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OBILIASA XAPAKTEPUCTHUKA PABOTbBI

AKTYaJIbHOCTH TeMbI Hccaea0Banus. CynpaMoJIeKyIsipHas XUMUS JICKUT B
OCHOBE HBIHEIIHUX HAHOTEXHOJIOTMYECKUX HCCIIEIOBAHUM, OTKPBIBAECT IIMPOKHE
BO3MOKHOCTHU I CO3JaHUS PaA3JIMYHBIX BUJOB MOJIEKYJSIPHBIX HAHOCTPYKTYP.
OxBaTbiBass pa3HOOOpa3Hble SIBICHUS M3 pPa3IMYHbIX oOnacTted, OT (QU3UKU
OpPraHM30BAHHBIX KOHJCHCHPOBAHHBIX (a3 10 OMOJIOTHH OONBIINX MOJIEKYIISIPHBIX
aHcaMOJIeid, CylpaMoJIeKyJIIpHas XMMUS BBIPACTAET JI0 CYIPAMOJIEKYISIPHONU HAyKU
- XUMUHU MOJIEKYJIIPHBIX aHCaMOJIel 1 MEXXMOJEKYIISIPHBIX B3aUMOICHCTBUI.

CynpamoliekyasipHble aHcamOJiM, Takhe Kak HaJIMOJEKYJbl TYMHUHOBBIX
KUCJIOT W TyMHHA, BBIJEJICHHbIE U3 OypbIX Yyruield, o00JlagaloT BIIOJIHE
OTpeACNIEHHbIMU CTPYKTYPHBIMU, KOH()OPMALIMOHHBIMU, TE€PMOJUHAMHYECKUMH,
KUHETUYECKUMHU U JUHAMHYECKUMU cBOWMCTBaMU. OHU CHMOCOOHBI K Pa3IMYHBIM
THUIAM B3aUMOJICMCTBUM: KOOPANHALMOHHBIE B3aUMOICMCTBUS C HOHAMH METAJIOB,
JJIEKTPOCTATUYECKUE  CHJIbI,  BOJOPOJHBIE  CBSI3H,  BaH-AECP-BaalbCOBBI
B3aUMOJICHCTBUS, JOHOPHO-AKIIENTOPHBIEC B3aUMOJCHUCTBUSA U T. 1.

B HayuHOW nuTeparype mMeercst 00JIbIIoe YUCIO 0030pOB, MOCBSIIEHHBIX
Moau(UKaAIMM TYMHUHOBBIX BEIIECTB XUAKO(A3HBIMU MeToJaMu. B oTaenbHbIX
nyOIMKaIUsIX 00CyKIatoTcs CBOMCTBa T'YMHHOBBIX KHCJIOT, KaK
CYNpPaMOJEKYJSIPHBIX ~ CUCTEM, JIOKAJU30BAaHHBIX B  BOJHO-3JIEKTPOJUTHBIX
pactBopax. Ilpu  »3ToM, Majmo  ynensercds  BHUMaHUS  aJICOPOIMH
HU3KOMOJIEKYJISIPHBIX OPTaHUYECKUX COEAMHEHWN U3 BOJHBIX pAacTBOPOB Ha
TYMHHOBBIX KHCJIOTaX M, OCOOEHHO Ha T'yMHUHE, BBIJEICHHBIX U3 OYpBIX YIJIEH.
HemHoro nyOnukauuidi 0 (QyHKUMOHAIBHOM M JIOKAIbHOM MHUKPORJIEMEHTHOM
cocTaBax, MOPQOJOTUA MOBEPXHOCTH YIJIEPOJHBIX COPOEHTOB, MOJYYEHHBIX Ha
OCHOBE OypbIX yrIJieH, BbIICNEHHBIX W3 HHUX TYMHHOBBIX KHCJIOT W TyMHHA.
Hesnauntensubl cBenmenus 00 dddexrax wu30UpaTENbHOCTH — COJIbBATAllUU
CTPYKTYPHBIX €IMHHUI] HaJMOJEKYJIbl TYMUHOBBIX KHUCJIOT B BOJHO-OPTaHUYECKHUX
pacTBOpax Kak B OTEUECTBEHHOMW, TaK U 3apyOEKHOU JIUTEPATYPE.

HenocrarouHocth  ykazaHHOM  Bbllle  WH(MOpPMAlUU, HEBO3MOMXHOCTb
ONMCAaHMsI COCTaBa HAAMOJIEKYJ J3THX NPHUPOAHBIX YIJIEPOIHBIX MATPHIL
XUMHUYECKON (opmyJiol, oOyClIaBIUMBAIOT aKTYallbHOCTh HCCIICIOBAHUN HX
IIOBEPXHOCTHBIX U COJIbBATALIMOHHBIX CBOMCTB B T'E€TEPOI€HHBIX CHCTEMaX,
BKJIIOYAIOIIMX  BOJAHO-OPTaHUYECKUE  PACTBOPBl C  IOJOXKHUTEIbHBIMU U
OTPULIATEIBHBIMU OTKJIOHEHUAMHU OT HACAIBHOCTH. [lociienHne Urparor Ba)kKHYIO
POJIb KaK B SKOJIOTUYECKUX, TAK U OMOXUMUYECKUX CUCTEMAX.

Cesa3b  TeMbl JUCCEPTAIMM €  INPUHOPUTETHBIMH  HAYYHBIMHU
HANPABJICHUAMH, HAYYHbIMH mpoekTamu. Pa0oTa BBINOJHEHA COTIJIACHO
temarnyeckoMy ruiany HUP kadenper FOHECKO ¢usnyeckoil u KomionaHou
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xumnu KHY um. K. banacarsina: «IIpupoasslie yriaepoaHble MaTpULbL: BbIIECICHUE,
aHaJu3, WCCJEJIOBAHUE CBOMCTB aJCOPOIMOHHBIX CJIOEB M MOJIEKYJSPHBIX
aHcaMOJiell B BOAHBIX PACTBOPAX MOHOB TSKENBIX METANIOB, HU3KOMOJIEKYJISIPHBIX
opranndeckux Jurasaos» (2013-2018 rr), npoekroB HUP MOH KP: «IIpupoansie
qucnepcHble  mMaTepuaiibl  KbIprbl3cTaHa: BBIACIIEHHE, AaHAIN3, HCCIEI0BaHUE
CBOICTB aJICOPOLIMOHHBIX CJIOEB U MOJIEKYJIAPHBIX aHcaMmOieil B pacTtBopax» (Ne
roc. peructp. 0005736), «IIpuponnsle aucnepcHble MaTepuanbl KbIprbi3cTaHa:
MOP(OJIOTHS TOBEPXHOCTH AKTUBUPOBAHHBIX (DOPM, XapaKTepUCTUKA N30BITOUHBIX
aJICOPOLIMOHHBIX U COJIbBATALIMOHHBIX CBOMCTB U3 PACTBOPOB OPraHUYECKUX HOHOB,
KaTUOHOB TsIKeIbIX MeTaIIoB» (Ne roc. peructp. 0006985).

Hens uccaenoBanms. l3ydyeHHne MOBEPXHOCTHBIX W COJIbBATAI[MOHHBIX
cBoiicTB Oyporo yrisi Kapa-Kede, BBIZICICHHBIX W3 HErO0 TYMUHOBBIX KHCIIOT U
TYMHHA B BOJHBIX PaCTBOpPax HU3KOMOJIEKYJISIPHBIX OPraHUYECKUX COECINHEHUN.

3agaum UccJeI0BaHNA .

1. Beipgenenue u3z Oyporo yris Kapa-Keye ryMUHOBBIX KHCIOT M TyMHHA,
TEXHUYECKUE XapaKTEPUCTUKHU, OMNpeesieHue KIAaCCU(UKALMOHHBIX MPU3HAKOB
MOJIYYEHHBIX YIJIEPOAHBIX MATPHII.

2. ComnocraBuTeNbHBIN aHATU3 (PYHKIMOHAILHOTO COCTaBa 00pa3loB Oyporo yris
Kapa-Keue, BbII€JIEHHBIX U3 HETO TYMUHOBBIX KUCJIOT U TYMHUHA.

3. Xapakrepuctuka MOp(}OIOruu MOBEPXHOCTH, MHUHEPAIBHOIO U JIOKAJIBHOIO
AJIeMEHTHOro coctaBa Oyporo yris Kapa-Kede, BbIIeIEHHBIX U3 HETO TYMHUHOBBIX
KHCJIOT U TYMHUHA.

4. HUccnegoBanue U30TEPMHUYECKOI aacopoImu HU3KOMOJIEKYJISIPHBIX
OpraHUYeCKUX COCIMHEHUM W3 BOJHBIX pacTBOpoB Ha Oypom yrie Kapa-Keue,
BbIJIEJICHHBIX U3 HETO TYMUHOBBIX KUCJIOTaX U TyMUHE. XapakTepucTuka 3¢ (eKkToB
M30UPaTEIbHOCTU COJIbBATALlMU CTPYKTYPHBIX €IUHHI] HAJIMOJIEKYJIbl T'YMHUHOBBIX
KHCJIOT B BOJIHBIX PaCTBOPaxX HU3KOMOJIEKYJISIPHBIX OPTaHUYECKUX COECTUMHEHUN.

Hayunasi HoBu3Ha. BriepBble TpoBeieHbI UCCIEAOBAHMS aJCOPOLIMOHHBIX U
COJIbBATAllMOHHBIX CBOMCTB Oyporo yrisa Kapa-Kede, BbII€IEHHBIX M3 HEro
TYMHHOBBIX KHCJIOT M TyMHHa B BOJHBIX pacTBOpax HHU3KOMOJEKYJISPHBIX
OpraHWYecKUx  coeluHeHud. JlaHa  comocTaBUTENbHAas  XapaKTEpPUCTHKA
MOp(}OJIOTMH TOBEPXHOCTH, YAEJIBbHON IUIONIA[M IOBEPXHOCTH MCCIEAYEMBIX
OPUPOAHBIX YIJIEPOAHBIX MAaTpull. B paMmkax KOHUENIMU COJIbBATALMOHHOIO
n30bITKa BIIEPBBIE IIPOBE/ICHA OLIEHKA pa3MepHOTo 3(PpdeKTa CTPYKTYPHBIX €TUHUIL
HAJMOJIEKYJIbl TYMHUHOBBIX KHCJIOT B BOJHBIX PAaCTBOpPaX HHU3KOMOJIEKYJSPHBIX
OPTaHUYECKUX COCTUHEHU.

IIpakTHyeckass 3HAYUMOCTBH TMOJIYyYeHHBIX pe3yJbTaTroB. HayuyHo
o0ocHOBaH M 3auuiieH nateHToMm Keipreizckoil PecnyOnuku cnoco® OYMCTKA
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BOJHBIX pacCTBOPOB OT OPraHMYCCKHX HpPIMCCCﬁ TP HUCIIOJIb30BAHHMHU B Ka4YC€CTBC
copOeHTa BTOPUYHOTO YIJIEPOJIHOTO ChIphs — 'ymMHuHa U3 yriisa Kapa-Keue.

OcHOBHBIE 0JT0KEHUS] AUCCEPTALIMA, BBIHOCUMbIC HA 3aIIIUTY:

o Knaccudukannonnsie npusHaku Oyporo yrist Kapa-Keue, BoieneHHbIx u3
HCTO 'YMHWHOBBIX KHUCJIOT U TYMHHA.

° CormoctraBuTenbHaA XApaKTCPUCTHUKA MOp(bOJIOl“I/II/I IMOBCPXHOCTH, y,Z[eHLHOﬁ
IJIONIAM TOBEPXHOCTU, SHeproaucnepcuoHHbix U HMK-criektpoB Oyporo yris
Kapa-Keqe, BBIICJICHHBIX U3 HCT'O T'YMUHOBBIX KUCJIOT U TYMHHA.

