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Jlekuma Ne1. Uctopuyeckass cnpaBka U OCHOBHbIe
NMOJZIOXXEHUA aHanUTU4YEeCKOn  XUMUM

1. UcTopusi pa3sBuTHS AHAJIUTHYECKON XUMHUHU

AHanuTuyeckas xumusi chopMHpoOBaIach B COBPEMEHHYIO HayKy B Mpolecce
JUTUTEIILHOTO McTOopudeckoro pa3Butusa. C riyOOKoW APEBHOCTH M3BECTHBI MPOCTEHIINE
MIPUEMBI KAYECTBEHHOT'O PACIIO3HABAHMSI BEIIECTB 110 UX TBEPAOCTH, BKYCY, [IBETY U 3a1axy,
a TaKXKE HECIOXKHbIE IIPUEMbl OYHUCTKA KX C IOMOIIBK MEPEKPUCTALIA3ALNH,
¢unbTpoBanus unu neperonku. B 1X-X B.B. Ha Pycu yxe ymenu omnpenensiTe YUCTOTY
HEKOTOPBIX METAJUIOB, HAIlpUMEpP YUCTOTY cepedpa Mo ero mioTHocTy, a B XVII-XVIII B.B.
JIOBOJIbHO IIMPOKO TMOJIb30BAJIUCh TaK HAa3bIBaEMbIM ,,IpoOUpHBIM MeTogoml. Ero B
coBepiieHcTBe ocBoral Ilerp I mpu uccnenoBanum pyn.

Tepmun ,xumuueckuit aHanusl Obul BBeJeH aHrIMYaHuHOM boilnem B mepBoit
nonoBuHe XVII B. CTaHOBIEHHE aHATMTUYECKON XUMHM KakK Hayku oTHOCAT K XIX B. K
TOMY BPEMEHU OTHOCHUTCS OTKPBITHE 3aKOHOB KpaTHbIX oTHomieHui (OK. I'eii-Jlroccak),
pazpaboTka Teopuu dJeKkTpoxumuueckoro ayanusma (M.S. bepuemnmmyc), Ha ocHoBe
KOTOpBIX CO3JaHa TEOpUS DIICKTPOJIUTUUYECKOM auccouumanuu. B cepeaune XIX B.
HAKOIUJIUCh CBEJICHUSI O YAaCTHBIX PEAKIUSAX BEHIECTB U MOSBWIUCH MEPBbIC YUYCOHUKHU C
pa3pabOTaHHONW CHUCTEMOW Ka4eCTBEHHOIO U KOJWYECTBEHHOro aHanmu3a. OjHako
aHaJUTUYEeCKas XUMHsSI Hadasla (OPMUPOBATHCS B CAMOCTOSTENbHYIO HAayKy JIMIIb MOCTE
pabot M.B. JloMoHOCOBa, KOTOpBIN OTKPBLUT 3aKOH COXPAHEHHS MACChl BEIIECTBA M BBEJ
KOJIMYECTBEHHBIN ydeT Npu XUMUUYecKux Tporeccax. B kuure ,llepBbie ocHOBaHus
METAJUTypruyd WIM PyAHBIX neiil OH omucas MHOTHE MeTOAbl aHanu3a. llepuoanueckuit
3aKOH IMO3BOJIMJI CUCTEMATU3UPOBATh 3HAHUS O COCIMHEHUSX, BAXHBIX JIJII XUMHUYECKOTO
aHann3a. AHaJTUTHYECKas KIacCU(PUKAIUSI KATUOHOB CBA3aHA C MOJIOKEHUEM IJIEMEHTOB B
NEePUOINYECKON cucTteMe. MeTonbl pa3fesieHus] Takxke 0a3upyroTCs Ha MEPUOIUYECKOM
3akoHe. TakuMm o6pazoM, Tpyabl J.1. MeHeneeBa cocTaBUIN TEOPETHICCKUM GyHIaMEHT
METOJ0B aHAJIMTUYECKON XUMHUH U ONPEICTUIN OCHOBHBIE HAIIPABIICHHS €€ Pa3BUTHSI.

OCHOBBI Kau€CTBEHHOTO W KOJMYECTBEHHOrO aHalli3a B €ro COBPEMEHHOM BHUJIE
sanokun  Kapn Pemurnyc ®pesenmyc (1818-1897r.r.), mnpemioxue B 1841r.
YCOBEPIICHCTBOBAHHYK) CXEMY  pa3[ClICHUS] HEOPTaHWYECKUX HMOHOB. PaszBurtuto
aHAJTUTUYECKOM XuMUM B Poccuum kak Hayku crocoOCTBOBaiM paboOThl akajaemuka B.M.
Cesepruna (1796 r.) ,,PyKoBOACTBO K HCIBITAaHWIO MHUHEpabHBIX BoOjl, ,,IIpoOGupHOE
HCKYCCTBO WJIM PYKOBOJICTBO K XMMHUYECKOMY UCIIBITAHUIO METAJUIMUECKUX PYA U JPYTUX
uckomnaembix tenl(1801).

B XVII — XIX B.B. Oonplioi BKIaJg B pa3padOTKy METOJOB aHaiM3a psa
HEOPraHUYECKUX BEIIECTB BHECIH MIBeAckue XuMHuKU beprman (1732-1784) u bepuennyc
(1779-1848), nemenkuit xumuk @pesernyc (1818-1837). Dpaniysckuid ydeHbIH
['eitJItoccak (1778-1850) BriepBbie OCYIIECTBUII KOJTUYECTBEHHOE OMNPEICICHUE BEIIECTB C
MOMOIIBI0O 00BEMHOI0 aHan3a. B pesynbrare pabOT HEMEUKHX Y4YeHbIX byH3eHa u
Kupxroda B 1859 r. Obu1 OCHOBaH METOJ| CIEKTPaAIIbHOIO aHanu3a. HauuHas ¢ cepeauHsl
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XIX B, cHavama s 1mened wuaeHTU(UKAIMU, a 3aTeM W IS KOJWYECTBEHHBIX
onpeeeH! B aHAJTUTUYECKON XMMUU CTallM MCHOJIb30BaTh HHCTPYMEHTAIbHBIE METO/IbI
aHanu3a, o0Jajarolue MPEUMYINECTBAMU B UYYBCTBUTEIBHOCTH, CKOPOCTH, TOYHOCTHU
BBITIOJIHEHUS aHalu3a. Pa3BUTHE WHCTPYMEHTAIBHBIX METOJOB MPUBEJIO K MOSBICHUIO
HOBBIX MeTO10B: xpoMarorpadus (M.C. Liger, 1906r.), poromeTprueckre METOIbl aHATTN3A
(U.I1.  Amumapun, B.M. KysnenoB), pamuomerpuueckux (B.I'.  Xiomun),
anexkrpoxumuyeckux (B.M. Bepnaackuii, A.Il. Bunorpanos, b.Il. Hukonbckuii, N.II.
Amumapun). C pazsutrnem DBM u3MeHWIach NPUHIUINAIBHO METOI0JIOTUS IPOBEICHUS
XUMHUYECKOTO aHAIM3a — MOJEIMPOBAHUE, AITOPUTMHU3ALUsA, CHCTEMHOTO MOJIX0/1a — BCE
3TO MPUBEJIO K ,,IEPECTPOiiKel B aHATUTUYECKON XUMHH, KOTOPYIO TeTeph KBATU(UITUPYIOT
KaK HayKy, 3aHUMAIOUIyIoCS TMOJy4YeHHEeM HH(OpMalMu O XHUMHUYECKOM COCTaBe
BEII[ECTBEHHBIX CHCTEM.

Pa3BuTHE aHATUTUYECKON XUMHH OCYIIECTBIISIETCS B CIEAYIOIINX HAIIPABICHUIX:

- B 00JacTH TEOPHUH: Pa3BUTHUE TECOPUU XMUMHUYECKHUX IPOIIECCOB, PACUET CIIOKHBIX
XUMHUYECKUX CHCTEM Ha OCHOBE TEPMOJMHAMUYECKMX UM KBAaHTOBO-XUMHUYECKHUX
MPEACTABICHUN C MPUMEHEHUEM AITOPUTMOB U BBIYUCIUTEIbHON TEXHUKH.

- B METOJIMYECKOM acCHEKTe: BHEJIPEHUE aBTOMATU3AIMU B aHAJIMTUYECKUN KOHTPOJb
Ha OCHOBE HOBBIX METOJIOB, YCTAHABIIMBAIOIIUX 3aBUCUMOCTb MEXIY COCTAaBOM U
CBOWMCTBAMHU XUMHUYECKUX CHUCTEM 0e€3 HuX u3MepeHus ((pu3MKO-XUMHUUECKUU aHau3,
Ja3epHasi, JJIEKTPOHHAs, TOJIYITPOBOJHUKOBAS TEXHUKA).

- B IIPUKJIAJIHOM acleKTe:

* [IOBBIIIICHHWE TMpefesa OOHApY)KEHHS, TO €CTh CHIDKCHHE MHMHHMAaJIbHBIX
KOHIICHTPAIUi U KOJUYECTB OMPEICIIEMBIX BEIIECTB, UTO CBA3aHO C TOJyYCHHUEM
BEILECTBA 0COOOM YHUCTOTHI;

* YBEJIMUYCHUE TOYHOCTH aHAJIN3a;

* CO3/IaHME€ METOJI0OB aHajau3a, OOJAJAIOIMMX BBICOKOM  HM30MPaATEIbHOCTHIO,
HCKITIOYAOIINX HEOOXOIUMOCTh YCTPAHCHUSI METIIAFOIINX KOMIIOHEHTOB;

* pa3paboTKa HKCIPECCHBIX METOOB aHANIN3a, TO3BOJISIOIINX UCCIIEI0BATh IPOLECCHI,
MPOTEKAIOLIME B KOPOTKUE MPOMEKYTKU BPEMEHU (SIIEPHBIE PEAKINN);

* pa3paboTKa METO/I0B MUKPOAHAJIN3a;

* pa3paboTka  Oe3pa3pylIMTENbHBIX W  JUCTAHIMOHHBIX METOJOB  aHajau3a
(paauoakTUBHbBIEC BEIIECTBA, MOPCKHE BOJABI Ha OOJIBIIUX TIyOMHAX, KOCMUYECKUE
OOBEKTHI).

B pa3BuTue »THX HampaBieHUN OOJIBIION BKJIAJ BHECIU PYCCKHE  AHAIUTUKH:
BCEMHMPHO M3BECTHBI MX pabOThl MO aHAJIM3y BEIIECTB BBICOKOM YHUCTOTHI, pa3zpaboTke
OpraHUYEeCKUX aHAIMTUYECKUX peareHToB, (GOTOMETpUH U apyrue. B Haiel ctpane co3gan
psiI METOAOB, KOTOPbIE UCOIB3YIOT BO MHOTUX CTpaHaxX (TOHKOCIIOIHAst XpoMmartorpadus,
OeCCTPYKKOBBIM METO]] aHAJIH34).

Cornacno akagemuka M.I1. AnumapuHa naauM ornpeiesieHue HayKy — aHalTMTHYECKOM
XUMHH.



AHaJUTHYEeCKasi XMMHUS — HayKa, pa3BUBAIOIIAs TECOPETUUECKUE OCHOBBI aHAJIN3a
XUMHYECKOTO cocTaBa BEIISCTB,
pazpabarpiBaroiias METO bl UACHTU(DUKAIINY U
oOHapY>KEHHUsI, ONIPEICTCHUS U PA3ACICHAS] XUMUYECKIX
3JICMEHTOB, UX COCIMHEHNH, a TAK)KEe METOIbI
YCTAHOBJICHHUS] XUMHUYECKOTO CTPOEHUSI COCTUHECHUM.

2. AHAJMTHYECKHE 321a4M U TPUHIMIIBI AHAJTUTHYECKHUX ONpeaeeHuil

B cooTBeTCTBHM C ONpEICTICHUEM aHATTUTHUYECKON XUMUH KaK HAYKH, 3aHUMAIOIIECHUCS
pa3paboOTKOM METOJOB OMPEACIICHUS XUMUUYECKOTO COCTaBa BEIIECTBA, MOXKHO BBIICIUTH
CICOYIOINE  AHAIUTUYECKUE 3aJauu: |.YCTaHOBJIEHHE XHMHUYECKOIO  COCTaBa
aHAIM3UPYEMOT0 0OBEKTa:

- KayecmeeHnHwlll aHaIu3, KOTOPBIM BKIOYAET UICHTH(OUKAUIO! 00BbEKTa U
0OHapy KeHHe’ TeX MU UHBIX KOMIIOHEHTOB;

- KOJIUYecmeeHHblll aHaiu3 pelaeT 3a/1aqy OmpeAesICHUs COJepKaHus
(KOJTMYECTBO M KOHIICHTPAIIMH) TOTO WM HHOTO KOMITOHEHTA B
aHAIM3UPYEMOM OOBEKTE.

Mexny KadeCTBEHHbBIM M KOJMYECTBEHHBIM AHAIU30M HET MNPUHLUUIUAIBHOTO
pasnuuusa. KadecTBEHHBIM aHAIM3 MOKHO pPACCMATPUBATH KAK KOJMYECTBEHHBIA C
NPUOINKEHHBIMH MTOKa3aHUSMH.

2.0mnpeneneHue CTPYKTYphl COEAWMHEHHUS, TO €CTh YCTAaHOBJIICHHE B3aMMHOTO
pPaAcCIoJIOKEHUSI W CBA3EH DJIEMEHTAPHBIX COCTAaBHBIX YacTed B MOJEKyJax
(CTpYKTYpHBIN aHATH3).

3.00HapyKeHHEe HEOJHOPOJHOCTEM Ha MOBEPXHOCTH WIM B OOBEME TBEPIBIX TEIl,
pacnpeiesieHue IEMEHTOB B ITOBEPXHOCTHBIX CIOSIX  OCYLIECTBIISIFOT METOJIOM
JIOKaJIbHO-PACIPEAEIUTEIBHOIO aHAIN3A.

! Hoenmugpuxayus — yCTaHOBJICHUE UACHTHYHOCTH (TOXKIECTBA) UCCIIETYEMOTO XMMHUYECKOTO COCTMHEHHMS
C YK€ U3BECTHBIM BEIIECTBOM ITyT€M CPABHEHUSI UX (PUINUECKUX U
XUMHYECKHX CBOMCTB.

2 ObHapyxcenue — TIpOBEpKAa MPHUCYTCTBUS B AaHATU3UPYEMOM OOBEKTE TEeX WM HHBIX OCHOBHBIX

KOMIIOHCHTOB, HpHMCCCﬁ, HaJIM4ue (byHKHHOHaHBHOﬁ TPYIIIIbI U T.II.
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4.I/ICCJI€I[0B3HI/IC MMpoueCCOB BO BpEMCHHU B XOAC IMPOHU3BOJACTBCHHOTO ITpOLICCCA.

I[J'I}I peumIiCHus IICPCUHUCICHHBIX 3aaay p33pa6aTBIBaIOT pas3iIndIHbIC  MCTOIbI,
OCHOBAHHbBIC HA 3aBUCUMOCTH CBOMCTB BEIICCTBA OT €0 COCTaBad, U COCTABIAIOT MCTOAUKHN
a”Haim3a. B ocHoOBe MCTOJMKH aHaJIN3a JICKAT IMMPUHIUIIBI aHAJIMTHYCCKHUX onpe):[eneHHﬁ.

Ipunyun ananuza OmnpeNeNaeTcsl SIBICHUSIMU TPUPOJIbI, JISKAIIMMU B OCHOBE
XUMHYECKOT0 WIH (PU3HUECKOro mpolecca.

Hamnpumep, BecoBOil METOJl, B KOTOPOM KOJUYECTBO BEIIECTBA OMPEACISIIOT IMyTEM
W3MEPEHUS MACChl, OCHOBAH Ha 3aKOHE BCEMUPHOTO TATOTEHUS; TATPUMETPUUYECKUIN aHAIIN3
OCHOBAaH Ha 3aKOHE OJKBHBAJICHTOB — II0 KOJWYECTBY IPOAYKTAa PEAKIMH MOXKHO
pacCUMTHIBaTh KOJUYECTBO OINpESIsIeMOro BEIIECTBA; JHUOO IPOBOASAT H3MEpPEHHUE
(U3UYIECKUX CBOMCTB BEIIECTB WM MPOIYKTOB UX XUMUUYECKUX peaknuii. 3 ¢puznaeckux
CBOMCTB HCHOJIB3YIOT IIJIOTHOCTh, IIBET, AJEKTPUYECKYIO IPOBOJIMUMOCTH PACTBOPOB U
BCIIIECTB.

3. Kinaccupukanusi aHAJUTHYECKHX METO/I0B aHAJIN3a

Cornacno pexomennaunu MIOITAK (MexayHapoaHblid COI03 YUCTON U MPUKIIATHOM
XUMUH ) aHAUTUTUYECKUM MPOIECC BKIIOYAET B CE€0S1 HECKOJIBKO YPOBHEM.

Memooom ananuza Ha3bIBAIOT IPUHLUIIBL, IOJOKEHHBIE B OCHOBY aHAJIN3a BELIECTBA,
TO €CTh BUJI U IIPUPOAY DHEPTHUH, BBI3BIBAIOLIEH BO3MYILCHHE
XUMUYECKUX YaCTHI] BEIECTBA.
B ocHOBe aHanmM3a JEXHUT 3aBUCUMOCTb MEXAY (PUKCUPYEMBIM aHAIUTHUYECKUM
CUTHAJIOM OT HAJINYWS WA KOHIIEHTPALWU ONPEAEISIEMOTO BEIIECTBA.

Ananumudeckuil cueHan — 310 GUKCUPYEMOE U U3MEPSIEMOE CBOMCTBO O0OBEKTA.

B anamuTthueckoil XMMHMM METONbI aHalIM3a KIACCUPUIUPYIOT MO0 XapakTepy
OTIPEIEISIEMOTO CBOMCTBA U TI0 CIIOCO0Y PETUCTPAIMHN AHAIMTUYECKOTO CUTHAJIA:

l.xumuueckue
2.¢pusnueckue
3.pU3UKO-XUMUYESCKHUE

PU3NKO-XUMUYECKUE METOJBI Ha3bIBAIOT WHCTPYMEHTAIIbHBIMU W1
U3MEpPUTETbHBIMU, TaK KaKk OHM TpeOylOT MPUMEHEHUsS MpPUOOpPOB, H3MEPUTEITHHBIX
MHCTPYMEHTOB. PaccMOTpUM MOJIHYIO KJIacCU(DUKAIIMI0O XUMUYECKUX METOJIOB aHAJIU3a.

XuMHUYeCcKHe METOAbl AHAJM3a - OCHOBAaHbl HAa M3MEPEHUM DHEPrUH XUMHUYECKOM
peaKILNH.
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B xone peakiinu U3MEHSI0TCS MapaMeTPbl, CBA3aHHbBIE C PACXO0I0M UCXOJAHBIX BEIIECTB
Wi 00pa3oBaHUEM MPOJYKTOB pEakUUU. DT H3MEHEHHUST MOXKHO JIMOO HabIoaaTh
HETMOCPEACTBEHHO (0CaJ0K, ra3, IBET), JUOO HU3MEPATh TaKUE BEIMYMHBI, KaK PacXo]]
peareHTa, Maccy 00pa3yrouierocsi IpoaykTa, BpemMsi peakiuu u T.].

ITo yeiu MpoOBCACHUA MCTOAbI XUMHUYCCKOI'O aHaJIM3a IMOAPA3ACIIA0OT Ha ABC I'PYIIILI:

[.LKauecTBeHHBIH aHAJIU3 — 3aKIIOYACTCS B OOHAPYKECHHH OTICIBHBIX 3JIEMEHTOB
(WM MOHOB), M3 KOTOPBIX COCTOUT AHAIU3IUPYEMOE
BEILIECTBO.

MeTonbl KaueCTBEHHOT'O aHaJIN3a KJIaCCUPUIIMPYIOTCA:

1. aHanM3 KaTHOHOB
2. aHaJIu3 aHMOHOB
3. aHajau3 CJIOKHBIX CMECEH.

II.Koaim4yecTBEHHbINH aHAJIM3 — 3aKJIIOYACTCS B OIIPCACIICHUU KOJIMYCCTBCHHOI'O
COACPIKaHNA OTACJIBbHBIX COCTAaBHBIX yacTe
CJIOKHOT'O B€IIECTBA.

KonnuecTBeHHBIC XUMUYECKHE METO/IBI KJIAaCCU(UIIUPYIOT:

1. I'pasumempuueckuii (BECOBOM) METOJT aHAIM3a OCHOBAH Ha BBIJICIICHUH
OMpEIEeNIIEMOro BEIllECTBA B YUCTOM BUJIE U €0 B3BELIMBAHUU. | paBUMETpUYECKHE
METO/IbI 110 CTIOCO0Y MOMYYESHUS MTPOAYKTa PEAKIIUU JICIIAT:

a) XMUMHOTPABUMETPUUYECKHE METOJIbI OCHOBaHbl Ha WM3MEPEHUU MAaCChI
MPOJYKTa XUMHUYECKON PEAKIINY;
0) 2JIEKTPOTPABUMETPUUICCKHE METOIbI OCHOBAaHbI HAa WU3MEPEHUM MACCHI
MPOAYKTA JIEKTPOXUMHUUECKOU PEAKIINH;
B) TEPMOTPABUMETPUUYECKUE METOAbI OCHOBAHBI HA U3MEPEHUU MaCChl
BEIIECCTBA, oOpa3yromierocsi Opu  TEPMUUYECKOM
BO3/ICHCTBHUM.
2. Bonromomempuueckue METOJIbI aHAIM3a OCHOBAHBI HA U3MEPEHUN 00beMa
peareHTa, u3pacxoJ0BAHHOTO HA B3aUMOJECUCTBHUE C BEIIECTBOM.
BomtoMomeTpruueckue MeTobl B 3aBUCUMOCTH OT arperaTHOrO COCTOSIHHSI pearcHTa
JICJIAT Ha:



a) Ta30BOJIIOMETPUYECKHUE METOJIbl, KOTOPhIE OCHOBAHbI Ha HU30UpPATEIHLHOM
MOTJIOIIEHUH  OMNpPEAENIIEeMOro KOMIIOHEHTa Ta30BOM
CMECH M HU3MEpPEeHHeM o0bemMa CMeCH 10 U TMOocie
MOTJIOIECHUS;

0) TMKBUIOBOTIOMETPUUECKUE (TUTPUMETPUUECKUE U OOBEMHBIEC) METOIbI
OCHOBAaHbI Ha U3MEPEHUHU 00bEMA KHUIKOTO pearcHTa,
U3pPACXOJIOBAHHOTO  HAa  B3aUMOJICUCTBHUE C
OTpeesiEMbIM BEIIECTBOM.

B 3aBucmMOCTH OT THIIa XUMHYECKOHW PEAKIUH BBIICISIOT METOJbI OOBEMHOTO

aHam3a:
* NOPOTOJUTOMETPUA — METOJ, OCHOBAaHHBIA HA NPOTEKAHWU PEAKIUU
HEUTpaln3aluy;
*  PEIOKCOMETpPHUS - METO/, OCHOBAHHBIN Ha MPOTEKAHUH

OKHUCJIUTCIIBHOBOCCTAHOBUTEIBHBIX PEAKITUSX

* KOMIUICKCOHOMETPUS — METOJ, OCHOBAHHBI Ha MPOTEKAHWU PEAKIUH
KOMILJICKCOOOpa30BaHHS,

* METOJbl OCAXJCHUS — METOJIbI, OCHOBAaHHBIC HA MPOTEKAHWUU PEAKIIUI
00pa3oBaHUsI OCAJIKOB.

3. Kunemuueckue METO/IbI aHAIM3a OCHOBAHBI Ha ONPEICIICHUH 3aBUCUMOCTH
CKOPOCTH XMMUYECKON pEeaKIuU OT KOHIICHTPAIIMU
pearupyronux BeIeCTB.

Nekumua Ne 2. Ctagum aHanNnUTUYECKOro npouecca

PemieHrne aHAIMTHYECKOM 3a/laud OCYUIECTBIISIETCS IYTEM BBINIOJIHEHHS aHalu3a
semtectsa. [lo Tepmunonorun UIOIAK ananuzom® Ha3pIBalOT IPOLELYPY IOIyYECHHS
OIIBITHBIM ITYTEM JAHHBIX O XUMHYECKOM COCTABE BEILLIECTBA.

HezaBucuMo oT BRIOpPAaHHOTO METO/1a MPOBEICHUE KaXKI0TO aHAJIM3a CKJIaJIbIBACTCS U3
CIICIYIOIINX CTAINM:

1) ot0op mpoOkI (po6OOTOOD);

2) MOJATOTOBKA MPOOKI (TPOOOIOrOTOBKA);

3) u3MmepeHue (omnpenenenue); 4) oopaboTKa U OlEHKA
pPE3yIbTaTOB U3MEPEHUM.

8 Ilonstne «aHanmu3» B (1)I/IJ'IOCO(1)CKOM CMBICJIE — 3TO MPOLECC MBICJICHHOTO WA Q)aKTH‘IGCKOI‘O Pa3JI0KEHUA LCJIOT0 Ha
COCTaBHBIC 4YaCTH. CyH.IHOCTB IMEPBOHAYAIIBHO HMMEBHICTOCA MLEJIOro 3aTeéM II03HAKOT, BOCCO3daBas €ro B006pa)KaeMHM
CHHTE30M. AHAJIN3 U CUHTE3 B3aMMOCBSI3aHbI U JOHNOJIHAKOT APYT Apyra.
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OOBeKT Ot60p | [Togrororka| M3smepenne| O6paboTka
UCCIICIOBAHMsI | TPOOBI|  MPOOBI JaHHBIX | — | Undopmanus

L Meton ananuza —
MeToauka aHajan3a — |

Pucl. CxemaTnueckoe n300paxeHUe aHAIUTUYECKOIO MpoLiecca.

1.0160p npod

[TpoBeneHNe XMMHUYECKOTO aHAllM3a HAYMHAIOT C OTOOpa M TOJATOTOBKH TPOOBI K
ananusy. CnemyeT OTMETUTh, YTO BCE CTaJMM aHalM3a CBS3aHbl MEXAy coOoi. Tak,
TIIATEIPHO M3MEPEHHBIA AaHAIMTHYECKWN CUTHAJI HE JAeT NMPABWIHHOW WH(GOPMAIMHA O

COJIEpKaHUU OINPEIEIIEMOr0 KOMIIOHEHTa, €CJIM HENPaBUJIBHO TNPOBEIEH OTOOp WU
NOArOTOBKa MpoObl K aHanu3y. [lorpemHocTs mpu oTOOpe MpoObl YacTO OIMpenesserT
OOIIyI0 TOYHOCTh OINpPEACICHHUS] KOMIIOHEHTA U JIETAeT OECCMBICIIEHHBIM HCIOIb30BaHUE
BBICOKOTOYHBIX METOJIOB. B CBOIO 0uepear oTOOp M MOATrOTOBKA MPOOKI 3aBUCST HE TOIBKO
OT TPUPOJBI AHAIMZHPYEMOTO OOBEKTa, HO U OT CIOCO0a M3MEPEHUS] aHATUTUYECKOTO

CHT'HaJla. HpI/IGMBI U IIOPAOOK 0T6opa HpO6BI H CC INIOATIOTOBKHM HACTOJIBKO BaKHBI IIPH

NIPOBEJICHUHM XMMHUYECKOTO aHajin3a, YTO OOBIYHO TPEIIUCHIBAIOTCS [ OCynapCTBEHHBIM
craugaptoMm (I'OCT).
PaccMoTpuM OCHOBHBIE TTpaBMiIa 0TOOpa MPoo:

Pe3ynpTaT MOXeT OBITH MPaBUIBHBIM TOJHLKO B TOM CcCllydae, €ciu mpoda
JIOCTaTOYHO npedcmasumeiibHa, TO €CTb TOUHO OTPAXKaeT COCTaB MaTrepuaa, u3
KOTOpOTro oHa Obuta 0ToOpana. Yem OoJblie MaTepuaia OTOOpaHo JJisl MpOOHI,
TeM OHa MpelacTaBuTeIbHEeW. OJHAKO C OYEHb OOJIBIIONW TPOOOH TPYAHO
paboTaTh, 5TO YBEIMYMBAET BpEeMsI aHaJIM3a U pacXobl Ha HETO. Takum 00pa3zoM,
oTOUpaTh Npo0y HY>KHO TakK, 4YTOOBI OHA ObLIa MPEACTAaBUTEILHONW U HE OYEHb
OOJIBIION.

OnTtumanbHas Macca mpoObl 00YCIOBIEHA HEOJHOPOAHOCTHIO aHATU3UPYEMOTO
00bEKTa, pa3MEpOM YaCTHUIl, C KOTOPHIX HAYMHAETCS HEOJHOPOIHOCTb, W
TpeOOBAHMUSIMU K TOUHOCTH aHAJIN3a.

Jlnst obecrniedeHusi TPEACTABUTENHHOCTA TIPOOBI HEOOXOAMMO OO0ECIeYuTh
OJTHOPOJHOCTH MapTuu. Eciiu copmMupoBaTh OTHOPOAHYIO TAPTHUIO HE YIAeTCs,
TO CJEAYyeT MCIOJIb30BaTh PACCIOCHUE MapTUH Ha oJHOpoAHbie yacTu. U Ilpu
oTOope MpoO YUYUTHIBAIOT arperaTHOE COCTOSTHUE OOBEKTA.

JIOJKHO BBITIOJIHATBCS YCIOBHE IO €IMHOO0Opa3vio0 CrocoOoB 0TOOpa mpoo:
CIIy4aiiHBI O0TOOp, MEPUOANYECKUH, MAaXMATHBIA, MHOTOCTYIIEHYATBIH 0TOOD,
0TOOp «BCIEMYI0», CUCTEMAaTUYECKUIT 0TOOP.

OnuH 13 (paxTOpOB, KOTOPBIM HY’KHO YYUTHIBAThH MPHU BRIOOpE criocoba ordopa
npoObl — BO3MOXKHOCTh M3MEHEHHUSI COCTaBa OOBEKTa M  COJIEpKaHUS

OIpeeNsieMoro KOMIIOHEHTa BO BpeMeHu. Hampumep, mepemMeHHbId cOCTaB
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BOJIbI B PEKE, N3BMEHEHNE KOHLIEHTPAIIMM KOMIOHEHTOB B MUIIEBBIX MPOIYKTaX
U T.J.

2.1ToaroroBka npodbI K aHAJIU3Y

Kak npaBuiio, r1aBHOE B 3TOM CTaIuN — 3TO YCPETHEHUE U PaCTBOPEHUE TTPOOHI.

* HauvanpHyro mpoOy (TeHepallbHyI0) TOMOTEHE3UPYIOT U YCPETHSIIOT METOJIOM
KBapTOBAaHMSI JI0 TAKOTO KOJMYECTBA, KOTOPOE WCIOJB3YeTCS ISl aHaln3a
(;1abopaTopHas pooa).

* PactBOpenue  mpoObI, COMPOBOXKAACTCSA  MEPEBOJOM  OMPEACIIEMOTO
KOMITOHEHTa B pacTBop. Pazmmuarot ,,Mokpoel u ,,cyxoel o3oneHue.

3.Cragus usmMepeHus

DHepreTuveckoe UM BEUIECTBEHHOE BO3/IEHCTBUE HA NMPOOY MPUBOAUT K MOSBICHUIO
JUHAMUYECKUX CUTHAJIOB (MI3MEHEHHE OKPACKH, (pa30Bble MpEeBpALICHUS U T.11.).
Ha 3akiiiounTensHOM 3Tare U3MEPEeHUs aHATUTUYECKUE CUTHAJIbI PETUCTPUPYIOT TEM
WIM UHBIM CIIOCOOOM M MOJIYYalOT pErucTporpammel, (pororpadun, HabOpbl Yucesl U T.J.
JInsi BBIpaXKEHUsI CBSI3U MEXKAY pe3yJibTaTaMU aHalin3a U U3MEPUTENbHBIMU JaHHBIMU
UCIIOJIB3YIOT OOBIYHO CIICIYIONINE CIIOCOOBI:
1)Tabnuunoe comocTaBieHUE (KAYECTBEHHBIM aHAIM3) — CXE€Ma XOJa XUMHUUYECKOTO
CUCTEMATUYECKOTO aHAIN3a).
2)'paduueckoe mpeacTaBICHUE — ISl PEIICHUS 33]1a4 KOJTMYECTBEHHOTO aHalin3a. JTO
KPHUBBIE U IMarpaMMbl TUTPOBAHUS, PA3IMYHbIE TPATYUPOBOUHBIE TPaQUKH.
3)DyHKIMOHATBHBIE YPABHEHUS.
[ToyyenHoe 1udpoBoe 3HAUCHUE TIOJICTABIISIOT B DOPMYJTy, HallpuMep, B ypaBHEHUE
TUTPOBAHMUS:
ViH1=VyH; ;
H 1= V2H2 /V1

4.0u1eHKa pe3ybTATOB U3MEpPEeHH i

OTO 3aKJIIOUMTENIbHAs AaHAJUTUYECKas CTaiusl, €€ OCYILIECTBIIOT, pPacCUUTHIBAs
Clly4ailHble M CHCTEMAaTUYECKHE MOTPEIIHOCTH (OIMOKH). YCTAaHOBJIEHWE XUMUYECKOIO
COCTaBa BELIECTBA OTHOCUTCA K METPOJIOTHYECKUM IIPOLEAYypaM, CBA3aHO OTO C TEM, YTO B
AHAINTUYECKOU XMMHUU U3MEPEHUE HOCUT HE IPSAMOM, a KOCBEHHBIN XapakTep, TaK Kak
U3MepSAETCsS HE YHUCIO XUMHYECKUX YacTHll, a, Hampumep, ux olias macca, puanyeckue
CBOICTBa, pacxoj peareHTa W T.a. Kpome TOro, KOMHOOHEHTH XUMHUYECKOW CHUCTEMBI
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OKa3bIBAIOT B3aMMHOE BJIMSHHE, U YaCTO OYCHb CHJIBHOE, YTO MPHUBOIUT K UCKAXKCHHSIM
AHAIMTUYECKNX CHUTHAJIOB. Bce 3TO BBI3BIBACT TOSIBICHHUE MOTPEITHOCTEH MPH KaXIOM
AHATMTUIECKOM OTIPEICIICHUH.

Pe3ynpTraThl KOJMYECTBEHHOTO aHajn3a OIEHWBAIOT TaKUMHU METPOJOTHICCKUMHU
XapaKTePUCTUKAMH, KaK MPaBUILHOCTh U BOCTIPOU3BOIUMOCTb.

Ecnmu mpu mapajuienpHBIX OMBITAX TMOJIY4YalOT OJNM3KHE 3HAYCHUS KOJIMYECTB WIIH
KOHIICHTpAIlMi  OMpEACIsIeMOT0  BeHIeCTBa, TO TaKWe pEe3yJbTaThl  HAa3bIBAIOT
80CNPOU3BOOUMBIMUL.

Ecnu monmydyeHHbIE 3HA4YEHUs ONM3KU K MCTUHHOMY, TO TOBOPAT O MPABUIbHOCHU
pe3yJIbTaTOB aHAIH3A.

Pe3ynbTarhl MOTYT OBITH IPABMIIBHBIMH M BOCIIPOH3BOIMMBIMHU; BOCIIPOU3BOIMMBIMH,
HO HEIPABWIBHBIMH; HETIPABUJIBHBIMU M HEBOCITPOHU3BOIUMBIMH.

Bce ycuins XMMHKOB-aHAJTUTHKOB HAIpaBJICHBI Ha pa3pa0O0TKy METOJOB M METOJHK
aHalM3a, 00eCIeYNBAIOIINX TPABUIBLHBIC U BOCTIPOW3BOIUMEBIC PE3YJIBTATHI.

* PesysipTar, mosrydaeMblii TpM OJHOKPATHOM TIPOBEJCHHUH ITOCIIECIOBATEIBHBIX
oIeparyii, NPEeIyCMOTPCHHBIX METOJUKON aHaliu3a, HAa3bIBAIOT COUHUUHBIM
onpeoenenuem.

* [lapannenvhvie onpedenienusi — MOTyUYEHUE HECKOIBKUX PE3yIbTaTOB €IMHUYHBIX
OTIPEICTICHUM JIUIS OHON POOBI B IPAKTHYECKU OJIMHAKOBBIX YCIOBHSIX.

Pesynemam ananuza — cpennee 3HaYeHUE PE3YIHTATOB MAPAIICITBHBIX ONPEACICHUH,
XapaKTepu3yeTcs 3HAYCHHEM TpaHHIl JOBEPUTEIBLHOTO WHTEepBaja (CTaHIAPTHBIM
OTKJIOHCHHEM ), @ TAK)KE BOCIIPOU3BOAMMOCTBIO U TIPABHIILHOCTBIO (TOYHOCTHIO) aHAIH3a.

