“T. ] Ln3uH, M. A. CTaTKy'C

COPELHOHHOE

HOHUEHTPUPOBAHHE
MHHPOKOMNOHEHTOR
B AMHAMMUECKMK
~ YCNOBHAX ‘

e ST ——



. U. Un3un
M. A. CtaTkyc

COPBLUUOHHOE
KOHUEHTPUPOBAHWUE
MUKPOKOMIMOHEHTOB

B AMHAMUYECKUX
YCNnoBuAx

§

URSS
MOCKBA




BBK 24.4 35

Hacmosiwyee uzdanue ocyujecmeneHo npu (QuHaHco8ol no00epiicKe
Poccuiickozo Hayunozo ¢onda (npoekm Ne 14-23-00012)

Iu3un I'puropuii Uiabuy,
Crarkyc Muxani AjleKCanApoBHY

CopOumoHHOe KOHIIEHTPUPOBAHHE MHKPOKOMIIOHEHTOB B THHAMHYECKHX
ycaosusax. — M.: JIEHAH/I, 2016. — 480 c.

BHHMaHHIO 4HTaTesIell mpeanaraercs MOHOrpadus O COpPOLHOHHOM KOHLEHTPUPOBAHWUH
MHKPOKOMIIOHEHTOB B THHAMHYECKHX YCJIOBHAX IS LeJIeH HX MOCIeAYyIOEro onpeaeieHHs ClleK-
TPOCKOIMYECKHMH M APYrHMH MetonaMu. Kuura obobmaer pe3yiabTaTsl pa3paboToK cOpOLHOH-
HBIX METOJOB IMHAMHYECKOTO KOHIEHTPUPOBAHHMSA HEOPraHMYECKHMX M OPraHHYECKHX BEIECTB,
a TAK)Ke COOTBETCTBYIOIIUX BBICOKOYYBCTBHUTE/IBHBIX THOPHIHBIX METOIOB aHAJIHN3a, BKIIOYAFOLIHX
KOHLIEHTPUPOBAHHE MHKPOKOMITOHEHTOB. [IpHBOIMTCS MaTepuan O MHOTOUMCIIEHHBIX COPOEHTax,
3} heKTHBHBIX B JUHAMUYECKUX YCJIOBHSAX, 00 yCIOBHSAX M3BJICYEHHS HEOPraHMYECKHX M OPTaHH-
4eCKMX MHUKPOKOMIIOHEHTOB. BoJiblile BHHMaHHA y/IENeHO 0COOEHHOCTSIM COYETaHMs AMHAMHue-
CKOr0 KOHLICHTPUPOBAHMA C METOAAMH IOC/IEeAyIOIIero onpeneieHus. Jlaercs cBoaka pemieHuH
KOHKDETHBIX 3a7a4 aHaJIi3a Pa3JINYHbIX OOBEKTOB C HCIIO/IB30BaHHEM IMHAMUUYECKOTO KOHIEHTPH-
POBaHHS.

OTzenbHO pacCMOTPEHBI COOCTBEHHBIE Pa3pabOTKH aBTOPOB: HOBBIC COPOCHTEI /I KOHIEH-
TPUPOBAHUSI HOHOB 3JICMEHTOB B AMHAMHYECKHX YCJIOBHSAX, HETPAJHIMOHHBEIE CIIOCOOBI KOHLEH-
TPUPOBaHHs ONaropogHbIX H «TSDKENBIX» META/IOB, a TAKKe CIOcOoObl COPOLHMOHHO-CHEKT-
POMETPHYECKOTO0 M COPOLHOHHO-KUIKOCTHO-XPOMATOrpauyeckKoro onpeaeNeHusi MUKPOKOMIIO-
HEHTOB.

KHura MOXeT Ipe/CTaBIsTh MHTEPEC 1A aHAIMTHKOB-TIPAKTHKOB, CBA3aHHBIX C OMpesese-
HHEM MHKPOKOMIIOHEHTOB, aHAIMTHKOB-HCCIIEI0BATeIeH, pa3pabaThiBalOIIMX HOBBIE CIIOCOOBI
M METOAMKH aHalM3a, a TAKXKe JUIL MperoaBaTeNnell H CTyJASHTOB XHMHMYECKHX CNelHanbHOCTEH
BY30B.

Penensentsi: wieH-koppecnionnedt PAH b. A. Cnusaxos;
I-p XUM. Hayk, npodeccop O. B. Poounkoe

000 «JIEHAH/I». 117312, r. Mocksa, np-1 llectunecsrunerus Oktabps, 1. 11A, ctp. 11.
®opmar 60x90/16. IMey. 1. 30. 3ak. Ne596.
Otnevarano B OO0 «Kypranckuii [lom newatn». 640022, Kypran, K. Mapkca, 106.