. ComnocTtaBuTenbHasi XapakTEPUCTHKA aaCOPOLMH  HU3KOMOJEKYISPHBIX
OpraHUYeCKUX COCIMHEHUN U3 BOJHBIX pacTBOpoB Ha Oypom yrie Kapa-Keue,
BBIZACJICHHBIX U3 HCTO T'YMHUHOBBIX KHCJIOT U TYMHHA B TBGpI[OfI (1)336.

L4 XapaKTepI/ICTI/IKa COJIbBATAIMOHHBIX N30BITKOB HHU3KOMOJICKYJIAPHBIX
OPTraHUYECKUX COECIMHEHUN HAJ BOJOM HAa CTPYKTYPHBIX €IMHHULAX HAIMOJIEKYJIbI
TYMUHOBBIX KUCIOT u3 Oyporo yris Kapa-Keue B Bogubix pactBopax. PazmepHnas
OLCHKA CTPYKTYPHBIX CIAWHHUI] HAJIMOJICKYJIbI I'YMUHOBBIX KHCJIIOT, PCAKIIHMOHHLIC
LCHTPBI KOTOPBIX HaCBIIIICHBI HU3KOMOJICKYJIIPHBIMU OpraHn4cCKuMHn
COCANMHCHUAMMA B BOAHBIX PACTBOpaAX.

JINYHBIA BRJIAA COHUCKaTeEJIA. ABTOpOM CaMOCTOATCIIBHO IIOJIYYCH H
o0paboTaH METOJAaMHM MAaTEMaTUYEeCKOW CTATUCTHKU BECh MACCHUB MEPBHYHBIX
OKCIICPUMCHTAJIbHBIX HAaHHBIX. HpOBeI[eH KOMIUICKCHBIN aHalIn3 PE3YyJIbTATOB
¢bu3uKo-XxuMHUECKON xapakTepuctuku Oyporo yrisa Kapa-Keue, BpieneHHbIX U3
HEro TYMHUHOBBIX KHCJIOT W TyMHHA, M30TEPMHUYECKOH  ajcopOuuu
HU3KOMOJICKYJIIPHBIX OPraHUYCCKHX COGIII/IHGHI/Iﬁ Ha TBCPAbIX aI[COp6€HTaX C
000CHOBaHHEM npearojaracMbiX MCXAaHHU3MOB az[cop6u1/m B HCCIICOAYCMBIX
cuctemax. Iloka3zaHa BO3MOKHOCTh MPUMCHCHHA KOHLCIIIHUKU COJIbBATAIITUOHHOI'O
u30bITKA AJ1s1 onucanust 3 (HeKToB U30UPaTeTbHOCTH COIbBATAIIMH HEAJIEKTPOIUTOB
Ha TYMHUHOBBIX KHCJIOTaXx B BOJHO-OPraHMYCCKHX pPaCTBOpPaAx. I[aHa OLCHKAa
PasMCPOB CTPYKTYPHBIX CAVMHUIL HAAMOJICKYJIBI T'YMUHOBBIX KHUCJIOT, pCAKIIMOHHLIC
ICHTPHBI KOTOPBIX HACBIIIICHbI HHU3KOMOJICKYJIAPHBIMHU OpPraHn4CcCKNuMH
COCAUHCHUSIMU.

Anpobanusi pe3yJbTaTOB HCCAeI0BaHUsA. MaTepuayibl JUCCEPTAIMOHHOM
PabOTHI TOKJIAIBIBATIMCH HA MEXKIYHAPOIHBIX U PECITyOIMKAHCKUX KOH(MEPEHIIUSIX:
«The Sixth International Conference on Matematical Modeling and Computer
Simulation of Material Technologies», Ariel, Israel, 2010; The Tenth Israeli-Russian
Bi-National Workshop “The optimization of composition, structure and properties
of metals, oxides, composites, nano and amorphous materials”, Jerusalem, Israel,
2011; «The Seventh International Conference on Material Technologies and
Modeling», Apuanbs, Uspanis, 2012; «PecnyOiaukaHckas Hay4HO-IPaKTHUECKast
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KoHpepeHuus: Xumus. Xumuueckass TexHosorus. IIpoOiembl U MepcreKTUBB,
bumikek, Keipreizcran, 2013; «The twelfth Russian - Israeli Bi-National workshop»,
Uepycanum, U3paunp, 2013; «10th International Conference on Diffusion in Solids
and Liquids» ITapwx, ®@panmus, 2014; «MexayHapoaHash HaydYHO-TIPAKTHYECKAs
KoHpepeHlUs: AKTyallbHble NpOOJIeMbl M HAMpaBJICHUS Pa3BUTHUS TEXHOJIOTHUN
OpraHMYECKOTO0 U Heopranumyeckoro cuHTe3a» Crepnutamak, Poccuiickas
Oenepanms, 2023.

ITosiHOTa OTpa:keHUsi pe3y/abTATOB AUccepTanuu B myOaukamusx. [lo
pe3ysipTaTaM  HCCIEIOBaHUM  omyOnMkoBaHO 16 crared B Marepuanax
MEXIYHApOAHBIX KOH(GEpPEHLIUH U PEeleH3UPYyEeMbIX >XypHaiaX, WHIECKCUPYEMBIX
cucremamu «Web of Science», «Scopusy», «PUHIL]y. [Tony4yen natenT Kbiprei3ckoit
PecnyOmuku (B 4aCcTH OYMCTKH BOJHBIX paCTBOPOB OT OPraHMYECKHUX IMpUMecen).

Crpykrypa u o0beMm guccepranuu. J[ucceprannonHas pabota COCTOUT U3
BBEJICHUS, TpPEX TJIaB, 3aKIIOYCHHUSA, TMPAKTUYECKUX PEKOMEHAANNN, CITHUCKa
UCIIOJIb30BAaHHBIX MCTOYHUKOB. Jlucceprauus wuznoxxkena Ha 127 crpanumax
KOMIIBIOTEPHOT'O  TEKCTa, COJEPXKUT 28 pHUCYHKOB, 18 Tabmuil, CHOUCOK
VCITOJIb30BAaHHBIX NCTOYHUKOB BKJIIOUaeT 144 HauMeHOBaHU.

OCHOBHOE COAEP KXAHUE IMCCEPTAIIUA

BBenenue.

O60cHOBaHA aKTYallbHOCTh TEMBI IUCCEPTALIUU, CHOPMYITHPOBAHBI LENb U
3a7]a4¥ UCCJIEAOBAHMS, OCHOBHBIE TIOJIOKEHHU S, BRIHOCUMBIC Ha 3aIIUTY, TOKa3aHa
Hay4yHasi HOBU3HA U IPAKTUYECKasA 3HAYUMOCTh PE3YyJIbTATOB UCCIIEAOBAHMUS.

I'nasa 1. O630p JuTepaTyphbl.

O0630p TMOCBSAIIEH XapaKTEPUCTUKAM, HETOTUIMBHOMY MPUMEHEHHUIO OyphIX
yrie, ux cocrapigiomux. OTaeabHbIM TaparpadoM H3JI0OKEHAa KOHIISIIIHS
COJIbBATAIIMOHHBIX H30BITKOB U €€ MPUMEHEHHE B ONTMCAHUH T'YMHUHOBBIX KUCIIOT KaK
CYIpPaMOJICKYJISIpHbIX cucTeM. (OTMe4aeTcsi, YTO HEIOCTaTOYHO BHUMAaHUS
yACISIETCd  M3YYEHUIO  (PYHKIIMOHAIBHOTO,  MHKPODJEMEHTHOTO  COCTaBa,
MOPGOJIOTUH TIOBEPXHOCTH YIJIEPOJHBIX COPOEHTOB, MOJYYEHHBIX Ha OCHOBE
OypbIX yriel, BBIICICHHBIX M3 HUX TYMHHOBBIX KHCJIOT M TymuHa. OcTaercs
aAKTyaJJbHOM 3aJ]ad€il M3y4YEHHE ITOBEPXHOCTHBIX W COJIbBATAIIMOHHBIX CBOMCTB
MPUPOHBIX YTIEPOIHBIX MAaTPUI] B BOJIHO-OPraHUYECKUX pPacTBOpax.

I'naBe 2. MeTom0JI0THsI © METOABI HCCJIETOBAHUS.

Ob6vexm uccnedosarnus. I'€TepOreHHbIE CUCTEMbI, BKIIIOYAIOIINE TTPUPOIHBIC
yTJIepOAHBbIE MATPUIIbl B TBEPIOM (a3e v BOJHBIC PACTBOPHI HU3KOMOJEKYIISPHBIX
OpPraHUYECKUX  COCAMHEHUW C  TOJOXUTEIBHBIMU W OTPUIATEIbLHBIMU
OTKJIOHEHUSIMU OT UJICAIBHOCTH B KUIAKOH (haze.
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IIpeomem uccie00B8anusl. Du3NKo-XuMUYecKas

CyNpaMOJIEKYJISIpHbIX aHcaMmOJelt Ha ocHoBe Oyporo yrist Kapa-Keue, BbiieIeHHBIX

XapaKTCPUCTHUKA

U3 HEr0 TyYMUHOBBIX KHCJIOT, TyMHHA, aHAJIA3 WX [OBEPXHOCTHBIX U
COJIbBATAITMOHHBIX CBOMCTB B BOJHBIX PACTBOPAX IIIUITMHA, MOYEBUHBI, D-T1I0KO3BI,
COOTBETCTBEHHO.

B rnaBe gana texnuueckas xapakrepuctuka 0yporo yris Kapa-Keue (VK),
OTMCaHa METOJIMKa BbICICHUS U3 Hero rTyMUHOBBIX KUCIOT (I'K) u rymuna (I'Y).
Jns Bcex TpEX OOBEKTOB OMPENEICHbl 30JIbHOCTh U BIAXKHOCTb, MPOBEIEH
AJIEMEHTHBIM aHallu3, MO pe3yJbTaTaM KOTOPOTO TIOKa3aHa MNPUHAJJICKHOCTD
BBIJICJICHHBIX TYMHUHOBBIX KHCIJIOT K KJIACCYy TYMHHOBBIX KHCJIOT, IMMOJTYyYEHHBIX U3
OypsIx yrieu u uepHozéma. [IpencraBneHb METOUKHA TPUMEHEHHUS UCTIOIh3YEMBbIX
buszndeckux, GU3NKO-XUMUYECKUX METOJI0B, HEOOXOAMMBIX ISl PEIICHUS 3a/aad,
SIBJISTFOIITUXCSI TIPEIMETOM MCCJIEIOBAHUS HACTOSIIEH paOOTHI.

I'naBa 3. Pe3yabTaThbl COOCTBEHHbIX MCCJIET0BAHUIA.

