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N3unneenyH kajanbl MYHO316MeCY

HN3uiagee MIIMHUH aKTYaJ AyyJayry. A3bIpKbl 3aMaHAarsl CEHpeK Ke3UTyYdy
TEXHOJOTHSIAPABl JKaHA HHXCHEPIUK IOJOO0OPIOPIY WINTEN YbITHIN KOJIOHYY,
aiilaHa 4eHpPeHY KECKHMH YEeTHMHE KETKEH ACHIIAIAErH Oyiarooro ajablll Kelyyae.
Herusru Oyiroody 3arrap OOJyn eHep jKall MINKaHaJapBIHBIH KalIbIKTaPbIHAATBI
00p MeTauIAap, MOJUXJIOPAYY >XKaHa HOIMAIPOIYY apoOMAaTTHIK YIJIEBOZOPOIIOD,
He(THIETH YIIEBOAOPOANOp JKaHa ajapAbl Kaiipa HWINTETYyAe maina OoJroH
NPOAYKTYJap, MNECTHLUUIJACP, TepOUIMIIep JKaHa  arpapiblk  OHAYPYLITO
KOJIIOHYJIYYy4dY ©CYMAYKTOPAY KOProody XHMHSUIBIK KapakaTrrap JCenTeer.
XUMUSIIBIK OyNTraHyy jKapaThlIbII OMOI€ONEHO30PTO TECKEPH TAACHPUH THHTHU3ET,
K33 Oup yuyprnapaa OoJicO ajapiblH TOJIyK Oy3yJyllyHa aibll Kener. by3ynrax
OHMOreOCHO3I0PAYH KaTUMKH THPUYMIINTHH KAJBIObIHA KEITUPHUII YYYH OyJaraHraH
00BEeKTHIIEpPre AETOKCUKAIMS JKYPIY3YY KepeK, aHbIH MHTWIMKTYYJIYTY Kol ydypla
KOJJOHYJIYYy4Y AETOKCUKAIHSIIOOUY areHTTEepIHH d3PPEKTUBAYYIYTYHO KO3 KapaH bl
6010T.

ABBIpKBI y0aKTa TONMypaKTap YIyH KeIl CaHJarkl aHTHIOTTOpP, COpPOCHTTEp
JKaHa peMeqUpiIeedy areHTTep Oenrwiyy. AHTHOOTTOp oTe 3PdeKTHBayy, OUpok
ayap TOKCHKAHTTapAbIH K33 OMp KilaccTapblHA TaHa CEIEKTUBAYY TaacHp OTHII,
TOIypaKTapAblH SKUHYMIMK OyJraHyyCyHa ajblll Keaumu MYMKYH. CopOeHrrep
(MHCaITBl, aKTUBICIITHPHITEH KOMYD, LEOTUTTEpP) OYyIroody 3arTapabl (HU3HUKAIIBIK
copOumsi MexaHU3MHU 0OIOHYA OalIaHBIITHIPHIN, ANapIbIH OHOJOTHSIIBIK TaaCHPUH
TOMOHIOTOT, OMPOK OWOJOTHSIIBIK OMPHUMAYYIYKTYH apakeTTeHYYCYHO HHEPTTYY
6oy kana 6eper. MenmopaHTTap (aKUTAIll, TUIIC) TOMYPAKTHIH XUMHSUTBIK PEKHUMUH
JKaKIIBIPTyyra TYPTKY Oeper, 0op MeTalaapibl OeNrHiciiT, OMpPOK OpraHUKajbIK
TOKCHUKaHTTapra bIHAKTBHITBl TOMOH OOJIOT.

VYuryra GaisiaHelTyy OUp jKarblHaH KOMILIEKCTYY JkKaHa 3G (QEKTUBIYY Taacup
9TYYYY, KWHYH >KarblHaH CHenn(UKAIBIK KacHeTKe 39 00Nyydy AeTOKCHKaHTTap.bl
UINTETUI YBITYy MNpoOjeMacsl eTe akTyanayy Oonyn Typar. Byn mpoGiemansl
YEeYYYHYH ©TO 3Jie ONTHMAIIYy BapHaHTHI KaTapbIHIA JKapaThUIbII 00bEKTHICPUHIE
Ke3Uryydyy MaTepHaigapAblH HETH3MHAC aillaHa 4eiipere Oenrwmiyy gapaxana OH
TAaaCHPHH THHTH3YY4YY HCTOKCHKAHTTapIbpl alyyHy Kapooro 0oyior. MbIHOai Ke3
Kapail OOIOHYA JKapaThUIBIIITA KCHUPU Tapaml, KEHUPU KaTapaarbl IKOJOTHSIIBIK
MWIZACTTEPAN aTKapraH, ajJapAblH WYMHEH ©3red4e MaaHWre 33 OOJNTOHYy OyinraHraH
oOBeKTHIepre MNPOTEKTOPIYK TaacHp THHTrH3reH rymyc 3arrapel (I'3) e3rede
KbIBBITYYHY Tyyaypar. I['ymyc 3arrapbl YYYH OKOJOTHSUIBIK —IPOIECCTEpre
KOMIUICKCTUK TaacHUp THHTH3YY MYHO3IYY, aHTKeHH Oyl OHpHKMeNep Kol
(byHKIMOHANAYYIYTY MEHEH aiibipMasiaHaT. Y IIyHy MEHEH OHpre TyMyc 3aTTapbIHBIH
JIETOKCHIIUPIIOOUY MaTepHaigap KaTapbelHaa MpaKkTHKaaa OarbITTyy KOJIIOHYIYIIyHa,
anapIbplH  CHEeUU(UKAIBIK TAaaCUPUHHUH MYMKYHIYTY Tyypajlyy MaajbIMaTThIH
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YeKTeNnyy 00Iyycy TOCKOONAYK KblIyyZda. ['yMyc 3aTTapsl a3bIpKbl HIMMHN TYITYHYK
0OIOHYa  IOJIMMOJIEKYTANbIK  acCOIUWATTap  TYPYHAOTY  CYNPaMOJEKyIaIbIK
aHcamOnzmep (arperarrap) KaTtapbl KapanaT. CynpaMoNeKyJTanblK IapaJurMaHBIH
HaTelibkacelHaH I'3  HerusuHIe anbIHIaH  JETOKCHUKAHTTApIblH  peaKLusra
KOHIOMAYYIYTYH KaHa (bYHKIMOHATIBIK ©3reveNyIyH XUMHUSIIBIK
OyNTaHTKBIYTApAbl MOJEKYIalbIK >KaKTaH AaHBIKTOO MEHEH OaWIaHBIIIBI Kepek
SKCHIUTHH KYTYYTe OO0JIOT.

VYiryra GaimaHbIITYy OyJI HINTE )KOropyIa KepCcoTYIreH akTyalayy mpobiema
GaiinaHpIITBIPYydy cyOcTpaTka (yylyy 3aTKa) KOTOPKY BIHAKTBIKTBI AHBIKTOOUY
CTPYKTypalbslk (parMeHTTep MEHEH OalbIThUIraH CyNpaMOJICKYNanblK T'yMHHIUK
peLenTopIopay aryy YIYH TyMyC 3aTTapblH OarbITTyy MOAU(DUKAIHSIOO KOIY
MEHEH YeUMIJH.

JuccepranMsiHbIH TeMAaChIHbIH HpHU MIUMMI (1o1600p.10p)
nporpaMMasiap MeHeH OaiijaHbIbL. JlMcCepTalUAHBIH TEMachl d1 apajbIK
MINMAN-TEXHUKAIBIK  OOpOOpAyH Ke3eMeny acTelHaa artkapsuraH: KP-993.2

«OCYMIYKTOPAY KOProOHYy aHa Aa3bIKTAHABIPYYHY ONTHUMANJAIITBIPYY YYYH
KOTOPKY 3 (HEeKTUBYYITYKO 33 OOITOH OHOJIOTHSUIBIK KapaXkaTTap bl HINTETI YBITYYY,
KP-964 «I'yMuH 3aTTapblHBIH KaHa aJapAblH TYyHIYJNapblHBIH HETH3MHJE
KOMIUIEKCTYY Taacup OTYydy [HETOKCHKAHTTapAbl alyy» aTTyy »d1 apaiblk
J07000pI0p MEHEH OailyIaHbIIIKaH.

Hucccepranusipik um K. banacarsin atsiHzarel KYVayn IOHECKOwnyn
(U3HKANBIK jKaHAa KOJUIOMIUIMK XMMHS KadeqpachbiHBIH WINM H3WINOe HINTEPUHHUH
TUIaHJAPbl MEHEH Jarbl OailaHbIIIKaH.

MinTuH MakcaThl: XUMESUIBIK OyNroodynapra KOMIUIEKCTYY JXKaHa aTaibIH
JICTOKCUINPIIOOYy TaacHp 3TYYr® XOHIOMIYY OONTOH CyIpaMOJICKYNAIBIK TyMHH
IpenaparTapblH UIITEN ubllyy. Koroaran MakcaTka >keTyy YUyH TOMOHKY Maceneiep
JeUUIIIN:

-CyNpaMoNIeKylanblk TyMYyC 3aTTapblHBIH JKajllbl MAacCachblHaH JOMMHAHTTBIK
CTPYKTYpaIIBIK (pparMEeHTTEp MEHEH MYHO36IYYIY aiphIM KOMIOHEHTTEPH OOIYHYI
QITBIH/IBL;

-alipbIM XHMISUIBIK OyJIroOdyjapra TaHAAIMa TaacHp OSTYY4YY (yHKIHOHAIIBIK
TONTOPAY *aHa aTOMIYK TOIMYOIOPAY MOJIEKyIalapAblH KypaMblHA KHPTH3YY JKOTY
MEHEH TyMUH KHUCIOTATapblH XUMHUSIIBIK MOJH(DUKALUAIOO UIIT KY3YHO allbIPBLIABL;
-0amTanksl TyYMHH KHCIIOTaJaphIHBIH  YITYJIOPYH MakcaTka — OarbITTairaH
TpaHc(hOPMaUACHIHBIH (KBIYKBUIIAHTYY, KPHOUIITETYY) IPOAYKTHUIAPH! ATbIHABL,
-aldbIHTaH  TYMHMHAUK  IIpenaparTapiblH  CTPYKTypalblk  (parMeHTTepuH
UIeHTH(QUKANUAIOO0 KYPTy3ynay skaHa Oyl CTpyKTypallapfa CalblHTaH XUMMSIBIK
MaanbeIMaT AeTepMUHCIIIN;



-T'yMHH TpenapaTTapelHBIH MeTanmn nonzgopyHa (UO0Z, Cu?*,Pb%*,Cd?*) xapata
COpOIISITBIK KaHAa KOMIUIEKC Maia Kbulyy KacuerTep m3wineHnu. [laiina 6onron
KOMIIIEKCTEpAUH TYPYKTYylTyK KOHCTaHTachlHbIH (Kiy,) JXaHa mpemaparTapiblH
azicopOLus KOHCTAHTACKIHBIH (K,yc) YOHIYKTaph! SCeNTeNHN;

-TyMUH MpenapaTTapblHbIH MOHAYK TEHJCIUTUTHHE, METaJUIIapAblH HOHIOPYHYH
THIPONIU3 TpOLECCTepUHAern OesykdenepayH (opMmacklHAa JKaHa KypaMblHA
TUUTU3TEH TaacWpH W3WIACHIN. bemykdemepayn pHTBIH KeHHpH apaibITbIHIA
OOJIYIIYHYH Y€K apachl aHBIKTAIIIbI;

-aTpasuHAMH TYMUH IIpenaparTapbl MeEHeH OailaHbplllyy MpoOLEecCTepH Cyy
yelipecyHne u3wiicHau. baiinaneiin koHcTaHTanapeiHbH (Kg) YOHIyKTaphl kaHa
aNapJplH TYMUH TIperapaTTapbiHBIH MYHO3YY KacHeeTTepHHE, KOHIICHTPAIMSCHIHA,
SPUTMEHUH HOHAYK KY4y MeHeH pHHa ko3 KapaHayyIyTy aHbIKTaJIIb;

-TyMUH TpenapaTTapblHbIH aTPa3suHANH CYy YeHpecyHAery rHIpoIu3uHe THHTU3reH
KaTaIM3IMK TaacHpH M3WIAECHAU. KaTaquTUKaNbIK pEeakUsSHBIH KHHETHKAaJIbIK
mapaMeTpiiepH dCEeTTeNIH;

-ap  TYpPOYY TeCTTepAM  KOJJOHYYy MEHEH TYMHH  IpenapaTTapblHbIH
JNCTOKCHIIUPIOOYY  KaHa  OCYMAYKTOPIYH  OCYIIYH  CTUMYJIAIITHIPYYIy
KacueTTepuHe JabopaTOpHsUIBIK CHIHAK OTKOPYJIAY; XHUMHUSUIBIK OyIroodynapabiH
(UO2%, Cu?*, Pb?*,Cd?*, arpasuH) JETOKCHKAIMACHIHBIH  (DM3UKO-XHMHSIIBIK
napaMeTpJIepH 3CENTEN M.

Juccepranusiplk uiTe OasHOANTaH W3WIIOOHYH >KBIMBIHTHIKTApbl «[ymMuH
penenTopaopyH KAMTBIT'aH CYNIPaMOJIeKy.1AJIbIK cHUCTeMAJIapAarbl
MOJIEKYJIAJIBIK TAaHBIN OUJIYY» aTTyy >KaHbl WIMMHUHA OarbITTBIH OHYTYIIYHO HETH3
000T. XUMHSIIBIK ~ OyJNTOOYYy 3aTTapAbl OaiMaHBIITHIPYY YYYH TYMHHIHK
CYIIPaMOJIEKyJIalbIK PELENTOp KaTaphl Kapalyydy TYMUHAUK IMIpenapaTTap ajlblHAbI
JKaHa MPaKTHKaJa KOJAOHYYyra CyHYyIITa bl

NmmuH wimmuii sKaHblIbITbL: KbIUKbIIIaHTaH KYPOH KOMYP/I6H 3KCTPaKIys,
(b pakuUsUIAIITHIPYY, KBIMKBUIAHTBII )KaHa KPUOTCH MK Kalpa UIITETYY METOAIOPYH
KOJJIOHYY MEHEH jKaHa peakiusra *)eHIOMIYY aipbiM (yHKIHOHAIIBIK TONTOPY
MEHEH aTOMJAYK TONYOJOPAY MOJIEKyJajapblHa KHUPIU3YY KONy MEHEH OUpUHYU
KOy XUMISUIBIK Oynroody 3aTTapAbl OaiaHbIUTHIPYyTa >KOHAOMAYY OONroH
CYNPaMOJIEKYIAJTBIK PEIETITOP KaTapbl 3CENTENYYIY TYMUH MPenapaTTaphbl albIH/IbL.

XUMHSIIBIK OyJNTaHTKBIYTAPra TYMHH MpenapaTTapbliHbIH TAaaCUpP STHIIHHICTH
JETEPMUHUPIICHTeH CTPYKTYPAJIBIK (PparMEHTTEPIUH POTy aHBIKTAIIAbI.

CynpaMoneKynanblK TyMEHANK penentop Tapabsman U03T, Cu?t, Pb%*, Cd?*
HOH/IOPYH OIIOHON 3JIe aTpa3WHAM TaaHBIT OMIYYCYHe CalaTTHIK )KaHa CaHIBIK 0aa
Oepuiau.



Cangplk 0aara MeETAJUIKOMIUICKCTEPAUH anMairyy KOHCTaHTHIHBIH (K, ),
aJIcOpOLUANBIK KOHCTAHTBIHBIH (K, ), TypyKTyylIyK KOHCTaHTaHBIH (KTyp ) xaHa
aTpasMHANH TYMHUH IpenapaTTapbl MEHEH OaillaHBII KOCTAHTACBIHBIH JICENTENreH
YOHAYKTaphl Heru3 Oongy. CynpaMoneKyJaiublK OeHrDIe  AKOTOKCHKAHTTapbI
0alTaHBIITHIPYY MPOIECCTEPUHICTH XUMISUIBIK MaaybiMaTTapra 6aa oepyy HWK-,
'H xana 13C—HMP, STH-AAMP crnieKTpocKOIusi METOAI0OPY MEHEH aJIbIHbI.

I'ymMuH mpenapaTTapblHBIH YyJIyy 5MecC THAPOKCHATPasHHAM Naijga KbUIyy
MEHEH JKYProH aTpasuHAMH THAPOJIM3WHE KATaJUTUKAIBIK Taacup d3TYYCY
m3wiaeH . KaTanuTHKaIbIK peakIusSHBIH KHHETHKAJIBIK ITapaMeTpIIepH dCENTeIn
KaHa OepUITIH.

Wmte xapanran Oyiaroody 3aTTapibl TyMUH —Ipenaparrapbl  MEHEH
JneTokcukanusuioo kodddunuentn (/1) >xkana OGaiaHBIIYyHYH TOKCHKOJOTHSIIBIK

ko unpenTr (Kélc) AHBIKTAJIBL.

AJBIHTaH HATBIIKATAPIbIH NMPAKTHKAJIBIK MAaaHUIYYJIYry. VsunneenyH
KbIUBIHTBIKTaphl AAK «bunoxummain» (Poccusi) AETOKCHKaHTTapAbl alnyy Y4YYH
MWJIOTTYK YCTaHOBKAHBI KOHCTPYKIHSJIOOIO aHA TEXHOJOTHSIHBI MacIITabI0010
raianaH/abl.

JluccepTalMsHBIH MaTepUATIAPbIH XUMHsI (DaKyJIbTETHHUH CTYJCHTTEPH YUYH
JKApaTBUIBIII HOJMMEPICPUHUH HErn3uHAe (OYHKIMOHAIABIK MaTepUaapAbl anyy
METOI0pY OOKOHYA JIEKIHS OKYy/Ia KOJIJIOHYyra CyHyIITOOr0 OOJIOT.

I'ymuHauk — mpemaparrapApl  OMOTECTHPIIOOHYH — HWINTENUN  YBIKKAH
MIPOTOKOJIIOPY JKaHAa TYMHHIWK PEIENTOpJIOP MEHEH [eTOKCHKAaIUsAIo0 OoloHYa
QIBIHFAH  KBIMBIHTHIKTAD  OWOJOTHSUIBIK  JKaHa  DKOJOTHSJIBIK  cabaKTapblH
71a00PaTOPHSUIBIK MPAKTHKATAPBIHAA KOIAOHYIYIIY MYMKYH.

JuccepTanusiHBIH KOPToOTro AJBIN YbITa TYPraH HErN3rH :K000J10py:

I'yMHHIMK CynpaMOJEKyJIANbIK PEelenTopopaAy anyy (KOMIDIEKCTHK Taacup
3TYYr® JKOHAOMIYY, OuUp 3¢ yOakbITTa alpbiM XHMHUSUIBIK  OYJITaHTKbIYTApra
(UO,*", Cu®*, Pb*', Cd*" noHmopro, arpasuHre) BIHAKTHI'B OACBHIMAYY OOIIOH
TYMUH/IUK [IPEIapaTTapIbl anyy.

XUMASUTBIK ~ QHANU3ACPAMH JKaHA JOMHHAHTTBIK TYMHH IIpEmapaTTapbl
(hU3UKAITBIK METOIOP MEHEH HICHTU(PHUKANUSIIOOHYH JKbIHBIHTHIKTAPHI.

UO,*, Cu*, Pb®, Cd** mommopro kapata T'yMHHIMK IpenapaTTapiblH
COpOLMSIIBIK KaHA KOMIUICKC Maiiila KbUTyydy KaCHETTEPUH MYHO3[06. AnMaIlyy
koHcTaHTachlHbH (K,;), copOumsuioo koHcTaHTachiHBIH (K,.), KOMIUIEKCTEpAHH
TYPYKTYylIyK KoHcTaHTachiHbIH (K.y,) scentenren maanmnepu. byn donmykrapra
Typayy daxropmopayH (pH, copOeHTTHH TONYKTOO Hapa)kachl jKaHa METaUIIbIH
JKaPATHUIBIIIBI) TAACHPH.



ATpa3uHANH TYMUH IperapaTTapsl MEHEH Cyy YoHpecyHae TYpAYY MapTrapaa
OaiTaHBINIBIH M3WINOOHYH JKBIMBIHTHIKTApEL. baimanemmn xoHcraHTanapsHEH (Kg)
YOHIYKTapbl KaHa aJapAblH TYMHH IIpanapaTTapblHBIH KOHICHTPAIMSCHIHA,
spuTMeHHH pH-Ha jxaHa MOHAYK KY4yHe OOJITOH Ke3 KapaHIbLIbIIbL.

ATpasuHIUMH Cyy 4YeHpecyHIery yylyy 3Mec T'MIpOKCHaTpa3sMHIW Maiaa
KBITyy THIPOJH3 PEaKIMACHIHA TYMHH IHperapaTTapbIHBIH KaTaIUTHKAIBIK TAACHPH.
KaTannTukaislk peakIusTHBIH KHHETHKAJIBIK TapaMeTpIIepH.

Meramn MOHAOPY KaHa aTPasMHIAMH TyMHUHAUK [pernaparrap MEHEH
JCTOKCHKALMSIAHBIIBIHBIH ~ (PU3MKO-XUMUSIIBIK — mapaMeTpiepy. JleTokcukaius
K03 HUINEHTTepHHIH (019)] JKaHa OaitaHBIIyyHYH TOKCHKOJIOTUSLIIBIK

KOHCTAHTAaJIapbIHBIH (Kf,[c) YOHIYKTapHl.

XuMUATBIK  OynaroodynapAblH TYMHHAMK TIpernaparTap MeEHEH OaiaHblil
MPOLIECCTEPHH MOJIEKYJANBIK TYPI® TaaHBI OMIIYYTe CaHIBIK jKaHa CamaTThIK 0aa
oepyy. I'ymuaIIK penenTopIopayH JKaHa OyJroouyiapabiH
CTPYKTYPACBIHIATbl ~ XUMISUIBIK ~ MAaJIBIMATTBl  CYNPaMOJIEKYJTalbIK  JICHIIAJIIe
UAECHTU(DUKAIHSIIOO0.

H3penyyuyHyH :keke cajbiMbl. Mimmuii mpoOieMaHsl (OIMYIHPOBKAIOO
JKaHa W3WIIeOHYH HETH3TH OarbIThIH TaHI00, SKCHEPHUMEHTTEPOH KYPry3YYHYH
METOJIMKACHIH JKaHa aHBIH AalapaTypajblK >KAOJbUIBIIIBIH HWIITEN YBITYY,
OKCTIEPUMEHTTEPI THUKEACH-TUKE KYPIy3YY, TYMHHIUK JETOKCHKAHTTapIbl alyy
0OIOHYA TEXHOJOTHSIBIK CXEMaHbl >JKaHa MHJIOTTYK JKOJIY HIUTEN YBITYY,
JKBIABIHTBIKTAPABI TAJIKYYJIOO0 JKaHa allap bl HIIMMHUI TYPAO XKapblsuioo.

Wmrtun anpodanusicbl. J{MCCepTalUsTHBIH HETH3TH JKBIHBIHTBIKTApBl OOIOHYA
«XXI KbUTBIM/IBIH YETUHIETH WIIMMHUHN MPHOPUTETTED JKaHA TEXHATOTHSIAPY aTTyy 2-
97 apanblk WiuMuil  KoHpepeHuusaa (Anmara, 2004) MHUKpPOMOJIEKYIAIBbIK
kommuiekcrep 6oroHua FOITAK 12-31 apansik koHdpepenmusana (MMC-12, @ykyoxa,
Snonuss 2007), »xanmel kaHa KOJIOHMO xumusi OoroHua XVIII MenaeneeBauk
cre3ne (MockBa, 2007), TyMHH 3aTTapblH H3WII06 KOOMYHYH 14-371 apanbik
koHpepanuusiceinaa (IHSS-14, Mocksa, 2008), Oynranran Tomypaktap OoroH4Ya
(ConSoil 2008, Mwunan, Hramus, 2008) a1 apanblik KoH(pepeHIusna, ainaHa
4OHpeHYH OyJraHBIIIbl KaHA aHBIH THPHUYMIMKKE Taacupu OoroHYa 15-37 apaibik
cummnosuymaa <«OKamrap kaHa XHMUSIArbl HHHOBAIMSIIApy aTTyy CTYICHTTEPAUH
KaHa  JKalll ~ OKyMYIUTYyJapAblH  1-31  apalblk  MIMMUH  NPaKTHUKAaJIbIK
koH(epeHuusiceiaa (Anmara, 2011) «TypykTyy AYHHOHYH KbI3BIKYBUIBITH YUYYH
sKkocucTeMansl koprooy» arryy (SETAC 2011, Mwunan, Uramms, 2011) SETACTeH
21-koH(pepeHINACHIH A, «21-KBUTBIMITBIH panuanusIIbIK KOOTICY3IyTYHYH
npobieManapbl» aTTyy 51 apanblk KoHpepenuusina (EpeBan, Apmenus, 2012)
JIOKJIaiIap JKacajbl.



