KoOHCIIEKT JIeKIIuM

10 JTUCLUILJINHE

CAHAJIUTHUYECKASI XUMUI



IJISL CTYJEHTOB 3a0YHOTO
OTAEJICHUS



Conep:xkanue

Jlexuust Ne 1. Mctopuueckass crnpaBka HM  OCHOBHBIE

ITOJIOKCHUS aHAJIMTHYCCKOU D471.Y0 1 (R 4
Jlextmst Ne 2. CTaguu aHATUTAYECKOTO TIPOLIECCA +vuuuvrrenireeenns eennaeeennneennnns 9
Jlekimsa Ne 3. KAUECTBEHHBIM QHATIHIS . ...vvvneereee et eeiieeeeneee eereeeenaneennns 12
Jlexuuns Ne 4. JIpOOHBIN U CHCTEMATHYECKHM QHAINS «..vvvneeeiies eeiaeenneenenen. 20
Jlekmmst No 5. AHAIIH3 KATHOHOB . ....voteeeiieieiiiiineeeeeeeeaae teeiiiinnnneeeans 25
Jlekmmst No 6. AHAIH3 QHHOHOB. ......uuureiteeeeee e e e et eiiiiiiieeiie eeeiinnnnnnees, 34

Jlexuus Ne 7. KonnuecTBeHHbIN aHanu3. TUTpUMETpHUUECKUNA

1Y (< 0D 38
Jlextust Ne 8. OCHOBHBIE ONIEPAITU OOBEMHOTO QHATTUBA. . .vvveere veennnneennnnnnns 45
Jlexuus Ne 9. ['paBumeTpuuecKuil (BECOBOM) METOM AHATMBA.cccccs  wenereennennnnsn. 52
PEKOMEHIYEMAS JTUTEPATYPA. ... eeneeenteeneeite et eieeniie e raeeeneeennens 67



Jlekuma Ne1. UcTtopuyeckass cnpaBka U OCHOBHbIe
NMOJSIOXKEHUA aHanUTU4YeCKOn  XUMUMU

1. UcTopusi pa3sBuTHS AHAJIUTHYECKON XUMHUHU

AHanuthueckas XxuMus chOpMHUpOBajIacCh B COBPEMEHHYIO HAyKy B IIpoIlecce
JUTUTEIIBHOTO MCTOpUYEeCKOTO pa3BuTusA. C riayOOKON NPEBHOCTH W3BECTHBHI MPOCTEHUINNE
MpUEMbl KAaYECTBEHHOTO pAacClO3HABAHUSI BEHIECTB MO HMX TBEPAOCTH, BKYCYy, IBETY M
3amaxy, a TaKXe HECJIOKHBIE MPUEMbl OUYMCTKA UX C MOMOIIbI MEPEKPUCTAILIAZAINH,
dbunpTpoBanus win neperoHku. B IX-X B.B. Ha Pycu yxe ymenu omnpenensrb YUCTOTY
HEKOTOPBIX METAJUIOB, HaMpUMEpP YHUCTOTY cepedpa mo ero mioTHocTH, a B XVII-XVIII
B.B. JIOBOJIbHO HIMPOKO MOJB30BAJIUCh TaK HA3bIBAEMbIM ,,lIpOOMPHBIM MeTosIoM”. Ero B
cosepienctse ocBowi Ilerp | mpu uccnepoBanuu py.

TepmuH ,XuUMUYeCKUM aHanu3” OBbUT BBEJICH aHTJIMYaHWMHOM bolijieM B mepBoi
nosopuHe XVII B. CraHoBieHHE aHATUTHYECKON XMMHMM Kak Hayku oTHocAT K XIX B. K
ATOMY BPEMEHHU OTHOCHUTCSI OTKPBITHE 3aKOHOB KpaTHbiX oTHomeHui (K. I'eii-JIroccak),
pazpaboTka Teopuu 3iekTpoxumuueckoro ayanusma (M.S. bepuemnuyc), Ha OCHOBE
KOTOPBIX CO3/IaHa TEOpHs JIIEKTpoIUTHUEeCKOoW nucconmanuu. B cepegune XIX B.
HaKOMWIKNCh CBEJCHUSI O YACTHBIX PEAKIUSAX BEIIECTB U MOSIBUIUCH MEPBbIE YUCOHUKHU C
pa3pabOTaHHONW CHUCTEMOW Ka4eCTBEHHOTO M KOJWYECTBEHHOTO aHanmu3a. (OaHako
aHaJUTUYEeCKas XUMHS Hadasia (OpMHUPOBATHCA B CAMOCTOSITEIBLHYIO HAyKy JIMIIb MOCIHE
pabot M.B. JIoMOHOCOBa, KOTOPBIII OTKPBLI 3aKOH COXPAHEHMSI MAcChl BEIIECTBAa U BBEI
KOJIMYECTBEHHBIN y4eT NpPU XUMHUYECKUX Iporeccax. B kuwure ,llepBbie OcHOBaHUs
METAJUTYpPTruyd WM PYJIHBIX JEN~ OH ONUCall MHOTME METOAbl aHanu3a. [lepuommyeckuil
3aKOH IO3BOJIMJI CHCTEMATU3UPOBATh 3HAHUS O COCIMHEHUSX, BAXKHBIX JIJII XUMHUYECKOTO
aHanu3a. AHaTUTHYECKas KiIacCU(PUKaIUSI KATUOHOB CBs3aHa C MOJIOKEHUEM AJIIEMEHTOB B
NEePUOINYECKON cucTteMe. MeTobl pa3fesieHus] Takxke 0a3upyroTcsi Ha MEPUOIUYECKOM
3akoHe. TakuM oOpa3om, Tpyasl J.M. MenaeneeBa cocTaBuiIm TeOpeTHUCCKUN PyHIaMEHT
METOJ0B aHAJIMTUYECKOW XUMHUH U ONPEICTUIN OCHOBHBIE HAIIPABIICHHS €€ PA3BUTHSI.

OCHOBBI Kau€CTBEHHOT'O W KOJMYECTBEHHOI'O aHallu3a B €r0 COBPEMEHHOM BUJIE
sanokun  Kapn  Pemurnyc ®pesenmyc (1818-1897r.r.), mnpemiokue B  1841r.
YCOBEPIICHCTBOBAHHYIO CXEMY pa3JielieHus HEOpraHWYecKuX HWOHOB. PazBurtuio
aHamuTU4YecKo xuMuu B Poccum kak Hayku crocoOCTBOBaliM paboOThl akanemuka B.M.
Cesepruna (1796 r.) ,,PyKoBOACTBO K HCHBITAHWIO MHUHEpANbHBIX Boxa”, ,,IIpoOupHOE
MCKYCCTBO WJIM PYKOBOJCTBO K XMMUYECKOMY UCIIBITAHUIO METAJUIMUECKUX PYA U JPYTUX
uckomnaembix Ten (1801).

B XVIlI — XIX B.B. Oonbmioit BKIaa B pa3pabOTKy METOJOB aHalu3a psaa
HEOPTaHUYECKUX BEIIECTB BHECIH IIBeJCcKHe XUMHUKU beprman (1732-1784) u bepuenuyc
(1779-1848), nemeukuii xumuk ®pesennyc (1818-1837). dpanmysckuii yuensiii I'eii-
Jroccak (1778-1850) BmepBble OCYHIECTBHII KOJMYECTBEHHOE OMNPENIECICHUE BEIIECTB C
MOMOIIIbI0 00BbEeMHOTO aHanmm3a. B pesynbpraTe paboT HeMenkux y4eHbIX byH3eHa u
Kupxroda B 1859 r. Obu1 OCHOBaH METOJ CIIEKTPAILHOTO aHanu3a. HaunHas ¢ cepenuHbl
XIX  B., cHavayma qs ueined uACHTU(UKAIMUA, a 3aTeM M JJIs1 KOJIMYECTBEHHBIX
OTIPE/ICJICHUI B aHAIUTUYECKON XUMHU CTAJIA UCIIOIb30BaTh HHCTPYMEHTAIbHBIE METOIbI
aHanau3a, oOJaJaloIIie MPEUMYIIECTBAMU B YYBCTBUTEJIBHOCTH, CKOPOCTH, TOYHOCTH
BBITIOJTHEHUS aHain3a. Pa3BUTHE MHCTPYMEHTAJIBHBIX METOJIOB IMPUBEIO K TOSBICHUIO

HOBBIX MeTono0B: XxpoMmarorpadus (M.C. IIser, 1906r.), ¢goTomMeTpuuecKkre METOJIbI
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anamuza (W.II. Amumapun, B.W. Kysnenon), paaunomerpudeckux (B.I'. Xmomnun),
anexktpoxumudeckux (B.W. Bepnaackuii, A.Il. Bunorpanos, b.Il. Hukonsckuii, W.II.
Amumapun). C pazputruem DBM u3zMeHusiach NpUHIMIHAIBHO METOI0JIOTUSI TIPOBEICHUS
XUMHUYECKOTO aHaju3a — MOJICIUPOBAHNE, AITOPUTMHU3ALINS, CUCTEMHOTO MOAX0Aa — BCE
3TO TMPUBEIO K ,JEpPecTpoiike” B aHAJTUTUYECKONM XHMHH, KOTOPYIO Temepb
KBATM(PUIUPYIOT KaK HAyKy, 3aHUMAIOIIYIOCS MOJydeHHeM UHPOPMAIMK O XUMUYECKOM
COCTaBE€ BEIIECTBEHHBIX CUCTEM.

Pa3BuTHE aHATUTUYECKOM XUMHH OCYIIECTBIISICTCS B CIEIYIOIIMX HAIPABICHUSIX:

- B 00JIaCTH TEOpUHU: PA3BUTHE TEOPUH XUMHUYECKUX IPOIIECCOB, PACUET CIOKHBIX
XUMHUYECKUX CHCTEM Ha OCHOBE TEPMOJMHAMUYECKUX U KBAHTOBO-XMMHUYECKHUX
MPEACTAaBICHUN C MPUMEHEHUEM AITOPUTMOB U BHIYUCIUTEILHON TEXHUKH.

- B METOJIMYECKOM acCIHEeKTe: BHEJIPEHNE aBTOMATU3AIMN B aHATUTUYECKUI KOHTPOJIb
Ha OCHOBE HOBBIX METOJIOB, YCTAaHABIMBAIOUIMX 3aBUCUMOCTh MEXKAY COCTaBOM H
CBOMCTBaMM XHMHYECKUX CHUCTeM 0e3 uxX uzMepeHus ((QU3MKo-XMMUYECKUN aHalu3,
Ja3epHasi, JJIEKTPOHHAs, TTOJIYITPOBOIHUKOBAS TEXHUKA).

- B IPUKJIATHOM aCIIEKTE:

® [IOBBINIICHUE TIpejiesia OOHApY)KEHHs, TO €CThb CHIDKEHHE MHUHUMAJIbHBIX
KOHIICHTpAIIUH U KOJIMYECTB OMpPEACISIEMbIX BELIECTB, UTO CBS3aHO C MOJIyYECHUEM
BEIIECTBA 0COO0H YHUCTOTHI;

® YBEJIMYEHNE TOYHOCTH aHAJIN3a;

® CO3/IaHME€ METOJIOB aHajdu3a, OOJAJaoIMMX BBICOKOM  HM30MPATEIBHOCTHIO,
MCKITIOYAIOIINX HEOOXOIUMOCTh YCTPAHEHUS MEIIAIOITINX KOMIIOHEHTOB;

® pa3paboOTKa SKCOPECCHBIX METOJOB aHallh3a, I[O3BOJISIONIMX  HCCIIEeI0BATh
MPOIIECCHI, MPOTEKAIOIINE B KOPOTKUE MTPOMEKYTKH BPEMEHU (SIEPHBIC PEAKIIUN);

® pa3zpabOTKa METOJOB MUKpPOAHAIN3a;

e pa3paboTka  Oe3pa3pylIUTEIbHBIX W  JUCTAHIIMOHHBIX  METOJOB  aHaIu3a
(pammoakTUBHBIC BEIIECTBA, MOPCKME BOJIBI HAa OOJBINMX TITyOMHAX, KOCMHUYECKUE
OOBEKTHI).

B pasBuTue »THX HampaBieHWW OOJBIION BKJIAJ BHECIH PYCCKUE  aHATUTUKHU:
BCEMHPHO M3BECTHBI UX pPabOTHl MO aHAIM3y BEIIECTB BBICOKON YUCTOTHI, pa3padOTKe
OpraHUYECKUX AHAIMTUYECKUX pPEareHToB, (OTOMETpUUM W Jpyrue. B Hameit crtpane
CO3JlaH PsAJl METOJOB, KOTOPhIE€ HCIOJB3YIOT BO MHOTHUX CTpaHax (TOHKOCJIOWHAas
xpoMarorpadusi, 6ecCTpyKKOBBI METOJI aHAIN3A).

Cornacno akanemuka W.II. Anumapuna NaguM OINpENEIICHHE HAYKH —
AHATUTUYECKON XUMUH.

AHaJIUTHYeCKasi XUMHUSI — HayKa, pPa3BUBAIONIAs TECOPETUUYECKHWE OCHOBBI aHaINA3a
XUMHUYECKOT0 COCTaBa BEIIECTB, pa3padaThiBaroIas
METO/IbI UACHTU(DUKAIINKI U OOHAPYKEHUS, OTIPE/ICTICHUS U
pa3aeICHUs] XUMUYECKUX DJIEMEHTOB, UX COCIMHCHUH, a
TAK)K€ METOAbl YCTAHOBIICHUS XHUMHYECKOTO CTPOCHUS
COCJIMHCHHUH.



2. AHAJIUTHYeCKHE 321241 U NPUHIMAINBI AHAJITHTHYICCKHUX onpene.ﬂe}mﬁ

B coorBeTcTBUM C ONnpcaACICHUEM QHAJIMTUYECKON XUMMHU KaK HAYKH, BaHHMaIOMCﬁCH
p33pa6OTKOI?I MCTOOOB OIIPCACICHNA XUMHYCCKOI'0 COCTaBa BCIICCTBA, MOJKHO BBIACIUTD
CJIICOAYIOIHUC aHAIIUTHYICCKUC 3aJa4YM:

1.YcranoBieHre XMMHYECKOTO COCTaBa AHAJIIN3UPYCMOT O 00BeKTa:

- Ka4ecmeeHHblll aHAIu3, KOTOPBIA BKIIFOYAET HJ:[eHTI/IcpHKauHIo* 00BbEKTa U
06Hapy>1<eHI/IeJr TEX WA UHBIX KOMIIOHEHTOB;

- KOJIUYeCMBEeHHbIll aHAIu3 PEIlaeT 3a7ady OMNpEeIeNIeHUs] CoAep KaHus
(KOMMYECTBO M KOHIIEHTpAI[MM) TOrO0 WM HWHOTO
KOMIIOHEHTA B aHAJIU3UPYEMOM OOBEKTE.

MG}KI[y Ka94CCTBCHHBIM KW KOJHWYCCTBCHHBIM aHAJIM30M HCT IIPHHIUIINAJIBHOI'O
pa3indus. KadecTBeHHBIM aHAIM3 MOXKHO pacCMaTpuBATb KakK KOJUYECTBCHHBIN C
l'IpI/I6J'II/I)KeHHI>IMI/I ITIOKa3aHHUsAMMU.

2.0mpeneneHue CTPYKTYpbl COEOUHEHHUs, TO €CTh YCTAaHOBJIGHHE B3aUMHOTO
pacrojoXKEeHUs] M CBSI3€M DJIEMEHTapHBIX COCTAaBHBIX 4YacTed B MOJIEKyJlax
(CTpYKTypHBIN aHATU3).

3.00Hapy»)eHUe HEOJHOPOJHOCTEH Ha MOBEPXHOCTH WU B O00BEME TBEPIBIX TE,
pacupenesieHue 3J€MEHTOB B IMOBEPXHOCTHBIX CIIOSAX  OCYIIECTBIISIIOT METOIOM
JIOKaJIbHO-PaCIpeieIUTENBHOTO aHAIN3A.

4.I/ICCH€I[OBaHI/IC IMpoueCCOB BO BpEMCHHU B XOAC IMPONU3BOACTBCHHOT'O ITpOLICCCA.

st pelieHuss TEPEYUCIICHHBIX 3a7ad  pa3paldaThIBAlOT Pa3IMYHBIE METOJIBI,
OCHOBAaHHBIE HA 3aBUCHUMOCTH CBOMCTB BEILIECTBA OT €TI0 COCTABAa, U COCTABIIIIOT METOAUKU
aHain3a. B 0OCHOBE METOAMKM aHAJIN3A JIEKAT NPUHLUIIBI AHAJTUTUUYECKUX OINPEICIICHUN.

Ilpunyun ananuza  ONpPEHENSIETCS SBICHUSAMU NPUPOIBI, JEXKAIIMMH B OCHOBE
XUMHUYECKOTO WM (PU3NYECKOTO MpolLiecca.

Hamnpumep, BecoBoil METOA, B KOTOPOM KOJIMYECTBO BELIECTBA ONMPEIEISAIOT MyTEM
U3MEpPEHUsSI MacChl, OCHOBAaH Ha 3aKOHE BCEMUPHOrO TITOTEHUS, TUTPUMETPUUYECKUN
aHaJIM3 OCHOBAaH Ha 3aKOHE 3KBHUBAJICHTOB — MO KOJWYECTBY MPOAYKTA PEAKLUUU MOKHO
pacCUMTBHIBaTh KOJUYECTBO ONPEAEIIAEMOr0 BEIIECTBA; JMOO IPOBOAAT H3MEPEHUE
(U3MYECKUX CBOICTB BEIIECTB WM NPOJYKTOB UX XUMUYECKUX peakuuid. 13 gusznuecknx
CBOMCTB HCHOJIB3YIOT IUIOTHOCTb, I[BET, 3JEKTPUUYECKYIO MPOBOJUMOCTH PAaCTBOPOB U
BELIECTB.

Hoenmugurxayusa — yCTaHOBICHHE WICHTUYHOCTH (TOXKAECTBA) MCCIEIYEMOr0 XUMHUYECKOTO
COEJIMHEHUS C YK€ U3BECTHBIM BEUIECTBOM ITyTEM CpaBHEHUS MX (PU3MUECKUX
U XUMHUYECKUX CBOMCTB.
Y O6napyscenue — mpoBepka NPHUCYTCTBUS B aHAIM3HPYEMOM OOBEKTE TEX WIH HHBIX OCHOBHBIX
KOMIIOHEHTOB, IpUMeceil, Hanu4yue (yHKIMOHATBLHON TPYIIBI U T.11.
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3. Kinaccupukanusi aHAJIUTHYECKMX METO/I0B aHAJIN3a

Cornacuo pexomennanuu MIOTTAK (MexayHapoaHblii O3 YUCTON M MPUKIIATHOM
XUMUH) aHATUTUYECKUN MPOIIECC BKIFOUAET B c€0s1 HECKOIBKO YPOBHEH.

Memoodom ananuza  Ha3bIBAlOT NPUHLUIIBI, IIOJOKEHHBIE B OCHOBY aHalIM3a
BEILIECTBA, TO €CTh BUJ W IPUPOLY DHEPTHUH, BBI3BIBAIOLIECH
BO3MYIIIEHUE XMMUYECKUX YaCTHIL] BELIECTBA.
B ocHoBe aHamm3a NEXHUT 3aBUCUMOCTh MEXKAY (PUKCHpYEeMBbIM aHaTUTHUYECKUM
CUTHAJIOM OT HAJINYMS WA KOHIIEHTPALUU ONPEAEISIEMOTO BEIIECTBA.

Ananumuyeckuii cuenan — 310 GUKCUPYEMOe U U3MEPSIEMOe CBOHCTBO OOBEKTA.

B ananuthueckoil XMMHUM METOJbl aHaIM3a KIACCUPUIMPYIOT IO XapakTepy
OTIpeIEsIEMOTO CBOMCTBA U IO CIIOCO0Y pEerucTpaliii aHATUTHYECKOTO CUTHAJA!

1.xumMuueckue
2.puznueckue
3.pU3UKO-XUMUYECKHUE

PU3UKO-XUMUYECKUE METO/BI Ha3bIBAIOT MHCTPYMEHTAJIBHBIMU WU
U3MEPUTEIbHBIMU, TAaK KaK OHU TpeOylOT MNPUMEHEHUs MpUOOpPOB, U3MEPUTEIBHBIX
WHCTPYMEHTOB.

PaccMoTpuM NOJTHYIO KITacCU(DUKALMI0O XUMUYECKUX METOJIOB aHAJIU3A.

XuMHYecKHe MeTObl AHAJIU3Aa - OCHOBaHbl HAa U3MEPEHUM DHEPTUM XUMHYECKOU
pEeaKILNHU.

B xome peaknum H3MEHSIIOTCS IMapaMeTphl, CBSI3aHHBIC C PACXOJO0M HCXOJHBIX
BCIICCTB MM OOpa3oBaHHWEM TPOIYKTOB pEAKIMHA. OTH HU3MEHEHHUS MOXKHO JIH0O
Ha0JII0/1aTh HETMOCPEICTBEHHO (0CaIOK, ras, MBeT), JIM0O U3MEPATh TaKue BEIMYMHBI, KaK
pacxoj peareHTa, Maccy 00pa3yromerocs nmpoaykTa, BpeMs peakiiuy U T.1.

ITo yenu npoBeneHHsI METOABI XUMUUECKOTO aHaIN3a MOAPA3CIISIIOT Ha IBE TPYIIIBL:

|. KauecTBeHHBIN aHAIM3 — 3aKJIIOYACTCS B OOHAPY>KEHHH OTACJIBHBIX SJIEMEHTOB
(WM MOHOB), M3 KOTOPBIX COCTOUT AHAIMU3UPYEMOE
BEIIIECTBO.

MeTopl KaueCTBEHHOTO aHaJIN3a KJIaCCUPHUITUPYIOTCS:

1. aHanu3 KaTUOHOB

2. aHaJIM3 aHWOHOB
3. aHaJIU3 CJIIOKHBIX CMECEIA.



|I.KoinyecTBeHHBINI aHAJMHM3 — 3aKIIOYacTCs B ONnpcACICHUN KOJIMYCCTBCHHOI'O
COACPIKaHNA  OTACIBbHBIX  COCTAaBHBIX qacTeu
CJIOKHOT'O B€IIICCTBA.

KonnyecTBeHHBIC XUMUYCSCKHUE MCTOIbI KJ'IaCCI/I(bI/IHI/Ip}IIOTl

1. I'pasumempuueckuii (BECOBOI) METOJ aHaln3a OCHOBaH Ha BbIJICJICHUU
OTIPENEIIEMOTO BEIIECTBA B YHUCTOM BHJAE H €T0
B3BEIINBAHUU.

['paBUMeTpHUYECKHE METOIBI IO CIIOCOOY MOTYUYEHHUS MTPOTYKTA PEaKIIUU JEIST:

a) XUMHOTPAaBUMETPUYECKHE METOABI  OCHOBAaHbI HAa W3MEPEHHH MacChl
MPOTyKTa XUMUIECKOMN PEaKInu;
0) DPIEKTpOrpaBUMETPHUYECKAE METOJbBI ~ OCHOBAHBl HA W3MEPCHHH MAaCCHI
MPOAYKTA MIEKTPOXUMHUUYECKON peaKkInu;
B) TEPMOTPABUMETPUUYECKUE METOJIbI OCHOBaHbl Ha HW3MEPEHHUHU MAaCChI
BEIeCTBA,  OOpasylolierocss MOpU  TEPMUYECKOM
BO3/CHUCTBUU.
2. Bontomomempuuyeckue MeTONBI aHaIn3a OCHOBaHbl Ha H3MEPEHUH O0ObeMa
peareHTa, HW3pPaCcXOJI0BAHHOTO Ha B3aWMOJICHCTBHE C
BEIIECTBOM.
BomromoMeTpudeckrne METOAbI B 3aBUCUMOCTH OT arperaTHOTO COCTOSTHUSI pearcHTa
JIeNIAT Ha:
a) Ta30BOJIOMETPUYICCKAE METOIbI, KOTOPHIE OCHOBAHBI HA M30MPATEIHLHOM
MOTJIONICHUH  OTIPEACIIIEMOT0 KOMITOHEHTa Ta30BOM
CMECH W H3MEpeHHeM o00beMa CMeCH J0 M TIOCHe
MIOTJIOIEHUS;
0) TUKBUAOBOJIIOMETPUYECKUE (TUTPUMETPUUECKHUE WM 0ObEMHBIC) METO/IbI
OCHOBaHbl Ha HM3MEPEHUU 00BEMa KHMIIKOTO pPEareHTa,
U3PACX0I0BAHHOTO Ha B3aMMO/ICHCTBHE C
OTIpEeIEISIEMBbIM BEIIICCTBOM.
B 3aBucumocTH OT TUNAa XUMHUYECKOW PEAaKIUU BBIACISIOT METOAbl OOBEMHOTO
aHanm3a:
® TMPOTOJUTOMETPUS — METOJ, OCHOBAaHHBIH Ha TMPOTCKAHWUU PEaKIUU
HEUTpAIN3AIUY;
® PEIOKCOMETpUS — METOJ, OCHOBAaHHBIM Ha TMPOTCKAHWU OKHUCIUTEIHHO-
BOCCTAHOBUTEJIHHBIX PEAKITUSX;
® KOMIUICKCOHOMETPUSI — METOJl, OCHOBAHHBIM Ha TMPOTEKAHHH PEAKIUU
KOMILIEKCOOOpa30BaHusI;
® METOABI OCAXKACHUS — METOJblI, OCHOBAaHHBIC HAa NPOTCKAHWUH PEaKIIUN
00pa30BaHUsI OCAJIKOB.

3. Kunemuueckue ™MeTOnbl aHAlU3a OCHOBAaHbI HA OIPEACIICHUU 3aBHCHMOCTU
CKOPOCTHM XUMHYECKON pPeakuuu OT KOHIICHTPAIMU
pearupyronmx BemecTB.



Nekumna Ne 2. Ctaguun aHanNnUTUYECKOro npouecca

Peuienne aHaIUTHYECKOM 3aJayd OCYLIECTBIIAETCS IIyTEM BBINOJHEHHS aHAIN3a
BernectBa. ITo Tepmunonorun MIOTIAK ananuzom” Ha3bIBalOT HPOLEAYPY IOTyUCHHS
ONBITHBIM ITYTEM JAHHBIX 0 XUMHYECKOM COCTABE BEIIECTBA.

He3zaBucumo oT BEIOpAaHHOTO METO/1a MTPOBEICHUE KAXKIOTO aHAIM3a CKIIAbIBACTCS U3
CIEIYIOIIMNX CTaINN:

1) ot60p mpoOsI (TPoO6O0OTOOD);

2) moAroToBKa MPOOKI (IPOOOITOATOTOBKA);

3) usMepeHue (OmpenesieHue);

4) oOpaboTKa 1 OIleHKa Pe3yJIbTaTOB U3MEPEHUH.

OOBeKT Ot60p | [loarotoBka | M3me- | O6paboTka
MCCIICJIOBAHUS | TPOOBI IpOOBI peHue OaHHBIX | — | MHpOpMaIms

L Meton aHanuza —
Metoauka aHajIu3a —

Pucl. CxemaTuueckoe n300paxeHue aHAIUTUIECKOTO MpoIiecca.

1.0160p npod
[IpoBeneHre XMMHYECKOTO aHaliu3a HAYMHAIOT C OTOOpa M MOJATOTOBKH MPOOBI K
ananuzy. Creayer OTMETUTb, UYTO BCE CTaJUM aHaIu3a CBSI3aHbl MEXay coOoil. Tak,
THIATELHO M3MEPEHHBI aHATUTUYECKUI CUTHAl HE JaeT MPaBWIHLHON HH(pOpMAIUU O
COJICP’)KAaHUU OMPEACIIEMOTO KOMIIOHEHTa, €CJIU HENPaBWIbHO MPOBEACH OTOOp WU
MOATOTOBKA MpoObl K aHanu3y. llorpemHocts mpu otOope mpoObl 4acToO OmpeAesseT
0OIIyt0 TOYHOCTh OTPEACIICHUSI KOMIIOHEHTa U JielaeT 0€CCMBICICHHBIM HCIIOJIb30BaHUE
BBICOKOTOYHBIX METOJIOB. B CBOIO 04epennr oTOOp ¥ MOATrOTOBKA MPOOKI 3aBUCST HE TOJIHKO
OT TPUPOJBI AHATMZUPYEMOTO OO0BEKTa, HO M OT CIOCO0a M3MEPEHUsT AHAIUTUYECKOTO
curHana. [Ipuemsl u nopsaok oréopa mpoObl U €€ MOATOTOBKH HACTOJIBKO BaXKHBI MPHU
MPOBEICHUH XMUMHYECKOTO aHaliM3a, YTO OOBIYHO MpeamuchiBatoTcs ['ocymapcTBeHHBIM
craugaptom (I'OCT).
PaccMoTpum OCHOBHBIE TIpaBMIIa 0TOOpa MPoo:
e PesynbraT MOXET OBITh MPAaBWIBHBIM TOJBKO B TOM Cllydae, €Ciau mpoda
JIOCTATOYHO npedcmasumesibHd, TO €CTh TOUHO OTpakaeT COCTaB MaTepuala,
U3 KOTOpOro oHa Obula otoOpaHa. Yem Oosbllie Marepuaia OTOOpaHO IS
npoObl, TeM OHa TIpeAcTaBUTeNIbHEH. OHAKO ¢ O4eHB OOJIBIIION TPOOOH TPYIHO
paboTaTh, 9TO yBEJIWYMBACT BpeMs aHajlu3a W pacxoAbl Ha Hero. Takum
o0Opa3oM, oTOupaTh MPoOy HYKHO TakK, 4TOObI OHA ObliIa MPEACTABUTEIHHON U
HE OYCHb OOJIBIIION.

*

Ilonsatue «aHalmmu3» B (1)I/IJ'IOCO(1)CKOM CMBICJIE — 3TO HOPOLECC MBICJICHHOI'O0 WJIN (l)aKTI/I‘leCKOI‘O Pa3jIoKCHHUS LECJIOT0 Ha
COCTaBHBIC 4YaCTH. CyHIHOCTI) MEPBOHAYAJIBHO HMMEBLICTOCA LEJ0ro 3aTeéM II03HANT, BOCCO3JaBas €ro BOO6pa>KaeMLIM
CHHTE30M. AHAJIN3 U CUHTE3 B3aMMOCBSI3aHbI U JAONOJIHAKOT APYT Apyra.
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e OnrumanbHasg Macca IpoObl 00ycIOBIEHa HEOITHOPOJHOCTHIO aHATTU3UPYEMOTO
00BEKTa, pa3MEpOM YaCTHUIll, C KOTOPbIX HAYMHAETCS HEOJHOPOJIHOCTh, U
TpeOOBAHUSIMU K TOUHOCTH aHAJIU3a.

o Jlng oOecrniedeHUs] MPEACTABUTEIBHOCTH MPOOBI HEOOXOIUMO OOECIEUUTh
OJHOPONHOCTh mapTuu. Ecnu cPopmMupoBaTh OJHOPOAHYIO MAPTHIO HE
yIaeTcsl, TO CIEYET UCHOJb30BaATh PACCIOCHHUE MAPTUU HA OJJHOPOIHBIE YACTH.

e [Ipu oTOope mpod yUUTHIBAIOT arperaTHOEe COCTOSHUE O0BEKTA.

e JIOMKHO BBIMIOJHATHCS YCJIOBHE IO €IMHOOOpa3Hio crocoboB 0oTOOpa mpood:
ClIy4alHbIH O0TOOp, MEePUOAUIYCCKHM, ITaXMaTHBIA, MHOTOCTYIIEHUAThI 0TOOD,
0TOOp «BCJIEMYI0», CHCTEMAaTUYECKUI 0TOOP.

e OpuH u3 $aKkTOpOB, KOTOPHIM HYKHO YUYUTHIBATh MPU BbIOOpE criocoba oTdopa
npoObl — BO3MOXKHOCTh HW3MEHEHHSI COCTaBa OOBEKTa U  COJICpKaHUS
OIpEeAeNsieMOro KOMIIOHEHTa BO BpeMeHU. Hampumep, nepeMeHHbI COCTaB
BOJbI B PEKE, N3MEHEHHE KOHLUEHTPAIMM KOMIIOHEHTOB B MUIIEBBIX MPOIYKTaX
U T.JI.

2.1ToaroroBKa MpPoOBI K AHAJIM3Y

Kak npaBuiio, riiaBHOE B 3TOM CTaJIuu — 3TO YCPETHEHUE U PACTBOPEHUE TTPOOHI.

e HavanpHyto npoOy (reHepaibHyl0) TOMOTEHE3UPYIOT U YCPEAHSIOT METOJ0M
KBApTOBAHHs 1O TaKOTO KOJMYECTBA, KOTOPOE HCHOJB3yeTCs IS aHaiIu3a
(;tabopaTopHas pooa).

e PactBOpeHue mpoObI, COMPOBOXKAAETCA  MEPEBOJAOM  OIPEAETIEMOTO
KOMIIOHEHTa B pacTBOp. PaznnuaroT ,,MoKkpoe” u ,,cyXoe” 030JICHUE.

3.Cragus usmMepeHus

DHepreTUuecKkoe Wi BEIIECTBEHHOE BO3/ICUCTBUE HA MPOOY MPUBOIUT K MOSBICHUIO
JUHAMHYECKUX CHUTHAIOB (M3MEHEHNE OKpPacKH, (pa30BbIC MPEBPAIICHHS H T.11.).

Ha 3akirounTensHOM dTare U3MepeHHsl aHATUTHYECKHE CUTHAIBI PErHCTPUPYIOT TeM
WIM UHBIM CIIOCOOOM UM TMOJIyYarOT PEruCTporpaMmsl, (otorpaduu, HaAOOPHI YUCEd U T.1.
JImst BBIp@KEHUS CBSI3M MEXKIY pe3yJbTaTaMH aHAM3a M W3MEPUTEIHHBIMH JTaHHBIMU
UCIIOJIB3YIOT OOBIYHO CIIETYIONINE CIIOCOOBI:

1)Tabnuunoe comocTaBieHUE (KAYECTBEHHBIM aHAIM3) — CXeMa XOJa XUMHUYECKOTO

CHCTEMAaTHYECKOTO aHaJIn3a).
2)'paduueckoe mpencTaBiIeHUE — I PEUICHUs 3a7a4 KOJIMYECTBEHHOTO aHaJIM3a.
DTO KPUBBIE U TUArPaMMBbl TUTPOBAHUS, PA3IMUHbIE TPAAYUPOBOYHBIE TPADUKH.
3)DyHKIMOHATIBHBIE YPABHEHUS.

[TomyyenHnoe 1mdpoBoe 3HAYEHWE TMOJACTABIAIOT B (opmyny, Hampumep, B
ypaBHEHUE TUTPOBAHUS:

ViHi1=V;3H; ;
H]_: V2H2 /V1
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4.0ueHKa pe3yJbTaTOB U3MePeHU

OTO 3aKIIOYUTENbHAS AHAIUTHYECKAs CTaAus, €€ OCYIIECTBISIOT, pPACCUUTHIBAs
CIy4ailHble M CHUCTEMAaTUYECKUE MOTPEIIHOCTH (OIMOKM). YCTaHOBIEHUE XUMHUYECKOTO
COCTaBa BEILIECTBA OTHOCHUTCS K METPOJIOTMYECKUM IPOLIEAYpaM, CBSI3aHO 3TO C TEM, UTO B
AHAJIMTUYECKOW XMMHHM M3MEpPEHHE HOCHUT HE MPSIMOM, a KOCBEHHBI XapakTep, TaK Kak
U3MEpSETCS HE YUCIIO XMMHYECKUX YacTHll, a, HapuMep, ux oOmas Macca, puandeckue
CBOMCTBa, pacxoj peareHTa W T.4. Kpome TOro, KOMIOHEHTBl XMMHUYECKOW CHUCTEMBI
OKa3bIBAIOT B3aMMHOE BIIMSIHUE, U YaCTO OYEHb CUJIBHOE, YTO NMPHUBOAUT K HCKAKECHUIM
AHAIMTUYECKUX CHUTHAIOB. BCe 3TO BBI3BIBAET MOSIBIICHUE MOTPEIIHOCTEHM MPHU KaXKIOM
AHAINTUYECKOM ONPEAECIICHUM.

Pe3ynpTarhl KOJWYECTBEHHOIO aHAIM3a OLEHUBAIOT TAaKMUMH METPOJOTUYECKUMHU
XapaKTEPUCTUKAMU, KaK MPABUWIBHOCTb U BOCITPOU3BOJUMOCTD.

Ecnu mpu mapasiebHBIX OMNBITaX MOJYy4YalOT OJM3KHE 3HAYEHUS KOJIMYECTB WM
KOHILICHTPAIIMM  ONpENENsAeMOr0  BEHIECTBA, TO TAKWE  PE3YyJbTAaThl  HA3bIBAOT
80CNPOU3BOOUMBIMU.

Ecnu monydyeHHble 3HAaueHUS OJM3KU K UCTUHHOMY, TO TOBOPSIT O MPABUILHOCHIU
pe3yJIbTAaTOB aHaJIM3a.

Pe3ynbTaThl MOTYT OBITH IPAaBUILHBIMU ¥ BOCIIPOU3BOIUMBIMU; BOCTIPOU3BOIMMBIMH,
HO HENPABUJIBHBIMU; HEMPABWIBHBIMHA I HEBOCIIPOU3BOIUMBIMH.