€,°100
X + &, A="_""" (%) (To4HOCTH aHAITN3a)

rue:

X — cpeiHee apu(MeTHIecKoe 3HAaUCHHE,
€p= t,Sx — TOBEpUTENIbHBII UHTEPBAI; ty
- kod(purmment CThIOJICHTA; Sy —

CTaHAAPTHOC OTKIIOHCHUC.
Nlekumna Ne3. KayecTBeHHbIX aHanNu3

1. OcHOBHBIE NOHATHS KAYeCTBEHHOI'0 aHAJIN3A

HecMmoTpss Ha BO3pOCHIYIO POJIb TEOPETUYECKMX U MHCTPYMEHTAJbHBIX ACIEKTOB B
KypCe€ XUMUU, U3YUCHUE XUMHUYECKUX CBOMCTB MO-TIPEKHEMY COCTABIISIET HEOTHEMIIEMYIO
OCHOBY JTF000T0 XUMHYECKOT0 00pa3oBaHus. BaxkHyt0 pojib B M3yUY€HUHN CBOWCTB BEIIECTB
WUrpaeT KypCc KA4eCTBEHHOIO HEOPraHWYECKOro aHanu3a. B Hacrodmiee Bpems
Ka4EeCTBEHHBI aHAJIM3 PACCMATPUBAETCS HE CTOJIBKO KaK 4acTh aHATIUTUYECKOW XUMUH,
CKOJIBKO KaK BBEJICHHE B OOIIYI0 XUMHIO.
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KauecTBeHHBIN aHAINU3 3aKIIOYAETCd B OOHAPY)KEHUU OTHENBHBIX 3JEMEHTOB (WU
MOHOB), U3 KOTOPBIX COCTOUT AHATTU3UPYEMOE BEILIECTBO.

Hccnenyst kakoe-HUOYIb HOBOE COEIMHEHUE, MPEX]IE BCETO, ONMPENCIIIOT M3 KaKUX
3JIEMEHTOB (MM HMOHOB), OHO COCTOUT, @ 3aT€M YK€ KOJIMYECTBEHHbIC OTHOIICHUS, B
KOTOPBIX OHU cojepxkarca. [103ToMy KadyeCTBEHHBIM aHaAIU3 BELIECTBA, KaK IPaBUIIO,
IIPEAIIECTBYET KOJIUYECTBEHHOMY.

2. AHAJIMTHYeCKHE PEAKIUHN U CIIOCO0bI MX BbINOJIHEHUSA

AHanu3upyemble BEIIECTBA MOTYT HAXOJAUTHCS B PA3JIMYHBIX arperaTHbIX COCTOSHUSAX
(TBepioM, KUAKOM U Ta3z000pazHOM). COOTBETCTBEHHO JTOMY M Kaue€CTBEHHbIC
aHAJUTUYECKUE PEAKIIMM MOTYT OBITh BBINOJIHEHBI ,,cyXuml wim ,MOKpeIMI myTeMm.
AHanmu3 CyxuM IyTeM OCYHIECTBISIOT C MOMOIIBI0 TAaKUX MPUEMOB, Kak Mpoda Ha
OKpalllMBaHUE IUIAMEHU, TOJyYEeHHUE IBETHBIX CTEKON (,,nepyoBl) u paccMoTpeHue
METaUIMYECKUX —KOPOJIbKOB|. DTH MpreMbl Ha3bIBAIOT MUPOXUMHUYECKUMU (OT Tped. ,,upl
- OTOHB).

[Ipu BBINOTHEHUHN OKPALTUBAHUSA B TUIAMEHH MTPOOBI, UCCIEAYEMOE BEIIECTBO HA METIIE
MJIATUHOBOM (MJIM HUXPOMOBOM) MPOBOJIOYKH BHOCAT B OECIBETHOE IiaMs ropeiku. I1o
XapaKTEpPHOW OKpacKe IUIAMEHH Y3HAIOT O MNPUCYTCTBUU TOTO WM HMHOIO 3JIEMEHTA.
Hamnpumep, HaTpuii okpanmBaeT miaMst B IpKO >KEITHIN I[BET , KUK~ B (PUOJIETOBBIN, METh
U 00D - B IPKO-3€JICHBIN, CBUHEL] U MBIILIBSK — B 0JIEHO-TOIYOOM.

OxkpaleHHbple CTeKJIa, WIM TEpJibl, MPUTOTOBISIOT CIUIABJICHUEM HCCIEyeMOTro
BemectBa ¢ Oypoit  NayBi0710H,O (wnmm ¢ rugpodocdarom  HaTpusi-aMMOHHUS
NaNHiHPO,+4H,0) B yimke ruratuHOBOW MpoBOJIOYKK Han riiameHeM. Oxpacka mepia
yKa3bIBaeT Ha MPUCYTCTBUE TOTO WM MHOTO MeTaiia. Hampumep, XpoM okparmBaet nepi
Oypbl B 3€JIEHBIN LIBET, KOOAIBT - B CHHUI, MapraHell - B (PUOJIETOBBIN.

Mertaminyecke KOPOJIbKM TMOMY4aroTCs NpU MPOKAIMBAHUM  AHATM3HPYEMBIX
MHUHEpAJIOB Ha JPEBECHOM YIje ¢ MOMOIUIbI0 MasuibHOW TpyOku. [lo BHemHeMy BUAY HX
TaK)K€ MOXHO CYAUTh O COCTaBE UCIBITYEMOI'0 MaTepuaa.

AHamu3 ,,cyxum| myTemM UCHONB3YIOT TJIaBHBIM OOpa3oM B MOJIEBBIX YCIOBUAX IS
Kaue€CTBEHHOI'O MJIM TMOJYKOJWYECTBEHHOTO MCCIEIOBAHUS MUHEPAIOB U PYA. B
71a00paTOPHBIX YCIOBUSX OOBIYHO MPUMEHSIIOT aHAJU3 ,,MOKPBIMI TTyTeM, KOTOPBIIf OCHOBaH
Ha PEeakUusAX B pacTBOpax. ECTECTBEHHO, YTO MPHU 3TOM HCCIEAYEMOE BEIIECTBO JOJKHO
OBITH CHauaja MEPEeBEJCHO B pacTBOp. Eciu OHO HE pacTBOpseTCS B AUCTHILTUPOBAHHOU
BOJE, TO UCHOJIB3YIOT YKCYCHYIO, COJISIHYHO, a30THYIO M JIPYIH€ KHCJIOThl. XUMHUYECKU
B3aUMOJIEUCTBYS C KUCJIOTaMH, aHAJU3UPYEMOE BEIIECTBO (COJIb, TUAPOKCH]T MU OKCHUJ)
IpeBpallaeTcs B JIETKO paCTBOPUMOE COECTUHEHUE:

CaCOs3 + 2HCH3COO = Ca (CH3COOQO); + H,0 + CO»
Al(OH); + 3HCI = AICl; + 3H-0,
CuO + 2HNO;3; = Cu(NO3)2 + H,O
B nosyueHHOM pacTBope OOHAPYKUBAIOT T€ MM WHBIC HOHBI.
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He Bce xumuueckue pCaKIu IMMPUTroAHBI JJII KAUECTBCHHOI'O aHaJIn3a.
AHaTUTHYECKUMHU SIBIISIIOTCS TOJIBKO T€ PCaKu, KOTOPBIC COIIPOBOXAAIOTCA
KaKI/IMHI/I6y,Z[I> BHCIIHHUM 3(1)(1)GKTOM, IMO3BOJIAIOIIUM YCTAHOBUTD, YTO XUMHYECKUI

npoueccC NMpoOUCXoOauT: BBIITIAACHUEM WK  PpaCTBOPCHUCM ocajka,
N3MCHCHHUCM OKpAaCKH aHAJIM3UPYEMOI'0 paCTBOpPa, BBIJICJICHUCM F33006pa3HBIX
BCIICCTB.

Kuc10THO-0CHOBHBIE peakuuu
CH3COO™ + H30" «» CH3COOH(r.) + H,0
Brinenenre cBOOOAHON YKCYCHOUM KUCIOTHI (0003HAYEHHUE T. — Ta3) Mpu J00aBICHUN
CUJIBHOM KHCJIOTHI (HampUMEp, COJSHOM WM CEpPHOM) MCIONb3YeTCs AN OOHapy>KEHHUS
aneraT-uoHoB. llapTHepoMm areTaT-WoOHa B 3TOM peaKUMH SBISIETCS HOH BOJOPOAA,
CYIIECTBYIOIIUA B BOJE U TUAPATUPOBAHHOU (opme, (HOpMydy KOTOPOH 3amUCHIBAIOT
00b1uHO Kak H3O™ (mpaBuibHee 06110 ObI 3amuckiBaTh (H20)4H" win HoO4"). Ananornanbim
o0Opa3oM (1O BBLACJIEHUIO CBOOOJHOTO aMMHaKa MpH JAEUCTBUM CUJIBHBIX IIEJOYEH,
HanpuMep T'UAPOKCUa HATPHUS) MOKHO OOHAPYKUTh U MOH aMMOHMUSI:

NH"*+OH<«<NHj(t.)
Peakumnu KoMIL1eKco00pa3oBaHus

AgCl + 2NHz+> [Ag(NHg),]** + 2CI
PacTBopeHne MajopacTBOpHMMOro Xjopujaa cepedbpa (CM. HWKE, «pPeaKIuu
OCXKJICHUS» ) TIPH JICHCTBUHM aMMHUaKa IMPOUCXOIUT BCIICACTBUE 00pa30BaHUs THAMUHHOTO
KOMILIEKca cepedpa.
CU(H20)42+ + 4NH3 [CU(NH3)4J2+ + 4H,0

B rugpatuposanHom uoHe Cu?* mpoMcXoauT 0OMEH MOJIEKYN BOABI Ha MOJICKYJIbI
aMMHaKa ¢ 00pa30BaHUEM MHTEHCUBHO OKPAIIICHHOTO CHHETO aMMUaKaTa MEJIH.

Hcnonb3yroTcss TakKe peakuud KOMIUIEKCOOOpa30BaHUS C  OPraHUYECKUMU
peareHTamMu 8-OKCUXWUHOJIMHOM, aJIM3apUHOM S U Jp.

Peakuuun oca:kneHus
Ag* + Cl" «— AgCl (1B.)
Honbr Ag* (mm ClY) ocaxaaroTcsi B BUE MajJopacTBOPUMOTo XJiopuaa cepedpa (o ero
PaCTBOPEHUHU CM. BBIIIIE).

Ba?* + SO4% «<>BaSOy(tB.) Uonsl Ba?* (unmu SO4%)

OCAXJIAI0TCS B BUE MAJIOPACTBOPUMOTO CyJib(aTa Oapusi.
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Peakuuu nmosiumMepu3zanuu

MHorue BemecTBa B BOJHBIX PacTBOPax CIOCOOHBI OOpPa3OBbIBATH JUMEPHI WM
MOJIMMEPBI JIMHEWHOTO WM LUKIAYECKOTO CTpoeHus. IIpocTedmmM NnpuMepoM MOXKET
CIYXXHUTb  JUMEpHU3aALUs XpoMaT-uoHa c oOpa3oBaHueM  Ouxpomar-
MOHA, COIPOBOKIAIOIIASACA N3MEHEHUEM KENTOU OKPACKHA HA OPAHKEBYIO:

CI’O42- + < HCrO4
2HCrO4 <« CI'2072' + H,0 (Cr2072' = [O3CF-O-Cr03]2')

Eme oaHOM BaXHOM B AQHAIMTUYECKOM OTHOILICHUM PEAKUMENW  SIBISIETCS
B3aMMOJICHCTBME MOHOB JIBYX pAa3JMYHBIX THIIOB C OOpa3oBaHWEM CMEIIAaHHOTO
MOJIMMEPHOTO COEIMHEHMSI, TaK HA3bIBAEMOTO 2emeponoaucoeourerus. [IlpumMmepoMm MoxkeT
CIIY>KHTh B3aUMOJICHCTBUE MOINOIaT- U (pocdaT-mOHOB:

12MOO42_-+ H,PO, + 22H — [PO4(MOO3)12]3' +12H,0
(12-moimbmodochar-noH)

Dta peakuusi IpuMeHseTcs 151 00HapykeHus pocdaT-noHa mo 06pa3oBaHMIO KEJITOrO
0CaJIKa TeTepPOIOINCOETMHEHNS.

OKHCIUTEIbHO-BOCCTAHOBUTEIbHbIE PeAKIIUN

OTHU peakluy CBSI3aHbI C IEPEHOCOM DJIEKTPOHOB M MOTYT MPOTEKATh B PA3TUYHBIX
dbopmax.

1. [TpocToii 0OMEH IIEKTPOHAMMU:

Ces+ + Feo+ « Ces+ + Fes+ 2. I'ereporeHnsie
peakiuy MEeXy HOHAMH B paCTBOPE U TBEPABbIMU BEIIECTBAMM:

Cu?* + Fe (1B.) +> Cu(TB.) + Fe?*
3. Peakuun 1ucponopimoOHUpOBaHUs:
2Cu* < Cu? + Cu(ts.) 4. Peakuun
KOMIIPOIOPIHOHUPOBAHKS (CHHIIPOIOPIIHOHUPOBAHHS):
105 + 51" + 6H* < 31, + 3H,0

Peaknum ¢ BblIejIeHHEM ra30B

J71st oOHApyKEHUST MOHOB YaCTO UCIOJIb3YIOT PEAKITUU C BBIICTICHUEM Ta30B
(HampuMep, CM. IPUBEICHHBIE BbIIIE KUCIOTHO-OCHOBHbBIE PEaKINM). Beiaenstomuiics ra3
3aTeM OOBIYHO BCTYIMAET B IPYTYIO PEAKIIUI0, KOTOPasi, COOCTBEHHO, M HCTIOIb3YETCS IS
oOHapy:xenus. Hanpumep, aiis oOHapykeHUs1 KapOOHAT-HOHOB UCIOJIB3YIOT BhIJIETIE- HHUE
TUOKCHUA YIJIEPOAA MPU AECUCTBUU KUCIIOT. BBIIENSAIOIINICA ra3 MOXKHO 3aTEM
0OHapYKUTh MPHU TTOMOIIU PEAKIIMUA 00pa30BaHMs MAJIOPACTBOPUMOTO KapOoHaTa Oapusi:
H*+ HCO3—H,0+ COx(r.)
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CO,(r.) + Ba?* + 20H" — BaCOs(1B.) + H,O

B aHanuTHYecKoM OTHOIIEHMM Ba)KHOE 3HAUYEHHME MMEET TAKXKE peaklus TUOKCHIA
KpeMHUs M TutaBukoBoM kucioTel (HF), compoBoknaromiasicss oOpa3oBaHHEM JIETY4YHX
COCIMHEHUU KPEMHHUS C PTOPOM:

SiOy(1B.) + 4HF <> SiF4(r.) + 2H,0
SiO,(tB.) + 6HF <> H,SiFg(r.) + 2H,0

B 3aBHCHMOCTH OT KOJIMYECTBA TUIABUKOBOM KUCIOTHI 00paszyeTcs J1ub0 TeTpadTopu
KpEeMHUS, THO0 JeTy4ast KpeMHe(PTOpOBOIOpogHAS KUCIOTa. UTOOR paBHOBECHSI
YKa3aHHBIX PEAKIIUH CMECTUTD BIPABO, HEOOXOIMMO CBS3aTh BBIICISIONIYIOCS BOTY ITyTEM
n00aBJIeHUs KOHIICHTPUPOBAHHOM cepHOM KucaoThl. CMeleHne 3TUX paBHOBECUN B
00paTHOM HaMpaBJICHUH MOXHO HUCIIOIb30BaTh JUIsl OOHAPYKEHHUS BBIJCIUBIINXCS Fa30B
0 BBIMAJICHUAIO OCAIKa TUOKCHIA KPEMHUS.

C TOUKM 3peHus Habrodaemvix 2¢gexmos BCE pPEaKIUU OOHAPYKEHHS MOKHO
pa3enuTh HA YEThIPE TPYIIIbL:

1)o6pa3oBaHue XapaKTEpPHBIX OCAIKOB,

2)pacTBOpPEHUE OCATKOB,

3)nosBieHue (MI3MEHEHUE) OKPACKH, 4 )BBIJICIICHHE

ra3os.

3. KayecTBeHHbIE peaKIuy KAK PeaKIMU MeK1Y HOHAMM

B kadecTBEHHOM aHaIM3€ MMEIOT JIEJI0 MTPEUMYIIECTBEHHO C BOJHBIMU PACTBOPAMU
BJIEKTPOJIUTOB, T. €. COJICH, OCHOBAaHUM M KHUCJIOT, JUCCOLUMUPYIOMIMX HA HOHBI. MOXHO
CKa3aTh, YTO KXl HOH 0018 1aeT ONpeIeICHHBIMUA CBOMCTBAMU, KOTOPBIE OH COXPaHSET
HE3aBUCHUMO OT MPHUCYTCTBUA B pacTBOpE Apyrux MoHoB. Hampumep, KaTUOH BOIOpOAA,
MPUCYTCTBYIOIMM B BOJHOM PAacTBOPE JIIOOOM KHUCIOTHI, HE3aBUCUMO OT €€ aHHMOHA
OKpAIIIMBAECT CUHUH JIAKMYC B KPACHBIM LIBET U MPOSIBIISIET IPYTUE, XaPAKTEPHBIE JIJI1 HETO
CBOMCTBA.

[ToCKOJIBKY CHJIBHBIE€ 3JIEKTPOJIMTHI MPAKTUYECKHA MOJIHOCTHIO WOHU3UPOBAHBI, IIPH
CMEIICHUU PACTBOPOB B PEAKIIUIO MOTYT BCTYIATh TOJIBLKO HOHBI. [IporsumtocTpupyem 310
MOJIOKEHUE HECKOJBKUMU MPUMEPaMH B3aUMOJICHCTBUS BEIIECTB, JAIOIINUX MPHU

mucconmaniui nousl Ba?t u SO4%°

BaCl, + H,S0, = BaSO4 l + 2HCI1
Ba(N03)2 + Na ,S0, = BaSO, I+ 2NaNO;
Ba(OH), + K;S04 = BaSO4 | + 2KOH
[TpomykToM BCeX ATUX pEaKIUid SBISECTCA OCNBIH MEIKOKPUCTAIUTMYECKUN O0CaOK
cynbdara Oapusi, He paCTBOPUMBIN B KUCIOTAX U IIEJI0YaX.

[TomyyeHne OQHOrO U TOTO k€ NPOAYKTA MPH B3AMMOACUCTBUM TPEX Hap Pa3IUUHbIX
COEIMHEHHUM JIETKO OOBICHSAETCS MOHHOW Teopueil. Beab CyIIHOCTh MPUBENECHHBIX TPEX
peaKIMii MOXKET ObITh BEIPAKEHA CIAEAYIOIIUM HOHHBIM YPaBHEHUEM:
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Ba?* + SO42- = BaS0,]

CnenoBarenbHo, cynbdar 6apus BaS04 o6pasyercs BCAKuii pas, KOraa Ipy CMEIEHHH
pacTBopoB KaTnoHKI Ba?* Betpewatores ¢ annonamu SO42. T103TOMy ¢ TOMOIIBIO CyIb(art-
MOHOB MOKHO OOHAPy»KHBATh B PACTBOPE KaTHOHKI Ba* n, Ha060pOT, ¢ MOMOLIBI0 HOHOB
Gapust — aHHOHEI SO42°,

Taxkum 00pa3oM, peakiyu, MPOUCXOASIINE B PACTBOPAX MEXKAY IJICKTPOIUTAMU, STO
peakuu MexAay HoHamH. 1loAToOMy aHATUTHYECKUMH pPEaKUUsSIMU OOHApPYKUBAIOT HE
XMMHUYECKHE BEUIECTBA, a 00pa3yeMble MU KaTHOHBI U aHUOHBI.

AHanu3 MOKpBIM IyTEM IMO3BOJISIET YK€ MO pe3yJbTaTaM KaueCTBEHHBIX MCIBITAaHUMA
yCTaHOBUTH (opmyrny coeauHenus. Hampumep, ecim B HUCCIEIyeMOM pacTBOpE
oOHapyxeHbl ToJIbKO HOHBI Na* u NO3™ ,T0, O4E€BHIHO, YTO OH COACPKUT HUTPAT HATPHS
(HaTpueByto cenutpy). OOHapyKHUB B MCCIELYEMOM BellecTBe KathoH Fe®* u anmon S04%,
MOJKHO CUUTATh, 4TO 3TO cyabdar sxene3a (I1I) Fea(SOa)s.

4. Yc10BHUSA BbINOJHEHHUS] AaHAJIUTHYECKHX peaKunifl, UX YYBCTBHUTECJIBHOCTD,
ClIeIII/I(l)I/I'-lHOCTb H CCJICEKTHUBHOCTD

BrInonHsas aHaTUTUYECKYIO0 PEaKIMi0, HYXHO CTPOTO COOJII0/IaTh OIpe/IesieHHbIC
YCIIOBHSI, KOTOPBIE 3aBUCIT OT CBOWCTB MoJydaromierocs: npoaykra. [Ipu Hecobmonennn
ATUX YCIOBHUM PE3YyIbTAT HE MOXKET CUUTATHCS JOCTOBEPHBIM.

OnHuM U3 yCIOBUN BBITIOTHEHUS PEAKINM SBISETCA cpeda aHAIM3UPYEMOro pacTBopa.
Hampumep, Henb3s oOHapyxkuBath noH Ca?* neiictBuem okcanara ammonus (NHy),C,0;4 B
MPUCYTCTBUM CUJIIbHOW KHUCJIOTHI, TaK Kak okcanat kanbius CaCyO4 pacTBOPUM B CHITBHBIX
kucnoTtax. Ocanok xmopuna cepedpa AgCl, pacrBopumoro B ammuake NH4sOH, He MmoxeT
OBITH TIOJIYYE€H B aMMHAa4YHOM cpenie. Ecim ocagok kakoroimOo BelecTBa BbINAAET TOIBKO
B HEWUTPAIIBHOM CpeAe, TO aHAIM3UPYEMBIM PACTBOP MPEABAPUTEIIBHO HEUTPAIM3YIOT
KUCIIOTON Wiy 1menoubto. Hanmpumep, ocanok ruaportaprpara kamus KHCsHi0¢ moxer
OBITh MOJTY4YEH TOJIHKO B HEUTPAIBHOM CpejIe. Jpyrum ycii0BUEM BBIINOJIHEHUS PEAKLIAN
SBIIACTCS TOJJIEpKAHUE HEOOXOIUMON memnepamypoi pactBopa. bOJIBIIMHCTBO
aHAJTUTUYECKUX PEAKI[UN BBITIOIHSIOT ,,Ha X0J0ayl, T. €. Mpu KOMHATHOM TeMrepaType Ui
JaXke TIPU OXJIKICHUU MPOOUPKU BOJION MO KpaHOM. DTO HEOOXOIUMO, HApUMeEp, NMpU
ocaxaeHuu rekcaruapokcoctuoduara (V) Harpus Na[Sb(OH)g] unu rugporaptpara Kaausl.
HexoTtopbele peakuuu TpeOyrOT HarpeBaHus [0 ONPEACIICHHOW TemmepaTryphl. Tak,
oOHapykenue noHa NH4" meficTBreM IIeIoun Ha UCCIICAYEMbIH PACTBOP BBHITIOIHSIOT MPH
HarpeBaHHH.

He menee BakHA JTOCTATOYHO BBICOKAsI KOHYeHmpayus OOHAPYKWBAEMOTO MOHA B
pactBope. Eciiu oOpasyroieecs CoeIMHEHHE MajlOpaCTBOPUMO U BBITIAIAE€T B OCAJIOK TIPH
OYCHb HEOOJBIION KOHIIEHTPAIMU OTKPHIBAEMOTO HWOHA, TO TOBOPSAT, YTO PEAKIIHA
BBICOKOUYBCTBHTEINbHA. Eciu sxe oOpa3zyroleecs: CoeJuHEHNE 3aMETHO PACTBOPHUMO B BOJIE,
TO PpEAaKIUI0 CUYUTAOT MAJIOYYBCTBUTENIBHOM. Takue peakuuu yJIarTcs JUIlb TPy
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CPaBHUTEIBHO BBICOKOW KOHIIEHTPAaUW OOHApYyKMBAa€MOIO0 HOHAa B aHAJIU3UPYEMOM
pacTBope (MU mpu 00pa30BaHUM B pACTBOPE OKPAILIEHHOTO COSAUHEHMUS).

UyBCTBUTENBHOCTh PEAKIMN XapaKTEPU3YIOT KOJIMYECTBEHHO MPU IMOMOIIM JIBYX
BEJIMYMH - 00OHAPYKMBAEMOI0 MUHUMYMa U MUHUMAJIbHON KOHIIEHTPALIUH.

Obuapyoicueaemvlil. MUHUMYM - ITO HAaUMEHBINIEE KOJUYECTBO HMOHA, KOTOPOE YIAeTCs
O0OHapY>XHUTh C TIOMOIIBIO TAHHOW peakinuu (Ipu
COOJIFOICHUY HEOOXOIUMBIX YCJIOBHH).

Broipaxkaior oOHapyXHBaeMbplii MUHUMYM B MWUIMOHHBIX [OJIAX TpaMma -
MHKpOTpaMMax, MHoraa 00o3HagaemMbix OykBoit y (Iy = 1 mxr = 10 ° r). Hanpumep, npu
ooHapyxenurn uona K' B Bume rekcaxiopomnatuHara (IV) kamus Kj[PtClg]
oOHapy)rBaeMbIii MUHUMYM cocTaBisieT 0,1 MKT.

Munumanvhas kKonyenmpayusi TOKA3bIBa€T, NpPU KakOM  pa30aBiIE€HUU  pacTBOpa
peakisl elle JaeT MOJ0KUTEIbHBIN pe3ybTarT.

[Tpu oOHapysxenun nona K* B Buze rekcaxmnoporuiatiuaara (IV) kamus
MHHHMMAaJbHas KOHIEHTpauus Belpaxkaercs otHomeHneM 1:10 000. CrenosarensHo,
katnoH K Mo)xHO 00Hapy»KuTh, eciii Ha 1 T ero B pacTtBope nmpuxoautcs He 6osree 10 000
MJI BOJBI.

YyBCTBUTEJIBHOCTH peakuuii Ha kaTuoHbI Meau (IT)

Peareri Oo6pazyromieecs et peaxiun O6HapyxuBaeMblii| MuHUManbHas
COCOINHCHHUC MI/IHI/IMyM, MKT KOHHCHTpaHI/IH
HCI H[CuCls] | >¢/'eHoe okpaum- 1 1:50 000
BaHHUC paCTBOpa
Cunee .
Nio | [CHNHOICL | e 0,2 1:250 000
pacTBopa
Ki[Fe(CN)g]| CUelPe(CN)el | Kopuusensiii 0,02 1:2 500 000
0CaJIOK

N3 npuBeeHHBIX JAaHHBIX BUAHO, UYTO YYBCTBUTEJIBHOCTh pPEAKIUU C
rexcanuanogepparom (II) kanmust B 10 pa3 Bbile, 4em peakuuu ¢ aMMuakom, u B 50 pa3
BBIIIIE, YEM C COJISTHOM KHUCJIOTOM.

B kauecTBeHHOM aHaiM3€ MNPUMEHSIOT TOJBKO T€ pPEaKIuu, OOHapyKMBAaEMBbII
MUHUMYM KOTOpBIX H€ MpeBblimaer 50 MK, a MUHUMAaJIbHas KOHILIEHTpAlUs HUXKE, YeM

1:1000.
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UyBCTBUTENBHOCTD PEAKIIMI CUIIHO 3aBUCHUT OT YCJIOBUM UX BBITTOJHEHHUS:
KOHLIEHTPAI[MU PEAKTUBOB, MPOJAOJIKUTENBHOCTU UX JIEUCTBUS, CI0C00a HAOIOICHUS
BHeIHero 3 dexra, TeMneparypsbl, IPUCYTCTBHUS TOCTOPOHHUX BEIIECTB U T.J1

[loMuMO  4YyBCTBUTENBLHOCTH, OOJIBIIIOE 3HAYEHHE [JIsi  aHald3a  HMEET
cneyupuuHOCmMyb peakyuu.

Cneyughuueckoti Ha3bIBAIOT TAKYIO PEAKIIUIO, KOTOPAs MO3BOJISIET OOHAPYKUTh HOH B
OPUCYTCTBUM  JIIOOBIX  JAPYTHX  HOHOB.

Hanpumep, crieruduuna peakius ooHapykeHust nona NHy" 1eficTBreM 1iesouu mpu
HarpeBaHUM, TaK Kak B 3TUX YyCJIOBHsIX aMMuak NHjz MOXKeT BBIIEISATHCSA TOJIBKO U3 COJIEH
aMMOHHUSI:

NH4CI + NaOH = NH3?1 + H,0O +NaCl

CrneunduyHa W MIMPOKO U3BECTHAs peaklus Ha HOJI C KpaxmaioM. OpaHako
crienu(prUUeCcKUX peakuii CpaBHUTEILHO HEMHOTO.

['opazno Oornee  pacnpoCTpaHEHbl TaK  Ha3bIBAEMbBIE  CeleKmugHvle, WIH

uzbupamenvHovle, PEaKi, KOTOPbIE JAIOT CXOJHBIA BHEIMIHUN d(PPEKT ¢ HECKOIbKUMU
noHamu. Hampumep, okcamar aMMOHHUS 00pa3yeT OCagKU C OrPAHUYECHHBIM YHCIOM
katuonos (Ca?* , Ba®* |, Sr?*
U30UPaTEIbHOCTD (CEIEKTUBHOCTD) PEAKIUH.
I pynnosvimu peaxmueamu Ha3bIBAKOTCA PEAKTUBBI , KOTOPBIE OJUHAKOBO PEarupyroT ¢
PAIOM MOHOB U MOTYT MPUMEHSITHCS 111 OTJEICHUS 1I€JION TPYIINblI CXOJIHBIX HOHOB OT
JIpYrux MoHOB. MHOTIa MOCTOPOHHUHN MOH, IPUCYTCTBYS B PaCTBOpE, HE
B3aMMOJICUCTBYET HEMTOCPEICTBEHHO C TPUOABISIEMBIM PEAKTUBOM, HO, TEM HE MEHEE,
MOHI)KAET YyBCTBUTEJIBHOCTD BBIMOJIHSAEMOU peakiuu. [1o mepe yBenuueHus
KOHIIEHTPAIIMX TOCTOPOHHETO HOHA OTPULIATENIBHOE BIMSHHE €T0 yeunuBaercs. Hakonen,
IIPU HEKOTOPOM MPEICIIbBHOM OTHOIIEHWU KOHIIEHTpAIuii 00OHApYKUBAEMOTO U
IIOCTOPOHHETO MOHOB PEaKLs CTAHOBUTCS HEN0CTOBepHOI. Hanpumep, katnon Pb?*
MOXHO OOHApY>XUTh B BUC noauaa ceuHia Pbl, aefictBuem noauma xamus B
IPUCYTCTBHH TOCTOPOHHET0 MoHa Cu?*, HO TOJIBKO B TOM CITydae, €CIIU KOHLEHTPAIHUS
Cu?* Gymer mpeBbIIATh KOHIEHTpanuio Ph** He Gonee uem B 25 pas. B manHoM cirydae
IpeaebHOE OTHOIIEHHE KoHIeHTpanuii Ph?* u Cu?* pasno 1 : 25.

YtoObl yCTpaHUTHh BIHUSHUE TIOCTOPOHHUX MOHOB, HWHOT/IA TOJB3YIOTCA TakK

n I[p) YUeM MEHBIIIE TaKUX HOHOB, TCM Ooee BBIpAKCHaA

HA3bIBAEMBIMU MACKUPYIOWUMU CPeOCmMBAMU, KOTOPBIE MEPEBOJAT MENIAoIINe HOHBI B
MAJIOJIUCCOLIMMPYIOIINE WIM KOMIUIEKCHBIE COEIMHEHUsA. KOHIEHTpamus MOCTOPOHHUX
VMOHOB B PaCTBOPE CWJIBHO ITOHMKAETCA U IOMEXU YCTPAHSIOTCSL.

5. MeToabl NOBBIIEHUS YYBCTBUTEIbHOCTH PeaKIMil
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YyBCTBUTEIIBHOCTh PEAKIIUN 3aBUCUT OT MHOTHX (PaKTOPOB U MOXKET OBITH MTOBBIIICHA,
€CJIM TEM WJIM MHBIM CIOCOOOM YBEJIMYUTH KOHIIEHTPALMIO OOHApY>KMBAEMOI'O HOHA B
pacTtBope.

O6oratuth pacTBOp OOHApYKMBAa€MbIM HOHOM H, CJI€JOBATEJIbHO, TOBBICUTH
YYBCTBUTEJIBHOCTh PEAKIIMA MOXKHO C TIOMOIIBI0O MOHHOTO OOMEHa, AKCTparupoBaHUs
COEAMHEHU OPraHNYECKUMHU PACTBOPUTEIISIMU, ITyTEM COOCAXKICHHUS, @ TAK)KE HEKOTOPBIMU
IpPYrUMHU crioco0aMu  (AUCTHILIISLMSA, AJIEKTPOJU3, YAAJICHHE MpUMeced, MeNaronmx
BBIIIOJIHEHUIO PEAKIUH U T. I1.).

Merox uOHHOro oOMeHa. Jlns KOHUEHTPHUPOBAHWS HOHOB 3THUM METOJOM B
KauyeCTBEHHOM aHAJN3€ HCIIOJIb3YIOT TaK HA3BIBAEMBIE UOHOOOMEHHble CMO/bl (NOHUTHI).
OpHM U3 HUX MOIVIOMIAIOT U3 PAacTBOPA KAaTHOHBI M HAa3bIBAIOTCS KATUOHUTAMH, IPYrUe
COpOHMPYIOT AHMOHBI U UMEHYIOTCS. GHUOHUMAMU.

[Ipouecc BeayT MO0 B CTATUYECKUX YCIOBHUSAX, BHOCS 3€pHA HOHUTA B UCCIIEAYEMBII
pacTBop, TMOO0 B TMHAMUYECKHX, TIPOITYCKasi aHAIU3UPYEMBII pacTBOp Uyepe3 —KOJIOHKYI -
TpyOKy, HaloJIHEHHYIO MOHUTOM. [Ipu 3TOM Kakioe 3epHO MOHUTA HaKaIUIMBaeT B cebe
00Hapy>KMBAEMBbIil HOH.

KoH1leHTprpOBaHUE MOHOB B CTaTUYECKHUX YCIOBUAX HECHOkHO. [lepeHocaT 2-3 ma
UCIIBITYEMOI'0 pacTBOpa B MaJieHbKHM (apPopoBbIil TUTENb. IJisi MOTIOIEHUs KATHOHOB
npu6OaBisaoT 35-40 HaOyxmmx 3epeH katuoHuta (KY-2, KVY-1 unu CBC) B BUle nByx
Karenb CyCIEH3UH, a JUIsl U3BJICUEHUS aHHUOHOB - TAKOE K€ KOJMYECTBO 3€PEH aHWOHWTA
(AB-I7, AB-16 wmu D]J1D-10I1). IlepememmBaroT COACPKUMOE THIJISA CTCKISHHOM
NajoykKoM S5 MUH, CIMBAIOT JKUJIKOCTh, a 3€pHAa HOHUTA, AaJCOpOMPOBABIINE
OOHapyKMBAEMbIii MOH, NMOMEIIAIOT B KaIlJII0 peakThBa M HaOMIOJal0T (OopMy M ILIBET
00pa30BaBIIMXCS KPUCTAIIIOB.

OTOT METOJI MO3BOJISIET MOBBICUTh YYBCTBUTEIBHOCTh MHOTHX PEAKIUNA B JECATKU U
COTHHU pas.

Metoa 3KkcTparupoBaHMsl. DKCTparupoBaHHWE - 3TO OJUH U3 BHIOB (Pa30BOTO
paznenenus BemecTB. OHO OCHOBAHO HA TOM, YTO HEKOTOPBIE OPraHUYECKHUE PACTBOPUTEINH,
HE CMEIIMBAOIINECS ¢ BOAOM, 001a/1al0T CIIOCOOHOCTBIO U3BJIEKATh U3 BOJHBIX PACTBOPOB
OTZIETIbHBIE KOMIIOHEHTBI CMECEH.

JInst SKCTparupoBaHusl MOAOMPAIOT TaKOW OPraHUYECKUH pacTBOPUTENb, B KOTOPOM
ONPENEISIEMOE BEIIECTBO PAaCTBOPAETCS XOPOLIO, a JAPYrMe€ KOMIIOHEHTBI CMECHU
MPAKTUYECKU HE PACTBOPSIFOTCS.

CMmech AByX JKHIKOCTEM M PACTBOPEHHOIO BELIECTBA BCTPSXUBAKOT, MOCIE YETO
OCTaBJISIIOT CTOSITh JO TOSIBIICHUS PE3KOM TpaHUIlbl pasziena MEexXay KUAKocTsaMu. U3
MOJYYEHHOTO  AKCTPAaKTa  OMNpEIEeIsieMO€ BEIIECTBO  BBIACISIOT  BBIIIAPUBAHUEM,
BBICYILIMBAHUEM, [IEPETOHKOMN MJIM KPUCTAIIIU3ALUEH.

Hanpumep, nonst xene3a (III) U3 COMIHOKUCIBIX BOAHBIX PACTBOPOB 4Halle BCETO
OKCTPArupyroT AUAITHIOBEIM 3(GUPOM B BHJE >KEIE30XJIOPUCTOBOIOPOJTHON KHUCIOTHI
H[FeCl4] xentoro mera. 9TO MO3BOJSET OTACIHUTH KEJIE€30 OT APYIHMX 3JIEMEHTOB, HE
00pa3yromuX XJIOPUIHBIX KOMIUIEKCOB.
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Metoa coocaxkaenusi. IT0 OJUH U3 HanboJee MPOCTHIX M IPPEKTUBHBIX CIIOCOOOB
KOHLIEHTPUPOBAHUS HOHOB.

