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ANALGESIC ACTIVITY OF COMPLEX OF O-BENZOYLOXIME OF
3,7-DIAZABICYCLO[3.3.1]NONAN-9-ONE WITH B-CYCLODEXTRIN

N.A. Togyzbaeval, N.S.Sikhanova?!, A.B. Kaldybayeva??, A.E.Malmakova?®*

1Korkyt ata Kyzylorda University, Kyzylorda, Kazakhstan
2A.B. Bekturov Institute of Chemical Sciences, Almaty, Kazakhstan
3Al-Farabi Kazakh National University, Almaty, Kazakhstan
*E-mail: malmakova@mail.ru

Abstract. Introduction. Pain syndrome is the most common phenomenon in medical practice.
Despite the variety of drugs availability, the search for new highly effective analgesics for pain
management remains the most important goal. The purpose of the work: directed synthesis of potential
biological active diazabicyclononanone series compounds based on 1-(2-ethoxyethyl)piperidin-4-one,
modifying the structure of diazabicyclononanone with various pharmacophore functional groups and
determining  their  biological  properties.  Results and  discussions:  3-(2-Ethoxyethyl)-7-
cyclopropanemethyl-3,7-diazabicyclo[3.3.1]nonan-9-one have been synthesized by Mannich reaction of
1-(2-ethoxyethyl)piperidin-4-one with the primary amine 3-cyclopropylmethylamine and paraform in
glacial acetic acid and methanol. In order to obtain a compound with pharmacological activity 3,7-
diazabicyclononanone have been obtained out by the Huang-Minlon reduction reaction, and as a result, 3-
(2-ethoxyethyl)-7-cyclopropanemethyl-3,7-diazabicyclo[3.3.1]nonane was isolated with a yield of 74.2 %.
Oxymylation of 3,7-diazabicyclononanone was carried out by heating in the presence of pyridine and
hydroxylamine hydrochloride in ethyl alcohol for 20-25 h. Synthesised oxime after heating with benzoyl
chloride in the presence of absolute benzene for 6-7 h led to O-benzoyloxime. Encapsulation of O-
benzoyloxime was resolved using B-cyclodextrin. As a result, an amorphous powder complex was
obtained. Structure and composition of newly synthesized 3-(2-ethoxyethyl)-7-cyclopropanemethyl-3,7-
diazabicyclo[3.3.1]nonan-9-one, bispidine, oxime and O-benzoyloxime clarified with the help of methods
as IR, 3C and 'H NMR spectroscopy and elemental analysis. Conclusion: Biological activity of complex
of O-benzoyloxime of 3-(2-ethoxyethyl)-7-cyclopropylmethyl-3,7-diazabicyclo[3.3.1]Jnonan-9-one with
B-cyclodextrin with laboratory code NA-332 has been studied at the Institute of General Genetics and
Cytology. As a result of biological screening, it was found that the complex of O-benzoyloxime of 3-(2-
ethoxyethyl)-7-cyclopropylmethyl-3,7-diazabicyclo[3.3.1]nonan-9-one with B-cyclodextrin shows higher
analgesic activity than tramal and has complete analgesia. The results of studies determine the acute
toxicity of HA-332 lower than tramal.

Keywords: 3,7-substituted 3,7-diazabicyclo[3.3.1]nonan-9-one, bispidine, oxime, O-benzoyloxime,
f-cyclodextrin, complex, analgesic activity.

Citation: Togyzbaeva N.A., Sikhanova N.S., Kaldybayeva A.B., Malmakova A.E. Analgesic activity of
complex of O-benzoyloxime of 3,7-diazabicyclo[3.3.1]nonan-9-one with B-cyclodextrin. Chem. J. Kaz.,
2023, 4(84), 5-17. (In Kaz.). DOI: https://doi.org/10.51580/2023-4.2710-1185.35
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H.O.Tozvizéaesa’, H.C. Cuxanosa', A.b.Kanovibaesa’:, A.E.Manmaxosa’”

Kopxwim Ama amvindaset Kvizvinopoa Ynueepcumemi, Kvizvinopoa, Kazaxcman
20.5. Bexmypoe amuiHOazbl XumMus eblibiMOapsl uncmumymel, Anmamul, Kazaxcman
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Tyiiinaeme. Kipicne. AybIpcbiHy CHHIPOMBI - MEAMIMHA TOKIPUOECIHIE €H KOm Ke3[eceTiH KyObLIbIC.
Jlopinik 3aTTapIblH op alyaHIbIFbIHA KapaMacTaH aybIPCHIHYAbI €MJEY YIIIH jKaHa JKOFapFbl dcepJi
aybIpChIHY/IbI OacaThlH Ipenapartap i3aey 6actsl MmakcaTtapabiH (Oipi Gounbin Kaa Gepeni. Kymvicmoly
makcamol:  1-(2-DTOKCHITHI)IUNEPUANH-4-0H  HETi3iHAEe MOTCHIMANILI OHONOTHSUIBIK — OCNCeH I
Ha3a0UIMKIOHOHAHOH  KaTapbl  KOCBUIBICTAPBIHBIH ~ OAQFBITTBI  CHHTE3IH  Ha3a0HIMKIOHOHAHOH
KYpbUIbIMBIHA TYpii (apMakohopibl GpyHKIMOHAIABI TONTAPABI €HTI3y apKbUIBl MOAUGHUIUPICY KOHE
GUONIOTHSUTBIK KACHETIH aHBIKTay. Homuoicenep men mankvliayiap: MaHHAX peakumsicsl Goiisiamma 1-(2-
9TOKCUITHI)IUIEPUANH-4-0HHAH OIPIHIIUIIK aMHMH 3-IHMKJIONPONMIMETHIAMHMH OHE mnapadopMMeH
MY3IbI CipKe KBIIIKBUIBI MEH MeTaHouAbl opraga 3-(2-3TOKCHATHI)-T7-UUKIONpOnaHMeTn-3,7-
nrazabunnkiio]3.3.1]Honan-9-on cuHTe3menini. DapMaKoJOTHSIBIK OCICCHIITIKKE He KOCBUIBIC aiy
MakcatbiHaa XyaH-MuninoH OoitbiHina 3,7-Ana3a0UIMKIOHOHAHOHABl TOTBHIKCHI3MAH/BIPY PEAKIUSCHI
KYprizimin, HoTHXKECiHAE 3-(2-3TOKCHATHII)- 7-IUKIONPONaHMETHII-3, 7 -ana3abuimkino3.3.1 Honan 74.2
% mbIFEIMMEH OOJTiHIT anbliH/bL. 3,7-/(Ha3a0UIMKIOHOHAHOH/IBI OKCUMIJIUPIICY 3THII CIMPTi OPTACHIHIA
MUPHIMH MEH THAPOKCHIIAMHHHIH THIAPOXJIOpHAI KatbichiHga 20-25 caf KbI3ABIPY apKbUIBI XKYPri3ijii.
AJNBIHFaH OKCHMJI aOCOMIOTTI OCH30JI KATBICBIHIA XJIOpJbl OeH3owiIMeH 6-7 caf Kei3ablpraHnma, O-
OCH30MIOKCHM  Ty3inai. O-BeH30MIoKcHMII  Karcynupiiey [B-LIUKIONSKCTPHH KOMETIMEH IHemIii.
Hortmxkecinge aMmopdTsl YHTaK Typaeri KoMmIuieke anbiHabl. JKaHa cuHTe3meiHreH 3-(2-3TOKCHITHI)-7-
LUKJIONPONaHMeTHI-3, 7-1ua3adbunmkiiof 3.3.1]Honaun-9-o1, OucHUAMH, OKCHMM MeH (O-0CH30MIOKCHM
Kypbuibichl MeH Kypambl UK, *C nen 'H SIMP creKTpocKomusl jX9HE 3IEMEHTTIK capantama dicTepi
KeMeriMeH HAKTBbUIAH]IBI. Kopwimuinowi: 3-(2-OToKCcHAITII)- 7 -LUMKIIOMPOITIMETHA-3, 7-
nrazadunukiio3.3.1]Honan-9-o0  O-0eH30MIOKCHMI  PB-IMKIOJACKCTpUHMEH — Komruiekci  HA-332
3epTXaHaNBbIK OenriciMeH JKanmbl reHeTHKa jKOHE IIMTOJIOTUSl MHCTUTYTHIHAA OMOJIOTHSIIBIK OSNICeHITIr
3epTTeNnai. DBHONOTWSIIBIK  CKPHHHHT — HOTHXKeCiHAE — 3-(2-3TOKCHITHI)-7-IHUKIONPOIIMETHNI-3, 7 -
nrazadunnkiiof3.3.1]HoHan-9-o0 O-0€H30MIOKCUMI B-IIMKIONEKCTPHH KOMIUIEKCI TpaMaliFa KaparaHia
JKOFapbl AHAIITETHKAIBIK OCJICEHIIUTIK KOPCETIlN, TOJIBIK aHaIbIe3usFa e OONATHIHABIFBI aHBIKTAJIBL.
3eprreynep HoTmwkenepi HA-332 ybITTBUIBIFBIHBIH TPaMaIiKiHEH €Ki ece TOMEH eKeHIH KOPCEeTTi.

Tyiiin ce3nep: 3,7-[uopsiHbackan  3,7-nuazabuimkio[3.3.1]HoHan-9-on, OucnuguH, okcuM, O-
OCH30MIIOKCHM, [3-IIUKJIOJICKCTPUH, KOMIUIEKC, aHAJIbI'€THKAJIBIK OCJICEH ILITIK.
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1. Kipicme

Kazipri Tanma amama3aT KOJDKETKI3TEH FBUIBIM, METUIIFHA JKOHE TeXHUKa
calajapblHIAFbl  JKCTICTIKTEpPiHE  KapaMacTaH,  CO3BUIMANBI  AyBIPCHIHY
CUHJIPOMBIMEH KYpec oii Jie asKTalMaraH. MenuiuHana KOJJIAHBUIBII KYPreH
aHAIBTCTUKTEPIIH KaHaMa ocCepJiepiH  aWTIaraHma, HapBIKTaFbl IETEIIIK
AQHAJIICTUKTEpP Oarachl OOMBIHIIIA 3KOHOMMKAJIBIK THIMCI3IIT jKaHa >KOFapbl
3G eKTHBTI opi JACHCAyNbIKKA Kayillici3 aHaJlblreTHK MpenapaTrapasl i3aey
MaHBI3IBUILIFBIH HAKTHLIAM B! [1-3].

Kem xbiimap KP ¥FA akagemuri, MEMJIEKETTIK CHIAIBIKTAPBIHBIH JIaypeaTsl
KK. [IliponueBtiH xerekmiiriMed «O.b. DBekTypoB arbiHIarel XuMHs
FRUTBIMAApEl MHCTUTYTE» AK CHHTETHKaNbIK >KoHE TaOWFW IOPUTIK 3aTTap
XUMHSICHI 3epTXaHachlHAa (HapMaKOIOTHIBIK Cep €Ty CIEeKTpi KeH MUIEePUANH
HETi3iHAeri OWIMKII TYBIHABUIAPHI CUHTE3ACIIHIN, OJIAPAbIH OHOJIOTHSIIBIK
MYMKIHJIK KbIpJIApbIHA 3€PTTEY MAKCATThI TYPHAE JKYy3€re achIpbLIAbI. AJIBIHFaH
3aTTaplblH XAMUSIIBIK KYPBUIBICBI MEH OJapiblH PEaKIUIBIK KaOlIeTTimiri,
CHEeKTPIIK KacheTTepi, OWOJIOTHUSAIBIK OENCeHITIri apacklHOaFbl OaiylaHbIC
Typalibl MOHJI TYXKBIPBIM JKacayFa OONAThIH jKaHA FBUIBIMH MOJIMETTEP KOPHI
JKMHAKTABIII, OUOJIOTHUSIIBIK CBIHAKTAapP N,N-nmuoperabackan-3,7-
nmuazabunukio[3.3.1|HoHaHmap ABIH aHAJBI'€TUKAJIBIK, MMMYH/IbI
BIHTIAH/BIPFBINI, JKEPrUTIKTI aHEeCTH3WpJIEYIll KacheTKe He eKeHIITiH
afkeIHmaze [4-7].

1-(2-DToKcudTII)-4-OKCUTTHIICPUIUHHIH ~ (POCHION  KETOHBI)  YKOFaphl
CUHTETUKAJIBIK IMOTCHIMAJIBI MEH HapbIKTa KOJDKETIMIUIN OChI KETOHHBIH
MOHOIIMKJII  OHE OMIMKIAI  KaTapiarbl  (DapMakoJIOTHSUIBIK — O€JICeHII
KOCBUTBICTAP/IbIH MaKCATThl CHHTOHBI PETiHEe KOJNAAHbBLUTYbIHA HETi3 00Tkl A30T
aTOMJApbIHBIH Oipeyl apuialKiil HeMece a3areTepONUKIANKHIIIIK TONTapIbI
OpBIHOACYIIIBLIAP PETIHE SHII3y apKbUIbI KOChIMINA (hapMako(OpPIIbIK TONTapMEH
OuCIUIUHACP KYPBUIBIMBIH MoOAu(DUIEpiiey KEeH CHEKTpIi (HhapMaKoJIOTHSIIBIK
ocepuiepi Oap >kaHa KOCBUIBICTApIbIH CHHTE3EINiHYiHEe allblll KEeJIETiHIH ecKepil,
LHKJIOIPOITHIMETHII TOOBIH 1-(2-3TOKCHITIIT )-4-OKCHITUTIEPUANHMEH
KOHJICHCAIIMSAIAY JKY3€re aChIPhLIIbI.

2. Toxipubesik 6eJ1im

PeaknusHbIH Kypy 0apbichl MEH KOCBUIBICTAPJIBIH JKEKEIri )KyKa KaOaTThl
xpomarorpaduss (KKX) omicimen OeiceHINIri YIIIiHIIN A9pexeNi aTroMUHHMA
OKCHJIH KOJIAaHBIN, HoJ OyblHAA alKbIHIAY apKbUIbl OakeplIianibl. KocbuisicTap
UK crnektpi «Nicolet 5700 FT-IR» cnexrpomerpinae KBr tabnerkacbinaa sxoHe
JKyKa KabaTThl wieHKaaa sxazsuiasl. SIMP *C xone 'H crektpinge seprrenetin
kocwuibicTap CDCls epitkimnin kongasein, «Varian» ¢upmaceiHbiH «Mercury-
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300» SAMP cnekrpomerpinme (300 sxone 100 MI'm) xa3buiabl. [miki cranmaprt -
TMC. 3-HuxnonponunmernnaamuH Aldrich komnanusiceiHan catein anbiHAbL. O
xone/Hemece H.O cesimTan peaknmsuiap ajjiblH aja KYPFaThUIBII Ta3apThUIFaH
epiTKIITEepMEH UHEPTTI ra3 aTMocepachiHia OPBIHIAIBL.
3-(2-Omoxkcusmun)-T-yuxnonponaumemun-3,7-ouasabuyuxnof3.3. 1 Jnonan-

9-on (2). MexaHUKaNbIK apajacTBIPFBIN, Kepi CAJKBIHIATKBII  HKOHE
TaMBI3FHINIICH Xa0IbIKTaFaH YII MOWBIHIBI kKojOara 15 T (0.1695 moms) 3-
nuknonponanmerwiamud, 10 T (0.339 monp) napadopmansaerun, 10 mi cipke
KBIIIKBUTBI MEH 7 MJI KOHIIEHTPJICHT'€H TY3 KBIIIKBUIBI OPHAIACTHIPBUIFaH COH, 22
MJI JICOKCHTCHM3HWPJCHTCH METaHOJN KYWBUIBI, 15 MHH WHEpTTI ra3
atMocdepachinaa apanactbipbiasl. 29 T (0.1695 moib) 1-(2-3ToKCHI T )-4-KeTO-
nunepuanH (1) 10 Mt cipke KbIIIKBUIBIHAA ePITUTIM, TAMIIBUIATHINT KOCHLUIIBL. 65-
70 °C xpi3asipeuinel. 10 car keilin nmapadopManbIeruaTiH eKiHII 3KBUBAICHTIH
caiblll, col Temmeparypana 12 car apanacTelpbuiibl. Peakuusi asKTajaraH COH,
peakusIbK Kocna 30 MJ CyMeH CYHBUITBUIBIN, AWATHN 3dupimMeH (4x20 mo)
sKcTpakmsuanapl. Oman keiin cymel kKabatel pH 12 nmeltin ciatinenmipinim,
xinopopopmmer (5x20 mi) skcTpakumsmanabl. Oprasmkanslk Kadbat MgSOs
KaThICBIHIA KeNTipiIai. AJIbIHFAH ©HIM BakyymJa aiinanabel. Kaita. temn. 168-173
°C (1-2 MM cbin.6ar.), Rf0.41 (Al,O3 6enszon:uzonponanon, 6:1), np?® 1.5029 23.8
r (TeopusuIbIK MibiFbIMHAH 64.1 %) HOHAH-9-0H (2) abIHIbIL.

Ta6sutransr, % : C 67.89; H 9.68. C15H26N20:.

Ecenrenreni, % : C 67.92; H 9.66.

UK crnektp, v, em(KBr): 1740 (C=0); 1112 (C-O-C).

SIMP H! cnektp (300 MI'u, CDCls), 8, m.y. (J, T'm): 2.56 (2H, M, 1,5H.);
2.80 (2H, a1, 2J=10.8, 3J=6.0, 6,8H,); 3.06 (2H, nx, 2J=10.8, 3J=3.0, 6,8H.); 2,91
(2H, an, 2J=10.8, %J=6.0, 2,4H.); 3.01 (2H, ax, 2J=10.8, %J=3.0, 2,4H.); 2.62 (2H,
T, J=6.0, 10CHy); 3.52 (2H, 1, J =6.0, 1 1CH>); 3.47 (2H, kB, J=6.0, 12CH>); 1.18
(3H, 1, J=6.6, 13CH>); 2.55 (2H, m, 14CH>); 2.47 (1H, M, 15CHy); 2.46 (2H, T,
J=4.5, 16CHy); 3.69 (2H, T, J=4.5, 17CH>).

SIMP C® cnektp (100 MI'u, CDCl3), 8, m.y. (J, T'm): 46.8 (C15); 58.8 (C2.4);
58.3 (Ca,s); 215.1 (Cg); 56.1 (C1o); 68.5 (C11); 66.3 (C1z); 15.2 (Cls); 61.8 (C14);
8.6 (Cls); 3.8 (Cls).

3-(2-Omoxkcusmun)-T-yuxnonponanmemun-3,7-ouazabuyuxnof3.3. 1 Jnonan
(3). MexaHMKanbIK apaJacTHIPFBILINEH JKOHE Kepi  CaJKbIHIATKBIIITICH
kKaOIpIKTaFaH yir MoibiHabpl komdara 2 r (0.012 monb) 3-(2-3ToKcndaTHI)-T-
IUKJIONpONauMeTri-3, 7 - nuazadbunukio[3.3.1]Jaonan-9-ou (2), 2.88 1 (0.09 Mois)
rugpasud ruapat (99 % epitiaai) xone 30 MII TPUATUIICHTIIMKOIL KYHBUIABL. 60
°C apanacteipa oTbipbil, 3.74 T KOH kocbuimel. OmaH COH peakiusIIbIK KOcIa
150 °C Temmeparypaga KbI3ABIPBULABL. 3 CaF COH, CY MEH T'MIPa3HH THApar Cy
COPFBICBIHMEH aijanapl. Peakumsuiblk Kocrma Oenme TeMiepaTypachlHa AEHiH
CaNIKBIHAATHUIBI, 20 MJI Cy KOCBUIFaH COH, TUATWI 3(UPIMEH SKCTPaKIMsIIaH IbL.
Dkcrpakt MgSOy yeTinge KenTipinai. ANbIHFAaH OHIM BaKyymaa aigamisl. Np>
1.4811, R¢ 0.50 (6enzom:m3onpomnanoin 6:1) 2 v (TeopusuIbIK MbFbIMHAH 74.2 %)
HOHaH (3) aJbIHABL.
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Tab6surransl, % : C 70.85; H 11.23. C15H2sN20.

Ecenrenreni, % : C 71.42; H 11.11.

SMP H! cnextp (300 MI'u, CDCls), 8, my. (J, Tm): 1.90 (2H, m, J=15,
1,5H.); 2.21 (2H, nx, 2J =10.8, 3J =3.9, 6,8H.); 2.80 (2H, nx, 2J=10.8, 3J=1.8,
6,8He); 2.31 (2H, nx, 2J=10.8, %J=3.9, 2,4H,); 2.90 (2H, mn, 2J=10.8; 3J=1.8,
2,4H.); 1.47 (2H, M, 9H,,H.); 2.47 (2H, T, J=6.0, 10CH>); 3.55 (2H, T, J=6.0,
11CHy); 3.48 (2H, kB, J=6.9, 12CHy); 2.46 (3H, m, 13CH>); 2.40 (2H, m, 14CH>);
2,50 (1H, T, J=4.5, 15CH>); 3.71 (4H, 1, J=4.5, 16,17CHy).

SAMP C* ciextp (100 MI'u, CDCls), 8, m.y. (J, T'n): 29.8 (Cy5); 58.3 (C24);
57.7 (Ce,s); 317 (Cg); 59.1 (Clo); 67.2 (C11); 66.4 (C1z); 15.1 (C13); 61.3 (C14); 7.6
(Cls); 3.9 (Cle).

3-(2-Omokcusmun)-T-yuxnonponaumemun-3,7-ouazabuyuxnof3.3. 1 Jnonan-
9-onnviy oxcumi (4). MexaHUKAIBIK apaNacThIPFBIII, TAMIIBLIIATKBIII KYHFBIMEH
JKOHE XJIOPJIBI KaJbIWi TYTIriMEH XaOIbIKTaIFaH VI MOWBIHIBI KONOAmarsl 3 T
(0.0085 MOJIB) 3-(2-3TOKCHATII)- T -IIUKIIOIPOTIAHMETHIT-3, 7 -
nuazaduimkio[3.3.1]aonan-9-onra (2) 40 M st cnupTin xoHe 1.03 r (0.012
MOJIb) THPHAWH KYHWbUIBIN, apanacteipa oTbpbinl 1,54 1 (0.0221 wMob)
TUAPOKCHJIAMUHHIH THAPOXJOPHIIH KOChUIABL. Peakmmsumeik kocma 85-90 °C
temneparypaaa 20 car KaliHaThUIABL. EpiTKimn OymaHIbIPBUIBIN, KAIABIFEL 5 MII
cynma epitinmi. pH 12 Oonranma NaOH kemerimeH CLATUICHIPiITIIL,
xsopoopMMeH dKcTpakumsuianabl. OkcerpakT M@SOs4 KaTeICBIHAA KenTipijiii.
Kanaplk BICTHIK rekcaHMeH maipuinel. Ty3inren TyHOa OenmiHim, kenripinmi. Ry
0.52 2.80 r (TeopusiibK mibiFbiMHaH 89.4 %) okcum (4) anbIHIIBL.

Ta6sutransr, % : C 63.96; H 9.34. C15H27N30..

Ecenrenreni, % : C 63.93; H 9.35.

UK cnekrp, v, cmt (KBr): 1675 (C=N).

SAMP C* criextp (100 MTI'u, CDCls), 8, m.y. (J, I'm): 30.2 (C1); 36.8 (Cs);
58.8 (C2); 57.9 (C4); 56.7 (Cs); 56.8 (Cg); 160.7 (Cy).

3-(2-Omokcusmun)-T-yuxnonponaumemun-3,7-ouazabuyuxnof3.3. 1 Jnonan-
9-on  O-6enzounoxcumi (5). 0.96 1 (0.0031 wmomp) 3-(2-3TOKCHAITHI)-T-
[UKJIONIPOTIAHMETHII-3, 7 -tna3abunukino[ 3.3. 1 JHonan-9-ou okcumine (4) 0.44 mu
(0.0031 moub) xyopibl OeH30MsI 15 MI KOCBUIBIN, aOCONIOTTI OeH30J opTrana
KOCTIa 5 caF KbI3IBIPBUIIBI. Peakusiblk KOcTalaH epiTKIll aiJJallbII, KalIblK CY
koHe  motammeH — eHyengi.  Cymbl-cinTimi  epiTiHAl  XJOopodopMMeEH
skcTpakuusianbin, MgSOs kateiceinaa kentipingi. R 0.89 0.85 r (Teopusuibik
merFbIMHAH 88.9 %) O-6ensonnokcum (5) Maii TypiHe aabIHIBL

Tabeutransr, % : C 69.05; H 8.30. C2H31N30s.

Ecenrenreni, % : C 69.07; H 8.27.

UK cnektp, v, em}(KBr): 1743 (C=0); 1675 (C=N).

SAMP C® cnexrp (100 MI'u, CDCls), §, m.y. (J, T'm): 33.5 (Cy); 37.2 (Cs);
58.5 (Cy); 58.3 (Cs); 55.9 (Ca); 56.2 (Cs); 164.2 (Cy); 171.0 (C=0); 133.1, 129.5,
128.3, 126.9 (Ar).

3-(2-Omokcusmun)-T-yuknonponaumemun-3,7-ouazabuyuxnof3.3. 1 Jnonan-
9-on O-benzounoxcumi f-yuxnodexcmpunmen romnuexci (6). 0.60 r (0.0016

9
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MOJIb)  3-(2-3TOKCHATHII)-7-IUKIIONPOTIaHMETHII-3, 7 -na3aduuukino[3.3.1 JHoHaH-
9-on O-6enzomnokcumi (5) 30 mu stun compringe, 1.04 r (0.0009 moins) B-
nuKiofiekcTpuH 90 M JUCTWIIGHTeH cyna epitinmi. JladeiHnaran 2 epiTiHmi
KBI3BIPBLIBII  apanacTeIpelaabl. EpiTikimrep kentiprim mkadrta 50-55 °C
Oymaaasipeiabl. 1.04 r komimiekc (6) aMoph Tl YHTAK TYPiHAE aTbIHIBI.
Tab6wurransl, % : C 50.56; H 6.67. CgsH101N3O3s.
Ecenrenreni, % : C 50.55; H 6.64.

3. Toxkipn6Ge HOTHKeTIEPiH TAJKBLIAY

ManHnux peakuusicbl OolbiHImA 1-(2-3TOKCHITHI)MUNepuanH-4-oHHbIH (1)
My37bl  CipKe  KBIIIKBUIABI-METAHONIBl  OpTama  OipiHmrimik  amuH — 3-
[UKJIONPONMIMETHIAMUHMEH  KoHE mapagopMMeH —opekeTrecyimeH, 3-(2-
STOKCHATHI)- 7 -IIUKJIONPONaHMETHII-3, 7 -nra3adbunnkio[3.3. 1 JHonan-9-ou (2)
64.1 % mIBIFEIMMEH CUHTE3IETIHII.

le) (0]
(CH,O)n, NHZ-CH{‘<]
N CH;0H, HCl, CH;COOH /
N N
~
C,H,-0-C,Hj C,H5-0-C,H{” CH;<]

1 2

AJBIHFaH TIMKI ©HIMAI TOMEHT1 KbIChIMIa (2 MM CBIH.0aF.) aimaraH Ke3Je
Mait Topi3ai OMIMKIl KeToH (2) GemiHi.

Kana 3-(2-3TOKCHATIII)- T -IIUKIOTIPOTIAaHMETHIT-3, 7 -
nuazabunukio[3.3.1]nonan-9-ounbE (2) kypeutbicel UK, *C xome H SIMP
CIEKTPOCKONHMS 9icTepi KemeriMeH aHbiKTainibpl. WK croekTpinge kapOoHWMI
TOOBIHBIH BaJIEHTTIK TepOeic sxonarsl 1740 cm™ oOmnbIcTa Gaiikammbl.

3-(2-DTOKCHITHII)- 7 -IUKIIONPOITAHME THII-3, 7 -na3abunukiio[ 3.3. 1 JHoHaH-9-
OHHBIH (2) KOH()OPMAIHMACHIH aHBIKTAy YIIiH Kapruryc 3aHIbUIBIFRl KOIIAHBIIIE,
srau 1H sxone SH aHrynspibik npotoHaapabiy kepiiiec nporonaapmer CCOK
TOYENIUTr NUIEPUIMH LUKIIHIH KOHQOPMAIMICHIH aHbIKTayFa MYMKIHIIK
Oepexni [8].

3,7-J/Inaza6unmkio[3.3.1]nonan-9-onnsn (2) SIMP 'H cnexrprepinge 2.80-
2.91 m.y. obnbicbiHAa akcuangbl Haa 4. 5koHE Heaga MpoTOHAAPABIH OyONeT myOmner
CUTHAJIIAPBIHBIH CIIMH-CIIMH dpeKeTTeCy KoHcTanTanapbl (2=10.8 I'w; 3J= 6.0 I'm)
Oip KyIITI TeMUHAJIABI JoHE Oip aKCHalAbI-dOKBATOPHAIABI acepiiecyi Oap
eKeHIITH manenaeriai. Okparopuanabl Hiese koHE Heege NTPOTOHIAPIBIH
curHangapsl 3.01-3.06 M.y. oOJBICBHIHAA CHEKTpAiH aMci3 Oemnirinae ayoOier-
ny6ner (2J=10.8 I'm; J=3.0 I'm) Typinme OGaiikammel. H246s NPOTOHIAPHIHBIH
CCOK numepuavHIIK IUKIAEPAIH  KPECIO-Kpecio  KOH(OopMaiusChiHIa
0O0JIaTBIHBIH JdJIEIAEH ],
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KoceubicToiy, (2) SAMP C cnektpinme KapOOHMI TOOBIHBIH KOMipTEK
ATOMBIHBIH 9JICi3 CHUTHAJBI CHHTJICTTI cWrHai Typiame 215.1 m.y. maima OoJmb.
Cy5 nmybner curHammapbl 46.8 M.y. oOmbicta skoHe Cos koHEe Csg KOMIPTEK
aTOMIApbIHBIH  TpuIuleTTi  curHammapbel  58.3-58.8  M.y. exi  ecermik
WHTUHCHUBTUIITIMEH OWIUKIIAI OHIMHIH TY3UITCHAIriH monennaeiiai. Ocpuraiimia,
MUNEePUINH CaKuHaJIapbl 3-(2-3ToKCHATII)-7-IIUKIONPOTIAaHMETIIT-3, 7 -
nuazaduimkio[3.3.1Jnonan-9-on  (2)  MoOJeKylachlHIa  «KPECIO-KPECIo»
KOH(pOPMAIUSICBIHA OOJTAaThIHIBIFEI aHBIKTAIIBI.

DapMakoIOTUSIIBIK, OCIICCHIUTIKKE Ue KOCBUIBICTAp aly MaKCaThIHIa XyaH-
MHUHIOH  peakmusAChl  JKaFdaiaapeiaaa  3,7-aua3abuIMKIOHOHaHOH  (2)
TOTBIKCHI3IaH/IBIPBUIBIT, HOTHKECIHIE 3-(2-3TOKCHATHII)-7-IIUKIONPOTTaHMETHII-
3,7-mnazadurukiio3.3.1]uonan (3) 74.2 % mIBIFBIMMEH CHHTE3IETiH I

(0}
NH,-NH,
T e
/ TEG, KOH /
N N N N
CH5-0-C;H” ~c H2.‘<] CoH5-0-CoH,” ~c H2<
2 3

bunmkini amunnin (3) UK crnexTpingeri kapOOHWI TOOBIHBIH SKYTBLTY
KOJIAFBIHBIH YKOFAITybl MAaKCATThI 3aTTHIH TY3UIT€HIITiH KOPCEeTe Il

JMuazabumukinononannse, (3) AMP ¥C cnexrpinme GacTamkbsl KETOHHBIH
KapOOHMI TOOBIHA TOH KOMIPTEK AaTOMBIHBIH CUTHAIBIHBIH JKOFAITybl, all
cnexTpaiH KymTi epiciaae (31.7 M.y.) 9-opblHAa METHIIEH TOOBIHIAFEI KOMIPTEK
aTOMBIHBIH TPUIUIETTIK CUTHAJBIHBIH Oaiikamysl, Cis AyOneTTi CUrHaJAapbIHBIH
CHEKTp/iH KywTi epicine (29.8 m.y.) Kapaii birbicybl, Co4 %oHe Cgg CUTHAIAAPH
57.7-58.3 wm.y. oOmpichiHAa OalKandybl MaKcaTThl HOHAHHBIH TY3UITE€HIITiH
TTOJIEI e .

Honaunnbin (3) IMP 'H cnexrpinge Cas xone Cgg akCHaNIBI IPOTOHAAPHI
2.21-2.31 m.y. obmbichinaa ayoner (J°=3.9 I'n) xy6nerrepi (J>=10.8 ') Typinme
xoHe Caza6g 2.80-2.90 m.y. sKBaTOpuanIbpl NPOTOHAAP CHUTHAIBI TyOJIETTEpAiH
(33=1.8 ') my6nerrepi (J>=10.8 ') Typinge Gaiikammsl. Hz468 IPOTOHIAPHIHBIH
CCOK numepuavHIIK IUKIAEPAIH  KPECIO-Kpecio  KOH(OpMalMsChiHIa
OO0JIaTBIHBIH TANEIIEHI.

Cy,5 )KaHBIHAAFBI POTOH CUTHAJIAPBI CEKTPAiH KywTi 6emirinae (1.90 m.y.)
KypAeni MyJnbTHIUIET TypiHae kepinmi. 3,7-Juazaburmkio[3.3.1]Honan (3)
cnekrpinne Ho curnanst 1.47 m.y. aiimakra MynpTHILIET TypiHae Oaiikanasl. by
MPOTOHHBIH 3KBHUBAJCHTTUIINIH a30T aTOMBIHBIH SPTYPJi OpbIHOACyIIBIIAPHI
Oy3aabl, OJapAblH XUMHSIIBIK  BIFBICYJAPBIHIA  YJIKEH  albIpMallbUIbIK
OOJIFaHIBIKTaH, MYJIBTUIUIET CUTHANIBIH Oepe]ti.
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Ocbiran OaitnmaneicThl, 3,7-nuazaduiukiol3.3.1]HoHansbH (3) nmunepuanH
CaKMHAJIAPBIHAA  «KPECIO-KPEeClio»  KOHGOPMAIMSICHl  CaKTaJAThIHIBIFBIH
KOpCeTei.

OxkcumzepIiH JKoHE OJapAblH  Kypzemi d3(QupiepiHiH  OHOJOTHSIBIK
OeceHIiTIT JKOFaphbl ekeHiri oenrini [9].

HapkoTukanblk emec aHalbIeTHKAIBIK HEMeCe aHTHOIHMATTHI ocep OepeTiH
OMCTIUAMHHIH JKaHa TYBIHIBUIAPBIH CHHTE3ICY MAKCaThIMEH 3-(2-3TOKCHATHI)-7-
HUKJIOTPONIMIMETHI-3, 7-nrua3adurkino| 3.3.1 JHoHaH-9-0HHBIH (2)
THAPOKCHIIAMHUHMEH 9PEKETTECY1 3ePTTEIIi.

3,7-Inazaourukio| 3.3.1]JHoHaH-9-0H JKoHE OHBIH AalKWIAI  aHaJIOTbI
THAPOKCHJIAMHUHMEH KaJIBINIThI XKarjaina peakuusra tycneimi [10], coHmbIKTaH
peakius KYIITI OKCUMHIJIACYINI areHT (MUPUAMH KAThICHIHAA TUIPOKCHIAMHHHIH
THUAPOXJIOPUI CIIUPTTI OPTazia) KOMETIMeH kypeni. Peaknmsumeik kocnansr 20-25
car KBI3IBIPFaHa, 3-(2-3TOKCHATHI)- 7 -IIUKIIOTTPOITMIMETHIT-3, 7 -
nrazaburmkio[3.3. 1 Jaonan-9-on okcumi (4) 89.4 % MIBIFBIMMEH aJTBIH/IBL.

C,H,-0-C,H,
0
N
N-OH
NH,0H-HCl
—
nupuann
C,H.OH
N N
C,H.-0-C,H, cn;<] N
|
<]
2 4

Oxcumuin Ty3ityi WK choekrpinme kapOOHWI — TOOBIHBIH — KYTBITY
YKOJIAaKTapbIHBIH JKoFainybiMeH, C=N OaiinaHbICHIHBIH 1675 cm! xkoHE TUAPOKCUI
TOOBIHBIH 3224 cM™ aliMarbIHAa JKYTBULY JKOJNAKTAPBIHBIH Maiiga OoJybIMEH
alraKTajIbl.

Kocbutsicteiy SIMP C criektpinge kapGoHun ToObIHA COiiKeC KOMIpTEK
aToMbl curHaibl xoranbi, 160.7 m.y. C=N ToObIHa colikec curHai Oaikanasl. Ci
xoHe Cs KOMIpTEeK aTOMJapbl CHTHAIJaphl 0acTanKbl KETOHMEH CaNbICTHIPFaH/Ia
anciz epicke biFbichin, 30,2 xoHe 36,8 m.y. aiimarbiHaH kepiHnmi. bym okcum
TOOBIH 9-Karmaiifa eHTi3reHAe MOJIEKyJa CHMMETPHACHIHBIH ©3repyiMeH
tycingipineni. Bummknai oxcumuin (4) SIMP 'H cnextpige aHTymspibl
npotoHzaap (1H xone SH) 2.62 xone 3.64 Mm.y. aiiMarbIHIa jKE€KE CUTHA TYPIHAE,
CHEKTP/IH 9JICi3 epic aiiMarbiHAa 9.67 M.y 0OJBICBIHAA OKCUM TOOBI IPOTOHBIHBIH
KEHelreH curdaisl OaiiKapl.

Huknnmeri Hzsss TPOTOHAAPABIH BHUIMHAIABI CHHH-CIIMHIIK  dCEpIIeCy
KoHcTaHTa MoHzepi 2.1-5.4 'y kypaiigsl, Oyl OMCHMINHOH OKCHUMIHIH «KpECIo-
Kpeciio» KOHPOPMaIUIChIH A OOMaThIH BIFBIH JIEIICHII.

3,7-Inopeinbackan  3,7-nuazaburukino[3.3.1]Honan-9-on  okcumin  (4)
a0CoOIOTTI OCH30JI KATBHICHIHAA XJIOPJIBI OCH30MIMEH 6-7 caFaT KbI3IbIpFaHia,
88.9 % >xoraps! mersIMMeH O-0eH3ommokcuM (5) CHHTE3aEN .
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NOH NOCOC Hs

/ /

N N N N
C,H5-0-C,H” \CH2—<] C,H5-0-C,H;” CH2—<]

CgHsCOCI

UK cnektpre (5) TUIpOKCHI TOOBIHBIH KYTBUIY >KOJAKTaphl >KOFAJIBIIL,
kypaeni sdupain C=0 OGaiinansiceina (1743 cM™) TOH HHTEHCHBTI KYTBLLY
KOJIaFbl )koHe (DEHMIT paJIMKaIbIHBIH XKYTHUTY JKOJaFbl Takiaa OOoIbL.

CuHTe3eNTeH KOCBUIBICTBIH Mail Tapi3fec eHiM OOdybl OHBI apbl Kapait
caKTay MEH KOJNJaHy/Aa KUBIHIBIK TYFbI3abl. [IpemapaTThlH arperaTThlk KYHiH
e3repTy Maceseci B-IMKI0IEKCTPHUH KOMILIEKC keMerimMeH mrermiami [11-14].

AHaJbreTUKANBIK OeJCeHATIK. AyBIpDy CHHAPOMBI MEIUIIWHAIBIK
ToXipuOene eH Ko Ke3/IECeTiH CUMITTOM OOJbIT Ta0blIanbl. JKaHa CHHTE3/IeNTeH
3-(2-3TOKCHATHI)- 7 -IIUKIOTTPOIMIAMETHII-3, 7 -Tra3adbuinkiio[ 3.3. 1 JHoHan-9-ou
O-0eH30MIOKCUMI [-IIMKIIONEKCTPUH KOMIUICKCIHIH ~ JKanmbl reHeTwka >KoHE
nuToNorusl MHCTUTYThIHIA HA-332 3eprxaHanbik OenriciMeH aHaIbreTUKAaJIBIK
OeJICeHAUTITI TIeH OTKIP YBITTBUIBIFBI 3€PTTENIH/II.

KoCBIITBICTBIH OTKIp YBITTBUIBIFEI 17-23 T camMaKThl apHABl TYKBIMIACTHIFBI
JKOK aK THIIIKAaHapra Oip peT Tepi acThIHA UHBEKIIHS Kacay apKbUIbI 3ePTTENiHIIL,
HA-332 yBITTBUIBIFBI TPaMaJiJiaH €Ki €Ce TOMEH €KCHI aHBIKTAJIIbI.

HA-332 ananererukansik Oencenmimiri «Tail-flick» - «KyHpBIKTBI TapThIIT
KaJy» SKCHEPHUMEHTI KeMeriMeH MOJAENbII ereyKyHphIKTap KypcarblHa | MI/Kr
J103aChbIH/a €Hri3y apKbulbl 3G (EKTTIH 0OacTaly yakbIThl, aHAJIbI'C3USHBIH
Y3aKTaFbl, TOJBIK aHAIBIe3MsSHBIH  Y3aKTBIFBI ~ KOPCETKIIITEpi  Tpamain
KOPCETKIIITEpIMEH CaJIBICTBIPbUIA KYpri3inai. CKpuHUHT HoTHXKenepi 1 kecrere
YCHIHBUFaH.

Kecte 1 - 3-(2-DTOKCHITIIN)- 7 -IUKIOIPOMMIMETHI-3, 7 - tnazadunukiio[3.3. 1 Juonan-9-oun O-
OCH30MIOKCHMI -LIMKIOAEKCTPUH KOMIUIEKC )KOHE TpaMaIIblH aHAJIbI€THKAIIBIK OeJICEeHIITIr

IIpenapar Dddexrinin bactary YKanmbl acep y3akThIFbl, MUH | TOJBIK aHaJIbIre3USTHBIH
YaKBITHI Y3aKTBIFbI, MUH

HA-332 5 MHHYT 210 MuH 166.7+23.2

Tpaman S MUHYT 75.049.1 -

3eprreynep kepcerkenaei, HA-332 ¢ ekt y3akThiFbl OOMBIHINA TpaMaaH
2.8 ecere ocepii 0ombi MBIKTEL. HA-332 TONBIK aHAIBI€3USIHBIH Y3aKThIFbI
166.7+23.2 muH, Kanmbl dcepAiH y3akThiFbl 210 MUH KyparaHaa, TpaMasIblH
JKauel acep y3akTeiFsl 75.0+9.1 mun (1-cyper).
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Cyper 1 - 3-(2-DTOKCHITHII)- 7 -LUUKIONPOIUIMETHI-3, 7 - 1rua3abunukio[ 3.3. 1 Jnonan-9-ox
O-6ensomnokcumi (6) B-IUKIONEKCTPHHMEH KOMILIEKCIHIH
YBITTBUIBIFBI )KOHE aHATBICTUKAIBIK OCICeHILITIT

3-(2-DTOKCHITHI)- 7 -IUKJIOTPOIHIMETHI-3, 7 - tna3abuuukiio[ 3.3. 1 JHonaH-9-
OoH O-0EH30MIOKCUMI [-IIUKIOAEKCTPUH KOMIUIEKCI TpaMaliFa KaparaH/ia )KOFaphl
AHAJIbI€THKAJIBIK OEJICEH/IIIIK KOPCETIN, TOJBIK aHalbre3usra ue O6osmsl. 3-(2-
OTOKCUATHIN)- 7 -ITUKJIONPONTMIMETHII-3, 7 -mua3zaounmkiio| 3.3. 1 JHonaH-9-oH O-
OCH30MJIOKCHMI  [3-IIMKIIOJEKCTPUH KOMIUIEKCI opi  Kapail TepeHaeTinreH
OMOIIOTHSITBIK 3ePTTEYJIepPre YChIHBUIIIBL.

4. KopbITBIHABI

Kana CUHTE3/IeTITeH 3-(2-3ToKCHATII)- T -IIUKIOPOTTHIMETHII-3, 7 -
nuazaounukiio[3.3.1]JHoHan-9-08  TybIHABUIApHl  JKadmbl  reHETHKAa  JKOHE
IUTOJIOTUSI WHCTUTYTHIHAA (hapMaKOJIOTHSUIBIK OeJICeHAUTiK OolbIHIIa OipHere
ckpuHUHTTeH oTin, HA-332 3epTxanainbik OenriciMeH 3epreyre YChIHbUIFaH. HA-
332 npenapatel  «Tail-flick» ckpunmHri Ke3iHme 1 MI/Kr  J03achiHjaa
ereyKYHpBIKTapAbIH Tepi acTblHa eHrireHzae, 3(QexTTiH OacTaly yakbITHI,
aHaJIbTe3USTHBIH Y3aKTaFbl )KOHE TOJIBIK aHaJIbIe3USHBIH Y3aKThIFbl KOPCETKIITEPi
OOWbIHIIA MEJWIMHANBIK NPaKTUKaJa KOJNJAHBUIATBIH Tpamall aHaJbleTHTI
KOpPCeTKIIliHeH aWTapibIKTaid — acepiiniri sxorapel Oonabl. HA-332 TombIk
AHAJIBIe3USTHBIH Y3aKThIFbl 166.7+23.2 MUH, JKaIIbl 3cepiH Y3aKkThirbl 210 MuH,
aJI TpaMaJJIbIH JKaNIbl ocep y3akThiFbl 75.0+9.1 MUHYTTHI Kypajpl, sfau dddexT
Y3aKThIFbI OOMBIHINIA TpaMaiaH 2.8 ecere acepiti OOJIBIIT IIBIKTHI.

Kapaxblianapipsly. 3eprrey skyMbichl Kazakcran Pecry6iukacel FBUTBIM jkoHE >kOFapbl OiTiM
munuctpiiri Feueim Komureri 2023-2025 xpuinapra apHanraH «O.b. BextypoB atbiHmarel Xumws
FeUTBIMAAPBI HHCTUTYTBED AK NeAP19675500 «DyHKIIMOHAIIBI TYPJIE aJMaCThIPBUIFaH a3a-)KoHe/HeMece
JIMa3a-IUKIOreKCaHIapMEH [-IMKIOJCKCTPUHHIH KOMIUICKC TY3Y 3aHIBUIBIKTapBIH 3€pPTTEY» >K00achl
asICBIH/IA OPBIHIAIIbI.

Myaaesiep KaKTBIFBICHI: ABTOpIap OChl MakajaJla KeJNTIpUIreH Jepekrep OOHbIHIIA aBTOpJap
apachlH/ia MYIIeNep KaKThIFBICBIHBIH JKOK €KCHIH MATIMACHII.
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AHAJIBI'ETUYECKAS AKTUBHOCTb KOMIIVIEKCA
O-BEH30MJIOKCHUMA 3,7-TUA3ABUIUKJIIO[3.3.1]HOHAH-9-OHA
C B-OUKJIOJEKCTPUHOM

H.A.Tozviz6aega*, H.C.Cuxanosa*, A.b.Kanowioaesa*®, A.E.Manmarosa®

Kvisvinopounckuii ynueepcumem umenu Kopxwim Ama, Kvisviiopoa, Kazaxcman
2Uncmumym xumuueckux Hayk umenu A.5. Bexkmypoea, Anmamol, Kazaxcman
3Kasaxckuii nayuonanvuoiil ynusepcumem umenu anv-Papabu, Anmamol, Kazaxcman
*E-mail: malmakova@mail.ru

Pe3wome. Beeoenue. boneBoit cuHIpoM — Hauboliee PpacIpOCTPAHEHHOE SBICHHE B MEAUIMHCKON
npaktuke. HecMoTpst Ha pa3sHooOpa3ue MmpenapaToB, MOMCK HOBBIX BBICOKOA()(EKTHBHBIX aHAJIBIETUKOB
JUIs KyImHpoBaHUsi OONM oOcTaercs BakHeHmied 3amaueit. [Jens pabomel: HaNpaBICHHBIA CHHTE3
MOTEHIHAILHO OUOIOTHYECKH aKTUBHBIX COCIMHEHHI THa3a0UIIMKIOHOHAHOHOBOTO psia Ha OCHOBE 1-(2-
ITOKCUITHI)IUTCPUANH-4-0Ha, MOAU(DUKALUS CTPYKTYpbl AWA3a0UIMKIOHOHOHA MYTEM BBEACHUS
pa3nu4HbIX (papMakoGOpHBIX (YHKIHOHAIBHBIX TPYII U ONPEACICHHEe HX OHOJOTHYECKHUX CBOMCTB.
Pesynomamot u obcyscoenue: Peakumeir Mannuxa 1-(2-3TOKCHATHI)IUIIEPUINH-4-0H pearupyst ¢
MEePBUYHBIM AMUHOM 3-LUKIONPONWIMETHIAMHH U mnapadopMoM B JIENSHOW YKCYCHOH KHCIOTE W
METaHOJIe MPUBEIO K CHHTE3Y 3-(2-3TOKCHITHI)-7-IHKIONpONaHMeTHI-3,7-aua3abuiukio]3.3.1]HoHau-
9-oma. C 1eNbIO NONYYCHUS COCIOMHEHUs, O0Jamaromero (papMakoIOrHYeCKON aKTHBHOCTBIO, ObLIa
[POBE/ICHA peaKiMs BOCCTaHOBJIEHUS XyaHra-MuHiaoHa 3,7-1ua3a0MIMKIOHOHAHOHA, B pe3yJbTaTe
nonydeH 3-(2-3TOKCHOTHII)-7 -IIMKIONpPOanMeTiII-3, 7 - mua3a0unukio[ 3.3.1Juonan ¢ Beixogom 74,2 %.
OxcumunupoBanue 3,7-11a3a0MIMKIOHOHAHOHA MTPOBOJMIN HArpEBaHUEM B NPUCYTCTBUM MUPHUAMHA U
TUAPOXJIOPHUIA THAPOKCHIAMHHA B 3THJIOBOM criupTe B TedeHue 20-25 4. [Ipu HarpeBaHuu MOIYyYEHHOTO
OKCHMa ¢ OCH30MJIXJIOPHIOM B MPUCYTCTBHU aOCONMOTHOTO OcH30ia B TedeHue 6-7 4 obpaszoBaics O-
oensomnokcum. Hukancymsmuio O-O0eH30MIOKCMMa paspeliaid ¢ HOMOLIBIO [B-LHUKIoNeKCTpHHA. B
pe3yibrare ObUT MOTydeH aMOp(HBIA HOPOIIKOBEIN KoMIuleke. CTPYKTypa M COCTaB CHHTE3UPOBAHHBIX 3-
(2-sTOoKCHITIIN)-T-IIMKITONIPONIAHMETIIT-3, 7 - Ina3abuiukio| 3.3.1JHonan-9-0oHa, Oucniuauna, okcuma u O-
Gensowokcuma Jiokazanbl ¢ nomorsio MK-, 3C u H SIMP-cHeKTpoCKONMH U 3JI€MEHTHOTO aHAJHN3a.
Bakniouenue: VIzydenre OHOJIOTHYECKON aKTUBHOCTH KOMIUIekca O-0eH30mIokcrMa 3-(2-3TOKCHITHII)- 7~
LUKJIONPONHIMETHI-3, 7-qra3abuiukio[ 3.3.1]JHoHan-9-oHa ¢ B-IHKIOAEKCTPHHOM 0] J1abOopaTOpHBIM
mmppom HA-332 mpomen B Mucturyre kadenpbl oOmeid reHeruku u uurojoruu. B pesynbrare
OGUOJIOTMYECKOr0 CKPUHUHTA YCTAHOBIICHO, YTO [3-IMKJIOIEKCTPHHOBBINH KOMIUIeKe O-6GeH30mIokcuMa 3-
(2-3TOKCHITIIT)- 7 -IIUKIONPOIHIMETII-3, 7-Iua3a0unukiiof 3.3.1]JHoHaH-9-0Ha MposBIIsLET GoJee BEICOKYIO
aHAJbIeTHYECKyI0 aKTHBHOCTh, Ye€M TpaMal W OKa3blBaeT IMOJHYI0 aHAIre3ui0. Pe3yibrarsl
HCCIIEIOBAaHUH IO OIPEICIECHHIO 0cTpoi TokcnuHOCTH HA-332 noka3eiBaloT, 4TO 3HaYE€HHE TOKCUYHOCTH
B JIBa pasa HIDKE YeM y Tpamala.

Knwowuesvie cnosa: 3,7-muzaveriennsiii 3,7-auazabunmkino[3.3.1]nonan-9-on, Oucnuand, okcum, O-
OGEH30MIOKCHM, B-IIMKIOACKCTPHH, KOMILIEKC, aHAIbIeTHYECKast aKTHBHOCTb.

Tozvizbaesa Hypuna Aowvinkaiposna Cmapwuii npenooasamens, KaHOUOam XUMU4eCkux Hayx
Cuxanosa Hypzyno Cacunovikosna Cmapwuii npenooasamens, PhD

Kanovibaesa Anmuinaii bekoonkwizol Hayunviti compyonux, cmapuiuii npenooasameins, PhD
Manmaxoea Aiizyn Epboceinosna Beoywuii nayunwiii compyonux, PhD
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PRODUCTION AND RESEARCH OF FILTERS FOR WATER
PURIFICATION BASED ON CARBON MATERIALS
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Abstract. Introduction. Water is the most common inorganic compound on Earth. Nowadays, it is
becoming more and more difficult to find pure natural water suitable for drinking in rural areas. That is,
the composition of drinking water changes under the influence of the climate of the place of residence and
the external environment. As a result, the supply of drinking water is declining. Natural reservoirs used as
a source of water supply do not always meet sanitary and regulatory requirements. The importance of this
related work lies in the determination of water quality and the preparation of filter compositions for water
purification. The main goal of the research work is to determine the organoleptic and chemical properties
of water before and after water filtration. The method - turbidimetry and spectrophotometry. Drinking
water samples from five regions of Kazakhstan were taken as objects of study. In particular, the objects of
study were taken from the city of Kentau, the city of Turkestan, the city of Kyzylorda, the Zhambyl region
and the Aktobe region. The conclusion of the study is that water filters were made on the basis of carbon
and sorption materials. With the help of water filters, the transparency and chemical composition of
drinking water samples taken from different regions of Kazakhstan were checked at the beginning and
after passing through the filters. Based on the test results, it was determined that in the future it is
necessary to create effective water filters that are characteristic of the composition of the water in each
region.

Key words: water purification, adsorption, carbon, sorbents, anion exchangers, cation exchangers,
filters, spectrophotometric analysis, water turbidity, chemical indicators of water
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KOMIPTEKTI MATEPUAJIJIAP HET'I3IHJAE CY ®UJIBTPJIEPIH ) KACAY )KOHE CBIHAY

JK.M. A6opaxmanoea ', E. K. Epmondanoe*, A.P. Kepumxynosa ', JK.C. Kyouapoea *,
I.P. Hoicanbaesa ', 3.A. Mancypos 2, C. Azam*

Yon -®apabu ameindaser Kazax ynmmotx yrusepcumemi, Anmamul, Kazaxcman

2«Kany npobnemanap Uncmumymory, Anmamol, Kazaxcman

S«Unicenepnix betiinoi sepmxanay, K.H1. Combaes amwindazol Kaz¥T3Y Anmame, Kaszaxeman
“E-mail: almusha_84@mail.ru

Tyiiinaeme. Kipicne. Cy »ep IapbIHIarbl €H Kell TapairaH OelopraHukasblK Kocbuibic. Kasipri tanaa
mranFail enjii-MeKeHaAepe ilyre xapam/isl Taza Taburu Cypl Tady KUbIHAAN Oapajbl. SIFHU, TYPFBUIBIKTBI
JKepIIH KIMMaThl MEH CBHIPTKbI OPTAaHBIH ACEpIHEH aybl3 CyJaplblH Kypambl e3repicke yIIbIpayna.
OCbIHBIH caJlIapblHaH ilIyre >kapamibl aybl3 Cy KOpbl a3aibin skatblp. CyMeH KamTaMachl3 eTy Kesi
petinze naiifanaHpUIaTHIH TaOMFU Cy KOMMasapbl OpKalllaH CAHUTAPIBIK KOHE HOPMATUBTIK TajJamnTapra
caii 6oma OGepmeiini. OcblfaH OaMIaHBICTBI KYMBICTBIH MaHBI3/IBUIBIFGI CY/BIH CAllachlH aHBIKTAy KOHE
CyJbl Ta3apTy YIIH QUIBTP KOMIO3ULMSIAPBIH AaiibIHAQY. 3epmmey JICYMblCbiHbIY He2i32l MaKcamovl —
cy dunbTpiHe JEHiHTI jKOHE KEeHiHT1 Cy/bIH OPraHOJENTHUKANBIK XOHE XUMHUSUIBIK KACHETTEPIH aHBIKTAY.
3epmmey 20ici TypOUIUMETPUS XOHE CIEKTPOGOTOMETPHsS dAicTepi. 3epmmey Hvicanoapwl peminoe
Kasakcranubiy Oec aiiMarblHAH aybI3 Ccy yiriiepi ameiHasl. Atam aiitcak, Kenray kamacel, Typkictan
kanacel, Kei3puiopaa xanacel, JKaMObu1 00JIbICH 5KoHE AKTOOE OOJIBICHIHAH 3€PTTEY HBICAHIAPHI AJIBIH/IBL.
3epmmey KopvimbIHObICHL — KOMIPTEKTI KOHE HOH aJIMACTBIPFBIII MaTepHaiap Herizinae cy Gpuibtpiepi
wacannsl. Cy ¢uiubTprepiniH kemeriMeH Ka3zakCTaHHBIH op ©HIpiHEH albIHFAH aybl3 Cy Y/ITUICpiHIH
GacTankpl koHE (HIBTPICPACH OTKEHHEH KEHIHTT MOJIIPIIri MEH XUMUSUIBIK KYpambl chiHAAbL. ChiHAY
HOTIKEJIepiHe Kaparl, OoJlalllakTa dp aiMakThIH Cy KypamaapbiHa OaiIaHbICTBI ©31HE TOH THIMII Cy
GbunbTpIepiH XKacay KaXKeT eKeHIIrT aHbIKTaJIbl.

