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OBIIAS XAPAKTEPUCTHUKA PABOTBI

AKTYaJIbHOCTBb. B CBf3U C XeCTKOH KOHKYpeHTHOH OopbOOil Ha MHPOBOM
PBIHKE IPOU3BOJIUTENICH a30IIMTMEHTOB M KpacuTeleil ony4eHne MpoayKToB, 00a-
JAIOMIMX ONMPEICICHHBIM HAabOpOM KadeCTBEHHBIX XapaKTEPHCTHK (KOJIOPHCTHYE-
CKasi KOHIIEHTpalusi (OTHOCHTENIbHAs Kpacsiiasi CloCOGHOCTD)), LBET, WHTCHCHB-
HOCTb, YKPBIBUCTOCTB, MPO3PAYHOCTh, OJIECK, YUCTOTA, OTTCHOK W T.I.), SIBJISCTCS
MIEPBOOYEPETHBIM.

OCHOBHBIM IT0Ka3aTeJIeM BBIITYCKHBIX (DOPM MUTMEHTOB U KpacHTeJIeH SBIsCT-
sl KOJIOPUCTHYECKAs! KOHIIEHTpanus (OTHOCHTEIbHAS KpacsIasi ClIOCOOHOCTD).

Kpacsimue cBoiicTBa OpraHHYECKUX MUTMEHTOB B 3HAYMTEIHHON CTEIICHU 3a-
BUCAT OT HAJIM4YUsS B HUX BOJOPACTBOPHMBIX MPUMECEH, KOTOPBIC MPEICTaBISIOT
c000i HeHTpaIbHEIE HIIEKTPOJIUTEI, Yallle BCEro — pacTBOp HmoBapeHHoit comu. [pu-
MECH MOTYT 00pa30BBIBaThCS B pe3ysbTaTe CHHTE3a (PEaKiMy JHAa30THPOBAHUS H
a3ocoveTaHus1, MOOOYHbIE) U IIOCTYIIATh C HCXOIHBIM CHIPbEM.

[IpucyTcTBHE aXKe HE3HAUMTEIBHOTO KOJMYECTBA MOBAPEHHOH COJIM B IOTO-
BOM IIPOJLYKTE, OPraHUYECKUX NMUTMEHTAaX YXYAIIAeT UX Ka4eCTBEHHBIC OKA3aTeIH
(B 4acTHOCTH KOJOPHUCTHYECKYIO KOHIEHTparmio). [loatomy paspaborka crocoba,
MOBBILIAIOLIETO yIaJICHHE BOJOPACTBOPHMBIX IPUMECEil U3 MacT IUTMEHTOB U Kpa-
CHUTEJICH, PEACTABIsIET TEOPETHYECKUII HHTEpeC M UMeeT OOJIbIIOE MPAKTHYECKOe
3HAa4YEHHUeE.

ParonanbHast OTMBIBKA C MCHOJB30BAaHMEM BOJ PAa3HON KIIACTEPHOM CTPYK-
TYpbl TIO3BOJISICT PEIIMTh 3a/ady IMOBBIILCHHS KOJOPUCTHYCCKOH KOHLICHTPALMU
[IUTMEHTOB.

PaGora BEmoONHSUIACE B paMKax AHAJIMTHYECKOH BEIOMCTBEHHOH IeIeBOH
nporpamMmbl «Pa3BUTHE HAay4HOIo MOTEeHIMaka Bbiciiel mkoisl (2009 — 2010ro-
np1)» (ko 2.1.2.309, 2.1.2.1648PenepanbHoii neneoit nporpammsl «Hccnenosa-
HUS M Pa3pabOTKU [0 NPHOPUTETHBIM HAMpPABICHHAM pPAa3BUTHA Hay4HO-
TexHH4YecKoro kommiekca Poccun Ha 2007 — 2012rr.» (rocymapCTBEHHBIH KOH-
tpakt Ne 02.513.11.3376t1 26 Hostopst 2007r.) 1 iporpammsl «Y.M.H.J.K.» (po-
ekt Ne 1015501 01.02. 201G. HUOKP no teme Ne 1).

Henn padorsl M 3a1auu ucciaenoBaHus. Llenblo auccepTaliOHHON paboThI
SBJISUIOCH MCCJIEJ0BAaHNE KMHETHKH IIPOLecca yIaleHHs BOJOPACTBOPHUMBIX COJIeil
U3 1acT a30INMIMEHTOB METOJOM JACKAHTALWH, NOBBIILICHHE MX KOJOPHCTUYECKOM
KOHIICHTPALMM Ha CTaJAMM OTMBIBKM BOJAMH PA3INYHOH KJIACTEPHOH CTPYKTYpBI M
HAaHOCTPYKTYPHPOBAHHBIX MaTepUaloB Ha mpumepe nurmenra OpamxeBoro XK,
co3jaHue (U3NYECKOH MOJENH Ipomecca yHaleHHs BOIOPAaCTBOPHUMBIX COJEH ¢
[OBEPXHOCTH YaCTHI[bl IIUTMEHTA Ha OCHOBE MHULECIULIPHOW CTPYKTYpPBI JBOHHOTO
NIEKTPUIECKOTO CJIOS, pa3padoTKa MaTEMaTHIECKOTO OMHCAHUS MIpoLecca yaaleH s
BOJIOPACTBOPHUMBIX COJIEHl U3 MAaCT IMUTMEHTOB METOJIOM JEKaHTAIMH, 03BOJISIONIE-
IO ONPEAENUTH KOJIMYECTBO IUKIOB IIPOMBIBKH, KOHIIEHTPAIMIO BOJOPACTBOPHMBIX
coJeil mocine KakAoW CTaauy OTMBIBKH, KOJHYECTBO PACTBOPHUTENS Ha 3aBepILAro-
IIeH CTauH IPOMBIBKH.

JUIs TOCTIDKEHUS TIOCTaBICHHOM IIeU C(OPMYIUPOBAHEI M PEIICHBI CIEAYIO-
IIMe 3aJa4u:

— ompeneneHbl HH3UKO-XMMUYECKHAE CBOWCTBA pacTBOPHUTENs (ILIOTHOCTS, I10-
BEPXHOCTHOE HATSDKECHHUE, dICKTPHYIECKast IPOBOAMNMOCTE);

— M3Y4EHO BIMSHUE TEMIIEPATyphl Ha NIEKTPUYECKYIO TPOBOJUMOCTb PACTBO-
puTens;

— ompejeNieHa pacTBOpUMOCTh coeid (Ha mpumepe xnopuna Hatpus NaCl)
PacTBOPHUTEJIC B 3aBUCUMOCTH OT KJIACTEPHO CTPYKTYPbI BOBI U HAHOMATEPHAJIOB;
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— 1o100paH pacTBOPHUTENb, UMEIOIIMHA MakCUMaJbHbIH 3 deKT ynaaeHus co-
1 (NaCl)u3 nacT a30mUrMeHToB;

— HCCIe/0BaHa KWHETHKa Ipolecca yNaJeHUs BOJOPACTBOPHMBIX COJICH U3
[acT a30MUIrMEHTOB METOJIOM JICKaHTALUH;

— IpemIoKeHa (pr3uIecKast MOJIENb Mpolecca yIaJICHHs BOJOPACTBOPHMEBIX COJEH
C TIOBEPXHOCTH YaCTHI] OPraHWIECKHX ITUTMEHTOB;

— pa3paboTaHO MaTeMaTHYECKOe OICaHME IIpolecca YHaJIeHUs BOJOPACTBOPH-
MBIX COJIEH U3 IacT OPraHWYECKHX ITUIMEHTOB METOJIOM JEKAHTAIIMOHON OTMBIBKU Ha
OCHOBE y4eTa ABOIHOTO 3JIEKTPHIECKOrO CIIOS;

— IIpOBeJIeHa MACHTU(UKAIS W OLCHKA aJeKBaTHOCTH IIPEIUIOKEHHOTO MaTeMa-
THYECKOT'O OIMCAHNUSI peajIbHOMY IIPOLIECCY;

— Ha OCHOBE MAaTEMaTHYeCKOro OIHCAHWS IIpolecca IEKAHTALMOHON OTMBIBKH
NIpEUIOKeHa MHKEHEpHasT METOJMKA, MO3BOJIIIOIIAsT ONPEIENUTh KOJIMIECTBO IMKIIOB
JUISL IOCTIDKCHIS 33/IAaHHOHM KOHIIEHTPAINK BOJOPACTBOPUMBIX IIPHMECEH B IacTe IHTr-
MEHTa, BPEMsI OCaKICHHS YaCTHI[ IIMTMEHTa MPH OTCTAUBAHUH, BPEMsl [IEpEMELINBAHHUS
CYCHEH3UH, KOJMYECTBO IMKIOB NPOMBIBKM M KOJIMYECTBO PACTBOPUTEISI Ha 3aBep-
IIAIOLIEH CTaiy IPOMBIBKH [1aCT A30IUTMEHTA.

Hay4yHast HOBU3HA PaGOTBI:

— YCTaHOBJIEHO BIIMSIHUE BOJ| PA3JIMYHOM KJIACTEPHOM CTPYKTYpbl U HAHOMATEPUAIOB
Ha 3 (heKTUBHOCTB YJJICHHsI BOJIOPACTBOPUMBIX COJICH U3 T1ACT TUTMEHTA;

— HCCIIE0BAHO BIIMSHKME MaTepPHAIIOB B HAHOCTPYKTYypHpoBaHHoii opme (Cu, Fe,
Ni, ¢ pasmepamu gactuir MmeHee 100 HM), BBOAMMBIX B PaCTBOPUTEINb, HA IIOBBILICHHE
KOJIODUCTUYECKHX T0Ka3aTeed OpPraHMYeCKUX IMIMEHTOB. YBEJIMYCHHE COCTABISET
21...57%rm0 cpaBHEHHIO CO CTAHIAPTHBIM 00Pa3LOM;

— IpeuIoxkeHa Gu3HdecKas MoJelb 00pa30BaHUs MHULEIUT IMTMEHTa B AMCIIEPC-
HO# (ha3e ¢ OKPYXKAIOLIMMH HX TOTCHLAIONPEIeIBIONMMI HoHame xJiopa CI™ 1 nona-
mu Na'. TloaTsepskieHa NPUMEHAMOCTb TPEIIOKEHHON (DU3HUECKOH MOMENH, OCHO-
BAHHOW Ha PaCCMOTPEHHMH JBOHHOIO JIEKTPHYECKOTO CIIOS, UI1 MATEMaTHYECKOTO OITH-
CaHUs MpoLecca YIalIeHUs BOJOPACTBOPUMBIX COJICH U3 NACT OPraHMYeCKUX MUTMEHTOB
METOZIOM JICKaHTALMU C OTCTAMBaHMEM IpPH BapbUPOBAaHMM KOJMYECTBA I10aBACMbIX
MPOMBIBHBIX BOJl Ha KOKIOM LIMKJIE OTMBIBKH, KOTOPbIE 00pa3yroT aJcOpOLMOHHBII 1
T y3HOHHBIHA cIoH;

— pa3paboTaHO MaTeMaTHYECKOe OIMCaHME IIpolecca YHaJIeHUs BOJOPACTBOPHU-
MBIX COJIEH M3 CYCHEH3UH OpPraHMYeCKUX IMHUTMEHTOB METOJIOM JIEKaHTaIlH JUIS CHCTe-
MBI IIPOCTPAHCTBEHHO Pa3/ICICHHBIX 3apsloB Ha rpaHuie pasnena (a3 (IMrMeHT—
PacTBop), MPEJICTABISIIONICH COOOM [IBOUHOM 3IIEKTPHUECKHI CIIOM.