Kaprpissioonop. JluccepranMsiHbIH MaTTepuayigapbl OOOHYa 52  WIMMUIA
umTep oKkapbpisutaHapl, amapaeiH  wamHae KP o JKAK  TH3mecuHe  KupreH
peleH3MsUIaHyy4y WIMMHNA OackuieluTapAa 8 wimMmuil cratbsuiap, Web of Science,
PUHLI, 2 moHorpaduwusi.

JuccepTanusiHBIH KOJIOMY KaHa Ty3yJaymy. Juccepraius KUpHUII co3/eH, 4
miaBajiad, KopyryHaynapaaH, 300 OynmakTbl KaMThIraH agaOWSTTBIH THU3MECHHEH,
KOMIIbOTepAe TepuireH 231 et Typat, 49 cyperrepay, 54 Tabnuuanapabl KAMTBIAT.

JuccepTanusTHBIH HETU3TH Ma3MYHY

1-I'maBa. Anabusattelk 0030p Trymyc 3arrapelHblH  (I'3)  Kkacuerrtepy,
MOJIEKYNalbIK TY3YJIYIIY >KaHa Kypambl JKOHYHZOTY Aa3bIpKbl K3 KaparuTapibl
6asHI00r0 apHaJIraH *aHa e3YHe 3 0eIyMay KaMTBIIT.

Buprnun Gemymzae amaOHSTTBIH jKaHa ©30YK MaalbIMaTTapAblH HETH3HHIC
TyMyC 3aTTapbIHBIH Halaa 00Iyy IpoIecCTepr Kapablll, aapasH (yHIaMEHTAIIBIK
KacHeTTepH (KypaMbIHBIH CTEXHOMETPHUSUIBIK SMECTUTH, TY3YJAYLIYHYH PEryIspayy
9MECTHTH, CTPYKTYPAIIBIK 3JIEMEHTTEPHHUH reTepOreHAYYIYTY KaHa
HNOJIUIUCIIEPCTYYIYTY) OasHmanar. I'yMyc 3aTTapblHBIH XMMUSCHIHIA MOJIEKYJIa
JEereH TYOIYHYK MOJIEKYJalblK aHCaMONIb JereH TYIIYHYKKe aiflaHraHbl
KepceTyireH. JKanmbl jKOHYHaH TyMyC 3aTTapblH Ouocdepagarbl  OpraHHKaJbIK
3aTTapAblH THAPOJIUTHKAIBIK, KbIYKBUIIAHYY-KaJbIObIHA KEJTYY YKaHa KaTaUTHKAaIbIK
allaHyyCyHYH HaThIiDKachlHAA Maiina Ooyydy CynpamoJeKyJallblk aHcamOIiep
(arperarTap) KaTapbpl Kapoo CyHyIITaldraH. ['yMyc 3aTTapblHBIH MOJEKYJAIbIK
TY3YJIYIIYHI®  «apOMAaTHUKAJIBIK KapKac» JIel  aHBIKTAIYyy4y CTPYKTYpajbIK
OJIOKTOpAYH aHa anu(aTHKAJIBIK >KApaTBUIBIIITATBl MEPUPEPUSITBIK IBIHKBIPIBIH
Gony1ry MyHe31emn KepceTynay. I'yMyc 3aTTapbIHbIH MOJIEKYJIANbIK TY3Y/IYIIYH XKaHa
CTPYKTYpaJIbIK (PparMEeHTTEpUH OasHI00 YYYH TYPAYY H3HIIeeuyep TapaOblHAaH
CYHYIITaIraH MOJEIAEP Kapasibl.

OkuHYM OOJYK TYMHH 3aTTapblHBIH MOIU(HMKALMSICHIH >KaHa peakLusara
KOHIOMIYYIYTYH OasHIOOro apHairaH. [ 'yMUH 3aTTapbIHBIH CYyTeKTHK, JOHOPIYK-
aKLENTOPAYK, OJEKTPOCTATHKANBIK OalaHBIITapAsl Taiga KbUIyyra OkaHa
COpOLMSUIBIK TIPOIECCTEpre aKTUBAYY KAaTHIIYyra XOHAOMIYYIYTY KOepCOTYITeH.
Mertana HOHIAOPYHYH TyMyC KHCIOTaJapbIHAArbl (GYHKIMOHAIIBIK TONTOP MEHEH
KOOPAWHAIMSIBIK OaiilaHBIITapABl TY3YIIy KapanraH. OpraHumkaiblk OyJiroody
3aTTapAblH (TOJIUSAAPOIYY apOMATTHIK YTIIEBOIOPOANOP, TPUA3HHIANK TepOHIUAIe])
TyMyC KHCJIOTaJapbl MEHEH OaiflaHBINIyy IpoIeccTepH OasHMANBIN >ka3burad. byn
npoueccrepie OailaHBII KOHCTAaHTACBHIHBIH YOHAYKTaphlH JCENTOO METOAIOPY
KepceTyNreH. balfaHBII KOHCTaHTACHIHA JKaHA TyMyC KHCJIOTAlapsl MEHEH
OaiilaHBIIIKAH OpPTaHMKAIBIK OYyJroody 3aTTapAblH CaHbIHA, 4YelpeHYH pHHBIH,
WOHAYK KYYYHYH, TYMYC 3aTTapblHbIH JWHAMUKAIBIK KACHETTCPHHUH TaacUpU
XKOHYHZOTy OOJrOH MaanbIMaTTap TaaKyyJaHAbl. ['yMyc 3aTTapbl ©3YHYH XHUMHUSIIBIK
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TY3YJYIIYHO OKapamia XHMISUIBIK JKaHa (QHU3MKAIBIK MOAW(HKAIMAra KaObUIat,
HaTblikaza MakpoMmoJsieKyjanap, Oyad e THUIMI peareHTIepre JKakKbIHABITBIH
KOPOTYYUY CTPYKTYPANbIK SJIEMEHTTEp MEHEH OalbIIIbI MYMKYH.

YuyHuy O6NyKTe TyMyC 3aTTapblHBIH SKOJOTHSIIBIK MPOIECCTEPTe KaTBIIIBI
JKaHa MaaHHWCH Kapairad. ['yMyc 3aTTapblHBIH Onocdepanarsl €Te MaaHWIYY
GyHKIMIApEl (aKKyMYJISITHBIUK, PETYISATOPIYK, TPAHCHOPTTYK, (DH3HOJOTHSIIBIK,
IPOTEKTOPAYK) >Ka3buiraH. ['yMyC 3aTTapbIHBIH MPOTEKTOPAYK KAaCHETTEPH ©3reue
KOHyJl Oypyyra TaTbikTyy. ['ymMyc 3aTTapbl XUMHSUIBIK OyJIroody 3aTTapIblH
YYJaHABIPTHIUTHITBIH a3aiTyyra Taacup 3TeT. byiroody 3aTTtapaslH TyMyC 3aTTapbl
MEHEH  JCTOKCHKAIIWSUIAHBIIBl  TOKCHKAaHTTH  (yy  3aTThl)  TY3HOH-TY3
OGalIaHBIITEIPYYHYH JKaHa TOKCHKAHTTapAbl TPaHCGHOPMALIIOO MPOLIECCHHE
Taacup 3TYYHYH HATBIXKACBIHAA KYPYIIY MYMKYH, HaTbliXkaJla aHbIH aKTUBIYYIYTY
TONYK ke OWp a3 skoroynaT. TypIyy THNTETH 3KOTOKCHKAHTTApIBIH YKapaThLIBIII
YOUPOCYHII® JKYPYM TypyMyHa TyMYyC 3aTTapblHBIH TAacUpPHUH H3WINOO IKaHa
aNapAblH HETW3WHIC JKaHbl aTaiblH peMeIUallMsUIBIK KOJIOHYyyra 33 OOJroH
MaTepHaigapAbl ajayy aillaHa 4YeHpeHYH XWUMHSCHIHIArbl IWHAMUKAIBIK TYPAO
OHYTYII )KaTKaH aKTyanayy OarsITTap SKeHIUTH KOPCOTYIIAY.

2-I'naBa. 'yMMH nmpenapaTrTapbiH ajlyy, aJapAblH XHMHUSJIBIK KypaMbIH
JKaHA  CTPYKTYpPadbIK  (GparMeHTTepHH  MYHO3400. [yMHH  3aTTapblH
MOIU(UKALUIIOO0 alapAbl CYNpaMOJIEKyJaNblK aHCAaMOJIBIH Kajllbl MaccachblHAH
Genyn anmyy, MakpoMOJIEKyJIanapasl KbIYKbUIAAHABIPYY jKaHa KPUOTEHIUK HINTETYY
MEHEH OarbITTyy TpaHC(HOPMAIMIIOO0 OIIOHION 3J1€ MOJEKyJNanapIblH KypaMbIHA
KEHUPH CIEKTPAETH XUMMSUIIBIK OYyNroodyIapAblH K33 OHMp OKYIIepyHe TaHmanmMa
TaacHUp ATYYYY PEAKIHAra >KOHIOMAYY (GYHKIMOHAJIBIK TONTOPAY K€ aTOMIYK
TOMYOJIOPAY KHUPrH3YY OJKOJMYy MEHEH MHIIKEe AaIbIpbulgbl. TOMOHKY TyMHUHIUK
npenaparrap: rymuH kucnortanapbl (I'K), dynsBokucnoranap (PK), rumaromenan
KHCIIOTaIaphl ('MK), KBIYKBUIIAHTAH  TYMHH KHCIIOTaIaphl (OI'K),
KpUOCTpyKTypanamkan  IrymuH  kuciotanapel  (KI'K), (bopMuITHpICHTeH
(kapOonunnuenren) rymuH kuciortanapbl (PI'K), rymMuH KHCIOTalapblHBIH a30T
tyaayynapel (NI'K) anemanel.  ['ymMuH npenaparTapblHBIH DJIEMEHTTHK KypaMbl
(«Kapno Dpba» aHamm3aTopy) aHBIKTAIBIN, AaTOMIYK KaTBIIITApbl  JKaHa
KBIUKBUINAHYy Japaxkachl () dScenTenmd. ['yMHH 3aTTapblHBIH H3HWJIICHT€H
IpenapaTrTapblHbIH  TY3YJAYIIYHAOIY OJIE€MEHTTEpAMH KAaThIUlyy YIYIITOPYHYH
alBIPMaYbLIBITBI aHBIKTABI (1-TabI1.).



1- Tabmuua - I'yMuH npenaparTapblHBIH MYHO310MOCY
OIeMEHTTUK KyPaMbl ATtoMayk
MaccasbIK IpoLeHTH ATOMJTyK IIPOLICHTH KaTbIIIbI

C H | N S (6] C H N S O |H/C|O/C

[Ipenapar
Hemvayynyx,
%
Kynnyyayk,
%

'K |8,97(5,10{63,93|4,07 | 1,17 0,33 | 30,50 | 46,74 | 35,73 | 0,70 | 0,09 | 15,20 0,76 [0,32 |-0,05
DK |7,80(4,40({61,62|4,27 | 1,05 0,30 | 32,76 | 44,53 | 37,06 | 0,60 | 0,08 | 17,70 0,83 |0,32 |-0,03
MK} 7,70|0,55{63,32| 5,30 | 0,70 | 0,30 | 30,17 | 42,19 | 42,39 | 0,40 | 0,07 | 15,02 1,00 0,35 |-0,29
OI'K|9,80(3,16|62,18| 4,40 | 0,82 | 0,22 | 32,80 | 44,31 | 37,62 | 0,51 | 0,05 | 17,52 0,84 0,39 |-0,06
KI'K [13,10[4,85|63,70| 4,17 | 1,17 | 0,33 | 30,73 | 46,19 | 36,28 | 0,70 | 0,09 | 16,74 0,78 (0,36 |-0,06
PI'K(14,11|4,73|63,40| 4,12 | 1,00 | 0,30 | 31,18 | 46,20 | 36,05 | 0,61 | 0,07 | 17,06 0,78 0,37 |-0,04
INI'K | 8,40 |4,60|60,30| 4,20 | 4,80 | 0,28 | 30,47 | 43,76 | 36,61 | 2,96 | 0,07 | 16,56 (0,83 (0,37 |-0,08

I'3  crpykrypachiHIarel — anuQaTtUKaIbIK  (parMeHTTEpAHH  OIIYOMYH
MmyHe31eeuy H/C kaThlbIHBIH Makcumanayy dyouayry I'MKna Gaiikanar. H/C xana
O/C  TemeHmemnly, TyYMHH 3aTTapblHBIH  MOJIEKYJIACHIHIATBl ~ apOMATTBHIK
CTPYKTypaJlapJblH YJIYIIYHYH KeOeiyuly MeHeH KomTonoT. O/C KaThIIIBIHBIH ©TO
yoH maanucu @K sxana OI'K tuemenyy. Byn 60yico TyMHH npenapaTTapbIHbIH YIIYJT
YJITYJIOPYHYH CTPYKTYpachlHa KBIUKBUITEK KapMoody (YHKIUOHAIABIK TONTOPIYH
oTe ONYTTYYy CaJbIMBbIH KyOeeseiT. Bapiaelk mpemapartap o TeCKepH MaaHHIEpH
MeHEH MYHe31eJ16T. OTe kanbsiobiHa kenredn [ MK 6oy cananat (w=—0,29). Xammsr
KaObUI alblHTaH METOANOp OOIOHYa aHanM3AeNnreH (YHKIMOHAIABIK TONTOPAYH
JKBIMBIHTBIKTapbIHAa (2-Taba.) KepceTYIreH/ei, KapOOKCHI TONTOPYHYH ©Te
xoropky emuemy MeHeH OI'K aiibipmananar. Cansimtelpmanyy karapaa OI'Kna
KBIUKBUITEK KapMoody Oeslok (QYHKIHOHANIBIK TONTOPAYH ((peHoImyK KaHa
kapOOHWIAUK) Makcumannyy emueMy tabbuiran. 'K, KI'K sxama NI'K yuyn
(dbenonayk TonTopayH okmom emdemy (2,40— 2,76 mmons/r) mynesayy. @K, ®I'K
xaHa OI'K (2-tabn.) KapOOHWIOUK TONTOPAYH Oropky emdemyHe. ITI
MoJeKkyiangapeiaaa 68,46% nan 97,80% ra 4YeHMHKH KBIYKBUITEK (YHKIMOHAIIBIK
TONTOPIYH Y4 TUOMHMH: KapOOKCHIAMK, (EHOJAYK, KapOOHWITUK OpTOCYHAA
GenymTypynreH. KbIUKBUITEKTHH KalraH OeJIyTY KBIUKBUITEK KapMoody 3(QHpAUK,
TaTaanl 3(QUPAUK, CHUPTTUK, METOKCHIJIUK TONUYOJOpP MEHEH OepuireH Oeex
CTPYKTYpaNBIK (parMeHTTepre TaanablKk. MbIHAaH ThILKApbl [ TIHBIH MOJEKyIaIbIK
TY3YJIYIIYHYH SIOIPONYK OONIYIYHI® XUHOHIYK (parMeHTTep jKaHa KBIYKBUITEK
KapMoO4y TeTepOLUKIAYy CTPYKTypalapAblH Oosynry MYMKYH. CTpyKTypajibIK
(bparMeHTTHH Oy OONYTYHO KUPYYYY KBIYKBUITEKTHH CAIBIIITHIPMAIYy >KOTOPKY
emyeMy 'MK menen NI'K yuyH Oaiikanar. @yHKIHOHAIABIK TONTOPAYH KypaMbIHA
KHPYYYY KBIYKBIITEKTHH (IIPOLIEHT MEHEH TYIOHTYJITaH ) CAJIMAaKThIK yaymy OoroH4Ya
M3WIACHIeH TIYMHHIOMK  [perapartap TOMOHKY  KaTapia  SKaiIaHblmar:
OI'K>OK>KT'K>T'K>NI'K>OI'K>I'MK.
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2-tabmuua - ['yMHH npenapartapiblH (YHKIHOHAJIBIK TONTOPYHYH MYHO3/16Mecy

IKbIYKBUITEKTHH (DYHKIIMOHAJIIBIK = = - E NS

Kypawmsr ,% TONTOPAYH OPTOCYHIIA E g E‘ 5 2=

. Genywrrypynry, % £ o % 2 - E S 5 E_

< = °L %

§| COOH |ArOH| c-0 |E= S SE8E| Eez

g =y 58 8o g| 5&8E

£ £ 8 EEEEZE¢2 E %

= & & & S £|COOH| Ar-OH| C-0 |2 8| £ 2 B 5 £

S P | S | g EE : |8% E| gid

z g g 2z < |5 2 5253

o = =R
'K 5,38 |24,21|2,64 |4,48| 1,44 |4,03|123,69| 17,18 | 4,21 2,30 (30,50 78,49 21,51
DK | 5,81 |26,15|3,90(6,63|2,65|7,42|129,03| 18,56 | 6,24 423 32,76 88,64 11,38
MK| 5,00 [22,50|1,94|3,29| 1,63 |4,56|21,66| 15,97 | 3,09 | 2,60 |30,17| 71,79 28,20
OI'K | 6,52 [29,34|4,08 (6,94 2,96 (8,28|32,08| 20,83 6,53 4,72 (32,80 97,80 2,20
IKI'K | 5,40 [24,30|2,76(3,69| 1,60 |4,48|24,21| 17,25 | 4,41 2,55 130,73| 78,78 21,21
®I'K | 5,34 [24,03|2,40|4,08| 1,85 (5,18/23,85| 17,06 | 3,84 | 2,95 |31,18] 79,02 20,38
IN[K | 4,61 [20,74|2,40|4,08|1,44 14,03(/20,86| 14,72 | 3,84 2,30 (30,47 68,46 31,53

I'ymunauk npenaparrapasl HollecTuH METOLYH KOJJIOHYI IOTEHIIMOMETPIMK
TUTPJIOOHYH O KBIMBIHTHIBI OOIOHYA KaHa aureOpaiblK (KIACCHKAIBIK) METOILY
KOJJIOHYY  MEHEH  KHUCIOTAIBIK  (DYHKUIMOHAIABIK  TONTOPAYH  HOHJIOLIYY
KoHcTaHTanapeIHbH (K,,,,) Maanmnepu pH-TeIH OeNTHITYY HHTEPBAIBIHIA SCEITENIH.
'l xem KucioTanblKk (GYHKIMOHANIBIK TONTOPrO 33, alapiblH HOHJIOLIYY
KOHCTAHTaNapbIHBIH MAaHUCH KEHUPHU 4eKTe e3repyneT (3-tabm.). bup ane Tunrern
KHCIIOTAbIK TONTOpAyH odcentenreH Ky, YOHIYKTapbhIHBIH aifblpManaHbIIIbI
TOMOHJIOTY 9KH HEru3r (hakTopiIiop MEHEH MapTTasIbIIIbl MyMKYH.

a) I'KupIH ap Typayy MoHOMepAyY OHWpIuKTepH OWpH-OMpH MEHEeH TYPAYY
XKOJIIOpP MEHEH OailNIaHBINIBIHBIH apKacklHOa KUCIOTAIbIK GopOopiop, Oupnei smec
NEKTPOHIYK TY3YJNYLITOIY *aHa 3HEPreTUKANIBIK MYHO3Jery ydacTkaizapia 0omyn
KaJIbIIIbI MYMKYH ;

0) KHCIOTAJIbIK TONTOPAYH MOHJOIIYYCY Haiifa OONroH calblH TymaT-
MaKpOMHJE AIEKTPOCTATUKAIIBIK 3apsi] YOTYJIaT, aJl KHHHHKH KHCIOTAIBIK TONTOPAYH
HOHJIONIYYCYHa TaaCHp 3TeT.
3-tabmuua - I'ymun kucnotanaps! yayH Ko, xaHa pK,,, MaaHumzepu

N PKion @HBIKTOO METOLY
Tonrop [H] -
KJIACCUKAJIBIK Hoitectnn
3,98:10%-1,99-10™ 3,74 3,73
KapGoxemmmk | 125107 =6,31-107 4,49 4,49
3,31-10°-7,07-10°° 5,29 5,28
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7,94-107-5,62:107 5,61 5,65
3,96:10°-1,58-10" 7,45 7,44
DeHonyK 501-10°-1,41-107 7,96 7,96
3,17-10"°-1,56-10" 8,11 8,00

I'yMUHAMK TIpenapaTTapIblH  MOJEKYJIAIBIK-MAcCalbIK  OONyIITYpYTYLIYH
mungeene OI'K, ®K, I'MK xana KI'K sxu ¢paknusra OGemyHepy TaObLIIbL,
aylapAbIH HIWHEH JKOTOPKY MOJICKYITAIBIK Macca MEHEH MYHO3/IOITeHY 0aChIMIYYITyK
kbutaT. Oku ¢paknusra 6enynyyuy 'K, NI'K, ®TK ynrynepynae eauemy GoroHua
9KMHYM (PaKIMACH OachIMAYYNyK KbUIAT, ajl JKOTOPKY MOJICKyJalyy, OHpOK
GUPUHYKTE CATBIITHIPMATYy M, TOMOHKY MaaHHCH MEHEH MYHO31eneT (4-1ab.).

4-tabnuua - ['yMuH mpenapaTTapblHBIH OPTO CAaJIMAaKTyy MOJICKYJIaJbIK Maccalapbl
(M,,) sxaHa GpaKIUATAPABIH CANBIITHIPMATYY OMT4OMY

= Dpakmusuap

& Tenn- 1 2 3

g YBIIKATOOHYH | M, , | Maccansik M. , | Maccanbix M. , | Maccanbix
= IIapTTaphbl xa | yiym, % | xJla | yaym% | xJla | yoryus, %
I'K G-75, smoent- | 99,4 233 85,0 60,3 27,9 16,4
®OK | Tris-HCI- 12,00 79,0 8,00 21,0 - -

MK | Gydep, pH=8,2 [ 50,13 | 79,2 8,30 20,8 — -

OI'K | Toyopearl-50 | 25,14 86,0 5,00 14,0 - -

KI'K | HW(S), 35,0 74,4 28,0 24.6 - -
®OI'K | 2110€HT — 92,4 35,8 77,8 495 26,9 15,00
NI'K | docharTeix 99,4 38,1 85,4 52,72 34,4 9,2
oydep, pH 6,8
I'ymun npenapaTTapbIHbIH CTPYKTYpaITBIK (hparMeHTTEPUH

UNCHTU(UKAIMATO0  (U3UKAIBIK  METOANOPAY KOJNAOHYY MEHEH  ajbIHraH
MaaJbIMaTTapAbIH HETU3UE KYPTy3YIay.

Onekrpouayk (YO xana kepyHyyuy) cnekrpiaepu CD-46 cnektpodoromerpie
28°C ronkynayk canabiH 200-800 HM AMana30HAYK apaliblKTa ajablHAbL. M3uiaeHreH
OaapIbIK MperapaTTapAblH CIEKTPIEPUHAEC TOIKYH Yy3YHIAYTy KeOelreH caifbiH
CHHUPYYHYH HHTEHCHUBAYYJYTY TOMOHAereHy Oailikamar. Kas 6up ydypnapaa criekTp
275 HM >XaKbIH Xepze UinH (I1e40) ChIIKTYY Oonyn kepyHeT. Byn cuHupyy amarra
9KH K€ aHJaH KeIl IMAaKeKTYY apoMAaTThIK YTIEBOAOPOANOPAOTY T — T
JNMEKTPOHIYK TAIIBIMAIA00r0 >KaHa KOHBIOTHPICHTeH apoMaTTBIK IIaKeKuelepre
TaaHABIK Jem scenreneT. OkeTHHKIMS KodddurmentrepurnH E /Eg (E465um/Esssum )
KaTBIIIBI o CTPYKTYpPaChIHIATBI apOMaTTHIK SAPOTOPAYH
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KOHJICHCAIIMSJIAHTaHABITBIHBIH ~ 1apaKachblHA TECKepH IMPONOPLUOHAIAYY KO3
kapaujsikTa 6o10T. E4/Eg  KarenubsiaeH TeMengenren maanmnepu 'K sxanma KI'K
yuyH Oaiikanar. OI'K »xana @K E,/Eq KaThIIIBIHBIH JKOTOPKY MaaHHWJIEpU MEHEH
MyHe3zener, Oyn 0ojco amapablH  XpoMO(OpPIOPYHYH  HErusru  Oemiyry
kapOoKkcuiIuK , keToHgyk C=0 xaHa apoMaTThlk C=C TONTOPJO YOTyJITraHAbITbIH
kepceteT. Wsumnpenyydy mnpenaparrap yuyH AlgK (Eggo/Egoo) Maanunepu
aiieipmananar. Alg K TeMeHKY MaaHMIEepH apoMaTTHIK KapKachl XKOTOPKY Japaskaza
KOHIEHCHPJIEHTeH TyMUH 3aTTaphl YIYH MYHe31YY (5-Tabur.).