3.1 @yukuyuonanvuviii ananus yzia Kapa-Keue, evidoenennvix u3 nezo
2YMUHOBBLIX Kucaiom u 2ymuna no oanunvim HK-@ypve cnexkmpockonuu. Ha
HUK-ciexTpsl BceX HCCIEIyeMBIX 00pa3IloB,

pucynke 3.1 mpeacTaBiIEHbI

sarmucanaple Ha HWK-®ypbe cnextpomerpe Varian B Tabnerkax c¢ KBr B

cootHowmenuu 1:300, B maTEpBase yacTor ot 450 10 4000 cm™.
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Pucynok 3.1- UK-cniekTpbl, MAKCUMYMBI XapaKTEPUCTUYECKUX T10JIOC
MOTJIOUICHHSI OCHOBHBIX aTOMHBIX IPYNIIUPOBOK Oyporo yris Kapa-Keue,

BBIJICJICHHBIX U3 HCTO 'YMHUHOBBIX KUCJIOT U T'YMHHA




CpaBnutenbsubiii ananu3 UK—cnektpos 6yporo yris Kapa-Keue, ryMuHOBBIX
KHUCJIOT ¥ TyMHHA TMOKAa3bIBAET, YTO BCE OOpPa3Ibl XapaKTEPHU3YIOTCS HaIHMYUEM
KOH/ICHCUPOBAHHBIX aPOMATUYECKUX CHUCTEM, aTu(paTHUYECKUX U aTUIUKINIECKUX
YIIEBOJIOPOAHBIX TPYIII, a TAKXKE KUCIOPOACOIEpKAIINX (HYHKIIMOHATBHBIX TPYIII
(kapOOKCHIIbHBIE, KapOOHWJIbHBIE, THIPOKCHIbHBIE). Bce oOpa3isl comepxar
MUHEpaldbHble KOMMHOHEHTHl. OILEHKY OTHOCHUTEIBHOIO  KOJHWYECTBEHHOIO
conepxaHusi (YHKIMOHAJIBHBIX TPYII B MCCIEIYEMBIX 00pasiiaXx MPOBOJIUIN IO
OTHOLIEHUSIM TUIOLIAAEH MUKOB MOJOC MOTJIOLEHUS KUCIOPOACOAEPKAIIUX TPYIII
K IJIOIAASIM TIHKOB, COOTBETCTBYIOUIMX AapOMATUYECKUM MOJUCONPSKEHHBIM
cucremam (1600 cm?') um amudatuueckum 3amecturensM mpu 2920 cml.
CooTHOIIEHHE ONTHYECKUX IUIOTHOCTEH IMOJIOC TOTJIOMICHHS]  aJIKHJIbHBIX
3aMeCTUTENIel K apoMaTHYeCKUM (pparMeHTam Mmokasaio rmpeodiajaHue MmocieIHux
(A2920 / Aigoo). Ilpr 3TOM T'yMHHOBBIC KHCIOTHI COJAEPIKAT OOJIbIIE aTKHIbHBIX
3amecTuTene, yeM ryMuH. OTHOCUTEIbHOE KOJIMYECTBO T'MAPOKCHUIIBHBIX TPYIII
(Asso0 / Assoo) B 'K u I'Y, mo cpaBHeHHMIO ¢ OypbIM YIjIeM, HEBBICOKOE.
KapOokcuibHbix sxe Tpymi (A1720/A1600) B TYMHHOBBIX KUCIIOTaX HAMHOTO OOJIbIIIE,
yeM B rymuHe u yrie. M3 manssix puc. 3.1 Takxke BuaHO, uto B I'K u I'Y
npeobyiagaroT KapOOKCHIIbHBIE TPYIIbl HAJ alKWJIbHBIMU 3aMECTUTEIISIMH,
otHomeHHe Ai720/ A2g20 1UTE 000MX 00pa3IIOB OOJIBIIIE €AUHUIIBI. J{JIs yIitst cCUTyarust
IPSIMO MPOTUBOIIOJIOXKHAS, OTHOIICHUE A1720/A2920 HAMHOTO MEHbIIIE STUHHIIBI.

B nenom, MmoxHO koHcTaTupoBath, uro UK — cnekrper yris Kapa-Keue,
BBIZICJICHHBIX U3 HETO TYMHHOBBIX KHCJIOT M TYMHUHA JIOBOJIBHO CX0XHU. OCHOBHBIE
XapakTEepHble  MAaKCUMyMbl  TOTJIOIIEHMS  JUIsl ~ TYMHUHOBBIX  BEILECTB
oOHapy>KUBaIOTCA y Bcex 00pasnoB. Paznmuuns Habmrogat0Tes, TIIaBHBIM 00pa3oM, B
HEOJIMHAKOBOM HWHTEHCHBHOCTH, IMpeo0iaJlaHueM B TYMHUHOBBIX KHCJIOTax
KHUCJIOPOJICO/IEP KAIUX TPYII, a B yIJe-aJIKMJIbHBIX 3aMmectutreneil. B cocrase
rymMuHa HaOroaeTcs 0oJibliie apomaTudeckux (parmeHnToB. [Ipu 3ToMm, paznuuus
B YIIMPEHUUM M CIBUrax IMOJIOC morjiouieHusi, B crektpax yris Kapa-Keue,
TYMHUHOBBIX KHCIIOT M TYMUHA, MOKET OBITh CBSI3aHO KaK C Pa3IMYHbIM XUMUYECKUM
OKpY>KCHHEM BHYTPH CaMUX CTPYKTYPHBIX €IUHUI] UCCIECTYEMbIX OOBEKTOB, TaK U
MEXMOJIEKYJIIPHBIMU B3aUMOJICHCTBUSIMU MEK/y HUMHU.

3.2 Mopgonozua noeepxnocmu, 3IHEP2OOUCnEPCUOHHBIE CHEKMPDL,
penmzenozpammul oypozo yena Kapa-Keue, 6vloeneHHbIX U3 He20 2yMUHOBBIX
Kuciom u 2ymuHa.

A) Pacmposas snexmpounas muxpockonusi 6ypoeo yens Kapa-Keue,
8blOCNICHHBIX U3 He20 2YyMUHOBbIX Kuciom u 2ymuna. lccnenoBanue aHaIUTUYECKOU
npoOs! yrias Kapa-Keue npoBoaunocs Ha mukpockone TESCAN VEGA 3 LMH ¢
JETEKTOPOM BTOPUYHBIX 3JEKTPOHOB. Mopdoorus MOBEPXHOCTH O0pa3lioB
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ryMHHa ¥ TYMHHOBBIX KHCJIOT HCCIEAOBaJIaCh Ha PacTPOBOM 3JIEKTPOHHOM
mukpockorie ¢upmel JEOL JSM 6510 npu wucnosib3oBaHUM Kak JAETEKTOpa
BTOPHYHBIX 31eKTpoHOB (SEI), Tak u merekTopa oTpakéHHBIX dtekTpoHoB (BEC).
Ha puc. 3.2 npuenens! pororpaduu npu pa3aTuvHbIX YBEIMUYECHUAX aHATUTUIECKUX
po6 6yporo yris Kapa-Keue, BbieieHHBIX U3 HETO TYMUHOBBIX KHCIIOT U TYMUHA.
Bunno, 4to koHrioMmepar oOpaslia HCXOJHOTO YIJII HMMEET IUJIaCTUHYATYIO
CTPYKTYpYy, MNpUYEéM YacTUYHO-TpaHEHass CTpyKTypa HaOmomaercs s
cocTaBistomux ero yactuil. [Ipu Oosiee CHIBHOM YBEJIWYEHUU IOBEPXHOCTU
ucciaenyeMoro oopasua BHAHO, YTO Yrojib UMEET clad0 Pa3BUTYIO MOPHUCTYIO
IIOBEPXHOCTB, BCJIEICTBHE YETO MOKHO OKUJATh MPOSBICHUS €0 HE3HAUYNTEIbHBIX
a7ICOPOITMOHHBIX CBOMCTB.

Pucynoxk 3.2 — ®otorpadun moBepXHOCTU OypoOro yris
Kapa-Keue, BbIIeTIeHHBIX 3 HETO TYMUHOBBIX KUCTIOT U TYMHUHA TPU
Pa3IMYHBIX YBEINYCHUIX

YacTuiibl TYMUHOBBIX KHCJIOT KBa3UKpHUCTauinueckoil Gopmbel. OHH
MPEICTABIIIOT COOOM 3epHa Pa3IuIHOTo pazMepa, He npebimatonme 100um. Cama
MOBEPXHOCTh YACTHI[ TYMHHOBBIX KHCIIOT TUIOCKasl, HE MPOHHM3aHA TOPaMH U
KamwuIsipaMu, Ha HEW OTCYTCTBYIOT BCSIKOTO poja IIEpOXOBAaTOCTH. ['yMuH, B
OTJINYUE OT TYMHHOBBIX KHCJIOT, MPEACTABISICT COOOM YaCTUIIBI HEPETYIISPHOM,
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OCKOJIOUHOM (opmbl pazmepamu Takxke g0 100 um. Kpome »storo 3mech
MPUCYTCTBYIOT YaCTULBI C PAa3BUTOM, MOPUCTOW MOBEPXHOCTHIO. MaKCHUMaJIbHbIN
pasmep oTAenbHBIX nop rymuHa gocturaetr 200 HanomerpoB. Ha puc. 3.2 Takxke
npuBeeHbl (GOoTOrpaguu T'YMHHOBBIX KHCIOT W TyMHHA, BBIJICICHHBIX U3 Oyporo
yrast Kapa-Kede, cHsATBIE IpH MCTIOJIB30BAaHUH JETEKTOPA OTPAKEHHBIX DJICKTPOHOB.
BuaHo, 4TO MOBEpXHOCTH TYMUHOBBIX KUCIIOT M TYMHHA OJTHOPOTHOTO CEPOTO I[BETA
C pEIKUMH HEOOJIBIIMMHU CBETIBIMHU BKIIOUEHUSMHU, TIPEICTABIAIOIIMMHI COOOM, TTO-
BUJIUMOMY, O0Jiee OKUCJIEHHbIE (ParMEHThl B CTPYKTYpE HUCCIEIYyEMbIX BEILECTB,
7100 30HBI C MOBBIIIEHHBIM COJEPKAHUEM 30JIbHBIX 3JIEMEHTOB. Takum oOpaszom,
U3 OIICHKH TIOBEPXHOCTH WCCIEAYyeMbIX OO0pa3loB, YYUTHIBAs JIMIIb OJUH
bu3MYecKuil acrekT — KOH(PUTYpAINIO TTOBEPXHOCTH, MOKHO OKHIATh PA3IMYHbBIC
MEXaHU3Mbl aJcoOpOIMHM, OT MOHOMOJIEKYJISIPHOW Yy TYMHUHOBBIX KHCIIOT, 0
00BEMHOTO 3aMOTHEHUSI MUKPOTIOpP Y TYMUHA U YTJISI.

b) Duepeooucnepcuonnvie cnekmpul yena Kapa-Keue, vloenennvix uz neeo
CYMUHOBBIX KUCIOM U 2YyMUHA. AHaIN3 JOKAJIBHOTO JJIEMEHTHOTO COCTaBa B
3aJIaHHBIX TOYKAaX MCCICIYEeMBbIX OOpa3I0B TyMHHOBBIX KHCJIOT M TyMHHA
MIPOBOJIUJICS] HA pacTPOBOM dJIeKTpoHHOM MuKpockone JEOL JSM 6510, B kauecTe
JIETEKTOpa MCIOJIb30BAJICS DHEPTOJUCIIEPCUOHHBIM CHEKTPOMETP C a30THBIM
oxnaxnaennem NSS7. JlokanbHOE copep)kaHUe Pa3IMYHBIX JJIEMEHTOB B 0Opasiie
yrasi Kapa-Keue omnpenensimocs na muxpockonie TESCAN VEGA 3 LMH ¢
ucnonszoBanueM EDS ananuzaropa X-ACT.
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Pucynok 3.3-DHeproancrnepcruoHHbIE CIIEKTPHI B 3aJaHHBIX TOYKAX
noBepxHocTu O0yporo yris Kapa-Keue, Bbl1€JI€eHHBIX U3 HETO
T'YMHUHOBBIX KHCJIOT U TYMHHA
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HccnenoBaHue JIOKaIbHOIO JIEMEHTHOTO COCTaBa JJis BCEX TPEX 00pa3lioB
IPOBOAMIIOCH B HECKOJBKHUX MOP(OIOrMUECKH pa3IMYHBIX TOUKAX IOBEPXHOCTH.
JlanHbIE 1O OTHOCUTEIBHOMY COJEPKAHUIO 3JEMEHTOB, IO BBIOPAaHHBIM
KaHJIuJaTaM, B aTOMHBIX IIPOLIEHTaX NpuBeaeHbI Ha puc.3.3. V3 Tabnuil Ha pUCYHKE
BUJIHO, YTO KOJIMYECTBEHHOE COJEP)KAHHE 3JIEMEHTOB, B PAa3JIMYHBIX TOYKAX
MOBEPXHOCTH, HCCIEIyeMbIX O0Opa3loB yIis, T'YMHUHOBBIX KHCJIOT W TyMHHA,
COOTBETCTBEHHO, JOBOJBHO CHUJIBHO MeHsAeTcs. IlosydeHHbIld  pe3ynbTar
CBUJETEIBCTBYET O TOM, YTO MCCIEAyeMble 00pa3libl INPUPOJHBIX YIJIEPOJIHBIX
MaTpUI] IIPEICTABISIOT co0oii JCIIEPCHBIE MUKpPOT'€TEpOrC¢HHBIE
CYIIPaMOJIEKYJIIPHBIE CUCTEMBI.