Tyiiinai ce3mep: cy Ta3amay, aaacopOuus, KeMmipTeK, COpPOCHTTEp, AHUOHHMTTEDP, KATHOHUTTED,
¢$ueTpIiep, CIEKTPO(OTOMETPHSIIBIK aHBIKTAY SiCI, CyIBIH MOJIIPIIIri, XUMUSIIBIK KOPCETKIIITEPI.

Abopaxmanoea Kanepke Mapamrpizol baxanasp

Epmonoanoe Epcynman Kaxcoinvikynor  Cmyoenm

Kepumkynosa Anmazyn Poickynosna Xumust 26116IMOAPBIHBIY KAHOUOAMbL, KAYLIMOACIbIPbLIZAH
npogheccop

Azam Ceiimxan PhD, 3epmxana meneepywici

Kyousapoea Kanap Ceipnvibaiixanosna PhD, doyenm mindemin amxapyuist

Hbuicanobaesa I'ynonypa Peickynosna Mazucmp, PhD doxmopanmot

Mancyposa 3ynxaup Aimyxamemosuu Xumust 2o116IMbIHBIY, OOKMOPDBL, NPOGeccop

1. Kipicne

Cy TaburaTka *ajIbl TIPIIUTIK Ke3iHe MaHb3bI oTe 30p. Cy Xep IapbIHAaFb!
€H Kell TapaiFaH OeHopraHukaiblK KochUibic. CyAbIH €H epeKIlie KacHueTi OHbIH
CyTeri MEH OTTeri aTOMJAPbIHBIH KOCBUIBICTAPBIHAH TYPYBIHIA. XUMHSIIBIK
3aHAapFa CyMeHCeK, MYHAall KOCBUIBIC ra3 TOpi3li O0Mybl Kepek. All ¢y — CYHBIK
Ky#ae Oomabl.

Kazipri Tagna manrail enmi-MeKeHIepae inryre >kapaMIbsl Ta3a TAOUFU CYITbI
Ta0y KubIHAanm Oapaibl. SIFHH, TYPFBUIBIKTHI XEPAIH KIMMaThl MEH CHIPTKBI
OpPTaHBIH 9CEpIHEH aybl3 CyNapIblH Kypambl e3repicke ymbipayna. OCBIHBIH
calJapblHaH imIyre »apamIbl aybl3 cy Kopbl asaiibin skatelp [1]. Cymen
KaMTaMachl3 €Ty Ke31 peTiH/e MaiaanaHbUIaTIH TAaOUFU Cy KOWMMallaphl opKalllaH
CaHUTapJIbIK JKOHE HOPMATHBTIK Tanantapra caii 6oia oepmeiini [2].
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3aMaHayH KoJIaHOA bl TEXHOIOTHSUIBIK XKYHeIepiHiH Heri3ri npodiemMachl —
€H TYWBIK UK )KOHE KaIBIKTapblH €H a3 MeJIepi 0ap SKOJIOTHSIBIK Kayirci3
TEXHOJOTHUsIapAbl 3ipyey. Kazipri yakpITTa OCBl 3epTTey CalachIHIAFbl Karaan
pecypceTapapl YHEMACHTIH KoHE KOJIOTHSUIBIK Moceleep i KeIeH i ety YITiH
JacTaHFaH epITIHALIEp MEH TEeXHOJNOTHSUIBIK CYHBIKTBIKTAPIbl Ta3apTyIbIH
COpPOLIMSITBIK ~ TEXHOJOTHSJIAphl MEH CEIEeKTUBTI TMPOLECTEPIH  KETiAipy
KaXXeTTLUIrH Ty asipast [3-7].

AybI3 cynapipl Tazapryna TaOWFH MHHEpaJapAbl KOJNJaHy SKOJOTHSIIBIK
KOHE OKOHOMHUKAJIBIK TYPFBIIAH Konaiiel. Moanpukanus HOTHXKECiHAe
OacTankbl MUHEPAJIIAaH EpEKIICICHETIH JKoHe OacTanmKpl MaTepHaAbIH Maiaaibl
KacHeTTepi MEH CHHTETHKAJBIK COpOeHTTEpAl OipikTipeTiH OeTTik TaburaTsl Oap
copOeHTTep anblHaABl. AYBI3 Cynaplbl Ta3apTylda COpPOLMSUIBIK 9IicTep MeH
KeIlIeHIep/Ii KEHIHeH KOJIaHyFa KapamacTaH, OyJ canajia Oipkarap mpobiemanap
O0ap. EH MaHpI3OpUIapblHa MbIHAIap >KaTalbl: MaTepHaIIapAblH COPOLUSIBIK
KaOUTeTiHIH JKeTKUTIKCI3Miri, copOeHTTepAi KalmblHA KENTIPYIiH CEeHIMII
ofiCTEepiHIH KOKTBIFBI, COPOEHTTEpAl KOJNJaHy apKbUIBI pecypc YHEMIEHTiH
9KOJIOTHSUIBIK Ta3a Ta3ajay TEXHOJIOTHSUIAPhl JKOHE KypJeni TY3idy apKbUIbI
KaJIJIbIKTapIaH ayblp MeTaamapasl naiinanany amicrepi [8-10]. Ocwinmait op Typii
cebenrepre OalIaHBICTBI, KYMBICTBIH MaHBI3JbUIBIFEl CYABIH CalachlH aHBIKTAH
OTBIPBIN CyIBI TA3apTy YIUiH GUIBTP KOMIO3HLUSIIAPHIH JalbIHAAY .

3epTTey *KYMBICBIHBIH HET13T MaKcaThl — KOMIPTEKTI MaTepHayiIap Heri3iHae
CyZbl Ta3apTyFa apHaJIFaH QUIBTPIEPIIH KypaMIaphlH jKacay *oHe COPOLHUSIIBIK
KacHeTTepiH 3epTrey. QDUIbTpre ACHiHTI XoHE QUIBTPIAEH KEWiHT1 CYIbIH
OPTaHOJIENITUKAIIBIK XKOHE XUMHSJIBIK KYPaMbIH ChIHAY.

3epTTemniHin OTBIPFaH HBICAHIapAbIH XUMUSIIBIK KYpaMbIH
CHEKTPO(GOTOMETPHUS QJIICI, al JIAMIBUIBIFBI TYPOMIUMETPUST OJIICI apPKBUIBI
aHbIKTaNIbl. CIIeKTpohoTOMETPHUTBIK Tasrnay aaici «Crnekrpodromerp DR300y
MapKajbl KOHJIBIPFBICBIMEH 3EpTTENIHCE, al TYypOUJIMMETPUSUIBIK Taijnay ojici
«Typouaumerp TU5200» KOHABIPFBUIAPEI APKBUIBI TOJBIK 3€PTTEIII.

Cynapaply JaiIbUIBIFBIH 3epTTey Oapbichinna TypkicraH sxoHe AKTebe
KaJIaChIHBIH Cy  YATUIEpiHiH OacTamkpl MOHI IIEKTIK pYKcaT eTUIreH
kouneHrpanusaaan (ILPK) acemr kerri. CoHbIMEH Katap, aybl3 CyJapiblH
XMMUSUIBIK  KYPaMBbIH CIIEKTPO(QOTOMETPHSUIBIK Tajiay HOTHXKeci OoMbIHIIA,
KenTay KanachlHBIH Cy KypambiHaa cymbdun (S?) HOHBIHBIH koHe AKTeOe
KanacelHEIH cy yuricinge Temip (Fe') MOHBIHBIH mekTik pykcar eTinren
kounentparmsaan (IIIPK) ackauabirsl 6atikamasl. An KpI3siaopaa KalacklHBIH CY
Kypambiaga cyabhar (SOs%) MOHBIHBIH KON MeJlIepe eKeHAIri aHbIKTajca,
’KamOb1L1 OONBICHIHBIH Cy KypambIHAa Oacka cy YJTiIepiHe KaparaHna HUTpatT
(NO3") xone nurput (NO2') HOHIAPBIHBIH KOTI MOJIIIEP/Ie SKSH/Ir 3epTTeIi.

3epTTey  KOPBITBIHIBICHI ~ PETiHIC KOMIPTEKTI JKOHE COPOLMSAIBIK
MaTepHaimap Herizinae ¢y ¢uibTpiepi xacanapl. Cy GUIbTpIICPiHIH KOMETIMECH
KazakcTanHbIH op 6HIpiHEH albIHFaH aybl3 Cy YJATUIEpiHIH OacTamKpl JKOHE
($uIIbTpIEepIeH OTKEHHEH KEeHiHT1 JalIbUIBIFBl MEH XUMHSIIBIK KYPaMbl CBIHAIIIBI.
CeiHay HoOTWXKeNepiHe Kapan, Oojamakra op alMakThlH Cy KypamIapblHa
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OaifmaHpICTBl ©31HE TOH THIMII Cy QHUIBTpJIEpiH jKacay KaKeT eKeHJIrl
AHBIKTAJIIBI.

2. HaTmkesiep MeH TAJIKbLIAyJIap

3epTTey JKYMBICBIHBIH HET13T1 MaKcaThl — Cy (OUIBTPiHE MEHIHTI )KoHE KeHiHT1
TypOuIUMETpUsi  JKOHE  creKTpodoToMeTpus  omicTepi  apKpUIBl  CYIBIH
OPTaHOJICTITHKAIBIK, JKOHE XUMHSIBIK KACHETTEPiH 3epTTEN Taujay HOTHXKeNepiH
CBIHAY.

3eprrey OaphICHIHAA KOMIPTEKTI COPONMSIBIK MaTepHaliap CHHTE3ISTII
anetaapl. [ukizaT HeriziHge KbUIa KaHAPTBUIBI OTHIPATBIH TPEK KAHFAFBIHBIH
KaOBIKTaphl ~ KONIAHBUIABL KeMipTekTi Marepwanmapibl CHHTE3ZICN  aiy
Kapbonu3anus oxici apkpiisl 800°C TemmepaTypaia, HHEPTTI opTajga Kyprisiii.
CoHBIMEH KaTap, CAIBICTBIPY MAaKCaThIHAAa HWOH alIMACTBIPFBINI IIAWbBIpIap
QJIBIHIBI.

ATNBIHFaH COpPOIVSIIAYIIBI 3aTTapIbl KOJIaHa OTBHIPHIN, €Ki TYypili KOJIOHKA
TYpiHAeri QuabTpiep AalbIHAANABL. bipiHIIICI TEeK aKTHUBTENTeH KOMIpTEKTI
MaTepraj KOMETiMeH, eKiHIIICI aKTHBTENI'eH KOMIp >KOHE HMOH alMaCTBIPFBIII
aibIpIapslH KocnachkiHaH. JlalibiHAam anblHFaH KOJUIOHKANBI (MIBTPIIEPAiH
COpOIUSIIBIK ~ KACHETTepiH 3epTITey MakcaThlHma KaszakcTaHHBIH — Typimi
eHipIepiHeH aybI3 cy yirinepi ameraasl. SrHn, Kenrtay kamacel, Typkicran
Kanacel, Kei3putopna xamacer, JKamObLT 00JIBICH jkoHE AKTOOE OOJBICEIHAH aybI3
cynap 3epTreyre anblHAbl. KazakcTaHHBIH op aiiMakTapblHaH aJbIHFAH aybl3 Cy
Yarinepi KOoJaH KacajlfaH KOJOHKaJbl (GMIBTpIep apKbUTbl oTKi3unai. Exi Typmi
Kocmajarsl  QWIBTPIEPACH OTKI3UIreH cynapra TypOMAUMETpHsS — KOHE
CHeKTpo(OTOMETPHUS SIICTEPIH NaijaaHa OTHIPHII 3ePTTEYJIep KYPri3inmi.

3eprrey HoTMxKeciHae, TypKicTaH KajgachiHbIH Cy Jaiabuibirbl 2.2 NTU sxoHe
AKTe0e KaJlaChIHBIH Cy YJTUIepiHiH Oactankbl naiibuibirbl 1.79 NTU wmonmi
KepceTTi. SIFHU meKTik pykcar erinreH koHueHtpauusgan (1.5 NTU) sxorapsi
HOTIDKE KOpceTTi. Opi Kapalh QuibTpiepai mnaimanana oTeIpein, Typkictan
KaJIaChIHBIH CYbIHBIH Jaiablibirbl 0.389 NTU-ra azaiinbl, an AkTte0e KajlachIHBIH
cybiabiH JainbuibiFel 0.256 NTU-ra azaiigbl. AJnbIHFaH HOTIXKeNep 1-cyperrte
JUarpaMMa TYpiHAe KeNTipiireH.
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2.5 T
2
1,5 A
E B dumtpre peitin
® PumTp Nel
L Sump N2
0,5
0
Kentay kamcer  TypricTan Kprasinopma A ambrin AxTabe
KATACED KATacel 00 ITBICE 00 IRl CBI

Cyper 1 - Ka3akcTaHHBIH op aiiMaFblHaH JIBIHFAH aybI3 CY YATUIEpiHHIH
JIaABUIBIFBIH ChIHAY HOTHIKETEpi

Kecre 1 - Kenrtay KajnacblHaH ajiblHFaH Cy YJTICiHIH OacTamkpl jXKoHE (HIBTPJICH OTKCHHEH KEWiHTI
XUMUSUITBIK KYPaMbIH ChIHAY HOTHOKETIEpi

ATaysl HK IPK Cysrire CysrizeH keifin
neiin mr/in
mr/n Cyzri Nel Cyari Ne2
Temip (Fe*3) MBH Ne14-09 0.3 0.03 0.01 0.11
Hurpar (NO3) MBH Nel6-09 45 0.06 0.03 0.06
Hutpur (NO2) MBHI 3.0 0.014 0.011 0.007
Cynbdar (SO42) MBU Ne6-10 500 4 4 4
Cynsdun (S?) MBU 3 3.2 1 0
01.00225/205-73-11
Kanmst xnop (Clz) MBU Ne64-10 350 0.02 0.03 0.06

Kemeci 3eprrey HOTHXKeENepi aybl3 Cy YITUICPIHIH XUMHSUTBIK KYPaMbBIH
CHEeKTPO(QOTOMETPUSUIBIK ~ Tajjay opici OolibiHIIA skacanbslHAbl.  KeHTay
KaJIaChIHBIH CY YJTICIHIH XMMHSUIBIK KypaMblH 3epTTey Oapbichinaa cyibdua (S2)
WOHAAPHIHBIH MOHI FaHA MICKTI MOHHEH >KOFapbl MoH KepcerTTi. SIFHu cymbdua
MHJIAPBIHBIH OacTankel Mejmepi 3.2 mr/n Gosca, OipiHII QUILTPJICH 6TKCHHEH
keitin 1 mr/mn, exiHmi GuibTpreH eTKeHHeH kedin 0 MoHiH kepcerti (kecte 1).
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Cynarel cynbGUI HOHIAPBIHBIH KOFapbl MeJLIepi aWTapibIKTaldl KOPpPO3UsFa
XKOHE KOMMYHUKAIMAJap MEH TYPMBICTBIK TEXHHUKaHBIH Oy3bUIybIHA OKEIyl
MYMKiH.

Akre0Oe OOJIBICBIHBIH Cy KYpPaMblH 3€pTTE€y HOTIDKENepi 2-KecTeje
kenripinren. Kecrenen temip (Fe™®) monbIHbIH GacTanksl koHIeHTparmscs! 0.11
MT/J1, SIFHU TIEKTIK pyKcaT eTinreH konnenTparusaad (0.3 Mr/n) 3 ece aCKaHIBIFBI
Oalikananpl. UIbTpIepAiH KOMETIMEH Cy KYpaMbIHIAFbl TEMIp HOHIAPBIH TOJBIK
KOIOFa OONATBIHABIFBl AaHBIKTAIABIL.

Kecre 2 - Axrebe 0OJbICBIHAH aJbIHFAH Cy YATiCiHIH OacTankbl >koHE (GUIIBTPIEH OTKEHHEH KeHiHTi
XUMUSIIBIK KYPaMbIH ChIHAY HOTIDKEIEpi

ATtaybl HK 1IPK Cyarire Cys3rifeH keiiin
niein MI/J1
Mr/7T Cysri Cysri
Nel Ne2
Temip (Fe*®) MBHU Ne14-09 0.3 0,11 0.05 0
Hurpar (NO3 ") MBH Nel6-09 45 0,8 0.4 0.4
Hurpur (NO2) MBU 3.0 0,004 0,013 0.018
Cynbdar (S0472) MBU Ne6-10 500 54 54 51
Cymnbdun (S?) MBH 01.00225/205-73-11 | 3 1 0 1
Kanmer Xop (Cl2Y) MBHU Ne64-10 350 0.04 0.02 0.01

KazakcTanHbIH op aliMarblHaH aJbIHFaH Cy VATUIEpPiHIH KYpaMbIHIAFbI
cynbdar (SO4?) MOHBIHBIH CHIHAY HOTIDKENEpi 2-CypeTTe AuarpamMma TypiHje
kepcetinreH. Cyibdar MOHBIHBIH aybl3 Cy KypaMmblHIA IIEKTIK PYKcaT eTUIreH
koHmenTparusicel 500 mr/n 6omranbiMer 100-150 Mr/m mierineH acmaybl KEpek.
BaiikaranbsiMbi3aaii Kei3putiop/ia KaaachklHbIH Cy KYpaMbIHa 0aCTanKbl KOPCETKIII
180 mr/m Gonca, an XKaMObLT OONBICBIHBIH Cy KypamblHAa 223 MI/1 KOpCETKill
kepcerTi. [lereMeH (unbTpiepai malganaHa OTBIPHINT CyJb(aT HOHBIHBIH
MOHIEpi 2 ece TOMEHIETeH1 aHBIKTAJIIIBI.
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Kentay  Typrictan Kesumopma JKamobin AxTebde
KATACHI KATachl KATACHI 0OTBICHI 00IBICEI

ML/

Cyper 2 - Ka3akcTaHHBIH op aiiMarblHaH aJbIHFaH Cy YJITUIEPiHiH KYpaMbIHAAFbI CyabdaT
(SO42) MOHBIHBIH ChIHAY HATHKENEPI

AybI3 CynmapIblH XHMUSIIBIKKYpPaMbIH 3epTTey HoTkenepinae JKamObun
o6upichiHbIH ¢y Kypambinga Hutpar (NOgz) skone Hutput (NO2) MOHAAPBIHBIH
MOHJIEpi 3epTTeyre allblHFaH 0acKa aybl3 Cy HOTHIKEIEPIMEH CabICTBIPFaH/Ia Kol
Meuiepie OONaTHIHIABIFBl aHBIKTAIAB. HUTpaT KOCBUIBICTaphl Oap CyAbl imny
apKbUIBI afaMaap 3 JeHCayJbIFbIHA KAyill TOHIIpeli: MeTTeMOTIIOONH MeJIepi
apTambl, OWI OTTETi aIlBIFybIHA OKEJNelli; TeMOTJIOONH JeHTel ToMEeHIen i, Oy
KYpEK-TaMbIp KYHeci aypylapblHBIH JaMybIHA OKeNel; jkui 0ac aypysl, KypeK
allHybl, MUTPEHB; aC KOPBITY JKOJIJIAPbIHBIH )KYMBICHI OY3bLUIaJIbl; META0OTMKAIIBIK
TIPOIIECTEPACTI O3repicTep OaKaITybl MYMKIH.

AJBIHFaH KOPCETKIIITEP TOMEH/IE 3 KoHE 4-111i CypeTTe KOPCETIIreH.
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Kenray Typricran Kgeieuiopaoa KamGein AxTobe
KATaCkl KaJIachl KATACHI 0GIBICE OGIEBICE

Cyper 3 - Ka3zakcTaHHBIH op ailMarbIHaH aJIbIHFaH CY YJTiCiHIH 0acTaIKbl )KOHE
¢GuibTpaeH eTkeHHeH Keifinri Hutpat (NO3) MOHBIHBIH ChIHAY HOTHIKEIEpi

. B & EIRTprEe AeHH
B OEeTp Nol

B O EIETp Ne2

Kenray Typrictan Ksisputopza — Kam6bin AxTebe
KATIachl KaIachl KaJacsl 0O6IBICHI 06IBICEI

Cyper 4 - KazaxcTaHHBIH op aifiMarbIHaH aJlbIHFaH Cy YATIiCIHIH 0acTaIKbI KoHE
¢dunpTpacH oTKeHHEH Kerinri HUTpUT (NO2) HOHBIHBIH ChIHAY HOTHKETepi
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3. KopbIThIHABI

3epTrey HoTHXkeciHAe, TypKicTaH KanacklHBIH cy JainbuibFbl 2.2 NTU xone
AKTe0e KalachlHBIH Cy YJATUIepiHiH Oactankpl madiapuibiFbl 1.79 NTU wmonmi
KepceTTi. SIFHM ImekTik pykcaT erinren koumentpamusmad (1.5 NTU) »xorapsr
HOTIDKE KepceTTi. Opi Kapall (uubTpiepal maiimanana oTeIpein, Typkictan
KaJlaChIHBIH CYBIHBIH JTainblIbiFbl 0.389 NTU-ra azaiinbl, an AxTe0e KalachIHBIH
cybIHbIH JaiaeIeiFel 0.256 NTU-ra azaiinpl. COHBIMEH KaTap, aybl3 CyJIapIbIH
XAMUSUTBIK  KYPaMbIH CIIEKTPOQOTOMETPHSUIBIK Tajjiay HOTHXKeci OOMWBIHIIIA,
KeHTay KamachHBIH Cy KypambiHaa cyiboun (S?) HOHBIHBIH 6acTamkbl
KOHIEHTpaIuAchl 3.2 Mr/m 0onca, GUIBTPAECH OTKEHHEH KeiliH 0 MI/a MoHiH
KepceTTi. Al AKTe0e OOJBICHIHBIH Cy KYpPamblH 3€pTTEY HOTIKENEpiHAe Temip
(Fe™) monbinbIH GacTanksl KoHueHTpauuschl 0,11 Mr/m, sSFHM IIEKTiK pykcat
erinren  koHneHTpamusgan (0.3 wr/m) 3  ece acKaHIBIFRI  OaifKamajsl.
OunbTpiaepain keMeriMeH 0 MI/J MoHIH KOpPCETilN, ¢y KypaMbIHIaFsl HOHIApAaH
TOJIBIK )KOIOFa OOJIATBIH/IBIFBI AHBIKTAJIJIBL.

An KpI3pII0pIa KanackHBIH cy KypaMbiaga cyabdar (SO4?) HOHBIHBIH Kol
MeJIIepae eKeHIITi aHbIKTanca, KaMObUT OOIBICHHBIH €Y KYpaMbIHAa 0acka cy
yarinepine kaparanma mutpat (NOz) sxone mutputr (NO2) HOHAAPBIHBIH KeIl
MeJIIIepPi )KOFaphl EKCHJIITT aHBIKTAJJIbI.

3epTrey  KOPBITBHIHIBICHI  PETiHIE KOMIPTEKTI JKOHE COPOLMSAIBIK
MaTepHaimap Herizinae ¢y ¢GuibTpiepi kacanapl. Cy GUIbTpIIepiHiH KOMETIMEH
KaszakcTaHHBIH op OHIpIHEH allbIHFaH aybl3 Cy YITUIEpiHiH OacTalkbl >XoHE
($UIBTpIEepIeH 6TKCHHEH KEHIHI1 MeJIIIpiri MeH XUMUSUIBIK KYPaMbl ChIHAJIIBI.
CreiHay HOTHXKeNepiHe Kapar, OoJyamakTa op aiMakThIH Ccy KypamaapblHa
OaifmaHpICTBl ©31HE TOH THIMIAI Cy QUIBTPIEPIH jKacay KaXeT eKeHIrl
AHBIKTAJIbI.

PA3PABOTKA U UCCIIEJOBAHUE ®WJIbTPOB VI OYUCTKU BOIbl HA OCHOBE
YIJIEPOJHBIX MATEPUAJIOB

JK.M. A6opaxmanoea ', E. K. Epmonodanoe*, A.P. Kepumxynoea *, K.C. Kyouaposa *,
I'.P. Hvicanéaesa ', 3.A. Mancypos *?, C. Azam *

1Kasaxcruii nayuonanviwiii ynusepcumem umenu ano-Dapabu, Anmamst, Kazaxcmarn
2«Uncmumym npobaem zopenusy, Armamol, Kazaxcmarn

S«Jlabopamopus undiceneprozo npogunsy Anmamel, Kazaxcman

“E-mail: almusha_84@mail.ru

Pe3ome. Bseoenue. Boma — camoe paclpOCTpaHCHHOE HEOpraHMYEeCKoe COoeAuHeHHe Ha 3emie. B
HACTOSIIEe BPEMsI CTAHOBHUTCS BCE TPYAHEE HAWTH YHUCTYIO TIPUPOJHYIO BOAY, IPUTOJHYIO IJIS MHUTHS B
CeNbCKOW MeCTHOCTH. TO €CTh COCTaB NMHUTHEBOM BOJBI MEHSETCS MOJA BIHUSHHEM KJIMMaTa MecTa
MPOXXUBAHMUS M BHEIIHEH cpenapl. B CBSA3M ¢ 3TMM COKpalaroTcsl 3amachkl TUTbeBOH Boabl. Ilpupoanbie
BOJIOEMbBI, HCIIOJIb3yeMble B Ka4eCTBE HCTOYHHKA BOJOCHAOKEHHWS, HE BCErja COOTBETCTBYIOT
CaHUTapHBIM M HOPMATHUBHBIM TPeOOBaHHSAM. BaKHOCTh JaHHOW paOOTHI 3aKITIOYACTCS B ONPEICICHHN
Ka4ecTBa BOJABI M M3TOTOBJICHHU (DUIBTPYIOMIMX COCTABOB ISl OYUCTKU BOABL. OCHOBHOU yenbio PaboThI
SIBIISIETCSL MCCIIC0BAaHUE OPTaHOJENTHYECKUX M XUMHUYECKHUX CBOMCTB BOJBI [0 U Iocie (GuibTpaimu.
Memooul ucciedosanusi — TypOUIUMETPHS U CieKTpodoToMeTpusi. B kauecTBe 06vexmos ucciedosanus
ObUIM B3ATHI TPOOBI NHUTHEBOH BOABI W3 ISITH perMoHoB Kazaxcrana. B wacTHOCTH, OOBEKTHI
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uccienoBanus Obutd B3aThl M3 T. Kenray, r. Typkecran, r. Keibuiopaa, YKamObuickoit obmacté u
AKTIOOMHCKON 005acTu. Bbl600 WCCIENOBaHUS COCTOMT B TOM, YTO JJIS OYUCTKH BOJLI OBLIX
M3TOTOBJICHBI (PUIIBTPBI U3 YTIIEPOAHBIX COPOSHTOB U HOHOOOMEHHBIX cMOJI. C TTOMOIIBIO PUIBTPOB ObUIH
HCCIIE0BaHbl MPO3PaYHOCTh M XHMHUYECKHH COCTaB MpOO MHUTHEBOM BOJBI, OTOOPAaHHBIX M3 Pa3HBIX
peruonoB Kasaxcrana. I1o pesynbrataM HCCICIOBAHHU OINPEACICHO, YTO B JajbHEUIIEM HEOOXOIUMO
co3aaBath 3G PeKTUBHbIC GUIBTPBI /IS BOABL, XapaKTEPHBIE ISl COCTaBa BOJIbI KAXKJOTO PETHOHA.

KaroueBble c10Ba: 0YHMCTKA BOJBI, aCOPOLUS, YIIepOl, COPOCHTbI, aHHOHUTHI, KATHOHUTBI, (PUIIBTPBI,
cHeKTpo(hOTOMETPUIECKHI aHAIN3, MyTHOCTb BOJIbI, XHMUYECKUE TIOKA3aTEIN BOJIBI
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Kepumkynoea Anmazyn Peickynoena Kanoudam xumuueckux Hayk, accoyuuposanmbviil npogheccop

Azam Ceitmxan PhD, sasedyiowuii rabopamopueii

Kyouaposa Kanap Cetpnvibaiixanosna PhD, u.0. doyenma

Huicanbaesa I'ynonypa Peickynoena Mazucmp, dokmopanm
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SYNTHESIS OF METAL NANOPARTICLES USING PLANTS TO
ENHANCE THE GROWTH AND GERMINATION OF
AGRICULTURAL CROPS
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Abstract: Introduction. Nanoparticles of several metals obtained through biosynthesis have
interesting pharmacological properties due to extract components' sorption on their surface, which
broadens their application possibilities. For these reasons, the issue of metal nanoparticles synthesis
biological ways optimization is highly important nowadays. Purpose of the work is to present
experimental data on the synthesis of metal nanodispersions using plant extracts of Artemisia
(wormwood), Psylliostachys (plantain), Achillea nobilis (yarrow) and use in growing crops. Methodology.
A feature of this method is the use of a more environmentally friendly approach to the synthesis of
nanoparticles by preparing extracts from plant materials. Plant raw materials for synthesis, synthesis
conditions (temperature, pH value, ratio of metal salts: extract) were experimentally selected. It was found
that in presence of extract from bitter wormwood nanoparticles formation occurs faster than in case of
using Psylliostachys or Achillea nobilis. Sythesized silver nanoparticles were studied using microscopy
and spectroscopy. Results. Obtained particle sizes are between 70 and 100 pm, which proves
nanostructured nickel and cobalt particles formed in synthesis. Average particle size is 80 um. New
growth stimulator M-Nitro-Ni,Co was used to increase annual grasses and vegetables growth and
germination; as a result, they had stronger roots, thicker stems, dark-green leaves and larger size
comparing to the test ones.

Keywords: nanoparticles, extract, metal nanodispersion, green synthesis, Artemisia (wormwood),
Psylliostachys (plantain), Achillea nobilis (yarrow)
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1. Introduction

Nowadays there are several approaches to metal nanoparticles synthesis:
chemical, physical and biological ones. The latter is of high interest, especially
biological ways of metal nanoparticles synthesis using plant extracts, which are
often viewed as quick, eco-friendly and easily scalable technology. Metal
nanoparticles formation occurs due to deoxidation by plant-based metabolites
(components of phenol origin, terpenes etc.) which go over to the extract. This is
why nowadays there is an important issue of improving biological synthesis
methods, expanding range of used raw plants as well as of studying obtained
nanodispersions' properties[1-3].

Existing synthesis methods rarely solve the issue of optimizing conditions of
extraction from raw plants, particularly, acceleration of extraction process without
efficiency loss or use of eco-compatible solvents. Another issue that needs a
solution is conditions of metal nanodispersion synthesis: selection of raw plants,
synthesis temperature and pH value. One more important point is further use of
obtained nanodispersions, as plant-based metabolites presence in product makes
it more compatible with living organisms. This leaves room for considering
adding some metal nanodispersions to medical substances or their use as active
components. The abovementioned issues require complex approach to their
solution and comprehensive study of both each stage of metal nanodispersion
synthesis and evaluation through a number of parameters (morphological
properties, microbiological activity) of final synthesis product [4-7].

2. Experimental part

Soil pH definition. Soil water extract samples in enumerated cylindrical
vessels are sent to ion meter. pH index study is done in a parallel way. The
procedure on 1-160 brain ion meter looks the following way: the device is
powered and heated for 15 minutes. Pair of electrodes is dried with filter paper
and washed with tested part of a studied solution. After the electrodes were
submerged into solution and the readings were stabilized, measurement is taken.

The research involved plants collected in summers of 2020-2022 in Bayan-
aul uplands and areas around Astana, Kazakhstan — Artemisia (wormwood),
Psylliostachys (plantain), Achillea nobilis (yarrow). Dried pants were ground into
fine powder and stored in special exiccators till extraction.

Obtaining extract. Extraction was done with 70% ethanol for 12 hours. The
solution was steamed in rotary evaporator at +50°C and concentrated on water
bath with ratio up to 15%. Obtaining ethanol-based extract from bitter wormwood
leaves (as well as yarrow flowers, plantain stems and leaves). 0.2 g of bitter
wormwood sample, ground, was put into conical flask with thin section, 100 ml
of ethanol solvent were added and left to infuse in a windless place at 50+10°C
for 24 hours. Then obtained extract was filtered into 100 ml measuring flask.

Definition of active groups in plant-based extracts. Various plant metabolites
consisting of terpenoids, polyphenols, alcaloids, phenolic acids and proteins can
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deoxidize metal ions to nanoparticles. This is why mentioned groups should be
defined.

Qualitative reaction to flavonoids. A few drops of (NaOH) were added to the
extract, followed by 2-3 drops of HCI. Presence of flavonoids was defined by
alkaline solution discoloration after adding HCI.

Qualitative reaction to saponins. Presence of saponins was defined by
massive formation od strong foam after shaking the extract water solution.

Qualitative reaction to phenols. Presence of phenols was defined by extract
obtaining purple (black) color after adding 1% FeCls.

Research was performed using commonly-accepted scientific and
experimental methods. The study used modern facilities of S.Seifullin KATRU,
"Physical-chemical research methods" engineering laboratory: atomic microscope
JEOL JEM-2100, detection electronic microscope MIRA 3 TESCAN» Oxford
Instruments, detector PIXcel PanAlytical X'Pert.

In order to study the use of deoxidized nanoparticles as new growth
stimulators for agricultural crops, plants giving quick and quality harvest — radish,
parsley, tomato, and dill — were selected.

3. Results and discussion

Area of South Black-earth type steppes is 13.4 million hectares. It is seldom
found in West Kazakhstan, Aktobe, Karaganda regions but is common in
Akmola, Pavlodar and Kostanay regions.

Physical-chemical properties of southern black-earth soil are given in Table
1.

Table 1 — Physico-chemical characteristics of soil

Ne | Soil name, | The layer | Humus | Total Exchangeably adsorbed | pH | Granulometric
location from nitroge | cations,m —eq./ 100 g composition
which the n
sample
‘é"ris taken, Ca | Mg | Na | Total <0,01 | <0,00
MM 1 MM
1 Black soil | 0-10 5.8 0.310 209 | 35 | 0.2 | 246 6 42.2 216
in the south
2 (Pavlodar 20-30 2.3 0.170 174 | 35 | 02 | 211 6.5 | 42.3 28.8
3 region) 35-45 1.6 0.130 156 [ 35 | 03 | 194 |7 374 26.2
4 70-80 - - - - - - 84 | 295 236

Southern black-earth soil composition and properties are similar to standard
black-earth soil. Its genetic layers are: A — B; — B2 — C. One of the main features
of southern black-earth soils and regular ones is that they are well developed and
well seen in humic tongues layer B,. Humic layer A average thickness is 24 cm,
in plowing areas — 21-30 cm. It has dark-grey color with burgundy-red tint.
Thickness of the layer B; — 16-29 cm. Color varies from dark burgundy-red to
grey-burgundy-red. Thickness of the layer B, — 19-33 c¢m, coloring is uneven,
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humic tongues are easily seen. Intermediate layers BC are compressed, carbonates
are abundant.

Maximum hygroscopical content of water in humic layer of this soil is 11.5-
11.7, plant drooping humidity is 14.1-16.8, natural humidity ratio is 30,2-38,9.
Southern black-earth soils can be sandy, sandy loam and clay according to their
granulometric content.

Phytochemical screening of extracts from plants growing in Bayan-Aul area,
Northern Kazakhstan. Results of plant extracts phytochemical analysis are given
Table 2. The analysis suggests that phenols and flavonoids are found in bitter
wormwood (Artemisia), plantain (Psylliostachys) and yarrow (Achilléa nobilis),
and the most saponins were found in yarrow.

Table 2 — Phytochemical screening

Ne Active groups Artemisia Psylliostachys Achilléa nobilis
1 Flavonoid + + +

2 Phenol + + +

3 Saponin +

Nanoparticles synthesis. During synthesis of nickel nanoparticles using plant
extracts, color change in solution and nanoparticles themselves can be seen.
However, color change may be caused by various factors, such as metal
concentration, reaction conditions and used plant-based material.

Extract: nickel nitrate solution ratio optimization process. Metal solution to
extract ratio optimization in metal nanoparticles synthesis is an important step that
can affect quality and characteristics of obtained nanoparticles. Depending on
specific experiment conditions, optimal metal-to-extract ratio can be different.
Volume ratio of extract to Ni(NOs). solution is important for reaction between
system components. One of ways to optimize metal solution to extract ratio is
change of components' concentration. In this case it should be considered that too
high concentration of either metal or extract may lead to side effects such as
nanoparticles' aggregation or non-homogeneity.

The following ratio was studied: extract:solution Ni(NOs), 1:9 and extract
solution:CoCl; 3:7. In the second case color saturation was quicker. Further work
was done on this ratio.

Reaction mixture pH optimization. Another way of optimization is to change
reaction environment pH. Studies show that optimal pH may vary depending on
plant extract and metal type. For example, study [9] found that optimal pH for
gold nanoparticles synthesis with mint leaves extract was 9, while optimal pH for
nickel and cobalt nanoparticles synthesis with bitter wormwood extract is 7(Table
3).
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Table 3 — HCI concentration and volume

pH value C(HC)), Tol/l V(HCI), mi
3 5*10° 1
4 5*107? 0.1
5 4*10* 5
6 4*10* 0.5

Since reaction mixture pH is highly influential for synthesis outcome, its
optimal value should be found. According to reference data, nickel and cobalt
nanoparticles are formed in low-acidic environment, so synthesis was performed
at pH values of each kind. According to the method, reaction was done by adding

HCI to a certain pH in mixture.

Microscopy methods were used to describe nanoparticles structure and
distribution, including size, shape and other parameters. EMF evaluation showed
relatively equal distribution of Co° Ni°. Data on Co®, Ni° distribution on 10 um
are given in Table 4,which suggests that in polymeric matrix M-Nitro-2023 metal
yield is high; however, relative concentration non-homogeneity can be seen

(Fig.1,2).

Figure 1 — Microphotographs of nickel and cobalt nanodispersion obtained with bitter wormwood extract

(X-Act electronic microscope SEM)

Based on data by Malvern Zetasizer Nano 28 ZS90, obtained particle sizes
are between 70 and 100 um, which proves nanostructured nickel and cobalt
particles formed in synthesis. Average particle size is 80 um (Fig. 2).
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Figure 2 — Size distribution of nickel and cobalt nanoparticles
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Microphotographs show that metals are close to lozenge and prism shape
(C0o%, and Ni° are close to spherical shape. Nanoparticles distribution based n
their average size was calculated to approximately 100 parts. Analysis was done
by zooming microphotographs obtained using Sigma Scan software, nanoparticles
distribution is shown further on the example of M-Nitro-Ni, Ni Co°-2023 mono —
M-Nitro (Fig.3,4).
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Figure 3 — Size distribution of Ni°, Co®nanoparticles

Detailed information about the size, shape and distribution of Co° Ni°
nanoparticles is summarized in Table 4, where: M-Ni-AX-2023 - surface
characteristics of nickel nanoparticles in bitter wormwood; M-Co-AXK-2023-
characterization of cobalt nanoparticles in bitter wormwood. M-Ni-Mx-2023 —
surface characteristics of nickel nanoparticles obtained from yarrow extract; M-
Co-Mx-2023, M-Ni-Mx-2023 - surface characteristics of metal nanoparticles
obtained from yarrow extract.

Ethanol extracts of bitter wormwood, yarrow and plantain created a
favorable environment for deoxidation of nanoparticles of Ni,Co. Average
amount of NPs in 10 um:1200+10, lozenge, (M-Ni-Ac-2023); 1100£50, prism,
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(M-Co-AXK-2023); 1800150, prism, 1230+100 (M-Ni-M>x-2023); 1000+50 (M-
Co-Mx-2023); 520+50 pcs. Ni/480+50 pes. M-Ni-XKx-2023); 500+£50 pes. Co
(M-Co-XXx-2023); volume sizes of nanoparticles M-Ni-AX-2023 were small,
concentration was insignificant. Volume sizes and distribution of bitter
wormwood and plantain nanoparticles were deoxidized by large amount of metal
from bitter wormwood comparing to sprouts.

Table 4 — Main surface characteristics and complexes morphology

Complex NPs size, um NPs morphology NPs in 10 pm
M-Ni-AX*-2023 70+5 Lozenge 1200+10
M-Co-AX*-2023 7345 Lozenge, prism 1100+50
M-Ni-Mx*-2023 68+6 Lozenge 1230+100
M-Co-Mx*-2023 74+5 Lozenge, prism 1000+50
M-Ni-JKox*-2023 7244 Lozenge 540+50 for Ni
M-Co-Xox*-2023 7646 Lozenge, prism 500450 for Co

* AJK — bitter wormwood; Moic — yarrow, JKoc — plantain

Studies of nanoparticles use as new growth intensifiers for agricultural crops
show intensity and growth and germination peculiarities for the followning crops
at the first stage: vegetables (tomato, radish); annuals (dill, parsley).

Table 5 below with seeds study results shows presence of rapid
regionalizations of germination speed and growth energy in experimental and test
versions.

Table 5 — Vegetables and annual plant seeds germination intensity

Types of plant Germination rate, % Relative superiority over the
crops Growth stimulator use Test (control) test indicator, %
Dill 75+3 67+3 12
Radish 85+3 75+3 13.3
Parsley 90+3 7943 14
Tomato 7143 63+3 12.7

Images of vegetables and annuals are given below (Fig. 5).To compare plant
biomass and morphological features of the plants which used test and growth
stimulator, they were separated from soil and compared to other plants of the
same kind of 1-2 months old. Figure 5 shows comparative images of tomato
sprouts.
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A — Test, 1 month

C — Test, 2 months
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Figure 5 — Tomato morphological features definition

Growth intensity of vegetables grown using stimulator on southern black-
earth soil increased by 12%, and one of annual plants — by 13%. Morphological
features of young plants at 1-2 months are given in Table 6 (Fig. 5).

Table 6 — Morphological features of vegetables and annual plants

Types of Parameters Height, | Diameter, Leaf Leaf Number Root
crops cm cm length, cm | width,cm | of leaves | length
Dill Growth 25 15 5 3 - 55

stimulator

Test 18 1 35 15 - 4
Radish Growth 20 15 7 4 14 3.3

stimulator

Test 13 8 5.5 2.3 12 3
Parsley Growth 10 8 3 4 many 3

stimulator

Test 10 7 15 25 many 2.3
Tomato Growth 16 12 5 25 25 5.0

stimulator

Test 13 9 3 2 20 4.8

Comparing to new growth intensifier and test results, plants that used growth
intensifier had strong roots, thick stems, dark-green leaves and overall larger size.
Tomato with growth intensifier had thicker stem, stem length was 16 cm, and
plant diameter was 12 cm. Test plant height was13 cm, plant diameter — approx. 9
cm. Thus, new growth intensifier M-Nitro-Ni,Co-2023 is effectively used for

agricultural crops growth and germination.
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4. Conclusion

Thus, we found primary conditions of biogenic nanoparticles synthesis using
various herbal extracts. Plant screening revealed bioactive substances. Studies
identified flanonoids providing strong deoxidizing features of bitter wormwood
(Artemisia), yarrow (Achilléa nébilis) and plantain (Psylliostachys). Nickel and
cobalt nanodispersion synthesis with bitter wormwood extract was done at 45°C,
pH=4, for 1 hour. Nanoparticles Ni°, Co° synthesized from bitter wormwood have
the following average size according to microscope data: 70 Ni°, 73 Co® um, with
NPs having lozenge/prism shape.

Ni®, Co° nanodispersion synthesis with yarrow extract was done at 45°C,
pH=4, for 1,5 hours. Ni°, Co° synthesized from ethanol yarrow extract have the
following size: 68 Ni% 74 Co° um, with NPs having lozenge and lozenge/prism
shape. Nanoparticles Ni°, Co®, synthesized from ethanol plantain extract have the
following size: 72 Ni°% 76 Co®um, with NPs having prism shape.

New growth intensifier (M-Nitro-Ni,Co) was used to intensify annual plants
and vegetables germination and growth; as a result, they had stronger roots,
thicker stems, dark-green leaves and larger size compared to test ones. New
growth intensifier M-Nitro-Ni,Co0-2023 increased agricultural crops growth and
germination rate by approximately 15%.
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Tyiiingeme: Kipicne. buocuHTe3 apKpUIbl albIHFaH KEeHOIp MeTaigapiblH HAaHOOGIILEKTEpl OJapiblH
OeTiHzer! CHIFBIHIBIIAH KOMIIOHEHTTEP/IH COpOIMsIIaHybIHA OaiIaHbICTHI OHTAIIBI (hapMaKOIOTHSIIBIK
KacueTTepre ue, Oy ©3 Ke3eriHIe olap/blH KoJmaHy aschiH KeHedrtenmi. Ockl cebentepre OaillaHBICTHI
MeTaJul HaHOOOINIIEKTEePiH CHHTE3Aeyle OWONOTHSIIBIK OMICTEepAl OHTAMIaHIBIPYy Maceneci Kasipri
yakpITTa ©3eKTi Oonbin Tabbutambl. JKymsicmuly makcamol: Artemisia (awor acycan), Psylliostachys
(arconxncenxern), Achillea nobilis (mviydcanvipax) ©CIMAIK CHIFBIHIBUIAPBIH TAJallaHbI, METall
HAHOJMCIIEPCHUSIIAPBIH CHHTE3IEY JKOHE aybUIApyallbUIbIK JaKbULIAPBIH Ocipyle KOoJAaHy OOWBIHIIA
TOXIpHOETiK MayIiMeTTepAi YChIHY. Odicmeme. byn opicTiH epekiieniri eciMiik MaTepHangapbHaH
CBIFBIH/IBUIAP/IBI AaiibIHAAY apKbUIbI HAHOOOIIIEKTEP Al CHHTE3ACYIIH SKOJIOTHSIBIK Ta3a TICUIIH KOJIJaHy
Goubin TaObuIaapl. CHHTE3re apHANFaH OCIMIIK HIMKi3aThl, CHHTE3 JKaFaaiaaps! (Temneparypa, pH moHi,
METaJUT TY3/IapBIHBIH KaThIHACHI: JKCTPAKT) ASKCHEPUMEHTAIAbl TYPAE TAHIAJIBL. ATl JKyCaHHBIH
CeIFBIHABICE  OonFan  kesne  Psylliostachys  wemece Achillea  nobilis  xonnanranra KaparaHia,
HAHOOOIIIIEKTePIiH Ty3UTyl Te3ipek >XypeTiHi aHbIKTanabl. CHHTE3ENTeH KYMIC HaHOOeIIIeKTepi
MHUKPOCKOIIUSI JKOHE CHEKTPOCKOIHMS KOMETIMEH 3epTTeNii. 3epmmey Homuoiceaepi. AJbIHFaH
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6emmekrepain emmemaepi 70 nen 100 MKM apanbiFblHAA, OYJ1 HAHOKYPBUIBIMIBI HUKEIh MEH KOOAIbT
Oemmexrepin gonenneini. bemmexrepain oprama mesmepi 80 MkM. Bip JkpuUIIBIK mienTep MeH
KOKOHICTEP/IH 6Cyl MEH OHyiH apTThIpy YIUiH kaHa ecy ctumystopbl M-Nitro-Ni,Co KongaHbuIibL;
HOTIDKECIHIE ONApABIH TaMBIPBl KyWTi, cabakTapsl KalblH, JKallbIPaKTaphl Kapa-KacbUl JKOHE
CBHIHAJIFAH/IAPMEH CaJIBICTBIPFaH/a YIKSHIPEK OOJIIBL.

Tyiiin ce3mep: HAHOOOJIICKTEP, CHIFBIHBI, METAIUT HAHOIMCICPCHACHI, KAachUl cuHTe3, Artemisia
(ocycan), Psylliostachys (aconncenxen), Achillea nobilis (muiyoicanvipar)
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CUHTE3 HAHOYACTHUII METAJLJIOB C HCHOJb30BAHUEM PACTEHUN IJ15
YBEJUYEHMSA POCTA U BCXOKECTHU CEJbCKOXO3SAMCTBEHHBIX KYJIbTYP
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Pestome: Bsedenue. HaHouacTHIBI HEKOTOPBHIX METAIIOB, MOJIy4EHHBIE ITyTeM OHMOCHHTE3a 00JaJaloT
HHTEPECHBIMU (PapMaKOJIOTHYECKUMH CBOMCTBAMH M3-3a COPOIMU Ha WX TOBEPXHOCTH KOMIIOHEHTOB U3
9KCTpPaKTa, 4YTO paCIIMpsieT KpPyr HX MNpuMeHeHHs. [lo 3TUM TpPUYMHAM BONPOC ONTHMHU3ALNU
OMOJIOTHYECKHX CIOCOOOB CHHTE3a HAHOYACTHI[ METAJUIOB AaKTyaleH B HACTOSIIMH MOMeHT. [[ens
Hacmosiwell pabomul — NPEICTaBUTh YKCIEPUMEHTAIILHBIC JTAaHHbIE 110 CHHTE3y HAHOANCIIEPCHIT METAILIOB
C WCIIONB30BAaHMEM PACTUTEIBHBIX OSKCTPAKTOB Artemisia (copvkas noavinw),  Psylliostachys
(nooopoorcnura), Achillea nobilis  (meicsiuenucmnuxa) W UCIONB30BAHHWS IPU  BBIPAIIUBAHUH
CeIIbCKOXO3SIHCTBEHHBIX KYJIBTYp. Memooonozus. OCOOEHHOCTBIO 3TOI0 METO/a SBJISIETCS HCIIOIb30BaHHE
Ooyee DKOJIOTMYHOTO MOAXOJA K CHHTE3y HAHOYACTHI[ IyTeM IPHIOTOBJICHHS OKCTPAKTOB U3
PACTUTEIBHOTO ChIPbS. DKCIEPUMEHTAIbHO MOJ00PAHO pPACTUTEIBHOE CHIPbE JUIS CHHTE3a, YCIOBHS
CHHTe3a (TeMmIeparypa, 3HaueHHe pH, COOTHOIICHHE CONie METaIOB:IKCTPAKT). YCTaHOBICHO, YTO B
MPUCYTCTBUM DKCTPAKTa MOJIBIHM T'OPbKOH 00pa3oBaHME HAHOYACTHUIL MPOMUCXOAUT OBICTpee, 4eM INpu
nucnone3oBanun  Psylliostachys — (nodopoowcnux) — uau  Achillea  nobilis  (muvicauenucmuux).
CuHTE3UpOBaHHBIE HAHOYACTHIBI cepedpa ObUIM M3YUeHBI METOJAMH MHMKPOCKOIHH U CIIEKTPOCKOIUH.
Pesynemamur. TlonyueHHble pa3Mepsl yacTull cocTaBisitoT oT 70 1o 100 MKM, YTO CBHIETENBCTBYET O
HAHOCTPYKTYPHPOBAHHBIX YAaCTUIIAX HUKeNs U KoOanbra. CpefHuil pa3Mep yacTHI] cocTaBisieT 80 MKM.
Hosblit crumynstop pocra M-Nitro-Ni,Co uncnonb3oBanicss a1 yBEIMYCHHS POCTa U BCXOXKECTH
OJTHOJICTHHX TPaB M OBOILEH; B pe3yJbTaTe OHU MMeIH 0ojee CHUIIbHBIC KOPHH, Ooliee TOJICThIE cTeOIH,
TEMHO-3€JIeHbIC JINCThS ¥ OOJBILINIT pa3Mep 10 CPABHEHHIO C OITBITHBIMU.

KiouyeBble c10Ba: HaHOYACTHIBI, SKCTPAKT, HAHONWCIIEPCHS METAJUIOB, 3eleHbI cuHTe3, Artemisia
(noawvins), Psylliostachys (nodopooichuxk), Achillea nobilis (meicsiuenucmuux)
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Abstract. Introduction. In this research, we investigated the praseodymium ions sorption by the ion
exchangers KU-2-8 (H* form) and AV-17-8 (OH form) as an interpolymer system called "KU-2-8:AV-
17-8" (X:Y) with the molar ratio of ionic groups X:Y (6:0, 5:1, 4:2, 3:3, 2:4, 1.5, and 0:6) in
praseodymium nitrate solution. To be clear, two cross-linked polymers having active functional groups
that are in the same solution but not in direct contact form an interpolymer system. The purpose of our
research to demonstrate how activating ion exchangers as functional polymers by remote contact in an
aqueous medium enhances the sorption of a variety of valuable metals and their compounds from
industrial waste solutions, including praseodymium. Objects. lon exchangers that are mutually activated in
an aqueous medium undergo conformational and electrochemical changes that lead to a shift in their state
from neutral to highly ionized and an increase in their sorption activity toward target metal ions.
Results. The experimental findings showed that the sorption activity of the interpolymer system KU-2-
8:AV-17-8 (5:1) increased significantly when compared to praseodymium ions (43 %), but the sorption
activity of the raw KU-2-8 (6:0) and raw AV-17-8 (0:6) had the same values of 25 % and 5 %,
respectively. Conclusion. This research sheds light on a novel and promising approach to improve the
efficiency of ion exchangers, opening possibilities for the effective recovery and removal of valuable
metals from complex solutions. Additionally, it holds practical implications for sustainable waste
management and resource recycling, contributing to the advancement of environmental protection and
resource conservation in various industrial sectors. Further investigations and optimization of the
interpolymer system could yield substantial benefits for greener and more resource-efficient future
sorption technologies.

Key words: ion exchangers, interpolymer system, activation, nitrate solution, process, technology,
sorption, ICP-OES, residual concentration, praseodymium

Jumadilov Talkybek Kozhatayevich Doctor of Chemical Sciences, Professor,
e-mail: jumadilov_tk@mail.ru

Myrzabay Dinara Melskyzy Technologist pharmacist, e-mail:
dinmelskyzy0l@gmail.com
Ibragimova Zarema Daurenovna Bachelor, e-mail: zaribragimova@mail.ru

Citation: Jumadilov T.K., Myrzabay D.M., Ibragimova Z.D. Improved Sorption of Praseodymium lons
from Nitrate Solutions by Activated lon Exchangers. Chem. J. Kaz., 2023, 4(84), 40-50. DOI:
https://doi.org/10.51580/2023-4.2710-1185.38

40


https://doi.org/10.51580/2023-4.2710-1185.38
mailto:zaribragimova@mail.ru
mailto:jumadilov_tk@mail.ru
mailto:dinmelskyzy01@gmail.com
mailto:zaribragimova@mail.ru
https://doi.org/10.51580/2023-4.2710-1185.38

ISSN 1813-1107, eISSN 2710-1185 MNe 4,2023

1. Introduction

Praseodymium is a rare earth element with various applications, including
magnet production [1], lighting [2], lasers [3], and more. The increasing demand
for its manufacturing has driven research into alternative sources of
praseodymium [4, 5]. Industrial agueous waste could serve as an additional source
for its production [6]. Currently, several methods for recovering metals from
solutions have been developed, such as chemical precipitation [7], membrane
filtration [8], and adsorption [9]. Among these approaches, adsorption stands out
as one of the most promising due to its high efficiency and low cost [10].

lon exchangers are being long employed as adsorbents in order to remove
various metal ions from solutions [11-15]. These porous materials contain
exchangeable functional groups (e.g., carboxylic, sulfonic, or amino groups) [16]
that can interact with metal ions in an aqueous environment through electrostatic
attraction. The activation step is necessary to modify the conformational and
electrochemical characteristics of the ion exchangers, rendering them highly
ionized [17]. To achieve this, polypropylene meshes with polymers inside were
put at some distance from each other within a glass container filled with double-
distilled water. This setup established an interpolymer system KU-2-8:AV-17-8
(X:Y), where X:Y represents the molar ratio of ionic groups (ranging from 6:0 to
0:6) (see figure 1).

In hydrometallurgy, an urgent need for the formation of highly efficient
sorption technology aimed at recovering valuable rare earth elements (REES)
from waste solutions [18, 19]. Nevertheless, despite numerous attempts to create
polymeric sorbents, only a limited number have found practical applications [20,
21]. This is largely attributed to the low selectivity exhibited by most ion
exchangers, alongside the challenges in adapting them to intricate industrial
solutions [22]. Recent times have witnessed a growing interest in the utilization of
interpolymer systems for the sorption of rare earth metal ions from aqueous
solutions [23]. The reciprocal activation of these ion exchangers induces
conformational and electrochemical modifications, leading to their transformation
into a highly ionized state and subsequently enhancing sorption activity [24].

The novelty of the present research lies in the implementation of the
activated ion exchangers KU-2-8 and AV-17-8 as the interpolymer system for the
extraction of praseodymium cations from an aqueous medium.

