3. MeToObl pasaenieHUsa u

KNAHIIAHTNMANNARAHIAG
I — onpobupoeanue mamepuanoe (0T60p NPod U MOATOTOBKA MPOO K aHATIU3Y );

Il — pazoenenue u Konuenmpuposanue KOMNOHEHMOg,;
111 — oonapyxrcenue (ientudukanus), T.€. KA4UeCTBEHHBIA aHAJIN3;
IV — onpeoenenue.

Bbille Mbl MO3HAKOMUINCL C 1-1 rpynnon MeToaoB AHaAanNUTUYECKOU XMMUW;
aanee paccMoTpuUM 2-t0 rpynny METOA0B aHaANNTUYECKON XUMUK: pa3desieHue U
KOHUeHmpupoeaHue KOMIMOHEeHMOoas.

[lpn aHanun3e CNOXHbIX BELLECTB HenocpeaCcTBEHHOE orpeaerneHne Toro
NN NHOro anemMeHTa (0e3 oTaerneHmsa ConyTCTBYHOLWMX ANIEMEHTOB) BO3MOXKHO
Oarneko He Bcerga, NocKosibKy NMLb HEMHOIMME U3 U3BECTHbLIX U NPUMEHSAEMbIX
peareHToB 0brnagatoT cneymdUYHOCTbLIO N MO3BOSIAKT NMPOBECTU onpeaerieHne
NHTEpPECYIOLLEro arieMeHTa B NPUCYyTCTBUN OPYTIUX.

Mewatowee gencTesne cConyTCTBYHOLWMX SNIEMEHTOB MPOABMAETCA HE TOMNbLKO
B TOM, YTO OHW [OalT I3PAEKT (aHaANUTUYECKUN CUrHan), aHarornyHbIn
onpenendemMomMy 9fieEMeHTy, HO MU B TOM, 4YTO B UX MPUCYTCTBMU 4acTo
npoucxoauT N3MEHEeHne noBegeHus onpenensiemMoro 3NeMeHTa.
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[loaToMy B BONbLUMHCTBE cry4yaeB He0bXoaumMo npuderaTe K omaoesieHuro
mMeuwaruux anemeHmoas. Npu aTom crnegyet UMeTb B BUAY, YTO, ECINN KAKOW-
nnbo MeToa aaeT BrnosiHe YOOBNETBOPUTENbHbIE pe3ynbTaThl NPU OTAENEHUN
TOrO WM WHOIO 9fNEMEHTA M3 HEKOTOPbIX CMecen, TO 3TO BOBCE He
rapaHTUpPyeT nonyvyeHne npaBuilbHbIX Pe3ynsLTatoB 3TUM Xe MEeTOodOM B
apyrux ycnosuax. Heeo3mMoxHO wvcnbiTaTb METOA B KaxOoW U3 Tbhicsd
BO3MOXHbIX KOMOWHaLWN, KOTOpble MOryT BCTPETUTLCS Ha MNpPaKTUKe; W
COBEPLUEHHO HEBO3MOXXHO pa3paboTaTb TakoM METo[, KOTOpbIn Obin 6bl
NPUMEHUM BO BCeEX Be3 NCKMIOYEHUSI CriyYasiX.

lMpu ebibope mMemoda pa3desieHUsi U NOCNEAyLWEro npoBeaeHns
camoro npouecca pasgeneHusi BblIOpaHHbIM METOAOM Heobxoaumo
cobntogate 6onbwy NPeaycMOTPUTENBHOCTL HE MmMOJIbKO C  LENbH
Nofy4eHnst NpaBUMbHbLIX PEe3ynsTatoB NpyM onpedeneHnn KOMMOHEHTOB
nccnegyemMoro BewecTtBa, HO U And Toro, 4Tobbl BoobLWE HE «NOTEPSATb»
Kakon-nmbo 13 3TUX KOMNOHEHTOB.

MemoOhbi pa3oersieHust COCTaBNSAoT OCHOBY METOO0B
KOHLEHTPMPOBaHNA npumecen («csredoe») anemeHToB. [pn onpeaeneHnsax
CneaoBbIX 9NEMEHTOB NCMOSb3YOTCS BbICOKOYYBCTBUTENbHbLIE
NHCTPYMEHTAarnbHble MeTodbl, TEM HEe MeHee, Korga pedyb uaer ob
onpegeneHnn ogHoro atoma npuMecu Ha Munnuapabl aToMoB 3fIEMEHTa-
OCHOBbI. Hanpumep, B N0NynpoBOAHUKOBOM KPEMHUN UMW repMaHumn, HErMb3s
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[IpsiMble  WHCTPYMEHTAarbHble  METoAbl 4acTo He MOoryt  ObiTb

MCMNOSIb30BaHbl N NMPU aHannae MHOMMX CroOXHbIX 00beKTOB NMBO BCreacTeme
He20MO2eHH020 (HepaBHOMEPHO20) pacrnpeneneHnss KOMMOHEHTOB B
obpasue, nMbo B CBA3N C TPYAHOCTAMWU rpagyMpOBKW, KOrda OTCYTCTBYHOT
CTaHOdapTHble obpasubl M3BECTHOrO coctaBa. B Takux crniyydasix npuberaroT K
KOHLEHTPMPOBAHUIO MUKPOKOMIMOHEHTOB,
T. €. K OTAENEHNIO NOAX0AsLLNM CTocOH6OM OCHOBHOM MacCbhbl MAKPOKOMIOHEHTA
nMbo 3fIEMEHTOB-NPUMECEN C NOCedylwmMM aHanm3oMm MofTydeHHOro
KOHLIEHTpaTa MUKPOKOMMOHEHTOB pasnUYHbIMU XUMUYECKNMMN 7
NHCTPYMEHTanNbHbIMN METOAAMMN.

[ToaToMy nocrne nony4vyeHus nabopatopHou Mpodbl U €€ pasnoXeHusl B
BonbLINHCTBE cny4vaes npuberatoTt K KOHUEHMpUpoB8aHUK
MUKPOKOMIOHEeHmMoe8, TO €eCTb K OTAeneHuio noaxogswmnm crnocobom
OCHOBHOM MacCbl MaKPOKOMMOHeHmMa, I1nnbo 3MNeMeHTOB-NPUMECEN C
nocrnegylowmmMm aHanm3oMm [MOfydeHHOro KOHLEHTpaTa Ha coaepXaHue
MWKPOKOMMOHEHTOB  Pas3fnUYHbIMWU  XUMUYECKUMU U  UNHCTPYMEHTANbHbIMU
MeTodaMu.

Pa3deneHue — 3mo onepauusi (rpouecc), 8 pesyrbmame Komopou
KOMIMOHeHmMbI, cocmasrisitoujue UCXO0HYH CcMeCb, omaesisromcsi OOUH om
dpy2020, rpu4yemM UX KOHUeHmpauuu moaym He omnudambcs, nubo marso
omnu4yamscs Opye om Opyaa (Opyaumu crioeamu, pa3oesisiromcs
KOMIMOHEeHMbI c cou3smMepumMbIMU KOHUeHmpauusimu,).




KoHueHmpupogaHue — 3mo orepauyus (npouecc), 8 pesynbmame
Komopou noebiwaemcsi OmHoOWeHuUe KOHUeHmpauuu urnu kKosrudecmea
KOMIMOHEeHMos, cooepkauluxcs Ha ypo8He npumeceu
(MUKPOKOMITOHEHMbI), K KOHUeHmpauuu unu Kormuyecmey OCHOB8HO20

KOMBOHBUAEN (IEFKRPKRIABOHEH M neT O pasaeneHUn KOMMNOHEHTOB, Pe3Ko
passiudarouiuxcsi o KOHUyeHmpauyuu.
[na pasgeneHnsa u KOHUEHTPUPOBaHUS MCMNOSb3YHOT Yalle BCEero OgHn u

Te XX€ METOAbl, OCHOBaHHbIE Ha Pa3Jiu4uUU XxumMu4YecKux n ¢husu4yeckux
CBOWCTB  pasgensdemMblX KOMMOHEHTOB  (pacTBOPUMOCTH,  copbuwuuy,
SNEKTPOXMMMUYECKNX XapaKTEPUCTUK, TeMnepaTyp KuneHusi, TemneparTyp
cybnumauum, arperaTHoro COCTOsiHUSA U pasmMepa UOHOB, 3apsiAoB NN Macce
nap).

B ocHoBYy knaccudukaumm MEeTOAOB KOHLEHTPUPOBAHUS  MOXHO
NoNoXnTb NMBO NpUpoay WCMONbL3YEMOro npouecca pasgenenus, nmbo
KnaccudunumpoBaTb NX HA OCHOBE 4YMcna 1 xapaktepa das, NpuHMMarLLnX
yyacTue B npouecce KOHUEeHTpupoBaHud. Npn nepBom noaxode MOXKHO
BblAENUTb B NEPBYIO oMepeab ABe rpynrbl METOAOB:

1) xumu4deckue u husuKko-xumu4yeckue Memoobl;
2) husuyeckue Memoonil.

OgHako OeneHne 3TO HOCUT YCIMOBHbIA XapakTep, MOCKOMbKY Mexay

HUMW HET YETKNX rpaHunL,




Hanbonee 4acto vcnonb3yloT nepeyro 2pyrnny Memoooe, K KOTOPOM
OTHOCAT OM2OHKY T[locrie  XUMUYECKUX ripespawieHul, ocaxoeHue U
coocaxxoeHue, rnpobuUpPHYIO r1asky, XUOKOCMHYHK 3KCmpaKUuur, UOHHbIU OBMEH,
copbuuto, riomauyuro, XUMUYECKUE MPaHCoOpMmMHbIe peaKkuyuu, 4Yacmu4Hoe
pacmeopeHue mMampuubl, ariekKmpoxumudeckue MemoObl (371€KMpPOsiu3,
g8o/IbmamriepomMempus).

Bo emopyro 2pynny BKNOYAOT 30HHYH 1a8Ky, ucrnapeHue u cybrumayuro
8 8aKyyMe, Ma2HUMHYIo cernapauyuro UoHO8, ucmursiniauuro, Kpucmarnnuisauuro,
unbmpauuro, 2enb-unbmpauuro, yribmpaueHmpugyaupoeaHue.

Xumuvyeckue MemoOdbl KOHLEHTPUPOBAHUA UMEKT psan Hedocmamkos.
Bo-nepBbiX, B CBA3W C nNpederibHO HU3KUMU KOHUEHTpauMAMM U  OYEHb
HebonbWMMM abCoNTHLIMU KONMYecTBaMn Bcerga MMEETCA PUCK rnmomepu
HEKOTOPOro KofindecTBa ornpegendemoro anemMmeHta. Bo-BTopblX, npu
NPOBEOEHUN XUMMUYECKMX onepaununm OCHOBHOW OMacHOCTbK  SABMSAETCS
BO3MOXHOCTb 8HeceHUsi 3a2psi3HeHuu. VICTOYHUKM 3arpasHeHun npwu
XUMNYECKOM KOHLIEHTPUPOBAHUM BeCcbMa pasHOObOpasHbl: peareHTbl, Nocyaa,
annapartypa, Bo3ayx flabopaTopHbIX MOMELLEHNM.

bonblias BenuunHa nonpaBkuM Ha XOMNOCTOW ONbIT, YacTo MpeBbllaroLias
KOSINYeCTBO oOrpeneniieMoro afieMeHTa, orpaHuymMBaeT 4yBCTBUTEINbHOCTb
METOO0B onpeneneHus.

OpgHako Gnarogapsi NOCTOSHHO PacTyLEMY MHOroodpasnio XMMUYECKUX
peakuuin, MUcCNorb3yemMblX B  npoLuecca KOHLUEHTPMUPOBAHUA, HOBbIM




dusuvyeckue MemoOdbl KOHLIEHTPUPOBAHUS MUKPONPUMecen
XapaKkTepusyoTca OTCYTCTBMEM NN OYEHb Manon BENTMYNHOW NOMNPAaBKN Ha
XOJT0OCTOU OMbIT.
Ho 0Obl4HO MemoObI pa3derieHuUs U KOHUEHMPUPOB8aHUS Kriaccuguuyupyrom
Ha OCHOBe 4ucria U xapakmepa a3z, y4acTBYHOLWMX B ATUX NpoLieccax.

Memodbl OCHOBaHHbLIe Ha pacnpedesieHUU geulecmea Mexxoy 08yMs
gazamu

maigEMe ABHAMK A AIHAHRBUMGS KU LAY BUHRUCHLYEIYE o8

BELLECTBO, XXUOKOe N 2a3006pa3Hoe.
[loaTOMY pasnuyaloT mpuU OCHOBHbIE 2pynbl METOAOB pa3aeneHuns n
KOHLIEHTPUPOBAHMS:
ebldesieHuUe 0OHO20 UJIU HECKOJIbKUX KOMIMTOHEeHMoe 8 maeepdayro a3y,
8 JXUOKYI0 U 8 2a3006pa3Hyo.

1-9 rpynna: MemoObI pa3desieHuUsi, OCHO8aHHbI€
Ha pasHoeecuu Mexx0y meepoou U Xudkou ¢ghazamu.
Hanbonee n3eBecTHbl 1 Yalle NPUMEHAIOTCA:
— oca)k0eHue u cooca)xoeHue,
— adcopbuyuoHHasi U UOHOObMeHHas1 xpomamozpadgusi,
— 3JIeKMpoJIuU3 Ha meepobIxX 3siIeKkmpoaoax,
— MemoO 30HHOU rnsiasKu.




2-5 2pynna.

MemoObI pa3desieHusi, OCHOBaHHbIE
Ha pasHogecuu Mex0y 08yMsi UOKUMU cha3amMu:
— 3KCmpakyusi op2aHU4YeCcKUMU pacmeopumersisimu,
— pacnpedesiumersibHasi xpomamozpadusi u
— 3J71eKmposiu3 Ha pmymHoM Kamooe.
3-5 epynna:

MemoObI pa3desieHusi, OCHOBaHHbIE
Ha ydaJsieHUU 0OHO20 U3 KOMIIOHEHMOE8 8 sude 2a3a.

JTa rpynna MeToaoB UMEET BaXXHOE, XOTH 1 orpaHnveHHoe 3HadeHne. Cioga
OTHOCATCA OnNpeaeneHus BrarM B pasfnuyHblX MaTepuanax, KapboHaToB
oTtroHkon CO,, a Takxe OTAeneHne KpeMHus B BUuae propmaa v ap.

KaxxOasi u3 Ha3eaHHbLIX 2pyrnn Memodoe MOoXem @6KJ/IloYamb Kak
XUMU4YecKue, mak u ¢pusudeckue MemooObl KOHUeHmMpupoeaHuUsi.

OgHako M3BECTHbl TakXe MeToAbl, OCHOBaHHbLIE Ha pa3geneHun
KOMMOHEHTOB B 04HOWN dhase: anekTpoananuns, anektpodgopes, AMdPy3moHHbIE U
TepMmoandPy3noHHbIE METOAbLI. ATU METOAbI HE BMOMHE NOAXOAAT NoA, AaHHYHO
knaccudpukaumo. OgHako ecnu npeacrtaBuUTb cebe, YTO KOMMOHEHTLI CUCTEMBI
noa BO3OENCTBMEM MPUNOXKEHHON U3BHE 3HEPINK pa3denaloTcsa Ha ABE 4acTuy,
KOTOpble MOTYT ObITb N30NMPOBAaHLI, HAMPUMEpP, C MOMOLLbIO MOSTYNPOHNLIAEMON
MemMmbpaHbl nNpu Auanuse, TO W 30eCb MOXHO YCIIOBHO T[OBOPUTL O
pacnpengeneHum KOMMNOHEHTOB Mexay OBYMS dazamu.
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PaccmoTpumM crniebundunyeckne onpegeneHus.

MH,D,I/IBI/I,D,yaHbHoe Urpynnopoe KOHUEeHTPpUpoBaHue

Bo MHOrMx cnydasx npu  aHanm3e  Heobxoaumo  NpoBOAUTL
MHO203J/IeMeHMHbIe ornpedesieHUsi (onpegeneHne MnpuMecen TsHKenbIX
METanMoB B pas3nuyHbIX oObekTax; onpegeneHne BpeaHbiX MNpuMecen wu
NernpyroLmnx MUKPOKOMMOHEHTOB B 3MNEKTPOHHLIX Matepuanax. lepen Ttaknum
ornpenenieHneM HeobXOOANMO CKOHLIEHTPUPOBATb cpasy rpynny onpeaensembix
9N1EMEHTOB.

OpgHako He Bcerga MOXHO 3a OOWMH  aHanUTUYeCKUM  npuem
oxapakTepusoBaTb cocTaB BewectBa. K TOMYy e O4YeHb HYXHbl W
00HO3JIeMeHMHkIe oripedesieHus1 (onpeaeneHne ypaHa unv 3onota B pyaax u
KOHLIEHTpaTax, PTyTM B BO34yXe MNOMELLUEeHUNn, doYepHez20 3sieMeHma e
mMamepuHckom wn ap.). K coxaneHuto, OOMNbLIMHCTBO OAHOSMTEMEHTHbIX
METOOOB, Hanpumep crekmpogomomempuyeckull N JIOMUHECUEHMHbIU
aHanna, NoToMy 1 ABMAOTCA OQHONTEMEHTHBLIMU, YTO NPUCYTCTBUE HECKOSTbKNX
KOMMNOHEHTOB B NpPobe ucKaxaeT pesynbraTbl onpeaeneHns unu soobule He
NO3BOMSIET YCTAHOBUTb KOHLIEHTPALIUIO HY>KHOMO MUKPOKOMMOHEHTA.

CnepoBaTenbHO, BO3HUKAeT HeobXxoaMMOCTb YycmpaHumb [MoMexu,
CBSAA3aHHblIE C MHOrO3NEMEHTHOCTBIO MNPO6bI, U MOBLICUTL U3OMPATENbHOCTb
onpenenieHnsa: Mackupogams MaTPUYHbIE U ApYyrMe MellaroLlmne KOMMOHEHTHI,
U3MeHUMb CTENEHb OKUCIIEHNSA aneMeHTa MaTpuLbl UNU MUKPOKOMMOHEHTA, T.
€. co3gaTb YCIoBUSA, B KOTOPbIX Matpuua U NpovYne MUKPOKOMMOHEHTbI He



Taknm obpas3om, npakTuka XMMWUYECKOro aHanmsa TpebyeTr OT MeTOoAoB
KOHLEHTPUPOBAHUA  pelleHns npobnembl Kak 2pynnoeo2o, Tak WU
UHAu8uUdyaJsibHO20 BblAeNEeHNS1 MUKPOKOMMOHEHTOB.

NHOueudyasibHOe KOHUEeHmMpupo8aHuUe — 3mo rpouecc, 8 pesyribmame
Komopo2ao U3 obpa3sua ebioeriiemcsi 0OUH MUKPOKOMIMOHEHM USuU
rnocriedog8amesibHO HECKO/TbKO MUKPOKOMIOHEHMOS.

[pynnoeoe KOHUEHmMpupoeaHue — 3mo ripouecc, ripu Komopom 3a OOUH
ripuem 8bI10€r155€eMmMCcsi HECKOJIbKO MUKPOKOMIIOHEeHMoOoes.

I'pynnosoe KOHUeHMpupoeaHue yaobHO NSl BCEX MHO203/1eMEeHMHbIX
Memodoe ornpeneneHns (aTOMHO-3MUCCUOHHBLIW, PEHTreHOdTyOpPECUEHTHbIN,
MacCC-CNeKTPOMETPUs 1 T.4.), UHAMBMAOyanbHoOE Xe — ANd OOHO3JIeMeHMHbIX
(dboToMeTpus, pryopumeTpusi, aTOMHO-abcopOLMOHHas CNEKTPOdOTOMETPUS).

UHOueudyarnibHOe KOHUeHmpupoeaHue — 3TO 6onee TOHKNN U CIOXHbIN
npouecc. Viccrneoosartesnto NpUxXoanTcs onepupoBaTb HE TOSTbKO C pasnuynsmm
CBOMCTB MUWKPOKOMMOHEHTOB W MaTpuubl; HeobxoaMMo OOHOBPEMEHHO
MCNOoNb30BaTb Pasnnynsa B CBOMCTBAX MUKPOKOMIMOHEHTOB UM co34aBaTb Takue
Pa3nNMYnNs UCKYCCTBEHHO.

N36mnpaTenbHOCTb KOHLEHTPUPOBAHUA MOBLILLIAETCS, €CMIN OHO ABIISIETCS
MHOrOCTyrneH4yaTtbiM. B 9TOM OTHOLWIEHMM XOpPOLLIO 3apekomMeHgoBanun cebs
pasnunyHble XpomaTorpadouyeckme MeToabl 7 30HHas nraska.



AOGCOnTHOE U OTHOCUTESIbHOE KOHLIEHTPUpOBaHUue

PasnuyaloT abcosiromHoe 1 OmHocumesibHoe KOHUeHmpupoeaHue.

Ab6cosIlomHoe KOHUeHmpupoeaHue —3mo oriepayusi, 8 pesyribmame
Komopou MUKPOKOMIOHEeHMbI repexodsm u3 bonbuwou Maccebl obpa3ua 8
marsyto; rpu 3moM [roebllaemcsi KOHUeHmpauusi MUKPOKOMITOHEHMOS.
[TpMepoM MOXET CNYXUTb yrnapuBaHUe MaTpuubl NPpU aHanuni3e BoAd, KUCMOT U
OpraHNYecKuUx pacTBOPUTENEWN.

OmHocumernbHoe KOHUeHmpupoeaHue, Ha3bleaemoe make
obozaweHueM, — amo ornepauus, 8 pesyribmame Komopou yeernu4ueaemcs
COOMHOWEHUE MeXOYy MUKPOKOMIMOHEHMOM U 2a/la8HbIMU  Mewaruwumu
MaKkpOKOMIMOHEHMaMu, m. e. MexQ0y arieMeHMmMoM-rpuMecbro 8 KOHUeHmpame u
3/1eMeHMOoM-0CcHo8oU. K nocnegHen B 3TOM Criydae He OTHOCAT pacTBOPUTESb.

OTHOCUTENbHOE KOHLIEHTPUPOBAHWE MOXHO paccmaTtpuBaTb Kak BapuaHT
pasgeneHusi, ¢ TeM OTINYMEM, UYTO UCXOOHble KOHUEHTpauunm KOMMOHEHTOB
30eCb pe3Ko pasnuyatoTcs. [MaBHasa Lesib OTHOCUTENBbHOIO KOHUEHTPUPOBAHUSA
—3aMeHa MaTpuubl, 3aTpyOHSOWEN aHanma, noaxoAdsiuM KOJSINEKTOPOM.
OTHOCUTENbBbHOE KOHLEHTPUPOBaAHME MWCMNOMNbL3YIOT MPU  aHanuse YUCTbIX
BELECTB, a TakKkKe MeTarnsfioB U CnnaBoB, B psge Cry4vyaeB MNpu aHanmse
MWHEPASIbHOrO ChIPbS.

Ha npakTuke kak abCcontTHOe, TaKk U OTHOCUTENbHOE
KOHLUEHTPMPOBAHME B 4YUCTOM BMOE BCTpedaeTcsl peako, O0ObIMHO UX
KOMOUHUpPYomM: 3aMeHSII0T MaTPUYHbIE 3MIEMEHTbI HA NHYHO OPraHNYecKyo Unu




Tak, ynapmBaHmne KUCroTbl NpuBoANUT HE TOJTIbKO K YMEHbLUEHUIO obbema
aHanmsmpyeMOVl I'Ip06bl, HO U K NoBbILWWEHWUKO KOHUEHTPauUWUn arnemMeHTa-npuMecu
MO OTHOLLEHWIO K KOHUEHTPaUNnN KNCI1O0Tbl; TOYHO TaK XXe NMpn KOHUEHTPUPOBaHNA
METOOOM COOCaXXaeHnA pellaeTcd 3agaya He TOJ1bKO pa3ferneHnd ariemMeHTa-
NnPUMEeCHU n ariemMeHTa-oCHOBbl, HO U NepeBeneHnA BCEX npmmeceﬁ B KOHLUEHTPArT.

YoaneHue maTpuubl N 8bidesieHUe MNKPOKOMIMOHEHTOB
KoHUeHTpupoBaHme MOXET ObITb OCYLLLECTBNEHO ABYMSI cnocobamu:
— yOasieHUeM Mampuubl U
— 8bl0esIeHUeM MUKPOKOMIOHEeHMOoas.

[100 ebidesieHUeM rMoHUMarm rpPoUECC, 8 KOMOPOM HY)XHblI€ KOMIMOHEHMbI
8bl0eristom 8 camocmosimeribHyo ¢ha3y unu 4acmpb ¢hbasbl. Oba crnocoba ¢
YCMEXoM MUCNOSb3YyT Ha NpakTuke. TpyaHO oTaaTb NpeanovYTeHne OAHOMY M3
9TUX BapuaHTOB BoOOLlEe, BE30THOCUTENBLHO K OOBLEKTY aHanu3a n MeToay
nocrenyroLwero onpeaeneHus.

Boibop npuema paboTbl B OONbLION CTENEHW 3aBUCUT OT NPUPOAbI
aHanuampyemoro obbekta. Ecnn maTpuua npoctas (cogepXuT oauH-ABa
oNnemMeHTa), nerdye ygannTb MMEHHO MaTpuuly: B 3TOM cryyae OTAefieHue
MaTpuLbl YaoOHO B COMETAHUM C MHOFO3NEMEHTHbLIMU METOAAaMU onpeaeneHus,
Hanpumep C aTOMHO-3BMUCCUOHHBLIM crekTpockonnen. OcCobeHHO 4acTo
yaaneHne matpuubl UCNOMb3YOT B aHannM3e MeTansioB BbICOKOW YMCTOTbI. Ecnn
€ OCHOBa MHOroanemMeHTHasa (CrnoXHble MWHepanbl, CrnnaBbl, MNO4YBbLI),



Bbi6op 3aBUCUT TakKe OT MCNOMNb3YEMOro METOA4a KOHLIEHTPUPOBAHUS.
Hanpumep, coocaxaeHue yaobHee ang BblAENEHUSA MUKPOKOMMOHEHTOB, YEM
0N yganeHua MaTtpuubl, Tak Kak npyv 3TOM MUKPOKOMMOHEHTbI MOTYT YaCTUYHO
coocaxgaTbcsi ¢ maTpuuen. McnapeHue ygobHo anst otaeneHnsa matpuubl
CpPaBHUTENBLHO NPOCTbIX U OAHOPOAHbLIX NIENKONETYUYMX OOBEKTOB: NPUPOAHBIX
BO[, NIETYYMX rasioreHnaoB, KNCIIOT, OpraHNYeCKNX pacTBOpUTENEN.

