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JuccepTaunaHbl Koproo 2022-x. 25-mapTtbiHaa XK. banacarbiH aTbiHAarbl
Kbiprbi3 ynyTTyK YHUBEpPCUTETMHE >kaHa . Pa33akoB atbiHAarsl Kbiprbi3
MaMNEKETTUK TEeXHUKa/bIK YHUBEPCUTETMHE KapawTyy XUMUa WINMAEPUHUH
KaHAnAaTbl OKYMYLUTYYNYK AapaXacblH W34eHUN anyy yyYyH Aucceprauusnappbl
Koproo 60twH4Ya K 02.21.639 aucceptaumsanblK KeuewTuH OoTypyMyHAa 6050T,
fapern 720033, buwkek w., ®pyH3e Ked., 547. [uccepTalMaHbIH KOProocyHa
OHNaH  pexxumae Kupyyre  MyMKYHAYK alyyHYH  UAeHTUgUKaTopy:
https://vc.vak.kg/b/022-Ifc-ppy-c 1c

Ouncceptaumsa meHeH XK. bBanacarbiH aTtbiHAarel  Kbiprbiz — yayTTyK
yHUBepcuTeTUHMH (720033, Buwkek LW, >XXnbek >ony kedy., 394) >xaHa W
Pas3akoB artblHAarbl KbIprbi3 MamieKeTTUK TeXHUKaNblK  YHUBEPCUTETUHWNH
(720044, bBuwkek w. Y. AnTmatoBa np., 66) KuATenkKaHanapbiHAa XaHa
http://dissovetchem.knu.kg cainTbiHAa raaHbiyyra 60M0T.

ABTOpeepat 2022-Xk. 24-theBpanblHia TapKaTbliAbl

JuccepTaumanbiK KeHeWTUH
OKYMYLUTYY KaTublCbl
XUMUA WIUMAEPUHUH KaHANAATbI, OOLIEHT CybaHkynosa [.A.
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HNIITHUH KAJIIIBI MYHO3/1IOMOCY

AKTYaAJAYYJYK. Herusrm  TE€XHOJOTHSIIAP/IBIH; HAHOTEXHOJIOT U,
OMOTEXHOJIOTHSI, >KaHbl MaTepUaIJap/blH TEXHOJIOTHSICHI — TapMarbiHJarbl
SKETUIITKEHTUKTEPIN CUHTE3/1004Y UIITEN YbITYYJap (PU3NKaJIbIK sKaHa KOJIJIOUITUK
XUMUSHBIH CyNpaMoJIEKyJIaJIblK CUCTEMajap ailmarblHaa 3amaH0an eHYTYYy
OarbIThIH aHBIKTA/IbI, MBIH/Ia MATEPUSTHBIH MOJIEKYJIAJIBIK TAAHBIT OWIJTYY, TaHAaIMa
OalNIaHBIITHIPYY, PEUENTOP-CYOCTPATTBIK 63 apa AapakeTTeHYY ChIIKTYY
VIOWYJIYIILY KaHa UIITCHIMHAH TPUHIUNOTEPH UILKE AllIbIPbLIAT.

bup karap wmyHe3nyy Kacuerrepre 533 OOJIMOH CympaMOJIeKyJIanbIK
CUCTEMANAPJbIH ~ WYMHEH  TyMUH  KHCJIOTajgapbl  MEHEH  TYMUHJAWH
CylpamoJieKyJianapbl ©3re4e KbI3bITYYHY Tyyaypar. KenrereH usmineenepiayH
HETU3UHJIE OCYMIYKTOPIYH OCYUIYHO ’KaHa OHYTYIIYHO F'YMHH KUCIOTAJIAPbIHBIH
TUHATU3INEH TaaCUpH Oap SKEHAUTH KOPCOTYJIToH. ['YMUH 3aTTapbiHBIH COPOLIMASITBIK
KACHETTEPU ayapJblH JPUTMENECPAEH OOp METANT MOHAOPYH OalllaHBIIITHIPYY
KOHAOMIYYIYTYH apTradT. OuioHy MEHEH Oupre, ryMUH KHCIOTaIapbIHBIH
ruaApohoO Ty K-TUAPOPUITBAUK KAaCUCTTCPUHUH SKBIABIHABICHI anapabiH
ancopOLMsIBIK  aKTHBAYYJYTYHO, JpuTMmenepiae  OollyycyHa,  KOHKPETTYY
SKOJIOTUSJIBIK ~ [IapTTapra  MYHe3Jyy T[yMyC  3aTTapblHbIH  aKbIPOOCYH
KaJTBINTaHABIPBITT, HBIMJIBIH arbIMbl MEHEH JKbUIBIIIbI XK€ Maiaa O0JIrOH SKEPUHJIEC
KaJIyy >KOHIOMAYYJYTYHO TaacHpH TOJYK M3uiiaeHOereHu OenruiieHeT. Cyynarsl
SPUTMENEPJEH 00p METAULAAPJALIH MOHAOPYHYH TYMHHIE aJcOPOLUSITAHbIIIbI
YKOHYHAOIY MAaalbIMaTTap aTa MEKCHIWK >KaHa YeT OJIKOJYK agabusTrapAa aHuda
JIeIIE KO SMeEC.

JKoropynarel MaanbIMaTTapAblH, aHbIH WYHMHJE T'YMUH KHUCIOTAJIAPbIHBIH,
TYMUHJIAH, ajap/AblH aKTUBJACHITUPWITCH TYPJAOPYHYH OCTTHK MOPQOJOTHUSICHI
OOFOHYA KETUIICU3UI Y, TYMUH 3aTTaPbIHBIH KyPaMbIH XUMUSUIBIK (POPMYJIa MEHEH
CHIMATTOO0 MYMKYH 53MECTHUTM OyJI >KapaTbUIbIIIl 3aTTApPbIHBIH OETTHK >KaHa
COJIbBATAIMSUIBIK KACUETTEPUH TE€TEPOTCHIYY CYY-JIEKTPOJIAT CHCTEMAJIapbIHIA
V3WJIA66JIOPAYH aKTYaJITyyJIyTYH aHBIKTAMT.

JliccepTanusiHblH TEMACBIHBIH APTHIKYBLIBIKTYY HJIMMMII OarsiTTap,
WwiaMuii  10a000paop MeHeH Oainanbimbl. Mm K. banacareiH areiHAarst
KYVYuun IOHECKOHYH (u3ukanblk skaHa KOJUIOMJMK XWMHs KadeapacbiHbIH
WINMAW-U3HUIIA66 WIITCPUHUH TEMATHKAIBIK TUIAHBIHA: « TaOWrblii KOMYPTEKTHK
Marpunaiap: Oenmym anyy, aHaIM3[ee, 00p METAAApAapAblH HMOHIOPYHYH,
TOMOHKY MOJIEKYJIANYY OPraHMKAIBIK JTMTaHAAAPAbIH CYYAArbl SPUTMEIICPUHIACTH
aaCOPOLUSIIBIK KaTMAPJIAPBIH JKaHA MOJIEKYJIAJIBIK AaHCAMOJIIEPANH KaCUETTEPUH

nw3nnaee» (2013-2018 xok. ), KP Bb:;xMMHBWH unumMuii-u3uniee uirepu 00roHYa
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nonooopiiopyHa: “Kblprel3cTaHibIH TaOUThIA AUCIEPCTUK Marepuanaapbl: Oemym
alyy, aHaIU3[ee, OJPUTMENCPACTH AACOPOLMIIBIK  KaTMapiaplblH  >KaHa
MOJIEKYJIAJIBIK aHCAMONACPANH KaCUETTEPUH U3HII00» (MAMIIEKETTUK PETUCTP. No
0005736); "KBIpreI3CTaHABIH ~ TAOWTBIA  JUCIEPCTHUK  MaTepHAIIAPHL:
AKTUBICIUTUPWITEH  TYPIOPYHYH  OC€TTUK  MOP(OJIOTHSCH],  OPraHUKAJIbIK
WOHJIOPAYH, 00P METAJIJI KATHOHAOPYHYH 3PUTMENEPUHEH AlIbIKYA aCOPOLMSIIBIK
YKaHa COJIbBATALUSIIBIK KACUETTEPUHUH MYHO316MOCY" (MAMIIEKETTUK PErucTp. Ne
0006985) puTalibIK aTKAPBUIIBL.

N3nnneenyH Makcartel kaHa Macejeaepd. Mmtua makcarel Kapa-Keue
KYPOH KOMYPYHOH aJIbIHIAH T'YMHMH KMCJIOTACBIHBIH, TYMUHIMH >KaHA QJIapAblH
MEXaHOXUMHUIBIK MaljanaHrad TYPJAOPYHYH CyyJaarbl JPUTMENEPAEH O00p
METAUIAAPABIH  MOHAOPYH  aaCOpOLMSUIO0, CONBBATTAIUTHIPYY KAaCHETTEPHUH
W3WJI106 OOJTYT caHasiar.

by Makcartka »KETYyY YUYH TOMOHKY Macesesep YeHnau:

» Kapa-Kede KypoH KOMYPYHOH allbIHIaH TYMHUH KHCJIOTACHIHBIH KaHa T'YMUHIWH
OaruTankel XKaHa MEXAHOXUMHUSUTBIK JKOJI MEHEH MaiiJaJlaHTaH YATYJIePYHYH OCTTHK
MOP(]OJIOTHSICBIHBIH CAJIBIIITHIPMATYY MYHO3A6MOCY, AaHBIH HUMHJIE aICOPOLMSIIBIK
BIKMA MCHEH M3WJIJCHTEH KOMYPTEKTHUK MaTpULATIapbIHBIH CAbIIITHIPMa OETTUK
ASHTBHIH AHBIKTOO.

» Kapa-Keue kypeH KeMypyHYH Karyy (a3amarsl TyMUH KHCJIOTACBIHBIH >KaHa
TYMUHAWH OalITanKbl, MEXAaHOXUMHUSUIBIK KOJI MEHEH MalJalaHraH YATYJIePYHIO
00p METall HMOHIOPYHYH CYYyJarbl SPUTMENIEPACH aaCOPOLUSITAHBIIIBIHBIH
MEXaHU3MIEPUH KaHa TYPJIOPYH HETU300.

» Kapa-Keue KypeH KeMypyHYH TYMWH KHCJIOTAChIHBIH OallTankbl >KaHa
MEXAHOXUMMSUTBIK KO MEHEH Maiiaianran YJITYJIOPYHYH
CyIpaMOJIeKyJIanapbliHbIH CTPYKTYPAJIbIK OMPAMKTEPUHIE OOP METAIT MOHIOPYHYH
COJIBBATALMUIBIK AIIBIKTHITBIH CYYAarbl JPUTMENEPIE aHBIKTOO.

