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BBEJIEHUE

Bpicokuii ypoBeHb 3HAaHUM, akKageMHUYecKas U COLHAIbHAS
MOOUJIBHOCTh, MNpO(EecCHoHANM3M  CIEHHAIUCTOB, TOTOBHOCTh K
caMOOOpa30BaHWIO U  CaMOCOBEPIIECHCTBOBAHUID —  TpeOOBaHUE
CErOJHAIIHEr0 JAHSA. B CBA3M € 3TUM MEHSIOTCS TOAXOAbl K
MJIAHUPOBAHUIO, OpPraHU3allid Y4eOHO-BOCIIUTATEIbHOM PadOThI, B TOM
YUCJIE U CAMOCTOSITEIbHON pabOThI CTYIEHTOB.

[Ipexnae Bcero, 3To KacaeTcsi UBMEHEHUS XapaKTepa U COACPKaHUS
y4ueOHOIr0 Mpouecca, MEepeHOca AakleHTa Ha CaMOCTOSITENbHBIN BUJL
NESTEIbHOCTH, KOTOPBIN SBJISIETCS HE IPOCTO CaMOLENbIO, & CPEACTBOM
NOCTH)KEHUSI TJIIYOOKMX W MPOYHBIX 3HAHUM, HHCTPYMEHTOM
(opMUPOBaHUs Y CTYJICHTOB AKTUBHOCTH M CAMOCTOSATEIbHOCTH.

Lens METOANYECKUX PEKOMEH Ia1Uii - MOBBIIIEHUE
3(PEeKTUBHOCTH Y4YEOHOIro TMpoIEecca, B TOM YHCIE MPAKTUUYECKON
CaMOCTOSITEIbHOM paOOThl, B KOTOPOMl CTYJE€HT CTAHOBHUTCS aKTUBHBIM
CyObEKTOM OOYyYEHUSI, YTO 03HAYAET:

- CIIOCOOHOCTh 3aHMMAaTh B 00YYEHNUH AKTUBHYIO MO3ULIHIO;

- TOTOBHOCTb MOOWJIM30BAaTh HHTEIJIEKTYalIbHbIE U BOJIEBBIC
YCWIIHS JJI IOCTUKEHUS YUEOHBIX LIETIEeH;

- YMEHHME MPOEKTHUPOBATh, IUIAHUPOBAaTH M MPOTHO3UPOBATH
y4eOHYIO JEATEIIbHOCTD;

- MPUBBIYKY UHUIIMUPOBATh CBOIO MO3HABATENIbHYIO AEATEIBbHOCTh
Ha OCHOBE BHYTPEHHEHU MOJIOKUTEIbHON MOTUBALUY;

- OCO3HAHHME CBOMX MMOTEHUUAIbHBIX YYEOHBIX BO3MOXKHOCTEU U
MICUXOJIOTUYECKYI0O TOTOBHOCTHh COCTaBUTh NpOrpaMMy JEHCTBHUM IO

CaMOpPa3BUTHIO.
JlaHHbIE METOIMYECKHUE YKa3aHUs MO BBITOJIHEHHUIO MPAKTHUYECKON
U CaMOCTOATENILHOM paboThl CTYACHTOB MpEIHA3HAYCHBI IS

yrayOJIEGHHOTO W3Y4YEHHs] JUCHUIUIMHBL  «AHAIUTHYECKAs XUMUSD,
«Ananutnueckas xumus 1 @XMA» B ayIUTOPHOE U BHEAYAUTOPHOE
BpEMSL.



1 PABHOBECHA B PACTBOPAX MAJIOPACTBOPUMBIX
COEAUHEHNA

1.1 PacTBOpUMOCTH M NIPOU3BEACHHUE PACTBOPUMOCTH

HNoHHbIE paBHOBECHS], CBA3AHHBIE C OCAXICHUEM U 00pa30BaHUEM
OCAJIKOB, SIBJISIFOTCSI OOpAaTUMBIMH, TTOJTUMHSAIOTCS 3aKOHY JIEHCTBUS Macc
M XapaKTEepU3yITCd KOHCTAHTOM PABHOBECHS - TaK Ha3bIBAEMbIM
npousBenenremM pactopumoctu (ITP). IlpousBeneHue pacTBOPUMOCTH
— MOCTOSIHHAS BEJIMYMHA, paBHAs IPOU3BEACHUIO aKTUBHOCTEN HOHOB B
HACBIILIEHHOM pacTBope MaJIOPaCTBOPUMOTO AIEKTPOJIUTA.
Hanpumep, npu o6pazoBanun ocagka AgCl uMeer MecTo paBHOBECHE,
KOTOPOE ONMUCHIBAETCS CJICYIOIIUM HOHHBIM YPaBHEHUEM:

Ag'+ Cl < AgCl|.

[Ipu sTOM MIPOU3BEICHHE PacTBOPUMOCTH 3alUChIBaEM
CIeAYyIOIUM 00pa3om

TP g0t = apg acr. = [Ag ] [CI] T ag T,

rae Aagr M Ac. - AKTUBHOCTH COOTBETCTBYIOIIMX HOHOB,
+ -

[Ag'] u[Cl] — paBHOBECHbIC KOHIIEHTPAIIUU OSTUX KE HOHOB,

MOJB/IM”; f ag+ ¥ T - KOO OUIMEHTBI AKTUBHOCTH HOHOB.

B pactBOpax ManopacTBOPUMBIX COECIMHEHWW KOHLEHTPALUU
VMOHOB, KAaK NIPaBWJIO, OYECHb HHU3KU. EciiM B pacTBOpE OTCYTCTBYIOT
OPYTM€ HMOHBI, TO KOHUEHTPALMU MaJI0 OTJIMYAIOTCS OT aKTUBHOCTEW
VOHOB, HAIPUMEP

ang~ [Ag'] mac. =[CI],

TaKk Kak B OTCYTCTBHE IOCTOPOHHHMX 3JICKTPOJUTOB HMOHHAs CHJIa
pacTBOpa O4Y€Hb Majia U KO3((OUIIMEHTHI AKTUBHOCTH OJIM3KU K €AUHUIIE.

Ha 3TOM ocHOBaHuM 111 NpUOJIMKEHHBIX PACYETOB BMECTO aKTHB-
HOCTEH MOHOB MO>XHO HMCHOJIb30BaTh UX MOJIIPHBIE KOHIIEHTPAINH, TaK
4yTO npousBeaeHue pactBopuMoctu AgCl MOXHO 3anucaTh B BUJAE Clie-
IOYIOIIETO BBIPAXKEHUS:

HPAgCl = [Ag+][C1_]

JJ1s1 HEKOTOPOM TPYIHOPACTBOPUMOM cot MpA, MOXKHO 3aIucarh:



[TPyvpaq = [MI[A]Y

[Io ONBITHEIM JaHHBIM O PACTBOPUMOCTH MAaJOPACTBOPUMBIX
AJIEKTPOJINTOB PACCUUTHIBAIOT HUX IMPOU3BEACHUE PACTBOPUMOCTH, a
TaK)Ke peraroT oOpaTHYIO 3a/lauy Ha OCHOBAHUHU TAOJIMYHBIX JTAHHBIX O
MPOU3BEJACHUMN pacTBOpUMOCTU. [Ipu 3TOM HEOOXOIUMO MOMHUTH, YTO
PacCTBOPUMOCTD BEILIECTB MOXKET OBITh BhIpakK€Ha B JIFOOBIX €UHUIIAX, a
B [IP Bxomut xonyemmpayus BEUIECTB B moub/nm’.  3uavenus [1P
IIPUBEACHBI B CIPAaBOYHUKAX [ 1].

Bce BbluucieHusi, CBsA3aHHbIE C OOpa30BAHUEM W PACTBOPECHHUEM
OCAJIKOB, BBITIOJIHSIOT I10 CIEAYIOIIEH CXEME:

a) COCTaBIIAIOT YpPaBHEHUS JUCCOLMALMU BJIEKTPOJIUTOB, KOTOPBIE
00pa3yroT MOHBI, YUACTBYIOLLUE B PEAKIIUN OCAXKICHUS;

0) COCTaBIISIIOT MOHHBIE YPaBHEHHS 00pa30BaHUs OCAKOB;

B) 3alMCBHIBAIOT BBIPAKEHUE IMPOU3BEIAECHUS PACTBOPUMOCTU B COOT-
BETCTBUU C MOHHBIM YPABHEHUEM, OINMCHIBAIOIIUM O00pa30BaHHUE OCAJIKA,
n HaxoaaT 3HaueHud I1P o Tabmumam;

I') BBIUKCISIIOT 3HAYEHUS] PABHOBECHBIX KOHILIEHTPALMM MOHOB WM IO
3aIaHHBIM KOHLEHTPALUSIM CUIIbHBIX 3JIEKTPOJIUTOB, WU C YUETOM K e
VTSI CA0BIX 3JIEKTPOJIUTOB;

1) COIOCTaBJiAs 3aJaHHbIE KOHLEHTPAUMM M YCJIOBUS  3a/ayd,
COCTaBJISIIOT anredpanyeckoe ypaBHEHHUE, o KOTOPOMY
OMPENIETAOT UCKOMYIO BEJIHYHHY.