2. The experimental part

In this study, we employed various instruments and equipment to
meticulously assess the diverse properties of the solutions. For discerning the
specific electrical conductivity and effectively characterizing the polyelectrolyte
dissociation equilibrium, we utilized the MARK-603 conductometer (Vzor,
Russia). To quantify the concentration of hydrogen ions essential for investigating
the solution's acid-base attributes, we employed the Metrohm 827 pH-meter pH-
Lab (Metrohm AG, Switzerland). For the determination of polymer sample mass,
we turned to the Shimadzu AY220 (Shimadzu Corporation, Japan). To ascertain
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the concentration of praseodymium (IlI) ions within the test solutions, we
conducted optical density measurements using the Jenway-6305
spectrophotometer (Jenway, UK). Each measurement was performed in triplicate,
and the precision of our measurements maintained a margin of error not
exceeding 1 %.

Materials. In the ongoing research, the subsequent materials were employed:
(1) Strongly acidic KU-2-8 (H* form) obtained from Azot, Ukraine — a
crosslinked ion exchanger based on styrene and divinylbenzene (with granule size
ranging from 0.40 to 0.55 mm); (2) Strongly basic AV-17-8 (OH™ form), also
acquired from Azot, Ukraine — a gel-type anion exchanger based on a copolymer
of styrene and divinylbenzene (with granule size spanning 0.3 to 1.2 mm).

The reagents employed were as follows: for the introduction of
praseodymium ions into the solution, praseodymium (lll) nitrate hexahydrate
(Sigma-Aldrich, Germany) with a purity of 99.9 % trace metals base was utilized.
To quantify the praseodymium concentrations within the examined materials, the
powdered form of the arsenazo IIl metal indicator reagent (Sigma-Aldrich,
Germany) served as the color-forming agent. Additionally, perchloric acid
(HCIO4) (70 % ACS reagent, Sigma-Aldrich, Germany) was employed to produce
the standard solution.

KU-2-8
ion exchanger,

Polypropylene mesh

_ Distilled water

AV-17-8
ion exchanger]

Figure 1 - lllustration of the activation process of the interpolymer system KU-2-8:AV-17-8 (X:Y)
in an aqueous medium

Initiation of the Interpolymer System. Our earlier studies [24] have shown
that polymers may be converted into a highly ionized state more easily when
polyelectrolytes are mutually activated during their distant contact. The sorption
efficiency of target metal ions is therefore noticeably increased as compared to the
raw ion exchangers. lon exchanger-containing polypropylene meshes were
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arranged around 1-2 cm apart within a glass container filled with distilled water to
start this activation process. The configuration shown in figure 1 represented the
interpolymer system KU-2-8:AV-17-8 (XY, signifying the molar ratio of
ionogenic groups).

Determination of the Praseodymium lon Concentration. To conduct the
experiments, a solution (1000 mL) containing praseodymium ions at a
concentration of 100 mg/L was meticulously prepared. The objective was to
investigate the sorption performance of the interpolymer system KU-2-8:AV-17-8
(X:Y) across varying ratios (6:0, 5:1, 4:2, 3:3, 2:4, 1:5, and 0:6) concerning
praseodymium ions. This solution was carefully divided into seven individual
glasses (each containing 100 mL). Subsequently, the ion exchangers KU-2-8 and
AV-17-8 were introduced into separate polypropylene meshes, each in accordance
with their respective molar ratios denoted as X:Y.

A Jenway-6305 spectrophotometer was used to determine the residual
amounts of praseodymium ions in the solution. Further, the sorption degree () of
the interpolymer system KU-2-8:AV-17-8 (X:Y) was calculated using Equation

(D)

_ Cinitial - Cresidual % 100% (1)

Cinitial

where Ciniial and Cresigual are the initial and residual concentrations (in g/L) of
praseodymium ions in the test solutions, respectively.

Calibration Curve Plotting. To establish the calibration curve, an initial
solution of praseodymium (IIl) nitrate hexahydrate was prepared, with a
concentration of 100 mg/L. This solution was subsequently diluted to create a
working solution of 10 mg/L. Following this, a sequence of five standard
solutions was meticulously prepared. Each standard solution contained 10, 20, 30,
40, and 50 pg of the target analyte, within 50 mL of solution.
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Figure 2 - The calibration curve for determining the praseodymium concentrations in the test solutions

These standard solutions were then transferred into 50 mL volumetric flasks.
In each flask, 12 mL of a 0.015% arsenazo Il reagent and 2 mL of 0.08M
perchloric acid were introduced. Distilled water was added to each flask to
achieve a final volume of 50 mL. After allowing the mixtures to stand for 15
minutes, the measurement process was initiated. The optical density (D) of the
formed praseodymium ion complexes within the solutions was determined using a
Jenway-6305 spectrophotometer. The calibration curve (figure 2) was plotted by
the Origin Pro software (OriginLab Corporation, Massachusetts, USA) (r? value
was 0.99605).

A polymer sorption degree (when customized to a given application) can be
used to improve its performance. Understanding a polymer's sorption properties,
for example, might allow for changes to its surface chemistry to improve
selectivity for certain compounds or stability in different settings.

3. Results and their discussion

Figure 3 shows that the interpolymer system KU-2-8:AV-17-8 (X:Y)
demonstrated the highest sorption activity towards praseodymium ions at molar
ratios 5:1. As a result, the above-mentioned in-terpolymer system was chosen for
further detailed comparison with the raw KU-2-8 (6:0) and raw AV-17-8 (0:6) ion
exchangers (figure 5).
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Figure 3 - The residual concentration of praseodymium ions in a solution after
sorption as a function of time
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Figure 4 - The residual concentration of praseodymium ions in a solution after

sorption as a function of molar ratios (X:Y)

Figure 4 presents the data on the residual concentration of praseodymium
ions in a solution after sorption as a function of molar ratios (X:Y). The data
(figure 4) demonstrates that the interpolymer system KU-2-8:AV-17-8 (X:Y)
shows the highest sorption activity toward praseodymium ions at molar ratios 5:1
after 48 hours of interaction.
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Figure 5 - Sorption degree of praseodymium ions by the interpolymer system KU-2-8:AV-17-8 (5:1) in
comparison with the raw ion exchangers (6:0 and 0:6) over time

Figure 5 demonstrates that after 48 hours of interaction, the interpolymer
system KU-2-8:AV-17-8 (5:1) showed the maximum degree of praseodymium
ions sorption (43 %), while the similar values for the raw KU-2-8 (6:0) and raw
AV-17-8 (0:6) ion exchangers were 25 % and 5 %, respectively.
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Figure 6 - ICP-OES analysis of the residual praseodymium ions concentration in
the test solutions after 48 hours of sorption
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Furthermore, we used the ICP-OES analytical technique (figure 6) to validate
the previously obtained data. At a molar ratio of 5:1 from figure 3, we observed
low values (indicating high sorption) for the residual concentration of
praseodymium ions in the solution. The experimental results not only corroborate
the improved sorption activity of the KU-2-8:AV-17-8 interpolymer system (5:1)
but also highlight its superiority over the initial (raw) KU-2-8 (6:0) and AV-17-8
(0:6) ion exchangers when it comes to sorbing praseodymium ions.

4. Conclusion

The effectiveness of employing interpolymer systems as effective sorbents
for the removal of different metal ions from liquid solutions is underlined in this
work. By producing strong ionization, we increased the sorption activity of both
acidic and basic ion exchangers in aqueous media. According to the experimental
results, the interpolymer system KU-2-8:AV-17-8 (5:1), with initial (raw) ion
exchangers KU-2-8 (6:0) and AV-17-8 (0:6), registered values of 25% for the
optimum praseodymium ion sorption.

Future research should prioritize a detailed examination of sorption and
desorption mechanisms, a complete examination of the economic situation, a
study of techniques for regenerating interpolymer systems, and a broadening of
the scope of applied research. These efforts are necessary for a comprehensive
assessment of the potential for extracting praseodymium ions from secondary
sources and the introduction of large-scale industrial sorption processes.
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BEJICEHAIPUITEH HOH AJIMACTBIPFBILITAPMEH HHUTPAT EPITIHAIVIEPIHEH
MPA3ZEOJUM UOHJAPBIHBIH ’KAKCAPTBIJIFAH COPBLIUSICBI

T.K. JKymaoinos*, /.M. Muipzaéaii’, 3./1. Hopacumosa®
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Tyiiinaeme. Kipicne. byn 3eprrey «KY-2-8:AB-17-8» unreprnoianmepiik xyiiecinae opHanackan KY-2-8
(H* miunni) xone AB-17-8 (OH" mimiHi) cHAKTBl OelCEHIIpiAreH HMOH anMmacy LIaifbIpiapbIMEH
Mpa3eo MM HOHAAPBIHBIH COPOIMACHIH 3epTTeai. MOHIBIK TONTapAbIH MOJSPIBIK KaTbiHackl X:Y (6:0,
5:1, 4:2, 3:3, 2:4, 1:5, xone 0:6), conaH KeifiH nmpa3eoJuM HHUTPATBIHBIH €piTiHALIEpiHEe OaThIPbLIAIBI.
Tycinmipy YuiH wHHTepHONMMEp Kyiteci-Oyn Oip cynbel epiTiHmine opHamackaH, Oipak Tikenei
OaitlaHbIcChI3 OesceH i GYHKIMOHANIBI TONTAphl 0ap eki e3apa OaillaHBICKaH MOJUMEPIIEPIiH TipKeciMi.
JKymbic maxcamol. Bi3IiH 3epTTeyiMi3[iH MakcaThl - METaJIapJblH KEH CIEKTpiHIH (COHBIH imiHe
MPA3eoIUM) JKOHE OJIAp/bIH OHEPKACINTIK KaJIbIK EpITIHAUIEPIHEH KOCBUIBICTAPBIHBIH COPOLHMSACHIH
JKaKCapTy YIIiH Cy OPTAChIHIAFbI KAIBIKTHIKTAH ©3apa dPEKEeTTECY apKbUIbl (PYHKIIHOHAIIBI TOJUMEPIIEP
peTiHAe WOH anMacy MIadbIpIapblH OeJCeHAIpYAiH ocepiH Kepcery. Odicmep. Cynbl opTagarbl HOH
aNIMAaCTBIPFBILITAPABIH 63apa OelceHaipinyi KOH(GOPMAIMSUIBIK JKOHE HJIEKTPOXHMHSUIBIK ©3repicTepre
oKkenai, Oy OJapIblH J>KOFapbl MOHIAJFAH KYHre OTyiHe OKeNai, COMaH KeHiH MaKcaTThl MeTall
HMOHJapbIHA KATBICTBI COPOLMSUIBIK OCJICEHIUTIK Kakcapabl. Hamuoicenep oiwcone mankwiiay. bizmiH
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IKCHEPUMEHTTIK  HoTmkenepimiz  KVY-2-8:AB-17-8 (5:1) wuHTepmonumepinik kyieci mpaszeoqum
HMOHJIapbIHA KAaThICThI COPOLHSIIBIK OenceHaAimikTiH (43 %) alTapiblKTail ©CKEHIH KOPCETTI, aln 0acTanKsl
KVY-2-8 (6:0) »xone AB-17-8 (0:6) caiikeciniue 25 % xone 5 % xypaabl. Tyocoipeim. by 3eprrey Kypaeni
epiTiHIinepAeH KYHIBl MeTalJapAbl TUIMAI aly MYMKIHIIKTEpiH alla OTBIPBIN, MOH aJMAaCTBIPFBIII
LIapIpiapAbIH THIMAUTITIH apTTHIPYABIH XKaHA KOHE MEPCIeKTUBAIBI TICLTIHE XKapbIK Tycipeai. COHbIMEH
KaTap, 3epTTey KalAbIKTap[bl TYPAaKThl 0ackapy jKoHE pecypcTapibl KaiTa eHAey YIIIH HMpPaKTHKAJbIK
MaHbI3Fa He, OyJI 9pTYpIIi cananap/a KopliaraH OpTaHbl KOPFay MEH pecypcTap/ibl YHEMCY i xKaKcapTyFa
pIKnan ereni. MHTepnoaumepik xKyienaepai ofaH opi 3epTTey jKoHe OHTAWIaHABIPY SKOJIOTHSIIBIK JKOHE
pecypcTapabl YHEMACHTIH COPOLMSIIBIK TEXHOIOTHSIAPEIHBIH JaMybIHa alTapIIbIKTall yIec KOca anapl.

Tyiiinai ce3mep: HOH aIMaCTBIPFBILITAP, HHTSPIIOIUMED XKYHeci, akTHBAIUs, HUTPAT epiTiHIici, mporecc,
TexHonorus, copouus, ICP-OES, kanaplk KOHIEHTPAIMACHI, IPA3COIUM

Kymaoinos Tankwioex Koxcamaiiyno Xumus 2o1161MOapbIHBIY OOKMOPbL
Muipzaoan [Junapa Maackoizol Hnacenep-mexmnono2
Hopazumosa 3apema /laypenosna baxanasp

YJAYUIIEHHAA COPbBLHHUSAA HOHOB NPA3ZEOJUMMA HN3 HUTPATHBIX PACTBOPOB
AKTUBUPOBAHHBIMHA HOHOOBMEHHBIMH CMOJIAMHA

T.K. /Icymaounos’, .M. Muipzaébair’, 3./1. Hopazumoea®

Y40 «HUncmumym xumuyeckux nayk um. A.5. Bexmypoeay, Anmamui, Kazaxcman
240 «Kazaxcmancko-Bpumanckuii mexuuueckuil ynusepcumemy», Anmamot, Kazaxcman
“E-mail: zaribragimova@mail.ru

Pe3tome. Bsedenue. B naHHOM HCCIENOBAaHMM HM3y4anach COpOLMS HOHOB Tpa3eouMa TaKUMH
AKTHMBHPOBAHHBIMH HOHOOOMEHHBIMH cMosiaMu kKak KVY-2-8 (H* ¢opma) u AB-17-8 (OH¢opma),
HaAXOMSIINXCS B HHTEpHoNuMepHoOit cucteme "KVY-2-8:AB-17-8" ¢ MOJSIpHBIMEH COOTHOLICHHSIMHA HOHHBIX
rpynn paBubix X:Y (6:0, 5:1, 4:2, 3:3, 2:4, 1:5, u 0:6), nanee morpykaeMbIX B PacTBOPbl HHUTpaTa
npaseoxuMa. JlIs TMOSCHEHWsI, MHTEPIOJMMEpHAs CHCTeMa MpENCTaBiseT co00i KOMOMHAIMIO ABYX
CIIUTBIX MOJUMEPOB C AKTUBHBIMH (DYHKIIMOHAJIBHBIMU TPYINIAMH, HAXOISIIMMUCS B OIHOM H TOM JKe
BOJIHOM pacTBOpe, HO 0e3 MpsIMOro KOHTaKTa. []ens HAIEro UCCIENOBaHUS - AEeMOHCTpanus >ddexra
aKTHBAllMM HOHOOOMEHHBIX CMOJI KaK (DYHKUMOHAIBHBIX IOJIMMEPOB IYyTEM HX JHCTAHIMOHHOTO
B3aUMOJICHCTBHSL B BOAHOI cpele Uil yJIydIIeHHs COPOIMU IIMPOKOTO CIIEKTPa LENEBBIX METAJIOB
(BKJIFOYAsl IPa3e0AMM) U UX COEJIMHEHHH U3 PaCTBOPOB MIPOMBIIIICHHBIX OTXO0J0B. Memoodonozus padoThl
3aKJII0YaAJIach B TIPOBEACHUN B3aMMHOH aKTUBAallMM HOHOOOMEHHHKOB B BOJHOH Cpeze sl PUBEICHUS X
K KOH(GOPMAIIMOHHBIM M 3JEKTPOXUMUYECKUM H3MEHEHMSIM, C TOCIEAYIOIUM IIePeX0A0M BO
BBICOKOMOHM3UPOBAHHOE COCTOSIHUE M YJY4IICHHOH COpPOLMOHHO¥M AKTHBHOCTHIO IO OTHOIICHHIO K
HMOHaM LIEJIEBOTO MeTajula Ipaseoauma. Pesyabmamost u 06cysicoenue. IKCIEPUMEHTAIBHbIE PE3yJIbTaThl
MOKa3aJii, 4TO MHTepnonuMmepHas cucrema KY-2-8:AB-17-8 (5:1) npomeMoHCTpUpOBaia 3HAUHTEIBHOES
yBEJIMYEHHE COPOILMOHHOM akTUBHOCTH (43 %) MO OTHOIICHHIO K MOHAM Ipa3eoinMa, B TO BpeMsl Kak
aHaAJIOTMYHBIE 3HavyeHus g ucxonHbix KVY-2-8 (6:0) u AB-17-8 (0:6) cocraBumu 25 % u 5 %,
COOTBETCTBEHHO. 3axniouenue. JlaHHOE UCCIIEIOBAaHUE MPOJIMBAET CBET HA HOBBIH M MHOrooOemIaromHit
MOAXOA K TOBBIICHUIO S(G(PEKTHBHOCTH HOHOOOMEHHBIX CMOJUI, OTKPBIBas BO3MOXXHOCTH JUISt
3¢ PEeKTUBHOTO M3BJICUCHHUS IIEHHBIX METAUIOB U3 CIOXHBIX pacTBOpoB. Kpome Toro, mcciemoBaHue
MMeEeT MpPaKTHYECKOe 3HAa4YEHHE JUI yCTOWYMBOTO YINpPAaBJICHUsS OTXOJAaMH M BTOPUYHON mepepaboTKH
pecypcoB, CIIOCOOCTBYS! YIIyUIISHHIO OXPaHbl OKPY’KarolIei cpelibl U pecypcocOepemeHnst B pasIMIHbIX
OTpacisIX MPOMBIIUICHHOCTH. JlajbHeIIe UCCaeIoBaHusI U ONTHMH3ALHS HHTEPIOJIMMEPHBIX CHCTEM
MOTYT TPUBHECTH CYIIECTBEHHBIH BKJAJl B Pa3BUTHE OoJiee DKOJOTMUECKHX M PECcypcocOeperaroimx
COpOLIMOHHBIX TEXHOJIOTHH.

KiouyeBble ci0Ba: HOHOOOMECHHBIC CMOJBI, WHTEPIIOJIMMEpHAs CHCTEMa, AKTHBALHS, HHUTPATHBIH
pactBop, nporiecc, TexHosorus, copouusi, ICP-OES, octaroynas KOHIIEHTpauus, Npa3eoanM

48


mailto:zaribragimova@mail.ru

ISSN 1813-1107, eISSN 2710-1185 MNe 4,2023

Jorcymaounoe Tankwioex Koycamaesuu Jlokmop xumuueckux Hayx
Muipzaban [lunapa M>aCkoizsl Unorcenep-mexnonoz
Hopazumosa 3apema /laypenosna bakanasp

References

1. Barbosa L.P., Takiishi H., Faria, R.N. //The effect of praseodymium content on the
microstructure and magnetic properties of PrFeCoBNb HDDR magnets. J. Magn. Magn. Mater., 2004,
270(3), 291-297. DOI: https://doi.org/10.1016/j.jmmm.2003.08.026

2. Damdee B., Kirdsiri K., Kaewkhao J. //Studies of luminescence properties of praseodymium ions
in gadolinium barium borate-based glasses for reddish-orange lighting applications. Mater. Today:
Proceedings, 2021, 43, 2516-2524. DOI: https://doi.org/10.1016/j.matpr.2020.04.611

3. Ahmad H., Nizamani B., Samion M.Z., Yasin M. //Wideband ultrafast mode-locked
Praseodymium- and Erbium-doped fiber lasers using zinc phosphate at 1.3- and 1.5 pm. Opt. Fiber
Technol., 2023, 76, 103241. DOI: https://doi.org/10.1016/j.yofte.2023.103241

4. Omodara L., Pitkdaho S., Turpeinen E.-M., Saavalainen P., Oravisjarvi, K., Keiski R.L.
/IRecycling and substitution of light rare earth elements, cerium, lanthanum, neodymium, and
praseodymium from end-of-life applications - A Review. J. Clean. Prod. 2019, 236, 117573. DOI:
https://doi.org/10.1016/j.jclepro.2019.07.048

5. Dardona M., Mohanty S.K., Allen M.J., Dittrich T.M. //From ash to oxides: Recovery of rare-
earth elements as a step towards valorization of coal fly ash waste. Sep. Purif. Technol. 2023, 314,
123532. DOI: https://doi.org/10.1016/j.seppur.2023.123532

6. Jumadilov T., Utesheva A., Grazulevicius, J., Imangazy, A. //Selective sorption of cerium ions
from uranium-containing solutions by remotely activated ion exchangers. Polymers, 2023, 15(4), 816.
DOI: https://doi.org/10.3390/polym15040816

7. Leén-Venegas E., Vilches-Arenas L.F., Fernandez-Baco, C., Arroyo-Torralvo F. //Potential for
water and metal recovery from acid mine drainage by combining hybrid membrane processes with
selective  metal precipitation. Resour Conserv  Recycl, 2023, 188, 106629. DOI:
https://doi.org/10.1016/j.resconrec.2022.106629

8. Chauhan M.S., Rahul A.K., Shekhar S., Kumar, S. //Removal of heavy metal from wastewater
using ion exchange with membrane filtration from Swarnamukhi River in Tirupati. Mater. Today:
Proceed., 2023, 78, 1-6. DOI: https://doi.org/10.1016/j.matpr.2022.08.280

9. Jumadilov T.K., Malimbayeva Z.B., Khimersen K., Saparbekova I.S., Imangazy A.M.,
Suberlyak, O.V. //Specific features of praseodymium extraction by intergel system based on polyacrylic
acid and poly-4-vinylpyridine hydrogels. Bull. Karaganda Univ. Chem. Ser., 2021, 103(3), 53-59. DOI:
https://doi.org/10.31489/2021Ch3/53-59

10. Yskak L.K., Jumadilov T.K., Totkhuskyzy B., Zhambylbay N.zZh., Myrzakhmetova N.O. //
Sorption of lanthanum ions by the interpolymer system based on industrial ion exchangers « Amberlite IR-
120:AV-17-8». Reports of NAS RK, 2021, (4), 137-142. DOI: https://doi.org/10.32014/2021.2518-
1483.70

11. Bashir A., Malik L.A., Ahad S., Manzoor T., Bhat M.A., Dar, G.N., Pandith A.H. //Removal of
heavy metal ions from aqueous system by ion-exchange and biosorption methods. Environ. Chem. Lett.,
2018, 17(2), 729-754. DOI: https://doi.org/10.1007/s10311-018-00828-y

12. Araucz K., Aurich A., Kotodyniska, D. //Novel multifunctional ion exchangers for metal ions
removal in the presence of citric acid. Chemosphere, 2020, 251, 126331.
https://doi.org/10.1016/j.chemosphere.2020.126331

13. Kotodynska D., Fila D., Hubicki Z. //Evaluation of possible use of the macroporous ion
exchanger in the adsorption process of rare earth elements and heavy metal ions from spent batteries
solutions. Chem. Eng. Process - Process Intensif., 2020, 147, 107767. DOIL:
https://doi.org/10.1016/j.cep.2019.107767

14. Wong C.-W., Barford J.P., Chen G., McKay G. //Kinetics and equilibrium studies for the
removal of cadmium ions by lon Exchange Resin. J. Environ. Chem. Eng., 2014, 2(1), 698-707. DOI:
https://doi.org/10.1016/j.jece.2013.11.010

15. Wolowicz A., Staszak K., Hubicki Z. //Static sorption of heavy metal ions on ion exchanger in
the presence of sodium dodecylbenzenesulfonate. Adsorption, 2019, 25(3), 393-404. DOI:
https://doi.org/10.1007/s10450-019-00014-8

49


https://doi.org/10.1016/j.jmmm.2003.08.026
https://doi.org/10.1016/j.matpr.2020.04.611
https://doi.org/10.1016/j.yofte.2023.103241
https://doi.org/10.1016/j.jclepro.2019.07.048
https://doi.org/10.1016/j.seppur.2023.123532
https://doi.org/10.3390/polym15040816
https://doi.org/10.1016/j.resconrec.2022.106629
https://doi.org/10.1016/j.matpr.2022.08.280
https://doi.org/10.31489/2021Ch3/53-59
https://doi.org/10.32014/2021.2518-1483.70
https://doi.org/10.32014/2021.2518-1483.70
https://doi.org/10.1016/j.chemosphere.2020.126331
https://doi.org/10.1016/j.cep.2019.107767
https://doi.org/10.1016/j.jece.2013.11.010
https://doi.org/10.1007/s10450-019-00014-8

KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUH XYPHAJI KA3AXCTAHA

16. Helfferich, F.G. lon Exchange. — 1995. - Dover.

17. Jumadilov T., Yskak L., Imangazy A., Suberlyak, O. //lon exchange dynamics in cerium nitrate
solution regulated by remotely activated industrial ion exchangers. Materials, 2021, 14(13), 3491. DOI:
https://doi.org/10.3390/mal4133491

18. Binnemans K., Jones P.T., Blanpain B., Van Gerven T., Pontikes Y. //[Towards Zero-waste
valorisation of rare-earth-containing industrial process residues: A critical review. J. Clean. Prod., 2015
99, 17-38. DOI: https://doi.org/10.1016/j.jclepro.2015.02.089

19. Jha M.K., Kumari A. Panda R., Rajesh Kumar J, Yoo K., Lee J.Y. Review on
hydrometallurgical recovery of rare earth metals. Hydrometallurgy, 2016, 165, 2-26. DOI:
https://doi.org/10.1016/j.hydromet.2016.01.035

20. Nastasovi¢ A., Markovi¢ B., Suru¢i¢ L., Onjia A. //Methacrylate-based polymeric sorbents for
recovery of metals from aqueous solutions. Metals, 2022, 12(5), 814. DOI:
https://doi.org/10.3390/met12050814

21. Beaugeard V., Muller J., Graillot A., Ding X., Robin J.-J., Monge, S. //Acidic polymeric
sorbents for the removal of metallic pollution in water: A Review. React. Funct. Polym., 2020, 152,
104599. https://doi.org/10.1016/j.reactfunctpolym.2020.104599

22. Czuprynski P., Plotka M., Glamowski P., Zukowski W., Bajda, T. /An assessment of an ion
exchange resin system for the removal and recovery of Ni, Hg, and Cr from wet flue gas desulphurization
wastewater - a pilot study. RSC Advances, 2022, 12(9), 5145-5156. DOI:
https://doi.org/10.1039/d1ra09426b

23. Imangazy A., Jumadilov T., Khimersen K., Bayshibekov A. Enhanced sorption of europium and
scandium ions from nitrate solutions by remotely activated lon Exchangers. Polymers, 2023, 15(5), 1194.
DOI: https://doi.org/10.3390/polym15051194

24. Jumadilov T. K., Imangazy A.M., Khimersen K., Haponiuk, J.T. Remote interaction effect of
industrial ion exchangers on the electrochemical and sorption equilibrium in scandium sulfate solution.
Polym. Bull., 2023. DOI: https://doi.org/10.1007/s00289-023-04800-x

50


https://doi.org/10.3390/ma14133491
https://doi.org/10.1016/j.jclepro.2015.02.089
https://doi.org/10.1016/j.hydromet.2016.01.035
https://doi.org/10.3390/met12050814
https://doi.org/10.1016/j.reactfunctpolym.2020.104599
https://doi.org/10.1039/d1ra09426b
https://doi.org/10.3390/polym15051194
https://doi.org/10.1007/s00289-023-04800-x

ISSN 1813-1107, eISSN 2710-1185 MNe 4,2023

Chemical Journal of Kazakhstan
Volume 4, Number 84(2023), 51-62 https://doi.org/10.51580/2023-4.2710-1185.39

V]IK 631.85

OBTAINING POTASSIUM-CONTAINING FERTILIZERS FROM
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Abstract: Introduction. The integrated use of mineral raw materials based on the processing of
industrial waste is one of the most important tasks of modern technologies. In the phosphorus industry,
such a problem is the disposal of toxic phosphorus-containing waste for fertilizers. The purpose of this
work is to obtain potassium-containing fertilizers from phosphogypsum and cotrel “milk” filtrate. Results
and discussion. Analysis of the results showed that from the technogenic waste of the phosphorus industry
- filtrate of cotrel "milk™ and gypsum using the acid method under ammoniation and drying conditions, it
is possible to obtain fertilizers with a high potassium content, in which the sum of the nutritional
components is represented by P, K and N. In terms of properties, the optimal fertilizers are products
containing total P.Os at the level of enriched superphosphate and simple superphosphate. Conclusion. The
possibility of obtaining potassium-containing phosphorus fertilizers with a high content of K20 (6.9%)
from the filtrate of cotrel “milk” and phosphogypsum, in which practically P2Os is in a water-soluble form
(97.5-97 rel.%), has been shown. It has been established that during the complex processing of cotrel
“milk” by the acid method under drying conditions to obtain potassium-containing phosphorus fertilizers,
the sum of the nutritional components is P20s+ KO+N 17.29-77.3%. Thus, from the filtrate of cotrel
“milk” and phosphogypsum, potassium-containing phosphorus fertilizers were obtained containing total
P2Os at the level of simple and enriched superphosphate, the phosphate part of which is represented
almost entirely by the citrate-digestible form of P2Os.
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MOJIYYEHUE KAJTAMCOJEPKAIIUX YIOBPEHU U3 OTXO/I0B
®OCP®OPHOM MPOMBIIIJIEHHOCTH

P.M. Yepnaxosa® , I.IIl. Cynmanéaeea™, P.A. Kaitvinoaesa', Y.JK. /[ncycunoexos’,
K. /1. Beparcanog*, I.O. Byzybaesa®

Y40 «HMncmumym xumuyeckux nayx umenu A.B. Bexmypoeay, Anmamor, Kazaxcman
2Anmamunckuti mexnonozuveckuii yuusepcumem, Anmamot, Kazaxcman
“E-mail: sultanbaeva@mail.ru

Pe3rome: Bsedenue. KoMInekcHOe HCIIONB30BaHHE MHUHEPAIBHOTO CHIPhS Ha OCHOBE HeEpepabOTKH
MIPOMBILUICHHBIX OTXOJOB — OJHa M3 BaXXHEHINUX 3a/a4 COBPEMEHHBIX TexXHOJOruil. B ¢ocdopHoit
MIPOMBIIUICHHOCTH TAaKOH MPOOJIEMOH SIBISETCS yTHIM3ALUS TOKCHYHBIX (hocdopcoaepkalinx 0TX0J0B
Ha ypoOpenws. [leavio Oamnoul pabomel SBIACTCA  TOJMYYCHHS KaJMHCOIEpXKAIIMX YHAOOpeHHH u3
¢bocdorurca u GUIbTpaTa KOTPEILHOIO «MOJIOKaY. Pezynbmamsl u obcyscoeHue. AHANIN3 TTOTyYSHHBIX
pe3yJbTaTOB IOKa3aj, 4YTO M3 TEXHOTEHHOro oTxoaa (ocopHO#l MPOMBIIUICHHOCTH — (QHUIBTpaTa
KOTPEJILHOTO «MOJIOKa» M THUIICA KUCIOTHBIM METOJOM B YCJOBHSX aMMOHH3AlMH W CYIIKH MOXXHO
[OJTy4aTh YAOOPECHHS C BBICOKHM COJICPIKAHHEM Kalsl, B KOTOPBIX CyMMa IUTATEIbHBIX KOMIIOHEHTOB
mpencrasiera P, K u N. Ilo cBoiicTBamMm  ONTUMAanbHBIMH YAOOPEHHUSIMH SIBISIFOTCS MPOIYKTHI
conmepxkanreM obmiero P20Os Ha ypoBHe oboramennoro cynepdocdara u mpocroro cymepdocdara.
3axmouenue. IlokazaHa BO3MOXKHOCTH IIONydYeHHS Kanuiconepxammx (GochopHBIX yIoOpeHui c
NoBbIEHHBIM cozepxkanueM KoO (6,9%) u3 ¢uiubTpaTra KOTPENBHOTO «MOJOKa» W ¢ocdorumnca, B
KoTopbIx mnpakTuuecku P20s Haxoautest B BogopactBopumoit popme (97,5-97 otH.%). YcraHOBIIEHO, 4TO
IPU KOMIUIEKCHOH HepepaboTKe KOTPEIBHOTO «MOJIOKa» KHMCJIOTHBIM METOJOM B YCIOBHUSX CYLIKH C
MoJlydeHneM  Kanuiconepkammx  (ocopHbIX  yHAOOpeHHH CyMmMMa MHTATENbHBIX KOMIIOHCHTOB
cocraBmsier P20s+ KoO+N17,29-77,3%. Takum oOpasoMm, M3 (GHIBTpaTa KOTPEJIBHOIO «MOJIOK» H
¢dochorumncamnonyueHsl kaauicoaepxkame (ocdopHbie ynodbpenus ¢ comepkanuem obmero P20s Ha
YpPOBHE TpOCTOro M oborameHHoro cymnepdocdara, QocdarHas dYacTh KOTOPBIX MpEACTaBICHA
MIPAaKTUYECKH TOJHOCTBIO IIUTPATHOYCBOsieMOoit (hopmoii P20s.

KioueBble cj10Ba: KOTpeIbHOE «MOJOKO», (HOCHOPHO-KUCIOTHOE DA3IOKEHHE, KaluicoepiKamas
BBITSDKKaocdorurc, cynbdaT Kaabius

Pauca Muxaiinoena Yepnuaxosa Jlokmop mexnuueckux Hayk, npogheccop

T'uma Illamunveena Cynmanoaesa Kanouoam mexnuueckux Hayx

Paywan Anuberxoena Kaitvinoaesa Kanouoam mexnuueckux Hayx

Ymupzax Kymacunosuu Kycunoexos Ynen-xopp. HAH PK, npogheccop, doxmop
MEXHUYECKUX HAYK

Keme-Toneou /Jlocoimancanosuu beprcanos Huoicenep

TI'yanap Ocnanaxvinosna Byzyoaesa Kanouoam xumuyeckux Hayk

1. BBenenue

AHanmu3 TeHICHLWHU NPUMEHEHHs MHUHEpaJIbHbIX ynoOpenuid B Kazaxcrane
[IOKa3bIBAa€T, YTO MPEMMYIIECTBEHHOE IOJIO)KEHHE IO  TIOCTaBKE U
MCIIOJIb30BAHHUIO  3aHMMAIOT a30THbIe ©  (ocdopHbie ymoOpenus [1-7].
3HAUNTENBHO peXe MPUMEHSIOTCS KanuiiHele ymoopenwus. [locnemnee o6crosT-
€JIbCTBO, B CBOIO OuYepelb, MOXXHO OOBACHUTH OTCyTcTBHEeM B Kaszaxcrane
3aBOJIOB 110 MPOM3BOJCTBY KaTUHHBIX ymoOpeHuid. Kanuii sBIsSETCS KIIHOUEBBIM
AJIEMEHTOM, PETYJMPYIOIIUM OallaHc BOJBl B KieTKax pacteHuit. OH Takxke
y4acTByeT B CHHTe3€¢ (DEPMEHTOB, YIJICBOJOB W OCJKOB, 4YTO JENAeT €ro
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HE3aMEHUMBIM IS HOPMAJIbHOTO (DYHKIIMOHUpPOBaHHs pacTeHud. CyIiecTBYIOT
CHOCOOBI TOJyYCHHS CIIOXKHBIX YIOOpEHHH Ha OCHOBE a30THO-KHCIIOTHOHW, a
TaKXKe a30THO-CEPHOKUCIOTHOH U a30THO-()OcOpHOKHCIOTHON mepepaboTku
(hocdaTtHOTO CBHIPBS C BBEIEHHEM, B TOM 4HCIe, conu Kanmsa. OOpasyromiiecs B
pe3ynpTaTe 3THUX THpoIeccoB ynoOpeHus (HATpohoc(KH)) XapaKTepH3yHTCA
pa3nu4HbIM (Da30BBIM COCTABOM, 3aBUCSIIMM OT crmocoba momydenus [8]. [pu
BBEJICHUM B TaKWe CHUCTEMBI KapOaMuaa TMOJIydaroTCs CJIOXKHBIE YIOOpeHHs
(xapO6oHUTPO(OCKH) ¢ TOBBIMICHHBIM COACPKAHUEM a30Ta W BOJAOPACTBOPHUMBIX
¢docdaros [9]. UzyueH ¢a3oBblii cocTaB U QHU3MKO-MEXaHUYECKHE CBOiicTBa NP-
u NPK-ynoOpenuii, momy4yeHHBIX Ha OCHOBE aMMOQoca. Y CTaHOBICHO, YTO IS
MONMYYCHUSI KOMIUICKCHBIX ynoOpeHuid u3 amModoca C YpPaBHOBEUICHHBIM
COCTaBOM, XOPOITUMH (bU3NKO-MEXaHUUECKIUMU CBOWCTBaMH,
MPEAIOYTUTEIHHBIM SIBISIETCS] BBEJICHHE OJJHOTO a30TCO/ICPIKAIIEro KOMIOHEHTA -
aMMOHUWHOW CeNMUTPHl WK KapOammuia, a He ux cMmecu. KomrmekcHsie NP- u
NPK-ymobpennss Ha oOcHOBe amMModoca MPEICTaBIAIOT COOOW  MHOTO-
KOMITIOHEHTHBIE CHCTEMBI, B COCTaB KOTOPBIX BXOJAT KHCIbIe pochaThl aMMOHHS,
KaJusl, KaJus- aMMOHUS; Cylb(GaThl Kajus, Kalus-aMMOHUs, KapOaMHI U €ro
COCJIMHEHHS C TIPUCYTCTBYIOIUMH COJISIMH; XJIOPHIBI aMMOHHS W Kanus. YKa-
3aHHBIC BEIIECTBA OKA3bIBAIOT CYIIECTBEHHOE BIMSHUC HA (U3UKO-MEXaHUUECKHE
CBOWCTBAa KOHEYHOTO MPOAYKTa M MOTYT MPUCYTCTBOBATh B YIAOOPEHHSX B BHIE
VHANBUIYAITbHBIX COSTUHEHNN U TBEPABIX pacTBOPOB [10].OCHOBHBIM KaIMHHBIM
ynoOpenueM octaetcst xiuopuj kKaius, C1-HOH KOTOPOro OTPHUIIATEILHO BIHSET
Ha pa3BUTHE MHOTHX KynbTyp. Hambonee mnoaxonsmuMu —KalUAHBIMA
ynoOpeHusIMH, OCOOEHHO ISl TUIOJOBO-SITOJHBIX KYIBTYp, siBisttorcss KoSOsn
K2SO<MgSO<nH,SO.(kamumaruesust), cojepkaiiie Kaauid, Mmarauid u cepy [9].
OpHako cyliecTBoBaBliee panee mpousBoacTso KoSOs Ha
ocHoBeBbicokoTemiieparyproit (700-800 °C) xoueepcuu KC1 cepHoii kucioToi
OBUIO TOCTATOYHO OMACHBIM KaK B MPOU3BOJCTBEHHOM, TaK U B KOJOTHUECKOM
acreKTax.

«Kunkodaznas» kouBepcust KCI1mo3BonsieT OCYHIECTBISATH MPOIECC MpPH
OTHOCUTENIbHO HHU3KHUX Temmeparypax (60-200°C), HO mpu 3TOM MOJIydyaeTcs
kucnas coinb KHSOy, koTopast He MOXKeT OBITh HCIIOIb30BaHa HETIOCPEICTBEHHO B
kadectBe ynoopenus [10]:

KCI +H2S04= KHSO,+ HC1

B paborax [11] ¢ 1enbl0 MOJy4eHUS KOMIUIEKCHBIX OECXJIOPHIHBIX
KOMIUICKCHBIX ~ KalMHCOAepKalluX  YAOOpeHWH  NpEeAsioKEeHBl  CHOCOOBI
nepepabotku  noaynpoaykra (KHSOs) pasznudHbIME — «HEHTpaaH3aTOpamMm.
[Ipennoxen aedurutHb nperunuraT (CaHPO.). Kpome Toro, B 60i1bIIMHCTBE
paboT NpaKkTUYECKH HET JAaHHBIX 00 arpOXUMHUYECKOM APPEKTHUBHOCTH.

B pesynbrare onbiToB 1o xunkodasnoit konsepcuu KCl pactBopom cepHoit
KHCJIOTBl yCTAaHOBJIGHO, YTO HeWTpanu3amus o0pa3oBaBIIErOCsS MOJTYIPOIYKTa
(KHSO4) dochopurom u kapOOHATHOM MOpOAOH (MIH HMPOIYKTaMH €€ O0KHUra)
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Mo3BOJISIET MONy4nuTh KoMiuiekcHble PK- u KMg - ymobOpenus. IlokazaHo, 4Tto
MyTeM M3MEHEHHs COCTaBa KayCTHUECKOrO MarHe3uTa WM JOJOMHTA
(BapprupoBaHHEM YCIOBHH OOXWra), MOXHO moxyduTs KMg-ymoOperne c
peryaupyeMoii CKOpoCcThio pacTBoperus [11].

[Tpu nepepaboTredochopcoaepKamnx 0TX0I0B, B YACTHOCTH KOTPEIBHOTO
«MOJIOKaY (hocOpHO-KUCITOTHBIM  pa3NioKEHHEMB (QHIbTpaTe 0oO0pasyercs
Kanuiicogepxamas BbITsDKKA. Kanuiicogepkamas BBITSDKKA  XapaKTEPH3YeTCs
MOBBIILIEHHBIM cozepxanueM kanus (4.7%), a conepxkanune P,Os gocturaer 2.5%.
Hammawe P>Os uw  KyO mo3Bomsier BOBIEKaTh €€ IS TONYyYEHUS
cI0XHO(GOCPOPHBIX yIOOpPeHHH U3 KPYMHOTOHHAXHOTOTEXHOT€HHOTO OTXO0Ja —
¢docdorunca. Hammuue B pocdorunce P20s u KoO mo3BosisieT BoBiIeKaTh €ro s
MOJIydeHUs1  cloKHOPOCHOpHBIX  yAoOpeHuit. [y monaydeHus ymoOpeHwHi
ucrons3oBam  (ocorurc, OCHOBHOW (ha30il KOTOpOro sBIsETCS cynbdar
kanpiust CaSQOy4. KanwmifHas BBITSDKKA, TaKKe M3BECTHAS KaK DKCTPAKIUS KaJwsd,
SBIISIETCSL ONHOW M3 caMbIX 3(P(EKTUBHBIX M IIHUPOKO HCIONB3YEMBIX METOJOB
MOBBIIIICHHS COIEPXKaHuUsI Kanus B mouse [11].

Hamu mpoBommmmch pa®oThl MO TONY4YeHHWIO yAoOpeHuil m3 Qocdorurca
(cymehaTa KanbIusa ¥ KaTUHCOAESPIKAIIEH BBITSDKKH).

2. JKcnepuMeHTAJbHAA YaCTh

B pabGore ucnonp3oBamu (UIBTPAT KOTPEIBLHOTO «MOJIOKay: 3.1% P.Os;
4.66% K>0; 0.03% CaO; 0.01% MgO; cepuyro kucnory (34.5 - 92.8) %, mapku
«x.4.»; (ocdopuyto kucnory (18 — 52)% mo P,Os, Mapku «X.4.» U a30THYIO
kucaoty (10 — 35)%, Mapku «x.4.».

OneHKy yAO0OpUTENBHBIX CBOMCTB MOJYYEHHBIX MPOIYKTOB IPOBOAMIN MO
cogepxaHuto B Hux obmero P,Os, Bomo-, UMTpaTHO-,  COJISTHO-
nuMoHHOpacTBopuMoro P20s, a Takxke ycBosiemoro P2Os.

Ompenenenne ob6mero P>Os mpoBOAMIN BECOBBIM METOIOM OCAXKICHHUEM
¢dochopa pactBopom Barnepa u (HOTOKOJIOPUMETPUYECKHUM METOAOM Ha
¢dotokomopumerpe KDK-3 B  Bume xenroro QochopHOBaHATUEBO -
mosmbaeroBoro komriekca [12, 13]. Conepxanue ycBosiembix ¢opm P.Os B
pactBope Tpuiona b, B Bone, 0.4 % constHOU KHCIOTE, 2 % JTUMOHHON KHCIIOTE
no ™eroauke [14], a comepkanme KoO — ompenensii IIaMeHHO —
¢doromerpruueckum MetonoM Ha [TAXK-1 (mmameHHOM aHanM3aTOpe KUIKOCTH) B
wiaMeHn mnponana. WK-crekTpbl CHHMaiM Ha JIBYJIyY4eBOM HWH(PpPaKpacHOM
cnekrpoporomerpe  Nicolet 5700 FT-IR B  o6mactu  400-4000 cm™.
Pentrenorpammel caumanu Ha gudpakromerpe JPOH-3 ¢ ucnons3oBanuem Cu
Ko-m3mydenns, cuna Toka - 20mA, mampsbkenume — 25 kV, 1000i, 2.5 cexk.
CojeprkaHue aMMHAYHOTO a30Ta OMpeaessuTi (hopMaibaerHaHbIM MeToIoM [15].

[lonyyenne ynoOpeHuil u3 cynbdpara KaubUus MW KaJuiicoAepiKamien
BBITSDKKM ~ OCYILECTBISUIM — cienyommM  obpazom. Cynbdara Kampous B
konmdecTBe 10r cMemmBanmym C Kaauicoaep:Kalled BBITSDKKOM W3 pacdera Ha
MOJydeHWe TOTOBOTO mpoaykra ¢ coaepxkanueM 9-10.5% KO, cmech
ammoHmsupoBaiu 10 pH 3.5-4.0 u cymmmnu npu 100°C 10 oCTOSHHOTO Beca.
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3. Pe3yabTaTtsl U o0Cy:KIeHUE

[Tomydennsie ymoOpeHns UMEIOT BBICOKOe cojepxkanne KoO (tabmmma 1,
ombiThl No 1, 2). Ananu3 momydeHHoro mpoxaykra (ombiT Ne 1, Tabmuma 1)
MOKa3zaj, YTO B TOTOBOM YJIOOPEHHH [OCTHTaeTCs JJOCTAaTOYHO BBICOKOE
coxepxkanue obmiero P2Os (11.9%), KoTopast TOJIBKO YaCTUYHO MPEICTABICHA B
ycBosiemoil B Tpiwiione b pome (Kyeprps = 23.50TH.%). [lo-BuauMomy mpu cyuike
Haxomsmmecss B (QWIbTpaTe  KOTPENBbHOTO  «MOJIOKa»  KOMIIOHEHTHI
B3aMIMOZCHCTBYIOT MeXay coboii. OOpasyrommecs HOBBIE MPOAYKTHI, a TaKKe
pactBopuMble monndochaTHbIe COCAMHEHHs, Npexae Bcero nomudocdaTs
KaJusi, TPUCYTCTBYIOIIME B (QHUIbTpaTe KOTPEIBHOTO «MOJIOKa», B TIpolecce
CYIIIKA KPUCTAJUTU3YIOTCS, BCICJACTBHE YEr0 B TOTOBOM HPOAYKTE OTCYTCTBYIOT
BogopacTBopuMbie hopmbl P2Os.

JlobaBka cepHOM KUCIOTHI (64%) win a30THOM KuciaoThl (40%) B cMech U3
cynpdaTta KanblHuid W KaIWHCOJEpIKaIleld BBITSDKKH pa3yO0KMBAET MPOIYKT II0
comepkanmro obmero P>Os B 3.2 pasa, dYro JemaeT OSKOHOMHYECKH
HEIEJIeCO00Pa3HBIM MPOLIECC MONyYeHUs ynoopeHuid (onbiThl Ne 2, 3 u 4).

Bonee KOHILIEHTPUPOBaHHBIME 1O coaepkaHuio P.Os momydeHsl yao0peHus
mpu  jgobaBke (ocPopHOW KHCIOTHI K CMecH cynb(dara Kamblus C
Kanmiicogepxkame  BHITsDKKOWM. C  1enpl0  BOBICYEHHS B MPOIIECC
AKCTPAKIUOHHON (OCHOPHOH KHCIOTHI B OIBITAX HCIONB30BAIN (HOCHOPHYIO
KUCIOTY Hu3KOH KoHumeHTtpaumu (18% mo P20s). Ilomyuens! ymoOpenust c
conepkanuem obmero P,Os Ha ypoBHe oOorameHHOTO (OmbIThl Ne 5 u 6,
P20s=37.9-33.7%) wu mpoctoro (omeir Ne 7, P20s=16.3%) cynepdocdara
(tabmuma 1).

Kak BugHO m3 Tabnumel 1, ynoOpenus tuma oborameHHOTo cyrepdocdara
(37.9-33.7% P,0s) xapakTepus3yroTCS  BBICOKHM COJEPYKAHUEM YCBOSEMBIX
dochatoB B Bome (Kyes 5= 93.2-96.30TH.%), Tpmimone b (Kyczrmps= 96.6-
98.801H.%) 1 2% numonHo# kucnore (Kycs = 87.5-94.501H.%), a Taxxke azora (9-
11%) u mnoBeimeHHBIM coxaepxkanueM KoO (4-6%). Ilpm sToM yMeHblLIeHHE
pacxona docdopHoit KuciIoThl B 1.5 pa3a (onbiT No 6) MOBBIIIAET COJCPIKAHKE
K20 B 1.6 pa3za.

PaznoxxeHnem cmecu rTHnca ¢ QUIBTPATOM KOTPEIHHOTO «MOJIOKA
pacueTHBIM KOIM4ecTBOM (HOC(OpHOI KUCIOTHI C MOCeyoNneld aMMOHH3aIIueH
kucior mymenel g0 pH 3.5-4.0 um ee cymkor mpu 100-115°C momydeno
ynoOpenue coaepxkanueM oOmero P>Os Ha ypoBHe mpocroro cymepdocdara
(16.3%, ombir Ne 7). B momydenHoMm ymoOpenun P>Os HaXOmUTCs MPaKTHYECKU
Bcss B nutpatHoycBosiemoit gopme (K 5=97.60TH.%), Ha 58.30TH.% B
JTUMOHHOpacTBopuMoi U Ha 38.00TH.% B BojiopacTBOpuMOii (hopMax.

JanpHeiiimme oONBITEI OBUIM CBSI3aHBI C yBEJIMUYCHHWEM COJACPKaHHUA B
ynoOpenusix BogopactBopumoii P2Os. B cmecs rumca ¢ GuibTpaToM KOTPEIHHOTO
«MOJIOKa, B3SITHIX B TE€X K€ COOTHONICHUSX, 4TO U B onbiTe Ne 7, nobaswmmu 40%-
HYI0 a30THYIO KHCIOTy. B pesynprare mnomydeHo ymoOpeHue, B KOTOPOM
cojiepkanue BomopactBopumoin PoOs Bospocio B 2.4 paza (Kux=91.10TH.%), a
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JTUMOHHOpacTBOpuMoOi yBennuuiaock Ha 21.50TH.% (Kuump.=79.840TH.). OmHako
conepkanue oomero Po.Os ymensmminocs ¢ 16.3% mo 12.4%.

Ta6auna 1 — CBoiicTBa MOTyYEHHBIX MPOYKTOB

Ne COOTHOILIEHHE CooTHouI-e P20s, Kyes.,0TH.% K20,% Nanm
HCXOIHBIX N:P20s:K20 o, Y0 %

KOMIIOHEHTOB B IIPOYKTE B B aum. | Onpe Pac

BOJIE TPWIIOHE | pacT . .

b

1 CaSO4:punbTp.K 4:12:9 11.9 oTC 2.8 oTC 8.8 10 4.0
M=1:1.9

2 CaSO,:¢pmeTp.K 6.7:3.7:8 3.7 2.2 3.7 2.8 7.9 9.0 6.7
MZH2504=1:3.6:1

3 CaSO,:punbtp.K 7.4:3.9:34 3.9 oTC oTC oTC 34 10.0 74
M:H2504:HNO3=
1:6.6:1.1:04

4 CaSO,:¢pmeTp.K 7.9:3.6:6.9 3.6 25 31 1.7 6.9 6.8 7.9
M:H2504:HNO3=
3:11.4:3.3:1.2

5 CaSOy: duibT. 11.3:38:4 379 36.5 36.6 35.8 3.8 5.7 11.3
KM:
H3P0,=1:3.6:9.7

6 CaSO4: puibT. 9:34: 6.0 33.7 314 33.3 295 6.0 73 9.2
KM:
H3P0,=1:3.6:6.5

7 CaSO4: puibT. 3.1:16.3:8.5 16.3 6.2 15.9 9.5 8.5 10.2 31
KM:
H3P04:1:5.2:1

8 CaSOy:punsT. KM | 6.6:12.4: 9.6 124 11.3 114 9.9 9.6 10.0 6.6
:H3POy:
HNO3(40%)=3:
3.2:1.1:.04

9 CaSOy:pmneT.KM 75:9.1:84 9.1 1.9 2.65 11 8.4 115 75
:H3POy:
HNO3(40%)=1:
3.8:0.5:04

10 | CaSOs:pmmsT.KM | 4.1:10.0: 9.5 10.0 3.2 8.8 3.4 9.5 13.0 4.1
:H3POy:
HNO3(23%)=1:
3.8:0.5:0.4

YMeHblIeHHe HOPMBI (PUIbTpaTa KOTPEIHHOTO «MOJIOKa» 3aMETHO CHHXKAET
cojJiepkaHue He Toibko obmiero P2Os, HO u Bcex GopM ycBosieMbix Qocdaros
(ombiT Ne 9).

B ombite Ne 10 yMEeHBIIMIM KOHLEHTPALMIO A30THOM KHUCJIOTBHI, TO €CTh
MPaKTUYEeCKH CHU3WIM HOPMY BBOJMMOW a30THOH KHCIOTBHL. B pesynbrare
comepkanue  obmero  P»Os  moBeicmioce  Ha  1.3%,  yBenmumioch
KOJINYE€CTBOBOI0OPACTBOPUMBIX ¢docaTHBIX bopm Ha 9.90tH.%,
uutpatHoycBosieMoit P2Os Ha 55.50TH.% u P2Os, pactBoprumoii B 2% TuMOHHON
kuciote Ha 20.60TH.% 1O CpaBHEHUIO C TIPOLYKTOM, MOTYICHHBIM B ombITe Ne 9.
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UYro ke xacaercs comepxanusi K>O B mpoaykrax, TO IpU CEPHOKUCIOTHOM
pasnoxenun cmecu CaSOs ¢ Oombinoii HOpMOW (UIbTpaTa KOTPEIBLHOIO
«MOJIOKa» W ¢ M00aBKOHM a30THOW KHCIOTH (ombIT Ne 3) ero ompenernsemMoe
conepxkanue (3,4%) B 2.3 pa3a HUXKE 110 CPABHCHHIO C PACUCTHBIM KOJIMYSCTBOM
(10%). Ymenpmenne pacxona ¢mibrpatra KM Ha eamHuIly ceIphsi B 2 pasa, TO
ectb ¢ 6.6 mac.y. go 3.8 mac.u.(ompir Ne 4), MPUBOAUT K COOTBETCTBHUIO
onpeneneHHoro coaepxanust KoO ¢ pacueTHbIM.

Taommma 2 — CpoiictBa npoAyKTOB, modydeHHbIXx B cucreMax «CaSOs—H2SO4(HsPO4)—
kanuiiconepkamas Berspkka - NHa» 1 «CaSOs—H2SO04(HsPO4)— ranuiiconepxamast Borrsbkka HNOs-
NHa»

Ne CooTHolIeHue Cootnom-e | PyOs5 Kyes.,0TH.% K;0,% N,
HMCXOIHBIX N:P,0s:K; 70 %
KOMIIOHEHTOB OB B BOJIE B auM. | Omnpe | Pacu
MPOAYKTE TPUJIIOHE | pacT .
b .
1 CaSOy: pumbtpar 11.3:38:4 37.9 96.3 96.6 945 3.8 5.7 11.3
KM:
H;P0,=1:3.6:9.7
2 CaSOy: dunbTpar 9.2:33.7: 337 93.2 98.8 87.5 6.0 73 9.2
KM: 6.0
H3PO4=1:3.6:6.5
3 CaS0Oy: dunbTpar 3.1:16.3:10 16.3 38.0 97.6 58.3 8.5 10.0 31
KM: H3PO4=115.211
4 CaSOy: pumbtpar 6.6: 12.4: 12.4 91.1 91.9 79.8 9.6 10.0 6.6
KM:H3POj4: HNO3 9.6
(40%)=
3:3.2:.1.1:04
5 CaSOy: pumbtpar 7.5:9.1:84 9.1 20.9 29.1 12.1 8.4 115 75

KM:H3POj4: HNO3
(40%)=1:3.8:0.5:
04
6 CaSOy: pumbtpar 4.1:10.4:9.5 10.4 30.8 84.6 32.7 9.5 13.0 4.1
KM:H3POj4: HNO3
(23%)
=1:3.8:0.5:0.4

[pu pasnoxenun ceipbst  (Gochoprort kucnorod HsPOs mpu  Beex
COOTHOUIICHHUAX HCXOJHBIX KOMIIOHEHTOB PACXOXICHHUE MEXIY OIPEIEICHHBIM U
pacueTHbIM conepxanrneM KO B ynoOpeHusx HEOOIbIIOE U MOYKHO CKa3aTh, YTO
OHO JISKHUT B Tpeenax qonyctumoit omubku (onbiTel Ne 1-3 Tabmuma 2).