[1na rpynnoBOro KOHUEHTPUPOBaHMUS UCMOSMb3YIOT Kak yaaneHne maTpuubl,
TaK 1 BblaeneHne MMKPOKOMMNOHEHTOB; Ans1 N3bupaTenbHOro KOHLUEHTPUPOBAHUS
NpeanovYTUTENbHO BblAENEHNE MUKPOKOMMNOHEHTOB. [10 cCpaBHEHUIO C
BblefieHNeM MUKPOKOMIOHEHTOB yAaneHne maTpuubl, Kak npaBuno, CBA3aHoO C
6onbWMMN pacxogaMmn peakTUBOB, BPEMEHU, C NOTEPAMU KOHLEHTPUPYEMbIX
MWKPOKOMMOHEHTOB.

KonunyectBeHHble XapaKTepPUCTUKN KOHLIEHTPUPOBaHUSA

Kaxxgbin MeToa KOHUEHTPUPOBAHUA MMEET CBOWU KONMMYECTBEHHbIE
XapakTepucTtuku. lNpun onncaHmnm noboro MeToga KOHLUEHTPUPOBAHUS
NCNONb3YHT MO KpanHeN Mepe TPpU BENUYUHBI: CTENMEHb U3BIIEYEHNS,
KO3(PULNEHT KOHLEHTPUPOBAHUA, KOIPDULMEHT pasaeneHus.

CmeneHb u3esie4eHusi R — 310 be3pasmMmepHasi BENMNYMHA,
nokasblBatoLlas, Kakas gorsi oT abContoTHOro Konnyectea MMKPOKOMIOHEHTA
cocpel R gx B KOHUeHTpare:

Iup (aneck g, 1 g, — abconioTHbIe kKonu4ecTsa



CTeneHb n3BNeYeHns vatle BbIPpa>xakT B rNMpoueHTax:

qrp
CTteneHb n3eneyeHnsa obbl4HO cocTaBndaeT meHee 100% (Mnun meHee 1, ecnu

He nepeBoasT B NMPOLEHTHLI), MOCKOSIbKY MUKPOKOMMOHEHT MOXET TEPATLCS Ha
cTagusax pPasnoXeHust rnpodbl U KOHUEHTPUPOBAHUA BCMEOCTBME UCMAPEHUS
NN HENOJSTHOrO OTAENEHUS, HEMOSHOIo PasfioXXeHua npobbl, HeakKypaTHbIX
OENCTBUN JKCNepuUMeHTaTopa W 3Ha4YUTENbLHOU copbuun MUKPOKOMMOHEHTA
CTeHKaMu Nocyabl 1 annapaTtypbl.

Kak npaBuno, npun paboTte ¢ HU3KUMMMN KOHUEHTPaLUSAMN ONacHOCTb NOTEPb
Bo3pactaeTr. B HeopraHumyeckom aHanmn3e B OONbLUMHCTBE Clly4yaes
HeobXxoaAnMMO OocTuUraTb CTENEHU N3BNEYEHUA MUKPOKOMIOHEHTOB Donee vyem
95% uUnu, no KpanHeu mepe, 90%.

KoagppuyueHm koHueHmpuposeaHusi, nnn ¢ghakmop oboeauweHusi, K
NoKasbIBaeT, BO CKOMbKO pa3 M3MEHUINOCb OTHOLLEHNE abCOSIOTHBIX KONMMYECTB

MUKPOKOMMNOHEHTAa N MaTpuubl B KOHLEHTPATE N B NCXO4HOW r|p06e:
roe QK n an — abContoTHbIE KONNMYeCcTBa

0 0w 0 | Mampuysis
K= %2 2K =B Ry =—— KOHLEHTpaTe 1 NpooGe,
O O Oy Ry g v d,,, — @BCOMOTHbIE KonMyecTsa
MUKPOKOMIMOHEeHMa TaMm xe,
MR __ — CTeneHb U3BMEYEHUs

MUKP marp
MUKPOKOMMNOHEHTAa N MaTpuLbl.




Takum 00pas3oM, Ko3ghchuLUEeHmM KOHUEeHMPUPOB8aHUS MOXHO Bblpa3uTb
Yyepes3 OTHOLUEHWE CTeneHen n3BnevyeHnss MUKPOKOMMOHEHTa U maTpulbl. [Mpu
NtoGOM NpaKTUYECKM MONE3HOM KOHLIEHTPUPOBaHUM R, =1, Tak 4TO

an= 1

QK Rmam
Ecnu cteneHb n3BnedeHuda pasHa 1 (R = 100%), doopmyna ynpoLiaeTcs:

)
O

KoaghbuuyueHm  pasdeneHuss S ecmb  8e/lUdUHa,  obpamHasi
Ko3ghhuyueHmMy KOHUeHmpuposaHuUusi:

5= /fm _ O dw _ ]

9« 9mp Gk an K

K=

K

Hapagy <Cc pasgeneHMemM  KOMMOHEHTOB U KOHUEHTPUpOBaHMEM
MWKPOKOMMOHEHTOB Ba)XXHOEe 3Ha4YeHWe MMEEeT oyucmka — oriepauus, npu
Komopou HYXXHO coXpaHumb OCHO8Y (MakpOKOMIIOHeHm), ombpocus
npumecu.

PaccmoTpum 1-10 rpynny MeToaos:
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MemoObI pa3desieHuUsi, OCHOBaHHbIe Ha pasHosecuu

MeXayv TBepaou u xxuakou daszamu

1) MemoO oca)x0eHus

Memod ocaxdeHusi - Haubonee npPOCTON KNaCCUYECKUA MeToa
pasfeneHns, OCHOBaHHbLIN HA paBHOBECUU MeXay TBEPAOWN U XXUAKou pasamu.

OH cBOOUTCA K TOMY, 4YTO B ONpederneHHbIX YCNOBUSIX UCKOMBLIU
KOMIMOHeHm ebidesisiemcsi 8 ocadoK U makKumMm obpa3om omoerisemcss om
cornymemeyrujux KOMMNOHEHMOS.

MeToa nmeeT ABa siBHbIX Hedocmameka:.
1) BCNeacTBne YaCTUYHOM PpaCTBOPUMOCTU OCaAKOB MCKOMbI KOMMOHEHT
mepsiemcs;
2) IPOUCXOOUT coocak0eHue APYrnx («HEHYXXHbIX») 3IEMEHTOB,
NPUCYTCTBYIOLLINX B aHANU3NpyemMom obbeKTe.

[lp ocaxgeHnn oneMeHTbl TOSbKO nepepacnpenenstoTca  Mexay
pacTBOPOM W OcCagkom, npuyem Kaxgasa asa (pactBop M Ocagok) Bcerga
COOEPXKUT CMECb BCEX MPUCYTCTBYHOLWMX B Npodbe anemeHToB. [103TOMYy 3TOT
MeTod NPUMEHSIOT aAns donee epy6020 (N0 CpaBHEHUIO C APYrMMU METOAaMM)
pa3gernieHnsa afIeMeHTOB.

BoigeneHne B ocagok Toro nnMbo MHOro KOMMOHEHTa pasfgensieMon CMecwu
OCYLLUECTBNSAETCA [OEWUCTBMEM peareHTa-ocaauTensi, npu BbIGOpe KOTOPOro
npeabsBNsETCd, npexae Bcero, TpedboBaHmne 06 n3dupatenbHOCTU AEUCTBUS, T.
€. OH OOoJIKeH 06pa30BbIiBaTb OCAO0K TOMbKO C onpeaenseMbliM NOHOM.




OpHako BcneacTBme HegocTtaTovHoW usbupamerisbHocmu ©0nbLUMHCTBA
ocaguTenen ansa JOCTKeHna Heobxoammoro apdekta pasageneHmnsa obpatliatoTt
BHMMaHME Ha cobntogeHne onpeaeneHHbiX YCNoBUKW, Perynupyrowwmx npouecc
OCaXXOEeHUdA, N3 KOTOopbIX Haumbonee BaXXHbIMU SABMAKOTCSA MNPOU3BEOEHME
pactBopumocTtn (IP), pH cpeabl U KUCnonb3oBaHME KOMMNEKCOOOpa3yoLmx
peareHTOB.

BonbLWMHCTBO KaTUOHOB MeTannos ocaxgaroT e eude

mpyoHopacmeopuMbIx cosiel crnabbix kKucsiom u 2udpokcudos. [ns
pasgeneHna n onpeaerieHna MHOMMX LBETHbIX METannoB Npu aHanuse pya,
cnfaBoB U Apyrnx OOBLEKTOB LUMPOKO WCMOMb3YKT OCaXaeHne B BUAE
cynbghudoe n3-3a Nx KpanHe manomn pacTBOPUMOCTMN.
Hapsigy c ocaxxgeHnem cynbdunaoB Anst oTaeneHnsa MHOMMX KaTUOHOB METAasNoB
NCNonb3yT ocaxaeHne B Buae kapboHamoe (Takmm obpasom gocTuraeTcs
OoTAeneHne rnoYTU BCeEX KaTUOHOB METArOB OT KATUOHOB LLENOYHbIX METarnoB),
doocdaTtos, pTopmnaoB, okcanaTtos 1 Ap.

Ons  pasgeneHns  9MEMEHTOB  LUMPOKO  MPUMEHAIOT  ocaXxOeHue
2udpokcuodoe. [lpn atomMm wucnonb3yerca nNnMbo amdOTEPHOCTb HEKOTOPbIX
rmapokcuaoB, NnMbo pasnuyne B pacTBOPUMOCTW. Tak, xeneso otaenstot oT V, Mo
n Al, obpabaTbiBas pactBop W30bITKOM eakoi Lenoyn. lNpu atom Fe(OH),
BblMadaeT B OCA[0OK, a OCTallbHble 3NeMeEHTbI BCNeACTBME aM(POTEPHOro mUnu
KMCNOTHOIO XapakTepa uUX r’mapoKCUAoB OCTalTCs B pacTBOpE B BUOE MOHOB
Vo, Moo42‘, AIOZ‘. Pasnnyne B pacTBOPUMOCTM MAPOKCMOOB AaeT



Cneymndn4HOCTb AENCTBUA peareHTOB-0CaanTeNeN MOXET
ObITb NOBbILLIEHA BBEAEHMEM B PaCTBOP KOMI1JIEKCaHMos,
CBSA3bIBAOLLMX B KOMMSIEKC MeLLatoLLe NOHbI (MacKMpoBKa).

Ou4eHb yaobHbl ANa nepesBedeHnst B 0CagoK pasnmnyHbIX
9NIEMEHTOB Op2aHuU4YecKue peazeHmbl-ocadumeJsiu, KOTopble
obnagarT paaoMm rnpeumyuiecms nepen HeopraHNYEeCKUMm
ocagunTensiMun:

1) HN3Kast paCTBOPMMOCTb B BOAE 06pa3yoLmnmxca ocagKkos, YTo
NO3BOSIAET BbIAENSATb 31EMEHTbI N3 BeCbMa pa3baBneHHbIX

PacTBOPOB;

2) MeHbLLUas CTENEHb COOCaXJEHMNSI NOCTOPOHHUX SNTEMEHTOB;

3) nerkaa qunbTPyeMoCTb 0CaaKOB;

4) 6onbluasa cneumpuyHoCcTb, 0bycrnoBneHHas HanM4YnNeM B

NNOMNMAQV\/INAQ2



2) MemooO coocaxoeHusi

[1pn BblOENEHUN onpenendaemMoro anemMeHTa B BMae TPyaHOPaCTBOPUMOIO
cCoeaMHeHUsa B ocadoKk OBObIMHO Takke nepexoasT B 60onbLIeM UMM MEHbLUEM
KONIMYECTBE KOMMOHEHTLI, KOTOpPbIE B [OdaHHbIX YCMOBUAX camu no cebe He
ocaXkaalTcs. ATO ABMEeHME Ha3biBAETCH coocak0eHueMm.

Hanpumep, ecnu Ha pactBop, cofepxawmui cmecb BaCl, c¢ FeCl,
NoOeNCTBOBaTb CEPHOM KUCIIOTOW, TO criegoBano Obl oXxugaTtb, 4TO Oyaer
ocaxzaTtbcs TonbKo BaSO,, Tak kak conb Fe,(SO,), pactBopuma B Boge. OaHako B
OEUCTBUTENBHOCTN emMecme C BaSO, 4Yactu4HO ocaxpaetcs u Fe(lll), B 4Yem
MOXXHO YybeauTbcs, Npokanue OTOUBTPOBAHHbLINM OCaf0K: OCTaTOK OKa3biBaeTCH
He uucto OenbiM (BaSO,), a OKpalleHHbIM B KOpPUYHEBaTbIM LBET U3-3a
NPUCYTCTBMA OKCUAaA xernesa, o0bpasoBaBLUErOCS NPU NpoKannBaHUK:

Fe (S0,),=Fe 0, + 350,

YBrneyeHne ocagkomMm MOCTOPOHHEW PacTBOPUMOW MPUMECU MOXET ObITb
00yCrnoBneHo pasnnyHbIMK NpudnHamMmu. [Npu aTom Hanbonee BaXHOe 3Ha4YEHUE
NMELOT ABNEeHns adcopbuuu v OKKITIo3UU.

lMpu adcopbuyuu 3arps3HAIOLLIEE BELLECTBO HAXOOAUTCS Ha NMosepxHocmu
TBEpOAOW dha3skl, KOTopas HasbiBaeTcHa B 3TOM crydae agcopbeHTom. KonmnyecTtso
agcopbupoBaHHOIo BellecTBa 3aBUCUT OT BEMNYMHBI NMOBEPXHOCTN aacopbeHTa,
Temnepartypbl, NpUpoabl agcopbrnpyemMbix MOHOB U psiaa ApYrux hakTopos.
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lpu OKKMO3UU COOCaXOEHHbLIE MPUMECU HAXOOATCA 6Hympu 4YacTul
ocagka BcneacteMe obpasoBaHUS XMMUYECKUX COEOAUHEHNN MEXOY OCadKoM U
coocaxgaemMou NpuMechto, Unn BCreacTeme siBreHns BHyTpPeHHEN aacopoumm B
npouecce QOPMUPOBAHMUSA OCagKka, WM Xe BcreacTtene wumsomopduama
(obpasoBaHMe  CMelUaHHbIX  KpUCTanfioB  WMOHaMM  C  OOWHaKOBbLIM
KOOpAMHALUMOHHBIM YACNOM U ONU3KNMKU paguycamm).

B npuBegeHHOM npuMepe coocaXaeHue Urpaet oTpuuateribHyr porb U
NPMBOOUT K MOrPEeLUHOCTAM aHanmMsa, T. €. K NONYYeHU HenpaBuibHbIX
pesyneratoB. OOHaKO cooca)XgeHne MOXET ObITb TakKe Nofe3HbIM Kak MeTof
KOHLIEHTPMPOBAHNA MUKPOKOMMNOHEHTOB.

B aHanutnyeckon npakTuke Hepeoku criydau, Korga KoHUueHmpauus
onpenensemMoro KOMNOHEHTa B pacTBOPE HacmoJsibKO maria, YTO OCaXgeHue B
ero npocton oopme OObIYHO HENb3s MPUMEHUTb, OaXe ecnn 0cagoK UMeeT
OYEeHb HWU3KYKD pPaCTBOPUMOCTb (TaK KaK MpuM TakKoM KOHUEHTpauun He
pocturaetca [P COOTBETCTBYIOLLEro ocadka), MOXeT Takke obpasoBaTtbcCs
KONMOMOHbLIM pacTBOp, M3  KOTOPOro BbIAENUTL TBepayr dasy (ocagok)
3aTpyaHUTENbHO. IMEHHO B TakuX Crydasix None3Ho NpUMEHSITb coocaxoeHue
onpegensseMoro MUKPOKOMMOHEHTa nMpobbl C KakuM-nnbo noaxoasawmm
KOJIZIEKMOpPOM  (KOMJEKTop, Win Hocumesib, - MariopacTBOpPUMOE
COeQMHEHME, C KOTOPbIM COOCaXaakTCA KOHLEHTPUpYeEMble BeLLEeCTBa). Taknum
obpasowm,

coocax0eHue — 3mo rpouecc, 8 KOMopoM MUKPOKOMITOHEHM yerieKaemcs U3



OTN Npoueccbl UMEKT OYEHb BaXXHOE 3HAYEHME B XUMUU U TEXHOMOMNU
paduoakmueHbkIX 3/1eMeHIMo8, Korga OHW HaxXOoOATCS B pacTBopax B CTOSIb
MarnblX KOHLEHTpauuax (MeHee 107*° monb/n), YTO He MOryT OcaXaaTbCs C
obpasoBaHnmemM cobcTBEHHOW TBepAon asbl, T.K. HE AOCTUraeTcsl BennymHa
npounsseneHna pacteopumocTtun (INP) gaxe ona cambix TpyaHOPaACTBOPUMbIX
coeanHeHun. B aTOM cryyae MUKPOKOMMOHEHT BbIOENAT W3 pacTeBopa
coocaXgeHneM c HocuTenem, KOHUEHTpaLmMa KOTOPOoro B pacTBope AoCTaToyHa
anga obpasoBaHua TBepaon pasbl.  Yalle Bcero B Ka4ecTtBe HOCUTENS CIYXUT
9fIEMEHT, XMMUYEeCKMe CBOWUCTBaA KOTOPOro aHasio2u4Hbl, HO He
mo)xdecmeeHHbI TaKOBbIM A1 U3y4aeMoro MMKPOKOMIMOHEHTA.

OCHOBHOM LIENbIO NMPUMEHEHNSI HOCUTENEN-aHaroroB (T.e. cneymndunyecknx
HEN30TOMHbIX HOcUTenen) ABndeTcs YCTaHOBMEHWE XUMWUYECKON doopMbl Y
BblOeneHne wuccnegyemMoro MMKPOKOMMOHEHTa (4acTto C nocreayrowmm
oTaeneHuem ot Hocutens). [lpuMeHAlTCca Takke COeOUHEHUA 3NeMEHTOB,
CcBOMCTBa KOTOPbIX  3HaYumeJsibHO omsiu4aromcsi  OT  CBOWCTB
COOTBETCTBYHOLUMX  COEOMHEHMM  U3YHAEeMOro  MUKPOKOMMOHEHTa  (T.e.
Hecrneuuguyeckue Heu3o0moriHble Hocumersu).

B nepBoMm crnyyae coocaxaeHue 4BnsieTca pes3ynistaToM O06beMHOro
pacnpenerneHns MUKPOKOMMOHEHTA Mexay ocagkoM W pacTBOpoOM, T.e.
NpPOUCXOAUT COKpucmaJsnusayus.

Bo BTOpoM cny4vyae nponcxoamT NoOBEPXHOCTHO-00bEMHOE pacnpeaeneHune,
TakK Ha3blBaeMoe adcopbuyuoHHoe coocaxdeHue.
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Cokpucmannu3sayusi — 3mo rpouecc coocaKO0eHUsI MUKPOKOMIMOHEHMaA C
Kpucmarnnu4eckumu ocadkamu, npu  KOMOPOM  MUKPOKOMITOHEHM
pacnpedernissemcs rno ecemy obbemy meepdoou ¢ha3sbl, y4acmaeysi 8 NocmpoeHuU
Kpucmarsnu4eckol pewemku MaKpo-KomrnoHeHma. [lpu amom obpa3syromcesi
cMeuwlaHHble Kpucmarsrsbl (meepodble pacmeopskl). 3TO HE XaoTU4yHass CMECb
NOHOB, aTOMOB, MOJIEKYI, a BCE OHU ABMAKOTCA paBHOMNPaBHbIMU y4YacTHUKaAMN B
NOCTPOEHNN KpUcTanunyecknx pewetok. Cokpuctannusauma nmeet bonbLioe
3HadYeHne Onga oTAeneHuss U KOHUEHTPUPOBAHUA pPagnOaKTUBHLIX 311EMEHTOB,
KOTOpble, KakK npaBwumno, MNPUCYTCTBYIOT B KayecTBe MWUKPOKOMMOHEHTOB.
MeTogom coocaxaeHust 6binn Bnepsble BblAENEHbI Ra U Po, NpoayKThl AeneHus
ypaHa — «OCKOMKMU» N NIYTOHUN Pu (QTOMHbIN NPOEKT).

AdcopbuyuoHHOe coocaxO0eHue 3aKI4YaeTcd B MepeHoce BeLlecTBa
(MOHOB, MONEKY, KONMMOUAHbLIX YacTul) U3 pacTBopa Ha NOBEPXHOCTb TBEPAOM
doasbl, Ha3blBaeMown afacopObeHTOM WM Hecneunpuyecknm Hen3oTOMNHbIM
HocuTernem, B TO BpPeMs Kak T[Mpu  COKpuUcTannusauum MUKPO- WU
MaKpPOKOMMOHEHTbI AOOMKHbl HaxoAUTbCA B WOHHOU opme. Ecnu npwu
COKpuUcTannmsaumm MUKPOKOMMOHEHT pacnpenensieTca Mexay pacTBOpoM WU
obbeMOM oOcagKka-HoOCUTENsl, YydacTBYS B MNOCTPOEHUMN KPUCTaNNUYECKOU
PELLETKN, TO NPpN aacopbLUNOHHOM COOCaXaEHUN UMEET MECTO IMOBEePXHOCMHO-
o06BeMHoe pacrnpedesieHuUe 3a cHeT agcopobLum.

[Ona BblOeneHna MuUKponpmMmecen HeobasaTenbHO BBOAUTb B PacTBOP
I'IOCTOpOHHI/Il/I 9JIEMEHT. KonneKTopOM MOXET CJ'Iy>KVITb ocan0|< o6pa3y+ou.u/|mc;|
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Konnektopamu 06bI4HO cnyXaT pasnunyHble 0CagKku C XOpPOLLO pasBUTON
NOBEPXHOCTHLIO (rMOPOKCUAObI antoMUHUA W XKenesda, OMOKCUO MapraHua,
doocdpart TutaHa u gp.).

OcobeHHO yaobHbl B Ka4eCcTBE KOMMEKTOPOB ANS BblAENEHUS Cnegos
METannoB op2aHu4YeckKkue coocadumesiu, C KOTOPbIMUA MUKPOKOMMOHEHTbI
coocaxgalwTcd B BuOe pasfindHblX coeduHEeHUW (MOHHLIX accouuaTos,
xenatoB U Ap.). NpyumeHeHne opraHUYecKkuUX KOSMNEKTOPOB MO3BOSIAET
NpaKkTUYEeCKM MNONMHOCTbIO M3BMieKaTb Crnefbl 3M1IEMEHTOB U3 4Ypes3BblHanHO
pa3baBreHHbIX PpacTBOPOB. M3BneyeHne MOXET ObITb KakK rpyrnnoBbiM, TaK U
BbICOKOU30OUMpaTenbHbIM B 3aBUCUMOCTW OT BbIOpaHHbLIX YCIOBUIA U NpUpOAbI
OpraHn4yecKkoro coocagurtens.

OpraHuyeckue coocaguTenu BbIrOAHO OTNIMYAOTCA OT HEOPraHNYECKUX TEM,
YTO KOSINIEKTOP Nerko MOXeET ObITb yaaneH o3osieHuUeM ocafka WUnn KUCNOTHON
MUHepanusaumen («MOKpoe coXxKeHuer»). [locnegHun MeTon  Henb3s
NCnonb3oBaTb B Clyvyae coocaXxaeHNs NETy4nMx 9aNeMeHTOB, Taknx Kak B, Ge, Re,
Si, Se, Os 1 ap., BO n3dexaHne Notepb Npu 03051EHUMN.

MeTon coocaXgeHUa MUKPOKOMMOHEHTOB C KOMJIEKTOPOM MCMNOSb3YIT
OYEeHb 4acCcTO MNpM aHanuse MNPecHbIX, MOPCKMUX U CTOYHLIX BOA, MeTarnsfos
BbICOKOW 4YUCTOTbI U HeopraHndeckmx coeanHeHun. OcobeHHO BaXXHOe
3HayeHne unMeeT MeTo4 CcoocaxaeHuda Ongd onpeneneHns masbix
KoJsiu4yecme PasnuUYHbIX paccesiHHbIX 1 peOdKux 3JieMeHmoe8 B MuHepanax
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[lo cTeneHn abConTHONO KOHUEHTPMPOBAHUSA, MPOCTOTE W
annapatypHoMy odOopMIeHNI0 coocaxoeHue sieriiemcsi OOHUM U3
JIy4wux Memoaooae.

KooadhPUUNEHT KOHUEHTPUPOBAHUA TAXenbIX MeTannos npwu
coaepxaHun B Nnpobe 10~°-107° r/n pocturaet 10°, cteneHb n3BnevYeHns
coctaBngaeTr >90%. [lpn aTOM MeTOoAbl OCaXAEHUSI U COOCaXKAEHUS
NCNOMb3YTCA TOSbKO AN NOMyYeHUs1 aHanNUTUYECKOro KOHLEHTpaTa, a
camMo onpegeneHne MUKPOKOMIMOHEHTA BbIMOMNHAETCA AOPYruMu
MeToaamum, yaulie BCEro dhoTOMETPUNYECKUM,
BOSibTaMNEPOMETPUYECKMM UMK aTOMHO-3MUCCUOHHBIM. B
nocrnegHne roabl CcooCaXOdeHue TMPUMEHSETCH, KakK npaBuno, B
KOMBMHaLUUM C TAKUMWU METOA4AMU KONUYECTBEHHOIO aHanu3a, B OCHOBY
KOTOPbIX MOMOXXEHO NonyvYeHne aHannTU4eCcKoro curHana oT meepobIx
obpa3suos, Hanpumep C aTOMHO-3MWNUCCUOHHbBIM,
peHTreHOIyOpPECLEHTHBIM UM MacC-CneKTPanbHbIM.

