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V]IK 621.643:620.197

Ti3Co/TiO2, COMPOSITE CATALYST FOR HYDROGEN EVOLUTION
REACTION PRODUCED BY SELF-OXIDATION METHOD

Ryabicheva! M.A., Skakov? M.K., Miniyazov? A.Zh., Zhanbolatova® G.K., Malchik* F.I.

lal-Farabi Kazakh National University, Almaty, Kazakhstan
2RSE “National Nuclear Center of the Republic of Kazakhstan”, Kurchatov, Kazakhstan
3Branch “Institute of Atomic Energy” of the RSE “National Nuclear Center of the Republic of
Kazakhstan”, Kurchatov, Kazakhstan

*E-mail: frodo-007@mail.ru

Abstract: Introduction. The layered material MXene (TisC2Tx) has a high specific surface area and
variable surface functional groups, which creates the possibility of its application in various directions.
One of them is the water electrolysis to produce ‘green’ hydrogen. However, in its pure form, MXene has
low catalytic activity for this process, so it is modified by varying both the functional groups and
additional active components. Titanium dioxide (TiO2) has previously been used as an effective hydrogen
evolution reaction (HER) catalyst, both pure and in combination with MXene materials, showing
synergistic effects and increasing the HER performance. Moreover, TiO2 is formed by oxidation of
TisC2Tx on the surface of this material layers, which is a simple and affordable way to obtain a modified
catalyst. The purpose. To develop an efficient catalyst for HER based on MXene layered material and
titanium dioxide. Methodology. The MXene/TiO2 composite catalyst was prepared by controlled oxidation
of MXene suspension with air oxygen. The composition and structure of the synthesized catalyst samples
were confirmed by X-ray diffraction analysis, Raman spectroscopy and transmission electron microscopy.
The catalytic activity of MXene/TiO2 was determined by linear voltammetry. Results and Discussion.
With increasing oxidation duration, an increase and then a decrease in the catalyst efficiency was first
observed. The optimum oxidation time was 48 hours, and the hydrogen evolution overpotential was - -301
mV at 10 mA/cm?. Conclusion. The composite catalyst based on MXene/TiO2 obtained by the method of
oxygen-air oxidation has acceptable catalytic activity for the HER.

Key words: hydrogen evolution reaction, water electrolysis, alkaline electrolyte, electrocatalyst, 2D
materials, MXene, titanium dioxide.
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KOMIO3UTHBINA KATAJU3ATOP TizC,/TiO, VIS PEAKIIMW BBIJAEJEHUSA BOJOPOJIA,
MOJYYEHHBII METOJIOM CAMOOKUCJIEHUS

M.A. Paouuesa', M. K. Ckaxoé?, A. K. Munusnzoé®, F. K. Kanboramosa®, ®@.H. Manvuux™™

'Kasaxckuii nayuonansuwiii ynusepcumem um. ano-Papabu, Anmamer, Kazaxcman
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Peswme: Bseoenue. Cnouctsiii matepuan MXene (TisC2Tx) oGmagaetT BBICOKOW yOENbHON IUIOLIA/BIO
MMOBEPXHOCTH M BapbHPYEMbIMH IOBEPXHOCTHBIMH (DYHKIMOHAJIBGHBIMH TPYNIAaMH, 4YTO CO3/aeT
BO3MOYKHOCTb €r0 MPUMEHEHHs B PA3IMYHbIX HanpapieHHsX. OTHAM U3 HUX SBIISICTCS JICKTPOJIH3 BOJIBI
C LEJbl0 MONy4YeHHs «3eleHoro» Bojpopona. OnmHako B uucToM Buae MXene oOnamaer HHU3KOH
KaTaJIMTUYECKOH aKTMBHOCTBIO ULl TAHHOTO IIPOLECCa, MOITOMY €ro MOIU(UUUPYIOT, Bapbupys Kak
(YHKUHOHANBHBIE TPYIIIBI, TAK W JOMOJHHUTEIbHbIC aKTHBHbIE KOMIOHEeHThI. Jlnokcua turana (TiO2)
paHee yxe NPUMEHsUICS B KayecTBe d((PEeKTHBHOrO Kataiu3aTopa peakiuH BBIACICHUSI BOJOPOJA Kak B
YHCTOM BH[E, TaK U B KOMOWHanuu ¢ marepuaiamu MXene, mokaspiBas cuHepretuueckuii 3GdexT u
yBEJINYUBAs TOKA3aTeNIM peakuuy BblaeneHus Bogopoaa. bonee Toro, TiO2 obpa3yercs npu OKUCISHUU
TisC2oTx Ha MOBEPXHOCTH CIIOEB STOTO MaTepHala, YTO SIBIIETCS MPOCTHIM M JIOCTYIHBIM CIIOCOGOM
MOJTy4YeHUsT MOAU(UIMPOBAHHOTO Karanuzatopa. [lens. paspaboTath 3(PQEKTHBHBINH KaTalu3aTop
peakuuu BbIJEJEHHS BOAOPOJA HA OCHOBE CJIOMCTOrO Marepuana MXene M IMOKCHIA THTaHa.
Memooonocus. KommnosutHbiit katanuzarop MXene/TiO2 Obul IONydYeH IyTEM KOHTPOJIUPYEMOrO
OKHCJIeHUs cycreH3un MXene kKucinopogoM Bo3ayxa. CocTaB M CTPYKTypa CHHTE3UPOBAHHBIX 00Pa3IoB
KaTanu3aropa ObUIM  HOATBEPXKICHBI  METOJaMHM  PEHTreHo(a30BOr0  aHaumu3a, pPaMaHOBCKOU
CIIEKTPOCKONIMU U TPOCBEUMBAIOLICH DJIEKTPOHHOM MHKpockomueil. Kartamutudyeckas akTHBHOCTH
MXene/TiO2 Gbl1a onpezeneHa METOAOM JTMHEHHOM BOJIIBTAMIICPOMETPHH. Pesyibmampl u obcydcoenue.
Ilpu yBenuueHWH NPOJOJDKHTEIBHOCTH OKHCICHUSI HAOJIOAeTCs CHayaja poCT, a 3aTeM CHIDKCHHE
a¢dexTrBHOCTH Katanu3aTopa. ONTUMaNbHOE BpEMs OKUCICHHS COCTaBUIO 48 4acoB, MepeHanpspKeHue
BbizieNienns Bojopoza — -301 MB mpu 10 MA/cM?. 3axmouenue. KOMMO3UTHBIN KaTanu3aTop Ha OCHOBE
MXene/TiOz, mony4eHHBI METONOM OKHCIEHHS KHCIOPOJOM BO3JIyXa, WMEET MPHEMIIEMYIO
KaTAJINTUIECKYIO aKTUBHOCTD JUISl PEaKIMH BBIACICHHUS BOIOPOJA.

KiroueBble cjI0Ba: peakuus BBIJACICHUS BOJOPOJA, OBJEKTPOJIU3 BOJABI, IIEIOYHOW 3JIEKTPOJIHT,
3JeKTpoKaranu3arop, 2D marepuanst, MXene, TMOKCH]] THTaHA.

Paouueea Mapzapuma Anexcandpoena Mazucmp xumuu, MAAOWULL HAYYHBIL COMPYOHUK.

Ckakoé Masxcoin Kananunosuu Jlokmop ¢uz.-mam. Hayk, 2naeHbill HAYYHbIL
COMPYOHUK

Munusazoe Apman Kanapoexosuu PhD, oupexmop ILlenmpa mexnonocuueckux
KomnemeHyui 8 cghepe 8000POOHOU SHEP2eMUKU

Kanbonamosa Faiinusa Kaiivipovikvizol PhD, cmapwuii Hayunblil compyOHUK

Manvuux @eoop Hzopesuu PhD eedywuii nayunwiii compyonux

1. BeaeHue

B Hacrositiee Bpemsi 0OJbIIOI HMHTEpeC BbI3bIBAOT cioucthie (2D)
MaTepHajbl Onaroaapsi BRBICOKOH YAEIbHOM IUTOLIaId MOBEPXHOCTH, YTO AaeT UM
BO3MOXHOCTb KakK BBICTYHAaTb B POJH CAaMOCTOSITENIBHOIO 3JIEKTPOAa WU
KaTajam3aTopa, TaKk M JIeTKO IMOKPHIBaTh APyTHE COeNWHEHHs Omaromapsi cBoei
cMasbiBaroleit cnocoonoctr [1]. OTmenbHOr0 BHUMAaHHS 3aCiy)KHBaeT KIacc
CIIONCTBHIX MaTepuaioB MXene, mpeacTaBiusiomux co00W KapOHIBl U HUTPUABI
mepexogHslx MertamoB. Kak mpasmio, cuHTe3 MXene 3akmiodaercs B
CEJICKTUBHOM BBIIIEIAUYMBAHUH CJIOEB AJieMeHTa A u3 cooTBeTcTByrommx MAX
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¢a3 (rme M — nepexoansiii metamn, A — p-anement (Al, Si u ap.) u X — yraepon
WM a30T), B pe3yJbTare 4ero o0pa3yroTcs eIuHUYHBIE JIEMeCTKH Marepuaia. B
3aBHCHMOCTH OT BBIIIETAYMBAIONIET0 areHTa Ha IOBEPXHOCTH Ka)XI0TO
SIMHUYHOTO CJI0si 00pasyroTcs pasnuuHble ¢yHKimonansHbie rpymnmsl (F, Cl, O,
OH, Li) [2], uro mo3BOdsleT MarepmamaMm Kiaacca MXene mnpuMeHATHCA B
paznuuHbIx chepax [2].

Tak, xapOun turana, TisCoTx (rme Tx — QyHKIMOHANBHBIC TPYIIIB),
JOCTATOYHO INHPOKO HM3Y4YeH B KadeCTBE KAaTalIM3aTopa pPEaklUd BBIJCICHUS
Bogopoma (PBB) [3-8]. ITockoibpky B HMCXOZHOM BHAE MAaHHBIA MaTephal
MIPOSIBISIET HEJOCTATOYHYIO KaTaJUTHYECKyl0 akTHBHOCTH Aisi PBB (Bbicokoe
nepeHanpsuKeHre TaHHOTO Tporiecca) [3], mpeAnpuHHUMAINCh Pa3HOOOpa3HbIe
MIOTIBITKH €r0 MOTU(HUKAINH: H3MeHeHne (DYHKIIMOHAIBHBIX TPYII, BHEIPEHUE
HAaHOYACTHI[ M AK€ OTIENBHBIX aTOMOB B €r0 MEXCIIOEBOE MPOCTPAaHCTBO. B
gacTHOCTH, OoOxur B armocepe ammmaka mpu 600°C TO3BOJNMI MOTYYHUTH
oOpazer; ¢ HanmmureMm N-Tpyrnm Ha MOBEPXHOCTH, TOKA3aBIINN MEepeHaINpsHKeHne
PBB B -198 MB mpu motHoct Toka 10 MA/CMZ, TOrla Kak UCXOOHBIM MXene
MPaKTUYECKU HE MPOSBUII KaTATUTHYCCKOH aKTHBHOCTH — TO K€ 3HaYCHUE TOKa
He OBUIO AOCTUTHYTO Aaxe mpu noternuane -600 mMB [3]. Eme mydmmx
pe3yabTaTOB  yHalloch  AOOWThCA  Omaromapss  momudukarmum  MXene
HAHOYACTHIIAMH 30JI0TA, CHHTE3UPOBAHHBIMH HA €ro IOBEPXHOCTH NPSMBIM
BoccranoBinenueM AuCls — nepenanpsokenne PBB coctaBuno -179.9 mMB mpu
mwioTHoctH Toka 10 MA/cM? [4]. KOMIIOBHTHBIH 3NEKTPOJ, COCTOSIIMI W3
HaHOYacTHIl OOJiee CII0XKHOTO COCTaBa (CIUIaB OKCHIOB IUIATHHBI W TaJUIaus
(PtO4PdOp) u TisC,Ty), mokasan mepenanpsbkenue PBB -63 MB mpu Toit ke
IUIOTHOCTH TokKa [5]. 3aciyXuBarOLMM BHUMAHUsS MOAXOAOM  SIBIISETCS
3aKpeIUIeHre Ha TOBEPXHOCTH JIUCTOB MXene OTAEIbHBIX aTOMOB METAJIOB C
BBICOKOM KaTaquTHUYeCKoW akTUBHOCTHI0O 1o PBB. Tak, atomspl pyTeHus Obutn
CBSI3aHBl C TIOBEPXHOCThI0O MXene aroMamMu a3oTa M CEphbl, YTO Jaio
nepenanpsokenne PBB -76 mMB [6]. B mpyrom mpumepe MXene cocraBa
Mo,TiC,Tx, ¢ aTOMaMH IJIATHHBI HAa 3JIEKTPOXMMHYECKH CO3[aHHBIX Ha HEM
BakaHCUsAX MO B KHCJIOW Cpejie MPOJeMOHCTpUpoBai nepenamnpsbkenue PBB -30
MB [7], uTo maxe H¥Ke TOKa3aTesisi KOMMEPYECKOrO IIATHHOBOTO KaTalIM3aTopa
Pt/C (20% Pt, -37 mB) [8]. CmemoBarenbHo, MOMMPOBAHWE MPOCTHIMH HIIH
CIIO)KHBIMHM BEI[ECTBAMH, a Takke MoIuduKanus (yHKIUOHAIBHBIX TPYII
MXene sBnsercsi BechbMa NEPCIEKTUBHBIM IOJXOAOM JJISl TOBBIMIECHUS €ro
KaTAJIMTUYECKON aKTUBHOCTH. BBICOKYI0 KaTalUTUYECKylO0 akTUBHOCTH B PBB
CpeAM KaTalu3aTopoB, HE COJCpXKAlIMX OJaropojHbIC METaIbl, MPOSBISIOT
pa3nuyHble coeArHeHus mepexonHbix MetamwioB [9-11]. Oxcua tutana (TiO2)
IIMPOKO M3BECTEH B KadecTBe (OTOKATAIN3aTopa, B TOM HYHCIE peaKIuu
¢doroanexrponuza Boasl [12]. B pabore [13] oH OBLI MCIOJIB30BaH B KadeCTBE
MOKPBITHA HAa KaTaIUTHYECKH HEAKTHUBHOM 1O oTHoueHuto Kk PBB ruapokcune
kapOoHaTta koOanbTa (CoCH) Ha mojyuiokke U3 yriaepoaHOW OyMarw, mpu 3TOM
nepenanpsokenue PBB cocraBuino -75 MB. B mpyrom mpumepe TiO» Obun
WCIIONIb30BaH TaKXKe JUIS BBIIEICHUS BOJOPO/A, HO B KOMIO3HUIIMK C HUKEIEM Ha
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MOJUTOKKE W3 HHUKENEeBOM TIeHBl, NpPHU OSTOM ObUIa BBIABIEHA HaMOONIbBIIAS
KaTaJuTHYecKass aKTUBHOCTH obOpasma ¢ cootHomenueMm Ni:TiO. paBubiM 3:1
[14]. TTepenanpsukenne PBB coctaBmio -46 MB npu 10 MA/cM?, HUKe, 4eM [T
marepuana ¢ CoCH, uro memaer ero 6oiee MepCIeKTUBHBEIM B KadecTBE JOITaHTa
k MXene. Ograxo BblenepeyrcIeHHbIe METOAUKH MPUTOAHBI B OCHOBHOM JIJIS
[IOJIyYEHHs JAaHHOTO MaTepuaia B BUAE rOTOBOro sekrpoaa anst PBB, Torna kax
B Ka4eCTBE JONUPYIOMIEH J00aBKH UX IPUMEHEHHUE 3aTPyIHUTEIBHO.

B nanHoii paboTe MBI BriepBble HCIONB30BAIHN MPOCTON U JOCTYIHBIN METO
okucnenusi wmarepuana MXene (TisCpTx) anst  momydeHHs KOMIIO3HMTA
MXene/TiO2, koTOpBIi WCIONB30BAIM B KauecTBe Karanusatopa ais PBB.
Bricokast anexTpomnpoBogHOocTe MXene u karamutudeckas akTHBHOCTH Ti0»
MO3BOJIMJIM TIOJIY4UTh Oosiee HU3Koe nepenamnpsokenne PBB — -301 MB npu 10
MA/cM?, TOT/Ia Kak 4ucThIi MXene mpakTHuecky He MpOsBIAET KaTaluTHUeCKOK
aKTUBHOCTU JUI1 JaHHOro mpouecca. Kpome Toro, Omaromapsi CIOUCTOM
CTPYKType, Karamu3aTtop u3 MXene coxpaHuia BBICOKYI0 MEXaHHYECKYIO
CTaOMJIBHOCTD MOCTIE OKUCIICHHS, TPUYEM pa3pyLICHHUs DIIEKTPOIa He TTPOU3OILIO
Jake 1ocie MpoBeneHHs mporecca MeKTposin3a. COBOKYIHOCTh XapaKTEPUCTHK
nporiecca PBB, monydeHHbIX Ha KOMIIO3UTHOM Kartamu3atope MXene/TiO-
yKa3bIBaeT Ha MEepPCIEKTUBY €ro UCIOIb30BAHUS AJIs OIYUYeHHs BOAOPOA.

2. JKcnepuMeHTAIbHAs YacTh

[MTonyuenne moaudunmpoBanHoro okcuaom turana MXene (MXene/TiOy)
MPOU3BOAMIOCH IYTEM KOHTPOJHMPYEMOTO OKHUCIeHUs cycrneHsun MXene
(MeTomuka cuHTE3a omrcaHa B padote [15]) Ha mecyaHol OaHe IpH TeMIIepaType
35°C u nepememuBanun. [IpoOsl cycrien3un oTOMpanuch yepes 24, 48 u 72 daca,
rocJjie 4ero paz0aBisuInch U OTQUILTPOBBIBAUCH IS TIOJTyYEHHS AUCKA.

B kauecTBe KOHTpPONLHOTO KaTaM3aTOpa WCIMOIB30BAICA ITUIATUHOBBII
kartanm3atop Pt/C, NOpUrOTOBICHHBIA ITyTeM CMENIMBAaHUS KOMMEPUYECKOTO
matepuana Pt/C (20% Pt) co cessytomum [IBA® (nmomuBuammmaendropun) B
cootHomenuu 90:10 mo macce B pactBope H-MeTminupponuaona (HMII), mocne
Yero IMoJlyueHHas rmacTta Oblla HaHECeHa Ha CTEKJIO W BBICYNIEHA B BaKyyMHOM
cyurmibHoM mikady mpu 80°C B Teuenne 12 gacos.

Pentrenodasossiit ananu3 (POA) 6but mpoBesieH Ha audpakromerpe JJPOH-
4 (Poccus) B mumdpoBoM BHAE C MPUMEHEHHEM MEIHOTO H3ITYYCHUS.
[IpocBeunBaromast anekTpoHHass Mukpockonust ([IDM) mpoBogmmace B
Hazapb6aeB Yuurepcutere npu Hampsokenun 200 kB ¢ ucnonbs3zoBanuem JEOL
ARM200F (Snonus), mpoOONOATrOTOBKA OCYIIECTBISIACH ITyTeM HaHECEHUs
paszbaBimeHHO# 3TaHoIOM 1Mo KoHIeHTpamuu 0.01 Mr/mn cycrmensmm MXene Ha
meanyto cerky (TEM copper Grids) u BeicyimnBanueM. PaMaHOBCKHE CIIEKTPBI
00pa3loB ObUIM IMOJYYECHBI C HMCIIOJIB30BaHMEM HHTETPUPOBAHHOIO Jiazepa Ha
JUIMHE BOJHBI BO3OYXIEHHS Aex = 532 HM. JlnmmurenpHOCTH cOOpa AaHHBIX
cocrapmsia 100 cexkyHn Ha W3MEPEHHE C WCIIOJNB30BAaHUEM PEIIETKA C
IUIOTHOCTHIO KaHaBoK 600 r/mMm.
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JluHeiiHy10 BOJMBTaMIIEPOMETPHUIO MPOBOAMIN Ha ToTeHImocTare Biologic
SP-300 (®panmus). B kadgectBe pabodero anekrpoma (PO, xarom), KoTOpbIid
MIPENICTaBIAT COOOM 3aKperyieHHYI0 B CIHEIMaJbHOM CaMOJENIbHOM Jepiaresie
NONOCKY MaTepuana ¢ pabodeil mmomaneio 0.5 cM%  HCIONB30BAIHCH
nccaenyeMble  Matepuanbl.  CTekiorpadHUTOBBIM CTakaH ®W  HACBHIMICHHBINA
kanmomenbHbIH dnexTpos (HKD) apnsircs BcmomorarensHbIM anekTpoaoM (BD) u
anekTtpogoMm  cpaBHeHus (DC), cooTBeTCTBEHHO. Bce  IKCIEpUMEHTHI
ITPOBOMIINCH B TPOSKPATHOM MOBTOpeHUH B Anekrponute 1 M KOH.

[lepecuer wu3MepseMoro TMOTEHIWANa OTHOCHUTEIBHO  CTaHAPTHOTO
BoznopoaHoro 3ekrpoaa (CB3) mposoauics mo gopmyre (1):

E(s cBo) = Ews ko) + 0.242 + 0.059*(14 - pOH) @

3. Pe3yabTaTtsl U o0Cy:KIeHUE

Hszsectno, uro MXene (TisC,Tx) YacTMYHO IIOABEPTaeTCs OKHMCIEHUIO
KHMCJIIOPOJIOM BO31yXa WM MpPU B3aUMOJCHCTBUHM C BOJOHM WIHM APYTHM
okucnureneMm [16]. [IpoaykToM OKHCIICHHMsSI SIBISETCS OKCHJA TUTaHa. Peakuuio
OKHCIICHUS B YIPOIIEHHOM BHUJE MO>KHO 3aIHCaTh KaK:

TisCo+ 30, — 3TiO,+2C (2)

[lpy dyacTMYHOM OKHCICHMM Ha TOBEPXHOCTH IenectkoB MXene
obpasyrorcs gactuisl TiOz, uro He paspymaer ctpykrypy MXene. Ilostomy
HaMH OBLIO TIPEIIOKEHO HCCIEOBaTh YacTUYHO OKHUCICHHBIH MXene
(MXene/TiO;) kak KaTalIu3aTOp PEaKilMK BBIACICHUS BOJOPOAa. Tarkke uMeeTcs
ombIT cuaTe3a MXene/TiO, KOHTPOIMPYEMbIM OKHUCICHHEM KHUCIOPOIOM BO3IyXa
[15].

[MpoBeneHo koHTposmpyemoe okuciieHne cycnensun Ti3CoTx ¢ menbio
noxyueHus: kommo3utoB MXene/TiO, ¢ pa3iM4yHBIM MacCOBBIM COJACPKAHHUEM
TiO, mms yCTaHOBIIEHWs €r0 BJIMSHUS Ha KaTAIUTHYECKYIO d(PQPEKTHBHOCTH
mpoliecca BBIJCICHUS BOJOPOJA METOJIOM AJIEKTPOJIM3a HICTOYHBIX PAaCTBOPOB.
Hesricokas temneparypa okucienus: — 35°C, BeiOpana i 0ojiee paBHOMEPHOTO
OKHUCIIEHHS JIENIECTKOB MaTepualia 1o BceMy o0beMy cycneH3uu. OOpasibl
CYCIICH3HH OTOMpAJIHCh Yepe3 Kaxkple 24 daca, U3 KOTOPBIX M W3rOTABIUBAIUCH
AJIEKTPOJIBL.

N3 PamaHoBckuxX crekTpoB (puUCyHOK 1 a) BHAHO, YTO YacTHYHO
OKHCJICHHBIE 00pa3lbl OTIIMYAIOTCS OT CBEXKENPHUTOTOBICHHBIX HAJTHYMEM IHKA
151 em™, xapaxrepusyrontero npucyrctsue TiO,. VIHTEHCHBHOCTH JAaHHOTO TTHKA
BO3pacTaeT C YBEIMYCHHWEM BPEMEHH OKHCIICHUS, CBUAETEIBCTBYS 00
yBenmmdennn  comepxkanuss  Ti0z. Pentrenorpammbr  TisCyTy, wncxomHOTO
Matepuaga it ero cuutesa TisAlC; u o0pasia, OKHCIEHHOTO BO3IYyXOM
(TisC2TH/TiO2, 72 waca), mokazaHbl Ha pUCyHKe | O, e YETKO BHIHO 4YTO
TIOSIBJIICTCS IOTIOJTHUTEIIHHBIN MUK B paiioHe 25 §°, Takke CBUIETEIbCTBYIONINI O
HAJTMYMK OKcHIa THTaHa B popme anatas (JCPDS Ne 21-1272).
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PucyHok 1 — a) PamanoBcKue CIIEKTpHI CBEXKe-CHHTE3HPOBAHHOTO U OKUCIEHHBIX 00pa3noB TisCaTx;
6) pentrenorpamma TisC2Tx u okucnenHoro B reuenue 72 yacos oopasna TisCaTx.
IIpucyrcreue TiO2 nomeyeHo *

Mopdonorus  monyueHHbIX ~ KoMmmo3uToB  TisCoTy/TiO2, a  Taxke
neokucienHoro TisCy Ty oxapakrepuzoBana ¢ nomoinsto [1OM (pucyHok 2). Kak
BHJIHO, HEOKUCJICHHBIH MXene He uMeeT Ne)eKTOB, MOBEPXHOCTh IJIOCKAS U
YHUCTast, a OKHCICHHBIE 00pa3llbl HMEIOT yIJIMHEHHBIC YaCTHUIIbI, 3aKPEIUICHHBIC Ha
MTOBEPXHOCTH, KOTOpBIE WPEACTaBISAIOT coboii anataz TiOz, kak ObLIO
O00Hapy»EeHO paHee C TIOMOIIBI0 PEHTreHO(a30BOr0 aHalM3a M PaMaHOBCKOM
cnexTpockonuy. [1oBepXHOCTHAs KOHIIEHTpays W pa3Mep YacTHIl IMOCTENeHHO
YBEJIIMYUBAIOTCS C YBEIMUCHHUEM BpPEMEHU OKHCICHHsS. TakuM 00pa3oMm, MbI
MOATBEPIMIM HAMYME OKCHJAa THUTaHa B HCCIEAYyeMBIX oO0paslax, KOTOphIC
NPEANOIOKUTENBHO JOJIKHBI ITOJIOKUTENBHO NOBIUATH Ha PBB.

a 6 B

PucyHok 2 - I[IDM-u3o6paxenus komrno3uTos TizC2Tx/TiO2, nmpu pa3sHOM BpeMEHH OKHCIICHHS:
a) HeoKHUCIIeHHBIH; 0) 48 yacoB; B) 72 yaca.

[onsipu3aliiOHHbBIE KpUBbIE, MOIYYEHHBIE TIOCIE OKHUCIEHUSl B TeueHue 24,
48 u 72 4acoB, IpenCTaBICHbI HA pUCYHKE 3 a. 3aMETHO 3HAYUTEIbHOE CHIDKCHHE
nepeHanpsukeHns Katanu3aTopoB u3 MXene, okucIeHHBIX B TeueHue 24 (-994
MB) u 48 wacoB (-372 MB), 1m0 cpaBHEHWIO C WCXOJIHBIM MaTepHAIOM, TJIE
TIepeHaIpsuKeHUe BhIJIEIeHUs BOZopoa HaMHoro Oombire -1000 MB nipu toke 10
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MA/cM? (TIpu KCTpamoNisAIuK KPUBOif), OJHAKO Npoba, OTOOpaHHas udepes 72
yaca, I0Kas3ana XyIIui pe3ybTaT, 4eM HeoKUucneHHblii MXene.

0 4
/ 1.2
54
1.0
-104
—~ ~ 0.8
% 15 Q
< 204 8 0.6 —— MXene
=2 —— MXene &) ;VI neHb
et - . | -1 ieHb
25 e Hf' AeHb 0.4 D 3- AeHb
20 —— 2- AeHb ] S Pt/C
— 3ipgens < 927 N .
S -
.35 Pt/C 004 ~ _—
08  -04 0.0 0.4 0.8 02 00 02 04 06 08 10 1.2 1.4 16
E otH. CB3 (B) Ig[l(MA/cm?)]
a 6

Pucynox 3 - [Tonsipuszannonnsle kpussblie (a) u kpusble Tadens (6) s npouecca PBB Ha nuckax
MXene/TiOz, npu ckopocTH pa3BepTKH 5 MB/c npu pa3iM4HbIX CpOKax OKHCICHHUs cycnensun MXene

[peamnonoXuTeabHO, MPU 3HAYUTEIHHOM BPEMEHH OKHCIICHHS Marepualia
MXene u u36pITOuHOM (popmupoBanuu 1102 Ha €ro MOBEPXHOCTHU IOJYYCHHBIH
KOMITO3UT TEpSIET IEKTPHUECKYIO TPOBOJUMOCTD H MEXaHUYECKYIO IPOYHOCTH B
cBs3u ¢ TeM, 4to Ti0; sBIsSETCS AUDICKTPUKOM U (HOPMHPYETCSl U3 CaMoro
matepuana TizCoTx. YMeHbIIEHHE BIEKTPOXUMHYECKOH aKTUBHOCTH TAaKKe
JIOKa3bIBaeTCsl yBeIMYeHUEM HakjoHa Tadens (YeM MeHbIe HAaKIIOH, TeM Jierde
KHHETHKA Tporiecca) Uit 00pas3IoB, moiaydeHHbx depe3 48 (1233 mB/nex) u 72
yaca (2470 mB/nex) oxucnenust (pucynok 3 0). [IpuOnmxeHHBIM K HI€aTbHBIM
napaMeTpaM HaOJII0aeMOil KHHETHKH siBisieTcs: Marepuan Pt/C ¢ yriom HakioHa
Tadens 138 MB/nex, u3MepeHHbI B WICHTUYHBIX YCIOBUSIX W MPEACTaBICHHBIN
IUIsl CPaBHEHUSI.

W30bITOUHOE CofepikaHhe OKCHAA THTaHa, OTPHUIATENILHO BIMSIONICE Ha
MEXaHMUYECKYI0 TPOYHOCTh W OJIEKTPOXUMHUYECKYIO aKTHBHOCTh Marepuaa,
KOCBEHHO TIIOJATBEpKIAeTcs H3MEHEHHWeM LBeTa cycrneHsuu MXene mocie
OKUCJICHHSI B TeueHHe 72 dYacoB (MOJIOYHBI IIBET) IO CPAaBHCHHUIO C
HEOKHCIIEHHOHN CycrieH3uel (TEMHBIH IBET) — PHCYHOK 4.

11
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a 6

Pucynok 4 — a) Bun cycriensun MXene mocie OKUCIeHUs B TEYEHUE 72 4acos,
0) HeokucieHHas cycrnen3us MXene.

Takum oOpasom, HauOojee aKTHBHBIM W MEXaHWYECKH MNPOYHBIM
KaTaln3aToOpoOM SBIISIETCSA OOpaser], MOJYYCHHBIH Tmociae 48 YacoB OKHCIICHHS
MXene, Tak kak oH 00JilajjaeT HAMMEHBIINMH 3HAYEeHUSIMU TepeHanpsixenns PBB
(-301 MB mpu 10 MA/cM?) u Haknona Tadens (1233 MB/aek.) cpean u3ydeHHBIX
KaTaau3aTopoB.

4. 3aka04eHune

Takum 00pa3oM, ObLIM MOJYYEHBI KaTalIW3aTOPbI UIA MIpolecca BBLACTICHUS
BOJOpOJAa Ha OCHOBE KOMITO3HTHOIO cjoMcToro Martepuama MXene/TiO,,
JOTIMPOBAHHOTO OKCHJIOM THTaHA ITyTeM KOHTPOJHpyeMmoro okucienuss MXene B
arMocdepe Bo3nyxa. Hanmuue gomanta B MOAWGUIIMPOBAHHOM MaTepHaie ObLIo
MOATBEP)KACHO METOAAMH PEHTTEHOCTPYKTYPHOTO aHalu3a M PaMaHOBCKOH
CHEKTPOCKOIIHH, a PE3YyIbTAaThl FIEKTPOXUMHUIECKUX HCITBITAHWIN TTOKa3ajH, 9TO
HauOoNbIIell KaTaIMTUYECKONM akTuBHOCThIO 1o PBB cpemm m3ydeHHBIX
Katanm3aTopoB obOnamaer MXene, okucieHHblii B TedeHue 48 yacoB
(nepenanpsikenne -372 MB npu 10 MA/cM?). HecMOTpst Ha To, 4TO TIOKA3aTeln
MIepeHaNPsUKEHUS BBINIE, YeM I TUIATHHOBOTO KaTanu3aTtopa (-68 MB), onu Bce
XKe HIKe, YeM JJsl TaKux ONaropoJHbIX METaJUIOB, KakK 30JI0TO, cepedpo u
nayutaauit — -720, -700 u -400 MB, coorBerctBeHHO [17]. DTO TOBOPUT Kak O
IOCTATOYHO BBICOKOM d((eKTHBHOCTH TMONyYeHHBIX B JaHHOH pabore
KaTajau3aTopoB, TaKk M O HEOOXOJMMOCTH TPOJOIDKATh MWCCIEIOBaHMUSA IS
JOOCTIXKeHHsl emie Oombiueil 3QQEeKTUBHOCTH, B YACTHOCTH MO IOBBIIICHUIO
MEXaHUYECKOM MPOYHOCTH U CHUKEHUIO NepeHanpsixkeHust PBB.

DuHaHCHPOBAaHMe: JaHHOE HccienoBaHue (uHaHcupyercs Komurerom Hayku MuHHCTEpcTBa
obpaszoBanus 1 Hayku Pecriyonuku Kazaxcran (rpant Ne BR21882200).
KoHndukT uHTepecoB: B paboTe OTCYTCTBYET KOHGIUKT HHTEPECOB MEXITY aBTOPAMU.
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CYTEI'lT BOJIIHY PEAKHUSACBIHA APHAJIFAH O3JII'HEH TOTBIFY OSAICIMEH
AJIBIHF AH Ti;Cy/TiO; KOMIIO3UTTI KATAJIA3ATOPBI

M.A. Pabuues', M. K. Cxaxoé?, A. K. Munuszoe®, F. K. Kanoonamosa®, ®@.H. Manvuux'™

Yon-Dapabu amvinoazer Kasax ynmmorx yuusepcumemi, Anmamet, Kasaxcman

2KP ¥50 PMK, Kypuamos, Kazaxcman
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Tyiiingeme: Kipicne. MXene (TisC2Tx) kabaTTbl MaTepHasbl )XOFapbl MEHIUIKTI OCTKI ayIaHBIMEH JKOHE
e3repMeni OeTki (DYHKIIMOHAIAB! TONTaphIMEH epeKIIeNCHe 1, OYJI OHBI SPTYpIIl OarbITTapia KOJaHyFa
MYMKiHIIK Gepeni. COHBIH 0ipi — «KachuDy CyTeri aly MakcaThIHAA CYIBIH JJIEKTpoiu3i. Ajaiina, Taza
Kyitlinge MXene Oy mporecc YIIiH TOMEH KaTalUTHKAIbIK OCNCCHIUTIKKE He, COHIBIKTAH OHBI
GYHKIMOHANABL  TONTapbl MEH  KOChIMIIA  O€JICeHII  KOMIIOHEHTTEpPiH  ©3repTy  apKbLIbI
momubukanusnainel.  Turan muokcuni (TiOz) OypelH cyreri 0OemiHy peaKUMACHIHBIH —THIMII
KaTalu3aTopsl peTiHae, opi Ta3a KyHiHme, opi MXene wmarepuanimapsiMeH OipiKTipiareH KyiiHzae
KOJIJIAHBUIFaH, JKOHE CHHEPreTHUKAIBIK 9Cep KOPCETim, CyTeri 0eiHy peaKkUHsCBIHBIH KOPCETKIIITEPiH
apTThIpraH. CoHbIMeH KaTap, THTaH quokcuai TisC2Tx MaTtepuan KabaTTapbIHBIH OETiHIE TOTBHIFY Ke3iHJE
Ty3ineai, Oy MoaudUKaLMsIaHFaH KaTadu3aTOpIbl alylblH KapamaibiM opi KODKETiMAL djici 00Jbl
Tabbuianel. Makcamoi. MXene kabaTTel MaTepuanbl MEH THTAH JUOKCHIIIHE HETI3JeNreH cyTeri 0emiHy
peakHsChIHA apHAIFaH THIMJI KaTanu3arop jkacay. Odicmeme. MXene/TiO2 KOMIO3UTTI KaTalnn3aTopbl
MXene CyCHEH3HMSCHIH ayaJarbl OTTEriMEH OaKbUIAHFAH TOTBIKTBIPY OMiCi apKbUIBI  AbIHIBL.
CHHTE3[IeNTeH KaTaau3aTop YATUIEpiHiH KYpaMbl MEH KYPBUIBIMBI PEHTreH(A3anbIK Taanay, paMaHbIK
CIIEKTPOCKOIHSI )KOHE TPAHCMUCCHSUIBIK AJIEKTPOH/IBI MUKPOCKOIIHS dicTepiMer pactanabl. MXene/TiO2
KaTaJIM3aTOPBIHBIH KAaTATUTUKAIBIK OCICEHIUIr CBHI3BIKTHIK BOJIBTAMIICPOMETPHS OMICIMCH AHBIKTAIIIBL.
Homuowcenep men mankpinay. TOTBIFY Y3aKTHIFBIHBIH apTybIMEH KaTalM3aTOp TUIMALII alibIMEH ecill,
KeiiH TeMeHIeNTiHl aHbIKTanabl. ONTUManbl TOTHIFY yakbIThl — 48 carat, cyTeri OeliHyiHIH acKbIH
kepHeyi —-301 MB 10 MA/cm? ke3inne. Kopvimuinobl. Ayaarbl OTTETIMEH TOTBIFY 9JliCi apKbUIbI aJIbIHFAH
MXene/TiO2 kOMIO3MTTI ~ Karamu3aTtopbl cyTeri 0OendiHy peakuHsChl YIIH —KaHaraTTaHaPIIBIK
KaTaIUTUKAIIBIK OCJICEH/ILTIK KOPCETT.

Tyiinai ce3mep: cCyTeri SBOJIOUMSCH  PEAKLMSCH, CY  3JEKTPOJH3i, CIITUNL  3JEKTPOJIHT,
aNeKTpokaraiuzarop, 2D marepuangap, MXene, THTaH JTHOKCHI.

Paouueea Mapzapuma Anexcandposna Xumus masucmpi, Kiwi 2b116IMU KbI3MEmKep.

Ckakoé Masxcoin Kananunosuu Du3UKA-MAMEMAMUKA  EbLILIMOAPLIHBIY — OOKMOPbI,
bac bLIbIMU KblzMemKep
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Abstract. Introduction. The fact that no new anti-tuberculosis drugs have been launched on the
market in the last decades, as well as the fact that tuberculosis bacilli have special properties of sensitivity
with a change in living conditions in the human body, clarify the importance of the synthesis of new anti-
tuberculosis drugs. The experimental findings from this research enrich with the latest information on
modern chemistry of development and antibacterial activity of a promising class of chemical compounds -
bispidinone derivatives. The compound we have obtained has bactericidal activity and can become the
basis for the development of a new domestic safe drug. The aim of the work is to study the physico-
chemical and biological properties of novel bispidinone. Results and discussion. Bispidinone was
synthesized by Mannich condensation and further heated in an alcohol medium in the presence of
hydrochloride of hydroxylamine and pyridine and acylated to the corresponding oxime with a high yield
of 91.5%. The targeted O-benzoyloxime has been obtained with 72.2% by heating oxime. The (-
cyclodextrin complex of O-benzoyloxime (TK-1) was screened for in vitro bactericidal properties.
Conclusion. The O-Benzoyloxime molecule (TK-1) has proven to be a highly effective compound in
various experiments examining its bactericidal activity against strains of wild sensitive tuberculosis
mycobacteria. An acute toxicity study following a single subcutaneous injection in white-seeded mice
demonstrated that the new 3,7-substituted bispidinone (TK-1) exhibited low toxicity when compared to
rifampicin, a standard anti-tuberculosis medication.
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KAHA BUCIHIMJIUHOH TYBIHJABIJIAPBIHBIH CUHTE3I )KOHE BAKTEPUIIM/TIK
BEJCEHALJIIIT
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Tyiiingeme. Kipicne. COHFbI OH KBUIIBIKTapAa HapbIKKa TyOepKysesre Kapchl jKaHa Iperaparrap
LIBIFAPbLIMAYbl, COHJIali-aK TyOepKyIie3 TasKIIaJapbIHbIH a/1aM aF3aChIHIAFbl OMip CYPY JKaFIaiiapblHbIH
o3repyiMeH Ce3IMTAIABIKTBIH epeKIle KacHeTTepiHe He CeKeHJIIrl jkaHa TyOepkyjesre Kapchl
mpenapartapibl  CHHTE3/CYJIH  MAaHBI3IbUIBIFBIH  HakKThulaiiael. JKyMbic  OapbiChiHIA — aJbIHFaH
IKCIEPHUMEHTTIK HOTHIKEJICP 3aMaHayd XHMHUSUIBIK KOCBUIBICTAP/IbIH HEPCIEKTHBTI KJIachl OMCIUANHOH
TYBIHJBUIAPBI JaMybl MEH aHTHOAKTEpUsULIbl OCJICEHIUTIK Typajbl )aHa akmapartieH Oaiibrransl. bi3
anFaH KOCBUIBIC ~ OaKTepHLMITIK OeNICEHIUTIKKE He jKOHE JKaHa OTAaH/ABIK KayillCi3 mpenaparThl )acayra
Heri3 Oonansl. JKymsicmoly maxcamel xaHa OUCTIUAMHOHAAD (PU3MKA-XMMUSUIBIK JKOHE OHOJIOTHSLUIBIK
KacueTTepiH 3epTrey Oonbin Tabbutansl. Homuoicenep oicone mankuiiay. bucnuaunoH MaHHHUX
KOH/ICHCAIIMSCH JKaF[JaiiblHIa CHHTE3/CNIN, OJaH opi Kapail NUPUAMH MEH THUAPOKCHIAMUHHIH
THIPOXJIOPH/I KATBICHIHAA CHUPTTI OpTaja KbI3ABIPBUIbIN, Colikec okcumre neitin 91.5% sxorapsl
LIBIFBIMMEH OKCUMMITHpIieHIi. OKCUM KbI3ABIPbUIbIT 72.2 % HIBIFBIMMEH MakcarThl (O-0CH30MIOKCHM
anpiabel. CuaTesnenren O-0eH30mIokenM B-mukioaekctpuai kemeninin (TK-1) in vitro Gakrepuuarik
KacuerTepi 3eprrenai. Kopwimwinovl. O-Bensownokcum wmonekynacel (TK-1) oxabaiier  cesimrain
TyOepKyJie3 MHUKOOAKTePUsUIapbIHBIH INTaMapblHa Kapchl OaKTePHLUATIK OCJICeHIUTIr 3epTTereH
OPTYPJIi KCIIEPUMEHTTEP/IC KOFaphl THIM/Ii KOCBUIBIC €KEHIH JoMesaesi. AK TYKbIM/IbI ThHIIIKAHAApFa Tepi
acTpiHa OIp perT eHri3TeHHeH KeWiH JKeIen YBITTBUIBIKTBI 3epTTey KaHa 3,7-IHopbIHOAcKaH
oucnununonsslH (TK-1) TyOGepkynesre Kapchl CTaHAAPTTHI Ipenapar pu(aMIMIMHMEH CalbICThIPFaHAa
YIIBUTBIFBI TOMEH €KEHIH KOPCETTI.

Tyiiinai ce3aep: OuCTUIMHOH TYBIHIBUIAPHI, O-OCH30HIOKCHM, KOMILUIEKCTEY, KEPriTiKTI OaKTepHIIUATIK
OeJICeH/TITIK, JKE/IEN YBITTHUIBIK,

Tozviz6aeea Hypuna AovLikaiivipkpizst Xumus 26IIbIMOAPBIHBIY KAHOUOAMbI
bIckaroea Totnviuumuoik, KaovipKsizol Xumusi 26L1bIMOAPLIHBIY OOKMOPYbL, NPopeccop
Manmaxoea Auicyn Epéoceinkpizet PhD, xaysimoacmeipeinzan npogeccop
1. Kipicne
TybGepkymne3 — amaM3aTTBIH a3alTaHybl MEH OJIIMIHE OKEJETIH KayinTi

WHPEKIMSIBIK aypylapabiy Oipi. [llaMamen yuI skpUiFa cO3BUIFAaH KOPOHABHPYC
urpekipsicel (COVID-19) enim kepceTkimTepi OoiibiHIIA TyOepKyJIe3i apTka
tactaraaMeH, 2022 KbpUThl 7.5 MITH. afaMra TyOepKyse3 TUarHo3bl KOWBUIIEL. byt
- AJ¥ 1995 xpuiman Oepi Kyprizim Kene jKaTKaH TyOepKyse3 OOHbIHIIA
XKaraaiapl skahaHabIK MOHUTOPUHITEYiH OapiblK Ke3eHIHAE PEKOPATHIK KOFaphl
kepcetkim. 2023 xbUTbl TyOepKyIIe3ieH KauThic OosFannap caHsl 1.25 MUIITHOH
agamael  (oHblH imiHae AWTB  xkykreipran 161 000 amam) Kypajsl
Ty0Oepkyne30eH HayKacTaHFaH aJaMJap CAaHBIHBIH JKbUI CallblH €celiell apTybl
ANTB-nH(peKIMACEH KYKTHIPY JKoHE TyOepKyJie3 aypybl KO3AbIPFBILTAPbIHBIH
MHUKpOOKa Kapchl IpenapaTTapra To3IMAUTITIHIH KyIIeroiMer Tyciaaipineni [1,2].
BYY kaObuijaraH OpHBIKTBI JIaMy CajlaChIHAaFbl MakKcarTap asChIHJA
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NEHCAyNBIK CcaKTay canachlHIarel MiHAertepain Oipi 2030 keurra  Kapaid
TyOepKyse3 SIHIESMHUSACHIH TOKTAaTy eKeHIH ecKepcek, TyOepKyJye3re Kapchl
KOJIIaHBLIATBIH TMpenapaTTapAblH TI'elaTOYBITTBUIBIK, HMMYHJIbI-aJJICPTUsIIBIK
aCKbIHYJIap, IKallFAaH TYMay CHHJAPOMBI, TEMOJIU3, OTKip Oyipek-0aysip
JKETKUTIKCI3IITi CHUAKTBI  koHe T.0. jkKaHama ocepiepiMeH Oipre TyOepkyIes
MukobOakTepusmapslHelH  (TMbB) mopinmik TypakThUIBIFBI TyOepKysesre Kapchl
JKaHa MperaparTap i3/iey e3eKTUIIriH alkbpiHaai Tyceai [3].

3,7-Inazadumukio[3.3.1]HoHaH KaHKACHI - MeIULMHAAA,
CYTIpaMOJIeKyJallbIK XUMUSI/Ia JKOHE KaTalln3[e KeHIHEH KOJIIaHBUIBII JKYPTeH,
OMONOTHSIIBIK ~ OCNCEHIUTIK ~ CHEKTPIHIH  ayKbIMJBUIBIFBI  FaJbIMAApAap
KBI3BIFYIIBUIBIFBIH ~ ©31HE  TapTaThlH  Ounukigi  auamud  [4-7].  3,7-
Juazaburukio[3.3.1]JHOHaH KaHKACBIHBIH 9-KarmaliblHa OKCHM  (parMeHTiH
€HTI3y MOJIEKYyJaHBIH MHKPOOKa Kapchl OEJCEHAUNrIH apTTBIPBIN, OPTYPIi
OakTepusuilap  MEH  CaHbIpayKyJIakTapra  Kapchl  OeJlCeHJl  JKeTeKIIi
KOCBUTBICTap IbIH aHBIKTaTybIHA MYMKIHAIK Oepce [8], keibip deHmn hparMenTTi
3,7-mazabunmkiio[3.3.1]nonanmapasie Bacillus subtilis, Staphylococcus aureus
xone Escherichia coli xapcer Oencenmimiri MeH THIMIUTIT CTPENTOMHIIMHMEH
CaJIBICTBIPFaH/Ia )KOFaphl O0Ib [9].

bucnmnuHOHAap Typambl THIH FHUIBIMH IEPEKTEp HETi3iHE CYHEHII, OCHI
KOCBIIBICTAp KaTapbl KOPBIH KEHEHUTY JKOHE OTaHABIK TyOepKyJsie3re Kapcehl,
YBITTBUIBIFBI TOMEH JOpPIUTIK 3aTTapAbl KOHCTPYUpJEY KaKeTTLIIriH eckepe
OTBIPHITI, KaHa OWCIHIMHOH KOCBUIBICTAPBl CHHTE3JEINII, OHOJIOTHSIIBIK
KacHeTTepl 3epTTe .

2. Toxkipn6esik 0esim

Xumusinvlx 6enim

Peakuusinap sxypy OapbIChl )KyKa KabaTThl xpomaTorpadus 9J1ici kKeMeriMeH
eKIHII Jopexerni OeNCEHITIKKE We aTOMUHHA OKCHIIH KOJIAHBIN KY3ere
acelppuInbl.  KochutblcTapablH — ChIHY — KepcerkimTepi — Refracto  30PX
pedpakromerpimern  emmenin, WK cnekrpmepi Nicolet 5700 FT-IR-
cnekrpomerpinne, AMP cnekrpnep Mercury-300-criektpomerpinae (300 skoHe
100 MTI'm) tycipimmi. Imki crangapt - (CHs)aSi. Otreri jxoHe/Hemece cyFa
CEe3IMTANIBIFBI JKOFAPBI CHHTE3/Iep HHEPTTI ra3 OPTAachIHIA KypFakK epiTKilTepMeH

OPBIH/IAJIJIBL.
3-(3-U3omnponokcunponn)-7-(3-mophoaunonponui)-3,7-
mua3abunnkio[3.3.1]JHoHaH-9-0H JKOHE OHBIH TYBIHABUIAPBIH  ally [4-6]

JKYMBICTaPBIMBbI3/Ia CUIIATTAJIFAH 9IICTEMEJIEPMEH JKYPri3UIi.
3-(3-Uzonponokcunponun)-T1-(3-mopghorunonponun)-3,7-ouazabuyuxio-
[3.3.1]nonan-9-on (2). 7 mu (0.0403 M) 1-(3-mopdonunonponmia)amud, 10 T
(0.3616 M) dopmanbaerun med 7 t (0.0403 M) 1-(3-U30mpPOMOKCHIIPOIIHIT)
nunepuanHOH-4-TeH (1) tem. = 225-230 °C (1-2 mm ceiHan Oaransbl), Re 0.37
(Al,03 6ensom:msonponanon, 6:1), np® 1.4983, 7,01 r (46.8% Teop.mbireim) 3-(3-
H30TIPOITOKCHITPOTIHI)- 7 - (3-Mopdomunaonpornn)-3,7-muasadurmkiro[ 3.3. 1 Jaonan-

9-ou (2) cunTe3AEIII.
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Ecenrenreni, % : C 60.45; H 9.31; N 10.57.

Taosurransl, % : C 60.44; H 9.30; N 10.55. C20H37N30:s.

UK cnextpi, v, cm™: 1736 (C=0), 1112 (C-O-C).

SIMP *H cnextpi (400 MI'n, CDCls), 8, m.a. (J, I'm): 2.58 (2H, m, He-1,5,
CH); 2.91 (2H, n.n., J=6.0, Ha-2,4, CHy); 3.01 (2H, m.n., J=11.1, 6.0, He-2,4,
CHy); 2.79 (4H, n.x., J=6.0, Ha-6,8, CHy); 3.01 (4H, ken na., J=11.1, H.-6,8,
CHy); 2.62 (2H, T, J=6.0, H-10, CH,); 1.69 (2H, kBuHurt., J=6.0, H-11, CH)); 3.46
(2H, M, J=6.0, H-12, CH>); 3.55 (2H, 1, J=6.9, H-13, CH>); 1.15 (2H, m, J=6.0, H-
14, CHy); 2.55 (2H, m, H-15, CH>); 1.64 (2H, m, H-16, CH>); 2.55 (2H, m, H-17,
CH2); 3.69 (4H, 1, J=4.5, H-18, 20, CH2); 2.46 (4H, 1, J=4.5, H-19, 21, CH>).

SAMP C cnexrpi (100 MT', CDCl3), §, m.a. (J, T'm): 46.6 (C-1,5); 58.1 (C-
2,4); 58.1 (C-6,8); 214.5 (C-9); 53.1 (C-10); 27.4 (C-11); 65.6 (C-12); 71.0 (C-
13); 21.8 (C-14); 54.5 (C-15); 24.2 (C-16); 56.8 (C-17); 66.9 (C-18); 53.7 (C-19);
53.7 (C-20); 66.9 (C-21).

3-(3-HUszonponokcunponun)-T7-(3-mopghorunonponun)-3,7-
ouazabuyuxno/3.3.1nonan-9-on oxcumi (3). 2 r (0.0055 M) OucnuanHonra (2)
40 wmur sramom, 1.03 t (0.012 M) mupuawa xore 0.98 r (0.0142 M) Ty3
KBIIKBLIABI ruapokcuiaMud Kockin 20 carat 85-90 °C wei3apipy Rf 0.53 1.9 r
(91.5% Teop. WIBIFBIM) capFbIlI TYCTI Mail Topizaec 3-(3-M30MPONOKCHITPOTINII)-T-
(3-mopdonunonpomnun)-3,7-muazabunmkino[3.3.1Jnonan-9-on  okcuminin  (3)
aNBIHYBIHA OKETII.

Ecenrenreni, % : C 62.82; H 9.94; N 14.65.

Ta6esutransl, % : C 62.89; H 10.19; N 14.78. CyoH3sN4Os.

UK crekrpi, v, cm': 1675 (C=N).

SMP BC cnextpi (100 MT', CDCls), 8, m.a. (J, T'm): 30.6 (C-1); 37.6 (C-5);
58.5 (C-2); 57.5 (C-4); 58.5 (C-6); 59.5 (C-8); 161.5 (C-9).

3-(3-Uzonponoxcunponun)-1-(3-mopghorunonponun)-3,7-ouazabuyuxio-
[3.3.1]nonan-9-on O-6enzounokcumi (4). 1 v (0.0026 M) oxcumre (3) 10 M
abcomotrrenred oenzonaarsl 0.30 mu (0.0026 M) xj10piibl OSH30MIT KOCBUIBII 5
car kpiabiprabnaa, Re 0.89 0.92 r (72.2% Tteop.ubireiM) O-0eH30mIOKCHM (4)
CapFhINI Mail TYpPiH/IE AlTbIHIBI.

Ecenrenreni, % : C 66.66; H 8.64; N 11.52.

Ta6esutransl, % : C 66.13; H 8.87; N 11.60. C27H42N4O4.

UK cnextpi, v, cm: 1743 (C=N), 1675 (C=N).

SIMP C cnextpi (100 MI', CDClg), §, m.i. (J, T'n): 34.1 (C-1); 37.2 (C-5);
58.2 (C-2); 58.3 (C-8); 56.0 (C-4); 55.9 (C-6); 164.52 (C-9); 171.3 (C=0); 133.0,
129.5, 128.3, 127.1 (Ar).

3-(3-Hzonponokcunponun)-7-(3-mopgorunonponun)-3,7T-ouazabuyuxio-
[3.3.1]nonan-9-on O-6enzounoxcumi [-yuxnooexcmpunoi rkeweni (5). 13 mi
stanosarel 0.26 r (0.0005 M) O-6enzomnokcum (4) epitinaicine 40 mit cynarsi
0.60 r (0.0002 M) B-uukiaoaexcTpuH epitinaici kocbuisin 50-55 °C kenriprimn
mkadTa KenTipires coH, 0.86 r O-0eH30MIOKCUM B-IIMKIIOIEKCTPUHMEH KeIlleHi
CUHTE3 eI
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Ecenrenreni, % : C 51.11; H 6.91.
Tao6wsurransl, % : C 51.20; H 6.98. CegH112N4O30.

Buonoeusnvix benim

Max-®apiang Nel ONTHKANBIK CTaHIAPTTHI NailIbUIBIK GoiibHma 5x108 (500
MJTH. MUKPOOTBIK JIeHE) 3epTTenyl Typiep emmenin ansaasl. 100, 50, 20, 10, 5,
2, 1, 0.1 xxone 0.01 mMkr/ma xoHueHtpauusuiapsiaga TK-1 npenapatsl KOoCbUIFaH
XKOHE Tpemnaparchl3 OakbuiaHaThlH LIIKONBHUKOB CYHWBIK KOPEKTEHY OpTachl Oap
npobupkanapra myseimik typiaep (0.2 MI-IeH) OpHANTACTBHIPBUIBII, TEPMOCTATTA
37 °C 28 xyH wuHKyOammsianapl. KepcerinreH wep3iM ©OTKEHHEH KeliH
TOKIpOMeNiK xoHe OakplUlay YITUIEpiHiH XybUIFaH TyHOanmapblH JleBeHIITEeiH-
Mencen THIFBI3 CiHipym opTanzapaa Kaiita ceby skyprisimmi. Exi (toxipubermik
KoHe Oakplmay) yiriiepi TyHOAcHIHBIH KaiFaH OeJriHeH mpemnapaTTap
naiipiaanein, [une-Hunbcen OolibiHIa OOsuTbIHBL. BosuiFaH mpenapatTap/biH
MHKPOCKOIIHSACH KOPCETKEHACH OapJibIK MalbIHIAIFaH TOKIPUOEIIK YiTiIepae
MBT Gonanapl, mpenapar KOChUTFaH KoHe Oakpliay yaritepinae 10 sxoHe omaH aa
Kol Taskmanap kesneceai. Tepmocrarra 37 °C temmeparypana 28 KyH yaArijaep
Kaiita uHKyOauumsmanapl. Toxipubenep 3 perTik KalTalaHyMeH 2 cepusizna
JKYPTi3uIi.

TK-1 etkip yBITTBUIBIFBIHA 3epTTey 18-25 T Maccamarbl aK TYKBIMCBI3
THILIKAHJApFa Tepl acTbiHAa eHridy apksuibl [11, 12] mporokommapra coiikec
3epTTENII.

3. HoTuikesiep MeH TaJKbLIay

Manuux KOH/ICHCALIUSICHI JKaFaibIHaa 1-(3-
uzonponokcunponwn)nunepuani-4-on (1) 1-(3-mopdonuHOIpONMIT)aMUH JKIHE
mapadopMMeH  NHKIAEHY  HOTWXKeciHme  Oummwmkiami  ketoH - 3-(3-

M30IPONIOKCUTIPOITH)- 7 -(3-MopdomuHonponmi)-3, 7-1uazaduuunkino[ 3.3. 1 JHoHaH-
9-0H (2) cunTe3genni. Kymri okcuMueyIn areHT KaTbICybIMEH OMIMKII KETOH
(2) 20 car comptTTi opTama KbI3IBIPBUIBIN, coiikec okcumre (3) neidin 91.5%
JKOFaphbl IIBIFBIMMEH OKCUMHPIICH . AJBIHFaH OKCUMAI (3) XJIOpJibl OCH30MIMEH
5 car abcosroTTi OEH30J1 KaThIChIHIa anupierenae O-6eH3omnokcumHin (4) 72.2
% MIBIFBIMMEH aJBIHYbIHA SKEJI/II.
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1 2
1-cb30anycka — Xana 3-(3-uzonponokcurnponui)-7-(3-moponunonpornui)-3,7-
Ira3a0unukio[3.3.1]HoHaH-9-0H )KoHE OHBIH TYBIHABUIAPHI CUHTE3I: 1) 1-(3-MOpGhOIHHONPOIIIIT)aMHUH,

(CH20)n, CH3OH, HCI, CH3sCOOH, 65 °C, 12 car; ii) NH20H-HCI, nupuaus, stanor, 85-90 °C, 20 car;
iii) CeHsCOCI, CsHs, 90 °C, 5 car.

butnknai keton (2) 'H gamp crektpinin 2.79-2.91 wm.y. aiimarbiHaa
akcuanael 2,4H sxonHe 6,8H nyOnerrep myOneTiHiH COHMH-CIIMH 9pEKETTECY
xorcranTanapsl (2J=11.1 Tu; %= 6.0 T'm) MoHzepi KymTi TeMHHAIIBI JKOHE
aKCHaJIbI-9KBATOPUAIIBI dCepIIECYNepliH JKy3ere acaThIHABIFBIH KopcerTTi. 2,4H
xoHe 6,8H skBaTopuangsl curnangaps! 3.01 m.y. aiimarsiana gyonerrep ayomieri
(2J=1 1.1 I 3J=6.0 I'm) Typinne Gaiikanasl. 2,4,6,8H mpoToHmaps! CriMH-CIIMHIIK
OpeKeTTeCy  KOHCTAaHTalaphl  NUNCPUJIWH  CAKHHAJAPBIHBIH  «KPECIO»
KOH(OPMAIUACHIH KaObUINAHTHIHBIH aWKBIHIANIbI. Bc amp cunektpae C=0
KOMIpTeTi aTOMbIHA THECT anci3 curaan 214.5 m.y. aitmarbiHna cunriaer, 1,5 C
KeMipTeri aromaaps! curHaisl 46.6 M.y. aiimarbiHaa ayomner xone 2,4 C meH 6,8
C curHangaps! 58.1 M.y. €Ki ecelik HHTUHCHUBTUIINIMEH TPUILIET TYpiHAe KOpiHyi,
MaKCcaTThl OMCIIMAMHOHHBIH (2) aJbIHFaH/IBIFBIH PaCTalIbl.

bunmkini oxcumin (3) UK-criekrpinge oucnmanHonra ToH C=0 KyThUTY
JKOJAFsl SKOMBUTBIN, 1675 cm?' aiimarbiima C=N GaillaHBICHIHBIH JKYTBLLY
somakTapsl Tysineni. *C SIMP nepextepi kepcerkenjeit C=0 coiikec kemipTeri
aTOMBIHA TOH CHUTHAJ XOUBLIBI, 161.5 M.y. alimarbiama C=N kxemipTeri aToMbIHA
coiikec curHain maiina 6omansl. 9-xarmarigarel C=0 OaimaHBICHIH OKCUM TOOBIMEH
anMacTeipy OucnuanHoH (1) MOJIeKyIachIHBIH CUMMETPUSCHIH Oy3bir, Ci MeH Cs
KOMIPTEKTepi CUTHamaphl Oactankpl OucnuauHOH (1) KeMipTeri curHalgaphIHA
KaparaHa onci3 epicte (30.6 xone 37.6 m.y.) Oaiikamansl. Oxcumuiy (3) TIMP
cnekTpiniH KymrTi epicinne 1H xone SH curnamgapsr 2.66 xone 3.66 M.y. Keke
xeke Oabikainca, 9.78 m.y. alimareiana NOH TOOBIHBIH KEHEWIeH CUTHAIBI Maiiia
0oxanel. Bysr MakcaTThl OKCHMHIH CHHTE3IENTeHIH ISIeI eI

20



ISSN 1813-1107, elSSN 2710-1185 Me 1, 2025

bumuknai O-6enzomnokcum  (4) UK cnextpinge C=0 OaifnaHbicbl MEH
CsHs— ToOGBIHA TOH KYTBUTy komakTapsl Tysince, C SIMP cmextpinge Cso
KOMIpTEK aTOMBI CUTHAIIBI 164.2 M.y. o7ci3 epicke bIFbICH, C=0 ToOBIHA Colikec
171.3 m.y. curHan maiiga Oomnanpl. DEeHWMIT KOMIPTEK aTOMIAaphl CHUTHAIIApPHI
133.0, 129.5, 128.3, 127.1 m.y. aiimarbiaaa Oalikananel. byn wmamimertep
ouruknai O-6eH30MI0KCUMHIH (4) TY3UITeHAITH pacTai bl

Maii Typime cuHTe3genreH O-OeH3omtokcuM (4) (hapMaKoIOTHSIBIK
3epTTeyNepre  okibepy — anaplHAa — [-IHUKIOAEKCTPUHIE  OTBIPFBI3BLIIBL.
LnMKnoIeKCTPUHHIH TOTBHIFY, BUIFAJl MEH JKapblK 9CEpiHe KapChl TYPaKTHUIBIKKA
BIHTBIKTBIFBI JTOPLTIK (opMamapasl  y3aK cakKTay, TachIMaimay JKOHE OJapIIbl
ar3aHblH MaKCcaTThl aypy OpHBbIHA JCHIH JOJIIeN JKETKI3y TYpPFBICHIHJA
TanTHIPMaWTBIH MOJIEKYJIANBIK KacuetTep oepeni [10].

JKanmer reHerwka skoHe 1wmrToNoTHMs WHCTUTYThIHAA TK-1 mmdpimen
aJIbIHFaH 3-(3-u3onponokcumnporni)-7-(2-mopdonuHonpornmi)-3,7-
muazabunnkio[3.3.1]JHoHaH-9-0H  O-0€H30MWIOKCUMIHIH ~ [B-IUKIIOIEKCTPHHMEH
KeIIeHIHIH KapamnaiibiM jKoHE Aopiiepre pe3suCcTeHTTI CTa(hHuIOKOK, CalbMOHEIIa,
inmek Taskiaiapel, Tyoepkyie3 Hzz Rv Mmukobaktepusuiap (TMB) Typnepine (20
mramMm  Kazakctan PecnyOnukaceinbly —TyOepkynes wmacenenepi  ¥ITTHIK
OpTaNIBIFBIHAAFBIHBIH, ~ TYOEpKyJIe30€H  ChIpKaTTaHyIIbUIApbIHAH  ChIHaMajap
peTiHze ansiHFaH) iN Vitro 6akTEepUIHATIK KOHEe OaKTEpPHOCTATUKAIIBIK 9CEPi MEH
OTKIp  YBITTBUIBIFBI  TECTUICHIN, HOTWXKEIEp MEIUIIHA IPAKTUKACHIHJA
TyOepKyesre KapChl KOJIIaHBIIATBIH AHTUOMOTHK pudaMITUIIH
KepceTKimTepiMeH cambIcTRIpeliapl. Hotmkecinge TK-1 >1Mkr/mMn xeneminme
airy rpam oH (S. aureus) sxone rpam Tepic (E.coli, S.haemolyticus, S.typhimurium)
MUKpoar3aiapra kKapchl OH HoTmwke Oepai. TK-1 TyGepkynes Hsz Rv
MUKOOAKTEPHUSUIAPBIHBIH CE31IMTall TYPiHE Kapchl acep KopceTTi. LDsg ybITThUTBIFBI
(325+17.8 wr/kr) mMeaunuHaAa KOJNJAHBUIATHIH IIpermapar — pupaMIUIMHHEH
(JIds0 268.0 mr/kr) 1.5 ece TemeH GOJibI.

Bakrepusimap mramaapsiHa pudamnuuuH acepin 3eprrereHne onsiH 100-1
MKT/MJI apajbIFbIHIaFbl OaKTepHIUATIK OenceHaiikke me Ooznca, 0.1 MKr/mm
TBM mekti eckengiri Oarikamapl. TK-1100-5 wMKr/mi — apaibIFbIHIAFbI
KOHIICHTpAI¥s MOJIIepiHae OakTepuiuaTiK Oencenaiiiri 6onca, 2 MeH 1 MKr/mi
apasbIFbIHA TOMEHT] MEKTEYJIi 6CIM OONATHIH]IBIFBI AHBIKTAJIIBI.

Ocpiran  coiikec, TK-1 mpemaparst 5-2 MKr/mMia  KOHIIEHTpamusuiapbl
MoHIepiHae kabaiibl ce3imTasi TMDB KaThiCThl OaKTEPUIMATTIK Kacueri Oap
€KEeH/IIr HaKThbUIAHIbI.

4. KopbITBIHABI

TK-1 3epTXaHaAJIbIK OenriciMen 3-(3-u3onponokcunpornn)-7-(3-
Mopdonunonponun)-3,7-nuazadunukiio[3.3.1|Honan-9-on O-6eH30MIOKCHMI  [3-
LUKJIOJIEKCTPUHMEH KeIIeHIHIH OWOJOTrsUIbIK — Oencennuiiri  3eprenin, LDsg
YBITTBUIBIFB  pudaMIuIMHHEH 1.5 ece TeMeH OONAThIHABIFbI AHBIKTAJIBI.
Buonorusibik 3epTTey HOTHKECIHIE TyOepKYyJIe3re Kapchl OCJICCHIITIK KOPCETKEeH
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3-(3-m3onponokcumnporuin)-7-(3-MophonuHonponmi)-3,7-
nmuazaournkio[3.3.1]JHonan-9-08  O-0CH30MIOKCUMIHIH — [3-ITUKIIOACKCTPUHMEH
KelIeHI OfaH apbl Kapail TepeHAETUIreH OWo3epTTeyiiepre KaHIUIAT KOCBUIBIC
pEeTiHAE YCHIHBUIABL.

Kapxbuianapipy: byn 3eprrey Kasakcran PecnyOnmkacel FeuibiM  okoHEe JxkoFapbl  OLTiM
MHUHHUCTPIITiHIH FBUIBIM KOMHUTETIMEH KapKbllaHabIpbulral (rpant Ne AP22685628).

Myanesnep KaKTBIFBICBI: ABTOpJIap OChl Makajlajga KENTIpUITeH AepeKTep OOWBIHIIA aBTOpIap
apachlH/ia MY/IENEp KaKTHIFBICBIHBIH KOK CKCHIH MOITIM/ICHII.

CHUHTE3 U BAKTEPULIUJHASI AKTUBHOCTb
HOBBIX INPOU3BOJHbIX BUCIIMITUHOHA
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Pe3tome. Bsedenue. YuuTbiBas TO, 4YTO 3a IOCIEIHUE JASCATHICTUS HE ObUIO pa3pabOTaHO HOBBIX
MPOTUBOTYOEPKYJIE3HBIX [IPENapaToB, a TAKKe TOT (aKT, YTO TyOepKyIE3Has Manoyka 00JajaeT 0COObBIMU
CBOMCTBaMH TOBBIILICHHOH BOCHPHUUMYHMBOCTH TIPH W3MEHEHHH YCIOBHH €€ J>KU3HEACSITEIBHOCTH B
OpraHu3Me 4eJIOBEeKa, 9TO MOJUEPKMBAECT BAXKHOCTh CHHTE3a HOBBIX IPOTHBOTYOEpPKYNIE3HBIX CPE/ICTB.
DKCrepUMEeHTAIbHBIC PE3yJIbTaThl, IOJYYEHHbIC B XOJA€ HCCIIEIOBaHWH, 00oram@aT HoBeimel
nHdopManueir 0 COBPEMEHHON XMMHM Pa3BUTHS U aHTHOAKTEPUATIBHON AKTHBHOCTH IEPCIEKTHBHOTO
KJIacca XMMHYECKHX COCAMHEHMI - IMPOU3BOAHBIX OMCHMIMHOHOB. [lodyueHHOe HamMH COeJUHEHHE
oOnagaeT OaKTEPUIMIHOW aKTUBHOCTHIO M MOXET CTaTb OCHOBOM s pPa3pabOTKH HOBOTO
OTEYECTBEHHOro 0e30MacHOro mnpemnapara. Lleivio Oanuou pabomul SBISETCS W3y4CHUE (PU3HKO-
XMUMHYECKHX W OWOJIOTMYECKHX CBOMCTB HOBBIX OWCHIHIMHOHOB. Pezyavmamol u  06cyxucoenue.
BucnuaHOH CHHTE3UpYETCs B YCIOBHUIX KOHACHCAMM MaHHHXa U Jaliee HarpeBasich B CIIUPTOBOH cpelie
B NPUCYTCTBUH THAPOXJIOPHIA THAPOKCHIAMHUHA U MUPHUAMHA OKCUMUJIUPYETCSl 10 COOTBETCTBYIOIIETO
OKCHMa C BBICOKMM BbIX0JOM 91.5%. HarpeBanmem okcuMa mnoiydaroT 1eieBoil O-O0EH30MIOKCHM C
BeIxogoM 72.2%. B-LlnkioxexcrpuHoBsiii komiuteke O-6ensomwtokcnma (TK-1) uccnexosan Ha in Vitro
OakTepulMaAHbBIE CBOMcTBAa. Bwigod. O-bemsomnokcum  (TK-1) 3apeKOMEHZIoBall  ce0si  Kak
BBICOKOAKTHBHOE COCJMHEHHE B CEPHH DKCIIEPHUMEHTOB, H3YYarOUIMX OaKTEPULHUIHYIO aKTHBHOCTH B
OTHOILCHUH IITAMMOB JTUKHX YyBCTBUTEIIBHBIX MHKOOAKTepHil TyOepKye3a. Pe3ynbraTsl HCCIeI0BaHHs
OCTpPO# TOKCHYHOCTH TIOCJIE OAHOKPATHOTO MOAKOXKHOTO BBEACHHMS MbIIIaM O€JIOH IMOPO/IBI TIOKa3allH, YTO
O-0eH30MIIOKCUM  TIPEICTABISAET COOOW COCAMHEHHWE C HHU3KOH TOKCHMYHOCTBIO M0 CPaBHEHHUIO C
pudammunuHOM.

KioueBble cjioBa: TIPOU3BOJHBIC 6PICHI/II[I/IHOH3, 0'6CH30HHOKCI/IM, KOMIIJICKCUPOBAHUEC, MCECTHast
6aKTepI/ILH/I,E[Ha}I AKTUBHOCTB, OCTpast TOKCUYHOCTb.

Tozvizbaeea Hypuna Aovinkaiiposna Kanouoam xumuueckux nayx
Hckaxoea Toinvtuumuix Kaovipoena Jlokmop xumuueckux HayK, npogeccop
Manmaxoea Auizyn Epooceinosna PhD, accoyuposannviii npogpeccop
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Abstract: Goals and objectives. The paper presents the results of a study on the preparation of
water-soluble complexes of inclusions of 4- and 2-hydroxyhydrazides of benzoic acid and their
hydrazones with cyclodextrins (B-CD, y-CD) in an aqueous alcohol solution. Methods. The complexation
of the obtained hydrazones with -a-, B-, y-cyclodextrins was studied in silico using molecular docking and
modeling methods. Results and discussion. All the investigated hydrazones demonstrated the best value of
binding affinity with B -cyclodextrin. The efficiency of binding of the studied hydrazones to cyclodectrins
is provided primarily by the correspondence of the geometric parameters of the "guest" and "host"
molecules, as well as the formation of intermolecular hydrogen bonds. The complexation of the studied c
v-CD hydrazones proceeds with the participation of both internal protons of the cyclodextrin cavity and
those located on the outer surface of the conical cone to form mixed supramolecular complexes. The
spectral and thermochemical properties of the inclusion complexes were characterized using IR, *H, and
13C NMR spectroscopy. Conclusion. The optimal conditions proposed in the work for the encapsulation of
hydrazone derivatives of benzoic acid can be used in the preparation of water-soluble forms of similar
compounds.

Key words: benzoic acid hydrazide, hydrazones, cyclodextrins, supramolecular complex,
thermographic analysis.
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KJIATPATHBIE KOMILIEKCBI TUAPA3OHOB 2- U 4-T' UIPOKCUBEH30MHBIX KUCJIOT
C HUKJIOJEKCTPUHAMM U UX CBOUCTBA
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Pesrome. [lenu u 3adauu. B paboTe mpencTaBIeHBI pe3ylbTaThl — HCCICHOBAHUSA IO IIOTYyYEHUIO
BOJIOPACTBOPUMBIX KOMIUIEKCOB BKIIIOYCHUH 4- M 2-THAPOKCUTHIPA3UI0B OCH30MHON M X THIPa30HOB C
muknonexcrpuHamu (B-LUI, y-1I/I) B BogHO-cImpTOBO# cpene. Memoovl. MeTogaMu MOIEKYILSIPHOTO
JOKMHIa M MOJEIHPOBAHMS BBIIOIHEHO N SiliCO MccienoBaHne KOMILIEKCOOOPAa30BAHMS IONYYCHHBIX
TMAPAa3oHOB €  O-, -, y-UUKIOAEKCTpUHAMU. Pesyrbmamul. Bce uccnemyemble  I'MAPa3OHBI
IPOAEMOHCTPUPOBANIN ~ HAMIydIlee 3HAaueHHe aGMHHOCTH CBA3BIBAHMSA C  B-IMKIOAEKCTPUHOM.
D¢ dexkTUBHOCTb CBA3BIBAHUS MCCIELYEMBIX 'MIPA30HOB € LUKIOASKTPUHAMH obecreunBaeTcs Hmpexie
BCETO COOTBETCTBUEM TI'€OMETPUYECKMX IapaMeTPOB MOJEKYJ «rOCTsS» M «XO35MHa», a TaKxke
0o0pa3oBaHHEM MEXMONCKYSIPHBIX ~ BOJOPOIJHBIX CBsA3sel. KomiiekcooOpazoBaHHE — H3yd4aeMbIX
ruapa3oHoB ¢ y-LIJI-HOM NpoTekaeT ¢ ydacTHeM KaK BHYTPEHHHX IPOTOHOB IHMKJIOASKCTPUHOBOH
MOJIOCTH, TAaK M PACHOJIOKEHHBIX Ha BHEIIHEH MOBEPXHOCTH KOHMYECKOro KOHyca ¢ 00pa3oBaHHEM
CMEIIaHHBIX CYNPaMOJEKYSIPHBIX KoMIlIekcoB. CHeKTpalbHblE M TEPMOXMMHYECKME  CBOIicTBa
KOMIUIEKCOB BKJIIOYEHHH ObLIM oXxapakTepusoBanbl ¢ nomommpsio UK-, H u B3C SIMP-cnektpockonumu.
3axnouenue. TlpemnoxkeHHble B paboTe ONTHMAIbHBIE YCIOBHUS WHKAIICYJIHPOBAHHS THAPA30HOBBIX
IIPOM3BOJHBIX OCH30IHOH KHCIOTHI MOTYT OBITh HCIONIB30BaHBI IPH IONYYCHHHM BOAOPACTBOPHMBIX
(bopM aHANOTUYHBIX CCOCTUHEHUH.

KnroueBbie  caoBa: T'uipasun  GeHzolfHoi KUCIIOTBI,  THAPA30HBI,  LUKJIOAEKCTPUHBL,
CYIpaMOJIEKyIIAPHBII KOMILIEKC, TePMOTrpahuuecKHil aHAIH3.

Daszwinos Cepuk /Ipaxmemosuu Axademux HAH PK, Ookmop Xumuueckux Hayk,
npogeccop

Hypkenoe¢ Opanzasvt Akmaesuu Hoxmop xumuyeckux nayx, npogeccop, 3asedyiouuti
snabopamopueil

Ilycmonaikuna Hpuna Anamonvesna Kanouoam xumuueckux Hayk, accoyuuposanmwlil
npogeccop

Capcenoexosa Axkmapan Kaxkanogna Kanouoam xumuueckux mayx, accoyuuposanuwlil
npogheccop

Camnaesa Kanapkynov bBoncvinoexosna Mnaowuii nayunwsitl compyoHUK

Bakuposa Pvicocan Emenveena Jlokmop meduyuHcKux Hayk, npogeccop

Csuoepckuii Anexcandp Koncmanmunoeuu Jlokmop xumuueckux HayK, npogeccop
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Menouobaesa Anensv Kanamogna Mnaowuii nayunwiii compyonux

Auwupbexosa bonamxkyns JKy3oaesna Mnaowuii nayunwiii compyonux

1. BBenenne

Bricokass Omomormveckas aKTHBHOCTh THAPA30HOBBIX  MPOU3BOIHBIX
OCH30MHOM KHUCIOTHI  (puc. 1) CTHMyIHpyeT TMOWCK W CHHTE3 HX HOBBIX
IIPOM3BOJHBIX. XOPOILIO U3BECTHO, YTO IPYIIA THAPA30HA UTPAET BAXKHYIO POJIb B
AHTUMHUKPOOHOM aKTUBHOCTHU. | MApa3ua-TUAPa30HBI MPEACTABISIOT o000l Kitacc
OpPraHWYEeCKHX COECJUHEHUH, KOTOPBII NMpHUBIEKaeT BHUMaHUE XMMHKOB-MEIUKOB
TEM, 4TO OHH cojepxar asomeruHoByio rpymmy (-NH-N=CH-), ces3annyoo c
KapOOHMJIBHOW TIpyNmoii, KoTopass JAeldaeT BO3MOXHBIM CHHTE3 Ppa3IMYHbIX
reTepoLUKINYecKuX  cTpyktyp [1]. MHorue  ruapasun-ruIpa3oHOBBIE
COCIMHEHHs W3BECTHBI KaK aHTHOakTepuaibHble [1-4], anTHTYyOCpKYNe3Hble [5-
6], npoTuBoMasnsapuiinbie [7], mpoTuBOBOCHanuTeabHble [8-10] nmpemapartbl. IT0
BBI3BIBACT HHTEpeC Kak K pa3paboTKe METOJO0B CHHTE3a, Tak MU K
3aKOHOMEPHOCTSAM KOJIMYECTBEHHOTO COOTHOLIEHUS CTPYKTYpa-aKTUBHOCTb.