5-rabmuna - ['yMHMH @pemaparTtapbl Y4YH OSKCTHHKIUS KO3 (HIMCHTTCPUHUH
KaThIbl xkaHa Alg K

[Mpenapar E4/E¢ AlgK
'K 2,50 0,23
®OK 4,50 0,43
I'MK 3,66 0,34
OI'K 5,00 0,45
OI'K 3,00 0,30
KT'K 2,50 0,25
NI'K 3,33 0,30

I'yMun npenaparTapbiHblH HMHQPaKkb3bl1 cnexkTpjepu Perkin —Elmer
System-2000  cmektpodotomepunne  KBr-TeXHHKacbIHBIH  METONYy  MEHEH
peructpanmsuianasl. [T UK — cnekTpiepu okmiomn Typre 33, Oy 00Jico anapibiH
MOJIEKYNaJbIK TY3YJdymy Oupiei tunte skeHAUrHHe KyOee. Bupok anapibiH
OpTOCYH/1a KalChl OMp aibipManyyiykrap Oaiikanar (6-tabin.).

Ancak, ®K >xana OI'K HK-cnextpiepu Oenrtiyy TOJKYH Y3YHAYKTapblHAA
JlaaHa JKaHa TUCKPETTHUK YOKYJIapAbIH OOJyUly MEHEH MYHO3IeNYIl, ajl allaplblH
Oamka TYMHH MpenaparTapblHa CaJBIIITEIPMAyy ©TO JKOTOPKY MOJEKYIabIK
TY3YJIYIIKO 33 9KEHAUTHUH KOPCOTOT.

OK xana OI'K Owup kblitia jmapaxana KapOOKCHIIWK, (EHONAYK >KaHa
KapOOHWIJUK TONTOpP MeHeH Oaiibiran. bynm 3arrap xuHomamuk (1640-1600
cm™1) sxama metokcmmmuk  (1460-1450 cM™1) Tomropay ma anem xypet. OI'K xana
OI'K cnektpiepuHze CTPYKTypaHbIH KapOOHHJI KapMoody (parMeHTTEpHUHE

tremmenyy 1705 xana 1430 cm~t

MHTEHCHUBAYY TuikenepH Oaiikanar. I'K sxana KI'K
UK-cnextpiepu 1600 cM™! cunupyy Tusikecunun Goiyiry MEHEH MYHO3IeJeT, Oy
60JICO KOH/IEHCUPJIEHTeH apoMaTThik cucteManapiaa C=C cKeleTTern Tern3AuKTHK
TepMenyyre Tuemenyy, an smMu  900-750 cM™! obnacTarsl CHHUpYY THIIKENEpH

apoMarThk mrakekdenepaern C-H medopmanmsmsik tepmenyyre tuemenyy. DOK
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skaHa OI'K apoMaTukanblk IIaKEKTEpPAUH KOHACHCALUSIIAHBIIBIHBIH TOMOHKY
JICHrIAJIMHE KapabacTaH KOTOPKY apOMAaTTYIyKTy KepceTymeT. MyHy MeHEeH Karap
Oynap y9YH >KOTOPKY Aapaka/iarsl OpyH ajaMaIlyy MYHe31YY.

6-Tabmmma - ['ymun npenapatrapsiase MK-criekTpriepuHrH MyHO316Mocy

I'TI-aB1H Cunupyy Kaiicel Tepmenyyre Tuemenyy 3KeHAUTHH
yITycy THIIKETePH, CM Oenrusee

I'K, @K, OI'K | 3450-3300 OH u NH TONTOPY, CYYTEKTHUK
OalJIaHBIIITAD, BAICHTTHK TEpMeENyyiep (V)

I'K, ®K, OI'K | 1720-1700 KapOokcunaep/uH, aNbACTUAIEPIVH,
KeTOHIOpAyH, Tataan sS¢upnepaun  C=0
TOLTOPY

I'K, ©K, OI'K, | 1250-1230 Kapboxcun tomropuory O-H u C=0

KI'K, O@IK, OaifTaHBIITapABIH TUPUILICT TepMETyYCy (Y)

I'MK

'K, ®K, OI'K | 1150-1050 CIHUPTTETH O-H OaiiaHbILITaAp ABIH
JehopManisIIbIK TepMenyyIepy (0)

KI'K, I'K, ®K, | 900-750 ApOMAaTTBIK CTPYKTYpaJarsl C-H

OI'K JedopManusIIbIK TepMenyyaepy (8)

KI'K, I'K, @K, | 1661-1628, amuauk tontopayn N-H, C=N

OI'K 1553

@K, OI'K 1640-1600 Xunonpopays C=0

OrIK, I'K, | 1460-1450 Merokcunauk TONTOPAYH, Taraai

OI'K a¢upnepauH C=0 e OpMaLIUSITBIK
TepMenyyepy (6)

I'MK, I'K, | 2960, 2910, C—H BanenTTHK TepMenyynep (y)

KI'K, ®I'K 2830

I'MK, I'K, | 1470-1380 C-H nedopmanmsamsik Tepmenyyaep (3)

KI'K, ®I'K

NI'K 1515-1510 N-H OaliIaHbIIITHIH e OpMALIUSITBIK
TepMenyyiepy  (9) JKaHa C=N
0aifIaHBIITEIH ATPUILIET TepMeNyYIepy (y)

I'MK  apoMaTTbIK  INAaKeK4eJIepAWH  aHYalblK  d3MEC  JCHIIAJAErH
KOHJICHCAIIMSJIAHBIIIBl MEHEH, OWpOK amaplblH AJIKWITUK (parMeHTTep, aHBbIH
WuMHAEe HaQTEHIWK LUKIICP MEHEH Iarbl JKOTOpPKY AEHIIRIAE OPYH alMallyycy
MEHEH MYHe3/1e16T. AHbIH namuiau 6oy 2900, 2920, 2950, 1460, 1380 oM’ TOJNKYH
Y3yHIYKTapbIHAATBl JKaKIIbl OalKaliraH  HWHTEHCUBAYY THJIKENEpAHH Oonymry
scentener. OMOHY MEHEH OMpre apoMaTTHIK TONTOPro THemenyy Tuikenep (1615,
1256, 880, 760 cm') Gamka TyMHHIMK NpenapaTTapiblH CIEKTPIEPH MEHEH
caypllIThIpraga aspipaak uHreHcuBayy. NI'K MK-cnexrpnepu 6amkanapaan 1515-
1510 cm' oOGmacThIHArbl JaaHa CHHMPYY THIKCICPHHHH OOJNyIly MEHEH
alibipmaranat, Oyn 6onco N—H OalnaHelThiH gedopManusiianbibiHa jxaHa C=N
OaiiIaHBIIIBIHBIH IUPUIIIO0 TEPMEIYYCYHe Thelenyy 0oot (6-1adi.).
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T'ymun npenaparrapeinbin °C SIMP-cnextpiaepn (1-cyper) 100 r/n
konnentpausaarel 0,3 M NaOD/D,O uelipecynmery sputMesne deHennn. UeHee
Bruker Aspect 3000 cnekrtpomerpne 100 MIp Oaiikamyydy KbIIITBIK MEHEH
Kypry3yany. CeipTkbel cranaapt karapeinaa MeOH/D,0 (d=49/0 ppm) kongonynay.
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1-cypert. I'K(1), ®K (2), TMK (3), NI'K (4), ®TK (5), KT'K (6), OTK (7)
ryMmuH TpenaparTapbiHbiH C-SIMP criekTpiepu

Ap Gamka ¢parMeHTTepAeTH KOMYPTEKTHH OTIOMYH THEIIETYY CIEKTPANIbIK
obnacTapaarsl CUTHAIAAPAB! MHTETPALMSIIAI AaHBIKTabIK. AJTBIHTAH MaaJlbIMaTTapAbIH
Hermuaae amuartTelk (D Cay) xaHa apoMaTThIK (Y Ca,) (parMeHTTepIMH KaIIIBI
OIlU6MYH JKaHa Jarkl TYMHMH [penapaTTapblHbIH  apoOMAaTTYYylyK JAEHII3JIMH
myHo3n004dy > Ca, /D Cax KaTBIIIBIH = JCENTEUK. B¢ SMP-cniexTpnepuHuH
MaaneMarTapsl (7-Tabn.) KepCeTKeHNIeH KETOHAYK >XKaHa XHWHOHIYK TOHTOPIYH
xoropyiarad exrgeMy (220-187 m.n obmacrars! curnannap) ©OK »xana OI'K Oaiixanar.
Bamka GaapAplk M3WIAEHTeH yiaryinepne Oyn TontopayH emueMy ToMeH. Ccoonmr
YJIyLly, KOMYPTEKTUH Xajlbl e14eMYHYH 18,3% TeH 19,75% ke ueliMHKUCHH TY36T.
Baapnplk KepceTynreH CIEKTplep/ie apOMAaTTHIK (parMEeHTTepAWH WHTCHCHBAYY
curHangapel  0ap. OIIOHYy MEHEH Oupre ajiKuWi KOIIyJIraH >KaHa KouryjOaraH
apoMaTThIK CTPYKTypajlapra THEHIeNyy CHUTHAIJapAblH HHTEHCHBAYYIYTY OOroHdYa
aifelpmanyymykrap Oafixamgel. [Tl kaificet Omp ymarymepyHme  Ar-O,Ngmern
KOMYPTEKTUH omueMy 5,2-8,2% apaibIrblHaa e3repeT. byn karapaarsl MakcuMaiayy
yoHayk NI'Kra tuemenyy. M3unaenren mpenaparTap[blH CTPYKTYpachbIHAArbl OpyH
aIMallmaral apoMaTTeIK OeNyry, KeMYPTeKTHH ©Te JKOTOpKy ei9eMy MEHEH
MYHe3/1e1eT. KBIUKBUITEK »*aHa a30T KapMoody alnn(aTHKAIBIK (GparMeHTTepre
tremenyy 108-58 m.a. obnactars! CHEKTpaIbIKk MHTETpaAapAbIH )KOrOKy MaaHUIEpU
I'MK (6,5%) yayn myne3nyy Oyn ¢parmentrepaun canbl NI'K menen @K sku scere
a3 (3,2-3,7%). KT'K menen 'K Oyn ¢parmenTrepan a3 cania anbi xyper (2,5-2,7%).
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Mertokcmnauk (CH3;0) »xana opyn anmanmarad amugarukansik CH-CH
cTpykrypanapasiH kenrereH canbel MK (14,7%) tabpmran. NI'K sxama ®OI'Kna
Gynapabie enyeMy TeMeH (<14%). C amudarHkaibik TONTOPAYH TOMOHKY OTdoMY
meHeH OI'K myHe3nener.

7-tabmuua - ['ymus npemapartap yays C SIMP crieKTpaiisIKk HHTErpaIIapbl

B Sl F| o = 5 ; ; :

o - = : H|Z = Xl O

S lol|Zi529e 2162520528 2| = 3,

B | Told80x|EFS |92 (9 %[5 =% T @) Q|

> 078—7 U 2'7 Qo E\?:SL’PQ‘!'E;'; A W EC

E| IO%|T8| e |CEIPRTE TROT
I'K 5,6 1190 7,2 | 54,1 1,8 05104 | 1,1 |10,3(14,10] 61,3 | 4,34
DK 59 1192 7,2 | 54,1 1,9 04 1|02 | 1,1 10,0 13,6 61,3 | 4,50
I'MK | 49 | 183 | 6,6 | 52,0 1,5 1,5 1,5 ]20 |11,7]|18.2 | 58,6 | 3,22
OI'K | 6,0 | 19,7| 7,2 | 55,0 1,8 (05104 | 1,381 |12,1|632]| 5,14
KI'K | 54 | 18,4| 6,9 | 54,4 0,9 1,0 | 0,7 | 1,2 | 11,1 14,9 61,3 | 4,34
dI'K | 4,6 | 18,7| 6,0 | 53,8 | 2,0 1,5 102 ] 18 [11,4]16,9 | 59,8 | 3,54
INI'K | 4,8 [ 18,2 82 | 51,7 1,8 1,1 10,7 | 1,8 | 11,7 17,1 ] 59,9 | 3,50

Tymunuk npenapartapasi 'H SIMP crekrpiepu (2-cypet) Bruker DMX 500
SAMP- cniexktpometpae (500 MI'n) tapTbunsl. CHEKTpiIepU PE30HAHCTBIK KBIIITHIKTHI
kosioHyy MeHeH 303 K >ka3buibin anblHabl, Oynapaa marHuTTuk Tanaa (Hp) cyrox
TeIUiINH  TeMIepaTypachlHIa UINTeH TypraH eTe MKOTOPKY ©TKepryuTery
COJICHOHIMH ’KapAaMbl MEHEH TY3YJAY, pellaKcalus Me3Tui 15 cexyHa.

| f
| DA
/"r\\ ) I} ‘jk;f do1 LN 4
ol il R e

Wy

M o

f 5
\

i I J!~

N

s \\.
. NG

. | | 1
_,// ,\\\l/k’f‘ ks ‘_,/!'/\‘\“ s L.‘J‘/’J\l‘ .'I\ 2
. { = T — v
s ‘\‘\\L‘,\/ 4
2-cypet. l'ymun npemaparrapsiaeie 'H SIMP ciiekrprepr: (1) NTK, (2) ®I'K,
(3) TK, (4) KT'K,(5) OI'K, (6) ’'MK, (7) ®K.
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Wannpenyyay I'TI apomaTTBIK TNPOTOHAOPAYH eimd9eMy OHp asra TraHa
aiibplpManiaHat fja, JKOropKy AEeHI3J MeHeH (52,6 naH 56,7% ke 4eiiH) MYHO31eJ1eT.
H — opyn anmamkan apomarTtsik 6enyryHyH keOypeek emdemy KI'K, I'K sxana ©K
yuyH Oaiixamar, ax smu I'MK y4ayn an Oamka mpemaparTapra KaparaHaa TOMeH.
AtipipMadbuTbik CHa/Ha CKENETTHK TPOTOHIOPIYH KaThIIIbI YUYH OaliKanaT, aHbIH
Makcumanayy maanucu (1,74) OI'K, KI'K, I'K yuyn myHesnyy, a TMK yuyn - 1,35.
Kanran mnpemaparrap ydyH Oyn KaTell Oynm  YOHAYKTApABIH OPTOCYHIArbl
IMANa30HI0 KaTaT. AnKuimk ¢parmentrepaun 'H SIMP-cursaniapsl apoMaTThIK
(parmMeHTTEpAMKHHE Kapama-kapiibl katapna esrepynier. ®I'K sxana NI'K nmarst
AIKWITUK TPOTOHIOPAYH yiyury Oump asra rana - 33,6 »xaHa 33,5% aifplpmananar.
Baapneik mpemaparrapna 3,2 — 2,05 m.g obmacteiHma 6,2 nmen 7,8% ke ueiuH
amudaTTEIK TPOTOHAOP TaOBUIIBl. by Oonco I'TI cTpyKTypachIHBIH amugaTThIK
OONYTYHYH TY3YJAYUIYHYH >Kajamnbl NPUHIUOUH KOPCOTOT, aHBIH CTPYKTYPachl YUYH
apOMATTBIK SAPOHYH TEPCOJEKTPIAYY TONTOpYHa KapaTa «-abameiHgarsl — CH-
TONTOPAYH Oomynry MyHe3ayy. @OYHKIMOHAIABIK TONTOPAYH  KBIAMBUILYY
npotouaopy 6,0 — 7,48 m.1 obnacteiaaa Tadbuabl. Meiaaai nporonaop KI'K, T'K,
®OK xana OI'K ere aublik kepyHOy. bamka mnpenaparrapia KbelHMbUILYY
MIPOTOHAOPAYY (DYHKITHOHAIIBIK TONTOPAYH €JI9eMy ToMeH (8-Talur.).

8-tabnuua - ['ymuH npenaparrapbl y4yH 'H sIMP CHEKTPATIABIK HHTETpaIaphl

CTpyKTypalbIK (parMeHTTep, apajbik (M.1.)
I yaryey HAr O—CH—ON CH—O,N (X—CH* HAlk CAr/HAlk
10,0-6,0 6,0-4,8 4,6-3,2 3,2-2,05 2,05-0
'K 54,2 1,5 1,7 8,9 33,6 1,74
DK 52,0 1,8 2,2 8,9 35,1 1,64
I'MK 53,7 1,8 2,7 8,2 33,6 1,61
OI'K 56,5 1,6 1,2 8,2 32,4 1,59
KI'K 55,6 1,8 2,6 9,8 33,8 1,55
OIK 52,1 1,3 1,8 9,9 33,6 1,48
NI'K 49,6 1.9 1,6 9,9 37,0 1,34

a-CH* - Tepc SmeKTpiyy TONTOPro ke apoMAaTTHIK IMaKeKdere kapara adayjarsi
i daTTHIK TONTOPIYH IPOTOHIOPY.

I'ymun npenaparTapbiibl - OIIP crekTpnepuH — perucTpausioo
pe3onaropyHaarel kyoartyynyry 20-40 MmBt CBY xana CBY xbruteirs: 9,372 Ty
o6onmron Radiopan SE/X 2547 cnekrpomerpae xyprysyaay. ['TI OIIP curnamnsi
KaHATTapbIHJA TayCcCTyK OOIYHYII WHpH CHI3BITBIHA OTYYYY JIOPEHITHK (opmara 33
6onoT (3-cypet). Bym Goico, 3NEKTpPOH CHMH-TOPUONYK apakeTTeHYY MEHEH Karap
MOJIEKYJIAJIBIK ~ T-OpOMTanfapiarsl  3J€KTPOHIAYK  ThITBI3ABIKTHIH KaiftanaH
GeNyIITYpYNYIIYH MIapTTaraH CNHUH-CIUHAMK KOHTAKT YUYH SPKHHAMK JapakachlHa
93 IKEHAUTHH KepceTeT. CHrHAIAapAblH KEHAWUTH OOII 3IEKTPOHIYH g-(hakTopyHA
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JKakelH KenreH 3,73-4,23  g-gakTopiyy rayccka esrepeT, Oyn 0oico TyMHH
[penapaTTapblHBIH  [TAPAMAarHUTTUK OOpOOPIIOPYHYH JKapaThUIBIIIBIHBIH OupIei
SKeHAUTHHE KY0e 600t (9-1adu.).

\

3-cypet. ['ymun kucnortamapsinba DI1P ciektprepu

9-tabnuua - ['ymuH npenapartapbiHbiH  OIIP CHEKTpIIEpUHUH MYHO3IYY

rmapaMeTpiepu
CruHaepauH ChI3BIKTap/IbIH
I'TI ynrycy KOHILICHTPAIUSACHI, KEHUTH, g-takrop
CruH/T Taycc

'K 4,04-10" 4,07 2,0033
DK 4,02-10"7 4,12 2,0037
I'MK 3,11-10"7 4,13 2,0034
Or'K 4,02-10" 4,11 2,0035
KI'K 417-107 4,10 2,0036
@I'K 4,10-10" 4,17 2,0034
NI'K 6,59-10"7 3,73 2,0033

I'yMHH TpermapaTTapblHBIH  KaTapblHAa MapaMarHUTTHK  OOpOOpIopayH
kebeitynry, Oyn katapia apoMarTyynyk (XCu,) keOeiirennei ane keberier. NI'K rana
ITapaMarHUTTHK OOpOOPIIOPIYH JKOTOpy OOJyIly MeHEH OyJl KaTapaaH aifblpMaliaHar.
Byn rymuH kucnoramapsiHbiH N-TyyHIyTapblHBIH Maiga 00Iyy MeXaHH3MACPUH
ICKe alyy MeEHEeH aHa MYyJUIMKeHAWH 3apsablH OTYYCY MEHEH Kolrymda
JKyITaIITarad 3JeKTPOHAOPAYH Maiaa O0oIylry MEHEH KOIITOJITOH KOMIUIEKCTEPANH
naiia 60yy TEOpHUsIChl MEHEH TYIIYHAYPYJIOT.

3-rnaBa. T'yMHH mnpenapaTTapbilHBIH MeTaJJl HMOHAOPYHA KapaTa
COpPOUMSIIBIK, KOMIUIEKC Maiga KbUIYY JKaHa JIeTOKCHIHPJIO® KaCHETTepH.
OKOJOTHSsUIBIK K63 Kapall OOlHYa TyMHMH IpernapaTapblHbIH aijlaHa 4eHpeHYH
KOPKYHY4YTyy Oyiroody 3arrapbsl OOJTOH PamdOHYKIHIAED >XaHa 00p MeTajuigap
MEHEH ©3 apa apakeTTEeIlyYCy ©Te YOH KbI3BIKYbUIBIKTHI 4akblpar. bym wuiire
MOJIENAYY Yy 3aTTap (TOKCHKAHTTap) KaTapbl UO,*", Cu®™, Pb*" xama Cd*" ranmanem
aJIBIHTaH.
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Merann mongopynys (UO,>", Cu®', Pb*", Cd*") T'Il (I'K, KI'K, ®I'K, MK,
NI'K) npenaparrapbiHa cOpOUUSIIaHBIIIBI 2,0:10° = 2,0:10° M KOHLIEHTpalusgarsl
HUTPATTBIK Ty3JapbIHBIH Cyy SpUTMenepunie xyprysynny. Cu®’, Pb®", Cd*
HOHIOPYHYH TEH CaJMaKTBIK JpUTMECHHACTH KoHmeHTpammsacsl Perkin Elmer
Analyst 800 aTomayk-a6copOUMAIBbIK CrekTpomeTpae aHakTanasl. UO,”  HonyHyH
koHIeHTpamsicel «KDOK-2» ¢poTokomopuMeTpuH KOIIOHYY MeHEH (Ap.x =055HM)
aHbIKTaIAbl. AHanmu3 Kblukell ueiipene (HNO;, d=1,4 r/mm) arsenaso III Tym
KaTBIIIYYCYHa KYPry3yJIay.

U0, Cu®, Pb*", Cd** wmeramn wonmopynyn H' wonyHa Kapata
KOHIEHTPAIMUIBIK  KOHCTaHTanapbiHbiH  (K,;) 3cenTenreH MaaHwiepu Oaapiblk
KapairaH ydypJjapjaa OuplieH KUYHMHE jKaHa K33 OUp HOHIOp YYYH OMpH OHUpHHEH
aliblpmanaHar, Oyn  0OJCO  KaTHMOHAOPAYH COpOEHTTEp MEHEH OOoJroH
OalaHBIIBIHBIH  OEKeMAWTM ap TYPAYY OKEHIOWTMH KepceTeT. PHTBHIH Kyyun
apajbITBIHAA KayaH MOHJOIIYy KOHCTaHTaJaphsl OWpiel e JKakblH OONroH
MPOTOTEHANK TONTOPJAOTY anManlyy OKypresge raHa K, YOHIYKTapbIHBIH
KaHaaTTaHJBIPAPIIBIK TYPYKTYYIyTy Oaiikanar. YInyHaai sse MaaHu copOeHTTHH 2-7
% Oapabap OONTOH TOMOHKY TONYy JHapaxacbiHma (o) 6o0J0T. BUpok o HBIH
XKoropypaak mapaxanapserana K,,, Oup xeriina remennedt (4-cypet). K,,, MaaHumcH
0OIOHYA CHIHAJTaH T'YMHH IIpENapaTTapbl ajJapaars! MPOTOTeHINK (YHKIIHOHAIIBIK
TONTOPAYH ©T96MYHe THEIIeNTYY KaTapra jKailJlaHbIImIaT:

KI'K > IT'K > ®I'K > I'MK > NI'K. Meramngapasia K, MaaHuIepHHUH €3repyy
KaTaphl anapblH cOpOUMATaHbII Katapsl Meren: Cu’  >Pb*" >Cd*" >UO0,”" ryypa
KeJIeT.