Bce ycunusi XuMHUKOB-aHAJIMTUKOB HAIPABJICHBI HA pa3pabOTKy METOAOB U METOJUK
aHajau3a, 00eCIeurBarOIMX TPaBUIIbHBIC U BOCIIPOU3BOJAUMBIC PE3YJIbTAThI.

e Pe3ynbTaT, MOJIydaeMblil MPU OAHOKPATHOM MPOBEACHHUM IMOCIEI0BATEIbHBIX
orepanui, NPEeTyCMOTPEHHBIX METOJUKON aHaidu3a, Ha3bIBAIOT eOUHUUHbIM
onpeoenenuem.

o [lapannenvuvie onpedenenus — MOTyYEHUE HECKOJIBKUX PE3YJIbTATOB €IMHUYHBIX
OTIPEJICICHHM JIJIs1 OJTHOM TIPOOBI B MPAKTUYECKU OJIMHAKOBBIX YCIOBUSIX.

Pezynomam ananuza — cpenHee 3HaUeHUE PE3yJIbTATOB MAPAJUIIENIBbHBIX ONPEACICHNN,
XapakTepu3yeTcsi 3HAUYCHUEM TpaHUI] JOBEPUTEILHOIO HWHTEpBaja (CTaHIapTHHIM
OTKJIOHEHHEM ), & TaK)K€ BOCITPOU3BOIUMOCTHIO U MPABWIHLHOCTHIO (TOYHOCTHIO) aHAJM3A.

€,°100
X £ g, A= " (%) (TouHOCTH aHATH3A)
X

rae. _
X — cpenHee apupMeTnuecKoe 3HauYCHHE;,
€ p= 1,5« — 1OBEpPUTEIILHBII HHTEPBAIL;
t, - k03 punuenT CThIONEHTA;
Sy — CTaHJapTHOE OTKIIOHEHHE.
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Nexkuun Ne3. KauyecTBeHHbIM aHaNu3

1. OcHOBHbIE MOHSATHSI KAYE€CTBEHHOI0 aHAJIN3A

HecmoTtpst Ha BO3pocCHIyl0 posib TEOPETHUECKUX W MHCTPYMEHTAIBHBIX aCIEKTOB B
Kypce XMMUH, U3YUECHNE XUMHUYECKUX CBOMCTB MO-TIPEKHEMY COCTABIISIET HEOTHEMIIEMYIO
OCHOBY JTF000TO XUMHYECKOT0 o0OpazoBaHus. BaxxHyio pojib B U3YYEHUHM CBONCTB BEIIECTB
UrpacT Kypc KayeCTBEHHOTO HEOPraHMYEeCKOro aHaium3a. B Hacrosiiee Bpems
KaueCTBEHHBI aHAJIU3 PacCMATPUBAETCS HE CTOJIPKO KaK 4acTh aHAIMTHYECKONW XMMUH,
CKOJIBKO KaK BBEJICHHE B OOIIYI0 XUMHIO.

KavecTBeHHBIN aHamW3 3aKIIOYaeTCs B OOHAPYKEHHHM OTACIBHBIX AJIEMEHTOB (WM
MOHOB), U3 KOTOPBIX COCTOUT aHAJIM3UPYEMOE BEIIECTBO.

Uccnenys kakoe-HUOYIbr HOBOE COSAMHEHUE, MPEKIEC BCETO, ONMPEALCISIIOT M3 KaKuX
AJIEMEHTOB (KMJM MOHOB), OHO COCTOMT, a 3aTE€M YX€ KOJWYECTBEHHBbIC OTHOIICHUS, B
KOTOPBIX OHU cojiepxkarca. [lo3ToMy KadeCTBEHHBIM aHaIW3 BEHIECTBA, KaK IMPaBUIIO,
MPEAIIECTBYET KOJTUYECTBEHHOMY.

2. AHAINTHYeCKHEe PeaKIH U CI0CO0bI UX BBINOJIHEHUS

AHaIN3UPyEMBbIE BEIIECTBA MOTYT HAXOJUTHCS B PA3JIMYHBIX arpEeraTHBIX COCTOSHUSIX
(TBEepIoM, KUAKOM U Ta3000pa3zHoM). COOTBETCTBEHHO JTOMY M KaueCTBEHHBIE
aHAIMTUYECKHUE PEAKIIMN MOTYT OBbITh BBITIOJHEHBI ,,CYXUM ™~ WU ,,MOKPBIM ™’ ITyTEM.

AHanu3 CyXuM IMyTEeM OCYIIECTBIAIOT C MOMOIIBIO TaKMX MPHUEMOB, KaK Mmpobda Ha
OKpalllUBaHUE IUJIAMEHHU, MOJIyYeHHE I[BETHBIX CTEKOJI (,,[IepJOB”) M PACCMOTPEHUE
METaJUIMYECKUX “KOPOJILKOB”. DTH MPUEMbl HA3bIBAIOT MUPOXUMHYECKUMHU (OT Tped.
,[TAP” - OTOHB).

[Ipy BBIMOJHEHUHM OKpaIllMBaHUs B IJIAMEHH MTPOOBbI, HCCIETyeMOE€ BEIIECTBO Ha
NeTJe MIaTUHOBOM (MM HUXPOMOBOM) MPOBOJIOYKH BHOCST B OECIIBETHOE TIaMsl TOPEIKH.
[To xapakTepHOW OKpacKke IUIAMEHHM y3HAIOT O MPUCYTCTBUU TOTO WJIM MHOTO DJIEMEHTA.
Hanpumep, HaTpuil OKpallMBaeT mjaMs B SPKO KEJITbIA LBET , Kaduil- B (PUOJIETOBBII,
MeJb U 00p - B IPKO-3€JIEHBII, CBUHEL] U MBILIBSIK — B 0J€IHO-TOIY00i.

OkpallleHHbIE CTEKJAa, WJIM MEpJbl, MNPUTOTOBIISIIOT CIUIABICHHEM MCCIETyEMOTO
BemectBa ¢ Oypoit  NaB,0,10H,O (wnmm ¢ rugpodocharom HaTpus-aMMOHUS
NaNH;HPO,+4H,0) B ymike miatuHOBOW MPOBOJIOYKK Haj rmiuameHeM. Okpacka mepia
YKa3bIBa€T Ha MPUCYTCTBUE TOTO WM MHOTO MeTajiia. Harnmprumep, XpoMm OKpalimBaeT nepi
OypblI B 3€JICHBIN 1[BET, KOOAIBT - B CHHUI, MapTaHell - B (PUOJIETOBBIN.

Merannuyeckue KOpPOJbKM TMOJYyYalOTCd TMPU MNPOKATMBAHUM AHAIU3UPYEMBIX
MUHEPAJIOB Ha JIPEBECHOM yTJIe C MOMOIILI0 MasibHOW TpyOku. [lo BHemHeMy BUIY UX
TaK)K€ MOXHO CYAUTh O COCTaBE UCIBITYEMOI'0 MaTepuaia.

AHanmu3 ,,cyXuM” TMyTEM HCMOJB3YIOT TJIABHBIM 00pa30M B MOJEBBIX YCIOBUSX IS
Kau€CTBEHHOI'O UJIU TOJYKOJIMYECTBEHHOTO UCCIIEJOBAaHUSI MUHEPAJIOB U PY/I.

B nabopaTopHbIX yCIOBUSX OOBIYHO MPUMEHSIOT aHAIHU3 ,,MOKPbIM™ IyTE€M, KOTOPbII
OCHOBaH Ha peaklusax B pacTBopax. ECTeCTBEHHO, YTO MPHU 3TOM HCCIIETyEMOE BEIECTBO
JOJDKHO OBITh CHavalla TepeBeeHO B pacTBop. Ecium oHO He pacTBopsieTcss B
JUCTUWTMPOBAHHOM BOJIE, TO HCIOJB3YIOT YKCYCHYIO, COJISIHYIO, a30THYIO WM Jpyrue
KHUCJIOTBl. XMMHUYECKU B3aUMOJEHCTBYSI C KHUCIOTaMH, aHAJU3HPYEMOE BEIIECTBO (COJIb,
TUJPOKCHUJ] WM OKCHJ) IPEBPAIIAETCS B JIETKO PACTBOPUMOE COEAUHEHUE:
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CaCOs + 2HCH,COO = Ca (CH3COO), + H,0 + CO,
AI(OH); + 3HCI = AICI; + 3H,0,
CuO + 2HNO; = CU(N03)2 + H,O
B IMOJIYYCHHOM pacTBOPC 06Hapy>KI/IBaIOT TC NJIN NHBIC NOHBI.

He Bce xumunueckue pPC€akOuu IPUTOAHBI I KAYCCTBCHHOI'O adHAJIM3a.
AHAIUTUYECKUMH SIBJISIFOTCSI TOJIBKO TE pPCaKknn, KOTOPBIC COIIPOBOXKIAIOTCA KaKHUM-
HUOYAb BHEIIHUM 3(P(EKTOM, IMO3BOJSIOIIMM YCTAaHOBUTH, YTO XUMHUYECKHUH IIPOLIECC
IMPOUCXOIUT: BBIITIAICHUEM 50)041 pacCTBOPCHUCM ocajka, N3MCHCHUCM OKpackKu
aHAIIM3UPYEMOTO PACTBOPA, BblEIEHHEM Ia3000pa3HbIX BEILECTB.

Kuci0THO-0CHOBHBIE peakuuu
CH3COO + H30" «+» CH3COOH(r.) + H,0

Brinenenne cB0OOOAHON YKCYCHOM KUCIOTHI (0003HAYCHHE T'. — Ta3) IPH T00ABICHUH
CWJIBHON KHCJIOTHI (HallpuMep, COJITHOW WIIM CEPHOM) MCIONB3YyeTCs il OOHapYKEHUS
arieTat-uoHoB. l[lapTHepoM armerar-uoHa B 3TOH peakluu SBISIETCS HWOH BOAOPOJA,
CYIIECTBYIOIIUN B BOJI€ W THApATUpoBaHHOU (opme, GhopMyidy KOTOPOW 3amMChIBAIOT
00buHO Kak HzO' (mpaBumbhHee Obino 6w 3amuchiBaTh  (H0),H™ mmm  HyOy4Y).
AHanoruyHeIM 00pa3oM (MO BBIIETEHUIO CBOOOJHOTO aMMMAKa MPU JEUCTBUHU CHUIIBHBIX
IeJI0YeH, HapuMep TUIPOKCUIA HATPHS) MOKHO OOHAPY>KUTh U HOH aMMOHUSL:

NH"+OH«>NHs(r.)
Peaknum KOMILIEKCOOOPA30BAHUSI

AgCl + 2NHs— [Ag(NHg),J** +2CI
PactBopeHue MasiopacTBOpUMOro XJjiopujaa cepedpa (CM. HUXKE, «peaKiuu
OCXJICHUS») TIPU JIEUCTBUM aMMHaKa MPOUCXOAUT BCIIEICTBHE 00pa30BaHuUsl JUAMHUHHOTO
KOMILIEKca cepedpa.

Cu(H,0),** + 4NH; <> [Cu(NH,),J** + 4H,0

B rumpatuposanHoM HoHe CU”" MPOMCXOAMT OGMEH MOJIEKYJ BOZbI HA MOJEKYJbI
aMMHaKa ¢ 00pa30BaHMEM MHTEHCUBHO OKpPALIEHHOI'O CHHETO aMMHaKaTa MEJIu.

Hcnons3yloTcss Takke peakudd KOMILIEKCOOOpa3OBaHMS C  OpPraHuYeCKUMU
peareHTaMu 8-OKCUXUHOJIUHOM, aJTU3apHHOM S U JIp.

Peakuuu ocaxaeHus
Ag" + CI' < AgClI (18.)
Wons Ag" (umu Cl) ocaxkjarorcs B BHJE MalopacTBOPUMOIo XJopuaa cepebpa (o
€ro paCTBOPEHHUHU CM. BBIIIIE).
Ba®* + SO,* «<>BaSO4(1B.)
Wonsr Ba®* (mm SO,”) ocaskaatoTest B BHE MATOPACTBOPHMOTO CyiIbdaTa Gapus.

Peakuuu nosiuMepusanuu

MHorue BemecTBa B BOJHBIX PAacTBOpPax CIOCOOHBI OOpPa3OBBIBATH JUMEPHI WM
MOJIMMEPBI JIMHEMHOIO WJIM LUKINYECKOTro CcTpoeHus. [IpocredmyM nmpuMepoM MOXKET
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CIIYKUTb AUMEpHU3alus XpoOMaT-uoHa C 06p8,30BaHI/I€M 6I/IXpOMaT-I/IOHa,
COIMPOBOXKAAIOIIAACA N3MCHCHUEM YKEITOMN OKpaCKH Ha OPaHKXCBYIO:

CrO,> + < HCrO,
2HCrO, « Cr,0;* + H,0 (Cr,0;% = [05Cr-0-CrO;]%)

Eme oaHOM BaXHOM B AHAJUTUYECKOM OTHOUICHUM PEAKIMEH  SABJISETCS
B3aMMOJICUCTBHE HWOHOB JBYX PAa3JUYHBIX THUIIOB C O0Opa30BaHWEM CMEIIAHHOTO
MOJIMMEPHOTO COEIMHEHMUS, TaK HA3bIBAEMOTO 2emeponoucoeournenus. IIpumepom MoxKeT
CIIy>KHTh B3aUMOJICHCTBUE MOJNOIAT- U (hocaT-HOHOB:

12M00O,” -+ H,PO, + 22H" — [PO4(M003),]*  +12H,0
(12-moimbmodochar-noH)

Ota peakuusi OpUMEHseTCs Mg oOHapyxkeHus Qocdar-uona mo oOpa3z0BaHHUIO
KEJITOro 0CaJKa reTeponoMCOEAMHEHHUS.

OKHCIUTEJBbHO-BOCCTAHOBUTEIbHbIE PeAKIIUN

OTU peakIuu CBS3aHbI C TIEPEHOCOM BJIEKTPOHOB M MOTYT MPOTEKATh B Pa3IMYHBIX
dbopmax.

1. IIpocToit 0OMeH ANEKTPOHAMU:

Ce™ + Fe* & Ce** + Fe*
2. 'eTeporeHHble peakiiui MEXIy HOHAMH B PACTBOPE U TBEP/IbIMH BEIIICCTBAMU:

Cu?®* + Fe (1B.) <> Cu(tB.) + Fe*
3. Peakuun 1uciponopuyaOHUPOBaHUS:
2Cu* > Cu”™ + Cu(ts.)
4. Peakimuu KOMIPOIIOPIIMOHUPOBAHUS (CHHIIPOIIOPIIMOHUPOBAHMUS ):
105 + 51"+ 6H" < 31, + 3H,0

Peaknum ¢ BbIIe/IeHHEM ra3oB

Jlist oOHapy>KeHHsI WOHOB 4YacTO WCIOJIb3YIOT PEaKIMH C BBIJICICHUEM Ta30B
(Hanmpumep, CM. MPUBECHHBIE BBIIIEC KUCIOTHO-OCHOBHBIE PEaKinM). Boiaemnstomuiics ras
3aTeM OOBIYHO BCTYIAET B APYTYIO PEAKIIMIO, KOTOpasi, COOCTBEHHO, U HUCIOIb3YeTCs s
obHapyxenus. Hanpumep, 11 oOHapykeHus kKapOOHAT-UOHOB UCIIOJIL3YIOT BhIJIENIC- HUE
OUOKCUIA YIVIEpOJa NIPU JCUCTBUM KHUCJIOT. Bpigemstomuiicss ra3 MOXKHO 3aTeEM
O0OHApYKUTh MPU MOMOILHU PeaKuruyu 00pa3oBaHMs MaJIOPACTBOPUMOro kapOoHaTa Oapus:

H++ HCOg-—>H20+ COQ(F)
CO,(r.) + Ba®" + 20H — BaCOs(18B.) + H,0

B ananuTuyeckoM OTHONIIEHWH BA)XKHOE 3HAYEHUE UMEET TAKXKE Peakiusl JUOKCHJIA
KpeMHUs ¥ TutaBukoBoM kuciotel (HF), compoBokmaromasicst oOpa3oBaHHEM JIETY4HX
COCTMHEHHUM KPEMHHUS C PTOPOM:

SiO,(tB.) + 4HF <> SiF,(r.) + 2H,0
SiOg(TB.) + 6HF «— HleFG(F) + 2H20

B 3aBucHMOCTH OT KOJTHYECTBA TUIABUKOBOM KUCIOTHI 00pasyercs 1nbo TerpadTopu

KpeMHHUs, Ju00 JeTyyas KpeMHe(TOpoBOJOpOAHAs KucioTa. YToObl paBHOBECHUS
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yKa3aHHBIX PEaKIMi CMECTUTh BIIPABO, HEOOXOAMMO CBS3aTh BBIACIAIONIYIOCS BOAY
nyTeM J100aBJIeHUS] KOHLIEHTPUPOBAHHON CEpHOM KUCIOThI. CMelIeHne 3TUX paBHOBECUN
B 00OpaTHOM HANpaBJIEHUH MOXHO MCIOJIb30BaTh JIsl OOHAPYKEHUSI BBIACIIMBIIUXCS Ta30B
0 BBIMAJICHUIO OCAIKa TUOKCUIA KPEMHUS.

C Touku 3peHust Habarodaemvix 3¢hghekmog BCe peaKIuu OOHAPYKECHHUS MOXKHO
pa3enuTh HA YEThIPE TPYIIIbL:

1)o6pa3oBaHue XapaKTePHBIX OCAIKOB,

2)pacTBOpPEHUE OCATKOB,

3)nosiBieHue (M3MEHEHUE) OKPACKH,

4)BbIICJICHUE TA30B.

3. KauecTBeHHBIE P€AKINHU KAK PCAKIINU MEKAY HOHAMMU

B xadecTBEeHHOM aHaIM3€ UMEIOT JEJIO0 MPEUMYIIECTBEHHO ¢ BOJHBIMH PacTBOpaMu
AIIEKTPOJIMTOB, T. €. COJIeH, OCHOBAaHUW W KUCIIOT, TUCCOLMUPYIONIUX Ha MOHBI. MOXKHO
CKa3aTh, 4YTO KaXIblii HOH 00JaJacT ONpPEICIICHHBIMH CBOMCTBAMH, KOTOpPHIE OH
COXpaHsAET HE3aBUCUMO OT IPUCYTCTBUS B PacTBOpE APYrux MOHOB. Hampumep, KaTHOH
BOJIOPOJIa, MPUCYTCTBYIOIIMI B BOJHOM PacTBOpe JIIOOOM KHUCIOTHI, HE3aBUCHMO OT €€
aHMOHA OKpAIlMBACT CUHUM JIAKMYC B KPaCHBIW LIBET U MPOSBIISIET JPYTHUE, XapaKTEPHbIE
JUIA HETO CBOMCTBA.

[TocKoJIbKY CHJIBHBIE AJIEKTPOJIMTHI MPAKTUYECKH MOJHOCTHIO MOHU3UPOBAHBI, MPU
CMEIIIEHUH PACTBOPOB B PEAKIIUIO MOTYT BCTYINATh TOJIBKO MOHKI. [IpomuitocTpupyem 3To
MOJIO)KEHHE HECKOJbKUMU MpUMEPaMU B3aUMOJICUCTBUSI BEILECTB, MAAlOIIUX MpHU

2 2-:
aucconmanuy nousl Ba”®  u SOy

BaCIz + H2804 = BaSO4 l, + 2HCI
B&(NOg)g + Na ,S0, = BaSO, ,L+ 2NaNO;
B&(OH)Q + KZSO4 = BaSO4 l + 2KOH
[IponykToM BCeX ATHX peakuui sBIsieTcs OeNblii METKOKPUCTAUIMYECKUI 0CaZoK
cyibdara 6apusi, He paCTBOPUMBIN B KUCTIOTaX U IeJIovax.
ITonydenune oqHOTO U TOTO K€ MPOAYKTA MPHU B3aUMOJAEHCTBUM TPEX IMAP PA3TUYHBIX
COEIMHEHHUH JIETKO OOBSCHSAETCS MOHHOW Teopueil. Benb CyIIHOCTh MPUBEIEHHBIX TPEX
peaKkiMii MOXKET ObITh BEIPAKEHA CIEAYIOIUM HOHHBIM YPAaBHEHHUEM:

Ba®* + SO,* = BaSO,|

CnenoBatenbHo, cyinbbdar Oapus BaS0, oOpasyercs Bcsakuii pas, Korja IMpu
CMELIEHUU PACTBOPOB KATHUOHBI Ba* BCTPEYAIOTCSl C AHUOHAMHU SO~ IToatomy ¢
IOMOIIBIO CYIb(AT-HOHOB MOYKHO OOHAPYKHBATH B PACTBOPE KaTHOHBI Ba®* 11, Ha060poT,
C IIOMOIIIBIO HOHOB Gapust — aHHOHBI SO,° .

Takum 00pa3oM, peaxIuu, MPOUCXOAIINE B PACTBOPAX MEXKIY DIIEKTPOIUTAMHU, ITO
peakiuu Mexay HoHaMd. [lodTOMy aHATUTHYECKHMMH PEaKIUsSMU OOHApYKUBAIOT HE
XUMHYECKHE BEUIECTBA, a 00pa3yeMble MU KaTHOHBI 1 aHUOHBI.

AHanu3 MOKpBIM IyTEM IMO3BOJISIET YK€ TI0 pe3ybTaTaM KaueCTBEHHBIX MCIIBITAaHUM
yCTaHOBUTH (opmyny coeauHeHus. Hampumep, eciam B HCCIEAyeMOM pacTBOpE
o6HapyskeHbl ToabK0 HOHBI Na™ 1 NOs ™ ,To, 04EBHIHO, YTO OH COZEPKUT HUTPAT HATPHS
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(HaTpueByIO cenutpy). OGHAPYKHB B HCCISAYeMOM BemecTBe KaTioH Fe** u ammon S04,
MOJKHO CUHTaTh, 4TO 3TO cyabdart sxene3a (1) Fey(SO,)s.

4. YciaoBusi BBINOJHEHHUS] AHAJIUTHYECKHX peammﬁ, HX YYBCTBUTC/ILHOCTD,
CHeIII/I(l)I/I‘lHOCTb H CCJICKTUBHOCTD

BoInonHss aHATUTUYECKYI0 PEaKlMio, HY)XHO CTpOTO COOJ0/IaTh OMNpe/esIeHHbIE
YCIJIOBHUSI, KOTOPBIE 3aBUCIT OT CBOMCTB MoJiydaromierocs: npoaykra. [Ipu HecoOmoaeHuu
ATUX YCIIOBUM PE3YyJIbTAT HE MOKET CUUTATHCS JOCTOBEPHBIM.

OgHuM U3 yCIIOBUM BBIMOJHEHUS PpEAKIMM SBISETCA cpeda aHATU3UPYEMOTO
pactBopa. Hampumep, Hemb3s o6HapyxuBath HoH Ca’* meifcTBHEM OKcalaTa aMMOHHS
(NH4),C,04 B mpucyTCTBUH CHIBHOM KHCIIOTBHI, Tak Kak okcaimaT kaibiust CaC,0y
pacTBopuM B cuibHBIX KHcioTax. Ocamok xmopuma cepedpa AgCl, pactBopumoro B
ammuake NH,OH, He mMokeT ObITh MOJIy4eH B aMMHadHO# cpene. Ecnu ocamok xakoro-
an00 BEIIECTBA BBINAJAET TOJBKO B HEUTPAIBHOM cpeie, TO aHAIM3UPYEMbIH pPacTBOP
IpPEeIBApUTENIbHO HEUTPAIM3YIOT KHCIOTOM WM Iuenoudsto. Hampumep, ocanok
ruapotapTpata kamusa KHC4H,0s MokeT ObITh MOMy4eH TOJNBKO B HEHTPaIbHOU Cpeie.

JlpyruM yCIOBUEM BBINOJHEHUSI PEAKUUHN SBISETCS MNOAAEpKaHue HEOoOXOIUMOMN
memnepamypsl  pacTBOpa. DBOJNBIIMHCTBO AHAIWTUYECKUX PEAKLIUl BBIIOJHAIOT ,.Ha
X0J0y”, T. €. IPU KOMHAaTHOW TEMIEPAType WIH JJaXkKe MPU OXJIKICHUH TPOOUPKHU BOJIOM
10JT KpaHOM. DTO HE0OXOJUMO, HallpUMeEp, MPU OCAXJIEHUHU rekcaruapokcoctuduara (V)
Hatpusi Na[Sb(OH)s] wmm ruaporaprpata kanus. Hekoropeie peakiuu TpeOyroT
HarpeBaHMs 0 OINpeeneHHol Temneparyphsl. Tak, oOHapyxeHue noHa NH," neiictBuem
LIEJIOYM HAa UCCIIEAYEMbII PACTBOP BBIIIOJIHAIOT IIPU HarPEBaHUU.

He MeHee BaykHa JOCTATOYHO BBICOKAsl KOHYyeHmpayus OOHApPYKMBAEMOTO HMOHA B
pactBope. Ecnu oOpasyroiieecs coeIMHEHHE MajJopacTBOPUMO U BBINAIAET B OCATO0K IPH
OYEHb HEOOJBIION KOHLEHTpPAUUU OTKPHIBAEMOrO HOHA, TO TOBOPST, YTO pPEAKIUs
BBICOKOUYBCTBHUTENIbHA. Ecnu ke oOpasyrolleecs COCIMHEHUE 3aMETHO PACTBOPUMO B
BOJE, TO PEAKIMIO CUUTAIOT MaJOUyBCTBUTENbHON. Takue peakuuu yAaroTcs JIMIb NpU
CPaBHUTEIBHO BBICOKOW KOHIIGHTpAallMM OOHApYyKMBAa€MOI'O0 HMOHA B AaHAIU3UPYEMOM
pactBope (MU pu 00pa30BaHUU B PaCTBOPE OKPAILIEHHOTO COCAMHEHUS).

UyBCTBUTENBHOCTh PEAKLIUN XapAKTEPU3YIOT KOJMYECTBEHHO NPHU IOMOIIM JIBYX
BEJIMYMH - 0OHAPYKMBAEMOI'0 MUHUMYMa U MUHUMAaJIbHOM KOHIEHTPALIUH.

Obnapyorcusaemolii. MUHUMYM - 3TO HAaUMEHBIIEE KOJIMYECTBO HMOHA, KOTOPOE YIAeTCs
OOHapY>XUTh C TMOMOIIBIO JAHHOW peakiuu (Impu
COOJTI0/IEHUH HEOOXOAUMBIX YCITOBU).

Breipakator oOHapyXMBaeMbplii MHHHUMYM B MWUIMOHHBIX JOJSAX TIpamMma -
MHKpOrpaMMax, HHOrIa o0o3HadaeMbix 6ykBoii v (Iy = 1 mkr = 10 ® r). Hanpumep, mpu
obnapysxxennn wuoHa K' B Buge rekcaximopomnartunata (IV) kamus  Ko[PtClg]
oOHapykuBaeMbIii MUHUMYM cocTtaBiisieT 0,1 MKT.

Munumanvnas koHyenmpayus TIOKa3blBa€T, NpU KaKoM pa30aBIIeHUH  pacTBOpa
peakus ellle JaeT MOJOKUTENIbHBIN pe3yJbTar.
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IIpu obHapyxenun wnoHa K’ B Buge rekcaxiopomnartunata (IV) kamus
MHUHUMaJIbHAs KOHIIEHTpanusi BbIpaxkaercs orTHomeHueMm 1:10 000. CnemoBarenbHoO,
katroH K* MoHO 0GHapyKHTb, eclM Ha | T ero B pacTBope npuxoaurcs He 6omee 10 000
MJI BOJIBI.

YyBCTBUTEJILHOCTDH peaknuii Ha KaTuoHbl Mean (11)

Pearet Oo6pasyrormieecs et peaiun OOHapyxuBaeMblii| MuUHHMaTbHAS
COCIUHCHUC MI/IHI/IMYM, MKT KOHI_[CHTpaHI/IH
3eJIeHoe OKpalln- _
HCI HICUCL] | o ersops 1 1:50 000
Cunee .
NHy |[CUNHaICh [ ot e 0,2 1:250 000
pacTBopa
K,[Fe(CN)q] | CUelFe(CNel | Kopmiressiit 0,02 1:2 500 000
0CaJIOK

W3 npuBeAeHHBIX AaHHBIX BHUJIHO, YTO YYBCTBUTEIBLHOCTh PEAKIIMM C IeKcalliaHo-
dbepparom (1) kanmus B 10 pa3 Bbllie, yeM peakiyu ¢ aMMHakoM, B B 50 pa3 BBIIIIE, YEM C
COJITHOM KHCIIOTOM.

B kadyecTBEHHOM aHaM3e¢ NPHUMEHSIOT TOJBKO T€ pPEaKIHH, OOHApY>KUBAaeMbIU
MHUHHMYM KOTOPBIX He mpeBbimaeT 50 MKr, a MUHUMAaJbHAsl KOHIIGHTpALUs HIKE, YeM
1:1000.

YyBCTBUTEIBPHOCTh PEAKIIMH CHJIBHO 3aBHCHT OT YCJIOBHH WX BBIMOJHEHUS:
KOHIICHTPAIIMU PEaKTHUBOB, TPOAOKUTEIBHOCTH WX JEHUCTBHS, CIoco0a HaOMIOACHUS
BHemHero Y dekra, TeMnepaTypsl, IPUCYTCTBHUS TOCTOPOHHUX BEIIECTB U T.]T

[ToMuMO  YyBCTBHTEIHLHOCTH, OOJIBIIOE 3HAYCHHWE I  aHaIW3a  HMEET
cneyupuuHoCms peakyuu.

Cneyughuueckoti Ha3bIBAIOT TaKyl0 pEAKIMIO, KOTOpas IMO3BOJSET OOHAPY>KUTh HOH
B TPUCYTCTBUU JIIOOBIX  JPYTMX  HOHOB.

+ )
Hampumep, cnemuduuna peakius oObHapyxkenuss noHa NH, npeiictBuem mienouu
IIPY HAarpEBAaHUM, TAK KAK B 3TUX YCJIOBUAX aMMHaK NHjz MOXeT BBIIEIATHCA TOJIBKO U3

CcoJIE aMMOHUS:
NH,CI + NaOH = NH3?1 + H,O +NaCl

Cnemudryna W MHUPOKO H3BECTHAs peakius Ha Hoja C KpaxmaiaoMm. OHaKo
crien(prUUeCcKUX peakiuidi CpaBHUTEIILHO HEMHOTO.

l'opazno ©Oonee pacmpocTpaHeHbl TaK  Ha3bIBAEMBIE  CeleKmugHvle, WU
uzbupamenvHvle, peaKkIui, KOTOPbIE JTAlOT CXOJHBbIA BHEHTHUN A(PGHEKT ¢ HECKOIbKUMU
noHamu. Hampumep, okcamar amMMoHHUsA oOpa3yeT OCaJKH C OrpPAaHUYEHHBIM YHCIOM
katroHoB (Ca®" , Ba®* | Sr** u mp.). UeM MeHbIIE TAKHX HOHOB, TEM 0OJice BBIPA)KEHA
n30UPaTENHHOCTD (CEIEKTUBHOCTD) PEAKITUH.
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I pynnoguimu peaxmuamu Ha3bIBalOTCA PEAKTUBBI , KOTOPHIE OJMHAKOBO PEATUPYIOT C
pPAOOM HMOHOB M MOTYT INPHUMEHSTBCS I OTACJICHUS
LIEJIOW IPYIIIBI CXOAHBIX HOHOB OT APYTUX HOHOB.

WNHorna mOCTOPOHHMM MOH, IPUCYTCTBYS B pacTBOpEe, HE B3aUMOJICHCTBYET
HEIOCPEICTBEHHO C MpHUOAaBIsEMBbIM pEaKTUBOM, HO, TE€M HE MEHEe, IOHMXKAET
qyBCTBUTEJIBHOCTh BBIIIOJIHSIEMOW peakuuu. Ilo Mepe yBenuYeHHs KOHILIEHTpalUuu
MIOCTOPOHHETO MOHA OTPULIATENILHOE BIUSHUE €ro ycrinBaeTcs. HakoHel, npu HEKOTOpOM
IPENETbHOM  OTHOLIEHWM KOHIIEHTPALMA OOHAPYKMBAEMOTO M IMOCTOPOHHETO HOHOB
peakiusl CTaHOBUTCSA HenocToBepHOW. Hampumep, xatnoH Pb*  MOKHO OOHapyXuTh B
BUJIE noauaa cBuHIA Pbl, neficTBuem noanaa Kanus B MPUCYTCTBUU OCTOPOHHETO HOHA
Cu**, HO TONBKO B TOM Ciydae, eciM KOHUeHTpamust CU®*  OyaerT mpeBbIIaTh
KOHICHTPALUIO Pb** He Gomee ueM B 25 pa3. B naHHOM ciydae npenenbHOe OTHOIIEHUE
koHuentpamuii Ph?* u Cu®* pasmo 1 : 25.

YroObl yCTpaHUTh BIMSHUE TIOCTOPOHHMX HWOHOB, HWHOTJA HOJB3YIOTCS Tak
Ha3bIBAEMBbIMU MACKUPYIOWUMU CPeOCmB8amMu, KOTOPbIE NMEPEBOAAT MELIAIOIINE HOHBI B
MaJIOIUCCOMUPYIOIINE WIA KOMIUIEKCHBIE COEIMHEHHs. KOHIEHTpauuss NOCTOPOHHMX
VOHOB B PaCTBOPE CWJIBHO NTOHM)KAETCSI U IOMEXH YCTPaHAIOTCS.

5. MeToabl NOBBILICHUSA YYBCTBUTEIbHOCTH PEeaAKIMU

YyBCTBUTENBHOCTh PEAKUUU 3aBUCUT OT MHOTMX (AKTOPOB U MOXKET ObITh
NOBBILIEHA, €CIM TEM UM MHBIM CIIOCOOOM YBEIMYUThH KOHIIEHTPALUI0 OOHAPYKUBAEMOTO
MOHA B pacTBOpE.

Oboratuth pacTBOp OOHApPYKMBAEMBIM HMOHOM M, CIJIEJOBATEIbHO, IOBBICUTH
YyBCTBUTEIBHOCTh PEAKLUUU MOXHO C IMOMOILBIO MOHHOTO OOMEHa, 3KCTparupoBaHUS
COCIMHEHUM OpraHUYEeCKMMH PpPACTBOPUTEISIMU, IIYTEM COOCAXKJIEHHUA, a TakKkKe
HEKOTOPBIMU JPYTUMHU CIOCO0AMH (IUCTUIUISILMS, DJIEKTPOJIM3, yAalleHue MNpPUMECEH,
MELIAIOLIUX BBIMOJIHEHUIO PEAKLIUU U T. I1.).

Meroax uonHoro ooOMeHa. /11 KOHLIEHTPUPOBAHUS HOHOB J3THM METOJOM B
KauE€CTBEHHOM aHAJIU3€ HCIOJIb3YIOT TaK Ha3bIBAEMbIE UOHOOOMEHHble cMObl (MIOHUTHI).
OpHM U3 HUX MOIJIOHIAIOT M3 PAacTBOPAa KATHOHBI M HA3bIBAIOTCS KaTUOHUTAMU, ApPYrue
COpOMPYIOT AHMOHBI U UMEHYIOTCS GHUOHUMAMU.

[Ipouecc BeayT 1uO0 B CTATUYECKUX YCIOBMSIX, BHOCS 3€pHA MOHUTA B UCCIIEyEMBbIil
pacTBop, MO0 B TMHAMHYECKHUX, MPOMYyCKasi aHAIU3UPYEMbIA pacTBOp Yepe3 “KOJOHKY -
TpyOKy, HAIlOJHEHHYIO0 HOHUTOM. [Ipu 3TOM Ka)kaoe 3epHO MOHMTA HAKaIllJMBaeT B cede
00HapyKUBAEMBII HOH.

KoHLeHTpupOBaHre MOHOB B CTaTUYECKUX YCIOBUAX HECIO0KHO. Ilepenocar 2-3 mn
UCIIBITYEMOT'0 pacTBOpa B MajeHbKHUM (apPopoBbIil TUTENb. JIJIsi MOTIOIEHUST KATHOHOB
npubasisitoT 35-40 naOyxmux 3epeH katuonuta (KVY-2, KY-l1 unu CbC) B BUae OBYX
Karelylb CYCIEH3HUH, a JUIsl U3BJICUEHHUSI aHUOHOB - TAKOE K€ KOJMYECTBO 3€PEH aHMOHMTA
(AB-17, AB-16 niu 3/12-101I1). [TepeMenmBarOT COACPKUMOE TUTIS CTECKIISTHHOM Maioy-
KOM 5 MUH, CIMBAIOT *UIKOCTh, a 3€pHA MOHUTA, aJICOPOUPOBABIINE OOHAPYKUBAEMBI
MOH, TIOMEIAI0T B KaIII0 peakTUBa M HaOMonaiT (GopMy M LBET 00pa30BaBIIMXCS
KpHUCTaJIIOB.

OTOT METOJ MO3BOJISET MOBBICUTh YYBCTBUTEIBHOCTh MHOTMX PEAKLMI B AECATKU U
COTHH pas3.
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Metoa JKcTparupoBaHWsl. DKCTparupoBaHUE - 3TO OAWH U3 BUIOB (Pa3zoBoro
pazneneHusi BemectB. (OHO OCHOBAHO Ha TOM, UYTO HEKOTOPbIE OpraHUYEeCcKue
pPacTBOPUTENIM, HE CMELIMBAIOIIMECS C BOJOHM, 00J1ajaloT COCOOHOCTBIO W3BJIEKATh W3
BOJHBIX PACTBOPOB OTJIETbHBIE KOMIIOHEHTBI CMECEH.

JIist SKCTparupoBaHus MOAOUPAIOT TAaKOM OPraHUYECKUH PacTBOPUTEINb, B KOTOPOM
ompeesieMOoe BEIIECTBO PACTBOPSIETCS XOpOIIO, a Jpyrue KOMIIOHEHTBI CMecU
MPAKTUYECKU HE PACTBOPSIOTCA.