VYmMenbliieHne pacxoia (uibTpaTa KOTPEIBHOIO «MOJIOKa» H (HochopHOi
KkucioTsl (ombIT Ne 4 tabnuua 2) mpu TOH ke HOpME a30THOM KHCIIOTHI, YTO U B
ombiTax No 5, 6, Takke CIIIAKMBAET Pa3HUIy B OMpPENEIIEMOM WU PAaCYETHOM
conepxkanun K>O. Bo3moxxHO, 4TO m00aBKa a30THOW KHCJIOTHI B PANE CIydacB
MOKET CO3/1aBaThb B CHUCTEME YCJIOBHS Ui OOpa30BaHUSl MajOPacTBOPHUMBIX
nomdocdaToB Kaus.
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AHanu3 NONy4eHHBIX PE3yJIbTaTOB IIOKa3al, YTO M3 TEXHOIEHHOI'O OTXOAa
¢dochopHON MPOMBIIITICHHOCTH — (QUIBTpaTa KOTPEIbHOTO «MOJIOKa» W THIICa
KHUCJIOTHBIM METOJIOM B YCJOBHSIX aMMOHHU3AIlMM M CYIIKM MOXKHO IOJy4aThb
yA0OpeHus: ¢ BBICOKMM COICPXKAHUEM Kajus, B KOTOPBIX CyMMa IHTaTEJIbHBIX
komrnoHenToB mpencrasieHa P, K u N. [lo cBoiictBam  onTUMaibHBIMH
YAOOpeHUsIMU SIBISIIOTCS TPOAYKTHI coaepkanneM obmero P»>Os Ha ypoBHe
oboramenHoro cynepdocdara (omprT Ne 1 Tabnmma 2) u mpoctoro cynepdocdara
(ombIT Ne 3 Tabnuna 2).

HK-cnekTpCcKONUYEeCKUH aHalu3 IOJYyYEHHBIX IPOAYKTOB IIOKa3al, 4YTO
OCHOBHBIMH (ha3aMHu  SIBISIOTCS  AUTHAPOdOCchaThl Kadsd W aMMOHHS C
COOTBETCTBYIOIIMMH MM yacToTamu 2418;1693.7; 1286.7cm™ u cynbdar kanbuus,
kotopomy B HK-cmektpe mpuramiexar yactoTsl 3240.1; 1127.1; 674.3cm
Ypucynoxk 1).

1154

000 350 3000 2500 2000 1500 1000 500V, cm-1

Pucynok 1 - UK-criekTpbl ynoOpeHuii, moaydeHHbIX U3 (GuibTaTa KOTPEIbHOTO
«MoIoKa» U Qocdorurca

PentreHogazoseiii  ananu3 mnoxarBepaun aaHHble  MK-cnmextopoB. Ha
MITpUXAUArpaMMax JuruapodochaTy Kallusi COOTBETCTBYIOT JH(DPAKIIMOHHBIC
makcumyMbl  5.304; 3.059; 2.649; murunpodocary ammonus 3.751; 2.370; 2.002
A, v cynbdary kanbuus — 3.863; 3.517; 3.124; 2.855; 2.324A (pucyHok 2).
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Pucynok 2 — llItpuxquarpamMma ynoOpeHuii mony4eHHsIx u3 ¢pmistpata KM u pocdorumnca (1) n
¢ nobaBkoi pocopHON KUCIOTHI

4. 3akil04eHne

B pesymprare  paboThl  MOKa3aHa  BO3MOXHOCTH  TOJyYSHHUS
Kanuiicoaepkammx GpocopHbIX yA0OpeHUH ¢ MOBBIIICHHBIM coaepkanneM KO
(6.9%) u3 dupTpaTa KOTPEIBHOTO «MOJIOKa» U (ocdorumnca, B KOTopbix P20s
HaxXoIWTCS B TMpaKTHUYeCKH BojopacTBopuMoil ¢opme (97.5-97.0 otH.%).
VYcTaHOBNIEHO, YTO TNPH KOMIUIEKCHOW MepepadoTKe KOTPEIBHOTO «MOJIOKa
KHCIIOTHBIM METOJIOM B YCJOBHUSX CYIIKH C TOJy4YEHHEM Kaluicolep Kalinux
(bochopHBIX yrnOOpeHNiI CyMMa MHUTATENbHBIX KOMIIOHEHTOB cOCTaBisieT P2Os+
K>0+N 17.29-77.3%.

Takum oOpazoMm, U3 (UIBTpaTa KOTPEIBHOTO «MOJIOKa» W Qocdorumca
MOJTyYeHbl Kanuiicoaepxkanie (GochopHble YIOOPEHUs ¢ colaepKaHHeM O0IIero
P20s Ha ypoBHe mpocrtoro u oborameHHoro cynepgocdara. Pocdarnas yactsb
yAOOpeHU TMpejcTaBieHAa MPAKTHYECKH TIOJHOCThIO I[UTPATHOYCBOSEMOW
dhopmoii P20s.

®unancupoBanue. [lanHas pabGora BeimonHeHa mo mporpamme PK NeBR21882220 «CunTte3s u
CO3/[aHME TEXHOJOTHi yJOOpEHNH, KOMIIO3HIMiA, MPEnapaToB U MaTepPHATIOB MHOTO(YHKIMOHATIEHOTO
IeificTBUS 1UI1 NPUMCHCHMS Ha MyCTHIHHBIX M JErPAJMPOBAHHBIX 3EMJIIX» B PaMKax MPOrpaMMHO-
LeJIeBOro (pUHAaHCUPOBAHUS HAy4YHBIX UccienoBanuii Ha 2023-2025 roasl, ocymecTBisemoro Komurerom
Hayku MUHHCTepCTBa 00pPa30BaHMs M HAYKH.

Konduaukr narepecon: KOHIMKT HHTEPECOB MEX/LY aBTOPAMU OTCYTCTBYET
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®OC®OP OHEPKOCIBIHIH KAJIJBIKTAPBIHAH KAJINI KYPAMBIHJIA
TBIHAMTKBILITAP AJTTY

P.M. Yepuaxoea', I.Ill. Cynmanéaesa™, P.O. Kaiivinbaesa®, 0.2K. XKycinoexos',
K. Bepacanos', I'.O. Byzyoaesa®

19.5. Bexmypos ampinoazbl Xumus olivimoapst uncmumymoly AK, Anvmamot, Kazaxeman
2Animamul mexono2uAnbK yHueepcumemi, Anmamot, Kazaxcman
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Tyiiingeme. Kipicne. OHAIpiC KaIABIKTAPBIH OHACY HETI3iHAC MHHEpPAIbl LIMKI3aTThl KEUICH.I
naiianany Kasipri 3aMaHFbl TEXHOJOTMSUIAP/BIH MAaHBI3[bl MIHAETTepiHiH Oipi Ooibin TaObLIAIbI.
®dochop  eHepkocibiHae  MyHAal — MocenenepOonbil  (HOCHOPKYPAMBIHIBIYIBI  KAJIABIKTAP.IbI
THIHAHTKBIIITAPFa3aIaJICEI3AaHBIPY OOJIBIN TaObuIansl. Byn orcymbicmuly makcamvl  (HOcHOTHUIIC NCH
KOTpeN «CYTi» (UIbTPAaThIHAH KaIUHKYpaMBIHIbI THIHAWTKbBILITAp aly. Homuoicenep men nixipmanac.
AnpiHFaH HOTIXKeIepal Tannay hochop eHepKaCciOiHIH TEXHOTEH K KaJABIKTAPbIHAH — KOTPEI «CYTIHIHY
(GUIbTpaThIHAH JKOHE THIICTCH KBIMIKBUIIBIK OJICTI KOJJIAHBIII aMMOHHM3AaLHanay »>KOHE KenTipy
JKaFJaibIHIa KypaMblH/Ia KaJduil MOJILIepi KOFapbl THIHAUTKBIIITAP/IbI alyFa OOJIATBIHBIH KOPCETTI, OHBIH
inriHae KOpekTik kommoHeHTTep comachkl P, K sxone N apkpuibl ycwiHbuiFaH. Kacuertepi OoiibiHIia
OHTAIIBl THIHANTKBIIITADP OaiibIThLIFaH cynepdocdar neH Kapamnaiibiv cynepdocdar aeHreiinae Kaibl
P2Os 6ap enimuep Oodbin Tabbuiaasl. Kopuimuinowsl. P2Os ic xy3iHAe cyaa eputin Kyiiae 6onatsit (97.5-
97.0 can.%) koTpen «cyTiHiHy ¢uibTpaTsiHaH xoHe (ocdorumnciner kypambiaga KoO sxorapsr (6.9%)
KypambiHaa Kanuid 6ap ¢ocdop TEIHAUTKBIITAPBIH aly MyMKiHAIrl kepceTinai. Kypambinaa kamuii 6ap
(dochop THIHAUTKBILITAPBIH ally VIIiH KENTIpy >KarAalblHIa KOTPEN «CYTiH» KBIMKBUIABIK O/iCICH
KCIICH I OH/IeY Ke3iH/1e KOPEKTIK KOMIOHEHTTEPIiH KOChIHABICH P2Ost+ KoO+N 17.29-77.3% Kypai ThIHbI
aHbIKTanAbl. OchlTaiiina, KOTpeN «CyT» xaHe pocorurc GUIbTpaTbIHAH KapanaibiM xKoHe OalbIThUFaH
cynepdocdar aeHreitinae xammnsl PoOs Oap kamumit 6ap (ochop THIHAHTKBILITAPHI ANBIHIBI, OHBIH
¢ocdarrsl Geiri TonbFeIMeH aepitik P2Os MUTPaTThI CIHIMAL TYPIMEH YCHIHBLIFaH.

Tyiiin ce3aep: KoTpenb «CyTi», Hocdop KBILIKBUIBIHEIH BIABIPAYHI, KypaMbIHAA Kanuil Oap ¢ocdorumnc
CBIFBIHIBICHI, KAJIBLHH CYIb(aTHI.
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Abstract. Introduction. The article contains new data, which is a continuation of the research for
the development of scientific theoretical applied directions, which appeared in previous publications
related to the field of chemical technologies and metallurgy. Previous studies have used ammonium salts
as reagents for the production of synthetic sodium carbonate and fluorides, but this publication shows the
possibilities of using them for the development of non-ferrous metallurgy. The purpose of the work is to
show the importance of the anionic hydrogen atom contained in ammonium bisulfate (ABS) in entering
the compound. Thermodynamic, thermal, renggenphase analysis and mathematical programs were used in
the research methods. Physical and chemical changes in reaction mixtures, some synthesized salts when
heated using the system derrivatograph Q-1000/D of the company"” mom " F.Paylik, J. Paylik, L. Erdey
and LabSys Evo were studied using special standardized factory structures such as TG-DTA/DSC
(Setaram, France). The probability of some reactions occurring or not occurring was thermodynamically
evaluated using the HCs-5.1 Chemistry (Outokumpu) "Astra-4" software package (complex). In the
results of the study, the method of processing raw materials of non-ferrous metals is presented in the form
of a basic technological scheme.The possibility of formation of intermediate complex Tutton salts during
production of the final product and reactions leading to their decomposition has been shown by
thermodynamic studies. It is shown that the decomposition of such ammonium nickel sulfate salt releases
ammonia into the melt of crystalline metal sulfate and ammonium bisulfate at about 235-260°C, where the
pyrolysis of ammonium sulfate begins. It was observed that the by-products of (NH4)2Ni(SO4)2 nickel
ammonium Tutton's salt heated in the ABS melt up to 300-350°C are nickel sulfate and ABS melt, and
ammonia also reacts upon re-cooling. It was experimentally determined that this "heating-cooling"
process changes the color of ABS melt from lemon yellow to white. During the repetition of the process,
it was found that this phenomenon is repeated until the excess melt is exhausted. This phenomenon is
explained by the formation of nickel acid salt between nickel sulfate and ABS melt, which no one has
studied before. It was concluded that this phenomenon should be common to ABS melt with sulfate of
other metals.

Key words: ammonium salts, nickel sulfate, melt, Tutton salts, chemical industry, non-ferrous
metallurgy
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Tyiiingeme. Makanaza XUMHUSUIBIK TEXHOJOTHSUIAD MEH METaJUIyprusi CajachlHa KATBICTHI OYPBHIHFEI
OachUIBIMIApaa IUBIKKAH FBUIBIMH TCOPHMSUIBIK KOJIAHOAdbl OarbITTapibl JaMbITyFa apHaJFaH
3epTTEYJIEPIiH KaaFackl OONbIN TAOBUIATHIH JKaHA JAEPEKTEP KEATIpiIreH. AJIBIHFBI 3epTTEyIep aMMOHHIA
TY3/apblH CHUHTETHKAJBIK HATPUil KapOOHATHIH >koHE (TOpUATEp aldy YpAICTepiHE peareHT peTiHIe
naiianaHeUFal  Gosica, Oyl JKapHsUIBIMAA TYCTi METaJUIyprusi CalachlH JaMbITyFa KOJJaHY
MYMKIHIIKTepi KepcerinreH. JKyMbICTBIH MakcaTbl amMouuit Oucyndarel (ABC) KypambiHIAFs!
AaHHOHIBIK CYTEeK AaTOMBIHBIH KOCBUIBICKA TYCYIETi MaHBI3IBUIBIFEI KepceTy. 3epTTey omicTepiHie
TEePMOANHAMUKAIIBIK, TEPMUSIIBIK, PEHITreH(a3albK Tajgay >KOHE MaTeMaTHKaIBIK Oarxapiamalap
KOJIAHBUIIBL. Peakmysuiblk KOCTajapAblH, KeWOip CHHTE3NENIreH TY3MapiblH KBI3JIBIPFaH Ke3Zeri
(bU3MKAIBIK KOHE XUMHSIIBIK e3repictepi “MOM» ¢upmacsiabiy aeppuBatorpad Q-1000/D cuctembr
F.Paylik, J. Paylik, L. Erdey »xone LabSys Evo TG-DTA/DSC (Setaram, ®paHius) CHUSIKTBI apHAbI
CTaHJAPTTAIFAH 3ayBITTHIK KYPBUIBIMIApIbIH KeMeriMeH 3eprrenni. Keitip peakiusuiapisly xypy He
xypmey bIKTHMannpuieiFeiH HCS-5.1 Chemistry (Outokumpu) «Actpa-4» OarnapiaMalblK TOHTaMa
(KOMIIIIEKC) KOMETIMEH TEePMOJMHAMHKAIBIK OaramaHpl. 3epTTey HOTIDKENICepiHIe TYCTI MeTanaap
[IMKI3aThIH OHACY/IIH 9/1iCi 0aCThI MPUHIMIITIK TEXHOIOTHSJIBIK ChI30a TypiHae kentipinreH. COHFbI OHIM
aly KesiHIe apaiblk Kypaedi TYTTOH Ty3[aphl TY3UI€ JKOHE OJNapIbIH BIABIPAYBl apKbLIBI XKYPETiH
peaknusiiap 60Nysl BIKTHMATIBLIBEB TEPMOJUHAMUKAIBIK 3epPTTEYNep apKbUIbl KepceTinreH. OchIHIai
aMMOHHI HUKEJIl CyNb(aT TY3bIHBIH bIIbIpaybl, aMMOHUIT CysbdaThl muponusi Oacranatei 235-260°C
IIaMachIH/Ia, KPUCTAJIbl METal CyibdaTsl MCH aMMOHHI OHCynbdaThl OanKbIMAachlHA aMMHAK Gelie
xypetini kepcerinmren. 300 — 350°C apaneirbiHa geiiin ABC  GankpiMachlHIa — KbI3ABIPbUIFaH
(NH4)2Ni(SO4)2 Huxenbai ammonnii TyTTOH Ty3bIHBIH KOHOANIBI ©@HIMACPI — HUKENb Cynbdarsl MeH ABC
OalKpIMachl, KaiiTa cybIFaH Ke3[e ¢ aMMHaKk Oelle peakiisra TyceTiHi OalikanraH. byn «KsI3mbIpy-
cybITY» Ypaici ABC GanKbIMachbIHBIH JUMOH/IBI Capbl TYCIHEH aK TYCKe aybIca JKYPEeTiHi ToxkpuOe xy3iHze
aHBIKTAJABL.  YpZICcTI KaifTasay Ke3iHAe apThIK OajKpIMachl TayChUIFAaHIIA OyJl KyOBUIBICTBIH Ja
KaliTalaHBUIATHIHB aHBIKTAIOBL. bynm KyObuibic OypbiH 3epremereH, on ABC GankeIMackl apachIHZAA
HUKEJI KBIIIKBUI TY3bl HUKENb CYNb(AThl Ty3lTyiMeH Tycinaipineai. Byn kyObutbic Oacka na Metamigap
cyinbgarsiMeH ABC GankbiMachiHa OpTaK 00JyFa THICTI IETeH TYXKbIPBIM JKacallFaH.

Tyiiinai ce3nep: aMMoHuil Ty31apbl, HUKENb Cyib(aThl, OaikbiMa, TYTTOH Ty3Hapbl, XUMHUS OHIPICI,
TYCTI METaJUTypIusl.
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Kymawee Kankaman Kymaweeuu XUMUS EbITLIMOAPBIHBIY OOKMOPbI
Hapembexosa Aiumobana MEXHUKA 2bLILIMOAPbIHbIY KAHOUOAM bl
Cepixoaesa Akmapan Kabvinbexosna MEXHUKA bLILIMOAPBIHBIY KAHOUAAmMbl, NPogheccop
Axxenceesa Anap ILllnabaesna MEeXHUKA 2blALIMOAPBIHbIY KAHOUOANbl
Bycypmanosa Axxensce Yanuaposua XUMUSL bLTLIMOAPBIHBIY KAHOUOATNbL
Maynewee Apman Axmemorcanosuu Mmazucmp

1. Kipicne

AMMOHWMIA Cynb(aThl KOHIIEHTPAIUIAHFAaH KYKIPT KBIIIKBUTEI MEH aMMHaK
epITIHAICIHIH e3apa opeKeTTecyl apKpUIBl HE OHAIpIC KaJAbIKTapblHaH Ja
aneiHagsl [1, 2]. AMMoHu# CynbGharel HEri3iHAErT TYHIPIIIKTI THIHAWTKBIIITAPIBI
OHJIpy/le alblHFaH TYHIPIIKTI MaTepHaAbIH MOPQOJIOTHSIBIK KacHEeTTepiH
AHBIKTAUTBIH OylIaHy XOHE JKallllail KpUCTAIJaHy IMPOIecTepi MaHBI3AB OPBIH
amamel  [3]. Kasipme KemieHmi  THIHAWTKBITAD &y  MaHbI3ObI,  OJiap
THIHBIATKBIIITHIH THIMIUTITIH apTThIpaas! [4].

Makanaia XUMHUSUTBIK TEXHOJOTHSIIAP MEH METaJUTyPIHsl CallaChIHA KaTBICTHI
FBUIBIMHA TCOPHSUIBIK KOJIaHOA bl OaFbITTapibl JAMBITyFa apHAJIFaH KaHa
JepeKTep KeNTipuUIreH.

Bypbiarel eHOexTepae OankbiraH amMMoHHU# Oucynbgarein (ABC) oprypai
TEXHOJIOTHSUIBIK, TIPOIIeCTep/Ie Makaagany MYMKIH/IITT KepceTiareH 6omateiH [5,
6].

ABC 0ankbIMachlH KYKIPT KBIIIKBUIBIHCHI3 (TOPUATEP adyIblH  KaHA
MYMKIHAITT peTinae ycbiHbUIFaH[7]. AMMOHMI OuCyab(aThl OalKpiFaH Ke3Je
KBIIIIKBIJT AHUOHBIHBIH ~ KYpPaMbIHAAFbl O€JCeHII CyTeri aTroMbl MeTajll
TOTBIKTAPBIMEH, XaJbKOTCHWATED JKOHE TaJOTeHWATEpIMEH  Tra3 TypiHIeri
KOCBIIBICTAp TY3€/Ii.

By, aMMOHMIA TY3/1bI TEXHOJIOTHSUIBIK OaFbITHI METAJUTYPIrusl cajlaChIHZIA Jia
SKOJIOTHSJIBIK Ta3a, 9pi 3KOHOMHKAJIBIK THIMJII TEXHOJIOTUSIIBIK YPIICTED KypyFa
KEeHIHEeH OeiMJIENTeH FHUTBIMU TEOPHSUIBIK JKOHE KOJIaHOAIEI 3epTTeyJiepre Heri3
Oostaabl.

JKympicTeiH MakcaTsl ammoHui Oucyndats! (ABC) KypaMbIHIaFbI aHHOHIBIK
CYTEK aTOMBIHBIH KOCBUIBICKA TYCY/IETT MaHBI3IbLIbIFbI KOPCETY.

2. Toxpubesik 6esim

PeakiusiiblK Kocnaiapibl 9pEeKeTTECTIPY XKoHE e3repicTep i Tikenel ko30eH
Kepe 3epTTey YIUiH TIKPUOETIK XYMBICTap 3€PTXaHAJBIK INAXTaIbl 3JEKTPIIi
nemre Skypriziimi. [lemreri KaXeTTi KbI3yIbl TYPaKThl yCTay O€NTiIl «KbI3Y
peTTerinmn XpoMenb-amoMeli Kypbutrbl kemeriMmer 380 °C-re JieiiHri apanbIKTa
TOKpHUOENIK CypaHbICKa cail icke acwlpbulabl. ToxpuOenik Kocmanap MNemTiH
iriHe  KbI3yFa  Te3IMII  WIBIHBI  THTENJIe  TepMoliapara  KaHACThIpa
opHanacTelpsulgbl. Ilemre ycray yakpiTel 60 MUHYT apaibIFblHAa TaHAAIIBL.
Toxpubenik peaktuBTi ammonuid oucynbdarsl (ABC) xommanpuiaer. Toxpudemnik
3epTTEYJIep HOTHKECIHJE aJblHFaH OHIMJEP PEHTreHal (as3alblK TalaayiaH
(POT) etkizinin oteipasl [8]. Peaknusuiblk KocmanapabplH, KeHOip CHHTE3/IeTeH
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TY3IapABIH KBI3OBIPFaH Ke3leri (HU3WKamblK JKOHE XHMILSUIBIK —e3repicTepi
“MOM» ¢pupmaceiabif geppusatorpad Q-1000/D cuctemsr F.Paylik, J. Paylik, L.
Erdey sxonme LabSys Evo TG-DTA/DSC (Setaram, ®panuus) apHaiibl
CTaHNAPTTAIFaH 3ayBITTHIK KYPBUIBIMIAPIBIH KeMmeriMeH, MuHyThiHa 10°, 20°
KBI3JIBIPY KBULIAMIBIFBI  apKbUIBI 3epTTeiui. KellOip peakuusiiapsiH Kypy HE
xypmey bIKTuMaimeuibibiH - HCS-5.1  Chemistry (Outokumpu) «Actpa-4»
OarmapiamManblk  TomTama  (KOMIDIEKC)  KOMETIMEH  TepMOIMHAMHKAIBIK
Oaramannel.  Keii0bip  TepMoAMHAMHKAIBIK  JIepeKTepi  JKOK  Kypaemi
KOCBUTBICTap IBIH COMKEC KaCHeTTePl HOHIBIK MHKPEMEHT 9MIiCIMEH €CEeTITEN .

3. HoTmkesiep #oHe TaIKbLIAY

BypeIHFBI KapusulaHFaH €HOEKTepAe aMMOHHUH CyJb(aThIHBIH TEPMHUSIBIK
BIIBIPAYBl KOHE OHBIH OPTYPJl METal KOCBUIBICTAPHIMEH — OKCHJI, KapOoHar,
XJI0pU, PTOPHATEPMEH dPEKETECY peakUsIapbl 3epTTeireH oonaTeix [4-7].

byn makananga amMMoHHMH OUCYIB(ATHIH TYCTI METaJUTypTHsl HIMKi3aTTapblH
OHJIeyTe OaFpITTANIFaH AJFAIIKEI 3ePTTEYIIep AepeKTepi Oepimi.

3eprreynepae HUKEIb KOCBUIBICTAphl  KapacTelpbuiabl. OnblH  ABC
OanKpIMAChIHA JKYPETiH HETI3r peakuusuiaplbl TepMOAMHAMHKAIBIK OoiKay
HOTIKeTepi 1—2-1mi KkecTenepe KeNnTipulreH.

Kecte 1 - AmMoHuii Oucyinbparsl MEH HHUKEIb OKCHJHIH apachbIHAArbl OpPEKETTeCy pPeaKLUsIChIH
TEPMOJAMHAMUKAIIBIK 3€PTTEY HOTHXKEIepi

NiO +NH4HSO4= NiSO4 + H20(r) + NHs(r) 4)

T,°C AH, xKan AS, Kan/K AG, xKan K Log(K)
0.000 24.798 91.620 -0.227 1.521E+000 0.182
100.000 24.281 90.043 -9.319 2.873E+005 5.458
200.000 23.177 87.455 -18.202 2.561E+008 8.408
300.000 21.449 84.151 -26.782 1.634E+010 10.213
400.000 19.315 80.730 -35.029 2.364E+011 11.374
500.000 16.606 76.987 -42.917 1.357E+012 12.133

Kecre 2 - AmMonuii Oucynb(artsl MEH HUKEIb CYIb(QUIIHIH apachIHIAFbl OPEKETTECY PEaKIHsIChIH
TEPMOIMHAMHUKAIIBIK 3€PTTEY HOTHKEIEPi

NiS +NH4HSO4= NiSO4 + H2S(r) + NH3(r) (5)

T,°C AH, kKan AS, Kan/K AG, kKa K Log(K)
0.000 41.448 92.240 16.253 9.882E-014 -13.005
100.000 40.838 90.360 7.120 6.751E-005 -4.171
200.000 39.825 87.976 -1.801 6.794E+000 0.832
300.000 38.281 85.034 -10.456 9.714E+003 3.987
400.000 34.629 79.287 -18.743 1.218E+006 6.086
500.000 31.954 75.592 -26.490 3.081E+007 7.489

Erep HuKenb cynbpuAIMEH peakUUSHBIH KYPY BIKTUMaAsUIbFel  200°C-ka
JKaKbIH OacTajica, eKiHIII peakiysl aHarypJIbIM TOMEHI1 TeMreparypajia 0acTanysbl
MYMKiH. MyHzaall HoTWKenep Herisri Oomkamuapra yinecimai, ce6edi ABC
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KYpaMbIHAAFbl aHUOHBIHIAFBl CYTEK aTOMbI YIIIH KYKipTKe KaparaHza OTTeri
ATOMBIMEH Cy MOJIEKYJIACBIH TY3y THIMIIpeK. 4 oHe 5 Ti30eKTi peakuusIapIabiH
COHFBICHI O0yTybl MyMKiH. OraH aeiiin ABC Monekyrnacel 2 ece kem 0ojca KOC
KaTuoHAbl TyTTOH TY3BIHBIH TY3ilyi MYMKiH. BypblH emkiM KeHin aynapa
KOWMaraH, OCBIH/Ial peakiysl epeKIIeNTKTepi SpTYpii ’KaHa KOCBUTBICTAp alyFa
TEOPHSUTBIK Heri3 OONybl Ja KYTIIETiH >KoUT. Amaiiiga TyTTOH jkoHe Kypunemi
KBIIIKBUT TY3aPBIHBIH TEPMOIMHAMUKAIBIK (YHKIHSIIAPBI KOFAPFBI IPOrpaMma
OazaceHma He OacKkamai FRUTBIMHU JIepeK Ke3mepiHae OoMaraHIBIKTaH OOJDKaraH
KOCBUIBICTapbIH, ()yHKUIUSUIAPH HOHABI MHKPEMEHT SiCiIMEH €CETTeliN aNbIH/IbL.
Temenri 3-mm KecTeie KENTIPUITEH — ecemlTeyiiep HOTWKEIepiH maljanana
OTBHIPBIN, 4-1Ii KecTeleri peakuusuiap TEHACYJEpiH capantay HOTHXKenepi
QJTBIH/IBL.

Kecre 3 - Peaknusuapasl capanrayra NaijanaHblUIFaH — Kypelli  aMMOHHUH  Ty3/apbIHbIH
TEPMOJAMHAMUKAIIBIK (DYHKIUSIIAP

(NH2)2Ni(S0a4)2 -2136 -1692.6 139.2 Honp! uakpement [9]
NHsHSO4 -1020.2 -834.7 242.4 HNonpt mHKpemeHT [9]
NiO -239.7 -211.6 38.0 Amnsikrama [10]
H20(r) -241.8 -228.6 188.7 Amnpikrama [10]
NHs(r) -46.2 -16.7 192.6 Amnpikrama [10]
(NH4)2S04(x) -1180.0 -901.3 220.0 Amnpikrama [10]
NiSOa(x) -873.5 -763.8 103.8 Asnsikrama [10]
NiS(x) -79 -76.9 53.0 Asnpikrama [10]
H2S(r) -21 -33.8 205.7 Amnpikrama [10]

Kecre 4 - AMMonuit 6ucyibharsl MEH HUKENb CYIb(GUIIHIH apachIHIAFbl CAThUIbI TYPAE KYPYl MYMKIH
peakiys TepMOIMHAMUKAJIBIK capanTay HOTHXenepi

Ne XUMHUSIIBIK peakuusiap TeHaeyepi AH2es | AG2os | AS20s
0 (NH4)2SO4(x) = NH4HSO4(x) + NHs [r] 113.6 49.9 0.215
AGsag = 113.6 - (0.215 x 528K), Trm= 255°C
4.1 NiO+ 2NH4HSO4() = (NH4)2Ni(SO4)2 + H20 -97.7 -40.2 | -1949
AGso1 =-97.7 - (- 0.1949 x 501K), Trm=228°C
4.2 (NH4)2Ni(SOs)2 = NiSOs() + NHz + NHsHSOx() 196.1 774 399.6
AGuo1 = -196.1 - (0.3996 x 491K), Tm=218°C
4.3 NiO+ NH4HSO4) = NiSOasx) + NHz + H20 98.4 37.2 205.2
AGaz9 = 98.4 —(0.2052 x 479.5K), Trm= 206.5°C
51 2NHsHSO4) + NiSgy = (NH4)2Ni(SO4)2 + H2S: -37.6 -59.4 -192.9
AGies = - 37.6 - (-0.1929 x 195K), Trm= - 78°C
5.2 (NH4)2Ni(SOs)2 = NiSOs( + NHz + NHsHSOx() 196.1 774 399.6
AGae1 = - 196.1 - (0.3996 x 491K), Tim=218°C
5.3 NHsHSO4() + NiSw = NiSOsw) + NHz + H2S 158.5 18.0 | 206.7
AG7e7 = 158.5—(0.2067 x 767K), Trm= 494°C
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4.1 xoHe 5.1 peaxkuusmap OoitbiHma ABC MosiekynachIHBIH aHUOHIBIK
CyTeri aTOMBI TY3/AapIblH aHHOHIAPBIH ©31HE KOCHIN albll, ra3fbl KOCHUIBICKA
afHamambl. Trwm — TY3y %oHE Kepi peakusuIapablH KYPY MYMKIHIIKTEPiHIH
TEeMIepaTypalblK  OpTaK HyKTeci. 4-kecTeleH HHKEIb OKCHAIHEH, HeMece
cynbpuninen TyTToH Ty3bIHBIH Ty3uryi 218 — 228 °C (peakums 4.1-4.2)
IeHreline JediH FaHa XXYpPyl BIKTUMal €KEeHiH Kepemi3d. MyHpmail HOTIXe
aMMoHUK-HHKeTbII TyTToH TY3bIHBIH 218 °C-TaH aca bIIbIpayblHa COHKeC Keme .
Cebe6i ammoHuMil cymnbdaTel Ja TepMoOrpadUsUIBIK 3€pTTeyiep HOTHXKemepi
Ooripiaia 235 — 260°C Tan GacTamn blabIpail OacTai b,

(NH4)2Ni(S0O4)226H,0 KOCBUIBICHIHBIH TOKPHUOETIK YATici Oenriiai omicIeH,
KaHBIKKaH aMMOHHUIA CyJIb(aThl MEH HUKEIb CyIb(aThl epiTIHAIEPiH SKBUBAJICHTI
KeJleMjie KOCY apKbUIbl anbHAbL JKapTeiialh OymaHAwIpbll TyHOara TYCKEH
koKt kackll (NH4)2Ni(SO4)226H20  kpuctamoruapat Oemiin aiabHabl. Keit
nepekTep OOMBIHIIA KOCBUTBIC KpUCTANABI CybiH 96 °C-1e TONBIK YKOFalTabl.
Yuri canmarbl 20 MT 3k9HE 6 Cy MOJIEKYJIachIHBIH OOJDKaHFaH JKOFalybl 5.473 mr
Kypaiinsr (cypetl).
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Cyper 1 - (NH1)2Ni(SO4)226H20 xpucramioruapatsis Kbi3asipyabiH JTA xoHe TI KHCBIFBI

DTA xwuceirsl (3H709(GGeKT) OOWBIHIIA JETWAPATALUSHBIH TOJIBIKTHIFBI
250°C temneparypara coiikec TG OoiibiHIIa canmak xoranty 5.489 mr (98.99%

Cy) KYpabl:

286.69 +108 = 394.69 286.69
(NH4)2Ni(SO4)22nH20(>t) = nH20 + (NH4)2Ni(SOa)2 (6)
1452735 + 5.47265 = 20.00 5.4726 1452735
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OcsI 3epTTeyNepAiH HOTIKEIepl TOMEHT] peaklus TeHJIeyiHe COHKec CYChI3
aMMOHWI-HHUKeTh TYTTOH TY3bIHBIH OACTAIKbI BIIBIPAYBIH KOPCETTI:

286.69 154.69 17 115
(NH4)2Ni(SO4)2 = (>2500C) NiSOs + NH; + NHsHSO, (7)
14.5273 7.8385 0.8614 5.8273

blneipay cynbdaTTel KypamaactapiaslH maiga OomysiMeH skoHe 230°C-Tan
YKOFapbl, aMMOHHHU CyJTTh(aThl TEPMHUSIIBIK ©3TepiCKe YIIbIpayblHa Kapail aMMHaK
nen ABC-ka Oip Mmesrinae binbipaiiibl. blabipay eHiMIEpiH/E KaJFbI3 KhIIIKBLI
Ty3 — ammoHuii Oucyibdatel. Ecenreynep OoiibiHina (7) peakuusian
KOHJICHCAIIMSUTAHFaH OHIMAEP KOCHIHABICBIHBIH IIBIFBIMBL 13.6659 Mr-ra TeH 0oy
kepek. 1-cyperren (TI)) kepiHim TypFaHmaii, CaTKbIHIATY CaTBICBIHA TYCETiH
350°C-ka aeiiHri TepMUSIIBIK OHJICY/IIH KOHICHCAIMSJIaHFaH OHIMICPIHIH KaJIFaH
Oemirinig, HakThl Maccackl 13.35 mr. Koceimmra Gemiaren 0.3158wmr rta3 ABC
MOJIEKYJIaChIHBIH TUPOJIU3Te YIIBIPAYBIHBIH HOTHKeCi FaHa OOMyHI THIC!

115 18 17 80
NHHSO4 (>t) = H,0 + NH3+S0s 8)
5.8273 - ~ J
0.3158wmr (0,27%)

CanxkpIHaaTy YpAiciHe ecenTey 0OibIHIIA TYCyTe THICTI:
7.8385mr NiSO4  + 5.5115mr NHsHSOs = 13.35mr (TT notmxkecimen 100% yiineceni)
Hukens cynbdater Oyn xarmaiina bineipait Koitmaiiaer. 350°C-tan Oacrarm

CaJIKBIHATY KE31HJIe OChl OHIMJIEP apachiHJIa ©3apa dpeKeTTeCcy OalKaia bl JKOHE
HoTKeciHe Tarbl 0.9 Mr ra3 Oemineni (2-cyper).
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Cyper 2 - (NH4)2Ni(SO4)2enH20 TyTTOH TY3bIHBIH TEPMUSIIBIK OHICYIC KOHICHCANMSIIAHFAH OHIMIEPiH
350 °C-nmen 128 °C-re aeitin cankpingarkanaarsl I TA xone TN KuChIKTapht

byn KyOBUIBICTBI TEK HUKENBAIH KBIIIKBUI TY3bI
TYCiHipyTe 00JaIbl:

Ty3iTyiMeH  FaHa
154.69 115 234.69 17
NiSO4+ NHs:HSO4 (<t) = Ni(HSO4)2 + NHs (9)
7.8385mr NiSO4 +5.5115mr 12.5353 0.8147

OpuHe, 9 peakmus TONBIK JXYpPreHae KOHOANbl KAaJIBIKTBIH MAaccachl
12.5355mr 6oy kepek, an TI" HoThxkeci OOMBIHINA KAIIBIKTBIH cajMarbl 12.55Mr.

Toxxpubenik meH Oomxkamansl ecenTiH yitnecimauriri 99.88%. Toxkpubenik
3epTTeyliepAe TUTeNai cybiTa OactaraHma ra3gpl Qasamga OallkpiMa TOJBIK
KaTaliFaHilla aMMHaK OOJIATHIHBIH, aJl KATThI OaJIKbIMaHBI ChIH/IBIPFAaHa OHBIH 00C
KyBICTaphl aMMHaKKa TOJIBI EKeHIH KepceTTi. byl »koFapeiga KenTipilireH
TY)KBIPBIMJIaPFa Tarbl Oip JoJeN. byphiH el sxapusi KOpMEreH Tarbl Oip epeKiie
KyOBUIBIC aMMOHMI Oucyib(aThlHbIH (apThIK ajaHraHaa) OaJIkbIMachl OCHI
peakuusutap HoTIKecinae 230°C sxorapsl TemmepaTypaia capbl JHUMOH TYCKe
0osiyica, CybITa Kelle OChl TeMIlepaTypafiaH 0acTarl araphin Karas Oactaipl. byn
HUKEIb CYIb(paThIHBIH KOCBUIBICKA TYCKeHIHIH KOCAIKBI fgoieni. ExiHm skarbiHaH
OyJ1 3aTTap KaThICYbIMEH KapacThIpbUIFaH OacKaaa peakiusuiap TYPJEPiHIH eIl
Oenriyepi OaiikanMabl.
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4, KopbITBIHABI

CoHBIMEH, KpUCTAUIOTHAPATTHl aMMOHHUH-HUKENAI TyTTOH TY3bIHBIH
KBI3ABIPFaH yaKbITTa MbIHAaAal (U3MKaIbIK-XUMISUIBIK e3repicTep OONaThIHBI
AHBIKTAJIbI.

1. Kpucramnae: cy 250 °C temneparypara JeifiH TOJBIK OyFa aiHANA/bI.

2. 250 °C-tan xorapsl Temnepatypaga ABC Hukenb cynbhaTbIMEH CychI3
Ty3 Ty3in, 310 °C-ta pigpipan OiTeli jkoHE peaklusl OHIMi CapFbIll JUMOH TYCKe
Oosutaapl.

3. 310 °C-tam xorapsl Temmepatypaga ABC KocbUIBICHIHBIH —Oenrii
TEPMUSUIBIK BIABIpAY KaCHETTEpiHe ColiKec e3repicTep 00aIbl.

4. 310 - 350 °C TemmepaTypamarbl pEaKIUSUIBIK KOHOAIBI ©HIMIEP
KOCTMIaChlH CYBITKAaH Ke3le Ae ammuak Oeminenmi »xoHe 230 °C-ta OanxpiMa
KOIOJIaHBINT capbl TYC >Koraja OacTaiiipl na, TONBIK KaTKaH Ke3Ae aK TYCKe
aybICafpl.

5. BCA O6ankpIMacbIMEH MeETaJl OKCH[II, XaJbKOI€HHl, TIaJOreHHIIHIH
opekerrecyi 250 °C-ka JneifiH KOC Ty3[bl aMMOHHI-MeTal CyJb(haThlH Ty3e
xypeni koHe BCA  KypaMblHOarbl aHUOHABIK CYTEK aTOMBI  KOFaphl
OenceHmiTiKKe ne OO ra3apl KOCBUIBICTapFa aifHaIa Ibl.

6. AMMOHUI KYpaMbIHIAFbl TOPTIHIII CYTEK aTOMBI KBIIIKBUT TY3/ap TY3yre
Oeifim.

7. Hotmxenep Koc Ty3gap MEH KOCHIMINA TANOTEHAIK KbIIKbUInapasl AbC
OaNKbIMaChl apKBUTBI ATy MYMKIHJIITIH KOPCeTTi. XUMUSUIIBIK OHIMIEep FaHa eMec,
METaJUTyprusl canachlHAa METall aly/blH Ja )KaHa dJIICiH JaMBITYFa >KOJI allajibl.

Kapsxblianapipy: by 3eprreyai Kazakcran PecryGmmkaceiHbiH - Bitim JKOHE FBUIBIM
MHHHUCTPJITiHIH FBUTbIM KOMHTETI KapKblanasipyaa (koba Ne AP19677917).
Myaaesiep KakTbIFbICHI:ByIT )kyMbIcTa aBTOpIIap apachiHaa My UIEIIK KaKThIFBIC JKOK.

AMMMAYHO-COJIEBBIE METO/IbI SIB/ISIIOTCS OpHOBOfI A1 CO3JAHMA HOBbIX
IOPEKTUBHBIX TEXHOJOI'MA B XUMHNYECKOU U METAJUTYPITHYECKOU
MPOMBIIIIJIEHHOCTHU

K.JK. ’Kymawes 1A Hapemobexosa 1 AK. Cepukoaesa 2 A.III. Axkensceesa ?,
A.Y. Bycypmanosa %, A.A. Maynewee °

YITTT «Xumuxo-memannypeuveckuii uncmumym umenu K. Abuwesar, Kapacanoa, Kazaxcman
2HAO «Kacnuiickuii ynusepcumem mexnono2uu u uHycunupunea umenu Ll Ecenoeay,

Axmay, Kazaxcman

340 «KazAzom» Axmay, Kazaxcman

“E-mail: akmaral.serikbayeva@yu.edu.kz

Pe3tome. Bgeoenue. B cratbe NpUBOJATCS HOBBIE JAHHBIC, SIBISIOIIMECS MPOJOJDKCHUEM HCCIEI0BAHUI
10 Pa3BUTHIO HAYYHO-TEOPETHUECKUX MPUKIIATHBIX HAMIPABICHHUMH, BBIIEAIINX B 00Jiee paHHUX M3JaHUsX,
CBSI3aHHBIX C XMMHYECKOHN TEXHOJOTHEHl M MeTautyprueil. B To Bpems kak mpebiyline UCCieI0BaHus
WCIOJIB30BAJIM COJIM aMMOHHUSI B Ka4yeCTBE PEArcHTOB JUIs MPOLECCOB MOJYYEHHs CHHTETHYECKOTO
kapOoHaTa HaTpus W (TOPUIOB, B ITOH MyOJIMKAIMM IOKa3aHbl BO3MOXKHOCTH €r0 NPHUMEHEHHS JUIs
Pa3BUTHS OTPACIH [[BETHOW MeTaLTyprun. Llems paboThl oKka3aTh BaKHOCTh aHHOHHOTO aTOMa BOJIOPOJa
B cocraBe Oucynbpara ammonus (ABC) mpu oOpasoBanuii coequHeHnid. B meTomax wucciemoBaHus
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UCIIOJIb30BANUCH TEPMOAMHAMMYECKHH, TEPMUUYECKUH, pEHrTreH(asHpll aHauM3bl U MaTeMaTHYEeCKHe
nporpamMmbl.  DPuU3MUECKME U XUMMYECKHE M3MEHEHHS PEaKLHOHHBIX CMecei, HEKOTOPBIX
CHHTE3MPOBAHHBIX COJICH IIPH HarpeBaHHUM IIPOU3BOATCs AeppuBaTorpadom dupmer «MOM» Q-1000/ D
cucremsl F.Paylik, J. Paylik, L. Erdey m LabSys Evo Obum mHCClenoBaHEI C HCIOIBb30BaHHEM
CHELHANbHBIX CTAHIAPTH3UPOBAHHBIX 3aBOJCKHX CTPYKTYp, Takux kak TG-DTA/DSC (Setaram,
Opannus). BeposATHOCTH  TOro, 4YTro HEKOTOPBIE pEAaKIMH IPOTCKAIOT WIM HE IIPOTEKAloT,
TEPMOJIMHAMHYECKU OICHMBAIM C TOMOIIBIO TporpamMmuoro makera (komriekca) HCS-5.1 Chemistry
(Outokumpu) «Actpa-4». B pe3ynbraTax ucciieqoBaHHN METOJA NepepabOTKU ChIPbs IIBETHBIX METAJLIOB
MIPE/ICTaBJICH B BUJIE OCHOBHON MPUHLMIHAIBLHON TEXHOJIOTHYECKOM cXeMbl. BeposaTHOCTH TOro, 4TO MpHU
IOJIyYCHUN KOHEYHOT'O IPOIyKTa 00pa3yroTcs MPOMEXYTOUHbIC CIIOXKHBIC ol TyTTOHA M IPOUCXOAAT
peakiyu IMyTeM HX pa3joKeHHs, Obula MPOJEMOHCTPUPOBAHA TEPMOJMHAMUYCCKUMHU HCCIICIOBAHUSIMHU.
[Noka3zaHo, 4TO pa3IoKeHUE TaKOH COJIM HUKEJIEBOro Cylb(aTa aMMOHHS NMPOUCXOAUT IPU TEeMIepaType
okoj10 235-260 °C, mpu KOTOpOW HauMHAETCS MUPOJU3 Cyib(daTa aMMOHHS C BBIICICHHEM aMMHaKa B
pacIuiaBbl KPHCTAJUIMYECKOro cyib(aTa Meraia M Oucynbpara amMMoHus. I[Ipu HarpeBaHWH 10
untepsana 300 — 350°C B pacmiase BCA (NH4)2Ni(SO4)2 3ameueHo, 4TO 10Ca049HbIe IPOLYKTHI COIH
TyTTOHa HHKENEBOro aMMOHHUs-CIUIAaB Cyibdata Hukens u BCA-pearupyroT ¢ BbIICICHHEM aMMHaKa
Jlaxe NpU NOBTOPHOM OXJKACHUH. BBUIO YCTAHOBIEHO, YTO 3TOT IPOLECC «HAIPEB-OXJIKICHUECH
HPOYICXOAUT TIPU MEPEXOAE OT JIMMOHHO-XKENTOro nsera paciuiaa BCA k Genomy. bsuio o6HapysxeHo,
YTO NpU HOBTOPEHMH MPOLECCa 3TO SBJICHHE TAKXKE IOBTOPSETCS 10 TeX MOp, IOKAa HE 3aKOHYUTCS
U30BITOK paciiiaBa. ITO SBICHHE OOBACHIETCS OOpa30BaHHMEM HHKEJICBOW KHCIOW COJMH MEXIY
pacmiaBom BCA u cynbdaTom Hukelsi, KOTOPBI paHee HUKTO He uccienoBai. CruenaH BBIBOA, YTO 3TO
SIBJICHHE JIOJDKHO OBITH 00mmuM 11t pactuiaBa BCA ¢ cynbhaTaMu qpyrux MeTasios.

KaroueBble cjioBa: coiu aMMOHUs, CcyinbparT HHUKeNs, paciulaB, coidud TyTTOHA, XHUMHYECKas
[IPOMBIIUICHHOCTb, 1IBETHASI METAJUTY PTHSL.

Kymawes Kankaman Kymawesuu OOKMOP XUMUYECKUX HAYK

Hapemoexosa Aiimoana KaHOUOAm mexHu4ecKux Hayx
Cepukoaesa Axmapan Kaovinoexosna KaHOUOAm mexHu4ueckux Hayk, npogeccop
Axkenaceeea Anap Illnabaesna KaHOUOAM MexHU4ecKux HayK
Bycypmanosa Axxensce Yanuaposna KaHOUOAm XuMU4eckux HayK

Maynewee Apman Axmemdcanosuy Mazucmp
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FEATURES OF EXTRACTION OF LUTETIUM AND SCANDIUM IONS
BY THE INTERPOLYMER SYSTEMS LEWATIT CNP LF-AB-17-8
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A.B. Bekturov Institute of Chemical Sciences JSC, Almaty, Kazakhstan
2Abai Kazakh National Pedagogical University, Almaty, Kazakhstan
3Gdansk University of Technology, Gdansk, Poland
“E-mail: huana88@mail.ru

Abstract. Introduction. Interpolymer systems based on ion exchange resins Lewatit CNP LF and
AB-17-8 were used to separate metal ions from sample solutions containing lutetium and scandium. The
research aims to achieve maximum absorption of lutetium and scandium ions by using the remote
interaction effect of macromolecular polymers. Methodology. Jenway-6305 spectrophotometer (SK) was
used to determine the residual concentration of metal ions in the solution. The obtained results show that
individual polymers Lewatit (6:0) and AB-17-8 (0:6) do not have a higher absorption of lutetium ions
(24.96% and 21.13%, respectively) rather than interpolymer systems. The maximum degree of extraction
of lutetium ions is observed at a ratio of 4:2. The maximum values of the degree of absorption of
scandium ions are observed at ratios of 5:1 and 1:5. As a result of the conducted studies, it was found that
with an increase in the amount of one polymer in the interpolymer pair, the degree of binding of the
second polymer to the metal ion increases. The Lewatit CNP LF cation exchanger has a binding degree of
2.99 mg/mol in a ratio of 6:0, and with an increase in the amount of anion exchanger AB-17-8 by 5 times,
the binding degree of the cation exchanger in a ratio of 1:5 has increased to 13.84 mg/mol. The binding
degree of AB-17-8 in the ratio of 0:6 increased from 2.03 mg/mol to 12.20 mg/mol with a ratio of
interpolymer systems of 5:1. The degree of binding of the cation exchanger with the lutetium ion
increased by 4.5 times, and the degree of binding of the anion exchanger increased by 6 times.
Conclusion. The results obtained show the possibility of using interpolymer systems for the extraction of
lutetium and scandium ions from industrial aqueous solutions.

Keywords: Lewatit CNPLF, AB-17-8, interpolymer system, absorption degree, desorption,
lutetium ions, scandium ions
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JIOTELM )KOHE CKAHINII HOHJAPBIHBIH JIEBATUT CNP LF-AB-17-8
MHTEPIOJMMEP.JII )KYMECIMEH COPBLTY EPEKIIEJIKTEPI

T.K. Irucymaounos', X. Xumapcon*?", FO. Xanonwox®

Y«O.5. Bexmypoe amvinoazul xumus eviivimoapul uncmumymoly AK, Anmamor, Kazaxcman
2Ab6aii amvinoazel Kazax yaimmelx nedazozuxanvix ynueéepcumemi, Anmamol, Kazaxcman
3roansck mexnonozusinvix yuusepcumemi, I'oansex, Monvua

*E-mail: huana88@mail.ru

Tyiiinaeme. Kipicne. KypambiHia TIOTELHid )KoHE CKaHIUKA Oap yJIri epiTiHAUIEPIHEH OChl MeTallAap.bl
Oenmy ymiH wnoHamMacTeIprbeim maifeipirap Jlesarur CNP LF xome AB-17-8 HerisiHme KypbuwaH
HHTEPIOIMMEpIi KyHenep KONIaHbUIAbL JKymbicmbly MaKcamyl JTOTCIUN XKOHE CKAHIWN HOHAApbIHA
KateICThl JleBaTut xone AB-17-8 eHIIPIiCTIK HOH ajIMACTBHIPFBIII [IARBIPIAPBIHBIH COPY KACHETIH JKOHE
JIeCOpOIMACHIH 3epTTey.  Olicmepi. EpitiHmimeri TOTENMHA >XOHE CKaHIMH WOHIAPBIHBIH KaJlIbIK
KOHIICHTPAIWACHIH AHBIKTAy YINIH Ty3/ap epITIHAUIEpiHIH ONTHKAJbIK THIFBI3ABIFEL Jenway-6305
cnekrpodoromerpine (CK) ansikranabl. Anvinzan nomusicenep. Jlesatut (6:0) xxone AB-17-8 (0:6) xeke
MOJUMEpJIEPAIH  JIOTEUMH MOHAAphIH copy Jopexeci (colikeciHme 24.96% xone 21.13%)
HHTEPIOIMMEpII XKyHenepre KaparaHia TOMEH eKeHI aHbIKTanabl. JIroTeruii HOHNapbIHBIH MaKCHMAIIbI
COpbUIy Meuiepi MOHUTTEpAiH 4:2 KaTblHackiHAa Tipkenni. CkaHamil monpapsl ymiH 5:1 xone 1:5
KaThlHACTApBIH/AA MaKCHMyM cOpOuusi MoHzepi Tipkenai. Ecenrtey HOTHXKeENEpiHIEC HWHTEPHOIAMED
JKYOBIHIAFbI Oip MONMMMEP/iH MeJlepi apTKaH CalblH COMKECIHIE eKiHII MOJMMEPIiH MeTal HOHBIMEH
OaiiiaHbICy Jopekeci eceTiHi aHbIKTanabl. Katinon amvactsipreim Jleatut CNP LF 6:0 katsiHackiHza
Gaitmaneicy nopexeci 2.99 mr/moms Gosica, aHMOH anMacTHIPFBIUTHIH AB-17-8 memmepin 5 ece
apTThIpFaH/Aa KaTHOHUTTIH Oainaneicy mopexkeci 1:5 xarpiHaceiHga 13.84 Mr/monbre neifiH KOTEpiireH.
Annonutr AB-17-8 0:6 kaTeiHackiHIa Oaitnmanbicy aopexeci 2.03 Mr/MoJbJeH HHTEpPHOIUMEpIiH 5:1
KaTeiHackIHAa 12.20 Mr/moibre aeiiin eckeH. KaTHOHMTTIH JroTernii HOHBIMEH OainaHbICy Jopexeci 4.5
ecere, all aHUHOHHUTTE 6 ecere JeiiH JKorapbuiaFaH. KopbimblHObl. AITBIHFAH HOTHIKENEP OHAIPICTIK CYJIBI
epITIHAIIEeP/ICH JIOTEIMA MEH CKAaHAWNA HOHIAPBIH KaJIblHA KENTipyJe WHTEPIOIMMEpIi Ky#erepi
KoJIZlaHy MYMKIHJIT 6ap eKeHiH kepceTesi.

Tyiiin ce3nep: Jleatur CNP LF, AB-17-8, uHtepnonumepii xyiienep, copy Iopeikeci, aecopOius,
JIIOTENN NOHJAPHI, CKAHAWN HOHAAPHI

Horcymaounos Tankpibex Koscamaesuu — Xymus voiioim0apbinbiy, 00KmMopsl, npogeccop
Xumapcean Xyanzyn PhD ookmopanm

103eqh Xanonrwk IIpogheccop

1. Kipicme

Cupek >xep 3JeMEHTTEpi NMEPHOATHIK >XYHeHiH 17 31IeMeHTiHeH Typasnbl,
OHBIH IimmHAe 15 NaHTaHOWATEp, WTTPHUM JKoHEe ckaHaui kipemi [1,2]. XKen
TypOHMHAIAPbI, THOPUATI KOIIKTep, KOMIBIOTEPIIK KaOIbIKTap, KATATUTUKAIBIK
TYpieHaiprimrep, GOTOINEKTPIIK )KyKa IJICHKaJap jKoHe YHEPTUsHbl YHEMICHTIH
XKapBIKTAHIBIPY CHSIKTHI JKaHAa TEXHOJOTHSJIAPAbIH JaMyblHa OaiiJIaHbICTBI CUPEK
Kep MeTalJapblHbIH FBUIBIM MEH OHJIpiCTe ajaThlH OpHBI epekime. by
JJMIEMEHTTEpAl €Ki Heri3ri J>KOJMEH aiyfa Ooylaibl, OJapAblH ilIiHAE €eH
MaHBI3IBICH Tay-KeH eHfipici Oonbim Tadbuiagel. COXKM Oykin onmem OoiibiHIIA
KypaMbIH/Ia iJiecrie MeTajjiap Hemece OacTankel panuoakTuBTi snementrep (Th,
U) OGap oprypm MuHepangapiaaH anaipl [3,4,5]. AnjplH ajga MeXaHUKaJbIK
OHJICYIeH KeliH (MHHepangapAbl ycakTay *oHE YHTaKTay), epiTiHAieH MeTail
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WOHJApBIH Ay YLIH yHTakTap KoHUeHTpii Keimkeuiaapaa (HCIL, HNOs nemece
H>S0.) epitineni [6].