B pactBop, conepskauiuii cieqpl onpeaeisieMoro HoHa, BBOJIAT MOCTOPOHHUM KaTHOH
(MJIM aHWOH), KOTOPBIA U OCAXAAIOT MOJXOSIIUM PEAKTUBOM B BHJI€ MAJIOPACTBOPUMOIO
coenuHenus. [Ipu 3ToM coocakaaroTcst U Cliellbl onpesensieMoro noHa. Takum obpazom,
MOJIYHAIOIIUICS 0CA/IOK UTPAET POJIb KOJUIEKTOPA, T. €. COOMpaTesi ONpeaesieMbIX HOHOB.
VY cTaHOBIEHO, YTO Y€M MEHBIIE KOHIEHTpAIUs OMpe/esieMOro MoHa B PacTBOpE, TEM
MIOJTHEE OH COPOUPYETCS KOJIIEKTOPOM.

[TpruuHBl COOCaXIEHUSI OMpPENEIsIeMbIX HOHOB C KOJUIEKTOpaMH pa3iuuHbl. K HUM
OTHOCATCS aJCOPOIMs COOCAKIAEMbIX HOHOB (WM COCIUWHEHWN) Ha TOBEPXHOCTU
KOJUIEKTOpa, HOHHBIN 00MeH, 00pa3oBaHNe TBEPABIX PACTBOPOB.

B ananuTHueckoil MpakTUKE HCIONB3YIOTCS KaK HEopraHuyeckue (TUIPOOKUCH
aTIOMUHUSL M JKeneza, Qocdar kene3a), TaK U OPraHUYECKHE COOCATUTETU
(MamopacTBOPUMBIE COETUHEHHUS] MOHOB OPTaHUYECKUX BEIIECTB, HAPUMEP METHIIOBOTO
¢uoneToBoro, METHJIOBOTO OpaH>XEBOTO, Ha(TaJIMH,0 -CyJb(OKHUCIIOTHI,
IUMeTHIaMuHoa300eH30a). [lpeanodyreHne oOTHaeTCsl OPraHUYECKHM COOCAIUTENSIM,
KOTOpBIE NTO3BOJIAIOT BBIACIATH ONPEAEIIsieMbIE HOHBI U3 PACTBOPOB C KOHILIEHTpaIen 1o 1
: 10'3 u oTMYarOTCS BBICOKOM CENEKTHBHOCTHIO. KpoMe TOro, OpraHuyecKre COOCaIuTeNu
JIETKO O30JISI0TCS, OJarogaps 4eMy COOCa)xaaeMble SJIEMEHTHI y1aeTCs TOTYYUTh B YUCTOM
BUJIC.

CraenyeT MOMHUTB, YTO HECOOIIO/IEHUE ONITUMAIBHBIX YCIOBUN BHITIOJHEHUS TOW WIIH
MHOI peakiuu (Temrepatypa, pH pacTBopa, KOIMYeCTBO peareHTa) BeIET K MOHMKECHUIO €€
YyBCTBUTEIHHOCTH.

JNlekuuns Ne 4. [IpoOGHbLIN U cMCTEMAaTUYECKUN aHaNn3

1. OcHOBHBIE NOHATHS TEMbI

Crnenuduieckue peaxkiuu TO3BOJSIIOT OOHApY>KWBaTh MOH B OTHAEIBHON TMOPITUU
aHAJM3HPYEMOr0 PacTBOpa, HE CUMUTAsICh C MPUCYTCTBHEM Jpyrux MoHOB. [lpu 3TOM
MOCJIEI0BATEILHOCTh OOHAPYKEHUSI HOHOB MOYKET OBITH MPOU3BOJILHOM.
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Jpobubim  ananuzom HA3BIBAIOT OOHAPYKEHNE HOHOB C MOMOIIbIO CIIEU(DUUECKUX
peakiuil B OTAEIbHBIX TOPUHUAX aHATU3UPYEMOTO
pacTtBopa, MpPOU3BOAUMOE B mo0oit
MOCJIEIOBATEIBHOCTH.

JIpoOHbIi aHaTN3 TPUMEHSIOT arPOXUMHUYECKUE U 3aBOJICKUE JIADOPATOPUH, OCOOCHHO
B T€X Clly4dasX, KOIr/la COCTaB MUCCIENYEMOT0 MaTepHalia JOCTaATOYHO XOPOIIO U3BECTEH U
TpeOyeTCsl TOBKO MPOBEPUTH OTCYTCTBUE HEKOTOPBIX MpumMmeceil. Ecnu e ucrnonb3yembie
peakiuu He cnenu@uyHbl, a MeNIarollee JeUCTBUE MOCTOPOHHUX HOHOB YCTPAaHUTh HE
ylaercsi, TO MpPOBEACHUE APOOHOTO aHaiM3a HEBO3MOXKHO. B 3TOM ciyyae MpUMEHSIOT
cucmemamuyeckull Xxo0 aHaJInu3a.

Cucmemamuyeckum X000M AHAIU3A — HA3BIBACTCS OINPECIICHHAs TOCIEA0BATEIbHOCTh
BBITIOJIHEHUS AHAJTUTUYECKUX PEAKIUi, MPU KOTOPOM
KOKJBI MOH OOHApY»XUBAIOT TOCIE TOTO, KaK OyIyT
OOHapy>KEHbI U yJIaJICHBI JPYTHe NOHBI, MEIIAIOIINE €T0
OOHapyKEHUIO.

JIOIyCTHM, 9TO PacTBOP HYKHO HMCIIBITATh Ha IpUcyTcTBue KathoHa Ca®*, HO B HeM
OZIHOBPEMEHHO MOKET cojepkarbcsa U MoH Ba?*. Katnon Ca?* npuHATO 0OHAPYXHBATh B
BH/JIE OKcaJara:

CaCl, + (NH4)2C204 = CaC,040 + 2N H4C|
Ota peakius JAOCTATOYHO YYBCTBHUTENbHA, HO HE crenuuyHa, Tak Kak oKcajar
ammonus (NH,),C,04 naet Genblii KpUcTaIMUECKuii 0cafok He Tonbko ¢ Ca®*, Ho Taxke
¢ Ba?" u HekOTOpBIMH ApyrMMH HOHAMU. [109TOMY TpEXIE YeM OOHAPYKUBATh KATHOH
Ca®", HeoOXOOMMO INPOBEPUTH, MPUCYTCTBYET JIM B PACTBOPE MeEINAIOIMHA HOH Ba?",
[Tocnennuii MO>XHO OOHAPYKHTh B OTAEJIBHOM MOPLUUU PAcTBOpa, ACHCTBYS XpOMAaTOM
KaJus, ¢ KOTOpeIM Ba?* 1aeT XxapakTepHsIii JKENThIi 0CalIoK:

BaCl,+ K>Cr0, = BaCr04i + 2KCl

[IpucyrctBue nona Ca®* He Memaer oOHapykeHUIo HoHa Ba®* 510l peakuumeii, Tak KaK
xpomart kaibisg CaCrO4 XopoI1o pacTBOPUM B BOJI€ (BbINIAJAET B 0CaJ0K TOJBKO U3 OYEHb
KOHLIEHTPUPOBAHHBIX PACTBOPOB COJIEN KaJIbLs).

JlanmpHENIINKM X0 aHaIM3a 3aBUCUT OT pe3yibTara IPOBEIACHHOIO UCHbITaHusA. Eciu
OKaXkeTcsl, 4To HoH Ba?* 0TCyTCTByeT, TO B APYroii HOPIUK PacTBOPA MOYKHO OOHAPYKHBATh
katon Ca?*, neiictBys okcamarom ammonus (NHz);C;0,. Ecmm xe xarmon Ba?*
IPUCYTCTBYET, TO INpExAe YeM oOHapyxupaTh Ca*, cleayeT MONHOCTBIO YAAIHMTh U3
pacTBopa HOHEI Ba?*. Jlns 5TOro Ha BeCh PacTBOP AEHCTBYIOT M30BLITKOM XpOMAaTa Kalus
K>Cr0; (wam muxpomara kamus KoCrp0;), ybexparorcs, 4To HOHBI Ba?* monHOCTBIO
ocaxaeHsl B BHuae xpomarta Oapus BaCrOs u, oTmenuB ocalok, OecrnpensiTCTBEHHO
00HapyKuBaroT KaTuoHsl Ca®*,
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CrnenoBaTellbHO, B CHCTEMAaTHUYECKOM XOJE aHAIN3a PUMEHSIOT HE TOJBKO peakyuu
0OHapys#ceHus OTAEIbHBIX HOHOB, HO TAKXKE U peaxkyuu omoeieHus ux ApyT OT Apyra.

Pa3nenenue HMOHOB 4Yalie BCEro OCHOBBIBAETCS HA PAa3IMYHOM pPacTBOPUMOCTH
aHanoru4HbIx coisiedt (Hampumep, BaCr04 u CaCrOs). IHOTAQ B 3TUX 1ENSIX UCTIOIB3YIOT U
pasan4YHyIo JeTy4ecTh coeauHenuid. Tak, oraenenne karnona NH,* ot monoB Na*, K' u
Mg?* OCYIECTBISIOT BHIIAPUBAHUEM PACTBOpPA M IIPOKAIMBAHUEM CYXOro ocTaTka. Ilpm
3TOM HENPOYHBIC COJIM AMMOHHMSI Pa3JIararoTcs, yJIeTy4YuBaroTcs, u coeaunenus Na*, K* u
Mg? 0cBOOOXKIAIOTCA OT MENIAIONMIMX NPUMECEH JTUX CONEH, OTAENAS OAUH HMOH OT
JIPYroro, Hy>KHO BHUMATEJIbHO CJEIUTHh 3a MOJHOTOW 3TOr0 pas3jeiieHus, 0e3 KOTOpou
pe3ynpTaThl aHaigu3a OyayT ommOouHbIMH. Hampumep, mpu HEMOTHOM yAajJeHUH HOHA
NH." MoxHO B nmampHeiinieM ,,nepeoTkpeiThl K* u Na*, Tak kak ¢ peakTMBamMu Ha 3TH
KAaTHOHBI B3aWMOJECHCTBYIOT M cOJM aMMoHHMs. [lodHOTY yhaneHuss Memaroniero MoHa
IPOBEPSIOT B KaXA0M CiIy4yae crienuanbHol npo0oil. CuctemMaTHuecKuii aHau3 He CIIEyeT
IPOTUBONOCTABIATH JPOOHOMY: 3TU METO/Ibl B3aUMHO JOTIOJHSIOT IPYT JIpyra.
Kaxx11p1il 13 HUX UMEET CBOIO 00J1acCTh IPUMEHEHHUSL.

2. Makpo-, NOJIJyMHKPO-, MUKPO- M YJIbTPAMHUKPOAHAIU3

B 3aBUCMMOCTH OT KOJIMYECTBA HCCIIEYEMOTO BEIIECTBA, 00bEMa pacTBOPa U TEXHUKHU
BBINOJIHEHUS OTIEPALIU AaHAUTUTUYECKUE METObI KAUECTBEHHOI'O aHAJIN3A IOAPA3AEIIAOT Ha
MAKpo-, MUKPO- U NOJYMUKPOMEMOObL.

1.Makpomeron - HauboJiee cTapblii METO/I XUMUYECKOTO aHaIN3a, IPH KOTOPOM st
aHayn3a OepyT CPaBHUTEIBHO OONBIINE KOJIMUYECTBA BELIECTBA M PEAKTHBOB: 1 I' CyXOro
BemectBa wiM 20-30 mi1 peakTuBa,

2.MukpoMeTos - TPy 3TOM METOE JJIs McciaeaoBanus Oepyt mpumepHo B 100 pa3s
MEHBIIINE KOJMYECTBA BEILIECTBA, YeM B MakpomeToie: 5-10 mr cyxoro Bemectsa win 0.20.3
MJI pactBopa, [Ipm MuUKpomeTo/le HCMOIB3YIOT BBICOKOUYBCTBUTEIBHBIC PEAKIIMH —
MHUKPOKPHCTAUIOCKOITMYECKUAE U KalleIbHBIC, KOTOPBIC TPOBOIAT HA MMPEAMETHOM CTEKJIE, a
0 HAJIMYUU OTPEIEIIEMOTO BEIIECTBA CYIAIT MO (hOpME KPUCTALIOB, pACCMAaTPUBAast UX IO
MHUKPOCKOIIOM,

3.IlolyMUKPOMETO/T - 3aHMMAET MPOMEKYTOUHOE TOJIOKEHHE MEXKIYy Makpo- H
MukpomeroaoM. st ananmmsza 6epyt: 50 mr cyxoro BemectBa win 0.1-1.0 M pactBopa.
[IpuMEHSIOT B OCHOBHOM T€ K€ PEaKIIMH, YTO U P MAKPOMETO/IE, HO BBITIOJIHSIIOT UX C
MEHBIIIMM KOJIMYECTBOM PEarupyroIux BEIIeCTB. DTOT METO/] aHaJIn3a HauboJiee yno0eH,
TakK Kak TpeOyeT HauMEHBIIIUX 3aTpaT, BPeMEHHU, PEaKTUBOB U 000PY10BAHUSI.
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3. TexHuka BbINOJHEHNUS Ba)KHEHIINX oNepalnuii B KA4YeCTBEHHOM aHAJIM3e

[Ipy 1npoBeAeHMM KAadEeCTBEHHOI'O aHaiW3a IOJYMUKPOMETOIOM IPUXOIUTCA
BBINIOJIHATh MHOYKECTBO OIlepauuid, TpeOyroluX OIpeAeIeHHbIX HaBbIKOB. K Takum
oIepanusaM OTHOCITCA: OCaKJE€HUE MOHOB, HAarPEBAaHUE PACTBOPOB, LIEHTPUPYTUPOBAHUE,
BBIITApUBAHUE, IIPOMBIBAHUE OCAIKA U T.[I.

1. Haepesanue

[Tpu HarpeBaHuu TPOOUPOK C OOJBIIUM KOJIMYECTBOM PACTBOPOB HAa CIIUPTOBKE (MU
TOpEJIKE) KUIKOCTh MOXKET ObITh BhIOpOIIeHa mapoM. [ToaToMy mydliie BCEro HarpeBaHue
BECTH Ha cjabo Kumsiei 6aHe.

2.0caoicoenue

Peakruu ocakieHHUst MOHOB B (popMe TPYTHOPACTBOPHUMEBIX COCTMHEHUIA MPUMEHSIFOTCS
B KaYECTBEHHOM aHAJIM3€ C IENbIO:

1.oTAeneHnsI KATHOHOB OHUX aHATUTUYCCKUX TPYII OT APYTHUX;

2.BBIJICTICHUSI WOHOB JAaHHOTO JJICMEHTA W3 CMECH WJIW YAAJICHWUS MEIIAFOIINX
HOHOB;

3.00HapyKEHUS OT/IETBHBIX HOHOB.

[Ipu mpoBeneHUM peakIUil OCAXKICHUS IJIsi OT/ACJICHHUS KATUOHOB TOW WM HUHOMN
aHAIMTUYECKOU TPYTIIBI CIIETYET UMETh B BULY, UYTO KATUOHOB ATOU IPYIITBI MOKET COBCEM
HEe OBITh B UCCIIEYEMOM PacTBOPE, MOITOMY HEOOXOIUMO PEAKIIMI0 OCAXKIACHHUS CHavalia
mpojenaTh B OTAENbHOM Mmpobe ¢ 2-3 KamisiMu aHalu3upyemMoro pactBopa. l[lpu
MOJIOKHUTEIIBHOM pPe3yJIbTaTe 3TOW MPOOBI CIeAyeT MPOBECTU OCAXKIECHWE MOHOB JaHHOU
TpyHmbl U3 OOJIBIIOTO 00BEMa UCCIETYEMOT0 PacTBOpA.

TexHuka OCAXKICHUS CJACAYIOMas: HAIUTh B MNPOOUPKY HECKOIBKO Karleib
WCCJICMYEMOTO pacTBOpa W MEIJICHHO MO KaIUISIM MPWINBATh K HEMY COOTBETCTBYFOIIHMA
peaKkTHB, TepeMeIIuBas CTEKISHHONW TaJIOYKON TMociae M00aBJICHHMS KaKIOH Karlu
peaKkTHBa, 9TO YCKOPSET BBIMMaIcHHE ocaaka. JlaTh 0caKy OCECTh TakK, YTOOBI pacTBOP HaJ
0CaJIKOM CTaJl TPO3payHbIM. [lajee mpoBepUThH MOJHOTY OCAXKACHHUS, IJIs1 ITOTO PUOABUTH
emie | KarTo peakTuBa M, €CIM OHA HE BBI3OBET MOMYTHEHHS IMPO3PAYHOTO PACcTBOpa HaJl
0CaJIKOM, TO OCaXJCHHE 3aKOHUEHO. B MpOTUBHOM Cilydae OCakJICHHE HA/IO MPOIOTKUTD,
n00aBHB K CMECH €I1Ie HECKOJIBKO Kareb peaktuBa. Heo0Xo1umMo MOMHHTB, 4TO OOJBIION
U30BITOK pEaKTUBA - OCAAUTENSI MOXKET BbI3BaTh YAaCTUYHOE WIIM TIOJHOE PACTBOPCHHUE
ocaJka B pe3yibTaTe 0Opa3oBaHUs PACTBOPUMBIX KOMIUIEKCHBIX coenuHenuil. Eciau
OCaKIaeMOe BEIIECTBO MOXKET MEPEXOIUTh B KOJUIOMJHOE COCTOSIHHME, CMECh HaJo
MOJIOTPETh Ha BOJSHON OaHe, Tak KaKk HarpeBaHUE CIIOCOOCTBYET MPOIECCY KOATYIISIITUH.

3. lleumpugpyeuposanue
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B kauyecTBEHHOM aHanu3e MU OTHEJNECHHsS OcajJKa OT pacTBOpa MPOU3BOAST
HEHTPU(PYTUpOBAaHUE C TIOMOIIBIO BJeKTpudeckod 1eHTpudyru. Ilpu pabote ¢
HEHTPU(YTOH CleTyeT BHIMOIHATE CIEIYIONIUE IPaBUiIa:

1.Cnenuth 3a paBHOMEPHOCTBIO 3arpy3ku. Jljist sToro ciemyer Oparb OAMHAKOBOTO

pa3zMepa HeHTpUPyKHbIE MPOOUPKH 1 HATIOIHATH UX PABHBIMU 00BEMaMU >KUJIKOCTH C

0CaJIkoM, HO He OoJiee, ueM Ha 2/3 BbIcOThI npooupku. [Ipu padoTe TOIBKO C OAHOU

IpOOUPKOIN B MPOTHUBOIIOIOKHBIN MATPOH HEHTPUPYTH HYKHO MOMEIIATH TAKYIO JKe

MPOOUPKY C paBHBIM 0ObEMOM BO/IBI.

2.Ilepen BrrOYeHHEM IEHTPUGYTH O00S3aTENbHO HYKHO 3aKpBITh  3aIUTHBIN
METAIINYECKUN KOXKYX.

3.Bxirodate U BBIKIIOYATH HEHTPUPYTy HEOOXOAMMO MOCPEACTBOM IIJIaBHOTO, 0e3
PBIBKOB [TOBOPOTA PEOCTATA.

4.]ln  OTAeNEeHHs ~ KPUCTAUIMYECKHX  OCAaJKOB  JIOCTaTOYHO 2-X  MHUHYTHOE

HeuTpu(yrupoBaHue; [UIsl OTAENICHUS DBIXJIBIX, XJIONBbEBUJHBIX OCAaIKOB —  3-4

MUHYTHOE.

Ecnu 3a 3TO BpeMsl OTACIIEHHE OCaJKa HE IMPOU30MAET, TO KUAKOCTb C OCAAKOM
HEOOXOMMO HarpeTh WM J00aBUTh K HEHl | Kamio pacTBOpa CHIIBHOTO 3JEKTPOJINTA, HE
B3aMMOJICHCTBYIOILIETO C OCAJKOM, 3aTE€M BHOBb OTLEHTpu(yruposatrb. B pesynbrare
KOAryJisiliMM KOJUIOMI0B UEUTPU(YyTUpOBaHHE MOIIET HOPMAJIBHO.

4.Ilepenecenue yenmpugyeama

Ecnu ocamok, mnomydeHHBIM mpu HEHTPUPYTUPOBAHUM, OYEHb IUIOTHBIM, TO
HAJI0CAIOYHYIO JKHJAKOCTh (LIEHTpU]yraT) MOKHO OCTOPOKHO CIIUTH C OCajKa B JAPYTYIO
npoOupKy. Ecnu ocagok peIxiblid, HEeHTpUdyrat MepeHocsIT B IPYryr0 MpOOUPKY C
MOMOIIBIO TJa3HOW MHUMETKH, CTapasch HE 3aAeTh ocafok. Ecmu mnentpudyrata Han
0CaJIKOM OYE€Hb MaJlo, TO UCTIOIB3YIOT KAMMLISPHYIO TalleTKY.

S.Ilpomwvieanue ocaoka

[IpombIBaHME OCajKa MPOBOJAT B TOM CIIy4ae, €CJIM 0CaJ0K JOHKEH ObITh TIO/IBEPIKEH
JTanbHEHIIeMy aHAJIU3y U HEOOXOIMMO OCBOOOAMTHCS OT MPUMECEH, MOMABIIUX B HETO U3
pactBopa. B kauecTBe MPOMBIBHOUN KUJKOCTH UCIOIB3YIOT JUCTUIIMPOBAHHYIO BOAY WIIH
pasbaBnieHHbIN pacTBOp ocaautens. K ocanky B ieHTpudyKHOM TpoOHpKe HY>KHO MPUITUThH
OKOJIO 1 MJI. IPOMBIBHOM KMAKOCTH W TIIATEIBHO MEpEMENIaTh €€ C OCaAKOM TOHKOM
CTEKJISTHHOM MaJouKoi. 3aTeM COACPKUMOE MPOOUPKU OTHEHTPUPYTUPOBATh, KUJIKOCTh
YAQUINTh NUNETKOW. Onepanuio MpOMBIBaHUS MOBTOPUTH 2-3 pas3a, UCHOJIb3YS CBEKHE
MOPIIUU TTPOMBIBHOM KMIKOCTH.

Korna tpelyeTcst npoMbIBaTh 0Ca0K Topsiueil BOJAOM, HY>)KHO B MPOOUPKY C OCATKOM
IIPUJIATh HEMHOI'O JWCTWUIMPOBAHHOW BOJBI, MEPEMELIATh CTEKJISIHHOW NaJO4YKOW M
HarpeTh Ha BOJASIHOU OaHe B TeueHue 1-2 MuHyT. 3aTeM OTIEHTPUPYTUPOBATh U YAAIUTH

neHTpudyrar.
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6.Pacmeopenue ocaoka

Crnenyer mOMHUTH, YTO OTJEICHHBIA OT LIEHTpUdyraTa 0CaJoK HENb3s OCTaBIATh Ha
JUIUTEIIbHOE BpeMs, TaK KaK HM3MEHSETCS €ro CTPYKTypa M COCTaB, B pe3yJjbTaTe
YMEHBIIAETCsl paCTBOPUMOCTH. [103TOMY CBe)eocakIeHHbIE OCaIKU BCET]a paCTBOPSIOTCS
jerye, 4eM BbICYIICHHbIC. {71 pacTBOpEeHUS K OCAJKy HYXKHO MNPUIUTH MO KaruisaMm
pPacTBOPUTEIIb, TOCTOSIHHO TIEPEMEIIIMBasi €r0 CTEKIISIHHOM najoukoi. He crnenyer criemuTh
C U30BITKOM PacTBOPUTEIIA. A €ClId 0CAaJI0K PAaCTBOPSIETCS MEIJIEHHO, JIy4llle HarpeTh €ro
Ha BOJIIHOM OaHe.

7. Boinapusanue pacmeopos

BrimapuBanne MOKeT ObITh YaCTUYHBIM U MOJTHBIM. YacTUYHOE BhIIApUBAaHUE
IIPOBOJIAT € LENBIO MOBBIIIEHNS KOHIIEHTpaluuu pacTBopa. [lonHoe BeimapuBaHue
pacTBOPUTEIIS IPUMEHSETCA MIPU YAAJIEHUH JIETYYUX BELECTB (HalpuMep, aMMHUaKa).
IIpu 3TOM MONTy4aroT CyX0M 0caJl0K, KOTOPBIM 3aTe€M ITPOKaIUBaroT. BelltapuBanue
MPOBOJAT B (pap(opoBOii HaIIKe WM TUTJIE HA SJIEKTPUYECKOM TUITMTKE C acOECTOBOM
ceTkoi. O4ueHb MaJlble KOJIMYeCTBa pacTBOPOB (1-2 kamim) BeimapuBaroT Ha
CTEKJIIHHOM IUIACTHHKE WJIM HAa YaCOBOM CTEKJIE, ITOJIb3YSICh IIPEIBAPUTEIBHO
HarpeToi acoecToBoi ceTkoil. BrlapuBaHue ¢ BblIEJICHUE BPEAHBIX Ta30B U I1apOB
(HC1, HNO3, NH3 u T.1. ) ciietyeT npoAOKUTh MO TATOM.

8.Ilpokanueanue ocaoka

[IpokanuBanue ocajka B KayeCTBEHHOM aHaJIM3€ MPOBOJAT C LEIBI0 YIAJICHUS
OpPraHMYECKUX BEIIECTB M AMMOHMHHBIX cosied. [IpokanuBaHue BeAyT B TOM XKe
dbapdopoBoii yalike WM TUTIE, OTKY/Aa MPeIBApUTEIHLHO Oblja BhIMApeHa >KUJIKOCTh, Ha
ANIeKTpUUecKoi rmauTke. [lociie okoHYaHus MPOKATMBAHUS YAIIKY WA TUTEIb IEPEHOCST C
TTOMOIIIBIO THTEIBHBIX ITUMIIOB Ha aCOECTOBYIO CETKY M TAFOT OCTHITh.
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JNlekumns Ne 5. AHanu3 KaTMoHOB

[Ipn cucTeMaTHYEeCKOM aHaIu3€ MPHUHATO JEJIEHWE KaTHOHOB W AHUOHOB Ha
aHanutuueckue rpymnnel. Haubonee ynoOHas, mpuMeHsemass W B HAcTofAIlee Bpems
Kinaccudukanus KatuoHOB, paspadotana H.A. Menmytkuasim B 1871 1. Bcee
CYLIECTBYIOIIME HbIHE KJIacCU(PHUKAIIUH NTPEAYCMATPUBAIOT pa3zelieHne KaTHOHOB Ha 5 WIn
6 aHAIMTUYECKUX TPYNI HA OCHOBAHUU CIIEYIOIIUX UX CBOMCTB:

1.Ha pasnuuuu pacTBOPUMOCTH  XJIOPUJOB, KapOOHATOB, Cyib(paToB

WU TUPOKCHJIOB.
2. Ha amdorepHbIX CBOICTBaX HEKOTOPBIX TUAPOKCHAOB. 3. Ha cnocobHOCTH psiga
TUAPOKCUIOB 00Pa30BbIBATh KOMILIEKCHBIE aMMUAKATBHI.

Kaaccupukanus KATHOHOB HA AHAJTUTHYECKHE TPYIIbI

No KaTHOHLL I'pynmoBas I'pynmoson ITony4daemsie
) XapaKTEPUCTHKA pEaKTHB COEMHEHUS
K*,Na*, (Conum wu rugpoxcuasl 11177011 -
1 ooggooooog
NHa4+,Mg2+ |pactBOpuMBI B BOMIE
KapOoHatsl HE
PacTBOPUMBI B BOJIE, HO
) Ca?*, Ba®", |pacTBOPUMEI B KHCJIOTAX. Cai(l\);l’ q]ijgeo(?i; S;P?Sl
Sr2t Cynbharsl ue| (NH4)2C0s 2. 6eIJ)10ro BeTaﬂ
pactBopuMbl B Boje u| PacTBOP Hpeta.
B KHCJIOTax.
Cymbuipr HE FeS|, Fe2S3|- uepHsie,
Als+, Fez,Fes,, PACTBOPHMBL B BOAE, HO MnS | -posoBateiit, ZnS |-
3 Mn2+, Zn2+, ?aCTBOpI/IMBI B KHUCJIOTax. (NH4)ZS 6H. 66.1'[}:1171, AI(OH):%l'
Crzr. | WAPOKCHN "% pactsop Geneiit, Cr(OH)s) -
PacTBOPUMBI B BOJE, HO 2
MOTYT PaCTBOPSITCS B CCPO3CIICHBIM.
KHCIIOTaX
AgCl], PbC1
Ag', Pb%,  [Xmopumsr HE HCI 2=. gCll, 2,
4 H Hg2C1, |- ocaaku 6emoro
g2+ PacTBOPHMMEI B BOJIE. pacTBop usera
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Pactop Cu(NH3)s2*-
[ HpOKCH B u NH4OH 21. cunnit, Co(NH3)4**-
Cu?* Co?+ |OCHOBHEIE — comn  He pacTBop B IPSI3HO-KEJIThIH,
5 Nizs, C1dz+, Bi3+ pacTBOpHMEI B Boje, Ho| ~ M30BITKE Ni(NHz3)s2* - cummi,
[pacTBOpPUMBI B H30BITKE Cd(NHzs)s2* i
AMMHAK. oecusernsiii, Bi(0H)2Cl|
- OeunbIil.
I'mapoxcuibr
ambporepusl. Cynbduasl | NaOH, KOH,
Sn**, Sn**, HEpPacTBOPUMBI B BOJIE, H4Sn04], Sn(OH)2|,
6 Sk, HO pacTBOpUMBL B NH HSb02|, HSbO3| - 6enbie
Sb°*, (As®, cymppunax Na, K 40H, 3. 0CaJIKH, PACTBOPUMEIC B
As™) Y aMMOHUS. M30bITKE IIET0YEH.
pacTBOpHI

IlepBasi anaJMTHYeCKasi rpynna katuonos: K+, Na*, NHs", Mg?*

[loutn Bce conu Kanusi, HATpUsA, AaMMOHHUSI M OOJIBIIMHCTBO COJIEH MarHusi XOpOILO
pacTBOprMBI B BoJie. [10ATOMY rpynnmoBOTro peakTuBa, OCaXAAr0LIEro BCE YEThIPE KATUOHA,
HET.

Kamuii m Hatpuil oTHOCATCA K 1 rpynmne NepuogudecKOd CUCTEMBI JJIEMEHTOB U
o0pa3yloT CuibHbIE HIenoud. ['Mapokcua aMMOHUA SIBISIETCS Cla0blM OCHOBaHHEM, HO
KaTUOH aMMOHHA OJM30K IO CBOMCTBAM K KaTHMOHY Kaius M oOpa3yeT HECKOJBKO
aHAJIOTMYHBIX MaJOPACTBOPUMBIX coseil. Coau aMMOHUS pas3yiararoTcs NPy HarpeBaHUU U
MOTYT OBITh yAaJieHbl MpOKaIUBaHUEM. [ UAPOKCUA MarHus - ciaboe OCHOBaHUE, II0XO
pacTBopuMO€ B Boje. TpyaHOpacTBOpMMBI Takxke ¢ochar MarHuss W KapOOHarT.
['mppokcokapOOHAT MarHusi pacTBOpPSAETCA B M30BITKE COJEH aMMOHMS M MpU JEHCTBUU
KapOOHATOM aMMOHHUS B IPUCYTCTBUU XJIOpUIa AMMOHHMSI B OCAJI0K HE BbInaaaet. [loaromy
IIPU CUCTEMATUYECKOM aHAIN3€ MOH MarHus OCTAaeTCs B PACTBOPE ¢ KATUOHAMH | TPYIIIIBL.
[1o 3TOM MpUYKMHE OH U OTHECEH K ATOU IpymIIe.

[Tpu cucTemMaTnyecKkoM aHalM3€ KaTHOHBI Kajusl, HAaTpUsl U MarHusi OOHapyKUBaloT B
MOCIIEHIO OYepeb, TaK KaK KaTHOHBI JPYTHX TPYII MEMIAI0T UX OOHApPYXKEHUIO U
JIOJKHBI OBITh yAalieHbl. B BOAHBIX pacTBOpax KaTHOHBI | rpymnibl GecliBETHBI, 00pa3yeMble
VMM COJIM UMEIOT OKPACKY TOJIBKO B T€X CIIy4asix, KOrJa B UX COCTAaB BXOAAT OKpAILICHHbIE
AHUOHBI, HAIPUMEP: IEPMAHraHaT, XpPOMAaT WIA JUXPOMAT -UOHBI.

Karnonel 1 aHanMTHYECKOW TpyIIbl COAEpKATCS B NOYBAX KAK B IOJBHXKHOM,
JOCTYITHOM JJIsl YCBOEHUSI PACTEHUSIMU COCTOSIHMM, TaK U B CBA3aHHOM. OHHM BHOCATCS B
MOYBY B BUJIE MUHEPAJIbHBIX yaoOpeHuil. Kanuii B Bujie -KaauilHOW cenuTpsl, cynbdara,
XJopuaa u Apyrux coyied. Hatpuit - cocraBHas 4acte uwimiickoit cemutpbl (NaNQOs).
Maruauii BxomuT B coctaB npojomutra CaCO3*MgCOs; . MoH aMMOHUSA COAEPKUTCS B
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aMMOHUWHON cenutpe, cyiabdpate U xjuopuae ammonusi, B ammodoce NHiH,POs u
nuammodoce (NH4),HPOs.

Woub! Kanusi, Marausi, aMMOHUSI HEOOXOAUMBI JJI1 MUHEPAJIbHOTO MMUTAHUS PACTEHUH.
bonbiioe copepxanue coyield HaTpUs YKa3bIBaeT HA 3aCOJICHHOCTD IT0YB.

AHanu3 BOJOHBIX BBITSDKEK M3 ITOYBBI HA HAJIMYME ITUX KATHOHOB MCIOJB3YIOT IS
ONpEEICHUS IPUTOAHOCTH ITOYB JUJIS BO3JIEIBIBAHUS PA3IMYHBIX KYJIBTYP.

OreHka kauecTBa MPUPOIHBIX BOJ BKIIFOUAET TPOOBI HA IPUCYTCTBUE HOHOB aMMOHHUSI.
Hanuuue B Bojie aMmmuaka v cojieid aMMOHUS CITY’KUT MIPU3HAKOM 3arpsiI3HEHHOCTH, TaK KaKk
3TH COEMHEHUs1 00pa3yOTCs PYU THUEHUHU OEIIKOB.

[TpoayKTHI AETCKOTO U AUETUYECKOTO MUTAHUS TAKXKe MOABEPraroTcs 0053aTeIbHOMY
VICCJIEIOBAHMIO HAa COJEPIKAHNE HATPUS, KaJusl U Mar"us.

Bropasi anaiuTHYecKasi rpynna karuonos: Caz+, Ba?*, Sr*
P Py , ,

Karunons! 2 rpymnmnsl, B OTIIMYUHU OT KATUOHOB 1 TpyIIbI, 00pa3yloT MalopacTBOPUMBIE
B Bojie KapOoHathl. [loaToMy MX ocaxaaroT nedcTBUEM KapOoHaTa aMMOHMS, KOTOPBIN
SBJIIETCSI TPYIIIIOBBIM PEAKTUBOM.

Ocanku kapOOHATOB KajiblMsl, Oapus W CTPOHLMS MOTYT OBITh IMOJIyYE€HBI U IpPH
JEHCTBUM Ha pacTBOp KapOoHaTamMu HaTpus U Kanus. Ho mpu cuctemarnueckom aHaau3e
M0JIb30BAThCSL ATUMHU PEAKTUBAMH HEBO3MOKHO, TaK KaK BMECTE€ C HUMHU B HCCIIETYEMBIi
pactBop BBOsATCS MOHBI Na® n K*. Mcnonb3oBanne kapOoHaTa aMMOHHS OIIPABIAHO TEM,
4t0 MoH NH4" MOKHO mpeIBapuUTEILHO OTKPBITH IPOOHBIM METOIOM.

W3 coneit kanblys, Oapust ¥ CTPOHLIUS TaKXe HE pacTBOPUMBI Cyib(athl, hochaTsl U
okcanatbl. OIHAKO OCaXXI€HUE CEPHOU KHCIOTOW IPOBOJUTCS PEIKO, TAK KaK CyJIb(aThl HE
PacTBOPUMBI B CUJIbHBIX KUCJIOTaX U LIEJI0Yax U ¢ OOJIBLINM TPYJIOM CHOBA MEPEBOJSATCS B
pactBop. Ocaxaenue ¢hochopHOI U IaBEIeBOM KUCIOTONW HE MPOBOJAT MO TOH MPHUYMHE,
YTO NPUCYTCTBHE B pacTBope docdar - 1 OKcajaT -MOHOB YCIOXKHSAET aHAJIN3.

Cynpduapl 3TUX 3JIEMEHTOB, B OTJIIMYHME OT KAaTHMOHOB 3,4 W 5 Tpymm, XOpPOIIO
pPacTBOPHUMBI B BOJE.

B BoaHBIX pacTBOpax KaTHOHBI 2 TPYIIIbl OECIIBETHBI.

Conu KanmpLUMsg UCHOJB3YIOT JUISl YJIYYIIEHHS] NOYB: B CWJIBHO KHCJIBIE TOYBBI IS
HelTpanm3auu BBoaAT u3BecTHAK CaCOjs; a B comonneBatsie - rumnc CaS0422H0.
Kanpuuii BXOTUT B COCTaB MUHEpPATIbHBIX ymoOpeHwii: dochoputHoit Myku Caz(POs)o,
cynepdocdara Ca(H,POy), + CaS0,, kanmbiueBoii cenutpsl Ca(HCOs3), 1 T.11.