B) Peumeenoghazoswiti ananuz nopowxos yens Kapa-Keue, vioenenuvix u3
He20 2yMuHa u 2ymuHosvix xuciom. Anamm3 nopowmkoB yras Kapa-Keue,
BBIJICJICHHBIX U3 HETO TYMHHOBBIX KMCJIOT U TYMHHA ITPOBOJINJICS HA PEHTTEHOBCKOM
mugpakromerpe Panalytical X Pert Pro (Philips) npu anune Bomubsl mennoro Ka-
uznydenust A=0.154 nm. Penrrenorpammsl 3anucsiBaiu B reomerpuu GIXD npu 1°
u 5° B quanazone 20-80° (war 0,05° u Bpems Ha miar 2 ¢).
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Pucynok 3.4 - ludpakuuonnsie cniektpbl Oyporo yris Kapa-Keue,
BBIJICJICHHBIX U3 HETO T'YMHUHA U TYMHHOBBIX KHCJIOT
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Ha puc. 3.4 npuBegeHa auarpaMma MUHEPaJIbHOTO COCTaBa Oyporo yriis
Kapa-Keue. Ananu3 nudpakrorpaMmbl U MOUCK COOTBETCTBUSI KaHIUAATOB IO
odpurmansaeiM PDF 6azam, mokaszan Hamuuue B obpasme Oyporo yris Kapa-Kede
pas3nu4YHBIX MoAUdUKaui rpaduTa, TMOKCHIa KpeMHUS (KBapII), ATFOMOCUITUKATOB
(IeonuT), pa3IMIHbIX KapOUI0B, KapOUI-HUTPUIOB U HUTPUI-OKCUIOB KPEMHUSI.
W3 pucyHka Takke BHUIHO, YTO PEHTICHOTPAMMBI TYMHHA U TYMUHOBBIX KHUCJIOT
UMEIOT BHJI IIUPOKOW JIMHUM (Tajio), XapaKTepHOU i1 aMOp(PHBIX MaTepHaiOB.
OnHako, HajJWyue THMKOB B o0Opasnax TryMuHa (OCTaTOYHOTO  YroJis)
CBUJIETEIBCTBYET O MPUCYTCTBUU B HUX CTPYKTYPHBIX 0Opa30BaHUI, aHAIOTUYHBIX
oypomy yrito Kapa-Keue.

3.3 Aocopbouus HUZKOMONEKYAAPHBIX OP2AHUYECKUX COCOUHEHUU U3
600HbIX pacmeopoe na y2ne Kapa-Keue, 6vloesieHHbIX U3 He20 ZYMUHOBBIX
Kuciomax u cymute. B uccnenoBanusix aficopOuu UCIOIb30BAIMCH YIIIEPOIHBIC
COpOCHTBI, pa3Mepbl YacTUIl KOTOpbIX ObLIM He Oonbine 60 mem (0,25Mm). B
Ka4yeCcTBE azcop0aToB BBIOpaHBI MOYEBHHaA, TJIWIMH, D-rmroko3a,
XapaKTepU3yIOIIKMecs: Pa3IuyHbIM TUIIOM OTKJIOHEHWH OT MJI€aJbHOCTH B BOJHBIX
pactBopax. Jlist ompeneneHus KOHIGHTpAIlMi TJHMIIMHA B BOJHBIX pacTBOpax
WCITOJIH30BAIMCh METOJIBI JIEKTPOIMPOBOJHOCTH M KUJIKOCTHON XpoMaTorpaduu.
[TonsipumeTpruYecKuii METOJ] TPUMEHSJICS JJIA OIpeaeNieHus KoHreHTpammu D-
TJIFOKO3bI B BOJHBIX pacTBopax. KoHIleHTpalus MOYEeBUHBI B BOJHBIX PACTBOPAX
ompenensyiach Xpomarorpaguyecku Ha  BBICOKOI(P(EKTUBHOM  KHIKOCTHOM
xpomatorpade JASCO-HPLC.

OKCIepUMEHTAIbHBIC  JaHHBIE  HM30TCPMHUYECKOW  aiucopOIuu,  UX
BU3yaJIU3aIys, MpeACTaBICHBI Ha prc.3.5. Tam jxe mpuBeaeHBI PAIBI IO aICOPOITUN
MOYEBHUHBI, TTUIMHA, D-TIIF0K03bI U3 BOAHBIX pacTBOPOB Ha Oypom yrie Kapa-Keue,
BBIZICJICHHBIX W3 HETr0 TYMUHOBBIX KHCIOTaX W TYMHHE, COOTBETCTBEHHO.
[lomy4yeHHBIE SKCHEPUMEHTAJIBLHBIE JAaHHBIE IMOKa3bIBAIOT, UYTO BO BCEX
paccMaTpUBaEMbIX CIydasx T'YMHUH 1O CPaBHEHHIO ¢ TYMHUHOBBIMU KHCJIOTAMH H
yriaem Kapa-Kede mposiBisier HamOosiee BBICOKHE aJICOPOIIMOHHBIE CBOMCTBA TIO
OTHONICHUIO K UCCIICTYEMbIM HU3KOMOJICKYJIIPHBIM OPTaHUYECKUM COCAMHCHUSIM.
[Ipu stoMm, anmcopbrusi D-rmroko3sl U3 BogHOro pactBopa Ha yrie Kapa-Kede
OKa3aJiaCh MaJi03aMETHOM.

JIist  OIEeHKM BO3MOJKHBIX MEXaHU3MOB aJCOpPOIMU B HCCIEIYyEeMbBIX
CUCTEMaxX, JaHHBbIE pUC. 3.5 PacCMOTPEHbl KaKk B paMKaX MPEACTaBICHUN O
MOHOMOJIEKYJIIPHOM aJCOpOIMH, TaKk W OOBEMHOM 3aIlOJIHCHHH MHKPOIIOp
copOeHTa IIpH UCIIOIL30BaHNU YpaBHeHUM Jlenrmiopa u Jlyonnuna — PagyiikeBuua,
COOTBETCTBCHHO. Pe3ynbTaThl pacdyeToB MpHBEACHBI B Tabmuie Ha puc. 3.5. U3
TaONHIBI BUIHO, YTO JIMHEAPU3AIUS SKCIICPUMEHTAIBHBIX JTaHHBIX C BBICOKHUMH
Ko3(pdULIEHTaMU KOPPEIAIUU IO aJCOPOIMA HMCCICAYEMBIX OpPraHUYECKHX
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COEIMHEHHMI W3 BOJHBIX pacTBOpoB Ha OypoMm yrie Kapa-Keue, BbiaeneHHoM u3
HEro TyMHHE oOecneyrBaeTcss B KOOpJMHATax YypaBHeHus JlyOuHuHa—
PanymikeBnya, a 111 TyMUHOBBIX KUCJOT - B KOOpJAMHATaX ypaBHeHus JleHrmiopa.
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NuHeiHan perpeccua a
Copbent | Copbar B KOOPAMHaTax ypaBHEeHHA kl-:opp e
[yBuHuHa-Pagywkesmnya / Jlenrmiopa (mmonb/r)
MOYEBMHa Ina=7,47+1,21-1n(Cp/20) 0,99 1752,7
YK
TMLMH Ina=3,20+0,71-In(Cp/,3.4) 0,78 24,6
MOUYEBMHA Ina=9,17+1,17-1n(Cp,/20) 1,00 9604,6
[y
IMUWH Ina =891+ 2,80-1n(Cp/3,4) 0,94 7405,7
D-rnoKo3a Ina=1.85+0.08-In(Cp/4,7) 0,98 6,4
K MOYEBMHA (Cp/a)=0,009+0,105-C, 1,00 9,5
TNUMH (Cpfa)=0,0003+0,018-C, 1,00 55,5
D-rAoKo3a (Cp/a)=0,011+0,610-C, 1,00 1,6

Pucynok 3.5 — M3otepmbl aacopOLMyM MOUEBUHBI, MIHLKMHA, D-rimroko3s! U3
BOJHBIX pacTBOpOB Ha Oypom yriie Kapa-Keue,
BBIJICJICHHBIX M3 HErO T'YMHHOBBIX KHACJIOTaxX U TyMuHe mpu 298 K

[lomydeHHbI  pe3yiabTaT  MO3BOJIET  MPEANONOKHUTH  aJCOpOLHIO
HU3KOMOJIEKYJISIPHBIX OPTaHUYECKUX COETMHEHUI 13 BOJIHBIX PACTBOPOB HA TYMUHE
u yrne Kapa-Kede, B OCHOBHOM, B HEPOBHOCTSX WU IOpax yriepOAHOW MATPHUIIbI
uccienyeMbix copOeHToB. Ha TyMUHOBBIX KHCIIOTaX, HAlpOTHUB, CBSI3bIBAHUE
paccMmaTpuBaeMbIX cOpOATOB 00ECIIEUUBAETCS, B OCHOBHOM, Ha UX MIOBEPXHOCTHBIX
pEakUMOHHbIX LeHTpaX. OYeBUAHO, YTO aJICOpPOIMs MOYEBMHBI, INMIKHA, D-
TJIFOKO3bI U3 BOJIHBIX PACTBOPOB Ha OypoM yTiie, BBIJCIEHHBIX U3 HETO T'YMHUHOBBIX
KHCJIOTaX U TyMUHE 00YCJIOBJIEHA PAJIOM CUJI, BKIItOUask PU3NYECKUE U XUMUUECKHE
B3aMMOJICUCTBUS MOJIEKYJI copOara ¢ (PyHKIMOHAIBHBIMU TPyIIIaMU YIIJIEPOJIHON
MaTpPHIIbl UCCIEAYEMBIX COPOCHTOB.
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[Tony4yeHHble 3HAYEHUSI MPEACNbHBIX aACOPOIMII MOYEBUHBI, THUIMHA, D-
TJIFOKO3bI, COOTBETCTBEHHO, M3 BOJHBIX pacTBOpoB Ha Oypom yrie Kapa-Keue,
BBIJICJIEHHBIX U3 HEr0 T'YMHHOBBIX KHCJIOTaX U TYMHHE HUCIOJb30BAHBI JJIs1 OLIEHKU
yIEIBbHON IUIONIAIA MMOBEPXHOCTH ITHX YIJIEPOAHBIX COpOEHTOB. [[1s1 aTOTO OBLI
MPOBEICH pacueT IUIOMIAJIKK, KOTOPYIO 3aHMMAIOT MOJIEKYJbl copbata Ha
MOBEPXHOCTU TBEPAOrO TeJla MPU HCMIOJIb30BAaHUU JEMOHCTPALIMOHHOW BEpPCUU
xumuueckoro oduca B 3D dopmare. Pe3ynbTaThl pacueToB MpUBEICHBI HA puc. 3.6.