Cmech ABYX JKHJIKOCTE M PAaCTBOPEHHOrO BEIIECTBA BCTPAXUBAIOT, IOCJE YETrO
OCTaBJIIIOT CTOSITh JIO MOSIBJICHUSI PE3KOW TpaHUllbl pasliesia MEXIy XKUIkocTsmu. U3
MOJYYEHHOTO0  HOKCTPAKTa  OMNpEAEIsieMO€ BEHIECTBO  BBIACISIIOT — BHIITAPUBAHUEM,
BBICYIIIMBAHUEM, TIEPETOHKOMN WJIM KPUCTAJUTU3aIUEH.

Hanpumep, nonst xenesa (I1I) U3 COMSHOKUCIBIX BOAHBIX PACTBOPOB Yallle BCETO
OKCTPArupyroT AUITHIOBBEIM 3(PUPOM B BHJE IKEIC30XJIOPUCTOBOAOPOTHON KHUCIOTHI
H[FeCl,] xenroro npera. 9TO MO3BOJSET OTACIHUTH XKEJIE€30 OT APYTUX DJIEMEHTOB, HE
00pa3yIoNuX XJIOPUTHBIX KOMILIEKCOB.

MeTtoa coocaxneHusi. ITO OJIMH U3 HamOoJee MPOCThIX U IP(HEKTUBHBIX CIIOCOOOB
KOHILICHTPUPOBAHUS NOHOB.

B pactBOp, conepxkamuii cieibl OnpeAeasieMoro HoHa, BBOAST MOCTOPOHHUN KaTHOH
(MJIM aHWOH), KOTOPBIA M OCAXIAIOT MOJAXOISIINM PEAaKTUBOM B BUJIE MAJIOPACTBOPUMOIO
coeauHeHus. [Ipu 3ToM coocakmaroTcst U CeAbl ONpeaeasieMoro noHa. Takum o0pa3om,
MOJTYYAIOIIUICA OCaJ0K HMIPaeT poOJib KOJUIEKTOpa, T. €. coOuparelis OmpeleisseMbIX
HMOHOB. YCTaHOBJIEHO, YTO YE€M MEHbIIIE KOHIIEHTpAIUsl ONpPEIeNIIeMOr0 HOHA B PacTBOPE,
TEM TOJIHEE OH COPOUPYETCS KOJIIEKTOPOM.

[IpuuuHbl coOca)kIeHUS ONpEEIsieMbIX HOHOB C KOJUIEKTOpaMu pasiuuHbl. K HUM
OTHOCSITCA  aJICOPOILIMSI COOCAXKIAEMBIX HOHOB (MM COCJAMHEHUM) Ha TMOBEPXHOCTU
KOJUIEKTOpa, MOHHBI 0OMEH, 00pa30BaHUE TBEPIBIX PACTBOPOB.

B ananuTMueckoll NpakTUKE HCIOJIB3YIOTCA KaK HEOpraHudeckue (TUIpOOKUCH
almoMuHUA W kene3a, (Qocdar kemeza), Tak U OPraHUYECKUE COOCAJAUTEIU
(ManopacTBOpUMBIE COEAMHEHUSI MOHOB OPTraHWYECKUX BEIIECTB, HAIIPUMEP METHIOBOTO
¢dbuoneroBoro, METHJIOBOTO OpPaHXKEBOTO, HadTaIuH,0, -CYIb(OKHUCIIOTHI,
nuMeTuiIaMuHoa3zo0en3ona). llpenmodreHune OTHAETCS OPraHUYECKHUM COOCATUTEISIM,
KOTOPBIE MO3BOJISIIOT BBIJIETATH OMpPEAEISIEMbIE HOHBI U3 PACTBOPOB C KOHUEHTpPALUEH 110
1 : 10® u oTIMYAOTCS BBICOKON CEIEKTHBHOCTHIO. Kpome Ttoro, opranmueckue
COOCAQIUTENM JIETKO O30JIAI0TCSA, OJjarojaps 4eMy COOCaXKJAaeMbIe AJIEMEHTHI YJaeTCs
MOJIYYUTh B UUCTOM BUJIE.

CrnenyeT mOMHUTb, UTO HECOOIIOJICHUE ONTUMATBHBIX YCIOBUN BBIMIOJHEHUS TON WU
WHOM peakiuu (Temmnepatypa, pH pacTtBopa, KOJIUYECTBO peareHTa) BeJeT K MOHMKEHUIO
€€ YYBCTBUTEIbHOCTH.
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Nekumsa Ne 4. IpoOHbLIN N cUCTEeMaTUYEeCKUN aHanu3

1. OcHOBHBIE IOHATHA TEMbI

Crenuuyeckue peakluuyd MO3BOJSIOT OOHApY)XMBaTh MOH B OTICIBHON TMOPLUU
aHAJIM3UPYEMOIO pacTBOpa, HE CUYUTASACh C NPHUCYTCTBUEM JApyruxXx HOHOB. [Ipm sTom
NOCIIeI0BATEIBHOCTS OOHAPYKEHHUSI HIOHOB MOXKET OBITh IPOU3BOIHHOM.

Jpobubim  ananuzom HaA3BIBAIOT OOHAPYKEHHE HOHOB C IMOMOIIBIO CHEHM(PUIECKUX
peakiuii B OTAENTBHBIX NOPUHUAX AHAIUZUPYEMOTO
pacTtBopa, MIPOU3BOIUMOE B T000i
MOCJIEIOBATEILHOCTH.

JIpoOHBIN aHanu3 NOPUMEHAIOT AarpoOXMMUYECKHE U 3aBOJCKHE JIabopaTopuw,
O0COOCHHO B T€X CIIy4asiX, KOTJla COCTaB MCCIIEYyEeMOTo MarepHaja JOCTATOYHO XOPOIIO
U3BECTEH U TpeOyeTcs TOJIbKO MPOBEPUTH OTCYTCTBHE HEKOTOpHIX mpumecend. Ecmu xe
UCIIOJIb3yEMbIE€ PEAKLIMU HE CIEUU(PUYHBI, a MEIIAoIIee ACHCTBUE TOCTOPOHHUX HOHOB
YCTPAaHUTh HE YJAETCs, TO MPOBEIECHUE IPOOHOT0 aHajau3a HEBO3MOXKHO. B 3ToM ciyuae
OPUMEHSIOT CUCeMamu4ecKuti Xo0 aHaIu3a.

Cucmemamuyeckum X000M aHAIU3Q — HA3BIBAETCS OINpPEICIICHHAs ITOCIeI0BATEIIEHOCTD
BBITIOJTHCHMSI aHATWTHYECKUX PEaKIUi, MPU KOTOPOM
KKl MOH OOHAPYKWBAIOT IOCJIE TOTO, KaK OyIyT
OOHaApy)XCHBI M YJAJICHBI JPYTrHe HOHBI, MEIIAIOIIHNe
ero oOHapy>KEeHHUIO.

2
JIoImycTHM, YTO PacTBOP Hy’XKHO MCIBITaTh HA NpUCYTCTBHE KaToHa Ca”’, HO B HeM

2 2
OJIHOBPEMEHHO MOKET cojepikaThcs 1 noH Ba“'. Katnon Ca” mpuHATO 0OHApyXHBaTh B

BHUJIC OKCaJiaTa.
CaCl, + (NH4)2C204 = CaC204J« + 2NH4C|

OTa peakuus JOCTATOYHO UYYBCTBUTEIbHA, HO HE clenu(uyHa, TaK Kak OKcajaT
ammonus (NH,),C,04 maet OGenblif KpUCTAITHYECKUI 0CaJ0K HE TOJBKO C Ca2+, HO TaKXe
¢ Ba® ¥ HeKOTOpBIMH APYrHMH HOHaMH. [109TOMy MpekKIe 4eM OOHAPYKHBATH KATHOH
Ca®*, HeoOxoanuMo MPOBEPUTH, MPUCYTCTBYET JIM B PACTBOPE MEMIAONIUNA HOH Ba®".
[Tocnennuii MOXHO OOHAPYKUTHh B OT/AEIBHON TMOPIMK PACcCTBOpA, JACUCTBYS XPOMATOM
Kanus, ¢ KOTOPBIM Ba”" naer XapaKTEPHBIN KEJIThIA OCAIOK:

BaC|2 + K,Cr0, = BaCrO4i + 2KCl1

[IpucyrcTBrHe nMoOHA Ca*" me memaer OOHapy>KEHHUIO HOHA Ba®* sroi peakuuen, Tak
kak xpoMat Kaibisi CaCrO,4 Xopoio pacTBOpUM B BOJE (BBINAIAET B OCAJOK TOJIBKO U3
OYEHb KOHLIECHTPUPOBAHHBIX PACTBOPOB COJICH KaJbLIUS).

JlanpHENIIMKA X0/ aHAJIN3a 3aBUCUT OT PE3yJIbTaTa IMPOBEIACHHOIO UCIbITaHUA. Ecin
OKaXeTcs, 4To HOH Ba®* oTCyICTByeT, TO B Jpyroil MOPLHH PACTBOPA MOIKHO
00Hapy>KMBaTh KaTHOH Ca2+, neiictBys okcamatom ammonus (NHy),C,04  Ecim ke
katnon Ba®* mpucyrcrByer, To mpexme uem oGHapyxmBath Ca’’, clieyeT MOTHOCTBIO
yIaTHTh M3 pacTBopa MOHBI Ba’’. JInst 5TOro Ha BeCh PAacTBOP AEHCTBYIOT H3GBITKOM
xpomata kamus K,Cr0, (wmn muxpomara xammsi KoCr,0;), ybesxnarorcs, uto Hombl Ba®*
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MOJIHOCTBIO OCaXJAeHbl B BuAe Xxpomara Oapus BaCrO, wu, otnenuB ocajiok,
GeCIPEIISTCTBEHHO OOHAPYKUBAIOT KaTHOHBI Ca”'.

CnenoBaTeNbHO, B CHUCTEMAaTHYECKOM  XOJ€ aHallM3a MPUMEHSIOT HE TOJBKO
peaxkyuu 0OHaApydHceHUus OTICIBHBIX MOHOB, HO TAKXKE U peakyuu omoeneHuss uX APYT OT
Apyra.

Pa3nenenue HMOHOB walle BCETO OCHOBBIBAETCS Ha Pa3jIM4YHONM PACTBOPUMOCTH
aHanoruvHbeIx coneit (Hampumep, BaCrO, u CaCrQ,). MHOT/HA B ATUX MENSIX UCIIOIB3YIOT U
pasINuHYIO JETydecTh coeauHenuil. Tak, otaenenue katnona NH," ot nonos Na’, K™ u
Mg®" OCYIIECTBIAIOT BEIIAPHBAHHEM PACTBOPA M MPOKAIMBAHHEM CYXOTo ocTaTka. IIpu
3TOM HENpOYHbIE CONM AMMOHUS Pa3jaralorcs, yneTyduparorcs, 1 coequnenns Na*, K™ u
Mg”" 0CBOGOXIAIOTCS OT MEMIAIOIMX MpUMeceil STHX CONeH, OTACNsAs OAMH HOH OT
JPYroro, Hy>KHO BHHUMATEJIbHO CIEAMTH 3a MOJHOTOW 3TOTO pas3felieHus, 0e3 KOTOpoi
pe3ynapTaThl aHajau3a OyayT omuOouHbIMH. Hampumep, mpu HEMOTHOM yHajJeHHH HOHA
NH," mMoxHO B nanbHeiimem ,,epeotkpbits” K* n Na', Tak kak ¢ peakTuBaMu Ha 3TH
KaTHOHBI B3aMMOJCHCTBYIOT M COJM aMMOHHUs. [10NHOTY yAalieHHs MEIIalollero HoHa
IPOBEPSIOT B KaXI0M Cllydae CelualbHOM npo0oil.  CucreMaTHYeCKUl aHauu3 He
CJIeTyeT MPOTUBOIOCTABIATH APOOHOMY: 3TU METOAbl B3aUMHO JAOIOJIHAIOT APYT Jpyra.
Kaxxaplit 13 HUX UMEET CBOIO 00JIaCTh MPUMEHEHUS.

2. Makpo-, NOJIlyMHKPO-, MUKPO- M YJIbTPAMUKPOAHAJIU3

B 3aBUCMMOCTM OT KOJHMYECTBA HCCIEAYEMOIO BEIIECTBAa, OOBEMa pacTBopa M
TEXHUKHU BBITOJHEHUS OMEpaluii aHAIUTUYECKWE METO/Ibl KAayeCTBEHHOTO aHaliu3a
NOJPA3JIETSAIOT HA MAKPO-, MUKPO- U NOJLYMUKDOMEMOObL.

1.Makpomeron - HauboJiee CTapblii METOJI XMMUYECKOT0 aHaJIn3a, PYU KOTOPOM IS
aHayn3a OepyT CpPaBHHUTEIbHO OOJBIINE KOJIMYECTBA BELECTBA M PEAKTHBOB: 1 I' CyXoro
BemiectBa win 20-30 mi1 peakTuBa,

2.MukpoMeTos - TIpy 3TOM METOJE I MccienoBaHuss o6epyt npumepHo B 100 pas
MEHBIIINE KOJMYECTBA BELIECTBA, YeM B MakpoMeroze: 5-10 mr cyxoro Bemiectsa uiu (.2-
0.3 mn pactBopa, [Ipy MUKpOMETOAE HCMOJIB3YIOT BHICOKOUYBCTBHUTENIbHBIE PEAKIIMU —
MUKPOKPHUCTAJUIOCKOTTMYECKHUE U KarelbHbIE, KOTOPhIE MPOBOSAT HA MPEIMETHOM CTEKJIE,
a 0 HaJUYUU OMpPEACIISIEMOTO BEIIECTBA CYIAT Mo (hopMe KPUCTAIOB, paccMaTpuBas UX
M0 MUKPOCKOIIOM,

3.ITonyMHUKpOMETOA - 3aHMMAET MPOMEXKYTOUHOE TMOJOKEHHE MEXAY MakKpo- H
MukpomeroaoM. s anamusa 6epyt: 50 Mr cyxoro Bemecta wid 0.1-1.0 mu pactBopa.
[IpuMeHsIOT B OCHOBHOM T€ K€ PEaklMH, YTO U MPU MAKPOMETOJIE, HO BBIMOJHSAIOT UX C
MEHBIINM KOJIMYECTBOM PEarupyroliux BEUIECTB. ITOT METOJ] aHaINU3a Haubosee yao0eH,
TaK Kak TpeOyeT HaMMEHbILUX 3aTpaT, BPEMEHH, PEaKTUBOB U 000PYI0BaHUSI.
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3. TexHuKka BbINOJHEHHUS BAaKHEHIIIUX ONepANMi B KAUYeCTBEHHOM aHAJIU3e

HpI/I MNPOBCACHUN KAUCCTBCHHOI'O aHallnM3a IIOJIYMHKPOMCTOAOM JIIPUXOAUTCA
BBIITIOJIHATE MHOXMXCCTBO onepaunﬁ, Tp€6YI-OHII/IX OIIPCACIICHHBIX HABBIKOB. K Ttakum
orcpanuAaAM OTHOCATCA: OCAKACHHUC MOHOB, HAIrpCBaHUC PACTBOPOB, HGHTpI/I(I)erIpOBaHI/Ie,
BBIIIAPUBAHUC, IIPOMBIBAHUC OCaJIKa U T.I.

1.Haepesanue

[Ipu HarpeBaHUM MPOOUPOK € OOJIBIIMM KOJIMYECTBOM PACTBOPOB HA CIUPTOBKE (WM
TOpEJIKE) JKUIKOCTh MOKET OBITh BhIOpoOIIEeHa mapoM. [loaTomy mydrie Bcero HarpeBaHue
BECTH Ha cjabo Kumsmiei 6aHe.

2.0Ocaoicoenue

Peakmuu  ocaxaeHwss WOHOB B (QopMe TPYAHOPACTBOPUMBIX  COCIMHCHHM
MIPUMEHSIIOTCS] B KAUECTBEHHOM aHAJIN3€E C LENbIO:

l.oTneneHrst KAaTHOHOB OAHUX AHATUTUYECKUX TPYII OT APYTHUX;

2.BBIICJICHUS MOHOB JIAHHOTO 3JIEMEHTA M3 CMECU WM YJAJIEHUS MEMIAIOIINX
HOHOB;

3.00HapyKEHUS OT/IETBHBIX HOHOB.

[Ipy mpoBeneHUM peakUMil OCaXACHUS ISl OTACICHUS KAaTHUOHOB TOW WIIA HHOM
aHAJUTUYECKOW TPYyNIbl CIEAyeT MMETh B BUJY, YTO KAaTHUOHOB 3TOW TPYIIIBI MOXET
COBCEM HE OBITh B MCCJIEAYEMOM PacTBOpE, MOITOMY HEOOXOJMMO PEAKIIMIO0 OCAKJICHUS
CHayaJia MpoJiesiaTh B OTAEIBbHON Ipobe ¢ 2-3 KamisiMu aHaiau3zupyemoro pactsopa. Ilpu
MOJIOKUTEIIBHOM PE3yJIbTaTe ATOW MpOOBI CIEAYET MPOBECTH OCAXKICHHWE MOHOB JTAaHHOU
TPYNIIBI U3 OOJIBIIOr0 00BEMA UCCIEYEMOr0 pacTBOpA.

TexHuka OCaXIEHMS CIEAYIOIIas: HaluThb B MNPOOUPKY HECKOJIBKO Karelb
UCCIIEyeMOTO pacTBOpa U MEIJICHHO MO KarlisiM MPUIIMBATh K HEMY COOTBETCTBYIOIIMI
peaKTuB, TepeMeIIMBasi CTEKISSHHOM MaJIOYKOW TIOCe JOOABICHHMS KaXIOW Karuiu
peakTHBa, YTO YCKOPSET BhINaIeHNE ocaaka. JlaTh 0caaKy OCECTh TaK, YTOOBI pacTBOP HaJ
0CaJIKOM CTaJl IPO3payHbIM. Jlanee mpoBepUTh MOJIHOTY OCAXKACHHUS, ISl TOTO MPUOABUTH
emie 1 ka0 peakThBa M, €CJIU OHA HE BBI30BET NOMYTHEHUS IIPO3PAYHOTO PacTBOpa Haj
0CaJKOM, TO OCaXJECHUE 3aKOHYEHO. B MPOTUBHOM Cilydae OCaKJI€HHUE HAJ0 MPOIOKUTH,
n00aBHB K CMECH €III€ HECKOJIBKO Karesb peaktuBa. Heo0Xo1umMo MOMHHTB, 4TO OOJIBIION
M30BITOK PEaKTHBA - OCAJUTENS] MOXKET BbI3BATh YaCTUYHOE WJIM TMOJIHOE PACTBOPEHHUE
ocaJka B pe3ysibTaTe 0Opa3oBaHUs PACTBOPUMBIX KOMIUIEKCHBIX coenuHeHuil. Ecmu
OCaXJIAEMOE BEIIECTBO MOXET IEPEXOJUTh B KOJUIOMJHOE COCTOSIHUE, CMECh HaJIO
MOJOTPETh HA BOJIIHON OaHe, TaK KaK HarpeBaHHUE CIIOCOOCTBYET MPOIECCY KOAryJIsIUU.

3. Llenmpugpyeuposanue
B kauecTBeHHOM aHanmW3e IS OTACICHHS OcCajJka OT pacTBopa IPOM3BOAAT
HEeHTPU(PYTUPOBAHUE C TIOMOIIBI0 dJeKkTpudeckoil 1meHTpudyru. Ilpu pabore ¢
HEeHTPU(YTOH CIIeTyeT BHIMOIHATE CICIYIONTUE TIPABIIIA;
1.Cnenuth 3a paBHOMEPHOCTHIO 3arpy3ku. Jljis »TOro ciemyer OpaTh OJMHAKOBOTO
pasMepa 1neHTpudyKHbie MPOOUPKHA U HAMOIHATH UX PaBHBIMU 00bEMaMU KUJIKOCTU
C 0CaJIKOM, HO He Ooiiee, yem Ha 2/3 BrICOTHI poOupku. [Ipu paboTe TOIBKO ¢ OAHOM
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npOOUPKON B MPOTUBOIOJIOKHBIM MATPOH LEHTPUDPYTH HYKHO MOMEIIATh TAKYIO K€

pOoOUPKY C paBHBIM OOBEMOM BO/IBI.

2.Ilepen BkIIOYEHHEM UEHTPUPYTH 00s3aT€TBHO HYXKHO 3aKpbITh  3alIUTHBINA
METAIUTUYECKUI KOKYX.

3.BxirouaTh M BBIKIIOYATh HEHTPUPYTY HEOOXOAMMO IMOCPEACTBOM IUIABHOTO, 0O€3
PBIBKOB TOBOPOTA PEOCTATA.

4. ]ln1  OTAENEeHHS ~ KPUCTAUNIMYECKHX  OCAaAKOB  JIOCTaTOYHO 2-X  MHUHYTHOE
neutpudyrupoBanue; s OTACIEHUS PBIXIIBIX, XJOMbEBUIHBIX OCAagKOB —  3-4
MUHYTHOE.

Ecnu 3a 310 Bpems oTaeleHME OcCajaKa HE MPOU3OUAET, TO JKUAKOCTH C OCAIKOM
HEOOXOMMO HarpeTh WM JA00aBUTH K HEeHl | Karuio pacTBOpa CUIIBHOTO JIEKTPOJIUTA, HE
B3aMMOJICHCTBYIOIIETO C OCAJKOM, 3aTE€M BHOBb OTIEHTpuGyruporatb. B pe3ynpraTe
KOaryJsiluy KOJUIOWJIOB HEUTPUPYTUPOBAHUE MOWIET HOPMAJIBHO.

4.Ilepenecenue yenmpugyeama

Ecnu ocanok, mnomydeHHBIM mpu HEHTPpUDYTrUpOBaHUM, OYEHb IUIOTHBIH, TO
HAJI0CAJIOYHYIO JKUJIKOCTh (LEHTpU(]YraT) MOKHO OCTOPOKHO CIUTH C OCaJiKa B JIPYTYIO
npoOupky. Eciu ocamok peIxiblid, HEeHTpUdyrar MEpeHOCAT B JPYrylo MPOOHPKY C
MOMOIIbIO TJIa3HOW MHIETKH, CTapasch HE 3aleTh ocalok. Eciam nentpudyrara Han
0CaJKOM OYE€Hb MAJIO, TO UCIIOJIB3YIOT KAMWUIAPHYIO TalIETKY.

S.Ilpomwvieanue ocaoka

[IpombiBaHME OCaKa MPOBOJAT B TOM CIIy4ae, €CJIM OCaI0K JIOJKEH OBITh MOJBEPKEH
JadbHEUIlIeMy aHaJIu3y U HEOOXOAMMO OCBOOOIUTHCSI OT MPUMECEH, MOMaBIINX B HETO U3
pactBopa. B kauecTBe MPOMBIBHOM KUIAKOCTHA UCIOJIB3YIOT JUCTUIUIMPOBAHHYIO BOY WJIN
pa3z0aBiieHHbI pacTtBOp ocagutens. K ocagky B HeHTpUuyx HOM NpoOHpKE HYKHO
OPWIATh OKOJIO 1 MJI. MPOMBIBHOW KUIKOCTH M TIIATENBHO NEPEMEIIATh €€ C 0CaTKOM
TOHKOW CTEKJISTHHOM TMajJoyKoW. 3aTeM COJepKUMOe MPOOUPKU OTIHEHTPU(DYTUpOBaTH,
KUJKOCTh YIAIUTh NMUINETKON. Onepannio NpoOMBIBaHHS MOBTOPUTH 2-3 pasa, UCIONb3Ys
CBE)KME NOPLIUH ITPOMBIBHON KUIAKOCTH.

Korma tpeOyeTcst mpomMbIBaTh 0CaZ0K Topsiueii BOJOM, HY’KHO B MPOOUPKY C OCATKOM
NPUINTh HEMHOTO JHUCTHIUIMPOBAHHOW BOJBI, MEpeMellaTh CTEKISHHOW MNaJIOYKOW U
HarpeThb Ha BOJASIHOW OaHe B TeueHue 1-2 MUHYT. 3aTeM OTUEHTPpU(PYTUpOBaTh U YAAIUTH
HEHTpU(yTaT.

6.Pacmeopenue ocaoka

CrnenyeT mOMHUTb, YTO OTJIEJICHHBIA OT HEeHTpU{yraTa 0cajJoK HEJb3s OCTaBJISITh Ha
JIUIMTEIIBHOE BpEMs, TaK KaK M3MEHAETCA €ro CTPYKTypa M COCTaB, B PE3YJbTaTe
YMEHBIIIAETCS  pacTBOPUMOCTh.  [lo3TOMy  CBekeOocakIE€HHbIE  OCaJAKh  BCEraa
PacCTBOPSIIOTCS JIETYe, YeM BBICYIIEHHbIE. J[JIsI paCTBOPEHHUSI K OCAJIKy HY’KHO HPHIHTH 1O
KaIUIsIM PacTBOPUTEIIb, IOCTOSIHHO MEPEMENINBAs €ro CTEKIIIHHOM nanoukor. He cinenyer
CHENINTh C U30BITKOM PACTBOPHUTENA. A €CIM OCalOK PAacTBOPSETCS MEIJICHHO, JIy4Ille
HarpeTh €ro Ha BOJSTHOM OaHe.

7. Boinapusanue pacmeopos
BrimapuBanue MoKeT OBITh YaCTUYHBIM W MOJHBIM. YacTUYHOE BbIIApHUBaHUE
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MPOBOJSAT C IIEJIbIO TIOBBIIMICHUS KOHIICHTpAMK pacTBopa. IlodHOE BhITapuBaHUE
PacTBOPHTEIIS MPUMEHSCTCS TIPH YIAJICHUH JICTYYMX BEIICCTB (HampuMmep, aMMuaka). [lpu
ATOM TIOJIYYAIOT CYXOH OCaJ0K, KOTOPBIN 3aTEM MPOKAIUBAIOT. BhImapuBaHue MPOBOISAT B
dbapdopoBoit yarike WK TUTJIC Ha JIEKTPUUYECKON IUIUTKE ¢ acOecToBOM ceTkoi. OueHb
MaJjible KOJMYECTBA pacTBOPOB (1-2 Karum) BBITIAPUBAIOT HA CTCKISTHHOM IUIACTUHKE WIIH
Ha 4YacCOBOM CTCKJC, TIIOJB3YsACh TPEIBAPUTCILHO HArpeToil acOECTOBOM CETKOM.
BrinapuBanue ¢ BoiaeneHue Bpennbix razoB u napos (HC1, HNO3;, NH; u T.4. ) cnenyer
MIPOJIOJDKUTH TIOT TATOM.

8.1lpokanusanue ocaoka

IIpoxannBanue ocagka B KayeCTBEHHOM aHAJIW3€ NIPOBOMAT C LEIBIO yIAICHUS
OpPraHMYECKMX BEUIECTB W aMMOHMMHBIX conel. [IpokanuBanne BexyT B TOM Ke
dbapdopoBoii yalike WK TUTIE, OTKYyAa MPEABAPUTEIHHO Oblja BBIMApeHa >KUIKOCTh, HA
IEKTPUUYECKON IIUTKE. [locie OKOHYaHus MMPOKAIMBAHUA YallIKy WM TUTEJIb IIEPEHOCAT
C TIOMOIIIBIO TUTEJIBHBIX LIUIIIOB HA aCOECTOBYIO CETKY U JIAIOT OCTHITh.
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JNMekumnsa Ne 5. AHann3 KaTUOHOB

[Ipn cucTeMaTHyeckoM aHalu3€ MPUHATO JIEJ€HUE KAaTUOHOB W AHHMOHOB Ha
aHanuTU4eckue rpynnbl. Hambonee ynoOHas, mpuMeHseMas M B HACTOSIIEE BPeMs
Kiaccuukanys KaTuoHOB, paspadorana H.A. Menmytkuaeim B 1871 1. Bcee
CYILIECTBYIOIINE HBIHE KIACCH(PUKALMHU MPETyCMAaTPUBAIOT pa3/ieJ€HUE KAaTUOHOB Ha 5
Wi 6 aHATUTUYECKUX TPYIIIT HA OCHOBAHUM CJIETYIOIINX UX CBOMCTB:

l.Ha pa3nuuum pacTBOPUMOCTH  XJOPUAOB, KapOOHATOB,

TUAPOKCHJIOB.
2. Ha amdoTtepHbIX cBOWCTBaX HEKOTOPHIX TUAPOKCHIOB.
3. Ha criocoOHOCTH psiia THAPOKCUIOB 00Pa30BbIBATH KOMIUIEKCHBIE aMMHAKATHI.

cynb(daroB  win

Kaaccupukanus KATHOHOB HA AHAJTUTHYECKHE TPYIIIbI

['pynmoBast ['pynmoBoi [Tonyyaemebie
Ne Katunonsl Py Py y
XapaKTEPUCTHUKA pEaKTUB COCIMHEHUA
¥ ¥
1 K\ Na', (Comn w THIPOKCHRS Lopnnpn | popponoooo
NH,; ,Mg PacTBOPHUMBI B BOJIE
Kap6oHatsl HE
pacTBOPUMBEI B BOJIE, CaCO-|. BaCOsl. SIO
) Ca®*, Ba?*, |[HO  pacTBOpMMBI  B(NH,),CO; 2H. aA 3|, BaCOs|, SrOs
Sr2* kucnorax.  Cynbdatel  pacrsop N%Op(bHHe ocanku
HE pacTBOPUMBI B BOJIE CIIOro IBCTA.
M B KHCIOTax.
Cynbhuabt HE)
pacTBOpUMBI B BOJE, HO FeS|, Fe,S3| - uepHsie,
A|3+, Zliez"-,FZ?S-‘-,paCTBOpI/IMI)I B KHUCJIOTaX. (NH.),S 61 MnS | -po3oBarblii, ZnS | -
3 Mn™", Zn"", [Tuapoxcuasl He - ACTEO ) oemnprit, AI(OH)z| -
cr*. pacTBOPUMBI B BOJIE, HO p p oensrif, Cr(OH)3| -cepo-
MOTYT PacTBOPSTCS B 3€JICHBII.
KHCJIOTaX
Ag', Pb?*,  Xmopusr He, HCI 2n. AgClL, PoClal,
4 b2t Hg.C1,]- ocagku Genoro
02 pacTBOPUMBI B BOJIE. pacTBop uBeta
PactBop Cu(NHg);;:-
['aapoxcub 171 cunnii, Co(NH3)," -
cu?t Co?t ocHoBHele comu  He NH4;OH 2H. IPSI3HO-KEITHIH,
5 Ni2* C;:iZJ' Bi3+ pacTBOPUMBI B BOJIe, HO| pacTBOp B Ni(NHs),*" - curuit,
’ ' pacTBOpUMBI B HM30BITKE  H30BITKE Cd(NH3)42+-
AMMUaKa. 6ecusetHsiii, Bi(0H),Cl|
- OCJIBIA.
o st I'mapoxcuibt
n ,3+n , amdorepasl. Cynbhumas NaOH. KOH H4Sn04|, SNn(OH),|,
6 Sb°™, HEPACTBOPUMBI B BOZIE, 1 O’H I > |HSb0,], HSbO3| - 6embie
Sb**, (AS3+, HO pPacTBOPUMBI B 4775 2% | ocamku, pacTBOpHMBIE B
As™) cympdumax Na, K . PacTPoPH M30bITKE IIET0YeH.
AMMOHHS.
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IepBasi anaanTH4ecKas rpymna katuonos: K*, Na*, NH,", Mg*

[Toutn Bce coyiv Kanusi, HATPUS, aMMOHHSI U OOJBIIMHCTBO COJIEH MarHus XOpPOIIO
pactBopuMbl B Bojze. [lo3TOMy TrpynmoBOro peakTHWBa, OCAXKAAIOIIET0 BCE YETBIPE
KaTUOHA, HET.

Kanuit m HaTpuii oTHOCATCA K | rpynmne nmepuOAMYECKON CUCTEMBI SJIEMEHTOB H
0o0pa3yloT CWiIbHBIE MIenoud. ['MIpoKcua aMMOHUSI ABISETCS CIaObIM OCHOBAHHEM, HO
KaTHOH aMMOHHS OJIM30K IO CBOWMCTBAM K KaTHOHY Kajdusi U 0oO0pa3yeT HECKOJIbKO
aHAJIOTMYHBIX MaJIOPACTBOPUMBIX cojeil. Coiau aMMOHUS pasiiaraloTcs Npu HarpeBaHUH U
MOTYT OBITh yJAJIEHbI MPOKaIUBaHUEM. [ MAPOKCHII MarHus - ciadoe OCHOBAHME, IIOXO
pacTBOpuMOE B Boje. TpyaHopacTBOpuMBI Takke ¢dochar MarHus ©u KapOOHAT.
['mnpokcokapOOHAT MarHusi pacTBOPSAETCA B M30BITKE COJEH aMMOHMS M MpU JAEHCTBUU
KapOOHATOM aMMOHHSA B TPUCYTCTBUU XJIOPUAA aMMOHHS B OCaJOK HE BBINAJIACT.
[TosTOMY NpU CUCTEMATUYECKOM aHAJIU3€ MOH MAarHusi OCTA€TCs B pACTBOPE C KaTUOHAMHU
1 rpynmsl. [To 3TOM NpyUYMHE OH U OTHECEH K 3TOU TpYIIIE.

[Ipu cucreMaTryeckoM aHalM3€ KaTUOHBI Kajusl, HATPUS U MarHus OOHAPYKUBAIOT B
NOCJICHIOK OYepeb, TaK KAaK KAaTHOHBI JPYIHX TPYII MEIIAlT UX OOHApYXEHUIO U
JOJDKHBI  OBITh yJaieHbl. B BOJHBIX pacTBOpax KaTHOHBI 1 Tpynmbl OECI[BETHBI,
oOpa3yeMble UMHU COJIM UMEIOT OKPAcKy TOJIBKO B TEX CIydyasiX, KOTJa B UX COCTAaB BXOJST
OKpallleHHbIE aHUOHBI, HAIPUMED: IEPMaHraHaT, XpOMAaT WM AUXPOMAT -HOHBI.

Katnonel 1 aHamuTHyecKoW Trpynmbl COIEpPXkKATCA B MOYBAX KAk B IOJBHKHOM,
JOCTYITHOM JJIsI YCBOEHUSI PACTEHHUSIMU COCTOSIHUM, TaK U B CBA3aHHOM. OHM BHOCSTCS B
NIOYBY B BUJIE MUHEPAIBbHBIX yA0OpeHuil. Kanuil B BUlie -KaIMHON CEIUTPBHI, Cyibdara,
XJIOpuJa U JIpyrux cojieii. Hatpuii - cocraBHas dacth umiuiickoi cenutpbl (NaNOj).
Maruauii Bxomut B coctaB goiomura CaCO3*MgCO; . MMoH aMMOHMSI COIEpPKHUTCS B
aMMOHUMHOM cenuTpe, cyiabare u xjopujae ammonusi, B ammodoce NH4H,PO, u
auammodoce (NHy,),HPO,.

WNownsbl kanusi, Maruvs, aMMOHHUS HEOOXOAUMBI JIJIsl MUHEPAJILHOTO MTUTAHUS PACTEHUM.
bonbiioe conepxanue coyieil HaTpHsl yKa3bIBaeT Ha 3aCOJICHHOCTD ITOYB.

AHalIN3 BOAHBIX BBITSIKEK M3 MOYBHI HA HAJIMYHME 3TUX KATHOHOB HMCHOJIB3YIOT JISI
ONpeeIeHUS IPUTOAHOCTH MTOYB JIJISl BO3JIEIbIBAHUS PA3IMYHBIX KYJIBTYP.

OneHka KauecTBa MPHUPOJHBIX BOJ BKIIOYAaeT NpoObl Ha MPUCYTCTBUE HOHOB
amMMOoHMs. Hamnume B BoJe aMMuaka M COJNEM aMMOHHUS  CIIYXKUT IPU3HAKOM
3arpsiI3HEHHOCTH, TaK KaK 3TH COEAUHEHUSI 00pa3yoTCs P THUEHUU OEIKOB.

[IpoyKThI JETCKOTO U IUETUYECKOTO MUTAHUS TAK)KE MOJBEPIratoTCsl 0053aTeTbHOMY
VCCIIEOBAHUIO HA COAECP/KAHUE HATPUS, KAJIASI U MarHusl.

2
Bropas anaauTHYecKas rpynna katuonos: Ca”*, Ba*, Sr**

Katnonst 2 rpymmbel, B OTIMYMM OT KATHOHOB 1 Tpymmbl, 0O0pa3yroT
MaJjopacTBOpUMbIE B Boje KapOoHatbl. [loaToMy WX ocaxkmaroT AecTBHEM KapOoHaTa
aMMOHHSI, KOTOPBIH SIBJISIETCSI TPYIIOBBIM PEAKTUBOM.

Ocanku kapOOHATOB KaybIHs, Oapusi M CTPOHIIUS MOTYT OBITh TOJYyYEHBI U TIPH
JIEUCTBUM Ha pacTBOp KapOoHaTaMu HaTpus U Kanus. Ho mpu cucremMarnueckoM aHaan3e
MI0JIb30BATHCS 3TUMU PEAKTUBAMH HEBO3MOXKHO, TAK KaK BMECTE C HUMH B MCCIIELYEMBbII
pacTBOp BBOAATCS MoHbl Na' u K*. Mcnonb3oBanue kapOOHAaTa aMMOHHs ONPABIAHO TEM,
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uT0 MoH NH;" MOKHO NpeBapUTEIbHO OTKPBITH APOOHBIM METOIOM.