IIpakTHYecKkas LEHHOCTD:

— TIOJTy4eHBI 3aBHCHMOCTH CKOPOCTH OCAXKICHMS YaCTHI] IMTMEHTA OPAH>KEBOTO
JK OT KIacTepHOW CTPYKTYpbI pacTBOpHTENS (Tanas apTe3MaHCKasi BOJA; apTe3HaHCKas
BOJa, mporyieHHas yepe3 YCBP; apre3uaHckas Boja) ¥ MaTepHaoB B HAHOCTPYKTY-
puposanHoii dopme (Fe, Ni, Cu),no3Bosisiroie peKOMEHI0BaTh JUIsl HCTIONB30BAHHUS B
Ka4yecTBE PACTBOPUTENISI apTE3WaHCKYIO BOAy, HporyeHHyto yepe3 YCBP npu BBene-
HUH HaHoMeTana Fe;

— yCTaHOBJIEHA ()(PEKTUBHOCTH UCHOJB30BAHUS CTPYKTYPHPOBAHHOTO PACTBOPH-
TeNs ¥ HAHOMETAUIOB B CPABHEHHMH C NPUMEHEHHEM apTE3MaHCKOW BOIbI HA CTaJUH
YIaIeHHs! BOJOPACTBOPHMBIX COJIEH JUIS YBENIMUCHHS KOJIOPHCTHIECKOI KOHIICHT PN
OpraHMYecKoro MUrMeHTa, cocraBuiieit 159%.

— IPEJVIOKEHHBIH METOJ| yaIICHHS BOJOPACTBOPUMBIX COJIEH M3 [ACT a30IUIMEH-
TOB MO3BOJIET UCIOJIB30BaTh OTPAOOTAHHbIE POMBIBHBIEC BOJIbI C TPEThEH CTaIHH MPO-
iecca JeKaHTALMM IIOBTOPHO, YTO BEIET K COKPAILCHUIO KOJIMYECTBA MOTPEOIseMoil
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BOJIbI B 4 pasa 10 CPaBHEHMIO C TIPOMBIBKOIT Ha (PUIIBTPax [0 33JaHHON KOHLEHTPALUH
BOJIOPACTBOPHMBIX COJEH B IIACTe MUIMEHTA, YTO IO3BOJIET CHHU3HUThH NOTpEOIIeHHE
TIPOMBIBHOH BoJIbI B 1,47pa3a, 3aTpaThl Ha MJIEKTPOIHEPTHIO B 2,7 pa3a;

— OmpeJeNeHbl 3HaYeHUs KOJIOPHCTHYECKO KOHIGHTpalMu asonurMeHra. IIpu
HCIIOJIL30BaHUN CTPYKTYPHPOBAaHHON BOJABI WX yBenuueHue coctaBwio 5,3...5,8%8
CPaBHEHUH CO CTaHIAPTHBIM 00pAa3LOM NP OTMBIBKE IACT a30IMIMEHTOB BOZIAMHU pa3-
JIMYHOM KJIACTEPHOM CTPYKTYpBI;

— pa3paboTaHa MHXEHEpHas METOJMKA pacdera IIporecca YJalIeHHs BOIOPacTBO-
PHMBIX COJEH U3 MACT OPraHUYECKHX MUIMEHTOB METOZIOM JICKAHTALUU C OTCTAaUBAHH-
€M, MO3BOJIIONIAs ONPEASINTh KOJIMYECTBO LIMKIIOB POMBIBKH, KOHEYHYIO KOHILICHTpa-
IMIO BOAOPACTBOPHMMBIX COJIEH B IacTe, BpeMsl OTCTAMBAHIS YacTHI] IMTMEHTA, BPeMs
HepEMELINBaHKS CYCIICH3UH NUTMEHTa, KOJIMYECTBO LIMKJIOB MPOMBIBOK M KOJMYECTBO
PacTBOPUTEIIS Ha 3aBEPILAIOLLEH CTaIMH IPOMBIBKH T MEHTa;

— JIaHBI TPAKTUYECKUE PEKOMEHIAIMU M0 OPTaHW3al[MUd U COBEPIICHCTBOBA-
HHIO CTaJNH NPOMBIBKM OPraHMYECKUX IUTMEHTOB, 3aKJIIOYAIOIINECS B PEIyJIbIIU-
pOBaHMM KOHLUEHTPUPOBAHHOMN CYCIIEH3UM BOJOH, coepiKalleil HaHOCTPYKTYPUpPO-
BaHHbIC MarepHalibl (HE0OXOAMMasi KOHIEHTpALKs 110 BOJOPACTBOPUMBIM IIpHUME-
CSIM JIOCTHraeTcs 3a 4 LUKIa), U HPHHATHIC K BHEIPCHHIO HA BCEX MPOU3BOJCTBAX
A30IIMIMEHTOB U HPOJAYKTOB, MOJIyY€HHE KOTOPBIX CONPOBOXAACTCS HApabOTKOM
BojiopacTBOpuMEIX colieir, B OAO «[IurmeHT». DkoHOMIYecKHi 3 deKT mpemio-
xeHHoit TexHonoruu 2 300 00G./rox.

Anpobauusi padorbl. OCHOBHBIC PE3YNIbTAThl M TOJOKEHHS IUCCEPTALMOHHON
PaboThI JOKIIAIBIBAIICH U OOCYKIAINCH HA CIEIYIOINX KOH(PEPCHIMAX U CEMUHAPAX:
MEXKTyHapOIHBIX HayYHO-TIPAaKTHYECKNX KoHpepeHmsix «/ccnenoBanue, pazpaboTka 1
NPUMEHEHHE BBICOKHX TEXHOJNOTHH B mpombiinieHHOCTH» (Cankr-ITerepOypr, 2006,
2007, 2008r.), «CoBpeMEHHbIE IHEProcOeperaroliie TeIUIOBbIC TEXHOJIOTHH (CyILKa 1
TEPMOBIIKHOCTOMHKass 00paboTka MarepuaiioB)» (MockBa—Tam6os, 2008r.), Boma —
ucrounuk sxu3hHu» ([laBnomap, Kaszaxcran, 2009r.), «IHHOBAIMOHHAS 3KOHOMHKA M
HpoMblIuieHHas nonuTrka perrona (AKOITPOM-2009)» (Caukr-ITerepOypr, 2009r.),
«Hayka Ha pyOexe Toicsueneruin» (Tam6os, 20091.), «CoBpeMeHHbIC HAIPABJICHHUS
TEOPETHYECKHX M TPUKIAIHBIX Hccnenosanuii» (Omecca, 2010T.); MEXIyHAPOAHBIX
KoH(epeHImsIX «Xumudeckas TexHosorus» (Mocksa, 2007T.); MEXIyHapOIHBIX Hay4-
HbIX KoH(pepeHuusx «MaTteMaTH4ecKue METobl B TEXHUKE U TexHonorun» (Capatos,
2008r.; TIckos, 2009r.; Caparos, 2010r.), «CoBpeMeHHbIe MPOOIeMbI HHPOPMATH3a-
LMK B CHCTEMax MO/IC/IMPOBAHHSI, MPOrPaMMHPOBAHHUS H TEICKOMMYHHUKaIsix» (Mock-
Ba, 2009T1.); MEeXIYHapOIHOI HAayYHO-TEXHHYECKOI KoH(epeHImH «THHOBALMOHHbIC
MCCIeIoBaHus B cepe KpUTHUECKUX TexHosoruii» (benropon, 2007r.); BecepoccHiickoi
(c MeXITYHAPOIHBIM yYaCTHEM) 309HOI HAYIHO-TIPAKTUYECKON KOHMEPEHIMH «AKTY-
abHBIC POOJIEMBI ecTeCTBEHHBIX Hayk» (Tam6oB, 2009r.); MeXIyHapOIHON 3a04HOI
HAYYHO-TIPAKTUYECKOH KOH(EPEHINH «AKTyalbHbIC IPOOJIEMbl €CTECTBEHHBIX HAyK»
(TamGoB, 2010r.); BCEPOCCHICKON 3UMHEH IIKOJIE-CEMHHAPE aCIIMPAHTOB M MOJIOJBIX
VUCHBIX (C MEXIYyHapOIHBIM ydacTHEM) «AKTyaJbHbIC IPOOJIEMbI HAYKU U TEXHUKH»
(Va, 2010r.); BcepoccHiickoM Hay4HO-MHHOBAIIMOHHOM KOHKYypce «Pa3paboTka HHHO-
BALIMOHHBIX TEXHOJIOTMH MOJY4YCHHS HAHOPA3MEPHBIX CTPYKTYp OPraHHM4YECKHX Be-
IIECTB» II0 HAINPABICHHUIO <«XWMHS, HOBBIE MaTEpHAIB], XHUMHYECKHE TEXHOJIOTUH»,
AKKPEAUTOBAHHOM I10 HPOTrpaMMe «YY4acTHUK MOJIOJIEKHOTO HAYYHO-HHHOBALMOHHOTO
korkypca (Y.M.H.M.K.), 2009» [larecTaHCKHii roCyJapCTBCHHBIH TCXHUYECKHN YHH-
Bepcurer, DOHI comeHCTBUS pasBUTUIO MaubIX (OPM MPENPHATHA B HAYYHO-
TeXHUYeCKol cdepe, T. Maxaukama, 2009T.); KOHKYpCe HAy4HO-HCCIIENOBATEIBCKUX
paboT aCIMPaHTOB ¥ MOJIOJIbIX YYEHBIX BBICIIMX Y4EeOHBIX 3aBSACHHI B 00JIaCTH SHEPro-
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coepexxennst B npombiiuieHHOCTH «OBPUKA-2010» {OsxHO-Poccuiickuii rocynaper-
BEHHbIN TexHU4eckuil yHuBepcuter (HoBouepkacckwil HMOJMTEXHHYECKHA HHCTHTYT),
r. Hoouepkacck, 2010r.); Hay4HO#i cTyIeHuecKoi KoHpepeHimn accormanin «Oobe-
JWHeHHbIH yHUBepcuTeT uM. B.M. BepHanckoro» «Ipobnemsr HoocdepHoit 6e30macHo-
CTH M YCTOHYHBOTrO pa3Butus» (Tam6oB, 2010r.); BcepocCHHCKNX HAYYHO-TEXHUYECKUX
KoH(epeHImsIX «IpHOpUTETHBIC HANPABIICHNS Pa3BUTHsI HAyKW U TexHomoruin» (Tyuna,
2010r.), dIpoGneMbl MEXIyHAPOIHON HUHTErPALMK HALMOHAIBHBIX 00pa30BaTEIbHbIX
cragnaproB» ([Tapwk —JIonnoH, 23amnpens — 1mast 2010r.), «CoBpeMeHHbIE IPOOIEMBI
MH(OpMATH3AIMK B CUCTEMAX MOJEIMPOBAHUS, IPOrPaMMHUPOBAHNUS H TEICKOMMYHHKa-
usix» (3a04Hast anekTpoHHast Koupeperws, 15 — 20xradpst 2009r.).