Hedocmamkom meToga coocaxaeHus siBNsieTcs 6s1umesisHocCmb
npouecca.

B paduoxumuu metoabl COOCaXOeHUsi 4aCcTO WCNONb3YT Ans
BblAeneHnsa paauoHyKnnaos.
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3) CopbyuoHHbIe MeEMOObI

CopOUMOHHbIE MEeTOoAbl KOHLEHTPUPOBAHMS OCHOBaHbl Ha pPasfiMyHOM
NOrfoLweHnn PpacTBOPEHHbLIX BELLECTB, ra30B M NapoB TBEPALIMU UMW XUOKAMUA
nornotutenamn (copbenmamu). B oTnnume oOT coocaxaeHus 30echb
NOornoLweHne NPONCXoaNT yXKe Ha 20mo8oM CcopbeHTe.

B npouecce copbumm BewWeCTBO pacnpegensieTcs mexay AaByms
HecMelluMBaLMMnUCAa pasamun: TBepaoe Teno — XUAKOCTb, TBEPOOE Temno — ras,
XUaKkocTb — ras. Yaule Bcero copbuuto npoBogdaT B cucteme TBepAaoe Teno —
XNOKOCTb.

[Tlo pasnuuunio B MexaHM3Me B3auMOAENCTBUS BewectBa C copbeHToM

BblAENAIOT ghu3uYecKyro (MNu MonNekynsipHyto) copbuyuro U xemocopbuyuro.

[Mpun gbusuveckoli copbuuu B3anMoaencTame mexagy cCopobeHTom u
copbupyembiM BeLLeCcTBOM (copbaTom) 0ByCroBIEHO MEXMOSIEKYIISAPHBLIMU
cusiamu, Npy4eM pasnuyarot agcopbumnio (nornoLweHne BewlecTaa
NOBEPXHOCTbIO copbeHTa) n abcopbuunio (NornoLleHmne BeLecTsa BCeEU Maccoun
copbeHTa).

Xemocopbuusi — 370 NOrnoLweHne, OCHOBaAHHOE Ha NPOTEKaHNK
XUMUYecKuUX peakumm mexay copbeHToM n copbupyemMbiM BELLLECTBOM C
obpaszoBaHMEM XUMUNYECKUX COEANHEHNIN (MOHHbLIN OODMEH,
KOMMiekcoobpasoBaHue, OKUCNEHNEe-BoCcCcTaHoBNeHne n ap.). OaHako Ha
npakTukKe TPyaHO BCTPETUTL B YUCTOM BUAE NMOOON N3 MeXaHNU3MOB copbunu:
0ObIYHO OHU OENCTBYIOT B codeTaHun. Tak, agcopbunsi obbI4HO NpeawecTByeT




[Tpouecc copObumMn MOXHO OCYLLECTBIATL PasfiMyHbIMK criocobamn. C aTux
no3nummn pasnuyaroT cmamuyeckud, duHamMu4eckuu u
Xpomamozpaghudeckuu crocodbl, NPUYEM B KaxXQOM U3 HUX UCMOSb3YHTCS
oba mexaHu3ma copoumn.

Cmamuyeckul (VnNn OOHOCTYNEeH4YaTbil) €cMocob — 3TO OOHOKpamHoe
pacripedesrieHue KOMIMOHEHTOB Mexay dasamn. [lpn KOHUEHTpMpOBaHUN B
CTaTUYECKUX YCMOBUAX COPOLUIO MUKPOKOMMOHEHTOB BbIMNOMHSOT OObIYHbLIM
norpyxeHnem copbeHta B pacTtBop Mpodbl. [Ons yckopeHust OOCTUXEHUS
paBHOBECUA pPacCTBOpP MNepeMeLInNBalOT MEXAHUYECKM UMW C  MOMOLLbIO
yneTpassyka. MexaHu3M  KOHUEHTPUPOBAHUA —  MOMEKYNSPHbIA UK
XEMOCOPOUMOHHBIM, B 4aCTHOCTU MOHOOOMEHHbIN, OCHOBaHHLIK Ha OOMeHe
MOHOB pacTBOpa Ha MWOHbl TOrO e 3Haka 3apsga, BXodswiMe B COCTaB
MOHOOOMEHHMKA (MOHUTA).

Ona pasgeneHnsa KOMMOHEHTOB CMECUM  CTaTU4eCKMM  Cnocobom
HeobxoAMmMo, 4YTOObl OHWM  CUNBHO  pasnMyannucb MO CNOCOBHOCTU
pacnpegensatbcs Mexay dasamu U nNpu YyCTaHOBMEHUU PaBHOBECUS OOHWU
KOMMNOHEHTbI MPENMYLLECTBEHHO HaxoaunMcb B odHoOW pase, a gpyrme — B
aopyrou, T. €. pasHuua B KoapduuueHTax pacnpeneneHns pasgendaemblx
KOMMOHEHTOB AOSMKHA ObITb OONbLLON.

KoagbpuuueHm  pacrnpedesieHuUss — OnNpeaensieTcsl  Kak  OTHOLUEeHue
PaBHOBECHOW KOHLIEHTpaLWM KOMNOHEHTA B 0gHOU (pa3se (Hanpumep, B TBEpPAO0N)
K paBHOBECHOW KOHLIEHTpaLUK TOro e KOMMOHeHTa B Apyron dase (Hanpumep,
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MeTogamu copOummn MOXXHO N3BNEKATb KaKk MUKPOKOMIMOHeHMbI, makK U
Mampuuy. nsa KOHeYHOro onpeaeneHnsa coponpyembiXx MUKPOKOMMOHEHTOB
COpBEHT OTAENAIOT OT pacTBopa AeKaHTaunen nnm dnnsTpoBaHMEM U Nocne
NPOMbIBaHMSA (4118 yaaneHusa NoCTOPOHHUX 3NEMEHTOB) AecopobupytoT
MWUKPOKOMMOHEHTHI.

HAduHaMuyeckuu u xpomamoepaguyeckul criocobbl 0OCHOBaHbI Ha
MHO20KPamHOM pacripedesieHUU KOMIOHEHMO8 CUCMeMbl MeXOy
gazamu.

JuHamuyeckuu BapuaHT CENeKTUBHOIO KOHUEHTPUPOBaAHUA
MUKPOKOMMOHEHTOB C UCMOSIb30BaHNEM MEXAHNU3MOB MOSIEKYIISIPHON copbuum n
Xemocopoumn ocywecTBnaT UIbTPOBAaHMEM pacTBopa aHanusnpyemomn
Npobbl Yepes3 TOHKNW CNON MENKO3EPHMUCTOro COpOEHTa, HAHECEHHbIN Ha KaKy1o-
nnbo noanoxky, crion 6ymarn, obnagatowen copobLUMOHHBIMU CBONCTBAMU, UMK
cneunarnbHO WU3roTOBMEHHYKD MeMOpaHy. 3TO O4YeHb [MPOCTON MPUEM
KOHLUEHTPMPOBAHUA, HO €ro Wucrnonb3oBaHME BO3MOXHO TOMbLKO B Cny4vae
CYLLECTBEHHO pasnunyatomnxca KoadppuumeHToB pacnpeneneHus pasaensaemblX
KOMMOHEHTOB U BbICTPOro NpoTeEKaHNsi caMoro rnpolecca copoumn.

Xpomamoepagu4yeckue MeToAbl, Takxe ABNSAOLWMECS
MHOrOCTYNeH4YaTblMM, WUCMOSIb3YIOT B  Ccnydasx, Korga KOo3(pdUUMEHTbI
pacnpeneneHnss KOMNoOHEHTOB CMecu Mexay AOBYyMS dasamMu pasnnyaroTcs



Xpomamoepaguss — 3TO OYEHb pPacrnpoCcTPaHEHHbIN Crnocob
pasgeneHns n KOHLUEHTPUPOBaHUA BELLIECTB, OCHOBaHHbLIW Ha pas3nnyinm B
NX KoapduumeHTax pacnpeneneHusa mexay asyms doasamu, ogHa m3
KOTOPbIX HEMOABWMXHA, a Apyras HanpaBneHHO OBUXETCHA OTHOCUTENbHO
nepBou (BOOSIb KOMTOHKU MK TOHKOIO Crnost HenoasuXHOW doashbl).

[ns KOHLIEHTPUPOBaHUS MWKPOKOMMNOHEHTOB NCNOSb3YIOT
pasnuyHble COpBEHTLI, KOTOPbIE HapsAdy C XOPOLUEW MOrNoTUTENBHOM
CNOCOBHOCTLIO N N30UpPaTENBLHOCTLIO AOMKHBLI NIErKO pereHepmpoBaTbCs
N BbITb XUMUYECKN U MEXAHUYECKN YCTOMYMBLIMU. 3 HEOpPraHNYeCKux
COpBEHTOB MNPUMEHAIOTCA MapaTtupoBaHHble OKcuAbl, Cyrnbduabl,
doocdaTbl MOMMBANEHTHLIX METamNMNoB, HanpuMep rmapaTtupoBaHHbIE
avokcuabl U oocaTtbl TUTaHa, LUMPKOHUSA, ONoBa U KPeMHUA, cynbdug
MeaWn, CONMn retepononukucnotr. MexaHunsm AOencTBus 3TUX BELLECTB
pasnuyeH, Ho Hamboriee YacTo copbunsi obycnoerieHa MOHHLIM OOMEHOM
N KOMMN1IEKCOObpa3oBaHUEM.

JocmouHcmeamMu - HEOpPraHMYeckKux  COPOEHTOB  ABMAKOTCH
YCTONYMBOCTbL K HarpeBaHUIO, OEUCTBUIO WUOHU3UPYIOLMX WU3NTYyYEHUN,
OopraHU4YecKUM pacTBOpPUTENSIM, HEPEOKO BblCOKasi u3abnpaTenbHOCTb.

N3 ux Hedocmamkoe MOXHO OTMETUTb He Bcerga AoCTaTo4HOo
BbICOKY0 EMKOCTb M NSI0XY0 BOCMPOM3BOAUMOCTb COPOLIMOHHbLIX CBOMNCTB



HeopzaHu4yeckue copbeHmbI NCMNOMb3YKOT, HAaNpMMep, Npu BblaeneHnn
MUKpOKonnyecTtB Ga, In, Ge, Mo, V, W n U 13 Mopckon Boabl (copbuusi Ha
rmapaTtupoBaHHOM OKCuAe TuUTaHa C MocreaylwyM aHann3oM KOHLUeHTparta
aTOMHO-3MUCCUOHHbLIM METO40M) U MUKpOKonuyecTs P, As n W npu aHanuse Boa
N [OOHHbIX OTNOXEHUN (copbumsi Ha OoKcua arnoMUHUA C  Nocneaywmm
onpegeneHneMm HEeMTPOHHO-aKTMBAUMOHHBIM  METOAOM), a Takke Aand
N3BrevYeHns 13 BO3dyxa NapoB pPTyTM (copbumsi Ha cynbduae cBUHLUA U
onpegeneHne pPTyTM artoOMHO-AMUCCUOHHbIM METOAOM C MOJSIbIM KeNe3HbIM
KaToOoMm).

N3 ope2aHu4yeckux copbeHmoe LLINpPoKoe NPMMEHEHNE HALLNU aKMUBHbIe
yesnu, obblMHasi u mMoamdmumpoBaHHas uesis1rosio3a, Xenaroobpasyroume
COpPBEHTHI, N, KOHEYHO XE, CUHMemu4YecKue UoHUMmMbI.

AKmueHble ya2/1u  VMeKT Ypes3BblMaMHO  pPasBUTYD  MUKPO- U
MaKpOMOPUCTOCTb; WX MOSiy4alT BbDKUIAHMEM [OPEBECUHbLI WM  KOCTEW
XMBOTHbIX ©€e3 gocTyna Bo3ayxa. Ha akTuBHbIX yriax npeobnagatoT npoueccsl
MONEKYNApHOM agcopbunn (XoTa urpaet ponb UM copbuma no Apyrum
MEXaHu3Mam, Hanpumep WOHHbIM 0OMeH). Cuctema BKMNHOYAET aacopOeHT —
BELWECTBO C Pa3BUTOM YyAOErbHOM MOBEPXHOCTLIO U aacopdbar — BELLECTBO,
MONEKynbl  KOToporo  nornowatorca.  [lpy  agcopbuum  BewecTBO
KOHLUEHTPUPYETCA Ha [MOBEPXHOCTU pasgena a3 nog AeucTtBUeEM
MONEKYNAPHbLIX CUIT MOBEPXHOCTU agcopbeHTa. dusnyeckasa agcopbumsi obbI4HO
nerko obpatmma. AKTUBHbIA Yronb WCNOMNb3YHT O3 KOHUEHTPUPOBAHUS
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B npakTuke pasgeneHusi U KOHLUEHTPMPOBaHMA 3NIEMEHTOB LLUMPOKO
NCMONb3YTCS B KAYECTBE COPOEHTOB NPUPOAHBLIE U CUHTETUYECKME NONNMEPHI
— BbICOKOMOJEKYNSAPHbIE OpraHnYecKkue (MM HeopraHM4eckme) coegmHeHmns. M3
noaxoaswmx ans aTux uenemn npupoaHbIX NONMMeEpOoB crieayeT Ha3eaTb
nonucaxapug uenninosy (Unv pactTUTeNbHYIO KNeTyaTky). Xrnonok
npeacTaBnsaeT cobon NoOYTU YNCTYIO Lennonoasy. Llenntonosy npumeHaoT angd
KOHLEHTPUPOBAHUS Pt-MeTannoB U3 pasbaBneHHbIX pacTBOPOB.

B xpomatorpaduyeckom cnocobe copbunm B kKauectBe copbeHTOB Hanbonee
LLMPOKO NPUMEHSAIOT CUHmMemu4ecKue nosiuMepbl op2aHu4YecKol npupoobl
(cmonbl), paboTatone Nno UOHOOO6MEeHHOMY MexaHU3My (UOHUMBI), T. €.
NPUYNHON copOLMK 30eCh ABNSETCS XeMmocopobuus.

NoHoobMeHHasi xpoMamogzpaghusi OCHOBaAHa Ha pa3fgeneHnn NMOHOB C
MOMOLLIbIO NPUPOAHBLIX N CUHTETUYECKNX NOHOODOMEHHNKOB (MOHUTOB). OTU
MOHUTbI SBNSAIOTCA HE TOMbKO Kak uamnyeckme agcopbeHTbl, HO 1 Kak
XUMUYECKNE peareHThbI.

UNOHHbIU 06MEH — 3mo npouyecc cmexuomMmempu4ecko2o0 obMeHa UOHO8
O00HO020 3HaKa MeXXdy UOHUMOM U pacmeopoM.

NoHumamu (UOHOO6MEeHHbLIMU CMOJ1aMU) Ha3bIBalOT Op2aHuU4yecKue usu
Heop2aHUYecKue sewecmaea, rnpakmu4yecku Hepacmeopumblie 8 800e U Opyaux
pacmeopumerisix, cooepxxaujue akmueHble (UOHO2EHHbIE) apyrirbl C
Moo0B8UXXHbLIMU UOHaMU U criocobHbIMU 0bMeHUB8amb 3mu UOHbI 8
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B 3aBMCUMOCTM OT XapakTepa BBeAeHHbIX MOHOOOMEHHbIX (MOHOreHHbIX) Fpynmn
BCE MOHUTbI AenATCs Ha 3 rpynnbi:

— KamuoHUmMbI — COPOEHTLI, coaepKaLlmne B CBOEN CTPYKTYPE KUCINOTHbLIE
rpynnel, T.e. copbeHThLI, 0bnaaatome CBOMCTBAMU KUCIIOT N CMOCOOHbLIE K
OOMEHY KaTMOHOB;

— aHUOHUMbI — COPBEHTLI, coaepaLllme B CBOEN CTPYKTYPE OCHOBHbIE
rpynnebl, T.€. copbeHTbl, 0brnagatouime CBONCTBAMU OCHOBAHUI U CNOCOOHbLIE K
0OMEHY aHMOHOB;

— amghomepHbIe UoHUMbI (aMdonuTbl) — B 3aBUcMMocTy oT pH pactsopa
ANCCOLMUPYIOT Kak KNCNOTHbIE UMW OCHOBHbIE NOHUTbI.

XvMuyeckune opmMvrb KATUOHNTA 11 @HMOHNTa 0BbI4YHO 3anucbiBatoT Kak RH
h —_
m ROH; Torga ypasHer "RH+ M™ 2 R;M+ nH™ 1em Buge Mmoo

HOHWT DACTBOD  powur  PACTBOD
npeactTaBnTb B BUOE Pocanuyriv.

roe R — CIIOXHbIWM OpraHn4ecknn pagukan (Matpuua unuv kapkac nonvmmepa),
M"™ — KaTUOH MeTar — 5, <=~ e -~ =~

nROH+ A™ = R,A +nOH"

[INs @HWOHMTA NP hopur + pacteop  yomgr  pactsop AOKHO 3anucaTh Kak



Obpamumbiu CTEXNOMETPUYECKUN IKBUBANEHTHbIN OOMEeH WOHOB U3
pacTBoOpa Ha MOHbI TOrO e 3HaKa, BXoAdALWKne B COCTaB MOHUTA, MPOUCXOAUT Mpu
NponyckaHMn aHanuM3npyemMoro pactBopa 3rekTponuta 4epe3  MOHWUT,
NOMELLEHHbIN B ANUHHYIO UMNUHOPUYECKYD TPYybKy (kosioHKY). PasgeneHue
NOHOB JOCTUIraeTCa 3a CYET UX PasfIMYHOro CpPoAcTBa K MOHUTY, N3-3a Yero OHU
NnepemMeLLatoTcsl Mo KOMOHKE C pasfnyHou CcKOpOCTbio. OOHM KOMIMOHEHTbI
OCTalOTCA B BepxHeM crnoe copbeHTa, apyrve, UMmelolme MeHbLUY CTeneHb
B3aMMOOENCTBUA C COPOEHTOM, OKa3bIBAOTCS B HMXKHEWN YACTU KONOHKU; TPETHU
e NMoKMAaarT KONMOHKY BMeCTe C noaBuXHOU doa3on. B pesynbraTte nonyyaercd
XpomMamozpamMma — 3aKOHOMEpPHOe pacnpefneneHve BeLwecTtB Mo 30HaM B
COOTBETCTBUM C NX COPONPYEMOCTLIO.

[TornolleHHbIe BeLLECTBa U3BMeEKaT N3 copbeHTa nNpu NponyckaHum
yepes3 Hero Kakoro-nmbdo noaxoasiero pacreoputens (asroeHma). [pu aTom
nponcxoanT obpaTHbIM Npouecc — gecopdbunsi, a NornoweHHbIE KOMMOHEHTbI
BHOBb MNEPEXOOAT B XUAKyw a3y (as1r0am). OrnoeHT OormkeH obnapatb
CENMEKTUBHOCTbIO K TOMY UMM MHOMY MOHY B pasgensiemon cmecu. Noabupas
COCTaB M KMCINOTHOCTb 3fIl0EHTA, MOXHO rnocriegosaTenbHO yaanuTb C KOJTOHKU
BCe copbupoBaHHbIE WOHbLI. [nNsi 3TOro 4acto MCNonb3yrT CNOCOOHOCTb
pasgensieMblX WMOHOB npwu onpegeneHHom pH obpasoBbiBaTb KOMMSIEKCHI
PasfM4yHOMN YyCTONYNBOCTM.

OuHamMmnyHOCTb Npouecca copbunmn, obecrneynBaemasi MHOrOKPaTHOCTbIO aKTOB
copbuun-gecopbunmn pasgensaemblX KOMMOHEHTOB B MNOTOKE MOABMXHOW dhasbl,
obvcnosnuBaeTr 6osiee ebICOKVIO 3dbdbekmueHOCIMb XpomMmamoa2paduyecKo20




Bmecte ¢ Tem copbuuen Bewects m3 Oonblioro obbema pacteopa u
aecopbumen ux B MeHblunm obbemM  pacTBopuTeENs  AOCTUraeTcs
KOHLEHTPMPOBAHMUE COPONPOBAHHLIX BELLECTB.

QP PEKTMBHOCTL pasgeneHnsa ByX MOHOB XapaKTepusyeTcs
KoaghhuyueHmom pasdesieHus, ornpeoensieMbiM Kak OmHoweHue
KoaghhuuueHmoes pacnpedesieHUsi Anst OANHAKOBbLIX YCITOBUW 3TUX ABYX MOHOB

$=D/D,

Ecnun S = 1, To pasgeneHne MOHOB HE8O3MOXKHO. [1ns pasgeneHusd
HeobxoAMMo, Y4TOObI k03P PULIMEHTBI pacnpeaeneHns D, u D, AOCTaTO4HO
CUNbHO pasnuyanuco.

YBenuunutb pasnnyve B COpObLUMOHHOM MOBedEeHUN pasgensieMblX 9fIEMEHTOB

4aCTO MNO3BOSSAET NepeBoq OAHOrMo M3 pasdenideMblX 3f1IEMEHTOB B aHMOHHbLIN

KOMIIEKC, B TO BPEMS KaK BTOPOM 3NeMEHT AOMMKeH ocTaTbCs B dOpMe NpOCTOro
kaTuoHa. OcCODeHHO 4YacTo And 9TUX Uefien UCNOoMb3yT OpraHnYeckmne

KOMIMJIEKCAHTLI.

Ha koadpdpuumeHT pasgeneHusa BAUAKT Kak Xumudeckume (pH pacteopa,
npuvpoga pasgendemMblX MOHOB M UX KOHLEHTpauMa B pacTBOpe, XUMUYECKUN
COCTaB MOHUTA M Op.), TaK U YNCTO PpU3nyeckne paktopbl (CKOPOCTb NPOTEKAHUA
pacTBoOpa Yepes KONOHKY, pa3Mep 3epPeH MOHNTA, BbICOTa KONOHKK, TeMNepartypa
nT.0.).

NoHoobmeHHasi xpomamoepaghusi UCroib3yemcs npeumMyu,ecmeeHHo
Ons uenen pasodesieHuUsi, OQHAKo 3TOT MEeToA, HaxoauT Norie3Hoe NpMMeEHeHne u




[Tpy nponyckaHun 6GonbMX 0O6bEMOB pasbaBneHHbIX PacTBOPOB 4Yepes
CIioM MOHUTaA N nocneayrwemM M3BeYeHnn NOrnoweHHOro BewecTsa MarnbiM
obbeMOM pacTBOpUTENSA (3M0EHTA) BO3MOXKHO MOBbILLEHNE KOHLIEHTpaumn
BeuwlectBa B 200-500 pa3. B aHanuTuyeckoOM KOHTPOSie 3TOT MPUEM 4acTo
NCNONb3YyKT ON19 KOHUEHTPUPOBAHUA NpUMeEcen nepeq ux onpenerieHnem B
CBEPXYMUCTBIX MaTepuanax (Hanpumep, AN WU3BNEYEHUA ypaHa U
PagMoaKkTUBHbLIX U30TOMOB, a TaKXke Ansl U3BMNEYEHUS LIBETHLIX MEeTansoB npu
NPOMbILLNEHHOM MNONYyYEeHUN peaKko3eMerbHbIX arieMeHToB (P33), B TOM 4ucne
npu nepepabdoTke pya naHTaHOMOOB.

AHanumu4yeckoe W TEXHONOrM4yeckoe ucriosib3ogaHue UOHOOOMeHHOU
Xpomamozpaghuu MHOroobpasHo. ATUM METOAOM pa3aenstoT odeHb Brnmskue no
CBOMCTBaAM Q3rleMeHTbl, Takne Kak P33, mpaHcypaHogbkle, 3/1eMeHMbI-
deolUHuUKu (Hanpumep, Zr-Hf), yoansawT Mewawwme WNOoHbl (0O4MCTKa BOAbI),
NPOBOAAT KOHUEHTPUPOBAHUE LEHHBIX MUKPOKOMIMOHEHTOB U3 MPUPOAHLIX Y
NPOMBbILLSIEHHbIX BOA. MIOHOOBMEHHYIO XpomaTtorpadumio LWMPOKO UCMOMNb3YHT
Npu aHanuse ChnnaBoB, pPyd PedKMX M LUBETHbIX MEeTansfioB U NPOAYKTOB WX
nepepaboTkn, OTXOA0B, COAEPKALLMX PaCCeAHHbIE ANEMEHTbI, a TaKkke CTOYHbIX
BOZ NpeanpuaTumn.

OzpaHu4YeHuemM WNCNONbL30BaHUSA WOHHOOOMEHHOroO MeToda SIBMNSIETCS
HeOOXOOAMMOCTb MPOBEAEHMUA OonblION MoaroToBUTENbLHOW pPaboTbl C
NPUMEHEHNEM AOBONLHO O0/bWUX KOSIUYEeCcma8 KUCIOT, LenodYen n apyrnx
peazeHmos, B pe3yrbTaTe Yero B pacTBOpe HakannmBaeTcst MHOIO MOCTOPOHHUX



Tem He MeHee MeTOg WOHOODOMEHHOW Xxpomartorpadoum MHTEHCUBHO
pa3BMBaETCs W MOCTOSAHHO paclUMpPHAET rpaHuubl NPUMEHEHUsT Onarogaps
CO30aHMI0 HOBbLIX, M3bMpaTenbHO OEWCTBYIOLLIMX WOHUTOB W paspaboTke
aBTOMaTU3NPOBaHHbLIX COCODOB pasgeneHnst U KOHUEHTPUPOBaHNS SNEMEHTOB.