PactBopumsbiit ruapokapoonar kanbius Ca(HCO3), HaXoauTcst B MPUPOAHBIX BOJAX,
coo0Iass UM BpPEMEHHYIO KECTKOCTb. APCEHHT M apceHAT KajbIUsl HCIHOJB3YIOT Kak
CEJILCKOXO3SIMCTBEHHBIE SJIbI.

Honswt 6apus ssmoButhl. KapOoHAT U X10pua Oapusi UCTIONB3YIOT B CETLCKOM XO3SHCTBE
kak sael. [loaTomMy oOHapykeHHe HMOHOB Oapusi MPOBOASIT NPHU PaClO3HABAHUU
ATOXUMHUKATOB.
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PasiMoakTHBHBIN HM30TON CTPOHIUS “°STr, 0Opa3syIOMIMKCS NPH SAEPHBIX PEAKIHsX,
IpEICTaBISIET OOJIBIIYIO OIACHOCTD JJISl 3J0POBbS U KU3HHU.

Peakuuu KaTHOHOB BTOPOIi rPyNnbI

KaTtnonst
PeakTuBbl
Ca? Ba** Srz
NH4 )2CO3, Na2COs,
(NH4 )2C0s, NaxCOs CaCOgz| Gemnbrii BaCOs3| 6emnbrit SrCOz| Gemnbrii
K2CO3
Na2HPO4 CaHPOu4| Gemnbrii BaHPOu4| Gemnprii SrHPO4| Gembrii
(NHa4)2C204 CaC2Ha| 6enbrit BaC204 6enbrit SrC204| Genbrit
H2>S04 u pacTBopuMbIe
cyabdarsl CaS04] Genprii BaS04| Gemnbrii SrS04] Genbrii
Ki[Fe(CN)e+NH,c1 | CANH4)2 [FE(CN)o] || Ba(NHe)2"Fe(CNolJ,
OenbIit OenbIi
Cas0 000000000 BaS04| Beimamaer SrS04)
cpasy BBINAJAET HE CPaszy
K2Cr207 OooDoogoog BaCrO4| xentorit
Okpaumpanie KupnuuHo- kpacHoe XKenro-3eneHoe KapmuHOBO-KpacHOe
TUTAMEHH

KaTuonsl TpeTheii ananuTudeckoii rpymnei: ARY, Fe?*, Fe3*, Mn?*, Zn?*, Cr#

K TpeTheil aHAMUTUYECKOM TpyIme OTHOCAT KaTHOHbI amoMuHus, xenesa(ll),
wene3a(lll), mapranma (II), umuka, xpoma(lll). Onm xapakTepusyroTcs OOJBIIUM
pa3zHooOpa3reM CBOWCTB.

AJIOMMHMII M UMHK MPOSBISIOT IMOCTOSHHYIO BAJEHTHOCTb. [ MIIPOKCHUIBI ATHX
3JIEMEHTOB M XpoMa 00J1a1at0T aM(POTEPHBIMU CBOMCTBAMH; 3TO CBOMCTBO MCIOJB3YETCS
JUISL OTICJICHUS] aJIFOMUHUS, XpOMa U LIMHKA OT JIPYTUX KaTHOHOB TPEThEeW aHATUTHUECKON
rpynnsl. AmoMunuii o6pasyer nonsl AP u AlO%, nunk - nonsl Zn?* u Zn0,%, XpoM HOHEI
Cr¥*u CrOy.

XKenezo, Mapranen u XpoM MpOSBIISIOT IEPEMEHHYIO BaJIEGHTHOCTD. JKese30 o6pasyer
nonsl Fe?*, Fe%*, FeO,%, mapraner - norsl Mn?*, Mn®**, Mn*", MnO4* u MnO4’, XpoM HOHBI
Cr3+, CI’O42_, CI’2072'.

M3MeHeHue BaJe€HTHOCTH 3THUX 3JIEMEHTOB OCYILIECTBISIETCS CPABHUTEIBHO JIETKO,
MO3TOMY JJIs HUX XapaKTepPHbI OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIE PEAKIIHH.
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[mnpokcuael Jkeme3a W Mapranma o0JamaroT Cc1ab0O0CHOBHBIMH —CBOMCTBAMH,
pacTBOPAIOTCA B KUCJIOTAX, HO HE PACTBOPSIOTCS B 1IesIovYax. [ MAPOKCUABI BCEX KATUOHOB
TPEThEW IPYyNIIbl HE PACTBOPUMBI B BOJIE, HO MOTYT IEPEXOAUTH B KOJUIOUIHOE COCTOSIHUE.

Conm 00MBIIMHCTBA JIEMEHTOB ATOW IPYIIIBI 00Pa3yOT OKPAIIEHHbIE PACTBOPHI.

Oxkpacka pacTBOpPOB coOJIeH 3JIEMEHTOB TPeTheil AaHAJIUTHYECKO IPyIIbI

AT,
Vou | ' 2 Cra+ CrO42-| Cr2072- Fe** | Fe?* | Mna+ MnOs- | MnOu2-
3eneHas bneano
Oxkpacka Kpacno ManuHoBO-
becuger WIH Kenra [OpanxeBa - bneanopososa 3eneHa
pacTBop - ¢duonerona
Has |QuoneToBa| st s 3eneHa o o
a . Oypas B s

KaTtnoHbl TpeTbeil aHaTMTUYECKON TPyNIbl 00pa3yroT CyJIb(Puabl, HEPACTBOPUMBIE B

BOJI€, HO paCTBOPUMBIE B KUCJIOTax. B oTiauure oT HUX Cyab(u bl IEPBOI U BTOPOM TPYyIIIIbI

pPacTBOPHUMBI B BOJIE, & CYJIb(HU/IbI YETBEPTOM U MATOM IPYIIbl KATHOHOB HEPACTBOPUMBI B

kucioTax. 11o3ToMy B KauecTBe IpyIIIOBOIO PEAKTHUBA MCIOJIB3YIOT CYIb(UJ aMMOHHS.
Jlpyrue pacTBOopuUMbIE CyJIb(UJIBI, TaK K€ OCAKIAIONIME KAaTHOHBI TPEThEW TPYIIbI, HE
MOTYT OBITh HCIIOJIb30BAHBI KaK IPYNIOBOM pEaKTUB, TaK KaK ¢ HUMHU B pacTBOp OynyT
BBEJICHBl KaTHOHBI NEPBOM M BTOpOM rpymil. lIpucyrcTBue KaTMOHa aMMOHHS B XOJ€
CUCTEMATUYECKOTO aHajlMu3a ONpeJeNsercs [0 BBEICHUS Cynb(puaa aMMOHHUSA, a B
JAJbHEMIIEM KaTUOH aMMOHMUS JIETKO YJAJIS€TCs U3 pacTBopa B BUAE aMMmHuaka. KaTnoHsl
TPEThEH TPYINIbl B 3aBUCHUMOCTUM OT BO3JEHCTBHUS HAa HUX THAP OKCHUAA aMMOHHUS B

NPUCYTCTBUM XJIOPUAA AMMOHMS OAPA3IAEISIOT HA ABE MOATPYIIIIbL:
lnoarpynna:
kathoHbl amumtoMunus, xpoma(lll), sxenesa (II), ocaxknaemble BOIHBIM aMMHAKOM B

MIPUCYTCTBHUU XJIOPUIA AMMOHMUS.

2noarpynna: katuonsl xene3a(ll), mapranma(ll), nnaKa He OcakIaeMble TaKUM
obpazom.
KatuoHns! TpeTheil rpynisl, Mo I00HO KAaTHOHAM BTOPOU TPYIIIBI M MarHusi, 00pa3yroT

TPYJIHOpPACTBOPUMBIE KapOoHaTtel W ruapodocdarel. Kpome Toro, onu o01anar0T

CITOCOOHOCTBIO 00PA30BHIBATH KOMITJICKCHBIC COCTMHCHUS.

OOHapyXeHHE U KOJIMUYSCTBEHHOE OTIPE/ICIICHIUE KATHOHOB TPEThEH TPYIIIIBI CBA3aHO
TJIaBHBIM 00pa30M C aHAJIU30M ITOYB, MEKPOYAOOPCHHUH, pACTUTEIHHOTO H
KUBOTHOTO MaTepuasa, MpoJ0BOJILCTBEHHOTO ChIPhs M MPOTYKTOB MUTAHUS
(0cOOEHHO JETCKUX M THUETHYECKHUX ), TAaK KaK 3TH KaTHOHBI KMEIOT BaXKHEHIIIee
OHMOJIOrMYECcKOE 3HAUCHHUE.
AIOMUHHNA B OOJBIIMX KOJIHMYECTBAX COACPIKUTCS B KUCIIBIX TOI30JIMCTHIX IMOYBAX,

CHWXKasl YpPOKalHOCTh MHOTMX KyJbTyp. ConM aatOMUHHS NMPUMEHSIOT Uil OYMCTKH
IIPUPOJIHBIX BOJ.
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Kene3o conepXuTcsi B TKaHSIX BCEX PACTEHUM U KUBOTHBIX. OHO BXOJUT B COCTaB
reMOTJIOOMHA KPOBU KUBOTHBIX, YYaCTBYET B CMHTE3€ XJIOpOo(dHIIIa 3eJICHBIX PACTCHUIA.
[Ipu HemocTaTke ’keje3a B IMOYBE y PACTCHHM pa3BUBACTCS XJIOPO3, T.€. OTCYTCTBHE
3€JICHOM OKpacKH M3-3a MOHMKEHHOI'O cojiepkaHus Xjopodrmia. M30BITOK kKene3a B
MOYBE TaK >K€ BpeJeH Uil pacTeHuid. MHorume conm skene3a (JIakrar, cyibdar,
rimrepodocdar) IpUMEHSIOT B BETEpUHAPUHN KaK aHTHAHEMHUYECKHE CPEICTRA.

Mapraneri, IIMHK, XpOM - MHKPORJIEMEHTBhI, HEOOXOJUMBIC JJIsi HOPMaIHHOTO
Te4YeHUsI OOMEHHBIX ITPOIIECCOB y PACTCHUH 1 )KMBOTHBIX. HemocTaTok MapraHiia B mo4yBe
CIOCOOCTBYET PAa3BUTHIO y HUX Pa3IMYHBIX 3a00JICBaHWI; B KPOBH - TPHUBOJUT K
BO3HMKHOBEHUIO ,,MapranmeBoro paxural. HexBaTka 1iuHka BeIeT K HAPYIICHUIO CHHTE3a
xjopodriia, BATAMUHOB, ayKCHUHOB y PACTCHH, BATAMUHOB ¥ ()EPMEHTOB Y KUBOTHBIX
1 YEJIOBEKa.

M30BITOK ITMHKA B MOYBaX, MPOAYKTaX MUTAHMS, CHIPhE SBIISCTCS TOKCHUYHBIM JIJIS
YeJI0BEKa, )KUBOTHBIX U pacTeHuid. CoriacHO TrMTMEeHMYECKUM HOpMaTHBaM KauyecTBa U
0€30IMacHOCTH TIPOJIOBOJILCTBEHHBIX IMPOAYKTOB M CBIPbS MPEASIbHO JOIMyCKaeMoe
cojepkaHue uHKa: B Msace- 70,0 mr/kr., B Mosoke - 5,0 Mr/kr., B siine-50,0 mr/kr.

Peakuuu KaTHOHOB TpeTheH rPynIbI

KaTtnonsl
Peaktist P s e (R Fe?* MnZ* Zn*
(NHa4)2S B memouHoi
cpene Al(OH); | Cr(OH)s| |Fe S |FeS IMnS 1ZnS
NaOH, KOH, NH4OH | AI(OH); | Cr(OH)s] |Fe(OH)s |Fe(OH), |Mn(OH), 1Zn(OH),
NaOH, KOH P-p A102 | P-p Cr0y |Fe(OH)3 |Fe(OH): |Mn(OH)> p-p ZnO*
NH4Cl B men. cpene | |AI(OH)z | |Cr(OH)s |Fe(OH)3 minininln! minininln! Cooon
NazH P04 lAlPOA, iCI‘PO4 iFePO4 lFe3(PO4) ana(PO4) lan(PO4)
Ka[Fe(CN)g] mininlnl 10000 | {Fea[Fe(CN)gls | |Fez[Fe(CN)g]| | Mng[Fe(CN)g] | |K2Zn3[Fe(CN)s]2
Ks[Fe(CN)e) 1oooo Isjufs]s! minlnln |Fes[Fe(CN)g]| {Mn3[Fe(CN)s]2| Zns[Fe(CN)g]2
KCNS 1oooo 10000 o000 Fe(CNS)s 0000 o000
AOMUHOH Kpacusiit | KpacHsrit Kpacusrit minininln! oooon oooan
(NH4)2S208 10000 | Cr07% pp CO0nn noooon MnOgs p-p CO0nn
Hutnson nininin Inin]uls oonno 0oo0on 0oo0on Kpacubiit
Co(NO3); 10onn IRInIniN minIEln (O ooooo CozZn0;
H20; B menounoii cpepe | 0000 Cr204 p-p minininisi Fe(OH)s ninininln minininlis

KaTuOHBI YeTBepTOii aHauTHYeCKO# rpymnbi: Agt, Pb?* Hg.**
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YerBepTas aHaTUTUYECKAs TPYIINa 00beUHIET KaTUOHBI cepedpa, cBuHLa, U pTyTU(l).
OO1uM CBOMCTBOM 3THX KaTMOHOB SIBJISIETCSI CIOCOOHOCTH OCaXKJIAThCs MO JAEHCTBHEM
pa30aBiICHHON COJISIHOM KUCIIOTBHI M €€ COJIed B BHUJE XJIOPUIOB-OCAAKOB O€J0ro IBETa.
[ToaTomy cosisiHasi KUCIO0Ta SABJSETCS TPYIIIOBBIM PEAKTUBOM ISl KATHOHOB 3TOM TPYIIIIBI.

Kpome Toro, KaTHOHBI YETBEPTOI aHATTMTUUECKOM TPYIIIIbI 00pa3yl0T HEPACTBOPUMBIE
Cyab(UIbl YEPHOTO 1IBETA, KOTOPHIE B OTJIMYME OT KATHOHOB 5 TPYIIIbI, HE PaCTBOPSIOTCS
B Ccylb(duaax HaTpus, Kaius, aMMOHHMsS. Majo pacTBOpUMBI B BojJe Takxke (ocdarbl U
KapOOHAThl KATHOHOB YETBEPTOM IPyNIbl. PacTBOpUMBIE COMU MOABEPTAIOTCS TUPOIHU3Y U
UX pacTBOPHI UMEIOT KUCTYIO PEakKiHio. B OKHUCIMTENbHOBOCCTAHOBUTEIBHBIX PEAKIUS
KaTHOHBI YETBEPTOW TPYMIBI BHICTYNAIOT B POJHM OKUCIHUTENEH M BOCCTAaHABIMBAIOTCS JI0
CBOOOAHBIX METAUIOB. B BOIHBIX pacTBOpax KaTHOHBI cepeOpa, cBuHua u pryta (I)
OECLIBETHBI.

Coenunenus prytu (1) comepxar rpynnupoBky -Hg-Hg-, B xoTopoii ogHa u3 AByx
CBs3€M KaXXJ0ro aromMa pTYTH HCIOJIb3yeTcsl Ha coeauHeHus ¢ apyruM. Comu prytu(l)
umerot ctpoenue CI-Hg - Hg-Cl unm OsN-Hg - Hg-NOs. B aTux coenunenusx Ha aBa aToma
PTYTH HPUXOIUTCS JABa MOJOXKHUTENBHBIX 3apsafa. PTyTh B 3THX COEIUHEHUSX SIBIISETCS
3JIEKTPOXUMHUYECKH OAHOBaJeHTHOH. [Ipu quccoumanum 3TUX COeIMHEHHIl oOpasyercs
CI0xHBIH noH Hg,?*.

CoennHeHUs1 KATHOHOB YETBEPTOM TPYIIIBI UMEIOT BAKHOE OMOJIOTHYECKOE 3HAUCHHE.
Honsl cepebpa obmanaoT OakTepULMIHBIM AeiicTBUeM. HuTpar cepebpa mpuUMEHSIOT B
MEAWIIMHE U BETEPUHAPUU TIPU IPO3UAX, 5A3BaX, dK3eMax, a Takke B OPTAIbMOJIOTUU H
cTOMaToJIoTuu. MeTannudeckasl pTyTh U OOJIBITUHCTBO €€ COCIUHEHH OYeHBb STOBHUTHI.
Haunbosiee TOKCUYHBI 17151 )KMBOTHBIX U 4esioBeKa: xjopui (cynema) u vwogua prytu (I1I) u
OpraHMYEeCKUE PTYTHBIE IperapaThl, IPUMEHsIEMbIE U1 IPOTPABIMBAHUS CEMSH: TPAHO3aH,
STUIMEPKYPXJIOPUJ, 3TUIMEPKYpdochaT. DTH COEIUHEHHs] HApPYyIIAIOT YIJIEBOIHBIN M
KaJbIUEBbIA OOMEH, (YHKIMM TI0YEK, I[EYEHHU, SHIAOKPUHHBIX >KeJe3, LEHTPaIbHON
HEPBHOM CHCTEMBbI BCJIEICTBUE OJIOKAJbl CYIb(PIUIPUIBHBIX rpynn (GepMeHTOB. XII0pua
prytu (I) unu kanmomens (HgoCl,) He simoBUTa 1 MCTIONB3YETCS B MEAUITMHE U BETEPUHAPUU
KaK CIa0UTENTbHOE, AHTUCENITUYECKOE U MOYETOHHOE CPEACTBO.

CoenuHeHusi CBUHIIA Takke sSM0BUTHL. K Hamboiiee TOKCMYHBIM OTHOCSATCS HUTpAT,
aneTaT M TUIPOKCOXJOPHUJ CBMHLA, a TaK K€ TETPa’THJICBHHEL. 3arps3HEHUE BO3IyXa,
MOYBBI W BOJABI COCIWHEHUSMHU CBUHIIA MPOUCXOJUT B pe3yidbTaTe BHIOpOca HX
NPOMBINUICHHBIMU ~ MPEANPUATUSMH, BBIXJIONMHBIMH  Ta3aMH  aBTOTpaHcropta. B
COOTBETCTBUHU C CAaHUTAPHBIMH HOPMaMH COJCpKaHHWE CBHHIIA B | 71 BOABI HE JOJHKHO
npesbiiath 0.1 Mr. B OCHOBHBIX CEIbCKOXO3SWCTBEHHBIX MPOIYKTaX JOMYCKAeTCs
CJIelytolllee CoIep >KaHne CBUHIA U PTYTH:

I'mruennyeckue HOPMATUBBI COAEPKAHUS CBUHIIA U PTYTH B OCHOBHBIX
NMPO0BOJILCTBEHHBIX IPOAYKTAX, (B MI/KT)
Msico Mojtoxo Sima

CauHell 0,5 0,1 0.3
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PryTs 0,03 0,005 0,02

AlleTaT CBUHIA M OKCHJI CBUHIIA HUCIOJb3YIOTCSI B MEIMIIMHE, BETEPUHAPUU KaK
BSDKYIIME U TPOTHBOBOCTIAIMTEIILHBIE CPEACTBA B hOpME MMPUMOUYEK, KOMIIPECCOB, Ma3eH U
IJIACTBIPEH.

Peakiiuu KaTHOHOB YeTBEPTOIl IPyNIIbI

Katnons!

PeaktuBel
Ag* Pb%* Hgo2+

PbC1,|- Gembii,

pPacTBOPUMBII B rOpsiueu

AgCl]| - 6emnprit, Hg.C1,| - Gemnerid,

HCI u xnopunst

pactBopumblii B NH4OH BoIe yepHetrouii B NHsOH
Pb(OH).|- 6emnsrii,
KOH, NaOH Ag20] - Oypsiii pacTBOPUMBIN B KUCIIOTax Hg20 | - uepHbIit

1 U30BITKE IIET0YEH.

NH40H [Ag(NH3)2]* . (NH2HE)NOs3| - Geprii
(M30BITOK) pacTBop Pb(OH)]-bexiit + |Hg
K2Cr04 AgCr0s] KHpP HrHo” PbCr04] - sxenthiit HQg2CrOa4| - kpacHsIit
KPacCHBI
H2S04 —_ PbS04] - 6embrit
Naz2HPO4 Ag3POq| - xenTeiii
Pblz| - xentsIii, Hgzl2| - rps3HO-3€neHbIH,
HI, (KI) Agl| - xxentbrit PacTBOPUMBI B ropsiuel | pacTBOPUMBIN B U30BITKE
Bozae, NaOH, n36niTke KI KI
Cu meranuy. e B Hg|

Ilaras anaauTHYecKas rpynna karuonos: Cu?t, Co?*, Ni%*, Cd?*, Bi®*

KaTtuonsl nisaToi rpyIibsl 00pa3yroT HEPAaCTBOPUMBIE B BOJIE CYJIb(MUIbI, THIPOKCUIBI U
OCHOBHBIE COJIM. [ MAPOKCHT aMMOHHMS, KOTOPBIA UCIIOIB3YETCS KaK IPYINIOBOM PEAKTHUB,
o0pasyeT ¢ KaTHOHAMH TISITOM TPYTIIIBI, SIPKO OKPAIIEHHBIE OCHOBHBIE COJIH, KOTOPBIE, KPOME
coJieli BHCMyTa, pPAacTBOpUMBI B U30bITKe ammuaka. OOpasyromuecs TPU ITOM
KOMIUJIEKCHBIE COJIM - aMMHUAKATBI, TAKKE UMEIOT XaPAKTEPHYIO OKPACKY.

Karnonsl Meu, kKaiMusi 1 BUCMYTa, KpOME TOTO, 00pa3yroT KOMITJIEKCHBIE COSTMHEHUS
C LMAHWJAMU U WoauaaMu. B peakuusx OKHCIEHUsS-BOCCTAHOBIICHUS KAaTHOHBI MSATOU
TPYIIBI BEAYT c€0s KaK OKUCIUTEIN U BOCCTAHABIMBAIOTCS JJO CBOOOHBIX METAJIOB.

B BOHBIX pacTBOpax MOYTH BCE KATUOHBI MSITOM TPYIILI OKPAIIECHBI.
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Oxpacka pacTBOpPOB Co/IeH KAaTHOHOB NATON aHATMTHYECKOH rPyIIbl

Hon Ccu® Co* Ni2* Ccd? Bis+
Okpacka

romy0asi |po3oBas | 3eneHas |OecuBeTHas | OecIBETHAs
pacTBOpa

OOBEKTOM KavyeCTBEHHOTO aHajiu3a Ha MPUCYTCTBUE KATHOHOB MeEIHU, KOOabTa,
HUKEJIs, KaJMUsS U BUCMYTa SBJISIIOTCS YJIOOpEHHUS, TIOUBbI, pACTEHUS, OMOJOTUYECKUE
KUIKOCTH, CEIBCKOXO35MCTBEHHOE ChIphE, MPOJAOBOJILCTBEHHbIE NPOAYKTHL. Menab
BXOJIUT B COCTaB YIOOpPEHUN U CEIIbCKOXO3SMCTBEHHBIX $JI0B, HANPUMEP: MEIHOIO
kynopoca, maprkckoit 3ei1ean Cu(CH3COO)23Cu(AsO2)2, 60pAaocckoii xuakocTu. Menb
HEoOXoaMMa JJIT HOPMAJTBHOUM KU3HENEATCTLHOCTH PACTCHUM W JKMBOTHBIX, TaK Kak
BXOJIUT B COCTaB ()€PMEHTOB, BIHICT Ha OCIKOBBIA U yIieBOAHBIN oOMeH. Cymnbdar u
KapOOHAT MEJU KCIOJIb3YIOT B BETEpPUHAPUM KaK aHTIeJIbMUHTUKUA. Meab OTHECeHa K
TOKCUYHBIM 3JieMeHTaM. l[lpefenbHO AOMyCTUMOE CcOJepKaHue MEIU B HEKOTOPBIX
MpOAyKTax NMuTaHus mpuBeneHo B Tabmuie N29. KoOanbT BXOAUT B COCTaB BUTAMHHA
Bi1,. IToHmxkeHHOE coepKaHUe 3TOr0 MUKPO3JIEMEHTA B TIOYBAaX, PACTEHUSIX, KOPMAX U
MUIIEBBIX MPOAYKTAX OTPHUIATEIBHO CKa3bIBAETCS HA POCTE CENBCKOXO3SIMCTBEHHBIX
KyJbTYp, IPOJIYKTUBHOCTH >KUBOTHBIX M pa3BUTUU yeoBeka. M30bITOUHOE cojiep kaHue
KoOabTa, KaKk U MEJU, U KaJMHSI CYUTACTCS TOKCUYHBIM.

I'mruennyeckre HOPMATUBBI COACPKAHUA MEAU M KAAMUA B OCHOBHBIX
IPOA0BOJILCTBEHHBIX NIPOAYKTAX, (B MI/KT)

Msico Monoko Slima
Menb 5.0 1.0 3.0
Kanmuii 0.05 0.03 0.01

IllecTast anaIMTHYeCKasi TPyNna KaTuoHoB: Sn%*, Sn**, Sh3*, Sb® As®", As®*

On0BO, MBIIBSK U CypbMa PacIoJIOKEHBI B 4-5 TpyIIax NEPUOIUYECKON CUCTEMBI U
00J1a1at0T HEMETANIMYECKUMH CBOMCTBaAMU. B TO e Bpems 0JI0KEHHUE 3TUX 3JIEMEHTOB B
4-5 mepuojax TakXKe OTPa)KaeTCsl HAa UX CBOMCTBAaxX M MO3BOJISIET B HEKOTOPBIX PEAKIUAX
JaBaTh COCTMHEHHUS, XapaKTEPHbIE U1 METAIUIOB. B 4acTHOCTH, CypbMa, MBILIBSK, U OJIOBO
00pa3yroT aM(oTepHbIe THAPOKCUIBI. B 11e104H0# cpeie 3T THAPOKCUIbI AUCCOITUUPYIOT
c obpasoBanueM annoHoB: AsOz*, AsO;*, SbO,*, SbOs:*,SnOs*. B kmcioii cpene
o0Opasyrorcs kaTnoHsl : As**, As®, Sn?*, Sn**, Sh3*, Sb®*. PacTBOpEI Colell HTUX KATHOHOB,
00pa30BAHHBIX CHJIbHBIMU KHCIIOTAMU, UMEIOT KUCIIYIO PEaKLHUIO.

Mpepimwsik /I11/, cypema/lll/ u omoso /III/ B mienoyHoi cpeme BeayT cels Kak
BoccTaHOBUTENH. Mpbimbiak /V/, cypema /V/ B KHCIIOH cpeie NpOSBISIIOT CBOWCTBA
OKHCIIUTEIICH.
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XapakTepHON peakiuell s KaTHOHOB 6 Tpymmbl SABISETCS 0Opa3oBaHuE
HEPACTBOPUMBIX B BOJE CYJIb(UIOB MPU B3aUMOJECUCTBUHU C CEPOBOJOPOJOM B KHUCIOU
cpene. Cynb@uabl KaTHOHOB 6 TpPYIIIbI PacTBOPSIOTCA B Cylb(uaax HATpuUs, Kajus,
aMMOHUSI, 00pa3ys cynbhoconu (Trocomun). Hampumep:

JAs2S3 + 3NaS = 2NazAsS;  THOMBIIIBSIKOBCKUI HATPHIA.

Cynbdoconu mo cBoeMy cocTaBy OI0OHBI KUCIOPOAOCOIEPKALTIM KHCIIOTaM TEX XKe
AJIEMEHTOB C TOM Pa3HUIICH, UTO POIb KUCIOPO/Ia 31€Ch UTPACT DJIEMEHT, EMY aHAJIOTUIHBIN
- cepa.

Hcnonp3oBaHue CepoBOAOPOAAa B KauecTBE TIPYNIIOBOTO PEaKTHBA CONPSIKEHO C
MHOT'OYHCIICHHBIMH TPYAHOCTSIMH.

beccepoBoJOpOAHBIN METO/I KadeCTBEHHOI'O aHaln3a MpeAyCMaTpUBACT OCAXKACHUE
KaTUOHOB 6 rpymnmbl (0J0Ba U CypbMbl) €OKMMHU Mienodamu. Ilpu stom oOpa3zyroTcs
COCIMHEHUs] HEpPacTBOPUMBIE B BOJE, OOIAJAIOLIME CIIOCOOHOCTBIO PACTBOPSATHCS B
N30BITKE IIEJI0UEH.

B BOIHEIX pacTBOpax cypbMa obpasyeT monsl Sb3*, Sb**, omoso Sn?*, Sn**

, MBIIIIBSIK
As%*, ( B kucnoii cpene); apcenut non AsOz* n apcenar-uon AsO4* (B menodnoii cpezue).
Bce ot nonsr 6ecriBeTHbl. COEMHEHUST MBIIIbSIKA CUIBHO SITOBUTHI. MBIIIBSIK BXOJIUT B
COCTaB CEIIbCKOXO3SIMCTBeHHBIX sy10B: maprxkckor 3eneHn Cu(CH3COO)23Cu(AsO,)s,
apCEHHTA HATPHsI, APCCHUTA U apCeHaTa KalbIlUs. Y )KUBOTHBIX U YEJIOBEKA IPH MO IaHuN
OOJBIINX /103 MBIIIbSIKA BHYTPh HAOJI0IaI0TCSI OCTPbIE OTPaBJICHUS, COITPOBOKIAIONITUECS
CUJIBHOM OOJIE3HEHHOCTHIO OPTraHOB OPIONIHOM MOJIOCTH, KOJUKAMH, PBOTOM, MOHOCOM,
CIIFOHOTEUYCHHUEM, OCTA0JICHUEM CEPJIEYHOU JESITEIIbHOCTH, PE3KUM MaJCHUEM KPOBSHOTO
JABJICHUS, TTAPATAYOM.

B BETCPUHAPUM  COCIMHEHMUS  MBIIIbIKA  MPUMEHSIOT B KadecTBe
MIPOTHUBOIIAPA3UTAPHBIX CPEJICTB M BEIIECTB, YIy4IIaronux oOMeH (0capcoll, HOBapCEHOJT,
HATpHUs apCeHar).

[IpoOBONBCTBEHHBIE TPOAYKTHI M CEIBLCKOXO3SIWCTBEHHOE CBHIPhE  IOJICIKAT
00s13aTeTbHOMY aHAIM3Y Ha MPUCYTCTBUE MBIIbsKA. [IpeenbHO JOIMyCTUMOE COAepKaHne
MBIIIBSIKA cocTaBiisieT: B Msce- 0.1 mr/kr, B monoke- 0.05 mr/kr, B sine - 0.1 mMr/kr.

buonornyeckas poiib CypbMBI M 0JI0Ba BBIACHEHA HEIOCTaTOYHO. B BeTepuHapuu
UCTIONIB3YIOT CyIbPuThl CypbMblI /III/ 1 /V/ B kauecTBe 0TXapKHUBAIOIIUX CPEACTB, apCeHAT
0JIOBA KaK aHTTEeJIbMUHTHUK.
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JNlekumnst Ne 6. AHanmn3 aHUOHOB

AHHOHBI, 10 HanboJiee pacIPOCTPAHEHHOU KacCU(UKAIK, IETATCA Ha TPU TPYIIIBL.
Takoe ieneHue OCHOBAHO Ha Pa3IMYUsAX B PACTBOPUMOCTH OAPUEBBIX U CEPEOPSIHBIX CONEH.
Knaccudukanus aHMOHOB IPEJCTABJIECHA B TA0IUIIE.

KﬂaCCI/I(l)l/IKalll/lﬂ AHMOHOB HA AHAIIUTUHYCCKHUE I'PYIIIbI

Ne AHHOHBI I'pynmoBas xapakrepuctuka | [ 'pymnmoson ITony4gaembie
pEaKTUB COCAUHECHUS
1 | SOa2-, S02-32-, S230- |bapueBsie conu maio |BaCl2 0.5 H/| BaSOs], BaSOz|,
32-, pacTBOpUMBI B BOJE, HO, KpPOME | pacTBOp B| BaS:03], BaCOz3|,
cynb(dara Oapus, pacTBOpUMEI B | HelirpamsHol wmm| BaSiO3],BaHPO0s]
COs, P04 pa30aBiIeHHBIX KUCIOTAX. CJ1a00IIET0YHON ocajiku 6eoro nBeTa
cpene.
2 Cl, Br, I, S*  |Cepebpsnsie coJn ne| AgNO3 0,1% AgCl| - Gensii,
pacTBOpHMBI B BOJE W B pacTeop B Agl| -
pas6aBieHHOi a3oTHOIt kuciote. | PHCYTCTBIE HNO3 OJIETHOKENTHIN,

AgBr| - xenTsli,
AgoS |- yepHbIH

3 NO3-, NO2-

Comu Xopomo pacTBOPUMBI B
BOJIE.

IlepBasi aHaTUTHYECKAS IPYNIIA AHHOHOB:

SOa2-, SO32-. S2032-, CO32-, SiO32-, POus-
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Bce anuonsl mepBoil rpynmbl o0pa3yroT coiu Oapus, HEpacTBOPHUMBIE B BOJE, HO
pacTBOpUMBbIC B pa30aBICHHBIX KHCJIOTax ( 3a MCKIIOUEeHHEM cyibdara OGapus).IloaTomy
IPYNIIOBBIM PEAKTUBOM IEPBOM IPYIIIIHI SBIISETCS XJIOPU]T Oapusi B HEUTPAIIbHOM WJTK C11a00
niesioyHoM pactBope. CepebpsHble coyn, 00pa3yeMble aHMOHAMU | TpyNIbl, B OTIMYUE OT
2 rpynmnbl pacTBOPUMBI B pa30aBIEHHBIX KHUCJIOTax, a cyib(dar cepedpa Jgaxe B BOJE.
BoabmMHCTBO coseil cepHOM KMCIOTHI XOpOIIO pacTBopsieTcs B BoAe. K HepacTBOprMBbIM
OTHOCSITCSI TOJIBKO Cyib(aThl Oapusi, CTpOHIMS, Kanublus, cBuHLA. CynbQUT-UOH B
pacTBOpe HEYCTOWYMB M TMOCTENEHHO OKHUCIAETCA A0 cyhbpar-uona. K pactBopumbIM
THOCYJb(aTaM OTHOCATCA COJIM WICJIOYHBIX METaVIOB, CTPOHIIMA, LWHKA, Kaamus. U3
CpPEeIHUX COJIEH YrOJbHOW KHUCIOTHI PACTBOPUMBI TOJBKO KapOOHATHI HATPHs, KaaAMHUS H
ammonusa. Comu pochopHOI KUCIOTH B OCHOBHOM B BOJIE HEpAaCTBOPUMBIL. VckitoueHue
cocTaBistOT  (ocdaThl IMIETOYHBIX METAUIOB M aMMOHUA U Jauruiapodocdarsl
HIEJIOYHO3EMENBHBIX MeTaIoB. Bee pocdatsl pacTBOpsIOTCS B MUHEPAIBbHBIX KUCIOTAX, a
MHorue (kpoMme (ocdaToB Kene3a 1 aMMOHUS) TAKKE B YKCyCHOU kucnote. M3 cuimkaroB
PacTBOPHUMBI B BOJI€ JIUIITH COJIH MIEIOYHBIX METAIJIOB METAKPEMHUEBOM KUCIOTHI, KOTOPHIE
HA3bIBAIOTCS "pAacTBOPUMBIMHU cTekJiaMu". BojHbIE pacTBOPHI ATUX COJIEH BCIIEJICTBHE
THAPOIN3a HMMEIOT CHJIBHO INEJOYHYIO peakiuio. YacTh HEpacTBOPHMBIX CHIIMKATOB
pasnaraercss MUHEPaTbHBIMH KHCJIOTaMH C OOpa30oBaHHEM CBOOOJIHBIX KpPEMHHEBBIX
KHUCJIOT. Bce aHMOHBI IEpBOM TPYyNIIBI B pacTBopax OeciBeTHbl. OObEKTaMU Ka4€CTBEHHOTO
aHanW3a Ha TPUCYTCTBHE AHWOHOB | TPYyNMBI SBISIIOTCS TOYBBI, TPHUPOJHBIC BOJIBI,
pacTeHust, OMOJOTUIECKHE KUIKOCTH.

Peakuuu aHMOHOB NEPBOi IPYNIIbI

PeakTuBbl AHHOHBI
5042- SO32- 82032- C032- PO43- Si032-
BrCl, B |BaS0s |BasSO; | {BaS:0s3 | |BaCcO, |BaHPO, 1BaSiO3
HEUTpaIbHOU cpene Oenbrit Oenbrit Oenbrit Oenbrit Oenbrit
OTtHoleHne
GapueBBIX coneii He PacrtBop. |PactBopsier-| PactBop. | Pacrsopsier- Pasnaraercs
< HCI pacTBopsieTcs 1S02 cs S0+S | 1C0, csl H,SiOs(rens)
AeNO 1Ag2SO04 1AgS0s | |AgrS:03 | |AgoCOs 1AgsP04 1Ag>SiOs
S Oenbrit Oenbrit Oenbrit Oenbrit HKEJITHII JKENTHIN
Kucnotst 1S02 1SO2+S1 H,SiO;3 Genbrit
MarnesuajibHble 1MgSiO3
cMecu {MgNH4PO, Oenbrit
Monubaenosas | (NH4)2PO4 1 (NHa4),SiO;s.
KUJKOCTh *12Mo00O3*6H 12MoO3z*6H
OKucInTeHn —_— Oo0eciseu | ObeciBeu
Conu aMMOHUS )
H>SiOs(renp)
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SICl, _ 1SrS0;

dykcun —_— Obecus.