Cupex Kep WOHOAPBIH CYJIBl epITIHAUIEPAEH OPTYPJIi COPOIMSIIBIK
MaTepHajapMeH, OHBIH iliHAe MOIU(UKANMSIaHFaH KbI3bUT —Cca3JapMeH,
(YHKIMOHANBl XHUTO3aHHBIH MAarHUTTI HaHOOGJIEKTEpIMEH, KOMIPTEKTI
ancopOCHTTEpMEH, OmocopOeHTTEepMEH, THAPOTEIACPMEH KoHE
MOHAJIMACTHIPFBINI aibipaapmer Oemyre Oomaznel [7,8]. MoH amMmacy kesinnme
epiTiHgizeri MeTaT HoHbl R*MOH anMacTBIPFBINTA YII TPOTOHMEH AIMACajIbl.
Kartnonmen maiibipapiH OaiinaHbICy KYII WMOHHBIH pPagUyChlHAa >KOHE OHBIH
3apsapiHa OaitmansicTl. CkaHAMIAIH HOHABIK pamuychl (0.745 A) mroremmiire
kaparaga (0.861 A) ommekaiina a3 [9]. An moTenuil JaHTAHOMATAPIBIH
KaTapblHJaFbl MOHABIK paanychl eH Kimri 31eMeHT. COHJBIKTAaH CKaHAWH MEH
JMOTEIU  HWOHAAPBIHBIH ~ COpYy  albIpMamibUIBIKTapel  Tabbuica  Oacka
JMAHTAHOWATAPBI Aa CKaHAWAeH Oemyre Oonambl Aen OOomKaM jkacayra OOalbl.
OcpiraH opail Oy 3epTTey CKaHIUH JKOHE JIIOTCIMA MOHAAPBIHBIH MaKCHMAJIIbI
COPBUTYbIHA KOJ JKETKi3y YIIiH MaKpOMOJEKYJANbIK MOJTHMEPIIEPIiH KalIbIKTaH
OpEeKeTTeCcy 9CepiH KoJaHyFa OarpITTaFaH.

3epTTeyiH MaKcaThl JIFOTEIUH JKOHE CKaHAUN NOHIApbIiHA KaThICTHI JIeBaTuT
xoHe AB-17-8 eHIipicTiK MOH alMaCTHIPFBIN HIAHBIPIAPBIHBIH COPY KacHETiH
YKOoHE JIeCOPOIUSACHIH 3epTTEy.

2. JKcnepuMeHTTIiK 06J1iM

3epmmeyee keneci mamepuandap nauoanansiiowt: (1) Jeatut CNP LF (H*
¢opmacel) (LANXESS Deutschland GmbH, Kenbn, I'epmanus), omnci3
KBIIKBUIIBI MAKPOKEYEKTI KaTHOHAIMACTBIPFBIN (TyHipmiikrep emmemi 0.3-1.6
MM OoJiaThIH osmakpuiar) xone (2) AB-17-8 (OH™ dopmacer) (Asor, Yepkacchi,
VYkpanHa), KYWITi HETi3[iK aHWOHAIMACTBIPFIL (CTHPOJ KOHE AMBHHUIOECH30JI
coroymMepi, TydipirikTep ememi 0.3-1.2 mm ).

Keneci peacenmmep nauidananviiovi: €piTIHIIACTI JIIOTEIUN HOHAAPHIHBIH
ke3i peringe Jroreumit (III) HutTparel meHtarmapatsl  (Sigma-Oldrich,
Hapminranr, ['epmanus); epiTiHOiAEr CKaHIUH HOHAAPBIHBIH K631 pPeTiHJe
ckagauii (II) cynmbdarer (Sigma-Oldrich, [dapmmranrt, ['epmanus); Meranra
uHaukatop peareHt apcenaszo Il (Sigma-Oldrich, I'epmanus) sxoHe cTaHAapTTHI
epiTiHAiHI nalbiHAayFa apHanraH nepxiop Keiukeuiel (HClO4) (Sigma-Oldrich,
Hapmiurant, [epmanus), necopoumst mporeci ymin HNOs (Sigma-Oldrich,
I'epmanms).

Keneci xypan-sicabovikmap nauidananvindei: EpiTiHpineri JrOTeUUi >koHeE
CKaH/IWU WOHIAPHIHBIH KaJIBIK KOHICHTPAIMACHIH aHBIKTAy YIIiH Ty37ap
CPITIHAUIEPIHIH ONTUKAIBIK THIFBI3ABIFEI Jenway-6305 crnekrpodoroMerpinie
(CK) aHBIKTAIBI.

Hnmepnonumepaix scyiienepoiy copoyusIblk Kacuemmepin 3epmmey:

1) Oupipictik non anmacteipreii maibipiaap (Jlesarur CNP LF, AB-17-8)
HETi31HOe MOJJIIK KaTbIHACTApbl SPTYPHi MHTEPHOIMMEpPI XKyHenep KypbUIAbL:
JleBatutr CNP LF-AB-17-8;
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2) Kyprak Typmeri opbip monmmMepii MaKpOMOIEKYIajJapAblH €CernTenreH
MeJTIIepl apHaWbl TOTUTIPOITHICH I CY3TiTe CaTbIH/Ib;

3) Ochl HHTEpPHONUMEPI KYHElTepMeH JIOTEHUH JKoHEe CKaHIWH HOHIapbIH
copy 48 carar OoOilBl XKYpri3inmi, CKaHAWA WOHIAPHIHBIH KOHIEHTPAIHSICHIH
aHBIKTAY YIIIiH ATMKBOTTAP aJIbIH/IbI.

Copbyus napamempnepin ecenmey. JIIoTelyii koHE CKaHAWN TY3AapbIHBIH
epitingici (C = 100 Mr/n) HMOHCHI3aHFaH cyMeH maibHaanasl ( = 10 M3 /om;
pH = 6,55). Meran WOHHApBIHBIH COPBLTY ASpEKeci MbIHA TEHIEYTe COHWKec
€CeTTeNai:

N = CC;C* 100%,

o

myH1arbl C, — epiTiHAIIeTT MeTal HOHIAPBIHBIH 0aCTalKbl KOHIIEHTPAIHSICHI,
mr/it; Ce — MeTa MOHAAPBIHBIH €PITIHIIACT] KAI/IBIK KOHIIEHTPAIUSICHI, MI/JI.

[Monumep Ti30eriHiH TyHiHApaidblK OyBIHAAPBIHBIH METal HOHAaphIMEH
OaifmaHpICy Topexeci keneci popmyra OOWBIHINA eCenTeN/Ii:

0 = %* 100%,

MYHJAFBl Veops — COPBUIFAH JIIOTECNUH KOHE CKaHAWN MOHIAPBIHBIH MOJIIepi,
MOJIb; V — TOJIMMEP MAaCCaChIHBIH MOJIIEpi (erep epiTiHmiae 2 momumep OOIFaH
XKaraalaa, OHAA ONaplblH OPKAHCHICHIHBIH MOJILIEpPiHiH KOCBIHABICHI PETiHAEe
KapacTBIPbUIA[IbI), MOJIb.

Humepnonumepii srcytienepoiy 0ecopoyusCcviL 3epmmey:

Metan  WOHAapblHA  KAaHBIKKAH  MOHAJIMACTBIPFBIII  IIAMbBIpIapabIH
necopOuuscel 2% a30T KbIKBUIBIMEH XKYPri3iil.

3. Hotmkeliep :x9He 0J1apabl TAJIKbLIAY

Jliomeyuii dcone CKaHOUl UOHOAPBIHBIH COPOYUSCH

Jlepatur CNP LF-AB-17-8 wunTepmonumep >XYHMECiHIH JIOTEIUI >KoHE
CKaHIWN WOHAAPBIH COPY JSPEXKECiIHIH YakbIT OOWBIHIIA IOJIUMEPIEpIiH
MOJISIPJIBIK KaThIHACBIHA Toyenmimiri 1 koHe 2-kecTene kepcerinreH. Jlrorenuit
WOHAAPBIHBIH MaKCUMAJIIBI MOJIIIePi HOHUTTEPAIH 4:2 KaThIHACKIHAA COPBLIAJIbL.
OpeKeTTecyliH alfallKbl YaKbITBIHOA cOpOLMs aca KapKbIHABI eMec. 6 carar
OTKEHHEH KeWiH copy [opekeci HHTEPIOJUMEp JKYNTapblHAa KYPT OCKEH.
Wuteprionumepaid 4:2 KaTbIHACBIHAA COPY JOpeXeci 6 caraT opeKeTTecyleH
keiin 12.69% Oosca, ajl KeKe HMOH ajJMaCTBIPFBIITApAa e3repic OoJiMaraH,
napamerp MaHzepi 0.92% (xaTtuoHHUT yuiiH) *oHe 1.69% (aHHOHHUT YIIiH) TEH.
MaxkcuMalnisl COpy Japekeci 0apiiblK yakpiTTa 4:2 KaThIHACHIH/IA CaKTaiFaH. by
KatbiHacTa 48 cararra copy nopexeci 42.1% Kypadnbl. ANBIHFaH HOTIDKEIEP
neBatut (6:0) xoHe AB-17-8 (0:6) >xexke moiauMepiepAiH JTIOTEUUN HOHIAPHIH
copy mepexeci (colikecinme 24.96% sxone 21.13%) untepnonumepni xyienepre
KaparaHza JKOFaphl eMec €KeHIH KepceTei. 2-KecTere Kenep Oojcak, Oy sxepae
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copOuust mpoueci JIOTEUWIMEH CalbICTBIpFaHga e3reme. OpeKeTTecyliH
QIIFallIKbl yaKBITBIHAH OacTam mapaMeTp MoHI KYpT ©cKeH, Oipak omaH KeiiHri
yakpITTap/a ecy aca KapKeIHIbI eMmec. TaTepnonmmep xyiieHin 5:1 KaTbiHacbIHIA
CKaHIWU WOHIAPBIH COPY JA9peXeci KeKe MOJUMEPIePMEH CalbICThIPFaHIa
xorapsel MoHre ue. Jleatut CNP (6:0) xone AB-17-8 (0:6) monmmepinepiHiH
copy nmopexeci 38.41% xome 38.16%. JleBatutr CNP-AB-17-8 4:2 xone 2:4
KAThIHACTAPBIHBIH COpY JOpEkKeci aca >KOFaphl eMec. by jkorapeina aTaimraH
WHTEPIIONUMED KYNTApbIHIA OJapAbIH KAIIBIKTaH 9PEKeTTeCyl Ke3iHle HOHIaHy
TOpeXKECIHIH KETKUTIKCI3MITiH kopceTeni. Copy IopeKeciHiH eH KOFapbl MoHAEp1
48 carar opekerrecy Kkesinme 5:1 sxoHe 3:3 KaThlHAcCTapeiHAA OalKaabl.
[Momumepnepain 5:1 kaTeiHackiHAa copy mapexkeci 38.89 %, 3:3 karbiHachIHIA
38.41% xypaitabl.

Kecre 1 — Jlepatur CNP LF-AB-17-8 untepnionumep »XyHeciHiH JIIOTEHUH HMOHIAPbIHA KATHICTBI COPY
Jopeskeci
n (Lu®), %

JeBatut CNP LF-AB-17-8, Mmos1b:M0JIb

t,h 6:0 5:1 4:2 3:3 2:4 1:5 0:6
1 0.92 45 1.64 0.66 1.64 0.66 0.15
6 0.92 1.69 12.69 5.01 9.87 6.55 1.69
24 17.29 224 28.03 21.13 18.06 17.03 9.1
48 24.96 32.38 421 34.42 34.42 32.89 21.13

Kecre 2 — Jleatrutr CNP LF-AB-17-8 untepmonuMep KyHeciHiH CKaHIWHA HOHIAPBIHA KATHICTBHI COPY
Jopeskeci
1.(S¢*), %

Jeatut CNP LF-AB-17-8, MmoJib:M0JIb

t,h 6:0 5:1 4:2 3:3 2:4 1:5 0:6

1 18.84 215 20.29 21.26 20.77 20.53 18.6
6 19.32 20.77 23.19 23.67 22.46 24.64 19.32
24 27.29 28.26 27.78 28.02 29.71 31.16 29.47
48 38.41 38.89 35.51 38.41 36.71 37.68 38.16

3-kecTelle yakpIT OOWBIHINA MMONUMEp Ti30eriHiH OalnaHbICy JOPEKECiHIH
MOJIMMEPIIEPAIH MOJSPIJIBIK KaThIHACBIHA TOyesauniri (oTenuid HOHOapbIHA
KaThICTBI) KepceTiireH. KecreaeHn kepiHinm TypraHaai, epiTiHAizE €Ki moimmep
OoyraH Ke3jie MoMUMep Ti30eriHiH OaiyaHpIcy Jopekeci TEeK TOIHKBIIIKBLT
HeMece monuHeri3 (katbiHackl 6:0 xoHe 0:6) OonfaH >xarmaiira KaparaHna
xorapsl Oonanel. Jleeatut CNP LF-AB-17-8 wunTepnonmmep sxyiecinig 5:1
KATBIHACBIH/IA JIIOTEIM HWOHJAPBIHBIH COPBUIYBl OHIIA KAPKBIHABI EMeEC;
Oaitnanbicy napekeci 2.95% kypaiabl. An 4:2, 3:3 xoHe 1:5 KaThIHACTapbIH/A
LU+ wmoHapbiHbIH OaiiaHbicy mopekeci Korapbipak. I[loammep Ti30eriHin
MakcuMaiabel Oainanbpicy nopexeci Jlesarut CNP LF-AB-17-8 unTtepnonumep
xyweciniH 4:2 xaterHaceiHAa 3.91% Kypaii sl
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Kecte 3 — [Tonumepirik Ti30€KTiH JIFOTEIUI HOHAAPBIMEH OailIaHbICy Topexeci

9 (Lu®), %

JleBatut CNP LF-AB-17-8, MoJib:MOJIb

t,h 6:0 5:1 4:2 3:3 2:4 1.5 0:6
1 0.08 0.41 0.15 0.06 0.16 0.06 0.01
6 0.08 0.54 1.18 0.47 0.95 0.64 0.17
24 1.54 2.04 2.60 2.00 1.74 1.68 0.91
48 2.23 2.95 3.91 3.26 3.32 3.24 2.12

4-xectene Jlesarut CNP LF-AB-17-8 untepnonumep >KYHeCiHiH HOIUMED
Ti30eriHiH OalIaHbICy JopexeciHiH (CKaHIui MOHAAPBIHA KATHICTHI) KHHETHKACHI
kepcerinreH. MHATepnonmMep kyieciHmeri mommMep Ti3OeriHiH OaimaHbICy
JIOPeXKECIHIH MaKCUMalIabpl MoHzepi 48 cararran keitid Jleearut CNP LF-AB-17-
8 5:1, 3:3, 1:5 xone 0:6 karbiHacTapbiaaa 6.90%, 7.08%, 7.23% xone 7.47%
Kypassl.

Kecre 4 — [Tonumeprik Ti30EKTiH CKaHI1I HOHIAPHIMEH OaillaHbICy A9pexect

8 (Sc*), %

Jleatut CNP LF-AB-17-8, Mmosib:MOIb

t,h 6:0 5:1 4:2 3:3 2:4 1.5 0:6
1 3.28 3.81 3.67 3.92 3.90 3.94 3.64
6 3.37 3.68 4.19 4.36 4.22 4.73 3.78
24 4,76 5.01 5.03 5.16 5.58 5.98 5.77
48 6.69 6.90 6.43 7.08 6.90 7.23 7.47

Kexe JleBatut CNP LF xone AB-17-8 noHaiMacThIPFhILI MIAHbIpIapbIMEH
WHTEPIIOIUMED JKYHENIepiHiH CcOpOLMsICH Ke3iHAe JIIOTEIMH HOHJAPBIHBIH
KOHIIEHTpALMsUIapeIHBIH ~ TeMeHaeyl  l-cyperre  kepcetinreH.  Jlorenmid
WOHJAPBIHBIH KOHIEHTPALMACHl COPBUTY MPOLECiHIH 6-caFaThl ©TKEHHEH KeHiH
alTapiblkTall TemeHzaereHi Oaiikanajpl. CoOpOLMSHBIH MaKCHUMaJJIbl MOHAEPI
OpeKeTTeCy IiH OapybIK yaKbIThIHAA 4:2 KaTbIHACBIHA TOH. AJI MHTEPIIOJIMMEPII
xyHenepain 5:1, 3:3, 2:4 xone 1:5 KarelHacTapbl YIIIH copy mpoueci Oip
neHrediae xypredin kepyre Oomamel. Jleatur CNP (6:0) sxone AB-17-8 (0:6)
KEKe  IOJNUMEPIIEPiHIH ~ CcOpy  MOHJEpI  WHTEPIONUMEpNTi  KYNTapMeH
CaJIBICTBIPFaHla MUHUMAJIZBI MOHTE Me. AJIBIHFAH HOTHXKEJIEP KbIIIKBIIABIK KOHE
HETI3IK TMOJNMMEpJIepIiH ©3apa axkTHBTEHyl WHTEPHONUMEp >KyHeciHueri
WMOHAJIMACTBIPFBII IAHBIPIApABIH COpY KACHETTEpiHIH aWTapibIKTall apTybIHA
OKEJICTiHIH KOpCeTeIi.
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C mgl/l
Lewatit:AB-17-8:Lu*"

—=— 1h
—e— 6h
—A—24h
—v—48h

100

70

60

Cyper 1 - CNP LF - AB-17-8 unteprnonumMep xyiiecinin copbuuschHan Keifin epitinaineri Lu *
MOH/IAPBIHBIH KAJ/IbIK KOHIICHTPAIUSICHIHBIH MOJIIPJIBIK KATHIHAC [IEH yaKbITKa OaiijlaHbICThI ©3repyi

2-CypeTTe KepiHill TypraHaad, OacTamkpla HETi3/iK MOJUMEp/IIH MeJepi
©CKECH CalbIH ePITIHAIACTI CKaHIUNIIH KOHIICHTPAIUACH 0asy ToMeHIereH. by
KYOBUIBIC OpeKeTTecyliH 24 caraThlHAa Na cakraiaraH. An 48 caraT ©TKeHHEH
KeliH KyHene e3repicrep maiia OonFaHbIH Kepyre Oomansl. MHTEpnomumepain
CNP LF - AB-17-8 5:1 xoHe 3:3 KaThlHACTapbIHJa MUHUMYM HYKTelep maiia
OoxraH. byn copOrusian KediHTi epiTiHiAe KaJFaH CKaHAWUIIH €H a3 MeJepi
TipKeJNTeH ayMaKTap.

C, mg/l . 3+
Lewatit:AB-17-8:Sc

—=&— 1h
—&— 6h
—A— 24h
—wv—48h
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Cyper 2 - CNP LF - AB-17-8 unrepnonumep xyiecinin copouuschiHan Keifin epitinmizeri Sc*
HOHJIAPBIHBIH KaJJbIK KOHIICHTPAUACHIHBIH MOJIIPIIBIK KaTHIHAC [ICH yaKbITKa OalilnaHBICTEI 63repyi
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Jlromeyuil dcone CKanOUtl UOHOAPBIHBLIH 0eCOPOYUSCHL

Cupexk xep MeTangapblHA KaHBIKKAH HOHAIMACTBHIPFBINI ITaWBIpIapIbIH
necopbuusicel ymiH Oenme TemmnepartypackiHaa 2% HNOs  maiimansIHBLIIABL.
OpOip MOJAPIBIK KaTbiHAC OOWBIHIIA ANbIHFAH WHTEPIIOIUMEpIIEp KYObIH KeKe-
JKeke OeJIilm KBIMKBIT epiTiHmiciHae 48 caraTka KalObIpObIK. S-kecreme 48
caraTTaH KediH 1 MOJb HMOHAJIMACTBIPFBII IIAMBIpFa OailMaHbICKaH MeTaj
WOHJaphlHA KYPTI3UIreH ecenTey  HOTWkKenepi  kenripireH. Ecenrey
HOTIDKEJIEPIHIE WHTEPIOIUMEp JKYOBIHAAFEI Oip IMOJMMEpIiH MeJIepl apTKaH
caiiblH COMKECIHINE SKIHII MOJMMEPiH METall MOHBIMEH OailylaHbICy Iope)Keci
eceTiHi aHbIKTanAbl. KatnonanMacteipreiin Jiesatur CNP LF 6:0 xarsiHachiHIQ
Oaifmanpicy mopexeci 2.99 mr/monp Ooinca, aHWOH amMacTHIpFeIITHH AB-17-8
MOJIIEpiH 5 ece apTThIpraHAa KaTHOHWTTIH OailmaHeicy pgopexkeci 1:5
KaTtbiHackiHaa 13.84  wMr/monbre  JAediH  keTepiuiredH. bynm  3aHABUIBIK
AHMOHAIIMACTBIPFRIN VINiHAE cakTanraH. AHHOHHT AB-17-8 0:6 kaTeiHachIHIA
Oaiinanpicy gopexkeci 2.03 Mr/MoOJbIeH WHTEpHoJMMEpAiH S5:1 KaTblHACBIHIA
12.20 mr/monbre neitiH eckeH. KaTHMOHWTTIH JIIOTCIMI HOHBIMEH OailylaHbICy
mopexeci 4.5 ecere, anm aHMOHHUTTE 6 ecere NeliH xorappuiaraH. CkaHAWMEH
OaliiaHpICy JOpeKeci MIOTEHUi MEH calbICThIpFaHaa Coll TOMEHipeK. by kepne
Jlesatut CNP LF 4.16 mr/monsaen 11.14 mr/monsre, seau 2.5 ece, an AB-17-8
3.72 mr/monsaen 10.16 mr/monere, siFHU 2.7 ecere ketepinred. Exi merannma ga
MaKCUMaJibl Oainanbicy monumep kyObiHaarel 1 Monb JleBatutr CNP LF (1:5
KaTbIHACBIH/AFBl WHTEpIIONUMeEp JKyObiHna) xone 1 momp AB-17-8 re (5:1
KaTBIHACHIH/IAFBl WHTEPIIONUMED JKYOBIHIA) colikec KenreH (cypeT 3). An ey
TeMeHri OalmaHbicy Jgopexeci 6:0 xoHe 0:6 KaTbIHACTApPBIHAAFBI JKEKE
MOJIMMEpIIEpre TOH.

Kecre 5. JTroTenuii xoHe CKaH{i HOHAAPBIHBIH | MOJIb OJMMEPMEH OaillaHbICy Aapexeci

8 (Lu®), Mmr/monb

Jleatut CNP LF-AB-17-8, Mmosib:MOJIb

6:0 5:1 4:2 3:3 2:4 1:5 0:6
Jesarur  2.99 3.54 3.84 5.63 7.27 13.84 -
AB-17-8 - 12.20 6.68 4.49 3.34 2.73 2.03

8 (Sc®), mr/moan

Jeatutr CNP LF-AB-17-8, mosib:M0Ib

6:0 5:1 4:2 3:3 2:4 1.5 0:6
Jepatur  4.16 4.90 5.48 7.85 6.66 11.14 -
AB-17-8 - 10.16 6.25 4.41 4.97 4.39 3.72
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8 (Lu™), mg/mol ) 8 (Sc™), mg/mol

14 [=— Lewatit
= Lewatit 114 & AB-17-8
|——AB-17-8|

6.0 51 42 33 2:4 15 0:6
Cypert 3 - Jlrotenuii xoHe CKaHANI HOHAAPBIHBIH | MOJIb MOTMMEPMEH OailIaHbICy JapeKeci

4. KopbITbIHABI

3epTTey HOTMXKECiH/E JOTSUUH HOHJAPH! YIIIH HHTEPIOINMED KYHenepain
4:2 KaThIHACHIHIA, aJl CKaHAWKA WMOHAAapbl yimiH 5:1 xoHe 1:5 KaThiHacTapbIHAA
MaKCHUMyM CcOpy MoHjaepi Tipkenmi. JlroTenwii jxoHe CKaHIUN HMOHAAPBIHBIH
IabIPMEH aJcopOlMsIaHy KUHETHKAchl Oasy OOJIFaHIBIKTaH OyJI 3epTTeye
KOJIAMIbl yakpIT periHae 48 caraT OaiimaHbIC yakpIThl TaHmamabel. [lommmepre
copburran Metasl noHaapsl 2% HNOsz 3110€HTIMEH TOJIBIFBIMEH JIECOPOLIMSIaH b,
Jiotenuii KoHE CKAaHAWN HMOHIAPBHIHBIH 1 MOJb TOJUMEPMEH MaKCHUMAJIIbI
Oaitmanpicy mMoHi neBatut CNP LF - AB-17-8 5:1 xone 1:5 xareiHacTapbiHza
tipkenai. Ecentey HoTKenepiHae WHTEPIONUMED KYOBIHIAFbI Oip MOJMMEpIiH
MeJIIIepl apTKaH CaliblH COMKECIHIE eKIHIN IOJUMEpP/IH MeTal HOHBIMEH
OaifaHpICy Jopekeci eceTiHi aHbIKTan bl KaTrnonanvacteiprbim JleBatur CNP
LF 6:0 xarbiHachiHga OainaHeicy nopexeci 2.99 wr/monb 0Oojica, aHHOH
anMacTeIpreIThiH,  AB-17-8 Memmiepin 5 ece apTThIpFaHia KaTHOHHUTTIH
Oaitmanpicy gopexeci 1:5 karbiHaceiHma 13.84 mr/Monbre JeiliH KeTepiireH.
Anunonutr AB-17-8 0:6 xaTeiHaceIHIa OainaHeicy mopekeci 2.03 Mr/mojbaeH
uHTeprnonuMep iy S:1 kaTeiHaceiHAa 12.20 Mr/mMosbre Aeiin eckeH. KaTHOHUTTIH
JIOTEIUI MOHBIMEH OalJIaHbICy nopexeci 4.5 ecere, ajq aHUOHUTTE 6 ecere AeHiH
JKOFapbUlaraH. bByJl HOTHXKelep KeJCIIEKTe TEXHOJOTHSUIBIK epITIHAIepaeH
CKaHIWMIEH JIIOTELWiAI Oejin ajny YIIIH OChl HMHTEPIIOJIUMEP IKYNTAPhIH
naiiianany MyYMKiHAITiH KepceTe.

Kap:xbuianasipy: 3eprrey kymbichl Kazakcran PecryOnukacel FeulbIM koHE KOFapbl  OiiM
MHUHHUCTPIITT FBUIBIM KOMHTETIHIHIPaHTTBIKKApKbUIaHabIpy OoiibiHmIa No.AP14870002 xobacsiMeH
Kap>KbUTaHIBIPBIIIBL.

My/iesiep KaKTBIFBICHI: ABTOpIap Oy Makajiala e3apa MYAAENEep KaKTHIFBICHIHBIH KOKTBIFBIH
MoTiMICH .
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OCOBEHHOCTH U3BJIEYEHUSI HOHOB JIIOTELMS " CKAHJIUAS
UHTEPIOJIMMEPHON CUCTEMOM JIEBATUT CNP LF - AB-17-8

T.K. Ircymaounos', X. Xumapcon*?", FO. Xanonwox®

Y40 «HMncmumym xumuyeckux nayx umenu A.5. bexkmypoeay, Anmamoi, Kazaxcman
2KazaxcKuii HayuoHANbHbIIL Neda202uyeckuil yHugepcumem umenu Abas, Armamol, Kazaxcman
3Toansckuti mexnonoauueckuti yuusepcumem, I'oanck, Ionviua

*E-mail: huana88@mail.ru

Pe3wome. Bsedenue. Jlnst pa3zeneHuss MOHOB METAJUIOB M3 PAaCTBOPOB MPOO, COMACPIKAIIUX JIIOTCHUH U
CKaHJMi, ObUTH MCIIOJb30BaHbl HHTEPIIOJUMEPHbBIC CHCTEMbI Ha OCHOBE MOHOOOMEHHBIX cMoi JleBaTut
CNP LF u AB-17-8. Llenv uccredosanusi — wi3yueHue COPOLMOHHBIX H JIeCOPOILMOHHBIX CBOWCTB
MPOMBIIUICHHBIX HMOHOOOMEHHbIX cMmon JleBatut u AB-17-8 mo OTHOWICHHIO K HOHAM JIOTCLHS U
ckaHaus. Memooonoeus. JInst onpeneieHuss 0CTaTOYHON KOHLEHTPAIMM MOHOB JIIOTELHUS W CKaHAWSA B
pacTBOpe OIPENCIUIM ONTHYCCKYIO IUIOTHOCTH PAcTBOPOB coyiel Ha crekrpodoromerpe Jenway-6305
(CK). Ionyuennvie pesyrvsmamet. Bb10 yCTaHOBIICHO, YTO MHAWBHAYyanbHbIe TonuMepsl Jlesatut (6:0) u
AB-17-8 (0:6) umeror Ooyiee HH3KYIO CTemneHb copOuuu wHoHOB soterus (24.96% u 21.13%
COOTBETCTBEHHO), Y€M HMHTEPIIOJMMEPHBIC CHUCTEMBI. MaKCHMallbHAsI CTENICHb COPOLMY MOHOB JIFOTCLIUS
HaOIrOaeTCsl TMpH COOTHOLICHMH 4:2. MakcuMaibHbIC 3HAYCHUS CTEIEHH COPOLMM HMOHOB CKaH/IWS
HaOJFOAr0TCs TpU cooTHoIeHusx 5:1 u 1:5. B pe3ynprare pacueroB yCTaHOBJICHO, YTO C YBEINYCHUEM
KOJIMYECTBA OJTHOTO MOJMMEpa B MHTEPIOJIMMEPHOH Nape yBeIWYMBACTCSl CTENEHb CBS3bIBAHUS BTOPOrO
rosMepa ¢ noHoM Mmertaiuia. Eciu katronnt JleBatut CNP LF umeer crenens cBs3biBanus 2.99 mr/moins
[IPU COOTHOIICHHH 6:0, TO IPH yBEJIMYCHHH KONnYecTBa aHHOHUTa AB-17-8 B 5 pa3 creneHb CBsI3bIBaHHS
KaTHOHHMTa yBenuumiack 10 13.84 mr /monb mpu cooTHomieHun 1:5. CTeneHpb CBA3BIBAHHS HCXOJHOTO
annonura AB-17-8 ysenuumiachk ¢ 2.03 mMr/mons 10 12.20 Mr/mMonb npu COOTHOIICHHU WHTEPIIOIMMEpA
5:1. CreneHb CBA3bIBaHMS MOHOB JIIOTELUS] KATHOHUTOM yBeIM4MIach B 4.5 pa3a, a aHMOHUTOM B 6 pas.
Bu1600. Iony4yeHHbIe pe3yabTaThl IOKa3bIBAIOT BO3MOXKHOCTD UCIOJIb30BAHUS HHTEPIIOIUMEPHBIX CHCTEM
JUISL U3BJICUSHNUSI HOHOB JIIOTELMS M CKAHIMSI U3 TIPOMBIIIICHHBIX BOJHBIX PACTBOPOB.

KioueBble ciaoBa: Jlesatur CNPLF, AB-17-8, uHTepmoimMepHas CHCTEMa, CTEIEHb COpOLUH,
JiecopOIYs, HOHBI JIFOTEIHS, HOHBI CKaHIML

Jorcymaounoe Tankvibex Koocamaesuu — J[okmop xumuueckux HayK, npogeccop

Xumapcrn Xyanzyn Ph.D ookmopanm

103eqh Xanonrwk IIpogpeccop
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PRODUCTION OF DRILLING FLUIDS BASED ON COTTON
SOAPSTOCKS
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Abstract. Introduction.For effective oil production, this is necessary to ensure high-quality drilling,
opening of reservoirs. Many tasks that arise during drilling are solved with the-help of process fluids. The
purpose of the work is to create new drilling fluids based on secondary resources, surfactants. The
composition of a new drilling mud for drilling wells is proposed. Methods. One of the main indicators of
hydrophobic emulsion solutions is filtrate output. The operational properties of the filtrate release of
hydrophobic emulsion solutions differ slightly from other indicators. When filtering hydrophobic
emulsion solutions in a porous medium, the kinetic factor associated with the rate of formation of the
filtration crust becomes of great importance. Results and discussion. The instantaneous filtrate output of
systems of hydrophobic emulsion solutions stabilized by surfactants is reduced due to the rapid formation
of a bound filtration crust by means of fast interactions, therefore, it’s strengthened by slow interaction
bonds. This formation of charge-transfer complexes, electronic donor-acceptor, long-lived free stable
radicals, hydrogen, covalent bonding carried out with an induction period at a close distance, determines a
decrease in the filtration yield of the solution. Conclusion. Cotton soapstocks are valuable additives in the
composition of drilling fluids to improve their operational properties. According to the limit values of the
parameters, the-reagents are arranged in the following series according to-filtrate: fatty acid salts >
emultal > soapstock > tar distillation of fatty-acids. At the same time, the parameters of the hydrophobic
emulsion solution are always, except for GJC and FFA, where after the limit value of their quantities, the
filtrate output increases, improves with the concentrations of reagents.

Keywords: oil, oil production, well drilling, process fluids, filter recoil, hydrophobic emulsion
solutions, kinetic factor, surfactants, critical kinetics
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MNOJYYEHHUE BYPOBBIX PACTBOPOB HA OCHOBE
XJIOIIKOBBIX COAIICTOKOB

buméemosa I JK.*, Kemoaes A.P.), Bomawes E.T.', Omapéaes H.IIL", Haouposa JK.K.",
Tycynkanues E.A.”", Maiimexos 3.K.%, Cambaesa JI.A.*

YOxucno-Kazaxcmanckuil ynueepcumem umenu M.Ays306a, Ilvivmkenm, Kazaxcman

240 «Hucmumym xumuueckux nayk umenu A.5. Bexmypoeay, Anmamui, Kazaxcman
3Koipaviscro-Typeyxuii Ynusepcumem Manac, Buwxex, Koipeviscman

4Kuipewizckuii ocyoapemeennwiti Texnuueckuii Yuusepcumem umenu M. Pazzaxoea, Buuixex,
Kuvipevizcman

“E-mail: t_ersin@mail.ru

Pe3wme. Beeoenue. [ns 3dhbexTuBHON 1006 HEDTH HEOOXOAUMO 00ECTICUNTh KAYECTBEHHOE OypeHue
W BCKpbITHE IUIacTOB. MHOrMe 3ajauyd, BO3HUKAIOIIME NpU OypeHHH, pelIaloTcs IpH HOMOLIM
TEXHOJIOTHYECKUX JKHIAKOCTeH. [Jeny pabomsl — CO3JaHHWE HOBBIX OYpPOBBIX pAcTBOPOB HA OCHOBE
BTOPHUYHBIX PECYpPCOB M HEKOTOPBIX ITOBEPXHOCTHO-aKTHBHBIX BellecTB. IIpe/yioxkeH cOCTaB HOBOTO
OypoBoro pactBopa IUisi OypeHHs TOPHBIX NOpoA. Memoov. OmHMM W3 OCHOBHBIX IOKazaTelsiel
rUAPO(GOOHO-IMYIILCHOHHBIX PAacTBOPOB sIBIsIeTCsl  (puiibTpaToTAaua. OKCIUIyaTallMOHHBIE CBOICTBa
¢unpTparotaadel  rHAPO(POOHO-IMYIIBCHOHHBIX  PACTBOPOB  HECKOJIBKO OTJIMYAIOTCS OT  APYTHX
mokasareneit. ITo 0OyCIOBJIEHO TeM, 4TO mpu (GHIBTpalUK THAPO(POOHO-IMYIBCHOHHBIX PACTBOPOB
MOPUCTON cpele OonblIoe 3HAYeHHE MPHOOpeTaeT KUHETHYeCKUil (akTop, CBSA3aHHBIA CO CKOPOCTHIO
(dopmupoBaHus (PUIBTPAIMOHHON KOPKH. Pesyremamvl u oOcyscoenue. MrHOBEeHHas (QUIBTpaTOTAaua
chucteM  THAPOPOOHO-IMYIBCHOHHBIX PACTBOPOB, CTAOHIM3HPOBAHHBIX MOBEPXHOCTHO-aKTHBHBIMU
BEIIECTBaMU Oy/IeT CHIKEHA 3a cYeT OBICTPOro 0Opa30BaHUs CBSI3aHHOW (DMIIBTPAIIMOHHON KOPKH TPH
MOCpeNCTBE OBICTPBIX B3aMMOACHCTBHI, KOTOpas BIIOCIEACTBHM OyNEeT YHPOYHATHCS MEIJICHHBIMHU
CBS3IMH B3aMMOJICUCTBHS. DTO 0Opa3oBaHHME KOMIUIEKCOB ¢ mepeHocoM 3apsna (KII3), snekrpoHHBIC
noHopHO-akuenTopusle (J/1A) W IONTrOXMBYIIME CBOOOIHBIE CTAOMIBHBIC paJUKallbl, BOIOPOJHAS H
KOBAJEHTHAs! CBSI3b OCYLICCTBIISIEMBbIE C HMHAYKIHOHHBIM IEPHOJIOM Ha ONM3KOW JUCTAHLMH, 4YTO
[peIonpeesIsieT CHIKeHNE (HIBTPOOTIAYH PacTBOpa.

Bb1600. XIIONKOBBIE COANCTOKHU SIBJSIFOTCS IIEHHBIMH J00aBKAMH K COCTaBaM OYpOBBIX PAcTBOPOB JIst
YIYYLOIEHHST MX OKCIUTyaTalMOHHBIX XapakTepucTuK. Ilo mpemesbHBIM JOCTUTaeMbIM 3HAUYCHUSIM
[apaMeTpOB PEarcHThl PACIOAraloTCsl B CICAYIOMIUHA P 0 (GHIBTPATOTAAYE: COJH KUPHBIX KHCIOT >
SMyJIbTANl > COANCTOK > T'YAPOH JUCTHULILUM JKUPHBIX KUCIOT. IIpu 3TOM mapamerpsl ruapodobHO-
9MYJIECHOHHOTO PAacTBOpa BO BCEX CIIydYasxX, KpOME TYAPOH TUCTHUIALMH KkUpHBIX kucioT (IJIKK) u
comn skupHbix kuciot (CXKK), rme mocme mpemenbHOTO 3HAYCHHS HX KONMYECTB (UIIBTPATOTAAYA
BO3pACTAaLT, YIY4IIAIOTCS ¢ KOHIEHTPAIIUi peareHTOB.

KioueBble cioBa: HedTh, HedTenoObMa, OypeHHE CKBaXWH, TEXHOJOTHYECKHE IKHIKOCTH,
¢unpTpoTnaya, TUAPOGHOOHO-IMYIBCHOHHBIE PACTBOPBI, KHHETHYECKUil (DakTOp, MOBEPXHOCTHO-
aKTUBHBIC BELIECTBA, KPUTHYECKAsi KHHETHKA
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1. BBeaenue

Ceroans pa3BUTHE HE(TEra3oBOro KOMILIEKCa HWIpaeT BaXHYI pOJib B
skoHoMuKke PecryOmmkm Kazaxcran. Jloxombl oT HedrerazoBoil oTpaciu
SBIISIIOTCS OCHOBOM Bcero Oromkera cTpaHbl. OT paboThl MpennpusiTHi
HeTEera30BOro KOMIUIEKCA 3aBHUCHT pealn3alusl TOCYAapCTBEHHBIX MPOTrpaMM
pa3BuTHS B MacmTabax Kak permoHOB, TaK M TOCYy/AapcTBa B 1esom [1].

B wnacrosimee Bpemsi Gomee 55% 3amacoB He(TH NepeBENEHbI B paspsil
TPYAOEMKHX, TPeOYIOMIMX TpPYJOEMKOH pa3pabOoTKH HOBBIX TEXHOJNOTHUH U
o0opynoBaHus, OONBIINX (PUHAHCOBBIX M TPYIOBBIX PECYpCOB. YXyAILICHHE
Ka4yecTBa 3allacoB IMPUBENIO K CHIDKEHHIO CPEIHUX NeOUTOB IKCIUTYyaTALMOHHBIX
ckBakuH. Tonbko 3a nocieanue 10-15 ner cpeanue aeGETH MO pa3HBIM OLIEHKAM
coKkpaTwiuch B 2-4 paza. Temepb, 4ToOBI CO3AaTh PaBHBIE MOIIHOCTH 0 A0ObIUE
He(TH, HEOOXOAUMO MPOOYPHUTH 10 4 CKBaXUH BMECTO OIHON. A €CiH y4ecTb,
410 00JIee MOJIOBUHBI OYPOBBIX YCTAHOBOK OBLIIO COKPAIEHO BO BPEMs CHIKCHHMS
meH Ha HeQTh, TO CTAHOBUTCA SICHO, 4YTO HAOJIOAaeTcs COKpalleHHe
BO3MOXKHOCTEMN ISl CO3/ITaHUS HOBBIX MOIITHOCTEH [2].

Jnst apdexTuBHON N00BMMM HEPTH HEOOXOIUMO OOECIEYHTh KaueCTBEHHOE
OypeHue W BCKpBITHE IIacTOB. MHOTHE 3a7a4u, BO3HHUKAIOIIWEe NpH OypeHHH,
pEeLIalTCs P MOMOIIIN TEXHOJIOTUUECKUX XKuakocteit [3].

2. Henn u 3axauun

Bbicokass MuHepanu3anus ®Kuakoi (azel OYpOBBIX PacTBOPOB MPUBOJHUT K
MoTepe €€ KOJUIOMTHOM CTaOMJIBHOCTH, YTO B CBOIO OuY€pelb NPUBOIUT K PAAY
OCJIO)KHEHUH M HeONIarompuaTHbIX mocieacTBui. ['mapodoOHO-3MyIbCHOHHBIE
pactBopsl (I'DP) wmoryr obecrmeunTs HEOOXOAMMOE KadecTBO OypeHUs u
BCKPBITHSA, 4YTO TIO3BOJISIET IOJIHOCTBIO  TMOAJEPKHUBATh IMPOHUIAEMOCTH
noBepxHocTHOH 30HbI (II3II) macra, mnpenoTBpamiath 3aTBepleBaHHE U
yJepKaHue KOJOHH, 00ecIieYrBaTh CTAOMILHOCTh CTEHOK CKBKWHBI U yaJICHHE
nuama [4-6]. OnHako UCHONIb30BaHHE THAPOPOOHO-IMYIBLCHOHHBIX PAacTBOPOB
CBSI3aHO C HEOOXOJMMOCTBIO PEHICHUs CrenupUUECKUX MpodjaeM IaHHOTO THIIA
JICTIEPCHBIX CHUCTEM, B YaCTHOCTHU, TIPU BO3JICHCTBUHM arpecCHBHBIX (aKTOPOB B
CKBa)XMHE U 00ecleYeHNH CTA0OMILHOCTH UX CBOWCTB, K KOTOPBIM OTHOCSTCS: 1)
MoTeps YacTH JAWUCIEPCHOHHOM Cpeabl NpU mojave (QuibTpara B CKBaXKHUHY-
rpaHuLa IulacTa; 2) 3arps3HEeHUE IJIaCTOBOM BOAOH M TMAPOQHILHON TBepaon
¢a3oif; 3) BBHICOKUI M HU3KUH YPOBEHb - BCE 3TH (AKTOPHI CIIOCOOHBI B pa3HON
CTENIEHW TIPUBECTH K TIOTepe arperaTuBHOW cradmmpHOCTH IDC 1M ee
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(YHKIMOHANBHBIX BO3MOXKHOCTEH, 4YTO TPUBOJAUT K CEPbE3HBIM aBapHsiM B
ckBakuHe. [loaToMy akTyaldbHO CO37aBaTh HOBBIE KOMIUIEKCHBIE pPEarcHTEHI,
obnajaroniye ymydnIeHHBIMA CBOWCTBAMHM W TO3BOJISIONIME 3aMEHSATH Cpasy
HECKOJIbKO CIIeUATBHBIX PEareHTOB.

HeoOxonumele cBoiicTBa OypOBBIX PacTBOPOB MOTYT OBITH AOCTHTHYTHI B
pesynbTrare 00paboTKI HPOMBIBOYHBIX KHUIKOCTEH peareHTamu-
CTabMIM3aTOpaMH, CTPYKTypOOOpa30BaTEISIMHU U TIOHU3UTEISIMH BA3KOCTH.

Memoovi. OTHUM W3 OCHOBHBIX TOKa3zaresiel TruapodoOHO-IMYIBLCHOHHBIX
pacTBOpoB sBigeTca (uIbTparoTAada. DHUHKO-XMMHUYECKHE TPEITIOCHIIKH
ympasneHus: ¢unbTpatotaadeii ['OP  HecKONmbKO OTIHYAIOTCS OT APYTUX
nokazareneld. ITo oOycnoBiIeHO TeM, 4To npu ¢uibrpaumu 'OP B mopucroit
cpeae Oonplioe 3HaueHHE MpUoOpeTaeT KMHETHYECKHH (aKTOp, CBS3aHHBIA CO
CKOPOCTBIO (hopMHUPOBaHUS (DHUIIBTPAIIMOHHON KOPKH [7].

3. Pe3yabTaThl U UX 00CyKIEeHHE

MrHoBeHHass  ¢unbTparoTnada cucreM [OP  cTaOMIM3HpOBaHHBIX
[IOBEPXHOCTHO-aKTUBHBIMU BELIECTBAMH OyZAET CHI)KEHa 3a CUeT OBICTPOro
00pa3oBaHMsl CBSI3aHHOW (UIBTPAIIIOHHON KOPKHM TPH MOCPEICTBE OBICTPHIX
B3aWMOJICHCTBUI, KOTOpas BIIOCIEACTBHH OYAET YIPOUYHSITHCS MEIJICHHBIMU
CBSI3SIMH B3aliMOJIEHCTBUS. DTO 00pa3oBaHHME KOMIUIEKCOB C MEPEHOCOM 3apsaa
(KII3), »snexTpoHHble JAOHOpHO-akuenTopHele (BA) u  AONTOXUBYIIHE
CBOOOJIHBIC CTAOWJIbHBIC pajMKaJibl, BOJOPOJHAS W KOBAJCHTHAas CBS3b
OCYILIECTBIISIEMbIE C MHAYKLUMOHHBIM MEPUOJOM Ha OJNM3KOM IMUCTAHIMH, YTO
npenonpeesseT CHIKeHHe (pUIbTpooTauH pactBopa [8].

3aBUCUMOCTH OTHOCHTEIIFHOH KOHIIEHTPAIUK JOJKHBI OBITh MOJYYEHBI,
KOIrJa KOJIMYECTBO M TEMIlepaTypa BOAbI OJIWHAKOBBI, IIOCKOJBbKY 3TH JIBa
(hakTOpa OJMHAKOBO BIMSAIOT Ha ONTUMAJbHBIN COCTaB MOBEPXHOCTHO-aKTUBHBIX
BeriectB [9]. [ToaToMy cpaBHUBaeM 3aBUCHUMOCTbH IMokazareist Gpuibrpanuu [OP
OT KOHIIEHTpAIH PEareHToB (puc.2).

Ha pucynke 1 mokazaHo, 4YTO Ha JAMarpaMMe €cTb OCOObIE TOUYKHU
BO3BBIIICHUS, B KOTOPBIX JIOCTUTAIOTCS YKa3aHHbIE KPUTHYECKHE (ONTUMAJIBHBIC)
koHieHTpaiuu pearentoB (KKP). Kpurnueckue KOHIIEHTpallMu, HAOIIOIaeMbIC
WHINKAaTOPOM BbIXoza guibTpara: 6%, 2%, 4%, 2%.
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PucyHok 1 - 3aBUCHMOCTB 3JIEKTpUUECKOi cTabmibHOCTH ['DP 0T X KOHIIEHTpaLUK
Ha ocHOBe pa3imyuHbIX [IAB

Ilo nOCTUTHYTBHIM TpeneibHBIM 3HAUEHUSIM IapaMeTpPOB  PEareHTHI
pasMeraTcs B CICAYIOMEM Psify IO moaade GUiIbTpaTa: CONM JKUPHBIX KHACIOT
(CXKK) >>MyapTar>coarcTok™> TyIpOoH TUCTHILIAINAN XUpHBIX kKucioT (I'1XKK).

IMlpu sToM mapameTpsl TUAPOGHOOHO-IMYIECHOHHOTO pacTBOpa BO BCEX
ciyqasx, kpome ['JDKK wm CXKK, tme mocnme mnpenemsHOoro 3HaveHus 6%
¢bwibTpaTOTAaYa BO3PACTAET, YJIYUIIAIOTCS C YBEIMYEHHEM KOHLIEHTpauuit
peareHToB.

[lomyuenHble pe3yJbTaThl XOPOIIO COTJIACYIOTCA C  TEOPETHUECKUMHU
NpeACKa3aHUsIMHU, CIeNaHHbIMU paHee. Huskue noxazarenu cpoiictB ['OP Ha
ocHoBe CXKK o0OBSCHSIOTCS OTCYTCTBHEM HOHHBIX, MOJSPU3ALHOHHBIX,
WHAYKIIMOHHBIX u 3JIEKTPOHHO-IOHOPHO-AKIIEITOPHBIX (BJA)
MEXMOJICKYJISIPHBIX B3aMMOJAEHCTBUN B 00BeMe cpenpl, a 3HaunTenbHble KKP-
OTHOCUTEJIbHOH MAaJIOCTBIO IUIOIIAAKH aJcOpOLUM BCIEACTBHE HOPMAIBHOIO K
MTOBEPXHOCTH paznena (aznonoxeHus MOJIEKYII. OtcyTcTBHE
JJIEKTPOCTAaTHYECKOTO  OTTAJKUBAHHWS  TMOJSIPHBIX  TPYNI W JJIMHHBIN
anupaTHYeCKU pajdKal B 3TOM CiIydae MPeIoIpelelsiioT MalouKoo0pa3HbIid
BUJ MHIEI, KOTOPHIH Manod(h(deKTUBeH Ui CTPYKTYpOOOpa3OBaHHS H
cHkeHus: ¢unpTparoTnaun. C Apyroil CTOpOHBI KapOOKCHWIIbHAS TMOJSIpHAs
rpynna CXKK HemoctaTouHO cuibHa Uil JUIMHHOTO YIJIEBOJOPOJHOIO pajuKaa
KHCJIOTBI, YTO HAXOAUT CBOE OTPAKEHHE B HU3KOH 3JIEKTPOCTA0MILHOCTH.

Kpenkoe owmputenne CXKK mo3Bomsier yaydmuTh pe3yibTaThl, dYTO
OOBSICHSCTCS HOH-AMIOIBHBIMHA B3aMMOJIECHCTBUSMH TOJIIPHBIX TPYII MbUIA, a
TaK)K€ YCWJIEHHEM BOJOPOJHBIX CBS3€H MOJIEKYJ THAPATHOM BOABI, C OJHOU
CTOPOHBI, C CaMHUM KaTHOHOM (BIUIOTH JO KOBAJEHTHOTO B3aMMOJEWUCTBHS), C
JIpyrOd CTOPOHBI, KUCJIOPOJAOM AHHWOHHOW YacTH MOJEKYJIbI, MOJAPU30BAHHON
TeM ke KaTHoHOM. Pabora ancopOuuu npu ombuieHnn [IAB noBeiaercs 3a cuet
OoJplIell DHTANBIIMK TEpexo/ia MOJSPHOW TPYMIBI B BOAY, YTO CIIOCOOCTBYET
BBIPABHUBAHUIO I'JIB, YBEJIIMYECHUIO paboTsI aacopOiuy, T.C.
anekTpocTabuinbHOCTH. Ha pHcyHKe 2 BHAHO, YTO 3a CYET B3aHMMOJACHCTBHSA
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nossipabix rpynn [TAB ymenpmaercs KKP u u3MeHsieTcs cTpoeHHME MUICII,
KOTOpbIe TMpHOOpeTaroT (GopMy MNPOCTPAHCTBEHHO MEPEIUICSTCHHOIO Kapkaca
BOJIOKOH MBIJIa, 9YTO CITOCOOCTBYET CHIDKCHHIO QHiIbTpaToTHadn [ OP.
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OCHOBHOH KOHK
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OCHOBHOH

/30 MuH
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OCHOBHOW OCHOBHOR OCHOBHOR

KoHneaTpanmus sMyasraropa, % macc

PucyHok 2 - 3aBucumocts mokasatenst puibtpanuu I'OP Ha ocHoBe paznuunbix [IAB ot ux
KOHLICHTPALUH.

B cioyvasx I'’I’KK m Ca - MbUIa AEHCTBYIOT HCKIIOYHTEIHHO OBICTpPHIC
MEXMOJIEKYJIIPHbIE B3aMMOJEUCTBUS U ISl HUX CIPABEUINBO YTBEPXKACHUE -
yBelIMueHHe  creneHn  HoHHocTH  IIAB,  cmocoOcTByeT — MOBBILICHHIO
HU3KOTEMIIEpaTypHBIX mapaMeTpoB [DP B craTMyeckMX H JUHAMHYECKUX
ycioBusix. Temeps onenum moBenenue [1AB, oOpasyrolero MeIJICHHBIN THIT
cBs3el - aMmynbTana. Kak u mpesamnosaranochk, coueTaHre B MOJIEKYJIE AMYyJIbTaja
CJIO)KHO?(HUPHON THIPOKCHIBHOM W WMHIHOW TIPYMIl, CHOCOOHBIX K B3aWMHOHN
nonsipuzanuu  OJIA  B3auMOAEHCTBHSAM, omnpexaenser Oojiee  BBICOKYIO
anekTpoctabuinbHocTh [DOP. Jlokanusamusi MOJSPHBIX TPYNH B MOJIEKYJIE
SMyJbTana o0yClIaBIMBAaeT MX OOBEIMHEHHE B KaueCTBE €€ IMOJISIPHOW YacTH C
COOTBETCTBEHHBIM yBEIMUYEHUEM paboThl U iouaaku aacopouuu ITAB. B To xe
BpEMsI, €CITM B YCIOBHUSIX KOHJICHCUPOBAHHOTO aJICOPOIIMOHHOTO CIIOSI ME/IJICHHBIE
B3aUMOJICHCTBUSL I(PPEKTHBHO PEATU3YIOTCS, TO B 00bEME Cpelbl MOJEKYJIIbI
SMyJbTala, UMEIOIIME CaMblii KOpOTKMH anudpatnyeckuid pamukan Cizz2 U He
B3aMMOICHCTBYIOIINE C MOJSPHBIMH TPYMIIaMHU 3JIEKTPOCTATUIECKH, HE CKIOHHBI
K arperamnyy BIUIOTH J0 KOHIEHTpanmuu 8%, 4TO HAaXOAWT CBOE OTPAKEHHE B
KpaiiHe BeIcOKOH puinbTparotaaue I'OP Ha ero ocHoBe.

Bere 0buT0 cenaHo MpennojoKeHHe O MEPCHEKTUBHOCTH COBMELICHUS B
COCTaBE€ PEareHTOB KOMIUIEKCHOTO JEHCTBUS, CITIOCOOHBIX K 00Pa30BaHUIO 000X
THUIIOB CBsi3eH, uTo peann3oBano B cirydae I'JIXKK. Kak BunHo u3 pucynkos 1 u 2,
napameTpsl 'OP Ha OcHOBE coarcToKa AEHCTBUTENBFHO CPAaBHUTEIBHO BBICOKHE.
EquHCTBEHHBIM  WCKIIOYEHHEM  SIBISETCS  HECKOJNBKO  OoJjiee  BBICOKas
ANEKTPOCTA0MIBHOCTh OMYJIbTANa TPU KOHIEHTpANUsAX peareHToB 6%, YTO
BIIOJTHE BITMCHIBAETCS B OOILIYI0 KapTUHY, TaK Kak 3TO CJIEACTBHE ero Oosee
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CHJIBHBIX HOJIIPHBIX Ipymi. TakuMm oOpa3oM, pe3yibTaThl 3KCIIEPUMEHTAIbHBIX
HCCIICIOBAHUH B 1I€JIOM IOATBEP)KAAOT Pa3pabOTaHHYI CXEMy YINpaBiCHHS
cBoiictBamu ['OP.

I'OP pomxeH BKIOYATh HOJSIPHBIC TPYHIBI C OOJBIINM CHJIOBBIM IIOJIEM,
YeM OCHOBHOM 3MYJBIaTOp CHUCTEMBI, JINOO UMETh yIJIEBOAOPOIHBIN paguKal co
3HAUUTENBHBIM  MepeBecOMIuaApopuIbHO-TMnopmwiIbHOr0  Oanmanca (I'JIB) B
cTropony sunopunbHocTH. [Ipr 3>TOM mpennoOYTUTENBHBI Pa3BETBICHHBIC
YIJIEBOAOPOIHBIE LM U HU3Kasl UX MPOCTPAHCTBEHHAs JoKanu3anusi. Oco6eHHO
s¢pexTHBHA KOMOUHAIHs B MOJIEKYJIe CTPYKTypooOpa3oBaTens
BBICOKOMOJICKYJISIPHBIX ~ YTJIEBOJIOPOAHBIX —LEMel, CoAepKalluX HECKOIBKO
3(UPHBIX TPYII OKCHUATHIBHBIX (OKCHIIPOIMIBHBIX) PaaUuKaioB pa3OpoCaHHBIX
0 JJIMHE LEMH, W CI0KHOI(UPHYIO IPYIINY B UX CEpPEIUHE.

4. 3axioyeHue

Takum 00pa3oM, XJIONKOBBIE COAINCTOKH SIBJISIFOTCS LICHHBIMU JT0OaBKaMH K
cocTaBaM OYpOBBIX PACTBOPOB JJisl YIYUYIICHUS WX OKCIUTyaTallHOHHBIX
XapakTepucTuk. Ilo npenenpHbIM AOCTUracMbIM —3HAYEHUSIM [1ApaMETPOB
peareHThl pacloiararTcs B CASAYIOIUI psal 0 GUIbTPAaTOTAAYE: COIN KUPHBIX
KHMCJIOT > 3MYJIbTal > COAIICTOK > IyJpPOH AUCTWUIALMU XUPHBIX KUCIOT. 1Ipu
3TOM MapaMeTpbl THAAPO(GOOHO-IMYIBECHOHHOTO pacTBOpa BO BCEX CIy4YasXx,
kpome I'JUKK u CXKK, roe mocie mMpeaeabHOro 3HAYEHUS HUX  KOJIUYECTB
¢mIbTpaTOTAAaYa BO3PACTACT, yAYUIIAIOTCS ¢ KOHIEHTPALUeH peareHToB.

