxaeHuu SrSO,, eclii KOHLEHTpalus Cyiab()aT-uoHOB
-2 3
npu 3ToM 1-10™ mone/am”.

3
30. Beruucauts Maccy xpoma (B rpammax), octasuierocs B 200 cm
pacTBopa nocJie OCKJICHUS XpoMmara CBHHIIA, eciu
3
KOHIICHTpaIlMsl HOHOB CBUHIIA 1pu 3ToM 1-107M.

31. BbluUCIUTP KOHIEHTPALIUI0 MOHOB MarHus B pacTBOpPE, €CIH
MOCJIe OCaXKJEHHUs ero B Bujie ruapokcuaa pH pactBopa 0but paeH 10.

3
32. XKeneszo ocamunu B Buae Fe(OH); u3 200 cm™ pactBopa nipu pH = 3.
Brruncnuth Maccy jkejie3a, OCTaBIIEroCs B HACBIIICHHOM PacTBOPE HaJ
0CaJIKOM.
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33. B pactBOpe, comepxkamem nonel C1™ u |', co3mana KOHIIEHTpaIys
HOHOB cepebpa, paBHas 110}, KakoBa KOHIEHTpAaIrys STHX HOHOB
nocie BemazaeHus ocaakoB AgCl u Agl?

34. Yemy paBHA KOHIICHTpAIUsI HOHOB Ba* B pactBope, ecnu k 100 oM’
0.05 Mpacrsopa BaCl, npu6asiero 100 cm® pactsopa 0.06 Mcynbgara
HaTpus?

35. K 50 cm® pacTBOpa, COJAEpIKAIIETro 1.7-10* MOJ'IB/I[Mg HUTpaTa
cepebpa, mpubOaBimeno 150 cm®™ 0.01 M pacteopa NaCl. UYemy
paBHBI KoHIeHTpalmn noHoB Ag” 1 Cl” mocne ocaxnenus AgCI?

36. K 0.02 M pactBopy MnCl, npubaBwiu paBubiii 06beMm 0.03
MpactBopa Na,CO;. UeMmy paBHBI KOHLIEHTpaud HoHOB Mn®" u
Cng'nocne BEINTazeHusd ocagka MmCQO;?

37. Kak u3MeHUTCsI pacTBOPUMOCThH OKCajiaTa KaJbIUsl B OJHOM JIUTPE
pactBopa B mpucyrctBuu 0.10 Moab/ pacTBopa Xjopujaa Kajds IO
CPaBHEHHIO C €ro pacTBOPUMOCTHIO B umcToil Boje? IIP oxcamara
KaJIbILUAA = 2.3:10°

38. O0pa3zyercs 11 0caloK XJopuaa cepedpa Mpu CMEIIMBAHUNA PaBHBIX

00BEMOB pacTBOpa XJIOpHAAa Kaius M HHUTpata cepedpa, €ciu Hux
4

MCXOJIHBIE MOJISIPHBIC KOHIIEHTpAITUN COCTaBISIOT 5:-10™ Mob/1.

39. PaccuuTaiite, BO CKOJBKO pa3 pacTBOPUMOCTbH XJOpuja cepedpa B
0.001H pacTtBOpe xJjopujaa HATpUsd MEHBIIE IO CPAaBHEHUIO C
PacTBOPUMOCTBIO €T0 B YUCTOM BOAE?

40. K pactBopy, coaepxamemy 0.1 monb/n Hutpata cBuHma u 0.1
MoJIb/1 HUTpata pTyTu (l) MocTeneHHO 100aBJSIM PacTBOp XJIOpHUIA
kanusa. Kakon u3 KaTHOHOB OCaKJAJICSI MEPBBIM M KAKOW IMPOLEHT €ro
OCTaJICSI B paCTBOPE K HAYaTy OCaXJACHUSI BTOPOTO?

41. Beimager M 0CaJoK THAPOKCHUAA MarHus npu jaeucteuud Ha 0.2 M
pacTBOp cyib(ata wmaraus paBHeIM o0BeMoM (.2 M. pactBopa
TUJPOKCHIa AMMOHMS?

42. HaceimeHHpId pacTBOp cyib(aTa Kaabllds CMEMIald C PaBHBIM
obbemMoM pactBopa, coaepxariero 0.0248 r okcamara aMmMoHus B 1 1
[Tpousoiiner 1 oOpazoBaHue ocaaka’?
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43. Ilpu Kakoil KOHIICGHTpAallMd HWOHOB MAarHHMS HAYHETCS BBINAJCHUC
ocajJka THAPOKCHA MarHus U3 pacTBopa, umeroriero pH 8.77

44, Tlpu kakoM 3HadeHUM pH HauHeTCs BBINAJICHUE OCaJiKa THUAPOKCUA
koOanbTa u3 0.1 M pacTBOopa xsopuaa kodbanbTa?