AHUOHBI BTOPOIi anaauTu4yeckoii rpynnsi: CI', Br-, I', S 2

BonsmmHCTBO conelt, 00pazyemMbIXx aHHOHAMU BTOPOM TPYIIIbI, PACTBOPUMBI B BOJIE.

HckitoueHne cOCTaBISIOT COJiM cepedpa, PTYTU M CBUHLA. ['pynmoBod peakTUB Ha
BTOPYIO TPYIIYy aHMOHOB - HUTPAT cepedpa B MPUCYTCTBUU a30THOM KHUCIIOTHI, KOTOPBIN
o0Opa3yeT ¢ aHMOHAMHU BTOPOM TPYMIBI CepeOpsSHbIE COMM, HE PACTBOPUMbBIE B BOJE W, B
OTJIMYME OT AaHMOHOB MEPBOI TPYIIBI, HE PACTBOPUMBIE B pa30aBIECHHOM a30THON KUCIIOTE.

Xnopun Oapusi, TpyHIoBOW PEAKTUB AaHWOHOB IEPBOM TPYMIbl, aHUOHBI BTOPOM
TPyIIIbl HE ocaxaaeT. Bce aHMOHBI BTOPOU Ipyniibl OECIBETHBI.

XJIopua - MOHBI BCETJA MMPUCYTCTBYIOT B ITOYBAX M B MIPUPOAHBIX Bojax. KomnuecTtBo
XJIOPUJI-UOHOB B IUTHEBOM BOJIE HE NOJKHO IpeBbIaTh 40Mr Ha | mutp. MHOTrME XImopuasl
UCIIOJIB3YIOTCS B KauecTBE y00peHuit: xjaopua ammonus v kanust, cuiabBUHUAT (KCI*NaCl)
kanHut (KCI*MgS04°3H,0). Xnopua Hatpusi (mOBapeHHas CoJib) 0OsI3aTeIbHBIN
KOMIIOHEHT palMOHAa YeJIOBEKAa U JKUBOTHBIX, SBIIETCS aKTMBATOPOM MHOTHX
NUIIEBAPUTENbHBIX (epMeHTOB. CoJisiHas KUCIIOTa, COAEPKALIAsC B JKEIYJOYHOM COKE
MJIEKOIIUTAIOLIUX, YYaCTBYET B IPOLECCE MEepeBapUBaHUs OEIKOB, aKTUBUPYS (EPMEHT
nencud. Xjopuabl Oapust U prytu (II) mpuMeEHsIOT Kak CeNbCKOXO3SIMCTBEHHBIE SI/IbI.
HNomun-nonsl coaepKaTcs B NUTHEBOM BOAE M MPOAYKTAX IMUTAHMS U UTPAIOT OTPOMHYIO
poJib B IpoLEeccax KU3HEACATEIBHOCTU. DONBINOE KOJIMYECTBO HMOJA HAKAIUIMBAETCSA B
LOIMTOBUTHOM  JKEJIE3€, CEKPETUPYIOLIEH WOJACOAEPKAINE TOPMOHBI. bpomu bt
UCIIONB3YIOTCA B MEIULMHE KaK CPEACTBA, YCHOKAWBAIOIIME LEHTPAIbHYI0 HEPBHYIO
cucteMy. CepoBoiopoj; oOpa3yeTcsi pU Pa3NOKEHUU OENKOBBIX coeAuHEeHU. OH OueHb
AJIOBUT, €r0 BJBIXaHHE MOXKET BbI3BaTh I[OTEPIO0 CO3HAHUA MU MAPAIMY ABIXaTEJIBHOIO
neHTpa. [losTomy Bce paboThl ¢ C€pOBOAOPOIOM TPOBOASTCS MO/ TATOM.

Peakuun aHMOHOB BTOPOM I'PyNIIbI

AHHOHBI
Peaktusbl
CI Br - So-
AgNO Agbri- Agl
& 3BHTIIESCYTCTBHH AgCl| -Oembrit CBCTJIO- ell N AQ2S | uepHbIit
3 HKEITHIH KCIITRIN
PactBopsiercs ¢
OrtHOmIEHUE coMHu cepedpa K obpasoBaHueM PaCTBOCp AeTeR He He
HNOs [Ag(NH3).]Cl pacTBopseTcs pacTBopseTcs
oOpazoBaHHEM
CuIbHBIE OKHCITUTEITH
(KzCI’zO7, KMnOQOg, Mn02) CIZT BrZT IZ»L Sl«
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7 -
¢duomeToBas
OKpacka

XnopHas Bona ( B Br, - Oypas
MPUCYTCTBUH OCH30I1a) OKpacka

NaNO; unun KNO; _— E— I2]

Pbl| -

Pb(CH3COO), JKEITHI

Ags[Fe(CN)a]|
K4[Fe(CN)s]+HNO3+AgNO3 Oypsrit

CdCO3 _— CdS| - »xenTbrit

DyKCHHCEpHHCTas KUCIIOTa _— Cune-duorner.

Naz[Fe(CN)sNO] _— Nas[Fe(CN)sNO]

H2S04 wmu HCI _— H>S1

AHUOHBI TPeTheil ananuTudecko rpynnbi: NOs,, NO2

Conu aHHOHOB TPEThEH AHAIMTUYECKOM TPYIIIbI, BKIIOYasi OapueBbie U cepeOpsiHbIE,
XOpOLIO PAaCTBOPUMEI B BoZE. [103TOMY IpyIIIIOBOro peakTBa HA aHUOHBI TOU I'PYIIIIBI HET.
JIns OTKpBITHS HUTpPAT- WM HUTPUT-HOHOB IIPUMEHSIOT HE PEaKUUU OCAXKICHUS, a
OKHCJIUTEIIbHO-BOCCTAHOBUTEIILHBIE PEAKLIMM, B KOTOPBIX 3THU AHUOHBI BBICTYIIAKOT KaK
aKkTUBHbIE OkuciauTenu. Hutparsl oOpa3yroTcsi B OOJIBIIOM KOJMYECTBE B MPHUPOJE B
pe3ynbraTte HUTpU(UKALNK, T.€. Ipolecca OMOJIOTHUYECKOro IMpEeBpallleHUus aMMHakKa B
OKHUCJIEHHBIE HEOPTraHUYECKNE COEIMHEHU. JTOT MIPOLIECC IPOUCXOINUT B TIOUYBE U BOJIE U
OCylIeCTBIIsiIeTCS OakTepusiMu - HUTpUPUKaTopaMu. [IpoMexXyTOUHBIM HPOIYKTOM
XUMHUYECKUX PEAKINI OKUCIICHUSI aMMHAKA SIBJISIFOTCSI HUTPUTBL, @ KOHEYHBIM - HUTPAThI. B
pe3yJibTaTe ASTOTO HUTPaThl BCETHA COAEpXKATCsa B NPUPOIHBIX Bojax. IIpenembHO
JOMYCTUMOE COJIEpKAaHUE HUTPATOB B MUTHbEBOU Bone coctasisier 20 mr/in. Coaepkanue
HUTPUTOB B MHUTHEBOM BojE BoOOLIE HE nonmycTuMo. OIHAKO B pe3yibTaTe MPUMEHEHUs
OOJBIIMX KOJUYECTB AMMOHMUHBIX YJOOPEHUN MPOUCXOJUT HAKOIJIEHUE M HUTPATOB U
HUTPUTOB B NIOYBAX, BOJAX U MPOAYKIMH PACTEHUEBOACTBA. Kpome TOro, HUTpaThl MHUPOKO
UCIIOJIB3YIOTCSl B KOHCEPBHON U MsiconepepadaThIBatOIel MPOMBIIIJICHHOCTH B KaYeCTBE
N00aBOK, COXPAHSIOUIMX I[BET MPOIYKIUHU. TOKCHUECKOoe IeHCTBUE HUTPATOB U HUTPUTOB
00yCIIOBJIEHO OJIOKaIO0M Kelle3a B JKEJIe30COAEepkKAIIUX JbIXaTeNbHbIX (EepMEHTaX, 4TO
MIPUBOJUT K OCTPOU TUIIOKCUU TKAHEH U MOYKET 3aKOHUMTHCA JeTajabHO. [loaToOMy oBOIIH,
GpyKThI, KOJIOAchl, KOMYEHOCTH, KOHCEPBbl MSCHBIE U IUIOJAOOBOIIHBIC TOAJICHKAT
00s13aTeIbHOMY aHAJIN3Y Ha COJIepPKaHNEe HUTPATOB U HUTPUTOB.

Peakuumu aHMOHOB 3 rpynnbI

PeakTuBnl ‘ AHUOHEBI
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NO3z2- NO2-
FeSO i Fe(NO)SO4] 6
€SO4 B KHCIIOH cpene [Fe(NO)SO4] Gypoe Kosio [Fe(NO)SO4] bypoe
KOJIBIIO
Judennnamun CuHee okpatl. p-pa CuHee okpatl. p-pa
Asmmpis HurtpoanTunupuH: sspKo-KpacHbIil HPITpOSO&H”EPIHHpHHI
pactBop. SIPKO3EJICHBIH PacTBOP
Cu+ H2SO4 NO; 6yprI71
H2S04,HCl pazbaBneHHbIe E— NO210ypsbiii
KJ + H2S04 e J2
KMnOs + H2SO4 E— ObecuBeunBaHue
p-I'pucca e KpacHoe okpammBanue

JNlekumnsa Ne7. KonnyecTtBeHHbIU aHanNus.
TUTpUMeTpUYeCKUn MmeTtopn,

HasBanme ,,tutpumerpudeckuel CBS3aHO €O CJIOBOM THUTpP, OO0O3HAUYAIOIIUM
KOHIICHTPAllMIO pacTBopa (Macca BemecTBa B 1 cm® pactBopa). Pamee Gomnee
pacipocTpaHeHHBIM ObLIO Ha3BaHHE 0OBEMHBIE METO/IbI aHann3a. Ceituac moa 00beMHBIM
aHaJIM30M [MOHUMAIOT COBOKYITHOCTh METO/I0B aHaJIN3a, OCHOBAHHBIX HA U3MEPEHUH 00beMa
YKUJIKOM, Ta30BOM MJIM TBEp oM (a3s.
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1. Onpenesienue u kiaaccu(pukanus MeToA0B 00bEMHOT0 aHAJIM3A

Turpumerpuyeckuii (00bEMHBIN) METO] aHaIM3a OCHOBAH HA PETUCTpAMK O0BEMA
peareHTa, pacxoAyeMOro Ha PEakUUI0 C OIpeIeIsIeMbIM
BEILIECTBOM.
TutpumeTpuuecKrue METOABI aHAJIU3a MOAPA3ACIISIOT M0 TUIY PEaKIUU, JEKAIIECH B
OCHOBE METOJIa Ha YEThIPE OOJIBIINE TPYIIIIHI.

1. Ilpomonumomempus
MeTobl KHCIIOTHO-OCHOBHOT'O TUTPOBAHMSI OCHOBAHBI HA MPOTOJIUTHYECKON peaKuu
B BOJHOM pacTBOpE:
H;O0" + OH" < 2H,O B cooTBeTCTBHU € MIPHPOIOH
TUTpaHTa (peareHTa) MeToAbl IPOTOIUTOMETPUU ACIIAT Ha:

0 ammpomMeTputo (TUTpaHT KucioTa); [
ATKATUMETPUIO (TUTPAHT IIEJI0Yb).
Hanpumep, onpeneneHue TUTpa pacTBOpa COJISTHOW KHUCIIOTHI, pacTBOpa TMAPOKCUIA
KaJusi, TATPYEMOM KUCIIOTHOCTH MOJIOKA, ONPEENIEHNE KUCIOTHOCTHU XJieba U T.J.

2. Peooxcomempusn

MeTonbl OKHCIUTENHHO-BOCCTAHOBUTEIFHOTO THUTPOBAHUS OCHOBAaHBI Ha PEAKIHX,
MPOTEKAIONTUX C W3MCHEHUEM CTETICHEH OKWCIICHHS pearupylonux BemiecTB. BemecTBo
MOXXET CYIIEeCTBOBaTh B JBYX (opmax - okucieHHou (Ox) m BoccranoieHHoil (Red),
KOTOPBIE 00Pa3yIOT CONpsadiceHHy0 pedokc — napy. B pacTBope MpoTeKaeT OKUCIUTEIbHO-
BOCCTAaHOBUTEJIbHAS PEAKITHUS:

Ox1 + Red; < Red; + Oxo,
Ox; + e — Red; | BOCCTAHOBJICHUE
Red;- e — Ox; | OKHCJICHUE

MeTobl peIOKCOMETPUH KIACCUPUIIUPYIOT B 3aBUCUMOCTH OT Ha3BaHUs TUTPAHTA:
*  Tlepmanranatometpus (TutpanT KMnQOy);
*  Hopmomerpus (turpant J,, Na,S;03);
»  Jluxpomartomerpus (tutpant K,Cr,07); O bpomatometpus (tutpant KBrOs);
*  AckopOunomerpus (TutpanT BUT.C).
Hanpumep, onpenenenune coxaepxkanusi skene3a (II u III) B mutheBoil Boge,
OCTaTOYHOTO XJIopa B Boje, BuTaMuHa C B (PpyKTOBBIX COKaxX U T.I.

3. Komnnexconomempus
MeTtoa aHanmM3a OCHOBAH Ha B3aMMOJCHCTBUM HMOHOB METAJUIOB C MOHO- WIH
MOJIMICHTAaHTHBIMU JIUTaHAaMH ¢ 00pa30BaHHEM KOMILICKCHBIX COCTMHCHUIA.
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K mpobe nobaBnsaroT mHIuMKaTOp. PacTBOp mpuoOpeTacT BHHHO-KPACHYIO OKPACKY
BCJIeICTBHE 00pa30BaHMs KOMILIEKCA METallJIa ¢ MHIUKATOPOM:

Me?* + HInd* <> [Me Hind ] + H*

Cunuii BuUHHO-KpacHBIH

OKpaneHHbIli pacTBOp TUTPYIOT pactBopoM kommuekcona III (HY?®). Kommiekc
MeTajula ¢ THAMKATOPOM pa3pylIaeTcs BCIEICTBHE 00pa30BaHMs KOMIUIEKCOHATa METaJlIa.
Oxpacka pacTBopa CTaHOBHUTCS CHHHI OJlarofaps BBIICICHUIO HHAUKATOPA B CBOOOTHOM
BUJIEC, HAIIPUMeED:

[Me HInd | + HY® < [MeY]* + Hind?

BuHHO-KpacHbI Cunuit

Hanpumep, onpeneneHue KECTKOCTH BOABI, COAEPKAHUSA KAJIBLUSA M MarHus B
Pa3IMYHBIX CpEAax.

4. Ocaoumenwvnwlii ananus (ceoumempusi)
Meton aHanu3a OCHOBAH Ha PEAKIUSIX OCAXKIACHUS OMNPEACIIEeMOro KOMIIOHEHTa
npoObl. CoriacHo BUa TUTPAHTA Pa3IMyarOT CICAYIOIINE METObI:

*  Aprenromerpus (Tutpant AgNO3);

*  Pomanomerpus (tutpant NH4SCN - pomanua ammonus); 0 Mepkypomerpust
(tutpant Hg,Cly);

*  Cynbsdparometpus (tutpant H2SOs).

Hanpumep, onpeaeneHue XJIOPUI0B B KOJIOACHBIX U3ICTUSX.

2. OCHOBHBIE MOJIOKEHUSA TUTPUMETPHH

IIpuHIMI TUTPUMETPUIECKOTO aHATH3A!
TUTPUMETPUYCCKUE METOABl  aHallu3a OCHOBAHBI Ha
pETUCTpaIli MacChl peareHTa, pacXoAyeMOro Ha pPEakIuio ¢
OTIPEIEIIIEMBbIM BEIIIECTBOM.

B ocHoBe IIPOBCACHUA 00BEMHOI0 aHAJIM3A JIC)KUT 3AKOH IKEUBAICHMOB.

XUMHUYCCKHUE DOJIEMCHTBI W HMX COCAMHCHHA BCTYIIAIOT B

XAMHUYECKHUE peakuuu JApyr ¢ JIPyroM B CTPOro
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OIPCACICHHBIX MACCOBBIX KOJIMYCCTBAX, COOTBECTCTBYIOIMINX HUX
XUMHUYCCKNUM 3KBUBAJICHTAM:

ms 91
- m,

2

PearenT (TUTpaHT) MOOABISIIOT K aHATU3UPYEMOMY PacTBOPY JUOO B TBEPIOM BHIIC
(mopomok, TabieTku, Oymara, MPOMUTAaHHAs pPEareHToM), JU0O dalle BCEro B BHJC
pacTBOpa C TOYHO M3BECTHOM KOHIIEHTpanued peareHta. MOXKHO H3MEpSITh Maccy
U3pACXOJIOBAHHOTO THUTPAHTA,  B3BEIIMBAs COCYJ C HCCIEAyeMbIM pPAcTBOPOM U
n00aBJIIEeMbIM peareHToM (TpaBUMETPUYECKOE THUTPOBAHUE), WM OObEM TUTpaHTA,
MOIIEIIINI Ha TUTpOBaHUE. B mocneaHem ciiydae Maccy TUTpaHTa BBIPAXKAIOT YEpeE3 €ro
00beM 1o popmysiaM:

m=TV u T=C;3/1000,

rae T— TUTp pacTBOpa TUTPAHTa, I/CMS;

V— 00beM pacTBOpa TUTPAHTA, CMS; Cy — HOpManbHas

KOHIICHTpALUs pacTBOpa TUTPAHTA, MOJIb//IM ; O — DKBUBAJICHT

TUTPAHTA, I/MOJIb.

TutpanT 100aBIAIOT K TOYHO OTMEPEHHOMY 00BEMY aHAIU3UPYEMOTO pacTBOpa
HeOoIpImMuy TiopiusmMu. [locine moGaBiaeHus KaX 10l HOBOM MOPIIMK TUTPAHTA B CHCTEME,
OTHCHIBAEMON YpaBHEHHEM XUMHUECKON peaKIny, yCTaHABIUBACTCS paBHOBECHE,
HanpuMmep: nA + mB < A Bp,

rae A — aHaIU3UpyeMOE BEIIECTBO; B —
TUTPAHT; n, m — CTEXUOMETPUUECKHUE
KO3 PUITUEHTHI.

[Io Mepe mnpoTeKaHUs pEaKUUU PABHOBECHBIE KOHUEHTPALUHU OMPEAECISIEMOIO
BEIIIECTBA U TUTPAHTA YMEHBIIIAIOTCS, 4 PABHOBECHBIC KOHILICHTPAIIMU MTPOAYKTOB PEAKIIUU
yBenuuuBatorcs. Korjma Oyner u3pacxofoBaHO KOJMYECTBO TUTPAHTA, HKBUBAJIICHTHOE
KOJIMYECTBY TUTPYEMOIO BEIIECTBA, PEAKIUS 3aKOHYUTCA. DTOT MOMEHT Ha3bIBaETCS
MOYKOU IKEUBANEHMHOCHU, KOTOPAsi OTMIMCHIBAETCS COOTHOLLIEHUEM:

HiV1i=H2V2

B Touke 3KBHBaJEHTHOCTH MPOW3BEICHUE HOPMAJIHHOCTH IMEPBOr0 PacTBOpa Ha €ro
00BEM paBeH MPOU3BEICHUIO0 HOPMAJILHOCTH BTOPOTO pacTBOpa Ha ero o0seM. Ha mpakTuke
(GUKCUPYIOT MOuYKYy KOHYa peaxyuu, KOTOpasi C KaKOW-TO CTENEHBIO MPUOIMKEHUS
COOTBETCTBYET TOUKE IKBHBAJICHTHOCTU. B XUMHUYECKUX METOJaxX aHanu3a ee (PUKCUPYIOT
BU3YaJIbHO IO 3aMETHOMY aHAIUTUYECKOMY d(PQexTy (MU3MEHEHUIO OKPACKH PacTBOpA,
BBITIQJICHUIO OCAJKa), BBI3LIBAEMOMY KAaKHUM-JIMOO U3 MCXOJHBIX COCIUHEHUM, MPOJTYKTOB
peakIuy WIA CIElUaIbHO BBEJICHHBIX B CUCTEMY BEIIECTB — WHAUKATOpOB. B dusuko-
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XUMHUYECKUX METOJaX aHajdu3a KOHEYHYI0 TOYKY ONPEAENSIOT MO PEe3KOMY HM3MEHEHUIO
u3MepsemMoro  Qgusumyeckoro mapamerpa — pH, moTeHIMana, BIEKTPUUYECKOU
MPOBOJUMOCTH H T. .

[IpeumyiiecTBa TUTPUMETPUUYECKUX METOJOB aHalu3a: OBICTPOTA OINpPEACICHUS U
POCTOTa HCIOJIB3yeMOro OOOpYJOBaHUS, YTO OCOOCHHO YAOOHO MpPH MPOBEICHUU
CEepUIHBIX aHAM30B. I10pOr 4yBCTBUTENBHOCTH STUX METOAO0B nopsaka 10~ mons/am®, uin
0,10%; mnpaBuwibHOCTh ~0,5% (OTH.). OTH UHM@PPHI 3aBUCAT OT YYBCTBUTEIHHOCTU
MPUMEHSIEMbIX HHANKATOPOB U KOHIICHTPAIIMU PEarupyroinX pacTBOPOB.

3. CranxapTHble pacTBOPbI

[Tporecc mr000r0 M3MEpPEHMs 3aKIIOUYaeTCS B CPaBHEHUM BBIOPAHHOTO IapaMeTpa
00bEKTa C aHAJIOTUYHBIM MApAMETPOM FTaJIOHA. B TUTpUMETPUYECKHUX aHATN3aX dTaIOHAMHU
CIIy>KaT PacTBOPHI C TOYHO U3BECTHOM KOHIICHTpAIMEH (TUTPOM, HOPMAJIbHOCTHIO). Takue
pacTBOpBI Ha3bIBAIOT cmaHoapmuviMy (TUTPOBaHHBIMHU). X MOXHO NPUTOTOBUTH
HECKOJBKMMH crmocobamMu: 1) mo TOYHOM HaBeCKe MCXOJHOTO BeIIecTBa; 2) IO
NPUOM3UTEIIBHOW HABECKE C TMOCJIEAYIONIUM OMNpPEACICHUEM KOHIICHTpAIlUU IO
MePBUYHOMY CTaHJapTy; 3) pa30aBJICHHEM 3apaHee MNPUTOTOBJIECHHOIO pacTBOpa C
M3BECTHOM KOHIICHTpaIuel; 4) u3 pukcanana.

PaccmoTpum criocoObl TPUTOTOBIICHHS CTaHIAPTHBIX PACTBOPOB.

1) Ilpucomosnenue mumposaHno2o0 pacmeopa no Mo4HOU HABECKe CMAHOAPMHO20
sewyecmsa. PacCUnTHIBAIOT MacCy HaBECKH CTaHIAApPTHOTO BEIIECTBA, HEOOXOIUMYIO IS
MIPUTOTOBJICHHS PacTBOpa 3aJaHHOM KOHIICHTPAIIMU B 3aIaHHOM 00beMe pacTBopa. Maccy
HABECKM BEIIECTBA, B3ATYyH) Ha aHAJIUTHYECKUX Becax ¢ ToyHOoCcThio 0,0002 T,
KOJIMYECTBEHHO (TIOJIHOCTHIO) TMEPEHOCIT B MEPHYI KOJIOY 3aJlaHHOM BMECTUMOCTH,
PacTBOPAIOT B HEOOJIBIIIOM 00BEME BOJIBI, JOBOMIST A0 METKU JUCTUIITMPOBAHHON BOIOM.

B nepBom crnocoOe B KadyecTBE HCXOIHBIX BEIIECTB MOXHO MPUMEHSATH TOJIBKO
XUMHUYECKU YHUCTHIC YCTOMUUBBIE COEAUHEHUS, TOYHO M3BECTHOI'O COCTaBa, OTBEYAIOIINE
CICAYIOIIUM TPEOOBAHUSIM:

1. ConepkaHue OCHOBHOI'O BEIIECTBA B CTaHAAPTE JOHKHO OBITh H3BECTHO C
touHocTthto 70 0,1% wu cocraBaare 99,8—99,9%. IlpeanoyTuresnbHO €ro
100%Has yuctora (MapKUpOBKA X.4.d. WIH X.4.).

2. YCTOWYMBOCTH Ha BO3JyXe, PACTBOPHI CTAaHJApTa HE JODKHBI U3MEHATH TUTPA
MIpY XpaHCHUHU.

3. bonpmas MonekynspHas Macca, uTOObI OIIMOKM B3BEIIMBAHUS ObUIH
CBEJICHbl K MUHUMYMY.

4, Xopomasi pacTBOPUMOCTb, OBICTpas peaKIUs C pacTBOpPOM  BEIIECTBA,
KOHIICHTPAIIMIO KOTOPOTO OMNpPEACNSIIOT. 5. DKBUBaJCHTHAs TOYKa JOJDKHA
OMPENIENATHCS TOYHO U YETKO.

CoenvHeHus, yAOBJIETBOPSIONIME ATUM TpeOOBAHUSIM, HA3BIBAIOT CHMAHOAPMHbIMU

UCXOOHbIMU Beujecmeamy WM HOPMASIMU JUIsl YCTAaHOBKM THUTpa JPYyTHX padodux
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pactBopoB. [Ipumepbl cTaHmapTHBIX BemecTB: mMaBeneBas kuciota (H2C,0402H0),
terpabopar Hatpus (NaBsO7¢10H20), xapb6onatr nHatpus (NayCOgs), xmopua Hatpus
(NaCl).

3aoaua: PaccuuTaiiTe Maccy HaBECKM IS NPUTOTOBJIECHUS ACLIMHOPMAIBHOIO
pactBopa 250,0 mi maBeneBoit kuciothl (H2C2042H,0).

Pacuém: 1. Paccuuraem Maccy HaBeckd 1o opmysne: m = CH.*D*V
2. Haiigem KBUBAJICHTHYIO MacCy IIaBEJIEBOM KUCIOTHI 1O (hopMyJie:

D = MHC204°2H20 /nH* = 126/2=63 1/M011B;
3. Beruncnum maccy kucnotel: m = 0,12630,25=1,5750 r

2) Ilpucomosnenue  paboueco  pacmeopa  NO  HEMOUHOU  HABECKe
(KOH, NaOH, Na;S,03). Ilpu 3TOM HEeT HEOOXOIMMOCTH OTOMPATh TOYHYIO HABECKY
BEII[ECTBA, TAK KaK MPH BCEH TIIATEITLHOCTH B3BEIIMBAHUS U3 TAKUX BEIIECTB HEJIb3SI
MOJIYYUTh PACTBOP C TOYHOM KOHIIEHTpalue. [loaToMy i1st mpuUroToBiaeHus: pabounx
PacTBOPOB HABECKY B3BEIIMBAIOT HA TEXHHYECKUX BeCaX W MPUMEHSIIOT HETOUHYIO
MepHyl0o  mocyny. Jna  craHmaptuzanmumu  pabodero  pacTtBopa  €ro
TUTPYIOT JPYTHUM CTaHAAPTHBIM PACTBOPOM.

PacTBOpBI, TUTP KOTOPBIX HAXOAT HE IO TOYHON HaBECKE, a YCTAaHABIUBAIOT TI0 TOMY
WIM WHOMY CTaHAQpPTHOMY BEIIECTBY, HAa3bIBAIOT CMAHOAPMUUPOBAHHLIMU — WIIH
pPacTBOpaMH ¢ YCMAHOBIEHHIM MUMPOM.

Tak, HOPMaJBHOCTH pacTBOpa THUJPOKCHIA HATPUiA W TIEPMAHTAHATa HATPUs
YCTaHABJIMBAIOT TI0 CTAHJAPTHOMY pAacCTBOPY IIABEJIEBOM KUCIOTHI, a HOPMAJIbHOCTH
COJISHOM KHCIIOTHI - TI0O UCXOTHOMY PacTBOPY TeTpabopaTa HaTpusl.

3aoaua: Onpenenute HopManbHOCTH pacTBopa KMNQO4, eciiut Ha TuTpoBanue 10,0 M

ero pactBopa ObuT10 M3pacxogoBaHo 12,5 mi 0,1 H. pacTBopa IIaBENICBOM
KHCJIOTHI.

Pewenue:

Jlnst  ompeneneHuss HopManbHOCTH pactBopa KMnO, 1o uTOTaM THUTPOBAaHUS
UCITIOJIB3yEeM YpPaBHEHUE TUTPOBAHUS:

Hi1Vi=H2V2

H «mno= 12,5 - 0,1/ 10,0 = 0,1250 mons/n

3) llpueomosnenue pabouezo pacmeopa paszbasnenuem bonee
konyenmpuposannozo pacmsopa (HCI, H,SO4, HNO3).

45



3aoaua: Heobxoaumo npurotoButs S00 Mi1 pacTBOpa rUAPOKCHIA HATPUS C MOJISIPHOM
KOHIIeHTpalueil sxkBuBasienTa 0,1 H. U3 pacTBOpa LIEI0YU C MACCOBOM J0JeH
13,28%, niotHOCTBIO P=1,145 r/cm?,
Pewenue:
. Paccuntaem maccy (r) NaOH B 500 mu1 pactBopa npu HOpMasibHOU KoHLEeHTpanuu 0, 1
H. 10 hopmye:
m=CH.* DV m=0,1140+0,5=20r
. Beruncnium Maccy pactBopa NaOH ¢ maccoBoit nmonert  13,28%, B koTOpoMm
coaepxkurcs 2,0 r NaOH u3 nponopuuu:

13.28 r NaOH  coaepxurcs B 100 r pactBOpa
2,0rNaOH » » » X r pactBopa

m=2¢100/13,28=15,1r

3. C y4€TOM IUTOTHOCTU PacCTBOpPA PACCUUTAEM €T0 00BEM:
V=m/p
V=15,1/1,145=13,2 M.

Omeem:

MepHoii nunerkoi otouparoT 13,2 M KOHUEHTPUPOBAHHOIO PACTBOpPA LIEIOYH,
MEPEHOCAT B MEpHYI0 K00y Ha 500 M1 1 pa30aBsItOT AUCTUIUIMPOBAHHON BOJION 110
TpeOyeMoro o0bEMa.

3aoaua: Hyxuo npuroroButh 0,02 H. pacTBOp cepHoit kuciaotel 500 mi u3 0,1 H.
pacTBOpa KUCIOTHI.

Pewenue:
1-# crioco6 1. Onpenenum
Maccy cepHol kucnotsl B 0,02 H. pactBope 500 M. m = CH.*D*V
m = 0,02¢49+0,5 = 0,49 r.
2.BeraucauM 00bEM UCXOIHOTO PACTBOPA CEPHOM KUCIIOTHI, B KOTOPOM COJIEPIKHUTCS
0,49 r KUCIIOTHL.
V=m/Cun.-2=0,49/49+0,1=0,1 n
Omeem.:
Jns nmpurotoBneHus pactopa HyxkHO 100 mn 0,1 H. pacTBOpa CepHON KUCIOTHI
MEepPEHECTH B MEPHYIO K0JIOY Ha 500 M1 1 pa30aBUTh TUCTUIUTMPOBAHHOM BOJIOH 10

METKH.

2-1 cnocod
OmnpenenuM 00b€M UCXOIHOTO pacTBopa o gopmyie: ¢1V1
=cV;
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V= 01V1/C
V=0,02+0,5/0,1=0,1n

YcranoBnenue TUTPOB pacTBOPOB — cmaHOapmu3zayusi —  MOXKET ObITh
OCYIIECTBJIECHO TPaBUMETPUUYECKUM U 00BEMHBIM MeToaaMu. B mocnegHem meTone TUTP
yCTaHaBJIMBAETCA ObICTpee, IO3TOMY OH B OCHOBHOM M HCIOJIb3yeTcsa. TOUYHYIO HaBECKY
NEePBUYHOrO CTaHAapTa (METOJ OTJEIbHBIX HABECOK) WM PACTBOP MEPBUYHOTO CTaHAapTa
(METoJ, TUNETUPOBAHMS) TUTPYIOT CTaHAAPTU3UPYEMBIM pacTBOpoM. I[IpaBHIIBHOCTH
YCTAHOBKHU TUTpPA MPOBEPSIOT BHIUUCICHUEM CUCTEMATUYECKON OIIMOKY YCTAaHOBKHU TUTpA.

4)lIpucomosnenue mumpo8aHHoO20 pacmeopa u3 uxcauand.
Quxcanan - 3amasiHHAsg aMIlyja, B KOTOPOM HAXOAUTCS TOYHO MU3BECTHOE KOJIMYECTBO
BenecTBa win pacteopa (0,1 MOJb 9KB).

CopnepxuMoe aMmmysbl KOJMYECTBEHHO TEPEBOIAT B MEPHYIO KOOy 3aJaHHOTO
o0beMa, pa3buBasi aMIyjay O BJIOKEHHBIH B BOPOHKY OO€K, BTOPHIM OOMKOM pa30oHBaIOT
BEepXHee yriayOJeHUE aMmImyJjbl, C MOMOIIbIO MPOMBIBAIIKK YEpe3 OTBEPCTHE TIIATEIHHO
MPOMBIBAIOT aMItyity. {5 MpOMBIBKM PEKOMEHIIYETCSl HE MEHee, YeM O-KpaTHbI 00beM
BOJbI (110 CpPaBHEHHUIO C BMECTUMOCTbIO amimyibl). PacTBOp MAOBOIAT 10 METKHU
JTUCTUWITUPOBAHHOM BOJION U mepeMemunBaroT. M3 ¢ukcaHana roToBsT Kak CTaHAApTHHIE,
Tak U pabo4yue pacTBOPbI. DTO OBICTPBIM U JOCTATOYHO TOYHBIA CMOCOO MPUTOTOBJICHUS
TUTPOBAHHBIX PACTBOPOB.

Jns  Kaxaoro - TUTPUMETPUYECKOTO  MeETojla  pa3paboTaHbl  METOJUKH
CTaHAApTU3AIIMM TPUMEHSEMbIX THTPAHTOB, JAIOTCI PEKOMEHJAIMH 10 BBIOODPY
NEePBUYHBIX CTaHAApTOB. HeoOXOoAMMO MOMHUTH, YTO XapaKTEPUCTHKU CTaHIAPTHBIX
PacTBOPOB JIOJIKHBI OBITH OTPEICTICHBI C HEOOXOUMOM TOYHOCTHIO. TUTP, MOJISIPHOCTD H
HOPMAJILHOCTh OMNPENEIAIOT J0 YeTBEPTO 3Hauaied nu@pbl, HE cuuTas HyJEH Mocie
3anaroi (manpumep, Tnaon = 0,004014 r/cm® ; Civinos = 0,04995 1.).

3aoaua: Beraucnure o0beM 0,02 H. pactBopa HCl, KOTOpBIN MOKHO MPUTOTOBUTH U3
¢ukcanana (0,1 MOJIb-3KB).

Pewenue:
1-ii cmoco6 OmpenenuM CTeneHb pa3zdaBiIeHUS,
JUTSI 3TOTO MCXOJIHYIO KOHIIGHTPAITUIO JISITMM Ha HCKOMYIO:

0,1/0,02 =5 Omeem:
Jist mpurotosnenust 0,02 H. pactBopa HCI HeoOxonumo ukcaHan KOJTUYECTBEHHO
NEPEHECTH B MEPHYIO KOJIOY Ha 5 JTUTPOB U 00BEM pacTBOpa JOBECTH JUCT. BOAOU 10
METKH.
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2-1 cioco6 Onpenennm
00BEM pacTBOpa 1o hopmyiie:

c1V1=cV;
V= C1V1/C
V=0,11/0,02=5n

Jlekunsa Ne 8. OcHOBHbIe onepaunum o6 bLEMHOIo aHanmsa

Peakiusi, mMOJOXEHHAass B OCHOBY TUTPUMETPHUECKOTO ONpPENENeHUs, AO0JDKHA
YIOBJIETBOPSATH CIEAYIOIIUM TPEOOBAHUSIM:
* KOJMYECTBEHHOE MPOTEKAHUE CIEBA HAIIPaBO (MMpaKTHYECKasi HEOOPaTUMOCTb);
* CTEXMOMETPUYHOCTH (OTCYTCTBHE MOOOUHBIX PEAKIIHIA);
*  BBICOKAasi CKOPOCT;
* BO3MOKHOCTb TOYHOTO ONPEJEICHUS KOHUEHTPALMH pacTBOpa TUTPAHTA;
* BO3MOXHOCTb BU3YQJIbHOW WJIA WHCTPYMEHTAJIBHOM WHAMKALUUU KOHEYHOU
TOYKH TUTPOBAHHS.

1. TurpoBaHue

I[IpuHOMI TUTPOBAHMA: K PACTBOPY aHAJIM3UPYEMOTO BEIIECTBA HEU3BECTHOU
KOHIIEHTparuu (mpobe) 700aBIISI0T PaCTBOP PEarnupyroiiero ¢
HUM BEIIIECTBA N3BECTHOW KOHIICHTPAIIUU (TUTPAHTA) J0 TEX
nop, nmoka He  Oyner MOJIy4eH  CHUTHAI
HHINKATOPA, CBUJICTEILCTBYIOIIUI O MPEKpaIeHUN
peakuuu (HOCTUKEHUU KOHEYHOW TOYKH TUTPOBAHUS).