IIpuBieKaTenbHOCTh THAPA3UI-THIPA30HOB KaK OMOAKTUBHBIX COEAMHEHHUH
o0yclioBlIeHa TakXXe MHOTOTPAHHOCTBIO HX PpEaKIMOHHON CHocoOHOCTH B
CO3JJaHMH HOBBIX OMOAKTHUBHBIX cpeacTB [11]. OgHako MHOTHE MPOM3BOJHEIE
THIPa30HOB XapaKTEepHU3YIOTCs HU3KOW paCTBOPUMOCTBIO B BOJHOM Cpenie, 4To He
[O3BOJIIET MPOBECTH INIUPOKHE M3YYEHHE MX OMOJIOTMYECKHUX CBOWCTB.
OO6pa3oBaHue KOMIUIEKCOB BKJIIOUYEHHH «TOCTh-XO3SMH» C HUKIOJEKCTPUHAMHI
MOXKET TOBBICUTh PACTBOPUMOCTh M CTaOMIIBHOCTH MOJIEKYNBI «rocTs»» [12]. B
CBSI3U C 3TUM IIEPCIIEKTUBHO HCIIOJIB30BAHUE OJMIOCAXapUIOB LUKINYECKOTO
cTpoeHus o-, B- u y-nmkiogekcTpuHoB (L[/]) B momcke HOBBIX OMOAKTHUBHBIX
coenunenui [12, 13]. B nmrepaType HUMEIOTCS JUIIbL HECKOJIBKO JAHHBIX,
Kacaloluxcs  KOMIUIEKCOOOpa30BaHUSI  IMKIOJACKCTPHHOB C  TOCTEBBIMU
CTPYKTYpaMH, CXOAHBIMH CO CTPYKTYpO#l 2- W 4-THAPOKCHOEH30MHON KHCIIOTHI
[14-17]. KoMmIuteKCHOE HCCIEOBAHHE W YCTAaHOBJICHHE B3aWMOCBS3U MEXKIY
TEPMOXHUMUYECKUMH U CTPYKTYPHBIMHU XapaKTEPUCTUKaMHU NPUPOJHBIX O-, B- U V-
IJ ¢ paccmatpuBaeMbIMH B padOTe NPOM3BOJHBIMH THAPA3HIOB 2- U 4-
TUAPOKCUOCH30HHOM KUCIIOTHI paHee HE MPOBOIHUITUCE.

2. JKCcHepUMEHTAJIbHASA YaCTh

B kauectBe cyOCTpaToB Ui IMONYYCHHS KOMIUICKCOB BKIIIOYCHHH OBLTH
WCIIONIb30BaHbl CHHTe3upoBaHHbIe Hamu [18] rumpasuner (1 u 2), a Takke uX
THPa30HOBBIC MPOU3BOHBIE: N-(4-(IUATUIAMUHO)-2-THIPOKCHOCHIHITUICH )-2-
ruapokcubenzoruapazua (3), N-(4-(TudTHIaAMHUHO)-2-THIPOKCHOCH3MIHICH )-4-
ruzpokcuben3oruapasu (4). B kauecTBe komiiekcooOpaszoBaTesisi ObUT BRIOpAH
B-LIJI mnpomseoactBa “Fluka” (CILIA)(umncrora 99%). @DuzMKO-XUMHUYECKUE
XapakTepuCTHKK ¥ naHHEe crektpoB IMP 'H u C xommiekcos rumpasumon
camMam Ha crmekrpomerpe JNM-ECA 400 (399.78 wm 100.53 MIn
COOTBETCTBEHHO) c MCTIOJIb30BaHUEM pacTBOpHUTENS JAMCO-ds.
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Tepmorpasumerpuueckuii (TI), muddepenumansueiii Tepmudeckuin (ATD) u
muddepenunansHo-ckanupytomuii  kanopumerpuueckuii  (JACK)  ananmus
npoBoaunn Ha obopynoBanmu ITA/IICK (Labsys EVO, Setaram, ®pannus) B
JMHAMUYECKOM pexume B auana3zoHe Ttemmeparyp 30-500°C mpu ckopoctu
Harpesa 100°C/mMuH B aTMOcdepe a30Ta U BO3IyXa.

Hccenedosanusn MoaeKynapHo2o 0oKuHea

CtpykTypsl Monlekyn o-, B-, y-LIJI Obumn ckauanbl w3 0a3bl JaHHBIX
PubChem Substance and Compound (https://pubchem.ncbi.nlm.nih.gov/): 444913
- o-LJ, 444041 B-LIA, 5287407 vy-LIJA. Momnekynsapuele cTpykTypsl LU/,
TUAPa3sUIOB M ruapa3oHoB la-d Obuim  dkcmopTupoBaHel B 2D-penmaktop
ChemDraw [19]. Ilpomemypa MOJEKYJSIPHOTO JOKHHTa IPOBOIMIACH C
HCTIONB30BaHUEM TNporpaMMmHoro obtecrnedenusi AutoDock Vina um AutoDock
MGL Tools 1.5. [19,20] u uCIONB30BaNN CIEAYIONUE CETYATHIC KOOPIUHATHI
aKkTHBHOro peuentopa: (x = -0,0148, y = -0,11, z = -0,03) ans crpykrypst a-LI/JI,
(x =-26,173, y = -30,009, z = -13,283) ans crpykrypsl B- LI, u (x =-0,927,y =
5,86, z = 3,612) nns y- LIJI. Ha ocHOBaHMU pe3ynbTaTOB JOKWHTA OBUT BHIIOJIHEH
CPAaBHHUTENBHBIA aHamu3 a(QUHHOCTH CBS3BIBAHUS M MEXMOJIEKYJSPHBIX
B3aMMOJEHCTBUM 00Pa3yIOIINXCsl KOMIUIEKCOB BKIIIOYEHHUSL.

Tepmozpaguueckue usmepenus

TepMmogecTpykiuio  00pa3noB  la-r  TOpoBOAWIM € MOMOIIBIO
middepenuuansHoro ckanupyromero kaitopumerpa LabsysEvoTG-DTA/DSC B
KOPYHIOBBIX THIIAX B nHTepBaje temnepatyp oT 30 go 700°C B moToke aprona
(mpu cxopocTH MOTOKA 3aLIUTHOTO M MpoayBoyHOro rasa 20 u 50 mia B MUHYTY
COOTBETCTBEHHO). OOpaboTka pe3ynbTaTOB H3MEpEeHHH ObUla BBINOJIHEHA C
romotnipio makera nporpamm «OriginLab» u guctpubyrtuBa «Python Anaconda
3.

3. Pe3yabTaThl U 00CyKACHUE
B manHoii paboTe B KadeCTBE TOCTEBBIX CyOCTPATOB OBLITH B3SITHI THAPA3HIBI
Y THIPA30HBI 2- U 4-THAPOKCHOeH30iHOM KucaoThI [18].

.0 — _— )
‘ | CH,CH;3 ¢ o |._(‘ o CHyCH;
N - € —

~" ¢ 2 ) y
C’ HN—N - CH,CH, N-NH, NN CH,CH;
la 16 1B Ir
Hccnedosanusn MoeKyIapHo20 00KUH2a

C uenbio BeIOOpa Hanboiee 3PPEeKTUBHOrO KOMILUIEKCOOOPA3YIOIIETr0 areHTa
n3 Tpex 11J] OBIIO BBITOIHEHO HCCIENOBAaHUE KOMIUIEKCOB «XO3SHMH-TOCTHY IS
CHUCTEMBI ITUKIIONCKCTPUH-THAPA30H ¢ MOJISIPHBIM cooTHomeHueM 1:1 (cxema 1)
METOJIOM MOJICKYJSIDHOTO JIOKMHIa C OLEHKOM aduHHOCTH CBs3biBaHUs. B
KauecTBe OOBEKTOB KCCIENOBAHMS BBICTYIIWIM MOIEKYJBl THApa3oHOB la-1r
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(«roctu»), a TaKKe MOJICKYJISIPHBIC KOHTEHHEPBI O-, - U Y-IIUKIOJACKCTPUHOB
(«x03sieBay).

Cxema 1 - CxeMbl 00pa3oBaHusi MOJICKYJISIPHBIX KOHTEHHEPOB
ruapaszona 1b ¢ B-unkioaekcTpuHoM

B pamkax mOATOTOBKHM MOJEKYJIAPHBIX CTPYKTYP OOBEKTOB HMCCIIEAOBAHUS K
JOKHMHTY HMX TeoMeTpHs ObUla TMepBOHAYaNbHO ONTUMH3MpoBaHa MeTogoMm DFT
RB3LYP/6-31G CPCM (water) s onpeneneHuss HauOoiee yCTOWYMBBIX
KoH(OpMaIii U OIEHKH WX mapaMmeTpoB. Ha puc. 1 mpencraBieHsl moTyYeHHBIE
B pe3yibTare TOJHOW ONTUMH3AIMH TeOMEeTpUH HamboJjiee YCTOWYHMBBIE
KoH(opMaIuu MoJIeKyJ ruapa3onoB la-r, a Takxe o-, B- u y-LI.

= 4 J
pa e , ,, 9 2 o 0 o d ) %@ 9
(4 2% hd e s, 0, 0o oo , e ed 3%
b =2 5 99 ve g 3 S oa 0@ , %0 92 W0,
s °9, “‘ P % ‘JJ Q@ 20 J
. 5 o, SN
a J
16 Is Ir
%
'* i f—y W
aCD pCh 1-CD

PHCyHOK 1- OHTI/IMI/I3I/Ip0BaHHLI€ reoMeTpun 00BEKTOB HUCCIICIOBAHUA

Kak BuaHO M3 mpencTaBieHHBIX Ha puc. | JaHHBIX, KapKac MOJIEKYIH
THIPa30HOB XapaKTepU3yeTCsl OMpPEeNICHHON JKeCTKOCThIO Oyiaronaps HaJHYHIO
YCTOMYMBBIX K KOH(pOpPManMOHHOH aedopmannu OCH30JIBHBIX KOJIEL, a TaKkKe
HaJIMYUI0  MPEnsITCTBYIOMIEH — cBoOomHoMy  BpamieHuto  C=NN-rpymisi.
HBoiictBennast npupoaa L/ mo3Bossier uM BKiIIOYaTh THAPO(OOHBIE MOJIEKYITBI-
TOCTH BHYTpU ceOsl, ydaydmas UX PacTBOPUMOCTb M CTAOMJIBHOCTH B BOJIHBIX
pacTtBopax. COOTHOIIIEHHE TEOMETPUIECKUX TapaMeTPOB MOJIEKYJ THAPA30HOB B
Ka4yecTBE «roCTei» ¢ pasMepamu IosiocTeil Mojekyn o-, - u y-1I/I mo3somnser
MPeanoyIoKuTh Hanbosnee 3ddexTtuBHOe cBszpiBaHue ¢ - u y-LIJI, Tak kax
«KOHTelHep» Mousiekynsl o-1JI ciaumkoM Manm A BMELIEHUS MOJIEKYH
HCCIIEyEeMBIX THIPA30HOB.
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[Monmy4yeHHsle B pe3yibTare ONTHMH3AIMH  TEOMETPUH  OOBEKTOB
HccrenoBaHusl ObUTH CKOHBEpTHpoBaHBl B *.pdb ¢dopmar M HCHoNIb30BaHBI AJS
BBITIOJIHEHHUS MTPOLIEAYPHl MOJIEKYJIIPHOTO JOKHHTa KOMIUICKCOB BKJIIOYECHUS O
TUIY «XO35IMH-TOCTH» C MOJSAPHBIM cooTHomieHueM 1:1. TlomyueHHble B
pe3ybTaTe MOJEKYISPHOTO JOKWUHTa a(WHHOCTH CBSI3BIBAHUSI MPEICTABICHBI B
Tabmuue 1.

Ta6auna 1 — AGUHHOCTD CBSI3BIBAHUS JUIsSI KOMIUTIEKCOB rupa3oH - LT (1:1)

LuknonekcTpuH o-IJT B- I y- IA
lumpazon
la 42 50 45
1b -5.3 -5.7 -5.1
1c -5.0 -5.3 -4.8
1d 42 57 23

Kak crnemyer wu3 mpeicraBieHHBIX B Tabnuie | JaHHBIX, HaWiIydliee
CBsA3BIBaHME Bce THApa3oHbl nposiBim ¢ PB-LJ, gyt menee sddexruBHOE
CBsI3bIBaHHE B OOJIBLIMHCTBE CIydaeB ObLIO IpoxeMoHcTpuposaHo ¢ y-LIJI, 3a
UCKITIOYEHHEM Tuapa3oHoB 16 u 1B, xoroprie mocne B-LI/I Gonee sdhdextuBHO
B3aumopeiicTBoBaiu ¢ o-1/l. Hamnyumiee 3HaueHne apuHHOCTH CBSI3BIBAHHSA OT -
5,0 mo -5,7 kkam/monb ruapa3zoHsl la-r npoaeMmoHcTpupoBasm ¢ [B-LIJI.
Hauxyamee cBsizpiBaHHE MPOJEMOHCTPUPOBAIM TuApazoHsl la u 1r ¢ a- LI/,
Mmoka3aB apUHHHOCTH CBs3bIBaHUS -4,2 Kkan/Monb. JJocrarouno s¢dekTuBHOE
B3amMoelcTBue Tuapa3oHoB 160 u 1B (aduHHOCTH CBs3pIBaHUA -5,3 u -5,0
KKaJI/MOJIb COOTBETCTBEHHO) ¢ ai-L1/], yTo mo-BuauMomy, 0OyCIOBICHO HATHIHEM
B Hux mmmHHOTO -C-N-N=C- Moctmka, a takxke momsipHeix -C=0 u -C-O-H,
o0ecreunBaroNINX MPOHUKHOBCHUE W 3aKpEIUICHHE MOJIEKYIbI TOCTS B MOJOCTb
X0311Ha. AHaJIU3 MPEJCTaBICHHBIX HA PUC.2 C TEOMETPUN KOMIUIEKCOB I'MIPa30H-
LIUKJIOICKCTPUH MOKa3bIBaeT, 4To ¢ o-LIJ] rumpa3oHsl 1a MMEIOT MOBEPXHOCTHOE
CBsI3bIBaHUE, O€3 MPOHMKHOBEHHUS MOJEKYJbl TOCTS B IOJOCTh XO35SMHA, YTO
NpOsIBJIICTCS B HM3KMX 3HAuYeHUSIX apUHHOCTU CBs3bIBaHUS. VIHTepecHO
OTMETHUTh, 4TO B ciy4ae ¢ Yy-LIJI, HecMOTps Ha NPOHMKHOBEHHE MOJEKYJ
«rOCTei» BHYTPh TMOJOCTH TOpa, HCCIEAyeMbIC THAPa30HBI JEMOHCTPUPYIOT
MeHee 3 dekTrBHOE cBA3BIBaHUE, YeM B cirydae ¢ B-1JI. Oto obycrnosneno, mo-
BUAMMOMY, HECOOTBETCTBHEM pasMmepa mosnoctu Topa y-LIJ| reomerpuueckum
napameTpaM MOJIEKYJ THAPA30HOB - B psijie CIIyd4aeM MOXHO OTMETHTh, Kak

MOJIEKYJIa «TOCTsD» OYKBaJIbHO «IIPOBATMBACTCS» CKBO3b mosocThb Y-LIJI (pucyHok
2).
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PucyHok 2 - Jlyumue 1o3sl CBA3bIBaHUS THAPA30HOB 1a-r ¢ a-, - u y- L]

B uenomM, moaenupoBaHUE C TOMOIIBI0O HHCTPYMEHTOB MOJICKYJISIPHOTO
JMIOKWHTA TO3BONMWIO BBIIBUTH (- IIJI kak wambonee 3¢ deKTHUBHBIMA
KOMIUIEKCOOOpa3yoomuii ~ areHT  JIsi  HCCIEeNyeMBIX  THIpa3oHOB.  Bcee
HcCIeAyeMble  THAPAa30Hbl  MPOJAEMOHCTPUPOBAIM  HAWIydlllee 3HAUCHHE
apunHocty cBsa3eBanuss ¢ B- L. Ilpm stom gms monekyn 16, 1B
KOMIUIEKCO00pa3oBareieM BTOPOTO BhIOOpa MOXKET ObITh pekoMeHoBad o- LIJ1,
a mua octambHbIX - Y- IIJI. DdQekTUBHOCTh CBA3BIBAHUS HCCICAYSMBIX
rugpazoHoB ¢ LIJI  oOecneumBaeTcss  mpexae  BCEro  COOTBETCTBHEM
FEOMETPUYECKUX APAMETPOB MOJIEKYJI «TOCTSA» U «XO3UHa», 4 TAKXKE HATUYUEM
U TOJOKEHWEeM  (QYHKIIMOHANBHBIX,  CIIOCOOHBIX K  BO3HHUKHOBEHUIO
MEXKMOJIEKYJISIPHBIX B3aUMOAEHCTBUM MEXAY HUMM.

Tepmuueckas cmabuibHOCMD.

Tepmudeckass CcTaOWIBLHOCTh OOpPA30BAHHBIX KOMILIEKCOB  BKIIFOUCHUS
CUIPA3UIOB M HMX THAPA30HOBBIX MPOM3BOAHBIX ¢ P-11JI Obutm ucciemoBaHbI
MeTojioM TepMorpaBumerpuueckoro anammza (TT'A). Meron TI'A mnosBosser
YUHUTHIBaTh U3MEHEHUE MAacChl CYNPaMOJIEKYJSIPHBIX KOMIUIEKCOB BKIIIOUEHHUEM
cyOCTpaToB OT Temmeparypbl (PUCYHOK 3) W Ha OCHOBE €¢ IHKOB TOYHO
OMPENETATh CKOPOCTh TEPMHUECKOTO PA3JI0KCHHS N3Y4aeMbIX 00Pa3IloB.
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Mass loss, mg
Derivative weight loss, mg min

T T T T 1 T T T T 1
o 100 200 300 400 500 o 100 200 300 400 500
Temperature, °C Temperature, °C

Pucynok 3 - TepmorpaBumerpuueckue kpusbie L] (1), dbusnueckue cmecu L]
¢ ruzipazoHoM (2) u komiuekc Bkiarouenus L1:1d (3)

Kpusrle, mpencraBieHHbIe Ha PUCYHKE 3, 0TOOpaxaroT pe3ynbratel TI'A u
MIPOM3BOJHOTO TepMorpaBuMerpudeckoro anammza (JATI) i  pa3muaHbIX
obpasnos: L1/, ero ¢u3mueckux cmeceil ¢ THIPa30HOM, a TaKkKe KOMIUIEKCA
BrmroueHus 1[/1:1d. Ha TT'A-kpuBBIX (pUCYHOK 3, a) ITOKa3aHO N3MEHEHHE MaCChI
obpasnoB (TI', mr) B 3aBucumoctu ot temmeparypsl (°C), a na JITT-KpuBBIX
(pucyHok 3, b) - ckopocTs M3MeHeHHs Macchl (MI/MHUH) 1O Mepe HarpeBaHMs.
[Iponecc tepmuueckoii mectpykumu LI, a Tarke ¢uzuyeckoii cmeceir LI/ ¢
ruapazoHoM ©u  KomiuiekcHeIM I[/[:1d mpoTekaeT B HECKOJIBKO CTaIWi,
COIPOBOXKIAIOMINXCS MOTEPSIMU Macchl, pUKcupyeMbiMi Ha KpuBbix 1T u JTT.
Kak BupnO u3 pucynka 3, mna LIJ] u ¢pusmueckux cmeceil ¢ ruapasoHOM HOTeps
MacChl, CBSI3aHHAs C yaajeHueM Bojbl, npoucxoaut mnpu ~100°C (3.80 mr, 3.50
Mr), Torjaa Kak Juis komruiekca Brirouenue I1/1:1d - mpu 115°C (4.20 mr), uto
CBUJCTEIHCTBYET O Ooyiee CHIBHOM CBS3BIBAHHM BOJBI B KOMIUIEKCE. JTO
MOATBEpKAaeTcs Oosiee BBIPAXKEHHBIM HH3KOTeMIepaTypHbIM mnukoMm Ha JTI-
KpHuBOH (pucyHoK 3, b). B nntepBane Temnepatypst 305-365°C mist 1-ro obpasua
), 305-375°C pmns 3-ro obpasma (L[J:1d), a Ttaxke 305-385°C mns
¢bmuaeckoir  cmecu  IJI ¢ rugpaszonmom  Habmomatores 3G (EKTHI,
COTIPOBOXKIAIONINECS PE3KOM MoTepeil Macchl, YTO CBUAETENHCTBYET O Hadaje
mporecca TEPMUUYECKON AECCTPYKIHMU W Pa3lesIeHUsT KOMIOHEHTOB KOMIUIEKCOB
(pucynok 3), npu stom TI- m JATI-kpuBble TNOKA3BIBAIOT, YTO OCHOBHBIE
pasnoxenuss komiuiekca BriaroueHus [[J[:1d HaumnaroTcs mnpu Oosiee HU3KOU
temneparype (UTI max=357°C), uem mna ¢usuueckux cmeceit LI c
ruapa3oHoM (ATT max=367°C), 4To CBUIETENBCTBYET O CHUKEHUH TEPMUIECKOMH
yCTOWYMBOCTH KoMIulekca BkitoueHus LIJ[:1d mo cpaBHeHuto ¢ Quzndeckumu
cmecamu L[ ¢ ruapazonom. OgHako HaOIIOHACTCS, YTO KOMILUIEKC BKIIFOUEHHS
LJ:1d cnocobcTByeT yMEHBIIEHHIO TepMHUYECKO# crabuipHOCTH camoro L1[/]
(Tabmuma 2).
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Tabauua 2 - [laumnble TepMorpamMMm komiuiekcoB B-LIJI, ¢wusmueckue cmecu 1[I ¢ rumpasoHoM H
Komruiekca BrirodeHus LIJ1:1r

[TapameTp B-LLA ®dusnueckast cMech | Komruiekce BrutoueHus

/1 ¢ ruapa3oHoM OA:1r

Temmneparypa . HaJana 100°C 115°C 100°C

mnotepu Macchl, °C

Temnepatypa

MaKCHMaJIbHas ~ CKOPOCTb o o o

pasnoxkennss (AT max), c 337°C C

°C

Ioteps Macchbl Ha

HayaJbHOM  JTame (1o 63.33%/3.80 mr 58.33%/3.50 mr 70.00%/4.20 mr

150°C), %

TemneparypHblil AUanazoH

OCHOBHBIX  pa3JIOXKCHHUIA, 305-376°C 305-400°C 305-393°C

°C

Ocraroynas Macca, % 36.66%/2.2 mr 41.67%/2.5 mr 30.0%/1.8 mr

4. 3aka04eHue

I'mapazonsl 2- u 4-ruapokcuOeH30iHON KUCHIoTh ¢ PB- u y-LIJ] obpasyrores
KOMILIEKCH BKJIIOYEHHS CcyoOcTpaToB ¢ Monekymamu [- m y-IIJI. Ilpomecc
KOMILIEKCOOOpa3oBaHUsS CyOCTpPaToB TPOTEKAeT B OIWHAKOBOW CTEIICHH C
y4acTHeM KaK BHYTPEHHHX MPOTOHOB IHUKJIOJEKCTPUHOBOW MOJOCTH, TaK M
pacloNiOKEHHBIX Ha BHEIIHEH MOBEPXHOCTH C 0O0pa3oBaHMEM CMeEIIaHHBIX
CYTIPaMOJIeKyJISIPHBIX KOMIUIEKCOB. COOTHOIIIEHHE T€OMETPHUIECKHUX MapaMeTpoB
MOJIEKYJ F'MIPa30HOB B KaueCTBE «TOCTEH» C pa3MepaMM HOJOCTEH MOJIEKYI O.-,
B- n y-LIJ1 mo3BoJIsieT mpeAnoiioxKuTh Hanbosnee 3¢ (HeKTUBHOE CBSI3bIBAHHE C [3- U
v-L . Pe3ynbrarhl aHann30B TEPMOAECCTPYKIMH KOMILIEKCOB CBUAETENLCTBYIOT O
MOBBIILICHUH TEPMOCTAOUIBHOCTH MOJIeKy bl LI/ py BKJIIOYEHHH B €ro MOJIOCTh
OHMOIOrMYEeCKH aKTHBHOTO KOMIIOHEHTA.

®unancuposanue: [IpuBoxurcs nHpopManus 0 GHHAHCHPOBAHUH HCCIICIOBAHMI.

BaaroaaprocTu: Bripaxaercs 61aroqapHOCTb TeM, KTO TIOMOT BaM B TIOJTOTOBKE Balllel paboTHL.

KonpaukT uHTepecoB: ABTOpBI 3asBISIOT 00 OTCYTCTBHM KOH(IMKTa HHTEPECOB MEXIY
aBTOpaMH.

2 - JKOHE 4-THIPOKCUBEH30 KBIIIKbIIJIAPHIHBIH I'JPA3OH/IAPBIHBIH
LUKJIOAEKCTPUHAEPMEH KJIATPAT KEIIEH/EPI 5KOHE OJIAPIBIH KACHUETTEPI
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Tyitingeme. Maxcammapwor men mindemmepi. JKympicta Cylibl - CIUPTTI opTaja uukioaekcTpunaepi (B-
LT, v-1JT) Gap Genzoiiabiy 4-koHe 2-THAPOKCHTHAPA3HATEPI MEH OJNAPJBIH THAPA3OHIAPBIHBIH CyIa
CpHUTIH KOCHIHIBUIAPBIH aly OOMBIHINA 3epTITey HOTIDKENCpl KenTipinreH. Odicmepi. MoleKynaiblk
KOHIBIPY JKOHE MOJENbJCY OMICTepIMEH albIHFaH TI'MAPA3OHAAPABIH O-, -, Y-LUKIOAEKCTPUHIEPMEH
KypZeni KeteH Ty3inyiH in Silico seprreyi sxyprisinmi. Homuoicenep. bapnbik 3eprrenren rumpasonaap -
LUKJIOIEKCTPUHMEH OaiiiaHbIcy a)MHANBIFBIHBIH €H JKaKChl MOHIH KOPCETTi. 3epTTeeTiH THAPa30HAap bl
LUKJIOJCKTPUHMEH  OaiilaHbICTBIpY — THIMALIIL, €H  ajjiblMeH, 'KOHaK  JkoHEe ''KoxKaWbiH"
MOJICKYJTaIapbIHBIH TC€OMETPHUSUIBIK apaMeTpIIepiHiH COUKeCTIriMeH, COHIali-aK MOJIEKYTaapasblK CyTeri
OailaHbICTApBIHBIH TY3UIyIMEH KaMTaMachl3 eTiIeaAi. 3epTTeNeTiH TMAPA30OHIAp/blH KOMIUIEKC Ty3lIyl
LUKIOACKCTPUH  KYBICBIHBIH IIIKI HPOTOHAAPBIHBIH KAaTBICYbIMEH, KOHYCTBIH CBIPTKbl OeTiHzae
OpHaJIaCKaH, apajiac CyNpaMOJICKYJAJbIK KelICHIEp Ty3e[i. AJIbIHFAH KCeLICHICPAIH CIEKTPIiK KOHE
TepMOXUMHUSIBIK Kacuertepi UK-, *H sxone 1*C SIMP crieKTpoCKONUACHIMEH CHTIATTAIBL KopbimbiHObL.
XKymbicTa YChIHBUIFAaH OCH30M KBIMIKBUIBIHBIH THAPA30H TYBIHABUIAPHIH WHKATICYIISALHSIAYAbIH OHTANIIbI
LIAPTTApPbl YKCAC KOCBUIBICTAPIBIH Cy/a CPUTIH TYPJIEPiH aly Ke3iH/e naijataHbuTybl MYMKIiH.

Tyiiinai  ce3aep: OCH30#1  KBIMIKBUIBIHBIH  THIPA3UII,
CyNpaMOJIeKyJIANIBIK KEIICH, TepMOrpadsUIbIK Tauaay.

ruapasonaap, TUAKIOACKCTPUHIAED,

KP ¥FA Axademusi,
dokmopul, npogheccop

Dazvinos Cepik Jlpaxmemynst XUMUSA  2bLIBIMOGDbIHbIHY

Hypkenoe Opanzazel Akmaiiynt Xumus  2oL16iMOapbIHbIY  OOKMOpLL,  Bpogdeccop,
3epMXAHA MEeH2epyulict

Ilycmonaikuna Hpuna Anamonvesna Xumus 2bLILIMOAPbIHbIY KaHouoamst,
KayblMOacmulpvlizan npogheccop

Capcenoexosa Akmapan Kaxanoena Xumus 2bLILIMOAPbIHbIY KaHouoamet,

KayblMOacmulpulizan npogheccop

Coméaesa Kanapkyn boncvinoexkosna

Kiwi goinvivu Kvizmemxep

Bakupoea Pvicowcan Emenvesna

Meouyuna evinblmoapviibiy 00KMOpsl, npogheccop

Csuoepckuii Anexcandp Koncmanmunoeuu

Xumus o11biMOapbitbly O0OKMOopbl, npogheccop

Menoibaesa Anenv Kanamoena

Kiwi evinvivu goismemkep

Awupoexosa bonamkyn Ky3baeena

Kiwi evinvimu goismemkep
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OBTAINING LIQUID MINERAL FERTILIZERS FROM PRE-PURIFIED
EPA BY NATURAL ZEOLITE
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Abstract. Introduction. Wide application of extraction phosphoric acid (EPA) is mainly associated
with obtaining mineral fertilizers from it. Currently, the main raw material for obtaining EPA is
phosphorites of the Kistas deposit. The aim of the work is to purify the plant extraction phosphoric acid
(EPA) and obtain liquid N-P-containing fertilizers from it. Results and discussion. The influence of zeolite
consumption, time and temperature on the process of acid purification from suspensions was studied.
Analysis of the obtained results showed that transparent EPA was obtained regardless of the zeolite rate,
duration and temperature of the process. Optimum conditions for the sorption process of EPA purification
with natural Shankanai zeolite were determined: S:L = 15:100, ToC — (25-30)°C, T — 30 min., ensuring
complete absorption of suspensions and an increase in P2Os in EPA by 2.2-2.4%. The process is
preferably carried out with a zeolite consumption of 15 g per 100 g of the purified solution. The effect of
time on the purification of EFA was studied at constant process factors: temperature - 22 °C and T:L =
1:15 with a process duration of 5 to 90 min. It was shown that in the range from 15 to 45 min, the P205
content in EFA increases by (1.59-2.37)% of the initial value. Optimum conditions for concentrating the
acid were established: temperature - 40 °C, time - 60 minutes, with the production of EFA with P205
(42.90%). Conclusion. For the first time, liquid NP fertilizer was obtained from purified and evaporated
phosphorite from Koksu field under conditions of ammonia ammoniation with the ratio N:P=(0.19-0.23):1
and the sum of nutrient components (N+P20s) equal to (44.15-44.25)%. Optimum conditions for
obtaining liquid NP fertilizers were identified: T=25 °C, pH 3.34-3.64.

Key words: extraction phosphoric acid, purification, zeolite, liquid mineral fertilizers.
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MOJYYEHME KUJKNX MUHEPAJIbHBIX YJIOBPEHU U3 3®K MPEJIBAPUTEJILHO
OUYHUIEHHOM NPUPOIHBIM IIEOJIUTOM

P.M.Yepusaxoea', I.IIL. Cynmanéaesa'*, P.A.Kaiivinbaesa®,
VK. /Incycunéexos’, H.H.Koxcabexosa®

Y40 «HMncmumym xumuyeckux nayx um.A.5.Bexmyposay, 2. Anmamei, Kazaxcman,
2Kazaxckuii HAYUOHANbHbII nedazocudeckuti ynusepcumem um.Abas, e. Anmamel, Kazaxcman
*E-mail: sultanbaeva@mail.ru

Pe3ome. Bseoenue. lllupokoe HCMONB30BaHHE SKCTPAKIUOHHON (ocdoproii kucmotsl (DDK) B
OCHOBHOM CBSI3aHO C IOJIydYeHMEM M3 Hee MHUHEpalbHBIX YA0OpeHui. B Hacrosiee BpeMsi OCHOBHBIM
ceipbeM a1 nonydenust OPK spistiores pocdopursl mectoposkaenust Kucrac. Lenvio pabomer sBisieTcs
OYKCTKH 3aBOJCKOI 9KCTpakIMOHHOH (ochopHoit kucinoTel (DDK) u momyuenue us Hee xunkux N-P-
coZiepXKaIUX YAOOpeHui. Pesyibmamoul u obcysxcoenue. ViccnenoBaHo BIMSHHME pacxoja LEOJHTa,
BPEMEHH ¥ TEMIIEpaTypbl Ha MPOLIECC OUUCTKH KUCIOThI OT B3BECEH. AHAIU3 MONYYEHHBIX PE3yJIbTaTOB
[OKa3aJl, 4YTO HE3aBUCUMO OT HOPMBI LEOJUTA, MIUTCIBHOCTH M TEMIEpaTyphl Ipolecca MOIyYeHa
npo3paynass O®K. OmpeneneHsl ONTUMaNbHbIE YCIOBHUS COPOLMOHHOrO mpouecca o4uctku ODK
MIPUPOHBIM InaHkaHaickuM neomurom: T:K =15:100, T°C — (25-30)°C, t — 30 MuH., 00ecreunBaroIme
MoJIHOE morJjolieHue B3Beceil U noseiienue P20s 8 DOK Ha 2.2-2.4 %. Ilpouecc mpeamouTurenpHee
IIPOBOMUTH IPH pacxoje neonuta 15 r Ha 100 r ounmaemoro pactopa. Vi3yueHue BIMSHUE BPEMEHH Ha
ounicTky DPK ocyuiecTBIsI Ipu MOCTOSHHBIX (akTopax mpouecca: Temneparypa — 22°C u T:XK=1:15
MPH NPOJODKUTENBFHOCTH mpouecca oT 5 1o 90 mun. Ilokazano, uro B uHTepBaje oT 15 mo 45 mun
conepxkanue P20s B DOK yBennuuaercs Ha (1.59-2.37)% oT nepBoHaYaIbHOTO 3HAYCHHUS. Y CTAHOBJICHBI
OITUMAIbHBIE YCIOBUS KOHIICHTPUPOBAaHMSA KHCIOTH:: Temmeparypa — 40°C, Bpems — 60 MuUHYT, C
nonyuernem JDK ¢ P20s (42.90%). 3axmouenue. Buepsoie momyueno umkoe NP-ymoGpenume u3
ounineHHor U ynapenHoi DK u3 pochoputoB M. Kokcy B yClIoBUsSIX aMMOHU3AIMU BOJHBIM aMMHAKOM
¢ cootnourenueM N:P=(0.19-0.23):1 u cymmoii muratensHbix KomioHeHTOB(N+P20s) paBHoil (44.15-
44.25) %. BelsBiieHbl onTUMANbHbIE YCIIOBUs nomydeHus skunkux NP-yno6penumit: T=25 °C, pH 3.34-
3.64.

KiioueBble c0Ba: SKcTpaknuoHHas (ochopHast KHCIOTA, OYHCTKA, LEONUT, SKUIKAE MHUHEPAIbHBIC
yoOpeHusl.

Pauca Muxaiinoena Yepusaxosa Jlokmop mexnuueckux Hayx
Tuma Illamunsesna Cynmanoaesa Kanouoam mexnuyeckux Hayx
Paywian Anuobexoena Kaitvinoaesa Karnouoam mexnuyeckux Hayk
Ymupsax 2Kymacunoeu /Ioicycunvexos Loxmop mexnuveckux nayk
Haszvim Hypzyovipoena Kosicabekosa Kanouoam xumuueckux nayx

1. Benenne.

B nacrosimee Bpems DPK mmeer mmpokuii cekTp o0yiacTedl mpuMEeHEeHHS
[1,2], kpome TOrO MCHONB3yeTCs Ui MoiydeHus: ammodoca [3-5] u xxugkux NP
cojepkamux  yaoopenuit  [6]. O®K  momydaror W3 pa3IUYHOTO
dochopcomepariero coipbsi [7-8], HO OCHOBHBIM CHIPBEBBIM HCTOYHHKOM €€
noyiyueHusi octarorest Gocoputel u anarutel [4,5]. B PK Haubosnee kpymHbIM
MecTtopoxkaenueM spisiercss Kapartayckuit gpocopuronocusii 6acceitn [9]. Ha
TOO «Munepansable ynoopenus» (r.Tapa3) nomyuenne DPK ocymiecTBisercs
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u3 QocdopuroB Kaparay murmapatasiMm metogom [4,5]. B mocneanee Bpems
ceipbeM utst DDK sBisiroTcst pocoputsl MecTopoxaeaust Kucrac.

MuHepanbHble YIO0OpEHUS OTHOCSTCS K OCHOBHBIM CPEICTBAM MOJMYYCHHS
BBICOKHMX M KaUECTBEHHBIX YPO’KaeB CEIbCKOX03SIMCTBEHHON NMPOIYKIIMH, 8 TAaKXKe
YBEIMUEHHUS COJEPXKAHUSA, YCBOSIEMBIX PAaCTCHHSMHU IUTATENIBHBIX 3JIEMEHTOB B
mouBax u ymydmenus ux miogoponaus [10]. XKuakue munepanbHbie yaoOpeHus
OTHOCSTCS K BBICOKO3()(hEKTUBHBIM 3KOHOMUYECKH-IIeTIECO00Pa3HBIM
KOMILJIEKCHBIM yIOOpEeHUsIM, NpeAHA3HAUYEHHBIM I BHECEHHUS IOJ Pa3IHyHbIC
CENIbCKOXO3AUCTBEHHBIE KYJIBTYpPHl M IPAaKTHUYECKH B JIOOBIE TPYHTHI.
CoBpeMeHHas arpoxuMHuecKas Hayka IpearnojaraeT IprMeHeHne yAoO0peHuil ¢
LIMPOKKM IMAIa30HOM COOTHOIICHUs MUTaTeNbHBIX BemmecTB N:P:K.

2. JKcnepuMeHTAJTbHAS YacTh

B pabore wucnonp3oBamu O®K, momyuyenHyro u3  ¢docdoputos
mecropoxaeans Kucrac (TOO «MunepanpHble ymoOpenus», T.Tapa3). DOK ¢
d=1.24 r/mn comepxwur 18.55 % P20su 0.86 % HepaCTBOPUMOTO OCTATKA TEMHOTO
1BeTa (B3BECH).

Hns ounctkn O®K or B3Becelt UCHOAB30BANM MPUPOAHBIA LEOIUT
[IlankaHalCKOro MecTopokaeHuss ¢ mMacc. %: SiO—65, 28; Al,03-10.81; KO-
1.38; Na,0-0.95; Fe,03-1.60; CaO-2.32; MgO—0.93; n.m.n—18.15 Si/Al=5.4 u
Ca—K, Na-¢popmoii knmunontunosnuta (CaO/(Na,0+K,0)=1).

IIponiecc ounctkun DK neonutom U ee HEUTpalIM3alUM OCYLIECTBISIIA B
TEPMOCTATHPOBAHHOM pEAKTOpPE NpPH 3aJaHHOW TEeMIepaType B CTaTUYECKHX
ycnoBusix. KoHTponb 3a mporieccoM OYMCTKH OCYIIECTBIISIIIM IO COJEP’KAHUIO
P20s B OOK mocne KOHTakTa ¢ LEOJUTOM M MyTEM BH3YaJIbHOI'O HAOIIOACHUS
HaM4us B3Beced. BiusHue HopMbI 1ieoauTa HAa 04ucTKy DK n3yqanu npu 22°C
B Teuenne 30 muH. Pacxon neommrta BapsupoBamu ot 1.5 mo 30 r ma 100 r
OuMIIaeMoO KucioThl. BimsHue temnepaTypsl Ha coaepxkanue P>Os B DOK
n3yvyanu npu T:2)K=1:15 u 45 MHUH KOHTaKTa LEOJIUTA C KUCIOTON B HHTEPBAJE OT
25 no 90°C.

Copaepxanue obmiero, ycsosgemoro P>Os 1 aMMHadqHOTO a30Ta OIMpeAeIsIn
(hoTokoIOpUMETpUYECKIM MeTOo oM aHanu3a [11].

Omnpenenenue 3meMeAToB B DDPK 1 KMCIOTHOM pacTBOpE TOCIE Pa3I0KEeHHS
00pasoB B MHHEPAIBHBIX KUCIOTaX MPOBOIWIN Ha npubope - ADC HHAYKTHBHO
ceszanHoi mrasmoit (ICAPPROXP «ThermoScientificy) (Iepmanus).

W3mepenne Benmunnsl pH npoBoaunu Ha pH merpe 150 MU norpemHocTs
cocraBisier +£0.050TH. %. [170THOCTH MyNBIBI ONMPEAETSNIN MTUKHOMETPUUYECKUM
METOAOM C TOUHOCTbIO u3Mepenuit £0.05 otH.%. OnpeneneHue KHHEMaTUUYECKOU
BSI3KOCTH TPOBOJMIIN KAaIMMJUIAPHBIM METOJIOM Ha CTEKJISIHHOM BHCKO3UMETpE
BIDK-2m LABTEX ¢ norpemsaocTsio £0.2 0TH.% .

3. Pe3y1bTaThI M 00CYKIeHHE
[Ipsimoe ncnonmp3zoBanne DPK st nomyyernst XKY orpaHndYeHO HATHYHEM
B3Becell m Hm3kuM coaepxanuemM P,Os. UKC wuccrnenoBanme B3peceit B DK
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npuBeneHo Ha pucyHke 1 u tabmume 1. B MK cnekrpe B3Beceit B oOmactu
xonebannit OH rpynn ot 3500 10 3666.7 cM* MPOMHCHIBAIOTCS JBE YAacCTOTHI Y
3616.4 cmm 35653 oMb, coorBerctByromme CaSO4-2H,O, u KoTopomy
NPUHAIEKAT TAKKe IMOIOCH mornomenus y 1621.2 cvm™; 1115.4 cm*cmaboii
MHTEHCUBHOCTH M cpeHeil y 671.4 cm'm 597.7 cm™. Bo B3BecsX MPUCYTCTBYIOT
Si02(500.03 cm™; 480.3 cm™; 744.0 em™) [9],[12]. B UK crekTpe nccnemxyemMoro
obpasua gactora y 2925,4 cm’” o6ycnosnena HammumeM P-OH cessu [13]. Camas
MHTEHCHBHAs YacToTa B crHekTpe B3Beceil y 1153.9 cm! pacmomaraercs B
HU3KOBOJIHOBOH 00J1aCTH 110 OTHOIIEHHIO K Konebanmam SO4% (1130-1080 cmb),
u POs* (1100 - 970) cm™ rpymm, a Taxxke cumukata (1100 cm™). Yacrora ¢
MakcumyMoM y 1153.9 em™ casuraercs mHa (23.9-183.9) cM' mo oTHOmeHHIO K
yKkasaHHBIM HoHaM. Iluk y 1153.9 cM" MoxkeT ObITH OOYCNOBIEH Kak
MOTJIONICHUEM CYIb()aToOB, TaK W MpHUMEceH, TakuX Kak ¢GocdaThl U CHIUKATHI,
KOTOpBIE CHIIBHO TTOTJIOMIAIOT B 3TON 00IacTH.

““Tue Feb 20 12:12:00 2024 asecs
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Pucynox 1 — UK criextp B3Beceit

Temusie B3BecH, BblAeeHHBIE 13 DDK, NUMEIOT CI0XKHBINH cOCTaB, B KOTOPOM
MIPUCYTCTBYIOT KanbLuii, pocdop-, cepo-, 1 KpeMHHUHCOAEP)KAIINE COSAUHCHHUS.
Yerko maentuduiupyercs auruapocyibpar kaigbius CaSOs-2H20 u auokcua
kpemuus SiO.. Ucxons u3 nanubix MKC u nutepatypHbix ganHbix [9, 13]
mpoBeneH (as3oBbI pacdeT OCHOBHBIX (pa3 NPUCYTCTBYIOIIMX BO B3BECSX.
CornacHo TpoBeIEHHBIM pacdeTaM BO B3Becsax mpucytctByer 10 ¢a3 (tabmuma
1). OcHoBHOIW (a3oli BO B3BECSAX SBISETCS JUTHAPOCYIb(AT KaIbIH
CaS042H,O  (78.1%). B  owmyTUMBIX  KOJIMYECTBAaX  IMPHCYTCTBYET
manopactBopumslii pochar kampius Caz(POs) (7.8 %), SiO2 (4.49 %) u KPOs
(1.3%). TemHBIN TIBET B3BECEH, a TaKK€ BHICOKOE CONICP)KAHHME B HUX KaJbITHS,
¢doctopa, hropa n npucyTCTBUE Keye3a 00yCIOBIEHO NpUCYTCTBUEM (ocdopuTa
[9], B HaweM ciay4ae - ¢pTopanaTura, Sr-copepxamiero (2.19 %).
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Tao6auna 1 — Pa3osslii coctas B3Beceii n3 DDOK

MUHEpa ¢dopmyna C, %
dropamnarut, Sr-coaepKarmit (Ca9.71Sr0.20) (POa4)s(F1.78(OH)o22) | 2.19
Cynbdat kanpuus Juruapar (TUIc) Ca(S04)-2H20 78.01
Docdar xenesa (I11), oprodocdar xenesa FePO4 0.49
docdar amromunus, opropocdar amomunmust 11 AIPO4 1.58
®ocdar maraus, Gocdar tpumarnus, oprodocdar Mgs(PO4)2 1.55
MarHus

Metadochar kanus KPOs 1.30
Docdar xanpuus, opropocdar KaabIus, Cas(PO4)2 7.80
tpukanbiiidhocdar (pocdopur, anatur)

T'excadropocuIMKaT HaTpHsl, HATPHIA NazSiFs 0.53
KPeMHEe(TOPHUCTBHIN, TOPCHITHKAT HATPHS

T'excaTOpOCHIIMKAT Kajus, KK KpeMHE(DTOPHUCTHIH, K2SiFes 2.01
(dbropcunukar Kanus

Juokcun kpemuust, okeun kpemuus (1V) (kBapir) SiO2 4.49

JKene3o v aNrOMUHUN HaXOIUTCS B BHJIE MAJIOPAacTBOPUMEBIX (ocdaToB Fe u
Al, a cepa cBsizaHa ¢ KanbIlMeM BUJIE CYIb(ara KaIbIUs ¢ HEOONBIION MPUMECHIO
tdocdorumca. Ipsmoe ucmonp3oBanne DDK mis momyuenus KXY orpaHudeHo
HaJTU4HeM B3BeCeH U HU3KUM cojiepskanueM POs.

HccnenoBano BimsHUE pacxojia IICOJNHTa, BPEMEHM W TeMIepaTypbl Ha
MPOIIECC OYUCTKH KHCIOTHI OT B3Beced. AHANM3 TMOMYyYEHHBIX PE3yIbTaTOB
MOKa3aJl, YTO HE3aBHCHMO OT HOPMBI IIEOJINTA, UITUTEILHOCTH U TEMITePaTypPhI
mporecca nojydeHa npospauHas O®DK (tabmuuer  2). BeisiBieno, urto
koHueHntpamus P>Os 8 DOK ¢ nmoBeiieHneM pacxoaa ueonuta 1o 15 r va 100 r
OOK Bospactaer Ha 2.25%. Ilpomecc mnpeanoyTHTEIbHEE NPOBOIAUTH IPHU
pacxoge reonuta 15 v Ha 100 r ouniaeMoro pactTopa.

W3yuenue BnusHue BpemMeHH Ha o4ucTKy O®K ocymectBusim mpu
MOCTOSIHHBIX (hakTopax mporecca: temmneparypa — 22°C u T:OK=1:15 npu
MIPOIOJDKUATENRHOCTH TIporiecca ot 5 1o 90 muH. IlokazaHo, 9TO B MHTEpBAJE OT
15 no 45 mun comepxkanue P>Os B D®PK yBenuuusaercs Ha (1.59-2.37)% ot
MepBOHAYANIBFHOTO 3HaueHHs (Tabmuna 3). JlanpHeiimee MOBbIIEHHE BpPEMEHHU
WHUALUHPYET Tporecc necopOruu P,Os u3 1meonmuta B KUCIOTY. ONTUMaIBHBIM
BPEMEHEM TIPOIIECCa OUUCTKH SBIACTCS 45 MUH.
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Tab6auna 2 — BiusHue uccieqyembix (akTopoB Mpollecca  OYMCTKH Ha copaepxkanue P20s B DOK.
P20suex =18.55 %.

3HaveHus Copepxanue P20s mocie copouuu, | Iloebimenune Cpros mocie copOimu, %
napamerpa %

T:K, macc.u Bnusnue pacxona uneonuta
1,5:100 18,66 0.11

2,5:100 18,95 0.40

5:100 19,19 0.64

10:100 19,70 1.15

15:100 20,80 2.25

20:100 20,84 2.30

30:100 20.79 2.24

T, MUH Bausiue BpemeHu
15 20,14 1.59

30 20,81 2.26

45 20,92 2.37

60 19,93 1.38

75 19,33 0.78

90 19.05 0.50

T°C Bnusuue temMneparypsl
25 20,85 2.30

40 21,60 3.05

50 22,17 3.62

60 23,37 4.82

80 26,21 7.66

90 28,19 9.64

Ouuctky O®K ot B3Becell pallMOHAIBHO MPOBOAUTH MPHU PACXOJE LIEOIUTA
15 r wa 100 r xucnorer mpu (25-30)°C B Teuyenue 30 MHUHYT, B YCIIOBHUSX,
oOecreunBalONIMX IOJHOE TMOoTjolieHre B3eced. [IpuyeM, 1o JaHHBIM
xumuueckoro anannza 1 ADC konueHtpauusa P.Os B8 DPK nosbimaercs na (2.2-
2.2) %. B mabGopaTopHBIX yCIOBHIX mony4deHo 2,0 1 ounmieHHon neoautom DK
¢ comepxanmeM 20.50 % P,Os u mnotHocthio 1.24 r/em®. Tlomydenue
Ka4eCTBEHHBIX XUAKHX (ocdopHbIx ynoOpenuit u3 ounmenHod DPK c takum
cogepxanueM P.Os HemocTaTouHO, MO3TOMY HEOOXOOUMO €€ MpeaBapUTeIbHOE
KOHIeHTpupoBaHue (ymapusanue) [14, 15].

B rtabnuue 3 mpuBeeHbI JaHHBIE 10 BIMSHUIO TEMIIEPaTypbl M BpEMEHU
ynapuBaHusi Ha KadecTBeHHble mokazarenun O®PK. Bo Bcem wuccnenyemom
WHTEpBaje BpPEMEHHM IIOBBIIIEHHE TEMIIEPATyphl YBEIWYMBACT KOHIEHTPAIIHIO
P20s, mnotaOCTH M KHcnoTHOCTE DPK. [lpndem nng Beex Temneparyp a0 40 MuH,
a taxxe pu 60 muH npouecca 10 40°C pactBopsl DPK ocraroTcs npo3payHbIMU.
Ipu 60 muu u 50°C B kucaoTe 00pazyercss MyTh, a npu 60°C BbINaAaeT 0CAIOK.
IIpu stom B DDK Heckonmpko cHmxkaercs coaepxkanue P,Os. OnTUManibHBIMU
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YCIIOBUSIMY KOHIIEHTPUPOBaHUS KUCIOTH sBisitores: 1 — 40°C, 1 — 60 MuHyT, B
yKa3aHHBIX ycloBusax nonydaercss DK ¢ 42.90%-uwim comepxanuem P2Os.

Tadauna 3 — BisHue tremneparypsl 4 BpeMeHd Ha koHUeHTpupoBaHHe DDK. P20sucx. — 20.5%);
d-1.24 r/em®; pH - 2.21

Bpewms, IMapamerpsr T°C

MIH 30 40 50 60

30 P20s, % 20.65 21.38 22.06 22.96
d, r/em® 1.240 1.240 1.243 1.243
pH 2.21 2.20 2.18 2.17
COCTOSIHHE po3p. 1po3p. po3p. po3p.

40 P20s, % 20.77 24.74
d, r/em® 1.240 1.247 1.250 1.254
pH 2.22 2.19 2.19 2.17
COCTOSIHUE po3p. po3p. npo3p. po3p.

60 P20s, % 22.85 42.89 42.43 42.00
d, r/em® 1.240 1.300 1.265 2.16
pH 2.22 2.16 2.16 2.15
COCTOsSIHHEC po3p. Ipo3sp. MYTb 0Caa0K

Jns momydennss NP xuakux ymnoOpeHHid W3 TpeABApUTENEHO OYHIEHHON
neosmtoM DPK B oNTHMAaIBHBIX YCIOBHIX HapaboTano 2.5 n1 ymapeHHo DPK
¢ conepxanueM 42.89% P,0s (d—1.300 r/cm®, pH-2.11).

Tabauna 4 — BiusHue pacxoja KOMIIOHCHTOB Ha CBOHCTBAa aMMOHHM3HPOBaHHON (oc(aTHO-KHUCIION

cmecu 1ipu 25°C. P20sucx. — 42.90 %; d —1.300 r/em®; pH — 2.11

Ne | Vaox:Vn | pH d, Bpe V,M P20s, N, % N: z Buem

HAOH, MJI r/em® | M, Mac | % P20s N+ HUH B
ceK P20s

1 25:2.0 259 | 1.282 | 32.18 | 3.48 | 40.85 | 3.21 0.08:1 | 44.06 | mpo3spau.

2 25: 4.0 3.06 | 1.268 | 32.78 | 3.54 | 39.25 | 6.48 0.17:1 | 45.73 | mpo3spau.

3 25:6.0 3.64 | 1.259 | 36.18 | 3.91 | 35.89 | 8.26 0.23:1 | 44.15 | mpospau.

4 25:8.0 3.97 | 1.257 | 42.60 | 4.40 | 33.40 | 9.15 0.28:1 | 4255 | myr. ocan.

5 25:8.5 441 | 1.258 | 44.44 | 457 | 31.23 | 1095 | 0.35:1 | 42.18 | cumbH.oC-K
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Ta6aunma 5 — BnusHue pacxoja KOMIIOHEHTOB Ha CBOMCTBA aMMOHM3HMpPOBaHHOH (ochaTHO-KUCITON
cmecu 1ipu 40°C. P20sucx. — 42.90 %; d —1.300 r/em3; pH — 2.11

Ne| Coornomenne | pH d, Bpems | v,mIT | PyOs, N,% | N: Y N+ | Buewmmnnii
Vook: VNHIOH r/em® , CeK a-c % P,0s P,05 BUJT
MIT
1] 25:20 2.32 1.240 26.09 2.79 40.64 394 | 0.10:1 | 44.58 pospad.
2 | 25: 40 2.80 1.230 24.50 2.97 38.25 5.48 0.14:1 | 43.73 npo3pau.
3] 25:6.0 3.33 1.227 29.80 3.39 | 35.89 8.26 | 0.23:1 | 44.15 CBET. MyTb
4 | 25:8.0 3.89 1.230 52.42 5.97 35.04 9.43 0.27:1 | 44.47 MYT.OCaJI0K
5 | 25:9.0 4.08 1.235 56.55 6.44 34.52 9.65 0.28:1 | 44.17 MYT.OCa/I0K

Heitrpanuzanuio mnonydenHoit O®K mpoBoawsin  BOJHBIM  PacTBOPOM
amMmMuaka. PesymbpraThl mcciemoBaHus pH MW pacxoma BOZHOTO aMMHaka Ha
PEOIOTHYECKUE U XMMHUYECKHE CBOMCTBa aMMOHHM3UPOBAaHHOH (hocdaTHO-KUCTON
myneiel 1t 25, 40 u 60°C npepcrasieHsl B Tabnuax 4-6.

Taéauma 6 — BiusHue pacxoja KOMIIOHEHTOB Ha CBOMCTBA aMMOHM3HMpPOBaHHOH (ochaTHO-KHCITON
cmecu npu 60°C. P2O0sucx. — 42.90 %; d —1.300 r/cm®; pH — 2.11

Ne VooV | pH d,r/em® | Bpe v,MIT | Py0s, N, % N: > N+ Buer
NH40H, M, ac % P205 P205 HUIT BHU]J,
MIT CceK
1 25:10 | 214 1.335 39.95 455 42.01 1.62 0.04:1 | 43.63 npo3pau.
2 25:20 | 2.23 1.330 39.47 4.49 40.85 2.72 0.07:1 | 4357 po3pau.
3 25:3.0 | 2.30 1.320 39.59 451 40.06 4.84 0.12:1 | 44.90 po3pau.
4 25: 4.0 2.43 1.310 39.75 4.53 39.25 5.43 0.14:1 | 44.68 1po3pad.
5 25:5.0 2.59 1.305 40.01 4.56 38.67 6.79 0.18:1 | 45.46 npo3pau.
6 25:6.0 2.76 1.299 41.73 4.75 38.09 8.15 0.21:1 | 46.24 po3pay.
7 25:7.0 2.95 1.304 42.12 4.80 37.52 9.00 0.25:1 46.52 CBET. MyTh
8 25:8.0 3.14 1.305 44.69 5.09 35.05 9.11 0.26:1 44.28 MYyT.
0CaIoK
9 25:9.0 3.33 1.306 81.21 9.25 34.00 9.23 0.27:1 43.00 MYyT.
0CaIoK
10 25:10 3.55 1.307 95.66 9.76 32.05 9.91 0.31:1 | 41.96 MYT.OCa/I0K

Bo Bcem uccrnemyemMoM HHTEpBaJe TEMIEPATYP MOBBILICHUE HOPMBI BOAHOTO
pacTBOopa aMMHaKa YBEIMYHBAET IMEIOYHOCTh H  BI3KOCTh PACTBOPOB.
HezaBucumo ot TEMIICPATYPhl aMMOHU3AIUN IIOMYTHCHHUE PAaCTBOPOB HAYMHACTCA
mpu COOTHOMIEHUU Vook:VNHaon=25:6 M. Jlst Bcex TemmepaTyp C pPOCTOM
HOPMBI BOJHOTO aMMHaKa COJepXKaHHEe B CMeCH a3oTa Bo3pacTaer, a P»Os
YMEHBIIIAETCA.

Hcxons w3 peosioTMUEcKHX XapaKTePUCTHK WU COJCPKaHUS MUTATEIBHBIX
komrioneHToB (N u P20s), mist ucronb3oBaHuss B KkadecTBe KuUAkuX NP-
ynoOpeHuil epCrneKTUBHBI AMMOHU3UPOBAHHBIC CMeCH, onydeHHble mpu 25°C ¢
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pH 3.34-3.64 u maccoBom cootHomenun N:P =(0.19-0.23):1, koTopbie UMEIOT
d=(1.259-1.265) r/em®, v = (3.79-3.91)mIla-c u = N+P,0s=(44.15-44.25)%. IIpu
40°C spdextusnbl pactBopsl ¢ pH 3.06-3.33, N:P=(0.20-0.23), d=(1.225-1.227)
r/em® nv=(3.11-3.39) mlla-c u T N+P,0s=(44.15-44.16)%, a mpu 60°C — c
pH=2.59-2.95, N:P=(0.18-0.25), d =(1,299-1,305-)r/cm®, v =(4.56-4.80)mITa-c u =
N+P205=(45.46-46.63)%. OuruMansHON TEMIIEPATYPOil aMMOHM3AIIUY SIBIISIETCS
He Bbime 25°C mpu cooTHomeHHH Vo VnHaon=25:(5-6)mi. B pesynbrare
MOJYY4eHO JKHIKoe —a3oT-(ochopconepkaiiee ynoOpeHHE C  MacCOBBIM
coortHomenneMm N:P=(0.19-0.23):1 u ¥ N+P,0s=(44.15-44.25)%. ITony4yeHHoe Ha
ocHoBe O®K xumkoe NP-ymoOpeHue 10 COJAEpKaHUIO MUTATEIbHBIX
KOMITOHEHTOB SIBIISICTCS OJIU3KUM K aMMO(oCy.

4. 3ak/a104eHue.

OnpeneneHsl ONTHMANIbHBIE YCIOBUS COPOLMOHHOTO Mpolecca OYHCTKU
DOK mpupomubiM 1eonurom: T:OK =15:100, T°C — (25-30)°C, t© — 30 wmuH.,
o0ecrneunBaloniX MOJTHOE MOTJIoNeHre B3Becer u noBeimieane P,Os B DOPK Ha
2.2-2.4 %. Uccnenosan npouecc kKoHueHTprpoBanus IPK u BBISABIEHO, YTO MPH
40°C 3a 60 muH KucnOTa ynapusaeTcs 10 coaepkanus 42.89% P.Os. Brieprie u3
MIpeABapUTEILHO OUnIeHHOW u ymapeHHod O®K u3 dochoputor M.Kokcy
noiy4eHo xxujakoe NP-ynoOpenue B yCIIOBUSIX aMMOHH3AIUK BOAHBIM aMMHAaKOM
¢ wmaccoBeiM cooTHomenneM N:P=(0.19-0.23):1 u cyMMo#l mNHUTaTeTbHBIX
kommoHeHTOB (N+P20s5) paBroii (44.15-44.25) %. OnTuManbHBIMA YCIOBUSIMU
ero moiydenust sisiotcest: T — 25 °C, pH3.34-3.64; mmoraocts (1.259-1.265)
r/cM; BSI3KOCTH aMMOHM3HPOBAHHOTO pacTBopa — (3.79-3.91) mITa-c.

®unancupoBanue. [lannas pabora BemonHeHa no [1I[® BR21882220 «Cunrte3 m cozganme
TEXHOJIOTUH yIOOpeHuH, KOMIO3UIHKii, TpernapaToB U MaTepuaJoB MHOTO(YHKIMOHAJIBHOTO AEHCTBHS
IV TIPUMCHCHUS HAa IIYCTHIHHBIX ¥ JETPaJUPOBAHHBIX 3eMILIX», (GuHaHCHpyeMbIM KoMuTeToM Hayku
MuHHCTEpCTBA HAYKH M Bbiciero oopasosanus PK.

KOHq)J'lHKT HHTEPECOB: KOH(l)J'H/IKT HUHTEPECOB MEXKAY aBTOPpAaMU OTCYTCTBYCT.

TABUFU HEOJUTMEH AJIBIH-AJIA TABAPTBLIFAH D®K CYMBIK MUHEPAJIIBI
TBIHAMTKBIILITAP AJTY

P.M.Yepnsaxosa', I'.1Il. Cynmanéaeea'*, P.9.Kaiivinbaesa’,
O.JK.JKycinéexos’, H.H.Koxcabexoea®

1 «A.D.Bbexmypos amvinoagvl Xumus vlivimoapul uncmumymoly AK, Aimamol, Kazaxcman,
2A6aui ameinoazel Kazak yimmolk nedazo2ukansiy yHusepcumemi, Aimamot, Kazaxcman
*E-mail: sultanbaeva@mail.ru

Tyitingeme. Kipicne. Dxcrpakumsuiblk dochop Kemmkeuisie (DPK) KeHiHEH KoJoaHy HETi3iHEeH OfaH
MUHEpas/ibl THIHAUTKBIIITAD amyMeH OaitmaneicTbl. Kaszipri yakeitra D®K anmyablH Herisri HIMKi3aThl
Kucrac ken opHbIHBIH (ocdopurrepi O0Jbin  TaObUIaAbl. JKymbicmbly Makcamvsi — 3ayBITTBIK
aKcTpaksUIBIK pocdop kpiukpuisie (IPK) Tasapry sxoHe oxaH cyiibik N-P Gap ThIHalTKbIIITAp ay.
Hamuorcenep men nixipmanac. 11eonuT MIBIFBIHBIHBIH, YaKbIT MIEH TEMIIEPATypPaHbIH TYHOAIB! KbIIIKBUIIbI
Ta3apTy NpOLEciHe ocepi 3epTTeNi. AJBIHFAH HOTMDKENIEPIIH TanJaybl LIEOJIUT MeJIIepiHe, MPOLECTiH
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Y3aKThIFbIHA XKOHE TeMIeparypacbiHa Kapamactad Menaip DPK ansinransiH kepcerti. Tadburu llankanaii
LHeosMTiH naijanana oteipeln O®K  TazapTynblH COpOLMSIBIK HPOLECIHIH OHTAMIBI LIapTTaphl
anpikTanasl: K:C = 15:100, T°C — (25-30)°C, t — 30 MuH., TYHOAHBIH TOJBIK KYTBUTYBIH xoHe DDPK
KypambiHzarsl P20s 2.2-2.4%-ra apTybina okeneni. [Iponecti tazaprbuiateid epitinainig 100 T ymin 15 ¢
LEOJIUT IUBIFBIHBIMEH OKyprisreH nypeic. O@®K Tazapryra yakbITTBIH OCEpiH 3€pTTey TYpaKThl
TEXHOJIOTUSUTBIK (hakToprapMeH: Temneparypa - 22 °C sxoHe K:C = 1:15 mpouecc y3aktsirsl 5-Ten 90
MHHYyTKa Jeiin xyprizingi. DOK kypamemgarel P2Os memmepi 15-ten 45 muHyTKa neifinri apaibikra
Gacrankel MmoHHEeH (1.59-2.37)%-ra ecerini kepcerinmi. KpIIKBUIIBI KOHIEHTPICYIIiH  OHTAIIBI
xargainapsl: Temneparypa — 40°C, yakpit — 60 munyT, P20s (42.90%) 0ap DK amy Oenrinenmi.
Kopeimeinosl. Anram per Kekcy keH opHBIHBIH (ochoputTepiHeH Ta3apThliFaH xoHe Oynanran DOK-
nas N:P = (0.19-0.23):1 xaTbiHACBIHAA CYJIBI aMMHAKIICH aMMOHH3ALISIAY JKaFIallbIHIA KOHE KOPEKTIK
kommoHeHTTepai ( N + P20s) xocwiHabicel (44.15-44.25)% TeH cyiibik NP THIHAHTKBIIIBI abIHIbL.
CyiiblK NP ThIHAHTKBIIIBIH ATy AbIH OHTaIbI MapTTapsl anbiKTanasl: T=25 °C, pH 3.34-3.64.

Tyiiin ce3nep: skcTpakuusuibik  Gocdop  KBILKBUIBL, Ta3apTy, LEOJUT, CYHBIK MHUHEPAJIbI
TBHIHAUTKBIIITAD.

Pauca Muxaitnoena Yepnarxoga Texnuka 26i16IMOAPbIHBIY OOKMOPbI

Tuma Illamunsesna Cynmanobaesa Texnuxa bl1bIMOAPbIHBIY KAHOUOAM bl

Paywian Anuoexoena Kaivinoaesa Texnuka 2blIbIMOAPbIHbIY KAHOUOAM bl

Ymupsax Kymacunoeu /[ncycunoexos Texnuxa evlblMOapbIHbIH OOKMOPbl

Haszvim Hypzyowiposna Koorcavexosa Xumusi ebl1bIMOAPLIHBIY KAHOUOAMbL
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BIOPHARMACEUTICAL POTENTIAL OF AMINOPHOSPHONATES
BASED ON MORPHOLINOETHYLAMINE

A.Yu. Tent?", A.A. Dauletbakov?, M.A. Gubenko?®, Ye.O. Belyankova?, S. Bayazit?,
S.Ye. Assylbekova?, D.S. Zolotareva?, V.K. Yu 2

1 A.B. Bekturov Institute of Chemical Sciences JSC, Almaty, Kazakhstan
2Kazakh-British Technical University, Almaty, Kazakhstan
3Akhmet Baitursynuly Kostanay Regional University, Kostanay, Kazakhstan

“E-mail: ten-assel@mail.ru

Abstract. Morpholine derivatives play an important role in modern pharmaceutics due to their wide
spectrum of biological activity. In this regard, the aim of this study is to investigate the properties of new
synthesized aminophosphonates based on morpholinoethylamine, including the study of their biological
activity. Aminophosphonates were synthesized by the Kabachnik-Fields reaction, purified and
characterized using IR and NMR spectroscopy. Biological activity was studied in vitro and in vivo:
myelostimulating effect on laboratory rats and the effect on plant growth during the treatment of wheat
seeds were assessed. In addition, the possibility of obtaining ionic liquids based on these compounds was
assessed using quantum chemical calculations. One of the compounds increased platelet indices, which
may indicate its potential as a stimulator of thrombocytopoiesis. Two of the three compounds activated
plant growth, exceeding the control samples. Quantum chemical calculations confirmed the possibility of
obtaining ionic liquids, opening up prospects for further study. The obtained compounds can find
application in medicine (in particular, in stimulating thrombocytopoiesis) and agriculture (as plant growth
stimulants).

Key words: morpholinoethylamine, aminophosphonates, ionic liquids, myelostimulating activity,
plant growth stimulating action.
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BUO®APMALNEBTUYECKUIN MOTEHIUAJ AMUHO®OCPOHATOB
HA OCHOBE MOP®OJIMHOITUJIAMHHA

AJO. Ten*?, A.A. [laynemoaxos®, M.A. I'voenxo®, E.Q. benanxosa?®, C. Basazum?,
C.E. Acvinbexosa?, /I.C. 3onomapesa ?, B.K. 10 *?

Y40 «HMncmumym xumuyeckux nayk um. A.5. Bexmypoeay, Anmamut, Kazaxcman
2Kazaxcmancko-Bpumanckuii mexuuueckuii ynusepcumem, Aamamol, Kazaxcman

3Kocmanaiickuii pecuonanshuiii yuusepcumem umenu Axmem Batimypcoimnynvl, Kocmanaii, Kazaxcman
*E-mail: ten-assel@mail.ru

Pe3siome. [IponsBoanbie MOpGhONIMHA UIPAIOT BaXKHYIO POJIb B COBpeMEHHOH (apmarieBTHKe Onaroaps ux
LIMPOKOMY CIIEKTPY OHOJIIOrMYecKOH akTMBHOCTH. B cBA3uM ¢ 3TUM yenvio Oamnozo uccnedosanus
SBIACTCA  U3YYCHHE CBOWCTB  CHHTC3UPOBAHHBIX  HOBBIX ~ aMHHO(OC(HOHATOB HAa  OCHOBE
MOP(ONMHOATUIIAMKIHA, B TOM YHCIE HM3y4YeHHE HX OHOJIOTMYECKON aKTUBHOCTUH. AMHHO(OCHOHATHI
cUHTe3upoBaHbl 1o peakuuu KabGaunuka-duisca, ouMIneHbl U oXapakTepu3oBaHbl ¢ nomouisio UK- u
SIMP-cniexrpockonny. Brosornyeckyro aKkTMBHOCTB H3ydaiad 1IN Vitro u in Vivo: oueHuBamn
MHEIOCTHMYIHpYIoIee JeficTBHe Ha JIaOOpaTOPHBIX KpbICaX M BIMAHHE HAa POCT PacTCHUH MpH
00paboTKe CeMsH MIIeHULBl. JONOJIHUTENIbHO Oblla MpOBEIEHA OLEHKA BO3MOXKHOCTH IIOTy4EHHs
HOHHBIX JMAKOCTEH Ha OCHOBE [aHHBIX COEAUMHEHUIl C MCHOJIB30BAHUEM KBAHTOBO-XUMUUYECKUX
pacdetoB. OIHO U3 COCOWHEHMH yBENWYMBAIO TPOMOOLMTApHBIC IIOKA3aTENH, 4YTO MOXET
CBHZETENbCTBOBATh O €r0 MOTEHLHANe KaK CTUMYJTOpa Tpombouuronodsa. J[Ba U3 Tpex coequHEHUH
aKTMBUPOBAIM POCT PACTEHMH, INpeBbIlIas KOHTPONIbHbIE 0Opa3subl. KBaHTOBO-XMMHYECKHE PACUeThl
MOATBEPAUIN BO3MOXHOCTD IOJyYEHHs] MOHHBIX >KUIKOCTEH, OTKpPBIBAs NEPCIEKTUBBI ISl JadbHEHIIEro
n3ydeHus. IlomydeHHBIE COCIMHEHHS MOTYT HAWTH INPUMCHCHHE B MEAWIHMHE (B YAaCTHOCTH, B
CTHUMYJISIIIMM TPOMOOIIMTOI0332) U CEIECKOM XO03SHCTBE (KaK CTUMYJISATOPBI POCTa PACTEHHUH ).

KnroueBbie cjI0Ba: MOP(OIHHOSTUIIAMHEH, aMHUHO(OC(HOHATHI, HOHHBIE KUIKOCTH,
MHENOCTUMYJIUPYIONIAsl aKTHBHOCTB, CTUMYJIMPYIOIIEE POCT PaCTEHUH AeHcTBHUE.

Ten Acensv IOpvesna Kanouoam xumuueckux Hayk, accoyuuposantviii npogeccop
Jlaynemébaxoe Anyap Amemosuy Phd, cmapuwwii nayunvii compyonux

TI'yoenko Makcum Anopeesuu Mazucmp xumuu, cmapwiuii npenodasamens

Benanxosa Enuzasema Onezosna Phd-cmyoenm, cenvop-nexmop

Basasum Capa Phd-cmyoenm, nayunoiii compyonux

Acvinbexosa Canusn Epycanosna Phd-cmyoenm, nayunviii compyonux

3onomapesa /lapvsa Cepzeeena Mazucmp xumuu, HayuHbLIL COMPYOHUK

10 Banenmuna Koncmanmunogna Hoxmop xumuyeckux Hayk, npogeccop
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1. BeeaeHue

[MpousBognble  MopdonrHa BXOASAT B  Tom-25 Hambomee  4acTo
BeTpevarommxcst N-reTepoyKiIoB B Ipenaparax, OZ00peHHBIX YIpaBIeHHEM 10
CaHWTapHOMY HAA30py 3a KaueCTBOM IMIIEBBIX NPOAYKTOB U MEAUKAMEHTOB
CILIA, 3anumas oxono 48% wmwupoBoro peiHKa. OHH 007127aI0T UIMPOKUM
CIEKTPOM OMOJIOTHUECKOH aKTUBHOCTH: HampuMep B ICHUX0(apMaKoIOTUH
aKTUBHO  HCIIOJAB3YIOTCA  Pa3iM4YHbBIE  IPOM3BOAHBIE  MopdoiauHa -
aHTHIenpeccanTsl U ncuxoctumyisaTopsl |-V (Pucynox 1) [1]. Mopdommabt
3¢ GEKTUBHBI KaK aHTUOMOTHKHU JyIsl JieueHus TsokEnbix nHpekuuid (V1), mectHbie
anecteTuku U npotuBo3ynHsie cpeactaa (VII), muopenakcantsl (VIIN), a Taxke
Gbyurunmael, npuMensembie B meauimae (1X) u cenbckom xossiictee (X, Xl),
0COOCHHO ISl 3aLUTHI 36PHOBBIX KYJIBTYp, TAKUX KakK MiieHuna [2-4].

B cBsi31 C BhILIECKa3aHHBIM MTOUCK HOBBIX OMOJIOTHMUYCKH aKTHBHBIX BEIIECTB
B Py IPOU3BOAHBIX MOP(HOIHMHA HECOMHEHHO aKTyaJleH U MEPCIIEKTUBEH.

o, Flumetramide
¢ (\N VIII . CAQ_(_
O

| Amorolfine N
X N Pramoxine
N N i (%
endlmetrazme Moclobemlde 1I
. ijo\/\/ N \)
(6)
© i Fenmetramlde /\/\O

\—/
Morpholine
\/k/©)< O‘v ‘O
Fenpropimorph j
\\“‘l\/ @ Viloxazine |/ Reboxetme
O/\ 111
Tridemorph
g O b K (Y
)\ \)\/ N AL

Linezolid VI

J

Pucynok 1 — MopdonuHcoaepskaiine JeKapcTBEHHbIE TPEHapaThl.

1. DkcnepuMeHTAIbHAA YaCTh

UK crekTpsl 3anmucansl Ha ciekrpoMerpe «Nicolet 5 700 FT-IR» B mienke.
Cnextpst AMP *H n *C caumanu Ha ciekrpomerpe Jeol INM-ECA 400 8 CDCls.

Obwas memoouxa noayuenus amunogocponamos 1-3. B konOy,
cHaOXEHHYIO Melaikon, Hacaakoi [uHa-Crapka ¢ 0OpaTHBIM XOJIOAUIBHHKOM,
romeriaroT 0.0154 mons 2-mopdommrosTIIIaMuHA B 150 Mut abe. Oenzona. 3arem
nocienoBatesibHo g00asisitor 0.0154 monbs dropbensanbaeruaa u 0.0231 momb
muMmetuiadochura. PeakiinoHHYI0 cMech HarpeBarOT MPHU TEMIIEpaType KUTICHUS
OcH3ola B TeueHne 36-48 dacoB. Ilo OKOHYAHWHM PEAKIIUH, PACTBOPHUTEIID
OTIOHSIOT, IPOIYKT BBIJACIAIOT METOJOM KOJIOHOYHOM xpomarorpaduu Ha Al,O3
AIFOMPOBAHUEM CMECHIO Xstopodopm:aneToH (15:1), cobupas Bropyto (hpaxiuo u
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momydator amuHo(dochoHater 1-3 B BHme kenToro Macma ¢ 58-65%
(UnanuBuayanbHBIE XapaKTEPUCTUKH MPEICTABICHBI B Tadme 1).

Obwas Memoouxa noayueHusi KOMNIEKCo8 8Kodenus coeounenuti 1-3 ¢ f-
yuknodexcmpunom. Cmemmatot pactBopsl 0.01 mMonb coemunenus 1-3 B 30 mn
stunosoro cinupta U 0.01 Monp B-umknogekcTpuHa B 90 Ml TMCTHILTUPOBAHHON
BOIBL. Bbimapusaior sTaHon u Bomy mnpu 50-55°C B cymmmbHOM mKady.
[Tomy4aroT KOMILIEKCHI BKIIIOUEHHS B BHJIE 0€10r0 HopoIika ¢ Try, Boimie 250°C.

Onepauio npopacmanus, aaOOPAMOPHYIO BCXONHCECMb U UHMEHCUBHOCHIb
npopacmanus ceman nutenuywvl (copt CTeknoBuaHas 24) onpeaessiioT COriacHoO
I'OCT 12038-84 CeMeHa CelbCKOXO3IMCTBEHHBIX  KYJbTYp. MeTomabl
ONpeeIICHUs BCXOXKECTH u rocrt P 52325-
2005 "CemeHa cenbCKOXO035CTBEHHBIX pacTeHuil. COpTOBBIE H  TNOCEBHBIE
KauecTBa'".

Hccenedosanus Ha Muerocmumyaupyrowyio (3pumponoss-, JaetuKonods- u
MPOMOOYUMONOIZCINUMYIUPYIOULYIO) AKMUBHOCHb UCCIIEYIOT OenpIx
71a00paToOpHBIX KpbIcax-caMkax, 12-16- HemenpHOrO Bo3pacrta, Maccoiil Tena 210-
280 1. AHanu3 KpOBHU OCYILIECTBIISIIOT HAa T'E€MaTOJIOTHYECKOM aHalu3aTope
«Abacus junior vet» (mp-Bo Diatron, Jlanus). KoHTpoas nedkorpamMmbl KpOBU
MPOBOJST MUKPOCKOMIMPOBAaHHEM Ma3Ka, OKpalieHHoro mo Pomanosckomy-I'nm3a
Ha mukpockone SA3300C mox umMmepcueit mo 500 KJIETOK Ha KaxJOM MasKe.
MuenocyIpeccHio BBI3BIBAIOT BBEICHHEM IIMTOCTATHKA UKIOQochaMuia B 103€
30 mr/kr Beca xwuBoTHOrO. Jlanee Ha 6, 8, 10 cyTku HaONIOAEHUS ONWH pa3 B
CYTKM BHYTPHUMBIIIEYHO BBOJAT: ¢ | Tpymmbsl mo 3 TpyHmy HCCIeayeMble
coenuHeHnus mon mmdpom BHIB B moze 5 mr/kr B oobeme 0.5 mu, 4 rpyme
YKHBOTHBIX BBOJISIT TpeMapar CpaBHEHUsI MeTiIypaii B go3e 0.4 MI/Kr B o0beMe
0.5 mn, 5 rpymme - trane6o (¢us. pactBop) B oobeme 0.5 mi, m 6 rpymnmna
SIBIISIETCS. MHTAKTHOM.