B mMemode ocadoyYyHou xpomamoepadpuu AOns pasfeneHns BeELLECTB
NCNOSIb3YIOT PasfiMyHy0 PacTBOPUMOCTL OCafKOB, MosflydaeMblX B pesyrnbraTte
peakuun mexagy pasgendemMbiMy MoHamm U ocagutenem. Teepabint ocaguTenb
CMELUMBAKOT C MESIKO UCTEPTbIM HOcuTenem, NnMbo nocrneaHun nponuTbIBaKOT
PacTBOpPOM OcCaauTend, nocrie 4Yero cMecb MNOMeLlalT B KOJSIOHKY. [lpwu
NponyckaHMM Yepe3 KONMOHKY pacTBopa CMecCcu pasfendemMblX MOHOB OHWU
ocaXJalTcA Ha HocuTesne B BuUAe TPyOAHOPACTBOPUMbLIX OCadKOB B Mopsake
BO3pacTaHUs UX pacTBOPMMOCTU (cBepXy BHM3) . B nepsyto ovepenb (BBeEpPXY
KONIOHKM) OcCaXXgaeTcs HauMeHee pacTBOPUMOE U3 COeAUMHEHUW, 3a HUM —
crefyiouiee No pacTtBOPUMOCTM WM T. AO. YcnewHoe pasnefieHne cMmecwu
OOCTUraeTcad MHOMOKpaTHbIM MOBTOPEHMEM B XO4e XpomaTorpadupoBaHUs
npouecca obpasoBaHMA ocadka U ero pactBopeHus. [lo mexaHusamy copouum
ocagodHasa xpomartorpadmsa OTHOCUTCA K XEMOCOPOLUMOHHOU XpomaTtorpaduu.

[lpouecchl, npoTeKkawLline npu MpPonyckaHUM 4Yepe3 KOMOHKY pacTBopa,

cogepxallero cmecb AByx Bewects AX n BX, pearmpyrou_wlx c ocagutenem CY C
obpasoBaHneM ocaakoB A CY +AX - AY! +CX
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Ecnn ocagku AY n BY OKpalleHbl, TO pacrnofioXXeHNe OCadKoB B KOJIOHKe
MOXXHO onpeaennTb BU3yanbHO U TakMM 0OpasoM OLEHUTb KavyeCTBEHHbLIN
COCTaB aHann3npyemoro pacrteopa.

[Tpw NPOMbIBaHUM ocago4YHON XpomaTorpammel noaxoasaLmm
pacTBopuUTerneM, KOTOpbIM XOPOLLUO PacTBOPAET OO4HW OCagKn U He pPacTBOPSAET
apyrne, otaenbHble 30HblI MocreaoBaTefibHO BbIMbIBAOTCS M3 KOMOHKW, B
pe3ynbraTe Yero OCTUraeTca YeTkoe pasgeneHue KOMMOoHeHToB cmecu. [pu
copbunn KOMMOHEHTOB M3 BonbLoro obbema aHanu3npyemoro pacteBopa U
gecopbumMm  ux B MeHbwnnM  obbeM  pacTBopuTeEns  OocTUraeTcs
KOHLIEHTPUPOBaAHUE COPONPOBaHHLIX BELLECTB.

B kayecTtBe HocuTenewn B ocagovyHoOW Xpomartorpadpum Mcnonb3yT YACTbIE
BbICOKOAUCMEPCHbIE BeLlecTBa, obnagawowme xopowen QuUnsTpyowen
CNOCOBHOCTBIO U MHAUMPAEPEHTHBIE K OCaguUTENo N XpomaTorpadpupyemomy
pacTBOPY: OKCUA W TMAOPOOKCUA anioMUHUA, cunukarenb, cynbaTr Oapwus,
Kpaxmar, necok (anokcma kpemHus) n ap. Ocagutensmm siBNsSOTCA peareHThl,
oOpasylLine ¢ pasgendeMbiMyu NoHaMN OCafKM (XxapakTepusyemble pasnmuyHon
PacTBOPUMOCTbIO) U UHANPAEPEHTHBIE K HOCUTEMIO; NMPUYemM HeobxoauMbIM
YCNOBUNEM SIBSIETCSA COPOMPYEMOCTb OCaanTENEN Ha HOCUTESE.

[Tomumo pa3desnieHus1 mMemod ocadoyHoU xpomamoapaghuu

rpumMeHsitom 0151 O4UCMKU 8eW,ecme U UX KOHUeHmMpuUpoeaHusl.
-34-148-




Qdu3uvyeckasi _adcopbuusi pasgensembix KOMMNOHEHTOB CMeCU Ha
aacopbeHTax nNexmT B OCHOBe  adcopbuyuoHHOU  (MOMEKYNsipHOW)
XpomMamoezpaguu.

34ecb HENOABMKHOM dha3omn ABNSIETCH TBePAbIN aacopbeHT, a NoaABUKHOU —
XNOKOCTb (TBEPOO-KNOKOCTHAdA XpomaTtorpadus, TXX) Unu ras
(razoagcopbunoHHasa wunu rasorBepgaa xpomartorpadus, FTAX wunu [TX).
XapaKktep norfoweHnst 3aBuUcUT OT cnocoba obpaboTkn agcopbeHTa W
CTPYKTYpPbl €ro akTMBHOM MOBEPXHOCTU, HO 6Gonee Bcero — OT npupoabl
agcopbupyemoro BeLlecTBa.

[Tlpy nponyckaHnM 4yepes3 KOMOHKY aHanmn3mpyemoro pacrtBopa 3fIEMEHTDI
BCNeaCTBME UX pasnnMyHOM aacopOupyemMocTn pacnpedensatoTcsl B KONMOHKE
cTyneH4yato. B BepxHuUX crnosix copbeHTa 3adepXuMBalTCA  CUMbHEe
copbupyemble, a B HIXKHUX — MeHee copbupyemeble.

PasoeneHne pocturaetca aaroupogaHueM (npoMbigaHUEM) KONOHKMU
noaxoasilnum pacTBOpUTENEM (3JTOEeHMOM), NPY 3TOM OTAESNbHbIE KOMMNOHEHTbI
CMeCUu MnpoaBuraroTca BOOSb KOJSIOHKM HepaBHOMEpPHO. B nepByto oyepenb C
KOSTOHKN BbIMbIBAE€TCS MeHee ancopoupyembin KOMMOHEHT, 3aTem Oornee
agcopbupyembint 1 T. 4. Cobupas BblITEKAIOLLYIO U3 KONOHKN XXUAOKOCTb (3J/1r0am)
OTOENMbHLIMX  NOPUMSAMK,  NONYyYarT TaK  Ha3biBAEMYK  XUOKOCTHYHO
XpomMmaTtorpamMmmy.

B pesynbrate uccrneoyemasi crioxHas cMecb OyaeTr pasgeneHa Ha psg
dopakumn, cogepxawux unHamsmayanbHble  KOMMOHEHTbl, danbHeuulee




Pasnuyne B pacnpeneneHnn pasgensieMbix BELLECTB Mexay ABYyMS
HECMELUMBAKOLLMMUCA PACTBOPUTENAMM NEXNT B OCHOBE
pacnpedesiumesibHOU xpoMamozpaguu (()KUOKOCMb-XUOKOCMHas
xpomamozpausi).

PacnpenenutenbHas XxpomaTtorpadumsa MoXeT ObITb NpoBeAeHa Ha KONOHKE,
Ha Bymare unu B TOHKOM cnoe agcopbeHTta. B KONOHOYHOM BapuaHTE KOMOHKY,
3anonHEeHHY0 HOCUTENEM — TBEPAbIM TOHKOM3MENBYEHbLIM MOPUCTLIM
BELLLECTBOM, NPONMUTLIBAIOT HEMOABUXKHBIM PACTBOPUTESIEM, KOTOPbIW,
agcopbupysacb Ha NOBEPXHOCTU HOCUTENS, 0DpasyeT Ha HEM MOBEPXHOCTHYIO
XUAOKY0 NreHKy. Pasgendaemyto CMeCcb BELWECTB, PaCTBOPEHHYIO B MOABMXKHOM
pacTBopuTene, BBOAAT B KOJTOHKY U, MOCSIe TOro Kak pacTBOp BNUTAETCH B
BEPXHEN YaCTWN KONMOHKN, HA4YMHAIOT NPOMbIBaHUE €€ YNCTbIM NOABUMXKHbBIM
pacTBopuTenem. B npouecce npomMbIBaHMS NPONCXOONT HEMPEPbLIBHOE
nepepacnpenerieHme BeLeCcTB CMecn Mexay AByMS HeCMeLlMBatoWMMUCS
Xuaknmmn doazamu. Ecnm KOMNOHEHTLI cMecu MMeKT XOoTS Bbl HebonbLuoe
pasnunymne B KoadppuumeHTax pacnpeneneHns mexay nogsumxHou m
HenoaBMXHOW dba3zamu, TO MPOABUraTLCS BAOMbL KOMOHKM OHY byayT c
HEOONHAKOBOW CKOPOCTbIO. C . CKOPOCTbIO 00nagaeT KOMMOHEHT,

NnoAB
KOTOPbIN MMeeT Hanbonblwy [) = ————— HT pacnpeneneHms
HENMOAB




[T0OSTOMY 3TOT KOMMOHEHT paHblUe ApYyrnx 6ydeT BbIMbIBATbCS C KOSTOHKN U
nonagaet B nepsble nopummn anoarta. KOMNoOHEeHT ¢ HauMeHbLUUM D OBUXETCA B
KONIOHKE C HauMMeHbLUEW CKOPOCTbK M OKasblBaeTCA B MocregHUX nopumnax
antoarta. [lpn goctatodHOM ANIMHE KOMOHKM MPOUCXOAUT MOSIHOE pas3feneHue
KOMMOHEHTOB CMECH.

TpeboBaHUs1 K HOCUTENSIM HENOABWXHOM pa3bl TAKNE Xe, KaK N B criyyae
agcopbunoHHon xpomartorpadoun. NogBMKHbIM N HENOABWXHLIA PaCTBOPUTENN
noabupatoT B 3aBUCUMOCTU OT MPUpoabl HOCUTENSA M ero nonsipHocTu. Ecnu
HOCUTENEM CIYXUT TrnapodunbHOe BeLeCcTBO (cunukarenb, LUensonosa,
Kpaxman, okcug antoMUHUA U T. 4.), TO HENOABWMXHLIM pacTBOPUTENEM ABMNSAETCA
BO4a WUNU Opyrne nondpHblie XUOKOCTU (CepHad KUcroTa, METUSOBbLIA CNUPT,
HUTPOMETAH), a NOABMXHbIM — MeEHee MONAPHbLIN OpraHU4YeCckUn pacTBOPUTENb
WM CMecb pacTBopuTenen (Hanpumep, CMecb OyTuroBoro cnupta c
xnopodgpopmom).

Hanpumep, ypaH(VI) otoensawT OT MHOMMX 3MNeMeHTOB Ha cunukarene,
obpabotaHHom 6 M HNO,. Conu ypaHa(Vl) 3noMpylT U3  KOMOHKM
METUNN300YTUNKETOHOM (MNBK). OHbI MeTansos, KOTOpble  He
B3anmogencteytoT ¢ MUBK, ocTtaloTcsa Ha KOnoHKe, C KOTOpPOW 3aTeM yaansatoTcs
BOAHbLIM PaCTBOPOM.

Ecnn HocuTenb — audpoghobHoe BellecTBO (pToponnacT-4, nnn Tednon),
nonucTUpon wn apyrue nonuMmepsbl), TO B KadeCTBe HeNoABWXHbIX cpen
NPUMEHSIIOT HeMnoJIsIPHbIe OpraHn4Yeckme pacteoputenu (beHson, xnopodopm,



B STOM cnyqae MeTOd HAa3biBaAakOT
pacnpedesumernibHoOU xpoMamozapaduel c obpallleHHoOU

gha3sou,

umnu
IKCMpakKUuUoOHHOU xpomamozapaahuedl.

Takon BUA xpomarorpadgpum gaet xopolime pesynbraTbl NpU pasgeneHuu
BELLECTB, XOPOLLUO paCcTBOPUMbIX B OpraHUYECKUX pacTBOPUTENSAX.

ITUM METOAOM OTAENANT, HanpuMmep, cneabl Xernesa oOT antoMUHUA Ha
KONIOHKE, 3amnofiHEHHOM MNOPOLWIKOM dToponnacta-4 B Buae B3BeCU B
mpubymungocgame (TED). [Mpu nponyckaHnn Yepes KONOHKY nccrnegyemoro
pactBopa 7 M no HCI n nocrnegytouwem npombiBaHUM KoroHKK pacteopom HCI
TOW € KOHLUEeHTpauun xeneso MOSIHOCTLIO 3a4epXXMBAETCA OpraHMYecKom
doason, a antoMUHUA B 3TUX YCNOBUAX KONMMYECTBEHHO CMbIBAETCHA C KONMOHKN.
XKeneso 3atem BbiMbiBaeTcs 0,1 M HCI v onpegensieTca poToMeTpuyecku.

MeTtogomM  SKCTpakKUMOHHOWM  XpomaTorpadum  ycnewHo  pasfenswor
HeopraHM4YyeckMe WMOHbl B BMOE KOMMIEKCOB C OpraHUYeckuMu nuraHgamu.
PacnpegenutenbHaa xpomartorpadpus, codetarowas aKCTPaKLMOHHbIM XUMN3M
npouecca C xpomaTtorpadouyeckon TEXHUKOW €ero OCYLLECTBNEHUA, SBNAETCH
OOHUM U3 Hanbonee apPEKTUBHLIX METOOOB XXNOKOCTHOW XpomaTtorpadmn. OHa
NO3BONSET pas3fensaTb NpakTU4eckn nobble cmecn BrmM3KUxX No XMMUYECKUM
CBOMCTBaM BeLLECTB, NOCKOSbKY HEOrPaHMYEeHHO BENIMKO YMCNO CoYeTaHnn nap




Cneundomnyecknmn  Bngamu  pacripegenutenbHon  xpomartorpadum,
no3BonAlWNMN  0BXoaAnTbCA 0e3  KONMOHKKW, SBNAITCA OyMaxHas W
MOHKOCJ/IOUHass xpoMamoezpadghusi, UCMOoSb3yeMble ONS pasgeneHns OYeHb
MarnblX KONIMYeCTB BewecTB. B nepBomM criyyae MHEPTHbLIM HOCUTENEM CITYXUT
cneunanbHo obpaboTaHHaa xpomaTtorpaduyeckass dymara. lpu pasgeneHuu
BOOOPaCTBOPMMbIX BELLECTB HEMOABWMXKXHOM (pa3on siBnseTcs agcopbupoBaHHas
HOoCUTenemMm BO4A, a MNOABUMXXHOW — OpraHM4Yeckun pacteBoputenb. Ecnn xe
BellecTBa pacTBOPUMbI B OpraHM4eCckoM pacTtBopuTene, To Boga UCMNonNb3yeTcd
y)XXe B KadecTBe NOABWMXHOM oa3bl, a OpraHU4yeckMn pacTtBopuTenb -
HEenoaBWMXHOW.

O6o6uwasi BCe BbllLECKA3aHHOE O XxpomamoezpachuvyecKux mMeToaax,
crnegyeTr OTMETUTb UX OCOBEHHYIO LIEHHOCTb KakK 3(PdEKTUBHOIO MHCTPYMeEHTa
npu pasgeneHnn CcoeauHeHUn ¢ BNU3KMMU XUMUYECKMMU CBOWCTBaMU, daxe
U30morioe, NOCKOSIbKY He3HaynTemnbHbIX OTIINYMA B COCTaBE WUNU CTPOEHUU
OKasblBaeTcad O0ObIMHO [O0CTaTOMHO AN Toro, 4TtoObl BbI3BaTb 3aMETHOE
pasnuyme B CMOCOOHOCTM KOMMOHEHTOB YOEPXMBATbCA HA TEX UMM UHbIX
copbeHTax. BaxHbIM aBNgeTca Takke TO, YTO Npu pasgeneHnn BeLecTBa He
npeTepneBarnT XMMNUYECKNX N3SMEHEHUIN U BbIOENAKOTCH B TOM BUAE, B KAKOM OHU
NpUCyTCTBOBAsIM B UCXO4HOW CMeCHW.

Xpomartorpadguyeckune METOAb! XapakTepusyrTcd rnpocmomodu
9KCNepUMEHTa, CefleKmu8HOCMbIO U YHUBepcasribHOCMbHo, T. €. BO3MOXHOCTbIO
NCNonb30BaHUA AN pasfeneHnus U onpedeneHns XUOKNX U rasoodpasHbIX




OcHoBHoW Hedocmamok 3TUX METO40B — OONbLUNE BPEMEHHbIE
3aTtpartbl, 0CODEHHO NMpu pasgeneHnm BeLeCcTB ¢ Ornn3kumm
ceBonctBamn. OgHako co3gaHue cneuymanbHbiX NPnMbopos —
XUOKOCTHbIX XpoMaTorpadpoB BbICOKOro AaBreHUs, B KOTOPbIX SfTH0EHT
NoOAaETCA B KOJTOHKY CO CKOPOCTbIO B 100 pa3 bonbLuen, 4em B
00ObIYHOW KONTOHOYHOW XpomaTtorpadouu, n nog gasneHmem go 0,5-40
MIlTa —nosBondeT B bnaronpusaTHbIX Cnydasax NofiHOCTLIO pas3gennTb
20 1 30 KOMMOHEHTOB NPOOLI B TEYEHME HECKONBKMX MUHYT. [penen
obOHapyXeHus, onpegensemMbin 00ObIMHO YYBCTBUTENBHOCTLIO
neTekTopa, coctasnser 103-10"°%, npu macce npobbl 1-10 Mr,
norpewHocTsb paBHa 0,2-2%. Takon BapmaHT nosyvyun HassaHue
BbICOKO3(JEKTUBHOM XXNOKOCTHOW XpomaTorpadum (BOXKX).

B0o3MOXXHOCTbL aBTOMAaTM3auUnmM NpoLlecca pasaeneHuns
KOMMOHEHTOB B COMETAHNU C PUINYECKNMU METOAAMU NX
onpeaeneHmns (B 4acTHOCTU, Macc-CrekTparbHbIM) 00yCnoBUNU
NCrosib3oBaHMe Xpomartorpadum ans KOHTPONA U aBTOMaTUYECKOrro
perynnpoBaHns TEXHOSOrMYecknx npoueccos. bnarogaps
OTMEYEHHbIM OCODEHHOCTAM XpoMaTorpaduyeckme MeTodbl NosTy4Ymnn
Hanborbllee pacnpocTpaHeHUe Kak MeToAbl pasaerieHns CroXHbIX
CMEeCeN BELLIECTB N KaK METObl KOHLIEHTPUPOBaHMS MUKPOMPUMECEWN.



4) AneKTpoxmmMmmyeckue metoabl

K anekTpoxmmmnyeckmum metogam OTHOCATCA:

— 3J/1IeKmposiumuyYyeckKoe ebioesieHue,
— GHYMpPEeHHUU 3J1IeKmposiu3 u yeMeHmauusi,
— asrekmpoduasius u ap.

OCHOBHbIM 3MEKTPONIMTUYECKUM METOAOM 8hkI0esIeHUS Mampuukl, pa3oerneHus
KOMMOHEHMO8 pacmeopa, UHOUsUOyaribHO20 Usu epyrnnoeo2o KOHUEHMpUPOB8aHUs
MUKPOKOMIMOHEHIMOB8 SBNSAETCS asiempoocak0eHue, T. €. ocaxaeHne BeLlecTsa 13
Xunogkom dasbl Ha onekTpoge B pe3ynbrarte  MpoTeKaHMs  OKUCIIUTENbHO-
BOCCTaAHOBUTESbHbIX peakLnn.

MaTtepuanamu ans pabo4vux anekTpoaoB cnyxart Pt, cnnasbl Pt-Ir, Ag, Cu, W, Hg,
rpacuTt, cteknoyrnepon. Hanbonee npurogHel kKak MmaTepuan anst BCnomoratesibHbIX
3MeKTpoaoB Pt n ee cnnaebl ¢ upuamewm, rpadut, Ag, Pb. Npn anekTpoocaxaeHnu
npeanoYTUTEeNibHbI NNAaTUHOBLIE KaToAbl U aHOAbI.

Ha Pt-kamode ocaxpaatotca metannbl Au, Ag, Bi, Cd, Co, Cu, Fe, Hg, Ni, Pb, Pd, Sn, Zn;
Ha Pt-aHoOde — okcuabl Co, Mn, Ni, Pb;
Ha Ag-aHoO0e — ranoreHnabl U cynbunabl MeTannos

Boioensiemble Ha 2pagumoeomM 3siekmpode  MUKPONPUMECU  MOXKHO

noapasgennTb Ha TPy rpynnbl:

1) Ag, Bi, Cd, Cu, Pb — BblgenatTcs B 9N€MEHTHOM COCTOSAHUU;

2) Co, Cr, Fe, Mn — BblOensitoTCs B BUAE OKCUOOB;

3) Ca, Mg, Mo, Ti, V — BblAENSOTCS B BUOE OKCUAOB, r’MApOOKCUA0B U CriaBoB.
-A41-155-




B psage cnyyaes, B NepByto odepenb anst n3dupartenbHoro unu rpynnoBoro
SNEKTPOOCaXKAEHNS MUKPOKOMIMOHEHTOB, WCMONb3YIOT Hg-kamod un3-3a
BbICOKOrO nepeHanpsikeHnss Ha Hem Bogopoda (~1,1B oTHocuTenbHO
HOpPMasibHOro BOgOpoaHOoro anektpoga (HBJ)).

B 3aBucumocTM OT  OBMXKYLLEWM CUNbl  Npouecca B MeTofe
ANEeKTPoOoCaXaeHUA BbIAENAIOT YETbIpe BapuaHTa:

1) 3NeKTPOoNMTUYECKOe BblOeneHne noa BO3OAEUCTBMEM pPa3HOCTU
noTeHumnanos, 3agaBaeMon OT BHELLHErO UCTOYHUKA TOKa;

2) XMMn4yeckoe ocaxaeHue NpoayKToB OKUCNUTENbHO-BOCCTAaHOBUTENbHbIX
peakumn, NPOUCXoasLmMX Ha 3nekTpoaax non BO3OENCTBUMEM MPUNOXKEHHOW
PA3HOCTU NOTEHLMANOB;

3) 9NEeKTPOonUTUYEeCKoe BblOeNneHne Ha OOHOM W3 JMeKTpoaoB
ranbBaHM4YeCKOro anemMeHTa {BHyTPEHHUN 3NEKTPONn3);

4) CcaMONpPOWU3BONbLHOE OCaXAeHMe Ha nmnoBepxHocTn 6Gonee
aneKTpooTpuLlaTenbHOro Metanna (uemMmeHmauyus).
B OByx nocnegHux cnydyaax npouecc BblIOENEeHUA NPoMCXOOUT 3a CYeT
BHYTPEHHEN 3HePrMm CUCTEMbI.

[loBegeHme anemMmeHTa Npu ANeKTponu3e onpegenaeTcyd BenninHon ero
9NEKTPOXMMUNYECKOIro momeHuyuarsia, KOTopbl 3aBUCUT OT NPUPOAbI 3NEMEHTA,
ero XMMm4yeckom popmsbl U KOHLIEHTPaL MK, 0bLLErO COCTaBa 3fIEKTPONUTA, a
TakxXe OT NSIOTHOCTU TOKa, MaTtepuana n KOHCTPYKLUUWU f1ieKTpoaa,
KOHCTPYKTUBHbBIX OCODEHHOCTEWN ANTEKTPOXUMUNYECKOUN SHENKM.

M O A = g



PaBHOBECHbIN NOTEHLMAST OKUCTTINTENBHO-BOCCTAHOBUTENBHbLIX CUCTEM PacCYMTLIBAETCA
Nno ypaBHeEHMIO HepHcTa:

0.058 roe E° — ctaHgapTHbIM OKUCTIUTESTbHO-
E=E°+ " lg[Me" "] BOCCTAHOBUTENbHbIN NOTEHLUMar
Lo~ Me"t + ne~ = Me

E° —xapakTtepuctmnyeckasa BefindmMHa Ons Kaxaoro metanna.

C nomowiblo ypaBHEHMA HepHCTa MOXHO OLEHUTL MOTeHuuarbl BblOeneHUs

MeTanna Me Onga KOHKPETHbLIX YCIOBUW NMPOBEAEHUSA NpoLecca pasaefieHuns.
N3-3a nonspusaumm 3neKTpodoB (CMELWLEHUA MNOTEHUManoB Ha ariekTpodax oT
PaBHOBECHOIO 3Ha4eHus1) NpPOTeKalT MPOLECCHl, KOTOPble MOryT COMNPOBOXAATbCS
BblOAENEHNEM OQHOIO NN HECKOSTbKMX KOMMOHEHTOB Ha MOBEPXHOCTU UM B 06beme
arnekTpoga. PeanbHble NOTEHUMarnbl BbIAENEHUSA 3fiIEMEHTa OTNMYalTCca OT
pacyeTHbIX  Ha BEIMUYMHY  NEPEHArPsXXeHUst  3NeKTpOoaHOM peakunu.
[lepeHanpsixeHne CyLeCcTBEHHO 3aBUCUT OT NSIOTHOCTU TOKa M AocTUraeT 60mnbLUnX
BEfIMYMH NPX BblOENIEHNUXN Tras30B, MNPUYEM TMPU MPOYUX PaBHbIX YCITOBUAX
MUWHUMarbHblE NepeHanpsikeHns HabngaTcsa, eCNU ANEKTPoaHble Npouecchl nayT
Ha NOBEpPXHOCTM BnaropoaHbIX MeTannos (Pd, Pt, Au).