Cnemyer pa3nuyath OKCIEPUMEHTAIbHO HAOMIOJAEMYI0 KOHEYHYI) TOYKY
TUTPOBAHMST W  HMCTUHHYKW  TOYKY JSKBHBAJIEHTHOCTH, COOTBETCTBYIOIILYIO
CTEXHOMETPUYECKUM COOTHOIIICHUSIM pearupyrouuyx BemecTB. B uaeansHoM citydae 00e
TOYKHU COBIAJAIOT, OJTHAKO HAa MPAKTUKE MEXK1Y HUMU CYIIECTBYET pa3andue (MOrpeiHoCTh
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tuTtpoBaHus). Jlng OONBIIMHCTBA TUTPUMETPUUECKUX  OMNPEACIICHUNM  JIOMyCTHMa
norpemHocTs He 6onee £0,1%.
C Touku 3peHHs criocoba OCYyIIECTBICHUS Pa3InyaloT CIeAYIOUe BUbI TUTPOBAHUM:

* IIpsimoe TUTpPOBaHMe: MPOOY TUTPYIOT PACTBOPOM TUTPAHTA.

* HuBepcHOe THTPOBaHHME: ONPEICICHHOC KOJMYECTBO TUTPAHTA THUTPYIOT
pPacTBOPOM MPOOBI 10 JOCTHKECHHSI TOUKH 3KBUBAJICHTHOCTH.

* OOpaTHOe TUTPOBaHWE: TUTPAHT JOOABIAIOT K TPOOE B u30bimKke U 3aTEM
OTTHTPOBBIBAIOT HE MTPOPEATUPOBABIIIAIA TUTPAHT.

* 3amecTuTeJbHOE THUTPOBaHHE: K TpoOe 100aBIAIOT HE caM THUTPAHT, a
KaKOMJINOO0 BCIIOMOTaTCJILHBIN pEareHT, B3aUMO/ICUCTBYIOIIUIA C
ONPEACIAEMbIM BEIIECTBOM M JAIOMIMH  SKBUBAJICHTHOE  KOJIMYECTBO
NPOAYKTAa PEAKIHH; TOCICTHUN OTTUTPOBBIBAIOT.

* KocBeHHoe THUTPOBAHHE: AHAIIM3UPYCMOC BCHICCTBO IIPCABAPUTCIIBHO
MMEPEBOJAT B APYTo€ COCAMHCHUC, KOTOPOC U OTTUTPOBLIBAIOT; I10 PE3yJIbTaTaM
TUTPOBAHUA 3TOTO COCIUMHCHUA pPacCUUTBIBAIOT KOJINYECTBO
OIIpCACIIACMOI'O BCUICCTBA.

2. KpI/IBbIe H JHarpamMmmbl TUTPOBAHUA

Xoa peakiuyd THUTPOBAHUST MOXKET OBITh H300paXkeH TrpadUuecKoll MOJETbIO,
Ha3bIBAEMOM KPUBOM THUTPOBAHMS, OTPAKAIOUIEN 3aBUCHUMOCTb MEXKIY KOHILIEHTpALUEN
KOMITOHEHTOB U KAKUM-JTUOO CBOMCTBOM CUCTEMBI C TUTPYEMBIM BEIIIECTBOM — THTPAHTOM.
[To mMepe moGaBieHUs TUTpaHTa B CUCTEME MPOUCXOIUT U3MEHEHUE KOJIMYECTBEHHOTO
COOTHOILICHHS] UCXOAHBIX BEIIECTB U MPOIYKTOB PEAKIMHU U BCIEACTBUE ITOTO U3MEHEHUE
CBOMCTBa CHUCTEMbI. B TUTpuMeTpuu CTposT JIorapudMuUecKkue KpuBbIE B KOOpAMHATAX
«iorapudm cBoiicTBa - KoHIeHTpanus». [1o ocu abciuce OTKIaABIBAIOT TUO0 00BEM, THOO
% N0OABIEHHOTO TUTPAHTA, TUOO CTENEHb OTTUTPOBBIBAHMSAY; [10 OCU OPAUHAT — CBOWCTBO
CHUCTEMBbI

7= C:V/CoVo

[IpakTyeckoe 3Ha4YeHWE [JIs aHalyd3a HUMEET o00JacTh KPUBOW TUTPOBAHMUS,
Ha3bIBaGMasi CKAYKOM MUMPOBAHUs, B KOTOPOM MPOUCXOJUT pPe3Koe (CKauKooOpa3HOe)
W3MEHEHHE CBOMCTBA CHUCTEMBI. JTO CBA3aHO C TE€M, YTO B O0JACTH CKauKa MPOUCXOJUT
M3MEHEHHE KOHIICHTPAI[MU PEarupyrolux BEIIECTB Ha HECKOJbKO MopsakoB. Hauanom
CKaYKa TUTPOBAHUS CUUTAIOT MOMEHT no0aBieHus 99,9% tutpanta (T. e. HEAOTUTPOBAHO
0,1% ananu3upyemoro BemecTna), KOHIOM ckauka — jgobasienue 100,1% (T. e. BemecTBo

4 3a crenenn OTTUTPOBBIBAHUS T IPH MPAKTUYCCKU ITOJJHOM MIPOTCKAHUHN PEAKIITNHU MOKHO IIPUHATH OTHOIICHUEC KOHICHTPAIIUN

IlO6aBJ'I€HHOFO TUTPAHTA K 06meﬁ KOHIICHTpAIlU TUTPYEMOT'O BEILIECTBA.
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neperutpoBano Ha 0,1%). Ilpu Bu3yambHOM (PUKCHPOBAHUM TOYKM KOHIA PEAKLUU C
NOMOIIbIO BBOJUMBIX B CUCTEMY MHIUKATOPOB HEOOXOIMMO IMPOBECTH MPENBAPUTENBHBIN
pacder 00JIacTU CKayka TUTPOBAHMS, YTOOBI NMPABUIBHO BBIOPATh MHIMKATOP (MHTEpBAJ
nepexofa OKpPAaCKM HHIMKATOpPA [TOJDKEH IIOJHOCTBIO WIM YacTUYHO YKIIAJIbIBAThCA B
IpeJebl CKauKa TUTPOBAHMS).

BenmnunHa ckadyka TUTPOBAHUS ONPENEIAETCS KOHCTAaHTOM PAaBHOBECHUS DPEAKLMHU,
KOHIIEHTPALUSIMU pEarupyromux BelecTB (0OOBIYHO CKAYOK TeM Oouiblle, 4eMm OoJblle
KOHLIEHTpalus), TeMIepaTypoil, MpHUpPOAOH THUTPYEMOrOo BEIIECTBA M TUTpaHTa (HMX
KOHCTaHTaMH JIMCCOLUALMHU NN YCTOWYMBOCTH, 3HAUYEHUSMH CTAHIAPTHBIX OKUCIUTEIBHO-
BOCCTAHOBUTENBHBIX IOTEHUMAIOB, PACTBOPUMOCTBIO), IPUCYTCTBUEM B CHCTEME
MOCTOPOHHMX BEILIECTB U T. I1. 3HAHUE MIPENIEIIOB CKaUYKa TUTPOBAHUS MOYKET CYIIECTBEHHO
IOMOYb B BBIOOpPE YCIOBHI MPOBEAEHUS PEAKIMH U KOHLIEHTpAaUUU TUTpaHTa. Bennunna
CKayKa TUTPOBAHHUS JI0JKHA OBITh IOCTATOYHO OOJIBIION. Y BEIMYUTH €€ MOKHO BBEICHUEM
B CHCTEMY BEILECTB, PEATMPYIOIIHNX C KOMIIOHEHTAMH, KOTOPBIE OIPENEISIOT CBONCTBA
cuctembl. TakuM IMyTeM MOXHO OCYLIECTBUTbH PEAKIMM, HE MPOTEKAIOIINE B OOBIYHBIX
ycloBUsX. YnCIeHHOE 3HaUEHHUE CBOMCTBA B TOUKE SKBUBAJIEHTHOCTH HEOOXOAMMO 3HATh
JUISL TOTO, YTOOBI OLIEHUTh IOTPEIIHOCT aHanu3a. [1onoxeHrne TOuky HSKBUBAJIEHTHOCTH 110
OTHOLIEHUIO K Hayally U KOHIy CKauyka TUTPOBAHUS 3aBHCHUT OT CTEXMOMETPUUYECKOIO
COOTHOILICHHS PEarupyronmx KOMIOHEHTOB. Eciin B ypaBHEHUM peakuuu Mexnay A u B
CTEXHMOMETPUYECKHE KOIP(PUUMEHTHl paBHbl, TO TOYKA DJKBHBAJIEHTHOCTU OYyIET
HAXOJUThCA MMOCEPEIUHE CKauKa TUTPOBAHMS, B IPOTUBHOM CiIy4yae, OHa Oy/IeT CMEIleHa B
Ty WX UHYIO CTOPOHY.

B HekoTOpbix ciydasx Ooyiee ynoOHAa JIMHEHHas MOJETb XOJa pPEaKIUH
TUTPOBaHUS, Ha3bIBaeMas ouazpammol mumpoeaHus. JInHelHble MOAETU MOJIy4aroT B
CUCTEME KOOPJMHAT, B KOTOPOW HA OCH OPAMHAT OTJIO0KEHbI PABHOBECHBIE KOHLIEHTPALIMH.
Ecnu KOHCTaHTBI paBHOBECHUS PEaKUU JOCTaTOYHO BEJIHMKH, TO Ha rpauKe MOIyqdaroTCs
JIBE TpsIMble, TEpeceKaroluecss B TOYKE HJKBUBaJNEHTHOCTU (puc. 3). JIuHeliHble
JUarpaMMbl KACJIOTHO-OCHOBHOTO TUTPOBAHUS MO3BOJISIIOT MOJY4YaTh JOMOIHUTEIBHYIO
uH(popMaIuIo A pa3pabOTKU METOIMKHM aHanu3a. Ha puc.2 npuBeaeHO COMOCTaBIECHUE
KOHLEHTPALMOHHO-JIOTapU(PMUYECKON JMarpaMMbl, MOCTPOEHHOM IO cmocody ¢
jorapupmuyeckoi kpuBoit TuTpoBanus 0,1 H. pacTBOpa MypaBbUHOM KHCIIOThI pACTBOPOM
NaOH. Cnenyer uMmeTp B BUAY, YTO DPEAIbHBIE KPUBBIE M JUarpaMMbl TUTPOBAHUS
HECKOJIbKO OTJIMYAIOTCA OT TEOPETUYECKH paccuMTaHHbIX. [loJHBIM pacyeT mpouecca
TUTPOBAHUS C YUETOM BCEX IMAPAMETPOB, MEHSIOLIUXCS B XO/1€ PEaKLIUH, CII0KEH U TpeOyeT

IMPUMCHCHUA BBIYHUCJINTEILHOM TEXHUKHU.
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Puc.2 Puc.3

3. Uuagukanus

Teopernueckue KpUBbIE TUTPOBAHUS CIIykaT JJid BHIOOpa MHAMKATOPA, C MOMOIIBIO
KOTOpOro OyaeT GukcupoBaThCs KOHEIN peakiuuu. O4eBUIHO, YTO YeM OJIMKe MHTepBall
nepexoja OKpacKd HHAMKaTOpa K pH TOYKM SKBUBAJIEHTHOCTH, TE€M TOYHee Oyner
yCTaHOBJIeHa 7Ta Touka. OJHAKO BaXKHBI M Jpyrue (akTopbl, HANpPUMEP YETKOCTb
U3MEHEHHS! OKPACKH, YCTOMYUBOCTH PACTBOPOB MHIUKATOPOB U Ap. B o0uiem cinyuyae npu
BBIOOpE MHIMKATOpA CIEAYyEeT MPUACPKUBATHCS CIEAYIOIIUX IpaBwil: 1) mpeanodreHue
clenyeT OTAaBaTh MHAUKATOPY, Y KOTOPOro 3HadeHue p7 Oau3Ko K 3HaueHuto pH B Touke
HKBUBAJIEHTHOCTH; 2) BEIMYMHA MHTEpBajia nepexona pH okpacku mHOuKaropa JOJDKHA
MOJIHOCTBIO WJIM OOJIbIIEN CBOEH YacThiO BXOJUTH B MPEJENbl CKaUKa TUTPOBAHUS; 3) MpHU
TUTPOBAHUM CIAOBIX KUCIOT HEJb3s MPUMEHATh WHIMKATOPHI C MHTEPBAJIAMU TEPEX0/ia,
JIeKAIIUMH B KUCJION 00s1acTu; 4) MpU TUTPOBAHUU CJIA0BIX OCHOBAHUM HEJb3s IPUMEHSTh
WHIUKATOPbl C WHTEpBaJaMH IEepexoja, JIeKAIMMU B IIEJIOYHON obnactu; S5) mpu
TUTPOBAHUM CHUJIBHBIX KHCJIOT M OCHOBAaHMI MOXXHO MPUMEHATH MPAKTHUYECKU JHOOBIC
WHJUKATOPbI, OJTHAKO MPH TUTPOBAHUU Pa30aBICHHBIX AJIEKTPOJIUTOB C KOHIICHTpalUen
menbine 0,01 H. crienyet BEIOMpATh HHAUKATOP, MPUIACPKUBASCh MPaBHIIa 2, TaK KaK CKaYOK
TUTPOBAHUSI CTAHOBUTCS MaJIbIM.

[Ipu paboTte ¢ HHANKATOPAMHU, MHTEPBAJ IIEPEX0]1a OKPACKU KOTOPBIX JEKHUT B KUCION
00J1acTH, ClIeyeT MOMHUTh, YTO Ha PEe3ylbTaThl ONPEIEICHUS MOXKET OKa3aTh BIIUSHHE
YTOJIbHASI KACJIOTA, MTOIYYAOIIAsCs MPHU MOMIOIIEHUHN aHaIu3upyeMbIM pactBopoM CO; u3
Bo3nyxa. lloaromy mipu 0cOo00 TOYHBIX ONpPENETEHUSX PEKOMEHIYETCS PacTBOP
peIBapUTEILHO HATPETh A0 KUMEeHUs, 4To0b! ynamuTth COx.

B HekoTOphIX ciy4yasix KOHEI pEeaKIM THUTPOBAHUS MOXKET OBbITh YCTaHOBJIECH
HETOCPEJACTBEHHO I10 KaKOMY-JIM0O aHaIMTHYECKOMY 3(P(dEKTy, COMPOBOKIAAIOIIEMY
peaknuio. Hanpumep, npu mnepmMaHTaHATO-METPUYECKOM TUTPOBAHUU OECIBETHBIX
AHAJIM3UPYEMBIX PACTBOPOB TOUKY 3KBUBAJIEHTHOCTH OIPEIECIISIOT IO PO30BOM OKpAackKe,
nosiBJIsifolerics ot nobasnenust 1 karmu u3obiTka pactBopa KMnO,4. Takoe TuTpoBaHue
Ha3bIBAIOT O0€3WHIUKATOPHBIM. OTHAKO B OOJIBIIMHCTBE CIIy4aeB B XMMHUYECKUX METOJaxX
aHanM3a NpUOErarT K BBEICHUIO B UCXOJHYIO CUCTEMY TUTPYEMOTO BEIIECTBA — TUTPAHT
JIPYTrOM CHUCTEMBI — WHIMKATOPHOM, pEArnpyIoLIed C UCXOIHOW. DTa BTOPUYHAS pPEeaKUus,
COIIPOBOXKIAIOIIASICS OMPEACICHHBIM aHAIUTHYECKUM d(PPeKToM (M3MEHEHHEM OKPACKH,
BBINIQJICHUEM OCAaJIKa), HAYMHAET MPOTEKaTh TOJbKO TOT/Ia, KOI/Ia OCHOBHAS IMPOIIIa yKe
MOYTH TOJHOCTHIO. 3HaU€HUE, PU KOTOPOM HAOIIOAAETCS PE3KOE M3MEHEHUE OKPACKH
WH/JMKATOPA, HA3bIBAIOT MOKA3aTEIEM NHAMKATOPA WIIH ITOKa3aTesIeM TUTpoBaHus p1.

Kuc10THO-0CHOBHBIE WHIMKATOPHI MPEICTABISAIOT COOOM ciiabble OpraHWYecKue
KHUCJIOTBI MJIA OCHOBAHUS, T.€. CONPSIKEHHYIO Mapy, KUCIOTHAS U OCHOBHAsA (hOpMa KOTOPBIX
paznuuaercss no uBeTy. MHaukaTtopel Oosiee ciiabble KUCIOTHI WJIM OCHOBaHUS, 4YeM
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TUTPYEMBIE BEIIECTBA, I03TOMY OHU BCTYIAIOT B PEAKITUIO C TATPAHTOM TOJIBKO ITOCIIE TOTO,
KaK OCHOBHAs Macca aHaJM3HUPYEMOT0 BEIIECTBa YK€ IIPOpearupyerT.
3MeHeHne OKpacKH WHANKATOPa HACTYIAET NP Onpeae’eHHoM 3HaueHnu pH pactBopa:
Hind — H" + Ind
KHcIoTHas opma OCHOBHas (opma
xpomodop 1 xpomodop 2

Ecmu y pactBopa pH<(pK Ind — 1), To mnBer oOycCiOBJIEH KHCIOTHOU (hOpMOit
uaaukatopa, npu pH>(pK Ind +1) — memounoit popmoii. Takum oOpa3om, mepexos
OKpPaCKH MHIUKATOpa OCYIIECTBISETCS B ONpeaeeHHOM uHTepBaie pH .

H3meHeHne oKpacki HHIUKATOPOB CBSA3aHO C U3MEHEHHEM UX CTPYKTYPBHI.

KucnoTHO-OCHOBHBIE ~ WHIMKATOPHI  JIOJDKHBI  YIOBIETBOPATH  CIEAYIOLIUM
TpeOOBAHMSIM:

*  OBITh YyBCTBUTEIBHBIMH, YTOOBI PACXO]] HHAUKATOPA OBLIT KaK MO’KHO MEHBIIIC,

* paBHOBecHE MEXIy 00euMu (OpMaMH JIOJKHO YCTaHABIIMBATHCS OBICTPO;

+ o00e ¢opmbl (MIM OJHA y OJHOIBETHBIX HWHAMKATOPOB) JOJKHBI OBITh
WHTEHCUBHO OKPAIIICHBI;

* HHTEpBaJ NEPEexo0/ia OKPACKH UHJIUKATOpa HE JTOJKEH ObITh OOJIBIIIM.

Hapsiny ¢ uHAMBUyaNbHBIMU UHANKATOPAMH MPUMEHSIOT UX CMECH C HEUTPAIbHBIMU
KpacUTEISIMHU.

OKHCITUTEILHO-BOCCTAHOBHUTEIbHbIE (OKCPeI-UHIANKATOPbI) — 3TO OPraHUYEeCKUe
COCIMHEHUs, W3MEHEHHE OKpPAaCKU KOTOPBIX CBA3aHO C IIPOLECCAaMU OKUCIEHUS U
BOCCTAHOBJICHHS:

Indox + ne — Indyeq

Oxucnennas Indox m BoccraHoBineHHas Indreq POPMBI UMEIOT pa3NMYHYIO OKPACKY.
OOnacTh U3MEHEHHUSI OKPACKU ONPEEISIETCS B 3aBUCHMOCTH OT TIOTEHI[HAIa CUCTEMBI KaK
Ax = E Indeq £ 0,059/n

Oxpacka MHIUKATOpa JOJDKHA MEHSThCS ObICTpO M oOpatumo. Eciam umHaukarop
pearupyer MEIUICHHO, TO MOXXHO IPOIYCTHTh KOHEUHYIO TOUKYy TUTpoBanus. Ecim xe
WHAUKATOP OYJEeT U3MEHSATHCS HEOOpATUMO, TO MOKET HE TIPOU30UTH PE3KOTO H3MEHEHHUS
OKpacku BO BceM oObeme pacTtBopa. Ha u3MeHeHue OKpacku OKCpeA-HHIUKATOPOB
oomnpioe BiustHUE Urpaet pH pactoBpa. HanpuMmep: mepmaHranart kajausi— B KHUCJIOH Cpejie.

MeTaiouHAUKATOPBI  (META/UIOXPOMHBbIE  HMHAMKATOPbI)  HCIOJB3YIOT B
KOMITJIEKCOMETPUYECKOM TUTPOBAHMM. IJTO KPACUTENIH, KOTOphle 00pazyloT ¢ MOHAMH
metaioB (M™) okpareHHbie KoMIUTeKChl MInd, MeHee cTolikue, YeM KOMILIEKC TOTO XKe
Metaia ¢ DJITA. Kpacutenb U ero KOMIUIEKC pa3nuyaroTcs Mo okpacke. MHTepsan
IIEPEX0/1a OKPACKH ONPENEIISETCS B 3aBUCHMOCTH OT KOHCTAHTBI YCTOMYMBOCTH KOMILIEKCA
Kak pX=pK,.t1. I3MeHeHne oKpacku MPOUCXOAUT B TOT MOMEHT, KOTJ1a P TUTPOBAHUU
OJATA xoMIUIEKC MHAMKATOpa ¢ METAJUIOM IOJIHOCTBIO pa3pylIaeTcs, 3aMeliasich Oojee
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IPOYHBIM KOMIUIEKCOM MeETajula C THUTPAHTOM, M pacTBOpP NPHOOPETAET OKPACKY
CBOOOJIHOTO MHAMKATOPA.

HauGonee pacripocTpaHeHHBIMU METAJUIOUHIUKATOPAMU SBJISIFOTCS 3PUOXPOM YEPHBIN
T (KUCTOTHBIM XpOMOI'€H YEePHBIN CHEIUMaIbHBIN I XpoMoreH crnernuanbabii ET—00) u
MYpPEKCHI.

OcagurenbHble HHANKATOPBI. [0 TOCTHKEHUU TOUKU 3KBUBAJIEHTHOCTH OCHOBHOM
peakiMy THUTPOBAaHWS HAYMHAETCS BTOPUYHAs — BBINAJIEHUE OCaaKa, 00pazyeMoro
UHIMKATOPOM C TUTpaHTOM. Hampumep, nmpu ocaguTenbHOM TUTpoBaHuU ranoreHuaoB (Cl°
, Br) mo merony Mopa unaukatopom ciayxuT KoCrOs . XpomaT-moHBI 00pa3yroT ¢
tutpanToM AgNO3 ocafok kupnuyHO-KpacHoro 1sera AgyCrO, cBUaeTeNnbCTBYIOMMA 00
OKOHYAHHMH peaKIMK Mexy ragoreHuioMm u AgNO:s.

AACOpOLMOHHBIE HMHAMKATOPbI OTJIWYAIOTCA OT BCEX OINMCAHHBIX TEM, 4YTO
WU3MEHEHUE OKPACKU MPOUCXOJUT Ha MOBEPXHOCTU KOJUIOUIHO-AMCHEpCHOM (a3bl. Takas
¢aza B mpolecce TUTPOBAHUS acOPOUPYET MOHBI, HAXOJAIIMECS B pACTBOPE B U30OBITKE,
3apsKasiCh MOJIOKUTENBHO (IIPU aICOPOLIMHN KaTUOHOB) WJIM OTPULATENIBHO (TP aAcOpOLUU
aHuoHOB). IlpucyTcTByromiye B pacTBOpE MOJIEKYJbl KpacUTENSI-UHIUKATOpa MOTYT
ancopOupoBaTHCSA MO/ IEHCTBUEM AIEKTPOCTATUYECKUX CUJI Ha 3apsHDKEHHOM TOBEPXHOCTH
ocangka. Ilpu arom ocymectBisiercs nedopmanus 3JIEKTPOHHON CHUCTEMBbI MOJEKYJbl U
MOSIBJIAETCS ONIPEACIICHHAs OKpACcKa. B ToOUKe 3KBUBAJIEHTHOCTH IPOUCXOAUT NEpeE3apsiKa
MOBEPXHOCTU OCaJKa, ompeaenseMas N30bITKOM HOHOB THUTPAaHTa; MPU 3TOM H3MEHEHHE
3apsa MPUBOAMUT K HOBOHM Je(dOpMalMK 3JIEKTPOHHOM CHCTEMbI MHAMKATOPA U €ro LBET
MEHSIETCS, YTO U YKA3bIBAET HA OKOHYAHUE OCHOBHOM PEAKIIHUH.

AJncopOLUMOHHBIE UHIUKATOPBI MPUMEHSIOTCS OOBIYHO NMPHU TUTPOBAHUU IO METOAY
ocaxxieHnsa. OHM IEHCTBYIOT B ONPEJECICHHOM MHTEpBAJIC 3HaueHU pH 1 4yBCTBUTENBHBI
K IPUCYTCTBUIO B PACTBOPE MOCTOPOHHUX UOHOB.

Cnenuduyeckue HHIAMKATOPBI pEarupyroT TOJBKO C JAaHHBIM BEIIECTBOM.
Hamnpumep, B iloomeTpun cieniupuyecKuii MHIUKATOP — Kpaxmal, OH 00pasyer ¢ io1omM
CMEIIaHHBIE aJICOPOIIMOHHBIE U KOMIUIEKCHBIE COeTMHEHHUSI (KIIaTpaThl) IPKO-CHHETO IIBETA.
Crenuduueckuii nagukaTop Ha Fe®* — ponanun ammonus, 00pa3yrommuii ¢ STUMH HOHAMI
KOMILUIEKCHBIE COEIMHEHNS KPACHOM OKPACKU. TakMX MHIWKATOPOB U3BECTHO HE MHOTO, HO
XUMUKH TPOBOJAT MOCTOSTHHYIO padOTy MO MX M3bICKAHWUIO U CHUHTE3MpoBaHUI0. CUHTE3
4acTO HWJET B HANPABICHUU MCIIOJb30BAaHUS CMENIAHHBIX WHAUKATOPOB, KOTOPBIE WIIU
coziepkaT JIeUCTBYIOIIUNA peareHT U UHAU(PGEpPEHTHBI KpacUTeNb, Cy KAl HHTEpBAI
nepexoaa OKpacKyd MHIAMKATOpAa M U3MEHSIONIMI ero OKpacKy, WK MPEeACTaBIsSIOT cOO0M
CMECh HECKOJIBKUX MHAUKATOPOB C COBIIAJAIOIIMMU HHTEPBAIIAMH NIEPEXOI0B.

4. BeruucjieHusi B THATPUMETPHYECKOM aHAJIH3e
B ocHOBe BbIUHCIIEHNI B 00BEMHOM aHAN3E JICKUT MPUHIIUIL: 8eyecmsed peazupyrom
opye ¢ Opyeom 6ce20a 6 3KBUBAIEHMHBLIX KOAUUEeCmBax.
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[TosToMy  HWCHONB3YIOT HOPMAJIbHYIO  KOHIEHTpamuio. [Ipm  oguMHaAKOBBIX
HOPMAaJIbHOCTSIX PAaCTBOPBI B3aUMOJIEICTBYIOT paBHBIMU 00BbEMamMu, 0€3 ocTaTka.

B Touke SKBMBaJIEHTHOCTH MPOMU3BEIECHUE HOPMAJIBLHOCTU Ha OOBEM PACTBOPA €CTh
BEJIMYMHA MMOCTOSIHHAS 11 000ouX pearupyroniux Bemects: H1Vi= HoV,

Xo0/a BBIYMCICHUS 3aBUCUT OT TOrO, BBINOJHSIOT JIM TUTPOBAHUE METOJ0M
NUIETUPOBAHUS UM METOAOM OTJIEIbHBIX HABECOK.

Memoo nunemupoeanusi COCTOUT B TOM, YTO HABECKY aHaJIU3UPYEMOrO BELIECTBA
pacTBOPSIIOT B MEPHOM KoJIOe, JAOBOASAT OOBEM 10 METKH M OepyT IJidi TUTPOBaHUS
onpeaeraeHHbIe (ATMKBOTHBIE) MOPLMHU PACTBOPA C MOMOIIBIO MTUIIETKH.

Ilo memody omoenvbHbIX HAGECOK KAXKIAYI0 HABECKY aHAIM3HPYEMOrO BEIIECTBA
PacTBOPSIOT B IPOU3BOJIBHOM 00BbEME BOJIbI U TUTPYIOT BECH MOJIYYEHHBIA PACTBOP.

1. Boiuucnenue pezynomamog npu mumpoeanuu no memooy

nunemupoeanus 11pyu 5TOM UCHIONB3YIOT ypaBHeHUE TUTpoBanust H1Vi =

HoVos.

3aoaua: B mepuyto konby  emkoctbio 100 mur mepenecnu 0,6504 r mponaakHOM

I[aBEJIEBOM KHUCIIOThI, pACTBOPWIA U JOBEJIM 00BEM pacTBopa A0 MeTKu. [lumerkoii

Opamu no 10,00 mim mosydyenHoro pactBopa u tupoBanmu 0,1026 H. pacTBOpOM

TUAPOKCUIA HATPHUs, Pacxol KOTOPOro B cpeaHeM coctaBwi 9,85 mur. Omnpenenure

npouentHoe coxaepxkanne HCy042H,O B mpomakHO# IIaBENEBOM  KHUCIOTE.

Pewenue:

l.BprunicniumM  HOPMaJNBHOCTH PAacTBOpa IABEJIEBOM KHUCJIOTHI [0 YPABHEHHIO
tutpoBanus: H1Vi = HyVo.

HHzc204.2H20 = 9,850,1026/10,00 = 0,1011

2. Haitnem conepsxkanue maseneBoi kuciiotel B 100 Mt pactBopa: m =
NeDeV =0,1011263,03+0,1=0,6372 r. 3. Beruucnum conepxanue
H2C204‘2H20 B %

0,6504 r cootBercTByeT 100% 0,6372 1 »
» » X %

Xo= (0,6372 * 100)/0,6504= 97,97%
Omeem: 97,97%.

2. Boiuucnenue pesyniomamoe npu mMumpoGaHuu HO Memooy OmOenbHbIX

Hagecok

B sTom ciydae ypaBHEHHE TUTPOBAHHUS HE MOXKET OBITh HCIOJIH30BAHO, TaK Kak
HABECKY aHAJM3UPYEeMOTO BEIIECTBA PACTBOPSIOT B MPOU3BOJIHHOM OOBEME BOJIBI.
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Brraucnstor pe3ynbTaT UCXO/I U3 TOr0, YTO IPU TUTPOBAHUU BELIECTBA B3aUMOJIEUCTBYIOT
SKBUBAJICHTHBIMU KOJIUYECTBAMH.
3aoaua: KakoBo mnpornentHoe conaepxkanne H,C,04°2H,O B 00pasie miaBeneBoi
KUCIIO0THI, ecii Ha TutpoBanue 0,1500 r ero momwio 25,60 miu 0,09002 H.
€JIKOro HaTpa?
Pewenue:
1.Onpenennm KOIMYECTBO SKBUBAJIEHTOB €KOI0 HATPa, KOTOPOE COAEPKUTCS B 25,60
MJI pacTBopa: n,= N*V/1000 = 0,09002¢25,60/1000 = 0,002305 Mo1b
2.Ho npu TUTpOBaHMM OAWH SKBHBAJICHT BEIIECTBA B3aUMOJICHCTBYET C  OJHUM
SKBUBAJICHTOM JpPYroro, a 3TO O3HA4aeT, YTO B PEaKIUU Y4aCTBOBAJO TaK¥Ke
0,002305 Monp 1m1aBEIEBOM KHUCIJIOTHI. BBIYMCINM MacCy IIABEIEBOM KUCIOTHI TI0
dbopmyie:
m=n,*3 = 0,00230563,03 = 0,1453 r H,C,04°2H,0

3. Beruncium cogepkanue HyC204°2H20 B %
0,1500 r o6pa3sia
H,C.0, X %
X9%=(0,1453 « 100)/0,1500 = 96,86% Omesem:
96,86%.
3. Bviuucnenue pe3ynomamoes npu ¢ulpajrxceHuu KOHYeHmpayuu pacmeopa uepes
mump no onpeoenaemomy euyecmay

100% 0,1453 r

[Tpu MaccoBBIX OMPEACIICHUSIX OJTHOTO U TOTO e BEIIECTBA UCTIOIB3YIOT 3TOT CIOCOO.
BrruuciauB ogHaXIbI TUTP paboyero pacTBopa Mo OMPEEIsieMOMY BEIIECTBY, HAXOJST
3aTeM KOJIMYECTBO BEIIECTBA MPOCTHIM YMHOXEHHUEM THUTpa Ha 3aTpadyeHHBbI 00BEM
pacTtBopa.

Tump no onpeodensiemomy (Tp/a) TOKa3bIBa€T C KakoW maccoil (T') aHAIU3UPYyEeMOIo
BemecTBa (A) pearupyer ¢ 1 M ctangapTHoro pactsopa (B).
Ts/a = CuB)*Da)/1000 = TB)*DAa)/IB)
3aoaua: Berauciure TUTP pabodero pacTBopa 1Mo OnpeeasieMOMY BEIICCTBY:
1. NaOH; TNaoH/H2s04 Pewienue:

TNaOH/HZSO4= 1'49/100():0,0490 F/MJ'I.

Or1o o3Hauvaer, yto 1 mu paboudero pactBopa NaOH coorBerctByer 0,0490 T
OTTUTPOBAHHOW CEPHOU KHUCIIOTBHI.

3aoaua: Jlan Tutp pabodero pactBopa. HaiiguTe TUTp AaHHOTO pacTBOpa IO

OTIpEIEIIEMOMY BEIIIECTBY — CEPHOM KUCIIOTE.

Pewenue: Tnaon = 0,004000 r/mMi1; Tnaormzso= 0,004000 « 49/40=0,0049 /M

3aoaua: Ha TutpoBanue pactsopa H,SO,4 uzpacxomnosano 5,00 mi pactBopa KOH

¢ Txowmesos = 0,004900r/mm. OnpenennTe Maccy CepHOM KUCIOTHI B pacTBOPE.

Pewenue: M= Txowmzsos *V= 0,004900 ¢ 5,00= 0,0245 r. Omeem: 0,0245 .
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INNekuma Ne 9. NpaBumeTpuyeckum (BecoBomn) meton
aHanu3a

Kraccuueckoe Ha3BaHWEe METO/a — BECOBOW aHaiM3. | paBUMETPHUYCCKHI aHAIN3
IIXPOKO HCIIONIB3YIOT MPH KOJIMYECTBEHHBIX onpeaeneHusx. C ero moMouibo onpeaessioT,
HanpuMmep, coaepxkanue ¢ocdopa B gochopurax, anmarurax, GocHopHbIX YIOOPEHHSIX,
NoYBax, KOpMax M T. II.

1. O0masi xapaKkTepucTHKa MeTOAA

I'paBuMeTpHeii Ha3pIBAIOT METO KOJUYECTBEHHOTO aHANN3a, 3aKII0YAIOIIHIICS B TOYHOM
U3MEPEHUH MaCChl ONPEEISIEMOr0 KOMIIOHEHTA TPOOHI,
BBIJIEJIEHHOTO B BUJIE COCMHEHMSI U3BECTHOI'O COCTABA MJIH B
dbopme deMeHTa.

['paBUMeTpUUYECKU aHATN3 OCHOBAaH HA 3aKOHE COXPAHEHHUS MAacChl BEIIECTB INPHU
XUMHYECKHX MPEBPALICHUSIX. DTO HanOOJIee TOUHBIM N3 XUMUYECKHX METO/I0OB aHAJN3a, €ro
XapakTepucTuku: mnpenen ooOHapyxeHus — 0,10%; npaBuwibHOCTE - 0,2 0TH.%);
uH(pOpMaTUBHOCTH — 17 OUT. B rpaBUMeTpUN UCIIONIB3YIOT peaKMU OOMEHA, 3aMEILECHHS],
pa3joXKEeHUsT M KOMIUIEKCOOOpa30BaHMSA, a TAaKXKE OJJIEKTPOXMMUYECKUE TPOLIECCHI.
Haubonee pacnpocTpaneH METOJ OCaXICHUS.

1. Memoo ocasxcoenusn — 310 METOH, TIPU KOTOPOM HABECKY aHAIU3HPYEMOTO
BEII[ECTBA PACTBOPSAIOT W NpHUOaBIAOT 1,5-KpaTHbIi HM30BITOK peareHTa- OCaauTes,
cobOmo/iass HEOOXOAUMBIE YCIOBUS OcaxaceHus. l[lomydeHHBIH O0CaoK Ha3bIBAIOT
ocaxcoaemotl gopmou. Ocanok OTIACISAIOT OT pacTBopa (daimie Bcero (GUIbTPOBAHHUEM),
MPOMBIBAIOT, 3aT€M BBICYIIMBAIOT WM MPOKAJIUBAIOT, TONydYas 2pasumMempuiecKyro
(BecoByt0) popmy. Maccy onpenesnsieMoro KOMIOHEHTa M, PAaCCYUTHIBAIOT MO popmyJie:

My =mgF «100/a (%)
I7le M, — Macca BBICYLIEHHOTO WX TPOKAJIEHHOTO 0CaJKa, T;
F — rpaBumMerpuueckuil (GakTtop, OmpenessieMblii MO XUMHUYECKoW (opmyre
IpaBUMETPUUYECKON (HOPMBIL;
@ — HaBeCKa aHaJIM3UPYEMOT0 BEIIECTBA, T.

I pasumempuueckue gpakmopsi, Ha3bIBAEMbIE TAK)KE aHATUTUYECKUMH MHOKUTEIISIMU
win  ¢pakTopamMu Tepecuera, BBIYUCISIOT KaK OTHOUIEHHWE MOJIEKYJISIPHOM Macchl
ONpeesieMOro KOMIOHEHTA K MOJIEKYJIIPHOM Macce rpaBUMETPUUYECKON (POPMBI C YHETOM
CTEXHMOMETPUYECKUX KOIP(PULIUEHTOB.

