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YUacTtpr 1.

XUMHUYECKHE METOAbBI aHaJIn3a



XHUMHYECKHE MCETOObI aHaJInU3a

1 KanejabHbIN aHAJIU3 HEOPraHUYECKHUX BelleCTB

1.1 Ilenwv u 3a0auu padomot

OBaneTs mpueMaMu BBITTOJIHEHUS KAYECTBCHHBIX aHATTMTUYECKUX PEaKIuit
KamneJIbHbIM crtoco0oM. OCBOUTH METOIHMKY IPOOHOTO KAa4eCTBEHHOTO aHAIIN3a,
0OHapy>KeHHsI KATHOHOB U AaHMOHOB B MHOTOKOMITOHEHTHBIX CpPeZlaX C TTOMOIIIBIO
cneruduuecknx peakmuii. [IpornsBect ananu3 o0beKTa HEM3BECTHOTO COCTABA.

1.2 Ilpozpamma pabomot

1.2.1 Amnanu3s sncuokux cpeo

B 3aBucuMOCTH OT KOMIIOHEHTHOTO COCTaBa MPOOKI, MPU HEOOXOIUMOCTH,
10 CIIEMaJIbHBIM METOJANKAM IPOBOAAT OII€pallui MAaCKUPOBaHUS, OCAXKIACHUSA U
OTACICHHA OPraHnYCCKUX COC,III/IH@HI/Iﬁ N OTACJIbHBIX HOHOB, MCIIAIOIIHUX aHAJIN3Y,
WJIA BBIACJIICHUS OTKPBIBA€EMbBIX HOHOB.

1.2.1.1 Boinoanenue peakyuii 00HAPYysHceHUA KAMUOHOB

Oobopyooeanue u peakmueuol.

[IpenqMeTHBIE CTEKIA;
Mukponpooupku;

[TuneTku;

YHuBepcanbHas MHAUKATOpHAs OyMara,;

1

2

3

4. bes33oJibHbIC OyMaKHbIE (DUITBTPHI;

5

6. PacTBOpHI MHAUBUAYAIbHBIX KATHOHOB M aHUOHOB, 0,01Mob/1M?;
1.

2.1.1.1 O6napysncenue uonos AP*

a) Ha anu3apuHoByr0 OyMary HaHOCAT KaIuTi0 aHAIM3UPYEMOIO PacTBOpa U
BBIIEP)KUBAIOT B Mapax aMMHUaKa /10 OKPAIlMBaHUs MATHA B (DUOJETOBBIM I[BET.
[Tpu 607b11I0M COAEpPKAHUN ATFOMUHUS KPACHOE OKpAIIMBaHKE TOSBIIAETCS Cpasy.
Ecnu conepxanue aaroMuHUS Majo, TO OyMmary cieayeT BbICyIHTh B neuu. duo-
JIETOBAsk OKpacKa allM3aprHaTa aJFOMUHUS MCYE3aET, IOCKOJbKY IOCIEAHUM pac-
IIaJJaeTCs HA aMMHAaK U JKEJIThIM aJIM3apUH; IIPU 3TOM KPaCHBIM aJIFOMUHUEBBIN JIaK
CTAHOBUTCS 3aMETHEE.

[Ipenen oOHapyxenus: 0,15 Mkr.

Pearent: AnuzapunoBas Oymara. be33oiabHbIi GUIBTP MOrpyKarOT B HACHI-
HICHHBIN 3TAHOJIBHBIN PACTBOP aTU3apUHA, BHICYIIIMBAIOT U XPAHST B 3aKPBITOM CO-

cyne.

OOHapyXEeHUIO aTIOMHHUS MEIIAIOT JKeJe30, ypaH, XpoM U MapraHei. Me-
IIAOIIee BIMSHUE ITHX AJIEMEHTOB MOKHO YCTPAHUTh OCAXKICHUEM T'eKCalnaHO-
deppatom (II) kamus.
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KanenbHbIN aHau3 HCOPraHN4YCCKNUX BCIICCTB

0) AHanuM3upyeMmblili pacTBOP MOJIIETAYMBAIOT /10 PACTBOPEHUS MEPBOHA-
YaJbHO BBITIABIIETO Ocajka. Karmmo ero mepeHocsT Ha GUiIbTPOBAILHYIO OyMary
U TIOCIIEZIOBATEIbHO 00pabaThiBalOT Karuield pacTBopa aiu3apuHa kpacHoro C u
Kariel yKCyCHOM KucioThl. OOpa3yeTcst KpaCHO-(HOIETOBBIN aTFOMUHHUEBBIN JIAK.

[Ipenen obnapyxenwus: 0,67 MKT.

Pearent: Anuzapun kpacusiii C (0,1 % (macc) (HaTpueBasi coyib anu3apuH-
CyJb(HOKUCIIOTHI), BOIHBIN PacTBOP.

1.2.1.1.2 O6napyscenue uonog V>*

a) Ha mpenMeTHOM CTEKIIE CMEUIMBAIOT KAIUIIO aHAIU3UPYEMOTO pacTBOpPA C
Karieil CepHOM KUCIOThI ¥ yepe3 | MUHYTY 100aBIISIOT KaIlIk0 pacTBOpa NEPEKUCH
BOJOpOAa. B 3aBuUCMMOCTH OT colep)KaHusl BaHAIUsl pacTBOpP MPUOOpETaeT OT
0JIETHON KOPUYHEBO-PO30BOM JJO KPOBABO-KPACHON OKPACKHU.

[Ipenen obuapysxenus: 2,5 MKT.

Pearentsl: CepHas kuciora, BOAHbIN pactBop (20% (Macc)), mepekuch Bo-
nopoja, BoaHbIi pactBop (1% (macc).

Jlis ycTpanenus Memarommero Biusuus Fe? u Ti*" no6asnstor pactBop NaF
i KF, cesi3piBaromuii 5tu katuonsl B KoMminiekcel FeF; u TiF4 cooTBeTCTBEHHO.

0) Ha punbrpoBanpHyto OymMary HAaHOCST KaIlTio aHATM3UPYEMOTO pacTBopa
¥ pearedrta. B npucytcTtBud V' NPOSABISIETCS YMCTOE TOJIy00€ OKpAIIMBAHUE.

[Ipenen oOHapyxenus: 0,05 MKr.

PearenTt: Cynbdocanuunoas kuciota (2% (macc)), pactBop B pocopHoit
kuciote (80% (macc)).

Mematomue nonsl: Fe**, V3*, Mo®".

B) B MukponpoOupke k aHanmM3upyeMoMy pacTBOpY 100aBIISIOT KaIUIIO pe-
arenra. B npucyrcTBun V' pacTBOp OKpammBaeTcs B IIIyOOKUI CHHHMH IIBET U
dyopecuupyeT KpacHbIM cBeTOM pu Y @ 00ydeHuu.

[Ipenen obuapysxenusi: 1 MKT.

Pearent: Peszoprun (0,1% (macc)), pactBop B docdophnoit kuciote (80%
(macc)).

B niprcyTcTBUM OMXpOMATOB PacTBOP OKpAIIMBACTCS B (PUOJICTOBBIN IIBET,
HO HE (QuIyopecuupyer.

1.2.1.1.3 Oonapyrcenue uonoe Bi>*

Ha npeameTHOM CTekse CMENIMBAIOT KaILUII0 aHAJIM3UPYEMOIO pacTBOpa C
Kariel MepBoro peareHra a 3aTeM c Karieil Broporo peareHta. KopuuneBbii uiu
OpaH>KEBbIM 0CA/IOK YKa3bIBAET HA MPUCYTCTBUE BUCMYTA.

[Ipenen oOHapyxenus: 0,05 MKr.

Pearentsi: Pomanua ammonus, BoaHblid pacTtBop, (60% (Macc)); HuTpar
CBHHIIA, BOAHKIN pacTtBop (0,2 MOJIB/IM?).
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XHUMHYECKHE MCETOObI aHaJInU3a

Memaromuye MOHBL: CyabGUAbI, HOAUIBI, OPOMHUIBI, CYIb(aThl, XJIOPUIBL,
Cu®*, Hg**, Co?", Ni*".

1.2.1.1.4 Obnapyscenue uonos W*

a) OJHy-[Be KalM aHAJIU3UPYyEeMOro PacTBOpAa CMEIIMBAIOT Ha IIPeaMeT-
HOM CTeKJIe C TPEMS-IIATHIO KaIUIIMU peareHTa. B mpucyTcTBuu Boab(ppama pac-
TBOP OKPAILMBAETCA B CUHUIA LIBET MIIH 00pa3yeTcs CMHMI 0CaIoK.

[Ipenen oOHapyKEHUS: 5 MKT.

Pearent: xnopug onosa (II) (25% (macc)), pacTBOp B KOHILIEHTPUPOBAHHOM
XJIOPOBOJIOPOTHOM KUCIIOTE.

0) (B npucytcTBur HOHOB MouOAeHa). Ha hunbTpoBanbHy0 Oymary HaHO-
CAT Karuio coystHOM KUcnoThl (1:10) 1 3aTeM B HEHTP BJIAXKHOTO MATHA MOMEIAIOT
KaIlIl0 aHaJU3upyeMoro pactBopa. [losBisieTcss ApKO-KEATOE MATHO TPEXOKHUCH
Bostb(pama. Eciiu Teneps msaTHO 00paboTathk mocieaoBarensHo pearentamu [ u 11
TO 00pasyeTcsi CUHee MATHO OKCHAOB BoJIb(ppaMa HU3IIUX CTETIEHEH OKHCIICHUS,
OKpy>keHHOe KpacHbIM KObIIoM K3[Mo(SCN)g]. [Tocnenaee MokHO 00€CIIBETHTH
KOHIIEHTPUPOBAHHOM XJIOPOBOJOPOIHOU KHUCIOTOM.

[Ipenen obuapysxeHusi: 4 MKT.

Pearentsi: Ponannn kanus (10% (macc)), BOIHBIA pacTBOP, XJIOPHUJ OJI0BA
(I1) (5% (macc)), pacTBOp B XJIOPOBOAOPOIHOM KUchoTe (2M).

1.2.1.1.5 Oonapyscenue uonoe Fe**

K kamuie ananusupyemoro pactBopa (IpeaBapuTeIbHO BOCCTAHOBJICHHOTO,
€CJIM 3TO HEOOX0IUMO, aCKOPOMHOBOM KUCIOTOMN) J00ABIISIOT KPUCTANIUK BUHHOM
KHUCJIOTBI, 3aTEM Karlll0 peareHTa ¥ HEMHOTo aMMHaka (MOXXHO BBIIEPKUBAThH B
napax). B 3aBucumoctu oT coiep;kaHus xese3a NosiBisieTcs: 0osee uiu MeHee UH-
TEHCUBHOE KpacHoe okpamiuBaHue. [Ipu cTosHMM Ha BO3AyXe OKpacka Mcue3aeT
BCJICJICTBUE OKUCIIEHUs KoMIuiekca xene3a (II).

[Ipenen obnapyxenus: 0,4MKr.

Pearent: Jlumerunrinokcum (1% macc), 3STaHONBHBINA PacTBOP.

Memaromue nonst Ni**,
1.2.1.1.6 Oonapyscenue uonoe Fe’*

a) Peakunio MOXHO BBITIOJIHUTH KaK Ha (PUIBTPOBATIBHON Oymare, Tak U Ha
IPEIMETHOM CTEKJIe IIPU CMEIIMBAHUU KaIlJld aHAIM3UPYEMOI0 pacTBOpa U pea-
reHTa.

[Ipenen oOHapyxenus: 0,1Mkr (Ha Oymare), 0,05Mkr (Ha cTekIie).
Pearent: I'ekcanmanodeppar (II) xkanus (5% (macc)), BogHbIM pacTBOpP.

Mematonue noHbl: MeTaibl, Jaroliue OKpalleHHbIE OCAIKU C peareHTOM,
¥ aHUOHBI, o0pa3yroIue KoMiuiekchl ¢ noHamu xenesa (III) (bropua-, okcanar- u
JIp. UOHBI).
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KanenbHbIN aHau3 HCOPraHN4YCCKNUX BCIICCTB

0) Ha nmpeaMeTHOM CTekJi€ CMEIMIMBAIOT KAIUIKO KUCJIOTO aHAIM3UPYEMOro
pacTBopa ¢ kKaruiei pearedTa. B npucyrcrBunm xenesa (I11) mosiisiercst 6onee wm
MEHee IIyOOKOe KPaCHOE OKpalllBaHUE.

[Tpenen obuapyxenus: 0,25MKr.
Pearent: Poganun kanus (1% (macc)), BoIHbBINA pacTBOp.

Memaromue coeauaenus: Conu koOanbTa, HUKEINS, XpOMa, MEIU U COE/IH-
HeHus1, 00pa3yroire KoMiiekchl ¢ xxene3om (III) (bocdatel, apcenaTsl, okcanaTsl,

TapTpaThl, PTOPUJIBI U AP.).

1.2.1.1.7 Oonapyscenue uonoe Co**

Ha npenMeTHOM cTekJie K HECKOJBKUM COThIM IpaMMa KpUCTaNInYeCKOro
TUOCYJIb(paTa HATPUS TPUIIMBAIOT KAIUTIO aHATTM3UPYEMOT0 pacTBopa. B 3aBucumo-
CTH OT KOJIMYECTBA MPUCYTCTBYIOMIETO KOOAIBTA Cpasy MU Yepe3 HECKOIHKO MU-
HYT MOSABIISIETCS O0JIee WK MEHee MHTEHCUBHOE TOMy00e oKpammmBaHue. Peakius
YCKOPSIETCS TIpH TOOABICHHUH KaIlJIM 3TaHOJA.

[Ipenen obHapyKeHUs: SMKT.
Pearent: Kpucrannuueckuit Tuocynsdart HaTpus

1.2.1.1.8 O6napysrcenue uonoe Mg**

AHanmM3upyeMsblil pacTBOp IPEIBAPUTEIHLHO YIAPUBAIOT C CEPHOIM KUCIOTOM
JUTS yQJeHns JIETy9nuX KUCaoT u ammuaka. Karumo (0,005¢M?) BoaHoOro pactBopa
OCTaTKa M KaIUI aMMMaKa MOMENatoT Ha (eHoI(TaJIeMHOBYIO OyMary U BBICY-
muBatoT. [Ipu cmMaunBaHuM Bojoi Oymara CTaHOBUTCSI PO30BOM B MECTE HaHece-
HUS aHAJIM3UPYEMOT0 pacTBoOpa.

[Ipenen oOHapy>KeHUsI: OMKT.

Pearent: ®enondranenHoBas 6ymara (6€3307bHbINA GUIBTP MPOMUTHIBAIOT
pactBopoM denondranenna ((10% (macc)) 3TaHOMBHBIN PACTBOP) W BBHICYIIH-
BAaIOT).

1.2.1.1.9 Oonapyascenue uonoe Mn**

a) Ha ¢unbpTpoBanbHyio OymMary HaHOCST KaIlUTIO peareHTa U 3aTeM Karuiio
aHAM3UPYEMOT0 pacTBOpa. B mpuCyTCTBIH MapraHiia MOsSBISETCS TEMHOE TSI THO,
KOTOPOE TPH TMOCIEIYIOMEM HATPEBaHUU CTAaHOBHUTCS 0Oojee oTUeTIMBBIM. Ecim
NPUCYTCTBYIOT Majble KOJMYECTBA MapraHIiia, HEOOXOIMUMO BBHITIOJTHEHUE XOJIO-
CTOT'O OIBITA.

[Ipenen oOHapyxenus: 0,05MKr.

Pearent: AMMuauHblil pactBop cepedpa. K HachIIIeHHOMY pacTBOpY HUT-
pata cepebpa 100aBISIIOT KOHIEHTPUPOBAHHBI aMMHUaK 0 PaCTBOPEHHUSI MEPBO-
HayaJbHO 00pa30BaBIIETOCs OcajiKa. 3aTeM A00aBISIOT paBHbIN OOBEM aMMHUAKA.

OOHapyXeHHUIO0 He MEIIAKT UOHBI AI°*, Cr**, Fe**, Co**, Ni**, Zn**, Hg™",
Pb*, Bi’*.
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XHUMHYECKHE MCETOObI aHaJInU3a

0) Ananusupyemsiii pactBop ynapusatot ¢ CaCOs. Kamito octatka HaHOCST
Ha (PUIBTPOBATIBHYIO OyMary, BBICYIIMBAIOT U 00ydatoT Y D-CBETOM ¢ ITMHOM
BOJIHBI 365,7 HM. XKenToe TFOMUHECHIEHTHOE CBEUEHHE YKa3bIBAET HA IPUCYTCTBHE
Mn* .

[Ipenen obnapyxenwns: 0,0001 mxkr.
Memmarornue nonsl: Sb>* u Bi®*

PyOuHOBO-KpacHas TIOMUHECIICHITUS HA0II01aeTCs IPU BHICYIIIMBAHUH pac-
tBOpa Mn?" ¢ runpodocharom HaTpus.

[Ipenen oOHapyKEHUS: 5 MKT.

1.2.1.1.10 Oénapyscenue uonoe Cu’*

a) Ha ¢unpTpoBanbHyto Oymary nocyieoBaTejbHO HAaHOCST peareHThl | u
2, BBICYIIMBAIOT, 3aTEM HAHOCAT KaIUIIO aHAJIM3UPYEMOro pactBopa. B mpucyt-
cteun Cu?* NOSIBIISETCS KOPUUHEBOE MSTHO.

[Ipenen obnapyxenwns: 0,05 MKT.

Pearentsr: rekcarmmanodeppar (I1) xamus (5% (macc)), BOIHBINA pacTBOp,
cynbdat nuaka (10% (Macc)), BOIHBIN pacTBOP.

Memarornue nousl Cd*>" u Fe?'.

0) Ha punsTpoBanbHyto OyMary mocieoBaTeIbHO HAHOCAT PeareHT, KarTo
pactBopa mienour (2M) M Karullo aHalM3UpPYyEeMOTO pacTBopa. B mpucyrcrBum
1oHOB Cu?’ MOABISETCS KOPUUHEBOE MISATHO.

[Ipenen oOHapyxenus: 0,005Mkr.
Pearent: Pe3opiun (1% (Macc)), BoaHBIN pacTBOp.
Memarorre HOHBL: Ag'.

1.2.1.1.11 Oénapyncenue uonos Mo®* (¢ npucymcmeuu eonvppama)

Ha ¢unpTpoBanbHyto Oymary HaHOCAT Karuio colisiHo kucaoTsl (1:10) u
3aTeM B LIEHTP BJIAXXHOIO MSTHA IMOMELIAIOT KAIUI0 aHAIM3UPYEMOIO pacTBOpa.
[TosiBisieTcs ipKo->KeNTOe MATHO TPUOKCHIA BOJIb(ppama.

Ecnu Teneps nsiTHO 06paboTaTh MOCIE0BATENBHO peareHTaMu (POIaHuIOM
kanmus 1 xjopuaoMm ojosa (II)), To obpazyercs cuHee MATHO OKCHIIOB BOJIb(ppama
HUBIIMX CTENEHEN OKUCIEHUs, OKpYKeHHOEe KpacHbIM KobIoM K3[Mo(SCN)g].
[Tocnennee MOXKHO 00€CIIBETUTH KOHIIEHTPUPOBAHHON XJIOPOBOJIOPOTHOMN KHUCIIO-
TOM.

[Ipenen oOHapyXeHUsI: 4MKT.

Pearentsi: Poganua kanus (10% (macc)), BOAHBIN pacTBOp, XJIOPHU 0J0Ba
(I1) (5% (macc)), pacTBOp B XJIOPOBOAOPOIHOM KUcoTe (2M).

1.2.1.1.12  Oénapyscenue uonoe Ni**
a) B mpucyrcteun coneii Fe**. Ha mpeaMeTHOE CTEKII0 HAHOCAT TOCIIEN0BA-
TEJIbHO KaIUTK aHAJIIM3UPYEMOTr0 PacTBOpa, KAIUI0 MEPBOrO pEeareHTa, ABE Karliu
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KanenbHbIN aHau3 HCOPraHN4YCCKNUX BCIICCTB

BTOPOTO p€arcHra, Karuiro TpCTbETro pcarcHra. O6p330BaHI/Ie KpaCHOIro oCaJika Ha
IMMOBCPXHOCTH U 110 KPasdAM JKUAKOCTHU YKA3bIBACT HA NPUCYTCTBHUC HUKCJIA.

[Tpenen obuapysxenus: 0,5 mkr. npu 100-kpaTHOM U30BITKE HOHOB Fe’* .

Pearentsl: TapTpar HaTpusi, HACBIILIEHHBIA pacTBOP; KapOOHAT HATpHS,
HACBIIIEHHBIN pacTBOP; AUMeTUNrIHnokcuM (1% (Macc)), STaHOIBHBIN PacTBOP.

6) B npucyrctuu coneit Co?" u Mn?*. Ha ¢punsTpoBansHyro Gymary, npo-
MUTAHHYIO PAaCTBOPOM JUMETHITIMOKCUMA, HAHOCAT KATUTIO aHAJIM3UPYEMOT0O pac-
TBOpA. 3aTeM ee MOTPYKAIOT B pa30aBICHHBIN aMMHAK, TJI€ OCTOPO’KHO TIPUBOIST
B aBwkeHne. OKpamieHHbIe JUMETHUITIMOKCHUMATH COMYTCTBYIONIMX METAIIIOB
pacTBOPSIOTCA W HA OyMare OCTaeTCsl KpacHOE MATHO JUMETHITIMOKCUMATA HH-
KeJsl.

[Ipenen obuapyxenus: 0,8Mkr mpu 1250-kpatHom u30bitke Co®*. 1,7MKr
npu 590-kpaTtHOM H30bITKE Mn*™,

1.2.1.1.13 Oénapyscenue uonoe Sn’*
Ha mpeameTHOE CTEKIIO HAHOCAT KAIUTI0 aHAIM3UPYEMOTO pacTBOpa H
Karutto pactBopa xaopuaa xkenesa (I11I) (1% (macc)). lanee no meroauke m. 1.2.2.5.

[Ipenen obnapyxenus: 0,4MKr.

1.2.1.1.14 Oénapysrcenue uonoe Hg**

Ha ¢unbTpoBanbHyro GyMary HaHOCAT KaIUTIO aHAJIW3MPYEMOTO PacTBOpa,
NOOABJIAIOT KaILII0 PearcHTa M KaIullo aHWInHA. YepHOoe MM KOPMYHEBOE OKpa-
IIMBAHHE YKA3bIBAET Ha PUCYTCTBUE PTYTH.

[Ipenen oOHapyxeHust: 1 MKT.

Pearent: Xnopug onosa (II)(2-5%(macc)), cBeKenpUroTOBICHHBIN BOIHBIHI
pacTBop.

1.2.1.1.15 Ooénapyscenue uonoe Pb>*

Ha ¢unsrpoBanbHyio OyMary HaHOCAT KaIljIl0 aHAJIM3UPYEMOT0 pPacTBOpa U
MOCJIeIOBATEIHLHO 00pabaThiBalOT pacTBOpoM mienodu (2M) u OpoMHOI BOJOM.
Koraa mocnemHsist Karuis OJTHOCTBIO MOTIIOTUTCS OyMaroii, J00aBIsIOT BE KaIlid
pactBopa ammuaka (1:1), 1aroT eMy BO3MOKHOCTb IPOMHUTATh Oymary, a H30bITOK
aMMHaKa yJIaJsioT IOMaxuBaHUEM OyMaru HaJ cia0bIM IJIaMeHeM. 3aTeM 100aB-
JSIFOT BTOPOM PEareHT, U B COOTBETCTBUU C KOJIMYECTBOM CBUHIIA, KOTOPOE IPH-
CYTCTBYET, 00pa3yercs ISTHO, UMEIOIIEee OKPACKY OT CBETJIO- JI0 INTyOOKO-CHHEH.

[Ipenen obnapyxenus: 1 MKT.

Pearentsl: Haceimennas OpomHasi Boja (HACHIIIEHHBIH BOJHBIA pacTBOP
opoma); 6ensuauH (5% (Macc)) pacTBop B yKCycHOU kuciote (25% (macc)).

Memaromue nonsl: Ce*', Mn?*, Bi**, Co?**, Ag®, TI*". Jlna ycrpanenus me-
IIAOIIETO BIUSAHHUS PEAKLUIO HA CBUHEL CJIEAYET BBIIOIHATH B IIEIOYHOM BbI-
TSDKKE.
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XHUMHYECKHE MCETOObI aHaJInU3a

1.2.1.1.16 Oonapyscenue uonoe Ti**

a) K kame cossiHO- MM CEpHOKHUCIIOTO aHAJIM3UPYyEMOTro pacTBOpa Ha Mpei-
METHOM CTEKJIE JOOaBIIAIOT KaIull0 pacTBopa nepekucu Boxopoaa (3% macc). B
3aBHCHMOCTH OT KOHIICHTpAIMH TUTaHA PAaCcTBOP OKpaIIuBaeTcs B Ooiee uim me-
HEE UHTCHCUBHBIN KENTHIN LBET.

[Ipenen obHapyxenus: 2 MKr. Mcronb3ysi KaTHOHOOOMEHHYIO0 CMOJTY TIpe-
Jie 0OHapyKEHUs: MOXKHO CHU3UTH 110 0,25 MKT.

Memaroriye HOHBI: XpOMAThl, BaHAAAaThI, MOJTHO1aThI. IOHBI jkeTe3a MOXKHO
MacKupoBaTh PochopHOM KUCTOTOU WK PTOPUIAMH.

0) Karutto ananusupyeMoro pactBopa B MUKpOIIpoOupke 00padaThIBatoT pe-
areHToM U J0OABJISIIOT K PacTBOPY KyCOUEK METANIMYECKOTO LMHKa. B mpucyt-
CTBUM TUTaHA PACTBOP U3MEHSET OKPACKY C JKEJITOW Ha 3€JEHYIO.

[Tpenen obuapysxenus: 0,5 MKT.
Pearent: anuzapun kpacusiii C, (0,1 %(macc)).
OmnpeneneHnto He MEIAIOT COJTH JKeJe3a, XpoMa, MapraHIia.

1.2.1.1.17 Oénapyscenue uonos Zn’"

Ha npeameTHOM cTekine CMEMMBAIOT KAIUTIO aHAJIM3UPYEMOI0 pacTBopa ¢
KaIule aMMHMaKa M Kalley peareHra. B nmpucyTcTBUM IIMHKA PacTBOP OKpallnBa-
eTcsl B rosty0oil 1iBeT.

[Ipenen oOHapyKEHUS: 2 MKT.

Pearent: pe3opuun (1% (macc)), 3TaHOJIBHBIN pacTBOP

1.2.1.2 Bovinonnenue peakyuii 00HaApyyHceHUus AHUOHOG

1.2.1.2.1 Oonapystcenue xapoonam —uoHoe.

OpHy-/Be Kalulk aHAJIM3UPYEMOT0 pacTBOpa MM KyCO4YeK TBEPAOIO Bellle-
cTBa 00pabaThIBAIOT B MpUOOpe Tpems KaruisiMu cepHoi kuciaotsl (1M). lapuk
IPOOKH OITyCKAaIOT B pEareHT U YCTaHABIMBAIOT Ha MecTo. Karuis pearenra Ha mia-
puke obOeciBeYMBaEeTCsl HEMEICHHO WM Yepe3 KOPOTKOE BPEeMs B 3aBUCUMOCTH
OT KOJIMYeCTBa BhIjieIsItoIerocs: okcuaa yriaepoaa (IV). Utobsr u3dexaTts Hempa-
BUJIBHBIX BBIBOJIOB BCIIEACTBHE BIMSHUS YTICKUCIIOTO Ta3a BO3AyXa, He0OX0IuMO
napauIeTIbHO MMPOBOUTH XOJIOCTOH OIBIT B TAKOM K€ MpHOope.

[Ipenen obHapyx eHus: 4 MKT.

Pearent: cmemmuBarot 1cm® pactBopa kapoonata Harpus (0,05M) ¢ 2 em® de-
nondranenna (0,5% (Macc), 3TaHOJIBHEIA pacTBOP)) ¥ KoBOAAT 10 10 cM® qucTmi-
JMPOBAHHOM BOJOM.

OOHapy>KEHUIO MEMIAIOT: JIETYYHe KHUCIOTHI, BIUSHUE KOTOPHIX yCTpaHs-
€TCS 110 CIIEHUAIBHBIM METOIUKAM.
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KanenbHbIN aHau3 HCOPraHN4YCCKNUX BCIICCTB

1.2.1.2.2 Oonapyscenue numpam —uoHo8

Ha npenmeTHoe CTEKIIO BMECTE € KAaIUIEW aHATU3UPYEMOIO pacTBOpPa IMOMe-
MIAI0T KpUCTAUTHK cynbdata xene3a (I1). Jlo6aBmstoT Kario KOHIIEHTPUPOBAH-
HOW CEepHOM KHUCIOTHI Tak, 4TOObI OHa cTekana cOoKy. B mpucyrcTBun HUTpPATOB
BOKPYT KpHCTaJUIUKa 00pa3yeTcsi KOpUIHEBOE KOJbIIO.

[Ipenen oOHapyx eHus: 2,5 MKT.

Melaronye UOHbI: HUTPUTHI, UOJUJIBI, OPOMUIbI, [IHAHUILI, ITUaHOdEp-
paThl, XpOMaThl, CYJIbPUTHI, THOCYIb(AThI, HOAATHI U JIP.

1.2.1.2.3 Oonapyxrcenue opmogocgham -uonoe

Ha ¢unpTpoBasibHy0 OyMary HaHOCSIT KaIljIl0 aHAJIU3UPyEeMOTro pacTBopa u
BBICYIIIMBAIOT. 3aTeM OyMary rnorpy»aroT WId ONPbICKUBAIOT peareHToM | u uepes
30 c pearentom II. ®ocdaTsl 00pa3yrOT cuHEe MATHO.

[Tpenen obuapysxenus: 0,1 MKr.

Pearentsr: metunsuoner (1% (Macc)), BogubIi pactBop, B 150 cM® pacTBo-
psaroT 12 r MonmubaaTa aMMOHUS ¥ IOAKUCISIOT 35 ¢ 10 M pacTBOpOM XJI0pOBO-
JIOPOJHOMN KHCJIOTBHI.

1.2.1.2.4 Obnapyscenue cunukam - uoHO8

Ha ¢unsrpoBanbHyio OyMary moMemialoT Kalilo aHaJIM3UPYyEeMOro pac-
TBOpA M KaIlUTIO MEPBOro peareHTa. 3aTeM K pacTBOpPY A00aBISIOT KAILIIO BTOPOTO
peareHTa, mocje 4ero Oymary HeKOTopoe Bpemsi Aepkat HaJ ammuakoM. [losBiie-
HUE roJly0Oro OKpanivBaHUs CBUAETEILCTBYET O MPUCYTCTBUH B PACTBOPE KpPEM-
HUEBOU KUCJIOTHI.

[Ipenen obnapyxenus: 1 MKT.

PearenTsr: B 150 cM® pacTtBopsrOT 121 Mmomb1aTa aMMOHUS U TIOAKUCIISTFOT
35 cMm® pacTBOPOM XJI0pOBOAOpOAHOM KucaoTh (10M); 6ersumun (0,1% (Macc)),
BOJIHBIN PACTBOD.

Memaromue noHsl: Gochar-uoHsI.

1.2.1.2.5 Oonapyscenue cyavhuo - uonos

K 1-2 kamisM aHaJIM3HpPyEMOTO pacTBOpa, MOMELICHHBIM Ha MPEIMETHOE
CTEKJIO J00aBIAIOT 2-3 Karu peareHra. B mpucytcTBuu Cyiab(pUAOB BBINAIAET
YEPHBINA 0CAIO0K CyIb(pHIa CBUHIIA.

[Ipenen oOHapyxeHus: 1,8 MKT.
Perent: aunerat cBuHna (1 Moms/mv?).

OOHapyEHUIO0 MEIIAIOT HOHBI, 00Pa3yIOIINe CO CBUHILIOM HEPACTBOPUMbIE
COJIU.

1.2.1.2.6 Oonapyxrcenue cyarvgham - uonog

Ha npeamMeTHOM CTeK/Ie CMEUIMBAIOT TPU KaIlIM aHAJIU3UPYEMOT0 pacTBOpa
C Kamulel HACBIIIEHHOTO pacTBOpa INepMaHraHara kanusd. Kammo nomydeHHou
CMECH HAHOCAT Ha (UIBTPOBAIBHYIO Oymary, IpONUTAHHYIO XJIOPUAOM Oapusi, U
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BBIZICpKUBAtOT ee 7-8 muH Haj neubto pu 70-80 C. N36sIToK Xmopuaa Gapust yaa-
JSIFOT TIPOMBIBAaHHEM B BOZI€ B TeueHre | MuH. Bymary momemaroT B pacTBOp Iia-
BesieBoit kucnoTsl (1M) nnst pazpymenuss KMnOs u MnO,. Ecnu B ananuzupye-
MOM PacTBOPE MPUCYTCTBYET CyJb(haT — HOH, TO Ha OymMare octaercs sipkoe (huo-
JIETOBOE TISITHO.

[Ipenen oOHapyx eHus: 2,5 MKT.

Pearent: 6ymara, nponutanHas pactBopom xjopuaa 6apus (0,5M) u BeICy-
IICHHAS.

Memaroiye UoHBI: CylbPua-, cyiabGuT-, pOJaHUI-, CEJIEHAT- U CEJCHUT-
VOHBI.

1.2.1.2.7 Oonapysxrcenue xnopuo - uonoe

Heckonbko kpynuHOK 00pasiia MoMENaroT B MPOOUPKY HIIK K€ KaIlTio HC-
IBITYEMOTO PacTBOPA BBHIMAPUBAIOT B HEH. 3aTeM J00ABIAIOT ABE KaIlJId KOHIICH-
TPUPOBAHHOU a30THOM KUCIOTHI. Ha CTEKIISTHHBIN MIapuK MPOOKK HAHOCST peareHT
U 3aKpbIBaloT pooupky. [IpoOupKy HarpeBaroT Ha acOECTOBOIl CETKe 10 MOsBIe-
HUS NIEPBBIX My3bIPHKOB. [IpH ManbIX KoMIMYecTBax XJIOPHUI-HOHOB, YTOOBI YBUIETD
NOMYTHEHHE PEareHTa, Karuio MepeHocaT Ha 4epHyIo GpaphopoByIO IIIaCTUHKY .

[Ipenen oObHapyxeHus: 1 MKT XJI0POBOIOPOTHON KUCTOTHI.
Pearent: HuTpar cepebpa, Boausli pactBop, C = 0,1 Moms/mv’.
Memaroiye HOHbI: HOAU - HOHBI U OPOMU]T - UOHBI.

[TonydeHHble pe3yabTaThl aHaIM3a 00bEKTa HEM3BECTHOI'O COCTaBa BHOCST
B Ta0mmy 1.1:

Pe3ynbTaThl 0OHApYXKEHUSI HEOPTraHUYECKUX UOHOB.
Taoauma 1.1

Brenrnnii 3 dexr
Pearent | CrangapTHblii
pacTBOp

No | O6GHapyxuBa-

> BriBog
/o €MbIA UOH

Awnanus

1.3 Bonpocwul 013 camonoo2omosxku

B yem mpuHmMIManesHOE OTAWMYHME APOOHOTO METOAa aHaiu3a OT CHUCTEeMaTHue-
ckoro? KakoBbl IpenMyIecTBa U HEAOCTATKU METOJIOB APYT MEpe Ipyrom?

Kaxoit meTos, TpoOHBIN U CUCTEMaTHYECKUH, CIIeyeT IPUMEHUTH pU 0OHAPY-
YKEHUU HECKOJIbKMX MOHOB B CMECH, COCTaB KOTOPOU MPHUOIN3UTEIILHO U3BE-
CTeH?

HazoBute kpuTeprun ONEHKU aHATTUTUYECKUX PEAKIUH.
Kakue peakiiuu Ha3bIBalOTCS OOUIUMU, CIEU(PUYECKUMHU, YACTHBIMU?
JlaiiTe onpeneneHusi NOHATUAM '"KauyeCTBEHHAs peakuus', "CeeKTUBHOCTh PeaK-

nuu", "npenen ooHapyKeHus " .
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HazoBure npu3Haku mo KOTOPHIM KJIACCU(UIUPYIOTCA aHATUTUYECKUE PEAKIIUU.

KakoBa ananuTndeckas Kiaccu(puKammsi KaTHOHOB MO CEPOBOIOPOTHOMY METOIY
aHaaunza?

Ha gem ocHOBaHO jeneHre KaTHOHOB U aHMOHOB Ha aHAJTMTHYECKUE TPYTIIIHI B CH-
CTEMATUYECKOM aHan3e?

Uto Takoe rpyrmmoBoi peareHT? Kakum TpeOGoBaHMSIM OH JOJDKEH oTBeuaTh? Kak
IIPOBEPUTH MOJTHOTY OCAKIEHUS HOHOB?

KaxkoB MMOpsAAOK OCAKACHUA KATUOHOB B CUCTCMATHUYCCKOM XOJI€ a”anu3a? HO‘IGMy

+
aHaJIN3 HAYMHAKOT ¢ 0OHapysxeHus nona VA, 2

HazoBute rpymnnoBbie peareHThl aHaTUTUYECKUX TPYIII [0 CEPOBOAOPOIHOMY Me-
TOMY.

Yro Takoe MaCKHpPOBaHHUC noHoB? B kakux ClIy4dasx 9Ta oncpanus HpI/IMGHHCTC}I?

Kakne MeToapl U criocoObl IPYNMIOBOTO M CEJIEKTUBHOIO Pa3elieHUs] HOHOB BBI
3HaeTe?

Boiuucnaure pH pactBopa CEpHON KHCIOTHI C MOJISIPHON KOHILIEHTpaluen HKBUBA-

nenta 0,005 Mosb/nM? (CurTast KUCIOTY CHIILHOM [0 00EUM CTENEHAM JIUCCO-
[AAIUN).

Paccuuraiite MOISPHYIO KOHLIEHTPALMIO HOHOB OH ™~ B PacTBOpE € pH =12,5.
Boiunciure pH pactBopa, copepkaniero B 1 am? 0,2 T ruapoKcuaa HaTpys.
Paccuwmraiite pH 0,1 Monb/aM® pacTBOpa YKCYCHOM KUCIIOTHI.

Paccuuraiite pH 0,01 Mosbs/mM® pacTBOpa rHAPOKCUIA AMMOHHUS.

PaccuMTaiiTe KOHCTAHTY TMAPOJIN3a, CTENEHb ruapou3a 1 pH 0,1 Mons/mm® pac-
TBOpa pofaHuaa ammoHus. Kakue (hakTopbl yCUIUBAIOT U KaKUE TOJIABIISIOT
TUAPOIU3?

Brluncnure pH aueratHoi OydepHoi cMecu, copepxkamieii mo 0,1 Mons/nM® yk-
CYCHOU KHUCJIOTHI U anieTara HaTpus. i yero npumeHstorcs 0y depHsie pac-
TBOpbI? UTO Takoe OydepHas eMKOCTh?

Kak usmenutcss pH aMMoHHiTHOU OydepHoil cmecH, coaepkaiieit mo 0,1 moib B
1 ov® ruppokcuaa U XJI0opHAa aMMOHMS, npu mobasieHuu K 1 am® cMecu
0,01 MoNb COJIAHON KUCIOTBHI.

Brrancnure npon3BeeHne pacTBOPUMOCTHU FHMIPOKCHIA MarHusl, €CJIM €ro pacTBO-
pumocTs B 1 am* Boasl pasua 0,0120 .

BoruncnuTe pacTBOpUMOCTD XJIOpH/Ia CBUHIIA B Boje, ecnu [IP = 2,4-107°.

Beimager mu ocanok, ecnu cmemats 30 cm 0,003 Moss/aM® pacTBOpa XpoMaTa Ka-
st 1 20 em® 0,0002 mons/am® pactBopa HuTpara cepedpa? (ITP = 8,8-1077).
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2

Cucremarnueckun anajan3 katuoHoB I n II anaiauTnue-
CKHMX Ipyni

2.1 Ilpocpamma pabomul

2.1.1 MH3yuenue peaxyuii oonapyycenusn omoenvnovix kamuonog I u Il ananumuueckux

2pynn

Oobopyoosanue u peakmuegwl:

22

1) Lentpudyra;

2) Bonsinas Gans;

3) IlpoGupku;

4) Ilunetku;

5) IIpeameTHbIE CTEKIA;
6) ®apdopoBbIil TUTEIB;

7) PactBopbI, coaepKalue VHJIUBUY AJIbHBIE KATUOHBIL:
NH4*,Na" K" Mg** ,Ca*",Sr*", Ba**, Bomuble pacTBOPHI C KOHIIEHTPALME
1oHOB (1,0 mons/nm?);

8) PeaxtuB Heccrnepa;
9) NaOH (2 mMosb/1m?), BOIHBIA PacTBOP

10) PactBop rexkcanutpokodanbrata (III) Hatpus. CMmemuBarOT paBHBIC
00BeMbl pacTBopa NaNO,(30%) u pactBop Co(NO;),(10%) B npucyTcTBHU

HEOOJIBIIIOr0 KOJIMYSCTBA YKCYCHOﬁ KHCJIOTBI,

11) Xnopuna ammonns (1,0 Mons/nm®), BOAHEIN pacTBop;

12) ['unpoxcun ammonus (10% macc), BOAHBINA pacTBOp,

13) I'uapodocdar marpus (1,0 Mons/am>), BOAHEIN pacTBop,
14) VkeycHas kucnora (1,0 Mmons/am?®), BOAHBIN pacTBop,

15) Kap6onar ammonus (2,0 Mosb/aM®), BOAHBIN pacTBop,

16) Oxcanar ammonus (2,0 Mob/aM?®), BOAHBIN pacTBop,

17) Cynbdar ammonus (2,0 Mosb/aM?), BOXHBIA PacTBOp,

18) ['uricoBast Boa, HACHIIIIEHHBIN pacTBOP Cylb(aTa KaabIus;
19) Huxpomat kamus (1,0 Moss/mm?), BOmHBIA pacTBOp,

20) Auetat narpus (1,0 mons/am?®), BOgHEIH pacTBOp,



Cucrematnueckuil aHanu3 katuoHoB I u Il ananuTudeckux rpymnmn

2.1.1.1 Obunapyorcenue kamuonos NH*

1) Ha npenmeTHOE CTEKIIO MOMENIAIOT 2-3 KaIIM PacTBOpa, COACPKAIIEro Ka-
THOH aMMOHHMS M JOOaBJISIOT NUIETKON peakTuB Heccnepa. HabGmogaror
BHEIIHUM 2P (DEKT.

2) Ha npenmeTHOM CTEKJE, CMOYEHHOM BOJOW, (UKCHUPYIOT MOJIOCKY JIAKMY-
COBOM WJIM YHUBEPCAJIbHON MHAUKATOPHON OyMaru, HAKphIBAalOT UM TUTEIb
(Oymaroii BHH3), B KOTOPBIN MPEIBAPUTEIHHO MOMEIIEHO HECKOIBKO Kareb
pacTBOpa COJIM AMMOHHMS U 1-2 Karuim pacTBopa rupokcuaa Hatpus. Yepes
1-2 MuHyTHI HAOTIOIAIOT U3MEHEHUE OKPAaCKU HAMKaTopa (puc. 2.1).

1

4

Puc. 2.1. I'a3oBas xamepa 111 0OHapY>KEHUSI HOHA aMMOHUS.

1.IToxpoBHoOe cTekio; 2. MuaukaTtopHas 6ymara; 3. Turens; 4. AHanu3upy-
€MO€ BEIIECTBO.

2.1.1.2 Obuapyoicenue kamuonoe Na*

UucTyro HaKaJeHHYIO MIATHHOBYIO (HUXPOMOBYIO) ITPOBOJIOKY OITyCKAlOT B
pacTBOp COJIM HATPHS, 3aT€M BHOCST €€ B IUIaMs ra30BOM ropenku. HaOmromaroT
OKpalllMBaHUE TJIaMEHH.

2.1.1.3 Obuapyoicenue kamuonoe K

B npoOupky nomeniaror 2-3 Karim pacTBOpa COJU Kajusl, MPUOABISIOT K
HeMy 3-5 Kamenb CBEKEIPUTOTOBIICHHOTO pacTBopa rekcanutpokobamsrarta (I11)
HATPUA U HATUPAIOT CTEKIITHHOM MAJIOUKON CTEHKU NMpoOupKu. OTMevaroT Halro-
naembiii 3pdexr. OOHAPYKEHHIO MEIIAlT KaTHOHBI NHy'.

2.1.1.4 Obnapyxcenue xamuonos Mg>*

B npoOupky moMemaroT Io HECKOJIBKO Kalejb pacTBOPOB COJIM MarHus U
XJIOPUIa AMMOHHS, MPUOABIAOT 3-5 Kanelb peakTuBHOro pactsopa Na,HPO4 u
TIIATEIBHO MMEPEMEIINBAIOT. 3aTeM JOOABISIOT PaCTBOP THAPOKCUAA aMMOHHS J10
nienouHoi peakunu. HaGmogatoT oOpa3oBanue ocaka.

2.1.1.5 Jleticmsue epynnogoeo peazenma Ha kamuonwl I1-ii ananumuyeckou
2pynnul

B tpu npobupku, oTaeIbHO, MOMEAIOT MO 3-5 Kamnejidb PacTBOPOB COJEH
KaJbIUsi, CTPOHLUA U Oapus. B kaxayro qo0aBisioT mo 1-2 xamim pacTBOPOB
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THIPOKCHUIa aMMOHHUS U XJIOPUJA AMMOHHUS, IEPEMEIINBAIOT U MHANKATOPHOM OY-
Maroi KoHTpoaupyioT pH cMmeceli; oH nomkeH ObITh paBeH 9. Ecnu cpena meHee
HIENIOYHAsA, TO JO0ABIAIOT PACTBOP THAPOKCHIA aMMOHHUS, €cii OoJiee MIeIoYHast
— PacTBOP XJIOPHUIa AMMOHHUS.

Conepxumoe TTpoOMpPOK HarpeBaroT Ha BojsHOW OaHe o 70-80°C. 3arem
N00aBISIOT TI0 3-5 Kamenbs pacTBopa kapOoHaTta aMMOHWMsI. OTMEUalOT BhIMAICHUE
CXOXKHUX TIO BHJTY OCAJIKOB.

2.1.1.6 Obnapyxcenue xamuonos Ca’*

a) B npoOupky nomemarT 2-3 Kamid pacTBOpa COJIM Kalblus, J00aBisAt0oT 1
KaIlII0 YKCYCHOM KHCIIOTBI, a 3aTeM 1-2 Karuii pacTBOpa OKcajlaTa aMMOHHUSI.
JloOaBinsroT 2-3 Kamid pacTBopa TMAPOKCUIAa aMMOHUSI U U30BITOK OKcayata
aMmMOHMs. OTMEYaroT BbINaJCHUE OCAIKA.

b) Jleryune conu KajabIUs OKPAIIMBAIOT OECIBETHOE MIaMsl B KUPITUYHO-KPACHBIH
LBET.

¢) B mpobupky momemaror 2-3 Karmid pacTBOpa COJIM KaJbIHsl, MPUOABIIAIOT 1O
2-3 KaIuM pacTBOPOB I'MIPOKCHIA AMMOHMS, XJIOPUAA aMMOHUS M F€KCallHaHO-
deppara (I1) xanus. [Ipu KunsTUeHUN PEAKITMOHHONW CMECH HAOJIOIal0T BhITIA-
JeHue ocaaka. Peaknuio MOKHO OCYIIECTBISATh B NMPUCYTCTBUM KATHOHOB
CTPOHLHS.

2.1.1.7 Obnapyxcenue xamuonos Sr’*

a) K 2-3 xamisam pacTBopa coiv CTPOHLIUSA MPUOABIISIIOT 2-3 KaIllk pacTBOPa Cyib-
(aTa aMMOHUS WK THUIICOBOM BoJbl. HaGmoaroT BeImaieHne ocaaka.
[IpucyrcTBue katrnonoB Ca’" He MelaeT 0OHAPYKEHUIO KATHOHOB Sr2*.
b) Jleryuune conu CTpOHIMSA OKPAIIMBAIOT IIJIaMsl B KAPMUHOBO-KPACHBIM 1IBET.

2.1.1.8 Obnapyxcenue xamuonos Ba*

1) B nmpoOupky nomeniaror 2-3 Kari pacTBopa coyii 06apusi, 100aBJISIFOT 10
KaIuie pacCTBOPOB YKCYCHOM KMCJIOTBI, alleTaTa HATpUs U 2-3 KaIjii pacTBOpa
nuxpomarta kanus. [Ipu HarpeBanuu HaOrogaeTcs BbiaesieHue ocaaka. [po-

2
BEJICHHIO PEAKIIMM HE MELIAET IPUCYTCTBUE KATHOHOB 7

2) BecrBeTHOE MIamMsi OKpPAITMBACTCS JIETYYUMH COJISIMU Oapusi B JKEITO-3€JIe-
HBIN IBET.

PesynbTaTel paboThl 2.2.1 0hopMIISIOT B BUJI€ TaOIHUIIBI:

Tabmuma 2.1.
Ne Hab EMBITi
" | Hon | Pearent Peaxmus VYcnoBus abJIIo1aeMbIN
n/m addekr
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2.1.2 Amnanusz pacmeopa, cooeprcautezo cmecv kamuonog I u Il ananumuueckux zpynn

2.1.2.1 U3mepenue pH pacmeopa

Ha npenMeTtHoe cTekiio moMemaroT 1-2 Kariau aHaTu3upyeMoro pacTBopa u
MOJIOCKY YHUBEPCAIbHOW MHIUKATOPHOM OyMaru, cpaBHUBAs €€ OKPACKY CO IIKa-
JIOM OKpaCOK MHIUKATOPA.

2.1.2.2 Onpeoenenue kamuornosé NH4" (no n. 2.1.1.1)

2.1.2.3 Omoenenue cmecu kamuoros Il ananumuueckoti epynnvt om kamuoros |
epynnwl

[TepBoHayasibHO HEOOXOAUMO YyOEMUTHCS B MPUCYTCTBUM KaTHOHOB I
rpymmbl. JIJis 3TOro Ha MPEAMETHOE CTEKJIO TMOMENIA0T 2 Karlld MCCIIETyeMOTO
pacTBopa, 1-2 Kammu pacTBOpa THAPOKCHIa aMMOHHMS, -2 Karum pacTBopa XJio-
puma aMMOHUsA, 2-3 Karuld pacTBOpa KapOoHaTta aMMoHUs. Eciu mpu 3TOM BbIma-
JaeT 0caioK, KaTuoHsl 11 rpynmel mpucyTCTBYIOT. Eciiu ocanka HET, MpOBOIAT aHa-
U3 cMecy KaTuoHoB | rpynmnel (n. 2.1.1.2—2.1.1.4).

2.1.2.3.1a) Ocasxicoenue kamuonog Il ananumuyeckoii 2pynnst

B uentpudyxuyro mnpobupky momemarr 1,5-2 cM® mcciaemyeMoro pac-
TBOpA, TOOABJISIIOT 10 2-3 KaIlIl paCTBOPOB TUIPOKCHUIA AMMOHHS M XJIOPUJIA aM-
MOHUS, IEPEMEIINBAIOT, U3MEPSAIOT pH PACTBOpA; pH AOJKeH ObITh paBeH 9.
Ecnu cpena xucnas, mo06aBiIsitOT pacTBOP THIPOKCHIIA aMMOHHS, €CITU CHITBHO TIIe-
JIOYHAss — PACTBOP XJIOPHUIa aMMOHHUS; TIOCTIE T0OABICHHSI PEAKTUBOB U3MEPSIOT
pH pacTBopa.

ConepxxuMoe TpoOUPKH HArpeBaroT Ha BOJSIHOUW OaHe 10 70-80°C, nobas-
JISIFOT TI0 KaIlIsM TIPHU MEePEeMENIMBaHUK PACTBOP KapOOHAaTa aMMOHHMS JI0 MPEKpa-
IICHUA BbINaJieHus ocanka. CMech CHOBa HAarpeBaroT 2-3 MUHYTHI, LIEHTPU(PYTHU-
PYIOT, TPOBEPSIIOT MOTHOTY OCXACHHS. 71 3TOT0 K IPO3pavyHOMY IIEHTpU(yrary
n00aBJIAIOT €Ile HECKOJIbKO Karejdh pacTBopa kapOoHaTa ammonus. Ecim xuj-
KOCTh HaJl 0CaJIKOM OCTAETCs MPO3PAYHOI, 3HAUUT OCAXK/ICHUE MPOBEJICHO MOJIHO-
CTBIO; €CJTH BBINIAJI OCAJO0K WJIU TMOSBHJIACH MYTh, BHOBH JOOABIAIOT 5-8 Kamenib
pacTBOpa TpyNIOBOTO PeareHTa, HarpeBaroT, ICHTPUPYTUPYIOT U MPOBEPSIOT MOJI-
HOTY OCaKJICHUSI.

Y6eauBIIMCH B TOJIHOTE OCAXKIEHUS, COACPKUMOE MPOOUPKH LIEHTPpUPYTH-
PYIOT, HAJIOCAJOUHYIO KUAKOCTH (PacTBOp CMeCH KAaTHOHOB | aHamuTH4eckoi
IPYIIBI) OTACIAIOT OT OCajka B APYryr0 NpOOUPKY (€CiIu aHAIU3UPYETCS CMECh
katuoHOB | u Il aHanuTUYeCKUX rpymnm) Wik BbUIUBAIOT. UTOOBI OCAIOK HE B3MY-
YUBAJICS, PACTBOP OTAEISIOT PE3KUM HAKJIOHOM MPOOUPKHU.

2.1.2.3.26) IIpombieanue ocaoka, codepcauiezo kapoonamot Ca’’, Ba**, Sr**

K ocanky npunuBaior 1-2 cM® ropsueil AMCTHUIMPOBAHHON BOJBI, CMECH
BCTPAXMBAIOT, IIEHTPH(PYTUPYIOT, HAT0CAJOUHYIO )KUIKOCTh OTAEIIAIOT; IPH HEOO-
XOJUMOCTH OTIEPAIIUIO TIOBTOPSIIOT.
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2.1.2.3.36) Pacmeopenue ocadka kapoonamoe Ca’*, Ba’*, Sr’*

K ocaaky 100aBistoT pacTBOP YKCYCHOW KHCIIOTHI, IEPEMEIINBAIOT, HArpe-
BalOT Ha BOJSHOM OaHe 10 MOJHOTO pacTBOPEHUs: KapOOHATOB, MOJYyUEHHBIN pac-
TBOpP alETaTOB NpU HEOOXOAMMOCTH LEeHTpudyrupyrot. [Ipo3paunsiii pacTBop
aneraTtoB KaTMOHOB Il aHamMTHYECKOM IpyNIbl aHATU3UPYETCS HAa NPUCYTCTBUE
KaTHOHOB KaJIbLUs U Oapusl.

2.1.2.4 Ananusz pacmeopa, cooepicauiezo kamuonst Il anarumuueckoun

cpynnbl.

2.1.2.4.1a) Obnapyscenue kamuonos Ba’* (no n. 2.1.1.8)
2.1.2.4.26) Omoenenue kamuonos Ba**

Ecnu non Gapusi oGHapykeH, KO BCEMY pacTBOPY J0OABISIOT PacTBOP alle-
Tata HaTpus (C MpUOABICHHON paHee YKCYCHOM KHCJIOTOH oOpasyer OydepHyro
CMECh) JI0 TEX IMOP, OKA HE YCTAHOBUTCS pH 4-5 (KOHTPOJIb IO YHUBEPCAIHHOM
uHauKaTopHou 6ymare, m. 2.1.2.1). ConepkuMoe MpoOUPKHA HArpeBaroOT J0 KUIIe-
HUs, JO0OABISAIOT MO KaIulsIM pacTBOp AMXpomaTta Kajus, IoKa pacTBOp HE OKpa-
CUTCSI B OPAH)KEBBIN IIBET, YTO CBUJICTEIHCTBYET 00 M30BITKE K,Cr,0, W TOJHOTE

ocaxnienus. [TpoOupky ¢ ocankom HarpeBaroT 1-2 MUHYTHI Ha BOJSIHOM OaHe, 11eH-
TpUGYTUPYIOT, B HEHTPpU(YTre 0OHAPYKUBAIOT MOH KaJIbIH.

2.1.2.4.36) Obnapyscenue kamuonos Sr’*
Heckonbko kamesnp neHTpudyrara noMENaT Ha MPEIMETHOE CTEKIIO U UC-
nbIThiBatoT mo m. 2.1.1.7.

2.1.2.4.42) Obnapyncenue kamuonog Ca’*

B npo6upky ¢ nentpudyratom n00aBisOT 4-5 Kanenab pacTBOpa okcaiaTa
aMMOHWUS, HarpeBatoT. Ecim noH Kaybiusi MPUCYTCTBYET, TO BBITIATACT 0SBl KPH-
CTAJUTMYECKUIA 0CAJIOK OKcaiaTa Kajblvs, OKPAIIEHHBIN B H30BITKE PACTBOPA JH-
XpoMara Kajus B )KEeIThIN 1IBeT. [[71s1 momyuenus 6emoro ocaaka okcanaTa KaabIius
HEO0OXOMMO MTPOMBITH €T0 X0JIOJHOU Bo10M. ComepKuMoe mpoOUpPKHU IEHTPUQY-
TUPYIOT, HAZOCAJOUHYIO KUIKOCTE CIMBAIOT, K 0CaaKy npuauBaior 1-1.5 cm® qu-
CTUJUTUPOBAHHOM BOJIBI, MEPEMEITUBAIOT, IEHTPUDYTUPYIOT, EHTPUQPYTaT CIH-
BatoT. Eciu ocaiok mMeeT &eNThid 1[BET, ONEpalriO MOBTOPSIOT.

2.1.2.5 Ananuz uenmpudhyzama, cooeprcawe2o kamuonwl I ananumuueckoil
2PYRnbl

2.1.2.5.1a) Oénapyscenue uonos Mg>*
KaTvOHBI Kaus 1 aMMOHHS HE MEMIAIOT ONPEAEIEHHIO KATHOHOB MarHus,
TI09TOMY aHAIIM3 MOYKHO HAYUHATH C €70 OOHAPYIKEHHMS.

K 2-3 xamisim nentpudyrata, morydeHHoro mo . 2.1.2.3a 1o0aBisioT XJo-
POBOIOPOIHYIO KHCIIOTY ¢ KOHIEHTpAUeNd MOJL/IM® 10 pH 2-3 (KOHTPOJb IO
YHUBEpCAIbHOW HHIUKATOpHOU OyMare), 3-4 kariu pactBopa MoHoruapodocdarta
HaTpHs (NazHPO4) M 110 KaIJIIM BBOJST PACTBOP TMAPOKCHIA AMMOHHUS 10 IIEI0Y-

HOM peakiuu (KOHTPOJIb 0 YHUBEPCATbHON MHANKATOPHOM OyMare Wid 10 3anaxy
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aMMHaka). Beimagenue 6€1oro KpUucTauinueckoro ocajaka MgNH,PO,, paCTBOpH-
MOT'0 B KMCJIOTaX, YKa3bIBacT Ha NPUCYTCTBUC MOHA MarHus.

2.1.2.5.26) Yoanenue kamuonoe NH,*

[{enTpudyrar, comepxammuii KaTHOHBI K, Mg®*, NH; TIOMEIIAIOT B TUTEIb,
N00aBISIOT 2-3 Kari KOHIIEHTPUPOBAHHOW a30THOM KUCTIOTHI U BBITIAPUBAIOT JI0-
Cyxa Ha ra3oBOW ropeiike. 3aTeM MPOKATWBAIOT 10 MPEKPAIeHUs BBIJCIEeHUs Oe-
JIOTO JIbIMa, KOTOPBIN 00pa3yeTcs Mpy TEPMUYECKOM PA3JIOKEHUH COJIEH aMMOHUSI.

JIist yCTaHOBJIEHUS TOJHOTHI yAAJNEHUS COJEH aMMOHHUS Ha MPEIMETHOE
CTEKJI0 nomemaroT 1-2 kamm peaktuBa Heccrnepa u KpynmMHKY CyXOro ocTaTka
(CTEKJISTHHOM MAJIOYKOM COCKaOJIMBAIOT CO CTEHOK TUTIISA). Eciu opanxkeBo-0ypbiid
0CaJIOK HE BbIMAaeT, 3HAUUT HOH aMMOHUs yaaneH. Eciu ocagok oOHapy»keH, cy-
X0 0CaZioK MPOJIOKAIOT MPOKAIUBATh, J00ABUB 1-2 Kamiv a30THON KHUCIIOTHI.
Omnepanuio NpoIoJKaroT 10 TeX Nop, oKa npoda ¢ peaktuBoM Heccrnepa Ha MOH
aMMOHUS He OyZeT OTpULIATENIbHOM.

YO6eauBIIMCh B MOJHOTE YAAJICHUS COJEH aMMOHHUS, TUTENb OXJIAXAAloT,
IpUIMBAIOT 1-2 ¢cM® AUCTUIIIMPOBAHHOMN BOJBI U LEHTPUPYTHPYIOT.

2.1.2.5.36) Obnapysrcenue uonoe K*
B uentpudyrare, noayueHHOM MOCIE MPOKATUBAHUS CyXOIo OCTaTKa, ycTa-
HABIIMBAIOT pH (MO MHAMKATOpHOM Oymare). Eciu pH Ooinblue 4-5, 100aBistoT

HECKOJIBKO Kamelb YKCYCHOM KUCJIOTBI, €cliu pH < 4 — HECKOJIbKO Kamellb pac-
TBOpa anerara HaTtpud. Jlanee mpoBoasaT ucneitanue mno . 2.1.1.3.

2.1.3 Koumpoavnas zaoaua: anaauz cmecu kamuornoe I u Il 2pynn neuzeecm-
HO020 cocmaesa

AHaJN3 NPOBOJAT B COOTBETCTBUU C K. 2.1.2. Pe3ynbTathl aHanu3a pacTBopa
cmecu kaToHOB | u Il ananuTHYeCKuX rpymn U NPeACTaBIISIOT B BUJIE TaOIHUIIBL:

Tadaunma 2.2.
Pe3yabTar mos10:KkuTeIbHBINA UM OT-
Ne | O0HapyxuBae- pHuaTeIbHBbII Buison
n/n MbIil KATHOH Crangaptabiii pac- | KoHTpoJuabHblii
TBOP pacTBop

2.2 Bonpocwul 011 camonoozomoexku
1) Yem otnuvaercs ApoOHBINH METOJ] aHATN3a OT CUCTEMATHIECKOT0?

2) Kaxkue peakuuu Ha3bIBAIOTCS OOUTUMHU, CTICHU(PUIECKUMU, YACTHBIMU?

3) B ueM nmpeumymecTBa CUCTEMAaTUYECKOTO METOJIa aHAJIM3a CMECH KAaTHO-
HOB?

4) KakoBbI MpeuMyIecTBa IpoOHOTO METO/Ia AaHAIIN3A, JJIS PEIICHUS KaKuX 3a-
Jla4y €ro NpUMEHSIOT?

5) Ha yeM oCHOBaHO JeNeHNE KATUOHOB HA aHAJIMTUYECKUE TPYIIIIbI?
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6) KakoBa cBs3b JIeJieHUS] KATHOHOB HA aHAJTUTHYECKUE TPYIIIBI C IEPUOIHYC-
CKUM 3aKoHOM Mennaeneena?

7) Uto Ha3bIBaeTCs BHEITHUM 3()(PEKTOM B KaU€CTBEHHOM aHaIu3e?
8) Urto Takoe MaCKMpOBKA HOHA U KaK OHA MPOBOJUTCA?

9) Kakue ximaccudukanuu HOHOB CYIIECTBYIOT B KAUECTBEHHOM aHAIN3E?

10) Kakue TpeOoBaHUs NPENbABISIIOTCA K PEaKUUsM B KaueCTBEHHOM
aHanuze?

11) UTo Ha3bIBAECTCS TPYNIIOBBIM peareHToOM?

12) Kakue TpeGoBaHMs IPEABSBISIOTCS K TPYIIIOBOMY peareHry?

13) Uem oTau4aroTCs KaTHUOHBI | aHaTUTUYECKOM TpyMIibl IO CEPOBOJIO-

poaHOMY crocoOy KiacCH(HKAIMKA KaTHOHOB OT APYTUX aHATUTHYECKUX
rpymm?

14) C dero HauMHAETCS KaU€CTBEHHBINM CUCTEMAaTUYECKUN aHAIN3?
15) Korna oOHapy)1BaroT KaTHOHBI | aHATUTUYECKOM TPYIIIIBI?
16) [Touemy B KadecTBe TpyIMIIOBOTO peareHTa Ha KaTHOHBI Il Tpymisl

NPUMEHSIOT KapOOHAT aMMOHMSI, a HE JpyTrue coeanHenus (CyabpaT aMmmMo-
HUS, KapOoHAT HaTpus, pochaT aMMOHUS)?

17) Yem 00yCIIOBICHO OCa)kJE€HUE TPYIIOBBIM PEareHTOM KaTHOHOB Il
rpynnsl mpu 800° C?

18) Kak oxpamiensl pactBopsl coJieit katnoHoB I u Il rpymnmn?

19) Kakyto peakiuio UMEIOT BOJIHbIE pacTBOPHI aleTatoB KaTuoHOB [ u 11
rpynn?

20) [Touemy ocaxxnenue kaTHoHOB Il rpymnmsl poBOAAT pu pH 9?

21) [ToueMy ocakieHUE KaTHOHA KaJblUs MPOBOJAT Npu pH 4-57

22) Korzaa u kak mpoBOUTCS ONpEIEIEHNE HOHA AMMOHHS ?

23) [Touemy Bia)kHast JlakMycoBasi Oymara U3MEHsIET OKpacKy Mpu oOHa-
PY’KEHHH MOHA aMMOHHUS B ra30BOM Kamepe?

24) [Touemy npu oOHapy>KeHUH HOHA OapHsi TUXPOMATOM Kajusl B 0Ca/I0K
BBINIAJAET XpoMar Oapusi, a He TuXxpoMart?

25) [ToueMy mipu ocaxjeHUH MOHA Oapusi 1OOABIISIIOT U30BITOK alerara
HaTpus?

26) [Touemy obHapy’keHHE HOHA KaJHsl IPOBOJSAT B OTCYTCTBHE HOHA aM-
MOHUS?

27) Kak ycTaHaBiIMBalOT NOJIHOTY OCAXKICHUS?
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28) [Touemy kapOoHaThl KaTuoHOB Il aHanMTHYECKOM TPYMIBI PacTBO-
PSIIOT B YKCYCHOM KHCJIOTE, & HE B COJITHOM?

29) MosxHO 1 0OHAPYKUTh MOH KaJbIHs JEHCTBUEM OKcajlaTa aMMOHHS
B IPUCYTCTBUH HMOHA Oapus?

30) [lepen BbIMOTHEHHEM JAOOPATOPHBIX PAOOT CTYIEHT NOJDKEH HU3Y-
YUTh UHCTPYKIMU MO O€30MacHbIM MeTOAaM paboThl M PaclucaThCs B Kyp-
HaJle perucTpaLuu.
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3 I'paBumerpus (BeCOBOM aHAJIU3)

3.1 Ilenv u 3a0auu padbomot

YcBoeHUe IIPUHIOUIIOB I'PaBUMCTPUUCCKOI'0O aHalli3a, €ro TCOpHM M IIpakK-

Tukd. OTpaboTKa HABBIKOB ITPOBEICHUS ONIPEIEICHHI SIEMEHTOB U BEIIECTB, TEX-
HOJIOTUU BBIMOJIHEHUS OTACIBHBIX ONEpalil: ocaxaeHue, JeKaHTauus, GuibTpo-
BAaHME, CyLIKa, NPOKAJIMBAHKE, B3BEIINBAHUE U Jp. V3yueHne ycnoBuil npuMeHe-
HUS Pa3JMYHBIX PEAreHTOB — OcCaauTeNel. BpInoIHEHHE KOHTPOJIBHOIO ONpee-
JeHus (aHaIU3 pacTBOpa BELIECTBA HEU3BECTHOM KOHIIEHTPALIUH).

3.2 Ilpozpamma padomul

Ilpuébopel u peakmuewl.

Y
2)
3)
4)
3)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
16)
17)
18)
19)

20)
21)
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MydenbHas neyn;

TexHOXMMHYECKUE BECHI;

AHanmnTU4YEeCKHEe BECHI,

Bonsinas Oausi;

DKcUKaTop;

CTeKIsHHBIC MaT0YKH;

CTekysiHHbIE BOPOHKH;

dapdopoBbIC TUTIIH;

Crexnsinabie GuibTpbl Ne 3-20;

[Iump! TUTeNbHBIC;

Tepmocrar;

Xumuueckue crakanbl oobemom 100, 200 u 250 cm?;
Mepubiit nuauaap oosemom 100 cm?;

[Tunetku;

Konba bynsena;

BonoctpyiHbiil i BakyyMHBIA HACOC;
be3zonpHbIC PUITBTPBI «CHUHSSI IGHTA», «KpAacHAS JICHTA;
Xnopun 6apus (3 Moib/nM?), BOIHBIN PacTBOP;

X1opoBomopoaHas KMcoTa (6 Mosb/aM’), BOMHBINA PacTBOP, U XJIOPOBOIO-
ponHas kucnora (2 Mosb/am?);

I'unpoxcun ammonus (10% (macc.)), BOAHBINA pacTBOP, THIPOKCH]] AMMOHUS
(2 mons/mm?);

Hutpat ammonus (2% (Macc)), BOJIHBIN pacTBOp;



['paBuMeTpus (BECOBOM aHATHU3)

22) AB3OTHas KHUCIIOTa, KOHLIIEHTPUPOBAHHAS;

23) JlumeTunrinokcuM auHatpuenas coib (1% (macc)), BOAHbBIN pacTBOp;
24) Hox (0.025 moub/amM®), BOXHO-CIIMPTOBOI PACTBOP;

25) Kap6onar narpus (1 Mons/am®), BOIHEIN pacTBOP;

26) VYKCycHas KUCI0Ta KOHLIEHTPUPOBAHHAs ¥ BOJHBINA PACTBOP YKCYCHOM KHC-
aotbl (20% (macc)), (5% (macc));

27) Ilepokcun Bogopona (30% (macc)), BOJHBIN pacTBOp;
28) Twunpoxcun Hatpus (2 MOIB/ M), BOJHBIN PacTBOP;
29) Hurpon (0,1 mons/am?), pacTBOp B 5%-HOM YKCYCHOM KUCIIOTE;

30) a-Hutpo3zo-B-Hadrona (cBeXenpuroToBIeHHbIH pacTBop). PacTBopsitor 8 T
o-HUTPO30-B-HadTona B 300 cM® KOHIIEHTPUPOBAHHON YKCYCHOU KUCIIOTBI
u paszbasisitot 710 500 cm? JTACTUITIMPOBAHHOM BOJIOM.

3.2.1 I'pasumempuueckoe onpeoeernue cyabham -uornoeé é euoe cyivhama

oapus
OCHOBaHO Ha OCaXJIE€HUM CyJIb(haT-HOHOB B BHJIE KpUCTaJUIMYEecKoro Oe-
JI0TO 0cajika BaSO, U MOTyYEHUH IPaBUMETPUUECKOH popMbl (BaSO,) mpoKanuBa-

HUEM:
SO} + Ba** — BaSO, ¥ —“— BaSO,

JlaHHBIM METOJIOM OMPENEISIOT CyNb(paTHYIO Cepy, a TakKe CBOOOIHYIO,
MUPHUTHYIO U CYJIb(QHUIHYIO, IPEIBAPUTEIHLHO OKUCITHB HX JIO CYJIb(PaTOB.

Xo0 pabomut.

Hagecky cynbdata HaTpusi (MM aJUKBOTHYIO YacTh aHAJIM3UPYEMOro pac-
TBOpA) IEPEHOCAT B XUMHUYECKHMH cTakaH oobemoM 200-250 cm® m mpunmsarot
100 cm® mucTunnmupoBanHoi Boabsl. K moiydeHHOMY pacTBOpY 100aBIAOT 2 M’
pactBopa HCI(6 M) u HarpeBaroT MOYTH 10 KUIEHUS HAa ra30Boi ropenke. B xu-
Mu4eckuii crakad ooremom 100 cm® momernarot 50 cm? JUACTUUIMPOBAHHOW BOJBI
1 6 cM® pacTBOpa BaCl, (3 M), HarpeBaroT MOYTH [0 KUTIEHUS Ha ra30BOM rOpEJIKe.

3aTeM OCTOPOKHO, MO KAIJISAM, TIPU MOCTOSIHHOM MepeMEITMBAHUN CTEKISTHHOM a-
JIOYKOM, MPWIMBAIOT HArpEThId PacTBOp XJIOpHAA Oapusi K ropsueMy pacTBOpY
cylbdaTa HaTpuUA, IPU 3TOM NAJOYKA HE TOJDKHA KacaThCsl CTEHOK CTaKaHa.
CrakaH ¢ 00pa30BaBIIMMCS OCAJIKOM CTaBAT HAa KUIISILYIO BOASHYIO OaHIo.
Kak ToibpK0 Npou30iIeT OCaKIeHuE, U pacTBOP MPOCBETIIEET, MPOBOAST IIPOBEPKY
MOJIHOTHI OCAXKJeHUs cylbdara 6apud. s 3TOro K pacTBopy Haja OCaJKOM IMpH-
JUBAIOT 2-3 KaIlld ropsiuero pactBopa BaCl, OCTOPOKHO, HE B3MYUYHUBas OCaIKa.

Ecnu npu 3TOM He HaOJIOaeTcs MOMYTHEHHS pPacTBOpa, MOJHOTA OCAXICHHS
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JIOCTHITHYTa, B IIPOTUBHOM Cllydae NpWIMBAIOT eme 1 cm® BaCl, narwT ocaaky
OCECTbh U CHOBA MPOBEPSIOT MOTHOTY OCAXKICHUS.

3aTeM CTakaH CTaBAT HA KUIAILYIO BOJASHYIO OaHIO Ha 2-3 yaca Juist co3pe-
BaHUS OCAJKa, MOCIE Yero 0caZoK (PUIBTPYIOT U MPOMBIBAIOT. J{J1st GuiAbTpOBaHUS
OPUMEHSIOT OyMaXKHbIM 0€330JIbHBIN QPUIBTP «CUHSA JeHTay. [I[poMbIBHAs Ku-
KOCTb — JIMCTUJUIMPOBAHHAS BOJIA, OJKUCIIEHHAs pacTBopoM HCI (6 M) (8-10 ka-
nens Ha 100 cM® Bogwl). IoacymmBanue, o3oneHue (GUILTPA U IIPOKAIUBAHKE
ocazaka (600-800 C).

Ocaxaennio cyabpaT-uoHOB B BHJAE BaSO, MeWAKT AHUOHBI
Si0; ,SnO;",WO;” W aApyrue, oopa3ymoline 0CaIKiu COOTBETCTBYIOIIHX KHCJIOT
IpU NOAKHUCJEHHM pacTBopa. OcCaxICHHI0O MEWAT TaKXEe HOHbI
Fe**, Al ,Cl ~,MnO, 1 gpyrue, coocaxaaeMble ¢ BaSO,. Memaroimmue HOHbI 10JKHBI
OBITH TIPEABAPUTEIHLHO YIAJICHBI U3 AaHATU3UPYEMOTO PacTBOPA.

Maccy cynb(}ar-uoHoB B IpoOe pacCUUTHIBAIOT MO (HOpMyIie
g= mB F
rJie m, — Macca TPaBUMETPUUIECKOH (BECOBOI) (HhOpMHBI, T;

F — IrpaBUMETPUUYECKHUI (paKkTop.

Cozeprkanue OTaeNseMoro semiecTna (r/am°, Mons/am>, % Mace U ApyTue)
yCTaHABJIMBAIOT PACYCTOM B COOTBETCTBYIOIIEH KOHIICHTPAIUH.

PesynbraThl Tpex mapasuieNbHbIX onpeneneHnii oGopMiIsioT B Tadauiy 3.1
U JICJIAI0T NX MaTeMaTUYECKyI0 00paboTKy.

Pe3ynbTaThl rpaBUMETPUYECKOTO OMpEeIeHHs CYIb(aToB.

Taoauna 3.1.
Macca, r
Turenap Win CTEKIAHHBIN Coneprxanue (B co-
Ne I'paBumer- | Omnpene- p (
buIbpTp OTBETCTBYIOILIUX
OTbITa pudeckas JsIeMOoe
C rpaBumeTrpuue- . eMHUIIAX)
. . [Tycroii dbopma BEILIECTBO
ckoi (hopmoit

3.2.2 I'pasumempuueckoe onpedenenue xcenesa (II) ¢ eude oxcuoa

OcnoBano Ha ocaxaenuu xenesa (III) B Bune amopdHOro, KOpHUHEBOTO
ocazika Fe(OH), W NOJy4€HUM I'PaBUMETPHYECKOH (QOPMBI (Fe,0,) MpOKaIMBa-

HHUEM:
2Fe™ +6NH, +6H,0 — 2Fe(OH ), + 6NH,
2Fe(OH ),—— Fe,0, +3H,0 .
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Xo0 pabombpi.

Hagecky oOpa3sna, cogepxaiiero Fe' (WM aTMKBOTHYIO YaCTh aHAIM3UPY-
€MOro PacTBOpa), NEPEHOCAT B cTakaH o0bemMoM 100 cM®, mopkucmsior 2-3 Kar-
JSIMM KOHLIEHTPUPOBAHHOM HNO, I OKUCIIEHUs Fe’' -MOHOB, BO3MOXHO COJEp-
JKaIIUXCs B pacTBOpE, U I NIPEAOTBPALCHUS THAPOJIN3A Fe' W HArPEBAIOT HA
Kursimel Boagnoi 6ane 1o 70-80° C. K ropsiueMy pacTBOpy IPHU IMOCTOSHHOM IIe-
peMemmBanud npwimBaroT 10%-i BOIHBIA pacTBOpP aMMHMaka A0 IOSBICHUS
YCTOMYMBOIO 3amaxa aMMHakKa, IOCJ€ Yero K pacTBOPY C OCAJAKOM MNPUIIUBAOT
100 cM? ropsiueii AMCTHIIMPOBAHHOM BOJIBI M CTABAT Ha KUIIALLY O BOISHYIO OAHIO.
[Tocne ocaxkenus ocaaka, ero GUIbTPYIOT uepe3 OyMaskHbIN 0€3301bHbIN PUIBTP
«KpacHasi JICHTay.

Ocanok Ha GUIBTPE MPOMBIBAIOT TOPIUM 2%-M PacTBOPOM HUTPATa aMMO-
Hus. [IpomMbIBaHNEe 3aKaHUMBAIOT, KOT/1a MpoOa Ha MOJHOTY MPOMBIBAHUS JAET OT-
pULIATENBHYIO PEAKLMIO HA aHUOH (HarpuMmep, Npy aHanuse xjaopuaa xenesa (111)
npoba 10JKHA JaTh OTPULIATENbHBIN pe3ybTaT Ha COAEpKaHUE CI -UOHOB IIPU
no0aBIeHUHM K Karuie (uiabTparta Kami HNO, U Katu AgNO, ). [IpoMbIThIN 1 1TO1-

CYLIEHHBIN 0CAI0K 030JIAIOT U MPOKaIUBarOT B TrjIe mpu 1000—1200° C.

OcaxJIeHUI0 Fe’* MEIIAIOT KATHOHBI, OCAXKAAEMbIE BOJHBIM PACTBOPOM aM-
MHaKa B BUJE THIPOKCHUIOB (Bez*,Al“,Cr}*) U JIp., 2 TAaK)KE€ aHUOHBI, KOTOPHIE B

aMMMA4YHOU cpejie 00pa3yloT OCAJIKU ¢ KaTHOHAMHU, MPUCYTCTBYIOIIUMU B aHAJIH-
3UPYEMOM pacTBOpE (POj‘,Ast‘,SiOf‘) U JIp., OCQXKIIEHUIO MEIIAI0T TAaK)KEe KaTH-
OHBI, COOCAXKIAEMBbIC Fe(OH )3, ¥ MOHBI, 00pa3yIolne KOMIUIEKCHbIE COSTMHECHUS
C Fe“(F’,POj’) u ap. Bce 3Ty memaromme HOoHbI Nepe] MPOBEACHUEM aHAIN3A

JOJDKHBI OBITh YJ1aJICHBI.

Pacuer u opopmieHue pe3ysbTaToB aHanu3a cM. n. 3.2. 1.

3.2.3 I'pasumempuueckoe onpeoenenue HUKe1A 8 6UOE OUMEMUITUOKCU-
mama

Humetmirauokcum ¢ nonamu Hukess (1) obpasyeT B aMmmuadHoi cpejie Ma-
JIOPACTBOPUMBIN 0CAIOK TUMETUITIMOKCUMATA HUKENS IPKO-PO30BOIO LIBETA!

Ni** +2C,H,N, —"—(C,H,0,N, )2 Ni+2NH; t—a)(C4H7O2N2 )2 Ni

Xo00 pabompi.

PactBop, comepxkammii He Oonee 30 Mr Hukesns, paz0aBisIIOT BOJOW A0
100 mut, mogkucisroT pactBopoM HCI (2 M )10 cirabokucioi peakiinu, HarpeBaoT
10 80°C u mo6aBmisIOT pacTBOp peareHra B HeOousbmoM n30biTke. Heobxomumo
106aBUThL 5 cM® peakTHBa NPUOIM3UTENLHO Ha Kaxable 10 MI HMKEIs, OHAKO 3TO
COOTHOIIEHHUE JOJDKHO OBITh YBEIMUYEHO, €CJIM B PACTBOPE MPUCYTCTBYIOT Co’>* H
Fe**, oOpasylomye B 3THX YCIOBHUSX YCTOMYMBBIC XellaThl. 3aTeM T00aBISIIOT
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pacTBOp aMMuaka (2 M) 1o nosBieHHs 3anaxa ¥ MpoJI0HKAr0T HarpeBaTh Ha BOJIS-
Hoii 6aHe He Oonee | 4. He cnenyet npoBOAUTh AIMTENBHOTO HArPEBAHUS MIPH J10-
CTyIle BO3/yXa, TaK KaK B 3TUX YCJIOBHUSAX MOXET 00pa30BaThCsl HEPACTBOPUMBIiA
xenat Hukens. [locne npoBepkH MOJHOTHI OCAXACHUS 0CaJ0K NPOITYCKAIOT Yepes3
CTEKJISIHHBIA (DMIIBTP W MPOMBIBAIOT TEIUION BOJOW /0 MCUE3HOBEHHS XJOPHI -
MOHOB B ITPOMBIBHBIX Bofax. CTEKIISIHHBIN (DUIIBTP C OCAJIKOM CYIIAT B TEPMOCTATE
npu 110-120° C 10 moCTOAHHON MACChI M B3BEIIMBAIOT.

Pacuet u odopmienue pe3ynpTaToB aHanu3a cm. n. 3.2.1.

3.2.4 Onpeoenenue cooeprcanus Kpucmaniu3ayuoOHHoU 6006l 8 KPUCHMAI0-
cuopamax xaopuoa éapusa BaCl; *2H>0.
CopepxaHne KpHCTaUTM3AIIMOHHOM BOJBI ONPEIEISIOT MYyTEM BBICYIIH-
BaHUS KPUCTAIUIOTHApaTa 10 MOCTOSHHON Macchl. Temmeparypa, mpu KOTOpOi
MPOUCXONUT YJAJICHUE KPUCTAJUTM3AIMOHHOW BOJIBI, 3aBUCHT OT IMPOYHOCTH
CBsI3M €€ C OCHOBHBIM BellleCTBOM. BelecTBo, npeHa3HaueHHOE 1Jis Onpeerie-
HUS KPUCTAJLTU3AlMOHHON BOIBI, TOJKHO OBITh BO3AYLIHO-CyXuM. MlHaye BMe-

CTE C KpHCTaHHHSaHHOHHOﬁ 6y,Z[eT omnpcacicHa u a,ZICOp6I/Ip0BaHHaSI BOJa.
Xon paboThI:

1. B3amue naeecxu. Yuctelii OI0KC 3aHYMEpOBaTh MPOCTHIM KapaH[a-
I0M, Ha NpUIUIH(OBAHHON YacTH, B3BECUTh Ha TEXHOXUMUYECKUXBECAX U TIO-
MECTHUTh B CYHIHIbHBIN mKad ¢ Temneparypoit 120-125 °C . Ilpu sTom 610KC He
3aKpbIBaTh KPBILLIKOMW, a TIOJIOKHUTH €€ CBEPXY Ha PeOpo: eciu OIOKC 3aKPbITh, TO
BHYTpPH HEro octanercs Biara. Yepes 45-60 MuH. GI0KC MOMECTUTh, HE 3aKpbIBas
€ro, ¢ NOMOLIBI0 U30JIMPYIOLIEro MaTepuana B skcukaTop. Cnycrst 15-20 muH.,
KOr/la OIOKC OCTBIHET IO TEMIIEpaTypbl aHATMTUYECKHX BECOB; €r0 B3BECUTH U
3anucaTh pe3yJbTaT B 1a00paTOPHBIN JKypHAJL.
BricymuBanue 6rokca moBTOpUTH e1ié 2-3 pasa mo 30 MuH., 4T0ObI JOBECTH

€ro 10 MOCTOSIHHOM MaccChl. BpICylIMBaHNWE 3aKOHYMTh, KOTJA PE3YyJIbTAThI ABYX

NOCIEAHUX B3BELIMBAHUN OyIyT OTIMYATBCS MEXAYy cOOOM He Oosee yeMm Ha
0,0002r.

B moAroToBieHHBIM TakKUM 00pa3oM OIOKC MoMecTuTh 1-3 T (1mo
yYKa3aHUIO MPENOoJaBaTelisa) aHaJU3UPYEMOIro CBEXENEPEKPUCTATIIN30-
BAHHOT'O W BO3AYIIHO- Cyxoro xjopuaa Oapusi BaCl;*2H:0, 3aKpbITh
KPBIIIKOM Y B3BECUTh HA AHAIIMTUYECKUX BECAX.

2. Bouicywusanue. OTKpbITh OIOKC € HABECKOW KPHUCTAJUTOTHIPATA,
KPBIIIKY MOJIOKUTh Ha peOpo U MOMECTUTD B CYIIUIIbHBIN 1mKad. [lepBoe BhICy-

IIMBAHUE COJIM IpousBecTH 1,5-2 yaca, CTpOro ciejs, 4ToObl TeMreparypa Bcé
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BpeMs nepxanach B npezene 120-125 °C. Ilpu 6osee BEICOKOM TeMIiepaType BO3-
MO’KHO YaCTUYHOE Pa30oKEeHHE U, YICTyUUBaHUE COJH, a IPH O0Jee HU3KOM He
BCS KPUCTAJUTM3AIMOHHAS BojJia OyIeT yaaieHa.

3aTeM MepeHeCTH OIOKC M KPBIIIKY B 9KCUKATOP, OCTAaBUTh OXJia-
KJaTtbcs Ha 15-20 MuH., 3aTeM 3aKpbIB OFOKC KPBIIIKOW B3BECUTh. BBICY-
IIMBaHUE MOBTOPUTH 2- 3 pasza (mo 30 MuH.), T.€. JOBECTH OIOKC C €ro
COJIep’)KaHUEM JI0 MOCTOSHHOM Macchl. Eciin motpelyeTcs npepBarh pa-
00Ty 0 CJIENYIOIIETO 3aHATHSA, TO OIOKC OCTaBJISIOT B DKCHKATOPE OT-
KPBITBIM; BBICYIIIMBAHKHE OYIET MPOI0KATHCS BCIASICTBUE TTOTJIOMICHUS

IMapoB U3 BO3aAyXa BOJOOTHUMAIOIIUM CPCACTBOM.

OdopmiieHne u pacyeT pe3yJIbTaTOB aHaIM3a MPOBOJIST MO CXEME U3 IMTyHKTA
n.3.2.1.

3.3 Bonpocwl ona camonoozomoexu

1) Kakue TpeOoBaHusl MPEABSABIAIOTCA K OCAXKJaeMOW U T'PABUMETPUUYECKOM
dbopmam?

2) Ot xakux (haKTOpOB 3aBHUCST pa3Mep U YUCIIO YACTHI] OCTATKa.

3) Kakue TpeOoBaHUS MPEABSBISIOTCS K OCAAUTENI0 B I'PaBUMETPUUYECKOM
aHaause.

4) Kax BIusIOT Ha paCTBOPUMOCTB 0CaJIKa IPUCYTCTBHE OJJHOUMEHHBIX C 0Cal-
KOM MOHOB, pH CpeAbl, HOHHAs CHJIa PACTBOPA, KOHKYPHUPYIOLINE peaKuu

KOMILJIEKCOOOpa30BaHMsl?

5) Kakumu mnpuyumHaMyd OOYCIIOBJICHO 3arps3HEHHE KPUCTALTUMYECKUX U
aMop(HBIX 0CaTKOB?

6) OOGocHyiiTe yCIOBUS OCAKIACHHS KPUCTAUTMIECKUX U aMOP(HBIX OCAIKOB.

7) Kaxumu npeumyiiecTBamMu 00J1a71al0T OPTAaHMYECKUE OCAUTEIN Tepe]] He-
oprannueckumu? Kakue opranndeckrue 0caauTenu Bbl 3HaeTe?

8) Ilpennoxute u 000CHYITE COCTaB MPOMBIBHOW KMIKOCTH /ISl TPOMBIBAHUS
0CajIkoB: Fe(OH),,Al(C,H NO),, AgCl.

9) Kakue QuiabTpbl IPUMEHSIOT B IPaBUMETPUH I OTIECJICHUS OCaKIAeMOil
dbopmbI?

10) Kakoii 00bem 3% pactBopa 8-ruapokcuxutonusa (C,H,NO) cienyer

B3ATh JJIsl OCAXKJACHUA aTIOMUHHS U3 pacTtBopa, coaepxamero 0,1500 r
cynbdara amomunus (p = 1 v/mi)?
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11) Kaxkoii 06bem 4% pactBopa TeTpadunundopara Hatpus (C,H), BNa
clenyeT B3ATh JJIA OCAKIEHUS Kajausl U3 pacTBopa, coaepxkarero 0,1011 r
HuTpara Kaius (p = 1 r/mi )?

12) Kakyto maccy 6ensununa C;,H;,N;, cienyeT B3ATh IS OCAXKICHUS
cynbdaT-noHoB B ciabokucioit cpene B Buae Cy,Hi,Ny,.- H,SO, u3 pac-
TBOpa, coaepxkamiero 0,1920 r cynbdara Hatpus?

13) Kakyto HaBecKy TEXHMUYECKOTO KapOOHATa KaJIbIIHsI, COJSPKAIIETro
80% CaCO, cnenyet B3sTh JJisl TPABUMETPUUECKOIO aHAJIM3a, €CJIM OCaXIa-
emas opma CaC,0,, rpaBumeTpuueckas popma CaO ?

14) Uemy paBHBI IpaBUMETpUUECKHE (DAKTOPHI B CAEAYIOIIUX OIpEeIie-
HUSX:

a) Al - Al(CoH¢NO)5; 0) C,H,S, = BaSOy;

B) CoCl, = Co,P,0,; 1) Fe;Al,Si30,, = Al,04;

1) Fe3Al,Si301, = Si0,; e) Hg,Cly > Hg3(As04)z;
K) CoCl, = Co30,; 3) H;PO, - Mg,P,0;

15) Bbluuciuth MpoleHTHOE CoJiep KaHue JKese3a B CIIaBe, €CIM Macca
rpaBuMeTpuueckoit hopmel Fe,O, 0,8000 r, HaBecka cIuiaBa, B3siTas JJIs
rpaBUMeETpHYecKoro ananmsa, 0,5600 r.

16) Briuncnuth MpOLEHTHOE COAEpKaHUE KPEMHS B UYyTyHE, €CJIH U3

HABECKHU YYTYHHBIX CTPYXEK, paBHOU 1,4255 r, B pe3ynbTaTe rpaBUMETpU-
YECKOTO aHajdn3a TOoJydeHa TpaBuMeTpudeckas dopma SiO, Maccou

0,0420 .

17) OmpenenuTh MPOLIEHTHOE COJICP)KAaHNE Kajlus B HABECKe repOHIuia,
pasHoii 0,8100 r, ecit Macca rpaBUMETpUYecKOil popmel KB(C,H,), paBHa
3,4780 .

18) Kakyto HaBecKy OpraHuyeckoro BellecTBa, cojaepxamiero 6% d¢oc-
dopa, cienyeT B3ATh ISl aHAK3a, €CJIM IMOCJIEe COOTBETCTBYIOIIEH 00pa-
00TKM Macca rpaBuMeTpudeckoi Gpopmsl Mg, P,0, paBHa 0,5000 r?

19) CKOJIBKO IpaMMOB CaJIMIUI0BOH KUCI0Thl CH,(OH)COOH conep-
’KaJoCh B PACTBOPE, €CJIM MPU ONPEJEICHUU €€ TPAaBUMETPUUECKUM METO-
JIOM Macca rpaBuMmeTpudeckoi dopmel C,H,0,1, paBHa 0,57807?

20) BpruucinTe npoueHTHOE coaepkanue xiopmunuuaa C, H,O.N,Cl, B

HaBeCKe ri1a3Hoi Mmasu, pasaoi 0,5150 r, eciu mocse COOTBETCTBYIOMIEH 00-
paboTKHM Macca rpaBUMeTpudecKoit hopmbl AgCl paBHa 0,0065 .
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21) BoruncnuTh MpoLeHTHOE cofepKaHue cephbl B HaBeCKe 00pasiia yriis
(BmaxxHocTh 06pasma 1,30%), paBaoii 0,8460 1, ecnu mMocae COOTBETCTBYIO-
et 00paboTku Macca rpaBuMeTpudeckoit popmsl BaSO, paBHa 0,1025 .

22) PaccuuTaTh conepkaHue amOMHHHS (B ') B aHAJIM3UPYEMOM pac-
TBOpE, €CIM Macca TIpaBUMeTpuueckoil ¢opmbl (C,HNO), Al paBHa
4,5900 r.

23) Boinager am ocafiok AgC! MpU CMelIeHWU paBHbIX 00bemoB 0,2 M
pactBopa NaCl u 0,1 M pactBopa AgNO, ? TIPaxc=1,78-1071°,

24) Bemaner mu ocafgok Ca,(PO,), TIPU CMEIIEHHH PABHBIX 00HEMOB
0,1 M pactBopa CaCl, n 0,05 M Na,PO,? IIP,, ,,, = 2,010,
25) CKOJIbKO MOJIb M TPaMMOB Oapusi OCTaHYTCSl HEOCAXKJEHHBIMU TIpU

npwimBanuu 50 Mt 0,1 M pactBopa ceproii kucaotsl kK 100 mut 0,1 M xJ10-
puma Gapus?
26) CkoJibKO rpaMMOB MgNH, PO, TIepeiaeT B pacTBOP MPU NPOMBIBAHUN

ocajka:
a) 200 M Bogwr; 6) 200 M1 0,1 M pactBopa MgCl, ; B) 200 M 2,8% BOHOTO

pactBopa ammuaxa ( p =0,98 r/mn)? I1P,,,; »,, =2,5107".

27) CKOJBKO TPOILEHTOB BaSO, OyIeT TOTEepPSHO TpHU TPOMBIBAHUU
HaBecku BaSO, pasHoii 0,4200 r: a) 250 ma Bogasl; 6) 250 mu1 0,1 M Na,SO,
? [IPsaso,= 1,1-10°1°.

28) Boeruncnuth pacTBOpUMOCTh Agl: a) B Boae; 0) B 0,1 M pactBope
AgNO;; B) B 0,01 M pactBope KNO, . ITP Ag=8,3-10717.

29) Brruncnuts pactBopumocts B 0,001 M pactBope HCI: a) BaCO, (
1Py, = 4,0-10"% k, =4,5107; x, =4,8-10""); 6) 41PO, (IIParo, =
5,75-10"); B) Ca,(PO,), (IMPcapon. =2,0-10%; K, =7,1-107; K, =6,2-10°
%, K, =5,0101).