N3 coneit kanbuysi, 0apust U CTPOHLIMS TAKXKE HE pAaCTBOPUMBI Cyib(aTsl, (hochaTsl U
okcanatbl. OJHAKO OCa)X/IEHUE CEPHON KUCIOTOW MPOBOJUTCS PEAKO, TaK KakK CyJb(haThl
HE pacTBOPUMBI B CHJBHBIX KHCJIOTaXx M IIEI0YaxX M C OOJIBIIMM TPYAOM CHOBa
nepeBoATcs B pactBop. OcaxaeHre GochopHO U 1aBEIEBON KUCIOTON HE MPOBOJAT 110
TOM MpPHUYMHE, YTO NPUCYTCTBHE B pacTBOpe (pochaT - M OKcalaT -HUOHOB YCIIOKHSAET
aHaJIN3.

Cynbduapl 3TUX 3JIE€MEHTOB, B OTJIIMYHE OT KAaTHMOHOB 3,4 M 5 Tpymil, XOpPOIIO
pacTBOPHUMBI B BOJIE.

B BOJHBIX pacTBOpaxX KaTHOHBI 2 TPyNIbl OECLBETHBI.

Conm KampLMs UCHOJB3YIOT I YJIY4YIIEHHS TOYB: B CHJIBHO KHCJIBIE MOYBBI JJIS
HehTpaymzanuu BBoAAT u3BecTHsK CaCQOj; a B cosonneBarbie - rurc CaS04°2H,0.
Kanpumii BXOTUT B cOCTaB MUHEpaNbHBIX ynoOpenuii: gochoputaoit myku Caz(POy),,
cynepdocdara Ca(H,POy), + CaS0,, kanbiueBoit cenutpsl Ca(HCO3), 1 T.11.

PactBopumsblii rugpokap6onar kanbims Ca(HCO3), HaxoauTes: B MPUPOTHBIX BOJAX,
coo0Iass UM BpPEMEHHYIO >KECTKOCTb. APCEHUT U apceHaT KalbliUg HCIONb3YIOT Kak
CEBbCKOXO35ICTBEHHBIE SI/IBI.

HNonbl Oapusi spoButbl. KapOoHar u xiopua Oapus HCHOJB3YIOT B CEJIBCKOM
X03s1icTBe Kak si7pl. [loaTOMy 0OHapykeHHne HOHOB Oapus MPOBOJAT MPU pacHO3HABAHUU
STOXUMHUKATOB.

PannoakTuBHBI H30TON CTPOHUUSA %S, oOpa3yloluica Ipu AIEPHBIX PEAKIUSX,
IPEACTABIIAET OOJIBIIYIO OMACHOCTb VISl 30POBbS U AKU3HH.

Peakunu KaTHOHOB BTOPOii rPynbI

PeakTuBsl Karuonpt
Ca”* Ba” Sr*
(NH4)>COs, NaCOs, CaCOs| Oembrit BaCO3| 6emnbrii SrCO3| Gemnbrit
K,COs
Na,HPO, CaHPO,| Gemnbrii BaHPO,| Gemnbrii SrHPO, | Gempbrii
(NH4)2C204 CaC,Hy| Oembrii BaC,04] Oeblii SrC,04] Genbrit
H,S04 u pacTBOpuMBIE
CyIb(aTh CaS0,] Oemnbrii BaS0,4] Genbrit SrS04] Gembrit
Kq[Fe(CN)e]+NH,CI Ca(NHa) [Fev(CN)d ! Ba(NH‘l)Z.FeECN)ﬁu’ —_—
OenbIit OenbIit
Caso, 000000000 BaS04] Bemamaer SrS04]
cpazy BBITIA/IaeT HE Cpa3y
K,Cr,0; oooooooog BaCrOy| >xentorit
Oxpaupanue Kupnuuno- kpacHoe XKenro-3zenenoe KapmunoBo-kpacHoe
IJIaMEHU
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KaTnoHsbI TpeTbeil anaanTH4eckoii rpymmsr: Al**, Fe?*, Fe**, Mn**, Zn?*, Cr**

K Tperbeil aHanmuTHUECKON TpymnIme OTHOCIT KaTHOHBI amomuHus, xkenesza(ll),
xene3a(lll), mapranma (Il), mmnka, xpoma(lll). Onm xapakTepusyroTcsi OOJBIIUM
pa3zHO00pa3reM CBOMCTB.

ATIOMUHMI W IUHK MPOSIBJISIOT TOCTOSHHYIO BaJ€HTHOCTb. [ MAPOKCHUIBI 3TUX
3JIEMEHTOB M XpoMa 00J1a1at0T aM(pOTEPHBIMU CBOMCTBAMH; 3TO CBOMCTBO UCIOIb3YETCS
JUTSL OTIETICHUS ATFOMUHUS, XpOMa M IUHKA OT APYTUX KaTHOHOB TPEThEH aHATUTHYCCKOMN
rpyrmsL. Amomunuit o6pasyer monsl AIY" i AlO?, mmHK - wons Zn** u ZnO,”, XpoM -
wousl Crr* u CrO,.

XKenezo, Mmapranen 1 XpoM NpOSBIIAIOT IEPEMEHHYIO BaJE€HTHOCTh. JKene30 o0pasyer
wonnl Fe**, Fe¥, FeO42', Maprasell - UOHbI Mn%, Mn*, Mn*, Mn042' u MnO,, xpom -
wousl Cr*, CrO,%, Cr,0,%.

N3meHeHne BaJ€HTHOCTH STHUX 3JIEMEHTOB OCYIIECTBISIETCS CPAaBHUTEIBHO JIETKO,
MOATOMY JIJIsl HUX XapaKTEepPHbI OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIE PEAKIUH.

['unpokcuasl Jkenme3a W Maprania o0yanalT Cci1a00O0CHOBHBIMU —CBOWCTBAaMH,
PacTBOPSIIOTCA B KUCIIOTAaX, HO HE PACTBOPAIOTCS B Iefiouax. [ uIpoKCUabl BCEX KATHOHOB
TpPEThEel TPYMIIBI HE PACTBOPUMEI B BOJIE, HO MOTYT MEPEXOIUTh B KOJIJIOMIHOE COCTOSIHUE.

Conm 00MBIIMHCTBA SJIEMEHTOB ATOU TPYIIIBI 00Pa3yIOT OKPAIIEHHbIE PACTBOPHI.

Oxkpacka pacTBOpPOB coJIei 3JIeMEHTOB TPeTheil aHAJITUTHYECKOH IPYyIIbI

Al ] ] ] ]
Hon | o2+ cr¥t | Cros® | Cr,0# | Fe** | Fe* | Mn* MnO; | MnO,?
3eneHas
Okpacka [beciset- Opanxe-| Kpacno-|bienno- | biaeano- | ManunoBo-
wm uo- | XKenras 3enenas
pactopa Has | Bast Oypas |3eneHas | po3oBast |(puoseToBas

KatroHb! TpeTbeil aHaTUTUYECKON TPYyNIbl 00pa3yroT Cyinb(GuIbl, HEPACTBOPUMBIC B
BOJIC, HO PACTBOPUMMBIE B KHUCIIOTaxXx. B oTiuume or HUX Cyab(uabl MepBOod U BTOPOH
IpynInbl pacTBOPUMBI B BOJE, a Cydb(HUIBI YETBEPTOW M TSATOM TPYINIBl KaTHUOHOB
HEpPacTBOPUMBI B KucJOTaxX. [loaToMy B KauecTBe TIPYINIOBOrO PEaKTHBA HCMOJIB3YIOT
cynbbu aMMoHus. Jlpyrue pactBopuMbie CyIb(DUABI, TaK K€ OCAXKIAIOIINE KATUOHBI
TPETheU TPYMIIbI, HE MOTYT OBITh UCIIOJIH30BaHbI KaK IPYIIOBOM PEAKTUB, TaK KaK C HUMHU
B pacTBOp OyIyT BBEIECHBI KaTHOHBI MEpBOM W BTOpoil rpymnm. IIpucyrcTBue kaTHoHa
aMMOHHMSI B XOJE CHCTEMaTHYECKOr0 aHallM3a Ompenaensercs A0 BBEACHHS cyibpuaa
aMMOHHUSI, @ B JaJIbHEHIIIEM KaTHOH aMMOHMS JIETKO YAQJISETCS W3 pacTBopa B BUJIEC
amMmuaka. KaTuOHBI TpeThel IPpyIIbl B 3aBUCUMOCTH OT BO3JCUCTBUS HA HUX THAP OKCUAA
aMMOHHSI B TPUCYTCTBUH XJIOPHIA AMMOHUS MTOAPA3AEISAIOT Ha IBE OATPYIIIBI:

| moarpymnna:

katuoHsl auitomMunus, xpoma(lll), xeneza (11l), ocaxxnaemblie BOJIHBIM aMMHAaKOM B

MPUCYTCTBUU XJIOPUIA AMMOHHUS.

2 moarpynmna:

katronsl xxene3a(ll), mapranma(ll), muaKa HE OcaKkTaeMbie TAKUM 00pa3OM.

Katnonwsl TpeTheld rpynmbl, MOAOOHO KaTHUOHAM BTOPOM TPYIINbBI M MarHus,
00pa3yoT TpyJaHOpACTBOpUMBIE KapOoHathl W ruapodocdarel. Kpome Toro, oHu
00J1aJ1af0T CIOCOOHOCTHIO 00Pa30BLIBATH KOMIIJIEKCHBIE COSTUHEHMUS.

OGHapyXeHHEe U KOJMYECTBEHHOE OIpeeiieHHe KAaTUOHOB TPEThEH TPYIIbI
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CBSI3aHO TJIaBHBIM 00pa3oM ¢ aHAJIM30M IMOYB, MUKPOYAOOpPEHMM, PACTUTEIBLHOTO H
YKUBOTHOTO MaTepuaa, Mpo0BOJILCTBEHHOTO ChIPhS U MPOJYKTOB MUTAHUS (OCOOCHHO
JETCKUX W JUETUYECKHUX), TaK KaK ATH KaTHOHBI MMEIOT BaKHEHIee OHMOJIOTHYECKOe
3HAYCHHE.

AJIOMUHUN B OOJIBIIMX KOJMYECTBAX COACPIKUTCS B KUCIBIX MOJI30JIUCTHIX TTOYBAX,
CHIDKasi ypOXKAMHOCTb MHOTHX KyJbTyp. CoONM aJlOMUHUS NPUMEHSIOT JJI1 OYUCTKHU
MPUPOJIHBIX BOJ.

XKene3o conepkUTCsl B TKaHSIX BCEX PACTEHUU U KMBOTHBIX. OHO BXOJHT B COCTaB
reMorjioOMHa KPOBH JKUBOTHBIX, YUYACTBYET B CHUHTE3€ XJIOPOMILIA 3€JIEHBIX PACTCHHM.
[Ipu HemocTaTKe »kejie3a B MOYBE y PACTEHHUM pa3BUBAETCS XJIOPO3, T.€. OTCYTCTBUE
3€JIEHON OKPAaCKH W3-3a TOHIKEHHOTO cojaeprkaHus xyiopodwmia. M30eITOK xenme3a B
MOYBE TaK JK€ BPENCH sl pacTeHuid. MuHorme comm kene3a (JlakTaT, cynbdar,
mmtepodocdat) IPUMEHSIOT B BETEPUHAPUH KaK aHTHAHEMHYECKHUE CPEIICTBA.

Mapranern, IIMHK, XpOM - MHKPODJIEMEHTBI, HEOOXOJIUMBIC I HOPMAJIBHOTO
TeueHUs] OOMEHHBIX MPOIECCOB Y pPacTeHM M >KMBOTHBIX. HemocrtaTok MapraHiia B
MOYBE CIIOCOOCTBYET Pa3BUTHIO Y HUX Pa3IWUYHBIX 3a00JI€BaHUI; B KPOBU - MPUBOJUT K
BO3HUKHOBEHHUIO ,,MapraHieBoro paxura’. HexBaTka IIMHKa BEAET K HaPYIICHUIO
CHHTEe3a XJopoduiia, BATAMUHOB, ayKCHHOB Y PAaCTCHHUH, BUTAMUHOB U (DEPMEHTOB Y
’)KMBOTHBIX M YEJIOBEKA.

N306BITOK IIMHKA B MOYBaX, MPOJAYKTaX MUTAHUS, ChIPhE SBIISICTCS TOKCUYHBIM JJIS
YyeJIoBeKa, JKMBOTHBIX U pacTeHuil. CorlacHO TMTMeHMYEeCKUM HOpMAaThBaM KadyecTBa U
0€30MacHOCTU TMPOJAOBOJBCTBEHHBIX MPOAYKTOB U ChIPbSl MPENEIbHO JOMyCKaeMoe
cojiepkanue uHKa: B Msace- 70,0 mr/kr., B Mosioke - 5,0 Mr/kr., B siiie-50,0 mr/kr.

Peakuuy KaTHOHOB TpeTheH rPynibI

p Karnonsl
CaKTHBBI A13+ Cr3+ FeS+ Fez+ M n2+ Zn2+
(NH“)zscse”;:“OqHOﬁ AI(OH); | Cr(OH)s) |Fe,Ss |FeS MnS \ZnS
NaOH, KOH, NH,OH | AI(OH); | Cr(OH)s| |Fe(OH); |Fe(OH), IMn(OH), 1Zn(OH),
NaOH, KOH P-p A10;, | P-p Cr0y |Fe(OH);3 |Fe(OH), IMn(OH), pp Zn0,>
NH,Cl B memn. cpexe | JAI(OH); | |Cr(OH); |Fe(OH)3 ooooo ooooo ooooo
Na,HPO, LAIPO, | |CrPO, |FePO, |Fes(POy) IMny(POy) 1Zny(PO)
K4[Fe(CN)g] 0000 00000 | |FesdFe(CN)els | |Fea[FE(CN)gl| |Mny[Fe(CN)g] | | KoZns[Fe(CN)g),
K3[Fe(CN)g] 00000 | 00000 ooooo |Fes[Fe(CN)gl| IMn3[Fe(CN)ela | Znz[Fe(CN)gl,
KCNS godog gogdo godog Fe(CNS);3 goggo godog
ANIOMUHOH Kpacueiii | KpacHblii KpacHsiit uoooo uoooo oooog
(NH4),S,05 00000 | Crno? pp ooooo 0oooo MnO; p-p ooooo
Hutuzon ggoo gogdo godog goggo goggo Kpacusrii
Co(NO3), godog gogdo godog goggo goggo Cozn0,
H,0, B memnounoii cpexe | DOOO Cry04 p-p ooooo Fe(OH)3 ooooo ooooo
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y y 2 2
KaTuoHnbl 4eTBepToii aHaMTHYecKoii rpymnbi: Ag®, Pb™ Hg,™

UYerBepTasi aHamuTUYeCKas TIpynna oObeNMHSET KAaTHOHBI cepedpa, CBUHLA, H
prytu(l). OOmuUM CBONUCTBOM 3THX KaTHOHOB SIBJSIETCS CIHOCOOHOCTH OCaXAAThCS MO
NeHUCTBUEM DPa30aBJICHHOM COJITHOW KHUCJIOTHI M €€ COJell B BHJIE XJIOPUIOB-OCAJIKOB
oenoro nera. [103TOMy CoJIsiHAsI KUCIIO0TA SABJISIETCS TPYNIIOBBIM PEAKTUBOM JIJ1s1 KATHOHOB
9TOM TPYIIIBIL.

Kpome TOro, KarvoHbl YETBEPTOW AHAIMTHYECKOW TPYHIbl  00pa3yroT
HEPACTBOPUMBIE CYJIb(HIBI YEPHOTO I[BETA, KOTOPHIE B OTIWYUE OT KATHOHOB 5 TPYIIIHI,
HE pPacTBOPSIOTCS B Cyidb(umaax HaATpus, Kajlus, aMMOHHS. Majgo pacTBOpPHMBI B BOJIC
Takke ¢ochaTel W KapOOHATHI KATHOHOB YETBEPTOM Trpymmbl. PacTBopuMbIe coin
MOJIBEPTAIOTCS TUAPOIN3Y W UX PACTBOPHI MMEIOT KUCIYIO peakiuio. B okucimuTenpHO-
BOCCTAHOBUTEIHHBIX PEAKIMsI KATHOHBI UYETBEPTOM TPYNIBI BBICTYMAIOT B POJHU
OKHUCJIUTENIE M BOCCTaHABIMBAIOTCS 10 CBOOOAHBIX METaUIOB. B BOJHBIX pacTBOpax
KaTHOHBI cepedpa, cBuHIA U pTyTH () OeCIIBETHBI.

Coenunenus prytu (1) comepxat rpynmupoBky -Hg-HQ-, B KkoTopoit ogHa U3 aBYX
CBs3el KaKIOTO aTOMa PTYTH HCIOJb3yeTcss Ha coeauHeHus ¢ apyrum. Comm prytu(l)
umeroT ctpoenne CI-Hg - Hg-CI umun O3N-Hg - Hg-NOj. B atux coeauneHusx Ha aBa
aToMa PTYTU MPUXOJMUTCS JBa TOJOXKUTEIBHBIX 3apsga. PTyThb B 3THX COEIMHEHHUSIX
SBIIICTCSI AJICKTPOXUMHUYECKA OJHOBaJeHTHOW. [lpm aucconmmanmuu ATHUX COEIWHECHUN
o6pasyercst cioxHbIi HoH Hg,”*

CoenuHeHUsT KAaTHOHOB YETBEPTOW TPYIIBI HMMEIOT BaXHOE OHOJOTHYECKOE
3HaueHue. Monwl cepebpa oOnagaror OakTepuiuaHbIM aeiicTBueM. HutpaTt cepebpa
MPUMEHSIOT B MEIWIIMHE W BETCPUHAPHM TPH 3PO3UAX, S3BaX, JK3eMax, a TaKkKe B
0 TaTHMOJIOTHHA ¥ CTOMATOJIOTHH. MeTaumyeckasi pTyTh U OOJNBIIMHCTBO €€ COCTUHEHUN
OYCHb SMOBUTHI. Hambosee TOKCHMYHBI JJIA KMUBOTHBIX W YEJIOBEKa: XJIOPHHA (CylieMa) u
vomun prytu () w opranmdeckue pryTHBIE Tpemaparbl, MPUMEHSEMbIEC s
OPOTPABIMBAHUA CEMSIH: TpaHO3aH, JTWIMEPKYPXJOPHA, JSTUIMEpKypdocdar. ITu
COCIMHEHMSI HApYIIAIOT YTJICBOJHBIA M KaJIbIIUEBBIM OOMEH, (YHKIIMU TMOYEK, TEUCHH,
OHIOKPUHHBIX  Keje3, IEHTPAIbHOW HEPBHOW CHUCTEMBI BCJCACTBHE  OJIOKAIbI
cynbprunpmibHbix Tpynn ¢gepmerToB. Xmopun pryta (1) wm kamomens (HgCly) ne
SAIOBUTA ¥ HUCIOJB3YyeTCS B MEIWIIMHE W BETEPUHAPUM KaK CIIaOUTEIbHOE,
AHTUCENITUICCKOEC ¥ MOYETOHHOE CPEJICTBO.

CoenuHeHust CBUHIIA TaKXke sMOBUTHL. K Hanbosiee TOKCUYHBIM OTHOCSATCS HUTPAT,
areTaT W THAPOKCOXJIOPHJ CBHHIIA, a TaK K€ TETPAdTHIICBHHEI. 3arps3HEHUE BO3/yXa,
MOYBBI W BOJBI COCAWHEHUSMH CBHUHIIA IPOMCXOJWT B pe3yJbTaTe BBIOpOCAa HUX
MPOMBINIUICHHBIMA ~ TIPEANPHUATHSAMA, BBIXJOMHBIMA Ta3aMH  aBTOTpaHcCmopra. B
COOTBETCTBUHM C CAaHUTApPHBIMA HOPMaMH COJIEp)KaHWE CBUHIIA B 1 JT BOJBI HE JOKHO
npeBeimath (0.1 Mr. B OCHOBHBIX CEIIbCKOXO3SMCTBCHHBIX TMPOAYKTaX JOMYCKaeTCs
CJIeyIoIee COIepKaHNEe CBUHIIA U PTYTH:

I'mruennyeckre HOpMATUBBI COACPKAHUA CBUHIA U PTYTH B OCHOBHBIX
MPOA0BOJILCTBEHHBIX NIPOAYKTAX, (B MI/KI)

Msico Moioxko Sina
CBuHel 0,5 0,1 0.3
Pryth 0,03 0,005 0,02
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Alerar CBMHIA U OKCHJ CBHHIA MCHOJIB3YIOTCS B MEIULHMHE, BETEPUHAPUM KAK
BSDKYIIME U MPOTHUBOBOCHAIUTENIbHBIE CPEACTBA B (hOpME MPUMOYEK, KOMIIPECCOB, Ma3eH
Y IUIaCTBIPEH.

Peakuuu KaTHOHOB YeTBEPTOM IPYNIIbI

Katnoun!
A g + P b2+ Hg22+

PbC1,|- 6emnbii,
pacTBOPUMBIN B ropsueii

PeakTuBnl

AgCl]| - 6emnbrii, Hg,C1,| - Gemnbrii,

HCI u xmopusr

pactBopumsiii B NH,OH BOE yepueronuit B NH,OH
Pb(OH),| - Gemnbrii,
KOH, NaOH Agy0] - Oyprrit PacTBOPHUMBIN B KUCIIOTaX HQg,0| - uepHsrii
Y U30BITKE LIEJIOUEH.
NH,0H [Ag(NHs),]" i . (NH2Hg)NO3| - 6enbrit
(M30BITOK) pacTBOp Pb(OH){-Gexiid + |Hg
AgoCrOq4] xupnuuHo- i . ) .
K,Cr04 KpacHIi PbCr04] - sxentsbrii Hg2CrO4| - kpacHbIit
H,S0,4 _ PbS0,4] - 6embrit
Na,HPO, Ag3POy]| - xentoid
Pbl,|- xxentsii, Hgl2 | - rpsi3HO-3emMeHbIid,
HI, (K1) Agl|- xxentoriit PacTBOPHUMBIN B rOpsiYei | paCTBOPUMBIN B N30BITKE
Boxe, NaOH, n30srTke KI KI
Cu Merammy. —_— —_— Hg|

[sras ananuTHYecKas rpynmna katuonos: Cu”™’, Co™, Ni**, Cd**, Bi**

KaTtnons! nisgToii rpymmsl 00pa3yroT HEPACTBOPUMBIC B BOJIE CYIb(UIBI, THIPOKCHIBI
M OCHOBHBIC COJIM. [HMIpOKCHA aMMOHHSA, KOTOPBIM MCIOJB3YETCA KakK TPYMNIIOBOMN
peaKkTuB, 00pa3yeT ¢ KaTHOHAMHU ISATOM TPYMIbI, SPKO OKpAIIeHHbIE OCHOBHBIC COJIH,
KOTOpPBIC, KpOME COJICH BUCMYTa, PaCTBOPHUMBI B M30BITKE amMMuaka. QOpasyromuecs mpu
3TOM KOMILUIEKCHBIE COJIM - aMMHAKAThI, TAK)KE UMEIOT XapaKTEPHYIO OKPACKY.

Katnonst Menu, kaaMusi W BHUCMYyTa, KpPOME TOro, OOpa3ylOT KOMILUICKCHBIE
COCIMHEHUA C IMaHWJAMU W HOoauWIaMu. B  peakuusix OKHUCICHUS-BOCCTAHOBICHUS
KaTUOHBI TMSATOW TPYINIbl BEAyT ce0s KaK OKHUCIUTEIM U BOCCTAHABIUBAIOTCA 10
CcBOOOIHBIX METAJIJIOB.

B BoaHBIX pacTBOpax MOUYTH BCE KATHOHBI MIATON TPYIIIHI OKPAIICHBHI.

Oxpacka pacTBOpPOB C0Jiell KATHOHOB NATOM AHAJIMTHYECCKOU IPYyNIIbI

Vion cu” Co™* Ni** Cd* Bi**
Oxkpacka

romybast |po3oBas |3eneHass  |OecuBeTHas | OecIiBeTHAsS
pacTBopa
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OOBEKTOM KaveCTBEHHOTO aHaiW3a Ha MPUCYTCTBHE KATHOHOB MeEIH, KOOabTa,
HUKEJS, KaAMHUSI ¥ BUCMYTa SIBISIOTCS YIOOPEHHMS, TIOYBBI, paCTEHUS, OMOJIOTUYECKHE
KHUJKOCTH, CEITBCKOXO3UCTBEHHOE CBIPhE, IPOJOBOJIBCTBEHHBIE MPOAYKTH. Mennb
BXOJUT B COCTaB yMOOpPEHUH W CEIbCKOXO3SUCTBEHHBIX OB, HAIPUMEP: MEIHOTO
Kyrnopoca, mnapmxckor 3eineHn CUu(CH3COO0),3Cu(AsO;);, OOpIOCCKOW KHUIKOCTH.
Menps HeoOXxoauMa T HOPMATbHOU JKU3HEACSITSIIbHOCTH PACTCHUIN M KUBOTHBIX, TaK
KaK BXOJIUT B COCTaB ()e€pPMEHTOB, BIUSET HA OCIKOBBIN U yrieBoAHbI 00MeH. Cynbdar
¥ KapOOHAT MEIIM MCIIOJL3YIOT B BETEPUHAPUN KaK aHTTCIIbMUHTHKA. Melb OTHECEeHa K
TOKCUYHBIM 3JieMeHTaM. l[IpemensHO mOmMycTHMOE CcoAepKaHWe MEAu B HEKOTOPBIX
MPOayKTax muTaHus npusBeaeHo B Tadymie N29. KobGansT BXoIuT B cocTaB BUTaMUHA
Bi1,. [loHmkeHHOE cofepKaHue ATOTO MUKPOIJIEMEHTa B IMOYBAX, PACTCHUAX, KOPMax H
MUIIEBBIX MPOAYKTaX OTPHIATEIIEHO CKAa3bIBAETCS HA POCTE CEIbCKOXO3SMCTBEHHBIX
KYJIBTYp, IPOTyKTUBHOCTH KUBOTHBIX M Pa3BUTHH YeJoBeKa. M30bITOUHOE CoMepKaHue
K0OanbTa, Kak ¥ MEJIU, M KQJIMHsI CYUTACTCS TOKCUIHBIM.

I'mruennyeckre HOPMATHUBBI COAECPKAHUSA MeAU M KAAMHUA B OCHOBHBIX
MPO0BOJILCTBEHHBIX IPOAYKTAX, (B MI/KT)

Msico Mooko Sina
Menb 5.0 1.0 3.0
Kanmnii 0.05 0.03 0.01

[llectas aHAAMTHYeCKas rpymna katuonos: Sn°*, Sn**, Sb**, Sb*, As®** As™*

O10BO, MBIIIBSK U CypbMa PACIIOIOKEHBI B 4-5 Tpynmnax NepruoIMYecKOrd CUCTEMBI U
00J1a1a10T HEMETAJUTMYECKUMH CBOWCTBaMH. B TO ke BpeMs MOJIOKEHUE ITUX DIIEMEHTOB
B 4-5 mepruoax TakXKe OTPaKAETCs Ha MX CBOMCTBAX M MO3BOJISICT B HEKOTOPBIX PEAKITASIX
JaBaTh COCAMHEHUS, XapaKTepHBIC I METAUIOB. B 9acTHOCTH, CypbMa, MBIIIBSIK, U
0JIOBO 00pa3yroT ampoTepHble THAPOKCHABL. B 11el04HON cpene 3TH TUIPOKCUJIBI
JTUCCOIIMUPYIOT ¢ 00pa30oBaHUEM aHHOHOB: A5033', AsO,, SbO43', SbO5*,Sn05>. B
KHCIO cpee 0bpasyroTes kaTHoHsl : As®', As™, Sn*, Sn**, Sb*", Sb>*. Pacteops! coei
ATUX KAaTHOHOB, 00pa30BaHHBIX CHUIBHBIMH KUCIIOTAMHU, UMEIOT KHCIIYIO PEAKIIHIO.

Mpemubsik /l1/, cypsma/lll/ u omnoso /IlI/ B menounoit cpene BemyT cebsi Kak
BoccTtaHoBUTe. Mpitbsik /V/, cypbma /V/ B KHCIOW cpele TpPOSBISIOT CBOHCTBa
OKHCJIUTEIICH.

XapakTepHOWl peakiMed HJisi KaTHOHOB 6 TPyNIbl SIBIsSETCS OOpa3oBaHHE
HEPACTBOPUMBIX B BOJAE CYIh(OUIIOB MPHU B3aMMOJICUCTBHH C CEPOBOAOPOJIOM B KHUCIIOU
cpene. Cynbpuasl KaTHOHOB 6 TPYIIIBI PacTBOPSIIOTCS B CynbpuIaX HATpHsl, Kausi,
aMMOHWUS1, 00pa3ys cynbdoconu (Trnoconun). Hampumep:

JAS;S3 + 3NaS =  2NazgASS;  THOMBINIBSIKOBCKUM HATPUM.
Cynbdhocomu 1o cBOEMYy COCTaBYy IMOJOOHBI KHCIOPOIOCOASPIKAIIAM KHCIOTaM TeX
K€ DJIEMEHTOB C TOH pa3HUIIEH, YTO POJb KHCIOpOJa 37eCh HUIpaeT JJIEMEHT, €My
AHAJIOTUYHBIN - cepa.
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Hcnonb3oBaHue cepoBOIOpOJa B KAdyeCTBE TIPYNIIOBOTO PEAKTHUBA COIPSKEHO C
MHOTOYHUCJIEHHBIMU TPYIHOCTSIMHU.

beccepoBoAOpOIHBIN METOJI Kau€CTBEHHOI'O aHaliM3a MPEAyCMAaTPUBAET OCAXKICHHE
KaTMOHOB 6 rpymmbl (0JIOBa M CypbMbl) €IKUMH Mienoyamu. [Ipu stom o0paszyroTcs
COCIMHEHMSI HEpPACTBOPUMBIE B BOJIE, O0JaJarolIle CIOCOOHOCTHIO PACTBOPSITHCS B
U30BITKE HIEI0YEH.

B BOJHBIX PacTBOpax cypbMa o6pasyer noust Sb>*, Sb>*, omoso Sn**, SN**, Mbmbsk -
As”", ( B xucioit cpene); apcerut non AsOz> u apcenar-noH AsO,” (B IIETOUHOI cpene).
Bce 3t nonsr OecuiBeTHbl. COEMHEHUST MBIIIBSIKA CUIBLHO SITOBUTHI. MBIIIBSIK BXOJIUT B
COCTaB CEIIbCKOXO3SIMCTBEHHBIX sioB: maprkckor 3ereHn Cu(CH3COO),3Cu(AsO,),,
apCceHUTa HATpHUsA, apPCEHUTA M apceHaTa Kajblus. Y JKUBOTHBIX U 4YEJIOBEKa MpHU
MOTAIaHAK  OOJIBIIMX JI03 MBIIIbSIKa BHYTPh HAOMIOMAIOTCS OCTPBIC OTPABIICHUSA,
COTIPOBOXKTAFOIINECS CHIIBHON O0JI€3HEHHOCTHIO OPTAHOB OPIOIIHON TOJIOCTH, KOJTUKAMH,
PBOTOM, MOHOCOM, CIIIOHOTEUEHHEM, OCIIa0JICHUEM CEepJCYHOU MEATEIBHOCTHU, PE3KUM
NaJIeHUEM KPOBSHOTO JABJICHHUS, TAPATUIOM.

B BETEPUHAPUM  COCIWMHEHUS  MBIIIbKAa  NPUMEHSIOT B KadyecTBe
MIPOTUBOIIAPAZUTAPHBIX CPEJICTB U BEIECTB, YIy4IIaronmx oOMeH (0capcoii, HOBapCEHOJI,
HATpPHS apCeHar).

[Ipo/10BOIBCTBEHHBIE MPOAYKTHI M CENBCKOXO3SUCTBEHHOE CBhIpbE  MOJJIEKAT
00s13aTeIbHOMY ~ aHallu3y Ha TMPUCYTCTBUE MbIbsika. [IpenenbHO JOMycTHMOE
coJiepKaHUE MBIIIbsIKA cocTaBisaeT: B Msace- 0.1 mr/kr, B mojoke- 0.05 mr/kr, B sitme - 0.1
MT/KT.

Bbuonorudeckast poiab CyppMbl W 0JIOBA BBISICHEHA HEJOCTAaTOYHO. B BeTepuHapuu
UCIOJIB3YIOT CyIbPuThl cypbMbl /I11/ 1 /V/ B kauecTBe O0TXapKHUBAIOLIUX CPENCTB, apCEHAT
0JIOBa KaK aHTI€JIbMUHTHK.
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Nekunsa Ne 6. AHanu3 aHUOHOB
AHMOHBI, 10 HanboJsiee pacIpOCTPAaHEHHON KIIACCU(PUKALINH, IEATCS Ha TPHU TPYIIIIHL
Takoe AeneHHe OCHOBAHO Ha PAa3jMYMSIX B PAacCTBOPUMOCTH OapUEBBIX M CEpeOpSHBIX

coueii. Kimaccudukarys aHHOHOB TIpe/ICTaBlIieHa B TaOJIHIIE.

Kaaccupukannss aHHOHOB HA AHAJIMTHYECKHE TPYIIIbI

No AHUOHBI I'pynmoBas xapakrepuctuka | ['pynmoBon [Tomy4daemsbie
PCAKTHUB COCANHCHUA
1 S04, S(2)32', S%ng', bapueBbie coau maiio [BaCl; 0.5 v/ pactBop| BaSO4], BaSO3|,
COs™, P04~ pacTBOpPUMBLI B BOJIE, HO, KpoMe| B HelTpanbHoi mwim | BaS;03], BaCOgz|,
cynbhara Oapus, pactBopuMbl B| crabomenoynoi | BaSiO3|,BaHPO04]
pa3baBIICHHbIX KHCIOTAX. cpeze. ocazky 6eroro 1sera
) ClI.Br.I. S* CepeOpsinbie coJn ne| AgNO3 0,1% AgCl| - 6emnprii,
Y pacTBOpMMBI B BOJE U B pacTBop B Agl| -6nenno-
pasbaBieHHO# a30THOM Kuciote. | mpucyrcrBud HNO; JKENTHIN,
AQBr| - xxenrtsii,
A0d,S | - 9epHBII
3 NOsz, NOy Couu X0poI10 pacCTBOPUMBI B BOJIE. _ _—

IlepBast aHaIUTHYECKAS IPYINIIA AHHOHOB:
S0,%, SO5*. S,05%, CO5%, Si0s™, PO,*

Bce anuonbl mepBoil rpymnmbsl oOpa3yroT coiu Oapusi, HEpAaCTBOPUMBIE B BOJIE, HO
pacTBOpUMbIC B pa30aBIEHHBIX KHUCIOTax ( 3a MCKIOUeHHEeM cyib(dara O6apus).lloatomy
TPYINIOBBIM PEAKTUBOM TEPBOM TPYMIbI SBISETCS XJIOpPUJ Oapus B HEUTPaTbHOM WU
cnabo mienoyHoM pactBope. CepeOpsiHble coiM, oOpa3dyemble aHHMOHaMu | rpymnmsl, B
OTJIMYME OT 2 TPYyMNIbl PACTBOPUMBI B pa30aBICHHBIX KUCIOTaX, a Cylbdar cepedpa axe B
BOJIe. DBOJIBIIMHCTBO COJIEM CEpPHOM KHUCIOTBHI XOpOILIO pacTBopseTrca B Boae. K
HEPACTBOPUMBIM OTHOCSTCA TOJIBKO CyJib(aThl Oapus, CTPOHLHUSA, KaJbLKsi, CBUHIIA.
Cynb(ut-uoH B pacTBOpe HEYCTOMYMB M IMOCTEIIEHHO OKUCISETCS N0 cyiabdar-uoHa. K
PacTBOPUMBIM THOCYJIb(aTaM OTHOCSTCS COJU IIEIOYHBIX METAJJIOB, CTPOHIIMS, IUHKA,
kanmusi. 3 cpeaHux cosiel yrobHOW KUCIOThI PACTBOPUMBI TOJBKO KapOOHATHI HATPUS,
kagmusi 1 amMmmMoHusa. Conu QochopHON KHUCIOTHI B OCHOBHOM B BOJI€ HEPAaCTBOPUMBI.
Uckmouenne  coctaBisitor  Qocdarsl  MIENOYHBIX  METAUIOB U aMMOHHUSA U
auruapodocdaThl  MET0YHO3eMENbHBIX MeTauioB. Bce Qocdarel pacTtBopsroTcs B
MUHEpAIbHBIX KHCJIOTaX, a MHOTHE (Kpome ¢dochaToB >Kele3a W aMMOHUS) TaKkKe B
YKCYCHOM kucnore. M3 cuiamkaTroB pacTBOPMMBI B BOJIE JIMIIb COJM IIEJIOYHBIX METAJIOB
METAKPEMHUEBOM KHUCIOTBI, KOTOPbIE HA3bIBAIOTCS ''PACTBOPUMBIMHU CTEKJIaMH'. BoaHbIE
PacTBOPBI ATUX COJIEH BCIIEICTBUE THAPOIN3a UMEIOT CUJIBLHO IIEOYHYIO peakiuio. YacThb
HEPACTBOPUMBIX CHJIMKATOB pa3jaraercsi MUHEPAJIbHBIMU KHUCJIOTaMU C OOpa3oBaHUEM
CBOOOJIHBIX KPEMHMEBBIX KUCIOT. Bce aHMOHBI EpBOI Ipymibl B pacTBOPax OECIIBETHBI.
OObeKTaMy KAaueCTBEHHOI'O aHaju3a Ha MPUCYTCTBUE AHWOHOB | TpyMNmbl SBISIOTCS
MIOYBBI, IPUPOAHBIE BOJIbI, PACTEHHUS, OMOJIOTMUECKUE KHUIKOCTH.
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Peakuuu aHNOHOB NepBOM rPyNnbI

PeakTuBnl AHUOHBI
SO,” SO5” S,05” COs” PO Si0s*
Brclz B iBaSO4 iB3803 iBaSZO3 iBaCOz iBaHPO4 iBaSlO:g
HeHTpaabHOU cpefe Genbrit Genbrit OenbIit OernpIid OernpIii
6a01::§$(ez:§eﬁ He PactBop. |PactBOpsier-| PactBop. | PactBopser- Pasnaraercs
p CHCI pacTBopsieTcs 180, cs1 S0,+S | 1C0, ca H,SiO;(rens)
AeNO 1Ag2S0, 1AQ:SOs3 | |Ag,S;03 | |AgCOs 1AgzP0, 1Ag,SiO3
gNVs OenbIit OebIit Oenblii Oenblii JKEITBIA JKENTBIN
Kucmorst _ 180, 1S0O,+S1 H,SiO; 6emnblit
Marnes3uajibHble IMgSiO;
cMecH {MgNH,PO, Genblii
MOHI/I6HeHOBaH l (N H4)2PO4 l,(N H4)zsi03.
JKUJIKOCTD *12Mo0O3*6H 12MoOz*6H
Oxuciauarenu _ O06ecuBeu | OOecuBey
Coay aMMOHUS H,SiOx(res)
SrCl, E— leSO3
OykcuH _ Oo6ecuB.