TIIHIITHH
I ravMumH I moYesuHa D-rnokosa :
5 i
S (M’ /1) S N, o®-a,
.'. - V= 0,035 nm
— w= 0,13 nm"
MOHYCBHHA
Vo= 0,046 nm
w = 0,15 nm~
Iy - rasoxosa
(g
— g || &ss
— — — -
rymmHosble TrymMmwuvH yronb vV =0,141 nm
KMCNoThbI ® = 0,33 nm’

Pucynox 3.6 - VY nenpHas momaas noBepxHoctu oyporo yris Kapa-Keue,
BBIJICJICHHBIX U3 HETO TYMHUHOBBIX KHCJIOT U TYMHUHA, OITPEICIICHHBIX
10 TJIMIUHY, MOYEBUHE U D-Tiroko3e

W3 ructorpammel Ha puc. 3.6 BUIHO, YTO T'YMHUH 00J1a/laeT HauOOJbIIEH
npeaeabHON YIeIbHON TUIOMAIbI0 MMOBEPXHOCTH, MO CPABHEHUIO ¢ TYMHUHOBBIMU
kucnotamu u yriueM Kapa-Keue. OueBuUIHO, YTO TOJYYEHHBIM PE3YIbTAT
00yCJIOBIIEH DPa3BUTOM, MOPUCTOM CTPYKTYpOl TyMHHA, YCTAHOBJIEHHOW €ro
MOP(OJIOTUUECKIUMH HCCIICTOBAHUSMHU.

Takum 00pa3oMm, B psiay HCCIEIOBAHHBIX YTICPOIHBIX MATPHI], CAMBIM
3 PEKTUBHBIM COPOEHTOM MOYEBHHBI, INTMIIMHA W D-TIIOKO3bI M3 HMX BOIHBIX
pacTBOpOB sABIsieTcsa rymuH yris Kapa-Keue.

3.4 IPexmot uzbupamenvHoit conveamayuu CmMpyKmypHulX eOUHUY
HAOMONEKYIbl ZYMUHOBBIX KUCJIOM 6 600HbBIX PACHMEOPAX HUZKOMONEKYIAPHBIX
opzanuyeckux coeounenuil. 'yMuHOBbIE KUCIIOTHI MPEJICTABISAIOT COOOM TBEpaOE
aMmop(HOE BEIIECTBO, HE UMEIOIIEe XUMHUIECKON (OPMYIIbl, XapaKTepPU3YIOIIeecs
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HECTEXUOMETPUUHOCTBIO COCTaBa, HEPETYJISAPHOCTBIO CTpOEHMUS,
HOJUAMCIIEPCHOCThI0.  OnucaHue MOJ0OHBIX OOBEKTOB, HX XapaKTEpUCTUKA
CBSA3aHbI C MCIOJIb30BAHUEM XMMHUYECKOIO MOTEHLHANA MOJEKYJIIPHOIO arperara
WJIM TACTIEPCHOM YaCTULbl TYMHUHOBBIX KHCIIOT (CYIPaMOJIEKYISIPHBIA XUMUYECKUN
notenuan, Pycanos A.M.). Ilpu 3ToM TyMHUHOBBIE KHCIIOTBI PAaCCMaTPUBAKOT Kak
OJIHy OOJBIIYI0O M CIOXKHYIO HaJIMOJIEKYJIy, KOTOpas BKJIIOYaeT B cels n
CTPYKTYPHBIX €AMHHII, HAIIPUMEp, OAHOTO BUA.

Cornacao cratuctuueckot ¢usuke (Kynn O.M.), BoIpaxkeHue s

XUMUYECKOTO TIOTEHIMAaNa CTPYKTYpHOM  €IMHHIBI  HAaAMONEKYIbl (M;)

3aMHUCHIBACTCS 110 AHATIOTUHU C OOBIYHBIM XUMHUYECKUM TTOTCHITHAIOM:
0 3
Hy=g; +W, +KkT ‘In(a;-A) (1),
B ypaBnenun (1) pabora W, cBsi3aHa cO B3aUMOJEHCTBHEM CTPYKTypHOH

CAMHUIIBI HAIMOJIEKYJIBI C MOJIEKYJIaMU Cpefibl (pacTBOPUTENS). DTy pabOTy 4acTo

e Y. -

0
Ha3bIBAIOT «3(pexToM cpenbl» U 00o3HadaoT kak KT-InY; =w, J

]
HYJIEBOM KOA(DPUIIMEHT aKTUBHOCTU CTPYKTYPHOM €IMHULIBI HAJIMOJIEKYIIbI.
JIns  TBepAbIX TEN MNPaKTHUYECKOE 3HAUYCHHE UMMEET HOpMajbHas

COCTaBJIArOIIasd BCKTOpa XHMMHYCCKOTO HoT€HOMalIa 28 in) - B YCIIOBUH

MaTepUaAIbHOTO PABHOBECHS TBEPAOTEIBHOTO KOMIIOHEHTAa HAJIMOJIEKYJIbI B
MTOBEPXHOCTHOM CJIO€ ¢ MpuJierarorieit ¢parouaHon (pazoi cripaBesivBo:

Riony = H; (2),
rae W; - 9T0 XMMHUYECKUIl NMOTEHIMall CTPYKTYpHOW €AMHHUIIBI HAJMOJIEKYNbl B
nputeratomeit paronHou dase.

[Ipumensiss ypaBHenust (1) u (2) aas CynpamoJIeKyJISIPHOTO XHMHYECKOTO
MOTEHIIMala CTPYKTYpHOW EIMHUIIBI HAIMOJIEKYJIbI TYMHUHOBBIX KHCIOT B €€
HACBIIICHHOM BOJHO-OPTaHMYECKOM pacTBOpPE 3aJlaHHOTO COCTaBa MOYKHO
TIOJTYYHTh:

ac
0¥ =l )
gk

ac

rae  Cy’(w)- KOHIEHTpAlUs HACHIIEHHOI0 T'YMHHOBBIMH KHMCJIOTaMH BOJHOTO

ac

pactBopa, Cy(s)- KOHIEHTPAIMs HACBIIIEHHOTO TYMUHOBBIMH KHUCIOTaMHU BOJIHO-

0 o
OpraHMYecKOro pacTBOpa 3aJaHHOTO COCTaBa, Yy - HyleBoi KoddduieHt

AKTHUBHOCTH CTpYKTypHOfI CAWHUIBI HAAMOJICKYJIBI TYMHUHOBBIX KHCJIOT B BOIHO-
OpraHu4€CKOM pacCTBOPC AAaHHOI'O COCTaBa, HOpMI/IpOBaHHHBII\/’I K CIUMHHUIIC B YHUCTOM

BOJTHOM PacTBOpe { Y, (Bona)=1}.
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TepMmoanHaMuyeckoe onucaHue U30UpPaTENbHOM CObBATALMU CTPYKTYPHOM
€IMHULl  HAJMOJEKYJbl TIYMHUHOBBIX KHCJIOT B  BOAHBIX  pacTBOpax
HU3KOMOJIEKYJISIPHBIX OPTaHUYECKUX COCIUHEHHM, MPU MCIMOJIb30BaHUU (DYHKLIUU
«COJIbBAaTAlIMOHHBIA M30BITOK», aHAJTOTMYHON OTHOCHUTEIBHOMY MOBEPXHOCTHOMY
n30bITKy ['m00ca, CBSI3aHO C AKCIEPUMEHTAIBLHBIM oOmpeeneHueM <«d(pQexkTon
cpenb» 1o ypaBHeHHIO (3). [Ipu 3TOM, 111 paCTBOPOB HEINEKTPOJIUTOB, B KOTOPBIX
JONyCKAaeMble ~ XMMHMUYECKHE PpEaKLIHUU SBISIOTCS  peakuusiMd TOMO- U
rerepoacconuanui, IlesauasiM A.A. 000cHOBaHO 0a30BO€ COOTHOLIEHHE, KOTOPOE
YCTaHaBIMBAET CBS3b «3((PEKTOB Cpelb» U BETUUYHUH COJIbBATAIMOHHBIX NU30BITKOB:

d gy,
d lga,

k
-Toawy  (4),

T.P.acgk

gk
s(w)

rae I, - CONMbBATAIMOHHBIA M30BITOK OPraHUYECKOTO KOMITOHEHTA (S) HaJl BOAOU

(W) B COTBBATHOM OKPY)KCHUHU CTPYKTYPHOU €IMHUIBI HAIMOJICKYJIbI TYMHUHOBBIX
kucnot (I'K).

3ameTuM, 4YTO JJs1 JI000M CTAaOMJIBHOW JIBYXKOMIIOHEHTHOM CHCTEMBI,
COCTOSIIIICH W3 YacTHIl BOAbl (W) M OpraHMYECKOro KOMIIOHEHTa (S) 0a3oBoe
COOTHOIIICHHE (4) TPUMET BUI:
dl
g yw — FW — FS (5)
d |ga w(s) s(w)
w /TP
YpaBuenue (5) ObUIO HCIOAB30BAHO JJII pacuera aBTOU3OBITKOB
(s = ewy) B BOAHBIX PaCTBOpax MOYEBHHBI, IIIHIHHA U D-Tr0K036I. [laHHBIE 110

pacTBOPUMOCTU TYMUHOBBIX KHCIOT U3 yrisa Kapa-Keue B Boanbix pactBopax D-
[JIFOKO3bl, MOYEBHUHBI, TJUIMHA TMO3BOJWIM pPACCUUTATh MO YypaBHEHHUIO (3)

«ddexrrr cpenpn (19Y, ) CTPYKTYPHBIX SIUHHIL HAIMOJIEKYJI TYMHHOBBIX KHCIIOT

B MCCIIEIYEMBIX COCTaBax BOJHO-OpPraHHYECKHX pactBopureneil. l[lomyueHHbie
BEJIMYMHBl  ONUCHIBAINCH [OJMHOMAMH 33JaHHOM  CTENEHH  Pa3IoKEHUs,
aHATMTUYECKUM JU(PdEepeHIIMPOBAHUEM KOTOPBIX, B COOTBETCTBUU C YPaBHEHUEM
(4), paccuuTBHIBAIMCHh COJbBATAlMOHHBIE M30BITKM Ha CTPYKTYPHBIX €IMHHIIAX
HaJIMOJIEKYJ TYMHHOBBIX KHCJIOT B BOJHBIX PAacTBOpPax HU3KOMOJIEKYISPHBIX
OPTaHUYECKUX COCTUHEHUN.