1.2. YcaoBus o0pa3oBaHusi 1 PAaCTBOPEHUS 0CAJAKOB

CneactBueM W3 OMNPEACICHUS NPOU3BEICHUS PACTBOPUMOCTH
ABJISIETCS. BBIBOJI, YTO OCAJIOK BBINAJIAET U3 MEPECHIIEHHOIO pacTBOpa,
T.€. €CJIM MPOU3BEJACHNE KOHIIEHTPALMII MOHOB, CIIOCOOHBIX 00pa30BaTh
MaJIOpaCTBOPUMOE BEIIIECTBO, Oosbllle TaOaMyHOrO 3Hauenus [P
JAHHOTO BellecTBa. ECiu ke MpOoUu3BEACHUE HAIUMYHBIX KOHLICHTPALUN
MOHOB MEHBIIIE MPOU3BEICHUS PACTBOPUMOCTH, TO OCAJ0K HE BbINAJIACT,
a MpY BHECEHUM B TaKOM pacTBOp TBEPIOM (ha3bl 3TOrO BeElleCTBA OyIET
HaOJII0/1aThCs €€ PACTBOPEHHUE.

1.3 PacTBOpUMOCTH 0CA/IKOB B IPUCYTCTBMU OJHOMMEHHBIX HOHOB

[Tonw3ysick TabnMuHbIMU 3HaYeHUsAMU 1P, MokHO paccuuTaTh pac-
TBOPUMOCTb OCAJIKOB TPYAHOPACTBOPUMBIX COCAUHEHUMN B IIPUCYTCTBUU



OJTHOMMEHHBIX MOHOB. BBICOKass KOHIICHTpAITUS 3TUX UOHOB B PACTBOPE
MOXET OBITh 00YCIIOBJIEHA J0OaBJIeHUEM U30bITKa ocaautens. Kak mpa-
BUJIO, JEHCTBHE OJHOMMEHHOTO HMOHA BBIPAXKAETCI B  PE3KOM
MMOHMYKEHUH PACTBOPHUMOCTH.

1.4 ITocsienoBaTEJIBLHOCTHL 00PA30BAHUA 0CAIKOB
MAJIOPACTBOPUMBIX CO€JIUHEeHUI

OuepenHOCTh BBIMTAJAEHUS OCAJIKOB U3 pacCTBOPA, B KOTOPOM COJEP-
KUTCSI PSAJI MOHOB, CIIOCOOHBIX K O00pa30BaHUIO MaJOPACTBOPUMBIX Be-
IIECTB C OJJHUM M TE€M K€ MOHOM-OCAAUTEIIEM, TAKKE CBSI3aHA C UX IPO-
W3BEJCHUSIMHA PACTBOPUMOCTH. [IepBbIM BBITIAIAET B OCAJOK TO BEIIECT-
BO, [IP KOoTOpOIrO IOCTUTAETCS paHbIIIE.

Jlnst omHOTUNHBIX coeauHeHuil, Takux kak AgCl, AgBr, Agl,
AgCNS, ouepenHocTb  MOXET  ObITh  ONpENEIeHAa  MPOCTHIM
conocTaByicHueM 3HadeHuM IIP 3Tux coenuHeHui.

TPagcr = 1.6:107"% TIPpgseni = 1.16:107"%; TIPp g = 7.7-107";
TPy = 1.5:107".
ITP pgc1 > TP pgsent >TIP A g >TIP Ay -

CnenoBarenbHO, B OJWHAKOBBIX YCIIOBUSX MEPBBIM JIOJKEH
OCYXIAaThCsl MOAU, Aajiee OpOMU, 3aTEM POAAHU] U, HAKOHEL, XJIOPHU/]
cepebpa. Ecnu KOHIEHTpalluu OJJHOTUITHBIX HOHOB HE PaBHBI, TO 314U
TaKoro poJa MOT'YT PELIAaThCs HA OCHOBAHUH PACYETOB.

1.5 PacTBOpUMOCTH 0CA/IKOB C Y4€TOM BJIHSHUA
HOHHOI CWIbI PACTBOPOB

st Oornee TOYHBIX pacueToB HEOOXOAUMO y4deT KO3(P(UIIMEHTOB
akTUBHOCTEH.  IloBBIlIEGHME  pPacTBOPUMOCTH TPYAHOPACTBOPUMBIX
COEIMHEHUW B MPUCYTCTBUM COJIEU, HE COAEPKAIMX OOIIMX C 0CATKOM
MOHOB, Ha3bIBaeTCs «coJieBbIM APdexkTom». ConeBoi 3(pPexT BbI3BaH
YMEHBIIEHUEM KO3((UIIMEHTOB AaKTUBHOCTH HOHOB C TOBBILICHUEM
VMOHHOW CHJIBI PaCTBOPA, ONPEIEIIEMON O (hopmyIie:

u=05%L,G 'ZiZ,

rae C — MossipHasi KOHLIEHTpAaLMs MOHA; Z - 3apsiji HOHA.



KoapuureHTsl akTHBHOCTH MOYKHO PAaCCUUTATh MO YPABHEHUSIM:
IU1s1 pacTBOPOB ¢ HOHHOM cuion | < 0.01

lofi~ 0.51Z7\,
a JIJ1s1 pacTBOPOB ¢ MOHHOM cuion p >0.01

Vi

WJIA BOCIIOJIb30BAaThCS CIIPABOYHBIMU JaHHBIMU [ 1].
2 PACUHETHI BT'PABUMETPUYECKOM AHAJIM3E

2.1 Pacyer Macchbl HABeCKHM aHAJIM3UPYEMOM NPOObI

Macca  HaBecCKH, MPEAHA3HAYEHHON 1A aHaiaMza W,
CJIEIOBATENIbHO, NIl B3BEIIMBAHWS HA aHAJIUTUYECKHX Becax, Oepercs
HE MNpOoU3BOJbHO. Ecim macca HaBeCKM B3dTa CIMIIKOM MAajiod, TO
OomHocumenbHble TOTEPU TPHU TMOCIEAYIOIIUX ONEPAlUsIX MOTYT
NPUBECTH K 3aMETHOM OTHOCUTENbHOM ommOKke aHanuza. Eciwu,
HalpoOTHB, HABECKAa B35ATa CJMILIKOM OOJBIION, TO NPHU IOIYyYEHUU
ocaxxgaemMoil opmbl 00pa3yeTcs 3HaAYMTENbHAsE Macca Ocaika, 4To
3aTpyJHAET €ro (UIBTPOBAHME U MPOMBIBAHHE, CIIOCOOCTBYET
COOCQXIEHUIO M3 pPACTBOPA 3HAYUTEIBHOIO KOJUYECTBA IIPUMECEH,
YBEJIMYMBAET IMPOAOJDKUTEIILHOCTh AaHajM3a W PACXOJ PEAKTHUBOB.
[ToaToMy TpeOyeTcsi OLIEHUTh ONTUMAJIbHYIO MACCy HABECKH.

IIpu pacuere ONTUMAIBHOM MacChl HABECKU AHAIU3UPYEMOTO
BEILIECTBA YYMUTBHIBAIOT BO3MOYKHYK) MAacCCOBYIO JIOJIO OIPEAEISIEMOro
KOMIIOHEHTa B aHAJIM3UPyEeMOM MpoOe U B rpaBUMETpUUECKON (opme,
Maccy TpaBUMETPUYECKONM  (OpPMBI, CHUCTEMATHYECKYH)  OIIMOKY
B3BCIIIMBAaHUS Ha aHanuTH4Yeckux Becax (00bruHO +£0.0002 r), Xapaktep
MOJIy4aeMoOro ocajgka — aMOp(QHBIA, MEJIKOKPUCTAIIMYECKUH,
KPYITHOKPUCTAJUIMYECKUU.

Heo0xomuMo MCXOOUTH M3 TOTO, YTOOBI OTHOCHTEIbHAS OIIHOKA
rpaBUMETPUYECKOro aHanm3a He npeBblana + 0.2 %. Hcnome3yror
TaKMe METOJUKHU aHAIN3a, MPU KOTOPHIX OCHOBHOW BKJIQJl B OIIMOKY
aHaJin3a BHOCHUT MOTPENTHOCTh B3BEIIMBAHUS HAa aHAJTUTUUYECKUX BECaX,
TOr/1a Kak OLIHUOKH, CBA3aHHBIC C PACTBOPUMOCTHIO OCaJIKa B MAaTOUYHOM
pacTBope, C TOTEPSIMU MPU €ro MNPOMBIBAHUM, ObLIM OBl MEHBIIIE
MOTPEIIHOCTY B3BEIIMBAHUS HA aHAIUTUYECKUX BECaX.



OTtHocuTeNbHAg omMoOKa O B3BENIMBAHUA Ha aHAJIMTHYECKUX Becax
onpeacisiCTCsa COOTHOICHUCM

0 =100-A/m, %,

rae A = 0.0002 r, m — HaBeCcKa aHAJIM3UPYEMOTO BEILIECTBA B TPaMMax.
[TockoNbKYy OTHOCHUTEIBHAS OIIMOKA TPABUMETPUYECKOTO aHAIM3a HE
JOJDKHA TIpeBhIaTe 1o abcomoTHo Benuuude 0.02 %, a oHa
ONpeAesaeTCs] OTHOCUTEIIbHOM MOTPENTHOCTHIO B3BEIIMBAHUS, TO

0 =0. 2% (ue 6oxapie). Torna,

0.02 % = mJ.