Marepuarbl 0 TeMe JUCCepTaliy ¥ KOMaHIa MAarCTPaHTOB M acIIUPAHTOB, BO3-
I71aBJsieMasi CTapIIuM TpernoiaBaresneM Kadeaps! «XHMUYeCKHe TeXHOJIOTUN OpraHHuye-
ckux BeniectB» CyboueBoit M.IO., ObUI OTMEUEHBI: JUIIOMOM MOOEANTENS U CepTH-
¢uKaToM ydacTHWKa (HHAIBHOTO Typa HA CMOTpPE-KOHKYpCe HayJHO-HCCIIENO-
BATEJILCKUX Pa0OT aClUpPaHTOB M MOJIOJBIX YYEHBIX BBICIIMX y4eOHbBIX 3aBEICHHH B
obractu sHeprocoepekeHns B pombinuieHHocTd «9BPUKA-2010»8 2010r.; aumo-
MoM nobemurenst (1-€ mMecTo) M npusHaHHeM mobOeauTerneM Bcepoccuiickoro HaydHO-
MHHOBALIMOHHOTO KOHKypca «Pa3paboTka HHHOBALMOHHBIX TEXHOJIOTMH MOTyYCHHUS
HAHOPa3MEPHBIX CTPYKTYP OPTraHUHYECKHX BEIIECTB M0 HAIPABICHHUIO «XHUMUs, HOBBIC
MaTepHaibl, XUMHUYECKHE TEXHOJOTWH», AaKKPEAWUTOBAHHBIE II0  MPOrpamMMe
«Y . M.H.1LK.»B 2009r.

IMy6mkanun. ITo Teme aucceprauoHHO# paboTs! omyoankoBano 30 mevaTHbIX
paboT, B TOM umncie 3 CTaTbH B XKypHAJIaxX, BXOMAIIUX B MEePeYeHb BEAYIINX PELCH3H-
PYEMBIX Hay4yHBIX KYPHAJIOB M M3/IaHUH, B KOTOPBIX JODKHBI OBITH OITyOJMKOBaHBI
OCHOBHBIC HAay4HbIE PE3YJIbTAThI AUCCEPTALINIA HAa COMCKAHUE YUCHBIX CTENEHEH JOKTopa
1 KaH[WJaTa HayK, ¥ ITh y4eOHBIX TOCOOH.

CtpykTypa u 00beM padoThl. JluccepTanronHas paboTa COCTOUT U3 BBEIICHU,
IIATH OCHOBHBIX IJIaB M 3aKJIIOYEHHS, CIIMCKA MCIOJIb3YeMbIX HCTOUHHKOB M IPHIIOMKE-
muit. duccepramust copepxutr 209 cTpaHHI] MAIIMHONICHOTO TEKCTa, B TOM YHCIIE
49 prucynkoB 1 15 Tabumrl, CIIMCOK HCIOJIB30BAHHBIX MCTOYHHKOB BKiodaer 303 Ha-
MMEHOBAHHS OTEUECTBEHHBIX 1 3apyOC/KHBIX aBTOPOB.

OCHOBHOE COAEPKAHUE PABOTbI

Bo BBeaeHMHM 000CHOBaHAa aKTyaJbHOCTb TEMbl AHCCEPTALMOHHOI palboTHI,
copMynHMpOBaHEl LeMb M 3aja4u HccienoBaHui. OOO3HAYEHBI HaydHas HOBHM3HA U
MIPaKTUYECKast ICHHOCTh PEe3yNbTaTOB PaOOTHL.

B niepBoii ri1aBe paccMOTpeHbI TOIXO0/IbI K PELICHUIO 331Ul YIydIIeHUs] XapaK-
TEPUCTUK OPTraHWYECKHX IUTMEHTOB, ONPEIEIIONMX KadeCTBEHHbIE IOKa3aTelH; (u-
3UYECKUE XaPAKTEPUCTUKH a30IIMTMEHTOB, BIUSIOIIUE Ha [I0KA3aTe/ b KOJIOPUCTHYECKON
KOHLIEHTpALMH; METO/IbI UX ONpEJENEHHS; aHaIN3 TPOLIECCOB YIalIeHHUs BOIOPACTBOPH-
MBIX COJI€H M3 MAacT a30MUTMEHTOB C MO3HIMH TOBBILIIEHUS X KOJOPUCTHYECKOH KOH-
LEHTpalmy; (aKTopsl, BIMSIONMME Ha S(P(EKTHBHOCTh yHAJIECHUS BOIOPACTBOPHMBIX
coneil: (hM3UKO-XHMUYECKHE CBOWCTBA PACTBOPHMBIX COJICH M PACTBOPHUTEISI, HAHOYA-
CTHII, TEXHOJOTMYECKIE MapaMeTpbl Mpoliecca PacTBOPeHMs (Temreparypa, KHCIOT-
HOCTb CPe[Ibl); METO/Ibl MATEMAaTHYECKOTrO MOJICITMPOBAHNS [Tl HCCIICOBAHMSI TIpoLiecca
OTMBIBKU ITACT OPTraHWYECKHX MHUTMEHTOB METOJOM JEKAaHTAallM{ M UX almapaTypHOe
oopmiieHue.

Ilo pesynpraram aHamm3a JUTEPaTypHBIX MCTOYHHKOB OBUIM CHETIAHBI BBIBOJBL,
chOpMHUPOBAHBI 331a41 TEOPETHUCCKUX H IKCIIEPUMEHTAIIBHBIX UCCIICIOBAHNH.
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Bropas riaBa nocssiieHa onpeeneHno GU3NKO-XUMUIECKHX CBOWCTB pac-
tBoputenst cond NaCl (@UIOTHOCTh, MOBEPXHOCTHOE HATSDKCHHE, JJICKTPHYCCKAs
[POBOAUMOCTB, PACTBOPUMOCTB), PACCMOTPEH MOAX0J K GOPMHUPOBAHUIO PACTBOPH-
TeJIsl C MAKCUMAJIBHOH pacTBOPHUMOCTBIO COJH, ITOKA3aHO BIMSHHUE CTPYKTYPHI BOX 1
HaHOMAaTEepHAJIOB Ha JAHHEIE IOKA3aTeNH.

OOBEKTOM HCCIIEIOBAHNUS SIBISUICS PACTBOPHUTEND, IPEACTABIIONINN co00H BO-
IIbl PAa3IMYHBIX KIACTEPHBIX CTPYKTYP (AMCTUIUIMPOBAaHHAs BOJA; Tajas JUCTHILIHPO-
BaHHas BOJA; AUCTUIIMPOBAHHAS BOJA, MPOMYIIEHHAs Yepe3 yriIepoJHYyI0 CMECh BbI-
cokoil peakuonHol criocobroct (YCBP — yriepomHsiii MOPOIIOK ¢ pa3sMepaMu
yactul MeHee 40 MKM, COCTOSIIIMIA U3 HAHOTPYOOK, CBOOOIHBIX PaJHKANIOB U paJuKa-
JIOB B BUJIe rekcaroHanos; nsrorosurens OO0 «Xomaunr 3omnorast @opmyiia»); apre-
3MaHCKas BOJA; Tajas apTe3WaHCKas, apTe3HaHCKas BOAA, IPOIYIIEHHas uepes
VCBP). KnacrepHasi CTpyKTypa BOIbI — BO3MOKHOCTH MOJICKYJT BOJBI COCIAHHSITHCS
MeX1y coOol B yCTOWUMBEIE acconuatsl. B kauecTBe MCcXoqHOro obpasia UCHoib30-
Basicss qUCTWILIAT. POpMHUpOBaHHE M M3MEHEHHE CTPYKTYPhI BOJBI 0OECIIEUHBANIOCH
3aMOpaXKMBAaHHUEM, BO3ICHCTBHEM HAHOYTJICPOIHBIMI MaTepHaIaMU.

3amayaMy SKCIEPUMEHTANIBHBIX HCCIEJOBaHUN SBILUIICEH. ompereneHue ¢u-
3WKO-XUMHUYECKAX CBOHCTB PAcTBOPHUTENS B 3aBUCHMOCTH OT €ro KJIACTepHOH
CTPYKTYpPHl ¥ HaHOMAaTEpUAJIOB, M3YUCHUE BIMSHHS TEMIIEPAaTypbl Ha dJIEKTpUUe-
CKYIO IIPOBOJJMMOCTE PAacTBOPHTENS Pa3JIMUHON KIACTEPHOH CTPYKTyphl 6e3 Hamiu-
YHS U C IIPUCYTCTBHEM MAaTEPHAIOB B HAHOCTPYKTYPHPOBAHHOH (hopMme; ompexere-
HHE pacTBOpuMocTH coneil (Ha mpumepe xiopuna Harpus NaCl). ®usnko-
XMMHYECKHE CBOWCTBA pacTBOPUTEINS omnpenesuch npu temuneparype 20 °C B 3a-
BHCHMOCTH OT KJIACTEPHOMN CTPYKTYpbI BOJ M HaHOMaTepuanoB (tabu. 1). B xauecr-
B€ HAaHOMAaTepHaJIOB Mcnonb30Bany Metaisl 1 u 8 rpynn Ileproaudeckoii cucteMsr
xuMuueckux snementos JI.1. Menneneesa: Cu, Fe, Ni.