AHHMOHBI BTOpOii aHaimuTu4deckoii rpynnsl: ClI', Br, I, S 2

BonbmHCTBO coneld, 00pa3yeMbIX aHHOHAMU BTOPOU T'PYIIIIbI, pACTBOPUMBI B BOJIE.

HckmroueHne cocTaBisiloT coiu cepedpa, pTyTH U CBUHIA. ['pynmoBoil peakTuB Ha
BTOPYIO T'PYIIy aHUOHOB - HUTPAT cepedpa B MPUCYTCTBUHU a30THOM KUCJIOTHI, KOTOPBIH
o0Opa3yeT ¢ aHMOHaMU BTOPOM T'pYIIbI cepeOpsiHbIe COJIM, HE PACTBOPUMBIE B BOJE U, B
OTJIMYHE OT AaHMOHOB TMEpPBOW TPYMIbI, HE PACTBOPUMBIE B pa30aBIEHHON a30THOM
KHCJIOTE.

Xnopupn Oapusi, TpyNIoOBOM pPEaKTUB aHUOHOB MEPBOM TPYIIIbI, aHUOHBI BTOPOM
TpyIIIbl HE ocaxaaeT. Bce aHMOHBI BTOPOM Tpyniibl OECLBETHBI.

XJopua - HOHBI BCETAa MPUCYTCTBYIOT B IIOYBAaX M B IPUPOIHBIX Bogax. KonnuecTso
XJOPUI-UOHOB B TNHUTHEBOW BOAE HE HOJDKHO mpeBbimate 40Mr Ha | jutp. MHorume
XJIOPUBl UCTIONB3YIOTCA B Kaue€CTBE YJOOPEHUM: XJIOpUJ aMMOHHUS U Kajusl, CUJIbBUHUT

(KCI*NaCIl) xaunut (KCI*MgS04°3H,0). Xnopun Hatpusi (moBapeHHas COJb)
00s13aTeNIbHBIM KOMIIOHEHT pallMOHa 4YeJOBEeKa W JKUBOTHBIX, SIBISETCS AKTUBATOPOM
MHOTHX THUINEBAPUTENbHBIX (epMeHToB. ComnsHas KHUCIIOTa, CoOJAepXkamiascs B

KEITYJJOUHOM COKE MJICKOMUTAIONINX, y4acTBYeT B IPOIECCe TMEpeBApUBAHUS OCIIKOB,
akTuBHpys (QpepMmeHT mnencuH. Xijopunasl Oapus u pryta (ll) nmpumeHsroT Kak
CEJIbCKOXO03SIUCTBEHHBIE siAbl. MOUI-NOHBI COIEpKATCSI B MUTHEBOM BOJAE M MPOIYKTax
NUTAHUST W WCPalOT OTPOMHYIO POJIb B TMpoleccax >KU3HEAEATENbHOCTH. bombinoe
KOJIMYECTBO MOJAa HAKAIJIMBACTCAd B IIMTOBUIHON JKele3e, CEeKpeTupyroued ion-
CoJIepJKalllie TOPMOHBI. BpoMHIIBI ~ UCIONB3YIOTCS B MEIUIIMHE KaK  CpPEJCTBa,
YCIOKauBaIOIIME LIEHTPAJIbHYI0 HEpBHYIO cucTemy. CepoBojopoa o0Opasyercs mpu
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pazioKeHUH OeNKOBBIX coelrHeHUuW. OH OUYeHb SIIOBUT, €r0 BABIXAaHHE MOJKET BBI3BATh
MOTEPI0 CO3HAHUS W TMapaiuy JAbIXaTreabHoro 1eHTpa. I[loatomy Bce paboThl C
CEpPOBOJOPOAOM MPOBOJISATCS MO TATOM.

Peakuuu aHMOHOB BTOPOM I'PyNIbI

p AHHNOHBI
CaKTHUBbI N - N N
Cl Br | s°
AgBr|-
AgNOj3 B IpUCYTCTBUU ) . ) Agl] - .
HNO, AgCl| -Gemprii CBETIIO- sentuii AQ,S | gepHBIi
HKENTHIH
PactBopsiercs € PacTBOPSETCS
OTHomIeHNE coiu cepedpa K o0OpazoBaHHEM cp He He
HNO; [Ag(NHz),]ClI T T— pacTBopsieTcst pacTBopsieTcs
CuIbHBIC OKHUCITHTEITH
(K,Cr,07, KMNO,, MnO,) Clz1 Bra1 2| S
l, -
Xnopras Bona ( B Br; - 6ypas @HoniTOBa;{
MIPUCYTCTBUH OCH3071a) OKpacka okpacka
NaNO, unu KNO; _— —_— PY)
Pbl,| -
Pb(CH;COO0), )Kenilﬁ
Ags[Fe(CN);]|
K4[Fe(CN)g[+HNO3+AgNO; Oyporit
CdCO; CdS| - xxenThrii
dyKcUHCEpHUCTAsE KUCIOTa Cune-¢uoner.
Na,[Fe(CN)sNO] Nay[Fe(CN)sNO]
HZSO4 nin HCI — stT

AHUOHBI TpeTheil ananuTudeckoi rpynnbi: NOj, NO,

Conm aHHOHOB TPEThEH AHAIIMTUYECKOMN TPYIINbI, BKIIOYasi OapueBbIe U cepeOpsiHBIE,
XOpouIo pacTBOpuMEBI B Bojie. [[03TOMy rpynmnoBOoro peakTuBa Ha aHUOHBI 3TOW TPYIIIbI
HeT. JUIst OTKpBITUS HUTpPAT- U HUTPUT-UOHOB MNPHUMEHSIOT HE PEAKUUU OCAXKIACHUA, a
OKUCIIUTEIIbHO-BOCCTAHOBUTELHBIE PEAKIMKM, B KOTOPBIX ATH AHUOHBI BBICTYMAIOT KaK
aKTUBHBIE OKHUCIUTENH. HuTpaThl 00pa3yloTcsi B OOJIBIIOM KOJIWUYECTBE B MPUPOJE B
pe3ysibTare HUTpU(UKAIUU, T.C. Tpollecca OHMOJOTHYECKOro IpeBpalleHUs aMMHaKa B
OKHCJICHHBIC HEOPTaHUYECKUE COCAMHEHHUS. DTOT MPOIIECC MPOUCXOJUT B TTOYBE U BOJIC U
OCYIIIECTBIISIETCS OakTepusiMu - HUTpudukaropamu. I[IpoMeXyTOUHBIM MPOIYKTOM
XUMHUYECKUX PEAKIIUA OKUCIICHUS aMMHaKa SIBJISIOTCS HUTPUTHI, a KOHEYHBIM - HUTPATHI.
B pesynbrare 3TOro HHUTpAThl BCErJa COJAEpPXkKATCS B MPUPOAHBIX Bojax. IIpenenbHo
JOTTYCTUMOE COJIEpKaHUE HUTPATOB B MUTHEBOM Boje coctaBisieT 20 mr/n. CojepkaHue
HUTPUTOB B MUTHEBOUW BOjE BOOOIIE He nomyctuMo. OIHAKO B pe3yibTaTe MPUMEHEHUS
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OOJBIINX KOJUYECTB AMMOHHUUHBIX YJOOPEHUN MPOUCXOAUT HAKOIJIEHUE WM HUTPATOB U
HUTPUTOB B TOYBAaX, BOJAX M MPOAYKLIHMH pacTeHUeBoAcTBa. Kpome TOro, HUTpaThl
HIMPOKO HMCIOJIB3YIOTCS B KOHCEPBHOM M MsicorepepadaThiBatOIe MPOMBIIIIEHHOCTH B
KauecTBe JI00ABOK, COXPAHSIOMUX IIBET MPOAYKIMU. TOKCHUYeCKOe NEeCTBIUE HUTPATOB U
HUTPUTOB OOYCJIOBJIEHO OJIOKQION JKelle3a B JKEJEe30COAEpKaIIUX JbIXaTeIbHbIX
dbepMeHTax, YTO MPUBOAUT K OCTPOM TMIIOKCUU TKAHEH U MOXKET 3aKOHYUTHCS JIETAIBHO.
[ToaToMy oBomM, GPYKTHI, KOJOACKI, KOMTYCHOCTH, KOHCEPBHI MSCHBIC U TUIOJAOOBOIIHBIC
MOJIIeXkKAT 00s3aTSIIBHOMY aHAIM3Y Ha COACp)KaHNE HUTPATOB U HUTPUTOB.

Peakuum aHMOHOB 3 rpynnbl

PeakTuBbl AHUOH!
NOs~ NO*
FeSO,4 B kucoi [Fe(NO)SO4] 6ypoe Kombiro [Fe(NO)SO,] 6ypoe
cpene KOJIBIIO
Judennnamun Cunee okpar. p-pa Cunee okpari. p-pa
Antnmpis HutpoaHTHIIHPHUH: APKO-KPACHBIH HHTpo3oaHT1:1anHH: SIPKO-
pacTBop. 3€JICHBI PacTBOP
Cu+ H,SO, NO, 6yp]:-lﬁ
H,SO4,HCI pasbaBnentbie —_— NO,10ypsrit
KJ + H,SO, e J;
KMnO,4 + H,SO4 —_— Ob6eclBeunBaHue
p-I'pucca e Kpachoe okpamnBanue
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Nekuus Ne7. KonuyecTBeHHbIN aHaNus.
TutpnmeTpuyecknm meton

HaszBanue ,,ruTpumMerpuueckue” CBS3aHO CO CJIOBOM TUTP, OO0O03HAYAIOIIUM
KOHIICHTpAIIMI0O pacTBopa (Macca BemiectBa B 1 oM’ pactBopa). Panee Ooee
pacrpocTpaHeHHbIM OBLJIO Ha3BaHHE 00bEMHBIE METO/IbI aHau3a. Ceityac 1moj; 00bEMHBIM
aHAJIN30M TTOHUMAIOT COBOKYIHOCTH METOJIOB aHajM3a, OCHOBAaHHBIX HA HW3MEPECHHUU
o0bema KUAKOH, Ta30BOM WUJTK TBEPI0H (has.

1. Onpenesienue u Kiaccu(pukanusa MeTOA0B 00bEMHOT0 aHAJIN3A

Turpumerpuyeckuii (00bEMHBII) MeTOJ aHalM3a OCHOBAaH Ha perucTpanuv o0ObEéMa
peareHTa, pacxoAyeMOro Ha pPEaKIUI0 C OINpelaeIsieMbIM
BEILIECTBOM.
TutpumeTpuyeckue METOJbl aHaIU3a MOAPA3ACISAIOT 10 TUILY PEaKLUH, JISKAIIEH B
OCHOBE METO/Ia Ha YEThIpe OOJIBIIINE TPYIIIIHI.

1. Ilpomonumomempus
MeTobl KUCIIOTHO-OCHOBHOTO TUTPOBAHMSI OCHOBAHbI Ha IPOTOJIMTUYECKON PEaAKIINU
B BOJIHOM pacTBOpE:
HSO+ + OH « 2H,0
B cooTBeTcTBUM C npUpoa0Oi TUTpaHTa (peareHTa) METObl MPOTOJIUTOMETPUN JEISAT
Ha:
® AlUJOMETPHUIO (TUTPAHT KUCIIOTA);
® AJKATUMETPUIO (TUTPAHT IIEIO0Yb).
Hampumep, onpezenenne TUTpa pacTBOpa COJSHOM KHUCIOTHI, pacCTBOpa THAPOKCHIA
KaJlvs, TATPYEMON KUCITOTHOCTH MOJIOKA, OTIpe/ieNieHne KUCIOTHOCTHU XJjie0a U T.1I.

2. Peooxkcomempusn

MeToabl OKHCIMTEIBHO-BOCCTAHOBUTEILHOIO THTPOBAHUS OCHOBAHBI HA PEAKIIMSX,
NPOTEKAIOIINX C M3MEHEHHUEM CTCIEHEH OKHCIIEHUSI peardpyrolMX BEMICCTB. BerecTBo
MOJET CYIIeCTBOBaTh B NBYX (popmax - okucinennoir (OX) m BoccranosieHHou (Red),
KOTOPBIC  00pa3yloT compsidiceHHylo pedokc — napy. B pacTBope MpOTEKacT
OKHMCITUTEIHHO-BOCCTAHOBUTEIbHAS PEAKITHUS:

Ox; + Red2 > Red1 + OX,,
Ox; +e — Red; |Boccra"oBieHue
Red,- e — OX, | okucienue

MeToapl pe1oKCOMETPUH KIAaCCU(PUIIUPYIOT B 3aBUCUMOCTH OT Ha3BAHUS TUTPAHTA:
e [lepmanranaromerpus (tutpanT KMnOy);

HNonometpus (TutpanT Jo, Na,S,03);

Juxpomaromerpus (tutpant K,Cr,05);

Bpomatometpus (tutpant KBrOj3);

Ackopounometpus (TutpadT BUT.C).
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Hanpumep, omnpenenenune coxaepxkanusi kenesa (Il u |ll) B mutheBoit Boje,
OCTaTOYHOTO XJIOpa B Bojie, BUTaMuHa C B (DPYKTOBBIX COKaX H T.JI.

3. Komnnexconomempus

Merton aHanu3a OCHOBaH Ha B3aUMOJCHCTBHMM HMOHOB META/UIOB C MOHO- WJIH
MOJIMICHTAHTHBIMU JIUTaHAaM1 ¢ 00pa30BaHUEM KOMILUICKCHBIX COCTUHECHU.

K mpobe noGaBnstor mHaukatop. PacTBop mpmoOpeTraeT BUHHO-KPACHYIO OKPAacKy
BCJIEJICTBUE 00pa30BaHUs KOMIUJIEKCA METaIa C UHANKATOPOM:

Me?* + HInd* « [Me Hind ] + H*
Cunnii  BuHHO-KpacHBI

OkpallleHHBI pacTBOpP TUTPYIOT pacTBOpoM komiuiekcona || (HY®). Kommekc
MeTajula € HWHIUKATOPOM pa3pyllaeTcs BCIEICTBHE OO0pa3oBaHUs KOMILIEKCOHATA
Metauia. Okpacka pacTBOpa CTAHOBUTCS CHHUM Ojarojapsi BBIJCJICHHUIO WHIUKATOpa B
CBOOOJTHOM BHUJIE, HATIPUMED:

[Me HInd ] + HY®* & [MeY]* + Hind*
BuHHO-KpacHbI Cunuii

Hanpumep, onpeneneHue KECTKOCTH BOABI, COAECPKAHUSA KAJIbLUSA W MarHus B
Pa3NIMYHBIX CpEAax.

4. Ocaoumenvnuwlii ananus (ceoumempusi)
Meron aHanu3a OCHOBaH Ha PEAKIUAX OCAKICHUS OIMPEACIIEeMOr0 KOMIIOHEHTA
poOk1. CoriacHO BHJIa TUTPAHTA PA3IMYAIOT CIICAYIONNE METOIbI:

Aprenrometpus (tutpant AgNO3);
Ponanomertpus (tutpant NH;SCN - poganua ammonus);
Mepkypomerpus (turpant HQ,Cly);
Cynbdaromerpus (Turpant H,SOy).

Hamnpumep, onpenenenne XJI0puaoB B KOJIOACHBIX U3JICTHUSX.

2. OCHOBHBIE MOJIOKEHUSA TUTPUMETPHH

IIpuHIMI TUTPUMETPUUECKOTO aHAIH3A!
TUTPUMETPUUECKHME METOAbl  aHallM3a  OCHOBAHBI Ha
perucTpalMi Macchbl peareHTa, pacXOAyeMOIro Ha PEAKIUIO

C onpCACIsIEMBIM BCIICCTBOM.

B ocHoBe IIPOBCACHUA 00BEMHOI0 aHAJIN3A JIEXKUT 3AKOH IK6UBAICHMOB.

39



XUMHUYCCKUE OJEMCHTHEI MW HX COCAMHCHHA BCTYIIAIOT B
XUMHUECKHE peakuuud APyr ¢ JIPYroM B CTPOIO
OIpCACICHHBIX MAaCCOBBIX KOJIMYCCTBAX, COOTBETCTBYIOIIUX HUX
XUMHUYCCKHUM 3KBUBAJICHTAM:

ms D

m; 3,

PeareHT (TUTpaHT) TOOABISIIOT K aHAIM3UPYEMOMY PacTBOPY JUMOO B TBEPAOM BHUJE
(mopomrok, TabneTku, Oymara, MpONMUTAaHHAS pEareHToM), JIMOO dYalie BCEr0 B BHUIE
pacTBOpa C TOYHO H3BECTHOM KOHLEHTpalueil peareHTta. MOXXHO H3MEpATh Maccy
U3pacX0/J0BaHHOTO TUTPAHTA, B3BEIIMBAas COCYJ C MCCIEAYEMBIM PacTBOPOM U J00aB-
JSIeMBIM peareHTOM (IpaBUMETPHUECKOE TUTPOBAHHE), WIK 00BEM THUTPAHTA, MOIIEIIIHI
Ha TUTpoBaHue. B mocneaHem ciydae Maccy TUTpaHTa BBIpAXaloT 4epe3 ero o0beM 1o
bopmynam:

m=TV u T=C,2/1000,

rae T— THTp pacTBOpa THTPAaHTa, I/CM’;
V— 06beM pacTBOpa TUTPAHTA, CM';
C, — HOpMasTbHAsI KOHIICHTPAIIHSI paCTBOpa TUTPAHTA, MOJIb/IIM ;
D — SKBUBAJICHT TUTPAHTA, T/MOJIb.

Tutpant A00aBISIOT K TOYHO OTMEPEHHOMY OOBEMY aHAIM3UPYEMOTO PacTBOpA
HeOompIuMuy TTopumsiMu. [lociie noGaBIeHNs KakK10i HOBOM MOPITMH TUTPAHTA B CHCTEME,
OTIMCHIBAEMOM YpaBHEHUEM XHMHYECKOW pEaKIWH, YCTaHABIWBACTCS pPaBHOBECHE,
HaIpuMep:

nA + mB < A,B,
rae A — aHaIU3UpPyeMOE BEIIECTBO;
B — Turpanr;
N, M — crexuoMeTpudeckue Kod(PPUIIUeHTHI.

[lo mMepe mnpoTekaHwsi peaklUd PABHOBECHBIC KOHIIGHTPAIMU OIPEACIIIEMOTrO
BEI[ECTBA U TUTPAHTA YMEHBIIAIOTCS, @ PABHOBECHBIE KOHIICHTPAIIMH MPOIYKTOB PEAKIIUN
yBenuuuBatorca. Korma OyaeT M3pacxo/I0BaHO KOJMYECTBO TUTPaHTa, HKBUBAJICHTHOE
KOJIMYECTBY THUTPYEMOTO BEIIECTBA, PEAKIUs 3aKOHYHTCSI. DTOT MOMEHT Ha3bIBAeTCS
MOYKOU IKEUBALEHMHOCMU, KOTOPAs OTMMCHIBACTCS COOTHOIICHUEM:

H,V1=H,V,

B Touke 3KBHBaJICHTHOCTH TPOM3BEICHNE HOPMAIBHOCTH IEPBOTO PACTBOpPA HA €T0
00BEM paBeH NTPOM3BEIECHUI0O HOPMAIBHOCTH BTOPOTO pacTBOpa Ha ero oOwném. Ha
MpakTUKe (DUKCUPYIOT mMOuUKY KOHYa peakyuu, KOTOpas C KaKOH-TO CTENEHBIO
MPUOJMKEHUSI COOTBETCTBYET TOUKE SKBUBAJIGHTHOCTH. B XMMHMUECKMX METOJax aHaIm3a
ee (UKCUPYIOT BU3YaJbHO 10 3aMETHOMY aHAIUTUYECKOMY OJ(hdexTy (M3MEHEHHIO
OKpacKd pacTBOpa, BBHIMAJACHHUIO OCAJKa), BBI3BIBAEMOMY KaKUM-JIHOO W3 HCXOJHBIX
COCIMHEHHM, TTPOYKTOB PEAKIMU WJIM CIECIHAIBHO BBEJICHHBIX B CHCTEMY BEIIECTB —
WHIUKATOPOB. B (pU3MKO-XMMHUYECKHX METOMaX aHajdn3a KOHEYHYIO TOUKY ONpPENesIOT
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0 pPe3KOMYy HM3MEHEHHMIO u3MepseMoro Quinueckoro mapamerpa — pH, morenuumana,
AIEKTPUUECKOU MPOBOJIUMOCTH U T. 1.

[IpeumyiiecTBa TUTPUMETPUUECKUX METOJOB aHajiu3a: ObICTPOTA OMpEAeSiCHUs U
IPOCTOTa HCIOJIb3yeMOro OOOpYyAOBaHMsS, YTO OCOOEHHO YyJIOOHO MpU TPOBEICHUU
CepHHHBIX aHAMM30B. 1I0pOr 4yBCTBHTEIBHOCTH JTHX METOI0B mopsaka 107 moms/mm’,
i 0,10%; npaBuibHOCTE ~0,5% (0TH.). OTU UKUQPBI 3aBUCIT OT YUYBCTBUTEIBHOCTHU
MPUMEHSIEMbIX UHANKATOPOB U KOHIICHTPAIIMU PEarupyroinx pacTBOPOB.

3. CrangapTHbie pacTBOPHI

[Ipouecc m00Oro M3MEpeHHs 3aKIIOYaeTCs B CPAaBHEHHWHM BBIOPAHHOIO Iapamerpa
00BEKTa ¢ aHAJOTUYHBIM TApaMETPOM JITalOHA. B THUTPUMETPHUYECKHX aHaM3ax
ATAJOHAMHU CJIYXaT pPacTBOPhl C TOYHO M3BECTHOM KOHIEHTpAlMUEl (TUTPOM,
HOPMAaJILHOCTBIO). Takue pacTBOPBI HA3BIBAIOT cmandapmHuviMu (TATpOBaHHBIMK). X
MO>XHO MPUTOTOBUTH HECKOJBKHUMHU crocobamu: 1) Mo TOYHOW HaABECKE HCXOJIHOTO
BEIIECTBA; 2) MO NpUOIU3UTEITHLHONM HaBECKE C TOCIEAYIOIIMM OIpenesicHueM
KOHIIEHTpAI[MU 0 MEPBUYHOMY CTaHAApTy; 3) pa3OaBlieHUEM 3apaHee MPUTOTOBIEHHOTO
pacTBOpa ¢ U3BECTHOM KOHIEHTpaluei; 4) u3 pukcanana.
PaccMmoTpum ciocoObl MPUTOTOBICHUS CTAaHAAPTHBIX PACTBOPOB.
1) Ilpucomosnenue mumposanHo2o pacmeopa no MoOYHOU HABECKe CMAHOAPMHO2O
sewyecmsa. PacCUnMTHIBAIOT MacCy HABECKH CTAHAAPTHOTO BEIIECTBA, HEOOXOIUMYIO IS
MPUTOTOBJICHUS PACTBOPA 3aJaHHOMN KOHIICHTpAIlMU B 3alaHHOM 00beMe pacTBopa. Maccy
HABECKM BEIIECTBA, B3ATYyHD Ha aHAIMTUYECKMX Becax ¢ TouHOocThio 00,0002
KOJIMYECTBEHHO (TIOJIHOCTHIO) TMEPEHOCIT B MEPHYIO KOJIOY 3aJaHHOW BMECTHUMOCTH,
PacTBOPAIOT B HEOOIBIIIOM 00BEME BOJIBI, JOBOJSIT 10 METKU JUCTUITUPOBAHHON BOOM.
B nepBom crnoco0e B KadyecTBE HCXOJHBIX BEIIECTB MOXKHO IMPUMEHSTH TOJIBKO
XUMHUYECKU YHCThIE YCTOWYMBBIE COEAUHEHHUS, TOUHO MU3BECTHOTO COCTAaBAa, OTBEYAIOIINE
CJIEYIOIUM TPEOOBAHUSIM:
1.  CopepxkaHue OCHOBHOTO BEIIECTBA B CTaHIAPTE JOKHO OBITh M3BECTHO C
TouHOCTHIO 110 0,1% wu coctaBisaTh 99,8—99,9%. IlpeanourutensHo ero 100%-
Has YUCToTa (MApKUPOBKA X.4.d. WM X.4.).

2. YCTOMYMBOCTP Ha BO3AyX€, pAacCTBOPHI CTaHJIAapTa HE JOJKHBI U3MEHATH
TUTpA MPU XPAHEHUHU.

3. bonbmas MonekyiasipHas Macca, 4YTOOBI OIIMOKM  B3BEIIMBAHUS  ObUIM
CBEJICHbl K MUHUMYMY.

4. Xopomiasi pacTBOPUMOCTh, OBICTpasi peaxkuus ¢ pacTBOPOM  BEIIECTBA,
KOHIICHTPAIUIO KOTOPOTO OMPEACIISIOT.

5. DKBUBaJIEHTHAs TOUKA JI0JHKHA OMPEAEIATHCS TOYHO U YETKO.

CoenuHeHus, yIOBIETBOPSIONIUE ITUM TPEOOBAHMSIM, HA3BIBAIOT CMIAHOAPMHBIMU
UCXOOHLIMU Bewjecmeamy WIA HOPMAJISIMU JUIsl YCTAHOBKH THUTpa JAPYTHX pabodmx
pactBopoB. IIpumepnl cTaHmapTHBIX BemiecTB: maBeneBas kuciora (H,C,0402H,0),
terpabopar Hatpus (Na,B,0;°10H,0), xapbonar natpus (Na,COs), xmopua HaTpus
(NaCl).

41



3adaua: Paccumtaiite MacCy HaBEeCKH I MPUTOTOBIEHHUS JCIMHOPMAIHLHOTO
pactBopa 250,0 ma maBeseBoi kuciaotsl (HyCy0402H,0).

Pacuém: 1. Paccuuraem Maccy HaBeckH 1o popmyine: M= CH.*D*V
2. Halizem 5KBUBaJICHTHYIO MacCy IIaBEJIEBOUM KUCIOTHI 1O (hopmyJie:

D = MH,C,042H,0 /NH* = 126/2=63 r/mob;
3. Beruucinum Macey kucinotel: M =0,1963+0,25=1,5750 r

2) [Ipucomosnenue pabouezo pacmeopa no HEemMoYHOU Hagecke
(KOH, NaOH, Nay;S;03). IIpu 3TOM HET HEOOXOJWMOCTH OTOMPATh TOYHYIO HABECKY
BEI[ECTBA, TaK KaK IMPHU BCEH TIMATEIHLHOCTH B3BEIIMBAHUS W3 TAaKUX BEIIECTB HENB3S
MOJIYYUTh PACTBOP C TOYHOM KOHIEeHTpanued. [losromy juisi MpUTOTOBJICHUS pabouux
pPacTBOPOB HAaBECKY B3BEIIMBAIOT HA TEXHUYECKUX Becax U MPUMEHSIOT HETOYHYIO
MEpHYIO MOCYy. st CTaHAapTU3AIUU pabouero pacTBopa ero
TUTPYIOT JPYTUM CTaHAAPTHBIM PACTBOPOM.

PacTBOpBI, TUTP KOTOPBIX HAXOJAT HE MO TOYHOM HaBECKE, a YCTaHABIMBAIOT IO TOMY
WIM WHOMY CTaHJAApPTHOMY BEIIECTBY, HAa3bIBAIOT CHMIAHOAPMUIUPOBAHHLIMU —WIIA
pacTBOpaMu ¢ YCMAHOBNIEHHBIM MUMPOM.

Tak, HOPMambHOCTH pacTBOpa THUAPOKCHAA HATPUS ¥ IIepMaHTaHaTa HATpHUs
YCTaHABJIMBAIOT TI0 CTAaHJAAPTHOMY pPAcTBOPY IIABEICBOW KHUCIOTHI, a HOPMAILHOCTH
COJISTHOW KHCIIOTHI - TI0O HCXOTHOMY PacTBOPY TeTpabopaTta HaTpHsl.

3aoaua: Onpenenute HOpMaTLHOCTL pacTBopa KMnQO,, ecitut Ha TuTpoBanue 10,0 M

ero pactBopa Obu10 M3pacxomoBano 12,5 mn 0,1 H. pacTBOpa IIaBeNeBOM
KHCJIOTHI.

Pewenue:

st ompenenenuss HopManbHOCTH pacTBopa KMnO, mo wuroram THUTpOBaHUS
UCIIOJIb3yEeM YpaBHEHUE TUTPOBAHUS:

H1V1:H2V2
H «mno.= 12,5 - 0,1/ 10,0 = 0,1250 mons/1

3) IIpucomosnenue paboueco pacmeopa paszbaenenuem bonee
konyenmpuposannozo pacmsopa (HCI, H;SO4, HNO3).

3aoaua: Heobxomumo mnpuroroButh 500 M pacTBOpa THAPOKCHUIA HATPUSA C
MOJISIPHOM KOHIeHTpauuend skBuBajieHTa 0,1 H. U3 pacTBOpa wHIENOYU C
MaccoBou gonen 13,28%, ninotHocTeio p=1,145 r/em’.
Pewenue:
1. Paccunraem maccy (r) NaOH B 500 M1 pacTBopa npu HOPMaJIBHOW KOHIIEHTPAIHH
0,1 1. mo dpopmyse:
M=CH.*D+*V m=0,1+40-0,5=20r
2. Beruucoum maccy pactBopa NaOH ¢ maccoBoit gomeit  13,28%, B koTtopom
conepxkurcs 2,0 T NaOH u3 nponopiiuu:

42



13.28r NaOH coxpepxurcs B 100 r pacTtBOpa
20r NaOH » » » Xr pacTBOpa

m=2+100/1328=15,1r

3. C y4€TOM IUTOTHOCTU PacTBOpPA PACCUUTAEM €T0 00BEM:
V=m/p
V=151/1,145=13,2 M.

Omeem:

MepHoit  nuneTkod otTOuparor 13,2 wmn KOHLIEHTPUPOBAHHOTO PacTBOpa
1IEJI0YHU, NIEPEHOCAT B MEPHYIO K00y Ha 500 mi1 1 pa30aBisiOT TUCTUILIMPOBAHHON
BOJIOM 10 TpeOyemMoro oobEma.

3aoaua: Hyxuo npuroroButsh 0,02 H. pactBop cepHoil kuciotel 500 ma u3 0,1 H.
pacTBOpa KUCIOTHI.

Pewenue:
1-#1 cioco6
1. Onpenennm maccy ceproit kucnotsl B 0,02 H. pactBope 500 mut.
m = CH.*D*V

m = 0,02+49+0,5 = 0,49 1.
2.BbryuciauM 00bEM UCXOIHOTO PacTBOpPa CEPHOM KHUCIIOTHI, B KOTOPOM COJIEPIKUTCS
0,49 r KMCIIOTHI.
V=m/Chu.- 2=0,49/49+0,1 =0,1 n
Omeem:
Jns nmpurotoBneHus pactopa HyxkHO 100 mn 0,1 H. pacTBOpa cepHON KHCIOTHI
nepeHecTy B MepHyto koy0y Ha 500 Ma ¥ pa30aBUTh AUCTHIIUPOBAHHOW BOJIOM

710 METKH.
2-11 cnoco0
OnpenenuM 00bEM UCXOTHOTO PacTBOpa Mo GopMyIie:
01V1 =cV,;
V= C]_V]_/ C
V=0,02+05/0,1=0,1n
YcranoBieHue TUTPOB pPacTBOPOB — cmMaHOapmu3ayusi —  MOXKET ObITh

OCYIIECTBIICHO TPaBUMETPUYECKUM U 0OOBEMHBIM MeTo/laMu. B mocieanem mertone TUTP
yCTaHaBJIMBAETCA ObICTpee, TO3TOMY OH B OCHOBHOM M HCIOJB3yeTCs. TOUHYIO HAaBECKY
MEPBUYHOIO CTaHJapTa (METOJ OTAEIbHBIX HABECOK) WJIM PACTBOP MEPBUYHOIO CTaHIapTa
(MeTon NUNETUPOBAHUS) THUTPYIOT CTaHIAPTU3UPYEMBIM pacTBOpoM. [IpaBUiIbHOCTH
YCTAHOBKHU TUTpPa MPOBEPSIOT BHIUUCICHUEM CUCTEMATUYECKON OIIMOKY YCTAaHOBKHU TUTpA.

4)IIpucomoenenue mumpo8anHo2o pacmeopa u3 puKcanaa.

Qukcanan - 3anasHHAs AMITyJIa, B KOTOPOW HAXOAUTCS TOYHO M3BECTHOE KOJIMYECTBO
BelecTBa win pacteopa (0,1 MoJib 3KB).
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Conepxxumoe ammysbl KOJMYECTBEHHO TNEPEBOIAT B MEPHYIO KOJIOY 3alaHHOIO
o0bema, pa3OuBas aMITyly O BJIOKEHHBIH B BOPOHKY OO€K, BTOPBHIM OOMKOM pa30MBAIOT
BEpXHee yriayOJeHue ammyJsbl, C MOMOIIbIO MPOMBIBAIIKK YEpe3 OTBEPCTHE TILIATEIHHO
MPOMBIBAIOT aMIlyity. /[ MpOMBIBKM PEKOMEHJIYETCSl HE MEHee, YeM O-KpaTHbI 00beM
BOABbl (MO0 CPAaBHEHHIO C BMECTHUMOCTHIO amilyisbl). PacTBop [0BOAST 40 METKHU
JTUCTUJUIMPOBAHHOW BOJIOM M mepememuBaioT. M3 ¢ukcaHaia roTOBIT Kak CTaHJIapTHBIE,
Tak U pabo4yre pacTBOPHI. ITO OBICTPBIA U TOCTATOYHO TOUHBIM CIOCOO MPUTOTOBICHUS
TUTPOBAHHBIX PACTBOPOB.

JUis ~ KaXJIoro - TUTPUMETPUYECKOTO  MeToja  pa3pabOTaHbl  METOIUKHU
CTaHJapTH3aI[MM TMPUMEHSEMBbIX THUTPAHTOB, JAIOTCA PEKOMEHAALMUA IO BBIOOPY
NEPBUYHBIX CTaHAAPTOB. HeoOXOAMMO TOMHHTH, YTO XapaKTEPUCTHUKHA CTaHIAPTHBIX
pPacTBOPOB JOJDKHBI OBITH ONpEAENeHbl C HEOOXOIUMOM TOYHOCTHIO. TUTP, MOJIAPHOCTD U
HOPMAJIBHOCTh OMPEACNIAIOT 0 YETBEpTOM 3Havamied mudpbl, HE CUUTas HyJIeW mocie
3ansaTol (Hampumep, Tnaon = 0,004014 r/em® ; Ckmnos = 0,04995 H.).

3a0aua: Beraucmute 006éM 0,02 H. pactBopa HCI, KOTOpPBIif MOXHO MIPUTOTOBHUTH M3
¢ukcanana (0,1 MOJIb-3KB).

Pewenue:
1-i1 cnoco0
OnpenenuM cTeneHb pa3z0aBlIeHUs, ISl 3TOr0 UCXOJHYIO KOHIIEHTPAIUIO JEIUM Ha
HMCKOMYIO:

0,1/0,02=5
Omeem:
Jnst mpurorosnenust 0,02 H. pactBopa HCIl HeoOxoaumo ¢ukcaHal KOJIMYECTBEHHO
IEPEHECTH B MEPHYIO KOJIOY Ha 5 TUTPOB U 00BEM pacTBOpaA TOBECTH IUCT. BOJIOH 110
METKH.

2-11 cnoco0
OmnpenenuM 00b€M  pacTBOpa Mo GpopMyIie:

C]_V]_ =cV,;

V= C]_V]_/C
V=0,11/0,02=5n
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Nekumnsa Ne 8. OcHOBHbIe onepaum o6 LEMHOro aHanusa

Peakiusi, mMOJOXEHHAasT B OCHOBY THUTPUMETPUUYECKOTO OMNpENETICHUs, J0JKHA
YIOBJIETBOPSATH CIEAYIOUIUM TPEOOBAHUSIM:
® KOJUYECTBEHHOE MPOTEKAHUE CIIEBA HAIIPaBO (MpaKTHUECKass HEOOPaATUMOCTh);
CTEXUOMETPUYHOCTH (OTCYTCTBUE MOOOUYHBIX PEAKIUNA);
BBICOKasi CKOPOCTb;
BO3MOXHOCTh TOYHOTO OIPEACIICHUs] KOHIICHTPALIUU PaCTBOpa TUTPAHTA,

BO3MOKHOCTh BHU3YaJbHOW WJIM HWHCTPYMEHTAJIBHOM WHIWKALIMM KOHEYHOU
TOYKU TUTPOBAHUA.