KoHduuKT uHTepecoB: ABTOpHl 3asBIAIOT 00 OTCYTCTBHH KOH(IHMKTa HHTEPECOB MEXKIY
aBTOpPaMH, KOTOpbIE TPEOYIOT PACKPBITHS MH(POPMALIMH B 3TOH cTaThe.
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Tyiiinaeme. Kipicne. MyHaiinpl THIMAI OHZIpY YIIIH camaibl Oyprbulay MEH KaOaTTapibl amryJibl
KaMTaMackl3 €Ty KepeK. DbBypreimay KesiHme TybIHIAHTBIH KONTETeH MAceNenep TeXHOIOTUSIIBIK
CYHBIKTBIKTAp/IbIH KOMETIMEH Mientineni. JKymvicmoiy makcamsl — eKIHIIUTK pecypcTap MeH Oipkarap
OeTTiKk —aKTHUBTI 3aTTap Heri3iHae jkaHa OyprbUIay epiTiHauiepiH amy. Tay KbIHbICTapbIH OypFbuIayFa
apHaJFaH jkaHa OyprbUIay epITIHAICIHIH KypaMbl YCBIHBUIIBL OOdicmepi. I'mapohoOTHI-IMYITECHSIIBIK
SpITIHAUIEPIIH Heri3ri KepceTKiuTepiHiH Oipi-¢puiabTpartein  Oepiayi. ['uapodoOTHI-3MYITECHSIIBIK
epiTiHALIepAiH (HUIBTPATTAPbIHBIH YKCPITyaTalUsUIBIK KaCHETTepl 0acka KOpCEeTKIITEep/iH MamMalapbiHaH
Oipmama epekmieneHeqi. bynm keyekti opraga ruapoQoOTHI-OMYJIbCUSUIBIK EpITIHAUICpAlI (UIBTpIICY
Ke3iHne (QUIBTPIIK KBIPTHICTHIH KabIITacy >KbUIIAMABIFBIHA OAilIaHBICTBI KMHETHKABIK (AKTOP YIKEH
MOHTe He OONATBIHIBIFBIHA HETi3nenreH. Homuowenep owcone mankviiay. BeTTiK-akTHBTI 3aTTapMeH
TYpPaKTaHABIPBUIFaH THUAPOGOOTHI-OMYIIBCHSIIBIK EpITIHAI JKyHenepiHiH Te3 ¢uibTpar Oenyi  e3apa
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JKBUIZIAM OPEKETTECY apKbUIbl OaiIaHBICKAH CY3Ti KBIPTHICBIHBIH Jie3/le TY3UIyl apKbUIbl TOMEHACHI,
comaH coH Oasy e3apa opekerTecy OailjaHbICTapbIMeH Kylueitineni.byn 3apsarel Taceimanaay
kemenepiniy (3TK) Tysinyi, snekTporas! JoHOpIBI—aknenTopislk (J/1A) sxoHe y3aK eMip cypeTiH 6oc
TYpaKThl pajuKaNuap, CpiTiHAIHIH (GMIbTpaT OepyiH TeMeHIEYyiH alJblH-ala aHBIKTAHTHIH, JXaKbIH
KAaUIbIKTHIKTA HHIYKIISUIBIK KE3CHMEH OpPBIHAAJATBIH CYTEKTIK JKOHE KOBAICHTTIK OailaHbIC.
Kopvimwinowl.  Byprbliay epiTiHAiNepiHiH NaiifanaHy CHIaTTaMalapblH JKaKCapTy YIIIH epiTiHxi
KypaMblHa MaKTa COAIICTOTBIH KOCY KYHJIBI KOCIa OOJIBIN TaObLIIbL. AJBIHFAH MapaMETpIepAiH MIEKTi
MOHIepi OoWblHIIA peareHTTep GuiIbTpaT Oepy OoOWbIHIIA Keleci Karapja OpHajacaabl: Mai
KBIIIKBUIIAPBIHBIH TY3/1aphl > 9MyJIbTAN > COANCTOK > Mail KBIIKBUIIAPBIH afiiay ryapoHsl. Byn perre
rUAPOGOOTHI-OMYJIBCHSIIBIK ~ SPITIHAIHIH ~ HapameTpiiepi  Mail  KbIIKbUIAAPbl  JUCTHUILISATTapbIHBIH
I'yIPOHBIHAH >KOHE Mail KbIIIKbUINAPBIHBIH TY3JapbIHaH Oacka OapiibIK karaaiinapyia, KocIa MeIepiHiy
LIEKTI MOHIHEH KeiH puibTpaT 6epy apThill, peareHTTep/IiH KOHICHTPAIHUACHI KaKCcap/Ibl.

Tyiiinai ce3mep: MyHaill, MyHall eHAIpy, YHFbIMayapiabl OYpFbLIay, TEXHOJOTUSIBIK CYHBIKTBIKTAp,
¢uisTpar Oeprimrik, THAPOGOOTHI-IMYIIBCHSIIBIK EpPITIHIIEP, KUHCTHKAIBIK (DakTop, OCTTiK-aKTHBTI
3aTTap, KPUTHKAIIBIK KHHETHKA
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DETERMINATION OF HIGHER FATTY ACIDS IN THE
COMPOSITION OF URTICA DIOICA LEAVES
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Abstract: Introduction. Urtica dioica is a tall perennial plant with an unbranched stem and large
simple serrated leaves. Urtica is widespread in many parts of the globe. Including in North Africa, in some
regions of Asia, Europe and North America. Urtica contains many biologically active substances, such as
flavonoids, carotenoids, phenolic compounds, vitamins and minerals, which have a beneficial effect on the
human body. Due to its antioxidant, anti-inflammatory and antibacterial properties, it is used in medicine
and cosmetology. Currently, urtica dioica is widely used by traditional medicines. The purpose of the
study. Determination of the upper fatty acids contained in the leaves of dioecious nettle. The research
method. A gas-liquid chromatograph "Crystallux-4000 M" with a mass spectrum detector of the PIT and
MS 7-800 brands was used. The object of the study was a dioecious nettle, collected in 2021 from Mount
Medeu, Almaty. The study showed that the leaves of the dioecious nettle contain 8 fatty acids. The most
common in the leaves of urtica dioica are methyl butyrate, methyl hexanoate. The conclusion of the study.
High fatty acids in the composition of dicotyledonous nettle leaves were detected in a gas-liquid
chromatograph "Kristallux-4000 M" with a mass spectrum detector of the PID brand and "MS7-800". As
a result, 8 fatty acids with a high content were found in the dioecious nettle leaf. Of these, methylbutyrate
and methylhexanoate are found in the largest amounts.
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1. Introduction

Urtica dioica is a tall perennial plant with an unbranched stem and large
simple serrated leaves [1]. Urtica is widespread in many parts of the globe.
Including in North Africa, in some regions of Asia, Europe and North America
[2].

Currently, urtica dioica is widely used by traditional medicines to treat
various diseases such as nephritis, hematuria, jaundice, menorrhagia, arthritis and
rheumatism. Thanks to phytochemical studies, it was found that urrtica dioica
contains many valuable chemical compounds, such as phytosterols, saponins,
flavonoids, tannins, proteins and amino acids. In addition, nettle contains a
significant amount of biologically active compounds. For example, the leaves are
rich in terpenoids, carotenoids, fatty acids, as well as various essential amino
acids, chlorophyll, vitamins, carbohydrates, polysaccharides, minerals and
polyphenols, and the roots contain oleanolic acid, sterols and sterile glycosides
[3]. Ointments for hands and hair can be obtained from nettle and other plant
extracts. Qintments containing nettle extract are used to strengthen the hair roots,
giving them shine [4].

As a result of the spectrophotometric quantitative determination of loana
Nancy, Laurian Vleis and Viorika Istudor, it was found that dicotyledonous nettle
leaves have a predominant content of phenolic carboxylic acids, a low content of
flavonoids, and a smaller amount of carotenoids than other biologically active
substances [5].

Iranian researchers Jinous Asgharpan and Razia Mohajerani found that
urrtica dioica has pharmacological functions, including anti-inflammatory,
analgesic, antiandrogenic, antihyperglycemic, antihyperlipidemic, antiviral and
antitumor activity [6].

Polish scientists Dorota Kregel, Evelina Pawlikowska and Hubert Antolak
have shown that all parts of nettle have antioxidant, antimicrobial and beneficial
properties. Most urrtica dioica preparations are made from flowers, stems and
leaves, and the roots are used in pharmacology. This valuable plant is often used
as a diuretic and for the treatment of muscle pain, eczema, gout and anemia.
Nettle can be used as an ingredient in vegetables, juices, tea and many dishes [7].

2. Experimental part

Urtica dioica from Medeu Mountain, Almaty was taken as the object of the
study. The plants were dried at room temperature for 1-2 weeks. Then the dried
leaves of the plants were crushed.

The course of work: take 5 g of the prepared sample and place it in a small
glass beaker with the addition of 10 ml of H2SO.-n and heat it in a water heater
until the sample dissolves with continuous stirring. The course of work: 5 g of the
prepared sample is placed in a small glass beaker and heated until the sample
dissolves, stirring continuously in a water heater with the addition of 10 ml of
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sulfuric acid. After the sample is dissolved, the liquid is transferred through the
filter to a clean oil dipstick so that the upper part remains dry. The glass and filter
are washed several times with sulfuric acid, after which the oil is poured into a
measuring cup. Next, isoamyl alcohol (1 ml) is poured and sulfuric acid is poured
in such a volume, without bringing it up to 1 cm above the oil meter. Then pre-
hold with a towel, clean with filter paper and fix the oil gauge with a dry rubber
stopper. The oil prepared in the same way is kept in a water heater at a
temperature of 65-70 ° C for 5 minutes until the sample is completely dissolved.
Then it is centralized. The centrifuge places an even number of pressure gauges in
the opposite direction and centrifuges at a speed of 5 minutes 1000 months/min.
After stopping in the centerfuge, we take out the oil meter and lower it down,
adjusting the liquid level in the oil meter so that the oil column coincides with the
scale, and then we measure the oil. The oil holds the pressure gauge vertically and
measures. The upper fat scale should be at eye level. Moving the plug up and
down, count the pieces from the scale of the oil meter to the bottom point and
measure the resulting oil. The upper limit of fat should be at eye level. Moving the
plug up and down, measure the oil, counting the parts from the scale of the oil
meter to the bottom point.
The amount of fat (g) is calculated by the formula:

X=a-0.0113c/ g @

Carrying out measurements.

The chromatograph establishes the following conditions for the analysis of
oils that do not contain low molecular weight acids (except coconut oils;

- temperature of the column thermostat- 180-190°C;

- evaporator temperature-250°C;

- detector furnace temperature-200°C;

- gas carrier flow rate (nitrogen, argon, helium) - 30-40 cm/ min;

- sample volume - methyl (ethyl) esters of acids in hexane 1 mm?3;

- The release time of methyloleate is no more than 15 minutes.

The calculation of the content of methyl (ethyl) esters of fatty acids is carried
out by internal oxidation. S1, the vertex area of the component, mmz2, is
calculated by the formula:

Si=hra (2)

a1 is the width measured by half the height, mm?.

The result of measuring the height of the vertex is written in integers, the
width of the vertex is written down to the first decimal place [8].
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3. Results and discussion.

Humidity and ash content of raw materials were determined by gravimetric
method. Humidity was 15.00%, ash 8.00%. The reason for the high ash content of
raw materials.

Table 1 - The content of higher fatty acids in the leaves of urtica dioica

Ne| Component Square , % Concentration , General
% mac. formula
1 | Methyl Butyrate 49.2640 3.685467 CsH1002
2 | Methyl Hexanoate 45,9080 152.695639 C7H2402
3 | Methyl Undecanoate 0.0229 0.001177 C12H202
4 | Methyl Laurate 0.0414 0.003877 Ci3H2602
5 | Methyl Palmitate 0.0553 0.013808 C17H3402
6 | Cis-11,14 - Eicosadienoic acid | 2.2113 0.176407 C21H3802
methy| ester
7 | Cis-13,16- Docosadienoic acid | 0.1626 0.011754 C23H4202
methyl ester
8 | Methyl Erucate 2.1510 0.115721 C23H1402
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Figure 1 - Chromatogram of higher fatty acids contained in the leaves of urtica dioica.

According to table 1 and figure 1, the leaves of urtica dioica contain 8 fatty
acids. These are: methyl butyrate, methyl hexanoate, methyl undecanoate, methyl
laurate, methyl palmitate, methyl ester of cis-11,14 - eicosadienoic acid, methyl
ester of cis-13,16 - docosadienoic acid, methyl erucate.
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A fatty acid is a saturated or unsaturated carboxylic acid with a long aliphatic
chain. Most fatty acids have a straight chain with an even number of carbon atoms
occurring in nature, from 4 to 28. Fatty acids are the main component of lipids (up
to 70%) [9].

Methyl butyrate is also known by the names: methyl butanoate, methyl ester
butanoic acid, methyl ester fatty acid. Methyl butyrate, like other esters, has a
characteristic pleasant smell and taste. Because of this feature, methyl butyrate is
used in the food and perfume industry as an additive.

Methyl butyrate is the main enzyme that kills bacteria in the stomach and
intestinal tract. It promotes bone growth, acts against colds and throat diseases
and prevents colon cancer [10].

Methylhexanoate is a colorless liquid. It also has the names methyl
capronate, methyl ester of hexanoic acid, methyl ester of nylon acid. The general
formula is C7H1402. Molar mass 130 g / mol. Methylhexanoate is produced in
large quantities for use as a flavoring agent and is flammable [11].

4. Conclusion

High fatty acids in the composition of dicotyledonous nettle leaves were
detected in a gas-liquid chromatograph "Crystallux-4000 M" with a mass
spectrum detector of the PID brand and "MS7-800". As a result, 8 fatty acids with
a high content were found in the dioecious nettle leaf. These are: methyl butyrate,
methyl hexanoate, methyl undecanoate, methyl laurate, methyl palmitate, methyl
ester of cis-11,14 - eicosadienoic acid, methyl ester of cis-13,16 - docosadienoic
acid, methyl erucate.

Methyl butyrate, like other esters, has a characteristic pleasant smell and
taste. Because of this feature, methyl butyrate is used in the food and perfume
industry as an additive. Methyl butyrate is the main enzyme that kills bacteria in
the stomach and intestinal tract. It promotes bone growth, acts against colds and
throat diseases and prevents colon cancer.

Methylhexanoate is a colorless liquid. It also has the names methyl
capronate, methyl ester of hexanoic acid, methyl ester of nylon acid.
Methylhexanoate is produced in large quantities for use as a flavoring agent and is
highly flammable.
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Tyiiingeme. Kipicne. Kocyiini Kanakaii-Oyrakchl3 cabarbl SKOHE YIKEH, KapamailblM, apa TicTi
XKaIbIpaKTapbl 0ap OHMiK KeIDKBULABIK eciMuik. Kamakail skep IIapbIHBIH KeNTereH OeNiKTepiHAe KeH
tapanrad. Conbly iminge Conryctik Adpuxana, AsusiaeiH, EyponansiH xoHe CONTyCTiK AMEpUKaHBIH
Keifbip aliMakTappiHma kem Kesjgeceni. Kamakail kapamaiibiM OakrapiaH Oactam oOpMaHgap MeEH
maOBIHABIKTApFa ACHiH Ke3 KelreH xepe oce anaasl. Kanaxail buraiibl TONBIPAKTHI XKAKChI KOpei jKoHe
KYH ILIyaKTbl JKOHE KillIKeHe KeJieHKee e oce anapl. Oa 03eH cy KoMMallapbIHIaFrbl OeTKeIep MeH et
JKaFbIH/IaFbl TOMBIPAKTHI KOPFAY YIILIH JIe KoJaaHyFra 6omajpl, ce0ebi Kajlakail TaMbIpbl TOMBIPAKTHI HBIFBI3
ycraiinpl. OHBIH KypaMbIHAQ aJaM ar3achlHa Naljaibl ocep eTeTiH (IaBOHOMATAp, KapOTUHOUITAp,
(eHOI B! KOCBUIBICTAp, OPyMEHIEpP MEH MUHEpAIap CHAKTBI KOITereH OUOJIOTHSIIBIK OeJICeH i 3aTTap
6ap. OHBIH aHTHOKCHUIAHTThI, KAOBIHYFa JKOHE OaKTEpUsFa Kapchl KACHETTEepiHEe OailyIaHbICThI MEANIMHAA
JKOHE KOCMETOJIOTUs1a KoJnanaabl. 3epmmeyoiy maxcamol. Kocyitni Kanakaid eCiMIITiHIH KaIblpaFbIHbIH
KYPaMBbIHJIaFbl )KOFapFbl Mail KbIIIKbULIAPBIH aHbIKTAY. 3epmmey a0ici. IIN]] xone "MS7-800" mapkaisl
Macc-ceKTp neTekropsl Oap "Kpucrammoxc-4000 M" raspsl-cyHbIK XpoMaTorpadbl KOJNaHBULIBL
3epmmey Hoicanwl petinge Anmatel Kanacel, Meney TaybiHan 2021 KbUTbl KHHAIIFaH KOCYWII Kanakai
eCIMIIri ansHABL 3epmmey Hamudicecinoe KOCYWII Kajlakail ©CIMITiHIH JKanbIpaFblHAA 8 >KOFapbl Maid
KBIIKBIIIaps! 6ap. Kocyi kanakaii eciMaAIriHiH KarblpaKTapblHaa H KOl Ke31eCeTiHl - MeTH1 OyTupar,
METHJI TeKCaHoaT. 3epmmey KopuimuiHObichbl. KoCyiln Kanakail »KanbIparbIHBIH KYPaMbIHAAFbl JKOFApPbI
Mmait Kprmkeuiaapsl [IA]] xkone "MS7-800" mapkanbl Macc-criektp aetektopbl 6ap "Kpucrammokc-4000
M" razgbl-cyibIK XpomaTorpadbiHna aHblKTamasl. HoTwkecinze Kocyili Kamakail okamnblparblHaa 8
HKOFapbl Maill KbIIIKbULAAPB! aHbIKTaAbl. Onap: MeTHn OyTHpaT, METHJ FeKCaHOaT, METHJ YHJIEKaHoaT,
METHJI JlaypaT, METHI ManbMHTaT, 1uc-11,14 - siiko3aaueH KbIIKbUIBIHBIH MeTHi 3¢upi, muc-13,16 -
JIOKO3aIMEH KBILIKBUIBIHBIH METHII 3(UPI, METHII IpYKaT.

Tyiiinai ce3mep: orapbl Mail KbIIIKBUIIAPHI, KOCYWII Kaslakai, ra3Jsl XpOMaTO-Macc-CIIEKTPOMETPHS,
METHIIOYTHPAT, METHJITEKCAHOAT
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Pesiome. Bseoenue. JIBynoMHas KpamuBa — 3TO BBICOKOE MHOTOJIETHEE PACTCHHME C HEPAa3BETBICHHBIM
crebneM U OOJIBIIMMH MPOCTBIMU 3yO4aThIMU JIMCThSIMU. KpanuBa IIMPOKO pacnpocTpaHeHa BO MHOTHX
9acTAX 3eMHOro mapa. B Tom umcne B CeBepHOil AdpuKe, B HEKOTOPBIX perHoHax Asuu, EBpomsl n
Cesepnoit AMepuku. KpanuBa MOXeT pacTu Iie yroiHo, OT HPOCTHIX CaJoB 0 JIECOB U JyroB. Kpamusa
MPEANOYNTAET BJIAXKHYIO MOYBY W MOXKET PacTH KaK Ha COJHIIE, Tak M B HeOoibioi TeHHu. Ero taike
MOXHO HCIIOJIb30BATh JJIs 3alIUThI CKIOHOB M ITOYBBI HA OKPAaHHAX PEYHBIX BOJOEMOB, IOTOMY YTO KOPHHU
KpaIuBEl COXPAHAIOT MOYBY IIOTHOH. OH CONEPXKUT MHOXKECTBO OMOJIOTHYECKH AKTHBHBIX BEIIECTB,
TakMX Kak (pIaBOHOMIBI, KapOTHHOHIBL, (heHONbHBIE COCAUHCHHS, BUTAMUHBI U MHIHEPAIbl, KOTOpHIC
OJIaroTBOPHO ~ BJIMSAIOT ~ HAa  OpPraHM3M  ueloBeka.  bmarogaps  CBOMM — aHTHOKCHIAHTHBIM,
MIPOTHUBOBOCHAIUTENBHBIM M AHTHOAKTEPHAIBHBIM CBOHCTBAM OH HCIIOJB3yeTCs B MEIULMHE U
KOCMETONOrHH. B HacTosdmee BpeMs KpanuBa IIMPOKO HCIONB3yeTcs TPAaJUIHOHHOM MeIUINHE.
braronapst 6MOXMMHYECKHM HCCIEOBAHUAM OBLIO YCTAHOBJICHO, YTO KPAluBa COAEPKUT MHOTO LIEHHBIX
XUMUYECKHX COCJMHEHHH, TaKHX KakK (DHTOCTEpOJbl, CAllOHUHBI, (IaBOHOMBI, NyOUIIbHBIC BEILECTBA,
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0eJKM ¥ aMUHOKUCIIOTHL. []ens ucciedosanus. OnpenesieHne BEpXHUX KUPHBIX KUCIIOT, COAEPKAIUXCS B
JIUCTBSIX JBYJAOMHOW KpamuBbl. Memoo ucciedosanusi. IlpumeHeH ra30-XuAKANA Xxpomartorpad
«Kpucrammokc-4000 M» ¢ gerekropoM Macc-cmekrpa Mapku IIUJ u «MS7-800». O6wvexmom
uccredosanus CTana JIByIOMHasl KparuBa JAByoMHasi, coopanHas B 2021 roxy ¢ ropsl Mezey, T. AJMaThl.
HccnenoBanue Mmokasano, YTO JIMCThS JBYAOMHOW KpamuBbI COAEpKaT 8 KHUPHBIX KUcIOT. Haubosee
pacnpoCcTpaHEHHBIMH B JIUCTBSIX JABYJOMHOI KPAlHBBI SIBISIOTCS METHIOYTHPAT, METHITEKCAHOAT. Bb1600
uccnedosanus. Bricokue )KUPHbIE KUCIOTHI B COCTABE JBYIOJIBHBIX JIUCTHEB KPAIMBBI BHISBICHBI B Ta30-
KHIKOCTHOM Xpomartorpade «Kpucrammoke-4000 My ¢ nerekropom Macc-criektpa Mapku [TUJ] u «MS7-
800». B pesysnbrate B JBYJOMHOM JIHCTE KPAIUBBI ObUIO OOHAPYKEHO 8 KHUPHBIX KUCIOT C BBICOKUM
COZlepIKAHUEM.

KiroueBble cjI0Ba: BbICIIME JKUPHBIE KHCIOTHI, JBYJOMHAas KpaluBa, Tra3oBasg XpoMaToO-Macc-
CHEKTPOMETPHs, METWIIOYTHPAT, METHIT€KCAHOAT
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Abstract. Introduction. The sphere of transport infrastructure is developing rapidly, which
underlines the importance of stable properties of bitumen in the construction of road surfaces. A necessary
condition for improving the quality of the bitumen binder is its high adhesion to the surface of the mineral
filler. The adhesion of bitumen with mineral filler is an important indicator that characterizes the quality
of the asphalt concrete mixture, the performance characteristics of the asphalt concrete coating and its
resistance to damage. An adequate assessment of these characteristics becomes a key factor in ensuring
the durability and reliability of road surfaces. The article analyzes the current state of methods for
determining the adhesive and cohesive characteristics of bitumen and mineral filler. The aim of the work
is a thorough analysis of various methods used to evaluate the adhesive and cohesive properties of
bitumen, with subsequent identification of their advantages and disadvantages. An overview of both
traditional and modern approaches used to determine these characteristics is given to better understand the
structure and behavior of bituminous materials. Conclusion. The article emphasizes the need for further
research and development in the field of methods for determining the adhesive and cohesive properties of
bitumen, considering modern requirements for road infrastructure. It is necessary to develop scientific and
practical approaches to improving existing regulatory documents considering the characteristics of
bituminous materials. It can be concluded that it is necessary to develop new accurate reproducible
methods using computer technologies that automate data collection and processing and reduce the
likelihood of errors.
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1. Introduction

The quality of the road surface has a significant impact on the infrastructure
and society. The degree of development of road transport at the current time is
associated with a continuous increase in the proportion of cargo transportation,
the intensity of vehicle traffic, which leads to an increase in dynamic loads on the
road surface. Intensive workload has a direct impact on the untimely destruction
of road surfaces, caused by rapid deterioration and the formation of cracks and
voids on the asphalt concrete surface. The combination of these factors
determines the necessity to improve the quality of asphalt concrete coatings, by
achieving high physical and mechanical characteristics of asphalt concrete, to
ensure its stability [1-3].

Bitumen is a binder of the asphalt concrete combination. The necessary
condition for improving the quality of the bitumen binder is a high adhesion to the
surface of the mineral filler, plasticity and stability of properties under the
conditions of a wide temperature range, resistance to cracking [4].

The quality of bituminous binder can vary, depending on the ratio of various
components that make up the petroleum fraction. Petroleum dispersive systems
(PDS) are described in the works of many researchers — Rebinder P.A., Gun R.B.,
Kolbanovskaya A.S. and others [4-10]. According to their views, petroleum
bitumen is polydisperse systems, with oils and tars as the dispersion medium, and
asphaltenes and high-molecular-weight paraffins as the dispersed phase. The ratio
of the chemical groups in the composition of bitumen determines its dispersive
structure and rheological behavior, thus influencing its physicochemical and
operational properties.

As the oil sector undergoes changes, this affects the quantity, price and
quality of bitumen, which affects the composition of residues used in bitumen
road surfaces. Since more than 90% of the world's road network consists of
bitumen coatings, changes in the supply of bitumen affect the design of these
coatings[11]. To produce road bitumen, heavy oils with a high content of resinous
substances and a low content of paraffin fractions are most suitable. A high
content of asphaltenes increases the hardness, softening temperature, and
brittleness of the bitumen, whereas predominance of oils in the composition
makes the bitumen soft and easily fusible. The elasticity of bitumen increases
with the increasing content of petroleum resins [4, 10]. Road bitumen is
represented by grades such as BND 200/300, BND 130/200, BND 90/130, BND
60/90, BND 40/60, BN 200/300, BN 130/200, BN 90/130, BN 60/90 [12-13].

The adhesive characteristics of bitumen largely depend on the nature of the
main components that affect the performance characteristics of the asphalt
concrete mixture. Oxidized road bitumen, as a rule, has anion-active functional
groups of an acidic nature, due to which they are well sorbed on the surface of the
mineral filler, which has a basic character [4, 15]. Acidic minerals containing
more than 65% SiO, do not form lasting chemisorption bonds when interacting
with bitumen. This is due to the presence of active adsorption centers such as
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Lewis and Brensted, which determine the activity of the mineral filler in relation
to the binder and the ability to provide strong adhesive bonds [15].

The fractional composition plays an equally important role in the quality of
adhesion to the filler: the smaller filler particles exceed the corresponding large
fillers in the quality of adhesion to the bitumen binder. With an increase in the
dispersion of the material, its activity increases, which corresponds to an increase
in the volume of the structured bitumen in the boundary layers [16].

The destruction of the road surface can be caused by several specific factors.
As mentioned above, it can be attributed to unsatisfying characteristics of the
mineral filler (acidic nature, small contact area), as well as the insufficient quality
of the bituminous binder used in the asphalt production. The main supplier of
bitumen in Kazakhstan is Russia, wherefrom over 300 thousand tons of road
bitumen are imported annually. In Kazakhstan, however, the annual domestic
production of bitumen does not exceed 70 thousand tons per year. It should also
be noted that the quality of imported bitumen does not always meet the
requirements of modern road construction in the country, characterized by a
variety of road-climatic zones [17]. In multiple oil refineries, the technical
infrastructure remains at a low level: the facilities are not equipped with modern-
type oxidation columns, and outdated tubular reactors continue to be used. These
and many other factors lead to an uncontrolled variability in the quality indicators
of the raw materials entering processing, which, in turn, significantly influences
the quality of the produced bitumen [18-20].

2. Modification of bitumen

In both domestic and global practices, varied types of modifiers are
extensively used to impart improved properties to bitumen. It is worth noting that
when using high-quality bituminous binders and a well-composed recipe for
asphalt concrete combination, the road-paving material can be reliable even
without the use of modifying additives [18, 23].

The main requirement for a modifying additive is economic efficiency,
particularly general availability and cost-effectiveness [24]. From a technical
standpoint, to create composite materials based on bituminous binders with a
defined set of characteristics, only such modifiers are necessary, which meet the
following conditions:

— stability over a wide temperature range, including during the preparation
temperature of the asphalt concrete mixture;

— compatibility with bitumen during the preparation of the mixture of
bituminous binder with mineral filler;

— provision of the properties of the road surface such as resistance to shear
stresses, stiffness, and resistance to sharp temperature fluctuations;

— chemical and physical stability during storage, processing, as well as in real
operating conditions as part of the road surface.

The scientific research on the modification of bitumen, using secondary
products, is widely known. The research [25-29] considers the effect of cellulose-

103



KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUH XYPHAJI KA3AXCTAHA

stabilizing additives on the physical and mechanical characteristics of bitumen.
As a result of the conducted studies of the bitumen samples with stabilizing
additives of various nature, it has been found that cellulose-containing additives
in the composition do not significantly change the properties of the binder, and
the presence of surfactants in the samples, on the contrary, affects the thixotropic
properties of bitumen. These additives increase the hardness and increase the
softening temperature of the binder, which, in turn, indicates an improvement in
the performance characteristics of bitumen and the possibility of operation in a
wide temperature range [26].

It is believed that one of the promising directions for improving the quality
of asphalt concrete pavement is the use of sulfur [30-34]. The demand for the use
of technical sulfur as a modifying additive is due to its cheapness, and it is
produced in large volumes as a by-product in various fields of the chemical
industry. The world experience in the field of road construction indicates an
increase in the physical-mechanical and rheological properties of sulfuric acid
bitumen binders and mixtures based on them in comparison with conventional
bitumen and asphalt concrete. Modification of bitumen for asphalt concrete with
sulfur implies the introduction of additives or modifiers using sulfur into the
bitumen. These modifiers can improve various properties of bitumen and,
consequently, improve the characteristics of asphalt concrete. For example, the
addition of sulfur can improve the adhesion of bitumen to mineral fillers, increase
resistance to thermal effects and improve the fatigue resistance of the material. A
significant problem in the production of sulfur bitumen binders is the formation
and release of toxic compounds when heating bitumen with sulfur.

It is proved that the modification of the rubber crumb improves the properties
of pure bitumen [35-40]. In the presented scientific articles, there are decreases in
the penetration rate of bitumen modified with rubber chips compared to the initial
one, which indicates an increase in the viscosity of the system, the reason for
which, most probably, is the adsorption of part of the light oil fractions with
rubber swarf. In the case of modified rubber crumbs, the absorption of light oil
fractions in the bitumen composition occurs to a lesser extent. The interaction of
bitumen with a rubber modifier is accompanied by two processes: swelling of the
rubber powder, followed by an increase in its mass, and leaching of the
ingredients, soluble in the bitumen medium from the rubber with a decrease in the
mass of the modifying additive. The heat resistance of the binder also increases. A
distinctive feature of bitumen-rubber compositions in comparison with
unmodified bitumen is elasticity, which can also be said about polymer-bitumen
compositions, where the polymer is completely dissolved in a bitumen binder.
Despite several advantages, the use of rubber crumbs as a modifier has
disadvantages. The use of rubber crumbs can cause difficulties when processing it
and adding it to bitumen. This requires additional equipment and technological
changes in the production process. Since rubber crumb is a relatively new
material in this field, additional research is required to fully understand its impact
on the long-term properties of asphalt concrete and road surfaces. However,
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despite these disadvantages, the rubber crumb continues to attract attention and
research, since its use can help in solving problems with waste disposal and
improving the environmental performance of road construction.

Among all methods of improving the quality of road bitumen, the use of
polymers seems to be one of the most promising. Modification of bitumen, using
polymer additives, makes it possible to increase resistance to shear stress and
cracking, and increases the service life of asphalt concrete road surfaces [41-46].
For this reason, the use of polymer-bitumen modifiers in road construction,
despite their high cost, is considered economically justified. The most common
polymer modifiers used in road construction are thermoplastics, elastomers and
thermoplastics.  If we consider the class of plastomers (thermoplastics),
polyolefins have been one of the first modifiers [47-50]. Among polyolefins,
polyethylene and polypropylene are of increased interest. For the construction of
highways, it is polyethylene that is most widely used [50], for example, high- and
low-density polyethylene (HDPE and LDPE), isotactic polypropylene, atactic
polypropylene, etc. Polymers of several polyethylene began to be used as a
modifying additive for bitumen based on several advantages, such as an increase
in the viscosity of the binder and a decrease in sensitivity to high temperatures.
However, despite the positive characteristics of the modified bitumen, there is its
instability under long-term storage conditions and the need for constant mixing,
which limits the use of polyethylene as a bitumen modifier, as a result [51].

From several plastomers, ethylene copolymers are used when modifying
bitumen [44, 52] — these are polymers such as ethylene-vinyl acetate (EVA) and
ethylene-butyl acetate (EBA). In such polymers, the mechanical properties are
determined by the content of vinyl acetate. The low content of vinyl acetate in the
polymer makes it similar in properties to low-density polyethylene. An increase in
the content of vinyl acetate increases transparency, flexibility, the ability to mix
and stitch, but at the same time increases the adhesion and hardness of the raw
material, the softening temperature of the modified binder decreases. Even though
improving the properties of bitumen, using plastomers as a modifier has several
advantages, there are significant disadvantages that limit their use. The main
limitation is not the ability to improve the elastic recovery of polymer-bitumen
binder, as well as the susceptibility to aging.

Another class of polymers, used to improve the quality of asphalt concrete
mixtures, are elastomers [42, 52, 53]. The most significant representatives of
elastomers are rubbers, both natural and synthetic. The need to use industrial
volumes of elastomers contributed to the complete transition to synthetic rubbers.
The use of synthetic rubbers as modifiers increases the extensibility and elasticity
of bitumen increase its resistance to cracking and temperature changes. Divinyl
Styrene Rubber (DSR) is now increasingly used as a modifying additive for
asphalt concrete coatings. It has been found [54-58] that the addition of DSR to
the bitumen binder increases the adhesive properties of the composite material
and significantly improves adhesion to the mineral components of asphalt
concrete. It seems optimal to use a 7% divinyl styrene rubber additive in bitumen.
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However, it is important to note that the effectiveness of rubber modification may
depend on specific operating conditions, the type of rubber, its content and other
factors. It is best to use a modification of rubber in accordance with technical
standards and recommendations of the road construction industry.

One of the most promising and most frequently used classes of industrial
polymers in the road industry is thermoplastic elastomers (thermoplastics) [56].
Due to their structure, they combine the properties of both thermoplastics and
elastomers. Among them, styrene-butadiene-styrene (SBS) and styrene-ethylene-
butylene-styrene (SEBS) thermoplastic elastomers have become widespread and
are of the greatest interest to researchers. According to the information from
various sources [58, 59], the addition of thermoplastic elastomers, in addition to
improving the elasticity and extensibility of the binder, contributes to the
hardening of the material mainly by improving the cohesive properties of
bitumen. The cohesion of bitumen binders characterizes the shear resistance of
the connecting layers at the molecular level. This property, along with adhesion
and viscosity, is the main indicator that gives an objective idea of the mechanical
properties of organic binders at high temperatures.

The quality and durability of asphalt concrete coatings, as mentioned earlier,
largely depends on the adhesion of the bitumen binder of the mineral filler. Road
bitumen in its composition contains surfactants, which, as a rule, are represented
by asphalt genic acids and their anhydrides and provide satisfactory adhesion of
bitumen with mineral filler. In case of their insufficient quantity in the binder
composition, surfactants modifiers of asphalt concrete mixture are used to
improve the quality of bitumen adhesion to the filler [58-66]. The mechanism of
action of surfactants in a bitumen dispersion medium is based on the processes of
their adsorption on the hydrophilic surface of the filler. At the same time, a
decrease in surface tension, wetting of the surface is caused by a fixed orientation
of the surfactant molecules of the polar group to the surface of the solid phase,
and by a hydrocarbon radical into the hydrocarbon medium [60]. An
improvement in wetting entails an improvement in adhesion in accordance with
the combined Dupre-Young equation [61]. This effect is greater the higher the
amount of adsorption of surfactants on the filler surface and reaches the greatest
value when they are chemisorbed.

Nitrogen-containing chemical compounds are promising adhesive additives
for bitumen, providing improved adhesion and resistance of road surfaces to
destruction.In road construction, cationic, nonionic and anionic surfactants can be
used in the manufacture of asphalt concrete mixtures. The most effective adhesive
additives are cationic additives [62, 67-69], based on nitrogen-containing
chemical compounds, such as imidazolines, amidoamines and amines. Most
domestic and foreign companies strive to produce adhesive additives based on
nitrogen-containing chemical compounds, namely imidazolines, since asphalt
concrete mixtures with the addition of this type of modifier are characterized by a
high coefficient of water resistance and increased adhesion of bitumen with
mineral filler, which allows the road surface to maintain its performance
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characteristics when exposed to adverse conditions. However, the widespread
introduction of cationic adhesive additives into the practice of road construction is
constrained by limited production capabilities and a shortage of raw materials,
respectively, their high price.

The lack of own manufacturers of a wide range of modifying additives leads
to the need to import them from foreign countries, which significantly increases
the cost of bitumen materials. The presence of petrochemical waste on a large
scale makes it possible to produce cheap, effective and competitive modifying
additives [70, 71]. Additives obtained from industrial waste, including oil refining
industry, can be used as modifiers for asphalt concrete mixtures. The use of such
surfactants has several advantages, such as reducing the cost of production and
waste disposal.

3. Methods of bitumen adhesion and cohesion determination

In this connection, given the importance of the adhesive-cohesive properties
of bitumen in the formation of a high-quality asphalt concrete coating, it is
necessary to properly assess these properties. Both qualitative and quantitative
methods are used to find the indicators of bitumen adhesion to the filler [41, 71-
75]. The most common qualitative (visual) method of determination in
accordance with Interstate Standard 11508-74. The essence of this technique is a
visual assessment of the degree of coating of mineral filler with bitumen after its
boiling in water and comparison with the reference samples. The adhesion of
bitumen to the filler based on this method is determined by the characteristics of
the bitumen film on the surface of the mineral filler and is estimated in points
(from 2 to 5). High-quality bitumen is characterized by the complete preservation
of the bitumen film of the filler surface at the end of testing, while in some places
the film may be reduced in places. This method has its drawbacks and, first, it is
the subjectivity of the visual assessment, which depends on the individual
perception of the expert. In [63], based on the methodology of qualitative
determination of adhesion, a quantitative method was proposed in which the
adhesion coefficient is calculated as the ratio of the mass of bitumen in a bitumen-
mineral mixture after boiling and drying to the mass of bitumen in a bitumen-
mineral mixture before boiling. However, during the experiment [76] it has been
found that because of testing, samples with the same adhesion indicators may
visually differ from each other in the degree of coating of the mineral filler with a
bitumen binder. In this regard, a decrease in the surface area of the mineral
material is a more significant indicator and for this reason the gravimetric method
is not recommended for assessing adhesion.

The author Kolbanovskaya A.S. describes a quantitative method for
determining adhesion, which is based on the ability of mineral filler particles to
adsorb polar molecules of methylene blue dye, and on a radioactive method for
measuring selective adsorption of divalent metal salts. The disadvantage of this
method is its high cost and duration of measurements (1.5-2 hours) [77].
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As mentioned earlier, the adhesive properties of bitumen directly depend on
the polarity of the components in its composition, including surfactants. Thus, the
dielectric permittivity, which characterizes the force of the interaction between
charges in a medium with respect to vacuum, can be attributed to the quantitative
method of determining adhesion. Dielectric properties are studied in constant and
alternating electric fields [78, 79].

It is possible to quantify the adhesion of bitumen to a mineral material based
on an assessment of its wetting properties and finding the work of adhesion [60,
70, 79, 80-82]. The essence of the method consists in measuring the edge angle of
wetting during the spreading of a drop of bitumen on the surface of a mineral
material in a certain temperature range and finding the adhesion work through
these values. The larger this value is, the better the adhesion of bitumen with
mineral material will be. With an increase in the temperature of the substrate,
wetting with bitumen proceeds much more efficiently, the work of adhesion
increases. This is due to a decrease in viscosity, which improves the adhesion of
bitumen with mineral filler and ensures a tighter fit of bitumen to the filler. The
method for determining the adhesion of bitumen to the filler based on its wetting
ability is the most informative in comparison with the standard qualitative
methods for determining adhesion. Its advantage lies in the quantitative
determination of the adhesion work, which makes it more objective.

Separately, it is worth mentioning the devices for determining the adhesive-
cohesive properties of bitumen, which make it possible to obtain accurate and
reliable results that can be used for product quality control, designing new
materials and improving existing technologies. The most common method of
finding the adhesive properties of bitumen is penetration [83-85]. Bitumen
penetration is one of the methods of measuring the consistency or viscosity of
bitumen at normal temperatures. The penetration procedure involves piercing the
bitumen surface with a standard cone-shaped tool and measuring the penetration
depth. The found indicators are divided into standards, which in turn are divided
into brands. According to the brand, it is possible to determine the scope of
bitumen application and its quality indicators. The depth of penetration of the
needle (penetration) at 25°C characterizes the plasticity and viscosity of the
binder, its technological properties. The higher the viscosity, the less penetration
of the needle into the bitumen. Penetration is an important tool for engineers and
manufacturers of bitumen materials, helping to determine their suitability for
specific climatic conditions and requirements of road construction.

In addition to the above methods, the adhesion of bitumen can be determined
by a separation test [12]. The essence of the method is to determine the effort that
is spent on peeling (tearing off) the protective coating of certain geometric
dimensions, carried out at an angle of 90° or 180°. In this case, measuring devices
such as a dynamometer or a digital adhesive meter of the AMC 2-20, AMC 2-50
type with a division price of no more than 0.1 N (0.01 kgf) can serve as a means
of controlling the adhesion value 12. The method makes it possible to identify a
stable peeling force, which makes it possible to visually determine the nature of
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the destruction of the material. Based on the method of determination of
separation, the destruction of the material under study may be adhesive, cohesive
or mixed in nature.

Cohesion, as well as adhesion, depends on several factors, including the
nature of the substance, layer thickness and temperature. The mechanism of
cohesion depends more on the viscosity and is determined by intermolecular
forces and the structure of the bitumen material. The higher the cohesion, the
better the resistance of the composite material to water. To date, the existing
methods for determining the cohesive strength of bitumen binder can be divided
into two main groups. In the first of them, the ability of the binder to hold the
grains of mineral material on the surface of the asphalt concrete coating is
evaluated. In this group, for bitumen used for surface treatment, the methods for
determining adhesion simulate the tearing forces that arise under the action of a
car wheel [86-87]. The most well-known of these methods are the pendulum
method for determining the adhesion of Vialit in accordance with EN 13588-2008
[88], the method for determining the adhesive ability of bitumen emulsion - a test
for adhesion to matte marble [89]; the method for determining the adhesive or
cohesive separation of the bitumen layer from the surface of the stone material - a
test for the adhesion strength of bitumen [90].

Another group of methods is related to the determination of the cohesive
characteristics of the binder as a component of asphalt concrete. This group
includes tests adapted for the assessment of cohesion: plasticity (EN 13589, EN
13398), direct stretching by the method. There are also developments [91],
initially aimed at determining the cohesion of bitumen. With the help of a shear
cohesiometer, it becomes possible to determine such characteristics of bitumen as
fluidity and shear viscosity of the material. [92]. When working with a shear
cohesiometer, the first step is to prepare samples of bitumen films having a
strictly fixed thickness. During the preparation of the samples, 28.8 mg of
bitumen is subjected to deformation between two working films under the
influence of a load until a spot with a diameter of 12 mm is formed. Although this
method is quantitative, it is quite complex and has a high probability of errors due
to the use of small quantities. It gives an idea of the adhesive properties of
bitumen based on changes in its viscosity when exposed to elevated temperatures.
The main disadvantages of this device include the difficulty in ensuring the
parallelism of the test plates, which could lead to a decrease in the accuracy of the
results obtained and their significant dispersion. In addition, the disadvantages of
this device can be attributed to the test mode with a constant loading speed.

Among modern cohesiometers, the most popular is the QCD-1 cohesiometer
used in HNADU, as well as the plane-plane cohesiometer produced by BiRol
(USA), in which glass plates are used as substrates [93].

Among the measuring devices for determining the quality of bitumen for
road construction, in addition to a penetrometer, an adhesive meter and a
cohesiometer, a pendulum device can also be noted, which is designed to analyze
the cohesion of road bitumen [94-96]. The device has a metal block that is bonded
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to the holder by a layer of analyzed bitumen. The block is installed in the path of
the “standard” pendulum, which has a hammer-shaped head. The lower the lifting
height of the pendulum, the stronger the adhesion of bitumen. The method of
determining the cohesion of bitumen, using a pendulum device is based on the
measurement of the angle of the lifting of the pendulum after its collision with the
block, the values of which make it possible to calculate the amount of cohesion of
the tested binder. The EN 13588 standard requires the use of a pendulum device
to determine the quality of bitumen and assign it the CE marking [97].

There are several modern methods for determining the adhesive and cohesive
properties of bitumen and asphalt concrete. Some of them involve the use of
specialized devices and techniques.

There are several modern methods for determining the adhesive and cohesive
properties of bitumen and asphalt concrete. One of the methods that has recently
been increasingly mentioned in scientific publications is the Method of atomic
force microscopy (AFM) and scanning electron microscopy (SEM) [98-101].
These methods make it possible to visualize and study the structure and surface of
materials, including adhesion between particles and layers.

In contrast to the current system for predicting the operational properties of
asphalt concrete, based on measuring its strength characteristics at different
temperatures, the quality of asphalt mixtures primarily depends on the properties
of the bitumen binder. Therefore, it is necessary to develop scientific and practical
approaches to improve the existing regulatory documents, considering the
characteristics of bitumen materials. Based on the stated technological and
methodological aspects of the study of the adhesive-cohesive properties of asphalt
concrete coatings, it can be stated that it is necessary to develop new accurate
reproducible methods, using computer technologies that allow automating data
collection and processing, which reduces the likelihood of errors related to the
human factor
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Tyiiinaeme. Kipicne. Kenik WHPPaKypbUIBIMBIHBIH cajlachl KapKbIHIBI JAMBIT KeJedi, Oy Ko
TOCEeMICPiH caily Ke3iHJe OWUTYMHBIH TYpakThl KAaCHETTEPiHIH MaHbBI3bUIBIFBIH KepceTeai. Butymibt
0aiiJIaHBICTBIPFBILITBIH CaNachlH JKaKCapTYIbIH KXKETTI IIApThl OHBIH MUHEPAJIbl TOJITHIPFBILTHIH OeTiHe
JKOFaphbI aAre3usichl 0OJIBIN TaObLIaAbl. MUHEPAJ bl TONTHIPFBIIINCH OUTYMHBIH are3usichl achaabTOCTOH
KOCIIACBIHBIH CanacklH, ac(aibTOSTOH KaObIHBIHBIH MaiilallaHy CHUMATTaAMallapbIH JKOHE OHBIH 3aKbIMFa
TO3IMIUIIMH CHUIATTAWTBIH MaHbBI3Abl KOPCETKIll Oounbin TalObuIafpl. Byn cunarramanapibl OHTaWIbI
Oarayay >KOJ TeceMJepiHiH OepiKTIri MEH CEeHIMAUIIH KaMTaMachl3 eTyIiH Herisri (akTopbiHa
aifnanagpl. Makanmaga OMTYM MEH MHHEpAJIbl TONTBIPFBIIITHIH —AITe3UsUIBIK JKOHE KOTE3HSUIBIK
CUMaTTaMalapblH aHBIKTAY OIICTEpiHIH Ka3ipri jKarmailbl Tannanansl. JKymbicmolly MaKcamyl-ONTYMHbBIH
are3usyIbIK KOHE KOTE3WsUIBIK KaCcHeTTepiH Oaranay YIIH KOJIAaHBUIATBIH OPTYPJI OAICTEpHi MYKHUST
Tangay, CoAaH KeHiH onap/blH apTHIKIIBUIBIKTAPEl MEH KEMIIUTIKTEPiH aHBIKTay. BHTyMHHO37bI
MaTepHanaapblH KYpbUIBICHI MEH 9PEKETiH JKaKChl TYCiHY YIIIH OCBI CHIIATTaMajap/bl aHBIKTayJa
KOJIIAHBUTATBIH JJCTYPJIl JKOHE 3aMaHayH TCUIAepre IOy jKacalalbl. BUTYMHBIH aIre3usuiblK jKoHE
KOTEe3MSUIBIK CUIMATTAMAJIAPbIH aHBIKTAYBIH JKOFapbl JAIJITIH KaMTaMachl3 €TETiH KYpBUIFbLIAPIbIH
SpTypuii TypIepi 3eprrenni. Makanana JepeKTepii TepeHIpeK Taijay YIIiH KOMIBIOTEPIIiK MOAEIbIACY i
KOJIZIaHy MYMKIHJIr KapacThIpblIazbl, OyJ1 opTypili skaFaaiinapia OUTYMHBIH OpEeKeTiH O0JDKayJbIH KaHa
MepCIIeKTUBANAPBIH awaasl. Kopeimuinowsl. Makanazia »xojl MHGPaKypbUIbIMBIHA KOWBUIATHIH 3aMaHayH
TaJanTap/bl €CKePe OTBIPBIN, OUTYMHBIH aJre3UsIbIK JKOHE KOTe3MSUIbIK KACHETTEpiH aHbIKTay oicTepi
cayachIHJaFbl KOCHIMIIA 3epTTEyJIep MEH d3ipiieMeNepIiH KaKeTTilrl kepceriireH. AcdanbTOeTOHHBIH
OepiKTIK cHUIaTTamMalapblH OJIIEY HETi3iHAe OHbIH HaiijalaHy KacHeTTepiH Ooipkay kyHesepi
KOJIIAHBICTAFBI SJICTEP/l KEeTUAipyai Tanan eteai. Ochl CUMaTTaManap/bl OJIIey/AiH HAKThI dAICTePiHiH
00JTyBI JKOJI MaTepHaIJapbIHBIH CAMAChIH YKAKCAPTY/IbIH HEri3l FaHa eMeC, COHBIMEH KaTap YHEeMi e3repirl
OTBIPAThIH KJIMMATTHIK JKOHE Naiianany (axropiapbl sKarjaiiblHIa KOJiK XKeliaepiH THIMAI XKocIapiayFa
JKOHE KYTill ycrayFa bIKnai ere/i. COHABIKTaH OUTYMHUHO3/(bI MaTepUaIap/IblH CUITaTTaMaJIapbIH eCKepe
OTBIPBIIN, KOJIAQHBICTAFbl HOPMATHBTIK KYXKAaTTapAbl OJKETULNIPYIIH FHUIBIMH JKOHE IPAKTHKAJIBIK
TOCUIIEPIH a3ipiey KaxerT.

Tyiiinai ce3nep: achansTOeTOH, ONTYMHBIH arperatka aare3uscol, are3us, Kore3us, OeTTiK OenceH i
3arTap, AUCTIEPCTi OOIIeKTep, aacopOLus, aAre3us KYIIEHTKIIITEp], aAre3usiHbI ChIHAY d/IiCTepl
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Pesrome. Bseoenue. Chepa TpaHCIOPTHOI HH(PACTPYKTYpHI OBICTPO Pa3BHBACTCS, YTO IOAYEPKHBACT
Ba)KHOCTh CTAOMIBHBIX CBOMCTB OHTyMa IIDH CTPOUTENIBCTBE JOPOXKHBIX IOKphITHIL. HeobxomumbiM
YCJIOBHEM YJIyUILIECHHUs KauecTBa OMTYMHOIO BSDKYIIETO SIBJISICTCSl €r0 BBICOKAs a[re3us K MOBEPXHOCTU
MHHEpAJIbHOTO HANOJHUTEN. Anresus OUTymMa C MMHEpaJbHBIM HANOJHUTENEM SBISETCS Ba)KHBIM
HOKa3aTeNeM,  XapaKTepU3yIOIIUM  KadecTBO  ac(albTOOCTOHHOH  cMecH,  9KCIUIyaTaIl[HOHHBIE
XapaKTepPUCTHKU ac(}aabToOSTOHHOTO IOKPHITHSA M €T0 YCTOHYMBOCTh K IOBPEKACHHAM. AJIEKBAaTHAs
OLIEHKA JTHX XapaKTePUCTUK CTAHOBUTCS KIIIOYEBBIM (PAaKTOpOM oOOecrieyeHus MOJIrOBEYHOCTH H
HAJIeKHOCTH JOPOKHBIX MOKPBITMH. B craThke aHanmu3upyercs COBPEMEHHOE COCTOSHHME METOJ0B
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OIPE/IENICHUs a/IT€3HOHHBIX U KOTE3MOHHBIX XapaKTEePUCTHK OUTyMa M MMHEPAJIbHOTO HATOJHUTEINS.
Llenvio pabomuvl ABNAETCS TINATEIbHBIA aHAIN3 PA3IMYHBIX METOJOB, HCIOJIB3YEMBIX I8 OLEHKU
aIre3MOHHBIX M KOTE3MOHHBIX CBOWCTB OHMTyMa, C HOCJEIYIOUIMM BBISBICHHEM WX INPEUMYIIECTB H
HeIoCTaTKOB. JlaeTcs 0030p Kak TPaJWIMOHHBIX, TaK M COBPEMEHHBIX IMOIXOJO0B, UCIOJIb3YyEMbIX JUIS
OIPE/ICNICHUsI ITUX XApPaKTEPUCTHK, YTOOBI JIydllle IOHATH CTPYKTYpy M IOBEIAEHHE OHTYMHUHO3HBIX
MarepranoB. BbUIM W3y4eHbI pa3MYHBIC THUIBI YCTPOWCTB, KOTOpbIE OOECIEUUBAIOT 0O0JEe BBICOKYIO
TOYHOCTH OIPENEICHHs aIre3HOHHBIX M KOT€3HOHHBIX XapaKTepUCTHK OuTyma. B craThe ocBemaercs
BO3MOXXHOCTb HUCIIOJIBb30BaHHsI KOMIIBIOTEPHOI'O MOJEIMPOBAaHUs JUIsl OoJiee IiTyOOKOro aHanusa JaHHBIX,
YTO OTKPHIBAET HOBBIC MEPCIEKTHUBBI B MPOrHO3UPOBAHUM IOBEJIECHUS OMTYMa B Pa3iIMUHBIX YCIOBHUSX.
3axnouenue. B crarbe MOAYEPKUBACTCS HEOOXOJMMOCTh JAJbHEHIINX HCCIIEIOBAaHUN U pa3paboTOK B
00JIaCTH METOJIOB ONPEACIICHUS aJIre3HOHHBIX U KOTE3HOHHBIX CBOMCTB OUTyMa C yY4eTOM COBPEMEHHBIX
TpeOoBaHUl K JOpOKHO# HHGpacTpykType. CHCTeMbl MPOTHO3UPOBAHUS JKCIUTyaTALMOHHBIX CBOMCTB
acdanpTobeTOHa HA OCHOBE M3MEPEHHS €ro MPOYHOCTHBIX XapaKTEPUCTHK TPEOYIOT COBEPIICHCTBOBAHUS
CyHIECTBYIOIINX METOJ0B. Haimuue TOYHBIX METONOB M3MEPECHHS ITHX XapaKTEPUCTHK SBISICTCS HE
TOJILKO OCHOBOW JUIsi TIOBBINICHWS KadyecTBa JIOPOXKHBIX MAaTepHalioB, HO M crocoOcTByer Ooiee
9 EeKTUBHOMY IUIAHUPOBAHUIO M OOCIY)XMBAaHHMIO TPAHCHOPTHBIX CETeH B YCJIOBUSX IOCTOSIHHO
MEHSIOUIMXCS KIMMAaTHYeCKUX M OSKCIUTyaTalMOHHBIX (akTopoB. IlosTromMy HeoOxoammo paspaborarh
HAYYHBIC U MIPAKTHYECKHE MOIXObI K COBEPIICHCTBOBAHUIO CYIIECTBYIOIINX HOPMAaTHBHBIX JOKYMEHTOB
C YUETOM XapaKTePUCTUK OMTYMHUHO3HBIX MaTEpPUAIIOB.