ITnoTHOCTE M BeNMYMHA ITOKA3aTelst HOBEPXHOCTHOTO HATSDKEHUS BBIIIE Y BOT,
MPOLICANINX AECTPYKTYpH3alHio. Bce MoiydeHHBIE IOKa3aTeaH OTINYAIOTCS OT
HCXOTHOTo 00pa3ia — AUCTUIUTMPOBaHHOM Boabl. IlokazaTens ayeKTpudecKkol mpo-
BOJMMOCTH BOJ MEHSETCSI ¢ U3MEHEHHEM MX KJIAaCTePHOH CTPYKTYPbl U HalU4Us B
HHUX HaHoMmarepuanos. Habmionaercst yBennueHue moxasaress 3JeKTPUIEcKol mpo-
BOJHMMOCTH IO CPABHEHHIO C STAJOHHBIM 00pa3LOM — AUCTHIUTUPOBAHHOHN BOJIOH, B
2,1 pa3a. Pocr anexrpuueckoil nmpoBoaumocTH B mpucyrctBud CuU Bo3pactaer B
2,9 pa3a, B npucyrcTBun Fe —mis tanoit auctuiuimposanHoit Boasl B 1,03 pas, mwis
IUCTWIIMPOBAHHOM BOJbI, MpomyieHHo! yepe3 YCBP, nabmonaeTcs yMeHbIIeHHEe
nokasarens B 1,14pa3, B npucyrcrBun Ni — HaGnronaercs yBenuuenue B 4,9 pas.

1. duznKo-xuMHYeCKHe MOKA3ATeTH BOJ PA3HOH CTPYKTYPBI

T CTPYKTYpPBI BOIBL
JlucTuipoBaH-
W3mepumplii mokasatens | Apresua- |Jluctmmmipoan- | Tamast TUCTHILIN- Has BOJa,
CKasl Boza Has Bozia pOBaHHasi BOAA | MpPOIyIICHHAs
gyepe3 YCBP
ITnotHOCTB, IfcM® 0,998: 1,000( 0,976 0,978
Toepxnocthoe Hats- | 5759 0,0727 0,0759 0,0760
wenue, JHx/m
0e3 mare-
Onextpude- prana 727 5,25 8,79 12,2
;‘;&"O‘;FT’E?;(’;_ Cu 732 13,1 36, 40,C
Fe 73C 34t 35,4 30,2
bl MKCM/eM | 734 9,6 36, 54,1




DKCrepUMEHTANBHBIC UCCIISI0BAHMS [0 OLECHKE BIHSHKS TeMIepaTypsl (B aua-
nasone oT 23 10 33 °C) Ha 3JIEKTPUYECKYIO IPOBOAUMOCTD BOJ Pa3IMYHOM KiacTep-
HOH CTPYKTYpBI NIPOBOAWIINCH JUISL: TAJIOH apTEe3MAHCKOH BOABI, apTe3MaHCKOH BOJBI,
nporyieHHoi yepe3 YCBP; apresuanckoit Bozpl (puc. 1). C poctoM Temreparypsl
MPOUCXOANT JIMHEHHBIH POCT NPOBOJUMOCTH, KaK apTe3MaHCKON BOJBI, TaK U BOJ,
MOAABEPTIIMXCST  CTPYKTypu3auu. UYeM MeHbIle 371eKTPOINpPOBOAUMOCTb BOA, TEM
6oblIe POCT JAHHOTO MOKA3aTeNs IPY yBETMYEHUH TEMIIEPATypBhI.

Ornpenesena pactBopuMocth codieit (Ha npumepe NaCl) B pactBoputene B 3a-
BHUCHMOCTH OT €r0 KJIAaCTEPHOH CTPYKTYpHI M MaTepHallOB B HAHOCTPYKTYPHPOBAH-
HO#t popme (Tabi. 2). PacrBopumocts commn NaCl pasnuuna B BoJax ¢ pasHol Kiia-
CTEPHOI CTPYKTYpOil 1 HaOII0AaeTCsl yMEHbIIEHHE JaHHOTO TOKa3aTels Mo CpaBHe-
HUIO C 3TaJIOHHBIM 00pa3loM — IUCTHJUIMPOBaHHOW BOmoil. PacTBopuMOCTH cosu
NaCl B Bogax ¢ pa3inyHON KIACTEPHON CTPYKTYpOM, B MPUCYTCTBUH MAaTEPHAIIOB B
HAHOCTPYKTYPUPOBAaHHOH (hOpMe MOBBIIIAETCS 10 CPABHEHHIO C 3TAJIOHHBIM 00pa3-
LIOM ¥ MMEET CaMble BBICOKHME MOKa3aTeNd Ul JUCTUIIMPOBAHHOM BOJBI, MPOIy-
enHoit uepe3 YCBP B npucyrcrun HaroNi.

3aBUCUMOCTh 3JIEKTPUUECKON NPOBOIMMOCTH BOJ PAa3IMYHON KIaCTEPHOM
CTPYKTYpBI OT KOHUeHTpaunu siekrpoiura — NaCl xapakrepusyercs HanmdueMm
MakcuMyMma (puc. 2). Takoii xapakrep KpUBBIX HAOIIOAACTCS U [P BBEACHUH HAHO-

95C 6000 | e e
90C 3 | VA
2 5000 ] fommc1,
85¢ # < / ’7/,’- e,
z 80cC > 3 T £ 4000 1//
5 75¢C g
Z 3000
He . Y AN Ay
g 65C 3 2 2000 —
60C ‘J-"A g l
v — g 1000
s0ct=* - £
23 25 27 29 31 33 H 0 5 10 15 20 25 30 35
Temmepatypa, °C Konuenrparus NaClr/100 w1 Bosst
Puc. 2. 3aBHCHMOCTB 3/1eKTPUYECKOii
TIPOBOMMOCTH BOJl Pa3JIMYHON KJIacTepHOM’
Puc. 1. DnekTpuueckasi HpOBOIHMOCTb CTPYKTYpbI 0T Ko4ecTBa con (NaCl),
BO/l Pa3/IM4HOI KJIACTEPHOH CTPYKTYpBI BBOJMMOIi B pACTBOPHTEIIb.
NPH PAa3JIMYHBIX TEMIIEPATYpax: 1 — IuCTHITHPOBaHHAS BOAA; 2 — Tajas
1 —apre3uaHckas Bofia; 2 —apTe3UaHcKas JMCTUIIMPOBAHHAS BOJA,;
BOJI, IportymieHHas uepe3 YCBP; 3 — AUCTHIINPOBAHHAS BOJA, IPOIYIICHHAS
3 — Tanas apTe3uaHcKas BoIa gepe3 YCBP

2. PacTBOpUMOCTH couieii B Bojie pa3Hoii ctpykrypsi (20 °C)

Tun cTpyKTypbl BOJIBI
H3zmepumslit JlycTriuimpoBaHHas
HOKA3ATCID ApTtesnanckas|/lucTumposannast| Tanas qUCTHILTHPO- BOJTa, IPOMTyIIICHHAs
BOJA BOJA BaHHAs BOJA uepes YCBP
ConeprxaHue
NaCl ) ua 100  0,00635 0,00011 0,00018 0,00021
ma H,O
Konnenrpanus
NaClr/100mi 30,4 35,2 35,0 34,9
H>O




MmarepuaioB. MakcumansHas pactBopumocts NaCl mosydeHa 1uist AUCTHILIMPOBAH-
HO#1 BOJIBI, TipoTyIiieHHO# uepe3 YCBP, u npu BBeaeHnn HanoMeramia Ni.

B Tpetbeii ri1aBe nNpuUBeACHBI PE3YNIbTAThl UCCIECIOBAHUS KMHETUKH IIPOLIECCa
yJaanaeHHus BOAOPACTBOPUMBIX COJNEH N3 OPraHMYEeCKHX MUTMEHTOB.

1 ‘ ‘ 10]
=
=9 9 ;:&
e -—r“E ; 8 P =i
) 7 = /- / /
g7 g7 / /
te /4 /" E 6
2
P /4 / / =0 // / // //
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g3 o z 3 A1 2 (5|
g2 g ERY A
Aal a é
07760 12C 18C 240 30C 36C 42C 48C 54C 60C 60 12C 18C240 30C 36C 42C 48C 54C 60C
Bpewms, cex BUCMﬂ. CCK
Puc. 4. Kunernyeckue 3aBHCHMOCTH
Puc. 3. Kunernueckue 3aBUCHMOCTH npoiecca pasjiejeHus CyCrneH3nu
npouecca pa3ejeHust CycreH3uu NHrMeHTa opaH:xeBoro JK npu
NMIMeHTa opaH:xkeBoro 2K npu HCHO0JIL30BAHMM B Ka4eCTBE PACTBOPHTE/ISA
HMCIIO/Ib30BAHUH B KAaYeCTBE PACTBOPUTEIS apTe3MaHCKOH BOJbI, IPOIYLIEHHOI
apTe3MaAHCKOl BOABI: yepe3 YCBP:
1 —c nanoCu; 2 — 6e3 HaHOME; 1 —6e3 nHanoMe; 2 —c HaHoNi;
3 —c HanoNi; 4 —c nHanoFe 3 —c nanoCu; 4 —c nanoFe
11 ‘
DKCepUMeHTaJIbHbIE HCCIIE0Ba- 1c o
HUs TIpolecca yIaJeHWs BOLOPACTBO- §Z
PUMBIX COJiel NpPOBOJWIM Ha IacTax g
nurMenta opamkesoro JK (pigment  =;
orange 13Ne 21110).1 B Buxgy TOrO, ga
YTO B NPOMBIIIICHHOCTH, B OCHOBHOM, m% ’l 1 2 £3 4
HCIIONB3YETCs apTe3uaHcKas BOJa, MC- é
CHeHOBaHHﬂ HpOBOHHHI/ch C €€ UCHOJIb- 60 12C 18C 240 30C 36C 42C 48C 54C 60C

Bpewms, cex

30BaHUEM.
Jlns ynaneHus BOJOPacTBOPUMBIX
mpuMeceil W3 MacTel MHUIMEHTa Obll

Puc. 5. Kunernyeckue 3aBUCHMOCTH
npouecca pasjiejeHus CycneH3nu
IMIMeHTa opaH:keBoro 2K npu

HCIOJIL30BaH MCTON ICKaHTALMH. HCNO/IL30BAHMM B KAYECTBE PACTBOPHUTEIs!
B sapgauy uccuenoBaHmit BXOIU- TAJION apTEe3UAHCKON BOJBI:

JIO: M3YyYUTh BJIIMSHHC HAaHOMATCPHUAJIOB 1 —6e3 HanoMe; 2 — ¢ nanoNi;

Ha (G PEKTUBHOCTD yIAJICHUsI BOAOpac- 3 —c nanoCu; 4 —c nanoFe

TBOPUMBIX COJICH W3 [acThl TOTOBOIO

TPOJYKTA; UCCIEAOBATH BIMSHAE CTPYKTYPUPOBAHHON BOIBI M HAHOMATEPHAIOB HA
KOJIOPUCTHYECKHE XapaKTEPUCTHKH MMTMEHTA Ha CTAJUH yIalleHHUs BOAOPACTBOPH-
MBIX COJICH M3 MACThI MUTMEHTA; ONPEACIUTh BIMAHME HAHOMATEPHUAJIOB HA KOHEY-
HYIO BI&XHOCTB [IACThI TUTMEHTa opanxkeBoro XK.