CrnenoBaTenbHO, ONTUMAJIbHASI Macca m HABECKH, MPU KOTOPOM
JIOMyCTUMa OTHOCUTENIbHASI OLIMOKAa IPaBUMETPUUECKOrO0 aHajau3a He
ooiee £ 0.2 %, nomkHa OBITH HE MEHBIIIE YEM

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

KoneuHo, yeM OoJsibllie Macca m, TEM MEHbBIIE OTHOCHUTENIbHAs
omnOka aHamu3a. OOHAKO OpaTh CIUMIIKOM OOJIBIIYIHO HABECKY HE
PEKOMEHAYETCS MO MPUUYMHAM, YIIOMUHABIIUMCS BBIIIIE.

B Meroze ocaxaeHusl B3BEIIMBAIOT HE TOJIBKO UCXOJHYIO HABECKY
ONPEIENAEMOrO BEILIECTBA, HO U KOHEYHYIO HABECKY
rpaBUMETpUYECKOl  (GOpMBI, Macca KOTOPOMl B COOTBETCTBUHU C
W3JI0KEHHBIM BBIIIE Takke JAOKHAa ObiTh He MeHbwie 0.1 1. D10
yCIIOBUE HEOOXOJMMO HMMETh B BUJly NPHU PACUETE MACChl HCXOJTHOMN
HABECKH aHAJIU3UPYEMOIO BEUIECTBA.

Ha mpaktvke npu pacdere ONTUMAIBHOM MacChl HCXOAHOU
HAaBECKH HCXOJAT M3 TOrO, YTOOBI ONTHUMaJIbHas Macca KOHEYHOU
rpaBUMETpUYECKOil (popMbl Obl1a Ol He MeHbIIe 0.1 T.

B pesynbTare 0000I1I€HUSI MHOTOUYMCIICHHBIX UCCICIOBAHUN ObLIO
PEKOMEH/IOBAHO 33/1aBaTh ONTHMAJbHYI0 MacCy TIpaBUMETPUYECKON
(bOpMBI CIETYIOLIEH:

U1 00BEMUCTBIX aMOP(PHBIX 0caakoB — oko10 0.1 T,
TU1s1 KpucTalmmaeckux ocaakoB — ot 0.1 10 0.5 r (71st Jerkux ocaakoB
— o1 0.1 710 0.2 1, A Tspxensix ocaakoB — ot 0.4 1o 0.5 ).

3Has TpeOyeMyr Maccy rpaBUMETPHUECKO (DOPMBI, €€ COCTaB, a
TaK)K€ MPUMEPHOE COJEpKAHUE ONPENEIIeMOro KOMIIOHEHTa B



MCXOJHON aHaIM3UPyEMOU MPoOe, MOKHO PACCUUTATh MACCy UCXOIHOM
HaBECKHU B Ka)KJIOM KOHKPETHOM CJIy4ae.
OOBIYHO Macca MCXOJIHOM HABECKU YKa3bIBAETCS B METOJIMKE,
aHasnus3a.

B oOmem ciyyae HIWKHUNA TMpeaea ONTUMAIbHOM Macchl m
MCXOIHOW  HABECKM  aHAJIM3UPYEeMOro  BemiectBa (B IpaMMax)
paccuuThIBatOT 1o opmye (2.3):

m = mrq)'F/C

rie Mmre — Macca rpaBUMeTpuyeckord ¢opwmsbl, r; F — rpaBumer-
pudeckuii hakTop ((pakTop nepecyeTa, aHATUTUIECKUA MHOKHUTEID );
C — wmaccoBas gonsi (B %) ompenensieMoro KOMIIOHEHTa B

AHAJIM3UPYEMOM BEILECTBE.

['paBumerpuueckuii  Qakrop F  uyuciaeHHo paBeH  Macce
ONPENEIAEMOr0 KOMIIOHEHTAa B I'paMMaxX, COOTBETCTBYIOILIEH OIHOMY
rpamMmy rpaBUMETPUUECKON (POPMBI.

['paBumMerpuueckuid (aKTOp pacCUUTHIBAETCS KaK OTHOLIECHUE
MOJISIDHOM Maccbl My omnpenensieMoro KOMIIOHEHTa X K MOJSPHOMR
Macce rpaBUMeTpudeckoil GopmMbl Mrg, YMHOKEHHOE HA YUCJIO 72 MOJIEH
ONPEAEIIAEMOI0 KOMIIOHEHTA, U3 KOTOPOIo MOIy4aeTCsl OAUH MOJIb
IPaBUMETPUYECKON (DOPMBI:

F= IlMx/ qu).

Tak, eciiu u3 aByx mogei FeCly-6H,O Ilomywaercs oguH MoOJb
rpaBumeTrpuueckoii popmbl Fe,O;, To n = 2. Ecnu U3 ogHOro Modst
Ba(NOs), nonyyarotr onuH Mok rpaBumerpudeckoit popmer BaCrOy4, TO
n=1.

Bennuunnel IPaBUMETPUUECKOTO (dakTopa TSt psna
rpaBUMETPUYECKUX (OPM MOXKHO HAWTHU B ClipaBOYHUKE [1].

2.2 Pacuer o0bema (Macchbl) ocaauTe s

Pacuem xonuuecmea (obwvema unu maccer)ocaoumens BEAYT C
Y4ETOM BO3MOKHOTO COJIEP/KAHUS OINPEAEISIEMOrO0 KOMIIOHEHTa B
aHanu3upyemoil npobe. [[ns yBennyeHus MONHOTHI BBIIEIEHUS OCalKa
MPUMEHSAIOT YMEPEHHbIH U30BITOK ocaauTend. bonbmoil u30bITOK
ocaauTels OpaTh HE PEKOMEHAYETCS BO U30€KaHNEe 3arpsi3HEHUS OCaiKa
M30BITOYHBIM oOcaauTeneM. Eciu ocaauTens JeTyd — yJaalseTrcss Ipu
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HarpeBaHuu ocajka (Hampumep, ocaaurenb — pactsop HCI1), To 6epyt
IBYX-TPEXKPATHBIN ero U30BITOK o CPaBHEHHUIO co
CTEXHUOMETPUYECKUM (T. €. COOTBETCTBYIOIIMM YPaBHEHHUIO PEaKIUU
oOpaszoBaHus ocajaka). Ecnu ocamurtens HeneTyd (Harpumep, pacTBOP
xyopuga O6apusi BaCl,), Oepyr MeHblInid €ro U30BITOK — MNPUMEPHO
[IOJIyTOPAKPATHBIM.

OcHogHble mpebosaHUs, Npedvssisiemble K 0CAOUMENIO.

1) Ocagutens Ao0JKeH OBITh cHEUUGUUHBIM, CEIEKTUBHBIM IIO
OTHOIIEHUIO K OCAXKIAEMOMY HOHY.

2) Ocanutenib JOMKEH ObITh MO BO3MOXHOCTHU JIETY4YUM, T. €.
JIOJIKEH JIETKO YAAISThCSl MPU HArpEeBaHWM WM MPOKaJTMBaHUU
OCaX1aeMOU (POPMBL.

Tak, Hanmpumep, KaTHOHBI Oapus OCAXKIAIOTCS U3 BOJHOTO
pactBopa B hopMe cyibdara Oapus ipu NpuOaABICHUU PAaCTBOPa CEPHOM
KHCJIOTBI, PACTBOPOB CY/Ib(HAaTOB HATPUS, KaJIHsI U APYTUX PACTBOPUMBIX
cynbdaroB. Ilpumecu copOMPOBAHHON OCaJKOM CEPHOM KHUCIOTHI
YIAISIOTCS MPU TOCJEAYIONIEM HAarpeBaHWU M MPOKAIMBAHUM OCAJIKA
cyibdarta Oapusi, Torga Kak cOpOHMpPOBaHHbIE NPUMECH CYJb(aTOB
HATpUsl WK Kanus He ynajistorcs. [loaTomy st ocaxkaeHus OGapusi B
BUJIE cynab(dara Gapust ciieyeT NPUMEHSITh PACTBOP CEPHOM KUCTOTHI, a
HE PacTBOPHI CYJIb(PATOB METAIIIOB.

K BaxHeMIIMM HEOPTraHUYECKUM OCAIUTENSIM OTHOCITCS PACTBOPHI
HCI, stO4, H3PO4, NaOH, NH3, AgN03, BaCl 2 (NH4)2C204,
(NH4),HPO4 1 mp.

B kauectBe OpraHMYecKHMX OCAAUTENEN IPUMEHSIOT PACTBOPLI
JTUMETHITTTMOKCHUMA, 1-HUTPO30-2-HadTona, 8-OKCUXUHOJIMHA, [IaBEJIEBOI
KHUCJIOTBI U T. 1.