3. Pe3yabTaThl M X 00Cy:KIeHHE

Oxkazanoch, YTO paHee CHHTE3MPOBAaHHbIC HAMHU MHUIEPa3UH-COJCPIKALINE
amMuHO(OCPOHATHI TPOSIBIIIM  OMOJIOTMYECKYI0 aKTHUBHOCTH [5]. 3amena
MUIepa3suHoBOro  (Qparmenta amuHopochoHaTa Ha MOPQOIMHOBBIM  ITHKI
MTO3BOJIUT IOJIyYUTh HOBBIE, BO3MOXKHO 0OJiee aKTHBHBIE COEIMHEHUSI.

AmuHo(pochoHaTEl HA OCHOBE MOP(OIMHOITHIAMHHA IOIYYald II0
TPEXKOMIIOHEHTHON «ONne-pot» peakmmn Kabaunmka-®Punnca. B xome atoit
peaxkuuu, NpOBOJMMOM NpH KHUIISTYCHUH B OEH30JI€ C MCIOIb30BAaHHEM HACaIKU
Juna-Crapka sl ylnajqeHus BOJIBI M3 PEAKIHOHHOW CMECH, OBUINM ITOIY4EHBI
amuHOdochoHatel 1-3. TIpogoKUTENEHOCTh peakiu cocTaBuia oT 36 a0 48
yacoB. [lo 3aBepuieHHMH peakUUH LEJNEBOW NPOAYKT BBLACISIOT C IMOMOIIBIO
KOJIOHOUHOW xpomartorpaduu Ha Al>Os, amoupys cMmechlo XJopodopM:alleToH
(15:1). TTosyyeHHbIe TPEACTABISAIOT COOOH KEITOE MACIIO.
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Beixompl 1 pu3HKO-XMMHUYECKHE XapaKTEPUCTHKH aMMHUHO(OCHOHATOB Ha
ocHOBe MopdoanHodTHIamMuHa 1-3 npeacrasiensl B Tabuuie 1.

Ta6auna 1 — Beixozpl 1 pU3HKO-XUMHYECKHUE XapaKTEPUCTUKU coequHeHni 1-3

Bpemst HK-cniextp, cm
Bei- 20 |
Ne xon%| PeaK No Re
77| owam, 4 P=0 | P-O-CHs Ph C-F | C-O-C | N-H

65 41 1512 | 0.32 | 1242 1141 1603, 1457, 762 | 1117 | 1054 | 3414

61 36 1.471] 0.33 | 1224 1142 1589, 1451, 789 | 1117 | 1054 | 3411
58 48 1513 | 0.37 | 1228 1144 1585, 1455, 762 | 1117 | 1051 | 3443
* - DmoeHT: xnopodopm:aneron= 15:1

WIN| -

B UK cnektpax coenuueHuit 1-3 HaOmomaroTcs monock! noromenus N-H-
rpynnel npu 3443-3411 cm™, a Takke monockl mormomenus C-O-C-rpymmsl
MopdonuHoBoro mukma npu 1054-1050 cm™. Ilomockl MOrmomIeHHs CBA3eH
mumetokcudochopmisHoro ¢parmentra P=0O u P-O-CHj3; nabOmiogaroTcst mnpu
1242-1228 cmt u 1144-1141 cm?, coorBercTBeHHO. DEHMUIBHBIC 3aMECTHTEIN
naroT curHan B obmactu 1603-1585 cm™?, 1458-1451 cm™, a Takxe mpu 789-760
cm™,

B cmextpe SIMP 'H coemumenmii  1-3 MOpQOIMHOBBIE IPOTOHBI
metwiieHoBbIX Tpynn  CHz(N), a Takke aMHHHBI TPOTOH IMPOSIBUIUCH
MSITUIPOTOHHBIM MYJbTHILIETOM Tpu 2.26-2.34 m.a. (1), 2.27-2.33 m.a. (2) u
MSITAIPOTOHHBIM CHHTIIETOM TpH 2.24 m.a. (3). JIecATHIIPOTOHHBIN MYJIbTHUILICT
mpu 3.17-3.77 m.a. (1), 3.18-3.64 m.a. (2) m 3.12-3.65 m.a. (3) orHeceH K
curHanam npotoHoB Mopdonurosoro ukina CH2(0) u metokcunporonoB OCHs.
MetunenoBele mpotoHbl CoHs peructpupoBaivich IBYyMsl JIBYXIPOTOHHBIMHU
MyabTHIUIeTamMu ipu 2.41-2.50 u 2.55-2.90 m.a. (1), 2.40-2.50 u 2.68-2.97 m.x.
(2), 2.37-2.46 u 2.70-2.78 wm.a. (3). Merunnsiii nporon CH(P) nposiBuics
OJIHOTIPOTOHHBIM MyJIbTUILIETOM TP 4.21-4.67 m.1. (1), 3.95-4.29 m.1. (2), 3.78-
421 wma (3). Apomaruueckue MPOTOHBI (PTOPPEHUIBLHOrO (parMeHTa
coenuHeHnid  1-3  TpOSIBHAMCH  OJHONPOTOHHBIMH ¥ JBYXIPOTOHHBIMH
MYyJIbTUILUIETaMH B oOmactu mpu 6.96-8.06 m.x., 6.80-7.33 m.1. u 6.91-7.58 m.1.,
COOTBETCTBEHHO.

B cnektpe SIMP C coenmmenuit 1-3 CHrHambl YIJIEPOJHBIX aTOMOB
MopdoauHoBOro ¢parMeHTa mnposBuinck npu 53.88, 53.74 u 53.70 wm.n.
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(CH2(N)), a taxxe npu 66.79, 66.97 u 66.94 m.n. (CH2(0O)), cooTBeTCTBEHHO.
ATOMBI yTIIepo1a METOKCHUTPYII IPOSBIIUCE TIpH 52.68 1 52.80 m.x. (1), 53.19 m
54.44 m.a. (2), a takke npu 53.19 u 54.42 m.a. (3). MeTHHHBIH yIIepOI
pesonupoBan npu 57.79 (1), 57.76 (2), 57.73 m.a. (3), a ammbparudyeckue
METHJICHOBBIC YTJIEPOJHBIE aToMBI B oOnactu 44.11-44.28 m.a. m 50.12-51-44
M.JI., COOTBETCTBEHHO. YTJIepoaHbIe aToMbl dhropdermisaoro pparmenta 6e3 F-
3aMecTuTelNsl Mpou3BoAHBIX 1-3 pe3oHupoBanm B obmactu 114.99-131.70 m.n.,
i yriepoja rpynnsl C-F HaOnromaeTcs pacieruieHne CUrHalla CO 3HAYeHUSMU
159.58 u 162.24 m.a. (1), 161.73 u 164.17 m.1. (2), 161.27 u 163.69 m.1. (3).

Tak kak MOJIy4eHHBIC COCTUHECHHS HEPACTBOPUMBI B BOJIC, JUIS MPOBEICHHUS
(hapMaKoJOTHYECKOT0 CKPHHHUHTA OBLIN MOyYeHbI HX BOJOPACTBOPUMBIC (POPMBI
B BHJIe KOMIUIEKCOB ¢ B-1ukmomexcTpurom (1B-1UT, 2p-IIJ1, 3B-111).

Kommuiekcol  coemuuennit  (1B-IHJA wu  2B-IIA) wuccinenoBanbl  Ha
MUEIOCTHUMYJIHPYIONIY0 aKTUBHOCTh (CTUMYIUPYIOIHA 3((HEKT, OKa3bIBAIOIINT
BIUSHHE Ha Mponu(epaTHBHYI0 aKTUBHOCTH JOPHUTPO-, TPOMOONHTO- U
neiikonoasa) mox mmdpamu bBHB-284 u BYIB-283, cooTBeTcTBeHHO (Tabmia 2).

Tabauna 2 — [lokazarenyn reMorpaMMbl KPOBH

ITokazatenu E1B-283 EUB-284 Kountponshas T'pymma mmane6o WuTakTHas
KpOBHU rpymnmna rpymnna
PLT. -10%L 954+19.85 463+16.54 521+135.33 422+41.33 690+166.33
PCT. % 0.8+0.01 0.35+0.01 0.2815+0.07 0.23+0.02 0.372+0.08
MPV. ¢n 8.4+0.01 7.5+0.01 6.1£0.47 5.5+0.13 7.4+0.30
PDW. % 13.15+0.01 13.7+0.01 12.2540.57 11.2540.23 11.4+0.43

Pesynbratel mokazanu, uyto 1B-LIJI u 2B-IIJI He oOnamaroT 3amMeTHOM
MUENOCTUMYJIHPYIONEH akTUBHOCTBI0. OTHAKO IO pa3BEpHYTOMY aHAJIN3y KPOBU
XKHUBOTHBIX BHIHO, 4TO 2B-IIJI CyliecTBEHHO yBEIMYUBAECT TPOMOOLMTApHBIC
mokazarenu: kommdectBo TpomOokputa (PCT), cpemnnit 00beM TpoMOOIHTOB
(MPV), mmpora pacmpenenenuss TpomborutoB (PDW), B cpaBHeHum c
MHTAKTHOW TPYIION, IPYMION Iianedbo W KOHTPOJIbHOW Tpymmoi (Tabmuia 2).
Hcxons U3 3TUX JaHHBIX COCJAMHEHHE 2 MOYKHO PEKOMEHJIOBATh K JIalbHEHIIIEMY
HCCIIEIOBAHUIO KaK CTUMYJISITOP TpOMOOITI033a [Isl JICUEHUST TPOMOOIUTOIICHHN U
reMOQHITHH.

Taxoke KOMIUIEKCH coequHeHNH 1-3 ¢ B-IMKIOAEKCTPUHOM HCCIIEI0BaHbl B
7a00paTOPHBIX YCIOBUSX Ha CTUMYJHMPYIOUIYIO POCT pacTeHWid aKTHBHOCTh
(oHeprus  mpopactaHus, JabopaTopHas ~ BCXOXKECTb W HMHTCHCHUBHOCTD
[IPOPACTaHUs CEMSH MIIeHUIbI copTa CTekinoBuaHas 24).

Ta6auua 3 — IToceBHbIE KauecTBa CEMSIH IIIEHUIIBI
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KonuuectBo 60IBHBIX
DHeprus NpopacTaHus WHTeHCcHBHOCTD

Bapuantst o CEMsIH U ITPOPOCTKOB,
ceMsH, % 3apakeHust %
KonTpons 90 ++ 40
OranoH 95 ++ 45
1B-1L1 100 10
2p-11 90 ++ 55
3p-11 95 + 25

+++ BBICOKO 3apa)KeHBI , ++ CpeliHe 3apaxeHsl , + cnado 3apa)KeHbl

HccnenoBannst moceBHBIX KadecTB ceMstH (Tabmuia 3) mokazanu, uro 1B-11
JEMOHCTPUPYET  HaWIydylllde pe3yJbTaThl [0 JHEPrUH  MPOPacTaHusl.
MuHHMMaNbHBIA ~ YpOBEHb  3apakeHHs  MUKpodosopod  (pUCyHOK  2)
CBHJETENBCTBYET O HAJIMYMM IPOTHBOMUKPOOHBIX W/WIN TNPOTHBOIPHOKOBBIX
croiicte. 3B-II/l umeer sydiue mokazarenu mo cpaBHeHHI ¢ stanoHoMm (KH-2
(rugpoxmnopun 1-metnn-4-(3-HadT- 1-un)nunepuanH-4-0i1) — perynsTop pocra
pacTeHni MpennoceBHON 00pabOTKH CEMSH CeIbCKOXO3SHCTBEHHBIX KYIbTYp) H
KoHTposieM (Boaa), B omiuuuu oT 2B-IIJl, 3Ha4YeHHUS KOTOPOTO CPaBHUMBI C
KOHTPOJIEM.

i

1611 2B-IUT 3-IUT P —— Sranon

PucyHok 2 — 3apa)xeHHOCTh CEMSH MILIEHUIBI TPUOHON 1 OaKTepUaIbHOW MUKPOGIOPOi
Ha 14 1eHb npopanuBaHus

Ha 14 nens mpopammBaHus ObUIM CIeNaHBl 3aMepbhl JITUHBI CTEONel Bcex
TIPOPOIICHBIX CEMSH U BBIBEZICHO UX cpenHee 3HaueHue (Tabmura 4).

Tabauna 4 — Cpegusist AuHHa cTebenell Ha 14 neHb mpopaniBaHust

Coenunenne
O6pasie! Kontpons Oranon 1511 2p-111 3p-1U1
Cpenusist JutnHa cTe0s, CM 12.9 11.3 15.3 7.2 13.7

HawnGomnemiee 3HadeHue cpeaHeil MIWHBI cTeOJsT HAOIIOMAeTCsS Y POCTKOB
nreHunsl, oopadoranueix 1B-IJ — 15.3 cm, nannsie 3-LI Takxke npeBbIIAlOT
3HAYEHHs dTAJIOHA W KOHTpois. [lnmmHa pocTkoB cemsiH, oOpaboTannbix 2f-LIJ1
3HAYUTEJIPHO HIDKE 3TaJIOHA U KOHTPOJIS,, CKOPEe BCEro 3TO CBA3AHO C HX
BBICOKOH 3apa)KEHHOCTHIO MUKPOQIIOPOH.

Honnsie xuakoctu (MXK) — conenogoOHbIe HOHHBIE COEIMHEHUS, KUIKHE
npu Hu3kux Ttemneparypax (Tmi<l100°C) [6]. bmaromapst HenmeTydecT u
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HETOPIOYECTH HMX PacCMaTpUBaJIM KaK 3aMEHY OpPTaHHMYECKUM pPaCTBOPUTEIISIM.
OnHako yHUKambHBIC (H3UKO-XUMHYECKHEe M Omojormueckue cmoiictBa MK
ACIAI0T HMX IMNEPCICKTUBHBIMHU KOMIIOHCHTAMH JICKApPCTB. Hamm HUCCIICAOBaHUA
MIOATBEPKAAIOT aKTyaIbHOCTh MToKcKa HOBBIX BAB B aTOM Hanpasnenuu [7].

HawnbGomee pacnpoctpanénneie MK momydaror depe3 N-alKminpoBaHHE
TE€TCPOUUKIIUNYCCKUX COC,ZII/IHeHI/II‘/'I (HaHpI/IMep, UMHI030JIHUEBBIX nin
MUIEPUINHOBBIX  KOJel) ¢ ramoreHailkanamu. OHAaKo KBaTepHHU3ALUS
MOpP(ONHMHIIPOU3BOAHBIX C  TaJOUIHBIMU  AJIKWIAMH  YYBCTBHTENBbHA K
CTepUYEeCKHM TpenaTcTBUAM. [lombITkn kBaTepHH3anmu aMHHO(OCPOHATOB Ha
ocHOoBe MopdonuHa (aHAIOTOB coenuHeHuit 1-3), Brirodas coeaunenue 4, He
yBEHUaIHCh ycrexoMm. [loaromy rmepexn TONydeHHEM H  BBIIEICHUEM
YETBEPTUYHBIX COJIeH TPOM3BOIHBIX MOPGOIMHOATIIIAMHHA 1-3 memecooOpa3Ho
MMPOBECTH KBAHTOBO-XMMHUYCCKHUE pPaCUYCTbhl TCPMOIUHAMHYCCKHUX IIapaMETPOB
peakuuu KBaTepHH3auuud MmopdomuHa 4 u  MopdonuHOITMIAMMHA 6 ¢
MTOJTyIeHHEM IPOAYKTOB 5 M 7, Kak MOKa3aHO Ha CXeMe:

0 Q /
\ o/ \ o 4,5X=N
-~ | I
P{p CH;\ >0 6,7 X = NC,H,NH
N\ CH,l Y
o X — = o\/}i
N/ CH,CN -
4,6 F 57 F

[TonmHas onTUMU3AIMS MOJIEKYJISIPHOW T€OMETPUH M pacueThl BHIOIHAJINICH B
nporpamme Gaussian 09 ¢ npumenennem merona DFT/B3LYP u Gasuca SDD,
KOTOPBIA MOJIXOAMUT JJIsl TSDKEJIbIX aTOMOB, TakuxX Kak #ox [8]. M3menenue
cBO0OHOI 3Heprum cucteMbl (AG peakuny, BHIYUCIEHHOE N0 ypaBHeHuto ['ecca
KaK pa3HMIAa MEXIy CyMMaMH CBOOOJHBIX SHEPrHi peareHTOB M CBOOOIHBIX
SHEPTHil TMPOIYKTOB) IMO3BOJSET OLEHUTh NPUHIUIHAIBGHYIO BO3MOXHOCTH
MPOTEKaHUsI XMMHUYECKOW peakiui B 3aJaHHBIX ycioBusax. llockombky cpenma
(aleToHMTpHII) OKa3blBa€T BAKHOE BIMSHME HAa TNPOTEKAHHE XWMHYECKHX
mnpoueccoB [9], mpu pacyerax HAMU YUYUTHIBAIOCH BIUSHUE CpPEIbl U
TeMIlepaTyppl — cTaHjgapTHele ycioBus cuHTesa MK Ha  ocHOBe
rerepounkindeckux bAB. Pe3ynpTaThl pacueToB npejacTaBieHbl B Ta0IuIe 5.

B cnyuae mpoaykra 5 — peakuus He uaet, AG peakuuu > 0 u cocTaBuseT
32.17 x/Ix/monb. AG peakiuu oOpa3oBaHUs MPOAyKTa / oTpuiarensHa (-33.79
K/[>)k/MOJIb), YTO CBHUICTENBCTBYET O CaAaMOIPOU3BOJILHOM NPOTEKAHWW PEaKIIHU.
Pe3ynprarel  pacueToB  COrjacyroTCs C  3KCIEPUMEHTOM U MO3BOJSIOT
MIPOTHO3UPOBATh TMPOIECCH KBATEPHHU3AIMH PA3IMYHBIX aMHUHO(OCPOHATOB.
3nauenne AG MOATBEPKIAET TEPMOINHAMUICCKYIO CTAOMIEHOCTh COCTUHEHUS 7,
YTO SIBJISIETCS KIIFOUEBBIM CBOMCTBOM It co3manust VK.

Ta6auna 5 — PesynbraTsl pacyetoB AG peakiiuu 00pa3oBaHus MPOAYKTOB 5 u 7
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Coonmennn | Cpobmn e[ SGpeamun, [ AG g
CHal -51.2885 - -
4 -968.4071 - -
5 -1019.6833 0.01225 32.17
6 -1102.2762 - -
7 -1153.5777 -0.0129 -33.79

Jl1s OIeHKM peakInOHHOW CIIOCOOHOCTH COCIMHEHHS [ TPOBEICH aHAIH3
B3MO u HCMO ero KaTMOHHOM 4YacTH. ODHEPreTHUYECKHI 3a30p MEXAy
sHeprusimu HCMO u B3MO cocraBnser 5.84 3B, 4To yka3bIBaeT Ha BBICOKYIO
CTaOMIBHOCTh KAaTHOHA W €r0 YCTOWYMBOCTh K XHMHYECKHUM IPEBPAIICHUSIM.
YMmepenno umskas sHeprus B3MO (-0.28217 XapTpu) CBUIETEIBCTBYET 00
OTPaHWYCHHON CKIIOHHOCTH K OKHUCIIEHUIO, 2 OTHOCHTEIBHO BBICOKAS SHEPTHS
HCMO (-0.06768 Xaptpu) ykasplBaeT Ha YMEPEHHYIO CIIOCOOHOCTh K
BOCCTaHOBJICHUIO. DTH XapaKTEPUCTUKU IMOJTBEPKIAIOT OOILIYI0 CTaOMIBHOCTH
COCMHEHHUS U €r0 MEePCIeKTUBHOCTh [T UCToab30BaHus B VK.

Takum 0Opa3oM, MpOBECHAbIE KBAHTOBO-XUMUYECKHE PACUEThl COeTNHEHMS
7 MONTBEPKAAIOT BBHICOKYIO BEPOSTHOCTH ycmemrHoro noimydeHus MK rHa ocHOBe
coenuHennii 1-3 kak nmoreHuuaiabHbIX BAB.

4. 3akaio4yeHue

CuHTe3upoBaHbl HOBbIE 0,M,P-F-heHunbHble aMUHOPOCHOHATHI Ha OCHOBE
MopdomuadTHIaMuHa (1-3), momy4yeHsl X BOAOPACTBOPUMBIE KOMIUIEKCHI C [3-
nuknoaekcTpuHoM. HMccienoBanue OMOIOrMYEcKOH aKTMBHOCTH II0KA3ajo, 4YTO
JIBa U3 TPEX COCOUHEHUH CTHMYJIHPYIOT POCT pacTeHHH Ha CeMeHax MIICHUIIBI
(copt CrexnoBuHas 24). Xord COEMHEHHUS HE MPOSIBUIIN
MHUETOCTUMYJIUPYIOIIEH aKTUBHOCTH, KOMIUIEKC COEOUHEHHs 2 3HAYNUTENIbHO
YBEIMYUBACT TPOMOOIMTAPHBIC TIIOKA3aTeNH 10 CPaBHEHHIO C WHTAKTHON
TPYNIOH, Tpynmnoi 1anedo U KOHTPOJIBHOW, YTO MOXKET CBHJAETENbCTBOBATH O
ero TMOTEHHUANe KaK CTHUMYJsATOpa TpoMOomnod3a. KBaHTOBO-xMMUUecKue
pacueTbl TEOPETHYECKH OICHWIM BO3MOXKHOCTH monydeHus MOK Ha ocHoBe
amuHo(ochoHaTtoB  MopdosmHITHIAMUHA 1-3, 4YTO 1MOKa3ajJo BBICOKYIO
BEPOSITHOCTh MX YCIEUIHOTO MTOJYYCHHUS B Ka4eCcTBE MepCcreKTHBHBIX BAB.

®unancupoBanue: JlanHoe wuccienosanue ¢(uuancupyercs KH MHuBO PK (Ne rpanTa
AP19578051). Pabora BemonHena B AO «KBTY» B corpyanuuectBe ¢ nabopartopuedl XUMHH
CHHTETHYECKUX M MPUPOIHBIX JIekapcTBeHHBIX BemmecTB AO «MXH um. A.b. Bektyposay.

Konduukr uHTepecoB: ABTOpHl 3asBISIOT 00 OTCYTCTBHM KOH(IIMKTA HHTEPECOB MEXKIY
aBTOpaMH, TPEOYIOIIEro PaCKphITHS B JAHHOW CTaThe.

MOP®OJIMHOITUIAMUH HEI'BIHAET'T AMUHO®OC®OHATTAP/IbIH
BUO®APMAIEBTHUKAJIBIK 9JIEYETI

AJO. Ten*?, A.A. Jlaynemoaxoe?, M.A. I'voenxo®, E.O. Beaanxosa?, C. Basazum?,
C.E. Acvinbexosa?, J1.C. 30.rmmapesa2, B.K. IO'?
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Y«O.5. Bexmypoe amvinoazvl Xumus evinvimoapst uncmumymoly AK, Anmameor, Kazaxcman
2Kasak-bpuman mexuuxanvix ynusepcumemi, Anmamol, Kazaxcman

8Axmem Baiimypcoinyav amvinoazul Kocmanaii eyipaix ynueepcumemi, Kocmanaii, Kazaxcman
*E-mail: ten-assel@mail.ru

Tyiiinaeme. MopdhoiuH TybIHABLIAPHI OMOJIOTHSUIIBIK OCICEH IUTIKTIH KeH CIEeKTpiHe OaillaHbICThI Ka3ipri
(dapmaneBTHKana MaHbI3ABl pen  arkapagbl. OceiFaH  OailmaHbicTBl  OyJl  3epTTEYINiH  MaKcaThl
MOP(ONMHOITUIIAMIH HETI31H/Ie CHHTE3/ICITeH )KaHa aMHH(OC(hOHATTAPABIH KACHETTEPIH 3ePTTEY, OHBIH
iliHAe oNapAblH OWONOTHSUIBIK OJICeHIUTIriH  3epTTey Oousbi  TaObuTagpl. AMUHOpOCHOHATTAP
Kabaunuk-®uniac  peakuuschl  apKpUIbl  CHHTE3IENNi, Tasaptbuiabl xkoHe WK xome SMP
CIIEKTPOCKOTIUSICHI APKBUIBI CHIIATTAJ/Ibl. BHONOTHSIIBIK OenceHaimik in Vitro skome in Vivo 3eprrenmi:
3epTXaHAIBIK ereyKyHpbIKTapFa MUETObIHTATAHIBIPFBIII dcep JKoHe OMIail TYKbIMAAPBIH OHACY Ke3iHzae
eciMIik ecyiHe ocepi Oaranannpl. COHBIMEH KaTap, KBAHTTHIK XHMHSUIBIK €CENTEYJiep apKbUIbl OCHI
KOCBUIBICTAp HETi31HAe MOHIBIK CYHBIKTBIKTAPABI ally MYMKIHAIrH Oaranay >xyprisuini. KocbuibicTapabix
0ipi TPOMOOLMTTEPAIH HWHICKCTEPIH apTTHIPAbL, OYJI OHBIH TPOMOOLKUTOINOA3 BIHTAIAHBIPFBIIIBI
peTiH/eri MOTEHIIMAIBIH KOPCETYl MYMKIH. YIII KOCBUIBICTBIH €Keyl Oakpuiay yIriIepiHEeH achil TYCIM,
ecIMIIKTepaiH ecyiH OeiceHaipai. KBaHTTBIK XUMHSJIBIK €CENTEYJIep HOHIBIK CYHBIKTBIKTApP/Abl aly
MYMKIHJITH pacTajsl, api Kapai 3epTTey MYMKIHIIKTEpiH aajabl. AJBIHFAH KOCBUIBICTAP MEIMIMHAIA
(aranm aWTKaHga, TPOMOOIMTOIOA3/1 BIHTAIAHIBIPY/IA) JKOHE AybLI IIAPYalIbUIBIFRIHAA (6CIMIIKTEPIiH
OCYyiH bIHTAJAHABIPYIIbI PETIH/IE) KOIIAHBUTYbl MYMKIH.

Tyiiin ce3ziep: MOP(hOIHHOITUIIAMUH, amuHodochoHaTTap, HOHJIBIK, CYHMBIKTBIKTAP,
MUEITOBIHTATIAHIBIPFBILT OSICEH/LTIK, OCIMIIKTEP/IiH 6Cy OSICCHAUTITIH bIHTATAHIBIPY.
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npogeccop
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Acvinoexosa Canus Epdicanosna Phd-cmyoenm, soinoimu koizmemxep

3onomapesa /lapea Cepzeesna Xumust 261161MOAPBIHBIY, MASUCIPI, 2bIILIMU KbI3MEMKeD

IO Banenmuna Koncmanmunosna Xumus o1abiMOapbibly O0OKMOopbl, npogheccop

Cnmcok JquTepaTypsbl

1. Koznosckuit B.U., Sxonpuesnu M.U. Tlpomssoaubie mopdoirHa B MCHX0(hapMaKOIOTHH.
Becmuux  I'poonenckozo 2ocydapcmeennozo meouyunckoeo yuusepcumema, 2022, 20(3), 249-254.
DOI:10.25298/2221-8785-2022-20-3-249-254

2. XamwuroBa A., bepumio ., XKymamosa I'. O030p HOMEHKIIATYpBI JIEKAPCTBEHHBIX CPEICTB HA
ocHOBe  mnwmmepunuHa u  MopdomuHa.  Dapmayus  Kazaxcmawa, 2024, 6, 289-302.
DOI:10.53511/pharmkaz.2024.36.16.038

3. Kumari A., Singh R.K. Morpholine as ubiquitous pharmacophore in medicinal chemistry:
Deep insight into the structure-activity relationship (SAR). Bioorganic Chemistry, 2020, 96, 103578.
DOI:.1016/j.bioorg.2020.103578

4. Kourounakis A.P., Xanthopoulos D., Tzara A. Morpholine as a privileged structure: A review
on the medicinal chemistry and pharmacological activity of morpholine containing bioactive
molecules. Medicinal Research, 2019, Reviews, 40(2), 709-752. DOI:10.1002/med.21634

5. Ten A.IO., bucen6aii J1., TypceiHoBa B.F., 1O B.K. CunTe3 HekoTOphIXx aMHHO(OC(HOHATOB Ha
OCHOBE MUpUMHIUHIITIATICpasuHa. Mzeecmus HTO “Kaxax”, 2023, 1(79), 75-82.

57


mailto:ten-assel@mail.ru
https://doi.org/10.25298/2221-8785-2022-20-3-249-254
https://doi.org/10.53511/pharmkaz.2024.36.16.038
https://doi.org/10.1016/j.bioorg.2020.103578
https://doi.org/10.1002/med.21634

KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XKXYPHAJI KA3AXCTAHA

6. Ten A., Zazybin A., Zolotareva D., Dauletbakov A., Rafikova K., Yu V., & Giner B.. lonic
liquids in  agrochemistry. Current Organic  Chemistry, 2020, 24(11), 1181-1195.DOl:
10.2174/1385272824999200608135522

7. Tlatrenr PK wna monesuyo wmomenb Ne9743. 4-(2-(((Humemoxcugpocopun)(3-genoxcu-
enun) memun)amuno)smun)-4-vemuimoponrun-4-uti - 1ioouo, obnaoaiowuli - AHMUPAOUKATLHOT
axmuenocmoto Ten A.1O., XKapkpinOek T.E., bensukosa E.O., [layner6ako A.A., IO B.K., Ceitnxanos
T.M., 2024. https://gosreestr.kazpatent.kz/Utilitymodel/Details?docNumber=405799 (zara o6pamenus 26
dbespans 2025).

8. Robidas R., Legault C.Y. How to obtain accurate results with molecular iodine and density
functional theory? International Journal of Quantum Chemistry, 2023, 124(1). DOI:10.1002/qua.27277

9. Sirotkin V.A., Zazybin A.G., Osipova O.L., Solomonov B.N., Faizullin D.A., Fedotov V.D.
Solubility and secondary structure of bovine pancreatic a-chymotrypsin in water—acetonitrile mixtures.
Vestn. Mosk. u. Khim., 2000, 41(6), 114-117.
https://www.chem.msu.ru/eng/journals/vmgu/00add/114.pdf

References

1. Kozlovski V.1., Yakoltsevich M.l. Morpholine derivatives in psychopharmacology. Journal of
the Grodno State Medical University, 2022, 20(3), 249-254. (In Russ.). DOI:10.25298/2221-8785-2022-
20-3-249-254

2. Khamitova A., Berillo D., Zhumashova G. Review of the nomenclature of drugs based on
piperidine and morpholine.  Farmacid  Kazahstana, 2024, 6, 289-302. (In Russ.).
DOI:10.53511/pharmkaz.2024.36.16.038

3. Kumari A., Singh R.K. Morpholine as ubiquitous pharmacophore in medicinal chemistry:
Deep insight into the structure-activity relationship (SAR). Bioorganic Chemistry, 2020, 96, 103578.
DOI:10.1016/j.bioorg.2020.103578

4. Kourounakis A.P., Xanthopoulos D., Tzara A. Morpholine as a privileged structure: A review
on the medicinal chemistry and pharmacological activity of morpholine containing bioactive
molecules. Medicinal Research, 2019, Reviews, 40(2), 709-752. DOI:10.1002/med.21634

5. Ten A.Yu., Bisenbay D., Tursynova B.G., Yu V.K. Synthesis of some aminophosphonates
based on pyrimidinylpiperazine. News of the STS “Kahak”, 2023, 1(79), 75-82. (In Russ.).

6. Ten A., Zazybin A., Zolotareva D., Dauletbakov A., Rafikova K., Yu V., & Giner B.. lonic
liquids in agrochemistry. Current Organic Chemistry, 2020, 24(11), 1181-
1195. DOI:10.2174/1385272824999200608135522

7. Patent of the RK for a utility model Ne9743. 4-(2-(((Dimetoksifosforil)(3-fenoksi-
fenil)metil)amino)etil)-4-metilmorfolin-4-ii  iodid, obladaiushchii antiradikalnoi aktivnostiu [4-(2-
(((Dimethoxyphosphoryl)(3-phenoxy-phenyl)methyl)amino)ethyl)-4-methylmorpholine-4-ium iodide,
which has antiradical activity]. Ten A.Yu., Zharkynbek T.E., Belyankova E.O., Dauletbakov A.A., Yu
V.K., Seilkhanov T.M., 2024. https://gosreestr.kazpatent.kz/Utilitymodel/Details?docNumber=405799
(accessed on 26 February 2025).

8. Robidas R., Legault C.Y. How to obtain accurate results with molecular iodine and density
functional theory? International Journal of Quantum Chemistry, 2023, 124(1). DOI:10.1002/qua.27277

9. Sirotkin V.A., Zazybin A.G., Osipova O.L., Solomonov B.N., Faizullin D.A., Fedotov V.D.
Solubility and secondary structure of bovine pancreatic a-chymotrypsin in water—acetonitrile mixtures.
Vestn. Mosk. u. Khim., 2000, 41(6), 114-117.
https://www.chem.msu.ru/eng/journals/vmgu/00add/114.pdf

58


https://gosreestr.kazpatent.kz/Utilitymodel/Details?docNumber=405799
https://doi.org/10.1002/qua.27277
https://www.chem.msu.ru/eng/journals/vmgu/00add/114.pdf
https://doi.org/10.25298/2221-8785-2022-20-3-249-254
https://doi.org/10.25298/2221-8785-2022-20-3-249-254
https://doi.org/10.53511/pharmkaz.2024.36.16.038
https://doi.org/10.1016/j.bioorg.2020.103578
https://doi.org/10.1002/med.21634
https://doi.org/10.2174/1385272824999200608135522
https://gosreestr.kazpatent.kz/Utilitymodel/Details?docNumber=405799
https://doi.org/10.1002/qua.27277
https://www.chem.msu.ru/eng/journals/vmgu/00add/114.pdf

ISSN 1813-1107, elSSN 2710-1185 Me 1, 2025

Chemical Journal of Kazakhstan
Volume 1, Number 89(2025), 59-68 https://doi.org/10.51580/2025-1.2710-1185.06

VK 678.029.46

TECHNOLOGICAL PROPERTIES OF RUBBER COMPOUNDS FOR
HYDRAULIC SEALS (Part 1)

B.Sh. Khassankhodzhaeva!, G.F. Sagitova'*, A.S. Sidikov?, A.Sh. Kydyralieva!, A.U. Sarsenbayeva®,
E.A. Tusupkaliyev %, Zh.N. Kainarbayeva %, M.N. Baiymbetov

M. Auezov South Kazakhstan University, Shymkent, Republic of Kazakhstan
2 Branch of Gubkin Russian State University of Oil and Gas (NRU), Tashkent, Uzbekistan
3JSC "A.B. Bekturov Institute of Chemical Sciences", Almaty, Kazakhstan

*E-mail: t_ersin@mail.ru, guzalita.f1978@mail.ru

Abstract. Introduction. This study investigates the technological properties of rubber compounds
intended for the manufacture of water lock seals. The formulation is based on a rubber compound in
which PN-6SH oil was replaced with an organic component extracted from oil sludge provided by Petro
Kazakhstan Oil Products LLP. Additionally, the traditional filler (white carbon black) was replaced with
zeolite from the Chankanai deposit, which resulted in satisfactory technological properties. The aim of the
work was to study the properties of rubber compounds modified by the introduction of the organic part of
oil sludge and zeolite, as well as to determine the optimal dosages of these components to improve the
compound’s characteristics. Methodology. The rubber compound was modified by adding the organic part
of the oil sludge in an amount of 1.0-6.0 parts by weight. Zeolite was added in amounts of 3.0-20.0 parts
by weight per 100 parts by weight of rubber. Five samples of rubber compounds were prepared. The
technological properties of the mixtures were determined. Results and Discussion. It was established that
increasing the content of the plasticizer (up to 6.0 parts by weight) and filler (up to 20.0 parts by weight)
leads to an increase in the Mooney viscosity of the mixture. Optimal technological indicators were
observed at a dosage of 6.0 parts by weight of the organic part of the oil sludge and 20.0 parts by weight
of zeolite. The tests demonstrated that replacing traditional components with the proposed modifications
ensures that the properties of the rubber compounds meet the control standards for water lock seals.
Conclusion. The use of the organic part of oil sludge and zeolite in the formulation of rubber compounds
allows the replacement of traditional plasticizers and fillers without compromising the properties of the
mixtures intended for hydraulic seals, as confirmed by compliance with control standards.

Keywords: isoprene rubber, water lock seals, Mooney viscosity, plasticity, rubber.
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1. Introduction

To explore the relationships between the components of rubber compounds
and their technical characteristics, the authors [1] utilized a combination of the
Plackett—Burman and Box—Behnken methods. Optimization of rubber compound
formulations is performed using an integrated genetic algorithm based on support
vector regression to minimize the mixture cost. Twelve components potentially
affecting the technical properties of the rubber compound—namely, natural
rubber, carbon black, white filler, stearic acid, zinc oxide, antiozonant,
antioxidant, processing oil, curing retarder, curing agent, and accelerator - were
selected using the Plackett—-Burman system to determine significant variables.

One of the key technological parameters characterizing the properties of
rubbers and rubber compounds is Mooney viscosity. Viscosity refers to the
resistance of a material (e.g., rubber) to deformation or flow under external load.
Mathematically, viscosity (n) is defined as the ratio of shear stress to shear rate.
This parameter significantly depends on temperature: as temperature increases,
material viscosity decreases [2].

The viscosity of the processed material plays a crucial role in the dynamics
of the technological process, as it determines the forces required to achieve a
given flow rate at various stages of processing. Exceeding permissible viscosity
values can make rubber compound processing not only economically unfeasible
but also technically impossible [3].

The technological assessment of Mooney viscosity provides insights into
various aspects of the rubber mixing process. For example, high initial rubber
viscosity increases energy consumption for preparing a quality rubber compound.
At the same time, higher viscosity leads to greater shear stresses during rotor
mixing, which improves the dispersion of powdered components and,
consequently, enhances the quality of the final product. However, high initial
rubber viscosity, all else being equal, results in greater heating of the rubber
compound, necessitating additional measures to prevent premature vulcanization

[4].

The Mooney viscosity parameter is invariably included in the technical
specifications (TS) of all rubbers and serves as an important criterion for
evaluating their properties. For instance, for isoprene rubber SKI-3 produced by
Public Joint Stock Company Nizhnekamskneftekhim (PJSC NKNK), Mooney
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viscosity values vary depending on the group: for the first group, the range is 75—
85 units, and for the second, 65-74 units [5].

This parameter significantly influences the technological parameters of semi-
finished rubber product manufacturing processes, such as the temperature and
speed of extrusion or calendering operations.

In this regard, an important scientific and practical task arises: to establish
the relationship between the weight-average molecular weight (My) of SKI-3
rubber and the Mooney viscosity (nm) of rubber compounds made from it. In
previous studies by the authors [6-9], quantitative relationships were determined
between the intrinsic viscosity and molecular weight of polymers, as well as
between the initial viscosity (no) and weight-average molecular weight (My).

Considering environmental aspects associated with the use of white filler and
PN-6SH oil, as well as their scarcity, the development of new rubber compound
formulations becomes relevant. Of particular interest are mixtures containing the
organic fraction of oil sludge (OFS) and zeolite from the Chankanay deposit,
which can be used for sealants in hydraulic locks.

The purpose of this study is to investigate changes in the technological
properties of rubber compounds incorporating OFS and Chankanay deposit
zeolite and to develop new environmentally friendly formulations with improved
characteristics.

2. Experimental part

The objects of the study are:

e Zeolite from the Chankanay deposit as a filler;

e Qil sludge from LOO "PKOP" as a plasticizer;

e Rubber compounds based on SKI-3 for manufacturing hydraulic seals.

In previous studies, the organic fraction of the oil sludge (OFS) was
extracted.

The process of plasticizing isoprene rubber SKI-3 was carried out in a
laboratory-scale closed rubber mixer. During the experiments, the rotors of the
device rotated at a frequency of 30 revolutions per minute. The temperature and
duration of the plasticizing process were varied within the ranges of 30 to 600
seconds and 30 to 130°C, respectively. After the plasticizing process, the resulting
SKI-3 samples were used to prepare rubber compounds formulated for the
production of hydraulic seals [10].

The rubber compound was prepared on rolling mills (in accordance with
GOST 14333-79E Rubber Processing Mills).

The plastoelastic properties of the rubber were determined using a
plastometer [11].

Mooney viscosity was measured using the rotational viscometry method,
following the requirements of GOST R 545522011 [12].
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3. Results and Discussion

The modern industry has a limited selection of plasticizers and fillers,
necessitating the development and implementation of new components. Solving
this problem is crucial for improving production efficiency.

The use of petroleum industry waste and natural minerals as ingredients in
rubber compounds creates opportunities to expand the range of plasticizers and
fillers. Furthermore, it allows the replacement of costly and scarce materials used
in technical rubbers, significantly reducing production costs.

In line with the research objective, our study focused on examining the
changes in the technological properties of rubber compounds when incorporating
the organic fraction of oil sludge (OFS) and zeolite from the Chankanay deposit.
A rubber compound formulation was developed based on a standard recipe for
manufacturing hydraulic seals. In this formulation, PN-6SH oil was replaced with
the organic fraction of oil sludge extracted from the petroleum waste of LOO
"PKOP," and white carbon black was substituted with zeolite from the Chankanay
deposit, while maintaining a satisfactory set of technological characteristics.

The developed mixtures included OFS in amounts ranging from 1.0 to 6.0
parts by weight and zeolite in amounts ranging from 3.0 to 20.0 parts by weight
per 100 parts by weight of rubber. As a result, five rubber compound samples
were prepared with varying component dosages. A comparative formulation of
the reference and experimental rubber compounds for manufacturing hydraulic
seals is presented in Table 1.

Table 1 — Rubber compound formulation for manufacturing hydraulic seals

. . Parts by weight per 100 parts of rubber
Name of ingredients

IporoTun 1 2 3 4 5
SKI-3 (1st Grade) 100 100 100 100 100 100
Technical Sulfur 4 4 4 4 4 4
Sulfenamide M 0,8 0,8 0,8 0,8 0,8 0,8
Santoguard PVJ 0,2 0,2 0,2 0,2 0,2 0,2
Zinc White (Zinc Oxide) 5 5 5 5 5 5
Stearic Acid 2 2 2 2 2 2
Pine Rosin 2 2 2 2 2 2
ACMG Plasticizer 3 3 3 3 3 3
PN-6SH Qil 6 4 3 1 0 5
OFS 0 2 3 5 6 1
Protective Microcrystalline Wax 3B-1 1 1 1 1 1 1
Acetonanil R 2 2 2 2 2 2
Diafen FP 2 2 2 2 2 2
Technical Carbon P-220 60 60 60 60 60 60
White Silica 20 15 10 5 0 17
Zeolite 0 5 10 15 20 3
Total 208 208 208 208 208 208
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A key technological parameter that characterizes the properties of rubbers
and rubber compounds is Mooney viscosity. This parameter largely depends on
the nature of the rubber used, as well as on the composition and quantity of the
injected ingredients [13]. Mathematical models were used to analyze the Mooney
viscosity data obtained experimentally at different temperatures of SKI-3
plasticization. At temperatures of plasticization up to 100 °C, the viscosity was
described by equation (1), and for temperatures above 100 °C, equation (2) was
applied. These models allowed us to determine the K constants with minimal
confidence intervals, ensuring high accuracy in describing experimental data:

M= Mo Mg 19", 1
Nv= nMO.Mwoo,SKn-(lgt)'(lgt) , (2)
where nmo is the viscosity of the rubber compound based on SKI-3 before
plasticization, and K, is the plasticization rate constant for the "Mooney viscosity"
parameter.

Table 2 presents the obtained values of K., and Ee for the plasticization
process of SKI-3 at different temperatures.

Table 2 — Values of K, and Ee for the plasticization process of SKI-3 at different temperatures

Indicator K,.10% ¢! Eerr, kJ/mol K,.10% ¢! Eerr, kJ/mol
At a temperature of,
oC:
30 7,99+ 0,33 - -
45 -6,14+ 0,26 15,3 -
55 -5,1+£ 0,23 16,4 -
65 -4,57+ 0,18 14,28 -
80 -3,78+ 0,17 10,3 -
100 -7,99 +0,33 0,4 -3,36+ 0,25
115 -4,45+ 0,57 - -3,78+ 0,23 -14,7
125 -4,95+ 0,73 - -4,18+ 0,27 -18,5
130 -5,57+ 0,91 - -4,69+ 0,33 -18,8

Note: The values of K, and Eesr presented in the first and second columns of the table are calculated using
Equation (1), while the values in the third and fourth columns are derived using Equation (2).

The confidence intervals for the determined values of the constants K,, do not
exceed £6—8%. Within the temperature range of 30 to 130°C, the activation
energy values for the Mooney viscosity plasticization process of the rubber
compound were calculated. Analysis of these data showed that within the
temperature range of 30 to 100°C, the effective activation energy (Eer) has a
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positive value, reaching its maximum at 55°C. However, as the temperature
increases to 100°C, Eefr significantly decreases to 0.4 kJ/mol.

This phenomenon is attributed to the shifting balance between the
mechanical and oxidative degradation processes of rubber macromolecules during
plasticization at temperatures from 80 to 100°C [14-17]. At temperatures above
80°C, oxidative degradation processes begin to dominate, with mechanisms and
kinetics distinct from those of mechanical degradation. This likely explains the
form of equation (2), which describes the plasticization behavior of SKI-3 at
higher temperatures.

Figure 1 presents the experimental data alongside the calculated results
obtained using equations (1) and (2), illustrating the dependence of the viscosity
(mm) of the mixtures on the plasticization time of SKI-3 at various temperatures.
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Figure 1 — Dependence of Mooney Viscosity (nm\eta_mnm) of rubber compounds on SKI-3
plasticization time: calculated data (1, 2, 3) and experimental data (4, 5, 6) at various temperatures (°C):

30— (1,4), 80— (3, 6), 130 — (2, 5).

There is excellent agreement between the experimental results and the
calculated data. This allows the use of equations (1) and (2) to calculate the
Mooney viscosity of the finished rubber compound with high accuracy for any
temperature and pre-plasticization time of SKI-3 within the investigated ranges.

In the course of further research, the technological properties of raw rubber
compounds were analyzed. It was established that the organic fraction of oil
sludge and zeolite positively influence the characteristics of these compounds.

Figure 2 illustrates the dependence of the Mooney viscosity of the rubber
compound on the content of the plasticizer and filler for the developed
formulations.
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Figure 2 — Dependence of Mooney Viscosity on the Amount of Plasticizer and Filler Additives
in Rubber Compounds for hydraulic seals.

An analysis of the viscous properties of rubber compounds shows that the
effect of softeners and fillers on these characteristics is similar, which indicates
the same mechanism of their action. According to the data shown in Figure 2,
with an increase in the dosage of the softener (up to 6.0 wt.%) and filler (up to
20.0 wt.%) there is an increase in the Mooney viscosity. Optimal technological
parameters for rubber compounds were achieved at a dosage of 6.0 wt.% of the
organic part of the oil sludge and 20.0 wt.% of zeolite per 100 wt.% rubber, which
meets the requirements for seals of hydraulic seals.

The test results of the technological properties of rubber compounds show
that when replacing traditional softeners with the organic part of oil sludge and
conventional fillers with zeolite, the properties of mixtures for sealing seals fully
comply with regulatory requirements. In the future, the physico-mechanical
properties of these rubbers will be investigated (Part 2).

4. Conclusions

Based on the study, the following was established:

1. Replacement of components: The use of PH and zeolite instead of
traditional materials ensures environmental safety and reduces production costs.

2. Effect on viscosity: With an increase in the content of the softener to 6.0
wt.% and filler up to 20.0 wt.% increase in Mooney viscosity is observed, which
improves the technological properties of the mixtures.

3. Optimal parameters: At a dosage of 6.0 wt.% PH and 20.0 wt.% zeolite
achieves optimal performance for use in water locks.

The developed formulations of rubber compounds demonstrate competitive
technological performance that meets regulatory requirements. These results
highlight the promise of introducing new components into industrial production.
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Pe3tome: Kipicne. by )xyMbIcTa THIpO3aTBOPIAPABIH THIFBI3IAFBIIITAPEIH albIHIAYFA apHAJIFaH PE3UHA
KOCTaIapbIHbIH TEXHOJOTHUIBIK KacueTTepi 3eprreni. Peuentrin Herisi perinae «Petro Kazakhstan Oil
Products» JXKIIC myHaiinuiambinan GeliHreH opraHukanblk GeiririMen ITH-6I11 maiibl alMacTBIPBLIFAH
pe3uHa Kocnackl naiiianansuiabl. COHBIMEH KaTtap, TOJIBIKTBIPFBIII PETIHAE ASCTYPIIi KOJJaHBUIATBIH aK
kyiie lllankaHaii KeH OpPHBIHBIH LEOJMTIMEH aJMaCTBIPBUIBIN, KAaHAFATTAHAPIBIK TEXHOJIOTHSUIIBIK
KepceTKilTepre Koul >KeTKizinmi. JKymvicmoiy makcamoi — MyHalIUIAMHBIH OPraHMKANIBIK Oejiri MeH
LEOJIUTTI KOCY apKbUIbl MOJU(UKAIMSIAHFAH PE3UHA KOCIATapbIHBIH KACHETTEPIH 3epTTey, COHIal-aK
OChI KOMITIOHEHTTEP/iH KOCIaJapbIHBIH CHIIATTaMaJIapblH JKaKCcapTy YILIIH OHTAaMIbl MOIILIEPIH aHBIKTAY.
Odicmep. Pe3uHa KocnacblHa MYHaHIUIAMBIHBIH OpraHukaiblk Oeumiri 1,0-6,0 MaccanbiK ynecreri
mouuepi enrizinai. Leonmut kayuykrig 100 maccansik ynecine 3,0-20,0 maccanblk yieci MeJIepiHie
KochU1bl. Pesnna kKocnanapblHbIH Oec yirici maiibiapanasl. KocnanapablH TEXHOJOTHSIIBIK KacHeTTepi
aHpIKTANABL.  Homuoicenep men mankvinay. KymcaptkeiutelH (6,0 Macc. y. JeiliH) koHe
TONBIKTHIPFBIUTBHIH (20,0 Macc. y. JnediH) Memmepi apTrkaH caiiblH MyHM OoliblHIIA Kocma
TYTKBIPJIBIFBIHBIH ~ ©CYl aHBIKTAAbI. TEXHOJOTHSIBIK OHTAilIBl KOpCETKIilTep MYHaHIUIaMBIHBIH
opranukaiblk Oemirin 6,0 macc. y. sxoHe neonutti 20,0 Macc. y. MeJIIepinie KoNgaHFaHaa OaiKanmbl.
ChIHAaK HOTIDKeNepl KOPCETKEHIEH, [IocTypii KOMIIOHEHTTep[i YCHIHBUIFAH MOoAu(HUKALUsIapFa
ayBICTBIPY PE3MHA KOCMAJapBIHBIH KAaCHETTEepiHiH Oakpliay HOpMallapblHa COMKec KelyiH KaMTaMachl3
ereni. Kopvimvinoviiap. MyHalIIIaMBIHBIH OpPTaHUKAJIBIK O6JIITiH jKOHE HEONUTTI Pe3NHA KOCTIAJIApBIHBIH
pelenTiHe KOCy JKYMCApTKBIIITAP MEH TOJNBIKTHIPFBIITAPABI JOCTYPJi TYpAE alMacThIpyFa MYMKIHJIK
Oepezi, COHBIMEH KaTap THUIPO3aTBOPJIAP/IbIH THIFbI3AAFbIIITAPbIHA apHAJIFAaH KOCTIANIAp/IbIH KaCHETTepiHe
3usH KenTipMeini. by 6akpliay HopMaiapblHa COMKeCTIriMeH pacTanabl.

Tyiiin ce3mep: W30MpEHII KaydyK, THAPO3aTBOPJIAPIbIH PE3MHA THIFBI3AAFBIITAphl, MyHH OOMBIHIIA
TYTKBIPJIBIK, HUTIMJLUTIT, pe3UHa.
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TEXHOJOTMYECKHUE CBOMCTBA PE3UHOBBIX CMECEM /151 YINIOTHEHU
I'MJAPO3ATBOPOB (Yacrs 1)

B.II Xacanxooucaesa', I.®@. Cazumosa®’, C.C. Cuouxoe®, A.Il. Keiovipanuesa', A.Y. Capcenbaesa®
Tycynkanues E. A5, Kaiinapbaeea K.H.3, Bauméemos M.H.*

YOacno-Kazaxcmanckuil ynueepcumem um. M. Ayesoea, Illvimxenm, Pecnybnuxa Kazaxcman
2@uauan PTY nepmu u 2aza (HUY) umenu .M. T'y6xuna, Tauikent, Pecry6iuka Y36ekucran
3«A.E. Bexmypos amuindagst Xumus euinimoapul uncmumymoty AK, Anmamul, Kazaxcman
“E-mail: t_ersin@mail.ru, guzalita.f1978@mail.ru

Pe3tome. Bsedenue. B nmanHol paboTe ¥MccienoBaHBl TEXHOJIOTMUCCKHE CBOICTBA PE3MHOBBIX CMECEH,
MpeHa3HAYCHHBIX JUISl W3TOTOBJICHUS YIUIOTHEHWH THIPO3aTBOPOB. B KadecTBe OCHOBBI peLENnTYphI
HCTIONB30BaHAa pE3MHOBasi cMech, B KkoTopoe Macino ITH-6II 3ameHeHO OpraHM4YecKoW 4acThlo,
BeiienieHHo n3 Hegrenuiama TOO «Ilerpo Kasaxcran Oitn Ilpomakre». Kpome toro, Genyro caxy,
TPAaAUIMOHHO MWCIOJNB3YEMYyI0 B KadyeCTBE HAIlOJHHUTENS, 3aMEHWIM Ha [eonuT YaHKkaHAaHCKOTro
MECTOPOX/ICHHS, YTO MO3BOJIMIIO JOCTHYb Y/IOBICTBOPUTEIBHBIX TEXHOJIOTHUECKUX NOKa3aTenei. [{envio
pabombl ObIIO M3YyUSHUE CBOMCTB PE3HMHOBBIX CMeced, MOAM(MHIMPOBAHHBIX BBEACHUEM OPraHUYECKON
4yacTu HedTelnuiaMa 1 LEOoJIUTa, a TAKXKE ONpeeIeHHE ONTHMAIbHBIX J03UPOBOK JAHHBIX KOMIIOHCHTOB
JUISL YJTy4IICHHUs XapaKTePUCTUK cMeceil. Memodonozus. B pe3snHOBYI0 CMeCh BBOJMINM OPTaHUYECKYIO
yacTh He(Teuuiama B konudecte 1,0—-6,0 macc.u. Lleonut nobasnsuu B konuuectse 3,0-20,0 macc.4. Ha
100 macc.u. kayuyka. bBpuio mnpuroToBieHO mSATH 00pa3sLOB PE3MHOBBIX cMeceil. Onpenensumch
TEXHOJIOTUYECKHE CBOICTBa cMeceil. Pesyavmamul u 06cyxcOeHue. Y CTAaHOBICHO, YTO YBEJIMYCHHE
coaepxanus miactudukaropa (no 6,0 macc.u.) u Hanomuutens (no 20,0 macc.4.) IPUBOIMUT K POCTY
BSA3KOCTH cMecu 1o MyHu. OnTUMasbHble TEXHOJIOTHYECKHE TO0Ka3aTeNnu HaONI0AAINCh TIPU 103UPOBKE
6,0 macc.u. oprannyeckoi uyactu Hedrenviama u 20,0 macc.y. uneonura. VcmbiTaHus mokasanu, 4To
3aMEHa TPAJUIMOHHBIX KOMIIOHEHTOB Ha TMPEJIOKCHHbIE MOAM(HKAIMU 00ECeurBacT COOTBETCTBHE
CBOWCTB PE3WHOBBIX CMECel TPeOOBAHUSAM HOPM KOHTPOJIsL. Bbigoosl. [IpuMeHeHe OpraHnyecKoil 4acTu
HedTenIaMa ¥ ILEOJHWTa B PEHENType pPE3WHOBBIX CMECEH I03BOJSIET 3aMEHUTH TpPaJAULMOHHBIC
MATYUTENIM M HAIOJHHUTENINW Oe3 ymepba aist CBOWCTB CMeced, NpeJHa3HauYeHHBIX JUI YIUIOTHEHHI
THIPO3aTBOPOB, YTO MOATBEPKIACTCSI COOTBETCTBUEM KOHTPOJILHBIM HOPMaM.

KioueBble ciioBa: H30HpeHOBB]ﬁ Kay4yK, p€3MHOBBIC yl'[J'lOTHeHPII‘/'I TUApPO3aTBOPOB, BA3KOCTH IO MyHI/I,
IUIACTUYHOCTD, PE3HHA.
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Cacumosa I'yzanus @apumosna KaHOUOam mexHu4ecKux Hayk, npogeccop
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SYNTHESIS AND STUDY OF PROPERTIES OF POLYMER
IMPRINTED ON LEAD IONS

A.Kh Zhakina*, O.V. Arnt, Ye.P. Vassilets, A.M. Zhakin

LLP «Institute of Organic Synthesis and Coal Chemistry of the Republic of Kazakhstany,
Karaganda, Kazakhstan

*E-mail: alzhakina@mail.ru

Abstract. Introduction. With the development of modern technologies, there is a growing interest
of researchers in the synthesis of molecularly imprinted polymers (MIPs). Due to their unique properties
and ability to molecular recognition, MIPs find increasingly wider areas of application. Recently, humic
acids (HA) have attracted increasing attention in the development of polymeric materials due to their
availability and prospects from both a scientific and practical point of view. The aim of the work was to
chemically synthesize lead-imprinted polymer (PbIP) and non-imprinted polymer (NIP) based on humic
acids, capable of molecular recognition of lead, to obtain physicochemical characteristics, study sorption
properties and evaluate their application as a sorption material. The methodology of the work includes the
synthesis of PbIP and NIP, determination of their composition using the methods of elemental analysis,
IR-spectroscopy, conductometry, scanning electron microscope and determination of the adsorption
capacity of PbIP and NIP using an atomic emission spectrometer with inductively coupled plasma. The
results showed that PbIP has a higher sorption capacity for Pb?* ions than NIP. The degree of extraction of
Pb?* ions for PbIP was 71%, while for NIP it was 55%. This indicates that PbIP shows good
characteristics due to the selective active centers formed in the process of molecular imprinting and
confirms the prospects of its use. Conclusion. The obtained PbIP demonstrated high sorption capacity for
lead compared to NIP and can be recommended as a selective sorption material.

Key words: lead-imprinted polymer, humic acids, template, purification, sorption.
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CHHTE3 M M3YYEHHUE CBOWCTB IMOJAMEPA, AMIIPUHTUPOBAHHOI'O HA WMOHBI
CBMHIIA

A.X. Kaxuna*, O.B. Apum, E.Il. Bacuney, A.M. Kaxun

«TOO Hncmumym opeanuueckoeo cunmesa u yenexumuu PKy, Kapazanoa, Kazaxcman
*E-mail: alzhakina@mail.ru

Pestome. Bgedenue. C pa3BUTHEM COBPEMEHHBIX TEXHOJIOTMI HabmrojaeTcss pocT HHTepeca
HCCIIefoBaTeNeil K CHHTE3y MOJICKYJISIPHO-UMIIPUHTHPOBaHHbIX mnoiumepoB (MUII). Brmaromaps
YHHKAaJIbHBIM CBOWMCTBAM M CIIOCOOHOCTH K MOJICKYJIsIpHOMY pacno3naBanuto, MUIIT naxonst Bce Gosee
HIMpOKUe obOyacT mHpuMeHeHus. B mocnennee Bpemst rymuHoBble kuciotsl (I'K) mpusnekaror Bce
Oosbliiee BHUMaHHE IPU pPa3pabOTKe IOJMMEPHBIX MaTepUaoB, Onarojaps CBOCH JOCTYNHOCTH U
MEPCIIEKTUBHOCTU KaK C HAYYHOMH, TaK U C IMPAKTHYECKON TOYKU 3peHus. [lenv pabomel 3aKioyanach B
XMUMHYECKOM CHHTE3€ LUHK-MMIPUHTHPOBAHHOTO mojumepa (PbIP) u HeMMIpUHTHPOBAHHOTO MOJMMEPa
(NIP) Ha ocHOBE T'YMHHOBBIX KHCJIOT, CIIOCOOHBIE K MOJIEKYJIIPHOMY PAcIO3HABAaHHIO CBHHIIA, TIOJIyYCHUH
(U3UKO-XUMUUYECKUX XapaKTePHCTHK, M3YYCHHH COPOLMOHHBIX CBOMCTB M OLIGHKE MX HPHMCHEHHUS B
KauyecTBe COPOIMOHHOrO Marepuana. Memodonozus pabomer Brmovaer cunre3 PbIP u  NIP,
YCTaHOBJIEHUH HUX COCTaBa C HCIOJb30BaHHEM METOAOB dJeMeHTHoro anamuza, MWK-Dypse
CIEKTPOCKOIINH, KOHAYKTOMETPHH, CKaHHUPYIOIIETO JJISKTPOHHOTO MHKpPOCKONIAa U  OIpENeNICHUN
ajcopbunonHoi cnocobHoctr PHIP u NIP, ¢ ucrnosnp30BaHHEM aTOMHO-IMUCCHOHHOTO CIHEKTPOMETpA ¢
HWH/IyKTUBHO-CBSI3aHHOIM Ta3moil. Pesyremamsr mnokaszanu, uto PbIP oOmamator Oosee BbICOKOM
COpOLMOHHOW CIIOCOOHOCTBIO K HOHaM Pb%, uem NIP. Crenenp u3BineueHus voHoB Pb?* mis PbIP
cocrasuna 71%, B To Bpems kak it NIP — 55%. Oto cBuperenscTByer o ToM, uro PbIP mokaseiBaioT
XOPOIINE XapaKTePUCTUKH OJlaroapsi CEJIEKTUBHBIM aKTUBHBIM LIEHTpaM, c()OPMHPOBAHHBIM B IpoLiecce
MOJIEKYJIIDHOTO MMIIPUHTHHIA M TOJTBEP)KAACT MEPCHEKTHBY €ro HCIONb30BAHUS. 3akuioyenue.
IMonyyennstii  PbIP  mpoaeMOHCTPUpOBaT BBICOKYIO COPOLMOHHYIO CIIOCOOHOCTH 10 CBHHILy IO
cpaBHeHuIo ¢ NIP 1 MoxeT ObITh peKOMEH/IOBaH B KAYECTBE CEJICKTUBHOTO COPOLIMOHHOTO MaTepuaia.

KiioueBble ¢JI0Ba: CBHHEL-UMIIPUHTHHTHPOBAHHBIN ITOJMMED, TYMUHOBBIE KHCJIOTHI, TEMILIAT OYHCTKA,
copOrust

Kaxuna Anma Xacenosna Kanouoam xumuueckux nHayk, accoyuuposanuvlii npogheccop
Apnm Oxkcana Bacunveena Mazucmp mexHuyeckux HayK, HayyHvill COMPYOHUK

Bacuney Eezenuit Illemposuu Mazucmp nedacocuueckux HayK, HaAy4Hblil COMPYOHUK
HKaxun Anmam Maynenynot Mazucmp mexnuueckux HayK, MAAOWUI HAYYHbBIIL COMPYOHUK

1. Beenenne

3arps3sHEHHE  BOABI  TSDKEIBIMH  MeETallaMH  SIBJISIETCd  OJHOM M3
skonorndeckux mpobmem XXI Beka. [loaToMy MOMCK HOBBIX MaTepHasOB,
MTO3BOJIAIONTNX (P PEKTHBHO OYHIATH BOAY OT TSDKEJIBIX METAJUIOB OYEHb Ba)KEH.
B Hacrosmiee BpeMsi, ¢ pa3BUTHEM COBPEMEHHBIX TEXHOJIOTUH HEYKJIOHHO pacTeT
HHTEpEC  HccielnoBaresiei K mpobieMaM — CHHTE3a  MOJIEKYJISIPHO-
AMIPUHTUPOBAaHHBIX  moimmepoB (MMUII). MMUII  mpencraBmsaor  coboit
HCKYCCTBEHHBIE TOJMMEpPHBIE MOJIEKYJIBI-OTIIEYaTKH, MOJyyaeMble B pe3yibTare
COTIOJIUMEPHU3allMd  MOHOMEPOB B IPHUCYTCTBUM ONPEACICHHBIX MOJIEKYJI-
mabioHoB. bmaronmaps yHUKalbHBIM CBOWCTBaM U crmocoOHoctn MMUIL
MOJIEKYJIIPHOMY DPAcllO3HaBaHHUIO JaHHBIE MOJUMEPHl HaXOAAT HOBBIE 00JIaCTH
npumenenus. OOpazoBanne MMUII u ynanenue mabioHa U3 MOJMMEPHOR
MaTpHUILbl TO3BOJISIET KOHTPOJMPOBATH Ipolecc (OpMUpOBaHMS W CO34aBaTh
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HOBBIE IIOJIMMEpHBIC MaTepuanbl C YIYYLICHHBIMH 3KCIUTyaTalUOHHBIMHU
XapakTepuCTUKaMH. Takue IOJMMEpBl, PaclO3HAOUINE IIEJIECBbIC MOJECKYJIH,
SIBJISIFOTCSI aKTYaJIbHBIMU U TIPUBJICKAIOT BCe Oouibiiee BHUMaHue [ 1-3].

[TonmumepHble MaTepualibl Ha OCHOBE NMPHUPOJHBIX COENNHEHHH, OTyYeHHbIE
C HCIIOJIb30BAaHUEM METOJla MOJIEKYJISIPHOTO UMIIPHHTHHIA, IIMPOKO U YCIIEIIHO
NPUMEHAIOTCA B TaKUX OTPAcisX IMPOMBIIIICHHOCTH, KaK XHUMHYECKas,
(dapmanieBTHUeCKasi, OMOTEXHOJIOTHUECKAsl, M, B IMEPBYIO OuYepeab, Ha CTaAUAX
OUMCTKM KOHEYHoro mnpoxaykra [3-5]. B mocnenHee BpeMs INpu CO3JaHUHU
MOJIMMEPHBIX MAaTepUaoB OOJBIIOE BHUMAHUE CTald YAEIATh TI'YMHHOBBIM
kucnoraM (I'K) xak AOCTYNHBIM M MEPCHEKTUBHBIM B HAYYHOM M NMPaKTHUYECKOM
IJIaHE MPHUPOJIHBIM coeTuHEHHUSIM [6-8]. [1o cTpyKType OHM OTHOCATCS K Kiaccy
KOH/ICHCUPOBAaHHbBIX apOMAaTHYECKUX IMOJMMEPOB, COAEPKAIIUX PasHOOOpa3HbIE
KHCTIOpoacoaep)amue (yHKIUOHANbHbIE Tpynnbl ((eHOJIbHbIE, XWHOWIHBIE,
KapOOKCHIIbHBIE, METOKCHIIbHBIE, KETOHHBIE, dpupHBIe). X apomaTnyeckue sapa
comepxatr oT 2 10 6 KOHIACHCHPOBAHHBIX OCH30JIBHBIX KoJell. ChIpbeM IS MX
MIPOM3BOICTBA CIIyXatT TopQ, YIJIH, CAIPOIIEINH.

TeopeTnueckue UCCIENOBaHUS U MPUKIAAHOE 3HAYEHHE TYMUHOBBIX KHUCJIOT
BO3PacTaloT OYKBaJbHO C KaXIbIM TOAOM. [ YMHUHOBBIE KHCIOTBHI SIBIISIOTCS
IPUPOAHBIMU JI€TOKCHUKaHTaMH. ApOMAaTHYECKHE SApa T'YMHHOBBIX KHCIIOT,
coJiepKallieé OTPOMHOE  KOJIMYECTBO  KAapOOKCHIIBHBIX, THUAPOKCHIIbHBIX,
XMHOMJHBIX TPYMI, MO3BOJSIOT UM Y4YacTBOBAaTh B Pa3HOOOPAa3HBIX PEAKIMAX:
HNOHHBIX, OKUCIIUTEIbHO-BOCCTAHOBUTEIBHBIX U KOMILIEKCO0Opa3oBanus. OqHaKO
niporieccsl noxyderns MUII Ha ocHOBE TyMHHOBBIX KHCIIOT ITOYTH HE N3YYEHBI.

Panee HamMu OBUTM CHHTE3MPOBAHBI MOJIEKYJISIPHO-UMIPUHTUPOBAHHBIC
MOJIUMEPbl Ha OCHOBE T'YMHHOBBIX KHCJIOT, BBIAEIEHHBIX W3  yrjel
mectopoxacans lllybapkonb, W TIOKa3aHa WX BO3MOXHOCTH NPUMCHCHHS B
KadyecTBe COpPOIMOHHOTO MaTepualia AJIsi OYMCTKH BOJBI OT TSXKEIBIX METaJUIOB.
[9-10].

[Iponomxkass uccnemoBanusi mo paspaborke MMUII, B Hacrosmeit pabote
OCYIIECTBJICH CHHTE3 CBHHEI-UMIpUHTHpOBaHHOTO mojmmepa (PbIP) Ha ocHoBe
rymuHoBbIX KHCIOT (I'K), CHOCOOHBIX K MOJEKYJSPHOMY paclo3HaBAaHUIO
CBMHLA, U M3Y4YCHHUE €r0 CBOMCTB IS JAlbHEHIIEr0o NMPUMEHEHHS B KauecTBe
COpPOIIMOHHOTO MaTepHasa Jjsl OYNCTKHA BOABI OT HOHOB CBHHIIA.

2. JKcnepuMeHTAJIbHAS YaCcTh

2.1 Mamepuanwi

B xauectBe wucxomHoro cwipesi B cuHTese MMUII wucnomszoBanbl ['K,
Beyienennple w3 yris  lllyOapkonbckoro Mectopoxaenus (1. Kaparanaa,
Kazaxcran) MeTomoM MIENOYHOW OJKCTPAKIUU C JaJbHEWIINM OCaKICHHEM
MUHEPAIbHON KHCIOTOW M UMEIOIIUE CICAYIOIINe Xapakrepuctuku, %: W*-12,1;
A*-22.0; C'-36,3; -3,73; N™-0,70; S™-—1,02; 0O™—58,9. B kauecrBe
(byHKIIMOHAIBHOTO MOHOMEpA HCIOJIb30BAIM METAKPUIOBYIO Kucioty (MAA)
(Merck, Darmstadt, Germany; CAS:79-41-4), mabmona — arertar cunma (1)
tpuruapat (Merck, Darmstadt, Germany; CAS:6080-56-4), cumBaromniero areHTa
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— ¢opmansaerun, (37% Bommblit pactBop, d=1.09 r/cm®, mponsBoxcTBO Sigma-
Aldrich), naumaropa peakuun — 6ensounn nepokcun (BIT1O) (Merck, Darmstadt,
Germany; CAS:94-36-0).

2.2 Cunme3 c8UHEY-UMNPUHUPOBAHHO20 NOIUMEDA

CuHre3 cBHUHEN-UMIpUHTHpOBaHHOTO mojmumepa (PDbIP) ocymectmsin mo
paHee pa3pabOTaHHON HaMH METOJHMKE METOAOM HEKOBAJIEHTHOTO WMIPHUHTHHIA
10 MEXaHU3MY pagukaabHoH moaumepm3aruu [9-10]. K Bogaomy pactBopy 'K (1
MMmoib) mpubasasia pactBop Pb(CH3COO); (0.1 mMMmoms/m) mpu 3TOM CMeCh
o0Jydan ynbTPa3ByKOM NpH TMEpeMelnBaHUU 10 00pa3oBaHHSA yCTOWYHMBOTO
MPENOIMMEPU3ALMOHHOTO0 KOMIIEKCa MEXy MOJIEKYJIaMU T'yMUHOBOM KHCIOTBHI
u mabnoHa. B kauecTBe WCTOYHHMKA YIbTpa3Byka wucmonb3oBan Ultrasonic
Homogenizer JY92-IIDN ¢ makcumaibpHO#M MotrHOcThIO 900 BT, wacroroit 25
k['11 (Scientz, KHP). [lanee, k npeAnonuMepu3aiiiOHHOMY KOMITIEKCY JOOaBISLITH
MOHOMep  (MeTakpujoBas KHCIOTa, | MMOINB), CHIMBAIOIIANA  areHT
(popmampnernn, 10 wmmons) u  wmHHnumarop (BIIO, 0,1 wmmoms). [amee
MOJIMMEPU3aLHI0 MpoBoAMIn B TedeHue 180 muHyT B Tepmoctare («Termex»,
Tomsk, Russia) mnpm Ttemmeparype 60°C. Ilo oOkoHUaHWH TIpoliecca
COTIOJIMMEPH3ALIUK MONYYCHHBI TPOJIYKT HEHTPH(YTUpoBalll Ha IEHTpUQYTE
(Hermle Labortechnik GmbH, Wehingen, Germany) npu ckopoctu 14 000
00/MHH, IPOMBIBAIIN BOAOH 10 HEHTPAIBLHOW Cpenbl, CYLIMIIHN, pa3Melbdyaid Ha
mmenpuntene (IKA-Werke GmbH & Co., Staufen Germany), mpocenBamn Ha
na00opaTOPHBIX CUTaX W OTOMpanu (pakiuio ¢ pazmepom vactui; 200-400 MrMm.
[TomydeHHBIN TPOMEXYTOUHBII NPOIYKT MOABEPTaIN KUCIOTHOMY THaponu3y 0.1
H pactBopoMm HCI, mpu HarpeBanuu no 50-60°C u BeImepkuBaHuu B TedeHHe 30
MUHYT. [lodydeHHbIH TPOIYKT OTQIIBTPOBBIBAIIM U OCAJOK IPOMBIBAIH BOJON
1o ucuezHoBeHus Cl” monos. [1o ananornuHoi Metonuke 6e3 100aBIeHNsT CBUHLIA
u 6e3 cTaguu KUCIOTHOTO THIPOJIH3a Hoydanu nonumep cpasaenust (NIP).

2.3. Dxcnepumenmanvhoe 06opyoosanue u memoowt uzyuerusi PbIP u NIP

Jii KOHTpOJNSl peaklud METOJOM OOpaTHOTO THTPOBAHHS OIPEEIIsUIH
cozjepxanue kucinopoaconepkammx rpynn B PbIP uw NIP ¢ nomomsio
naboparopHoro konmykromerpa Annon-4100 (Infraspec-Analyte, Novosibirsk,
Russia). I3Mepenns mpoBOAMIH MTOCTIEAOBATENBHO C TPEMs HaBECKaMu 00pasIoB,
3a KOHEYHOE 3HaYeHUE MPUHUMAIIH CPEHEee 3HAUCHHE TPEX OIBITOB.

DNEeMEeHTHBIH aHaIU3 CONEPKaHUs Yriepoia, BOIOPO/a, a30Ta U KHCIopoaa
B PbIP u NIP mpoBoauics ¢ HCIHOIB30BaHHEM JIICMEHTHOTO aHAJIM3aTopa
(Elementar Unicube, Langenselbold, Germany).

TekcTypHBIE XapaKTEpPUCTHKH C TONOrpapuyecKuM KOHTPAcTOM ObUIN
[OJIyYEHBI C TMOMOIIBI0 CKAHUPYIOLIETO AJIEKTPOHHOro MuKpockoma MIRA 3
(Tescan Orsay Holding, Brno-Kohoutovice, Czech Republic), ocHamennoro
JETEKTOPOM  BTOPUYHBIX  3JIEKTPOHOB. JJIEMEHTHBI  COCTaB  00pa3uoB
OTpe/eTsuICs TyTeM KBApTOBAHWS HA Pa3IUMYHBIX YYacTKaX IOBEPXHOCTH
0o0pa3lloB €  HCHOJB30BAaHMEM  PEHTICHOBCKOTO  JHEPrOAMCIEPCHOHHOTO
mukpoanaimmsza X-Act (Oxford Instruments)
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CocTaB MOJNYyYEHHBIX CHHTE3UPOBAHHBIX MOJMMEPOB  IOATBEPXKIAIN
nanabiMu - MIK-cniektpockomnuu, BbinmogHeHHOW Ha WMK-®ypre-criekTpoMeTpe
OCM-1201 (Infraspec Company, St. Petersburg, Russia) B nuama3oHe BOJHOBBIX
uncen 4000-400 cM™, mOrpenHOCTh He MpeBBImaeT 2 cM ™.

2.4. Memoo uzyuenus copbyuonnvix ceéoticme PbIP u NIP

CopOrmonnsie cBoiictBa PbIP u NIP mpoBoanim B CTaTHYECKOM pEXHME.
JlJis 3TOTO B IUIOCKOIOHHYIO KOJIOY ¢ MPUTEPTOH MPOOKOW MOMEIIaa HABECKY
copOronHoro marepuaia maccoid 1.0 r. lanee B xonObl npunuBanoch no 100
cM® pactBopa amerata cBuHIA (koHmeHTtpamms 100 wmr/am°). PacTBOphI
nepeMelBail B TeUCHUE 8 4 ¢ MOMOIIBIO TabopaTopHoro meiikepa (PE-6410,
St. Petersburg, Russia). Ilocie ycraHoBieHHs aacOPOIMOHHOTO pPaBHOBECHS
OTAEISUIM OCaJoK OT pacTBopa myTeM ¢uiasTpanuu. J[lanee onpexnenenue
PaBHOBECHEIX KOHIIEHTpaIuii noHoB Pb?* B duibTpaTe MpOBOXMIM HA ATOMHO-
OMHUCCHOHHOM CIIEKTPOMETpPE C WHIYKTUBHO-CBsizanHOW 1uiazmoii ICAP6500
(SPECTRO ARCQOS EOP SPECTRO Analytical instruments GmbH, Germany).

Crenenn wm3pneuenus (R, %) wmoHoB Pb?* amcopGupoBammeix Ha POIP
PACCUNTHIBAIIH 110 YPaBHEHHUIO:

R=2"".100% 1)

Cn
rae: R — crenens m3Bneuenus (%); Co — HauanpHAss MOJISIPHAST KOHIIEHTPAITHS
noHoB Metamia (mr/mm®); C — paBHOBECHAas MOJISPHAs KOHIGHTPALMS MOHOB
Metanna (Mr/avd).

3. Pe3yabTaThl M 00CYKIeHHE
B Tabnuue 1 mpuBeneHo cpaBHEHHE (PHU3MKO-XUMHYECKHX XapaKTEPUCTHUK,
cunte3upoBanHbix PhIP u NIP.

Tadauna 1 — XapakTepucTHKN CHHTE3UPOBAHHBIX NOJIUMEPOB

Oopaszen C % H' % N', % 0" % X(COOH+OH) Beixon,
MI-9KB/T %

PbIP 60.99+0.2 3.95+0.1 0.68+0.1 34.38+0.4 4.5140.2 75.62

NIP 57.38+0.2 3.73+0.1 0.67£0.1 38.22+0.4 4.1240.2 73.46

Kax BunHO u3 tabmunel 1 ¢ BBegenueM B coctaB PbIP cBunma cHmxaercs
colepxaHue kuciopora Ha 3.84%, 4YTO CBUAETENBCTBYET O BO3MOXKHOCTH
CBSI3bIBAaHUSI MOHOB CBHHIA 110 KapOOKCHIILHBIM ¥ THIPOKCHIBLHBIM TPYIIIaM.
CHmKeHue colepkaHue Kuciopojacoiepkammx rpynn B PhIP mo cpaBHeHuio ¢
NIP takxe naetT BO3MOXKHOCTb NIPETION0KEHHSI CBA3BIBAHUS UX C MOHAMH CBHHLA
0 MeXaHu3My KomiuiekcoobpasoBanus. Tak, B PDIP ux cogepkanue cocraBisier
4.51 mr-3kB/r, a B NIP — 4,12 mr-skB/r. Beixog PbIP cocrasiser 75.62%, a nis
NIP — 73.46%.