0 0.2 0.4 0.6 0.8

4-cyper. KpuocTpykTypalaHraH TIyMHH KHCJIOTAJapbIHBIH METAUT HOHIOPY
MEHEH ap Oalika Japa)xaiarsl TONYIIYHAArbl aMalnyy KoHcTantanapsl (pKa,)
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1) UO,*"; 2) Cu*"; 3) Pb*"; 4) Cd*

OKCMEepUMEHTANIBIK MaanblMaTTap OOIOHYA aHBIKTaNraH JISHrMIOpIyH
TEHIEMECUHUH TapaMerpiepu (a, kaHa K,,) copOLusianyydy HOHIOPAYH
KOHIIEHTpAIMsChIHA KO3 KapaH/bl, 0y 00JCo aacopOuusubKk 60pOOPIOPIYH METAIT
HOHIOPYHA OKIIOMITYTY OOI0HYA IpaJaisicel MeHeH OaiinaHbimkaH (10-tabmr.).

10-tabuma - Pb*" HOHZOPYHYH TYpAYY KOHIEHTPALMAAArbl SPHTMETEPHHIH IyMUH
KHCJIOTaIapblHa COPOLUSTAHBIIIBI YUYYH JlenrmiopayH TEHEMECUHHUH
napameTpiepu

KOHI;:JTIE;T:HMP ., MOJIB/T Kase, MoIb 1
1,0-10°-1,0-10™ 0,55:107 2,10-107°
1,0-10*-1,0-107 0,50-10™ 45110
1,0-10°-1,0-107 0,45-107 3,80-10°

MeTajal MOHAOPYHYH TYMHH MNpenapaTrrapbl MeHeH KOMILIEKC Maiiga
kpLIyyey, (UO,Y, Cu?, Pb* ,Cd*") meran1 HOHIOPYHYH rHADOJIM3H, HOHIYK
TeH CAJIMAKTYYJYKTYH AHAJIM3M JKaHA CYy IPUTMeCHHIerdn O06JYKY6J6payH
OesrymTypyyaymry

Metana  UMOHAOPYHYH  JpHUTMEA€ TYMHHIUK  Iperaparrap  MEHEH
KOMIUIEKCTEPIN TMaiaa KbUTyyCy THAPOJHN3 jKaHa TUAPOIMTHUKAIBIK ITOJUMEPH3ALNS
peaKIusIapsl MEHEH TaTAaalIaHBIIBl MYMKYH. ['MApONW3 MIapTHIHIA, THEMIETYY
TYPYKTYYJIyK KOHCTaHTajJaphl MEHEH MYHO3[eNYYdY THIPOKCOKOMIUICKCTEPINH
naiina Goyy peakuusIaphl Kypymy MyMkyH. Memma Cd>" wonzopy kebymde Gup
SIIPONTYY TUAPOKOMIUIEKCTEpAM Maiina KeuiaT. bariep OoroHYa THIPONU3AEHTEH
opManaphIHbIH OIUeMYH aHBIKTOO OOIOHYA 3CenTeenep KepceTkeHmei, Cd>
HOHYHYH Oom Qopmacsl (akBanoHmop) pH<9 obmacteiHma 0acBIMIYYyIyK KBUIAT.
Hlenoutyy oOmacTka KpUIraHza TuapokcoopMachiHIArkl — GeayKdenepayH
KOHUEHTpauuschl GacbiMayyiayk kbutar. Cd(OH)" yuyn Igy 4,16 tyser; Cd(OH), -
4,23; Cd(OH)5 -0,69; Cd(OH),” -0,32.

Cu™, Pb”" xama UO,”" MOHIOPY METAULIBIH KO SAPOTYY KOMIUIEKCTEPHH
maiaa Kpulyyra IIBIKTYYJIyTy MEHEH MYHe3IeneT. byl KOMIUIEKCTepAWH KypaMblH
JKaHa TYPYKTYYJIyK KOHCTaHTajgapbelH 3centee @OpoHEyCcTyH METOLy MEHEH
)Kypry3ynny. Msunneenep kepceTkeH1eit Cu®" skama Pb*" HOHAOPY METTalAapIbIH
MOHO- aHa OHAIPONYY TMAPOKCOKOMIUIEKCTEPHH mMaiima Keumbmmar. UO,”  yuyH
yuaynuay uperrern komminexcrep (UO,);(OH)s  tabsutran (11-tabn.).
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11-tabmuma -  MeTalulmapAblH  TUAPOKCOKOMIUIEKCTEPHHUH  TYPYKTYYIyK
KOHCTaHTaJIaphbl

Kommuieke Ig Boq Kommexe | Igfypq | Kommmeke | lg By
UO,(OH)" 8,09 Pb(OH)" 6,50 | Cu(OH)" | 6,78
UO,(OH), 8,84 Cu(OH), 8,59 | Cu(OH), | 8,90
(UO,),(OH),™ 13,14 Pb(OH);’ 6,99 | Cu(OH); | 6,87
(UO,);(OH)s> 10,36 Pb,(OH);" 8,44 | Cu(OH); | 9,09
UO,(OH)y 7,94 Pb,(OH),”" | 3,96 | Cuy(OH),”" | 3,98

HoHnyk TeH CanMakTYyJIyKTapAblH aHAJM3WHWH HETH3WHIE, MeTall
HOHIOPYHYH TYpAYY ¢GopManapblH KapMmaraH OSpUTMENEpIUH Kypambl OasHpan
XKa3pulgpl. MeTalul HMOHIOPYHYH JKaHa anaplblH THAPOKCOKOMIUIEKCTEPUHHUH
TypYKTYyJIyK KoHCTaHTanapbeiH (11-Tabm.) ocke amyy MeHeH OeJyHYIIy S5-cyperTte
OeprireH. ['MAPOKCOKOMITIEKCTEPAUH TY3YNYIIY JKOHYHIOTY AadblK TYIIYHYKTY
spurmene 1% M(OH)" (0=0,01) Gonron pH maammnepu Geper. pHTBIH MbIHAAH
TOMOHKY MaaHHCHUHAE  THIPOKCOKOMIUIEKCTEp HII Ky3yHIe Oonboiir. Byn
JnuarpaMmaniapia KepyHreHaeu, cyy spurmecunae pH=5 ke ueitun Pb** HOHAOPY
kebyHue rumparTamkad Qopmama Gomor. Cu’’ wmommopy marel pH=5 ueitnn
ruaponusre yaypa6aiit. Ypanmt UO,”" ruaparramkan dopmana pH=5,5 ke ueitnn
rafa OachIMIBIK KbUIaT. bByn MaameIMaTtTap MeETTal HOHAOPYHYH T'yMHH
IpenapaTrTapbl MEHEH 63 apa apaKkeTTeHUIIYYCYH M3HWII1e6 METTONIOPYH TaHAOOLO
THIPOKCUI-UOHIOPY MEHEH aTaaHJAIUTBIK KOMIUIEKC TMaiia KBUIYYCYH J>KOI0Y
MAaKCaTbIHJa KOHYIITO aJIbIH/IBL.

Mertain HOHIOPYHYH TYMHH TIpenapaTrTapbl MEHEH TOMOTeHIMK CHCTeManap/a
KOMIUTCKCTEpAX Taiiia KbUIyyCYH HOH ajJMaIlyy Xpomotarpadus, moisporpadus
KaHa Telb-QUIBTPALMIO0 METOJIOPY MEHEH H3WIACAUK. [ enb-QOMIbTparusiioo
metony KI'TI-M™* > apanammansl Tuemenyy 6ydepauk spurmee, cedpanekc reib
apKBUTYy MOJIEKYJIAIBIK-MAcCalbIK OONYIITYPYY/AOH KHUWH, OalIaHBIIKaH METaJll
HOHJIOPYHYH ©JTY6MYH KOJIOHKAaJaH YBIKKAaHJa AaHBIKTOOro HermsgenreH. Mo
anMantyy XpomoTorpadus METOIy MCHEH KOMIUIEKC Maiaa KbUIyy IPOLECCTePHH
n3ungee OoroHYa HKcnepuMeHTTepae Na ¢opmagarsl Dowex 54x4  uoHHUTH
KOJIOHYJIY. DpUTMENEeTd METAUIIBIH OJYOMYH aTOMAYK-aOCOPOLMSIIBIK METO.
MEHEH aHBIKTaJgblK. MOoH anMamyy XpoMOTOrpadusHBIH 3KCIEPUMEHTAIIBIK
MaaJbIMaTTapbH HOITen gsryyHy 1lyOepTTur MeTomy Ool0HYA XYPry3ayK. MeTamn
noumopyHyH I'Tl MeHeH KoMIUIeKC Maiifia KBUTYyCYH HOJIIPOTpadUsIIBIK METOJ
MEHeH wu3migee OoroHuYa Taxkpeiiibanapaa [1Y-1 yHuBepcanayy mnossiporpad
naiananeuiasl. BodbT-aMIepauK MHpH CHI3BIKTHI ©3TOPYIMO TOKTYH PEXHMHUHIIE
TapTThIK. Karon kaTappl TaM4YbUIaHTaH CBIMAIl AJIEKTPOIY, all dMH aHOI KaTaphl
ANEKTPONU3EpAYH TYOYHIOry chbiMan KoiaoHynny. Omueeny 0.1 M NaClO, TyH
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GoHyHIa KYPry3aykK. Meralul HOHAOPYHYH TyYMHH TIperiapaTrrapsl MeEHEH
TeTepOreH MK IapTTapAa KOMIUIEKC Taiiia KbIIyyCyH 0asHI00 YIYH, HOH ajMaIlyy
COpOIMACHIHBIH MaanbIMaTTapblH MaiganaHaslk. ['enb-QruibTpamus >kaHa HOH
amManryy — copOuus — METOJUIOPY ~ MEHEH  OKYPTY3YJITeH — W3WIIeeNepayH
KBIMBIHTBIKTAPBI KONITYK TEH CAIIMAKTYYJIyK TCOPHSACHIH KOJJIOHYY MCHEH WINTEIHI

YbIKTHI.
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S5-cypetr. Cys :1,0'10'5M; 1=0,1M NaClOy; t=22°C GoJIroH Ke3UHIE METaI
HOHIOPYHYH JKaHa aap/ eI THIPOKCOKOMITIIEKCTEPUHIH SPUTMEIETH
OenymITYypyIIyIy
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Tartaan TeH CaIMaKTyyJlyKTapAbl TEPMOAMHAMMKAJBIK 3MEC H3MII06
y4ypyHJa TOMOHKY TCHAEME KOJIOHYIAT:

_vn  NiKiM]p
V=li=1 1+K;[M], (1)

MeHAa [M], — opkuH Qopmanarel MeTall HOHAOPYHYH TE€H CalMaKTyyilyK
KoHIeHTpanusicel; v— [Tl MaccachlHBIH OupanruHe OaiTaHBINIKAH METAJUIIBIH
MOJBIYK caHbl; N; —  OallmaHeluThipyydy  OopOopsopayH  casbl, K; —
GaiIaHBIITHIPYyTy KOHCTAHTACHL.

MsbIHgalt  cucTeMazarsl  KOMIDIEKC Taia KBUIyyHYy — MHKPOJIHTaHIIBIH
MOJMMEPIUK YBIHXKBIPBIHAATE METAI HOHJOPYHYH JIOKalIH3aIHsIoo Gopoopiopy
0OIOHYa aWpbIM KOOPAWHAIWMSIBIK TYHYHIOpAYH Maiga Ooiymry KaTapbl Kapoo
KepeK, anapiblH ap OUpHU TypPYyKTYYIIyK KOHCTAHTACHIHBIH THEIISYY MaaHHCH MCHEH
MYHO3/I0JIeT.

MerHaait cucTeManapra CTaTUCTUKAIBIK MaMHIIenepIu KOJIJIOHYY
MYMKYHYYJIYTYH 3CKe ayy MeHeH K HbIH OpTOCTATHKAJBIK MAaHHUCH JCENTENIH, al
KHHUHYEp?dK Oamka METOXJOp MEHEH aHBIKTAITaH KOHCTAaHTalap MEHEH

CaJIBILTHIPBULABL: R=ZKiN (2)
XN;
l'oMoreHAMK cucremManapia 6Te TYPYKTYy KOMIUICKCTepIHH maiina Gosopy
aHBIKTAJI/IbI (12-tabmn.). (pH>4) IpUTMENepae TYMHH 3aTTapbIHBIH

MaKpOMOJIEKyJIaJIapbl MaKpOWHJEpre aiIaHbIll, MAKEMIYY jKaHa KOOPAWHALUSIIBIK
TYWYHIOOPIY Maiifa KbUIyY YIYH DHEPreTHKANBIK BIHIalnyy KOH(MOPMAaLMsIHEI KaObLT
alyyra >KeHAeMIyy Ooxyn kamaT. ['ereporenayy (aszaga KOMIUIEKCTEpAWH Maina
Oonyycy, KaTyy NOJHMMEpPJHK YBIEKBIPIBIH KATBIIIYyCy MEHEH J>KaHa Jaarbl
JICTIPOTOH/IONIKOH (YHKIIHOHATIBIK TONTOPAYH a3 ©J46My MEHEH KbIHbIHUBLIbIKA
kabputaT. [laiima Oomyydy KOMIUICKCTEPOHUH TYPYKTYYJIYyK KOHCTaHTACBIHBIH
MaaHWIepH OOOHYA METaJT HOHAOPY TOMOHKY KaTapra >KaiJiaHbIlIaT:

UO,*" >Cu*"> Pb*" > Cd*". Kepceryires Meramn HOHIOPYHA TEKTEIITHTH GOIOHYA
TYMHH TIpenaparTtapsl TOMoHKY karapra skainansimar: KI'K>STK>OT'K>I'MK>NI'K.
OI'K xana ®K meHeH 060iroH Komriuiekctep OOJIKOJI MEHEH OLIOHJIOW 3Jie TYpAe
JKOTOPKY TyPYKTYYIIyK MEHEH MYHO310JIOT.

12 - rtabmuua - I'Tl HBIH MeTaml HOHAOPY MEHEH KOMIUIEKC IIalia KbUIyy

KOHCTaHTaJ'IapI)I
M** | KIK |®IrK| TK | ITMK | N[K | ®K | OrK W3unnee
METOY
TOMOI'CHJIUK CHUCTEMa
Pb* - - - - - 7,34
& — — — — — 5’1 5 nossiporpadust
Pb** 593 | 569 | 590 | 495 | 487 - 7,95 | Von
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Cd™ | 582 [544 | 574 | 4,88 | 486 - 5,93 | anmanryyuy

U022+ 7’99 8,03 XpOMaTOFpa(I)I/I}I
UOZ2+ 8,09 7,94 | 8,03 7,76 7,62 - - TeJIb-YbITIKaJI00
- - Hon
cu*’ 6,72 6,48 | 6,83 8,03 6,09 amManryyqy
xpomarorpadus

Cu*’ 7,05 7,99 | 6,30 6,79 6,78 6,92 6,87 | renb-4bIIKaIo0

re€TCPOreHANK CUCTEMa

U0, | 493 | 6,60 | 6,84 | 641 6,30 - -

- Hon
Cu 530 | 520 | 523 | 504 | 515 | - —__ | anmamryydy
Pb* 4,89 | 472 | 481 4,56 4,41 ~ - copOuus

T 4,38 | 426 | 436 | 4,15 4,04 — —

CymnpaMoneKyIanbslk — MMapaJurMaHblH  HETW3WHAE H3WIICHYYYY TyMHH
mpenapaTTapblH  peakiysra >KOHAOMIYYJIYTy OaiuiaHell OopOopiIopy MeHEeH
cyOCTpaTTapblHBIH  OPTOCYHJAa MOJIKYJIAJbIK TaaHyy MEHEH aHBIKTalyydy
CYIIPaMOJIEKyNalbIK PELEeNnTopop KaTapbl Kapoo Kepek. CynpaMoseKyanbK
PeUenTopIOpAYH CTPYKTYPANIbIK (hparMEeHTTEPHHAE CATBIHTaH XUMISUIBIK MaalbIMaT
ajapAbpl TY3T6H 3JIEMEHTTEpAMH JJIEKTPOHIYK KOH(Urypanuschl jkaHa Oairka
MYHO3/16MeJIepy MEHEH aHBIKTaJAaT. CynpamoriexynanbIK TYMHUHJHMK
pEeUenToOpIOPAYH HETH3rH [OHOPAYK aTroMaopy OOJIyn KBIYKBUITEK >KaHa a3oT
aTOMJIOpY dCEeNTeeT.

I'3na xerukbiiTek HermsuHeH crnupTTuk (-R-CH,-OH), xap6oxcunauk (-R-
COOH), ketoHayk (-R-COR"), ¢enonnyk (-Ar-OH), xunonayk (>C=0) tonropao
ke3ureT. KBIUKBIITEK aTOMy KHYMHEKEH eiaueMy, Hayap YIONJamyycy, TepeHIe
JKaramkaH >KOTOpKYy OoIl dMec MOJIEKYJAIbIK OpOWTainbl JKaHa aHJarsl
KOOPJAMHALMSIBIK OalIaHbIITEl TY3YYT® J>KOHAOMIYY >KYNTALIKaH 3JIEKTPOHIOPY
MeHeH MyHesnenerT. “‘Karyy” ixana ‘OKkyMminak” KHCJIOTajgap MEHEH Herusziep
KOHLICTILMSACHIHBIH HETU3WHJE KBIUKBUITEKTUH JOHOPAYK aTroMaopy “‘Katyy”
GaiinaHbl 6OPOOPIOPYH TY36OT, OLMIOHIAYKTAH alap/AblH “Karyy” KHCIOTalap MEHEH
apakerTeHyyre MwbIrblH maprraiit. AmuHauk (-NH,), amugmuk (-R-CO-NH,),
MENTUAANK (-NH-CO) xana Oamka TONTOPJAYH KypaMblHa KHPIeH a30T
CaJIBIILITBIPMAITYy YOH 3MEC OJI46MIe, OPTOUO YIOJallyyra 33. A30TTyH 0ol 3Mec
JKOTOPKY MOJIEKYJIaJbIK OpOHWTANBl KBIYKBUITEKTHH YIIyTa OKIIONMI OpOWTANIbIHA
CaJIBIILITBHIPTaH/a TEPEH KaHa KOropy KaiaHbIIKaH. YIIyra OaiylaHbIITYy a30TTYH
aTOMy KBIYKBUITEKTHH aTOMyHa KaparaHja MeTalll MOHJOpPY MEHEH JOHOPAYK-
aKLEeNTOPAYK OalIaHBIITHI TY3YYTO )KOHIOMAYY. N-ZOHOPAYK JUTaHAAApP, a30TTYH
aTOMyHYH OapIbIK THOPHIIMK aGamiapbiH (Sp -aMHUIMK,  SP-UMHHIHK, Sp-
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HUTPWIAUK TUOTEP) TNalAagaHyy MYMKYHUYIAYTYHe OaifJlaHBITYy ©3rede
KBI3BIKYBUIBIKTEI YakbIpaT. [ MOpUIIMK abail METaUIAbIH KaHa OHOPAYK aTOMIYH
KaTyyJIyK-KYMIIAKTBIK ~ KOMIUIEMCHTApAYYJIyT'yH,  OaillaHblll  JHEPTHSCHIH,
METAUIABIH  KBIYKBUIJAHYY JapakacblHBIH ©3TOPYJIYIIYHO BIKTYYJIYT'YH KaHa
JAOUIIYYAYTYH OJIYTTYY AaHBIKTaWT. A30TTYH aToMy “KaTyy” »xaHa ‘“KyMIuak’
HETU3AEPANH OPTOCYHIArbl a0ajibl O3JICHT, OMIOHAYKTaH THEHIENYY ISHTIIIIE
aKIENTOPAYK KacHeTKe 33 OOJroH MeTal MOHIOp MEHEH KOOpAWHALMIIaHyyTa
KOOYPOOK LIBIKTYY.

Mertann MOHAOPYHYH TYMUHIMK PELENTOPIOpAYH AOHOPAYK OopOposiopyHa
JKaKBIHABITBL J1a, anapra cajJblHTaH XHMMSUIBIK MaaleiMaTTap, 0.a. aToMIayH
ANEKTPOHAYK TY3YJIYIIY, ©I4eMY, YIONJalIdbUIBITEL, THAPATTANIyyCy JKaHa Oarika
KacHeTTepy MeHeH aHbIkTanaT. H', Na' HOHIOpYHYH I'yMHH IpenapaTTapbl MCHEH
OaliTaHpIllyy MpPOLECCTEpUHAE TYIIYHYN OWIYYHYH OH D3J€ JKOHOKOH KOy
Oaifkayipl, MbIHIA OalIaHBIINYy KOOYHYO AJIEKTPOCTATHKAJIBIK KYYTYH 3CEOMHEH
xypet. XKe3s d-amemeHTTepre THemenyy. Bym aneMeHTTEpIMH HOHIOPYHYH CBIPTKBI
KaTMapiapblHAa TYPAYY caHmarsl d-amekTpoHmop Oap, ajmap SIPOHYH 3apsablH S-
XaHa P->IEMEHTTEPIMH HOHIOPYHA Kaparania Hauap SkpaHmamrsipar. ITT  Cu®*
HOHIIOPYHYH 3 dekTuBnyy peuentopiopy 60i0T, anap mereH O xaHa N aToMaopy
apKbUTYy KOODIMHAIMSNBIK OainaHbimThl Ty3eT. Pb>" mommopy nd'’(n+1)s®
WOHJIOPYHYH THOWHE THeNenyy OONyN KBIUKBUITEK >aHa KYKYPTTYH JOHOPIYK
aTOMJOPY MCHEH TraHa apaKeTTCHHIIMI, N-KapMaraH TOHOPAYK TONTOP MEHEH
apaKeTTCHUIIITICHT. Cd*" wonnopysna Bakautteik d-opburammap xok  (nd'‘’-
kaTHOH0p), 6upok d'’ KaTMApBIHBIH SKPAHIAIITHIPYY TAACHPHHHH ACTHIHAA a1ap
KBIUKBUITEK aTOMJOPY MEHEH BaKaHTTHIK S$- jKaHa P-OpOUTaITapbIHBIH JCEOMHEH
KOMIUTCKCTEpAN Taiifa KeUIaT. YpaH akTHHOMIuepauH (Sf-anemMeHTTep) TYpKYMYHO
KHpeT, anap yuyH S5f-, 6d-, 7s- xaHa 7p-opOuTanIiapbIHBIH SHEPTUSCHl OUPU-OUpHUHE
CANBIITBIPMANTYY JKaHa 3JCKTPOHIOPAYH aToMAyK Oup opOuTangaH Oaiika
opbutanra OTYIIYHO OHEPTUSHBIH ONYTTYY YBITBIMAANBIIIBl  KEPEKTEIOCHT.
Buptyannyy opOuTanmmapipl maiga KbUTyy MEHEH THOpWAM3alsUIaHbImbiHAa Sf-
3MeKTpOHop Kathimar. Ypauun uoH (UO,”") KbIUKBIITEK aTOMIOpPYHa Kapata
JKOTOPKY TEKTEIUTHKEe 33 O0JIoT jAa, ajgap MeHeH OeKeM KOOpAWHALHMSIIBIK
OalIaHbIIITEI [Taiiga KbUIaT.