JlJi TOJIHOTHI XapaKTepUCTHKU 3(PPEKTOB M30MpPATEeIbHONW COJIbBATALIUU B
HACBILIICHHBIX TYMHUHOBBIMU KHCJIOTaMU BOJHBIX PACTBOPaX HU3KOMOJIEKYISPHBIX
OpPraHMYECKUX COCAMHEHUN, HapAIy C BEIMUYMHAMHU COJbBATAIIMOHHBIX U30BITKOB,

k
aBTOM30BITKOB (FS(W)), (T3> Twe)s DACCUUTBHIBAIUCH 3HAYEHUS OTHOCHUTENILHBIX

s(w) 2

MOBEPXHOCTHBIX M30bITKOB ['mb6ca (T,,) Ha TIpaHUIE BOJHBIX PaCTBOPOB

s(w)
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MOYEBUHBI, TJIMIMHA, D-TIII0K03bI, COOTBETCTBEHHO, C MapoBoii (pa3zoi. Pe3ynbrarsl
BCEX pacyeToB MPUBEICHBI Ha puc. 3.7.

|ryMsHOBsIe KCTOTEI-Boga-TmMuME| [ TYMHMHOBBIE KICTOTBI-E0Ja-MOY€EHHA| |rysHoBsIe KicTOTEI-Bona-D-rmoko3a]
2'5: ||||||||||||||||||||| ‘ uzh_ i ‘-. . '.. - . .._.'_ ¢-: . l..l - .: 1.2|

I | ey | | T
I 2 ) I

THIHE(BOMA) | ; - D-rmoxo3a(Bona) :
~ . , ] 0. _rMO‘IEEHHﬂ ] . R
16 ' ModeeuHa(Bona)| 0
| TK 1 ' D—mmkoéa
08 - : | I
06" l—l‘J'IHIJ_HI-I _' | EIO‘{EBHH&(EU,M) | -ﬂﬂ: D-rmoko3alBona)
- rmm:m(ao,aa ' | : ' 1. ‘
J ‘ '1: : : 10 l-Drmmuaa(Eona)_'
_0"'_ 7 | . ] . 4 j
“ 10 'l-rmmlm(soaaj A4r |
J | > ‘
, , 310/ |
o S U ST 10 r”mm""a(‘ma) L2l
0 01 02 03 04 0 02 04 06 08 0 005 01 045 02 025 03
Cp(moas/a) Cp(moas/a) Cp(moas/a)

Pucynox 3.7 - [loBepXHOCTHBIC U COJIbBATAIITMOHHBIE U30BITKU
B BOJHO-OPraHUYECKHX PACTBOPAaX T'YMUHOBBIX KMCIOT Ipu 298 K

W3 pucyHka BHAHO, YTO aBTOM3OBITKM B BOJHBIX pPacTBOpax TJIHIIMHA |
MOYEBHHBI IOJIOKUTENBHBIE, & B BOJHBIX pACTBOPAaX D-TIIFOKO3bI OTPULIATENIBHBIE 10
BEJIMYMHE. ITO TOBOPUT O TOMOACCOIMALINY TJIUIIMHA, @ TAKYKE MOYEBUHBI B BOJTHBIX
pacTBOopax M Te€Tepoaccolralvy MOHOcaxapuaa ¢ Bogou. OTpuLaTenbHbIE
3HAQYEHUSI OTHOCUTEIbHBIX IMOBEPXHOCTHBIX H30bITKOB ['1OOca mig TriulUHA,
MOYEBHUHBI, D-TJIFOKO3bI B BOJHBIX pAaCTBOpPAaX XapaKTEPU3YIOT HUX Kak
ITOBEPXHOCTHO-HEAKTUBHBIE HU3KOMOJICKYJISIPHBIE OPraHUYeCKUE COCIUHEHHS Ha
rpaHuie >Kuakoctb—map. I[lpu sToM, kak mokazaHo B maparpade 3.3, TIHIMH,
MOYEBMHA, D-riatoko3a B COOTBETCTBYIOIIMX BOJHBIX PAacCTBOpaxX SBISIOTCA
a7IcOpOLIMOHHO-aKTUBHBIMM Ha TPaHUIIE C TBEPABIMU JUCIEPCHBIMH YaCTUIIAMU
TYMUHOBBIX KHUCJIOT.

N3 puc. 3.7 Taxke BHIHO, YTO COJbBAaTAllMOHHBIC HM30BITKH D-TIIFOKO3HI,
MOYEBHUHbBl W TIJIMI[MHA HAJl BOJOM Ha CTPYKTYPHBIX €IWHHIIAX HAJAMOJIEKYII
TYMHHOBBIX KHCJIOT B KUAKOH (paze SBISIFOTCS MOT0KUTEIbHBIMU BEIMYUHAMU. DTO
3HAYUT, YTO NOBEPXHOCTHO-HEAKTHMBHBIM HEBOJHBIM KOMIIOHEHT pacTBOpa Ha
FPAHULIE  KUJIKOCTb—IIAD CTAHOBUTCS  COJBBATOAKTUBHBIM B  OKPYXCHUU
CTPYKTYPHBIX €TMHUI] HAIMOJIEKYJI TYMUHOBBIX KUCIIOT, JIOKAJTU30BaHHBIX B 00BEME
*Kuakou (azpl. TakuM 00pa3om, B pe3yabTaTe HANPABICHHBIX MEXMOJICKYISPHBIX
B3aUMOJICUCTBUNA, HMEET MECTO KOHUEHTPUPOBAHUE HEBOJHBIX JIOKAIBHBIX
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MUKPOHEOJAHOPOJHOCTEH OWHApHOTO pAacTBOPUTENA, B BUAE WX TOMO- WIH
reTepoaccoaToB, B OMMmKalllieM OKPYKEHUN CTPYKTYPHBIX €IMHUL] HAAMOJIEKYJ
TYMUHOBBIX KHCJIOT, HAXOIAIIUXCA B 00beMe )XKUIKOM (a3bl.

IIpencraBisier MHTEpPEC AaTh PA3MEPHYIO OLIEHKY CTPYKTYPHBIX E€IUHUIL
HAJIMOJIEKYJIbl T'YMHUHOBBIX KHCIOT B BOJHBIX PAaCTBOPAX HU3KOMOJEKYISPHBIX
OpraHMYECKHUX coenuHeHui. Jlyig 3Toro mpouecc oOpa3oBaHUSA COJIbBATHOTO
OKPYKEHHUsI CTPYKTYPHBIX €IUHUI[ HAIMOJIEKYJ TYMUHOBBIX KHCJIOT B PacTBOpE
HEOO0XOMMO MIPEICTAaBUTh B BUJE JBYX ATAIOB.

IlepBbiii 3Tan. OOpa3oBaHWE IMOJOCTH Pa3MEPOM, COOTBETCTBYIOLIUM
pa3mMepy CTPYKTYpPHOW €IWHHUIBI HAaIMOJEKYJIbl I'YMUHOBBIX KHMCJIIOT B JaHHOM
COCTaB€ BOJHOI'O pacTBOpa INIMIMHA, MOYEBUHBI, D-IIIOKO3bI, COOTBETCTBEHHO.
OueBHIHO, UTO MIPH ITOM, CO CTOPOHBI BOJTHO-OPTaHMYECKOT0 pacTBOpa 00pa3yercs
ITIOBEPXHOCTHO-AKTUBHBIM CIJIOM, B KOTOPOM Ha €IMHUILY IMOBEPXHOCTH IOJIOCTH
NPOSIBUTCS ~ M30OBITOK  MOBEPXHOCTHO-aKTUBHOTO  PACTBOPUTENS,  COTJIACHO
ypaBHeHUI0 (6):

1“Z(w) ()= 47[rr2.< ‘N, 'Fs(w) (6)

Bropoii 3tan. [lomecTuM B MOJOCTh CTPYKTYPHYIO €AMHUILY HAJIMOJIEKYJIBI
T'YMUHOBBIX KHCJIOT, «BKJIIOYMM» €€ MEXMOJEKYIAPHbIE B3aUMOACHUCTBHS C
YaCTULAMH  pPACTBOPUTENS. JTO TMPUBENET K H3MEHEHUIO B  COCTaBe
COJIbBATALIMOHHOTO OKPYXKEHHsI IIOJOCTH, 3aHATOM CTPYKTYPHOM €IMHULEU
HAJMOJIEKYJIbl TYMUHOBBIX KHUCJIOT U €€ COJIbBATAllMOHHBIA U30BITOK IPUMET BU/I:

;E(w) = 4Tcrr21< ‘N, 'rs(w) +AT Zz(w) (7),

rae A,

sw - TIONpPaBKa Ha «BKJIIOYEHHE» MEKMOJIEKYIAPHBIX B3aMMOJCHCTBHI

CTPYKTypHOﬁ CAWMHHUILIBI HAAMOJICKYJIbI TYMHWHOBBIX KHCJIOT € YaCTHAMH BOJHOTI'O
PaCTBOpa IiiMirHa, MOYCBUHBI, D-FJ'IIOKO3I>I, COOTBCTCTBCHHO.

CootHomienue  (7)  ycraHaBnuBaeT  ()EHOMEHOJIOTHYECKYIO  CBSI3b
COJIbBATAIIMOHHBIX HW30BITKOB CTPYKTYPHBIX €IUHUIl HAJIMOJEKYJbl T'YMHUHOBBIX
KHMCJIOT B BOJHBIX PACTBOpax IIIMIMHA, MOYEBUHBI, D-TIIF0OK03bI, COOTBETCTBEHHO, C
OTHOCHUTEIbHBIMH TOBEPXHOCTHBIMM H30bITKamMu [1OOca Ha TrpaHuUIE BOJIHO-
OpraHU4ecKui pacTBOp —map. B 3TOM ypaBHEHMM BKJIAJ MEXMOJIEKYJSIPHBIX
B3aMMOJICHCTBHI B BEJIMYMHBI COJbBATAIIMOHHBIX HM30BITKOB OICHUBAJICA IO HX

npeaeIbHBIM 3HaUeHusAM Al =TL¢

s = Ty (0) . Iocnennne Haxoaunucy rpaguuecku npu
UCIIOJIb30BAaHUU JIMHEWHOTO YypaBHEHHUs JleHrmiopa, 3almMcaHHOM B METPHUKE
COJIbBATAIIMOHHBIX U30BITKOB. TakuM 00pa3oM, u3 ypaBHeHHS (7) MOXKHO MOJTYYHUTh
BBIPKEHUE JIJI51 paAyca CTPYKTYPHOU €IMHULIBI HAJIMOJIEKYJIbl TYMHUHOBBIX KUCIIOT
B 3aJJaHHBIX COCTaBaX BOJHBIX PACTBOPOB HU3ZKOMOJIEKYJSIPHBIX OPraHUYECKHUX

COEJIMHEHUMN
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TK 1—~1‘K

r s(w) T s(w) (OO) (8)
4n-N,-T’

s(w)

Pacuersl, mnpoBenEeHHbIE MO YypaBHEHHIO (8) TMpU  HCHOJB30BAHHUU
COBOKYITHOCTH JKCIEPUMEHTAJIbHO OIPEAEICHHBIX BEJIUYMH MOBEPXHOCTHBIX U
COJIbBATAllMOHHBIX H30BITKOB, mNpuBeAeHbl Ha puc. 3.8. OTMmeTum, 4YTO TpHU
OMMCAaHUU ATANoOB (POPMHUPOBAHUS COJHBATAIMOHHBIX M30BITKOB B JKUIKON (haze
pa3Mepbl CTPYKTYPHBIX E€IMHHI] HaIMOJIEKYJIbl TYMHUHOBBIX KHCJIOT B OOBEME
BOJIHBIX PACTBOPOB HU3KOMOJICKYJSIPHBIX OpPTaHMYECKHX COCAMHEHHH ITaHHOTO

COCTaBa OLEHUBAIOTCA B BUJIE cephl quameTpom 21, .
21'rK {(nm)

2,5 :— 1 - rymMHOBbIE KMCNOTbI - BOoAa - TMULWUH —:
E 2 - 'YMMHOBbIE KUCNOThI - BOAa - MOYEeBMHA E
21— 3 - rymMHOBbIE KMCNOTbI - Boga - D-rniokosa |
1,5 -
1 .
0,5 -
0 0,1 0,2 0,3 0,4
Cp (mons/n)

Pucynok 3.8 — 3aBucCUMOCTb painyCoOB CTPYKTYPHBIX €IUHHI] HAIMOJICKYJIbI
T'YMHUHOBBIX KHACJIOT OT PABHOBECHBIX KOHLIEHTPALIMUI
HU3KOMOJIEKYJISIPHBIX OPTaHUYECKUX COCIMHEHUM B BOJHBIX PaCTBOPax

[TosryueHHble pe3yNbTaThl MOKA3bIBAIOT, YTO NMPU HACHIIIEHUH TYMUHOBBIMU
KHUCJIOTaMU BOJIHBIX PacTBOPOB TJIMIIMHA, MOUYEBHUHBI, D-TIIOKO3bI, B 3aBUCUMOCTHU
OT cocTaBa OMHApPHOTO PacTBOpa, 0Opa3yrOTCs KaKk HAHOPa3MEpPHBIC TUCTICPCHBIC
CUCTEMBI, B KOTOPBIX CTPYKTYpHBIC €IMHHIIBI HAIMOJIEKYJIbl TYMHHOBBIX KHCIIOT
CTaOUIM3UPOBAHBI B IUCIIEPCHOHHON BOJHOMN Cpeie OPraHUYECKUM KOMITOHEHTOM
OMHApHOTO PaCTBOPUTEIS, TAK M UCTUHHBIE PACTBOPBI.