[IpuMeHeHre opraHu4ecKuX ocaauTesiei, 00pa3yroluX ¢ KATHOHAMU
METAJVIOB YCTOMYMBBIE BHYTPUKOMILUIEKCHBIE COCIMHEHUS, 00JiagaeT
PAAOM TIPEUMYLIECTB [0 CPABHEHUIO C HCHOJIb30BAHUEM THUIIMYHBIX
HEOPraHUYECKUX OCATUTEIIEH:

1) BHYyTpUKOMIIJIEKCHBIE COEUHEHUSI METAJUIOB, Kak MPaBUJIO,
00JIalal0T  HE3HAUYMTEIBLHOM  PacTBOPUMOCTHIO B BOJIE, UTO
00ecreunBaeT BHICOKYIO MOJHOTY OCaXACHUS OMPEACIISIEMOI0 KaTHOHA
merajuia X.
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2) AncopOuuroHHasl CIOCOOHOCTh OCaJKOB BHYTPUKOMILIEKCHBIX
COCIMHEHHH, UMEIOIINX MOJICKYJISIPHYIO KPUCTAINTUYECKYIO PEIICTKY,
HUXKE aJCOPOIIMOHHOM CHOCOOHOCTH HEOPTaHUYECKUX OCAIKOB C
WOHHOW  CTpyKTypou. lloaTomy  ocagku  BHYTPUKOMILIEKCHBIX
COCIMHEHUN aJcopOMpyIOT U3 pacTBOpa MEHBIIE TNpuMeced U
MOJy4YaroTcsi 00JIe€ YUCTHIMMU.

3) Bo3MOXHO CEIEeKTUBHOE WK Aaxe cenupruuecKoe ocaxIeHUe
TOTO WJIM MHOTO KaTHOHA METajljla U3 pacTBOpa B MPUCYTCTBUU JIPYTHUX
KaTHOHOB.

4) bnaronapss CpaBHUTEIBHO OOJBIION MOJICKYJISIPHOM Macce

BHYTPUKOMITJIEKCHBIX COCAMHECHUI OTHOCUTEJIbHAs omnoOKa
OnpeaeICHUS MOHMKAETCS (yMeHbIIaeTcs 3HAYEHUE
IrPaBUMETPUYECKOTO dakTopa F) o CPaBHEHUIO C

WCIIOJIb30BAHUEM  HEOPraHUYECKUX  OCATUTEIECU C  HEBBICOKOWU
MOJIEKYJIAPHOM MacCOM.

Pacuem obwvema pacmeopa ocadumensi TPOBOIAT, HUCXOIS W3
TpeOyeMOro KOJWYeCTBAa OCaauTeNls U €ro KoHIeHTpamuu. Kak
OTMEUYEHO BBIIIIC, MPUMEHSIOT U30bITOK ocamutensd. IIpu sTom Mmacca
OCaXKJIaEMOI'0  BEIIIECTBA, OCTAIOIIAsICA B pPacTBOPE  BCJIEIACTBUE
HEKOTOpOH (MyCTh U HE3HAYUTEIBLHOW) €ro paCTBOPUMOCTH, HE JOJKHA,
Kak npaBuiio, npeBbimath 0.0002 1, T. €. OMIMOKM B3BEIIMBAHUSI HA
AHAJIMTUYECKUX Becax. B NPOTUBHOM ciiydyae HEOOXOJAMMO BHOCHUTH
MOMPABKM HA TOTEPU OMNPEACISIEMOr0 KOMIIOHEHTa BCJEICTBUE 4Yac-
TUYHOTO PACTBOPEHUS OCAJIKA.

3 PEHIEHUA TUITOBbLIX 3AJTAY

Ilpumep 1. Beraucinth npousBeneHue pactBopuMoctu BaSOy,
€CJIM 10 TaOJMYHBIM JAHHBIM PaCTBOPUMOCTD €ro paBHa 2.33 MI/IM.

Pewenue. JIna Beraucinenus [1Pg,s0. = [Ba2+][SO4'2] HEOOXOIUMO
paccuutath KoHueHTpauuo BaSO, B Mom,/z[M3, g gero 2.33 MI‘/I[M3,
i 0.00233 1/, HYXHO Pa3feinuTh HA MOJSIpHYIO Maccy BaSQOy, T.c.
233.4 r/monb. 0.00233/233.4 = 1-10” mons/om>.

Tak xak monekynsl BaSO4 B TakoM pa30aBI€HHOM pacTBOpPE MOJI-
HOCTBIO JIMCCOLIMMPOBAHBI, TO KOHLEHTpaLs Ba’- u SO4'2 MOHOB

OyJzer paBHa 1-107 MOJIB/I[M3, a X MPOU3BE/ICHUE
P50 = [Ba*][SO,?] = 1-107 -1-10° = 1-10"°,
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Ilpumep 2. Brpruucmutrs pactBopuMocth CaCO; B r Ha 100 T
HACBIIIEHHOr0 pacTtBopa, eciu [P ¢,co.= 1.7 108,

Pewenue. 3anucpiBaeM ypaBHEHHE 00pa30BaHUs 0CaJIKa
Ca™ + CO;™” = CaCOs,
cornacHO KOTOPOMY [IPc,co, = [Ca+2][C03'2] =1.7-10%, ITockonbky B

HACBIILIEHHOM PacTBOPE, HE COJIEPIKAIEM MOCTOPOHHUX W M30BITOUHBIX
WOHOB, PABHOBECHBIE KOHIICHTPALIUU [Ca+2] u [CO3'2] PaBHBI, UX MOXKHO
o6o3naunts [Ca™] =[CO;?%] =% u Torma

[MPcocos = 1.7-10° = x% x= V IIPcaco,= 1.3:107 Mosn/mm’.

CrnenoBarenbHO, B HACBIIIEHHOM PAacTBOPE COJECPKUTCS 1.3-10*

moss/mm> CaCOs. PactBopuMOCTh @ (B TpaMMax) HONYYHM, YMHOMKHB
KOHIICHTPALUIO B MOJIB/IM’ Ha Mossipayro maccy CaCOs;, T.e. Ha 100
I/MOJIb:

a=1310"-100=13-107 r/mv’, wm 1.3-10° /100 cnr’.

[IpyHAB TJIOTHOCTh TaKOro pa30aBIIEHHOrO pacTBOpa paBHOU |1,
noxyanm: pactBopumocts CaCO; pasroit 1.3-107 /100 T.

[IpuBeneHHOE BBINIE PEHIEHUE HOCUT MPUOMKEHHBIM XapakTep,
TaK KaK HE YYWTHIBAET pEaKUuil MPOTOHMU3AlMM KapOOHAT-MOHA U
o0pa30oBaHMsI THJIPOKCOKOMIUIEKCOB HMOHA KaJbIUS.

Ilpumep 3. Moxer nu oOpazoBatbcsi ocagok Mg(OH),, ecnu
cMeniats paBHbie 00beMbl 0.5 M MgCl, u 0.1 M pactBopa NH,OH?

Pewenue. YauTbhIBalOT yMEHBIIICHWE HAYaJbHBIX KOHIICHTpAIUH
pacTBOPOB 3a CYET YBEIWYCHUs OObeMa MpU CIMBAaHUMU. Tak, mpu
CIIMBAaHUM JBYX PaBHBIX OOBEMOB CYMMApHBIM OOBEM YBEIMYMBACTCS
BJIBOC, a KOHIICHTPAIIMN YMEHBIIIAIOTCS BIBOE, T.€. KOHIICGHTPAIIUsI PacT-
Bopa MgCl, craner paBuoi 0.5 : 2 = 0.25 Mom,/z[M3, a KOHIICHTpaIus
NH,OH - paBroii 0.1 : 2 = 0.05 MoIs/aM .

YpaBHeHI/ISI 3aIIUCBIBAIOT B CJIICAYIOIIIEM MOHHOM BUC:
Mg™+20H <> Mg(OH),|; MPyy0np = [Mg"*][ OHT".

JInst TpuOJIMKEHHBIX PAacYeTOB PEAKUMAMHU 00pa30BaHUs aMMHUaAY-
HBbIX KOMILJIEKCOB MarHus MOHO npeHeopeusb. OTcroga 04eBUIHO, YTO
JUIsi OTBETa Ha BONpPOC O BhImajeHun ocagka Mg(OH), Hy»XHO 3HaTh
KOHLIEHTPALIUIO MOHOB Mg2+ n OH'". Konnenrpanuto Mg2+ IIPUHUMAEM
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paBHoun 0.25 MOJIB/ M, yuntbiBasi, uyto MgCl, daBasieTcs CHIbHBIM
DIEKTPOIUTOM.
Jns  BbluucieHus: KoHUeHTpamud uoHOB OH  umcnone3yror
BBIpAXKEHUE JIsI KOHCTaHThI auccounanuu NH,OH, T.€.
+ —_
INH{ ][OH]

K= =1.8-10"°
[NH,OH]

[IpunsB paBHOBecHble KoHIeHTpamuu [NH, ] = [OH] = x u
[NH,OH] = 0.05 - x, monyunm:

x*(0.05- x) = 1.8-10.

Pemrasi 5T0 ypaBHEeHHE B NPUONMKEHHOM BUJE, T.€. IpeHeOperas
BEJIMYMHOU X 1O cpaBHEHUIO ¢ 0.05 B 3HamMeHAaTeNne, HaXoIAT:

x= v1.8-1075-0.05 = 9.5-10~* wmons/am’.

Ucnonw3ys 3HaueHUs [Mg2+] = 0.25 u [OH] = 9.5:10" s
BBIYMCIICHUS] TTPOU3BEACHUSI HAYAIbHBIX KOHIIEHTPAIIMHN MO BBIPAXKEHUIO
s 1P, mosyyvaror:

[Mg"?][ OHT* = 0.25:(9.5-10%)* = 2.25-107".