ISBN 978-5-9710-3465-0 © JIEHAH/, 2016
HAYYHAA W YYEBHAA NUTEPATYPA
E-mail: URSS@URSS.ru
19886 ID 215841 Karanor usnanun B UHTepHerte:
http://URSS.ru
Ten./cakc (MHOrokaHanbHbIN):
URSS +7(499) 724 25 45

9 1785971 034650

Bce mpasa 3amuiuensl. Hukakas dacTh HacTosmeil KHUTH HE MOXET ObITh BOCIPOW3BEACHA MIIN
nepesaHa B Kakoil Obl TO HH ObLIO (opMe U KaKUMH Obl TO HH ObLIO CpeacTBaMu, Oyab TO 3JIEK-
TPOHHBIE HJIH MEXaHHYEeCKHE, BKIIoYas (POTOKOMHMPOBAHME H 3allUCh HA MAarHMTHBIH HOCHTEIb,
a Takxe pa3MmelnneHue B MHTepHeTe, eCIM Ha TO HET MUChbMEHHOTO pa3pelleHHUs BlaebLa.



OrnaBneHue

TIPEIMCIIOBHE ... 7
BT .....................0occiiennniinnnnsnnsnnesstnsssnninnsssnans 10
CHHCOK YCTOBHBIX 0003HAUCHHM .............coooiviiiiiii 13
U 14

JTHTEPATYPR K BBEHEHUIO i .covvvssvvcusrisnsossassvonsiness davss sosivesasaonass 18

IVIABA 1. /lunamuyeckoe cOpOLMOHHOE
KOHIIEHTPHPOBAaHHE BELIECTB.
DCROBEL METUIME .ocin-sisinmismusiimmiiamissbinmisissmsmmssss 20

1. Bri6op copOeHTOB. OOLIME MOIOKEHUA. ... 20

2. Kputepuu BbiOOpa cCOpOEHTOB
JUIST KOHIEHTPUPOBAHUS B JUHAMUYECKOM PEXKUME.......... 25

3. MareMaTH4eCcKO€ OIMCaHUE TUHAMUKU
COPOIIMOHHBIX MPOLECCOB (COCTOSHHUE BOMPOCA).............. 33

21|, ‘THIBLMOTETHEH suiismmsmniiie St s e e e vwss beves 35

3.2. HoBblii moaxo/ K BEIOOPY COpOLIMOHHOMN
CHCTEMBI JUTSl TUHAMHYECKOTO KOHIEHTPHUPOBAHHUA ............ 4]

JIITEPATYPA R THABE | somssson smmsnnnsaomamssassaovsssasssssssmsssss 49



4 Ornapienue

ELABA 2. THOE COPUEHTOR o s oo 53
1. IIpuBuThie COPOEHTHI AJI1 KOHLECHTPUPOBAHUSA

TAMKEIIBIX METAIITIOB ...cueeenereueenteenseenreenneeneessuesneenecsnessnens 53

1.1. KoMIiekcoo0pa3yome COPOCHTBL..........cciviiiieiicaeaninn. 54

1.2. COpOEHTBI-HOHOOOMEHHHKH .......oouvuriniiiineaeieiasiieencinenes 63

2. Cop0OeHThI ¢ HEKOBAJICHTHO HMMOOMIN30BaHHBIMU
DEATCHTAME sus5 ssvsvavnns T o e e 66
2.1. MaJjionosisipHbIe MaTPHUIBL T 3aKPeIIeHUs PeareHTos ... 7 1
2.2. CnocoOsl nomy4eHns MOIH(UITHPOBAHHBIX COPOEHTOB .....92

2.3. CriocoObl MPOBEACHUS AECOPOLHH ... 96

3. CopOeHTsl 17151 KOHUEHTPUPOBAHH IITATHHOBBIX
METATIIOB T 3OJTOTA .. cevueeeeieeeeeieeeeeeeeeeeaiaeeesraeaeseannnnns 105

4. OUIBTPHI-COPOCHTHI 1JI1 KOHLIEHTPUPOBAHUA
DTECVIETIT OB 5355555, 58. 555550 5 538 S S TR VR TS993 137

4.1. OunbTpsl ¢ HEKOBAJIEHTHO
HMMOOMITH30BAHHBIMHU PEATEHTAMMU .....envniiiieiininnanneans 140
4.2. OuIBTPHI C IPUBUTHIMU TPYIIUPOBKAMH ... 154

4.3. OuiabTpsl ¢ «KMEXAHMYECKU» 3aKPEILIEHHBIMU
COPOCHTAMIE ...t 160

4.4, OunbTpbl 411 U3BICUECHHUS B3BEIIEHHBIX YaCTHIL
U MaJIOPACTBOPUMBIX (DOPM IIEMEHTOB ......ovvvvniarianeaninn. 164

5. CopOeHTHI 17151 KOHIIEHTPUPOBAHUS

OPTAHHIECKIK BEIIECTB «vvesusssswswsressussssesssnssamssonsvsssvascrns 173
5.1. B3auMOJCHCTBUS MPH COPOIIHH .....vnvenreniiniaiennieieennens 147
5.2, COPOEEITEE conommomnosssmmmnormem ansasmssn sasnsssms sansan SRR TGS 187
5.3. TeHACHIMH B CO3/TAaHUU COPOCHTOB .....ccvvivviiraniianieieninns 202
5.4. YeTpoHCcTBa AT KOHIEHTPUPOBAHHU ..o 206