30) Brruncnuth pacTBOPUMOCTE: a) AgCl B 1M BOAHOM pacTBOpE aMMU-
aka (ITPagc = 1,78-1071% K;=2,1-107%; K,=1,7-107); 6) FePO, B 1M pactBOpE
NH,F (ITPrero. = 1,3-102%; K;=1,10-10° K,=5,49-101° ; K; =5,49-10";
Ks=5,49-10"%; K5=1,03-107'%; Ks=1,03-107"°).
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4 IIporoauTOMETPUYECCKUN AHAJIU3

4.1 Ilenwv u 3adauu padomol

3akperuieHre 3HaHUN TE€OpUU MPOTOJUTUYECKUX PABHOBECUN U TUTPUMET-
pUYECKOT0 aHaliv3a ¢ NMPUMEHEHHEM KHUCJIOTHO-OCHOBHBIX peakiuil. [lomydyenue
HABBIKOB TUTPOBAHUSI C IPUMEHEHUEM pH — WUHIUKATOPOB, IPOBEACHUS PACUETOB

pe3yJIbTaTOB aHalu3a U UX 00paboTka. KonTponbHas 3a1aua — onpeaenenue mpo-
TOJINTOB U B PACTBOPAX MPOTOJUTOB U UX CMECEH HEM3BECTHOM KOHIIEHTPAIUH.

4.2 Ilpozpamma pabomol
4.2.1 Onpeoenenue ykcycHou Kuciomot
Oobopyoosanue u peakmugol:
1) Broperka 00beMoM 25¢M’;
2) Mepuble ko061 00beMoM 100, 250 1 500cm? ;
3) KonObl a1 TUTpOoBaHus 00beMoM 250cm? ;
4) TIunetku Mopa Ha 5, 10, 15, 25¢cm’;
5) AHanuTHYECKHUE BECHI C PA3HOBECAMY;
6) Habop apeomeTpos;
7) Terpabopar Harpust Na,B4O7-10H,0, x.4. unu 4.1.a.;
8) Ilasenesas kucinora H,C,04-H,0O, x.4. unu 4.1.a.;
9) XnopoBonopoHas KMUCIOTa KOHIIEHTPUPOBAHHAA, X.4. WM 4.7.4.;
10) Kpuctannuueckuii THAPOKCU HATPUS, X.4U. WU Y.11.4.;
11) Ykcycras kucnora (1 mons/mm?);
12) KapGonar narpus (2 Mous/am°);
13) T'uppoxapOonar Harpust (1 Moss/nm?);
14) I'mapoxcua Hatpus (1 MONB/IM>);
15) Metunosslii kpachslii (0,1%), BOaHBII pacTBOD;
16) Metunossiii opanxeBbii (0,1%), BonHbIN pacTBOp;

17) ®enondranenn(0,1%), 3TaHONBHBIN pacTBOP.
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Xo00 pabomut
4.2.1.1 Ilpucomoenenue nep8uuHo2co cmanoapma mempaboopama Hampusi

C('/;Na;B,0;) = 0,1 monv/om’

PactBop roToBsT o Tounoit HaBecke Na;B4O7-10H,0O. Maccy HaBecku Heobxo1u-
MO JIJIsl TIPUTOTOBIIEHUS 33JJaHHOTO 00beMa V (Na,B,0,) pacTBopa C 3aJaH-

HOW KOHIEHTpauuen C (1/2 NazB4O7) pPacCUUTHIBAIOT 110 hopMyJie:

m pacy.

= M (Y Na,B,0, -10H,0)-V (Na,B,0,)-C( ¥, Na,B,0,)

Hagecky OepyT B OlOKCe WM CTaKaHUWKE JJIS B3BEIIMBAHHS HA aHATUTHYCCKUX
BECax.

Hagecky TeTpabopara HaTpus KOJTHUECTBEHHO MEPEHOCAT BOJOU B MEPHYIO KOJIOY
3aJJaHHOTO O0beMa, MPUIIMBAIOT TOPSAYYI0 AUCTUIUIMPOBAHHYIO BOJY MpPHU-
MEpHO JI0 MOJIOBUHBI U PACTBOPSAIOT TETpadOpaT HATPUS MEPEMEIIUBAHUEM.
JlaroT pacTBOpPY OCTBITH 10 KOMHATHOHM TeMIEpaTyphl, JOBOIAT KOJOY [0
METKH JIUCTUIUTMPOBAHHOM BOJOMU, 3aKPBIBAIOT MPOOKON M BHOBD NEepEMeEIIIH-
BaIOT.

[To TouyHOM Macce HaBeCKH U 00beMy MEPHOM KOJIObI paCCYUTHIBAIOT TOYHYIO KOH-
LEHTPAIMIO U TUTP pacTBOpa TeTpabopaTa HaTpuUs:

C(yNa B,0,) = m(Na,B,0, -10H,0)
o VD& M(%Na23407.10H20).V(Na23407)
C( Y, Na,B,0,)-M(}; Na,B,0,)
T(Na,B,0,) = A 2747 é 20,5

1000

PaccuuthiBaroT OH_II/I6Ky TUTPOBAHUA.

4.2.1.2 Ilpuecomosnenue cmanoapmuo2o pacmeopa Xi10po8o00POOHOL KUCIONbL
C('/; HCI) = 0,1 monv/om’

1. C nomoliplo apeomMeTpa ONpenessaoT MIIOTHOCTh KOHIIEHTPUPOBAHHOM KHC-
JIOTHI U IO CIPABOYHUKY HAXOAAT MPOLIEHTHYIO KOHLEHTPAIUIO XJIOPOBOIO-
POHON KHUCIIOTHI.

PaccunThiBalOT 00beM KOHLIEHTPUPOBAHHOM KUCIOTHI, HEOOXOIUMBIN ISl TPUTO-
TOBJIEHUS 33JAHHOTO 00beMa pacTBopa V' (HCI) ¢ 3a1aHHON KOHIEHTpalueil

C (%HCZ), o ¢opMmye:

| MQ/LHCD)-C(/LHCD -V (HCD) 100
o @% - p-1000

V(HCI
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Paccuntannblii 00beM KOHIIEHTPUPOBAHHOW KHCIOTHI OTMEPSIIOT MEPHBIM I[MJINH-
JPOM U MIEPEHOCT (TI0J] TATON) B MEPHYIO KOJIOY. JIOBOAAT 10 METKH AUCTUJI-
JMPOBAaHHOM BOJOM.

CranpapTu3aluio MoJy4eHHOTO pacTBOPA XJIOPOBOAOPOIHON KUCIOTHI IPOBOJSAT
0 PacTBOPY NMEPBUYHOTO CTaHAApTa TeTpadopata HATPuUs (IPUTOTOBICHHOTO
no nyHkty 4.2.1.1). JIjist 3TOro aJluKBOTHYIO 4acTh pacTBopa TeTpadopara
HATPUsSl TUTPYIOT NPUTOTOBJIEHHBIM PAaCTBOPOM XJOPOBOJIOPOIHON KUCIOTHI
B MPUCYTCTBUU MHAMKATOPAa METUJIOBOTO KpacHoro ( pH B TOYKE HKBHUBA-

nentHoctu Ay 0,1 M pactBopa coctasisietr 5,12; pT niisi METUIIOBOTO Kpac-
HOTO 5,5) 10 Iepexo/1a OKPACKU pacTBOPA TO JKEITOr0 A0 OPAHKEBO-KEITOTO.

[IpoBoasT HE MeHEe 3 onpeneneHnil. Pe3ynbTarsl 3aHOCAT B Ta0auny 4.1:

PGSYHBT&TBI CTaHdapTU3alun pacTBOpa XJIOpOBO,Z[OpOI[HOfI KHCJIOTEI.

Taoauna 4.1.
No V(NCZZB407), C(I/z NCZZB407), V(HCZ), C(]/]HCZ), T(HCZ),
n/n cm?® MOJIB/ M cm? MOJIB/ M r/cm?

Pacuer xapakTepuCTUK CTaHIapTHOTO pacTBOPa XJIOPOBOJIOPOIHON KUCIOTHI MPO-
BOJST 0 CPEeTHEMY 3HAUEHHUIO 00bEeMa pacTBOpa KUCIIOTHI, MOMIEAIIETO Ha
TUTpOBaHus (U3 3-5 mapayiesbHbIX IPO0)

C(Y, Na,B,0,)-V (Na, B,0,)

VHCI

C(1/1HCI) =

T(Na,B,0,)-¥ (Na,B,0,)-M ( 1 HCI)
M (Y5 Na,B,O; )V (HCI)

T(HCl)=

PaccuuthiBaroT OH_II/I6Ky TUTPOBAaHUA.

4.2.1.3 Ilpucomoenenue cmanoapmuo2o pacmeopa 2uOpoOKcuoa Hampust
C('/1NaOH) = 0,1 monv/om’
1. PaccuuThIBaroT Maccy HaBECKM HEOOXOAMUMOW /I MPUTOTOBIEHUS 3aJaH-
HOTO 00beMa V(NaOH ) pacTBOpa € 3alaHHOW KOHLIEHTpAIMen C(% NaOH )

paccUYUTHIBAIOT IO popmyiie:

= M(% NaOH) -V (NaOH) - C(% NaOH)

m pacu.

HaBeCKy 6CPYT B OI0KCE JJIs B3BCIIMBAaHHUA HA aHAJIMTUYCCKHUX BECax.

HaBecky rugpokcuaa HaTpus KOJIMYECTBEHHO MEPEHOCST BOJION B MEPHYIO KOJIOY
3a/IaHHOTO 00beMa, MPUIUBAIOT JUCTUIUTMPOBAHHYIO BOJLY IPUMEPHO JIO0 TO-
JIOBUHBI W PACTBOPSIIOT TUAPOKCHAA HATpHs IepeMenuBanueM. JlaroT

40



[IpoTonmuTOMETpUUECKUI aHAIIN3

pacTBOPY OCTHITh 0 KOMHATHOM TEMIEPATyphbl, JOBOAIT KOJIOY A0 METKH JH-
CTHJTUPOBAHHOM BOAOH, 3aKPBHIBAIOT MPOOKON U BHOBB NEPEMEIINBAIOT.

CranaapTu3aluio NOJIyYEeHHOTO pacTBOpa TMAPOKCUIA HATPUs MPOBOJAT MO pac-
TBOPY CTaHJApTa XJIOPOBOJAOPOAHON KUCIOTHI (IPUTOTOBICHHOTO MO IMTyHKTY
4.2.1.2). Iy 3TOro alIMKBOTHYIO 4aCTh PaCTBOPA XJIOPOBOIOPOIHOMN KUCTIOTHI
TUTPYIOT IPUTOTOBJIEHHBIM THIPOKCH]IA HATPUS B IPUCYTCTBUM MHUKATOPA
dbenondranenna ( pH B TOUYKE DKBHUBAJICHTHOCTU COCTaBIsCT 7; pT 1is (e-

HondTanenna 9,0) 10 oKkpamMBaHUs pacTBOpPa B 0JI€HO-PO30BbBIN IBET.
Pacuer xapakTepuCTUK CTaHAAPTHOTO PACTBOPA TMIPOKCUAA HATPUS MPOBOJAT I10

cpenHeMy 3HA4eHHIO 00beMa pacTBOpa TMIPOKCH/IA HATPHs, TIOUIEAIIEro Ha

TuTpoBaHus ( U3 3-5 mapasuienabHbIX Mpo0). Pe3ynbrarel 3aHOCAT B TaOIUILY
4.2:

Pe3ynbTaTel cTanAapTU3alMy pacTBOPA THIAPOKCHIA HATPHUS.

Tabmuma 4.2
Ne | V(HC), | C(I/IHCI), | V(NaOH). | C(/iNaOH), | T(NaOH).
/11 cm? MOJIB/IM> cm? MOJIB/ M r/cm?

C(% HCI)-V (HCI)

C(1/1NaOH) = FNaO)

T(HCI)-V(HCI)- M(% NaOH)

T(NaOH) =
(Na©H) M(%HCZ)-V(NaOH)

CranaapTu3anuio pacTBopa IEI04YH IPOU3BOAAT €KEIHEBHO.

PaccuuthiBaroT OH_II/I6Ky TUTPOBAHUA.

4.2.1.4 Konmponvuas 3a0aua. OnpeoenieHue yKCyCHOU KUCIOMBL.

1. ANMKBOTHYIO 4acThb pacTBOpa YKCYCHOW KHCJOTBI HEU3BECTHOM KOHLEHTpA-
IUU TUTPYIOT CTAaHJAPTHBIM PacTBOPOM T'MIPOKCHJA HATPUS B IPUCYTCTBHH
uHANKaTopa QeHondTanenHa ( pH B Touke s3kBUBaneHTHOCTH 11t 0,1M pac-

TBOpa coctaBisier 8,9; pT nua denondranenna 9,0) 1o okpammBaHus pac-
TBOpA B 0JIETHO-PO30BHII IIBET.

TutpoBanue noBTopstotT 3-5 pa3. Pesynpratsl 3aH0CAT B Tabnuity 4.3:

Pe3ynbTaThl TUTPOBaHUS YKCYCHOU KHUCIIOTBI.

Tabmwua 4.3.
Ne | V(NaOH) | C(/i1NaOH), | V(CH;COOH), | C('/;CH;COOH), | T(CH;COOH),
n/a oM’ MOJTB/TM> oM’ MOJTB/ M r/em®
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HewnsBecTHY0 KOHLIEHTPALUIO KUCIOTHI PACCUUTHIBAIOT MO CPEIHEMY 3HAUYECHHIO
o0bemMa pacTBOpa TMAPOKCHIA HATPUs, MOILIEANIEro Ha TuTpoBanus (u3 3-5
napajuIeIbHBIX TIPoo):

C(% NaOH)-V(NaOH)
V(CH,COOH)

C(% CH,COOH) =

T(NaOH) - (NaOH) -M(% CH,COOH)

T(CH,COOH ) =
’ M(1{ NaOH) -V (CH,COOH)

PaccuuthiBaroT OH_II/I6Ky TUTPOBAHUA.

4.2.2 Koumponavnas 3aoaua. Onpeoenenue kapoonama u 2uOpPOKCUOa HAmMpus npu coe-
MECMHOM NPUCYMCMEUU.

Ornpenenenne KOMIIOHEHTOB cMeCel NaOH + Na,CO, U Na,CO, + NaHCO, B
pacTBOpE OCHOBAHO HA TUTPOBAHUU €0 CTAHJAPTHBIM PacTBOPOM HCI/ CHadala B
MPUCYTCTBUH MHIUKAaTOpa (EeHON(PTAICHHA U 3aTEM — METHIIOBOTO OPAHKEBOTO.

[Tpu TuTpOBaHMM pacTBOpPa CMeCU NaOH + Na,CO, 110 peHondTanenny puk-
CUPYETCS MOMEHT TUTPOBAHUS, KOTAa OTTUTPOBaHbl NaOH U Na,CO, 10 NaHCO,
pacxo]i TATPAHTA MIPU 3TOM COCTABUT V,. [Ipu TUTpOBaHMU 3TOrO pacTBOpa 1Mo Me-
TUJIOBOMY OpPaHXE€BOMY NaHCO, TUTPYETCS JI0 YTOJBHOM KHUCIOTHI, PACXOJ TUT-
paHTa COCTaBUT V,, mpuueM V,>V,. O0beM TUTpaHTa V, SKBUBAJIEHTEH COJEpXka-
HUIO Na,CO,, [fss (NaZCOS) = 1/1, a ¥, -7, SKBHBaJCHTECH COJEPKaHUIO NaOH .
JInst MOSICHEHUS CKa3aHHOTO TUTPOBAHUE PACTBOPA CMECU NaOH + Na,CO, CXeMa-
TUYHO U300paxeHo Ha puc. 4.1.
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HCl
NaOH+Na,CO :
Hunuxarop:dpeHondTaneHH
b NaCl+NaHCO,
HMHIHKaTOP: METHIOPAHA V2 l
CO,+H,0
Cmecs(NaOH+Na CO,)

Puc. 4.1. CxeMa TUTpOBaHUS pacTBOpa cMeCU NaOH + Na,CO,.

Xo00 pabombui:

1. OtOuparoT MUIMETKON aJTUKBOTHBIE YACTHU pacTBOpa Vy, U3 MEPHOU KOJIOBI Vi
U MIEPEHOCAT UX B KOJIOBI JJI1 THTPOBAHUS, TOOABIISIIOT 3 KAy pactBopa ¢e-
HoJIpTaJIenHa U MEJJIEHHO MPU MePEeMEIIMBAHUH TUTPYIOT CTAaHAAPTHBIM pac-
TBOPOM HCI 10 00eclBeUnBaHUs pO30BOii OKpacku. DUKCUPYIOT pacXo[] TUT-
paHTa — V.

J100aBIAIOT B TUTPYEMBIi pacTBOp | Karuto pacTBopa METUIIOBOTO OPAHKEBOTO H
IIPOIOJKAIOT TUTPOBAHUE A0 NEPEX01Aa OKPACKH PACTBOPA U3 KEITON B OpAH-
YKEBYIO, pacX0J TUTpaHTa — ¥, . TUTpoBaHuE MOBTOPSIOT 3-5 pas.

PesynbTaTel 3aHOCAT B TabnMIy 4.4:

Pe3ynbTarhl TUTpOBaHUS pacTBOpa
cMecH KapOoHaTa U TUAPOKCH]IA HATPUSL.

Tab6muna 4.4.
No Vi, Va, Ve, Vi C(1/THCI),
n/n cm?® cm?® cm® cm? MOJIB/ M

[To pe3ynbTatam 3-5 TUTPOBAHUM HAXOJAT cpeaHue 3HaueHus Vi u V,. Coaepixa-
HUE KOMIIOHEHTOB CMECH PAaCCUUTHIBAIOT IO CJIETYIOUUM (hopMyiam:

C(Y HC) -V, - M(Na,CO;) -V

m(Na,CO,) = 1000 -V
7
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C(% HCI)-(V, - V,)- M(NaOH) -V,
1000 -7,,

m(NaOH ) =

4.2.3 Koumponawvnas 3adaua. Onpeoenenue kapoonama u 2uopoxapooHama Hampus npu
COBMECHHOM NPUCYMCHEUU.

[Tpu TUTpOBaHUU pacTBOpa cMeCU Na,CO, U NaHCO, N0 (eHOIPTAICHHY
dukcrupyercss MOMEHT TUTPOBAHUS, KOT1a Na,CO, OTTUTPOBAH 10 NaHCO,,— pac-

X0 TUTpaAHTa Vl, a IMIpU TUTPOBAHHWHU 110 MCTHJIIOBOMY OPAaHKXCBOMY, KOI'Jad 00a
KOMIIOHCHTA OTTUTPOBAHBLI 10 YFOJIBHOI>’I KHUCJIOTBI,— PaCXO0J TUTPAHTA Vz, Inpuiyem

V| <V,. O0beM tutpanTa Vi 5KBUBAJIEHTEH COJIEPKAHUIO Na,CO; — foxs (Na2C03)
= 1/1, a V,—V| dKBUBaJEHTEH COAEPXKAHUIO NaHCO,. CxeMa TUTpOBaHUS pac-
TBOpPA CMECU Na,CO, + NaHCO, IpUBEJIeHa Ha puc. 4.2.

HCI
Na CO_+NaHCO,
HaaakaTop:heHon(Tane s
¥
NaHCO,+NaHCO,
HHmHkaTop: METHIOPAA V2 1
CO,+H,0
Cmech (Na,CO,+NaHCO,)

Puc. 4.2. CxeMa TUTpOBaHUS pacTBOpPa CMECHU Na,CO, + NaHCO,.

Xo00 pabombui:

1. TurpoBanue cmecu no GeHoaPTaIeHHy U METUIIOBOMY OPaHKEBOMY IPOBO-
narT oo 1. 4.2.2.

COI[Cp)KaHI/IC KOMIIOHCHTOB CMCCHU paCCUHUTBIBAIOT 110 CJICAYIOIINM q)OpMy.TIaM:

C(Y HCI)-V, - M(Na,CO;) -V
1000-

m(Na,CO,) =
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C(Y HCD- (7, = V,)- M(NaHCO,) -V
10007,

m(NaHCO,) =

4.3 Bonpocwul 013 camonoozomosKu.
1. KakoBa posib KpUBBIX TUTPOBAHHUS?

B kakux KoopanMHAaTax CTpOSAT KPUBBIE B Pa3HbIX METOJaX TUTPOBAHUSA?

O0s13aTenBHO JIM COBMAICHUE TOYKHA SKBUBAJICHTHOCTH U KOHEYHOW TOYKHU TUTPO-
BaHusA?

HazoBute ¢akTopbl, BIUSAIONINE HA BUJ KPUBOM TUTPOBaHUS (BEJIIMYMHA CKAauKa,
MOJIOKEHUE TOYKH SKBUBAJIEHTHOCTH, HAKJIOH BETBEH).

MO>HO 71 OTTUTPOBATH B BOJIHOM PACTBOPE MPSMBIM CITIOCOOOM OOPHYIO KUCIIOTY .
Coam amMmMoHMS, arieTaT-uoH?

CKOJIBKO CKaYKOB Ha KPUBBIX THTPOBAHUS IABEICBOM, CEPHOM, STUJICHIMAMUH-
TETPAyKCYCHOM, YrOJIbHOM U (ocHOPHOI KUCIOT TUAPOKCHIOM HATPHS; Kap-
OoHata HaTpus, pocdaTa HATPUS U TUAPO3UHA COISTHON KUCTOTHI?

[Touemy cka4ok TUTpOBaHHSI OOPHOW KHUCIOTHl YBEIUYMBACTCS B MPHUCYTCTBHUH
runepuHa’?

VYkaxuTe Ha KPUBBIX TUTPOBAHMsI 00J1aCTH Oy PepHOTO NEHCTBUS, a TAKKE TOUKY C
MaKCUMaJbHOU Oy(epHOit EMKOCTHIO.

Kak oTTUTpOBaTh yroNbHYIO KUCIOTY MO BTOPOH CTymeHH, GOCcHOpPHYIO KUCIOTY
110 TPEThEN CTYNEHU?

Kakue nmpuémbl HCITONB3YIOT JIJI1 TATPOBAHUS KUCJIOT M OCHOBAHHM C KOHCTAHTAMHM
MmeHee 10779

Kakue npué€mbl UCTIONB3YIOT IJII TUTPOBAHUS CMECH DJIEKTPOIUTOB C OJU3KHUMHU
KOHCTAaHTaMM?

PaccuunTaiite SKBUBaJEHTHYI0 Maccy KapOoHaTa HaTpus, OukapOoHaTa HaTpHs,
TeTpabopaTa HaTpusi, KapOoHaTa KalbllKs, OKcajgaTa HaTpus, MOJaTa Kajus,
OKCHJIa PTYTH, IIABEJICBON KUCIIOTHI, SHTAPHON KUCIOTHI, OEH30WHON KHC-
J0ThI, OudTanara Kaaus, OMuoaTa Kaaus.

HazoBure BTOpHYHBIE CTaHAAPTHBIE PACTBOPBI, IPUMEHSAEMBIE B METOJE KHUC-
JIOTHO-OCHOBHOT'O TUTPOBAHUS.

[Touemy pacTBOp IIENOYM HE JOJDKEH Coaepkarh kapOoHaT-uoH? [lepeuncnure
HECKOJIBKO CIOCOOOB MPHUTOTOBJICHUSI PACTBOPA IIENOYH, HE COJIEPIKAIIETO
KapOOHAT-HOH.

Kak MeHsieTcst BUJl KpUBOM (BEIMUYMHA CKAaYKa, MOJ0KEHUE TOYKUA SKBUBAJIEHTHO-
CTH) MPHU U3MEHEHUU: a) KOHUEHTpAI[MU PacCTBOPOB; 0) KOHCTAHT MCCOIMA-
MU KUCIIOT U OCHOBAHUM; B) TEMIIEpaTyphl?
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KakoBbI IpeiesbHbIE 3HAUE€HNS KOHLEHTPALIMHU KHCIIOT U OCHOBAHUH, a TAK)XKE KOH-
CTaHTBI JUCCOLMAIIMHN KUCIOT U OCHOBAaHUM, IPU KOTOPBIX HAOIIOAAETCS CKa-
YOK TUTPOBAHHUS?

MOo3HO 1 TPSMBIM METOJIOM THUTPOBATh OOPHYIO KUCJIOTY, COJIM AMMOHUS, COJIU
YKCYCHOW MYPaBbHUHOM, IIABEIEBOM KHUCIJIOT, YTOJIBHYIO KHUCJIOTY IO BTOPOU
CTYIIEHU U POC(HOPHYIO KUCIOTY IO TPEThEN CTYTIEHN?

[Ipu kakOM yCIOBUY BO3MOXKHO pE€alIbHOE TUTPOBAHUE CMECH KUCJIOT (UM MHOTO-
OCHOBHBIX KUCJIOT IO CTyINEeHsAM)? MO>XHO JIM OTTUTPOBATH IO CTYIEHSM I11a-
BEJIEBYIO, CEPHYIO KUCTIOTY?

N3noxkuTe CynHOCTh HOHHOM, XpOMO(DOPHOM U HOHHO-XpOMODOPHOI TeOpUii UH-
JTUKaTOPOB.
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S5 Ilepmanranaromerpus.

5.1 Ilenw u 3a0auu padomel.

3akpernieHne 3HaHuH TEOPUH OKUCIUTEIbHO-BOCCTAHOBUTEIIHLHBIX PABHOBE-
CUH U TUTPUMETPUIECKOTO aHAIIM3a C MPUMEHEHNEM OKHCIIUTEIbHO-BOCCTAHOBH-
TeIbHBIX peakuuid. [lomyyeHne HaBEIKOB TUTPOBAHUS U TIPOBEICHUS PACUETOB pe-
3yJbTAaTOB aHaIM3a U ux 00padoTka. OcBoeHHE CIOCOOOB MPSAMOro, 3aMECTUTEb-
HOTO TUTPOBAHUS M TUTPOBAHMS 1O OCTaTKy. KOHTposibHAs 3amaua — ompenere-

HHE BOCCTAHOBUTEJIEN B PACTBOPAX HEM3BECTHOM KOHICHTPALUHU.

5.2 Ilpozpamma pabomot

5.2.1 Ilepmanzanamomempuueckoe onpeoenenue xcenesa (Il) ¢ pacmeope

Oobopyoosanue u peaxmuewl:
1. Broperka o6bemom 25 cm’;

Mepusie koa6s1 00bemom 100, 250 u 500 cm?;
Kon0sl i TutpoBanus o0beMom 250 cm? ;
[Tunerku Mopa Ha 5, 10, 15, 25 cm?;
AHaJIUTUYECKHUE BECHI C pA3HOBECAMU;

Ha6op apeomeTpos;

[I{aBenesas kucnora H,C,0, -2H,0 , X.4. WIX 4.1.4.;

[Tepmanranar kanusa KMnO, , X.4. WIHA 4.7.4.;

CepHas KucCIIOTa, pacTBOP C(% H,S0,) = 2 Monb/aM?;
docdopHast KUCI0Ta, PACTBOP C(% H.,PO,) =6 MOJIB/IM?;

Conbr Mopa, pacTBop C(%(NH4)2 Fe(SO, )2) = 0,5 MOJIb/IM;

XnopoBoopoHas Kucnora, pactsop C(1/1HCI) = 1 monv/om’ ;

Okcanat aMMOHUSI, PaCTBOP C(% (NH,),C,0,) = lMOJlb/ om’;

WNHaukaTop METHIIOBBIN OpaHXkeBblid, pactBop @ =0,1%.;
Hurtpat cepebpa, BoaHbIi pacTtBOp, © = 1%);

AsotHas kucnota, HNO;(1:1).;

XJopuJ Kanblys, pacTBOP
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5.2.1.1 Ilpucomosnenue nepeuuHo20 CManoapma wageedoll KUciomol
C(1/2H,C,0,) = 0,1 mom6/ o’
Boimonusitor no n.4.2.1.1. u3 peaktuBa H,C,0, -2H,0 KBamupuKaluu X.4.
y4uThIBasd, uto f, (H,C,0,)=1/2. PacTBOp ciaemayeT roTOBUTh IPUMEPHO TaKOH Xke

KOHIICHTpAaLWH, KaK paCTBOp KMnO, .

5.2.1.2 [Ipuecomosnenue u cmanoapmusayusi paboye2o pacmeopa nepmaHeanama
kanus (6mopuunozo cmanoapma) C(1/5KMn0,) =0,1 mons/om’

[IpuMeHseMbIi 1JIs1 IPUTOTOBJIEHUS PACTBOPOB TUTPAHTA TBEPABIM IEPMaH-
raHaT KaJIis BCErAa B KAKOW-TO CTENEHU 3arpsA3HEH TMOKCUIOM Maprasia, Kara-
JU3HAPYIOLIUM IPOLECC PA3IIOKEHMsI IEpMaHraHaTa B pacTBope. Y JajJeHue JUOK-
CUJa MapraHua (pUIbTPOBaHMEM 3aMETHO MOBBIIIAET YCTOWYMBOCTH PacTBOPOB
nepmanrasara. GuiapTpoBaHUe CieayeT NPOBOIUTD CITYCTs HEKOTOPOE BPEMS I10-
CJIe IPUTOTOBJIEHMSI PACTBOPA, YTOOBI MPOU3OILLIO OJTHOE OKUCIIEHUE PUMECEH B
BOJC, Il YCKOPEHHsI PEAaKLUU OKUCIECHHUS PACTBOP MOXKHO NPOKHUIIATUTH. [y
(GunbTpOBaHMS HENb3S IPUMEHATh OYMaKHBIM QUIIBTP, TAK KaK LIEJIJIF0JI03a pear-
pYeT ¢ mepMaHraHaToM, 00pasys IMOKCH] MapraHua.

Pasnoxenue pactsopa KMnO, yCKOPSIETCS Ha CBETY, [P HArPEBAaHUU, IO
JIEVCTBUEM KUCJIOT, OCHOBAHUM, HIOHOB Mn** W TUOKCH]IA MapraHla:

4MnO; +2H,0 =4MnO, +40H™ +30,
2MnO; +3Mn** +2H,0 =5MnO, +4H"

CranpapTHbie pacTBOpbl KMnO, XpaHAT B TEMHOM MECTE B TEMHBIX CKJISH-
Kax CO CTEKJISIHHBIMU MPOOKaMH.

JIJ1 yCTaHOBKM XapaKTEPUCTUK pacTBOpa IMEepMaHraHata OObIYHO HMCIIOJb-
3YIOT CBEKEIEPEKPUCTAIUIN30BAaHHYO IIABEIIEBYIO KUCIOTY H,C,0, -2H,0 , OKCa-

JJaT HaTpusA Na,C,0, WIN OKCAJlaT aMMOHHUSI (NH4)2 C,0, -H,0. Peakunio Mexay

IEpMaHraHaT- 1 OKCajlaT-nOHaMH1 B KHCJION CpCaC MOXKHO 3aIIMCaTh:

2MnO; +5C,0;” +16H" =2 Mn** +10CO, +8H,O.

Xoo0 pabomui:

1. PaccuuThIBaroT HaBECKy, yUUThIBad, 4TO f,,, (KMn04)=% (xucnas cpena);

Ha TexHMyecknmx Becax B CTEKJISHHOM OIOKCE B3BCIIMBAIOT PaCCHYUTAHHYIO
HABCCKY NCXOAHOI'O IICPMaHIraHaTa Kajius.

KonnuecTBeHHO MEPEHOCIT HAaBECKY JTUCTUITMPOBAHHON BOJION B MEPHYIO KOJIOY,
PACTBOPSIOT MPU MNEPEMEIIMBAHUN U JTOBOASAT PacTBOP A0 METKH TUCTHILIM-
POBaHHOM BOJOM.

CBeXenpUroTOBJIEHHBIN PacTBOp KMnO, MEPEHOCIT B CTaKaH, HArpeBaroT 10 Ku-

NEHUS U NOACPKUBAIOT 3Ty TEMIIEpaTypy NpuoOInM3uTenbHo 1 4. 3aTeM pac-
TBOP OXJAXIAIOT M (QPUIBTPYIOT uYepe3 CTEKISHHBINA, MOPUCTBIA (DUIBTD.
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MosxHo nepea puIbTpOBaHUEM OCTaBUTh PACTBOP MPU KOMHATHOM TeMIiepa-
Type Ha HECKOJIBKO JTHEM.

ANMKBOTHYIO 4aCTh pacTBOPA IABENEBON KUCIOTHI 10 ¢M? EpeHOCST MUIETKOM B
KOHMYECKYIO KOJIOY JUIs TATpoBaHus, qobasistor 10 cm® pactBopa H,SO, U

HarpeBaloT Ha BOAAHON Oane mpumepHo 10 75-80°C. B Hauanme TuTpoBaHUS
cleyeT MPUIUBaTh U3 OIOPETKU PACTBOpP KMnO, K ropsueMy pacTBOPY OK-

cajara no kamM. Kaxayro creayronryro Kario OTpuOaBISIIOT IOCIE TOTO,
KAaK MCYE3HET OKPACKa OT NpeapIaye. TuTpoBaHue 3aKaHYMBaOT, KOTa U3-
ObITOYHAs KAl pacTBOpa KMnO, OKPACcUT PacTBOP B OJ1€THO-PO30BBIN LIBET,

He ucue3aronm 1 MuH.
[IpoBoasT 3-5 TutpoBaHuii. Pe3ynbTaTel 3aHOCAT B TA0AHILY S.1:

PCBy.TIBTaTI)I CTaHJAapPTHU3alluH paCTBOpa IICpMaHraHaTa KaJlus.

Tao6auma 5.1
Ne V(H2C204), | C(1/2H2C204), | V(KMnO4), | C(1/5KMn0Oy4), | T(KMnOs),
/11 oM’ MOJTB/IM> oM’ MOJIB/IM> r/em’

Hcnone3ys cpequuii 00beM TUTpaHTa, 3aTPAYEHHOTO Ha TUTPOBAHUE, pac-
CUUTBIBAIOT XAPAKTEPUCTUKU pacTBOpa KMnO,. Ilpu pacuere y4uTHIBAIOT, YTO B

TOYKE YKBUBAJICHTHOCTH YMCJIO MOJIEU IKBUBAJIEHTA TUTPYEMOT'O BEIIECTBA U TUT-
paHTa paBHBI: n(% Na,C, 04) = n(% KMnO, )

5.2.1.3 Koumponvuas 3a0aua. Onpedenenue xenesa (1)
B cepHOKHCIIOM pacTBOpe peakiys OKUCIeHus noHoB xkenesa (1)

5Fe™ + MnO, +8H"* =5Fe™ + Mn*" +4H,0

IPOTEKAET OBICTPO M KOJIMYECTBEHHO. H,PO, BBOJAAT JJIsl OOECIIBEUMBAHMS pac-
TBOpa Fe’", IMEIOIIETO XKEJNTYI OKPACKY M 3aTPYIHSIOMIET0 (PUKCHPOBAHUE KO-
HEYHOM TOYKH TUTPOBAHUS 10 OKpacKe MepMaHraHaTa,— o0pa3yeTcst O€ClIBETHBII

s
KOMILJIEKC Fe(HP04) , OJTHOBPEMEHHO YJIYUIlIal0TCs YCIOBUS TUTPOBAHUS, TaK KaK

3+
IMOHMIKACTCA PCAJIbHBIN ITOTCHIUAJI ITAPbI Fe Ae% .

Xo00 pabomui:

1. AJMKBOTHYIO 4acTh HCCIIEyEMOr0 pacTBopa comu xkenesa (1) nepenocst nu-
IIETKOM B KOHUYECKYIO KOOy, mpubasistor 10 cm® pactsopa H,S0, u 2—3

cm® pactBopa H, PO, (B orcyrcrBue CI).

XONoAHBIM PAacTBOP MEIUIEHHO, MPHU TIHIATEIHbHOM MNEPEMEIIMBAHUN THUT-
PYIOT pacTBOPOM KMnO, 10 MOSIBICHHS HE Mcue3aroueil B TeueHre 1 MuH po30Boi

okpacku. TuTpoBaHHE MOBTOPSIOT HE MeHee 3 pa3. Pe3ynbTaThl 3aHOCIT B TA0-
Juny 5.2:
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Pe3ynbTaThl TUTpOBaHUS pacTBopa xene3a (1) mepmanranaTom Kanus.

Ta06auna 5.2.
Ne V(KMnOy), C(1/5KMn0Qs), V(Fe(ll), C(1/1 Fe(Il), | T(1/1 Fe(1l),
/11 oM’ MOJTB/ M oM’ MOJTB/ M r/em?

Hcnonb3ys cpeqHuil 00beM TUTpaHTa, U3PACXOJI0BAHHOIO Ha TUTPOBAHUE, pac-
CUMTBHIBAIOT cojiepkanue xenesa (II), yunteiBas, 4To B TOUKE SKBUBAJIEHTHO-

CTH n(%FeSO4):n(%KMnO4). Conepxanue FeSO, (B 2) BBIYMCISIIOT 110

dbopmynam:
C(V. KMno,)-v(KMnO,) - MV FeSO,)-V
m(FeSO,) = )5 ! D MO FeS0,) Vi
1000-V,
T(KMnO,) -V (KMnO,)- M (Y FeSO,)-V
m(FeSO,) = ! D MO FeS0) Vi

M(% KMnO,)-Vy
rac VK ) VH — BMECTHUMOCTb KOJIOBI M ITUIIETKH COOTBETCTBEHHO.

5.2.2 Ilepmanzanamnoe onpedenenue uonos Ca’*

2+ 2+

Honbl Ca** onpenensroT KOCBEHHO. [yt 3T0ro noHsl Ca
TBOPOM OKcaJlaTa aMMOHHUS, B3ATOM B H30BITKE:

2+ 2—
Ca** + C,0; =\ CaC,0,
Ocafok oTQUIBTPOBBIBAIOT, TPOMBIBAIOT NUCTUIIMPOBAHHON BOJOW U 3a-
TeM PacTBOPAIOT Ha GUIbTpe B pazdasnenHoi cepHoii kucnore (ITP 4, = 9,1-107))

OCAXKIAAK0T pac-

P (0, =2,3-107), npu 5TOM 00pa3syeTcs SKBUBAIEHTHOE KOJIMYECTBO IABEIEBOI

KHCJIOTBI, KOTOPYIO TUTPYIOT CTAaHAAPTHBIM pPaCTBOPOM II€PMaHI'aHaTa KaJIus:
5C,0; +2MnO; +16H" =10CO, +2Mn** +8H,0

Xo0 pabombui:

1. Hccnemyemblii pacTBOp, copepkamuil Ca’", B MEpHOH K0j10e pa30aBisIoT JU-
CTHUJUTUPOBAHHOM BOJION 10 METKH U TIIATEIHHO MEPEMEITUBAIOT.

AJNVMKBOTHYIO YacTh aHAJIM3UPYEMOIO PACTBOPA MEPEHOCT MMUIIETKON B XUMHUYE-
ckuit crakan o0beMom 200—250 cm®, noGasisror 100 cM® auCTHIIMPOBaH-
HOM Boabl, 1—2 cM® pacTBOpa HCI, 1—2 Kamim MHIMKATOpa METHIOBOTO
opaHxeBoro u HarpesaroT 10 70—80°C.

MennenHo, o karmism (1—2 xamau B 1 cekyHy), Tpy HEMPEPHIBHOM MepeMeIu-
BaHUU J00aBISIOT 1,5-KpaTHBIA U30BITOK HATPETOTO PACTBOpPA OKcalaTa aM-
MOHHS.

[Tocne noOaBieHust pacTBOpa OCAIUTEINSI MPUOABIISAIOT MO KAIUISIM MPU MepeMEIIn-
BaHMU pa30aBIICHHbIN PAaCTBOpP aMMHAKA J0 UCUE3HOBEHUS PO30BOM OKPACKU
pacTBOpa U OCTABJISIOT PACTBOP C OCAAKOM Ha | yaca Ha KUITAIIEH BOASHOU
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OaHe [ co3peBaHus ocazaka. [lapannensHO TPOBOAAT OCaXkIeHNE HE MEHee
Tpex mpoo.

Co3peBinii 0caloK OKcaiaTa Kalablus KOJUYECTBEHHO MEPEHOCAT HAa TUIOTHBIN
GUIBTP W TIIATETHLHO MPOMBIBAIOT HECKOJBKO pa3 HEOOIBIIMMHI TOPIUASIMHE
pa30aBIEHHOTO pacTBOpa OKcajlaTa aMMOHHUS JUTsl yaasienust noHoB CI~ . [1pu-
3HAKOM KOHIIA TTPOMBIBAHHUS MOXKET CIYKUTh OTCYTCTBUE OEJIOro Ocajika Mpu
JEUCTBUU Ha MOPUUIO (2—3 Karii) NPOMBIBHBIX BOJ, TOJAKUCIEHHYIO HNO,

, PACTBOPOM AgNO, .

3aTteM IpOMBIBAIOT OCaA0K JUCTHIUTMPOBAHHON BOIOM 1S yAaleHusl H30bITKA OK-
caJlaT-MOHOB (OTCYTCTBHE OENOro Oocajaka MpH JEeHCTBUH pacTBopa Ca’* Ha
2—3 Karuii mpOMBIBHBIX BOJ). BObIIOTr0 N30bITKA MPOMBIBHBIX BOJI CIIEYET
n30erartpb, Tak Kak 3TO MOYKET BbI3BAaTh 3aMETHBIE TOTEPH 3a CUET PACTBOPEHUS
OcCaJiKa OKCayaTa KaJbLysl.

ByMaxHbIil QUIBTP MPOKATBIBAIOT B LIEHTPE OCTPUEM CTEKJISTHHOM MaJI0UKH, KOTO-
pYy10 OOMBIBAIOT HaJl GUIBTPOM CEPHOU KUCIOTOM, U TIIATEIBHO MPOMBIBAIOT
ero 40—50 cm® pacTBOpa H,SO, U 2 pa3a AUCTHIMPOBAHHOM BOMON MOPLH-

savu o 10 cv?.

[Tony4yeHHslit pactBop H,C,0, HarpeBaroT Ha BoasgHou Oane 1o 70— 80°C
U TUTPYIOT CTaHJIAPTHBIM PAaCTBOPOM KMnO, IO TMOSABICHHS OJ€IHO-PO30BOM
OKpacku, He ucyezaroeid 1 MunyTy. Pe3ynbTaTsl 3aHOCAT B Ta0Jaumy 5.3:

PCByJIBTaTI)I TUTPOBAHUA paCTBOpA IHaBCHeBOﬁ KHCJIOThI paCTBOPOM II€pMaHIa-

HaTa KaJius:.
Taoauna 5.3.
Ne | V(H2C204), | C(1/2H2C204), | V(KMnOs), | C(1/5KMnQy4), | T(KMnOy),
/11 oM’ MOJTB/ M oM’ MOJIB/TM> r/em?

Pacuet conmepkanust Ca’* TPOBOJAAT C YU4ETOM TOTO, YTO MX COACPKAHHME DKBHBA-

JICHTHO COACPIKAHUIO OKCAJIaT-HOHOB. B Touke 3KBUBaJICHTHOCTH

n( Y ca*)=n( Y5 Cac,0,) = n( Y5 1,C,0,) = n Y4 KO, ),
n( Y4 ca*) = n( ¥ kpno,

Conepxxanne Ca’* (B T) pacCYMTHIBAIOT 10 (popmyiam:
C(% KMnO,) - V(KMnO,) - M(% Ca™)-V,

m(Ca*") =
( ) 1000V,

(Vs KMnO,)-V (KMnO,)- M(Y) Ca®) -V
MY kMnO,) -V,

m(Ca*") =

Pacu€T oTHOCHTENBHON MOTPENTHOCTH
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D,%(CaCl,) =

5.3 Bonpocut 014 camonoo2omoeKu.
1. UYem ompepensieTcsi BeIMYMHA CKayka Ha KpuBoil TuTpoBanus? IlpuBenure
IpUMEPHI TPUEMOB YBEJIMUEHHUS CKauKa TUTPOBAHUS.

B kakux cinydasx KpuBas TATPOBAaHHS CUMMETPUYHA, & B KAKUX — aCUMMETPUYHA
OTHOCHUTEIBHO TOYKHU IKBUBAJIEHTHOCTH? [IprBeanTe npumepsl.

KakoBbl 0COOEHHOCTH MPUTOTOBIIEHUS CTAHJAPTHOTO pacTBOpa KMnO, U yCIOBUS
€ro XpaHeHus?

Kakumy XxuMHUYECKUMHU peaklUsMHU, MPOTEKAIOIIMMHA B PacTBOpe, 00ycCliaBIUBa-
€TCSl N3MEHEHUE KOHLCHTPALMY [IEPMaHraHaTa Kajaus?

[Touemy ¢akTop SKBUBaIEHTHOCTU KMnO, pa3nuyeH NpU MPOBEICHUHN PEAKIIHA B
KHUCJIOH, IIEIOYHON WIIK HEUTPAJIbHOM cpenax? PaccuuTaite ero 3HaueHue B
ITUX Cpelax.

Kakune BemecTsa NpUMEHSIOT I YCTAHOBKM XapaKTEpUCTHK pacTBopa KMnO,?
Kakue TpeOoBaHuUs K HUM NPEIbSIBISIIOT?

HazoBute MNECPBUYHBIC CTAHAAPTHI, IPUMCHACMBIC JI YCTAHOBJICHUA KOHIICHTPA-
WU rnepmMaHraHaTa Kajim.

Hanumure YPaBHCHHUEC PCAKIIUU BSaHMOﬂeﬁCTBHH IepMaHraHaT-uoHa ¢ OKcaJjaT-
HNOHOM.

Kak OonpcAC/INTL IMCPMAHIaHATOMETPUICCKUM METOAOM BCIICCTBA, HE 06J1azxa}o-
IIMC OKUCIUTCIIBHO-BOCCTAHOBUTCIBHBIMH CBOﬁCTBaMH, HanpuMmep Ca**?

Kaxk OIIpCACIINTL OKHCIIUTEIIN NEPpMAaHraHaTOMECTPUIYCCKHUM METOAOM:
Fe’* ,KCIO,,K,Cr,0,?
HazoBure okuciantenu u BOCCTAHOBUTCIIU, IIPUMCHSACMBIC JIA MTPCABAPUTCIBHOTO

OKHCJICHUA 1 BOCCTAHOBJICHUSA TUTPYCMbIX BCHICCTB.

Kakue BoccTaHOBUTEH MPUMEHSIOT JIJISl PEABAPUTEIHLHOTO BOCCTAHOBIICHHUSI JKe-
ne3a (II1)? Hanuiure peakiumu.

OOBbsiICHUTE POJIb 3AIIUTHBIX CMecel pu TuTpoBaHuu xene3a (1) nepmanranatom
KaJIisl B PUCYTCTBUU XJIOPUJI-UOHA.

HazoBure komnoHeHTsl cMecu Pelinrapaa-l{ummepmana u oObACHUTE UX POJIb B
nporiecce TuTpoBanus xenesa (II).

B kakux yciroBHsX IpOBOJAT ONPENEIICHUE HOHOB Fe’” IIPU OTCYTCTBUM XJIOPHUI-
VMOHOB IIEPMAHTaHATOMETPHUUECKUM METOJIOM?

Brluucaure MONSipHYIO KOHIIEHTPALMIO 3KBUBAJIEHTOB pacTtBopa KMnO, ¢ T=

0,005815 r/cM® mpu WCHONB30BAHMU €r0 B KAYECTBE THTPA B KHCJION W
HEUTPAJIIbHOU CPEAX.
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B mepHoii konbe 06semom 100 cm® ipuroToBnen pactsop, cogepxkamuii 0,6384 r
Na,CO; . Kakoit 006éM 0,09349 (monw-x6)/2 pactBOpa KMnO, OGynet uspac-
xon0BaH Ha TutpoBanue 10,00 cm® pacTBopa okcanara Hatpus? Paccuuraiite
KOHCTaHTY PAaBHOBECHUSI OKHCIIUTEIbHO-BOCCTAHOBUTENILHON peaklnu, MOiIb-
3ysiCh TAOIHUIIEH OKUCIUTENbHO-BOCCTAHOBUTEIBHBIX MTOTEHIATIOB.

Ha turpoBanue pactBopa FeSO, uspacxomoBano 17,25 cm® pactBopa KMnO, ¢

T o, ree = 0,014062/an.. CKOJILKO TPAMMOB JKeJIe3a CONEPIKUTCA B npobe?
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6 Honomerpusi u monomMeTpus

6.1 Ilenv u 3a0auu padomel.

3aKpeIuleHNe 3HaHUW TEOPUU OKUCIUTEIBHO-BOCCTAHOBUTEIBHOIO PaBHO-
BECUS U TUTPUMETPUUECKOIO aHAIN3A C IPUMEHEHUEM OKHMCIIMTEIBHO-BOCCTaHO-
BUTEJIbHBIX peaknuil. [lorydyeHne HaBbIKOB TUTPOBAHUS U MPOBEICHUS PACUETOB
pe3yJbTaTOB aHaIN3a U X 00paboTku. KoHTposbHas 3a7jaua — ONpe1eIeHue OKKC-
JIMTEJIEN B PACTBOPAX HEM3BECTHOU KOHIIEHTPALUH.

Oobopyoosanue u peaxmuewl:

1. Broperka o6bemom 25 cm’;

Mepusie koa6s1 00bemom 100, 250 u 500 cm?;
KonGb1 11 TMTpOoBanus 06beMoM 250 e ;
[Tunerxku Mopa oosemomMm 5, 10, 15, 25 cm?;
AHaJIUTUYECKHUE BECHI C pa3HOBECAMU;

Ha6op apeomeTpos;

buxpomar xamusa K,Cr,0,, X.4. WIHA 4.71.4.;
Tuocynbdar Hatpus Na,S,0,, X.4. WIK 4.11.a.;

Wonun xanus KI , X.4. WIK 4.71.4.;

CepHasi KHCIIOTa, PacTBOP C(% H2S04) = 2 MOJIb/IM?;

Cynsdat meau (I1), pactBop C (% CuSO4) = 0,5 Monb/mIM>;
Kpaxmain, BogHbIN pacTBOp.

6.2 Ilpozpamma padomuwi

6.2.1 Hooomempuueckoe onpeoenenue meou (I1) 6 pacmeope

6.2.1.1 [Ipucomosnenue nepsuuno20 cmanoapma duxpomama Kaius
C(1/6K>Cr;0;) = 0,05 monv/om’

Boimonusitor mo m. 4.2.1.1. u3 peaktuBa K,Cr,0, KBaIU(DUKAIMH X.4 YUUTHI-
Bast, 4TO fos. (K, Cry 07 )= % .

6.2.1.2 Ilpucomosnenue pabouezo pacmeopa muocyivghama Hampus
C(1/1NayS,03) = 0,05 monv/om’® (smopuunozo cmandapma)

Beimonustor mo 1. 4.2.1.1. u3 peaktuBa Na,S,0, KBaTu(DUKAIMKA X.Y YIUTHI-
Bast, YTO foxe. (Na 2S203): % JIns mpUroToBIEHUS PACTBOPOB PEKOMEHIYETCS

CBEXKEIPOKUIISTYEHHAs: (B TEYEHHE 4Yaca) BOJA, TaK Kak OaKTepuH paszniararor
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pacTBOpbI THOCYIbdaTa. /s nodasienus pocma 6aKmepuil MOMHCHO 000a61amb
makue geuwjecmea, Kaxk xaopogopm, denzoam nampusa uau Hgl,. Kunsuenue

BOABI U n00aBneHue HebGompmux Komuuects (0,1 v/ am®) Na,CO, cnocoGcTByeT
yaaineHutro CO,, BIMAIOLIEr0 Ha XapaKTEpUCTHUKHU pacTBopa. PacTBop XpaHAT B
TEMHOM MECTE B XOpOIIO 3aKphITOi mocyne. CtanaapTu3anuio pactBopa Na,S,0,
MPOBOAAT OOBIYHO Uepe3 S—7 IHEH.

6.2.1.3 Cmanoapmuszayus paboueco pacmeopa muocyivghama Hampus (6mopui-
HO20 cmaHoapma,).

Baxneimmmu paktopamu, onpeaensomyuMy yCTOHYUBOCTh pacTBOPa THO-
cyab(ara, ABIAIOTCS 3HAYEHUS pH , IPUCYTCTBUE MUKPOOPIaHU3MOB, KOHIIEHTPA-

Ul paCTBOPA, MPUCYTCTBUE aTMOC(HEPHOTO KHUCIOPOa, IPUMECEH HOHOB TSKe-
JBIX METAJIOB (KaTaJM3aTOPOB OKUCIICHHSI THOCYJb(aTa KUCIOPOIOM BO3IyXa),
BO3JICHCTBHE MPSMOTO COJTHEYHOTO CBETA.

IlepBUYHBIMH CTAHAAPTAMH JJISI PACTBOPOB Na,S,0, MOTYT OBbITh OKHC-
aurenn: K,Cr,0,,KBrO,,KH (10;),, BEIIEIAIOWIE OPH B3aUMOJIEHCTBHU C M30bIT-

KOM HOANJ-MOHOB 3KBHUBAJICHTHOC KOJIMYECTBO HOA4, KOTOpBIﬁ TUTPYIOT CTaHAAP-
TU3UPYEMBIM PacTBOPOM THOCY b(]aTa. Criocod cTaHaapTHU3AIMU OUXPOMATOM Ka-
JIKMsl OCHOBAH Ha pCaKIUAX:
Cr,0: +6I +14H* =2Cr** +31,+7H,0
2— - 2—
I, +28,07 =21 +8,0;

Xo00 pabomui:

1. B xonumueckyro koi0y Juisi TATPOBAHUS MEPEHOCAT MUIMETKON aJTUKBOTHYIO
YacTh PacTBOPA YCTAHOBOYHOIO BemiecTsa K,Cr0,, nobasnswor 10 cm® pac-

TBOpa H,SO, u 1 I KpUCTaNTN4eCKOTo K/ (MM COOTBETCTBYIOMINN 0OBEM €ro
KOHLIEHTPUPOBAHHOTO pacTBOPA).

Kon0b1 3aKpbIBalOT CTEKISTHHBIMU MPOOKaMH, COIEP)KUMOE TMTEPEMEIINBAIOT, JAIOT
nocToATh 5—10 MUH B TEMHOM MECTE I10KA HE 3aBEPIIUTCS PEAKLIMS.

BeinenuBimiicss /, THTPYIOT pacTBOPOM Na,S,0; no Tex op, MOKa OKpacka He
CTAHET CJ1a00-XKEIITOM.

3ateM TUTPYEMBIi pacTBOpP pa30aBISIOT BOAOH MPUOIU3UTENHLHO B 2 pa3a, 100aB-
JISIFOT MHIUKATOP KpaxMall U MPOJ0JIKAIOT TUTPOBAHUE JI0 IEPEX0/1a OKPACKU

) 3
pacTBoOpa U3 CUHEH B CBETIO-3€NeHyI0 (MOHbI C777).
[TpoBoasar 3-5 TutpoBanuii. Pe3ynbrarel 3aHOoCAT B TA0 M1y 6.1:

Pe3ynbTaThl cTaHapTU3allud pacTBOpA TUOCYJIb(aTa HATPUS.

Taoauna 6.1.
No | V(KoCr207), | C(1/6K2Cr207), | V(NaS203), | C(1/1Na2S203), | T(Na2S203),
/11 Cm3 MOJTB/IM> oM’ MOJIB/IM> r/em’

55



XHUMHYECKHE MCETOObI aHaJInU3a

Hcnone3ys cpequuii 00beM TUTpaHTa, 3aTPAu€HHOTO Ha TUTPOBAHHE, pac-
CUMTBIBAIOT XapaKTEPUCTUKU pacTBopa Na,S,0,. Ilpu pacdere y4uThIBaIOT, YTO B

TOYKE SKBUBAJIEHTHOCTH YMCJIO MOJIel SKBUBAJIEHTa TUTPYEMOIO BELIECTBA U THT-
paHTa PaBHBI: n(% K,Cr,0, ) = n(% Na2S203) :

6.2.1.4 Konmponvnasn 3aoaua: Onpeodenenue meou (I1).

OmnpeneneHrne OCHOBAHO Ha B3aUMOJACHCTBUU MOHOB Cu’" WM I~ W TOCIETY-
IOLIEM TUTPOBAHUU OOPa30BaBILIETOCS B 9KBUBAJICHTHOM KOJIMYECTBE /, CTaHIapT-

HBIM PacTBOPOM Na, S, O;.
2Cu™ +41° =42Cul + 1,
I, +28,0; =21 +8,0;

Xo00 onpeoenenusn:

) 19 2 19
1. Hccnenyemslii pacTBop, copepxkammii nousl Cu™ | B MepHOIt kKoibe pa3bas-
JISIOT TUCTUJUTMPOBAHHOMN BOJIOW /IO METKH M TIIATEIHHO MEPEMEITUBALOT.

AJIMKBOTHBIE YaCTH aHAJIM3UPYEMOTO pacTBOPa MUIETKOM MEPEHOCIT B 3 KOHUYE-
CKME KOJIOBI JJIs TUTPOBaHHMs, N00aBIsroT mo 2—3 1 tBepporo K/ u 5 cm?

pactBopa 1250:,

Kon0bl 3aKkphIBalOT CTEKISIHHBIMH MPOOKaMH, KOTOPbIE TMEpe]l TUTPOBAHUEM 00-
MBIBAIOT JTUCTUIUIMPOBAHHOM BOJOW M ocTaBisitoT Ha 10-15 MuH B TeMHOM
MecTe.

BeigenuBmmincs [, mocie 3aBepLICHUs PEAKLUU TUTPYIOT CTAHAAPTHBIM PacTBO-
pom Na,S,0, B IpUCYTCTBUU Kpaxmaia.
Pesynbratel 3aHOCAT B TA0/M1Ly 6.2:

PesynbTaThl THTpOBaHHS pacTBOpa, COAEpIKAIIErO0 MOHBI Cu’’, PaCTBOPOM THO-
cynbdaTa HATpHUS.
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Tabdauna 6.2.
Ne V(NaxS203), C(1/1Na2S-03), V(Cu?), C(1/1 Cu?"), T(Cu?"),
n/a oM’ MOJTB/TM> oM’ MOJTB/ M r/em?

Hcnonb3ys cpeqHuil 00beM TUTpPaHTA, M3PACXOJ0BAHHOIO Ha TUTPOBAHUE, pac-
cuMThIBaIOT copepxanue meau (1), yuuTsiBas, 4TO B TOUKE SKBUBAJIECHTHOCTH

n(% Cuz*) = n(% S, 032‘). Conepxanrie Cu’* (B I) BEIYUCIISIOT IO (hOPMYIIaMm:

C(Y Na,$,0,)-V(Na,S,0,)-M(Y Cu*)-¥,

m(Cu*) =
10007/,

T({ Na,S,0,)-V(Na,S,0,)- M(} Cu®) -V,

m(Cu*") =
M (Y Na,$,0,)-7,

rac VK ) Vn — BMECTHUMOCTb KOJIOBI M ITUIIETKH COOTBETCTBEHHO.

6.2.2 Onpedenenue 2n10K03bl 8 COKE MEMOOOM 0OPAMHOIU UOOUMEMPUU

OrnpeneneHrne OCHOBAHO HAa OKUCIICHUH aJIb103 IIETOYHBIM PACTBOPOM HO/IA,
KOTOPBIN B YCIIOBUAX OIpPEACIICHUS HE OKUCIISIET KETO3bI. [ TTI0K03a OKHUCIIAETCS KO-
JUYECTBEHHO 10 YPaBHEHHUIO:

CH,OH (CHOH ), CHO + I, +3NaOH — CH,0H (CHOH ), COONa + 2Nal +2H,0..

[Tocne okoHYaHUS peakIuu U30BITOK NO/A, HE BCTYUBIIUN B PEAKIIUIO, OT-
TUTPOBBIBAIOT PACTBOPOM THOCYJb(aTa HaTpus. [IpucyTcTBHE B aHATU3UPOBAH-
HOM COK€ (PpyKTO3BI (KETO3bI) U Caxapo3bl (HEBOCCTAHABIMBAIOIIECTO AUCaXapH/ia)
MPAKTUYECKA HE BIUSIOT HA PE3yJbTaThl TUTPOBAHUS. J[7 MOTydeHUS TOYHBIX
JAHHBIX HEOOXOMM 3HAUUTEIbHBIN U30BITOK pacTBOpa noja (B 2-3 pasza OoJblie,
YeM M0 YPABHEHHIO PEAKIINH ) U MPOMOPIIUOHATIBFHOE €My KOJIMYECTBEHHO MEIOYH,
TaK KakK MpU HEIOCTaTKe MIEIOYU BO3MOKHO HEMOJIHOE OKUCIIEHUE TIIIOKO3bI, a €€
M30BITOK BBI3BIBAET OKUCIICHUE (PPYKTO3HI.

Xona paboTsl

6.2.2.1 IIpucomosnenue pacmeopa uoda C(%1,) = 0,1000 monv/om® (nepeuunviii

Cmanoapm 20moesam u3 oukcanaia)

6.2.2.2 [Ipucomosnenue u cmanoapmu3ayusi 6MoOPULHO20 CMAHOAPMa pacmeopa
muocynvgpama nampus C (4 Na,S,0,) =0,1000 mors/0m® nposodsm no

nyukmy 6.2.1.2. u 6.2.1.3.
Pesynbrate 3aHocsT B Tabnuity 6.4. (cM. IyHKT 6.4.2.)
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6.2.2.3 Koumponvnas 3adaua. Onpedenenue 2ioK03bl 8 COKe

1. B xoun4eckyro Koji0y momemaror 5,0 cM® aHaIu3MpyeMoro coka, comep-
xKarero He 6omnee 0,05 T TIIOKO36I TUIETKON n100aBsoT 15,0 cM® pacTBOpa Hoa.
[Ipu HenpephIBHOM MEpEMENINBAHMU U3 OFOpPETKM npuinBaroT 15,0 cM® pacTeopa
ruapokcuaa Hatpus. KonOy 3akpeiBatoT mpoOKoii, MOMEIIAI0T B 3aTEMHEHHOE Me-
cTo Ha 15 MMHYT, 3aTeM MOAKUCISIOT 15 cM® pacTBOpa CEPHOM KUCIIOTHI.

2. TutpyroT pacTBOpoM THOCYJIb(aTa HATPUSA 0 CIa00-KENTON OKPACKH.
[Ipu nobaBieHnH Kpaxmalia pacTBOp MIPUOOPETaeT CUHIOW OKpacKy. TuTpoBaHue
IIPOJOJIKAIOT 10 0OECBEUMBAHMS PacTBOPA.

3. TurpoBaHue NOBTOPSIOT 3-5 pa3, pe3yiabTaThl 3aHOCAT B TAOIUILY 6.5. (CM.
NYHKT 6.4.2.).

4. WUcnonb3ysi cpeHuil 00bEM TUTPAHTA, U3PACXOJIOBAHHOIO HA TUTPOBA-
HUE, PACCUMTHIBAIOT KOHLUEHTPALMIO TJIFOKO3bI, UCIIOIb3Ysl 3aKOH HKBUBAJIEHTOB
JUTsl OOpaTHOTO TUTPOBAHUSL:

C(11,)-V, —C(4 Na,S,0,)-V (Na,S,0,)

C(A CH ,,04) = V .

an

6.3 Odgopmnenue nabopamopnozo xcypnana
6.3.1 Onpeoenenue meou (Il) memooom 3amecmumenbHoil UOOOMempu
1. Henu u 3agaun paboTHhI.
2. Pacuét naBecku, HeoOxoaumoi st mpurotosaenus 100,0 cm® pacTBopa

¢ koHueHtparmeit C(%K,Cr,0,)=0,05000 mous/mm’.

X0/l TPUrOTOBJICHUS! IEPBUYHOTO CTaHAAPTA.
3. Pacuér HaBecku, HeoOXoauMoii 1t npurotosienus 1000,0 cm® pacteopa

¢ koHueHTpauueil C (4 Na,S,0,)=0,05000 mosb/mm? .

XOI[ IIPUTOTOBJICHUA BTOPUYHOI'O CTaHdapTa.

4. YpaBHEHUs peakUuid CTaHAapTU3alUU Na,S,0, B MOJEKYJSIPHOM U HOH-

HOM BHJIE, dJICKTPOHHO-MOHHBIN OaaHc:
K,Cr,O,+KI + H,50, —
I, + Na,S,0, —
@aKTOpbI IKBUBAJIEHTHOCTHU, 3a4KOH SKBUBAJICHTOB.
XoJ cTaHIapTA3ALINH.
5.YpaBHenue peakuuu TUTpoBaHus cyibdara menu (II) B MonekyispHoM

MOHHOM BH/JI€, 3JIEKTPOHHO-UOHHOW OanaHc:
CuSO, + KI —
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I, + Na,S,0, >

Xox onpeeseHus.

PesynbTarel THTpOBaHus pacTBopa cyibdata menu (1I).

Tabmura 6.1.
Ne V(Cu 2+ ) , C(X Na,S,0,), | V(Na,S,0;), | Vep.(Na,S,0;), | C(1/1 Cu?), | T(Cu?),
n/n o’ MOJIB/ M’ oM’ M3 MOJIB/IM> r/cm?
1 1()’() W3 Tabmuus 7.1
2 10,0
3 10,0

6.Pacuér pesynpratoB onpenenenus cynbdara meau (1I).

[IpuBectu pacuetrHbie (HOPMYJIBI U PACUYETHI (TOUHOCTH PACUETOB YETHIPE

3Havamue 1udpst 11t maccest 0,0001 1)

PesynbTaTel onpenenenus cyiabdara meau (1)

Tabmura 6.2.
C(4 CuS0,), | T(CuSO,), | n(4CuSO,), v(CuS0,), m(CuS0,),
MOJIB/IM> r/cm? MOJTb MOJTb T
C(%Cu%), T(Cu“), n(%Cu“), V(CM%), m(Cu“),
MOJIB/IM> r/cm? MOJT MOJTb T

7. Pac4€T OTHOCHUTENIBHON ITOTPEITHOCTH
D%(CuS0,) =

6.3.2 Onpeoenenue 2110K03bl 8 COKE MEMOOOM 0OPAMHOI UOOUMEMPUU

1. Henu u 3agaun paboTHI.

2. Pacu€T HaBecku, HEOOXOAUMOM Jj1si mpuroToBiaeHus 1,0 am? pacTBopa ¢
koHueHTpanueit C()% 1,)=0,1000 MOJIB/IM".

XoJ MpUrOTOBIICHUS IEPBUYHOTO CTAaHAAPTA.
3. Pacuér HaBecku, He0OXoauMoii s npurotosienus 1000,0 cm® pacteopa
¢ koHueHtpameit C( Y Na,S,0,)=0,05000 Moss/mm’ .

XOI[ IIPUTOTOBJICHUA BTOPUYHOI'O CTaHdapTa.
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4. YpaBHeHUs peakUuid CTaHAapTU3aUuU Na,S,0, B MOJEKYJISIPHOM U HOH-

HOM BH/I€, JIEKTPOHHO-UOHHBIN OaslaHC:

K,Cr,0,+KI+ H,50, —

I, + Na,S,0, >

CDaKTOpBI OKBHUBAJICHTHOCTH, 3aKOH 3KBHUBAJICHTOB.

X0/ cTaHJapTU3AIUH.

Pe3ynbTathl cTaHAapTU3ALMKU pacTBOpa THOCYIb(aTa HATPHUsL.

Tabmura 6.3.
N [ V(K,Cr0,), | C(4K,CrO,), | V(Na,s,0,), | ¥, (Na,S,0,).] C(4Nay$,0,)] T(Na,S,0,),
n/m cm? MOJIB/ M cm? cM MOJIB/ M r/cm?
1 [10,0 0,05000
2 110,0 0,05000
3 110,0 0,05000

Pacuér C()Y Na,S,0,) u T (Na,S,0,).

5. YpaBHEHUE TUTPOBAHMUS TIIFOKO3bI:
CH,OH (CHOH), CHO + I, +3NaOH — CH,0H (CHOH ), COONa+2Nal +2H,0

CDaKTOpBI OKBHUBAJICHTHOCTH, 3aKOH 3KBHUBAJICHTOB.

Xon onpeneseHust

P C3yJIbTAaThbl TUTPOBAHUWA I''TFOKO3bI

Tabnura 6.4.
Ne | Var | C(1/2 1), | V(I2) | C(1/1Na2S203) | V(Naz2S203) | Vep(Na2S203) | C(1/1CsH1206)
, MOJIB/ZIM | , CM3 | , , ) )
Cm |3 MOJIB/mM> cm’ oM’ MOJIB/mM*
3
1 {5,0]0,1000 | 15,0 | W3 7abm. 7.1
2 15,0 1(0,1000 |15,0
3 15,0/0,1000 | 15,0

6.Pacuét pe3ynbTaToOB ONpPEACICHUS TJIFOKO3BI

[TpuBectn pacuetrHbie (GopMymBl U PAcU€Thl (TOYHOCTH PACUETOB YETHIPE
3Havamue 1udpst 11t maccest 0,0001 1)

PCSYHLT&TBI OIpCACIICHMA I''TFOKO3bI

Tabmuma 6.5

C(% C6H1206 ) >
MOJIB/ M

T(C,H,,0,), T/em’

n, (X C,H,,0;), MOTIb
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V.. (CeH,,0;), MOTIB m,, (C;H,,0;), T m C,H,,0;), T

6100,0 o’ coxa (

7. CpaBHCHI/Ie COJACPIKAHUA I'VTIFOKO3bI B COKC C 3ai4BJICHHBIM ITPOU3BOJUTCIICM.

6.4 Bonpocwt 0na camonoo2omosku.
1. Tlodyemy noau Kanus HEJb3sI UCTIOIB30BATH ISl IPSIMOTO TUTPOBAHUS MEAH?

Hanumure peakuuy, MNpOTEKAOIIME MPU TUTPUMETPUUECKOM OIPEICICHUN:
a) OemITbHOM U3BECTH, HUTPATOB, Xkene3a (I11), mepokcuma Bogopona, 6poma,
xJyopa, xpoma (VI), xpoma (I1I), cynbpumos, cynbPUTOB HOJOMETPHUIECKH; O)
MEepOKCHIa BOAOPO/AA, HUTPATOB, AUOKcHAa maprania, kaueius (II), map-
ranua (II) nepmanranaToMeTpu4eCcKu.

KakoBbl 0cOOEHHOCTH TPUTOTOBIICHHSI CTAHAAPTHOTO pacTBopa KMnO, M yCIOBHS
€ro XpaHeHus?

[Touemy akTop SKBUBAIEHTHOCTH KMnO, pa3auyeH NpU MPOBEICHUU PEaKLUi B

KHCJIOH, IIEJIOYHON WM HEUTpaJIbHOM cpeaax? Paccuuraiite ero 3HauyeHue B
3TUX Cperax.

Kakue BeliecTBa NpUMEHSIOT JJIsl YCTAHOBKHM XapaKTEpUCTUK pacTBopa KMnO,?
Kakue tpeGoBaHUs K HUM TPEIbSBISIOT?

Kak OonpcAC/INTL IMMCPMAHIaHATOMETPUICCKUM METOAOM BCIICCTBA, HE 06]13,[{3}0-
IIMEC OKUCINTCIIBHO-BOCCTAHOBUTCIBHBIMH CBOﬁCTBaMH, HaIrpumep Ca**?

Kaxk OIIpCACIINTL OKHCIJIUTEIIN NEPpMAaHIraHaTOMECTPUIYCCKHUM METOAOM:
Fe’* . KCIO,,K,Cr,0,?

Brruncinre MOJSIpHYIO KOHUEHTPALHMIO JKBUBAJIICHTOB pacTtBopa KMnO, ¢ T=
0,005815 r/mMn mpu HWCHOJB30BAHMM €0 B KAaueCTBE TUTPAa B KHUCJIOM U
HEUTPAJIbHOU CPEAX.

B xakux yclioBUAX MPOBOJAT ONpPEECICHUE HOHOB Fe’* TPU OTCYTCTBUM XJIOPU/I-
MOHOB IEPMAHTaHATOMETPUUECKIUM METOJIOM?

B MepHoii kosi6e o6bremom 100 M1 mpUroTOBIIEH pacTBop, coaepxkaniuii 0,6384 ¢
Na,CO, . Kakoit 066&M 0,09349 (momw-sx6)/n pacTBOpa KMnO, Oyznet uspac-

xonoBaH Ha TutpoBanue 10,00 M pacTBopa okcanarta HaTpusi? Paccunraiite
KOHCTaHTy PAaBHOBECHSI OKHCIIUTEIbHO-BOCCTAHOBUTEILHON PEAKIUU, MOJb-
3ysICh TAOJIMIIEH OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX MOTEHIIMAIOB.

Ha tutpoBanue pactBopa FeSO, u3pacxojgoBaHo 17,25 miu pactBopa KMnO, ¢

T o, rer = 0014062/ 2an. CKOJIBKO TPaMMOB JKeJie3a COACPKUTCS B pode?
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CpaBHUTE TOCTOMHCTBA M HEIOCTATKH OMXPOMATOMETPUU C JPYTHMH METOJaMU
TAUTPUMETPUUYECKOTO aHAJIU3a C MCIIOJIb30BaHUEM OKHMCIIMTEIBHO-BOCCTAHO-
BUTEJIBHBIX PEAKIIUM.

[Touemy TUTpOBaHHE PACTBOPOB OMXpOMaTa MPOBOASAT B KHCIIOH cpene?
Hanummre okucianTenbHO-BOCCTAHOBUTEbHBIC PEAKIMU [Tl TU(EHUTAMHUHA.

Paccunraiite morpemHocTs TUTpoBaHus kene3a (II) OuxpomaTom: a) B mpucyT-
ctBUM (HochHOpHOI KUCIIOTHI ; 0) B OTCYTCTBUH (HOCHOPHOI KUCIIOTHI.

Kak ycTaHaBiIMBarOT KOHEIl TUTPOBAHHS MPH OPOMAaTOMETPUIECKOM THUTPOBAHUH
cypbMmbl (111)?
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7. KommiekcoHoMeTpus.

7.1. Ilenwv u 3a0auu padomel.

3akpernieHre 3HaHU| TEOPUH PEaKINA KOMIUIEKCO0Opa30BaHUS U KOMILICK-
COMETPUYECKOr0 TUTPOBAaHUS Ha NpuUMepe KomIuiekcoHomeTpuu. llomyueHue
HABBIKOB KOMITJIEKCOHOMETPHUYECKOTO TUTPOBAHUS, MCIOJB30BAHUS METAIOWH-
JTMKATOPOB, IPOBEJCHHS PACUETOB PE3yIbTATOB aHAN3a U X 00pabOTKU MpH Mpsi-
MOM (Ha mpumepe onpezeienus Ca> u Fe'*) u oOpaTHOM (Ha MpUMepe orpeerie-
HUS AI") TATPOBAHMU.

KoHTpoJibHBIE 33]]aull — aHAJIM3 HOHOB MeTaioB Ca’*, Fe'*u AI* B pac-
TBOpaxX C HEU3BECTHOW KOHIICHTpAIHeil, onpeaeneHne oomieil ECTKOCTH BOO-
TPOBOIHOM BOJIBI.

7.2. Qobopyoosanue u peakmuewl:
1.BropeTka BMECTHMOCTBIO 25 cM°;

2 MepHsble k01061 BMecTHMOCTEIO 100, 250, 500 1 1000 cv?;
3.Koa6bl /151 THTPOBAaHMS BMECTUMOCTBIO 250 cM?;

4 ITunetku Mopa Ha 5, 10, 15, 25 cm?;

5.unuaapsl BMectumocThio 20 u 100 cm?;
6.AHaJIMTUYECKUE BECHI C PA3HOBECAMU;

7.Habop apeomeTpoB;
8.Na,CioHy,OgN, - 2H,0 (OITA), x.u., pactop CGNazHZY) — 0,025

MOJIb/IM?;

9.X7nopua Kanbius, pacTBOP C(% CaClz) = 0,25 Mons/mm>;
10.Xsopua aifoMUHUSI, pAaCTBOP C(% AZCZ3) = 0,25 mons/mm’;
11.Xnopuna xenesa (I11), pactBop C(% FeCZ3) = 0,25 mMonb/am’;

12.Cynsdar meau (II), pactBop C (% CuSO4) = 0,025 mons/nm’;

13. Ammuaunsiil 6ydepnsiii pactBop ¢ pH =10;

14. AMMuak, BoJHBIN pacTBop, o(NH,)=10% macc;
15.XnopoBonopoaHas KUCI0Ta, paCTBOP C(% HCI ) = 1,0 monb/nm;

16.Anieratusiii Oydepnslii pactBop, pH=4,8;

17. Komniaekconat Mmaruusi, C (%MgHZY ) = 0,025 monbs/om>;
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18.OpnoxpomoBslii yepHslid T, cMech ¢ XJ0pu0M HaTpus B oTHOIIEeHHH 1:100;
19.(1,2-upupun-a3o)-2-nadron (ITAH), ciuprossiii pacteop T(ITAH)=2 r/om’;
20.MupukaTopHas Oymara KOHIo (KpacHas).

21.CynphocanuiioBast KUCIOTa, pacTBOp @ = 5 % (macc).
7.3. Ilpozpamma pabomui

7.3.1. Ilpucomoenenue  nepeuunozo  cmanoapma  pacmeopa 3I/TA
C(4 Na,H,Y)=0,02500 monv/om’

Boimonusitor u3 peaktuBa Na,C, H,,O,N, -2H,0 KBaTU(PUKAIUH X.4., yUUTHI-
Bad, uto f, (Na,H,Y)=) . MonekyspHas Macca 3TOTO COEAMHEHHs COCTaBIISIET

372,242. llpuMeHEHHE AUHATPUEBOM COJIM STWICHIWAMUHTETPAYKCYCHOM KHC-
JIOTHI JUIsl IPUTOTOBJICHUS CTAaHIAPTHOTO pacTBOpa 00YCJIOBIECHO €€ Jydllel pac-
TBOPUMOCTBIO B BOJI€ 110 CPABHEHUIO C KUCIOTOM (3TUIICHIMAMUHTETPAYKCYCHAs
kuciora - JTY). [Ipu npurorosieruu pactBopoB IITA HEOOXOIUMO YUUTHI-
BaTh, YTO BHE 3aBUCUMOCTH OT 3apsijia KAaTHOHA BCEr/1a 00pa3yroTCss KOMILIEKCHI C
COOTHOILIEHUEM KOMIOHEHTOB 1:1.
Ca’* +H, Y =CaY” +2H"
Bi** + H,Y* =BiY +2H"
Th* + H,Y* =ThY +2H".
CrnepnoBartenbHO, MoJsipHas macca 3kBuBasieHTa J/ITA u onpenenseMoro
MOHA MeTajlla PaBHbl UX MOJICKYJSIPHBIM MaccaMm. DakTopbl 3KBUBAJICHTHOCTH
OJATA u Me"™ paBubl 1/1.
J171s BEIOJIHEHHUS Ta00paTOpHBIX padoT rotosar 0,02500 Mons/aM® pacTBop
OJITA. HaBecka, HeoOxonumast ajist npurotosieHus 500,0 cm? CTaHJIAPTHOTO pac-
tBOpa D/TA, paccuntsiBaetcs no popmyJe:

m(94TA-2H,0)=500,0-10" 1’ - 0, 02500M0H% E -372,242 %4 o, = H6530T.

Hagecky D/ITA B3BemmBaioT B OI0KCE Ha aHAJUTHUYECKUX Becax, KOJIWYe-
CTBEHHO IIEPEHOCAT B KOIOY BMeCTUMOCTBIO 500,0 cM® M TOBOJAT 10 METKU M-
CTUJUIMPOBAHHOM BOAOW. BIOKC moCIIe MepeHeceHnsl HABECKH B3BEIIMBAIOT HA aHa-
JUTUYECKUX BECAX M MO Pa3HOCTH JBYX B3BELIMBAHHUI HAXOJAT MacCy HaBECKH
OJITA. PacTBOp B KOJIO€E TIIATEJIBHO TIepeMeIIuBaroT, pactBopenue I TA mpouc-
xoauT meaneHHo. Pacteop O/ITA, mpuroToBICHHBIN MO TOYHOW HABECKE WJIU U3
(buKcaHana SBIsSETCS MEPBUYHBIM CTaHIapTOM. PacTBOp, moIy4eHHBbIN ero pa30aB-
JIeHUuEM TpeOyeT CTaHIapTU3ALIMH.

Jns ycTaHOBIEHUA THUTpa W MOJSPHOM KOHUEHTPALMM SKBHBAJICHTA
C (¥4 Na,H,Y) neobxomumo mpurorosuts 100,0 cm® 0,02500 mons/mm® pacTBopa

cynmbaTa [IWHKA, ITOJYUYCHHOI'O IIpH paCTBOPCHHUHW HABCCKHU MCTAJUIMYCCKOI'O
IOWMHKa WJIN OKCHIa IMHKA B pa36aBH€HHOﬁ CepHOﬁ KHUCIIOTCE. I[JI}I IIPUTrOTOBJICHUA
pacTBOpa YCTAHOBOYHOI'O BCIICCTBA HCO6XOI[I/IMO B34ATb HABCCKY MCTAJINYCCKOI'O
IOIWHKa HJIN OKCHAAa IHMHKAa (X.‘-I.) Ha aHAJIMTHYCCKHX BCCax. y‘-II/ITBIBaH, qTo0
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MOJISIpDHAsi Macca 3KBHBAJIEHTA METajula paBHA €ro aTOMHOM Macce, a 3HA4CHHE
(akTOpa SKBUBANEHTHOCTH MeTajlla IpH 3ToM Oyner f,, (Me)= Y. HaBecky me-

TAIVIMYECKOI'O IIMHKA U OKCHUIAa NUHKA BBIYUCIIIIOT I10 (bopMyJIe:
- 1073 v - MOJIb, . T —
m(Zn)—lO0,0 107~ om - 0,02500 AM3 65,39440% 0,1635r,

= 107 o - MOIJIb . T =
m(Zn0)=100,0-10" o’ -0,02500 AM3 81,391/ =0,2035r.

Paccunrannyio HaBecky Zn 1 ZnO B3BEMIMBAIOT B OIOKCE CHayaida Ha TeX-
HUYECKUX BECaX, a 3aTeM Ha aHATMTHYECKHUX BECax, MePEeHOCHT (T0JIb3YsICh BOPOH-
KO#) B MepHYI0 K00y BMectuMocThio 100,0 cm®, moGasmsror 10,0 cm® 1 mons/am?
CEPHOM KUCITIOTHI U TIOCTIE TIOJTHOTO PACTBOPEHUS HABECKH 00BEM pacTBOpa B KOJIOE
JOBOJAIT /10 METKH AWCTUUTMPOBAHHOW BOJOW M TIIATEIBHO TEPEMEIINBAIOT.
brokc ¢ octaTkoM MUHKA WJIM OKCHA IIMHKA B3BEITUBAIOT HA AaHAIMTUYECKHUX Be-
cax. [To pa3HOCTH ABYX B3BEIIMBAHUI HAXO AT MAacCy METATMYECKOTO IIMHKA WJTH
OKCHJIa ITMHKA, IEPEHECEHHOTO B MEpHYIO KoJIOy. [IpuroToBiieHHbIN TakuM oOpa-
30M PAacTBOP UCIOJIB3YIOT JUIsl CTaHAapTU3anuu pacteopa D/TA.

7.3.2. Onpedenenue Kanbyus

KomMrekcoHomeTprueckoe OIpeesieHne Kalblisi OCHOBAaHO Ha MPSIMOM
TUTPOBAaHUM €Tr0 PACTBOPOM JAWHATPUEBOM COJIM ATHICHAUAMHHTETPAYKCYCHOM
kucnorsl Na,C,,H,,O;N, (OQATA) B npucyTCTBUN MYypEKCHIA, I3PUOXPOMOBOTO

yepHOro T wiam Apyroro MeTaJuIOMHANKATOPA.
Peaknus nporekaeT no cieayromemMy ypaBHEHUIO:
Ca +H,Y” <> CaY” +2H"

OOpaszyromuiics  xemaT  oOJafaeT  HEBBICOKOM  yCTOMYUBOCTHIO,
lgf, .. =10,7. YBeIUYEHUE KOHIEHTPALMU MOHOB BOIOPOJA, BBIAEISAIOIIUXCS B

npouecce TUTPOBAHUA, IIPUBOANT K CMCIICHUIO PABHOBCCUS I[aHHOﬁ pCaKku B
CTOpPOHY pa3pyHICHHA KOMILICKCA. OnTuManbHBIM pH 1714 OIIpe€aACICHHA NOHOB

KaJIbLIMA, KaK CJIeAyeT U3 SKCIEPUMEHTa, sBisieTcs pH =11.

[Ipn ucnoNB30BaHUN METAIOMHAUKATOPOB IS (PUKCUPOBAHUS KOHEYHOM
TOYKHU TUTPOBAHUS HEOOXOJIMMO YUUTHIBATh YCTOMUYHMBOCTH KOMILJIEKCA METAJIO-
WHJIUKATOpA C TUTPYEMBIM MeTaJIoM. Tak, mpu TUTPOBAHUU KaJbIUs C SPHUOXPO-
MOBBIM 4YepHBIM T M3MEHEHHE OKPACKH B KOHEUHON TOUKE THUTPOBAHUS HEIOCTa-
TOYHO YETKOE, YTO MOXKHO OOBSICHUTh HE3HAUUTEIIBHONW YCTOWIMBOCTHIO 00pa3y-
IOIIETOCS  METAJNIOMHAUKATOPHOTO KoMmIuiekca. Hampumep, mnpu pH= 8
lg g  =54-3,6=1,8, anpu pH=11 1gp’ =54-0,7=4,7. Orcrona, npu pH=8

Calnd™ Calnd™
APHUOXPOMOBEIN u€pHBIN T HE MOXKET ObITh HCTIOIB30BaH B KAYECTBE METAJLIOWH-
JUKATOpa BBUIY HE3HAUMUTEIIBHOW YCTOMYMBOCTH METAILUIOMHIUKATOPHOIO KOM-
iekca, Toraa kak npu pH = 11 TutpoBaHue BO3MOXKHO.
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Jlst mosmy4ueHust 0osee pe3Koro M3MEHEHHUsI OKPACKU WHIUKATOpa B KOHEU-
HOM TOYKE TUTPOBAHUS K AaHAJIM3UPYEMOMY PACTBOPY Iepe TATPOBAHUEM HYXKHO
100aBUTH HEOOJIBIIIOE KOJMYECTBO KOMIUIEKCOHAaTa MarHus (lg By =8,7). Uon

Ca™ obpasyer Gosee npounslii kommneke ¢ DTA (lg B, . =10,7), mo3TOMYy Ipo-

TEKACT pCaKInA:
Ca™ +MgY* — CaY™ +Mg™".

2+

BrigenuBimecs nousl Mg 00pa3yloT 0oJiee MPOUYHBIM KOMIUIEKC C UHIH-

KaTOpPOM 3PHOXPOMOM, 4eM HOHbI Ca’*. B amMuauHoil OygepHOl cMmecu mpu

— yer _ yen _
pH=10 g,° =54, a B =32. B6a13u TOYKH SKBUBAJIEHTHOCTH MPOUCXOIUT

BBITCCHCHHC OpHUOXpPOMA U3 KOMILJICKCA Mg[nd T
Mgind* + H,Y*” — MgY* + HInd + H" .

HpI/I O9TOM HCUYEC3aCT MAaJIMHOBAA OKpaCKa KOMIIJICKCA Mardust ¢ Spuoxpo-
MOM U IOABJIACTCA CHHAA OKpacCKa CBO60,IIHOFO HHAWKATOpPA.

7.3.2.1. Konmponvnas 3aoaua. Onpedenenue CaCl,

Xon paboThI:

1. AHanu3upyeMblii pacTBOp B MEPHOM Kouibe BMecTuMocThio 100,0 cM? s10-
BOJST JJO METKU JUCTUJUIMPOBAHHOW BOJIOM U TIIATENIBHO MEPEMEIINBAOT.

2. B koHM4ECKYI0 KOJIOY JIJIsl TATPOBAHUS TUIETKOM MEPEHOCST aTMKBOTHYIO
gacts pacteopa (10,0 cm®), mobasasroT 5 cM® aMmuauHOro 6Y(EepHOro PacTBOpA,
1 cM® pacTBOpa KOMILIEKCOHATA MAarHKsl, HHAUKATODP SPUOXPOMOBBIN yepHblii T Ha
KOHYMKe Immarens. [lociae moaHoro pacTBOpeHUs MHAMKATOpa TUTPYIOT pacTBO-
pom DJITA 1o u3meHeHHsI OKpaCKU UHAUKATOPa OT KPacHO-(PHOJIETOBOM K CUHE.

3. TutpoBaHue MOBTOPSIOT 3-5 pa3 10 MOJIYUYEHHsS] HE MEHEE TPEeX CXOMs-
HIMXCS Pe3yJbTAaTOB TUTPOBaHUs. Pe3ynbpTaTel 3aHOCAT B TaOmuiy 8.1. (CM. MyHKT
8.4.1.).

4. Vicnonb3ysi cpeqHuil 00beM TUTpPaHTa, U3PACXOJI0BAaHHOTO Ha THUTPOBA-
HHUE, PACCUUTHIBAIOT KOHLIEHTPALUIO, COIEPKAHNE U KOJIUYECTBO OIPEAETIIEMOTO
KaJIbIMsl B PAaCTBOPE, YUUTHIBAS, YTO B TOUKE SKBHUBAJIECHTHOCTH 00pa3yeTcsi KOM-
IieKc coctana 1:1. 3akoH 3KBUBAJIEHTOB AJIs IPSIMOTO TUTPOBAHUS:

n(%Ca2+)=n(%H2Y2*)

7.3.3. Onpeoenenue »xcenesa (I11)
Omnpenenenue xene3a (I1I) ocHoBaHO HAa MPSIMOM TUTPOBAHUU €TO PACTBO-
pom DJITA B IpUCYTCTBUM CATWIMUIOBOM WM CYJIb()OCATUIMIOBON KHCIOT,
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TalipoHa, POJAHUIOB, XpOMaszypoja S, OEH30TrHAPOKCAMOBON KHUCIOTHI. Peakius
MPOTEKAET MO YPABHEHUIO

Fe™* + H,Y* <> FeY +2H"

Keneso (II1) o6pazyer ¢ DATA oauH U3 caMbIX YCTONYUBBIX KOMIUIEKCOB,
lgp,., =2516.. Bricokoe 3HaUeHME KOHCTaHThl YCTOMYUBOCTH KOMIUIEKCOHATA Ke-

Jie3a MO3BOJISIET MPOBOJIUTh TUTPOBAHKE B KUCTBIX cpeAax npu pH <3. IIpoBoauTh
TuTpoBanue rnpu pH>3 Henenecoodbpas3Ho, Tak Kak 00pazyeTcs TUIPOKCU] Kee3a,
YTO YBEJIMYUBAET MOTPEIIHOCTH onpeenenus. Hanbonee yno6HO NpoBOIUTh TUT-
poBaHue npu pH =2,5, Ipu JaHHON KUCJIOTHOCTH pacTBOpa Jiorapu(dm ycioBHOMN

KOHCTaHThI yCTOHYMBOCTH KOMILIEKCOHATA Xkenesa pasen 1g £° =13,26. Turpo-

BaHUE KeJe3a BO3MOXKHO U MpH Oosiee HU3KUX 3HaYeHUsIX pH pacTtBopa, HO MpH

3TOM 3HAUUTEIBHO BO3pacTaeT kodpduiment modbounsix peakmuit IATA, uto
MPUBOJUT K YMEHBIICHUIO YCIOBHOM KOHCTAHTBI YCTOMYMBOCTH KOMIUJIEKCOHATA
JKeJe3a, U CIIEI0BATENBHO, K YBEIMYEHUIO ITOTPEITHOCTH ONPEIETICHNUS.

Kenezo (II) Takxke odpazyer ¢ JITA KoMIIEKC, HO YCTOWYMBOCTb 3TOTO

KOMIIJICKCa (lg Breyz- = 14,33) 3HAYUTEJIIBHO MEHBIIE YCTOMYUBOCTU KOMILIEKCO-
Hata >xenesa (III). Ilpu pH =2,5 xene3o (II) ¢ DATA He B3aumoaeiCTBYET, TO-
3TOMY MPH CyMMapHOM OIpENeieHun Fe’* u Fe'* mepe] TUTPOBaHHUEM HEO00XO-
IMMO OKUCIUTHL Fe™' no Fe’ HarpeBaHueM ¢ HNO, uiu 00aBIeHUEM nepokcuaa
Bozopona. OmpeneneHrne B KUCIbIX cpefax Oosiee n3duparenbHo. OnpeneneHuto
xenesa (I11) ne memarot wousl Cu’*, Zn**, Ca™*, Ba’*, Co™, Mn**, Ni**, obpa-
syromue ¢ DJTA menee yctoluusble KOMIUIEKCHI (Ig Byoyz- = 7 — 18).

7.3.3.1. Konmponwvnas 3adaua. Onpeodenenue FeCl,.

Xom paboThI:

1. AHanu3upyeMslil pacTBOp B MepHOU Koj0e BMectuMocThio 100,0 M no-
BOJAT 10 METKH JUCTUUIMPOBAHHOM BOJIOM U TILATEJIBHO NEPEMEIINBAIOT.

2. B xoHHMUYECKYIO0 KOJIOY AJii TUTPOBAHMUS MEPEHOCHAT aJUKBOTHYIO YacTb
pactopa (10,0 cm®), mpunuBaroT 2 ¢cM® pacTBOpa XJIOPOBOAOPOIHON KUCIOTHI U
N00aBIIAIOT MO KaIUIsIM pacTBOP aMMHakKa /10 Havaljla Mepexo/ia OKPacKy MHIUKa-
TOPHOM OyMaru KOHro oT cuHeu 10 ¢puoseroBoi, HarpeBaroT 10 80 °C, 1006aBIsSIOT
1 cm® pactBopa cyab(hoCanMIMIOBON KUCIOTHL U TUTPYIOT pacTBopoM DJITA 1o
MU3MEHEHUS1 OKPACKH pacTBOpa OT (PUOJIETOBON K YKENITOM.
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3. TutpoBaHue NOBTOPSIOT 3-5 pa3 [0 MOJYyYEHUSI HE MEHEE TPEX CXOJf-
IIUXCSl Pe3yabTaToB. Pe3ynbTaThl 3aHOCAT B Tabnuiy 8.3 (cM. myHKT 8.4.2.).

4. Wcnonp3ys cpenHnii 00beM TUTpPaHTA, U3PACXOJOBAHHOTO HAa THUTPOBA-
HUE, PACCUUTHIBAIOT KOHIIEHTPALIMIO, COJIEPKAHUE U KOJIMUYECTBO OIMPEAEIIIEMOro
xene3a (II) B pactBope, yuuThiBasi, 4YTO B TOUKE IKBUBAJIEHTHOCTU OOpaszyeTcs
KOMILJIEKC cocTaBa 1:1. 3aKOH KBUBAJICHTOB JUIsl PSMOTO TUTPOBAHUSL:

n( Y Fe)=n( Y 1Y)

7.3.4. Onpedenenue anomunus.

KommiekconomeTprudeckoe onpeneseHue aJloMUHUS OCHOBaHO Ha o0part-
HOM TUTpoBaHuM n30bITKa DJ{TA cyiabpaToM MeaAH WK LIMHKA C UCTIOIb30BAaHUEM
B KauecTBe MHAMKATOpOB l,2-(mupunumna3zo)-2-uadrona (ITAH), kcunenomoBoro
OpaHXEeBOT0, MUPOKATEXMHOBOTO (PHOJETOBOrO, XpoMasypoia S. Ilpu stom mpo-
TEKaOT CJIEAYIOUINE PEaKLUu:

APt + H,Y2 2 AlY™ + HpY?%™
HYZE + M** 2 MY?~ + 2H*.

Amomunnii oopasyer ¢ OJ{TA npounsiii kommiekce, lg 8, - =16,13. OqHaxo
B CJ1a0O0KUCIIBIX PACTBOPAX MOHBI ATIOMUHHS MPUCYTCTBYIOT B BUAEC KHHETHUECKU
MHEPTHBIX aKkBa- U ruApokcokomIuiekcoB. [Ipu pH<3 obpazoBanue rupoKCoOKOM-

INICKCOB MOAABJIACTCA, HO YCJIIOBHAA KOHCTAaHTA YCTOﬁqHBOCTH O4YC€Hb Majia, 4ToO

JIENAeT HEBO3MOXKHBIM TUTpOBanue. Tak, npu pH=2 lgf*" =16,1-13,5=2,6 a Ipu

pH=5 Igp> =16,1-6,5=9,6. YBenuuenue pH pacTBopa NpUBOAUT K yBETUICHHUIO

joraprudma ycroBHOW KOHCTAHThI YCTOWYMBOCTH KOMILIEKCOHATa aIOMUHUS, HO
npu pH=5 HaumHaeTcs ruApoiIN3 MOHOB AFOMHUHUS, YTO OISITH K€ MPUBOIAT K
YMEHBILIEHUIO JIorapuMa yCIOBHON KOHCTAHThI yCTOMYUBOCTH 3TOTO KOMILJIEKCA.