Ilpumep.  BBIYUCIUTH TPABUMETPUUYECKUE dbakTopel AN CIAEAYIOIIHNX

TPaBUMETPUUECKUX OMPEICITCHUIN:
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OmnpenensieMplii KOMITOHEHT Al Ca CO, Ba
['paBuMeTpuueckas popma Al;0O4 CaO BaCOs3 BaSO4

Pewenue: F=_Ags. =137.4 =0.5887
MBaSO4 2334
2. Memoow! évl0es1eHus - OCHOBAHBI HA BBIJCICHUHN ONPEACISIEMOr0 KOMIIOHEHTA W3

aHAM3UPYEMOT0 BEIIECTBA M TOYHOM B3BEIIMBAaHUU €ro. Hampumep, mpu ompenencHun
coJiepKaHUsl 30JIbI B TBEPJIOM TOTUIMBE CIKHUTAIOT OIMPEACIICHHOE KOJUYECTBO (HABECKY)
ATOrO TOILIMBA, B3BCIIMBAIOT 301y M BBIYHCIISIOT MPOICHTHOE COACPIKAHUE €€ BO B3ITOM
obpasiie.

3.Memoo omzonKu COCTOUT B TOM, UTO ONPEAECTIAEMbIN KOMIIOHEHT «KOJINYECTBEHHOY
BBIJICJISIIOT B BUJIE JIETY4YETO COeAMHEHUs (ra3a, mapa) 1eMCcTBUEM KUCIOThI, OCHOBAHUS WU
BBICOKOH TEMIIEpaTypbl HA aHATM3UPYEMOeE BelecTBO. Hanpumep, onpenensis, coiep:kaHue
JIBYOKHCH yTjiepoJa B KapOOHATHOM Topojie, oOpabaThiBaroT oOpasel] ee COJSHOU
KHCJIOTON. BpimenuBmmiics ra3 MPOMyCKAalOT dYepe3 MOTJIOTUTEIbHbIE TPYyOKH CO
CIICIMAIPHBIMU ~ peakTHBaMU. [lo yBeIMYEHHIO MAcChl IOTJIOTUTEIBHOM TPYOKH
ONpEAETAIOT KoJIn4ecTBO BhlienuBierocs COx.

4.Tepmozpasumempus. BrinonHeHre OONMBIIMHCTBA ONEpPALMi TPABUMETPUUECKOTO
aHanm3a (pumpTpoBaHWE, BHICYIIMBAaHHE M TPOKATMBAHUE OCAIKa, TOBEACHHUE €ro [0
MIOCTOSTHHOW Macchl) OTHUMAeT OY€Hb MHOTO BpeMeHH. OTHAKO ¢ TIOMOIIBIO TEPMOBECOB,
CKOHCTPYMpPOBaHHBIX J[toBajieM, yJaeTcsi 3HAUMTEIbHO YCKOPUTH ompezesieHue. B atom
prOOpe MOKHO HATPEBATH TBEPAbIE BEILECTBA JI0 TEMIEpaTyphsl npubmusutensao 1000°C
U HaOJ0aTh, Kak U3MeHsaeTcs ux macca. [lpu aTom npubop aBTOMAaTHYECKH BbIUEPUUBAET
Ha Oymare KpUBYIO M3MEHEHHs] Macchl BemlecTBa. [lomydaromiasicss cryneHdarass KpuBas
XapaKTepu3yeT U3MEHEHHE MacChl OCAJKa B MPOLECCE MOBBIILIEHUSI TEMIIEPATyphl U JaxKe
MO3BOJIIET CYJIUTh O XMMHUYECKUX MPEBPAILCHUAX BEIIECTB.

Hanpumep, Takas KpuBas IOKa3bIBAeT, YTO KPUCTAUIOTHUIPAT OKcajaTa KabIUs
CaC,04°H,O ycroitums mumb mpu Temneparype He Beime 100°C. IMpu moBblmeHMu
TemmnepaTypsl 10 226°C oH paspymaercs ¢ oOpaszoBanmeM 6Oe3pomHol comu CaCp0,.
[Mocnemuss npu 420°C pasnaraercs ¢ nonydenuem kapoonara kansius CaCOz. Jlanee npu
660°C maumHaercs pacmaj KapOOHATa Ha OKHMCh KalbLUS U JBYOKHCh YIIepojaa. DTOT
IpoLIECC 3aKaHIMBaeTcs npu Temmeparype 840°C.

2.0CHOBHBIE ONEPALIH BECOBOT0 aHAJIN3A

B xole rpaBUMETpPHUUYECKOrO OMPEICIICHUs pa3iHdaloT CIACAyIONIUe oreparnun: 1)
oTOOp cpemHel MpoOBI BelIecTBa M MOATOTOBKY €€ K aHanu3y; 2) B3ATHE HaBECKH; 3)
pacTBopeHue; 4) ocaxaeHUE OMPEEIIEMOTO dIeMeHTa (C Tpo00il Ha MOTHOTY OCAXKICHHUS );
5) ¢unbTpoBanue; 6) mpombiBaHUE Ocaaka (C MPoOOM Ha TMOTHOTY MPOMBIBaHHS); 7)
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BBICYIIIMBAHUE M MPOKAJIMBAHUE OCA/Ka; §) B3BELIMBAHUE; 9) BBIUKMCICHHUE PE3YJIbTATOB
aHanu3a.

OT100p cpeaneii mpoObl. AHATUTUYECKOE OMPEICIICHUE JUIIL TOrJa MPUBOJIUT K
colepKaTeNbHBIM  BbIBOJIAM, KOIJIa OTOOpaHHas [UJIsi aHaiu3a Impola  sBIseTCA
npeocmasumesbHoU 1Mo OTHOUIEHUIO K UCCIIEyeMOMY MaTepHualy.

B npousBojcTBe ObIBa€T HEOOXOAMMO OIPEACIUTh CPEAHUN XUMHUYECKUN COCTaB
OOJBIION MapTUU HEOJTHOPOJHOTO MaTepHuana (ya1oOpeHus, siIOXUMHUKATa, TIOYBbI, PYJbl U
T. 1.). [Ip1 3TOM MOATrOTOBKA BEIIECTBA K aHAJIU3Y CBOJAUTCS K MPABUILHOMY OTOOPY Tak
Ha3bIBa€MOMU cpeouetl npoobwi. IlpaBuia oTéopa CpelHUX MPOO Pa3IMUHBIX MaTepUaiOB
MIPETYCMOTPEHBI TOCYIAPCTBEHHBIMU CTAHIAPTAMH HJIA TEXHUYECKUMHU yCIIOBUSIMH.
BrimonHeHne 3Toi omepamuu Bcerja MOAYMHEHO €IWHOMY TMPHUHITUITY: CpPefHss mpoda
JOJDKHA OBITH COCTABJICHA U3 OOJBIIOTO YHCIIa MEJIKMX TOPIIHNA, B3ATHIX B PA3HBIX MECTax
aHaJIu3upyeMoro Mmatepuana. biarogaps aToMy coctaB 0TOOpaHHOM TPOOBI MPUOJIUKAETCS
K CpeHEMY XUMHUYECKOMY COCTaBY OOJIBIIIOTO KOJIMYECTBA HCCIEAYEMOTr0 MaTepraa.

llepsuunas cpeonss npodba, 0ToOpaHHasg TEM WM MUHBIM CHOCOOOM, €llle HEMPUroJaHa
Jutst aHau3a. OOBIYHO OHA CIUIIIKOM BeJIMKa (0T OJJHOTO JIO HECKOJIBKUX KHJIOTPAMMOB) U
HeonHoposHa. [loarotroBka mpoOBI COCTOMT B HM3MEIbYCHUH, IEPEMEIIMBAHUM U
COKpalieHuu 10 Hebombioi Macchl (okosio 300 r). [l cokpaiiienus mpoObl MOIb3yIOTCS
TaK Ha3bIBAEMbIM KgapmoeaHuem . VI3MenbUeHHBIM MaTepuan MepeMenInBaloT B Kyde,
pacchIMaroT POBHBIM CJIOEM B BHJIE KBajpaTa (WM Kpyra), JACNAT Ha YeThIpe CEKTopa,
COJIEPKUMOE JIBYX TPOTHUBOIOJIOKHBIX CEKTOPOB OTOPACHIBAIOT, a JIBYX OCTAJIBHBIX —
coemuHSIOT BMecTe. Omnepalriio KBapTOBaHUS TIOBTOPSIOT MHOTOKpaTHO. M3 Tory9eHHOTO
TakuM 00pa3oM OJHOPOTHOTO MaTepHaa OepyT HaBECKH IS aHAJIH3a.

Ilepexkpucranau3zanmusa. B ycioBusix wucciaeaoBaTeIbCKOM Ja00OpaTOpUU YacTo
TpeOyeTCs HAMTH COJIepI)KaHNE KaKOTO-HUOYIb DJIEMEHTa B XUMUYECKHA YHCTOM COCTHHCHUH
(Hanpumep, coxaepxanue Oapust B xjopuae Oapunm BaCl,*2H,0). 3mech moaroroBka
BEI[ECTBA K aHAJIM3Y COCTOUT M OYUCTKE €ro OT MPUMECEH M OOBIYHO OCYIIECTBIISETCA
NyTeM nepekpucmaiiuzayuy s yJaJIeHUs MpUMeced TOJbKO M3 KPUCTATUTMYECKUX
BEILIECTB, HAIIPUMEDP U3 COJIEH.

[IpumenuTenbHO K  OpoOOOTOOPY  BBEIAEHBI  CIEAYIONIME  KOJIMYECTBEHHbBIC
XapaKTEPUCTHUKU:

1. Padoumii aumamazoH. A=Mi — [JWama3oH KOJHYECTB ONPEAEIIEMOTO
KOMITOHEHTA 1, K KOTOPBIM IPHUMEHUMA JTaHHAS METOIHKA.

2. Jlnana3oH KoJm4yecTBa Mpoobl P=mi+mo0 — auamna3oH OOIIHUX KOJMYECTB
poOBbl, COCTOSAIINMN U3 OMpeeasieMoro KomnoHenTa (uaaeke 1) u "mampuysr” (naaexc 0)
— CYMMBI OCTaJbHBIX KOMIIOHCHTOB. B 3aBHCHMOCTH OT TpeOyemoro s aHaiu3a
KOJMYECTBA MPOOBI METOAMKH OOBIYHO KJIACCU(PUITUPYIOT CIACAYIOIUM 00pa3oM:

P> 100mr 100mMr>P>10Mr P<10Mr makpoananus
MOJIYMUKPOAHAIN3  MHUKPOAHAIU3
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3.luana3oH coaepKaHuii KOMIIOHEHTA

100mi
G=—-%
m|+mo

B 3aBucumocTy oT BenmmuruHbl G KOMIOHEHTHI MPOOBI OOBIYHO HA3BIBAIOT CICAYIOIIUM
obpazom:

G>10% 10%>G> 1% G<1%

[JIaBHBIM  COIMYTCTBYIOIIUK  CJIEAOBBIN
KOMITOHEHT KOMITOHEHT KOMIIOHEHT

Jlerko Bunets, uto Mmexay A, P u G cymecTByeT COOTHOIIIEHHUE:
P =A/G* 100%

OTcrona MOXXHO OLEHUTh MHUHUMAaJbHOE (M MaKCHMaJbHOE) KOJUYECTBO MPOOBI,
TpeOyemoe Ui MPOBENCHUS aHalIu3a IO BHIOPAHHON METOJUKE, €CIIM 3a/laHbl BEJINYMHbI
pabodero nuamna3zoHa U COAEp KaHUE ONpeAensseMoro komrnoHeHTa. Ha nmpakTuke cienyer
10 BO3MOKHOCTH OpaTh KOJMYECTBO MPOObI, HECKOJIBKO MPEBBIIIAOIIEE PACCUUTAHHOE.

Ilpumepvor.

Copeprkanue ompenensieMoro BemecTBa B npobe npudiusutensHo 10%; Meroanka
NO3BOJISIET omnpenensate He MeHee 0.5 mr 3Toro BemecTBa. MUHUMaIbHOE KOJIMYECTBO
poOkI, TpeOdyeMoe JJIs aHau3a, COCTaBIsET:

P =0,5 mr/10°100=5mr

MaxkcumanbHOE KOJIMYECTBO MPOObI, KOTOPHIM paciioyiaraeT aHaJIUTHK, cocTaBiseT 10
MI, COJEp:KaHUE OIpEeNeIsIeMoro KommnoHeHTa B Hed okosio 0,2%. CrenoBarenbHO,
HEO0OXOIMMO MCIOJIb30BAaTh METOAMKY, IMO3BOJISIONLYIO onpenensaTh He MeHee: A = 0,2 « 10
Mr/100 = 0,02 mr = 20 MKT

2. B3siTue HaBecKH

Haseckoti Ha3bIBaIOT KOJIMYECTBO BELIECTBA, HEOOXOIMMOE /1JIsl BHIITOJIHEHUS aHATTU3A.

Kak mnpaBuno, yem Oonbllle HaBeCKa, TEM BbIIIE W OTHOCUTENbHAas TOYHOCTb
onpeaenenusi. OqHako paboTa ¢ 60JBIION HABECKOW UMEET CBOM OTPULIATENIbHBIE CTOPOHBI:
MOJTyYaIOLIUIC MpU 3TOM OOJBIION OCAaZOK TPYAHO OTPMIBTPOBATH, MPOMBITH WM
NPOKAJIUTh, aHAJIN3 3aHUMAET MHOTO BpeMeHH. Hao0opoT, mpu CIAMIIKOM Majod HaBecKe
OIIMOKY B3BEIIMBAHWN W NPYTHX OIMepaluii, Hen30exKHbIe TPU aHAIHU3E, 3HAYUTEIHHO
CHIDKAIOT TOYHOCTH OMPEICTICHHUS.

Takxum 06pazom, BEIOOP BETMUMHBI HABECKH aHAJIM3UPYEMOTO BEIIECTBA OMPEACIISETCS
KOJIMYECTBOM OcCajKa, HauOoJsiee ynoOHsIM B padoTe. Hanpumep, Ha OymaxHOM GuibTpe
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JUaMETPOM 7 CM MOXKHO JIerKo oTuibTpoBath 0,5 T KpUCTAIUIMUECKOTO cynbdara 6apust
BaSO.. Ho ¢ Takum >xe KOJIMYECTBOM aMOP(HBIX, CTYJICHUCTBIX OCAJKOB T'MJIPOOKCHIOB
Fe(OH)s, Al(OH); paboTath Ype3BbIYAHO TPYIHO.

AHaTUTUYECKON MPaKTUKON YCTaHOBJIEHO, YTO Haubosiee ynoOHBI B paboTe
KpUCTAJUIMYECKHE OCaJKu ¢ Maccod  okono 0,5r u oObeMucteie amopdHbie
OCaJKH ¢ wMaccon  0,1—0,3 1. YuuTeiBass 3TH HOPMBI  OCaAKOB M  3Has
NpUOJIM3UTENIBHOE COJIEP)KAHUE OMPEAENsieMOro JJIEMEHTa B BEIECTBE, BHIUUCISIOT
HEOOXOMMYIO BETUUMHY HABECKHU.

Ipumep. Kaxyro HaBecky xsopuaa 6apus BaCly 2H,0 HyKHO B3STh 715 OTIpEACTICHUS

coJiep>kaHus B HeM Oapusi?
Hcxonubie nansble: (opmyna ocaaka BaSOs; HOpMa KpUCTaNIMYECKOTO
ocaaka 0,5 r.

Pewenue. BenmnurnHy HaBECKM HAXOIAT U3 IPOIIOPLINN:

233,43 r BaSO4 nonyuarorcs u3 244,31 r BaCl,*2H,0 0,5 r BaSOq4 »

» » XT  BaCly*2H,0 X=0,52 1.

Omeem: 1jisl aHAIM3a CIEAYeT B3ATh HaBecKy xjopuiaa 6apus BaCl,°2H>0 oxosno 0,5—
0,6T.

NHorna, BeIOMpas HaBECKY, YYUTHIBAIOT HEOOXOJIMMYIO TOYHOCTb OIpEACICHUs U
BO3MO>KHBIE MIOTEPHU M3-32 PACTBOPUMOCTHU OCAJIKA.

Pazymeercs, BEIOOp HaBECKHM 3aBUCUT €II€ OT METOAa, C MOMOIILI0 KOTOPOTO OyAeT
BBITIOJIHATHCS OTpeEIesieHne (MaKpo-, MOJIYMUKPO- WJIM MUKpOaHaiu3). Mbl paccMoTpenu
ciTy4ait BbIOOpa HaBECKH MPU MaKpOaHaIH3e.

[Ipu onpeneneHusX, HE CBSI3aHHBIX C MOJYYEHUEM OCAJKa, HAIPUMEP MPU U3YUEHUU
BJIQYKHOCTH WJIM 30JIBHOCTH Pa3JIMYHBIX MAaTEpHUANIOB, AOIMyCTUMBI HaBecku B 1,0—2,0 T, a
uHOoTa U O0JbIIe. BemecTBo B3BENMIMBAIOT B CIIEIUATLHOM CTaKaHYMKE — OIOKCE.

3. PacTBOpeHHe HABECKH AHAJIM3HPYEMOI0 BeLeCcTBa

JI1st pacTBOpEHUsI HABECKY aHAIM3UPYEMOro BEIIECTBA MEPEHOCAT (T. €. OCTOPOXKHO
MEPECHINAOT) B YHUCTHIA XUMHUYECKUM CTakaH HyXHoro oOwema. [logxomsmimii
pacTBOpHUTENb MOAOUPAIOT 3apaHee, Jenas MpoObl ¢ OTACIbHBIMU MOPIUSIMH BEIIECTBA.
Ecnu mpenBaputenbHO mpoOOW OBUIO yCTAHOBIEHO, YTO aHAJIM3UPYEMOE BEIIECTBO
pacTBOPUMO B BOJE, TO HaBeCKy pacTBOPsOT B 100—150 Ma qucTUIIMPOBAHHON BOJIBIL.
[Tpu HEOOXOTUMOCTH COAEPKUMOE CTaKaHa HarpeBaloOT Ha aCOECTUPOBAHHOMN CETKE WM Ha
BOJSTHOM OaHe, HAaKphIB CTaKaH YaCOBBIM CTEKJIOM U HE JIOMyCKas KUIIEHUSI pacTBOpa.

Ecnm nccnenyeMoe BEMECTBO HE pACTBOPUMO B BOJE, TO HABECKY MTEPEBOJST B pACTBOP
NEUCTBUEM KHCIOTHl (YKCYCHOM, COJISIHOM, CEpHOM, a30THOM) WM WAPCKON BOJKH.
KonuvecTBO TOM MM MHOM KHUCIOTHI, HEOOXOAUMOE JIi PACTBOPEHUS, BBIUYUCISIOT (C
Y4€TOM €€ KOHUEHTPALMH) 110 YPABHEHUIO PEAKIUU.

Bb160p KHUCTOTHI J11 paCTBOPEHUS HABECKHU OIPEACINAETCS, KPOME TOr0, XapaKTepoM
poucxXoJdilen npu 3Tom peakuun. Hanpumep, nzBectusik CaCOs3 ciienyeT pacTBOPSThH B
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COJITHOW KHCJIOTE, a HE B CEpHOW, TaKk KaK TpH JICUCTBUHM TOCIETHEH oOpasyercs
MaJiopacTBOpUMBIH cyibdaT kanbius CaSO,.

HaBecky pacTBOpSIIOT B KHUCJIOTE€ OCTOPOKHO, HAKPBHIB CTaKaH YacCOBBIM CTEKJIOM,
4yTOOBl M30€XKaTh MOTEepU aHAIU3UpyeMoro BemiecTBa. [loTepss BO3MOXKHA MOTOMY, YTO
BeiAesstonuecs rasul (CO», Ha, H2S) yBiekaror ¢ coboit karenbku pacTBopa.

[IpuroToBiICHHBIH TEM WIM HHBIM CIOCOOOM pPACTBOP HEPEIKO MPUXOIUTCS eIle
MOJATOTOBUTH K AaHAM3Y: yHapuTh, HEUTPAIM30BaTh HM3OBITOK KHUCIOTHI, CBS3aTh WU
YAAJIUTh NOHBI, MEIIAIOLIUE ONPEIECICHUIO.

Pasznooicenue manopacmeopumvix neopeanuueckux eewjecms. PaznoxeHue MnpoOsI
MajopacTBOPUMOr0 HEOPraHWUYECKOrO0 BEIIECTBA OCYLIECTBISIOT «MOKPBIM» IyTEM
(IEeHiCTBUEM KHCIIOT) WM «CYXUM» MyTeM (CIUIaBIECHUEM C KapOOHATOM HATpHs, €IKUMHU
1IeJI0YaMH U IPYTUMU TIJIaBHSAMH).

A30THasi KHMCJIOTa KaK CHUJIbHBI OKHCIMTEIb PAacCTBOPSET MelAb, CEpedpo, PTYTh,
MBIIIbSIK, BUCMYT, OOp, KaJMUi, TepMaHuii, BaHA1I, MapraHel], MOJIUO/IEH U HEKOTOPhIC
JIpYTy€ METaJLIbI.

B KOHIIEHTpUPOBaHHOM CEPHOM KUCIIOTE pACTBOPSIOT CILJIABHI 0JI0BA, CYpbMbI, CBUHIIA,
a Takxke heppoTUTaH.

«Hep>kaBeroriue» (JIeTUpoBaHHBIC) CTAJTM PACTBOPSIOT B XJIOPHOM  KHUCJIOTE.

30J10TO U IJIaTUHY pacTBOPAIOT B apckoil Boake (koHu.HCl u konu. HNO3), koTopas
JNEUCTBYET M KaK OKHUCIUTENb, U KaK KOMILIEKCOOOpa3oBaTelb; B PE3yNbTAaTe TAKOU
00pabOTKH MOYyYarOTCs] KOMIUIEKCHBIE XJIOPUIbI 3TUX METAILTOB. Bonb(ppamMoBbie CILIaBhbl,
MOIMOAeH U (PeppoMOIuOACH, MPKOHUN W TaHTaJ PACTBOPSIIOTCS B CMECH a30THOU U
MJIABUKOBOM KHUCJIOTE 00pa30BaHUEM KOMIUIEKCHBIX (PTOPUJIOB.

[IpoObI KpPEeMHEKUCIOTHI, TOPHBIX MMOPOJ M PAa3IUYHBIX CHIJIMKATOB pa3jararoT
JICUCTBUEM IIABUKOBOM KHCIOTHI.

[lepeunciennble ciocoObl pa3aoKEHUs! aHATTM3UPYEMOM MPOOBI U MOJTyUYEHHUSI
pacTBOpa HE YHUBEPCAIbHBI, HEMPUTOAHBI /ISl BCEX ciydaeB aHanusa. Haubonee
HOJIXOSAIIMI METOJT BBIOUPAIOT UCXO0/1 U3 OCOOEHHOCTEN aHAIM3UPYEMOT0 MaTepuaia.

4. OcaxneHue

OcaxaeHre CUNTalOT BaXKHENIIEH ONepalueld rpaBUMETPUYECKOTO aHAJINA3a.

[Ipu BBIMOJHEHUM €€ HEOOXOAUMO MPABWIHHO BBHIOpPATh OCAIUTENb, PACCUUTATH €r0
KOJIMYECTBO, COOJIIOCTU ONPEJEICHHBIE YCIOBUS OCAXACHHS, YOEIUTHhCS B TOJHOTE
OCaXJICHUSI NOHA U3 PacTBOpA.

Buibop ocaoumens. Ocaautens BBIOUpAIOT, WCXOAS U3 psina TpeOOBaHUH,
NPEABSABIAEMBIX K OCAJIKY.

1.ITonyuaromuiics ocaiok (Tak Ha3bIBaeMasi ocaxcoaemas popma) NOIHKEH TPEXKIe
BCero 00IanaTh KaK MOKHO MEHBINEH pacTBOPMMOCTHIO B Boje. Hampumep, mon Ba?
00pasyeT HECKOJIbKO MaJIOPaCTBOPUMBIX COJIeH: KapOOHAT, OKcajaT, XpoMar U Cyibdar.
YuuTtsiBasg NpoU3BEACHUS] pACTBOPUMOCTH UX:
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BaC,0;, — 1,6°107% BaCO; — 2,4 + 10%% BaCO3; — 8,0+10'%; BaSO, — 107,
OueBHIHO, YTO ITPU IPABUMETPUYECKOM OIIPEIEICHIU HOHEI Ba?! ciieyeT ocaaaTh B BUIE
cynbdara BaSO4, uMero11ero HAMMEHbBIIIYIO BEJIMYUHY MPOU3BEICHHS PACTBOPUMOCTH.

2. Kpome Toro, nomy4yaemsblii 0cajoK JOKEH JIETKO OT(UIBTPOBBIBATHCS U
XOpPOIILIO OTMBIBATHCS OT IPUMECEl. DTH CBOMCTBA HanbOJIee XapaKTePHBI JIJIst
KPYITHOKPUCTALITUYECKUX OCAIKOB.

3. Haxkowner, ocaxxgaemasi popma T0JDKHA IPU  POKATMBAHUU MTOJTHOCTHIO
nmpeBpamarbesi B secogyo  ¢hopmy. CocraB BeCOBOM  (hopMBI

JIOJIKEH TOYHO COOTBETCTBOBATH OMPEACICHHON XUMHUECKOU (popmylie mMHaye
HEBO3MOYKHO MPOBECTU BBHIYKCIICHUE PE3YJIbTATOB aHanu3a. Hanmpumep, ocamok
ruapookucu xene3a Fe(OH); B pe3ynbTaTe npokaquBaHus MOJTHOCTHIO IEPEXOINT B
okcuy xenesa FepOs. [TocnenHioro n Ha3pIBalOT BECOBOU (DOPMOIT 1 UMEHHO €€
B3BEIIMBAIOT B KOHIIE aHAJIN3A.

[Tomumo 3TOTO, BECcOBas (popMa He TOJKHA U3MEHSATHh CBOEHM MacChl Ha BO3yXE HU3-32
HOTJIOLIEHMSI TApOB BOJIbI U IBYOKUCH YTJIEpOa WM BCIEICTBUE YACTUYHOTO Pa3IOKEHUSI.
JlJ11 TOYHOCTH OIpeIeTICHHs JKeNaTeNIbHO TaKke, YTOObI BeCoBast popMa UMeIia BOZMOKHO
0O0JIBILIYIO MOJIEKYJISIPHYIO MAacCy U COZIEpKalla Kak MO>KHO MEHBIIIE aTOMOB ONPEEIIIEMOT0
3JIeMeHTa B MoJiekyje. [Ipu 3ToM morpemHocTy onpeaeneHus (OIIMOKM B3BEIIMBaHUA,
NOTEPH NP NEPEHECECHUH 0CaKa Ha (PUIBTP U T. I1.) MEHbIIIE CKa3bIBAIOTCS HA pE3yJbTaTe
aHaJIH3a.

4. Kpome Bcex 3TUX TpeOOBAHMI, MPEABABISIEMBIX K OCAJIKy IIPU BBIOOpE OCAAMTEIIs,
YUUTBHIBAIOT JIETYYECTh MOCIEIHEr0. B KkauecTBe ocaguTens Bcerjga npearoYuTaoT Oosee
JeTy4yee BEIIeCTBO, €CJIM MPUMECH €ro He OyAyT MOJHOCTBhIO YJaldeHbl U3 Ocajka
IPOMBIBAHUEM, TO OHM YJIETy4aTcsl MpU MOCIEAYIOIIeM NMpokaauBanuu. Hanmpumep, as
ocaxaenuss Ba®* B Bume cynbdara Gapus MONB3YIOTCS CEPHOM KHCIOTOM, a He ee
pactBopumbiMu cotisiMu (K2S04), Tak kak kucnora 6oee eryda. [1o Tem xe cooOpakeHusIM
noH Fe®* ocaxnaror u3 pactBopa neticrsuem snerydero NH,OH, a ne NaOH mm KOH.

5. BeiOupaembiii  ocaauTenh JIOKEH B TOM WM HWHOM Mepe o0janaTh
CEJIEKTUBHOCTBIO 10 OTHOLIEHUIO K OCaXJAaeMOMYy HOHY. B mpoTUBHOM ciydae
INPUXOJIUTCS MPEIBAPUTENBHO YAAIATh IPYyrue MOHBI, MEUIaloIMe ompeneiaeHuto. Takas
CEJIEKTUBHOCTh OCOOEHHO XapakTepHa [JIi OpPraHUYEeCKUX PEareHTOB, HaXOALIUX
PUMEHEHUE HE TOJBKO B KAUECTBEHHOM, HO M B KOJIMYECTBEHHOM aHaJIU3E.

Pacuer konmmyectBa ocaautend. HeoOxonuMoe KOJWYECTBO OCAAMTEINS BBIUUCISIOT
UCXOJl M3 COJEpkKaHUS OCaXKIAEMOT0 HMOHA B pPACTBOPE W BEIUMYMHBI HABECKH
aHAJIM3UPYEMOIO BEIlleCTBA.

Ilpumep. dnsa KOJINYECTBEHHOI'O OIPEACIICHUS Ba?* pacTBOpHIH

HaBecky BaCly*2H,0 B 0,4526 r. Kakoii 00beM 2 H. pacTBOpa CepHOI
KHCJIOTBI HOTPEOYETCst IS OJIHOTO OCAXKACHUS HOHOB Ba?*?
Pewenue: V3 ypaBHeHHs peakiuy BUIHO, YTO OJIHAa FpaMM-MOJIEKYyJIa XJIopua 6apus

B3aUMOJICUCTBYET C OJHOM rpaMM-MOJIeKyIoi cepHoit kucnotsl: BaCl,e2H,0 +
H,SO, = BaSO, + 2HC1 + 2H,0
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CrnenoBatenbHO, Ha B3aumoeiicTeue ¢ 244,31 T BaCl,22H,0 pacxonayercs 98 r HySOy,
kotopbie coaepxarcss B 1000 mu 2 H. pacTtBopa KUCIOTHL. [I03TOMYy MOXXHO COCTaBHUTh
CJIEYIOILYIO TPOTIOPIIHIO:

Ha 244,31 r BaCl,*2H,0 HJIET 1000 ma 2 1. H,SOq4
0,4526 r BaCl,*2H,0 Otcrona » X M2 H. HySO4
x =(0,4526 « 1000)/244,31 =2 mn

Kasanock Obl, B 3TOM ITPUMeEpE LIS TIOJHOTO 0CaXkIeHHs HOHOB Ba?" 10cTaToOuHO B3ATH
2 ma 2 H. HySOs. Opnako 3T0 He Tak. AOCOJIOTHO HEPACTBOPUMBIX BEIIECTB HE
CYIIECTBYET, W HaJ OCaJAKOM cyib(dara Oapuss B pacTBOpe emie OyAyT HaXOJIUThCS
HeoCakaeHHbIC HMOHBI Ba®. IloaToMy HEOOXOIUMO NPUHATH MEPHI, YTOOBI IMOHU3UTH
KOHIICHTPAIIUIO UX B PACTBOPE, T. €. JOOUTHCS MPAKTUYECKOU MOJHOTHI OCAXKICHUS NOHOB
Ba?*.

N3BecTHO, YTO KUIAKOCTh HaJ OCAJKOM IPEJCTaBIISICT COOOM HACBIIMICHHBIM PacTBOP
anekTposiuta. [IpousBeneHne KOHIEHTpAIMid €ro MOHOB MPU HEU3MEHHOW TEeMIIepaType
COXpaHSAET IIOCTOSSHHOE 3HAUYC€HWE, PpaBHOE MPOU3BEACHUIO PACTBOPUMOCTH. B
paccMaTpuBaeMOM IIPUMEPE

[1Pgasos = [B32+] [8042- ] = 1,1’10'10

Cnef0BaTeNs5H0, 9YTOOBI MOHM3UTh KOHIEHTPAIMIO HOHOB Ba?!, eme ocraromuxcs B
PAcTBOpE TOCIIE OCAKIEHHUS, HY’KHO MOBBICHTH KOHIICHTPALUIO Apyrux HoHoB (SO4%), T. e.
JEeWCTBOBATh M30BITKOM OCQIUTEINS (CEPHON KUCIIOTHI).

ONBITHBIM TyTEM YCTaHOBJIEHO, YTO JUIS TPAKTUUYECKH MOJIHO20 OCAXKIACHUS HOHA
JIOCTATOYHO MOJyTOPHOT0 M30bITKa ocaauTens. JloOapneHne 00IbIIero n30bITKA OCAUTEIIS
MOXET IIOBBICUTh PACTBOPUMOCTb OCaJIka BCJIEICTBHE OOpa30BaHUS KOMILIEKCHBIX
COCJIMHECHMMN, KUCJIBIX COJICH U T. .

Omeem. B pacCMaTPUBAEMOM CJIydae JIJIs IIOJTHOTO OCAXACHHS HOHOB HY>KHO B3SITh HE

2 mi, a 3 ma 2 °H. HySO,.

HawnGonee OnarompusaTHBIC YCIOBHUS TMOMYYCHUS KPUCTALIMYCCKUX W aMOPQHBIX
0CaJKOB HEOIUHAKOBBI.

[Ipy ocakmeHnnm B pacTBOpPE TMPOTEKAIOT JIBa B3aWMOCBS3aHHBIX MpoIlecca:
BO3HUKHOBEHUE MEJIbYANUIIINX 3aPOABIIIEBbIX KPUCTAIIOB U UX JAJIbHEUIIANA POCT.
CrnenoBaTelbHO, HAJIO MO BO3MOXKHOCTH YMEHBIITUThH YUCJIO IIEHTPOB KPUCTAJUTM3AIUU U
YCWINTh POCT YK€ O00pa3oBaBHIUXCS KPUCTAUIOB. JIJIsI MOCTHMXKEHUS OTUX IIeNeh
HEO0OXOJIMMO, YTOOBI PAacTBOP OBLI BO3MOXKHO MEHEE TEPECHIIMICHHBIM 10 OTHOIICHHUIO K
OCaXJIaeMOMY COCIWHEHUI0. JleCTBUTENHHO, W3 CWJIBHO TMEPECHIINIEHHOTO pPacTBOpa
OCaXXIACTCSd MHOXKECTBO MEIbYANIINX 3apOJBIIICBBIX KPUCTAUIOB, KOTOPHIC IOYTH HE
ykpynHstores. M, Hao00opoT, B Majgo MEPECHIINICHHOM PAacTBOPE CO3/IAIOTCS YCIOBUS IS
JTaTbHEHIIET0 pocTa HEOOIBIIIOr0 KOJTMYECTBA 00pa30BABIIMXCS KPUCTAJIIOB.

Bo3MOXHO Majioe TpechIeHHe pacTBOpa M IMOJYYCHHE KPYTHOKPUCTALIUYCCKOTO
ocajJKka JIOCTUTACTCS MpU COOJIOIGHHH OCOOBIX yClIoBHM. Pasymeercs, naxe mnpu
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COOJIOACHUU 3TUX YCIOBHM, MOMHUMO KPYIHBIX KPHCTAUIOB, MOJy4aeTCs U HEKOTOpPOe
KOJIMYECTBO MeNKHUX. YTOOBI UX OBbLIO MEHBIIE, OCATOK OCTABIAIOT CTOATh Ha HECKOJBKO
4acoB (WJIM JI0 CJIEAYIOLIETr0 3aHATUSA) ISl co3pesanusi (cTapenusi). I3BeCTHO, UTO MENKKe
KpPHUCTAJUIBI JIIOOOTO BEIIECTBA PACTBOPSAIOTCS HECKOJIBKO OBICTpEE, YeM KPYMHbIE, TaK Kak
UMEIOT OOJIBIIYI0 TOBEPXHOCTh CONPHUKOCHOBEHHsS ¢ pactBoputeieMm. [lostomy mnpu
CO3pPEBAHUU MEJIKUE KPUCTAIUIBI PACTBOPSAIOTCS U 32 MX CUET pacTyT KpymnHbie. [IockonbKy
KpYIHBIE KPUCTAUIBl HMMEIOT MEHBIIYI0 IOBEPXHOCTh, COOCAXJCHHE IpUMECEr
noHmxaercs. bosee OBICTpOMY CO3pEBaHMIO OCaJKa COACHCTBYET IMOBBIIICHUE
TEMIIEpaTyphl, YCKOPSIOLIEe ABMKEHUE HOHOB B pacTtBope. [loaToMy cTakaH ¢ 0caIKoM
0OBIYHO OCTABJISIIOT B TEILIOM MECTE, HAPUMEP Ha Topsiueil BOASHOM OaHe.

IIpoba na nonnomy ocadxcoenus. Kak TOJBKO pacTBOp HaJl OCAJAKOM CTaHOBHUTCS
COBEPILEHHO MPO3pavyHbIM, JEJAT Npo0y Ha MOJHOTY OCaXACHUS HOHA. /(1 3Ttoro mo
CTEHKE CTaKaHa NMpuOaBJIsIoT ellle 2—3 KaIuli pacTBopa ocaauTtens. Ecinu npu 3Tom B MmecTe
CMEIICHUSI PACTBOPOB TMOSBUTCS XOTA ObI Jerkas MyTh, TO CUMTAIOT, YTO IOJHOTA
OCAXKIECHMsI HE JAOCTUTHyTa. B TakoM ciydyae A00aBISIIOT K JKUJIKOCTH €II€ HECKOJBbKO
MUJUTUIUTPOB OCAJUTENSA, NEPEMEIINBAIOT CTEKJITHHOM MAJIOYKOW, CHOBAa HArpeBalT U
OCTaBJISIIOT CTOSITh JUIsl cO3peBaHMs ocaika. Muorma mpoOy Ha MOJHOTY OCaKIEHUS
NPUXOAUTCS TOBTOPUTH HECKOJBKO pa3. Ee pexomenayercs cruenaTh W NEped CaMbIM
(UIBTPOBAHUEM.