NMwrun wanmuii Ka”HblIbIrbl. Kapa-Kedye KypeH KOMYPYHOH aJlbIHTaH
TYMUH KUCJIOTACHIHBIH JKaHA TYMUHIMH OAllTarKbl, MEXaHOXUMHUSUIBIK 5KOJI MEHEH
MaiJalnaHral yJaryJiopyHyH OOp METAJIJI HOHIOPYHYH CYyAarbl SpUTMENCPUHICTH
aACOpPOLUSIIBIK YKaHA COJbBATALMSIIBIK KACUETTEPUHUH H3WIIA06N6epy OWpUHYA
KOy Kypry3yiaay. Kapa-Kede kypeH KoMypyHOH OOJYHYI alblHMAH WU3WJIACHTCH
TaOWIblii ~ KOMYPTEKTMK  MaTpulajapAblH  OCTMHUH  MOPQOJIOTUSCHIHBIH,
CAJIBIITBIPMA OETTUK ASHTBIHBIH CAIBIITHIPMATYY MYHO36MOCY OCpuiIn.
ConpBarauusaiablK  AWIBIKTBIK  TYIWIYHYT'YHYH ainkarsiiga Kapa-Keue kypen
KOMYPYHYH TYMUH KHACJIOTACHIHBIH OAIITANKbI )KaHA MEXAHOXUMHUSIJIBIK 5KOJ MEHEH

MaiiianaHraH yJaryJiepyHYH CylnpamMosieKylanapblHbiH peaKkLUsuIbIK OopOopropy
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CYyJarel 3pAUTMEIEPUHIEC OOpP METAUT MOHJIOPY MEHEH KAHBIKKAH CTPYKTYPAIbIK
OMPAMKTEPUHUH 6TYOMIYK TAACUPHH 0Aal00 MyMKYHUYIIYTY KOPCOTYIIY.

AJIBIHTaH HATBIKATAPAbIH NPAKTHKAIBIK MAAHWITYYaYry. M3uiieeHyH
HaTblibKkanapel KbIprbI3cTaHIbIH KOMYPTEKTUK UMHKKA 3aThIHBIH 3KHUHYWIMK
OynakTapbelH capamkajayy nainananyyny, Kapa-KedeHuWH >KOropky KyJayy,
OpPTOYO KaJOpUSIYy KYPOH KOMYPYH OTYH KaTapbl AMEC KOJIOHYYHYH MYMKYH
OOJITOH >KOJIIOPYHYH OupUH KepcoToT. U3UACHTeH KOMYPTEKTUK MaTpullaiapIbiH
WYMHEH CyyJarbl SPUTMENIEPAM OOp METall MOHAOPYHAH Ta3ajioo Y4YyH O3H
a¢pdexkTuBayy copOeHT karapel Kapa-Keue kypeH keMYpYHOH albIHTaH TYMUHAWH
Oamrankel yarycy cynymranabl. Cyyaarsl 3puTMENEPUHIEC 00p METAT HOHIOPY
MEHEH KaHbikkaH Kapa-Kede KypoH koeMypyHYH T'YMUH KUCIOTAChIHBIH OallTaIKhbI,
MEXaHOXUMUSITBIK HKOJT MEHEH MaitnanaHran YJITYJIOPYHYH
CYIPaMOJIEKYJIAIAPbIHBIH  CTPYKTYPAIbIK OUPAMKTEPUHUH OJUYOMIYK TaaCUPHUH
0aas100 aHblI aiibl1 YapOackiHaa, SKOJIOTHUSITBIK KOMreiaepay yeuyyae KOJIOHyYHYH
METOAOJIOTUSACHIH UIITEN YbITYY 1A KOJAOHYIYITY MYMKYH.

JluccepTanusiHbIH KOProoro ajbIll YbITa TYPraH HErH3r# ;K000J10py:
» Kapa-Keue KypeH KeMYpPYHOH allbIHTaH TYMWH KUCJIOTACHIHBIH JKaHa TYMWHIWH
OalTanKkel, MEXaHOXMMUSJIBIK KOJ MEHEH MalJanaHraH YJIryJepyHYH O€TTHK
MOP(}OIOTUICHIHBIH, OCTTUK CaNBIIITHIPMAa assHTHIHBIH, SHEPTOAM CIIEPCHUSITBIK JKaHa
HK-crieKTpiepiHIH CATBIIITHIPMATYy MYHO316MOCY.
+ Kapa-Keue kypeH keMypyHYH Karyy (a3amarbl TYMUH KHCJIOTAChIHBIH >KaHa
TYMUHIMH OallTankbl, MEXaHOXUMMIIBIK KOJI MCHEH MalianaHraH YATYJIepYHIe
CyyJarbl DJPUTMENEPACH OOpP METAUT HOHJIOPYHYH aacopOIMsIaHbIIILIHBIH
CaIbIIITHIPMATYy MYHO3716MOCY.
» Cyynarsl sputMmenepaeru Kapa-Kede kypeH KoMypYHYH TYMUH KHCJIOTaChIHBIH
OamTankel >kaHa MEXAHOXUMUSJIBIK JKOJ MEHEH MaiiiajgaHral YiryJepyHYH
CyIpaMoJIeKyaiapblHBIH CTPYKTYPaAIbIK OUPAMKTEPUHIE 00 METAJT HOHIOPYHYH
CYYyJIaH alllbIKya COJIbBATTAIIYYCYHYH MYHO3/IOMOCY.
+ Peakuunbik 60pOOpropy Cyynarsl dpUTMENEPAE 00p METaUAapAblH HOHIAOPY
MEHEH KaHBIKKaH TYMHMH KUCJIOTACHIHBIH OallTalKbl, MEXaHOXUMHUSUTBIK KOJI MEHEH
MaiinaiaHra YIATYJIOpYHYH CyINpamoJieKyJIajJapbIHbIH CTPYKTYPaIbIK
OUPIMKTCPUHUH 6JTYOMIYK 0aasioocy.

N3neHyydyHYH Ke€Ke CcajdbIMbl. ABTOP aIraukbl SKCIICPUMEHTTHK
MaaJbIMaTTapJblH OaapJbITbIH 63 aJiIblHYa ajiraH >kKaHa MaTeMaTUKaJIbIK
CTaTUCTUKAHBIH METOJJIOPY MEHEH WINTEN 4YblKKaH. Karyy aacopOeHTTepre oop

MCTaJUIAApAbIH HOHAOPYHYH U30TCPMHUKAJIBIK aI[COp6I_II/I$ICBIHBIH HaTBIﬁX(aHapBIHa
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U3WIIEHYYYY CUCTeMaiapAarbl aficOpOLUsSHbIH MYMKYH OOJTOH MEXaHU3MICPUH
YKaHa TYPJIOPYH HETU3/166 MEHEH KOMIUIEKCTYY TajA00 Kypry3ynny. UzneHyydy
CYY-2JIEKTPOJIUT SPUTMENEPAC T'YMUH KUCIOTACHIHAArBl 00P METa/lT MOHJOPYHYH
TaHJAJIMa COJIbBATTALIYYCYHYH 3()(PEKTTEPUH CYpoTTOO YUYH COJIbBATALMSIIBIK
AIIBIKTBITBl  TYUIYHYTYH KOJJOHYY MYMKYHUYJYTYH KOPCOTTY. Peakuusuibik
O0pOOPIOPY CyyIarsl SPUTMENIEPE OOP METAUIIAPABIH HOHIOPY MEHEH KAHBIKKAH
TYMUH KHUCJOTACHIHBIH CYMPAMOJIEKYJAChIHBIH CTPYKTYPAIbIK OUPIMKTEPUHUH
em4eMayk Oaackl OCpUIIH.

N3unnee HaTbliiKaJapbIHBIH anpodanusaAckl. J(ucceprauusiiblK WIITHH
Marepuaiapbl 3J1 apajiblK JKaHa PECyOIMKAIbIK KOH(pEpeHIMsuiapaa OasiHaaabl:
“The Seventh International Conference on Material Technologies and Modelingy,
Apuaie, U3panie, 2012; «PecnyOnvkanblk HIMMUA-NPAKTUKATBIK KOHPEPEHIUS:
Xumus. XUMHASJIBIK TeXHONOrHs. [Tpobiemanap skaHa nepcnexkTuBanapy», bunikek,
Keipreizcran, 2013; «The twelfth Russian - Israeli Bi-National workshopy,
Hepycanum, U3pauns, 2013; «10th International Conference on Diffusion in Solids
and Liquids» Ilapwx, ®panums, 2014; «BOn apanblk WIMMUA-TPAKTAKAIIBIK
KOH(pepeHuus: OpraHuKablK )KaHa OPraHuKaIblK SMEC CHUHTE3 TEXHOJIOTHSIIAPBIH
OHYKTYPYYHYH aKTyallyy Kelreinepy >kaHa Oareitrtapel»y Crepnuramak, Poccus
Oenepaumsicsl, 2021; «BOn apalblk MIMMUN-TPAKTHKAIBIK KOHQEpeHums: MyHai
KCHJEPHA XUMUSICBIHBIH MPAKTUKAIBIK acnekrrepw» Y ¢a, Poccns denepanusicel,
2021; «17% International Conference on Diffusion in Solids and Liquids
(DSL2021)» ManvTa, 2021.

JucceprauusiHbIH Kbl HBIHTBIKTAPbIHBIH dacbuIMaIapaa
YarbUIBIPbLIBIIBIHBIH - TOJYKTYTY. M3WIneeHyH >KbIMBIHTBITBL OOKOHYA 6
makana “Scopus” kanma “PUHIL” cucremanapbl OOrOHYa MHACKCTENTECH
PELCH3UUIAHTaH  KypHaigapaa  OacTeIpbUlbil  yblrapbuirad,  KeIprei3
PecnyOnuKkachHBIH TATEHTH KATTAJITaH.

JluccepraunsiiblH - TY3YJYLLY JKaHA KeJeMy. Jluccepranusyiblk Wil
KUPUIIYYJOH, Y4 OOJIYMIOH, >KbIMbIHTBIKTApAaH, KOJJAOHYJTaH aaaOusTThIK
OynakTapJblH THU3MECHHEH Typar. Jluccepranus 115 KOMIBIOTEPAMK TEKCTTHK
oetre Oepuiiren, 32 cypeTTy, 21 TabIHIaHbl KAMTBIAT, KOJIOHYJTaH OyIaKkTapAblH
TA3MECH 125 arajbluTad Typar.



JANCCEPTAIUAHBIH HEI'N3I'I MASMYHY

Kupumyyne aucceprauMsHblH TEMACBIHBIH AKTYAJIAYYJIYTY HETH3JEIITEH,
WIITHH MAKCaThl KaHA MACENENEPH, KOPrOOHYH HETH3rH K000JOPY AHBIKTAJITaH,
W3WIA66HYH HATHIYKAIAPBIHBIH WIMMHAN YKaHBUTBITHI JKaHA MPAKTUKAJIBIK MAaHUCH
KOPCOTYJITOH.