1. TurpoBanue

I[IpuHOMN THTPOBAHUA: K PAacTBOPYy  aHAJIM3UPYEMOrO0  BEIIECTBA  HEWU3BECTHOM
KOHIIEHTparuu (1mpobe) T00aBISIIOT PacCTBOP PEarupyroliero ¢
HUM BEIEeCTBa M3BECTHOM KOHIIEHTpAIUU (THTpaHTa) JO TeX
mop, TMOKa He OyaeT TMOoJy4eH CHUTHajl HHAMKaTopa,
CBHJICTEJIbCTBYIOIIUNA O MPEKpaICHUNU PEaKIHu (JIOCTHKEHUH
KOHEYHOUW TOYKU TUTPOBAHMS).

Cnenyer pas3iMyaTh OKCIEPUMEHTAIBHO HAOMIOAAEMYI0 KOHEYHYK) TOYKY
TUTPOBAHUSI ¥  HMCTHUHHYK) TOYKY JKBHMBAJIEHTHOCTH, COOTBETCTBYIOIIYIO
CTEXHMOMETPUYECKUM COOTHOIIEHHUSAM PEarupyrollux BellecTB. B naeansHOM ciydae o0e
TOYKH COBIAJAIOT, OJHAKO Ha TPAKTHUKE MEXAY HHMH CYIIECTBYET pPa3Inyue
(morpemHOCTh  TUTpOBaHUs). Jlinst OONBIIMHCTBA THTPUMETPUYECKUX OIPEICICHHUN
JOMyCTHUMA MorpenrHocTs He Oosee +0,1%.

C ToukM 3peHHs crmoco0a OCYIIECTBICHUS PAa3IHYalOT CJCAYIONIUE BHUIbI
TUTPOBAHUN:

e [Ipsamoe TuTpoBaHme: npoOy TUTPYIOT PACTBOPOM TUTPAHTA.

o luBepcHOe THUTpPOBaHMeE: ONPEICICHHOE KOJMYECTBO TUTPAHTA THUTPYIOT
pPacTBOPOM MPOOBI 10 JOCTUKEHHS TOUKH SKBUBAJICHTHOCTH.

e (OOpaTrHOoe TUTPOBaHWE: TUTPAHT JOOABIAIOT K MNpoOe B u3bbimke U 3aTEM
OTTUTPOBBIBAIOT HE MPOPEArupPOBABIINIA TUTPAHT.

e 3amecTHTEJbHOE TUTPOBAHHUE: K TPOOE 100aBIISAIOT HE CaM TUTPAHT, a KAKOM-
160 BCIIOMOTaTEIbHBIN peareHr, B3aMMOJEHCTBYIOIINI c
ONpeaensieMblM BEUIECTBOM M JAIOIIMKA  DKBHBAJIEHTHOE  KOJMYECTBO
MPOAYKTAa PEAKIINH; MOCICTHUI OTTUTPOBBIBAIOT.

e KocBenHoe TUTPOBAaHUE: aHaIM3UpyeMoe BEILECTBO
MpPEABAPUTENILHO  MEPEeBOAAT B  JPYroe  COEAUHEHHE, KOTOpoe U
OTTUTPOBBIBAIOT, MO pe3yJbTaTaM TUTPOBAHUS 3TOTO COCIMHEHUS

PaCCUUTBIBAIOT KOJIHMYCCTBO OIIPCACIIACMOI'O BCIICCTBA.
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2. KpusBble u nuarpamMMbl THTPOBAHUSA

XoA peakuuu TUTPOBAHMUS MOXKET ObITh H300pakeH rpaduyeckod MOJEIbIO,
HA3bIBAEMOW KpPUBOW TUTPOBAHUS, OTpPAXKaIOIIEH 3aBUCUMOCTh MEXIY KOHIICHTpaluen
KOMIIOHEHTOB Y KaKHUM-TUOO CBOMCTBOM CHCTEMBbI C THUTPYEMBIM BELIECTBOM —
tutpanToM. [lo Mepe no0aBlieHHS THUTpaHTa B CHUCTEME MPOUCXOJUT H3MEHEHHUE
KOJIMYECTBEHHOTO COOTHOIIEHUSI UCXOAHBIX BEIIECTB U MPOIYKTOB PEAKIIMU U BCIIECICTBUE
ATOTO U3MEHEHUE CBOWCTBA CUCTEMBI. B TUTpUMeTpun CTpOST Jorapu(MUIECKIe KPUBBIC
B KOOPJMHATAX «JIOTapu(M CBOMCTBA - KOHIIEHTparus». [lo ocu abcmuice OTKIIaabIBaIOT
1160 006éM, 1100 % M00aBICHHOTO TUTPAaHTA, TUOO CTEIICHD OTTI/ITPOBI)IBaHI/IH*; 110 OCH
OpPJANHAT — CBOWCTBO CHCTEMBI

T= CTVT/ C()VO

[IpakTHueckoe 3HAYE€HHWE JUIsI aHAIM3a HMEET 00JIacThb KpPUBOW TUTPOBAHMS,
Ha3bIBAEMasl CKAYKOM MUMPOBAHUs, B KOTOPOU MPOUCXOIUT pe3Koe (CKauKooOpa3zHOE)
W3MEHEHHE CBOMCTBA CUCTEMBI. JTO CBA3aHO C TE€M, YTO B OOJACTH CKauKa MPOUCXOIUT
W3MEHEHHE KOHIICHTPAIMU PEarupyrolux BEIIECTB Ha HECKOJIBKO MOpsAkoB. Hauamom
CKauKa TUTPOBAHMS CUUTAIOT MOMEHT fo0aBieHus 99,9% turpanta (T. e. HEAOTUTPOBAHO
0,1% aHanmu3upyemMoro BelIecTBa), KOHIIOM ckauka — nobasnenune 100,1% (1. e.
BemecTBo mneperutrpoBaHo Ha 0,1%). [Ipu BusyanbHOM (QUKCHpPOBAaHMU TOYKM KOHIIA
peakiuyd C TOMOIINbI0 BBOAUMBIX B CHUCTEMY HWHIUKATOPOB HEOOXOIUMO MPOBECTH
MpeABaApUTEIbHBIA pacyeT 00JIACTH CKauyKa TUTPOBAHUS, YTOOBI MPABUIBLHO BHIOpATh
WHJUKATOp (MHTEpBAI MEPEXo/aa OKPACKH MHIUKATOPA JAOJKEH MOJTHOCTHIO UM YACTUYHO
YKJIQJIbIBAThCS B MIPEEibl CKaUKa TUTPOBAHMUS).

BenuunHa ckauka TUTPOBaHUS OMNPENETISETCS KOHCTAHTOM PaBHOBECHSl PEaKIIUH,
KOHIICHTPAIIUSIMA PEarupyromux BemecTB (OOBIUHO CKAuOK TeM OoJibllie, 4eM OOJIbIIe
KOHIICHTpAIUs1), TeMIepaTypol, MNPUPOAOM TUTPYEMOTO BeEIIeCTBA W THUTpaHTa (UX
KOHCTaHTaMU JUCCOLMALUHUKN WM YCTOMYMBOCTH, 3HAYEHUSIMHU CTaHAAPTHBIX OKHCIIHU-
TEJIbHO-BOCCTAHOBUTEIBHBIX MOTEHIIMAJIOB, PACTBOPUMOCTBIO), TPUCYTCTBUEM B CHUCTEME
MOCTOPOHHMX BEUIECTB U T. I1. 3HAHHUE MPEIEIIOB CKaYKa TUTPOBAHUS MOXKET CYIIECTBEHHO
MIOMOYb B BHIOOpPE YCIIOBHI MPOBEIACHUS PEAKIIMK W KOHILIEHTpAIluu TUTpaHTa. Bennunna
CKauKa THUTPOBAaHUSA [OJDKHA OBITh JIOCTATOYHO OOJBINONW. YBEIUYUTH €€ MOXKHO
BBEJCHUEM B CHCTEMY BEIIECTB, PEArMpPYIOIINX C KOMIIOHEHTaMHU, KOTOPBIE OMPEAEIISIIOT
CBOMCTBA CHCTEMBbI. TakuM MyTeM MOKHO OCYIIECTBUThH PEaKIMU, HE MPOTEKAIOUIUE B
OOBIYHBIX yCJOBUSIX. YHCIEHHOE 3HAYEHUWE CBOMCTBA B TOYKE HSKBHUBAJICHTHOCTHU
HEO0OXOJIMMO 3HaTh JJISI TOTO, YTOOBI OIEHUTH MOTPEIIHOCTh aHanu3a. [logokeHne TOUuKu
SKBHUBAJICHTHOCTH IO OTHOIICHHWIO K Hayaly W KOHIy CKauka TUTPOBAHUS 3aBUCUT OT
CTEXHOMETPUYECKOTO COOTHOIICHUSI pearupyronmx KoOMHoHeHTOB. Eciu B ypaBHEHUUH
peakiuu Mexnay A u B crexuomerpuueckue KOAQPUIMEHTH paBHBI, TO TOYKa
HKBUBAJICHTHOCTH OyJE€T HaXOJWUTHCS TMOCEPEIUHE CKayka TUTPOBAHMS, B MPOTUBHOM
city4ae, oHa OyZieT CMeIeHa B Ty WU MHYIO CTOPOHY.

B  HekoToprix cnyudasx Oosiee ymoOHa JHWHEHHAs MOJENb XOJa PEaKIuH
TUTPOBAHMS, Ha3bIBaeMas ouazpammou mumpoeanusi. JINHEHHbIE MOJEIN TOJIy4YaloT B
CUCTEME KOOpJIMHAT, B KOTOPOM HA OCU OpJMHAT OTJOXKEHbl PABHOBECHBIE
KOHIIEHTpaluu. EciaM KOHCTaHThl pPaBHOBECHS PEAKIUM JIOCTAaTOYHO BEIUKH, TO Ha

*
3a creneHb OTTUTPOBBIBAHUS T IIPU MPAKTUICCKU IMOJTHOM MPOTCKAHUUN PEAKIINU MOKHO IIPHUHATH OTHOIICHUEC KOHLICHTPAIIUN
ﬂO6aBJ’I€HHOFO TUTPAHTA K 06meﬁ KOHIICHTpAllU TUTPYEMOT'O BECILIECTBA.
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rpaduKe MoJTydaroTCs JIBE MPsIMbIC, IEPECCKAIOIIUECS B TOYKE SIKBUBAJICHTHOCTH (puc. 3).
JIluHeliHple UMarpaMMbl  KHCJIOTHO-OCHOBHOTO TUTPOBAHUSA  IO3BOJISIIOT — IMOJy4YaTh
JIOTIOJTHUTENbHYIO UH(OpMaIio T pa3paboTKy METOAMKH aHanu3a. Ha puc.2 npuBeneHo
COIOCTAaBJICHUE KOHIICHTPAIMOHHO-JIOTApU(MUYECKON JUarpaMMbl, MOCTPOCHHOM TIO
cnoco0y ¢ jorapudmuyeckoi kpuBoil TuTpoBanus 0,1 H. pacTBOpa MypaBbUHOM
kucnotbl pactBopoM NaOH. Cnenyer umeTh B BUAY, YTO peasibHbIe KPUBbBIE U JUArPAMMBI
TUTPOBAHUS HECKOJBKO OTJIMYAIOTCS OT TEOPETUYECKH paccuuTaHHbIX. [lonHBIN pacuer
npoiiecca TUTPOBAHUS C YYETOM BCEX MapamMeTpoOB, MEHSIOIMIMXCS B XOJE€ PEaKIluw,
CJIOKEH U TpeOyeT MPUMEHEHHS BRIYUCIUTEIIPHON TEXHUKH.

&
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§

7
""""““" 5 7. o L1y ol
(124

Puc.2 Puc.3
3. Uuaukanus

Teopernyeckrue KpHBbIE TUTPOBAHUSA CIYKAT JJIsl BIOOpAa MHIMKATOPA, C TOMOLIBIO
KOTOpOro OyAeT (pukcupoBaThCs KOHEN peakuuu. O4eBUIHO, YTO YeM OJIMKE MHTEpPBAI
nepexoAa OKpacKd HHAMKaTOpa K pH TOYKM SKBHUBAJIEHTHOCTH, TE€M TOYHEE OyJeT
YCTaHOBJIEHA 3Ta To4yka. OJHAKO BaXXHbl W Jpyrue (QakTopbl, HANPUMEP YETKOCTb
U3MEHEHUS] OKPACKH, YCTOWYHUBOCTh PACTBOPOB MHIMKATOPOB U Ap. B oOmem ciyuae
npu BbIOOpPE HMHAUKATOpA CJEAyeT NPUACPKHUBATHCS CIEAYIOMUX NpaBui: 1)
NpeanoyYTeHue ciaeqyeT OTAaBaTh UHAUKATOPY, Y KOTOPOro 3HaueHue p7 OJIHU3KO K
3HaueHH0 pH B Touke 3KBUBAJIEHTHOCTH; 2) BeIMYMHA HHTepBaja mnepexoga pH
OKPAacKd HWHAMKATOpa AOJDKHA IOJHOCTHIO MM OOJIbLIeH CBOEH 4YacThi0 BXOJIUTH B
npenenabl CKayka TUTPOBaHUA, 3) MPU TUTPOBAHUM CIAOBIX KHUCJIOT HENb3sl MPUMEHSTH
UHAMKATOpbl C UMHTEpBaJlaMU IIepexoja, JeXalluMU B KHCIOW oOsactu; 4) npu
TUTPOBAHUU CJIA0OBIX OCHOBAHWUN HENb3 NPUMEHSITh WHAUKATOPHI C HWHTEpBAIAMHU
nepexoza, JeKallUMH B HIEJIOYHOW 00JacTH; 5) MpH TUTPOBAHUM CHUJIBHBIX KHCIOT U
OCHOBaHWN MOXXHO TPUMEHATh TMPAKTUYECKH JIOObIE WHAWKATOPBI, OJIHAKO TIpU
TUTPOBAaHUM pa30aBJICHHBIX AJIEKTPOJUTOB ¢ KOHIeHTpauei menbiie 0,01 H. ciaemyer
BBIOWpATh WHAMKATOP, NPUICPKHUBASCh TpaBmia 2, TaKk KaK CKavyOK TUTPOBAHUS
CTaHOBUTCS MAJTBIM.

[Ipu paboTte ¢ WHAMKATOpAMH, UHTEPBAJ IMEPEX0/la OKPACKH KOTOPBIX JIEKHUT B
KHCIJION 00J1acTH, CIeAyeT MOMHUTh, YTO Ha PE3yJIbTaThl ONPEACIICHUS MOXET OKa3aTb
BJIMSIHME YroJIbHAasg KHUCJIOTa, [OJyYalollascs TMpU TOTJIOMIEHUH aHaJIU3uPYyEeMbIM
pactBopoM CO; u3 Bo3ayxa. [loaToMy mpu 0c0060 TOUHBIX OMpPENEICHUSIX PEKOMEHIYETCS
pacTBOp MPEABAPUTEILHO HATPETh 0 KUMIEHUS, 9T00bI yaanuTh CO,.

B HekoTOphIX ciyyasix KOHELl peaKkIMH TUTPOBAHUS MOXKET OBITh YCTAHOBJICH
HETMOCPEJICTBEHHO MO0 KaKOMYy-THOO aHamuThdeckoMy A3(h(eKTy, COmpOoBOXKIAOIIEMY
peakuuio. Hampumep, mnpu mnepmMaHraHaTO-METPHUUYECKOM TUTPOBAHMU OECLBETHBIX
aHAIM3UPYEMbIX PACTBOPOB TOUKY IKBHBAJIEHTHOCTU OMNPEIEISIIOT MO PO30BOM OKpAacKe,
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nosiBIIsIrONercst oT AoOapieHust 1 karmam mu30biTKa pactBopa KMnO,. Takoe TuTpoBaHue
Ha3bIBAIOT O€3MHAUKATOPHBIM. OIHAKO B OOJBIIMHCTBE CIIYy9aeB B XUMUYECKHX METOJIaX
aHalM3a MpUOeraroT K BBEICHUIO B HCXOJHYIO CHCTEMY THTPYEMOT'O BEIIECTBA — THUTPAHT
JPYTOi CUCTEMBl — WHIANKATOPHOM, pearupyromieil ¢ HICXOMHOH. DTa BTOPUYHAS PEaKIlus,
COTIPOBOXKIAIOIIASICS OTPEACICHHBIM aHATUTHIECKUM 3P deKkToM (M3MEHEHHEM OKPacKH,
BBITIAJICHUEM OCaJKa), HAYMHACT MPOTEKaTh TOJBKO TOT/A, KOTJa OCHOBHAS MPOIIJIA YXKe
MOYTH TOJHOCTHIO. 3HAUEHHUE, MPU KOTOPOM HAOIIOAAETCS PE3KOE M3MEHEHHE OKpPaCKH
WHMKATOPAa, Ha3bIBAIOT TIOKA3aTeNIeM WHANKATOPA WX TToKazareneM TuTpoBaHus pT.

Kuc10THO-0CHOBHBIE WHANKATOPHI TMPEACTABISIOT CO00H crnabble OpraHUYEeCKHe
KHCIIOTBI WJIM OCHOBAaHUS, T.C. COINPSOKEHHYIO Tapy, KHUCJIOTHAs W OCHOBHas (opma
KOTOPBIX paziudaercs mo 1Betry. MHaukaTopsl Oojee ciabdble KUCIOTHl WM OCHOBAHUSA,
YeM THTPYEMBbIC BEIIECTBA, MO3TOMY OHH BCTYMHAIOT B PEAKIIUIO C THUTPAHTOM TOJIBKO
mociie TOro, Kak OCHOBHAs Macca aHaJIM3MPYyEeMOTO BEIECTBA YXKE IPOpearupyer.
M3MeHeHne OKpacKu WHIUKATOpa HACTyIaeT MPpH OIpeie]IeHHOM 3HadeHnn pH pacTBopa:

Hind — H" + Ind
KHUCIIOTHAs hopMa OCHOBHas opma
xpomodop 1 xpomogop 2

Ecim y pactBopa pH<(pK Ind — 1), To mBeT 0O0yciOBIIEH KHCIOTHON (hopMOii
unaukatopa, npu pH>(pK Ind +1) — memounoit popmoii. Takum oOpasom, mepexos
OKpPAaCKH MHIUKATOpa OCYIIECTBISETCS B ONpeesieHHOM nuTepsaiie pH .

M3MmeHeHre 0OKpacky HHIUKATOPOB CBSA3AHO C U3MEHEHUEM UX CTPYKTYpBI.

KucnoTHO-OCHOBHBIE ~ MHAMKATOpPBl  JIOJDKHBI  YAOBJIETBOPATH  CJIEIYIOIIUM
TpeOOBAHUSIM:

e OBITh UYBCTBUTEIBHBIMH, YTOOBI pacxojJ] HMHAUKATOpa ObUI KaK MOKHO
MEHBIIIE;

e paBHOBecUE MEXKIy 00eruMu GOopMaMH JIOJKHO YCTaHABIUBATHCS OBICTPO;

e 00e Gopmbl (WM OIHA Yy OJHOIBETHBIX HWHAMKATOPOB) [OJKHBI OBIThH
WHTEHCUBHO OKPAIIICHBI;

e UWHTEpBAJ NEPEX0/a OKPACKU WHANKATOPA HE JOJIKEH OBITH OOJIBIIHM.

Hapsiny ¢ WHIMBUAyanbHBIMH HWHIUKATOPAMH TPUMEHSIOT HX CMECH C
HENTpaIbHBIMU KPACHTEIISIMHU.

OKHCIANTETBHO-BOCCTAHOBUTEILHbIEC (oKcpea-MHIMKATOPHI) — 3TO
OpraHMYECKHUE COEAMHEHUS, H3MEHEHHE OKpPaCKM KOTOPBIX CBA3aHO C MPOLECCaMU
OKHCJICHUS U BOCCTAHOBJICHHUSL:

Indyy + Ne — Ind,eq

Oxwucnennas Indo, u BoccranoBiaeHHas INdreg POPMBI MMEIOT PA3IUYHYIO OKPACKY.
OO0nacTh UBMEHEHUSI OKPACKU ONPEENSIeTCsS B 3aBUCUMOCTH OT MOTEHIMAlIa CUCTEMBbI KaK
Ax =E Ind,,q £ 0,059/n

Oxpacka HMHOUKaTOpa OOJDKHA MEHSThCS ObICTpO U oOpatumo. Ecnu uHaumkatop
pearupyer MEUICHHO, TO MOXXHO MPOIYCTHTh KOHEUHYIO TOUKY THUTpoBaHus. Ecim ke
WHAUKATOP OYJEeT U3MEHSATHCS HEOOpAaTUMO, TO MOKET HE MPOU30UTH PE3KOTO U3MEHEHHS
OKpackl BO BceM oOBeMe pacTBopa. Ha u3MeHeHWEe OKpacKd OKCpeA-HHIUKATOPOB
oonpiioe BiausiHue urpaetr pH pacroBpa. Hanmpumep: nmepmaHranatr kainus— B KHUCJIOU
cpere.
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MeTa/uIOMHAUKATOPbI  (METAJUIOXPOMHBIE  HMHAUKATOPbI)  KCIOJB3YIOT B
KOMITJIEKCOMETPUYECKOM TUTPOBAHMM. DTO KPACUTENH, KOTOpble 00pa3ylT C HOHAMU
metamioB (M™) oxpamennsie kommiekcsl MINd, MeHee cToiikue, 4eM KOMIUIEKC TOTO JKe
metamia ¢ DJITA. Kpacurenb U ero KOMIUIEKC pa3ivyaroTcss MO OKpacke. MHTepBai
nepexofa OKpackKh OIpeesseTcss B 3aBUCUMOCTA OT KOHCTAHTBl YCTOWMYHMBOCTHU
komiuiekca kak pX=pK,.+1. MI3MeHeHnue okpacku nNpoUCXOAUT B TOT MOMEHT, KOT/1a MpH
tutpoBanun OJITA Kommuiekc HWHAUKATOpa C METAIOM MOJHOCTHIO pa3pyllaeTcs,
3aMeniasch 0oJjiee MPOYHBIM KOMIUIEKCOM METalljla ¢ TUTPAHTOM, M PacTBOP MPHOOpETaeT
OKpacKy CBOOOJHOTO MHAMKATOPA.

Haunbonee pacnpocTpaHEHHbIMH METAJUIOMHIMKATOPAMHU  SIBJISIOTCS  3PHUOXPOM
yepHblid T (KHCIOTHBIA XPOMOI'€H YEpPHBI CHEUUalbHBbIA WM XPOMOI€H CHEUaTIbHBINA
ET—O00) u mypekcun.

OcaaurenbHble HHAMKATOPBI. [10 TOCTHKEHUN TOYKU SKBUBAJIEHTHOCTH OCHOBHOU
peakiMy THUTPOBAHWS HAYMHAETCS BTOPUYHAS — BBIMAJEHUE OCajKa, 00pa3zyemMoro
WHIUKATOPOM C TUTpaHTOM. Hampumep, mpu ocauTEeIbHOM TUTPOBAHUHU TaJOT€HUOB
(CI', Br) mo merony Mopa unmukatopoM ciayxutr K,CrO, . Xpomar-uoHbl 00pas3yroT ¢
tutpanToM AgNO; ocanok kupnuyHo-kpacHoro npeta Ag,CrO, cBUACTENbCTBYIOMMMA 00
OKOHYaHUHU peakiuu Mexy rajoreHuaomM u AgNO:s.

AXCOpOLIMOHHBbIE WHAMKATOPbI OTIMYAKOTCS OT BCEX ONUCAHHBIX TEM, YTO
U3MEHEHUE OKPACKU MPOUCXOJUT Ha MOBEPXHOCTU KOJUIOMIHO-AHMCIEPCHON (a3bl. Takas
¢daza B mporecce TUTPOBaHUS aJACOPOUPYET MOHBI, HAXOIAUIUECS B PACTBOPE B U3OBITKE,
3apspKasCh  MOJIOKUTENBHO (MpU  aacopOlMM  KAaTHOHOB) WM OTpUUATENIbHO (TIpU
aacopOuuu aHuoHOB). IIpucyTcTBYyIOIIME B pacTBOpPE MOJEKYJbl KPAaCUTENSI-UHANKATOPA
MOTYT aJcOpOMpOBaThCA IMOJ JEUCTBHEM SJEKTPOCTATHUECKMX CHUJI Ha 3apsLKeHHOU
NOBEpPXHOCTU ocaaka. [Ipu sTom ocymiecTBisieTcss nedopmanusi 3JEKTPOHHOW CHCTEMBI
MOJIEKYJIbI U TOSIBIIAETCA ONpPEEICHHAs! OKpacka. B Touke SKBUBaJIE€HTHOCTH MPOUCXOIUT
nepe3apsiKka MOBEPXHOCTH OCajKa, onpesensemMas n30bITKOM HOHOB TUTPAHTA; MPU I3TOM
U3MEHEHHE 3apsia MPUBOIUT K HOBOU JehopMaIliy JIEKTPOHHON CUCTEMbI MHIUKATOPa U
€ro LIBET MEHAETCS, YTO U YKAa3bIBA€T HA OKOHYAHUE OCHOBHOU PEAKIIUH.

AncopOIIMOHHBIE WHIUKATOPHl MPUMEHSIOTCS OOBIYHO MPU TUTPOBAHUU TIO METOMIY
ocaxaeHuss. OHM AEUCTBYIOT B OIIPEACICHHOM MHTEpBalie 3HaueHu pH 1 4yBCTBUTENBHBI
K IPUCYTCTBUIO B PACTBOPE MOCTOPOHHUX MOHOB.

Cneunduyeckue HMHAMKATOPbLI pPEarupyroT TOJBKO C JAHHBIM BEIIECTBOM.
Hanpumep, B ilogqomMeTpuu crieunpruueckuii THAMKATOp — KpaxMall; OH 00pa3yeT ¢ HoAaoM
CMEIIIaHHbIE aJICOPOLIMOHHBIE W KOMIUICKCHBIE COCIMHEHUs (KJIaTpaThl) SPKO-CHHETO
nBera. Crienpduaecknii nuauKatop Ha Fe®* — ponaHna aMMoHus, 0GpasyIOLIHMii ¢ STHMH
MOHAMU KOMIUJIEKCHBIE COCIMHEHUSI KpacHOM okpacku. Takux MHIUKATOPOB U3BECTHO HE
MHOT'0, HO XUMHKHU MPOBOJIST MOCTOSHHYIO Pa0OTYy MO WX U3BICKAHUIO U CUHTE3UPOBAHMUIO.
CuHTe3 4acTo UACT B HAMPABICHUHU MCIOJIH30BAHUS CMEIIAHHBIX WHIUKATOPOB, KOTOPHIC
WIN COJAEpXaT JEHUCTBYIONIUN peareHT W HMHAU(DPEpEHTHBIH KpacuTelb, CYXAIOIUN
WHTEpPBAJI TMepexoAa OKpPaCKM WHIMKATOpa M M3MEHSIONIMI €ro OKpacKy, WIu
MIPEICTABIISIOT COO00M CMECh HECKOIBKUX WHIWKATOPOB C COBMAJAIONIMMHU MHTEPBAJIAMU
IEPEXO0B.
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4. BerunciieHNsl B TATPUMETPHYECKOM aAHAIH3E

B ocHoBe BblunCIEHMH B OOBEMHOM aHaIM3€ JICKUT NPUHLHUIL Geujecmsd
peazupyrom Opy2 ¢ Opy20M 6ce20d 6 IKEUBANEHMHBIX KOIUUECHEaXx.

[IooToMy  HMCHONB3YIOT HOPMaJbHYIO  KOHLEHTpauuioo. Ilpu  onmHaKkoBbIX
HOPMAaJIbHOCTSIX PAaCTBOPBI B3aUMOJICICTBYIOT paBHBIMU 00bEMaMu, 0€3 ocTaTka.

B Touke »KBHBaJIEHTHOCTH NMPOU3BEIACHHE HOPMAJIbHOCTH Ha O0BEM pacTBopa €CThb
BEJTMYMHA IMMOCTOSTHHAS TSl 000X pearupyromux Bemects: Hi V= H,V,

Xo4 BBIUMCIEHUS 3aBUCUT OT TOTO, BBINOJHSAIOT JIM TUTPOBAHHE METOJOM
NUIIETUPOBAHUS WIH METOJOM OTAEJIbHBIX HABECOK.

Memoo nunemuposanusi COCTOUT B TOM, YTO HaBECKYy aHAJIM3UPYEMOrO BEIIECTBA
pacTBOPSIOT B MEpPHOU KoJIOe, AOBOAST OOBEM 110 METKH M OepyT ISl TUTPOBAHUS
onpeaeraeHHbIe (ATMKBOTHBIE) MOPLMHU PACTBOPA C IOMOIIBIO MUIIETKH.

Ilo memoody omoenvubix HagecoKk KaXAyH HABECKYy aHAJIM3UPYEMOIO BELIECTBA
PacTBOPSIOT B IPOU3BOIBHOM 00BEME BOJIBI U TUTPYIOT BECH IIOJIYyUYEHHBIH PacTBOP.

1. Bviuucnenue pe3ynomamos npu mumposanuu no Memooy RUnNemupoeanus

[Ipu 3TOM HcnONB3yIOT ypaBHeHue TutpoBanus H;Vi = H,Vo.

3aoaua: B mepuyto kon0y  émkoctbio 100 mu mepenecnu 0,6504 r mponaxHOM
IIaBEJICBOM KHUCIOTHI, PACTBOPUIM U JIOBETHM OOBEM pacTBOpa 1O METKHU.
[Tunetkoit Opanu nmo 10,00 ma momydeHHoro pactBopa u Tuposanu 0,1026 H.
pPacTBOPOM THAPOKCHJIA HATPUS, PACXOJ KOTOPOrO B CPEIHEM COCTaBUI 9,85
M. Ompenenure mporieHTHOEe coaepxkanue H,C,042H,0 B mpomaxHOi
[IaBEJIEBOUN KUCIIOTE.

Pewenue:

l.BpruncinumM  HOPMaIbHOCTH pPACTBOpA IIABEIEBOM KHUCJIOTBI 1O YPABHEHHIO

tutpoBanus: H;Vi = HyV,.
Huoco0602H0 = 9,85¢0,1026/10,00 = 0,1011

2. Haiinem coaepxanue maBesieBoil kuciaoTsel B 100 M pacTBopa:
M = NeD+V =0,1011263,030,1=0,6372 r.
3. Beruncimm conepxanue H,C,04°2H,0 B %

0,6504 r cootBerctByer 100%
0,63721 » » » x %

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

2. Boiuucnenue pesyniomamoe npu mMumpoGaHuu NO Memooy OmOenbHbIX

Hagecok

B sTrom ciydyae ypaBHEHHE TUTPOBAHHS HE MOXET OBITh HCIOJIB30BAHO, TaK Kak
HABECKy aHAJM3UPYEMOTO BEIIECTBA PACTBOPSIOT B MPOU3BOJIHHOM OO0BEME BOJIBI.
BoluncnaioT  pe3ynbTaT HMCXOAs M3 TOr0, 4YTO TMpU TUTPOBAHUU  BEILECTBA
B3aMMO/ICHCTBYIOT SKBUBAJICHTHBIMHU KOJIMYECTBAMH.
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3aoaua: KakoBo mnporeHTtHOe coxaepkanne H,C,042H,0 B oOpasne miaBeneBoi
KUCIIOTHI, ecii Ha tutpoBanue 0,1500 r ero momnwio 25,60 ma 0,09002 H.
€JIKOro HaTpa?
Pewenue:.
1.Onpenenum KOJWYECTBO HSKBUBAJICHTOB €IKOIO HATpa, KOTOPOE COACPKHUTCS B
25,60 miu pacTBopa:
n,= N*V/1000 = 0,09002+25,60/1000 = 0,002305 Mo0Jb
2.Ho mpu TUTpOBaHMM OJAWH SKBHUBAJICHT BEIIECTBA B3aUMOJECUCTBYET C  OJHUM
SKBUBAJICHTOM JPYroro, a 3TO O3HAYaeT, YTO B PEAKIMU YYaCTBOBAJIO TAKKE
0,002305 Monp m1aBENIEBOM KHUCIOTHI. BBIYMCINM MAcCy IIABENEBOM KUCIOTHI 10
dbopmye:
m=n,*D = 0,002305+63,03 = 0,1453 r H,C,0,42H,0

3. Beruucnoum coaepkanue HyC,0422H,0 B %
0,1500 r obpasma 100%
0,1453 r H2C204 ———— X %
Xo=(0,1453 « 100)/0,1500 = 96,86%
Omeem: 96,86%.
3. Botuucnenue pesynomamos npu evlparceHuu KOHUECHmMpAyuu pacmeopa uepes
mMump no onpeoesiemomy eeuiecmey

[Ipu MaccoBBIX OMpEICTICHUSIX OTHOTO M TOTO JKE€ BEIIECTBA HCIOJB3YIOT 3TOT
croco0. BerauciamB ogHaXIbl TUTP pabovero pacTBOpa MO OINPEACIIIEMOMY BEIIECTBY,
HaXOJAT 3aTeM KOJMYECTBO BEIIECTBA IMPOCTHIM YMHOXKEHHEM THUTpa Ha 3aTpadycHHBINA
00BEM pacTBOpA.

Tump no onpeodensiemomy (Tga) TOKa3bIBa€T C KakoW maccoil (T') aHaIU3UPYyEeMOro
BemecTBa (A) pearupyer ¢ 1 M1 ctangapTHoro pactsopa (B).
TB/A = CH(B)‘Q(A)/IOOO = T(B)°3(A)/9(B)
3aoaua: Beraucnure TUTP pabouero pacTBOpa Mo ONnpeeIsieMOMY BEIIECTBY:
11. NaOH; TNaoH/Hzs04

Pewenue: Tnaonmzso= 1°49/1000=0,0490 r/mu.

O10 o3Hauvaer, yto 1 Mmu pabouero pactBopa NaOH coorBerctByer 0,0490 1
OTTUTPOBAHHOM CEPHOM KHCIIOTHI.

3aoaua: Jlan TuTp pabouero pactBopa. Hailinure TUTp JaHHOTO pacTBOpa IO

OTIpeIEIIEMOMY BEIIECTBY — CEPHOM KUCTIOTE.
Pewenue: Tyaon = 0,004000 r/mMi1; TnaonHso= 0,004000 » 49/40=0,0049 r/mn
3aoaua: Ha TutpoBanue pactopa H,SO4 nzpacxomosano 5,00 M pacteopa KOH
¢ Tkonmsso: = 0,004900r/mn. Omnpenenutre Maccy CEpHOM KHUCIOTHI B
pacTBope.
Pewenue: M= Tyxonmesos *V= 0,004900 ¢ 5,00= 0,0245 r. Omsem: 0,0245 .
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INNekuma Ne 9. NpaBumeTpuyeckum (BecoBomn) meton
aHanusa

Kitaccuueckoe Ha3zBaHMe METONA — BECOBOW aHAIN3. |'paBUMETPUYECKHM aHAIU3
IIMPOKO HCHOJB3YIOT TMPH KOJMYECTBEHHBIX ompeneiaeHusx. C ero MmoMOIIbIo
OTIpEIEIIAIOT, HanmpuMmep, coaepkanne ¢docdopa B dochopurax, anaturax, GpochopHbIx
yI0OpeHusix, MouBax, KopMax u T. II.

1. O0masi xapaKTepucTHKa MeTOAA

I'paBuMeTpHeli Ha3bIBAIOT METO/ KOJMYECTBEHHOTO aHAIN3a, 3aKITI0YAIOITUICS B TOYHOM
U3MEPEHUH MAacChl OIpPEAEISIeMOr0 KOMIIOHEHTa MpoOHI,
BBIJICJICHHOTO B BUJI€ COCJIMHEHUS U3BECTHOTO COCTAaBa WJIU B
dbopme seMeHTa.

['paBuMeTpUUECKHUl aHAIU3 OCHOBAH HAa 3aKOHE COXPAaHEHUS MacChl BELIECTB IpU
XUMHUYECKHUX TMpEeBpalleHus XK. IT0 Hanbosee TOYHBIA M3 XMMHYECKHX METO/JOB aHaun3a,
€ro xapaktepuctuku: mnpenen odbHapyxenus — 0,10%; mpaBuibHOCTh - 0,2 OTH.%);
uH(pOopMaTUBHOCT, — 17 ©Our. B rpaBUMETpUM HCHOJB3YIOT peakiuu OOMEHa,
3aMEILEHUS], PAa3JOKEHUS U KOMILIEKCOOOpA30BaHMs, a TaKXKe AIEKTPOXUMHUYECKUE
npoueccel. Hanbonee pacripocTpaHeH METOI OCaXICHHUS.

1. Memoo ocaxcoenus — >TO METON, TIPU KOTOPOM HABECKY aHAJIU3UPYEMOTO
BEII[ECTBA PACTBOPSIOT W NpUOABISAIOT 1,5-KpaTHbI HM30BITOK peareHTa- OCaauTes,
coOmro/lass HEOOXOaUMBbIE YCIOBUS oOcaxjeHus. [lomydeHHBII O0cCaJoK Ha3bIBAIOT
ocaxcoaemou gopmou. Ocalok OTIACISIIOT OT pacTBopa (4aie Bcero (UILTPOBAHHEM),
IIPOMBIBAIOT, 3aT€M BBICYIIMBAIOT WM MPOKAIUBAIOT, TOJydYas 2pasUMempuieckyio
(BecoByr0) popmy. Maccy onpeaensieMoro KOMIOHEHTa M, paCCYUTHIBAIOT 110 (hopMyJie:

m, =mgF *100/a (%)
rje M, — Macca BbICYLIIEHHOTO WM MPOKAJIEHHOTO 0CaJIKa, T;
F — rpaBumerpuueckuil ¢GakTop, oOmpenensieMbli MO XUMHYECKol (opmyre
IpaBUMETPUUYECKON (HOPMBIL;
@ — HaBeCKa aHaJIM3UPYEMOT0 BEILIECTBA, T.