T'yMUHIMK penenTopiaop MEHEH MEeTaJI HOHIOPYHYH OPTOCYHIArbl TEKTEIITHK
JKaHa MOJICKYJIAJIBIK TaaHBII OMITYY, CaHJBIK JKaHa CallaTTBIK JCHIIAJIIepAe Kapabln
YBITHIIIBL MYMKYH. MoOJIeKyJalblK TaaHyyHYH CaHABIK 0aaloocy, penenTopiaopayH
cyOCTpaT MEHEH apakeTTeHyy, noH anmaimyy (Kg,), copouus (K,,.), KomIuieke naiina
keutyy (K;) mpomeccTepuHWH TEH CalMaKTBIK KOHCTaHTAJIAPBIHBIH IKOTOpya
KeJNITHPWITCH MaaHWICPH apKBITYy OCpHIIreH.
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Mornekynaiabplk TaaHyyHyH CcanaTThblK OaachlH W3WIIOOHYH (U3UKAIBIK
METOAJOPYH KOJJIOHYY MEHeH aiyyra O0ojoT. Mucaibl, peuenTopao KaHa
cybcTparrapaa MOJIEKYIaJIbIK IS Iacklni (S MeTaJl1Iap IbIH TYMaTTBIK
KOMIUIEKCTEPUHJIE  CajJblHIaH  MaallbIMaTTap[bl  CAJIBILTHIPBIT  3CENTOOHYH
JKBINBIHTBIKTApPBI UK-cnexrpnepae KOpCOTYITeH (6-cyper). I'ymun
npenaparTapblHAarsl KapOokcuin TOOYHYH MYHE31YY CHHUpHIMII THiakecu 1700-
1690 cm” apacbiHna kepyHeT. KapOokcuna TOOYHYH CYyTeK HOHAOPY METasll
HOHJOPY MEHEH OpyH ajJMallkaHia OyJl THJIKE HadapialT ke >KorojoT. MbIHIa
1390-1360 cm'  obmacTeIHIArBI KapOOKCHIIAT-MOHAOPYHYH  CUMMETPHSUIBIK
BaJICHTTUK TEPMENIYYCYHO Tyypa Kelyydy CHHUPYY THJIKECH Maiija 0oJoT, ajn 3Mu
1598-1570 cm™' o6macTeiHgars: CUHUPYY THJIKeCH OyJl MOHJIOPAYH aCUMMETPHSUIBIK
BaJICHTTUK TEpMENyYCcyHe Tuemenyy Oomor. Harpuii rymarrapeiein  HK-
CHEKTpJIEpUH/IE KapOOKCHIAT-UOHAYH acCHUMETPUSUIBIK BaJCHTTHK TEpMENTYYCYHYH
tinkecu 1560 M oGmacTeiHa GOIIOT.
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6-cyper. I'ymMMH KHCIOTAaNapblHBIH MeTalll HOHAOPY MEHEH OONTOH
KOOpIUHALMSIBIK OupukMenepunud UK-crnekrpiepu

Hatpuii noHIOpy KOMIUIEKC IMaiiia KbUTyydy MeTaUl MOHIOPY MEHEH OpyH
anMalnkanaa Gy THIKE JKOFOPKY JKbIIITHIKTArsl oGmactka 10-40 cm™  ksuzar.
THIIKEHUH XKbLTBIIIBI TOMOHKY KaTapra xoropymaiit: UO,™" >Cu*"> Pb*" > Cd*'.
MeranngapAsH yIIyn 37€ KaTapblHAa KapOOKCHIAT-HOHIYH aCHMMETPHSIIBIK JKaHa
CHMMETpPUSIIBIK BAaJICHTTUK TEPMENYYIOPYHYH JKBIITHIKTAPEIHBIH OPTOCYHIArbl
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ailblpManyysykTyH kebeitymy Oaiikanran (13-tabn.). KapOokcunar-uoHnopayH
ACUMMETPHSJIBIK JKaHa CHMMETPHIJIBIK BaJ€HTTUK TEPMENYY >KBIIITHIKTAPHIHBIH
opToCYHAArsl aibipMa, M-O GaiilaHBIIIBIHBIH KYUOLly MEHEH YOHOWOpYy Oenrmmyy
[Amumupckmit, 1986], omoHy MeHeH Oupre KapOOKCHIIAMK  TONTOPAYH
aCHMMeTpHACH Kebeier. M-O OaitmaHBIITHH maiga Oosynry kapOOKCHIEpANH
511-353 oM oGmacThIHAArsl BAJICHTTHK TEPMENYYHYH THIKEIEPH MEHEH Ja
nanmunneHer [Xero3, 1983]. bankum, mnaiima  0Oonyydy — CynpaMoOJIEKyJabIK
KOMIUTCKCTEpANH OCKeMACIUIINHE MaKpOMOJEKYyJIalapAblH OPTOCYHMAATBl CYyTeK
OaitanHbI OMp KBIiJIa MAaaHUITYY POJIBIY OHHOOp. ['yMHH mpenapaTTapbIHBIH METaIT
HOHJIOPY MEHEH 03 apa apaKeTTeHTeHJerd NpoAyKTeuiapbiHbH VK-cnekrpiepunne
3343-3176 cM' OGHACTBIHAATHl JKa3bl CHHUPYY THJIKECHHHH HHTCHCHUBIYYIYTY
KY4OHT, Oy THIIKE MOJIEKYIANbIK CYyTeKTUK OalIaHBIITHI TY3yYTe KaTeimryysy OH-
TOOYHYH BJICHTTHK TEPMEIYYCYHO THEIIETYY.

13-tabnauma - Meramm WOHIOPYHYH TyMHH TMIpernaparrap MeEHeH OoJroH
komiutekcrepunud ~ MK-criekTpinepunaern  KapOOKCHII  TONTOPYHYH — CHHUPYY
TUIIKEJIEPHHUH MYHO3/I6MOCY

M | W(COOH),em” | v, (COO) Vo(COO) |V Ve, cM'
BAJICHTTHK, BAJICHTTHK,
om’! om’!
U0, 1698—1695 1598-1577 | 1370-1364 228-213
Cu” 1695-1689 1587-1560 | 1374-1356 213-204
Pb*" 1694-1690 1574-1534 | 1380-1351 194-183
cd™ 1695-1690 1570-1534 | 1385-1360 185-174

I'yMHH npenapaTTapbIHbIH [JeTOKCHIHPJI6OYY :KeHAeMAyyayry Ilerpu
UANIIAHICTH OHYMAOPAY OMOTECTHPIIO® METOXYHYH JKBIMBIHTBHITBIHBIH HETHU3HHIE,
JKaHa Jarbl BETETalMsUIBIK SKCIEPUMEHTTEPANH KBIMBIHTHITEI OOIOHYA aHBIKTAJIIBL.
OHYMIOpAYH METOAyHIA TeCT-00BEKT KaTapbelHIa OyymaWablH ypyKTapsl Iriticum
aestivum 1., TecT-a1ec KaTapbl — 3H 3JI€ y3yH TaMBIpABIH Y3yHIyTy MaigamaHbl.
Oput™menern 1 MI/I KOHIEHTpanMsAAarsl jke3 HMOHAOPY TaMBIPABIH Y3YHAYTYH
KOHTpONMoH 70%ra 4elinH KbICKapTaaphl alIblH ana aHelkTanran Oomdy. I'TIHBIH
JETOKCULIUPIIOeYY >KOHAeMIYYJIYTYy OOroHYa TaxpbliOanap Ke3AuH yIIyHAal siie
KOHIIEHTpALUsIarbl SPUTMECH MEHEH JKYPry3YIay.

I'ymuH npenapaTTapbIHbIH JETOKCHIUPIOOYY KOHAOMAYYIYIYH CaH KarblHaH
6aanoo, meroxcukanus kodpduuueHTuH ([]) 'kaHa IETOKCHKANWs KOHCTAHTACHIH

(Kﬁc) [[IepmunoBa, 2001] aHBIKTOO apKbLIYy *Y36I'e alllbIpbUITaH:
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_Rd _RdH /RO _Rl , (3)
Rd RO

MbIHAA Ry — KOHTponbayH Oaachl; Ry - I'Tl karbimkanmarer 6aa; R, - TOkCWKaHT

D=1

KaThIIKAaHaarel 0aa; Ry - TokcukadT meneH I'TI kaTeimkanars Oaa.
Kezgun 'K HbIH npenaparTapelHIarsl OpraHUKAIBIK KOMYPTEKTUH OTIYOMYHO
HOPMAJIIAIITBIPTaH TYMUH IIpenapaTrrap MEHeH IETOKCHUKAIMUIO0 KOHCTAHTACHI

(Kgc) (4) K3 KapaHABUTBIKTEIH HETH3HHIE YCENTEIIN:
— Kgc'cm , (4)
1+KJ.-C,y
MbiHJa Cry; — I'TIHBIH KOHIIGHTPALIUSCHI.

(Kgc) albIHTaH MaaHujepu KuiuHuepadk kesre (II) kapara Typayy rymuH
mpenapaTTapslH  JETOKCHIUPIOO  KOHAOMIYYJIYTYH  CaNbIITBIPYY  YUYYH
MaiJanaHbUIIbL.

I'ymMuH mnpemaparTapbl  yyJayyldyKTy KOPCOTKOH JKOK J>kaHa OyymalablH
OCYIIYHO CTUMYJIAIITHIPYYy TAaCHPHH KOPCOTTY. bapablk 3KcIepuMEHTAIABIK
YEKUTTEP YYYH TaMbIpIapAblH Y3yHIYry KOHTponbloH 100+20% wuHTepBanbiHIa
oomny.

’Ke3 wmoHnopyHa s5H onyTTyy Aertokcunupieeuy Taacupau 'K skana KI'K
kepceTty, anap xe3 (II) yynyynyryH MUHUMaNAyy KOHIGHTpamusga 5 MI/JI Jarsl
ToMeHIeTe anisl, ad sMu 50 mr/m gen Oamran >ke3 (II) Tomyk meTokcuKanmsIani
angsl. 'MK >xana OT'K a3 neTokcukanusanoo xeHAeMIyylyryH kepcerymry. OI'K
MmereH 'MK yayH Tomyk nerokcukarusizoo 100 Mr/m KoHIEHTpanmusga Oaifkaiisl.
KI'K 100 wmr/n KOHUEHTpauusga 6©CYMAYKTOPAYH TaMbIpPJIApbIHBIH ©OCYIIYHO
CTUMYJIIAIITHIPYY TAaCUPUH KOPCOTOPY aHBIKTAIIBI (7-CypeorT).

=~ 120 -
E:
25 104}
-
Eg_ 80
¥
gz 60 o
=

40 4

Rd Rd+t Rdo Rt
BIK BKITK BFTK BI MK BNI'K DOI'kK AOK

7-cypet. Cu”" monzopynys (1,0 mr/in) rymun npemapattapsi (50 Mr/i1) MeHeH
JIETOKCHKAIMIOOCYHA 6CYMAYKTOPAYH TaMbIPJIapBIHBIH CBIHOOCY
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J1 xaHa Kgc JapIbIH 3centenred MaaHwiepu (14-tabn.) KepcoeTKeHAeH, Ke3
(II) monopyHa THHTH3TeH NeTOKCHIUpIIoeuy Taacupu O0ororda I'TI TeMeHKy kaTapra
xainanpimar:  OI'K>®OK>KT'K>TK>NI'K>®OI'K>I'MK. bByn katap  rymuH
npenapaTTapbiHAarsl  (QyHKIHMOHANIBIK TONTOPAYH ©IUeMY JkKaHa anapAblH JKe3
KOMIUIEKCTePHHUH  TYPYKTYyIyK  KOHCTaHTAJIApbIHBIH  MaaHWIEPH  MEHEH
bUIANBIKTAIIAT.

14-rabuua - ’Ke3 HOHAOPYHYH TYMHH IpenaparTapbl MEHEH JETOKCHKAIMSITaHBIII

napaMeTpiepu
I i\ KgC , W/xr I'TT Kézc , W/kxr C
'K 0,76 6,33-10* 1,00-10°
®K 0,85 1,1-10° 1,88:10°
I'MK 0,67 4.44-10* 6,97-10°
OI'K 0,38 1,60-10° 2,68-10°
KI'K 0,81 8,52-10° 1,34:10°
®Tr'K 0,71 4.89-10" 7,60-10°
NI'K 0,72 5,40-10° 8,58-10°

VYuryHpaii sme maanmsiMarTap Latuca Sativa L camaTTelH ypyKTapel MEHEH
OONIOH TecTTepAe XKYPry3Y/IreH BEereTalMsUIbIK SKCIEPUMEHTTEp OOI0HYA allbIHIaH
(15-tabn.). TecttuH x000y Ooxyn OMoMaccaHBIH Kyprak cajMmarkl OOJIy, yy 3aT
karapeiaaa kagmuiiand (11), kopromyumnys (I1), sxezaun (II) cynapdarrapsl TaHAaIIbL
Taxpeiiidanap a3bIKTaHyy OJpPUTMENECPUH JKaHa KEPaH3UTTH WHIUPPEPEHTTHK
KapMoo4y KaTapbl MaijajiaHyy MEHeH Xypry3ynay. ['yMHH mpemnaparrap oop
METAUIApJbIH YYJIaHTYyuy TaacUpUH TOMOHIOTOPY aHBIKTanAbl. Mucanbl, TecT-
JJec cajaTbiHBIH OuomaccachiHbiH Tymymy kaamwuii (II) Taacupu acThiHAa
KOHTpONBIOH 44,44%-ra ueiinH ToMeoHmece, 50 MTI/I KOHIEHTpAIUIIarsl K33 OHp
I'Tlapin kaTbuunyycynna  71%-man 82%-ra ueiluH  xoropynaiit. I'ymun
npenaparTapbiHblH asaiityy sapdexrucu koromyH (I1) sxana xe3 (II) Mmeren 60sroH
TaXkpbliibanapa aarsl 1aaHa KOpYHAY.

VYynaHOBIPTBMTHTEl OOIOHYA TEKUIEPHITeH MeTaulgap TOMOHKY Karapia
xaimaneimar: Cu(Il) > Pb(Il) > Cd(Il). MO sxaHa Kélc SCENTENreH MaaHWIEepH
KOPCOTKOHJION NETOKCULUPIIOOUY XOHAOMIYYJIYTY OOOHYa T'yMHH IpernapaTTapbl
teMeHKy Karapra sxainassimat: OIK>OK>TK>KI'K>OI'K>NTK>I'MK, wmbiaaaii
Kartap OylapIblH YIIyJdl MeTauIJapra TEeKTEIITUTHHHH KoOOUYIIYHe BUIAHBIKTYY

KCIICT.
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15-tabmmma -  MeTtamn  WOHAOPYHYH  TyMHH  Tpemaparrapsl  MEHEH
YYCY3TaHIBIPANTBIIIEI (BereTallMsUIBIK SKCIIEPUMEHTTep O00I0HYA, METalll HOHIOPYHYH
koHeHTpanusicer 0,5 mr/m, I'TI=50 mr/m)

I[ K ézC , 11 K ézC , I[ K é]C ,
I a/kr I'TT a/kr T'TT a/kr T'TT
Cd2+ Pb2+ Cu2+

rK | 0,30 |8,57:10°| 0,35 |1,08:10%| 0,36 |1,12-10°
®K | 034 |1,03-10°] 037 |1,17-10*| 0,42 |1,44-10*
MK | 0,26 |7,02:10°| 028 |7,77-10°| 0,27 |7,39-10°
OrK | 0,40 |1,33-10*| 0,40 |1,33-10*| 0,44 |1,57-10°
KIK | 030 |8,57-10°| 0,36 |1,12:10*] 036 | 112-10*
®TK | 029 [8,16-10°| 0,33 |1,12-10*| 0,34 |1,03-10*
NI'K | 028 |7,77-10°| 0,28 |7,78:10°| 0,30 |8,57-10°

4-I'napa. I'yMHH mnpenapaTTapsiHBIH aTPasMHIAMH CYy OJPHUTMECHHJE
JKYProH ¢opMachIHA JKaHa YYJdyyJyIryHa KOPCOTKOH TaacHupH

ATpa3WH OTOO UYOITOepre Kaplibl KYpeIIyyle KEHUPH KOJJOHYJIYydy CHM-
TpUAHIBIK TepOHLUAep TYPKYMYHO KupeT. TomypakTa yoryiraHjga arpasuH Karyy
YYJAaHABIPTBIY TAaaCUpUH THUMruzer. TomypakTarsl MHKPOOPTaHU3MAED apKbUIYY
MOJIEKYJIaHBIH CTPYKTYPachIHBIH OY3yNylly MEHEH TOIyK axbipoo 18-20 aiiman
KHIWH KeneT, OMpOK aXBIPOO BULAAMIBITEI TeMIlepaTypara J>aHa KJINMATTBIK
mapTTapra Ke3 KapaHAbl. ATPasWHINH YYIyJIyry ajl TOMYPaKTBIH OpTaHWKAaIbIK
KOMIIOHEHTTEPH MEHEH OaiiIaHbIIIKAaH/a TOMOHIOMT.

ATpasuHIMH JKOCHCTEeMalapAarbl akTHUBAYYIYTYH ajiblH aja alTyy »XaHa
Kamroo (popmasnanapsH ceiHOO YaYH ['TI MeHeH OGaitlaHBIIIBIH CaHABIK MYHO36MOCY
Kypry3ynay. Mmre “ete Taza” kBanmudukamusaarsl atpasusaan (99,97%) (Ehrendorf,
CIIIA) naitnanaHbIk.

W3unpgenyydy TyMuH IpenapaTrrapiblH — aTpa3uH MEHeH OaliaHbIIl
JKOHAOMIYYJIYTYH aHBIKTOO YYYH YIbTpaduiabTpamus METOAY KOJIIOHYIIY.
Vasrpadunsrparnus 4,6 atM. 6ackIMIa XKYPTY3YIay. ATpasHHIN yIbTpa@HUIbTpaTTa
anpikToo HPLC Meroxm MeHEH WIIKe AaIIBIPBUIIBI, MBIHIA JHOIITYK MaTpHIIAHBIH
HETH3MH/E yIbTPadHOIETTHK ACTEKTOp MeHeH xabapuran System Gold™ Model
126 (Beckman, CIITA) xpomaTorpadsl naiaanaHbUIIbL.

I'ymMuH mpemapaTTapblHBIH JKaHBI JaspialiraH 3pPUTMECHHE aTpPa3sHHANH
OPUTMECHH KyHOyK. Peakummsuiblk cHCTeManarsl aTpasMHAWH KOHIGHTPAIHSACHI
Ca=1"10" M ty3ay. Crpp 0,1 nen 0,7 r/n ueitnn e3repryinay. Taxpsiibanapast 22°C
JKYPry3IYK, peakiusuibik ueiipeHyH woHayk kydy 0,1 M KCl menen Ty3ynnmy. 24
caaT OTKeHAeH KWHMH  (QWIBTPAaTTa  aTPasHMHAWH  CAHBIH  AHBIKTABIK.
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VYietpadunsTpanus yayH etkepyy dern < 1000[da 6onror YM-1 Amicon (CILIA)
MeMOpaHaIIBIK (QHIBTPIICP KOMIOHYIAY. XpomaTorpadusuiblk kosonka Ultrasphere
OJIC (Beckman, CIIIA) 4,6x15 cM kejemre 33 OOJTOH. DNIOCHT KaTapblHAA CYY-
aneronnTpua  50:50 (kememy Gororda) 3,18:10°M HCI amsim sKypreH apamammMa
KOJIIOHYJIy; DIIOpPNIee bUIIaMAbIrsl Imi/MuH Ty3ny. KomoHkamaH dYBIKKaHIArBI
ONITHKAIBIK THITBI3IBIKTEl PETUCTPAIAAN00 250 HM Jie KYpry3ymnay.

ATpasuHANH TYMUH IperapaTTap MeHeH OainaHbIm KoHCTaHTachH (Ca/[A])
I'TT xonuentpanusaceiHal (Crp) ko3 KapaHABUIBIK UHPH CHI3BITBIHBIH KAKTHITBIHBIH
TaHT'€HC Oypdy KaTapbl 3CENTeAUK:

(CA/[AD)-1=K e Crpr Q)

MBIHIa [A]— OomI aTpasMHANH TCH CalIMaKTHIK KOHICHTpanusicel; C, — SpUTMeaern
aTpa3sMHAUH aNradkbl KOHIEHTpauusAchl; Crr — I'TIHBIH jKammbl KOHIEHTPALHUSICHL.

ATpasuHAMH TYMHMH TIIperaparTap MeHeH OaiIaHbIl KOHCTAHTalapBhIHBIH
Maanwitepu 124-583 n/kr man 0,88 r/kr yeHMHKH yek-apaga e3repynet, Oym 6oico
arpasuHauH [TIHBIH K93 Omp ynrynepy MeHeH OONTOH OalaHBIIBIHBIH OCKTHTHH
’KaHa TCKTCIITUTUHHH ap TYPAYY SKSHIUTHH KepcoToT (16-Tabir.).

16-Tabnuna - Peakuusuiblk cucreMaaarsl TymMuH npenaparrapasi 0,7 v/n (pH 4,0;
KCI cy3 ; t=25°C) KOHIEHTpAIHACHIHAArb GANAHBIIKAH aTPA3HHIMH CAHbI KaHA
Oaitnanbim koHcTaHTaNApH! (Kg)

I'TI K, w/xr T'IT | S, mons/kr I'TT S, r/xr I'T1
'K 350 2,6-107 0,56
DK 450 3,4-107 0,73
I'MK 394 33-10° 0,71
OrK 583 41-107 0,88
KT'K 297 2,5-107 0,53
dI'K 260 2,4-107 0,51
NI'K 124 L1-10° 0,23

PC SIMP maanbiMaTTaphl GOOHUA KOPPETALHAIBIK AHATH3 KOPCOTKOHMIOH,
TYMHH TIpenapaTTapblHAarbl apOMATThIK KOMYPTEKTHH UHTETPAIIBIK 6JT96MY MEHEH
Ks; MaanwmnepunuH oprocyHaa Oaitnaneimn Oap (8-cypet). 'MK rana 4sirapsin
TamToo Kepek. bankum, wmemHpai ydypaa [Tl jxana arpasuHIuH OpTOCYHIA
ruapogoOayK  apakeTTeHyy YCTOMIYK KbulaT. [yMHH  TpemaparTapblHBIH
KOHIICHTPAISCHIHBIH KOOOUYIy MEHEH aTpa3WHIWH OailylaHbIIIKaH CaHbl KoOoueorT,
OMpPOK, TYMHH INpenapaTTapblHBIH MacCAChIHBIH OMPJWTHHE KaiTa dcenTereHnae Oy
MaaHWIEPIUH OPTOCYHIA Ty3 K63 KapaHIbUIbIK  Oailkanbaifr.  bamkum,
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OaiiaHBIITHIPYY4dy OOpOOPIOPAYH CaHbl MEHEH KaTap ajlapJiblH CyNpaMOJICKyJIaIbIK
CUCTeMaJarbl MEHKUHINKTE KaWJaHbBIIIBl arbl MaaHWIYY POJIbIy OMHOUT. Yiryra
0alTaHBIITYy TYMHH MNPENapaTTapblHBIH ap Oup OENrwiieHreH KOHICHTPAIUSICHI
Y4YH S YOHAYIYHYH MaaHWIEpPH, aHbl MEHEH OHpre e3repyYyHYH KepCeTYIreH
apajbilblHA THEIICNYY YOHIYKTapAbIH OPTOYO0 MaaHUCH aHbIKTamabl. byn Kg
YOHJYKTaphlHA J1a THEILIEINYY.

TOO0

600 4 +
Z 500 -

'th'JU 1 +
L 300 4 ;+
200 4 -
100 +

0 : : : |

38 60 62 64 66

C,,

I'Tl

[

l\ﬁ LUK

8-cypet. O3repynme K — ZCyx, KynTap YIYH YEKHTTHK TUarpamma

ATpasuHauH  OaimaHBIMBIHEIH  [TInarsl  QyHKIMOHANABIK  TONTOPAYH
OITYOMYHO Kapallla Ke3 KapaHAbUIBITbl u3minaeHau (17-rabm.). Ap Typayy yiaryiepay
CAJIBILITHIPTaHa anapAblH KypaMbIHAArbl (QYHKIIMOHAIIBIK TONTOPAYH ©IYOMYHO
KapaTa aTpa3sUHAWH TEKTEIITHTH KOPPEIusra OeprIoeiT.

Peaknusnblk CHCTEMaHBIH KeJIeM OWPIWTHHAE TYMHH MpelapaTTaphIHBIH
TUTHI ke Oyal (YHKIMOHAIABIK TONTOPYHYH eI4eMy OOIl  aTpasHMHANH
KOHLIEHTPALMSCHIHBIH TOMOHIOIIYHYH OENruilyy HAEHII3JIMHE S>KETHLIYYT® ajibll
KeuI, aj ap Oup mpenapar yuyH e3yHue 6omort (17-tabi.).

ATpasuHINMH OeNrmiyy CaHBIH = OallTaHBINITHIPYY YIYH KEpPEeKTeNyYdY
KapOOKCHWJIIMK TONTOPIYH SPUTMENETH KOHIICHTPAILMSACHIHBIH MaaHWCH OOIOHYa
TYMHH Ipenaparrapbl TOMOHKY KaTapra skaiyiaHbIILaT:
OK<OI'K<I'MK<I'K<®I'K<KI'K<NI'K.