1-0e1ymA® TYMUHAMK 3aTTApAbIH TY3YJIYIIY, KAaCHUETTEPH, PEaKLMUSIIBIK
JKOHIOMIYYAYTY,  AlIbIK4a  TEPMOJMHAMUKAIBIK  (QyHKOUSIApABl Kl
KOMIOHEHTTYY CHCTEMANApPAbIH OETTHK »KaHa COJIbBATALMSJIBIK KACUETTEPUH
CYpeTToeAe KONJAOHYY OOroHYa agadbusitrapra cepen Oepuired (PycanoB AW,
Yumen Jix., Ilenamn A.A.). 'ymuHauk 3artapabiH OCTHHUH MOP(OIOTHSIIBIK
©3reY6IYKTOPYHO, allapAblH CYY-3JIEKTPOJUT IPUTMENCPUHACTH AICOPOLMSIIBIK
YKaHa COJIbBATALMASIIBIK KACUETTEPUHUH MYHO3/16MOJIOPYHO apHAITaH SMIEKTEPANH
aH4a Kemn 3MEeCTUTU OenruneHreH. KypeH KeMypeH 'yMUH KUCJIOTAIAPbIH 06Tyl
YbIrapyyJa KOITOOUY 3aT KaTapbl T'YMUHMH Naii1anyy KaCHETTEPH a3 U3UJIICHTEH.
AUIbIK4a TEPMOAMHAMUAKAIIBIK (DYHKIUSUTAPABI KOJIIOHYY MEHEH TOMOTEHYY KaHa
reTepOreHayy cucTeManapaa Taburelii KOMYPTEKTHK MAaTPULIAJIAPABIH O0p METalI
WOHJIOPY MEHEH 63 apa apakeTTEHYYCYH CYPOTTOO MYMKYHUYJIYTY aKTyallyy
Macese OOHOH Kalyya.

2- 0eJayMae® pacTpIbIK 3JEKTPOHAYK MHKPOCKONHUSIHBIH, PEHTICH-
CHEKTPAABIK MHKpOaHaIH3AuH, MK-CIEKTPOCKOMUSIHBIH KaHAa aaCOPOLUSHBIH
METOI0PY MEHEH KOMYPTEKTUK copOeHTTepanH: Kapa-Keue koeMypyHoH anblHTaH
rymuH kuciotackiabiH (GK) skana rymunaun (GU) Gamranksl yirynepysnyH, Kapa-
Keue kemypyHeH anbiHran rymuH kucinotackibiH (GKd) sxkana rymunaua (GUd)
MEXAHOXMMHUSJIBIK ~ JKOJI ~ MEHEH  MaljajlaHraH  yJIryJepyHYyH  O€TTHK
MOP(]OJIOTHSICBIHBIH, 3JIEMEHTTUK KYPAMBIHBIH, CTPYKTYPAJbIK (PparMEeHTTEPUHUH
KaHa (YHKUMOHAIABIK TONTOPYHYH, OMIOHAOHW 3¢ OETTHK CalbIIThIPMA
ASHTBIHBIH MYHO3/16MOCY OCpUIIIN.

Kapa-Keue wromypynon anvinean 2ymun KUCIOMACHl MeHEH SYMUHOUN
OAUIMANKBL  JICAHA  MEXAHOXUMUSLIBIK  JICON MEeHeH MAatoalanean yai2yiopyHyH
Oemmux Mop@oaocusculHbIH  canviuimuipma myHozoomocy. zungee JSM 6510
PACTPABIK 3JEKTPOHAYK MHUKPOCKONTO SKUHYMIMK 3ICKTPOHAOPAYH ACTEKTOPYH
(SEI) KOnmoHyy MEHEH >KYPry3yJreH. l-cypeTTte TyMHH KHCIOTaChbl MEHEH
TYMUHAWH OalliTankbl >KaHA MEXAHOXUMUSUIBIK KOJ MEHEH MaiianaHraH
yirymepynyH OetuHuH 200- sxkaHa 15000-3ce 4OHOMTyynmarel CypeTTepy
KOPCOTYJITEH.

l-cypeTTeH TyMHH KHCIIOTAaCHIHBIH MEXAHOXMMHSJIBIK JKOJI  MEHEH
MaiilajiaHraH yJIryCYHyH, OalliTanksl YJITYCYHIoH 351e, 00 1yK4eepyHYH OeTH



Terns, an apkbliyy KeseHekuyesnep >kaHa Kanunnapnap einereHY >kaHa 3y KaHfan
TYPperY 6Y[YPnep »oK akeHu KepYHYn TyparT.

17peT - TYMUH KAcnOTacbl MEHEH TYMUHAMH GallTanKbl XKaHa
MeXaHOXUMUSANBIK X0 MeHeH MaiganaHraH YarYnepYHYH 6eTuHuH 200- xaHa
15000-3ce vouontyyparbl CYperrepY

CYMUHANH MEXaHOXUMUANbIK X0 MeHeH MaiganaHraH YarYCYHYH 6enYkyenepY,
bawTankbl YArYCYHYH 6enykuenepyHgein ane, 6enrunyy taptTunte 3Mmec, CblHbIK
euaYY opmagarbl, €eHYKKeH Ke3eHeKTYY 6etn 6ap 6Genykuyenep. AWNpbIM
KeseHek4yenepayH wmakcumangyy endemY 200 HaHomeTpre »>keTeT. bupok,
MEXAHOXUMUANBIK  MainganoofoH KWinMH GUdHbIH - Ke3eHekTYYJIYTY GUra
KaparaHja TeEMeH.

Kapa-Keue KBMYPYHBH ablHraH ryMWH KWUCNOTAacbl MEHeH TYMUHAWH
bawTankbl >KaHa MaifanaHraH YNTYNBPYHYH 3Heproancnepcusanbik
CNEKTPNEPUHUH canbIWThbipMa MYHB3A4BMBCY. 2”°peTTe 3HEeproAncnepcusanbik
CNeKTpU TapTbiiraH O6eTTUH 4YekutTepuH (1, 2) KepceTYY MeHeH TYyMWH
KNCNOTACbIHbIH ~ XaHa TyMUHAUH  m3nmngeHYYYY  YarYnepYHYH  CYpetrepY
KENTUPW/ITEH.

[etektop Katapbl NSS7 a3oT My3fgaTKblYbl 6ap 3HEpProAMcnepcusnbik
CMeKTpoMeTpu (EDS) KONAOHYNTaHbIH 6enrunnen KeTyy Kepek.
JHeproancrnepcuanbiK CNEKTPNEPAEH KepyHYN TypraHaan, Kapa-Keue keMYPYHeH
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aNblHraH ryMmMH KUCNOTACbIHbIH XXaHa r'yMUHAMH 6awwtankbl YArYnepYHYH 6eTMHUH
ap Kancbl YeKMTTepuHAae Hernsrn anemeHTTepanH (C, N, O) caHbl 6up TON e3repyn
Typar.

2"peT - Kapa-Keye keMYPYHeH anblHraH ryMmH KMcnoTtacbl MeHeH ryMUHANH
GawTankbl XXaHa manganaHraH YarYnepYHYH 6eTTepuHuH
6enrnneHreH YeknTTepuHgerun (1,2) aHeprogucnepcusanbiK CreKTpaepu

BawTankbl YArYnepaYH MexaHoxXumMuanblK MUTeTYYCY r'yMuH KUCNOTACbIHbIH XaHa
r'YMUHAWH MainganaHrad YarYnepYHYH OGeTUHVMH ap KaHhfall YeKUTTepUHAEru
Hern3rn 31eMeHTTEPAMH CaHblHbIH, OLIOHAON 3ne 6enykyenepAyH envyemyHyH
alblpMacblH 6aikanaapnblk TYPgoe aszantar. OweHTtun, Kapa-Keye kKemYPYHeH
aNbIHFaH TYMWUH KUCNOTACbIHbIH XaHa F'YMUHAMH MeXaHOXUMUANBLIK X0 MeHeH
manganaHraH  YarYnepY, 6awTankbiiapbiHa — caiblWTbipManyy,  Herusru
3NIeMEHTTEPAUH CaHbl >XaHa GenykyenepfyH enyemgepY O60lOH4Ya 6Up TeKTyy
oonywiar.

Kapa-Keuye KBMYPYHBH ajblHraH ryMWH KWUCNOTAacbl MEHEeH TYyMUHAWH
bawTankbl >XaHa maigananraH ynrynspyHyH VIK-cnekTpnepuHuH canbllTbipma
MYHB3ABMBCY. 3"peTTe 6apablK vanngeHYYYY YnarYnepaYH 450eH 3500 cm-Ire
YeMNUHKN XbIWTbIK apanbirbiHga KBr mMeHeH 1:300 KaTblWbIHAA Kecek4enep
TYPYHOe Varian WK-®ypbe-cnekTpomeTpuHae >kasbinraH WK-cnekTprepu
KepceTYnreH. bapAblk cnekTtpnep a6gaH okwow. MYHe3gYY TunkenepauH
Ke6YHuecY 60t0HYa Kapa-Keue KeMYPYHeEH afiblHraH rymMuH KUCNOTaCbIHbIH YKaHa
F'YMUHAWH n3nngeHred YarYnepYHYH VIK-cnekTpriepu gan KenuweT xe 6upu-
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6upvHe okwow. CanbllWTbipManyy aHanu3 KepceTKeHAeW, 6Gapablk YnryYnep
KOHAeHcaUuuanaHraH apomaTukanblK cucTemanapfbiH, anndaTtvkanblkK >XaHa
anMuMKNaY'Y yrneBoaopoaayk TONTOPAYH, OLIOHAON 3/1e KblYKbINTEKTU KamTbiraH
(GYHKUMOHaNAbIK (KapboKcun, KapboHUn, rmapoKcun) TonTopayH 60nywy MeHeH
MyHe3fener.