I'pasumempuyeckue ¢pakmopsi, Ha3bIBAEMbIE TAKXKE aHATUTHYECKUMU MHOKUTEISIMU
win  ¢dakTopamMu TIepecuera, BBIYUCISIOT KaK OTHOIIEHHE MOJICKYJSIPHOM Macchl
OTIPENICIIEMOTO KOMIIOHEHTa K MOJIEKYJISIPHOM Macce TpaBUMETpUUECKO (OpMBI C
Y4E€TOM CTEXHOMETPUIECKUX KOID(DUITMESHTOB.

Ilpumep.  Bprauciuth  TpaBUMETpuUYeckue  (GaKTOphl IS CIEAYIOIIHNX
rPAaBUMETPUUECKUX OINPEICIICHUM:

OmnpenensieMblii KOMIIOHEHT Al Ca CO, Ba
['paBumeTpuueckas popma Al,O3 CaOo BaCO; BaSO,
Pewenue: F= Ag, =137.4 =0.5887

Mgaso. 233.4
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2. Memoowl évloeienus - OCHOBAHbBI Ha BBIJCIICHUH OTPEISIIEMOT0 KOMIIOHCHTA 13
aHAJIM3UPYEMOT0 BEIIECCTBA M TOYHOM B3BEIIMBAaHUU ero. Hampumep, mpu omnpeneacHun
coJiepKaHus 30JIbI B TBEPJIOM TOIUIMBE CIKHTAIOT OIPEACIICHHOE KOJIMYECTBO (HABECKY)
ATOrO TOIUIMBA, B3BCIIMBAIOT 301y M BBIYHCIISIOT MPOIEHTHOE COACPIKAHUE €€ BO B3ITOM
obpasiie.

3.Memo0 omeonku COCTOMUT B TOM, YTO OIpEAEHAEMBIA  KOMIIOHEHT
«KOJINYECTBEHHO» BBIJCISIIOT B BUJE JIETY4ero coeauHeHus (rasa, mapa) JAelCTBHEM
KHCJIOTbl, OCHOBAaHHSA WM BBICOKOM TeMIlepaTypbl Ha AaHAJIU3UPYEMOE BEIIECTBO.
Hampumep, ompenenss, coaep)kaHuUE IBYOKHCH YIiiepoja B KapOOHATHOW TOpo/E,
o0pabaThIBatOT 00pasell ee COJISTHOW KHUCIOTOW. BhImenuBmuiics ra3 mpomycKaroT depes
NOTJIOTUTENIbHBIE TPYOKH CO CHEUalIbHBIMH peakTuBaMu. [lo yBEIMYEHHI0 MaccChl
MOTJIOTUTENIbHOM TPYyOKH OMpeaesitoT KoauuecTBo Boiaenusiierocs CO,.

4.Tepmozpasumempusn. BrinonHeHue OOJIBIIMHCTBA ONEpPallUd FPABUMETPUUECKOTO
a”Hanu3a (puiapTpoBaHUE, BBICYIIMBAaHHE M MPOKaJIMBaHUE OCAJKa, JOBEJIECHUE €ro 0
IOCTOSTHHOW Macchl) OTHUMAET OYEHb MHOTO BpeMeHU. OJJHaKO ¢ MOMOILBIO TEPMOBECOB,
CKOHCTPYMpPOBaHHBIX J[roBasieM, yJqaeTcsl 3HAUUTEIbHO YCKOPUTH ompenencHue. B stom
pHGOPEe MOKHO HArPEBATh TBEP/BIE BEIIECTBA JI0 TEMIIEpaTyphl mpuommsuTensao 1000°C
U HaOII01aTh, KaK U3MEHsAeTCs ux Macca. [Ipu s3Tom nmpubop aBTOMaTHYECKH BHIYCPUNBACT
Ha OyMare KpUBYIO M3MEHEHHUs Macchl BemlecTBa. [lonywaromasics cryneHyaras KpuBas
XapaKTEpPHU3yeT U3MEHEHNE MACChl 0CaJKa B MPOLIECCE MOBBILIEHUS TEMIIEPATYPhl U Jaxe
MO3BOJIACT CYJIUTh O XUMHUYECKUX MPEBPAIICHUAX BEIIECTB.

Hanpumep, Takas KpuBas MOKa3bIBa€T, YTO KPUCTAJUIOTHApAT OKcalaTa KallbLus
CaC,0,4*H,0 ycroituns nums mpu Temmeparype e Bbmme 100°C. Ilpu moBblimeHHH
Temmepatypsl 10 226°C om paspyuraercs ¢ oGpasoBanmeM 6e3Bommoi comn CaC,O.
[Tocnennss npu 420°C pasnaraeTcsi ¢ moiiyueHruem kapOonara kanbiusi CaCQOj. Jlanee
npu 660°C HaunHaeTcs paciaj] KapboHaTa Ha OKHCH KAIbLHS H ABYOKHCH YIIepoaa. DTOT
mporiecc 3akaHdrBaeTcs npu Temieparype 840°C.

2.0cHOBHBIE ONlepalii BECOBOI0 aHAJIN3a

B Xone rpaBUMETpHUYECKOTrO OMpEAENICHUs pa3iMyaloT Cileayrolue omnepauuu: 1)
oTOOp cpenHel MpoObl BEIIeCTBA M MOATOTOBKY €€ K aHaiu3y; 2) B3ATHE HABECKU; 3)
pacTtBopeHue; 4) oOcaXIeHUE OmpeaeasieMoro »3JjieMeHTa (C TpoOod Ha MOJTHOTY
ocaxjaeHus); S5) ¢uiabTpoBaHue; 6) mOpoMmbiBaHUE ocaika (C TpoOOH Ha TOJHOTY
NpPOMBIBAHUS); 7) BBICYIIMBAHUE U TMPOKAIMBAHWE OCajKa, &) B3BelIMBaHUE; 9)
BBIUMCJICHUE PE3yJIbTATOB aHAIHN3a.

OT100op cpeaneil mpoObl. AHAJUTUYECKOE OMNpPEJEICHUE JIMIb TOTAa MPUBOIUT K
COJICp)KaTeNIbHBIM BBIBOJAM, KOrja OToOpaHHAas JUIS aHanu3a Ipoda SBISETCS npeo-
cmasumenbHoll 0 OTHOIICHUIO K UCCIIEyEeMOMY MaTepHuay.

B npowusBoscTBe ObIBa€T HEOOXOIMMO OMPEACIUTh CPEAHUN XUMHUUYECKHUU COCTaB
OOJIBIION TAPTUH HEOTHOPOIHOTO MaTepHuana (ya1oOpeHus, sITOXUMUKATa, TIOYBBI, PYIbl U
T. 1.). [Ipu 3TOM MOATOTOBKA BEMIECTBA K aHAIU3Y CBOJMUTCS K MPABUILHOMY OTOOPY Tak
Ha3bIBa€MOMU cpednetl npobwi. lpaBuna oTOopa CpeIHUX MPOO pa3IMUHBIX MaTEpUATIOB
MPETYCMOTPEHBI TOCYJAApPCTBCHHBIMH CTAaHJIAPTAMU WM TEXHUYECKHUMH YCIIOBHUSMHU.
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BrlnoniHeHre 3TOM omnepanuy BCerjaa MOJYMHEHO €IWHOMY NPHUHIMIY: CpeaHss mnpoda
JOJKHA OBITh COCTABJIEHA U3 OOJBIIOIO YMCIa MEIKUX MOPIH, B3STHIX B Pa3HBIX MECTaxX
aHanu3upyemoro marepuana. bmaromaps 3ToMy cocTtaB  OTOOpaHHOM  MPOOBI
IPUOINKAETCS K CPETHEMY XUMHUYECKOMY COCTaBY OOJIBIIIOIO KOJIMYECTBA UCCIEAYEMOTO
Martepuana.

llepsuunas cpeonss npoba, 0TOOpaHHAsE TEM WM MHBIM CIIOCOOOM, €Ile HEMPUTOIHA
1151 anann3a. OOBIYHO OHA CIMIIKOM BeJIMKa (OT OJHOTO JI0 HECKOJIBKUX KHUJIOTPAMMOB) U
HeogHopoaHa. IloaroroBka mpoObBI COCTOMT B HU3MEIbUYEHUH, MEPEMEIIMBAHUA U
cokpaieHnu 10 HeOobioi Maccsl (okosio 300 r). Jlns cokpaiieHus npoObl MOIb3YyIOTCS
TaK Ha3bIBAEMBIM Keapmosanuem . VI3MEIbUCHHBIM MaTepuall NMEePEMEIIUBAIOT B Kyue,
pacchINaloT POBHBIM CIIOEM B BHUJAE KBajpaTa (WU Kpyra), JeisT Ha YEThIpEe CEKTOpa,
COJICPKUMOE JBYX TMPOTHUBOIOJIOKHBIX CEKTOPOB OTOPACHIBAIOT, a JIBYX OCTAJIBHBIX —
coeAuHsAI0T BMecTe. Onepaluio KBapTOBaHUS MOBTOPSIIOT MHOTOKpaTHO. M3 1oy4yeHHOro
TaKUM 00pa3oM OJTHOPOJHOrO MaTepuala OepyT HABECKH JIJIsl aHAJIU3a.

Ilepexpucranau3zanus. B ycioBusix uccieaoBaTelbcKol gabopaTOpuu 4acTo
TpeOyeTcss HaWTH COJEep)KaHUE KAaKOTO-HUOYJh dJEeMEHTa B XHUMHYECKH YHUCTOM
coeMHEeHUH (Harpumep, cojepkanue Oapust B xjopuae Oapum BaCl,*2H,0). 3mech
MOJTOTOBKA BEHIECTBA K aHAJIU3y COCTOUT M OYHCTKE €ro OT NpuMeced U OOBIYHO
OCYIIECTBIISIETCSL IYyTEM Hepekpucmaiiuzayuy Jjid yJaJleHUs TpUMeced TOJIbKO U3
KPUCTAUTMYECKUX BEIIECTB, HAIIPUMED U3 COJICH.

[IpumenuTensHO K  MpoOOOTOOPY  BBEACHBI  CIEAYIONIME  KOJWYECTBEHHBIC
XapaKTEPUCTHUKU:

1. Pa6Goumii amana3zoH. A=mi — Juama3oH KOJUYECTB ONPEACIAEMOro KOMIIOHECHTa
I, K KOTOPBIM MPUMEHUMA JIAHHAS METOIUKA.

2. Jlmama3oH KoJuH4YecTBa Mpodbl P=mi+m0 — juama3oH OOIIMX KOJHYECTB
POOBI, COCTOSIINI U3 ONPEaeIAeMOro KOMIOHeHTa (MHACKC 1) U "mampuywsl” (nHIekc 0)
— CyMMBI  OCTaJbHBIX KOMIIOHEHTOB. B 3aBucumoctu ot Tpebyemoro s
aHaJM3a KOJIMYeCTBA MTPOOBI METOIUKH OOBIYHO KIACCU(PHUITUPYIOT CIACAYIOITUM 00pa3oM:

P> 100mr 100Mr>P>10mr P<10mr
MaKpOaHAJIN3 TOJYMUKPOAHAIN3  MHUKpOAHAJIU3

3./luana3zoH coaepKaAHUIl KOMIIOHEHTA

100m|
G=——"%
mi'l'mo

B 3aBucumocty oT BenuuuHbl (G KOMIIOHEHTBI TPOOBI OOBIYHO HA3BIBAIOT
CJIEYIOIIM 00pa3oM:

G> 10% 10%>G> 1% G< 1%
[JIaBHBIM  CONYTCTBYIOLIMWA  CJIEIOBBIN

KOMIIOHCHT KOMIIOHEHT KOMIIOHCHT

Jlerxo BumeTh, uto Mexkay A, P u G cymiecTByeT COOTHOIIIEHHE:
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P=A/Ge 100%

OTCIO,Z[a MOXXHO OICHHTh MHUHHMAaAJIBHOC (I/I MaKCI/IMaJ'ILHOC) KOJIMYCCTBO Hp06bl,
TpC6y€M0€ IJIA IIPOBCACHUA aHaJIn3a I10 Bb16paHHOI>’I METOOUKE, €CIN 3aJaHbl BCIIMYHNHBI
pa60qer0 AualiasoHa U COACPKaHUC OIIPCACIIACMOI'0 KOMIIOHCHTA. Ha IMPAKTHUKC CICAYCT
I10 BO3MOXHOCTHU 6paTI> KOJINYCCTBO HpO6I>I, HCCKOJIBKO IIPCBBIMAIOIICC PACCHUTAHHOC.

Ilpumepror.

ConepsxaHue ompenesieMoro BemiecTBa B mpobe mpubmausurensHo 10%; mertoauka
MO3BOJIACT OompeneisTh He MeHee (0.5 Mr 3Toro BemecTBa. MUHUMAaNbHOE KOJIHMYECTBO
npoObl, TpedyeMoe sl aHau3a, COCTaBJISIeT:

P=0,5 mr/10100=5mr

MakcumanbHOE KOJMYECTBO MPOOBI, KOTOPBIM PACIOIaraeT aHAIMTHK, cocTaBisieT 10
MT, COJEpXaHHe OIpeAensieMoro KoMmMmoHeHTa B Hei okono 0,2%. CremoBaTenbHO,

HE0OXOIMMO HCIIOJIB30BaTh METOUKY, ITO3BOJISIFOIIYIO OMPEEIATh He MEHEE:!
A=0,2+10wmr/100=0,02 mr = 20 MKT

2. B3saTne HaBeCKH

Haseckoti Ha3pIBalOT KOJIMYECTBO BEHIECTBA, HEOOXOJUMOE [IJIsi BBIMOJHEHUS

aHaIMu3a.

Kak mnpaBunmo, yem Oonbpllle HaBeCKa, TEM BHIIIE W OTHOCHUTENbHAs TOYHOCTH
onpenenenusi. OnHako paboTra ¢ OOJBIIONM HABECKOM HMMEET CBOM OTpUIlATEIbHBIC
CTOPOHBI: MOIYYAIOLIUNACA PU 3TOM OOJBIIONH 0CAIOK TPYAHO OT(PUIBTPOBATH, IPOMBIThH
WIA TPOKAJINTh, aHAIN3 3aHHMaeT MHOro BpemeHH. HaobopoT, mpu ciMIIkoM Maioi
HaBECKE OINMOKM B3BEIIMBAHUN W JPYrUX OIepaluii, HEM30eKHbIE MPH aHaIH3E,
3HAYUTENIHO CHIKAIOT TOYHOCTD OTpEeTICHUsI.

Takum oOpa3oM, BbIOOp BEJIMYMHBI HABECKM aHAJU3UPYEMOrO  BEIIECTBa
OTIpENIeISICTCS KOJIMYECTBOM OcCajka, HamOosiee ymoOHbIM B pabote. Hampumep, Ha
OyMaxHoM (QuIbTpe aUaMeTpoM 7 CM MOXHO Jierko oTduiabTpoBath 0,5 T
KpucTtaumueckoro cyibdara 6apus BaSO,. Ho ¢ Ttakum xe xonmmuecTBOM aMOpQHBIX,
cTyaeHucThIX ocankoB ruapookcuaoB Fe(OH)s, Al(OH); paboTars upe3BbruaitHo TPy IHO.

AHaTUTUYECKON TMPaKTUKOW YyCTAaHOBJICHO, 4YTO Haubojiee  ymoOHBI B paboTe
KpUCTAJUIMYECKHE oOcaaku ¢ wmaccod  okoimo 0,5r uoObemuctsie amopgHble
OCaJIK1 ¢ wMaccon  0,1—0,3 r. YuuTeiBas 3TH HOPMBI  OCaJKOB W  3Hasd
NpUOIM3UTENIEHOE COJEPKaHHWE OMPENesieMOro DJEMEHTa B BEIIECTBE, BRIUYUCISIOT
HEOOXOMMYIO BETUYMHY HABECKHU.

IIpumep. Kakyro HaBecky xmopuaa 6apust BaCl,e 2H,0 HyxHO B35Th 11151

OTIPENICJICHHS COJIepKaHUs B HeM Oapusi?
Hcxonupie mannbie: (opmyna ocaaka BaSO,; HOpMa KpPHUCTANTMYECKOTO
ocaaka 0,5 r.

Pewenue. Bennunny HaBECKU HaXOAT U3 MPOMOPIIAN:

233,43 r BaSO, MIOJTyYaIOTCS U3 244311 BaCl,*2H,0
0,5r BaSO, » » » Xr BaCl,*2H,0
X=0,52r.
Omeem: nAnd aHalu3a cienyeT B3sATh HaBecky xsopuna Oapus BaCl,*2H,O oxoino
0,5—0,6T.
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WNHorna, BbIOMpas HaBECKY, YUYUTHIBAIOT HEOOXOJIMMYIO TOYHOCTh OMNPEIEICHUS U
BO3MOYHBIE MOTEPH U3-32 PACTBOPUMOCTHU OCAJIKA.

Pazymeercs, BbIOOp HaBECKHM 3aBUCHUT €Illeé OT METO/ia, C MOMOIIbI0 KOTOPOro Oyjaer
BBITIOJIHATHCS OIpeesieHne (Makpo-, MOJIYMUKPO- WJIM MUKpOaHaiu3). Mbl paccMoTpenu
cily4ail BbIOOpa HaBECKH MPU MaKpOaHaIH3e.

[Ipu ompeneneHusax, He CBSI3aHHBIX C MOJYYEHUEM OCaJlKa, HApUMEp MPU U3yUEHUU
BJIQYKHOCTH WJIM 30JIbHOCTH PAa3IUYHBIX MaTepPUaIoOB, JOMycTUMbI HaBeckd B 1,0—2,0 T, a
uHOT/Ia ¥ O0JbIIe. BemecTBo B3BEMIMBAIOT B CIICITUATFHOM CTaKaHIMKE — OOKCE.

3. PacTBOpeHHe HABECKH AHAJIM3HPYEMOI0 BellleCcTBa

JIJist pacTBOpEHUSI HABECKY aHAIM3UPYEMOT'0 BEIECTBA MEPEHOCHT (T. €. OCTOPOKHO
NEPECHINalOT) B YHCTHIA XUMHUYECKMH CTakaH HYXHOro ooObema. [loaxonsmuii
pacTBOpUTEIIb MOAOUPAIOT 3apaHee, Jenas NpoObl ¢ OTAEIbHBIMU MOPUHUSMH BEIIECTBA.
Ecnu npensaputenbHO mpoOON OBLIO YCTaHOBIEHO, UTO AaHAIM3UPYEMOE BEIECTBO
pacTBOPUMO B BOJE, TO HaBeCKy pacTBOpstoT B 100—150 mu1 AMCTUINIMPOBAHHOM BOJBI.
[Ipn HEOOXOAUMOCTH COJEPKUMOE CTaKaHa HArpeBaloT HAa acOECTUPOBAHHOM CETKE WIIU
Ha BOJITHOW OaHe, HaKPhIB CTAKaH YaCOBBIM CTEKJIOM U HE JOMYyCKas KUTICHUS pacTBOpA.

Ecnu uccrnemyeMoe BemIECTBO HE pacTBOPUMO B BOJI€, TO HABECKY NEPEBOIST B
pacTBOp JEUCTBUEM KHUCIOTHI (YKCYCHOM, COJITHOM, CEpHOM, a30THOM) WM IApPCKOM
BOJIKM. KOIM4ecTBO TOM MM MHON KUCJIOTHI, HEOOXOUMOE JIJIsl PACTBOPEHUS, BBIUUCIISIOT
(C y4eToM ee KOHIIEHTpAIIMH) TI0 YPABHEHUIO PEAKIIUH.

Br160op KUCTOTHI 1711 paCTBOPEHUSI HABECKH OMpPENeNsieTcs, KpOME TOTO, XapaKTepoM
MpOUCXOAIIEH pu 3ToM peakunn. Hanpumep, nzBectasik CaCOj3 ciienyer pacTBOPAThH B
COJITHOM KHCJIOTE, a HE€ B CEpHOHM, TaK Kak Mpu JEHCTBUU TMOCIEAHEH oOpasyercs
MaJjopacTBOPUMBIA cynbdaT Kaabius CaSO,.

HaBecky pacTBOpSAIOT B KHUCJIOTE OCTOPOKHO, HAKPBIB CTAKAH YACOBBIM CTEKIIOM,
yTOOBI M30€XaTh MOTEpU aHAIM3UpPyeMoro BemiecTBa. [loTepst BO3MOXKHAa MOTOMY, YTO
BeiAesronuecs ras3el (CO,, Hy, H,S) yBiekarot ¢ coboii Karmenbku pacTBopa.

[IpyUroToBICHHBIN TEM WJIM WHBIM CIIOCOOOM PacTBOP HEPEIKO MPUXOIUTCS eIl
MOATOTOBUTh K aHAIU3y: yHapuTh, HEHUTpaIU30BaTh H30BITOK KHUCJIOTHI, CBSI3aTh WJIU
YAQIUTH UOHBI, MEIIAIOLINE OMPECICHUIO.

Pasznoorcenue manopacmeopumvix Heopeanuueckux eewjecmg. PaznoxkeHue npoObl
MaJIOpaCTBOPUMOTO HEOPTaHUYECKOTO BEIIECTBA OCYIIECTBISIOT «MOKPBIM» IyTEM
(IeficTBHEM KHCIIOT) WJIH «CYXUM)» IyTeM (CIUIaBJICHHEM C KapOOHATOM HATpUsl, CAKUMU
1IeJI04YaMy U IPYTUMU TIJIaBHSIMU).

A30THasi KHCIIOTAa KaK CHJIBHBIM OKHCIUTENb PacTBOPSET MeIb, cepedpo, pTYTh,
MBIIIBSIK, BUCMYT, O0p, KaaMUM, TepMaHU, BaHA 1N, MapraHell, MOJIMOICH U HEKOTOPhIS
JIpYyTrye MEeTaJlIbI.

B KOHUEHTpUPOBAaHHOW CEPHOM KHUCIOTE PAaCTBOPSAIOT CIUIAaBBl OJIOBA, CYPbMBI,
CBHUHIIA, a TaKXKe (heppOTUTaH.

«HeprxaBeroriue» (JJErupoBaHHbIE) CTAIM PACTBOPSIOT B XJIOPHOU KHUCJIOTE.

3010T0 W IUTaTHHY pacTBOpsoT B mapckod Bojake (koHILHCI m xonm. HNOg),
KOTOpasi JCHUCTBYET M KaK OKHCIWTENb, U KaK KOMILIEKCOOOpa3oBaTelib; B PE3yjbTare
Takol 0O0paOOTKM TMOTYUYarOTCs KOMILUIEKCHBIE XJIOPUIBI ATUX MeTaioB. BonbshpaMmoBbie
CILJIaBbl, MOJIUOJIEH U (PeppoMOIuOACH, HUPKOHUN M TaHTAJl PACTBOPSIOTCS B CMECHU
a30THOM M MJIABUKOBOW KUCJIOTE 00pa30BAHUEM KOMIUIEKCHBIX (DTOPHIOB.

56



[IpoObI KPEMHEKHCIIOThI, TOPHBIX MOPOJ U PA3JIUYHBIX CUIIMKATOB pasJjiaraloT Jei-
CTBUEM ILJIABUKOBOU KUCJIOTHI.

[lepeuriciieHHble CIOCOOBI Pa3JOKEHUSI aHAIM3UPYEeMOW MpOObl M TMOJYyUYEHHUS
pacTBOpa HE YHHUBEpCaJbHBI, HENPUIOAHBI IJisi BceX ciayyaeB aHanu3a. Hawubonee
MOAXOSIIIUN METO BBIOUPAIOT UCXO/Is U3 OCOOCHHOCTEN aHAIM3UPYEMOro MaTepuaa.

4. OcaxneHue

OcaxJieHre CUUTAIOT BaKHEHIIEH onepaleil rpaBUMETPUUYECKOr0 aHaIu3a.

[Ipu BeIMONHEHNUU €€ HEOOXOIUMO MPABUIBLHO BBIOPATH OCAJAUTENb, PACCUUTATH €T0
KOJIMYECTBO, COOJIOCTH OMPEICIICHHBIE YCIOBHUS OCAXIEHUS, YOEIUThCS B TOJHOTE
OCaXJIEHUS HOHA U3 PacTBOPA.

Buibop ocaoumensn. Ocanurens BBIOUPAOT, HUCXOAA W3 psaa TpeOOBaHUM,
MPEABSABIAEMBIX K OCAJIKY.

1.ITonyvaromuiicss ocagok (Tak Ha3bIBaeMasi ocadicoaemas popma) NOMHKEH MPEKIE
BCEro 00IagaTh KaK MOYKHO MCHBIICH PacTBOPUMOCTBIO B Boxe. Hampumep, mon Ba®
o0pa3yeT HECKOJIbKO MajopacTBOPUMBIX COJIeil: kapOOHAT, OKcajaT, XpoMaT U Cyibdar.
YuuTeIBast NpOU3BEICHUS PACTBOPUMOCTH UX:

BaC,0; — 1,6:10"% BaCO; — 2,4 + 10™% BaCO; — 8,0-10"%; BaSO, — 10™%°.
O4YeBH/IHO, YTO TIPU IPABUMETPUYECKOM OIpEACICHHH HOHBI Ba®' criemyer ocaxmars B
Buge cynepara BaSO,, wuMeromero HauMEHBIIYI0O BEIMYMHY  MPOU3BEICHUS
PacTBOPUMOCTH.

2. KpoMme Toro, mojtygyaeMblii 0CaJI0K JAOKEH JIETKO OT(UIBTPOBBIBATHCS U XOPOIIO
OTMBIBAaTbCSI  OT  IpuMecel. OTu  cBoicTBa  Haubosiee  XapakTEepHbI IS
KPYHHOKPUCTALNTUYECKUX OCAIKOB.

3. Haxkxonen, ocaxnaemass ¢opma [0JDKHA IpU IIPOKAJIMBAHUMU TIOJHOCTBIO
npeBpamiatbcsi B gecogyio  ¢opmy. CoctaB BecoBOol  (OpMBI  JTOJDKEH TOYHO
COOTBETCTBOBATh OMPEEICHHOM XUMHUYECKOW (opMysie HWHA4Ye HEBO3MOXKHO MPOBECTU
BBIUUCIICHUE Pe3ybTaTOB aHanu3a. Hampumep, ocamok ruapookucu xeneza Fe(OH); B
pe3ynbTaTe MPOKATMBAHUS TOJHOCTHIO MEPeXoauT B okcuj xeneza Fe,0;. [locneanioro u
Ha3bIBAIOT BECOBOM (hOPMOIT 1 UMEHHO €€ B3BEIIMBAIOT B KOHIIC aHAJIM3A.

[Tomumo »TOTO, BecoBasi (hopma He JOJIKHA U3MEHSITh CBOEH MacChl Ha BO3/IyX€ M3-3a
MOTJIONIEHNS TapoB BOABI M JBYOKHCH yIJepoAa WM BCJIEACTBHE YAaCTUYHOIO
paznoxxeHus. s TOYHOCTU ompeneneHus >KeIaTelbHO TakxKe, 4ToObl BecoBas (opma
UMeJia BO3MOXKHO OOJIBIIYI0 MOJIEKYJISIDHYIO MacCy M cojeprajia KaK MOKHO MEHbIIE
aTOMOB OIPEEISIEMOr0 AJIEMEHTa B MoJjeKyise. I[Ipu 3ToM morpemHocTyu onpeneiaeHus
(omMOKM B3BENIMBAHUS, TTOTEPU MPU MEPEHECEHUU Ocaaka Ha (UIbTP U T. I1.) MEHBIIIE
CKa3bIBAIOTCA HA PE3YJIbTATE aHAIN3A.

4.Kpome Bcex 3THX TpeOOBaHUM, MPEIBABIAEMbIX K OCAIKy MPU BBIOOpPE OCaTUTENS,
YUUTBHIBAIOT JIETY4ECTh MOCIeHEro. B kauecTBe ocaauTens Bcerja NpearnodynTaroT 0oee
JeTydyee BEIIECTBO, €CIM NPUMECH €ro He OyAyT MOJHOCThIO yAaJeHbl M3 Ocajaka
MPOMBIBAHUEM, TO OHH YJIETY4YaTCs MpU MOCIEAyolleM npokanuBanuu. Hanmpumep, st
ocaxaenns Ba®* B Buge cyiabdara Oapus MONB3YIOTCS CEpPHOIl KHCIOTOH, a HE ee
pactBopumbiMu cosisimu  (K,;S04), Tak kak kuciora Oonee seryda. [lo Tem ke

coobpaxeHmsiM HoH Fe** ocaxxmaror m3 pacTBOpa jeicTBHEM neryuero NH,OH, a ne
NaOH nmu KOH.
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5. BeiOupaemblii  ocaautenb JODKEH B TOW WM  HWHOM Mepe oOianath
CEJIEKTUBHOCTBIO MO OTHOLICHHID K OCaXJIaeMOMY HOHY. B mpoTHBHOM ciiy4ae
NPUXOJINUTCS TPEABAPUTEIBHO YAAIATh APYTME HWOHBI, MEMIAKIINE OINPEIEICHHUIO.
Takast CeIEeKTUBHOCT ~ OCOOCHHO  XapakTepHa JJii  OPraHUYeCKUX  PEarcHTOB,
HaxOoJSIINX MPUMEHEHUE HE TOJBKO B KAYECTBEHHOM, HO U B KOJIMYECTBEHHOM AHAJIM3E.

Pacuer konmuyectBa ocaautens. HeoOxomumoe KOMMYECTBO OCAAUTENSI BBIYUCISIOT
UCXOAsl M3 COJACP)KAaHUS OCAXKIAEMOTO HOHA B PACTBOPE U BEJIWYMHBI HABECKU
aHAJIM3UPYEMOIO BEILIECTBA.

Ipumep. JIns KOIMYECTBEHHOTO oOMIpenerncHus Ba’®  pacTBopmim — HaBecky

BaCl,*2H,0 B 0,4526 r. Kakoii 00beM 2 H. pacTBOpa CEPHON KHCIIOTHI
OTpe6yeTCs AT IOTHOTO OCAaXICHHS HOHOB Ba®*?
Pewenue: VI3 ypaBHEHUs peaklMKi BUAHO, YTO OJHA FPaMM-MOJIEKYJIa Xxjopuaa 0apus
B3aMMOJICHCTBYET C OJJHOM I'PAMM-MOJIEKYJIOU CEPHOU KHUCIIOTBI:
BaCl,*2H,0 + H,SO, = BaSO, + 2HC1 + 2H,0

CnenoBarenbHo, Ha B3aumojpeiictBue ¢ 244,31 r BaCl,*2H,0 pacxomyercs 98 r
H,SO,, xotopwie comepxkarcas B 1000 ma 2 H. pactBopa KuciaoThl. [loaTomy MOKHO
COCTaBUTH CJIEAYIOLIYIO IIPOIIOPLUIO:

Ha 244,31 r BaCl,2H,0 HJIET 1000 ma1 2 u. H,SO,
0,4526 r BaCl,*2H,0 » X wia 2H. H,SO,
Otcrona

x =(0,4526 + 1000)/244,31 =2 mn

Kasanocs GBI, B 3TOM HpHMepe Il MOJHOTO OCaKIeHMs HoHOB Ba”" mocratouno
B3aTh 2 Mi 2 H. H,SO,4. Omgnako 310 He Tak. AGCONIOTHO HEPACTBOPUMBIX BEIIECTB HE
CYILIECTBYET, W HaJ OCaJAKOM cyib(ara Oapus B pacTBope eme OyIyT HaxOIUThCs
HeocaxkJeHHble MoHBI Ba’. IlosToMy HEOOXOAMMO IIPHHATH MEpPBI, YTOOBI IOHHU3MTH
KOHIIEHTPAIMIO UX B PACTBOpPE, T. €. JOOUTHCA MPAKTUYECKOMN MOJHOTHI OCAXKICHUS HOHOB
Ba>".

N3BecTHO, YTO JKUJIKOCTh HaJl OCAJKOM MPENICTaBIIAECT COOO0W HACHIIICHHBIA PACTBOP
anekTposinra. [IpousBeieHne KOHUEHTpAMKA €r0 MOHOB IIPM HEM3MEHHOW TeMIlepaType
COXpaHSIET TOCTOSSHHOE 3HA4Y€HWEe, PAaBHOE MPOU3BEIACHUIO pacTBOpUMOCTU. B
paccMaTpuBaeMOM MPUMEPE

IMPaaso. = [Ba”] [SO,” ] = 1,1410™

CrnenoBaresibHO, YTOOBI MTOHU3UTH KOHIIEHTPALIUI0 HOHOB Ba2+, ellle OCTAIOIIUXCS B
PAacTBOpE TOCIIE OCAXK/ICHHS, HY)KHO [OBBICHTH KOHIIGHTPALHMIO APYTUX HOHOB (SO4Y), T.
€. IECTBOBATh U30BITKOM OCAAUTEINS (CEPHOU KUCIIOTHI).

ONBITHBIM TyTEM YCTAaHOBJIEHO, UTO JJIsI MPAKTUYECKH HOIHO20 OCAXKIACHUS HOHA
JIOCTATOYHO TOJYTOPHOTO U30bITKa ocanutens. JloOaBneHue Oombliero U30bITKA
OCaAUTENIsl MOXET TIOBBICUTh PAaCTBOPUMOCTh OCaJKa BCIEJICTBHE 0Opa30BaHUS
KOMIUJIEKCHBIX COEIUHEHUI, KUCIIBIX COJIEU U T. 1.

Omeem: B pacCMaTpUBAEMOM Clly4ae JJisl TTOJTHOTO OCaXJAEHUS MOHOB HYKHO B3STh

He 2 mi1, a 3 mi1 2 H. H,SO,.

Haunbonee OnarompusTHBIE YCIOBHUS TOJYYCHHUS KPUCTAUIMUECKHX U aMOP(HBIX
OCaJIKOB HEOJUHAKOBBI.

IIpy ocaxneHuun B pacTBOpE MNPOTEKAIOT JBa B3aUMOCBSI3aHHBIX Mpoliecca:
BO3HUKHOBEHHE MEIBYANIIINX 3apOJBIIICBBIX KPUCTAIIOB W HMX JajbHEUIIHUNA POCT.
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CrnenoBatesibHO, HaJl0 MO BO3MOXKHOCTH YMEHBIIUTh YUCIO LIEHTPOB KPUCTALIU3ALNUA U
YCWIUTh POCT YK€ O00pa3oBaBIIMXCS KpPUCTAIOB. JIJIsi MOCTHMXKEHUS STUX Iesen
HE00X0AUMO, YTOOBI pacTBOP ObLI BO3MOKHO MEHEE MEPECHIIEHHBIM MO0 OTHOLIEHUIO K
OCaXJIAEMOMY COEIUMHEHHUI0. JIeHCTBUTENbHO, M3 CHJIBHO IMEPECHIIIEHHOTO pacTBOpa
OC@XJIaeTCd MHOXECTBO MEJIbYANUIIINX 3apOJIbIIIEBBIX KPUCTAUIOB, KOTOPHIE MOYTU HE
yKpynHstorca. M, Hao00poT, B Majo MEepechIICHHOM PacTBOPE CO3JAI0TCS YCIOBUS IS
JaIbHENIIIET0 pOCTa HEOOBIIOr0 KOJIMYECTBA 00Pa30BABIINXCS KPUCTAILIOB.

Bo3MoxHO Manoe mpechilieHHe pacTBOpa U TMOIYYEHHE KPYMHOKPUCTATTUMYECKOTO
ocagka JOCTUTaeTcs MpU COOMIONEHMH OCOoObIX ycnoBHWil. Pasymeercs, naxe mpu
COOJIOACHUM 3THUX YCIOBHM, TOMUMO KPYIHBIX KPHCTAJUIOB, MOJIy4aeTCs U HEKOTOPOE
KOJIMYECTBO MENKUX. YTOOBI X OBLJIO MEHBIIIE, OCAJOK OCTABJISAIOT CTOATH HA HECKOJBKO
4acoB (WU JI0 CIEAYIOUIEro 3aHITus) sl co3pesanusi (ctapenus). I3BeCcTHO, UTO MEJIKUE
KPUCTAILIBI JTIOOOTO BEIIECTBA PACTBOPSIIOTCS HECKOJIBKO ObICTpee, 4YeM KPYITHBIE, TaK Kak
UMEIOT OOJIBIIYI0 TMOBEPXHOCTh COMNPUKOCHOBEHMsI € pactBoputeieMm. [lostomy mnpu
CO3pPEBAaHMU MEJIKME KPHUCTAUIBl PACTBOPSIIOTCS M 33 MX CUET pacTyT KpyIMHbIE.
[TockonpKy KpynHbIE KPUCTAJUIBI HMMEIOT MEHBUIYI0O MOBEPXHOCTb, COOCAXKICHHE
npuMecel moHmwkaercs. boyee ObICTPOMY CO3pEBaHHIO OCaJKa COJAEHCTBYET MOBBILLICHUE
TEMIEPATYPbI, YCKOPSIOIIEe IBUKEHUE MOHOB B pacTtBope. Iloaromy crakaH ¢ ocaakom
0OBIYHO OCTaBJISIIOT B TEIJIOM MECTE, HAIPUMEP Ha Topsiuei BOJSHOM OaHe.

lIpoba na noamomy ocadwcoenus. Kak TOJIBKO pacTBOp HaJ OCAJKOM CTaHOBUTCS
COBEPIICHHO MPO3PAaYyHBIM, JIEIAI0T MPOOYy Ha MOJIHOTY OCAXKACHHS HOHA. [ 3TOro mo
CTEHKE CTakaHa MpuOaBIAIOT eule 2—3 Karuid pacTBopa ocaaurtels. Eciu mpu 3ToM B
MECTE CMEIIIECHHUSI PaCTBOPOB MOSIBUTCS XOTsI ObI JIETKask MyTb, TO CYUTAIOT, YTO MOJHOTA
OCXICHHSI HE JOCTHUTHYTAa. B Takom ciydae mo0aBiSOT K JKMIKOCTH €II€ HECKOJBKO
MUUTHIATPOB OCATUTENsA, MEPEMEIINBAIOT CTEKITHHON MaJOYKOW, CHOBAa HAarpeBaloT H
OCTaBIISIIOT CTOATH MJII CO3peBaHUs ocaaka. MHorma mpoOy Ha MOJHOTY OCaXICHUS
OPUXOJUTCST TOBTOPUTHh HECKOJBbKO pa3. Ee pekomeHmyercs caenaTb M Iepes CaMbIM
(bUIETPOBaHUEM.