H3ydeHne KHHETHKH MPOIECCa yIAICHHsSI BOJOPACTBOPHMBIX COJIEH M3 mact
A30MMUIMEHTOB TPOBOAMIIN, OMPEIENsii CKOPOCTh OCAXKICHHS YaCTHIl MHTMEHTa
opamkeBoro JK B 3aBHCHMOCTH OT IUIOTHOCTH YACTHUIl U KOHEYHOM BIAXHOCTH T1ac-
THI IIATMEHTA. 3aMePsUTH CKOPOCTh OCAXKIEHHUS YAaCTHI[ M BIAKHOCTH MMACTHI B 3aBH-
CHMOCTH OT CTPYKTYPHI pactBopureist 1 HaHoMarepuanos (Fe, Ni, Cu).

JLiist i3MEpEHHsl CKOPOCTH OCAXKICHHS YacTHULl IMTMEeHTa oparxkeBoro JK Obuia
M3rOTOBJICHA DKCIICPUMEHTAIIbHASL YCTAHOBKA. 11acTy a30murMeHTa aHalu3UpOBAIH
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Ha BJI@XHOCTh Ha TaJloreHHOM aHasnm3arope Biaxuoctd HG 53 (Halogen Moisture
Analyzer)pupmer METTLER TOLEDO.

Pe3ynbTaThl 3KCIIEPUMEHTAIBHBIX HCCIEIOBAHUI 10 OLEHKE BIMUSHUS CTPYK-
TYpHI paCTBOPHUTENS HAa KHHETHKY IPOIecca OCAXKICHHUS YacTHI TUTMEHTa OpaHkKe-
Boro K moxkaszany, 4To MakCHMajbHas CKOPOCTh pa3feieHHs CYCICH3UH Ha0Joaa-
€TCs IPU WCIOJIB30BaHUU B KaueCTBE PACTBOPHUTEINS apTE3MAHCKOH BOJBI, MPOITY-
meHHoi uepe3 YCBP.

Pe3ynbTaThl OIICHKN BIMSHUS HAaHOMETAJUIOB Ha KHHETUKY IpoLiecca ocaxie-
HUS 9aCTHUI] MUTMeHTa opamkeBoro JK mpexcrasiens! Ha puc. 3 — 5.MakcumansHast
CKOPOCTh Pa3JIeeHus CYCIIEH3U! MUIMEHTa OPAH)KEBOTO JOCTHTASTCS IPH HCIIOJIb-
30BaHUU HAaHOMeETaJlIa Feu B kayecTBe PacTBOPUTENS apTE€3MAaHCKOM BOIBI, IPOITY-
meHHoit uepe3 YCBP.

BrnaxHOCTh macTel MUTMEHTa, MOJIy4aeMoil mocie ynajaeHHs BOLOPACTBOPHU-
MBIX COJIEH, 3aBUCHT OT KJIACTEPHOH CTPYKTYPHI pacTBOpHUTENs. MUHHManbHas
BJI@XKHOCTH M MaKCHMajbHas KOHIEHTpPALUs IMacThl IIMTMEHTa UMEIOT MECTO IpH
HCIIOJIB30BAHUM apTE3UAHCKOM BOJBI, MpomylleHHOH depe3 YCBP, n HaHOHUKems

(Ni).

HccnenoBaHust IO OLCHKE BIMSHUS KIACTEPHOH CTPYKTYphI BOAbl Ha dddek-
TUBHOCTb yJAJICHUs BOJOPACTBOPHMBIX COJICH U3 IACT OPraHUYECKUX IIMIMEHTOB
BEJIUCh HA OCHOBE IPUMEHEHUs BOJ CICIYIOLUIMX CTPYKTYp: Tajas apTe3MaHCKas
BOJA; apTe3naHcKas BOoAa, mpomyluieHHas uepe3 YCBP; apresnanckas Boaa. Ilpe-
JIETIBHOE COJIepKaHUE BOJOPACTBOPHUMBIX cOJell B TOTOBOM NPOAYKTE HE Ooee
0,03mac. %.

AHaJIM3 TOJYYCHHBIX PE3YyJbTATOB IO OLEHKE 3()(EKTUBHOCTH IPOMBIBKH
[acThl IMIMEHTOB 110 M3MEHEHUIO KOHIICHTPALMU BOAOPACTBOPUMBIX IIpUMECEH B
CJI0€ OcajKa yKa3blBaeT Ha TO, YTO MOCIE ABYX MEPBBIX MPOMBIBOK KOHIIEHTPAIHs
COIM B JICKAHTAaTE OKAa3bIBAETCs BBIIIC IIPU UCIOJIB30BAHUM CTPYKTYPUPOBAaHHBIX
BOJI, MakCHUMalbHbIA 3 dexT HabmogaeTcs y apTe3naHcKod BOJbI, MPOIMYLICHHOH
yepe3 YCBP (tabm. 3).

3. Biausinue HAHOMETAJLVIOB B leOMblBHOﬁ BO/1€¢ HA KOHICHTPAIMIO COJIN
B IaCTe NUrMeHTa

Tun cTpyKTypbl BOJIbI
Apresu- Aprte3naHckas BoJa, mponymiennas yepe3 YCBP
anckas Bona|6e3mano] Au | Ag | Cu | Ni | Fe [ NilCr
Cogpeprxanue cosiei, Mac. %, B IPOMBIBHOM BozIE
Hcxonnblii gpuibtpar 1,2¢ 1,2¢ | 1,2€|1,2¢|1,2¢|1,2€| 1,2¢| 1,2¢
0,42 0,4¢ | 0,52|0,5%|0,5¢]| 0,62 | 0,57 0,5C
0,1¢ 0,1¢ | 0,2C| 0,0¢ | 0,0¢] 0,0¢ | 0,0¢| 0,07
0,0¢ 0,0¢ | 0,0£|0,04|0,0¢6]0,0¢]0,0¢] 0,08
0,0¢ 0,0t | 0,0¢]0,0¢|0,0Z]0,0¢|0,0:| 0,08

Komn-Bo otMBIBOK

BlWIN|E-

Ha ocHoBe pe3ynbTaToB, MONYYEHHBIX C MOMOILNBIO SKCIIEPUMEHTANBHBIX HC-
CIIeI0BaHUM, B JAJIbHEUIIEM HCIOIb30BAIM PACTBOPUTEIL, KOTOPBIA MOKa3al Mak-
CHMAaJIbHYIO PAcTBOPUMOCTb COJIEH — apTe3MaHCKyI0 BOAY, MPOIYIIEHHYIO 4epes3
YCBP. IlpumMenenue CTpyKTYpUPOBAaHHOM BOIBI C BBEJCHHBIMH HaHOMETAJJIAMHU
M03BOJISIET 3HAYUTENIFHO YMEHBIIUTH YHCIO HMPOMBIBOK JUISl TOCTHKEHHS HEOOXO-
JIMMOTO COJEPKaHuUs BOJOPACTBOPUMBIX COJIEH B MACTE a30IMIMEHTA [0 CPABHEHHIO
¢ 00bIYHOMN BOJIOH (TPH IPOMBIBKHM BMECTO HSTH-ILECTH).

WHcTpyMeHTaIbHAs OIEHKA KOJIOPUCTUYECKOH KOHIISHTpAaUH B pazbere mpo-
BOJMJIACh Ha I[BETOM3MEPUTENBPHOM KOMILIeKce Tuma «MakbeT» ¢ MOMOILBIO Mpo-
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rpammuoro obecniedenus «OPTIVIEW LITE». Ouenky medaTHbIX OTTHCKOB IIPO-
BOJMIIM Ha crieKkTpokonopumerpe «Makber» Color Eye 7000A.

[IpumeHeHne BOJ pa3iMYHON KIIACTEPHOW CTPYKTYpbl HAa CTaguM YIAJIECHUS
BOJIOPACTBOPHUMBIX NPHUMECeH METOJOM AEKaHTAaIlUH II03BOJISIET MOBBICHTH KOJIOpPH-
CTHYECKYIO KOHIIEHTPALIHIO TOTOBOr0 MpojaykTa (Tadi. 4). Haubonbiast KOJIOPHCTH-
YyecKkas KOHIIEHTpalLs HaONIofaeTcsi B Cilydae NMPHUMEHEHUS apTe3MaHCKOH BOJBI,
nponyieHHoit uepe3 YCBP — 105,8%.