XKyTyy XblWwTbIKTap, cm'1l

GK It cun [ T rpynna
A ! GK GKd GU Gud
m i
ror<3y Jy Monekyna apanblKcyyTekTuk 6aiinaHbii
Y MeHeH GaiinaHbilwkaH OH-TonTOpAYH 3394 3401 3398 3359
BaNeHTTUK Tepmenyynepy
AnwvdaTTblKyrnesogopoauopayH C-H 2922 291B 2923 2922
- BaNeHTTUK Tepmenyynepy 2850 2855 2850
oT w w
w T “NHA C =N TonTOpAYH BaneHTTUK 2363 2355 2363 2363
Tepmenyynepy
cv Kap6okcun, kap6oHun 1o ntopyHgarsl C=0 1707 1715 1710 1700
a fo b
LIJ BaNeHTTUK TepmeTyyne
1 b M»i 11 P yynep
C=0 MeHeH KoHbtorauusnaHrad C=C
bl 1 o t x ur BaNeHTTUK TepMenyynep; apomarrsik 1610 1616 1600 1575
WwakeKYEHUH BaNeHTTUK Tepmenyynepy
COO*-MoHAYH BaNEHTTUK TEpMENyynepy 1371 1374 1371 1371
K nm um MM amM
Kap6okenntontory C-O, peHon TobyHAarsl
1247 1258 1264 1247
OH BaneHTTUK Tepmenyynep
CnupTTep xaHa KapboH kucnoTanapyarbl
cokam Agere prrep P P 1094 1090 1088 1094
OH-tonTo H gedopmayuanbik
nnesona PAYH Aehopuay 1030 1030 1031 1030
a Tepmenyyne
cTo* Yexx Mp OHyyO pym 1009 1007 1009 1009
e..OH...0 geopmauusansik Tepmenyyne
6% 0X 0.24 on 0.63 ) Aepopmay puenyynep 914 914 916 914
Si-O BaneHTTUK TepMmenyynep
0,
w w 091 0% o.n 761 765 753 761
16U on 0> on on $i-0, Si-0-M e gedopMaLuanbIk 533 533 532 540
w 0A3 0.16 oM 0> Tepmenyynep 472 470 470 472

3-CYpet - Kapa-Keue keMYPYHeH anblHraH rymmH KucnoTacbl MeHeH ryMuUHanH
bawwTankbl XXaHa MainganaHraH YarYnepYHYH NK-cnektpnepu, sy, maaHmnYyY
aToOMAYK TONTOpYyHa MYHe3aY'Y cuumpYY TUnkenepamH makcumymMmaapsbl

Bapablk  YnrYnep MuHepangblK KOMMOHEHTTEPAM KaMTbIAT.  YnrYnepgerY
(hYHKUMOHaNAbIK TOMTOPAYH CcanblWTbipManyy caHblH 6aafioo  KbIYKbINTEKTH
KaMTbIFaH TONTOPAYH cuuMpYY TUNKEeNepuHUH ONTUKAaNbIK TbIrbl34blKTAPbIHbIH
apomMaTtuKanblK NOMIMKOHbIOraymnsanaHraH cucrtemanapra (1600 cm-1) Tyypa KenreH
ONTUKaNbIK ThbIrbI3AblKTapra 60MroH KaTbiWwbl 60t0HYa XYprY3Yn4Y. bapabik
PYHKUNOHaNAbIK TONTOPAYH  CanblWTbipManyy  caHbl apoMaTunKanblK
NONIMKOHbIOTaLMANaHraH cucteManapiblH canbllTbipManyy caHblHa Kapata Kapa-
Keye “peuy KeMYPYHeH anblHraH ryMWUH KWUCNOTACbiHbIH >aHa TyYMWHAWH
MEXaHOXMMUSANBIK X0 MeHeH MaiganaHraH YarYnepY YUYH onyTTyy eCKeHAYryH
acenTteenep kepcetTY. MblHAa GawTanksl YAryYnepgY mexaHukanblk nwrtetY'Y/e
TYMWUH KUCNOTACbIHbIH XaHa NYYMUHAWH MakKpoOMOneKynanapbiHbiH HETU3UH TY3reH
apoMaTUKanblK ankKaKTblH XapbIM-XapTblnan 6y3ynyuwy uLIKe alar.
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Kapa-Keuye KeMYP”"uen anblHraH TyMWUH KUCNOTacbl MEHEH TYMUHAWUH
bawTankbl >KaHa  MmauljganaHrad YnrYnspYHYH 6eTTUK  aAHTbIHbIH
canblwTbipmanyy mYHB3asmeCYm KeMYPTeKrmK copbeHTTepAanH 6eTTUK asfHThbI
afcopbuns biIKmMacbl MEHEH aHbIKTanraH. Agcopbart Katapbl METU/IEH KeryryH >KaHa
(heppuULEHNNANH KaTUOHLOPY KOondoHynraH. Katyy 3aTTbiH 6eTuHAe 3apsagjanraH
30HA 6enyK4YecyHyH 3anereH asHTbl Hyper Chem 8.0.8 KBaHTTbIK-XMMUA/bIK XXaHa
MOIeKYNApAbIK-ANHaMUKaNbIK nporpaMmmacbiHbiH KepcetMme YrYCY KongoHynyn,
acenTee XKO0Ny MeHeH aHblKTanraH. Hatblinxkanap 4-CYpeTTe KepceTYNreH.

4-CYpeT - Kapa-Keye keMYPYHeH afiblHraH ryMmH Kucnortacbl MeHeH ryMUHANH
bawTankbl XXaHa MainganaHraH YarYnepYHYH canbiwTeipMa 6eTTUK agHTbIHbIH
canbiWTbipManyy mYHesgemecY

Ywyn ane CYperre Kapa-Keye keMYPYHeH anbiHraH rymmH KUcnoTacbl MeHeH
FYYMUHAMH GawTankKbl >KaHa MeXaHOXUMUANbIK >XO0/N MeHeH MaljanaHraH
YnrYnepYHYH MeTuneH KeryHyH >kaHa (eppuueHUnauH KaTUOHLOPY apKbiiayy
aHbIKTanraH canblWTbipMa GeTTUK afHTbIHbIH YEKTYYy MaaHWepu KeNnTUPWITEH.
Byn youayktap (Sd) 6up TMNTErn Katapra TU3UATeHUH KepYY 0f0i. BUPOK, 30HA

benYkuenepYHYH TabuAtbiHa, anapgblH KeMYPTEKTUK COPOEHTTEPAUH aKTUBAYY
6opbopnopyHa 6upurYY esredyenykTepyHe kapabacTtaH, Kapa-Keue kemMYPYHeH
anblHraH TYMUHAWH MexXaHOXUMUANbIK MainganaHraH YarYCY 3 )KOropky
canblWTblpma 6eTTUK asgHTbIHA 33, a/1 MU TYMWUH KKUCoTacbiHbIH 6awwTankbl YarYCY
- 3 TEMeHKyre 33.
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3-6enympe Kapa-Keuye kypoh, komypyhoh afiblHraH ryMWH KUCNOTaCbIHbIH,
r'YMUHAMH XKaHa anapiblH MeXaHOXUMUALIK KON MeHeH MaiganaHraH 1Y pniopYHYH
00p  MeTann  MOHAOPYHYH  cyyfarbl — 3puUTMeNnepuHiern  aacopouuanbik,
cofibBataumsANblK KacCMeTTepuH n3nngooHYH HaTblKanapbl KeNTUPUITEH.

Cyyparbl apuTMmenepgeH Kapa-Keye KBMYPYHYH TYMUH KWUCNOTAaCbIHbIH
bawTankbl >XaHa manganaHraH ynrynspyHas >kes (Il), Hukeno (I), kagmuin (11)
WOHAOPYHYH afcopbuuananbliwbl. V3oTepMukansiK agcopouuns, agcopbarrapibiH
apuTMenepuHUH pH  6OKOHYA IKCNEPUMEHTTUK Maanbimattap 57pO0TT0
KOpcOTYNroH.

5-CYPOT - Cyyparbl aputmenepaeH Kapa-Keye KOMYPYHYH ryMUH KucnoTtacbliHbIH
baliTankbl XXaHa manganaHraH YarYJ/lopYHgo oop mMetan/ MOHLOPYHYH
298 K afcopbumacbiHbIH M30Tepmachl

Cyyparbl 3apuTMenepaeH ryMWH KucnoTacblHblH MarfanaHraH YarYCYHZO oop
MeTann WOHAOPYHYH afAcOpOUMACBIHBIH  MaaHunepn 6GawTankbiCbiIHAH  KeMm
amecturn 57p0TTOH KopYHYN Typatr. byn yuypfa, TYMWUH KWUCNOTacCblHbIH
bawwTankbl )xaHa MainganaHran YarY/10pY y4'Yh agcopbunsinelH MaaHunepm xes (1),
Hukenb (1), kagmuii (1) MOHBOPYHYH aueTaTTbiK KOMMIEKCTEPUHUH TYPYKTYYYK
KaTtapblHa 6up TUNTe 60NroH Katapraxarawseiwat. Kapa-Keue KOMYPYHYH rymuH
KMUCNoTacblHbIH GallTanKbl XaHa manganadran YarYJlopYHOo oop MeTann MoHAopy
agcopbumnsanaHraHiaH KMMMH cyy-anekTponuT
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ApUTMENEPUHMH pH onyTTyy TemeHgewY 6aihkanaT. MyHYy MeHeH 6upre rymuH
KNUCNOTaCblHbIH ~ n3ungeHreH  YarYnepYHae sputmenepgern  MOHAOPAYH
agcopbumsacbl  60KOHYa  3KCMepUMeEHTaNdblK  MaanbimatTap  JIeHrMoopAayH
TeUOAEMECUHUH  KOOpAMHaTanapblHAa  KapanraH. Hartbiixanap 6”7peTTe
KepceTYNreH. 67peTTe KOpPPenaumsanbik KOIMUUMEHTN KOropy 6ONroH
CbI3bIKTYY Ke3 KapaHAblNiblK KepyHyn TypaT. Yuwyra 6ainnaHbiliTyy CbI3bIKTYY
perpeccua TeupemenepuHuH napameTpnepn Kapa-Keye kemYPYHYH rymuH
KNUCNOTacblHbIH  n3nngeHreH YnarYnepYHge oop MeTanngapAblH WMOHAOPYHYH
aacopoumsacbiHbIH YeKTY'Y MaaHuUnepuH acentee YUYH KONAOHY/TaH.

67 peT - Cyyparbl aputmenepaeH Kapa-Keye keMYPYHYH ryMuUH KucnotacbliHbIH
YnrYnepYHae oop MeTan/ MOHAOPYHYH afcopbumacbl 60r0HYa MaanbiMaTTapblH
JleHrMopayH TeyaeMecMHUH KoopanHaracbliHaa
CbI3bIKTaLWITLIPYY

OweHTnn, anbiHraH HaTblXXanapAblH XbIAbIHALICHI CyyAarbl apuTMmenepaeH Kapa-
Keye keMYPYHYH TyMWH KWC/OTacblHbIH GawTankbl >aHa MaijanaHraH
YnrYnepYHae oop MeTann MOHAOPYHYH aacopbumnsackbl JIeHrMiop TUOUHAOErn WMoH
anmawlyy mexaHu3sMy 60tHYa, HernsmMHeH KemYPTEeKTUK COpPOeHTTepAuH 6eTTUK
KapboKCcu TONTOPYHYH KaTblWyycy MeHeH XYpPeT gen, antyyra Herns 6epet. Oop
MeTann  WOHAOPYHYH TYMWH  KWUCNOTacblHbIH  MaiganaHraH  YnrYCYHge
aacopoLUUACHIHbIH, GaluTanksbl YnrYCYHe canblWTbIipManyy kebelYLLIY
6enYkuenepaYH enyeMY MeHeH Herusru afieMeHTTpeAnH caHbl 60t0HYa 6up
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TeKTyy 060/1roH cop6eHTTUH ManpganaHraH YArYCYHYH 6eTTMK KapboKcun
TONTOPYHYH MOH anmawyyra kebypeek >XeTKWIMKTYYJTYTY meHeH TYLUYHAYPYTeT.