5. DWIbTPOBaHUE

OWIBTPOBAHMEM OTACISIFOT TOJTYYEHHBIA OCAJIOK OT PACTBOPA, COACPXKAILIETO MOCTOPOHHUE
npuMecH. THIATETLHOCTh BBITIOJHEHUSI JTOW OINEpaly CKa3bIBA€TCSI HAa TOYHOCTH
OTIPE/ICIICHU.

B rpaBuMeTpuueckoM aHaiIWM3€ MPUMEHSIIOT HE OOBIUHYI0 (QUIBTPOBAIBHYIO
OyMary, a Tak Ha3blBaeMble 0e330.1bHble uabmpsl. B mpoliiecce U3TOTOBIEHUS UX
npombiBatoT kuciotamu (HCI), ynanss OoJsbllyt0o 94acTh MUHEpAIbHBIX BEIICCTB.
Macca 30161, 0Opa3yromieicss Tpyu CKUTaHUU OJHOTO 0€330JIbHOTO (DUIbTpa, ObIBAET
Maja, IO3TOMY €10 IpeHeoperaror.

[TpoMbIIIIIIEHHOCTH BBIITYCKacT 0€330J1bHbIE  (DMIIBTPHI HECKOJBKUX COPTOB,
pazIMYarouecs Mo JUaMeTpy U INIOTHOCTH.

Uepnas (unum KpacHasi) JeHTAa — HAUMEHEE MIOTHBIE, T.€. OBICTPODUIBTPYIOIINE
U KPYINHOMNOPHUCTBIE W HCIHOJB3YIOT Ui OTAENCHHS aMOP(HBIX OCAIKOB T'MIPOKCHIOB
KeJesa, ATFOMHUHUSA U JIP.

benas neHTta — QUABTPHI cpeAHEH MIOTHOCTU, TPUMEHSEMBbIC JJISI OTACIICHUS
OOJBIIMHCTBA KPUCTAJUTUUECKUX OCATKOB
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Cunsis neHTa — (QUIBTPHI MEIKOTIOPUCTHIE, HaMOOJee TIOTHBIE U MEIJICHHO
buIbTpyOIIMe; MPUMEHSIOT WX JUJIS OTACICHUS MEITKOKPUCTAUIMYECKUX OCaIKOB
cynbdara 6apust BaSO, , 3T GUIBTPBI HA3BIBAIOT TAKKE «OAPUTOBBIMID).

WNuoraa aist GUIbTpOBaHUS UCTIONB3YIOT papdopoByro BopoHKY broxHepa, Ha THO
KOTOpOW TMOMEIAT OyMaKHBIH QuiIbTp. Uepe3 Hee PUIBTPYIOT TakKe MPU MTOMOIIH
BaKyyM-Hacoca.

6.Cooca:xxnenue. IlpombiBanme ocaaka

Ocanok yBIeKaeT ¢ co0Oil MOCTOPOHHUE BEIIECTBA W3 pacTBOpa. DTO SBJICHHE,
Ha3bIBAEMOE COOCANCOeHUeM, — OJIHO W3 CEPhE3HBIX IMOMEX IPHU BBIMOJIHCHUU
TPaBUMETPUUECKOTO OMNpeaeeHNss. MOXXHO BBIJCIUTh YETHIPE OCHOBHBIX BHIA
COOCAXJCHHM.

Oxxaro3uss — TIPOIECC 3axBaTa MPUMECEH MHUKPOKOMIIOHEHTa BHYTPh PACTYIIHX
KPUCTAIOB 0CaJKa OCHOBHOTO KOMITOHEHTA. Y JaJicHUE OKKIIOJIUPOBAHHBIX MPUMeECEH
U3 OCaJIKa MPEICTABIACT TPYAHYIO 3a1ady.

Hzomopgnoe coocadicoenue — tpoliecc 00Opa3oBaHUS «CMEIIAHHBIX KPUCTAJUIOBY C
MOHAMM  OCHOBHOIO KOMIIOHEHTa W  MHUKPOKOMIIOHEHTa, WMEIONIMMH  OJIM3KHE
panuycel. Hampumep, ocamok cynbdara Oapus MOXKET yBjieKaTbh ¢ co00i u3
pacTBopa TpUMECH IepMaHTaHaTa Kajus, TaK Kak 3TH BeHIecTBa H30MOP(QHBI, T.€.
00pa3yloT COBMECTHYIO TPOCTPAHCTBEHHYIO KPUCTAJUTMUECKYIO PEIICTKY.

Coocascoenue ¢ obpazoganuem XuUMUYECKUX COEOUHEHUNl C OCaXKIAEMbIM
BCIIECTBOM W TMPHUCYTCTBYIOIIMMH B PAacTBOpPE MPHUMECIMU TaKXKe JIOBOJBHHO
pacopocTpaneHo. Eciau ocaxknaTe U3 pacTBOpa MOHBI Ba®* neiicTBueM CEpHOU KHCIOTHI,
TO BMECTE C HHMH COOCAXTAIOTCS M mpuMecd Fe’* B Bhe KoMIUIeKcHOro cymbhara
Bas[Fe(SO,)3]. B Takux ciydasx HeoOXOIMMO IMpeIBapUTEIbHOS yIaJICHHE IpUMecer
u3 pactopa. Tak, mepex ocaxieHnem moHoB Ba’* mpumecn Fe** mpuxommres ocamuts
aMMHUAKOM ¥ OTQUIBTPOBATH THAPOOKUCH JKEIe3a.

WNuorna st ynaneHus: MpUMECEe HCTOJIB3YIOT TaK HA3bIBAEMOE HNepeocadricoeHue.
Hanpumep, ocanok okcanarta kanbitus CaC,0,4, comepkamiuii mpuMecH okcanaTa MarHus
MgC,0,, pacTBOPSIOT B COJITHOW KUCJIOTE, HEUTPATU3YIOT paCTBOP U MEPEOCAKIAIOT HOH
Ca”™, T. . IOBTOPSIIOT OCAKICHHE €ro OKCATATOM aMMOHHs. ITOCKOJIBKY TepeOCaKICHHe
IIPOUCXOMHT TIPH 3HAYUTEILHO MEHbIIeH KOHIEHTpaun noHoB Mg®*, qem B mepBbIii pas,
ocanok CaC,0,4 oka3piBaeTcs MpakTUdecku cBoOOHBIM OT mpuMeceir MgC;0,.

CoocadicOenue 6 pe3yibmame HNOBEPXHOCMHOU aAO0CoOpoOyuU npumecell 0caokom
O0COOEHHO 4YacTO BCTpPEYACTCS TPU OCAKICHWHM aMOP(HBIX BEIMIECTB, HMEIOIINX
Pa3BETBICHHYIO TTOBEPXHOCTH (THAPOKCHIBI JKeJie3a M aIFOMUHUS, KpEMHEBasi KHCIIOTa U
T. IL.).

Ho aacopbumst — 310 00patumeblil npouecc. [Ipu 1auTenbHOM NPOMBIBAHUM OCaIKa
TOW WJIM WMHOW YKUAKOCTBHIO TOTJIONMICHHBIE MM IPUMECH MOTYT OBITh JeCOpOMPOBaHbI,
BBEIMBITHI U ynajeHbl. [lecopOiuy comeicTByeT Takke MPUMEHEHHE Topsiuei MPOMBIBHON
KUIKOCTU. 3a/iadya TPOMBIBAHMS M COCTOUT B YJAJCHUU TMOCTOPOHHUX TMPUMECEH,
aJICOPOMPOBAHHBIX OCAJKOM U3 PacTBOPA.

NHorma ocaxxmaeMoe BEIIECTBO YBIIEKAeT MPUMECH M3 pPacTBOpa B PE3yNbTare
COYETaHUS HECKOJIbKMX BHJIOB COOCAXKIEHHUS (aJCOPOIMOHHAS OKKIIIO3WS, XUMHUYECKas
OKKJIIO3US U T. 11.).
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[Ipu mnpombIBaHMM HEOOXOAMMO HCKIIOYUTh TMOTEPH OCAXKIECHHOIO BEIIECTBA.
[ToaToMy BBIOOpP NPOMBIBHON >KMIKOCTA ONpPENENseTcs CBOMCTBAMHM MPOMBIBAEMOTO
ocajika.

lIpomvisanue  pazdasnennvim  pacmeopom  ocaoumens. Ilpu  npomMbIBaHUU
OOJBIIMHCTBA OCAAKOB JUCTUILTMPOBAHHOM BOJION BO3MOKHO YaCTUYHOE PACTBOPEHUE X,
IPUBOJSIIEEe K MOTEpe OCAXKIECHHOrO BellecTBa. Bo n3bexkaHue MoTepb Takhe OCAJKU
IIPOMBIBAIOT Pa30aBICHHBIM PACTBOPOM OCAJMTENIA, T. €. B IPOMBIBHYIO KHJIKOCTH BBOJIST
ocakmarommii  WoH. Hampumep, ocagok okcamata kaiaeiusa CaCs0O4,  3ameTHO
pPacTBOPUMBIN B BOJIE, MPOMBIBAIOT Pa30aBIEHHBIM PacTBOPOM OCATUTENsI, T. €, OKcaiara
ammonust (NH,) C,0,.

IIpomvieanue pacmeopom snekmponuma-koazyasimopd. Eciin 0ca)KI€HHOE BEIIECTBO
CKJIOHHO K TICTITU3AITiH, TO BO3MOXKHA TOTEPSI €T0 B PE3YNbTaTe MPOXOKIACHUS KOJUIOUIA
yepe3 GuibTp. UToOBI 3TOTO M30€kKaTh, TAKOKH OCAOK MPOMBIBAIOT paz0aBICHHBIM
pacTBOpoM ANEKTPOIUTA-KOATYIISTOPA, MPEMATCTBYIOMIErO MENTU3AINH.
DNEKTPONIUTAMU-KOAryJIaTOpaMu  OOBIYHO  CIy>KaT  JIeTy4yue  BEIEeCTBa,  JIETKO
yAAISIOMKUECS MPU TOCIEIYIONEM NPOKAIMBAaHUU oOcajaka. Tak, aMOpdHBIE OCaIKu
ruapokcuioB Fe(OH); u Al(OH); mpombiBaoT pa30aBiICHHBIM PAcTBOPOM HHTpaTa
aMMOHWUSI.

IIpomvisanue oucmuniuposanuol odou. IIpoMbiBaHHE BOJIOW BO3MOXKHO TOJIBKO B
TE€X HEMHOTHX CITydasx, KOTJla IPOMBIBAEMBIH OCaJIOK MPAKTHYECKH HE PacCTBOPSETCS B
BOJIC, HE TICTITU3UPYETCS W HE THApoIm3yeTcs. Tak, Hampumep, 0camok cyibdara Oapus
BaSO, npomMbIBatoT Ha GUIBTPE TUCTUILTUPOBAHHON BOJIOM.

Korma moBeIieHre TeMIiepaTypbl HE YBEIMYHMBACT IMOTEPH OCAKICHHOTO BEIIECTBA
WCITOJIB3YIOT HE XOJIOJHYIO0, a TOPSYYI0 TPOMBIBHYIO XHIKOCTh, TaK KaK HarpeBaHUE
YCKOPSIET AECOPOIINIO TPHUMECEH.

Camoe mpoMbIBaHUE MTPOU3BOAAT CHavYaa ACKaHTaIlMeH, T. €. MPUINBAIOT B CTaKaH C
ocagkoM 15—20 M1 IpOMBIBHOM KHUJIKOCTH, TIIATEJIbHO MEPEMEIIUBAIOT, JAIOT OCAIKY
OCECTh M  CJIMBAIOT KHUIKOCTh MO mayniouke Ha ¢uibTp. [Ipu Takom crocobe oTMbIBaHUE
npuMecell 3HauuTeIbHO YcKopsiercs. [IpombiBaHMe aexaHTanueid OOBIYHO MPOU3BOJISAT
3—4 paza. 3aTeM 0CcaJ0K KOJIMYECTBEHHO, 0€3 MoTeph, IepeHocaT Ha GuibTp. s aToro
HAJIMBAIOT B CTAKaH HEOOJBIIYIO MOPIIUI0 TPOMBIBHOM JKUJIKOCTH, B3MYUYHBAIOT OCAJOK U
MOJIYYCHHYIO CYCIEH3HIO OCTOPOXXHO CIMBAIOT Ha (UIBTP IO CTEKISTHHOM TMajouke.
BeImiontHsISL 3Ty omepanuio  Helab3s TepATh HU OJHOW Karum KUAKOCTH. [lomb3ysichk
MIPOMBIBAJIKOM, MHOTOKPAaTHO OOMBIBAIOT CTEHKH CTaKaHa HEOOJIBITMMHU TIOPIUSIMHA
MIPOMBIBHOM JKHJKOCTH M KaXIbId pa3 cimBaloT e¢ Ha GuiabTp. YacTuiwsl ocajka,
NpUCTABIIME K CTEHKAM CTakaHa, CHadajga THIATEIbHO OTTHPAIOT PE3HWHOBBIM
HAKOHCYHUKOM TIaJIOYKH, CMBIBAIOT Ha (QUIBTP, a 3aTeM Cleabl OcaJka CHUMAIoT
KYCOYKOM (hUIIBTPA, KOTOPBIM MOMEIIAIOT B TY e BOPOHKY. CTEKIITHHYIO TAJIOUKY TaKXKe
00THPAIOT KYCOYKOM (PUIIBTpa M MOMEINIAIOT €r0 B BOPOHKY C OCAJKOM.

Hakonemn, korma HM B CTakaHe, HM Ha TaJOYKe OOJBIIE HE OCTAHETCS YaCTHII
OCa@XJICHHOTO BEIEeCTBA, MPUCTYMAIOT K MPOMBIBaHUIO ocajka Ha ¢uibTpe. [IpombiBatoT
ero OOJBIIMM YHCIOM MAJICHBKUX TMOPIHMA JKUIKOCTH, KOTOPOM BCSKHMMA pa3 JaroT
MOJIHOCTBIO CTEKaTh. JTO obOecrmeunBaeT Oojiee OBICTpOE yHaJeHUE MPHUMECE, YeM B
ciaydae OOnbIIMX TOPIUN KUAKOCTH. [lomyTHO OCagoK CMBIBAIOT B HUKHIOK YacTh
bunbTpa.
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[ToBTOpUB TIpOMBIBaHUE 4—5 pas, AeNalT npoby Ha NOAHOMY YOAieHus npumecell.
s sTOoro cobmparoT M3 BOPOHKM B MPOOUPKY HEOOJBIIYI0 TOPIUI0 (UIbTpaTa |
npuOaBIAIOT K HEMY PEaKTHB, MAIOIIUN XapaKTEPHYIO PEaKIHMIO C yAaIseMbIM U3 OCajKa
noHoM. Harmpumep, BoimosHss mpo0y Ha monHoTy yaanenus Cl” u3 ocagka BaSQ,, Gepyt
1—2 mn ¢unpTpaTa, MOAKUCISIIOT €r0 a30THOM KHUCJIOTOW U JIEHCTBYIOT HHUTPATOM
cepebpa. Ecnmm myTh Xmopuaa cepebpa TpH 3TOM HE TMOSBISETCS, TO IMPOMBIBAaHHE
npekpamaroT. DduaeTpaT NpU  TPABUMETPUUYECKHX  OMPEICICHHUSX OOBIYHO  HE
aHAIM3UPYIOT M OTOPACBHIBAIOT, €CIM OH COBEPIIECHHO MPO3payeH, T. €. HE COACPKHUT
YaCTHII OCaJIKa.

OuIbTpOBaHWE W TPOMBIBAHUE OCAJKa CICAYET BBIMOJHATH HA OJHOM M TOM K€
3aHITHH; OT(OWIBTPOBAHHBIM OCAJOK CHJIBHO BBICHIXAET MPU XPAHCHWH U HE TOJIACTCS
ITPOMBIBAHHIO.

7. BeicyliMBaHHWe M MPOKAJIUBAHUE 0CAJAKA

OtdunbTpoBaHHBI M MPOMBITHIA OCAJOK €HIE COAEPKHUT BIAry; OOBIYHO €ro
BBICYIIMBAIOT U MPOKAJIMBAKT. DTH ONEPALUN MO3BOJIIOT MTOIYYUTh BELIECTBO CO CTPOTO
OIIPENEIICHHBIM XUMUYECKUM COCTaBOM.

Buvicywusanue ocaoka. Ocalok BBICYIIMBAIOT BMecTe ¢ (QuibTpoM. BopoHky c
0CaJIKOM HAaKpbIBAIOT JIMCTKOM BIaXHOW (uibTpoBasibHOW Oymaru. Ee kpas mioTHO
OPWKUMAIOT K HApy>KHOW [OBEPXHOCTM BOPOHKH, JIMIIHIOK OyMmary yJajsior.
[Tonmy4aercst OymakHas KpbIILIEUKa, JIOTHO CUSAIIAs HA BOPOHKE U 3allMILIAOIIAs 0CAI0K
OT MBUIN.

[Tocinie 3TOro BOpOHKY € OCaaKOM cieayeT noMecTuTh Ha 20—30 MUH B CYIIMJIbHBIN
mKad, MMEIOIMA TMOJKUA C KPYIJIbIMH OTBEPCTUSIMU. B OAHO M3 HHUX M BCTaBISIOT
BOpOoHKY. Temnepatypy B mkady nogaepxkuBatoT He Bblie 90—105° C — npu Ooiee
CUJIBHOM Harpese (puiabTp 0OyriIMBaeTcsa U paciaaaeTcs.

[IpokanuBatoT ocaaku B (HapdOpoBBIX THUTISX pa3IUUHBIX pazMepoB. lIpexne dem
MPUCTYNUTh K MPOKAIMBAHUIO, HEOOXOAMMO Yy3HATh MaccCy IycTOoro Turis. s 3toro
TUrEJIb NPEABAPUTEIBHO MPOKAIUBAKOT 10 MOCTOSIHHOM MAacChl, T. €. 10 T€X IOp, IOKa
Macca ero mnepecraHeT U3MeHAThCs. [[pokannBalOT TUTIIM B JIEKTPUUYECKON My(]erbHOU
ne4yr, B TUTEIBHOW MEYM WJIM Ha Ta30BOM TOpeNike, HO 0053aTelbHO MPH TEX Ke
TEMIEPATYPHBIX YCJIOBHUAX, NPU KOTOPBIX IMpEearonaraeTcss MpokaauBath ocagok. O
TeMIIepaType NPOKAIUBAHUS OPUEHTUPOBOYHO CYAST MO LBETY KaleHUs My(QenbHOU
(TUTENIBHOM) Meun:

Hayano TEMHO-KPACHOTO KATECHHUS ...c...veeruveeeneveennveeernens ~525°C
TEMHO-KPACHOE KACHUE. ......eecvrevreenreenreenereesseenseeseeseens —700°C
CBETII0-KPACHOE KATCHHUE. ...cuvverereenreeererireeeeenireneenaeennne -900 — 1000°C
CBETII0-OPAHKEBOEC KATICHHE ....evvveenveenereanreaneeennnenneenneenns ~1200°C

Beoe KACHME  ....oovveieiiiiiiieicceceeeeeee e -1300°C
OCnenuTeNbHO-0ETI0€ KAMCHHE. .......evveenreieenrenieeeenienieans —1400 — 1500°C

[Ipenna3HaueHHBIN U1 MPOKATUBAHUS TUTeIb OEPYT TUTENIbHBIMU IIUIILAMU 33 Kpan
U TIOMENIaT B MydenbHyto nedb. [locne 25—30 MuH nmpokaauBaHUS €r0 BRIHUMAIOT U3
ne4u, JAI0T OCTBITh Ha JHUCTe acOecta (WJIM Ha TPAHUTHOM IUIMTKE) U TMEPEHOCAT B
sKkcuKarop. IlocnenHuil 3aKppIBalOT KPBIIIKOM HE cpa3y, a cnycTs |—2 MHUH; WHade npu
OXJIQXKJICHUHM B HKCHUKATOpPE CO3JAETCS Pa3pekKEHUE U KPBIIMIKY OyAEeT TPYAHO OTKPHITh.
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3aTeM SKCHKATOp OTHOCST B BECOBYIO KOMHATy M OCTaBIAIOT Ha 15—20 MuH, 4TOOBI
TUTEJIb MPUHSI TEMIIEPATYPY BECOB.

B3BecuB Turenb Ha aHAIMTUYECKUX BEcCax, €ro CHOBAa MpokanuBaioT 15—20 muH,
OXJIQXK/IAIOT B AKCHKATOpE M MOBTOPSIOT B3BelMBaHUE. Eciau pesynbTrar mocienIHero
B3BCIIIMBAHUS OYyJIET OTJIMYATHCS OT Ipeapliaymiero He 6osee yem Ha £0,0002 r, cuuTaror,
YTO THUTENb JIOBEJIEH JUIsl TOCTOSSHHOM MAacChl, T. €. MOATOTOBJICH IJisi MPOKAJIUBAHUS
ocasika. B mpoTuBHOM ciiydae TUreiab NPOKAIMBAIOT, OXJIAKIAIOT U B3BEIIMBAIOT €IIE Pa3.
Pe3ynbprarhl Bcex B3BEIIMBAaHUI HEMPEMEHHO 3aMKMCHIBAIOT B JIA0OPATOPHBIN KypHAJ.

IIpokanueanue ocaoxka. KpucTalnu3alMOHHAsA, WIM KOHCTHUTYLHMOHHAas BO/JA,
KOTOPYI0O MOXET COJIepKaTh JAa)K€ BBICYLICHHBI OCAJ0K, JOJDKHA OBITh IMOJHOCTHIO
yIaJieHa MyTeM NpoKaiuBaHus. Kpome TOro, npum npoKaJIMBaHUU HEPEIKO MPOUCXOIAUT
XUMHUYECKOe pa3ioxeHue BemiectBa. Hampumep, oxcamar xambius CaC,04°H,0,
IOTy9aeMBIil TIPH OCaXICHUH HOHOB Ca’’ OKCATaTOM aMMOHHS, YKe IPU BBICYIIMBAHUH
TepsieT KPUCTAIUTU3ALIMOHHYIO BOJTY:

CaC,0, * H,0O — CaC,0, + H,O

[Ipu cnaboM mpokaIMBaHUK OH BBIAEISET OKUCH YIJIEpOJa M TMPEBpALIACTCS B
KapOOHAT KaJIbIIHSI:

CaC,04 — CO, + CaCOs4

Hakonen, npu CWIbHOM NpPOKAJIMBAaHUU KapOOHAT KaJbIMs pasjiaraetcs ¢
00pa3oBaHKMEM JIBYOKHCH YIJIEPO/Ia U OKUCU KAJIbLIUSL:

CaCO3; — CaOo + CO,

Ilo macce OKMCH KanblUs U BBIYMCIISIIOT pe3yJbTaT ompeneneHus. Temmeparypa u
IPOJOJKUTEIBHOCTD MPOKAIMBAHUS OCAJAKOB MOTYT OBITh PA3JIUYHBI.

B camoii TeXHUKE TPOKAIMBAHUS PA3INYAIOT IBA CITydasi.

1. Ilpokanusanue ocaoka 6e3 omoenenus hunompa. ITOT CIOCOO UCTIONB3YIOT, KOT1a
POKAJIMBAEMBIM OCaJ0OK HE B3aUMOJEHUCTBYET C YIJIEpPOAOM OOYIJIMBIIErocs (PUiIbTpa.
Tak, 6e3 ynanenus GpuibTpa npokanuBaroT ocaiaku okcunoB Al,Os;, CaO u HekoTopbIe
JIpyrue.

®apdopoBbIil TUTENb, JOBEACHHBIA /10 MOCTOSHHONW MAacChl, CTaBAT Ha TJISHIEBYIO
(;rydme yepHyto) 6ymary. OCTOpPOXKHO M3BJIEKAIOT U3 BOPOHKH BBICYIICHHBIH (UIBTP C
0CaJKOM M, Jep>Ka HaJl TUTJIEM, CBEPThIBAIOT. [locie 3Toro akkypaTHO yKJIaJbIBAIOT €T0 B
TUreNb. ECIU npy BHUMATEIHPHOM OCMOTPE HAa BOPOHKE OOHAPYKUBAIOT CJIENIbI OCA/IKa, TO
TUIATENBHO BBHITUPAIOT BHYTPEHHIOIO MOBEPXHOCTh €€ KYyCOUKOM 0€330JIbHOro (huibTpa,
KOTOPBIM MOMEIAIOT B TOT € TUresb. HakoHel, KpynuHKHA Ocajka, IpOoChIIaBUIMECs Ha
OyMmary npu CBEpPThIBAHUM (DUIIBTPA, TAKKE CTPAXUBAIOT B TUTEIb. 3aTEM CTaBAT TUTEIIb
Ha 3JIEKTPUYECKYIO TUIMTKY U OCTOPOXHO O30JISI0T (cxkurator) GuibTp. MHOrAa BMecTo
3TOr0 TUrelb BCTABISAIOT B (PapPOpOBBI TPEYroibHUK HA KOJbIIE IITATUBA U HArpeBaIOT
Ha HEOOJIBIIOM IUTaMeHH Topenku. JKenaTenbHO, YTOObl GUIBTP MEMJIEHHO OOYTIWICS U
UCTJIEII, HE BCIIBIXUBAs, TAK KaK TOPEHUE NPUBOJIUT K MOTEPE MENbYANIIINX YACTHUI] OCAJIKA.
Ecnum oH Bce-Taku 3aropurcs, TO IUIaMsi HU B KOEM CIIy4ae HE 3aJyBaloOT, a TOJIbKO
MEPECTAIOT HArPEBATh U KIAYT, KOTJIa TOPEHUE MPEKPATUTCS.

3aKoHYMB 030JIeHNEe DUIBTPA, MEPEHOCAT TUTENIb B MY(DEIbHYIO IeUb U MPOKATNBAIOT
25—30 muH. OXJaXAal0T TUTEIh B SKCHUKATOPE, B3BEIIMBAIOT M 3aMUCHIBAIOT 3HAYCHUE
ero maccel B JabopaTopHblii >xkypHal. [loBTopstor mnpokanuBanue (15—20 wmwuH),
OXJIQXK/ICHHE U B3BEIIMBAHME JI0 TE€X MOp, MOKa HE OYJET HOCTUTHYTA MOCTOSTHHAS Macca
THUTJISI C OCAZKOM.
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2. Ilpokanusanue ocaoka ¢ omoenenuem gurvmpa. K stomy cnocoOy mpubderaror,
KOTJla OCaZoK MpH OOYIrNMBaHWU (GUIBTPA MOXKET XHUMHUYECKH B3aMMOJCHCTBOBATH C
yriaepoaoM (BoccTaHaBimBathes). Hampumep, ocamok  xmopuga cepeobpa  AgCl
BOCCTAHABIIMBACTCSl YTIEPOJOM JIO CBOOOTHOTO cepedpa; MpOKaauBaTh €ro BMECTE C
(GUITBTPOM HEJIB34.

XOpoIIo BBICYIICHHBIM OCAaJ0K BO3MOXKHO IIOJHEE BBHICBHINTAIOT U3 (QUIbTpa Ha
TVISTHIICBYIO OyMary M HaKphIBAIOT XUMHUECKUM CTAaKaHOM (HMJIM OMPOKUHYTON BOPOHKOH),
9TOOBI TMPEAOTBPATUTh TMOTEepU. DUIBTP C OCTABIIMMHUCS HA HEM YacCTHUIIAMHU OCajKa
YKJIaJBIBAIOT B TUTEIb (JOBEACHHBIN IO MIOCTOSTHHOM MACChl), COKUTAIOT U MpoKaauBaioT. K
MIPOKAJICHHOMY OCTAaTKy B TOM JK€ THIJIC TPHUCOSAUHSIOT paHee OTACIICHHBIN OCaJoK.
[Tocne 3TOT0, Kak 00BIYHO, COAECPKUMOE THTJISI MPOKATUBAIOT JI0 IIOCTOSTHHON MacChl.

Ecmm ocamox oTQUIBTPOBBIBAIOT C TOMOIIBIO CTEKISIHHOTO THIJIS, TO BMECTO
MpOKaJIMBaHUS TPHOETAIOT K BBICYIIMBAHUIO 10 TIOCTOSIHHOM Maccel. Pasymeercs,
GUIBTPYIOMUN TUTEh TOJDKEH OBITh MPEABAPUTENBHO JOBEACH O MOCTOSHHOW MAacCChI
IIPH TOM K€ TeMIepaType.

Eciu B xome anammza Oyaer JomylieHa HeNoIlpaBuMasi omuOka (Harmpumep,
NoTepsiHA YacTh OcCajJka, MPOJUTa YacTh pacTBOpa C OCaAKOM H T. 1), TO
ompeJielieHUe ClIeayeT HadaThb CHOBA, HE pacxodys BpemMsi Ha IMOJIy4YeHue
3aBEJJOMO HEBEPHOTO pe3yJIbTaTa.

8. B3pemuBanue
B3BelnBaHie MPOM3BOAAT HA aHAINTHYIECKHX Becax ¢ TouHoctsio mo 107 r. (BJIP

200)

9. Bolunc/ieHHs B IPaBUMETPHYECKOM aHAIM3e

Brimie yxe Obut pacCMOTPEHBI HEKOTOPBIE CPAaBHUTEIBHO MPOCTHIC BBHIYUCICHHUS, a
UMEHHO: pacyeT BEJMYMHBl HAaBECKM M KOJIMYECTBA OCAIUTENsl, HaXOXICHHUE
OTHOCHUTEJIbHOM OIIMOKHM ompezesieHus. Bpluncienue pe3yabTaToOB aHalM3a TaKXKe He
OTJIMYAETCS CIOKHOCTBIO.

OOBIYHO pe3ysbTaThl TPABUMETPUUECKUX ONPEICNICHUH BBIPAKAIOT B MPOLIEHTaX OT
UCXOJHOTO KOJIMYecTBa BemiecTBa. J[iIs 3TOro HyXHO 3HaTh BEJIUYMHY HABECKU
aHAJIM3UPYEMOT0 BEIIECTBA, MACCy MOJIYYEHHOTO OCaKa U €ro XUMHUYECKYI0 (hopMyIy.

['paBuMeTpUYecKre omnpeaereHus MpecienyoT pa3iudHble Heau. B ogHux ciydasx
HEOOXOIMMO OIPEACNIUTh COJIEP)KAaHUE TOTO WM MHOTO 3JIEMEHTA B XMMUYECKH YHCTOM
BEIIECTBE, HampuMmep cojepkanue Oapus B xmopuzae Oapusi BaCly»2H,O. B mpyrux
ciaydyasx TpeOyeTrcss HaWTWU CcojepKaHHe JICUCTBYIOIIEr0 Hauyajlla B KaKOM-HHOYIb
TEXHUYECKOM TPOAYKTE WM BOOOIIE B BEIIECTBE, MMEIOIIEeM Mpumecu. Hampumep,
NPUXOAUTCS ONpenensaTh coaepxkanue xiopuna Oapus BaCly*2H,O B mpomaxuHoM
xjopujae oapusi.

Texnuka omnpeneneHnit B 000OMX NPHUBEACHHBIX CIIy4asX MOXET OCTaBaTbCsA
OJIMHAKOBOM, HO BBIUYMCIICHHS MIPU 3TOM OYAYT pa3inyHbl. PaccMOTpUM X0/ BBIYUCICHUN
Ha KOHKPETHBIX IpUMepax.

IIpumep 1. Onpenenuts coaepxkanue unctoro BaCly*2H,0 B 0Opasiie TeXHHIECKOTO
xyiopuaa Oapusi. HaBecka cocraBmser 0,5956 r. Macca ocaaka cynedara 6apusi BaSO,
nocJye npokanuBanusi pasHa 0,4646 r.
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Pewenue: Onpenenenrne 0OCHOBAHO Ha PEAKIIMH, MPOTEKAIOIIEH 110 YpaBHEHUIO
BaCIZ-ZHZO + H,S0, = BaSO, + 2HCI + 2H,0
M=244,30 r/M0ab M= 233,40 r/mMonb

[Tpexne BCETO BBIYUCJISIOT, KaKoOMY KOJIUYECTBY BaCl,*2H,0
COOTBETCTBYET HaliJICHHOE B aHanmu3e KommuecTBo BaSO,:
23340 r BaSO, MOJTYYaroOTCS U3 244,30 r BaCl,*2H,0
0,4646r BaSO, » » » Xr BaCl,2H,0

x = (0,4646 + 244.30)/233.40 = 0.4862 r BaCl, « 2H,0.
3areM BbeIpaxkaroT coaepxkanue uyuctoro BaCl,*2H,O B mpomentax ot mcxomgHOU
HABECKU TEXHUUYECKOTO XJIopuaa Oapusi:

0,5956 r TEXHUYECKOrO MPOIYKTa COCTaBJIAIOT 100 %
0,4862 r uwncroro BaCl,*2H,0 » » » X %

x = (0,4862+100)/0.5956 = 81.83%.
Omeem.: TeXHUYEeCKH Xyopua 6apust coaepxut 81.83% uucroro BaCl,+2H,0.

IIpumep 2. Onpenenuth coaepkanue Oapus B 00pa3siie XUMHUIECKH YUCTOTO XJIOpUIa
oapus BaCl,*2H,0. Hasecka uuctoro BaCl,»2H,O paena 0,4872 .
Macca ocanka cynbshara 6apus BaSO, mocie npokanuBanus 0.4644 r.
Pewenue. CHayana BBIYUCISIOT, CKOJbKO Oapusi (atromHas Macca 137,40)
COJZIEPKUTCS B IOJIyYEHHOM OCajKe cylibdaTa Oapusi:
B 233,40 r BaSO, COJICPIKUTCS 137,40r Ba
B 0,4644r BaSO, » » » xT Ba

x =(0,4644+137,40)/233,40 = 0,2733 .

OueBHIHO, YTO 3TO K€ KOJMUYECTBO Oapwisi BXOJWJIO JI0 PEaKIMHU B COCTaB HABECKHU
BaCl,+*2H,0. [TosToMy MOXHO COCTaBHTb ITPOITOPIIUIO:
0,4872 r BaCl,*2H,0 COCTaBIISIFOT 100 %
0,2733r Ba » » o o» x %

x =(0,2733 « 100)/0,4872 = 56,09%
Omeem: ciaenoBatenbHo, xopua 6apus BaCl,*2H,0 coxepxut 56.09% Gapwusi.

Hepenko amst BBIYMCIEHHH B TPAaBUMETPHUCCKOM aHAIH3E HCIOIB3YIOT (DAKMOopbl
nepecuema, Ha3bIBa€MbIC TAK)KE aHATMTUIECKMMHU WA BECOBBHIMH (DAKTOPAMHU.

daktop mepecuera (F) mpencraBiaser coOoi  OTHOIIEHHWE AaTOMHON (WM
MOJICKYJISIPHOM) MacChl OMPEAEIsIeMOro BeIecTBa K MOJIEKYJSIPHOW Macce BEIIecTBa,
HAXOJIAIICTOCS B OCAIIKE:

ATtoMHas (WM MOJIEKVJIIPHAS ) Macca OINPEAEIIEMOrO BENECTBA
F= MonekynsipHas Macca BEIECTBa, HAXOIAIIETOCS B OCAJIKE
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CDaKTop nepecuera I10Ka3bIBACT, CKOJbKO TIpPaMMOB OIIPCACIACMOTIO BCIICCTBA

conepkut 1 T ocagka. B KOHKpETHBIX Ciydasx (pakTopsl epecdyeTra HaXOAAT CIEAYIOIUM
obpazom:

Omnpenensirot Hoay4yaror dakTop nepecyéra
(BecoBas (hopma)

Ba BaSO, ABa/ Mzgasos

Fe FeZOS 2AFe M Fe203

FeO Fe,03 2M £e0 | MEeos

[Ipu ompenenenun Oapus myTeM B3BemMBaHus B Buae cyibdara BaSO, daxtop
riepecyeTa paBeH:

F = Aga/Mgaso. = 137,40 / 233,40 = 0,5887
[Tonb3ysick (akTopaMu mnepecyeTa, AENAIOT BBIUYMCICHHUS MO TOTOBBIM (DOPMYJIaM.

Hamnpumep, 4T00BI BBIYUCIUTE COJEPKAHUE DJIEMEHTA (WM JAPYTrOd COCTAaBHOM 4YacTH) B
CJIO’)KHOM BEIIECTBE, UCTIOIB3YIOT (hopMyIy:

% = (mF/G)+100,
rje M— Macca MoJIy4YeHHOT0 0CajIKa, T;
F — daxrop nepecuera;

G — naBecka HCCIICAYCMOT'O BCIICCTBA, I'.

Io 5Toit (hopMysIe MOKHO PACCUUTATH U MPOLEHTHOE COZEPIKAHKE OapHs B XJIOPHJIE
6ap1/1${ BaC|2'2HZO:

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