OreKkTpoocaxaeHne noa Bo3gemcTtBMEM pa3HOCTU NOTEHUMASIOB, OT BHELLHErO
MCTOYHMKA TOKa, NpeacTaBnsieT cobon Npouecc SNeKTPONUTUYECKOro BblAEneHus
KamuoOHHbLIX (hOpM 3NEMEHTA, T. €. 3TO KamOOHbIU NPOLIECC, KOTOPbIN MPUMEHSIOT
Kak Aans  OTAeneHuss MaKpOKOMMOHEHTOB, TakK W ANs KOHUEHTPUPOBaHUS
MUKPOKOMMOHEHTOB. B nocrnegoHem cnydae uenbl 3NekTponm3a daBndeTcd Kak



OINEKTPONNTUYECKOE BblAENEHNE MOXET ObITb OCYLLIECTBEHO B Pa3fNyHbIX
pexumax: - - Npu NOCTOSIHHOM NPUIIOXXEHHOM BHELLHEM HanpsbkeHun E_
- P NOCTOAHHOW cuse Toka I;
- NPY KOHTPONUPYyEMOM NoTeHUMane paboyero anekTpoada, HanNnpuMep
noTeHunana Kkatoga EK.
BennynHy npunoXXeHHOro BHELLHErO HanpsXXeHna ans rnodoro peanbHOro
npoLecca 3f1eKkTposinda MoOXHO HauTKu no popmyne:

Ey = pasn T IR = (Ea—Ex)+1n+1IR
rne E

pasn NCTUHHbIA NMOTEHUMArn pasnoXeHusl (BblAeNeHns1) KOMMOHEHTa; R -
obLlee conpoTUBNEHNE ANEKTPOXMMUYECKOTO dIEMEHTA B OMax; E_— noTeHupar
aHoaa; N — nepeHanpsKeHne Ha katoae v aHoae.

OrpaHuMyeHneM MpPUMEHEHNA METoOa 3fEeKTPOOCaXKOAEHUS KaK npu
MOCTOAHHOM BHELLUHEM HanpsbkeHun EL, Tak M nNpyv NOCTOSAHHOW CUMe TOoKa
ABNSIETCA NoTeps cneundUYHOCTU, NOCKOSIbKY C YMEHbLUEHUEM KOHLEHTpaummn
BblJENSeMOro KOMMOHEHTa B Mpouecce 3reKTponusa noteHuman katoga E
cMmellaeTcsa B obnactb boriee otpuuaTernbHbIX 3Ha4YEHU; 3TO CO34aEeT YCIoBUS
01151 BblOEMNEeHNs Ha KaTode NMOCTOPOHHMX 3MIEMEHTOB, BOCCTaHaBMBAKOLLINXCS
npu 6onee oTpuuatenbHbIX MNOTEeHUManax (B 4acTHOCTW, Bogopoda), udTo
NPUBOAMUT K 3arpsi3HEHMI0 ocaka.

[TpMeHeHMe e aneKTponu3a ¢ KOHMPOoJsIUpyeMbIM MomeHyuasiom
paboyero anekTpoaa obecnevynBaeT He TONMbKO CENEKTUBHOCTb, HO U

S e



[ns npenoTBpalleHns CMeLLLeHNS NoTeHUmMana Kkatoaa B oTpulaTenbHyo
00nacTb pa3HOCTb NOTEHLMANOB Ha SNeKTPoaAaXxX aNeKTPOrMTUYECKON A4YEenKn
CHUXaOT NyTEM YMEHbLLUEHNS BENMUYMHbI IR C MOMOLLbIO peocTaTa.
CTtabunusayma katogHoro noteHuuana AocturaeTca asToMmaTnyecku ¢
MOMOLLIbIO MOomMeHyuocmamose — npnbopos, NoAaepKMBAIOLLINX CTPOTo
3aJaHHble NoTeHUmManbl Katoga unm adoga.

MeToa anekTponusa npu KOHTpPonMpyemMom noteHuunane apdekTuBeH ans
NPsSIMOro aHanm3a pacTBOPOB, coAepKaLlmMx CMecb MOHOB MeTarnnoB ¢ OnmM3kumMmm
noTeHuuanamMmm pasnoxeHus. [1nsa obecnevyeHns cteneHn nssnevyeHuns 99,9%
noTeHuuan katoaa Ek gomkeH npeBbillaTh NoTeHuman BblaeneHns KOMMNoHeHTa
NpnbnuanTensHo Ha 0,2 B.

MWHUManbHOE YMCNEHHOE 3Ha4YEeHNe pas3nnyns NoTEHLMAN0B Pas3noXeHns (Unu
CTaHAapTHbIX NOTEHLUWaNoB) pasaensemMblX MeTannoBs (Mpy YCroBUN paBeHCTBa
X NCXOOHbIX KOHUEHTpauuin) AoOMMKHO cocTaBnaTh 0,4 B Ana ogHo3apsaaHbIX
MOHOB U1 0,2 B — ons AByx-3apsiaHbIX.

[pu aneKkTponuae MeTannbl BblAENSATCS B Nopsake yobiBaHUS BENMUYNH UX
ANeKTPOAHbIX NOTeHLManoB. [NocKonbKy BenuymMHa noTeHLumana 3aBUCcUT He
TONbKO OT NPUPOAbI MeTanna, Ho U OT ero KOHLEHTpaL/MM B pacTBope, yaaeTtcs,
N3MEHSISt KOHLEHTPaLMIO MeTanmnoB NyTeM CBA3bIBAHUSA COOTBETCTBYOLLNX
MOHOB B T€ UMW MHbIE KOMMMEKChI, HE TONMbKO YBENUYNTbL pasnnyme notTeHumManos
BblAEMNEHU MeXxay anemMeHTaMmmn ans JaHHom cmeck (0cobeHHOo Npu A0CTaTOYHO
ONMU3KNX UX 3HAYEHUSX), HO NMOBMUATL Ha NOPSAAO0K BblAENEHUSA 3TUX 3NTEMEHTOB.



Ha 4ncToTy BhlAenseMblX Ha 3reKTpogax 0caakoB CyLLECTBEHHOE
BNUAHME OKa3bIBalOT YCITIOBMA NPOBEAEHUSA NpoLecca anekTponunaa.
OTcyTCcTBME MEXAHUYECKUX BKNIOYEHNN 0becrnednBaeTcs rnosiy4YeHmnem
NMOTHbIX, XOPOLLO CLENSIEHHbLIX C NMOBEPXHOCTLIO 3fIEKTPOJa OCAAKOB.
Obpa3oBaHUI0 TaKUX 0CaaKOB NMOMUMO MaTepuana arfiekTpoaos
cnocobCTBYOT dhopma paboyero 1 BCrioMmoraTtesribHOro ay1EKTPOAOB,
nepemMelunBaHne, HU3Kas NNOTHOCTb TOKa, JobaBneHne Aenonspnu3aTopos,
BBeJEHME B PacTBOP KOMIMJIEKCAHTOB.

[To dopme paboyme n BcnomorarteribHble 3MeKTpoabl BECbMa
pa3HOOb6pasHbI: NPSAMbIE NPOBOSIOKA UMM CTEPXEHb, CNnparb, CETKA,
nracTuHa, Tpyobka, Yallka, Turens U T. 4. OObIMHO KOHCTPYKLUMIO KaToaa
BbIOMpaloT ¢ y4eToM TpeboBaHU MeTOAa NocrieayoLero onpeaeneHus.
Tak, Nnpu anekTpoocaXxaeHun (MeTo anekTporpaBuMeTpmumn) Hambornee
npeanoYTUTENbHbI NNAaTUHOBBLIE KaToAbl N aHOAbI, BbIMOSTHEHHbIE B BUAE
CETKM UIN CeTHaToro umnuHapa, obecneymsatoime MakcumarnbHYyH
nnowagb arnekTpoaa v BO3MOXHOCTb MHTEHCUBHOW LIMPKYNSLUKN pacTBopa
OTHOCWUTESIbHO Ero NOBEPXHOCTY;

Ha adpdekTUBHOCTL KOHLIEHTPUPOBAHNSA BINUAET N CKOPOCTb
nepemMeLInBaHns pacTtBopa B npouecce anektponuaa. NepemelwunBaHmne
(Hapsigy ¢ HarpeBaHMeM) Heobxoamumo ans 6onee adpPeKTUBHOro NoAsoaa K
NOBEPXHOCTU 3M1eKTpoaa BeLwecTB, Nnoasiexalwmx BblaeneHuio.



[Tpn BLIGOPE NNIOTHOCTU TOKA NCXOAAT N3 Pa3yMHOro KOMNpomMmucca Mexay
NPOUrpbILLEM NO BPEMEHW BbIAENEHUSA MPU YMEHBLUEHUN NSIOTHOCTU TOKA U
yXyAleHneM KayecTBa ocaaka npu ee ysenmyeHnn. Yem MeHbLLE NNOTHOCTb
TOKa, TEM Iy4Lle ycrnosus anga popmmpoBaHmns ocagka. YMeHbLLUeHNe
NSIOTHOCTM TOKa AOCTUraeTCsl ANeKTPOn30M pacTBOPOB KOMMITEKCHbIX
coeauHeHNn MeTarnmnoB, a Takke yBenmieHnemM NoBEPXHOCTN KaToaa
(>kxenarenbHo 6onee rnybokoe NorpyXeHne Kkatoaa B aHanu3npyemblin pacteop).
B TO XXe BpeMsi, 4eM Donblue NNOTHOCTb TOKA, TeM DbICTpee NpoTeKkaeT npouecc
anekTponmsa. OgHako rnpu yBenmyeHnn ninoTHOCTU TOKa MOXET BbITb AOCTUTHYT
NoTEeHUMan BblAeneHnsa Bogopoaa, Yto NpuBoanT K 06pasoBaHUIO PbIXbIX
rybyaTbiXx ocagKkoB, CKITOHHbIX K MeEXaHn4Yeckomy 3axBaty npumecen. ObbI4HO
paboyne 3HaYeHus NNOTHOCTU TOKa HaxoAaTcs B MHTepBane 0,005-0,05 A/cm?.
3 Kncnoro pactBopa anekTposin3oM MOXKHO BblAENUTb TONBbKO T€ MeTansbl,
KOTOpPbIE PacnofioXeHbl B psay HanpsXeHnn npasee sogopoaa. [Npu nonbiTke
BblAENUTb B 3TUX YCNOBUAX KAKON-HNOYOb N3 3NeKTPOOTPMLATENbHbBIX METASNOB
Ha KaToge npoucxoaunno dbl 06uNbHOE BblaeneHne Bogopoaa, a Tpedbyembin
MEeTans coBepLUEeHHO He Bblaenuncs 6bl. YTobbl Nony4nTs BO3MOXHOCTb
0CaauTb Ha KaToAe aneKkTpooTpuuaTenbHble MeTannbl, HEO6Xo0ANMMO
NCKYCCTBEHHO M3MEHNTb NOTEHUMAaN BblAENeHNa BoAOpOAa Ha KaToae, T. €.
caenartb ero bonee orpuuaTenbHbIM MO CPAaBHEHWUIO C MOTEHLMANOM
ocaXgaemoro metanna. ATo MOXET BbITb AOCTUMHYTO KakK YMEHbLLUEHNEM
KOHLI,eHTpaLI,VIl/I BO,EI,OpO,EI,HbIX NOHOB (nposeueHme 3ne|<TponM3a N3 LLENMOYHbIX
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Qniekmposiu3 Ha pmymHoM Kamoaoe
Bcrnencrteme 6onbLIOro nepeHanpsikeHust sogopoda Ha ptytn (~1,1 B) n
obpa3oBaHuNst amanbrambl (PacTBOPbI METASNOB B PTYTW) BbIAENAEMOro Npu
9NeKTponm3e MeTanna BO3MOXHO KOJIM4eCTBEHHOE BblaeneHne MHOIMx U3 Tex
MeTarnsnoB, KOTOPble HemNb3A 0cCaguUTb Ha NNaTtUuHe U APYrnx TBepabiX anekTpoaax
N3-3a NponcxogsdLlero BblaeneHna BMeCcTo HUX Bogopoaa (Zn, Cd, Bi v gpyrmx
aneKkTpooTpuuaTenbHblie MeTanmnbl).

Ha npakTuke Hg-katoa Ncnosnb3yrT Ans yaaneHuda n3 pactesopa B Buae
amMmanbrambl UM ocagKa TeX 3aNneMeHTOB, KOTOpble BOCCTaHaBNMBaKTCA 40
MeTann4yeckoro COCTosiHUA Npu NoTeHUnane, MeHbLLIEM HEODXOAMMOro AN
BblaeneHus sogopoaa. ObpasyoLlmnecs amarnbramMmbl NIErKo pasnaratotca BOAOM C
obpa3oBaHNEM r’MAPOOKCMO0B COOTBETCTBYIOLLMX METANMOB. Hg-KaToa
ncnonb3yrT Ang otaenenus Fe, Cr, Zn, Ni, Pb, Co, Sn, Mo, Cu, Bi, Ag, Cd,
ocaXgaemblx Ha KaToge, oT Al, Ti, U, Mg, Be, V, Zr, As U ?, He oca)xaaeMbIX Ha HEM.

MeTtoa npeaBapuUTeNibHOMo rpynnoBoro pasaeneHns ¢ Hg-katoaom,
obneryaroLlero Xxoa aHannaa, LUMPoOKO NPUMEHAETCS B NPaKTUKe
aHanMTUYeCcKOoro KOHTPOMA Npun aHanuse ctanen n Al-cnnaBoB A OTAeNeHns
Xenesa, ocaxgaemoro Ha Hg-katoge, ot Al, Ti, V 1 gpyrux afieMeHTOB,
OCTalOLLIMXCSI B CEPHOKUCITOM pacTBoOpe B3SAITOM HaBeCKM obpasua. OToT MeTo
MCNOMb3YIOT NPU aHanm3e LMHKOBLIX CMaBoB Ans npeasaputensHoro cbpoca
OCHOBbI (MaTpuLbl), nocre Yyero B pacTteope onpegenstoT Al n Mg. NoaobHbIM
obpasom MoXHO oTaenuTb Fe n Cr ot U, Be, Zr n Ti; Mo oT V; Cd oT Mg; CuoT Al nT.



,D,J_lﬂ ANeKTponu3a ¢ Hg-KatoaoM nNpeas1oXKeHbl pa3fmnyHble KOHCTPYKUHUH
ArieyTNNANTIAUACIAY AuagK Hanbonee NMPOCTadA N3 KOTOPbIX MOKa3aHa Ha
pw N —~

3 X 7

Hg-KkamoQ 05151 311eKmposiumu4YecKo20 8bI0er1eHUs
Memarios u3 pacmeopa:

1 — Hg-kamoo;

2 — [pOoB8OsIOKa;

3 — pacmeop;

‘ 4 — Pt-ripo8os104YHbIU aHOoO;

5 — Mewarika

]
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B KayecTBe anekTponuTta valle BCero Ncrnosb3yrT pacTBOPbl CEPHOU U
XJTOPHOM KUCNOT U pexe HEKOTOPble OpraHNYecKne KUCnoThl, a Takke bydepHble
pPacTBOpbLI.

HepoctaTkom Hg-kaTtoda aBnseTcd HeobxoaMMoCTb NOCrenyoLwero
oTAeneHuns BblaeneHHbIX KOMNOHEHTOB OT PTyTW. B TOM cnyyae, ecnu Hg-kaTtoA
MCNONb3YHT A5 KOHLEHTPMPOBaHWNS CcriefoB onpegensaemMbiX KOMMOHEHTOB,
nocrie NpoBeAEeHUS ANEKTPONnN3a rnocriegHme MoryT ObiTb OTAENEHDLI OT PTYTU
aBymsi cnocobamm. OOnH U3 HUX 3aKniYaeTcd B OTFOHKe pTyTu npu ~350°C B
TOKEe a3oTa B J10404Ke 13 niaBneHoro SiOz, Ana yero Hg-Katoad BKIK4akoT B Uelb
Kak HarpeBaTtesib. OcTaToK pacTBOPSAIOT B HEOOSbLLOM KONMYecTBe
MWHeparibHbIX KUCMNOT 1 ONpeaenatT NpuMecu pasnnyHbiMu gn3nko-
XUMUNYECKUMU U PUINHECKUMU METO4AMMN.



BTopoun cnocob otaeneHus ot pTyTu BblAeNEHHbIX MUKPOKOMMOHEHTOB —
aHOOHOe pacTBopeHne {MHBEPCMOHHAA BONTbTaMNepPOMETPUA): amarnbramy
NCNOSb3YIOT B KA4eCTBe aHo4a Npu KOHTponupyemom noteHuymane. [pu
aHOOQHOM pacTBOPEHUM B NMEPBYIO O4Mepeab pacTBopaeTca Hanbonee
aneKkTpooTpuLaTenbHbIM MEeTan, a 3ateM MeHee afiekTpooTpuLaTenbHbIiv U T. 4.
B COOTBETCTBUMU C UX paBHOBEC- HbIMUW 3NEeKTPOAHbIMU NOTEHLMaNnamu.

CTeneHb U3Bne4yeHns obbl4HO cocTaBnsEeT > 95%, KO PULMEHT
KOHLIEHTPUPOBaHMs NpeBbillaeT 10%,

OINEeKTPONMTUYECKOE BblAENEHNE MOXET ObITb OCHOBAHO HE TOSTbKO Ha
oCaXOgeHUn MaTpuLbl UNU MUKPOKOMMOHEHTOB, HO U Ha pacmeopeHuu
ANIEKMPOXUMUYECKU akmusHoU Mampuuybkl. MOXXHO NMPOBECTN YaCTUYHOE
PAaCcTBOPEHNE MaTPULIbI C OCTaBNEHNEM NPUMECEN B OCTaTKe MaTpuLbl. Takou
npuem ygobHo ncnonb3oBaTthb NpU aHannse MeTansioB BbICOKOW YNCTOTbI A4
rPynnoBOro KOHUEHTPUPOBaAHUA MUKPOKOMIMOHEHTOB, 3NIEKTPOXUMNYECKN MEHEE
aKTUBHLIX, YeM MaTpuLa.

ONeKTPOXMMNYECKNE METOAbI ABMANTCH OAHUMU U3 3PJEKTUBHBIX METOAOB
pa3genieHnsa n OYNCTKU METAanMoB Npu aHannae pasHoobdpasHbIX NPUPOAHBLIX U
NPOMBbILLNEHHBIX 06bEKTOB X NCNONb3YIOT Kak OJis1 8 bIOesIeHUs
MUKPOKOMITOHEHMO8, mak U OJisi ébi0esieHUsi Mampuuybi. [1py NnoMoLLM
NEKTPOXUMMNYECKNX METO40B MOXHO OCYLLECTBINATL KakK 2pyrnnoeoe, mak u
UHOAusudyasibHOe KOHUeHmpupoeaHue bnarogapsa BO3MOXXHOCTU KOHTPOSSA U
perynmpoBaHnUa camMoro rnpouecca pasgefieHns U KOHUEHTPMPOBaHUA.



K HedocmamkaM 3SneKTPOXMMUYECKMX METOOOB CledyeT OTHEeCTU
OrpaHMYeHHYyl0 cdepy NpakTUYECKOro MNPUMEHEHUSI BCEX Pas3HOBUAHOCTEN
ONEeKTPooCaXaeHNs, a TakkKe XecTkne TpeboBaHUS, HaknagblBaeMble Ha
coAepxaHue BblOensemMblXx MNpUMecen B MeTannax-uemeHtatopax npu
OCYLLECTBMEHUN TMpoLecca BblAENeHUs CcrneaoB  MeTansioB  METOAOM
LeMeHTauuw.

Adpyaue anekmpoxumuyecKkue Memoobi
K ANNEKTPOXNMNHECKNM METOOaM aHalln3a NpmnMblKaeT p4ag MeTogos, rae ans
a3gerfieHnA KOHUEHTPUPOBaHNA U OYUCTKN METAl1N10OB B TOW U1 MHON CTENEHU
NPUMEHAETCHAH SJ'IeKTpW-IeCKVII7I TOK. K3Tum MeTOOaM OTHOCATCA:

* duasiu3 n e bICOKOBOJIbMHbIU 3/51eKmpoduasus,
* asleKmpoKUHemu4YecKue Memoosbl (3JIeKMPOOCMOC, 3siekmpoghopes),
* anekmpodughpy3usi,
* MemoObI pa3odesieHUs1 8 3JIeKMpPOocmMamu4yeCcKoOM U Ma2HUMHOM
rnoJisix.

B aHanutu4yeckon NPakKTUKe ypaHa 3T MeToibl MPUMEHAIOTCA peKo.

-51-165-



5) MemoO sakcmpakuyuu

IKcmpakuusi — 3mo Memoo 8bI0efIeHUS, pa3oderieHUs U KOHUeEHMpUPOB8aHUs
geuwjecma, 0CHo8aHHbIU Ha pacripedesieHUU pacmeopeHHO20 geujecmeaa
Mexxdy 08yMs1 HecMelwusarow,uMucs Xudkumu ¢ghazamu
(pacmeopumernsamu).

Haunbonee yacto ncnonb3yloT CUCTEMbI, rAe ogHa hasa — BOAHbLIN pacTBOp,
a gpyras — He cMeluMBatloLWnnNCA ¢ BO4OU OpraHNYeCKnUm pacTBopUTErb,
Ha3blBAEMbIN IKCTPaAreHToOM.

OKCTpaKLUMs NO3BOSISIET OCYLLECTBNATL Kak abCosoTHOE, Tak U
OTHOCUTENbHOE KOHLIEHTPUpOBaHMe, MHOUBUAYaAlbHOE U rPynnoBoe
BblAENeHne MMKPOKOMNOHeHTOB. OHa NpurogHa Kak ans cbpoca matpuubl, Tak
N ANs oTaeneHnst MUKPOKOMMNOHEHTOB. [ocne abcontoTHoro
KOHLEHTPMPOBAHUA KOHLIEHTpaUWa onpegensemMbiX 3IeMEHTOB B OpraHn4eCckou
drase yBennunBaeTcsl, NOCKOSbKY 00 bEM 3KCTpareHTa Bcerga MeHbLle obbema
BOOHOM (pasbl.

[TpnyYmnHOM 3KCTPaKUNM ABNSETCS pa3siudHass pacmeopumocmb
geuwjecmea 8 800HOU U op2aHu4ecKou ghasax. [109TOMy Npu KOHTaKTe
nocrnegHnx BELWECTBO pacrnpeaensieTcs Mmexay HAMM Takum obpasom, UTo
KOHLEeHTpauns ero B ogHou pase yBennynBaeTcs, a B Apyrou ymeHbLUaeTcda 4o
paBHOBECHOW BENMUYMHbI, onpegenseMon Nnpupoaon CUCTEMBI.



Mexonnbm it pacTBop

JKCTPArgHT
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JKCTPaKIuA

DKCTPAKI A
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Papunar
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JQICMCHTOB
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PeskcTpakums

PeskcTpakr JKCTPATCHT
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Bogenenne Perenepanms

METannaa uiu ¥

CTO COCOUHCHHUA

Hpqu/ﬂ/lnMCl]leCl}Z CXeMa IKCMPAKUUOHHO20 U36/I€HYCHUA

Memaia us pacmeopa
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B aTOIN cXxeme BBeAEHbI HOBbIE NOHATUSA:
* 9Kcmpaz2eHm — 3T0 OpraHNYEeCKOe BELLLECTBO, 0bpasytoLLee C U3BITIEKAEMbIM
MeTanoM coeanHeHmne, cnocobHoe pacTBOPSATLCH B OPraHNYeCcKon
doase;
* akcmpakm u pagbuHam — COOTBETCTBEHHO OpraHnyeckas n sogHasi dasbl
nocne
9KCTPaKLUnK;
* peakcmpakm — BoaHaa dpasa, nonydeHHas nocrie peakcTpakumu, T.e.
nocne
Onepauus 3KCTpaROaMerHEHM ETRTTa. U8 3KCTPaKTa B HOI
YHOEaTOPHOM NPaKTUKe ee NPOBOOAT B
desiumesibHOU 6OPOAREPBHOBAPEANDE3ETOAHNN.
nepemMeLLInBaloTCA NiaBHbIM NepeBopa-4YMBaHNEM
BOPOHKU BPYYHYHO UITN BCTPAXMBAHUEM Ha
MEXaHM4YeCcKkoM Bnbpartope (Tak Ha3blBaemMasi ‘3
nepuoan-4yeckasa aKkCTpakums):

[Tepnogunyeckyro aKCTPaKLMIO UCNOMb3YHOT Mpu
CpaBHUTENBbHO BbICOKMX KOAdh(pULMeHTax pacnpene-
neHna meTtansnos (00bIYHO A1 9TOro JOCTAaTOYHO
OOHOKpaTHOW 3KCcTpakumu). Nocne nonHoro
nepemMeLlln-eaHNA pasbl OTCTamMBaroT 4S9 NOSTHOro
paccnanBaHus U cnueatoT dpasbl pasgernbsHo.

(T TR Ry e P
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B cnyyae HeobxoanuMOCTN N3BNeYEHNSI KOMMOHEHTA U3 OpraHn4yeckon doasbl
B BOAHYIO UCMOJSIb3YIOT pe3aKcmpakyuro, KOTOPYH OCYLLECTBNAT
B36anTbiIBaHMEM OpraHmn4eckon dasbl C pacTBOpamMu KUCMOT UIN PEAreHToB,
paspyLlaroLmnx KOMMNIeKkCHoe coeanHeHne, B Buae KOToporo AaHHbIN 3NeMeHT
Obin BbIAENEH B OpraHn4yeckyto dasy.

[Ona cnctem ¢ HebGoNbLWMMN KOS PULMEHTAMM pacnpeaeneHuns
NCNOSIb3YIOT MHO20CMyrneH4Yamyro (Heripepbi8HY0) IKCmpaKyuro, KOTOPYH
OCYLLECTB/MAIOT B CrieunanbHbIX annapartax — agmomamu4yecKux sKkecmpaxkmopax,
Npn KOTOPOU Yepes BOAHbIWM pacTBOP NOCTOSHHO NponycKakT (NyTem
NpobynbKMBaAHUA) CBEXME NOPLMKN SKCTpareHTa. HenpepbIBHOCTbL npoLecca,
HECMOTpPS Ha Maroe 3HayeHne KoadppumuneHTa pacnpeneneHns B 3Ton
9KCTPaKLMOHHOU CUCTEME, NO3BONSET NOSMTHOCTLIO N3BMNeYb OTAeNnsAeMbin
KOMMOHEHT.