Peakiusi 00pa3oBaHusi KOMIUIEKCOHATA AJIFOMUHUS MPOTEKAET OYEHb MEJ-
aenHo. [lepuon momyoOmeHa MOJIeKyJbl BOAbI B aKBAKOMILJIEKCE AJIFOMUHUS CO-
craBigeT 7,5 c¢. Jlyid yBeIMUEeHHs] CKOPOCTH PEaKLMU PacTBOPbI NEpE] TUTPOBa-
HUEM HarpeBaroT. OTpeIeIeHNIO ATFOMUHHMS HE MEIatoT Ca®*, Mg™, Mn®", a TaKXKe

JIPYTUE METAIIIbI, YCTOUWYMBOCTh KOMIJIEKCOHATOB KOTOPBIX MEHBIIIE YCTOMYUBO-
CTH KOMILIEKCOHATAa aJIFOMUAHUA (lg By = 8—14) .

7.3.4.1. Cmanoapmu3zayus emopuunoco cmanoapma CuSO, no 3/[TA

Xoxa paboThl

1. AmuxsoTHyo dacth 10,0 cm® pactBopa CuSO, nepeHocaT B Konby ajis
TUTPOBAHMs, IPUIMBAIOT 5 cM? aleTaTHoro OydepHoro pacrsopa, 20 cM> IUCTHII-
JIMPOBAHHOM BOJIbI, HarpeBaroT Ha muTke 10 70 °C.
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2. [Mpubasnstor 1-2 kannu unaukaropa [IAH u tutpyror pactsopom O/ITA
710 IIepexo0/1a OKPACKH U3 (PUOJIETOBOM B 3€IEHYIO.

3. TurpoBanue nmoBTOPsIOT 3 pasza. Pe3ynbTarsl 3aHOCAT B TabamIy 8.5. (cMm.
nyHKT 8.4.3.).

4. Vicnonb3ysi cpeaHuil o0bEM TUTpaHTa, U3PACXOI0BAaHHOTO Ha THUTPOBA-
HHUE, paccUUThIBalOT KoHUEHTpauuio meau (II), yuursiBas, 94To B TOUKE SKBHUBa-
JIEHTHOCTH 00pa3yeTcsi KoMIIeKe coctaBa 1:1. 3aKkoH HKBUBAJIEHTOB IS IPSIMOTO

n( Y cw)=n( Y Hy*)

7.3.4.2. Koumponavuas 3a0aua. Onpeoenenue AlC,

TUTPOBAHU L

Xom paboTsl

1. AHanmM3upyeMBIi PacTBOP B MEPHOI K0s10€e BMecTuMOocThio 100,0 cM? j10-
BOJSAT /10 METKU JUCTUNIMPOBAHHOMN BOJIOM U TIIATEIHHO MEPEMEIINBAIOT.

2.B xoHMYECKYI0 KOJIOY JJIsl TATPOBAHMSI IEPEHOCST AIMKBOTHYIO YaCTh pac-
tBopa (10,0 cm?), mobasmsror 2 cm® 1 mons/am® pacteopa HCl 1 70 cm® Bozel, 3a-
TeM nuneTkor npumsarot 10,0 cm® pactBopa DJITA, HarpeBaroT 10 KUIEHHUS Ha
AIEKTPOILIIUTKE.

3.3atem, oxsaguB coaepxumoe kosobl 10 70 °C, 106aBIAIOT pacTBOP aMMHU-
aKa 1o KaruisiM JI0 HayaJja repexo/ia OKpacku MHIMKATOPHON OyMaru KOHro OT CH-
HEH 10 PUOJIETOBOIA.

4. lo6asnsitor 15 cm? anerarnoro 6y(hepHOro pacTBopa U 5 Kareb UHIUKa-
topa ITAH u TutpytoT cynbpatoM Menu 10 U3MEHEHHUS! OKPAaCKU pacTBOpa U3 3€-
JIEHOBATO-KENTOU B CUHE-(DHUOJIETOBYIO.

5. TutpoBanue MOBTOPAIOT 3-5 pa3 10 MOJYy4YEHUSI HE MEHEE TPEX CXOJf-
IIUXCSl Pe3yabTaToB. Pe3ynbTaThl 3aHOCAT B Tabmuiry 8.6. (cM. myHKT 8.4.3.).

6. Vcnionb3yst cpenuuii 00bEM TUTPAHTA, U3PACXOJOBAHHOTO Ha TUTPOBAHUE
PACCUUTHIBAIOT KOHIICHTPALIUIO, COJIEPKAHUE U KOJIMUYECTBO OMpPEACNIIEMOro Be-
mecTBa — AICL . 3aKOH 3KBUBAJICHTOB AJIs1 00PaTHOrO TUTPOBAHUS:

n(%Al“)=n(%H2Y2’)—n(%Cu2+)

7.3.5. Onpeodenenue odowei scécmkocmu 600l

OO61mast k€CTKOCTh BOJIbI OOYCIIOBJIEHA CYMMAapHBIM COJEPKAHUEM THUPO-
KapOOHATOB, CyJb(})ATOB M XJIOPUAOB MarHus, Kaibiusa u xene3a (1) (Mmoms!)
5kB/IM°). Pasnuuaror BpEMEHHYIO M IOCTOSHHYIO KECTKOCTh BOABL. BpemenHas
(runpokapOoHaTHast) KECTKOCTh  OOyCIOBJIE€HA MPUCYTCTBHEM B  BOJIE
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JIETKOPACTBOPUMBIX THIPOKAPOOHATOB MArHUS U KaJIbIMA U YCTPAHAETCS IPH KH-
msraennn: Mg (HCO,), — MgCO, L +CO, + H,0.

[TocTostHAYI0 (HEKapOOHATHYI0) KECTKOCTH BOJIBI BBI3BIBAIOT CYJIb(aThl U
XJIOPUIBI MAarHUs U KAJIbLIUSI.

OO611Iy0 )KECTKOCTH BOJIBI ONIPENCIISIOT TUTPOBAHUEM CTaHIAPTHBHIM PACTBO-
pom DATA npu pH=(9,3+9,5). TutpanTt oOpa3zyeT ¢ MOHaMH MarHusl, KajabIus 1
xene3a (I11) ycroiunBbie KOMIUIEKCHBIC HOHBI MgY>™, CaY” , FeY .

Xon paboThI:

1. C noMoIp0 MEpHOI KOIOBI 0TOMpAroT Ipody Boakl 006EMoM 50,0 cm?,
106aByIA0T 5 ¢cM® aMMoHuiiHOTO OydepHoro pacteopa u 0,2 I HHAMKATOPA SPHO-
xpomoBoro uépHoro T. Tutpyror pactBopom DTA no mepexoja MaquHOBOM
OKpPACKH B CHHIOIO.

2. TutpoBaHue MOBTOPSIOT 3-5 pa3 10 MOJYyYEHUS] HE MEHEE TPEX CXOJIsi-
HIMXcs pe3yabTaToB. Pe3ynbrarsl 3aHOCAT B Tabnuiy 8.8. (cMm. myHKT 8.4.4.).

3. Ilo 3aK0HY PKBHBAaJCHTOB PACCUMTHIBAIOT OOIIYIO KOHIIGHTPAIMIO Mg™",

Ca’* M Fe’' B aHaJIM3UPyEMOM BOJIC.
n(%Me"*) =n(%H2Y2*)

4. YuuteiBast (paKTOp SKBHBAICHTHOCTH Mg™*, Ca™ (f,, =)), PACCUUTHI-
BAalOT HOPMAaJIbHOCTb KECTKOCTU (C)K MOHB'3K%M3)
C,=2-C(Y Me").
5. Hns pacué€ra obmient x€ctkoctu (K, MMOIb-3KB o ) UCHOIB3YIOT (op-
MyITy:
K =Cy-1000 = C( Y Me" )-2-1000.
7.4. Oghopmaenue nabopamopnozo x»cypnana

7.4.1. Konmponwvuas zadaua. Onpeoenenue Kaavyus
1. Llens u 3amaun paboThHI
2. Pacuér naBecku Na,CoH;4OsN,-2H,0, HE0OX0MMMOM 11711 TIPUTOTOBIIE-

aus 1000,0 cm? pacTBOpa ¢ KOHIIEHTpAIUEN c(% Na,H,Y ) =0,02500 mMoub/aMm°.
X0 IPUTOTOBJICHHS IEPBUYHOTO CTaHIapTa
3.YpaBuenue peakuuu tutpoBanus CaCl, B MOIEKyJISIPHOM, MTOJTHOM U CO-

KpaméHHOM UOHHOM BHJIE
CaCl,+ Na,H,Y -
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CDaKTOpBI OKBHUBAJICHTHOCTH, 3aKOH 3KBHUBAJICHTOB.

Xon onpenesieHus.

Pesynbratel THTpOBaHUS pacTBOpa Kanblus pactBopom D/ TA.

Tabmura 7.1.
Ne V(Ca2+), C(4Na,H,Y), | V(Na:H:Y), | Vop(NazH:Y), | C(1/1 Ca®), | T(Ca’"),
/1 o’ MOJIb/aMm? cM’ 3 MOJIb/IM? r/cm’
1 10,0 0,02500
2 10,0 0,02500
3 10,0 0,02500

4. Pacu€t pe3yabTaTOB ONPEACICHUS KAJIbIIUS.

[IpuBectu pacuyé€tHbie GHOPMYJIBI U PaCUEThl (TOYHOCTh PACUETOB YETHIPE

3Havamux mudpsl, a1 maccer 0,0001 1)

PCSy.HBTaTBI OIIPCACIICHU: XJIOpUJad KaJIbIHA

Tabmuma 7.2.
C(¥ CaCl,), T(CaCl,), n(4 CaCl,), v(CaCl,), m(CaCl,),
MoJib/am? r/cm? MOJIb MOJIb r
C(%Ca“), T(Ca2+), n(%Ca“), V(Ca2+), m(Ca“),
MoJb/am? r/cm? MOJIb MOJIb r
5. Pac4ér OTHOCUTENIbHOU NOTPEITHOCTH
VHaIZJ:[ - VHCT
D% =—-100%

|4

HUCT

7.4.2.  Konumponwsnasn 3adaua. Onpeoenenue yxncenesa (111).
1. YpaBHeHue peakuii TUTPOBAHUS FeCl, B MOJIEKYJISIPHOM, TIOJIHOM U CO-

Kpal€HHOM UOHHOM BUJE:
FeCl, + Na,H,Y —

CDaKTOpBI OKBHUBAJICHTHOCTH, 3aKOH 3KBHBAJICHTOB

Xon onpeneseHus
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Pesynbratel THTpOBaHus pactBopa xkenesa (I11) pactBopom DITA.

Tabmmma 7.3.
Ne | y(Fe™), | C(XNayH,Y), V(Na,H,Y) | Vep(Na,H,Y), C(l/lFe3+),3 T(Fe3+3),
I o MOJIB/IM> oM’ 2 MOJb/mM> | T/em
1 10,0 0,02500
2 10,0 0,02500
3 10,0 0,02500

2. Pacuér pesynbraToB onpexaenenus xenesa (III). I[IpuBectu pacuértHbie
dbopmysbl U pacy€Thl (TOYHOCTh PACUETOB YEThIPE 3HAYAIIMX LUGPHI, A1 MacChl

0,0001 r).
PesynbTaTel onpenenenus xaopua xenesa (111)
Tabnuma 7.4.
C(Y FeCly), | T(FeCl,), n(Y FeClL,), v(FeCly), m(FeCl,),
MOJIL/ iM° r/cm? MOJIb MOJIb r
C(%Fe3+), T(Fe3+), n(%Fe3+), V(Fe3+), m(Fe3+),
MOJIL/ iM° r/cm? MOJIb MOJIb r

3. Pacu€T OTHOCUTENbHON NOTPEIIHOCTH:

VHaﬁJ:[ - VHCT X 100%
|4

D %=

UCT

7.4.3. Onpeodenenue anomunus.

7.4.3.1. Cmanoapmuzayus CuSQOy4 (6mopuunoeo cmanoapma) no 3/{TA
1. Pacuér nHaBecku CuSO,-5H,0 , Heooxoaumoit st mpurotosienus 1000,0

cM’® pactBopa ¢ KoHIeHTparmeit C () CuSO,)= 0,02500 mMos/mm?.

2. X0 IpUrOTOBJICHHS. BTOPUYHOT'O CTaHIapTa.
3. YpaBHEHHE peaKlMU CTaHAAPTU3ALMN B MOJIEKYJIIPHOM, HOHHOM H CO-

KpaméHHOM HOHHOM BUJIE:
CuSO, + Na,H,Y — ...

CDaKTOpBI OKBHUBAJICHTHOCTH, 3aKOH 3KBHUBAJICHTOB.

Xon onpenesieHus.
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Pesynbratel ctanmapTusamuu pactBopa CuSO, pactBopom DJITA. Tabnuma 7.5

V(Na;H»Y), cm? . .
Ne v 5 C(1/INaHY) C(1/1Cu®), | T(Cu?"),
wn |[V(CuT).eM | MOJTB/IM> Vi v MoJb/nm® | r/em?
1 10 0,025
2 10 0,025
3 10 0,025

4. Pacuér C(%Cu“) u T(CuZ*).
7.4.3.2. Koumponavuas 3a0aua. Onpeoenenue aiioMuHUsL.
1.YpaBHeHHsI peakiuii 0OpaTHOTO TUTPOBAHMS B MOJIEKYJISIPHOM, HOHHOM U

COKpaHIéHHOM HMOHHOM BU/C:
AICI, + Na,H,Y —> ...

CuSO, + Na,H,)Y — ...

CDaKTOpBI OKBHUBAJICHTHOCTH, 3aKOH 3KBHUBAJICHTOB.

Xon onpenesieHus.

PesynbraTel TUTpOBaHUS amtoMUHUA pacTBopoM DJITA.

Tabmura 7.6.

No | V(AP), [ V(NaxYD), | C(I/1H2Y2), | C(1/1 Cu®),

n/n cm? cm® MOJIB/IM° | MOJIB/IM>
1 10,0 10,0 0,02500 W3 Tabm. 7.5.
2 10,0 10,0 0,02500
3 10,0 10,0 0,02500
V(Cu?h), eM® [V (Cu?h), em® | C(I/1APY), | T(APY),

MOJIB/IM> r/cm?

2.Pacuér pe3ynbTaToB onpeneneHus amomunus. [IpuBectu pacu€tasie Ghop-
MyJIbl U Pacd€Tbl (TOYHOCTh PACUETOB YEThIpE 3HAYAIIMX IUQGPBI, AJII MACCHI

0,0001 T)

Pe3ynbrathl onpenaeneHus XJaopuaa aTFOMUAHUS
Tabmuma 7.7.
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e [ or | eumr), | V). | v (mr),
wn o’ MOJIB/IM> o’ o’
1 50,0 0,02500
2 50,0 0,02500
3 50,0 0,02500
C(%Me“), Cos K,
MOJIB/ M MOJIb-3KB/qM> | MMOJIb-OKB/, M’

C(4 AlCL,), T(AiCL,), n(y AICL), v(AICLy), m(AICL),
MOIL/aM> r/cm® MOJIb MOJIb r
C(y4r), T(4*), n(yAr-), v(arr), m(Ar"),
MOJL/aM> r/cm® MOJIb MOJIb r

3.Pacyér OTHOCHUTENBEHOIN NOTPEIIHOCTH:
D% = V yaitnen. ™V wer. 100%
Vl/lCT.
7.4.4. Onpeodenenue odouei sHecécmrkocmu 600bul.
1. YpaBHeHue peakuyii TATPOBAHUS:
Ca’* +H, Y — ...
Mg™ + H,Y” — ...
Fe'' +H,Y* — ..
DaKTOpbI SKBUBAJICHTHOCTH, 3aKOH YKBUBAJICHTOB.
n(%Me’”) =n(%H2Y2*)
Xon onpeneseHust
PesynbraTel TUTpOBAHMUS.
Ta6numa 7.8.

2. Tlonp3ysich Tabmuei 7.9. cnenatb BBIBOJ O KECTKOCTH BOJIBI

Knaccel xxéctkocTu BO/JbI

Tabmura 7.9.

Kiaccer JKecTkocTh BOJBI (MMOJIB DKB/IM°)
1 — odeHb MATKasg 0—1,5
2 — MsTKas 1,5—3,0
3 — cpenHel KECTKOCTH 3,0—4,5




KOMHJIeKCOHOMCTpI/IH.

4 — NOBOJIBHO XECTKAsA 4,5—6,0
5 — xécTkas 6,0 — 10,
6 — O4YeHb KECTKas ceoimie 10,0

[Toanuck npenoaBaTess:

6.5 Bonpocwt 015 camonoozomoexku

1. Ilepeuncnure OCHOBHBIE TPEOOBaHUS K pPEAKIMSIM, MPUMEHIEMBIM B METOJIE
KOMITJIEKCOMETPUYECKOTO TUTPOBAHMUS ?

2. YeM 0OBsiCHSIETCS OTPAaHUYEHHOCTh MPUMEHEHHS] HEOPraHUYECKUX pearceHTOB
(JIUraH/1I0B) B KOMILJIEKCOMETPUUYECKOM TUTPOBAHUU?

3. Kakue (akTopsl BIUSIOT Ha BEJIMYMHY CKauKa Ha KPUBOM KOMILIEKCOMETpUYE-
CKOI'O TUTPOBaHUS?

4. HazoBute ciocoObl 0OOHAPY>KEHUSI KOHEUHON TOYKH TUTPOBAHUSI B KOMILJIEKCO-
HOMETPHH.

5. OOBsICHUTE CYITHOCTH MPSMOTO, 0OPATHOTO, 3aMECTUTEIHLHOTO (KOCBEHHOTO)
IpUEMOB KOMIUIEKCOHOMETPUYECKOTO TUTPOBaHUs. B Kakux ciiydasx mpuUMeHs-
eTCsl KaXK/Iblii U3 Ha3BaHHBIX NpuémoB? [IpuBenuTe mpumepsl.

6. UTo Takoe MeTa/NIOXpOMHbIE UHIUKATOPHI?

7. IlpuBeuTe ypaBHEHHE, ONMCHIBAIOIIEE PABHOBECHE B PACTBOPE METAILIOXPOM-
HOTO MHJAHMKATOpA.

8. I[Ipuseaute rpaduueckyro popmyny I/ TA. KakoBa nenratnocts 3JITA?

9. KakoBa cTexuoMeTpusi KOMILIEKCOB MOHOB MeTaiuioB ¢ DJ[TA? Hanumure pe-
aKLUU KOMIUIEKCOOOpa3oBaHusi HOHOB MeTasuioB ¢ DJITA npu pa3nuuHbIX 3HaUe-
Huax pH.

10. Kakue BeniecTBa Ha3pIBarOT xenatamMu? CBOICTBA X€IaTOB U UX IPUMEHEHHE
B QHAJIUTUYECKON XUMHH.

11. B yéM aHanMTHYeCKOE MPEUMYIIECTBO PEAKIMH KOMIUIEKCOOOpa30BaHuUs
nonos Cu**, Zn?" ¢ DJITA no cpaBrenuro ¢ NH;?

12. Kak npurotoButh ctanaapTHsiid pactBop DTA? B kakux cimydasx oH Oyaer
NEPBUYHBIM U BTOPUYHBIM CTaHAAPTOM?

13. Kakue BeniecTBa MOTyT ObITh MCIOJB30BaHbl IS CTaHIAPTU3ALKUNA PACTBOPA
DTA?

14. B xakux ycinoBuUsIX IPOBOJSAT TUTPOBAHUE MOHOB KanbLud U xenesa (I11) pac-
tBOpoM DJITA? JlaTh 000CHOBaHHBIN OTBET C YYETOM KOHCTAaHT yCTOMYHMBOCTHU
KOMILJIEKCOB.

15. Kak mpoBOJIAT KOMILJIEKCOHOMETPUUECKOE ONpeIeeHUE KalbIUs U MarHus
P COBMECTHOM MPUCYTCTBUU?

16. Ilouemy cienyeT y1aauTh aMMOHUKWHBIE COJIM IPU TUTPOBAHUH KaJIbLUs B ITPU-
CYTCTBUM Maruusi?
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17. B xakux ycioBusx mpoBoasaT TuTpoanue xenesa (III) pactBopom DJITA?
VYkaxuTe coOCTaB KOMIUIEKCA XkeJie3a ¢ CyJIb(hOocamuinaoBON KUCIOTON B YCIOBUAX
POBEJCHUS TUTPOBAHUS.

18. Kak MOXHO mpenoTBpaTUTh OO0pa30BaHHWE THIPOKCHIOB METAIJIOB
Co®",Zn**,Cd** mpu ux TutpoBanuu pactsopom DJITA B menounoit cpene?

19. Tlpennoxure crocod KOMIUIEKCOHOMETPUIECKOTO ONPEICICHUSI HOHOB Ni** B
OPUCYTCTBUH Mg™* .

20. PaccuuraiiTe HaBeCKy METaNIMYECKOIr0 IIMHKA JJIsl YCTAHOBIIEHUS XapaKTepu-
ctuk D/ITA MeToI0M OTAENbHBIX HABECOK, YTOOBI Ha €€ TUTPOBAHUE MOCJE pac-
TBOpEHHMs LIMHKA B COJIAHOM KucioTe pacxomosam 10,0 ecm® 0,0505 mous/nm?® pac-
tBOpa D/ITA.

21. U3 naBecku 1,200 r oOpasia, coaeprKariero XxpoMaT Kajiisi, IPUTrOTOBJICH pac-
TBOp B MepHOM Ko0j16e BMecTuMocThio 100,0 cm?. K 25,0 cm® momyuenHoro pac-
TBOpA MPUITUT U30BITOK pacTBOpa HUTpaTa cBUHIA. [lorydeHHbINH 0caiok OT(HUIIb-
TPOBAIIH, IPOMBLIH, IEPEBENH B pacTBOp U o6padoramu 10,0 cm® 0,1000 mons/mm?
pactBopa DJITA, u36bIToK KOTOpOro orrurposau 8,0 cm® 0,05105 mons/ oM pac-
TBOpa ZnSO,. PaccunraiitTe NpOLIEHTHOE COJEpPKAHUE XPOMAT-UOHOB U K,CrO, B
obpasiie.

22. BpruuciuTe NpoUeHTHOE cofepkanne CaCO, 1 MgCO, B U3BECTHSIKE, €CIIH T1O-
cJIe pacTBOpPEHUs M cOoOoTBEeTCTBYMOIIEH o0padoTku 1,0000 r mpoObI pacTBOp 10-

Besu Bojoi 110 100, cm® Ha TutpoBanue 20,0 cM® is onpeaenenus cymMmmbl Ca®* U
Mg** 3atpatuin 19,25 cm® 0,05140 monw/am® pactBopa DJITA, a Ha TUTPOBAHHKE

Ca® m3pacxomosanu 6,26 cm® pactsopa DJITA.
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8. ApPreHTOMeTpus.

8.1. Ilenwv u 3a0auu padomui

3akperieHUe 3HaHWK TEOPUU PEeaKLUMi OCaXKJICHUS U CEIUMETPUMN HA MpPH-
Mepe apreHToMmerpuu. llosydeHre HaBBIKOB apreéeHTOMETPUYECKOIO TUTPOBAHMS
o meroxy Mopa u @onbrapaa, NpoBeICHUE PACUETOB PE3yIHTATOB aHATIM3A U UX
00paboTKH TpH MPSMOM U 0OPaTHOM TUTPOBAHUH.

KoHTponpHbIE 33124l — OIpeeNeHrue XJIOPUI-HOHOB B PACTBOPAX HEU3-
BECTHOM KOHLEHTPALUK U XJIOPHUJIA HATPHS B HEOUMUILIEHHON TOBAPEHHOM COJIH.

8.2. Oobopyoosanue u peaxmuent

1. BropeTka BMECTUMOCTBIO 25 cM’;

2. MepHas konba BMecTuMOCTLIO 100, 250 cm?;

3. Konba ay1st THTpOBaHMs BMECTUMOCTEIO 50, 250 cm?;

4. TTunetkn Mopa BMecTUMOCTBIO 5, 10, 25 cm?;

5. MepHas npoOupKa BMECTUMOCTEIO 10 cM?;

6. [lunuHp BMECTUMOCTBIO 25 cM;

7. Hurpart cepebpa, pacteop C(1/1 AgNOs) = 0,05000 mons/am>;
0,1000 moab/mm?;

8. Xnopun natpus, pacteop C(1/1 NaCl) = 0,5 mons/nm’;

9. Pogannyg ammonus, pactsop C(1/1 NH,SCN) = 0,05 moms/am>;
10. A3oTtHas kucnora 1:1;

11. ’)KenezoamMmMOHMITHBIE KBACIIBI, BOJHBINA PACTBOD,
®(NH4Fe(S04),)=40% (Macc);

12. Xpomar kanusi, BoaHbii pactBop, ® (K,CrO4)=5 % (Macc);
13.Hutpar cepebpa, 4.1.a.;

14 . Ponanum kanus, 4.7.4a.;

8.3. Ilpozpamma pabomot

ApPreHTOMETPUYECKOE ONPEIEIIEHNE OCHOBAHO Ha MPSMOM TUTPOBAHUH XJIO-
punoB (OpoMHIOB, HOJUAOB) PACTBOPOM HUTpaTa cepedpa; TOUKY SKBUBAJIEHTHO-
CTH yCTaHaBJMBAIOT B MPUCYTCTBUM MHAMKATOpa Xpomarta Kanus (merton Mopa)
WIN aCOPOIMOHHBIX HHANKATOPOB (MeTon Pasiuca). [Ipu oOpatHOM TUTpOBaHUH
no meroay Qosprapaa B Ka4eCTBE BCIOMOIAaTENIbHOIO PEareHTa HCIOJIb3YHOT
AgNO; , a B KaueCTBe TUTpaHTa NH,SCN uIu KSCN .
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8.3.1. Apcenmomempuueckoe onpeoenenue Xn0puoa HAMPUs 6 MOOEIAbHBIX CMECAX NO Me-
moody Donveapoa (oopamnoe mumposanue)

Meton @onbrapaa ocHoBaH Ha JOOABJICHUU K aHATU3UPYEMOMY PAacTBOPY
XJIOpUAOB (OpOMUIOB, HOANAOB) U30BITOYHOTO KOJIMYECTBA TUTPOBAHHOTO pac-
TBOpa AgNO, ¥ MOCHEAYIOIIEM TUTPOBAHUH U30BITKA AgNO, pacCTBOPOM poAaHuIa

aAMMOHHS WU KaJlus B IPUCYTCTBUH KEJIE30aMMOHUMHBIX KBACLOB (MHAUKATOP).
BOau3u ToukM SKBUBAIEHTHOCTU 00pa3yeTcsl OKpalleHHOE B KPACHBIN IIBET KOM-

IUIEKCHE COSAMHEHNE HOHOB Fe'' ¢ pOJaHUI-HOHAMH — [Fe(SCN )T.

8.3.1.1. Ilpueomosnenue nepsuuno2o cmanoapma xiopuoa Hampus
C(1/1 NacCl) = 0,05000 monv/om’ .

Boimonustor o myHkry 5.3.1.1. u3 peaktuBa NaC! KBanmu(UKALMUU X.Y. TIO
ToyHOM HaBecke (TounocTh 0,0002 1) unu u3 dpukcaHana.

8.3.1.2. Ilpueomosnenue pabouezo pacmeopa numpama cepebpa C(1/1 AgNO,)
= 0,05000 monv/om® (smopuunozo cmandapma).
PabGounii pacTBOp rOTOBAT 10 HABECKE, B3ATOM HA TEXHUYECKUX Becax (Tou-
HocTh 0,02 1). 151 XpaHeHus pacTBOP MEPENUBAIOT B CKIISTHKY U3 TEMHOT'O CTEKJIA.

8.3.1.3. Cmanoapmuzayus pabouez2o pacmeopa Humpama cepeopa (6mopuiHozo
cmanoapma,.

Xon paboThI:

1. B xonuveckyto KoJOy Il THTPOBAHUS MUNETKON MEPEHOCHT aJMK-
BOTHYIO 4acTh 5,0 ¢cM> YCTaHOBOYHOI'O PacTBOpa XJIOPUAA HATPHS, IPUIUBAIOT 2
KaIid pacTBOpa XpomaTa Kajaus U THTPYIOT pacTBOPOM HUTpaTa cepedpa 1o nepe-
X0/1a OKpPACKH 0ocajika U3 Oesioro B KpacHyIo.

2. [ToBTOPAIOT TUTPOBAHUE TPU Pa3a, Pe3yIbTATHI 3aHOCIT B TAOIUILY
8.1 (cm. myHkT 8.4.1.).
3. Wcnone3ys cpenuuii 00bEM TUTpaHTA, 3aTPAY€HHOTO HAa TUTPOBAHHE,

pPacCUUTHIBAIOT XapaKTEPUCTUKU pacTBOpa AgNO,, yUUTHIBas, UTO
n( % AgNO;) =n(Y4 NaCl).

8.3.1.4. IIpueomosnenue paboue2o pacmeopa pooanuoa AMMOHUS (MOPULHO2O
cmanoapma) C(1/1 NH,SCN ) = 0,05000 monv/om’ .

PabGouuii pacTBOp roToBsAT 1Mo TOouyHOM HaBecke (TounocTh 0,0002 1) 1O
nyHkty 5.3.1.1.

8.3.1.5. Cmanoapmu3zayus pabouezo pacmeopa pooanuda amMmoHus (6MmopusHo2o
cmanoapma,.

Xom paboThI:
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1. B koHMYECKYI0 KOJIOY AJIsi TUTPOBAHUS IEPEHOCT ATMKBOTHYO 4acTh 5,0
cM’ pacTBopa HHTpaTa cepebpa, pHiIuBaloT 1 cM’ pacTBopa NH,Fe(SO,), (MHaH-

Katop) u 3 cM> HNO, U TUTPYIOT PaCTBOPOM POJIaHKIa aMMOHHMS JI0 BO3HHKHOBE-

HUSI KPAaCHO-KOPUYHEBOW OKPACKH PacTBOPA.

2. TutpoBanue noBTOPsitOT 3 pasza. PesynpTathl 3aHOCAT B Tabuiy 8.2. (cM.
nyHKT 8.4.1.).

3. Vcnonb3ys cpenuuii 00bEM TUTPAHTA, 3aTPAYEHHOI0 HA TUTPOBAHUE, pac-
CUMTBIBAIOT XapAKTEPUCTUKH pacTBopa NH,SCN , y4UTHIBAS, YTO:

n(Y4 NH,SCN)=n(Y AgNO,).

8.3.1.6. Konmponvhas 3a0aua. Onpeoenenue xiopuoa Hampus 8 MOOEIbHOl
cmecu.

Xom paboThI:

1. AHaIM3UpyeMBbIii PaCTBOP B MEPHOI K010€e BMecTUMOCTBI0 100,0 cM?
JOBOJAT 10 METKU AUCTUILIMPOBAHHOW BOJOM U TIIATEIBHO MEPEMEIITUBAIOT.

2. B koHunueckyro koiOy AJis TUTPOBAHUS TNEPEHOCIT ATUKBOTHYIO
gacte, 10,0 cM® anammsupyemoro pactsopa, 10,0 cm® pactBopa HuTpara cepedpa,
106aByIAIOT 2 ¢M> a30THOM KUCIOTH, 1 cM® pacTBOpA KENe30aMMOHMIHBIX KBACILIOB
1 25 cM® BOABI M TUTPYIOT POJAHUIOM aMMOHMS 0 BO3HMKHOBEHHUS KPAaCHO-KO-
PUYHEBOU OKPACKHU PacTBOpA.

3. TurpoBaHue MOBTOPAIOT 3-5 pa3 10 MOJyYEHHUS] HE MEHEE TPEX CXOJs-
IIUXCS pe3yIbTATOB TUTPOBaHMS. Pe3ynbTaTel 3aHOCAT B Tabmuity 8.3. (CM. MMyHKT
8.4.1.).

4. Ucnonib3ysi cpenanii 00hEM TUTPaAHTA, 3aTPAYCHHOTO Ha TATPOBAHUE, Pac-
CUUTHIBAIOT KOHILIEHTPALIUIO, MAacCy U KOJMYECTBO BEUIECTBA NaCl W XJIOpHUA-
MOHOB B aHAJIM3UPYEMOM PACTBOPE, YUUTHIBAS, UTO 3aKOH SKBUBAJIEHTOB JIJIsl 00-
pPaTHOTO TUTPOBAHUS:

n( ) NaCl)=n (Y AgNO,)—n(Y NH,SCN).

Pe3ynbTaThl pacuéroB 3aHOCAT B Tabnuiy 8.4. (cM. myHKT 8.4.1.).

8.3.2. Koumponawvnan 3aoaua. Onpedenenue xaopuoa Hampus HeOYUUEHHOU NOBAPEHHOU
conu (npamoe mumposanue no memooy Mopa).

Xom paboThI:

1. HaBecky (03 — 0,4 r) BbICYIIIEHHOM TTOBAPEHHON COJIM OEPYT HAa aHAJIUTH-
yecKkux Becax ¢ TouHocThio 10 0,0001.

2. HaBecky KOJIMYECTBEHHO NEPEHOCAT AUCTUIUIMPOBAHHOM BOAOH B Mep-
HYI0 KOJIOY, BMECTUMOCTBIO 250,0 cM® , 00BbEM pacTBOpa JAOBOIAT 10 METKH M-
CTUJUIMPOBAHHOM BOJOW U MEPEMENIMBAIOT J0 IOJHOIO PACTBOPEHHUS.

3. B xoHnuecKkyo KoJ0y JUisi TATPOBAHUS MUIETKON MIEPEHOCAT ATMKBOTHYIO
vacth 10,0 cM® aHanM3upyeMoro pacTBopa, IPUIIMBAIOT 2 KaIljId pacTBOpa XpoMara
KaJiusl U TUTPYIOT pacTBOPOM HUTpaTa cepedpa 10 mepexo/ia OKPaCKU Ocallka U3
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Oenmoit B kpacHyro. CTaHZapTH3alMdI0 pacTBOpa AgNO, TPOBOIAT MO IMyHKTY

8.3.1.3. Pe3ynbTaThl cTaHAApTU3AIIUU 3aHOCAT B Ta0J. 8.5 (cM. myHKT 8.4.2.)

4. TurpoBaHUe OBTOPSIOT HE MeHee 3 pa3. Pe3ynbTarhl 3aHOCAT B TAOJIUILY
8.6. (cm. myHKT 8.4.2.).

5. Ucnonb3ys cpeianii 00bEM TUTpaHTA, 3aTPaueHHOTO Ha TUTPOBAHUE, pac-
CUMTBIBAIOT KOJIMYECTBO BELIECTBA, MACCy M MACCOBYIO JIOJIKO NaCl B TE€XHUYE-
CKOM 00pasiie, yUuThIBas, 4To:

n(%NaCl):n(%AgNQ).

Pe3ynbTarsl pacu€ToB 3aHOCAT B Ta0nuiy 8.7. (CM. MyHKT 8.4.2.).

8.4. Ogpopmnenue nabopamopnozo »cypuana

8.4.1. Apeenmomempuueckoe onpeoenenue Xn0puoa HAMPUs 8 MOOEAbHBIX CMECAX NO Me-
moody Doaveapoa (oopamnoe mumposanue)

1. lenu u 3apa4m.

2. Pacuét naBecku, HeoOXxoquMoM uist mpurotosnenus 100,0 cm® pacTBopa
IIEPBUYHOTO CTaHAapTa ¢ KOHIeHTpaluen C ( W NaCl ) =0,05000 monb/am> .

X0/l MPUrOTOBJICHUS! IEPBUYHOTO CTaHAApPTA.

3. Pacuét HaBecku, He0OXoauMoit s npurorosienus 1000,0 cm® pabouero
pactBopa (BTOPMYHOro cTaHmapta) ¢ KouueHrparmen C (% AgNO, ) =
0,05000Mo1B/ M.

XoJ NMPUTOTOBJIEHUSI BTOPUYHOIO CTaHapTa.

4. Crangaptu3aiusi pacTBopa HUTpaTa cepedpa.
VYpaBHeHUEe peakuuu CTaHIapTU3aUuu AgNO, B MOJEKYJISIPHOM U UOHHOM

BUJIE:
AgNO, + NaCl — ...
dakTophl SKBUBAJICHTHOCTH, 3aKOH SKBHUBAJICHTOB.
X0/ CTaHIapTU3AIINH.
Pe3ynbraThl cTaHmapTU3aNMK pacTBOpa HUTpaTa cepedpa
Tabnwnia 8.1.

Ne W (NaCl) | C(Y4 NaCl), |V (AgNOy), | V. (A4gNO;), | C(} AgNO;), |T (AgNO;),
wn , CM> MOJIB/ M cm?® cm?® MOJIB/ M r/cm?
1 5,0 0,05000
2 |50 0,05000
3 5,0 0,05000

Pacuér C () AgNO,) n T(AgNO;)
5.Pacuér HaBecku NH,SCN , HeoOxoaumoil aiig npurotosienus 1000,0 cm?

pabouero pacTtBopa (BTOpUYHOTO CTaHJapTa) C KOHIEHTpALUEN
C(% NH,SCN) = 0,05000 momb/mnm’.
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6. Cranmaptusamus pabodero pacTBopa pojaHuIa aMMOHHS. YpaBHEHUE
craHgaptuszanuu NH,SCN :

AgNO, + NH,SCN — ...

@DaKTOpbI IKBUBAJIEHTHOCTHU, 3aKOH SKBUBAJICHTOB.
XoJ cTaHIapTU3ALIMH.

PGSy.TH)TaTBI CTaHaapTu3aln pacTBopa poJaHnaa aMMOHUS

Tabnuua 8.2.
New/m | y(4gNO,),em® | C(X AgNO,), mons/am® | V(NH,SCN), cm®
1 5,0 U3 Tabnuis 8.1
2 5,0
3 5,0

V. (NH,SCN),cm® | C(4 NH,SCN), mons/nm® | T(NH,CSN), r/em’

Pacuér C() NH,SCN) u T(NH,CSN)

7. OnpeneneHue NaCl. YpaBHEHUS PEAKIMA TUTPOBAHUS B MOJIEKYJIIPHOM
N MOHHOM BHJIC:
NaCl+ AgNO; (5= ...

AgNO, + NH,SCN —> ...
CDaKTOpBI OKBHBAJICHTHOCTH, 3aKOH 3KBUBAJICHTOB, AJIA O6paTHOFO TUTPOBA-

HUSL:
n(%NaCl):n(%AgNO3)—n(%NH4SCN) .
XoJ onpeneneHus

Pe3ynbTatsl TUTpOBaHMS pacTBOpa XJIOpuAa HaTpHsl (0OpaTHOE TUTPOBAHUE)

Tabmuma 8.3.
Ne V(NaCl), | C(X AgNO), | V(4gNO,), | C(¥ NH,SCN), | V(NH,SCN),
wn cm’ MOJIB/IM? cm’ MOJIb/IM? cm’
1 10,0 M3 ta6n.8,1 | 10,0 N3 1a61.8,2
2 10,0 10,0
3 10,0 10,0
v, (NH,SCN)» oM’ C (4 NaCl), mons/am’ T(NaCl), t/em’
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8. Pacué€rt pe3ysbTaToB ONpeIeNICHUs XJIOpHUIa HATPHSL.

[IpuBectu pacu€THbie HOPMYJIIBI U pacu€Thl KOHIEHTPALIMH, MacChl U KOJIU-
YEeCTBA BEIIECTBA NaCl W XJOPUA-HOHOB (C TOYHOCTHIO 10 4-X 3HAYAIMUX U,
npu pacuéte macc TouHocTh 0 0,0001 r).

PesynbTaTel onpenenenus NaCl

Tabmua 8.4.
C(%NaCl), T(NaCl), n(%NaCl), V(NaCl), m(NaCI),
MOJIB/IM> r/cm’ MOJIb MOJIb r
c(xcr), T(Cr ), n(4Cr), v(cr), m(CI"),
MOJIB/IM> r/cm’ MOJIb MOJIb r

9. Pacu€T OTHOCUTENBHON NOTPEIIHOCTH:
D % =

8.5. Bonpocwt 0151 camonoozomoeku
1. B 500,0 cM® HackImeHHOTO pacTBOpa comepkuTes 9,3-10° r xmopuaa cepedpa.
Bbruncnute npoussefeHre pacTBOPUMOCTU K (AgNO;).

2. PactBopuMOCTS B BOJIe OKcanaTa kaipius 4,8-10™. Paccunrars K (CaC,0,).

3. B 500,0 cM® HachleHHOro pacTBopa XxpomMara cepebpa comepxurcsa 0,1078 r
conu. Haiitu npounssenenue pacrsopumoct K (Ag,Cr0,).

4. O6pasyercs mu ocanok AgCl IpU CMENIEHHH PaBHBIX 00HEMOB 0,002 Mob/mM?
pacTBOpoB KCI U AgNO,?

5. PaccuntaTth Maccy HaBECKH XJIOpHJIa HATPUsI, HEOOXOAUMYIO ISl TPUTOTOBJIE-
uus 500,0 cm® pactsopa ¢ Tutpom 0,005 r/em’.

6. B 100,0 cm® pacteopa conepxurca 1,12 r autpara cepedpa. Beraucmurs Mosp-
HYI0 KOHLEHTPALUIO PacTBOPA.

7. B xo16y BmMectumocThio 500,0 cM® mepenocar copepkuMoe GpuKcanana NaCl
(0,1 monp), pa30aBisiOT BOAOH 10 MeTKH. B MepHyto kon0y BMectumocthio 100,0
cm® oT6uparor 5,0 cM? IOIyYEeHHOr0 CTaHAAPTHOTO PACTBOPA NaCl ¥ JIOBOJIAT BO-
0¥ 10 MeTKU. PaccunTaTh MOJISIpHBIE KOHIIEHTPAIMH 000MX PACTBOPOB XJIOPHUAA
HaATpHSL.

8. B kxakmx 00BEMHBIX coOTHOmEHUsX ciuemyer cmemars 0,1122 u 0,0552
MOIL/IM® pacTBOPbl NaCl ais moiydenus 200,0 cm® 0,0820 mons/mm® pactBopa
NaCl?
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ApreHromerpus.

9. Paccuntath Maccy HaBeCKM HUTpaTa cepedpa, HeOOXOAUMYIO 7Sl IPUTOTOBJIE-
aus 250,0 cm® 0,025 mons/nm® pactBopa AgNO, .

10. ITpenapar 4gNO, coaepxurt 0,05 % (mMacc.) HeTUTpyeMBIX ITpuMecei. Boruuc-

JIUTh MAcCy HABECKH Ipenapara, HeoOXoauMyro mjis mpuroTosienus 200,0 cm’
0,05 mons/aM® pacTBOpa HUTpara cepebpa.

11. ®ukcanan cogepxkut 0,1 Monb KSCN . Haitftu 06bEM MepHO# KOJIOBI TSI TIPH-
rorosienns 0,2 MOJIL/IM? CTAHIAPTHOTO PACTBOPA POJIAHKIA KAJIHS.

12. Ha TutpoBanue pactBopa AgNO, pacxomyloT 5,5 cm® pactBopa NaCl ¢ TUTPOM

0,00585 r/cm. PaccunTaTh MOISPHYHO KOHLEHTPALUIO PACTBOPA HUTpATa cepedpa.
13. Beruncnuts 0066M 0,1 Mons/aM® pacTBopa AgNO,, KOTOPBIA pacxoyercs Ha

TUTPOBAHUE:!
a) 10,0 cm® 0,0986 mons/mm® pacTBopa NaCl; 6) 25,0 em® 0,1034 mons/nm® pac-
TBOpA KBr .

14. B 250,0 cm® pactBopa coumepskutrcs 100,0 Mr NaCl . BBIYKCIUTL MOJISPHYIO
KOHIIEHTPALMIO PacTBOpa.

15. Kakue TUIbl MHAMKATOPOB UCHOJB3YIOTCS B Apr€HTOMETPHH ?

16. Ha uém ocHOBaHO JeiicTBUE crieUUM(UUIHBIX U aJCOPOLMOHHBIX WHAUKATOPOB
npu TutpoBanuu o metoxy donsrapaa, Mopa u dasuca ?

17. IlosicHuTe MEXaHU3M AEUCTBUS aACOPOLIMOHHBIX MHAUKATOPOB. C ueM CBsI3aHO
HAJIMYUE UHIMKATOPHON OUIMOKH B 3TOM ciiydae?

18. OT kakux (akTOPOB 3aBUCUT BEIMUMHA CKAUKa HA KPUBOM OCAUTENILHOTO TUT-
poBaHus?

19. Paccuurats u moctpouTs Kpusble TuTpoBanus 0,01 u 0,05 Mos/1M> pacTBOpoB

NaCl pactBopom AgNG, .
20. PaccunTarh M MOCTPOUTH KpHBYIO THTpoBanus 0,02 mons/nm® pactsopa KBr

pacteopom AgNQ,.

21. Beruncnuts mMaccy (1) NaCl B 40,0 cm® 0,05 mons/am® pacTBopa.
22. Haiitu maccy (r) HUTpaTta cepedpa, modHoCcThIo pearupytomiero ¢ 0,200 r KCI.

23. Kakoit 066ém 0,1023 mons/nm® pactBopa AgMO, pacxomyeTcs Ha THTPOBaHHUE

pactBopa, coaepsxkariero 200,0 Mr HEOUHILIEHHON MOBApPEHHOM coJn (CoAep KaHUE
HETUTPYEMBIX IpuMecei B coiu 6 % (Macc.))?
24. Ha tuTpoBaHUE pacTBOpPA, MOJyYEHHOTO U3 HEOUMILEHHON MOBAPEHHOMN COIH

(macca naBecku 0,120 1), pacxoayercs 17,2 em® 0,0987 mons/nm?> pactopa AgNO,
. Beraucnute conepxanue (% (Macc.)) HETUTPYEMbIX IIPUMeEcel B aHATU3UPYEMOM

COJIH.
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XHUMHYECKHE MCETOObI aHaJInU3a

25. Ha tutpoBanue pactBopa, coaepxkaruero 0,561 r KCI, 3arpaunBaercs 9,9 cm?
pactBopa AgNO,. BI4ucanTh MOJSPHYIO KOHIIEHTPALMIO TUTPAHTA.

26. HaBecky cmaBa (macca 0,102 1), conepskamiero 48 % (macc.) cepedpa, pacTBo-
PSIOT B a30THOM kucioTe. PaccuntaTth komudecTBO NaCl (MMOJIB), KOTOPOE pacxo-
TyeTcsi Ha 00pa3oBaHue ocajka XJjopuaa cepeopa.

27. C HEKOTOPBIM KOJIMYECTBOM HOHOB AZ™ CTEXHOMETPUUYECKH B3aUMOIEHCTBYIOT
128, 0 Mr NaCl . Kakoe konnuecTBO KBr (MMOJIb) pearupyeT ¢ TaKUM K€ KOoJude-
CTBOM HOHOB Ag"?

84



YacTtpr 1I1.

MHCTpyMEHTAIbHBIE METOABI AHAJIN3A



9 HUK-cnekTpoCKOmusi OpraHuveCKux BeuecTn

9.1.1 Iend u 3a0auu pabomuol

N3ydenne BO3MOXXKHOCTEH 1 anmaparypraoro odpopmienuss UK-cnexkrpockonuu, oBia-
JICHHE HABBIKAMU IPAKTUYECKOTO IPUMEHEHUS CIIEKTPOCKONIMYECKOT0 METOAA aHa-
Jm3a.

9.1.2 Ilpozpamma pabomot

9.1.2.1 Hoenmugpuxayus ceinyuux eewecma no ux UK-cnexkmpy

MeTton ocHOBaH Ha nofydeHuu u uaeHtudukanuu MK-crnektpa Hen3BecTHOTO Belle-
CTBa B TabyieTke OpomMua Kajusl.
Ob6opynoBaHne U peaKTUBBI
1. UK-dypre-criekrpometp ®CM 1201;
2. CymmnpHbIi mkag;
3. IIpecc ¢ Habopom mpecc-hopwm;
4. bpomun kams st MK-cnekrpockonuy;
5. Habop 06pa3iioB chimy4nx BELIECTB JUIs aHAJIN3a;
6. AraroBas CTynKa 4 MecTuk, 1 mir;
7. Wnatens 1abopaTtopHsbIif, 1 mT.
Xox paboTbl
9.1.2.1.111o020moseka npobvl kK aHAIU3Y:

Jliis 00e3BOXKUBAHUS aHATM3UPYEMBIX 00pa3loB U OpoMUAA Kajus MPOBOIST UX BbI-
CyIIMBaHKE B CylnmabHOM mkady npu temneparype 105 °C B Teuenue 1 gaca.
9.1.2.1.2 Ilopsioox pabomwvl na UK-pypve-cnekmpomempe @CM 1201

s nomyuenuss UK-cnektpoB ncnonb3yot npubopsl, Ha3biBaeMble MK-crek-
TpoMmeTpaMu. JlabopaTropHbie uHPpakpacHbie Pypbe-criekTpomMeTpbl Mapku «DCM»»
IpeaHa3HaYeHbl AJIsl PErHCTPallii U UCCIIEIOBAHUS ONTUYECKUX CIIEKTPOB B MH(pa-
KpacHOM 001acTH, a Tak¥Ke JJI1 KOJTUYECTBEHHOTO aHaJIh3a U KOHTPOJISI KauecTBa Mpo-
OYKIMH B XUMUYECKOM, He(hTeXMMHUECKOH, papMalieBTUIECKOM, MUIIEBON U mapdro-
MEPHOU MPOMBIIUIEHHOCTH, OCYIIECTBICHHS 3KOJOTHYECKOIO0 KOHTPOJIS, KpUMUHAIIH-
CTUYECKOU U JIp. BUJIOB 3KCIIEPTU3.

OCHOBHBIM 3JIEMEHTOM ONTHYECKOH CXEMBbl (Pyphe-CIEKTPOMETpa SIBISACTCA
NBYXJIydeBoil uHTephepomeTp MaiikenbcoHa, COCTOSIIMIA U3 MONYIIPO3PAYHOTO CBE-
TOAENUTENS U ABYX IUIOCKUX 3epKasl. Dypbe-CIEKTPOMETP MO3BOJISIET MOIYYaTh UH-
dopmaruio o criekrpaibHoM coctaBe MK u3nmydenus u, ciegoBareiabHO, 00 ONTHYE-
CKHMX CBOMCTBAax MCCJIElyeMbIX 00pa3IioB.
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CxeMa nonyyeHus CIIEKTPOB MOKa3aHa Ha pucyHke 9.1. M3nyyeHnue oT usmyda-
TeJS NaAacT Ha MOIYNPO3PAaYHyIO MOBEPXHOCTh CBETONCIUTENS U PACLICIUIIETCS Ha
nBa nyuka. [locie oTpaskeHus: OT COOTBETCTBYIOLIUX 3€pKaji HHTEp(epomMeTpa U3iy-
YEHHE OT JABYX IIyYKOB CKJIAJbIBACTCS HA CBETOAEIIMTEIIE U HAPABIIIETCS HA IETEKTOP,
IpeoOpasyroLuil €ro B 3JIEKTPUUECKU curHai. Eciin oaHO 13 3epKai ABYXJIy4eBOTO
unTepdepomerpa MalikenbcoHa epeMeniaTh, TO ONTHUYECKHA My Th ISl COOTBETCTBY-
IOLIETO ITyYKa OyJE€T U3MEHATHCS, U B TOUKE IPUEMa HHTEHCUBHOCTD U3JIy4eHUs OyJeT
MEHSITHCS BCIEACTBUE NHTEPPEPEHIINH ITyUYKOB, OTPAXKAIOUINXCS OT MOJIBUKHOTO U He-

IMOABUKHOTO 3CPKaJia.

Pucynok 9.1. Cxema noJiyyeHust CrieKTpoB, rae | — noaABMKHOE 3epKajo; 2 — U3ayya-
TeJb; 3 — CBETOACIUTENb; 4 — 00paselr; 5 — nerexkrop; 6 — ALIIL; 7 — BeruncauTens; 8
— HEMOJIBMXKHOE 3epKalio; 9 — AaTuMK pa3HOCTH XO/1a.

N3MepeHne CHEKTPOB OCYILIECTBISIETCS C MOMOIIBbIO TporpaMmbl «FSpecy.
[Ipexne, yeM HauaTh U3MEpPeHne, HEOOXO0IMMO BBIOPATH PEKUM U 3HAUEHHS OCHOBHBIX
napaMeTpoB. MmeeTrcs Tpu pexuma U3MEpPEHU: NpoIyCKaHue, MHTEHCUBHOCTh U UH-
Tepdeporpamma. PesxuM 1 3HaU€HH OCHOBHBIX MTApaMeTPOB (CHEKTpabHOE pa3pelie-

HHUC, CHGKTpaHBHBIﬁ Juara3oH, YncCjio CKaHOB) YCTAHABJIMBACTCS B ITAHCIIM U3MCPCHU A

Pestimm IuanazoH PaspeweHre | CraHoe Cnexrp cpagtenta | [ | Cepus
||-||:II:II'I':|I3KEIHHE | 2887 |- |22222 em1 (4D ICM-1 1 ﬂ |ﬂ_r|5;| KAH, CMEETRE . I_IHEK
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[Ipu u3mMepeHnn CreKTpa MPOMyCKaHUs PACCUYUTHIBACTCS OTHOIIIEHUE CIIEKTPOB
WHTCHCUBHOCTH M3JTY4YCHHS TPOIIEIIIETo Yepe3 00pasell K ClIeKTPy MHTEHCUBHOCTH
W3ITyYeHHs TIAJAIoNero Ha o0pasell, Tak Ha3blBaeMbIl CTIEKTp cpaBHeHUs. [Iporiecc
MIOJTyYCHHS CTIEKTPA MPOITYCKAaHMsI COCTOUT M3 JIBYX 3TaroB. M3MepeHnne HaunHaeTcs
HakatrueM KHOMKH «Ilyck». Ecnu B manenu «IlapameTpsl skcriepruMeHTa» yCTaHOBJICH
braxok «3ampamuBaTh 00pas3ery, To Mepej] HadaIoM CKaHUPOBAaHUS OyJIeT BHIBEICH
3anpoc «Y cTaHOBHTE 00paserr cpaBHeHUs». [locie 3Toro HeoOX01uMo 0OCBOOOINTH Ka-
HaJ OT 00PAa3Il0B WA YCTAHOBUTH 00pa3el] CpaBHEHUS U HaXxaTh KHOTIKY «OK». nanee
mporpaMma BBIBOAUT 3alpoc «YCTaHOBHTE H3MepseMblii obpaser». Heobxomumo
YCTaHOBUTH U3MEPsEMbIi 00paser] 1 HaxkaTh KHOTIKY «OK». [Tocne 3aBepiienus cka-
HUPOBAHUS JIJIS 3aMOJTHEHUS JJIsSI 3aTIOJTHEHUS BBIBOJUTCSI OKHO TMACTIOpTa B KPATKOM

(pucyHok 9.2 A) u qymuHHOM dopme (pucyHok 9.2 b).

Rlacon ] ek MNacnopr
CrekTp: che ka1 zpe Cnektp: Lot SMAH-11 .spe
Zaronoeok | kSk1-11 Saronosok hl a1 ]
TN AaHHE! MNponyckanue
FPazpeweHue 2.845
Natoparopra
Oneparop E nosn
CofScTEeHHOCTE Mensenesa
Hara 14.02.2011
Bperan 12:24:13
tapka nprGopa i]
Onucanue oGpaszua
MNpouweoypa HsrepeHwa| KBr 1.5:300
TonwuHa obpasua
HaeneHue & obpasue
Terneparypa
O&pasewn cpasHeHWA
OGpadoTka gaHHBM
- . Yucno craHos 10 (e
Ok | ] Cepbree nona :b-—, [ Ckperreie noas

Pucynok 9.2. Ilacnopt: A) kpatkas popma; b) nnunnas dpopma.
Uccnenyempie 00pasiisl pa3MenmarT B KIOBeTHOM oTaeneann. Pokyc mydka MK

M3JIyYEHUs PaclOIOKEH IPUMEPHO B 55 MM OT CTEHKHM Kamepsbl Ha BbicoTe 100 MM OT
JTHAa KIOBETHOI'O OTAEJIeHHWs. Ha nHe KIOBETHOTO OTAEIEHUS UMEIOTCS CHELUAIbHbBIC
OTOpPBI U BUHT JJIs1 (PUKCUPOBAHHOW YCTAHOBKH TOJCTaBKU ISl KIOBET WJIM JIPYTHX
MPUCTABOK U MPUCTIOCOOJICHUI, TPeAHA3HAYEHHBIX JJISI U3MEPEHUS CIIEKTPOB.
Hcnonb3yst COOTBETCTBYIOIIME AEPKATENN, MOKHO U3MEPATH CIIEKTPHI IIPOITYC-

KaHMsI TBEPABIX 00pa3oB, uMeIUX hopmy TadaeTKu. st u3roroBieHus: 00pasion
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(TabneTOK) 71l OMTHYECKUX CIEKTPATBLHBIX U3MEPEHHUI UCTIOIB3YyEeTCs Tmpecc-Gopma

[Id13 coBmecTHO ¢ mipeccoMm ¢ yeunuem a0 10 Tc. Ipecc-popma npencrarieHa Ha

pucyske 9.3.

Pucynox 9.3. CocrtaBubie neranu npecc-popmel [1D13, rae 1 — kopmyc co
HITYIIEPOM M IByMs YIZIOTHUTEIBHBIMHU KOJIBIIAMU; 2 — OCHOBAHUE; 3 — MUIHHJIP; 4 —
BEPXHSISA U HWOKHSISI HAKOBAJIbHU; 5 — IITOK ¢ YIUIOTHUTEILHBIM KOJIBIIOM; 6 — BCITO-
MOTaTENbHOE KOJIBLIO.

Jyist m3rotoBieHus Ta0neTKu 0epyT 2-3 Mr aHamuzupyemoro oopasma u 200 mr

Opommua kanus. PeakTuBbI mepeTHparoT B araTOBOM CTYIKE 10 MEJIKOIUCIIEPCHOTO CO-
CTOSTHUS ¥ TTomeniaroT B pecc-popmy I1D13. TIpeccoBanue npoBOJAT MPHU JTaBICHUU
150 Gap B TeueHue 3 MUHYT.

9.1.2.1.3 Hoenmughukayus Heuzsecmuo2o oopasya coinyye2o seuecmaa
B xauecTBe KOHTPOIBHOTO 0Opa3ia OEpyT HABECKY BEIIECTBA HEM3BECTHOTO CO-

CTaBa, BbIJAHHOIO IIperoaBaTesieM. ' 0TOBAT U3 HEro TableTKy ¢ OpOMHUIOM Kajusl U
CHUMAIOT CIIEKTP MOJyUYEeHHOTo 00paslia Kak OMMCaHo B MpeblayieM myHkre. Ha mo-
ayuyeHHoM MK-crniekTpe npoBoaAT UIEHTU(DUKALNIO TI0JI0C NOMIOMIEHHS C UCIIOJIb30-
BaHueM nporpammsl «FSpec» u cripaBounnkoB 1o MK-cnexkrpockonuu. CocTaBisIloT
CIINCOK IPEANOJIAraeMbIX XMMHUYECKUX CBA3EHU, MOJOCHI MOIVIOMIEHNUS] KOTOPBIX MPHU-
CYTCTBYIOT B criekTpe. Ha 0CHOBaHMM NOJIy4EHHBIX JAaHHBIX 3aIIMCBIBAIOT CTPYKTYp-

HYy!0 ()OpMYITy BBIIAHHOTO KOHTPOJIBHOTO 00pasIia.
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9.1.2.2 Ogpopmnenue nabopamoproeo sxnypuana. Moenmughuxayus coinyyux ge-
wecme no ux UK-cnexkmpy

1. lemu u 3amaum paboThI
2. Xon paboThl
2.1. X011 moAroToBKU MPOOkI K aHAJIU3Y
2.2. UK-criekTp KOHTPOJIbHOM MPOOHI.
2.3. IlpuBecTH MOJIOCHI TTOTIIOMICHMSI, HA0I0JaeMbIE Ha CTIEKTPE U COOTBETCTBYIO-
e uM Kosrebanus (Tabmauma 9.1).
Pesynbrars! unentudpukanuu MK-crekrpa cblmyyux BELIECTB.

Tabmuma 9.1
Howmep nosocs! mo- | BoaHoBoE uncno, cm’! CTpyKTypHBIH
TJIOLIEHUS DkcnepuMeHTanbHOe | JIuteparypubie | (hparMeHT

3HAYCHHUE JnanHbie [16-17]

2.4. Cnenatb BBIBOJ O CTPYKTYpPE MPEAINOJIAraeMOro KOHTPOJIBHOTO BEIIECTBA U OT-
METUTh Ha HeW BuAuMbIe Ha MIK-criekTpe cBs3m.

9.1.2.3 Uoenmugpuxayus scuoxux eewecms no ux MK-cnexmpy
MeTton ocHOBaH Ha nonydeHnn 1 uaeHtudukanmu MK-criekTpa Hem3BecTHOTO Bellle-

CTBa B BHJIE€ KUJKOCTHU C UCMOJb30BAHUEM MPUCTABKA MHOTOKPATHOT'O HAPYILIEHHOTO
noJIHOTO BHyTpeHHero otpaxenus (MHIIBO).
Ob6opynoBaHne M peaKTUBBI
1. UK-¢pypoe-cnekrpomerp ®CM 1201 ¢ mpucraskoit MHIIBO;
2. HabGop 00pa31oB kUJIKMX BEIIECTB JJIsl aHAIN3a;
3. Mepnas nunerka oobemom 10 cv®, 1 mi.
Xox paboTbl
9.1.2.3.11lopsiook pabomwvl na UK-gypve-cnekmpomempe @CM 1201 ¢ npucmaskoti
MHIIBO

[IpucTaBKa MHOTOKPAaTHOI'O HapyLIEHHOT'O MOJHOTO BHYTPEHHEIO OTPaXKEHUS
ropusoHTaigsHoro tuna MHIIBO 36 npenna3nadyeHna Jjist ucciieJoBaHUSI XUMUYECKOTO
COCTaBa JKUJKUX CPEJl, MEIKOIUCIIEPCHBIX HEaOPa3UBHBIX MOPOIIKOB U MOJUMEPHBIX
IIeHOK. MeToA MHOTOKPATHOrO HApYIIEHHOT'O MOJHOTO BHYTPEHHETO OTPa)KeHMs
MO3BOJISIET CYIIECTBEHHO YIPOCTUTH MOATOTOBKY 00pa3lioB U MOXKET UCIOIb30BATHCS

JUISL pealn3alii AKCIPECC-METOJUMK KOHTPOJIA KadecTBa mpoaykuuu. lIpucraBka
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MHIIBO36 (pucyHok 9.4) coctouT u3 Tpex yacTeil: 1) ocHOBaHUE NMPHUCTaBKH, 2)

npuzma MHIIBO B nepxarene, 3) npu>KUMHOE YCTPONCTBO.

Pucynok 9.4. [IpuctaBka MHOTOKPAaTHOTO HapyIIEHHOTO MOJHOI'O BHYTPEH-
HEro oTpaxeHus ropuzoHtaibHoro Tuna MHITBO36.
OnTuyeckas cxeMa MPUCTaBKU BKIIIOYAET JIBA IUIOCKUX 3€pKalia, OIHO U3 KOTO-

pbix HanpasiseT notok UK u3nyuenusa Ha BxoaHyro rpans npusmel MHIIBO, npyroe
— IPUHUAMAET U3JIy4€HUE C BBIXOJAHOW I'PaHy MIPU3MBbI U HAIIPABIISET €r0 HA BBIXOIHOE
chepuueckoe 3epkanio kamepsl kioBeT. [Ipuzma MHIIBO 3akpemnsieHa B aepikarere.
Kpas nepsxatens 1 BepXHsis rpaHb Ipu3Mbl GOPMHUPYIOT BAHHOUKY, ITPEIHA3HAYECHHYIO
Ui pazMmelieHus oOpa3uoB. JlepxaTesb ¢ MPU3MOM pa3MenatoTcs B (PUKCUPYIOLIEM
yriayOneHuH Ha BEpXHEH OBEPXHOCTH OCHOBAHMSI IPUCTABKHU.

[Tpucraka MHIIBO36 ycnemHo 3aMeHsIeT KIOBEThl U MPUCTIOCOOIEHUS, TTPH-
MEHsIEMBbIE JUUIS TIPOBEACHUS aHAIN3a )KUJIKHX, ITOIYKUIKUX U TBEPABIX BewecTs. [Ipu-
CTaBKa MHOTOKPAaTHOTO HAPYILIEHHOI'O IIOJHOTO BHYTPEHHETO OTPAXKEHUs MOAXOIUT
KaK /Il KaueCTBEHHOT0, TaK M JJIsl KOJIMYECTBEHHOro aHanu3a. IlonaroroBka npoOsl
CBOJIUTCS K pa3MEILEHUI0 00pa3lia Ha KpucTasuie npu3Mbl. Ciocod HaHeceHus 00pasia
3aBHCHT OT €ro BS3KOCTH. Hampumep, 5KHIKOCTH ¢ HU3KON BSI3KOCTBHIO YI0OHO HAHO-
CUTh C MOMOILBIO NUNETKHU. [TonmMepHbIe 00pa3ibl MEXaHUUECKH NPUKUMAIOT K I10-

BEPXHOCTHU MPU3MBI. B KauecTBe criekTpa CpaBHEHUS UCIIONb3YETCS CIEKTP «UHCTON»
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MIPU3MBI, T.€. CHA4YaJla CHUMAIOT CIIEKTP MPH OTCYTCTBUU 00pa3iia. AJTOPUTM CHSTHS
HNK-cnekrpa B mporpammbl «FSpecy» ananornyen nyHkry 9.1.2.1.2.

9.1.2.3.2 Hoenmugpuxayus Heuzgecmuozo oopazya Hcuoko2o eeuecmasd
B KadecTBe KOHTPOJBLHOIO 00pasia OepyT 1 cM® BelecTBa HEU3BECTHOIO CO-

CTaBa, BBIJIAHHOIO IpernojaaBaTeraeM. BelecTBo HaIMBAIOT HA NMPU3MY IPUCTABKU
MHIIBO, tak uyToOBI BCSI IOBEPXHOCTh MPU3MBbI ObLJIA 3aKpPbITA, U CHUMAIOT CHEKTP
nosiyueHHoro oopasua. Ha nomyuennom MK-cnektpe mpoBoAST uaeHTHUPHUKALIUIO T10-
JIOC MOTJIOIICHMSI ¢ UCIIOJIb30BaHUEM IporpaMmsl «FSpecy» u cpaBounukos o MK-
cnekTpockonuu. COCTaBIISIIOT CIUCOK IPEAIONIAraéMblX XUMUYECKUAX CBSA3EH, ITOJIOCHI
IIOTJIOLIEHUS KOTOPBIX IPUCYTCTBYIOT B CIIEKTpe. Ha OCHOBaHMM ITOTyYEeHHBIX TaHHBIX

PHUCYIOT CTPYKTYPY BBIJJAHHOTO KOHTPOJBHOTO 00pasiia.

9.1.2.4 Ogpopmnenue nabopamopro2o xcypuana. Moenmugurxayus scuokux eewecms
no ux UK-cnexkmpy

1. Lenu u 3agaun paboTh
2. Xox paboTsl
2.1. Xonx moAroTOBKY MPOOKI K aHATH3Y
2.2. UK-criekTp KOHTPOJIbHOM MPOOHI.
2.3. [IpuBecTy MOJ0CHI MOTJIOMIEHUS, HAOIIOAaeMbI€ Ha CIIEKTPE U COOTBETCTBYIO-
e uM Kosrebanus (Tabmauma 9.2).
Pesynbrarel unentudukanuu MK-cnexrpa skuIKIUX BEIIECTB.

Tabmura 9.2
Howmep nosocs! mo- | BoaHoBoe uncno, cm’! CTpyKTypHBIH
TJIOLIECHUS DkcnepuMeHTalibHOe | JIuteparypHbie | (hparMeHT

3HAYCHUE naHHbie [16-17]

2.4. Cnenatb BBIBOJ O CTPYKTYpE MPEAINOJIAraeMOro KOHTPOJIbHOTO BEIIECTBA U OT-
METUTh Ha HeW BuauMbIe Ha MIK-criekTpe cBs3m.

9.1.3 Bonpocbt 011 camokoHmponsn

1. Ha yém ocnoBan meton MK-criekrpockonuun?

2. Yem OTIM4aroTCs CIEKTPhI MPOIYCKAHUS U CIIEKTPBI MOTJIOMEHUS ?

3. Kak cBsI13aHO BOJIHOBOE YHCJIO C JIJIMHOU BOJIHBI.

4. Yem 0TIIMYAIOTCS BAJICHTHBIE U Ae(QOpMAIIMOHHbIE KOJeOaHus?

5. Kakyto nnpopmannto MoxxHo noayuuts u3 MK — criekrpos.

6. KauecTBeHHBIN 1 KOJIMYECTBEHHBIN aHamm3 110 merony MK-cnekrpockonun.

7. Kakas 3aBUCHMOCTb IOJIOKEHA B OCHOBY KOJINYECTBEHHOTO aHAJIA3a 10 Me-
tonuky MK-cnekrpockonuu. UTto gBisieTCS aHAIUTUYECKUM CUTHAJIOM?
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8. Kak npoBoauTcs konuuecTBeHHbIN aHamu3 no MK-crekrpam?

9. Ha uém ocnoBano yctpoiictBo UK-pypre-cnekrpomerpa?

10. YTO CiTy’KUT HCTOYHUKOM HETMPEPHIBHOTO CIEKTpa B MH(ppaKpacHO# o0a-
CTH cnekTpa’?

11. Kak mpoBoasT usmepenue ¢ona? [lyis 4yero 3o nenarot?

12. C kako# 11eJ1bI0 IPECCYIOT «Ta0JIETKW» U3 MOPOIIKa UCCIIEyeMOoro 00-
paszua?

13. IMpunnun pa6oter npuctaBku MHITBO?

14. Uutepdepomerp Maiikenbcona. Ontudeckas cxema. OCHOBHbBIC XapaKTe-
PHUCTHUKH.

15. O6nactu npumenenus UK-cnexkrpockonuu. [IpuBectu npumMepsl NpakTu-
YECKOI'0 UCITOJIb30BaHUS.
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10 ®oTokon0puMeTpUS
10.1 Ilenwb u 3a0auu padomut

Nzydenne paboThl (POTOINEKTPOKOIOPHUMETPA, OBIIAJACHUE HABBIKAMHU MPAKTH-
4eCcKoro mpuMeHeHus poroxomopumerpun. OCBOSHUE PaCUETHBIX METOIOB IPaTyHPO-

BOYHOTO rpaduka, 106aBok u nuddepeHImaipbHOr0 METOIA.

10.2 Ilpozpamma pabomot

10.2.1 Onpeoenenue meou (I1) 6 600HbIX pacmeopax memooom 2padyupo8ounoo zpagpuka u

oughpepenyuanvruvim memooom

MeTo OCHOBaH Ha M3MEPECHHUU CBETOIOTJIONICHUS MEIHO-aMMHAYHOTO KOM-
IUIEKCA, HMEIOILETO MOJIOCY MOTTIOIEHUS Amax = 610 HM H €yax = 1,0 10% 103 /MonB-CcM
¥ TTO3BOJISIET OTIPEICTIAThH OoJiee HU3Kue KoHIeHTpanuu meau (11), aem npu nzmepernn
CBETOIIOTJIONICHHUST AKBAKOMILIIEKCA, UMEIOIIETO MOJIOCY MOTJIOMEHUS Amax = 815 HM 1
Emax = 13 IM>/MOJTB-CM.

O0opynoBaHue U peaKTUBbI

1. ®otornexrpokosnopumeTp (KDK-2, Sxcnept-003), obmias cxema Ha pucynke 10.1;

3

Pucynok 10.1. [IpunnunuansHas cxema (OTOIIEKTPOKOIOpUMETpa, rae 1 —
JamIia HaKaJIMBaHusl; 2 — KOHJIEHCATOP; 3 — 11enb quadparmser; 4, S — TUH3BI 00b-
eKTUBa; 6, 7 — TeruiozamuTHbie GUIbTpHL; 8, 14 — cBetodunbTpsr; 9, 11 — 3amuT-
Hoe cTtekno; 10 — kroBera; 12 — dotoauom; 13, 16 — maToBoe cTekio; 15 — nenm-
TEJb CBETOBOT'O MOTOKA; 17 — QOTO3/IEMEHT.

10 = 6
12F§§\\l4

2. PaGoumii pactop cynsdara meau (1), T(Cu’") = 5 mr/cm® (maBecky 19,655
r x.4. CuSO45H,0 pactBopsior B 125 cm® pacTtBopa cepHOit Kucaotsl, ¢(1/2H,80,) =
2 MOJIB/IM>; TOBOJIAT 0OBEM pactBopa g0 1000,0 cm? JTUCTUWITUPOBAHHON BOJION);

3. AMmuak, BOAHbIN pacTBop, ®(NH3) = 5% Macc;

4. MepHbIe KOnObl BMECTUMOCTBIO 50,0 cM?, 8 mt.;
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5. l'pagyuposannas nunetka 10,0 cm®, 1 mr;

6. IIpobupka nam MepHbIi muauaap 10 cm?, 1 mr.
Xox onpenesneHust.
10.2.1.1 Ilpuzomoenenue cmanoapmuvix pacmeopos:

['oTOBSAT MIECTH CTAHIAPTHBIX pacTBOPOB, coaepxkamux 10,0; 20,0; 30,0; 40,0;
50,0; 60,0 mr meau B 50,0 cm® pacTBopa. [yt 5TOrO B MEPHBIE KOJIOBI BMECTHMOCTBIO
50,0 cm® BHOCAT pabouwnii pactBop, oobemoMm 2,0; 4,0; 6,0; 8,0; 10,0; 12,0 cm® coor-
BETCTBEHHO, JJOOABIIAIOT B Kax 1y Kos0y 10 cM® pacTBopa aMMuaka U TOBOJAT 00b-
€MBI 10 METKH JUCTUTMPOBAHHOHN BOJI0M. K M3MepeHUsIM MpHCTYyNAaKOT Yyepe3 Jie-

CATb MUHYT.

10.2.1.2 Ilpuzomoenenue pacmeopa cpasnenusn:

B MepHy0 k0n10y, BMecTuMOCThIO 50,0 cM® BHOCAT 10 cM® pacTBOpa aMMHaKa u Ji0-
BOJST OOBEMBI 10 METKU JUCTUIUTUPOBAHHOM BOJIOH.

10.2.1.3 Buwibop paboueti onunvl 60HbL:

PactBop, nmeromuii HanbosIee HHTEHCUBHYIO OKPAcKy, (POTOMETPUPYIOT OTHO-
CUTEJIbHO pacTBOpPAa CPaBHEHUS, CO BCEMH CBETO(MMIBTPAMU MMOOUEPENHO, PE3YIbTATHI
u3MepeHuit BHOCAT B Tabauiy 10.1

CTposT ClIEeKTpaibHYI0 XapakTepucTuky ammuakara meau (1) B koopaunarax 4
= f(4) 1 BBIOUPAIOT B Ka4eCTBE pab0OYEro CBETOPHUIBTP, COOTBETCTBYIOLINI HAUOOIb-
HIEMY 3HAYEHHUIO CBETOIOTJIOMIECHHUS.

10.2.1.4 Onpeoenenue meou (I1) no memooy zpadyupoeounozo cpaguxa:
1. [TocTpoenune rpaxynpoBOYHOTO rpaduka.

C BbIOpaHHBIM CBETODUIBTPOM MOOUYEPETHO POTOMETPUPYIOT BCE PACTBOPHI
CTaHAAPTHOM CEPUM OTHOCUTENIBHO PacTBOpa cpaBHEeHHUA. VI3mMepeHuss NoBTOPAIOT 3-5
pas.

Pesynbrarel uamepenuit BHOCAT B Tabnuily 10.2 v cTposSIT rpaaypOBOYHBIN
rpaduk B koopaunatax A = f{c(Cu’*)) nns oueHKn MOISPHOro Ko3(pULUEHTa 110-
TJIOUIEHNUS €.

Jliist KomM4ecTBeHHOTo aHamusa Cu’" CTpoAT rpaJyupoBOYHbIN rpaduK B KOOP-
nunatax A = fim(Cu’")).

2. KoHTposbHas 3aaya.
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K ananmusupyemoMy pactBopy, comepxamieMmy conb meau (1), npunusaror 10
cM’ aMMHaKa ¥ JI0BOJAT 00beM pactBopa 10 50,0 cM® mucTHiuMpoBanHoii Bogoi. Ye-
pe3 10 MMHYT MOJATOTOBJICHHYIO MPOOY (POTOMETPUPYIOT OTHOCUTENIHBHO PacTBOpPA
CpaBHEHHMsI MpU BbIOpaHHOM cBeTouibTpe. U3mepenus nmoBTopsitot 3-5 pas. Pesynb-
TaThl BHOCAT B Tabmuiry 10.2.

10.2.1.5 Onpeoenenue meou (I1) ougpgpepenyuanvrvim memooom:

1. [Toctpoenue rpaduka quddepeHIHaTbHBIM METOI0M.

C BbIOpaHHBIM CBETOPHIBTPOM MOOUYEPEAHO (OTOMETPUPYIOT CTaHAAPTHBIC
PacTBOPHI OTHOCUTENILHO PACTBOPa cpaBHeHus, cogepxkamiero 20,0 mr meau B 50,0 cm®
pacTBopa (pacTBOp Ne2 cTaHaapTHOI cepun). M3mepeHust noBTOpAOT 3-5 pas.

Ecnu copepxanne menu B (pOTOMETPUPYEMOM pAacTBOPE MEHBIIIE, YEM B pac-
TBOPE CPaBHEHUS, IPUMEHSAIOT OOPATHBIN MOPAAOK U3MEPEHUN: (POTOMETPUPYEMBIiA
pPacTBOp MPUHUMAIOT 32 «HYJIEBOI» pacTBOP CPABHEHMSI, T.€. YCTAHABIMBAIOT [10 HEMY
ONTHUYECKUH HyJb NMPUOOpa, a U3MEPEHHOE 3HAUYEHHE ONTUYECKOM IIIOTHOCTU 2-TO
pacTBOpa CTaHJIAPTHOM cepuu OEpyT CO 3HAKOM «MUHYC».

Pe3ynbTarsl uamMepenuii BHOcAT B Ta0auiy 10.3. v cTposIT rpayMpOBOYHBIE Tpa-
¢uku B xoopmuHaTax A = fc(Cu’?)) n A = fim(Cu’?)).

2. KonrponsHas 3agada. Onpenenenue coaepxanus meau (I1I) B ananmsupye-
MOM pPacTBOpE.

K ananuzupyemomy pactBOpy, coxaepxaiiemy coiib Meau (II), mpunuaror
10 cM® pacTBOpa aMMuaKa 1 JOBOAAT 00bEM pacTBopa 10 50,0 cM® TuCTHIIMPOBAHHOM
Bojo#. [Ipu onpenenenun mMeau B TBEPABIX MPoOaX UX KOJTHMUECTBEHHO MEPEBOJSAT B
pPacTBOpP MO COOTBETCTBYIOIIUM METOJUKAM.

[ToaroroBnennyto npoOy GOTOMETPUPYIOT OTHOCUTEIBHO 2-TO pacTBOpa CTaH-
JapTHOU cepuH, cojeprxaiero 20 Mr Mmeiu ¢ BBIOpaHHBIM CBETO(QUIBTPOM, IPUMEHSIS
IpU HEOOXOIMMOCTH IPUEM IBYXCTOPOHHETO U pepeHIupoBaHusl.

N3mepenust moBTopstoT 3-5 pas. PesynabTarhl BHOCAT B Tabnuiry 10.3.

10.2.1.6 Odghopmnenue nabopamoproeo sucyprana. Onpeoenerue meou (Il) 6 600-
HBIX pACMBOPax MemoooM 2padyupo8oyHo2o epaguxa u ougpepenyuaibHvim
Memooom

1. Lenb u 3agaun paboTHI.

2. YpaBHeHHe POTOMETPUUECKON pPEaKIIUH.

3. Xoa onpeneneHus.

3.1. XoJ npUroToBICHHS CEPUU CTAaHIAPTHBIX PACTBOPOB.

3.2. XoJl mpUroTOBJICHUS pacTBOPa CPaBHEHHUS.

3.3. Bo10op paboueii 1JIMHBI BOJHBI.

JlaHHbI€ [IJ151 TOCTPOEHUS CIEKTPAIbHOM XapakTepucTuku aMmmuakaTta meau (II).
Tabmauma 10.1

Ne cBeTodmiabTpa A, HM Onruyeckas IIOTHOCTh
1 375
2 400
3 470

96



4 505
5 525
6 572
7 590
8 605
9 615
10 626
11 655
12 700
13 850

CTposT CIeKTpalIbHYIO0 XapaKTEPUCTUKY pacTBopa B koopauHatax A = f(A). Jenator
BBIBOJI O BEIOOpE padoyeil IJIMHBI BOJHBI.
3.4. Onpenenenue menu (II) B BOJHBIX pacTBOpax METOAOM I'PalyUpOBOYHOIO Ipa-

¢uxka.

JlaHHBIC 1JIs1 TOCTPOCHUS TPATYHUPOBOYHON 3aBUCIMOCTH METOJIOM TPayHpOBOY-
HOTO rpaduka.

Taomuma 10.2

No m(Cu?*), | c(Cu?*), Onruyeckas MmioT-

PacTtBopa MT MOJIB/IM> HOCTb srAi(ci),
Al | Ay | Ay [AFAA

1 10 C(Cu*"X):d

2 20 C(Cu*'X),

3 30 MOJTB/IM>

4 40

5 50

6 60
KonTposb- Cv=_
Has 3a/1aya,

X

3.5. Ompenenenue meau (1) B BogubIx pacTBopax auddepeHnanTbHBIM METOIOM.
JlaHHbIE 7151 TOCTPOEHUS TPAAYyUPOBOYHON 3aBUCUMOCTH UG hepeHIalIbHBIM METO-

JIOM
Tabauma 10.3
Neo m(Cu’’),| c¢(Cu?*), | Onrnyeckas miotHocts | s(A)
PactBOpa MI Mob/mv® | Ay | Aa | As | A£AA
1 10
2 20
3 30
4 40
5 50
6 60
KonrponbHas 3anaua,
X
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Jiist pacyeTa MOJIIpHOTO KOA((UIMEHTA MOTIJIOMICHUS CTPOST TPaTyHpPOBOY-
Hble Tpaduku B koopauHatax A = flc(Cu?*)) mo nanueiM Tabmun 10.2 u 10.3. Bug 3a-

BUCUMOCTEH MpeJcTaBiieH Ha pucyHke 10.2.

A A= fle(Cu??))
I'pacyuposownsiii
epagux

Tuppepenyuarsrviii
Memod

c(Cu?*), monb/ M3

Pucynok 10.2. O61muii BU1 3aBUCUMOCTH ONTHYECKOM MIJIOTHOCTH OT KOHIICH-
Tpaluu MeAH B CTaHAapTHOM oOpasie. Meton rpaaxyupoBoyHoro rpaduka u qudde-
PEHIMATBHBIN METO/I.

C nomo1pio KoMnbioTepHbIX porpamm Microsoft Excel unu Sigmaplot omnpe-
JeNAIOT MapaMeTphl TMHEHHBIX perpeccuii (tabmuna 10.4).

[TapameTpbl uHEHOM perpeccun 4 = flc(Cu’™)).
Tabmuma 10.4

Meton IIpuGop | /, | sa | sp |atAa|b+Ab| R ExAg,
cM TIM>/MOJTB*CM
['pamynpoBOoYHOTO
rpaduka
HuddepenunanbHbINA
METOJ

PaccuntbiBaroT MospHBINA K03 duineHT nornoienus € ammuakata meau (1I), yuu-
ThIBasi, yTo 8= S =¢&-/, rne S — kod(hpuLMeHT 4yBCTBUTENBHOCTH. CpaBHUBAIOT € C JIHU-
TepaTypPHBIMU JTaHHBIMHU.

PaccunThIBalOT OTHOCUTENBHYIO IOTPEIIHOCTD OMPEIEICHUs MOJIIPHOTO KO3 huiiu-
eHTa norjiomieHus ammuakata meau (II) mo hopmyme:

Enaiin—E&
D%_l Han/ JIHTl']OO%
SJH/IT
PaccunThIBaroT S;(C) ~OTHOCHTEIBHOE CTAHIAPTHOE OTKJIOHEHUE 110 KOHLIEHTPALUU

o ¢opmye:

s(A)
s e —F5
S-c(Cu4™)
Ctposr 3aBUCHUMOCTS $(¢)=Ac(Cu’")), ncnonb3ys nannsle Tabmuust 10.2.
OnpenenstoT mapaMeTpbl SKCTIOHCHIIMAIBHON 3aBUCUMOCTH. HIKHIOIO TpaHuIly

ONpPENENISIEMbIX KOHIIEHTPALUN C, ONIPEAEISIIOT, IpupaBHUBas s,(c)= 0,33.
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Jlist onipeienieHnst CoAiepKaHusi MEIU CTPOSIT rpadMKu 3aBUCUMOCTH B KOOPIMHATAX
A = flm(Cu?*)). Bug 3aBUCHMOCTEM NIpeacTaBieH Ha pucyHke 10.3.

A A= f(m(Cu’?))
I'padyuposownsiii
gpagux

Juppepenyuarsrviii
Memood

m(Cu’*), Mr

Pucynox 10.3. O0muii BUT 3aBUCUMOCTH ONTUYECKON TUIOTHOCTH OT MacChl
MeAM B CTaHAApTHOM obOpasie. MeTos rpaxyrupoBouHOro rpaduka u nudepeHim-
aJbHBIA METO/.

C momomnib0 KOMIBbIOTEPHBIX MporpamMm Microsoft Excel mnu Sigmaplot onpenensitot
napaMeTphbl JMHEHHbIX perpeccuii (Tabmuma 10.5).
[Tapamerpsl uHERHOM perpeccun A = fim(Cu’")).
Taomuna 10.5

Meton [Ipubop | I, cMm | s, | sp | a+Aa | b£Ab R
['panynpoBoyHOro rpaduka
HuddepenunanbHbi Me-
TOJL

Conepxanne Cu’" B aHAIU3UPYEMOM PACTBOPE HAXOAT [0 METOY IPaLyHpo-
BOYHOTO Tpaduka u AuddepeHnuaibHbIM METOJIOM C UCIIOJIB30BAHUEM MTApaMETPOB
JUHEWHOU perpeccuu (Tabmuma 10.5).

PaccuntbiBaloT copepkaHue U KOHIIEHTPALIUIO Cu’" u CuSO, (TOYHOCTB Pacy€ToB —
4 3navamux uudpsl, 11t macesl 0,0001 1), mpuBoasT Bee pacy€THbIE GOPMYJIIBI U
pacuéThl, Bce 3HaUCHUSI BHOCAT B Tabnuiry 10.6.
PesynbTaTel onpenenenus meau (11).
Taomuna 10.6

c(Cu?t), T(Cu*"), v(Cu??), moms | m(Cu?*),Mmr | D, %
’% MOJIB/ M Mmr/cm?
4
é c(CuSO,), T(CuSO,), | v(CuSO,), m(CuSO,), Mr
=' ¢ | Mmosb/mM> Mmr/cm? MOJTb
SN
3 g
il =
< o | c(Cu’), T(Cu??), v(Cu?*), momp | m(Cu’*),mr | D, %
N & | mons/am> Mmr/cm?
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c(CuSO,), T(CuSO,), v(CuSOy), m(CuSQOy), mr
MOJIB/ M Mmr/cm? MOJTb

PaccuMThIBAIOT OTHOCHTEIBHYIO IOTPEMHOCTE onpeaenenus Cu’*

Myaiin—M
D%_| Haunj, Teopl.] 00%

Mreop

10.2.20npeoenenue xncenesza (I11) memooom 2padyuposounozo zpaguka ¢ Kucioi u
uie104HollL cpeoe

Keneso (III) obpasyer ¢ cynbdocanuiuioBol KUCIOTON B 3aBUCIMOCTH OT Be-
anuuHbl pH pactBopa psia okpameHHbIX koMmiuiekcoB. [Ipu pH 1,8-2,5 oOpa3zyertcs
KpacHO-(hMOJIETOBBI KAaTHOHOBBINM KoMIuieKe (/), IMEIOMUi MOJIOCY MOTJIOMICHHUS C

Amax = 510 HM U €max = 1,8-10° am’/Momb-cM.

OH, 3+

-038 6‘ Hzo/////, | \\\\\\\OH2

+ /Fe\
H,0 | OH,

//C"OH OH,

058 OH,
2 | \\\\\\OH2

Fe
o | o,

OH,

-~

+2H;0*

0]

N O0O=—0O

[Tpu yBenmmuenuu pH 1o 4-8 pactBop mproOpeTaeT KpacHO-Oypyro OKpacky,

KOTOPYIO MPUITUCHIBAIOT aHUOHHOMY Ouc-komruiekey (I7).

OH, 3+

_038 6‘ HzO// 7, | \\\\\\OH 2
JFe'

+
wod | on,

//C——OH OH,

0,8 OH, SO5

%, “, | \\\\\\\O
‘Fe:

C/o/ | S
I Oftz I
o o

+4H,0*

~—

O

17
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B menounsix cpenax (9<pH<11,5) ob6pasyercst KoMIIeKC >KeATOro IBETa C IMo-
JIOCOM MOTTIOMEHHUS Amax = 416 HM U €max = 5,8-103 mv/mons-em. TIpu pH>12 npowuc-
XOJIUT €ro pa3joKEeHUE C BbINAJACHUE B 0CAJOK THIPOKCUIA Kee3a. Panee npeamnoa-
rajioch, 4YTO 0OpPa3yIOLIUICS B MIETOYHBIX Cpedax KOMIUIEKC SBIsSIETCs TpUCyib(oca-
muiiatoM Fe(Ill). Onnako B 6oiiee mO3HUX UCCIEAOBAHUSIX BHICKA3bIBAETCS APYyTast
TOYKa 3pEHUS] OTHOCUTENBHO MPUPOBI 3TOTO KoMIuiekca. [Ipeanomnaraiot, 4To ero oo-
pa30BaHKE CBSI3aHO HE C MPUCOETUHEHUEM TPEThE MOJIEKYJIbl peareHTa, a ¢ IepoTo-

HUPOBaHUEM OHMC-KOMIUIEKCa

058 OH, Sloy
0, N
///"Fe“‘\\\ +2H,0—
e | o
o ¢
Il OF, [
o o
T
3-
058 OH Sloy
0, Ne)
Yo +2H;0"
N | o
C/ \C

111

B pesynbpraTe ynpodyHeHHs CBSA3M aToMa *keje3a ¢ (HEeHONbHBIM KHUCIOPOAOM
MPOUCXOUT CIBUT TOJIOCHI MOTJIOMICHUSI OUC-KOMILUIEKCa B KOPOTKOBOJIHOBYIO 00-
JIACTh CIEKTpa.

B mpakTuke MOJEKyJISpHOTO aOCOpPOIMOHHOTO aHaIM3a MPUMEHSIOTCS JUIIh
KOMIUIEKCHI, 00pa3yromuecs B KUCIoH ((hHOIETOBBIN) U LIEIOUHOM (HKENTHIN) cpenax.
MomnocynbshocanuuiaTHbIl KOMITIEKC ucronb3dyercs mais onpenenenus Fe(Ill) B
npucytctBue Fe(Il), Maruus, mapraniia, Meiu, aAJIFlOMUHUS, PEIKO3EMEIIbHBIX AJIEMEH-
ToB. @TOopuabl MematoT onpeaenenuto Fe(I1D).

B mienounoit cpene Benenctaue gerkoi okucisiemoctu Fe(Il) B Fe(Ill) ¢ momo-
IO CYJIB(OCATUIIMIOBOM KMCIOTH MOKHO onipeaenuth cymmy Fe(I1) u Fe(I1T). drto-
PUA-MOHBI HE MENIAIOT OMPEIEICHUIO Kee3a CyJb(pocaTuuioBoi KUCIOTON B I1ie-
JIOYHOU Cpefie.

Ob6opynoBaHne U peaKTUBBI
1. ®orosnexrpokonaopumetp (KDOK-2, Dxenept-003);
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2. PaGounii pactBop Fe(NH,)(SO,),, T(Fe’*) = 0,1 mr/cm® (maBecky 0,8663 T
Fe(NH,)(SO,);'12H,0 xBanupuKayy X.4., pacTBOPSIOT B 25 cM> pacTBopa
c(1/2H>S0,) = 2 mons/am® u noBoaat 06béM pacteopa 1o 1000,0 cm® guctummpo-
BaHHOM BOJION);

3. CynbdacanuuunoBasi KUCI0Ta, BOJHBIN pacTtBop, ©(C7HsOsS) = 5% macc.;

4. CepHas KUCJI0Ta, BOAHBIN pacTBop, c(1/2 H,SO,) = 2,000 mons/am?

5. AMMuak, BoiHbIN pactBop, ®(NH3) = 10% macc;

6. MepHble K0n0bl BMeCTUMOCTBIO 50,0 M, 14 mT.;

7. I'panyuposannas mumerka 10,0 cm?, 1 m;

8. IIpobupka nnu MepHbIi nuuaap 10 cm®, 3 .

Xoxa padoTsbl

Omnpenenenue xenesza (11I) mpoBoasT B Buge KpacHO-(hHOJIETOBOrO KATHOHHOTO

(1) xomrutekca ipu pH=2, a 3atem B Bujie *)entoro ouc-komruiekca (I11) mpu pH=10.

10.2.2.1 IIpucomosnenue cmanoapmmuulx pacmeopos (pH=2):
['oTOBAT 1IECTH CTAaHAAPTHBIX pacTBOpoB, coaepsxkamnux 0,05; 0,10; 0,15; 0,20 u

0,30 mr xenesa B 50,0 cm® pacTBopa. 71t 5TOr0 B MEPHBIE KOJIOBI BMECTUMOCTEIO 50,0
cM® BHOCAT pabounii pacteop, o6semom 0,5; 1,0; 1,5; 2,0; 3,0 cM®> COOTBETCTBEHHO,
N00aBIAIOT B KAXKIYI0 KOOy 1 cM® pacTBOpa CepHOM KUCIOTHI, 5 ¢M> CyJIb(acaauIy-
JIOBOM KHCJIOTHI U JOBOIAT 00BEM KaXKJIOTO pacTBOpa JO METKH TUCTUIUTMPOBAHHOMN

BOJOM.

10.2.2.2 IIpucomosnenue pacmeopa cpagnenus (pH=2):
B MepHy10 K050y, BMecTUMOCTBIO 50,0 cM® BHOCAT 1 ¢M® pacTBOpa cepHOit Kuc-

JIOTBI, 5 cM> CyJIb(acaTMIUIOBOM KMCIIOTHI M JIOBOAAT 00BEM pacTBOpa 10 METKH JIH-

CTUJUIMPOBAHHOM BOJOM.

10.2.2.3 Ilpucomosnenue cmanoapmuulx pacmeopos (pH=10):

['oTOBSAT MIECTH CTAHIAPTHBIX pacTBOPOB, coaepxkamux 0,05; 0,10; 0,15; 0,20
1 0,30 mr xenesa B 50,0 cm® pacTBopa. [t 5TOro B MEpHBIE KOJIOBI BMECTUMOCTBIO
50,0 cm® BHOCAT pabouwnii pactBop, oobemom 0,5; 1,0; 1,5; 2,0; 3,0 cm® cooTser-
CTBEHHO, JJOOABIIAIOT B KaX1yto kouby 10 cM® Bojpl, 5 cM? pacTBOpa
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Cynb(acanMIUIOBOM KUCIOTEI, 5 CM> paCTBOPa aMMHAKa U JOBOAAT 00BEM KaKI0ro
pacTBOpa A0 METKU JUCTHUIUIMPOBAHHOW BOJOM.