45. byner nu ocaxaaTbes Cyiab(}aT CTPOHUUS pH T100aBIECHUU K HEMY 5
MJI HACBIILIEHHOTO pacTtBopa cyib(arta kampuusg K 20 mu pacTBopa,
conepxaiero 0.5 Mr-uoH CTpoHIUSA?

46. Kakoe BemIeCTBO HAYHET OCAXKIAThCA TMEPBBIM MPHU MOCTETICHHOM
OpUWIMBAHUM HUTpaTa cepedpa K pacTtBopy, coaepsxkamemy 0.01 momns
xjaopuaa kanug v 0.1 mons xpomara kanusi?

47. Paccuutath (pakTOop mepecyera (rpaBUMETpUYECKUN (PakTop) st
BBIYMCIICHUSI MacChl As, OMPEACIsIieMoro no cxeme As — A8283—SO42'
—BaS0O,. Otset: 0.2140.

48. Paccuurtath (hakTop mnepecyera (rpaBUMETpUUECKUN (PakTop) s
BeruncieHuss mMaccsl HF, ompepensemoro nmo cxeme HF —CaF, —
CaS0,. OtBet: 0.2939.

49. Paccuutath Maccy KCIO,. Ilpm anamuse pactBopa K,CrO,
nonyymin ocanok PbCrO, maccoir 0.1524 r. B stom ke pactBope
onpeaensum kanuit B Buae KC1O,.

50. Paccuurare Maccy FeCls koropyto ciemyer B3STh JUIS ITONTYYICHUS
02r Fezog.

51. Paccuurarh maccy HaBeCKy cMmecH, coiepaieid mo macce 80%
Aly(SO4); - 18H,0 u mpumecH, KOTOPYIO HAJO B3STh, YTOOBI TOJIYIHUTH
He 6osee 0.10 r mpokanenHoro ocagka Al,Os.

1. PaccuurtaTh HaBeCKy cIulaBa C MaccoBol jponed Mg
0.5%,4T00BI TIpU TPAaBUMETPUUECKOM ompeaesieHun mnoiyumioch 0.1 r
M92P207.

2. Paccuntath MUHMMaJIbHYI0 HaBECKY TEXHMUYECKOTO XJIOpHJIA
Oapusi, conmepxarniero okojo 20% Oapusi, mpu omnpeneaeHun Oapus
rpaBUMETPUYECKUM METOJIOM B BUjie BaSOy,,

3. Paccuurarh Maccy BelecTBa, cojepkamero okojio 20 %
NaCl u 30 % KC1, koropyro cienyer B3aTh juisg nmonyuenus 0.5 v AgCI?
Otser: 0.47 r.

4.  Paccuutath 00BEeM colsgHOW KucIoTel (p = 1.17 F/CM3),
KOTOPBIA moTpedyercs s ocaxkaeHus cepeopa B Buae AgCl uz 2.0 ¢
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cIuiaBa, coaepxamero 22 % Ag, npu HCIOJIb30BAHUU ITOJTYTOPHOTO
kosmmuectBa ocaaurens? Oteer: 0.56 mo.

5. PaccuuraTh 00beM pactBopa (NH 4),C,04 ¢ MaccoBoit nosci
2.5% nns ocaxnaenus kampiusa u3 200 mi pactBopa ¢ MOJSIPHOU
koHneHtpanuet CaCl, = 0.05, 9ToOBI NpU OCaXIEHUH OBLI CO3JaH
n30bITOK ocaguTesa B 20%.

6. Paccumrate o6bem H,SO, (p=1.24 r/cM’), KoTOpBIil
notpedyercs as npepaiienus 0.35 r CaO B CaSO,4? Otser: 1.5 mi.

7.  Paccumrare maccy mumermicynbdara (CH30),SO4 xoTopas
HeoOXouMa JIsi OCaXKJeHUsl Oapusi U3 pacTBopa, coaepxaiiero 0.2 r
BaCl,-2H,0, mpu tpexkpaTtHOM KomuuecTBe ocamutens? Oteet: 0.31 T.

8.  Paccuurars nmorepu CaCOjz; npu npombiBanuu 0.3 T ocajaka
250 mn Boxawl. Paccumrtate motepu (%) BCIEICTBHE PACTBOPUMOCTH
CaCO3. Otger: 1.54-10° r; 0.51%.

9. Paccuurarh moTepu KajbllHs 32 CYET PaCTBOPUMOCTH OCalKa
okcanata kKanblus npu npombiBanun ero 300 mun 1.5 % pacrtBopa
(NH,),C,04,-H,0? Otset: 2.62-:107" 1.