NK-cniekrpor POIP u NIP mpeacrasiens: Ha pucynke 1.
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Pucynok 1 — VK-criekTpsl CHHTE3MPOBAHHBIX IIOJIMMEPOB

Oo6HnapysxeHo, uro MK-cnektpsl monmydenHsix PbIP u NIP, Obun ovenb
IIOXOXH, TIOCKOJIBbKY JaHHbIE 00pa3Lbl ObUIN CHHTE3UPOBAHBI C UCIIOJIB30BAaHUEM
OJIMHAKOBOW METOJOJOTUH W MCXOMHBIX peareHToB. CHEUMKH 06pasmoB PbIP u
NIP nokaszamu nukm B obmactd 915-1030 cM™, KOTOpBIE COOTBETCTBYIOT
pactshkenuto cBsized C—O yrieBOJOB, CIHUPTOBBIX M 3(UPHBIX TPYII, YTO
yKa3bIBaeT Ha HaJIM4ME 3TUX (PyHKIMOHAJBHBIX Ipynn B nonumepax. Ilomocsr ¢
MakcuMyMoM mpH 915 cM™ cBA3aHBI ¢ HaMMUYMEM 3aMENIEHHBIX APOMATHUECKHX
cTpyktyp. IlosiBnenue nonock B o6aactu 1600-1650 cv™ kax B PbIP, Tak u B NIP
CBs3aHa ¢ KoyeOaHusMu ABOWHON CBs3u C=C MeTaKpHIOBOH KHUCIOTHL. Hammdane
MONOCKl  Torjomenns B obmacti  1700-1720 cm? B MK-cmextpe PbIP
CBHJIETETILCTBYET O BO3MOXKHOM 00Opa30BaHMH KOOPAWHAIIMOHHOTO KOMILIEKCA.
Pactskenne TmkoB B obmacth  3000-3560 cm’, xapakrepmble s
THAPOKCHIIBHBIX TPYI, MPUCYTCTBYIOT Kak B PbIP, Tak u B NIP.

TekcrypHast xapaktepuctuka PbIP u NIP ¢ Tonorpaduyeckum koHTpacToM
MOJIy4EeHa C HCIOJIb30BAHUEM PACTPOBOTO 3JEKTpOHHOro Mukpockona MIRA 3
¢upmer TESCAN (pucynok 2). MeTogoM KBapTOBaHHSA B PAa3IMYHBIX 00IACTIX
ITOBEPXHOCTH oOpa3a, c WCTIOJIb30BaHUEM PEHTTEHOBCKOTO
sHeproaucnepcuonnoro mukpoananmusza X-Act (Oxford Instruments) onpenesnen
3JIEMEHTHBIN COCTaB 00pa3LOB.
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PucyHok 2 — Muxpoctpykrypa PbIP u NIP ¢ aneMeHTHEIM aHaIH30M

CpaBHuTeNnbHBIM aHanmu3 MHUKpocHMMKOB PbIP m NIP, yka3siBaer Ha
pasznuuue Mopdosoruu ux mnoBepxHocTu. Clenyer OTMETHTh, YTO YAaJCHHE
1abJIoHa M3 TOJMMEPHOW CETKH PACKYMOPHBAET JOMOJHUTENBHBIE MOPHI, UTO
XOpOIIO BHJIHO HAa CHHUMKAax, 3aperHCTPUPOBAHHBIX METOAOM pPacTPOBOM
3JICKTPOHHON MUKPOCKONHMH. DJIEMEHTHBIN cocTtaB u MHorocnoiHas DJ1C-kapra
MTOATBEPKJAIOT COCTaB MONyYEHHBIX MPOJYKTOB, a PACHpPEICIICHUE XUMUYECKUX
JJIEMEHTOB Ha MUKPOCTPYKTYPE MOATBEPKIACT HATUYHE DIIEMEHTOB, BXOSAIIHNX B
cocraB kak PbIP, Tak u NIP.

Jlna  wuccrnemoBaHus CcBsa3bBamomiei crmocoonoctd PbIP u NIP  Gpum
MPOBEICHBI SKCIIEPUMEHTHI 10 CTATHYECKOW aJIcCOpOIIMY NOHOB CBUHIIA (PUCYHOK

3).
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Pucynox 3 — Pesynbrars copbruu PbIP u NIP

UccnenoBanne copOumoHHbIX cBoiicTB PbIP  mokazamo yBenwmueHue
copOLmoHHON eMkocTH 1o cpaBHeHuio ¢ NIP. MakcumanbHas coOpOIMOHHAs
emkocTth o Pb?* cocrasnser 71% mst PbIP u 55% mist NIP. Dto MOATBEPKAACT
MPENOJIOKEHHE, YTO B CHCTEME CYIIECTBYIOT TOJIOCTH, KOTOPhIE COOTBETCTBYIOT
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HOHHOMY paauycy MeTamia u 00 3(h(EeKTHBHOCTH MOIUMEpa, HACTPOSHHOTO Ha
copOupyeMblii HOH.

4. 3akia04eHue

TakuM 00pa3zoM, ¢ MCIOIH30BAHUEM METOJIa MOJICKYJISIPHOTO MMIIPUHTHHTA,
cunTesupoBan PbIP, crenmanbHo HacTpoeHHBIH Ha copbupoBanue HOoHOB Ph?*, a
takke NIP 1718 CpaBHUTENBLHOIO aHalu3a, HE COJEpPXKalUA MOJIEKYJISPHBIX
ornevyatkoB. CoctraB u crTpyktypa PDIP u NIP Obuin moaTBep:KaeHBI C
HCTIOJNIb30BaHUEM COBPEMEHHBIX (PH3HKO-XUMHUECKHX METOMOB: BIIEMEHTHOTO
aHanu3a, KoHaykroMmerpun, UK-®Oypre cieKTpoCcKOnu, pacTpOBOH 31EKTPOHHOMN
MuKpockonuu. IIpoBeneHa oOlleHKa CIIOCOOHOCTH ITONYYEHHBIX MOIMMEPOB K
MOJIEKYJSIDHOMY pAaclo3HaBaHMIO CBHHLA. Ha OCHOBE SKCIEpUMEHTAIBHBIX
JaHHBIX TI0 CTAaTUYECKOW ancopOuum Obula ompeneneHa aacopOLHMOHHAS
cmocobnocte PbIP m NIP. Pesymerartel mcciiemoBaHums mokaszanu, uro PbIP
061aal0T 6GoJee BBICOKOH COPOIMOHHON CIOCOOHOCThIO K HMoHaM Pb* mo
cpaBHenuio ¢ NIP. Crenens uspnedenus nosos Pb** mma PbIP cocraBuna 71%,
mis NIP 55%. Oto monrBepxmaer, uto PbIP gemoHCTpupyoT Xopomrue
XapaKTePUCTUKH, OOYCIIOBJICHHBIE CEJICKTUBHBIMA aKTUBHBIMH  LIEHTPaMHU,
CO3JJaHHBIMU B TIpOLECCEe MOJICKYJSIPHOTO HMMIOpPUHTHUHTA. B cBs3m ¢ 3THM,
noiyueHHbll PDIP, ucmone3yrommit mMonekynspHoe pacno3HaBaHHe, SBISETCS
MIPEINOYTUTEIbHBIM MaTepUaIOM Ul MPAKTHYECKOTO INPUMEHEHHs B 3ajadax,
CBSI3aHHBIX C OYMCTKOH BOABI, U €ro MOXXHO PEKOMEHAOBaTb B KadecTBe
copOeHTa, a MaTepHalbl CTaTbU OTKPBHIBAIOT BO3MOXKHOCTH IJISI JaTbHEHUIIHX
(yHIaMEHTaJIbHBIX U NPUKJIaIHBIX UCCIIEIOBAHUI.

®duHancupoBanue: PaGoTra BbImosHEeHa npu (UHAHCOBOH mojJepikke MHUHHUCTEPCTBA HAyKH U
Beiciiero ob6pazoanuss PK mo Tteme rpanta AP19678338 «®yHIaMeHTanbHbIE OCHOBBI CO3[AaHHS
MOJICKYTAPHO-UMIIPUHTHPOBAHHBIX ITOUMEPOB U3 YTICOTXOIOBY.

KonpaukT wuHTepecoB: ABTOpPBHI 3asBISIOT 00 OTCYTCTBUM KOH(DJIMKTa HHTEPECOB MEXIY
aBTOpaMu, TPEOYIOIIEro PaCKPLITHS B JAHHON CTaThe.

KOPFACBIH HMOHJAPBIHA HMIPUHTTEJIIEH HNOJMMEPAI CHUHTE3JEY X9HE
KACHETTEPIH 3EPTTEY

A.X. Kakuna*, O.B. Apum, E.Il. Bacuney, A.M. Kaxun

JKUIC «Kazaxcman Pecnybnuxacuivlyy OpeanuKanblk CUHME3 HCIHE KOMID XUMUACH! UHCINUIYMbLY,
Kapazanow, Kasaxcman
*E-mail: alzhakina@mail.ru

Tyiiinpeme. Kipicne. 3amaHayW TEXHOJNOTHSIAPIABIH JaMybIMEH 3€pTTEYIIUICPIIH MOJIEKYJIaJbIK
umnpuHTTenred nonuMepnepai (MUID) cunTe3neyre KpI3bIFyLIBUIBIFBIHBIH apTybl Oaiikanmangsl. bipereit
KacHeTTepi MEH MOJICKYJIANBIK TaHy KaOineTiHiH apkaceinga MUII-nepai kongany OGarbITTapbIHBIH asChl
keHerone. Conrsl ke3nepi TyMuH KbeluKpuigapsl (I'K) FBUIBIME KOHE NPAKTHKAIBIK TYPFBIIAH OJapIbIH
KOJDKETIMIIUTITT MeH OoJaiarblHa OaiiIaHBICTBI MOJMMEpPIi MaTepHasIAapisl 33ipieyne kebipek Hazap
ayJapelll  OTBIP. JKymvicmuly makcamol. KOPFachIHIBI MOJEKYNANBIK TaHyFa, (HU3HKa-XUMHSIIBIK
cUMaTTaMalapblH alyFfa, COPOLMSIBIK KAaCHETTEPiH 3epTTeyre >KOHE OJapIblH COPOLMSIIBIK MaTepHal
periHge KOJIAHBUIYbIH —Oaramayra KaOUIETTI TyMHMH  KBIIKbULZAPBl  HETI3iHAEri  MBIPBILIIEH
nmnpuHTTeNAreH nommmepai (PbIP) skone mmmpuaTTenmerern nommmepai (NIP) XuMusutblK cuHTE3nEy
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oonnbl. JKymbicmoiy adicmemeci PbIP sxone NIP cuHTe3iH, 3JEMEHTTIK Taulay OAICTEpiH KoijaHa
OTBIPBIT, OJAPABIH KypambiH aHbIKTayasl WK-Dypbe CHEKTPOCKOMHUSCHIH, KOHIYKTOMETPHSHBI,
CKaHepJIeyIlli AJICKTPOHABl MHKPOCKONTHI JKOHE WHIYKTHBTI OallaHBICKAH IUIa3MajiblK aTOMIIBIK
SMHCCHSUIBIK  CHEKTpoMeTpiH KemeriMeH PbIP >xone NIP ancopOuusuiblk KaOineTiH aHBIKTAYbI
Kamrunsl. Homuowcenep. PbIP-tepmin Ph2z* noHzapsl yuin NIP-re kaparanma copOUMsUIBIK KaOiieTi
JKOFapbl ekeHin kopcerTi. PbIP yimin Pb?* noHAapbIHbIH KanmbiHa Kemy KbLiaamabEst 71%, an NIP yiin
55% 6Gonasl. by PbIP mMonekynanblk MMIPUHTHHT MPOLECi apKbUIbI KANbINTACKAH CEIEKTHBTI OeICeH Il
OPTaJBIKTHIH apKAChIHAA JKAaKChl OHIMJAUIIKTI KepceTeqi JKOHE OHbl INaiiaaHy MepCHeKTHBACHIH
pacraiinsl. Kopeimsinovi. Anbiaran PbIP NIP-men canbIiCThIpFaHIa KOPFAChIHHBIH YKOFAphl COPOIMSLIBIK
KaOlIeTiH KOPCETTI )KOHE CEJICKTUBTI COPOLMSIIBIK MaTepPHall PETiH/E YChIHBUTYbI MYMKIH.

Tyiiinai ce3gep: KOpFachbIH-UMIIPHUHTTEIIEH IOJHMEp, T'yMHH KBILIKBULAAPBI, TEMIUIAHT, Ta3apry,
copOIst.
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STUDY OF THE ELEMENTAL AND MATERIAL COMPOSITION OF
KARATAU PHOSPHORITES
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Abstract. Introduction. Liquid mineral fertilizers are highly effective, cost-effective complex
fertilizers intended for application to various agricultural crops and virtually any soil. Recently, the main
raw material for obtaining EPA is phosphorites of the Karatau deposit (m.) Kistas. The aim of the work is
to study the elemental and material compositions of phosphorus flour (4 samples) from phosphorites of
the Kistas deposit (Karatau) and conduct their comparative analysis. Results and discussion. Results and
discussion. A system analysis of phosphorites from the Kistas deposit was carried out using modern
physicochemical (RFIA, semi-quantitative RFIA, AES, IR) and chemical methods (four samples). The
results showed that the phosphorus meal of one deposit is characterized by a variable composition.
Chemical analysis, AES, and the gravimetric method of phosphorus meal confirmed the data of X-ray
fluorescence analysis. The studied phosphorus meal samples are represented by phosphate, carbonate,
aluminosilicate, and silicate components. Conclusion. Physicochemical studies of the composition and
structure of phosphorus meal from the Kistas deposit showed that the phosphorus meal of one deposit is
characterized by a variable composition. Phosphorite meal contains from 18 to 22 elements, the main
phases are: Sr-containing fluorapatite, Fe-containing fluorapatite, quartz, iron-containing akermanite
(variety), sodium sulfate, jadeite, calcite. The obtained data will allow for a deeper decomposition of
Koksu phosphate flour to produce EPA.

Keywords: phosphorite flour, X-ray fluorescence analysis, chemical analysis, X-ray diffractometric
analysis, IR spectroscopy
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HU3YYEHUE 3JIEMEHTHOI'O U BEHIECTBEHHOI'O COCTABA
DPOCPOPUTOB KAPATAY

P.A. Kaitvinéaesa®, I' III. Cynmanéaesa, P.M. Yepnarosa™,
VK. Jlucycunobexos', H.H. Koxcabexosa?

Y40 «HMncmumym xumuyeckux nayk um.A.5.Bexmyposay, Anmamor , Kazaxcman
2Kasaxckuii HayuoHanbHbiii nedazouueckuii ynusepcumem umenu Abas, Anmamer, Kasaxcman
*E-mail: chernyakoval947@mail.ru

Pestome. Bsedenue. Kupkue MuHepalbHble YIOOPEHHS OTHOCSATCS K  BBICOKOA((EKTUBHBIM
9KOHOMHYECKU-IIENIECOO0OPa3HbIM KOMIUICKCHBIM yIOOpEHHSAM, NPCIHA3HAYECHHBIM JUI BHECCHHS IION
pa3IMYHbIE CENIbCKOXO3SMCTBEHHBIE KYJIBTYphl M MPAKTHYECKU B JIIOObIE TPYHTHL. B mocnenHee Bpems
OCHOBHBIM ChIpbeM it nonyueHus: DDK sBisitotest pocdoputsl Kapatay mecropoxaenus (M.) Kucrac.
Llenvio pabombl sensemcsi -UCCIEOBAHUE SJIEMEHTHOTO M BELIECTBEHHOro cocraBoB  (docMyku (4
obpasa) u3 docdopuroB M. Kucrac (Kapatay) u mpoBegeHHE HX COHNOCTABHTEIBHOIO aHAIIM3A.
Pesyromamor u o6cyscoenue. TlpoBeneH cucreMublii aHanu3 (ocdopuroB mecropoxaenus Kucrac c
MPUMEHEHHEM COBpeMeHHBIX (pusnko-xumudeckux (POaA, PAdbA nonykonuuectBennsiit, ADC, UKC) u
XHMUYECKHX METONOB (deThpe 00pasua). Pe3ynbTaTsl mokasanu, 4To ocMyKa OJHOIO MECTOPOXKIACHUS
XapakTepu3yeTcsi MEepPeMEeHHbIM COCTaBOM. Xumuueckuit ananus3, ADC, BecoBod Meron (HOCMyKH
MOJATBEPAUST JaHHbIE PEHTreHO(IyopecleHTHOro aHanu3a. Mccnenyembie o00pasubl  GocMyKd
npeacTaBieHbl (ochaTHBIMU, KapOOHATHBIMHU, aTIOMOCHIMKATHBIMH, CHJIMKATHBIMH COCTAaBJISIOLIUMHU.
3axmouenue. DU3NKO-XMMHYECKUE HCCICIOBAHUS COCTaBa U CTPYKTYPhl (POCMYKH MECTOPOXKICHUS
Kucrac mokasanu, 4to (ocMyka OJHOTO MECTOPOXKACHUS XapaKTEepU3YeTCsl MEPEeMEHHBIM COCTaBOM. B
¢dochoputHOit Myke mpuUCyTCTBYeT OT 18 g0 22 31eMEHTOB, OCHOBHBIMHU (pa3amMu SIBISIFOTCS: Sr-
coJiep KaInit ¢ropanarur, Fe-conepxaimuii ¢ropamaTut, KBapi, XKelIe30COACpKAINN aKepMaHUT
(pa3HOBUIHOCTB), CyJIb(aT HATPHUS, KAACUT, KabUUT. [lonydeHHbIC JaHHBIC TTO3BOJIST MIPOBOJUTH OoJIee
riy6okoe pasnoxerue pocdopurHoii myku Kokcy ¢ nonyuennem IOK.

KaroueBbie cioBa: GpocdopuTHas Myka, peHTTEHTTCHO(MIIyOPECIIEHTHBIH aHAIN3, XUMUYECKUN aHaIM3,
pentrenoaudpakromerprueckuii ananus, MK-cokrpockomnst.

Pauca Muxaiinoena Yepuaxosa Jlokmop mexnuueckux Hayx
T'uma Illamunveena Cynmanoaesa Kanouoam mexnuueckux Hayx
Paywan Anubexosna Kaitvinoaesa Kanouoam mexuuyeckux nayx
Ymupsax Kymacunoeu /[ncycunoexos Jlokmop mexnuueckux Hayx
Ha3zvim Hypeyowviposna Kostcabexosa Kanouoam xumuueckux nayx

1. BeeaeHue.

MuHepaibHble yOoOpeHHs, He0OXOAWMBI U TOBBILICHUS YpOXKailHOCTH
CEJIbCKOXO3AUCTBEHHBIX KYNbTYpP, a TAK)KE YBEIHUEHHS COJIEPIKAHU, YCBOSEMBIX
pacTeHHs MU MUTATENBHBIX JJIEMEHTOB B TOYBaX W YJIyUYIICHHUS WX TUIOJOPOAMS
[1-3]. B coBpeMEHHBIX yCIOBHAX BEIyIIEee MECTO B MOBBIIICHUH YPOKAHHOCTH U
BaJIOBOI0 cOOpa CeNbCKOXO3SIMCTBEHHBIX KYJIbTYP NPUHAIICKUT yaoOpeHusm [1].
[lpumenenne ynoOpeHWd ¢ IIUPOKHM JAuarna3oHoM cooTHomeHus N:P:K,
yIAy4IIAlOT [UTAHHE CEJIbCKOXO3SHUCTBEHHBIX KYJIBTYp W CO3/AIOT YCJIOBHUS
(opMHupOBaHUs KaueCTBEHHOro ypoxas [4-6]. K mepcrnekTHBHBIM BHUAaM
yIOOpEHUI OTHOCATCA >KHAIKHE a30THO-(OCPOpHBIE W TPOWHBIE YIOOPEHWS,
IIPOM3BOJCTBO KOTOPBIX OTJIMYAETCS MEHbIIEH CTOMMOCTHIO, TaK KaK OTHaAaeT
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psa  omepanuwii  — TpaHYJIMpOBaHWE, CYIIKAa, COPTHPOBKA TpaHyl H
KOHIMIIMOHUPOBaHNE NPOoAyKTa. JKuIkue MUHepaabHble yI0OpEeHHsT OTHOCSATCS K
BBICOKOA((hEKTUBHBIM SKOHOMHUYECKH-TIEIeCO00pa3HbIM KOMIUTIEKCHBIM
yIoOpeHusIM,  TpeJHa3HAYeHHBIM  JUIi  BHECEHHWS  IOA  Pa3JInIHbIE
CeNTbCKOXO3AUCTBEHHBIE KYJIBTYphl M MPAKTHUECKH B JIFOObIE TPYHTHL. JKumkue
ynoOpeHust 001alaloT yCTOHYMBOCTHEO B YCIOBUSAX UX XpaHEHUS U
MIPUMEHEHUSI, JIETKO PETYJIUPYyEeMbIM COOTHOIIIEHUEM MMUTATENFHBIX 3JIeMeHTOB (N,
P, K, S), cOBMECTUMOCTBIO TIPH BHECCHUU C TEPOUITMIAMH, WHCEKTHIMIAMH W
MaKpO - U MUKPO3JIEMEHTaMH [7].

B Pecnybnmke Kazaxcran pasBura ¢ocdaTHO-TyKOBast MPOMBIIUIEHHOCTb,
Oasupyromascss Ha cobctBeHHOM (dochataoMm ceiphe (hochopurer Kaparay,
Uunucas). Xumuyeckas MepepadoTKa NPUPOIHBIX (ocdaToB BKIIOYAET HX
pa3joXeHHne MHHEPATbHBIMU KHCIOTAMH C TIOJYYEHHEM SKCTPAaKIMOHHOW
(dhochopHOlt KUCIOTEI, POoCcHOPHBIX M KOMIUIEKCHBIX yAoOpeHmid. B mociemnee
Bpems cbipbeM i momydeHus: DPK saBisroTest GochopuTsl MECTOPOXKACHUS
Kucrac. B cBs3u ¢ 3TUM NpOBEICHO PU3UKO-XUMHUECKOE HCCIIeJOBaHIE YEThIPEX
o6pasnoB dhochoputHoit Myku M. Kucrac u m.Kokcy.

2. JKCNepUMEHTAIBHAS YaCTh

O6pasubl  pochoputaoit mMykun Ne 1 uw Ne 2 momyuensr uz TOO
«MuHepansHBIE YA0OpeHHs», T. Tapas, oobpasen Nel — pocmyka n3 dochoputHOi
pynsl MectopoxaeHus: Kucrac; oopaser; Ne 2 — cMech (hOCMYKH MECTOPOKICHHS
Kokcy ¢ docmykoit mectopoxxkaenus Kucrac; obpasen Ne 3— docmyka, u3
6oraroii mo P20s pyabt (27-28 % P20s), monydeHHas U3 pyabl MECTOPOXKICHHUS
Kucrac, a obpaserr Ne 4 — u3 momyboraroit mo P20s pymsr (22-24 % P20s)
MecTtopoxaenus Kucrac.

UK-cnextpsr 06pasioB peructpupoBainu B tabnetkax ¢ KBr na MK-Dypre-
ciekTpomerpe «ThermoElectron» B urTepsane 4000-400 cv™. OTtHecenue monoc
noryomennss B MK-cnekrpax MpoBOAWIM B COOTBETCTBUU C JIMTEPATYPHBIMH
JaHHBIMH [6], [7-13].

PentrenoduryopecieHTHbIH,  pEeHTreHOAN(BPAKTOMETPUYECKUI  aHaJIM3BbI
uccnenyeMbix 00pasnoB BeiodHeHb B TOO «/HCTUTYT TeoJOrHYecKHX Hayk
um. KMHM. Carnaesa» B naboparopuu  (U3MKO-XMMHYECKMX  METOJOB
HCCIIe/IOBaHNI Ha aBTOMaru3upoBaHHOM gudpakromerpe [APOH-3 ¢ Cug, —
usnydyeHuem, S-punbTp. YcnoBus cbeMkH gudpaktorpamm: U=35 kB; 1=20 MA;
chemka 0-20; nmerextop 2 rpaa/muH. Da30BEIM COCTaB MONYYEHHBIX 0Opa3loB
onpenensuii Ha auppakromerpe «DW-XRD-27 mini» (Cu-usnyuenue) npu cuiie
toka — 40 mA, Hanpsbkenun B TpyOke 40 kB. OOpaboTKa MOyYeHHBIX JaHHBIX
IudpakTorpaMM M pacueT MEXKIUIOCKOCTHBIX PACCTOSHUKA MPOBOIMINCH C
MOMOIIIBIO POrpaMMHOTro obecrieuenus Jade 6. [14, 15].

Xumuueckuii anaian3 (OCMYKH BBHITIOJIHEH METOJIOM Pa3JIOKCHUS B HAPCKOH
BOJIKE C JAJIbHEHIIIMM aHaJIu30M KUAKOH (azbl Ha ADC 1 BECOBBIM METOJOM.
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3. Pe3yabTaThl U 00CyxKACHUE

B mocnennee Bpems ceipbeM sl moidydenne DK smistrores dhochopuThl
MecTopoxaeHns Kuctac. B cBs3m ¢ 3TUM NpoBeneHO (PU3HKO-XMMHUYECKOe
HcclieoBaHue yeTbipex o0pasuoB dhochoputHoit Mmykn M. Kuctac n m.Kokcy.

Pe3ynmbTaThl peHTreHO(DITyOopecieHTHOTO aHanr3a (Tabimma 1) moka3amu, 9To
Bce oOpasmbl hocMyku conepkat 18 ommHakoBwIx snementoB. Omnako Cr u Zr
MIPUCYTCTBYET TOJbKO oOpa3ie Ne 1, a As u Rb - B oOpasue Ne 2 u Ne 4, Gapuii
Ba (B Buge BaSO. [16]) naxomutcs B oopasiax Ne 3 u Ne 4,

Tadauua 1 — PentreHoduyopecueHTHbI aHanu3 o0pa3uos ¢pocMyku, macc. %

OneMeHTBI O6pasis! hocMykn
IOJIy4€HBI OT 3aBOJa nosy4eHs! U3 pyzasl B JIXYuC
Ne 1 Ne 2 (cmecn) Ne 3 u3 Ne 4 w3
Goratoii pyst 1ory6oraToii py sl

¢rop, F 1.02 0.88 1.04 0.70
Hatpwuii, Na 0.30 0.24 0.30 0.23
Marauit, Mg 1.48 1.30 1.54 1.97
amroMuHU#, Al 1.26 1.14 0.67 2.16
KpeMHuit Si 7.37 8.46 5.90 8.43
docdop, P 10.6 9.73 10.8 8.38
cepa, S 0.31 0.23 0.52 0.30
xJiop, CI 0.04 0.02 0.04 0.17
kamui, K 0.34 0.32 0.16 0.50
kanbnuii, Ca 26.7 22.7 28.9 21,9
turaH, Ti 0.18 0.17 0.07 0.25
xpom, Cr 0.02 - - -
MBIIIBSK, AS - - - 0.01
Mapraser, Mn 0.07 0.05 0.12 0.07
Keneso, Fe 0.78 0.77 0.55 1.16
Hukenb, Ni - - 0,01 -
IMHK, ZN 0.01 0.01 0.009 0.02
pyoummii, Rb - - - 0,002
CTpOHIMH, Sr 0.10 0,09 0,11 0,08
urtpuit, Y 0.01 0.02 0.01 0.02
LUPKOHUH, Zr 0.02 - - -
cBuHel, Pb 0.01 0.01 0.02 0.01
Oapuii, Ba - - 0.04 0.29
kuciopon, O 51.4 46.33 4.20 54.37

CpaBHUTENBHBIN aHaNM3 MOKa3aj, 4To oOpazen No 1 MO KOIMYECTBEHHOMY
conepxanuio F, Na, Mg, Ca u P 6mmmzok o6pasiry Ne 3, B To Bpemst kak Si oOpasers
Ne 2 o conepkanuto dropa F, Na, Ca 6mmzok dpocmyke Ne 4. ITo comepxanmio P
thocmyka Ne 2 mpubmmkena k pocmyke Ne 1 1 Ne 3. To comepxanuio Al o6pasiier
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Ne 1 u Ne 2 Gmusku Mexay coboil u mpesbimaioT B 1.9 pa3 coxepkanue Al B
docmyke Ne 3, Ho mipu 3TOM cozepxkanue Al B mepBbix 1Byx oOpasuax B (1.7-1.9)
pa3 MeHbIue, yeM B pocmyke Ne 4. Jlns conepxanus xene3a Fe B ucciexyembix
obpasnax (QOCMyKH OTMEYaeTCs AaHAJIOTWYHAs 3aKOHOMEPHOCTh. XHMMHUYECKUH
aHau3 hocmyku (TaGmuITeI 2 u 3) MOJTBEPINIT JIaHHbIE
peHTreHodIyopecueHTHOr0 aHanu3a. Hanuuwe pacxoskaeHust B pe3yibTaTax
JOIMYCTUMO, T.K. HMCIIOJb3YIOTCS PA3IMYHbIC METOIbI OATOTOBKY M OIPEAEICHUS
3JIEMEHTOB B HcclieayeMbIx oopasmax (POrA, ADC, BecoBoii).

Taoauua 2 — Coeprkanue 3JEMEHTOB B KHCIIOTHOM PacTBOPE, OTJICICHHOM I10CIIE pa3ioKeHus HOCMYyKH
B napckoit Boake Ha ADC

OJ1-Thl, Ob6paszen

% Ne 1 Ne2 Ne3 Ned
Al 0.6 05 04 0.9
As 0.004 0.003 0.005 0.012
B 0.018 0.0152 0.030 0.017
Ba 0.02 0.022 0.05 0.13
Ca 26.6 229 29.2 254
Co <0.0003 <0.0003 <0.0003 <0.0003
Cr 0.005 0.0025 0.004 0.005
Cu 0.001 0.0009 0.001 0.002
Fe 0.7 0.777 05 1.0
K 04 04 03 07
Mg 12 15 13 18
Mn 0.1 0.0615 0.1 0.1
Na 0.55 0.55 0.65 0.54
Ni 0.00004 <0.00003 <0.00003 0.000763
P20s 26.1 265 28.8 236
Pb 0.004 0.048 0.01 0.01
SO 32 27 39 44
Si 6.0 8.18 45 6.5
Sr 0.12 0.15 0.13 0.11
Ti 0.01 0.006 0.004 0.01
v 0.0018 0.0014 0.0017 0.0025
Zn 0.02 0.015 0.01 0.02

Bce o6pasusr pocmykn comepxar 22 0JMHAKOBBIX JIEMEHTOB (TaOIHIBI 2 U
3). CpaBuuTenbHbI aHamu3 mokasai, 4ro OOpaser; Ne 1 mo KOIMYECTBEHHOMY
coxepxaunuto Zn, Ti, Sr, Na, Mn, Cr, Co 6auzok O6pasiy Ne 4, B To Bpemst Kak
Fe, K B obpasue Ne 1 mo coapepxkanmto 6iam3ok ¢ocmyke Ne 2. Hawmbonee
BBICOKOE coepxanne P2Os nabmonaercs B o6paszmax Nel u Ne3, coOTBETCTBEHHO
2620 u 27,33% (BecoBoit Mmeronm ompeaenenus P»Os). Conepikanue
HEpAaCTBOPHUMBIX OCTAaTKOB M BJard Ha BceX o0Opasnax IOYTH OJUHAKOBBIC.
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[loreps Bnarm mpu nmpokanuBaHuU cocTaBisieT docmyke Nel - 7,25%, docmyke
Ne2 - 6,55%, pocmyke Nel - 8,26%, pocmyke Nel - 9,57%.

PentrenonnpakroMeTpUIecKuil MOMYKOJIWYECTBEHHBIH aHanu3 oOpasna
(docmyku mokaszan npucytcTue 6 a3 (tadauina 4, pucyHok 1 ): Sr-cogepxamuit
¢dropamarur, Fe-comepkamuii  ¢rTopamaTtuT, KBapIl, >KEIE30COACpIKAIIHA
aKepMaHUT (Pa3HOBHUIHOCTD), CyIb(aT HATPHUS U KAJEHUT.

Taoauua 3 — Ananus 006pa3ioB GocMykH (BECOBOM METON)

obpazer pocmyku conepxxanue, %
P20s H.O. ILILIL BJIara
Docmyka Ne 1 26.20 16.57 7.25 0.276
Docmyka Ne 2 22.67 16.52 6.55 0.215
Docmyka Ne 3 27.33 16.20 8,26 0.253
docmyka Ne 4 22.59 16.96 9.57 0.282

200 —

100 -

| o

10 20 30 40

Position ["2Theta] (Copper (Cu))
Pucynok 1 -P/IpA obpasua pocmyku

Tadauua 4 — Pesynbrars! noiaykonuuectBeHHOro PJIA kpucramummyeckux (a3 odpasua GpocMyku

dhopmyna MHUHEpaI C,%
(Ca9.71Sr0.20) (PO4)s(F1.78(OH)o0.22) ®ropanarut, St-, Ca u pocdarcomepxammin 37
SiO; KBapII 20
Ca2Mgo.7Fe0.6Si1 707 XKenezoconepxaiuii akepMaHUT 11
NazS04 Cynbgar HaTpus 6
(Cag.sFeo.2)(PO4)s(F1.6(OH)o.4) ®ropanarut, Fe-conepkanuii 18
NaAI(Si20e) HKaJEUT 9

Criextpbl 00pa3noB GocMyKu 1O xapakTepy ONM3KH MEXIy co00i (pHCYHOK
2). BanentHple koje0aHMS KPUCTAUIM3ALMOHHOW BOABI B MEXKIUIOCKOCTHBIX
CIOSIX TOPOJ00OPa3yIOIIMX KOMIIOHEHTOB U aacopOImMoHHON Bombl [17],
nponuckBatoTcs B o6mactu (3360.3-2886.0) cm™. TIpuuem B UK criextpe 06pasua
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Ne 1 mabmromaercst mMpokasi CpeqHell MHTEHCHBHOCTH II0JI0Ca IOTJIOMICHUS Y
3360.3 cM™! u Tpu YeTKO BHIpaKEHHbIE MANOMHTEHCHBHBIE YacTOTHI y 2974.6,
2928.2 1 2894.6 cm™. B cnektpax o6pasios Gpocmyku Ne 2 u Ne 4 IpHCyTCTBYIOT
nBe CcIaGOMHTEHCHBHBIE IMOJOCHI MOTJIOMIEHHS COOTBETCTBEHHO y 3359.0 cm™,
2924.9 cm* m 3395.2cm?, 2922.6 cm?, a o6pasua Ne 3 - TonbKO OJHA 4ACTOTA Y
3194.0cm™, cmemennas Ha (165-201) cm™. Yacrora B o6mactu (1648.0-1700.4)
cM* oTHOCHTCA K ehopManmoHHBIM Konebarns OH - rpymmsl 1y o6pasma Ne 1
oHa cMelneHa Ha (51.4-52.4) cm™ B Hu3KOUacTOTHYIO 06macth 10 1700.4 cm™. B
CIEeKTpax BceX 00pasloB (OCMYKH IIUPOKHE MOJOCH TOTJIOIIEHHUS CpeaHeil
MHTeHCHBHOCTH B obOmactu (1454.6-1430.1) cm™ xapakrepmsl s vas(CO)

KapOOHATHOM TPYIIbI, YTO OTPAKAET PE3YJILTAThl XMMHUYECKOTO aHalu3a II0
ILILIL Uit 00pasioB Nel-Ne 4 (6.55-9.57 % m.m.mm.).

AN
N STy ‘J\j\, &
~' //\\ «
/f’\.\/"/ i \'«/\\ / /U\ IV
i

Wavenumber, (cm-)

a - obpasen Nel, 6 - o6paszer; Ne 2, B - o6pazer; Ne3, T - obpazer; Ne 4

Pucynok 2 — UK criektp 00pa3uos pocMykn

B obpasiax Ne 2 u Ne 4 k xonebanusam COs? - IpyIIIbI Takke OTHOCATCS
COOTBETCTBEHHO 4acTOThl ¥ 1384 1 1300 cm™ . C1aGOMHTEHCHUBHBIC YETKUE TTHKH
B ob6mactu (797.8-885.7) cM™ xapakTepHBIX KONeGaHHUSIM KapOOHATHOMN TPy,
COOTBETCTBYIOIIME KapOOHATHBIM MOPOJO00Pa3yIOIIMM KOMIIOHEHTaM B BHJIE
kanbiuTa [17]. Tonocs! nornomenns B o6mactu (1092.0-1047.1) em™ u (604.2-
499.0) cM™ OTHOCATCS K AaHTHCHMMETPUYHBIM BAJCHTHBIM M 1e()OPMAITHOHHBIM
xonebanuaM wnona PO,*. Hamuume [BYX TOIOC TIOTJIOIIEHHS OOYCIOBIEHO
TIOHWKEHHEM CHMMETPUH TIpaBHIbHOTO TeTpasapa POs  mo C, 3a cuer
pacIIemyieHuss  TPIKIBl  BBIPDOKIAEHHOro koneGamms PO,> woma  [16].
HuskouactoTthbeie ciaboBbipakeHHbie monockl npu 499.0; 505.0 u 423.3 oM,
MIPOSIBIISIIOIIMECS COOTBETCTBEHHO B oOpasmax Ne 1, No 2 m Ne 4, a Takxke B
CIIeKTpax Bcex o6pa3noB B obmactu (471.7 - 468.2) cm’ orHOcATCH K
nehopmaionHbiM Kosiebanusm csizeit Si-O-Al(M) u O-Si-O B TeTpasapuyeckux
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ctpykrypax [17]. Cornacuo pesynbratam MKC uccnemyembie oopasiibpl GocMyKu
MIPEACTABIICHEI dhochaTHBIMH, KapOOHATHBIMU, aJTIOMOCHITHKATHBIMU,
CHJIMKATHBIMH COCTaBJIAOIIIUMU.

4. 3akiir04eHue.

[IpoBenen cuctemHblii aHanmu3 (ochoputoB MectopoxaeHus Kucrac c
MIpUMEHEHUEM COBpPEMEHHBIX (U3UKO-XMMUYECKUX (PDnA, PIADA
nonykonnuectBeHHbIH, ADC, UKC, ) u XxuMHIecKuX MEeTO0B (YeThIpe o0pasia).
Pesynpratel mokasanu, 9to (GocMyKa OJHOTO MECTOPOXKIEHHS XapaKTepU3yeTcs
MEepEMEHHBIM cOCTaBOM. B ¢ochoputHoit Myke mpucytcTByeT oT 18 mo 22
3JIEMEHTOB, OCHOBHBIMH (ha3zaMH SIBISIOTCS: Sr-cofepkammii  ¢gropanarut, Fe-
cojeprKaIlni (dropamartur, KBaplIl, JKee30coIepKaIiui aKepMaHUT
(pPa3HOBUAHOCTE), Cylab(arT HATPHA, KAICUT, KaubIMT. [lolydeHHbIC HaHHBIE
MO3BOJISAT MPOBOJUTH OoJiee TIyOokoe pasioxenue dochoputHoit Mmyku Kokey ¢
nonydennem DDK.

®dunancupoBanue. J[lanHas pabora BbmonHeHa no IILd BR21882220 «Cuntes u co3naHue
TEXHOJIOTUH yN0OpeHuii, KoMIo3unuii, npenapaToB U MaTepuaJoB MHOTO(YHKIMOHAJIBHOTO AEHCTBUS
IUIs IPUMEHEHUs Ha IYCTBIHHBIX M JeTPaJUpOBAHHBIX 3eMILIX», (GuHaHCHpyeMbIM KoMmuTeToM Hayku
MuHucTepcTBa HayKH U Bbicuiero oopasosanus PK.

KoHpIuKT MHTepecoB: KOHIUKT HHTEPECOB MEX 1Y aBTOPAMH OTCYTCTBYET.

KAPATAY ®OCP®OPUTTEPIHIH 3JIEMEHTTIK )KOHE 3ATTBIK K¥PAMbBIH 3EPTTEY

P.D. Kaiivinbaesa®, I'.111. Cyﬂmauﬁaeaal, P.M. ‘Iepuﬂkaaa*l,
O.7K. K] ycinﬁexoel, H.H. Koxcabexosa®

1«O.B.Bexmypos amvindager Xumus euinvimoapul uncmumymul» AK, Anmame, Kazaxceman
246aii amoinoazer Kazax ynmmulk nedazozuxanvis yuusepcumemi, Anvame, Kazaxeman
*E-mail: chernyakoval947@mail.ru

Tyiiinaeme. Kipicne. CyiblK MHHEpaJIbl THIHANTKBIITAP Op TYPJIi aybUINIAPYyallbUIBIK JaKbUIIapbIHA
JKOHE 1C JKY3iHIE Ke3 KelreH TOMBIpaKKa KOJIaHyFa apHaJfaH THIMLUTITI JKOFapbl, YHEMIl KEIIeHI
ThIHAWTKBIITAap Oonbin  TaObutazpl. Conrel ke3ge O®K  amyneiH  Herisri mmwmkisatel  Kaparay
¢bocdopurrepinin Kucrac ken opHbl 60mbin Tadbutaabl. JKymbicmoly makcamol — KHCTaC K€H OpHBIHBIH
(Kaparay) ¢ochopurrepines ambiaFad (ochop YHBIHBIH (4 CHIHAMACHIH) JJIEMEHTTIK JXKOHE 3aTThIK
KYpPaMBbIH 3epTTey JKOHE OJIapblH CAJIBICTBIPMAJbl TALAAYBIH XKXYprizy. Homuoicenep men nixipmanac.
Kasipri 3amanrsl Gpu3ukaibiK-xuMusuiblK (PONT, sxapreutait canapik PAdT, ADC, IKC) xoHe XUMUSIBIK
omictepni (TepT chlHama) KoijaHy apkpuibl Kucrac keH OpHBIHBIH (OCOpPUTTEpiHE KYHEINIK Tanmay
sxyprizingi. Hotmkenep 6ip keH OpHBIHBIH (OCHATTHI KBIHBICH ©3repMeNi KYpaMMEH CHIIATTATAThIHBIH
kepcerTi. Xumusuiblk tanaay, ADC xoHe (ochop YHTAFBIHBIH I'PaBUMETPHSIIBIK, PEHTTEHIIK 9icTepi
¢uryopecueHTTiK Tannay nepekrepin pacraiabl. DocharTbl YHHBIH 3€pTTeireH yiriaepi ¢ocdarrsl,
KapOOHATTHI, AIOMOCHIIMKATTBI JKOHE CHIIMKATTBI KYpaMIaplaH TYPaThIHbI aHBIKTAIIbl. KOpblmblHObL.
Kucrac keHn opHbIHBIH (pocop YHBIHBIH KypaMbl MEH KYPBUIBIMBIH (DHU3UKA-XUMHSIIBIK 3epTTeysep Oip
KeH OpHBIHBIH (ochOp YHBIHBIH aybICIaibl KypaMbIMEH CHIIATTANATHIHBIH KopceTTi. Poctar yHbiHaa 18-
IeH 22-re peifin smeMeHT Oap, Herisri (¢asamapbel: Sr-KypamblHna Qropamatut, Fe-KypambiHna
(drTopanarut, KBapi, TeMmipi Oap akepmaHuT (Typi), HaTpuil Cyiab(daThl, SAECUT, KAIBIMUT. AJBIHFAH
nepektep Kekcy docdat yupinan DDK any yirin TepeHipek biabIpaTyFa 001aThIHBIHA MYMKIH/IIK Oepeii.

Tyiiin ce3gep: QochaTTsl Tay KBIHEICHL, PEHTTEHIIK (GIyOpEeCHEHTTIK Taijiay, XUMISUIBIK Talaay,
PEHTTeHAIK TU(ppaKTOMETPHAIBIK Tanaay, UK cmexrpockomus.
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Pauca Muxaitnoena Yepnakosa Texnuka 2bL1bIMOAPbIHLIY OOKMOPbL

Tuma Hlamunvesna Cynmanoaesa Texnuka 2blIbIMOAPbIHbIY KAHOUOAM bl

Paywan Anubexosna Kaitvinoaesa Texnuka 2bl1bIMOAPbIHBIY KAHOUOAMbI

Ymupzax Kymacunoeu /Jrncycunoexos Texnuka 261161MOAPbIHBIY OOKMOPYbL

Ha3zvim Hypeyowviposna Koscabexosa Xumus 261161MO0aPbIHBIY KAHOUOATN b
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A NEW LOOK AT THE STRUCTURE OF THE PERIODIC TABLE
OF D.I. MENDELEEV
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N.B. Sarova, N.K. Akhmetov
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Abstract. The article considers the main contradiction identified in the Periodic Table of Mendeleev:
the discrepancy between the results of the calculation according to the already known formula and the
internal structure of the periodic table of D. I. Mendeleev, that is, the maximum number of electrons
calculated according to the known formula does not correspond to the number of elements in the
corresponding period. An alternative approach to constructing periods of Mendeleev's Periodic Table is
proposed. The new structure of periods of the Mendeleev table will not be complete without its
accompanying question, which does not find a solution, in particular, it is necessary to look for an
equation that allows you to calculate the total number of electrons in the outer electronic shells of atoms in
periods. The article presents a new equation and the arguments for its derivation. In order to explain the
existence of completely identical periods in the Mendeleev table, it is proposed to introduce a new
quantum number for the purpose of their theoretical description, which will be in addition to the four
existing quantum numbers. It is proposed to designate the new quantum number as the "first" and
"second" quantum states corresponding to the periods of the second, fourth, sixth and third, fifth, seventh
old Mendeleev table.The new formula, first proposed for the outer electronic shells of atoms of chemical
elements and quantum states, makes it possible to systematize the understanding of the order in which the
electronic levels in the atoms of the elements are filled. The materials presented in the article confirm this.
The following description of the order of formation of electronic shells is proposed: first the main
quantum number (n), then the newly proposed quantum states (“first" and "second"), which, in turn, form
the electronic configurations of the sub-periods in the periods, and then the remaining quantum orbitals (s,
p, d and f).

Key words: system of chemical elements, quantum numbers, number of electrons, orbital, chemical
element, properties, group, period.
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J.U. MEHJEJIEEBTIH IIEPUOATBIK KECTECIHIH K¥PbLJIBIMbIHA )KAHA KO3KAPAC

H.C. Yunuéaesa, A.b. Y3arxoeéa', M.b. Axmaesa, /I.A. Kapasicanosa,
H.b. Capoga, H.K. Axmemog

Abati amevinoagvl Kasax ¥nmmuoix Ileoazoeuxanvix Ynusepcumemi, Aimamel, Kazaxcman
*E-mail: a7_uzakova@mail.ru, a.uzakova@abaiuniversity.edu.kz

Tyiiingeme. Makanama MeHIENeEBTIH NEPHOATHIK KECTECIHAC AHBIKTAIFAH HETi3rl  KaWIIBLIBIK
KapacThIpbLIa/ibpl: OypeiHHAH Oenriai gopmyna OoiibiHina ecentey HoTkenepi meH J[.J1. MenneneeBtiy
MEPUOATHIK KECTECIHIH IIIKI KYPBUIBIMBIHBIH apachIHIAFbl COMKeCCi3iK, sFHU Oenrini Gopmyiia OoMbIHIIA
€CENTENIeH AJICKTPOHAAP/bIH MaKCHMAIAl CaHbl THICTI NEPHOATAFbI JJEMEHTTEp CaHbIHA CAliKec
kenMmeiai. MenaeneeBriH [lepHONTHIK KeCTECIHIH MEPUOATAPBIH KypyFa OajlaMa TOCUI YCHIHBLIAMBL
MeHeneeB KeCTECIHIH kKaHa MepHOATap KYPbUIBIMbI OHBIH IICIIIMIH TalMaiThIH 1IECTe CYPAKChI3 TOJBIK
OonMaiinpl, artanm aiiTKaH[a, MEPHOATApAarbl ATOMAAPABIH CHIPTKBI DJIEKTPOHJIBIK KaOBIKTApBIHIAFbI
IEKTPOHIAP/BIH Kbl CaHbIH €CEeNTeyre MYMKIHAIK OepeTiH TeHaey/i i3aey KaxeT. Makanaja xaHa
TEHZCY KOHE OHBI IIbIFapy Adnelyiepi KentipinreH. MenzaeneeB kecrecinae 0ip-OipiHe TOJNBIKTal ykcac
MePUOATAPbIH Oap eKeHIH TYCIHAIPY YIIIH Ojiap/bl TEOPHUSUIBIK CHUIATTay MAaKCaThIHIA )KaHA KBAHTTHIK
CaH eHIi3y YChIHBUIAJIBI, OJ1 0ap TOPT KBAHTTBIK CaHFa KOChIMINA Ooaibl. JKaHa KBaHTTHIK CaH/Ibl SKiHIII,
TOPTIHIII, AITHIHIIBI XKOHE YIIiHIN, OeciHIm, jKeTiHII ecki MeHeneeB KecTeci mepruoATapblHa COUKEC
KeJIeTiH «OIpiHIID» )KOHE «EKIHII» KBAHTTBIK KYWJIEp peTiHe Oenriiey YChIHbUIAbL.

XUMUSIIBIK JICMEHTTEP aTOMAPBIHBIH CHIPTKbI 3JEKTPOH/IBIK KaOBIKTAphl YIIIH alfall peT YChIHBUIFaH
aHa (OpMyJia JKOHE KBAHTTBIK KYMJIEp 2JIEMEHTTEpIiH aTOMAApbIHAAFbl ICKTPOHMIBIK NCHIeHICpIiH
TOJNTBIPBUTY PETi Typaibl TYCIHIKTI Xyiieneyre MyMKiHIik Oepeni. Makanaaa KenTipiireH Marepuaniap
OCBIHBl PaCTalibl. DIIEKTPOHABIK KAOBIKTAp[bl KAJIBINTACTBIPY TOPTIOIHIH KeJeci CHIaTTamMachl
YCHIHBUIA/IBL: AJIIMEH HETIi3ri KBaHTTBIK caH (N), COJaH KeWiH aHaJaH YChIHbUIFAaH KBAaHTTBHIK Kyijep
(«OipiHII» KIHE «EKIHIII»), oJlap 63 Ke3eriHe MepHoATapAarbl KOCAJIKbI MEPHOATAPABIH JIECKTPOHIBIK
KOH(UTYypaluusUIapblH Kypaibl, coqaH KeiiH KajFaH KBaHTTHIK opOuTanbaap (s, p, d xoue f).

TyiliH ce3gep: XUMISUIBIK 3IEMEHTTEp XXyHeci, KBaHTTBHIK CaHIAp, JICKTPOHAApP CaHbBI, OpPOHTANb,
XMMHSIBIK 37IEMEHT, KACHETTED, TOII, HEPUO/L.

Yunuoaeea Hypican Capcenosna Xumusi EbLILIMOAPLIHBIY KAHOUOAMbL

Y3akoea Acem Bakumoicanosna PhD

Axmaeea Mapacan baxumoena Founvivmu Koizmemxep

Kapascanosa /Jluna Azepscanosna Founvivmu Koizmemrep

Caposa Hypoany bapaxanoena Xumus 2bl1bIMOAPLIHBIY KAHOUOAMbL, O0YeHM
Axmemoe Hypnan Kapkenoeuu Teoazozuxa evlavimoapvinbily OOKMOpbl, npogeccop

1. Kipicne

[IlamameH Ky3 OKbUIJAH acTaM yakKbIT OYpbIH JKacajfaH MaHbI3bl
TOJILIKTBIPYZIaH KEHiH, SFHU JJISMEHTTCPAIH XUMHUSJIBIK KAaCHUETTEePIHACT]
MIEPUOATHUIBIK ONIAPJIBIH MacCachblHA €MeC, aTOM SIAPOJIAPBIHBIH 3apsblHa
0allTaHBICTBI EKCH/IITI aHBIKTAIFAaH COH, 013 IEPUOATHIK KECTEH1 OHBIH MIITiHI MEH
Ma3MyHbBIHJIa aNTapJbIKTall e3repicci3 JepiiK KOJJIAaHBIN KejieMi3. byl OHbIH
XUMHSI FBUIBIMBI YIIIIH OpacaH 30p MaHBI3ABUIBIFBIH Tarbl Oip MOpTe KepceTeli,
COHBIMEH KaTap OJ TOJBIKKAHIBI MaTeMAaTHKaJbIK CHITATTAMAacChl YKOK FBUIBIM
3aHJIApbIHBIH ~ Oipi  Oojbim  TaObutazbl. [IepUONTBIK  KECT€  XUMHSUIBIK
ANIEMEHTTEPIH aTOMJBIK SJIEKTPOHJBIK KYPBUIBIMBI MEH OJapiblH KecTeaeri
OpHaJlacy OpHBI apachlHAarbl OalIaHBICTBI KOPHEKI Typae KepceTeni.
DNeMEHTTEPAIH  aTOMIBIK  JJIEKTPOHIBIK  KAOBIKTAPBIHBIH  KYPbUIBIMBIHA
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0alIaHBICTBl OJAP/ABIH XUMHUSUIBIK KACHETTEPIHIH epeKUICeNKTepi TYCIHIipiIe.
Byt anekTpoHABIK KaOBIKTapABIH O0JIKaIAbl KYPBUIBIMBL ASJIETICHE .

XUMUSIIBIK ~ 3JIEMEHTTEp aTOMIApPbIHBIH JJEKTPOHIBIK  KaOBIKTApbIHBIH
KYPBUIBIMBIH TYCiHY TEOPMSUIBIK-XMMUSUIBIK FBIJIBIMHBIH JKOHE OHBI OKBITY
omicTeMeCiHIH €H MaHBI3IBI Mocelenepiniy Oipi 6ombim TadbbIaabl. by OipHeme
ceOenrrepMeH OaillaHBICTBI, OJAPABIH HETI3TICI peTiHAe MbIHANApAbl arayfra
Oomanpl.  Mpblcanbl, 3JE€MEHTTED ATOMAAPBIHBIH  CBIPTKBI  3JIEKTPOHIBIK
KAaOBIKTapBIHBIH ~ KYPBUIBIMBI ~ MEH  OJApJAblH  XUMHSJIBIK  KaCHETTEpiHIH
MEPUOATHUILIFEI  APAChIHJAFBl ©3apa OalIaHBICTBI TYCIHIIPETIH Kasipri 0Oap
tycinikrep (d.W. MenneneentiH [leproAThIK 3aHBI) camalblK TYpFbIIa Kasipri
3aMaHFBl XUMUKTEP/II KaHaFaTTaHIBIPFaHbIMEH, CAHIBIK TYPFBIAAa OYJI TYCIHIKTEp
OOBEKTUBTI JKOHE CyOBEKTHUBTI ceOenrTepre OalaHBICTBI KHMi AHKBIH JKOHE
Oip>kakThl TYCiHIK Oepe anmmaiibsl. Byn Typrblma eH KepHEKi MbIcall peTiHze
MIePUONTHIK 3aHHBIH rpadukanslk Oetineci — J.J. MenneneeBTiH 631 *acaraH
kecreci Oonpim TaObuiaapl. EH anmapiMen, OyT )Ky3 JKbUIJAH acTaM yakbIT OOMBI
Oenrii TeHyaey OOMBIHIIA ©CENTENreH, JJIEMEHTTEPAIH THUICTI TEPUOJBIHBIH
CBIPTKbI ~ DJJIGKTPOHABIK  KaOBIFBIHIAFbl  DJIEKTPOHIAp  CaHbIHA  KEcTe
MIEPUOATAPBIHBIH PETTIK HOMIPIEpPiHIH COHKec KeJIMEyiH CaHIBIK TYPFBhIIaH
TYCIHIIPYIIH XKETKUTIKCI3ITiH Olipei.

N = 2n2 0)

MyHIarbl N — 3J€MEHTTEpJiH aTOMIAPBIHBIH THICTI MEPUOATAPBIHBIH CHIPTKBI
SJIEKTPOHIBIK KaOAaTBHIHAAFBI JJICKTPOHIAPIBIH JKAIMMBl CaHBl, N — HEeTI3Ti
KBaHTTBIK CaH HEMeCe TIePHO]T HOMIpi.

byn JI.. MenzneneeB KecTeciHiH HEri3ri KaWIIBUIBIKTAPBIHBIH Oipi OOJIBIT
TaOBUIAABI, OJI OHBIH TYCIHITT MEH KOJJAaHBUTYBIHBIH JIOTHKAIBIK KYHETUTIrT MCH
TOpPTIOIH imriHapa TeMeHaeTel. by MocelieHiH XUMUSHBIH OCbl 0OJIIMIH OKBITY
Ke3iHJe OKy OpBIHIApblHAa TMaijga OONaThlH  OMIiCTEMENK  CHIATTaFbl
KHUBIH/IBIKTap bl ObLIail KOWFaH/1a, OCHI CAHIBIK COWKECCI3IIKTEp 63 Ke3eTiHe OKY
MaTepUaJIbIH CalajiblK TYPFbIIa TYCIHYTE JIe 9Cep €Till, OHbI UTePY Il KMUBIHIATa bl
KOHE KypJeseHAipeai. SIFHU, XUMUSHBIH OChI OOJIIMIH OKBITY OHJAraH XbUILIAP
OOWBI alfTapIbIKTail ©3repicci3 Kajblll OTHIp. backamra aiTkaHga, Kasipri emip
CYpII JKaTKaH XWMHUKTEp YpHaKTapbIHBIH OapibIFbl OCHl OKY TYCIiHITiI OOHBIHIIA
OliM ajFaH. OpuHe, OYJI STyl KaKeT eTETIH YIKEH Macelie 0OJIbI TaObUIaIbl,
OWTKEHI OMiCTEMEIIIK TYPFBIJIaH alFaHja JJIEMEHTTEPMAiH IEPUOJNTHIK KeCTeaeri
OpHBbIHA OaJIaHBICTBI OJIAPJABIH ATOMIAPBIHBIH JJIEKTPOH/BIK KAOBIKTAPBIHBIH
3JICKTPOHJIAPMEH TOJTBIPBUIYBIH )KOHE OHBIH KYPBUIBIMBIH TYCIHY ©T€ MaHbBI3/IbL.
Kpickachl, mienryai Tanan eTeTiH Herisri KaimbuiblK petinae 0i3 (I) ¢popmynacst
OotipiHINa ecentey HoTmkenepi MmeH .M. MeHneneeBTiH MepHOATHIK KeCTECiHIH
1K1 KYPBUTBIMBI apachIHAAFbI COMKECCI3MIKTI TAaHIA IBIK.
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2. Hotm:kesep MeH TaJKbLIayjJdap

YChIHBUIFAaH TEPHOATHIK >KYWEHIH JKaimbl KaObUmaHFaH HYCKagaH OacThl
KoHE OipJeH-01p BU3yaJIIbl allbIPMAIIIBLIBIFBI — TIEPUOATAPIBIH JKAJIbI CAHBIH 7-
JeH 4-Ke KbICKapTy OOJbIn Ta0bLIaabl. ODHEPreTHUKANBIK JACHICHIEpIIiH
OpKalChIChIHA €Ki TOICHT e THEC1Ti, OJIApABIH JICKTPOHIAP CaHbl Oipael. bipak
eH OacTBICBI, OCHI TOAJCHTEHIepAeri SJEKTPOHAAp CcaHbl OOWbIHINA, Oi3iH
e3repTUIreH MeH/ielieeB KECTECiHIH MePUOITapbIHA COUKEC Keei. DISKTPOHAap
caHbpl Oipied neHrewmienep ©3AepiHIH ANEKTPOHIBIK KYPBUIBIMBI OOMBIHIIA Oip-
OipiHe yKcac OOJFaHABIKTAaH, OJapabl DJJIGKTPOHABIK IMKI KabaTTapIbIH
TONTHIPBITY PETTUNIriHE OaiaHBICTHI aXKbIpaTy KepeK. OChbl MaKcarTa, ONapIbiH
ANEKTPOHJBIK (hOpMyNachlHa Colikec AeHreimeHiH amnneiHga «firsty (OipiHmi)
HeMece «secondy (EKiHI) AereH co3aep *Ka3bUIyhl THIC.

Ocpinaifma, ecki KecTeqe CoHKec MEpHOATapFa COWKec KeNreH iMiKi
MepUuoATapAbl  (HIeHreimenepai) Oenriney YVIIIH >KaHa KBaHTTBIK CaHOap
(cocrostams  “first” »xoHe ‘“‘second”) eHrizimeni. bipak eH OacTbicel — Oy
XUMHSUIBIK 9JIEMEHTTEP/IH aTOMIAPBIHAAFbl 3JCKTPOHABIK IO ICHICHICPIiH
TONTHIPBITY PETIH TYCiHyAl XyHeneyre MyMkiHmik Oepexmi. CoHbIMEH Karap,
MYHJall KeCTEeHIH iIIKi KYpPBUIBIMBI aTOMHBIH JJIEKTPOHIBIK KYPBUIBIMBIH/IAFBI
HETI3ri KBAaHTTHIK CAHHBIH POJIH EpeKINeNIeli >KoHe KecTere asKTalFaH Typ
Oepei.

JKana  kBaHTTBIK  caHabl  (Kyiulepai)  XUMUSUIBIK — DJIEMEHTTEPIiH
aTOMJApPBIHAAFEl CBIPTKBI DJIEKTPOHNAPABIH CaHBIH CHIATTAy VIIIH eHTi3y
ycouabIcH [1I] TeHneyiHiH MYMKIHAIKTEpIMEH JKaKCHI Yillece i, o1 Jkepe

N = (2ny? (I

myHnarel N — JI.M. MenjaeneeB KeCTECiHIH THICTI MEPHOJBIHAAFbI CHIPTKBI
ANIEKTPOH/IBIK KaOaTTaFbl JICKTPOHIAPIBIH JKAIIBI CaHbl, N — THICTI IEPUOJTHIH
HET13Ti KBAaHTTHIK CaHbI HEMECe HOMIpi. 2 — KOCAJIKBI JACHIeHIIep/IiH CaHBbI.

(IT) renmeyiniH HETi3ri MaKcaThl — CBIPTKBI AIIEKTPOHIBIK KabaTTa HeMece eKi
aHa KBAHTTHIK MOJACHIeHIepIiH opKaiiChbIChIHIA OPHAIACKAH 3JIEKTPOHIAPIBIH
JKQIIMTBI CAHBIH eCeNTey OONFaHABIKTaH, OI3iH MIBIFapy INpoIeci >KeTKITIKTI
KYpAelli MaTeMaTHKaJblK [IapTTapIbl KaMTUTBHIH OOJMaybl THiCc. OpuHE, Oy
TeHaey Oip Mesriijie KecTeleri nepuoarapaa €Ki MOANSHTreWaiH Oap eKeHiH
pacrayfa >KoHE JKajlbl IEpHOATAp CaHbIH OYPBIH KaObUIJaHFaHHAH KbICKAPTYyFa
My™mKkiagik Oepemi. Tikeneir (II) TeHumeyiHiH MIBIFapybIMEH OalTaHBICTHI
KEKeJlereH IIapTTapAblH KaObUINaHybl >Kallbl TEHJACYIiH HOTIKECIHE ocep
erneiini. EH annpiMeH, onapra ochkl TEHACY I MIbIFapy MApTTapbIHbIH OipKaTapbIH
KEHIJIJIETY apKbUIBl MAaTeMaTHKAJIBIK anmapaTThl KapanaibIMIaTy karajpl. SrHu,
op TYpJi JeHreWnepneri JIeKTPOHIAPABIH OapiblK CaHIBIK CHIATTaMallapbl
mapTThl TypAe Oip-OipiHe >kakbIH 1en Kadbuiganaas! [1,2]. DIeKTpOHHBIH HEri3ri
CHITaTTaMachl, OHBIH HETi3T1 KBAaHTTHIK CAaHBIHAH TOYEJICI3, DJICKTPOHHBIH aiHAIY
MOMEHTI Oonazapl. bopa TeopuschIHBIH OipiHII MOCTYNAThIHA COMKeC, JIEKTPOH
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SHEPrus KOFalTHal, 'KapblK HIBIFapMail aifHalaThIH HAaKTHl opOuTanmap 6ap. bi3
Bopa OoiibiHIa KaObUIIAFaH AJIEKTPOHHBIH allHATy MOMEHTI h/27 mamMachIHBIH
OyTiH ecenik MoHiHe TeH, MyHIarbl h — [ImaHK TypakThICHL. DIEKTPOHHBIH aTOM
SIIPOCHIHBIH,  alfHANAChIHAAa O00Jy BIKTHMAJIIBUIBIFBIHBIH KEHICTIK OOMBIHIIIA
Tapaimybl, COWKeC OJJEeKTPOHABIK KabaTra ycTeM OomaTelH Mmap Topi3ai
CUMMETPHSACH 0ap JKanumbl AIIEKTPOHJIBIK OynTTa Oipmed aenm KaObUITaHAIBI.
Jereamen, Oy maiteiMmayiap bopaMeH CyTeK aTOMBI VIIiH YCHIHBUIFAH, ai
KOIJICKTPOH Bl  3JEMEHTTEPIH aTOMIAPBIHAAFbl 3JCKTPOHAAPAbIH  ColiKec
MIHE3-KYJIKbl Jla a3 KBI3BIFYIIBUIBIK TyAbIpMaiiael. Conabiktan bopa, Jlprowuc,
Koccenb xoHe OackanmapIblH KHUBIHTHIK KOPBITHIHIBUIAPEI MEH YCHIHBICTapPBIH
HEri3re aja OTBIPBIN, OJJIEKTPOHIBIK KAOBIKTAPIbIH KaHTalaHAThIH KaOaTThI
KYpPBUTBIMBI 00JIa OTBIPHBII, OJAPIBIH HETI3r epeKuieniri OoibIHIma a7i ae Oonca
cepalnblk map Tapizaec GopMara KaKbIH €KEHAIMH MapTThl TYplae KaOblimayra
Oonazpl. Op TYpJIi HETi3ri KBAaHTTHIK CaHIapFa COMKeC JJIEKTPOHIBIK KAaOBIKTap
Oip-OipimenH KHABUIBICTIAMIEL. Kana  mepuoaTapiarsl JeHT eHIIeTIepTiH
ANIEKTPOHJIBIK KaOBIKTaphl Oipaeil koHe Tek “first” sxoHe “second” KBaHTTHIK
KYWJIEepiMEeH epeKIeIcHe i,

Ka6rmmanran 6omkaMas! eckepe oTeIpbI, (I1) TeHaeyiHiH MIBIFapybIH coliKec
HETi3Tl KBAaHTTHIK CaHJapFa KATHICTHI JICKTPOHJBIK KAOBIKTApABIH Iap TOpi3fi
OeTTepiHiH anaHOapelH OacTamKbl €CENTeYy apKbUIbl JKYPri3y BIHFaimbl. By
ecentey S = 4nr? 6enrim Gopmynackl OOMBIHINA KYPTi3ijgeni, MyHAaFsl S — map
OCTiHIH ajaHpl, al I — INapAblH PaAUYChl. OJICKTPOHMABIK KaOBIKTApIBIH
Oomkampl OeT amaHIapblH aHBIKTaFaHHAH KeWiH, op JEKTPOH/BIK MOICHT e/ e
Oip DJCKTPOHHBIH OO0y BIKTUMAIABIFBIHA COMKeC KEJETiH IMapTThI ajaHIbl
(memece kenemzi) ambikTay KaxkeT. LllapTTel aman (Hemece Kejem) op KEeKe
AJICKTPOHHBIH ©31HIH 3JICKTPOH/BIK KaOBIKIIACKIHIAFEI ©JIIIeM Oipiirinae 0oy
BIKTUMAJIABIFBIH aHBIKTAHABI. Bip 3IIEKTpOHFa THECLIi MIapTTHI allaHAbl aHBIKTAY
VIOiH, JKaamel OeT aJaHbl OCHl  DJICKTPOHABIK TOACHTEHIECTI  CHIPTKBI
AJIEKTPOH/IBIK KaOaTTaFbl 3JICKTPOHIAP/IbIH XKAaJIIIbl CaHbIHA OOJIiHE/Il, SFHH COlKec
imKi neproaka. MyH/1a 3JIeKTPOHIAP/IbIH CaHBI OCHI IIIKi MEPHUOATAFBI XHMHUSLIBIK
AJIEMEHTTEPiH CaHBIHA TEH.

4
—=2r, (r=1
2 ( )
v o, (=)
S = 4w 483 2

T
——=2r, (r=3
T ( )
4’

=27, (r=4
3 o =9

DNEKTPOHABIK KaOBIKIIaIaFbl 03 OJIIeM OipIiriHe ®KeKe IeKTPOHHBIH 00Ty
BIKTUMAJIJIBIFBIHA COMKEC KEJICTIH MIAPTThI aJlaHJIbl (HEMECE KOJIeM/li) eCerTey.

AJbIHFaH JepekTepre cyiieHe OTbIpbi, bopapiH [3-5] OipiHinl KBaHTTHIK
IIAPTBIMEH KOPCETUIreH aiiHady MOMEHTI HeMece h/27, >KOFapbl KBAaHTTBIK
CaHMEH DJICKTPOHIIBIK OpOWTanap YIIiH /16 MaHBI3IBI €KeHIH OOopKayFra OoJaipl.

92



ISSN 1813-1107, elSSN 2710-1185 Me 1, 2025

AJBIHFaH HOTWXKEINEpJeH, Ke3 KeNreH Xar[aia, JJIEKTPOHIBIK KaOBIKIIaHBIH
eImeM OipITiTiH/Ie JKeKe JICKTPOHHBIH 00Ty BIKTHMAJIIBUIBIFEIHA COMKEC KEJIEeTiH
mapTThl anaH (kejeM) 27T MeJIIepiH KaMTUTBIHBI aHbIK. Ajaiiga 27 meriepi
Bopanbiy [6-9] MbiHamali QopMynupoBKaga kacanraH OipiHIII KBaHTTBIK
mapThIHA MaHBI3ABI KypaMmaac 06Tk OOJIBI Kipemi:

P=n—
27
MYHOAFBI P - DJIEKTpPOHHBIH aifHaly MOMEHTI, N - 3JEKTPOH OPOHWTACHIHBIH

KBaHTTBIK CaHBI (K€3 KeJreH OYTiH caH).

CoHIBIKTaH 2n MeJIIIEepiH, JNIEKTPOHIAPBIH JIIEKTPOHIBIK
KaOBIKIMaTapbIHAaFsl (KOHE IMOIOCTAPBIHIAFEI) MAPTTH allaHgapbiHa (HEMece
KeJIEMJIEpiHe) KaTBICTHI JKajlbl KypamJiac peTiHle, dEKTPOHIBIK KaOBIKTapIbIH
map Topi3ai OeT amaHBIH ecenTeyre apHaFfaH KOMIIOHEHTTEpAl TaHjaayna
KOOEHTKII peTiHae KoimaHyFa Oojampl, OYI Ke3le op TYpil HETi3ri KBaHTTHIK
cangap Oomanel. CoHpma, ochl OeT amaHbl HETi3iHEH (camaiiblKk TYpPFbIAA) eKi
KOOCUTKIINTIH KOOCHTIHIICIMEH aHBIKTANaAbl: SJICKTPOHIBIK IOAJEHI el eri
JJEKTPOHIAP CaHBI (X) JKOHE 27 MeJImepi, SFHH DJJIEKTPOHHBIH aiHaIy
MOMEHTIHIH CaHIBIK Kypampaac Oedmiri. Slram, 6i3 S = 21X mereHmedl KybIKTar
anmamsi3 [10-13].

KapacTeIpbutbil - OTBIpFaH TOCUIAEP/IiH JIOTUKAChIHA COMKeC, KOWBLIFaH
TanCBIPMaHbl MICNIy YIIIH AJIEKTPOHIBIK KaOBIKIIANApAbIH IIap Topi3ai Oer
ananiapel 6ap Qopmynanap Oip-Oipimen TeHecripiieni (S = 4nr?) = (S = 2ax).
ArHn, 2nx = 4mr® TeHAEyiH X-K€ KaThICThl IIEIIKeHAe, 013 MbIHagail HOTHXe
aJamblI3:

KeIckapTkanna:

X=2r2

by (I) Terneyine coiikec Kenmexmi.

Bipak X caHbI, colikec 3NEKTPOHBIK JICHIeH HEMECE IEePHOJATAFbl CHIPTKBI
ANIEKTPOHJIBIK TOJJICHTeH/Ie OpHAJacKaH SJCKTPOHAAPIAbIH CAHBIH AHBIKTAW[IbI.
CoHJIBIKTaH, COMKEC CBIPTKBI 3JIEKTPOHABIK JEHreiIeri Kajmbl 3JeKTPOHAAp
canblH aHbikTay ymiH (I) TerueyiH 2-re kebelTy Kaxer, cebebi op mepuonra
Oipmell SNeKTpoH caHblHa uWe eki moaneHreid Oap. ComaH KeHiH Keneci
TYpJICHAIpYJEp Kyprizineni:

2x=2(2r2) wmemece  2X=4r2

OchbiaH:
2xX=22r2  >xoHe akxpIpbIHAa: 2X=(2r)2
oyn (II) temmeyiHe coWKec Kenemi, OWTKEHI 2X - CBIPTKBI DJICKTPOHIBIK
KaOBIKIIIAHBIH YKaJIIbI AJICKTPOHIAP caHbl N-Te TEH, ajl I Colikec n OYTiH MoHIEpre
ne. (II) TenaeyiHeH 3MEKTPOHAAPABIH JEKTPOHIBIK MOJJICHICHICTT CaHbIH OHAl
aHbIKTayra O0omasel, N-1i 2-re (JIeHreiinepiine canbl) OenreHze.
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3. KopbITBIHABI

Ochl aiiTbuiran Ooypkamaapabl naiinanana oteipsin, (1) TeHmeyiH mbirapy
CaJILICTBIPMAJIbl TYPJAE OHal Ky3ere achIpbUlybl MYMKIiH. AHNTa KETy Kepek,
onemze JKaiambel KaOBUIMaHFaH KoHE KeHiHeH KoimaneliaTelH (I) TeHmeyi och
xargaiina (II) TeHmeyiHiH kKeke, epekine Karmaibl OonbIl TaObUTagbl. by eki
TEHJICY/IIH THIFbI3 ©3apa OalIaHBICTHI €KEHiH oHe MEHJENeeBTiH MePUOITHIK
TabiMIaceHAa THICTI TmepuoATapasl «firsty skoHe «second» jkaHa KBaHTTHIK
KYWIMEH CHNATTAJATBIH iIIKi TepHomrap Oedyre pacTalThIH KOCHIMIINA JIOJIEI
0oxpin Tabbuanel. (II) TerneyiHiH OepiireH MIBIFYBl TaONUIAHBIH MEPUOATAPBIH
KaiiTa Kapayra xoHe, nemek, J[.MI. MeHneneeBTiH TaONMIaChIHAAFbl HETI3T1
Kapama-KalIIbIIBIKTBIH TYCIHAIPIIYIH jKakcapTyra MyMKiHAIK Oepeni, srau (1)
TEHICYiHIH iMKi KYphUIBIM Ma3MyHBIHA ColKecci3miriH. by, cescis, OipHerre
ceOenTepMeH FBUIBIMH-METOJIONIOTHSIIBIK KO3KapacTapra NaiIacklH THTI3el,
acipece XUMHSIHBI OPTYpJi OKY OpBIHIApPbIHJA OKUTHIH CTYJEHTTEPIe OKBITYIa
KJIACCUKAJIBIK XMMHS TEOPUSACHl cajachiHaa. EH angsiMeH, Oyl OapiibIK
XUMUKTEpre OyJI MoceIeHIH MeNnMine JaMy KaKEeTTUTITIH €CKe caJaThIH 00JIasbl.
Conpaii-axk, FEUIBIMA KO3KapacTapblH KaXeTTi JaMybl YIIH FBUIBIMH KOFaMJa
ColiKkec aJbTEePHATHBTI MiKipJiepAiH OOMybl KEpeKTIriH TaFbl J1a pacTaigbl.
YuriHmrigeH, aBTOp YCHIHFaH e3repictep MeH MenzaeneeBtiH I[leprnoareik
TaOJNIMIIACHIHBIH KYPBUIBIMBIH, €CKi JKOHE jKaHa TeHaeylepmi, «firsty jkoHe
«second» >kaHa KBAHTTBHIK KYHJIEpHi calbICTHIpY Oacka AQWEKTI TyciHaipMmesep
MeH Tajjmay okacayra TYpTKi Oepemi. IlogypoBeHblepiiH KBaHTTBHIK KYHi
AHBIKTaMachl peTiHAe 013 dJEKTPOHHBIH JXYPIC-TYPBICHIH CHIIATTANTHIH KOCHIMIIIA
KBaHTTBHIK CHIATTaMaHbl YCBIHY/bI YCBIHAMBI3, OYJI aTOM SIIPOCHIHA KAaThICTHI
OHBIH 0O0Jy BIKTUMAJIBIFBIH aHBIKTAHIbl. XUMHS TEOPHSICHl MEH IMPaKTHKAChIHA
OCBl KBaHTTBIK KYHJIEpAlI €Hri3y 3JEMEHTTEPiH DSJCKTPOHABIK KYPBUIBIMBIH
aHBIKTayAbl OJaH opi HaKTBIPAK KYpBUIBIMIAayFa MYMKIHIIK Oepeni. Omap
aTOMJaFrbl AJICKTPOHIAP/BIH JKYPIC-TYPBICHIH CHIATTay YIIiH Oap KBaHTTHIK
caH/ap KUBIHBIHBIH TEHCI3ITIH PacTalThIH KOCHIMINA JoJIeN OONBIN TaObLIaIb.
ConbiMeH Oipre, onap Heri3ri KBaHTTHIK CaH; 0acka KBaHTTBIK CaHIap;
MeHnieneeBTiH TaOIMIACKIHAFBI TICPUOATAP CAHbI; MEPUOATAPAAFHl XUMUSIIBIK
3JIEMEHTTEpP CaHbl; JKOHE OJIapJBIH CBHIPTKbI 3JEKTPOHIBIK KaOBIKIIATaphl
KYpBUIBIMBI ~ apachlHIAFbl OalmaHBICTBIpyFa MYMKiHmIK Oepemi. backama
aliTKaH/ma, KBaHTTBIK Kyd JereH ce30eH 0i3 opKalchickl  Oip-OipneH
TONTHIPBIIATHIH €Ki MOAYPOBEHBII OUIMIpy/Ai YChIHAMBI3, OJIap KapacTBIPHUIBII
OTBIpFaH KaHa nepuoaTapaa o3 KOHQUTYpaLUsIapbiH cakrarl,
Iy OTUKATIASTIAN TB.

¥Yceimpuiran kaHa (II) Temmeyi MeH ixaHa kBaHTTBIK Kyinep JI.U.
MenpaeneeBTiH TaOIMUACHIHBIH —~ KApacTHIPBUIBIT  OTBIPFaH  epeKIIeNiKTepiH
TYCIHAIpYAETI HETi3ri Kapama-KaHIIBUTBIKTHI JKaKChIpaK Kosmbl. HoTmxkecinmae
KYPTi3UIreH ecenTeyjiep MEH KalWTa KYpPBUIBIMIAP aTOMIAPIbIH 3JIEKTPOHJIBIK
KaOBIKIIATAPBIHBIH ~ TONTBIPBUTY  PETIH  JKaHAIla  KYPBUIBIMJAyFa  JKOHE
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CUHXpOHJAayFa MYMKIHAIK  Oepmi, omapaplH  esrepTiireH  MeHzaeneeB
TaOJIUIACHIHIAaFbI OPBIHIAPHIHA OaJIaHBICTHI.