10.2.2.4 IIpucomosnenue pacmeopa cpagnenusi (pH=10):
B mepHyro kon0y, BMectiMOocThI0 50,0 cM® BHOCAT 10 cM® Bosl, 5 cM® pacTBopa
cynb(hacalIuIoBOi KUCIOTEI, 5 ¢M® pacTBOpa aMMHUaKa M JI0BOIAT 00bEM pacTBopa

JI0 METKH TUCTUIUTMPOBAHHOMN BOJIOU.

10.2.2.5 Bwvibop paboueti onumvt 60aHbL:
PactBop, nmeromnuii Hanboiee MHTEHCUBHYIO OKPACKYy M3 CEPUH CTaHIAPTHBIX

pactBopoB ¢ pH=2 (hoTOMETpUPYIOT OTHOCUTENBHO PACTBOpPA CPABHEHHUS CO BCEMU
cBeTO(UIBTPaMU OOUYEPETHO, pe3yJIbTaThl U3MepeHul BHOCAT B Tabnuiry 10.7. Ana-
JIOTUYHO MPOBOAAT (OTOMETPUPOBAHME CTaHAAPTHBHIX pacTBopoB ¢ pH=10, pe3ymb-
TaThl U3MEPEHUN BHOCAT B TaOuiry 10.7.

CTpoAT crieKTpanbHble XapaKTepUCTUKH s ¢uosieroBoro (¢ pH=2) - cTpyk-
typa (1) u xenroro (¢ pH=10) - ctpykrypa (III) kommiekcos xenesa (I1I) B koopau-
Hatax A = f(/) 1 BBIOMpAIOT B KauecTBe pabouero cBETOMUIbLTP, COOTBETCTBYIOITUI

HaI/I6OJ'ILIHeMy 3HAYCHUIO CBCTOIIOIJIOMICHM .

10.2.2.6 Onpeoenenue acenesa (I1l) no memooy epadyupogournoeo epaghuka

1. ITocTpoenue rpadyupOBOYHBIX TpapUKOB s ABYX 3HaueHud pH cpensl (npu
pH=2, a 3aTtem nipu pH=10).
C BbIOpaHHBIM CBETO(UIBTPOM HOOYEPEAHO (POTOMETPUPYIOT BCE PACTBOPHI

CTaHAAPTHOM CEpUU OTHOCUTEIBHO pacTBOpa cpaBHEHUs. V3mMepeHus: noBTOpAOT 3-5
pa3. Pe3ynbTaThl u3Mepenuii BHecHOCAT B Ta0swmibl 10.8 win 10.9 u ctposr rpaayupo-
BouHbIe rpaduku B koopaunatax A = f{c(Fe’")) nis oneHkn MoJIApHBIX KOdpdULUeH-
TOB IIOTJIOLIEHUS € KOMIUJIEKCOB K€JIe3a B KUCIION U 1enouHou cpene. [lapamerps! jn-
HEWHBIX perpeccuit BHOCAT B Tabmuiry 10.10.

JUiist KOJIMYECTBEHHOTO aHanu3a e’ cTposT rpagyrupoBouHbie rpadMKu B KOOP-
nunatax A = fim(Fe’")) npu n8yx 3nauenusx pH. IlocTpoeHHbIE TPaLyHPOBOYHEIE IPa-
(bUKH annmpoOKCUMHUPYIOT YpaBHEHUSIMU JIUHEHHBIX perpeccuil. [lapameTpbl TMHEHHBIX

3aBHCUMOCTeM BHOCAT B Ta0uiry 10.11.
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2. Kontposnbnas 3anaua. Onpenenenue cogepxxanus xenesa (I11I) B ananuzupyemom
pacTBope.
Jlns onpenenenus sxeneza (III) B ananmzupyeMoM pacTBOpe aJMKBOTY 3TOTO

pacTBOpa NOMEINAIOT B MEPHYIO K00y BMecTUMOCTEIO 50,0 M. C pacTBOPOM IIPOBO-
JAT T€ € ONEpalMH U B TOM K€ MOCIEIOBATEIBHOCTH, YTO U MPU MPUTOTOBJIECHUN
CTaHAAPTHBIX PACTBOPOB B KHCIIOH, a 3aT€M B LIEJIOYHOMN CpEee, UCIOIb3YEMBIX IS
rpaxyupoBku. DOTOMETPUPOBAHHUE MTPOBOJIAT OTHOCUTEIBLHO COOTBETCTBYIOIIETO (IS
pH=2 win nns pH=10) pactBopa cpaBHeHus. M3mepenus nosropsrot 3-5 pa3. Coxep-
xanue xenesa (I1I) onpenenstoT ¢ UCHOIB30BAaHUEM NApaMETPOB JIMHEHHON perpec-

CUU COOTBETCTBYIOIIETO IPaAyUPOBOUYHOIO Ipaduka.

10.2.2.7 Ogopmnenue nabopamoproeo xcypuana. Onpedenernue dncenesa (I111) me-
MOOOM 2padyupoB8o4H020 epaghura 8 KUCIOU U Wel0UHOU cpede

1. Henp u 3agaun paboTHI.

2. YpaBHeHue POTOMETPUUECKON peaKlMK B KUCJION cpe/ie.

2. YpaBHeHue (HoTOMETPHUUECKOMN peaKlny B IIEIIOYHOM cpee.

3. Xoa onpeneneHus.

3.1. Xox npuroToBieHMs CEpUN CTaHAAPTHBIX pacTBopoB npu pH=2 u pH=10.

3.2. Xoa npUroToBJIEHUS pACTBOPOB CPABHEHHUS B KUCIIOM U LIEJIOYHOM CpeLE.

3.3. Bo10op paboueii 1JIMHBI BOJHBI.

JlaHHBIE 711 IOCTPOECHUS CHEKTPAIBbHBIX XapaKTepUCTUK KoMIuiekcoB xenesa (I1) c
cynbbocanuiuioBoi kucioro mpu pH=2 u pH=10.

Taomuma 10.7

No cBeTodunbTpa A, HM OnTuyeckas Onruyeckas
IUIOTHOCTh IJIOTHOCTh
(pH=2) (pH=10)
1 375
2 400
3 470
4 505
5 525
6 572
7 590
8 605
9 615
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10 626
11 655
12 700
13 850

B oaHO#M KOOpAMHATHOM MJIOCKOCTU CTPOSIT BE CHEKTPAJIbHBIE XapaKTEPUCTUKU KOM-
miekcoB kenesa (II1) B koopaunarax 4 = f(4). JlenaroT BBIBOJ 0 BBIOOpE paboueit
JUTMHBI BOJHBI JJ1 KaXKJOU CpeJibl.
3.4. Onpenenenue xene3a (I1I) B BOAHBIX pacTBOpax METOJIOM I'PayHPOBOYHOIO
rpacduka npu pH=2.
JlaHHbIE U151 HOCTPOECHUS TPAAYyUPOBOYHOM 3aBUCUMOCTH Ipu pH=2
Tabauma 10.8

Neo m(Fe’t), | c¢(Fe’*), | Ontnueckas mnotHoCTh | S(A) s:(c)
PactBOpa MT MoJb/mvM® | A | Ay | Az | A£AA

1 0,05

2 0,1

3 0,15

4 0,2

5 0,3
KonTposbHas Chi=
3ajada, X

3.5. Onpenenenue xenesa (I11I) B BogHBIX pacTBOpax METOAOM IpaLyHupOBOYHOIO
rpaduka npu pH=10.
JlaHHbIE U151 HOCTPOECHUS TPAaAyUPOBOYHOM 3aBUcUMOCTH Ipyu pH=10
Tabauma 10.9

No m(Fe’"), | c(Fe’"), | Onrtuueckas muotHocts | s(A) s:(¢)
PactBopa MT Moas/aM® | Ay | Ay | As | A£AA

1 0,05

2 0,1

3 0,15

4 0,2

5 0,3
KontponpHas Cv=
3ajada, X

Jliist pacdeTra MOJIIPHBIX KOA((UIIMEHTOB MOTJIONIEHUS CTPOSAT IpagyupoBOU-
Hble rpaduku B koopaunarax A = flc(Fe’™)). C noMomLbio KOMIBIOTEPHBIX IPOrPaMM
Microsoft Excel unu Sigmaplot onpenenstoT mapameTpsl JMHEHHBIX perpeccuit (Tad-
auna 10.10).

[TapamMeTphl JIMHERHBIX perpeccuii A=f{c(Fe’™)).
Tabauma 10.10
| pH | Ipubop | L,em | s, | sy |atAa |btAb| R | &tAe, nvP/monbem |
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PaccunTthiBaroT MOJISIpHBIE KO PHUIIUEHTHI MTOTIIOMICHHS €, YIUTHIBAS, 4TO @ = S
=&/, rne S — ko3pPuUIUEHT YyBCTBUTEIBHOCTU. CpaBHUBAIOT € C JUTEPATypPHBIMH
JTaHHBIMU.

PaccunThIBalOT OTHOCUTENBHYIO TIOTPEIIHOCTD OIPEIEICHUs] MOJIIPHBIX KO3(-

burnmenToB noromienns komruiekcoB xenesa (I1I) mpu pH=2 u pH=10 no dopmye:

D%_|gﬂaﬁ,a_8ﬂnT| ] 00%

gJII/IT
PaccuuthiBaroT Sr(C) — OTHOCHUTCJIbHOC CTAHAAPTHOC OTKIIOHCHHUEC 110 KOHIOCHTpPAa-

uu 1o GpopmyIie:
s(A)
S:c(Fe3t)+y,
Crposr 3aBucuMoCTH s,(c) = flc(Fe’")) misa pH=2 u pH=10, ucnonb3ys JaHHbIE

si(C)=

tabaui; 10.8 u 10.9. Onpenenstor mapaMeTpbl IKCIIOHCHIIMAIBHBIX 3aBUCUMOCTEH.
Hwxnioro rpanuily onpenensieMbix koHeHTpanuii xenesa (I11I) B Buge ¢puoneroBoro
(1) m xenroro (IIT) KOMIIIEKCOB Cy; ONPENETSAIOT, NpupaBHUBas s(c) = 0,33.

JlenaroT 000CHOBaHHBIN BBIBOJ O UyBCTBUTEIBHOCTH ONIPEIEIEHUS COJIEP KAHUS
JKeJe3a B aHAJIM3UPYEMOM PacTBOPE B ABYX CpeaxX, CPABHUBAsA KOJIMYECTBEHHbIE Xa-
PaKTEPUCTUKU UyBCTBUTEIBHOCTH (Cy U €).

Jlis1 onipeiesieHus CoAepKaHus JKeJe3a CTPOSIT rpauKU 3aBUCUMOCTEN B KOOP-
nunatax A = f{m(Fe’t)) nns xommekcos xenesa (I1T), obpasyromuxcs npu pH=2 u
pH=10.

C nomo1pto KoMnbOTepHBIX nporpamm Microsoft Excel nnmn Sigmaplot ompe-
JIENIAIOT MapaMeTphl TMHEHHBIX PErpeccHil, pe3yibTaThl BHOCAT B Tabmuiy 10.11.

[Tapamerpsl MHEHHBIX perpeccuii A=f(m(Fe’*)).
Taomuna 10.11
pH | IIpubop | LcMm | sa | Sp a+Aa b+Ab R
2
10
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PaccunThiBatoT comepxkaHue kelie3a B aHAIM3UPYEMOM PACTBOPE, UCTIOJIB3YS
napameTpbl T'PaJydpPOBOYHBIX 3aBUCHUMOCTEH, pacCUMTaHHbIC IJIsi JBYX 3HAUYEHHM
pH=2 u pH=10. IIpoBomaT pacyéT COmEpKAHUS W KOHUEHTpauuu Fe'™ u
Fe(NH,)(SO,); (tounocth pacu€ToB — 4 3Hauanux mudpsl, as maccet 0,0001T), mpu-
BOJAT BCE pacy€THbie POpMYJIbl U Pacu€Thl, BCE pacCUMTAHHBIC 3HAYEHUS! BHOCAT B
Tabmuiy10.12 .

PesynbTaTel onpenenenus xenesa (I11) mpu pH=2 u pH=10.
Taomuna 10.12

c(Fe’"), T(Fe*"), mr/iem® | v(Fe’), momb m(Fe’"), mr D,
MOJIB/ M %
c(Fe(NH4)(S04)2), | T(Fe(NHy)(SO4)2), | v(Fe(NH4)(SO4)2), | m(Fe(NHy)(SO4)>),

o MOJIB/ M Mmr/cm? MOJIb MT

[

s

a,
c(Fe*), T(Fe*"), mr/em® | v(Fe¥*),momnn m(Fe’"),mr D,
MOJTb/aMm?> %
c(Fe(NH;)(S03)2), | T(Fe(NH)(SO3)), | WFe(NH)(SO4)), | m(Fe(NH(SO)>),

= MOJIB/IM> Mmr/cm? MOJTb MT

I

.

o,

PaccunTHIBAIOT OTHOCUTENIBLHYIO OTPEIHOCTD OnpeaeeHus Fe’*
D_|mHaﬁ;[_mTeop| 100%

Mreop

10.2.3Onpeoenenue gpocgopa (V) ¢ euoe hocghoprnomonudoenosoii cunu memo-
00M 2padyuposounozo zpaguka

docdaT-uOHBI B KUCIION cpe/ie B MPUCYTCTBUU U30bITKA MOIMOJaTa 00pa3yroT
00J1aJ1aloIIy 10 CI1a00-KeNToN OKpackoi (HhochopHO-MOIMOIEHOBYIO MeTEPOTOIUKHUC-
noty (I'TIK) H3/P(Mo30,4)4/, nornomaroiyto u3iaydeHue B YD cneKTpaJibHOM IHa-
na3oHe.

Boccranosnenuem I'TIK momydaroT MHTEHCHBHO OKpamieHHy (ochopHOMO-
NMUOIEHOBYIO CUHb, UMEIOILYIO MOJI0CY HOTIOMEHHS € Amax = 830 HM U €ax = 2,68+ 10*
am*/mMonb-cM. Mcnonb3oBanue 510l (JOpMBbI O3BOJIUIO Pa3paboTaTh BHICOKOYYBCTBH-

TeIBHBIM cmoco0 ompenenenus (ocdopa. BoccTtaHoBneHHE MPOBOAIT B MSITKUX
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YCIIOBUSX JIJISL TOTO, YTOOBI N30€kKaTh BOCCTAHOBJICHHUS MTPUCYTCTBYIOIINX B PACTBOPE
CBOOOMHBIX MOHOB MoJMO1aTa. B kKauecTBe BOCCTAaHOBHUTENECH MCIOIB3YIOT aCKOPOH-
HOBYIO KUCIIOTY, TUApasuH, cosib Mopa, SnCl, u ap. IHTeHCHBHOCTBH OKpacku (oc-
(opHOMONTUOICHOBOI CHHU 3aBHCHUT OT peareHTa, MPUMEHIEMOTO JUIsi BOCCTaHOBIIE-
HUS, U KUCJIOTHOCTHU pacTBopa. B Buae hochopromonubdaeHoBoit cuau gpocdop omnpe-
JEISIOT B CTAJSIX, HUKEIIE, MEJIH, XpOMe, OMOJIOTUYECKUX MaTepruanax, HehTenpoIyK-
TaX, MPUPOAHBIX M CTOYHBIX BOJAX. DTHM CIOCOOOM MOXKHO OIpPENeNTuTh opTodoc-
¢aTbl B puCcyTCTBUH POCHUTOB M OPTaHUUYECKUX coennHeHul docdopa.

Omnpenenenuto pochopa B Buae GochopHOMOTNOIEHOBON CUHI METIIAIOT CUITh-
HBIE BOCCTAHOBUTENIN M OKUCIIMTEIH, a TAK)Ke MBIIIBSK (V), KpeMHHIA U TepMaHuid, 00-
pasytomue ¢ moymbaaTom ['TIK, BoccTaHaBnmuBaronuecs: 10 COOTBETCTBYIOIIUX CH-
Hell. Memarolee BIUSHAC TUTaHA W [IUPKOHUS CBS3aHO C TEM, YTO B MPOIIECCE MOITY-
qeHus (ocPHOPHOMOTUOACHOBON CHHH 3TH SJIEMEHTHI KATATU3UPYIOT BOCCTAHOBJICHHE
Monubaara.

Ob6opynoBaHne M peaKTUBBI
1. ®orosnexrpokoaopumetp (KDOK-2, Dxenept-003);

2. PaGouuii pactBop auruapodocdara kamus, T(P) = 0,1 mr/cm® (HaBecKy X.4.
KH>P040,4394 r KOJIMUECTBEHHO MEPEHOCAT B MEPHYIO K0JIOY, BMecTuMOocThio 1000,0
CM>, U Ha BOJSHON GaHe PacTBOPAIOT B HEGOJIBIIOM KOJIMYECTBE AUCTHILIMPOBAHHOM
BOJBI. PacTBOp 0XJTaxaaroT 0 KOMHATHOW TEMIIEPATyphl U TOBOAST 00bEM pacTBOpa
JI0 METKH TUCTHUJUIMPOBAHHOU BOJION);

3. ITapamonubaaT aMMOHMs, BOJHBIN pacTBop, T((NH,)sMo;0:,) = 0,0200 r/cm?
(maBecky 21,2389 r (NH4)sM070,4-4H,0 xonudecTBEHHO TIEPEHOCAT B MEPHYIO KOJIOY,
BMecTUMOCTBIO 1000,0 cM?, pacTBOPAIOT Ha BOASAHOM OaHe B HEOOJBIIOM KOJIUYECTBE
BoJbl. [lociie moJIHOrO pacTBOPEHHUs OXJIAXKAAIOT PacTBOP O KOMHATHOW TeMIiepa-
TYpBI ¥ TOBOJST 00BEM PACTBOPA O METKHU JUCTHLTUPOBAHHON BOJION);

4. AckopOuHOBas KucioTa, BOAHbINA pacTtBop, (CsHsOs)=10% macc. (HaBecKy
5,0000 r pacTtBOpPsAIOT B 45,0 CM> IUCTUILIMPOBAHHOMN BOJIBI);

5. Mepuble Koa06bl BMECTUMOCTBIO 50,0 cMm?, 8 miT.;

6. I'pagynposannas numetka 5,0 cm®, 1 mr;
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7. TIpoOupka wiax MepHbId muaraap 10 cm®, 2 mr.;

8. MepHbiit nunuaap 50 cm’, 1 .

Xoxa padoTsbl
10.2.3.1 llpucomognenue cmandapmuslx pacmeopos.

['oToBAT HIECTh CTAaHAAPTHBIX pacTBOpoB, coaepxkammx 0,02; 0,05; 0,1; 0,15;
0,2; 0,25 mr pocdopa B 50,0 cm® pacTBopa. st 3TOro B MEpPHBIE KOJIOBI BMECTHMO-
cteio 50,0 cM® BHOCAT pabouwnii pacteop, oowemoMm 0,2; 0,5; 1,0; 1,5; 2,0; 2,5 cm® co-
OTBETCTBEHHO. 3aTeM B KAyl KoynOy npuiamsaior mo 20,0 cM® IuCTUILIMpOBaHHOM
BOJBI, 5 ¢cM> pacTBOpa mapaMonuodaaTa aMMOHHs, 2 cM> aCKOPOMHOBOM KMCIIOTBI M JI0-
BOAAT 00BEM KaXKJIOTO pacTBOpa M0 METKU AMCTUIIMPOBAHHOHN Bojoi. K m3mepe-

HHUSAM NPUCTYNAKT Yepe3 15 MUHYT.

10.2.3.2 IIpucomosnenue pacmeopa cpagHenus:
JlJiss IpUrOTOBIICHHSI PACTBOPa CPAaBHEHHUS B MEPHYIO KOJOY, BMECTHMOCTBIO

50,0 cM?, BHOCAT 20 cM® TUCTHILIMPOBAHHOM BOIBI, 5 ¢M® pacTBOpa mapamojndaara
aMMOHWMS, 2 CM> aCKOPOMHOBOM KUCJIOTHI U JOBOAAT 00BEM PacTBOPA 0 METKH JIH-

CTUJUIMPOBAHHOW BOJIOU.

10.2.3.3 Bwibop paboueti onunvl 60HbL:
PacTtBop, nmeromuii HanboIee MHTEHCUBHYIO OKPACKy, (POTOMETPHUPYIOT OTHO-

CUTEIILHO pacTBOpPa CPaBHEHHUS, CO BCEMH CBETODMIBTPAMU MMOOUYEPETHO, PE3YIBTATHI
u3MepeHuit BHOCAT B Tabmuiy 10.13.

CTposT CeKTpaJbHYI0 XapaKTEPUCTUKY CHHHU B KoopauHatax 4 = f(4) u BbIOu-
paroT B KauecTBe pabouero cBETOPMIBTP, COOTBETCTBYIOIINI HAUOOJBIIIEMY 3HAUE-

HHUIO CBCTOIIOIJIOMICHM .

10.2.3.4 Onpeodenenue gpocghopa 6 suode gochopromonub0eHo8ol cunu no me-
Mmooy 2padyupo8oyHoco epapuxa:

1. IToctpoenue rpagyupoBOYHOTO rpaduka.
C BbIOpaHHBIM CBETO(YUIBTPOM MOOYEPEAHO (POTOMETPUPYIOT BCE PACTBOPHI

CTaHAAPTHOM CEpUU OTHOCUTEIBHO pacTBOpa cpaBHEHUs. V3mMepeHus: noBTOpArOT 3-5

pa3. Pe3ynbrarbl usmepenuid BHocIT B Tabmauiy 10.14 u cTposT rpagyupoOBOYHBIN
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rpaduk B koopauHatax 4 = f(c(P)) 1ist OLIeHKU MOJISIPHOTO KO3 dUIIMEHTa MOTIIo1Ie-
HUS €. J{Js1 KOIMYecTBEeHHOTO onpeaeneHus: Gpocdopa CTPOsAT rpalyHpOBOYHBIN Ipa-
¢uk B koopauHatax 4 = fim(P)).

2. KonrtposbHas 3a1aua.
K aHamsupyeMomy pacTBopy, copepxamiemy dochop, npuamsaior 20 cm® au-

CTHJIMPOBAHHOM BOJIBI, 5 CM® pacTBOpa Mapamojnbaara aMMOHHMs, 2 CM® aCKOPOMHO-

BOI1 KUCJIOTHI U IOBOAAT 00BEM pacTBOPa O METKU AUCTUIUTMPOBAHHON BOJIOM.
Yepes 15 MUHYT IOATOTOBIEHHYO IIPOOY (POTOMETPUPYIOT OTHOCUTEIBHO pac-

TBOpPA CPaBHEHUS ITPU BbIOpaHHOM cBeTouibTpe. M3mMepenus nosropsitot 3-5 pas. Pe-

3yJbTaThl BHOCAT B Ta0nuiy 10.14.

10.2.3.5 Odghopmnenue nabopamoproeo sucyprana. Onpeoenenue ghocghopa (V) 6
suoe pochopromonubOeH080U CUHU MEMOOOM 2padyupoB8OUHO20 epaghuKa

1. Lenb u 3agaun paboTHI.

2. YpaBHeHHe POTOMETPUUECKON pEaKIIUH.

3. Xoa onpeaeneHus.

3.1. XoJ mpUroTOBICHUS CEPUU CTaHAPTHBIX PACTBOPOB.

3.2. XoJl mpUroTOBJICHUS pacTBOPa CPaBHEHMUS.

3.3. Bo10op paboueii 1JIMHBI BOJHBI.

JlaHHbI€ 7151 TOCTPOCHUS CIEKTPATbHOU XapaKTePUCTUKU (HOchHOPHOMOINOIEHOBOM

CHHU.
Ta6mmma 10.13
Ne cBeTodumiabTpa A, HM Onruyeckas IIOTHOCTh
1 375
2 400
3 470
4 505
5 525
6 572
7 590
8 605
9 615
10 626
11 655
12 700
13 850
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CTpoAT cneKkTpalIbHyI0 XapaKTepUCTUKY pacTBopa B KoopauHatax 4 = f(4). e-
Jar0T BBIBOJ O BbIOOpE paboyeli AJIMHBI BOJIHBI.

3.4. Onpenenenue docdopa B Buae GpochopHOMOINOAEHOBON CHHA METOAOM TpajTy-
UPOBOYHOTO Tpaduka.
JlaHHBIE 7151 TOCTPOSHUS TPATYUPOBOYHON 3aBUCHUMOCTH METOJIOM TPayHUpOBOY-
HOTO rpaduka.
Taomuna 10.14

No m(P), c(P), Onrtuueckas MIOTHOCTh s(A) sr(€)
PactBOpa MT Moie/aM® | Ay | Ay | As | A:AA

1 0,02

2 0,05

3 0,10

4 0,15

5 0,20

6 0,25
KontponpHas Ci=_
3ajada, X

Jlist pacdera MOJIAPHBIX KOA(D(OUIIMEHTOB TOTJIOMIEHUS CTPOSAT TPagyUpPOBOU-
Hble Tpaduku B KoopauHatax A = flc(P)). C momMomp0 KOMIBIOTEPHBIX MPOTPaMM
Microsoft Excel nnu Sigmaplot onpenensitoT mapaMmeTpsl JIMHEHHON perpeccuu (Tad-
auia 10.15).

[TapameTpsl muHeliHOM perpeccuu A = f(c(P)).

Tabmuma 10.15
ITpubop | I, cm Sa Sb atAa b+Ab R ExAg,
IM>/MOJTB*CM

PaccunrtbiBatoT MomsipHbIi K03 uiment nornoueHus € pochopHoMonudae-
HOBOW CHHH, YUUTBIBas, 4T0 a=S=¢&-/, r7ie S — KO3PPUIMEHT 4yBCTBUTENbHOCTH. CpaB-
HUBAIOT £ C JIUTEPATYPHBIMU JTAHHBIMHU.

PaccunThIBalOT OTHOCUTENBHYIO MOTPEIIHOCTD OMPEIEICHHUS MOJISIPHOTO KO3(]-

dbunrenTa noronieHus GpochopHOMOINOIEHOBON CUHHM 11O (popMyIIe:

D%_lgﬂaﬁa_gnHT| ] 00%

gJ'II/IT
PaccunThIBaloT s,(C) — OTHOCHUTENBHOE CTAHAAPTHOE OTKJIOHEHHUE MO0 KOHIIEHTpa-
uH 1o GpopmyIe:
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_s(A)
Sr(c)_S-c(P)

CtposT 3aBUCUMOCTS S¢(C) = f{c(P)) ¢ ucronb3oBanueM AaHHBIX Ta0uipl 10.14.
OmnpeaenstoT napaMeTphl SKCIIOHEHIUAIBHOM 3aBUCUMOCTH. HIKHIOIO TpaHMILy orpe-
JeNsieMbIX KOHLIEHTPALIUH Cy; ONPENIEISAIOT, IpupaBHuBas s{c) = 0,33.

Jlnst oripenenenus congepxanus Gocdopa cTposT rpaguk 3aBUCIMOCTH B KOOP-
nuHatax A = f(m(P)). C noMoIipbio KOMIbIOTEPHBIX mporpamm Microsoft Excel miu
Sigmaplot onpenenstoT napameTpsl TUHEHHON perpeccun (Tadnuia 10.16).

[TapameTpsl nuHelHOM perpeccuu A = f(m(P)).
Taomuna 10.16
ITpuGop | /,c™M | sa| Sp atAa b+Ab R

PaccuntsiBatot copepxkanne Gochopa B aHATU3UPYEMOM PACTBOPE, UCTIONb3Y S
napameTpbl ITpalyrupoBOYHON 3aBUCUMOCTH (Tadnuma 10.16). PaccuutsiBatoT coaep-
JKaHWe U KoHieHTparuio dhocdopa, hochar-nonos u auruapodocdara kaavs B aHa-
JU3APYEMOM PACTBOpPE (TOYHOCTh pacd€ToB — 4 3Hayammx IU@PBI, 1T MacChl
0,0001r), mpuBoaIT BCe pacuéTHbIe (HOPMYJIBI M pacU€Thl, BCE 3HAUCHUS BHOCAT B Ta0-
muiy 10.17.

Pesynbrater onpenenenns pocdopa B Bune hochopHOMOIUOAECHOBON CHHU.
Tabmuma 10.17

c(P), monw/ v’ T(P), mr/cm® v(P), MOIIb m(P), Mr D, %
c(PO/), mons/nm® | T(PO ), mriem® | v(POS), m(PO), Mr
MOJIb
C(KH2P04), T(KH2P04), V(KH2P04), m(KH2P04),
MOJIB/ M mr/cm? MOJT MT

PaccuuThIBalOT OTHOCHUTENIBHYIO IOTPEIIHOCTD onpeaeneHus P

Myapin—M
D%_| Han/ Teopl.] 00%

Mreop
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10.2.40npeoenenue pocghopa (V) 6 suoe hocghoprnomonudoenosanaouesoii zeme-
POROIUKUCTIOMBL MEMOOOM ZPAOYUPOBOUHO20 cpahuKa

Meton ocHOBaH Ha mepeBojie omnpenaensieMbix oprodocdaToB B pochopHOMO-
anbaeHoBananueByto rerepononukuciory (I'TIK), o6manaromryto "HTEHCUBHOM Kel-
TOW OKPACKOM:

7KH2P04 + 7NH4V03 +1 1(NH4)6M07024+80HN03 —

TH4[PMo;;VOy4] + T3NHNO;+ TKNO;+ 33H,0

B sTOoM ciokHOM mporiecce Bo3MOxkHO oOpa3oBaHue AByX moaudukarui I'TIK
— o- 1 B-dhopm, Mpupoja KOTOPhIX OKOHYATEIBHO HE BbIsIBIIEHA. BbIX0 aHanuTHue-
CKO# (hOpMBI 3aBUCUT OT KUCIOTHOCTH PACTBOPA, KOHIIEHTPAIIMH UCTIONIb3YEMbIX pac-
TBOPOB U BPEMEHHU MPOTEKaHUs peakiuu. OnTuMalibHble yCiIoBUs cienyrommue: pH =
0-1 mpu xonuenTpanuu Moimdaena 0,02 — 0,05 mons/mm°, Bamamus 0,02 — 0,05
MOJIB/IM".

Omnpenenenue dhochopa B Buae hochopuomonudaeHoranaaueoit ['TIK nmeer
P MPEUMYIIECTB 10 CPABHEHUIO C IIMPOKO PACIPOCTPAHEHHBIM METOJOM OIpeIee-
Hus docdopa B Bune ¢pochopnomombdaenosoit I'TIK coctaBa H;/P(Mo3;0;y)4]. Doc-
dopunomonunbaenoBoBanaauenas [ TIK nocratouno ycroitunBa B 60€€ MIMPOKOM HH-
TepBaje KHUCIOTHOCTU PACTBOPA, MHTEHCHUBHOCTb OKPACKU COXPAHAETCS B TEUEHHE
nutenbHoro BpemeHnu. Oxkpacky 31oi ['TIK 0ObsCHSIOT 3EKTPOHHBIM MEPEXO0JIOM C
nepeHocoMm 3apsiaa. B Bumumoit obmactu dochopHomonmubOaenoBanaguenas [TIK
HUMEET IMO0JIOCY MOTJIOMIECHUS TIPU Amax = 400 HM C €max = 2,5- 10° nv3/Momb-cMm.

CnocoOHOCTh K 00pa30BaHUIO TPOMHBIX T€TEPOTIOIMKOMILIEKCOB BCTPEYAETCs y
OTPaHMYEHHOTO YHWCJa 3JEMEHTOB, YTO COJEHUCTBYET YIyUIIECHUIO W30UpaTebHOCTH
naHHoOM peakuuu. Hambosee yacto ¢ocdopy B NPUPOIHBIX O0OBEKTAX COIYTCTBYET
MBILIBSIK U KpeMHU, Taioke oopasyromue ['TIK. Oanako ycnoBus oopazosanus ['TIK
3THX 3JIEMEHTOB M YCTOMYMBOCTh UX Moaudukaiuii paznuuarorcs. Hampumep, I'TIK
MBIIBAKa obpasyercs B 0,6 — 0,9 Mons/nmm> pacTBope MuHEpanbHOU Kkucnots, I'TIK
kpemuus — B pactBope ¢ pH — 1,5-2,0 unu pH = 3,0 — 4,0. Monu6aenosas I'TIK Bceraa
obpazyercst B a-popme, kotopas pu pH = 1,0 nepexoaut B Gosee ycTOMUUBYO [3-

dbopmy. B ciydae kpeMHUS peaKITMOHHOCTIOCOOHOM SIBISIETCS TOIBKO €T0 MOHOMEpPHAS
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¢dopma — cunukat-uonsl. Paznuune ycroitunoctu ['TIK ncnons3yror npu omnpeaene-
HUU ITUX DJIEMEHTOB B cMecH. i pasneneHus n koHueHtpuposanus ['TIK mpume-
HSIOT SKCTPAKLIMIO UX OPTAaHUYECKUMU PACTBOPUTEISIMU, MOJIEKYJIbI KOTOPBIX UMEIOT
AJIEKTPOHOAOHOPHBIE aTOMBI a30Ta WM KHCJIOPOJA (KETOHBI, CIIUPThI, AMUHBI), YTO
II03BOJIIET ONPEEISITh MEHBIINE, YEM B OOBIYHOM (poTOMETpUH KoJmuecTBa Gpochopa.

MeTo mMpoKo MPUMEHSIIOT IS ONIpeAeNieHUs coaepkanus ¢pocdopa B Ierupo-
BaHHBIX CTAIIIX, METAJIaX, CUJIMKATHBIX IIOPOJAX U IPYTUX MaTepHaliax.

O6opynoBaHne U MATEPHUAJIBI
1. ®orosnexrpokongopumetp (KDOK-2, Dxenept-003);

2. PaGounii pactBop auruapodochara kamus, T(P)= 0,1 mr/cm® (HaBecKy X.u.
KH>P0;0,4394 r KOIMUECTBEHHO MEPEHOCAT B MEPHYIO K0JIOY, BMecTuMOCThI0 1000,0
cM?, M Ha BOJASHOM GaHE PACTBOPAIOT B HEOONBIIOM KOJIMYECTBE AUCTUILUIMPOBAHHOM
BOJBI. PacTBOp 0XJTaXxgaroT 0 KOMHATHOW TEMIIEPATyphl U TOBOAST 00bEM pacTBopa
JI0 METKH TUCTHUJUIMPOBAHHOU BOJION);

3. [TapamonmbaaT ammoHUs, BOAHBIN pacTBop, W((NHy)sMo70:4) = 10 %;

4. MeraBaHaaT aMMOHUS, BOJHBIN pacTBop, ®(NH,VO3) = 0,25 %;

5. A30THas KHUCIOTA, BOAHKIH pactBop, ¢(1/1 HNO;) = 1 Moas/am?;

4. MepHbIe KOObI BMECTUMOCTBIO 50,0 M, 8 mt.;

5. 'pagyuposannas munetka 10,0 cm®, 1 mr;

6. ITpoOupka wiax MepHbId muauaap 10 cm?, 3 mr.

Xoa padoTnI
10.2.4.1 Ilpucomognenue cmandapmuuvlx pacmeopos.

['oTOBAT 1IECTh CTAHIAPTHBIX PACTBOPOB, conepxkammx 0,05; 0,15; 0,25; 0,35;
0,45; 0,60 mr pocdopa B 50,0 cm® pactBopa. [l 5TOr0 B MEPHBIE KOJIOLI BMECTHMO-
cteio 50,0 cM® BHOCAT pabouwmii pacteop, oosemoM 0,5; 1,5; 2,5; 3,5; 4,5; 6,0 cm® co-
OTBETCTBEHHO. 3aTeEM B KaXIyH KOOy npuianBaroT 1o 10 cM® a30THOM KucaoTs, 10
cM® pacTBOpa MeTaBaHagara ammonus, 10 cm® monmuOaara ammonus. ITocie nobasie-
HUSI KaXJIOrO peareHTa CoAEpKUMOe KOJIObI MePEMEIIUBAIOT U IOBOAST 00bEM pac-
TBOpa O METKH AUCTHIIMPOBaHHOW BoioM. K m3amepenusm npuctynat yepes 30

MMHYT.
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10.2.4.2 IIpucomosnenue pacmeopa cpagHenus:
JlJiss IpUrOTOBIICHUSI PACTBOpA CPaBHEHHUS B MEPHYIO KOJOY, BMECTHMOCTBIO

50,0 cm®, BHOCAT 10 cM? a30THOI KuCIOTHI, 10 cM® pacTBOpa MeTaBaHa aTa aMMOHUS,
10 cM® MonMG1aTa aMMOHMS M IOBOJIAT OOBEM PACTBOPA 10 METKHU JUCTUILTUPOBAHHOM

BOJOM.

10.2.4.3 Bwibop paboueti onunvl 60HbL:
PactBop, nmeromuii HanboIee MHTEHCUBHYIO OKPACKy, (POTOMETPHUPYIOT OTHO-

CUTEJIbHO pacTBOpPA CPABHEHHUS, CO BCEMH CBETO(MMIBTPAMU MMOOUEPENHO, PE3YIbTATHI
u3MepeHuit BHOCAT B Tabmuiy 10.18.

Crposrt cnekrpanbHyto xapaktepuctuky ['TIK B koopaunaTax 4 = f(A) u BbIOU-
paroT B KauecTBe pabouero cBeTo(UIbTP, COOTBETCTBYIOMINUNA HAWOOJbIIEMY 3HaUe-

HHUIO CBCTOIIOTJIOIICHMA.

10.2.4.4 Onpeodenenue gocgopa (V) 6 suoe gpocghopromonudboenogoti I'lIK me-
MoO0oM 2padyupo8oOUHO20 epapuKa.

1. [TocTpoenue rpagyrpoBOYHOTO rpaduka.

C BbIOpaHHBIM CBETO(MUIBTPOM IOOUYEPENHO (POTOMETPUPYIOT BCE PACTBOPHI
CTaHAAPTHOM CEpUU OTHOCUTEIBHO pacTBOpa cpaBHEHUs. V3mMepeHus: noBTOpAIOT 3-5
pas.

PesynbTaTel u3mepenuii BHOCAT B Tabauiy 10.19 u cTpossT rpaayrpoBOYHBIN
rpaduk B koopauHatax A = f(c(P)) 1ist OLIeHKU MOJISIPHOTO KO3 dUIIMEHTa MOTII01Ie-
HUA €.

Jna konuuectBeHHOro ompeneieHus Gochopa (V) cTposT rpaayrupoBOYHBIN
rpaduk B koopaunatax 4 = f(m(P)).

2. KoHTpoJibHas 3a1aya.

K anamusupyemMoMy pacTtBopy, cozaepxkaiemy docdop, npumusaror 10 cm?
a30THOM KHMCNOTHI, 10 cM® pacTBOpa MeTaBanagara ammonus, 10 cm® Monmbnara am-
MoHnus. [locne nobaBieHns KaKa0ro peareHTa CoAepKUMOoe KOJIObI IEPEMEIINBAIOT U

JIOBOJIAT 00bEM pacTBOpPA 10 METKU JUCTUILUIMPOBAHHOMN BOJIOM.
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Yepes 30 MUHYT TIOTOTOBIEHHYO MPOOY (POTOMETPUPYIOT OTHOCUTEIHHO pac-
TBOpA CPaBHEHUS TP BEIOpaHHOM cBeToGmiIbTpe. M3Mepenus moBTopsitoT 3-5 pa3s. Pe-

3yJbTaThl BHOCAT B Ta0Oiuiy 10.19.

10.2.4.5 Ogopmnenue nabopamoproeo sxypuana. Onpedenenue gpocopa (V) 6
suoe hochoprHomorubOeH08aHaA0UEBOl 2emepPOnOJUKUCIOMbL MEMOOOM 2pa-
O0YUPOBOUHO2O epagduKa

1. Henp u 3amaun paboOTHI.

2. YpaBHeHHe (POTOMETPUUECKON PEAKIIHH.

3. Xona onpeaeneHusl.

3.1. Xox nmpuroToBieHUs CEpUM CTaHJAPTHBIX PACTBOPOB.
3.2. XoJ1 MpUrOTOBJIEHUS pacTBOPA CPABHEHUSI.

3.3. Bei0op paboueit AIMHBI BOJIHBI.

JlaHHbI€ 7151 TOCTPOSHUS CIEKTPATIBHOM XapaKTepUCTUKU (HocHopHOMOIMO1€HOBA-

"Haguesou [ TIK.
Taomuma 10.18
Ne cBeToduiabTpa A, HM OnTtHryeckast IOTHOCTD
| 375
2 400
3 470
4 505
5 525
6 572
7 590
8 605
9 615
10 626
11 655
12 700
13 850

CTpoAT cneKkTpalIbHyI0 XapaKTepUCTUKY pacTBopa B KoopauHatax 4 = f(4). [e-
Jar0T BBIBOJ O BbIOOpE paboueli AJIMHBI BOJIHBI.
3.4. Onpenenenne dhocdopa B Buzae hochoprHomonnbdaenoBanaaueBoit [ TIK me-

TOJIOM I'PalyUpOBOYHOTO rpaduka.
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JlaHHBIC 1J1s1 TOCTPOCHUS TPATYUPOBOYHON 3aBUCIMOCTH METOJIOM TPayHpOBOY-
HOTO rpaduka.
Tabauma 10.19

No m(P), mr | c(P), Onrtuyeckas MIOTHOCTh s(A) si(c)
PactBopa Moe/mvM® | Ay | Ay | A | AXAA

1 0,02

2 0,05

3 0,10

4 0,15

5 0,20

6 0,25

KonTposbHas Cv=_

3ajada, X

Jlna pacuera MOJSIPHBIX KOA((ULIMEHTOB MOTJIOMIEHUS CTPOST IPalyHpOBOYHBIE Ipa-
¢bukn B koopauHaTax A = f{c(P)). C moMOIIbI0 KOMITBIOTEPHBIX TporpamMm Microsoft
Excel unu Sigmaplot onpenensor napaMeTpsl IMHEHHOM perpeccuu (Tadbnuna
10.20).
[Tapametpsl nuneiiHO# perpeccuu 4 = f(c(P)).

Tabauma 10.20
ITpubop | I, cm Sa Sb atAa b+Ab R ExAg,
IM>/MOJTb*CM

PaccuntbiBatoT MomsipHbIi K03 uiment nornoueHus € pochopHomMonudae-
HoBanaaueBoi ['TIK, yunteiBas, uto a =S = &/, rie S — K03(PPUIIUEHT YyBCTBUTEITh-
HocTU. CpaBHUBAIOT & C JINTEPATYPHBIMU TaHHBIMH.

PaccunThIBalOT OTHOCUTENBHYIO MOTPEIIHOCTD OMPEIEICHHUS MOJISIPHOTO KO3(]-

dbunmenTa nornonieHus GochopromonudaeHoBanaaueoit I'TIK nmo hopmyse:

D%_lgﬂaﬁa_gnHT| ] 00%

gJII/IT
PaccuuThiBatoT s,(C) — OTHOCUTENIBHOE CTAHJAPTHOE OTKIIOHEHHUE 10 KOHIIEHTPa-

uH 1o popMmyIie:

_ s
Sr(c)_S-C(P)

Crpost 3aBUCUMOCTS S(C)=f(c(P)) ¢ ucnosb3oBaHueM JaHHBIX Ta0auiel 10.19.
OnpenenstoT mapamMeTpbl SKCTIOHSHIIUATEHON 3aBUCUMOCTH. HIKHIOIO TpaHuITy Ompe-
JIeJIIEMbIX KOHIIEHTPAIIUH Cy; ONPEIENSIOT, IpupaBHUBast s{(c)= 0,33.
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JlenaroT 000CHOBaHHBIN BHIBO O UyBCTBUTEIIBHOCTH ONIPEACICHUS COIepP KaHUs
dbocdopa B aHanmzupyemMom pactBope B Buje hochopuomonudaeHoBanaauenoit ['TIK
u opchopraomomnbaenoBoit cuun (tabmumpl 10.14 u 10.15), cpaBHMBas komaude-
CTBEHHBIE XAPAKTEPUCTUKH YYBCTBUTEIBHOCTH (Cy U €).

Jlnis onpenenenus coaepxkanus Gochopa cTposar rpaduk 3aBUCUMOCTH B KOOP-
muHatax A=f(m(P)). C nmomoipio KOMIbloTepHBIX mporpamm Microsoft Excel nm
Sigmaplot onpenensroT napaMeTpsl JIMHEIHOM perpeccun (Tadauma 10.21).

[Tapametps! nuHeliHO perpeccuu 4 = f(m(P)).
Taomuna 10.21
ITpuGop | /,cM | sa| Sp atAa b+Ab R

PaccuutsiBatot copepxkanne Gochopa B aHATU3UPYEMOM PACTBOPE, UCTIONb3Y S
napameTpbl TpalyrupoBOYHON 3aBUCUMOCTH (Tabnuma 10.21). PaccuutsiBatoT coaep-
KaHue W KoHIeHTpaiuio dhochopa, hochar-uoHos u auruapodocdara kanvs B aHa-
JU3UPYEMOM pPACTBOpPE (TOYHOCTh pacy€roB — 4 3Hayammx HUGPBL, AJIS MaCChI
0,0001 r), mpuBOIAT Bce pacu€THbie (POPMYJIbI U PACU€ThI, BCE paCCUMTAHHBIE 3HAYE-
HUS BHOCAT B Tabnwmiry 10.22.

PesynbTaTel onpenenenus gocdopa B Bune GochopromonnbaenoBanaaneoit I'TIK
Taomuna 10.22

c(P), monw/ v T(P), mr/cm® v(P), MOIIb m(P), Mr D, %

c(PO/ ), monmw/am® | T(PO/), mriem® | v(POS), m(PO/),mr | D, %
MOJIb

C(KH2P04), T(KH2P04), V(KH2P04), m(KH2P04),

MOJIB/ M mr/cm? MOJTb MT

PaccunThIBalOT OTHOCUTEIIBHYIO TOTPEIHOCTD onpeaesnenus gocdopa

Myasin—M
D%_| Han/ Teopl.] 00%

Mreop
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10.2.50npeodenenue numpum-uoHo8 6 euoe azoKpacumesss Memooom zpadyupo-
80YH020 2paguka

Hutput-noHBI ONpenenstoT KOJIMYECTBEHHO KOJOPUMETPUUYECKUM METOJIOM C
MIOMOIIBIO peakTuBa ['pucca, KOTOPBIN MPEeACTaBIsIET COO0N cMeCh Cyb()aHMIOBOM
KHUCIIOTHI M O-HapTWIaMUHA. DTHU BEIMIECTBA MEXKIY CO0OMl B OTCYTCTBUU HHUTPHUT-
HMOHOB HE B3aMMOJICUCTBYIOT. B KHCIION cpele HUTPUTHI 00pa3yloT a30TUCTYIO KHUC-
JOTY, KOTOpasi pearupyeT ¢ CyJIb(PaHNUIOBON KUCIOTOM ¢ 00pa30BaHUEM JTUA30COETH-

HCHUA:

NH; N:N

+NaNO, + 2HC] —> Cl" +NaCl +2H,0

SOzH SOsH

I[I/IaBOCOC,Z[PIHeHI/IC BCTYNACT B pCaKIUIO C (X-Ha(I)TI/IJ'IaMI/IHOM C 06p330BaHI/ICM
KpaCuTeyisd KpaCHOro 1B€Ta, MMCIOIICTO ITOJOCY IMOTTIOIICHUS C }bmax =530 M u Emax =

3,3-10* qm*/Moub cMm:

fi=n KH, HaN

o+ > +HCI

SOzH

z—2=

HO3S

MeTOI[I/IKy MOJXHO HCIIOJIB30BaTh JJIA OIPCACICHUA MacCOBOM A0JIN HUTPHUT-
HOHOB B ITMTLCBLIX, IIOBEPXHOCTHLIX U CTOYHBLIX BOJAX, JUAIIa30H I/ISMepeHI/Iﬁ 0,02 -3

mr/am® B cootBetcTBud ¢ [THA® 14.1:2:43-95.
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OnpeneneHri0 MEMAaT MYTHOCTh U B3BELICHHBIE BEUIECTBA. TpEeXBAJIEHTHOE
&KeJe30, TByXBaJeHTHas PTyTh, cepeOdpO, BUCMYT, TPEXBAJICHTHAS CypbMa, CBUHEII,
TPEXBAJICHTHOE 30JI0TO, XJIOPIUIATHHATHI U METABAHAAThl MEIIAOT ONPEIEIECHUIO, TAK
KaK BBINIAIAI0T B 0CaJ0K. B ananu3upyemoit mpobe He JOKHBI IPUCYTCTBOBAThH CUJTb-
HbI€ OKUCJIUTENN WK BOCCTAHOBUTENU. ONpeeeHHI0 MEIIaeT TAKKe OKPacka BOJIbI
Y TPUXJOPAaMHUH, JBYXBAJICHTHAsI ME/b 3aHWKAET PE3yJIbTaThl BCIEICTBUE BbI3bIBAC-
MOTO €10 KaTAJIUTUYECKOI0 pacnaja IMa30TUPOBAHHOMN CyIb()haHUIOBON KUCIOTHI.

O6opynoBaHne U MATEPHUAJIBI
1. ®orosnexrpokongopumetp (KDOK-2, Dxenept-003);

2. PaGoumii pactBop Hurputa Hatpus, T(NO,) = 0,0100 mr/cm® (HaBecKy X.u.
NaNO; 0,0150 T KOTMYEeCTBEHHO MEPEHOCAT B MEPHYIO KOJIOYy, BMecTuMocThio 1000,0
cM>, COJb PACTBOPAIOT K JOBOAAT 00BEM PACTBOPA IO METKH JUCTHILIMPOBAHHON BO-
Ji0i);

3. PeaktuB I'pucca, Boausiii pactBop, ® = 10 % pactsop (10,0000 r peakTrBa
I'pucca pactBoputh B 90 cM® 12% pacTBOpa YKCYCHOM KHCIIOTHI);

4. MepHsle KonObl BMecTUMOCThIO 50,0 cM?, 9 mr;

5. l'pagyupoBannas nunetka 10,0 cm®, 1 mr;

6. ITpoOupka wiax MepHbId muauaap 10 cm®, 1 mr.

Xoa padoTnI

10.2.5.1 Ilpucomosnenue cmanoapmuuvlx pacmeopos.
['oToBAT cemb cTaHAapTHBIX pacTBOpoB, coaepxkamux 0,01; 0,03; 0,05; 0,10;

0,15; 0,20 1 0,25 mMr HUTPUT-UOHOB B 50,0 cM® pacTBOpa. 111 5TOr0 B MEPHBIE KOJIOKI
BMecTuMOCThIO 50,0 cM® BHOCAT paboumii pacTBop, oosemoMm 1,0; 3,0; 5,0; 10,0; 15,0;
20,0 u 25,0 cM® cOOTBETCTBEHHO. 3aTeM B KaXKIyr0 K00y npuinsaoT mo 40 cm® au-
CTUIUIMPOBAHHOM BOJBI, 2 ¢M> peakTuBa I pucca U TOBOAAT 00BEM KaKI0TO pacTBopa

710 METKH JUCTUIUIMPOBaHHOM BoAol. K m3mepenusim npucrynamor yepe3 40 MUHYT.

10.2.5.2 IIpucomosnenue pacmeopa cpagHenus:
JlJiss IpUrOTOBIICHUSI PACTBOPA CPAaBHEHHUS B MEPHYIO KOJOY, BMECTHMOCTBIO

50,0 cM?, BHOCAT 40 cM? TUCTHIIMPOBAHHOM BOIBL, 2 M’ peakTuBa ' prcca U J0BOIAT

00bEM pacTBOpA 10 METKU AUCTUIUTUPOBAHHOMN BOOM.
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10.2.5.3 Bwibop paboueti onunvl 60HbL:
PactBop, nmeromuii HanboIee MHTEHCUBHYIO OKPACKy, (POTOMETPHUPYIOT OTHO-

CUTEJIbHO pacTBOpPA CPABHEHUS, CO BCEMH CBETO(MMIBTPAMU MMOOUEPENHO, PE3YIbTATHI
HU3MEpEeHU BHOCAT B Ta0muiry 10.23.

CTpoAT CHIEKTpabHYIO XapaKTEPUCTUKY a30KpacuTess B KoopauHaTax A = f(4)
U BBIOMpAIOT B KayecTBE pabouero CBETOPMIBTP, COOTBETCTBYIOLIUI HAHOOIbIIEMY

3HAYCHHIO CBCTOIIOIJIOIICHMA.

10.2.5.4 Onpeoenenue HUMPUM-UOHOB 8 8UOe A30KPACUMEsL MEMOOOM 2PA0VU-
POBOUHO20 epaguKa:

1. ITocTpoenue rpagyrpoBOYHOTO rpaduka.

C BbIOpaHHBIM CBETO(UIBTPOM NOOYEPEAHO (POTOMETPUPYIOT BCE PACTBOPHI
CTaHAAPTHOM CEpUU OTHOCUTEIBHO pacTBOpa cpaBHEHUs. V3mepeHus: noBTOpAIOT 3-5
pas.

PesynbTaThl u3mMepenuii BHOCIT B Tabiuiy 10.24 u cTposiT TpaayupOBOYHBIN
rpaduk B koopauHaTax A = f(c(NO;’)) A5 OLIEHKH MOJISIPHOTO K03 uirenTa norio-
LICHUS €.

Jliist konmmuecTBeHHOTO aHam3a NO;™ CTPOST TpaayupOBOYHBIN rpaduk B KOOP-
muHatax A = fim(NOy)).

2. KoHTposbHas 3aaya.

K ananmusupyemMoMy pacTBOpy, COJAEpKAllEMy HUTPUT-HOHBI, NpuiuBaroT 40
cM® IMCTUIUIMPOBAHHOMN BOJIBL, 2 cM® peakThBa I'pucca M JOBOIAT 00bEM PacTBOpa JI0
METKH JTUCTUIUIMPOBAHHOMN BOJIOM.

Yepes 40 MUHYT MOATOTOBIECHHYIO POOY (POTOMETPUPYIOT OTHOCUTEIHHO pac-
TBOpPA CPaBHEHUS ITPU BbIOpaHHOM cBeTouibTpe. M3mMepenus nosropsitot 3-5 pas. Pe-

3yJbTaThl BHOCAT B Ta0nuiy 10.24.

10.2.5.5 Odghopmnenue nabopamoproeo sicyprana. OnpeoeneHue HUMpPUM-uUoHO8
8 gude azoKpacumeliss MemoooM padyupo8ouHo2o spapura

1. Henp u 3agaun paboTHI.

2. YpaBHeHHe POTOMETPUUECKOMN pPEaKIIUH.

3. Xoa onpeneneHus.

3.1. XoJ mpUroTOBICHHS CEPUU CTAaHJAPTHBIX PAaCTBOPOB.
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3.2. XoJ1 NpUroTOBJIEHHS paCTBOpPAa CPAaBHEHMS.
3.3. Beibop paboueli JTHMHBI BOJTHBI.
JlaHHbIe 7151 TOCTPOEHUS CIEKTPATbHOM XapaKTEPUCTHKU a30KPACUTETIS.
Tabauma 10.23

Ne ceroduabTpa A, HM OnTuyeckas MIOTHOCTh
1 375
2 400
3 470
4 505
5 525
6 572
7 590
8 605
9 615

10 626
11 655
12 700
13 850

CTposT CrieKTpalibHYIO XapaKTEpUCTHKY pacTBopa B koopauHaTax 4 = f(4). Je-
Jar0T BBIBOJ O BbIOOpE paboueli AJIMHBI BOTHBI.

3.4. OnpeneneHue HUTPUT-UOHOB B BUJE a30KPACUTENS METOJIOM I'PayHpPOBOYHOIO
rpaduxka.
JlaHHbIE U151 HOCTPOEHUS TPAAYUPOBOYHON 3aBUCUMOCTH METOJOM I'pagyHpOBOY-
HOTO rpaduka.
Tabauma 10.24

No m(NOy), c(NOy), | Ontuueckas maoTHOCTH | S(A) | sK(c)
PactBOpa MT MOJIB/IM> A | Ay | As | AZAA

1 0,01

2 0,03

3 0,05

4 0,10

5 0,15

6 0,20

7 0,25

KonTposbHas Cv=

3ajada, X

Jlist pacdera MOJIPHBIX KOA(D(OUIIMEHTOB TOTJIOMIEHUS CTPOSAT TPagyUpPOBOU-
Hble Tpaduku B koopauHatax A = f(c(NO;’)). C mOMOIIbI0 KOMITBIOTEPHBIX MPOrpamMMm

Microsoft Excel nnu Sigmaplot onpenenstoT mapaMmeTpsl JIMHEHHON perpeccuu (Tad-

auia 10.25).
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[Tapametpsl muHelHOM perpeccun 4 = f{c(NOy)).
Tabmuma 10.25

[TpuGop | /, cm Sa Sb atAa b+Ab R ExAg,
TIM>/MOJTB*CM

PaccuntbiBatoT MOJISIpHBIN KOA(GGUITUEHT MOTIOLICHUS € A30KPACUTENIs, YUUTHI-
Bas, uTo a = S = £/, e S — korduireHT yyBcTBUTEIbHOCTH. CpaBHUBAIOT & C JIUTE-
paTypHbIMU JAHHBIMHU. PacCUMTBHIBAIOT OTHOCUTENBHYIO MOTPEIIHOCTh ONPEACICHUS

MOJISIPHOTO KO3 (PHIMeHTa MOTJIONIEHUS a30KpacuTes o Gopmyiie:

D%_|8Haﬁ,a_8mn| ] 00%

8JII/IT
PaccuuthiBaroT Sr(C) — OTHOCHUTCJIbHOC CTAHAAPTHOC OTKJIIOHCHHUEC 110 KOHICHTpPAa-

uu 1o popMmye:

_s(4)
Sr(c)_s-c(zvog)

Crpost 3aBUCUMOCTD Sy{(c) = f(c(NO>)) ¢ UCNOIB30BaHUEM JIAaHHBIX TAOJIHUIIbI
10.24. Onpenenstor napaMerpbl 3KCIOHEHIMAIBHONW 3aBUCHUMOCTU. HukHIONO Tpa-
HUILY OIpEAENIeMbIX KOHIEHTPAINH Cy ONIPENEIsitoT, pupaBHuBas s(c) = 0,33.

Jlnis onpesienieHus coep:KaHusi HUTPUT-UOHOB CTPOSIT rpaUKU 3aBUCUMOCTH B
koopauHatax A = fim(NO,)) MmeToaom rpaxynpoBodHOro rpaduka. C moMomb KOM-
nbOTEpHBIX TTporpaMMm Microsoft Excel win Sigmaplot onpenenstor napaMeTpsl Ju-
HeltHo perpeccuu (Tabmuma 10.26).

[TapameTpsl nuHelHOM perpeccuu A = f(m(NO>)).

Taomuna 10.26
ITpuGop | /,cM | sa| Sp atAa b+Ab R

PaccunThiBaloT cojepkaHue HUTPUT-UOHOB B AaHATU3UPYEMOM PaCTBOPE, UC-
MOJIb3Ysl MapaMeTphl rpaayupoBoUHO 3aBUcuMOcTH (Tabiuua 10.26). PaccunTsi-
BAIOT COJICP’KAHUE U KOHLIEHTPALIUIO HUTPUT-UOHOB U HUTPUTA HATPUS B aHATIUZUPY-
€MOM pacTBOpe (TOUYHOCTh pacuéToB — 4 3Hayanmx nudpsl, aias maccel 0,0001 1),
PUBOJISIT BCE pacu€THbIC (POPMYIIBI M pacu€Thl, BCE pAaCCUYNTAHHBIC 3HAUCHHSI BHOCST

B Ta0mmiy 10.27.
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Pe3ynbTarsl OIpeieieHHsl HATPUT-HOHOB B BUJIE a30KPACHTEJIS.
Ta6mmma 10.27
c¢(NOy ), mons/nm® | T(NOy), mr/em® | v(NO5'), MOTIb m(NOy),mr | D, %

c(NaNQO,), T(NaNQO,), v(NaNO;), monb | m(NaNO,),

MOJIB/ M Mmr/cm’ MT

PaccuuthiBaroT OTHOCHUTCIIbHYIO IIOTPECITHOCTDL OIIPCACICHUA NO )

Myaiin—M
D%_| Haunj, Teopl.] 00%

Mreop

10.2.6 Onpeoenenue mumana (IV) 6 eude nepokcuono20 Komniekca Memooom 2pa-
0yupoeouHo20 paguxa

Turtan (IV) oOpaszyer ¢ nmepokCuaoM BOJAOPOAA B KHCJION Cpeie KEIThI KOM-
mnekc cocrasa [Ti(OH),H>0,]*". YcroiiunBocth Komiuiekca Hesenanka (B1=10%), mo-
ATOMY JUIsI IOJTHOTHI €ro 00pa3oBaHus TPeOyeTCsl 3HaUYUTENbHBINA 30BITOK IEPOKCUAA
Bozoponaa. Hanbosee moaxoasimeit cpemoit ajist peakiiuu TUTaHa ¢ IEPOKCUIIOM BOJIO-
poJa ABJIAIOTCA CEpHOKMCIBIE pacTBOpHI (0,5-1 mMoms/am® H,S80,).

[TepoxcuaHas MeTouKa 00J1aJa€T MAJION YyBCTBUTEIBHOCTBIO (Amax =410 HM 1
Emax = 7,0°10? 1M>/MOIIB-CM), HO IIMPOKO UCIIONL3YETCS B NPAKTHUKE MOJIEKYJISAPHOTO
abcopO1roHHoro ananusa. Ee ¢ ycrexoM NpyuMEeHSIOT AJi ONpe/IelieHUs] TUTaHa B CTa-
JSIX, 4yTyHax, TaHTaJe, )KapOIPOUYHbIX CIUIaBaX, UJIBMEHUTOBBIX KOHIIEHTpAaTaXx, »Ke-
JIE3HBIX pyaax M T.n.

Memmatot onpenenenuto Tutana pocdatol, GTOpUIbI, OKCANATHI U LIUTPATHI, CBS-
3bIBAIOIIUE €T0 B KOMIUJIEKCHI, a TAK)K€ MOHBI METAIJIOB, 00J1a1ai0IIe COOCTBEHHON
OKpackoi miu obpasyroiie nepokcuanbsie komriekcesl (V, Mo, U, Nb, Cr).

Ob6opynoBaHne 1 MaTepuaJIbl
1. ®orosnexrpokoaopumetp (KDOK-2, Dxenept-003);

2. PabGounii pactBop cynbdara Turana, 7(7Ti) = 0,5000 mr/cm® (HaBecky 0,2500
I' METAJUIMYECKOro TMTaHa pactBopsioT B 100,0 cm® pactsopa c(1/1 HCI) = 0,1000
mous/miv?>, mpunmsaror 100,0 cm® pacteopa HNO; (1:1) u posoaar o 500,0 cm® pac-
TBOpOoM W(H1504) =5 % 10 MEeTKN);

3. [lepekuch Booposa, BoHbIN pacTtBop, 0(H>0,) = 3 % macc;

4. CepHas KucnoTa, BOAHbBIN pactBop, ®(H>S04) =5 % Mmacc;
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5. Mepuble K0a06bl BMECTUMOCTBIO 50,0 cMm?, 7 miT.;
6. I'pagynposannas numetka 5,0 cm®, 1 mr;

7. TIpoOupka wiax MepHbIH muauaap 10 cm®, 5 mr.
8. Mepubiii tumuagp 50 cm?, 1 mr.

Xoa padoTnI

10.2.6.1 lIpuecomosnenue cmanoapmmuwix pacmeopos:
['OTOBSAT MSITH CTAHAAPTHBIX PACTBOPOB, conepxanux 0,5; 1,0; 1,5; 2,0; 2,5 mr

turana B 50,0 cm® pactBopa. s 5T0r0 B MepHBIE KOJIOBI BMecTUMOCThIO 50,0 cm?
BHOCAT pabouwnii pactBop, oosemoM 1,0; 2,0; 3,0; 4,0; 5,0 cM> cOOTBETCTBEHHO. 3aTeM
B KaXIyI0 K00y npuinsaroT 1o 20,0 cM® IMCTUILIMPOBAHHON BOJBI, 5 ¢cM® pacTBopa
CEPHOI KUCIIOTHI, 2 ¢M> PacTBOpa MEPOKCUAA BOJAOPOAA M JOBOIAT OOHEM KaXKIO0IO

pacTBOpa A0 METKU JUCTUILUIMPOBAHHOW BOAOM.

10.2.6.2 IIpucomoenenue pacmeopa cpasHeHus:
JIJisi IpUroTOBJIEHUSI PACTBOPAa CPAaBHEHUS B MEPHYIO KOJIOY, BMECTUMOCTHIO

50,0 cm®, BHOCAT 20 ¢M® JUCTUILIMPOBAHHON BOABI, 5 CM® PacTBOPaA CEPHON KMCIIOTHI,
2 cM® pacTBOpa MEPOKCHIA BOAOPOIA U JJOBOJAT 00BEM PacTBOpPA 10 METKU JUCTHUII-

JIMPOBAHHOM BOJOM.

10.2.6.3 Bwibop paboueti onunvl 60HbL:
PactBop, nmeromuii HanboIee MHTEHCUBHYIO OKPACKy, (POTOMETPHUPYIOT OTHO-

CUTEJIbHO pacTBOpPA CPaBHEHUS, CO BCEMH CBETO(MMIBTPAMU MMOOUEPENHO, PE3YIbTATHI
U3MepeHui BHOCAT B Ta0uiry 10.28.

CTpoAT CHEeKTpaTbHYI0 XapaKTEPUCTUKY MEPOKCHUAHOTO KOMILUIEKCa TUTaHA B
KoopauHatax A = f(/A) u BEIOUPAIOT B KayecTBe paboUyero CBETOPUIbTP, COOTBETCTBY-

IOIINI HAMOOJIBIIIEMY 3HAYEHHUIO CBETOTIOTIIONICHUSI.
10.2.6.4 Onpeodenenue mumana (1V) 6 8ude nepoxkcudHo2o KomMnieKca no Memooy

2paoyupo8ouHo2o spapuka.
1. [TocTpoeHue rpaayupoBOYHOTO rpaduka.
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C BbIOpaHHBIM CBETO(MUIBTPOM IMOOUYEPENHO (POTOMETPUPYIOT BCE PACTBOPHI
CTaHIapTHON CEPUMU OTHOCUTENBHO PacTBOpa cpaBHEHUs. M3MepeHust HOBTOPSIOT 3-5
pas.

PesynbTarsl uamepenuii BHOcAT B Tabnuity 10.29 u cTpoAT rpalyrupOBOYHBIMA
rpaduk B koopauHatax A = f{c(Ti)) 1y OLIeHKH MOJISIPHOTO KO3 puItMeHTa morioiie-
HUS €.

Jliis konnyecTBeHHOTo0 aHanu3a Tutana (IV) ctposar rpanyupoBouHsblil rpaduk B
koopaunatax A = fim(Ti)).

2. KonrponbHas 3a1aya.

K anamusupyemomy pactBopy, copepxkamemy turad (IV), npuamsaror 20 cm?
JUCTUIUIMPOBAHHON BOJBI, 5 CM® PacTBOPa CEPHOM KMCIIOTHI, 2 CM> PacTBOpaA IEPOK-
CHU/1a BOAOPOJA U IOBOJAT 00BEM pacTBOpa 10 METKU AUCTUIIMPOBAHHOMN BOJOM.

[ToaroroBnenHy Mpody POTOMETPUPYIOT OTHOCUTEIBHO PACTBOPA CPABHEHHUS
npu BEIOpaHHOM cBeTOdunbTpe. M3mMepenus noBTopsitoT 3-5 pas. Pe3ynabrarsl BHOCST

B Tabauiy 10.29.

10.2.6.5 Ogopmnenue nabopamoproeo xcypuana. Onpedenenue mumana (1V) 6
8uoe 8 8Uoe NePOKCUOHO20 KOMNIEKCA MemoooM epadyupo8oyHo2o papuxa

1. Lenb u 3agaun paboTHI.
2. YpaBHeHue (OTOMETPHUUECKON pPEaKIIHH.
3. Xoa onpeaeneHusl.
3.1. XoJ npUroToBIEHHS CEPUN CTAHJAPTHBIX PaCTBOPOB.
3.2. XoJ1 IpUroTOBJIEHHS paCTBOpPAa CPaBHEHMUS.
3.3. Beibop paboueii JIMHBI BOTHBI.
JlaHHbIE 17151 HOCTPOEHUS CIEKTPATIbHOM XapaKTEPUCTUKU EPOKCUIHOTO KOMILJIEKCA
tutana (I1V).

Taomuma 10.28
Ne ceetounbTpa A, HM OnTHueckas MI0THOCTh
375
400
470
505
525
572
590
605

RXNQN| N ||| —
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9 615
10 626
11 655
12 700
13 850

CTposT CHEKTpabHYIO XapaKTEPUCTUKY pacTBOpa B KoopauHaTax A = f(4). [lenarot
BBIBOJI O BEIOOpE paboyeil IJIMHBI BOJIHBI.
3.4. Onpenenenue turana (IV) B Buae n€poKCUIHOIO KOMILIEKCA METOJIOM I'pagyH-
pPOBOYHOTO Tpaduka.
JlaHHbIE 7151 TOCTPOEHUS TPAAYUPOBOYHOM 3aBUCUMOCTH METOJIOM TPayHupOBOU-
HOTO rpaduka.
Taomuna 10.29

No m(Ti), Mmr c(Ti), Onrtuueckas mI0THOCTH | S(A) | sH(c)
PactBopa moie/nm® | A | Ax | Az | AXAA

1 0,5

2 1,0

3 1,5

4 2,0

5 2,5
KonTposbHas Cv=
3ajada, X

Jlist pacdera MOJIPHBIX KOA(D(OUIIMEHTOB TOTJIOMIEHUS CTPOSAT TPagyUpPOBOU-
Hble rpaduku B koopauHatax A = f(c(Ti)). C noMouip0 KOMIBIOTEPHBIX MPOrPamMm
Microsoft Excel nunu Sigmaplot onpenensitor mapamMeTpbl TUHEHHON perpeccuu (Tad-

auia 10.30).

[TapameTpsl munelino perpeccun A = f(c(Ti)).
Taomuma 10.30

ITpubop | I, cm Sa Sb atAa b+Ab R ExAg,
IM>/MOJTB*CM

PaccunThiBatoT MOJISIpHBIN KO3()(OUIIUMEHT MOTJIOUICHUS € EPOKCUIHOTO KOM-
IUIeKCa, yUYUThIBas, 4TO a=¢&-/, rae S — K03 PHUIMEHT 4yBCTBUTEIbHOCTU. CpaBHUBAIOT
€ ¢ IIMTepaTypPHBIMH JaHHBIMU. PacCUMTHIBAIOT OTHOCUTENIBHYIO MOTPEIIHOCTh OIpe-
JICJIEHUs] MOJISIPHOTO KO3(PPUIIMEHTA TOTJIOMICHU EPOKCUTHOTO KOMIUIEKCa TUTaHa

(IV) no dpopmyne:
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D%_lgﬂaﬁa_gnHT| ] 00%

gJII/IT
PaccuuThiBatoT s,(C) — OTHOCUTEIIBHOE CTAHJAPTHOE OTKIIOHEHHUE 10 KOHIIEHTPa-

1y 1o popmyie:
sr(Cc)=

Crpost 3aBucumocth S/(c) =f(c(Ti)) ¢ HWCHOIB30BaHUEM MAHHBIX TAOJIUIIBI

s(A)
S-c(Ti)

10.29. Onpenendror napaMeTpbl 3KCIOHEHIMAIBLHOW 3aBUCUMOCTU. HukHIONO Tpa-
HUILY ONPEAEISIEMbIX KOHIIEHTPALIUN Cy ONIPEAEIAIOT, MpupaBHUBast s,(c) = 0,33.

Jlnsa onpenenenus conepxkanus Tutana (IV) ctpost rpaduk 3aBUCUMOCTH B KO-
opaunatax A=f(m(Ti)). C momoIpio KOMIBIOTEPHBIX Mporpamm Microsoft Excel nnu
Sigmaplot onpenenstoT napameTpsl TUHEHHON perpeccun (Tadnuima 10.31).

[TapameTpsl muneriHo perpeccuu A = f(m(Ti)).
Tabnuma 10.31
ITpuGop | /,c™M | s, | Sp atAa b+Ab R

PaccunThiBaloT cojepkaHue THUTaHa B aHAIM3UPYEMOM PACTBOPE, UCMOJIb3YS
napaMeTpsl rpagyupoBoYHON 3aBucuMocTH (Tabmuua 10.31). PaccuntsiBatot conep-
KaHUE W KOHIEHTPAILMIO TUTaHa B aHAJIM3UPYEMOM PACTBOPE U JENAIOT MepecyeT Ha
TiO; (TounocTth pacu€ToB — 4 3Havamux 1udpsl, 111 Maccel 0,0001 T), mpuBOAST BCe
pacu€THbIe (HOPMYJITBI U PACUETHI, BCE 3HAUCHUS BHOCST B TaOmmiry 10.32.

Pesynbratel onpeaenenus tTutana (IV) B BUie EpOKCUAHOTO KOMIUIEKCA METO-
JIOM TPaayupOBOYHOTO Tpaduka.

Taomuna 10.32

c(Ti), T(Ti), mr/cm® v(Ti), Mo m(Ti), Mr D, %
MOJIB/ M

c(TiO>), T(TiO;), mr/cm® v(TiO3), MOTIb m(TiO3), Mr

MOJIB/ M

PaccunThIBalOT OTHOCHUTENIBHYIO IOTPEIIHOCTD OnpeAeneHus i

Myapin—M
D%_| Han/ Teopl.] 00%

Mreop
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10.2.70npeoenenue mumana (IV) ¢ eude nepokcuono20 Komniexkca 6 Cniagax me-
mooom 000ae60K (anzedpauuecKkuil u 2paguueckuii Memoowvt)

Meton ocHOBaH Ha 00pa30BaHUU B CUIIBHOKHUCIION Cpeie OKPAIIEHHOTO B JKell-
THIM BET KOMIUIEKCHOTO KaTMOHA TUTaHA ¢ IepPOoKcuaoM Bogopona [Ti(OH),H,0,]*,
MMEIOLIMH M0JI0CY HOTTIOIEHHUS € Amax = 410 HM U €yax = 7,0 10% mv®/Monb-cm. MeTon
100aBOK MCIONB3YIOT JJISl ONPE/IeNIeHUs TUTaHAa B MHOTOKOMITOHEHTHBIX CMECSIX MPH
aHaJu3e CTaju, YyT'yHa, TaHTaja, ’KaponpoOYHbIX CIIaBOB, LIIbMEHUTOBBIX KOHIIEHTpPa-
TOB, JKEJIE3HBIX Py U T.1.
Ob6opynoBaHne 1 MaTepuaJIbl

1. ®otoanexrpokonopumetp (KOK-2, Sxcnepr-003);

2. PaGounii pacteop cynbdara Turana, 7(7Ti) = 0,5000 mr/cm® (HaBecky 0,2500
I' METAJUIMYECKOro TUTaHa pactBopsiorT B 100,0 cm® pactsopa c(1/1 HCI) = 0,1000
mouw/mv?>, mpunmsarot 100,0 cm® pacteopa HNO; (1:1) u posogar o 500,0 cm® pac-
TBOpOM O(H>S04) =5 Y% 10 MeTKn);

3. Cruta BT 16 (megumuHCckwil mtudr);

4. CepHas KucioTa, BOAHbIN pacTtBop (1:4);

5. A30THasl KUCJIO0Ta, KOHIIEHTPUPOBAHHAS;

6. ®ocdopHast KUCIOTa, KOHIIEHTPUPOBAHHAS,

7. Ilepekuch Boiopoja, BOJIHbIN pacTtBop, ®(H>0,) = 3 % macc;

8. MepHuble k071051 BMecTUMOCTEIO 100,0 M, 1 mit;

9. MepHbIe K00l BMecTUMOCTBIO 50,0 cM?, 3 mT;

10. T'paxyuposannas nunerka 25,0 cv®, 1 wT;

11. I'pagyupoBannas nunerka 5,0 cm?, 1 mr;

12. TIpo6upka umyu MepHsIi muauaap 10 cv®, 2 .

13. Mepnsiii numaaap 50 cv®, 1 mr.;

14. CrexngHHas MajoyKa.

Xoa padoTnI

10.2.7.1 OnpedeneHue mumana 6 cniage memooom 000a6oK aneedbpauyeckull me-
moo:

1. [ToaroroBka nmpoObI K aHATU3Y.
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Hagecky cmtasa 0,2500 r o6pabaTeiBaroT mpu HarpeBanuu 50 cm® pacTBOpa cep-
HOM kucnoThl. [locne pacTBopeHus: Mo KamisM NpuOaBiIOT KOHIEHTPUPOBAHHYIO
a30THYIO KHACJIOTY JIO0 MPEKPALIEHUS BCIICHUBAHUS.

ITomy4deHHbIl pacTBOp KUIATAT 10 YIAAJEHUS OKCUAOB a30Ta, OXJIaXAAloT, I1e-
PEHOCAT B MEpHYIO KosOy BMecTuMocThio 100,0 cM’, mepemenmmBas 10BOIAT 00bEM
pacTBOpa A0 METKU JUCTHUILUIMPOBAHHOW BOAOM.

2. IlpuroroBnenue pacTBopa npoosl ¢ 100aBKOM.

B MepHy10 K010y BMecTHMOCTBIO 50,0 cM® BHOCAT 25,0 cM? pacTBOpa MOAr0TOB-
JIEHHOM TpOOBL, 3aTeM n00aBsioT 1,0 cm® paGouero pactsopa turana (IV) (Macca BHO-
cuMoii no6aBku cocrasisier 0,5 Mr TMTaHa), 2 cM> pacTBOpa IIEPEKHCH BOAOPOAA M 3
cM® KOHLIEHTPUPOBAHHON OpTOHOCHOPHON KUCIOTHI Juist cBsA3biBanus xenesa (111) B
OeCLIBETHBIN KOMIUIEKC U IOBOASAT 00BEM pacTBOpa A0 METKH TUCTUIUTMPOBAHHOMN BO-
JTOM.

3. [IpurotoBnenue pactBopa npoOsI 0e3 100aBKH.

B MepHy0 K010y BMecTuMOocThi0 50,0 cM® BHOCAT 25,0 ¢M> pacTBOpa MOArOTOB-
JIEHHOM TPOOKI, 2 cM® PacTBOPa MEPEKUCH BOAOPOIA U 3 CM® KOHIIEHTPUPOBAHHOM Op-
ToQocHOpHON KHCIOTHI, JOBOAIT 00BEM PACTBOPA JO METKH AUCTUIIMPOBAHHOMN BO-
JTOM.

4. IlpuroroBieHre pacTBOpa CpaBHEHUS.

B MepHy0 K010y BMecTuMOocThi0 50,0 cM® BHOCAT 25,0 ¢M® pacTBOpa MOArOTOB-
JIEHHOM TpoObI U 3 ¢M® KOHIEHTPUPOBAHHOK OPTOGOCHOPHON KHUCIOTHI, JOBOMIST
00BEM pacTBOpa 10 METKU AUCTUIUIUPOBAHHOMN BOJIOM.

5. Onpenenenue tutana (IV) B BUe NEpOKCUAHOIO KOMILIEKCA B CIJIaBaX IO
METOy 100aBOK.

Hccnegyemblit pacTBOp U pacTBOP € 100aBKOW (POTOMETPUPYIOT OTHOCUTEIBHO
pacTBopa CpaBHEHUS MIPHU Amax = 400 HM. Pesynbprarsl BHOCAT B Tabnuiy 10.33. Pac-

CUUTBIBAXOT HCU3BCCTHOC COACPKAHUC TUTAHA.
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10.2.7.2 Onpedenenue mumana 6 cniage memooom 000asox epaguueckuii me-
moo:

1. [TogroroBka nmpoObI K aHATU3Y .

Hagecky cruiasa 0,5000 r oOpabarsiBaror npu HarpeBanuu 100 cm® pacTBopoM
cepHoii kucioThl. [Toce pacTBopeHus MO KaIisiM MPUOABIISIIOT KOHIIEHTPUPOBAHHYIO
a30THYIO KUCIIOTY JI0 MIPEKPaIIECHUS] BCIIEHUBAHUSI.

ITomy4deHHbIl pacTBOp KUIATAT 10 YIAAJEHUs OKCUAOB a30Ta, OXJIaXAAroT, Ie-
PEHOCAT B MEpHYIO KosOy BMecTuMocThio 200,0 cM’, mepemenmBas 10BOIAT 00bEM
pacTBopa 10 METKU JUCTUINIUPOBAHHOMN BOJION.

2. [IpuroToBneHue cepuu pacTBOPOB MPOOHI C T0OABKaAMH.

['oToBsT yeThIpe pacTBOpa NMpoOwI ¢ JoOaBKamu, coaepxkamux 0,25; 0,50; 0,75;
1,00 mMr pabouero pactBopa Tutana B 50,0 cM® pactBopa. J[iist 5T0ro B MepHBIE KOJIObI
BMecTuMOocThIO 50,0 cM® BHOCAT 25,0 cM® pacTBOpa MOATOTOBIEHHON MPOOKI, 3aTEM
no6aBnsroT pabounii pacteop, oovemom 0,5; 1,0; 1,5; 2,0 cM® coOTBETCTBEHHO. 3aTeM
B KQK/IyI0 KOJOY MPUIMBAIOT 10 2 CM pacTBOpa MEPEKUCH BOJOPOJA U 3 CM> KOHIIEH-
TpUpOBaHHOU OpTOhOCHOPHOIM KUCIOTHI 1S cBsi3biBaHUs kenesa (I11) B 6eciiBeTHbIN
KoMIuieKc. JIoBoAT 00beM KaI0ro pacTBOpA 10 METKU AUCTHILTUPOBAHHOU BOJIOM.

3. [IpurotoBnenue pactBopa npoOsl 0e3 100aBKH.

B MepHy0 K010y BMecTuMOcThIO 50,0 cM® BHOCAT 25,0 ¢M> pacTBOpa MOArOTOB-
JIEHHOM TPO6KI, 2 cM® PacTBOPa MEPEKUCHU BOAOPOIA U 3 CM® KOHIIEHTPUPOBAHHOM Op-
T0(h0oChHOPHON KUCIOTHI, TOBOAAT 00bEM pacTBOpa A0 METKU TUCTUIUIMPOBAHHOMN BO-
JTOM.

4. IlpuroroBieHre pacTBOpa CPaBHEHUS.

B MepHy0 K010y BMecTuMOocThi0 50,0 cM® BHOCAT 25,0 ¢M> pacTBOpa MOArOTOB-
JIEHHOM TpoObI U 3 ¢M® KOHIEHTPUPOBAHHOK OPTOGOCHOPHON KHUCIOTHI, JOBOMIST
00BEM pacTBOpa A0 METKU AUCTUIUIUPOBAHHOMN BOJIOM.

5. Onpenenenue Tutrana (IV) B Buje NepoKCUIHOTO KOMIUIEKCA B CILJIaBE MO Me-
TOAY 100aBOK (Tpaduueckn).

Uccnegyemblit pacTBOp M pacTBOpbI ¢ J100aBKamMu (OTOMETPUPYIOT OTHOCHU-

TEJIBHO PACTBOPA CPABHEHUS MPHU Amax = 410 HM. Pe3ynpTaTsl BHOCAT B Tabnuiry 10.34.
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Ctpost rpaduku 3aBucuMmocteid A = f(c(Ti)05) 1 A = fim(Ti)05). icionb3ys ma-
paMeTpbl COOTBETCTBYIONIUX JIMHEWHBIX PErPECCHI, pACCUYUTHIBAIOT MOJISIPHBIN KO-

(I)I/IHI/IeHT MOrJIOmCHUA 1 HCU3BCCTHOC COACPIKAHNC TUTAaHA B CIIJIABEC.

10.2.7.3 Ogopmnenue nabopamoproeo sxcypuana. Onpedenenue mumana (1V) 6
8UOe NePOKCUOHO20 KOMNIIEKCA 8 CHIABAX MemOOOM 000aBOK (ancebpauye-
CKUll U epaguueckuii memooni)

1. Henp u 3agaun paboTHI.
2. YpaBHeHHe POTOMETPUUECKON pEaKIIUH.
3. Xoa onpeaeneHus.
3.1. Xoa noaAroToBKM NpoOkl K aHAIU3Y (11 alredpanyeckoro u rpaduueckoro me-
TOJIOB).
3.2. Xoa mpUroTOBICHHS pacTBOpa MPOoOBI ¢ JOOABKOU (1151 aireOpanyecKoro 1 rpa-
(uvecKkoro METO10B).
3.3. Xon mpuroToBieHHs pacTBopa mpooOsl 6e3 qodaBku (ipoda 1, Tabmuma 10.33).
3.4. XoJ npUroTOBJIEHHS pacTBOpPa CPaBHEHMUS.
3.5. Onpenenenue tutana (IV) B Bue NEpOKCUIHOIO KOMIUIEKCA B CILIABE [0 Me-
TOAY J100aBOK (aIreOpanvyecKuii METo).

Jannblie 115 pacueta Tutana (IV) B criaBe 1o Metoay 100aBOK (ayire0pandecKuii

METO/)
Taomumna 10.33
Ne m(Ti)oos, c(Ti) pos, OnTuyeckas MmIOTHOCTh
PacTtBopa MT MOJIB/IM> A | Ay | As | ATAA s(A)
pOObI
1 0,0 -
2 0,5

HeussecTHOE COMEPIKAHNE TUTAHA PACCUMTHIBAIOT IO (POPMYIIE:
Myo6 * Ax ) VK
(Ax+,qo6 - Ax) ) Vaﬂ "Meranm

Iac myee - MaCCa TUTaHa, I[O63BJ'I€HH&$I K aJINKBOTHOM 4aCTH HCCIICAYyEMOro pac-

w(Ti) = 100%

TBOpa 00pasia, r; Ay - onTHYECKas IIOTHOCTH UCCIEAYEMOTO PACTBOPA; Axtzo6 - OI-

THYECcKas TIOTHOCTh MCCIIEyeMOro pacTBopa ¢ 106aBkoif; V. - o6bem aHanusupye-
MOro pacTBopa (KoJObl), cosiepkaliero Hasecky cmiasa, cm’ (V.= 100,0 cm®); V,, -

00beM aTMKBOTHI aHanu3upyemoro pactsopa, cM® (V,, = 25,0 cM?); meram - Macca

HABCCKH CIljIaBa, T'.
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PaccunthiBaloT cogepxaHue U KOHIEHTPALMIO TUTaHA B aHAJIU3HPYEMOM 00-
pasue u aenator nepecuer Ha 770; (TOUHOCTh pacy€ToB — 4 3Havammx HUQPHI, A8
maccsel 0,0001 1), mpuBoasAT Bece pacu€THbie POPMYJIIBI U pacyEThl, BCE 3HAUECHUS BHO-
cat B Tabmmiy 10.37.

3.6. Onpenenenue turana (IV) B Buae nepokCHAHOTO KOMILIEKCA B CIUIaBE MO Me-
TOy 100aBOK (rpauIeCcCKuil METO).

Jlanubie i pacdera Tutana (IV) B crutaBe 1o metoay J100aBoK (rpadudeckuii Me-

TON)
Ta6mmma 10.34

Ne m'(Ti) s, c'(Ti)oos, OnTuyeckas MIOTHOCTh
PactBopa MT MOJIB/ M A | Ay | Ay | AxAA s(A)
[TpoOb1

1 0,00 -

2 0,25

3 0,50

4 0,75

5 1,00

Jiist pacyeTa MOJIIpHOTO KOA((UIMEHTA MTOTIIOMICHUS CTPOST TPATyHpPOBOY-
HbII Tpaduk B koopauHaTax A=f(c'(Ti)s.). O0muii Bua rpaduka npeacTapieH Ha py-

cynke 10.4A.

&  tga=¢l

. m'(Ti) .5, MT
c'(Ti) yo5 MOTB/OM’ m'(Ti),,

A b
Pucynok 10.4. O6mumii BUJ 3aBUCUMOCTHA ONITUYECKOM TUIOTHOCTH OT: A) KOH-

HeHTpauuu n06aBku paboyero pactsopa tutana (IV); b) maccel no6aBku padodero

pactBopa tutana (I1V).

Jliist pacdera MOJIIPHBIX KOA((UIIMEHTOB MOTJIONIEHUS CTPOSAT IpagyupoBOU-

Hble rpaduku B koopauHatax A=f(c'(7i)ss). C TOMOLIBI0 KOMIIBIOTEPHBIX MPOTPAMM
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Microsoft Excel nunu Sigmaplot onpenensitor mapameTpbl TUHEHHON perpeccuu (Tad-
auna 10.35).

[Tapametpsl nuneitno# perpeccuu A=f(c'(Ti)oos)-
Tabauma 10.35

ITpubop | I, cm Sa Sb atAa b+Ab R ExAg,
IM>/MOJTB*CM

PaccunThiBatoT MOJSpHBIA KOA(PGUIIMESHT MOTJIOMIEHUS € MEPOKCUTHOTO KOM-
wiekca tutana (IV), yuutsiBas, uto a=S=¢-/, rae S — k03P GUIUEHT YyBCTBUTEIIHHO-
ctu. CpaBHUBAIOT £ C TUTEPATYPHBIMU JaHHBIMU. PacCUnTHIBaIOT OTHOCUTENBHYIO IO~
TPEIIHOCTh OMPENETICHUSI MOJSIPHOTO KO3(PPUIIMEHTA TOTJIOMICHUS MEePOKCUIHOTO
komruiekca Tutana (IV) no dopmyne:

D%_lgﬂaﬁa_gnHT| ] 00%

gJII/IT

Jlyist onpeieNieHrs CoIepKaHUs TUTAHA B CIUIABE CTPOSIT rpadKu 3aBUCUMOCTH
B kKoopauHatax A = f(m'(Ti)s.s). O6mmii Bun rpaduka npeacrasieH Ha pucyake 10.45.
C nomo1pio KoMnbIOTepHBIX IporpaMm Microsoft Excel wnu Sigmaplot onpenenstor
napameTpbl JIHHEeHOU perpeccuu (Tabmuma 10.36).

[TapameTpsl muHelHOM perpeccuu A = f(m'(Ti)oos).
Taomuna 10.36
ITpuGop | [, cM | s, | Sp atAa b+Ab R

[IpupaBauBas 4 =0 u3 ypaBHeHUs JUHEIHON perpeccun HaAXOMAT mM'(77),y, CO-
nepxamuiicss B amuksote 25,0 cv’. C yuetom pasdasinenus naxoast m(77) B mpole:

m(7%) = m'(T1)an Voo Van,

rae Va = 25,0 cm’;

Vieons = 200,0 cm?;

HeusBectHoe conepikaHue TUTaHa ONPENENSIoT 1o hopMyJie:

W (Ti) = m(Ti)

100%

CTaJIn
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PaccunthiBaloT cogepxaHue U KOHIEHTPALMIO TUTaHA B aHAJIU3HPYEMOM 00-
pasue u aenaror nepecueT Ha 7i0; (TOUHOCTh pacdy€ToB — 4 3HAYAIIUX LUPPHI, 171
maccsel 0,0001 1), mpuBoasAT Bece pacu€THbie POPMYJIIBI U pacyEThl, BCE 3HAUECHUS BHO-
cat B Tabmmiy 10.37.

Omnpenenenne tutana (IV) B BuIe IEpOKCHIHOTO KOMIUIEKCA B CIIaBaX METOIOM JI0-
0aBoK (anredpandeckuii U rpadUUeCKUd METO/IbI)
Taomuna 10.37

. T(Ti), r/cm? v(Ti), MOJIb m(Ti), Mr o(T7), %

>

3

=

é T(TiO;), t/em? v(TiO>), MOJIb m(TiO;), Mr o(Ti0,), %
2

<

= T(Ti), r/cm? v(Ti), MOJIb m(Ti), Mmr o(Ti), %

=

S

2 = | T(TiO;), t/cm? v(TiO;), MOb m(TiO,), Mr o(7i0>), %
i3

~ =

10.2.8 Bonpocwul ona camokonmpon

1. KakoBa npupo/1a BOSHUKHOBEHHUSI CLIEKTPOB MOTJIOLIECHHUS ?

2. KakuM nepexo1aMm COOTBETCTBYIOT MOJIEKYJIAPHBIE CIIEKTPbI?

3. OCHOBHOM 3aKOH CBETOIOIJIOLIEHHUS U €T0 MTapaMeTPhl. Y CIIOBUS BBITIOJIHEHNUS.

4. Kakue akTopbl BIUSIOT Ha ONTHYECKYIO TUIOTHOCTh PacTBOPa U MOJIIPHBIN KO3(]-
(bUIKMEHT CBETOMOTJIOMIECHHUS?

5. ®u3HUecKUil CMBICT MOJISIPHOTO KO3 PHIIEHTa CBETOMOIIOIECHUSI.

6. [Ipuuunbl oTKIIOHEHUs OT 3akoHa byrepa-JlamGepTa-bepa.

7. Knaccudukaiusi METOJJ0B MOJIEKYJIIPHON abcopOLuu.

8. IlpunnunuanbHas cxema npuoOPOB sl MOJIEKYJISIPHON abCOpOIIMOHHOM (POTOMET-
pHUH U CIEKTPO(POTOMETPHH.

9. HazHaueHne OCHOBHBIX y3JI0B 3THUX MPUOOPOB.

10. CriekTpasibHbIE XapaKTEPUCTUKH CBETOIONIOMIAONIMX BemecTB. [IpuHuummb! ka-
YECTBEHHOT'O aHAJIN3A.

11. ITpuHIMIBI BBIOOpA aHATUTHYECKUX JIJTMH BOJIH.

12. OnTuMasnbHbIe YCIOBHS (POTOKOJIOPUMETPUUECKUX U3MEPEHUM.

13. ®oToMeTprUecKue peareHThl U TpeOOBaHUS, MPEIbABIAEMbIE K HUM.

14. PacueTHble METOABI, TPUMEHSIEMBIE B (DOTOKOJIOPUMETPHHU.

15. KauecTBeHHBIN U KOJIMUECTBEHHBIN aHAIU3 M0 METOJIy MOJICKYJISIPHOM abcopO-
LWH.
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16. Onpenenenre cMecu CBETOMOIIIOMIAIOIINX BEIIECTB.

17. Tlpuaiuns! GOTOKOIOPUMETPUIECKOTO TUTPOBAHUS.

18. OGnactp (pakTHUECKOrO MPUMEHEHHUS (POTOKOJIOPUMETPUIECKUX METOI0B aHa-

mu3a. [IpuBectn npumMepsl.

19. MeTtponoruueckue XapakTepUCTUKU METOI0B MOJIEKYJIIPHON abcopOuuu.

20. Kak onpenenurs 3KCIEPUMEHTAIBHO KOJIMYECTBEHHBIE XapaKTEPUCTUKH YyB-

CTBUTEJIBHOCTH (POTOKOJIOPUMETPUUECKOT0 aHaIn3a?

21. Kak yBeIMYUTh UyBCTBUTENBHOCTh (POTOKOJIOPUMETPUUECKOTO aHAIIN3a?

22. Kak yaydiuTh CeIeKTUBHOCTh (hOTOKOJIOPUMETPUUECKOTO aHar3a?

23. B xakoM auana3zoHe TOYHOCTb ONPEICIICHHs ONITUYECKON INIOTHOCTH MaKCH-

ManbHa? Kpusas [lIMunra.

24. Kak yBeIMYUTh TOYHOCTh aHaau3a?

25. Kakue u3 coeiuHEeHU MOXKHO onpeaenatb B Y D-obnactu cnektpa Na,COs,

NH4N03, CHg-(CHg)g—CHg, CHgZCH—CHg—CHg, 66H30J’I, (beHOJ'I?

26. Kakue u3 coeilMHEHU MOXKHO onpenenats B Buaumoit oonactu NaCl, KMnQOy,

CCly, Cu(NH3) 47

27. Beruucinute MOJIIpHBIA KO3 (UIIUEHT MOTIIOMIEHUSI COSTUHEHUS JKeTe3a, €Cliu B

50 cm® pactBopa comepsxurcs 0,005 r xenesa (A = 0,75, [ =5 cm).

28. PaccuuraiiTe ONTHYECKYH IUIOTHOCTH PACTBOPA, CBETONPOIYCKaHUE KOTOPOIO
paBHO 60%.
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11 ®oroTrypOuaUMeTpUs
11.1 Ilenw u 3a0auu padomut

Nzydenne paboTsl GOTOMETPUUECKUX MPUOOPOB, OBIIAJICHHE HABBIKAMH TIPaK-
TUYECKOTO TIPUMEHEHHUsT POTOTYPOUTUMETPUIECKOTO METOIa C UCTIOJIB30BaHUEM Me-

TOJIOB TPaAyHMpPOBOYHOrO Tpadrka u 100aBOK.