Mo muny npumeHseMbIx 3KCmpa2eHmoe dKCTPaKLNOHHbIE MPOLIECChI
MOXXHO KnaccuduumpoBaTb Ha TPU OCHOBHbIE FPYNMbI:

*** gxcmpakyus HeimpasbHbIMU 3KCmpa2eHmamu;

*¥* IKCMpakKyusi Kuc/ibiIMU 3Kcmpa2eHmamu
(kKamuoHoobMeHHas1 3Kcmpakuyusi);

**F 9KCMpakKyusi OCHOBHLIMU 3KCMpa2eHmamu




[lepeas epyrina — HeumpasibHble 3Kcmpa2eHmbI: OpraHn4yeckue
BELLECTBA, MOJIEKY bl KOTOPLIX CNOCOBHbLI K 06pa3oBaHuio
KOOpANHALUMOHHBLIX CBA3eW (JOHOPHO-aKLLEeNTOPHOro T1na) ¢
n3BrekaemMblM MOHOM. OTO Hanbonee MHOroYncrieHHasi rpynna
9KCTpareHToB, UCMNOMb3yeMbIX B paanoxXumMnm n rmapomMmetaniypruu,
BKNtovatrowaa cnuptbl (R—-O—H); npocTtble adpumpbl (R—O—-R), KETOH®I
(RR'C=0); dbocdopopraHmnyeckme coegmHeHus, N3 KOTOpbIX CaMbiM
pacrnpocTpaHeHHbIM ABNAeTCs TpndyTnnoBbin admp doocdopHon
KWUCMOTbI (mpu6ym6;ﬁ1cpcchcdaﬁm {5%) F%O) P=0, rge R — byTnnoBbIn
pagvkan C H,:

p
CH,~CH,~CH,~CH,~0" “0—CH,~CH,~CH,~CH,

obpasyoLuni conbBaTthl C HUTpaTaMn MeTanoB (MeXaHN3M
npucoeanHeHus):

(UO,™) o + 2NOS) . + (2TB®) < {UO,(NO,) x2TB®}

TB® obnapgaeT BbICOKOW CENEKTUBHOCTbLIO MO OTHOLLEHUIO K
MHoeo3apﬂdelM kamuoHam Tvna Me* n OKCOKamuoHam MeO_,* (.e.

A I, 'R -~ <.

BOAH.




Bmopas epynna — Kucrible (KamUOHOO6MeHHble) JKCMmpaceHm»bI.
opraHn4yeckmne KucCriotbl N KNX COJIN, CNocobHble NP KOHTaKTe C BOAHbIM
pacTBOPOM K 06meHy HEOPraHN4YEeCKOro KaTuMOHa, BXogdwero B COCTaB
IKCTpareHta, Ha OﬂHOMMeHHbIVI KaTNOH, HGXOﬂ,ﬂLIJ,VII?lCFI B pacTtBoOpe.
PaCI'IpOCTpaHeHHbIMI/l KaTMOHOOOMEHHbIMU IKCTpareHTaMun ABJiArTCA KUCIOTbI
XNPHOIO pdAda U nX COoJin RCOOH(Na) ada TaKXxe aﬂKl/IJ'ICbOCCbOprIe KNCI10Thl,
KOTOPblE ANMEPNI3OBAHbI I'IOCpe,D,ﬁIBBOM %QHQ%HOMOCRBH3M (r|0|<a3aHa TOYKaMin
) P /P

N3 Kucribix akcmpaaeHmoe8 4acTo npuMeHarTca o dep@)prgaﬂmqe Kne
KNCINOTbI, HAanpumep, du-2-amuirsi-2ecusi-gpocghopH AOMQ.:.....
pumep (POCPOPHIH KUGAOKTR:....|

OTN SKCTpareHTbl AUCCOUMNPYIOT Mo rnepaeou cmyrieHu:
Hsz 2H+ (HRZ)'.
OTW SKCTPAareHTbl HA3bIBalOT XKUOKUMU KamuUOHOOOMeHHUKaMU, T.€.

NpPoOMCXOOUT 3aMeLLeHMe KaTUOHa B OpraHnyYeckon goase KaTMoHOM 13 BOAHOW
doasbl:

2+ —> +
{UOZ }Bo.qH. + {ZHZRZ}opr.(_ {UOZ(HRZ)Z}opr. + {ZH }Bop,H.’
HO B CUIMTbHOKUCIbIX pacTBOpax, Koraa rnoaasnsieTca auccoymaums
doocpopopraHNYECKON KUCNOTbI-3KCTPareHTa, aKCTpakyms npoTekaeT no

~
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[103TOMY U3MEHEHNEM KMCITOTHOCTU MOXHO U3MEHSATb M36UpaTenbHOCTb
9KCTPaKLMMN NO OTHOLLEHWNIO K pa3HbIM Sr1IeMEHTaM.

Hapsay c co6cmeeHHO akcmpa2eHmamu (T.e. pacCTBOPUTENSAMU, HE
CMeLUNBAaIOLMMUCS C BOAOW) Ha MpaKTUKe UCMNONb3YIOT aKcmpa2eHmabl,

pacmeopumsbie 8 800e, HO 0bpasyloLLMecs akcmpakmbsl Hepacmeopumbi B
BOJeE.

B kayecTBe Takux peareHTOB B aHanUTUYeCKOM NpakTMKe ypaHa, NnyTOHUS 1
TOPUS LULMPOKO NPUMEHSIETCA meHounmpugpmopauemoH (HTTA),
obpa3yoLLNA C KaTUOHOM MeTanna Hapsay C XMMUYECKOW CBA3bIO
[ONONHUTENBHYIO 8HYMPUKOMIMIIEKCHYH0 (0OHOPHO-aKLENTOPHYI0) ces3kb,
KoTopas TeM NpoYHee, YeM Oorblle 3aps kaTMoHa MeTanna.

NoHbl U*, Pu**, Th* 0BpasytoT oueHb NpoyHble komnnekcbl ¢ HTTA; aTn 1
Apyrve noaobHble KOMMNIEKChl HAa3bIBaOT Xesamamu.

Peakuus B3a}WVJ_Q,DﬁJFICTBVIFI HTTAC KaTMoHoM. Me”* ONncCbIBaeTCHa CXEeMOMW:

I [ L I || .
nHC  (—C—CH=C—CF,+Me¢ e HC  (-C—-CH=C—CF,+H
N/ | N |
S 0 OH S 0 OH
4 %-l‘ﬁ

Me

T.€. NPpONUCXoAUT 06MeH npPomoHa Ha KamuoH Memairsisia, Nnpyn 3ToM obpasyeTcs
OYeHb rMPOoYHOoe KOMMIIEKCHOE coenHEHWE BCrieacTBme obpasoBaHms
OOMNONMHUTESNTbHOW BHYTPUKOMIMMNEKCHOW CBSA3U (NMOKa3aHa CTperikon).



Ipembs epyrnna — OCHOBHbIe JKCMmpaceHmbIl— opraHn4eCkme OCHOBaHUA U

nx conun — 3To aMUHBbI, T.e. cCOeAVHEHNS, coaep KaLline JOHOPHbIM aToOM a30Ta,
CNoCOBOHbIN OTAaBaTb HEMNOAENEHHYK SNEKTPOHHYK napy Anst obpasoBaHus
OOHOPHO-aKUenTOPHOW CBA3MN.

AMUHBbI — ankunbHbIe NPOU3BOAHbIE aMMMaka. B 3aBUCMMOCTM OT 4yucna
NPOTOHOB, 3aMELUEHHbIX B aMMuake ankurnbHbiMu paaukanamm (—C H(2n+1))
pasnuyalT nepBuYHble, BTOPUYHbIE U TPETUYHbIE aMUHbI RNH_, R,NH 1 RN, a
TaKxke 4eTBePTUYHbIE aMMOHVEBbLIE OCHOBAHWA R, N*:

Ne+ 3 H-H:N:H HNH (RNH,); R&R (RNH); RINIR (R;N).
. aw R H R
H
amMmmuak;  nepeuYHbIU aMUuH; 8MOPUYHbLIU aMUH,; mpemudYHbiu

aMUuH
Mo aHanorum ¢ o6pasoBaHVeM NOHg aMMOHMA NH,* nponcxoamT

obpasoBaHMe KaTuoHa ﬁe\T%eprqngb“ﬁmmo%eﬁ{grg QTHOBIW na. (\l—gAO)
H H R

npyM 9TOM aToM as3oTa CTAHOBUTCH MONOXUTENBbHO 3apsiKeHHbIM. 34ecCb
HenogdeneHHas napa ayIeKTPOHOB aTOMOB a30Ta (4oHOpa) 3aHMMAaET BakaHCUIO B
He3anonHeHHoM opbuTanu opraHnyeckoro pagukana R. Bcnegcteme BbICOKOW
9NNIEKTPOHO-AOHOPHOW CNOCOBHOCTM aToOMa a3oTa aMMWHbl JIErKO HacbIWakoTCs
Kncnotamm, obpasyd conum (nogodbHoO consaMm aMMOHMS), CNOCOBHbIE 0OOMeHNBaATL
aHWOH KWUCNOTbl Ha MeTann-cogepXxaline aHMOoHbl B BOOHbLIX pacTBOpax.



[Tpn 3TOM MeTann MoOXeT NepexoanTb N3 BOAHOM dpasbl B OpraHUYeckyto NnLlb B
TOM cny4ae, Korga oH HaxoaUTCsl 8 aHUOHHOU ¢hopme (ABNAETCSA NMPOCTbIM U
KOMMJ1EKCHbIM aHUOHOM).

YpaH, NyTOHUN n TOopUU ABMAIOTCA OYeHb CUMbHbIMU
KoMnrekcoobpasoBaTenaMmu n obpasyoT MNPOYHbIE AHWOHHbLIE KOMMEKCHbIE
MoHbI TMNa [UO,(CO,).J% [Th(CO,),]*; [Pu(SO,),]* w T1.4. Hanpumep, npu
9KCTpakumMn ypaHa K3 KapboHaTHbIX pacTBOPOB B opme ypaHusl-
mpukapboHamHoO20 KOMIMJIEKCHO20 aHUOHa NpPoucxoauT ero obmeH Ha
npocto aHnoH CO.*” 13 amuHa:

{luo,(co,),1*}, ...+ {2(R,N),CO} = < {(R,N),[UO,(CO,).I}  +{2CO,*}

BOAH. opr. opr.

BOAH.

BbicOkne aKkcTpakuMOHHble CBOMCTBA aMMHOB B COYETAHUM C UX BbICOKOWU
YCTONYMBOCTbIO K paguvauuoHHOMY BO3L4EUCTBUIO MNO3BONAKT 3d0MPEKTUBHO
NCNOJSIb30BaTh aTOoT Krnacc 9KCTpareHToB ans nepepaboTku
BbICOKOPaAAMOaKTUBHbIX MaTtepuanos, Hanpumep, O6My4eHHOro SaepHoro
Tonnmea (OAT).

[TpMYMHON SKCTPAKUNU ABRAETCA pasnnyHaa pacTBOPUMOCTL BeELLECTBA B
BOAHOW N opraHnyeckon dasax. [1oaToMmy npu KOHTaKTe nocreaHnx BeLecTBO
pacnpenensieTcst Mexay HUMM Takmm obpasom, YTO KOHLUEHTpaUMa ero B O4HOMU
dbase yBenuuyMBaeTCs, a B OPYrom yMeHblUaeTcd OO0 TexX Nop, noka npwu

HEKOTOPOM OTHOLLIEHUM KQHHEHTPaLUA Co/ce



OTO OTHOLLEHUE ABMAETCS BaXXHOU KOJITUYeCM@BeHHOoU xapakmepucmukou
rpouecca U Hasbleaemcs ko3aghhuuueHmom pac D= Co €Hus:

Cs

KoatpdomnumneHT pacnpeneneHma 3aeucum OT TemnepaTtypbl, CBOWUCTB
BelwlecTtBa U CBOUCTB ¢ha3, T. €. ero 3Ha4YeHUe M3MEHSETCA C U3MEHEHNEM

aKcrnepumeHTanbHbIX ycrnosuin. [lpy NOCTOAHHOW TemnepaTtype 3aBMCUMOCTb

PAaBHOBECHON KOHLEHTpauun Co OT paBHOBECHOW KOHLEHTpauumu C3 MOXET
ObiTb NPAMO MpPOMopuUMOHanNsHOWM unu bonee cnoxHow. B cnyyvae npsimoun
NPONOPLMNOHANLHOCTM (OOMNBLLUMHCTBO MNPOLIECCOB MPU MarblX KOHUEHTpauusix)
KoadbdpunUMeHT pacnpegeneHns D — NOCTOSIHHadA, He 3aBucsllad oT obLlen
KOHLEHTpAaLUUM pacTBOPEHHOro BellecTBa. 3Hast D MOXHO MO KOHUEHTpauuu
BellecTBa B O4HOW ¢ba3e paccymTaTth ero KoHUEeHTpauuto B A4pyromn gase.

[lpyron Konn4yecTBeHHOW XapakTepUCTUKOWN npoLecca 3KCTpaKkumn SBnseTcA
cmerneHb u3esie4yeHusi R — aons (Mnn NpoueHT) oT obLiero KonmyecTsa
BELLEeCTBa, 3KCTparnpyemasa B pasy opraHM4eCKoro pactsopuTens npu gaHHbIX

YCIOBUSIX: Ry = —22_ . 100,
gz + 9o

rae g, v g, — KONMM4ecTBO BelllecTBa B OpraHmM4yeckou 1 BoaHOU pasax.
[lpnHMUMas BO BHUMAHUE, YTO g =CV ""5 I}'D -=- ="1¢pasbl),
o . R —_ oro . 100
MOXXHO HaNTN 3aBUCUMOCTb Mexay D U R: Kg CV.+ CVD




D
y . Ry = —— - 100
[1py paBeHCTBE 0OBEMOB BOAHOM 1 OpraHnuyeckon das 1+D
lMpu D >> 1 HabrnogaeTca NPaKTUYECKN MOJTHOe u3esiedeHue, m. e. R =

100%.

B cny4yae pasgeneHnsa oByx KOMNoHeHToB A 1 B ncnonb3yoT nHorga

TaKylo KONMYEeCTBEHHYI0 xapat . _ Da / kak ¢haxmop (koaghchuyuenm)
pazdeneHus : AB = Dy

Xopolume pe3ynbTarkl pasaeneHns gocturaotes npu K, > 10°.

[Tocne KpaTKon xapakTepUCTUKK NpoLiecca 3KCTPaKLmMn, pacCcMOTPUM
BOMNpockl IKCMPaKUUOHHO20 KOHUeHmMpupoeaHusi u
pa3oesieHUs.

OKCTpakumMsi NO3BOSISIET OCYLUECTBMATbL Kak abcosiromHoe, Tak W
omHocumesibHoe KOHLEHTPUpoBaHue, uHoueudyasibkHoe W 2pyrrnosoe
BblaeneHne MnMkpokomMmnoHeHToB. OHa NpuUroaHa kak ans copoca matpuubl, mak
N ANsi oTAeneHnst MUKPOKOMIMOHEHTOB.

[Mocne abcontoTHOrO KOHLIEHTPUPOBaHUS KOHUeHmpauyusi onpeaensieMblX
9fIEMEHTOB B oOpraHndeckon dase yeesiuqyueaemcsi, NOCKOSIbKY 06bewm
aKcmpazeHma eceada MeHblwe obbema 800HOU ¢ha3bl. ECTECTBEHHO, YTO B 9TOM
chiv4ae KoadhduumeHTbl pacnpeaeneHns akcTparmpyemMmbiX MUKDOKOMMNOHEHTOB



OKCTPaKLIMOHHOE KOHLIEHTPUPOBAHUE MOXET ObITb U3bupamesibHbIM
2pynnosbIM: BbIOGOP MeXay HUMKM onpeaensaeTcda 3agaden aHanmsa u MeTo4oM
aHanuaa.

U3bupamenbHoe KOHUEHMpuUposaHUe, nNpu KOTOPOM U3  nNpob6bl
BblAendeTcss OOWH 9feMeHT Wnn  nocnegoBaTenibHO  psi,  SNEMEHTOB,
rnpumMmeHsiemcsi OOblMHO B COYETAHUN C OOHO3IJIEMEHMHbIMU MEeTOAaMU
(dboTOMETPMYECKMM, aTOMHO-abCOPOLMOHHLIM ), KOrga OAHOBPEMEHHOE
NPUCYTCTBME B KOHLIEHTPATE HECKONbKMUX 3OfIEMEHTOB MOXET UCKa3uTb
pesyneraTtbl aHanusa. [Ana n3bunpatensHOro KOHUEHTPUPOBaAHUSA HEODBXOONMO
TwaTtenbHoe cobnogeHne YcroBuUM 3IKCNepuMeHTa onga  ycTpaHeHus
MeLLaoLLEero BNUAHMSA NOCTOPOHHNX 3NIEMEHTOB.

[lpu epynnoeom KOHUEHMpPUpPOBaHUU, MNO3BONSAKWEM 3a OAUH MPUEM
BblAENATb HECKOSIbKO  3MEMEHTOB-NPUMECEN, aHanMUTUYECKUN  KOHTPONb
YNPOLAETCHA, CHWXalTCA 3aTpaTbl peareHToB W NPOAOIMKUTENLHOCTb
NpoBEeAEHUSA MHOIO3fIEMEHTHOrO onpeaeneHns. [pynnoBoe KOHUEHTPpUpoBaHme
4yacTo NPUMEHSIIOT B CoYeTaHnn C aTOMHO-3MUCCUOHHbIM,
PEHTrEHOTYOPECLEHTHLIM U BOMLTAMMEPOMETPUYECKUM OrnpeaerieHnemM (To
eCTb MHO203J/1eMeHMHbIMU MeTogamMu), Korga B3aMuMHOE BIUSHUE 3fIEMEHTOB
Ha pe3ynbTaTbl onpeaeneHns
He CINLLKOM 3Ha4YNTENbLHO.

OKCTpaKuma gaeT BO3MOXHOCTb omoesiimb MUKPOKOMIOHEHMbI OT
MaKpOKOMMOHEHTa (MaTpuubl) 08ymMsi criocobamu:



Bei6op npuema 3aBUCUT OT KOHKPETHbLIX YCITOBUM, HO 3KCTPaKLUS
MUKponpuMecen B obLiem criydae 6onee yaobHa, Tak Kak npu 3ToM npomcxoauT
bonee NonHoe nx oTaeneHme oT OCHOBHOIO BELLECTBA; 0O4HAKO OHa TpebyeT
bornee TwaTenbHOWU o4NCTKM peareHToB. ObbekTaMu A5 3KCTPaKLU MK
MUKPOKOMIMOHEHTOB ABMAKOTCA NPUPOAHbIE U CTOYHbIE BOAbI, COSN LLEMNOYHbIX U
LLIeNOYHO3eMENbHbIX MeTanoB, CoeauHeHUA MeTasnsoBs, CYLLECTBYOLWMX Npu
9KCTpaKLnu B BUAE aHNOHOB.

OKCTpaKUNOHHOE N3Brie4eHne 0CHOBHOIO KOMMOHEHTa TpebyeT 6onbLiero
pacxoga peareHToB, YTO NPMBOAMUT K YBENTMYEHMIO NONPAaBKM Ha XONOCTOMN OMbIT,
HO 3aTO MNO3BOMSET NONYYNTb KOHLIEHTPAT, coaepxalunm donbluee Yncno
anemeHToB-npumecen. 1asnevyeHne matpuubl yCnewwHo ToNbKO B TOM Cry4ae,
Korga aHanusnpyemas npoba nmeeTt cpaBHUTENBHO NMPOCTON MAKPOINEMEHTHbIN
cocTaB. [103TOMYy OHO LUMPOKO NPUMEHSIETCS rMaBHbIM 06pa3om Npu aHanm3e
METanoB 1 CNNaBoB, NPOCTbIX CONneun 1 okcmnaos. [opa3no pexe nssredveHmne
MaTpuLbl IPUMEHSAIOT NPU aHanNM3e NPUPOAHbIX 0O6BEKTOB, HANPUMEP rOPHbIX
nopoa nnn bumonornyecknx maTepuanos.

A DHEKTUBHBIM METOAOM pa3aeneHnsa 3nemMeHToB ¢ GnNM3kMmMmn cBOUCTBaMU
(KO purLUMEHTBLI pacnpeaeneHns D npakTUYECKN HE pasnnyarTcs) sSIBNseTcs

Memod KOJIOHOYHOU 3KCmMpaKUUOHHOU XpomMamozpaghuu, rae
— XUMU3M NpoLecca — IKCmpakKUUOHHbIU,
— HO MemoQ paboTbl — XxpoMamozpaguyeckul.

-64-178-



[lo cmeneHu abcoriromHo20 KOHUeHmMpuUpoeaHUs (OTHOLLEHME
KOHLUEHTpaunm MMKponpmmMecen B opraHndeckon pase K KOHLEeHTpauum B
BOLHOW) 3KCTpaKuua ycmyrnaem COOCaXXaeHUo C HeopraHU4YeckumMn U
OpraHn4YeckMMm coocagmTensimm, 0OHaKko OmHOCUMeribHoe
KOHUeHmMpupoeaHue (OTHOLLIEHNE KOHLUEHTpaL M B OpraHn4eCckom
pacTBopuUTene MUKPO3SieMeHTa K Apyrum arieMeHTam, NpucyTCTBYOLLMM B
BOOQHOM pacTBOpE B HECPABHUMO BOMNbLUNX KOHLEHTPauUuUsix), T. €. oboralleHune,
MOxKem bbIimb rpu 3Kempakxkyuu 04eHb 3¢hPEeKMUBHBLIM.

[TOCKOSIbKY 3KCTPaKUMOHHOE KOHLEHTPUpPOBaHNE CBA3AHO C
NCNOSib30BaHNEM peareHToB, OHO YCTynaeT B 9TOM OTHOLLEHNN UCNapPEeHUIo Mpu
BbICOKOW TemMnepartype, 30HHOW nnaBke 1 Apyrum MeTogam, KoTopble He
CBSA3aHbl C XUMUYECKUMU peaKkLunaMnN N peareHTamu.

HedocmamkoM 3KCTpaKUunm BRSeTCcs Takke HeobxoaMMoCTb
NCNOSIb30BaHNSA B HEKOTOPbIX Cry4yasaX 4OBOSIbHO OrHEOoNacHbIX N BPeOHbIX
pacTBopuUTenen.

JocmouHcmeom xe 3KCTpakuun ABNSETCA YHU8epcaslbHOCMb: 3TOT
MeTOoA NPUNOXNM NPaKTUYEeCKn KO BCceM arnemeHTam. MeTtopq akCcTpakumm
3KcrpecceH V npocm B UCMOSIHEHUN, NETKO nogaaeTcs asTomatmsaunu. B
COYETaHUM C UHCTPYMEHTAalIbHbIMW MeTO4aMUu aHann3a OH NO3BOMSET peLlaTthb
CIOXHble NpobrnemMsbl aHanuasa pya, CnnaBoB, YACTbIX BELLECTB, NPOAYKTOB
SA0epHbIX peakumn n 1.4. Bce 910 npeaoonpenennno WwWmMpokoe pacnpocTpaHeHne
9KCTpaKUMKM Kak MeToda BblAeNneHus, pasgeneHnsa N KOHLUEHTPUPOBaHUS
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6. lpyrvue metoabl pa3geneHnst U KOHLEeHTPUpoBaHUA

6.1. CesfekKmugHoOe pacmeopeHue

KOHUeHTpUpoBaHME OJfIEMEHTOB 3TMM METOAOM 3aKmnk4yaerca 8
Ce/leKmuUueHOM  pacmeopeHuUu Mampuubl UUuU  MUKPOKOMIOHEHMOS,
cogepXxalmxca B TBepAblX BellecTBax CIOXHOro cocTaBa MM XUOKOM
MeTasnne, YToO 3HauuTenbHO YynpowaeT MX nocrepywlwee onpeneneHue
NHCTPYMEHTaNbHbIMU MeTo4aMM. NHorga ans YMEHbLUEHUS
NPOLOSKUTENIBHOCTU aHanmM3a pacTBOPEeHWE NPOBOOAAT MNPU BO34ENCTBUU
CBY-nsnyyeHna (uU3nyvyeHme CBEPXBLICOKOM 4YacTOTbl, MUKPOBOSTHOBAA
obpaboTka).

CernekmugHoe  pacmeopeHue  Mampuuybl  WUCMOMb3ywT  ONS
KOHUEHTPUPOBAHNSA  pasfnyHbiX OKCuMAoB, KapbuaoB W HUTPUOOB,
NPUCYTCTBYIOLWLKMX B CTandx, UBETHbIX MeTansax W cnnaeax B Buae
BKIHOYEHUN N NOBEPXHOCTHbLIX MIEHOK.

[Tpoby obpabaTtbiBaloT Npu HarpeBaHUM PacTBOPUTENEM, B KOTOPOM
MaTpuua pacTtBopuMa, a okcuabl U Opyrue BKIHOYEHUSA - HepacTBOPUMBI.
[locne pacTBOpEeHMA MaTpulbl OCTaTOK OTAENAT unesTpoBaHnem. [lpu
HeobXoOMMOCTM  KOMMOHEHTbl  OcTaTka  pasfensitoT  CEeNneKTUBHbLIM
PacTBOPEHMEM U NPOBOOAT 3NIEMEHTHbIN aHanu3. YcsioeueM CeNEKTUBHOIO
PacTBOPEHNA MUKPOKOMIOHEHTOB C Lenblo KOHLUEHTPUPOBaHUA ABNSAETCA UX




MHorne mMemarsnnbl pacTBOPSIOT B MUHEparbHbIX KACNOTaX U MOfy4YeHHbIe
pacTBOpbl 8binapuearom focyxa ANs pacrnpeaeneHns MUKPOKOMMNOHEHTOB Ha
MOBEPXHOCTN UMN MexXOy KpucTannamu maTtpuubl (OKcuaamMmn Unm ComnsiMu).
MHorga cyxow ocTaTok NpokanuearoT Ans nepesoga MaTpulbl B Apyrme MeHee
pacTBOpUMble coeauHeHusl. 3aTteM noa  BO3AeNcTBMEM  YrbTpasByka
(yckopsiloLLEM MpPOLECC pPacTBOPEHUS) MUKPOKOMMOHEHTbI M Hebonblloe
KONMMYEeCTBO MaTpulbl pPacTBOPSAOT B BOAE, MWHeparnbHbIX KUCIOTax,
OpraHN4ecknx pacTBopuTensx wunm ux cmecsax. [pu  copepxaHum
MUKPOKOMMOHEHTOB B Npobe 107°-107° r/r cTeneHb U3BredYeHus coctaBnsaeTt >95
%, KOO MDULIMEHT KOHLEHTPUPOBaHUA — 10%-10%,

6.2. lucmunnauus, cybnumauusi u podcmeeHHbIe Memoadbl

Lducmunnayusa u cybnumayus — CcTapenwne MeToabl pasfjerneHns B
aHanUTUYeCKoM XMMUN, HO UX LLUMPOKO UCMNOMNb3YKT N B COBPEMEHHbLIX MeToaax
onpeneneHns crneaoB 3rIEMEHTOB B CaMblX PasfiNdHbIX OObeKTax.