JInTspatypa K THABE 2 wa s svmmmmsmnsssmsmmimsses s sesiss 209



OrnaBieHue 5

[TTABA 3. I'uOpuaHbie MeTOAbI aHAJIN3A,
BKJ/IIOYAKOLHe THHAMHYEeCKoe
KOHLIEHTPHPOBAHHE MUKPOKOMIIOHEHTOB .......... 231

1. MeTtoas! aHaiM3a 00BEKTOB, BKITIOUAIOIIHE

KOHILEHTPUPOBAHHE Ha COPOLIMOHHBIX PUIBTPAX ........... 234
1.1. CopOUHOHHO-PEHTIEHO(IYOPECIIEHTHBIE METOBI ............. 235
1.2. CopOuHOHHO-CIIEKTPO()OTOMETPHUUECKHE METOIBI ........... 238
1.3. CopOuMOHHO-HEUTPOHHO-AKTHBAMOHHBIE METO/IBI .......... 240
2. TIPOTOUHBIC METOMBI «..cuvveiiiiiiaiiieiiieaieeeneeenieenaee e eniae e 242

2.1. IlpoTouHble cOPOIIMOHHO-CIIEKTPOCKONINYECKHE
CHCTEMBI s sessssssswssosssinsssass os STy sssmay sassou e sessRo BEam v e sEsUvEFowoas 246

2.2. TIpoTouHble METO/BI ONPEAETEHUS DICMEHTOB,
BKJIIOYAIOIINE COPOLIMOHHOE KOHUEHTPUPOBAHUE
1 macc-criekrpomerpuyeckoe (¢ MCII) onpenencuue ...... 266

2.3. Tlporounsie copOUHOHHO-BOXKX METOIBI......oovviiiiinen, 309

JINTEPATYPE K IIABE 3 innensimammsmresssmsress sommuonssssasn siarssnss 371

IVIABA 4. Cop0eHTbl, c1oco0bl KOHIEHTPHPOBAHMS,
MeTOJUKHU H 000py10BaHHEe
(pazpadomku a6mMopos) ....................ccccoveuvveniennnn. 387

1. CopOeHTh! ¢ KOH(OPMALMOHHO NMOABHKHBIMU
TPVITITAMEL ,. . s .55 5 550558445405 A 8 000 R s e 387

2. CnocoObl KOHLIEHTPUPOBAHHS SJIEMEHTOB
B BUJIC HEPABHOBECHBIX POPM..uvviiuiiiiiiiiiiiiiiiiieaiiieenieans 408

2.1. JluHamMu4eckoe COpOIMOHHOE KOHLIEHTPUPOBAHUE
[UIATHHOBBIX METAJIJIOB B YCIOBUSX CYLIECTBOBAHUS
HEPABHOBECHEIX DOPM sssssmsesesssesseisienmssoevsvsmsncsoniasiss sumava s 409

2.2. JInHAaMU4eCKOe KOHLIEHTPUPOBAHUE IUIATHHOBBIX
METAJIIOB B BUJIE THIPO(OOHBIX COETUHEHUI
HA HEUOMAPHBIX COPOCHTAK: vvovemrisssscmmivniesromserarsssmsnssansns 418



OrnaBieHue

3. Cnoco0 KOHIIEHTPUPOBAHUS JIEMEHTOB
Ha QUIBTpax B BUJE THAPOPOOHBIX KOMILIEKCOB ........... 423

4. Cnoco0 KOHLEHTPUPOBaHHS THAPOGHOOHBIX
BEILECTB, BKJIIOYAIOLINH UCIOIb30BAHHUE
CYOKPUTHUECKOM BOJIBL .....evveeveenreinrienreanreeseaneeenee e 432

5. CnocoOb! aHamm3a KOHKPETHBIX 00BEKTOB,
BKJIIOUYAIOIINE KOHLIEHTPUPOBAHKE
B IUHAMHYECKUX YCHOBHIX .eeeeuvvraireeaereanieeenaieeneeaseenns 437

5.1. CnocoObl onpeesieHus 2IEMEHTOB,
BKJIFOYAIOLIUE aHAJIU3 TBEPABIX KOHLIEHTPATOB.................. 437

5.2. IIpoTouHble COPOIIMOHHO-CIIEKTPOMETPHYECKHE
METO/(bI ONPEAENECHHUSA IMEMEHTOB ....ccnuveeenrieanereennrennrennenns 446

5.3. IIpoto4nblie COPOIMOHHO-KUIKOCTHO-
XpoMaTorpaduuecKue MeTOIbl ONpe/IeaCHHS
OPTAHMYECKUX BEIIECTB ...uvvviiiiiiieniieeeainreeeniiireesenreeeenees 464

6. ObopynoBaHue I AMHAMHYECKOTO COPOITHOHHOTO
KOHLEHTPUPOBAHUS U IPOTOYHOTO OTIPEICICHNS,

BKJIIOUYAIOIIETO KOHIIEHTPUPOBAHHUE ... 470

JIATEPATYPA K ITIABE 4 ...ttt 472