11.2 Ilpozpamma pabomot

11.2.10npeoenenue cynrvghamoe ¢ pacmeope memooom 2padyuposouno2o zpapuxa
Metoa OCHOBaH Ha MU3MEPEHHH WHTEHCUBHOCTU CBETOBOIO MOTOKA, MPOXO/Isi-

IIETo uepe3 AUCTepcHyIo cucteMy. OOpa3oBaHHe TUCIIEPCHOIN CHCTEMbI MaJIOPacTBO-
PHMOTO B KUCIBIX pacTBopax cyibdara 6apus (ITP = 1,1-107'°) npoucxomur no peax-
IUH:

Ba’* + SO/ — BaSO,)|

N30upatenbHOCTh OmpeneeHus Cyab(}haToB OTHOCUTEIBHO KapOOHATOB, (oC-
daToB, XpoMaTOB 0OECTICYNBACTCS TPOBEJACHUEM PEAKITH B KUCIION Cpejie.

Ob6opynoBaHne M peaKTUBBI
1. ®orosnekrpokoiopumetp (KOK-2);

2. Pa6ouwnii pactBop cynbgara Hatpus, 7(SO,) = 10 mxr/cm® (HaBecky 0,2957 r
npoKaneHHoro x.4. Na,SO, pactsopsor B 1000,0 cv?’. Ionyuennsiii pactsop, 7(SO.*
) = 0,2 mr/cm?® pasz6asmsror B 20 pas (5,0 cm® pacTBopa nepeHocAT B K010y BMECTUMO-
cteio 100,0 cM® 1 10BOAAT 00BEM pacTBOPa 0 METKH JUCTUILUIMPOBAHHOM BOJOM));

3. Xnopup 6apus, BogHbIN pacTBop, ®(BaCly) = 10% macc;

4. Onexrposnut NaCl + HCI, Boanslii pactBop (HaBecky 240 r x.4. NaCl pacTBo-
psaoT B 500 cM® QUCTHIIIMPOBAHHOM BOMBI IIPU HATPEBAHUM HE HOBOMAS 10 KHUIIEHHUS,
3aTe€M pacTBOP IEPEHOCAT B K0J0y BMecTUMOCThIO 1000,0 cM?, 106aBISIOT COAEPKH-
Moe ByX ¢ukcananoB HCI v 1oBoasAT 00bEM pacTBOpa 10 METKU JUCTHILTUPOBAHHOM
BOJION);

5. Mepuble koa6s1 BMecTUMOCTBIO 100,0 cM?, 7 mit.;

6. I'pagynposannas mumnerka 10,0 cm?, 1 mr;

7. Ilpobupka uam MepHbIi mumuaap 10 cM?, 2 mr.;
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8. Mepubiii tumuagp 50 cm?, 1 mr.

Xoa padoTnI

11.2.1.1 lIpucomoesnenue cmanoapmuuvlx pacmeopos u pacmeopa CPAGHEHUsL:
I'otoBsT 5 crangapTHBIX pacTBOpoB, coaepxkamux 20; 40; 80; 120 u 200 mkr

SO/ 8 100,0 cm® pactBopa. [list 5T0ro B MepHbie Koabsl 00semom 100,0 cm® BHOCSAT
2,0; 4,0; 8,0; 12,0 u 20,0 cm® paGouero pacrBopa Na»SO..

B kaxyro koa0y npuinsaroT 1o 20 cM® pactBopa siaexTposmra u 38; 36; 32; 28
1 20 cM® IUCTHIIMPOBAHHOM BOJIBI COOTBETCTBEHHO, IIEPEMEIIMBAOT.

3areM npuiuBaroT 15 cM® xmopuga 6apus, IEPEMEIMBAIOT, JOBOIAT 00BEM 110
METKH JTUCTUJIMPOBAHHOM BOJIOM U CHOBA MEPEMEIINBAIOT.

PactBOp cpaBHEHHS TOTOBST aHAJOTMYHO PACTBOpPAM CTaHAAPTHOM cepuu 0e3
noGasyeHus cyibgara Hatpus. s 3Toro B MepHyro Kooy oosemom 100,0 cm® BHO-
car 20 cM® pacTBOpa dnekTponnTa, 40 cM> TUCTHIUIMPOBAHHOM BoJbI, 15 cM® xmopuna

Oapusi, MepeMeNInBaroT, a 3aTeM JOBOASAT 00BEM J0 METKH JUCTHUIUIMPOBAHHOM BOJIOM.

11.2.1.2 Onpeoenenue SO/ no memooy 2padyuposounozo zpagura:
1. [TocTpoenue rpaayupoBOYHOTO Tpaduka.

Yepe3 S MUHYT nOCII€ IPUTOTOBIICHHS] PACTBOPOB CTAaHAAPTHOM CEPHUM UX I10-
ouepenHo (POTOMETPUPYIOT OTHOCUTEIBHO PACTBOPA CPABHEHMSI B MOPSIKE MOHUKE-
HUSI KOHIIEHTPALUHU CylIb(aT-MOHOB B KIOBETaX C TOJIIMHOM MOTJomatoniero cios 50
MM C CHHUM CBETOQUIBTPOM (Amax = 450-480 HM).

PesynbTaTel 3-5 mapanienbHbIX U3MEpeHU BHOCAT B Tabiuiy 11.1 u ctpost
IpajyupoBOYHbIi rpaduk B KoopauHatax A = f{c(SO,)) nist OLEHKH MOJIAPHOTO KO-
¢ unuenTa mytTHocTH k.

Jlist konuuecTBeHHOro aHanmu3a SO,°° CTPOAT rpaLyupoBOYHbIN rpaduK B KOOP-
nunatax A = im(SO7)).

2. KoHTpoJibHas 3a1aya.

K anamusupyeMomy pacteopy, coaepxkamemy SO, npumusaror 20 cm® pac-

TBOpA DIEKTPOIMTA M COOTBETCTBEHHO 20 CM’ JUCTUIUIMPOBAHHON BOJBL

138



IepPEMEIIMBAOT. 3aTeEM IPUIMBAIOT 15 cM® Xiopuaa 6apysi, EPEMENIUBAIOT, JOBOIAT
00beM 10 METKU AUCTUIIIMPOBAHHOM BOJOM M CHOBA MEPEMEIIUBAIOT.

Yepe3 S MUHYT NOCIIE IPUTOTOBIIEHUSI KOHTPOJIBHOTO PACTBOPA IMPOBOJST €r0
dboToMeTpupoBaHHE OTHOCUTEIBHO pacTBOpa cpaBHeHus. M3Mepenust moBTopsroT 3-5
pa3. Pesynbratel BHOCAT B Ta0mwmiry 11.1.

[Tonb3ysach mapameTpamMu JHHEHMHON pErpeccuu rpaayHpOBOYHOrO rpaduka,

HaxoAT KoHIeHTpanuio SO,/ B UCCIIENyEMOM PACTBOPE.

11.2.20¢hopmnenue navopamopnozo sncypnana. Onpedenenue cyavghamos 6 pac-
meope

1. Lenb u 3agaun paboTHI.

2. YpaBHEHUE peaKIuu.

3. Xox omnpeaeneHus.

3.1. XoJ npUroTOBIEHHS CEPUN CTAaHJAPTHBIX PaCTBOPOB.

3.2. XoJl IpUroTOBJIEHHS paCTBOPAa CPaBHEHMUS.

3.3. Onpenenenue cynb(aT-uoOHOB METOJIOM I'PalyHpOBOYHOTO rpaduka.

JlaHHBIC 71 IOCTPOCHUS TPAAYUPOBOYHBIX 3aBUCHUMOCTEH.
Taomuma 11.1

Neo m(SO7), | ¢(SOF), OnTrueckas maoTHOCTE | S(A) | si(c)
PactBopa MKT MONIB/OM® | Ay | As | Az | As | As | AXAA
1 20
2 40
3 80
4 120
5 200
KonTposbHas Chi=
3ajada, X

Jly1st pacdeTa MOJIIpHOTO KOd(DPHUITMEHTA MTOTIIOMICHUS CTPOSIT TPATy HPOBOYHBIN
rpapuk B koopauHatax A=f(c(SO,/)). C NOMOIBI KOMIBIOTEPHBIX HPOrPAMM
Microsoft Excel nnu Sigmaplot onpenenstoT nmapameTpsl JIMHEHHON perpeccuu (Tad-
auna 11.2).

[Tapamerpsl uHEHON perpeccun A=f{c(SO/)).
Tadmuma 11.2

[TpuGop | [, cm Sa s, | atAa | bxAb R k+AKk,
TIM>/MOJTB*CM
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PaccuntbiBatoT MOJISIpHBIA KOA(P(GUIIUEHT MYTHOCTHU K, yuuThIBasi, 4yTo a= S =
k-l rne S — koadpuIMEHT YyBCTBUTEILHOCTH.
PaccunThIBaIOT S/(C) — OTHOCUTENFHOE CTAaHIAPTHOE OTKIOHEHHE 10 KOHIIEHTpa-

uu 1o GpopmyIie:

_s(A)
Sr(c)_s-c(sof‘)

Crposar 3aBucuMocts S,(c) = flc(SO/)) ¢ MCIONb30BaHUEM JAHHBIX TAOIMIBI
11.1. Onpenensitor mapameTpbl SIKCIOHEHIIUATLHON 3aBUCUMOCTH. HUXKHIOI0 rpaHuIly
OTIpeIeNIIeMbIX KOHIICHTPAIIUH Cy OTIPEIENSAIOT, TpupaBHUBAs s{(c) = 0,33.

Jlnis onpenenenus coep kanus Cylib(paT-uoHOB CTPOAT rpadrK 3aBUCUMOCTHU B
xoopauHaTax A = fim(SO,/)). C moMomp0 KOMIBIOTEPHBIX IporpaMm Microsoft
Excel unu Sigmaplot onpenenstor napaMeTpsl TUHEHHOM perpeccun (tadbmuna 11.3).

[TapameTpbl uHElHO# perpeccuu 4 = fim(SO)).

Taomuna 11.3
ITpuGop | /,cM | sa| Sp atAa b+Ab R

Hcnons3ys nmapamerpsl JMHEHHON perpeccud (tadnuma 11.3), paccuuThiBaroT
coJiep:kaHue Cylb(aT-uOHOB B AaHATU3UPYEMOM pacTBOpe. PacCunThIBaIOT KOHIIEHTpa-
IIUIO U COJIepKaHue Cyb(paT-uOHOB U CyJib(aTa HATPHS B aHATU3UPYEMOM PACTBOPE
(TouHOCTB pacuétoB — 4 3Havammx Hudpsl, 111 Maccsl 0,0001 1), mpuBOAAT BCe pac-
y&THBIE POPMYIIBI M pacu€ThI, BCE 3HAUCHHS BHOCAT B Tabmuiry 11.4.

Pesynbratel onpejenenus cyiabhaT-uoHOB.

Taomuna 11.4

c(SO7), T(SO/), v(SO/), monb m(SOs), mr D, %
MOJIB/ M Mmr/cm?

C(NCIQSO4), T(NQQSO4), V(NCZQSO4), MOJIb m(NagSO4), Mmr

MOJIB/ M Mmr/cm?

PaccunTHIBAIOT OTHOCUTENILHYIO HOTPEIIHOCTE onpeaenenns SO~
D_|mﬂaﬁ,q_mTeop| ] 00%

Mreop
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11.2.30npeodenenue nooGuscHOI cepol 8 8bIMANHCKE NOUBHL MEMOOOM 000ABOK
MeToa OCHOBAaH Ha KCTPAKLMHU MOABWKHON cepbl (SO, - HOHOB) U3 IIOYBEI

pPacTBOPOM XJIOPHIA KaJIHsl, OCAXKICHUU CYNIb(ATOB XJIOPHUIOM Oapusi U MOCIEeAYIOIIEM
TypOUIUMETPUUECKOM OIPEACIICHNU UX B BUJIE CyJlib(aTa Oapusi MeTogoM 100aBok. B
KauecTBe CTa0MIN3aTOpa CYCIEH3UH UCTIONB3YETCSl PACTBOP Kpaxmaia.

O0opynoBaHNe U peaKTHUBBI
1. ®oToanexrpokonopumetp (KOK-2);

2. PaGounii pactBop cynbdara Hatpus, 1(S) = 0,10 mr/cm® (maBecky 0,4430 r
BBICYIIIEHHOT'O JI0 MMOCTOSTHHOM Macchl X.4. Na>SOyKOAMYECTBEHHO MEPEHOCHT B
k0710y BMecTuMocThio 1000,0 cM® 1 10BOAAT 00BEM pacTBOpa 0 METKH PACTBOPOM
c(1/1KCl) = 1 mons/nm?);

3. Xnopun 6apus, BogHbIN pactBop, ®(BaCly) = 10% macc (HaBecky 5,87 r
BaCl,2H,0 pactBopsitot B 200 cm? JTUCTUJITUPOBAHHOM BOJIBI M 1O00ABIISIIOT 15 cm®
pacTBopa cosiHoM kucnotsl (c(HCI) = 1 mons/nm?). PacTBOp Harpesarot, He JOBOJIA
710 KUTICHUS, U B TOPSYHUI pacTBOP T00ABISIOT MEJICHHO ITPU MHTCHCUBHOM TIEpeMe-
muBaHuu 1,25 r kpaxmana. CMech HarpeBaroT Ha BOASIHOW OaHe MpU HEMPEPHIBHOM
MOMEIIMBAHUU J0 MOJYy4YEHUS IPO3PAYHOTO PACTBOPA. 3aTEM PACTBOP OXJIAXK/IALOT,
IIEPEHOCAT B MEPHYIO KOJIOY BMECTHMOCTBIO 250,0 cM® 1 10BOAAT 00BEM pacTBOpa
110 METKHU pacTBOpoM c(1/1KCl) = 1 mons/nm?);

4. Dxcrparupyromuii pactsop KCI, ¢(1/1KCl) = 1 mons/nm® (HaBecky 74,5513 1
BBICYIIIEHHOTO JIO MMOCTOSTHHOM Macchl X.4. KC/ KOJIMYEeCTBEHHO MEPEHOCST B KOJIOY
BMecTuMocTbio 1000,0 cM® 1 10BOIAT 00bEM pacTBOpa 10 METKU JUCTUIUTMPOBAHHOM
BOJION);

5. Mepuble K0oa6bl BMECTUMOCTBIO 50,0 cm?, 7 miT.;

6. IIpoOUpKKH BMECTUMOCTBIO 50 cM?, 9 IIT.;

7. Iunetku Mopa 15,0 cm®, 3 wmT;

8. Mepusiit ununap 500 cm’, 1 .

Xox paboTbI
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11.2.3.1 Ilooecomoska npobvl Kk ananuzy:
K naBecke noussl (Maccoii 90,00 r) mpunmsarot o 225,0 cM? 5KCTparupyoIero

pacTBopa XJOpHIa Kadus U MOMEIAIOT B OpOUTAIbHBIN IIEHKEp A7 BCTPAXUBAHUS.
Uepes 30 yacoB 3KCTpakiuu, Npoly (GUIABTPYIOT U UCIONB3YIOT JUIsl aHajIu3a. JKC-
TPAKT NEPEHOCAT B KOJIOYy BMeCTUMOCTHIO 200,0 cM® M JOBOJAT 10 METKH SKCTParupy-

IOIIMM PACTBOPOM.

11.2.3.2 Ilpucomosnenue cepuu cmanoapmHvIxX pacmeopos:
['oToBsT 7 ceputo cTaHAApTHBIX PacTBOPOB, coaepxaniux 0,2; 0,4; 0,8; 1,2; 1,6;

2,0 u 2,40 mr cepsl B 50,0 cM® pactBopa. [ns 3T0ro B MepHbIe KOIObI 00beMoM 50,0
cm® BHOCAT 2,0; 4,0; 8,0; 12,0; 16,0; 20,0 u 24,0 cm® pabouero pactsopa Na»SO, u

JOBOJAT 00BbEM pacTBOpa 10 METKH PACTBOPOM XJIOPHIA KaJusl.

11.2.3.3 IIpucomoenenue pacmeopa cpasHeHus:
B npoOupky nepenocsar 15 ¢cm® pactBopa xnopuaa 6apus u 30,0 cm® pacTBopa

XJIoOpuaa Kajius.

11.2.3.4 Onpeodenenue cooepaicanust NOOBUIICHOU Cepbl 8 NOYEe.
1. [IpuroroBneHue cepuu pacTBOPOB MJIsi TOCTPOEHUS TPATyUPOBOYHON 3aBHU-

CHUMOCTH.

B 1-10 npo6upky HamuBaroT 15,0 cM® GpuiibTpaTa CoNEBON BBITSHKKU IOUBHI, 15,0
cM® pacTBOpa XJopujaa Kaiuus u 15 ¢cM® pacTBopa xjiopuaa 0apys U TIIATEIBHO Hepe-
MEIIMBAIOT. B ocTanbHble 7 MPOOMPOK, HAUYMHAS CO BTOPOM, mpuimsaooTr 15,0 oM’
(uibTpaTa CONEBOM BHITSKKM MOUBBI, 15,0 CM? COOTBETCTBYIOIIErO CTaHIAPTHOIO
pacTBopa cepblu 15 cM® pacTBopa xs10pHaa 6apus U TIIATENLHO IEPEMELIUBAIOT.

Yepe3 10 MUHYT 10CJI€ PUTOTOBIIEHUSI CEPUH PACTBOPOB MOOUYEpPEAHO (HOTO-
METPUPYIOT BCE 8 paCTBOPOB, COJIEPKAIINX (PUIBTPAT MOYBBI, OTHOCUTENIBHO PACTBOPA
CcpaBHEHUs (TOJNILIKMHA Morjomaroiero cios 50 MMm) ¢ cBeTOUIBLTPOM, COOTBETCTBY-
FOUTUM Amax = 500-540 HM.

Pesynbrarsl 3-5 mapasuienbHbIX U3MEpeHHui BHOCAT B Tabnuiy 11.5 u ctpost
rpagyMpoBouHblii rpaduk B koopauHatax A = f(c(SO/)sws) A OUEHKH MOJISAPHOTO

K03 uimeHTa MyTHOCTH K.
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JInsi KOJMMYECTBEHHOIO0 aHAJIN3a IMOABMIKHOM CEPBI CTPOAT I'PaayHpOBOYHBIN
rpaduk B koopauHaTax A = f(m(S)ss), HAXOAAT Coep)KaHKUE cepbl B 1-i mpobOupke,
npupaBHuBasg A=0. C y4yeTom Bcex pa30aBICHHUI pacCUUTHIBAIOT COJEP)KAHUE IIO-

JIBIDKHOM CEephl B UCCIIETyEMOM o0pa3sIie.

11.2.3.5 Odghopmnenue nabopamoproeo sucyprana. OnpeoeieHue noOBUNCHOTU
cepbl 8 BLIMAICKE NOUBbL MEMOOOM 000ABOK

1. Lenb u 3agaun paboTHI.

2. YpaBHEHHUE pEaKIIUu.

3. Xoa onpeneneHus.

3.1. XoJ npUroToBIEHHS CEPUN CTAHJAPTHBIX PaCTBOPOB.
3.2. Xoa NpUroTOBJIEHUS pacTBOPa CPABHEHMSI.

3.3. OmnpeneneHue MOABMKHOM Cepbl METOJIOM J100ABOK.

JlaHHBIC 71 IOCTPOCHUS TPAAYUPOBOYHBIX 3aBUCHUMOCTEH.
Tadomuna 11.5

No m'(S) o6, c'(S) o065 OnTuyeckas MIOTHOCTh s(A)
PacTtBopa MKT Monb/mM® | Ay | Ay | As | Ay | As | AfAA
1 0
2 60
3 120
4 240
5 360
6 480
7 600
8 720

Jl1st pacyeTa MOJIIpHOTO KO3 (UIIMEHTa MyTHOCTH CTPOSIT TPAAyUPOBOYHBIN Tpaduk

B koopauHatax A=f(c'(S)ss). OOIIMIA BU 3aBUCUMOCTD MPEJICTABIICH HA PUCYHKE
11.1A.
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e

tgo=k-/

>

e m'(S) sp5, MT
c'(S) 05 MOIB/OM® m'(S) 1,

A b
Pucynok 11.1. O61muii BUI 3aBUCUMOCTH ONITUYECKOM TJIOTHOCTH OT: A) KOH-
[EHTpaluK 100aBKK pabouero pacTBopa, coaepkaiiero cyiabhar-uonsl; b) Maccel
n00aBkKM paboyero pactBopa, coaepkaiiero noasuxuyto cepy (VI).

C nomo1pto KoMnbOTepHBIX nporpamm Microsoft Excel nnm Sigmaplot ompe-

JESI0T mapamMeTphbl JJUHEeHHOM perpeccuu (Tabnuna 11.6).

[Tapametpsl nuneiiHo# perpeccuu A=f(c'(S)oos)-
Tabmuma 11.6

[TpuGop | [, cm Sa s, | atAa | b=xAb R k+AKk,
IM>/MOJTB*CM

PaccunteiBatoT MOJISIpHBIA KOAPOUIIUEHT MYTHOCTH K, yuuThIBasl, 4To a= S =
k-I, rae S — k02 PUIHEHT TyBCTBUTEILHOCTH.

JlenaroT 000CHOBaHHBIN BHIBOJI O UyBCTBUTEIILHOCTH ONIPEACIICHUS COIePIKaHUs
MOJIBIYKHOM CEphI B SKCTPAKTE W3 MOYBHI ITPH MCIIOIH30BAHUH B KAYECTBE CTaOMIIM3a-
Topa cycrneH3uu BaSO, pacTBOPOB 3JEKTpoJUTa U Kpaxmaina (tadbmuusr 11.2 u 11.6).
CpaBHuBaloT k, paccCuuTaHHbBIN IO METOTy TPaTyHpPOBOYHOTO rpaduka u 100aBOK.

Jlnis onpesienieHus: CoaepKaHus OBUKHOU CEPbI CTPOSIT rpapuK 3aBUCUMOCTH
B koopauHatax A = f(m'(S)ses) (pucynok 11.16). C moMoIp0 KOMIIBIOTEPHBIX MPO-
rpamM Microsoft Excel unu Sigmaplot onpenenstor napaMeTpsl TUHEHHOM perpeccuu
(Tabmuma 11.7).

[TapameTpsl muHelHOM perpeccuut A = f(m(S)oos).
Tadmuma 11.7
ITpuGop | /,cM | s, | Sp atAa b+Ab R
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[IpupaBHuBas A=0 nu3 ypaBHEHUs JUHEHHON PErpeCcCUH HAXOIAT COAEPKAHUE
cepsl B 1-M pactBope - m'(S)a,, comepxkameiica B anuksote 15,0 cm’. C yuerom pas-
OaBnenust HaxoAaT m(S) B mpobe:

m(S) = m'(S)an" Vons/Van,

rine Vi = 15,0 cm?;

Vions = 200,0 cm?;

Coneprxkanue MOABMKHOM cepbl B 00pasiie onpeaenstor o Gopmyiie:

m(S)

HaBeCKH

w(S) = 100%

PaccunThIBalOT KOHUEHTPAIMIO U COACpKAHUE MOJBUKHON cephbl U Cyib(hat-
MOHOB B OKCTPAKTE (TOYHOCTH pacuéToB — 4 3navammx mudpsl, ais maccs 0,0001 1),
MIPUBOJISIT BCE pacu€THBIC (POPMYIIBI M paCUEThI, BCE 3HaUEHUS BHOCAT B Tabuiry 11.8.

PesynbTarsl onpenenenns cyab(ar-noHoB.
Taomuma 11.8
7(S), r/em® v(S), MOIIb m(S), Mr o(S), %

T(SO/ ), r/em’ v(SO%), Monb m(SO), Mr o(SO5), %

11.2.40npeodenenue cooepircanusn Kiemoxk MUKpPOOPZAHUIMOE 8 CYCHEH3UU
Metoa OCHOBaH Ha MU3MEPEHHH WHTEHCUBHOCTU CBETOBOIO MOTOKA, MPOXO/Isi-

HIET0 Yepe3 TUCIIEPCHYI0 CUCTEMY.
O0opynoBaHue U peaKTUBbI
1. ®orosnexrpokonopumetp (Dxcnept-003);
2. CycrneH3ust MUKpOOPraHu3MoB, T(kiemok) = 2 mr/cm?;
3. ®uszunonoruueckuit pactsop, o(NaCl) = 0,9% macc;
5. Mepuble K0a06bl BMECTUMOCTBIO 50,0 cMm>, 8 miT.;
6. I'pagynposannas mumetka 10 cv?, 1 mr.

Xox paboTbI
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11.2.4.1 IIpucomognenue cmanoapmuuvlx pacmeopos u pacmeopa CPAGHEHUsL:
["oToBSAT cepuro 7 cTaHIapTHHIX 00pa3I0B CYCIEH3UM, conepkanux 5; 8; 10; 15;

20; 30; 40 Mr kieTok MuKpoopranu3MoB B 50,0 cM® pacTtBopa. B MepHbIe KOIOBI BHO-
CAT cieayromue 00beMbI HCXOHOM cycnensun: 2,5; 4,0; 5,0; 7,5; 10,0; 15,0; 20,0 cm®
COOTBETCTBEHHO. PacTBOPHI TOBOJAT A0 METKH (PU3HOJOTHUYECKUM PacCTBOPOM, Tepe-
MEIMBAOT. B KadecTBe pacTBOpa CpaBHEHUS UCIONB3YIOT (HU3HOJOTUYECKHM pac-

TBOD.

11.2.4.2 Buvibop paboueti onunvl ombi:
CycrieH3uio, ColepKaily0 MaKCUMaJbHOE KOJMYECTBO KJIETOK (OTOMETPH-

PYIOT OTHOCHUTEIBLHO PAacTBOPA CPABHEHMSI, CO BCEMU CBETO(DUIbTpaMU MOOUYEPEHO,
pe3yabTaThl U3MEPEHH BHOCIT B Tabmuiry 11.9. [{ns mpoBenenus aHammsa HCTOIb-
3YIOT KIOBETHI C JJIMHOM CBETOBOTO NyTH [ =1 cM.

CTposT 3aBUCUMOCThH ONTUYECKOHN IIIOTHOCTU OT JJIMHBI BOJHBI A = f{A) U BBI-
OuparoT B KauecTBe pabovyero cBeTOPMIbLTP, COOTBETCTBYIOIINN HAMOOIbIIIEMY 3HaYe-

HHUIO OIITUYECKOM INIOTHOCTH.

11.2.4.3 Ilocmpoenue epadyuposounoco epaghuxa:
Jl7is cepum CTaHIAPTHBIX 00pa3IOB CYCIIEH3WH, COIEPIKAINX U3BECTHOE KOJIH-

YECTBO KJIETOK, OMPEIEISIOT ONTUYECKYIO MIIOTHOCTh NMPHU YCTAHOBJIEHHOUN paboyeit
JUTHHE BOJHBI. I3MepeHus MpOBOIAT HE MEHEE MSITH Pa3 U pe3yJIbTaThl (POTOMETPHUPO-
BaHMs BHOCST B Ta0smiry 11.10.

[To momydeHHBIM 3HAYEHUSM CTPOSIT TPaIyHPOBOUYHBIN TrpaduK 3aBUCUMOCTH
ONTHUYECKOW TMJOTHOCTH OT COAEp’KaHUS KIETOK B CTaHJAPTHBIX pacTBOpax
A = f(Myzemor). 110JTydeHHYIO 3aBUCUMOCTh 00pa0aThIBAIOT B paMKax JMHEHHOH pe-

TPECCHH, MapaMeTpbl KOTOPOH TPeACTaBISIOT B Tabmuie 11.11.

11.2.4.4 Onpeodenenue cooepiicanus Kiemok MUKPOOP2AHUZMOB 8 MOOEIbHOM 00-
pasye:
AHanM3upyeMyIo CyCHEH3HUIO NEPEHOCAT B KOOy BMecTUMOCTEIO 50,0 cM® 110-

BOOAT A0 MCTKHU (bI/I3I/IOJIOFI/I‘-IeCKI/IM pacTBOpOM M OHNPCACIAIOT OINTHYCCKYHO ILIOT-

HOCTb IPY BEIOPAHHOM JIJTMHBI BOJIHBI HE MEeHee S pa3. Pe3ynbTaTel u3MepeHuil BHOCST
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B Tabnuiy 11.10. C ucnonbp3oBaHuEM ypaBHEHUS JIMHEWHON PErpeccHu OMpeAesioT

COACPIKAaHNEC KIECTOK B MOJACIIbHOM 06p8,311€.

11.2.4.5 Ogopmnenue nabopamoproeo sxnypuana. OnpeoeneHue coO0epiHCansl

KJ1emOK MUKPOOP2AHU3ZMOB 6 CYCNEH3UU

1. Lenb u 3agaun paboTHI.

2. Xon onpeaeneHus.

2.1. Xon npuroToBJICHHS] CEPUU CTAaHIAPTHBIX PACTBOPOB.

2.2. Xon NpUroToBJIEHUS paCTBOPA CPABHEHUS.

2.3. Bribop pabGoueit A11HBI BOJIHBI.

JlaHHbIC 17151 TOCTPOCHUS 3aBUCUMOCTU A = f(A).

Tadmuna 11.9

Ne ceroduabTpa A, HM Onrtuueckas MI0THOCTh
1 375
2 400
3 470
4 505
5 525
6 572
7 590
8 605
9 615

10 626
11 655
12 700
13 850

CTposIT 3aBUCUMOCTh ONTHYECKON MIIOTHOCTU OT IJIMHBI BOJIHBI A = f{(1). Jlenatot BbI-

BOJI 0 BEIOOpE paboueld IJTUHBI BOJTHBI.

2.4. OnpesneneHue coaepxKaHus KIETOK METOJIOM IPalyHpOBOYHOTO rpaduka.

JIaHHBIE JUIs1 TOCTPOEHHMS TPALyUPOBOYHBIX 3aBUCHMOCTEN.
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Taomuna 11.10

No m(xkemox), Onrtuueckas MI0THOCTh s(A)
PactBopa Mr A A | Aj Ay | As | AZAA
1 5
2 8
3 10
4 15
5 20
6 30
7 40
KontponpHas
3ajada, X

Jlnia onpenenenus coepkanns MUKPOOPTaHU3MOB CTPOSIT rpapuK 3aBUCUMOCTH B
koopauHatax A = f{m(xniemok)). C OMOIILI0 KOMITBIOTEPHBIX Mporpamm Microsoft
Excel unu Sigmaplot onpenensor napaMeTpsl TMHEHHOM perpeccuu (Tadbnuna

11.11).

[TapameTtpsl nuHeHOM perpeccun A = f{m(kiemox)).

Tadomuma 11.11

[Tpubop | /, cm Sa Sb atAa b+Ab R

C ucnonb30BaHUEM YpaBHEHUS TMHEHHOM perpeccuu OnpeaesistoT CoAepKaHue Kie-
TOK B MOJIEIbHOM oOpa3iie. PacCunThIBalOT TUTP U COEpKaHNE MUKPOOPTaHU3MOB B
aHATM3UPYEMOM PACTBOPE (TOYHOCTH pacu€ToB — 4 3HaYaIIMX HUQPHI, I MACCHI
0,0001 r), mpuBOAAT Bce pacu€THBIE POPMYJIIBI U PACUETHI, BCE 3HAUCHUS BHOCST B
tabauiy 11.12.

PCBYJ'IBTaTBI ONpCACIICHNA COACPKAHUA MUKPOOPTaHU3MOB.
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Taomuna 11.12

m(K1emox), Mr T(knemox), mr/cm? D, %

PaccuutniBaroT OTHOCHUTCIIbHYIO ITOTPCITHOCTDL OIIPCACICHUA COACPIKAHNA KIICTOK:

D _|mHaﬁa_mTe0p | . 1 00%

Mreop

11.3 Bonpocwt 0151 camoKonmpois
1. B yem 3akiogaeTcs CyTh M OTJIMYME METOI0B TypOUIUMETpHH U Hedeo-

MeTpuu?

2. ITpuBecT OCHOBHOM 3aKOH cBeTOpaccesinus (ypaBHeHUs1 Pasnes) u oxapakre-
PpHU30BaTh BEJIMUUHBI, BXOSIIUE B 3TO YpaBHEHUE.

3. Kakoe cBOMCTBO UCIOJIB3YETCS B HEPEIOMETPUIECKUX METO/IaX aHAu3a: a)
MOTJIOUICHUE CBETa aTOMaMu; 0) paccesiHie CBETa 4aCcTUIaMU; B) U3JIyYCHHE CBETa
MOJIEKYJIaMU U HOHAMU?

4. Kak 3aBUCUT HUHTEHCUBHOCTh PACCESTHHOT'O CBETA: &) OT CHEKTPaJIbHOMU Xa-
PAKTEpUCTUKH MAJIAI0IIETO U3TyUeHust; 0) OT pa3Mepa paccenBaroluX YacTull?

5. Kakoii cBeT paccenBaeTcsi B HaUOOJIbIIEH CTENEHN YaCTULIAMH, HaXOISIIIIN-
MUCS B PACTBOPE BO B3BEIIECHHOM COCTOSIHUU: &) JKEIIThIN; 0) CHHUI; B) 3€JICHBII; T)
KpacHBbIN?

6. Kakoli 3aKOH JI€KUT B OCHOBE TypOugumeTpun?

7. KonmuyecTBEHHBIN aHANIN3 110 METOAY NPSIMOU TypOUTUMETPUH.

8. OCHOBBI TYpOUIMMETPUUECKOTO TUTPOBAHMS.

9. TpebGoBaHusI K KOJUIOMAHBIM CUCTEMAaM, UCIIOJIB3YEMBIM B He(emo- U TypOu-
JTUMETPHH.

10. Jlns1 kakux 1eneit mpy IpUroToBICHUH CyCIEH3UH HEOOXO0AUMO BBOJIUTD B
paboune pacTBOPHI CTAOUIN3UPYIOIINE PEAreHThl, COOJII0IaTh ONPeAeICHHBIN TOPS-
JIOK CMEUIEHUS] KOMIIOHEHTOB, MIOCTOSIHHYIO TEMIIEPATYpy U MPOBOAUTH U3MEPEHUS

4yepe3 CTPOTro OMPeACTICHHOE BpeMsi?

149



11. Cxembl mpubOpOB 117151 NPOBEACHUS TYPOUAUMETPHUUECKOTO U HEPEIOMET-
PHUYECKOT0 aHAJIN30B.

12. TlpuBeauTe npuMepbl MPUMEHEHUSI METOJI0B HE(PETOMETPUH U TypOUa1-
METpPUU B XUMHUYECKOM aHaJIn3e.

13. IlepeuncnuTe HENOCTATKU M JOCTOMHCTBA METOJOB HE(EIOMETPHH U TYyp-

OMIUMETPUH TIO CPABHEHUIO C METOJIAMH MOJICKYJISIPHON aJCcopOIum.
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12 PeppakromeTpus
12.1 Ilenw u 3a0auu padomut

Nzydenue paboThl pepakTomMeTpa, OBIAJCHUE HABBIKAMU MPAKTUYECKOTO
NpUMEHEeHHs pePpPaKTOMETPUIECKOTO METOIa aHAJIN3a C UCIIOJIB30BaHUEM METO/A
rpaayupoBoyHOro rpaduka u tTabmui. OBiageHue HaBbIKAMH MIPOOOTIOATOTOBKH pe-

aJbHBIX OOBEKTOB.

12.2 IIpozpamma padomut
12.2.1 Pecppakmomempuueckoe onpeoeyienue caxapa 6 mojiokKe
PedpakTomerpryecknii MeTOT OCHOBaH Ha M3MEPEHUH MOKa3aTess MpeoMIIe-
HUS CBETA, KOTOPBIN 3aBUCUT OT TEMIEPATYPbl, JJIMHBI BOJIHBI CBETA, & TAKXKE OT KOH-
LEHTpalMK aHAJIM3UPYEMbIX BELIECTB B pacTBOpax. Kaxioe Be1ecTBo B CMECH coXpa-
HSIET CBOIO MPEJIOMIISIOILYIO CIIOCOOHOCTh, MOATOMY MOKa3aTelb MPEIOMIICHHUS] CMECH
IpeACTaBIsIeT COOOM CyMMY COOTBETCTBYIOIIMX BEJIMYMH JIJIs1 BCEX BXOSIIHUX B CMECh
KOMIIOHEHTOB.
Jist pepakToMeTpUUECKUX ONPEEICHU UCTIONIBb3YIOT PO3pavyHbIe PACTBOPBI.
[Ipu aHanuze MoJIOKa JJIsl MOJIyYEHUsI MPO3PAYHOIr0 PacTBOpa MPEABAPUTEIILHO OCa-
XKIAI0T OCJIKU M )KUPBI PACTBOPOM XJIOPHUAA KAJTBITHUSI.

O0opynoBaHue U peaKTUBbI
1. PedpakTomerp RL-2;
2. Monoko (aHanmu3upyembiii oopaser);
3. Xnopup kanbelus, BOAHBIN pacTtBop, ®(CaCl;) = 4% macc.;
4. Bonsinas 6aHs;
5. l'pagyupoBannas nuneTka 5,0 cv®, 1 mir;
6. Kanmsap;
7. [leHuunIMHOBBIN (HIIAKOH, 5 IIT.;
Xox paboTbl

12.2.1.1 Ilooecomoska obpaszya MoI0Ka K AHATU3Y.

MepHOi TUIETKOM 0TOMPAOT B IEHMIMIUIMHOBEIN (h1akoH 5,0 cM> CBEKEro Mo-
JI0Ka.

Jlist ocaxknenust 6€IKOB K OTOOpaHHOHM MpoOe MOJoKa MpHOABIAIOT 5 Kareib
pacTBopa XJOpuAa KaJblius, (PIaKoH 3aKpbIBAIOT MPOOKOM U HarpeBaroT 10 MUHYT B

KHTISIIIIEH BOJSTHOM OaHe JT0 TIOJTHOTO pacciauBaHus (CTBOpaKMBaHUs) oOpasIia.
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3aTeM OXJaXIaroT MoJ cTpyEil BogonpoBoaHou Boabl 10 20° C. Kanumspom

OT6I/IpaIOT HCCKOJIBKO KaII€JIb Hpospatmoﬁ KNIKOCTH.

12.2.1.2 Ilopsoox pabomul Ha peppakmomempe:

1. Ilepen HauanoM paboOThl IPUOOP MPOBEPSIIOT C MOMOILBIO STATOHHON
IJIMTKY C TPABUPOBAHHBIM ITOKA3aTEIEM IIPEIOMIIEHUS B IPOXOIAILEM cBeTe. s
3TOTO TUIMTKY PacrojaraiT Ha U3MEPUTEIHHON MIIOCKOCTH, YBIAKHEHHON MOHOO-
pomHadTareHoM. CpenHee 3HaYCHHE HECKOIBKUX OMPEIETICHUN JOHKHO COOTBET-
CTBOBATh 3HAYEHUIO, BBITPABUPOBAHHOMY HA IUIUTKE.

JI1st eXKeJHEBHOTO KOHTPOJISI MOKHO ITPOBOJAUTE U3MEPEHUE ITOKA3ATENS IIpe-
JIOMJIEHUS JUCTUIIIIMPOBAHHOM BOJBI IPU KOMHATHOM TEMIIEPATYPE IIPHU KEINTOU JIU-
HuU Hatpus A = 589,3 uMm (Tabauna 12.1).

3aBUCUMOCTb IOKa3aTeNs IPEJIOMIICHUS JUCTUIIIMPOBAHHON BOABI JUISl JKEJI-
TOH JINHUM HATPUS B 3aBUCUMOCTH OT TEMIIEPATYpHI.
Taomuna 12.1

Temre- [Toxka3zarens Temre-
[Toka3arenp Temnepartypa, [Tokasarenp

patypa, o IPEIOMIICHUS | paTypa,

oC MIPEJIOMIICHUS C oC MIPEJIOMIICHUS
15 1,3335 21 1,3329 27 1,3323

16 1,3334 22 1,3328 28 1,3322

17 1,3333 23 1,3327 29 1,3321

18 1,3332 24 1,3326 30 1,3320

19 1,3331 25 1,3325 31 1,3318

20 1,3330 26 1,3324 32 1,3317

2. Tlepen npoBeneHHEM HM3MEPEHUN NOKAa3aTelssl MPEJIOMIIEHUS PacTBOPOB,
npu3Mbl pedpakTroMerpa TEPMOCTATUPYIOT, MOAKIIOUYHB KOXKYX C MOMOIIBIO JBYX
HITYLIEPOB K TEPMOCTATy M MPOITyCKasi TEpPMOCTATUPOBAHHYIO BOAY B TeueHue 15 mu-
HyT. KOHTpOJIb 32 TEMIIEPATY POl OCYIIECTBISIOT C HOMOILIBIO TEPMOMETPA, BCTABJIEH-
HOTO B TpeTui wmrynep. Temmeparypa moaaepkuBaercsi ¢ TOUHOCThio 70 +(0,1 —
0,2)°C.

3. IloHAB BEpXHIO MPU3MY, IOMEUIAIOT ¢ TOMOIIBIO TUIETKU 2-3 KaIljiu uc-
clenyeMol XUAKOCTH Ha IMOBEPXHOCTh TOPU3OHTAIIBHO PACHOJIOKEHHOW HIKHEH
npusMbl. [Ipu 3TOM He crenyer KkacaTbCsi MUMETKON MOBEPXHOCTU MPU3MBI, YTOOBI HE

norapanarhb €. 3aTeM OIyCKalOT BEPXHIOIO MPU3MY U IJIOTHO MPKUMAIOT €€ K HUXK-

HEW.
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4. ITepemenias 3epKaiio (OCBETUTENbHYIO JIAMITY ), HAITPABIISIOT JIy4 CBETA HA CHU-
CTEMY IIPU3M.

5. Pe3kocTh ycTaHaBIMBAIOT, Bpalllas OKYJISIp Ha 3pUTENIbHOU TpyOe.

6. Bunumoe B 3putesibHOM TpyOe€ Mosie AeIUTCA NpeaeIbHbIM JIy4YOM Ha CBETIYIO
U TEMHYIO 4acTH, TPAHULIA MEXIY KOTOPBIMHU IIPU U3MEPEHUAX JOJKHA ObITh COBMeE-
IIEHAa C IePEKPECThEM HUTEW WIIM BUSUPHOU JIMHUEH BpaleHrneM OapadaHa.

7. I'panuna u3-3a paznoxeHus (aucnepcun) 0esoro cBeTa Npu NpOXOoXkKACHUU
ero uepe3 U3MEPUTEIbHYIO IPU3MY MOXKET ObITh HEUETKON, Pa3MBITON U OKPAIIEHHON
BO BCE€ LIBETA padyru. J(MCHepcHro yCTPaHST ¢ MOMOIIbI KOMIIEHCATOPOB, HAIpH-
Mep, IpU3Mbl AMUYH, KOTOpasi COCTOUT U3 JIBYX NMPU3M IpsiMoro BuaeHus. [Ipu3mel
BpalIalOTCs B MPOTUBOIOJIOKHBIE CTOPOHBI U YCTAHOBJIEHBI TaK, YTO UX JAUCHEPCHS
KOMIIEHCUPYET JUCHEPCUIO KUAKOCTU U IPU3M pedpakTOMeETpa.

8. COBMECTHB IPaHULIbI MEXKAY CBETOM U TEHBIO C IEHTPOM NEPEKPECThSI HUTEN

00041 BHBHpHOﬁ J'IPIHHGfI, 110 IMKaJIC OTCYUTBIBAIOT IMOKA3aTCJIb IIPCIIOMIICHH.

12.2.1.3 Konmponvnas 3adoaua. Onpedenenue cooepiicanusi caxapa 6 aHaiusupy-
emom obpasye

bricTpo (Bo m30exaHue MCHAapeHUs! BIArv) HAHOCAT 2-3 KaIUld >KUJIKOCTH U3
IIPO3PAYHOTO CJI0S Ha HIKHIOK MPU3MY pedpakTOMETpa, 3aTeM OIyCKalOT BEPXHIOIO
pU3MY.

Wsmepenns nposoasr mpu 17,5°C, moxnepxusas 3Ty TeMIeparypy ¢ IOMOIIBIO
Tepmocrara. Eciu usMepenus npoBoasaT mnpu Temneparype 6osbine 17,5°C To, nute-
paTypHble JlaHHble TaOUIbl 12.2 mepecuuThIBAIOT U1l TEMIEpPaTypbl MpU KOTOPOH
MIPOBOJIAT aHAIHN3 TIO PopMyIIe:

np' =np'’? — (t— 17,5)-0,00015

Boinonsstor 5-7 napaienbHbIX ONpPENEIeHUsT U PaCCUUTHIBAOT 77+ An ¢ Hc-
M0JIb30BAHUEM CTATUCTUYECKUX (HOPMYII.

[To nutepatypHbiM JaHHBIM (Tabnuna 12.2) cTposT Tpaduk 3aBUCUMOCTH

n=f(®) U pPacCUUTHIBAIOT MAapaMETPbl JMHEWHON pPErpeccud C JOBEPUTEIbHBIM
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UHTEPBAJIOM 1 KOAPPHUIIMEHT KOPPESLIMH ¢ ToMoIIbIo mporpamm Microsoft Exel, Sig-

maPlot.

3aBHCHMOCTB TIOKA3aTesl MPEIOMIICHHS PACTBOPa OT MAaCCOBOM JIOJIH caxapa.

Taomuma 12.2

IToxasaTens npe- [Tokasarep npe-

JIOMJICHUS TIPH Coz:epomaHHe ca- JIOMJICHUS TIPH Conep X(?HHG
17,5°C xapa, %o 17.5°C caxapa, %
1,3406 3,77 1,3420 4,49

1,3408 3,87 1,3422 4,59

1,3410 3,98 1,3424 4,69

1,3412 4,08 1,3426 4,79

1,3414 4,18 1,3428 4,89

13416 4,23 13430 5.00

1,3418 4,38 1,3432 5,10

C nmomo1bio HaliJICHHBIX MapaMeTPOB JIMHEMHON PErpeccuu HaxoJsT KOHIEH-
TpalUIO caxapa ¢ JOBEPUTEIbHBIM UHTEPBAJIOM, CTAHJAPTHOE OTKJIOHEHUE U OTHOCH-

TCJIBbHOC CTAHAAPTHOC OTKIIOHCHHUC.

12.2.1.4 Odghopmnenue nabopamoproeo sucyprana. Pechpaxmomempuueckoe
onpeoejieHue caxapa 6 MoJloKe

1. Lenu u 3agaun paboTh
2.Xox paboTsI
2.1. Xox moAroTOBKU MPOOKI K aHATH3Y
2.2. Pe3ynbTaThl ONpEaeaeHUs MOKa3aTels NpeIOMIICHUS aHAIM3UPYEMOTO PacTBOpa
Mosoka 5-7 pa3 (tabmuna 12.3).
JlanHbie 17151 onpeesieHusl moka3aress IpeloMIeHHs PoObl MOJIOKa
Taomuna 12.3

No ITokazaresb NpeIOMIIEHHUS s(n) si(n), %
[Tpo6bI n | np | n3 | ng ns n +An
Momnoxko 1
Mozoxko 2

[Tpubnu3urenbHOE coepkaHue JAKTO3bl B MOJIOKE MOXHO OLIEHUTh TabIny-
HBIM MeTOJIOM (Tabmuia 12.2), nyis 60jiee TOYHOTO ONPENeNICHUs COACPKAHUS caxapa
B MOJIOKE CTPOSIT rpad)MKy 3aBUCUMOCTH B KOOpAMHATaX n = f{®w) (METO rpagyupo-
BOYHOTO rpaduka). C mOMOIIbIO KOMIBIOTEPHBIX TporpamMM Microsoft Excel unu

Sigmaplot onpenensaioT napameTpsl TMHEHHOMN perpeccuu (Tadnuna 12.4).
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[TapameTpsl uHEIHOM perpeccnn n = fw).
Tabmuma 12.4
ITpubop Sa Sb atAa b+Ab R

2.3. Ha ocHOBaHUU MOJYYEHHBIX MapaMETPOB JIMHEUHON PErpeccur pacCUUThI-
BAalOT CPEJHIOK KOHIIEHTPALMIO caxapa C JOBEPUTENIBbHBIM HHTEpBAIOM (@ TA®),
CTaHJAPTHOE OTKJIOHEHHE (S) MU OTHOCHTEIHHOE CTAaHAAPTHOE OTKIOHEHHE (S;) (Taod-
nuna 12.5).

Pesynbrath onpesenennss MacCoBOM JIOJIM caxapa B MOJIOKE.
Taomuna 12.5

No Maccosas goJist caxapa, % s(o) si(®), %
[Tpo6bI W | 0| 03] o4 s AN
Mougioko 1
Mosoko 2

2.4. HaiinenHble KOHLIEHTpAIMK caxapa B oOpa3iax, CpaBHUBAIOT CO 3HAYEHU-
MU 3asIBJIEHHBIMU IIPOU3BOJUTENIEM C MOMOIIBIO IpocToro tecta CrbrogeHrta. s

ATOTO PACCUUTBIBAIOT to TIO pOpMYIIE:

|o—p|
toce = Sy VI

I7Ie @ - HalJIEHHAs CPEeIHsIsl MaccoBas J0JIs caxapa B MOJIOKeE, %o; |L — 3asBJICH-

Hasi IPOU3BOJUTENIEM MaccoBasi 101 YIVIEBOJAOB B MOJIOKe, %; s(®) — cTaHAapTHOE
OTKJIOHEHHE HKCIIEPUMEHTAIbHONW BHIOOPKH KOHLEHTPALMU caxapa; N — YUCIIO U3Me-
PEHHUN.

CpaBHUBAIOT tyxe U tipur (IPHIIOKEHNE) U AETAIOT BBIBOJ O 3HAUYEHUU Pa3IUUUN

MCIKOY HaﬁI[GHHBIM SHAYCHUCM KOHICHTpPAIMHU 1 3asABJICHHBIM IIPOU3BOJNUTCIICM.

12.2.20npeodenenue cooepircanus Xaopuoa Hampus 6 600HOM pacmeope
Meton 0OCHOBaH Ha ONpeIeTICHUH MTOKa3aTesl IPEJIOMIIEHUS UCCIIEAYEeMOT0 pac-

TBOPA XJIOpUJA HATPHsI U YCTAHOBJICHUH TOYHOW KOHIICHTPAIIUHU OINPENeIsIeEMOT0 KOM-
MIOHEHTa B KOHTPOJILHOM PacTBOPE MO METOIY TPayuPOBOYHOTO TpadukKa.
O0GopynoBanne u peaKTUBbI
1. Pedpakromerp RL-2;
2. Pa6ounii pactBop xaopuaa Hatpus, o(NaCl) = 20% macc., (p=1,148 r/cm?);
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3. I'panyupoBannas numetka 5,0 cm®, 1 mir;

4. Mepusle mpobupku BMecTuMocThio 10,0 cM?, 7 m;

5. Kanmmsap.

Xox paboTbI
12.2.2.1 IIpucomosnenue cepuu cmanoapmmubix pacmeopos:

1. Pas6aBnennem pabouero pactsopa NaCl (0=20%, p=1,148 r/cm’) rorossar
CEpHUI0 CTaHJAPTHBIX PACTBOPOB C KOHIIEHTpamuen xyopuaa Hatpus 5,0; 7,5; 10,0;
12,5; 15,0; 17,5 (% macc.).

2. HeoO6xoaumbie 00beMbl UCXOJTHOTO PACTBOPA M BOJIbI PACCUUTHIBAIOT METO-

oM Kpecta. Hanpumep, 11 mpuroToBiIeHUs IEPBOrO pacTBOpa:

20 ¥ 5
5
0 -7 A5

T.€. Ha 5 BECOBBIX YacTel UCXOAHOTO PacTBOpa HEOOXOAUMO B3SITh 15 BECOBBIX
gacreit Boasl. Ilepexons k oobemaM m yumthiBasg, uro p(H,O) = 1 r/em®, maxonmsar
00BEM HMCXOIHOIO pacTBopa (HEOOXOAUMBIN Juist mpurotosiaenus 10,0 cm® mepBoro
CTaHJapTHOT'O PacTBOPA) U3 COOTHOILICHUSI:

5 5
15+—-—
P P

10,0 = Viex

TJie p - IWIOTHOCTH KCXO0qHOTro pactsopa NaCl (p=1,148 r/cm?).

12.2.2.2 Ilocmpoenue epadyuposounozo epaguxa:
Hanocst 2-3 karum Kax10To pacTBopa Ha Ipu3My pepakToMeTpa U u3MEPSIoT

MoKaszartesb npejaomieHusd. M3mepenne npoBomar S5-7 pas. Pe3ynbraTbl M3MepeHUn
BHOCAT B Ta0uIry 12.6.
CtposT rpagynpoBOYHbBINA TpaduK B KoopArMHATaX n = f{m). PaccunThiBaroT ma-

paMeTpbl JIMHEWHON PETPECCHUH.
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12.2.2.3 Konmponvnas 3adaua. Onpedenenue cooepaicanus Xaiopuoa Hampusi 8
AHAUZUPYEMOM pacmeope.

N3MepsAroT nokazarenpb MpeaoMIIEHUsT KOHTPOJIBHOIO pacTBOpa 5-7 pa3 U pac-
CUMTBIBAIOT CPEJHUI MOKa3aTedb npenomieHus 7z £An. Mcnonszys nmapamerpsl M-

HEWHOM perpeccuu, onpeaesiioT KoHueHTpauno NaCl B HcciieyeMOM pacTBOpE.

12.2.2.4 Odghopmnenue nabopamoproeo sucyprana. OnpeoeieHue cooepIrHcanuisl
Xnopuda Hampus 8 B00HOM PaAcmeope

1. Henu u 3agaun paboThI

2. Xoa paboThl

2.1. Xon npuroToBJI€HUS] CEPUM CTaHJIAPTHBIX PACTBOPOB.

PaccuutsiBator 06bembl padbouero pactBopa NaCl (0=20%) HeoOXxoaumbIe s
MPUTOTOBJICHUS CEpUU CTAHJAPTHBIX pacTBOPOB. Pe3ynbTaTsl BHOCAT B Tabnuily 12.6.

2.2. U3mepstoT mokazaTtenu mpenomiieHus (5-7 pa3) Ui Kaxkaoro pactBopa
CTaHIapTHON CEepUU U KOHTPOJILHOTO PAaCTBOPA, Pe3yibTaThl BHOCAT B TabmuIry 12.6.

I[aHHBIC AJI ITIOCTPOCHUS I'palyUPOBOYHBIX 3aBUCUMOCTEH.

Taomuna 12.6

No O6mvem pa- | o(NaCl), | T(NaCl), [TokazaTenb MpeaoMIICHUS s(n) | si(n)
PactBopa 0ouero % mr/am> n | n2 | n3 | na |ns| nB
pactBopa, +An
cm’
1 5,0
2 7,5
3 10,0
4 12,5
5 15,0
6 17,5
KonTtpo-
JbHas 3a-
nmaga, X

TuTpbl pacTBOPOB CTAaHAAPTHON CEPUH PACCUUTHIBAIOT IO PopmyIie:

T(NaCl) =—V""{’,’pp'p',

np.

rie T(NaCl) — TMTpbl pacTBOPOB CTAHAAPTHOM cepuu, r/cm’; V,,,, - 00beM pabo-
4Eero pacTBOpa, CM>; Ppp — IUIOTHOCTH pabouero pactsopa (p = 1,148 r/em?); V,, -

00weM MepHOI npobupku (10,0 cv’).
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Jlns onpenenenus koHueHtpauuu NaCl B BOATHOM pacTBOPE CTPOSIT IPayrupo-
BOYHBIN Tpaduk B koopauHaTax n = flw(NaCl)). C moMoIIp0 KOMIIBIOTEPHBIX MPO-
rpamMm Microsoft Excel nnu Sigmaplot onpenensitoT mapameTpbl IMHEHHON perpeccuu
(Tabmuma 12.7).

[TapameTpsl muneliHoM perpeccuu n = flw(NaCl)).

Taomuma 12.7
R

[TpubGop Sa Sb atAa b=Ab

2.3. Ha ocHOBaHMH TOJYUYEHHBIX MTApaMETPOB JTUHEHHON PETPECCHH PACCUUTHI-
BAIOT CpeHIO KOHIeHTparuio NaCl ¢ 1oBepuTENbHBIM HHTEPBATIOM (@ £A®), CTaH-
JApTHOE OTKJIOHEHUE (S) U OTHOCUTEIFHOE CTaHIapTHOE OTKIOHEHHE (S;), @ TAKIKE OT-
HOCHUTEJIbHYIO MOTpeTHOCTh onpenenenus NaCl o maccoBoi nose (Tadnuma 12.8).

Pesynbrater onpenenennst maccoBoi 101 NaCl B KOHTPOILHOM PacTBOPE
Taomuma 12.8

No Maccosas noist NaCl, % s(w) | sdw) | D,%
[Tpo6bI O | 0] ©3 | 04 s o Ao
KonTposbHas
3a/1aua

MeTo10M KpecTa pacCUMTHIBAIOT B3ATHIN JJIsl IPUTOTOBIICHUSI KOHTPOJILHOM 3a-
naun 06beM pabouero pactsopa NaCl (V +£AV) 1 OTHOCHTENBHYIO MOIPEMIHOCTE 10
o0bemy (Tabnuna 12.9).

Pesynbratel pacuera oobema padbodero pacrBopa NaCl, B3ATOTO AJII MPUTOTOBICHUS
KOHTPOJIBHOM 3a/1a4u
Tabmauma 12.9

No O6wem pabogero pactsopa NaCl, cm? s(V) s{(V) | D%
HpO6BI Vil Va| V3 V, Vs VAV
KontponpHas
3ajaya

2.4. PaccunThIBaIOT KOHIIEHTpAIUIO U copepkanue NaCl B aHanu3upyeMoM pac-
TBOpE (TOYHOCTH pacu€ToB — 4 3Havyamux nudpsl, 111 maccsl 0,0001 ), mpuBOIAT BCe
pacuétHbie HOpMYIIbI U pacyE€Thl, BCE 3HAYCHUS BHOCST B Tabimiy 12.10.

Pesynbrater onpenenenust NaCl
Tabauma 12.10

o(NaCl)

c(NaCl),
MOJIB/ M

T(NaCl),
mr/cm?

v(NaCl),

MOJIb

m(NaCl), Mmr

D, %
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PaccunThIBalOT OTHOCUTEINIbHYIO MOTpeIHOCTh onpeaenenust NaCl

D _|mHaﬁa_mTe0p | . 1 00%

Mreop

12.3 Bonpocwt 015 camonoo2omosKu

1. Ha uém ocHOBaH pedpakTOMETpUUECKUN METO] aHaIu3a?

2. Yto Ha3bIBA€TCSI OTHOCUTENIbHBIM MTOKa3aTelIeM MPEeIoMIICHHUs?

3. Urto Ha3bIBaeTCA aOCOJIIOTHBIM MMOKA3aTEIEM MPEIOMIICHUS?

4. Ot xakux (paKTOpPOB 3aBUCHUT MOKA3ATENb MPETOMIICHUS?

5. Urto Ha3bIBaeTCA JUCMIEPCUE CBETA M KaK OHA BIUSET Ha MOKa3aTelb ImpesiomIie-

HUS?

6. Uro o3Havaror 3amucd np”’ u nc?’?

7. Kakoil Jiy4 Ha3bIBaeTCs PEAEIbHBIM?

8. Ha uém ocHOBaHO ycTpoiCcTBO pedpakromerpa?

9. Kakoe siBjieHHE Ha3bIBAETCS MOJHBIM BHYTPEHHUM OTPAKEHHEM U KaK OHO UCIIOJIb-

3yercs B pedpakromerpe?

10. KakoBa ontuueckas cxema pedpaxromerpa?

11. KakoBbl nipejiesibl U3MepeHusl oKazaTels IpeIoMIIeHUs Ha pedpakToMeTpax?

12. KakoBa norpemHocTs u3zmepenuii (%) Ha pedppaxkromerpe?

13. Yto sIBISIETCS aHAIMTUYECKUM CUTHAJIOM MPU MPOBEACHUN KAYECTBEHHOI'O aHa-

mu3a? Kakue cucteMbl MOKHO aHAIM3UPOBATh KAYECTBEHHO?

14. Kakasi 3aKOHOMEPHOCTb MOJI0’KEHA B OCHOBY KOJIMYECTBEHHOTO aHanu3a? Tpebo-

BaHUS K aHAIM3UPYEMbIM 00pa3iam.

15. [IpuBecTu mpuMepbl MPUMEHEHHUS PePPaKTOMETPUN MPU aHAIM3€ MUIIEBON MPO-
TYKITUU U 00BEKTOB OKPYKAIOIIEH CPEIbI.
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13 IonsipuMeTpus

13.1 I]enwb u 3a0auu padomut

HSY‘ICHI/IC pa6OTBI MNOJIAPHUMETPA, OBJAACHNUEC HABbIKAMHU ITPAKTHYCCKOT'O IIPUMCHCHUWA
MNOJPUMETPUICCKOI0O MCTO/Ia aHAJIM3a.

13.2 Ilpozpamma pabomot

13.2.1 Monsipumempu4yecKoe onpeodesieHUe 2/1H0KO3bl
[TomapumeTprudecKknuii METO/ aHAIM3a OCHOBAH HA 3aBUCUMOCTH YIJIa BPALCHUS

IUIOCKOCTH MOJIIPU3ALUH [IOCKONOJISIPU30BAHHOIO CBETA OT KOHLIEHTPALMK ONTHYE-
CKH{ aKTMBHOTO BEILIECTBA INIFOKO3bI B PaCTBOPE (YAEIBHOE BPAILIEHUE IIFOKO3BI Oy, IIPH
temneparype 25 °C wu okenroit numumu Harpus (A=589,3 HM) cocraBiser 52,5
O.cM®/(mmT).

JUIsl NOASIPUMETPUYECKUX ONPEIETIEHUI UCTIOJB3YIOT MPO3payHbI€ PACTBOPHI.

Ob6opynoBaHne M peaKTUBBI
1. Ionsspumerp CM-3;

2. Paboumnii pacTBOp Iit0K03bl, BOJAHBIN pacTBOp, ®(CsH 1:06) = 20% Macc. (p =
1,078 r/em?);

3. 'pagynpoBaHHas MUIETKa BMECTUMOCTBIO 5,0 cM?, 1 mT;

4. MepHuble podupku BMecTHMOCTBIO 10,0 cM?, 5 mit.;

Xox paboTbI

13.2.1.1 Ilpucomognenue cmandapmusvlx pacmeopos 2KO3blL:
1. Paz6aBnenunem paboyero pactsopa ritoko3bl (0 = 20%) TOTOBST CEpUIO CTaH-

JApTHBIX PACTBOPOB € KOHIIEHTpanuen roko3sl 3,0; 6,0; 9,0; 12,0 (% macc.).

2. Heo6xoaumble 00BbeMbI HCXOIHOTO PACTBOPA U BOJBI HAXOAT METOOM Kpe-
cta. Hanpumep, A1t IpUroToBIEHUSI IEPBOTO paCcTBOpA:

T.€. Ha 3 BECOBBIX YACTEH MCXOTHOTO PACTBOPA HEOOXOIMMO B3ATh 17 BECOBBIX

yacreil Bojbl. ITepexo/s K 00beMaM U yUUTHIBAS, YTO Paoxs = 1 I/CM>, HAXOIAT 00BEM
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MCXOJHOTO pacTBopa (He00X0 UMbl 1yt ipurotoBiaenus 10,0 cM? mepBoro crangapt-

HOTO pacTBOpa) U3 COOTHOIICHHUS:

17+i_>3
P P

100>V

ucx

r7ie p- MIOTHOCTh MCXOJHOIO PAacTBOpA ONTHUYECKU aKTHUBHOTO BemiecTBa (p = 1,078

r/cm?).

13.2.1.2 Onpeodenenue cooepicanus ei0K03bl 8 AHATUIUPYEMOM PACMEope o
Memooy epadyupo8ouHo2o epagura:

1. [TocTpoeHue rpaiupoBOYHOTO rpaduka.

Kaxx11p1il pacTBOp BHOCST B KIOBETY M U3MEPSIOT YroJl BPAIEHHS C MOMOILBIO
noJitpuMeTpa S5-7 pas.

Pe3ynbTaThl n13MepeHuit BHOCAT B Tabnuiy 13.1.

CtpoAt rpaaynupoBOUYHBIN rpaduk B KoopauHaTax o = flw). PaccunTsiBaror ma-
paMeTpbl JIMHEWHON PETPECCHUH.

2. KonrponbHas 3aga4a

AHanu3upyemMyo npooy A0BOAAT JO METKU JUCTHIMPOBAHHON BOJOH.

KoHTposbHbII pacTBOP BHOCST B KIOBETY (/=1 AM) ¥ U3MEPSIIOT yTOJ BpalleHUs
C MOMOIIBIO MOJIApUMETpa -7 pas.

Pe3ynbTaThl n13MepeHuit BHOCAT B Tabnuiry 13.1.

PaccunThIBalOT KOHUEHTPALMIO TJIIOKO3bl, UCHOJB3Ysl NapaMeTpbl rpaayupo-

BOYHOW 3aBUCUMOCTH.

13.2.1.3 Odghopmnenue nabopamoproeo sucyprana. Ilonapumempuueckoe onpede-
JleHue 2110K03bl

1. Henb u 3amaun paboTHI.

2. Xona paOoThl.

2.1. IIpuroToBneHne CTaHIAPTHBIX PACTBOPOB IITIOKO3BI.

[IpuBoasT pacuer 00bEMOB pabovero pacTBopa Mo MpaBuily KpecTa Jijisi IpUro-
TOBJICHUS] CEPUM CTaHJAPTHBIX pacTBOPOB. Pe3ynbTaThl BHOCAT B Tabmuiry 13.1.

2.2. UsmepsitoT yrou BpanieHus (5-7 pas) A KakJI0ro pacTBOpa CTaHIApTHOM

CEpUU U KOHTPOJIBHOTO PacTBOpPA pe3yJibTaThl BHOCAT B Tabmuiy 13.1.
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JlaHHBIC 7151 TOCTPOCHUS TPATYHUPOBOYHOTO rpaduka
Taomuna 13.1

Ne O6beM pa- | o(CsH120s), | T(CsH120s), Yron Bpamenus, °
6ouero pat- % r/em’ ar | az | as | axa | s(a) | sda)
BOpa, cM’
1 3,0
2 6,0
3 9,0
4 12,0
KonTposns-
HBIU pP-p

TuTpbl pacTBOPOB CTAaHAAPTHON CEPUM PACCUUTHIBAIOT IO PopMyIie:

T(CsH 205) =—22202.

Vip.

Tne T(CsH;,05) — THTPBHI paCTBOPOB CTAHAAPTHON cepuw, r/cm’; V,, - 00beM
pabouero pacTeopa, cM>; p,,. — INIOTHOCTHL pabodero pacteopa (p = 1,078 r/em?®); V.
- 00beM mpobupku (10,0 cv).

2.3. Jlnst pacueTa BeJIMUMHBI YAEIBbHOIO BPAILEHUS Oly; TIFOKO3bI CTPOSIT IPALy-
UpOBOYHBINA Ipaduk B koopauHatax a =f(T(enoxoswt)). C MOMOIIEI0 KOMIBIOTEPHBIX
nporpamM Microsoft Excel unu Sigmaplot onpenensior mapamerpsl JIUHEHHOU pe-
rpeccuu (Tabnuua 13.2).

[TapameTpsl muHelHON perpeccun o =f( T(2nroko3wt))
Tabmuma 13.2

[Tpubop | I, im Sa Sh atAa b+Ab R Oly 1,
O-cM®/(mmT)

PaccunThiBaOT yneiabHOE BpalleHUEe IUIOCKOCTU MOJSIPU3ALUM Oy, YUUTHIBAS,
910 = S = dy, [, 7€ S — K03(P(PUIIMEHT YUyBCTBUTEIBLHOCTH.

PaccuuthiBaroT OTHOCHUTCJIbHYIO OTPEHIIHOCTD ONPEACITICHUS Oyy IO (I)OpMYJIC:

D%_|aﬂa1?m_aJIHT| ] 00%

aJII/IT
2.4. lns onpeaeneHns KOHIIEHTPAIMH TII0KO3bI B BOJHOM PacTBOPE CTPOSIT Irpa-
IyUpOBOUHBINA Ipaduk B KoopauHatax o = flw). C MoMOIIbI0 KOMIIBIOTEPHBIX MPO-
rpamMm Microsoft Excel nnu Sigmaplot onpenensitoT mapameTpbl TMHEHHON perpeccuu
(Tabmuma 13.3).
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[TapameTtpsl auHEHOMN perpeccuu a = f{®).
Tabauma 13.3
ITpubop Sa Sb atAa b+Ab R

2.5. Ha ocHOBaHMM MOJIyYEHHBIX MapaMETPOB JIUHEWUHON PErpecCum PacCUUThI-
BalOT CPEIHIOI0 KOHIIEHTPALMIO TIIFOKO3bI C TOBEPUTENBHBIM HUHTEPBAIOM (@ +A®),
CTaHAAPTHOE OTKJIOHEHUE (S) U OTHOCUTEIBHOE CTAHIAPTHOE OTKJIOHEHHE (S;), @ TAKXKE
OTHOCUTEJIbHYIO MOTPEUTHOCTh ONPEAEICHHs TIIFOKO3bl TI0 MacCOBOM Jloe (Tabnuiia

13.4).

Pe3ynbTathl onpeeeHuss MacCOBOM JIOJIU TJIFOKO3bI B KOHTPOJIBLHOM PacTBOpE
Taomuna 13.4

No Maccosas nons CsH 1,05, % s(m) | sdw) | D,%
[TpoOb1 O | @ | ©3] 04 5 @ tA®
KontponpHas

3a/aya

MeTo10M KpecTa pacCUMTHIBAIOT B3ATHIH ISl IPUTOTOBIICHUSI KOHTPOJILHOM 3a-
naun 00beM pabouero pacteopa CsH ;O (V £AV) 1 OTHOCHTENBHYIO TIOTPEITHOCTS 10
o0bemy (Tabmura 13.5).

Pe3ynbrathl pacuera oobeMa padodero pacrBopa CsH O, B3ATOTO JIJISI IPUTOTOBIIC-
HUS KOHTPOJIBHOM 3aJ1auu
Tabomuna 13.5

No O6bem pabouero pactsopa CsH 204, e | s(V) | s{(V) | D,%
HpO6BI Vil Vo | Vs Va Vs V+AV
KonTposbHas
3a/1aya

2.6. PaccuntbiBaroT KOHUEHTpauuio u coaepxanue Cel ;0 B aHATU3UPYEMOM
pactBope (TOYHOCTh pacuéToB — 4 3Havamux 1udpsel, as maccesl 0,0001 1), npuBoaAT
Bce pacu€THbIe (POPMYIIbI U Pacu€Thl, BCE 3HaUEHUS BHOCAT B Tabmuiry 13.6.

Pe3ynbTathl onpeneneHust riIoKO3bI.

Tabmuma 13.6

o(Ti10- c(2noKo3bl), T'(cnroxo3wl), V(enoKo3bl), m(antoxosvl), | D,
KO3bl) MOJIB/ M mr/cm’ MOJIb MI %

PaccuntbiBarot OTHOCHUTCIIbHYIO ITIOT'PCIIHOCTD OIMPCACIICHHA I''TFOKO3bI
D_|mHaﬁ;[_mTeop| 100%

Mreop
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13.3 Bonpocul 0151 camonoo2omoexku

1. Ha uem ocHOBaH NOJIAPUMETPUYECKUA METO]T aHan3a?

2. B yeM paznuuue eCTeCTBEHHOIO U MOJSPU30BAaHHOTO CBETa?

3. Kakue u3BecTHbI TUIIBI ONITUYECKHU AKTUBHBIX BeliecTB? YeM o0ycioBiieHa UX OIl-
TUYECKasi aKTUBHOCTh?

4. Kakue ¢akTopsl BIUSAIOT HA YTOJI BpallleHUs IUIOCKOCTH MOJISIpU3aun?

5. Urto Ha3bIBaeTCA yAEIbHBIM BpaIIeHUEM INIOCKOCTH NoJipu3anuu? B kakux ycio-
BUSIX U3MEPSIIOT 3Ty BeJIMUMHY ? Kakylo pa3MEpHOCTb UMEET Oly,?

6. Kak npoBoasaT unentudukanuio semects? UTo ABIseTCS aHATUTUIECKUM CUTHA-
JIOM B KAYECTBEHHOM aHaiu3e?

7. KpuBas KoTToHa 1 ee ucnosip30Banue s HACHTU(DUKAIIMYA U yCTAHOBICHUS
CTPYKTYPBbI BELIECTB.

8. Ha xakom (pu3nueckoM 3aKOHE OCHOBAH KOJMYEeCTBEHHBIN aHanu3? KakoBa ero
rpaduueckast UHTEpHIpeTanus?

9. B kakux yclIOBUAX MPOBOJSAT KOJIMYECTBEHHBIN aHanu3? TpeOoBaHMs K aHATU3U-
pyeMbIM 00pasiam.

10. KakoBbl OCHOBHBIE Y3116l TTOJIsIpUMeTpa? B ueM ux HazHaueHue?

11. Yto Ha3bIBaETCsl yCTAHOBKOM MpUOOpa «HA TEMHOTY»?

12. ITpumeHeHne MeTo1a NOJIIPUMETPUU TP AHAJIM3€ MMUILEBBIX NPOAYKTOB. [IpuBe-
CTH IPUMEPHI.
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14 Kougykromerpus
14.1 Ilenwb u 3a0auu padomut

W3ydyeHrne BO3MOXKHOCTEH W ammapaTrypHOro oGopMIICHHS MPSIMON KOHIYKTO-
METpPUH, OBJIAJICHUE IPUEMAMH MPAKTUIECKOTO MPUMEHEHHS KOHTyKTOMETPUIECKOTO

TUTPOBAHUA.

14.2 Ilpozpamma pabomut

14.2.10npeoenenue conecooeprcanus 600 CKEAHCUH MEMOOOM NPAMOU KOHOYK-
momempuu

Ol'IpC,IICHeHI/IC cojiecoacpKaHrss OCHOBAHO Ha KOHAYKTOMCTPHUUYCCKOM OIIpCIc-
JICHMM KOHHOCHTpAalWW IMPOTOHOB, BBIACIUBIIUXCA IIPU IPOIMYCKAHHWU COJICCOACPIKA-
X BOJ 4E€pE3 KaTI/IOHOO6M€HHyI-O KOJIOHKY.

O0opynoBaHNe U peaKTHUBBI
1. YcranoBka 1Sl MPSMBIX KOHIYKTOMETPUYECKUX HCCIEAOBAHUI MPEICTaB-

JeHa Ha pucyHke 14.1;

0%, 3
©%29.
’o"O:o

Pucynok 14.1. YcraHoBka /Ui IpAMbIX KOHAYKTOMETPUYECKUX UCCIIEI0OBAHNN,
rae 1 - kouagykrometrp ("Anuon 4120" nmm "Okenepr-002"); 2 - KOHAYKTOMETpUYE-
CKMI TaTYMK; 3 — KOHJIyKTOMETpUUecKas siueiika; 4 — MarHuTHas Mellajika.

2. Xpomatorpaduyeckas KoJIOHKa, coaepxanias KatTnoHuT KY-2;

3. XJ10poBOOpOAHAS KMCIIOTa, BOAHBIA pactBop c(1/IHCI) = 2,000 momns/am’;

4. Xnopun Hatpus, BoaHbli pactsop T(NaCl) =5,84 r/nm® (maBecky 1,1689 T
PACTBOPSIOT B BOJIE M IOBOJIAT 00beM pactBopa 10 200,0 cm?);

5. XnopoBomopoaHasi KHCJIOTa, BOAHBIM pactBop c(1/IHCI) = 0,001000

MOJIB/IM?;
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6. I'pagyuposannas mumerka 10,0 cm?, 1 mr;

7. Iunetka Mopa 50,0 cm®, 1 1.

8. ITunerka Mopa 25,0 cM?, 1 mr.;

9. MepHble KOn0ObI, BMecTHMOCTEIO 100,0 cM?, 5 mit.;

10. Mepnas npo6upka 5,0 cm>, 1 mir;

11. Xumuuecknii crakan 200 cM?, 5 mir.

Xoa padoTnI
14.2.1.1 Ilepeseoenue kamuonuma 6 H ¢hopmy:

Jlnst mepeBeenus katnonnta KY-2 8 H-popmy yepe3 KOJOHKY MPOIMYCKAIOT
npumepHo 200 cM® pacTBOpa CONSHON KUCIOTHI ¢ KOHUeHTpatueii ¢(1/1HCI) = 2,000
Mot/ v moprmsiMu 110 10 cM® co CKOPOCTBIO 2-3 KaIuli B CEKYHJy. 3aTeM KATUOHHUT
IPOMBIBAIOT AUCTUILIMPOBAHHOM Bomoi (200 ¢M?) 10 HENTPaNbHOM PEaKLUK 10 METH-
JIOBOMY OpaHKE€BOMY (MOXHO HCIIOJIb30BaTh YHUBEPCAIbHYIO HWHJUKATOPHYIO Oy-

Mary).

14.2.1.2 Ilocmpoenue epadyuposounoco epaghuxa:
['oToBAT ceputo cTaHIAPTHBIX PACTBOPOB, ¢ KOHIeHTpauusimu NaCl 5,84; 2,92;

1,46; 0,584; 0,292; 0,147; 0,0584 r/om>. st 5TOr0 B MEPHBIE KOOI BMECTUMOCTBIO
100,0 cm® BHOCAT pabouwmii pacTBop, o6bemom 100,0; 50,0; 25,0; 10,0; 5,0; 2,5 u 1,0
cM® COOTBETCTBEHHO U JOBOAAT O0BEMBI JI0 METKH AUCTHILIMPOBAHHOM BOIOM.

K 100,0 cMm® Ka)k10ro CTaHIapTHOrO PACTBOPA JOOABIISIOT 110 2 CM> XJIOPOBOIO-
POJIHOM KUCIOTHI ¢ KoHueHTpauueit c(1/1HCI) = 0,001000 mons/am’ u npomyckaror
KaXbIi pacTBOP uepe3 KoJIOoHKY ¢ katnonutoMm KY-2 B H'-hopme. Diroart, BeITEKaIO-
U U3 KOJIOHKHA CO CKOPOCTHIO | Karwis B CEKyHAY, COOMPAIOT B CTaKaH BMECTUMO-
cteio 200 cM. 3aTeM Yepes KOJIOHKY IPOITyCKaroT 5 mopiwii mo 10 cm® Boasl U coou-
paroT 3J1r0aT B TOT K€ CTakaH (IOCIEHUE KaIUlM 3J10aTa JoJKHBI uMeTh pH = 5-6).

[ToyyeHHbIE pacTBOPHI MOOYEPEAHO MOMEUIAIOT B SIUEWKY M OIMyCKaIOT B HEe
KOHTyKTOMETPUUYECKHUI JaTUMK U U3MEPSIOT 3HAUCHUS YIEIbHOU 3JIEKTPOIPOBOIHO-

cTH pacTBOpoB. [lonydeHHbIe pe3yabTaThl BHOCAT B Tabnuity 14.1.
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CtposT rpaduk 3aBUCUMOCTH yAEIBLHOUN 3eKTpornpoBogHocTH (&, Cm/cMm) OT

T(NaCl), r/mm>,

14.2.1.3 OnpeoeneHue coecooeprHcanusi UCNbIMYemo20 0opazya 600blL.
K 100,0 cm® UCIIBITYyEMOTO 00pasiia BObl 100aBIISIOT 2 cm? XJIOPOBOJAOPOHOM

KHUCJIOTHI ¥ TIPOITYCKAIOT aHAIM3UPYEMbIN pacTBOP Yepe3 KOJIOHKY ¢ KaTuoHUuTOM KVY-
2 B H™-dopme. Dnroar, BeITEKAIOIIUIT 13 KOJOHKU CO CKOPOCTBIO 1 Karuisi B CEKYHY,
COOMpAOT B CTakaH BMeCTHMOCThIO 200 cM>. 3areM 4epe3 KOJOHKY IPOIYCKarT 5
nopuuii mo 10 cM® BOABI U COOMPAIOT 3JII0AT B TOT K€ CTakaH (MOCIEIHUE KaIUIu
Airoata JoLKHbBL uMeTh pH = 5-6).

[ToyyeHHBIN pacTBOp MOMEMIAIOT B SYEHKY U OMYCKAIOT B HEE KOHAYKTOMET-
PUYECKUI AATYUK U U3MEPSIOT 3HAYCHHE YAECIbHON AIEKTPOIPOBOIHOCTH PACTBOPOB.
[TonydeHHbIe pe3yJIbTaThl BHOCAT B TaOiuity 14.1.

Haxonsr conecopepxanue KOHTPOJIBHOIO pacTBOpa C YYETOM NapaMeTPOB JIH-
HEWHOW perpeccuu TpajgyupoOBOYHOTO Tpaduka U pacCUUTHIBAIOT COJECOJCPKAHUE B

nepecuere Ha NaCl.

14.2.1.4 Ogopmnenue nabopamoproeo sxnypuana. Onpedenenue conecooepaica-
HUSL 800 CKBANCUH MEMOOOM NPSAMOU KOHOYKIMOMempuu

1. lens u 3amaun paGoTHI.
2. X0 paboThl.
[TocTpoenune rpagynpoBoYHOTO rpaduka.
JlaHHBIC 17151 TOCTPOCHUS TPATYHUPOBOYHOTO rpaduka
Tabmuma 14.1
No crannapra T(NaCl), mr/nm* VY nenpHas 3J€KTPONPOBO/-
HOCTb
&, CM/cm

NN | |WIN|—

7
KonTponbHbiii
PactBOp
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Jlis onpesiesieHus: CoIeCcoAepKaHus CTPOSIT IPalyHpOBOUHBIE TPaPUKH B KOOP-
nuHatax & = f{T(NaCl)). C momo1ib0 KOMIbIOTEpHBIX ITporpamMm Microsoft Excel nnu
Sigmaplot onpenensaoT napameTpsl TMHEHHOMN perpeccuu (Tadnuuna 14.2).

[Tapametpsl nuneitHo perpeccun & = f(T(NaCl)).
Tabmuma 14.2
ITpubop Sa Sh atAa b+Ab R

Ha ocHOBaHUM MOTyYEHHBIX MapaMeTPOB JIMHEMHON PErpeccuu pacCUYUTHIBAIOT
T(NaCl) ananu3upyemMoro pacTBopa u cosiecojiep;kanue B nepecuere Ha NaCl, T.e. Ko-
JUYecTBO coM B nepecyete Ha Maccy NaCl (B rpammax) B 100 r BOfbI.

14.2.2 OnpedenieHUe Ka4ecmea o4Yucmku oucmunnauposaHHolU u buducmunnaupo-
8aHHOU 800bI MemMOOOM NPsIMOU KOHOYKmMomempuu

Meton OCHOBaH Ha ONpEACNICHUU YACIbHOU 3JEKTPONPOBOAHOCTU TUCTUILIN-
poBanHoit (I'OCT 6709) u ounuctumupoBanHoit Boabl (I'OCT P 52501). 3naueHue
yAETBHOU 3JIEKTPOIPOBOAHOCTH AUCTUIUIMPOBAHHOM BOIBI HE JOJKHO MpeBbIimIaTh 0,5
MCwm/M ripu 20 °C. BuancTHIIIMPOBaHHY IO BOLY MOJIYYarOT IIyTEM OYHUCTKH JUCTUILIN-
POBAHHOM BOJIbI, TP STOM Pa3INYaIOT JIBE CTETIEHU OYUCTKHU.

Crenennb 1. Bona, B OCHOBHOM CBOOOJIHAsI OT PACTBOPHUMBIX MM KOJIOUIHBIX
MOHHBIX U OPraHUYECKUX MPUMECE 1 OTBEUYAIOIasl )KECTKUM aHATUTHYECKUM TpeOo-
BaHUSM, HallpUMep, TAaKUM, Kak JUIg METOJia BbICOKOA((HEKTUBHON KUAKOCTHOM XpO-
matorpaduu. Bogy nepBoii cTeneHn OYUCTKU MOJIyYaroT MMyTeM AaJIbHEUIeH OYUCTKU
BOJIbI 2-11 CTETIEHN YUCTOTHI (HampuMmep, 00paTHBIM OCMOCOM WM IEMOHHU3AIUEH C TT0-
crenyromuM (GUIbTpOBAaHUEM depe3 MeMOpaHHBI GUIbTp ¢ pasmepoM sueiku 0,2
MKM JUIsl yAQJICHUs YaCTHI] WU IBOMHOM MEPEroHKOM ¢ MPUMEHEHHUEM allapaTyphbl U3
KBapLEBOTO CTEKIA). YAeNnbHas JJIEKTpUYecKass MPOBOAMMOCTh MPU TEMIIEpaType
25°C tako# Boabl He noxHa mpeBbimath 0,01 MCMm/M.

Crenenb 2. Bona ¢ oueHb HU3KUM COZAEpPKaHUEM HEOPTaHWYECKUX, OpraHuye-
CKHMX WJIM KOJUTOWJIHBIX MPUMECEH, UCTIOIb3yeMas JJIsl 9yBCTBUTEIIbHBIX aHAIUTHYE-
CKMX METOJIOB, BKJIIOYas METOJi aToMHO-abcopOimonHo criektpometpun (AAC) u
orpezieNieHue KOMIIOHEHTOB B CJIEOBBIX KOJIMYECTBaxX. Bomy 2-i CTENEeHHW OYMCTKH

MOJIy4aroT, HalpyuMep, MHOTOKPAaTHON NEPETOHKH JTMO0 AEMOHU3aLUU WX 00paTHOTO
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0CMOCa C MOCIEAYIOMEH IEPErOHKOM. Y IeJIbHAs JJIEKTPUUECKAs] POBOAMMOCTD IIPU
temmnepatype 25°C Takoi BoJibl He JoJKHA npeBbimath 0,1 MCwm/M.

O0opynoBaHNe U peaKTHUBBI
1. Kongykromerp (AHMOH 4120, "Oxcnept-002"), obmas cxema ycTaHOBKU

JUISL IPAMBIX KOHAYKTOMETPUYECKUX MCCIIEI0BAHNMN MTPEACTaBIeHa Ha pucyHke 14.1;

2. O0pa31bl AUCTUILTUPOBAHHON BOJIBL;

3. OGpa3iibl OUINCTUIUTUPOBAHHOMN BOJIBI BTOPOH CTENIEHU OYMCTKH.

Xoa padoTnI
14.2.2.1 Onpeoenenue kauvecmea ouUCMKU OUCMULIUPOBAHHOU B00bL:

VY IenbHy0 371€KTPUYECKYI0 MPOBOAMMOCTD MPOOBI aHATU3UPYEMOUM BOJBI U3-
MEPSIOT, UCIIONb3Ysl KOHAYKTOMETP C TEPMOCTATUPYEMOU STUYEMKON, YCTAHOBUB TEM-
nepatypy BojbI (20+1)°C.

W3mepenus mpoBosT 3 pa3a pe3yabTaThl BHOCAT B Tabmuiry 14.3.
14.2.2.2 Onpeodenenue kawecmaea o4UCmMKYU OUOUCTULIUPOBAHHOU BOObL!

Jl1is mpoBeieHNs aHan3a OUIUCTUUTMPOBAHHON BOJIbI OUY€Hb BaXKHO, UTOOBI aT-
Mocgepa ObliIa YUCTOM U B HEW He ObUIO MbLUIH, @ TAK)KE HEOOXOIUMO MPUHATH COOT-
BETCTBYIOIINE MEPHI MPEAOCTOPOKHOCTH, YTOOBI MPEIOTBPATUTH KaKOe-I100 3arpss-
HEHUE aHATU3UPYEMOU MTPOOHI.

VY 1enbHYI0 JIEKTPUUECKYI0 TPOBOJUMOCTh MPOOBI aHATIM3UPYEMON CBEKETPHU-
TOTOBJIEHHOM BOJIBI U3MEPSIIOT, UCIIONIBb3YsI KOHIYKTOMETP C TEPMOCTATUPYEMOU SUEH-
KOM, YCTaHOBHB TeMIiepatypy Bobl (25+1)°C.

W3mepenus npoBoasT 3 pa3a pe3yabTaThl BHOCAT B Tabnuiy 14.4.

14.2.2.3 Ogopmnenue nabopamoproeo xcypuaia. OnpedeieHue Kavecmea
OUUCMKU OUCULIUPOBAHHOU U OUOUCTIUIIUPOBAHHOU 800l MEMOOOM NPSi-
MOU KOHOYKMOMempuu

1. Henb u 3amaun paboTHI.
2. Xona paboThl.
3. Pe3ynbTathl rccaenoBanus 00pasIios.

JlaHHbIC HCCIIEIOBAaHUS CTENIEHU OYMCTKH TUCTUUTMPOBAHHON BOJIBI.
Taomuna 14.3

VY nenvHas anekTpornpoBoa- | s(&) | [IpenensHoe
HOCTh, CM/CcM 3HAYCHHE
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Homep oOpasna | & | &2 | @3 e Az no 'OCT | BeBog o

U XapakTepu- 67009, CTEIEeHU
CTUKA MCMm/M YHUCTOTHI
0,5

JlaHHBIC HCCIIEIOBAaHUS CTEIICHN OYUCTKHM OMIMCTUUTMPOBAHHOMN BOJIBI.
Taomuna 14.4

Howmep o6pasmia | Vaenbnas anexkrponpooa- | s(&) | [Ipenensnoe | BoiBog o
1 XapaKTepH- HOCTh, CM/cM 3HAUYCHHUE | CTEICHH
CTHKa & | & | & e Az mo 'OCT P | umcrToThI
52501,
MCM/M
0,1

14.2.30Onpeoenenue cnabdoii Kuciomosl u COU C1ab020 OCHOBAHUA 8 UX CMeECU Me-
mMoO0OM KOHOYKMOMEMPUUECKO20 MUMPOCAHUA

[Ipu TUTpOBAaHUU CUIILHBIM OCHOBAaHUEM CMECEH KHUCIIOT C COJISIMU CJIa0bIX OC-
HOBaHUH B PaCTBOPE PEANHU3YIOTCS CIEAYIOIINE PABHOBECUS:

HAn + OH = H,O + An

Kat™ + OH = KatOH

N3 pacuera TeOpeTUUECKUX KPUBBIX TUTPOBAHUS CIEAYET, UTO MPU 3HAYEHUAX
(pK. + pK}p) < 12 — cHauana pearupyer KUCJI0Ta, a 3aTEM BBITECHSIETCS cllad0e OCHOBa-
Hue u3 ero conu; npu (pKa + pKy) > 16 — peakuus BEITECHEHUS C1a00T0 OCHOBAHUS U3
COJIM MPEIIECTBYET PEAKIIUU B3aUMOICHCTBUS KUCJIOTHI C TATPAHTOM; IIPU 3HAYEHUSIX
(pK4 + pKjp) = 12—16 006e peakiuy MpoTEeKaT NapajieabHo, TuddepeHnnpoBaHHOE
TUTPOBAHUE HEBO3MOXKHO.

Jist 6opHoOit kucnoTsl pK, = 9,24 (1o nepBoii CTYNEeH! ); AJI TUAPOXIOPUAA THI-
pokcunamuna pKj = 8,3; cnenoBarenbsHo, (pK, + pKj) > 16, To ecTh CHayana TUTpYyeTCs
COJIb THJIPOKCUJIAMUHA, & 3aT€M KUCJIOTa (TI0 MEPBOM CTYNEHN ).

Ob6opynoBaHne M peaKTUBBI
1. YcranoBKa 7151 KOHAYKTOMETPUYECKOTO TUTPOBAHMSI, 00IIIast cXxeMa KOTOpOi

npejcTaBiieHa Ha pucyHke 14.2.
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Pucynok 14.2. YcranoBka Aj1s1 KOHIYKTOMETPUYECKOTO TUTPOBAaHUA, rae 1 —
noHomep-koHaykroMeTp (kouaykrometrp AHMOH 4120 unu noHOMep-KOHTyKTO-
MeTp AHMOH-410); 2 — MarHUTHas Memaika; 3 — KOHAYKTOMETPUYECKUNA JaTuuK; 4 —
KOHAYKTOMETpUYECKas sueika; 5 — OropeTka.

2. Tuppokeua Hatpyst, BOAHBIA pactBop ¢(1/1 NaOH) = 0,1000 Moss/nm?.

3. bopnas kucnora, BoaHbli pacteop c(1/1 H;BO3) = 0,5000 mons/nm?>.

4. T'uppoxiyopua TUAPOKCUIIAMHHA, BOAHBIM pactBop c¢(1/l NH,OH -HCI) =
1,0000 moas/mm?.

5. ITunerka Mopa 5,0 cm?, 1 wT.;

6. ITunetka Mopa 10,0 cm®, 1 1.

7. MepHble Kon0bl, BMecTUMOCTEIO 100,0 cMm?, 1 mit.;

Xoa padoTnI

14.2.3.1 Cmanoapmuszayus pacmeopa NaOH (emopuunoco cmandapma) no nep-
suunome cmanoapmy HCI:

1. bropetky 3anonsstot pactBopoM NaOH.

2. AmukBoTHyI0 Yacth 5,0 cM® pactBopa HC! mepeHOCAT B M3MEPUTEILHYIO
SA4YEHKY C MOMOIIbIO MUNETKU. B pacTBOp MoMemaT KOHAYKTOMETPUUECKUN JaTUHK.
B sueiiky npunuBarOT MUHUMAaJbHOE KOJIMYECTBO BOJbI, YTOOBI YPOBEHb pacTBOpa
MOJIHOCTBIO MOKPBUT pad0UYyI0 YacTh KOHAYKTOMETPUUYECKOTO JAaTUHKa.

3. BKJII0OYalOT MarHUTHYIO MEIIAJKY, U3MEPSIOT 3HAYEHUE YJEIbHOU 3JIEKTPO-
IPOBOJHOCTH & HUCXOJHOTO PacTBOpPa U BHOCAT B Tabmuiry 14.5.

4. U3 GropeTku npuiuBaiot 1o 0,5 cm® tutpanTa 10 00beMa turpanra 10,0 cv’.
W3mepenne yaenpHOM 3IIEeKTPONPOBOIHOCTH & MPOoBOAAT uepes 20 cek mocie npudas-

JICHUSI OYepEeAHON MOPIIMKU TUTPAHTA. 3HAYEHUS & BHOCST B Ta0uiy 14.5.
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5. TutrpoBaHue NOBTOPSIOT 3 pasa.

6. I[Io pesynbpTraTaM TUTPOBAHUSA CTPOSAT KPUBBIE TUTPOBAHUS B KOOpAMHATAX &
= f(V). ANNpOKCUMHPYIOT MOTYYEHHbIE 3aBUCUMOCTH AIBYMS YPAaBHEHUSIMU JIMHEHHOM
perpeccuy, HaxoAaT NapaMeTphbl KAKIO0r0 U3 IBYX JIMHEWHBIX YYAaCTKOB M BHOCST B
tabnuiy 14.6. [IpupaBHuBas 3Ha4eHUsI & B TOUKE [IEPECEUEHUS JBYX MPSAMBIX, HaXO-
JST anredpanyecku 00beM TUTpaHTa B TOUYKE SKBUBAJIEHTHOCTU. TOYHOCTh PacueToB
0,01 cM’.

7. Ilo pesynpraTam 3-X TUTPOBAHUN HAXOIAT CPEAHUIM 00ObEM TUTPAHTA, U3PAC-
XOJI0BaHHOTO HA TUTPOBAHKUE B TOUYKE HYKBUBAJICHTHOCTH.

8. I1o u3BectHbIM (popMmynam paccuuthiBaroT c¢(1/1 NaOH) v T(NaOH).

14.2.3.2 Konmponvnas 3aoaua. Onpedenenue codeparcanusi 2u0poxiopuoa 2uo-
POKCUNAMUHA U OOPHOU KUCIOMbL 8 UCHBIMYEMOU CMECU.:

1. AHamM3upyeMbIil pacTBOP MEPEHOCAT B MEPHYIO K0JIOY BMecTUMocThio 100,0
cM® ¥ IOBOJAT [0 METKH AUCTUUIMPOBAHHOM BOJIOM.