Cyygparbl apuTwmenepgeH Kapa-Keye KBMYPYHBH afiblHraH TyMWHAWH
falwTankbl >XaHa MexaHOXUMUANBIK >0/l MEHEH MaljanaHraH yarynspyHaB >Kes
(1), Hukeno (1), kagmuin (II) MOHOOPYHYH adcopbuusicbl. IKCNepUMeHTanablK
MaanbimaTTap 7-cypeTTe KepceTynreH. Kapa-Keye keMYPYHeH anblHraH ryMmmHanH
YnrYnepYHge apcopbumsnaHraHjaH KWAWH 00p MeTans WMOHLOPYHYH cyygarbl
3pUTMeNIepUHUH pH ryMmnH KucnoTacblHaH aibipmManaHbin, aH4ya-MblHYa e3repepYH,
an aMM 00p MeTai/l WMOHAOPYHYH OawTankbel TyMUHre afgcopbéuusanaHbiwbl
marfanaHrad YarYre kaparaHga >xoropy skeHuH kepyyre 6050T.

7-cypet - Cyyparbl apuTmenepaeH Kapa-Keye keMYPYHeH anblHraH ryMmuHAnH
bawiTankbl XXaHa MainganaHraH YarYnepYHge oop MeTan NOHLAOPYHYH
298 K afcopbumacbiHbIH N30TepMachl

Owon ane yuypaa, Kapa-Keue KeMYPYHeH anblHraH ryMUHAMH GaliTankbl XXaHa
manaanaHrad ynrynepy YYYH agacop6bumnsaHbiH maaHunepn Kapa-Keve kemYPYHYH
F'YMUH KUCNOTaCblHbIH YNrYnepYHeH ainbipManaHbin, Katyy agcopbeHTTepre
3apsgfanraH 6enYk4yenepAYH TaHganma agcopoumsanaHbiwbiHa MYHe34YY 60/1roH
NMOTPONTYK KaTapAa >XauWrawTblpbinraH. AACOPOUMAHBIH 4YeKTyy MaaHW/epuH
aHbIKTO0O YuYH Kepek 60NroH aacop6aTThbiH Tel canmMakTyynyK
KOHLEHTpaumMAcbiHaH afAcopOLMAHBIH Ke3 KapaHAbIbIrblH CbI3bIKTALWTLIPYY
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AyO6UHNH-PagyWwKeBUYTUH  TeHAEeMECUHUH KoopAuHaTanapbiHga  mymkyh
6onroHayry KeHYn 6ypyyra ap3biit, 6yn 8 petTeH KepY” n Typart.

OweHTtun, Kapa-Keye keMYPYHeH afiblHraH ryMUHAWH OawiTankbl >XaHa
manganaHraH YnrYnepY YUYH anblHraH maanbiMatTapfblH  XXbIAbIHABICHI
COPOEHTTUH 6eTTMK KapboKcWU/I TonTopyHAarbl afCcopouusAHbIH MOH anmailyy
MeXaHMU3MU XapbIM-XapTblnan caktanar gen Kapooro MYMKYHAYK 6epeT. Owon ane
yuypaa Kapa-Keue keMYPYHYH rymumH KucnoTacblHaH aiblpmanaHbin, rymMUHAWUH
bawTankbl >kaHa ManganaHradH YArYnepYHYH copOeHTTepAauH KeMYpPTeKTUK
MaTpuuUacbiHbIH  Ke3eHek4yenepYHae fda, OYAYPnepYHoe [fa Kaurawkad
peakUumnsanblk 60p6bopnopyHAA cyyfparbl apuTMenepAeH 00p MeTansl WOHAOPYHYH
anMaluyycy3 6ainaHblllbl ULLIKEe allblpblfiar.

8-CYpet - Cyypaarbl aputmenepaeH Kapa-Keye keMYPYHeH anblHraH ryMmuHAnH
YnrYnepYHae oop MeTan/ MOHAOPYHYH agcopbumackl 600HYa Maa/biMaTTapblH
AyOUHNH-PagywKeBUYTUH TEHAEMECUHUH KOOpAMHAaTanapbliHa
CbI3bIKTaLTLIPYY

AyOounHNH-PagywikeBnY TeHAEeMECUHUH KOOpAuHaTanapblHAa 3KCNepuMeHTanblik
MaanbiMaTTapblH aHann3n coOpbeHTTUH MUKpPOKe3deHekyenepYH kenemaYY TYP/e
TONTYPYY YyuypyHa Herm3aYY oSKeHAUTUH 6enruner ketYY Kepek. Yuwyra
GainaHbIWTYY, 3pUTMeNiepAeH 00p MeTan MOHAO0PYHYH
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agcopbumnsanarbiwbiHaarsl Kapa-Keye komypyhoh ansiHraH ryMmmHanH k030HOktyy
CTPYKTYpacblHbIH pofy Kolwymya Herusgemere MykTax. byn Y4YH Kapa-Keue
Ko MYPYHOH anbiHraH rymuHauH 6awwtankel YAYCY KYN 31eMEHTTePUH CaKToo
MeHeH aHblH KO30HOKTYYJTYTY 6up Ton ToMOHA00 TypraHa MoanpuKaLmusanaHraH.
byn Y4YH Kapa-Keue koMYPYHOH anblHraH rymuHauH 6awTankbl YArYCYH
HenTpangyy >XykKa kKaTmapra TepMUKaiblK BakKyyMAYK 4auyyy TeXHOJOruAChl
KongoHynraH. TaxpblinbanapAblH HaTblKanapbl >YyKa Katmapnyy rymuHie
agcopobumnsara 4YenH >kaHa aHfaH KWAUH Cyy 3puUTMeNlepuHAErn oop MeTan
NOHAOPYHYH KOHUeHTpauusanapsl Kon 03rop6o Mo HYH kOpcOTTY. Oemek, Kapa-Keue
KO MYPYHOH anbiHraH »yka katmapnyy rymuHaerv KO30HOKTYYJTYKTYH Xoronyuy
aHblH cyygarbl apuTMesiepfieH 00p MeTan WOHAOPYH afcopoumsanoo »oHAo MYH
KOroTyyra anbln Kenet fen aiTyyra 60710T. ANbIHraH XblbIHTBIK Kapa-Keue
KOMYPYHOH anbiHraH rymuHamH  KO30HOKTYY  CTpyKTypacbiHbIH  cyyAarbl
apuTMesNiepLeH 00p MeTanl MOHLOPYHYH agcopbumnsanaHblwbiHia MaaHunY'Y posiyH
KOpcOTOT.

Kapa-Keue KBMYPYHBH ablHraH ryMWH KWUCNOTAacbl MEHeH TYMUHAWH
fawTankbl >XaHa MexXaHOXUMUANbIK >XO0J MeHeH MaiganaHraH yarynspyHyH
afcopbumnsanblk - CbIMbIMAYYNYTYHYH  canbiWThbipMa MyHB3A4BMBCY. Cyygarbl
apuTMenepLeH oop MeTann MOHAOPYHYH TYMWH KUCOTacblHA4A XaHa ryMmuHaeru
afcopoumnAcbiHbIH - YeKTYY MaaHwufepu U3WAJEHTeH Taburblil Ko MYpPTeKTUK
matpuuanapbliHbiH aAcopOUNANbIK CblINbIMAYYNYTYH MYHo0 340 AT,

CK GKA Cl old

9-CYPOT - Kapa-Keue kKo MYPYHOH anblHraH rymmH KucnoTacbl MeHeH ryMUHAnH
YnrYJlo pYHYH oop meTann noHgopy 6otoH4a 298 K agcopbumanbik
CbINbIMAYYNYTYHYH rMcTorpammacsl
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WM3unaeHren yaryJiepayH WYMHEH OOp METall MOHAOPYHYH 3H 3(Q(EKTUBIYY
aJCOPOEHTUH AHBIKTOO YUYYH OyJl MaaHWnepau OUpu-OMpH MEHEH CAJbILITHIPYY
NPAKTUKAIBIK KBI3BITYYHY >kaparar. JKypry3yiareH aHanu3AguH Harblikaiapsl 9-
cypeTTe ructorpamma Typynae oepunreH. Kapa-Keue KypeH keMYpPYHOH aJIbIHTaH
TYMUH KMCJIOTACBIHBIH 5KaHAa TYMUHIWH U3WJIICHIEH YITYJIOPYHYH aacopOLUsIIbIK
ChlibIMYyNyTY (1) kaTap OOroHYA KOropyJiail TypraHbiH OHOH Kepyyre OoJIoT:

GK < GKd < GUd < GU (1)

OWIECHTHIT, XKOTOpyJAa >KYPry3YJAreH aHAIM3AWH HETU3MHIEC, W3WIACHICH
TaOWUIblii KOMYPTEKTUK MaTpuUATApbiHbIH WunHEeH Kapa-Keue KypeH keMypyHeH
aJIbIHTaH TYMHWHJWH OaluTankbel YATYCY CYYAAarbl 3PUTMENEPIAEH O0p MeETall
WOHJIOPYHYH 3H 3(¢ekTuBayy aacopOeHTH OOnynm caHalar ACreH ThISHAK
ypIrapyyra 0oJIoT.