I'MubE yoryHgad ame KallmaHBIIE! KapOOHMI TonTopy OOIOHYA TY3YNITeH
KaTapma ma Oaiikamat. Dpexkere Tyypa kembereH karapel ®I'K sxama KI'K opyn
aJIMalllkaHbIH ~ KepceTyyre  0OoJoT: OK<OI'K<I'MK<I'K<®I'K<KI'K<NI'K.
@DeHoNAyK TONTOPAYH MaanbiMarTapel Ootonua I'MK  kartapaelH — GambiHza
Kaiimaneimat. bamka onyTTyy e3repyyliep Oaikaiarad »*ox.

32



17-tabnuua - Peaknusuiplk cucTeMazarbl TYMHH IpenapaTTapblHbIH, aTpa3uHAWH
Oenruiyy YAYWIYH OaiIaHBITBIPYY YYYH KEpeKTeNnyy4dyy (QyHKIHMOHAIIBIK
TONTOPYHYH KOHIIEHTPAUUACHL. ATpa3UHIUH ajraykbl KOHIIEHTPALUACH CA=1,0'IO'5
M

GailaHbIIIKAH aTPa3HHANH YIYITY

T'T1 5% 10 %
COOH, | Ar-OH, CO, COOH, | Ar-OH, CO,
MOJIB/JT MOJIB/JI MOJIB/JI MOJIB/JI MOJIB/JT MOJIB/JI

K | 1,0610° | 0,48-10° | 0,31-10° | 1,94-10° | 0,83-10° | 0,58:107
@K | 0,58:10° | 0,39-10° | 0,17-10° | 1,54-10° | 0,90-10° | 0,37-10°
MK | 1,08-107 | 0,27-10° | 0,21-10° | 1,82-10° | 0,78:107 | 0,58-107
OTK | 0,80-10° | 0,40-107 | 0,17-10° | 1,60-10° | 0,80-10° | 0,34-107
KTK | 1,08-107 | 0,55-10° | 0,32:10° | 2,00-10° | 0,78:107 | 0,58-107
®TK | 1,07-107 | 0,49-10° | 0,37-10° | 2,42-10° | 1,09-10° | 0,80-10°
NIK | 1,71-107 | 1,20-10° | 0,71-10° | 2,50-107 | 1,89-10° | 1,24:107

UYelipeHYH KBIUKBUIAYYIYTYHYH aTpPasWHAWH OAalIaHBIIIBIHA THITH3TCH
TaacHUpHH OMIYY YIYH pH MEHEH MOHIYK KYUYTYH ap TYPAYY MaaHWIECPUHJE, TYMHH
KMCIOTANapbIHbIH - Mucanbiiga (My=55 kJla) Takpblitba xyprysyimy. ['ymun
KHCIIOTAApPbIHBIH ~ KOHIEHTpauusicel 0,7 T/1  Ty3reH. ATpa3WHIWH TyMHH
KHCIIOTaJapbl MEHEH OTo dJIe HaThlibkanyy Oaitnansisl pH=4 Galikanat (9-cypert).

S-10°% ., M/rrx
0,5 4

0,1 T T T T T T 1
] 2 3 4 5 6 7 g pH

9-cyper. ATpa3MHAMH TYMHH KHUCJIOTalapbl MeEHEH OaillaHBIIIBIHBIH
yerpenyH pH-Ha ke3 kapangsuibire: /=0,1M KCI (1); [=0,05M KCI (2); KCI cy3
3.

['yMHH KHCIIOTaJNIAPBIHBIH TOJHAJIEKTPOIUTTHK TAOMATHIH 3CKE alyy MEHEH
pH=4 ueitnn ['K 6etune O6enrmnyy 3apsaasl Oepyydy HOHIOUIYJITaH TONTOPAYH CaHbI
kebOelier gnen ueuyyre Oosor [II.JKopoGekoBa, 1986]. bupneit 3apsamanrax
KHCJIOTAJIBIK KAIABIKTApIbIH TYPTYJIYYCYHYH HaThiikaceiHaa, I KHbIH MOIeKyIaIbIK
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CTPYKTypachl OOLIOHIOUT, Oyi 00JICO aTpa3uHAMH OaiIaHBIITHIPYY4Yy O0pOOpIIOpro
KHPYYCYH KCHUJIICTET.

ATpasuHIWH  CyHpaMmoJIeKyJanyy  TyMHHAWK  PELEenTopiop  MeHEH
OaiiaHbpIIIYyCyH U3WI00 YUYH: 'H sIMP OMp ME3THIIJIETH CHEKTPOCKOIHS; SIPOITYK
KOppeJsiuusl yOAKTBICBIH PETaKCOMETPUSUIBIK Y€HO©; HMITYJIbCTYK yIaalallThIK
MEHEH KaHBITYHYH adbIpMachlH KepceTyyuy cmekrpockomnus (STD SAMP) tanpan
anbiaabl. baapasik IMP skcniepumentTep Bruker Advance MHz cniektpomerpune
aHBIKTANABI, Oyn crekrpoMerp 55 MM Bruker (BB2) marywru skaHa MarHMTTHK
TalaaHbIH UMITYJIBCTYY TPaadeHTTep CHUCTeMachl MeHeH jxa0apurraH. CriekTpiepan
298 K, 95% H,0/5% D,O kapmaran 1 mn 0,2 M anerarteik Oydepne (pH 4,0)
4yeHenWK. KaHbITyyHY IKBULABIPYydy adbIpManblk crektpiepan OBeHXay3epauH
sirpoityk 3¢ dexrepan YeHoe YIYH MOAM(UKAMSIAHTaH UMITYJIECTYY BIPATTyYIIyKTy
KOJJOHYY  MEHEH  JKa3[blK. PelakcOMETpUSUIBIK  ©4eeep  HMITYJIbCTYY
BIPATTYyNyKTy KadTanama uHBepcus sxaHa CPMG (Carr-Parcell- Meiboom-Gill)
METOAJOPY MEHEH XYPry3yJiay.

ATpa3zuH TOMOHKY/IOH CTPYKTYPAIbIK

% (dhopmyara 3a:
U, <EZ )\ Atpasuaaus 'H SIMP criekTpu
H<C> / N H <D>H <D< p p
)\J\ ><H TOMOHKY CUTHAJIIap MEHEH MYHO3/10JIOT:

CH; <F>

N
CHs <> CHrHAI
H

|
H

1
<A> H

<B>

A| B C D E F

Mma | 6354|417 (3,46 | 1,22 | 1,21

ATpasuHINH peLenTopaop MeHEeH OalNaHbIIIyyra >XeHIOMAYYIYTY aHbIH
HETU3AYYIYTY JKaHa MOJIEKYJIACBIHAArbl JIEKTPOHAYK THITBI3ABITBIHBIH OOIYHYLIY
MeHeH maprranrad. [Tl mpoToHAyk curHangapabl KEHEHTET >KaHa XUMHUSIIBIK
XKbUIbIITYYJapra ajsin kenet (10-cypet). MeiHna e3repynyy aapaxacel, [Tl Tubune
JKaHa ajlapJIbIH KOHIICHTPAIMSIChIHA K63 KapaHabl 0010T. M3mnaenren [T katapbiiaa
(PK, TK, TMK) ete oame Gemrmmyy taacupmu ®K xepcerer, an ~C SIMP
MaajbIMaTTapsl OOIOHYAa apOMAaTTBIK KOMYPTEKTHH JkaHa  (DyHKIIHOHAIIBIK
TONTOPAYH (XpoMOGOpPIIOpP) SKOTOPKY ©I4eMy MEHEH MyHes3neneT. byn Genrwiepn
6oronua anapaad I'K sxana 'MK kainbin kanat. MymkyH, arpasuaaud MK Menen o3
apa apakerreHyycyHAe ruapodoOayk OaitnaHsimTap OackIMIBIK KbLTap. MbIHIAH
6aliko0JIOp aTpa3UHAUH IYMHH IIPENapaTTapblHbIH CYIPaMOJIEKyJalbIK arperarrapbl
MeHEH OalIaHBIIBl Tyypalyy XUMHESUIBIK aHAIM3IEpIHH MaalbIMaTTapblHa Tyypa
kener (16-tabm.). Atpasunnun I'TI MeHeH apakeTTEHYYCYHYH HaTblikachl OOy,
MOJIEKyJIaJapAblH KbIAMBUIBIHBIH dYekTenumy jxaHa SIMP  cnekrpnepunmern 'H
CUTHAJLIAPBIHBIH KeHelnmu scentenet. Komynyyuy @K koHIEHTpausacel kebeiirexn
cailbIH aTpasUHIUH CIEKTPJIEPUHIE CUTHAIAAPIBIH OPAYHAH >KbLIBIIIEI aUblK-alKbIH
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Gaiikanar. 25 mr/mn ®Kna H<D> curnan 3,46 nan 3,50 m.j. yeiinn, an smu H<A>
xaHa H<B> curnamnmapst 6,30 xana 5,40 tan 6,78 xana 5,80 m.x1. ra ueiinH
KbUTbIIIAT.  MbIHIal  skpuipliTap atpasuH  MeHeH K KoMIieMeHTapabIK
(GYHKIMOHANIBIK TONTOPYHYH  OPTOCYHJArkl CYYTEKTHK OailaHBINTHIH TNaina
Gonymry MeneH Gaiinansimkan. TK atpasuuaun  'H cHTHATBIHA ymIyH/ai dJ1e, GHpok
HauapsIpaak Taacup Tuiiruser. MK kepcerynrennep menen xarap H<E> ixana
H<F> Tuemenyy 'H CHTHaNZapABlH SKBUIBIIBIH YaKbIPAT, MyHy ATPa3dHIMH
IuMeTmmsonponuaguk tontopynyH I'MK meHeH rumpodoOayk OaiinaHbInibiHA

a
25 N
15 __A~ A A~ jL
5___AL A A A
OY_A A )\I_J\' : /L
7 6 5 4 3 2 1 0
S'Hug
o
25 A A AN

15___A_ A A A A
s A A

7 6 5 4 3 2 1 0
S'H mg.

10-cyper. Atpasunmun a) K, 6) ['K, ) TMK menen apamammachiaars 'H

SIMP cniektprepu

STD cnexrpnepunze (11-cypet) H<A>, H<B>, H<D> curnanmapsl >KaxIisl
KepyHeT, Oyn THemenyy TONTOpAyH arpasuHauH [Tl MeHeH OaiimaHBIIBIHA
KaThIIKaHbIH aHbIKTalT. @K Menen 0osoH yuypaa Oy curHangap eTe 3je KopyHYI
Typat, 'K MeHeH GoiroH crekTpiieplie CUTHaNIap a3blpaak MHTEHCUBAYY. bynapaa
aTpa3sUHIUH METHIAUK TONTOPYHYH IpoToHnopyHyH H<E> sxana H<F> curnannapst
Jla KepyHeT, Oyy 0oJco aTpasMHAWH TYMHH KHCJIOTalapsl MEHEH OaiilaHBIIBIHAA
ruapooOIYK KYITOPIYH KATHILYYCy MYMKYH SKCHAWTHUH KOPCOTOT. ATpasHMHANH
I'MK xatsimyycynaarst STD cnektpiepunne H<E> xana H<F> npotonmopyHyH
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CHUTHAJIapbl aTpasMHIMH Oalka MPOTOHAOPYHYH CHTHAIIAApBIHA CaJBIIITBIPraHa
eTe JJe adblk KepyHyn Typar. Byn Gonco arpasun sxaHa ['MK optocyHmarst
rUIpodoOIyK apakeTTEeHYYHYH 0achIMIYyyayry MEHEH OalTaHbIIIbl MYMKYH.

ATpasuHIuH OaapAplK TMPOTOHAOPY YYYH penakcaius yOaKThUIapbIHBIH T
kaHa T, maanwnepu ['TIHBIH KOHILIEHTpalUsChl KOOeHreH caibiH azaar (18-tadi.).
@K xomynramma T, xama T, Temenmemy keOypeek Oailikamar. @DKHbBH
KOHIIEHTpaIHsCHl 25 mr/mit 6onroumo T KOHTPOIbIyK MaaHucu 86,94% ra aszasr, an
smu 'K Menen Oonron yuypna temenmee 29,50%ra rana sxetet. @K aHbl MeHEH
Ooupre crnuH-cuHAUK penakcaius (T,) yOakTBICBIH KOHTPOJIBIO CaJBIIITHIPraH/ia
87,3%ra kbickapat. 'K yuypynna nporounyn T, H<A>38,05%ra temenneiir. I'MK
HBIH KOHIEHTpanuschl keOeirenme @®K xaparanma sxamaH sme T, a3bIpaak
TOMOHeTNOcTOH, MbIHAa H<A> xana H<B> kaparanna H<E> menen H<F> yuyn T,
Jarel keOypeex KbICKaphllmibl Oaiikanmar. KentupwireH maaibIMarTap aTpasuHIMH
(YHKUMOHAIABIK TONTOPYHYH TYMHMH MperapaTTapblHBIH  KOMIUIEMEHTapAbIK
CTPYKTypallbIK ()parMeHTTEpH MEHEH apakeTTeHYYCY >XOHYHAO >KaHa alapblH
JKapaThUTBIIIBIHEIH, TTalia 00JITOH OUpUKMeNepAerd MPOTOHIOPIYH pelaKCaIHsIChIHA
TUITU3reH TaaCupH )KOHYH/Ie MaajbiMaT Oeper.

MML-—W—G
Mé

MM a
6 5 4 3 2

S

Hm.g.

11-cyper. ATpasuHmuH TymMuH npenapartapbl Menen pH=4 rtery 'H STJI
cuektpnepu: a) AMP moonananapipbaran KOHTPOIbAYK crekrpiepu; 6) OK menew;
B) 'K menen; r) TMK meHen

36



SH0|9¥°0 [0S0 TST|9L€]SLE|+E0|8E0]850]#S0|T90]090] 90290 11°1|+ST|0T°€]|8CE ST
0v°0 | TH0 | Lb'0|0ST | TSTE[1S°€|9¥°0 | 8L°0| 790|850 | L90]S9°0|99°0]890|61°T1|96°1|sT¢|0s°€ 0T
0€°0 | TE0[8C0|TIT [P e|Th'e|Ts0]€80]690|#9°0]0L0]69°0|0L0]TL0]|9T1|0TT|€9¢|89°¢ Sl
0€°0 | €€°0[LT0|96°0 | 8€°€|LEE|89°0|S80|LLO|OLO]ILO|LLO|98°0]980 |61 |8LT|OVY | SHY 01
LT0[9T°0 | +T°0[850|€6T|+6°T|8L0|680(98°0|+60][L60][96°0]96°0 |86°0|9+1|06€|08%|58% S
12°0]02°0| €20 | 640 | 8YT|L9T| 0601600071 |0TT[0ET |[+€T|[TIT|0IT|8ST|#IH|0SS]| LIS 0

SN
S0 ¥S°0]09°0 ] LY T |#0°9 [ TTS| V10| PI°0 ] LTO]61°0|STO]LTO]CT0|T1C0O]0€0]vLO]TLO] L O ST
9t°0 | 87°0 | ¥S°0 | 0T°T | SLS | #8°S | 91°0 | 9T1°0 | 81°0 | 0T°0 | LI°0 | 0Z°0 | ST°0 | ¥T°0 | 6€°0 | 09°0 | 08°0 | $8°0 0z
0€0 [ 0F0 | Lv 0| CI°T |01 |96 | L1°0 | 81°0 | 0T°0 | 2T°0 | TTO | ¥T°0 | 1€°0|0€0| €¥°0|98°0| 10°T | 00°T SI
¥2°0 [ 0€°0 | 740 | 86°0 | 69°€ | L8°€ | 0T°0 | 0T°0 | €270 | ST°0 [ 920 | 0€°0 | 9€°0 | S€°0 | ¥S°0 | 80°T | 0€°T | T€°1 01
81°0 | €270 [ ¥€0 | 0L°0 | 8L°T|S8T|ST0|+T°0|6T°0|8C0|0€0|€ECO|+¥0|SH0|L90]|0TT|8ST|09°1 S

D
SP0|9v°0 | #S°0[86°0]9v°€ | SLEC|+90]89°0[0L0]080]850|650][6L°0]980]821[01°¢|86°C]|00% ST
€0 | 40 | 0S°0 | S8°0 | ¥¥°E | #¥°€ [ 890 | TLO [ TL0 | 98°0] 9°0 | €9°0 | T80 | 88°0 | TE1 [ v1°E | 8TH | 1€ 0T
0€0 | 1€°0[S€0[|08°0|0F€|LEE|HLO[9L0]8L0|08°0]|+L0|SLO|88°0]T60]0tT|95°€]|TES]0ES Sl
€2°0|TT0|82°0[9L0|8E°C|SE€C|080]080|#80]060]060|860]|+60]|L6°0]LET|86C|81°G|TIS 01
€20 | ¥T°0 | 8T°0 | 9S°0 | LTT| 68T |98°0|+8°0|060|01°T|TIT|0I°T|+0T|S0OT|9¥°1 |20V |6t°S|LY'S S
1201020 | €T°0 | 6¥°0 | 8T | L9°T| 06°0 [ 06°0 | 00°T | 0T T [ OCT | #€°T | TI'T | O1°T | 8S°T | ¥4 | 0S°S | L9°S 0

LI
g Ag| 9g| °H| ®H| YH| 4H| TH| | °H| ®H| YH| H| H| M| °H| TH| H il

oy BRIy BRI 7 EUIRdLHOIHOY]

19019IMeQA W1 gumEsIraddoy ‘[aoaINegX ¢ suneoxerad
- 1 - — ¢ - -
MUIHUIO-HUIO eHeX '] AArohdol-Humo 4=pHd 086C (IrW/IN) 19IRYHISOKMITEdLHOIHON [ ] HuIHMERdLIe B - enuIQel-g[

37



T, xxana T, sputrmene KOppelsUUsSHBIH YOaKThIChIHA (T.) Oamn uer, an 6oJico
MOJIEKyJIaHBl OMp pafaHra POTanMsUIO0 YUIYH, KEPEeKTeNYYdy 3G PeKTHBIYY OpTOI0
yOaKBIT KaTapsl aHBIKTaJNaT. ATPasHHICTH MPOTOHAYK SIPOJIOPIAYH KOPPEISAIHIIO0
yOaKTBICBl TYMHH IpenapaTTapblHbIH KOHIEHTPALMACHL JKOTOpyJaraH caiblH
kebOeitoT. I'yMuH mpenapaTrTapblHBIH AaTPa3sUHAMH bUIAAMAATBIHBIH  a3aiibIIbIHA
THATH3TeH TAaCUPU KOPPENAHsS yOAKTHICHIHBIH KOOOHWYITy MEHEH TYMIYHAYPYIOT.
bamrka I'Tlnapra camsimreipranga @K erte sddektuayy Taacup THifrm3er xaHa
H<A> mener H<B> y4yH KOHTPOJIBIO CABIITHIPTaH/a KOPPEJAIHS YOAKTHICHH (T,)
2,4 5ce KkobomToT.

OuleHTun, >XOropyAa KeJTUPWIreH MaanbiMartap artpasuHauH [Tl menen
KOBAJEHTTHK 5Mec OallaHBIIITapbhlH TaMWIICHT, al CYyyTeKTHK OalilaHBIITapIbIH
naiina 6oxymry, ruapodoOayk e3-apa apakeTTemyy, 3apsUibl TAllbIMAII00 MEHEH
KOMIUTCKCTEpAN TMaia KbUTyy jJKaHa 1T — T KOMIUIEKCTEp apKbUIyy WII JKY3YHO
AIIBIPBUTBIIIBI MYMKYH.

ATpasuHIuH cyy 4eiipecyH10 THAPOJIU3IeHULIHHE TYMHH
NpenapaTTapblHbIH KATATU3AUK TaaCHPH

ATpasuHANH THAPOJU3UH PEAKIUSHBIH TOMOHKYAOW TEHIEMECH MEHEH
Oepyyre 600T:
Atp + Ky + H,O & (AtpKy) < (ATp'Kal)# —>Atp OH +K ,+ H +CI° (6)

PeaknusHbIH ~ BUITAMIArTBl  PEAKIUSHBIH ~ 0aaplIblK  KaTBINIYYYyJIapbIHBIH
KOHIIEHTPAIUSACHIHA KO3 KapaHaarsl 6010T:

dC,,
- dtp :kCanCIIZOCkm. (7)

MBIHI2 K - peakUMsHBIH BULIAMJBITBIHBIH KOHCTAaHTAChl; Cyyp - YOAKBITTBIH T
y4ypyHIarsl aTpasMHOMH KaJIblK KOHIEHTpamusacel; C,, - KaTanu3aTOpIyH
KOHIeHTpanuschl. KaraquTukanplk  peakIusHbIH  bULIAMIBITBIHBIH ~ MAaHHUCH
KaTaJIu3aToplyH MacCachlHbIH OUP/IUTHHE CENTENYYCYHO OaiIaHbIIITYY, )KaHa 1arsl
Cyy alllblKya aJbIHTaHABIKTaH aHBIH PEAKIMUIBIK CHUCTEMaaarbl KOHIEHTPALUSICHIH
TypaKTyy A€l ajbll 6-TeHIeMEHN TOMOHKYYO Ka3yyra 00JIoT:

dc 1

D= K Cay, ®)

kat.

MBIHA K-BUTIaMIBIKTBIH Oaiikamyydy KOHCTAHTACHI jKaHa Ksin=K [H,O].

8-TeHIeMeHH KONIOHYY MEHEH JKCIEPUMEHTAIABIK MaaJbIMaTTapbl HIITEI
YBITYY, PCAKIUSIHBIH |-HPETHHE THEUICNYY ChI3BIKTYY rPaMKTH TY3YYI® MYMKYHIYK
6epau (12-13 cypetrep).
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-62 - -2.9 1

T T T T T
38 36 34 320 30 kC

12-cypeT. ATpa3uHANH TUAPOIU3UHUH 13-cypeT. ATpa3uHAUH TUIPOJIU3UHUH
BUIAAMABITBIHBIH aHBIH KOHLEHTpalusl-  uelipeHyH pH Ha ke3 kapaHnyysyry
chiHa Ke3 KapaHayyyry (pH 4; 22°C) (Can:2,0'10'4 m/i; 22° C)

ATpa3suHIVH THIPOIU3UHUH ISOC, 25°C xama 35°C H3WIIEANK. Peakiusiibik
cHUCTeMaarsl aTpa3sMHAWH KOHLEHTPALUSCHI 1,85:10* moms/n Gomron. T'TI menen
OonroH Taxpelibanapaa aTpasUHIUH SPUTMECUHE aJapAblH Cyy CYCIEH3USCBIHBIH
OepuiireH kesieMaepyH Koy, pH Tel Oeiruinyy MaaHure >KeTKUPAUK. YITYHY 5 Ml
JEH aJblll aHAarbl aTpasWHAWH ©JYeMYH aHbIKTaablk. Cyy OSpUTMECHHIETH
aTpasuHIUH KoHmeHTpammsacslH HPLS wmeromy menen Zorbox-C stainless stell
xonoHkanapseiHaa (0,25x4,6MM) 254 BM UV jerekuusichlHIAa —aHalIHU3]CIUK.
MoObunnuk (haza katapbl MeTaHOI-CYy (425:75, v/V) KONIOHYNITY.

DKCIIEpUMEHTANIIIBIK  MaajbIMaTTapAaH OWIMHHMII TypraHiad aTpa3suHIuH
THIPOJIM3UHAH BUIIAMIBITE, YOHPOHYH KBIYKBUIAYYIYTYH JKOTOpYyJallbl MEHEH
JKOTOPYJIAHT, OyJI IIPOIECCTH KUCIOTAJBIK KaTalu3 AEM ICENTeere Heru3 00JIo ajar.