2. B A4eliKy /Uil TUTPOBAHUS MEPEHOCAT C MOMOIIBI MUIETKA AJTHUKBOTHYIO
gacth 10,0 cM® aHanmu3upyemMoro pactsopa. B s4eiiky IpUIMBalOT MUHMMAILHOE KO-
JMYECTBO BOJBI, YTOOBI YPOBEHb PacTBOPA MOJHOCTHIO MOKPHUT pabouyr0 4acTh KOH-
JYKTOMETPUYECKOTO JAaTYHKA.

3. BrIIIO4arOT MarHUTHYIO MEIIAJIKY, U3MEPSIOT 3HAYEHUE YAECIBbHOUN JIEKTPO-
POBOJHOCTH & UCXOJHOTO PacTBOPa U BHOCAT B Tabmuiry 14.7.

4. U3 GropeTku npuimBaiot 1o 0,5 cm® TutpanTa 10 00beMa turpanra 15,0 v,
N3mepenue yaenbHON 3JeKTPOIPOBOAHOCTH & MPoBOoIAT yepe3 20 cek mocie npuodas-
JIeHHs OYepeAHON MOPIUHU TUTPAHTA U 3HAYCHHs BHOCAT B Tabmuiry 14.7.

5. TutpoBaHue NOBTOPAIOT 3 pas3a.

6. ITo pe3ynpTrataM TUTPOBaHUSA CTPOSAT KPUBbIE TUTPOBAHUSA B KOOPAMHATAX &
= f(V). AUnpoKCUMUPYIOT MOJy4YE€HHbIE 3aBUCIMOCTH TPEMs YPAaBHEHUSIMU JIMHEHHOM
perpeccun HaxoIAT MapaMeTPbl IS KaXI0ro U3 3-X JIMHEWHBIX YYACTKOB U BHOCST B

Tabnuiel 14.8-14.9. IlonapHo npupaBHUBas 3HAYEHUS & B TOUKAX MEPECEUCHHSI IBYX
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IPSIMBIX, HAXOJIAT anredpandecku 00beM TUTPAHTA B ABYX TOUKAX SKBUBAJICHTHOCTH.
Tounocts pacueros 0,01 cm’.

7. Ilo pe3ynpTaTam Tpex TUTPOBAHUI HaXOIAT CPEAHUI 00bEM TUTPAHTA B IEp-
BOW Y BTOPOM TOYKAX 3KBUBAJIECHTHOCTH.

8. PaccuuThIBalOT conepkKaHue M KOHLUEHTPALMIO THAPOXJIOpUIA THIPOKCUIa-

MUHA ¥ OOPHOM KUCJIOTHI TIO U3BECTHBIM (hOpMYyIIaMm.

14.2.3.3 Odghopmnenue nabopamoproeo sucypranra. Onpedenenue ciadbou Kuc-
JIOMbL U COU CAO020 OCHOBAHUS 8 UX CMeCU MemOOOM KOHOYKmMoMempuie-
CKO20 MUMPOBAHUSL

1. Henb u 3anaun paboTh

2. YpaBHeHnue peakuuu ctanaapruzanuy NaOH B MoneKkyJIspHOM, IOJIHOM U CO-
KpaIllEHHOM MOHHOM BHJIE:

HCl + NaOH — ...

@aKTOpBI IKBUBAJIEHTHOCTH.

3aKOHBI SKBUBAJICHTHOCTH.

Xoa cTaHIapTU3ALINH.

Pesynbratel ctangaptuzanuu pactsopa NaOH.

Taomuna 14.5

Ne O6beM pacTBOpa VY aenbHas 3IEKTPONPOBOIHOCTh &, CM/cM
TOYKH | THUTpaHTa V, cm’ &2 &) &3

CrtposT KpuBBIC TUTPOBaHUS B KoopauHaTax & = f(V). Kaxayo KpuByr He0O-
XOJIMMO MOCTPOUTH Ha OTIEIbHOM KOOPAMHATHOW IJIOCKOCTH M MPEJOCTABUTH 3 OT-
JENbHBIX PUCYHKA.

ATNMNPOKCUMUPYIOT 3aBUCUMOCTH JBYMsI YPAaBHEHMSIMU JIMHEHHBIX perpeccuit
(yuactku 1 1 2) u HaX0AAT 00BEMBI TATPAHTA B TOUKE SKBUBAJICHTHOCTH JI KaXKAOTO
u3 3-x TutpoBaHui. [logydeHHbIe pe3yabTaThl BHOCAT B Ta0uILy 14.6.

Pesynerater anmpokcumarii. OnpeeseHrne TOYHON KOHIICHTPAIMA TUTPAHTA.
Tabmuma 14.6
No tutpo- | YpaBHEeHHE anmpoKcUmMa- Veo. | V| ¢(1/1 NaOH) | T(NaOH)
BaHUSA 1 &=axV+b
VYuyactok | ‘ YyacTok 2
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[—

PaccuutsiBator c(1/1 NaOH) v T(NaOH).
3. YpaBHEHUS] TUTPOBAHUS MOJEIbHON cMeCH OOpPHOW KHUCIOTBHI M THIPOXJIO-

pruaa THAPOKCUIaMHUHA B MOJICKYJIAPHOM, IIOJTHOM U COKpaHIGHHOﬁ HMOHHOM BHUJC:

NH>OH-HCIl+ NaOH — ...
H3BOg+ NaOH —...

daKTOPbI IKBUBAJICHTHOCTH.
3aK0HBI YKBUBAJIEHTHOCTH.
Xom paboThl.

Pe3ynbTarhl TUTPOBAaHUS MOJEIBHONW CMECH THAPOXIIOpHIa THAPOKCUIIAMUHA U OOp-
HOM KUCJIOTHI B BOJHOM PacTBOpE
Tabmuma 14.7
No OO6neM pacTBOpa VY nenpHast 3JIeKTPONPOBOAHOCTD &, CM/cM
TOYKH | TUTpanTa V, cm’ 2 &) 3

CrtposT KpuBBIC TUTPOBaHUS B KoopauHaTax & = f(V). Kaxayio KpuByr He0O-
XOJIMMO MOCTPOUTH Ha OTIEIbHOM KOOPAMHATHOW IJIOCKOCTH M MPEJOCTABUTH 3 OT-
JENbHBIX PUCYHKA.

ANNPOKCUMHUPYIOT 3aBUCHUMOCTH TPEMS YPAaBHEHUSMH JIMHEWHBIX PErpecCUi
(yuactku 1, 2, 3) 1 Haxoa9T 00BEMBI TUTPAHTA B 1-i1 U BO 2-i TOUKaX SKBHUBAJIEHTHO-
ctu. [lonydeHHbIe pe3yJbTaThl BHOCAT B TaOuIlel 14.8-14.9.

Omnpenenenne konuentpauuu NH,OH-HCI.
Tabmuna 14.8

No TutpoBanusi | YpaBHEHHE aNIPOKCUMALIMK | Vs Vl c(1/1 NH,OH-HCI)
e=axV+b
VYyacrok 1 VYyacrtok 2

1

2

3

Onpenenenue KoHleHTpanuu H;BOs.
Tabmuma 14.9
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Ne TutpoBa- | YpaBHeHHe annpokcu- | Vyp,, Vz V,= c(1/1 H;BO;3)
HUS Maimu e=axV+b 7
Vuactok 2 | Yyactok 3 >
1
2
3

4. ITpoBoaAT pacy€T KOHIIEHTPAIMH U COEpKaHusi OOPHOI KUCIOTHI U THAPO-
XJIOpU/Ia TUAPOKCHIAMUHA (TOYHOCTh pacuéroB — 4 3HavanMx UUGPHI, U1 MacChl
0,0001 r), mpuBOAAT Bce pacy€THbBIE (POPMYJIBI U pacUETHI, BCE 3HAUCHUS BHOCST B Ta0-

muny 14.10.

PC?)YHBT&TBI OIIpCACIICHNA 60pH0ﬁ KHCJIOTHI U TUAPOXJIOpUIa THAPOKCHIIAMHUHA B
aHAJIM3UPYEMOM PAaCcTBOPE
Taomuna 14.10
c(1/1 H3BO3), T(H3BOj3), n(1/1 H3BO3), | v(H3BOs3), m(H3BO3), | D(H3BO3),
MOJTB/TM> r/em® MOJIb MOJIb T %

c(1/1 NH>OH- T(NH:OH- | n(1/l NH:OH- | v(NH:OH- | m(NH,OH- | D(NH:OH-
HCI), HCI), r/em? HCI), monp HCI), monp HCI), r HCI), %
Mob/am’

5. PaccuuThIBalOT OTHOCHUTENIBHYIO IOTPEIIHOCTD ITPU ONPEACIICHUH KaKI0T0 U3
KOMIIOHEHTOB CMECH:

Nyaiiven. — Nuemun.
D% = 100%
Nyemun.

14.2.4 AHanu3 aMMOHULUHbIU y0obpeHuli
OCHOBHBIMH KOMITOHEHTAMU MUHEPAIBHOTO yI00peHus ammodoca SBISIOTCS

muruapodocdat u ruapodocdar ammonuss NHH,PO, v (NH,4),HPO,. Jlnddepentu-
POBaHHOE OIpe/IeTICHUE ITUX COJICH OCHOBAHO Ha Pa3jIMYHOM XapaKTepe M3MEHEHUS
AJIEKTPOIIPOBOTHOCTH PACTBOPA MPH X TUTPOBAHUY IIeJI0ubl0. Ha mepBom stare mpo-
MCXOIUT THTPOBaHME Gojiee CHMIIBHOM KucinoTel muruapodocdar-nonos (K (H,PO,
)=6,17-10®) ¢ o6pazoBannem rugpodochar-HOHOB:

H2P04_ + OH — HP042_ +H20
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[Ipu 5TOM 3IEKTPONPOBOAHOCTH PACTBOpa BO3pACTaeT, Tak Kak A-(H>PO ) =
36,0 Cmecm?/Monb KB < A (HPO/?) = 57,0 Cm-cm?/Monb5kB. Ha BTopoMm dTane THT-
pyercs 6onee cnadas kucnora NH, " (K.2(NH,)=5,68-1071%):

NH,/ + OH — NH,OH

[Ipu 3TOM 1O Mepe TUTPOBAHUS DIEKTPOMPOBOAHOCTH CHUKAETCS 3a CYET
yMeHbIeHHs: KoHueHTpauun NH," noHoB (A(NH,") = 73,6 CM-CcM?/MONB3KB) U TO-
CTYIUIEHHE B PAaCcTBOP AKBHUBAJEHTHOrO MM KoimdyecTBa MOHOB Na' (A,(Na™) = 50,1
CM-cM*/MOJIb-3KB).

Kucnotusie coiictBa HPO,* Belpaxensl ouens cinadbo (KL(HPO/) =4,68-10°
13), mosToMy B BOIHOI cpesie OH He TUTpyeTcs. Ilociie Toro, Kak MoJHOCTBE) OTTUTPO-
BaHbl NH," WOHBI, 3JIEKTPOIIPOBOIHOCTD PACTBOPA PE3KO BO3PACTAET 3a CUET M30bITKA
NaOH (M(OH) = 198,3 Cm-cM?*/M071b-3KB). Takum 06pa3oM, Ha KPUBOM TUTPOBAHMS
HaOMOaeTCsl Ba M3JI0Ma, T.€. €€ MOXKHO allpOKCHMHPOBATH 3-Ms JIMHEHHBIMU
yaactkamu (1-# Bo3pacraromuid, 2-ii yObIBarOIINi, 3-i BO3pacTaroniui).

Ob6opynoBaHne M peaKTUBBI
1. YcranoBKa 7151 KOHAYKTOMETPUYECKOTO TUTPOBAHMSI, 00IIIast cXxeMa KOTOpOi

npejcTaBiieHa Ha pucyHke 14.2.

2. Tuppokeua Hatpyst, BOAHBIA pactBop ¢(1/1 NaOH) = 0,1000 Moss/nm?.

3. Juruapodocdar ammonHus, BoaHbl pactBop c¢(1/1 NH.H,PO, = 1,0000
MOJIB/ M.

4. T'uppodocdar ammonus, BoaHbi pactBop c(1/1 (NH,.HPO, = 1,0000
MOJIB/ M-,

5. ITunetka Mopa 5,0 cM?, 1 wT.;

6. IMunetka Mopa 10,0 cm®, 1 1.

7. Mepnas konba, BMectumoctbio 100,0 cv?, 1 wmr.;

Xox paboTbl

14.2.4.1 Cmanoapmuzayus pacmeopa NaOH (emopuunozo cmanoapma) no
nepsuurnome cmanoapmy HCI:

1. bropetky 3anosHstot pactBopoM NaOH.
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2. AmukBoTHYI0 yacTh 5,0 cM® pactBopa HCI 1MEpEHOCAT B M3MEPHUTEIHLHYIO
AYEUKY C TOMOIIBIO MUMNETKH. B pacTBOp NOMEMIAIOT KOHAYKTOMETPUYECKUIN JaTUHK.
B sueiiky npunmuBarOT MUHUMAaJbHOE KOJIMYECTBO BOJbI, YTOOBI YPOBEHb pacTBOpa
MOJIHOCTBIO MOKPBLT pabouyr0 4acTh 3JIEKTPOJIOB.

3. BKIIIO4arOT MarHUTHYIO MEIIAJIKY, U3MEPSIOT 3HAYEHUE YAEIbHOUN JIEKTPO-
POBOJHOCTH & HCXOJHOTO PacTBOpa U BHOCAT B Tabnuiy 14.11.

4. Tpumusarot 1o 0,5 cm® TurpanTa 10 o0beMa turpanta 10,0 cm®. smMepenue
yAETBHON 3JIEKTPOIPOBOTHOCTU & MPOBOIAT uepe3 20 cex mocie npudaBiIeHus oue-
penHOI MOpLMK TUTPAHTA U BHOCAT B Tabmuiy 14.11.

5. TutpoBaHue NOBTOPAIOT 3 pasza.

6. Ilo pe3ynpTrataM TUTPOBAaHUSA CTPOSAT KPUBBIE TUTPOBAHUSA B KOOPAMHATAX &
= f(V). AnpOKCUMUPYIOT MOJTYyYEHHbIE 3aBUCUMOCTH JABYMs YPaBHEHUAMHU JTUHEHHOM
perpeccuu, BHOCAT B Ta0nuiy 14.12. [IpupaBHUBas 3HAUEHUS & B TOUKE MIEpPeCeUCHUs
JBYX TPSMBIX, HAXOJAT aaredpanyecku o0beM TUTPAHTa B TOYKE IKBHUBAJIEHTHOCTH.
Tounocts pacueros 0,01 cm’.

7. Ilo pe3ynbrataM 3-x TUTPOBAHHM HAXOJAT CpEeIHUI 00bEM TUTPAHTa, U3pac-
XOJIOBAHHOT'O HA TUTPOBAHHUE.

8. I1o u3BectHbIM (popMynam paccuuthiBaroT c¢(1/1 NaOH) v T(NaOH).

14.2.4.2 Koumponvnas 3adaua. Onpedenenue cooepaicanus oueuopogocghama
AMMOHUSL U 2UOpoghochama amMmoHUs 8 UCHBIMYEMOU CMECU:

1. AHamM3upyeMBbIil pacTBOP MEPEHOCAT B MEPHYIO K0JIOY BMecTUMocThio 100,0
cM® ¥ IOBOJAT [0 METKH AUCTUUIMPOBAHHOM BOIOM.

2. B syeiiky juisi TUTpOBAHUSI MEPEHOCAT C MOMOIIBIO MUIETKHA ATUKBOTHYIO
gacth 10,0 cM® aHanmu3upyemMoro pactsopa. B s4eiiky IpUIMBalOT MUHMMAILHOE KO-
JMYECTBO BOBI, YTOOBI YPOBEHBb PACTBOPA MOJHOCTHIO TTOKPBUT paboUdyIo 9acTh KOH-
JTyKTOMETPUUYECKOTO JaTYUKA.

3. Bkiro4yaroT MarHUTHYI0 MEIIAJKy, U3MEPSIOT 3HAYEHUE YJEIbHOU 3IEKTPO-

POBOJHOCTH & MCXOJHOTO PacTBOpa U BHOCAT B Tabnuity 14.13.
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4. W3 6ropetku npuauBaior 1o 0,5 cm® tuTpanTa 10 06bema tutpanTa 15,0 cm?.
N3mepenue yaenpHO! 3IEKTPONPOBOIHOCTH & NPOBOAAT uepes 20 cek mociie npudas-
JICHHsI OYepEeAHON MOPIUHU TUTPAHTA U BHOCST B Tabnuiy 14.13.

5. TutrpoBaHKe NOBTOPSIOT 3 pasa.

6. [1o pe3ynpraTaM TUTPOBAHUS CTPOAT KPUBBIE TUTPOBAHUS B KOOPAMHATAX &
= f(V). AUnpoKCUMUPYIOT MOJy4YE€HHbIE 3aBUCIMOCTH TPEMs YPaBHEHUSIMU JIMHEWHOM
pEerpeccuu HaxoAAT napaMeTphl IS KaXA0ro U3 3-X JIMHEHHBIX YYAaCTKOB U BHOCST B
tabnuuel 14.14-14.15. [lonapHo npupaBHUBas 3HAUCHHUS & B TOUKAX MEPEeCEUCHUS
JBYX MPSIMBIX, aNreOpandecky HaXoAsIT 00beM TUTPaHTA B ABYX TOUKAX SKBUBAJICHT-
noctu. Tounocts pacueros 0,01 cv?.

7. Ilo pe3ynpTaTam Tpex TUTPOBAHUI HaXOIAT CPEAHUI 00bEM TUTPAHTA B IEp-
BOI U BTOPOM TOYKaX SKBUBAJIEHTHOCTH.

8. PaccunThIBalOT cojiepikaHue U KOHIEHTpaLUIo auruapodocdara u rugpo-

docdara aMMOHHMSI 110 U3BECTHBIM (pOpMyIaMm.

14.2.4.3 Odghopmnenue nabopamoprozo dicyprania. Ananuz ammoHutiHwlil Y0oope-
HUU

1. Henb u 3agaun paboTh

2. YpaBHeHue peakiuu ctanaaptuzanuu NaOH B MOJEKyIIPHOM, ITOJIHOM U CO-
KpalieHHOM HOHHOM BUJIE:

HCIl + NaOH —...

®aKTOopbI SKBUBAJIEHTHOCTH.

3aKOHBI YKBUBAJIEHTHOCTH.

XoJ cTaHIapTU3ALIMH.

Pesynbratel cTangaptuzanuu pacrsopa NaOH

Taomuna 14.11

Ne O6beM pacTBOpa VY aenpHas 3JIEKTPONPOBOIHOCT &, CM/cM
TOYKH | TUTpauTa V, cm’ 2 &) 23
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Crposat kpuBble TUTpOBaHUs B KoopauHatax & = f(V). Kaxayio kpuByto He0O-
XOJIMMO IIOCTPOUTh Ha OTIEIbHOW KOOPAMHATHOW INIOCKOCTH M MPEJOCTABUTH 3 OT-
JEIIbHBIX PUCYHKA.

ANNpPOKCUMHUPYIOT 3aBUCUMOCTH JIBYMS YPaBHEHMSIMH JIMHEMHBIX PErpeccUui
(yuactku | 1 2) 1 HaX0A4T 0OBbEMBI TUTPAHTA B TOUKE SKBUBAJIEHTHOCTH. [loyueHHbIE

pe3yabTaThl BHOCAT B TaOmmiy 14.12.

Pesynbratel anmpokcumarui. Onpe/ieeHue TOYHON KOHIICHTPAIlMA TUTPaHTa.
Tabmanma 14.12
No tutpo- | YpaBHeHHe anmpokcuma- Vio. | V| ¢(1/1 NaOH) | T(NaOH)
BaHUS o &=axV+b
VYyactok 1 YyacTok 2

—

PaccuutsiBator ¢(1/1 NaOH) u T(NaOH).

3. YpaBHEHUS THUTPOBaHUS MOJCIIbHOW cMecu auruapodocdara u ruapodoc-
¢daTa aMMOHHS B COKPAIIICHHON HOHHOM BHJIC, ISl K&YKIOT'O PABHOBECHS IIPUBECTH CO-
OTBETCTBYIOIIYIO KOHCTAHTY:

1g Touka sxkBuBaneutHoctu: H.PO,+ OH — ...
25 Touka 3KkBuBajieHTHOCTH: NH," + OH — ...

cDa,KTOpI:I OKBHUBAJICHTHOCTH.

3aK0HBI DKBUBAJIEHTHOCTH.

Xon paboThI.
Pesynbratel THTpOBaHus quruapodocdara u ruapodocdara aMmmMoHus B BOJIHOM pac-
TBOpE
Taomuna 14.13
No OO6neM pacTBOpa VY nenpHast 3JIeKTPONPOBOIHOCTE &, CM/cM
TOYKM | TuTpanTa V, cMm’ & &) &3

Ctposat kpuBble TUTPOBaHUs B KoopauHatax & = f(V). Kaxayio kpuByto He0O-
XOJIMMO MOCTPOUTH Ha OTIEIbHOM KOOPAMHATHOW IJIOCKOCTH M MPEJOCTABUTH 3 OT-

ACJIBbHBIX PUCYHKA.
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ANNpPOKCUMHUPYIOT 3aBUCHUMOCTH TPEMS YPAaBHEHUSMH JIMHEWHBIX PErpecCui
(yuactku 1, 2, 3) u HaxoA4T 00BEMBI TATPAHTA B TOUKAaX IKBUBAJIEHTHOCTH. [lomyden-

HBIE Pe3yJIbTaThl BHOCAT B TaOnuubl 14.14-14.15.
Onpenenenue kontentpauu H>POy .

Tabnuma 14.14
Ne TutpoBanus | YpaBHeHHE annpokcuMa- Viad | V,(H:POy) | ¢(I/1HPOy)
1 &=axV+b

Vyactok 1 VyacTok 2
1
2
3
Omnpenencaue KoHeHTpauuu NH,"
Tabmuna 14.15

Ne TuTpoBa- | YpaBHEHHE alpOKCH- \ 72 sz c(1/1 NH,")
HUS Mauuu &=axV+b 7

z 1

VYyactok 2 | YyacTok 3

1
2
3

4. O0bem, nouenmuil Ha TUTpoBaHUE ruApodocPaT-aHuOHA, PACCUNUTHIBAIOT,

3Hasi O6’b€M, HOHIG,Z[HII/Iﬁ Ha TUTPOBAHHUEC NOHA-aMMOHUS U I[I/II‘I/I,Z[pO(i)I/IC(baT-aHI/IOHa:

v, -

~

1

V{(HPO;) =

5. [IpoBoadaT pacy€T pe3yabTaToB onpeaenenus auruapodocdara u ruapodoc-
data aMmMOHMS (TOYHOCTB pacdy€ToB — 4 3Havanux nudpsl, 111 maccel 0,0001 1), pu-
BOJST BCE pacu€THbie (OPMYJIBI U PACUEThl, BCE 3HAUCHUS 3aIMMCHIBAIOT B TAOIHILY

14.16.

PesynbTats! onpeneneHust MOAENbHOM cMecu auruapodocdata u ruapodocdara am-

MOHU
Taomuna 14.16
C(]/] H2P04_), T(H2P04_), n(]/] H2P04_), V(H2P04_), m(H2P04'), D(H2P04_),
MOJIB/IM? r/em? MOJIb MOJIb r %

c(1/1 NH,', | T(NH{'), t/em? n(1/1 NH{"), V(NH,"), mons | m(NH,"),r | D(NH."),
MOJIb/IM? MOJIb %
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c(1/1 HPO/), T(HPO), n(1/1 HPO), | V(HPO/), Monb m D(HPO/),
MOJIB/ M r/cm’ MOJIb (HPO/), T %
c(1/1 T(NH/H:PO,), n(1/1 v(NH.H>PO,), m(NHH>POy),
NH4H2P04), I‘/CM3 NH4H2P04), MOJIb T
MOJIB/mM?> MOJIb
c(1/1 T((NH4):HPO,), n(1/1 V((NH,).HPOy,), m((NH):HPO,),
(NH4)2HP04), I‘/CM3 (NH4)2HPO4), MOJIb
MOJIb/mm> MOJIb

o HPCD )~ (M NHZ)—;( W H,PO)

5. PaccuuTthiBarOT OTHOCHUTCJIbHYIO ITIOI'PCHIHOCTD IIPU OIIPEACIICHUN KaXKI0T0 U3
KOMIIOHCHTOB CMCCH:

— Nyemun.
100%

nucmuH.

Nyaiioen.
D% =

14.2.50npeoenenue uonoe Ni** u Ca** 6 ux cmecu memooom Konoykmomempuue-

CK0O20 mumpoeaHnui

Onpenenenne nonoB Ni°" u Ca’* 0cHOBaHO Ha peakLuM KOMILIEKCOOOpa3oBa-
HUSI HOHOB METAJUIOB C JUHATPUEBOU COJIBIO STWICHANAMUHTETPAYKCYCHONU KUCIOTBI
(BATA, cokparmienHas 3anuch Na,H,Y). B 3aBucumoctu oT pH cpejbl Ipyu TUTPOBa-
HUU MOT'YT 00pa30BBIBaTHCS CPEAHUE U MPOTOHUPOBAHHBIE KOMIUIEKCOHATHI, & TAKXKE
pa3IMYHbIE MPOAYKTHI JUCCOLUALINHN STUIICHINAMUHTETPAYKCYCHOM KUCIIOTHI.

ITpu TutpoBanuu ¢ nomonipio I TA conell MeTalsioB B paCTBOpax, HE COJIEp-
xarux Oy(depHbIX cMecel, Ha KpUBOW TUTPOBAHUS UMEETCS MAaKCUMYM, COOTBETCTBY-
IOIIUM TOYKE 3KBHUBAJIEHTHOCTHU. J[0 TOUKM SKBUBAJIEHTHOCTH 3JIEKTPONPOBOIHOCTH
pacTBOpa pacTeT 3a CUeT yBEJIMUCHHS KOHIICHTPAIMK Han0oJIee MO ABUKHBIX HOHOB [
(Ae(H") =350 Cm*cM?/MOIIB*DKB) B COOTBETCTBHU C PEAKIUEN, POUCXOIALIEH, HAIIPHU-
Mmep, npu pH=S5:

M + H, Y = MeY* ™ + 2H

[Tociie TOYKM SKBUBAJIEHTHOCTH JIEKTPOIPOBOJIHOCTh PACTBOPAa YMEHBIIAETCS
B pe3yJibTaTe CBA3bIBaHUS [ M30BITKOM TUTPAHTA B MaJIOJHCCOIMUPOBAHHYIO KHC-

JIOTY:
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H' + H)Y* = H;Y pK..(H;Y) =2,1:107

H + H;Y = H,Y pKazo(H4Y) = 1,0'10'2

Heckonbko MHOM B KIMEET KpHBasi TUTPOBaHMs kKaTnoHa H' B OydepHoM pac-
TBOpE. Briaensioniyecs nonsl H' B 3TOM ciydae B3aMMOACHCTBYIOT € IIPOTOHOAKIIETI-
TOPHBIM KOMIIOHEHTOM Oy(epHON CHUCTEMBbI U HE JAIOT CTOJb 3aMETHOIO BKJIAJa B
AIIEKTPOJIMTUYECKYIO MPOBOIUMOCTD pacTBOpa. [0 TOUKM SKBUBAJIEHTHOCTHU 3JIEKTPH-
yeckas MPOBOJUMOCTh PACTBOPA HECKOJIBKO YBEIMYMBAETCS, UYTO CBSI3aHO TIABHBIM
00pa3oM C yBETHMYCHUEM KOHIICHTPAIIMKA HOHOB Na ', BBOJMMBIX C THTPAHTOM, a ITOCIIE
TOUYKH HKBHUBAJICHTHOCTH PE3KO BO3PACTAET, TaK KaK YBEJIMYMBAETCS KOHIICHTPAIIHS
TUTpaHTA.

Ecnu npu tutpoBanuu 006paszyeTcsi CpeIHIN KOMIIEKCOHAT BBICOKOW YCTOWYH-
BOCTH, XapakTepusyromuiicst 1gh(MeY?*™) >16,4 (manpumep, 1gB(NiY*) = 18,62), T0
TUTPOBAHUE MOXKHO MPOBOJIUTH B OTCYTCTBHH Oy(epHOTo pacTBopa. TUTpoBaHUE HOHA
Ca’* (1gB(CaY*) = 10,70) npoBOAAT B MPUCYTCTBUM aMMHA4HOTo Oy(epHOro pac-
TBOpa. [Ipn 3TOM HE MPOUCXOAUT pa3pylleHUs paHee 0Opa30BaBIIETOCS KOMILIEKCO-
HaTa HUKEJs, TaK KaK KOHKYpHUPYIOIlee B3auMOIeHCTBIS 00pa30BaHU aMMHUaKaTa HUl-
KEJIsl  XapaKTEpU3yeTCsl 3HAYUTEIbHO MEHBIIEM KOHCTAHTOM YCTOMYMBOCTH
(IgB(Ni(NH3)#") = 1.5).

O0GopynoBaHne U peaKTUBbI

1. YcranoBKa 7151 KOHAYKTOMETPUYECKOTO TUTPOBAHMSI, 00IIIast cXxeMa KOTOpOi
IpeicTaBieHa Ha pUCyHKe 14.1;

2. DTuneHIMaMUuHTeTpaleTaT HaTpus, BOIHBIN pactBop c(1/1 Na.H>Y) = 0,0500
MOJIB/IM?;

3. AmMMmuaunslit Oydepnsiit pactsop, pH=10;

4. Xnopua HUKeNs, BOAHEIN pactBop c(1/1 NiCly) = 0,5000 mons/nm?;

5. Xnopua kansuus, Boausii pacteop c(1/1 CaCly) = 0,5000 mons/mm>;

6. ITunetka Mopa 10,0 cm®, 1 1.

7. Mepasii mumuanap 10,0 cm?, 1 mr;

8. MepHubie k051051, BMecTUMOCTEIO 100,0 cM®, 1 1.
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Xoxa padoTsbl

1. bropetky 3anonuHstot pactsopom IITA.

2. AHanu3upyemblid pacTBOpP NEPEHOCAT B MEPHYIO K010y BMecTuMocThio 100,0
cM® ¥ TOBOJST 10 METKHU JTACTUJUTMPOBAHHOMN BOJOM.

3. B sueiiky st TUTPOBAHUS NEPEHOCAT C MOMOILIBIO MUIIETKH AJIMKBOTHYIO
yacte 10,0 cM® aHaIM3MPyeMOro pacTBopa, NPHUIMBAIOT MUHUMAIBHOE KOJUYECTBO
BOJIbl, YTOOBI YPOBEHb PACTBOPA MOJHOCTHIO MOKPHUT PadOUYyI0 4acTh KOHyYKTOMET-
PUYECKOT0 JaTyuKa W IMpPU HENPEPHIBHOM IEPEMELNIMBAHUHA TUTPYIOT PACTBOPOM
SATA.

4. TTpunusaror 1o 0,5 cm® TuTpanTa. I3MepeHne yaeIbHON SIEKTPOIPOBOIHO-
CTH & MpoBOAAT uepe3 20 cek mocie npudaBlIeHUsT OUYEPEIHON MOPIUKH TUTPAHTA U
BHOCAT B Ta0nuity 14.17.

5. Ilocne Toro, kak ObuIa 3aUKCUpPOBaHA MEepBasi TOUKA, e HA0I0Ja10Ch CHU-
KEHUE YJIeTbHOU AIEKTPOIPOBOTHOCTH, (PUKCUPYIOT & ee 4 pasa, a 3aTeM BBoAAT 10
cm® ammuagnoro 6ygeproro pactsopa (pH=10).

6. Iponoinkaror npuiansath 1o 0,5 cm® TuTpanTa 10 00beMa TutpanTa 15,0 em?.
W3mepenHble 3HaYCHHS YACIbHOM 3JEKTPOIPOBOAHOCTH & BHOCST B Tabnuiy 14.17.

7. TuTpoBaHUE NMOBTOPSIIOT 3 pasa.

8. I1o pe3ynbTaTaM TUTPOBAHUS CTPOSIT KPUBBIE TUTPOBAHUS B KOOPJUHATAX &
= f(V). AINpOKCUMHPYIOT MOJIyYEHHbIE 3aBUCUMOCTH TPEMS YPABHEHUSAMHU JTUHEHHOM
perpeccruy HaxoAaT HapaMeTphl I KaXA0ro U3 3-X JUHEHHBIX YYaCTKOB U BHOCSAT B
tabmuuel 14.18-14.19. IlonapHo mpupaBHUBas 3HAYCHHS] & B TOUKAX NEPECEUCHHUS
JBYX MPSIMBIX, HAXOAT alnreOpandecku 00beM TUTPAHTA B JIBYX TOYKAX SKBUBAJICHT-
HOCTH.

9. Ilo pe3ynbraram 3-X TUTPOBAHUHN HAXOJAT CPEAHUN 00BEM TUTPAHTA, U3paAC-
XOJIOBAHHOT'O HA TUTPOBAHUE.

10. PaccunThIBarOT coaepxanue 1 KoHuenTpauuo Niv® u Ca’* no ussecTHbIM

dbopmynam.
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14.2.5.1 Ogopmnenue nabopamopnozo xcypnana. Onpedenenue uonos NiZ* u
Ca’" 6 ux cmecu Memooom KOHOYKIMOMEMPULECKO20 MUMpOS8aHus.

VpaBuenus turposanus coiau NiZ* u Ca’" B MONEKyISPHOM, TIOJIHOM M COKpa-
IIEHHOW MOHHOM BHJIE:

Jlo ToukM SKBMBaneHTHOCTH: Ni* + FLY — ..

Ca’*+ H, Y — ...
[Tocne Touku sKBUBaNieHTHOCTH: H, Y+ HY — ...

H;Y +H'— ..

DaKTOPhI IKBUBAICHTHOCTH.
3aKOHBI SKBUBAJICHTHOCTH.
Xon paboThI.

Pesynbrarel TuTpoBanus conu Ni2*™ u Ca’" B BOIHOM pacTBope.

Tabmuma 14.17

No OO6neM pacTBOpa VY nenpHast 3J1IeKTPONPOBOAHOCTh &, CM/cM
TOuKM | TuTpanTa V, cm> & &2 &3

Ctposat kpuBble TUTpOBaHUs B KoopauHatax & = f(V). Kaxayio kpuByto He00-
XOJUMO MOCTPOUTH Ha OTJEIbHONM KOOPAMHATHOHN IUIOCKOCTH W IPEIOCTABUTH 3 OT-
JICJIbHBIX PUCYHKA.

ATNIPOKCUMHUPYIOT 3aBUCHMOCTH TpEMsl YPaBHEHHUSMM JIMHEHHBIX PErpeccui
(yuactku 1, 2, 3) 1 HaxoaAT 00BEMBI TUTPAHTA B TOUKE 3KBUBAJIEHTHOCTH. [lomyuen-
HbIE pe3yJIbTaThl BHOCAT B Tabnuuax 14.18-14.19.

Onpenenenue KoHenTpayuu Ni’*
Taomuma 14.18

No TuTpOBaHMs | YpaBHEHME anmpoOKCUMammu | Vio1 | 1 | c(1/1 Ni*¥)

&=axV+b

Yuaactok 1 Yuactok 2
1
2
3

OnpenesneHne KOHIEHTpaIUU Ca’*
Taomuna 14.19
Ne tuTpoBa- | VpapHenue annpokcH- | Vyw, | 1y | V= c(1/1 Ca*")
HUS Manuu &=axV+b A
Vuacrok 2 | Yaacrok 3 >
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4. TIpoBoaat pacyér pe3ynsTatoB onpenenenus NiZ™ u Ca’* (ToaHOCTb pacuéToB

— 4 3navamux mudpsl, 11 maceel 0,0001 1), mpuBoAsT Bce pacuéTHbie HOPMYIIBI U

pacd€Thl, BCe 3HaUEHUs BHOCAT B Tabmwmiy 14.20.

Pesynbrarsl onpeaenenus MOAEIbHON CMECHU COJIU Ni‘tu Ca’”.

tabnuia 14.20

c(I/INE), TN, n(1/IN®), VN2, m(NiZ), T
MOJIB/IM> r/cm? MOJT MOJT

c(I/INiCL), | T(NiCL), n(1/INiCL), WNiCL), | m(NiCLy),
MoJib/am? r/cm? MOJTb MOJTb r
c(1/1Ca**), | T(Ca’**), v/em® |  n(1/1Ca*"), v(Ca®"), moms | m(Ca’*), r
MOJIB/IM> MOJTb

c(1/1CaCly), | T(CaCly), v/em® | n(1/1CaCly), | v(CaCls), mons | m(CaCly), r
MOJIB/IM> MOJT

5. PaccunThiBaroT OTHOCHUTCIIbHYIO ITOTPCUIHOCTD IIPU ONPCACIICHUN KaK/10TO
N3 KOMIIOHCHTOB CMCCH.:

Nyaiioen.
D% =

nucmuH.

— Nyemun.
100%

14.2.6 Onpeodenenue cynvham-uonos memooom KOHOYKmMOMempuuecKo2o mumpo-

6aHUA

B npoliiecce ocanutensHOTO TUTPOBAHUS XJlopuaa Oapusi cyiab(haToM HATpus B

COOTBCTCTBHHU C YPABHCHUCM!

BaCl;+Na>SO, — BaSO4|+ 2NaCl

KoHueHntpanus nOHOB 0apusi B paCTBOPE YMEHbILIAETCS, IIPU 3TOM B pacTBOpeE

MOABJEICTCA SKBUBAJICHTHOC KOJIMYCCTBO NOHOB HATPH:. HOI[BI/DKHOCTB HOHOB HATpUsA

(M?>(1/1 Na™) = 52 Cm'cM?/(MOIIb'KB)) HEMHOTO MEHBIIIE, YEM IIOABUKHOCTH HOHOB

6apus (A>(1/2 Ba’*) = 66 Cm*cM?/(MOJIB DKB)), II0O3TOMY JI0 TOYKH SKBHBAJIEHTHOCTH

ANIEKTpUYECKass MPOBOJAMMOCTh pPACTBOpPA HE3HAUMUTENIBHO CHIXKAaeTcs. B Touke
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HKBHUBAJICHTHOCTH BCE MOHBI Oapus BHIMAAAIOT B OCAOK B BHIE cyinbdara Oapus, u
3NIEKTpUYECKas IPOBOJAMMOCTh pacTBOpa MUHUMAabHas. [Ipu nanpHelimem npudasie-
HUU CyJb(ara HATPHsS MOCJTIE TOYKU SKBHBAJICHTHOCTH KOHIIEHTpaIlus MOHOB Na' u
SO/ B pacTBOpE MOBBIIIAETCSI, ¥ DIEKTPUUECKAsI IPOBOIMMOCTh PACTBOPA BO3PACTAET.
Touka 5KBHBaJIEGHTHOCTH COOTBETCTBYET MUHIUMYMY Ha KPUBOM TUTPOBAHHUS.

O0opynoBaHNe U peaKTHUBBI
1. YcranoBKa [j1s1 KOHAYKTOMETPUYIECKOTO TUTPOBAHMSI, 00IIIasi cxeMa KOTOpOi

npecTaBieHa Ha pucyHke 14.1;
2. Cynbdat Hatpus, BoaubIi pactBop c(1/I NaSO,) = 1,0000 mons/mm>;
3. Xnopun 6apust, Boguslii pactsop c(1/1 BaCl;) = 0,1000 mons/nm?;
4. TTuntetka Mopa 5,0 cm®, 1 mir.;
5. Mepuble Koa6bl, BMecTHMOCTEIO 100,0 cm?, 1 mit.;

Xox padoTbl
1. Bropetky 3anonsstoT pactBopom BaCl.

2. AnukBoTHYI0 YacTh 5,0 cM® pactBopa NaxSO, IEpEeHOCAT B M3MEPHUTEILHYIO
SYEUKY C ITIOMOLIBIO MUIETKHU. B pacTBOp NOMEIMAIOT KOHAYKTOMETPUYECKUMN JaTYHK.
B sueiiky n100aBisitoT MUHMMAaIbHOE KOJUYECTBO BOJIbI, UTOOBI YPOBEHb PacTBOpa
MOJIHOCTBIO MOKPBUT pab0UyI0 4YacTh KOHAYKTOMETPUUYECKOTO JAaTUHKa.

3. BKJII0OYal0T MarHUTHYIO MEIIAJKY, U3MEPSIIOT 3HAYEHUE YIEIbHOU 3IEKTPO-
MIPOBOJAHOCTH & MCXOJAHOTO pacTBOpa M BHOCAT ero B Tadnuiry 14.21.

4. W3 6ropetku npuauBaior 1o 0,5 cm® tutpanTa 10 06bema turpanta 10,0 cm?.
W3mepenne yaenpHOM 3IIeKTPONPOBOIHOCTH & MPOoBOAAT uepes 20 cek mocie npudas-
JICHUS OYepEeAHON MOPLUH TUTPAHTA, 3HAUEHUSI & BHOCAT B Tabnuily 14.21.

5. TutrpoBaHKe NOBTOPSIOT 3 pasa.

6. I1o pe3ynpTratam TUTPOBAHUS CTPOST KPUBBIE TUTPOBAHUS B KOOPAMHATAX &
= f(V). AnpOKCUMUPYIOT MOJTYyYEHHbIE 3aBUCUMOCTH ABYMsI YPaBHEHUAMHU JTUHEHHOM
perpeccu, HaxoIAT MMapaMeTpbl KaXI0ro U3 JABYX JIMHEHHBIX YYaCTKOB U BHOCAT B
tabnuity 14.22. IlpupaBHUBas 3HaUYCHHUS & B TOUKE MEPECEUCHUS JIBYX MPSMBIX, all-

Fe6paI/I‘-IeCKI/I HaxoasaT 00BeM TUTPAHTA B TOYKC DKBUBAJICHTHOCTH.
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7. Ilo pe3ynbrataM 3-x TUTPOBAHHM HaXOJAT CpEeIHUI 00bEM TUTpAHTA, U3pac-
XOJIOBAaHHOT'O HA TUTPOBAHHUE B TOYKE YKBUBAJICHTHOCTH.
8. PaccunThIBaloT cofiepxaHue U KOHIIEHTPAIUIO CYIb(paT HOHOB 10 U3BECTHBIM

dbopmynam.

14.2.6.1 Odghopmnenue nabopamoproeo sucyprana. OnpeoeneHue cyivpham-uoHos
Memo0oM KOHOYKIMOMEMPULECKO20 MUmpo8aHus

VYpaBHeHus tutpoBanHus Na>SO; B MOJEKYJSIPHOM, IOJIHOM U COKpPAIlleHHON
VOHHOM BHJIE:

NCZQSO4 + BaCZz — ...

@aKTOpbI IKBUBAJIEHTHOCTH.

3aKOHBI SKBUBAJICHTHOCTH.

Xoxa paboThl.

Pesynbratel TuTpoBanusa Na,SO4 B BOJTHOM pacTBOpE.

tabnuua 14.21
Ne O6beM pacTBOpa VY aenbHas 3IEKTPONPOBOIHOCTh &, CM/cM
TOYKM | THTpaHTa V, cm’ &2 &) &3

CrtposT KpuBBIe TUTPOBaHUS B KoopauHaTax & = f(V). Kaxayo KpuByr He0O-
XOJIMMO TIOCTPOUTH Ha OTJEIHHOW KOOPAMHATHOW IJIOCKOCTH M MPEIOCTaBUThL 3 OT-

ACJBbHBIX PUCYHKA.

ATNNPOKCUMUPYIOT 3aBUCUMOCTH JBYMsI YPAaBHEHMSIMU JIMHEHHBIX perpeccuit
(yuactku 1 1 2) u HaxXoAAT 00BEMBI TATPAHTA B TOUKE SKBUBAJICHTHOCTH JJI KaXKAOTO
u3 3-x TutpoBaHui. [logydeHHbIe pe3ybTaThl BHOCAT B TaOauiy 14.22.

Omnpenenenue KoHueHTpauu Na>SO,.

Tabmanma 14.22
Ne tutpo- | YpaBHenue annpokcuma- | Vi, | v | ¢(1/1 NaxSOy) | T(NaySOy)
BaHUA i &=axV+b

VYyactok 1 VYyacTok 2

[—
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[IpoBoasT pacu€T pesysibratoB onpeneneHus NarSO, (TOUHOCTh pacyéToB — 4
3Havanmx uudpsl, g Maccesl 0,0001 1), mpuBoAAT Bce pacu€THbie (HOPMYIIBI U pac-
4&€ThI, BCE 3HAUCHUSI BHOCST B Tabmuity 14.23.

Pesynbratel onpenenenust MoaenabHo cMecu coiu NaxSO..
Tabauma 14.23
c(1/1 SOF), T(SO4), n(l/1 SO5), v(SO5), m(SO),

MOJIB/IM” r/cm? MOJIb MOJIb r

C(]/] NCZQSO4), T(NQQSO4), I’l(]/] NCZZSO4), V(NCZZSO4) I’I’Z(NCIZSO4),
MOJIB/iM> r/cm? MOJIb MOJIb r

5. PaccuuThIBarOT OTHOCI/ITCHBHYI'O HOFpCH_IHOCTI):
Nyaiiven. — Nuemun.
D% = 100%

nucmuH.

14.2.70npeoenenue xnopuoos u uoouoos é ux cmecu
[Ipu TUTpPOBaHUU CMECH XJIOPUAOB U MOAMUJIOB pacTBOpoM AgN(O3 B KUCIOU U

HEUTpaJbHBIX Cpefax MPOUCXoauTh nocienoBatenbHoe ocaxacHue Agl (IPag =
8,3:107'7), 3atem AgCl (ITPsgc1 = 1,8:107). Otrako, MOCKONBKY MOABIKHOCTH HOHOB
Cl'n I 6musku (Ao(Cl) = 76,4 Cm*cM?*/(MOB 9KB); Au(l) = 78,8 CmcM?/(MONB 9KB)),
Ha KPUBOW KOHIYKTOMETPUYECKOTO TUTPOBAHMS HAOJIOAAETCS TOJIBKO OAMH U3JIOM,
COOTBETCTBYIOIIMI CYMMAapHOMY COJEPKaHHUIO TAJIOT€HHU]I-MOHOB. B mpucyrcTBHM
BogHoro ammuaka NH,OH nipu TUTpoBaHUU 00pa3yeTcsi MEHEee PaCTBOPUMBIN 0CaIOK
Agl, a B U30BITKE TUTPAHTA — paCTBOPUMBIN KomIuieke [Ag(NH3),]/Cl, coOTBETCTBEHHO
Ha KPUBOI KOHTYKTOMETPUIECKOTO TUTPOBAHUS (PUKCUPYETCS OJTMH U3JI0M, OTBEYATO-
IIUH TUTPOBAHUIO NOAUA-UOHOB. CollepKaHHUE XJIOPUI-UOHOB B CMECU PACCUNUTHIBAIOT
10 PA3HOCTHU PE3YJIbTATOB TUTPOBAHUSA B HEUTPAJIILHOW U AMMHUAYHOM Cpeaax.

O0opynoBaHNe U peaKTHBBI
1. YcranoBka [j1s1 KOHAYKTOMETPUYECKOTO TUTPOBAHMSI, 00IIIasi cxeMa KOTOpOi

npeJcTaBiIeHa Ha pucyHke 14.1;
2. Hurpar cepebpa, crangaptasiii pactsop c(1/1 AgNO;) = 0,0100 moms/am>;
3. Xnopun Hatpus, Boaublit pacteop c(1/1 NaCl) = 0,1000 mons/mm>;
4. Voaun Hatpus, BoaHbIi pacteop c(1/1 Nal) = 0,1000 mons/mm?;
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5. Ammuak, BoaHbli pactBop ®(NH3) = 10%;

6. YHuBepcanbHas UHIUKATOpHAs OymMara;

7. Iunetka Mopa 10,0 cm®, 1 .

8. MepHuble k0710561, BMecTUMOCTEIO 100,0 cM®, 1 1.
9. Kanumsp.

Xox paboTbl

14.2.7.1 Onpeodenenue cooepicanus uoOUO08 Npu COBMECMHOM NPUCYIMCIMBUU C
X10OPUO-UOHAMU:

1. bropetky 3anoJHstoT pactBopoM AgNO:;.

2. AHanu3upyeMbIil pacTBOP MEPEHOCIT B MEPHYIO K010y BMecTUMOCThIO0 100,0
cM® ¥ TOBOJST 10 METKHU JTACTUJUIMPOBAHHOMN BOJOM.

3. B sueiiky mjisi TUTPOBAHUS NEPEHOCAT C MOMOILIBIO MUIETKH AJIMKBOTHYIO
yacte 10,0 cM® aHaIM3MPyeEMOro pacTBopa, NPHUIMBAIOT MUHUMAIBHOE KOJUYECTBO
BOJIbI, YTOOBI YPOBEHb PACTBOPA MOJHOCTHIO MOKPHLT pabouyto 4acTh KOHAYKTOMET-
PUYECKOro AaTUHKA.

4. Ilo xarsim 100aBISIOT pacTBOp aMmmuaka 10 pH = 9 (KOHTpOIUPYIOT MO YHU-
BEepCAJIbHOW UHJIUKATOPHOU Oymare).

5. BKIIIOYarOT MarHUTHYIO MELIAJNIKY, U3MEPSIOT 3HAUEHUE YIEIIbHOU 3JIEKTPO-
IPOBOJHOCTH & UCXOJHOTO PacTBOPA U BHOCST €ro B Tabnuiy 14.24.

6. U3 6ropetku npummBaroT 1o 0,5 cm® turpanTta 10 o6bema tutpanTa 10,0 e’
W3mepenne yaenpHOM 3IIeKTPONPOBOIHOCTH & MPOoBOAAT uepes 20 cek mocie npudas-
JICHUS OYepEeIHON MOPLMUH TUTPAHTA U 3HAUCHHS & BHOCAT B TaOuity 14.24.

7. TuTpoBaHUE MOBTOPSIIOT 3 pasa.

8. I1o pe3ynbTaTaM TUTPOBAHUS CTPOSIT KPUBBIE TUTPOBAHUS B KOOPJIUHATAX &
= f(V). ApOKCUMUPYIOT MOJTYyUYEHHbIE 3aBUCUMOCTH ABYMs YPaBHEHUAMHU JTUHEHHOM
perpeccuu, HaXoAAT MapaMeTPhl KaKI0TO U3 ABYX JIMHEMHBIX YYaCTKOB M BHOCST UX B
tabnuiy 14.25. [lpupaBHuBas 3HaUEHUS & B TOUYKE MEPECEUCHUS IBYX MPIMBIX, aj-
reOpandyecky HaxoAaT 00beM TUTPAHTA B TOUKE SKBUBAJIEHTHOCTH.

9. Ilo pe3ynbrataM 3-x TUTPOBAHHM HaXOJAT CpEeIHUI 00bEM TUTPAHTA, U3pac-

XO0J0BAaHHOI'O HA TUTPOBAHUC B TOYKC SKBUBAJICHTHOCTH.
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10. PaccunthiBatoT copepkaHue U KOHLEHTPALUIO [ -MOHOB IO U3BECTHBIM (HOp-

MYyJIaM.

14.2.7.2 Onpeodenenue CyMMapHo20 COO0EPHCAHUS XTOPUO- U UOOUO-UOHOB:
1. B sdeliky asisi TUTPOBAHHS MEPEHOCAT C TOMOIIBIO MUTMETKH AITUKBOTHYIO

gacte 10,0 cM® aHAIM3MPYEMOro pacTBOPa, NMPUIUMBAIOT MUHMUMAILHOE KOJIUYECTBO
BOJIbI, YTOOBI YPOBEHb PACTBOpA MOJHOCTHIO MOKPHLT paboUuyr0 4acTh KOHYKTOMETPH-
YEeCKOTO JaTurKa.

2. BKi1royaroT MarHUTHYIO MELIAJIKYy, U3MEPSIOT 3HAYEHUE YJEIbHOU 3IEKTPO-
POBOJHOCTH & UCXOJHOTO PacTBOPA U BHOCST €ro B Tabnuity 14.26.

3. U3 6ropetku npuimsarot 1o 0,5 cm® turpanta (AgNO;) 10 00beMa TUTpaHTa
15,0 cM?. I3Mepenue yaenbHOM 3JEKTPOIPOBOIHOCTH & IPOBOAAT Yepe3 20 ceK mocie
puOaBJICHUs OUEPETHON MOPIIMKM TUTPAHTa U 3HAUYCHUS & BHOCAT B Ta0Ouiy 14.26.

4. TutpoBaHue MOBTOPSIOT 3 pasa.

5. Ilo pe3yapTaTaM TUTPOBAHUS CTPOSIT KPUBBIE TUTPOBAHUS B KOOPJIUHATAX &
= f(V). AnIpOKCUMUPYIOT MOJTYyYEHHbIE 3aBUCUMOCTH IBYMs YPaBHEHUSAMHU JTUHEHHOM
perpeccuu, HaXoAAT MapaMeTPhl KaXKI0TO U3 ABYX JIMHEMHBIX YYaCTKOB M BHOCST UX B
tabnuity 14.27. [IpupaBHuBasi 3HaUEHUS] & B TOUKE MEPECEUCHHUs IBYX MPAMBIX, all-
reOpandyecky HaxoJAT 00beM TUTPAHTA B TOUKE SKBUBAJIEHTHOCTH.

6. [1o pesynbrataM 3-x TUTPOBAHMI HaXOIAT CPEIHUI 00bEM TUTPAHTA, U3pac-
XOJIOBAHHOTO Ha TUTpOoBaHUE CyMMbI C/ ¥ I'-MOHOB B TOUKE YKBUBAJICHTHOCTH.

7. PaccuuThIBaIOT copepxaHue U KOHIEeHTpaluo C/” o U3BECTHRIM (hopmyiam.

14.2.8 Odpopmnenue nabopamopnozo rxcypuana. Onpedenenue xaopuo- u u0OUO-uOHO08 8 Ux
cmecu

1. Onpenenenne coaepx aHus HOAWI-MOHOB IPU COBMECTHOM IPUCYTCTBUU
XJIOPUJI-MOHOB (B Cpelie aMMHAKa):

VYpaBuenus tutpoBanus cosied Nal u NaCl B MOJIEKYJISIPHOM, ITOJTHOM U COKpa-
IIEHHOW MOHHOM BUJIE B MPUCYTCTBUU aMMUAKA:

Nal +AgNO; — ...

NaCl+ AgNO; + NH,OH — ...
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@aKTOpbI IKBUBAJICHTHOCTHU.
3aKOHBI SKBUBAJICHTHOCTH.
Xox paboThl.

PesynbTatsl TuTpoBanus Nal B BogHOM pactBope B nipucytctBuu NaCl u NH,OH
Tabnuma 14.24
Ne O6beM pacTBOpa VY aenbHas 3IEKTPONPOBOIHOCTh &, CM/cM
TOYKH | THTpaHTa V, cm’ &2 &) &3

CrtposT KpuBBIC TUTPOBaHUS B KoopauHaTax & = f(V). Kaxayo KpuByr He0O-
XOJUMO MOCTPOUTH Ha OTIEIbHONW KOOPAMHATHOM MIIOCKOCTH W MPEIOCTaBUTH 3 OT-
JENbHBIX PUCYHKA.

ATNNPOKCUMUPYIOT 3aBUCUMOCTH JBYMsI YPAaBHEHMSIMU JIMHEHHBIX perpeccuit
(yuactku 1 1 2) 1 HaX0AAT 00BEMBI TATPAHTA B TOUKE SKBUBAJICHTHOCTH JI KaXKAOTO
tuTpoBanus. [lomydeHHble pe3ybTaThl BHOCAT B Tabmuue 14.25.

Onpenenenue koHleHTpanuu Nal B BOAHOM pactBope B npucytctBuu NaCl u
NH,OH
tabnuma 14.25
Ne tutpo- | Vpasuenue anmpokcuma- | Vi1 | v, | ¢(1/1 Nal) T(Nal)
BaHUSA i &=axV+b
Yuactoxk 1 Yyactok 2

[—

[TpoBoasT pacy€T KOHIIEHTpalMK U cojepxkanust Nal (TOYHOCTh pacdy€ToB — 4
3Havyamux uudpsl, a1 maceel 0,0001 1), mpuBoAAT Bce pacuéTHbie GOpPMYIIbI U pac-
4EThI, BCE 3HAUYCHMS BHOCAT B Tabyuiy 14.28.

2. OnpenaeneHnue CyMMapHOTO COAEPKAHUSI XJIOPUI- U UOJIUJI-MOHOB TIPU COB-
MECTHOM MPUCYTCTBUHU:

VYpaBuenus tutpoBanus cosied Nal u NaCl B MOJIEKYJISIPHOM, ITOJTHOM U COKpa-
IICHHOW MOHHOM BUJE B HEUTPAIILHOU Cpeae:

Nal +AgNO3; — ...

NaCl+ AgNO; — ...

@aKTOpbI IKBUBAJIEHTHOCTHU.

3aKOHbI SKBUBAJICHTHOCTH.
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Xox paboThl.

PesynbTaTel TUTpOBaHus cyMMbl NaCl u Nal B BOITHOM pacTBope.

tabnuia 14.26

Ne O6beM pacTBOpa VY aenbHas 3IEKTPONPOBOIHOCTh &, CM/cM
TOYKM | TUTpauTa V, cm’ 2 &) 3

CrtposT KpuBbIC TUTPOBaHUS B KoopauHaTax & = f(V). Kaxayio KpuByr He0O-
XOJIMMO MOCTPOUTH Ha OTIEIbHOM KOOPAMHATHOW IJIOCKOCTH M MPEJOCTABUTH 3 OT-
JENbHBIX PUCYHKA.

ANNpPOKCUMHUPYIOT 3aBUCUMOCTH JIBYMS YPaBHEHMSIMH JIMHEMHBIX PErpeccui
(yuacTtku 1 11 2) 1 HaXOIAT OOBEMBI TUTPAHTA B TOUKE SKBUBAJIEHTHOCTH. [lomyueHHbIE
pe3yJIbTaThl BHOCAT B Tabnuie 14.27.

Omnpenenenne cymmapHoi konuentpauuu Nal u NaCl.
Tabnuma 14.27

Ne tutpo- | YpaBHeHue annpokcumanuu &=ax V+b Viax | Vy
BaHUS Vuyactok 1 VYyacrtok 2

1

2

3

[TpoBomAaT pacuéTt pe3ybTaToOB KOHIIEHTpAK u coaepxanus NaCl, ncrionb3ys

1_/2: 172 - I_/l (TouHOCTH pacu€ToB — 4 3Hayammx mudpsl, 111 Maccel 0,0001 1), mpu-
BOJISIT BCE pacu€THBIC (POPMYJIBI U pacuéThl, BCE 3HAUEHHUS BHOCAT B Ta0uity 14.28.

PesynbTats! onpenenenust moaensHoit cmecu Nal u NaCl.
Tabauma 14.28

c(1/1T), (), n(1/1F), WD), m(l), ©
MOJIB/IM> r/cm? MOJTb MOJT

c(1/1Nal), T(Nal), n(1/1Nal), v(Nal), m(Nal),
MoJib/am? r/cm? MOJIb MOJIb r
c(1/1CT), T(Cl), t/em® | n(1/1CI), mons | v(CI), monb m(Cl), T
MOJIB/IM>

c(1/INaCl), | T(NaCl), t/em® | n(1/INaCl), v(NaCl), mons | m(NaCl), t
MoJib/am?> MOJIb
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5. PaccuuThIBalOT OTHOCHUTENIBHYIO IOTPEIIHOCTD ITPU ONPEACIICHUH KaKI0T0 U3
KOMIIOHEHTOB CMECH:

D% = Nygiioen. — MNucmun. 100%

nucmuH.

14.3 Bonpocwul 0151 camoKoHmpons
1. B yem cynHOCTh KOHIYKTOMETPUIECKOTO METO/1a aHam3a?

2. YUto Ha3bIBaeTCs YAENBHOW 3JEKTPONPOBOJIHOCTHIO U S3KBUBAJEHTHOM 3JIEK-
TPOIIPOBOAHOCTHIO pacTBopa? Kak 3TH BETMUYMHBI CBA3aHbI MEXKIY COO0M?

3. Kak BiusieT Ha 2JIEKTPONPOBOIHOCTD: @) MPUPOAA IJIEKTPOJIUTA U PACTBOPHU-
Tens; 0) KOHIIEHTPAIUS IEKTPOJIUTa (CHIIBHOTO, C1a00ro0); B) TeMIiepaTypa’?

4. IlpuHOMNIAANBHASA CXEMa KOHIYKTOMETPA.

5. IIpuBecTu npuMepsl IPUMEHEHHS METOAA IPSIMON KOHYKTOMETPHH.

6. Kakue 3aKOHOMEpPHOCTH J€Xar B OCHOBE KOHIYKTOMETPHUYECKOIO
TUTPOBAHUS U KAKOBbI OCOOEHHOCTHU ATOr0 MeTO1a?

7. Kakonm BHJI HMMEKT KpUBBIE KOHIYKTOMETPUYECKOIO THUTPOBAHUS IS
peakiui: a) KHUCIOTHO-OCHOBHOTO  B3aUMOJEHCTBHS; ©O) OCaXIEHHUSA, B)
KoMIuIeKcooOpa3zoBanus? IIpuBectu mpumepsl.

8. Kak BezeTcst KOHyKTOMETPUYECKOE TUTpOBaHUE cMmeceil BemecTs? [IpuBecu
IIPUMEDBI.

9. Kakne 3aKkOHOMEPHOCTH MOJIOKEHBI B CHOBY BBICOKOYACTOTHOI'O TUTPOBAHUS
(BUT)?

10. YcnoBus npoBeaeHus u npudopsl st BUT.

1. IIpeumymecrea  BUT o CPaBHEHUIO Cc KJIACCUYECKUM

KOHAYKTOMETPHUYCCKHNM TUTPOBAHHUCM.
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15 IloreHunomeTpus
15.1 Ilenw u 3a0auu padomut

W3ydeHne BO3MOXXKHOCTEM W  ammaparypHoro oQopMIIeHUS  MPsSMOM
NOTCHIIMOMETPUU W OBJIAJICHHE TpUEMaMU  TIPAKTHYECKOTO  MPUMEHEHHUS
NOTEHIIMOMETPUIECKOTO THTpPOBaHUs. OCBOCHHE HOHOMETPHYECKOTO aHAIH3a C
NPUMEHEHHEM METOJIOB TPaIyHpOBOYHOrO Trpaduka, TPaayupOBKH DIIEKTPOJa HU

JT00aBOK.

15.2 Ilpozpamma padomot
15.2.10npeoenenue pH-pacmeopa memooom npamoi nOmeHyuomMempuu

J{nsa u3mepenus pH UCNoOb3yOT raIbBAHUYECKUN JJIEMEHT, COCTABICHHBIN U3
CTEKJISTHHOTO MHIUKATOPHOTO 3JIEKTPO/a U XJIOPUACEPEOPSHOTO 3IIEKTPOJia CpaBHE-
Hus. [lepen HauanoM M3MepeHus] HOBBIA CTEKIISIHHBIN AJIEKTPOJ] 10JKEH ObITh BhLIEP-
’aH He MeHee cyTok B 0,1000 mons/nm® pacteope HCI, a 3aTeM B AUCTHILINPOBAHHON
BOJIC.

[IpoBepky KauecTBa pabOTHI ANEKTPOJOB U HACTPOUKY MOHOMepa (pH-metpa)
IpOBOAAT 10 Oy(depHbIM pacTBOpaM, MPUTOTOBIECHHBIM U3 (pukcaHana. OOBIYHO HC-
MOJIB3YIOT CTaHAapTHBIE pacTBOpkl ¢ pH = 1,65;4,01; 6,86 1 9,18.

Ob6opynoBaHne M peaKTUBBI
1. YcraHoBKa Jj1sl NpSIMBIX MOTEHIIMOMETPUYECKUX HMCCIIEIOBAaHUM (orpezere-

Hus pH), 001masi cxema KOTOpo# IpecTaBieHa Ha pucynke 15.1;

ScnePT-pH

T

Pucynok 15.1. YcTranoBku AJis IPSIMBIX MOTEHIIMOMETPUYECKUX U3MEPEHUN pH,
rae 1 — nonomep (Monomep-kouaykroMeTp «AuuoH-4100»); 2 — pH-Metp "Dxcnept-
pH"; 3 — cTexnsHHBIN 371eKTPoI; 4 — KOMOMHUPOBAHHBIN CTEKJISIHHBIN 3JIEKTPOA; S5 —
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XJIOpUACEPEOPSIHBIN AIEKTPOA; 6 — TOTEHLIMOMETpUYecKas ssueiika; 7 — MarHuTHasi Me-
1IaJIKa.
2. CrangaptHblil OyQepHbIil pacTBOp, BOIHBIN pacTBop, pH =4,01;

3. CranpapTHbIil OyepHbIil pacTBOp, BOJHBIN pacTBOp, pH = 6,86;
4. CrannmaptHbii OydepHbIil pacTBOpP, BOJAHBIN pacTBop, pH = 9,18;
5. Uccnemyemslii pacTBop.

Xoa padoTnI

15.2.1.1 Paboma c npubopom:
NHaukaTopHBINA (CTEKISTHHBIN) 3JIEKTPOJI ¥ DJIEKTPO/] CpaBHEHHUS (XJI0puacepeo-

PSIHBIN) MOMEIIAIOT B TOTEHIIUOMETPUUECKYIO SIYEHKY CO CTaHAAPTHBIM PACTBOPOM U

MOJAKJIIOYAIOT K MIOHOMEPY. BKITIOUatoT HOHOMED B PEKUM U3MeEpeHus pH.

15.2.1.2 I'paoyuposka snekmpooa:
B HOTEHIMOMETPUYECKYIO SUekiKy moodepeano nmoMemaror 20 cm® 6ydepHoro

pacTBopa, IPUIOTOBJIEHHOI0 U3 (pHKCAHAJIA, U TIPU IEPEMEITUBAHUHN U3MEPSIOT 3Ha-
yeHue pH pactBopa u B maMmsTh npudopa BHocaT 3HaueHus pH OydepHoro pactBopa
(cremyst MHCTPYKIIMU 10 KCILTYaTalluHn).

Jl7i IpOBEpKHU MPaBUIBHOCTU TPALyHPOBKHU B MOTEHIIMOMETPHUUECKYIO SUCHKY
noouepenno nomemarot 20 cM® 6yhepHOro pacTBOpa, NPUrOTOBJIEHHOI0 U3 (pUKCcAa-
HaJIa, ¥ 1IpY NIepeMEIMBAaHUN U3MEPSIOT 3HaueHue pH pactBopa, pe3yabTaThl BHOCAT
B TabOmuiry 15.1. AHanoruyHo u3MepsioT pH clenyrommx pacTBOPOB, BHOCS Pe3yJib-
TaThl B Ta0uIy 15.1.

[lepen kaxxapIlM MOTPY>KEHHEM 3JEKTpoAa B Oy(epHbIl pacTBOp 3JIEKTPObI
TIIATEILHO MPOMBIBAIOT AUCTHUIMPOBAHHON BOJOW M OCTOPOXKHO YJAJSIIOT U30BITOK
BOJIbI C UX MOBEPXHOCTU (PUILTPOBATBHON Oymaroi.

[Ipu HEe0OX0AUMOCTH cieaysl HHCTPYKIUU 10 SKCIUTyaTaluy npudbopa, Koppek-
TUPYIOT paboTy pH-meTpa. PacTBOpbI U3MEPSIOT B MOPSIAKE YBETUYEHHUSI KOHLIEHTpa-

1M HOHOB H', T.e. yMeHbIeHUuH pH.

15.2.1.3 Hzmepenue pH uccnedyemozo pacmeopa:
[ToMEAOT B MOTEHIIMOMETPHIECKYIO suekiKy 20 ¢cM> KOHTPOIBHOIO PAacTBOpa,

HOBTOPSIOT U3MepeHus S5 pas. Pe3ynbrarel BHOCAT B Tabmuiry 15.1.
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[To oxkoHuanuu pabOTHI BBIKIIOYAIOT MPUOOP. DIEKTPObI TPOMBIBAIOT AUCTUII-

JMPOBAHHON BOJIOM U XPAHSIT UX MOTPYKEHHBIMU B TUCTUIIUPOBAHHYIO BOAY.

15.2.1.4 Ogopmnenue nabopamoproeo sxnypuana. Onpedenenue pH-pacmeopa
MemoooM NpAMOU NOMEHYUOMeMmpPUul

1. e u 3amaum pabOTHI.
2. XoJ TpalyMpOBKH 3JIEKTPOIA.
3. Pe3ynbTathl rccaenoBanus 00pasIios.

Jlanubie uzmepenus pH
Tadmuna 15.1
Viccnenyemsiii pacteop | pHy | pHy | pHs | pHy | pHs | pH+ApH | S(pH)
CranpaptHbiii OydepHbIT
pacTBop
pH=4,01
CrangaptHsiii 6ydepHbIii
pacTBop
pH = 6,86
CrangaptHsiii 0ydepHbIii
pacTBop
pH=9,18
KoOHTponbHbII pacTBOp
Jlenarot BBIBOJI O HEOOXOJIMMOCTH KOPPEKLMH IPpalyupoBOYHON (pyHKIMHU pudopa.

15.2.20npeodenenue Humpam-uoHo8 MenmoooM RPAMOU NOMEHUUOMEMPUU
HNonomeTpuueckuii MeTo; OCHOBaH Ha HKCTPAKIIMK U3 00pa3llOB MUIIEBBIX MPO-

AYKTOB HUTPAT-HOHOB C IOCJICAYIOIIUM U3MCPCHUCM KOHICHTPAIIMU HUTPATOB C I10-
MOLIbIO HUTPAT-CCIICKTUBHOI'O 3JICKTpOAA.

O0opynoBaHNe U peaKTHUBBI
1. YcraHoBka Iy TPSIMBIX TOTCHIIMOMETPUYECKUX HCCIICIOBAHUN, OOIIas

cxema KOTOpOil mpeacTaBieHa Ha pucyHke 15.2;
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Pucynok 15.2. YcTanoBKa Jj1sl IpsSIMBIX TOTEHIIMOMETPUUYECKUX UBMEPEHUM, TIe
1 — noHomep (1-xaHanbHBIM BBICOKOTOYHBIM MOHOMEp «IDkcnepT-001-1.0.1»); 2 —
MOHOCEJICKTUBHBIN JIEKTPOJT (HUTpaT-CeNeKTUBHBIN dekTpon IJIMC-121); 3 — xio-
puaCepeOPAHBIN JIEKTPO; 4 — SIEKTPOXUMHUYECKAs T9eiKa, BMECTUMOCTEIO 50 cm; 5
— MarHMWTHAasi MeNIaikKa.

2. PaGoumii pacTBOp, BOAHEIN pacTBop, c¢(1/I NaNO3) = 0,1000 mons/nm>;

3. IMunetka Mopa 10,0 cm®, 1 1.

4. ITunetka Mopa 20,0 cM>, 1 mit.;

5. Mepusie koa6s1 100,0 cM?, 3 mit.;

6. Mepuble kon0sl 50,0 cm>, 6 miT.

Xoa padoTnI

15.2.2.1 Paboma ¢ npubopom
WMuaukaTopHblid (HUTPAT-CEJICKTUBHBIN ) AJIEKTPO/I U SJICKTPOJI CpaBHEHUS (XJ10-

pucepeOpsSHBI) MOMENIAIOT B MOTEHIIMOMETPUUYECKYIO STUeHKY CO CTaHIapTHBIM pac-
TBOPOM U IOJK/IIOYAIOT K HOHOMEPY. BKIIIOUar0T HOHOMEDP B PEKUM U3MEPEHHUS I10-

TeHuana i pNO;.

15.2.2.2 Ilpuecomosnenue pacmeopos cmanoapmuou cepuu.
CrangapTHBIE pacTBOPHI TOTOBAT U3 CTAHAAPTHOTO PAcTBOPA B Pe3yJIbTaTe MO-

CJIeIoBaTeNIbHOTO pa3baBiieHusi pabouero pactBopa. s 3Toro B Kojady BMECTUMO-
creio 100,0 cM® momemaroT anukBoTHYIO 4acth 10,0 cM® cTrammapTHOrO pactsopa B
COOTBETCTBUE C Tabnuuen 15.2 u JOBOJAT pacTBOP 10 METKU TUCTUIUIMPOBAHHOMN BO-

JTOMU.
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[IpuroroBnenue pacTBOPOB CTAHAAPTHOU CEPUHU
Tabauma 15.2

Ne pactsopa ¢(1/INO3), |pNO; |V, cM Vyors, CM
MOJIB/ M

1 (pabouwii pactBop) | 0,1000 1 - -

2 0,0100 2 10,0 (pactBopa Nel) | 100,0

3 0,0010 3 10,0 (pactBopa Ne2) | 100,0

4 0,0001 4 10,0 (pactBopa Ne3) | 100,0

Takum 06pa3oM, MpUTroTOBIEHHBIN pacTBOp Ne2 ucmonb3yeTcs sl IPUTrOTOB-

neHus pactBopa Ne3 u Tak nanee.

15.2.2.3 Onpeodenenue HUMPAM-UOHO8 MEMOOOM 2padyuUpoBKU INeKMpPood.
1. I'paxyupoBKa 35eKTposa.

['pagynpoBKy npudbopa NpoBOJAT COTIACHO METOJUKE, IIPEJCTABIECHHOH B Iac-
nopTe npubopa, UCTIOIb3Ysl CEPUI0 CTAaHAAPTHBIX PACTBOPOB C TOYHO U3BECTHOM KOH-
LEHTpaleil HUTpaT-uoHOB (Tabnuua 15.2).

JUis KaXX10r0 pacTBOpa CTaHJAPTHOM CEPUM U3MEPSIIOT MOTEHLUAT U B MaMSTh
npubopa BHOCAT 3HaueHue pNO;, COOTBETCTBYIOIIEE CTAHIAPTHOMY pacTBopy (Taod-
nuna 15.2).

2. I3MepeHue KOHTPOIBHOTO pacTBOpa METOIOM I'PayHPOBKH 3JIEKTPOAA.

B NOTEHIMOMETPUYECKYIO sAUeliKy momemarT 20 ¢cM® pacTBopa, U3MEpPSIOT

PpNO;, u3mepenust NOBTOPSIIOT 5 pa3, pe3ybTaThl PUKCUPYIOT B Tabmuue 15.4.

15.2.2.4 OnpedeneHue HUMPAM-UOHO8 MEMOOOM 2paAdYUPOBOUHO20 epahuKa.
1. I[TocTpoenue rpaaynupoBOYHOTO Tpaduka.

B moteHmmoMeTprueckyto siaeidKy moouepeIHo, HaurmHasi ¢ caMoro pa30aBiieH-
Horo (pacteop Ned), nomermaror 20 cM® crangapTHOro pacteopa (tabmuna 15.2), u npu
NEPEeMEITMBAHUN HU3MEPSIOT MOTECHIMAT WHAMKATOPHOTO AJIEKTPOJa OTHOCHTEIHHO
AJIEKTPOJIa CpaBHEHUS. 3aMKCh BEIMYMHBI TOTSHIMAIA MPOU3BOIAT TIOCIIE TOTO, KaK
3HAaYCHUE MePECTaeT U3MEHATHCS B mpesenax =1 mB.

W3mepsitoT MOTeHIMAN U KaXKI0TO CTaHAapTHOTO PACTBOpPA U BHOCAT BEIH-

yuabl E (MB) B Tabnumy 15.5.
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[Tepen kaxapIM U3MEPEHUEM DJICKTPOIbI TIIATEIHLHO MPOMBIBAIOT JUCTHILTAPO-
BaHHOW BO/IOH. PacTBOpPHI M3MEPSIOT B OPSAKE YBEIMUEHUSI KOHIIEHTPAIIMA HATPAT-
HOHOB OT pacTBopa No4 k pactBopy Nel.

Ha ocHOBe moTy4eHHBIX JaHHBIX CTPOST rayHPOBOYHBIN TpadUK 3aBUCUMOCTH

E =f(pNO3).

2. KoHtposbHas 3aga4a
[ToMemarT B MOTEHIUOMETPHIECKYIO 4Ky 20 ¢cM® KOHTPOJIBLHOIO PacTBOpPa

N U3MCPAIOT IMOTCHO AT, UBMCPCHUS ITOBTOPAIOT 5 pas. HaXOIL}IT HCKOMYIO KOHIICH-

TpaIUIO, UCIIOJIb3Ysl MapaMeTphl JIMHEHHON perpeccuu rpaayupoBOYHOIO Irpaduka.

15.2.2.5 OnpedeneHue HUMPAM-UOHO8 MEMOOOM 000ABOK (epaghuuecku):
B 6 MepHbIX K010 BMecTuMOcThI0 50,0 cM® npunmBaror 1o 1,0 cM® aHanusupy-

€MOTI'0 PacTBOpa ¢ HEM3BECTHOW KOHIIEHTpALeW HUTPAT-nOHOB. Haunuas co BTopon
0 0 0,1 0 c™’ pab 0 7
k011081 700aBiA0T OT 0,1 10 5,0 cM” pabouero pacTBopa B COOTBETCTBHH € TAOJIMIIEH
15.3 1 noBOAST 00BEMBI BCEX PACTBOPOB A0 METKU AUCTUIUIMPOBAHHOMN BOJIOM.
[ToaroToBka aHaM3MpyeMbIX 00pa3LOB K aHAINU3Y 10 METOAY 100aBOK.

Taomuna 15.3

No pactBOpa c(1/1NO3) 06, (PNO3)nos | OOBEM amUKBOTHL | Vious,
MOJIB/ M Vr, M cm?
1 0 0 0,0 50,0
2 2:10* 3,7 0,1 50,0
3 1107 3,0 0,5 50,0
4 2:10° 2,7 1,0 50,0
5 5-10°° 2,3 2,5 50,0
6 1-10 2,0 5,0 50,0

B NOTEHIMOMETPHYECKYIO si9eiiKy BHOCAT 20 cM® pacTBOpa, HAYKMHAs C CAMOIO
pas0aBnieHHOro pactBopa Nel 10 caMOTo KOHIIEHTPUPOBAHHOTO pacTBopa Neb u n3zme-
psAOT noteHuuan. Ilepen KaxabiM U3MEPEHHEM DJIEKTPOAbl THIATENIBHO MPOMBIBAIOT
JACTUUIMPOBAHHOW BOJOM.

Ha ocHOBe nony4eHHbIX 3KCIIEPUMEHTANIBHBIX TaHHbIX (Tabmnuia 15.5) ctpost
raayupoBouHkIil Tpaduk 3aBucuMoctd E = f(pNO3)s,5. C TOMOIIBIO TAPAMETPOB JTHU-
HEWHOU perpeccuu OnpeAesatoT KOHIEHTPALIMIO HUTPAT-UOHOB B UCCIIEAYEMOM 00-
pasiie.
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15.2.3 Od¢popmnenue nabopamopnozo xcypuana. Onpeoenenue HUMPAM-UOHOB MENOOOM NPA-
Mou nomenuuomempuu

1. Henp u 3agaunt paboTHI.

2. Xon onpeaeneHus.
2.1. Pabora ¢ npubopom. Cxema yCTaHOBKH.
2.2. [IpuroToBieHnE CTaHIAPTHBIX PACTBOPOB.
2.3. I'pagyupoBKa 3J€KTPOJIOB.
2.4 OnpeneneHre HUTPATOB METOAOM I'PaIyHUPOBKHU IEKTPOA.
DKCcnepruMeHTAIbHBIE JaHHBIC OTIPEICTICHUSI HUTPATOB B HCCIIEyEeMOM 00pasIie C uc-

MO0JIb30BaHUEM METOJIMKHU TPAyUPOBKH JIEKTPOjIa
Tabmuma 15.4

Ne mpomepa 1 2 3 4 5 S Sr, Y0
pN (@) 3

¢(1/INO3"), mons/mm?

[TpoBoasT pacy€T KOHLEHTpAMHU U coaepkaHusi NO;-UOHOB (TOUHOCTh pacué-
TOB — 4 3Havamumx nudpsl, aas maccel 0,0001 r), mpuBoaAT Bce pacy€THbie HOPMYIIbI
U pacuéThl, BCE 3HAYCHUS 3aMUCHIBAIOT B TaOmuiry 15.7. PaccunThiBalOT OTHOCUTEH-
HYO0 norpemnocts D, %.

2.5. OnpepeneHue HUTPATOB METOIOM TPayUPOBOYHOTO Tpaduka.
1. Xoa npUroToBieHUsl CTAHJAPTHBIX PACTBOPOB.
2. Xop omnpeneneHus o MeToy rpayupOBOYHOr0 rpaduka.
DKcrepuMeHTalIbHbIE JaHHBIE AJISl IOCTPOCHUS I'PaAyHPOBOYHOTO Tpaduka
Tabomuna 15.5

No pNO; c(1/1NOy), [Torenunan, MB s(E)
PactBopa MOJIB/ M E, E, E; | E+AE
1 1 0,1000
2 2 0,0100
3 3 0,0010
4 4 0,0001
KonTposbHas
3ajada, X

Jliis pacuera KpyTU3HBI 3JIEKTPOJHON (DYHKIIMU CTPOST rpalyHpOBOUHBIN rpaduk B
koopauHarax E = f(pNOj3). C nomonipio KOMIbIOTEpHBIX porpamm Microsoft Excel
wiu Sigmaplot onpenesnsioT napaMeTpsl IMHEHHOM perpeccun (Tadbnuua 15.6).
[TapameTtps! nuneiHOM perpeccun E = f(pNO;3).
Taomuna 15.6
[TpuGop Sa s, |atAa| bxAb R KpyTtusna snexrpoaHoit
dbyHukiuu, MB
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S +AS,

[TacmopTHOE
3HAYECHHE

58+6

PaccunThIBaloT KpyTU3HY 3JEKTPOAHON (YHKIMU, yUUTHIBaAsA, 4To S =a = 59/n,

CPaBHUBAKOT C IMMACIIOPTHBIMU JAHHBIMU.

PaccuuthiBatoT OTHOCHUTCIIbHYIO ITOIPCIIHOCTb ONPCACIICHUA KPYTHU3HBI 3JICK-

TpOAHOU (QyHKIMU 1O hopmyie:

D%_|SHaI71,a_Snacn| ] 00%

nacn

C nomol111b10 MapaMeTpoB JTUHEWHOMN perpeccur MPOBOAT pACUET KOHIIEHTAIIUU

u conepxanusi NO3-MOHOB B aHAIU3UPYEMOM PacTBOPE (TOYHOCTh Pacuy€ToB — 4 3Ha-

garmx nudpsl, 1 Maccsl 0,0001 1), mpuBOIAT BCe pacu€THbIE (POPMYJIIBI M pacUéThl,

BCE 3HAUEHMUSI 3aMMCHIBAIOT B Ta0biuIry 15.7.

2.6. Onpenenenre HUTPATOB METOIOM JI00aBOK.
[IpuroToBneHne cTaHAAPTHBIX PACTBOPOB.

Xon onpeneneHns o METoy 100aBOK.

DKCnepuMeHTAIbHBIC JaHHBIC JIsl TOCTPOCHMS TpadrKa Mo MEeTOay J00aBOK.

Tadomuna 15.5

No c(1/1INO3 )06, | (PNO3)106 ITorennman, MB s(E)
PactBopa MOJIB/ M E, E, E; E+AE

1 0 0

2 2:-10* 3,7
3 1107 3,0
4 2:10° 2,7
5 5-10°° 2,3
6 110~ 2,0

Jlnis pacueTa KpyTH3HBI 3JIEKTPOIHON (HYHKUIMHU CTPOSIT TPagydpOBOYHBIN Ipa-

bux B xoopauHatax E = f((pNO3)ys). C TOMONIIBIO KOMITBIOTEPHBIX IPOTPaAMM

Microsoft Excel nunu Sigmaplot onpenensitor mapameTpbl TUHEHHON perpeccuu (Tad-

auia 15.6).
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[Tapametpsr nuneitHo# perpeccun E = f((pNO3)06).

Taomuna 15.6
[TpuGop Sa s, |atAa| bxAb R KpyTtusna snexrpoaHoit
dbyukun, MB
S +AS, | [MacmoptHOe
3HaYeHUE

58+6

PacCUMTHIBAIOT KPYTH3HY 3JIE€KTPOAHON (DYHKIUM, YYUTHIBAS, 9TO S = 4 =
59/n, cpaBHUBAIOT C MACIIOPTHBIMU JTAHHBIMHU.

PaccunThIBaOT OTHOCUTENBHYIO MOTPEITHOCTE OMPEIEICHUS KPYTH3HBI dJICK-
TpOAHOU (QyHKIMHU 1O hopmyie:

D%_lsﬂafm_snacnl.] 00%

naci
[IpoBoadaT pacuér pe3yabTaToB ornpeaenenus NOs B aHaTU3UupyeMOM PacTBOpE,

UCXO/Is U3 IApaMeTPOB JIMHEMHOW perpeccuu, npupaBHuBas E=0 (ToyHOCTH pacuéToB
— 4 3navanux uudpsl, 111 Maccel 0,0001 ). [IpuBoast Bce pacuétHbie PopMyIIbl U
pacd€Thl, BCE 3HAUCHUS 3aMHUCHIBAIOT B Tadmuiy 15.7.

PesynbTaTel onpenenenus HUTpAT HOHOB. Tabnuia 15.7

- c(NOy), T(NO5), n(NOs), v(NOs ), monb | m(NO;s ), Mmr | D,
= Monb/am® | Mr/cm? MOJIb %
g.

s,

S 5 | c(NaNOy), | T(NaNOy). | n(NaNOs), | v(NaNO3y).momb | m(NaNOs) mr

; S MOJIB/IM° | MTr/cM? MOJT

s £

> 3

o c(NOy3), T(NOy), n(NOys), v(NOs), monb | m(NOs ), Mmr | D,
) MOJIB/IM> | Mr/cM? MOJIb %
:

m

o

£

22 c(NaNO;), | T(NaNQOs), | n(NaNQO3), | v(NaNO3),monb | m(NaNOj3),mr

§ - MOJIB/IM° | Mr/cM? MOJTb

5 E

5E

> &=

- c(NO3), T(NOy), n(NOys), v(NO3), MOITb m(NQOj3), Mmr D,
S S | mons/mM® | mr/em® MOJIb %
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c(NaNO;), | T(NaNO;), | n(NaNQO3), | v(NaNO3),monb | m(NaNOj3),mr
MOJIB/IM° | Mr/cM? MOJTb

PaccuuThIBalOT OTHOCUTENIBHYIO IOTPELIHOCTD onpeaeneHust NOsz

D_ |mHa1?m_mTeop| ] 00%

Mreop

15.2.40npeodenenue korhghpuyuenma ceieKmueHoCmu UOHOCENEKCUBHO20 IJ1€K-

mpooa Memooom CMEUanHHbIX pAcmeopos (2paguueckuil eapuanm)

OpnHol M3 BaKHEHIIMX XapaKTEPUCTUK MOHOCEJIEKCTUBHOTO 3JIEKTPOJAA SIBIIS-
eTcsi KOOPPUIUEHT CeNEKTUBHOCTH, MOKAa3bIBAIOIINNA BO3MOXKHOCTh aHAJIM3a OIpee-
JSIEMBIX HOHOB B IPUCYTCTBHE MEIIAIOIINX HOHOB.

[ToTenman MeMOpaHHOTO 3JEKTPOIA JIUHEHHO 3aBUCUT OT Jiorapu@ma aKkTUB-
HOCTH HOHA A°" B aHAJM3UPYEMOM PacTBOpE:

E, = const + 0,0591gaa

JIro6as MemOpaHa B TOI UM MHOM Mepe MPOHUIIaeMa JIJisi BCEX MOHOB, HAX014-
IIMXCS B paCTBOPE, U MOATOMY HEOOXOAMMO YUUTHIBAThH BIUSHUE TOCTOPOHHUX HOHOB,
HanpuMep B°', Ha moTeHImai 31ekTpoaa. Mousl B°" npuHHUKaOT B (ha3y MeMOpaHbI B
pe3yabTaTe peakuu oOMeHa:

Az+MeM6paHa + Bz+ pacmeop — Az+ pacmeop Bz+ Membpana

[ToTenman MeMOpaHHOTO 3JIEKTPOa B paCTBOPE, COAEPIKAIIEM KPOME ONpeie-
JSIEMOT0 HOHA A" TOCTOPOHHKE HOHBI B*", C*" 1 ApyTHe, OMHUCHIBACTCS MOU(PHUIIAPO-
BaHHBIM ypaBHeHHeM HepHcra (ypaBHeHMEeM Hukoapkoro):

0’059 MoT i_g MoT i_?
Iglas + kypay +kycas +...]

Ey = const +
Zy

IJIE ZA — IIEJI0€ YHCIIO, IT0 3HAKY M BEIMYHMHE PaBHOE 3apsiay HoHa A" (3apsgoBoe
YKCII0); Zp, Zc — TO XKe, It HOHOB B u C*; k™" — moTeHImoMeTpuIeCcKuii Ko3hhu-
[IHEHT CEJIEKTUBHOCTH; CONSt BKIIOYAET 3HAYCHHSI IIOTEHIINAIOB BHEIIIHETO M BHYTPEH-
HETO DJICKTPOIOB CPABHEHHUS U 3aBHCHUT OT IPUPOIBI MEMOPaHbI, IIOCKOJIBbKY BKIIIOYAET

BEJIMYMHY TPAHUYHOTO MOTEHIIMAa Ha BHYTPEHHEW CTOPOHE MEMOpaHBI.

203



[TorenunomeTrpruyeckuii ko3duument cenekTuBHOCTH k™" oTpaxaeT OTHOCH-
TEIbHOE BIMSIHUEC HOHOB A°" 1 B°" Ha BeNMYMHY MEMTPAHHOTO MOTEHIMAIA U XapaK-
TepU3yeT CIOCOOHOCTh MEMOpPaHbI pa3inuiaTh HOHbI A* U B, A~ u C*" u T.1.

CeneKTHBHOCTH AJIEKTPO/Ia onpeaenseTcss BennuuHor k™ g. Ecim kK™"y g < 1,
3JICKTPOJI CEJNICKTHBEH OTHOCHTEIILHO MOHOB A°". UeM MeHbIlle YMCIIOBasi BEIMYUHA
k""s B, TEM BBIIIE CENEKTUBHOCTh. CyIIECTBYIOT Pa3IMUHbIE CTIOCOOBI OTICHKW BEJH-
yuHbI k"5 . Hale qpyrux Ucrnoib3yroT METO/I CMELIAHHBIX PACTBOPOB, OCHOBAHHBIN
Ha U3MEPEHHUH MOTEHIMaa 3JIEKTPOa B pacTBOPax ¢ MOCTOSHHOM KOHIIEHTpaIuei me-
IIAIOIIEro MoHA B°" 1 mepeMeHHON KOHIIeHTpanueit onpeaensemoro nona 4°". Touka
HepeceyeH!s! TMHEWHBIX Y4acTKOB IIOJy4YE€HHOM 3aBUCUMOCTH (pUCYHOK 15.3) naer Be-

JUYHHY aa, IO KOTOPOH pacCUUTHIBAIOT k""A g = apap”M7B,

E mB

. E, = fllgay)
Eg =/lgas) » “

pay

Pucynox 15.3. Onpenencaue ko3 GUIMeHTa CEICKTUBHOCTH METOJOM CMe-
HIaHHBIX PacTBOPOB (ag = const).

JU1 u3yueHus CeJIeKTUBHOCTHU 3JIEKTPOa TOTOBSIT CEPUIO CTAHIAPTHBIX PACTBO-
poB onpenensemoro NOs;-MoHa Ha (POHE MOCTOSHHBIX KOHLIEHTPALUil MEIIAIOLIEro
SO/ -nona u wusMepsror JJJC-31eMeHTa, BKIHOYAIOIIErO HuccienyeMbii NO; -
CEJICKTUBHBIN 3JIEKTPOI.

Ob6opynoBaHne M peaKTUBBI

1. YcranoBka Jij1st IpsIMBIX TOTEHIIMOMETPUYECKUX MCCIIEI0BaHUM, 00111as cXxeMa KO-
TOPOM Tpe/icTaBlIeHa Ha pucyHke 15.1;

2. PaGoumit Hutpara Hatpus, c(1/1 NaNO3) = 0,1000 mons/am?

3. Cynbdat HaTpus, BoAHbIHA pacTBop, ¢(1/] Na»SO,) = 0,1000 mons/am>;

4. TTunetka Mopa 10,0 cm?, 1 mir.;

5. Mepuble koa6sr 100,0 cM?, 3 mr.;

Xox paboTbl
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15.2.4.1 Ilpuecomosnenue cepuu cmanoapmuvix pacmeopos Ha hoHe meuaro-
We2o UoHa:

PacTBOpbI CTaHIAPTHOI CEpuU TOTOBST ITyTEM IOCIIE0BATEIBLHOrO pa30aBie-
HUS paboyero pacTBopa ¢ TOUHO M3BECTHOM KOHIEHTparueu. i 3Toro B Kooy
BMecTUMOCTBIO 100,0 cM® MOMEIAoT alMKBOTHYIO YacTh CTAHAAPTHOIO PaCTBOpA B
COOTBETCTBUE ¢ Tabuuuei 15.2 u 10BOAST pacTBOpP 10 METKH pacTBOPOM Cyib(aTa
HATpHsl C TOYHO U3BECTHOM KOHIEeHTpauuell. [Ipurorosnennsiil pactBop Ne2 ucnoiib-

3yeTrcs JUIsl NpUuroToBiieHus pactBopa Ne3 u Tak gaiee.

15.2.4.2 Ilocmpoenue epadyuposounozo epagura 0 onpeoeieHus Ko3gpouyu-
eHMa CeeKMUBHOCMIL.

B noTeHunomMeTpuyecKyo SUeHKy MoodepeIHO, HaunHas ¢ caMoro pa3daBiieH-
Horo (pacteop Ne4), momernaror 20 cM® CTaHIAPTHOTO PACTBOPA, M TIPU MEPEMEIIHBA-
HUHM U3MEPSIIOT MOTEHIMA HHAUKATOPHOTO AJIEKTPOIa OTHOCUTENBHO 3JIEKTPOa
CpaBHEHHMs. 3aMKCh BETUYMHBI OTEHIMANIA TIPOU3BOIAT MOCJE TOTO, KaK 3HAYCHHE
nepecTaeT U3MEHAThCS B npeaenax £1 mB.

W3mepsitoT moTeHnra sl KaX10T0 CTAaHJAPTHOTO pacTBOPa U BHOCAT B Ta0-
iy 15.5 Ha ocHOBe NOJTy4€HHBIX JaHHBIX CTPOST IaJyUpOBOYHBIN I'pauK 3aBUCH-
moctu E = f(pNO3). U paccuntbiBatoT K03 (PUIIUEHT CEIEKTUBHOCTH HUTPAT-CEIEeK-

TUBHOTI'O JJICKTPOJa paCUCTHBIM MCTOJO0M U METOAOM CMCHICHHLIX PACTBOPOB.

15.2.50¢opmnenue nabopamopnozo »x»cypuana. Onpeoenenue koIgpuyuenma ce-
JIEKMUGHOCMU UOHOCENEKCUBHO20 INNEKMPOOa

1. Lenb u 3agaun paboTHI.
2. Xon onpeaeneHusl.
2.1. Pabora ¢ npubopom.
2.2. X0 mpUroTOBIICHUS CTAHIAPTHBIX PACTBOPOB
2.3. Onpenenenue K0d3(pPUIHEHTA CETEKTHBHOCTH METOJIOM CMEIIAaHHBIX PACTBOPOB
(rpadpuueckuii BapuaHT).
X0/ MOCTPOCHHSI TPATyHPOBOYHOTO rpaduKa.

JlaHHBIE [J151 TOCTPOSHUS TPATYHPOBOYHOTO Tpadrka

Tabmuma 15.5

No pNO; | c(1/1NOy), | c(1/1505), IMTorennman, MB s(E)
PactBopa MoJib/am? MOJIb/aMm? E, E, | E; | E£AE
1 1 0,1000 0,09008
2 2 0,0100 0,09008
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3 3 0,0010 0,09008
4 4 0,0001 0,09008

[To nanubIM TabnuIel 15.5 cTpost rpaduk 3aBucumoctu E = f(IgNO5’) (pucyHOK
15.4), koTropast onuckiBaercs ypaBHeHueM HepHcra-Hukonbckoro:
E
[ ]
o E=algC+b,

E =a;lgC+b, '
p—

[gNO_;.