Cyyoazel spummenepoe Kapa-Keue Kypoy KomypyHyH 2YMUH KUCTIOMACbIHbIH
CYNPAMOINEKYIACHIHBIH CIMPYKMYPAI6IK OUpOUKmepurHoe2u 0op Memaili UOHOOPYHYH
convamayusivik - auibikmeieel.  Karyy  (aszamarel TYMHH — KUCJIOTachl —
ANEKTPOJIATTUH CYY SPUTMECU CUCTEMACHIHIA FETEPOTCHINK TEH CATMAKTYYIYKTYH
OPHOTYJYIIY KW OaiJIaHbIIIKaH MPOLIECC MEHEH KOIITOJIOT: KaTyy (a3agarsl T'yMUH
KHACJIOTAChIHA OO0P METAI HMOHAOPYHYH OailflaHbIlIbl >KaHa CYY-3JCKTPOJIAT
SPUTMENEPUHAE JKalirallkaH TyMHH KWCJIOTAChbIHBIH — CYNPaMOJIEKYJIACHIHBIH
CTPYKTYPAJIBIK OUPIMKTEPUHAC OOP METAUT MOHAOPYHYH Oaiinanbliibl. byn 3xu
NPOLECCTHH TEH CAIMAKTYYJIYK IIAPTTApbIHAA CAHIBIK MYHO31eMesiepy Oomym
OETTHK ’KaHa CONbBATALMSUIBIK AlBIKTRIKTAp canaiar. Karyy ¢asanarsr Kapa-Keue
KOMYPYHYH F'YMUH KMCJIOTACBIHBIH OAIlTAIKBI )KaHa MaiijaJlaHTaH YATYJIePYHArY
00p METAT HOHAOPYHYH Cyy DOJpUTMENCPACH OCTTHK  AllbIKTHITBIHBIH
(ancOpOLMACHIHBIH) TEH CAIMaKTYYJIyK MAaHWJIEPUHWH aHAIM3M KOropyaa
KapajaraH. 3-0eaymMayH Oyn Oefyry CYyy-3JE€KTPOJIMT SPUTMEICPUHACTA TYMUH
KHACJIOTAChIHBIH OarTankel JKaHa Mai JaJlaHraH YJITYJIOpYHYH
CYNpaMoJIeKyJanapblHblH ~ CTPYKTYPaIblK  OWPAMKTEPUHACTH  OO0p  METal
WOHJIOPYHYH CYYJAH COJIbBATALMSJIBIK AIIBIKTBITBIHBIH TE€H CAIMAKTYYJIYK
MAaHWJICPUH AHBIKTOOTO apHaJiraH. Cyy-3JEKTPOJUTTHK 3PUTMENECPAE TaHAaIMa
coJibBaralvsiHbiH 3P dekrrepun OasHm0010 A.A. TIeHIUHIUH CONbBATALUSIIBIK
AIIBIKTBIK TYIIYHYTY KOJJAOHYJATaH. W3WimaeHwn >kaTkaH cucTeMara Kapara
TECOPUSIHBIH TAHbIY TEHAECMECH TOMOHKY TYPAO >Ka3bUIbILIBI MYMKYH:

[OK@KR) 1, (0 Ig YOGK(GKd)) 2)
M=T (W) 3 al ’
8+ T.P,agk(Gka)
GK(GKd)
2+ -
MBIHA FM w) CYY-JICKTPOJIUTTHK JSPUTMEACTH TYMHH KHCIOTACBIHBIH

MOJIEKYIANBIK ancamOmuuaeru (M) nonayn cyynan (W) conbBaTaLMAIIBIK
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awbIKTbITbl;  YEK(GKd) - rymuH kucnotacbiHblH aktvBaYYJTYT'YHYH Henpyk

KO PULUMEHTN; at - 3NEKTPONUTTUH OPTOYO akTMBAYYJIYTY.
FYMWH KUcnoTacbiHbIH  HenaykK  aktmBaYYJIYK KOS UUMEHTTEPUHUH

MaaHunepwu oop mMeTansn NOHLOPYHYH cyyaarsl apuTMenepuHie
NONN3NEKTPONMUTTUH  CynpamMoieKyNacblHblH  CTPYKTypanblK OUPAUKTEPUHUH
apurnyTurn XeHYHaerY MaanbiMattap 6o0woHYa acentenreH. 03 KesermHpge
yeilpeHyH adhdekTtTunepn (lg YGK(GKd)) cCbI3bIKTYY 3MeC perpeccuss bIKMacblH

KONAoHyyfaa "Statgraphics Centurion™ KONAOHMO CTaTUCTUKANbIK
nporpammanapbiHblH naketnHge (kepcetme YArYCY) oop MeTanngapAblH 3Ku
3apagayy WOHAOPYHYH XnopuagepuHuH optodo aktmeaYYJTYT'YHYH norapudmum
6otoH4Ya 6epunreH pgapaxagarbl axbslpoo noAMHOMAOpPY MeHeH CYpeTTenreH.
MoNMHOMAOPAY aHaNUTUKANbIK AU {PepeHLnaLmnanoo Xony MeHeH, (2)-Teuaemere
blNablK, OGepunreH Kypampgarbl  CYy-3/1e€KTPOIUT  3pUTMeNepuHAe TYyMUH
KUCNOTaCblHbIH 6GawTankbl >XaHa MEeXaHOXUMUANbIK X0/ MeHeH MaljanaHrad
YnrYnepYHYH cynpamonekynanapblHblH CTPYKTypanblK GUpAWKTEpUHAE cyyaaH
00p MeTann WOHAOPYHYH conbBaTauuanbik awblKTeirbl (CA) acentengun. Oop
MeTann WOHAOPYHYH KOHUeHTpauudAcbliHa Xapawa CA MaaHunepun 107petTTe
KepceTY reH.

10-CYpeT - NOHAOPAYH FYMUH KAUCNOTACbIHbIH BallTanKbl XaHa MaiganaHraH
YnrYnepYHgerY CA cyy apuTmenepuHpern aku 3apagayy metann MOHAOPYHYH
298 K Teu canmMakTyyfnyK KOHLUeHTpaymnanapbiHa 601roH
Ke3 KapaHAblNbITbl
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['yMUH KHMCIIOTAChIHBIH CYNPAMOJIEKYJIaChIHBIH CTPYKTYPAJIbIK OMPAMKTCPUHICTH
WOHJIOPAYH COJIbBATALMSUIBIK AMIBIKTHITBIHBIH MAaHWJIEPU OH OOJITOHYH >KaHa
SPUTMEAETH O0p METAT MOHAOPYHYH TEH CAIMAKTYYJIYK KOHUEHTPALMSICHIHBIH
JKOTOpyJalllbl MEHEH KeOoilepyH Kepyy OHOM. MbIHIAa CONbBaTaALUASIIBIK
AIIBIKTHIKTBIH OH MAaHWJIEPU MaKPOMOJIEKYJIaHbIH TapaOblHaH Taacup KepOereH
aliMarbiHAarel Cyy-3JICKTPOJIMT JSPUTMECHHWH KypamblHA KaparaHja TyMHH
KHACJIOTAChIHBIH MOJIEKYJIAJBIK aHCAMOJMHUH CTPYKTYPablK OUPAMKTCPUHICTH
METaJlJTI IOHYHYH CYYJIaH alllbIKTHITBIH MYHO31eiT. Kapa-Keue keMypyHYH T'YMUH
KHACIIOTAChIHBIH OalTankbl KaHa MaiigaiaHrad YJITYJAOPYHYH
CYNpaMoJIeKyJajJapblHbIH ~ CTPYKTYPaJbIK  OMPAUKTEPUHIACTH  WOHIOPAYH
COJTbBATAIMSUTBIK AlTBIKTHITHIHBIH MAaHWJICPUHUH KaTapiapbl Oupiaeit dKEHAUTU
KoHyNn Oypyyra ap3eliiT. MBbIHAaH THIMIKApPbI, AalIBIKTHIKTAP KaTapiiapbl
aJCOpOLIMSHBIH KaTapyiapbl MEHEH Jajl KeaulueT. byn Harblifka, ChISTHI,
NOJMAJICKTPOJIMTTUH KaTyy ¢a3achlHAa >KaHa Cyy-dJEKTPOJIUT JPUTMECUHIC
JKalramikad, TYMWH KHCIIOTaChIHBIH — CyMpPaMOJICKYJIAChIHBIH — CTPYKTYPaJIbIK
OUPIUKTCpUHUH OWUpP TUOTETH PEaKIUSUIBIK  OOpOOpIOpyHa O00p METaI
WOHJIOPYHYH OaiiJIaHbIIIbl MEHEH [APTTAJITaH.

ConbBaTallMsIBIK ~ QIIBIKTBIK ~ TYIIYHYTYHYH — alKarblHAa — PEaKIMSUIBIK
O0pOOPIOPY IPUTMEIETH OOP METAT HOHJIOPY MEHEH MaKCUMAJIYy TOJITYPYJTraH
OalTankpl *aHa MalJajiaHradH T'YMUH KHCJIOTAChIHBIH CYMpPaMoOJIEKyJalapblHbIH
CTPYKTYPaJIbIK OUPIUKTEPUHHUH 6JTUOMIOPYH CEepaHbIH paanyCy KaTapbl TOMOHKY
TeHaeMe OoroH4Ya 6aanooro 6010t (A.A. [leHMH KaHa KbI3M. ).

o0 GK(GKd
GK(GKd) ° FM2+( )(OO)
I'GK(GKd) M2+ = GK(GKd) (3)

4'T[NA ) aM2+ (OO)

(3)-T€HI[€M€I[€FI/I COJIbBaTaAlUAJIBIK AIIBIKTBIKTAPABIH YCKTYY MAaaHWJICPH

[GK(GKd) (0), JI 6 6
M2+ , JICHTMIOPAYH CBHI3BIKTYY TEHACMECHHUH OUP TYPYHO OKIIOIT OOJITOH

(4)-TeHneme OOKOHYA CENTEINTEH:

[GK(GKd)
LT I CON S G NNC)
M2+

(4)-TEHOEMEHNH KOOPAMHATATIAPBIHAA CBI3BIKTYY PETPECCHS METOIY MEHEH

aJIbIHI'aH COJIbBaTAlMAJIBIK AlBIKTBIKTAPAbIH YCKTYY MAaHWJICPH, OIHOHI[Oﬁ QJIC
GK(GKd)
M2+

METaLI UOHIIOPY MEHEH OalinaHbINIKaH T'YMUH KHUCJIOTACHIHBIH
CYIPaMOJIEKYJIACBIHBIH CTPYKTYPAIBIK OMPAUKTEPHHHUH 6JTYOMIOPYH ICENTOO

4,7,8-cypeTTepaeH albiHraH Sy gkd) A (0) MaaHuWIIEpH 3pUTMEAE OOP
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yuyH Heru3 OosiroH. Harwiikanap 1-tabnmunana KepceTyiareH. DpUTMEACTH 0Op

METAZT HMOHAOPY MEHEH TYMHH KHUCJIOTaChIHBIH  CYNPaMOJIEKYJIACHIHBIH
CTPYKTYPAJIbIK OMPAUKTEPHHUH KOMIUIEKCTEPUHUH e14eMaepy OapAbIK ydypiapaa
OMp HAHOMETPACH KWUMHE OOJNITOHY OHOM 371¢ Oaiikanar. OmeHTHI, Karyy ¢aszanarst
TYMUH  KHACJIOTAaCbIHBIH  WM3WIJCHYYYY  YJITYCY MEHEH  ACCHMETPHSUIBIK
AJIEKTPOJMTTUH CYKOK 3PUTMECH OPTOCYHJA TETEPOTeHAYY TEH CAIMaKTYYJIYVK
OPHOTOHAO, TaHAAIMA 3(h(deKkTTepaArH  HATBIKACBIHAA,
NOJIUBJIEKTPOJIMTTAH ~ O0P WOHJOPY MEHEH Maija em4eMayy

KOMIUICKCTEPUHUH YbIHBITBl HAYap KbIYKBUI CYY 3PUTMETIEPHU Naiiaa 6omoT.