4. KayecTBeHHbIE IOKA3aTeJIM MUTMEHTa OpaHkeBoro 2K

VHcTpyMeHTanbHas OlleHKa B pasberne
AE AL Aa Ab AC AH I, %
TpaaumoHHast TEXHOJIOTHUSI 0,33 -0,24| -0,19 -0,1B 0,2 0,04 101,4

[Hecruxparnas “P°M"‘BK6| 1,00 | 060| -071 -035 -075 025 103,4
APTE3UAHCKOU BOOU

IHecTukpaTHas HpOMLIBKal

Texuomorust TIPOMBIBKH

w

apTe3naHckoil Bomoif, mpo- 0,87 -0,4 0,25 0,73 0,6¢ 0,3b 105,8
nyueHHoi yepe3 YCBP
IlecTukpatHas Au 2,38 0,18 1,18 2,06 2,29 0,64 109,30
HpOMBIBKA  apTe-| Ag 4,40 0,77 2,34 3,64 4,21 0,98 121,40
3MaHCKOM  BOmOH, Cu 3,69 0,45 2,02 3,02 358 0,75 115,94
IPOIYICHHOM Ni 10,09 | 1,77 5,30 8,3( 9,60 2,36 157,00
uepes YCBP Fe 1012] 195] 534 837 964 238 159,00
Ni/Cr 3,79 1,07 1,72 3,21 3,44 1,10 121,97

BBeznenne B CTpyKTypHpOBaHHYIO BOAY HAaHOMATE€PHAJIOB METAJUIOB MIECTOH 1
BocbMoii rpymn Ileproandeckoii cucremsl J[.1. Menneneea mopeimaet 3QeKTrB-
HOCTb yJaJeHHsI BOJOPACTBOPUMBIX COJICH U3 IACTHI, B PE3yJIbTaTe UYero JOCTUraeT-
Csl 3HAUMTEJIBHOE MOBBILICHUE €€ KOJOPUCTHYECKON KOHLEHTpauuu. B ciaydae uc-
none3oBadus Ni 1 Fenacta murmMenTa opan:xeBoro JK colepXuT HauMeHblee Ko-
naectBo BogopactBopumoii conu (NaCl) u, kak criencrsue, obnagaer 6osee BbICO-
KO KoJIoprcTHYecKO# KoHLeHTpauueid 157u 159%cooTBeTcTBEHHO.

YerBepTas riaBa IOCBSIICHA Pa3padOTKe MaTeMaTHIECKOTO ONMCAHUS IPO-
ecca yJajJeHus BOJOPACTBOPHMBIX COJICH M3 MAaCT OPraHMIEeCKUX MUTMEHTOB METO-
JIOM JICKaHTAaIlMU C OTCTaNBAHUEM.

Jnst pa3paboTky MaTeMaTH4eCKOTO OMMCAHUs IPOIecca yNaJICHUS BOJOpac-
TBOPUMBIX COJICH M3 TacT a30MMIMEHTOB ObUIa HpEIJIoKeHa (U3NYecKas MOACINb
nporiecca, OCHOBaHHAs Ha CIIEYIOIEM PaCCMOTPEHHUH.

CycneH3un MUrMEHTOB HMPOSBIISIOT JIEKTPOKHHETHYECKUE CBOWCTBA, KOTOPbIE
OKa3bIBAIOT BJIMSHME HA INPOLECCHl yNAICHUS BOJOPACTBOPUMBIX cosieid. Menkue
YaCTHIIBI IUTMEHTa HECYT Ha ce0e DIeKTPUUCSCKUIl 3apsi OTHOCUTENIBHO OKPYXKaro-
meil X BOAHOI Cpenbl, BO3HUKAIONIMI B pe3yibTaTe M30MpaTenbHOH ancopOoumuu
HOHOB OJIHOTO 3Haka. BosHmKaromas cucreMa IpOCTPAaHCTBEHHO pa3/ielICHHBIX 3a-
PSLIOB Ha rpaHHMIle paszeia Ga3 (MMrMEHT — pacTBOp) MpeCTaBIsieT co00M ABOMHHON
NEKTPUYECKHH ciI0il. YacTHuka MUTMEHTa B AUCIIEPCHOH (ha3e ¢ OKPYKAIOUIUM €ro
JIBOMHBIM 3JIEKTPUYECKUM CJIOEM IPEACTaBIsAeT co00H Muiemty. Sapo MULems —
UIMEHT ¢ MoTeHnuanonpeaensonmmu noHamu xiopa (CI7) (puc. 6); agcopoupo-
BaHHBIM CJIOEM, COIEp)KaIiM HOHBI HaTpus (Na); AUCIIEPCHOHHBIM CIIOeM, COnep-
KaIMM IPOTHBOHOHBI BogopacTBopumoii conu (NacCl), Bokpyr.
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HACTHUKA THTMEHT?
(arperar)

‘Thepasiii
Matepua

notemuanonpere . c°

o nom P \

ancopBumOnBi

oot [~ pactBop

Ao

wacTia

i

ML

AnpysHonbii Cﬂ —
caoit
Boxa

Puc. 6. Cxema 00pa3oBaHusi ABOHHOI0 Puc. 7. Pacnipeae/ienue KOHIEHTPALIMH
JIEKTPUYECKOTO CJ1051 BOKPYT 4aCTULBI BO/IOPACTBOPUMBIX COJIeii B HA4AJIbHBII
NUTMEHTA, HAXO/IsIIelicsl B pacTBOpe MoMmeHT npombiBkH (T = 0)
c CocTaB MULEIIIBI MOYKHO HPEICTaBUTh

CJIeTyIoImuM 00pa3oM:
{[( TTurment) MCI],Na}( m-x)Na',
rae N — 9uciao MOJIEKYJ MUIMEHTa; M — Yuc-
JI0 TOTEHILHAT-ONPEACISIIOIUX HOHOB XJIO-
pa; X — 9HCII0 HOHOB HATPHS B aACOPOLMOH-
HOM CJI0€.
Hubody3uss BomopacTBOpUMOH  conH

>
fro ra rs r
Puc. 8. 3aBucumocts konuentpaunn C ( CI? ) C IMOBEPXHOCTH TBEPABIX 4YACTHI[ B
HPOTHBOHOHOB B IBOWHOM
JIEKTPHYECKOM CJI0€ OT PACCTOSIHHS
110 TPAHULbI

pacTBOpUTENb, H3MEHEHHE KOHICHTPALUH
MPOTUBOMOHOB B JABOWHOM 3JIEKTPHYCCKOM
cJioe MpeICTaBIICHBI Ha puc. 7 u 8.

Maremarrdeckas MOJIeS b [POLIecca yAAICHHsI BOJOPACTBOPUMBIX COJIel M3 MacT
a30IUTMEHTOB TI03BOJISIET PACCUUTATH KOJIIYECTBO IIUKIIOB PEMYITBITAIIMOHHON OTMBIBKH
JUISL JOCTYDKEHUS 331aHHOM KOHIICHTPAIMHU BOIOPACTBOPHIMBIX COJICH B TIacTe.

ITpu pa3paboTke MaTeMaTHYECKONH MOJENH IMpolecca yAaleHHush BOJOPacTBO-
PHUMBIX COJICH M3 MACT a30MMUTMEHTOB METOJIOM JICKAHTAIIMU C OTCTAaMBaHUEM TPUHS-
ThI CICAYIOLHE JOMYIICHNS: Macca BOJOPACTBOPHMBIX COJICH Majia [0 CPABHEHHIO C
MAacCoil BOJBI M TBEPbIX YACTHII, 32 BpeMsl [IUKIA (IIEpEMEIINBAHUS C OTCTANBAHU-
€M) TpaJreHTOM KOHICHTPAIUH BOIOPACTBOPHMON COJIM B 00beMe CYCIIEH3HHU Mpe-
HeOperaeM; XapakTep 3aBHCHMOCTH, CBSI3bIBAIOLICH PAaBHOBECHbIC KOHICHTPALMH
BOJIOPACTBOPUMEBIX COJICH B MAacTe W pacTBOPE, JIMHEHHBIN; 00bEM MacThl BO BCEX
LUKJIaX IPOMBIBKH IIOCTOSIHEH; MUTMEHT MPEACTaBIsIeT co0oil mapoobpasHyto dac-

THILYy paanycom [y .
KonugectBo BogopacTBOpUMOii COJIM HA IOBEPXHOCTH Apa MULEILIb
VIV Vg @)

B III/I(i)(i)y’?)I/IOHHOM CJIO€ KOJIMYECTBO NMPOTUBOMOHOB BOIIOpaCTBOpPIMOﬁ COJIn
Ha ITIOBEPXHOCTH YAaCTUILIbI B MHULICJIIC 3AIIMCHIBACTCA B CICAYIOLIEM BUJIEC:

3
— 2
V —4nJCr dr. (2
51
B angcop6unoHHOM c10€ KOJIMYECTBO MPOTHBOMOHOB BOAOPACTBOPUMOII COMH
Ha HOBCpXHOCTH ﬂ/:[pa B MULIEJIC C y‘ICTOM MaKCUMAJIbBHO BO3MOXXHOI'O KOJIMYECCTBA

IIPOTHUBOUOHOB
=405 /S, El/(1+J/c e T )) ®
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KonndecTBo BOJOPacTBOPUMOIL CONM HA MOBEPXHOCTH Apa MHULEILIBI

A
v =41C Iw e P /RT 2dr + 4mv2 /S, %
"o @)

xj/(1+]/ G, gdusartoluse) 2)_

KomuuectBo BO,E[OpaCTBOpPIMOﬁ COJIM Ha MOBEPXHOCTH YaCTHULIBI IMTMEHTA U B

pacTBOpe HUCXOHOM CyCIICH3UUN
Ve = Viur +Vp =N,V +C[c)\/n(1_ Unnr)' ®)

9. 4.a1

[TomydeHHblid €0l macTel AOBOAUTCS 10 00bEMa HCXOTHOH CYCIIEH3HM JO-
0aBJIeHHEM BOABI B KauecTBe pacTBOpuTeNs. [Ipy 3TOM KOJIMYIECTBO BOAOPACTBOPH-
MOH COJIM HE MEHSETCsl, 00bEeM MacThl OCTAETCs MOCTOSIHHBIM, 00BEM BOIBI B pac-

tBOpe yBenmunres Ha (V —V,) .
KouuecTBo pacTBOpUTENS s pa3baBIeHus ACTHI TUTMEHTA
Vp =(@1- d)rmr)vn +(V _Vn) =V =0 Vs - (6)
KoHIeHTpanus BOJIOpaCcTBOPUMBIX cOJIeil B pacTBopuTeie (BOJa) CTAHOBUTCS
paBHO C; .
KoHIeHTpanus BOJOPacTBOPUMBIX COJIEH B pacTBopuTene (Boja) C; Haxo-

JIATCSI UTEPALOHHBIM ITyTeM (METOZOM IIOCICIOBATENbHBIX IPHOIIDKEHHIA).
1l-c npubmmkenune QopmupyeTcs W3 TPEINOJI0KUTEIFHOTO pa3baBieHHs
TOJIBKO pacTBopa.