[naBHble = docmouHcmea MeTogoB —  MPOCTOTa,  AOCTYMHOCTD,
9KCMPECCHOCTb, Manas rnornpaBka Ha XOroCToM onbIT, Oosfibliaa CTeneHb
abCONTHOrO KOHLEHTPUPOBAHUSA. ATU METOAbI YaCcTo 0ObEeANHSAT Nod 0oLWMM
Ha3BaHMEM MemoObI UcnapeHuUsi, CPean KOTOPbIX pasnmyatoT:

* Ipocmyro Om2OHKY (8blnnapusaHue),

* pekmudbukayuro,

* MOJIeKyIsIpHY0 ducmunnsyuro (ucmusnnisiyuro 8 eaKyyme),
* cybnnumayuro (60320HKY),




BaxkHoe MeCTo 3aHMMAalOT cyxast (0305IEHNE) U MOKpasi MUHepasiu3lauyus
opraHn4yeckmnx n bruonornyecknx Npob, a Takke omaoHKa Heop2aHU4YeCKUX
geuwjecmae nocrie XuMmyeckmnx rnpespatwieHui. [Npu aTom, 0ObIYHO Npu
NOBbILLEHHbIX TEMMNEPAaTypax, OTTOHATLCS MOXET Kak Mampuua, mak u
3rIeMeHmMbI-ripuMecdu.

B ocHOBe Bcex METOOB NEXUT pasnuyne B 0asJsieHUU rnapos
pasgensaeMbiX KOMMOHEHTOB UMW OCHOBHOMO COEAVMHEHNS N NPUMECK UNW,
OpYrMMmn cnoBamMmu, pasnuyme B KoadduLmreHTax pacnpeneneHms Makpo- 1
MUKPOKOMMOHEHTOB B CUCTEMAX JKUOKOCMb — rnap nnn meepadoe meJsio — rnap
(ras).

Memod omeaoHKU OCHOBaH Ha 0bpa3oBaHNN «JTETYYNX» COEANHEHWUI, NMOA
KOTOPbIMW NOHUMAIOT BELLECTBA, CYLLECTBYOLWNE B ra3000pa3HOM COCTOSIHUU
npu TeMmneparype 1 gaBrneHnn NpoBeaeHNsa OTIOHKN, a B 6onee obuem crnyyae —
BELLECTBA, MMEKLLME BbICOKOE AaBfiEHME NapoB Ha[ PpacTBOPOM UMK CaMUM
BELLECTBOM B XXWUAOKOM UNU TBEPOAOM coCcTosiHUK. Hanbornee pacnpocTpaHeH
BapuaHT OTFOHKM N3 pacTBopa.

[lpocmasi omeoHKa (unu 8binapusaHue) — OQHOCTYNEHYaTbIn NPOLECC
pa3genieHnsa N KOHUEHTPMPOBAHUA MUKPOKOMMNOHEHTOB, Koraa KoadoMuumneHT
pacnpeneneHunsi cpaBHUTENbLHO BENUK. Hanbonee 4yacto Ncnomnb3ytoT 0maoHKY
Mampuubl, 0CODEHHO B TeX Ccryyasx, Korga oHa obnagaet 6onee BbICOKOW
NeTy4yecTblo, YEM NETYYECTb onpeaendemMbiX MUKPOKOMIMOHEHTOB (yaaneHune
ynapuBaHMWeM BOAblI UM OPraHUYECKNX pacTBOPUTENEN N3 pacTBOPOB).

..




Pekmudpukauusi - MHOrocTyneH4aTbll Mpouecc pasgeneHus u
KOHUEHTPUPOBAHUA  -OCYLLECTBNSETCA  MHOrOKpaTtHbIM  UCNAPEHUEM WU
KOHOEHCAUMen B HacafodHblX, TapenbyaTtbiX UMM MNIEeHOYHbIX KOMOHKax npu
NPOTUBOTOKE Napa U XUAKOCTU C HaCTUYHbIM BO3BPaTOM AUCTUNNsATa (dpriermon)
Npyu YCTAHOBMBLUMXCA Macco- M TennoobmeHe. Metooom pekTuukaumnm
pa3nensatT KOMMNOHEHTbLI C BECbMa BriM3KuMmn CBOMCTBaAMM.

MonekynsipHas ducmusssayusi. YCnewHoe UCnonb3oBaHNe ncnapeHust n3a
XUOKOCTU 3aBUCUT OT XMMNYECKON YCTONHYMBOCTU MaKPO- U MUKPOKOMIMOHEHTOB
npu AgnutenbHOM HarpeBaHuu. [lpu pasgeneHnn XMMUYECKNU HEYCTONYMBLIX
BELWECTB WM BELLECTB C BbICOKOW TemMnepatyponm KUMeHUs UCMomnb3yroT
cneuuarnbHble CUCTEMbl BaKyyMUpPOBaHUA ON9 NPOBeAeHUs npouecca npu
MOHWKEeHHOM AasreHun (oo 107'-107% Ma; 1 Ma = 7,510 MM pT. cT.). Takoe
pasgeneHne HasblBaloT MOJIEKY/ISIPHOU uslu eakKyymMHoU ducmunnsiyuedu.
OTOT METOA MCMNOoMb3ylT, Hanpumep, ANs KOHUEHTPUPOBAHUS HEMNETY4YnXx
MUKponpumecen B mempaxsiopude mumana TiCl, ((KWAKOCTb) C NOCReAyoLWUM
aTOMHO-3MUCCUOHHbLIM onpeaeneHnem

Cybnumauusi (eo320HkKa) npeactaBnsieT cobonm npouecc ucnapeHus
BeLleCcTBa NyTeEM HENOCPEACTBEHHOIO Nepexoaa ero U3 meepoo20 COCMOSHUS 8
napoobpasHoe. [loaTomy cybnumauma BO3MOXHa B TOM criydae, Korga
BELWECTBO, Byayynm Harpeto Ao TemnepaTtypbl HMXKE TOYKM €ro nraBfieHus,
XapakTepusyeTcsl 4OCTaTOYHO BbICOKMM AaBrieHnem napos. [1pu cybnumauum
npumecn, dbonee netTyvne, Yem BELLECTBO OCHOBbI, MOTyT ObITb OTOrHaHbI Mpu




[fpumepoM UCNOMNb30BaHUS BO3FOHKM MOXET CIYyXWUTb aTOMHO-
9MUCCUOHHOE onpeaeneHne 16 MMKPOKOMMNOHEHTOB (Ag, Al, Au, Ca, Cr, Cu,
Fe, Mg, Mn, Ni, Pb, Sb, Sn, Ti, V, Zn) B dode nocre cyornmmmpoBaHusa MaTpuLlbl
(Uoda) npun 60-65 °C.

[lepecoHKa npu noMowu XuMmu4eCcKuUxX mpaHCcnopmHbIX peakuyuu.

TN peakunm UCNonb3yoT HEe ANst KOHUEHTPUPOBaHUS NpMMeEcen, a ang
NOSly4eHNs1 BbICOKOUYUCTbIX COEAMHEHUW (MEeTanmoB M TBEpPAbIX BELLECTB).
XoTa netyune metansibl MOXXHO MONYyYnTb B OYEHb YNCTOM COCTOSIHUM MNpU
NOMOLLUXN AUCTUNNALMKM, TEM HE MeHee [JaBreHusd napoB OONbLUMHCTBA
METanmnoB n psiaa nonynpoBoAHNUKOB HEAOCTAaTOYMHO A5 OCYLLECTBAEHUS UX
OUCTUNNAUMKM € Uenbko  NyoboKoro pasgeneHnss unuM  OYUCTKM  Mpu
OTHOCUTENBbHO HEBLICOKMX TEMMnepaTypax.

[leperoHka BeLWIECTB MNpPU MOMOLUN XUMUYECKUX mMmPaHCNoOPMHbIX
peakyuu Kak crnocobd wux pasgerneHms U OYUCTKU OCHOBbIBAemcs Ha
rnpespawieHuUl OCHO8HO20 Memarisia 8 MpPoMexXymo4yHoe 2a3o00b6pa3Hoe
coeduHeHue, bornee nety4vyee, YeMm MNpuMMeEcCM UNN Opyrme KOMIMOHEHTHI,
Obpaasytolleecsd razoobpasHoe COegMHEHNE OCHOBHOIO MeTasnsia crnocobHo
npu W3MEHEHUM YCNOBWUW npouecca (Temnepatypa, [OaBfeHME) BHOBb
nepexoanTb B TBEPAOE COCTOAHME.

Ha pucyHke npeacrtaBneHa cxema YCTpOMCTBa ANA MNpoBeOEHMUS

. . . w



Cxema peakmopa onsi npoBeaeHns
5 ¢ peakumn c ydactmem TeTpakapboHuna
HUKens:
| —UCXOOHbIU HUKESb;
/4 Il — o4UWEeHHbIU HUKerb;
1 — xorioOHas 30Ha; 2 — ¢briaHyee8oe
coeOuHeHue; 3 — mpyba,; 4 — 2opsi4yasi 30Ha

11

B xonoaHbIn KoHeL, CTEKNAHHON TPYOKU NOMeLLatoT UCXOAHbIN HUKESb.
[Tocne oTkaumMBaHusA Bo3ayxa ee 3anosiHsgrom okcnaom yrnepoga CO. [Npwu
9TOM B XOJI0OAHOM KOHLUe Tpybku (T1 = 45-50 °C) obpasyeTcs TeTpakapboHuU

HUKeNS: Ni+4CO —T-l> Ni(CO)

laszoo6pasHbiii Ni(CO), 4NN KoHel, TpyOkn (T2 =

180-200 °C), rie paanare NI(C0)4 B Ni+4C0

Beligensowmnca HuKenb oceaeT Ha CTeEHKaX ropavero KoHua Tpyoku, a
ocsoboxaa-towmnca CO gndpdyHOMPYET K XONO4HOMY KOHLY TPYOKN r
TPaHCNOPTUPYET creayroLmne nopummn Hukens. B KoHUe KOHLOB BECb HUKESTb
NOCTENEHHO MOXET ObITb NEepPeHEeCEH U3 XONO04HOIo KoHLa TPpYOKM B ropsivmi,
NO3TOMY Takme peakuumn u HasbiBalTCs peakyusimu rnepeHoca. OnncaHHbIN
NpoLEeCcC NCNOMb3YIOT KaK A1 OYUCTKU HUKENS, Tak 1 ANS KOHUEHTPUPOBAHUS



XUMUM4eckme TpaHCnopTHble peaKkuum LUMPOKO NCMOMb3YIOT A4
Nosly4YeHNA MHOMMX METAarI0B 8bICOKOU YUCMOMMbI:
UUPKOHUS, 2apHUSs, mopusi, MosiubOeHa, Xernesa, 2epMaHUsi U MHO2UX
opyaux.

Cyxass MUHepanu3auyusi (o3osieHue) U MOKpasi MUHepaJsiusauus.

OTN BUObl KOHLEHTPUPOBAHUS OTHOCATCA K OTIOHKE [oche
XUMUYECKMX _MNpeEBPAaLLEHUA W  WUCMOSb3yeTcsa Ans  onpeaeneHus
MUKPOKOMMOHEHTOB, BXOOALWMX B COCTaB Op2aHU4YeCKUX COeOUHEHUN,
HeopaaHu4yeckux OOBbEKTOB, COAepXalluuxX OpraHM4ecKkue BeELLECTBa,
brnonornyecknx OOBLEKTOB (MOYBLI, PACTEHMUSA, XKUBOTHbIE TKaHMW),
HegbmerpodyKkmoes, nonumepos 1 T. n. B abcontoTHOM 60Nb LWMHCTBE
Cny4YaeB oOpraHU4Yeckoe BEeLEeCTBO MNpoObl OKUCNSAT KakUM-rmbo
noaxoaAaLmm cnocooom.

[Ipu cyxou mMuHepasnusauuu oKUcsiuUmesieM CIry>XUT BO34YX, Pexe -
YMUCTbIN KMcriopod n xnop. OCHOBHbIMM NpOAYKTaMU peakumn npu
OKUCNEeHUN Ha BO34yXe ABMNSATCS COZ, HZO n Nz’ npu HanM4um B obpasue
cepbl Bblaensietca SO,. Cyxoe o3oneHne npoBOAAT Mpu TemnepaTypax
400-500 °C B MydpenbHOU neym.

[Ipu _MOKpPOM 030/1eHUU B KayecTBe OKucsiumersield WCMomnb3ytoT
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6.3. [lupomemasnsypau4yeckue Memoobl

1. [TupomemaJsiiypau4ecKkoe waakKkoeaHue. OTO cneundunyeckun Metoa
KOHLEHTPUPOBAHUS MpUMEcCeNn B MeTannax, OCHOBaHHbIM Ha 4YaCTUYHOM
OKUCNEHUN mMaTpuubl Kncnopodom. pn aToM MUKPOKOMMOHEHTLI NEPEXOOAT B
okcuabl U, 06pasys Wnak, KOHLEHTPUPYHTCSA HAaNOBEPXHOCTN 3aTBEpAEBAOLLErND
cnuTka.

2. Memod KoHueHmpupoeaHusi, OCHOB8aHHbIU Ha _pacrnpedesieHuu

geuwlecmea mexoy OeyMsi _HecMewuesaruwumucs pacrijiagamu . I3T1oT
METO MCNOMb3YT AN CHWXEeHUs npeaenia obHapy)XeHUs No OTAENbHbIM
MUKponpumecsam o 107°-107%. BsanmopgencTemne anemMeHToB B pacrniaBieHHOM
COCTOSIHUM MOXET NPOUCXOANTb Kak Mo MexXaHu3mMy (PrU3n4eckoro pacTBOPEHUS,
Tak 1 nyTemMm obpasoBaHUSA XMMUYECKUX COEAUHEHWIA.

3. Ocobnbit 8ud npedsapumeribHO20 KOHUeHmMpUpROo8aHUS —

npobupHas njaeka
OHa 4BnNsIeTCs OCHOBHBbIM METOAOM KOHLEHTPUPOBaAHUA 6s1a20p00HbIX
Memarsisioe, COoAepXalwmxcs B pydax, FOpHbIX nopodax W npoayktax ux
nepepaboTkn, a B Buae nNpobUpHOro aHanmsa — M cnocob ycTaHoBMNEHUS
KOHLUEHTpauMn gparmeTannoB B cnfaBax U uagenusix.

B npo6upHoli nnaske 06 bEOUHSIFOMCS pa3noxeHue npo6bi

U KOHUeHmpupoeaHue MUKpoKosuyecme 6s1a20p00HbIX MemaJsisios.
CoaeprkaHue nocrnegHnx o4eHb He3HaYUTENbHOE U MO3TOMY onpeaeneHme nx




OcHoBHass ocobeHHocmb NPOOUPHOro aHanusa, oTnuyatoLas ero oT
00ObIYHbIX METOOB KONMYECTBEHHOIO aHanmM3a, CocTOMUT B TOM, YTO MeTannm, Kak
npaBumno, BblaenseTcs B CBOOOJHOM COCTOSIHUN U KONMYEeCTBO MeTanna

onpenensieTca HernocpedcmeeHHO 838eWlUsaHuUeM.

[TpoBUpPHLIN aHanNu3, Nog KOTOPbIM NoApa3syMeBaETCs orpenesieHme 30510Ta
Au 1 cepebpa Ag, BKIOYaET criedyroujue OCHOBHbIEe onepayuu:

1) wuxmoeaHue — cMeweHuUe N3MeNb4eHHON NpeacTaBnTeNbLHOMN
cpenHen npobsl (4o 100 r) ¢ wuxmod, B COCTaB KOTOPOW BXOAAT KOMNMNEKTOP
(PbQO), ¢brirockl (kBapL, Oypa, coga n ap.), a Takke B 3aBUCUMOCTM OT criocoba
NriaBkuU BOCCTAHOBUTENN NUBO OKNCNINTENN;

2) nyaeka (muzesnbHasi Unu wepbepHasi) aHanu3npyemoro obbekTa ¢
pasnuyHbIMKn dorirocamm € Lenbio NonyyYeHns criaga dpaamemarsisia co C8UHUOM;
3) KynesiupoeaHue — OKUCITNTENBbHOE NaBfieHne cnnasa 6rnaropogHbIX

METarnoB CO CBMHLIOM,;

4) pa3zeapuesaHue Nofly4eHHoro cnnaea brnaropogHbix metannos (Ag 1 Au);

5) onpedesieHue Ag n Au.

OB6bI4YHO NPMMEHSIIOT TUreNbHYO NNaBKy — Ans aHanu3a pya v NpoayKToB
nx nepepaboTkm ¢ cogepxaHnem bnaropoaHbIX MeTanfioB ebiwie 1rHa 1l T
NCXOOHOrO BELLECTBA.

TuzenbHas nyaska — 3Mmo 80ccmaHo8UMeTbHO-pacmeopumesibHoe
rriaerieHuUe Hagecku mamepuaria ¢ wuxmod ripu 1000-1050 °C 8 02HeYrnopHbIX
(WaMomHbIX) muansax eMecmumMocmbto om 300 0o 800 cMP.




[lnaBneHne BedeTca B cneumanbHbIX neyax, HasbiBaeMblX 20pHamu. B
LUNXTY BBOAUTCA a2s1ém PbO n eoccmaHoeumersiu — yrnepogcogepxawme
BELLEeCTBa (MOPOLLUOK OPEBECHOro Yrrsi, Kpaxman, Myka, Oymara, >XenesHble
onunku n ap.). Npwn nnaeBneHun rmeT BOCCTaHaBMNBAETCA OO0 Memariiu4eckoz20
C8UHUa, B pacnfaBfeHHbIX Kanmsx KOToporo npwu Temnepatype 500-550 °C
pacTBopsoTCA OnaropogHble U Agpyrme MeTannbl (eCnu TONMbKO MocregHue
HaxoOaTca B CBODOOHOM COCTOSIHMKM), Obpasys Jie2konsiagkuu crsae
(yepHOBOU ceuHeu, wnun __eepkbrsied). OOHOBPEMEHHO  MpPoOUCXoauT
oOpas3oBaHMe JerkonfaBKMX LWIAakoB MNpu B3auMOOEWUCTBUN KOMMOHEHTOB
nopoabl ¢ drocamun. XXngkum pacnnas BbINMMBAKT B YYTYHHYK U3JTOXHULY W
nocne oxnaxaeHusi OTAEeNsT OT Wilaka MeXaHU4YEeCKUM NyTeM (LUSiak oTomBaloT
MOJIOTKOM).

LllepbepHas nsiagka — 3TO OKUCIUMEsTbHO-pacmeopumesnibHoe
nnaesieHue npun 900-1050 °C B wepbepe — Heanybokol 4vawke U3
O2HeyriopHoU auHbl guaMeTpom 50-75 MM. DTa onepauuns BbIMOSTHAETCSA Kak
ONA OYMCTKM Bepkbriesi, nonyyYeHHoro npu TUrenbHOW nnaBKe, TakK MU Kak
CaMOCTOSITESIbHbLIN METOA ANS NiaBneHnsa HeboNbLUIMX HAaBECOK MaTepuana
(1-5 r), 6boraToro 3o510TOM U cepebpom (Ag-pyabl, Au- U Pt-KOHUEHTpAaThI,
9NIEKTPONUTHbIE U UMAHUCTbIE LWaMbl C coAepXXaHuem 6naropogHbIX
METansIoB nopsigka CoOTeH rpaMMoB Ha TOHHY). B cocTaB WKMXTbl NpY 3TOM
BXOOAT Memariiudeckul (3epHeHbIU) CSUHeu, 6ypa n kBapu. OkmcnmTensHas
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[Tpy oencTBumU rmeTa n KMcnopoaa Bo3ayxa NpoucXoanT OKUCTIEHUE
pPas3nnYHbIX KOMNOHEHTOB, NEPEXOASILLNX B LLUNAK NpU B3aMMO4ENCTBUN C
KpeMHe3eMoM 1 Dypon, B TO BpeMsi Kak bnaropogHble MeTansbl
KOHLIEHTPUPYIOTCSA B METANNMMYECKOM CBUHLE, 0Opa3ys cnnae (Kak n B
BblLLENPUBEOEHHOM CIly4ae OH Ha3blBaeTca Bepkbneem). NocneaHum
OTAENSETCA OT LWNaka Takke MexaHU4YeCKUM NnyTeM.

[na BblaeneHus cepedpa v 3onoTta n3 Bepkbrnest NCNonb3yrT CNOCOOHOCTL
CBUHLA ObICTPO OKUCIIATLCA KUCITOPOAOM Bo3ayxXa. [Ansa aToro npoBoaaT
onepauuio KyneaupoeaHusi — OKUC/IumesibHoe rniiassieHue eepkbies B
cneunanbHbIX MopucmbIx cocyaax (kamnesisix) anameTpom 40-60 MM,
M3roTOBMEHHbIX U3 KOCTHOW MYKM, MarHeanTa MgCO, nnu uemerTa. [naeneHve
BeAyT B MyernbHbIX nevax npu 900 °C.

[Mpouecc KynenupoeaHuUsi 0CHO8aH Ha u3bupameribHOM OKUCeHUU
Hebria2opO0HbIX Memarsiios, KoTopble BcrieacTame 60nbLWOro cpoacTea K
KNCOpOAY OKUCNAKTCS paHbLUe, YeM brnaropoaHslie metannsl. [pu nnaeneHum
Cc8UHeU oKucrisemcs v nepexooum e an1ém PbO. PacnnaBneHHbIV rMET, B CBOIO
ovepenb, okucrigem npumecu HebrnaropoaHbIX METANSOB, pacmeopsiem nx
oKcuAabl 1 Ha 98,5% adcopbupyemcs noa AeUCTBMEM KanUNMapHbIX CUST
NOBEPXHOCTLIO Kyresiu, urpatoein posb NoslyrnpoHn-LaemMoun neperopoku.
OcTanbHas YacTb rmeTa (0o 1,5%) ynetyuynBaeTtcs B Buae napos. Ha
NOBEPXHOCTU Kanenun octaeTcd kopornek — cnnaB Ag ¢ Au. [locne B3BelLnBaHUS
ero «pa3eapusarom», m. e. obpabameigarom paszbaerieHHoOU a30mHOU

. P N P~ p—




OcTaBluytocsa nocrie obpaboTkM KOposibka a3oTHOWM KUCIIOTOM
«KOPTOYKY» 30M0Ta MpoMbIBAlOT, MpoOKanuMealoT U  B3BELUUBALOT.
CopoepxaHue cepebpa onpenensarT Mo pasHOCTUM MacC KOponbka W
KOPTOYKN.

K npeumywecmeam rnpobupHo20 aHasu3a MOXHO OTHECTU
HernocpeacTBEHHOe  onpegerneHne  cogepXxaHua  MeTanna  0es
HeobXoaANMMOCTN MPOM3BOAUTL OTAENeHne OT APYrnx KOMMOHEHTOB.
MeTon xapakTepusyetca celekmusHocmbl, OH  obecneduBaet
rnpedcmasumersibHOCmMb NPOBbLI N 4OCTATOYHO 8bICOKUE KOIGhUUUEHMbI
KOHUeHmpuposaHus (0o 103-10%), Hu3skue rnpedesibi onpedesieHus: No
3onotTy 0,1-0,2 r/T (10™%), no cepebpy — 5-10 r/T (10°%). OgHako npwu
TakoM codepXXaHun 6raropodHbIX MEeTasrnoB BO3HMKAKOT TPYOHOCTU B
XOO€e pasfeneHusl 9neMeHToB, BCNeacTBMe 4ero npu  npobupHo-
XUMUYECKOM aHanm3e pe3ko YyXyalarTcs BOCMPOU3BOAUMOCTb W
NPaBUNbHOCTD. Komb6uHuposaHue npobupHou rnrnasKku Cc
8bICOKOYYy8CMBUMESIbHbIMU UHCMpPYMeHMarbHbIMU MemodaMu aHaru3a
CHSIJZIO 3TN OrpaHUYEHUs1 M MO3BOMNUIIO 3HAYUTENBHO pPacCLUNPUTL
rpaHuUbl MPUMEHUMOCTM 3TOro Metoaa. [loaTomy cenyac codetaHue
NpobMpHON NNaBkM CO CreKTpooToOMETpUEN, aTOMHO-OMUCCUOHHOU U
aTOMHO-abcopbLUMOHHOW CNEKTPOMETPUEN N CTANO YXXe TPaaAULNOHHbBIM.
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[TpobupHbIU aHaIu3 ucrnosib3yemcsi U ANs KoJiu4eCcmeeHH020
onpedesieHUs1 NiamuHbi Pt u nannadusi Pd. OH OCHOBaH Ha CNOCOBHOCTU 3TUX
MeTanoB obpa3oBbIBaTh crniaBbl ¢ cepedbpom. MeTannbl-CnyTHUKK MNaTUHbI U
nannagus (Rh, Ir, Ru 1 Os) B MeHbLLUEW CTENEHN YO0BNETBOPAIOT YCNOBUAM
NpobUpPHOro aHanmsa, NO3TOMY UX aHann3 bonee cnoXeH n TpyaeH. TurenbHag
nraBka Ha Pt-meTansbl OCYLWECTBSIETCA Npu Boree BbLICOKOW TeMneparype, Yem
Ha 30n10TO K cepebpo; No OKOHYaHUK NNaBku gocturaroT 1200 °C. Ecnun
TpebyeTca pasgenbHoe onpeaeneHne Pt-meTannos, TO ero NpoBoAsAT MO O4YEHb
CNOXXHOW U MHOITOCTagUNHOW CXEME.