[TonydeHHYIO BEIMYUHY COMOCTABJISIIOT C TaOJWYHBIM 3HAYCHHEM

[P = 5-107'2, BuHo, 4TO pacCUMTaHHOE NPOU3BEACHUE KOHIICHTPALUN
npesslacT TadbauaHoe 3HaueHue [1Pyo0m):, T.€. paCTBOP MEPECHIIEH U
0CaJIOK JTIOJKEH BhINAJaTh.

Ilpumep 4. 1lpu kakoM 3HaueHuun pH HayHETCA BBINIAZAECHUE OCAJKA
Fe(OH), uz 0.1 M pactBopa FeSO, npu npobGasienun NaOH?

Pewenue.  OOpa3oBaHue  oOcajJka  OINKCHIBAETCS  HWOHHBIM
ypaBHEHHEM

Fe'> + 20H « Fe(OH),|
1 1J11 HETO BBIITOJIHACTCA YCJIOBI/IG
IMPrecony = [Fe ][ OH] = 1.10-10™".

+2 s 3
PaBHOBecHyt0 KOHIIEHTpaluto [Fe °] cuurarot paBHoit 0.1 Moas/nm”, Tak
kak FeSO, — CHJIbHBIN 3JIEKTPOIUT, U TOTJA, UCXOMSI U3 BBIPAKECHUS
s 1P, mosyyaror:
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[OH_] = \/1 ) 10_15/0.1 = 1-1077

Haxonsat pOH = -1g[OH] = 7; cnenoBarenbHo pH = 14 - 7 = 7. 3nauwr,
npu pH = 7 naumnaercs Bmimanenwe ocaaka Fe(OH), wu3 0.1 M
pactBopa FeSO, npu nodasnenuu NaOH.

Ilpumep 5. Beruucnuts pactBopumocts BaSO, B pactBope 0.1 M
cepHoMt KUCHOTHI. [1Pg,50. = 1.10-10 0.

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

BaSO, <> Ba*" + SO, (pacTBopeHue ocaka);
H,SO, < 2H" + SO4'2 (Iuccoumanus KUCIOTHI).

O0603HauUMM MOJISIPHBIE KOHUEHTpAUMU Oapuii- U CyJb(aT-uOHOB,
o0pa3yromuxcs Mpu pacTBOPEHUHU OCaJKoB, 4epe3 X. Kpome Toro, B
pacTBOpe HaxoAsATCA CyJdb(aT-uoHbl, OOpa3yIOIIHECs BCIEACTBUE
AUCCOIMALUA CepHOU KUCHOTHI. [TOCKONIBbKY CepHasi KMCIOTa B JAHHBIX
YCIIOBUSIX JUCCOLMUPYET MPAKTUYECKH MOJHOCTHIO, TO KOHILICHTPALUS
ATUX MOHOB paBHA HayaJlbHOM KOHUEHTpPAUMU KHUCIOTHL. Takum
0o0pa3oM, oOIiasi KOHIIEHTpalusi CyJb(paT-uOHOB M  KOHIICHTpaIlUs
roHoB Ba®" GymyT paBHbI:

[Ba®]=x; [SO,?] =x +0.1.
Torma TPp,s0s = x(x+0.1) = 1.1-107".

Tak kak x << 0.1, Tox = 1.1-10%0.1 = 1.1-10° MOJIB/I[Ms.

Konnentpanuss  pactBopeHHbix  mosiekyn  BaSO,  paBHa
PAaBHOBECHOM KOHIIEHTpAIlMd UOHOB Oapusi B pacTBOpeE (3TO ClIEyET U3
ypaBHEHUsI Aucconuanuu cyibdara Oapus). Torma pacTBOPUMOCTH
3TOro 0caKa (B MI/IM°) MOKHO OIPEICINTh U3 YPABHEHHSL:

Ogasos = 1.1-107- 233.4 r/mons = 2.57-107 1/ am°
v 2.57-10™ mr/ I[M3

CpaBHUBasl 3TO 3HAUYEHUE C PACTBOPUMOCTBIO Cysibdara Oapus B
Bojie (cM. mpumep 1), HAXOAUM, YTO PACTBOPUMOCThH CHU3MIIACH TMOYTH B
4
10" pas.
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Ilpumep 6. llpm kakux 3HaveHUsIX pH W KakoW W3 OCAIKOB -
Fe(OH); nmu Mn(OH), - Oyner BbInajgaTh MEPBBIM MPU MOCTEHEHHOM
npubaBneHun pactBopa NaOH k pactBopy, comepxamemy 0.1 M
MnCl, u 0.001 M FeCl;?

Pewenue. TPy ome = 410" TIProoms = 3.8°1075,
(OH) (OH)

VYuursiBas, uto MnC1, u FeCl; - cuiibHBIE 3JIEKTPOIUTHI, CYUTAIOT
KOHIICHTPAIIUIO [Mn®] = 0.1 moms/mm” u [Fe™] = 0.001 momns/av’.
3anuceIBaroT BeIpakenus mus [1P:

TPymony = [Mn”> J[OH]* 1 [IPgqony = [Fe™] [OH].

IToacraBiAt0T 3HaYECHUS [Mn2+] = 0.1 Mos/mM’,
[Fe+3] =(0.001 MOJIB/I[M3 u HaxonaT [OH]:

1) 0.1[OH]* = 4-10"* w1z Mn(OH),
2) 0.001[OH7]’ = 3.8:107* st Fe(OH):s.

I[CH&IOT COOTBCTCTBYIOIIUC BBIYHUCIICHUSA:

1) [OH™] = \/4 . 10_14/0_1 = 6.3+ 1077 moms/oM’;

2) [OH7] = 3\/3-8 ' 10_38/0_001 = 3.4- 1072 moms/a’.

Takum oOpaszom, g Hayana BeinajeHust ocajaka Fe(OH); HykHa
MeHbIasgs KoHleHTpamusi noHoB OH', u oH OyAeT BbiMagaTh B OCaJIOK
MIEPBBIM.

s Havana ocaxnaeHus Mn(OH), nyxHa konuentpamus [OH] =
6.3- 107 moms/av’, T.e. mpu stoM pOH = -1g(6.3- 107) =7 — 0.8 = 6.2;
pH=14-6.2="7.8.

AHayiornuHo, 1151 Havana Beinajgenus ocajaka Fe(OH); nyxno [OH'] =
3.4- 10" mons/mv’, T.e. pOH = -1g3.4- 10"* =12-0.53=11.47upH=
14 - 11.47=2.53.

Ilpumep 7. Bprumcinth WOHHYIO CUJy pacTtBopa, coaepxamero 0.01
moms/mv° KC1 u 0.02 moms/am’ CaCl,.

Pewenue. Jlucconmanusa cunbHbix 3nekTponutoB KC1 u CaCl,
ONHUCHIBACTCS YPABHECHUSIMU
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KCl - K"+ CI; CaCl,— Ca™+2Cl".

KoH1nieHTpaiimm noHOB B pacTBOpE OYIyT PaBHBI:

Cx+ = 0.01 Moms/nv’; Ceaor = 0.02 MOTB/IM;

Cci.= 0.0140.04 = 0.05 monb/mm’. VouHast crta pacTBOpa paBHa:
n=0.5(0.01-1* + 0.02-2* + 0.05-1%) = 0.07.

Ilpumep 8. BbUMCIUTD BAUSIHUE «COJEBOTrO 3(pdekTa» Ha pacTBO-

pUMOCTh Cyibdara CBUHIIA 3a CYET TMPUCYTCTBHS B PacTBOpe
0.1 MOJIB/HM3 KNO:;.

Pewenue. BerauciisieM HOHHYIO CUJTy PacTBOpA:
n=0.500.1'1+0.1-1*)=0.1.

Ilo crpaBounuky [1] HaxomxuM K03(hHUIMEHTH AKTHBHOCTH HOHOB Pb”"
1 SO4~, KoTopbIe pu HOHHOI crute 0.1 paBrbr 0.33.

Brraucasem PacTBOPUMOCTh PbSO, (a(l)pbso4), MIPUHUMAS
KO3(PUUHMEHTbI AKTUBHOCTH HWOHOB, pPaBHbIMH |, aHAJIOTUYHO
pPELICHHIO B Ipumepe 2:

[Pb*1[SO4*] = TPpysos = 1.6:10°,
o ppsos = [Pb*]=[SO4*] =V IPpyso: = V1.6:10°° = 1.27-10 monb/mm’.

2
BoruncasieM  pactBopuMocts  PbSO,  (0Ppbsos) B IPHCYTCTBHE
0.1 M mons/nm® KNOj;, T.e. ¢ y4eTOM HCTHHHBIX KO3(hGHUIMEHTOB
AKTUBHOCTU MOHOB:

TPpysos = [Pb” 1[S04  Tfpp-fsoe-

Pppsos  _ 1.6-10_8:1.27-10_4
Fpp2+Ss02- 0.33-0.33 0.33

OTHOLIIEHUE PACTBOPUMOCTEM 0Ppsor 1 0 Physos XapaKTepU3yeT

BJIMSHUE <«COJIEBOI'O BCI)CI)GKTB.», T.C. TIOBBIICHUC PACTBOPUMOCTH
MaJIOpaCTBOPpUMOTO COCAMHCHUA B MPpUCYTCTBUU CHUJIbHBIX
SJICKTPOJINTOB:

Otkyna

appsos = [Pb*] = [SO,7] =

MOJIB/ I[M3 )
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1.27-107%
0.33-1.27-107%

(

2) (1) _
0 “pbsoa/ O 'ppso4 =

Takum oOpazom, pactBopuMocTs PbSO, nossimaercs B 3 pasa.