5. duabTpoBaHUE

OunpTpoBaHWEM OTAENSIOT TONYYCHHBI OCaJOK OT pacTBOpa, COJEPIKAIIETO
MOCTOPOHHHUE TpUMecH. TIIaTeTbHOCTh BBHIMIOJHEHHSI 3TOM OIMepali CKas3bIBAeTCs Ha
TOYHOCTH OTPEICIICHUMN.

B rpaBuMeTprueckoM aHalIM3e MPUMEHSIOT HE OOBIYHYIO (DUIIBTPOBAIBHYIO OyMary, a
TaK Ha3bIBaEMbIC 0e330/bHble Quibmpsl. B Tporiecce U3TOTOBICHHUS WX MPOMBIBAIOT
kucnotamu (HCI), ymanss Oonblyr0 4acTh MUHEpaJbHBIX BelecTB. Macca 30Ibl,
oOpasytolencs Ipy CXKUTaHUK OJTHOTO 0€330JIbHOTO (hUIbTpa, OBIBAECT Maja, OITOMY €I0
nmpeHeOperaror.

[TpOMBINIUIEHHOCTh BBINTYCKAaeT 0€330JIbHbIe  (DUIBTPHI ~ HECKOJBKUX  COPTOB,
pa3Iuyaronuecs Mo AMaMeTpy U MIOTHOCTH.

Uepnast (wm KpacHasi) JeHTa — HaMMEHEE TUIOTHBIC, T.€. OBICTPODHUIBTPYIOIINE |
KPYIMHONIOPUCTBIE M HMCHOJB3YIOT ISl OTACNICHUST aMOP(HBIX 0CAaIKOB TUIPOKCHIOB
xKenesa, aTFOMUHUS U TIP.

benas  nmeHta — uUIBTPHI cpemHEN MIIOTHOCTH, MPUMEHSEMbIC IJI OTACIICHUS
OOMBIIMHCTBA KPUCTAJTUIMYECKUX OCATKOB

Cunsisi neHta — (QUIBTPHl MEJKOMOPHUCThIE, HauOoJiee IUIOTHbIE M MEIJIEHHO
GuIBTpyOINe; MPUMEHSIOT UX IS OTACTICHHS MEIKOKPUCTAUTHIECKUX OCAIKOB CyJIb(aTa
6apus BaSO, , 5T GUIBTPHI HA3BIBAIOT TAKKE «OAPUTOBBIMI.
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Wnorga nmist puibTpoBaHUsA UCHONB3YIOT (appopoByt0 BOpPOHKY broxuepa, Ha IHO
KOTOpOil momeniaroT OymMakHblii ¢uibTp. Uepe3 Hee QUIBTPYIOT TaKke HpPU TOMOIIH
BaKyyM-Hacoca.

6.Cooca:xxnenue. [IpombiBanme ocaaka

Ocanok yBiekaer ¢ coOOil MOCTOPOHHUE BEIIECTBA M3 pPacTBOpa. DTO SBICHUE,
Ha3bIBAEMOE coocaxcoenuemM, — OJIHO U3 CEpPbE3HBbIX IIOMEX IMpPU BBINOJIHEHUU
rpaBUMETPUUECKOTO ompeaeiacHuss. MOKHO BBIJICTUTh YEThIPE OCHOBHBIX BHJIA
COOCAXKJICHUM.

Oxk103usi. — TpoLEcC 3axBaTa NPHUMECEl MHKPOKOMIIOHEHTa BHYTPb PaCTYILIUX
KpPHUCTAJUIOB OCAJIKa OCHOBHOI'O KOMIIOHEHTA. Y JaJI€HHE OKKIIFOJIHUPOBAHHBIX IIPUMECEH U3
0CaJiKa MpEeJCTaBISIET TPYAHYIO 3a/1a4y.

H3zomopghnoe coocasxicoenue — mponecc 00pa3oBaHUs «CMEIIAHHBIX KPUCTAIOBY C
MOHAMH OCHOBHOTO KOMIIOHEHTa M MHUKPOKOMIIOHEHTa, UWMECIOIIUMHU  OJU3KHE
paauycel. Hampumep, ocanok cynbdarta Gapusi MOXKET yBJIEKaTh C COOOW M3 pacTBOpa
IpUMECH TIepMaHTaHaTa Kajius, TaK Kak OSTH BellecTBa H30MOpP(HBI, T.€. 00pa3yloT
COBMECTHYIO IIPOCTPAHCTBEHHYIO KPUCTAJUIMYECKYIO PEILIETKY.

Coocadicoenue ¢ 00pazosanuem Xumuyeckux coeouHeHuli ¢ 0CaX/1aéMbIM BEIIECTBOM
U IPHUCYTCTBYIOIIMMHU B PAacCTBOPE MPUMECSIMH TaKXe TOBOJIBHO pacnpocTpaHeHo. Eciu
OCaXJaTh W3 PacTBOpa MOHBI Ba?" nelicTBMEM CEpPHOI KHUCIOTBI, TO BMECTE C HHMH
coocaxnarorca u npuMecu Fe®' B Bune xommekcHoro cynbgara Baz[Fe(SO,)s]. B takux
ciIy4asix HeoOXOJIMMO IpeABapHUTENIbHOE ylajeHue Nnpumeced u3 pactBopa. Tak, mepen
ocaxneHneM noHoB Ba?* npumecn Fe** mpuxoauTes ocaauTh aMMHAKOM B OT(QHIETPOBATH
TMJIPOOKHCH JKeJe3a.

WNuorna st ynaneHus: IpUMeEceil MCHOJB3YIOT TaK HA3bIBAEMOE nepeocaycoeHue.
Hamnpumep, ocanok okcanata kanbiiusa CaCy04, comepkamuii mpuMecu okcajaTa MarHus
MgC,04, pacTBOPSIOT B COJISIHON KUCIOTE, HEUTPATU3YIOT PACTBOP M MEPEOCAKIAIOT MOH
Ca**, T. e. TIOBTOPAIOT OCAXKIEHUE €r0 OKCAIATOM aMMOHHMS. IIOCKOIBKY MepeocaXeHne
IIPOMCXOMT IIPU 3HAYMTEIHFHO MEHBIIEH KOHIIEHTpaMu HOHOB Mg?*, 4ueM B mepBEIii pas,
ocanok CaCy04 oka3piBaeTCs MpakTHUIECKH CBOOOIHBIM OT mpumeceir MgC30..

CoocadicOenue 6 pe3zyibmame NOBEPXHOCMHOU adcopoOyuu npumeceil. 0caoKoM
OCOOEHHO 4YacTO BCTPEYAETCs MPH OCAKICHUH aMOP(PHBIX BEUIECTB, HMEIOUIUX
Pa3BETBIICHHYIO MOBEPXHOCTH (TUIPOKCHU/IBI JKEJIe3a U aTIOMUHUS, KPEMHEBast KUCJIOTA U T.
1.).

Ho ancopbumst — 310 00patumelii pouiece. [Ipu anmurensHOM MPOMBIBAHUN OCaIKa
TOM WJIM WMHOW KHUIKOCTHIO TOTJIOIICHHBIE MM MPUMECH MOTYT OBITh JIeCOpOMpPOBAHBI,
BBEIMBITHI U ynalieHbl. [lecopOuuu coaeicTByeT Takke MPUMEHEHHE ropsiuel MPOMBIBHON
XKUJKOCTH. 3aJadya TPOMBIBAaHUS M COCTOMT B YyJIAJCHHWM IOCTOPOHHHUX HPHUMECEH,
a7IcOpOMPOBAHHBIX OCAJKOM U3 PacTBOpA.
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MHorna ocaxxgaeMoe BEIIECTBO YBIEKAET IMPUMECH U3 pPACTBOpa B pe3yJbTaTe
COYETaHUs HECKOJIbKMX BHUJIOB COOCAXACHMS (aICOpOLMOHHAS OKKIIO3US, XUMHUYECKas
OKKJTFO3HS U T. 11.).

[Ipy mnpombIBaHMM HEOOXOAMMO UCKIIOYUTh TMOTEPU OCAKIACHHOTO BEIECTBA.
[ToaToOMy BBIOOpP TPOMBIBHOM >KHAKOCTH OIPEACNICTCS CBOMCTBAMHU ITPOMBIBAEMOIO
ocajka.

Ilpomvisanue  pasbasnenHvim — pacmeopom — ocaoumend. llpu  NpoMbIBAaHUU
OOJBIIMHCTBA OCAIKOB JUCTHIIMPOBAHHOW BOJOM BO3MOKHO YaCTUYHOE PACTBOPEHUE HX,
NPUBOJAIIEE K MOTEPE OCAXKACHHOTO BemiecTBa. Bo m3bexaHue MoTepb TaKUE OCAIKH
IIPOMBIBAIOT Pa30aBIECHHBIM PACTBOPOM OCAAMTENIA, T. €. B IPOMBIBHYIO KUAKOCTh BBOJAT
ocaxxnaronmii noH. Hampumep, ocagok okcanara kanbius CaCzO4, 3aMETHO PaCTBOPUMBIN
B BOJI€, IPOMBIBAIOT pa30aBIICHHBIM PACTBOPOM OCAIUTEN, T. €, okcanaTa ammonust (NHa)
C.0s.

IIpomvieanue pacmeopom 21ekmpoauma-koazyasimopa. Ecii ocaxaeHHOE BEUIECTBO
CKJIOHHO K IENTH3al1H1, TO BO3MOXHA MOTEPS €r0 B PE3yJIbTaTe MPOXOKIACHUSA KOJUIOUAA
yepe3 puibTp. YToOBI 3TOr0 U30€k)aTh, TAKOM 0CaJOK MPOMBIBAIOT pa30aBiIEHHBIM
pacTBOpoM AIIEKTPOIUTA-KOATYJISITOPA, MPENATCTBYIOLIErO MENTH3ALNH.
DNEKTPOIUTAMU-KOATYJISITOPAaMH OOBIUHO CIIY>KAT JIETyUHE BEILIECTBA, JIETKO YAAISIOIINECS
MIPU MOCJIEIYIONIEM NMPOKAIMBAHUM Ocajka. Tak, amopdubie ocaaku ruapokcuioB Fe(OH)s
u Al(OH); npoMbIBatOT pa3z0aBlieHHBIM PACTBOPOM HUTpPATa AMMOHHSL.

IIpomvieanue oucmunnuposantoi 6ooou. IIpombiBaHrEe BOJ0M BO3MOKHO TOJBKO B TEX
HEMHOTHX CIIy4asiX, KOrJa MPOMBIBAEMBIM OCaJOK MPAKTHUYECKH HE PACTBOPSIETCS B BOJE,
HEe TIENITU3UPYETCS U He Tuiaponusyercs. Tak, Hanpumep, ocagok cynbdara 6apus BaSO4
MPOMBIBAIOT Ha PHIIBTPE AUCTHILTUPOBAHHON BOJIOM.

Korzna noBelieHre TeMIiepaTypbl HE YBEJIUYMBAET MOTEPU OCAXKICHHOI'O BEIECTBA
UCIIOJIB3YIOT HE XOJIOAHYIO, a TOPSYYyI0 MHPOMBIBHYIO YXHUIKOCTb, TaK KaK HarpeBaHHE
YCKOpPSIET 1€COPOLIUIO TPUMECEH.

Camoe mpoMbIBaHHE MPOU3BOIAT CHavasla JeKaHTalUEeH, T. €. IPUIMBAIOT B CTaKaH C
ocaakoM 15—20 mu1 mpOMBIBHOW KHUJKOCTH, TIIATEIBHO NMEPEMEIINBAIOT, TAKOT OCAIAKY
OCECTb U CIMBAIOT )KMJKOCTh MO nanouke Ha punbTp. [Ipu Takom cnocode oTMbIBaHUE
puMecel 3HaYuTeNbHO yeKopsieTcs. [[poMbIBaHre JekaHTanue 00bIYHO MPOU3BOIAT 3—
4 pa3a. 3aTeM ocaloK KOJJMYECTBEHHO, 0€3 MOTeph, MepeHOCAT Ha PuibTp. it aToro
HAJIMBAIOT B CTAKaH HEOOJIBIIYIO MOPIUIO TPOMBIBHON XKUAKOCTH, B3MYYHBAIOT OCAJ0K U
MOJyYEHHYIO CYCIIEH3UIO0 OCTOPOXKHO CIMBAIOT HAa (PUIIBTP MO CTEKJISIHHOM MajoukKe.
BrinonHss 3Ty onepanuo HEnb3s TEPATh HU OAHOM Kariu KUIKOCTHU. [1omb3ysch
IPOMBIBAJIKON, MHOTOKPAaTHO OOMBIBAIOT CTEHKU CTaKaHa HEOOJIbIIUMU MOPLHUSIMHU
MIPOMBIBHOM KUIKOCTH U KaXIbIA pa3 CIUBAIOT €€ Ha GuibTp. YacTuilsl ocajaka,
pUCTaBLINE K CTeHKaM  CTakaHa, CHayaja  TUIATeJbHO OTTUPAIOT
PE3MHOBBIM HAKOHEUHHUKOM MAJIOUKH, CMBIBAIOT Ha (PMIIBTP, @ 3aTE€M CJIEJIbI OCaIKa
CHUMAIOT KyCOYKOM (PHIIbTpa, KOTOPBIH MOMEIIAOT B Ty € BOPOHKY. CTEKIIIHHYIO
Najg04yKy Takke 00TUPaIOT KyCOYKOM (UIIBTPA U MOMENIAIOT €r0 B BOPOHKY C OCAIKOM.
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Hakonern, korma HU B CTakaHe, HM Ha Mallouke OOJIbIIE HE OCTAHETCS YaCTHII
OCa@XJIEHHOT'O BEIlleCTBa, MPUCTYNAIOT K MPOMBIBaHUIO ocajika Ha ¢unbTpe. [IpombiBatoT
ero OOJBIIMM YHCIOM MAJICHBKUX MOPIHUM >KUJIKOCTH, KOTOPOM BCSKHA pa3 JaroT
MOJIHOCTBIO CTEKaTh. ITO oOecrieunBaeT Oosee ObICTPOE yIajJeHue MpUMecei, 4eM B cliydae
OOJBIINX MOPLMH KUIKOCTHU. [TomyTHO 0Ca 0K CMBIBAIOT B HIKHIOKO YacTh (PUIIBTPA.

[ToBTOpUB TIpOMBIBaHME 4—35 pa3, JAENAIOT npoby HA NOIHOMY YOAaleHUs npumecell.
Jlnst aTOro coOMparOT M3 BOPOHKM B MPOOUPKY HEOOJbIIYI0 TOopuuio (GUiIbTpata u
npuOaBISAIOT K HEMY PEaKTHB, NAIOLIUN XapaKTEPHYIO PEaKIHIO C YAAISEeMbIM U3 OCajKa
noHoM. Hampumep, BbInosiHss npoOy Ha noaHoty ynaineHus Cl” u3 ocaaka BaSQOa, 6epyT
1—2 mun ¢puneTpaTa, MOAKUCISIOT €T0 a30THOW KUCIOTOU U IEHCTBYIOT HUTPATOM cepedpa.
Ecnmu myTh Xnopuga cepebpa mpu 3TOM HE MOSBISETCS, TO MPOMBIBAHUE MPEKPaIIaroT.
dunpTpaT TpPU TPABUMETPUUECKHUX OIpPEACNCHUSIX OOBIUHO HE aHAIM3UPYIOT H
0TOpAachIBAIOT, €CJIM OH COBEPILEHHO MPO3paYEH, T. €. HE COJAEPKUT YaCTHUI] OCAKA.

@dunpTpoBaHWE U MPOMBIBAHUE OCaJKa CJIENYeT BBINOJHATH HAa OJHOM U TOM K€
3aHATUU; OTQUIBTPOBAHHBIN OCaJOK CUJIBHO BBICHIXAa€T MPU XPAHEHUH U HE IMOANAETCS
IPOMBIBAHHUIO.

7. BoicylmiMBaHHWe ¥ MPOKAJIUBAHUE 0CATKA

OThunbTpOBaHHBIA M TPOMBITHIA OCAJOK €IIe COACPKUT BIary,; OOBIYHO €ro
BBICYIIMBAIOT U MPOKAJIUBAIOT. JTU ONEPALMH MMO3BOJISIIOT MOJIYYUTh BELIECTBO CO CTPOTO
OIIPEACIICHHBIM XUMUUYECKUM COCTABOM.

Buicywusanue ocaoxa. Ocafok BbICYyIIMBAIOT BMecTe C (uibTpoM. BOpoHKY c
OCaJIKOM HAaKpPBIBAIOT JIMCTKOM BIXXHOW (uiibTpoBaibHOM Oymaru. Ee kpas mioTHO
IPKUMAIOT K HApYKHOM MOBEPXHOCTH BOPOHKH, JIUIIHIOI Oymary yaanstoT. [lomyuaercs
OyMakHasi KpbIIIIEUKa, IMJIOTHO CUJSIIAs HA BOPOHKE U 3alUIIAIONas 0CaI0K OT MbUIH.

[Tociie 3TOro BOPOHKY € OCAAKOM cieayeT moMecTuTh Ha 20—30 MHUH B CyIIMJIbHBIN
nIkad, UMEIOIIHNMN MOJKU C KPYTIBIMU OTBEPCTUSIMU. B OJTHO U3 HUX U BCTABJISIOT BOPOHKY.
Temneparypy B mkady nomaep:xkuatoT He Bbime 90—105° C — npu Gosnee cuibHOM
HarpeBe QuIbTp OOYIJIMBAETCS U pacnagacTcs.

[TpokanuBaroT ocaaku B (GapdOpoBBIX TUTJISAX pa3IUuHbIX pazMepoB. lIpexne uem
OPUCTYIUTh K MPOKAIUBAHUIO, HEOOXOIUMO y3HAaTh MaccCy IycToro Turis. s 3Toro
TUTEJIb [TPEIBAPUTEIIBHO TPOKAIIMBAIOT 10 TOCTOSSHHOW MAcCChI, T. €. 10 TEX IOP, ITI0Ka Macca
€ro TIEPECTaHET U3MEHATHCA. [[poKanuBalOT TUTIIA B AIEKTPUIECKON My(]elbHON Teun, B
TUTEJIPHON TI€YU WJIM Ha Ta30BOW TOpejike, HO 00s3aTeNIbHO MPH TeX K€ TeMIepaTypPHBIX
YCJIOBUSIX, NIPU KOTOPBIX MpEAroJiaraeTcs MOpoKanuBaTth ocagok. O Temmeparype
MIPOKAJIMBAHUSI OPUECHTUPOBOYHO CYASAT IO BETY KaJleHUsI MydeabHON (TUTEIBHON) MeUH:

Havano TeMHO-KPACHOTO KATIEHUS .....ccveeevernveeneeennennenn ~525°C
TEMHO-KPACHOE KAICHUE. ......cervveeeeeneeenreeneeenneeeseeseeneeans ~700°C
CBETIIO-KPACHOE KATICHHE. .....uvveneeeneeeeeeeneeeneeensneeneenneennns —900 — 1000°C
CBETIJIO-OPAHIKEBOE KATICHHE .....evveenereeenereennreeennreennseenenas ~1200°C
BeNoe KaIEHME  ....cceeevvieriieiieeiiieieeie e -1300°C



OCIENUTENBEHO-0ETI0€ KATIEHUE . ...eeeeeeeeeeeeeeeeeeeeeeeaeaaaannns —1400 — 1500°C

[IpenHa3zHayeHHBIN AJ1 MPOKATUBAHUS TUTeNb O€pyT TUTEIbHBIMU HIUMIAMU 3a Kpai
¥ TIOMENIAoT B MydenbHyto medb. [locne 25—30 MuH nMpoKaauBaHUs €T0 BRIHUMAIOT U3
ne4u, JAI0T OCTBITh Ha JHUCTe acOecTa (WM HAa TPAHUTHOM IUIMTKE) M TEPEHOCAT B
sKcUKatop. IlocnenHui 3aKppIBalOT KPBIIIKOM HE cpa3y, a cnycTsd |—2 MHH; MHa4de Npu
OXJIQKJCHUH B 9KCUKATOPE CO3JAETCs pa3pekKeHNE U KPBILIKY Oy/IeT TPYAHO OTKPHITb.
3aTeM 3KCUKATOpP OTHOCST B BECOBYIO KOMHATY M OCTaBIIAIOT Ha 15—20 MUH, YTOOBI TUTEITH
MIPUHSIT TEMIIEPATYPY BECOB.

B3BecuB Turenb Ha AHANUTHYECKUX BECaxX, €ro CHOBA MpOKanuBaroT 15—20 muH,
OXJIAKJAIOT B SKCUKATOPE W TMOBTOPSIOT B3BEIIMBaHWE. ECIHM pe3yiapTaT MOCIEIHETO
B3BCILIMBAHUS OYyJIeT OTJIMYATHCS OT Ipeablayiiero He 6osee yem Ha +0,0002 r, cuuTarort,
YTO TUTENb JOBEJCH JJI1 TOCTOSTHHOM MacChl, T. €. IOJATOTOBJIEH JJISl IPOKAIIMBAHUS OCaJIKA.
B mnpotuBHOM cnydae THUreiab NPOKAIMBAIOT, OXJIAXKIAOT M B3BEIIMBAIOT €IIE pas.
Pe3ynpTaThl BceX B3BEIIMBAHMI HEPEMEHHO 3aIIMCHIBAIOT B JJAOOPATOPHBIN KypHAI.

IIpokanueanue ocaoka. KpuctaninzauroHHas, WA KOHCTUTYLIMOHHAS BOJA, KOTOPYIO
MOKET COJIepKaTh JaKe BBICYIICHHBIA 0CAJOK, JOJKHA OBITh MOJTHOCTHIO yAaJIEeHa MMyTEM
npokanuBaHusi. Kpome TOro, npu NpOKAIMBAaHUU HEPEAKO MPOUCXOIUT XHUMHYECKOE
pasnoxkenue BemecTBa. Hampumep, okcamar kampuus CaCy04°HO, momydaembiii npu
ocaxaenuu uoHOB Ca®* OKcamaroM aMMOHHS, yXK€ @pPU BBICYNIMBAHMU TEPSET
KPUCTAILTA3AIMOHHYIO BOJY:

CaC,04 * H,O — CaC,04 + H,O

[Ipu cnmaboM mpokadMBaHUK OH BBICISAET OKHCh YIJiepoja W MpeBpallaeTcs B
KapOOHAT KaJIbIIHSI:

CaC,04 — CO, + CaCOs

HakoHen, mnpu CUJIBHOM MPOKAJIMBAaHUM KapOOHAT KaJlbIUsl pa3jiaraercs C
00pa3oBaHKMEM JIBYOKHCH YIJIEPOJia U OKUCH KAJIbLIUSA:

CaCO3 — Ca0O + COy

[lo Macce okucH KanbUus M BBIUMCISIIOT pe3yJIbTaT ONpeleseHus. Temneparypa H
MPOIOTIKUTETLHOCTh MTPOKAJTIMBAHUS OCAJKOB MOTYT OBITh Pa3JIMYHBI.

B camoii TeXHUKE TPOKAIMBAHUS PA3IMYAIOT IBA CITydasi.

1. Ilpoxanusanue ocaoxa 6e3 omoenenus urompa. ITOT COCOO UCTOIB3YIOT,
KOT/Ia TPOKaJTWBAaeMbI OCAJOK HE B3aUMOJEHCTBYET C YIJIEPOJAOM OOYTIMBIIETOCS
bunpTpa. Tak, 6e3 ymamenus QuibTpa TpoKaIMBaOT ocanku okcuaoB Al,Os;, CaO u
HEKOTOpBIE APyTHE.

®apdopoBeIii TUTENH, JOBEACHHBIA 10 MOCTOSIHHOW MAacChl, CTaBSIT Ha TJISHIICBYIO
(sryumie yepHyto) Oymary. OCTOPOKHO M3BJIEKAIOT M3 BOPOHKH BBICYIIEHHBIH (DUIBTP C
OCaJKOM M, Jiep>Ka HaJl TUTJIEM, CBEPTHIBAIOT. [lociie 3TOro akKypaTHO YKJIAAbIBAlOT €TO B
TUreNb. Eciiu npyu BHUMATEIbHOM OCMOTPE HAa BOPOHKE OOHAPYKUBAIOT CJIEAbl OCaAKa, TO
TUIATENBHO BBITUPAIOT BHYTPEHHIOIO MOBEPXHOCTh €€ KyCOYKOM 0€330JIbHOTO (huiibTpa,
KOTOPBIM MOMENIAIOT B TOT K€ TUresb. HakoHell, KpylUHKY OCajKa, MPOCHINaBIIMECs Ha
OyMmary mpu cBepThIBaHUM (QUIIBTPA, TAKXKE CTPSIXUBAIOT B TUTEJIb. 3aT€M CTAaBAT TUTEIb Ha
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AIIEKTPUYECKYIO ITUTKY U OCTOPOXKHO O30JII0T (Cxuraot) ¢puisbTp. MHOTAa BMECTO 3TOro
TUTENIb BCTABISIOT B (happopoBBId TPEYTOJbHUK Ha KOJBIE IITATHBA M HArpeBalOT Ha
HEOOJIBIIOM TUIAMEHU Topenkd. JKemarenabHO, 4TOOBI (QUIBTP MEIJIEHHO OOYTJIMJICS |
UCTJICTI, HE BCIIBIXMBAs, TaK KaK TOPEHNE MPUBONT K IMMOTEPE METbUANIIINX YaCTHUIl OCATKA.
Ecnmu oH Bce-Takm 3aropurcs, TO IUIaMsi HM B KOEM Ccly4yae HE 3aJyBaloT, a TOJBKO
TIepecTaloT HArpeBaTh M XKIAYT, KOTJa TOPEHUE TPEKPATUTCSL.

3aKoHYUB 030JIeHUE QUITBTPA, IIEPEHOCAT TUTEIb B My(PEIbHYIO M€Yb U MPOKATHBAIOT
25—30 muH. OXJaX/1al0T TUTeIb B 9KCUKATOPE, B3BEUINBAIOT U 3aMUCHIBAIOT 3HAYEHUE €TO0
Macchl B 1a0opaTopHblid KypHai. [ToBTopsaroT npokanuBanue (15—20 MuH), oxnaxaeHue
U B3BCLIMBAaHUE JI0 TeX MOp, MOKa He OyAeT JOCTUTHYTa IMOCTOSHHAs Macca THUTJS C
0CaJIKOM.

2. Ilpokanueanue ocaoxa c¢ omoenenuem @uivmpa. K 3dToMy cmocoOy
npuberaroT, Korjga OcCaJoKk mnpu oOyriMBaHUM  (QUIBTPA MOXET XUMHUYECKU
B3aMMOJICUCTBOBATh C YIJIEPOJIOM (BOCCTaHABIMBAThHCs). Hampumep, ocanok xiopuaa
cepedpa AgCl BoccTaHaBIMBaeTCs YIJIEpOJIOM J0 CBOOOIHOTO cepedpa; MpOoKalIuBaTh €ro
BMECTE C (PUIBTPOM HEJNb3S.

XOopoIlo BBICYIICHHBIM OCaJ0K BO3MOKHO IIOJTHEE BBICHIMIAIOT W3 (QUIbTpAa Ha
TISIHIIEBYIO OyMary v HaKpbhIBalOT XUMUYECKUM CTaKaHOM (MJIUM ONMPOKUHYTON BOPOHKOM),
9TOOBI TMPEAOTBPATUTh MOTEepH. DHUIBTP C OCTABIIMMHUCA HA HEM YaCTHIIAMU OCaJIKa
YKJIaJIBIBAIOT B TUTeJb (JOBEJACHHBIN 10 MOCTOSTHHOM MacChl), CXKUTAIOT U pokanuBaioT. K
POKaJIEHHOMY OCTAaTKy B TOM >K€ TUTJIE IPHUCOEANHAIOT paHee OTAeNIeHHbINH ocanok. [Tocme
3TOT0, KaK OOBIYHO, COJCPKUMOE TUTJISI TPOKATUBAIOT JO MOCTOSTHHOW MACCHI.

Ecin ocamox OTGUIBTPOBBIBAIOT € MOMOUIBIO CTEKISIHHOTO THUTJS, TO BMECTO
MpOKAJIMBaHUSI TPHOETaloT K BBICYIIMBAHUIO IO TOCTOSHHOM Macchl. Pasymeercs,
GUIBTPYIOMINNA TUTEITh TOJKEH ObITh MPEABAPUTENIBHO TIOBEJIEH /10 TOCTOSTHHOW MacChl MPU
TOW K€ TeMIIepaType.

Ecnu B xoz€ ananuza OyAeT IomyiieHa HeronpaBuMas onroka (Hanpumep, moTepsHa
yacTb OCajKa, MpOJIMTa YacTb pPacTBOpa C OCAJAKOM M T. II.), TO ONpeAeSeHUEe
cleyeT HayaThb CHOBA, HE pacxXoays BpeMs Ha IMOJIyY€HHE 3aBEIOMO HEBEPHOTO
pe3ynbTarta.

8. B3pemmmBanue
B3pemuBaHue MPOU3BOIAT HA AaHAIMTHYECKUX BeCax ¢ TOYHOCTHIO 10 107 1. (BJIP 200)

9. Bolunc/ieHHsI B TPaBUMETPUYECKOM aHAJIU3E

Beiiie yxe ObuM pacCMOTPEHBI HEKOTOPBIE CPAaBHUTENIBHO MPOCTHIE BHIYMCICHUS, a
MMEHHO: pacyeT BEIWYMHBI HABECKM M KOJIMYECTBA OCAOUTEINA, HAXO0XKICHUE
OTHOCHUTEJIbHOM OIIMOKM ompeneieHus. BpluucieHrne pe3ysnbTaToB aHaiu3a TakKe He
OTJINYAETCS CIOKHOCTBIO.
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OOBIYHO pe3yNbTaThl FPABUMETPUUECKUX OMPEIEICHUN BBIPAXKAIOT B MPOIEHTAX OT
UCXOJTHOTO KOJIMYECTBAa BellecTBa. J[s 3TOro HYXHO 3HATh BEJIMYMHY HABECKU
aHAJIM3UPYEMOT0 BEIIECTBA, MACCY MOJYUYEHHOTO OCaJKa U €ro XUMMUYECKYI0 (GOpMYyIy.

['paBUMeTpUYECKHE ONpEEICHUs MPECICAYIOT pa3IudHble 1elu. B ogHux ciayyasx
HEOOXOMMO OIPEACIIUTh COJIeP)KaHUE TOTO MJIM MHOTO DJIEMEHTa B XUMUYECKH YHCTOM
BEIECTBE, HapUMep cozepkanue 6apus B xiopuae 6apus BaCly*2H,0. B npyrux cinyyasx
TpeOyeTcss HalTH cojJep)KaHHe JACUCTBYIONIET0 Hadajla B KaKOM-HUOYJb TEXHUYECKOM
NpPOAYKTE WM BOOOINE B BELIECTBE, HMEIeM npumecu. Hampumep, npuxomgutcs
ompenensaTh conepxkanue xjaopuaa 6apus BaCl,*2H,0 B nmpogakaoM xmopuae Oapusi.

Texnuka omnpeneneHuii B 000OMX TMPUBEICHHBIX CIIydasX MOXET OCTaBaThCS
OJIMHAKOBOM, HO BBIYHMCIICHUS] TIPU 3TOM OYIyT pa3iaudHbl. PaccMOTpUM X0 BRIYMCICHUI
Ha KOHKPETHBIX MPUMEPaX.

Ilpumep 1. Onpenenuts copepxkanue ynctoro BaCly*2H,0O B 00pasiie TeXHUYECKOro
xynopuna O6apus. HaBecka cocraBmser 0,5956 r. Macca ocanka cynbgara 6apus BaSOq4
nocie npokanuBanus pasHa 0,4646 r.

Pewenue: OmnpenencHue OCHOBAHO Ha PEAKIUMH, IMPOTEKAIOMEH TO YpPaBHCHHIO
BaCl,*2H,0 + H,SO,4 = BaSO,4 + 2HCI + 2H,0
M=244,30 r/mMo1b M= 233,40 r/mMoJ1b

[Ipexne BCETO BBIYMCIISIOT, KaKoOMYy KOJIMYECTBY BaCl,*2H,0
COOTBETCTBYET HAUJICHHOE B aHAIN3€ KOIn4ecTBO BaSO4:
233,40 r BaSOq4 MOJTy4atoTCsl U3 244,30 r BaCl,*2H,0
0,4646 T BaSO,4 » » » X r BaCl,*2H,0

x = (0,4646 « 244.30)/233.40 = 0.4862 r BaCl, » 2H,0.

3atem BbIpaxkaroT coxaepxkanue yuctoro BaCly*2H,O B mpoieHTax OT HCXOIHOM
HABECKHU TEXHUUYECKOTO XJopuaa Oapusi:
0,5956 r TeXHUYECKOTO MPOAYKTAa COCTABJISIIOT 100 % 0,4862 r
yuctoro BaCl,2H,0  » » » X %

x = (0,4862+100)/0.5956 = 81.83%.
Omeem: Texunueckuit xyuopuj 6apus coaepkut 81.83% uncroro BaCl,*2H;0.

Ilpumep 2. Onpenenutsb coaepkanrue 6apus B 00pasiie XUMHYESCKHA YHCTOrO XJI0pH/Ia
6apus BaCl,*2H,O. Haecka unctoro BaCly*2H,O pasna 0,4872 .
Macca ocanka cynbshara 6apust BaSO4 mociie npokanuanus 0.4644 r.
Pewenue. CHauana BEIYUCISIOT, CKOJIBKO Oapust (aTomHast Macca 137,40)
COJICPKUTCSI B TIOJTy4€HHOM ocajike cyibdara 6apusi: B 233,40 r BaSO4
COAEPKUTCS 137,40 r Ba B 0,4644 r BaSO4 » » » X
r Ba
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x =(0,4644+137,40)/233,40 = 0,2733 .

O4eBUIHO, YTO ATO K€ KOJIWYECTBO Oapwisi BXOAWIO JI0 PEAKIUA B COCTAB HABECKHU
BaCl,*2H;0. [TosToMy MOXHO COCTaBHTb ITPOITOPIIHIO:
0,4872 r BaCl,*2H,0 COCTaBIISIIOT 100 %
0,2733 r Ba » » » x %

x =(0,2733 « 100)/0,4872 = 56,09%
Omeem: cnenoBarenbHo, xyopua 6apus BaCly*2H,0 coaepxut 56.09% Gapust.

Hepeako 1jsi BRIUMCICHUN B TpaBUMETPUUYECKOM aHAIMU3E MCIOIB3YIOT hakmopwvi
nepecuema, Ha3bIBa€Mbl€ TAK)KE aHATTUTUYECKUMU WJTM BECOBBIMH (PAKTOPAMH.

®akrop mnepecuera (F) mnpencraBiser co0Ooil OTHOIIEHHWE AaTOMHOW  (WJU
MOJIEKYJISIPHOI) Macchbl OINPENENIEMOro BEIIECTBA K MOJIEKYJSIPHOM Macce BEIECTBa,
HaXOJSIIETOCs B OCAJIKE:

AtomHas (I/IJ'II/I MOJ'ICKVJ'ISIDHEISI) Macca onpcaAcJIACMOIro BCEIICCTBA
F = MOJIGKYHHpHa}I MaccCa BCIICCTBA, HAXOAAMICTOCA B OCAAKEC

CDaKTop nepecucTra I0Ka3bIBACT, CKOJIbKO TI'pPaMMOB OIIPCACIIACMOr0o BCIICCTBA

comepxuT 1 T ocanka. B KOHKpeTHBIX ciydasx ¢haKTOphl IepecueTa HaxOmsIT CIIEeTYIONIM
obOpazom:

Omnpeneasitot Hoayuaror dakTop nepecyera
(BecoBas ¢hopma)

Ba BaSO4 ABa/ Mgasos

Fe Fe203 2Are IMEe20s

FeO Fe.O3 2M £eo | Meeros

[Ipu ompenenennu Oapusi myTeM B3BelIMBaHusA B Bujie cyibdara BaSO. daxrop
nepecuera paBeH:

F = Aga/Mgaso. = 137,40 / 233,40 = 0,5887
[Tonw3ysch akTOpamMu mepecdeTa, JACIAIOT BBIYUCICHUS IO TOTOBBIM (OpMYyJIaMm.
Hampumep, 4To0BI BRIUUCITUTH COJAEPKAaHHUE DJIEMEHTA (WJIM JAPYrod COCTAaBHOW 4YacTH) B

CJIOKHOM BEIIECTBE, HCTIONB3YIOT (hopmyy:

% = (mF/G)*100,
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r7ie m— Macca MoJIy4eHHOTO OCa/IKa, T;
F — daxrop nepecuera;
G — HaBecKa HCCIeyeMOTo BeIIecTBa, T.

[To 3TO¥i hopMyIie MOKHO paccunuTaTh U MPOLEHTHOE COJEpKaHUe Oapus B XJIOpHUIE
6apus BaCl,*2H,0:

Ba, % = (mF/C)*100 = [(0,4644+0,5887)/0,4872] * 100 = 56,09 %.
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