[TpoBbnpHOE KOHLEHTPUPOBaHME NPUroAHO Takxke Os1s1 onpedesieHUs ypaHa
(no npodykmam OdesieHusi), BACMYTa, ofioBa 1 nuausi. B HacTosiLee Bpems ans
NPoBUpPHON NNaBKMU KPOME CBUHLIA UCNONb3YHOT ONTOBO U CyNbua HUKENS.
Hedocmamku ripobupHo20 aHarnu3a—MHOroCTaaunHOCTb, ANUTENbHOCTD,
bonbLiMe Tpyao- U Hepro3aTpaTthl, 3arpsi3HEHNE OKpPYXKatoLLen cpeabl CBUHLOM.

6.4. KpucrannumsaumoHHble mMeToabl
OHWK BKMOYaloT B ceds: * HanpaeJieHHYI0 Kpucmannusayuro W«
* 30HHYIO ry1asKy

N OTHOCATCS K Yncny 6e3peceHmHbIX METOA0B KOHLIEHTPUPOBAHUS N OYUCTKU
MeTarnnoB 1 NONTyNnpoBOAHUKOBbLIX MaTepuarnos.

CyTb MeToOoB  3akrfw4yaeTrca B MOJIHOM  (MpU  HanpasBlieHHOM
Kpuctannusauun) usau 4Yacmu4yHoM (C OOHOro KoHua npu 30HHOW nfaBKe)
pacnnaesieHUU cnutka MeTanna. B nocrnegHem cnydae 30HY BbICOKOM



[Tpn aTOM HEBOMNbLLOE KONMNMYECTBO pacnnaBneHHOro Metanna npoxoanT
NOCTENEHHO Yepes3 BECb CNUTOK, pacTBOPSISt NO NYyTU MHOMME NPUMECU U YHOCS NX
c cobon, T. e. C 30HOM pacnnaea.

Taknm obpasom rnpumecu, pacmeopumMsblie 8 XUOKoU ¢ha3e memarina, MoryT
ObITb YAaneHbl OT CNINTKa U NepeMeLLeHbl Ha OANH N3 KOHLIOB:

1

\ 7 }  Cxema ycmpolucmea 01isi npoeedeHuUsi 30HHOU
i / J1a8KuU:
1 — Hagpesamerib;
2 — pacrinas;
/ goes 3 — UCXOOHOEe meepdoe seuecmaeo;
4 - 4 — 8HOBb 3aKpucmarsu3oeasueecs

B crniyyae HanpaeneHHON KpygIggmgaaunm KpucTannmsaumio pacnnasa
NMPOBOASAT C OOHOro KOHLA; N0 Mepe NpoTeKkaHMs npoLecca NpuMecH
KOHLEHTPUPYHOTCS B TOW YacTu CNUTKA, KOTopasi 3aTBepAEeBaET B MOCEAHI0
ovepenb.

KpuctannuaaumoHHblie METOAbLI MCNONb3YIOT HA KOHEYHOW CTaaMnN OYUCTKN
MeTannoB 1 NONynpoBOAHMKOBbLIX MaTepmarnoB AN yaaneHusi O4eHb Marbix
KONn4ecTB npmumecen. LIeHHOCTb MeToa0B 3akno4aeTCs He TONbKO B TOM, YTO
Takum 06pa3oM MOXXHO OYUCTUTb LLUMPOKNIA aCCOPTUMEHT MaTepuanos (B TOM
4yncne N opraHNYecKMx BELLIECTB, ECIN TONbKO OHM HE pasnararoTcA npm
NNaBfeHnn), HO N B NPOCTOTE BbINOSTHEHNS CaMOW onepauni.



30HHasi NnaBka MOXET ObITb 9 (EKTUBHO BbINOMHEHA B JTHOObIX
mMacluTabdbax — 1 Anst O4UCTKN HECKOMNBbKUX rPaMMOB OPraHMYeCKOro BeLLLECTBA, U
aons padpuHNPo-BaHNSA CNUTKOB MEeTarsfia Maccomn B AECATKM Kunorpammos. B
HacTosLee BpeMs ycnewHon 30HHOW O4YNUCTKE NOABEPrHYTO HECKOMbLKO
O0ECATKOB MeTansfoB 1 NonyrnpoBOAHMKOBLIX MaTepunarsos.

6.5. ®riomauyusi

driomauyusi — Memo0 KOHUEeHmMpUpos8aHUusi U pa3oerieHusi cMmecel meepobiX
yacmuy eew,ecmas, 0CHOBaHHbIU Ha pa3u4uu 8 cMaqyugaemMocmul.

dnotaumio  WUMPOKO  MNPUMEHAKT B rMapoMmeTannypriuu Kak
BbICOKO3(PAEKTMB-HbIN cnocob oboralleHns nonesHblX MCKOMaemMblX - pya,
MUHEPAaroB Nocrne nx NnpeaBapuTeribHOro N3Merb4eHus.

dnoTupyemble BelecTBa AOMKHbl OblTb 2udpoghobHbLIMU. [Na 3TOro
BOOHYIO CYCMNEH3UI0 U3MENBYEHHONO Cbipbst 0OpabaTbiBalOT pea2eHmMamMu-
cobupamensmu (¢gbsiomayuoHHbIMU peaseHmamu), KOoTopble OblBalOT OBYX
TUNOB: KamMUOHHbLI€ W aHUOHHble. B 3aBMCUMOCTU OT TOro, Kakoum WOH
dnoTauMoHHO-akKTMBEH, OH agcopbupyeTca Ha NOBEPXHOCTU  YacTul
N3BreKaemMoro KOMNoHeHTa ¢ 04HOBpPEMEHHOW ee eudpoghobusayuel. B cBoto
ovyepeab, obpasoBaBLUIMECA MuUUesisibl (KpyrHble 4Yacmuubl 8 KOJIT0UOHbIX
pacmeopax, cocmosuwue u3 Hepacmeopumoz2o 8 O0aHHou cpede £0pa,
OKpy)>XeHHo20  oborioykol  adcopbupoeaHHbIX  UOHO8 U  MOJIEKYI
pacmeopumerisi) copbupyromcsi Ha ny3bipbkax rasa (Bosgyxa unu asorta),
NponyckaemMoro B CYCMEeH3n 4epe3 MENKONopucCTbi AUCK, U BbIHOCATCA Ha



[na yoepxaHns qonotupyembiX 0cagkoB Ha NOBEPXHOCTU pacTBopa B
cuctemy nobaBnsitoT MoeepxHOCMHo-akmueHble sewecmea ([1AB),
obpasyoume ctabunbHbIN CNon MeHbl. B page cnyvyaes angd npegoTepalleHns
BbIHOCA B KOHLUEHTpAaT 6annacTHbIX BELLECTB (MyCTOM Nopoabl) B CYCNEH3UI0
BBOOAT peareHTbl-nogaBUTeNn (genpeccopsbl), rmapodpunnanpyroLimne
NOBEPXHOCTb YacTuu, He noanexawux gonorauuun, U BCneacTene atoro
ocefatowmx Ha gHe oboraTUTernbHOW YCTaHOBKM.

B pesynbraTte donotaummn Hag NoBEPXHOCTLIO CycneH3um obpasyeTcsd
YCTONYMBBLIW CITON NMEHbI, 000ralleHHON N3BeKaeMbIMU MUKPOKOMMNOHEHTaMM
(XOoTs donoTaumns MOXET NPUMEHATLCA U ANA BblaeneHns matpuubl). [NpoaykTbl
donoTauum nocne nx otaeneHuns cneunanbHbIMn NPOH6OOTOOPHUKaAMMN
nogBepraroT aHanuay.
dnoTtaummn MoryT 6bITb NOABEPTrHYTHI TAKXKE HEOPraHUYECKNE U OpraHn4YecKme
OoCafKu, ucrnonb3yemMble B Ka4eCTBe KOMSIEKTOPOB (HOCUTENEWN) AN BblaeneHud
13 pasbaBrneHHbIX paCTBOPOB MUKPOKOMMOHEHTOB METOAOM COOCaXOEHMUS,
[TpeanoyTeHne oTaalnT 0O bEMHLIM XITONLEBUAHBLIM OCaKaM, pa3sMep YacTul
KOTOPbIX NPeBbILLAET AnamMmeTp Ny3bipbKOoB rasa. B atom cnyyae
MHOMOYMCIEHHbIE MESIKME NY3blPbKM ra3a Jierko 3axeaTblBalOTCA OCagKkoM U
obecneunBaloT ero XopoLUyto nraBy4yecTb.

MeToa KOHUEHTPUPOBaAHNA MUKPOKOMMOHEHTOB donoTauuen aBnaeTcs
bonee 6bICTPbIM N YAODOHLIM, YEM METO, COOCaXAEHUS, KOTOPbIN TpebyeT
NPUMEHEHUA TPYO0EMKUX N NPOLOITKUTENbHLIX onepauun — otaerieHne ocagka



Haunbonee winpoko drnotauusa npuMeEHSIETCS B LBETHOM METaNNypruu.
MeToauka npoBeaeHUsa prioTaunNOHHbIX NPOLLECCOB YXKe HAaCTOMNbKO
paspaboTaHa, YTo Npu NOMOLLM TaK Ha3biBaeMOW cenekTuBHou cdonotauum
yaaeTcs He TONMbKO OTAeNATh pyay OT NyCTOM NopoAabl, HO M BO MHOTMMX Criydasix U
yCnewHo pas3fgenaTtb oTaenbHble MUHeparnbl nofinMeTaninyecknx pya.

6.6. PunbTpaLmA
dunbmpayusi — 3mo rnpouecc 08UXeHUS XXUOKoCcmu Usu 2a3a 4Yepe3s rnopucmyro
cpedy, corposoxoarowulcss omoerieHUeM 838€WEHHbIX Yacmul,.
MeToa ncnonb3yroT Ans KOHUEHTPUPOBaHUA TBEPAbIX YaCTUL, coaepKaLlnxcs B
aTMOCJepHOM BO3yXe U BO34YLLUHOWU cpede NPOoMbILLNEHHbIX NnoMeLleHun. B
KadecTBe matepuana punsTpyoLwWwmnx afIeMeHTOB NPUMEHSAIOT Dymary, rpadgur,
NOPUCTOE CTEKNO, CTEKITOBOSIOKHO, CUHTETUYECKNE MaTepuarnsbl.

MeToauka onpeaeneHnsa MMKPOKOMMNOHEHTOB B BO34yXe BKOYaAET OTOOP
Npobbl, COBMELLEHHbIN CO CTaAneN KOHLUEHTPUPOBAHNSA, MyTEM NPONYyCKaHUS
onpeneneHHoro obbema Bo3ayxa Yyepes PUsTPYHLLNIA 31EMEHT, OTOOP YacTuy
C Hero (Hanpumep, o3oneHnemM punsTpa) n coO6CTBEHHO onpeaeneHne.

B psge cnyyvyaeB Ans KOHUEHTPUPOBaAHUA MUKPOKOMMNOHEHTOB UCMOSb3YIOT
NHEPTHYIO NONIMMEPHY0 MeMbpaHy. MeToa ocHoBaH Ha n3dupatenibHOM
CBSA3bIBaHUN 3JIEMEHTOB B KOMMJ1EKCbI C BOOOPACTBOPUMbLIMU NOSIMMEpaMu,
coaepXalummm komnnekcoobpasyowme rpynnesl. loHbl MeTannos, He
obpa3syoLmx KOMMNIEKCOB C BOAOPACTBOPMMbIMI NOIMMEPAMU, NPOXOAAT Yepes
MeM6bpaHy, a MoHbI, CBSI3aHHbIE B KOMIMEKCHbIE COEAUHEHNS!, KOHLEHTPUPYIOTCS



6.7 Jueppy3usi u mepmoougppy3sus

[Ona pasgeneHns U OYUCTKM ra3oobpasHbiX BewecTB MOXeT ObITb
MCNOMb30BaHO passiuqyue 8 cKopocmsix Ouggy3uu 4epes nopucTble
neperopoaku. B cuny aToro no ogHy CTOPOHY Neperopoakm KOHLEHTPUPYHOTCS
rasbl, obnagarowme 6onbLen cKopocTbto Anddysnm, a no Apyryo — MeHbLUEMN.
MHorokpaTHoe NOBTOPEHUE 3TOro NpoLecca B kKamepe, CHabXeHHoM 0onbLUUM
YMCINOM TMOPUCTLIX MNEePEeropodoKk, MNO3BONSAET OOCTUTHYTb BbICOKOW CTErNeHu
pasgeneHuss rasoB. Yem Tsbkenee ra3 M COOTBETCTBEHHO 0Oornblle €ro
MOJSieKynspHas macca, TeM OH MeaneHHee AOMdPyHOMPYET 4Yepe3 NOPUCTYHO
neperopoaky N TeM MeHbLLe ero KOHLUEeHTpaumna 3a neperopoakon.

Ton xe uenun — pasgeneHnio razaoobpasHbIX BELLECTB — MOXET CIYXUTb U
apyras dpopma auddpy3moHHbIX NPOLECCOB — TaK Ha3biBaeMas mepmMmudeckas
duchgpy3usi, OCHOBaAHHAsE Ha  SBMEHUMM  BO3HUKHOBEHUSI  FPagueHTa
KOHUEHTpaunm B BYXKOMMOHEHTHOW ra3oBOn U XXNOKOWU CMeCU Npu co3gaHum
B HEW TemnepaTypHOro rpaaneHTa. Ecnn cocyn ¢ ra3aoBov CMechbio nNoaorpesaTth
C OOHOro KoHUa M oxnaxgatb C ApYroro, TO Yepe3 HEKOTOPOE BPeMS COCTaB
CMECU B ropsiye M XOonoaHoW 4acTsax OyaeTr pasnuuatbces. Pasnuune tem
3HaunTenbHee, YeMm bonblle pasHuua Temnepatyp. B ropsiyenm 4actm cmecu
cogepxutcst bonblie TOro U3 KOMMOHEHTOB, KOTOPbIN Obrnagaetr MeHbLUEN
MOJSIEKYNAPHOW MacCcou («Macca — Mmepa UHepuuu»).

Adupby3usi yepes nopuctble neperopogkm 1 mepmodughpysusi
NPUMEHSAIOTCA Os15 pa3oerieHuUss uU3omornoe 8 hopme ux 2a3oobpasHbix



OOLme 3amevyaHnsa o0 MmeTofax KOHLEHTPUPOBaHUSA

n pa3peneHus
[pn MHOroobpasnm MeTooB pas3aeneHns U KOHLEHTPUPOBaHUSA TPYAHO
PELLUNTb, KAKOMY U3 HUX cneayeT oTAaTh NpeanodYTeHune.

YHueepcasnibHO20 MemoOda pa3oesieHust unu
KOHUeHmpupoeaHusi He cyujecmeyem !

Kaxgblh MeToa nMeeT CBoto cdpepy NpUMEHEHNS B 3aBUCUMOCTU OT
NOCTaBleHHbIX Nnepen XMMUKOM-aHannMTUKoM 3agad, CBOM 4OCTONHCTBA U
orpaHunyeHud. Yenex npuMeHeHnd KaXxgoro Mmetoga 3aBUCUT OT TOrMO, HACKOJSIbKO
npaBuIibHO BbIGpaHbI YCnoBusl, obecnevnBaoLLne KONMYECTBEHHLIN Nepexon
HY>KHOrO (M MeLlatoLero) KOMnoHeHTa B ogHy u3 das, nmbo, ecnm aTo
roMoreHHas CUCTema,

HaKonsieHne KOMMoHeHTa B onpeaesieHHoOW YacTu CUCTEMDI.

Bbi6op memoda KOHLEHTPUPOBaHUS onpedesissemcs
HOPMAaTUBHbIX LI,OKyMeHTOM, KOTOprI7I OCHOBaH Ha yque cneunaribHbIX

ycsioeuu:

1) KOHKpemHas rnpakmu4eckasi 3ada4ya, m. e. y4yem rpupodbl obbekma
aHanu3sa, rnepe4yeHb MUKPOKOMITOHEHMOS8, Komopble criedyem ornpeoesnsms;
mpebyembie  mMemporioaudeckue  napamempsbl  paboyel - mMemoOouku
(Oocmuzaembie KoaghbuyueHmMbl KOHUEHmMpuUposaHus, a criedoeameribHo,




ConocmaesieHue Memoadoe rno Kko3aghghuyueHmam KOHUeHmMpuUpoesaHusi

KoadppuumeHT KOHLIEHTPHUPOBaHUSA
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2) npoucxoxdeHue U ripedbicmopusi obbekma aHarnu3sa (rnpexoe ecezo
3MOo OMHOCUMCS K sewecmeam U Mamepuarsiam rnpomMbiUIeHHO20
u320moerieHusi, Koada rnpocmou 0ocmyriHbIU criocob pa3oerieHus yxxe bbirn
UCroJsib308aH MEXHOI020M USIU CUHMEMUKOM, a ro3amomy XUMUK-aHalumukK He
OOJT>KEH 1108MOpPSMb €20);

3) coyemaemocmsb 8bI6paHHO20 Memooda KOHUEeHmMpuUpoeaHUs u Memoda
rnocriedyrouie20 orpeoesieHUss MUKPOKOMITOHEHMO8 8 KOHUEeHmpame;

4) yHUsepcasibHocmkb, ripocmoma, 00CmyrnHOCMb, 8PEeMs Ha 8bIMOSTHeHUE
onepauyuu;

5) ocHaweHHocmb 20/108HOU flabopamopuu (nNpeonpusimusi-
pa3pabomdyuka) u mex nabopamopuu, KOmopkle Ucrosib3yom mMmemoo 011



6) cneyuanu3auyus u keanugukayus uccriedoeameris,
pa3pabameigarouwie2o MemoOUKY, €20 MPUBEPXKXEHHOCMb K MOMYy Uriu UHOMY
MemoOoy, a makxe crieyuasru-3auus u Kkeanugukauusi aHariumuKkos
rpou3eo0cmeeHHkIX rfabopamopul, Komopbkie 6yOym amy MemoOouKy
UCrosib308ame;

7) Heob6xodumocmb obecrnieyeHusi 6e3onacHbix ycnoaull pabomsi;

8) BO3MOXHOCTb YETKOro pasaerieHUs Makpo- U MUKPOKOMITOHEHIMOS;

9) hopma cyuecmeosaHusi MUKPOKOMITOHeHMOoS8, rpucymcmesyruux 8
npobe, ux cocmosiHUe OKUCIIeHUS, pagHOMepHOCMb pacripederieHUs rno obnemy,
COCMOSIHUE UX 8 pacmeopax (UOHHOE Uriu KosirlouOHoe). Bce 9TO BaXHO, XOTS
KOHLUEHTPUpPOBaHME N NepeBoaANT KOMMNOHEHTLI B OQHOPOAHOE COCTOSIHNE
He3aBMCUMO OT NnepBoHavasribHOM OOpPMbI CyLLECTBOBAHUA X B aHaNM3npyemou
npobe. MeToabl KOHLEHTPUPOBAHUA BECbMA Pa3fnnyatoTCsl NO CTENEHU
ncnonb3oBaHus. B onpeaeneHHoOn Mepe 3TO CBMOETENLCTBYET O 3HAYEHNU
OTAeNbHbIX METOAOB.

Haubosee pacrnipocmpaHeHbI cneayowme Memoodbl KOHUEHMpPUpPOoe8aHUST:
3KCmpakyusi U 3kcmpakyuoHHasi xpomamoezpadgbusi, coocako0eHue,
oucmurnayuoHHbIe MemoObkl (0maoHKa, gppaKUuUoOHHOE ucrapeHue,
cybnumauyus), adcopbuuoHHas, pacrnpeoeriumeribHas, ocado4yHas
XpomMamoepaus U UOHHbIU 0BMEH, 35ieKmpoxumuyeckue memoosb!
(anekmpoocaxdeHue, ariekmpodouarnus, ueMeHmauusi, UoHOgbope3), 30HHas!
ririaeka, 030r1eHuUe.
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KOHLUEHTpMpoBaHME pacLLMpaeT BO3SMOXHOCTU MEeTO40B onpeaeneHus,
obecrneynBasg ycTpaHeHNne Mampu4Ho20 3ghghekma, KOTOPbIN 3HAYUTENBHO
NOBbILWAET Npeaenbl ObHapyXeHUa n gpyrue napameTpbl aHanuTU4ecKomn
METOLANKN N MOXET BOODBLLIE UCKNIOYNTb BO3MOXHOCTb OrnpeaeneHnst Tex unu
NHbIX MUKPOKOMMOHEHTOB BbIOPaHHBLIM METOAOM.

[lpeaBapuTeribHoe KOHLEHTPUpPOBAHNE MMUKPOKOMMOHEHTOB pacLUnpseT U
KPyr OOBbEKTOB, KOTOPbLIE MOXXHO aHanum3npoBaTb BblOpaHHbIM METOAOM. Tak,
npuMe-HeEHNE OSMUCCUOHHOIO CreKTparibHOro aHanu3a Aana onpegerneHuns
MWUKPOKOMIMOHEHTOB B MaTpuvue, Adalwowen MHOrofriMHenyaTtbll  CrekTp
(naHTaHnabl, aKkTUHWAbI), OCIOXHAET-CS HanoXeHNeM NIMHUA MaKpPOKOMIMOHEHTA
Ha  NMHUM  onpedendemMblX  MUKPOKOMIMO-HEHTOB. [lpeaoBapuTernbHoe
KOHLUEHTPMPOBAHME MUKPOKOMIMOHEHTOB W yOdarieHMe OCHOBbl CHUMAKT 3TU
3arpyaHeHusi. KOHUEHTPUPOBAaHWE ¢ rosiHbIM omaoesieHUeM mampuubl OCODEHHO
NOfe3HOo NPU aHanns3e TOKCUYHbIX, paduoakmueHbIX U OOPOroCTOSILLUX BELLECTB.

KoHueHmpupoeaHuro CBOWUCTBEHHbI W HedocmamkKu: OHO YANUHAET
aHanma N YCNOXHSET €ro; Of9 OCYLWECTBNEHUA KOHUEHTPUPO-BAHUA HYXKHbI
peakTUBbl BbICOKOM YUCTOTbI, NpUYeM UWHOrga B HemanbiX Konu4yectBax. B
OTOENbHbLIX Ccny4dasix TpebyeTca creunanbHasi annapatypa U OCBOEHME
cneuuduyeckux npuemoB paboTbl. [lpouecc KOHUEHTPUPOBAHUS MOXET
ConpoBOXAATbLCA MOTEPSAMU oOnpedensaemMblX 3f1eMEHTOB WM BHECEHUEM
3arpasHeHuin, Horga yMeHbLUIeHUEM Yucria onpeaendemMbiX MUMKPOKOMMOHEHTOB

N yXydweHnem napameTpoB  METOOMKM. OgHako  docmouHcmea
KOHIIAHTDOU/UDORAHING rnmaeanekKdDRKIRALNIM [a)sTe) uannCmMmamkll



BbilLie Mbl y>ke OTMeYanu, YTo pacLUMPSOLLEECS UCMONb30BaHNE B MPaKTUKe
aHaNUTUYECKOrO  KOHTPOMSA  BbICOKOYYBCTBUTENbHbLIX  WHCTPYMEHTanbHbIX
MEeToOOoB CnocoOCTBOBANO  MOBLILEHUIO  3HAYeHUs  NpeaBapUTENbHOMo
KOHLUEHTPUPOBaHUS MNPWU aHanmse CIoXHbIX o0bektoB. Peyb uger o
BO3HMKHOBEHMUM METOOO0B HOBOWM KaTeropuu, B KOTOPbIX pas3fereHne cmecen,
KOHLUEHTPUPOBAHME MUKPOKOMMOHEHTOB, WAEHTUMdUKALMUA KOMMNOHEHTOB U
onpeaeneHne WX coAepXaHusi cTano MpocTO 4acTsaAMKW LEenoro, a He
pa3obLEeHHbIMK, WU30NMPOBaHHLIMK CTaAUsIMW MpoLiecca aHanusa, Kak Oblno
paHblle. B Takux metogax (MX HasbiBalOT KOMOUHUPOBaHHbLIMU) NMOSABASAIOTCS
cneundunyeckme ocobeHHOCTU KOMOMHALMK, MOCKONbKY CBOMCTBA KOHLIEHTpaTa
OKa3blBaloOT CyLLECTBEHHOE BNMsiHWE Ha nocneaytollee onpeaeneHme.

METOObl OTAENNEHUA YPAHA OT COMNMYTCTBYHOLWWUX
INIEMEHTOB

OueHb peako TOT UMM MHOW METO[ OnpederieHnst ypaHa MOXET ObiTb
npuMeHeH 6e3 npeaBapUTENbHOIO OTAENEHNS €ro OT MeLUaoLMX SNEMEHTOB.

bonbwuHcmeo METOAOB OTAENEeHUs ypaHa OT MellalWmx 3NEMEHTOB
OCHOBaHO Ha ebidesileHUU camMo20 ypaHa W3 aHanM3npyemoro pacTBopa,
MeHblWasi YHacmb — Ha 8bl0eJIeHUU rnpumecedl.

Hanbonee wmnpokoe npumeHeHune 9si8 omoesieHUs ypaHa Halunu MeToabl
oca)K0eHusi, IKecmpakyuu u xpomamoepaguyeckue memoosi. Kpome TOro,
MHOroda MPUMEHAKTCA U ducmunnsiyusi, B80320HKa, 3JIeKmposius,