. . 1
1-i urepannonHslit mar. HaxoauTces: KOHLIEHTpAIUs COJM B pacTBOPe Cp pu
[EepPBOM pa30aBICHUH MCXOMS M3 KOHLEHTPALMH COJM B MCXOJHOM pacTBope (me-

0 .
xantare) C, u 06bemoB nexoanoii cycnensun V M3, i macter VM

Cp =GV, /V @)

rac C;) = Cp — MOJIbHas1 KOHOEHTpanus coJieii B pacTBOPUTEIIC, KMOJII)/Ms.
KomuuectBo BOJOPACTBOPUMBIX coJjiei Ha IMOBEPXHOCTH YaCTHULl TIUT'MEHTA
VHPH‘ = N'—I.l'lv'-l.l'l : (8)

o - 1
2-it UTCpAllMOHHBIN 1Iar. Haxonmutcs KOHICHTpalus COJIM B paCTBOPE Cp npu

MEPBOM pa30aBIEHUU UCXO U3 KOINYECTBA BOJOPACTBOPUMBIX COJIEH B CYCIIEH3UU
IIUTMEHTA Y HA TOBEPXHOCTH MMUTMEHTA IIPH IIEPBOM pa30aBICHUH:

C[:E = (Vc “Viur )/Vp = (Vc - Nl{.nvq.n )/(V - Ulmrvn)' (9)
IIpouecc mocnenoBaTeNbHbIX MPUOIIKeHUI 11s ypasHenuii (7) — (9)Benercs
JI0 JIOCTHKEHHS Pa3HUILI MEXKIY MTEPAIUSIMH, KOrJa KOHIIEHTPAIKs BOJI0PAaCTBO-
PHMOM COJIM He MPEBBICUT 33/IAHHYIO0 BEIMUYHHY.
KosmuecTBo BOJOPACTBOPUMOM COJIM Ha TIOBEPXHOCTH YACTHI[BI TUTMEHTA U B
PacTBOpE UCXOHOU CYCIIEH3UHU ITPU MEPBOM Pa30aBIEHHH AaCThl a30MUTMEHTA

Ve =V +V, = Ny Vo + GV, (-, ). (10)

4.1 " 4.1
Pacuer noBTopsiercs, MoKa KOHIEHTPAIMS BOJOPAaCTBOPUMOH coim C") pu-
MET 3HaueHHe MeHblee T100 paBHOE TpeOyeMOMy 3HAUCHHUIO.
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IIsiTas riaBa nocesmeHa pa3paboTKe WHKEHEPHOH METOIMKU pacdera Mpo-
Lecca yAajeHus] BOIOPACTBOPUMBIX COJICH M3 MACT a30IIMIMEHTOB METOJOM JeKaH-
TaIMM C OTCTAWBAaHUEM M NMPOBEPKE aAEKBATHOCTH MPEIJIOKECHHON MaTeMaTn4ecKou
MOJICIIH.

TIpemioxxeHHas HHXEHEPHAsT METOJIMKA TO3BOJIIET PACCUUTATh: BPEMsI OCaXK-
JICHHUs] YaCTHI[ ITMUTMEHTA; BPeMsl NMEpPEMEIINBAHUS CYCIICH3WU IHUTMEHTA; KOHIICH-
TpaLUIo CoJed B KOHIIE MPEANOCIESIHEr0 UKIA JEKAHTAINN; KOJUYECTBO IMKIIOB
MIPOMBIBKH; KOJIMYECTBO PACTBOPUTEINS HA 3aBEPIIAIONICH CTAUU IPOMBIBKU.

CKOpOCTh U BpeMS OC)KICHUS YacTHIl NMUTMEHTAa HaXOOUM HCXOAS U3 aH-
camO0J1eBOM MOZETH U COCTOSIHUSI PABHOBECHS CUCTEMBL:

Ueoe = 200, . JROA-a, P~ 250, ))/(on, - mea?2): v
T, =0V, 2, (VY - Y+ n647°))/(VRglp, -p, Ji-a, )21~ 250,)). (12)

Bpems nmepemernnBaHusl CyCHEH3UH PACCUUTHIBAEM MO 3aBHCUMOCTSIM, PEKO-
MEHI0BaHHBIM JUIsl JIOMACTHOW MEIIANIKH U INIaJKUX anlapaToB:

THCP = 3’06(\/FM2 ((Da/dM )2 _FMZ)/q(Da/dM )4); (13)
n=(d./d,)**(Dy/d, ) CAn, /pydy. as)

KoHnuenTpanus Bo1opacTBOPUMBIX COJIEH B KOHIIE MPEANOCIIEIHET0 [UKIIA Je-
KaHTaI[u{

- —k(n+1,

C = AC,e ™). (15)
VYpaBHeHue Ans pacueTa KOJIMYECTBA IUKIOB IPOMBIBOK, HEOOXOJUMBIX IS

JIOCTHXKEHMS 33JJaHHOM KOHEYHOW KOHLEHTpPAlUU BOJOPACTBOPUMON COJIM B IacTe

asomurmenta (4 =30826u k=112):
n= Wk)(In(ALC,/C,))-1. (16)

TIpemtoxkena auarpamMma Jiisi ONpeeieHHs HEOOXOMMOTO KOJTMYECTBA IIUK-
JIOB JICKAHTAIIMH.
KonuuectBo pactBopuTens A JOCTIKCHUS 33JaHHOM KOHLIEHTPALUU COJICH

smacre (k; =-1, k, =0,328)
kn = k,CC,. 17)

IIpoBepka agekBaTHOCTH MPEUIOKEHHOH MaTeMaTHIECKOH MOJENH Iporecca
YIaJICHUsI BOZOPACTBOPUMBIX COJIEH U3 MACT a30IIMTMEHTOB METOAOM JCKAaHTAIUH C
OTCTaMBaHMEM PEATBHOMY IIPOILECCY OCYLIECTBISIIACH IyTE€M CPABHEHHS JKCIEpH-
MEHTAJIbHBIX JAHHBIX, TIOJy4€HHBIX B Ta0OPATOPHBIX U NMPOMBIIITIEHHBIX YCIOBHUSIX,
¢ pacueTHbiMH. Pacxoxnenue cocraBuio 5%.

IIpennoxeHHast TEXHONOTHS OTMBIBKU ITACT a30MUTMEHTOB NIPUHATA K BHEIpe-
HHUIO Ha BCEX IPOM3BOJICTBAX Aa30MHIMEHTOB M HPOIYKTOB, IOIYYCHUE KOTOPBIX
CONPOBOJKAAETCS HapaOOTKOH BomopacTBOpUMEIX mpumeceid, B OAO «JIurmeHT».
Buenpenue mpeuroskeHHBIX TEXHUUECKUX PEIICHUH MO3BOJIMIIO: COKPATUTh KOJIHYe-
CTBO CTOYHBIX BoJ B 1,47 pa3a, CHU3UTH 3aTpaThl HA 3JIEKTPOIHEPTrHIO B 2,7 pasa,
YMEHBIIUTH ce0eCTOMMOCTh ToTOBOTO Tpoaykra Ha 0,4%06e3 y4era nmpupocTa Kojo-
pucTHdecKoi KoHIeHTpauuu. [Ipupoct konopuctiuyeckoi koHueHTpauun Ha 20,5%
obecreynBaeT IONOJIHUTENBHOE CHIDKeHUE cebecToumoctH Ha 8...9,5%.
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OCHOBHBIE BbIBO/JIbI U PE3YJIBTATBI PABOTbBI

1. Tony4eHsl GU3MKO-XUMHYCCKHAE XapaKTEPUCTHKH (INIOTHOCTH, MOBEPXHO-
CTHOE HATSDKCHHE, DJICKTPHYECKas MPOBOAMMOCTD) BOI C PA3IMYHON KIACTEPHOMN
CTPYKTYpPOH, IOJATBEPKJAIOMNE 3aBUCHMOCTh JAaHHBIX IIOKa3aTeseil OT CTPYKTYpHI
BOJIBI: INIOTHOCTH BOJ YMCHBIIAETCS 10 CPABHEHHUIO C STATOHHBIM 00pa3oM — IHC-
TUJUTUPOBAHHOHN BOJOMU; MOBEPXHOCTHOE HATSKEHHE BBIIIE Y BOJ, MPOLIECANINX Je-
CTPYKTYpPHU3aLHIO; HAONIOAACTCS POCT INIEKTPHIECKON IPOBOAMMOCTH Yy BOJ pas-
JINYHOM KJIACTEPHOU CTPYKTYPOH.

2. OreHEHO BIIMSIHIE MaTEpHAIOB B HAHOCTPYKTYpHpoBaHHOit hopme (Cu, Fe,
Ni) Ha QU3HUKO-XUMHUYECKHE XapaKTEPUCTHKU BOJ C Pa3INYHON KIaCTEPHOMN CTPYK-
Typoi#f, B YaCTHOCTH Ha 3JIE€KTPHUYECKYIO MPOBOIUMOCTb, U YCTAHOBJIEHO MaKCH-
MaJIbHOE YBEJIMUCHUE JAHHOTO ITOKa3aTeys UL JUCTHIUIMPOBAHHON BOABI, IPOILY-
enHoit uepe3 YCBP, B npucyrcteun HaHometawia (Ni) B 4,95pas.

3. MzydeHo BiamsHME TeMIepaTypbl PAaCTBOPUTENS Ha JIEKTPHIECKYIO IIPOBO-
JIMIMOCTb B 3aBUCHMOCTH OT KJIACTEPHOI CTPYKTYPHI M BBOJUMBIX HAaHOMAaTEPUAJIOB.
Hab6mronaercst 3akOHOMEPHOCTh, YEM MEHBILE JIEKTPUUECKas NMPOBOAUMOCT BOJ,
TeM OoJIbIlle POCT NAHHOTO IOKa3aTels MPU YBEIWYEeHHU Temreparypsl. [Toryuen-
HBIE PE3yJIbTaThl MOATBEPKAAIOT JTUTEPATYPHBIE IAaHHBIE O PA3IUUUM SIEKTpUUe-
CKOH MPOBOJUMOCTH BOJ C Pa3HOM KJIACTEPHOU CTPYKTYPOH.