COJIbBaTalluAJIBIK
METall

1-tabnuiia —OpuT™Meneru oop MeTat noHaopy MeHeH 298 K kanbikkan Kapa-Keue
KOMYPYHYH TYMHH KHCJIOTACBIHBIH CYNPaMOJEKYyJIalapblHBIH CTPYKTYPAJIbIK
OMPIAMKTEPUHUH 6TYOMIOPY

FYMI/IH KHUCJIOTACbIHBIH
FYMI/IH KHCJIOTACHIHBIH OAIITANIKEI
MCXAHOXUMUSAJIBIK KOJI MCHCH
yIrycy g
MaiganaHran yarycy
HOH
o | () | pa (o Sic | Tarawtt a0 | o | Stka
(M) | (MMOJB/T) (m7/r) (am) | (MMOnB/T) (m/r)
Cu** | 0,114 0,47 0,29 0,157 0,54 0,32 115
Ni** | 0,131 0,27 0,22 | 160,2 | 0,160 0,49 0,30 9 ’
Cd** | 0,093 0,22 0,09 0,102 0,44 0,11
DCKepTyYy: SEOK(GKd) MaaHuJIepHu PpeppULIeHNI-KaTHOHY OOIOHYA aHBIKTAJITaH

ATBIHTaH HATBIKAHBIH MPAKTUKAIBIK MAaHWUCH 30D, QHTKEHW all O0p METasll
WOHJIOPYHYH KbIJIBIITYY MEXaHU3MICPUHUH OUPHUH HETU31606T6 MYMKYHAYK O€peT,
MUCAJIBL, KBIUKBIJI TOIYPAKTAPAA JKEP YCTYHAOTY HBIM MEHEH KBUIbILIBL. OnIon e
ydypla TOAUAIEKTPOJIUTTAH Maija eJqueMayy CTPYKTYpPaliblK OWPAMKTEPAVH
METAJUT MOHJ0PY MEHEH KAHLIEPOT€HNK KACHUETKE 33 O000rOH KOMIUIEKCTEPUHUH
YBIHBITBl JPUTMENECPUH Maiifa KbUIyy MYMKYHYYJYTY TYMHH KHACIIOTAJIAPBIHBIH
naiinanyy ouocepanbik )KoHTe canyydy QyHKIUsIapbiH KaMCBI3IaiT.

KBINBIHTBIKTAP
['yMHMH KMCIOTACHIHBIH OAlNTaNKbl »KaHA MaljanaHrad yiaryJlepyHYH OeTh
TErU3, ajl apKbUTyy KO30HOKYO 6P *KaHa Kanwuispiap oTNereHy, Oyaypiyy dMec
OKCHIUTHU paCTpI[BIK BHGKTpOHI[yK MI/IKpOCKOHI/IHHBIH JKaHa peHTFeH-CHeKTpaJ'II[BIK
MUKPOAHAJIM3IMH HAThIi>kamapbl kepcoTTy. [ YMUHIUH OamTanke xKaHa
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MalJalaHraH YATYJIepPYHYH Oenykuenepy OENruiyy TapTHUOTETH 3MEC, ChIHBIK
oHJYY (Qopmanarsl, OHYKKOH Ko30HOKTYyy Oetu Oap Oenykyesnep. ['ymuH
KHACIOTAChIHBIH YKaHa TYMUHAMH MaiiajgaHrad yiaryjepy OallTankbuiapbiHa
CaJIBIIITHIPMATYY HETM3TH JJIEMEHTTEPIMH CaHbI JKaHa 0OTyKYeI6pAYH eI4eMaepy
O0rOHYA KeOypeek OUp TEKTYy Ooymiar.

H3unaeHren KOMYPTEKTUK MaTpuLaIapIbH HK-cnekTpiepuHH
CaJIBILITHIPMA MYHO3A6MecY XKYpry3ynay. Kapa-Keue kypeH keMypyHOH ajlbIHraH
T'YMUH KUCJIOTACBIHBIH KaHA TYMUHHMH MEXAHOXUMHUSJIBIK MAliJaJIaHTaH YJIryJaepy,
OamTankeiapaad 371€, KOHACHCAUMSAJIAHTAH APOMATHKAIBIK CHCTEMalap/blH,
amiaTuKablK  JKaHAa — ATULMKIAYY — YIJIEBOJOPOAAYK  TONTOPAYH  JKaHa
KBIYKBIITEKTH ~ KaMThIraH  (YHKIUOHAJIABIK  TONTOPAYH OOJylly MEHEH
MYHO318JI6PY KOPCOTYIAY.

30Ha OenyKuesiepy Karapel METHIEH KOKTYH >aHa (EeppuUeHUiInH
KaTHOHIOPYH KOJIIOHYY MeHeH Kapa-Keue KypeH KeMypyHOH ajlblHTaH TYMUHAWH
MaianaHran  yiarycy OWp Karap M3WIJEHIeH TaOWrblii  KOMYPTEKTHK
MaTpULIAJIAPBIHBIH HYMHEH 3H KOTOPKY CATTBIIITHIPMA OETTUK asTHTBIHA 33 SKEHT U N
KOPCOTYIAY.

Kapa-Keue KypeH KeMYpYHOH allblHTaH KaTyy (asaaarbl TyMAH KHACIOTACHI
MEHEH TYMUHAMH OallTankel KaHA MEXAHOXMMUSIIBIK KOJI MEHEH MaiijanaHraH
YJITYJIOPYHIO CyyAarel  J3PUTMENEPAECH  O0pP  METaUl  MOHAOPYHYH
aacopOuuMsIanbIbl M3AAACHIM. OOp METAI MOHIOPYHYH T'YMHH KHUCIIOTachiHA
’)KaHa TyYMHUHIE aJCOpPOIUSUIAHBIIIBIHBIH MEXaHU3MHU >kaHa THOM OOKOHYA
ailbIPMAYbLIbIK AHBIKTAIbL. M3nnieHreH TaOurblii KOMYPTEKTHK MaTPULIATIAPBIHBIH
WYAHEH CyYyJarbl 3pUTMENECPACTH OO0P METal MOHAOPYHYH 3H 3(Q(EKTUBIYY
copbentn Kapa-Kede kypeH KeMYpPYHOH alblHTaH TYMHHAWH OallTanKbl YATyCY
SKCHIUTY KOPCOTYIAY.

Bepunren kypamaarsl Cyy-37€KTPOJIUT SPUTMETIEPUHAECTA OalITANKbl JKaHa
MalJalaHTaH TYMWH KHCJIOTAChIHBIH CYNPaMOJIEKYJIAJapbIHbIH CTPYKTYPAJIbIK
OUPIMKTCPUHUH PEAKIUSIIBIK  OOpOOPIOPYHAArkl O0pP METaul HWOHJIOPYHYH
TaHAAIMA COJbBaTAUMACBIHBIH 3(pdekTrepn kapanapl. Cyrok ¢azagarsl 'YMHH
KHACJIOTAChIHBIH ~ OAllTanKbl, MEXAaHOXMMMSUIBIK >KOJI MEHEH MaiijanaHraH
YJITYJOPYHYH CYNPAMOJNCKYJAIAPBIHBIH  CTPYKTYPAIBIK  OUPAMKTEPUHAE OOP
METAJIJI MOHIOPYHYH CYYJaH COJbBATALMSJIBIK AIIBIKTHITBIHBIH ~ MAAHWUJIEPH
AHBIKTAJIBI.

Berruk >kaHa COMbBATANMSIIBIK AIIBIKTBIKTAPABIH YEKTYY MAaaHWJICPHHHH
MaaJIBIMATTAPbIHBIH HETU3UHJE SPUTMENETH O0p META/UI MOHIOPY MEHEH T'YMUH
KHACJIOTAChIHBIH CYIPaMOJIEKYJIACHIHBIH CTPYKTYPaJTbIK OUPIUTUHUH
KOMIUICKCUHMH ~ eiueMayK Oaacel Oepunau. TaHgaiMa — COIbBaTalUsHBIH

(P PEeKTTEPUHIH HATHIAKACKIHAA U3WIICHHUIT )KaTKaH CUCTEMAJIa 00P METAaILT
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WOHJO0PY MEHeH M'YMWUH KWUCNOTAaCbIHbIH CYMpPaMoieKyNacbliHbiH YakaH enuempaeryY
CTPYKTYpPanblK  GUPAUKTEPUHWUH  KOMMNEKCTUK  BUPUKMENEPUHWUH  YbIHbITbI
apuTMenepwu naiga 6onoopy Kepcetyngy.
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Jixynymanauesa Aiinyp Kanbri0ekoBHAHBIH

“Cyyaarsl 3puT™MesIepaeH 00p MeTAIAAPAbIH HOHAOPYHYH KYPOH KOMYPAOH
AJILIHTAH T'YMHUH KHCJI0TAChIHAA, TYMUH/E aACOPOUUsIJIAHBIIBI )KaHA
TaHAAJIMA coJbBaTTaIIyycy” Temacbinaarsi 02.00.04 — pu3nkaabIK XUMHUsA
aJUCTUTH 0OIOHYA XMMHS WIMMACPUHUH KAHIUIATHI OKYMYIITYYJIYK
AAPAKACHIH U3JCHHUI AJTYY YYYH 5Ka3bLITaH AUCCEPTANUSCHIHBIH
KOPYTYHAYCY

Hermsrm ce3mep: T'yMHWH KMCIOTachl, TYMHH, aAcopOuus, TaHAajMa
COJIbBATTALIYY, DKW 3apsiyy HOHAOP, 6196MIyK dPPEKT.

N3unpee oObexkTucn: Kapa-Keue KypeH KOMYPYHOH AQIbIHTAaH TyMWH
KHACJIOTaChl MEHEH TYMUHJWH OamTankbl >KaHa MEXAHOXHUMUSJIBIK >KOJ MEHEH
MaiJaJlaHTaH YJIryJaepy, 00p METAJUIIAPAbIH HOHAOPYHYH CYYIarbl 3pUTMENCPH.

Nmrua  makcarel: Kapa-Keue KypeH KOMYpPYHOH ajblHraH TyMUH
KHACJIOTAChIHBIH, TYMUHVH, aJIApABbIH MEXAHOXUMHUSUTBIK JKOJI MEHEH MaiiianaHran
TYPAOPYHYH OOp METAUIJAPAbIH WOHAOPYHYH CYyJarbl SPUTMEIICPHHJICTH
aACOPOLUSIIBIK KaHA CONMbBATALMSIIBIK KACHETTEPUH U3UIINIO0.