3AKJIFOYEHUE
1. [llemouno# sKcTpakiuenr Oyporo yrias mecropoxaeHus Kapa-Keue, c
MpEIBaAPUTEIBHO ONPEACICHHBIMU TEXHUYECKUMU XapaKTEPUCTUKAMHU, BbIICIICHBI
T'YMUHOBBIE KHUCJIOTHI U TYMHUH (OCTaTOYHBIN YroJib). Y CTaHOBJICHBI 30JIbHOCTh U
BJIYKHOCTb BCEX 00Pa31ioB, MPOBEACH UX AJIEMEHTHBIN aHanu3. [Ipu ucnonb3oBanuu
nuarpamMM Ban-KpeBenena mokazaHo, 49TO IO CBOMM KJIacCH(DHKAIIMOHHBIM
IpU3HAKaM TYMHUHOBbIE KHCIOTBI U3 yrisi Kapa-Kede, mpuHamiexar kK kiaccy

TYMHHOBBIX KHCJIOT, BBIJICJICHHBIX U3 OYPBIX yTJIEH.
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2. 1 oOpasuoB Oyporo yrist Kapa-Keue, BbII€I€HHBIX U3 HETO T'YMHUHOBBIX
KHUCJIOT U TyMHHA IIPOBEIEH CONOCTABUTENBHBIM (PYHKIMOHAIBHBINA aHAJIN3 I10
nanabIM K-®ypre criexktpockonuu. B nemom, MoxHO KOHCTaTupoBaTh, yTo MK —
cnektpel yris Kapa-Kede, ryMHHOBBIX KHCIOT M T'yMHHAa JOBOJIBHO CXOXKH.
OCHOBHBIE XapAaKTEPUCTHUYECKME MAKCUMYMbl MOIJIOIEHUS JJIsi TyMHHOBBIX
BEIIECTB OOHAPYKUBAIOTCS y BceX 00Opas3ioB. Pa3nuuus HaOmomaTcs, riaBHbIM
o0pa3oMm, B HEOAMHAKOBOM MHTEHCUBHOCTH, Pe00JIalaHNy B TYMUHOBBIX KUCJIOTax
KHCIIOPOACOAEpKAIIKUX TPy, a B yIJIe AJKWIbHBIX 3aMecTUTeNeld. B cocrase
ryMHHa HaOJr01aeTcs 00JIbIle apoMaTUUeCKuX (parMeHTOB.

3. MeTtonamu pacTpoBO# 3JIEKTPOHHON MUKPOCKOIIMH, MIOKAa3aHO, YTO OypbIi
yrosib Kapa-Kede umeeT miuacTuHYaTyl0 CTPYKTYpy, €1a00 pa3BUTYIO MOPHUCTYIO
MOBEPXHOCTh. YacTUIbl TYMHMHOBBIX KHCIIOT KBa3HUKPHUCTAUIMYECKON (HOPMBI,
IPEJCTaBISIIOT cOo0OM 3epHa paznuuHoro pasmepa. Cama HOBEPXHOCTh YacCTHUIL
TYMUHOBBIX KHCJIOT IUIOCKas, HE IMPOHM3aHA MOpaMHM M KamwuigspaMH, Ha Hel
OTCYTCTBYIOT BCSIKOTO poOJia HIEpPOXOBATOCTU. ['yMHH B OTJIMYME OT T'YMHUHOBBIX
KHUCIJIOT TPEJICTABIAECT COOOW YacCTUIbl HEPEryJsIpHOH, OCKOJOYHOM (OpMBI C
Pa3BUTOM, MOPHUCTOM MOBEPXHOCTHIO. MaKCUMaIIbHBIM pa3Mep OTICIbHBIX IOP
rymuHa gocturaet 200 HaHOMETPOB. DHEProUCIIEPCUOHHBINA aHATU3 TTOKa3aJl, 4YTO
KOJIMYECTBEHHOE COJIEP)KAHUE 3JIEMEHTOB, B PA3JIMYHBIX TOYKAX ITOBEPXHOCTH,
UCCIIETyeMbIX O0pa3lioB YIJIsl, TYMHUHOBBIX KHUCJIOT M F'YMHHA JOBOJBHO CHUJIBHO
MeHsercs. Takum 00pa3oM, paccMaTpuBaeMble IPUPOAHBIE YIIEPOAHbIE MATPHUIIBI
MPEACTABIAIOT COOON XMMUYECKH HEOJHOPOJHBIE CYNPAMOJIEKYJIIPHBIE CUCTEMBI.
[Io pe3ynpTaTaM peHTreHO(}a30BOro aHaliv3a BUAHO, YTO PEHTTEHOIPAMMBbI
o0pa3lioB MMEIOT BHUJ IIUPOKOW JUHUU (Tajio), XapaKTEepHOW MJii aMOP(HBIX
matepuainoB. OJHaKo, HAJIMYKE MUKOB B 0Opasuax rymuHa u Oyporo yris Kapa-
Keue cBuieTensCcTByeT 0 MPUCYTCTBUU B HUX CTPYKTYPHBIX 00pa3oBaHUiA.

4. UccnenoBaHa  M30TepMUYecKass — aacopOLusi  HU3KOMOJIEKYJSIPHBIX
OpTraHWYECKUX COEAMHEHWM W3 BOJHBIX pacTBOpoB Ha yrie Kapa-Keue u
BBIJICJICHHBIX M3 HEro T'YMHUHOBBIX KHCJOTaX U TYMHUHE. YCTaHOBJIEHO, YTO Ha
rymuHe u 0ypom yrie Kapa-Keue peanuzyercsi, B OCHOBHOM, 00bEMHOE 3aII0JIHEHHE
MUKPOINOpP COPOEHTOB MOYEBMHOM, MNIMIIMHOM, D-TII0KO030i11, COOTBETCTBEHHO, U3
BOJIHBIX pacTBOpoB. Ha rymuHOBBIX Kuciorax u3 yrias Kapa-Keue mmeer mecto
MOBEPXHOCTHAs aJcopOLMs HCCIEAYEMBIX a7copOaTOB U3 MX BOJHBIX PACTBOPOB.
[TokazaHo, 4YTO TyMUH, B CHJIy CBO€Hd NOPUCTOCTH, SBISETCS Haubosee
3¢ (PEKTUBHBIM COPOEHTOM MCCIENYEMBIX HHU3KOMOJIEKYJSPHBIX OPraHUYeCKHX
COEIMHEHHUI U3 UX BOJHBIX pacTBOPOB. [10 1aHHBIM O PaCTBOPUMOCTH T'YMUHOBBIX
kucioT w3 yris Kapa-Keue B BOAHBIX pacTBOpax HHU3KOMOJIEKYJISIPHBIX
OpraHUYECKUX COECIMHEHHI ONpeaeieHbl IOJOKUTEIbHbBIE COJIbBATALIMOHHbIE
M30BITKM MOYEBMHBI, TJIMIUHA, D-TIIOKO3bI, COOTBETCTBEHHO, HaJ BOAOM Ha
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CTPYKTYPHBIX €IMHUIAX HAJMOJEKYJIbl TYMHHOBBIX KHCJIOT, JIOKAJM30BaHHBIX B
xu1Kol aze. Ha ocHOBe (heHOMEHOJIOTHYECKOM CBSI3M MEX/1Y COJbBATAIIMOHHBIMU
U30BITKAMH WM OTHOCUTENIBHBIMU TMOBEPXHOCTHBIMU U30BITKamMu ['mbOca maHa
pa3MepHasi OLEHKa CTPYKTYPHBIX E€IMHUIl HAJAMOJEKYJbl T'YMHHOBBIX KHCIOT B
UCCIIEyeMbIX  BOJHBIX  pacTBOpaX  HHU3KOMOJIEKYJSIPHBIX  OpPraHUYEeCKHX
coenuHeHuil. OrmnpeneneHbl COCTaBbl BOJHO-OPTaHUYECKUX JKHIKUX (a3, mpu
HACBHIIIEHUN KOTOPBIX CTPYKTYPHBIMU €IWHUIIAMUA HaJMOJIEKYJIbl TYMHUHOBBIX
KHCJIOT, 00pa3yloTcsl WK AUCIEPCHBIE CUCTEMBI, MJIM HCTUHHBIE PACTBOPBHI.

ITPAKTUYECKHE PEKOMEHJALIUN

Pe3ynbrarhl nccnenoBaHusl yKa3blBalOT HA OJUH M3 BO3MOXKHBIX CIOCOOOB
PAMOHAIIBHOIO MCIOJIb30BaHUSI BTOPUYHBIX HCTOYHMKOB YIJIEPOJHOIO ChIPbS
KbIprei3crana, HETOIUIMBHOTO NMPUMEHEHHSI BBICOKO30JIBHBIX, CPEIHEKATOPUIHBIX
Oypoix yraeit Kapa-Keue.

B psiny uccnenoBaHHbIX yTriaepoAHBIX MaTpull ryMuH Oyporo yrist Kapa-Keue
pEeKOMEHJIOBaH Kak Hambonee >()PeKTUBHBIA COPOEHT MJii OYHUCTKH BOJIHBIX
pPacTBOPOB OT OPTAHUYECKUX ITPUMECEH.

Ounenka pazmepHoro »s¢d@exra CTPYKTYpHBIX €AUHHUI] HAIMOJIEKYJIbI
TYMHHOBBIX KHUCJIOT B BOJHBIX PAacTBOPaxX HU3KOMOJIEKYJSPHBIX OPraHHMYECKUX
COEIMHEHUI MOXET ObITh UCIIOJIb30BaHA B PEILIEHUH SKOJOTMYECKUX 3a]1aY.

Teopernyeckuii Matepuai, METOAUKHA SKCIIEPUMEHTAILHOTO UCCIEI0BAHMS,
MAacCHUB  MEPBUYHBIX  SKCIHEPUMEHTANbHBIX  JIAHHBIX  PEKOMEHIYIOTCS K
UCITIOJIb30BAHUIO MPU MPOBEJICHUN MPAKTUYECKUX 3aHSITHH JIJIS1 CTYJEHTOB YPOBHS
maructparypsl kadeapsl FOHECKO ¢usnueckoii u KOIJIOWJIHOW XUMHUU
Keiprei3ckoro HanmoHanabHOro yHUBEpcuTeTa UM. JK. banacarsina.
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XapueHko AJsiekcanap BaaguMupoBuYTHH
«KypeH keMypaoH ajJIbIHI'aH T'YMHUH KHCJI0TAJIapbl, [YMUH: 06JIYII a]1yYy,
AHAJIN3/100, CYY-OPraHUKAJIBIK IpUTMesIepae 0ETTHK KaHA COJIbBATALUSIBIK
KacHeTTepuH u3mi1e0” temacbinaarsi 02.00.04 — pusukaJbIK XUMHS
aIuCTUIU 0OOHYA XUMMA WIMMICPUHUH KAHAUAATHI OKYMYIITYYJIYK
AAPAKACBIH U3CHUII AJIYY YYYH KA3BLITAH JUCCEPTALMUSICHIHBIH

KOPYTYHIYCY

Herusru ce3mep: KypeH kemyp, TYMHUH KUCTOTajlap, TYMHUH, aJcopOIus,
COJIbBATAIUSIIBIK AITIBIKTHIK, MOUEBHHA, TTHUIHNH, D-TI0K03a, e mdeMayy 3G dexT.
N3uniapee ob0bekTHcu: ['eTeporeHnmk cucremanap, ajapAblH HYMAHIE KaTyy
dazagarsl TAOUTHIN KOMYPTEKTUK MaTpUIAIap KaHa CYIOK (a3aja uaeanayyTyKTaH
OH »JKaHa Tepc 4YeTTeenopy Oap TOMOHKY MOJEKyJIalyy OpTraHHKaJIbIK
OMpUKMENEepIUH CyyIarsbl dpUTMEICPH.