Ilpumep 9. Pacder Macchl UCXOJHOW  HABECKH  IPHU
rpaBuMeTpudeckom omnpenenenuun xenesa (III) B xnopune FeCl;-6H,0
OCaXKJEHUEM pacTBOPOM aMMHuaka B BujJe Tujapokcuaa xenesa (1)
Fe(OH); (ocaxmaemass ¢opMa) ¢ TMOCIACAYIOIIUM MPOKAJTUBAHUEM
ocaxaaeMon popmsl 10 Fe,O; (rpaBumerpuyeckas gopma).

[Tonyuenue ocaxaaeMoil (OpMBbI:
FCC13+3NH3'H20 — FC(OH)3l+3NH4C1

Ocaxmaemas ¢opma TmpeactraBiasier coOoil amMop(HBIA CHIBHO
TUAPaTUPOBAHHBIN ocajok Tuapokcuaa sxenesa (L), mpakTuyecku
HEPACTBOPUMBIHN B BOJE.

HOHY‘IGHI/IG FpaBHMeTqueCKOfI (I)OpMBIZ
2FC(OH)3—> F6203+3H20

B COOTBETCTBHM C W3JIOKEHHBIM BBIIIE (OCATOK aMOP(HBIiN)
33/1aBa€MyI0 MacCy rpaBUMETPUUECKOIN (POPMBI IPUMEM PaBHOM:

mFezoj, = 0.1 T.

Yucno aromoB xkeine3a (L) B ogHOM MoOJie TpaBUMETPUUYECKOM
(dbopMbI paBHO JBYM, a B OJJHOM MOJI€ MCXOAHOTO Xjopuaa xkenesza (1)
— enunune. CrnegoBaTenbHO, YUCIO MoJjel xjiopupaa »xeneza (1) B
HMCXOJIHOM HABECKE JOKHO OBITh B JiBa pas3a OOJIbIIE 4YHCIa MOJIEH
okcuja xkene3a (1) B HaBecke rpaBuMerpuueckoit popmsl. Toraa macca
MCXOJHOM HaBecku xJyiopua xkenesa (I11) Oyner paBHa:

MpeCl-6H:0 = 2MFe0s MEech-61:0/Mrpe0s = 2:0.1:270.3/159.7 = 0.340 .

Takum oOpa3zom, Macca UCXOAHOW HaBECKH xJiopuaa skenesa (1)
He noJpkHa ObITh MeHbIIe 0.340 r.

Ilpumep  10. Pacdyer wmacchl HCXOJHOM HABECKH IIpH
rpaBUMETPUUYECKOM ormpenaeneHuu 6apus B Hutpare 6apus Ba(NO;), B
Bujge xpomata Oapus BaCrO, (rpaBumerpuueckas (opma).
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Ocaxnaemas popma — TakKe XpoMar Oapus — MPEJCTABISAET COOOM
MEJKOKPUCTALUIMYECKUN OCAOK.

B COOTBeTCTBMM C M3JIOKEHHBIM paHee 33JaBaEMYyI0 MaccCy
IPaBUMETPUYECKON (POPMBI IPUMEM PABHOU Mp,cro: = 0.3 T (MOCKOJIBKY
0CaJI0OK — MEJIKOKPUCTAJUIMYECKOE BEUIECTRO).

Macca ucxoqHOM HaBECKU HUTpaTa Oapysi MpyNos). PaBHA TPOU3BE-
JCHUIO YuCcia MOJIEH n HUTpaTa Oapus, CoJepkKalluXcsl B 3TOM HaBECKE,
Ha MOJIIPHYIO Maccy HUTpaTa 0apus Mp,Nos):

MBaNosy: = N"Mpanosy

Yucno moiieid HUTpata O0apusi B UCXOJHOW HABECKE PABHO YHUCITY
MoOJIEl XpoMata Oapusi B rpaBUMETPUUECKON (opme, T. €.

Torna
InBa(N03)z = MBacros* MBa(N03)2/MBaCrO4 = 03261 3/2533 = 031 T.

Takum 00pa3zoM, Macca HMCXOAHOW HaBECKHM HUTpara Oapus HE
nokKHa ObITh MeHbIe 0.31 T.

Ilpumep 11. PaccuutaeM KOJIWYECTBO OCAAUTENA U ONTHUMAIbHbBIN
o0beM pacTBOpa OcCamuTeNIs ISl TPAaBUMETPHUUYECKOTO OIpeIeTICHUs
CepHOM KHUCIIOTHI B BuJe cyiab(para Oapusi BaSO, (ocaxmaemas u
rpaBuMeTpuueckas Gopma). OpUeHTUPOBOYHAS Macca CEpPHOM KHUCIIOTHI
B pactBope o0bemMoM 100 mut okomo 0.2 1: my,so. = 0.2 1. Ocaautens —
BoiHBIN (.2 MOJb/11 pacTBOp XJyiopuaa oapus BaCl,.

[Ipn mnpubaBieHWU pacTBOpa OCAIUTENSI K aHAIU3UPYEMOMY
PacTBOPY CEPHON KHUCJIOTHI BBIICTSACTCS OBl MEITKOKPUCTAITMICCKUN
ocazok cynb(dara 6apus (ocaxaaemMas hopma):

BaC12+HQSO4 — BaSO4l+2HC1

Ocanok (mociie €ro co3peBaHus MOJI MATOYHBIM PaCTBOPOM)
OTHEJIAIOT, IPOMBIBAIOT, BBICYIIIMBAIOT, TPOKAJIUBAIOT U B3BEUIMBAIOT.

Pewenue:

1) PaccuntaeM npuOJU3UTEIbHOE KOJUYECTBO (Np.50.) CEPHOM
KHCJIOTHI B aHAIM3UPYEMOM PaCTBOPE:

Nisos = Mipsod/ Miso: = 0.2/98.08 =0.002 Mob.
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2) Paccuutaem 00BeM Vg, 0.2 MoJb/1 pacTBOopa XJiopuaa
Oapusi, HE OOXOOUMBIN JJII CTEXMOMETPUUYECKOrO IMPEBPAILLECHUS BCEH
cepHO KHUCIOTHI B cyinb(dar Oapus. KommyectBo xnopuaa Oapus,
Tpedyemoe misi cBsizbiBaHUs 0.002 Mosi CEpHOM KHMCIOTHI, TaKxkKe
paBHO 0.002 MoJIs1, 4TO ClEAYET U3 CTEXUOMETPUM PEAKIINU.

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

B Vgac1. Mt 0.2 Monw/n Toro xe pactBopa coaepxkutcs 0.002 mosst
B&Clz.

CrnenoBaTeiabHO,

Vgac1: = 0.002:1000/0.2 = 10 ma.

3) IlockosibKy ocaguTenb — XJIOpUA Oapusi — HeJleTyuyee
BEII[ECTBO, TO B COOTBETCTBHHU C M3JI0KEHHBIM BBINIEC CICAYET OpaTh
MPUMEPHO MOJTYyTOPAKPATHBIA €r0 U30BITOK, T. €. ONTUMaJIbHBIN 00BheM
pactBOpa ocaautens paseH 1.5-10 mur = 15 mo.

B  npuBenenHom  mpumepe Obula  HM3BECTHA  MOJISIpHAs
KOHIIEHTpaIusi pacTBopa ocaaurtens. Eciu ke 3amaercss He MOJsipHas
KOHIIEHTpAIIMSI, 2 MacCcOoBas JI0JI OCAJUTENsl B pacTBOpPE, TO JJIsl pacuera
KOJIMYECTBAa OCaauTeNis U 00beMa pacTBOpa OCaauTeNsl HEOOXOIUMO
3HATh IJIOTHOCTh PACTBOPA OCAAUTETIS.

4 3AJTAUM J1JI1 CAMOCTOSTEJIBHOM PABOTBI
B 3amauax 1 — 11 paccunrate [IP o gaHHBIM O pacTBOPUMOCTH
MaJIOPACTBOPHUMBIX BELIECTB:

1. B500 cM’ HACHIMIEHHOTO pacTBOpa COJACPKUTCS 9.5:10"r AgCl.

2. U3 2 M’ HACHIMIEHHOTO pacTBOpa I0CJIE BHIIAPUBAHUS IOIYYEHO
2.688 r CaSOy4 2H,0.

3 PacrBopumocts CaCO; pasua 0.0062 r/mm.
4. PactBopumocts Fe(OH); paBHa 2:10° r/mw’.

5. B 2.5 nM HACHIICHHOTO pactBopa couepxurcs 21.5 wmr
Mg NH4PO4

6. PactBopumocts AgCl paBHa 2.57 Mr/am’.
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7. Hacsimennsiit pactBop coaepxut 3.84 mr PbSO,4 B 100 M.
8. B2 IM’ HACHIIMICHHOTO pactBopa cogepxkurcsa 0.124 r CaCOs.
9. Jlmst Hacsumenust 200 M BOIbL tpedyetcs 0.57 mr BaCOs.
10. PactBopumocts CaC,0, mpu 20 °C pasua 4.8-107 MOJIB/IM .
11. PactBopumocts Ag;PO, paBua 1.96: 107 /v’

12.  Ha ocHOBaHMM NPOWU3BEACHUS PACTBOPUMOCTH pPACCUUTATB,
ckonbko TpammoB BaCrO, conepxurca B 500 CM> HACHII[CHHOTO
pacTBoOpa 3TOU COJIH.