Pucynox 15.4. O6muii Bux 3aBucuMocTH rpaduk 3aBucumoctu E = f(lgNO5).

ANnpOKCUMHPYIOT 3aBUCUMOCTD JBYMsI YPABHEHUSMMU JINHEMHON PETPECCHH,
IpUPaBHUBAA y (IOTEHUMAIbI) HAXOAAT TOUKY [IEPECEUECHMS JIMHEUHBIX YYACTKOB.
PaccuutsiBatot [gNO; u E B TOUKE MIEpeCceUCHUS.

PaccuntbiBatoT KO3 (PUIIMEHT CENEKTUBHOCTH 110 opMyJIe:

C —
NO;

kNO3_ /S03~ =
Cso2-
['ne z —3apsaasl ocHOBHOTO (NO5) u noctoponuero (SO,>) HOHOB COOTBET-
CTBEHHO; cNO3 - KOHLEHTpaUsi HUTPUT KOHOB, OTBEYArOIIas TOUKE rnepernda Ha
rpaduke 3asucumoctu E = f{pNO;); ¢SO = 0,09008 momns/am>.
2.4. Onpenenenne kKodhPUIeHTa CEIEKTUBHOCTH PACYETHBIM METOAOM.
Koaddunment a, (pucyHok 15.4) uCnonab3yroT 1151 KOTUYECTBEHHOW KPYTHU3HbI
anekTpoHoN QyHkiuu S. 3HaueHue E B Touke nepeceueHus JMHEHHBIX y4aCTKOB
UCIIOJIb3YIOT JJIsL OLIEHKU KPYTU3HBI JJIEKTPOHHON QyHKIUU S.
3nauenue E B Touke nepeceueHus: TMHEHHBIX y4aCTKOB (pUCYHOK 15.4) uc-
MOJB3YIOT JUJISL OIIEHKHU const.
Hcnons3ys HaliieHHBIC 3HAYCHUSI S ¥ const, pacCUUTHIBAIOT KO3(PPUIIUEHT ce-
JIEKTUBHOCTH TSI KX A0T0 3HaueHust CNOj', pe3ynbTaThl BHOCST B Tabmuiry 15.9 mo

dbopmye:

E)—const

10T - CNOg_

kNO3_ /S03~ — C
503~

JlanHbie 1151 onpeaenennst KO3 GUIMEeHTa CEJIEKTUBHOCTH PACUETHBIM METOJIOM.
Tabmanma 15.9
Ne c(1/1NOy), | ExAE,mMB | S£ | const: k s(k) | k+ Ak
PactBopa | mons/nM® | (u3 TaGmumel | AS | Aconst
105)
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1 0,1000
2 0,0100
3 0,0010
4 0,0001

15.2.6 Onpeoenenue xnopoeooopoonoil u yKCyCHOIUl KUCI0M 8 PACMEope npu ux
COBMECHHOM RPUCYMCMEUU MEMO00M ROMEHUUOMEMPUYECKOZ0 MUMPOBA-
HusA

HuddepenurpoBaHHOE TUTPOBAHKE CMECH XJIOPOBOJAOPOIHON U YKCYCHOU KHC-
JIOTHI B BOJTHOM pacTBOPE HEBO3MOKHO MPOBECTU C JOCTATOYHON TOYHOCTBHIO U3 - 32
OTCYTCTBHUS 3aMETHOTO CKayKa MOTEHIMAJIA B IEPBOM TOUKE SKBUBAJIEHTHOCTH, OTBE-
Yarollel COAEPKAHUIO XJIOPOBOAOPOAHON KUCIOTHI. [I03TOMY TUTpOBaHKE OCYIIECTB-
JSIOT B IBYX QJMKBOTHBIX MOPUUAX aHAJIM3UPYEMOIO pacTBOpa: B MEPBOM - B BOJHOMN
Cpeze ONPEAEIISIIOT CYMMapHOE COJIEpKaHue KUCIIOT, BO BTOPOU - B BOJHO-allE€TOHOBOM
Cpele TUTPYIOT XJOpPOBOJOPOIHYIO KUCHOTy. IlocienHee cTaHOBHUTCS BO3MOMXKHBIM
BCJIEZICTBUE YMEHBIIECHUS CTENEHU JTUCCOLMALMN YKCYCHOM KUCIIOTHI B IPUCYTCTBHH
aleToHa.

O0opynoBaHNe U peaKTHUBBI
1. YcTanoBka Juisi HOTEHIIMOMETPUYECKOTO TUTPOBAHUS, 00IIas cCXxemMa KOTOpO

npecTaBiIeHa Ha pucyHke 15.5;
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Pucynok 15.5 YcranoBka aJist HOTEHIIMOMETPUYECKOTO TUTPOBaHUs. | — HOHO-
Mmep (Monomep-koHaykToMeTp « AHHOH-4100»); 2 — CTEKISHHBIN 3JIEKTPO; 3 — XJI0-
puaCcepeOpSHBIN ANEKTPOI; 4 — MOTECHIIMOMETpUYEecKas siuerika; 5 — MarHUTHasi Me-

mayika; 6 — OropeTka JJisi THTPOBAHMUS.

2. CraHgapTHBIN pacTBOP COJISTHOM KHUCIIOTHI, BOAHBIN pactBop c(1/1 HCI) = 0,1000
MOJIB/IM?;

3. Tuapokcu HaTpys, BOAHEIH pactBop c(1/1 NaOH) = 0,1000 mons/mm?;

4. ConsiHast KHCIIOTA, BOAHKIH pacTBop c(1/1 HCI) = 1,0000 mons/nm?;

5. Vkcycnas kuciora, pactsop c(1/1 CH;COOH) = 1,0000 mons/nm?>;

6. A11eTOH, X.4.;

7. Iunetka Mopa 5,0 cm®, 1 wT.;

8. IIunerxa Mopa 10,0 cm®, 1 wmT.;

9. Mepuble Koa0bl, BMeCTUMOCTEIO 100,0 cMm?, 1 mir.

Xoa padoTnI
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15.2.6.1 Cmanoapmuzayus pacmeopa NaOH (smopuunozo cmanoapma) no nep-
suunome cmanoapmy HCI:

1. bropetky 3anosHstot pactBopoM NaOH.

2. AMkBOTHYIO Yacth 5,0 cm® pactBopa HCI (1IepBUYHOIO CTaHAapTa) MEPEHO-
CAT B MOTEHUMOMETPUYECKYIO SYEHKY C MOMOILIBIO MUMNETKU. B pacTBOp momemaroT
CTEKJISIHHBIN U XJIOpUJCEPEOPSHBIN IEKTPOJIBI.

3. BxitoyaroT MarHuTHYIO MEIIAJKy, U3MEPSIIOT 3HaUeHUe pH UCXOIHOTO pac-
TBOpA Y 3alUCHIBAIOT B Ta0uiry 15.10.

4. IIpumusarot 1o 0,5 cm® TurpanTa 10 o0beMa turpanTta 10,0 cm®. smMepenue
pH npoBoaat uepe3 20 cek rmocie npruOaBIeHHs 04EPEIHOMN MOPLMH TUTPAHTA ITPU UH-
TEHCHBHOM ME€pPEeMEIINBAaHUM U 3aMKMChIBAIOT B Tabnuity 15.10 (opueHTHpPOBOYHOE TUT-
pOBaHue).

5. OpUEHTUPOBOYHO YCTAHABIMBAIOT TOUKY SKBHUBAJIEHTHOCTHU MO MAKCHUMAaIIb-
HOMY INpupalieHuto pH.

6. Jlsi1 TOYHOTO ONpenesieHNs TOUKH SKBUBAJIEHTHOCTA TUTPYIOT BTOPYIO IOp-
uuio 5,0 cm® pactBopa HCI. B61u3K TOYKM SKBMBAIEHTHOCTU TUTPAHT IIPHUIMBAIOT
nopuusmu 1o 0,2 cm?. 3Hauenus pH 3anuchBaroT B Tabauiy 15.11 (Tounoe tTurpoBa-
HUE).

7. TouHO€ TUTPOBAHKE MOBTOPSIOT 2 pasa.

8. [1o pe3ynbrataM TOYHOTO TUTPOBAHMSI CTPOST Jorapudmuueckue u qupde-
pEeHIIMabHbIE KPUBBIE TUTPOBaHUS B KoopauHaTtax pH = f(V) u ApH/AV = f(V).

9. Haxonst cpeanuii o0beM pacTBopa, U3pacxo/I0BAHHOTO HA TUTPOBAHUE.

10. [To u3BecTHBHIM (pOpMyJIaM PACCUUTHIBAIOT MOJISIPHYIO KOHIIEHTPAIIHIO SKBH-

BAJICHTOB U TUTP pacTtBopa NaOH.

15.2.6.2 Konmponvnas 3aoaua. Onpedenenue codeparcanusi X10po8000pOOHOU U
VKCYCHOU KUCIOM 8 AHAIU3UPYeMOoM obpa3ye.

1. Ananu3upyemblil pacTBOp MEPEHOCT B MEPHYIO K0JIOY BMecTuMocThio 100,0

cM® ¥ IOBOJAT 10 METKH JTUCTHUIMPOBAHHOM BOJIOIA.
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2. B sueliky aJi1 TUTpOBaHUSI OTOMPAIOT AJIMKBOTHYIO YacTh aHAIM3HPYEMOTO
pactiopa (10,0 cm*). B pacTBOp MoMeIarT CTEKIAHHBIA M XJIOPUICEPEOPSHBIN dIIEK-
TPOJIBI.

3. ITpOBOJIAT OPUEHTUPOBOYHOE U TOUHOE TUTPOBaHUE pacTBOpoM NaOH ¢ Tou-
HBIM THTPOM 110 15,0 cM® TuTpanTa, 00HapyK1Bas JBa CKa4Ka MOTEHIHaa (EPBBIH -
HeOO0JIbII0i, BTOPOIl - OCHOBHOM). Pe3ynbpTaThl 3anucsiBatoT B Tabuib 15.12 (opuen-
TUPOBOYHOE TUTpoBaHue) u 15.13 (TouHOE TUTpPOBAHUE).

4. Tlo pe3ynpTaTaM TOYHOTO TUTPOBAHUS B BOJHOM PacTBOPE CTPOSIT KPHUBBIC
TUTpOBaHus B koopauHatax pH = f(V) u ApH/AV = f(V) u naxoast cpennuit oobem
pacteopa NaOH (V;), NOLIEAIIEr0 HA TUTPOBAHKE XJIOPOBOJOPOIHOM KUCIIOTHI, 110
NEPBOMY CKAauKy U CPEAHUN 00bEeM THTpaHTA, MOILIEAIIETO Ha TUTPOBAHNUE YKCYCHOU

KHCJIOTHI V, = Vy —V, (KOIMYECTBO B BOJHOM PAaCTBOPE).

5. Ayt Gonee TOYHOTO OMPEAENCHHs COAePKAHUS XIOPOBOIOPOTHON KUCIIOTHI
TUTPOBAHUE MPOBOJAT B BOJHO-ALIETOHON cMecH. J[Jisi 3Toro oTOMparoT aJluKBOTHYIO
yacTh UcnbiTyeMoro pacteopa (10,0 cm?) B siueliky 11 THTPOBaHUSL, K HEM IPUIIMBAIOT
10,0 cM® aneToHa U MPOBOJAT MOTEHIIMOMETPHIECKOE TUTPOBaHKE pacTBopoM NaOH
C TOYHBIM TUTPOM. Pe3ynbpTaThl 3anuceiBatoT B Tabiuiy 15.13 (TouHoe TUTpOBaHuUE).

6. Ilo pe3ynbraTamM TUTPOBAaHUS B BOJHO-AIIETOHOBOM PacTBOPE CTPOST KPUBHIE
TUTpOBaHus B koopauHatax pH = f(V) u ApH/AV = f(V) u HaxoasaT cpenHuil o0bem
pactBopa NaOH (V,), TOLIEAIIEr0 HAa TUTPOBAHKE XJIOPOBOIOPOIHOM KUCIIOTHI, 110
NepBOMY CKAauKy U CpPEeJHHI 00beM TUTPAHTA, MOIIEIIEr0 Ha TATPOBAHNE YKCYCHOM
KHCJIOTHI V, = Vy —V, (B BOJHO-allETOHOBOM PacTBOPE).

7. PaccumThIBAIOT cofiep KaHuE M KOHIICHTPAILUIO XJIOPOBOAOPOIHOM U yKCYC-

HOM KHCJIOT TI0 U3BECTHBIM (hOpMYyJIaM.

15.2.70¢opmnenue nabopamopnozo rx»cypuana. Onpeoenenue XnopoeooopooHoi u
YKCYCHOIL KUCTIOM 6 PACMEOpe NPU UX COBMECHHOM RPUCYHICIEUU MeMmO-
00M NOMEHUUOMEMPUYECKO20 MUMPOBAHUA

1. Llens u 3amaun paboThHI

210



2. YpaBHeHue peakuny ctanaaptuzanu NaOH B MOJNEKYIJISIPHOM, ITOJIHOM H CO-

KpallleHHOM HOHHOM BHUJIE:
HCIl + NaOH - ...
®akTopbl SKBUBAJIEHTHOCTH.
3aKOHBI SKBUBAJICHTHOCTH.
XoJ cTaHIapTU3ALIMH.

Pesynbratel ctangaptuzanuu pacrsopa NaOH
(OpHUEHTHPOBOYHOE TUTPOBAHUE)

Taomuma 15.10

Ne Touxkn O6bem pactBopa TuTpanTta V, | 3nHauenue pH | 3HaueHUe
cm?® ApH

Pesynbratel ctanaaptuzanuu pactsopa NaOH (TouHoe TUTpOBaHUE)

Taomuma 15.11

Ne OO0beM pacTBOpa TUT- | 3HauYCHHE 3HaueHHe ApH/AV, em™
TOYKH panra V, cm? pH ApH

Crposr norapupmuyeckue u auddepeHinaabHbie KpUBbIE TATPOBAHUS B KOOP-
nuHatax pH = f(V) u ApH/AV = f(V) (nns nByX TuTpoBaHuii — 4 rpaduka).

PaccuutsiBator ¢(1/1 NaOH) u T(NaOH).

3. YpaBHEHHUS] TUTPOBAHUS MOJIECIBHOM CMECH XJIOPOBOJAOPOIHONU M YKCYCHOM
KHUCIIOT B MOJIEKYJISIPHOM, MTOJTHOM U COKPAIIeHHOW HOHHOM BUJE:

HCIl + NaOH - ...

CH;COOH + NaOH - ...

@aKTOpbI IKBUBAJIEHTHOCTHU.

3aKOHBI SKBUBAJICHTHOCTH.

XoJ cTaHIapTU3ALINH.

Pe3ynbTaThl TUTPOBaHUS MOJEIBLHON CMECH XJIOPOBOJOPOIHON U YKCYCHOM KHCJIOT B
BOJHOM pacTBOpe (OPUEHTHPOBOYHOE TUTPOBAHUE)

Tabauma 15.12

Ne Toukn | OOBeM pacTBOpa TUTpaHTa | 3HaUYeHUE pH 3HaueHue

Vv, em? ApH
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Pe3ynbTaThl TUTPOBaHUS MOJEIBLHON CMECH XJIOPOBOJOPOIHON U YKCYCHOM KHCJIOT B
BOJHOM pPacTBOpPE (TOUHOE TUTPOBAHUE).

Tabauma 15.13

Ne O06beM pacTBOpa TUT- | 3HaUYCHHE 3HaueHue ApH/AV, em

TOYKHU panTa V, cM’ pH ApH

Crposrt kpuBble TUTPOBaHUA B KoopauHatax pH = f(V) n ApH/AV = f(V) n naxo-
aAT cpennuit 00beM pactBopa NaOH (7,), TOLIEAIIEr0 Ha TUTPOBAHUE XJIOPOBOJIO-
POJHON KUCIOTHI, 0 TIEPBOMY CKauKy U CpeAHUN 00bEeM TUTpPAHTA, MOIIENLIET0 Ha
TUTPOBAHHE YKCYCHOM KUCIIOTHI ¥, = V5 —¥; (KOJIMYECTBO B BOJHOM PAcTBOPE).

PesynbraThl TUTpPOBaHUS MOJEIBHON CMECH XJIOPOBOJOPOIAHONM M YKCYCHOM

KHUCJIOT B BOJIHO-alIETOHOBOM PacTBOPE (TOYHOE TUTPOBAHUE).

Tabauma 15.14
Ne OO6beM pacTBOpa TUT- | 3HaUYCHHE 3HaueHue ApH/AV, em™
TOYKH panta V, oM’ pH ApH

Crposr kpuBble TUTPOBaHUsA B KoopauHatax pH = f(V) n ApH/AV = f(V) n naxo-
aAT cpennuit 00beM pactBopa NaOH (7,), TOLIEAIIEr0 Ha TUTPOBAHUE XJIOPOBOJIO-
POJHON KHCIIOTHI, IO IEPBOMY CKAa4YKy M CPEAHMI 0OBEM TUTpPAHTA, MOUIEAIIETO Ha
TUTPOBAHUE YKCYCHOM KHUCIOTHI V, =¥y — ¥, (KOJMYECTBO B BOJHO-AIlETOHOBOM pac-

TBOpE).

4. ITpoBOJAT pacy€T coiepkKaHUs U KOHIEHTPAIUIO XJIOPOBOJAOPOIHOM U YKCYC-
HOM KUCHOT (TOYHOCTH pacy€ToB — 4 3Havamux mudpsl, 1 maccel 0,0001 r). [Ipuso-

IST pacu€THble POPMYJIBI U PAcu€Thl, pacCUMTAaHHbIC 3HAUYEHHUS 3aHOCAT B TaOIUILY

15.15.

Pesynbrath onpeeneHuss MOJAEIbHOM CMECH XJIOPOBOIOPOIHON U YKCYCHOM KHCTIOT.
Taomuma 15.15

c(1/1HCI), T(HCI), n(1/1HCI), V(HCI), m(HCI),

MOJIB/IM> r/cm? MOJTb MOJTb T
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¢(1/ICH;COOH), | T(CH;COOH), | n(1/ICH;COOH), | v(CH;COOH), m(CH;COOH),
MOJIB/IM> r/cm? MOJTb MOJTb T

5. lenatoT pacy€T OTHOCUTEIBHON MOTPEUTHOCTH AJIsl KaXKA0T0 KOMIOHEHTA CMECH:
Nyaiinen. — Nucrun.
D% = —= 100%

nI/ICTI/IH.

15.2.80npeodenenue gpocgopnoii kucromot u oucuopogocgama nampus ¢ pac-
meope npu ux cO6MecmHOM HPUCYMCIEUU MEMOOOM ROMEHYUOMempuYe-
CK020 mumpoeanus

AHanu3 cMecu pocopHOi KUCIOTHI U AUTHApPopocdaTa HATPHUS IPOBOIAT TUT-
pOBaHHMEM CTaHAAPTHBIM pacTBOpoM NaOH co CTEKJISTHHBIM HHIUKATOPHBIM 3JICKTPO-
JIOM U XJIOPUACEPEOPSHBIM AJIEKTPOJAOM CpaBHEHHUs. MeTOoJ OCHOBAaH Ha MOCIEI0Ba-
TENHHON HEHUTpaIu3alliu TPEXOCHOBHOUN OpTO(OoChHOpHOI KUCIOTHI MO JBYM CTYyIIe-
HSIM JUCCOITMAINY (/IBa CKayKa MOTCHIIMAa Ha KPUBOW TUTpOBaHus). TpeTuii ckauok
Ha KpMBOM THTPOBAaHWs HE peanusyercs, Tak Kak K,;(HPO)<1071°.

H;PO4 + NaOH — NaH,PO, + H>O (1 ckauok) K, (H;PO,)=7,08-107

NaH>PO4 + NaOH — Na;HPO, + H,O (2 ckadok) K2(H,POs
)=6,17-10%

Na,HPO, + NaOH — Na3;PO, + H,O (ckadyoKk He peaau3yercs)

K.3(PO/)=4,6810"

Juruapodocdar HaTpUs HEUTPATU3yeTCsS COBMECTHO C MPOIAYKTOM HEHTpau-
3armu (ocHOPHOI KUCIOTHI TI0 IEPBOM CTYNIEHU. DTO HEOOXOAMMO YUECTh ITPH 3aIMHUCH
3aKOHA YKBHBAJICHTOB.

Ob6opynoBaHne M peaKTUBBI
1. YcTanoBKa Jyisi MIOTEHIIMOMETPUUECKOTO TUTPOBAHUS, O0IIIasi cXeMa KOTOpOH

MpEJICTaBICHA HA PUCYHKE 15.5;

2. CtaHIapTHBIN pacTBOP COJSIHOM KHUCJIOTHI, BOJHBIA pactBop c(1/1 HCI) =
0,1000 mob/mm?;

3. I'mapoxcua HaTpus, BOAHbIM pactBop c(1/1 NaOH) = 0,1000 mons/mnm?;

4. ®ocdopHas KuCI0Ta, BOAHBIN pactsop c(1/1 H;PO,) = 1,0000 mons/mm>;
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5. Huruapodocdar Hatpusi, BomaHbIM pactBop c(1/1 Na,HPO, = 1,0000
MOJIB/IM?;

6. ITunetka Mopa 5,0 cm?, 1 wr.;

7. Iunetka Mopa 10,0 cm®, 1 1.

8. MepHuble k071651, BMecTHMOCTEIO 100,0 cM?, 1 miT.

Xox paboTbl

15.2.8.1 Cmanoapmuzayus pacmeopa NaOH (smopuunozo cmanoapma) no nep-
suunome cmanoapmy HCI:

1. bropetky 3anosHstot pactsopoM NaOH.

2. AmMkBoTHYIO 4acTh 5,0 cM® pactBopa HCI nepeHOoCAT B MOTEHIMOMETPHYE-
CKYIO STYEHKY C IOMOIIBIO IMUIETKHA. B pacTBOp MOMEIIAIOT CTEKJITHHBIN U XJIOPUICE-
PEOPSIHBIN 3IEKTPOIbI.

3. Bxito4aroT MarHuTHYIO MEIIAJKy, U3MEPSIIOT 3HaUeHUe pH UCXOIHOTO pac-
TBOPA U 3aMUCHIBAIOT B Tabmuiy 15.16.

4. TIpumusarot 1o 0,5 cm® TurpanTa 10 o0beMa turpanta 10,0 cm. smMepenue
pH npoBoaat uepe3 20 cek rmocie npruOaBIeHHs 0UEPEIHON MOPLIMH TUTPAHTA ITPU UH-
TEHCHBHOM T€pPEMENINBAHUM U 3aMKMCHIBAIOT B Ta0NuUILy 15.16 (OpUEeHTHPOBOYHOE TUT-
pOBaHue).

5. OpUEHTUPOBOYHO yCTAHABIMBAIOT TOUYKY SKBHUBAJIEHTHOCTH IO MAKCUMAaJIb-
HOMY INpupalieHuto pH.

6. Jlsi1 TOYHOTO ONpenesieHNss TOUKH SKBUBAJIEHTHOCTA TUTPYIOT BTOPYIO IOp-
uuio 5,0 cM® aHaIM3MPYEMOro pacTBopa. BOIM3KM TOYKM SKBUBAJIEHTHOCTH TUTPAHT
npuaKBaroT noprmsamu 1o 0,2 cm’. 3Hauenns pH 3anmceiBaroT B Tabmuiy 15.17 (Tou-
HOE TUTPOBAHUE).

7. TouHO€ TUTPOBAHKE MOBTOPSIOT 2 pasa.

8. [1o pe3ynbrataM TOYHOTO TUTPOBAHMS CTPOSAT Jorapudmuueckue u qudpde-
peHIMaNbHbIE KpUBbIe TUTPOBaHUs B KoopauHatax pH = f(V) u ApH/AV = f(V).

9. Haxonst cpeanuii o0beM pacTBopa, U3pacxo/I0BAaHHOTO HAa TUTPOBAHUE.

10. [To u3BecTHBHIM (pOpMyJIaM PACCUUTHIBAIOT MOJISIPHYIO KOHIIEHTPAIIHIO SKBH-

BAJICHTOB U TUTP pacTtBopa NaOH.

214



15.2.8.2 Koumponvnas 3a0aua. Onpedenenue codepacanus ghocgopnoii Kuc-
Jlomoul u oueudpogocgama Hampus 6 anarusupyemom oopasye:

1. AHanu3upyeMblil pacTBOp, coaepkaumii GochopHyI0 KUCIOTY U quruapodocdar

HATpHs, IEPEHOCAT B MEPHYIO KOOy BMecTUMOCThIO 100,0 cM® M TOBOJSAT 10 METKH

JTUCTWLIUPOBAHHOW BOJOM.

2. B sdeiiky nmist TATpOBaHMS OTOMPAIOT ATMKBOTHYIO YacTh aHAJIM3UPYEMOTO pac-

tBopa (10,0 cM?). B pacTBOp MOMEINAIOT CTEKISHHBIN U XJIOPUICEPEOPSIHBIN DIIEK-

TPO/IBI.

3. IIpoBOIAT OPUEHTHPOBOYHOE U TOUHOE TUTPOBAaHUE pacTBOpoM NaOH ¢ TOUHBIM

tiTpoM 10 15,0 cm® TuTpanTa, 06HApyKMBas JBA CKa4YKa IOTEHLUAa. Pe3yabTaTsl

3anuchIBatoT B Ta0muibl 114 (opuenTupoBouHOE TUTpOBaHue) U 115 (TouHoe TUTpO-

BaHue). TouHOEe TUTPOBAHKE TPOBOJAT 2 pasa.

4. Tlo pe3ynbTaTamM TOYHOTO TUTPOBAHUS B BOJJHOM PAaCTBOPE CTPOSIT KPUBBIE TUTPO-

BaHMs B koopauHatax pH = f(V) v ApH/AV = f(V). Haxonat cpennuii o0beM pac-

tBOopa NaOH (V,), momemero Ha TATpoBaHue (GocHOPHOIM KUCIIOTEI, TI0 IEPBOMY

CKAuKy U CpeHHI 00beM TUTPAHTA, MOIIEAIIEr0 Ha TUTpOBaHue quruapodocdara

wapus (7, = 7, - 27, ).

5. PaccunThIBaloT cojiep:kaHue U KOHIEHTpaIuio GochopHON KUCIOThI U JUTHIPO-

docdara HaTpUs 11O U3BECTHBIM (HOPMYIIaM.

15.2.9 OgpopmneHue nabopamopHo20 XXypHana. OnpedeneHue ¢ghocghopHOU Kuc-
nomsi u duaudpoghocghama Hampusi 8 pacmeope fpu UX CO8MECMHOM Ipu-
cymcmeuu MemodoM momeHyuoMempuyecKo20 mumposaHusi

1. Lenb u 3agaun paboTh

2. YpaBHeHue peakuuu craaaptuzaunu NaOH B MOJEKYISIPHOM, ITOJIHOM U COKpa-

IICHHOM HOHHOM BHJE:

HCl + NaOH - ...

@akTOpbI IKBUBAJIECHTHOCTH.

3aKOHBI DKBUBAJICHTHOCTH.

X0/ cTaHJapTU3ALUH.

Pesynbratel cTangaptuzanuu pacrsopa NaOH
(OpUEHTHPOBOYHOE TUTPOBAHUE)
Tabmuma 112

Ne Touxkn O6bem pactBopa TuTpanTta V, | 3Hauenue pH | 3HaueHHe

cm?® ApH

Pesynbratel ctanmgaptuzanuu pactsopa NaOH (TouHOE TUTpOBaHUE)
Tabnuma 113

Ne OO0beM pacTBOpa TUT- | 3HaUYCHHE 3HaueHHe ApH/AV, em
TOYKH panra V, cm? pH ApH
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Crposrt norapupmuyeckue u nuddepeHianbHbie KpUBbIe TATPOBAHMS B KOOPIWHA-
tax pH = f(V) u ApH/AV = f(V) (nna nByX TUTpoBaHuii — 4 rpaduka).
PaccuutsiBator ¢(1/1 NaOH) u T(NaOH).
3. YpaBHEHUS TUTPOBAHUS MOJIETIBHON cMecH POoc(HOpHOI KUCTOTHI U AUTUAPOGOC-
¢daTta HaTPHUs B MOJIEKYJIIPHOM, TIOJTHOM U COKPAILEHHOW HOHHOM BUJIE:
H3P04+ NaOH — ...
NaH>PO,;+ NaOH — ...

®daxkTOpBl SKBUBAJIEHTHOCTH.
3aKOHBI 3KBUBAJIEHTHOCTH.
XoJ4 TUTPOBAHMUS.

Pe3ynbTarsl TUTpOBaHUS MOAEIBHOM cMecu (GOCPOPHON KUCIOTHI U JUTHApOdOC-

¢daTa HaTpHs B BOJHOM pacTBOpE (OPHUEHTUPOBOYHOE TUTPOBAHUE).
Tabmauma 114

Ne Toukn | OOBeM pacTBOpa TUTpaHTa | 3HaUYeHUE pH 3HaueHue
V, em? ApH

Pe3ynbTarsl THTpOBaHUS MOAETHHOM cMecH (HOCPOPHON KUCIOTHI U JUTUapodocC-
¢daTa HaTpPHUs B BOJHOM PacTBOpeE (TOYHOE TUTPOBAHHUE).
Tabauma 115
Ne O6beM pacTBOpa TUT- | 3HaUYCHHE 3HaueHue ApH/AV, em™
TOYKHU panTta V, cm® pH ApH

Crpost nmorapudmudeckue u nuddepeHaibapie KpUBbIe TATPOBAHMS B KOOPAUHA-
tax pH = f{(V) u ApH/AV = f(V). Haxonsar cpennuii 00bem pacteopa NaOH (V;), mo-
HIeIIIeT0 Ha TUTpoBaHue PocHOPHON KUCIOTHI, TTO MEPBOMY CKAYKy M CPEIHUAN
00bEM TUTPAHTA, TIOIIEIIEr0 Ha TATPOBaHue auruapodocara narpus (V, = Vs -2V,
).
4. IIpoBoasT pacy€T copepkaHus U KOHIEHTpaIuu GocPOpHON KUCTOTHI U JUTHIPO-
dbocdara HaTpus (TOUHOCTH pacu€ToB — 4 3Havanux udpsel, A maccsl 0,0001 ).
[TpuBecTu pacuétHbie HOPMYIBI U pacUEThI, pACCUMTAHHBIC 3HAUECHUS 3aHOCST B Ta0-
auny 116.

Pesynbrathl onpeaenenns MoaeapHou cMecu PochopHOM KUCTOTHI M TUTHAPOdOC-

data HaTpus
Tabmanma 116

(/1 HsPOy), | T(H:PO,), | n(l/l HiPOy, | wH;POy,), | m(H;POs),
MOJIB/IM” r/cm’ MOJIb MOJIb r

Pe3ynbTath! onpeneneHust MOACIbHON cMecu (hOChHOPHOM KUCIOTH U TUTHApOodoC-
dara HaTpus
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Ta6muma 116 (Ilpomomkenue)

c(1/1 NaH>PO,), | T(NaH>PO,), | n(1/1 NaH,PO,), | v(NaH>PO,), | m(NaH,POy,),
MoJib/am? r/cm? MOJIb MOJIb r

5. Jlemarot pacd€T OTHOCUTEIBHON NOTPEIIHOCTH ISl KaXKA0TO KOMIIOHEHTA CMECH:
Nyaiinen. — Nucrun.
D% = 100%

nI/ICTI/IH.

15.2.10 OnpedeneHue xenesa (ll) e npucymcmeuu xene3sa (lll) memodom no-

meHyuoMempu4ecKo20 MumposeaHusi
MeTo 0CHOBaH Ha IOTEHLMOMETPUYECKOM TUTPOBAHMU HOHOB Fe’t pacTBOopoM -
XpoMara Kajidsi B KUCJION Cpelie ¢ UHAUKATOPHBIM IIJIATUHOBBIM 3JIEKTPOJOM U XJIO-
puacepeOpsHBIM JIEKTPOAOM cpaBHEHUs. [Ipu TUTpOBaHUM MPOTEKAET CEeaYIOIIAs
peaxkuus:

6F€SO4 + KZCI’207 + 7H2S04 — 3F€2(SO4)3 + K2S04 + 7H20

O0opynoBaHNe U peaKTHUBBI
1. YcTanoBKa Jj1s1 MIOTEHIIMOMETPHUUECKOTO TUTPOBAHUSI, 00111asi CXemMa KOTOPOit
MpeACTaBiieHa Ha pUcyHKe 16;

1 — nonomep (MoHOMEP-KOHAYKTOMETP «AHUOH-4100»); 2 — MIATUHOBBIN JIEKTPO/I;
3 — xyopuicepeOpsHbIN ANEKTPO; 4 — MOTEHIIMOMETpUYecKas sueika; 5 — MarHuT-
Has Melanka; 6 — OropeTKa JUisl TATPOBAHUS.

PucyHnok 16. YcraHoBKa 1711 HOTEHIIMOMETPUYECKOTO TUTPOBAHMSL.

2. CraHgapTHBIM pacTBOp AMXpOMaTa Kaiaus, BOAHbIN pacTBop c(1/6 K>Cr,0;) =
0,0100 mons/mm?;

3. Cepnas kucnora, pactsop c(1/2 H,SO,) = 1,0000 mons/nm?>;

4. Cynwdar xenesa (II), pactop c(1/1 FeSO,) = 0,1000 mons/nm> (roTOBUTCS Me-
pel AaHAJIU30M);

5. Xnopun xenesa (II1), pactsop c(1/1 FeCl;) = 0,3000 mons/nm> .

7. Iunerka Mopa 5,0 cm®, 1 wT.;

8. IIunerxa Mopa 10,0 cm®, 1 wmT.;

9. Mepnas kon6a, BMectumocTbio 100,0 cm?, 1 mr.

Xoa padoTnI
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15.2.10.1 2.2.6.1. IIpucomosnenue mooenbHo20 pacmeopa.

JUJIst IPUTOTOBIIEHHS MOJIEILHOTO PACTBOPA AJIMKBOTHYIO 9acTh 5,0 cM® cTaHmapT-
HOTO pacTBopa cyiibpara xxenesa (1) mepeHoCsT ¢ MOMOIIbIO TUIETKA B MEPHYIO
k0710y BMecTuMocThio 100,0 M, mpubasnsioT 5,0 cM® pacTBOpa XJIOPHIA Ke-

nesa (1IT), 10,0 cM® pacTBOpa CEpPHOI KUCIOTHI U JOBOAAT 0 METKH JUCTUILIMPOBAH-
HOM BOZOM.

15.2.10.2  2.2.6.2. Onpedenenue cooepaicanus xcenesa (I1) ¢ mooenvrom pac-
meope:

1. B siueliky TuTpoBanus oTouparoT nunetkoi 10,0 cM® MOIEIBHOrO pacTBOpa, IpH-

muBaroT 10 cM® pacTBOpa cepHOi KUCIOTHL. B mory4eHnblii pacTBOp MOMEIIAKOT I11a-

TUHOBBIN U XJIOPUACEPEOPSHBIN IIEKTPOIDI.

2. Ipunusator no 0,5 cm® TurpanTa 10 o0bema TutpanTa 10,0 cm®. M3mepenue mo-

TeHmana £ npoBoasat uepes 20 cex nmocie npudaBieHus 04epeaHON TOPIUH TUT-

paHTa Py UHTEHCUBHOM MEPEMEIINBAHNY U 3aMTUCHIBAIOT B Tabnuity 117 (opueHTH-

POBOYHOE TUTPOBAHUE).

3. OpuEeHTUPOBOYHO YCTAHABIMBAOT TOUKY SKBHUBAJIEHTHOCTU IO MAKCUMAIILHOMY

IIPUPALICHUIO £.

4. JInst TOYHOTO ONpeeIeHUs] TOYKH 3KBUBAJIEHTHOCTH BTOPYIO MOPLIMIO MOJIEIBHOTO

pactBopa 10,0 cM® nomeImaoT B s4eiiKy Ui TATpoBaHus, npuiusaroT 10 cm® pac-

TBOpa CEpPHOM KUCIOTHI. B mosy4eHHbII pacTBOP MOMEIIAIOT MJIATUHOBBINA U XJIO-

puzcepeOpsanblii aexTposl. Ipumusaror mo 0,5 cm® TuTpanTa, a BOIM3U TOUKH JK-

BMBAJICHTHOCTU THUTPAHT IPMIMBAIOT opuusaMu 1o 0,2 cm?. 3Hauenus E 3amuchl-

BaroT B Ta0uiy 118 (TouHOE TUTPOBAHMUE).

5. To4yHOE TUTPOBAHKE MOBTOPSIOT 2 pasa.

6. I1o pe3ysibTaTaM TOYHOI'O TUTPOBAHUS CTPOSAT KPUBbIE TATPOBAHMS B KOOPAMHATAX

E=fV)uAE/AV = f(V).

7. Haxondt cpeaHee 3HayeHue 00beMa pacTBopa AUXpomara Kajausi, U3pacxo0BaH-

HOTO Ha TUTpOBaHue cynbdata xenesa (II), u paccuuTbIBaOT coaepkaHue U KOHLIEH-

Tparuto xenes3a (I1) u cynedara xenesa (I1) mo usBecTHbIM hopmyram.

15.2.11 OghopmneHue nabopamopHo20 XypHana. OnpedesnieHue xenesa (ll) e
npucymcmeuu xene3sa (lll) Memodom nomeHyuoMmempu4ecko20 mumposa-
Husi

1. YpaBHenue tutpoBanus xene3a (1) pactBopom anxpomMara Kaiausi 3alIUChIBAIOT B
MOJIEKYJISIPHOM, TIOJIHOM M COKPAIlIEHHOM MOHHOM BHUJIE:

F€S04 + KQCI”207 + H2S04—>
®DakTopbl FKBUBAJIEHTHOCTH.
3aKOH 3KBUBAJICHTHOCTH.
PaccuutsiBarot HaBecky FeSO, H>O, neooxoaumyro ais npurotosieHus 100,0 cm?
pactBopa c(1/1 FeSO,) = 0,1000 mons/mm>.
PaccuuThiBatoT koauuecTBo BemiecTBa F'eSO, B MOIENTbHON CMECH B K0J10€ BMECTH-
MocThio 100,0 cM® (MCTIOIB3YIOT MOJTyYEHHOE 3HAYEHHE KaK HCTUHHOE TIPH PaCyeTe
OTHOCHUTEIHHON MOTPEIIHOCTH).
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X0 onpeneseHus.
Pe3ynbTaThl TUTPOBAHUS aHAIM3UPYEMOTO pacTBOPa AUXPOMATOM Kayusl (OpUEHTH-
POBOYHOE TUTPOBAHUE).
Tabmuma 117
No OO6neM pacTBOpa 3HaueHHE MOTEHIMaNa | 3HaYCHUE
Touku tutpanTa V, cm’ E, MB AE, MB

Pe3ynbTaThl THUTPOBaHUS aHAJTU3UPYEMOr0 pacTBOpa AUXPOMATOM Kallns (TOYHOE

TUTPOBAHHUE).
Taomuna 118
No OOneM pacTBOpa TUT- | 3HAYEHUE MTOTEH- 3nauenue AE, | AE/AV,
Touku | panra V, cm® nuana E, MB MB mB/cm?

CTposT KpUBBIE TOUHOT'O TUTPOBaHUS B koopauHatax E = f(V) u AE/AV = f(V) (nns
JIBYX TUTPOBaHUM 4 Tpaduka).

4. ITpoBoasT pacuét coaepkaHus U KoHreHTpaiuu xkenesa (I11) u cynbdara xenesa
(IT) (tounoctb pacuéroB — 4 3navanux 1Udpsl, 1ag maccel 0,0001 1). [IpuBoasT pac-
yEéTHbIE (POPMYJIIBI U PACUETHI, 3HAUECHUSI HEOOXOAMMO 3aHeCTH B Tabmuiy 119.

Pesynberater onpenenenus xenesa (I1) u cynedara xenesa (I1).
Tabmuma 119

c(l/1Fe’t), T(Fe), n(l/1 Fe**), v(Fe), m(Fe*"), r
MOJIB/ M r/cm? MOJIb MOJIb

c(1/1FeSOy), T(FeSOy), n(1/1 FeSO,), v(FeSO,), m(FeSOy),
MOJIB/ M r/cm? MOJTb MOJTb T

5. JlenaroT pacy€T OTHOCUTEIILHOM MOTPEITHOCTH:
Nyaiipen. — Nucrun.
D% = —= 100%

nI/ICTI/IH.

15.2.12 OnpedeneHue kobanbma (ll) 8 pacmeope MemodomM nomeHyuomMempu-
4ecKo20 mumpoeaHusi

OKHCITUTETFHO-BOCCTAHOBUTEILHOE TUTPOBAHNUE KOOAThTa OCHOBAHO HA PEAKITUU

OKHCJICHUSI aMMHAYHBIX KOMIUTIEKCHBIX HOHOB KoOanbTa (II) rekcarmanodepparom

(IIT) xanus B aMMHA4YHOU Cpee:
CO(NH3)62+ + Fe(CN)63' — CO(NH3)63+ + Fe(C]V)54'

219



AmMMuaunbiii komiuieke koOanbta (1) nMmeer spko-BUITHEBYIO OKPACKY, HHTEHCHB-
HOCTb KOTOPOM BO3pAcTaeT Mo Mepe MpUOIMKEHUsS K TOUKE SKBUBAJIEHTHOCTH. J{aH-
HBII METOJI SIBJIAETCS XapaKTEPHBIM IPUMEPOM, TOKA3bIBAIOIINM IPEUMYIIECTBA MO-
TEHIIMOMETPUYECKON MHJMKAIIMUA TOYKHU SKBUBAJIEHTHOCTHU MO CPABHEHUIO C UCIIOb-
30BaHUEM LIBETHBIX UHAUKATOPOB.
J10 TOYKM PKBUBAJIEHTHOCTHU MPOTEKAET PEAKIIUS:

CO(NH3)63+ +te— CO(NH3)62+
[Tocie TOYKH SKBUBAJIEHTHOCTH:

Fe(CN)s* + é&— Fe(CN)s*

PeanbHble MOTEHIIMATIBI 3TUX PEAKIUI PEe3KO OTIMYaroTcs, o0ecrneurBas O0NbIION
CKauOK MOTEHIMAIA.
O0opynoBaHNe U peaKTHUBBI
1. YcTaHoBKa Jj1sl MOTEHIIMOMETPUUECKOTO TUTPOBAHUSI, 00111asi CXemMa KOTOPOit
NpeACTaBiieHa Ha pUcyHke 16;
2. CrangaptHblii pactBop rekcanranogpeppara (I1I) kanus, Bogusiii pactBop c(1/1
K;3[Fe(CN)g]) = 0,0500 mons/mm>;
3. Xiopua aMMOHUs, BOJIHBIN pacTBop, w(NH,CI) = 1%;
4. AMMuak, BOJIHBIN pacTBoOp, w(NH;3) = 10%;
5. Xnopun xob6ansta (I1), Bogusii pactsop c(1/1 CoCl,) = 0,5000 mons/mm?;
6. Iunerka Mopa 5,0 cm®, 1 w.;
7. MepHas npobupka uin munuaap 10 ev®, 2 .
8. Mepnas xos6a, BMectumocThio 100,0 cm?, 1 m.
Xoa padoTnI
1. AHanu3upyeMsbIii pacTBOP MEPEHOCAT B MEPHYIO K010y BMecTuMOcThio 100,0 v’
Y TIOBOJAT 10 METKHU AUCTWLIUPOBAHHOW BOJIOM.
2. B stueliky st TuTpoBanus oTOMparoT nunetkoi 10,0 cM® aHanmM3upyemMoro pac-
TBOpa, comepxkaero Co’* nodasmsror 10 cm?® xmopuna ammonus u 10 cm® pacTBopa
aMMUaKa v IMOMEMIAI0T TIATHHOBBIA U XJIOPHUICEPEOPSTHBINA IIEKTPOIBI.
2. Ipumusarot no 0,5 cm® Turpanra rekcanuanodeppara (II1) kanus 10 06beMa THT-
panra 10,0 cm®. M3mepenue E npoBoasr yepes 20 cek mocie npubaBieHus ouepe-
HOM MOPIUY TUTPAHTA NTPU UHTEHCUBHOM TIEPEMENINBAHUH U 3aIMUCHIBAIOT B TAOIHUITY
120 (opreHTHUPOBOYHOE TUTPOBAHUE).
3. OpueHTUPOBOYHO YCTAHABIMBAIOT TOYKY SKBUBAJIEHTHOCTHU [0 MAaKCUMAJIbHOMY
MPUPALICHUIO E.
4. JInst TOYHOTO OIpeIeIeH sl TOYKU SKBMBAIEHTHOCTH BTOPYIO nopiuio 5,0 cm® aHa-
JIM3MPYEMOTO PacTBOPA IIOMEIIAOT B TUEHKY J1JI1 TATPOBAHUS, IPpUIUBaroT 10 cm’
xynopuaa ammonus 1 10 cM® pacTBopa aMMHUaka U MOMEIIAKOT [IATHHOBBIA U XJIO0-
pucepeOpsIHBINA AIEKTPOIBI.
5. IlpumBarot 110 0,5 cM® TUTpaHTa, a BOJIM3M TOYKU SKBMBAIIEHTHOCTU TUTPAHT IIPH-
JIUBAIOT nopuusimu o 0,2 cm’. 3nauenus E 3amuchIBAIOT B tabmuiy 121 (TouHoe THT-
pOBaHue).
6. TouHoe TUTpOBaHUE MOBTOPSIOT 2 pa3a.
7. Ilo pe3ynbTatam TOYHOTO TUTPOBAHUS CTPOSIT KPUBbIE TUTPOBAHMS B KOOPAMHATAX

E = f{V) w AE/AV = f(V).
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8. Haxomsat cpennee 3HaueHNe o0Obema pactBopa rekcarmanodeppara (I111) kamus, u3-
pacxo0BaHHOTO Ha TUTPOBaHUE Xyopuaa kodansTa (1), m paccuuThiBaroT comepxa-
HUe U KoHIeHTpanuio kobanpTa (II) u xmopuma kobansta (I1) mo n3BecTHBIM opMy-
Jam.

15.2.13 OghopmneHue nabopamopHo20 XXypHana. OnpedesieHue kobanbma (1)
e pacmeope MemoAdoM NMomeHyUOMempu4ecKo20 mumposaHusi
1. YpaBuenue tutpoBanus kodanbTa (II) pactBopom rexcammmanodeppara (I111) kamus
3aMKUCHIBAIOT B MOJICKYJIIPHOM, ITOJTHOM M COKPAIIEHHOM HOHHOM BHUJIE:
CoCl, + K;3[Fe(CN)s] + NH,OH — ...
@dakTOphl SKBUBAJICHTHOCTH. Y Ka3bIBAIOT OKUCIUTENh U BOCCTAHOBUTEITb.
3aKOH SKBUBaJICHTHOCTH.
OOBSICHUTB TIOUEMY TPOTEKACT JaHHAS PEAKIUS €CIIM CTaHAAPTHHIN OTCHITHAIT
oxuciurens E%(Fe**/Fe*") = 0,77 B MeHbIIEe CTaHAAPTHOTO MMOTEHIMAIA BOCCTAHOBH-
tens E%(Co*/Co?") = 1,808 B. Paccunrars opMalbHbIE IIOTEHIUANEI Oy PEaKIHA,
OMUCHIBAIOUIUX XOJI KPUBOW TUTPOBAHUS 10 U MOCJI€ TOUKU YKBUBAJIEHTHOCTH.
Xon onpeeseHus.
Pe3ynbrathl TUTpOBaHUS aHATM3UPYEMOTro pacTBopa rekcanuanodepparom (I11) xa-
nust (OpUEHTUPOBOYHOE TUTPOBAHHUE).
Taomuma 120
No O6bem pacTBopa 3HayeHue NMOTEeHIHANIa | 3HAYEHUE
Touku tutpanra V, cm’ E, MB AE, MB

Pe3ynbTaTel THTpOBaHMS aHATTM3UPYEMOTO pacTBopa rekcarranodepparom (I11) ka-
nus (TOYHOE TUTPOBAHUE).

Tabmauma 121

Ne OO0beM pacTBOpa TUT- | 3HAU€HUE NOT€H- | 3HaueHue AE, | AE/AV,

Touku | panta V, cm® uuana E, MB MB MB/cm?

CTposAT KpUBBIE TOUHOTO TUTPOBaHUs B koopauHatax E = f(V) u AE/AV = f(V) (Ans
JBYX TUTpOBaHUM — 4 rpaduka).
4. TIpoBoasT pacu€T comepkanus M KoHIeHTpauu kodanbTa (II) u xmopuaa xo-
6anpta (II) (TouHocTh pacuéroB — 4 3Havamux uu@psl, 111 Maccel 0,0001 ). [Ipuso-
JST pacd€THBIE POPMYJIIBI U pacUYETHI, 3HAUCHHU HEOOXO0IMMO 3aHECTU B TAOIUILY
122.
PesynbTaTel onpenenenus kodbanbta (11).

Taomuna 122
c(1/1Co*"), T(Co*), n(l/1 Co’*), v(Co®"), m(Co*"), r
MOJIB/ M r/cm? MOJTb MOJT
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c(1/1 CoCl), T(CoCl), | n(l/I CoCly), |v(CoCly), |m(CoCly), T

MOJIB/IM> r/em? MOJIb MOJIb

5. [enarot pacdy€r OTHOCUTEIBLHON NOTPEIIHOCTH:
Nyaitgen. — Nucrun.
D% = —= 100%

nI/ICTI/IH.

15.2.14 OnpedeneHue ceuHua (ll) e pacmeope Memodom nomeHyuomempu4e-
CKO20 mumpoeaHusi

Cwmech nonos rekcarmanodeppara (II) u rekcarmanodeppara (I11), mpeacrapnsronias

co00i 00paTUMYI0 OKHUCIUTEIBHO-BOCCTAHOBUTEIBHYIO CUCTEMY, SBIISIETCS IOTEHIIN-

aJIOTpeIeNIAIONICH B ClTydae UCTIOIb30BAHUS MHEPTHOTO AJIEKTPoa (OOBIUHO TUIaTH-

HOBOTO).

Honsbl cBUHIIA 00pa3yrOT MajgopacTBOpuMbIe coenuHenus Pbz[Fe(CN)q/, n

Pb:[Fe(CN)s/. IloaTOMYy, €CiM 10 TATPOBAHUS B UCIBITYEMBI pacTBOP, COAEPKALIUI

1oHbI Ph°" npubasuth HEMHOTO pactBopa coiu Ks;/Fe(CN)s/, T0O BO3MOXKHO 00pa3o-

BaHHC Pb3[F€(C]V)6]2.

[Tpu nmpubasnenuu TurpoBanHoro pacteopa Ky/Fe(CN)s] noHBI CBUHIIA IEPEXOSAT B

MeHee pacTBopuMoe coeinHeHue — rekcanuanodeppar (1) ceunna. [loatomy B

Hayayie THTPOBaHUs NOTEHIMAJI AJIEKTPOJA HECKOJIBKO BO3PACTAET 3a CUET yBEIUYE-

Hus Konuenrpauun [Fe(CN)g]*, a 3aTeM yMEHBIIAETCS 3a CUET MIEPEXOJIA B OCANOK

IIOTEHLMAIONPENENIAIONEro nona Ph?*,

Ob6opynoBaHne M peaKTUBBI

1. YcranoBKa 17151 TOTEHIIMOMETPUYECKOTO TUTPOBAHMSI, 0OIIIasi cXeMa KOTOpOn

MpeJICTaBICHA HA PUCYHKE 16;

2. CrannaptHblii pacTBOp rekcanunanodeppara (I11) kanus, Boaubsiid pactBop c(1/2

Ky[Fe(CN)s]) = 0,1000 mons/mm>;

3. VkeycHas kuciora, pactsop c(1/1 CH;COOH) = 1,0000 mons/ov>;

4. T'excarmmanodeppat (I1I) kanwusi, Bomusiit pactBop, 0(K;3/Fe(CN)s])=1%;

5. Hurpar ceunua (1), Boxusiii pactsop c(1/1 Pb(NO3),) = 0,1000 mons/mm?;

6. ITunetka Mopa 5,0 cm?, 1 wmT.;

7. Mepnas npoOupka uid maiiaaap 10 cm?, 2 .

Xox paboTbI

1. B siueliky a1 THTPOBAaHMS OTOMPAIOT NUIETKOM 5,0 M’ MOJIENEHOTO PacTBOpA,

no6asysror 10 cm® pacTBOpa yKCycHOIM KuCnoThl, 1 cM® pacTBopa rekcanuanodep-

pata (III) kanus ¥ MoOMeNarT MIATUHOBBIM M XJIOPUACEPEOPSHBINA dIEKTPOIBI.

2. Ipumusatot no 0,5 cm® Turpanra rekcanmanodeppara (I1) kamus 10 oObeMa TUT-

panTa 10,0 cm>. Usmepenune E nposoasat uepes 20 cek mocie npudaBIeHns ouepe/ -

HOU MOPIUU TUTPAHTA TP UHTEHCUBHOM NEPEMEIINBAHUY U 3alUCHIBAIOT B TAOIUILY

123 (OpreHTUPOBOYHOE TUTPOBAHUE).

3. OpueHTUPOBOYHO YCTAHABIMBAIOT TOYKY IKBHBAJICHTHOCTH M0 MAKCUMAIILHOMY

IIpUpaLICHUIO £.
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4. JIist TOYHOTO OIpe/IeeH s TOYKU SKBMBAIEHTHOCTH BTOPYIO HOPIHIo 5,0 cM® Mo-
JIEILHOTO PACTBOPA MOMEIIAKOT B AYEHKY U1 TUTPOBaHus, npuiansaroT 10 cm® pac-
TBOpa YKCYCHOM KUCIOTHI, 1 cM® pacTBopa rekcannanodeppara (I11) kanus u mome-
IAIOT MJIATHHOBBIN U XJIOPUICEPEOPSHBIN IIEKTPOIBI.

5. IlpumBarot 110 0,5 ¢cM® TUTpaHTa, a BOJM3M TOYKU SKBMBAIEHTHOCTU TUTPAHT IPH-
nuBaroT nopuusaMu no 0,2 cm’. 3Hauenus E 3anuchIBaioT B Tabauiy 124 (ToyHoe TUT-
pOBaHue).

6. TouHOE TUTpOBaHUE TOBTOPSIOT 2 pa3a.

7. I1o pe3ynpTrataMm TOYHOIO TUTPOBAHUS CTPOSIT KPUBBIE TUTPOBAHMS B KOOPAMHATAX
E=f(V)un AE/AV = f(V).

8. HaxonsT cpeanee 3HaueHue oobema pactBopa rekcanmanodeppara (II) kamus, uz-
pacxo0BaHHOIO Ha TUTpOBaHUE HUTpaTa cBuHUA (1), 1 paccUUTHIBAIOT coepKaAHUE
u koHneHTpanuio ceunia (1) u aurpara ceunna (I1) mo n3BecTHbIM Gopmymam.

15.2.15 OghopmneHue nabopamopHo20 XxypHana. OnpedesnieHue ceuHua (ll) e

pacmeope MemodoM MomeHYyUOMempUYeCcKo20 MumposeaHusi
1. YpaBuenue tutpoBanus cBuHia (I1) pactBopom rekcanmanodeppara (1) kanus 3a-
MUCHIBAIOT B MOJIEKYJISIPHOM, TTOJIHOM M COKPAIlIEeHHOM MOHHOM BH/JIE:

Pb(NOg)g + K4[F€(C]V)6] —
Pb’* + [Fe(CN)s]* —

dakTopbl FKBUBAJIEHTHOCTH.
3aKOH SKBUBaJICHTHOCTH.
PaccunraTh KonuuectBo Bemectsa Ph(NO;), B anuksote 5,0 cM® MOIEIBHON cMecH,
MOJYYE€HHOE 3HAYEHUE UCTIOIb30BaTh KaK HCTUHHOE MPH pacueTe OTHOCUTEIBLHOM I0-
TPEIIHOCTH.
X0z onpeneseHus.
Pesynbrarel THTpOBaHUA aHamM3upyemMoro pactsopa ceunua (I1) (opueHTHpOoBOUHOE

TUTPOBAHHUE).
Tadmuma 123
No OO6neM pacTBOpa 3HaueHHE NOTEHIMaNa | 3HaYCHUE
Touku tutpanTa V, cm® E, MB AE, MB

Pesynbrarhl TUHTpOBaHUS aHanu3upyemoro pactsopa cBunua (II) (tounoe Turposa-

HUE).
Taomuma 124
No OOneM pacTBOpa TUT- | 3HAYEHUE MTOTEH- 3nauenue AE, | AE/AV,
Touku | panra V, cm® uuana £, MB MB MB/cm®

CTposT KpUBBIE TOUHOT'O TUTPOBaHUS B kKoopauHatax E = f(V) u AE/AV = f(V).

4. IIpoBoasT pacy€r copepkanus U KoHeHTpauu cuHIa (1) u HUTpaTa cBUHIA
(IT) (tounocth pacuéroB — 4 3navanux 1UdpsI, 1ag maccel 0,0001 1). [IpuBosT pac-
4yE€THBIE (POPMYIIBI U PACUEThI, 3HAYEHHS] HEOOXOIUMO 3aHECTH B Tabnuiy 125.
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PesynbraTel onpenenenus ceunua (II) u uurpara ceunna (II).
Tabmuma 125
c(1/1Pb**), T(Pb*), n(1/1Pb*), v(Pb**), m(Pb**), r

MOJIB/IM> r/cm? MOJIb MOJIb

PesynbTatel onpenenenus ceunua (1) u autpara ceunma (11).
Ta6muma 125 (Ilpomomkenue)
c(1/IPb(NO3),), | T(Pb(NOs),), | n(1/1Pb(NO3)3), | v(Pb(NO3),), | m(Pb(NO3),)

MOJIB/IM> r/cm? MOJIb MOJIb r

5. [enarot pacdy€r OTHOCUTEIBLHON NOTPEIIHOCTH:
Nyaitgen. — Nucrun.
D% = —= 100%

nI/ICTI/IH.

15.2.16 OnpedeneHue xenesa (lll) e pacmeope MemoOomM nomeHyuomMempu4e-
CKO20 mumpoeaHusi

MeToa OCHOBaH Ha TOM, YTO YCTOMYMBOCTH KOMIUIEKCOB DJITA ¢ okucieHHOM

(B(FeY") =1,3-10% ) u BoccTanosinennoi (B(FeY?)=2,1-10'*) popmamu xenesa

CUWJIBHO pasnuyaetcs. TakuM 00pa3oM, MOXKHO OTTUTPOBATh PACTBOP, COACPKAIIHIMA

nonsl xkene3a (I11), mpocnenus 3a n3MeHeHHEeM MOTEHIIMAJIOB MIIATUHOBOTO AJIEK-

TpO/J1a, HOTPY>KEHHOT'O B UCIIBITYEMbIH PacTBOp.

TutpoBaHUe MOKHO MPOBOJAUTH JOCTATOYHO B IIUPOKOM UHTEpBaie pH, B IpUCyT-

CTBUHU MTOTEHIMOMETPUYECKOTO HHAMKAaTOpa — NOHOB keie3a (II). B kucabix pactBo-

pax (pH<3) oGpasoBanue xommiekca Fe*" 3amemnsercs, uTo oTpaxaercs Ha CKOPO-

CTU YCTAHOBJICHUS] PABHOBECHOT'O MOTEHIMAIA.

O0opynoBaHNe U peaKTHUBBI

1. YcTaHoBKH 7151 TOTEHIIMOMETPUIECKOTO TUTPOBAHMSI, OOIIHE CXEMbI KOTOPBIX

IPENCTaBIICHbl HA pUCYHKaxX 15-16;

2. Cranpapruslii pactsop DTIA, Boassii pactop c(1/1 DTJA) = 0,0500 Momas/am>;

3. Auerat aMMoOHUs1, BOAHBIN pacTBop, ®(CH3;COONH,) = 25%;

4. Cons Mopa, Boansli pactBop c(1/1 (NH,):Fe(SO,);) = 0,0100 mons/nm?;

5. Xnopun xenesa (II1), Boxasiii pacteop c(1/1 FeCl3) = 0,0500 mons/nm> .

6. Iunerka Mopa 5,0 cm®, 1 wT.;

7. MepHas npooupka uu munuaap 10 ey®, 2 .

Xox paboTbl

15.2.16.1 2.2.9.1. Onpeodenenue scenesa (I11) ¢ pacmeope (pabouuii 21exkmpoo —
NIAMUHOBDIIL):

1. B siueliky a1 TUTpOBaHMS OTOMPAIOT NHUIETKOM 5,0 M’ MOJIENEHOTO PacTBOPA,
nobasnsror 2,0 cm® pacTBopa anerara ammonus 1 1,0 cm® pactsopa comu Mopa, 20,0
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cM? IMCTHIIMPOBAHHOM BOJIBI, & 3aT€M MOMEILAIOT B PACTBOP IIATHHOBBIN U XJIO-
puzcepeOpsIHBINA AIEKTPOIBI.

2. Ipunusator no 0,5 cm® Turpanrta DJTA 1o o6bema TutpanTa 10,0 cm’. U3mepe-
Hue £ nmpoBoaaT uepes 20 cek mocie mpruOaBieHUs: OUuepeIHON MOPLUUU TUTPAHTA PU
MHTEHCUBHOM IE€PEMEIINBAHUN U 3aMUCHIBAIOT B Ta0nuily 126 (opueHTUpPOBOUYHOE
TUTPOBAHHUE).

3. OpueHTUPOBOYHO YCTAHABIMBAIOT TOYKY SKBUBAJIEHTHOCTHU [0 MAaKCUMAJILHOMY
MIPUPALICHUIO E.

4. JIast TOYHOTO ONpeIeIeH sl TOYKU SKBMBAIEHTHOCTH BTOPYIO HOpIuio 5,0 cm® Mo-
JENLHOTO PACTBOPA MOMEIIAKOT B AUEHKY U1 TUTPOBaHus, npuiauBaoT 2,0 cm® pac-
TBOpa arerara ammonus u 1,0 cM® pacteopa com Mopa, 20,0 cM® IUCTUIUIMPOBaHHOMI
BOJIbI, a 3aT€M MTOMEIAIOT B PACTBOP IJIATHHOBBIN U XJIOPUACEPEOPSIHBIN JIEKTPOIBI.
5. IlpumBarot 110 0,5 ¢cM® TUTpaHTa, a BOJM3M TOYKU SKBMBAIEHTHOCTU TUTPAHT IPH-
JIUBAlOT nopuusimu o 0,2 cm’. 3Hauenus E 3amuchIBAIOT B tabnuiy 127 (TouyHOE THT-
pOBaHue).

6. TouHoe TUTpOBaHUE MOBTOPSIOT 2 pa3a.

7. Ilo pe3yJsibTaTaM TOYHOI'O TUTPOBAHUS CTPOSAT KPUBbIE TATPOBAHMS B KOOPAMHATAX
E=fV)uaAE/AV = f(V).

8. Haxonsat cpennee 3HaueHue oobema pactsopa I/ TA, uzpacxoqoBaHHOTO Ha TUT-
poBanue xyopua xenesa (I11), u paccunTbiBatOT coepkaHre U KOHIIEHTPALUIO JKe-
ne3a (1) u xmopuna xenesa (I111) mo uzBecTHbIM hopmyiam.

15.2.16.2 2.2.9.2. Onpeoenenue scenesa (I11) ¢ pacmeope (pabouuii 21exmpoo —
CMEKISAHHbI)!

1. B siueiiky 1y1st THTPOBaHMs OTOUPAKOT MUIIETKOM 5,0 cM® MOJIENBLHOTO PacTBOPA,
nobassror 2,0 cm® pacTBopa anerara ammonus 1 1,0 cm® pactsopa comu Mopa, 20,0
cM® IMCTHIIMPOBAHHOM BOJBL, a 3aT€M MOMEIIAKOT B PACTBOP CTEKJISHHBINA M XJIO-
puacepeOpsHBIN 2EKTPOIBI.

2. BkimroyaroT MarHUTHYI0 MEIIANKY, U3MEPSIOT 3HaueHue pH UCXOHOr0 pacTBopa U
3alMCHIBAIOT B Ta0uIty 128.

3. Ilpumusaror 1o 0,5 cm® TuTpanTa 10 o6bema TutpanTa 10,0 cm®. Usmepenne pH
npoBOJAT yepe3 20 cek mocie npudaBIeHus: OuepeHON MOPLIMH TUTPAHTA NPU UH-
TEHCUBHOM IE€PEMEIINBAHNY U 3aMUCHIBAIOT B Tabnuiy 128.

4. TutpoBaHue MOBTOPSIOT 3 pa3a.

5. Ilo pe3yJsibTaTaM TUTPOBAHUS CTPOSAT KPUBBIE TUTPOBAHMS B KOOPJAMHATAX

pH =f(V). AnInpokcumMupyIoT noJy4yeHHbIe 3aBUCUMOCTH JIByMsI YPaBHEHUSIMU JIH-
HEWHOU perpeccud, 3anoaHsAioT Tadauity 129. [lpupaBauBas pH B Touke nepecede-
HUS IBYX MPSAMBIX, HAXOAAT adredpanyecku 00beM TUTPAHTA B TOUKE SKBUBAJICHTHO-
CTH.

6. I1o pe3ynbrataMm 3-X TUTPOBAHUI HAXOAAT CpeIHUN 00bEM TUTPAHTA, U3PACXO0-
BAaHHOI'O HAa TUTPOBAHHUE.

7. PaccumThIBaIOT cojiepkaHue U KoHIeHTpanuto xenesa (I11) u xnopuna xenesa (I1I)
10 U3BECTHBIM (hOpMyJIaM.
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15.2.17 OghopmneHue nabopamopHo20 XypHana. OnpedesnieHue xenesa (lll) e
pacmeope MemoOoM MoOMeHYyuoOMempu4yecKo20 mumpo8aHusi

1. Onpenenenue xene3a (I11) B pactBope (pabouuii 37€KTPO/I - INIATHHOBBIN).
VpaBHeHus TuTpoBanus coin Fe’* pactsopom DJITA B MONEKYIIPHOM, HOJIHOM U
COKpAILICHHOW HOHHOM BHJIE:
Jlo ToukH dKBUBajeHTHOCTH: Fe*™ + H,Y> — ...
I[Tocne Touky SKkBMBaNeHTHOCTH: MY+ HY — ..

H;Y + H'— ..
@DaKTOpbI IKBUBAJICHTHOCTH.
3aKOH SKBUBaJICHTHOCTH.
PaccunthiBatoT kommdecTBo BemiecTBa FeCl; B anuKkBOTE MOIEITHLHOTO pacTBopa 5,0
cM?, TIOIY4E€HHOE 3HAUYEHHE UCTIONB3YIOT KAK UCTUHHOE IPH PACYETE OTHOCHTEBHOM
MTOTPEUTHOCTH.
Xox onpeeseHus.
Pe3ynbratel THTpOBaHUA MOJENbHOTO pacTBopa xenesa (I11) (opuenTupoBOoUHOE TUT-

pOBaHue).
Taomuma 126
No O06neM pacTBOpa 3HaueHHE MOTEHIMaNa | 3HAaYCHUE
Touku tutpanTa V, cm® E, MB AE, MB

PesynbTatel THTpOBaHMS MOJEIBHOTO pacTBopa xene3a (I11) (tounoe TurpoBanme).

Tadomuna 127
Ne OO0bem pacTBopa TUT- | 3HAYCHHE MOTEH- | 3HaueHue AE, | AE/AV,
Touku | paunrta V, cm? nuana £, MB MB mMB/cm?

CTposT KpUBBIE TOUHOT'O TUTPOBaHUS B koopauHatax E = f(V) u AE/AV = f(V) (Ans
JIBYX TUTPOBaHUM 4 rpaduka).
4. TIpoBoaAT pacy€T KOHUEHTpALMH U coaep:kanus xenesa (I11) u xmopuaa xenesa
(IIT) (Tounocts pacuétoB — 4 3Havamux mudpsl, 11t maccsl 0,0001 ). [IpuBoasar
pacuétHbie (HOpMyIIbl U pacu€Thl, 3HAUEHUSI HEOOX0AMMO 3aHecTu B Tabmuiry 130.
2. Ompenenenue xkenesa (I11) B pactBope (pabounii 31E€KTPOJI - CTEKIISTHHBIH).
VpaBHenus turpoBanus coau Fe’™ pacteopom DJ[TA B MOJIEKYIIAPHOM, IIOJHOM
COKpAIIEHHOW HOHHOM BHJIE:
Jlo TOYKHM dKBUBaJEHTHOCTH: Fe’' + HL,Y> — ...
[Tocne Toukyu dSKBHMBaneHTHOCTH: MY+ H — ..

H;Y + H'— ...
®DakTopbl FKBUBAJIEHTHOCTH.
3aKOH SKBUBAJICHTHOCTH.
Xon paboThl.

Pesynbratel TuTpoBanus FeCl; B BOIHOM PacTBOpE.
tabnuna 128

| | | pH |
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Ne O6bem pacTBopa pH pH> pH;
TOYKM | THTpaHTa V, cm®

CtposiT KpHUBBIE TUTPOBaHUA B KoopjiuHaTtax pH = f(V). Kaxnyro KpuByr HE00X0-
JIIMO TIOCTPOUTH B OTACIHHON KOOPJMHATHOMN TIIOCKOCTH U TIPEIOCTABUTD 3 OTAEIb-
HBIX PUCYHKA.
ATMPOKCUMHUPYIOT 3aBUCUMOCTH JABYMsI YPAaBHCHHSIMH JTHHEHHBIX PErPECCHid
(ygactku 1 1 2) 1 HaXOaAT OOBEMBI TUTPAHTA B TOUKE SKBHUBaJCHTHOCTH. [lomydeH-
HbIE Pe3yJIbTaThl HEOOXOUMO OTpa3uTh B Tabnuue 129.
Omnpenenenne koHeHTpauu FeCls.

tabauua 129
Ne tutpo- | YpaBHenue anmpokcuma- | Vi, | | ¢(1/1 FeCl3) | T(FeCl3)
BaHUS uuu &=axV+b
VYuacrtok 1 Yyactok 2

—

[TpoBoaAT pacu€r pe3ynbTaToB onpenenenus FeCl; (TOUHOCTh pacu€ToB — 4 3Haya-
mmx udpsl, 11 macesl 0,0001 1), npuBoOAAT Bce pacu€THbie POPMYIIBI U pacUETHI,
BCE 3HAYCHHUS 3aMUCHIBAIOT B Tabmmiy 130.
PesynbTaTel onpenenenus xiaopua xenesa (111) B moaensHOM cmecTu
Taomuma 130

. c(l/l Fe*t), | T(Fe*), | n(l/l F&**), | v(Fe'), m(Fe’t), r
= MOJIB/IM> r/cm? MOJTb MOJTb
>§ >E g
T é E* c(1/1 FeCl;), | T(FeCl3), | n(l/l FeCl;), | v(FeCl;), | m(FeCl3), r
'S £ ©| wmomp/am’ r/cm® MOJIb MOJIb
Al H O
c(l/1 Fe*), | T(Fe*), | n(l/l F&**), | v(Fe'), m(Fe’t), r
E MOJIB/IM> r/cm? MOJT MOJTb
=g g
T E 5 c(1/1 FeCl3), | T(FeCl3), | n(l/l FeCl;), | v(FeCl;), | m(FeCl3), r
'S © 2| wmoms/am’ r/cm? MOJTb MOJTb
AN O O

5. [enarot pacdy€r OTHOCUTEIBLHON NOTPELIHOCTH:
Nyaitgen. — Nucrun.
D% = —= 100%

nI/ICTI/IH.

15.2.18 lMomeHyuomMempu4yecKkoe mumpoeaHue cMecmu 2as102eHUO-UOHO8

OmnpeneneHre raJoreHuI0B B KX CMECH OCHOBAHO HA PEakuu 00pa30BaHUs Majlo-
pacTBOpHMBIX coneli cepedpa AgCl (ITP = 1,7 10719, AgBr (IIP = 5,0 10°13), AgI (ITP
= 8,1 10""7). [ToTeHIMOMETPHUYECKOE TUTPOBAHUE MPOBOJAT C CYJIb(PHUACEPEOPIHBIM
MHIUKATOPHBIM 3JIEKTPOJIOM U XJIOPUICEPEOPSHBIM AIIEKTPO0M cpaBHeHMs. Ha
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KPHUBOW TUTPOBAHUS MOJYYAOT TPU CKAaUKa, KaKIbIM U3 KOTOPBIX COOTBETCTBYET I1O-
cienoBaTeIbHOMY 00pa30BaHHUIO OCAIKOB: CHavaja HauMEHee pacTBOpUMOro Agl, 3a-
TteM AgBr u AgCIL

O0opynoBaHNe U peaKTHUBBI

1. YcTaHoBka 17151 TOTEHIIMOMETPUUECKOTO TUTPOBAHUS, 00111asi CXemMa KOTOPOit
pe/ICTaB/IeHa Ha pucynke 17;

1 — nonomep (MoHOMEP-KOHAYKTOMETP «AHUOH-4100%»); 2 — cynbduacepeOpsiHHBIMI
ANEKTPOT; 3 — XJIOpUACEPEOPSIHBIN 3IEKTPOT; 4 — MOTEHIIMOMETpUYECKas siueiika; 5 —
MarHuTHas Memanka; 6 — OropeTka Jisl THTPOBAHUS.

Pucynok 17. YcraHoBKa 1711 HOTEHIIMOMETPUYECKOTO TUTPOBAHMSL.

2. CrangaptHslii pactBop AgNO3, Bonuslit pactBop c(1/1 AgNO3) = 0,1000
MOJIb/IM?;

3. Xnopua Hatpus, BOAHbIH pactsop, ¢(1/1 NaCl) = 1,0000 mons/am’;

4. Bpomu HaTpus, BOAHBIA pacTteop, c(1/1 NaBr) = 1,0000 Mmons/nm>;

5. Woauz HaTpys, BOAHBIH pacTsop, ¢(1/1 Nal) = 1,0000 mons/nm>;

6. Iunerka Mopa 10,0 cm®, 1 wT.;

7. Mepnas kon6a BMectuMOCTbIO 100,0 cMm?, 1 miT.

Xoa padoTnI

15.2.18.1 2.2.10.1. [Ipucomosnerue mooenbHo2o pacmeopa:

J1y1st IpUTOTOBIIEHUS MOJICIBHOTO PACTBOPA CMECH TaJIOTEHUIOB B KOJIOY BMECTH-
mocth 100,0 cm® mocnenoBarensHo HanmuBaroT 5,0 cm® pacTBopa xjaopuaa Hatpus, 5,0
cm® pactBopa Opomua HaTpus, 5,0 cM® pacTBOpa MOAMA HATPHS, 3aTEM 00BEM KO-
HEYHOT'0 pacTBOpa JAOBOISAT 10 METKU JUCTUINIUPOBAHHOMN BOJIOH.
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15.2.18.2  2.2.10.2. Onpedenenue 2anoceHu008 8 MOOeIbHOM PACMBEOpe:

1. B siueliky TuTpoBanus orouparot nunerkoi 10,0 cm® MogensHOro pactsopa. B no-
JyYEHHBIN pacTBOP MOMEIAIOT CyJb(huacepeOpsHbIN U XJIOpUACEPEOPSHbIN dIIeK-
TPO/IBI.

2. Ipumasarot no 0,5 cm® Turpanra 10 06bema TuTpanTa 10,0 cm®. Usmepenue E
npoBOJAT yepe3 20 cex nmocie NpuoaBIeHUs] O4epeAHON MOPLUH TUTPAHTA PH UH-
TEHCUBHOM IE€PEMEIIMBAHNN U 3aMUCHIBAIOT B Tabnuily 131 (opueHTHPOBOUYHOE TUT-
pOBaHue).

3. OpuEHTUPOBOYHO YCTAHABIMBAOT TPU TOUYKH 3KBUBAJIEHTHOCTH IO MAKCUMaJlb-
HBIM IIPUPALICHUAM £.

4. JI7st TOYHOTO OIpeEIeIeH s TOYKU SKBUBAIEHTHOCTH BTOpYyIo nopimio 10,0 cm?
MOJIEJIbHOT'O PacTBOpa MOMENIAIOT B SYEHKY ISl TUTPOBaHUs. B momyuyeHHsIil pac-
TBOP MOMEIIAIOT CyIbpuAcepeOPsHbIN U XIopuacepeOpsHbIi anekTpoabl. [Tpuu-
BaroT 110 0,5 cM® TUTpaHTa, a BOIU3M TOYEK SKBUBAIECHTHOCTH TUTPAHT NPUIMBAKOT
nopuusamu 110 0,2 cm. 3Hadenus E 3anuceiBaior B Tabnuiy 132 (ToYHOE THTPOBa-
HUE).

5. To4yHOE TUTPOBAHKE MOBTOPSIOT 2 pasa.

6. [1o pe3ysibTaTaM TOYHOTO TUTPOBAHUS CTPOSAT KPUBbIE TUTPOBAHMS B KOOPUHATAX
E=fV)uaAE/AV = f(V).

7. Haxonar cpeanee 3nadenue o0beMoB (V1 V2 V'3) pactBopa HUTparta cepedpa, us3-
pPacxoOBaHHOIO Ha THTPOBAHUE TAIOI€HHUIOB B KaXK/I0M U3 3-X TOUYEK 3KBUBAJICHT-
HOCTH M PACCUUTHIBAIOT COJIEpKAHUE M KOHIICHTPALIUIO UOJIU-, OPOMHUI- U XIJIOPHU/I-
MOHOB U UOJM/1a HATPUsl, OpOMHUIa HATPUS U U0 HATPUS MO U3BECTHBIM (hOpMY-
Jam.

15.2.19 O¢popmneHue nabopamopHo20 XypHana. [lomeHyuomempu4eckoe
mumpoeaHue cMecmu 2aJ102eHUO-UOHO8
1. YpaBHEeHrE TUTPOBAHUS TAJIOTEHUIOB PACTBOPOM HUTpATa cepedpa 3amuchIBarOT B
MOJIEKYJISIPHOM, TIOJIHOM M COKPAIlIEHHOM MOHHOM BHUJIE:
Nal + AgNO; —
NaBr + AgNO; —
NaCl + AgNO; —
DaKTOpPbl SKBUBAJICHTHOCTH.
3aKOHBI DKBUBAJICHTHOCTH.
PaccunraTs konmuuectBo BemecTBa NaCl, NaBr n Nal B anukBOTe MOJCIBHOTO pac-
tBopa 10,0 cM’, moydeHHOE 3HaYEHNE HCTIONB3YIOT KaK HCTUHHOE MIPU PACUETE OT-
HOCUTEJIbHOM MOTPENTHOCTH JIJISI KaXK10TO KOMIIOHEHTAa CMECH.
X0 onpeneseHus.
Pe3ynbTaThl TUTPOBaHUSI CMECH TAIOTEHU0B (OPUEHTUPOBOUYHOE TUTPOBAHHUE).
Tabmnma 131
No O6bem pacTBopa 3HayeHue NMOTEeHIHANIa | 3HAYEHUE
Touku tutpanra V, cm’ E, MB AE, MB
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Pesynbrarel TUTPOBaHUS CMECH raJOT€HUA0B (TOYHOE TUTPOBAHUE).

Taomuna 132

No
Toukn

O6beM pacTBOpa TUT-
panra V, cm?

3HayeHUE MTOTEH-
nuana £, mB

3Hauenue AE,
MB

AE/AV,
mB/cm?

CTposAT KpUBBIE TOUHOTO TUTPOBaHUs B koopauHatax E = f(V) u AE/AV = f(V). Ans
JIBYX TUTpOBaHUil 4 rpaduka.
4. [IpoBoasT pacy€T copepkaHus U KOHIICHTPAIUU HOIUA-, OPOMUI- U XJIOPUI-

MOHOB U MOJU/1a HATPUs1, OpoMHUIa HATPUS U UOJUAA HATPUS (TOYHOCTh pacu€ToB — 4
3Havanmx nudpsl, 111 Maccsl 0,0001 r). IpuBoasar pacuérHbie GOpMyIIbl U PACUETHI,

3Ha4YEHUs HEOOXO0AMMO BHOCST B Tabmuity 133.
PesynbTaThl onpeneneHus raJoreHUA0B B MOJCIBHOM PacTBOPE.

Taomuma 133

(/1 7T), (), n(1/17T), D), m(D), T
MOJIB/ M r/cm? MOJTb MOJTh

c(1/1 Nal), T(Nal), n(Nal), monb v(Nal), monb | m(Nal), T
MOJIB/ M r/cm?

c(1/1 Br), T(Br-), n(1/1 Br’), v(Br-), m(Br-), r
MOJIB/ M r/cm? MOJTb MOJTh

c(1/1 NaBr), T(NaBr), n(NaBr), monb | v(NaBr), m(NaBr),
MOJIB/ M r/cm? MOJTh

c(1/1 CP), T(Cl), n(1/1 CI), w(Cl), m(Cl), T
MOJIB/ M r/cm? MOJT MOJTb

c(1/1 NaCl), T(NaCl), n(NaCl), momnb v(NaCl), m(NaCl), v
MOJIB/ M r/cm? MOJTb

5. Jlemarot pacdy€T OTHOCUTEIBHOW NOTPEIIHOCTH ISl KaXKA0TO U3 ONPEAECIIEMBIX

KOMIIOHCHTOB:

D% =

nHafmeH.

— Nycrun.

nI/ICTI/IH.

15.3 Bonpocwul ona camokonmponsn

100%

1. Ha yem ocHOBaHbI MOTEHIIMOMETPUYECKHE METOIbI aHAIN3a?
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2. Yro npexacrasisitot coboro anekrpost 1, 11 u 111 pona? [Ipuseaure npumepsi.

3. Kakue pyHKIMY BBITOTHIIOT MHAUKATOPHBIE SJIEKTPOJIBI U KaKHE — 3JIEKTPOIbI
cpaBaenus? Kakue Tpe6OBaHUSA K HUM NIPEIBSABISIOTCS?

4. Ha xakoM MpHUHIIUIIE OCHOBAaHA Pab0Ta MOHOCEIEKTUBHBIX 3NIEKTpo10B? VX Kiac-
cuuKalys U IPUHLUI ACHUCTBUS.

5. B 4em cymHOCTh IOTEHIIMOMETPUUECKOT0 onpeaeneHus pH pacrsopa? Kakue un-
JUKATOPHBIE AIEKTPOIbI MOTYT ObITh UCIOIb30BaHbI JIs oNpeeseHus pH?

6. Yka3arb 00JaCTh IPUMEHEHUSI, JOCTOMHCTBA U HEJOCTATKU NPSIMON IOTEHLIMOMET-
puH.

7. Ha ueM OCHOBaHO NMOTEHIIMOMETPUUYECKOE OIPENETICHHUE 110 METOAY:

a) rpalyupOBKH JIEKTPOJIA;

0) rpagyrupoBOYHOrO rpaduka;

B) 100aBOK.

[Ipeumy1iecTBa U HETOCTATKU KAXKIOTO U3 ITUX METOJOB.

8. B ueM CyIHOCTh HEKOMITEHCALIMOHHOTO METO0/1a MOTEHIIMOMETPUYECKOTO TUTPOBA-
HUS U TATPOBAHMS O] TOKOM?

9. Uem 00ycnoBieH BBIOOP Maphl 37eKTpo10B? BrIOOp KOOpAUHAT 1151 TOCTPOCHHUS
KpUBBIX TUTpOBaHusA? [IpuBecTH MpuMeEpPHI ¢ UCIIOJIB30BAHUEM PA3IUYHbBIX THIIOB pe-
aKUUi: HeUTpanu3aluu, pe1oKCUMETPUN, OCAKICHHSI, KOMILIIEKCOOOpa30BaHuUs.

10. Kak HaliTH TOUKY SKBUBAJIEHTHOCTH IIPHU MOTEHIIMOMETPUUECKOM TUTPOBAHUN?
11. B ueM AOCTOMHCTBA U HEAOCTATKU METOA MOTEHIIMOMETPUUECKOTO TUTPOBAHUS?
HazoBute 06mactu ero npruMeHeHusl.

12. Hanucate ypaBHeHue HepHcTa 1515 371€KTpOI0B: CTEKJISIHHOTO, HUTPAT-CEJIEKTUB-
HOT0, KaJIbLIUI-CEIEKTUBHOT0, XJIOPCEPEOPSAHOT0, KATOMEIBHOIO, CEPEOPSIHOTO,
CBHHIIOBOTO.

13. Hanucate ypaBHeHre HepHcTa 1u1sl INIATUHOBOTO AJIEKTPOJA, IOTPYKEHHOTO B
pacTBop:

a) Fe’* u DLITA;

0) Pb*" u [Fe(CN)g]*;

B) Fe’" u Fe’*.
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16 Kys1onomerpust

16.1 Ilend u 3a0auu padomuol

N3yuenne BO3MOXKHOCTEH U anmapaTypHoro ohopmiieHUus KyJIOHOMETPUH, OBJIaJIe-
HUE TTPHeMaMHi IPAKTUIECKOTO TPUMEHEHUS TIPSMOTO M 0OOPaTHOTO KyJIOHOMETpHUYe-
CKOT'0 TUTPOBAHUS B aMIIEPOCTATUYECKOM PEKUME.

16.2 Ilpozpamma padomot

16.2.1 OnpedeneHue muocynbghama Hampusi MemooOoM KyJIOHOMempu4eCcKo20
mumposaHusi

Omnpenenenue THocynbhara HaTpUsi OCHOBAHO Ha dJIeKTporenepanuu I, u3 I Ha ma-

TUHOBOM aHOJIE Y MOCJIEAYIOMIEM B3aUMOJCHCTBUU TUTPAHTA C ONPEAETIEMBIM BE-

IIECTBOM — THOCYJIb(paToM HaTpus. KOHEUHYIO TOUKY TUTPOBAHUS OMPEICIISIOT 1M0-

TEHIIUOMETPUYECKHU.

O0opynoBaHue U peaKTHUBBI

1. YcranoBka 115t KyJIOHOMETPHUYECKOTO TUTPOBAHUS C TTOTCHITMOMETPUUIECKON (HUK-

caIieil TOYKU SKBUBAJICHTHOCTH, 00IIasi cXxeMa KOTOPOU MPEJICTaBICHA HA PUCYHKE
18;

2 : 1
4
3 [ [ [ Hﬁl [ ] |
~ o HHIL 911 P =
WU
N | ’ TR
‘ 5
\ Ll '

— /
/

Ornce
Bagy (3

1 — Ananuzatop KyjaoHoMmeTpuueckuid «kenept-006»; 2 — BcnomMoraTeabHbIi I1J1a-
TUHOBBIN JIEKTPOJI (KaTo/); 3 — rTeHEpaTOPHBIN IJIATUHOBBINA NEKTPOJ (aHON); 4 —
OUIMOTEeHIIMOMETPUYECKUN UHAUKATOPHBIN 3JIEKTPO/I, COCTOSIIININ U3 ABYX IJIATUHO-
BBIX JJIEKTPOJIOB; 5 — MarHUTHas MEIIAJIKa.

Pucynok 18. YcTaHoBKa 17151 KyJIOHOMETPUUECKOTO TUTPOBAHUS C OUIIOTEHLIMOMET-
PHUYECKON MHAWKATOPHOM CUCTEMOM.

2. PaGounii pactBop tHocynbdara Hatpus, c(1/1 Na»S;0;3) = 0,0100 mons/am>;

3. Momun xamus, pactop c(1/1 KI) = 0,1000 mons/mm> B anieTatHOM Oy hepHOM pac-
tBOpe pH = 3,7 (HaBecky x.u. K/ 4,1516 nepeHOCAT B MEPHYIO KOJIOY BMECTUMOCTBIO
250,0 cm® obasnsror 14,25 cM? nepsHON yKCyCHOM KMCIOTH U 1,925 T X.4.
CH;COONa);

3. IMunetka Mopa 1,0 cm?, 1 wm.;

4. Tunetka Mopa 2,0 cv®, 1 mir.;
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5. Mepubiii qumuaap 50 cv?, 1 wmr.;
6. Mepubiii quuaap 10 cv?, 1 wr.;
Xox paboTbi

16.2.1.1 3.2.1.1. Paboma c npubopom:

1. IIpoBenenune npeadIeKTPOIIN3a.

Bxirouaror MarauTHyro memanky. Ha nuieBoi nmanenu aHanmn3atopa HaKUMAKOT Kila-
Buiy « BKJI» u BKIrO4aroT aHanu3aTop, 3aTeM HaKUMAroT KiaaBuity «M3My, 4ToOsl
Ha4yaTh MPEIIIEKTPOIIN3.

[Ipu mpoBeneHny peadIEKTPOIA3a Ha TUCTIIee TPHOOPA TOJDKHO TOSIBUTHCS CO00-
HIeHUE «Y CTAaHOBKA B Ha4aJio». B 3T0 BpeMsi aHAIU3aTOp MPOIMYyCKAET Yepe3 IEKTPO-
JIUT TIOCTOSTHHBIN TOK (50 MA), 10 Tex mop, MoKa MOTSHIIHAJI, PETUCTPUPYEMBbIN OH-
MOTEHIUOMETPUUECKON MHAMKATOPHON CUCTEMOM, HE IOCTUTHET YPOBHS U3MEPEHUS.
2. Uzmepenue npoOsI.

[Tocne 3aBepiieHus MPeaRIEKTPOIN3a Ha AUCIUIee MPUOOopa MOSIBUTCS COOOLIEHUE
«BBenuTe mpody», mociie KOTOPOro HEOOXOANMMO BHECTH B STUEHKY C T€HEpaTOPHBIM
AIEKTPOAOM AIMKBOTHYIO YaCTh aHAJIU3UPYEMOIO PacTBOpA.

3adukcrpoBaB CKaYOK MOTEHIIMANA B MHAMKATOPHOM 1IEM1, Ha AUCIIee pudbopa mo-
saBuTCs coobuienne «IlepememmBanuey. [locne Toro, kKak yCTaHOBUTCS TOCTOSIHHBIN
MOTEHIIUAJI UHIUKATOPHOM 1IENY aHAIM3aTOP HAYHET MPOIMYCKATh Y€pe3 AIEKTPOJIUT
nocTostHHBIN TOK (50 MA), a Ha quctiee mosBUTCs cooodmenne «M3mepenney. [loce
TOr0, KaK aJIiKBOTHAs YaCTh HCCJIEAYEeMOr0 pacTBOpa OTTUTPYETCS U HA JIUCILIEE MO-
SIBUTCS cooOmeHne «Pe3ynbrat usmepenus.

Heob6xoaumo ¢ qucriies mpubopa 3anmucaTh BpeMs JOCTHKEHUS TOYKH YKBUBAJICHT-
HOCTH {,.

16.2.1.2 3.2.1.2. Onpedenenue cooepricanuss muocyibghama Hampusi 8 AHAIUZU-
pyemom obpasye:

1. B aHO/1HOE TIPOCTPAHCTBO sueiiku BHOCAT 50 cM®, a B KatoaHoe 2,5 ¢cM® areTar-
Horo OydepHoro pactBopa pH=3,7.

2. Bki1ro4aroT MarHUTHYO0 MELIAJNKY U KyJJOHOMETPUYECKHUI aHAIU3aTOop.

3. IIpoBoasat npenpnexrponus (cMm. 1. 3.2.1.1).

4. BHOCAT B aHOJHOE ITPOCTPAHCTBO AUYEHKH aJMKBOTHYIO 9acTh 1,0 cM® pacTBopa
Tuocyib(aTa HaTpus. [IpoBOIAT 37EKTPOIH3.

5. C nqucniies npubopa 3aluchIBaOT B JIAOOPATOPHBIN KypHAJI BPEMsI 3JIEKTPOIN3a £,
B cek (Tabmnuma 135).

6. TutpoBaHue MOBTOPSIOT €11Ie 2 pasa.

7. BHOCAT B aHOJIHOE MPOCTPAHCTBO AYEHKH aJTMKBOTHYO YacTh 2,0 cM® pacTBopa
TUOCYJb(aTa HATPHUSL.

8. TutpoBaHue MOBTOPAIOT €lle 2 pasa.

9. PaccuuThIBaIOT cofepKaHuE M KOHLIEHTPALMIO THOCYIb(aT-HOHOB U THOCYJIb(aTa
HATPUA M0 U3BECTHBIM (POPMYIIaM.
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16.2.2 OgpopmneHue nabopamopHo20 XXypHana. OnpedeseHue muocysnibghama
Hampusi MemoOOM KyJ/IOHOMempu4ecKo20 mumpoeaHusi
1. lemu u 3amaum paboThI
2. YCTaHOBUTH U 3aIMCaTh:
OnpenensieMoe BEUIECTBO: ...;
TwurpaHnr: ...;
BcnomorartenbHOE BEILECTBO: .. .;
DnexTponpoBoAsIIas 100aBKa: ...;
[Ipouecc anexkTporeHepanuy TUTPAHTA:. ..
YpaBHeHUE peakiy B3auMOJEHCTBUS ONPEIEIIIEMOT0 BEIIECTBA C TATPAHTOM. 3a-
KOH DKBUBAJICHTHOCTH, (DaKTOPHI SKBUBAJIEHTHOCTH.
3. 3anonuuth Tabnuiy 134 « OyHKIUN 3JEKTPOIOB)
OyHKIMH JIEKTPOAOB
Taomuma 134

DJIEKTPOJI Marepuan DyHKIMA
['eHepaTOPHBIN INEKTPO]
BcnomorartenbHbIN 3JIEKTPO
bunorennmomeTpuyeckui
3JIEKTPO]

4. Xon paboThl.
Pe3ynbTathl onpeeneHns THOCYIb(aTa HaTPHsI
Taomuna 135

No O06BeM mpoOBbI, Bpewms nocTmxeHus TOUYKH SKBUBA- s(t,)
cm’ JIEHTHOCTH 1,, CEK
151 2% 153 E +A t,
1 1,0
2 2,0

5. Ilo 3akony @apaznes u 3aKOHY SKBUBAJIEHTHOCTH PACCUUTBHIBAIOT MACCy THOCYJIb-
¢data Hatpus.

Pe3ynbrathl pacuera Maccel THOCYIb(paTa HATPHUS
Taomuma 136

No O06bem mpoowI, Macca tuocynbdara, Mr s(m)
e’ mi m; ms m +Am
1 1,0
2 2,0

6. IIpoBOAAT pacyéT KOHUEHTpALUK U coaepxkanus Na,S,0; u S;05°-1noHoB (T04-
HOCTb pacy€ToB — 4 3Havyanmx uudpsl, 111 Maccsl 0,0001 1), mpuUBOIAT BCE pacuéT-
HbIe GOPMYJIbI U paCUEThI, BCE 3HAUEHUS 3aMHUCHIBAIOT B TabmuIy 137.
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PGSyJIBTaTBI OIIPCACIICHUA TI/IOC}’JIB(I)aT—I/IOHOB )51 TI/Ioch'IB(i)aTa HaTpusd
Tabmmma 137
C(]/] 52032_), T(S2032_), I’l(]/] 52032_), V(SZO32_), m(S2032‘),

MOJIB/IM” r/em? MOJIb MOJIb r

C(]/] Na2S203), T(NCZgSgOg), I’l(]/] NCZZSgOg), V(NCZgSgOg), m(N025203), r
MOJIB/IM> r/cm? MOJTb MOJTb

7. JlenaroT pacy€T OTHOCUTEIBLHON MOTPEMTHOCTH:
Nyaiipen. — Nucrun.
D% = —= 100%

nI/ICTI/IH.

16.2.3 OnpedeneHue eumamuHa C 8 mabsiemkax MemodoM KyJIOHOMempu4ecko20
mumpoeaHusi

Metoa ocHOBaH Ha BOCCTAHOBJICHUH aCKOPOMHOBOM KUCIIOTHI 3JIEKTPOTCHEPUPYE-

MBIM TUTPAaHTOM [,. KoHEeUHYI0 TOUKY TUTPOBAHMS ONPEACISIIOT TOTCHIIMOMETPUYEC-

CKH.

Ob6opynoBaHne M peaKTUBBI

1. YcranoBKka Ji71s1 KyJIOHOMETPUUECKOTO TUTPOBAHHUS C TOTEHIIMOMETPUYECKON (DUK-

caluei TOYKM 9KBUBAJIEHTHOCTH, 00IIasi CXeMa KOTOPOM MPEICTaBICHA Ha PUCYHKE

18;

2. O6pa3iipl TabJIETOK aCKOPOMHOBOM KHUCIIOTHI;

3. Momun xamus, pactop c(1/1 KI) = 0,1000 mons/mm> B anleTatHOM Oy hepHOM pac-

tBOpe pH = 3,7 (HaBecky x.4. K/ 4,1516 nepeHoCAT B MEPHYIO KOJIOY BMECTUMOCTBIO

250,0 cMm® nobasnsror 14,25 cM? easHON yKCYCHOM KMCIOTH U 1,925 T X.4.