Kapxblianasipy: Astoprnap «J[.M.MenaeneeBriH KecTeCiHIErT XUMHSIBIK 3JIEMEHTTEPIIH
aTOM/IAPBIHBIH AICKTPOHABIK KaObIKIIATAPEIH KYPYABIH albTCPHATHBTI TCOPHACHIH Opi Kapail JAaMBITY»
TakKbIpbIObl OoMbIHIIA k002 Ne05-04/329 OyiipeirpiveH 2024 xpuiablH 14 MaMbIpbIHIAa TPAHT aJfaHbl
yurid Kazak YITThIK MeAarorukaiblk YHUBEPCUTETIHE aNFbIC OUIIIpesi.

Myaaesiep KaKThIFbICHI: ABTOpJap OChl Makajiaja KeNTipiIreH JepeKTeple aBTopiap apachlHIa
MY/IETIep KaKThIFBICHIHBIH KOKTHIFBIH MOJIIMICHII.
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FEATURES OF GOLD ION EXTRACTION BY THE INTERPOLYMER
SYSTEM KU-2-8 AND POLY-4-VINYLPYRIDINA

T.K. Jumadilov}?, G.T. Dyussembayeval?*, Zh.S. Mukatayeva?, J.V. GraZulevicius®
1 A.B. Bekturov Institute of Chemical Sciences JSC, Almaty, Kazakhstan
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Abstract. Introduction. The demand for effective methods of extracting valuable components from
waste solutions is increasing every year [1]. For example, the extraction of Au (I11) from complex sources
is associated with significant difficulties. In our study, we used interpolymer systems based on ion
exchange resins KU-2-8 and poly-4-vinylpyridine, obtained from solutions containing gold ions. The
purpose. Of the work is to study the sorption properties of industrial ion exchange resins KU-2-8 and
P4VP with respect to gold ions. The obtained results. In the interpolymer systems KU-2-8- P4VP in the
ratio of 5:1 after 48 hours, a decrease in the concentration of cations remaining in the solution is observed
from 130 mg/I to 99 mg/l. The optimal amount of sorbed gold ions was recorded at the ion exchanger ratio
of 2:4 and amounted to 45%. The maximum sorption values were maintained at the ratio of 5:1
throughout the entire interaction time (0.5; 1.5; 6; 24 and 48 hours). High values of the parameter were
observed at the initial stage of the interaction of the interpolymer systems at 1.5 hours, the degree of
sorption amounted to 135 mg/l, respectively. As a result of the interaction of polymers at ratios of 2:4 and
1:5, the degree of sorption increased several times. The degree of sorption after 48 hours of interaction at
a ratio of 1.5 reached 41.57%. In the individual anion exchanger P4VP (0:6) it increased by 44.22%. The
degree of sorption was 13.2% higher compared to individual interpolymer systems. The proposed
mechanism of interaction of ion-exchange resins in an aqueous medium as an interpolymer system "KU-
2-8- P4AVP" (X:Y) was confirmed by Pearson's theory of hard and soft acids and bases (HSAB).
Conclusion. The obtained results of the study showed that the activation of ion-exchange resins in the
interpolymer pair leads to a significant increase in their sorption capacity. At the initial stage of
interaction, it was proven that the concentration of gold ions remaining in the solution was higher
compared to other ions. The processes of interaction of the interpolymer system KU-2-8-P4VP with gold
ions had different values depending on time.

Keywords: interpolymer system, ion exchange resins, KU-2-8, P4VP, remote interaction, mutual
activation, hydrogels, sorption, Au(lll) ions, extraction degree.
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AJITBIH HOHJAPBIHBIH KY-2-8 )KOHE I1OJIN-4-BUHWINWPUIUH WHTEPIIOJIUMEPJIL
KYHECIMEH COPBLITY EPEKIIEJIKTEPI

T.K. [Incymaounoe*?, I.T. locembaesa™?", JK.C. Myxamaesa?, IO.B. I'pascynasuuioc®

Y«O.5. Bexmypoe amvinoazvl xumus uiasimoapsl uncmumymot» AK, Anmamet, Kazaxcman
2A6aii amwvinoazel Kazax ynmmuix nedazoeuxanviy ynusepcumemi, Anmamot, Kazaxcman
3Kaynac mexnonozusansix ynueepcumemi, Kaynac, Jumsa

“E-mail: g_gazinovna@mail.ru

Tyiiinaeme. Kipicne. Kanublk epiTiHIIepIeH KyH[Ibl KOMIIOHEHTTEpAI alyAblH THIMAI ojicTepiHe
CypaHbIC JKbUI caiibiH apthin kemeni [1]. Meicansl, kypaeni xesmepaer Au(Ill) amy aiirapibikraii
KUBIHIBIKTAD TYFBI3adbl. bi3miH 3eprreyiMi3ge KypaMblHAa aNThlH HOHAAphl Oap epiTiHaiiepaeH
HOHANMAcCTBIpFbI  mmaibipnap KVY-2-8  koHe  nonu-4-BUHWINMPHIAMH  HETi3iHAEC  KYpBUIFaH
HMHTEPIIOIMMEPII JKYHenep KOMAaHblbL. JKymblicmbly mMakcamsl. AJTbIH MOHAApbIHA KaTbICThl KY-2-8
xoHe II4BI1 eHZipicTIK HOHAIMACTBIPFBIN INANBIPIAPBHIHBIH COPY KAaCHETTEpiH 3epTrey. Anvinean
nomuocenep. KY-2-8- TI4BI1 wunrepnonumepiik xyienepinin 5:1 KareiHaceiHAa 48 caraTrTtaH COH
epiTiHaie KanFaH KatHoHmapabiH wmentepi 130 mr/n geH 99 mr/n aeiiiH TeMeHJereHiH OailKaiMbI3.
ANTBIH HMOH/APBIHBIH MaKCUMalbl COPBUTY MOJIIEpi HMOHHUTTEpAiH 2:4 KaTblHACBIHIAA TipKeNi,
coiikecinie 45% sxerkeH. COpOLUSIHBIH MaKCUMAIIbl MOH/IEPI apekerTecyaiH O6apibik yaksiteiHaa (0,5;
1,5; 6; 24 xone 48 cararra) 5:1 kaTbiHaceIHAa cakTajiraH. [lapameTpaiH koraprbl Kepcerkimrepi 1.5
CaraTThIK OPEKeTTEeCy Ke3iH/le MHTEePHOJIMMEPIIiK KyHeNlepliH alFallkbl yakbIThIHIAa OalKalFaH, copOuus
nopexeci coiikecinme 135 mr/n xerkeH. [lomiMepniepain e3apa apekertecy HaTxkecinae 2:4 xoue 1:5
KaThlHACTApBIHAA Oip TOYJIKTEH COH copOuus mopexeci Oipmiama ketepinred. Muarepnomumepniy 1:5
KaTbIHAChIH/AA cOpy adpexeci 48 caraTThlK opekerrecyneH kedin 41.57 % sxerken. JKeke aHHOH
anmactbiprbiuTa [14BIT (0:6) copOuust nopexeciHiH MoHI OacTamKbl yakbITIIEH cajbICTbIpFaHaa 48
caratta 44.22 % eckeH. CopOLus NopeKeCiHIH MaKCHMaIbl MOHAEP] OCHI KaThIHACTA CaKTaiFaH. by
KaThIHACTAFbl COPOIHSI JOPEKECIHIH MOHI JKEKE HWHTEPIOIMMEPIi KYHENepaiH copOIus AopexeciMeH
canbicThipranga 13.2 % sxorapsl exeHuiri ansikTanabl. «KY-2-8-I14BI1» (X:Y) untepnonumep xyieci
peTiHe CyJibl OPTaJaFrbl HOH alIMACTBIPFBILI IIAWBIPIap/IbIH 63apa dPEKETTECYiHIH YChIHBLUIFAH MEXaHU3MI
IIupcoHHBIH KATTBI JKOHE JKYMCAK KbIMKbUIZAp MeH Herisgep TteopusceiMern (HSAB) pacranmst.
Kopbimuinowl. AnblHFaH 3epTTEY HOTHKENEpl OOWBIHIIA UHTEPIOIUMEp XKYOBIHIaFbl HOHAIMACTBIPFBILI
mIapiaapAblH  ©3apa aKTHBTCHYlI OJIapAblH COPOLMSUIBIK KaOUIeTiHIH aWTapibIKTald JKOFaplayblHa
OKENICTIHAITIH KepceTTi. OpeKeTTeCYIH alfallKpl KEe3CHIHAE EpITiHIiAe KalFaH aITHIH HOHJapBIHBIH
KOHIICHTPAIUSICHI 0acKa HOHIAPMEH CaJbICThIPFAHIa KOFaphl OOFaHaAbIFbIH qonenaenai. KY-2-8- [14BI1
HMHTEPIIOIMMEPIIK KYHEHIH anThlH HOHIAPBIMEH OPEKETTECy MPOLECTEPiHIH YaKpITKa OaillaHBICTBI op
TYpIi MoHzepre ue OoJIbI.

Tyiiin ce3mep: uHTepnonumepiik xyie, nonntrep, KY-2-8, TI4BIl, kambIKkTaH opekerTecy, e3apa
aKTHBTEHY, ruzporenbaep, copouus, Au(Ill) nonnapsl, copOrus ropexeci.

[ocymaounoe Tankwioex Koxcamaesuu Xumus 261161MOaPbIHBIY OOKMOPYL, Npogdheccop

Mwocembaesa Tynvnyp Tokmapzeazunosena  PhD ooxmopanm

Mpykamaesa Kazupa Cazamobexosna Xumus 261161MOAPbIHBIY KAHOUOAM b,
KAYbIMOACMbIPLLIZAH NPpodeccop
I'pascynasuuroc Hozac Buoac Ilpogheccop

1. Kipicne

byringe nyHe Xy3iHAe OHal OHIIPUICTIH anThIHFA Oall KEHHIH KOPBI
KBUIJAH- KBUIFa a3aiblll 0apajbl. ANTHIHFA CYPaHBICTHIH apTybIHA OalIaHBICTHI
QITBIH OHJAIPYII KOMIAHUsIAp OpTYpJi >KaHa TEXHOJOTUSUIApIbl KOoJAaHa
OTBIPBIN, TOMEH CYPBINTHI KEHJAEpAl oHaeyre MakOyp [2-4]. AnteiH — kenm
KOJIJaHbUIAThIH acbul MeTan. AnteiH (Au) cyna Au(Ill) anmonmaps! Typinae xui
ke3zneceni [5-6]. byrinri Tanaa anteiH OHAIpY ©HEPKACiOl OeJICeH Il TypAe AaMblIl
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KeJeni. AJNTBIHFA CYpaHbBIC 3eprepiiK OyHbIMAap MEH BallloTa CHAKTHI JSCTYpIi
cananapja 1a, COHIaii-ak HAaHOTEXHOJIOTHsIIap MEH 3JICKTPOHUKA CHUSKTHI TaMbITT
KeJle JKaTKaH CeKTopjiapAa Aa alThlH KOPJapbIHBIH a3alOblHA JKOHE OHBI THIMII
KaJIITbIHA KeNTipy MYMKIHIITiIHIH IIeKTeysIi OOoyblHa OalIaHBICTHI ©CINT Kelemi
[7]. KeiiGip MuHepanaapaslH KypaMbiHaa JacTaylibl 3aTTap Oap, Oyl anThIHIIbI
almyapl  KUBIHAATansl >JKOHE KhiMOaTka tycenmi. JlereHMmeH, keit0ip keH
OpBIHAApPBIHAA a3 MeJIepAe aiThiH Oap, Oy JKOHOMHKAIBIK OHIIPYIi
KUbIHIATanbl.  MbIcaibl, QITBIHABL ~ aly  TIPOILECiHIIE  CHHTETHUKAIBIK
MOHAJIMACTBIPFBILI MaTepHaIap MEH KOMIpTeK aJcopOeHTTep KoiaaHbuIazn! [8].
HoH anmacThIpFeIIl LIalBIpap- KypaMmblHAA KBILIKBUIABIK HEMece Herisi
(YyHKIMOHANABIK TONTAaphl Oap JKOHE epITIHAUIEepAeri Kapchl HMOHAAPAbI
KaWThIMIIBI ajgMacyFa KaOlleTTi yII ejiieMii MaKpOKEYeKTI KYpJIbIMBI 0Oap
epimeiiTin nonumep [9]. OmapapiH Oipereil KacueTTepi epiTIHAUICPICH METaIIbI
ipikTerr amyra MYMKIHIOIK Oepemi, Oy omapasl KypaMbIHAA ailTBIHBI Oap
epiTinginepai  OaiipiTy  ymiiH  THIMAI  copOeHTTep  OOibIm  TaObLIAfBI.
CopOeHTTepiiH MeTalgapAbl alyAarbl €H YJIKEH THUIMALIIriHe WHTePHOIUMEpIi
Kyienepai Kypy apksuibl Ko skeTkisinmmi [10-11]. Matepmonumepi xyienep-
OyJ1 exi Hemece oJaH /1a Ko 9p TYpJii moJuMepiaepAl OipikTipy apKbUIbI KacainFaH
MaTtepuanzap. ToxipOuene ©HEPKOCINTIK  HMOHAIMACTBIPFBIN  IIAHBIpIap
KOJIJAHBUIABI: KYIUTi KBILIKBUIABIK KaTHOHamMacTHIpreil KY-2-8 sxoHe onci3
HETI3MIIK aHWOHAJIMACTHIPFBINI TIOMU-4-BUHUIMUPHANH TalimamaHbUIARl, Oi3miH
3epTTeyJepiMi3 HMOH aIMacTHIPFBIIITAPABIH COPOLMSAIBIK KAaCHETTEpiH, aramn
aiiTkanaa onapabiH Oip-OipimeH xone Au(Ill) moHmapeiMeH opekerTecyiH KaH-
JKaKThl Oaranayra Garprrtanran [12]. Byt seprrey Kypaemi skyienepaeH MaHbI3 bl
KOMITOHEHTTEPl KaJIblHA KEeNTipyAl jKakcapTy YUIIH eTe MaHBI3Ibl JKOHE achll
MeTaJap bl KAIbIHA KENTIPY 9iCTEPiH JKaKcapTyFa yiec Kocyra OarbITTallFaH.

2. Toxipouesik 6oJim

3epmmeyee natioanranvlizan Mamepuanloap:

Byn 3eprreyne 6i3 Herisi MaTepuanaap peTiHIE KYIITi KBIIIKBUI KaTHOHUT
KV2-8 (H* dopmace) (Hosoxum, XapbKoB,YKpamHa) CTHPOJ CaroJUMEPiH
JVBHHWIOCH30JIMEH cyibdoxiopnay ApKBLTBI AJbIHFaH KaTHOHIBI
HoHaNMacThIprbI (TyHipiektep emmemi 0.3-1.25 MM GojaThlH MOJIMAKPHIIAT)
KoHE 2) MOJTN-4-BUHWIIITNPUINH (P4VP) onci3 HETI3/TIK
agmoHanMacTeIpreim(Curma-Onnpux, Cent-Jlync, AKII) guBuHIIOEH30T
comoyiumepi (tydipmekrep esmieMi 0.015 MM ) KOJIaH/IbIK,

Tasioananvinean KYpan-scabovixmapmap: AnTBIH WOHJIapbIHBIH
KOHIEHTPAIVSCHIH ~ aHBIKTAy YIIIH TY37ap epITIHAUIEPIHIH  ONTHKAJIBIK
TeIFBI3ABIFEL (Jenway-6305) cniektpodoTtomerpinge (CK) aHbIKTaNIBL.

Humepnonumepnix scyiienepdiy copoyusnvly Kacuemmepin sepmmey:

1) KY-2-8 oxone [II4BIl wHeriziHae MONBIIK KaThIHACTAPBI JPTYpIIi
WHTEPIIOJIMMEPITI XKYHenep KYpbUIIH;

2) Opbip Kyprak MOJIMMEPIIi MaKpOMOJIEKYIANAP/IBIH ECEeNTENTeH MeIepi
apHabl TOJUNPOIMWIIECH TOPJIAPbIHA CaJIbIH/BI;
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3) KY-2-8- TI4BIl  wuHTepmonuMepii JKyHElNepMEeH anTbhlH HOHIAPBIH
copOrmsimay 48 carar OOMBI  JKYpri3infi JKoHE aiTBIH  HOHIAPBIHBIH
KOHIICHTPAIMSACHIH aHBIKTAY VIIiH aTMKBOTTAP aJBIHIIBL.

3. Horm:kesiep koHe 0J1apAbl TAJKBLIAY.

[Momumep  sxemiciHmeri MOMUMEPTIK  Ti30EKTEep OpTYpil  XUMHSIBIK
OaitmanpicTap HeMece (PM3HMKAIBIK dcepiiecyyiep apKbUIbl KOChLTYbl MyMKiH [13].
Op6ip noaumep TizOerineri 6aiinaHbICTapAbIH OpTalla CaHbl MOJIMMED Ti30eriHiH
OaitmaHpICy mopeskeci (OalIaHBICTHIPY THIFBI3ABIFEI) peTiHme Oenrimi. JXoraps
MOHIEp KeOiHece TMONMMEpNi MaTepHajIblH MEXaHHKaJbIK KacHeTTepiHe
(OepikTik, KaTTBUIBIK »OHE CEPIIMITIK), COHIAN-aK OHBIH XHUMHSIIBIK JKOHE
TePMUSUIBIK TYPaKTBUIBIFBIHA ocep eTyl MyMKiH. OCBhIFaH IeHiH KYpTri3iareH
3epTTey HOTIKENIepiHeH (DYHKIMOHAIAB MOJMMEPJICPIiH 63apa aKTHBTCHY
KYOBUTBICTaphl METAJl MOHAAPBIHBIH COPOLMsAIaHy MpolLecTepiHae ne Oalkary
Kepek mer Ooipkayra 0onaapl. byyr 6oipkaMasl TeKcepy YIIiH aaThIH HOHIaphIHA
kateicThl  KVY-2-8- T[I4BIl  wHTepmonumepmi  KyHenepiiH  COpPOLHUSIIBIK
KacHeTTepiHe 3epTrey Kyprizmik. 1 owomne 2-cypemme KY-2-8- [14BI1
UHMeEPNOUMEPIL HCYUeNepiHiy cOpOYUACHl Ke3iHoe ANMbIH UOHOAPBIHbIY KALObIK
KOHYEHMPAayusLapblHbly MOILOIK KamblHac (a) nen yaxoimka (6) 6aiiianvicmol
e3eepicmepi Oelinenenzen.

C,mg/L 0.5h

—e—1,5h

—4A— Bh

—w— 24h
48h

KU-2-8:P4VP

140 +

130

120

110

100

80

70 T T T T T T T
6:0 5:1 4:2 3:3 2:4 1:5 0:6

mol:mol

Cyper 1- KY-2-8- [14BII unTeprionuMep >xyHeciHiH cOpONUsICHHAH KeifiH epiTiHmineri anTeH
HOHIAPBIHBIH KaIIbIK KOHIICHTPAIHSCBIHBIH MOJIIPIBIK KaThIHACKA () GallIaHBICTHI 63Tepyi

1- cyperTe (@) ANTHIH HOHIAPHIHBIH KAJNIBIK KOHIICHTPAIUSCHIHBIH COPBLTY
IIPOIIECi MOJIAPJIBIK KaThIHACKA OailyIaHBICTBI 9p TYpJi cunaTka ue Oonaabl. XKeke
karuonut KY-2-8 (6:0) xarbiHachIHAa anTHIH HOHIAPHIHBIH KOHIEHTPANACH 48
caraTTa MakCHMangsl MoHre keTkeH. KVY-2-8- [I4BIl wuHTepnonumepiix
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Kyhenepiniy S5:1 karbiHackiHma 48 caraTTaH COH  epITIHAINE KajFaH
KaTHoHIapabiH Meumepi 130 mr/n gen 99 Mr/n feifiH TOMEH/IETeHIH OaiiKaiiMBbI3.
KambsikThIkTaH €3apa acep eTy HoTmKeciHae copOius mpoueciHig 1,5 cararpiHna
MOJISIPITBIK, KaThiHACTaphl 5:1, 4:2, 3:3, 2:4 sxoHe 1:5 uATEpIIONMMEpIIi KyHenepae
QITBIH HOHIAPBIH COPY Ipolieci Oip KalbIOThl JKYPreHmiri Oaiikamanmel. 2:4
KaTblHACBbIHAA Oip TOYJIKTEH COH KAJIIBIK KOHLEHTpauusHbIH MoHI 90 wmr/n
TYCKEH. AJIBIHFaH 3€pTTEy HOTIKellepi OacTamkpl Ke3eHIHIE epiTiHAimae KaaraH
QJITBIH MOHJAPBIHBIH KOHIIEHTPAIIHUSCHI KOFaphl OONFaHABIFBIH KopceTTi. KY-2-8-
[14BI1  wHTepnoiaMMepiiK  KYHEHIH  alIThIH HOHJAPBIMEH  OpPEKETTEeCy
MPOLIECTEPiHIH yaKbITKa OalIaHbICTRISP TYPJIi MOHAEPTE He OOJIIbI.

C,mg/L B
KU-2-8:P4VP =60
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Cypert 2- KY-2-8- T14BII unrepronaumMep KyieciHiH COPOIMACHIHAH KSWiH epiTiHAIACT] alThIH
HOHIAPBIHBIH KaJIbIK KOHIICHTPALMSCHIHBIH yaKbITKa (6)0aiinaHbICThI 83repyi

Cyperren 2 (0) OaiikaraHBIMBI3Tali COpPOIMSA TPOIECIHIH  aJIFaIIKbI
YaKbITBIH[IA QJIThIH HOHAAPBIHBIH KOHICHTPALMSCH aWTapIIbIKTall KOFaphl
0osraH. CopOLMSHBIH MaKCUMAJIJIbI MOHJIEP] OPEKETTECYAIH OapiIblK yaKbIThIH/IA
(0,5; 1,5; 6; 24 sxome 48) cararra 5:1 KaTblHachIHIA cakTairaH. JKeke
MOHAJIMACTHIPFBINT TANBIpIapAslH KoHIeHTpamusichl (0:6) OGacTamKkbl yaKbITKa
KaparaHia OipmiamMa TeMeHjereHi  Oaiikamaaepl. An  KVY-2-8-  TI4BII
HWHTEPIIOJIMMEPIIK KyHenepain 5:1, 4:2 sxoHe 3:3 KarbiHacTapblHAa copOuusa Oip
neHreine xypred. Ilapamerpain Makcumanai MoHAEpi 1,5 caraTTBIK OpEKETTECY
Ke3iHIe WHTCPIIOJIMMEPIIK KYHENEpIiH ajFamIKbl YaKbITBIHAA CaKTalFaH,
copOuus gopexkeci codikecinme 135 wmr/nm xetkeH. 1:5 KaThIHAachIHJA
OPEKETTECY/IIH aJFallKbl Ke3eHIHIe MAKCUMyMFa KOTEPIII, YaKbITTHIH aFbIMBIHA
OaifmanpIcTBl OipTiHAen TyckeH. JKyileme copy mporeci MOJWHETI3re KaparaHja
MOJIMKBIIIKBULIA OackiM OOJIFaH/Ia JKOFaphl OOJIATBIH/BIFBIH KOPCETEi. AJIThIH
WOHJAPBIHBIH ~KOHLEHTPAUMsICHl COpBULy mpoueciHiH 48 caraTraH KeiiH
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aliTapipIkTail ToMeHaereHiH OalikaiiMbi3. JKYpri3iuireH 3epTTey HOTHKEIepiHeH
ANTHIH NOHIAPBIH/IA KaJIAbIK KOHIIEHTPALNS YaKbIT 6TKEH CaibIH TOMEH IETeH.

3 owcone 4-cypemme KY-2-8- [I4BIl unmepnonumep iCylieciniy animoliH
UOHOAPBIHbIY MOJIAPALIK KAMbIHAC (@) nen yakeimxa (6) batiianvicmsl O6enin any
Oapediceciniy o32epicmepi CUNAMmMAan2a.

Bacrankpl opekertecy ke3iHnme 3 (a) mapaMeTp MOHI TOMEH OoJjFaH, Oipak
OJlaH KEWIHI1 yaKbITTapJbl ©Cy KapKbIHIBI )KYpPreHairi Oaiikananel. JXXylenae Tek
Oip rama nomumep katuonut KVY-2-8 (H') Gonranma TypakThl KacHETKE He
Oomazapl, elTKeHi copOIus mopekecinme 6:0 KaThHACHIHAA CIIKAHAAW e3repic
aiimakrapel Oaiikanmaiinpl. KY-2-8- [I4BIl wunrtepmonmumep kyiecinin 5:1
KaTBIHACHIH/IA alThIH HMOHAAPBIHBIH COPY J9pekKeci JKeKe MOJIUMEepMeH
CaJIBICTRIPFaH/Ia JKOFAPFBI MOHTE Hie OOJIFaH. OpekeTTecymiH 48 caraTbiHIa
WHTEpHOIuMEp Xyhecinme 4:2 KaTbIHACBIHIA MAaKCUMAJAbl CcOpOIus MoHIEpi
TipkenreH, colikecinme 35.81% Kkypansbl.

n (%)
° KU-2-8:P4VP —=—0,5h
50 —@— 1,5h
—4&— 6h
—w— 24h
48h
40 - .
’ \
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20

10 +
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Cyper 3- KVY-2-8- [14BI1 unTeprnonumepii »xyHeciHiH alThlH HOHAPbIHA KaThICTHI
COpY I9pEeXeCiHIiH MOJISIPJIBIK KaThIHACKa (a) Toyenaiiri

Opekerrecynin 1,5 carateinga KVY-2-8- TI4BIl  uHTEpnoauMMepItik
KyHeciHAeri copy aAopexeci OIpKaJbIITHl JIeHreile >KYpreHairi KepiHemi.
ToxipOueHiH O-IIbI CcaFaThIHIA COPOIUSA IOpeXKECIHAC eNeysi e3repicTep
OaifkamMmaiiipl, TeK 6 caraTTaH KeiiH copy mopexeci 1:5 KaTblHAachiHIA KYPT
eckeH. [lomumepnepain e3apa opekerTecy HoTmxeciHae 2:4 xome 1:5
KaTelHAcTapbiHIa Oip  TOYJIKTEH coH copOuus Jopexkeci Oipmama
ketepinren.Conaif-aK mapaMeTpaiH MakCUMaasl MoHIEpi 2:4 KaThlHAChIHZAA
cakTayFaH, coikecinme 45% KeTKeH.
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Cypert 4- KVY-2-8- T14BI1 unTepnonumepii xyHeciHiH alThlH HOHAaPbIHA KAThICTHI
COpY ZIoperxeciHiH yakbITKa (0) Toyemniniri

ANTHIH WOHNAPBIHBIH COpPOIMS  JOPEXKECIHIH MaKCHMaIAbl MOHIEpi
noHUTTEpaiH 1:5 KaTbIHACBIHIA Ja Oaiikamanel. MaTepmommmepain 1:5
KaThIHACBIHIIA COpY JHopexeci 48 caraTThlK opekerrecyleH keiiin 41.57 %
)eTkeH. [lapameTpriepiH MakKCHMalIIbl KepceTKimTepi 24 >xoHe 48 caraTThIK
opekerrecy kesinge KVY-2-8:114BI1 unrepmomumepii xyienepniy 2:4 xone 1:5
KaTbIHACTapbIHAa Oalikanjael, copOums mopexeci coiikecinme 41.57%; 45%
Kypansl. MaTeprionuMep KyHeCiHIH anThlH HOHAAPBIH COPY JTOPEKECiHIH yaKbITKA
KaThICTHl 4 (0) cypeTre e3repicTepi HMOTUMEPIIEPIiH OapiblK KaThIHACTAphIHIA
MaKCUMYM JKOHE MHHUMYM MOHJIEPi apKbUIbl cunartaiabl. CypeTTeH 3epTTeyiiH
QIFaIllKbl  YaKbITBIHAA CpITIHAINE KaJFaH Ccopy JOpEeXECiHiH Memepi
aTapibIKTall  e3repMedTIHAITT Oailikamanel. MHTepmoauMmepii KyHelepmiH
optypii yakeiT aiimakrapeiaga (0,5; 1;5; 6; 24; xone 48) copy mopexkeci 3:3
KaTbIHACBIHIA OIpTiHAEN JKOFapJlaFaHblH OalKaiiMbI3. OpekerTecymiH 48
caraTeiHIa copOums 1:5 xxoHe 0:6 xaTeiHAcTaphiHAa Oasty kerepiireH. Cyperre
(anTBIH MOHIAPBIHA KATHICTHI) COPOIMS TSPEKECIHIH €H KOFapFbl KOpCeTKImTepi
0apibIK yakbIT apaibIKTapbiHia 0:6 KaTbIHACBIHAA CaKTaifaH. AJl KEKe aHHOH
anmvacteipreimuTa [14BI1 (0:6) copOuust nopekeciHiH MoHI OacTanKkbl yakbITIIEH
canpicTeipranaa 48 cararta 44.22 % eckeHn. CopOIus TopekeciHiH MaKCHMAITIBI
MOHJIEpi OCHI KaThIHACTA CaKTaJFaH. byJl KaThIHACTarbl COPOIUS TOPEKECIHIH
MOHI KeKe MHTEPIOIMMEPII XKyHenepaiH copOLust AopeKeciMeH CalbICThIPFaHIa
13.2 % >xoFapbl €KeHITi aHBIKTANBL. AIBIHFAH 3€PTTEY HOTIDKEIepi COpOIus
JIOPEKECiHIH YaKbIT 6TKCH CalbIH apTa TYCETiIHIH KOPCETE i,

1-kecmeoe KY-2-8- [14BII unmepnonumep dncyiiecinoeei noaumep mizoeciniy
QMBI UOHOAPBIMEH OAUIAHBICY 0IPENCECIHIH MOTAPAbIK KAMBIHAC NEeH YAKbIMKA
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batinanvicmol  632epici Oeuineneneen. XKexe KVY-2-8 (kaTHOH anMacTBHIPFHIII)
Oornrana moyIMMep Ti30eriHiy Oalmanbicy gopexeci (6:0) KaThIHACKIHIA TYPAKTHI
MoHTe He Ooyiajibl, OWTKEeHI OChl KaThlHACTA CIIKAaHAal e3repic alMaKTapbl
OalikanMaiinpl, Oyn epiTiHAime Tek Oip monuMep Typi OonfaHia eKiHII
MTOTMMEPiH OO0IMaybl EpITIHIIHIH JKOFaphl 3apsATaFaH JTOpeXkere >KEeTyiHe
MyMKiHAiK Oepmeitni. KY-2-8:I14BI1 xylieciHiy OapiiblK yaKbIT apaibIKTapbIHIa
OaiimaHpICy Jopekeci OIpTIHAEN yaKBITTHIH OTyiHe OalIaHBICTBHI KOFapblUIaFaH.
Cyperten OalikaranpiMbiznaii, KY-2-8- II14BIl unrepnonmumep sxyieciHiH 4:2
KAaTbIHACBIHIA  aiNThIH  WOHJAPBIHBIH  COPBUIYbl  QIFalllKbl  yaKbITIIEH
CaIBICTBIPFaHa aUTapIIBIKTal KOTEPIITeH.

Kecre 1 - KY-2-8- [14BI1 nntepnoaumMepti )yHeciHiH MOJIUMEPIIiK Ti30SKTiH aaThiH HOHIAPBIMECH
OaiinaHbICy opeskeci

0 (Au*), %
KY-2-8- I14BIl, MoJ1:M0J1b
th 6:0 5:1 4:2 3:3 2:4 1.5 0:6
0.5 9.61 11.69 9.87 13.72 17.22 11.69 13.51
15 10.79 5.87 12.35 10.21 13.69 10.31 13.78
6 7.36 4.34 16.63 13.23 28.88 46.76 36.06
24 4.87 16.06 47.22 34.45 77.95 56.31 84.85
48 15.69 68.92 87.65 71.65 98.18 92.31 96.66

OpekerrecymiH 24 carat meH 48 cararra 5:1, 4.2 sxoHe 2:4 KaThIHacTapbIHIA
copbumsa mopexeci Oipmiama KeTepinreHiH Oaiikaimbi3, colikecinme 68.92%,
87.65% wxone 98.18 % kypanpl. Ilomumepnepniy 5:1 KaTblHAcCBIHAA aJTHIH
WOHJIAPBIHBIH COPBUTYBl 24 caraTTa OHINA KapKbIHIbI JKYpMEreH, OalaHbICy
nmopexeci 16.06 %. Iloaumep Ti3OeriHiH MakCHMaJAbl OalIaHbICy Aopexeci 48
carartan keiin KVY-2-8:T14BI1 wunTepnionmmMep >xyideciniH 1:5 kareiHachiHzIa
92,31% kepcerkeH. CypeTTeH opeKeTTeCyJliH OacTalKbl yaKbITTapbIHIA aJlThIH
HOHAAPBIMEH OalJIaHBICY JopeKeci OHMal KapKBIHIBI KYPMETCHIIT OaiKatabl.
KYVY-2-8- T14BI1 unrepnionumep xyiecinia 2:4 KaThbIHACBIHIA MOJIMMEP Ti30CTiHIH
MaKCUMaJbl OaiaHbICy nopexeci OaiikanraH, colikecinmie 98,18% kypansl. 4:2
kateiHacbiHna 1.5 cararra 10.31 % ©Oonca, yakpITTBIH ©TyiHe OalnmaHBICTBI 48
caratka xeTkeHiae 87.65 % sxetkeH. 3eprreyain 24 caraThlHAa MTOJIMMEPJICPIIH
KAIlIBIKTBIKTAH Oip-OipiHe ocep eTyl HoTWwkKeciHae OailyiaHbICy IOpPEKECiHIH
e3repic aiimakrapbl TipkenreH. Katuonut KVY-2-8 (6:0) xone anmonut (0:6)
HMOHAJIMACTBIPFRIITAPABIH ITOJIUMEDP Ti30€TiHIH OalIaHBICy TopekKeCiHIH MoHAEPI
48 caraTTaH KeiiH calbICTBIPMaBI TYpAe KOFapsl OonraH, coiikecinme 15.69 %
xoHe 96.66 % kepcerkeH. [TonrmMep Ti30eriHiH OaliIaHBICy JOPEKECIHIH KOFAPFBI
KepceTkimTepi 48 caraTrapaal keiin 3:3 kaTbiHackiHAa 71.65 % KepceTkeH.
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4. KopbITBIHABI

AnbIHFaH 3epTTEy HOTIXKeNepl OOWBIHINIA WHTEPIOIUMED KYOBIHIIAFBI
MOHAIIMACTHIPFBINI  MAHpIapAblH e3apa aKTHBTEHYl OJapAbIH COpPOIUSIIBIK
KaOiTeTiHIH alTapibIKTall JKOFapayblHa OKENIETIHAITIH KOPCEeTTi. OpeKeTTeCyMiH
QIFAITKBl  KE3CHIHAE ePITIHAINe KaIFaH alIThIH MOHIAPBIHBIH KOHIICHTPAIHSICHI
0acka MOHIAPMEH CANBICTHIPFaHla JKOFapbl OONFaHIBIFBIH gonengenai. KY-2-8-
[14BI1  wHTepmomWMEpNiK  JKYHEHIH  alTBIH  HOHIAPBIMEH  OpEKeTTeCy
MIPOIIECTEPiHIH YaKbITKa OAMIAHBICTE Op TYPJI MoHAepre ue 6omael. CoHmali-ax,
copOIust JIopeKeciHiH MaKCHMallIbl MOHI HHTEpHonuMmep KyieciHiy 2:4
MOJISPJIBIK KATBIHACHIHA OailKamaThIHIBIFBl alKbIHAANABl. OCBl camamarbl  opi
KapaWfel 3epTTEyJiep MEH o3ipJieMeNiep alTHIH OHAIPY OHEPKICIOIHIH TYpPaKThI
JaMybl MEH MHHOBAIMSJIBIK OCYIHE BIKIAI €T€ OTBHIPHIN, AJIThIH OHJIIPYAC jKaHa
MYMKIHAIKTEeP/I anrybl MYMKiH.

Kap:xbuianapipy: 3eprrey skymbichl Kazakcran PecmyOnukachl FruibiM xkoHE JKOFapbl OiTiM
MHUHHUCTPIITT FhUIbIM KOMUTETIHIH KOPBI apKbUIbI XoHe KapxblU1anablpy OoiibiHina No.MIPH BR27101179
XK00ACHIMEH Kap KbLIaHIbIPBUIIBL.

Mynzesnep KakTbIFbICBI: ABTOpap Oyl Makanajga e3apa MYZAJENep KaKTHIFbICHIHBIH JKOKTBIFBIH
MOIMAEH .

OCOBEHHOCTH U3BJEYEHHMA NOHOB 30JI0TA UHTEPIIOJIMMEPHO CUCTEMOM
KY-2-8 1 10OJIU-4-BUHUJIIIUPUANHA

T.K. ,ZImymaduﬂagl'z, I.T. Tiocembaesa*", K.C. Mykamaeaaz, 1O0.B. I'pascynasuuioc®

140 «Mncmumym xumuueckux nayx umenu A.B. Bexmyposay, Armamel, Kazaxcman
2Kasaxckuii nayuonanvuwlii nedazoaudeckuii ynusepcumem umenu Abas, Anmamor, Kazaxcman
3Kaynacckuii mexnonoeuuecxuii ynusepcumem, Kaynac, Jlumsa

*E-mail: g_gazinovna@mail.ru

Pe3tome. Bseoenue. Cripoc Ha 3p(HeKTUBHBIC METO/IBI U3BJICUCHHUS LICHHBIX KOMIIOHEHTOB U3 OTXOISIINX
pacTBOpoB ekeroaHo ysenuuuBaercs [1]. Hampumep, ussnedenue AU (I11) U3 CIOXKHBIX HCTOYHHKOB
CONPSDKEHO € 3HAYMTENBHBIMH  TPYAHOCTAMH. B HamleM  HCCIEIOBAaHHH  HCIOJIB30BATHCH
HHTEPIIOJIMMEPHBIC CHCTEMBI, CO3/IaHHBIC Ha OCHOBE HWOHOOOMEHHBIX cMon KVY-2-8 wu monu-4-
BUHWJINHMPUANHA, TTOJTyYSHHbBIE U3 PACTBOPOB, COJACPIKAIINX HOHBI 3010Ta. [[enb pabompi- NccieJOBaHHE
COpOIMOHHBIX CBOWCTB MPOMBIIIICHHBIX HOHOOOMeHHBIX cMon KVY-2-8 u I14BIl oTHOCHTENHHO MOHOB
3onota. [lonyuennvie pesyrvmamei. B uaTepniomumepHsix cuctemMax KY-2-8- T14BII B cootHomeHnn 5:1
crycts 48 4acoB HaOJIIOAASTCSI CHIDKEHHE KOHICHTPALMU OCTABIINXCS B PacTBOpe KaTHOHOB ¢ 130 mr/n
10 99 mr/n. OnTuMalbHOE KOJMYECTBO COPOMPOBAHHBIX HMOHOB 30JI0Ta OBUIO 3aUKCHPOBAHO IpU
COOTHOIICHHH HOHUTOB 2:4 W cocraBmwio 45%. MakcuMaibHble 3HaYeHHs COPOLUH COXPAaHSUIHCh TPU
COOTHOWIEHNH 5:1 Ha TWpoTsHKEHMM Bcero BpeMmeHHM B3ammopenctsus (0,5; 1,5; 6; 24 n 48 wacos).
Bericokue 3HaueHHs mapamMeTpa HaOII0IaInch Ha HAYJIBHOW CTaliy B3aUMOJICHCTBHS HHTEPIIOINMEPHBIX
cucreM mpu 1,5 wacax, cremeHb COpOIMH cOCTaBHia COOTBETCTBeHHO 135 wmr/i1. B pesynbrare
B3aUMOJICHCTBHS TOJIMMEPOB MPH COOTHOIICHUsIX 2:4 W 1:5 cTeneHb COpOIMH HECKOJIBKO pa3
yBenuumiace. CreneHb copOuuu mociie 48 4acoB B3aMMOACHCTBHS IPH COOTHOIICHHH 1:5 mocTuria
41,57%. B wnpmBunyansHoM anuonuTe [14BII (0:6) yBemmummocs Ha 44,22%. 3HadeHHE CTEHNCHH
copbuun Obut0 Ha 13,2% BbIIE IO CPaBHEHUIO HHAUBHAYAIBHBIX HHTEPHOIUMEPHBIX CHCTEM.
IIpeioxKeHHBIH  MEXaHU3M  B3aWMOJCHCTBHSI HMOHOOOMEHHBIX CMOJ B BOAHOH cpele  Kak
uHTepronuMepHol cuctemsl "KVY-2-8- TI4BIT" (X:Y) Obu1 HMOATBEPXkKICH TEOPHEH TBEPIOBIX M MATKHX
kucnot u ocoanuii (HSAB) I[Mupcona. Buigoo. TlonyueHHble pe3yabTaThl UCCICAOBAHMUS TIOKA3AIH, YTO
AKTHBALIUSI HOHOOOMEHHBIX CMOJI B HHTEPIIOJIUMEPHOH Mape MPUBOMUT K 3HAYUTEILHOMY MOBBIILICHUIO UX
cOpOIMOHHOM criocoOHOCTH. Ha HauabHON CTaquu B3aMMOJISHCTBHUSI OBLIO TOKA3aHO, YTO KOHI[CHTPALHS
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OCTaBLIMXCSI B PAacTBOPE HMOHOB 30JI0Ta ObLIa BBINIE MO CPaBHEHUIO C JAPYrMMH HOHamu. [Ipomecch
B3aUMOJICUCTBUSL HHTeprnonuMepHoit cuctembl KVY-2-8-114BI1 ¢ unoHamu 3070Ta UMENIH pa3IdYHBIC
3HAUCHUsI B 3aBUCUMOCTH OT BPEMEHH.

KnioueBble cj10Ba: MHTCpHIONMMEpHas cucTeMa, WOHHTHL, KVY-2-8, TII4BII, pucraHnuoHHOE
B3aUMOJIEHCTBHSI, B3aMMHasl aKTHBALIUS, THIPOTeNH, crernedb copormu, nousl Au (111), crenens copOuwm

Jncymaounoe Tankpioex Kosycamaesuu Jlokmop xumuueckux Hayk, npogeccop
Miwocembaesa T'ynvnyp Toxmapzasunoséna  PhD ooxmopanm

Mykamaesa JKaszupa Cazaméoexosna Kanouoam xumuueckux Hayk, accoy. npogeccop
I'pasicynaeuuroc FOQo3zac Buoac IIpogpeccop
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Abstract. Climacoptera brachiata is an annual species of halophytes with great potential for use in
urban landscapes. Extracts of Climacoptera brachiata have been used in traditional medicine for many
years due to their antifungal, antibacterial activity due to various biologically active compounds. It is
known that the leaves contain triterpenoids, and the flowers contain phenolic compounds.The authors
proposed a scheme for the analysis of water-alcohol extracts of Climacoptera brachiata. In addition,
extracts were screened and determined by high-performance liquid chromatography. For the simultaneous
analysis of phenolic compounds, a fast and sensitive method for the determination of natural compounds
using high-performance reverse phase liquid chromatography (RP-HPLC) in combination with a diode
matrix detector (DAD) has been developed. Gradient elution systems of 0.1% acetic acid and methanol
were linearly used, the analysis time was 57 minutes. The method was confirmed by linearity, relative
error, reproducibility, and LOD values. The detection of compounds was carried out at 254 nm. The
developed method for the rapid determination of phenolic compounds using RP-HPLC was used to
determine the presence of phenolic compounds in natural and commercial products.
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1. Introduction

Kazakhstan, the area of growth of many types of plant objects, the study of
their chemical composition and the screening of biologically active substances
require further research. At the present stage, the creation and development of
phytopreparations is a promising and alternative direction to replace synthetic
drugs with a number of side effects. Since synthetic drugs have many side effects,
researchers are beginning to study natural products in order to find effective
medicines. Therefore, the study of domestic wild plants and the introduction of
new phytopreparations from them into industry is a timely task. One of the most
relevant ways to obtain new biologically active substances is to isolate
compounds from plants. Consequently, on this path it is necessary to solve
complex problems of isolation and deep purification from complex
multicomponent biological objects of sufficiently labile target substances,
unambiguous identification of structures.

Currently, plants of the Chenopodiaceae family, the genus Climacoptera,
which are widespread in Kazakhstan and some of them are endemic plants, are of
great theoretical and practical interest. [1-2] and so, the search for new sources of
biologically active compounds among plants of the Chenopodiaceae family
growing in arid zones has not been exhausted.

In this regard, the study of the chemical composition of new plant species,
the development of a flowchart for the isolation of biologically active compounds,
the establishment of their biological activity and the development of new
phytopreparations from Kazakhstani wild plant species has not only a socially
significant effect, but also makes it possible to expand the range of medicines
from local wild-growing renewable sources of plant material [3]. Development of
chromatographic identification and analysis methods based on chemical
components, in particular phenolic compounds, can contribute to the
standardization of medicinal raw materials and extracts.

2. The experimental part

The object of our research is the aboveground part of plants of the genus
Climacoptera, the species Climacoptera brachiata, collected during the flowering
phase in Ili district, Almaty region in 2023.

Conditions for HPLC analysis for the determination of phenolic compounds.
The analysis of phenolic compounds was determined using the Shimadzu high
performance liquid chromatography system (Shimadzu Cooperation, Japan),
which consists of a Shimadzu solvent supply unit model LC-20AT and a
Shimadzu diode array detection system model SPD-M20A. All parts are
controlled using LC-solution software (CBM-20A Shimadzu system controller).
The temperature in the column is set at 35°C. Chromatographic separation was
performed on an Inertsil ODS-3 column (4 microns, 4.0 mm x 150 mm) and in an
Inertsil ODS-3 protective column. The mobile phase is 0.1% acetic acid in water
(A) and 0.1% acetic acid in methanol (B). The elution profile was as follows: 2%
B: for 3 min, 2-5% In; for 3 minutes, 5-6% In; for 2 minutes, 6-10% In; for 4 min,
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10% In; for 1 min, 10-25% In; for 5 minutes, 25-30% In; for 7 minutes, 30-40%
B; for 5 minutes, 40-42% B; for 6 minutes, 42-54% B; for 5 min, 54-55% B; for 1
min, 55-56% B; for 10 min, 56-65% B; for 4 min, 65-75% B; for 3 minutes, 75-
85% B; for 2 minutes, 85-95% B; for 5 minutes, 95% B; for 2 minutes, 95-100%
B; for 1 minute, 100% B; 5 minutes, 100-80% B; 2 minutes, 80-50% B; in 2
minutes, 50-2% B. The flow rate was 1.0 ml/min. The injection volume is 20 pnl.
The detection was carried out using a diode matrix detector (DAD) using
wavelengths of 200-600 nm. All samples and standards were filtered using an
Agilent PTFE filter with a thickness of 0.45 microns [4].

Determination of antioxidant activity. To determine the antioxidant activity,
four methods were used: ABTS methods for removing cation radicals and DPPH
free radicals, as well as methods for reducing the antioxidant capacity of copper
(CUPRAC) and p -carotene/linoleic acid discoloration.

Analysis for discoloration by [ -carotene/linoleic acid. The overall
antioxidant activity was assessed using the beta-carotene/linoleic acid test system
with minor changes. B -carotene (0.5 mg) diluted in 1 ml of chloroform is added
to 25 ml of linoleic acid and 200 mg of a mixture of Tween 40 emulsifiers. After
evaporation of chloroform under vacuum with intensive shaking, 100 ml of
distilled water saturated with oxygen is added. 160 ul of this mixture is added to
40 ul of samples of various concentrations. Once the emulsion is added to each
tube, the absorption at time zero is measured at a wavelength of 470 nm using a
96-well microplate reader [5]. After incubating the tablet for 2 hours at 50 °C, the
absorption of the emulsion is measured again at the same wavelength. Ethanol is
used as a control. BHA and a-tocopherol are used as antioxidant standards for
activity comparison. The degree of discoloration (R) of p-carotene is calculated
according to the following equation:

[RS]

R =

_
H|:s
[wl

where In is the natural logarithm, a is the absorption at time zero and b is the
absorption at time t (120 min). The calculation of antioxidant activity is carried
out as a percentage of inhibition compared to the control using the following
equation:

Rcontrol - Rsample

Antioxidant activity (%) = x 100

Rcontrol

Analysis for the removal of free radicals by the DPPH method. The activity
of removing free radicals is determined spectrophotometrically using the DPPH
method described by Blois [6], with minor modifications. In its radical form,
DPPH absorbs at a wavelength of 517 nm, but when reduced by an antioxidant or
a radical substance, its absorption decreases. In short, 120 ml of ethanol and 40 pul
of the sample solution dissolved in an aqueous alcohol solution in various
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concentrations are mixed. The reaction is then initiated by adding 0.4 mm 40 pl of
DPPH prepared in ethanol. After thirty minutes, the absorption is measured at a
wavelength of 517 nm using a 96-well microplate. Ethanol is used as a control. A
lower absorption of the reaction mixture indicates a higher free radical scavenging
activity. The ability to trap DPPH radicals is calculated using the following
equation:

Rcontrol - Rsample

Absorbing effect DPPH (%) = x 100

Rcontrol

ABTS analysis for cationic radical discoloration. The spectrophotometric
analysis of the absorbing activity of ABTS-* was carried out in accordance with
the method [7], with minor changes. ABTS .* was obtained as a result of a
reaction between 7 m ABTS in H20 and 2.45 m potassium persulfate, which was
stored in the dark at room temperature for 12 hours. The radical cation was stable
in this form for more than 2 days when stored in the dark at room temperature.
Before use, the ABTS-* solution is diluted with ethanol to obtain an optical
density of 0.708 + 0.025 at 734 nm. Then, 160 ml of ABTS-" solution in various
concentrations is added to 40 ml of the sample solution in ethanol. After 10
minutes, using a 96-well microplate reader, the percentage of inhibition is
calculated at a wavelength of 734 nm for each concentration of relatively pure
absorption (ethanol). The following equation is used to calculate the absorption
capacity of ABTS-+:

Acontrol - Asample

x 100

Absorbing effect ABTS (%) =

Acontrol

Antioxidant ability that reduces copper content. The antioxidant capacity,
which reduces the copper content, was determined in accordance with the method
[8], with minor changes. 50 ul of 10 mm copper (lI), 50 ul of 7.5 mm
neocuproine and 60 ul of NHsAc buffer (1 M, (pH=7.0) are added to each well in
a 96-well plate. 40 ml of extract is added to the initial mixture in various
concentrations so that the final volume is 200 ml. After 1 hour, the absorption at a
wavelength of 450 nm was recorded on the reagent blank using a 96-well
microplate reader. The results are presented in the form of an absorption
coefficient and compared with the indicators of the standard used as an
antioxidant standard [9].

Antidiabetic inhibitory activity. Antidiabetic inhibitory activity was
determined by the inhibitory activities of a-amylase and a-glucosidase
spectrophotometrically using a 96-well microplate reader [10,11]. Ethanol was
used as a control Acarbose has been used as an antidiabetic inhibitory standard to
compare activity.
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3. Discussion of the results

Using the method of ultrasonic extraction and maceration, 10 samples of
extracts from plants of the genus Climacoptera brachiata were obtained.

According to the requirements of the Government Pharmacopoeia, the
quality of the raw materials was determined: moisture 6.02%, ash content 9.6%,
the amount of extractive substances 21.3% in 50% water alcohol, the extract is
concentrated and the dry extract is preserved. To evaluate the antioxidant and
antidiabetic inhibitory activity, and to determine phenolic compounds, a 50%
water-alcohol extract of a plant of the genus Climacoptera brachiata was used.

Table 1 - Phenolic compounds of 50% water-alcohol extract of Climacoptera brachiata plant by HPLC-
DAD method (mg/g)

The phenolic compound RT calib. eq. R? Climacoptera
Fumaric acid 14,014 | y=1988.9x - 4655.8 0.9998 1.90
Protocatechuic acid 24,625 y =65753x - 6932.1 0.9999 0.15
Pyrocatechol 24,658 | y=3772.8x + 23692 0.9925 i
Theobromine 25,967 y =3942.7x + 81451 0.9983 tr
Theophylline 29,449 y = 36694x + 68674 0.9998 -
4-hydroxybenzoic acid 30,867 | y=123758x + 75779 | () 9997 A
4-hydroxybenzaldehyde 33,367 | y=234376x +4239.6 0.9996 -
Vanillic acid 34,758 | y =66764x + 46508 0.9998 tr
Epicatechin 35,278 y =2097.6x + 7998.2 0.998 -
Caffeic acid 35.28 y =49533x + 213471 0.9957 tr
Vanillin 36,915 y = 21426x + 195103 0.9995 tr
Chlorogenic acid 40,094 | y=46920x - 36953 0.9995 0.10
Couple -coumaric acid 40,874 | y=17265x+ 343183 | (g95¢ tr
Ferulic acid 42,564 y = 42245x + 110701 0.9992 tr
Coumarin 45,178 y = 81802x + 153471 0.9968 tr
Propyl gallate 46,984 y =29731x - 12781 1 -
Routine 47,527 y = 47899x + 56096 0.9997 tr
trans-2-OH cinnamic acid 48,243 y = 53442x + 104662 0.9996 )
Fisetin 51,243 y =100784x + 16688 0.9984 0.49
trans - Cinnamic acid 56,203 | y=88190x + 158733 0.9997 tr
Genistein 57,739 y =69160x + 5753.8 0.9996 tr

tr: number of tracks;
- not detected.

To determine optimal chromatographic results, experiments were conducted
under various mobile phase conditions. In order to obtain the best possible
resolution, the mobile phases of acetonitrile, methanol, acetonitrile-acetic acid
and methanol-acetic acid were used by changing the ratio of acetic acid. The best
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mobile phase for separation was 0.1% acetic acid in water as solvent A and
methanol as solvent B. Many studies have suggested the use of acetonitrile as one
of the mobile phases. Acetonitrile was also used for separation. However, only 4
compounds were isolated, namely fumaric acid (1.90 mg/g), protocatechic acid
(0.15 mg/qg), chlorogenic acid (0.10 mg/g), and fisetin (0.49 mg/g). Therefore, the
goal was to change the solvent system to simultaneously analyze more phenolic
components. For this purpose, Inertsil ODS-3 (4 microns, 4.0 mm) was used to
obtain clear peaks and reduce the elution time. An analytical column with a
diameter of 150 mm was used. The column temperature was maintained at 35°C.
Using this optimized method, phenolic components were determined with high
accuracy within 57 minutes.

Datafile Name:climacoptera_006.lcd
Sample Name:climacoptera
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Figure 1 - HPLC-DAD chromatogram of Climacoptera at 254 nm (Inertsil ODS-3 column
(4 um, 4 mm x 150 mm). Mobile phase 0.1% acetic acid-methanol (gradient elution).
Flow rate ImL/min. Diode array detection 254 nm.).

The antidiabetic inhibitory activity of 50% water alcohol extract was
evaluated by the inhibitory activities of a-amylase and a-glucosidase, and the
standard acarbose was used as the antidiabetic inhibitory activity. The data
obtained is shown in table 2.

Table 2 - Antidiabetic inhibitory activity of 50% water-alcohol extract of a plant of the genus
Climacoptera brachiata.

Antidiabetic inhibitory activity
Sample inhibitory activity of a-amylaselCso inhibitory activity of a-glucosidase
P (ug/mL) ICso (pg/mL)
Climacoptera 92985.20+0.50 172.84+3.43
Acarbose” 36.74+4.50 22.28+2.03

2 The values shown here are the average + SEM based on the results of three parallel measurements.
p<0,05.
breference compounds.
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Table 3 - Antioxidant activity of 50% water-alcohol extract of a plant of the genus Climacoptera,

brachiata.
Antioxidant activity

ABTS* DPPH CUPRAC B-Carotene/linoleic

Sample 1Cs0 (ng/mL) 1Cs0 (ng/mL) 1Cs0 (ng/mL) acid assay
1Cs0 (ng/mL)
Climacoptera 65.12+6.97 474.46+0.65 (50-400 226.35+0.09 184.87+0.23 (25-200
(50-400 pg/mL) (50-400 pg/mL)
pg/mL) pg/mL)
BHA®P 1.50+0.14 4.36 +0.31 4.94 +0.08 2.48 +£0.64

a-TOCP 2.21+0.77

2 The values shown here are the average = SEM based on the results of three parallel measurements.
p<0,05.
breference compounds.

The table shows the results of antioxidant activity by ABTS methods for
removing cation radicals and DPPH free radicals, as well as methods for reducing
the antioxidant capacity of copper (CUPRAC) and discoloration with beta-
carotene/linoleic acid. BHA (butylhydroxyanisole) was used as an antioxidant
standard for activity comparison, and alpha-tocopherol was also used to determine
the activity of beta-carotene/linoleic acid discoloration.

4. Conclusions

For the first time, the RP-HPLC-DAD method in this study demonstrated the
content of 4 phenolic compounds from Climacoptera brachiata plants, which can
be useful as a chemical marker for quality control of plant raw materials. A
practical, fast and accurate RP-HPLC-DAD method has been developed for
simultaneous analysis of natural compounds in one injection. The total analysis
time was 57 minutes. A wavelength of 254 nm was used to determine the
compounds with high accuracy.

Some of the natural products studied are potential medicinal products
because they have sufficient antidiabetic inhibitory activity (a-amylase inhibitory
activity 92985.20+0.50 and 1Csy (ug/mL) alpha-glucosidase inhibitory activity
ICso (ng/mL) 172.84+3.43)
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Tyiiingeme: Climacoptera brachiata - xananeik nanmmadrrapaa maiinanany yiniH yiakeH ojieyeri Oap
ranopurrepAin Oip KpUIABIK Typi. CBIFBIHABUIAPBI IOCTYPJI MEAMIMHANA KONTEreH >KbLimap OoWbI
KOJIJAaHBLIAJIbl, KACHETTEPIHE CYiHEHEe OTBHIPBII TyMayFa Kapchl, OaKTepusFa Kapchl OCJICEHIIIK, ojiap
opTYpIi OHONOTHSIIBIK OEJICeHAl KOChUIbICTap/aH TybIHAainbl. JKamblpakrapia TpUTEpPICHOWATApP, ai
rynaepae QpeHoIbl KOChUIBIC OONMAaThiHBI Oenrii. ABTOpIap KCHIHBICTAPHI OOMBIHINA CHIFBIHIABLIAPIBIH
Tangay cxemacbiH o3ipieai. COHBIMEH Karap, ChIFBIHIbUIAPIBIH OMOCKPHHUHIT KOHE JXOFapbl THIMI
CyiBIK Xpomarorpadus ofiCiMeH aHbIKTay KYprizingi. ®eHonablK KocbuIbIcTap/bl Oip Me3rinae Tanaay
yLiH auonrsl MaTpuuansik aerekropmer (DAD) OipikripinreH jxorapsl THIMAI Kepi (azaibl CYHbIK
xpomarorpadustasl (RP-HPLC) maiinanasa oTbIpbIr, TaOUFH KOCBUIBICTAP/IBI AHBIKTAY/IBIH KBUIIAM KOHE
cesimran omici o3ipaenmi. 0,1% cipke KBIMIKBUIBI MEH METAHOJJIBIH TPAJAMCHTTI JIIOLMS Kyhemepi
CBI3BIKTBIK TYP/IC KOJJAHBUIBI, TAIAAY YaKbIThl 57 MUHYTTBI Kypabl. OMIC CHI3BIKTBIK, CAIBICTHIPMAIIBI
Karelnik, Kaifranany, LOD monnepimen pacranasl. Kocbuibictapbl aHbikTay 254 HM - fe skyprizingi. RP-
HPLC kemeriMeH (eHOJIBIK KOCBUIBICTAP/BI JKBULAAM AHBIKTAY/BIH J3IpJICHIeH oJici TaOWUFH JKOHE
KOMMEPUUSIIBIK OHIMIEpe (EHOIABIK KOCHUIBICTAP/IBIH OOJTYBIH QHBIKTAY YIIiH KOJIAQHBLIA/IbI.

Tyiiin ce3mep: deHoOnabl KOCBUIBICTAp, TOTBIFYFA YpJiciHE Kapchl OejlceHniniK, auadeTke Kapehl
uHruouTOPIBIK Oencenainik, HPLC.
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Pesrome: Climacoptera brachiate (K. cynpomuenomucmas) - ogHoneTnuil Bi raaouTos, onagaronmit
OOJIBIIMM MOTEHIMATIOM IS WCIONB30BaHMS B ropoiackux nanmmadrax. Dxcrpakrter Climacoptera
brachiate wucnone3yroTcst B TpagWIMOHHBIA MEIMLIHHE B TEYCHHE MHOTHX JI€T, OJjaromaps HX
MIPOTHUBOTPUIIKOBOH, AaHTUOAKTEPHAIBHOH AKTMBHOCTH, KOTOpPbIE OOYCIIOBJIEHBI PAa3HBIMU OWONTHYECKU
AKTHBHBIMH COCJMHCHUSMH. VI3BECTHO, YTO B JIMCTHSIX COJCPIKATCS TPUTEPIICHOW/BI, a B LBETKaxX
(eHOIbHBIC COeAMHEHNE. ABTOPaMH TIPEJIOKEHA CXeMa aHall3a BOJIHO-CIIPUTOBBIX IKCTpakToB. Kpome
TOTO, NPOBEJICH OMOCKPHHHUHT 3KCTPAKTOB M ONpENEICHHE METOIOM BBICOKOI(D(EKTHBHOM KUAKOCTHON
xpomatorpadun. s ogHOBpeMEHHOro aHanm3a (EHONBHBIX COCIUHEHHH pa3paboTaH OBICTPBIH ©
4yBCTBUTEJIBHbBIH METO/ ONPEEICHHs IIPUPOJHBIX COSTUHEHUH C UCTIOIb30BaHUEM BBICOKOA()(EKTUBHOM
JKUJIKOCTHOH Xpomarorpaduu ¢ obpatHoit ¢pazoit (RP-BOXKX) B couetaHuu ¢ IHOIHBIM MaTPUYHBIM
nerekropoM (DAD). JIMHEHHO WCIOIB30BaHBI CHCTEMBI TpajgueHTHOro smoupoBanust 0,1% ykcycHoi
KHCJIOTBI U METaHOJa, BPeMs aHaIn3a COCTaBHJIO 57 MUHYTY. MeToa ObLI MOATBEPXKICH JIMHEHHOCTBIO,
OTHOCHTEJIBHOH MOTrPeIHOCThI0, BO HPOM3BOAUMOCTEIO, 3HaueHusMu LOD. OOHapykeHHe coequHEeHHM
npoBeneHsl npu 254 M. PaspaboraHHblii MeTOA OBICTPOro ompeaeneHus (EeHOJBHBIX COCTUHEHHH C
nomortpio RP-BOXKX ucrnons3oBaH, [jisi onpeaesieHus Hatudusi QeHOJIbHBIX COCJANHEHUI B MPUPOAHBIX
1 KOMMEPUYECKHUX MPOIYKTaX.

KinoueBble ciioBa: (CHONBHBIC COCAMHCHHHUS, AHTHOKCHOAHTHAS aKTHBHOCTb, AHTHAHAOCTHYIECKAs
aKTUBHOCTb, MHTHOUPYOIIasi aKTUBHOCTh, BOYKX.
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Huvizan Hypcam Mazucmpanm
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STUDY OF THE POSSIBILITY OF THE FORMATION OF
COLLOIDAL SELENIUM SOLUTION
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Abstract. Introduction. The antioxidant properties of selenium were discovered in the 1960s,
leading to its recognition as an essential microelement for the human and animal body. Its primary
function is to protect the body from oxidative stress. Research has shown that selenium nanoparticles
possess high biological activity and low toxicity, making them suitable for applications in medicine and
other fields. Methods. To obtain colloidal selenium solutions, sodium selenite, trivalent titanium sulfate,
and gelatin were used. Bidistilled water served as the dispersion medium. Experiments were conducted at
room temperature. The particle size distribution of the obtained colloidal solution was determined using
the dynamic light scattering (DLS) method. Microphotographs were obtained using a scanning electron
microscope. Results and Discussion. The results demonstrated that the reaction between sodium selenite
and trivalent titanium sulfate led to the formation of amorphous selenium particles. It was found that
adding gelatin significantly enhanced the stability of the colloidal solution. The average size of the
particles ranged from 50 to 79 nm. The addition of gelatin increased the stability of the solution from 2
hours to over 240 hours. The findings revealed that the particles in the obtained colloidal solution were
uniformly distributed, and the solution exhibited high stability. The proposed method is environmentally
safe, simple, and does not require complex equipment. This method has significant potential for
developing medical preparations, treating wounds, and creating solutions with antibacterial properties.
Conclusion. The study confirmed the efficiency and prospects of the technology for producing colloidal
selenium solutions. The novelty of this research is protected by a patent of the Republic of Kazakhstan.

Key words: Colloidal selenium, Dispersed particles, Titanium (l11) ions, Gelatin solution, Selenite
ions.
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KA3AKCTAHHBIH XUMUA )KYPHAJIBbI XUMHYECKHUY XKXYPHAJI KA3AXCTAHA

Tyiiingeme. Kipicne. CeneHHIH aHTHOKCHAAHTTHIK Kacuertepi XX FacwipapiH 60-KbUiiapeiHaa
aHBIKTAJIBII, OHBI aJlaM MEH JKaHyap ar3ajapbl YIUIiH MaHbBI3JIbl MHUKPOIJIEMEHT PETiHJAe TaHyFa Heri3
6onzbl. OHBIH HETi3ri KbI3METI — aF3aHbl OKCHIAHTTHI CTPECTeH KOpFay. 3epTTey OapbIChIHIA CEJICHHIH
HAHOOOIIIEKTepl JKOFaphl OMONOTHSIIBIK OEICEH/IUTIKKE W€ EKSHIIri KOHE YBITTHUIBIFBIHBIH TOMEHIIrI
aHBIKTAJABI, OYJI OHBI MEIMIMHA JKOHEe Oacka lla cajajapia KoJJaHyFa MYMKIiHIIK Oepeni. Oodicmep.
CeneHHIH KOJUIOMATHI €pITIHAICIH aly YIIiH HATpUH CENICHWTI, YII BAIEHTTI TUTaH CyJb(aTbl KOHE
JKEJTaTHH KOJNJAAaHbULIBL. JIUCIepCHSIIBIK OpTa peTiHAe OMANUCTHIIICHTCH Cy nmaiaananpuiasl. Toxipudenep
OenmMe TeMmIepaTypachlHIa JKYpri3iiai. AJIBIHFAaH KOJUIOMATHI EpITIHIIHIH OeNIIeKTepiHiH Tapaiybl
JMUHAMHKAJIBIK JKapblK INAIIBIPAYbl OMAICI apKbUIbl aHBIKTaNAbl. Mukpodororpadusiap ckaHepiaeyi
9JIEKTPOHIBIK MHKPOCKOI KOMETIMCH jKacanubl. Hamuoicenep men mankvliayiap. 3epTTey HOTIDKENepi
KOPCETKEH/IeH, HATPUil CENIEHNTI MEH YII BAJCHTTI TUTaH CyNb(aThl apachlHIAFbl PEAKIUs HOTHKECIHIEe
amopdTel ceneH Oeunmiektepi TY3uai. JKenaTHH KOCY KOJJIOMATHI €pITIHAIHIH TYPAKTBUIBIFBIH €I9Yyip
apTTBIPAThIHBl aHbIKTaNAbl. OunapiabiH opTama esnmeMi 50-79 HM apanbiFbiHga O6osabl. JKenmaTHHHIH
KOCBUILYBI epITiHZIHIH TYpaKTBUIBIFBIH 2 cararTaH 240 caraTka JCHiH apTTBIpABL 3epTTEy HOTIDKENepi
aJbIHFAH KOJUIOMATHI EpITIHAIHIH OemmmekTepi OIpKeNIKi TapalfaHblH >OHE OHBIH TYPAKTHUIBIK
KaCHUETTEpiHIH )KOFapbl EKEHiH KOPCETTi. ¥ ChIHBUIFAH JiC KOJOTHSUIBIK TYPFbIa Kayilci3, KapanaibiM
JKOHE KypJieni ka0 IbIKTapbl KaxeT eTneiai. by onic MeuiuHabIK IpenapaTrap skacaya, xKapajiapisl
eM/Iey JKOHE aHTHOAKTepHaIbl KacHeTTepi Oap wiemniMiep o3ipieynae YIKeH dJeyeTke ue. Tyocbipbim.
3eprTey HOTIDKENEpl CeNeH KOJUIOWATHI  ePITIHAICIH aly TEeXHOJOTHSACHIHBIH THIMIUIIT MeH
MepCcreKTUBanapbid Kkepcetei. byn 3eprreynin xaHaneirbl Kasakctan PecryOnukachlHbIH HMaTeHTIMEH
KOPFaJI/IbL.

Tyiiin ce3aep: KoUIOHATHI ceneH, aucrepcTi Oemmektep, tutad (I1I) wmoHmapsl, sxenaTuH epiTiHAici,
CEJICHUT HOH/IaPHI.

Kybanvic Maouna Kanoicizimguizol Ooxkmopanm

Baewoe Aooyanu XUMUSL bIIBIMOAPBIHBIY OOKMOpbL, Npogeccop,
KP ¥FA axademuzi

1. Kipicne

XX racbipabiH  60-KbUTIAPBIHBIH 0aChIHIA CEJNCHHIH aHTHOKCUIAHTTHIK
KacHeTTepl aHBIKTAIFaHHAH KEWiH, OHBl aJaM MEH >XaHyapJapJblH eMipi YIIiH
KaXETTI ~ MaHbI3Obl  MHKPOJIEMEHT  peTiHge  KapacTelpa  OacTalsl.
MUKpPO3IEeMEHTTIH HEri3ri KbI3METI — ar3aHbl OKCHJAHTTHI CTPECTEH KOpFay.
AnaMHBIH (U3HONOTHSIIBIK KAKETTUTIKTEPIH KaMTaMachl3 €Ty YIIiH 3JIEMEHTTIK
CeJIeHII HAaHOMOJIIIEPITi KOJUTOUITHI ePiTiHAl TYPiH/e NailaiaHy IepCIeKTHBAIBI
Oomeit TabbwIaAR [1]. 3aT HaHOGMIIEM/I XKOHE KOJUIOWATHI KYHTe OTKEH Ke3Je
OHBIH KeHOip Herisri KacuerTepi, COHBIH IIIiHJC OWOJOTHSUIBIK KacueTTepi
e3repe/i.

Kommouars! epiTinaiiepaeri JuciepeTi OemeKTepaiH Meepi 107-10° cm.
Omapra TOH KacueTTep — MeJIip, Cy3ri Karas3gaH oHait etemi. Jlucmepcri
OenmiekTep 3 opracblHIa Oipkenki Tapamaibl. TepMoIWHaMUKa TYPFBICBIHAH
TYPaKChI3. YaKbIT OTKEH CailbIH ecKipei, sFHU nucrepcTi da3a OemmexTepi o3apa
Oipirin ipineHeni, aybIpiblK KYLIiHIH ocepiHeH OipTiHmen TyHOara Tycemi. bymn
KYOJBICTBI 0O IBIpMay YIIiH 9PTYPIIi cTabuin3aTopiap KOJAaHbLIa kL.

OpTYypii  dINEMEHTTEp/iH KOJUIOMATHI EepITIHMICIH ally J>KOJNAaphl Kell,
coyapabIH Oipi TOTHIKCHI3MAHIABIPY 9/ici. MBICaIBI, MBIC HEMECE CEJICH MOHIapBIH
KaToJTa HEMECE MBIPHIIINEH [EMEHTALUsI apKbUIbl TOTBHIKCHI3IAHABIPFaHAa Oyl
3IIEMEHTTEPAIH KOJJIOMATHI EpITiHALIepl TY3LIMeH, ipi KpucTajngapbl Ty3imin
kereni. bizmiH anmgplH ama KyprisreH 3eprreyiepiMi3, JKOFapbia KepCeTiIreH
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ANIEMEHTTEPAiH MOHAAPHIH YII BAJICHTTI TUTaH MOHJAPHIMEH apHaWbl Karjaiina
TOTBIKCHI3aHIBIPFaH/Ia, OJap IbIH KOJUTOUATHI ePITIHAIEep TY3CTIHIIT] alnFaml peT
kepcerimi [2].

AKII ranpiMaapbl KypaMblHIa KyMmic HaHOOeNmeKkTepi Oap KOJIOMITHI
ePITIHAUTEePal OPTYPIIi XKapaKaTTapIbl, KYHIKTI, TPOIUKAIBIK JKapaHbl, SK3eMaHbI
JKoHE Oacka Ja Tepl aypylapblH eMIeyne KEHIHCH KOJJaHyFa OOIaThIHIBIFBIH
kepcetken [3]. Kypampiama wMbic HaHOOemdmiekTepi 0ap  KOJUIOMITHI
epITIHAUIEePiH e aHTHOAKTepHAAbl KACHeTi Oap eKeHAIri KenTeH oenriini [4].

Komimri epecek amamra AWETaNmbIK KOCHIMINA peTiHme KyHaemkTi 40-300
MI/JI CEJIeH KaKeT €KeH. bys 3JeMEHTTIH a3 MeJepj]e ajaM OpraHu3MiHJe
0O0JIyBI JKaHyapap MEH ajiaM aF3alapbIHbIH IYPHIC )KYMBIC ICTEYiH KaMTaMachi3
ereni [5]. CoHbBIMEH KaTap, celieH HaHOOOIMIEKTEePIHIH YHITTBIIBIFE TOMEH JKOHE
KOITereH OeNriTl Jopinepne »XOFaphl OWOJIOTHSUIBIK OCJICEHAUTIKKE He OOIyBI
MYMKIH  eKeHIIri aHblKTainael [6-8]. Kommowarsl celeH  maToreHmik
OakTeprsutapra Kapchl Tamama (YHKIHOHAIABUIBIK KAaCHETTepiH KOPCETTi.
Conpaii-ak, celleHHIH KOJOUITHI ePITIHIAIep] METUIINHA, TOTHIFY-TOTHIKCHI3IaHY
peakuusuIaphbl, Kataiams, (GoTorpadusuIbIK KCIO3UIMA OJLIeriTepi, KapThiial
OTKI3ril TY3eTKIITep XoHe 0acka cajanap/a KeHiHeH KOJIaHBUIATHIHBI Oenriii
[9,10].

CeneHHIH KOJUIOMATHI €PITIHIICI Ja3epiiK aOsaIus omiCiMeH allbIHATBHIHEI
oenrimi [11]. Benrinmi omicTiH MoHI KeNecileh: 3JMEMEHTTIK CEeJeH CoyJeleHYIiH
TOJKBIH Y3BIHABIFEI 1064 HM Ja3ep coyneciMeH IIambIpaliapl, HMITYIIBC
sHepruscel 2.50 Ik, op UMITYIBCTIH Y3aKTHIFBI 12 HC KOHE MMITYJIbCTIH KHUUTIT 1
l'u. Bypikkim opra periHae OWMAMCTUINCHTCH Cy mnadaanaHbpuiibl. COHBIMEH
Karap, CeJICHHIH KOJUIOMATHI  epiTiHAIepiHAe opTama Mejmepi  Oap
OeNmIeKTepaiH YT TOOBIHBIH OOyl aHBIKTANABL: 15 HM, 100 HM-IEH >KOFaphI
JKOHE OHJaraH MUKpOH. Ochuiaiilia, CyJIbl OPTaja CENCHHIH JIa3epJliK abJsAIUsICHI
HOTHXKECIHIC KOHIEHTpanuscel 10 Mr/a jediH CeleHHIH KOJUIOMITHI epiTiHAICIH
ayra OOJaTBIHIBIFBI KOPCETLITEeH.

By omicTiH HeTi3ri KeMIITITi-Ia3epiiiK KOHIBIPFRIHBIH KIMOATTHIFEI KOHE
MPOLECTIH KYPIENUIIri, OWTKEHI JIa3epiiK 6HJaey OCpiireH mapamerpiepie
KYPTi3inyl Kepek, artan alTKaHAa: JIa3epAiH coyJelleHyiHiH Oenrini 6ip TOIKBIH
Y3BIHIBIFBI, UMITYJIEC DHEPTUSACHIHBIH MOJIIEPi )KOHE OHBIH OenTisti Oip Y3aKThIFHI.
Banama periHge ynbTpaAbIOBICTHIK KOHE MEXaHUKANIBIK TUCIIEpCUsIIay daicTepi
KapacTelpbulybl MyMKiH [12-14]. CoHFBI XbUIIApHl yIBTPAABIOBICTBHIK YCaKTay
mpotieci 3eprxaHanblk ToxipuOene 100 HM-meH kimr OemeKTepAeH TYpPaThIH
METaJIJI HAHOMOPOIIOKTAPhIH aly VIIH KOJJIAHbUIyJa. 3€pPTTCYAIH MaKCaThl
CCJICHHIH  KOJUIOMATHI  CPITIHIUIEpIH KapamaWbIM OJiC  apKbUIBI  allyFa
0OJIaTBIHIBIFBIH KOPCETY.

2. Toxipubesik 6oJ1im

CeneHHIH KOJUIOMATHI EPITIHIICIH any YIIIH CEJICHUT HOHJAaphl Oap CyJibl
epiTiHfiCi, YII BaJeHTTI THTaH CyIb(aThl JKOHE J>KENaTHH KOJAAHBUIIHL
JlucniepcusiblK  OpTa pPeTiHAe OMIUCTWIACHICH CY KOJIAHBUIABL 3epTTey
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JKYMBICTAphl CHIMBIMABUIBIFBI 100 MJI XUMHMSUIBIK cTakaHaa >kyprizimmi. Cyisl
EpITIHIIET] CENCH KOHIICHTPAIMSICHI MHAYKTHBTI 0alijIaHBICKAH TJIa3MaMeH
ATOMIBIK-DMHCCHSUIBIK ~ CHEKTPOCKOMHSI  O/ici  apKbUIBl  aHBIKTAJIBL
Benmexrepin enmeMaepi OOWBIHIIA TapaTybl TUHAMHKAIBIK KapBIK IAIBIPaybI
(JDKII) omici apkputel  Zetasizer Nano ZS (Malvern, YnaeiOputanust)
KYPBUIFBICHIHBIH, ~ KeMeriMeH  on-@®apabu  areiHmarsl  Kazak — YITTBHIK
VHUBEPCUTETIHIH  3epTXaHachlHma OaramaHmael. Kommownarsl  kykenepzeri
TUCTIEPCTIK (ha3aHBIH OOIIIEKTEP] KBLUTYJIBIK KO3FAIBIC HOTIKECIHIE XaOTHKAIBIK
KO3FaJIBICTAap JKacaiibl, CeKyHIbIiHAa ImamameH 10' per OarbITTBI ©3repTeji.
Congpikran, UKL KypsutFbIchIHAA OipHEIIE PET KaTapblHAH ©JILIeY >KYPri3iiii.

Kommouarsl cemeH epiTIHAICIH IIBIHBI TUIACTUHKAHBIH OETiHE TaMBI3HII,
COCBIH OHBI KEMTipil, cofaH COH OHbIH MuKpodororpaduscel (JSM-6610 LV)
TYCipini.

3. 3epTTey HITHAKeTEPi MEH TAJKBLIAHYBI

Toxipube OenMe TeMnepaTypachlHaa HATPU CEJICHUTIHIH CYJIBI epiTiHiciHe
TATAHHBIH YII BAJICHTTI CYIh(ATHIH SKBHBAICHTTI MOJIIEPIH KOCY apKBLIBI
JKy3ere achIphUIafbl. Y CHIHBUIBIN OTBIPFAH OJICTIH MOHI KeJeciie: HaTpuid
CENICHUTIHIH epiTIHIICIHE Y1l BAEHTTI TUTAaH CyIb(aThIHBIH epiTiHAici OipTiHAen
KOCBUIBIIT OTHIpaAbl. benrimi Oip xarnainapna, SFHH CEJICHHT-UOHIAphl MEH
tutad (III) moHmAapBIHBIH SKBHUBAJICHTTIK KATBHIHACKHI Ke3iHAe, 5-7 MHHYT immiHme
EpITIH/I TYCI allibIK KbI3BUIT TYCKE alfHaNIa bl Byl ke3e keneci peakuus sypei:

Se**t +4Ti3* > Se,,, + 4Ti** (1)

AIIBIK KBI3BLI TYC - AJIEMEHTTI aMOP(ThI CEICHHIH KOJUIOMITHI ePITIHIICIHIH
naiina 6omysiMeH Tycinaipineai. Komtouarsl ceneH epiTiHAICIHIH TYPaKTBUIBIFBI
ToxKipube kargaiapbina OaitmanbicThl 2-3 carartan acmaiuel. Cenenniy (V)
Oacramkbl KypamblHa, COHJIafi-aK J>KEJIaTUH KOHIEHTPAIUSIChIHA OalIaHbICThI
KOJUIOMJITBl €PITIHAIHIH TYPAKTBUIBIK YaKbIThl 240 caFaTTaH acaThIHJbIFbIH
3epTTEy HOTHXKENePi KOPCETTi.