N3unpee mMerogaopy: tutpiee, 3puruutuk merony, UK-crnekrpockonus,
PACTPABIK SJEKTPOHAYK MUKPOCKOIHUS, PEHTICH-CIEKTPAIABIK MHUKPOAHAIN3,
cnekrpodoromeTpust, pH-MeTpHs, 3pUTMENEPACH KaTyy aAcOpPOCHTTE KYProH
ancopOLumsi.

Nnumuii m3ngee xadayyaapbl: SKHHUYWINAK SJIEKTPOHIOPAYH JAETEKTOPYH
(SEI) konmonyy meHeH JSM 6510 pacTpablk 3JE€KTPOHIYK MHUKpockomy, NSS7
a30TTYK MYy3JaTyy MEHEH 3Heproaucnepcusuibik cnekrpomerpu (EDS). Varian UK-
Oypbe-criekrpomerpu. CO- 46, VIS 721tubunaern cnekrpodoromerpaep. M-130
nonomepu, PHS-2F pH-metpu. JA 303P aHaTMTUKAJIBIK SJEKTPOHAYK Tapa3achl.

Kapa-Keue kypoH KoMyPYHOH aJIbIHTAH TYMUH KACJIOTAChl MEHEH TYMUH VH
OamTankel >KaHa MEXAHOXUMUSUIBIK >KOJI MEHEH MaiilajaHral yiryJlepyHYH
(pU3MKaNbIK-XUMUSIIBIK MyHo3aeMenepy Ocpunan. XKes (II), nukens (1), kagmmuii
(II) “OHAOPYHYH CyyIarsl 3pUTMENCPUHEH KaTyy aCOPOCHTTEPre N30TEPMUKAITBIK
aacopOUMsIaHbIIbl M3WIACHANA. ['YMUH KucnoTaceiHAa JIEHrMIOpAYH THOMHACTH
WOH-aJIMalllyy  aacopOUMsChl, TYMHHIWH  KOMYPTEKTHK  MaTPHIIACHIHBIH
KO30HOKYONepYHAe JAa, OeTHHAEC Ja aacOpOLMSHBIH >KYPYLIY AHBIKTAJIIBL.
WM3ungeHredn TaOWrblii KOMYPTEKTHK MAaTPULANIAPABIH KaTapblHAH TYMUHAWH
OamTankel yarycy oop MeTauiaapAblH HOHAOPYHYH 3H HaThIKAIYy aacOpOCHTH
Oonrony kepceTyiaay. ['YMHH KHCIOTAaChbiHBIH OamITankel, MEXAHOXUMHUSIIBIK
MalJalaHTaH YJTYJAOPYHYH CYHNPaMOJICKYJANAPbIHBIH JPUTMEAC SKaHTallKaH
CTPYKTYP&JIbIK OWPAMKTEPUHACTH OOp METAUIAAPABIH HOHIOPYHYH Cyyra
CJIBILITHIPMATYY COJIbBATALMASIIBIK AIIBIKTHIKTAPbl AHBIKTAJIIBI.

KonnoHyy kakrapbl: T'yMyC 3aTTapblHbIH XMMHSICHI, JKOJOTHS, TOIYPAK
TaaHyy, MaTepraiiapbl TAAHYYy.
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PE3IOME
aucceprannu  /kynymanueBoii  AliHyp Kanabiu0exkoBHbI Ha  Temy:
«30uparesqibHast CONbBATALMSA M aACOPOLMSA HOHOB TSKEJIbIX METAJIOB W3
BOJAHBIX PACTBOPOB HAa TYMHHOBOH KHCJI0TE, TyMHHE OYyporo yrjs»,
NPeICTABJICHHOI HA COMCKAHNE YYCHOI CTENeHU KAHAUAATA XUMHYECKHX HAYK
o CnenuaJIbHOCTH — pusnyeckas xumust 02.00.04

KaroueBble ci1oBa: TyMUHOBAas KHCIOTa, TYMHUH, aacopOuums, wu3OHMpaTesibHas
COJIbBATALMS, IBYX3apsIHBIC NOHBI, PA3MEPHBINA 3PPEKT.
OO0beKT wuCCAeIOBAHMA: WCXOIHBIE, MEXAHOXMMHYECKH JWUCIEPTUPOBAHHBIC
oOpasipl TYMUHOBOW KHCJIOTBI W rymmHa Oyporo yris Kapa-Keue, BoaHbIE
PACTBOPBI HOHOB TSHKEIBIX METAJUIOB.
Ilear paGorbl: M3yueHue ancopOUMOHHBIX W COJIbBATAIlMOHHBIX CBOMCTB
TYMUHOBOW KHCIIOTHI, TyMHHa Oyporo yris Kapa-Kede, mx MexaHOXMMHYECKH
JUCTIEPTUPOBAHHBIX (POPM B BOJHBIX PACTBOPAX MOHOB TSHKEIBIX METAJUIOB.
Mertoabl McC/IeI0BaHUSI: TUTPUMETPHs, pacTBopuMocTh, HK-crnekrpockonus,
pacTpoBasl SJEKTPOHHAS MHUKPOCKOIMHWS, PEHTTEHOCIECKTPAIbHBIA MUKPOAHAIN3,
cnekrpodoromerpus, pH-merpus, aacopOums W3 pPacTBOPOB HA TBEPAOM
ancopOeHTe.
Hay4unoe oGopyaoBanme: PacTpoBbI 31EKTPOHHBIA MuUKpockon JSM 6510 ¢
UCIOJB30BAHUEM  JICTEKTOPAa BTOPHYHBIX 3JIEKTpoHOB (SEIl), a  Taxke
sHeproaucnepcnoHHoro crnekrpomerpa (EDS) ¢ azoTHbeiM oxnaxknaeHuem NSS7.
HUK-Dypre-cnexktpomerp Varian. Cnektpodoromerp tuma Cd-46, VIS 721.
Honomep U-130, pH-merp PHS-2F. Becsl ananutrnueckue 3neKTpoHHbie JA 303P.
Jlana (pU3BHKO-XMMHYECKAs XAPAKTEPUCTUKA UCXOAHBIX, MEXAHOXUMUYECKH
JUCTIEPTUPOBAHHBIX 00pa3l0B T'YMHHOBOM KHCIOTHI M TymMuHa Oyporo yris Kapa-
Keue. UccnenoBana uzorepmuueckas aacopOuuss monoB meau (1), nukens (11),
kaamust (1I), cOOTBETCTBEHHO, W3 BOJHBIX PACTBOPOB HA TBEPIBIX aACOPOCHTAX.
YcraHoBneHa HOHOOOMEHHAs aacopOums JIEHrMIOPOBCKOTO THIIAa HA TYMWUHOBOH
KHACJIOTE, & TAKXKE aACOPOLMs KaK MO MOBEPXHOCTH, TAK M B MOPax YriaepOAHOH
marpunbl TymuHa. [lokazaHo, 4YTO WCXOAHBIM oOpa3en TyMuHA, B PAdy
WCCIICIOBAHHBIX ~ MPHUPOJHBIX  YIVIEPOJHBIX  MaTpull, sBISETCS  HamOoJiee
3(pPeKTUBHBIM aICOPOCHTOM HOHOB TSKENBIX METAUIOB M3 BOJHBIX PACTBOPOB.
Onpenenenbl CoTbBAaTAMOHHBIE U30BITKH MOHOB TSDKEIIBIX METAJUIOB HAJ BOJOK Ha
CTPYKTYPHBIX  €AMHHALAX  HAJAMOJIEKYJBl ~ MCXOJHOTO,  MEXaHOXMMHUYECKH
JUCTIEPTAPOBAHHOTO 00PA3L0B TYMUHOBOM KHCIIOTBL, JIOKATM30BAHHBIX B PACTBOPE.
[Tokazano, 4to B pe3ynbTare >SPPEeKTOB M3OMPATETLHOCTH  COJIbBaTallUU
00pa3yrOTCsl MCTUHHBIE PACTBOPbI KOMIUIEKCHBIX COEAMHCHUN MAaJIopa3MEPHBIX
CTPYKTYPHBIX €IWHUL HAAMOJICKYJIBl TYMUHOBOH KHCJIOTHI ¢ MOHAMH TSDKEIBIX
METAJIJIOB.
O0JacTh NPUMEHEHUsI: XMMHUsSI TYMYCOBBIX BELICCTB, 3KOJIOTHS, MOYBOBEICHUE,
MaTEePUATIOBEICHUE.
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SUMMARY
of the dissertation of Dzhunushaliyeva Ainur Kalychbekovna on the theme:
«Selective solvation and adsorption of heavy metal ions from aqueous
solutions on humic acid, humine of brown coal™, submitted for the degree of
candidate of chemical sciences in the specialty - physical chemistry 02.00.04

Key words: humic acid, humine, adsorption, selective solvation, doubly charged
ions, size effect.

Research object: initial, mechanochemically dispersed samples of humic acid and
humine of Kara-Keche brown coal, aqueous solutions of heavy metal ions.
Purpose of the work: Study of the adsorption and solvation properties of humic
acid, humine of Kara-Keche brown coal, their mechanochemically dispersed forms
in aqueous solutions of heavy metal ions.

Research methods: titrimetry, solubility, IR-spectroscopy, scanning electron
microscopy, X-ray microanalysis, spectrophotometry, pH-metry, adsorption from
solutions on a solid adsorbent.

Scientific equipment: JSM 6510 scanning electron microscope using a secondary
electron detector (SET), and an NSS7 nitrogen cooled energy dispersive
spectrometer (EDS). Fourier transform infrared (FT-1R) spectrometer Varian.
Spectrophotometer of type SF-46, VIS 721. lonomer 1-130, pH meter PHS-2F.
Scales analytical electronic JA 303P.

The physicochemical characteristics of the initial, mechanochemically
dispersed samples of humic acid and humine of Kara-Keche brown coal are given.
Isothermal adsorption of copper (Il), nickel (I1), cadmium (Il) ions, respectively,
from aqueous solutions on solid adsorbents has been investigated. lon-exchange
adsorption of the Langmuir type on humic acid, as well as adsorption both on the
surface and in the pores of the carbon matrix of humine, have been established. It
iIs shown that the initial sample of humine, among the studied natural carbon
matrices, is the most effective adsorbent of heavy metal ions from aqueous
solutions. Solvation excesses of heavy metal ions over water on the structural units
of supramolecules of the original, mechanochemically dispersed samples of humic
acid localized in solution were determined. It is shown that as a result of the effects
of solvation selectivity, true solutions of complex compounds of small-sized
structural units of the supramolecule of humic acid with heavy metal ions are
formed.

Applications: chemistry of humic substances, ecology, soil science, materials
science.
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