CH;COONa);

4. cTakaH JJIsd B3BeIIMBaHuUs, | 1mIT.;

5. mepHas konba 25,0 cm®, 1 wT.;

6. ITunetka Mopa 1,0 cm?, 1 wm.;

7. Mepubiii numuaap 50 cv?, 1 wmr.;

8. Mepnbiit nunuaap 10 cm’, 1 wr.;

Xoa padoTnI

16.2.3.1 3.2.2.1. IIpobonoozomosxa obpazyos, cooepaicawux sumamur C, 0
aHanu3a:

TabneTky acKOpOMHOBOM KHCIIOTHI U3MENBbUaOT B (paphopoBoii CTyNKE, B3BEUINBAIOT
0,2000 r mpoObI ¥ KOJIMYECTBEHHO TIEPEHOCAT B MEPHYIO K0JI0Y Ha 25,0 cM®, pacTBo-
PSIIOT ¥ TOBOJAT 00BEM pacTBOpa A0 METKU AUCTUIUIUPOBAHHOMN BOJIOM.

16.2.3.2 3.2.2.2. Ananus npoo, cooepacawux sumamur C:

1. B aHo/1HOE TIPOCTPAHCTBO sueiiku BHOCAT 50 cM®, a B KatoaHoe 2,5 cM® areTar-
Horo OydepHoro pactBopa pH=3,7.
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2. Bki1ro4aroT MarHUTHYIO0 MEIIAJNKY U KyJJOHOMETPUYECKHUI aHAIU3aTOop.

3. IIpoBoasat npenpnexrponus (cMm. 1. 3.2.1.1).

4. BHOCAT B aHOAHOE ITPOCTPAHCTBO AUYEHKH aIMKBOTHYIO 9acTh 1,0 cM® pacTBopa
IpOOBI.

5. C oucnnes npubopa 3aMuchIBAIOT B IAOOPATOPHBIN KypHAI BpeMsl 3JEKTPOIN3a £,
B cek (Tabmmma 139).

6. TutpoBanue MOBTOPSIOT elie 4 pasa.

7. OnpeaenstoT Maccy aCKOpOMHOBOM KUCIIOTHI B aIMKBOTE U BO BCEH TabJIeTKeE.

8. JlenaroT BIBOJ O cofepkanuu ButamuHa C B 00pasiax, CpaBHUBAIOT MOJTYYEHHbIE
3HAYEHUS C 3asBJIICHHBIMH C IOMOILBIO ITPOCTOro Tecta CThIOIEHTA.

16.2.4 OgpopmneHue nabopamopHoz20 XypHana. OnpedeneHue eumamuHa C e mab6-
JNlemkax MemoAoM KyJIOHOMempuYyecko2o mumpoeaHus
1. Lenu u 3agaun paboTh
2. YCTaHOBUTH U 3aIMCATh:
OnpenensieMoe BEUIECTBO: ...;
TwurpaHnr: ...;
BcnomorarenbHoe BEMIECTBO: ... ;
DneKkTponpoBosIas 100aBKa: ...;
[Iponecc aneKTporeHepanuy TUTPAHTA: . ..
VYpaBHeHUE peakluy B3auMOACHCTBUSL aCKOPOMHOBOW KUCJIOTHI C TUTPAHTOM. 3aKOH
9KBUBAJIEHTHOCTH, (PAKTOPHI SKBUBAJIEHTHOCTH.
3. 3anonuuth Tabnuiyy 138 « OyHKIINHN 3JEKTPOIOB)
OyHKIHU 3JIEKTPOIOB.
Tabauma 138

Dnektpoa Marepuan DyHKIUS
['eHepaTOPHBIN INEKTPO]
BcnomorartesbHbIN 3JIEKTPO]
bunoreHuuomMeTpuueckui
BJIEKTPO/T

4. Xon paboThl.
PesynbTarel onpenencHust BuramuH C.
Tabmuma 139

No ripo6sI O06nem Bpewms nocTmxeHus TOYKH SKBUBA- s(t,)
poo6kI, cM> JIEHTHOCTH 1,, CEK
Iy | Lo |13 |1 Is Z +A t,
1 1,0
2 1,0

5. ITo 3akony Dapajes ¥ 3aKOHY SKBUBAJICHTHOCTH PACCUMTHIBAIOT MacCy acCKOpOu-
HOBOI KHCJIOTBI B aJINKBOTE U BO BCEH TAOIETKE.
Pesynbrarhl pacuera MacCOBOM J10JIM aCKOPOMHOBOM KUCIIOTHI B TaOJIETKE
Tabmuna 140

236



No O6bem O6bem Macca ackopOMHOBOM KHCJIOTHI B Ta0- | s(m)
npoOkl | MPOOkL, | KOJOBI, cM> netke, %
CM3 m; my msj mau ms; m=+Am
1 1,0
2 1,0

6. JlenaroT BBIBOJI O COJIEPIKAaHUK aCKOPOMHOBOM KUCIIOTHI B 00pa3liax, CpaBHUBAIOT
MOJIyYeHHbIEC 3HAUECHHUS C 3asIBJICHHBIMH C TIOMOIIBIO TPOCTOro Tecta CThIoIeHTA.
JUJ1s 3TOTO PaCCUUTBIBAIOT tye IO (POPMYJIE U CPABHUBALOT C tip.

|m — pl
talcczm'\/ﬁ

['me m - conepkanne acCKOpOMHOBOM KHCIIOTHI B TA0JETKE; |l — 3asBJIEHHOE MTPOU3BO-

JUTENEM COJIEpKaHue aCKOPOMHOBOM KUCIIOTHI B Ta0NETKE; S(®) — CTAaHAAPTHOE OT-

KJIOHEHUE HalJICHHOTO COZEPKaHUs aCKOPOMHOBOM KUCIIOTHI; N — YUCIIO U3MEPEHUH.

PaccunthiBaloT MaccoByIO J10JIt0 aCKOPOMHOBOM KHCIIOTHI B Ta0ieTKe mo ¢hopMmyiie:
my,; " Vi - 100%

I/aJI ) mHaB

w =

16.2.5 OnpedeneHue medu (Il) 8 B00HOM pacmeope MemoOoM KyslOHOMempu4e-
CKO20 mumpoeaHusi
Onpenenenne Cu’* 0CHOBaHO Ha OOPATHOM KyJIOHOMETPUYECKOM TUTPOBAHUM MO/,
BBIICJIUBIIIETOCS B PACTBOPE B PE3YJIbTATE PEAKIIMHU:
2Cu*" + 4 — 2Cul + I,
K BeigenuBLiemMmycs noay 100aBisitoT u30bITOK NaxS>03 1 ociie NpoTeKaHus B pac-
TBOpPE PEaKIUU:
b +2S2032_ — 2 + 5,04
OcraBmuiics B U30bITKE THOCYNIb(AT HATPUS TUTPYIOT HOJIOM,
3JIEKTPOTE€HEPUPOBAHHBIM Ha MJIATUHOBOM aHOJIE U3 BCIIOMOTaTeabHOro pearenrta K/.
KoHeuHy1o TOUKy TUTPOBAHUS ONPEEISIIOT HOTEHIIMOMETPUYECKHU.
Ob6opynoBaHne U peaKTUBBI
1. YcranoBKka Ji71s1 KyJIOHOMETPUUECKOTO TUTPOBAHUSA C TOTEHIIMOMETPUYECKOMN (DUK-
calnuel TOYKM 9KBUBAJIEHTHOCTH, 00IIasi CXeMa KOTOPOM MPEICTaBICHA Ha PUCYHKE
18;
2. PaGounii pactBop tHocynbdara Hatpus, c(1/1 Na»S;0;3) = 0,0100 mons/am>;
3. Cynbdat meau, Boguslii pactsop c(1/1 CuSO,) = 0,1000 mos/mam>;
4. Womun kanust, Pacteop c(1/1 KI) = 0,1000 mons/am® B arieTatHOM OypepHOM pac-
tBOpe pH = 3,7 (HaBecky x.u. K/ 4,1516 nepeHOCAT B MEPHYIO KOJIOY BMECTUMOCTBIO
250,0 cMm® nobasnsror 14,25 cM? epsHON yKCyCHOM KMCIOTH U 1,925 T X.4.
CH;COONa);
5. mepnas kon6a 100,0 cm*, 1 mit.;
6. ITunerka Mopa 1,0 cm?, 1 wm.;
7. I'pagyupoBanHas murneTka 5,0 cm’, 1 mr.;
8. Mepnbiit nunuaap 50 cm’, 1 wr.;
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9. Mepubiii quuaap 10 ev?, 1 wr.;
Xox paboTbI

16.2.5.1 3.2.3.1. Cmanoapmusayus pacmeopa muocyivphama Hampusi.

1. B aHo1HOE MPOCTPAHCTBO sTYEHKU BHOCAT S0 cM’, a B KaTtojHoe 2,5 cM® anerar-
Horo OydepHoro pactBopa pH=3,7.

2. Bki1ro4aroT MarHUTHYIO0 MEIIAJNKY U KYJJOHOMETPUYECKHUI aHAIM3aTOop.

3. IIpoBoasat npenpnexrponus (cMm. m. 3.2.1.1).

4. BHOCAT B aHOJHOE ITPOCTPAHCTBO AUYEHKH aJMKBOTHYIO 9acTh 1,0 cMm® pacTBopa
trocynb(dara Hatpus. [IpoBoaAT IpeadIEKTPOIIH3.

5. 3anuchIBaIOT B 1a0OPATOPHBIN KypHAI BpeMsi JIEKTPOJIn3a £, B cek (Tabmuia 142).
6. TurpoBaHue NOBTOPUTH €IIe 2 pa3a.

7. I1o n3BecTHBIM (hOpMyJiaM PaCCUUTHIBAIOT MOJISIPHYIO KOHIIEHTPAINIO SKBUBAJICH-
TOB U TUTP pactBopa Na:S,0;.

16.2.5.2 3.2.3.2. Ananuz kKoHmpobHo20 pacmeopa uoHos meou (I1):

1. ToBomsaT 06beM anamusupyemoro pactsopa meau (1) go metku 100,0 cm?® auctun-
JMPOBAHHOM BOJOM.

2. B aHO/1HOE TIPOCTPAHCTBO sS4YeiiKK BHOCAT 50 cM®, a B KatoaHoe 2,5 cM® arerar-
Horo OydepHoro pactBopa pH=3,7.

3. Bki1toyaroT MarHuTHY10 MEIIAJIKY U KYJIOHOMETPUUYECKUI aHaJIN3aTop.

4. ITpoBoasT npemdaekTpoaus (cm. m. 3.2.1.1).

5. BHOCAT B aHOHOE IIPOCTPAHCTBO AYEHKU aIUKBOTHYIO 4acTh 1,0 cM® aHanusupye-
Moro pactopa u 3,0 cM® CTaHZapTHOro pacTBOpa THOCY Ib(ara Hatpus. [IpoBoasT
AIIEKTPOJIH3.

6. 3anuchIBalOT B JJA0OPATOPHBIN KypHAII BpeMsl JIEKTPOJIN3a £, B ceK (Tabauna 144).
7. TurpoBaHue MOBTOPSIOT €11ie 2 pa3a.

8. PaccuuTsiBatoT cojiepkanue u KoHueHTpauuto noHos meau (II) u cynedara menu
(IT) mo u3BecTHBIM popMyTaM.

16.2.6 OgpopmneHue nabopamopHoz20 ypHasna. OnpedeneHue medu (Il) e eoOHOM
pacmeope MemodoM KyJIOHOMempuU4YeCKo20 mumpoeaHus
1. llemu u 3agaum paboTHI.
2. CrannapTtuzanus THocyib(hara HaTpusl.
2.1. YcTaHoBUTH U 3annicaTh:
OnpenensieMoe BEUIECTBO: ...;
Turpanr: ...;
BcnomorareapHOE BEIIECTBO: ... ;
DnexTponpoBoAsIIas 100aBKa: ...;
[Ipornecc aneKTporeHepauu TATPaHTa: . ..
YpaBHeHHE peakuy B3auMOACHCTBUS THOCYIh(aTa HATPUS C TATPAHTOM. 3aKOH JK-
BUBAJICHTHOCTH, ()aKTOPHI SKBUBAJICHTHOCTH.
2.2. 3anonHuTh TabuIy 141 «DYyHKIIUU 3IEKTPOIOBY
DYHKIMU JIEKTPOIOB
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Tabmanma 141

DIeKTpO Marepuan OyHKIMS
I'enepaTOpHBIN DIEKTPOL
BcnomorartesbHblIN 3JIEKTPO]
bunoreHuuomMeTpuueckui
3JIEKTPO]

2.3. Xonx paboThi.

Pe3ynbrathl cTaHmapTU3AMK THOCYJIb(aTa HATPUS
Taomuna 142

Ne O06BeM npoOBbI, Bpewmst nocTuxkeHrs TOUKM SKBUBA- s(t,)
cm’ JIEHTHOCTHU £,, CEK
151 25 13 Z +A t,
1 1,0

2.4. 1o 3akony dapayes ¥ 3aKOHY SKBUBAJICHTHOCTH PacCUUTHIBAIOT ¢(1/1Na»S>03) u
T(NCZQSQO3).

3. Onpenenenue conepxanust meau (11).
3.1. YcTaHOBUTH U 3amKcaTh:
OmnpenenseMoe BEWECTBO: .. .;
Turpanr: ...;
BcnomorareapHOE BEIIECTBO: ...
DneKkTponpoBosIas 100aBKa: ...;
[Iponecc aneKkTporeHepanuy TUTPAHTA: . ..
VYpaBHenus peakiuii B3aumoericteust Mmenu (II) ¢ TnocynsdaTom HaTpHs U THOCYJIb-
¢darta HATpHsI C TUTPAHTOM. 3aKOH SKBUBAJIEHTHOCTH, (DAKTOPHI SKBUBAJIEHTHOCTH.
3.2. 3anonuuth Tabmuiy 143 « OyHKIMU JIEKTPOJIOBY

DYHKIHH 3JIEKTPOIOB

Taomuma 143

DIEeKTPO Marepuain OyHKIMS
['eHepaTOpHBIN JIEKTPO
BcrniomorartennbHbIN 31EKTPOT
bunoreHuuomMeTpuueckui
DIEKTPOL

3.3. Xox paboThl.
Pesynbratel onpenenenust meau (II).
Tabmuma 144
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No O06bem mpoowI, Bpewmst nocTukeHus: TOUKH SKBUBa- s(t,)
oM’ JIEHTHOCTH £,, CEK
I>1 1£5) 153 1 AL,
1 1,0

3.4. TIpoBoasr pacuér konuenTpauu u cogepxkanus Cu’" u CuSO, (TO4HOCTH pac-
4€TOB — 4 3Havamux uudpsl, 11 macceel 0,0001 r), npuBoaAT Bce pacuéTHbie Gop-
MYJIbl U pacu€Thl, BCE 3HAUEHMS 3aMKUChIBAIOT B Ta0IUIy 145.
PesynbTaTel onpenenenus cyiabdata meau (1) u nonos menu (II).
Taomuna 145
c(1/1 Cu*), T(Cu?*), n(l/1 Cu?*), v(Cu®"), m(Cu®"),
MOJIB/ M r/cm? MOJT MOJTb T

c(1/1 CuSO,), | T(CuSOy,, | n(1/I CuSO,), | v(CuSO,, | m(CuSO,), r

MOJIB/IM” r/em? MOJIb MOJIb

4. Jlenarot pac4€T OTHOCHTEIBbHON MOTPEMIHOCTH:
Nyaitgen. — Nucrun.
D% = —= 100%

nI/ICTI/IH.

16.2.7 . OnpedeneHue xs10p08000POOHOU KUCIIOMbl MEMOOOM KYyJIOHOMempu4e-
CKO20 mumposeaHusi
Ornpenenenue KUCIOT OCHOBAHO Ha AJIEKTPOreHepauuu TuTpanta nonos OH w3z H,O
Ha TeHEPATOPHOM 3JIEKTPO/Ie (KaTO/I€) U MOCIEYIONIEM UX B3aUMOJEHCTBUU C OTpe-
nensieMbiMu HoHaMmu 30", TIpu 5TOM Ha KaToje IPOTEKAIOT CJIECTYIOIISIST PEaKIUs:
2H;0 +2¢ — H, + 20H
a B pacTBopeE:
OH + H30+—> 2H20
[Toce 3aBepiieHnss XUMUYECKON peakinu n30bITOK HOHOB OH co37aeT B pacTBOpe
MICJIOYHYIO PEAKITUIO, YTO OOHAPYKUBAETCS BU3YAJIBHO IO M3MEHEHUIO0 OKPACKH KHUC-
JIOTHO-OCHOBHOT'O MHAMKATOPA WU MOTEHIMOMETPUUYECKH (pH-METPUUECKHU CO CTEK-
JISHHBIM UHJIMKATOPHBIM 3JIEKTPOI0M). J1Jisl HOBBIIIEHUS 3IEKTPOIPOBOIHOCTH B UC-
cleyeMblil pacTBOp 100aBIs0T UHAU(DPEPEHTHBIN CUIIBHBIN 3JEKTPOJIUT (pacTBOP
K>80,).
Ob6opynoBaHne M peaKTUBBI
1. YcraHoBka ji KyJIOHOMETPHUYECKOTO TUTPOBaHUsA ¢ pH-MeTpuueckoit pukcaiyen
TOYKHM YKBUBAJIEHTHOCTH, OOII[asi CXeMa KOTOPOM MpeJcTaBieHa Ha pucyHke 19;
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1 — Ananuzatop KyjaoHoMmeTpuueckuid «kenept-006»; 2 — BcnomMoraTeabHbIi I1J1a-
TUHOBBIN JIEKTPO/I (aHOM); 3 — TeHEPATOPHBIN MIIATUHOBBIN 3JEKTPO/ (KaTtox); 4 —
KOMOMHUPOBaHHBIN pH-3JIeKTpOI; 5 — MarHUTHAS MEIIaKa.

Pucynok 19. YcranoBka 111 KyJJOHOMETPUUYECKOTO TUTPOBAHUS C pH-METPUUECKOM
VHIUKATOPHOW CUCTEMOM.

2. ConstHas KHCIIOTA, BOAHKIN pactBop c(1/1 HCI) = 0,0100 mons/nm>;

3. Cynbdar kanus, BogHbIi pacTBop 0(K>504) = 10%);

4. Tuntetka Mopa 1,0 cm®, 1 mit;

5. Mepubiii qumuaap 50 cm?, 2 wr.;

6. Mepubiii qumuaap 10 v, 1 wmr.;

Xox paboTbI

1. B KaTo1HOE IPOCTPAHCTBO SYENKH IIOMEMIAIOT 25 ¢M’ pacTBopa cyibhara Kauus 1
25 cM® IMCTUIIMPOBAaHHON BOMOM. B anomnyro kamepy BHOCAT 2,5 cM® pacTBOpa
cynbdaTa Kanms.

2. BxiroyaroT MAarHUTHYIO MEIIAJNKY U KyJIOHOMETPUYECKHUI aHAIM3aTop.

3. I[IpoBoasat npempnextponus (cMm. 1. 3.2.1.1).

4. BHOCAT B KaToHOE IPOCTPAHCTBO SYENKH aJIMKBOTHYIO 9acTh 1,0 cM® pacTBopa
COJITHOM KHUCIIOTHI. [IpoBOIAT Mpeadnekponus.

5. 3anuceIBaIOT ¢ AUCILIES MPUOOpa B 1a0OPATOPHBIH KypHAI BpeMsl SJIEKTPOJIN3A £,
B ceK (Tabmnuma 147).

6. TurpoBaHue NOBTOPSIOT €11ie 2 pa3a.

7. BHOCAT B aHOJHOE IIPOCTPAHCTBO SYEHKU alTMKBOTHYIO YacTh 1,0 mm 2,0 cm® pac-
TBOpA COJITHOM KUCIIOTHI.

8. TutpoBaHue MOBTOPAIOT elle 2 pasa.

9. PaccuuThIBAIOT COMIEPKAHUE U KOHIIEHTPALUIO H30" U CONSTHON KUCIOTHI 10 U3-
BECTHBIM (hopMyJIaM.

241



16.2.8 OgpopmneHue nabopamopHo20 ypHasna. OnpedesnieHue xs10po8000pPOOHOU
Kucsiombl MemoOoM KYyJIOHOMempu4YeCcKo20 mumpoe8aHusi

1. Henu u 3agaun paboThI

2. YCTaHOBUTH U 3aIMCATh:

OnpenensieMoe BEUIECTBO: ...;

TwurpaHnr: ...;

BcnomorarenbHoe BEMIECTBO: ... ;

DnexTponpoBoAsIIas 100aBKa: ...;

[Ipouecc anexkTporeHepanuy TUTPAHTA:. ..

YpaBHEHHE peakiiy B3auMoaeHcTBHs ;0" ¢ THTpaHTOM. 3aKOH 3KBHBAJICHTHOCTH,

(haKTOpBI SKBUBAJICHTHOCTH.

3. 3anonuuth Tabnuiy 146 « OyHKIIMHN 3JEKTPOIOB)

DYHKITUHU JJIEKTPOIOB
Taomuma 146

DJIEKTPOJI Marepuan DyHKIMA
['eHepaTOpHBIN IINEKTPO
BcnomoraTtenbHbIN 3JIEKTPO
Kom6unupoBauusiit pH-
3JIEKTPOJ]

4. Xona paboThl.
Pe3ynbrathl onpeaeieHust COASTHON KUCTOTHI
Taomuna 147

No O06BeM mpoOBbI, Bpewms nocTmxeHus TOYKH SKBUBA- s(t,)
oM’ JIEHTHOCTH £,, CEK
151 1% 153 E +A t,
1 1,0
2 2,0

5. Ilo 3akony @apaznes U 3aKOHY SKBUBAJIEHTHOCTH PACCUUTBHIBAIOT MACCy COJISTHOM

KHUCJIOTBI.
Pe3ynbpraThl pacdueta Macchbl COJITHOM KUCIOTBI
Tabnuma 148

No O06BeM npoOBbI, Macca coJITHOM KUCJIOThI, MT s(m)
CM3 m my nms ;’l +Am
1 1,0
2 2,0

6. ITpoBoasT pacuéT KoHUEHTpamu U coaep:kanust H;0" u HCI (TOYHOCTH pacyéToB
— 4 3navamux 1udpsl, 11 maccesl 0,0001 1), mpuBOAAT BCe pacu€THbIE POPMYIIBI U
pacuéThl, Bce 3HAUCHUS 3aIMChIBAIOT B Ta0auIy 149.
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Pesynbrater onpenencuus H;0" u HCI
Tabauma 149
c(1/1 H;O"), T(H;0"), n(1/1 H;O"), v(H;0"), m(H;0"),

MOJIB/IM” r/em? MOJIb MOJIb r

PesynbraTse! onpenenenus H;0" u HCI
Ta6muna 149 (Ilponomkenue)
c(1/1 HCI), T(HCI), n(1/1 HCI), v(HCI), m(HCI),

MOJIB/IM” r/em? MOJIb MOJIb

7. JlenaroT pacy€T OTHOCUTEIBHON MOTPEITHOCTH:
Nyaiipen. — Nucrun.
D% = —* 100%

nI/ICTI/IH.

16.3 Bonpocwt 015 camokonmpois

1. B ueM paznuunie METO0B NPSIMOM KYJIOHOMETPUHU U KYJIOHOMETPUUYECKOTO TUTPO-
BaHU?

2. Kakue 3aKoHBI JieKaT B OCHOBE METO/IOB MPSMON U KOCBEHHON KyJIOHOMETPUU?
Chopmynupyiite ux.

3. KakoBbl 0COOEHHOCTH METO/a KYJIOHOMETPUUECKOTO aHalIM3a B aMIepocTaTuye-
CKOM Y MOTEHIIMOCTATUYECKOM pPeKrmax?

4. HazBatp Hanbosiee pacrpocTpaHeHHbIE CTIOCOOBI (DUKCUPOBAHMS TOUKHA SKBHUBA-
JICHTHOCTH B KyJIOHOMETPUYECKOM TUTPOBAHHH.

5. [IpuBecTr MpUHITMTTHATBLHYIO CXEMY YCTAaHOBKH TSl MPSMON KYJIOHOMETPHUU U IS
KYJIOHOMETPUYECKOTO TUTPOBAHHUSI C IOTEHIIMOMETPHUECCKIM U aMIIEPOMETPUICCKUM
criocobaMu (pUKCaIuu TOYKU SKBUBAJICHTHOCTH.

6. B ueM 3axmrouaroTcs METObI BHYTPEHHEH M BHEITHEH 3JIEKTPOTCHEPAIlUN TUT-
paHTa.

7. YKaxkute JOCTOMHCTBA U HEJIOCTATKU KYJIOHOMETPHUUECKUX METOJ0B aHanu3a. Yem
orpaHuyeHa 00JacTh NPUMEHEHHS 3TUX METO/I0B?

8. [IpuBecTu mpuMepbl KyJIOHOMETPUUYECKOTO TUTPOBAHUS: &) AIEKTPOTreHEPUPOBAH-
HBIMHU OKHCJIMTEIISIMU; 0) 3JIEKTPOT€HEPUPOBAHHBIMU BOCCTAHOBUTEIISIMU; B) C UC-
MOJIb30BAHUEM PEaKLUi OCAKICHUS U KOMILIEKCOOOPAa30BaHUs; I') C UCIOJIb30Ba-
HUEM peaKklUid KUCIOTHO-OCHOBHOTO B3aMOICUCTBHSI.
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17 Yacts 3. KUHETUYECKHUE METO/bI AHAJIN3A
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18 1. KataauTn4yeckue MeToIbI AaHAJIN3A

18.1 1.1. Ilenb u 3a0auu pabomot

M3ydenune MeTo10B U3MEPEHUS KUHETUYECKUX ITIAPAMETPOB UHAUKATOPHBIX PEAKLIUMN.
OBrnazieHNE HaBbIKAMHU KOJMYECTBEHHOI'O ONPEEICHHS KOHIIEHTPALMH OIIpeaeisie-
MBIX BEILECTB C UCIOJIb30BAHNEM KMHETHYECKUX TaHHbIX. OCBOCHHE PACUETHBIX Me-
TOJIOB TAHT€HCOB, (PUKCUPOBAHHOTO BPEMEHU U (PMKCUPOBAHHON KOHILIEHTPALIUH.

18.2 1.2. IIpocpamma pabomut

18.2.1 1.2.1. OnpedeneHue monuboeHa (VI) 8 pacmeope MemodomM maH2eHCcoe8

Peakuusi okucieHust HOIU]1-MOHA MTEPOKCUIOM BOJIOPO/Ia B KUCIION Cpesie B OTCYT-
CTBHE KaTajM3aTopa MPOTEKAET MEJICHHO:

HO,+2I + 2H" =1, + 2H,0
B npucyTcTBUE KaTanu3aTopoB (CoeAMHEHUH BoibPpama, MO0 IeHa, TUPKOHUS,
TaHTaja, BaHa/IMsl, )KeJie3a U HEKOTOPBIX IPYTUX 3JIEMEHTOB) CKOPOCTh PEAKIIMU
pE3KO0 BO3pacTaeT. 3aBUCUMOCTh CKOPOCTU YKa3aHHOW PEaKLUU OT KOHIEHTPALUH
pearupyrommMx BeUeCTB B IPUCYTCTBHE MOJIMO/IEHA BbIPAXKAETCS YPaBHEHUEM:

dx/dt =k-c(1/1 H;O)[c(1/1 I) — c(1/1 L,)]*c(1/1 Mo%"),

/i€ X — KOHLIEHTPaIUsl MHIUKATOPHOTO BEIIECTBA B MOMEHT BpeMeHH t, k — koH-
CTaHTa CKOpocTH peakiuu, c¢(1/1 H>O,) — KoHIIeHTpalusl mepokcuia Bogopoaa, c(1/1
I') — navanpHast KOHIIEHTpANUs noauaa Kanwsi; c(1/1 I;) — KOHIEHTpaIus BBIJCIUB-
mwerocs uoaa; ¢(1/1 Mo%") — KoHUEeHTpaLys KaTanu3aTopa.
O CKOpOCTH peakii MOKHO CYJIUTh 10 U3MEHEHHUIO OKPACKU PacTBOPA, CBA3aHHOM C
BbIICNIeHHEeM noja. J[o6aBieHne B pacTBOp Kpaxmasia o3BOJIUT OOHAPYKUTh BeChMa
MaJble KOHIIEHTpauu nojaa. Jis uamepenus ckopoctu dx/dt MOKHO OrpaHUUUTCS
HaYyaJIbHBIM MIEPUOJIOM PEAKIMH, KOT/1a KOHLIEHTpaIMs HOHOB " U3MEHseTCst MaJio (<

5%). Ilocie uHTErpupoOBaHUs OTYyYaAEM:
x =k-c(1/1 H>O,)-c(1/1 I)*c(1/1 Mo%")-t

3aBUCHUMOCTh KOHIICHTPAIMK oA (MJIH MPOTOPIIMOHAIBHON € ONTHYECKOH TUIOT-
HOCTHU PAacTBOPa HOA-KPaXxMaIbHOTO KOMILIEKCa) OT BPEMEHH B HAYaJIbHOM TIEpUOJIC
UMEET JIMHEHHBINA XapaKTep U TAHT€HC yTrila HaKJIOHA MPSMOM ONTHYECKasl MJIOTHOCTh
— BpeMsI IPOMOPLHUOHATIEH KOHIICHTPAIIUU MOJNO/IeHA B pacTBOpE:

tga = k-el-c(1/1 H:Oy)-¢c(1/1 I)*c(1/1 Mo®),
rze tgo - TAHreHC YIJIa HaKJIOHA MPSIMOW ONTUYECKask IUIOTHOCTh — BPEMs, € — MOJISIP-
HBII KO3 (UIIMEHT MOTJIOMIEeHNUS, [ — JJIMHA CBETOBOTO MYTH.
OmnpeneneHrio He MEIIal0T MPUCYTCTBUE KATHOHOB IIETOYHBIX METAIIIIOB, KaJIbIUS,
MarHus, UHKa, HUKENsl, KoOanbTa, MapraHiia 1 aHHOHOB XJIOpU/A, HUTPATa, CyJib-
dara.
Ob6opynoBaHne M peaKTUBBI
1. ®otoanekTpokonopumeTp (KOK-2);
2. CexyHaomep;
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3. Pa6Gounii pactBop Monubaara ammonus 1(Mo) = 5,000 mr/cm® (Hasecky 0,9201 1
(NH,)sMo;0,,4H,0 nepenocsrt B kon0y BMecTuMocThio 100,0 cM® 1 1oBOIAT 10
METKHU JUCTUIJUTUPOBAHHOMN BOJOM);

4. CrangapTHelii pactBop MonubaaTa ammonus T(Mo) = 10,000 mxr/cm® (1,0 cm® pa-
6ouero pactBopa T(Mo) = 5,000 mr/cm® nepeHocAT B K00y BMeCTUMOCTBIO 500,0
cM® ¥ IOBOJAT [0 METKH AUCTHUIMPOBAHHOM BOJIOM);

5. PactBOp nepokcuaa Bogopona, c(1/1 H>O) = 0,0100 moms/nm>;

6. Pacteop nomuna kamus, c(1/1 KI) = 0,0050 mons/mm>;

6. PactBop consnol kucnotsl, ¢(1/1 HCI) = 1,000 mons/am?;

7. PactBop kpaxmana, o((CsH90s),) = 0,20% (MpUroToBJIeHHBIN B IeHb AaHAJIN3A);
8. I'pamyuposannas nunetka 10,0 cm®, 1 mir;

9. MepHble KOIObI, BMECTUMOCTEIO 50,0 cM®, 6 mmiT.;

10. Bropetku 25,0 cm?, 3 mr.

Xox paboTbI

18.2.1.1 1.2.1.1. [locmpoenue epadyupo8ouHol 3a8UCUMOCTIL:

['0TOBAT MATH CTaHAAPTHBIX PACTBOPOB, coaep:xkantux 20,0; 40,0; 60,0; 80,0 u 100
MKT Mo B 50,0 cMm® pactBopa. [l 5TOro B MEpHBIE KOJIOBI BMECTUMOCTEIO 50,0 cM?
BHOCAT CTaHJAPTHBIN pacTBOp, 00beMoM 2,0; 4,0; 6,0; 8,0; 10,0 cM® cOOTBETCTBEHHO,
3aTEM B KXKIYI0 KOJIOy n00aBiIsioT u3 0ropeTok 5,0 cm® pacTBopa noauaa kanus, 1,0
cM® Kpaxmaia u 100aBJIsio BoAy 10 2/3 o0beMa KoJ0bl. 3aTeM B OHY M3 KOJIO IpH-
nuBaroT u3 Oropetku 5,0 cm® pactBopa H,0; B MOMEHT IPUIMBAHUS BKIKOYAIOT CE-
KYHJIOMEp U HAYMHAIOT OTCYET BpEMEHHU. BBICTPO JOBOIAT 00BbEM pacTBOpa 10 METKU
JTUCTUJUIMPOBAHHOM BOJIOH, TIIATEIHHO MEPEMEIINBAIOT ¥ (POTOMETPUPYIOT, UCIIONb-
3YI0 KIOBETHI / = 5 CM IIPU Amax = 630 HM. B KauecTBe pacTBOpa CpaBHEHUS UCIIOJIb-
3YIOT IUCTUJUTMPOBAHHYIO BOy. M3MepeHus: mpooiKaroT 0 TeX Mop, oKa ONTHYe-
CKasl TNIOTHOCTh He JocTHrHeT 3HaueHus 0,35 — 0,45. Pe3yabTaThl BHOCAT B TAOJIMILY
150. AHaIOrM4HO NMOCTYMAKOT C APYTUMHU CTaHIAPTHBIMUA PACTBOPAMH.

JI71st Ka’10ro pacTBOpa CTaHIAPTHOM CEpUU CTPOAT KUHETUUECKUE KPUBBIE B KOOP-
nuHatax A = f(t) n7s olleHKH tga, T.e. TapaMeTpa a JuHEeHHOU perpeccuu 4 = f(t).
Jl1st onipeienieHrst HEM3BECTHOM KOHUEHTpaIuu Mo CTposIT TpaAyupOBOYHBIN Tpaduk
B KoopauHatax tgo = f(m(Mo)).

18.2.1.2 1.2.1.2. Ananu3z uccredyemozo pacmeopa.

K aHanu3upyeMoMy pacTBopy, cojepikaiuemy Mo, NpUIMBAIOT U3 0I0peToK 5,0 cm?
pactBopa uoauaa Kamus, 1,0 cm® kpaxmaia u 1006aBIisio BOLy 10 2/3 00beMa KOJIObI.
3areM u3 GropeTku n06aBsioT 5,0 cM® pactBopa H>0> B MOMEHT NPUIIMBAHUS BKIIKO-
YaIOT CEKYHJIOMEp Y HAUMHAIOT OTCYET BpeMEHU. bbICTpO 10BOAST 00BEM pacTBOpa
710 METKH JUCTUJUIMPOBAHHON BOJIOH, TIATENIBHO IEPEMEIINBAIOT U (HOTOMETPH-
PYIOT, HCTIONB3YIO KIOBETHI / = 5 CM MPHU Amax = 630 HM. B KadecTBe pacTBOpa cpaBHe-
HUS UCTIOJIB3YIOT NUCTUILTUPOBAHHYI0 BOly. M3MepeHust mpoAoKatoT 0 TeX 1mop,
MOKa ONTHYECKas INIOTHOCTh He JocTurHeT 3HaueHus 0,35 — 0,45. Pe3ynbraThl (hUK-
cupyioT B Tabuie 150.
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J1J11 KOHTPOJIBHOTO PAaCcCTBOPA CTPOST KUHETUYECKYIO KPUBYIO B KoopauHatax 4 = f{t)
JUIS OLICHKH tgal, T.€. mapaMeTpa a JMHEHHOM perpeccuu A = f(t).

[Tonp3ysce mapameTpaMu JTUHEHHON perpeccuu rpaayupoOBOYHOTO Tpaduka tgo =
fim(Mo)) maxonst maccy Mo B uccieayeMoM pacTBOpE.

18.2.2 O¢popmnenue nabopamopnozo ycypuana. Onpeoenenue moauovoena (VI) ¢ pacmeope

1. Lenb u 3agaun paboTHI.
2. YpaBHEHHE UHIUKATOPHON PEAKIMHU.
3. Yka3ars:
WHUKAaTOPHOE BEILIECTBO — ...;
(bOoTOMETpUYECKUN peareur — ...;
3. Xoa onpeaeneHus.
3.1. XoJ npUroTOBICHHS CEPUU CTAaHJAPTHBIX PACTBOPOB.
3.2. Xox aHanm3a MCClIeayeMOl mpoosl, comepxkaeit Moo
3.3. Onpenenenue Mo METOJIOM TaHT€HCOB.
JlaHHBIE [7151 TOCTPOCHUST KHHETUYECKUX KPUBBIX
Taomuma 150

m(Mo) = | m(Mo) = | m(Mo*%) = | m(Mo*®) | m(Mo*®) = | Konmponvnas
20,0 Mkr 40,0 MKT 60 MKT = 80 MKT 100 Mkr 3a0a4a
t, cex | A t,cek |A |t,cek |A |t ,cek |A |t,cex A | t, cex A
30 30 30 30 30 30
60 60 60 60 60 60
90 90 90 90 90 90
120 120 120 120 120 120

3.4. Onpenenenue moauoaeHa (VI) B pacTBOpe METO0M TaHT€HCOB.

J1J1s1 OTICHKH tgol AJTs1 KaXKIA0T0 PacTBOpa CTAHAAPTHOW CEPUH CTPOAT KMHETUYECKHUE
KpuBbI€ B KoopuHatax A = f(t) (pUCyHOK 20), moryyeHHbIe 3aBUCUMOCTH 00padaThi-
BAaIOT B PaMKaX JUHEHHON perpeccuu, mapaMeTphbl KOTOPBIX MPEICTABISAIOT B Ta0-

auie 152. Onpenenstor tga, T.€. mapaMeTp a JuHeHoM perpeccun A = f(t).
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_ OOt BUa 3aBUCUMOCTH A = f(t) /u1s onipeiesieHust tga.
JlaHHBIE 7151 TOCTPOSHUS TPATYUPOBOYHBIX 3aBUCMOCTEH.

tga_;

tgo,

tga,

2 tgoy |

>

t

No m(Mo), | c(Mo), | TlapameTpbl IMHEHHBIX perpec- vEAD,
PactBopa MKI | MOJIb/qM> cuit M>/MOITB
Sa | sy | atAa | b=Ab R
1 20
2 40
3 60
4 80
5 100
KonTposb-
Has 3a7a4a,
X

Jlna onpenenenus conepkanus Mo B UCCIIEyeMOM pacTBOPE CTPOST rpaduk 3aBUCH-
MOCTH B KoopauHaTax tgo = f(m(Mo)). C mOMOIIbI0 KOMITBIOTEPHBIX MPOTPAMM
Microsoft Excel unu Sigmaplot onpenesnsitoT napaMeTpbl JIMHEHHOM perpeccuu

[TapameTtpsl TuHEHOM perpeccun tga = f(m(Mo)).

ITpubop

[,cM | sa

Sb

atAa

b+Ab

R

Hcnonw3ys napameTpsl IMHEMHON perpeccun _ PacCUMTHIBAOT COJEPKA-
Hue m(Mo). PaccuuThIBalOT KOHLIEHTPALIMIO U COJIEPKaHNE MOJIMOIEHA B aHAIU3HPY-

€MOM pacTBope. Pe3ynprarsl 3aHOCAT

Gy 15

3.5. Omnpenenenne monmudaeHa (VI) B pactBope MeTo0M (PUKCHPOBAHHOTO BPEMEHHU.
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3HayeHue ONTUYECKOU MIOTHOCTHU Yepe3 60 cexyH (Agp) OCIE CIIMBAHUS PACTBOPOB
CTaHJAPTHON CEPUH M KOHTPOJBHOTO PACTBOPA BHOCST B TaOauiLy 154.
Hanusie nis onpeaenenns moiauoaena (VI) B pactBope meTo1oM (PUKCUPOBAHHOTO
BPEMEHU.
Taomuma 154

No pacTBOpa m(Mo), MKr Ago
1 20
2 40
3 60
4
5

80
100

KontposarHas 3a1aua, X

Jlnis onpenenenus conepskanus Mo B UCCIIEAyEeMOM PacTBOPE CTPOST rpauK 3aBUCH-
MOCTHU B KoopauHaTax Agy = f(m(Mo)). C mOMOIIBIO KOMITBIOTEPHBIX MPOrpaMm
Microsoft Excel mim Sigmaplot onpenessiroT mapaMeTphl JIMHEHHOM perpeccun (Tab-
numa 155).
[TapameTtpsl nuHEHOM perpeccun Ag = f(m(Mo)).
Tabmuma 155
ITpuGop | /,cM | s, | Sp atAa b+Ab R

Hcnonb3yst mapaMeTpbl JIMHEWHOU perpeccuu Ta0Mmibl 155 paccuuThIBaOT coepka-
Hue m(Mo). PaccuuThIBalOT KOHIIEHTPALIUIO U COAEPKaHUE MOJIMO/IeHa B aHATTU3UPY-
eMoM pactBope. Pe3ynbTathl 3aHOCT B Tabauity 158.
3.6. Onpenenenune monmudaeHa (VI) B pactBope MmeTooM (pUKCUPOBAaHHOW KOHIICH-
TpaLuH.
3HauYeHHE BPEMEHH B CEK 32 KOTOPOE JOCTUTAETCS 3HAYEHUE ONTHYECKOU IITIOTHOCTH
A = 0,4 (to4) moce cliuBaHUs PaCTBOPOB CTAHIAPTHON CEPUU U KOHTPOJBHOIO pac-
TBOpa BHOCST B Tabauity 156.

Hannblie nns onpenenenus moaudaeHa (VI) B pactBope metogoM GUKCHpOBAHHON

KOHIICHTPAITUH.
Tabmuma 156
No hactBopa m(Mo), MKr to4 1/to4
1 20
2 40
3 60
4 80
5 100
KonTponbpHas 3amaya, X

Jlnst onipenenenus coaepkanusi Mo B UCClielyeMOM PacTBOPE CTPOST rpaduk 3aBUCH-
MOCTH B KoopauHatax 1/ty4 = fim(Mo)). C mOMOIIBI0 KOMIIBIOTEPHBIX MTPOTPaAMM
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Microsoft Excel nnm Sigmaplot onpenensiroT mapamMeTpbl JIMHEWHOU perpeccuu (Tab-
numa 157).

[TapameTtpsl nuHeHOM perpeccun 1/to4 = fim(Mo)).

Taomuma 157

ITpubop

l,eM | sal| Sp

atAa

b+Ab

R

Hcnonb3ys napaMeTpsl TMHEHHON perpeccun Tabauibl 157 paccunuThIBaIOT COAEpkKa-
Hue m(Mo). PaccunThIBalOT KOHIEHTPAIMIO U COJepKaHue MOJIHO/eHa B aHATU3UPY-
eMoM pactBope. Pe3ynbTathl 3aHoCAT B Tabauity 158.

PesynbTarsl onpeneneHust MoIuOeHa.

Ta0muma 158

LHEHTpaLUH

= c(Mo™9), T(Mo™), mr/em® | v(Mo™%), mons | m(Mo*®), mr D,

9 MOJIB/IM? %

2

S | ¢((NHyYsM07024), | T((NHy)sM07024), | V((NHy)sM07024), | m((NHy)sMo7024),

5 MOJIB/ M Mmr/cm? MOJIb MT

5

=
c(Mo*9), T(Mo™%), mr/em® | v(Mo*%), mons | m(Mo*®), mr D,
MOJIb/IM> %

2

S

=

=

<

o

e C((NH4)sMo07024), | T((NHy)sM07024), | V((NH4y)sM07024), | m((NH4)sM07024),

2 MOJIB/ M Mmr/cm? MOJIb MT

<

=2l

=5

= =2

o O

> &

L c(Mo*9), T(Mo™%), mr/em® | v(Mo*%), mons | m(Mo*®), mr D,

S MOJTb/aMm?> %

=

S

=

=

<

o

e C((NH4)sMo07024), | T((NHy)sM07024), | V((NH4y)sM07024), | m((NH4)sM07024),

2 MOJIB/ M Mmr/cm? MOJIb MT

<

S

=

S

=

(0]

=

PaccuutsiBarot OTHOCHTCIIbHYIO IIOTPECITHOCTDL OIIPCACIICHUA Mo
D_|mHaﬁ;[_mTeop| 100%
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18.3 1.3. Bonpocul 0151 camonoozomoexku

1. Kakue npuHITUIIBI TTOJI0’KEHBI B OCHOBY KMHETHYECKHX METOJIOB B MX KaTaJUTHYe-
CKOM M HEKaTAIUTUYECKOM BapuaHTax?

2. UTto Ha3bIBAIOT MHAWKATOPHOU peaKIuel U UHANKATOPHBIM BelecTBoM? Kakue
TpeOOBaAHUSI MPEIBIBISAIOTCS K UHIUKATOPHBIM PEAKITUASIM ?

3. HaspiBaTh Hanbosee pacrpocTpaHEHHbBIE CTIOCOOBI M3MEPEHUSI CKOPOCTH XHUMHUYE-
CKOM peakIuu, UCIOIb3YEeMbI€ B KHHETUYECKUX METO/IaX aHaIu3a.

4. Kakue npuOopbl UCMOIB3YIOTCS MPHU BBIMOJHEHUH aHAIN3a KUHETUYECKUMU METO-
namu?

5. OxapakTepu30BaTh OCHOBHBIC TPUEMBI KHHETUIECKUX METOJIOB aHAJIN3a: a) Me-
TOJa TAaHT'E€HCOB; 0) MeTOA (GUKCUPYEMOU KOHIIEHTPAILIUH; B) (PUKCUPYEMOTO Bpe-
MEHU; T') UHIIYKIIMOHHOTO NIEPHO/Ia.

6. Kakoii u3 Tpex crnoco6oB (crocod TaHT€HCOB, COCO0 (PUKCUPOBAHHOTO BPEMEHH,
croco6 (pUKCUPOBAHHOMN KOHIICHTPAIMK) SBJISETCS: a) CAMbIM TOYHBIM; 0) MPOCTHIM;
B) YAOOHBIM JIJIs aBTOMATH3aLINH ?

7. Yka3aTb (hakTOpBI, BIUSAIONINE HA TOYHOCTh ONPEIENICHHUS C TOMOIIBIO KHHETHYe-
CKHMX METOJIOB aHaJIU3a.

8. Uto mpencTaBistoT co00i MHTErpaibHbIN U T hepeHnaNbHbIi BapuaHThl KMHE-
TUYECKHUX METOJIOB aHaau3a?

9. Kakue BelecTBa Ha3bIBalOTCS KaTaJIM3aTOpaMu, akKTUBaTOpaMu (IpOMOTOpaMu) U
UHTHOUTOpamMu?

10. KakoBbI IpeuMyIecTBa U HETOCTATKA KUHETHUECKIUX METO0OB B MX KaTaJIUTHYE-
CKOM Y HEKATAJIMTUYECKOM BapUaHTaX?

11. IIpeumyiectBa (pepMEHTATUBHBIX METOJIOB MO CPABHEHUIO C APYTMMH KaTaIUTH-
YEeCKMMU KUHETUYECKUMHU METOIaMH aHalinu3a?

12. ITpu KakuX yCIIOBUSAX BO3ZMOXHO pa3/ieIbHOE ONpPEACICHUE HaXOASIIUXCS B CH-
CTeMe BelEeCTB (KaTaau3aTopoB) KUHETUYECKUMHU METOIaMH aHan3a?

13. Ha3BaTh 001acTy MpUMEHEHHUsI, TOCTOUHCTBA U HEJIOCTATKH KUHETHYECKUX METO-
JIOB aHaJIM3a.

14. Ha3BaTh MHAMKATOPHYIO PEAKIINIO, CIIOCO0 U3MEPEHUSI CKOPOCTU U METO 00pa-
OOTKH TaHHBIX MpU onpeenaeHun: a) moiauodaena (VI); 6) kodansra (II); B) Bomb-
dpama (VI); r) Banagus (V); o) menu (II).
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19 CITPABOYHbBIE MATEPHAJIbI

19.1 Koncmanmot ouccoyuayuu HeKOmMOpPvIX KUC10m

B Ta6JII/IIIe IMPUBEACHBI TCPMOAMHAMHNYCCKHUE KOHCTAHThBI HOHU3AallMW KMCJIOT ITPHU 25°

C:
Ky

o _ Autas- [HT[A™] Y u+Va-

apa

HA YHA

rae ay+, Aa—, Ay, — AKTUBHOCTH MOHOB WJIM MOJIEKYJT;
[H], [A’], [HA] — paBHOBECHBIE KOHIIEHTPAI[MK HOHOB HIIH MOJIEKYI;
Y+, Ya-» Yua — KO3 OUIMEHTH aKTUBHOCTH HOHOB WJIM MOJIEKYII.

Haspanue dopmyna K.’ pK.°
0- AMHUHOIIPOITMOHOBAS K; | CH;CH(NH,)COOH 1.35-1071% | 9.87
(a-Ananun)
B-AMUHOIIPOIIMOHOBAS K, | NHy(CH,),COOH 5.89-1071 | 10.23
(B-Ananun)
8-OKCUXUHOJIUH K; | CoH,;ON 1.26:1071°19.90
AUnuHOBAs K; | HOOC(CH;,)sCOOH 55-10° |4.26
K, 5.01-10° [5.30
AsoTucras K; | HNO, 5.13-10* |3.29
A30THUCTOBOZOPOAHAS K, | HN; 1.91-107 | 4.72
A30THOBaTHCTAS K; | HoNO 6.17-10°° | 7.21
K, 2.88-10712 | 11.54
Axpuoas K; | CH=CHCOOH 55-10° |4.26
Amvunoykcycnas (I'mu- K; | NH,CH,COOH 1.66-1071°|9.78
IIMH)
AckopGrHoBas K, | CHo(OH)-CH(OH)- 9.12-10° | 4.04
K, | CHC(OH)=C(OH)COO | 4.57-10 2 | 11.34
Bensoiinas K; | CeHsCOOH 6.17-107 | 4.21
BopHas (opTo-) K; | H3BO;s 5.75-1071°19.24
Bopnas (tetpa-) K; | H,B4O 1.82:10* | 3.74
K, 2-1078 7.70
bpomHoBaTucTas K; | HBrO 2.51-107° | 8.60
Banepuanoas (130-) K; | (CH;3),CHCH,COOH 1.66-107° |4.78
BanepuanoBas (HOpM.) K, | CH;3(CH,);COOH 1.38:107° | 4.86
Bananueas (0pTo-) K> | HiVO4 1.12-107° | 8.95
K3 3.98-107"° | 14.40
BurHHAA K, | HOOC-CH(OH)-CH(OH)- | 9.12-10* | 3.04
K, | COOH 4.27-107° | 4.37
Bonshpamosas K; | HbWO, 6.31-10 | 4.20
l"amnoBas K, | C¢H2(OH);COOH 3.89-107° | 4.41
[epManueBas K, | HiGeOy4 1.66-107 | 8.78
K, 2-1071 12.70
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TuapocepHucTas K> | HyS,0,4 3.55-107° |2.45
(auTHOHMCTAS)
[UIpOXMHOH K; | 1,4-CsHy4(OH), 1.1-1071% [ 9.96
I'nukonenast K; | CH,(OH)COOH 1.32:10* | 3.88
['nuniepuHOBast K; | CHy(OH)CH(OH)COOH |[3.02-10* |3.52
['myTamMuHOBas K; | HOOC(CH,).. 4.68-10° | 4.33
K, | CH(NH,)COOH 1.2:1071° 1992
['myTapoBast K; | HOOC(CH;);COOH 4.57-107 | 4.34
K> 5.37-10° |5.27
I'mrokoHOBast K, | CH,OH(CHOH),COOH 1.38-10* | 3.86
JIByMonu61eHOBasI K> | HoMo0,0, 9.55-10°° |5.02
JIByXpoMoBas K, | H,Cr,O5 2.29-107% | 1.64
JluToHOBas K; | H2S;0¢ 1.58:107° ]0.20
K, 3.98-10* |3.40
JIUXJI0pyKCyCHAas K,; | CHCI,COOH 5.01-102 | 1.30
Kenesucrocunepoauctass | Ks | HiFe(CN)g 2.69-107° |2.57
K4 4.47-107 | 4.35
Wonnas K: | HIO4; Hs1Og 2.82-107% | 1.55
K> 5.37-107° |8.27
K; 1.05-107° | 14.98
Honxxosaras K, | HIO; 6.17-10° |0.79
WoaHoBaTHCTAs K, | HIO 2.29-107'" | 10.64
Kopuunas (Tpanc-) K, | CcHsCH=CHCOOH 3.72:107° | 4.43
KopuuHast (1mc-) K, | CdHsCH=CHCOOH 1.32:10* | 3.88
Kpemnesas (opto ) K, | HsSiO4 1.26-107'° | 9.90
K, 1.58:107"2 | 11.80
K 2:1071 13.70
Jlumonnas K; | HOOC-CH,- 7.41-10* |3.13
K, | C(OH)(COOH)- 1.74:10 | 4.76
K; | CH,COOH 3.98-1077 | 6.40
M-Kpeson K, | CH;C¢H,OH 9.77-107'1 | 10.01
M-HurtpoGensolinas K; | NO,CsH,COOH 3.55:10" | 345
M-DraneBas K, | CcH4(COOH), 2:107* 3.70
K, 2.51-107° | 4.60
ManenHoBas K; | HOOCCH=CHCOOH 1.2:1072 1.92
K> 5.89-1077 |6.23
ManonoBas K; | HOOCCH.COOH 1.41-107° |2.85
K, 2:107° 5.70
Mapraniosucras K; | HoMnO4 10-10° | 1.00
K, 7.08-107'" | 10.15
Macnsnas (130) K, | (CH3),CHCOOH 1.38:107° | 4.86
Macnsnas (HOpM.) K, | CH;CH,CH,COOH 1.51:107 |4.82
MuHnnanbHas K, | CcH«CH(OH)COOH 3.89-10* | 3.41
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MonubaeHosas K: | HbMoO, 2.88-107 |2.54
K> 1.38:10°* | 3.86
Mosounas K, | CH;CH(OH)COOH 1.38-10* | 3.86
MypaBsuHas K; | HCOOH 1.78:10* | 3.75
MBIIIBSIKOBAS K: | H3AsO, 6.03-1073 |2.22
K> 1.05:1077 | 6.98
K3 2.95-107% | 11.53
MBIIBSIKOBUCTAS K; | H3AsO; 5.13-107'°19.29
Hannepekuch Bogoposa K; | HO, 6.31-1073 |2.20
0-Kpeson K, | CH3C¢H4OH 6.31-107'1 ] 10.20
o-Hurpobensoiinas K; | NO,CsH,COOH 6.76:1073 | 2.17
o-DraneBas K; | CsHs(COOH), 1.12:1073 | 2.95
K>, 3.98:10°° |5.40
n-Kpe3on K; | CH;CsHsOH 6.76-10°11 | 10.17
n-Hutpobensoiinas K; | NO,CcH4COOH 3.63-10* | 3.44
n-DraneBas K, | CéH4(COOH), 2.88-10* | 3.54
K> 3.47-107 | 4.46
ITepukuck Bogopoaa K, | H,O, 2-10712 11.70
[TukpuHOBas K; | HOCsHy(NO,); 1.95-107° | 0.29
(TpuHHUTpOhEHOIT)
ITupokaTexun K; | 1,2-CsH4(OH), 3.55:1071° 1945
[TponroHoBas K, | CH;CH,COOH 1.35:-107 | 4.87
Pesopiun K, | 1,3-CsHy(OH), 3.63-10719 ] 9.44
PonanucroBosiopogHas K; | HSCN 7.08-107° | 0.85
Canunuionas K, | CéHs(OH)COOH 1.07-1073 |2.97
CeOanHoBast K; | HOOC(CH,)sCOOH 3.98-107 | 4.40
K, 6.03-10°% | 5.22
Cenenucras K: | H,SeOs 241073 [2.62
K> 4.79-107° | 8.32
CeneHncToBOAOPOIHAS K; | H,Se 1.29-10* | 3.89
K> 1-1071! 11.00
CeneHoBas K, | H,SeO, 1.32-1072 | 1.88
CepHaﬂ K> | H,SOq4 1.15-1072 | 1.94
CepHucras K; | H,SOs 1.74:10% | 1.76
K> 6.31-107% | 7.20
CepoBoaopoaHast K, | H,S 1.02:1077 |6.99
K> 1.29-107° | 12.89
CuHnnbHas K; | HCN 6.17-1071° 1 9.21
CynbhamuHoBas K; | HbONSOsH 9.55-10° ]0.98
Cynbbhanunosas K; | HhONCsH4SO;H 6.31-10* |3.20
CynbdocanunmioBas K, | CéH3;(OH)(COOH)SOsH | 1.38:107° | 2.86
K3 1.82:1072 | 11.74
CypbMsiHas K, | H[Sb(OH)¢] 3.98:10° |4.40
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Temnypucras K, | HyTeO; 2.69-107° |2.57
K, 1.82:10°% | 7.74
TennypucrtoBogopoanas | K; | HyTe 2.29-107° | 2.64
K, 1-107! 11.00
Temnyposas K, | HgTeOs 2:1078 7.70
K, 1.12-107'1 | 10.95
K3 11075 15.00
TuocepHas K, | H»S,0; 3.98-107° |0.60
K, 1.91-102 | 1.72
TpuxjaopykcycHas K, | CCl;COOH 5.01-10° ]0.70
VromnbHas K; | COx(aq.)+H,O 4.47-1077 |6.35
K, 4.79-10°'1 | 10.32
VKcycHas K, | CH;COOH 1.74-107° |4.76
deHon K; | C¢HsOH 1-1071° 10.00
dochopucras K, | H3POs 1.58-10% | 1.80
K, 2-1077 6.70
docdopuHas (opTo) K, | H3PO, 7.59-1073 | 2.12
K, 6.17-10% | 7.21
K3 4.17-10°1%]12.38
dochopuHas (mupo) K, | H4P,0; 3.02:102 | 1.52
K, 2.29-1073 | 2.64
K3 2-1077 6.70
K4 4.27-1071°19.37
docdopHOBaTas K, | HyP>Og 6.31-107° |2.20
K, 1.55-1073 |2.81
K3 5.37-10% | 7.27
K4 9.33-10'1 | 10.03
dochopHoBaTUCTAS K, | HsPO, 5.89-102 | 1.23
DTOPUCTOBOIOPOAHAS K, | HF 6.76:10* | 3.17
dropodochopHas K, | Ho[POsF] 3.55-10° | 0.55
K, 1.58:107° |4.80
dymapoBas K; | HOOCHC=CHCOOH 9.33-10* |3.03
K, 4.17-107° |4.38
Xnopucras K, | HCIO;, 1.07-102 | 1.97
XJIOpHOBATUCTAs K, | HCIO 5.01-10® | 7.30
XJIOpyKCyCHas K, | CH,CICOOH 1.38-107° |2.86
XpomoBas K; | H,CrO4 9.55-10"° |0.98
K, 3.16:1077 |6.50
XpOMOTpOHOBaH K] C10H6(OH)2(SO3H)2 4.37- 1076 5.36
K, 2.51-107'° | 15.60
I{naHoBas K; | HCNO 3.47-10* | 3.46
[1laBeneBast K, | H,C,04 5.62-102 | 1.25
K, 537-107° |4.27
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Drunenguamun-terpayk- | K; | (HOOCCH,),NCH,- 1.02:102 | 1.99
CyCHast K, | CH,N(CH,COOH), 2.14-1073 |2.67
K3 537-107 | 6.27
K4 1.12-107'1 | 10.95
SA6nounas K; | HOOCCH(OH)CH,COOH | 3.47-10* | 3.46
K, 8.91-10° |5.05
SuTapHas K; | HOOCCH,CH,COOH 6.17-10° | 4.21
K, 2.34-10° | 5.63

19.2 Koncmanmul ouccoyuauuu HeKOmopwvix 0CHOBAHUI

B tabGnure npuBeaeHbl TEPMOIMHAMHYECKIE KOHCTAHTHI MOHU3AIMHA KUCIIOT TIpH 25°
C:
[KtT1I[OH™ ] Yie+You-
agtoH KtOH YktoH
TI€ Qg+, Aoy-» Agton — AKTUBHOCTU MOHOB MJIM MOJIEKYJT;
[Kt"], [OH], [KtOH] — paBHOBECHBIE KOHIICHTPALIMH HOHOB MJIH MOJIEKYT,

Agt+tAoH~

KO =

Yrets You-» Yrton — KOI(POUITMEHTH aKTHBHOCTH MOHOB MJTH MOJICKYJI.

Hassanue dopmyna Ky? pKy?
o-Hadrumamun K, | CioH7sNH,+H,0 8.32-107'' | 10.08
B-Hadtrmamun K; | Ci0H;NH,+H,O 1.29-1071° | 9.89
8-OKCHUXHUHOIMH K, | CoH-ON+H,0 1.02:-10° | 8.99
AMMHaKa pacTBOp K; | NH;+H,0O 1.76:107° | 4.76
AHWIMH K; | CeHsNH,+H,0 4.17-1071919.38
Bapus TUIPOOKHCH K, | Ba(OH), 4.37-10° | 0.64
bensuann K; | HbONCsH4sCcH4sNH,+H,0 9.33-1071919.03
K, 5.62:107'" | 10.25
Tugpasun K; | NoH4+H,0O 9.77-1077 | 6.01
UIpOKCHIIaMUH K, | NH,OH+H,0 9.55-107° |8.02
I'yanuaun K; | (HN),CNH+H,0O 3.31-107° | 0.52
JlumeTunamMux K; | (CH;3),NH+H,0O 1.07-1073 |2.97
Jludbenmnamun K, | (C¢Hs),NH-H,O 7.08-1071* | 13.15
JlusTunaMux K; | (CHs),NH+H,0 9.55-10* |3.02
KanbIius ruipooKuch K, | Ca(OH), 3.98-10% | 1.40
JIuTusi THAPOOKUCH K; | LiOH 1.48-10° | 0.17
MeTunamun K; | CH;NH,+H,0O 5.25-10* |3.28
MoueBnHa K1 COO\IH2)2+H20 1.51- 10714 13.82
[Tupuaux K; | CsHsN+H,0O 1.51-107° | 8.82
CBUHIA THJPOOKHCH K; | Pb(OH), 9.55-10* |3.02
K, 3.02:10°% | 7.52
CeMuxapbasuj K, | H-NCONHNH,+H,0O 2.69-10°' | 10.57
Cepebpa ruipOOKHCh K; | AgOH 5.01-10° ]2.30
TroMoueBHHa K; | CS(NHy),+H,0 1.35-1012 | 11.87
TpumeTniaMua K; | (CH;3);N+H,0 8.13-107° | 4.09
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Vporponun (rexcamern- | K; | (CHy)sN4+H,O 1.35-107° | 8.87
JIEHTETPAMHUH)
DeHUIrKapasuH K, | CéHsNHNH,+H,0 1.58-10™ | 8.80
XWHONHH K, | CoH;N+H,O 6.31-1071° 1 9.20
DTaHOJIAMUH K: | HONCH,CH,OH+H,O 1.78-10 | 4.75
ATHIaMUH K: | CH3;CH,NH»+H,0 4.68-10* |3.33
OTUIIEHINAMUH K; | HbNCH,=CH,NH,+H,O 90.12:107 | 4.04
K> 1.51:107 | 6.82

19.3 Ilpouszeedenun pacmeopumocmu HEKOMOPbIX MPYyOHOPACMEOPUMBIX Ge-
uiecme

Tepmoaunamuyeckoe npoussenenne pacrsopumoctu (ITP) semecrsa Kt,,4n,, pacna-
JAIOIIETOCS Ha HOHBI IO YPABHEHUIO

Kt,An,(1B.) @mKt(p-p)+nAn(p-p)
paBHo ITP? = a™g,a",, I1e ag, — aKTUBHOCTh KaTnoHa Kt, ax, — aKTHBHOCTh aHHOHA
An. IIpu BBIYKCIIEHUN PACTBOPUMOCTU TOW WJIM MHOW MaJOpACTBOPHUMOM COJIM B BOJIE
WJIM PacTBOPE APYTUX COJIEH MO BETMYMHE NPOU3BEJCHUS PACTBOPUMOCTH CIIETyET
YUYUTBHIBATH:
- peaKIuu 00pa3yIoIMUXCsl KATUOHOB C THAPOKCHUILHBIMUA HOHAMH BOJIBI;
- peakuu 00pa3yrOINXCsl aHKOHOB ¢ MOHAMH BOJIOPO/IA;
- HIOHHYIO CHJTy PacTBOPa, OT KOTOPOW 3aBUCAT KO (PUITMEHTHI aKTHBHOCTH;
- BO3MOXKHOCTH 00pa30BaHMs KOMIICKCHBIX HOHOB.

dopmyJia BelecTBa P’ pIIP = -
IoTTP"
(NH4)211‘C16 3.16°1 0_5 4.5
(NH4)2PtC16 8 91 : 1076 5 05
(NH4)3A1F6 (3NH4+, A1F63-) 1.58- 10_3 2.8
(NH4)3CO(N02)6 (3NH4+, CO(N02)63-) 7.59- 10_6 5.12
(UO»),Fe(CN)s 7.0810°% | 13.15
(VO)3(PO.), 794105 | 241
Ac(C204)3 2102 237
Ac(OH); 1101 15
AgrCy04 3.47-107! 10.46
Ag,COs 8.13-10712 11.09
Az:Cr,0; 110710 10
Agr,CrOy4 1.12-1072 11.95
AzHVO 2Ag", HVO.) 2107 137
AgrMoOy 2.82:107"12 11.55
A0 (Ag', OH) 1.58-10° | 7.8
Ag2P03F (2Ag+, PO3F2') 891-10* 3.05
AgyS 6.31-10° 49.2
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AgrSe0O; 9.77-1071 15.01
AgrSeOy 5.62-107% 7.25
AgrS0O; 1.51-1071 13.82
AgrSOy4 1.58:107° 4.8
Az WO, 551012 | 11.26
Ag3AsO3 1-107Y 17
AgzAsOy 1-107% 22
Ag;Fe(CN)s 1-10°2 22
AgiPOy4 1.29-107% 19.89
AgiFe(CN)g 151-10% | 40.82
AgBO, 0.398 0.4
AgBr 5.25-1071 12.28
AgBrO; 5.5-107 4.26
AgC,H;0, 3.98:1073 2.4
AgCl 1.78-10710 9.75
AgClO, 2-10° 3.7
AgCN 1.45-1071 15.84
Agl 8.32:107"7 16.08
AglO; 3.02-10°% 7.52
AgMnOy 1.62-1073 2.79
AgN, 2.88-10° | 8.54
AgNO; 1.58-107* 3.8
AgOCN 2.29-1077 6.64
AgReOy4 7.94-107° 4.1
AgSCN 1.07-10712 11.97
AgSeCN 3.98-1071 15.4
AgSO3NH2 (Ag+, SO3NH2') 0.1 1
AgVO; 5.01-1077 6.3
Al(OH); (Al;, 30H) 1-10°2 32
Al(OH); (AIOH>, 20H) 1-1072 23
Al(OH); (H, AlOy) 1.58-10° | 128
AlAsOy 1.58-1071 15.8
AIPOy4 5.75-107" 18.24
Am(OH); 269102 | 19.57
Am(OH), 1-10°6 56
AsCIO; 0.05 1.3
Au(OH) 55-10% | 45.26
AuBr 5.01-107" 16.3
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AuBr3 3.98-107¢ 35.4
AuCl 2:-1071 12.7
AuCls 3.16:107% 24.5
Aul 1.58-107% 22.8
Aul; 1-107 46
Ba(BrO3)2 5.5 10_6 5.26
Ba(10), 1.51-10°  [8.82
Ba(NO;), 447-10°  [2.35
Ba(OH), 501-10° |23
Ba(ReOy) 0.052 1.28
Ba,Fe(CN)s 3.16:10° |75
Ba,P,0O, 3.16-107" 10.5
Bas(AsO4), 7.76:10°0  [50.11
Ba;(PO.), 6.03-10° |3822
BaC;04 1.1-1077 6.96
BaCO; 5.13-107° 8.29
BaCrOq 1.17-10710 9.93
BaF, 1.05-107° 5.98
BaMnO4 2.51-1071° 9.6
BaMoO4 3.98-107% 7.4
BaPOsF (Ba?*, POsF%) 3.98-107 | 6.4
BaPt(CN), 3.98-10° |24
BaS,0; 1.62-107 4.79
BaSe;04 2.82-1071 10.55
BaSO0O; 7.94-1077 6.1
BaSO, 1.07-1071° 9.97
Be(OH), (Be2', 20H)) 631-102  [212
Be(OH), (BeOH", OH") 2-10° 13.7
BeCO; 1-107° 3
BeMoO4 0.032 1.5
Bi(OH); 316102  [315
BizS3 1 : 10797 97
BiAsOq 4.37-10710 9.36
Bils 8.13-107" 18.09
BiOCI (BiO*, CI) 1.41-10° | 8.85
BiOCl (BiOCl + H,0 = Bi*" + 20H + CI) 1.78-107%! 30.75
BiOOH (BiO*, OH") 3981010 |94
BiPO, 1.26-107% 229
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Ca(HzP 04)2 (Ca”, 2H2PO4') 1-1073 3
Ca(10s), 7.08107 | 6.15
Ca(NH,),Fe(CN)s 3.9810° | 7.4
Ca(OH), (CaZ", 20H) 55106 5.26
Ca(OH), (CaOH", OH") 13810% |3.86
Cas(AsOu) 6.76-10° | 18.17
Cay(POs), 2107 28.7
Cas(PO4);OH 15810 |578
CaC,04 2.29-107° 8.64
CaC4H4O¢ (TapTpar) 7.76-1077 6.11
CaCO; 4.79-107° 8.32
CaCrOq4 7.08-107* 3.15
CaF, 3.98-107! 10.4
CaHPO, (Ca®", HPO.Z) 269107 | 657
CaPOSF (CaZ, POsFy) 3.98-10° |24
CaSeO; 2.95-10°¢ 5.53
CaSiFs 8.13-107* 3.09
CaSO0; 1.29-1078 7.89
CaSOg4 9.12-10°¢ 5.04
CaWO, 8.71-107° 8.06
Cd(AsOy), 2.19-1073 32.66
Cd(CN), 1-10°8 8
Cd(NH3)6(BF4)2 2-1 076 5.7
Cd(OH), (mmocne crapenus) 5.89-10°1 14.23
Cd(OH); (cBeKXe0CaKIeHHBIN) 2.19-10°1 13.66
CdaFe(CN)g 324107 | 1649
CdC,04 1.58-1078 7.8
CdCO; 5.01-107"2 11.3
CdS 7.94-107% 26.1
CdSeO; 1.29-107° 8.89
CdWOq4 2-107°° 5.7
Ce(105); 31610 |95
Ce(105)s 501-107 | 163
Ce(OH); 151102  [19.82
Cex(Se0s)s 372105 | 2443
Cex(SO8)s 0.02 17
CeO, (Ce*, 40H) 251105 | 506
CeO(CeO?", 20H) 1102 24

260




Co(103), 1-107* 4
CO(NH3)6(BF4)2 3.98-1 0_6 5.4
Co(NH3)6(ReOs)3 1.7-10712 11.77
Co(OH), (rony6as) 6.31-1071° 14.2
Co(OH), (po30Basi, ocie crapeHust) 2-1071¢ 15.7
Co(OH); (po3oBas, cBexxeocaxaeHHas) 1.58-107%° 14.8
Co(OH); 3.98-10% 44.4
C02(C204)3 2.51-107% 28.6
Co,Fe(CN)g 1.82:107% 14.74
Co3(As04) 7.59-107% 28.12
CoC,04 6.31-10°% 7.2
CoCOs 1.45-10713 12.84
CoHg(SCN), [Co*", Hg(SCN)4*] 1.51-10°° 5.82
CoS a 3.98-1072! 20.4
CoS B 2:107% 24.7
CoSeOs3 1.58:1077 6.8
CI'(NH3)6(BF4)3 6.17-1 0_5 421
CI’(NH3)6(MI’IO4)3 3.98-10°8 7.4
CI'(NH3)6(RCO4)3 7.76- 10_12 11.11
CI'(NH3)6(SO3F)3 1.26- 10_4 3.9
Cr(OH), 1-107Y 17
Cr(OH); (Cr**, 30H)) 6.31-1073! 30.2
Cr(OH); (CrOH**, 20H)) 6.31-107%1 20.2
CrAsQOq 7.76-10721 20.11
CrPO, (3eneHbilit) 241073 22.62
CrPOy (puoneToBxIii) 1-107Y 17
Cs,PtCls 3.63-107% 7.44
Cs,PtFg 2.4-10°¢ 5.62
Cs,SiFg 1.26-107° 4.9
Cs,SnClg (2Cs*, SnClg*) 3.63-10°% 7.44
Cs3Co(NO,)s [3Cs™, Co(NO,)6™] 5.75-1071° 15.24
CsAuCly (Cs™, AuCly) 1-1073 3
CsBF, (Cs", BFy) 2:107° 4.7
CsBH4 (Cs™, BEy) 2.51-1077 6.6
CsBrOs; 0.02 1.7
CsClOs 0.04 1.4
CsClO4 3.98-10°° 2.4
CsHgCl; (Cs*, HgCly) 2:1073 2.7
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CslO; 1-10°2 2
CslO, 437-10° 236
CsMnO;, 832-10°  [4.08
CsReO, 398104 |34
Cu(105), 741-10°  [7.13
Cu(OH), (Cu?", 20H) 2.19-10%° | 19.66
Cu(OH), (CuOH", OH’) 2.19-10% [ 12.66
Cuz(OH),CO5 1.66-103*  [33.78
CuFe(CN)s 1.29-10 | 15.89
Cu,0 (2Cu’, OH') 1-10° 14
Cu,P,0; 832-10'° | 15.08
CuzS 2.51-10% 476
Cus(AsO4)s 7.59-10°6 | 35.12
CuBr 525-10°  [8.28
CuC,04 3.16:10° |75
CuCl 1.2-10° 5.92
CuCN 324102 | 19.49
CuCO; 2.51-10° |96
CuCrO, 3.63-10°  [5.44
Cul 1.1-10° 12 11.96
CuNs 501-10° |83
CuS 6.31-10°6  [352
CuSCN 479-10°5 [ 14.32
CuSe 1-107% 49
CuSeO; 2.09-10°  [7.68
CuWO, 1-10°5 5
Fe(OH), (Fe2*, 20H") 1-10°15 15
Fe(OH), (FeOH", OH") 501-1010 |93
Fe(OH); (Fe(OH),", OH) 398107 | 164
Fe(OH); (Fe**, 30H") 3.16:10%%  [375
Fe(OH); (FeOH?', 20H") 2102 25.7
Fe»(Se0s)s 2-1073! 30.7
Fes[Fe(CN)gls 3.02-104 | 40.52
FeAsO, 5751020 [20.24
FeC,0, 2107 6.7
FeCO; 3.47-10'0 1046
FePO, 129-102  |21.89
FeS 501-10%  [17.3
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FeS, (Fe*, S,7) 631-10°"  [302
FeSe 1-107% 26
Ga(OH); 7.08:10 | 35.15
Gau[Fe(CN)gl5 151-10* [33.82
GeO, (Ge*, 40H) 1107 57
GeS 3.16-10°% 34.5
HfO(OH), (HfO>, 20H") 398102 254
Hg2(103)2 (Hg22+, 2103') 1.95- 10713 12.71
Hg»(SCN), (Hg:2', 2SCN) 3.02-10° 1952
Hg,Br, (He,>, 20H) 575102 | 2224
Hg2C204 (Hg22+, C2042-) 1 10_13 13
He,Cl, (Hg,™", 2C1) 13210 |17.88
Hg,CO; (Hg,2", CO:%) 891-107 | 16.05
Hg,CrO4 (Hgy*", CrO4>) 2:107° 8.7
ngHPO4 (Hg22+, HPO42) 3.98- 10_13 12.4
Hel, (Hg?, 2T) 447107 | 2835
Hg,0 (Hg,>, 20H) 158102 |228
HeS (Heo™, S2) 1107 47
Hg,SeOs (Hgo2', Se0s%) 631-10° | 142
ngSO?, (Hg22+, SO32') 1 10_27 27
ngSO4 (Hg22+, SO42') 6.76-1077 6.17
Hg2W04 (Hg22+, WO42-) 1.1 10_17 16.96
HgO (Hg,', 20H) 3.02:10° | 25.52
HgS (xpacHblif) 3.98-1073 52.4
HgS (4epHblif) 1.58-102 | 51.8
HgSe 110> 59
In(105); 3.16:10° |25
In(OH); 5.01-10 % 333
Il’le3 1 10788 88
Iny[Fe(CN)g]3 191-10%  [43.72
I,0; 210, 60H) 210 % 477
1t0;, (Ir*, 40H) 158107 | 718
IrS, 11077 75
K(C6H5)4B (K+, (C6H5)4B_) 2.24-1078 7.65
KoGeFs (2K*, GeFg?) 3.02-10° | 452
K HfFs (2K, HFe) 2107 2.7
KoIrCls (2K, IrClg?) 6.76-10° | 4.17
KoNaCo(NO,)s (2K, Na*, Co(NO2)s>) 219107 | 10.66
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K,PdCly (2K*, PACl4%) 1.26-107° 4.9
K,PdCls 2K, PACle>) 6.31-10°° 5.2
K,PtCl, (2K*, PtCl4%) 7.94-1073 2.1
K,PtCls (2K*, PtClg>) 1.1-10°° 4.96
K,PtFe¢ (2K+, P'[F62_) 2.88-107° 4.54
K, SiF 8.71-1077 6.06
K,Ti Fg (2K*, TiF¢>) 5.01-107* 3.3
K,ZrFs (2K*, ZrF¢») 5.01-10°* 3.3
K3AlIFs (3K*, AlF5*) 1.58-107° 8.8
K3Co(NO»)s (K*, Co(NOy)6>) 4.27-1071 9.37
KBF4 (K*, BFy) 2-1073 2.7
KBH, (K, BHy) 1.26-1073 2.9
KClO4 0.011 1.97
KIO4 8.32-107* 3.08
KReOq4 1.91-1073 2.72
La(BrO3)3 3.16- 1073 2.5
La(IOs);3 6.17-10712 11.21
La(OH); 2-1071 18.7
Laz(C204)3 2511 0_27 26.6
Lay(Mo0Os)3 3.98-1072! 20.4
Lax(SO4); 3.16:107° 4.5
La,S; 2-1071 12.7
Li,CO; 3.98-1073 2.4
Li;PO4 3.16-107° 8.5
LiF 3.8:1073 2.42
LiOH 0.04 1.4
Mg(105), 3.16:1073 2.5
Mg(OH), (Mg**, 20H") 1.82-107! 10.74
Mg(OH), (MgOH", OH") (ocie craperwst) 2.29-1077 6.64
Mg(OH); (cBeXEOCaKIECHHBI) 6.03-1071° 9.22
Mg3(AsOs), 2.09-1072° 19.68
Mg3(PO4)2 1 10_13 13
MgC,04 7.94-107 4.1
MgCO; 2.14:107° 4.67
MgF, 6.46-107° 8.19
MgK,yFe(CN)g 5.01-107° 8.3
MgNH4PO4 25110713 12.6
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MgSeO; 1.29:107° 4.89
MgSOs; 3.16:107° 2.5
Mn(OH), (MnZ", 20H") 191105 | 1272
Mn(OH), (MnOH", OH") 151-10° | 8.82
Mn(OH); 1-107% 36
MnyFe(CN) 79410 | 12.1
Mn3(AsOa), 191-10°  |2872
MI’IC204 5011076 5.3
MnCOs 1.82-107!" 10.74
MnNH4PO4 1-10712 12
MnS (3eneHbli) 2.51-10718 12.6
MnS (TenecHoro nsera) 2.51-1071 9.6
MnSeO; 1.26-1077 6.9
Mo(OH), 11050 50
Na,BeF4 7.08-1073 2.15
Na,SiFs 2.75-1074 3.56
NalOg4 3.16:1073 2.5
NaSb(OH)s (Na', Sb(OH)¢) 3.9810° | 7.4
NH;AIF, 4.07-1071° 9.39
Ni(CIO»), 110 4
Ni(CN)» 316102 |225
Ni(I05), 141-10° | 7.85
NI(NH3)6(BF4)2 1-10°° 6
Ni(NH3)6(RCO4)2 5.13: 10_4 3.29
Ni(OH), (mocne crapenus) 6.31-107% 17.2
Ni(OH), (cBeskeocaxneHHas) 2-107% 14.7
NioFe(CN)g 129105 | 14.89
Ni2P207 1.7'10_13 1277
Nis(AsOa)s 3.0910 % | 2551
NiC,04 3.98-1071° 9.4
NiCO; 1.35-1077 6.87
NiS a 3.16:107" 18.5
NiS B 1102 24
NiS v 2102 257
NiSeOs 1-107 5
NpO»(OH), (NpO,2', 20H) 251102 |21.6
Pb(BrOs), 7.9410° |51
Pb(105), 263105 | 1258
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Pb(N; ) 25710° 859
Pb(OH), (Pb>, 20H") 11-100  |19.96
Pb(OH), (PbOH", OH") 871-10% | 13.06
Pb(OH)s 631-107 | 702
Pb(SCN), 2107 47
Pb>Fe(CN)s 347105 | 14.46
Pby(AsOa)s 407-10% | 3539
Pb3(PO4)2 7.94-107% 421
Pbs04 (2Pb2, PbOL*) 525100 | 5028
Pbs(PO4):Cl 759-10% | 79.12
PbBr; 9.12-10°¢ 5.04
PbC,04 4.79-1071° 9.32
PbCl, 1.62-107° 4.79
PbCIF 2.82-107° 8.55
PbCO; 7.41-1071 13.13
PbCrO4 1.78-1071 13.75
PbF, 2.69-10°% 7.57
Pbl, 1.05-107 8.98
PbMoOg4 3.98-10°¢ 5.4
PbO, (Pb*, 40H") 3.16:10% | 655
PbOHBr 2-1071 14.7
PbOHCI 2-1071 13.7
PbPOsF 1-1077 7
PbS 2.51-107% 26.6
PbS,03 3.98-1077 6.4
PbSeO; 3.16-107"2 11.5
PbSeO4 1.45-1077 6.84
PbSO4 1.58-10°8 7.8
PbSy 1-10°38 38
PbWO, 4.47-1077 6.35
Po(SO4)s 263107 | 658
PoS 5.01-10% 28.3
Pt(OH), 1105 35
PtBry 3.16-107 40.5
PtCl4 7.94-107%° 28.1
PtO, (Pt, 40H") 1581072 | 718
PtS 7.94-10773 72.1
Pu(10s)s 501-105 [ 123
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Pu(OH)s 2:10°% 19.7
Pu(OH), 1-10°%2 52
PuO,(OH), (PuO,2*, 20H") 3.16:102"  |20.5
PuO,0H (PuO,", OH") 1-1072 3
Ra(I0), 8.71-10° [9.06
Ra(NO;), 6.17-103  |2.21
RaSO4 4.27-1071 10.37
Rb,PtCl, (2Rb", PtCls>) 631-10° |72
Rb,PtFs (2Rb", PtF¢%) 759107  [6.12
Rb,SiF 5.01-1077 6.3
Rb;Co(NO,)s (3Rb*, Co(NO»)s™) 148105 [14.83
RbBF, 1-107° 3
RbBH4 2.51-10™ 3.6
RbBrO; 0.02 1.7
RbClO4 2.51-107 2.6
RbIO, 5.5:107* 3.26
RbMnOy4 2.88-107° 2.54
RbReO4 9.55-107* 3.02
Rh,0; (Rh*, 30H)) 2-10°% 47.7
Ru,0; (Ru>*, 30H)) 1-1073 36
Sb,0s (Sb**, 30H") 3.98-107* 41.4
Sb,0; (SbO*, OH") 794108 | 17.1
Sb,S; 1.58-107% 92.8
Sc(OH); 1-10% 27
Sn(OH), 1-10°%7 57
Sny(OH), (Sn*, 20H") 631-1027 262
Sn,(OH), (SnOH', OH") 457105 [ 14.34
Snl, 1-1074 4
SnS 1-107% 25
St(10), 331-107 | 6.48
Sr(OH), 3.16-10% |35
St3(AsO4)> 1.62:10% [ 17.79
St3(PO4)» 1-1073! 31
SrC,04 5.62:10°8 7.25
SrCOs 1.1-1071° 9.96
SrCrOy 3.63-107° 4.44
SrF, 2.45-107° 8.61
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StMo00O;4 2:1077 6.7
SrPO;F 3.16:10°° 2.5
SrSeOs3 8.51-1077 6.07
SrSiFs 0.015 1.82
SrSO;3 3.98-107° 7.4
SrSO4 3.24-1077 6.49
StWOy, 1.7-1071° 9.77
Te(OH), 3.02-105%  |53.52
Th(C204)2 2 10_5 47
Th(103)s 251-10% [ 146
Th(OH), 3.16:10%  [445
Th(SOx4) 3.98-10° |24
Th3(PO4)4 257 10_79 7859
TiO(OH), (TiO*', 20H") 1-10°% 29
TI(OH); 6.31-10% [452
T1L,CO3 3.98-107° 24
TLCrO4 9.77-10°13 12.01
T1,PtClg 3.98-1072 11.4
TS 5.01-107! 20.3
leSzO3 2 10_7 67
T1LSOs3 6.31-10™ 3.2
T1,SO4 3.98:107° 24
TLCo(NO»)s (3TIY, Co(NO»)6>) 1-10716 16
T13PO4 6.61-1078 7.18
TLFe(CN)s 501-10° |93
T14V207 1 : 10_11 1 1
TIBr 3.89-107° 541
TIBrOs 3.89-107* 3.41
TICI 1.74-107* 3.76
TICIO4 0.04 1.4
TII 6.46-107° 7.19
TIO3 3.09-107° 5.51
TIReO4 1.2-107 4.92
TISCN 1.7-107* 3.77
TIVO; 1-107 5
U(OH), 1-1071° 19
U(OH), 1-10°% 45
UO0,(105), 3.16-10° |75
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UO,(OH), (UO,>, 20H) 1102 2
UO,C,04 3.98-107* 34
UO,HAsO, (UO,*, HAsO4) 3.16-107! 10.5
UO,HPO, (UO,2", HPOY) 2141017 | 10.67
UO;KAsO4 2.51-102% 22.6
UO,KPO4 7.76-107% 23.11
UO,;NaAsOq 1.35-10722 21.87
UO,;NH4AsOq4 1.7-10724 23.77
UO,NH4PO4 437-107%7 26.36
V,05 (VO,, OH) 158105 | 148
VO(OH), 741-105 2213
W(OH), 110 50
Y(OH), 631-10%5 | 242
Zn(CN), 257105 | 1259
ZI’I(IO3)2 2- 10_8 7.7
Zn(OH), (Zn®", 20H) 70810 | 17.15
Zn(OH), (ZnOH", OH") 178105 | 1275
ZnFe(CN)q 407-106 | 1539
Zny(AsOs), 107102 | 2697
Zny(POs), 9.12-105 | 32.04
ZHC204 1581079 8.8
ZnCO; 1.45-107!" 10.84
ZnHg(SCN)s (Zn*", Hg(SCN)%) 219107 | 6.66
ZnS a (charepur) 1.58-102* | 23.8
ZnS p 251102 |216
/nSe 1-1073! 31
ZnSe0; 2.57-1077 6.59
Zr(OH)s (Zr(OH),2", 20H) 316-10% | 255
Zr(OH), (Zr*, 40H") 11-10%  |53.96
ZI’3(PO4)4 1 10_132 132
7:O(OH), 2102 237

19.4 Koncmanmul KOMR1EKCOOOPA306AHUA KAMUOHOE MEMAIl108

B Ta6nnuax HHWKC ITPUBCACHBI TCPMOANHAMUNYICCKNC KOHCTAHThI O6p&30BaHI/Iﬂ KOM-

MJIEKCOB METAJUIOB C HEOPTaHWUYECKUMHU U OPTaHUYECKUMU JIUTranaamu (L).
I[puBeneHB CyMMapTHBIE yCTOWUMBOCTH A7 Ul peakiuii Bua:

M+ilL = ML;
Bo = L
l i
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Tac am, dr, dmLi — KOHIOCHTPAIMH HOHOB WX MOJICKYII.

Komrureke ,81 ﬁg ﬁg ﬁ4 ﬁj ,86
Ag(NH;)," | 2,09-10° | 1,62:107

Ag(CN) /> 7,08:10° | 3,55:10% | 2,63-10"

Ag(SCN)/ | 5,62-10* | 1,69-10° | 2,82-10° | 4,68-10°

AgCly 1,10-10° | 1,74-10° | 1,10-10° | 1,38:10°

Al(OH); 1,10-10° | 5,01-10" | 1,0-10*” | 1,00-10*

AI(H,PO,); | 10° 2,00-10° | 3,98-107

Cd(NH3)/" | 3,24-10> | 2,95-10* | 5,89-10° | 3,63-10°

Cd(C:0,)7| 1,00-10* | 4,57-10°

Cd(CN)/# | 1,51-10° | 3,98-10° | 8,32-10" | 1,29-10"

Cdl/ 1,91-10* | 2,69-10° | 3,09-10* | 2,57-10°

Co(NH3)s™" 97,7 3,16:10° | 2,69-10* | 1,18-10° | 1,35-10° |2,45-10*
Cu(NH3)¢* | 9,77-10° | 2,14-107 | 1,15-10" | 1,07-10"

Cu(CN)s 1,00-10** | 3,98-10* | 2,00-10%°

Cu(C:0,)7 | 5,01-10° | 2,51-10"°

FeCl, 2,29 2,51

FeHPO," 2,24-10°

Fe(Ox)s 2,0-10" | 3,98-10% | 7,94-10%

Hgl/ 7,41-10" | 6,61-10% | 3,98-10°7 | 1,51-10%

HgBrs” 1,12-10° | 2,14-10"7 | 5,50-10" | 4,37-10*

HgCl/ 5,50-10° | 1,66-10" | 1,18-10™ | 1,66:10'°

LaF”* 3,63-10°

Ni(OH)5 9,33-10* | 3,55-10% | 2,14-10"

Ni(NH3)s* | 4,68-10* | 4,17-10* | 2,51-10° | 2,09-10" | 1,26-10° | 1,02-10"
Ni(HD), 2,2:10"

Ph(OH)y | 7,94-10° | 6,31-10'° | 2,00-10"!

PbBrs” 1,70-10* | 1,00-10° | 6,76-10> | 8,51-10°

PbL 18,2 1,41-10° | 8,32-10° | 2,95-10*

Pb(Ac) s 3,31-10* | 8,91-10° | 2,51-10° | 3,16-10°

Zn(OH)/ | 2,51-10° | 2,00-10"" | 1,38-10" | 4,57-10'

19.5 Koncmanmut ycmoituusocmu Hekomopwix uonoe memannoe ¢ 3/TA (I = 0,1,

25°C)

Katunon Ly Katunon Py
AI(III) 1,35-10'° Cu(Il) 6,31-10'"®
Ba(Il) 6,03-10’ Fe(I1I) 1,69-10*
Ca(Il) 3,72-101° Mg(II) 1,32-10°
Cddn 3,89-10!° Ni(II) 4,17-10'®
Co(II) 1,62-10'° Zn(1l) 3,16:10'°
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19.6 3nauenusn oys. 6 pacmeope 3/1TA npu paznuunvix pH

pH Olyy- pH Olyy.
1,0 2,1-10°8 7,0 4,8-10*
2,0 3,7-10° 8,0 54107
3,0 2,5-10°"! 9,0 5,2:10°3
4,0 3,6:107 10,0 3,5:10"
5,0 3,5:107 11,0 8,5-10!
6,0 2,2:10° 12,0 9,810
19.7 3nauenusn Q — kpumepus
N JloBepurenbHas BEpOATHOCTD
0,90 0,95 0,99
3 0,94 0,98 0,99
4 0,76 0,85 0,93
5 0,64 0,73 0,82
6 0,56 0,64 0,74
7 0,51 0,59 0,68
8 0,47 0,54 0,63
9 0,44 0,51 0,60
10 0,41 0,48 0,57
19.8 3nauenue t ona paznuyunoii 00eepumebHoU 6epoAmMHOCMU
Yucno crene- JloBepuTenbHast BEPOSITHOCTh
Hel cBoOoAbI 0,90 0,95 0,99 0,999
1 6,31 12,7 63,6 636
2 2,92 4,30 9,93 31,6
3 2,35 3,18 5,84 12,9
4 2,13 2,78 4,60 8,61
5 2,02 2,57 4,03 6,36
6 1,94 2,45 3,71 5,96
7 1,90 2,37 3,50 5,41
8 1,86 2,31 3,36 5,04
9 1,83 2,26 3,25 4,78
10 1,81 2,23 3,17 4,59
11 1,80 2,20 3,11 4,44
12 1,78 2,18 3,06 4,32
13 1,77 2,16 3,01 4,22
14 1,76 2,15 2,98 4,14
15 1,75 2,13 2,95 4,07
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20 1,73 2,09 2,85 3,85
30 1,70 2,04 2,75 3,65
40 1,68 2,02 2,70 3,55
60 1,67 2,00 2,66 3,46
o0 1,66 1,96 2,58 3,29
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19.9 3uauenue F onsa ooeepumenwvuoit eepoamnocmu 0,95 (yposens 3nauumocmu
p=0,05)

fi 1 2 3 4 5 6 12 | 24 [
f,

1 164,4 | 199,5 [ 215,7 | 224,6 | 230,2 | 234,0 | 244,9 | 249,0 | 254,3
2 18,5 | 192 | 192 | 193 | 193 | 193 | 19,4 | 19,5 | 19,5
3 10,1 96 | 93 ] 91 | 90| 89 | 87 | 86 | 85
4 77 1 69 | 66 | 64 | 63 | 62 | 59 | 58 | 56
5 66 | 58 | 54 | 52 | 51 | 50 | 47 | 45 | 44
6 60 | 51 | 48 | 45 | 44 | 43 | 40 | 38 | 37
7 56 | 47 | 44 | 41 | 40 | 39 | 36 | 34 | 3.2
8 53 | 45 | 41 | 38 | 3,7 | 36 | 33 | 3,1 | 29
9 51 | 43 | 39 | 36 | 35 | 34 | 31 | 29 | 27
10 50 | 41 | 37 [ 35 33 32291 27| 25
11 48 | 40 | 36 | 34 | 32 | 31 | 28 | 26 | 24
12 48 [ 39 | 35 [ 33 |31 [ 30 ] 27 | 25 | 23
13 47 | 38 | 34 [ 32 130 | 29 | 26 | 24 | 22
14 46 | 37 | 33 | 31 30 | 29 | 25 | 23 | 2.1
15 45 | 37 | 33 [ 31 | 29 | 28 | 25 | 23 | 2.1
16 45 [ 36 | 32 [ 30 | 29 [ 27 ] 24 | 221 20
17 45 | 36 | 32 [ 30 | 28 | 27 [ 24 | 22 | 20
18 44 | 36 | 32 [ 29 | 28 [ 27 ] 23| 21 | 19
19 44 | 35 | 31 [ 29 | 27 | 26 | 23 | 21 | 19
20 44 | 35 | 31 [ 29 | 27 | 26 | 23 | 2.1 | 1.8
22 43 | 34 | 31 [ 28 | 27 [ 26 | 22 | 20 | 1.8
24 43 | 34 [ 30 [ 28 | 26 | 25 | 22 | 20 | 1,7
26 42 | 34 |30 | 27 | 26 | 25 | 22 | 20 | 17
28 42 |33 130 | 27 | 26 | 24 | 21 | 19 | 1,7
30 42 33 129 [ 27 125 [ 24 | 21 19 | 1,6
40 a1 [ 32 129 [ 26 125232010 18] 15
120 39 | 31 | 27 | 25 | 23 [ 22 [ 18] 1,6 | 13
0 38 | 30 | 26 | 24 | 22 | 21 [ 1.8 | 1,5 | 1,0
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