AJBIHFAH CEJICHHIH KOJUTOWATHI €pPITIHMICIHIEr1 OOJIIEeKTEpIiH emeMaepi
OolibiHIIa Tapanybl 1-cyperte KepcerinreH. bemmekrepmid TapanybiHoa Oip
Heri3ri MK Oaifkamasel, OJ1 opTalia eJiieMeri OemekTepaeH Typanbl. CurHan
KapKbIHIBUIBIFBIH €CKEPE OTHIPBIN, Tapajayldarbl MUK OpTallla OJIIIeMi IaMaMeH
200 uM OonatbiH OeiiekTepre colikec Keneni. Anaiina, OeIeKkTep/iH CaHbIHA
Kapaii Tapairy Ke3iHze opTallia eJeM Killli MOHEp JKaFblHA Kapai bIFbICa bl byt
HOTIDKE  alblHFaH KOJUIOWATHI  EpITIHAIHIH  OeinexTepi  oIIeMJIepiHiH
OIPKEJKIIITIH KOpCeTe Il XKoHe JUCTICPCHS MPOLIECIHIH THIMIUTITIH alKbIH Ak TbI.
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Cyper 1 - CeneHHiH KOJUIOMITHI epiTiHiciHeri OeuekTepaiy ememaep O0MbIHIIA TapaTybl

JImHaMHKAaIBIK KaphIK IIANIBIPAay TEXHUKACH [ 15] apKpUTBI CelleHHIH opTaiia
emmemi 50-men 79 wHM-Te JOeiliH  aHBIKTANABl  (cyper 2). 2-cyperre
TYpPaKTaHABIPBUIFaH CEIeH HAaHOOOIIIEKTEePiHIH Tapalybl KOPCETUITEH.
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5 i £
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Particle diameter (nm)

Cyper 2 - XenatuH epiTiHAICI KaTBICBIHAAFHI CEJICH arperaTTapbIHbIH
muddepeHIangp! Tapary KUCHIKTapbl

Toxipubenep Oenme Temmeparypackinza 100 M1 [IBIHBIL  CTakaHJA
XKyprizinai. Op0Oip ToxipuOe 2-3 peTTeH KalTaJaHIbl.

Mpeican 1. 0.1 1/n KOHIEHTpaumuschl Oap CENEHUT HWOHIAPBIHBIH CYIIBI
cynbdar epiTiHIiCiHe YIII BAJICHTTI TUTAH CYJIb()ATHIHBIH 3KBHUBAJICHTTI MOIIIIEPi
KOCBhLIQJbl. 5-7 MHUHYTTaH KeHIH aliblK KbI3BUI TYCTI CEJICHHIH KOJUIOMJITHI
epitinmici maiga Oonangel. Exi cararTaH KediH crakaHHbIH TyOiHe yibTpa
JCTIEPCTI CeNIeH YHTAFblHBIH 0asy TyHYbl Oacranajpl, SFHH KOJUIOUJTHI
epITIHAIHIH TYPaKTBUIBIFBI OY3bIIa bl
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Mpican 2. 1-mbicanFa yKcac, Oipak 5-7 MUHYTTaH KEWiH KOHIICHTPAIMSCHI
0.1 r/nm xemaTWH epITIHAICI KOCHUIAABI. OYJI JKarmalijia CeleH YHTaFbIHBIH
KOJUTOHMJITBIK, €pPITIHIICIHIH TYPaKTBUIBIFBI 24 caraTka JeHiH caKTamajbl, COJaH
KeiiH CTakaHHBIH TYOiHE yIbTpa IHCIIEPCTi CEJIeH YHTAFbIHBIH OIpTIHACT TYHYHI

Oalikamanpl. 3 — CyperTe KOJOWATHI CENeHII alyAblH YJATUTK ChI30ackl
KOPCETIITeH.
. i+ ¥
g +TNLidl)+ .
CeJeHHT ::u::::
HOHAApLI Hap

epiTinai
KOJLTOHATBI
cejleH

Kacwn
AMME

Cypet 3 — Kosmouarsl ceseH ajy cbi3dachl

Meican 3. Kypamsiaza 0.05 1/71 KOHIEHTpanusicel 6ap CeleHUT HOHAAphl Oap
epiTiHAire yII BajJeHTTI THTaH CyJb(aThIHBIH OadamMalibl MeJIepi KOCHUIAIbI,
coman keiin 0.05 T/1 KOHIEHTpAIUsICHl Oap JKeJNaTUH EPITIHIICI KOCBUIAJIBL.
Kosonars! epiTiHAIHIH TYPaKTBUIBIFBI 24 caraT.

Msican 4. 0.01 1/n1 KOHIEHTpanUsChl 0ap CENEHWT HOHIAPBIHBIH CYIIBI
epiTIHJICIHe YII BaJeHTTI TUTaH CyIb(haTHIHBIH OazaMaibl MeIIepi KOCHUIA b
5-7 munytran keiiin Oyn epitingire 0.02 r/1 KOHUEHTpAIMsIChl 0ap JKeNaTuH
epITIHICI KOChUTabl. byl ®aFaaiia KOJJIOUATHl epPITIHAIHIH TYPaKThUILIFEl 240
carat 0oiibl cakTanazsl (kecte 1).

Kecre 1 — Koyutounrs! ceneH epiTiHAICIHIH TYpakThUIBIFBIHA ceneH (IV) HOHIaphIHBIH JKoHE KENaTHH
KOHIICHTPAIMACHIHBIH dcepi

Ne Se (IV) t/n Ti (1) r/n JKEJaTHH I/J1 T, caraT

1 0.1 0.1 - 2

2 0.1 0.1 0.1 24

3 0.05 0.1 0.05 24

4 0.01 0.1 0.02 240
Kommounrsl cenen OenmiekTepiHiy MuKpodoTorpadgusacsl 4 - cyperre

KepceTiiareH. EpiTiHaizeri KOIUIOUATHI OOIIeKTepAiH MUKPO CYPETiH TYCipy oTe
KubIH ce6e6i omapae Memmepi 107-10° mamaceiana Gomaner. Conna na 6oca,
QNBIHFAH KOJUIOMJATHI CEJICH CPITIHAICIHICTT  KOJUIOWIATHl  OeJIIeKTep/IiH
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MukpodoTorpaduackiH Tycipyre TalanTaHIblK. KoJUTomAaTel ceneH epiTiHmiciH
JKYKa IIBIHBIHBI OCTIHE TaMBI3BI, OHBI KEMNTIpil, KOJUIOWA OeIIeKTepiHiH
MuKpodoTorpadusicel Tycipingi. 4 — cypeTTe KepiHiN TypraHmad, eTe Maiina
HaHOpa3MepJIi celieH OeJIIEeKTEPiHeH KypaFaH OyIT Topiziec OeliHeciH Oalikayra
Oomazpl.

Toxipube Ky3iHAEe KapacTBIPBUIBII OTBIPFaH JKYMBICTBIH KONTETeH
APTHIKIIBUIBLIKTAPhI 0ap €KEeHi aHBIKTAJIJIbI;

- aHAJIM3Te KETETiH YaKbITTBIH KBICKA OOTYBI;

- peakmus KYpyiHE KeAepri KeNTipeTiH Oerje KOmnTereH KOMIIOHEHTTEP.i
0eJIin ajqy HeMece aKTUBCI3ICHAIPY/IiH KaXeTi KOK;

- peakuMs o3 epKiMEH JKYpeai, OHbI KYPri3yAiH HeMece Te3AETYIiH KaKeTi
KOK (TeMIepaTypaHbl )KOFapbUIATyAbIH HEMece KaTaln3aTopJiapAbl KOJITaHYIbIH
KaXeTi XKOK).

SEI  20kV WDImm  SS30 x10,000 1pm —
Sample 9829 31 Jan 2019

SEl  20kV WD9mm  §S20 x10,000 1pm (—
Sample 9830 31 Jan 2019

Cypert 4 - Komouarsl cesieH epiTiHaiCiHaeri ceneH OemiiekTepiHiH MUKpo(oTorpadusce

Ochinaiiima, KOJUIOMITHI CEJICH ePITIHAICIH allyIblH YCHIHBUIFaH OMiCiHJIE
TIpOIIeCC dJ/IeKai/1a ap3aHAai bl XKOHE KEHUTICTINe/i:

- KpIMOAT JXOHE KOJI JKETIMII eMeC Ja3epilik KOHABIPFBIHBI MTalaaHy IbIH
KaXeTI XKOK;

- TIPOIIECC DIIEKTP TOTHI OOJIMaraH Ke3Jle XKYpelli, OChIFaH OalIaHBICTHI OHBI
Ke3-KeJITeH 3epTXaHaNbIK )KOHE AaJlaNbIK JKaFaani/a )Kyprizyre Oomazsl;

- KaXETTI peareHT - YII BaJICHTTI THTaH CyIb(QaTbIHBIH EpiTiHAICIH
3epTxaHafa Oendrimi oxmicmeH oHaill cuHTezngeyre Oonaapl. byn 3eprreyiepain
»xaHaneIFel KazakcTan PecriyOnrkachiHBIH TaTEHTIMEH KOpFaasl [16].

4. KopbITBIHABI

Ochl 3epTTeyIiH HOTIKENepi CeNIeHHIH KOJUIOWATH EPITIHIICIH ayablH
THIM1 9IICIH KOPCETIN, OHBIH TYPAaKTBUIBIFBIH apTTHIPYABIH HETI3Ti (haKTopIapbIH
aHBIKTAJbl. HaTpuii celieHWTI MEH YII BaJICHTTI THUTaH CYJb(paThIHBIH ©3apa
OpeKeTTeCyiHiH HOTHKECiHIe aMOP(THI cesieH OONIIEKTEePiHiH TY3i1yl pacTaiibl.
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AJbIHFaH epiTiHaiaeri OemekTepain Memepi 50-79 HM apajbiFbiHaAa OO, all
JKEJIATUHHIH KOCBLTYHI OJIAP/ABIH TYPAKTBUIBIFBIH aPTTHIPIBIL.

Y CBIHBUTFaH SJICTIH 0acCThl apTHIKIIBUIBIKTAPEl — YKOJOTHSUIIBIK KayiNCi3miK,
KaparmalbIMIBLIBIK JKOHE KYPIETi JKaOABIKTapAbIH KaKEeTTUTITIHIH 0oaMaybsl. by
TEXHOJIOTHS MEIUIMHAIBIK IMpenaparrap a3ipjiey, jKapajapabl eMIey >KoHe
OakTepusFa Kapchl MeNnMIep TalblHaay YIIiH YJIKeH MepCIeKTHBAAD YChIHABL.
CoHBIMEH KaTap, CEJICHHIH AaHTHOKCHIAHTTBIK XOHE OHOJOTHSIBIK OeICeHi
KacweTrTepl OHBIH MEIUIIMHA >KOHE (papMalleBTHKA CalalapblHAa KEHIHCH
KOJIIaHBLTYbIHA MYMKIHJIIK Oepei.

3epTTey HOTHXKEJIEpl KONJIOMATHI CENCH epiTIHAUIEpPIH KapamaibiM >KoHE
YHEMII 9icTep apKbpUIBI Ay MYMKIHAITIH KepceTTi. bomamakra Oy omicTi ogan
opi  KETUIAIPY JKOHE OHBIH OHOMEIUIMHANBIK, (apMaIlCBTHKAIBIK JKOHE
OHJIIPICTIK KOJAAHBUTYBIH KEHEUTYy OOMBIHIIA KOCBIMIIIA 3EpTTEyJiep KaxKer.
Ochnaiiiiia, 93ipJCHTEH oMiC CEJICHHIH HaHOMAaTepHAIIApBIH alyAblH JKaHa
MEPCIIEKTUBAJIBIK OaFbIThI PETIH/IE KapacThIPbLIaIbI.

Myaaejep KaKThIFBICHI: ABTOpiIap Oyl Makanaja e3apa MyJUIeliep KAKThIFBICBIHBIH JKOKTHIFBIH
MOTIMAEH .

HUCCIIEJOBAHME BO3MOKHOCTH OBPA3OBAHMA KOJIJIOUJHOI'O
PACTBOPA CEJIEHA

M.K. XKybanvic', A.B. Baewio6?

Kazaxckuit Hayuonansholil nedazoeuyeckuii Yuusepcumem umenu Abas, Armamer, Kazaxcman
2Hncmumym monnuea, kamanusa u snekmpoxumuu umenu JI.B. Coxonvckozo, Anmamel, Kasaxcman
*E-mail: madina.jubans@mail.ru

Pe3ome. Bseoenue. AHTHOKCHIAaHTHBIE CBOMCTBA celieHa ObUTH BBIABIEHBI B 60-X rogax XX Beka, 4To
CTal0 OCHOBAaHMEM JUIS IPU3HAHMS €ro BAXKHBIM MHKPOIEMEHTOM MJIsi OpraHu3Ma ueloBeKa Hu
KUBOTHBIX. Ero ocHOBHas (pyHKIHUS 3aKIIFOYAaeTCA B 3allUTE OpTaHH3Ma OT OKCHUIATHBHOTO cTpecca. B
XOJie HCCIENOBAHHUA YCTAaHOBIEHO, YTO HAHOUYACTHIBI CeleHa OONaJaloT BBICOKOH OHONIOrMYEecKOH
AKTMBHOCTBIO Y HU3KOH TOKCHYHOCTBIO, YTO OTKPBIBAET BO3MOXHOCTH JUISl UX TIPUMEHEHUs B MEIULIUHE U
Ipyrux obnactax. Memooer. [l noirydeHus: KOJJIOMIHOTO PacTBOpa CeJIeHa MCIOIb30BATUCH CEIEHUT
HATpHs, TPEXBATCHTHBIA CyIb(aT TUTAHA U KENaTHH. B KadecTBe QUCIICPCHOHHON CpeIbl IPUMEHSIACh
OMAMCTHIUIMPOBAHHAS  BOJA.  OKCIIEPUMEHTBI  NPOBOJWINCH MHPH  KOMHATHOW  TemIeparype.
Pacripenienenne uwactuly 1mo pasmepy B IOJyYEHHOM KOJUIOMJHOM PAacTBOPE OINPENEsIOCh METOAOM
quHamudgeckoro  ceropaccesHus  (JICC).  MukpodoTorpadun MONyd4eHS! C  HCHOIB30BaHHEM
CKaHHUPYIOIIETo MEeKTPOHHOTO MHUKPOCKOMa. Pesynomamul u o6cyscoenue. Pe3yabTaTel IOKa3aly, YTo B
pe3yJibTaTe peakuu MEXIy CEeICHHUTOM HATpUsi U TPEXBAICHTHBIM Cylab(aToM THUTaHA 0OpasyloTcs
aMop(HbIe YaCTULbl CEJEHA. YCTAHOBIEHO, YTO JOOABIICHHE >KEIaTHHA 3HAYUTENILHO YBEIHMYMBAET
CTaOWIBHOCTh KOJUIOMAHOTO pactBopa. CpenHuil pasmep yacTHl] BappbupoBaics B npenenax ot 50 mo 79
HM. JloOaBieHue xKenaTuHa yBEJIMYMBAIO CTAaOMIIBHOCTH PacTBoOpa ¢ 2 4acoB a0 Oonee yeM 240 vacos.
HccnenoBanue 1mokasajio, 4TO YacTHIBI B MOJYYEHHOM pPacTBOPE PAaBHOMEPHO paclpelesieHbl, a caM
pactBop 007amaeT BBICOKOH CTaOMIBHOCTBIO. IIpe/yIoKeHHBIH METOH  SBIAETCS IKOJIOTHYECKH
0e30macHBIM, INIPOCTBIM K HE TpPeOyeT CIOXKHOTO O0OpYHOBaHMA. JTOT MHOAXOA HMeeT OONbHION
MOTEHIMAN UIsl pa3pabOTKM MEAMIMHCKUX IIperapaTroB, JEUYEHHS paH U CO3JaHHUS PAaCTBOPOB C
aHTHOAKTepHaNbHBIMU CBOWCTBaMU. 3aknmiouenue. HccnenoBanue mMOATBEpIHIO 3(PPEKTUBHOCTE U
MEePCIeKTUBHOCTh TEXHONOTHH IONYYeHHs KOJUIOMIHOTO pacTBopa ceneHa. HoBu3Ha JaHHOTO
HCCIIeIOBaHMs 3allliilieHa mateHToM PecnyOsiuku Kaszaxcran.
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Ki1roueBble cJ10Ba: KOJUIOWIHBINA CEJICH, IUCIEPCHBIE YacTHIsl, noHbI THTaHa (III), pacTBOp )emaTuna,
HMOHBI CEJICHHTA.
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baewoe Aooyanu OOKMOP XUMUYECKUX HAVK, npogeccop,
axademux HAH PK
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SEARCH FOR EFFECTIVE DRUGS AGAINST PATHOGENIC FLORA
IN THE SERIES OF O-para-TOLUOYL-B-(MORPHOLIN-1-YL)
PROPIOMIDOXIME AND 5-ARYL-3-8-(PIPERIDINE-1-YL)ETHYL-
1,2,4-OXADIAZOLES DERIVATIVES

L.A. Kayukova®®, R.B. Seydakhmetova?, A.M. Duisenalil, A. Yerlanuly!, A.B. Sartoyeva'

LJSC «A.B. Bekturov Institute of Chemical Sciences», Almaty, Kazakhstan
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Abstract. Introduction. In the context of the growing resistance of pathogenic microorganisms to
traditional antibiotics, as well as the increase in the number of fungal infections, it is important to find
new effective agents to combat these threats. Objectives and tasks. The work is devoted to the study of
antimicrobial and antifungal activity of B-aminopropioamidoxime derivatives. Methods. In the chemical
part of the work, two groups of compounds were obtained: O-para-toluoyl-p-(morpholin-1-
yl)propioamidoxime base, hydrochloride, oxalate, citrate and 5-aryl-3-B-(piperidin-1-yl)ethyl-1,2,4-
oxadiazoles (aryl: para-MeCe¢Hs, para-BrCeHs, meta-CICeHs), described earlier. Using in vitro
microbiological screening, B-aminopropioamidoxime derivatives were tested for antimicrobial (on gram-
positive bacteria Staphylococcus aureus, Bacillus subtilis and on gram-negative bacteria Escherichia coli,
Pseudomonas aeruginosa), as well as for antifungal activity against the yeast strain Candida albicans and
mold fungi Penicillium citrinum, Aspergillus niger, Torulla spp. Results. The B-aminopropioamidoxime
derivatives studied by the agar diffusion (well) method and the serial dilution method have pronounced
antimicrobial activity. Using serial dilution method it was determined that O-para-toluoyl-B-(morpholin-
1-yl)propioamidoxime oxalate, with lower toxicity than the reference drugs gentamicin and nystatin
(LDso, mg/kg), exhibits equal antimicrobial activity against Staphylococcus aureus and antifungal activity
against Candida albicans. Conclusion. Antimicrobial and antifungal properties were found in f-
aminopropioamidoxime derivatives. O-para-toluoyl-p-(morpholin-1-yl)propioamidoxime oxalate was
determined as a promising compound for the use in medicine and agriculture.

Key words: O-para-toluoyl-p-(morpholin-1-yl)propioamidoxime base and salts, 5-aryl-3-B-
(piperidin-1-yl)ethyl-1,2,4-oxadiazoles, antimicrobial activity, antifungal activity.
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TMOWCK MPENAPATOB, 9®®EKTUBHBIX B OTHOUIEHUH MATOTEHHOM ®JIOPHI, B
PAJAX ITPOU3BOJHBIX O-napa-TOJYONJI-B-(MOP®OJINH-1-UJT)
MNPOINMUOAMUJTOKCUMA U 5-APWII-3-p-(IIUINEPUAUH-1-U1)ITUJI-1,2 4-
OKCAJIMA30J10B»

JI.A. Kaiokoea'", P.B. Ceitdoaxmemosa?, A.M. /lyiicenani‘, A. Epnanynv', A.5. Capmoesa®

Y40 «HMncmumym xumuveckux nayk umenu A.5. bekmyposay, Anmamsi, Kazaxcman
2HAO «Meduyunckuii ynueepcumem Kapazanowly, Kapazanoa, Kazaxcman
*E-mail: Ikayukova@mail.ru

Pe3ome. Bsedenue. B ycnoBusix pacTymield yCTOMYMBOCTHM TATOT€HHBIX MHKPOOPraHM3MOB K
TPaJMLMOHHBIM aHTHOMOTUKAM, a TAKXKE YBEIMYCHHUsS YUCIA PUOKOBBIX MHGEKIMH, BaKHO HAXOMHUTh
HOBbIe 3((EeKTHBHBIC areHTHl I OOpbOBI ¢ 3THMH yrpo3amu. [enu u 3adauu. Pabora mocBsiieHa
HCCIIEIOBAHHIO AHTUMUKPOOHO#T u AHTUTPUOKOBOIA aKTHBHOCTH MIPOM3BOAHBIX B-
aMHUHOIPOITIHOAMUIOKCUMOB.  Memooer. B  Xumudeckoil 4acTh paboOTBl MOIYyd4EHO J[BE TPYIIIbL
COCJMHEHHUH: OCHOBaHME, THAPOXJIOpUZ, oOkcamar, unutpar O-napa-tomyownn-B-(Mopdonun-1-
MIT)IPONUOAMUIOKCHMA U S-apmi-3-B-(nunepuaun-1-mn)stun-1,2,4-oxcanuasonst (apun: napa-MeCesHa,
napa-BrCeHa, mema-CICsH4), onmcannsie paree. C moMOIIpko in Vitr0 MEKpOGHOIOTHYECKOT0 CKPUHIHTA
MPOBEACHO TECTUPOBAHHE MPOM3BOIHBIX [-aMHHONPONMHOAMUAOKCHMOB Ha AHTHMHKpPOOHYH (Ha
rpaMIIOIOXKHUTENBHBIX Oaktepusix Staphylococcus aureus, Bacillus subtilis u Ha rpamorpuuarensHbix
Gakrepusix Escherichia coli, Pseudomonasa eruginosa), a Takke Ha aHTHIPHOKOBYIO aKTHBHOCTH B
OTHOILCHUH IuTaMMa JpoxokeBoro rpubka Candida albicans u ruecHeBbix  rpuOkos Penicillium
citrinum, Aspergillus niger, Torulla spp. Pesyromamui. U3y4ennsie MmetooM anddysuu B arap (JIyHOK) U
METOJIOM CEPUHHBIX pa3BeCHHIl MPOH3BOAHBIC (-aMHHOIPOIHOAMHUJOKCHMOB OOJAaNalOT BBIPaXKEHHOM
AHTUMHUKPOOHON ¥ YMEPCHHO-BBIPQXKCHHOH  AHTUTPHOKOBOW aKTHBHOCTHIO. METOIOM CEepHIHBIX
pasBezeHuil ompeneneHo, 4to okcanat O-napa-tomyous-B-(MopdonuH-1-un)nponrnoaMuiokcuma, Ipu
MEHBIICH, YeM JTAJIOHHBIC NpernapaThl TCHTAMULUH M HUCTATUH TOKCHYHOCTH (LDso, MI/Kr), mposBisieT
PaBHYIO ¢ HIMH aHTHMHKPOOHYIO akTHBHOCTH Ha Staphylococcus aureus u aHTHrpuOKOBYHO aKTHBHOCTH
Ha Candida albicans. 3axmouenue. YV TpPOM3BOAHBIX [-aMHHOIPOMHOAMIIOKCHMOB OGHAPYKCHBI
aHTUMUKPOOHBIE ¥  HpOTHBOrpuOKoBble cBoicTtBa. Okcanar  O-napa-tonyoun-B-(mopdonun-1-
JT)[IPONTHOAMHIOKCHMA OIPEJIENICH KaK COCIWHCHNE, IIEPCIEKTHBHOS I NMPHMEHEHHS B MEAULUHE H
CETbCKOM XO3SIHCTBE.

KuroueBble cioBa: ocHoBanue u comu O-napa-tomyoun-B-(MopdonuH-1-min)nponrnoaMmuiokcuma, 5-
apmi-3-p-(munepuaus-1-un)stun-1,2,4-okcagnuaszonsl, aHTHUMUKPOOHAs —aKTHBHOCTb, aHTUTPHOKOBAs
aKTUBHOCTb.

Karwokosa Jlvwomuna Anexcanoposna Jlokmop xumuyeckux HayK, npogeccop, 21asHwlil
HAYYHBII COMPYOHUK

Ceiioaxmemoga Poza bammanosna Kanouoam meouyuncrxux nayk, npogeccop

Ayiicenani Aindana Markcymxpizol PhD odoxmopanm KazHY um. Ane @apabu, maaowiuii
HAYYHBII COMPYOHUK

Epnanynet A3amam Maeucmpanm Kasaxcxozo Hayuonanenozo
neoazozuiecko2o ynugepcumema um. Abas, unscenep

Capmoesa Apyyscan baxmuépxusu Bbakanasp, unoicenep

1. BBenenne

HenpaBunbHOoe — WCMONBb30BaHWE  AHTUOMOTHKOB B MEAWIMHE |
HE/JIOCTATOYHBIH KOHTPOJIb MH(EKUWi MpHBEIM K TOSBICHUIO PE3UCTEHTHBIX
ITAMMOB, KOTOpBIC TMPEICTABJISIOT CEPhE3HYI0 yrpo3y OOIIECTBEHHOMY
3IPAaBOOXPAHEHUI0 M MUPOBOW 3KOHOMHKe. [lonck aHTHTpHOKOBBIX TperapaToB
U1 UCIIOJIB30BAaHUA B CCIIBCKOM XO3$H71CTB€ U MCOUIINHE TaAKXKC SIBIIFACTCA
aktyanpHbIM. [loaTOMY wuccienoBaHus © pa3pabOTKM HOBOTO TOKOJICHUS
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AHTUMHUKPOOHBIX W  AHTHTPUOKOBBIX  TIpermapaTtoB  IUIsL  CMSTUYCHHS
pacrpocTpaHeHus YCTOMYMBOCTH K aHTHOMOTHKAM CTaJId UMITepaTHBOM [1-6].

l'enTaMuLIMH, OTHOCSIIMICA K  KJIacCy AaMHUHOIVIMKO3WJIOB, 4acTo
MPUMEHSIETCS KaK 3TAJIOH B MCCIIEIOBAHUSIX HOBBIX aHTUMUKPOOHBIX MPENapaToB
(pucyHoxk 1).

OH
H,C 0 H,N CH,
H HO ©
N NH
H;C OH Y /X f I o T
H,oN NH, HO! 2
T'erramunma Hucratnn

Pucynox 1 — DranoHHble npenaparsl Ipyu aHTUMUKPOOHOM U ITPOTHBOrPHOKOBOM CKPUHUHIE

OfHaKO TEHTAMUIIMH MOJXET BBI3BATh HEKOTOPBIC CEPHhE3HBIC MPOOJIEMBI CO
3m0poBbeM. HenocTaTkaMu TEHTAMHUIMHA SIBIISTIOTCS HEBBICOKAs aKTHBHOCTB,
mo6ouHbie dPGEKTHl W BBICOKAS TOKCHYHOCTH [/7]. Tepamwsi TeHTaMHUIITHOM
CBSI3aHA C MOTEHIUAJIbHOM HEHPOTOKCUYHOCTBIO, OTOTOKCUYHOCTBIO U
unedporokcrmuHocThio [8,9]. Toxkcumunocts renramununa (LDsg) cocraBmser 450
mr/kr [10,11].

B kadecTBe STaJOHHOTO NPOTHUBOIPHOKOBOIO TIpemapara B pabore ObLI
HCTONb30BaH HUCTATHH — TMPOTHBOIPUOKOBBIA Mpenapar, OTHOCSIIMHCS K
MOJIMEHOBBIM HOHO(OPAM, UCIOJIB3YEMBbIH JIJIsl JICUCHUST KOXHBIX, CIM3HCTHIX U
KEMYJOYHO-KHIICYHBIX TPUOKOBBIX WH(EKIHH, OCOOCHHO BBI3BAHHBIX TPHOaMHU
pona Candida [12] (pucynok 1). HambGonee wacto cooOmaemMble MOOOYHBIC
3¢ GeKThl HUCTATHHA BKIIIOYAIOT pa3ipakeHHe MOJOCTH PTa U CCHCUOMITHM3AIUIO
[13]. Tokcuunocts uucratuha (LDsg) mpu BHYTPHOPIOIIMHHOM BBEICHUH Yy
MblIlIel coctasiseT ~200 mr/kr [14].

C 1enbI0 TIOMCKa HOBBIX aHTHMHUKPOOHBIX M aHTUTPUOKOBBIX CPEICTB HAMH
BBITIOJTHEH N Vitr0 CKPUHUHT TPOM3BOAHBIX B-aMHHOMpPONHOaMUI0KcuMoB (2a—d
u 3a-C) Ha TMaTOreHHBIX TIPAMIIOJIOKHUTEIBHBIX M T'PAMOTPUIATEIIBHBIX
MHUKPOOPraHU3Max, U Ha JIPOXIKEBOM M TPEX MPECHEBBIX TprOKax (cxema).

N/OH N/OCOC6H4X-m,p N=0
/\ /\)l\ m,p-XCeH ,COCI /\ /\)l\ -H,0 /\/( 7 N
Y N NH, ———— Y N NH, ——> N N
/ /A X
1a,b 2a-g 3a—c X-m,p
Y = 0(a), CH,(b) Y=0; X=p-CH;; A=HCI(a), zero(b), HOOCCOO'(¢),  X=p-CHs(a), p-Br(b), m-Cl(c)

(HOOCCH,),C(OH)COOH(d)
Y=CH,; A=zero; X=p-CHj(e), p-Br(f), m-Cl(g)

Cxema — Cunres npoun3Bogubix O-napa-tomyoni-fB-(Mopdonun-1-un)nponrnoamugokcuma(2a—d) u
5-apui-3-B-(nunepuaun-1-un)stui-1,2,4-oxcaanaszonos (3a—C)
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2. JDKcnepUMeHTAIbHAs YacTh

2.1. Dxcnepumenmanvhas xumuueckas 4acmo

Cunre3 coenuHeHHH 23—0 OCYIIECTBIEH C YMEPCHHBIMH U BBICOKUMH
Beixomamu (62-90%) [15]; rpymma 1,2,4-okcagma3onoB 3a—C IOilydeHa C
Bexogamu 43—80% [16]. Berxomsl, Gpusuko-xummdeckne xapakrepuctuku u UK n
'H u 3C SIMP cnekTpanbHble JaHHbIE HONYYEHHBIX COEIMHEHHI COOTBETCTBYIOT
OIMCAaHHBIM paHee. Bce coenuHeHus BISI0TCS BOJOPACTBOPUMBIMU.

2.2. DKcnepumeHmanbHas 6UoN02U4ecKas Yacmo

In  vitro aHTUMUKPOOHBI W aAHTUTHOKOBBIH CKPUHHMHI OCHOBAaHUS,
THApPOXJIOpUAa, oOKcamata wu  1urpata  O-napa-tomyoun-B-(mopdomma-1-
wn)nponuoamuaokcuma  (2a—d) u  S-apwi-3-(B-nunepuaunno)atui-1,2,4-
okcaanasonoB (3a—C) Ha pepepeHTHBIX TECT-MUKPOOPraHu3Max: (haKyIbTaTUBHO-
aHa’pOOHBIX TPAMITOJIOXKMTENLHEIX KokKkax Staphylococcus aureus ATCC 6538,
a’pOoOHBIX TPAMITOIOKHUTENBHEIX CHOpooOpasyronmx majgoukax Bacillus subtilis
ATCC 6633, rpaMOTpHLIATeNbHBIX Majoukax (aKyJIbTaTUBHBIX aHa’podax
Escherichia coli ATCC 25922, aspobueix Pseudomonas aeruginosa ATCC
27853, na npoxokeBoM rpudke Candida albicans ATCC 10231 nponenan nByms
CTaHAAPTHBIMU METOAAMHU: METOAOM Iu(QYy3uH B arap U METOJAOM CEPHHUHBIX
pa3BelCHUI C ONpeAeIeHHEM MHHUMAIBHONH WHTHOMPYIOIICH KOHICHTpAIWH.
OrleHKa aHTUTPHUOKOBON aKTHBHOCTH [(-aMHHOIPOIIMOaMUIOKCHMOB (2a—d u 3a—
C) B OTHOLICHUM IITaMMOB IuiecHeBbIX rprboB Penicillium citrinum, Aspergillus
niger, Torulla spp. Beimonnena mMetonaoMm auddy3un B arap [17]. TecT-mTaMMer
MHUKpPOOPTaHH3MOB,  HCIIOJIb30BaHHbIE B  HCCICIOBAHWH, MONYyYCHBI U3
AMEpUKaHCKOH KOJUIEKIIMU THIIOBBIX KYJBTYP.

HcnplTanue KaXJ0ro COCIUHEHUS B OTHOIICHWH BBINICYKA3aHHBIX TECT-
IITaMMOB  OakTepuii © TPHOKOB MPOBOAWIOCE B 3-X  MapaulesIbHBIX
9KCHEpUMEHTax. Pe3ynbraThl HCCIEOBaHUS YCPEAHSJIM [0 JAHHBIM Tpex
9KCTIEPUMEHTOB.

Cratuctuueckas o0paboTKa OCHOBaHa Ha MeETOJax MapaMeTPHYEcKOn
CTQTHCTHKU C BBIYMCIICHUEM CpelHel apru(METHUeCKON W CTaHJapTHOW OIIMOKU
W ompeJelieHueM J0CToBepHOCTH pazimunii p<0.05 1o cpaBHEHHIO ¢ TPYIION
KOHTPOJISL.

3. PesynbTaThl

3.1 Xumuueckas yacmeo

Bce  coemunenus: — mpousBoaHbsle  O-napa-tomyoun-B-(mopdonun-1-
win)nponuoamumokcuma (2b—d), 3a uckmouenrem coemuHenus 2a, U 5-apuin-3-[ -
(munepuanH-1-un)atun]-1,2,4-okcaquazonsl  (3a—C), mpomemmue in - Vitro
aHTHOAKTepUATbHBIN u AQHTUTPUOKOBBII CKPUHUHT, SIBIISIFOTCS
BOJIOPACTBOPUMBIMH, 4YTO SIBISIETCSI BBIMIPBHIIIHBIM  OOCTOSITEIECTBOM — IIPU
pa3paboTKe CpeiAcTB ISl  MEJWIMHCKOTO W CEINbCKO-XO3SIHCTBEHHOTO
MPUMEHEHUSL.
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B-(Mopdonua-1-un)npormmoamunokcum (la) momydeH MeTogOoM one-pot;
MepBOd cTaaredl KOTOporo Obia peaknuss MOpdoirHA C aKPIJIOHHTPHIOM B
3TaHoie ¢ oOpaszoBaHueM [-(MOPQOIMH-1-KUT)IPOMUOHUTPHIA C TIOCICIYOIIEH
peakimei ¢ TUAPOKCUIAMUHOM B 3TOH K€ PeaKIIMOHHON cpene. AMHUIOKCHM la
BBIETIEH C BBIXOAOM 66% . Peakmmsa B-(mopdonwH-1-mi)mponnoaMuaokcuma
(1a) u napa-ronyounxnopuna B EtOAc npuBena Kk 00pa3oBaHHIO THAPOXJIOPHUIA

(2a) c BBIXOZIOM 83%. Okcanar O-napa-tomyoun-p-
MopdoruHOIpONMOoaMHUIOKCHMa  (2¢)  CHHTE3UpOBaH  B3aWMOJACHCTBHEM
IKBHBAJICHTHBIX KOJIMYECTB OCHOBaHHS O-napa-ronyounn-f-

MopdoarHOTIpOTHOaMHIoKcuMa (2D) 1 1aBeaeBoil KUCIOThI TPH KHUIITYCHUH B
aneToHe ¢ BbIXogoM 62%. Mcmonb3ys 3TOT ke METOJ, NMPU B3aUMOJEHCTBUU
ocHoBauus 2b ¢ mumonHON KMCciOTON OOpasoBad murpar O-napa-Toryoui-f-
(Mopdomun-1-mm)npormoamugokcuma (2d) ¢ Berxomom 90% [15].

5-Apuin-3-[ B-(munepuaun-1-un)atuin]-1,2,4-okcaanazonst (3a-—c)
CHHTE3UPOBAHBI JeruapaTauei O-apoun-(2-nunepuaua-1-
winnpornuoaMuiokcnimMoB 2e—g B IM®A mpu 70°C ¢ Beixomamu 64-77 %
(Cxema) [16].

3.2 Aumumuxpobnvle u ammuepubrogvle ucciedosanusi oubnuomexu -
amuronponuoamudoxcumos 2a—d u 3a—C

B pesymprate in  Vitr0o aHTHOAKTEpHANBHOTO W  AHTUTPHOKOBOTO
HCCIIEIOBAHUS YCTAHOBIIEHO, YTO MCIIBITAaHHBIE 00pa3ibl 2a—d 1 3a—C MIPOSBIIAIOT
AQHTUOAKTEPUANBHYI0O aKTUBHOCTh B OTHOIICHWH T'PaMIIONOXKUTEIbHBIX TECT-
mrammoB  Staphylococcus aureus, Bacillus subtilis, u rpamorpunarenshoit
nanouku Escherichia coli, kak meromom aupdysun B arap(JiyHOK), Tak u
METOJIOM CEPUITHBIX pa3BejieHuil (pucyHku 2 u 3).

Memoo oJupgysuu 6 aecap. BripaxkeHHYI0 aHTUMHKPOOHYH aKTUBHOCTH
CPEIHEro ypoBHS CO 3HAUYEHHEM JIMaMeTpa 30HBI 3aJIePKKH pocTa OakTepuil oT
11£0.1 mm mgo 20+0.1 MM, He TPEBHIIAIOITYI0 AKTUBHOCTh TAJIOHAa TeHTaMHUIIHA
ma Staphylococcus Aureus ATCC 653824 (24 + 0.1mm), wma Bacillus subtilis
ATCC6633 (21 + 0.2mm), Ha Escherichia coli ATCC 25922(26 + 0.1mm), Ha
Pseudomonas aeruginosa ATCC 27853(24+0.1mm), TpOSBISIOT MOYTH BCE
MPOTECTUPOBAHHBIC COCTUHEHUSI.

[Mpn w3ydyeHUH aHTUTPUOKOBOHW AaKTUBHOCTH B OTHOIICHHH JPOXIKEBOTO
rpubka Candida albicans BeisiBiieHO, 9TO coeTUHEHUS 2a—C, 38 UMEIOT THAMETP
30HBI 3a1epkKu pocta OoT 14+0.1MM nmo 19+0.1MM m kBamuuUUUPYIOTCS Kak
COCJIMHEHHS C YMEPEHHO BBIPQKEHHOW AaKTUBHOCTBHIO. AKTHBHOCTH STallOHA
HHUCTaTUHA Ha JpoxokeBoM rpudke Candida albicans cocrapnsier 21 £ 0.2mm.

Memoo ceputinbix paseedenuii. OOHapyX eHO, YTO TPH TECTHPOBAHHUU
METOJIOM CEpHUiTHBIX pa3BezeHuil B oTHomenun Escherichia coli u Staphylococcus
aureus coemmHenusi 2b, 2¢ w 32 WMEIOT MHHHUMAIbHBIC WHTHOWUPYIOIINE
KOHIIeHTpaIu B nipenenax 6.3—12.5 mkr/mn. Coenunenne 3¢ posBUIIO cladyro
aHTHOAKTEepUAIbHYIO aKTHBHOCTH B oTHommeHuu Bacillus subtilis ATCC 6633 ¢
MUK 50 MKTI/MJL. Coenunenus 2b, 2C B OTHOIIICHHU
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Pseudomonas aeruginosa ATCC27853 umeror  cnabyr0  aHTHOAKTEpUATIbHYIO
akTuBHOCTE ¢ MUK B 50 MKr/mi, Torja Kak 5TaJOHHBIA HpernapaT reHTaMUIMH
nmeer MUK 6.3 MKT/MIL.

AHTHTpHOKOBYIO aKTHBHOCTh B OTHOIIEHHH IpOKkeBoro rpudka Candida
albicans ATCC 10231 nposiBunu coeaunenus 2a—C, 3a ¢ MUK B npenenax 12.5—
25 MKr/MJI, STaJOHHBIM Mpernapar HHUCTATHH IPU TECTHPOBAHHM HA 3TOM
MHKpPOOPTaHU3ME UMeeT 3TO 3HaueHue Kak 12.5 mxe/mi.

Agar diffusion method, d, mm Serial dilution method, MIC, ug/ml
30 60
25 50
20 40
15 30
10 20
5 10
’ 2a 2 2 2 3 3 3 G N 0 I I I
2a 2b 2c 2d 3a 3b 3c G N
Designations: W Staphylococcus Aureus; EBacillus subtilis; Escherichia coli;

B Pseudomonas aeruginosa; M Candida albicans; G — gentamicin; N — nystatin.

PucyHok 2 — AHTHMUKPOOHAS M aHTUTPUOKOBAs aKTHBHOCTH coenuHeHnit 2a—d u 3a—C, onpeIencHHbIC
MmeroaoM auddysuu B arap (d, MM) 1 MeTo10M cepuiiHbIX passenenuii (MUK, Mxr/mi).

Takum 00pa3om, 00a HCMOJNB30BAHHBIX s IN VILr0 aHTUMHUKPOOHOTO M
AQHTUTPHUOKOBOTO  CKPHMHMHTAa METOAa TMOKAa3aJd, 4YTO MPOHM3BOAHBIC [3-
AMHUHOITPOIIHOAMHUIOKCUMOB ~ 00JIaal0T  BBIPQKCHHOW  aHTHUMUKPOOHOW U
YMEpPEHHO-BhIPAKCHHOM AHTUTPUOKOBOW aKTHUBHOCTHIO. [Ipuuem wmeron
CEpUIHBIX Pa3BEJICHUI MO3BOIMI OOJiee OMPECICHHO BIABUTH okcanat O-napa-
TOIYOUI-B-MOp(OTHHOTIPOTHOAMHIIOKCHMa  (2€),  HWMEIOMM  paBHYIO ¢
TeHTaMHITMHOM aKTHBHOCTH Ha tmramme Staphylococcus aureus ATCC 6538 wu
PaBHYIO C HHCTATUHOM IMPOTUBOTPHOKOBYHO) aKTHBHOCTH Ha JAPOKKEBOM TpUOKE
Candida albicans ATCC 10231. Tlpu 3TOM COeAMHEHHE 2C UMEET MEHBIINN B
1.7 paza, yeM TeHTaMUIMH U MEHBIIUK B 3.75 pa3, 4yeM HHUCTATWUH IOKAa3aTeib
tokcnaHocT LDsy 750 mr/kr [20]. DTo coenuHeHue CcTalo MPEIMETOM MATCHTA
Ha MoJIe3HyI0 Moens [21].

Memoo ouppysuu e azap 6 omnowenuu niecnesvix 2pubos. In Vitro
AQHTUTPUOKOBBIA CKPUHUHT OMOIMOTEKH coequnHeHnii 2a—d m 3a—C, BBINOIHEH
MmerogoM auddy3ur B arap B OTHONIEHHH IUICCHEBBIX TpuOoB. Penicillium
citrinum, Aspergillus niger, Torulla spp. DranoHHBI mpenapar HUCTATHH B
koureHtparu 0.01 Mr/mir uMeeT aAuaMeTp 3aJePKKH 30H OAKTePUAILHOTO POCTa
B 16+0.1,16+0.1 1 15+0.2 MM, COOTBETCTBEHHO.
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Agar diffusion method, d, mm

18 18 16
16 16 14

12

o R & o ®
oM B o ®
S W s o ®

22 2 2c 2d 3 3¢ N 22 2 2c 2 3a 3 N 2b 2c 2d 3¢ N
Penicillium citrinum Aspergillus niger Torulla spp
Designations: m0.01mg/ml; m0.1mg/ml; m1.0 mg/ml; N — nystatin.

Pucynox 3 — AHTHrprOKOBast akTHBHOCTb coeauHeHni 2a—d n 3a—C B oTHOLICHHH
iecHeBbIx rpudKkoB Penicillium citrinum, Aspergillus niger, Torulla spp.,
omnpeneneHHas MetonoM auddysuu B arap (d, mm).

BrisaBiieHo, 4TO coemuHeHHUS 23, 2C M 32 P MUHUMAIHHOM pPa3BEACHUH
0.01 mr/min nposiBuIIM GoJiee BBIPAKEHHYIO 0aKTepPHOCTATHYECKYIO0 aKTHBHOCTBH K
JBYM IEPBBIM IUIECHEBBIM IPUOKaM, Ye€M OCTaJbHbIE COEANHEHHS, YTO COCTABUIIO
10-12 MM, 11-12 mm u 10-11 mm, cootrBeTcTBeHHO. [IpH 3TOM B OTHOIIEHUH
riecHeBoro rpubka Torulla Spp. aHTUrpuOKOBYHO aKTHBHOCTH C JAHAMETPOM
3aJIep’KKH 30H OakTepualibHOoro pocta B 10 MM nuiib npu passeaeHun 0.1 Mr/mi
nokazanu 2b, 2¢ u 3a (pucynok 3).

B nanHoili pabote in Vitro TectupoBaHHe Ha MATOTEHHBIX MHUKPOOPraHU3Max
MPOIUIN JBE Pa3HBIX CTPYKTYPHBIX TPYHNBI: colu M ocHoBaHume O->dupa B-
aMHUHOIIPOIIMOAMHUA0KCHMA u 5-apui-3-B-aMuHO3THI-1,2,4-0KCaANA30TBL.
Koppensinus cTpyKTypa-aKTHBHOCTb, KaK HarjsIHO IIPEACTABICHO HAa PUCYHKE 3,
MIPU OTIPEJICIICHNH aKTUBHOCTH MeTOZ0M Ju((dy3UH B arap U METOJIOM CEPUITHBIX
pa3BelicHUii, Npu cpaBHeHMH akTuBHOCTell O-3¢upoB (2a-d) u 1,2,4-
okcauaszonoB (3a—C), MOKa3bIBACT, YTO MEPBasi IpyINa COCIUHEHUH, MPOSBISET
0oyiee BBIPOKCHHYIO AKTHBHOCTh Ha OOJBIIEM YHCIIE IITAMMOB, YeM BTOpas
rpymnrma.

Taxke KOHIEHTpPAaLMOHHAs [uarpaMMma Ha pHCYHKE 3 B OTHOIICHHHU
IUIECHEBBIX TpHOOB TOKa3piBaeT, 4ro rpynma O-3dupoB (2a—€) B IUCKO-
i y3nOHHOM MeTole TPOSBISET OAKTEPUOCTATHYECKYIO AaKTHBHOCTh TPHU
3HAYEHUSX JAWaMeTpa NoAaBlieHus OakTepuanbHOoro pocra B 10-12 MM Ha
Penicillium citrinum u Aspergillus niger npu menpmmx xonrentpanusx B 0.01
Mr/mia, dem rpynma  1,2,4-okcaamaszonmoB (3b,C) ¢ mmamerpom TomaBiIeHHs
OakrepuanbHoro pocra B 10—12 MM nuib npu KoHeHTpanusax B 0.1 Mr/mi.

OTcrofa MOXHO CHeNaTh BBIBOJ, 4TO Oojiee BEpOATEH MOUCK aKTHUBHBIX
AHTUMHUKPOOHBIX W TPOTHBOTPHUOKOBBIX TpemnapatoB B rpymme O-a¢upos B-
AMHHONIPONTMOAMHIOKCUMOB, 4YeM B Tpymnmne S-apwi-3-B-amMuH03THI-1,2,4-
OKCaJ1a30JI0B.
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4. 3ak/a049eHue

HcnplTaHHble  NPOW3BOIHBIE  [-aMHUHOMPONHOAMUIOKCUMOB  TOJTYYEHBI
TEXHOJIOTHYHBIM CHHTE30M H SIBJISIFOTCSI BOZOPACTBOPHMBIMH; 3TO UMEET BaXKHOE
3HaUCHHE TIpH pa3pabOTKe JIEKAapCTBEHHBIX IPENapaToB M CPEACTB 3allUThI
pactenuii. In Vitro TecTupoBaHHE MPONLIH ABE Pa3HBIX CTPYKTYPHBIX TPYIIIIBL:
cormu M ocHoBaHue O->3dupa B-amMHHONpONMMOAMHIOKCHMA M  S-apwi-3-f3-
aMUHO3THII-1,2,4-0KCcaaua3oibl. Koppensmus CTPYKTYypa-aKTUBHOCTh
MOKAa3bIBAET, YTO MepBasi IPyIIa COSAWHEHHH IMPOSBISET Ooyiee BHIPAKEHHYIO
AHTUMHUKPOOHYIO M aHTUTPHOKOBYIO aKTUBHOCTbH Ha OOJIBIIEM YHCIIE IITaMMOB,
4YeM BTOpas TIpyIlla, YTO MOXKET CIY)KUTh OTIPaBHOM TOYKOW NpU BBIOOpE
HaTpaBJICHHUs] MMOMCKAa HOBBIX AHTUMHKPOOHBIX W AHTUTPHOKOBBIX MpEnapaToB
CpeAM TPOU3BOAHBIX [-aMHUHOMPONMHOAMUAOKCUMOB. MeTon cTaHIapTHBIX
pa3BeeHHi MO3BOJIMII Hanbojee TOYHO ONpeneNuTh okcanaTt O-napa-tomyoun-f3-
(MopdonuH-1-mT)IpoTHoaMUAOKCHMa, KaK IEPCIEKTUBHOE COSOUHEHHE C
n30UpaTeIbHON aHTUMHKPOOHOW aKTHBHOCThIO Ha mramme Staphylococcus
aureus ATCC 6538 u ¢ IpoTUBOTPHUOKOBOM aKTUBHOCTBIO Ha JAPOIIKEBOM IpUOKe
Candida albicans ATCC 10231.

[Mony4eHHbIE pe3yNbTaThl JEMOHCTPUPYIOT MOTEHIMAT 3TUX COCITUHEHUI B
KadecTBe IPPEKTUBHBIX AHTUMHUKPOOHBIX M AHTUTPHUOKOBBIX TEPareBTHUECKUX
areHTOB B MEAMLMHCKOHN MPAKTUKE U B AT POHOMUH.

®dunancupoBanue: Pabora Bbinosnnena no nporpamme [P ¢ UPH BR21882220.
Kondukr untepecoB: KoHQIUKT HHTEPECOB MEXy aBTOPAMHU OTCYTCTBYET.

IMATOTEHUSJIBIK ®JIOPAZIBI EMIEY YIUIH TUIMAI JOPUIEPII IBIEY O-napa-
TOJYOUJI-B-(MOPDPOJINH-1-WI)[TPOITNOAMUJOKCHUM KIHE 5-APWJI-3-B-
(IMIEPUIUH-1-UT)ITHII-1,2,4-OKCATUA3OJ AP TYBIHABIKTAP TISIMIHAE

JI.A. Kawokoea'", P.B. Ceitdaxmemosa?, A.M. /lyiicenani', A. Epnanynn', A.b. Capmoesa®

1«O.B.Bexmypos amvindager Xumus evinvimoapul uncmumymol» AK, Anvame, Kazaxcman
2Kapazanov meouyunanvix ynusepcumemi, Kapasanowi, Kasaxcman
*E-mail: Ikayukova@mail.ru

Tyiiinaeme. Kipicne. TlaToreHmik MHKpPOOPTaHU3MIEPAIH IOCTYPi aHTHOMOTHKTEpre TO3IMILTIriHIH
ocyiMeH, COHIaii-aK CaHpIpayKyJlak HHQEKIHsIAPBIHBIH CaHBIHBIH OCYIMEH OChI KayillTepMEeH Kypecy
YIIiH JKaHa THIMAI areHTTepAl Tady MaHeBIsl. Maxcammap men Mmindemmep. JKymbic [3-
aMHUHOIPOITMOAMUIOKCHM  TYBIHIBUIAPBIHBIH MHKPOOKa KapChl JKOHE 3CHTE KapChl OeNCeHALTITIH
3eprreyre apHanraH. Odicmep. KYMBICTBIH XHUMUSUIBIK OOIIMIHIEC KOCBUIBICTAPABIH €Ki TOOBI aJIbIH/IBI:
HeTi3, THAPOXJIopHU, okcanar, O-napa-ronyowt-B-(MopponnH-1-11)IponrnoaMUI0KCUM LIUTPATHI XKHE 5-
apwi-3-B-(munepuans-1-mwin)atun-1,2,4-okcanuazonnap  (apuwn:  napa-MeCeHa, napa-BrCeHa, mema-
ClCeHa4), xorappina cumartamfad. In Vitro MHUKpOOHONOTHANBIK CKPHHHHITI MaifagaHa OTBIPBIN, [-
aMHUHOINPOIMOAMHUIOKCUM TYBIHIBUIAPBl MHKPOOKa Kapchl OenceHaimikke (Tpam oOH Oaktepusiap
Staphylococcus aureus,Bacillus subtilis sxore rpam tepic Gakrepusiiap Escherichia coli, Pseudomonasa
eruginosa), CoHpmaii-axk ~ CaHBIpAyKyJIaKTapra Kapcel — OCNCEHAUTIKKS  CBIHAIFAH  JKOHE  3€H
canpipaykyaakrapbl Penicillium citrinum, Aspergillus niger, Torulla spp. Cepusiibik cyibuITY 9/1iciMeH 0-
napa-Toiyoui-p-(MopdoauH-1-1a)nponnoaMu10KCHMHIHOKCAIaThI TeHTaMHUIIMH MeH YBITTHI
nucrarurinig (LD50, MIr/Kr) STalOHIBIK penapaTrapbiHad a3 6oica, Staphylococcus aureus- ta omapmen
Oipaelt MuKpoOKa Kapcesl OenceHainikTi sxxone Candida albicans canplpayKylakka Kapchl OCICeHIUTIKTI
KOPCETETIHI aHBIKTANABL. KopbimbiHObl. [3-aMHHOIPOITHOAMUIOKCHM TYBIHABUIAPBIHIA MHKPOOKa KapcChl
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HKOHE CaHpIpayKy/1aKKa Kapchl KacuerTepi Gap. O-napa-tonyoun-f-(mopdomun-1-
WI)IPONHOAMHUAOKCHMHIH ~ OKCaJllaThl ~MEIMIMHA MEH aybUl IIapyallbUIBIFBIHAA  KOJJAaHyFa
MEePCIEKTUBAIIBI KOCBIIBIC PETiH/IE aHBIKTAIFaH.

Tyiiin ce3aep: O-napa-Tonyoiin-f-(MopdhomrH-1-mI)IponuoaMuIOKCHM HeTi3i KoHe TY3Japsl, S-apui-3-
B-(munepugun-1-un)atun-1,2,4-okcaguasonaap, MHKPOOKAa Kapchl OCNCEHAUTIK , 3€Hre Kapchbl
OeJICeHIIIIr.

Karoxoea /Troomuna Xumust 2bIILIMOAPLIHBIY QOKMOPbL, NPogeccop, 6ac blibiMmu
Anexcanopoena Kbl3Memkep

Ceiioaxmemosa Poza bammanosna  meduyuna 2viiblMOAPblHbIY KAHOUOAmyl, npogeccop

yicenani Aiidana Maxcymrpizol on @apabu amvinoazel Kaz¥Y-niy PhD 0okmopanmeoi.
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Epnanynor Azamam Abaii ameinoagvl Kasax yimmoix ne0a2o2uxkanbly
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STUDY OF THE COMPLEXATION OF COBALT (I1) IONS
WITH POLYMERS
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Abstract: Introduction. The complex formation of metal ions with polymers is of great interest for
the development of new materials used in catalytic processes, sorption, and electrochemistry. Particular
attention is given to cobalt (Il), which can form complexes with nitrogen- and oxygen-containing
polymers such as polyacrylic acid (PAA), polyacrylamide (PAAm), chitosan (Chit), and poly-4-
vinylpyridine (P4VP). The aim of this study is to investigate the complexation processes of cobalt (1) ions
with the functional groups of these polymers, as well as to determine the stability and nature of the
resulting complexes. Results and Discussion. It has been established that the stability of polymer-metal
complexes is determined by the nature of the functional groups of the polymers and the interaction
mechanism. PAA-Co complexes demonstrated the highest stability due to the covalent binding of cobalt
ions with the carboxyl groups of PAA. At the same time, PAAm-Co and P4VP-Co complexes exhibited
lower stability, which is associated with a donor-acceptor interaction mechanism. The shift in the
characteristic absorption bands of the functional groups of the polymers upon their interaction with cobalt
ions indicates the formation of polymer-metal complexes with different binding mechanisms. For PAAm,
the shift in absorption bands confirmed the donor-acceptor interaction mechanism. Conclusion. The
obtained data confirm the interaction mechanism of cobalt ions with the functional groups of polymers, as
well as the different nature of binding. Thus, the results open up prospects for the use of polymer-metal
complexes in the creation of materials for catalytic applications.

Keywords: polymer-metal complex, complexation, complex stability, polyacrylic acid,
polyacrylamide, chitosan, poly-4-vinylpyridine, cobalt, functional groups.
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KOBAJIBT (II) MOHAAPBIHBIH NIOJIMMEPJIEPMEH KOMIIVIEKC TY3YIH 3EPTTEY

A.T. Tanzamos*’, A.H. /Incymexeesa’, A.B. Hemaunosa?, A.C. Ayesxanosa,
A.A. Haiizabaee'?, A.3. Abunvmazacanog*

L «/1.B. CoxonbeKuii amuinoazel scanapmaii, Kamanu3s jcane aneKxmpoxumus uncmumymoly AK,
Anmamst, Kazaxcman

2« Xanviapanvix 6iniv 6epy kopnopayuscely, Ammamol, Kazaxceman

3 «Kasaxcman-Bpuman mexnukanoix yrusepcumemiy, Anmamot, Kasaxcman

*E-mail: e.talgatov@ifce.kz

Tyiiingeme: Kipicne. MeTann HOHAapHIHBIH IIOIUMEPIEPMEH KEIIEH TY3Yi KaTAINTHKAIBIK IPOLECTEpAe,
copOnmana JKOHE OSIEKTPOXHMHsAAA KONNAHBUIATHIH JKaHA MaTepUaliapAbl d3ipiaey VIIH YIIKeH
KBI3BIFYIIBUIBIK TyAbIpazsl. Epexiie Ha3ap xo6aneT (1I)-re ayaapbiiasl, ©TKEHI 01 OIMAKPUI KBIIIKBLIbI
(ITAK), nomuakpunamug (ITAA), xuto3an (Xur) sxone nonu-4-sunmnnupuaut (I14BII) cusxrel azor
KOHE OTTeri 0ap MNONMMEpIEpPMEH KeIIeHAep Ty3e amaiusl. JKymwvicmely Mmakcamvl — aTalFaH
MoJUMepIepiH (QyHKIHOHAIABIK TonTapbiMeH KoOanbT (II) MOHAPBIHBIH KEeIIeH Ty3y MpoLecTepiH
3epTTey, COHal-aK TY3LIreH KeIeHISP/iH TYPAKThUIbIFbl MEH TAOUFATBIH aHBIKTAYy. Homuoicenep sicane
mankpliayrap. IlonaMep-MeTalul KEIICHACPIHIH TYPAKTBUIBIFBl IOIAMEPICPIiH (yHKIHOHAIIBIK
TONTApPBIHBIH TAOUFATHIHA JKOHE ©3apa dpEKeTTeCy MexaHu3MiHe OaiinanbicThl exeHi anbiKTanasl. [IAK-Co
KELICH/AEPl €H JKOFapbl TYPAaKTBUIBIKTBI KOpCceTTi, Oyn kobanbT nonaapbiHblH [TAK-ThIH KapOOKCHIIBI
TONTapbIMEH KOBAJIEHTTIK OainanbicybiMeH Tycinpmipineni. ConsiMen katap, [TAA-Co xone I14BII-Co
KeIIeHJepi TOMEHIPEK TYPAKTHUIBIKIECH CHIATTANABL, OY1 JOHOP-aKLENTOPNIBl e3apa 9OpeKeTTeCy
MexaHu3MiMeH OainanbicThl. [lonumepnepaiH (yHKIMOHAIIBIK TONTAPBIHBIH KOOAIBT HOHIAPhIMEH
OpeKeTTecy Ke3iHJAe ONapiblH CUNATTAMANBIK KYTBUIY JXOJAKTAaPBIHBIH BIFBICYBl OPTYpIHi OaillaHbICY
MexaHu3Maepi 6ap nosmMMep-MeTaul KeleHAepiHiH Ty3ureHin kepcereni. [TAA yurin Oy sxonakTapbiH
OpBIH ayBICTBIPYBl JOHOP-aKIENTOPIbl MEXaHM3MIl pacTaiubl. Kopuimbinovl. AIBIHFaH MONIMETTEp
KOOaIbT MOH/APBIHBIH MOJIUMEPIEPAiH (yHKIMOHAIIBIK TONTAPbIMEH dPEKETTeCY MEXaHU3MiH, COHAail-
aK Oalinanbicy TaOWFATBIHBIH OPTYPIUNriH Jonenpeiini. OcbUlaiillia, ajubIHFAH HOTIDKENEp MOJIUMEp-
MeTal KeNICHACPIH KAaTAIUTHKAIBIK KOJJaHyFa apHAIFaH MaTepHalJaplbl jkacay IepClCKTHBAIaPbIH
alamplL

Tyiiin ce3nep: Ilonmmep-MeTama KOMIUIEKCI, KOMIUIEKCTY3Y, KOMIUIEKC TYPaKTBUIBIFBI, MOJHAKPHUII
KBIIIKBLIBI, TIOJHAKPUIAMH], XUTO3aH, TT0JIH-4-BUHUIIIIHPUINH, KOOAIBT, ()YHKIHOHAIBIBIK TONTAP.

Tanzamoe Invoap Tanzamynvt PhD, kayvimoacmeipwinean npogheccop
[cymexeesa Aiizyns Hembepzenosna XUMUS 2BITLIMOAPBIHBIY KAHOUOA bl
Hcmaunosa Aiizanvim Bakmuspropizo PhD; kayvimoacmeipsiizan npogeccop
Ayesxanosa Acemzyny Ceiimxanosna XUMUSL 2bITLIMOAPBIHBIY KAHOUOAMDbL,

KAybIMOACmbIpbLI2aH npogeccop
Haizabaee Axycon Apmanosuy PhD ooxmopanm

Abunvmazycanoe Apran 3aiinymannaesuy  Xumusi blILIMOAPLIHBIY KAHOUOANb

1. Kipicne

COHFBI KbIIIAPbl KbIMOAT Oarajbl MeTamaapasl anMmacteipy yinid Mn, Co,
Ni, Fe cusakrel aypicmanmsl MeTajjap HerisiHaeri Marepuanmap OenceHni
seprrenyme [, 2]. Omap kafiramanm maiigagany Ke3iHIAE ©OTE IKaKCHI
KaTaJUTUKAIBIK OSICEeHITIK ITeH JKaKChl TYPAKTBUIBIK KOPCETTI.

AyBICTIaNTBI METAIAp apachlHaa KoOadhT KaTadu3IiH OPTYPJIi calajapbiHaa
KU1 TaiilajaHbUIAThIH JKOHE 3€PTTEJICTIH 3JIEMEHTTEPIiH Oipi OOJIbIN TaObLIaIbI
[3, 4]. KobGanbTThIH >XOFaphl KATAIUTHKAIBIK OCICEHAITIr €H AalIbIMEH OHBIH
ANEeKTPOHIBI  KYpbUIBICBIMeH  OaimanbicTel.  KoOameTThlH — d-opOuTamma
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KYNTacnaraH YII 3JIEKTPOHBI 0ap, onap OFaH OTTEri, CyTeri, KOMipTeK TOTHIFH,
a30T TOTBIFBI CUSKTHI 0aCKa XUMUSUIBIK 3aTTapMEH OaiIaHbIC jKacayFa MYMKIHJIIK
6epeni [5]. Katamus THiMIiNIT YIIiH peareHT-KaTamau3aTop OaiIaHbIChl pEareHTTI
azcopOonmsuIay JKoHEe OHIMIEPAl MecopOIusiay MmpolecTepi OHAl OTETIHACH THIM
Oepik Te, ThIM anci3 ne Oommaysl Tric. Kobanst (1) monAaps! onapasiH TypaKThl
KeIlIeHIep Ty3e ally KaOiNeTiHiH, KaTaIUTUKAJIBIK KACUETTEPIHIH JKOHE TOTBIFY-
TOTBIKCBI3/IaHy TPOIIECTEPiHE KATHICYBIHBIH apKACBIHIA €PEeKIe KbI3BIFYIIBLIBIK
Tynelpaasl. by  epekmeniktep Ko0OadbT KEIMIEHAEPIH AIEKTPOXUMUSIIBIK
KYpBUIFbUIApFa, COpOEHTTEpPre »oHE OHOMHUMETHKAIBIK KaTaau3aTopiapra
apHaIIFaH MaTepuaIapabl )Kacaya cypaHbicka ue ereai [6, 7].

Opra"ukaiblK JTUTAaHAACHl 0ap aybICIIalibl METalgap KEMICHIIEpi METaIbIH
JKEKEJIETEH aTOMJapbl OPraHWKAJBIK OTKI3Till JIMTAHINCH KEHICTIKTe O6JiHreH
MOJIMMEP KaHKAIAPBIH JKacay VIIH KeHiHeH nainananeuiansl [8-10]. bym opbip
MEeTaJUT aTOMBIH KaTaJIMTUKAJIBIK peaknusIapaa THIMII TaiigaaHyra MYMKIHIIK
Oepeni. DNMEKTPOHOMOHOPIIBIK KACHETTEPre We JIMTaH] METAUT OPTaJIbIFbIH/IAFbI
ANIEKTPOHJIBIK THIFBI3JBIKTEI apTTHIPAJIbI, ANEKTPOHIAP/BIH aKIENTOP-3aTTapbIH
METaUl  OPTAIBIFBIMEH  VHJICCTIpyAi  KEHUIIeTeXi, KalblHa  KENTipy
peaKImsUIaphIH/Ia KaTaTUTHKAIBIK OPTATBIKTEIH THIMIUTITIH apTTHIPATIBL.

OcbifaH  OalaHBICTBI, OWI JKYMBICTBIH MakcaThl XUTO3aH (XuT),
nommakpunamua  (ITAA), mnommakpun Keimkbutel ([TAK) xoHe monmu-4-
puaIIIApUANH ([14BI1) cusakrer momumepiiepmer kob6amsT (II) mOHmApHIHBIH
KEeIlIeH TY3YyiH, COHJal-aK TY3UITeH KEUICHIEPIiH TYPaKThUIBIFBI MEH TaOUFAThIH
aHbIKTayFa apHanrad. [lomuMmepnepiH TaHIaTybl OJapAblH KYpaMbIHIA METaJI
HOHAAPHIH OaiIaHBICTRIpYFa KaOIIeTTi a30T JKOHE OTTeri 0ap (hYHKIIMOHAIIBIK
TonTapablH OonmybiMeH OaimanbicThl. Konmany ascer — Tty3inren kobanst (II)
HOHJIAPBIHBIH MOJIMMEPIIEPMEH KOMIUIEKC] KaTaau3aTop peTiHae KOJIJaHbUIa kL.

2. DKcnepuMeHTTIK 00J1iM

Mamepuandap men 20icmep.

KoGansr (II) xnopuminin rekcaruzppatsl (99%, Guangzhou Jinhuada
Chemical Reagent Co., Ltd, Ksrrait), momu-4-sunmmupunud (I14BII, Mw =
65000, Sigma-Aldrich, AKIII), momuakpun keimkeuibl (ITAK, Mw = 450 000,
Sigma-Aldrich, AKII), mommakpunamun (ITAA, Mw = 500 000, Himedia,
Ywuuicran), xuro3an (Xut, neanerumiaey nopexeci - 85%, Mw = 250 000, Sigma-
Aldrich, AKII). INTomumeprepaiH KYpBUIBIMIBIK (opMyIanapbl Keleci KecTeue
KOPCETLITeH.
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Kecre 1 — ITonmumepiepaid KypbUIbIMIBIK (OpMyIanapsl

[onumeprnep Dopmyna
1
ITonuaxpunamun ToHHG
(ITAA) ‘|3:°
NH2z
Tonuakpuin kpimksuibt (ITAK) | O.bC,OHi
<&
LHw P
[Monu-4-BUHUIMPPUIVH I cH-cH,A—
(IT4BIT)
N n
XuTo3aH K,,, ‘{u

Kymbic epimindinepin oativiHoay.

0,1 M nmomumepnaiH epitTiHmiciH madeiHpay ymia  0.71 ¢ [TAA
(monmuaxpunamu) Hemece 0.72 TTAK (momuakpui KbINIKBLUIB) albiHIb xkoHe 100
M3 TazapTeUFaH cyma 1.5 carar Ooitet 40 °C Temmeparypaga MarHuTTi
apaNacTBIPFBIIITA apajacThpy apKbUIbl epitingi. Xuro3an (Xwut, 1.67 1) con
xkargaina 100 mm 1% Ty3 KBIIKbUIBIHAA epiTiagi. [lonu-4-BHHUINHPUANH
(IT4BI1, 1.05 1) 6emme TemmeparypackiHma 100 M1 3TWII CIUPTIHAE EPIiTiII.
Ko6Gainsr Ty3bHbIH (0.1 M) xyMBIC epiTiHIICIH naiipianay yuria 2.3784 r kobanbt
XJIOpUIiHIH rekcaruaparsl 100 Mt cyna epiTiiui.

Honumepnepmen kobarem (1) uondapwinsiy Keuiendi mysinyin sepmmey

AJBIHATBIH KETICHIEPIIH JUCCOMUANUICH eckepinerid (1 xoHe 2) TeHaeymi
maiimanana oteIpbim, [11] KymbICTa cumarTanraH daicTeMe OOWBIHINA MOJUMEp-
METaJLT KeIIeHACPIHIH KYpaMbl MEH TYPaKTHUIBIFbI aHBIKTAJIJIBL:

1
 MI[Llo- n(IM]o — [MI}"

Ba M)

HEMECC

Ig ﬁa = _Ig[M] {[L]O - n[M]ﬁaﬁflaHblc.}n (2)

Meramut wonmapsl [M]oi  Men momumep suraasiibiy [L]oi  Gacramker
KOHIEHTPALUSCHIHBIH MOHJEPiH Oiie OTHIPBIN JKOHE METaJl HOHIAPBIHBIH TeIe-
TCH LIOFBIPJIaHybIH aHbIKTal, | fai = f(Ni) Toyenainik KUCBHIKTapbIHBIH CEPUSICHIH
amambi3. Exi KHCBIKTBIH KHBLIBICY HyKTeci | fai »oHe N exi Oenricizi Gap
TeHJIEYIiH nIenrimMi Oonbin TaObiIaasl. KUChIKTapabl *yOBIMEH Tapara OTBHIPHII,
1gB, *oHe Tl opTalIa MOH/EpIiH anyFa GonareiH (2) TEHAEYAIH IenmiMaepi GombIm
TaOBbUIaThIH KUBLIBICY HYKTEIIEPiHIH CEPUSCHIH aJaMbI3.

Ko6anwrtig (I1) momumepnepmen (ITAK, TTAA, Xur, [14BII) kerieHaepinin
KypaMbl MEH TYPAaKTBUIBIFBIH aHBIKTAy OJIICTEMECI MOJMMep epiTiHAUIepi MeH
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metamn Ty3siH ([COCl4]%) apamacTeipydbl, peaKIMsHBI asKTay YIIiH ajbIHFaH
epitTiHainepai 3 carar iIiHAE apaJacTBIpydbl, IMOJUMEpP-METa KelIeHIH
TYHJIBIPYIBI, epPITIHAIIETT METaJUT HOHBIHBIH TeTle-TeH/IiK MIOFBIPIaHybIH Iy i
xoHe |g fai = f(ni) Toyenminik KMCHIKTapBIHBIH CEPHACHIH KYPYABI KaMTHIIBL 1g fai
= f(n) Toyenmimik KHCHIKTApbIHBIH CEPHSACHIH aly YIIH [OJIAMEpIepaiy
epitinainepin kobanst (II) mOHmapbIMeH apajacTBIpyObl XKY3€re achlpy YILUiH
noymmmMepmik uraaaTapasie (0.01-0.025 Momb/m) koHe MeTaul HOHAAPBIHBIH
(0.001-0.05momb/im)  opTypai  Oacramkbl KOHIEHTpANUSUIAPBIMEH — epITiHALIEp
anpiHABL.  MeTaiul  MOHJApBIHBIH — Teme-TeHaiKk  morbipaanysl  CD-2000
CIIEKTPO(OTOMETPIH/IC aHBIKTAIIIBL.

KoGansr (II) noHmapsiHBIH monuMepiepiH (yHKIIMOHAIIBIK TONTapbIMEH
e3apa opekerrecyi WK-cnekrpockonus omicimeHn 3eprrenai. Yurinepain HK-
®ypre crnekrpaepi 4000-400 cm ' xwminik apanmbirbiaaa Nicolet iS5 (Thermo
Scientific, AKII) MK-criekrpometpinme KBr TabmeTkanap TypiHzae *Ka3blUFaH.

3. HoTu:keJ1ep :KoHE TANIKbLIAY

KoGanpTThIH moJIMMep-MeTaIlT KeMeHACPiH 3epTTey Ke3iHAe MoIuMepIepaiH
XMMUSUIBIK, KYPBUIBIMBI ecKepiii. Mbicanbl, ko6ansT nonaapsl (Co?") monmakpun
KBIIKBUIBIHBIH  KapOokcun ToObiMeH (R-COQ7) koBaneHtTi OaimaHeic Ty3e
OTBIPBII ©3apa apekerrecyre Kabinmerri (3-tenaey). Ilommakpunammare (R-

CONH) ameramua TOOBIHBIH JkoHe monu-4-punmnnuppuauaae (R — N <:)

MUPUIMH CAKMHACBIHBIH 30 THIHBIH OOJIYBI JJOHOPIIBIK-aKIENTOPJIBIK MeXaHu3M (4
koHe 5 Tewueynep) OOMBbIHINA ©3apa OPEKETTECyJlll KaMTaMmachl3 €Tyl MYMKIH.
XUTO3aH XKafAalblHAA XKUBIHTHIK Ty3 (6 TeHaey) maiiga Oomysl MyMKiH, MyHZa
XHUTO3aHHBIH KBIIIKBUI OPTa/ia epyl HOTHXKECIHAE Maiia OO0NaThIH XUTO3aHUSHBIH
makpokatnonsl (R—NH3") kemennin ceIpTKbl cepachinga 6Goma OTHIPHII,
MOH/IBIK Gaiinaneic GoiibIHIIA KOGAILTTHIH Kemen i annonsiver ([CoCl,]%) e3apa
opeKeTTecy JKacaumpl.

Co**+R—C00~ - (R—C00),Co (3)
Co** + R — CONH,: > R — CONH,: Co?* 4)
Co®* +R — N<: >R-— N<: Co?* (5)
[CoCl,]?>~ + 2R — NHf — [R — NH;3]3[CoCl,)?~ (6)

[Mommmepnep men kobansT (II) moHmApH apachIHAAFE ©3apa OpPEKEeTTeCyi
3eprTey mnaiiia OomateiH monuMep-MeTamn kemenaepinin ([IMK) yitnecripy
napameTpiiepin (KypamMbl MEH TYPaKTBUIBIFBIH) aHBIKTAayAbl skoHe omapisl MK-
CIIEKTPOCKOIIHUS IiCIMEH CHIIATTAY Ibl KAMTHIBI.

IIMK yiinectipy mapametpiiepin anbiktay yurH [11] omicremeciHe coiikec
KEIICHHIH TOJNBIK INeryi >KarjaiiblHAa MeTalll HMOHIAPBIHBIH Tele-TeHIIK
IIOFBIPIaHYBIH oJmey KakeT. OcblFaH OaiJaHBICTBI METAJABIH Tere-TeHJIK
IIOFBIPJIAHYBIH Oy  aJJbIHAa KeIIeHJep AaleTOHMEH  TYHJIBIPHUIIbI.
Kemennepai T14BI1 HeriziHge 3epTTereH xaraaia TYHIBIPY CYMEH KYPTi3ijii.
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AJTBIHFaH Tene-TeHIIK IOFBIPIAaHyIapIblH MOHACPIH 2-TeHIEYTe KOsl OTBIHII, |g
Pai = f(ni) Toyenmmimik KHCHIKTapBIHBIH CEPUACHIH, COHIAM-aK 3epTTEIETiH
KemeHaep yuriH oprama moHaepAi (1gfa *&oHe Nj) ajaTbiH OMap/AbIH KUBUIBICY
HYKTEJEpiHiH cepusichl 1gf, xoHe 11 aJbIHIbL.

BaitnaHbICTRIpYAbIH (1)  KOHe  TypakThUILIKTHIH  (IgB;)  mapTThI
KOHCTaHTaJapbIHBIH albiHFaH oprama mauaepi [TAA-Co, [TAK-Co, Xut-Co xone
[I14BII-Co xyitenepi ymiH coiikecinme: 71=0.95+0.07; 1.45+0.05; 1.25+0.06;
1.13+0.05; 1gf,= 4.58+0.17; 5.94+0.10; 5.56+0.20; 5.03+0.14 kypazs! (cyper 1).

CiCo™)y=0.002 M

84 8l

74 71

64 sl
8 59 C(Co®*)y=0.005 M_— ] 5]
2 a4 o D4l

34 3}

2 24

L | 14

ol ol

0.0 05 1.0 15 20 0.0 05 10 15 20

n n
a) 0)
8 8
7 - 7 -
- -

8 6 cce®y=0002M
5 s "
o4 o1 M 2 4 TG = 001 M

3 3{ —

- 2
2
1
1
04
0 —————— v 0.0 0.5 1.0 15 2,0
00 05 10 15 20 n
n
B) r)

Cyper 1 — O3apa apekerrecken ke3zeri 1gfaxoHe N apachHAars! TIYeIALTIK: (2) HOTHAKPHIAMUATIH
(0.015 M) Co?* -nien (0.005 sxone 0.0075 M), (6) monuakpun KeukbusiHeH (0.01 M) Co? -nen
(0.002 sxome 0.01M), (8) xutosannsiy (0.025 M) Co?* -nien (0.002 xone 0.01 M) xoHe (1)
nomu-4-suaunupuauatin (0.01 M) Co?* -nien (0.002 xone 0.01 M)

Kobanbrtery (1) momumep-merayn  KemieHaepi YIIiH — OaiaHbICTHIPY
KOHCTaHTaJapbIHBIH MOHAEpi OYTiH emec MoHzepre ue 6onasl (kecte 2). MyMKiH,
MeTanaelH  yinecy cdepacet I[IMK maiima ©Oomy Ke3iHAETi CTEPHUKAIBIK
KHUBIHJbIKTapFa OaiilaHBICTBl TOJIMMEp JIMTaHIBIHBIH JOHOPIBIK TONTaphIMEH
TOJIBIK KaHBIKIAMIBI: (YHKIMOHANBIK TONTAPAbIH O0ip-OipiHEeH KeHiCTiK jKaFbIHaH
QIMIAKTBIFBIHAH ~ JKOHE  MAKpPOMOJIEKyla  Ti30eKTepiHIH  KO3FaJIbICBIHBIH
[IeKTeYiriHEeH.