HNmmun makcatsl: Kapa-Kede kypeH koeMypyHYH, aHaH 0OTYHYII aJIbIHTaH TYMUH
KUCTIOTaJapblHBIH JKaHa TYMUHIMH TOMOHKY MOJIEKYJIallyy OpraHHMKaJbIK
OUpUKMENEpIUH CyyJaarbl SpUTMENEpUHJErH OeTTHUK JKaHa COJbBAIUSIIBIK
KaCUETTEPUH U3UJIII06.

HN3unpee meroaaopy: MK-cnekrpockonus, pacTpAbIK ANEKTPOHTIYK MUKPOCKOIIHS,
PEHTIeH-CHEKTPAIABIK MUKPOAHAIN3, PEHTreH-(Pa3aiblk aHalu3, MOJISPUMETPHUS,
cnekTpooToMeTpHsi, XpoMmMaTorpadus, 3IEKTp OTKepyMAYYIYK, pH-merpus,
SPUTHYTYYIYK, 3pUTMEINIEP/IEH KaTyy aJCOPOEHTTE KYProH aJcopOLusl.

Nnumuii M3W1/100 KadayyJaapbl: SKHHYHINK MJIEKTPOHAOPIYH neTekTopyH (SEI)
KoIoHyy MeHeH JSM 6510 pacTpasik 31eKkTpoHAyK MHuKpockomy, NSS7 azortyk
My3JIaTyy MeHEeH dHeproaucnepcusuibik criekrpometpu (EDS). Varian UK-®ypre-
cnektpometpu. C®-46, VIS 721 tubungern cnekrpodoromerpiep. M-130
nonomepu, PHS-2F pH-metpu. E7-8 cangpik L, C, R emueryu, CM-3 aiinanma
nossipumetpH, JA 303P aHaTUTHKAIBIK JIEKTPOHIYK Tapasa.

Kapa-Keue kypeH KeMypyHYH, aHJaH alblHIaH TYMHH KHCJIOTaJapbIHbIH,
TYMUHIUH (PU3UKaIBIK-XUMHUSUIBIK MYHO310Mecy Oepuiau. ToMOHKY MosieKyIallyy
OpPraHUKAJIbIK OWPUKMENIEPAUH aJCOPOLMSIAHBIIIB TYMUH KHCIIOTAJApPbIHBIH
oerunne, Kapa-Keue kypeH KeMypyHYH, aHJaH OeJIyHYN aJlblHIaH T'YMHUHAWH
KO30HOKYOJIOPYH/I® kKaHa Oy1ypJiepyH/1e aHbIKTaJ/Ibl.

OpuTMeie JOKAIJAIIThIPbUIraH TYMUH KUCJIOTAJIapbIHBIH CYNPaMOJIEKyJIaChIHbIH
CTPYKTYpalblK OWUPAMKTEPUHAETH MOUYEBHMHAHBIH, IIMLMUHIAUH, D-TIIOKO3aHBIH
CYyZIaH COJNbBATAMSUIBIK AIIBIKTBIKTAPhl aHBIKTANbL. JIMCTIEPCTHK CUCTEMAlIap ke
YBIHBITHl APUTMETIEP KaTapbl Kapaayydy T'YMHH KHCIOTAJAPbIHBIH CTPYKTYpaJbIK
OMPAMKTEPU MEHEH KaHBIKKaH CYy-OpTraHUKaIbIK (QIIOUAIMK (a3anapblH Kypambl
aHBIKTAJIIbI.

Koanonyy skakrapbl: OeTTHK KyOyJlyHITap jkKaHa AMCIEPCTHK CHCTEMajap/blH
(UBUKATBIK XUMUACH, OWMO(PU3MKANBIK XHUMHS, OKOJOTHS, TOMypak TaaHyy,
MaTepUaIAapAbl TaaHyy.
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PE3IOME

auccepranuu XapyeHko AJiekcanapa Biaagumuposuya Ha temy: «['ymMuHoBBIC
KHCJOTbl, TYMHUH Oyporo Yyrisi: BblJeJieHHe, AaHAJIU3, HCCIe0BaAHNE
MOBEPXHOCTHBIX H COJbBATAIIMOHHBIX CBOWCTB B BOAHO-OPraHUYECKHX
PacTBOPax)> HA COMCKAHME YYEHOU CTeNeHN KAHIANAATA XUMUYECKUX HAYK [0
crnenuajbHocTu 02.00.04 — pusuveckasi Xumus

KiroueBble cjioBa: Bypblil yroiab, r'yMHHOBBIE KHCIIOTBI, TYMHH, aJCOpOLHA,
COJIbBATAIIMOHHBIM M30BITOK, MOYEBHHA, TJIMITMH, D-TIIF0K03a, pa3MepHbIi A3 eKT.
O0beKThl Hcciaen0BaHusI: ['eTepOreHHbIE CHCTEMBbI, BKIIIOUYAIONIUE MPUPOIHBIC
yIIIepOJAHBIE MATPHUIIBI B TBEPAOW (aze M BOAHBIE PACTBOPHI HU3KOMOJICKYIISPHBIX
OPTraHMYECKUX  COCAMHEHWH C  TIOJOKUTENBHBIMH U  OTPHUIATEIHLHBIMU
OTKJIOHEHUSIMH OT M/IeaJIbHOCTH B )KHIKOH dase.

Heab padoTbl: V3yueHne MOBEpXHOCTHBIX M COJBBATAIIMOHHBIX CBOMCTB OYyporo
yriasi Kapa-Kede, BbIIeIeHHBIX M3 HErO0 TYMHHOBBIX KHCJIOT W TyMHHa B BOJHBIX
pacTBOpax HU3KOMOJEKYJSPHBIX OPraHUYECKUX COEITMHEHUH.

Metoasl  ucciaenoBanus: MK-cnekrtpockonusi, pactpoBas — dJIEKTPOHHAas
MUKPOCKOIIHS, PEHTT€HOCIIEKTPAIbHBIN MUKpOaHAIN3, PEHTTeHO(ha30BbIA aHAU3,
HOJIIPUMETPHUS, CLIEKTpo(OoTOMETPHS, XpoMaTorpadus, 3JeKTPOIPOBOAHOCTh, pH-
METpUsl, PACTBOPUMOCTb, aJICOPOLIUS U3 pACTBOPOB HA TBEPJOM aJICOPOEHTE.
Hayunoe oGopynoBanme: PactpoBblii snexkTpoHHbId MuKpockon JSM 6510 ¢
UCTOIb30BAHUEM  JICTEKTOpAa  BTOPHYHBIX  3jekTpoHoB (SEI), a  Taxxke
sHeproaucnepcnonHoro crekrpomerpa (EDS) ¢ azorHbM oxnaxkaenuem NSS7.
HK-®ypre-ciekrpomerp Varian. Cnektpodoromerp tuma Cd-46, VIS 721.
Honomep U-130. pH-merp PHS-2F. Usmepurens L, C, R mudposoro E7-8.
Kpyrosoit nonspumerp CM-3. KunkoctHoit xpomarorpad JASCO-HPLC. Becn
aHanutuyeckue iekTporHsie JA 303P.

Hana @usuko-xumuyeckas xapakrtepuctuka Oyporo yras Kapa-Keue,
BBIJIJICHHBIX W3 HEr0 T'YMHUHOBBIX KHCJIOT W TyMHHA. YCTaHOBJEHa aacopOuus
HU3KOMOJIEKYJISIPHBIX OPraHMYeCKUX COEAMHEHHUN Ha IMOBEPXHOCTH T'yMHHOBBIX
KHCJIOT, B MOpax U HepoBHOCTIX Oyporo yris Kapa-Keue, BrigeneHHOTo u3 Hero
rymuHa. OnpeneneHbl CONbBATAIMOHHBIC HW30BITKM MOYEBWHBI, TyMlnHA, D-
TJTFOKO3bI HaJT BOJIOW Ha CTPYKTYPHBIX €IMHUIIAX HAIMOJIEKYJIbl TYMUHOBBIX KHCIIOT,
JOKAJIM30BaHHBIX B PAacTBOpE. YCTAaHOBIIEHbI COCTaBbl BOJHO-OPTaHUYECKUX
bmrougHbIX (Pa3, HACKHIINIEHHBIX CTPYKTYPHBIMU €IUHUIIAMH TYMHUHOBBIX KHCIOT,
KOTOpPBhIE MOTYT pacCMaTPUBATHCS KaK AUCIEPCHBIC CHCTEMBI WM HCTUHHBIC
PacTBOPBI.

O0Jsiactb mnpuMeHeHMs: (U3MYECKAss XHMHUS TOBEPXHOCTHBIX SBJICHHU U
JTUCTIEPCHBIX  CHUCTeM, Ouodu3mueckass XUMHs, OKOJOTHS, [OYBOBEICHUE,
MaTepuajIoBeICHHE.
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SUMMARY
of Alexander Vladimirovich Kharchenko’s dissertation on the topic: ""Humic
acids, brown coal humin: isolation, analysis, study of surface, and solvation
properties in agqueous-organic solutions' for the degree of the candidate of
chemical sciences in the specialty 02.00.04 - physical chemistry
Key words: Brown coal, humic acids, humin, adsorption, solvation excess, urea,
glycine, D-glucose, size effect.
Objects of study: Heterogeneous systems, including natural carbon matrices in the
solid phase and aqueous solutions of low-molecular weight organic compounds with
positive and negative deviations from ideality in the liquid phase.
Purpose of the work: Study of the surface and solvation properties of the Kara-
Keche brown coal, humic acids, and humin isolated from it in aqueous solutions of
low-molecular weight organic compounds.
Research methods: FTIR spectroscopy, scanning electron microscopy, X-ray
spectral microanalysis, X-ray phase analysis, polarimetry, spectrophotometry,
chromatography, electrical conductivity, pH-metry, solubility, adsorption from
solutions on a solid adsorbent.
Scientific equipment: JSM 6510 scanning electron microscope using a secondary
electron detector (SEI) as well as an energy dispersive spectrometer (EDS) with
nitrogen cooling NSS7. FT-IR spectrometer Varian. Spectrophotometer type C®-
46, VIS 721. lonometer 1-130. pH meter PHS-2F. Meter L, C, R digital E7-8.
Circular polarimeter. Liquid chromatograph JASCO-HPLC. Analytical electronic
scales JA 303P.

The physical and chemical characteristics of the Kara-Keche brown coal,
humic acids, and humin isolated from it, are given. The adsorption of low-molecular
weight organic compounds on the surface of humic acids, in the pores and
irregularities of the Kara-Keche brown coal, humin isolated from it, has been
established. The solvation excesses of urea, glycine, D-glucose over water on the
structural units of the humic acid supramolecule localized in solution were
determined. The compositions of water-organic fluid phases saturated with
structural units of humic acids, which can be considered as dispersed systems or true
solutions, have been established.

Scope: physical chemistry of surface phenomena and dispersed systems, biophysical
chemistry, ecology, soil science, materials science.