10. Paccumtath 00BEM BOJBI, KOTOPBIM TMOTpeOyeTcs s
npombiBaHus ocagka MgNH,PO,4-6H,0 maccoit 0.5 1, uToOBI OTEpHU 32
cueT pactBopumocTH He npeBbiman 0.05%. Oter: 16.2 mi.

11. Paccuutath 00BeM 25 % pactBopa NHjz koTOpblii HY>KHO
100aBuTh K 150 My MPOMBIBHOM KUIKOCTHU, YTOOBI MPU MPOMBIBAHUU
ocaaka MgNH,PO, mortepu 3a cueT pacTBOPUMOCTH COCTABHIIM HE
6omee 0.0001 r MgO. OtBer: 0.53 mu.

12. Paccumtath MaccoByro poiwo (%) FeO B oOpa3sie
TEXHUYECKOI0 KEJIE3HOro Kymopoca, ecnu u3 Haecku (0.9200 r B
pesynbrate aHanuza nonyunia 0.2545 r Fe,O3. Paccuntate MaccoByro
momo (%) FeSO4,7H,O B umccmemyemom obpasme. Otser: 24.89%;
96.32%.

13. Paccuutath maccoByto a0it0 P,Os BO BIaXXHOM U CyXOM
cynepdochare. M3 wucxomnoit HaBecku (0.3427 T  BIAXHOIO
cynepdocdara nomyueno 0.1028 r Mg,P,0; Bnaxxnocts cynepdocdara
coctasisier 12.36%.

14. Paccumtate MmaccoByr noiro (%) MgO B wucciengyemom
oOpasrie Tmocjie TMPOKaJWBaHUS, €CJIM N0 TNPOKaJIMBAaHUS HaBECKa
cocrosuta u3 36.00% MgCOs;, 51.00% Mg(OH),, 10.00% H,0 u 3.00%
SiO,. OtBert: 94.59%.
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15. Paccumrtate MmaccoByro nono (%) P B aHanmmsupyemom
BemecTBe. HaBecky opranmueckoro coenuHenuss maccout 0.4004 r
O30JIWJIM U 30JIy PacTBOpWIA B Kojioe BMecTuMocThio 200.0 mi. U3
20.00 mu pactBopa momyumnu 0.1982 1 (NHg)3PO4 12Mo0O;3;. OtBer:
8.17%.

16. Paccuurtate MaccoByr g0 (%) camuIUIOBON KHCIOTHI
CeH4s(OH)COOH B mpemapare. /[lnga omnpeneneHus CaavlMIOBOU
KUCJIOThl HaBECKy (QapMaileBTUueckoro rmnpemapara maccou 0.2101 r
nepeBenu B pactBop Na,COsz;, mobaBuiam moa u momyuwmm 0.5175 r
terpanoadennncaxuaona (Cgl,O,). OTet: 98.93%.

17. Paccumrath maccoBeie gonu (%) NaCl u KC1 B cmecu. U3
HaBecku cmecu NaCl u KC1 maccoit 0.1225 r nonyunnu 0.2850 r AgCL
OtBeT: 76.26%; 23.74%.

18. Paccuurats macoBbie goiu (%) Br u AgBr B cmecu. Cmech
AgCl u AgBr conepxut 65.85 % Ag. Otert: 22,48%:; 52,83%.

19. Paccumrtate MaccoBeie noau (%) K,CO3; u KHCO; B
ucciaeayemon npo6e. Ilpu npokanmBanuu MpoOBI, coaeprKamieli cMech
K,CO3 m KHCO3 maccoit 1.712 1, monyuunu 0.5512 r CO,. OtBer:
97.15%; 2.85%.

20. Paccuntath MaccoBrle 1o Ca u Ba B ucxoxnou cmecu. 13
HaBecku cmecu CaO u BaO maccon 0.5000 r momyuwrnu 0.9151 r cmecu
CaS0O,4 u BaSO,. OtBer: 24.31 %; 59.09%.

21. Paccuuratb MaccoBbie goiud (%) Ca u Mg B uCXOIHOU
cmecu.MI3 cmecu CaCO3; u MgCO3 wmaccoit 09876 1 mocne
npokanuBanus nonyuymin 0.5123 r emecu CaO u MgO. Otser: 19.81 %,
14.56%.

22. Paccuurtath sMmIupuyeckyro Gopmyiny okcuga menu. U3
HaBeCKU okcuga wmead wmaccod 0.1200 © modmydwim  OCajioK
okcuxunoyimHaTta Cu maccoit 0.5901 r. OtBet: Cu,0.