Kecre 2 — KobansT (II) kenennepinin moanMepiiepMeH yitlecy napaMmerpiiepi

IMonumeprep [laprtTel Gaiinanbicy KOHCTAHTACcHI (N) Kemennin typaktbuibirsl (1gf5a)
ITAA 0.95+0.07 458 +0.17
TTAK 1.45+0.05 5.94+0.10
Xwur 1.25+0.06 5.56 + 0.20
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| MI4BIT | 1.13+0.05 | 5.03+0.14 |

IMonumepaiy  TaOuraThiHa  OainadbicThl  koOanmbTTiH (1)  TIMK
TYPaKTBUIBIKTBIH TOMEHIEyl OOMBIHIIIA MBIHAal TopTimmeH opHamacambl: [TAK-
Co > Xwur-Co > TI4BII-Co > ITAA-Co (kecte 2). [TAK-Co kermieHi HEFypibIM
OPHBIKTBUIBIKTEI KOPCETTi, OYJI KOOAJIbT HOHJAPBIHBIH MOJUMEPIiH KapOOKCHIIBII
TOOBIMEH KOBAJIEHTTI Typze Oepik OaillaHbIC Kypybl ocepiHEeH OOIybl MYMKiH
(termey 3). Ex a3 TypakTeuieikTel [TAA-Co xone [14BII-Co kemenmepi KepcerTi.
Byt ockl xylienepaeri kemieHHiH naiina 6omysiH [TAA-HBIH 3I€KTPOHOAOHOPIIBI
aneroamMuarik ToOsl MeH [14BIl mupumuHmik TOOBIHBIH KOOAIbT HOHAAPHIMEH
e3apa OpeKeTTeCyi apKbUIBl JTOHOPIBIK-aKIENTOPIBIK MEXaHH3M OOWBIHIIA
eTeTiHAIriMeH Tycinaipyre 6onansl (teraeynep 4, 5). Xur-Co kemeni [TAA-Co
xoHe [I4BII-Co-ra kaparaHna HEFYpJIbIM OpPHBIKTBUIBIK TaHBITTBI, MYHBI
teTpaxnopokobansTaT(Il)-aHMOHHBIH ~WOHABIK Oaiimadeic  Typi (TeHumey 6)
OOMBIHIIA XWTO3aHHBIH TPOTOHHPIICHTEH aMWUH TONTApbIMEH OalIaHBICYbIMEH
TYCiHAipyre Oomazpl.

[MomumepnepaiH MeTamum HOHAApPHIMEH ©3apa JpEeKeTTeCyiHiH OonKamabl
MexaHu3MIepiH pactay ymriH amsiarad [IMK MK-ciekTpocKOUsTHBIH KOMETIMEH
seprrengi (kecte 3). CambICTRIPY YIIiH OacTankel moauMepiaepain MK-crexrpiepi
QJBIH]IBIL.

Kecre 3 —3eprrenerin ynarinepain UK cnexrpnepiin aepexrepi

Yori [onmmepepaiH (pyHKIMOHAIBI TONTAPBIHBIH KYTBULY JKOJIAKTaPbI
“CONH; -COOH, “NHz B
(TTAA) -COO- (TTAK) (Xur) C-N, C=C (TI4BII)
1 2 3 4 5
1656
TAA 1630 - - -
TTAA-Co 1611 ; : :
TIAK - 1714 : :
: 1701
TTAK-Co 1613 ; ;
1660
Xur - - 1559 -
Xur ) ) 1637 )
KBIIITKBUIJIAH. 1532
1628
Xur-Co - - 1559 -
1502
1600
1562
T4BIT - : - 1495
1419
1606
T4BI1-Co - ; ; 1508
1428

I[MTAA Merai1 MOHAAPBIMEH OPEKETTECyre KaOUIeTTI MOJUMEPIIH alleTaMu/]
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To6btHa (-CONH,) sxatateiH 1656 (C=0) xome 1630 cm (NH.) [12, 13]
CUTIaTTaMaIBIK skojakTapael kepcerendi. [IAA-Co UK-cnekrpinageri -C=0 xoHe -
NH rtonTapeiHbIH KYThUTy sKomakTapslH [IAA-maFel com  jKOJNaKTapMeH
CANBICTBIPFaHa KBUDKYBI  JIOHODJIBIK-aKIENTOPIBIK MeXaHW3M  OoibIHIIA
MTOJIMMEP-METAJIT KEIIEHiHIH KAIBIITACYBIH pacTaiinnl (kecte 3).

ITAK HK-cnextpi noaumepain kapooxcunai ToobHbH (-COOH) BanmeHTTIK
TepbenicTepine xkatatbin 1714 cM™ kesinje KYTBUTYy CHMIIATBIHA TOH KONAKTHI
kepcerti. Conbimen kKaTtap, IIAK-Co vyiriciHiH chekTpiepiHae HNOIHaKpHIl
KBIITKBUTBIHBIH TY3IaphlHa ToH KapOokcunar-nonra (-COO-) sxaTKpI3yra 00JaThIH
1600-1750 cm™ ayMarblHJa JKaHa IIBIHAAPAbIH maima OGomysl Oaiikammer [14]
(xecte 3). Ocpunaiiina, 3epTTENETIH YITUIEPAIH CHEKTpiepiHae OaliKanaTbiH
esrepictep I[IAK -COOH TonTapblHBIH KOOQJIBT HOHIAPBIMEH  e3apa
OpeKeTTEeCKEHIH KopCceTeIl.

Xwurozanuel UK-cnekrpinge C=0O toObHbIH (I amum) BaJeHTTIK
tepbenicrepine xoHe N-H toOsHBIH (II amum) imKi ska3bIKTHIK IehOpMAaHSITBIK
TepOericTepiHe JKaTaThlH JKOJaKTap coiikecinmel660 cm™ sxome 1559 cm™
kesinge Oafikamanel [15]. Xurosanusiny HCl cy#bIThUTFaH epiTiHAICIHAE epyi OH
3apsAATaNFaH Cylda epUTIH KATHOHJABI IOJIMAJIEKTPOIUT Kypa  OTBIPHIIL,
AMUHTONTAPBIH TIPOTOHJIAYFa oKelesi, 6y perte 1559 cm™ kesinme -NH-TonThIR
TepOeIic JKOJaFkl HEFYPJIBIM TOMEH JKULUIIKTepre Kapal >KbUDKUIBL. XHTO3aH
tonrrapblHbIH C=0 xoHe N-H CiHipy >KOJaKTapbIHBIH OJ]aH 9pi BIFBICYBI HOHJIBIK
Gaitnaneic Typi GoiibiHma (kecte 3) MeTanablH Kemenai anuonbiMer ([CoCly]?)
OH 3apsaTanFad nonuMepiain amuHTonTapbiHbiH (-NHs") e3apa opekertecyin
KyoJlaHIbIPaJIbL.

[I4BI1 cnextpinge 1600, 1562, 1495, 1419 em?!  kesinze MUPUITH
cakunaceiHa (C=C, C-N) Ton Tepberic xomakrapsl ansikransr [16]. C-N (1600
cm-nen 1603 cvt-re neiiin) sxone C=C (1495 cm-men 1505 cm™-re neiiin)
CiHIpY JKONAaKTapbIHbIH bIFbICYbl mUpuanHAl [I4BIl  TOOBIHBIH  MeTaI
MOHIIAPBIMEH ©3apa YWIeciMIi opeKeTTeCyiH KoHe TMOJMMEp-MeTalll KelIeHiHiH
maiima 6omysiH Kepcereni (kecre 3).

4. KopbITBIHIBI

Ocpinaitma, >xorapsl TypakThUTRIKTBI [IAK-Co kemeni kepceTTi, Oy
MOJIMMEPJIIH KapOOKCHII TOOBI MeEH KOOajabT MOHAAPhI apachiHaa Oepik
KOBJICHTTI OaiylaHbICTHIH KalblNTacybIMeH Tycingipineni. Kepicinme, [TAA men
[14BII Herizinzeri KemleHAEp CTEPUKAIBIK MIEKTEYJEpP MEH e3apa JOHOPIIBIK-
aKUENTOPJILIK MEXaHU3MMEH OpEKETTEeCYyliH cajlapblHaH TYPaKThUIBIKTBIH
TeMeHzAeyiMeH cunartanipl. [IpoToHIanFaH aMHUHTONTAPBIHBIH KaThICYBIMEH
KeUWIeHAl Ty3AbIH Maiga Oodybl apkachlHAa XWUT apanblk TYPaKTHUIBIKTHI
KaMmTamach3 erTi. KoOanbT MOHMAPBIHBIH KEMIeH[I TY3UIyiH 3epTTey MoJuMep-
METaJUl KEIIECHJAEPiHiH TYPaKThUIBIFBI TMOJMMEpPIiH TaOWFaThiHA JKOHE e3apa
opeKeTTecy TypiHe OalllaHBICThI €KeHIH KOPCETTI.

HK-crekTpoCKOUSHEI KOJIaHy 63apa opeKeTTecy MeXaHU3MIIEPiH pacTayra
KOHE KeIleH Ty3uly Ke3iHAeri mnojuMepiiep KYpBUIBIMBIHIAFBI e3repicTepi
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alikpIHayFa MYMKIHAIK Oepzi. OcblFaH opaif, JXypri3iireH 3epTTey MeTayll
HMOHJAPBIHBIH NOJIMMEPIEPMEH 03apa dpeKeTTeCy 3aHbIIBIKTAPhIH TYCIHYTE Yiiec
KOCTBI, OyJ1 OepisireH KacuerTepi 0ap QpyHKIMOHAIABIK MaTepralgapAbl OfaH api
JMaMBITY YIIiH HETi3 0oJia aiajbl.

Kap:xblianasipy: 3eprrey xymbichl Kasakcran PecrmyOnukacsl FbuibiM JKoHE JKOFapbl OLTiM
MHUHHUCTPIIri FBUIBIM KOMHUTETIHIH TPaHTTBIK KapXKbUIAHABIPYbl OOMBIHIIA OPBIHAAIABL  (IpaHT
NeBR24992995).

Mynnesiep KaKTBIFBICHI: aBTOpJIAP apachlHAa MYAJEICp KaKThIFBICHI KOK

HUCCIEJOBAHUE KOMIUVIEKCOOBPA30BAHUS HOHOB KOBAJIBTA (1) C
MNOJIMMEPAMM

3.T. Tanzamoe*", A.H. [{ncymexeesa’, A.b. Hemaunoea?, A.C. Ayesxanosa’,
A.A. Haiizabaes™®, A.3. Abunvmazocanos*

140 «Hnemumym monausa, kamanuza u onexmpoxumuu umenu J.B. Cokonbckozon,
Anmamut, Kazaxcman

2TOO «Meacoynapoonas obpazosamenvuas kopnopayusy, Anmamol, Kazaxcman

340 «Kazaxcmancko-Bpumanckuii mexuuueckuii ynueepcumemy, Anmameot, Kazaxcman.
*E-mail: e.talgatov@ifce.kz

Pe3ome: Bgeoenue. KomriuiekcooOpa3oBaHHEe HOHOB METaUIOB C  MOJMMEPaMH  MPEACTABISIET
3HAUUTENbHBI MHTEpeC Ul pa3pabOTKU HOBBIX MATEPUATOB, HPUMEHSEMBIX B KaTAIUTHYECKUX
mpoueccax, copbuuu u snekrpoxumuu. Ocoboe BHHManue yxaeneno kobanbTy (II), KOTOpBI MOXKET
00pa30BBIBATH KOMIUIEKCHI C a30T- U KHCIOPOACOACPIKAIMMH MTOJIUMEPaMH, TAKUMH KaK MMOJIHAKPHIOBast
kucnora (ITAK), nomuakpunamun (ITAA), xurosan (Xur) u nonu-4-sunminupuaud (I14BII). Leavio
pabomwl  SIBISETCS HCCIEAOBaHHME IPOLECCOB KOMIUIeKcooOpasoBanus HOHOB KoOampTa (II) ¢
(YHKIMOHAIBHBIMH TPYIIIaMH yKa3aHHBIX HOJIMMEPOB, & TAKKE ONPE/ICNICHUE YCTONYMBOCTU U IIPUPOIBI
0o0pa3sylonmxcsi KOMIUIEKCOB. Pezynvmamut u 00cyscoenus. Y CTaHOBIEHO, YTO YCTOHYMBOCTD IOJIUMEp-
METAJUIMYECKUX KOMIUICKCOB ONpenesseTcss MNpUpOAoH (yHKIMOHANBHBIX TIpPYHI IOJMMEPOB U
Mexanu3MoM B3aumogeiictBus. Kommekcsl ITAK-Co mokazanu HauOOJBIIYIO YyCTOMYMBOCTH 3a CUET
KOBAJIECHTHOTO CBS3bIBAaHUSI MOHOB KoOanmbra KapOokcwibHbIME rpymmamu [IAK. B To ke Bpewms,
koMmiutekebl [TAA-Co u I14BII-Co xapakTepu3oBaUChb MEHBIIEH YCTOHYHMBOCTBIO, YTO CBSI3aHO C
JIOHOPHO-aKLENTOPHBIM ~MEXaHM3MOM B3aumozeiicTBus. CMelleHne XapaKTepPUCTHYECKHX —IOJIOC
MOTJIONICHNUS (DYHKIMOHANBHBIX TPYII IOJMMEPOB INpPU HMX B3aUMOJCHUCTBHHM C HOHAMH KOOAJIbTa
CBHUJIETENBCTBYIOT 00 00pa30BaHMH MOIMMEP-METAUTHYECKHX KOMIUIEKCOB C PA3IMYHBIMH MEXaHU3MaMU
ces3biBanus. [ [TAA HaOmoganochk CMEIIEHHE MOJIOC ITOMIIOMICHUS, MOATBEPXKIAIOIIee JOHOPHO-
aKIENTOPHBIN MEXaHU3M B3aUMOJCHCTBUSL. 3akmiouenue. [1omyueHHbIe JaHHBIE TOATBEPKAAIOT MEXAHH3M
B3aUMOJICHCTBHS HOHOB KoOajdbTa ¢ (YHKUHMOHAIBHBIMH TpYINAMU IIOJMMEPOB, a TaKKe PasHYIO
MPUPOAY CBA3bIBAHMS. TakuM 00pa3oM MONY4YEHHBIE PE3yJIbTaThl OTKPBIBAIOT — IEPCIEKTHBBI
UCIIOIb30BaHUS TOJIMMEP-METAJUIMYECKUX KOMIUIEKCOB B CO3JaHMM MAaTEpHAJIOB JUIS KAaTAIUTHYECKUX
TTPUMEHEHH.

KiroueBble cjI0Ba: MOJIMMEP-METAIMYECKUI KOMIUIEKC, KOMIUIEKCOOOpa30OBaHUE, YCTOHYHMBOCTH
KOMITJIEKCa, MOJMAKPUIIOBAsh KHCIIOTA, TOJMAKPWIAMHI, XUTO3aH, MNOJH-4-BUHWINHPHIWH, KOOAIbT,
(YHKIMOHAIBHBIE TPYIIIBL.
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CHEMICAL ASPECTS OF BIOMOLECULE EXTRACTION FROM
ZOPHOBAS MORIO LARVAE: LIPID AND PROTEIN EXTRACTION
MECHANISMS AND SOLVENT EFFICIENCY ANALYSIS
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Abstract. Introduction. This study deals with the chemical aspects of biomolecule extraction from
Zophobas morio, including the influence of different solvents, lipid, and protein extraction mechanisms,
and comparative analysis of solvents on their efficiency and safety. The study aims to optimize the
extraction of lipids and proteins from Zophobas morio larvae, emphasizing the choice of solvents, protein
precipitation methods, and amino acid composition analysis. Results and discussion. Optimization of lipid
extraction conditions showed that the most effective extractants were petroleum ether, providing
maximum lipid yield (65.55%), and chloroform with ejection capacity (44.85%). Among the studied
methods of protein extraction and precipitation, precipitation at the isoelectric point after alkaline
extraction was the most effective, which gave a protein yield of 66.09% of the initial dry matter, much
higher than that of acetone precipitation after aqueous extraction (36.9%). Analysis of amino acid
composition of protein concentrate revealed the presence of 15 amino acids, 10 of which are essential.
The essential amino acid index was 1.81, which is significantly higher than traditional protein sources
such as fishmeal and soya, and comparable to casein. These results confirm the high purity and efficiency
of the isoelectric precipitation method applied for the first time to Zophobas morio, highlighting its
industrial potential. Conclusion. The study confirmed that the choice of solvent and precipitation method
significantly affects the efficiency of lipid extraction and protein precipitation from Zophobas morio, with
petroleum ether proving to be the most efficient extractant for lipids and precipitation at the isoelectric
point, the optimal method for protein extraction. The research results demonstrate the promising potential
of the methods used to obtain protein concentrate from Zophobas morio for the food and feed industry as
a sustainable and high-quality alternative to traditional protein sources.
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Introduction

According to the projections of the Food and Agriculture Organization
(FAO) of the United Nations, the global population will reach 9 billion by 2050
[1], and protein consumption in the diet is expected to increase by 22% by 2030
and by 25% by 2050 [2]. However, the growth in the production of traditional
protein sources (meat, fish, and dairy products) is associated with significant
environmental consequences, including greenhouse gas emissions, increased
water consumption, and land degradation [3-5]. Therefore, there is a need to
identify alternative, environmentally sustainable protein sources. One promising
solution is the use of insects, which serve as a valuable source of proteins, fats,
and minerals while having a minimal environmental footprint [6].

The larvae of Zophobas Morio (superworms) are already utilized in the feed
industry due to their high nutritional value, as their protein composition and
amino acid profile are often comparable to or even superior to conventional feed
ingredients. Their biomass contains 43.13-51.62 g of protein and 32.8-43.54 g of
lipids per 100 g of dry weight [7,8]. Studies indicate that Zophobas morio
surpasses traditional feed ingredients in protein content, reaching 68.05 g/100 g
[9], making them a promising resource for the food and feed industries. During
the larval stage, the protein content varies between 39.4 and 49.96 g/100 g [8,10-
15].

Despite the high potential of Zophobas morio, selecting optimal lipid and
protein extraction methods remains a challenge. This is primarily due to
variations in solvent efficiency, toxicity, and industrial applicability. This study
aims to determine the optimal conditions for lipid and protein extraction from
Zophobas morio larvae, analyze the amino acid composition of the protein
concentrate, and assess its potential applications in the biotechnology and food
industries.

2. Experimental Part

2.1 Research Obiject.

Larvae of the insect Zophobas morio were reared under laboratory
insectarium conditions using wheat bran, selected fruits and vegetables as feed.
Sample preparation stages: preparation of live larvae samples in Petri dishes
without feeding for 24 hours, rinsing with distilled water to remove external
contaminants (dirt, sand, and organic residues) and drying in a convection oven at
70°C for 24 hours, grinding of dry larvae with a laboratory blender and storage at
-20°C until experiments) [16].

2.2 Lipid extraction from Zophobas morio larvae.

Representative samples weighing 100 g of dried larval powder were used for
extraction. Extraction was carried out for 6 h using the following solvents:
petroleum ether (70-100°C, reagent), n-hexane (reagent), chloroform (GOST
20015-88), and ethanol (96.3%) using a Soxhlet apparatus (DWK Life Sciences,
Germany) [17]. The solvent was removed using a rotary evaporator (Labconco
No 600310, USA) equipped with a water bath at the following temperature
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conditions: 40°C for 30 min at 800 mbar and 60°C until complete evaporation of
the solvent [16].

2.3 Protein extraction from Zophobas morio larvae

Distilled water and 1M NaOH were used for protein extraction after
preliminary defatting of larval biomass. The extraction was carried out at 40°C for
60 min as follows: 10 g of dry sample was mixed with 200 ml of water and 0.2 g
of ascorbic acid, then centrifuged at 10,000 rpm for 30 min at 4°C and filtered.
The supernatant was used for protein extraction and protein concentrate
preparation. Protein extraction was carried out by isoelectric and acetone
precipitation methods [18].

For isoelectric precipitation, 100 ml of the supernatant of the extract was
centrifuged (10,000 rpm, 4°C) for 10 minutes. The separated precipitate was dried
at 60°C to constant weight. The procedure was repeated for different pH values of
the extract solution at pH 6, 5, 4, 3, 1. For protein precipitation with acetone, 40
ml of ice-cold acetone was added to 10 ml of aqueous protein extract. The
mixture was incubated at -20°C for 1 hour, then centrifuged (10,000 rpm, 4°C)
and the precipitate was dried at 60°C for 24 hours until a constant weight was
reached [18].

2.4 Hydrolysis method for protein concentrate

Hydrolysis of the protein concentrate, weighing 0.100+0.001 g, was
performed in 10.0 mL of hydrochloric acid (1:1) in a hydrolysis vial with a screw
cap under stirring and heating at 110°C for 14-16 hours. The hydrolysate samples
were then cooled to room temperature and filtered using «blue ribbon» filter
paper, collecting the filtrates in airtight containers [19, 20].

2.5 Protein quality assessment

Protein quality assessment was carried out using the Essential Amino Acid
Index (EAALI), which reflects the content of all essential amino acids relative to a
reference protein [21]. The Essential Amino Acid Index (EAAI) was calculated
using the following formula [22]:

aa aa aa
EAAl = " | =2 x =2 x..x—=2
AA, = AA, AAyp

Where aa - content of essential amino acid in the sample under study; AA -
content of essential amino acid according to literature data; n - number of
essential amino acids.

3. Results and Discussion

Studies on the nutritional composition of edible insect species, such as
Zophobas morio, remain limited. This species belongs to the order Coleoptera,
which includes darkling beetles [12]. Insects are rich in both proteins and lipids,
which are released during protein extraction and contribute significantly to
nutrition [22]. Although much research has focused on the fatty acid composition
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of wild edible insects [23, 24], some studies have examined insects used for
animal feed [25].

Zophobas morio larvae are recognized as a valuable source of high-quality
protein and lipids. The nutritional composition of this species has been studied by
various authors (Table 1). Lipid extraction from these larvae is essential, as
residual lipids can reduce the efficiency of protein fraction isolation. This is due
to the formation of lipid-protein complexes stabilized by hydrophobic and Van
der Waals interactions, as well as ionic bonds between amino acids and
phospholipids in lipid membranes [26].

Table 1 - Protein and lipid content in the dry matter (g/100g) of Zophobas morio (ZM) larvae

Lipids, g/100g Proteins, g/100g Country Source
43.64 £0.47 46.80 £ 1.78 Brazil [14]
40.8 43.13 USA [24]
14.25 68.05 Netherlands [8]
35+0.1 46+ 1.0 Indonesia [11]
34+1.8 48.1+£0.6 Czech Republic [12]
39.1£04 39.4+0.1 Poland [26]
28.98 49.96 Indonesia [13]

The high hydrophobicity of lipids and their propensity to clot reduce protein
solubility, and lipids can change their isoelectric points and promote protein
denaturation [27, 28]. Therefore, effective removal of lipids is necessary for
successful protein fraction isolation.

In this study, the following organic solvents were used for lipid extraction:
petroleum ether, chloroform, n-hexane, and ethanol. The results allow for the
selection of optimal extraction conditions that enable the efficient removal of
lipids while minimizing their impact on protein structures and improving process
efficiency. The analysis of different solvents' effectiveness demonstrated that the
highest lipid yield (65.55 + 2.43) was achieved using petroleum ether, attributed
to its low solvating ability when applied to nonpolar compounds. Chloroform also
exhibited relatively high extraction efficiency (44.58 + 2.41), confirming its
reactivity in lipid extraction. Meanwhile, n-hexane and ethanol showed
comparatively lower lipid yields (35.8 + 1.60 and 34.3 + 2.28, respectively),
which may be due to their lower solubility for lipid components in larvae

Optimization of the extraction conditions and protein concentration showed
that the most effective method is deposition at an isoelectric point during alkaline
extraction (1M NaOH), which provided a protein yield of 66.09%, significantly
exceeding the result with acetone (36.9%). The efficiency of the isoelectric
deposition is explained by the pH stabilization, which facilitates the aggregation
of protein molecules and their precipitation. In contrast, acetone deposition is
based on the dehydration of the macromolecules resulting in lower output.
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Moreover, the deposition of acetone allows the purity of the product up to 99.19%
by removing the water associated with the protein [22]. Studies have shown that
the type of solvent plays a key role in protein composition and output, while
temperature and duration of extraction do not have a significant influence. This is
due to the natural solubility of proteins in aqueous solutions at elevated pH, which
is caused by their polyampholite structure [29,30] and promotes deposition. The
protein yield depends more on the ionic composition of the medium than on
temperature conditions [31, 32]. The protein concentrate obtained by isoelectric
deposition was a dark brown amorphous substance. Isoelectric precipitation
achieved a protein yield of 66.09% from 100 g of the initial dry matter

Amino acids in protein concentrate obtained by isoelectric deposition were
identified by capillary electrophoresis (Fig. 1, Table 2).
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Figure 1 - Electropherogram of the amino acid composition of the protein concentrate

The obtained results, presented in Table 2, provide a detailed characterization
of the amino acid composition of the protein concentrate and allow for an
assessment of its nutritional value.

Table 2 - Amino acid composition of the protein concentrate

Ne Amino acid Content, %

1 Arginine (Arg) 7.696+3.078
2 Lysine (Lys) 6.790+2.309
3 Tyrosine (Tyr) 10.412+3.124
4 Phenylalanine (Phe) 9.507+2.852
5 Histidine (His) 3.893+1.947
6 Leucine + Isoleucine (Leu + lle) 8.148+2.119
7 Methionine + Cysteine (Met + Cys) 2.626+0.893
8 Valine (Val) 6.790+2.716
9 Proline (Pro) 6.790+1.766
10 Threonine (Thr) 3.848+1.539
11 Serine (Ser) 3.803+0.989
12 Alanine (Ala) 6.338+1.648
13 Glycine (Gly) 4.391+1.493

154



ISSN 1813-1107, elSSN 2710-1185 Me 1, 2025

The amino acid composition of the resulting protein concentrate was
compared with other literature data and known sources of protein for assessment
of its quality and biological value (Table. 3).

In the amino acid composition study of protein concentrate, 15 amino acids
were identified, 10 of which belong to a group of essential amino acids. These
amino acids play a fundamental role in the metabolism and biosynthesis processes
of the body, serving as key components for maintaining normal physiological
functions.

The obtained data confirm that the protein concentrate extracted from the
larvae of Zophobas morio has high nutritional characteristics in terms of both
essential and substitutable amino acids. The essential amino acid index (EAAI)
was 1.81, which is significantly higher than values in traditional protein sources
such as fish meal and soy, and comparable to casein.

Table 3 - Amino acid content in the protein concentrate compared to literature data

) ) Zopho_bas Zopho_bas Fish soy | Casein | F Ag;\?\?HO
Ne Amino Acids morio morio Meal 122] 122] JUNU
(studied) [22] [32]
[21]
Essential Amino Acids
1 Histidine 3.9 3.1 1.37 25 3.2 15
2 Isoleucine 81 4.6 2.35 4.7 5.4 3.0
3 Leucine ' 7.1 3.83 8.5 9.5 5.9
4 Lysine 6.8 5.4 4,10 6.3 8.5 45
> | Methionine 26 24 234 | 24 | 35 2.2
6 Cysteine
7 Phenylalanine 9.5 2.15
8 Tyrosine 10.4 111 1.91 o7 111 38
9 Threonine 3.8 4.0 2.62 3.8 4.2 2.3
10 Tryptophan - 1.4 — 1.1 1.4 0.6
11 Valine 6.8 6.3 2.62 4.9 6.3 3.9
Total 77.22 45.4 23.29 43.9 53.1 21.7
Non-Essential Amino Acids
12 Alanine 6.3 6.8 3.76 - - -
13 Arginine 7.7 5.4 3.87 — — —
14 Aspartic Acid - 8.2 5.32 - - -
15 Glycine 4.4 12.7 4.85 - - -
16 Serine 3.8 4.8 2.82 - - -
17 Proline 6.8 5.6 3.13 - - -
18 Glutamic Acid - 4.2 7.64 - - -
Total 29 47.7 31.39 - - -
EAAI 1.81 1.66 0.88 1.56 1.93 -

This demonstrates the high quality of the protein, making it promising for
use in food and feed additives, as well as opening up new applications in
biotechnology and the food industry. The highest levels of amino acids are found
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in tyrosine (10.41%), phenylalanine (9.51%), and leucine + isoleucine (8.15%),
which highlights their importance in biosynthesis and metabolic processes. Also,
high levels of arginine (7.70%), lysine (6.79%), and valine (6.79%) confirm the
potential of protein concentrate as a rich source of essential amino acids. Proline
(6.79%), alanine (6.34%), serine (3.80%), and threonine (3.85%) play key roles in
collagenogenesis and carbohydrate exchange, and low levels of histidine (3.89%)
and methionine + cysteine (2.63%) may indicate a deficiency of these amino
acids, but their level is sufficient for normal metabolism. These results underline
the high quality of the protein from Zophobas morio and its potential for use in
dietary supplements, biotechnology, nutrition, and feed production.

The findings of this study may serve as a basis for further scientific research
and the development of innovative products in the fields of biotechnology,
nutraceuticals, and feed production.

4. Conclusion

The study successfully identified optimal conditions for lipid and protein
extraction from Zophobas morio larvae using various solvents. Chloroform
demonstrated a high extraction efficiency (44.85%), while petroleum ether
showed the highest lipid yield (65.55%). In protein concentration, isoelectric
precipitation proved to be the most effective method, yielding 66.09%,
significantly outperforming acetone precipitation (36.9%). This emphasizes the
importance of protein aggregation properties and pH stability for efficient
precipitation with minimal loss. The study confirms that isoelectric precipitation
offers an optimal combination of high yield and protein purity for separating
proteins from Zophobas morio. Additionally, the lipid and protein fractions
derived from these larvae have promising applications in the food and
biotechnology industries, with lipid extracts useful for food ingredients, feed
formulations, and pharmaceuticals, while protein concentrates provide a valuable
alternative protein source.
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Tyiiinaeme. Kipicne. Byn 3eprreyne OHOMOJEKyanapAbl AIKCTPaKUUsIAy TPOLECIHIH XUMHUSIIBIK
ACTIEKTiNIepl, COHBIH ILIHIEC OPTYPJl EpITKIIITEepAiH ocepi, JUOHATEP MEH aKybl3Aapiabl Oemim amy
MeXaHM3MJICpl, COHJAi-aK EepITKIITepAiH SKCTPAKIMSUIBIK THIMIUIINT MEH KayilcCi3miri TYpFBICHIHAH
CaJBICTBIPMANTBI TAJIAYBl KapacTeipsutanbl. JKYMBICTBIH Mmakcamsl ZOphobas morio nepuacinnepinen
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JIUMUATED MEH aKybI3[apIbl JKCTpaKUusUiay MPOLECIH OHTailIaHABIpy, OHBIH ILIHAE epiTKilTepai
TaHJay, aKybl3ZapIbl TYHABIPY 9JicCTepi JKOHE aMHHKBIIKBUIABIK KypaMabl Tanpay. Homuoicenep ocane
mankpiiay. JIUMUATEpAl  SKCTpaKkUMsiay I[IAPTTapblH  OHTAWIAHIBIPY HOTIDKECIHAE €H THIMII
JKCTpareHTTep merpoied sdupi (65.55% Makcumangsl IBIFBIM) KkoHEe  xsopodopm  (44.85%
IKCTPAKIMSUIBIK KaOilleTi) eKeHi aHbIKTaNbl. AKYbI3Iaplbl DKCTPAKLUsIAy XOHE TYHIBIPY OAicTepi
iiHAe eH TUIMIICI — CUITUIIK 9KCTpaKIMsAAaH KeHiHTT H309JIEKTPIIiK HYKTE/Ie TYHABIPY O0JI/ibl, OYJI aKybI3
WBIFBIMBIH 66.09% neifiH keTki3yre MyMKiHIiK Oepai. Byn KepceTkill aleToHMEH TYHIBIPY 9JliCiHeH
KeHiHri Cy OSKCTpaKkLUsACHIHA KaparaHna alTapibIKrail skorapbl (36,9%). AKybI3 KOHIIGHTPATHIHBIH
AMHUHKBIIIKBUIABIK ~ Kypambl 15  aMHUHKBINIKBUIBIHAH — TYpPAThIHBIH  KepceTTi, OHbiH 10-b1 —
aIMaCThIPBUIMANTBIH AMUHKBIIIKBUIAAPBL. AJIMACTBIPBUIMAHTBIH AMUHKBIIKBUIIAPBIHBIH HHAEKCT 1.81-re
TeH OONJbI, OYJI ASCTYpIIi aKybl3 Ke3aepi — OalbIK YHBI MEH COsJaH OJICKaii/la JKOFaphl JKOHE Ka3eHHIe
xaKpH. Byt HoTikenep Zophobas morio yiin anram per KoiaHbUFaH H303JIEKTPIIIK TYHIBIPY SAICIHIH
JKOFapbl Ta3ajblFbl MEH THIMAUIITIH pacTaiipl, COHAai-aK OHBIH OHEPKACINTIK dNeyeTiH aiKbIHIAHIbL.
Kopuvimuinoel. 3epTTey KopceTKeHIeH, TUMUATEP MEH aKybI3Aap/bl SKCTPAKIMsIAY THIMALUIITT epiTKIMITI
TaHay KOHE TYHIBIPY dJicTepiHe airapibikTail Toyenni. [lerponeit adupi aunuarepai sKCTpakusiayaa
CH THIMJII SKCTPAareHT OOJIBII Ta0bUICAa, al aKybI3Japibl Oellill alyAblH OHTAMNBl onici periHze
M303JICKTPIIIK HYKTeIe TYHIBIPY aHBIKTAIIBL 3epTrey HoTmkenepi Zophobas morio HerisiHzeri akybi3
KOHIICHTPATBIH a3bIK-TYJIK )KOHE Mall a3bIFbl OHEPKACIOIHAE IOCTYPIIi aKybl3 KO3/epiHE OPHBIKTHI JKOHE
JKOFaphl canaiibl Oajgama peTiH/e HaiaJanyablH MepCIeKTUBAIBI eKeHIH oIS IeH Il

Tyiiinai ce3aep: nunuarep, SKCTPAKLUS, EPITKIIITEP, aKybI3 KOHIIEHTPATBI, XKOHIIKTEP.
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Pe3ome. Bsedenue. B 1aHHOM HCCIIEIOBAaHWU pPacCMaTpPHBAIOTCS XMMHYECKHE aCHEKThl SKCTPaKIHUU
OHMOMOJIEKYJI, BKIIFOYAsl BIMSIHUE PA3JIMUHbIX PACTBOPHUTEIICH, MEXaHH3MBI BBIICIICHUS JIUIHIOB U OCIIKOB,
a TaKKe CpaBHUTCNBHBIM aHANIW3 pPACTBOPUTENEH Ha WX OKCTPAKUHOHHYIO 3((EKTHBHOCTD H
Oe3omnacHOCTb. Llenvio uccredosanus a6isemcsi ONTUMHU3ALMS SKCTPAKIMH JUIHIOB U OEIKOB U3 TMYUHOK
Zophobas morio ¢ akieHTOM Ha BBIOOpP pAcTBOPHUTENCH, METOABI OCAXKICHUS OCNKOB W aHAIU3
aMHUHOKHCIIOTHOTO cocTaBa. Pe3yavmamsl u oocyscoenue. ONTAMU3ALUS yCIOBUH SKCTPAKIUH JINIHIOB
rmokaszanga, 49ro HauOonee OSGPEKTUBHBIMH  OKCTPAreHTaMH  SBJISIOTCS  METPOJCHHBIN  3dup,
obecrieynBaOMil MaKCHMaJIbHBIA BBIXOA JHIHAOB (65.55%) u xnopodopM ¢ OKTPAKIMOHHOM
criocoOHOCThI0 (44.85%). Cpemrt M3yYCHHBIX METOJIOB JKCTPAKIMHA W OCAKICHHSA OCIKOB Haubojee
9 PEKTUBHBIM OKa3a1I0Ch OCAXACHUE MPU W30XJICKTPUUECKON TOUKE IOCHE LICTOYHON SKCTPAKIMH, YTO
obecrieunio Beixox Oenka 66.09% 0T MCXOIHOTO CyXOro BEUIECTBa, 3HAYUTEIBHO MPEBBIIIAs BHIXO/ MTPU
OCAKICHUU AaleTOHOM Tiocie BoAHOW skcrpakuuu (36.9%). AHaIM3 aMHHOKHCIOTHOIO COCTaBa
0EeKOBOr0 KOHIICHTPATA BBISIBII HAIUYKE 15 aMHHOKHCIIOT, U3 KOTOPBIX 10 SBISIOTCS HE3aMEHHMBIMA.
WHngekc He3aMEHMMbBIX aMHHOKHCIOT cocTaBmil 1.81, YTO CyIIECTBEHHO IIPEBBINIACT MOKA3aTeIn
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TPaIMIHOHHBIX OCMKOBBIX MCTOYHHKOB, TaKMX KaK pPbIOHAas MyKa M COs, U COMOCTABUMO C Ka3CHHOM.
JlaHHbIE pe3yNbTAThl MOJTBEPIKAAIOT BBICOKYIO YHUCTOTY M 3(P(EKTHBHOCTH METOJa H303JIEKTPUUECKOrO
OCaXICHHs, BIEPBBIC MPUMEHEHHOro K Zophobas morio, uTo moAYepKMBAeT €ro MPOMBIIIICHHBIH
noTeHman. 3axnouenue. ViccnenoBanue MOATBEPAIIO, YTO BEIOOP PACTBOPHUTENS W METO/A OCAXKICHHUS
CYILIECTBEHHO BIIMSET Ha 3(PEKTUBHOCTh SKCTPAKIMHU JIMIH/OB M OcaxeHus OenkoB u3 Zophobas morio,
MPH 3TOM METPOJICHHbIH 3(hup okazaincs Haubosnee IP(HEKTUBHBIM DKCTPArEHTOM s JIMIKAOB, a
OCaXICHHUE NP M303JICKTPHIECKON TOUKE — ONTUMATIBbHBIM METOIOM BbieneHus GenkoB. [lomydeHHbIe
PE3yIBTATHl IEMOHCTPUPYIOT MEPCIEKTUBHOCTh HCIOIB3YEMBIX METOIOB IS TOMydeHHS GEIKOBOTO
KOHIleHTpaTta u3 Zophobas morio B muimieBo W KOPMOBOM MPOMBINIEHHOCTH KaK YCTOWYMBOW W
BBICOKOKAUECTBEHHOM albTEPHATUBEI TPAIUIIMOHHBIM HCTOYHHKAM OeJTKa.

KiioueBsble ¢J10Ba: THUINIBL, SKCTPAKIHS, PACTBOPUTEIH, OCIKOBBIN KOHIICHTPAT, HACCKOMBIE.
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Abstract: Introduction. The history of polymer-clay composites dates back to the mid-20th century
when the addition of clay minerals such as montmorillonite to polymer matrices was found to significantly
enhance their mechanical and thermal properties. They are used in environmentally friendly processes,
redox reactions, and pollutant remediation. The introduction of nanotechnology has further advanced
these materials by enabling nanoscale dispersion of clay particles, increasing their surface area and
interaction with polymers. In recent years, research has focused on environmentally friendly materials,
particularly biopolymer matrices such as chitosan and starch. Objective of the study. This review aims to
analyze the latest developments in polymer-clay composite-based catalysts, highlighting key challenges
and identifying promising research directions. Results and Discussion. Polymer-clay composites provide
structural stability, improved mechanical strength, and high thermal resistance. The integration of clay
minerals such as montmorillonite or zeolites enhances adsorption capacity and ion-exchange properties,
making these materials highly effective in catalysis and environmental applications. Metal nanoparticles
(e.g., Pd, Ni, Cu), embedded in polymer-clay matrices, significantly boost catalytic activity, offering
efficient solutions for oxidation, reduction, and energy conversion reactions. However, challenges remain
in polymer degradation, catalyst deactivation, and scalability for industrial applications. Conclusions.
Advancements in hybrid polymer-clay composites with metal nanoparticles offer promising directions for
green chemistry and sustainable catalysis. Future research should focus on improving the stability,
scalability, and functionalization of these materials to enhance their practical applications in industrial and
environmental processes.
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1. Introduction

The history of polymer-clay composites dates back to the mid-20th century
when it was first recognized that the addition of clay minerals, such as
montmorillonite, to polymer matrices could significantly enhance their
mechanical and thermal properties [1, 2]. A major milestone in the development
of these materials was the introduction of nanotechnology, which enabled the
fabrication of composites with clay nanoparticles capable of increasing surface
area and interacting with the polymer at the molecular level. In recent decades,
research has increasingly focused on environmentally friendly materials,
including biopolymer matrices such as starch, chitosan, and others [3-5].

The significance of catalysts based on polymer-clay composites and metal
nanoparticles stems from their unique properties and broad application prospects
across various scientific and industrial fields [6-8]. These catalysts represent
innovative materials with exceptional characteristics, including a high specific
surface area, enhanced catalytic activity, and the ability to be modified for various
applications [9,10]. This combination of properties makes them highly effective
for conducting complex chemical reactions, including redox processes,
degradation of organic pollutants, and energy conversion [11].

Polymer-clay composites provide structural stability, improved mechanical
strength, and high thermal resistance [12]. The incorporation of clays such as
montmorillonite or zeolites enhances their adsorption properties and ion-exchange
capacity, making them highly effective in water purification processes and the
separation of complex mixtures [13]. Metal nanoparticles, such as gold,
palladium, or silver, integrated into the composite matrix, significantly enhance
catalytic activity by creating active sites for oxidation, reduction, and
hydrogenation reactions [14, 15].

Their potential is particularly important in environmental chemistry, where
such composites can be utilized for the purification of water and air from toxic
substances. In industrial chemistry, they contribute to reducing the energy
intensity of processes and minimizing the formation of by-products [16].
Furthermore, they can serve as the foundation for the development of more
accessible and cost-effective catalysts, replacing conventional catalysts based on
precious metals and toxic substances. This is especially relevant when utilizing
locally available materials and inexpensive polymers, promoting sustainable
development and resource conservation.

The objective of this review article is to analyze the latest advancements in
the development of catalysts based on polymer-clay composites, identify key
challenges, and determine promising directions for further research.

2. Polymer-Clay Composites as a Basis for Catalysts

2.1 Structure and Properties of Polymer-Clay Composites

Clays are used as fillers in composites due to their unique properties,
including high specific surface area, interlayer swelling capability, high
adsorption capacity, and mechanical strength [17].
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Natural clays are layered minerals consisting of alternating layers of silicon
and aluminum oxides. These layers contain cavities and interlayer spaces that can
retain water molecules, metal ions, and organic compounds. The primary active
sites of clays are located either on their surface or within the interlayer regions,
where adsorption and ion-exchange processes can take place (Table 1). Due to
these properties, clays can interact with various chemical substances, making
them effective catalyst supports. Their natural microporous structure allows for
the immobilization of active substances, ensuring a high interaction surface,
which is crucial for catalysis.

Table 1 - Comparison of the characteristics of smectite clays

Parameter Montmorillonite Hectorite Saponite Beidellite

Chemical (Na,Ca)os(Al,Mg)2 (Na,Ca)o (Ca)os

formula SisO10(OH)2nH0 | (Na,Ca)os 3(Mg,Al) (Al,Mg):Sis
(Mg,Li)3Sis010(0H)2 | (Si,Al)4010 O10(OH)2

(OH)2

Main elements Si, Al, Mg, Na Si, Mg, Si, Mg, Si, Al, Mg,
Li Al Ca

Layer type 2:1 2:1 2:1 2:1

Interlayer 12- 12- 11- 10-12

spacing (A) 15 14 13

Type of | Na‘, Ca* Na*, Ca? Na*, Ca? Ca**

interlayer

cations

Cation 80-150 50- 80- 40-60

exchange 70 120

capacity

(meg/100 g)

Specific surface | g0p- 300- 500- 400-

area (n’/g) 800 600 700 500

The(mal 200- 200- 200- 200-

stability (°C) 600 700 600 700

In catalysis, polymers ensure control over reagent access to active sites.
Polymers play a crucial role in catalysis by controlling the accessibility of
reactants to active sites and preventing their deactivation under harsh conditions
such as high temperatures or aggressive chemical environments. Polymers used in
composite materials are classified into synthetic and natural matrices. Examples
of synthetic polymers include polyacrylic acid, polyethyleneimine, and polyvinyl
alcohol, which can interact with clay particles, enhancing the catalytic
performance of the composite. Synthetic polymers form structures where
molecules or metal nanoparticles are evenly distributed, preventing aggregation
and loss of activity. However, composites based on polyethylene glycol (PEG)
and other synthetic polymers are rarely used as catalysts and adsorbents due to
their chemical inertness, weak chelating properties, and low thermal stability,
which limits their application in catalytic and adsorption processes. Additionally,
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they exhibit poor mechanical strength and may block active sites in the
composite, reducing its overall efficiency.

With the advent of green chemistry in catalysis, natural biopolymers such as
cellulose, chitosan, pectin, starch, alginate, gelatin, and casein have increasingly
been used as matrix materials. Biopolymers, derived from plant residues and
microbial sources, are environmentally friendly [19]. They are widely available,
cost-effective, and their composites readily degrade in natural environments [18].
At the molecular level, the interaction between polymers and clays in composites
occurs through various physicochemical mechanisms, including adsorption, ion
exchange, hydrogen bonding, and covalent interactions. Polymer chains can
intercalate into the interlayer spaces of clays, increasing the distance between
layers and creating a porous structure. Functional groups in polymers (e.g., amino
groups in chitosan or carboxyl groups in polyacrylic acid) can bind to surface ions
of clays, enhancing adhesion between phases. This interaction strengthens the
composite's stability and promotes uniform distribution of active sites, which is
particularly important for catalysis. As a result, polymer-clay composites exhibit a
synergistic effect: the polymer protects active particles, while the clay ensures
their accessibility to reactants.

2.2. Methods for synthesizing polymer-clay composites

Polymer-clay composites can be synthesized using various methods, each
with its specific features and advantages. The choice of a particular method
depends on the required properties of the final material and its intended
application conditions.

1. Polymer intercalation into clay interlayer spaces

This method involves the insertion of polymer chains between the layers of
clay minerals such as montmorillonite. For successful intercalation, the clay is
pre-modified with organic compounds that enhance its compatibility with the
polymer. As a result, nanocomposites with improved mechanical and thermal
properties are formed.

2. Mechanochemical mixing

In this method, the polymer and clay undergo simultaneous mechanical
treatment, such as milling in ball mills. Intensive mixing and grinding activate the
surfaces of the components, promoting their interaction at the molecular level.
This approach allows for the production of homogeneous composites without the
use of solvents.

3. Chemical cross-linking and surface modification

This method involves the chemical modification of either the clay or polymer
to create strong covalent bonds between them. For example, clays can be
functionalized using silane agents, which subsequently react with the polymer’s
functional groups, forming a cross-linked structure. This approach improves
component compatibility and enhances the stability of the composite.
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3. Modification and functionalization of composites

To enhance the catalytic activity of polymer-clay composites, both the
polymer matrix and the clay support can be modified using various methods.
Polymers are functionalized by introducing active groups (e.g., amino, carboxyl,
and sulfo groups), which promote chelation and retention of metal nanoparticles.
Chemical cross-linking of polymers with agents such as glutaraldehyde or
epichlorohydrin improves their mechanical strength and solvent resistance. Clays
can be modified through ion exchange by incorporating active cations (Pd?*, Cu?",
Ni?*), acid activation to increase porosity, or pillaring with polyoxometals (e.g.,
AP, Ti*"), which expands interlayer spacing and increases the number of
available active sites [19]. The incorporation of metal nanoparticles via thermal or
chemical treatment also creates a synergistic effect between the polymer and clay,
ensuring high catalytic activity, selectivity, and stability of the composites.

Composites containing metal nanoparticles exhibit high efficiency in
catalytic processes due to the unique physicochemical properties of
nanostructured materials. For instance, palladium and platinum nanoparticles
embedded in composite matrices serve as highly effective catalysts in
photocatalysis and heterogeneous catalysis, providing high selectivity and
stability [20].

In green chemistry and environmental applications, these composites are
used for water and air purification. Metal nanoparticles such as silver and gold
facilitate the degradation of toxic organic compounds, while metal oxides like
TiO: and ZnO are effective in the catalytic oxidation of toxic gases (e.g., CO,
NOy). These materials contribute to environmentally friendly processes by
reducing harmful emissions.

Cation exchange also plays a key role in improving the activity of polymer-
clay composites, as it enables the effective incorporation and retention of active
metal centers within the interlayer spaces of the clay. The replacement of natural
cations (e.g., Na* or Ca?") with active metal cations (Pd?**, Ni**, Cu?", etc.) creates
stably anchored catalytic sites, promoting their uniform distribution and
preventing aggregation (Table 2). As a result, interactions between active
components and reactants are enhanced, the active surface area increases, and the
adsorption of target molecules improves. Overall, cation exchange contributes to
increased catalytic activity, stability of composites, and the possibility of their
repeated use in reactions.
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Table 2 - Comparison of the Characteristics of Low-Exchange Clays

Parameter Kaolinite e Halloysite Pyrophyllite
Chemical Al2Si20s Al2Siz05(0OH)4 Al2Si4010(0OH):
formula (OH)4 (K,H30)(Al,Mg,Fe)2 nH20
(Si,Al)4010[(OH)2,(H20)]
Main elements Si, Al, O, H Si, Al, Mg, Fe, Al, Si, O, H Al, Si,O,H
K, 0, H (mpumecu  Fe,
Ti, Cr)
Layer type 1:1 2:1 1:1 2:1
Interlayer ~7 ~10 ~7.2 ~9.3-
spacing (A) 9.6
Type of | No K*, with minor Na*, Ca** | No No
interlayer cations | exchangeable exchangeable exchangeable
cations cations  (layers | cations (layers
(layers  held held by | held by van der
by hydrogen hydrogen bonds | Waals
bonds) and water | interactions)
layers)
Cation exchange | 3- 10- 10-60 20-50
capacity 15 40
(meg/100 g)
Specific surface | 10- 50- 50-70 20-
area (m?/g) 20 120 40
'I;hermal stability | gqp- 400- 500-600 700-
0 700 600 900

4. Catalytic applications of polymer-clay composites in modern research

Polymer-clay composites have found extensive applications in heterogeneous
catalysis due to the combination of high clay surface area and the functional
groups of polymers. Clay-based materials, such as montmorillonite and zeolites,
provide structural support and catalytically active sites while enhancing
adsorption, the distribution of active species, and resistance to deactivation. These
composites are used in transesterification, oxidation, hydrogenation reactions, and
pollutant removal processes, demonstrating enhanced selectivity, stability, and the
possibility of multiple reuses.

For example, in the transesterification of waste cooking oil (WCO) into
biodiesel, Fereidooni L. and Mehrpooya M. developed a heterogeneous catalyst
based on zeolite/chitosan/KOH. The zeolite underwent desilication with increased
K" incorporation, forming hydroxy-potassalite. The use of electrolysis and an
acetone co-solvent facilitated a 93% vyield of methyl esters [21]. Later, Ahmed et
al. synthesized a montmorillonite-chitosan (PAMMT-CH) nanocomposite, which,
when used in the catalytic pyrolysis of waste oil, achieved a high bio-jet fuel yield
with improved selectivity towards alkanes at 300°C and 0.7% catalyst loading
[22].
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Abdullah et al. utilized a green synthesis method, incorporating starch as a
natural stabilizer and zeolite as a support, eliminating the use of toxic chemicals
and solvents. The resulting bio-nanocomposite starch/FesOas/zeolite (BNC)
exhibited high magnetic activity (1.84 emu/g) and uniformly distributed
magnetite nanoparticles (average diameter 9.24 nm) on the zeolite surface. The
product was effective as a non-precious metal catalyst for the oxygen reduction
reaction (ORR) in energy applications [23].

In a study by Zhao et al., a novel hybrid structure was developed, consisting
of chitosan (CS) chains and palladium nanoparticles (Pd®) embedded within the
interlayer spaces of montmorillonite (Mt), modified with aluminum or aluminum-
iron oxides (Al-Mt or Al-Fe-Mt). These catalysts demonstrated high activity in
Sonogashira reactions due to excellent nanoparticle dispersion (down to 3 nm)
and a large surface area. Pd°@CS/Al-Fe-Mt showed superior performance due to
its higher adsorption capacity and smaller Pd® nanoparticles [24].

In 2024, Sun et al. developed hybrid chitosan-Pd® nanocomposites
(Pd°@CS/Al, Co-MMt), where 2—-3 nm palladium nanoparticles were chelated by
chitosan chains and embedded in montmorillonite, modified with aluminum and
cobalt oxides. A simple one-step thermal treatment at 200°C in an inert
atmosphere was employed, simultaneously modifying the clay and incorporating
the polymer. The nanocomposites exhibited high catalytic activity and stability in
cross-coupling reactions (Sonogashira and Heck reactions). A key feature of this
study was the synergistic effect of Al, Co-pillaring and chitosan chain
encapsulation, leading to an increased surface area of 198.3 m?/g and improved
catalytic performance compared to multi-step synthesis methods [25].

Li Yaqi et al. developed a photocatalyst (Cht/PANI/MnFe.04) with high
photocatalytic activity and adsorption capacity, synthesized via in-situ
polymerization using chitosan, polyaniline, and MnFe.Os. The composite
exhibited a maximum adsorption capacity of 2569.66 mg/g, significantly
outperforming pure MnFe:Os due to the synergistic effect of the polymers,
enhancing charge transfer and material stability [26].

Similarly, Breno F. Ferreira et al. synthesized a hybrid catalyst (Kaol-TRIS-
MnTSPP) composed of kaolinite, modified with
tris(hydroxymethyl)aminomethane (TRIS) and immobilized metalloporphyrin
(MnTSPP) via adsorption. The modification of kaolinite expanded interlayer
spacing and improved interactions with MnTSPP, ensuring strong immaobilization
of porphyrin and preventing its leaching during catalysis. The catalyst
demonstrated high efficiency in cyclooctene oxidation (81% conversion) and g-
caprolactone (g-CL) polymerization, yielding biodegradable polycaprolactone
(PCL) under mild temperature and energy conditions. This study highlights the
importance of chemical modification of clays for the synthesis of effective
catalysts in polymerization and oxidation processes [27].

166



ISSN 1813-1107, el SSN 2710-1185 MNe 1, 2025

5. Challenges and limitations of current research

One of the major challenges in the development of polymer-clay composite
catalysts is the degradation of the polymer matrix and the leaching of active
components during repeated use. Polymers such as polyethylene glycol (PEG)
and chitosan have limited thermal stability and may lose their stabilizing
properties under high temperatures or chemically aggressive environments,
leading to a decline in catalytic activity and selectivity. The introduction of
functional groups or chemical cross-linking of polymers can partially address this
issue, but the risk of catalyst deactivation over prolonged use remains a critical
concern.

Most studies are conducted at the laboratory scale, which poses significant
challenges in transitioning to industrial applications. Polymer-clay composites
require complex, multi-step synthesis processes, including clay modification,
polymer functionalization, and uniform distribution of metal nanoparticles.
Scaling up these processes presents difficulties in ensuring uniform distribution of
active sites, controlling particle size, and effectively embedding polymers into the
clay interlayer spaces. These limitations lead to significant differences in catalytic
performance between laboratory-scale and industrial-scale applications.

Furthermore, the effects of high temperatures and chemically reactive
environments on polymer-clay interactions remain poorly understood, making it
difficult to predict the behavior of composites under real reaction conditions. For
example, at temperatures exceeding 200-300°C, polymers may lose their
structural stability, while clays may undergo structural transformations, leading to
a decline in adsorption and catalytic properties. Additional research is required to
improve the understanding of polymer-clay chemical compatibility, especially in
the presence of metal nanoparticles, to minimize composite degradation and
optimize performance in extreme conditions.

6. Prospective research directions

Recent studies highlight the significant potential of hybrid polymer-clay
composites incorporating metal nanoparticles (e.g., Pd, Ni, Cu) and organic
ligands, such as polyaniline or amine groups. These systems enable a high degree
of functionalization, where metal nanoparticles serve as active catalytic centers,
while organic ligands stabilize them and regulate interactions with reactants. This
combination enhances catalyst selectivity and activity, while also preventing
metal leaching, which is crucial for improving the longevity of catalysts in
industrial processes.

Sustainable development necessitates the creation of catalysts effective at
low temperatures and pressures, thereby minimizing energy consumption in
industrial production. Polymer-clay composites with high surface area and
porosity, modified with active sites (e.g., metals or Lewis acids), can efficiently
catalyze reactions at moderate temperatures, including transesterification,
hydrogenation, and oxidation. The use of such composites in green reactions with
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minimal energy requirements represents an important research direction in the
chemical industry.

In response to environmental challenges, increasing attention is being given
to the development of biodegradable polymer-clay composites based on natural
materials such as polysaccharides or biodegradable synthetic polymers. Green
synthesis methods, including in-situ polymerization in aqueous media or acid
activation of clays without toxic reagents, ensure the environmental safety of
these composites. Their promising applications include wastewater treatment,
photocatalysis, and biomedical technologies, where biocompatibility and non-
toxicity are essential.

7. Conclusion

Polymer-clay composites with metal nanoparticles and functional polymer
matrices represent one of the most promising areas of modern research in the field
of catalysis. A review of recent studies highlights that the synergistic interaction
between polymers and clay enhances the stability of active sites, improves the
kinetics of catalytic reactions, and increases adsorption capacity. These
composites have demonstrated excellent performance in transesterification,
wastewater treatment, and photocatalysis, owing to their ability to be modified
and adapted to various reaction conditions.

However, several challenges remain, including polymer matrix degradation,
scalability issues, and insufficient understanding of component interactions under
extreme conditions, which require further investigation. The development of
hybrid systems incorporating organic ligands and green synthesis methods will
not only enhance the selectivity and stability of these composites but also make
their production more environmentally friendly.

Future research directions include the development of biodegradable
composites that operate efficiently at low energy consumption and the exploration
of new mechanisms of interaction between polymers, clays, and metal
nanoparticles. The application of in situ and in operando techniques to understand
these mechanisms will provide a solid foundation for the design of innovative
catalysts capable of addressing the challenges of sustainable development and
resource conservation. Thus, further research on polymer-clay composites is
expected to make a significant contribution to green technologies and industrial
chemistry.

Acknowledgments: The work was carried out within the framework of the project of the
Committee of Science of the Ministry of Science and Higher Education of the Republic of
Kazakhstan under the project: Noe BR21882220.

Conflict of interests: The authors declare that there is no conflict of interest between the authors
that requires disclosure in this article.

168



ISSN 1813-1107, el SSN 2710-1185 MNe 1, 2025

MNOJUMEP-TJIMHAJIbI KOMITIO3UTTEP HET'I3IHAEI'T KATAJIU3ATOPJIAP
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Tyiiingeme. Kipicne. Tlonumep-0aniiblK KOMIO3UTTEPiHIH Tapuxbl XX FachIpJbIH OpTachiHAH Oacrtay
anajipl, COJ Ke3/le MOHTMOPHIUIOHUT CHSIKTHI OalllbIK MUHEpaJIapblH MOJIUMEpIIK MaTpHLalapFa Kocy
OJIapJIbIH MEXAaHHUKAJIBIK JKOHE TEPMHSIBIK KaCUETTEPiH alTapIibIKTail aKaKcapTaThlHbl aHbIKTaAbl. Onap
9KOJIOTHSUIBIK Ta3a MHPOLECTEPAE, TOTHIFY-KAJIbIHA KENTIpY pEeakUHsIapblHAA JKOHE JIACTAFbILITAP/IbI
Ta3apTy cajachblHIa KOJAaHbLIaAbl. HaHOTEeXHOIOTUsIIapAbl €HIi3y INIMHAHBI HAHOAUCIIEPCHUSIFA TYCipyre
MYMKIHJIK Oepir, OHbIH OeTKi ayJaHbIH jKOHE IOJIMMEPIIEPMEH 3apa OpeKeTTeCyiH apTThIpibl. COHFBI
XKBULIAPBI 3ePTTEYJIeP HKOJIOTHSUIBIK Ta3a MaTepHallapFa, COHbIH IIIIHIEC XUTO3aH JKOHE KpaxXMmall CHUSKTHI
OMOIIONUMEPITIK MaTpULIAJIApFa OaFbITTaNFaH. 3epmmey maKcamol. by M0y XKyMBICHI TIOIMMEP-0alIIbIK
KOMITO3UTTEP] HETi31HAET1 KaTaln3aTopiiap bl 931piiey calachlHAAFbl COHFBI XKETICTIKTep/Ii Tajiay, Herisri
Mocelnenepi aHbIKTAy >KOHE Oonallak 3epTTeyiepliH IepCHEeKTHBANBLIK OarbITTapblH Oenrineyre
OarpiTTanran. Homuowenep men  mangeiiay. Ilonumep-0aniiblk  KOMIO3UTTEPI  KYPbUIBIMBIK
TYPAKTBUIBIKTBI, JKAaKCApTHUIFAH MEXaHMKAJIBIK OEpIKTIKTI JKOHE IKOFapbl TEPMOTYPAKTBUIBIKTBI
KamMTamachl3 erejli. MOHTMOPWIUIOHUT HEMECEe LEOJIUT CHSAKTHI OalllIBIKTapIblH KOCBUTYbl OJIApAbIH
afcopOLMSIIBIK KacHeTTepi MEH HOHAMacy KaOlIeTiH apTThIPBIN, OyJl MaTepuaigapibl KaTalu3 jKoHe
9KOJIOTHSUTBIK KOJIIaHy YIIiH THiMI eteai. [lonumep-0aiibik MaTpulaaapblHa MeTalll HAaHOOOIIEKTePiH
(Pd, Ni, Cu) eHri3y KaTaJUTHUKaJbIK OEICEHIUIIKTI aliTapiblKTaif apTTBIPBIN, TOTBIFY, TOTBIKCBI3/IAHY
MKQHE JHEPrust TYPJICHAIPY MPOLECTEepiH THIMI XKYpri3yre MyMKiHIik Oepeni. Anaiina, monumepriepaiy
JIeTpajlaliksIChl, KaTaIM3aTOPNApAbIH e3aKTHBALMACH KOHE OJIap/bl OHEPKACINTIK ayKpIMIa KOJJaHy
Mocenesnepi e3ekti 6onbin Kana oepesi. Kopsimoinovl. Metann HaHoOemekTepi 6ap ruOpuaTi moIuMep-
GaIIIBIK KOMIIO3UTTEPIH JaMBITY )KAChUT XHMMHS JKOHE TYPAKTHI KaTalu3 YIIiH HepCIeKTHBAIBIK OAaFbITTap
amajasl.  bomamak 3eprreynep ockl  MaTepUalapiblH  TYPAKTBUIBIFBIH, MAacCIITAOTaTyblH JKOHE
(YHKIMOHATM3AMSICHIH apPTThIpyFa OaFbITTANybl KEpeK, OYJI ONap/blH ©HEPKACIM MEH SKOJIOTHUSIAFbI
MPAKTUKAIBIK KOJJaHY asiChIH KEHEUTyre MyMKiHIIK Oepei.

Tyiiinai ce3jep: momrMep-ca3apl KOMIIO3UTTEP, METAUl HAHOOOIIIIEKTEpi, KaTain3, KOMIO3HTTEP.i
CHHTE3/EY, KAaChLT XUMUSL.
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Pe3wome. Bseoenue. VicTopusi moMMMEpHO-TIMHUCTBIX KOMIIO3UTOB OepeT Havano B cepeanHe XX Beka,
Korza OblIO OOHApY)XEHO, YTO M00ABJIEHUE IJIMHUCTBIX MUHEPAJIOB, TAKUX KAaK MOHTMOPHIUIOHHT, B
[IOJIMMEpHBIC MATPHIBl 3HAYUTENBHO YIYYlNIAaeT WX MEXaHHYECKHe M TepMHUUYecKue cBoiictBa. OHHM
HaXOJAT IPUMEHECHNE B SKOJIOTHUECKH YHUCTHIX IPOIECcCaX, OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEaKIUIX
U OYMCTKE 3arps3HuTesneill. BHenpeHne HaHOTEXHOJOTUH MO3BOIMIO AOOMTHCS HAHOAMUCIIEPCHU TJIMHBI,
YBENMUYMBas IUIOLIAJb IIOBEPXHOCTH W B3aMMOJCHCTBME C TNonuMMepaMu. B mocnemHme rons
HCCJIC0BAHUS COCPEIOTOUCHBI HA JKOJIOMMYECKH O€30IMacHBIX MaTepHaliax, BKIOUYas OUOIOIMMEpHBIC
MaTpullbl, TAKHE KAaK XUTO3aH M Kpaxmain. [lens pabomwl. Hacrosumii 0030p HampaBieH Ha aHaIW3
MOCJIEHUX JIOCTH)KEHUH B 0OJIACTH KAaTalu3aTOpPOB HAa OCHOBE IOJMMEPHO-TJIIMHUCTBIX KOMIIO3UTOB,
BBISIBJICHHE KJIOYEBBIX MPOOJIEM M ONpPEACNICHHE MEePCICKTHBHBIX HAIMPABICHUH HCCIICIOBaHUIA
Pesyromamur  u  obcyscoenue. I1oMMMEPHO-TIIMHUCTBIE KOMIIO3UTBI OOECIEUHBAIOT CTPYKTYPHYIO
CTaOMIIBHOCTb, YIIY4YLICHHYI0 MEXaHUYECKYIO IIPOYHOCTb U BBICOKYIO TEPMOCTOWKOCTD. BKiIIOYEeHHE IIIHH,
TAaKMX KaK MOHTMOPWJUIOHMT HJIM LIEOJMTHI, MOBBIIMIAET a/JCOPOLMOHHbIE CBOMCTBA M HMOHOOOMEHHYIO
CHOCOOHOCTD, Jenas 3TH MarepHanbl dP(EKTUBHBIMH B KaTajlu3e M SKOJOTHYCCKHX IMPHIOKCHHSX.
Buenpenne merammueckux Hanowyactur (Pd, Ni, Cu) B moauMepHO-TIIMHUCTBIC MAaTPHUIbI 3HAYUTEIIHHO
YBEJIMUMBACT KATAIUTUYECKYIO aKTUBHOCTb, MO3BOJSASA d()(HEKTUBHO MPOBOAUTH HPOLECCHl OKUCICHHS,
BOCCTAHOBJIEHHS. U IIpeoOpa3oBaHusi >Hepruu. OJHAKO OCTAIOTCs MPOOJEMBI AErpajaliu MOJIUMEpPOB,
JIe3aKTHBAIlMK KaTaJIM3aTOPOB M MAacHITaOUPyEeMOCTH sl NPOMBIIUICHHOTO NPUMEHEHUS. Bbigoosl.
Pa3Butie TrHOPHIAHBIX HOJMMEPHO-TJIMHUCTBIX KOMIIO3MTOB C METAJUIMYECKMMH HAHOYACTHULIAMU
OTKpBIBACT IEPCIECKTUBHbIC HANpaBICHHUS MU 3€ICHOW XMMHUM M YCTOWYMBOro Katanu3za. bynymiue
HCCIICIOBAaHMS JOJDKHBI OBITH COCPEZOTOYCHBI Ha MOBBINIEHHH CTAOWJIBHOCTH, MacUITaOHPyeMOCTH M
(GYHKUMOHANU3ALMKA 3THX MAaTepUalioB JUISl PACHIMPEHHs WX MPAaKTHYECKOro INPUMEHEHHs B
MIPOMBIIUICHHOCTH U 9KOJIOTUH.

KiroueBbie cjioBa: TMOJIMMEP-TIIMHUCTBIC KOMIIO3UTBI, HaHOYAaCTHULbI METAJJIOB, KaTaJlu3, CHUHTE3
KOMITIO3UTOB, 3CJICHAsA XUMMS.
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K 100-JIETUIO AKAJJEMUKA HAH PK
CYBOPOBA BOPUCA BUKTOPOBHUYA

Axanemuk HannonanbHnoii Akagemun Hayk PecnyOauku Kasaxcran
Bopuc Bukroposuu CyBopos
27.01.1925 - 07.07.1996

B stom rogy MHetutyT xumuueckux Hayk uMm. A.b. bekrypoBa oTmedaer
oonpmryro naty — 100 ner co must poxxaenus bopuca Buktoponya CyBopoBa, ¢
MMEHEM KOTOPOTO CBSI3aHBI OTPOMHBIE TOCTHKEHHSI B HAYKE W MPOMBIIIUIEHHOCTH.

Bopuc BuxtopoBuu CyBopoB poauics 27 sHBapa 1925 roma B T.
HoBocubOupck. B 1948 romy oxonumn xummueckuil (akymnprer Kazaxckoro
I'ocynapctBennoro YauBepcurera M. C.M. Kuposa. CBoto npodheccHoHATBHYIO
JesarenbHocTh bopuc BukropoBuu Haudan B MHCTUTyTE XMMHUYECKHX HAyK WM.
A.b. bexrtypoBa HAH PK, rae mocie oxoHuaHMs acHUpaHTYphl U 3alllUThl B
1951roay auccepTaliy Ha COMCKAHME YUYCHOH CTENCHH KaHAWUIaTa XHMHUYCCKUX
HAyK 3aHAMaJl JOJDKHOCTH CTapIliero Hay4Horo corpyanuka (1952-1957r.r.),
3aBenyrolero taboparopuern (1957-1996r.r.), 3amecturens aupekropa (1957—
1964r.r.).

I'maBrast 3aciayra CyBopoBa b.B. kak yd4eHOro 3aKito4aeTcss B Pa3BUTHH
KOMOWHHPOBAaHHBIX  KAaTaJUTHYECKUX MPOLECCOB  OKHCICHUS HepTe- H
KOKCOXMMHUYECKOTO CBIPbSI C LIENBI0 MOIYYEHHs] KHCIOPOJ- U a30TCOAEPIKaLINX
(yHKIIMOHANBHBIX ~ MPOWM3BOAHBIX  O€H30JIa W  TNHPUAWHA IS HYX[J
MPOMBIIIJICHHOCTH IIOJIMMEPOB, KpacHuTellel M (U3HOJIOTHYECKH aKTHBHBIX
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BemecTB. boprc BuKTOpoBHY sABISETCS aBTOpPOM (BMECTE C aKaJeMHKOM
C.P. PapukoBbIM) OpUTHHAIFHON KaTaIUTHUYECKOW PEaKIMUd OKUCIUTEIHHOTO
aMMOHOJNIM3a opranudeckux coeaunenuil. B 1957r. b.B. CyBopoB opranuzoBain
1a00paTOPUIO0 CHHTE3a IONYIPOAYKTOB BBICOKOMOJEKYISIPHBIX COETUHEHH.
Pe3ynpTaTel MHOTOJIETHUX MCCIIEOBAHNIN PEAKIINK OKUCIUTEIBHOTO aMMOHOJIN3a
OH 00001 B TOKTOPCKOHM AMCCEpPTAaLUH, KOTOPYIO 3amuTui B 1962r. 8 MI'Y
mM. M.B. JlomoHocoBa. Ha mpoTshkeHMM MHOTHX JIeT B J1abopaTopuH
MPOBOAMINCH PAOOTBl IO CO3JAHHIO JKOHOMHYHBIX METOAOB IOTyYeHUs
HUKOTHMHOBOM KHCIOTHl (BUTaMHHAa PP) OKMCIHUTENBbHBIM aMMOHONH30M 3-
METWIMUPUIUHA H 2-MeTWI-S-3TmimupunuHa. [ins oTpaboTKH TEXHOIIOTHUH
mporecca B 1968-1970rr. Ha  KOKCOXMMHYECKOM  IPOU3BOJCTBE
KapmerkomOuHaTa OB MOCTPOEH LEX C KOMIUIEKCOM MHJIOTHBIX YCTaHOBOK.
[Iponecc mpomen yKpymHEHHYIO MPOBEPKY, OBLIO MOJIYYEHO 2 T TEXHUYECKOTO
MPOYKTa, U3 KOTOPOTO Ha Y MaHCKOM BUTaMHHHOM 3aBojie (YKpanHa) HOTYUHIN
(hapmakornelinyro HUKOTHHOBYIO KHCIOTy. Ilo paspaborkam MXH, ombsiTHOTO
nexa «Hukazan» KapmerkomOunata 1 BHUBU (r. MockBa) ObLI CITPOEKTUPOBAH
U TIOCTPOEH Ha YMaHCKOM BHUTaMHHHOM 3aBojie B 1978r. moqynmpoMbIIIIEHHbBIN
LeX MOJY4YeHHS HUKOTHHHON KHCIOTHI MOINHOCTBIO 50T roTOBOro mMpomyKTa B
rof. [lomydeHHble B pe3ynbTaTe ONBITHO-IIPOMBIIUIEHHOW MPOBEPKH JlaHHBIE
MO3BOJWJIM BBINOJHUTH NPOEKT 3aBojna MoOWHOCTHI0 3000T HUKOTHHOBOM
KHCIIOTHI B TOJ. bBUIM TOATOTOBIEHBI TPAaBUTEIHCTBEHHBIE pEIICHHUS 00
opraHu3anuu npousBojacTsa ButamuHa PP B PecriyOnuke Kazaxcran.

K HOBOMY MeTony mMONy4eHHs HHUKOTHHOBOM KHCIIOTHI MpPOSIBUIA HMHTEPEC
dbupma «Jlonza» (LlBeitmapus), KpymHEHIMA B MHpPE MPOU3BOAUTEIH
HUKOTHHOBOH KHCIOTEL. B 90-x romax mox pykoBomctBoM b.B. Cysoposa
paspabotan 3¢ dekTuBHbIN KaTamu3aTtop K2, obecrneynBaromuii BRICOKUN BBIXOJT
HUTpUJIAa HUKOTHHOBOW KHCIIOTHI B PEAKIMH OKUCIUTEIBHOTO aMMOHOJM3a B-
MMUKOJIMHA WIIHA 2-METHII-S-3THIIMTUPHINHA. DTOT KaTaTu3aTop BIEPBHIE B HCTOPUN
WHcTuTyTa CTanm mnpeaMeTroM JIMIEH3WOHHOTO W TAaTEeHTHOTO COTJalleHHil ¢
¢upmoii «Jlonza» (ILLBeiinapus) u 3anatentoBan B Poccun u LlBeiinapun.

Bonpmioe npaktnyeckoe 3HaueHUe nMeloT pazpadborannsie b.B. CyBopoBbiM
U €ro COTPYAHWKAaMH{ KHIKO(A3HBIE IPOIECCH THAPONN3a HAHOECH30JI0B U
LUaHIUPUANHOB, JIeKapOOKCUIIMPOBAHUS apoMaTHUYECKUX u
MMUPHIUHKAPOOHOBBIX KHUCIIOT.

I[Togq ero pykoBOACTBOM pa3pabOTaHBl METOABI CHHTE3a JIAOWIIBHBIX
OKCHOCH30HUTPHIIOB ITyTEM KaTAIUTHYECKOTO ra3o(a3Horo aMMOHOIU3a 3(pHPOB
OKCH3aMEILEHHBIX apOMAaTUYECKHX KHCIOT B OTCYTCTBHE KHCIIOpPOJa, AOKa3aHO
HaJIM4YUe CTaauil CONPSHKEHHWS TPW KOHTAKTHOM OKHCIEHHHM OPTaHWYECKHUX
BEIIECTB, KWHETHYECKHM METOJIOM B COUYETAaHHMH C KBAHTOBO-XHMHUYECKUMHU
pacuyeTaMHl YCTAHOBJIEH XapakTep BIMSHHUA NPHUPOJIBI, UYUCIA U TOJOXKEHUS
3aMecTuTeneli B OCH30JHbHOM W THUPHUAMHOBOM IIMKJIAX HA PEaKIUOHHYIO
CHOCOOHOCTD MICXOJTHBIX BEIIECTB B YCIOBHSX OKHCIMTEIHHOTO aMMOHOJM3a Ha
BAHAIMMOKCHUJIHBIX KaTajln3aToOpaXx.
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[Hoxg pyxoBoactBoM b.B. CyBopoBa BBINOTHEHB M 3allIUIIEHB 42
KaHIUAATCKAX  JIUCCepTalliii, OH OBUI KOHCYIBTAaHTOM S5  JOKTOPCKHX
JIccepTaluii.

OHn aBtop Oomee 600 Hay4HBIX TPYAOB, B YMCIE KOTOPBIX 4 MOHOTpaduu,
oomee 400 HayuHsx crareit, 160 aBTopckux cBuaereabcTB CCCP u 3apy0OeKHbBIX
MMaTeHTOB Ha N300peTeHUE.

OynnamentanpHbele uccnenopanus b.B. CyBopoBa momyduiiu IMIHPOKOE
MpU3HaHKWe Hay4yHOH o0IIecTBeHHOCTH B Ka3zaxcraHe u 3a ero mpeaenamu.

B pasusie roasr b.B. CyBopoB OBIT 3aMecTHTENIEM aKaJIeMHKa-CeKpeTaps U
yienoM Owopo Otaenenus xumuko-texHonmorndeckux Hayk HAH PK, unenom
IIpesunnyma HAH PK, unenom Hayunoro cosera mo katamusy ['ockommurera
CCCP no nayke u texauke, Hayanoro copera no HedTexumun npu [Ipe3uanyme
AH CCCP.

Harpaxnen opaenamu «Jlpy:xx06a HapomoB» u «3Hak [loueray, memamamu
CCCP.

3acmykeHHbIH nesTens Hayku PecrryOnmku Kazaxcran.
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[TpaBuia oopmiteHHs cTaTell B )KypHae
«XUMHMYECKHUH )KYPHAJ KASAXCTAHA»

1. OBIIME IMOJOXKXEHUSA

Kypnan «Xumudeckuii xxypran Kazaxcrana» (ISSN 1813-1107, eISSN 2710-1185)
BBITTycKaeTcst opaeHa TpymoBoro KpacHoro 3namenn AO «MHCTUTYTOM XUMUYECKHX
Hayk uM. A.b. bektypoBa» 4 paza B rom u myOJHKyeT pabOTHI IO HMIMPOKOMY KPYTY
(hyHIaMEHTAIBHBIX, IPUKIAJAHBIX 1 HHHOBAIIMOHHBIX MCCJICIOBAHUI B 001aCTH XUMHU H
XUMHUYECKOU TEXHOJIOTHH.

SI3pIkM MyOJMUKAIMK: Ka3aXCKUW, PYCCKUM, aHTMUACKHUM. JKypHal HHICKCHPYeTCs
KazaxcTraHckoil OMOIMOMETpUUYECKOW CHCTeMOW W BKIOYeH B IlepedeHp u3maHui,
pexomeHayeMblx KoMuTeToM 1O KOHTpoimro B chepe o00pa3oBaHUS U HAYKU
MunucrepctBa o0Opa3oBaHusi W Hayku PecmyOmuku Kaszaxcran mis  myOnukaiuu
OCHOBHBIX PE3YJITATOB HAYYHOH EATETHHOCTH.

W3nanue umeeT Clieayolue pyopuKu:

1. OO63o0pHbIe cTaThby 10 20 TMeYaTHBIX CTPAHUI]

2. OpuruHanbHbIe cTaTh (10 8—10 MeYaTHBIX CTPAHUIY)
3. Kpatkue coobmienuns (10 4—5 meyaTHbIX CTPaHHII)

2. IPEJCTABJIEHUE CTATER

Pepakiyst mpuHUMaeT CTaThi OT Ka3aXCTAaHCKHUX M 3apyOeKHBIX aBTOPOB. B memsx
noryssipu3anuy JKypHana, peaakiMOHHOM KOJUIerneil NpUBETCTBYETCS IIPUEM CTaTel Ha
AHTJIMICKOM SI3BIKE.

s permcTpanuu M NMyOJHMKAIUU CTATHH MaTepHal CTaTbU MPEACTAaBISIETCS B
pelaKIMIoO dYepe3 CHCTeMy JJIEKTPOHHOM Tmojadd cratbl Ha caiite JKypHana
(https://www.chemjournal.kz/) B komIuiekTe co CleayOMUMHI JOKYMEHTaMU:

1. DnexrponHas Bepcus cratbu B popmarax Word u PDF co BcTpoeHHBIMH B TEKCT
Ta0JIUIIaMH, CXeMaMH, PUCYHKaMH ((aily moipkeH OBITh Ha3BaH MO (aMIIIUK TIEPBOTO
aBTOpA HA AHTIMHCKOM SI3BIKE).