KuroueBble cioBa: achanbTo0eTOH,aAre3us1 ONTyMa K 3aIl0JIHUTEIIIO0, aATe3Hsl, KOTe3usi, TOBEPXHOCTHO-
AKTHBHbIC BEIIECTBA, TUCIEPCHBIC YACTHIIBI, aICOPOLIMs, YCHIUTENN aAre3UH, METO/IbI HCTIBITAHHS
ajire3uu

Mwopazuna Aumonuna Hukonaesna KaHOUOam XumMudeckux HayK, npogeccop
[ezepm Anéna Heanoena mazucmp, PhD ooxmopanm
Jlyyenko Auoa Anexcanoposna PhD
Hlupuna Tamvana Banepvegna Mmazucmp
References

1. Korenevsky V.V., Knyshov A.A., Mordik E.A. Optimization of methods of diagnostics and
assessment of technical condition of highways. Humanities, social-economic and social sciences, 2019, 9,
198-202. DOI: https://doi.org/10.23672/SAE.2019.9.36819

2. Malin P.M. The modern state of road bitumen modification field. The world of science, 2021,
309-311.

3. Vasilchenko E.A., Ryazanova I.S., Sysoev A.R., Soldatov A.A., Yashin S.O. General
information about asphalt. Vestnik nauki i obrazovania, 2022, 5 (125), 66-69. ISSN: 2312-8089

4. Gureyev AA., Chernysheva E.A., Konovalov A.A., Kozhevnikova Yu.V. Proizvodstvo
neftyanyh bitumov. Neft' i gaz, 2007, 102 (In Russ.).

5. Gun RB. Neftyanye bitumy. Nedra, 1973, 432 (In Russ.).

6. Kolbanovskaya A.S. Dorozhnye bitumy. Transport, 1973, 264 (In Russ.).

7. Nayler P. Bitumens: Modified. Encyclopedia of Materials: Science and Technology (Second
Edition), 2001, 645-650. DOI: https://doi.org/10.1016/B0-08-043152-6/00123-6

8. Evdokimova N.G., Luneva N.N. The use of additives of different nature for the modification of
the properties of bitumen. Bashkir chemical journal, 2016, 4 (23), 49-62.1SSN: 0869-8406

9. Gureyev, A. A. Neftyanye vyazhushchie materialy. Nedra, 2018, 155 (In Russ.). ISBN: 978-5-
8365-0484-7

10. Anupam K., Akinmade D., Kasbergen C., Erkens S., Adebiyi F. A state-of-the-art review of
Natural bitumen in pavement: Underlining challenges and the way forward. Journal of Cleaner
Production, 2023, 382, DOI: https://doi.org/10.1016/j.jclepro.2022.134957

11. Dzhabrailova M.H., Salamova P.H., and Idrisova E.U. Harakteristika, svojstva, poluchenie i
primenenie bitumov. Vestnik Magistratury, 2021, 10 (2), 14-15 (In Russ.). ISSN: 2223-4047

12. GOST 22245-90. Viscous petroleum road bitumens. Specifications.2015, 9.

13. GOST 11955-82. Road petroleum liquid bitumens. Specifications. 2015, 9.

112


https://doi.org/10.23672/SAE.2019.9.36819
https://doi.org/10.1016/B0-08-043152-6/00123-6
https://doi.org/10.1016/j.jclepro.2022.134957

ISSN 1813-1107, eISSN 2710-1185 MNe 4,2023

14. Paliukaite M., Vorobjovas V., Bulevicius M., Andrejevas V. Evaluation of Different Test
Methods for Bitumen Adhesion Properties. Transportation Research Procedia, 2016, 14, 724-731.
DOlI: https://doi.org/10.1016/j.trpro.2016.05.339

15. Gridchin A.M., Yadykina V.V. Features of interaction of bitumen with mineral materials from
sour rocks. Bulletin of Kharkov National Automobile and Highway University, 2008, 40. ISSN: 2219-
5548

16. Antunes V., Freire A.C., Quaresma L., Micaelo R. Effect of the chemical composition of
fillers in the filler-bitumen interaction. Construction and Building Materials, 2016, 104, 85-91.
DOI: https://doi.org/10.1016/j.conbuildmat.2015.12.042

17. Telyashev E.G., Hajrudinov I.R., Kut'in Yu.A., Orazova G.A, Bukanova S.K. Istochniki syr'ya
dlya proizvodstva dorozhnyh bitumov v Kazahstane. Exposition Oil & Gas magazine, 2008, 5, 24-26 (In
Russ.).

18. Ippolitov E.V., Grudnikov 1.B. Asphalt production technology. Recent history and old
problems. Chemistry and Technology of Fuels and Oils, 2000, 4 (36), 235-244. DOI:
https://doi.org/10.1007/BF02742835

19. Lazzat B., Shaimardan M. Petroleum industry and analysis of producing petroleum
products.International scientific and practical conference world science, 2016, 5 (9), 52-54. ISSN: 2413-
1032

20. Zholdybaev N.T. Development of integration processes in the petroleum industry of
Kazakhstan.Oil Industry, 2003, 7, 40-41. ISSN: 0028-2448

21. Galdina V.D. Modificirovannyebitumy: study guide. Siberian State Automobile and Highway
University in Omsk, 2009, 228 (In Russ.).

22. Tyukanko, V., Demyanenko, A., Dyuryagina, A., Ostrovnoy, K., Aubakirova, G. Optimizing
the Composition of Silicone Enamel to Ensure Maximum Aggregative Stability of Its Suspensions Using
Surfactant Obtained from Oil Refining Waste. Polymers, 2022, 14, 3819. DOI:
https://doi.org/10.3390/polym14183819

23. Tyukanko V., Demyanenko A., Dyuryagina A., Ostrovnoy K., Lezhneva M. Optimization of
the Composition of Silicone Enamel by the Taguchi Method Using Surfactants Obtained from Oil
Refining Waste. Polymers, 2021, 13, 3619. DOI: https://doi.org/10.3390/polym13213619

24. Gohman L.M. Kompleksnye organicheskiye vyazhushchie materialy na osnove
bloksopolimerov tipa SBS. Study guide. Ekon-Inform, 2004, 585 (In Russ.).

25. Vdovin E.A, Bulanov P.E., Zhuravlev I.V. The effect of cellulose stabilizing additives on the
physical and mechanical characteristics of bitumen. News of the Kazan State University of Architecture
and Engineering, 2022, 3 (61), 103-109. DOI: https://doi.org/10.52409/20731523_2022_3_103

26. Galimullin I.N., BashkirtsevaN.Yu.Assessment of the impact of stabilizing additives on the
technical properties of road bitumen. Oil refining and petrochemistry: Scientific and technical
achievements and the best practices, 2015, 7, 40-44. ISSN: 0233-5727

27. Smirnov D.S., Yagund E.M., Brodneva V.E. Assessment of the impact of cellulose impurities
on the properties of crushed stone mastic asphalt concrete. Kazan State University of Architecture and
Engineering, 2020, 4 (54), 80-87. ISSN: 2073-1523

28. Mukhametkhanov A.M., Nugmanov O.K., Lebedev N.A. Investigation of technical
characteristics of paving bitumen combined with cellulose-containing stabilizing additives. Kazan State
University of Architecture and Engineering, 2011, 4 (18), 260-267. ISSN: 2073-1523

29. Yastremsky D.A., Abaydullina T.N., Kudyakov A.l. Crushed-stone and mastic asphalt with
cellulose containing additive. Vestnik Tomskogo gosudarstvennogo arkhitekturno-stroitelnogo
universiteta, 2019, 5 (21), 180-191. DOI: https://doi.org/10.31675/1607-1859-2019-21-5-180-191

30. Galdina V.D. Serobitumnye vyazhushchie: monograph. Siberian State Automobile and
Highway University in Omsk, 2011, 124 (In Russ.).

31. lvan'ski M., Ur'ev N.B. Asfal'tobeton kak kompozicionnyj material. Tekhpoligrafcentr, 2007,
668 (In Russ.).

32. Le Huu T. Physical and mechanical properties of sulfur-bitumen binders and sulfur-asphalt
concrete. Engineering Journal of Don, 2022,No. 6 (90), 646-664.

33. Vasil'ev Yu.E., Andronov S.Yu., Timokhin D.K., Repin A.M., Repina O.V., Talalai V.V.
Sulfur-containing composite materials for transport construction. Naukovedenie, 2016, 3 (34), 112.

34. Turaev F., Beknazarov H., Djalilov A.Study of the modification of the road bitumen element
sulfur. Universum: technical sciences, 2019, 2 (59), 65-69.

113


https://doi.org/10.1016/j.trpro.2016.05.339
https://doi.org/10.1016/j.conbuildmat.2015.12.042
https://doi.org/10.1007/BF02742835
https://doi.org/10.3390/polym14183819
https://doi.org/10.3390/polym13213619
https://doi.org/10.52409/20731523_2022_3_103
https://doi.org/10.31675/1607-1859-2019-21-5-180-191

KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUH XYPHAJI KA3AXCTAHA

35. Pen V.R., Levchenko S.I. Performance properties and durability modified rubber-bitumen
composites. Actual problems of aviation and aerospace systems, 2019, 388-390.

36. Beliaev P.S., Malikov O.G., Merkulov S.A., Frolov V.A. Solution to the problem waste rubber
products by modifying the road binders. Proceedings of the Voronezh state university of engineering
technologies, 2014, 2 (60), 129-131. ISSN: 2226-910

37. lvanov S.A., Shabayev S.N., Tyuryukhanov K.Yu. Recycling crumb rubber by production
modified bitumen. Engineering Journal of Don, 2022, 9 (93), 143-160.

38. Belyayev P.S., Zabavnikov M.V., Malikov O.G., Volkov D.S. Issledovanie vliyaniya rezinovoj
kroshki na fiziko-mekhanicheskie pokazateli neftyanogo bituma v processe ego modifikacii. Vestnik
Tambovskogo gosudarstvennogo tekhnicheskogo universiteta, 2005, 4 (11), 923-930 (In Russ.).ISSN:
0136-5835

39. Dolinskaya R.M., Prokopchuk N.R. Influence of rubber crush on the properties of oil bitumen.
Proceedings of BSTU: Series 2. Chemical Engineering, Biotechnologies, Geoecology, 2021, 1 (241), 172-
175. ISSN: 2520-2669

40. Vorobeva A.A., Emelyanycheva E.A., Abdullin A.l. The influence of crumbed rubber on
petroleum bitumen properties. Bulletin of the technological university, 2018, 10 (21), 59-62. ISSN: 1998-
7072

41. Rozental' D.A., Tabolina L.S., Fedosova V.A.Modifikaciya svojstv  bitumov polimernymi
dobavkami. CNIIT Eneftekhim, 1988, 49 (In Russ.).

42. Rozental' D.A., Bereznikov A.V., Kudryavcev I.N. Bitumy. Poluchenie i sposoby modifikacii:
study guide. LTI, 1979, 80 (In Russ.).

43. Mamadiev N.A. Polimery i polimernye nanokompozity dlya proizvodstva bitumnyh
vyazhushchih. Vestnik magistratury, 2021, 5 (116), 26-29 (In Russ.).ISSN: 2223-4047

44. Shiryaev A.O., Obuhov A.G., Vysockaya M.A., ShekhovcovaS.Yu. Polimernye modifikatory
bitumnyh vyazhushchih. Vestnik Belgorodskogo gosudarstvennogo
tekhnologicheskogo universiteta im. V. G. SHuhova, 2017, 11, 48-54 (In Russ.). ISSN: 2071-7318

45. Polacco G., Berlincioni S., Biondi D., Stastna J., Zanzotto L. Asphalt modification with
different  polyethylene-based  polymers.  EurPolym, 2005, 12  (41), 31-44. DOI:
https://doi.org/10.1016/j.eurpolym].2005.05.034

46. Dyuryagina A.N., Lutsenko A.A., Tyukanko V.Yu.Study of the disperse effect of polymeric
surface-active substances in acrylic dispersions used for painting oil well armature. Bulletin of the Tomsk
Polytechnic ~ University =~ Geo  Assets  Engineering, 2019, 8 (330), 37-44. DOI:
https://doi.org/10.18799/24131830/2019/8/2210

47. Attaelmanan M., Cheng PF., Al AH. Laboratory evaluation of HMA with high density
polyethylene as a modifier. Constr Build Mater, 2011, No. 5 (25), 64-70. DOI:
https://doi.org/10.1016/j.conbuildmat.2010.12.037

48. Stastna J., Zanzotto L., Vacin OJ. Viscosity function in polymermodified asphalts. Colloid
Interface Sci, 2003, No. 259, 2-7. DOI: https://doi.org/10.1016/s0021-9797(02)00197-2

49. Dyuryagina A.N., Ostrovnoj K.A., Golodova I|.V., SHajmerdenova Z.N., Kozik D.Yu.,
Dyusikeeva A.K.Optimizaciya processov vodopodgotovki oborotnoj vody zavoda po vtorichnoj
pererabotke plastmass. Bulletin of the Tomsk Polytechnic University, Geo Assets Engineering, 2021, 9
(332), 187-195. DOI: 10.18799/24131830/2021/9/3368

50. Lewandowski L.H. Polymer modification of paving asphalt binders. Rubber Chemistry and
Technology, 1994, 3 (67), 447-480. DOI: https://doi.org/10.5254/1.3538685

51. Kotenko N.P., Shcherba Yu.S., Evforitsky A.S. Effect of polymer and functional additives on
the properties of bitumen and asphalt-concrete. Bulletin of Higher Educational Institutions. North
Caucasian Region. Technical Sciences, 2019, 1 (201), 94-99. DOI: https://doi.org/10.17213/0321-2653-
2019-1-94-99

52. Vasilovskaya G., Druzhinkin S., Peresypkin E., Berseneva M.The development of polymer-
bitumen binder compositions for preparation of polymer-modified asphalt cements. Engineering Journal
of Don, 2023, 3 (99), 399-408

53. Chen J.S., Liao M.C., Lin C.H. Determination of polymer content in modified bitumen.
Materials and structures, 2003, 9 (36), 594-598. DOI: https://doi.org/10.1007/bf02483278

54. Biglova R.Z., Nasretdinova R.N. Evaluation of adhesion and cohesion properties of road
bitumens modified by butadientistic rubber. Reports of the Bashkir University, 2018, 3 (23), 734-
738.I1SSN: 1998-4812

114


https://doi.org/10.1016/j.eurpolymj.2005.05.034
https://doi.org/10.18799/24131830/2019/8/2210
https://doi.org/10.1016/j.conbuildmat.2010.12.037
https://doi.org/10.1016/s0021-9797(02)00197-2
https://doi.org/10.5254/1.3538685
1%20(201)
https://doi.org/10.17213/0321-2653-2019-1-94-99
https://doi.org/10.17213/0321-2653-2019-1-94-99
https://doi.org/10.1007/bf02483278

ISSN 1813-1107, eISSN 2710-1185 MNe 4,2023

55. Zhu J., Birgisson B., Kringos N. Polymer modification of bitumen: advances and challenges.
European polymer journal, 2014, 1 (54), 18-38. DOI: https://doi.org/10.1016/j.eurpolym;j.2014.02.005

56. Minhairova A. |., Zakirova L. Yu., Vol'fson I. S., Ayupov D. A., Murafa A. V., Hozin V. G,
Hakimullin Yu. N. Modifikaciya dorozhnyh bitumov smesevymi termo elastoplastami. Herald of
technological university, 2012, 17 (15), 120-122 (In Russ.).

57. Belova N.A,, Israilova Z.S., Strakhova N.A. Problems and perspektivy production oil bitumen.
Herald of Daghestan State Technical University. Technical Sciences, 2016, 2 (41), 139-149. ISSN: 2073-
6185

58. Platonov, A.P. Primenenie aktivnyh dobavok pri proizvodstve okislennyh bitumov.
Avtomobil'nyedorogi, 1992, 4, 10-12 (In Russ.).

59. Bembel', V.M. Modifikaciya neftyanyh bitumov. Tezisy dokladov Mezhdunarodnoj konferencii
po himiinefti, 1991, 307 (In Russ.).

60. Bolatbaev K.N., Dyuryagina A.N., Ostrovnoj K.A. Modificirovanie kompozitov poverhnostno-
aktivnymi veshchestvami. North Kazakhstan University named after M. Kozybayev, 2005, 186p. (In
Russ.).

61. Dyuryagina A.N. Colloid chemistry: study guide. ESPI Almaty, 2022, 220 p.(In Russ.).

62. Shalamanov V.A., Zaharova P.M., Moiseev D.N. Study of the influence of adhesive additives
“Amdor-10” and “Polyram 1-200” on physical and mechanical characteristics of the bitumen.Vestnik
Kuzbasskogo gosudarstvennogo tehniceskogouniversiteta, 2017, 2 (120), 166-170.I1SSN: 1999-4125

63. Pyrig YA.l. Obzor metodov ocenki scepleniy abitumov s kamennymi materialami. Bulletin of
Kharkov National Automobile and Highway University, 2019, 85, 73-82 (In Russ.). DOI:
https://doi.org/10.30977/BUL.2219-5548.2019.85.0.73

64. Dyuryagina A., Lutsenko A., Ostrovnoy K., Tyukanko V., Demyanenko A., Akanova M.
Exploration of the Adsorption Reduction of the Pigment Aggregates Strength under the Effect of
Surfactants in Water-Dispersion Paints. Polymers, 2022, 14, 996. DOl:
https://doi.org/10.3390/polym14050996

65. Dyuryagina A., Lutsenko A., Demyanenko A., Tyukanko V., Ostrovnoy K., Yanevich A.
Modeling the wetting of titanium dioxide and steel substrate in water-borne paint and varnish materials in
the presence of surfactants. Eastern-European Journal of Enterprise Technologies, 2022, 1(6(1150), 31-
42. DOI: https://doi.org/10.15587/1729-4061.2022.252757

66. Ostrovnoy K., Dyuryagina A., Demyanenko A., Tyukanko V. Optimization of titanium dioxide
wetting in alkyd paint and varnish materials in the presence of surfactants. Eastern-European Journal of
Enterprise Technologies, 2021, 4(6(112), 41-50. DOI: https://doi.org/10.15587/1729-4061.2021.237879

67. Tyukan'ko V.YU., Dyuryagina A.N., Ostrovnoj K.A., Dem'yanenko A.V. Study of wetting of
aluminum and steel substrates with polyorganosiloxanes in the presence of nitrogen-containing
surfactants. Bulletin of the Tomsk Polytechnic University, Geo Assets Engineering, 2017, No. 11 (328),
75-82.1SSN: 2500-1019

68. Ramaswamy S., Low E. The effects of Amino antistrip additives on stripping of bituminous
mixes. Highways and Transportation, 1990, 5 (37), 9-13.

69. Nazimuddin M., Wasiuddin C., Fogle M., Musharraf M., Edgar A. Effect of antistrip additives
on surface free energy characteristics of asphalt binders for moisture-induced damage potential. Journal of
Testing and Evaluation, 2007, 1 (35)

70. Dyuryagina A.N., Ostrovnoy K.A., Kozik D.Yu.Modifying effect of petrochemical waste
processing products on wetting and stabilization of solid-phase particles. Bulletin of the Tomsk
Polytechnic ~ University, Geo Assets Engineering, 2021, 12 (322), 164-172. DOI:
https://doi.org/10.18799/24131830/2021/12/3124

71. Dyuryagina A.N., Byzova Yu.S., Ostrovnoy K.A., Tyukanko V.Y. Utilization of the waste
sealing liquid component in asphalt concrete pavements. Bulletin of the Tomsk Polytechnic University,
Geo Assets Engineering, 8 (322), 2021, 80-86. DOI 10.18799/24131830/2021/04/3150

72. Kandhal P. S. Field and Laboratory Investigation of Stripping in Asphalt Pavements: State of
the Art Report. Transportation Research Board, 1994. 1454, 36-47.

73. Liu Y., Apeagyei A., Ahmad N., Grenfell J., Airey G. Examination of moisture sensitivity of
aggregate-bitumen bonding strength using loose asphalt mixture and physico-chemical surface energy
property tests. International Journal of Pavement Engineering, 2014, 7 (15), 657-670.

74. ASTM D 3625-2012 Standard Practice for Effect of Water on Bituminous-Coated Aggregate
Using Boiling Water. ASTM International, 2012, 2.

115


https://doi.org/10.1016/j.eurpolymj.2014.02.005
https://doi.org/10.30977/BUL.2219-5548.2019.85.0.73
https://doi.org/10.3390/polym14050996
https://doi.org/10.15587/1729-4061.2022.252757
https://doi.org/10.15587/1729-4061.2021.237879
https://doi.org/10.18799/24131830/2021/12/3124
DOI%2010.18799/24131830/2021/04/3150

KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUH XYPHAJI KA3AXCTAHA

75. Kennedy T. W., Roberts F. L., Anagnos J. N. Texas boiling test for evaluating moisture
susceptibility of asphalt mixtures. Texas State Department of Highways and Public Transportation, 1984,
5 (253), 36.

76. Vasil'ev V.V., Ivkin A.S., Salamatova E.V., MaidanovaN.Ya.V. Improvement of methods for
determining bitumen cohesion with mineral materials. Bulletin of StPb SIT (TU), 2018,. 42 (68), 58-61.

77. Kolbanovskaya A.S. Metod krasitelej dlya opredeleniya scepleniya bituma s mineral'nymi
materialami. Avtotransizdat, 1959, 32 (In Russ.).

78. Kortyanovich K.V., Evdokimova N.G., Zhirnov B.S. Dielektricheskaya pronicaemost’ kak
pokazatel” harakterizuyushchij adgezionnye svojstva bitumov. Neftegazovoedelo, 2016, 2, 35(In Russ.).

79. Abdullin A.l,, Emel'yanycheva E.A, Diyarov I.N. Ocenka adgezii bituma k mineral'nomu
materialu v asfal'tobetone na osnove ego smachivayushchihsvojstv. Bulletin of the Technological
University, 2009, 4, 257-259 (In Russ.).

80. XieJ.,, Wu S,, Pang L., Lin J., Zhu Z. Influence of surface treated fly ash with coupling agent
on asphalt mixture moisture damage. Constr. Build. Mater.,, 2012, 30, 340-346.DOI:
https://doi.org/10.1016/j.conbuildmat.2011.11.022

81. Gronniger J., Wistuba M.P., Renken P. Adhesion in Bitumen-Aggregate-Systems. Road Mater.
Pavement Des., 2010, 11(4), 881-898. DOI: https://doi.org/10.1080/14680629.2010.9690311

82. Byzova Yu.S. Dyuryagina AN., Ostrovnoi K.A. Gorshkova T.A., Savelyeva P.O.
Investigation of the wetting effect of surfactants of various nature in the bitumen composition. Chemical
Journal of Kazakhstan, 2023, 1 (81), 44-53. DOI: https://doi.org/10.51580/2023-1.2710-1185.05

83. Kosarev 1.V., Ignatova T.A., Ivanchenko A.E. Penetraciya neftyanogo bituma. Teoriya i
praktika sovremennoj nauki, 2017, 1 (19), 574-576(In Russ.).

84. Shorin V.A., Velsovsky A.Y., Myasnikova S.A. Study of penetration (viscosity) of petroleum
road bitumen from various manufacturers. Bulletin of Vologda State University, 2022, 4 (18), 31-33.
ISSN: 2658-3399

85. Kolmakov G.A., Zanozina V.F., Karataev E.N., Ivanov P.S., Grishin D.F., Zorin A.D. Effect of
sulfur-containing acids on the penetration and softening point of asphalts obtained from acid sludge.
Petroleum Chemistry, 2007, 2 (47), 139-142.1SSN: 0028-2421

86. Galkin A., Pyrih Ya. Conditions of measurement of bitumen binders cohesion strength.
Bulletin of Kharkov National Automobile and Highway University, 2013, 1 (99), 71-77. ISSN: 2219-5548

87. Galkin A., Pyrih Ya.Conditions of measurement of bitumen binders cohesion strength. Bulletin
of Kharkov National Automobile and Highway University, 2017, 79, 47-51. ISSN: 2219-5548

88. Bitumen and bituminous binders. Determination of cohesion of bituminous binders with
pendulum test: EN 13588-2008 - Brussels. European committee for standardization, 2008, 22.

89. Isaac L. Howard, Walter S. Jordan, Jason M. Barham, Alejandro Alvarado, Ben C. Cox.
Performance Oriented Guidance for Mississippi Chip Seals, Volume I. Mississippi State University, 2013,
191.

90. Hagos E.T. The Effect of Aging on Binder Properties of Porous Asphalt Concrete. Wohrmann
Print Service, 2008, 321.

91. VasilievYu., Subbotin I., ShelestS., StepanishevA.Bitumen cohesion and adhesion strength
quantitative assessment method and system research. Naukovedenie, 2014, 5 (24), 26.

92. Babkov E.I. Kogeziometr sdvigovyj [The invention relates to the field of control of the physical
properties of binders, mainly bitumen]. Patent SU, No. 305388, 1971.

93. Babcock, Gregg B. Study of Asphalt Binders using Lap Shear Bonds. Proceedings of the 43rd
Annual Conference of Canadian Technical Asphalt Association, 1998, 43, 1-15. ISSN: 0712-2470

94. The Vialit device designed to analyze the adhesion of road bitumen: https://rm-
pro.ru/catalog/oborudovanie-dlya-ispytaniy-dorozhno-stroitelnykh-materialov-superpave/pribor-crt-vcp-
kogeziya/

95. Dzhilavdari I. Z., Mekid S., Riznookaya N. N. Ustrojstvo i metodika izmereniya momentov sil
soprotivleniya kacheniyu na pyatne kontakta. Pribory i metody izmerenij, 2019, 4 (10), 308-321 (In
Russ.). DOI: https://doi.org/10.21122/2220-9506-2019-10-4-308-321

96. Malyar V. V., Psyurnik V. A., Lapchenko A.S. Opredelenie modulya uprugosti
asfal'topolimerbetonov dlya rascheta konstrukcij dorozhnyh odezhd. Bulletin of Kharkov National
Automobile and Highway University, 2008, 40 (In Russ.).

97. Canestrari, F., Cardone, F., Graziani, A., Santagata, F., Bahia, H. U. Adhesive and Cohesive
Properties of Asphalt-Aggregate Systems Subjected to Moisture Damage. Road Materials and Pavement
Design, 2010, 11,11-32. DOI: https://doi.org/10.1080/14680629.2010.9690325

116


https://doi.org/10.1016/j.conbuildmat.2011.11.022
https://doi.org/10.1080/14680629.2010.9690311
https://doi.org/10.51580/2023-1.2710-1185.05
https://rm-pro.ru/catalog/oborudovanie-dlya-ispytaniy-dorozhno-stroitelnykh-materialov-superpave/pribor-crt-vcp-kogeziya/
https://rm-pro.ru/catalog/oborudovanie-dlya-ispytaniy-dorozhno-stroitelnykh-materialov-superpave/pribor-crt-vcp-kogeziya/
https://rm-pro.ru/catalog/oborudovanie-dlya-ispytaniy-dorozhno-stroitelnykh-materialov-superpave/pribor-crt-vcp-kogeziya/
https://doi.org/10.21122/2220-9506-2019-10-4-308-321
https://doi.org/10.1080/14680629.2010.9690325

ISSN 1813-1107, eISSN 2710-1185 MNe 4,2023

98. Emel'yanycheva E.A., Abdullin A.l. Issledovanie neftyanyh modificirovannyh bitumov
metodom atomnoj silovoj mikroskopii. Vestnik Kazanskogo tekhnologicheskogo universiteta, 2012, 15
(12), 172-174 (In Russ.).

99. Yu X, Burnham NA, Tao M. Surface microstructure of bitumen characterized by atomic force
microscopy. Adv Colloid Interface Sci, 2015, 218, 17-33. DOI: https://doi.org/10.1016/j.cis.2015.01.003

100. Zhang H.L., Yu J.Y., Feng Z.G., Xue L.H., Wu S.P.. Effect of aging on the
morphology of bitumen by atomic force microscopy. J Microsc, 2012, 246, 11-9. DOIL:
https://doi.org/10.1111/j.1365-2818.2011.03578 .

101. Loeber L, Alexandre S, Muller G, Triquigneaux J, Jolivet Y, Malot M. Bituminous
emulsions and their characterization by atomic force microscopy. J Microsc, 2000, 198, 106. DOI:
https://doi.org/10.1046/j.1365-2818.2000.00667 ..

117


https://doi.org/10.1016/j.cis.2015.01.003
https://doi.org/10.1111/j.1365-2818.2011.03578.x
https://doi.org/10.1046/j.1365-2818.2000.00667.x

KA3AKCTAHHBIH XUMUA )KYPHAJIBI XUMHYECKHUH XYPHAJI KA3AXCTAHA

Chemical Journal of Kazakhstan
Volume 4, Number 84(2023), 118-130 https://doi.org/10.51580/2023-4.2710-1185.45

V]IK 662.749.3: 541.183

PRODUCTION OF CARBONACEOUS MATERIALS USING COAL TAR
RESIN AND INVESTIGATION OF THEIR SURFACE PROPERTIES
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Abstract: The traditional technological process for creating highly porous materials from
carbonaceous raw materials involves two stages of thermal treatment: carbonization (pyrolysis) and
activation (gasification), aimed at forming a porous structure capable of adsorption. Combining both
stages into a single process with chemical activation allows for efficient raw material utilization and
control of the material's porous structure at different levels, providing the ability to customize its
characteristics. The choice of a chemical activator depends on the type of raw material and the required
characteristics of porous carbon materials. In this study, it is established that the analysis of surface
properties of highly porous carbon materials synthesized from coal tar pitch, obtained by distillation of
coal tar resin from JSC "Shubarkolkomir," confirms the outstanding operational characteristics of this
material. The application of a combined process of carbonization and activation of coal tar pitch at an
optimal temperature in an inert atmosphere leads to the formation of porous carbon materials with a high
specific surface area: 561 (traditional method), 789 (chemical activation), and 881 m?*g (templating
method), as well as a pore volume of 0.30; 0.40; and 0.48 cm?/g, respectively. This work not only expands
the technological methods of obtaining carbon materials from coal tar resin but also underscores their
potential for improving soil structure and increasing the efficiency of agricultural production.

Keywords: carbon materials, porous structure, coal tar resin, distillation fractions, coal tar pitch,
templating activation, porous carbon materials, raw material utilization efficiency, soil stability,
agriculture, operational characteristics.
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MHNOJYYEHUA YIVIEPOJCOAEPKAIIUX MATEPUAJIOB C UCIIOJIb30BAHUEM
KAMEHHOYT'OJIbHOM CMOJIbI 1 U3YUEHUE UX ITOBEPXHOCTHBIX CBOMCTB

K.A. Kaoupéberoe™, H.A. Bysaee', H.H. Opanébaeé', I.I. Ceiimxan®, C./ladvixa?,
A.JK. A6opoé?, K.K%.Kum, E.A. Tycynkanues', A.A. Ecnenéemos*, JK.H. Kaiinapoaeea'

Y40 «HMncmumym xumuueckux nayk um. A.5.Bexkmypoea», Anmamui, Kazaxcman
2TOO «Hayuno-unaicenepnwiii ucciedosamenvckuii yenmp ERGy, Acmana, Kasaxcman
“E-mail: k.kadirbekov@ihn.kz

Pesrome. TpagunuoHHas TEXHONOTHMYECKAs MPOLEAYpa CO3NAHUA MATEPHANOB C BBICOKOH MOPHCTOCTBIO
U3 YIIEepOJCOJNCPIKALIEro ChIPbsl BKIIOYAeT [JBa JTala TepMHYEcKod o00paboTku: KapOOHHM3alMIO
(nuponu3) u akTHBalMIO (ra3uduKaliio), HarlpaBlIeHHbIe Ha (OPMHUPOBAHUE CTPYKTYPBI IIOP, CIIOCOOHBIX
K azacopbuun. OObeauHeHHe 000MX 3TAlOB B CAMHBIA MPOLECC C XMMHUYECKOH aKTHUBAIMEil MO3BOJSET
3G (PEKTUBHO HCIOJIB30BATh ChIPbE M KOHTPOJIMPOBATH IOPUCTYIO CTPYKTYpY MarepHalia Ha Pa3JIduHbIX
YPOBHSIX, IPEJOCTABIIsIE BO3MOXHOCTh HACTPOHKHU €ro XapaKTepUCTHK. BpIOOp XMMHUECKOro akTUBaTOpa
3aBHCHUT OT THIIA CHIPbSl M TpeOyeMBIX XapaKTePUCTHK HMOPHUCTBIX YINICPOIHBIX MaTepHanoB. B manHOM
HCCIICIOBAaHUHM YCTAHOBIECHO, YTO AaHANU3 MOBEPXHOCTHBIX CBOHCTB BBICOKOIOPHCTBIX YIJIEPOIHBIX
MaTepHaioB, CHHTE3UPOBAHHBIX M3 KAMEHHOYTOJBHOIO  I€Ka, MOJIY4EHHOro  AUCTHIUIILUEH
KaMeHHOyronpHOi cmonel AO  "lllyGapkoibkoMup", HOATBEPKIAET BBICOKME 3KCILUIyaTallHOHHBIE
XapaKTePUCTHKU 3TOr0 Matepuaina. IIpuMeHeHHe KOMOMHHPOBAaHHOIO IIpollecca KapOOHH3alUH H
aKTUBAIUH KaMEHHOYTOJIBHOTO IIeKa MPH ONTHUMAIbHOH TeMIlepaType B HHEPTHOH aTMocdepe IpHBOAUT
K 00pa30BaHUIO BBICOKONOPHUCTBIX YIIEPOJHBIX MAaTEpUAJIOB C BBICOKOH yIENbHON ILIOLIAJBIO
moBepxHocTH: 561 (TpaauumonHblit Merom), 789 (xumuueckas aktuBaims) U 881 M*r (TeMIUIaTHbBII
MeTon), a takxke oovemom mop 0.30; 0.40 u 0.48 cm®r coorBercTBeHHO. [lanHass paboTa HE TOJIBKO
paciiupsieT TEeXHOJIOTMYECKHE METOIbl IOJIyYeHMs YIJIEpPOJHbIX MaTepUaloB M3 KaMEHHOYTOJIBHOM
CMOJIBI, HO W IOMYCPKHMBACT MX IMOTCHIMAJ JUI YIIYYIICHHsS [OYBCHHOW CTPYKTYpPbl M HOBBIICHUS
3¢ GEKTUBHOCTH CEIBCKOX03IHCTBEHHOTO IIPOU3BO/ICTBA.

KiioueBble cjI0Ba: yriepoJHble MaTepHalbl, IOPUCTas CTPYKTypa, KAMEHHOYTOJIbHAst cMoJIa, (pakiuit
JUCTHIUIALMY, KaMEHHOYTOJbHBIM IeK, TeMIUIaTHAs aKTHBAIMS, MOPUCTBIE YTJIEPOIHBIE MaTepHUAJIbI,
3(()EKTHBHOCTH UCIOIB30BAHMSA CHIPbS, YCTOHUHBOCTH IIOUBBI, CEILCKOE XO3SHCTBO, SKCILTyaTallHOHHbIE
XapaKTEPUCTHKH.

Kaoupoekoe Kaiippam Aovipoexosuu Jlokmop xumuueckux Hayk
Bysae¢ Hypoaynem Amansconosuy Hoxmopanm PhD

Opanéaee Hypcynman Mazucmpanm
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KA3AKCTAHHBIH XUMUA )KYPHAJIBI XUMHYECKHUH XYPHAJI KA3AXCTAHA

Ecnenoemoe Acvinoex Anuoexosuu Jlokmop xumuueckux Hayx

Kaiinapoaesa Kanua Hypoexoena Mazucmp

1. BBeaenue

Yraepoacoaepxkantue Matepruaisl (YM) sSBISIOTCS pa3HOOOpa3HBIM KJIaCCOM
BEIIECTB, COJAEPXKAIINX YIIepox W OOJaMalomuX pa3IMdHBIMHA CBONCTBAMH H
cTpykrypamu. Hx pasHooOpasHble (opMbl W TNpUMEHEHHS JAENaloT HX
MIEPCTIEKTUBHBIMH JIJIS1 PA3IMIHBIX TEXHOJIOTMYECKUX M HaydHbIX obOmacrtet [1, 2].
B sToM KoHTEKCTE 0cOO0E BHUMaHWE YIENSIETCS] BRICOKOIIOPHUCTHIM YTIIEPOTHBIM
Matepuanam (ITYM), npeacrasistommm noakiace YM ¢ yHHKaJIbHOW MOPUCTOMN
CTPYKTYpOH. DTH MaTepuanbl WAcalbHbl sl PHIOKECHUH, T/Ie BaKHBI OOJbIast
MTOBEPXHOCTH ¥ BBICOKAsI afiIcOPOIIMOHHAST CIOCOOHOCTB.

Hcnonp3yemble B KauecTBe MPEKypCOPOB yIiiepoaa pa3indHbIe BUIBI CHIPBS,
BKIIIOYass OHMOMaccy W HWCKOMAaeMble Pecypchl, NPEAOCTABISIIOT IIHPOKHE
BO3MOXKHOCTH JIJIsI CO3/IaHUS TIOPUCTHIX YTIIEPOIHBIX MaTepuaios [3, 4]. OgnHako,
HECMOTpPSl Ha WX TEPCHEKTHBHOCTh, MPOMEBINIICHHBIE YTIEPOAHBIE MaTEePHAIBI
4acTO HE COOTBETCTBYIOT TPEeOOBaHUSIM TEXHOJOTHYECKUX TMPOIECCOB, UTO
MPUBOIUT K Hed()(PEKTHBHOMY HCIOIH30BAHUIO WX H3-32 BBICOKHX 3aTpaT
OTPAaHUYEHHBIX CHIPHEBBIX PECYPCOB.

KamenHnoyronpHas cMoia, SBISIOIIASACS AOCTYIHBIM M JICHIEBBIM TOOOYHBIM
MPOAYKTOM YTOJBHON MPOMBIIIJICHHOCTH, MOKET CTaTh MEPCIEKTUBHBIM ChIPhEM
IUIS  YTJIEPOJCOAep AKX MartepuasioB [5-7]. Pa3pabotrka 3(Q¢eKTUBHBIX U
SKOHOMHYECKH IeJIeCOO0Pa3HBIX  YIJIEPOJAHBIX MAaTepUANOB M3 JOCTYITHBIX
MPOMBIIIJICHHBIX HMCTOYHHUKOB TMPEJCTABISET COOOH aKTyallbHYIO 3ajady st
HayYHOTO W TEXHOJOTHYEeCKOro coolmiectBa [8]. B mpomsBoicTBE yriaepomHbIX
MaTepruajoB W3 KaMEHHOYTOJBHONH CMOIBI 0c000€ BHUMaHHE 3acCiTyKHBAeT
TEMIUIATHBIN METOJ CUHTE3a, KOTOPBIA IMPUMEHSIETCS ¢ ycrexoM [9]. DToT meton
HE TOJIbKO TIO3BOJISIET JIOCTUYh BBICOKOH MOPUCTOCTH MaTepuaia, HO U
o0ecrieunBaeT YHUKaIbHYIO BO3MOXXHOCTH KOHTPOJHMPOBATH IOPO3UTET Ha
Pa3IMYHBIX YPOBHIX. DTO BAXHO JUIS aJanTalldd MaTepuana MoJ KOHKPETHbIE
TEXHOJOTHYECKHEe TpeOOBaHMs, HANpUMEp, B CEIbCKOM XO3AHCTBE JUIA
YIIy4IIeHUs] CTPYKTYPHI MIOYBHI U MTOAepKaHus 3 (HEKTHUBHOTO pOCTa PACTESHHIA.

2. DKcHepUMeHTAJbHAs YacTh

B KauecTBe o0BeKTa HCCTIEA0BAHUS HaMU KCIIOJIb30BaHa
cpenHeTeMIiepaTypHass kameHHoyroibHas cmona AQO «lllybapkonbkomup» u
KaMEHHOYTOJBHBIN TeK, mosydeHHed muctwurinueit KYC mo meromgmke ot
BYXHWH. [ns XapakTEPUCTUKUM KOMIIOHEHTHOI'O COCTaBa JUCTUJUISTHBIX
¢dpaxmuit KYC, ucxons u3 3a1a4 UCCieI0OBaHNs, HAMU MPUMEHEeHbI MeTo bl K-
CIIEKTPOCKOTINH ¥ XPOMAaTO-MaCC-CIIEKTPOMETPHH.

NK-cniekTpanbHbIi aHanu3 IIPOBOAWIA c HCIIOJIb30BaHUEM
criektpoporomerpa NICOLET5700 (FT-IR) ¢ ®dypbe-npeoOpazoBanueM 10O
nporpamme OMNIC B oGnactu BonHOBEIX umcen 400 - 4000 cm™.

MonekyIapHBIi cocTaB MPoayKToB oTroHKH KYC onpenensiy Ha XpoMaTo-Macc-
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cnextpometpe «Agilent 8990» ¢ MC gerekropom «Agilent 5975» ¢ kanmmsapHOH
kosonkoit HP—1 mmmnaoit 50 m.

B nmanHoii pabore mpomecc KapOOHHM3aLMM OOpa3LOB Ha OCHOBE
KaMEHHOYTOJIFHOTO TIeKa TPOBOJWICA B HW30TEPMHYECKHX YCIOBHAX C
MpuMeHeHneM Tpex MeToauk. CoriacHo METOAMKH 1, TepMooOpadoTKy
KaMEHHOYTOJIBHOTO ~ [eKa OCYHIECTBISIM B  WHEPTHOH artmocdepe B
TemrieparypaoM wuHTepBasie 600-800°C mpu ckopoctu HarpeBa S5°C /MuUHH
BpeMeHH BoiIepxkKku 120 muH (Tipu 3amanHoi TemnepaType). CorimacHo METoTuKe
2, nist oOpa3oBaHUS MHUKPOIOP BO BHYTPEHHEH CTPYKType yriepoia H TeM
CaMbIM IS YBEJTUUEHHS YIEIbHOW MOBEPXHOCTH, MOJTYUYCHHBIH K MMOABEprain
XUMUYECKOM akThBaluu npu Temneparype aktuBauuu 800 - 850°C. CormacHo
Metonuke 3, monyderne 1IYM Obin ocymectieHo ¢ ucnoiszoBanuem MgO B
KaueCTBC TEMILJIaTa U KAMCHHOYTOJIbHOI'O IICKa B KauCCTBC IMPCAIICCTBCHHUKA
yriepoza.

IlockonmpKky ~ TOBEpXHOCTHBIE  CBOWCTBA  IONyYE€HHBIX  00pasIoB
BBICOKOIIOPHCTOTO  YIVIEPOJA SBIIIFOTCSA KpalHE Ba)XXHOM XapaKTEpPUCTHKOU
cOpOEHTOB, MX HMCCIEAOBAHHIO YACIIIOCH O0INbIIOe BHUMaHue. MeToz copOumn
ra3oB TO3BOJISIET ONPEICNATh BAKHEWIINE XapaKTePUCTHKH TBEePAO(ha3HBIX
BEILIECTB, TaKUE KaK yJAeNbHAas IUIOMIAAb MOBEPXHOCTU, MOPHUCTOCTH (MHUKPO-,
ME30I0pPUCTOCTh), 00BEM TOp, pacIpelielieHne Mop MO pa3MepaM. Y IeNbHYIO
IUIOIah TIOBEPXHOCTH OOPa3loOB BBICOKOIIOPUCTOTO YIIIEPOJa OMpPEACIIsIIH
MeronoM bOT 1o cTaHmapTHOW METOAMKE C WCIOJNB30BAHWEM aHAIHM3aTopa
NOVA 1000 (QUANTACHROMEINSTRUMENTS, CLIA).

YV nenpHyr0 mIoNia s MOBEPXHOCTH 00pa3IoB olleHnBamu MeToioM bOT,
00BEM MHKPOTIOP — [-METO/I0M 10 aCOPOIIMOHHOI BETBU N30TEPMBI, CPEIHHIMA
nuameTp mesornop — MetoqoM bappera-/[xoitnepa-Xanenas! (BIX) nmo
JIeCOpOIIMOHHOM BeTBH N30TepMbl. OOIIHIA yIenbHbBIH 00BeM MOP OMPEIEISIIH 10
M30TepMe aICOPOINH a30Ta P 3HAYEHUH OTHOCUTeNbHOTOo naBieHust (0,99).

3. Pe3yabTaThl M 00CyKIEeHNE
Juctrmusimuas KYC Ha dpakmun npooaunu mo Metoguke ot BYXMH. B
tabnune 1 nmpuBeaeHs! pe3ynbTaThl GhpakiuonHon et KYC.

Taoauua 1 - Pesynbrarer auctiwusinun KYC Ha dpakimn

o . 0 Beixon, %

Dpakuuii TemmnepatypHbiii natepsai, °C ot Maces KYC
Jlerkast o 170 3.6
DeHosbHAs 170-210 9.0
Hadranunosas 210-230 9.4
TTornotutenpHast 230-280 19.3
AHTpaneHoBas 280-360 17.2
ek, % 110 405 (B sxunKoit pase) 36.5
IMotepu, % 5.0
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Hnsa onpenenenus kadectBeHHOro cocrtaBa KYC 6wt cusat ee MK-cmektp
(pucyHok 1). Kpome toro, 6sutm cusatel UK-ciektpsl ¢pakuuit (pucynok 1). Kak
yKa3bIBasiock BbImie, coctae KYC mpencraBiser coboil CI0XKHYI0O KOMIIO3HIIUIO
COTEH HWHAWBUAYAIBHBIX COCAMHEHHH, modToMy WK-cnekTpel sBusiorcs ux
aJTUTUBHBIMU XapaKTepUCTUKAMH, T.C. pe3yiabpTaTOM HaJIOXKEHMS
(cynepnosuiyn) CIeKTPOB COCTABJLIIOIIMX MX HHIUBHIYaJIbHBIX COCIMHEHHH.
Cnenyetr otmetuTh, uTo MK-CIEKTpHI BCeX CHATHIX OOpasloB MMEIOT CXOIHBIN
XapakTep, O YeM CBHICTENbCTBYIOT MPHUBEICHHBIC AaHHbIE B Tabuune 3 1o
MOJIOXKEHUIO TMoJIoc morjomeHus: ucciaenoBanHblx KYC, ee (pakumoHHBIX
(MICTHIIATHBIX ) 00pa3IloB M TBEPAOTO OCTaTKa (TIeK).

00
4000 500 00 250 200 150 100 s
Wanunbers cn1)

Pucynok 1 - UK-criektpst KYC u ero dpakiuit

beuta mposenena wuHTepnperanus cnektpa KYC ¢ ucnonb3oBaHuEM
nporpammel OMNIC, u3 koTopoit 6bu10 onpexesneno, uro B KYC nabmongarores
MOJIOCHI  TIOTJIONICHMS, XapaKTepHbIE [UIsl  CIEAYIOMUX, B  YaCTHOCTH,
(hyHKIIMOHANBHBIX TPYIII, YTO HE OTpa)kaeT, ECTECTBEHHO, IIOJTHOE MHOT000pa3ne
coctasisitomux KYC coenHeHn: 3aMellieHHbIe apOMaTHYecKHue yriieBOIOPO/IbI,
(eHOoIBI 1 anmudaTHIecKue yrieBoa0pOIbL.

N3 cnexktpoB KYC u ee (pakuumii MOKHO cIenaTh OINpeIeeHHbIE BHIBOIBI.
[Tornomenue B o6mactu BaaeHTHBIX (2850-2960 cm™) u nepopmarmonnsix (960-
967, 1456-1466 cm™) kone6annii CHo- 1 CHz-anndarudeckux TPy yKa3biBaeT
Ha JOCTaTOYHO BBICOKOE COJEPXKaHWE AJIKAaHOB, MPHYEM OTCYTCTBHE IIOJIOC
norsomenus npu 720 cM CBHAETENBCTBYET O MPEMMYIIECTBEHHOM COJIEPKAHUM
KPaTKO 3BEHHBIX ajkaHoB. Hanmuue mosoc morsiomenus B obmactu 2731 cmt
CBHUJIETENLCTBYET O HAIMYMH BO BCeX (pakUusaX coeAnHeHNUH co cBs3simu Cspz —H.
I[IpucyTcTBYIOT MoNoCk! mornomeHus npu 1598-1612, 3018-3028, 690-882 cm™,
YKa3bIBaIOINIMEe HA HaJMUUE COCIUHEHWH apoMaTH4YecKoro xapakrtepa. [Ipudem,
HOBHIIICHHAs MHTEHCUBHOCTE OJIOC B MHTepBajte 690-882 cm™ cBUIETENLCTBYET
0 KOHJCHCHPOBAaHHOM COCTOSHMM O€H30JIBbHBIX IMKJIOB. OOmwupHas o0aacTh
nornomenus npu  3350-3380 wm momocel mpu  1260-1264 cm? orBeuaer
¢enonbabIM ruapokcutaM. OtcyTeTBre nonoc mpu 1700-1750 cm™ Taxke Moxer
TOBOPUTH 00 OTCYTCTBHM KHCIIOPOJCOAEP)KAIIMX TIPyON, B YaCTHOCTH,
kap6oHwIbHBIX (1700-1740 cmt), kapGokcumbabIx (2500-2800, 1700, 1190-1200
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cml), kKoTopele HAGMIONAIOTCA B CIIEKTPAaX HEKOTOPHIX OOPAa3sLOB Pa3IHMYHBIX
ncrouankoB KYC [10, 11].

Ha ocHoBanum xpomatorpauyecKuX JIaHHBIX YCTAHOBJICHO, 4YTO BCE
(hpakmuy ¥ TeK UMEIOT CXOJICTBEHHBIE COCTaBBI M COJEpXaT B cede B pa3HBIX
COOTHOIICHHUSX (PEHOJT U €ro alKWI3aMelleHHbIe IPON3BOIHbIEC, HAPTANH U €ro
QIKWI3aMEIICHHBIC TPOM3BOJHBIC (32 WCKIIOYCHHEM JIETKOW  (hpaKIum),
anmudaTuyecke W aJKCHOBBIC YIIICBOJOPOJbI, OUIMKINYECKHE YTJIECBOIOPOJIBI
apoOMaTHUYECKOTO W IOyapOMAaTHYEeCKOTO XapakTepa (MpPOW3BOJHBIE WHAAaHA M
WHJICHA).

Hanuuue ¢deHoONa M €ro aqKUIMPOU3BOIHBIX B BHICOKOKHUIISAIIMX (hPAKITHSIX,
MPEBBIIAIINAX TI0 TEMIIEpaTypaM TeMIepaTyphl KHUIICHHUS WHIUBUAYAITbHBIX
COEIMHEHUM CBUJCTENBCTBYIOT, 4YTO MHOTOKOMIIOHEHTHOCTH cocTaBa KYC
3HAUUTEIHHO BJIMSICT Ha KOHIICHTPUPOBAHME WHIWBUIYAIBHBIX KOMIIOHCHTOB B
OTIENBHBIX (paKkmusax. OJTO OOCTOSATENBCTBO CBSI3aHO C  00pa3oBaHUEM
a3e0TPOIHbIX cMecell nu kommiekcoB B coctaBe KYC. B cBs3u ¢ uem, npumecu
¢deHonma W HadTadMHA TOSBISIIOTCS B OCH301BbHOW (pakiuu, a HadranuH
cosiepKuTcs B (eHOIbHON ¢pakiuu u ap. [IpumeuaTensHO, YTO B COCTaBax
WCCIIETIOBAHHBIX (PaKIHii MPUCYTCTBUSA CEPYy-, a30T- U KUCIOPOACOAEPIKAIINX
COCIMHCHMIA HAOJI0ACTCs B aHTPAIICHOBOM (ppakiiuu u IeKe.

Heo0X0auM0O OTMETHTh, 4YTO IIOJIYYCHHBIC JaHHbIE O TPYNIOBBIX U
VHANBUIYAIBHBIX YTIIEBOAOPOAHBIX cocTaBax (pakmuii KYC moarBepxmaror
HEOOXOJUMOCTh WX UCIOJB30BaHHS B KaueCTBE CBHIPHEBOTO HCTOYHHKA
MIOJTYYEHHUST I[EHHBIX apOMAaTUYECKUX YTJIEBOJIOPOIOB, MX CMECEH U TOBApPHBIX
MPOJYKTOB Ha WX OCHOBE MpPHU TOMYYCHHHM KpAaCHTENEH, JIaKOB, YyIO0OpEeHHA,
B3pBIBUYATHIX W (apMaleBTHYECKWX  BEUIECTB,  IUIACTHYECKHX  Macc,
MIPOTHUTHIBAIOIINX U CBs3bIBAOIMX TekoB. OctaTok guctmwunsiiuu KYC (wiu
MeK) IIHUPOKO UCIOJB3YETCS [UISI TPOU3BOJACTBA HOBBIX XUMHYECKUX
(hyHKITMOHABHBIX MaTEPHAIIOB.

B nannoii pabote ocrarok mauctwuisimun KYC npuMeHeH Ut MONTy4eHus
oOpasios [TYM. Xapakrepuctuku neka — octarka auctuuiaiun KYC, koTopbiit
OBUI WCIONB30BaH JUIsl TOJY4YeHHS OOpPa3IloB BBICOKOIIOPUCTOTO YTIEPOIHOTO
MaTepuaia, npuBeqeHsl B Tabmume 2.

Tadauua 2 — XapakTepHCTHKU KaMEHHOYTOJIBHOTO Ieka nocne pasroHku KYC AO «llly6apkomskoMup
onpenenennsie mo 'OCTam

XapaKTepUCTHKH IeKa 3HagyeHue
Temmnepatypa pasmsraerns, °C 88
Bpixoj geTy4ux BemecTs, % 60.2
30abHOCTB, % 0
M.11. BeliecTB, HEPaCTBOPUMBIXB TOIyole, % 34.3
M.z. BemecTB, HEPACTBOPHMBIXB XHHOIIHHE, Yo 4.0

Hwmxe mpencraBieHsl, B KauyeCTBE HATJSAHOCTH, KpPHUBBIE H30TEPM
azcopOIuu 00pa3IoB BBICOKOMOPUCTOrO YTJIEpO/a, MOTYYSHHBIX XUMHUYECKOH
aKTHBAIlMEH W TeMIUIaTHBIM MeToaoM (pucyHkd 2 um 3). KpuBeie uzorepm
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ajacopOIMu M JecopOIMM a30Ta IOKa3bIBalOT, 4YTO (opMa ITHX KPHUBBIX
cootBeTcTByeT wu3orepmam I(b)-tuma kmaccudpukamuun IUPAC, a merns
TECTEpe3nca COOTBETCTBYET Tuiy H4.
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Pucynok 2 - Kpussie nzorepm agcopOuun a3ora npu temreparype 77 K, pacripenenenus mop mno
pa3mepam nosrydeHHbsiME MetojoM NLDFT u pacnipenenenus nop o pasmepam Iojiy4eHHbBIX 110 METOLy
BJH anst oOpasua yrieposa, ak THBUPOBAHHBIX THAPOKCHIOM Kallus (XMMUYECKasi aKTHBALIHS)

B pucynke 3 mnpuBeaeHbl KpUBBIE HM30TEPM aacopOLuU a3oTa MpH
temneparype 77 K, pacnpeneneHus nop 1no pasmepaM IOJIy4eHHBIMH METOIOM
NLDFT u pacnpeneneHus mop mo pasmepaM IOJy4eHHbIX 1o metony BJH s
obpasma yriepoga (obpazenr MXH-K4), akTHBHpOBaHHBIX TUIPOKCHUAOM Kalus
(xumuueckas akTuBanus). Takoil TUII HM30TEPM COOTBETCTBYET Marepuaam,
MMEIOUTNUM HIMPOKOE pPacHpeeNIeHHe MHUKpOIOp C pa3MepoM MeHee 2.5 HM U
y3KHUM pactipeaenernreM Me3onop. [lo naHHsIM pacnpeneseHus mop mo pazMepam,
nosrydeHHeIMU MeToioM BJH BuaHo, uTto 0Opasen, akTHBUPOBAHHBIA XUMHUYECKH
ipu 800°C, maet spKo BbIpaXKEHHBIH MUK B paiioHe 0.8 HM.

Crnenmyer OTMETHTB, YTO aKkTUBamus oOpa3noB mpu Temmepatypax 800°C u
850°C mpuBOIUT K YBEIMUYEHHUIO BBICOTHI M IIMPHUHBI MTHKOB, YTO YKa3bIBACT Ha
pocT monu Me3omop B 3THX oOpasmax. Pasmuumst B CTpyKType mop H HX
pacmpezieieHHe Mo pa3MepaM, BIUSIOIIee Ha JIEKTPOXMMHYECKHE CBOMCTBA B
OCHOBHOM CBS[3aHO C TeMIIepaTypoi akTuBauu oopasuos. [Ipu Temmeparype 700
°C KOH mnonnocteio pacxomyetcs, npespamasick B K,COs, xoTopslii moTom
pasnaraercs Ha CO; u KoO mpu rtemneparype Beimie 700°C. B nuanasone
temmeparyp 700- 800°C, peakius KoCOsz ¢ yriepomHO# TOBEPXHOCTHIO
cnocoOCTByeT nanbHeleMy pa3BuThio Mukporop. Ilpu temmeparype 800°C
K2CO3 npakTHYECKH MOIHOCTHIO pacxoyercst. OOpa3yIouiics Py pa3ioKeHHN
K>COs3 yritekuciblii ra3 B 00s1acT 60j1ee BEICOKMX TEMIIEPaTyp, B3aUMOJIEHCTBY S
¢ yriepojoM M BocctanasiauBaetcs 1o CO. Ilpu temneparypax 800°C u 900°C
coequnenns KO u K>COs Taxke MOryT OBITH BOCCTaHOBIICHBI YIJIEPOJOM IO
METaJUIMYECKOTO KaITUsl, KOTOPBIH BO BpEMsI aKTHBAIIUH JIOCTATOYHO 3PPEKTUBHO
WHTEPKAIUPYET B MEKATOMHBIE IUIOCKOCTH IPAaQHUTOBBIX CTPYKTYP. DTOT MpoIiecc
MPUBOJUT K PACHIMPEHUIO U PACHIEIUIEHHUIO TUIOCKOCTEH, 1aBast JOMOIHUTEIBHYIO
MTOBEPXHOCTh ¥ U3MEHASA MMOPUCTOCTH YTIIIEPOJAHOTO MaTepHana.