ATtpasun 'K menen apanamkanga ['K >KOK KBIUKBUT 3pUTMECHHE KaparaHua
anma KaHya 0ar axbIpoOCy aHbIKTaNIbl. Peakuusibik cucremanarsl ['K emuemy
KoOolreH cailblH aTpasUHIUH THUAPOIHM3 Japaskachl oropynait (18-rabmuma).
Bupok, Oyn 4OHAYKTapAbIH OPTOCYH/IA CHI3BIKTYY KO3 KapaHIbLIBIK OaliKanOanT.
ATpasuHANH THIPOJHM3WHE, ap Oallka e9eMIery KHCIOTAIBIK (QyHKIIHOHAIIBIK
TONTOPY MEHEH MYHO3IelyYydy Oeylok TyMUH IpenapaTTapiblH KaTaJUTHKAJbIK
TAaCHPHUH CaJBIITHIPYy Y4YYH, anap KaTblIKaH peakmMsIapIblH KHHETHKAJbIK
napamMeTpiepu aHsIKTanas! (19-tad.).
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19 — Tabmuna - Ap TYpAYY KOHIICHTpAIMsAarsl MpenaparTapblH KaTbIIyyCcyHIa
aTpasUHINH THAPOJIN3 PEaKIISCHIHBIH KHHETHKANIBIK apamerpiepu (kyu ') (t=25°C;
pH-TBIH anraukel Maanucu 4)

T 0,5r/n 1,0 r/n 2,0 r/n 3,0 r/n 4.0 r/n

ko10° fip kel0' e ke'l0 fp ka'l0’ fp ke'10° frp
rK 3,33 208 [3,68 188 5,09 |136 5,54 125 5,82 119
OK 3,77 200 4,03 172 5,33 130 5,72 121 5,87 118
MK 3,09 P24 (3,43 [202 3,55 195 4,07 170 4,88 142
OI'K B3.91 177 @422 164 5,50 |125 5,87 118 6,30 |110
KI'K 3,22 215 j3,85 180 ©4,50 154 4,88 142 5,02 138
OI'K 3,21 216 3,64 190 4,12 |168 #4.,85 146 4,95 140
NIK 2,16 320 P47 280 4,56 |152 4,62 150 4,32 160

I'K karelmyycyHja aTpasuHAMH TUAponu3 peakuusicsl pH=4 spurmecune
KaparaHja eTe TOMOHKY JKBIIITHIKTArsl (pakTopy (A() MEHEH MYHe3eIeT, Oy 601co
I'KHBIH MOJIeKyJIabIK TAOUSATE MEHEH OalIaHbIIIKaH CTATHCTUKAIBIK (haKTOp MECHEH
maprranrad 6onyy kepek. ' KHBIH KOHIIGHTPAIMSACHIHBIH KOPCOTYJITOH apajbIrbIHIa
©3repYJYIly AaKTUBJACIITHPYY OHEPIUSACHIHBIH MAAHHCHUHE OJYTTYY TaacHup
tuiruzoeiT (20-Tabm.).

20 —rabyuna - ATpa3suHANH THAPOIH3 PEaKIUACH YIYH JKBIITHIK (DaKTOPYHYH JKaHa
AKTUBJIEIUTUPYY SHEPIUACBIHBIH MAaHUJIEPH

HapaMeTp pH 4 FK peaKHI/ISIJ'IBIK cucreMmaaarnl KOHI_ICHTpaIII/ISICI:I, F/J‘I
0,5 1,0 2,0 3,0 4,0
Eue kkam/M | 15,75 7,19 7,13 7,02 7,00 6,97
A,, nens’ | 1,02-10* | 2,45-10° | 2,48:10° | 3,02-10° | 1,78-10° | 1,82-10°

I'ymMuH mpemapaTTapblHBIH KaTalM3JIMK  aKTHBIYYJIYTY MEHEH allapIbiH
KHCJIOTAIBIK (DYHKIMOHAIJBIK TONTOPYHYH ©IYOMYHYH OPTOCYHIA KaHIAHIbIp-OHp
KOpPEJSIIUS JKOKTYTY aHBIKTaNgsl. Byn 0osco, I'TI kaTamuTHKAJIBIK aKTUBIYYIYTY
KHCIIOTAJIBIK TONTOPJIYH CaHbIHA raHa Ke3 KapaHIbsl 0O0JOOCTOH, OyJ TONTOPIYH
MOJICKYJIadapIblH CTPYKTYPACHIHIATbl KAWIAHBIIIBIHA 1a KO3 KapaH[Ibl JKCHIUTH
MEHEH IapTTanar.

JdeTroxcukanus K0dQpuunenTrepn JKaHa aTpasuHINH TYMHH
NnpenapaTrrapbl MeHeH 0ailyIaHbIIIBIHBIH TOKCHKOJIOTUSIJIBIK KOHCTAHTAJIAPBI

ATpa3WHANH TYMHH IIperapaTtTapbl MEHEH JCTOKCHKAIMSCHIHBIH (H3UKO-
XMMUSJIBIK  [TapaMeTpIIep, TEKCT-OOBEKT KaTapbl Oyymail ecymayryH Triticum
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aestivum (MHTCHCHBIYY COPTYy) KOJIOHYYy MEHEH Ia00paTOpHSIIBIK-BETeTAIHsIIBIK
9KCIEPUMEHTTEPIUH >KbIHbIHTBIKTAPbIHBIH HETU3UH/E 3CEITENIH.

Tecr->koonm KaTapbl JK€p YCTYHZery uuiiku OuoMmacca maiiianaHbUIIbL.
Hefitpannyy cyOcTpar kaTapblHIa KepamM3uT MaijaiaHbUIIbl, ara TamMak O0onyydy
OSPUTMEHU IKaHA TYMHH TIpenapaTTapblHBIH HEUTpajjallkaH dSPUTMETCPHHUH
Oenrmnyy mo3anapbiH kKuiinpauk. [Tl ecymaykrepayH abanbiHa THKECH-THKE TaacHp
KOpCOTYYCY MYMKYH, omoOHAyKTaH ['TIHBIH aAeTOKcUIMplieedy XeHIeMIYYJIYI'YH
ChIMaiibl 06aanoo y4yH CHCTEMaHBIH ap OMp KOMIIOHEHTHHHH, aTan aikaHga Oomr
aTpa3uHIUH, TYMHUH NpenapaTTapblHbIH KaHa aTpasHHINH TYMHUH IpenapaTTapblHbIH
KaTBIIIYyCYHarsl TAaCHPUH ajIbIH-aJla aHBIKTOO KepeK. AJINbIH-ala aTpa3sHHIWH
YYIyylayr'yHyH JAdana3oHy aHbIKTanabl (14-cypeT). ATpasuHIMH KOHTPOJBIO
CaJIBILITHIPraH/ia 6CYMAYKTYH YMHKH GMoMaccachlHbIH canMarblH 50%-ra asaiityyra
MaxOyp KbUITBIH KOHIEHTparmscht 8,0'10° M Tysy.

b=l
i

~l
o
I

R*=0.9951

.l
i

KOHTPOJLIOH %o

]

1] 0.5 1 1.5

YUiikH OHoMaccaHLIH
CAIIMATLI,

KonueHtpatmaarpasisa, 10°-M

14-cypeT. ATpa3uH y4yH J103ara Ke3 KapaHjsl dPQPEeKTUCH

I'ymuH mpenapaTTapblHBIH KOHIIEHTPAIMSACHL ap Oamika Taxpelitdanapna
0,1-10” ten 0,4-107 ueiinn xr OC/n e3reprynay. Anneia-ana ['Tlna yymyynyk sxok
9KEHJUTU AHBIKTAJITaH. Byynait OCYMIYTYHYH O6uomaccacsl TYMHUH
npenapaTTapblHBIH  TAaCHPH  acThIHAA KOHTPOJBAYK MaalbIMaTTapAaH Aalllblll,
(100+0,7)%-mar  (100+27)%-ra deiimH TYy3ay. OTe >XOTOpKy CTUMYJHAIITHIPYY
aktuBayynykry I'K kxepcerty, amap umiiku OHMOMAacCaHBIH CaJMarslH KOHTPOJIBIOH
127%-ra »xoropynartel. MK xana ®I'K I'Kra canbluTblpranga €Te TOMOHKY
aktuBayynykry OI'K jxana @K kepcerry. OH TOMEHKY CTHUMYJIAMITHIPYYYY
aktuBayYynykry OI'K xana @K kepceTTy, amapablH TaaCHPH aCTHIHAA OMOMACCaHBIH
KeOeHyIy >KCHepHMEHTANABIK KaTaHBIH dYeTHHAe Oonxy. ['yMuH mpemapaTTapbiH
Oepyy, AaTpasMHIMH ¥3WIACHTeH OapIblK  KOHICHTPAIMAAArbl  YyIyyIyryH

TOMOH/IOTYYT® TYPTKY OepIu. Kgc YOHIYTYH 9-(popMyIia 00I0HYA aHBIKTa IBIK:
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A
Kh=o A ©)
Crn -Aa- Crn
Kgc MAaHWCUH KOJIIOHYY MEHEH TyMUH TMpenapaTTapblHBIH  MaKCHUMAIYy
KOHIICHTPALISICHIH/IA alap MCHEH GaiilaHbIIIKaH aTpasuHANH canbl (SV) acerrenan:
C,-[A
A = >a [A] (10)
Cl'll
MbIHAA [A] — Oom aTpasWHAWH KOHIEHTpauusacel; Crp — TYMHH HpenapaTTapblHbIH
3CenTeeyiop YYYH MaKCHUMallyy KaTapbl TaHJairaH KoOHUEHTpauusicel; C, —
aTpa3vHIUH OEpPUITEeH KOHIICHTPALIUSICHI.
Cy

A=—2
(4] KA. -Cpp+1

(11)

ATpasuHIUH OailylaHbIl  KOHCTAHTACBHIHBIH (Kélc) JIETOKCUKALUSIIO0
ko3¢ dummentuHe (J]) cambIITBIpraHAa apTHIKYBUIBITEI TOMOHKYYO, AaKBIPKBICHI
JIETOKCHKAIMSIIOOHYH YeKUTTUK 0aachlH raHa aryyra MyMKYHIYK OepeT, al oMu Kﬁc
6oiico U3UIIEHYYYY npenaparrapbiH KOHIICHTPAIUSCHIHBIH OapbIK
JMaTa30HyHAArbl JETOKCHUIUpPIeedy JKOHIAOMAYYIYIYHYH MyHe3[gemecy Oomyn
scenteneT.  MBIHAAaH  THIIIKAPEI, Kgc KOJIIOHYy  TOKCHUKOJOTHSIIBIK
9KCIICPUMEHTTEPANH  JKBIMBIHTHIKTAPBIH ~ XUMISUIBIK  OKCIICPHMEHTTED  MEHEH
CaIBIUTHIPYY JKYPry3yyre MyMKYHOYK OepeT. M3unneenep kepceTkeHIeil OapabIk
CBIHATYydy TIIpemaparTap aTpasHuHAMH YYIyylyK JEeHI93IMH TOMOHIeTeT.
Herokcukamust kodddunuenTrepuHud [  MaaHWiIepd OOJDKONIOHTOH — TOIYK
neToKkcukauusagan 78% ammair. Kﬁc YOHIYKTaphlH, Mypnaa ocentenren Kg
KOHCTaHTanapbl MEHEH CallBIIITHIPraH/ia, alapAblH aOCOMIOTTYK YOHIYKTaphl )KaHa
©3repryuTYK MYHe3/1eMecy OOIoHYa Tyypa KeJNOEreHIUIMH KOpCOTTy. Kéc Ks
MaaHHCHH OpPTO 3Cell MEHEH OHMp-3KH Karapra ambIpaT. MBIHIAH THIMIKAPEL,
aTpasMHIVH THMaTOMENaH KUCIOTaJapbl MeEHEH OaifJlaHbBll  KOHCTAHTACHI
TOKCUKOJIOTHSAJIBIK MaajbIMaTTapbl OOIOHYA KaTapAblH aArblHAa Kamar. bym Gosnco,
XUMHANBIK  OalimaHelllyy — aTpasMHINH  TYMHH  IpemapaTrapsl  MEHEH
JICTOKCHKAIMSCHIHBIH HETH3IH MEXaHI3MH SMEC SKCHIUTHH KYO0eleolT. ATpU3HHANH
0acCBUIBIIIEI TYMHH IIpeTlapaTTapbIHEIH 6CYMAYKTOPAYH OHYTYIIYHe jKaHa eCYIIYHe
CTUMYJIATOPAYK TaaCHPU MEHEH Jarsl MIapTTalbIlbl MyMKYH, Oyn 6onco [l sxaHa Ry
YOHIYKTApbIHBIH ~ OPTOCYHJArbl — KOppemslus MeHeH gjanunieHaun. ['ymuH
IpemapaTTapelHBIH JKaHa alapiIblH CTPYKTYpPANIBIK (ParMEHTTEPHHUH ONOTYHYH
JCTOKCHIUPIIOOYY  JKOHAOMAYYNIYTy  OOOH4Ya  MaalbIMAaTTapiAbIH  aHAIN3U
KOPCOTKOHIOH, neTokcukanus KodpdunueHTnHuH ([]), arpaswHAMH T'yMHH

npenaparrapbl MCHCH OaliIaHBIIIBIHEIH TOKCUKOJIOTUSIJIBIK KOHCTAHTACHIHBIH (Kgc)
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YOH/YKTapblHbIH kaHa [Tl CTpyKTypachlHIarbl apoMarThIK )KaHa aau(aTHKAIBIK
(hparMeHTTEPUHIH KaTHIITAPEIHBIH OPTOCYHA K63 KapaHAbUIBIK Oap (21-Tabmumna).

21-rabmuna - ['ymMHH npenapaTTapslHBIH ©CYMIYKTOPAYH OCYLIYH aKTHBIYY
CTUMYJAALITBIPYY aHA JETOKCULHPIOeUY XOHAeMIYYJIYTYHYH aTpa3uHIe Kapara
CAJIBILITHIPMAJYy MYHO316MOCY

[Tl | 2CaA/%Cax |Rd  |Rgr | I K. VKT S*, mosw/kr
K [434 127 113 0,78 8,85-10° 1,45-107
®K [3,63 110 |80 0,6 3,75-10° 1,20-107
I'MK |2,55 112 |86 0,53 2,81-10° 0,22-107
OrK |5,76 107 |86 0,61 3,81-10° 1,22:107
KK | 4,06 125 | 107 0,71 6,12:10° 1,17-107
®TK |[3,52 117 |99 0,69 5,56-10° 1,10-107
NIK |3,55 122 |96 0,58 3,31-10° 0,50-10

CTpyKTypazarsl apoMaTThIK TY3YYIYJIOPAYH KeOeiyiry Oyi nmpernapartapabH
JIETOKCHULIUPIIOO JKOHIOMIYYJIYTYHYH JKOTOPYJAIIbIH IIAPTTAlT. ATpasuHIUH
JNETOKCHKAanusuioo kodhdunmenTnHuH [TIHBIH apoMaTTBIK —JapakachlHa — Ke3
KapaHABUIBITHl allapAbIH OPTOCYHJAArbl 7T — 7T apaKeTTeHYYCYHYH MaHIIYY pOJIYyH
JMATWIICHT, MYHYH HATBIIDKAChIHIA JKETUIICPIMK TYPYKTYy KOMIUICKCTEp Maiima
00JI0T. TemeHky Karap OoroHYa apoMaTTYyJIyKTYH TOMOH/IOIIY:
KI'K>TK>®OI'K>NI'K>I'MK  amapner  aTpasuH  MeHEH — OallaHBIITHIpYyIa
(YHKIMOHANABIK TONTOPAYH pONYy JKOTOPYJNAllbl MYMKYH, Oymap TyMuH
MpenapaTTapblHBIH  CTPYKTYPAIBIK (parMEeHTTEPUHIIETH OSJICKTPOHAOPAYH T — T
OailaHBIIBIHBIH ~ JNeQUIUTHH  Kalchl OWUp  Japaxkaga  KOMICHCALIMSIIAWT.
OYHKIMOHAIIBIK TONTOP AaTpasWHJAMH JKaHAa TYMHH TpenaparTapblHbIH
MOJIEKYJTalIapblHIa dJIEKTPOH-JOHOPAYK JKaHa JIIEKTPOH-AKIENITOPIYK Oopbopropay
TY36T J1a, TYPYKTYy KOMILICKCTEp IMH Talia O0TyIyHa ajbI KejeT.

Kopyrynaysiap

1.  AnabusTThl Kapam 4YbITYyHYH, dJKaHa Jarbl JKeKe H3WII0eepaAyH
HATBIIbKaTapBIHBIH HETM3UH/E TyMyC 3aTTaphl MOJIMMOJIEKYIAbIK aCCOUATTAP
JIeTl 3CENTeNyYdy CyNnpaMOJeKylIalblK aHcamOinep (arperarrap) Karapbl Kapamigbl.
CynpamornexynanblK [MapajurMaHblH HETH3MHIE TyMYC 3aTTapblHBIH peakLusira
KOHAOMAYYJIYTY JkaHa (QyHKIMOHAIABIK aTaibIHIBITBI CyOCTPaTTApAbl MOJIEKYJIAIBIK
TaaHBII OMIYY MEHEH OaifmaHslmkaH, Oy OSNTIITYY XMMHSIBIK MAalbIMATThl Ak
KYPYYUY PEakIusuIBIK 60pOOPIOPHO KY3YHE alIbIphLIaT.
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2.  Kueipreiz PecnyOnukaceinpl  Ke3ein  Kbisimarel keMyp KeHHUHZAETH
KBIUKBUIIaHTaH KYPOH KOMYPAOH OKCTpakius, (paKIUsUIAIITBIPYy »KaHa Jarbl
XUMMSUTBIK MOJU(PUKAIMIIO0 METOIJIOPYH KOJJIOHYY MEHEH T'YMHUH IIperaparTapbl:
TYMHH  KHCJOTajnapel,  (yJIbBOKHCIOTANIApbl, THUMAaTOMENIaH  KHCIOTaJaphl,
KPHOCTPYKTypaJlallkaH TyMHH  KUCJIOTaJlapbl,  OKCHTYMHH  KHCJIOTaJaphl,
(dhopMuUIHpIICHIKEH (kapOOHMIIICIITIKEH ) TYMHUH KHUCJIOTaJIapHI, TYMHUH
KHCJIOTATAPBIHBIH a30T TYYHOYJIapbl ajblHABL ['yMWUH IpemapaTTrapbl dJIeMEHTTHK
Kypamra, KbIYKBUITEK KapMooudy (YHKIHMOHAJIIBIK TONTOPro, MOJIEKYJIAJIbIK-
Maccallblk OOJIYHYIIYHO aHaJIu3ICHIH. DJICKTPOHIYK, BC xana 'H SIMP-, VK-
cnekrpockonusi, DIIP MeTonnopy MEHEH TYMHH NpernapaTTapblHbIH CTPYKTYpPabIK
(bparMeHTTepH HMACHTHU(QHUKAIMIAHABL KaHa Oyl (QparMeHTTepJe CaJIbIHTaH
XMMUSUTBIK MaaJlbIMaT JeTePMUHICIITHPIIANA. [ yMyc 3aTTapbIHBIH (YHKIHOHAIIBIK
crenu(HUKachlH KY4YOTYY, peakiusIra >KOHIOMIYYIYTYHYH d3(QQeKTHBIYYIYTYH
YKOTOpyJIaTyy JKaHa KacCHETTEPUHHH CIEKTPUH KEHEUTYY, QppakuusiaamTeIpyy jkaHa
0areITTyy MOAUGDUKAIMSIIOO KOy MEHEH HIIKE AlIbIPBUIIBL.

3. T'yMHH mHpemapaTTapblHbIH MeTaanaapiasiH Honmopyna (UO,™, Cu®’,
Pb*, Cd*") «kapara cOpOUMAIBIK IKOHAOMAYYIYTY u3wigeHmd. ['ymun
mpenapaTrTapblHarsl HOH aJMalllyy IPOLECCTEPUHUH CaHIBIK MYHO31eMecy
kenrupuwiga. K,,, 9oHIyryHyH pH-Ha, cOpOEHTTHH TONTYpyiyy HapakachlHa Ke3
KapaHBUIBITBl KaHa MPOTOTeHIUK TONTOPIYH UOHJOIIYY KOHCTaHTanapbIHbIH (K o)
MaaHWIepu MeHeH Oupled upIITTe OSKEHAWTM aHbIKTanabl. pH-TBIH  KbIcka
apasbITBIHIA JKaHa TOMOHKY TOATYPYIIyy JapakaJlapbIHIa (2-6%)
KaHaTTaHJIbIPapJIbIK TYPYKTYYIIyK Oaiikanasl. BUpok, o keGeiyiry MEHeH NpOTOHIAYH
MeTaJlJl HOHYHa anMalnyy KoHctanTanapbiHbiH (K,,;) MaaHucu OUp Kblitia a3asr.

4.  Meramnapabixa (U022+, Cu*, Pb™, Cd2+) HOHAOPYHYH THIPOJIU3
nporeccrepn m3maaeH. Mouosponyy (Cd>™ yuyn) xana ken symporyy (UO,™,
Cu®*, Pb* Y4YH) THAPOKCOKOMIUIGKCTEPAWH Taiia OONylly  aHBIKTAJIbI.
I'MIpOKCOKOMIUIEKCTEPAUH TYPYKTYYJIyK KOHCTAHTAachl 3CENTENAM, HOHIYK TEH
CAIMaKTYYyJIyKTapAblH aHaIW3M OKYPrY3YJIOy, OpurMenern pH-TBIH KeHUpH
WHTEpBaJbIHAA OOJIYKUYONOpIyH OeNyHYIl YeKTepd  aHbIKTaabl.  MeTtamn
HMOHIOPYHYH TYMHH IIperapaTTapbl MEHEH KOMIUIEKC Haija KbUlyy HpOLECCTepUH
W3WII66 YYYH MeTauIapaslH 0o (THOpaTTallkaH) HWOHAOPYHYH YCTOMIYK
KbUIyy4dy 00JacThl TaHIAJIIbI.

5. Ap typayy MerommopAy (MOH anMailyy copOumus, Telb-QHIbTPIes,
nojsiporpadusi, HOH anMamyy XpoMoTorpadus) KOJNJIOHYY MEHEH MeTal
MOHJIOPYHYH TyMMH IIpernaparrapbl MEHEH TIeTepOreHAUK >KaHa TOMOIEHINK
cucTeManapiarsl KOMIUIEKC Taia Kbulyycy U3WigeHan. KomrurekcTepanH
TYPYKTYYJIYK KOHCTAaHTaNapbl JCenTennud. [ yMHH TmpernaparTapblHbIH K33 Oup
YITYIOpYHYH  METall ~ HOHAOPYHa  KapaTa  KOMIUIEKC — Talga  KbUIyy
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XKOHIOMIYYJIYTYHYH alblpMalnyyiayry aHbIKTaiaabl. ['yMHH mpenaparTapblHbIH
JKApATBUIBIIIBIHA KapabacTaH, Taiga KbUTyydy KOMIUIEKCTEPIUH TYPYKTYYIyTry
60I0HuYA MeTaUl HOHAOPY TOMOHKY KaTapra skaillaHbllnar:

U0, >Cu’>Pb*"> Cd**, Gyn karap IIMpcomayH “KaTaamibik” KaTapbl OOOHYA
sKaiframyyra Tyypa kener. Kommuekcru mnaiina KbUlyy IpOLECCTEPUHIETU
MOJIEKYJIAPABIK TAaaHyYHYH ©3Te4eNIYKTepy Kapaiabl, Oylap MeTana HOHIOPYHYH
SNMEKTPOHAYK KOH(UTypamuschlHa >kKaHa TYMHH IIPEHapaTTapblHBIH IOHOPIYK
aTOMJIOpYHA HEr'U3/eIIeH.

6. ATpasMHIVNH TYMHH IpemapaTTapbl MEHEH ap TYpAyy IIapTTapAarsl
GaiinaHbllIbl U3HIACHAU. |'yMUH IpenaparTapblHblH Oailnanbim koHcTaHTanaps! (Ks)
JKaHa aTapAblH MAaHUICPHHUH TYMHH ITIPENapaTTapblHBIH MYHO3IYY OenruieprHe
KO3 KapaHABUIBITE aHBIKTANABL. VIMIyNbCTYK yylamallThIK KaHBITYYHY >KbIIIBIPraH
STD SMP aiiplpMaybUIBIK CHEKTPOCKOIUS XKaHA SOPOIYK KOPPessus yOaKThICHIH
PETAKCOMETPINK ©I9ee MeToamopy OoroHwa arpasmH MeHeH [Tl opTocyHmarst
KOBAJICHTTHUK 3Mec OaiaHblnTap uaeHTHGUKanusIansl, cnu-ropuoiyk (T,) crus-
crimaauk (T,) pemakcanusiabIK YOHTYKTap, OLIOHION dJi€ aTpasHHIWH MPOTOHIYK
SIPOJIOPYHYH KOPPEIALMACHIHBIH YOAKThICHl aHBIKTAJbL.