4. OmnpenienieHa pacTBOPUMOCTH couieil (Ha mpumepe xiopuna Harpus NaCl) B
pacTBOpuUTENE B 3aBUCHMOCTH OT €r0 KJIACTEPHON CTPYKTYphI M BBEJCHHBIX MaTe-
pHaNoB B HAaHOCTPYKTYpUPOBaHHOH (hopme. MakcHMaibHasi pPacCTBOPUMOCTE OTMe-
YeHa y JUCTIUIMPOBAHHOW BOIbI, MpomyleHHol uepe3 YCBP, B npucyrcTBun Ha-
Homarepuana Ni, uro B 1,16pasa Biliie, 4eM y 3TAIOHHOTO 00pasiia.

5. HccneoBana KMHETHKA IIpoLecca yAAIeHHs! BOJOPACTBOPHUMBIX COJICH W3
MacT a30IMIMEHTOB. MakcuManbHas CKOPOCTh Pa3leNeHus] CYCIIEH3UH NUTMEHTa
opamxkeBoro JX HaOmomaeTcs IpH UCHONB30BaHUU B KaueCTBE PAaCTBOPUTENS apTe-
3MaHCKOH BOJBI, IpomyuieHHol yepe3 YCBP, npu BBeeHHH B CYCIIEH3UIO0 HAaHOMeE-
tanna Fe.

6. OmpeneneHo BIMSHUE CTPYKTYPH! BOABI U MAaTEPHAIOB B HAHOCTPYKTYpPH-
poBaHHOH (hopMe Ha KOHEUHYIO BIaKHOCTb MAcThl MUTMEHTa oparxkeBoro JK, Hau-
MEHbIIIast BIIQXKHOCTh XapaKTepHa ISl TaNOi BOAbI B IpHCyTcTBHH HaHONI.

7. Ilono6paH pacTBOpUTENs I YAAICHHs BOJOPACTBOPUMBIX CONIEH M3 MacT
a30mMrMeHToB (Ha mpUMepe MUrMeHTa opamkesoro JK), obecneunBaronmi CHIKEHIE
KOJIMYECTBA NIPOMBIBHOM BOZBI C OJJHOBPEMECHHBIM YIIYUYIICHHEM BCEX Ka9eCTBEHHBIX
XapaKTepUCTHK IMHUIMEHTa — apTe3WaHcKas Boja, mpomymieHHas uyepe3 YCBP. Ilpu
MPUMEHEHHHN JTaHHOTO PAaCTBOPHUTENST HEOOXO0MMasi KOHIICHTPALHS 110 BOJOPACTBOPHU-
MBIM IPUMECSIM JOCTUTaeTcs 3a 4 MUKIIA IPOMBIBOK, YTO MO3BOJISIET COKPATHTH KOJIHU-
YeCTBO CTOYHBIX BOJ B 1,47pa3a, CHU3UTH pacXo 3JIEKTPOIHEPrur B 2,7 pas.

8. UccnenoBaHo BiMsiHHE Ha KOJOPHCTUUYECKYIO KOHIIGHTPAIWMIO ITMTMEHTa
CTPYKTYPHPOBAHHON BOJABI M HAHOMETAJIOB Ha CTAANM YAAJECHUS BOJIOPACTBOPUMBIX
coJIel U3 IacT MUTMEHTa. Y CTaHOBJIEHO, YTO yAAJIeHHE KOOPIMHUPOBAHHBIX HOHOB C
MOBEPXHOCTH YaCTHUII ITUT'MEHTA MOBBIIIACT CEJIEKTUBHOCTh CBETOOTPAKEHHS IIMTMEH-
Ta opamxeBoro JK mpH HUCIONB30BaHUU B KAYECTBE PACTBOPHUTENS TOJNBKO CTPYKTYpH-
POBaHHON BOJBI MakcuMajbHO Ha 5,8% (Ipu HCIONB30BaHHU apTE3UAHCKOH BOJIBI,
npomnyieHHoi yepes YCBP), npu BBeJCHHH METAIOB B HAHOCTPYKTYPHPOBAHHOM
¢dopme stot mokasarens cocrasisier 20,5m1s Cu, 57...59%ust Feu Ni.

9. Ilpemnoxena ¢u3ndeckas MOZENIb INpoLecca yTAICHUS BOJOPACTBOPUMBIX
coneit U3 MacT a30MUIMEHTOB, OCHOBAHHAS HA CIIOCOOHOCTH YaCTHILl MUTMEHTA MPOsiB-
JISITH SIIEKTPOKMHETHYECKUE CBOMCTBA U (POPMHUPOBATH JBOMHOM IEKTPUICCKUH CIIOH.
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10. Pa3paboTaHo MaTeMaTH4ecKOe OIMCAHHE Mpolecca yAajleHHs BOJIOpac-
TBOPUMBIX COJICH M3 MAcT OPraHUYECKHX MUIMEHTOB METOIOM JekaHTauuu. OneHe-
Ha aJIeKBaTHOCTH MPEUI0KEHHOTO MaTEeMaTHYECKOr0 OIIMCAHMUS MIPOLecca yAaleHUs
BOJZIOPACTBOPUMBIX COJICH M3 IIACT a30IIUTMEHTOB, OTKIOHCHUE KCIIEPUMEHTAIBHBIX
U PaCUYETHBIX JaHHBIX COCTaBHIO 5%.

11. TIpennoxxeHa MHXEHEPHAs METOJMKA pacyera mpolecca yaajleHHs BOJO-
PacTBOPUMBIX COJICH M3 ITACT a30MMIMEHTOB METOJOM JICKAHTALlMH, MO3BOJIAIONIAS
OIIPENIEINTh KOJIMYECTBO [IMKJIOB OTMBIBKH, KOHEUHYIO KOHIIEHTPALMIO BOJOPACTBO-
PHUMBIX TIpUMECEii, CKOPOCTh M BPEMsl OCAKJICHHS YaCTUIl MUTMEHTA IIPU OTCTauBa-
HHH, BpeMsl IIEPEeMCLINBAHNS CYCIICH3UH, KOJIUYCCTBO PACTBOPHUTENS UL yAAICHUS
BOJZIOPACTBOPUMBIX COJICiI M3 ACThI MUTMEHTA Ha OCJICAHEM LIUKJIC TPOMBIBKH.

12. TIpenoxeHHast TEXHOJIOTUsSI OTMBIBKH 11aCT a30IIMTMEHTOB CHUKaeT cebe-
CTOMMOCTb TOTOBOTO MpozaykTa Ha 8,4...9,9%,4T0 COOTBETCTBYET SKOHOMHUYECKOMY
sdpderry 2 300 00Q./rox, u npunsita K BHeaperuio B OAO «IurMeHT» Ha Mpous-
BOJICTBAaX a30MUI'MEHTOB U MPOJYKTOB, NOJTy4€HHE KOTOPBIX COIIPOBOXKIACTCS Hapa-
0O0TKOH BOJOPACTBOPUMBIX COJICH.

OCHOBHBIE OBO3HAYEHUSA

V — KOJIMYECTBO BOAOPACTBOPUMBIX COJICH HA MOBEPXHOCTH SIpa MHIEILIHL,
KMOJIb; Vy¢, — KOJIMYECTBO BOJOPACTBOPHMBIX COJIEH B 1M(P(DY3HOHHOM CII0E MHULIEN-
JIBI, KMOJb, V,; — KOJMYECTBO BOJOPACTBOPHUMBIX COJIEH B aJCOPOLMOHHOM CIIO€
MHLEIUIBI, KMOJb; C — KOHLCHTpALus HPOTHBOMOHOB B Au(Qy3HOHHOH 00nacTH,
KMOJIB/M®; I — PACCTOSHHE OT TOBEPXHOCTH UACTHII IHTMEHTA, M; [q — IpaHHIA
cIlosi azicopOLmy, M; I3 — rpanuna Aud A y3HOHHOTO ¢i1od, M; g — PaAuyc sapa Mu-
LEJUIBL, M; S, — IUIOLIA/b, 3aHUMaeMasi OJJHUM IIPOTHBOMOHOM, M*; AlL — H3MeHe-
HHE XMMUYECKOTO MOTEHIIala BEeIecTBa MU Nepexoie U3 pacTBopa B acopOmu-
OHHBIN C110M, J[)/MOJIB; (0 — Pa3HOCTh MOTEHIMAJIOB B JIaHHOW TOYKE W B 0ObeMe
KUJIKOCTH (Ha «OECKOHEYHOM» yJIaleHHH OT moBepxHoctH), JLx/Kir; A — TonmiHa
i dy3noHHOTO CI1OS, M; § — TOJNIIMHA ciIos ancopoiuu, M; F —mocrostanas dapa-
nes, Ki; zZ —3apsia noHOB; v, — o0Ilee KOJIMYECTBO BOJOPACTBOPUMBIX COJIEH B cyc-
HEH3UM TTUTMEHTA, KMOJIb; Vy — KOJIMYECTBO BOAOPACTBOPUMBIX COJIEH B pacTBOpE,
KMOJIb;, Vy,r — KOJIHMYECTBO BOAOPACTBOPHUMBIX CONell BO BceM 0ObeMe MHUIMEHTa,
KMOJIB; Vy; — KOJIMYECTBO BOAOPACTBOPUMEIX COJIEil Ha MOBEPXHOCTH OJHON YacTHY-
KH IIATMEHTA, KMOIB; Vi, — 065eM macTsl, M, Ny, — KOJNHYeCTBO YaCTHI] IUTMEHTA,
wr./m% Uy, — 06bEMHAs 1071 MUrMeHTa B macTe, V — 06beM HCXOMHOM CYCIICH3HH,
M V, — 00BbeM pacTBopa, M Tnep — BPEMsl [IEPEMEILIUBAHU, C; [, — OGe3pasMepHbLi
TEeKyIIHi pagnyc Memainku, M; D, — mnamerp anmapara, M; o, — InaMeTp Mewanku,
M; ( — QUPKYJLILHS KAAKOCTH MEXITy 30HaMK; K — mokasaresb CTENeHH s J0macT-
Ho#t Memanky; C; — xoaddunmenT s onacTHOW Memmanky; Ar — xpurepui Ap-
XHMeJa; [y — AMHAMAYECKUH KOd(Q(OUIMEHT BA3KOCTH pacTBOpHTENs, Kr/(M-c); N —
KOJIMYECTBO LUKJIOB OTMBIBKH.

MHaexchl: | — HOMep MPOMBIBKY; I — TacTa; P —pactBop (Boaa + Bogopac-
TBOPHUMBIC COJIH).

OCHOBHOE COJEPKAHUE JTJUCCEPTAIIMOHHOMN PABOTHI
HOPEACTABJIEHO B CJIEAYIOIIUX NYBJIUKALUAX
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