13. Omnpenenuts MAacCOBYIO IO HOHOB Ba’' B HACBIIIIEHHBIX
pacTBopax cienyromux cojieid: a) BaSO4<; 6) BaCOs; B) BaF,.

14. Bommcnuts pactBopuMocts Mg(OH), B r/mm’, ecim
I1P Mg(OH): — 6'10_10.

12
15. 3nas HPAgchog, paBHoe 1.1-107°, BBIUMCIUTHL pPaCTBOPUMOCTH
STOM COJIM B MOJIB/ M.

16. BpruaucauTh MOJSIPHYIO KOHIICHTPAIIMIO W PAaCcTBOPUMOCTH HACHI-
meHHOro pactBopa PbSO, (B r/mv’).

17. Tlo mpowmsBemeHuio pactBopuMocTH Pbl, paBHomy 1.1:107,
BBIYHCIIHTH PACTBOPHMOCTD B MOJIB/IM’, T/1M .

18. Bo ckonpko pa3 pactBopumocth AgCl B pactBope 0.1 M
NaCl meHpl1€ O CPaBHEHUIO C €T0 PACTBOPUMOCTBIO B BoJe O€3 yuera
U C y4€TOM KO3(P(PULIMEHTOB aKTUBHOCTH?

19. Beruucaute pactBopumocts CaC,04 B pactBope (NH,),C,04 c
MoJisipHOM KOoHIeHTpanuen 0.01 M.

20. Kak mnosmuser Ha pactBopumocts CaC,O4 npucyrcTsue B
pactBope KC1 ¢ konnentparueii 0.1 MOJIB/IM?

21. Bpraucmours pactBopuMocts CaCO3 B 0.01 M pactBope KNO3, ecin
[Pc,co3 = 2.8:107 (mporoHu3anueil kapOoHaT-uoHA peHedpeus). Bo
CKOJIbKO pa3 pactBopumocTh CaCO; B 3TOM pacTBope 0oJibllie, YeM B
Boze?
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22. Brpruucauth pactBopumocts Pbl, B 0.02 M pactBope AI(NO;);. Bo
CKOJIbKO pa3 pacTBopuMocTh Pbl,B 3TOM pacTBOpe Oosnbiie, ueM B Bojie?

23. Bo ckonbkO pa3 moBbICUTCS pacTBopumocTh PbSO, B pacTtBOpe,
comepxamem 3.4 r/mm®  Mg(NO;), 10 CpaBHEHHIO C  €ro
PacTBOPUMOCTBIO B BOJIE?

24. Bo CKOJBKO pa3 yBenu4uTCs pacTtBopuMocTh AgBr aa cuer
«cosieBoro 3pdekra» B 0.05 M pactBope NaNO;?

. 11

25. IlpomsBenenne aktuBHocten Ag,C,0O4 = 3.5:-107 . Beruucaute C

y4eToM KO3(P(PUUHMEHTOB AaKTUBHOCTH pacTtBopuMocth Ag,C,04 u
+

KOHIICHTPALIMIO HOHOB AZ B HACBILLIEHHOM PacTBOpE.

26. Bo ckonpko pa3 pactBopuMocth BaCO; B 0.01 M pactBope
KNOj BbiIII€ 110 CPABHEHUIO C €T0 PACTBOPUMOCTHIO B BOAE?

2+
27. Kakaga KoHILEHTpamusi MOHOB Pb” ocraHercss B pacTtBope Ipu
ocaxaeHuu ero B Buge PbSO, nelicTBUEM CEpHOU KHUCIOThI B SKBHBa-
JIEHTHOM COOTHOIIICHUHN?

2+
28. Ilpu ocaxnenun noHoB Ba™ co3maH M30BITOK KapOOHAT-MOHOB,
> - 2+
paBHbIi 110 3 Mous/aM’. CKOITBKO rpaMMoB Ba™ ocTtaHercs B pacTBope,
3
€CJIM OCaXJIeHUE MpoBOAWIHN B 00beMe 200 cm™?

v 2+
29. Ckonbko Moneii monos Sr>* ocramercs B 500 cm’ HACBIIIIEHHOT'O
pactBOopa npu ocaxaeHuu SrSO,, eciu KOHUEHTpauus Cyib(haT-noHOB
2
nipu 3toM 110 MOJIB/I[Ms.

3
30. Bbluucauth Maccy xpoma (B rpammax), octasiierocs B 200 cm
pactBopa ocJe OCaXICHUS Xxpomara CBHHIIA, eCIH
KOHLIEHTpALUsl MOHOB CBUHIIA IIPY 3TOM 1-10° M.

31. BbMUHCINTh KOHIEHTPAIIMIO MOHOB MarHus B pPacTBOpE, €Clu
MOCJI€ OCAaXIECHUS ero B Bujae ruapokcuaa pH pactBopa 0kt pased 10.

3
32. Kenezo ocammm B Buge Fe(OH); u3 200 cm” pactBopa npu pH = 3.
Borunciuth Maccy jkenesa, OCTaBIIErocsl B HACBIIIEHHOM PacTBOPE HAJl
OCaJIKOM.
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33. B pactBope, conepxamem nonsl C1™ u I', co3mana KOHIIEHTpanus
HMOHOB cepedpa, paBHas 1-10* M. Kakosa KOHIICHTpAIAsl 3TUX HUOHOB
nocye BeinageHus: ocagkoB AgClu Ag I?

34. Yemy paBHa KOHIICHTPAIU NOHOB Ba™ B pactBope, eciu k 100 oM
0.05 M pacrBopa BaCl, mpubasmero 100 cm’ pactopa 0.06 M
cyibdara HaTpus?

35. K 50 c™’ pacTBOpa, COAECPHKAIIETO 1.7-10" moms/mm’ HHUTpaTa
cepeOpa, mpubasmeno 150 em® 0.01 M pactBopa NaCl. Uemy
paBHbI KoHLeHTparuy noHoB Ag' u Cl” mocne ocaxnerns AgCl?

36. K 0.02 M pactBopy MnCl, npubaBunu paBsbiii 00beM 0.03 M
pactBopa Na,CO;. UeMmy paBHbI KOHIEHTpauu noHoB Mn>" u CO;”
nocie BeinajgeHus ocagka MmnCO5?

37. Kak M3MEHUTCS PaCTBOPUMOCTh OKcCajaTa KaJbIUs B OJHOM JIUTPE
pactBopa B mpucyrctBuu 0.10 Monb/m pacTBopa Xxjopuja Kajds IO
CPaBHECHMIO C €ro pacTBOPUMOCThIO B umcTorM Boje? IIP okcanara
Kanpiws = 2.3-107.

38. O0pa3zyercs 1 0CaJOK XJIOpUJa cepedpa Mpu CMEIIMBAHUM PABHBIX

00BEMOB pacTBOpa XJIOpHWAA Kajdus W HUTpara cepedpa, eciu ux
4

MCXOJIHBIE MOJISIPHBIE KOHIEHTPALUK COCTABIIAIOT 5107 MOb/I.

39. Paccuuraiite, BO CKOJBKO pa3 pacTBOPUMOCTh XJOpHIA cepedpa B
0.001H pactBope xmopujaa HaTpusi MEHBIIE IO CPABHCHUIO C
PacTBOPUMOCTBIO €r0 B YUCTOM BOJIE?

40. K pactBopy, conepxamemy 0.1 monb/n Hutpata cBunia u 0.1
MoJb/1 HuTpata ptyTd (I) mocTeneHHO 00ABISLUIM PAacTBOpP XJIOpHUIA
kams. Kakol m3 KaTMOHOB OCaKJaJyicsl TIEPBBIM M KAaKOW IMPOIEHT €ro
OCTaJICSl B PaCTBOPE K Haualy OCaXJICHUsI BTOPOTO?

41. Beimager 1M 0caliok TUAPOKCHAA MarHus npu aeucteud Ha 0.2 M
pacTBOp cyib(ara wmarHus paBHbiM o0bemMoMm 0.2 M. pactBOpa
TUJPOKCUIAa AMMOHMUS ?

42. HaceIieHHbld pacTBOp cCyib(aTa Kaibldsg CMENIaJd C PaBHBIM
o0bemMoM pactBopa, coaepxaimiero 0.0248 r oxcanata amMmMmoHus B 1 1
[Tpou3zoiiger 11 oOpazoBaHue ocaaka?
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43. Tlpyu Kakoil KOHIEHTPAIIMM MOHOB MArHUsl HAYHETCS BBITIAJICHUE
OCaJlKa TUJIPOKCHU/Ia MarHus U3 pactBopa, umeromiero pH 8.77

44. 1Tpu xakoMm 3HaueHuU pH HauHETCA BBINAJICHUE OCaJKa TUAPOKCHUAA
koOanbTa u3 0.1 M pactBopa xjopuaa kobanpta?