2. CompoBoanTENBbHOE MMHCHEMO, aJpecoBaHHOe B Pepakunio XUMHUYECKOTO KypHaia
Kazaxcrana oT opraHuzamuy, B KOTOPOW J[aHHOE WCCIICOBAHHE BBIIIOJHEHO, C
YTBEPXkKAECHUEM, YTO MaTepHal PYKONHCH HHI/IE He IyOJIMKOBAiCs, HE HAXOAWTCS Ha
paccMOTpeHHMH Uil ONMyOJIMKOBaHWS B JAPYTMX JKypHalaX M B Marepuajax CTaTbH
OTCYTCTBYIOT CEKpPETHBIE JJaHHbIE. B COMPOBOAUTENFHOM MUCHME YKA3bIBAIOTCS CBEJCHUS
00 aBTope /It KoppecnoHaeHunu: damMuins, UM U OTYECTBO aBTOpa, CIy)KEOHBIN ajpec
C yKa3aHHEM MOYTOBOT'O MHJIEKCA, aJjpec AMeKTPOHHOI mouTsl, Tenedon u ORCID.

3. Bce crarbu, ony6nukoBaHHbIe B XUMuueckoM xypHaie Kazaxcrana (ISSN 1813-
1107, eISSN 2710-1185) myGmukyrorcst B OTKpeITOM poctyre. UToObl obecneduTh
CBOOOAHBIN JIOCTYH 4YHTaTEeIIM M MOKPBITH pPACXOJbl HA OKCIEPTHYIO OICHKY,
pEIaKTUPOBAaHUE, MOJJCPKAHUE CalTa >XypHaJla, JOJITOCPOYHOE AaPXMBHPOBAHUE W
BEJCHHE KypHalla, B3WMaeTcs IulaTa 3a o0pabotky crareu. IlpaBuma ommatel 3a
oIyOJIMKOBaHKE TIPHHATOMN K [I€YaTH CTaThU HAXOAATCS B OTACIBHOM JIOKYMEHTE Ha caiite
Kypnana «Ormnara 3a ormyOIMKOBaHHE).

4. CraTbe IpUCBauBAETCs PETHCTPAIIMOHHBIA HOMEP, KOTOPBIH COOOIIAeTCs aBTOpamM
B TE€UCHUE HEJIENIU MOCie MOMyueHHUs YKa3aHHOTO MEepedHs JOKYMEHTOB; Ha 3TOT HOMEp
HEOOXOMMO CChUIATHCS MPHU TEPEIHCKE.
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5. TlpuHATBIM K II€YaTH CTaThsM IIPUCBAMBACTCS IU(PPOBOH HIACHTH(PHKATOD
(DigitalObjectldentifier — DOI).

6. YuuTbhiBasi HEBO3MOXXHOCTh TPOBOJUTH CTAaThU Ha Ka3axCKOM SI3bIKE 4Yepes
CHUCTEMY aHTHILIaruat, OyAyT YYHUTBHIBATHCS (POPMYJIHMPOBKU DPEILECH3CHTOB M PEIICHHE
HU3J1aTCIbCKOM KOJIJIETHH.

7. CTaTh¥ TOKHBI OBITH O(OPMIICHBI COTJIACHO IIA0JIOHY, KOTOPBIA MOYKHO CKa4yaTh
B pazaene «OTnpaBka MaTepualioBy Ha caiite Xumuueckoro XKypnana Kazaxcrana.

3. CTPYKTYPA IYBJUKAIIAI

3.1. B Hayase 0030pOB, OPUIrHMHAJIbHBIX CTaTell W KPATKUX COOOUIeHMIl Ha
MIEPBOH CTPOKE YKa3bIBaeTCs HOMEpP 10 YHHBEPCAIBHOM MECATUYHOU KIacCH(PHKAINH
(VK wim UDC), cooTBETCTBYIONTHI 3asBJICHHOW Teme. J[aeTcst mponucHpIMA OyKBaMU B
BEPXHEM JIeBOM yIiy. Takxke Ha MNEpBOHl CTpOKE cHpaBa MNPOMHCHBIMH OyKBaMH
nonyxupHeiM mpudoM Ne 14 ykasbiBaeTcs Haspanme xypHana XMMHWUYECKHA
KYPHAJI KA3AXCTAHA (KA3AKCTAHHBIH XHWMUS JKYPHAJIbI,
CHEMICAL JOURNAL OF KAZAKHSTAN), rox, HOMep.

3.2. anee yepe3 CTPOKY MPUBOAUTCS MEXAYHAPOTHBINA CTaHAAPTHBIM cepHaTbHBIN
Homep xypHana (ISSN 1813-1107, eISSN 2710-1185) u Ha cnenyromel cTpoke cieBa
npuBogurcsi DOIL: koTopblit OyseT nMeTh 3HaYeHUE MOCIIe IPUHSATHS CTAThU K ITEYaTH.

3.3. [Jlanee, mocie OTCTyIla CTPOKH YKa3bIBaeTCs 3arjiaBHe CTAThH IPOIMCHBIMHU
OykBamu, mpudt Ne 14 — momy>XupHBIH, BBIpaBHHBAaHHE TEKcTa Mo IeHTpy. HaszBanme
JOJDKHO MAaKCHMAaJbHO IIOJHO M TOYHO ONKCHIBATH COJEPXKAHHE CTaThH, BKIIOYATh
KITFOUEBBIE CIJIOBA, OTPAXKAIOLINE HAMIPABJICHUE H/UIM OCHOBHOW PE3yNbTaT MCCIEAO0BAHNUS,
HO B TO € BpPeMsI ObITh KOPOTKUM U SCHBIM U HE COZIEPKAaTh COKPAICHUI.

3.4. Jlanee, mocie OTCTyTa CTPOKH, YKa3bIBAIOTCSI HHMIHAJbI M haMuiIMM aBTopa(-
OB) CTPOYHBIMH OykBamu, IIpUMT Ne 12 Moy KUPHBIN, KypCHB, BRIPABHUBAHUE TEKCTA TI0
neHtpy. ®damwuims aBTOpa, C KOTOPBIM CJEIyeT BECTH IIEPENHCKY, IIOJDKHA OBITh
ormeueHa 3Be3foukoit (*): C.C. Camaesa*, A.M. /[»cyoananuesa.

3.5. Uepe3 ctpoky mmpudtom Ne 12, cTpouyHBIMH OyKBaMH, KYPCHBOM C
BBIPAaBHUBAaHMEM TEKCTa MO IIEHTPY CJIEAyI0OT HauMMeHOBaHHe(d) opraHusanmu(ii) C
yKa3aHWEeM YacTH Ha3BaHUS OpraHU3aluH, KOTOpas OTHOCUTCS K MOHSATHIO IOPHIHYECKOTO
muna (B aHTJIMHCKOM TEKCTe HEoOXOAMMO YKa3blBaTh O(UIMANBHO TPHHATHIN MEpeBOA
Ha3BaHMUs), TOPOJl, CTpaHa. B aHIrmiickoM BapHaHTe aJlpecHbIC CBEICHHS JOJIKHBI OBITH
TIPECTaBIICHbI Ha AHTJINICKOM SI3bIKE, B T.4. TOPOJ M CTPaHa.

Crpokn ¢ daMwimsIMH aBTOPOB U HA3BaHMSAMHM OpPraHM3alMi  COJEp)KaT
HaJCTPOYHBIE WHACKCH (mocie ¢GaMwink W Tepel Ha3BaHWEM OpraHu3aIlnu),
YKa3bIBAIOIIME HA MECTO pabOTHI aBTOPOB.

Ha cnenytoreit crpoke KypcuBHBIM HauepTanueM, mpudt Ne 12, ¢ BelpaBHUBaHHEM
TEKCTa 110 LEHTPY YKa3bIBACTCS AIEKTPOHHBIN afipec sl MePETHCKH.

3.6. Pe3rome (Abstract, Tyiiinmeme) cOCTOUT U3 KpaTKOro Tekcra (He Menee 150—
250 cnos, mpudt Ne 12) Ha s3bike crarthu. AbStract myGmukyercs B MEXAyHAPOIHBIX
0a3ax, JTaHHBIX B OTPBIBE OT OCHOBHOT'O TeKcTa. Pe3toMe J0KHO OBITH aBTOHOMHBIM, BCE
BBOJIMMBIE 0003HAUCHHMS M COKPALIEHHUsI HE0OX0ANMO pacmrdpoBarh 31ech XKe.

[TpuBercTBYeTCS CTPYKTYPHPOBAHHOE PE3IOME, TOBTOPSIONIEE CTPYKTYPY CTaTbu U
BKITIOYAIOIICE: BGedeHue, yeau U 3a0ayu, Memoobl, pe3yIbmamvl U 00CyxHcOoeHue,
3aKmouenue (8b1600bl). B TO e Bpems, IEenH U 3a/1a4 OMICHIBAIOTCS, €CIIM OHHU HE SCHBI
W3 3aryIaBUsl CTAaTbH, METOJBI CIEAYET ONMCHIBATh, ECIIM OHU OTJINYAIOTCS HOBH3HOW. B
pe3oMe BKJIFOYAIOTCS HOBBIE PE3YNBTATHI, MMEIOMINE JONTOCPOYHOE 3HAUCHUE, Ba’KHBIC
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OTKpBITHS, ONpPOBEpraioline CYLIECTBYIOIIME TEOPUH, a TaKKe JaHHbBIEC, HMEIOIIHe
mpakThHueckoe 3HaueHue. CremyeT HCIONB30BATh TEXHUYECKYIO  (CHEHHAIBHYIO)
TEPMHUHOJIOTHIO Ballled ANCIUTUINHEIL.

Pesrome maercst 6e3 a03amHOTO OTCTyIMa CTPOYHBIMH OYKBaMH; OHO HE OJDKHO
cofiepKaTh HOMepa COeTMHEHNH, 3KCIIepUMEHTAIbHBIC JaHHbBIC U CCHUTKM Ha JUTEpaTypy.
Pe31oMe TOBKO OJJHO — B HavYaJIe TEKCTA.

3.7. Jlanee Ha sA3bIKE CTaThM 0€3 a03aI[HOTO OTCTYIA CTPOYHBIMK OyKBaMH MIPHUHTOM
Ne 12, BrIpaBHHBaHHE TEKCTA IO JIEBOMY Kparo MPHUBOIATCS KJII0YeBble ¢JIoBa (0T 5 110
10 mt.), obecneurBaromye HanboJee MOJIHOE PACKPBITHE COJIEPKAHMS CTATHH.

3.8. B kpatkux coobdmenusx npuBoautcs pestome (150-200 cioB), kiarodeBbie
CJIOBa, HO JEJIEHUsI Ha pasjensl He TpeOyercs. [laeTcs TeKCT KpaTKoro COOOIIEHMs Ha
OJTHOM M3 TPeX SI3bIKOB C BBINOJIHEHHEM TpeboBanuii k Y JIK, Ha3BaHUIO cTaTby, MEPEYHIO
aBTOPOB, HAMEHOBAHUI OpraHn3alyii, B KOTOPBIX OHM PadOTAIOT, YKa3aHHUIO aBTOpa JUIs
MepenucKku. B Tekcre KpaTKOro cooOIIeHHS NPUBOAATCS KOHKPETHBIE CYIIECTBEHHO
HOBbIe pe3yJbTaThl, TpeOylolue 3aKpelnjeHHsi TNPHOPUTeTa C HEOOXOANMBIMU
9KCIIEPUMEHTAIBPHBIMA  MOAPOOHOCTAMH.  3aTeM  CleAyloT:  uHpopMmMamus O
(bvHaHCHUpPOBaHWH, OJArOJAPHOCTH, CBEJCHUS O KOH(INKTEe WHTEpecoB, HHPopMAIUsI 00
aBTOpax M CIHCOK JINTEPATYPHI.

3.9. Crarbss HayWHAETCS C BBedeHHs, B KOTOpoM (opmynupyeTrcs Leinb Hu
HEOOXOJANMOCTb TIPOBEACHUS UCCIIEOBAHMsI, KPATKO OCBEIIAETCS COCTOSIHUE BOIPOCa CO
CCBUTKaMM Ha HauOoJiee 3HAYMMBbIE MMyOIMKAIMU ¢ W30EraHueM CChUIOK Ha YCTapeBLINE
pe3yibrarbl. M3naratoTcsi OTKpPBITHS, CHENIaHHbIE B XOJle JaHHOTO MCCIIEAOBAHUS.
Yka3bIBaeTcsl CTPYKTypa CTaThH.

3.10. DkcnmepuMeHTAJbHAsi YacTh COJEPXKHUT OINMCAHWUE XOJa M Pe3yJbTaTOB
9KCIIEPUMEHTa, XapaKTEepPUCTHKY MOy YE€HHBIX COEIMHEHU. B Hayane
SKCIEPUMEHTAIIFHON  9acTW  NPUBOAATCS  HAa3BaHWs NPHOOPOB, Ha  KOTOPBIX
3apEerHCTPUPOBAHBl  (PM3UKO-XMMUYECKHE XapaKTEPUCTHKH BEIIECTB M YKa3bIBAIOTCS
YCIOBUSI W3MEPEHHS; TaKKE YKa3plBAalOTCA JIMOO HWCTOYHHWKH  HCHONB30BAaHHBIX
HETPUBHAIBHBIX PEAreHTOB (HAIIPUMEDP, KKOMMEPUECKHE MPETapaTsl, Ha3BaHUE (HUPMBD»),
700 AAIOTCS CCHUTKM HA METOANKHU MX MOTy4CHHUS.

Kaxnpiit maparpad SKCIEpUMEHTAJIbHOW YacTH, ONMUCHIBAIOLIMK  TONyYeHUE
KOHKPETHOTO COEIMHEHUs], JOJDKEH COJepKaThb €ro [MOJHOe HauMEHOBaHHE IO
Homenkinarype MIOITAK u ero mopsakoBbiii HOMep B cTathe. B MeTo/Mkax 00si3aTelbHO
yKa3blBaTh KOJMYECTBA PEarecHTOB B MOJBHBIX M MAacCOBBIX eAMHHMIAX (s
KaTaJM3aTopoB — MAacCy M MOJIbHBIE IPOLIEHTHI), 00BEMBI pacTBopuTeneil. Meroauka
9KCIIEPUMEHTA U3JIaraeTcs B npouieduiemM BpeMeHH.

JIisi M3BECTHBIX BELIECTB, CHHTE3MPOBAHHBIX OIyOJIMKOBAHHBIM paHEe METO/OM,
HEOOXOJMMO TIPHBECTH CCBUIKY Ha JINTepaTypHbIe AaHHBIE. [l M3BECTHBIX BELIECTB,
MOJMY4YEHHBIX HOBBIMH WJIM MOJU(HUIMPOBAHHBIMA  METOAAMH, JIOJDKHBI  OBITH
MIPEACTAaBICHBI NX (PU3NUECKHE M CHEKTPAIBbHBIE XapaKTEPHCTHKH, UCIIOIb30BAHHBIC IS
TIOATBEPKACHHUS UICHTUIHOCTH CTPYKTYPbI, METOJl CHHTE3a M CCBUIKA Ha JINTEPATyPHBIC
JTaHHBIE.

IIJ'IH BCE€X BIICPBLIC CHHTE3UPOBAHHBIX COC}II/IHGHI/Iﬁ HCO6XOJII/IMO IMPUBECTU
J0Ka3aTeJbCTBA MPUIHUCBIBAEMOI'0 UM CTPOCHUA U JAHHBIC, ITO3BOJIAIONINE CYIUTH 06 nux
HHAUBUAYAJTbHOCTU M CTCHECHU YUCTOTHI. B YaCTHOCTH, JOJI’)KHBI OBITH MMpEaACTAaBJICHBI
JIaHHBIC 2JIEMEHTHOT'0 aHAJIM3a WM Macc-CIEeKTPbI BBICOKOTO pasperteHus, K criekTpsl u
cnektpsl SIMP *H u °C.
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JlaHHBIC PEHTI€HOCTPYKTYPHOIO aHAJIM3a IPEACTABISIIOTCS B BHIEC PHUCYHKOB H
Tadau. Bce HoBbIe coequnenusi, fanable PCA KOTOPBIX IPUBOJSATCS B CTAThE, TOJKHBI
ObITh 3aperumcrpupoBaHbl B KemOpumkckoii 0a3ze cTPpyKTYpPHBIX AAaHHBIX M HMETh
cootBercTByMone CCDC HOMepa.

Ecnu, mo MHEHHMIO pEleH3eHTa WM PelaKkTopa, HOBbIE COCIMHEHHs He ObUIN
YJIOBJIETBOPHUTEIILHO OXapaKTEepHU30BaHbI, CTAaThs HE OYAET MPHUHSATA K ITeYaTH.

Ipumep METOANKH: 3-(2-Amino-6-methylpyridino)-3-carbonyl-3,4-
dihydrocoumarin (12).To the alcoholic solution of 2.18 g (0.01 mol) of 3-
carbethoxycoumarin, 1.08 g (0.01 mol) of 2-amino-6-methylpyridine was added with
stirring. The mixture was boiled for 10 h. The solution was cooled, the precipitate was
filtered. Then it was washed with cold EtOH. After the drying and recrystallization of the
residue from i-PrOH vyield of the product 12 was 2.05 g (63%), mp 226-228 °C, Rf 0.82
(1/2, EtOAc/hexane as eluent). Calculated, %: C 68.56; H 4.32; N 9.99 for C16H12N20s.
Found, %: C 68.41; H 4.22; N 9.83. Spectral data.

Bnumanue! B cTaThsiX, MOCBSIIEHHBIX CHHTE3y HOBBIX COEIMHEHMH, JOIyCKAeTCs
pasMelieHre IKCIePUMEHTATbHON YacTH 3a pa3zesioM Pe3ynbTaThl U 06Cy:KIeHHE.

3.11. B pasznene Pe3yabrarsl M 00cCy»KIeHHe, KOTOpBIH sBISETCS Hambolee
Ba)XHBIM, CJIeyeT OOCYyIUTb M OOBSICHUTH IIOJNy4YEHHbIE B paboTe pe3yabTaThl,
MIPOaHAIN3UPOBATH OCOOEHHOCTH CHHTE3a, IPOJEMOHCTPHPOBATh U yKa3aTh BO3MOJKHBIC
orpanndeHus. [IpoBecTH cpaBHEHHE IIONYYCHHBIX PE3YJIbTaTOB C OITyOJMKOBAaHHBIMA
panee. Bce HOBbIE COEIMHEHHSI JIODKHBI OBITH IIOJHOCTBIO  OXapaKTEpPH30BaHbI
COOTBETCTBYIOIINMH CHEKTPATbHBIMH W JPYTUMH (HU3UKO-XMMHYECKHIMH JaHHBIMH. B
TEKCTe O0OOOMIAIOTCS M Pa3bsACHIIOTCS TOIBKO TE€ CIEKTPAIbHBIC [aHHBIE, KOTOpBIC
UCTIONB3YIOTCSL  IUI1  TIOATBEP)KACHHS  CTPYKTYPbl  IONYYEHHBIX  COCAWHEHUH.
[lepeuncnenne OmHMX M TEX JXK€ JAHHBIX B TEKCTe, TAaONMMIAX W Ha PHCYHKax He
nomnyckaercs. [Iy1s1 HOBBIX METOJOB CHHTE3a JKeJaTelIbHO OOCY/ANTh MEXaHH3M PEaKLUH.
it 0000IIeHNST TaHHBIX HEOOXOIUMO HCIOJIh30BATh MOHATHBIC PUCYHKA WU TAOJIHIIBL.
Hpe)ICTaBHeHHBIe JaHHBIC JTOJDKHBI IOJAJaBaTbCA HHTCPIIPECTALTNHN.

IIpn oOcyxaeHun pe3ynbTaToB CIeayeT MNPHICPKUBATHECS  OQUIHMAILHON
tepmuHoaoruu [IUPAC. Pe3synbTatsl pekoMeHaAyeTCs u3araTh B IPOIIEAIIEM BPEMEHH.

O0cy:kaeHne He JODKHO IOBTOPSTH OIMCAaHWE pe3yJbTaToOB HCCIenoBaHHs. B
TEKCTE€ JIOJDKHBI OBITh HCIIONIB30BaHBI ~OOLICTIPUHATHIE B HAYYHOW JIUTEpaType
cokpamenus. HectanmapTHble COKpamieHWsl JOJDKHBI OBITh pacmudpoBaHbl IocCie
NIEPBOTO TOSIBJICHUS! B TEKCTe. EAWHUIBI W3MEpeHWH [OJDKHBI OBITh yKa3aHbl B
MexnyHnapoaHoii cucteme CH.

3.12. 3arem pexomeHayeTcs cHOpMyIHpOBaTH 3aKJIKYeHHE, B KOTOPOM YKa3aTh
OCHOBHBIE JIOCTIDKCHUS, NPEICTaBICHHBIE B CTAaThe, U OCHOBHOM BBIBOA, COAEP KAIIUH
OTBET Ha BOIIPOC, MMOCTaBJICHHBIM BO BBO}IHOf/'I YacTHu CTaTbHU, a TAKXC BO3MOXHOCTH
HCIIOJIb30BaHUA Mmarepuajia CTaThHu B d)yH}IaMeHTaHBHBIX 0050 ITPUKIIATHBIX
HCCIIEZIOBAHUSIX.

3.13. IlpuBoaurcs uadopmaIus 0 GUHAHCHPOBAHUH HCCIICIOBAHUI.

3.14. BeipaxkaeTcs 6J1aroqapHOCTb TEM, KTO TIOMOT BaM B MOATOTOBKE Ballei
paboTHI.

3.15. B pykomucu AOMKHO OBITH 3asBICHO O TOM, HMMEETCS JH KOH(WIMKT
HHTEpPecoB

3.16. B undopmanuu 00 aBTOpax YKa3bIBalOTCSA: ydYeHas CTENCHb, 3BaHUE,
IOJKHOCTB, e-mail, ORCID.
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3.17. Crarbsl 3aKaHYMBACTCS CHUCKOM JIMTEPATYPBI CO CChIIKAMHU Ha PyCCKOM (MM
Ka3aXCKOM) SI3bIKE€ M CCBUIKAMH Ha s3blke opHruHana. CCbUIKM Ha JIMTEepaTypHbIE
HCTOYHUKH B TEKCTE MPHUBOIATCA MOPSIKOBBIMH apaOCKUMHU OU(PpaMd B KBaIpPaTHBIX
ckoOKax 1Mo Mepe ynoMuHaHWsA. Kaknas cceUika MOIDKHA COJEpXkKATh TOJBKO OIHY
nuteparypHyto nutary. CHHCOK JHTEpaTyphl JOIDKCH OBITh TpEACTaBICH Hambolee
CB&KUMH M aKTyaJIbHBIMH MCTOYHUKAMHU 0€3 M3JIMIITHET0 caMOoIuTHpoBaHusI(He 6onee 20
nporeHToB). s crareil jkemareneH CHUCOK W3 He MeHee 10 cCBUIOK CO CTpOKaMH
JA0CTYyIla B UHTCPHETC.

3.18. OO0s3arenbHa unHdopManus 00 aBTopax. B Hell yka3bIBaloTCs: ydeHas
CTeleHb, 3BaHKE, TOKHOCTB, e-Mail, ORCID, ¢pamuaus, umMs, 0T4€CTBO MTOJHOCTHIO Ha
TpeX S3bIKAX.
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JxycunbexoB Ymupsak KymacnnoBud — AO «HCTHTYT XUMHUYECKHMX HayK HM.
A.b. bBekrypoBa», 3aBemyrommii nmabopaTopuell XWMHH COJEH M YOOOpEHWH, dYiIeH-
koppectnoHneHT HarmmonaneHoi akagemun Hayk PecnyOmukm Kazaxcran, mpodeccop; e-
mail:jussipbekov@mail.ru, ORCID: https://orcid.org/0000-0002-2354-9878 .

HypramueBa I'ynp3una OpbIHTaeBHa — JOKTOp XUMHUYECKHX Hayk, AO «HCTHTYT
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Chnucok  HUTHpYyeMOH  JuTeparypbl  OGOPMIIIETCS B COOTBETCTBUH  C
HIDKEIIPUBEACHHBIMU 00pa3iaMu Oubarorpadguueckux onucanuii (4.8.).

3.19. B KoHIE cTaTbM MOCNE CIHCKAa JUTEPATYPHl OONOJIHUMENbHO TPUBOIMUTCS
nepeBos Pe3tome Ha kazaxckuii (Tyiiinmeme) u Ha aHrmuiickuit s3biku (Abstract). Cnoso
Pe3rome (Abstract, Tyiiingeme) maercs mo uentpy. Ha cremyromieii cTpoke ¢
BEIPaBHUBAHHEM I10 JICBOMY KpalO IMPOMUCHBIMH OyKBaMU TONXYKUPHBIM MIpuQToM Ne 12
MPUBOAMTCS Ha3BaHWE cTaThu. UYepe3 CTPoKy Oe3 ab3amHOro OTCTyIa KYpPCHBOM,
Oy KUPHBIM TIpuQTOM Ne 11 marorcs MHUIUAIE U (paMUITHH aBTOPOB.

Ha cnemyromeir ctpoke 0e3 ab3aifHOTO OTCTyIa KypCHBOM, CTPOYHBIMH OyKBaMmw,
mpudToMm Ne 11 mpuBoasTcs Mecta pabOTHl aBTOPOB C HAACTPOIHBIMU HHACKCAMH (ITOCHE
(haMuMK ¥ TIepen Ha3BaHWEM OpraHW3alliH), YKa3bIBAIOIIE HA MECTO pabOThl aBTOPOB.
3aTeM uepe3 CTPOKY C ab3allHOrO0 OTCTyINa C BbIpaBHMBAHMEM TEKCTa IO IIUPHUHE UAET
TEKCT pe3toMe, HaOpaHHBIN CTPOUHBIM HipudTom Ne 12.

Janee uepe3 cTpoky ¢ ab3alHBIM OTCTYIIOM CTPOYHBIMHU OykBaMu mpudtom Ne 12, ¢
BEIPaBHUBAHHEM TEKCTa IO NIMPUHE TPUBOJATCS KJIIOYeBBIe ciaoBa (oT 5 mo 10 mrt.),
o0ecreunBaroIue HauboJIee MOJIHOE PACKPBITHE CONIEPIKAHUS CTATHU.

3.20. [Inst craTeit, mogaBaeMBIX Ha SI3BIKE, OTIIMYHOM OT aHTIUICKOTO (Ha Ka3aXCKOM
WIA PYCCKOM sI3bIKE), B KOHIIE CTaTbU HaxOAWUTCS aHrmickuii Omok (Abstract,
Information about authors, References).

3.21. Bce cTpaHUIIBI PYKOIHUCH CIIEYET MTPOHYMEPOBATh.

4. TPEBOBAHUS K O®OPMJIEHUIO PYKOIIMCEN

4.1. O6beM cTaThy, BKIIIOYast aHHOTALIMIO U CIIMCOK JIUTEpaTypsl: 10 8—10 cTpaHwmII.
O630pHbIe cTaTbu MOTYT ObITh 110 20 ctpanuil. CtaThs IOJDKHA OBITH HaledaTaHa Ha
omHOW cropone sucta A4 mpudprtom Times New Roman, pasmep kerias 14 ur;
MEXCTPOYHBIM MHTEpBaJI — OAMHAPHBIA U monaMu: BepxHee — 2.0 cM, HmkHee — 2.0 cMm,
neBoe — 3.0 cM, mpaBoe — 1.5 cM; paccTaHOBKa MEPECHOCOB HE JOIYCKAaeTCs;, a03amHbIN
orctyn — 1.0 cM; popmaTrpoBanue — 1o mupuHe. JloikeH ObITh HCIONB30BaH TEKCTOBBIN
penaktop Microsoft Word for Windows, B Buzae doc-¢aiina, Bepcus 7.0 u 6onee mo3nHue.

JUist KpaTKOCTH M HarISITHOCTH OOCYXK/IEHHS COEIMHEHUs, yIOMHUHAaeMble Ooee
OJTHOTO paza, ClieflyeT HyMEpoBaTh apadCKUMM IU(paMy B COUYETAHUH CO CTPOYHBIMHU
JIATHHCKUMHU OykBamu (111 0003HAYCHUS COCAWHEHHH ¢ TICPEMCHHBIM 3aMECTHUTEIICM).
[Ipu ymoMuHaHUH TOTHOTO Ha3BaHMS COCAMHEHUS MI(P AaeTcs B CKOOKaX.

CTepeoXuMHYecKne CHMBONBI W TIPUCTABKH, XapaKTEPH3YIOUINE CTPYKTYPHBIC
0COOCHHOCTH WIIM TOJIOXKEHHE 3aMECTHTENsl B MOJIEKYyJe, CleAyeT HaOupaTh KypCHBOM
(italic): (R)-snautHOMEp, mpem-OyTWIl, napa-KCWiaol. BMecTO I'pOMO3JIKHX Ha3BaHUMN
HEOPraHWYECKHX M 4acTO yIOTPeOIIIeMbIX OPIraHUUECKUX COSAMHEHNH CIIeIyeT AaBaTh UX
¢dopmyns: NaBr, TsOH Bmecto OpoMun HaTpus u ToiyoscynibpoHoBas kucnora. IIpu
WCIIOJIb30BAaHUM TEPMHHOB M OOO3HAYCHWH, HE HMMEIOIIMX LIMPOKOI'O MPUMEHEHHS B
JUTEpaType, X 3HAYCHUS MOSCHAIOTCS B TEKCTE NPH IIEPBOM YIOTPEOJICHNH: HallpuMep,
nommaTHICHTepedTanar (IIDTD).

Jist m300pakeHnst CTPYKTYPHBIX (OPMYJT XUMHUYECKHX COEIMHEHHH HEoOX0anMo
HCIIONB30BaTh pefakrop xumudeckux ¢opmya ChemDrawUltra. Bce magmucu Ha
cXeMaxX MPHUBOAATCA Ha AHTIIMHCKOM s3bIKe. B cxeme HEOOXOOMMO YKa3bIBaTh BCE
YCIIOBHS pPEaKIWi: HaJ CTPENKOW — peareHTHl, KaTaln3aTopbl, PacTBOPUTENH, O[T
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CTpPENIKOW — TeMIlepaTypa, BpeMs, BBIXOH. Ecim yclioBusi peakuuii CHIBHO 3arpyaroT
CXEMy, UX MOXHO ITEPEHECTH B KOHEI] CXeMBI, paclii()poBbIBast OYyKBEHHBIMU HHAEKCAMH,
manpumep, i: HCI, H,0, 80 °C, 5h. Tako#i e OYyKBEHHBIH HHIEKC MOJDKEH OBITH yKa3aH
HaJl CTPEJIKOW COOTBETCTBYIOIIECH PEAKLIUU.

4.2. YpaBHEHUs, CXEMBbI, TaOIHIBI, pUCYHKH U CCBHUIKH HA JIUTEPATypy HyMEpYIOTCS
B MOPSAAKE WX YIOMHHAHHSA B TEKCTE€ U OOJJHCHbI OblMb 8CMABIEHbL 8 MEKCm CMAmbl
IOCTIe TIEPBOTO YIOMUHAHUSA. TaONHIBI U PUCYHKH JOJDKHBI COIPOBOXKIATHCS TTOAMUCHIO;
3aroJIOBKH K CXeMaM JIAI0TCs TPH HEOOXOAMMOCTH.

4.3. Tlo BO3MOXHOCTH CIJIElyeT TOTOBUTh PHCYHKH C IIOMOIIbIO KOMIIBIOTEPA.
OZHOTHUIIHBIE KPUBBIE OJDKHBI OBITH BBIOJHEHBI B OJMHAKOBOM MaclITabe Ha OJHOM
pucynke. KpuBble Ha pHCyHKax HyMepyloTcs apaOCKumu mHdpamMH, KOTOpPHIE
pacmudpoBBIBAIOTCS B TMOMNHMCAX K pHUCYHKaM. [l BceX PHCYHKOB HEOO0XOIMMO
MpeNCTaBUTh rpaduueckue Qaiinsl B GopmaTe jpeg ¢ MUHUMANBHBIM paspemenueM 300
dpi. Hagnucn Ha pucyHKaxX JODKHBI OBITh HAa AHTJIMICKOM SI3BIKE U TI0 BO3MOXHOCTH
3aMeHeHbI udpamu, pacmrupoBKa KOTOPHIX TaeTCS B OIMHUCH K PUCYHKY.

OnuHOYHBIC TPSMBIC, KaK MPABUIIO, HE TIPUBOJAT, a 3aMCHSAIOT ypaBHCHUEM JTMHHUH
perpeccun. Ilepeceuenne oceil KOOPAWHAT CIIEAyeT pacIojaraTh B JIEBOM YTIIy PHCYHKa,
CTpeNKH Ha KOHIIaX OCeil He CTaBATCS, JMHWH, OTPAaHUYHBAIOIINE TIOJNE PHCYHKa HE
MIPUBOASTCS, MacIiTabHas ceTka He HaHoCHTCA. ManomH(popMaTHBHBIE PHCYHKH, HE
oOCyXJaeMble B CTaThe CHEKTPHI, BOJbTAMIIEPOrPaMMbl H APYrHE 3aBHCUMOCTH HE
nyONUKYIOTCS. PHCYHKHM CHEKTpoOB He T0JLKHBI ObITh BBINOJHEHBI OT pyku. Bce
PUCYHKH JIOJDKHBI UMETh HyMepauuio apaOCKuMu IudpaMu (eciid pUCYHOK HE OJIMH).
CrnoBo «PucyHOK» M HaMMEHOBaHHE IIOMELIAIOT IIOCIE IOSCHUTENBHBIX NaHHBIX W
pacronararot cienyromum odpazom: Pucynok 1 — Jleranu npudopa.

4.4. Kaxpnas TadJuua JODKHA MMETh TEeMaTHMYECKUH 3arojloBOK M MOPSAKOBBIN
apaOckmii HoMep (0Oe3 3Haka No), Ha KOTOpBIA NaeTcs CCHUIKa B TeKcTe (Tabmumma 1).
Haszanne tabauis! pacronaraercst Haa TaOnuneit ciaeBa 6e3 ab3aliHOTO OTCTYIA B OHY
CTPOKY C €€ HOMEpPOM depe3 THpe 0e3 TOUKM Tocie HazBaHus. ['padbl B TaOIHIIE TOKHBI
AMETh KpaTKHe 3arOJIOBKH, OTPAKAIOMIME TapaMeTphl, YHUCICHHBIC 3HAYCHHUS KOTOPBIX
MIPUBEICHBI B TaOJHIIe; OHU MUIIYTCS B MIMEHUTEIHFHOM ITaJie’ke SIUHCTBEHHOTO YMCIIA C
NPOMUCHOM OYKBBI M Yepe3 3aIlsiTyI0 COMPOBOX/IAIOTCS COOTBETCTBYIOIUMHU €IUHULAMHU
u3MepeHusi (B cokpaiieHHoi ¢opme). PucyHku wimu ctpykrypHbeie ¢opmyinbsl B Tpadax
tabnuy He nomyckatorcs. [Ipomycku B rpadax nmpu OTCYTCTBUHM JAHHBIX 0003HAYAIOT
Tpems TOYKaMH, npu OTCYTCTBUH SIBJICHUS - 3HAKOM «THpe».
[Mpumeuannss k TabIMIAM WHISKCHPYIOTCS apaOCKUMK IHM(paMud M TOMEUIAIOTCS B
rpaHMax Tadyumbl mojx MarepuanoM tabnuupsl. Crnoso «I[Ipumeuyanue» ciiepyer neyaraThb
¢ mponucHO# OykBHI ¢ ab3ana. Ecnu npuMevanue ogHo, To nocie cioBa «IIpumedanue»
CTaBUTCS THPE W NPUMEYaHHUE MeYaTaeTcsl C MPONHCcHON OyKBbl. Heckosbko npuMedanuit
HYMEpYIOT 10 TOPSAAKY apaOCKMMHU mudpamu 0e3 NMPOCTaBICHHS TOYKHA M IIE€YATAIOT C
a03ara. B Tabnmmax HCMoNB3YIOT TOT XKe MPUDT, YTO M B TEKCTE CTATHH; JOMYyCKaeTCs
ymeHbIIeHHbIH (He MmeHee Ne 10 mpudt TimesNewRoman).

4.5. Tlpu BeIOOpE eAWHUI] U3MEPEHHs] PEKOMEHIYEeTCS TMPUACPKUBATHCS CHCTEMBI
CHU: 1, mMr, M, cM, MKM (MHKPOMETP, MHUKPOH); HM (HAHOMETpP, MWIUIMMHUKPOH); IIM
(muxomerp); E (amrctpem); c (cexynama); muH, 9 (dac), ' (repu); MI'n (merarepir); 3
(apcren); I'c (raycc); B (BonbT); 3B (a:mektponBonsT); A (ammep); Owm, Ila (mackanb);
MIla (meramackanb); rlla (rexromackanb); Ik (mxoynb); K (keneBun), °C (rpamyc

Henbcus); 1 (debaii).
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B necATHYHBIX APOOGAX Wedasi YacTh OTAeJsieTcsl OT APOOHON He 3amsATOi, a
TOYKOM.

Hcnonp3ytoTcst CleAylolye COKpameHUs:: T.KUM. ¥ T.UI. (TOYKM KHUIIEHHS W
IUIaBjieHus1) — mepex  Ludpamu; KoHL. (KOHLEHTPUPOBAHHBIA mepen  (opMyJion
coequHeHus1); M — MonekylspHas macca); MOJb, Kajd, KKajJ, H. (HOpMaubHBIH), M.
(MOJIAPHBIN); KOHIIEHTPAILKA PACTBOPOB 0003HavaeTcs (1/cMS, I/31, MOJIB/I).

J1 BcexX BHepBbIe CHHTE3HPOBAHHBIX COEAMHEHMI 00s3aTeNbHBI [JaHHbIE
3J1eMeHTHOT0 aHAJIN3a JIH00 Macc-CeKTPhI BHICOKOTO pa3pemieHns.

B 6pymmo-gopmynax snemeHTH pacmnonararotcs B cheayromeM mopsiake: C, H u
Jlaee COTJIACHO JATHHCKOMY andaButTy. DopMynmsl MOJEKYISAPHBIX COCIUHCHHH U
OHHEBBIX couleil narorcst uepe3 Touky (Harmpumep, CsHsN.HCI). [Ipumep 3ammcu KoHCTaHT
W JaHHBIX 3JeMeHTHoro aHanmmsa: T.kwim. 78°C (100 mm pt. cr.), T 50°C (EtOH),
d4?°0.9809, n?1.5256; Haiizeno, %: C 59.06; H 7.05; I 21.00; N 8.01. CaHplcN¢Oe.
Breruncneno, %: C 59.02; H7.01;121.20; N 8.22.

UK u Y® cnektpbl. B skcnepumentansHoit wactu it MK u Y@ crnexTpos
JIOJDKHBI OBITh YKa3aHbl XapaKTePUCTHUECKHUE YaCTOTHI MOJIOC, UTMHBI BOJH MaKCHMYMOB
HOTJIOMIEHHS, KOA(MGHUIUEHTH! SKCTUHIUH (MITH UX JIOTapH(MBbl) U YCIOBHS, IPH KOTOPBIX
3aMucaH CHeKTp.

Hpumepor 3anucu: UK cnextp (ToHKHI coif), v, cM™: 1650 (C=N), 3200-3440 (O—
H). Y@ cnekrp (EtOH), Amax, BM (1ge): 242 (4.55), 380 (4.22).

Cnektpel SIMP *H un *C. Jlomkubsl ObITh yKasaHbl pabodas 4vacTtoTa Hpubopa,
HCIOJH30BAHHBIN CTAaHAAPT W PACTBOpHUTENb. [IPOTOHBI B COCTaBE CIOXHBIX TPYHI, K
KOTOPBIM OTHOCHUTCSI CHTHAJI, CJleIyeT MOTYEepPKHYTh cHm3y — 3.17-3.55 (4H, wm,
N(CH2CHs),); miast moimoxeHHsT 3aMeCTHTeNel HCIoIb30BaTh 0003HaueHus 3-CHs; mis
obo3HaueHus monokeHuss atomoB — C-3, N-4 u T.1. Ecam kakoi-HHOyah CHTHaI B
CIIEKTPE OIMHCHIBAETCS KaK JyOJeT, TPUILIET WK AyOJeT AyOieToB M T.II. (2 He CHHIJIET
WA MYJIBTUIUIET), HeoOXoauMo mpuBecTH coorBercTByone KCCB. Ecnu mposeaeHs
JIOTIOJTHUTEJIbHBIE HCCIICIOBAHUS Ul YCTAHOBJICHHUSI CTPOCHUSI MJIM TPOCTPAHCTBEHHBIX
B3aUMOJICHCTBUIT aTOMOB, JOJDKHBI OBITh YKa3aHbl UCIIOJIb30BAaHHbIE JBYMEPHBIE METO/BI.
B onucanuu cnexktpos SIMP °C oTHeceHHe KOHKPETHOTrO CUTHAIA K KOHKPETHOMY aTOMY
yriepoja NPUBOIUTCS TONBKO TOTAA, KOIJa OIpeJeNIeHHEe IPOBEJCHO Ha OCHOBE
JIBYMEPHBIX 3KCIIEPHMEHTOB.

Ilpumeput 3anucu:

Crexrp IMPH (400 MI'u, CDCls), 3, m. 1. (J, I'm): 0.97 3H, T, J= 7.0, CHs); 3.91
(2H, x,

J=17.0, COOCH?); 4.46 (2H, 1, J= 6.1, NCHy); 7.10-7.55 (6H, M, H-6,7,8, NHCH,C¢Hs);
7.80 (1H,
¢, HAr); 7.97 (1H, ¢, H-5"); 8.13 (1H, 1. n, J= 8.2, J= 2.3, H-5); 11.13 (1H, ¢, NH).

Crnexrp AMPYC (100 MI'u, IMCO-ds), 8, m. 1. (J, T'ny): 36.3 (CH2CH3); 48.5 (C-5);
62.3
(CH2CHjs); 123.0(CAr); 125.8 (1, 2Jcr = 26.1, C-3',5' Ar); 128.9 (CPh); 134.4 (C-5a);
168.3 (C=0).

Macc-cneKTpbl NPUBOAATCA B BHJIE YHCIOBBIX 3HAYCHUH M/Z M OTHOCHTENBHBIX
3HA4eHUH MOHHOTO Toka. HeoOXoauMo yKa3plBaTh METOJ W OSHEPTHI0 WOHHU3ALNH,
MaccoBBIE YHCIAa XapPaKTEPUCTUYECKMX HOHOB, MX HMHTCHCHBHOCTH II0 OTHOIICHHIO K
OCHOBHOMY MOHY ¥ TI0 BO3MOYKHOCTH HX T€HE3UC. B ciryuae XUMUYeckoil HOHH3AUN TIpU
omvcaHuH Tpubopa HEOOXOOMMO yKas3aTh ra3-peareHT. B Mmacc-cmekTpax BBICOKOTO
paspenieHusi HaWJICHHBIC W BBIYMCICHHBIC 3HAYCHHS M/Z TIPUBOIATCS C YCTHIPHMSI
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JECATHYHBIMU  3HAKaMH; €CIIM HAWJeHHOe 3Ha4YeHue M/Z COOTBETCTBYET HE
MOJICKYJSIDHOMY ~HOHY, OpyTTO-GOpMyJa U BBIYHCICHHOE 3HAYeHHE M/Z TaKKe
OPHUBOJMTCS JUIS TOTO K€ HOHA.

Ipumep 3anucu oannvix macc-cnexkmpa: Macc-criextp (9Y, 70 3B), M/z (low, %):
386 [M]* (36),368 [M—H,O]* (100), 353 [M—H20-CH3]* (23).

Macc-criextp (XU, 200 3B), M/z (lom, %): 387 [M+H]*(100), 369 [M+H-H,0]* (23).

Ilpumep 3anucu 0aHHBIX MaACC-CREKMPA 8bICOKO20 PA3PEUIeHUA:

Haiinero, m/z: 282.1819 [M+Na]*. C17H2sNNaO.

Brruucneno, m/z: 282.1828.

4.6. laHHbIe PEHTTeHOCTPYKTYPHOIO0 HCCJEIOBAHUS CIEIYeT NPEJOCTaBISATh B
BUJIE PUCYHKa MOJIEKYJBI C NPOHYMEpOBaHHBIMH aTomamu, Hampumep, C(1), N(3) (mmo
BO3MOXKHOCTH B ITPECTaBICHUH aTOMOB JJIJIMIICO U IAMHUTEIIOBBIX KoebaHui). [lomHble
KpucTauorpaguyeckne TaHHBIC, TaONWIBI KOOPAMHAT aTOMOB, [UIMH CBSI3eH U
BaJICHTHBIX YTJIOB, TEMIIEpaTypHbIC (aKTOpPEl B IKypHaJe HE MyOIHKYIOTCS, a
IenoHNpyrTcss B KeMOpHIKCkoM OaHKe CTPYKTYPHBIX JAHHBIX (B CTaThe YKa3bIBACTCS
PETUCTPAIIMOHHEI HOMEp JETIOHECHTA).

4.7. Ilo TpeboBaHMAM MEXIyHApOIHBIX 0a3 maHHBIX Scopus, Clarivate Analytics,
Springer Nature mpu oOIlleHKe ITyOJUKauid Ha S3bIKaX, OTIIMYHBIX OT aHTJIMKACKOTO,
oubnuorpaduyeckre CIUCKU JOJDKHBI JaBaThCs HE TOJIBKO HA S3BIKE OPUTHHANA, HO M Ha
natuHuLe (poMaHcKuM ajidaBuToM). [loaTOMY aBTOpHI crareil, MoJaBaeMbIX Ha PYCCKOM
U Ka3aXCKOM S3bIKE, JIOJDKHBI IPENOCTABILITH CIHCOK JIMTEPATyphl B JBYX BapHaHTax:
00oun na sizvike opueunana (CUCOK JUTEPaTyphl), a IPYroil — B poMAHCKOM angasume
(References). Tlocnennuii cMCOK BXOJMUT B aHTTIMHACKUI OJIOK, KOTOPBIH PACIONOKEH B
KOHIIE CTaTbhH.

Ecim B cmmcke ecTh CCBUIKM HAa WHOCTPaHHBIC ITyONUKAIIMH, OHU TIOJTHOCTBHIO
noBTopsitorcst B cmucke References. Ilpn OUTUPOBAaHWHM PYCCKOS3BIYHOTO IKypHana,
TIEPEBOIMMOTO 32 pyOEIKOM, B PYCCKOA3BITHON Bepcuu CIHCKa JINTEpaTypbl HE0OX0IMMO
MPUBECTH TOJHYIO CCHIIKY Ha pPYCCKOA3BIYHYIO Bepcuio, a B References — ma
MEXITyHaPOIHYIO.

Crmcok ucrounnkoB B References nomken GbITh HamMCaH TOJIBKO HA POMaHCKOM
andaBure- jatuHUIE (TIPH 3TOM OH JOJDKEH OCTaBaThCs MOJHBIM aHaiorom Crucka
JIUTEPaTypbl, B KOTOPOM HCTOYHHKH OBbLIM TPEICTABICHBI HAa OPHTHHAIBLHOM SI3bIKE

OITyOJINKOBaHMSA).
JInist HanKMCaHUsI CCHUTOK HA PYCCKOS3BIYHBIC HCTOUYHHUKH (M MCTOYHUKH HA HHBIX, HE
HCTOJB3YIOUIAX ~ POMAHCKW  andaBuT,  sA3bIKAaX)  CJEAyeT  HCIOJIb30BaTh

ODULIMAJIBHBIN TIEPEBOJT u TPAHCJIMTEPALIUIO (cm. TpeboBanus K TEPEBOIY
U TPaHCIUTEPALHH).

B References tpebyercst cnenyromas cTpykTypa OHOMHOrpaguuecKoil CChUIKU U3
PYCCKOSI3BIYHBIX HCTOYHUKOB: aBTOPHI (TpaHCIUTEPAIKs), HepeBO/] Ha3BAaHUS CTATbU WIIH
KHUTH Ha QHTTIMACKHUHN SA3BIK, Ha3BaHWE UCTOYHHKA (TPAHCIMTEPALHs — IS TeX M3TaHHH,
KOTOpbIe HE HMMEIOT YCTaHOBJIECHHOTO PeIaKlHeil aHITMHCKOro Ha3BaHMS), BBIXOAHBIC
JaHHbBIC B IU(pPOBOM (opMarte, yKa3aHHe Ha S3bIK CTaThM B CKOOKax (in Russian wiu in
Kazakh). TpaHcnuTepaiinio MOXKHO BBIMOJHHUTE Ha caiire http://www.translit.ru.

VYCnoBHBIE COKpalleHUs] HAa3BaHUI PYCCKOSI3BIYHBIX JKypHAJIOB U CIPAaBOYHHUKOB
MIPUBOJIATCS. B COOTBETCTBUH C COKpAILCHUSIMH, IPUHATHIMU B «PedepaTtnBHOM xypHaie
XUMHSD». aHTJIOS3BIYHBIX M JIDYTUX HMHOCTPaHHBIX JKypHAJOB — B COOTBETCTBHUH C
COKpaIIeHUsIMH, PEKOMEHAYEeMBIMH H31aTenbcTBOM «Springer and Business Mediay:
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http://chemister.ru/Chemie/journal-abbreviations.htm. Jlns  crareii Ha pycckomM u
Ka3axCKOM sI3bIKax Ha3BaHHWe >kypHana «Xummueckudh Kypuan Kazaxcrtama» criemyer
cokpamath: «Xum. Kypn. Kaz» n «Ka3z. Xum. KypH.» COOTBETCTBEHHO, a JJisl cTaTel Ha
anrimiickoMm si3bike: «Chem. J. Kaz.». [IpuBonstcs dpamunuy u MHUIMAIE BCEX aBTOPOB
(coxpaienus u Op. u et al He momyckarotcs).

B Cnucke nuteparypst u B References Bce pa6otsr nepeuncisiiorcst B IIOPSIJIKE
HUTUPOBAHUSL, a HE B andaButHOM TOpPSIIKE.

DOIl. Bo Bcex cimywasx, Korga y ULUTHPYEMOrO Marepuaja ecTb IudpoBol
AICHTU(DUKATOP, €ro HEoOXOOMMO YKa3hIBaTh B CAMOM KOHIIE OMHCAHUS HCTOYHHUKA.
[posepsite Hamuume doi y mMcTOuHMKA crienyeT Ha caiite http://search.crossref.org wmu
https://www.citethisforme.com.

Jnst  hopMUpOBaHHSA CIHCKA JIUTEPATyphl (BceX 0€3 HCKIIOYEHHUS CCHUIOK) B
Kypnane npuasaT 6ubnuorpadpudeckuii cTanaapT 6€3 UCTIOIB30BaAHUS PA3ICTUTENS «//»:

Author A.A., Author B.B., Author C.C. Title of article. Title of Journal, 2005, 10,
No. 2, 49-53.

J1J1st Ka3axCKO- WM PYCCKOS3BIYHOTO UCTOYHHKA!

Author A.A., Author B.B., Author C.C. Title of article. Title of Journal, 2005, 10,
No. 2, 49— 53. (In Kazakh or In Russian).

Hwke nmpuBeneHs! 00pasibl 0hOpMIIEeHUS pa3iuuHbIX BHIOB JOKYMEHTOB, KOTOPBIX
HEOOXOAMMO TIPHIEPKHUBATHECA aBTOpaM Tpd  O(GOPMIICHHH pPOMAHCKOTO CITHCKa
References.

Omnucanue cTaTbH U3 JKYPHAJIOB:

Zagurenko A.G., Korotovskikh V.A., Kolesnikov A.A., Timinov A.V., Kardymov
D.V. Technical and economical optimization of hydrofracturing design. Neftyanoe
khozyaistvo. Qil Industry, 2008, No. 11, 54-57. (In Russian).

Omnucanne crateu ¢ DOI:

Zhang Z., Zhu D. Experimental Research on the localized electrochemical
micromachining. Rus. J. Electrochem., 2008, 44, No. 8, 926-930. doi:
10.1134/51023193508080077.

Onucanne UnTepHer-pecypea:

Kondrat’ev V.B. Global ’naya farmatsevticheskaya promyshlennost’ [The global
pharmaceutical industry]. Available
at: http://perspektivy.info/rus/ekob/globalnaja_farmacevticheskaja_promyshlennost_2011-
07-18.html (Accessed 23.06.2013).

niIn

APA Style (2011). Available at: http://www.apastyle.org/apa-style-
help.aspx (accessed 5 February 2011).

NI

Pravila Tsitirovaniya Istochnikov (Rules for the Citing of Sources) Available
at: http://www.scribd.com/doc/1034528/ (Accessed 7 February 2011).

Onncanme CTaTbH U3 JIEKTPOHHOT O KypHaJa:

Swaminatan V., Lepkoswka-White E., Pao B.P. Browsers or buyers in cyberspace?
An investigation of electronic factors influencing electronic exchange. Journal of
Computer-Mediated Communication, 1999, 5, No. 2. Available
at: http://lwww.ascusc.org/jcmc/vol.5/issue2/(Accessed 24 April 2011).

Onucanue cTaTbU U3 MPOAOLKAIOIIETOCS] H3TaHUs (COOPHUKA TPYAOB)

Astakhov M.V., Tagantsev T.V. Eksperimental’noe issledovanie prochnost
soedinenii «stal’- kompozit» [Experimental study of the strength of joints «steel-
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composite»]. Trudy MGTU

«Matematicheskoe modelirovanie slozhnykh tekhnicheskikh sistem» [Proc. Of the
Bauman MSTU

«Mathematic Modeling of the Complex Technical Systemsy], 2006, No. 593, 125-130.

Onucanue MaTepHaioB KOH(epeHHii:

Usmanov T.S, GusmanovA A, Mullagalinl.Z., MuhametshinaR.Ju.,
ChervyakovaA.N., SveshnikovA.V. Featuresof the design of the field development with
the use of hydraulic fracturing. Trudy 6 Mezhdunarodnogo Simpoziuma «Novye resurso
sberegayushchie tekhnologii nedropol’zovaniya i povysheniya neftegazootdachi» [Proc.
6™ Int. Symp. «New energy saving subsoil technjologies and the increasing of the oil and
gas impacty»]. Moscow, 2007, 267-272. (In Russ.)

HexenaTenpbHo OCTaBIATH OOHO IIEPEBOJHOC HAa3BaHUC KOHqJepeHHI/II/I (B cjydac
€CJIM HET NEPEBCACHHOI0 Ha AHIIMACKUN SI3BIK Ha3BaHHUS KOHqJepeHIII/II/I), TaK KakK OHO
TIPH TIOTIBITKE KeM- TNO0 HAUTH 3TH MaTepHaibl, HACHTU(DHUIIIPYETCS ¢ OONBIIIM TPYIOM.

Onucanne kHuru (MoHorpacpun, coopHuKa):
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4.9. Hpumep AHIJIOA3LIYHOIO 0JI0KA AJiA MpeaACTaBJICeHUusA CTaTbU, HANIMCAHHOM

Ha fA3bIKE, OTJIMYHOM OT AHTJIMHCKOro:
Abstract

DETERMINATION OF THE HAZARD CLASS OF OIL-CONTAMINATED
AND NEUTRALIZIED SOIL

Zhusipbekov U.Zh.t, Nurgaliyeva G.0.%", Baiakhmetova Z.K.%, Aizvert L.G.2

1JSC «A.B. Bekturov Institute of Chemical Sciences», Almaty, Kazakhstan

2Scientific and practical center of sanitary-epidemiological examination and
monitoring of the Ministry of Health of the Republic of Kazakhstan Almaty, Kazakhstan

E-mail: n_gulzipa@mail.ru

Introduction. Pollution by oil has a negative effect on chemical, physical,
agrophysical, agrochemical and biological properties of soils. Sorption methods of
cleaning the soil with the help of humic preparations from oil pollution are of great
importance. The purpose of this work is to study the composition and properties of the
contaminated and neutralized soil, the determination of the toxicity indexes of all
components of oil waste, the calculation of the hazard class of waste according to their
toxic-ecological parameters. Methodology. Samples of the contaminated and neutralized
soil were treated with the use of humate-based energy-accumulating substances. The
metal content in the contaminated soil was determined by spectrometry using an AA 240
instrument using the method of decomposing the sample with a mixture of nitric,
hydrofluoric and perchloric acids until the sample was completely opened. Results and
discussion. Fractional composition of oil products of all samples is stable: the content of
complex acetylene hydrocarbons is ~ 70.0% of the total mass of oil products, the content
of resins and paraffin-naphthenic group of hydrocarbons is 27.3%, the content of bitumens
is 2.6%. In the neutralized soil, paraffin-naphthenic fractions, resins, bitumens and
asphalteneswere  mainly  found; complex acetylene hydrocarbons are not
present. Conclusion. It has been established that the contaminated soil belongs to the
substances of the 3rd hazard class. Neutralized soil became less toxic and according to the
total toxicity index, it was classified as hazard class 4 (low hazard). Neutralized soil can
be used as construction and road materials, at the improvement of boreholes and at land
reclamation.

Keywords: oil, contaminated soil, neutralized soil, humate-based energy storage
substance, toxicity, radioactivity, hazard class.
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Fouabimn KAPUAJTAHBIMHBIH 3TUKACBI

«Ka3zakcTaHHBIH XHUMHUSJIBIK KypHaabD» (0yaan api — ’KypHaju) GacnacbIHbIH
ankacel MeH Oac penakTopbl «JKapusiiaHy 3THKachl KOHiHJeri KOMHMTET —

(Committee on Publication Ethics — COPE)»
(http://publicationethics.org/about),«Eyponaubik FBUIBIMU PeIaKkTopJIapABbIH
KaybIMaacTeirbl  » (European Association of Science Editors - EASE)

(http://www.ease.org.uk) xoHe F'BLIBIMHM JKAPHUSIAHBIM 3THKACBIHBIH KOMHUTETIiH/IE
(http://publicet.org/code/) kabbLTIaHBLIFAH XAJBIKAPAJIBIK TATANTAPAbI YCTAHA/IBI.

Bacma xp3MeTiHzAeTi ofemnke cail emec ic - opekeTTepAi (IUIarmar, sKajaraH aKmapaT
koHE T.0.) OONABIpMayFa J>KOHE FHUIBIMH IKAPHUSIAHBIMAAPIBIH JKOFAphl CamachlH
KaMTaMachI3 €Ty YIIiH, KOJI JKETKI3TeH FhUIBIMH HOTIKENepAl )KYPTIIbUIBIKKA JKapusiay
MaKcaThlHAa PeNaKIys ajJKachkl, aBTOpjap, pElEeH3eHTTep, COHIai-ak Oacra yuaepiciHe
KaThICATBIH MEKeMeJlep STHKAIBIK HOpMajap MEH epeKernepii cakTayra MIiHAETTI KoHE
onmapaplH Oy3pUIMayblHa  OapiblK Imapajgapabl madmananysl Teic. Ochl  yaepicke
KaTBICYIIBUIAPABIH OapJIBIFBIHBIH FHUIBIMU JKapUsIaHBIMIAD 3THKACBIHBIH EpPEeKEIepiH
CaKTaybl, aBTOPJIAPIBIH 3UATKEPJIIK MEHIIIK OOBEKTIIEPIHE KYKBIKTAPBHIH KaMTaMachl3
eTyre, XapUsUIaHBIMJIAP CalachlH apTThIPYFa JKOHE AaBTOPJBIK KYKBIKICH KOPFaJFaH
MaTepHangapasl JKeKe TYJIFajlaplbslH My[AAeci VIIIH IaiijanaHy MYMKIHJIITIH >KOIOFa
KOMEKTECE1.

Penaxmmsra xibepinreH OapiblK FRUIBIMH Makalanap MIHACTTI TYpAe €Ki >KaKThI
KyIus capanTtamara xioepinesni. JKypHanablH pelakusiIbK alKachl MaKadaHbIH JKypHAT
TaKbIPHIOBIHA KOHE TaJalTapblHA COWKECTITiH aHBIKTAWIIbI, KypHAIFa TIPKEY VIIIH OHBI
QNJIBIH aja capajiayFa >KypHaJJIbIH JKayanThl XaTHIbIChIHA jkibepemi. Oy Komka30aHbIH
FBUIBIMU KYH/BUIBIFBIH aQHBIKTAIl, MaKala TaKbIPHIObIHA )KAKbIH FHUIBIMH MaMaHIBIKTaPbI
O0ap €Ki ToyelsCi3 capamllblHbl aHBIKTAHABL. Makanamap/pl PeIaKIMsUIBIK alKa JKOHE
peIaKkIMsUIBIK alKa Mylleliepi, cCoHaai-ak 0acka eNeplieH MIAKbIPBUIFaH PELEeH3EHTTEP
capanTaiasl. MakajiaHbl capanTay YIIH PeleH3eHTTepAl TaHAay Typajbl Hiemrimai oac
penakrop KaObuaanael. Capanray Mep3iMi 2-4 anrta KoHE PEIEH3CHT OTiHIII OOHBIHIIA
OHBI 2 amnTara y3apTyra 0oJa/sl.

Penaknusi MeH pemeH3eHT Kapayra >kiOepiireH kapusulaHOaraH MarepuaniapIby
KYITUSUTBUTBIFBIHA KUK Oepeni. XKapusiray Typaisl MIeIiM sKypHAIIBIH PeIaKIUsITBIK
aKachl TEKCEpreHHEH KeliH KaOwpuimaHambl. Kaker OonmraH skarmaiima (pemaxtop(iap)
KOHE/HeMece PELeH3CHT(JIep) TaparblHaH ecKepTyJepaiH Ooirybl) Koynkazba aBTopiiapra
KOCBIMIIIA TY3eTyJIepre KiOepisemi, coman KeliH ofl KalTa Kapajiajsl. ITHKAa HOpMaTapsl
Oy3bUIFaH JKaFfaiiia, MakajlaHbl >kapusiiayfaH 0ac TapTy KYKbIFbIH Penakumsi e3ine
KaJaeipazpl. JKayanTel pefakTop Makaiajia Iulardat Jer ecenTeyre KeTKUTIKTI akmapar
OoJIFaH JKaraaiia OHbI JKapusIayFa pykcaT Oepmeiii.

ABTOpJIap pelakiusara xiOepiireH Marepuanaap/by kaHa, OypbIH KapusiaHOaraH
JKOHE TYINHYCKa eKCHAIriHe Kemingik Oepeni. ABTOpiiap FBUIBIMH  HOTHXKENEPIiH
CCHIMIUTINT MEH MAaHBI3bUIBIFBIHA, COHJAi-aK FBUIBIMH JTHKAa KaFUJaTTapbIHBIH
CaKTallyblHa, aran alTKaH[a, FBUIBIMUA STHKAHBI OY3bUIMAayblHA (FBUIBIMH JICPEKTEPi
KOJNJAH jKacay, 3epTTey ICpPEKTepiH OypmanayFa oKeleTiH OypMmanay, IUiardatr >KOHE
JKaIlFaH OipJIeCKeH aBTOPIIBIK, KaiiTanay, 0acka agaMaapAblH HOTIKEICPIH HEMICHY JKOHE
T.0.)TiKeneH KayamnTsl.

Makanansl peaknusra O0epy aBTOpIapAbIH MaKaldaHbl (TYHMHYCKana Hemece Oacka
Tiepre Hemece TUIACH aynapMasna) Oacka s>kypHaira(iapra) skiOepMereHiH oHe Oy
MaTepuanaslH OypeiH kapusiaHOaraneiH Oinmipeni. Omait OonmmaraH jkarnmaiiza makana
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aBTOpJIapFa «ABTOPJBIK KYKBIKTHI Oy3raHbl YIIIH MaKaJlaHbl JKapusuilamay» JereH
mienriMMeH Kaifrapbuiaasl. backa aBTopabIH TyBIHIBICHIHBIH 10 MaiibI31aH acTaMbIH, OHBIH
ABTOPIIBIFBIH JKOHE JIEPEKKO3Te CciiuTeMenepli KepceTredl ce30e-co3 Kemlipyre Ko
OepinMerini. ATBIHFaH Y3IHIUIEp HeMece MolliMAEeMeNep aBTOp MEH JEePEeKKe3Ii MIHIeTTi
TYpZIe KepceTe OTHIPBIT peciMaenyi kepek. lllamamaH TeIc e3re MaTepHaigapabl
naljanany, COHIai-aKk Ke3 KeINTeH HBICAaHAaFbl IUIaruar, COHBIH IIIiHAE JoHeKci3
notiekco3nep, 0Oacka agamaapAblH 3epTTEYJCPiHIH HOTIKENEPiH HEeMICHY JTHKara
KaTnalapl JkoHe KaObUimaHOalapl. 3epTrey OapbiChlHA —KaThIHACKAH 0apIIbIK
TYJIFAapAbIH YJIECIH MOMBIHIAY KaXKeT )KoHe Makajaja 3epTTey[i Kyprizyae MaHbI3/bI
OosiFaH KymbIcTapra ciitemenep Oepinryi kepek. bipiieckeH aBTOpiap apachiHAa
3epTTeyre KaTbiCIaraH ajiamMmapabl KepceTyre ol OepiiamMeiini.

ABTOp(J1ap) )KYMBICTapbIHJa KaTeJikTep Oalikaiuca, Oy Typasbl Aepey peldakTopra
xabapuiar, Ty3eTy Typajibl YChIHBIC Oepyi THic.

Komxka36anel Oacelll mpFapygaH 0ac TapTy Typalbl IIENIiM peIeH3CHTTepHiH
YCHIHBICTAPBIH €CKEepPE OTBIPHIN, PEAAKIUS aJKACHIHBIH OTBIPBICHIHAA KaObUITaHAIbI.
PemakuusuiblK anmKaHbBIH INEIIIMIMEH XapHsjiayFa YCHIHBIJIMaraH Makasla KalTa Kapayra
KaObuTmanOaiael. Kapusmaynan 6ac TapTy Typalibl xabapiama aBTOpFa SJEKTPOHIBIK
TIOIIITA aPKBUIBI XKiOepiiemi.

KypHangslH peaakuusuiblK amkachl MakKajlaHbl JKapusulayFa pykcaT Oepy Typaibl
HIenimM KaObUTjaFaHHaH KeiiH peAakLMsUTBIK alika OYJ1 Typasibl aBTOpFa Xadapiiai bl koHe
JKapusUIay IapTTapblH Kepcereai. Makaiara GepiireH mikipaepAiH TynHyckacel JKypHan
pelaKIHACHIHAA 3 JKbUT CAKTAIBIHA/IBL.
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ITuKa HAYYHBIX My0IuKAMI

Penakumnonnas KOJLIerust u TJIaBHBII penakTop HAY4YHOT0
skypHajaa «Xumudeckuii skypHai Kazaxcrana» (nanee — dKypHan) npuaep:kuBaroTcs
NPUHSITBIX MeKTYHAPOAHBIX crangaproB «Komurera THKH no
nyomukammusav» (Committee on Publication Ethics — COPE)
(http://publicationethics.org/about),, «<EBponeiickoii acconHanuu HAYYHBIX
penakrTopos» (European Association of Science Editors - EASE)
(http://www.ease.org.uk) n «KomuTera mo ITHKe HAYYHBIX NyOJIMKALMID

(http://publicet.org/code/)..

Bo m3bexxanune HemoOpOCOBECTHOW NPAKTHKH B ITyOJWKAIIMOHHOW JEATEIHHOCTH
(Tmaruat, U3J0KEeHHE HEOCTOBEPHBIX CBEICHHH U JIp.) U B IENIIX 00eCTiedeHUs BEICOKOTO
KadecTBa HAYYHBIX ITyONHMKAIWi, IpU3HAHUS OOIIECTBEHHOCTHIO, ITOyUYEHHBIX aBTOPOM
HaY4YHBIX PE3YJILTATOB, YJICHBI PECAAKIIMOHHOI'O COBCTA, aBTOPbI, PCLCH3CHTLI, a TaKKE
YUPEXKICHHUS], yYaCTBYIONINE B U3ATEIILCKOM IpoIiecce, 00sI3aHbl COOMI0NATh ATHYECKHUE
CTaHJapTbl, HOpPMBI W IpaBWja W NPHHUMATb BCEC MCPbLI A MPCAOTBpAIICHUA HX
HapyuieHui. CoOmrofeHne MpaBWI STHKH HAyYHBIX IyONUKalMi BCEMHM YYaCTHUKAMH
9TOT0 TMpoliecca CHOCOOCTBYET OOECHEYEHHIO IIpaB aBTOPOB Ha HHTEIJIEKTYaJIbHYIO
COOCTBEHHOCTb, TIOBBIIICHHIO KauecTBA WU3JAHUS W HCKIIOYEHHIO BO3MOXKHOCTH
HEMpPaBOMEPHOTO MCITOIB30BAHMS aBTOPCKIX MAaTEPHUAIOB B HHTEpECcaX OTHACTHHBIX JIHII.

Bce HaywHBIC CTaTbd, IMOCTYNHBIIHE B PEOAKIMIO, MOJUICKAT O00S3aTCIFHOMY
JBOMHOMY CIIETIOMY pelleH3upoBaHuio. Penaknus XKypHana ycTaHaBIUBaeT COOTBETCTBHE
crate Tipodumio XKyprana, TpeOboBaHUAM K OQOPMIICHHIO W HAIpaBJIIET €€ Ha IMEepBOe
paccMOTpeHHe OTBETCTBEHHOMY cekpeTapio JKypHana, KOTOPBIH ONpeneseT Hay4YHYIO
LIEHHOCTh PYKOINCH M Ha3HA4YaeT JBYX HE3aBHUCHMBIX PEIICH3CHTOB — CIICHIHAIINCTOB,
UMEIOIINX HauboJee OJIM3KUE K TeME CTaThH Hay4yHbIE ClielMaln3alri. PeneH3upoBanme
CTaTell OCYLIECTBISETCS WICHAMH PENAKIMOHHOI'O COBETa M PEIAKIIMOHHOM KOJUIeruy, a
TaK)Ke IMPUTJIALIEHHBIMH PEIEH3eHTaMH JIPYyruX cTpaH. PerieHne o BhIOOpE TOro WM
WHOTO peleH3eHTa JUIsl TIPOBEICHHSI IKCIIEPTH3bI CTAaTbU NMPUHUMAET TJIaBHBIH PEAaKTop.
Cpok peneH3UpoBaHMs COCTaBisieT 2-4 HeEIH, HO MO MPOChOe PEleH3eHTa OH MOXET
OBITH IPOIICH, HO HE Oosiee yeM Ha 2 HeJlelH.

Penakumsi M peleH3eHT TapaHTHPYIOT COXpaHEHHE KOH(HUICHINAIbLHOCTH
HEONMyOJIMKOBAaHHBIX MaTepualioB IPHCIAHHBIX Ha pacCMOTpeHHe paboT. Pemienme o
MyOJMKAIMY TIPUHAMAETCS pEAaKIIMOHHON KoJuterueit JKypHama mocie perneH3upoBaHusl.
B cirygae HeoOX0oMMOCTH (HaTUYHe 3aMedaHrii penakTopa(-oB) U /WK perieH3eHTa(-0B))
PYKOIINICh HANpaBIACTCS aBTOpaM Ha JOpabOTKy, IIOCIIE Yero OHa IOBTOPHO
peuensupyercs. Pepakiust octaBisier 3a co0Oi MPaBO OTKIOHUTH MYOIUKAIIUIO CTAThU B
cilydae HapylleHusl MpaBuil dTHKU. OTBETCTBEHHBIM PENaKTOp HE JOJDKEH JIOMYyCKaTh K
nyOnuKanuy MHGOPMAIMIO, €CJIM MMEETCsl OCTATOYHO OCHOBAHWil mojaraTh, 4TO OHA
SIBIISIETCS] TUTarHaTOM.

ABTOpBI TapaHTUPYIOT, YTO TIPEJICTABICHHBIE B PEAAKLUIO MaTepPHAaNbl SBISIFOTCS
HOBBIMH, paHee HEONyOIMKOBAaHHBIMM ¥  OPUTHMHAIBHBIMH.  ABTOpBI  HECYT
OTBETCTBEHHOCTh 32 JOCTOBEPHOCTh M 3HAYMMOCTh HAYYHBIX DE3yJbTAaTOB, a TaKXke
coOIo/ieHNe TPUHIMIIOB HAYyYHOM OTHKH, B YaCTHOCTH, HejaomymieHne (akToB
HapyUIeHUs] HayYHOU 3THKH ((paOpuKanus HayqHbIX TaHHBIX, (aabcuUKanus, Beaymas K
WCKaXXCHUIO  WCCIENOBATENbCKAX  JAaHHBIX, IUIAarHaT ©  JIOKHOE COaBTOPCTBO,
nIyOnrpoBaHUe, TPUCBOCHHUE UYXKHUX PE3yIbTaTOB H Jp.)
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HamnpapneHune craTby B peAakLUIO O3HAYACT, YTO ABTOPHI HE NEPEAaBAIN CTATHIO (B
OpHUI'MHAJIE WJIM B IIEpEeBOAE Ha APYIHe SI3bIKM WM C APYTHX SI3BIKOB) B Jpyroi(-ue)
KypHaJ(BI) U YTO ITOT MaTepuan He OBUI paHee OIMyONMKOBAaH. B MPOTHBHOM cirydae
CTaThsl HEMEIUIEHHO BO3BpaIaeTcst aBTopaM ¢ (hopMysupoBKoil « OTKIOHUTH CTaThIO 3a
HapylIeHHe aBTOPCKUX IpaB». He nomyckaercss nocioBHOe KomumpoBaHue Oornee 10
MIPOLIEHTOB PabOTHI APYTOro aBTopa 0e3 yKa3aHUs €ro aBTOPCTBA U CCHUIOK HA MCTOYHHK.
3auMCTBOBaHHbIE (pParMEeHTBl WM YTBEPXKACHHUS JOJDKHBI OBITh O(OPMIIEHBI C
00s13aTeNbHBIM YKa3aHHEM aBTOpa W IEPBOMCTOYHMKA. Upe3MepHbIe 3aMMCTBOBAHUS, a
TaKXKe IUIaruat B JII000i (Gopme, BKIOYas Heo(pOpMIICHHBIC IIUTATHI, IiepedpasupoBaHUe
WY TIPUCBOCHKE TIPaB Ha PE3yJIbTaThl Uy)KHX HCCIIETOBAHUM, HEATUYHBI U HEMIPUEMJIIEMBI.
HeoOxoauMo mpu3HaBaTh BKJIAJ BCEX JIMI, TaK WIM HHade NOBIMSABIINX Ha XOJ
WCCIIe/IOBAaHMS, B YaCTHOCTH, B CTAaThe JOJDKHBI OBITh MPEACTABIICHBI CCHUIKM Ha PaboTBhI,
KOTOpblE HWMEJHM 3HadeHHe IpH IPOBEJCHUH HccienoBaHus. Cpenud  COaBTOPOB
HEJIOMyCTUMO yKa3bIBaTh JIUII, HE YIaCTBOBABIIMX B NCCIIEIOBAHHH.

Ecmm  aBTOpOoM(-amm) oOHapykeHa omuOka B paboTe, HEOOXOINMO CpPOYHO
YBEIOMHUTB PEaKTOPa M BMECTE MPUHSTH PEIICHNE 00 UCIIPABICHHH.

Pemenne 00 oTkase B MyONMKAaLMM PYKONHCH MPUHUMAETCs Ha 3aceJaHuH
pPEIAKIMOHHOM KOJMJIETMM C YYeTOM pEKOMEHJauuil peneH3eHToB. CraThs, He
PEKOMEHIOBaHHAs PELICHHEM PENaKIMOHHOW KOJUIETHHM K MyOJHKaLUH, K TOBTOPHOMY
paccMoTpeHui0 He npuHuMaetrcs. CoolleHre 00 0TKase B MyOJIMKAIMK HAIpPaBJIsSeTCS
aBTOPY I10 3JIEKTPOHHOM 1OYTe.

[Mocne mnpunsTus penkoiuierueid JKypHama pemieHuss O JOIMyCKEe CTaTbU K
myOJIMKanyy pegakuyst HHGOPMUPYET 00 3TOM aBTOpa M yKa3bIBaeT CPOKH ITyOJIMKAINH.
OpuruHansl perieH3uil Xxpanarcs B pefpakuuu JKypHana B TedeHue 3 JieT.
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Scientific Publication Ethics

The Editorial Board and Editor-in-Chief of the scientific journal the “Chemical
Journal of Kazakhstan” (hereinafter referred to as the Journal) adhere to the
accepted international standards of the “Committee on Publication Ethics”
(Committee on Publication Ethics— COPE) (http://publicationethics.org/about), the
“European Association of Science Editors” (European Association of Science Editors —
EASE) (http://www.ease.org.uk) and the “Committee on Scientific Publication
Ethics” (http://publicet.org/code/).

To avoid unfair practices in the publishing activities (plagiarism, false information,
etc.) and in order to ensure the high quality of the scientific publications and public
recognition of the scientific results, obtained by the author, the members of the Editorial
Board, authors, reviewers, as well as institutions, involved in the publishing process, are
obliged to comply with ethical standards, rules and regulations, and take all measures to
prevent their violation. The compliance with the rules of the scientific publication ethics
by all process participants contributes to ensuring the rights of authors to intellectual
property, improving the quality of the publication and excluding the possibility of misuse
of the copyrighted materials in the interests of the individuals.

All scientific articles submitted to the editors are subject to mandatory double-blind
peer reviewing. The Editorial Board of the Journal determines the compliance of the
article with the specificity of the Journal, the registration requirements and sends it for the
first reviewing to the Executive Secretary of the Journal, who determines the scientific
value of the manuscript and appoints two independent reviewers — the specialists with the
scientific specializations closest to the topic of the article. The articles are reviewed by the
members of the Editorial Board and the Editorial Staff, as well as the invited reviewers
from the other countries. The decision to choose one or another reviewer for reviewing the
article is made by the Editor-in-Chief. The reviewing period is 2-4 weeks, though at the
request of the reviewer, it can be extended, but no more than for 2 weeks.

The editors and the reviewer guarantee the confidentiality of the unpublished
materials submitted for reviewing. The decision to publish is made by the Editorial Board
of the Journal after reviewing. If necessary (the presence of comments by the editor(s)
and/or reviewer(s)) the manuscript is sent to the authors for revision, after which it is re-
reviewed. The editors reserve the right to reject from the publication of the article in case
of violation of the rules of ethics. The Executive Editor should not allow the information
to be published if there is sufficient reason to believe that it is plagiarism.

The authors guarantee that the materials, submitted to the editors are new,
previously unpublished and original. The authors are responsible for the reliability and
significance of the scientific results, as well as compliance with the principles of scientific
ethics, in particular, the prevention of violations of scientific ethics (fabrication of the
scientific data, falsification leading to distortion of the research data, plagiarism and false
co-authorship, duplication, appropriation of other people's results, etc.).

The submission of an article to the editor means that the authors did not submit the
article (in the original or translated into or from the other languages) to the other
Journal(s), and that this material was not previously published. Otherwise, the article is
immediately returned to the authors with the wording “Reject the article for the copyright
infringement.” The word-for-word copying of more than 10 percent of the work of
another author is not allowed without indicating his authorship and references to the
source. The borrowed fragments or statements should be drawn-up with the obligatory
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indication of the author and source. Excessive borrowing, as well as plagiarism in any
form, including inaccurate quotations, paraphrasing, or appropriation of the rights to the
results of the other people's research, is unethical and unacceptable. It is necessary to
recognize the contribution of all persons, who in one way or another influenced the course
of the research, in particular, the article should provide links to the works, which were
important in the research conduction. Among the co-authors, it is unacceptable to indicate
persons, who did not participate in the research.

If the author(s) finds an error in the work, it is necessary to immediately notify the
editor thereof, and together decide on the correction.

The decision to refuse from the publication of the manuscript is made at a Meeting
of the Editorial Board, taking into account the recommendations of the reviewers. An
article, which is not recommended by the decision of the Editorial Board for the
publication, is not accepted for re-consideration. A notice of the refusal to publish is sent
to the author by e-mail.

After the Editorial Board of the Journal makes a decision on the admission of the
article for the publication, the Editorial Board informs the author thereof, and specifies the
terms of the publication. The original reviews are kept in the Editorial Office of the
Journal for 3 years.
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