7. Ks maanunepun jxaHa SIMP cneKTpoCKONUACBIHBIH MaaJlbIMAaTTapbIH
KOPPEIAIUSITBIK aHAIN3TI06OHYH KBIHBIHTBIKTAPEI OoroH4a aTpasHHIN
GalIaHBIITEIPYy HPOLIECCTEPUHAE TYMUH IpenaparTapblHbIH CTPYKTYPaChIHAATbI
apoMaTTHIK (parMeHTTepANH MAaaHWIYY POy KOpCOTYNAy. ApPOMAaTTHIK Iapakachl
TeMeH Goiron I'Tl yuypyHnna ruapodobayk e3-apa apakeTTeHYY, aHbl MEHEH Oupre
(YHKIMOHANABIK TONTOP apKbUTyy TY3YJTOH 3JIEKTPOH-IOHOPIAYK >KaHa AJIEKTPOH-
aKIenTopayk O6opOOpoNIOp HTOMHHAHTTBIK pPONBAY OHWHOIIOT, Oymap TyMHH
IpenaparTapblHblH CTPYKTYPAachIHJArbl 3JIEKTPOHAOPAYH 1 — 7 OaillaHbIIIBIHBIH
JeUIUTTUTHH KaHTaWabIp OUp Aapakaaa KOMIICHCAIIMSIIANT.

8. T'ymuH mpenapaTTapbIHbIH aTpasHHIUH CYy Y6oHpOCYHIOT'Y THAPOIU3UHE
KaTaIM3[IWK TAaaCHPH AaHBIKTANABl. PeakIWsHBIH KHHETHKAJbIK IapaMeTpiepu
3CENTENAU, NPOLUECCTUH AaKTUBACLITUPYY OSHEPrHACHl aHBIKTAJbI, AaTPa3sUHAUH
THAPONU3NHE TYMHUH TIPEHNapaTTapblHBIH ap TYPAYY YATYJIOPYHYH KaTaau3guK
TAaaCUPHHUH  CANBIITHIpMANyy aHamm3W okyprysynmy. [Tl  kaTemmyycymnma
PEaKUUSHBIH bUIIAMABIK (PAaKTOPYHYH (A() MaaHUCHHUH TOMOHJeIly OaiKasbl.
I'TIHBIH KaTanM3AMK aKTUBAYYIYTY MEHEH MPOTOHOTCHIWK TONTOPAYH ©IY6MYHYH
OPTOCYHAATHI OailyIaHbIII aHBIKTAJIIBL.

9. JKammer  amraHga @ TYMHH ~— TpemapaTrTtapsl  CyNpaMOJIeKyIaibIK
peLenTopaop KaTapbl, MOJEKYNANbIK CTPYKTYpachlHAA ap TYPIAYY TOKCHKAaHTTap.bl
MOJICKYJIAJBIK OMIIYYr'® XOHIAOMIYY OOJITOH KenTereH OopOopiopiyH OoiylryHa
0aiiIaHBIITYy KOMIUIEKCTUK TaacHp 3TYYYY AETOKCHKAHTTap OOIyT caHamar. Bupok,
K33 Oup ¢pakuusulapasl MakcaTTyy TaHJI00 >KaHa TyMHH 3aTTapbl XUMUSUIBIK
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MOJU(PUKALUSIO0, allaplblH JICTOKCUIUPIIOeUy TaacUpUHUH 3S(deKTUBIyyIyryH
JKOTOpYyJIaTyyra MyMKYHIYK OeperT.

10. Buorectupiee MeTonnopy MEHEH T'YMHUH IIpernaparTapblHbIH Uuo,”,
cu*, Pb*', Cd* HMOHJIOpPYHA KaHa aTpa3sWHIe Kapara JACTOKCHIHPIIOedYy TaacCHpH
aHbIKTaNABl.  JleTokcukamusuioo kosg¢unuentrepu (/I) skana OynroouynapbiH
TYMUH TpernapaTTapbl MEHEH OalIaHBIIIBIHBIH OPraHUKAJIbIK KOMYPTEKTHH K'gc)
©JIY6MYHO HOPMAIJAIITHIPHUIraH TOKCUKOJIOTHSJIBIK KOHCTaHTANAphl dcentenau. J|
HbIH (QYHKIHOHAIIBIK TONTOPJAYH apoMaTTyyJIyryHa JKaHa eJueMyHe Ke3
KapaH/ABUIBITBl aHBIKTANABI, Oyn artpasuH xana [Tl oprocynma m —m jkaHa
JIOHOPIIYK-aKIEITOPAYK ©3-apa apaKkeTTCHUIIYYJIOpAYH MaaHWIYy pojJyHa KyOe
00JIOT.
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JIu Cepreii [TaBnoBuYTHH
“Moan(puKanMsaIaHIaH TyMyC 3aTTApPbIHBIH CTPYKTYPAJbIK (pparMeHTTepHH,
peaknmsira SKOHAOMAYYJIYTYH :KaHA YYyCy3AaHABIPYY KACHETTepHH H3HII00”
TemacbiHaarsl  02.00.03 — opranukajabik xumus skaHa 02.00.04 — ¢puzukajibik
XUMHUS QJMCTHTH 0O0IOHYA XMMHUS WIMMIAEPUHHH JAOKTOPY OKYMYIUTYYJIYK
JapakacbIHA CYHYII KbUIBIHIAH JUCCEPTANMACHIHBIH
KOPYTYHAYCY

Herusru ce3gep: TyMycC 3aTTapbl, CYNpaMOJIEKYJalblK aHcaMOep,
MOJIMMOJICKYJIABIK aCCOIUATTAP, YYCY3IaHABIPYY, XUMISIIBIK MOAU(PUKAIUSIIOO.

H3unneeHyH o00bEKTHCH: TYMHUH  KUCIOTajnapbl, (yIbBOKHCIOTANAp,
TUMaTOMENaH KHUCIOTATaphbl, KPHOCTPYKTYypabIK TYMHH KHCIOTajlapbl, OKCHT'YMHH
KHCTIOTANapsl, (opMUpIEHreH (KapOOHWIAEHI€H) TYMHH KHCJIOTaJaphl, TYMHH
KHCJIOTAJIAPBIHBIH Q30T TyHAYYJapbl, aTpa3uH.

HNmtuH MakcaTbl: XUMISUIBIK Oynroodyiapra KOMIUIEKCTYY JKaHa aTalbiH
YYCY3IaHABIPYYydy TaacHp 3TYYTe XeHIeMIYY OONroH CyNpaMOJICKyNalbIK T'YMHH
HpenapaTTapblH ULITEI YbITYY.

N3unneenyH MeTOAIOPY: Telib-4bIIKaIo0, HOH ajMallyydy Xpomarorpadus,
nomsporpadust, MK-cnekrpockorms, SMP-cnexrpockormms, OIIP- cmexTpockomus,
HWHBEPCHS METOIOPY.

Anmnaparrap: “Kapio Op6a” ananuzaropy, CP-46 cnekrpodoromerpu, Perkin-
Elmer System-2000 cnexrpodoTtomerpu, Bruker Aspect 3000 cmekrpomerpu, SE/X
2547 Radiopan cnekrpometpu, Bruker DMX 500 SIMP-cnekrpometpu, Perkin-Elmer
Analyst 800 aromayk-aacopOIusIbik criektpoMeTpH, “KDK-2” dorokomopumerpu,
ITY-1 ynuBepcannyy nonsporpadsl, System GoldTM Model 126 (Beckman, AKIII)
xpomatorpadsl, Bruker Advance MHz ciektpometpu.

3pIHra ydyparaH OHOT€OLEHO3JOpAYH HOPMALyy TUPHYMINTUH KalbIOBIHA
KeNTHPYY YYYH OyiranraH oObeKTHIEpre yyCy3HaHIBIPYYHY KYPry3yy kepek. Byn
HII KOIUYJIYK ydyp/a NaianaHbUIbIT JKaTKaH YyCy3IaHIBIPYydy areHTTepIuH
3¢ heKTUBAYYITYTYHO KO3 KapaH bl 00JIOT.

Viuryra GalnaHelITYy yyCy3HaHABIPTBIYTApIBI HINTEN YBITYy MacelecH oTe
akTyanmyy Oomym ocemrener. ['yMyc 3arTapslHa 3KOJOTHSIIBIK  IIPOIECCTEpre
KOMIUIEKCTYY TaacHp OSTYY MyHe3ayy. ['ymyc 3aTrapsl 3amaHOam WIMMHA Ke3
Kapamrap OOIOHYAa MOJNMMOJIEKYJANbIK acCOlMaTTapJaH TypraH CyNpaMOJeKyIaabIK
arcaM0maep (arperarrap) KaTapsl Kapaayyna.

byra OaifmaHpImTyy >XOropyyna aiThuIraH akTyalnyy npobiema Oyi winTe
OailTaHBILTHIPEUITaH CYOCTpaTKa (TOKCHKAHTKA) JKOTOPKY TEKTHUINTHUKTH AHBIKTOOTY
CTPYKTYypanblK ()parMEeHTTEp MEHEH OalbITHUIraH CyNpaMoJIeKyIaablK PEenTOPIOPIY
allyy Y9YH T'yMyc 3aTTapblH OarsITTyy MOIU(DUKAIIO0 KOIy apKbUIyy alyy MEHEH
YEeUNITIH.
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Koipreiz PecniyOnukackiibiH Kbi3bul-Kbist KEHHHIETH KBIYKBUIJAHTAH KYPOH
KOMYPYHOH SKCTPaKUus, (paKkuusioo, OMOHAOH 3J1€ XMUMHSUIBIK MOIU(DUKAIHMSIIO0
METOTIOPYH KOJJIOHYY MEHEH TYMHH TIIpelapaTTapbl: TYMHH KHCIIOTaJapebl,
(GynbpBOKMCIOTANAP, T'MMAaTOMENaH  KHUCIOTajdapbl, KPUOCTPYKTYPAIbIK TyMHH
KHCJIOTAJIapbl, OKCUTYMHH KHUCIIOTanapbl, (hOpPMHUpIICHTeH (KapOOHWJIJICHIeH) TYMHH
KHCTIOTAJIapbl, TYMHH KHCJIOTAJTAPBIHBIH a30T TYHAYyJdapbl aimblHABL [ ymMuH
IpenapaTTapblHBIH AJIEMEHTTHK KypaMbl, KBIYKBUITEK KaMTBHITaH (YHKIMOHAIIBIK
TONTOPAYH CaHbl, MOJEKYJAJIBbIK-MaCCAIbIK OeNymTYypyy OOIOHYA aHATH3IEHIH.
I'ymuH mpenapaTTapblHBIH —MeTall  HOHAOpyHa () Kaparta  COpOLHSIIBIK
KOHIOMIYYIYTY, Oy MeTal MOHIOPYHYH THAPOJIH3 NPOLECCTEPH M3IIICHAN. Ap
TYPAYY MeToiopy (MOH alMallyydy copOLus, Teflb-4bIKaaoo, nonsporpadus, noH
anMaiyydy xpomarorpadus) KOJIOHYYy MEHEH T'YMHH NMpenapaTTapblHbIH KOMILIEKC
maiifa KeUIyycy m3wineHau. Typayy Imaprrapia aTpasMHAWH TyMHH IIperapaTTapbl
MeHeH OaiiiaHblllyy MpoLeccTepd H3WIAeHaAd. buorectupnee MeToanopy MeHEH
TYMHMH TpenaparTapblHBIH  HMOHIOPYHA, OIIOHIOH »5Je aTpasuHre  THHTHU3TeH
YYCY3IaHABIPYYIy TaacCHPH aHBIKTAIIbL.

Janms! )kOHYHaH TYMHH IperapaTTapbslH Oap/bslk Oallka T'yMHH 3aTTapbIHAAN
3J1e, MOJIEKYJIAJIBIK CTPYKTYPAChIHAA TYPAYY TOKCHKAHTTapAbl MOJEKYJIAIBIK TAaaHBII
Owryyre keHmemayy OonroH kemrereH OopOopiopy ©Oap  GonroHIyKTaH,
KOMIUIEKCTYY TaacHp 3TYYYY YYCY3HaHIBIPTBIYTAp KaTapsl Kapooro OosoT. bupox
alippiM  QpakiusIapasl  OarbITTyy TaHZOO S>KaHa TIYMHMH 3aTTapblH  XUMHSUIBIK
MO (PUKAIMAIO0 alfphIM TOKCUKAHTTApra aTalblH KOTOPKY APHIIIIIE TaaCHp ITYYIY
MYHO3Te 33 OOJITOH MpernapaTTap/pl aTyyra MyMKYHIYK OepeT.

KoamoHyy :KakTapbl: TyMyC 3aTTapbIHBIH XHMUSCHI, DKOJIOTHS, arpOXHMUS
JKaHa TOITypaK TaaHyy.

PE3IOME
aucceprauuu Jlu Ceprest [TaBoBuya Ha Temy: «HMcciegoBaHue CTPYKTYPHBIX
(parMeHTOB, peaKUHOHHOW CHOCOOHOCTH M [EeTOKCHLMPYIOUINX CBOIiCTB
MOANGUIMPOBAHHBIX T'YMYCOBBIX BeIIECTB» HA COMCKAHHE Y4YeHOii cTemeHH
JOKTOpa XUMHYECKUX HayK no crnenuagbHoctu 02.00.03 — opranuyeckas XumMus
u 02.00.04 — pusuyeckas xumus

KioueBbie ciioBa: TYMYCOBBIE BEILIECTBA, CYIpaMOJIEKyJISIpHEIE
aHcaMOJlM,  TIOJIMMOJIEKYJISIPHBIE ~ acCcOLMaThl,  JETOKCHUKAIMA,  XUMHYECKas
MOIU(BUKAIIHSA.

O0beKT HCCJIeJOBAHNS: TYMHHOBBIE KHUCIIOTHI, (yJTbBOKHCIIOTHI,

TMMaTOMENIaHOBBIE  KHUCIOTBL, KPUOCTPYKTYPHPOBAHHBIE TI'yMHUHOBBIE KHCIIOTHI,
OKCUTYMUHOBBIE KHUCIJIOTHI, (hOPMIINPOBAaHHbIE (KapOOHMIMPOBAaHHBIE) T'yMUHOBBIE
KHUCIIOTBI, a30TIPOU3BO/IHBIE TYMHHOBBIX KHCJIOT, aTPa3HH.

Hens padoTbl: pa3paboTka CympaMOIEKyISIPHBIX T'yMHHOBBIX IIPEHNapaToB,
00IafjaloIX CIIOCOOHOCTBIO OKa3blBaTh HAa XHMHUYECKHE 3arpsi3HUTENN  Kak
KOMIIJIEKCHOE, TaK U Crienu(uiecKkoe JeTOKCHIHPYIolee BO3eHCTBHE.
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Metoapl Mccje0BaHUA: TeNb-QHIBTPAis, HOHOOOMEHas Xpomarorpadus,
nonsiporpadpuss, WK — cnexrpockonus, SIMP — cnekrpockonus, OIIP —
CIIEKTPOCKOIIHSI, METO/IbI HHBEPCUH.

Annapatypa: anammsatop «Kapmo DOpba», cmekrpodoromerp Cd-46,
criekrpodoromerp Perkin-Elmer System-2000, ciekrpomerp Bruker Aspect 3000,
cnektpometp SE/X 2547 Radiopan, SIMP-cniektpomerp Bruker DMX 500, aromHo-
abcopOimonnsli  crekTpomeTp Perkin  Elmer Analyst 800, ¢oToxomopumerp
«K®K[12», yauBepcanbHblii momsiporpad ITY—-1, xpomarorpag System GoldTM
Model 126 (Beckman, CIIIA), cniektpometp Bruker Advance MHz.

Jst  BOCCTAHOBJICHHST HOPMATBHOM JKU3HENCATENbHOCTH  ITOBPEXKICHHBIX
OHMOTeOIIeHO30B HEOOXOMUMO TPOBOJUTH JCTOKCHUKAIUIO 3arpsi3HEHHBIX OOBEKTOB,
YCIIEIHOCTh KOTOPOH BO MHOTOM 3aBHUCHT OT 3()(EKTHBHOCTH IMPUMEHSEMBIX
JIETOKCUIMPYIOIINX areHTOB.

B cBs3u ¢ 3THM IpexcTaBisAeTcs BeChbMa aKTyallbHOW Tpoliema pa3paboTKh
JIETOKCUKAHTOB, J{JI T'yMyCOBBIX BEILECTB XapaKTEPHO KOMILJIEKCHOE BO3ACHCTBUE Ha
OKOJIOTUYECKHE TpOLecCh. [yMycOBBIE BemIeCTBa IO COBPEMEHHBIM HAYYHBIM
TIPEICTaBICHUAM PAcCMaTPUBAIOTCA KaK CyNpaMoJIeKyJIIpHBIC aHCaMOJIM (arperarsl),
[IPEe/ICTaBIECHHbIE TIOJIMMOJIEKYIISIPHBIMU aCCOLIMATAMHU.

B o100l cBs3M ykazaHHas BBINIE aKTyajibHas mpobiema B HacTosmied padore
peleHa IMyTeM HaNpaBIeHHOH MOMU(PHKAIMKA TYMYCOBBIX BEIIECTB IS MOTYYCHHS
CYIPaMOJIEKYJISIPHBIX T'YMHMHOBBIX PELENTOPOB C OOOTaIlleHHBIMU CTPYKTYPHBIMHU
(parmMeHTaMH, ONpPENENSIONMU BBICOKOE CPOJACTBO K CBSI3BIBAEMOMY CyOCTpaTy
(TOKCHKaHTY).

U3 oxucinenHoro Oyporo yrisi mectopoxnenust Kenpui-Kus Koiprezckoit
PecriyGiuky ¢ UCTIONB30BAaHUEM METOJOB AKCTPAKLUH, (PPAKIMOHUPOBAHMS, a TAKKe
XUMHUUYECKOH MOIU(UKAIMH TOTyYeHBl TYMUHOBBIE TIpENapaThl: T'yMHHOBBIE KUCIIOTHI;
(YITBBOKHCIIOTHL; THMAaTOMENIAHOBEIE KUCIIOTHI; KPHOCTPYKTYPUPOBaHHBIE TYMUHOBBIE
KHCJIOTBl; OKCHUTYMHHOBBIE KHCJIOTBI;, (HOpMHIMPOBaHHBIE (KapOOHWINPOBAHHbIE)
TYMHHOBBIE KUCIIOTBI; a30TIPOM3BOAHBIE TYMUHOBBIX KUCIIOT. [ YMHHOBBIE MpenapaTsl
aHAJM3UPOBAHBl Ha DJJIEMEHTHBIH COCTaB, COJEpP)KaHHE KHCIOPOACOIEPIKAIIIX
(YHKIMOHAIBHEIX ~ TPYII, MOJEKYJIIPHO-MAaccoBOE  pacmpeselicHue. V3ydeHa
copOIMOHHAsT CIIOCOOHOCTh TYMHHOBBIX IPENapaToB IO OTHOLICHHIO K HOHAaM
metamioB (UO22+, Cu2+, Pb2+, Cd2+), uccienoBaHbl MPOIECCH THAPOJIN3A 3THUX
HOHOB MeTa/uIoB. C HCIOb30BaHUEM Pa3INYHBIX METOA0B (HOHHOOOMEHHAs COpOIHS,
renb-puabTpanus, nonsporpadus, HOHOOOMEHHas Xpomororpadusi) H3Yy4EHO
KoMIUIekcooOpazoBaHue.  VccrienoBaHO — CBSI3BIBAHHME — aTpa3dHa  TYMHHOBBIMHU
npernapaTaMy IpH Pa3IUdHbIX YCIOBUsIX. MeTogamMu OHOTECTHPOBAHUS YCTAHOBIICHO
JICTOKCHIUpYIOIIee BO3ACHCTBHE T'YMHHOBBIX mpemapaToB Ha U022+, Cu2+, Pb2+,
Cd2+, a Taroke Ha aTpasuH.

B nenoM rymMHHOBBIE IpenapaThl, Kak U BCe APYyrHe I'YMHUHOBBIC BEIECTBa, B
CHJTY TIPUCYTCTBHS B HX MOJIEKYJISIPHOW CTPYKTYpe MHOXECTBA [IEHTPOB, CIIOCOOHBIX K
MOJICKYJIIPHOMY PACIIO3HABAHHIO PA3JIYHBIX TOKCHKAHTOB, CJICIYeT PacCMaTPHBATh B
KauyecTBE JICTOKCUKAHTOB KOMIUIEKCHOro neictBusa. OAHaKko  LiesIieHanpaBieHHBIN

52



0TOOp OTHENbHBIX (pakuuil M XuMmMHyeckas MoAM(UKALUs TYMHHOBBIX BEILECTB
[03BOJISIET TOJYYUTh TMpenaparbl, XapaKTEepU3YIOIIMECsS MOBBIIIEHHBIM YpPOBHEM
CIEIM(UIHOCTH K OTICIBHBIM TOKCHKAHTAM.

O0snacTh NpUMEHEHUsI: XUMUS TYMYCOBBIX BELIECTB, SKOJIOTH, arpOXUMUS U
[IOYBOBEJICHHE.

SUMMARY

the dissertation of Li Sergey Pavlovich on the topic: "Investigation of structural
fragments, reactivity and detoxifying properties of modified humic substances"
for the degree of Doctor of Chemical Sciences in specialty 02.00.03 - organic
chemistry and 02.00.04 - physical Chemistry

Key words: humic substances, supramolecular ensembles, polymolecular
associates, detoxification, chemical modification.

Object of the study: humic acids, fulvic acids, gumatomelanoic acids,
cryostructured humic acids, oxyhumic acids, formed (carbonylated) humic acids,
nitrogen derivatives of humic acids, atrazine.

The purpose of the work: development of supramolecular humic preparations,
which have the ability to exert a complex and specific detoxification effect on chemical
pollutants.

Methods: gel filtration, ion exchange chromatography, polarography, IR
spectroscopy, NMR spectroscopy, EPR spectroscopy, inversion methods.

Equipment: Carlo Erba analyzer, SF-46 spectrophotometer, Perkin-Elmer
System-2000 spectrophotometer, Bruker Aspect 3000 spectrometer, spectrometer SE /
X 2547 Radiopan, NMR spectrometer Bruker DMX 500, atomic absorption
spectrometer Perkin Elmer Analyst 800, photocolorimeter KFK-2, universal
polarograph PU-1, chromatograph System GoldTM Model 126 (Beckman, USA),
spectrometer Bruker Advance MHz.

To restore the normal life of damaged biogeocenoses, it is necessary to detoxify
contaminated sites, the success of which largely depends on the effectiveness of the
detoxifying agents used.

In this connection, the problem of the development of detoxicants is very urgent.
Humic substances are characterized by a complex effect on ecological processes.
Humic substances according to modern scientific concepts are considered as
supramolecular ensembles (aggregates), represented by polymolecular associates.

In this connection, the above-mentioned actual problem in the present work was
solved by directed modification of humic substances to obtain supramolecular humic
receptors with enriched structural fragments that determine high affinity for the
binding substrate (toxicant).

From humified brown coal of the Kyzyl-Kiya deposit of the Kyrgyz Republic
using the extraction, fractionation, and chemical modification methods humic
preparations have been obtained: humic acids; fulvic acids; gimatomelanic acids;
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cryostructured humic acids; oxyhumic acids; formed (carbonylated) humic acids;
nitrogen derivatives of humic acids. Humic preparations are analyzed for elemental
composition, content of oxygen-containing functional groups, molecular weight
distribution. The sorption ability of humic preparations with respect to metal ions
(UO,*" Cu**, Pb*', Cd*") has been studied, processes of hydrolysis of these metal ions
have been studied. Using complex methods (ion-exchange sorption, gel filtration,
polarography, ion-exchange chromatography), complex formation has been studied.
The binding of atrazine with humic preparations under various conditions has been
studied. By methods of biotesting detoxifying effect of humic preparations on UO,*",
Cu*, Pb*, Cd**, and also on atrazine has been established.

In the whole humic substances, like all other humic substances, in the presence
of a number of centers in their molecular structure, which are very similar to the mul-
tiplication of various toxicants, it should be considered as a detoxicant for a complex
act. However, a selective selection of individual fractions and chemical modification of
humic substances allows obtaining preparations characterized by an elevated level of
specificity to individual toxins.

Field of application: chemistry of humic substances, ecology, agrochemistry
and soil science.
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