45. byner nu ocaxaaTbCa Cyiab(}aT CTPOHUHMS PU T00ABIECHUH K HEMY 5
MJI HACBIIIEHHOTO pacTtBopa cyibdara kKamplms K 20 Mia pactBopa,
conepxaiero 0.5 Mr-uoH CTpOHUUSA?

46. Kakoe BemecTBO HAYHET OCAXIATHCS MEPBBIM NPU MOCTENEHHOM
NpUJIMBaHWM HUTpaTa cepedpa K pacTBopy, coaepxamiemy 0.01 mois
xyopuaa kanua u 0.1 Mons xpomara xayms?

47. Paccuntath (pakTOop mepecyera (rpaBUMETpUUECKUN (akTop) st
BBIUHCJIEHUS] MACCHI AS, OMPEAECTAEMOTO Mo cxeMe As — Aszsg—SOf'
—BaS0,. Otser: 0.2140.

48. Paccuntath (akTop mepecyera (rpaBUMETpUUECKUN (akTop) st
Bbiuncienuss maccel HF, ompenemsemoro mo cxeme HF —CaF, —
CaS0O,. OtBer: 0.2939.

49. Paccuurath Maccy KCIlO4. Ilpu anamuze pactBopa K,CrOy4
nonyunwsin ocanok PbCrO, maccoit 0.1524 r. B sTtom xe pacTtBOpe
onpeaessun kanuii B Buae KCIO,.

50. Paccuurats maccy FeCly kotopyto cnemayer B3(Th AJIA MOTYyYEHUS
02r F6203.

51. Paccuurate Maccy HaBecKy cMmecu, coiaepxkamienr no macce 80 %
Aly(SO4); - 18H,0 u npumecu, KOTOPYIO HaAO B3ATb, YTOOBI MOJTYYUTh HE
oonee 0.10 r npokanennoro ocajaka Al,Os.

. Paccuurath HaBecky cruiaBa ¢ maccoBou gosnern Mg 0.5 %,
yTOOBl MpPU TPABUMETPUUYECKOM ompeneseHun noayyuinoc 0.1 r
Mg2P207.

2. PaccunTtaTh MMHUMAaJbHYIO HABECKY TEXHUYECKOIO XJIOpUAA
Oapust, comepxamero okosio 20 % Oapus, npu onpenencHun Oapus
IpaBUMETPUYECKUM METOJIOM B BUzie BaSO,.

3. Paccumrateh Maccy BemiecTBa, coaepxamero okosio 20 %
NaCl u 30 % KCI1, kotopyto cieayet B3sTh 1jis noiaydenus 0.5 r AgCl1?
Otser: 0.47 r.

4.  Paccuutath 00BEM coyisiHOM Kuciotel (p = 1.17 r/CM3),
KOTOpPBIA moTpeldyercs ayg ocaxaeHus: cepedpa B Buge AgCl uz 2.0 r
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cruiaBa, coaepxamero 22 % Ag, npu HCIOJIb30BAHUU ITOJTYTOPHOTO
kosimuectBa ocaaurersa? Oreer: 0.56 mir.

5. Paccuutath 00bem pactBopa (NH 4),C,04 ¢ MaccoBoii goseit
2.5 % nna ocaxnenus kanbuua nu3 200 M pacTBopa C MOJISIPHOM
koHneHTpanueir CaCl, = 0.05, 4yToOBl mpu oOcCaXJaeHUM ObUT CO3AaH
n30BITOK ocamutensd B 20 %.

6. Paccumrats o6bem H,SO; (p = 1.24 r/cM’), KOTOpBIiA
notpedyerca nus npespamenus 0.35 r CaO B CaSO,4? Otser: 1.5 mu.

7.  Paccuurtars maccy numetruicynbdara (CH30),SO, xoTopas
HeoOXxonuma JJIs OCaXKJEeHUs Oapus U3 pacTtBopa, cojepxkaiiero 0.2 r
BaCl,2H,0, npu tpexkpatHom konnuecte ocaautena? Orser: 0.31 r.

8.  Paccumrtare morepu CaCOj; nipu npomeiBanuu 0.3 r© ocanka
250 mn Boawl. Paccumtate morepu (%) BCiE€ACTBHE PacTBOPUMOCTH
CaCO3. Otger: 1.54-10° ;7 0.51 %.

9.  Paccuurtarh norepu Kajblys 3a CYET pAaCTBOPUMOCTH OCAIKa
okcanata kKamplus npu npomseiBanuun ero 300 mum 1.5 % pactBopa
(NH,),C,04-H,0? OtBer: 2.62:107" .

10. Paccuntath 00BEM BOABI, KOTOpPBIA MOTpeOyeTcs s
npombiBanus ocagka MgNH,PO,-6H,0O maccoii 0.5 1, uToObI motepu 3a
cuet pactBopumocty He mpeBbimanu 0.05 %. Otser: 16.2 mo.

11. Paccuuratb 00beMm 25 % pactBopa NH; KOTOpBII HYXHO
n00aBuTh K 150 M1 MPOMBIBHOM KHUIKOCTHU, YTOOBI TIPH IIPOMBIBAHUHU
ocagka MgNH4PO, morepu 3a cyer pacTBOPUMOCTH COCTABUIIM HE
oonee 0.0001 r MgO. Otger: 0.53 mu1.

12. Paccuurath MaccoByro gomo (%) FeO B o0Opasie
TEXHUYECKOI0 KEJIE3HOro Kyropoca, ecin u3 HaBecku 0.9200 r B
pesynbTare ananusa noxyuwin 0.2545 r Fe,O;. Paccuntath MaccoByro
nomo (%) FeSO,4-7H,0 B uccinegyemom oopasiie. Oteet: 24.89 %; 96.32
%.

13. Paccuurate maccoByro nonto P,Os BO BIaXHOM M CyXOM
cynepdochare. N3 wucxognoit Haecku (0.3427 1  BIAXKHOIO
cynepdocdara nonydeno 0.1028 r Mg,P,0; Bnaxnocts cynepdocdara
coctasiseT 12.36 %.

14. Paccuurat MmaccoByro paomo (%) MgO B wuccienyemom
oOpaslie mocie MpPOKAJMBAHUSA, €CJIM [0 NPOKaJIUBaHMUS HaBeCKa
coctosuia u3 36.00 % MgCOs;, 51.00 % Mg(OH),, 10.00 % H,O u 3.00
% S10,. OtBeT: 94.59 %.



25

15. Paccuurate MaccoByro gomo (%) P B ananusupyemom
BemectBe. HaBecky opranmueckoro coemuHenuss maccon 0.4004 r
O30JIWJIM U 30JIy PacTBOpWwIM B Kojioe BMecTumMocThio 200.0 miu. U3
20.00 ma pactBopa nomyuunu 0.1982 r (NH4);PO4 -12Mo0O;. OtBer:
8.17 %.

16. Paccuurath MaccoByto a0t (%) caauuuiIoOBOM KHUCJIOTHI
C¢H4(OH)COOH B mnpenapare. Jlig omnpeneneHus CalyIMIOBOM
KUCJIOThI HaBeCKy (apmaileBTHUecKoro mnpenapara maccoit 0.2101 r
nepeBent B pactBop Na,COs;, mobaBwnu uon u noayduwnu 0.5175 r
terpanoadenunenxunona (Cq¢l;O,). OTBet: 98.93 %.

17. Paccuurats maccoBbie 101U (%) NaCl u KC1 B cmecu. U3
HaBecku cmecu NaCl u KC1 maccoit 0.1225 r nonyunnu 0.2850 r AgCl.
Otsert: 76.26 %; 23.74 %.

18. Paccuurats mMacoBeie nonu (%) Br u AgBr B cmecu. Cmech
AgCl u AgBr coaepxut 65.85 % Ag. OtBert: 22,48%; 52,83%.

19. Paccuurate wmaccoBbie gomu (%) K,CO; u KHCO; B
uccienyemon npooOe. Ilpu npokanuBaHuu MpoObI, COAEpIKAIICH CMECh
K,CO; u KHCO; maccou 1.712 r, nonyuunu 0.5512 r CO,. Ortger:
97.15 %; 2.85 %.

20. Paccuurath MaccoBble 1oau Ca u Ba B ucxonnoit cmecu. 13
HaBeckn cMmecu CaO u BaO maccont 0.5000 r nonyumim 0.9151 r cmecu
CaSO,4 u BaSO,. Otsert: 24.31 %; 59.09 %.

21. Paccuutaths MmaccoBble noiau (%) Ca u Mg B uCXOaHOU
cmecu. M3 cmecm CaCO; m MgCO; wmaccou 0.9876 r mocie
npokasmBanus noaydrwin 0.5123 r emecn CaO nu MgO. Otser: 19.81 %,
14.56 %.

22. Paccuutath smnupuyeckyro GopMyny okcuga meau. M3
HaBeckn okcuaa wMeau wmaccon  0.1200 r  momyumnam  0Caiok
okcuxuHoimHaTa Cu maccoit 0.5901 r. OtBet: Cu,O.