B Tabnmume 3, mpuBeneHbl mapaMmeTpsl aICOPOIMOHHBIX XapaKTEPHCTHK
yrinepogHoro matepuana u3 KVYII, akTHBHpPOBaHHBIX THIPOKCHIOM Kaius
(obopazerr UXH-K4). Kax BumHo u3 TabmuIel, oOpazeln HWMEET pPa3BHTYIO
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VACTbHYIO TOBEPXHOCTh M BBICOKOE 3HAYCHHE OOIEero odbema Mop, HUMEeT
Pa3HyIO CTPYKTYPY HOP, A0S 00beMa Me301Iop OOJIbIIe, 9eM 00beM MUKPOIIOP.

Taﬁnnua 3 - V nenvHbIe XapaKTEPUCTUKU TIOBEPXHOCTU 06pa3ua, TIPUTOTOBJICHHOTO METOAOM

XHMHYCCKOM AKTHUBallUU

[Tapametp 3HaueHue napamerpa [Tapametp 3HaueHue nmapaMmeTpa
Seor, M 2 /1 518.88 Shrpo, M 2 /T 114.7862
Vosm, cM3 /1 0.2814 Sharpo, M 2 /T 43.8468
Vssixpo, CMS /T 0.1057 Repens, A° 10.8478
Vyeso, CM° /T 0.1499 D, um 1.0847
Vsaxpo, M2 /T 0.0257 Jost mukporop % 37.56
Suiero, M 2 /T 360.247 Jons me3omnop % 53.26
B pucynke 3 mpuBemeHB KpPUBBIE H30TEpM  aAcopOmuu  a30Ta,

pacnpeneneHuss TOp MO pa3MepaM MnojydeHHbIMU MetogoM NLDFT wu
pacnpeziecfieHus] Top Mo pa3MepaM NoJdydeHHbIX 1o Metony BJH mist obpasima
yranepoaa u3 KYII (o6pazery UXH-TM1), moiay4eHHOTO TEMIUIATHBIM METOMIOM,
I/ie B Ka4eCTBE TEMILIAHTA UCIIOb30BaH OKCHJ] MarHHUSL.
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Panuyc nop, M P/P,

Pucynok 3 - Kpussie uzorepm agcopOiun a3ora npu temrepatype 77 K, pacnpenenenust mop mo
pa3mepam nosrydeHHbpIME MeTojoM NLDFT u pacnipenenenus nop o pasmepam Mojiy4eHHbBIX 110 METOLy
BJH anst o6pasua UXH-TM1, mony4eHHOTO TEMIUIATHBIM METOZIOM, T/Ie B KAUeCTBE TEMIUIAHTOM
HCIIOJIB30BaH OKCH]I MarHHs

Takass wW30TepMa COOTBETCTBYET MaTepHaiaM, HMEIOIUM
pacrmpenenenue MuKporop ¢ pasmepoM oT 0.5 mo 2.0 HM ©W y3KHUM
pacnpenenenueM wmesomnop. [lo maHHBIM pacnpeneneHuss TOp MO pa3Mepam,
nojrydeHHeIMU MeToioM BJH BuaHo, uTo 00pasen, akTHBUPOBAHHBIA XUMUYECKH
pu 800°C, maet spKo BbIpaXKCHHBIN MUK B paiioHe 0.8 HM.

B Tabnumne 4, npuBeneHnl mapaMmeTpsl aJICOPOIMOHHBIX XapaKTEPHUCTUK
yraeponHoro marepuana u3 KVYII, nomydenHoro temmiaTHeIM MeTtoaoM. Kak
BUAHO M3 TaOJMIBI, 00pa3el] UMEeT CaMyl0 BBICOKYIO YIENbHYIO MOBEPXHOCTh
(881M%r) MmO CpaBHEHMIO C OCTalbHBIMH pPa3pabOTaHHBIMH OOpa3laMu
BBICOKOTIOPUCTOTO YIJIEpOoJa M BBICOKOE 3HAueHHE o0mero odbeMa Mop

HIMPOKOE
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(Vo5u=0.48 cm® /r). Ilpu 5TOM B 06pasie 018 MUKPONOP OOMbIIE, YeM IO
mezomnop. CpeHuit AuaMeTp MOop COCTABISIET 1 HM.

Tabauna 4 - Y enbHble XapakTepUCTUKH MoBepxHOCTH 00pazua UXH-TMI, yriepona npuroToBIeHHOTO
TEMIUIATHBIM METOI0M

Tapamerp 3HaueHHUe apamMeTpa TMapametp 3HaueHHUe NapamMeTpa
Skor, M2 /T 881.09 Swikpo, M 2 /T 329.15
Voom, CM° /T 0.480 Swiaxpo, M 2 /T 70.977
Vwixpo, CMC /T 0.2393 Repem, A° 10.9088
Veso, CM° /T 0.1984 D, um 1.09
Vsaxpo, M2 /T 0.0422 Jons muxpornop % 49.85
Sheso, M 2 /T 480.959 Jons mesomnop % 41.33

Hns Oosee TOYHOrO TOHMMAHHS HW3MEHEHHE CTPYKTYPBl YIJIEpOJHBIX
MaTepuralioB, MOJYUCHHBIX MNpPHU NPUMCHCHHUU PA3HBIX MCTOOB, ObLTH CpaBHCHBLI
pactpenenenue nop no merony NLDFT. BunHo, yTo TeMIUiaTHBIA METON HE
OPUBOAUT K M3MEHEHHIO o00wmero obbemMa IOp, OHa MEHSET TOJIBKO
pacmpezesieHue 1op 1o pa3Mepy, CMelas ero B CTOPOHy OOJIBIINX 3HAYECHUH.

PC3YJ'II>TaTI)I aHaJIM3a MMOBCPXHOCTHLIX CBOMCTB CHUHTE3UPOBAHHBIX o6pa3u013
BBICOKOIIOPUCTOTO yIIIepoAa NpeACTaBIeHbl B TAOIHLE S.

Tab6auna 5. Pesynpratel anamuza yaenbHoi mnoBepxuHoct (YIIII), obmero obvema mop (OOIN) u
cpennero paauyca nop (CPIT) paspaboranHbIx 00pa3moB yriepoaa uz KVII

OGpaser ‘ VI, M%/r ‘ OOII, M/ ‘ CPII, am

TpaauuuoHHbIH MeTo | (KapOOHHU3aLMS U aKTUBALIUS)

UXH-®7 ‘ 561 ‘ 0.30 ‘ 1.0

Xumuueckast akTUBALIHS

UXH-K1 | 789 ‘ 0.40 ‘ 1.1

TeMIutaTHBIA METO
NXH-TM1 ‘ 881 ‘ 0.48 ‘ 1.0

AHanu3 JaHHBIX TAOJMHUIBI 5 CBHIETEIBCTBYIOT O TOM, YTO B pPe3yjbTare
MIPOBEJICHHBIX MPOIIECCOB KapOOHHM3AIMK M aKTHBAIIMM KaMEHHOYTOJIBHOIO IeKa
HaM yJIaJI0Ch TOIYYHTh, ITyTEM MO00Pa MOAXOSAIINX PEAreHTOB U ONTHUMAaIbHON
TEMIIEpaTypbl  Ipollecca B HMHEPTHOHM arMocdepe, BBICOKOTOPHUCTHIN
YIJICPOJHBIH MaTepHal ¢ BBICOKMMU 3HAYCHUSIMH YJICIbHOH ILJIOIIAIH
MMOBEPXHOCTH U 00BbeMa TOp, 3HAYEHUS KOTOPBIX COCTaBISAIOT 561
(TpanuuMOHHBIHA MeTox), 789 (XuMHuYecKas akTuBamus) U 881 M?/r (TeMIUIATHBIH
meton) u 0.30; 0.40 u 0.48cM®/T, COOTBETCTBEHHO.

KonuuecTBeHHbIC 3HAYCHMs IUIONIAJM IOBEPXHOCTH U o0O0bemMa IOp
BBICOKOIIOPUCTOTO YTJIIEPOIHOTO MaTepualia JOMOJHUTEIEHO MOATBEPKIAOTCS
WX 3HAYCHUSAMH aJCOPOIMOHHON aKTUBHOCTH T10 Homy (Tabnwuima 6).
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ITo moMydYeHHBIM pe3yJabTaTaM BHAHO, YTO MHPHUEMJIEMBIM HHTEPBAIOM
TeMIepaTypbl aKTHBAIMH OOpa3IoB KaMEHHOYTOJNbHOrO meka seisercs — 800-
850°C, mpu KOTOpO# IUIOmMAAbh YACIHLHOW TOBEPXHOCTH U aJCOPOIMOHHAS
AKTHBHOCTD 110 WOy TIOPUCTOTO YIIIEPOia UMCIOT MaKCUMAJIbHBIC 3HAUCHHS.

Tabauna 6 — Pe3ynbraTsl TepMuyeckoit 00padotku 00pasuos [TYM mpu pa3nuvHbIX TeMepaTypax B
unepTHoOi arMocdepe (N2)

Temmnepatypa TepMoodpadoTku, °C 600 700 850 800

TpanuoHHbII Xumudeckas TemmaTHbII
Cnoco6 noiyuenus

METO.I AKTHBAIIUS METO.
Beixon mopucroro yriaepoaa,% 76 74 29 60
TLiomma/1b y/IeNbHOI MOBEPXHOCTH, M%/T 458 561 789 881
AzicopOLMOHHAs aKTUBHOCTS 110 Hoxy, % 57 64 68 66

4. 3akiiouyenue

1. C ucnonp30BaHHEM Pa3IMYHBIX METOJOB KapOOHW3AIMU, XUMUYCCKOM
aKTHBAlMd W TEMIUIATHOTO METOJa CUHTE3WPOBAHBI YTIEPOJCOICPIKAIINE
MaTepHasbl, KOTOpble oOiamaroT Oojsiee pasBuroir mukpomopucroctsio (0,2- 0,5
cM®/T) M yIenbpHOM NOBEPXHOCTHOM MmIomaasko (B uaTepsaie 400 - 900 M%), rae
HCXOJIHBIM CBIPHEM SIBIISICTCS OCTATOK JUCTHIUIAIMH KAMEHHOYTOJIBHOW CMOJIBI -
ek (O 390-C).

2. BpbIsABICHO, 4YTO TOJYYEHHBIE KOJWYECTBEHHble 3HaueHus [IYM
MOJITBEPIKIACTCA Pe3yIbTaTAMH aJCOPOIIMOHHON aKTUBHOCTBIO MO HOMy, T
oOHapy»X 1BaeTCsl MaKCUMalTbHas 3P PEKTUBHOCTh NPU TEMIIEPATYPE aKTHBAIUK B
nnTepsaiue 800-850 °C.

3. [Iloka3aHo, YTO HCIOJb30BAHHE KAMECHHOYTOJBHOW CMOJIBI B KauecTBE
HCXOJIHOTO CBIPbsI JIJISI BBICOKOTIOPUCTBIX YTICPOIHBIX MATEPHATIOB MPEICTABISCT
co0OH WHHOBAaIMIO, YYUTHIBAas €€ JOCTYIMHOCTh W HHU3KYIO CTOMMOCTh Kak
MOOOYHOTO MPOAYKTA YTOIHHOH MPOMBIIIIICHHOCTH.

4. OtMmeueHo, 4TO paspaboTaHHBIE METO/IBI MOy YEeHUS
YIIepoICOIepKaIINX MaTepHaIoB U3 KaMEHHOYTOJBHON CMOIIBI MPEACTaBIISIOT
co0OH TEepCIeKTHBHOE HANpaBJICHUE JUIsl TIPUMEHEHHsI B CEIbCKOM XO3SHCTBE.
JlanbHelme ucciue0BaHus U MPAKTHUECKUE UCTIBITAHUS MOTYT YIIIyOUTh Hallle
MOHUMaHHWE BO3MOXKHOCTEH 3THUX MaTepHaloB IJSl YJIYYIIEHHS yCTOWYMBOCTH
MOYBBI M YBEIUYCHUS YPOIKANHOCTH.

®unancupoBanue: Padora binonnena B AO «MHcTUTyT XuMuueckux Hayk uM. A.b. Bekryposa»
[0 TporpamMMme IeNeBOro (MHAHCHPOBAHMS HAay4yHBIX HcchenoBanuid Ha 2023-2025  rompl,
ocymecTBisieMoro Komurerom Haykn MuHHCTepcTBa HayKd M BhICIIEro oOpasoBaHusA PecrryGmmkn
Kazaxcran no mpoexty Ne BR21882220 «CuHTe3 M co31aHUE TEXHOJOTHH YyHOOpeHUH, KOMIO3uLuii,
MpernapaToB M MarepHanoB MHOTO(QYHKLMOHAIBHOTO NEHCTBHS [UIsl NMPUMEHEHHsS Ha ITyCTHIHHBIX M
JleTpalipOBAHHBIX 3EMIIIX», @ TAKKE B paMKax J0roBopa Ha Hay4yHO-HcClenoBarelbckue pabotsl ¢ TOO
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«HUUNL ERG» NePD/SCERG/23-0077 ot 11 ceursiops 2023 r.Ha temy: «ductmwwmimus KYC u
uccrnenoBaHus (Gpakimil B KauecTBE CHIPbS Ui IONYYCHHsS TEXHHYECKOro yriepoga. OmpenencHue
CTENCHH apoOMAaTHYHOCTH (MHIEKca Koppensiumu) 1o meroxy BMCI. OmpepeneHue onTHUMaibHBIX
TEXHOJIOTHYECKUX PEIKHMOBY.

Kondunkr nHTEpecoB: ABTOpHI 3asBISAIOT 00 OTCYTCTBUH KOH(IIMKTa MHTEPECOB, TPEOYHOIIEro
PaCKpBITHS B IAHHOM CTaThe.

KOMIP HIAMBIPBIH MANJIAJIAHY APKBIIBI KOMIPTEKTI MATEPHAJIIAPABI AJTY
KOHE OHbIH BETTIK KACUETTEPIH 3EPTTEY

K.A. Kaovipoeros*, H.D. Bysaee*, H.H. Opanéaes’, I.I'. Ceiiimxan®, C./Jladvika®, A.JK. A6ropos?,
K.K. Kum?, E.A. Tycinkanuee?, A.A. Ecnenbemoe?®, JK.H. Kaiinapéaeea’

L «B.B. Bexmypos amvindasger Xumus uiavimoapul uncmumymuly AK, Anmamel, Kazaxcman
2«ERG Foinvimu-unoicenepaix sepmmey opmanvizoly XKIIC, Acmana, Kasaxcman
*E-mail: k.kadirbekov@ihn.kz

Tyiiinaeme. Kypambinna xemipreri 6ap IIMKi3aTTaH KeyeKTLUIri »KOFapbl MaTepUagaplbl Kacay.bIH
JIOCTYPJIi  TEXHOJOTHSUIBIK —IPOLEAYpachl TEPMHSIIBIK OHJACYIIH aacopOlmsra KaOIeTTi KeyekTi
KYPBUIBIM/IBI KaJbIITACTHIPyFa OarbITTAaNFaH €Ki Ke3eHiH KaMTHAbL KapOoHM3auus (MHPOIH3) JKOHE
Gencenaipy (rasmanusipy). Exi kesenai xuMusuiblk Gesicentipy MeH Oip mporeccke OipikTipy MIMKi3aTThl
TUIMJI NaiianaHyFa *KoHe MaTepUablH KeyeKTI KYPbUIbIMBIH OpPTYpII JeHrelne Oakbliayra MyMKIHJIK
Oepeii, OHBIH CHUITaTTaMalapblH PETTEY MYMKIH/ITH KAMTaMachI3 eTefi. XUMUSIIBIK aKTHBATOP/IbI TAHAAY
[IMKI3aTTBIH TYPIHE JKOHE KEYeKTI KOMIPTEKTI MaTepHalJap/blH Tajall eTUICTIH CHIaTTamajiapbiHa
GaitnanbicTel. byn 3eprreyne «llly6apkenkemip» AK keMipaibIpblH JUCTHIUIALMATIAYMEH ajblHFaH
KaJ/IbIKTaH CHHTE3/IC/ITCH JKOFapbl KEYeKTI KOMIPTEKTI MaTepuaiiapblH OCTTIK KaCHEeTTepiH Taijaay
oNlap/blH Tamaila SKCIUTyaTalWsUIbIK —KacueTTepiH pactaiiael. WHepTri atmocdepaza oOHTaiibl
TeMIlepaTypaja KeMipIIaibIpbIHBIH JUCTWULALMIIAY KaJJbIFBIH KapOOHHU3aLusuIay kKoHe OCJICEHIIpyIiH
apaJiac POLECIH MaianaHy >Korapbl YJIECTIK aylaHbl 0ap KeyeKTi KoMipTeK KypaMaac MaTepHaiIapbH
Ty3inyine okeneni: 561 (mocTypri omic), 789 (xumusuTBIK GesceHmipy) xone 881 M?/g (TeMILTaHTTHI 91Iic),
conbiMeH Katap keyek kesemi 0.30; tuicinme 0.40 sxone 0.48 cm?/r. Bys sxymbic keMip IaiibIpsIHaH
KOMIPTEKTI MaTepHaJIiapIbl alylblH TEXHOJOTISUIBIK OJICTEpiH KEHEHTIN KaHa KOMMaiipl, COHBIMEH
KaTap OJIapJblH TOIBIPAK KYPBUIBIMBIH >KaKCapTy >XOHE ayblIMapyalllbUIbIK OHAIPICIHIH THIMILTIriH
apTTHIPY AAFbl IOTCHIUAIBIH KOPCETE .

Tyiiinai cesmep: keMipTekTi Marepuaniap, K€yeKTi KypbUIbIM, KeMip LIalbIpbl, ainay (paxuusiiapsl,
KOMIp IIAHBIPBIHBIH KaJIbIFbl, TEMIUIAHTTHI OCNCEHAIPY, KEYeKTi KOMIpPTEKTI MaTepHajgap, MIHKi3aT
TUIMJLTIT], TONBIPAKTHIH TYPAKTHUIBIFB, aybUTIIAPYAIIBLUIBIFEI, OHIM/IUTIK CHIIATTAMAIAPbI
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Abstract. Introduction. The work is devoted to the creation of new stereoselective catalysts for the
hydrogenation of sunflower oil, which can significantly reduce the trans-isomers of fatty acids. Thus, on
nickel catalysts used in industry, the content of trans-isomers of fatty acids reaches up to 30%. Platinum
deposited on diatomite (processed natural clay) 0.2 to 1% is offered as a catalyst. Methodology. The
hydrogenation was carried out in an autoclave, excluding external diffusion inhibition, at hydrogen
pressures ranging from 0.25 to 1.0 MPa and temperatures ranging from 90 to 110°C. Results and
discussion. Chromatographic analysis was used in all cases to determine the isomeric composition of fatty
acids, making it possible for the first time to change hydrogen pressure and reaction temperature without
changing the isomeric composition. This allows the study of how stereoisomeric composition changes
during the hydrogenation of fatty acids. VVarious physical methods are used to verify catalysts: TPD, BET,
and TEM, etc., which can determine catalyst particle size, hydrogen adsorption forms, and specific
surfaces. Conclusion. These characteristics were correlated with the activity and stereoselectivity of the
studied catalysts. Trans-fatty acids are found to be two to three times lower on platinum catalysts than on
nickel catalysts.
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KA3AKCTAHHBIH XUMUA )KYPHAJIBI XUMHYECKHUH XYPHAJI KA3AXCTAHA

Pe3ome: Bgeoenue. PaboTa mocBslleHa CO3[aHUIO HOBBIX CTEPEOCENCKTHBHBIX KaTaJlM3aTOPOB
THAPUPOBAHMS MOJCOJIHEYHOIO Macia, MO3BOJISIONIMX 3HAUYUTENILHO CHU3MTH TPAHC-H30MEPOB JKMPHBIX
KkuCIOT. Tak Ha HHUKEJICBBIX KaTalIU3aTOpaX, UCIOJIB3YyEMbIX B IPOMBIIUICHHOCTH, COJACPIKAHUE TPaHC-
H30MEPOB JKUPHBIX KHCIOT H0XoauTh 10 30 %. B kauecTBe KaTanu3aTOpOB MpEAJaraeTcsi IUIATHHA,
HaHeceHHas Ha auatoMuT (oOpadoranHas npupoaHas riauHa) 0.2 no 1 %. Memooonozus. I'unpupoBanue
MPOBOJMJIN B aBTOKJIABE, MCKJIIOYAIOUINM BHEUIHE-AU(P(Yy3HOHHOE TOPMOKCHHE B UHTEPBAJIC JABJICHUM
Bogopona 0.25 — 1.0 MIla u Temmnepatyp 90 -110 °C. Pesyremamut u o6cyscoenue. Bo Beex cirydasx
OIpPEeAENSUIM U30MEPHBIH COCTaB JKMPHBIX KHCIOT XpOMAaTrorpaMyecKMM MeETOJOM, YTO IO3BOJIMIO
BIICPBbIE MPUBECTH H30MEPHBIH COCTAaB JKUPHBIX KHCJIOT INPH W3MEHEHMH JAaBJICHUs BOIOpOJA H
TEMIIePaTyphl Peakiuu. DTO MO3BOJSIET YCTAHOBUTH 3aKOHOMEPHOCTH H3MEHEHHSI CTEPEOH30MEPHOIO
COCTaBa KUPHBIX KUCIIOT MPHU UX ruapupoBaHuy. KaTanuzaropbl aTTecToBaHbl (PU3NYECKUMU METOAAMU:
TIIA, BOT, [IOM u ap., KOTOpbE MO3BOJISIOT YCTAaHOBHTH pa3Mepbl YacTHIl KaTaau3aTtopa, (OopMbl
a7cOpOMPOBAHHOTO BOAOPO/A, YACIbHYI0O M METAUIMYECKYI0 HOBEPXHOCTU. 3akmouenue. CrenaHa
MOMBITKA CBSI3aTh C OTUMH XapaKTEPUCTHKAMH aKTHBHOCTh M CTEPEOCEJCKTHBHOCTh H3YYCHHBIX
KaTanu3aropoB. [loka3zaHO, 4YTO COJEpIKAHHE TPAHC-U30MEPOB JKUPHBIX KHCIOT Ha IUIATHHOBBIX
KaTaJn3aTopax B [IBa TPU pa3a HUKE, YeM Ha HUKEJIEBBIX KaTaJu3aToOpax UCHOJIb3YeMbIX Ha MPAKTHKE.

KaroueBble cioBa: THIPUPOBaHMS, MOJACOJIHEYHOE Macjo, IUIaTMHA, HUKENb, KaTalu3arop,
CTEPEOCETIEKTUBHOCTD, TPAHC-U30MEPHI JKUPHBIX KHUCIOT

Kaunayoex Towmai PhD, Cmapwuii npenodasamens

Anu baiounvoaesuu Aye3os Kanouoam xumuueckux nayx

1. BBeaenue

I'uppupoBanust  SIBISIETCST  LIMPOKO  HKCIIOJIB3YEMOW  TEXHOJOTHEH
OTBEPXKACHUS PACTHTEILHBIX MAaceNl Ui JOCTIDKEHHS KEeNAeMbIX TEXHHUUECKHX
CBOWCTB (M3MECHEHUS] XapaKTePUCTHK IUIABJICHUS H  IUIACTUYHOCTH) U
CTa0MJIBHOCTM K OKHCJICHHIO IIpH MX HCIOJb30BAHUM B I[IOPTEHUHTaX,
MaprapuHax, cnpeaax u GppuTiopHbIX xupax. HatypanbHble pacTuTenbHbIE Maciia
UMEIOT TOJIKO IMC-KOH(UTypanuio ABoiHbIX cBsizeil C-C, KoTOpple MOTYT
OpPUHUMATh [HC- WIH TpaHC-KOH(UIypamuio BO BpeMs  YacTHYHOI'O
ruapupoBanusi [1]. HecmoTps Ha HX TMO3MTHBHOE BIHSHHE HAa MPOPUIH
TUTaBJICHHUS, TPAHC JKUPHBIE KUCIOTHI CBSI3aHBI C HETATHBHBIM BO3JICHCTBHEM Ha
3moposbe [2, 3].

BcemupHas opranuzanus 31paBOOXpaHEHUS! PEKOMEHAOBAJIA MaKCHMAJbHO
CHHM3WUThH NOTpeOJICHHE TPAHC XUPHBIX KUCJIOT. DTH PEKOMEHIAIMU NPUBEIH K
HEOOXOJMMOCTH CHIDKEHHMS 00pa3oBaHUs TPaHC XHUPHBIX KHCIOT B TIpoIlecce
rugporenusanun  [4-6]. B coorBerctBHM ¢ TexHHYECKMM periaMeHTOM
TamoxenHoro coroza 024/2011, ¢ 01.01.2018 roga BBemeHa HOpMa COAEPIKAHUS
TPaHC-M30MEPOB B CIIpPeJiaX, 3aMEHHUTEIISIX MOJIOYHOTO KHPa, MATKUX W KHJKUX
maprapuHax #He Oomee 2.0 % [7]. B Hacrosimiee BpeMs MPOMBIILICHHAS
THIPUPOBAHMS PACTUTEIBHOTO Maciia NpeAcTaBisionas co0oi TpexdasHbii
mporiecc  (ra3—TBEPAOE—KHUAKOCTh), OOBIYHO OCYIIECTBISIETCS B aBTOKJIaBE
MEPUOJINYECKOTO JCHCTBHS HA HUKEJICBOM KaTalM3aTOpe B BHJE CYCIICH3UH IPH
temmnepatype 120-190 °C u mgaBnenun Bogopona 1-5 MIla [8,9]. OtHocurenbHO
BBICOKasi TeMIIeparypa, UCIOJNb3yeMas B 3TUX PEAKTOpax, TaKXKe CIOCOOCTBYET
00pa30BaHMIO OOJIBIIOT0 KOJHYECTBA TPpaHC KUPHBIX KuciaoT (20-40 %) [10,11].
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B cBs13u ¢ 3TIM pazpaboTka 3(H(PEKTUBHBIX M CEIEKTUBHBIX KaTAIH3aTOPOB
THIAPUPOBAHMS PACTHTENIBHBIX Macel, 00ECHeYMBAIOIINX HU3KOE COJepIKaHHe
TPaHC-U30MEPOB B MAaCIIOKHPOBOW TMPOAYKIIMU SIBISIETCS BECbMa aKTyalbHOM.
CymiecTByeT yCTOWYMBBIN HHTEPEC K MCIIOIb30BAHUIO KAaTaJIM3aTOPOB Ha OCHOBE
07aropoIHBIX METAUIOB B KAaueCTBE ANBTEPHATHBHI HUKEJIEBBIM KaTaIH3aTOPaM
[12,13]. B pasmmunbix o0630pax [14, 15], mocBsIeHHBIX pa3pabOTKe
KaTaJM3aTOPOB THIPOTCHH3ALMH PACTUTEIBHBIX Macel OTMEYaeTcs, YTO IO
aKTHBHOCTH B ruapupoBaHud KpaTHRIX C=C cBs3eil JKHPHBIX KHCIOT
OnaropomHble MeTaibl pacnonaraiotcs B psaa: PA>Rh>Pt>>Ir>Ru, a mno
00pa3oBaHMI0 B YaCTUYHO THIPUPOBAHHBIX MPOAYKTAX TPAHC-U30MEPOB —
Pt<Ir<Ru~Rh<Pd. [lns nammagms xapakTepHa BBICOKas aKTHBHOCTh U
BO3MO’KHOCTB CYIIECTBEHHOT'O CHIDKCHHUSI 00pa30BaHUs TPAHC-U30MEPOB 110 Mepe
CHID)KEHHS TeMIIepaTypbl nporiecca [16].

B Hacrosimeli paboTe myTeM CpPaBHUTENBHOTO YaCTHYHOTO THAPHPOBAHHMS
MOZICOTHEYHOTO Macjia Ha. IMPOMBIIUICHHOM HHKEJIEBOM KaTalu3aTrope W Ha
HU3KOIIPOUCHTHOM INNIATUHOBOM KaTaJIUu3aTOpPC, HAHCCCHHOM Ha aKTI/IBI/IpOBaHHl)Iﬁ
JMAaTOMHUT TOKa3aHbl peabHbIe BO3MOXKHOCTH IOJYYEHHS CalOMacoB C OUYCHb
HU3KHM COJIEP)KaHWEM TPAHC-M30MEPOB IPH WCIIOIB30BAHUH IUIATHHOBOTO
KaTajum3aTopa. BrrsiBieHs! IIPUYNHBI O6pa3OBaHI/IH 6OJ'II)HII/IX KOJIMYECTB TpaHC-
M30MEPOB TIPH UCTIOIH30BAaHUU HUKEJICBOTO KaTaIM3aTopa.

2. DKCIepUMMeHTAJIBLHAS YacTh

2.1 Memoouka npucomosnenus Kamaiu3amopa.

JJis IpUTOTOBJICHUS MOHOJUCTIEPCHBIX KOJUIOMIHBIX YACTHIL MJIaTHHBI OBLI
MPUTOTOBJIEH PAacTBOP IUIATHHOXJIOPUCTOBOAOPOAHOW KHCIIOTBI, B KOTOPBIH
nobasisi 50 MIT JUCTHILTMPOBAHHOM BOABI U omipeenennoe konnuectso 0.2, 0.5
nu 10 %-oro pacTBOpa NOJMBHHWIOBOTO crupTa. [lodydeHHBIH pacTBOp
nepeMeIBaiy npyu KOMHAaTHOH Temmeparype B TeueHue 30 muH. Ilocne storo
nobasnsin pacuetHoe komudectBo 0.1 M pactBopa Ooprumpuia HaTpus Uis
BOCCTAaHOBJIGHUS! IUIaTHHBI. [lodydeHHBI 305 TJIaTWHBl HAHOCWIM HA
aKTUBUPOBaHHBIN 1uatoMuT (/]) ancopOLIMOHHBIM METOIOM MIPH MIEPEMEILIUBAHUN
npy KOMHAaTHOW Temmeparype B TedeHue 1 wyaca. Ilocie aToro karamusatop
OTMBIBAIH JTUCTUILTMPOBAHHOHN BOJIOH, OTGMIBTpOBBIBaNY U cymmvmu nipu 110 °C.
TaxuMm 00pa3oM MmoJTydaiy KaTaau3aTopsl ¢ coaepxanuem miatunbl 0.2, 0.5 u 1.0
% Pt/J1. ®u3MKO-XMMHUYECKHE CBOMCTBA HOCHTENS MOAPOOHO onmcansbl B [17, 18].

2.2 Qusuro-xumudeckue Memoosbl AHAIU3A

XapakTepUCTHKH TUIATHHOBOTO —KaTajiW3aropa OBbUIM  OIpENeNieHBl ¢
WCIONIb30BaHUEM MeTOI0B ancopbuuu azota (ASAP 2020, Micrometrics, CILIA),
npocBednBaroniel anekTponHoit Mukpockormu (JEM-2010, «JEOLy, Snonus) u
TEepPMOTIpOrpaMMHPyeMyI0 aecopbumio Bomopoza, TIIJI-Hz (AutoChem 11 2920
Micromeritics).

2.3 Memoouka eudpupo8arnusi NOOCOIHEUHO20 MACLA

Kartanutryeckoe ruIpupoBaHHe NPOBOAMIN B PEAKTOPE IMEPUOTUUECKOTO
neiicteus mapku Parr 4848 (Parr Instrument Co. Moline. IL. CIIIA) ¢ pabounm

133



KA3AKCTAHHBIH XUMUA )KYPHAJIBI XUMHYECKHUH XYPHAJI KA3AXCTAHA

o0beMoM 100 MIJT UCTIONB3YsI U3MEPUTEILHYI0 YacTh C KHHETHYECKOW YCTaHOBKH
BBICOKOT'O JIaBJICHMUSI.

2.4 Ananus s#cupro -KUCI0MHO20 COCMABA

JKUpHOKHUCIOTHBIA COCTAaB MCXOIHBIX Maceld M MPOAYKTOB THUAPUPOBAHUS
(canmomac) ompenensiii METOJ0M Ta3oBoi xpomartorpaduu (Xpomoc I'X-1000)
(«Xpomocy, Poccus)mo TOCT 31754-2012 [19].

3. Pe3yabTaThl U UX 00CyK/IeHHE

3.1 Qusuko-xumuueckue Xapakmepucmuku Kamaiu3amopos

M3orepmbl agcopbumm mst karanmzaropoB 77 K Pt/ ¢ comepxanuem
metamia 0.2, 0.5 u 1.0%,a Taxke nuddepeHnanbHbIe KPUBBIE pacipeaesieHus
Mop 1o pa3Mepam npenacTapieHsl Ha puc. 1 a u 1 6 coorBercTBeHHO. 13 pucyHka
1 a BuaHO, 4TO AN BceX 0Opas3lOB IIATHHOBBIX KaTaJU3aTOPOB XapaKTEPHbI
n3otepMsbl ancopounu IV trmna no knaccudukarmmm IUPAC ¢ netnéit rucrepesnca
tuna H4, 4ro cBuaerenscTByeT 0 npucytcTBuu mezonop [20]. Paccuntanubie mo
metony bOT ynensHas moBepxHocTh 00pasmos 0.2, 0.5 u 1.0 % PV/]] 6pu1m paBHBI
46.0, 44.0 u 40.0 M*r cooTBeTcTBeHHO. He3HAauNTENbHOE yMEHBIIECHHE YIEIBHON
MOBEPXHOCTH M 00BEMa TIOP C YBETUUYEHHEM KOHIEHTpauuu Pt cBuIeTenscTByeT
0 JIOKaJIM3allMM 4YacTH IUIaTUHA BHYTpH Tnop Hocurtens. Kak BuzgHo u3
mudepennmanbHbX KpuBblx (Pruc. 1 6), Bo Bcex oOpasiax Karaam3aTOpoB
CpeIHHE TUaMeTpPHI Iop, paccuuTanHbie Mo Metoay bJIX, coctamsroT 19 HM.
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Pucynoxk 1 — M3orepmsl ancopOimu (a) u nuddepeHnnanbHble KpUBbIe pacipeieneHs oobema nop
1o pa3mepam (0) st kaTanu3atopos Pt/J]

W3 cratucTryeckux pacyeros 1o naHHeiM [1OM (Puc.2a, 6 u ¢) cienyer, uto
pasmepsl yacTull IaTuHbl Ha Katanuzatopax 0.2%Pt/J1 u 0.5% Pt/J1 cocraisirot
1-9 um, a Ha 1.0% Pt/]1 xaranu3zarope - 1-10 HM, 0JJHaKO HPEUMYIIECCTBEHHO 2-6
HM JUIS BCEX TPEX KaTaJIu3aToOpOB.

134



ISSN 1813-1107, eISSN 2710-1185 MNe 4,2023

PucyHok 2 — [IOM mukpodororpaduu katamnuzaropos (a) 0.2% Pt/I1, (6) 0.5% Pt/J1 (c) 1.0% Pt/]]

Ha pucynke 3 mpexacraBienst cnekrpel TIIJI Bomopoma. Pt m Ni
KaTaJn3aTopbl PEe3KO OTIAMYarTcs 1Mo (opMaM BOAOPOAA, COPOMPOBAHHOIO HA
HUX. Ha miatHHOBOM KaTanu3aTope BOJOpPOJ acOpOupoBaH, B OCHOBHOM, B BUJIE
cnabo cBA3aHHOU (POpMBI ¢ TeMmepaTypoil MakcuMyMa JecopOuuu paBHoi 160
°C. Ha HukeneBOM KaTanu3aTope BOJIOPOJ INPUCYTCTBYET B BHJAE KPENKO
cBsI3aHHBIX (pOpM BOIOpOJa C IBYMs TeMIIepaTypaMH MaKCUMyMa JIecOpOIHH,
mipu 540 u 810 °C.

—— Ni (Pricat-9910)
——1.0% PYA
ﬁ.

Cwurnan petekTtopa, (Y.e)

0 200 400 600 800 1000
Temnepatypa, °C

Pucynoxk 3 — IMpodumu TIII-H:2 katamuzatopos 1.0 % Pt/IT u Ni (Pricat-9910)

3.2 Kamanumuueckoe 2udpuposanue noocoiHeuHo20 Macid

3.2.1 BnusHue cooepoicanuss NiAMUHbL 6 KAMAIU3AMOpe HA HNpoyecc
2UOPUPOBAHUSL NOOCOTHEUHO20 MACAA

Bbu10 MccnenoBaHo BIUSHUE COAep)KaHus uiatuHbl B KatainuzaTtope (0.2 %
Pt/IT, 0.5 % Pt/1 u 1.0 % Pt/]T) Ha nporiecc TuapUpOBaHUst OACOIHEYHOTO Macia
npu 90 °C. KuHermdeckue KpUBBIE T'MAPHUPOBAHMS IOJICOJHEYHOTO Macia Ha
JIAHHBIX KaTajaM3aTopax IoKa3aHbl Ha puc.4. B rtabnume 1 mpuBejeH >KHUPHO-
KUCIIOTHBIH COCTaB 00pa3I0B CaJIOMACOB MOIYYSHHBIX B IIPOLIECCE THAPUPOBAHHS
MOJICOTHEYHOT'0 MacJa.
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Pucynoxk 4 — Kunernyeckue KpuBble
THAPUPOBAHUS HOJICOTHEYHOTO Maciia
Ha Karanusaropax 0.2%, 0.5% u 1.0% Pt/

PucyHok 5— 3aBUCHMOCTb CKOPOCTH
TUAPUPOBAHUA IOJACOJIHECYHOI'O Maciia OT

COACPKAHUA IJIATUHBI B KaTAJIU3aTOPE

Ha pucynke 5 moka3aHo, UYTO CKOPOCTb pEaklMd BO3pacTaer

MPONOPLMOHANBEHO KOJIUYECTBY CcoJepKaHuio TulaTuHbl. [locTpoenue rpaduka
(prc.5) 3aBUCHMMOCTH HaYallbHYI0 AaKTHBHOCTh OT KOJHMYECTBA HaHECEHHOMH
IJIATUHBL ~ OJHO3HAYHO  IOKAa3blBA€T  HAJW4Me  JMHEHHON  BuA.  ITO
CBHUJIETENILCTBYET O TOM, YTO MPOIECCHl MaccolepeHoca BOIOpoJa M3 Ta30BOH
(a3pl B )KUAKOCTh HE TUMHUTUPYIOT MPEBPAILEHHS HAa TOBEPXHOCTH KaTaau3aTopa
[291]. TTpu sTOM comepskanue TpaHc-u3omepoB (C18:1t) B caomacax H3MEHSIETCSI
B y3koM unrepBaie 4.8-5.8 % (Tabu. 1).

Taoauua 1 — )KupHO-KUCIOTHBINH COCTAaB CAaIOMACOB, MOJYYEHHBIX B MPOLECCE THIPUPOBAHUS
MOJICOJTHEYHOro Macia Ha katanu3aropax 0.2%, 0.5% u 1.0% Pv/]]

= =
XHPHOK&E;IC(.’TOZI)’M coetan H"mﬁgjﬁ:mm 0.2%PYIl | 0.5%PYIl | 1.09%PYI

C14:.0 0.1 0.1 0.1 0.1

C16:0 6.5 6.8 6.8 6.8

C18:0 4.0 22.7 21.4 23.8

Ci8:1c 21.2 445 37.6 38.0

C18:1t 0.2 5.1 5.8 4.8

Ci18:2c 65.7 17.1 25.2 23.1

C18:2t 0.9 1.1 1.1 0.8

C20:0 0.3 0.2 0.3 0.3

C22:0 0.6 0.5 0.6 0.7

Ympanc n3oMepos, (%) 1.04 6.2 6.9 5.6

Honuoe gucyo, T 12/100r 133.7 74.4 82.4 80.1

3.2.2 Bausnue Oaénenus  6000poda HA  NPoOyecc - UOPUPOBAHUSL
noocoaneuno2o macia na kamaausamope 1,0% Pt/]]

Ha pucynke 6 (a, © u ¢) npuBeAeHB! pe3yabTaThl O M3YYECHHUIO BIUSHHIO
nasnenus Bogopona (0.25 -1.0 MlIla) Ha cKOpoCTb THIPUPOBAHHS IOJCOIHEYHOTO
Macina Ha karaimuzatope 1.0% Pt/JI mpu temmeparypax 90, 110 u 130 °C,
CootHomenne katanuzaropa U Macya pasHa 1:1000, ckopocTh nepemMernBaHus
800 06/MuH.
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Pucynok 6 — Kunetuueckue KpuBble THAPUPOBAHUS MOCOTHEYHOTO Macia
Ha katanmszarope 1.0%Pt/J1 npu Temneparype (a) 90 °C, (6) 110 °C, () 130 °C

W3 xuHeTn4yecknx KpHUBBIX (puc.6) BUAHO UYTO TPHU YBETUUEHHH IaBIICHHUS
Bogopozaa ot 0.25 mo 1.0 Mlla ckopocTs ruApUpOBaHUS MOBHIIIAETCS B 3 pasa.
Cnenyer otMeTuTh, uTo npu AaBieHun 1.0 MIla ckopocTh peakuuu pe3ko
CHMJKACTCS C MOBBIICHUEM TEMIIEPATyphl, YTO CBSA3aHO C ASHULUTOM AKTUBHON
¢dbopMBI BOIOpOJIa HA MOBEPXHOCTH KaTalH3aTopa MPH BBICOKHX TEMIIEpaTypax.
Oto moaTBepkAaeTcs W TeM (aKToOM, YTO TpH Temmeparypax Bbime 140 °C
MpoLeCC THUAPUPOBAHUS IMOJACOJHEYHOIO Macjia Ha JaHHOM IUIaTHHOBOM
KaTaau3aTope MOJHOCTBIO MOJABIAETCA aXe IPU BEICOKOM JaBJICHUU BOAOPOAA.
[lomydeHnHsie pe3ynbTaThl CBUACTEIBCTBYIOT O TOM, YTO AKTUBHOW (opmoit
BOZOpOJAa HA IUIATHHOBOM KaTajJU3aTOpe SBISETCS OTHOCHTENIBHO Ci1abo
CBSI3aHHBI  aTOMapHBIA  BOJOPOJ, JCCOPOMPYIOMIMHCS C  TOBEPXHOCTH
Karanuzatopa mpu Temneparype Boime 140 °C  (puc.3). IlnatuHOBbIE
KaTajJIn3aTopbl MOT'YT MPOABJIATHE AKTUBHOCTH B PCAKIUAX THAPUPOBAHHA U IIPU
Oosiee BBICOKHX TeMIIEpaTypax, OJHAKO CJeIyeT INPH 3TOM YUYHUTHIBATh HX
pasnuuus B MPHUPOJE M CTPOCHUU HOCHUTENS, CTEIIEHU B3aUMOJEHCTBHUS MEXKIY
METaJUIOM W HOCHTEJeM, CIoco0ax M YCJIOBHSAX IPUIOTOBICHHUS U
BOCCTaHOBJIEHUs. B Tabmumax 2-4 mnpuBeJCHbI >KUPHOKUCIOTHBIE COCTaBBI
00pa3loB MOJCOJHEYHOTO0 Macjia THAPUPOBAHHBIX NPU Pa3IUYHBIX JABJICHHSIX
BOJIOpOJA.

Tadomuua 2 — JKUpHO-KUCIOTHBIH COCTaB CAJOMAcOB, IMOJYYSHHBIX THAPUPOBAHHUEM IOJCOTHEYHOTO
macia Ha 1.0% Pt/J, t = 90 °C

KupHOKUCIOTHBIN cocTaB
(mac. %) HcxoaHoe macio 0.25 MIla 0.5 MIIa 1.0 MIla
C14:0 0.1 0.1 0.1 0.1
C16:0 6.5 6.6 6.8 6.9
C18:0 4.0 22.7 23.8 22.8
Ci18:1c 21.2 33.8 38.0 375
C18:1t 0.2 4.2 4.8 3.7
C18:2c 65.7 29.3 23.1 26.1
C18:2t 0.9 1.0 0.8 0.7
C20:0 0.3 0.3 0.3 0.3
C22:0 0.6 0.6 0.7 0.7
X mpauc N30MepoB, (%) 1.04 5.2 5.6 4.4
Woanoe unciio, r 12/100r 133.7 85.0 80.1 80.8
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Tabauna 3 —)KupHOKUCIOTHBII COCTAB CaloMacOB, MOTYYSHHBIX THAPHUPOBAHUEM I0/ICOIHEYHOTO Macia
Ha 1.0% Pt/I1, t = 110 °C

JKupHOKHCIIOTHBII cocTaB

(mac. %) HcxoaHoe Maciio 0.5 MIla 0.75 MIla 1.0 MIla

C14:0 0.1 0.1 0.1 0.1

C16:0 6.5 6.8 6.9 6.9

C18:0 4.0 20.0 21.0 214

C18:1c 21.2 36.8 35.4 36.3

C18:1t 0.2 5.3 4.3 4.0

C18:2c 65.7 27.7 28.7 28.1

C18:2t 0.9 1.2 0.8 0.7

C20:0 0.3 0.3 0.3 0.2

C22:0 0.6 0.8 0.7 0.7

Ympanc u3omepos, (%) 1.0 6.5 5.1 4.7

Hoaroe uncio, T 12/100r 133.7 86.5 86.5 85.5

Ta6auna 4 — )XupHOKHCIOTHBIN COCTaB CAIOMACOB, MOJTYYEHHBIX THAPUPOBAHUEM IIOICOTHEYHOTO
macia Ha 1.0% Pt/]1, t = 130 °C

JKUpHOKUCIOTHEIHN cOCTaB
(vac. %) Hcxonnoe macio 0.5 MIla 0.75 MIla 1.0 MIIa
C14:0 0.1 0.1 0.1 0.1
C16:0 6.5 6.8 6.9 6.7
C18:0 4.0 22.2 21.0 21.1
Ci8:1c 21.2 38.4 38.0 37.8
C18:1t 0.2 8.8 5.8 5.5
C18:2c 65.7 20.7 247 25.0
C18:2t 0.9 1.0 1.2 1.1
C20:0 0.3 0.3 0.3 0.3
C22:0 0.6 0.7 0.8 0.7
Xmparc n30Mepos, (%) 1.04 9.8 7.0 6.6
HNoxauoe uncio, r 12/100r 133.7 80.1 83.0 83.1

W3 npuBeneHHBIX B Tabmumax 2 W 3 pe3yiabTaTOB BHIHO, YTO MpHU
temneparypax 90 u 110 °C npu yBenmuenuu jaasieHus: Bogopoaa ot 0.25 MIla
o 1.0 MIla konuuecTBO oOpasyromiuxcs TpaHc-uzomepoB C18:1 ymeHbIaercs
or 4.2 % mo 3.7 % u ot 5.3 no 4.0 % cootrBercTBenHo. [Ipu Gonee BBICOKOM
temneparype (130 °C) npu nmaBiaennn 0.5 MIla, kak yXe OTMEYajoCh BBIIIE,
coJiepyKaHUE TPaHC-U30MEPOB yBeauunBaeTcs 10 8.8%, monmwkascs g0 1.0 MIla
npy 9TOH ke Temrieparype (Tadi. 4). [lomydeHHbIe pe3yIbTaThl CBUIETEIECTBYIOT
0 ToM, 4yTo npu HM3KUX Temmeparypax (90-120 °C) mocraTouHBIM SBISETCS
nasienne Bogopoaa ao 0.5 Mlla, a npu temneparype Boime 120 °C tpebyercs
noBbIILIeHHE AaBjieHus: Bopopona Beiue 0.5 MIla mns ycrpanenus aedunura
aKTHUBHOM (OpMBI BOJOpPOAAa Ha IMOBEPXHOCTH Karanuzatopa. lloBelmeHue
JaBIICHUS BOJOPOJAa B XOJi€ THUIAPUPOBAHHUS PACTHUTEIBHOTO Macia, U3MEHSET
COOTHOILLICHHE KOHLIEHTPALMM MOJIEKYJ] TPUIJHLIEpPUIAa M AKTUBHOH (OPMEI
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BOZIOPOJIa Ha TIOBEPXHOCTH KaTanu3aropa. JKUPHOKUCIOTHBIN COCTaB MPOIYKTOB
TUAPUPOBAHUS TIOJCOTHEYHOTO Maciia B Pa3iIMYHBIX JAaBICHWH BOAOPOIA, Ha
HUKEJICBOM KaTaln3aTope MpUBE/ICH B Ta0uIe 5.

Ta6auna 5 — BriusiHue DaBIeHHsA BOJOPOJA Ha MPOIECC THAPUPOBAHUS MOJCOIHEYHOTO Macia Ha
HukeseBoM Katanusarope (t = 150 °C).

zﬁggﬂ%mnom’m coetan Hi;‘;;?e 181?[5; 05MIa | 0.75MITa | 1.0 MTla
C14:0 0.1 0.1 0.1 0.1 0.1
C16:0 6.5 6.4 6.5 6.4 6.2
C18:0 4.0 14.4 13.2 134 12.8
Ci8:1c 21.2 374 36.4 44.8 35.3
C18:1t 0.2 19.7 144 145 15.8
C18:2c 65.7 17.6 25.8 16.3 26.1
C18:2t 0.9 1.8 1.6 2.2 1.9
C20:0 0.3 0.3 0.3 0.2 0.2
C22:0 0.6 0.8 0.7 0.7 0.7

Xmpanc n3omepos, (%) 1.0 215 16.0 16.7 17.7

Nonnoe uncio, T 12/100r 133.7 82.7 89.4 83.2 91.4

Kak BHIHO M3 MNPHUBEACHHBIX JaHHBIX (Ta0J.5), MOBBINICHUE aBJICHUS
BOZOPOa TIPUBOIUT K PE3KOMY YBEITHUEHHIO CKOPOCTH PEAKIINH U COKPAIEHUIO
BpPEMEHH THIIPUPOBAHUSA, HO TPU 3TOM COJIEpKaHHE TPAaHC-M30MEPOB B calloMace
CHUKAETCS JIUIIh HE3HAYUTEIBHO M OCTAeTCs JIOBOJIBHO BBHICOKUM (BBIIE 14%).
[Tomy4yeHHBIE pE3yNbTAaThl CBHUICTEIBCTBYIOT O HEBBICOKOW CEIEKTUBHOCTH
HUKEJIEBOTO KaTaln3aropa, T.€. Hapsay C TUIPUPOBAHUEM IJMHOJEBOW KHCIOTHI
MMEET MECTO THIPHUPOBAHHE OJEHMHOBOW KHCIOTHL. BBICOKas CENeKTUBHOCTh
IJIATUHOBOTO KaTalu3aTtopa OOBICHSIETCS HE YCIOBUSMH IPOBEICHHS IpoIlecca
TUAPUPOBAHUS, a TMPHUPOJAON KaTalinu3aropa, T.e. HAIMYUEM Ha TOBEPXHOCTHU
KaTajau3aTopa OTHOCHUTENBHO c1ab0 CBSA3aHHOW aTOMapHOH (GOpMBI BOAOPOAA,
KOTOpast gecopOupyetcs npu Temrneparype Boime 140 °C.

4. 3akirovyeHue

B pesysnbTare 1a00paTOPHBIX TECTUPOBAHHMN YCTAHOBJCHO, YTO IJIATHHOBBIN
KaTajau3aTop, B OTJIMYME OT HHUKEJIEBOTO KaTajau3aTopa, IPOSIBISET BBICOKYIO
CTEPOCENEKTUBHOCTh M IMO3BOJIIET 3HAYMTEIBHO CHU3UTH COAEP)KAHUE TpaHC-
H30MEpPOB B NPOAYKTaX peakuud. BBICOKasi CENeKTUBHOCTh ILIATHHOBOTO
KaTaJm3aTopa OOBSICHSAETCS HAIMYMEM Ha TIOBEPXHOCTH  Karaau3aropa
OTHOCHUTEIBHO C1a00 CBS3aHHONH aToMapHOW (oOpMBI BOJOPOAA, KOTOpas
necopobupyercst mpu Temneparype Bbime 140 °C u He TUAPUPYET OJIEUHOBYIO
KuCiIoTy. Ha niaTMHOBOM KaTaln3aTope, ONTHMM3UPYS YCJIOBHUS IPOBENCHMS
npouecca, THUAPUPOBAHUS MOXXHO CHM3UTh COJIEP)KAHUE TPAHC-U30MEPOB B
caiomace 10 3-4%. Bbpicokasi akTUBHOCTb U HU3Kasl CEIEKTUBHOCTb HUKEJIEBBIX U
nmajuraJu€BBIX  KaTaJIu3aTOpOB OGLHCHHCTCSI IMUPOKUM Ha60pOM Ha ©HX
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MOBEPXHOCTH KpETKO CBSI3aHHOTO a/1cOpOUPOBAaHHOTO BOAOPOAA,
necopoupytomierocs B uatepsaiie ot 200 mo 600 °C. B mporecce uccienoBanus
Ha IUTATHHOBOM Karanm3arope OBIJIO yCTaHOBIEHO, YTO TP HHU3KUX
temneparypax (90-120 °C) onTuManbHBIM SBISieTCs AaBlieHHe Boxopoaa 1o 0.5
Mlla, a npu Temneparype Bbimie 120 °C TpeOyeTcsi MOBBINICHUE NABICHUS
Bogopoma Bemme 0.5 Mlla mis ycrpanmenns neduiura aKTUBHOW (OPMBI
BOZIOPOIa Ha TIOBEPXHOCTH KaTaIn3aTopa.

BaaromapHoctb. Pabota BbinonHeHa npu (UHAHCOBOW TMOANCpIKKE MUHHCTEPCTBA HAyKH U
BhIcIIero oOpa3oBanus Pecryonuku Kasaxcran B pamkax npoexta AP14871087.

Kondumkr wuHTEepecoB: ABTOpHI 3asBIAIOT 00 OTCYTCTBUM KOH(DIMKTa HHTEPECOB MEXKIY
aBTOpaMH, TPEOYIOIIEro PaCKPBITHS B JAHHOW CTAThe.
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KYHOArblC MalblH THIpJEY VIIIH JKaHA CTEPEOCENeKTHUBTI KaTalu3aTopiapibl KypyFa apHaJFaH.
OHepKaCcinTe KOJJIaHbIIATHIH HUKENb KaTaIn3aToOpJaphblHia TPAHC Mail KbIIIKbUIIApbIHBIH Memepi 30%
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SORPTION EXTRACTION OF RHENIUM BY DIFFERENT IONITES
FROM URANIUM SORPTION COLUMNS
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Abstract. Introduction. This text discusses the importance of rhenium in modern science and
technology, particularly its significance in various production spheres due to its properties. The purpose of
this work is extracting rhenium is the mother liquors of uranium production. However, due to its low
concentration in raw materials, research into more advanced extraction methods is necessary. One such
method is sorption extraction of rhenium. Currently, extensive research is being conducted to obtain highly
effective sorbents for rhenium. Among the most promising are ion-exchange resins such as Purolite
AB60/4759, Puromet MTS9300, SQD 201U, and Biolite 200U. Conditions for rhenium sorption using these
resins from standard, model, and mother solutions under various acidity levels have been studied, along
with conditions for desorption of this metal from the sorbents. The latter two, SQD 201U and Biolite 200U,
demonstrated high efficiency. Conclusion. They exhibited high rhenium sorption results from acidic
solutions, showing high selectivity in both sorption and desorption concerning rhenium. Their sorption
capacity for rhenium in strongly acidic solutions exceeded 21 mg/g. When sorbing from model and mother
solutions, these sorbents showed a rhenium sorption degree exceeding 60%. During desorption, the rhenium
desorption degree from these sorbents using a mixture of acids reached values higher than 85%. Therefore,
ion-exchange resins SQD 201U and Biolite 200U perform well in industrial solution conditions, allowing
their use in extracting rhenium from uranium mother liquors.

Keywords: rhenium, sorption, model solution, uranium sorption mother liquor, anion exchange
resins, desorption
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COPBLIUMOHHOE U3BJIEYEHUE PEHUSA PA3JIMYHBIMU HOHUTAMMU U3
MATOYHHUKOB COPBIIMU YPAHA

J1.2K. Tonéaii %, JK.2K. bexuwes ¥, A.I. Hcmaunosa ', E.B. 3no6una*, X.C. Tacubexog ?,

T.K. /Iicymaounos % 3.A. Hekaxoe °, B.JK. Toxcanébaes °, A.T. Kymapoerosa °, A.C. Domenko *
Y KasHY umenu anv-®Papabu, Anmamer, Kazaxcman

2 HUU xumuueckux nayx umenu A.5. Bexmypoea, Anmamui, Kazaxcman

3 TOO0 «Hucmumym evicokux mexuonoauily, Aimamol, Kazaxcman

“E-mail: zhenis.bekishev@gmail.com

Pe3tome. Bseoenue. Pernii B COBpeMEHHOH HayKe M TEXHUKE HIMEET OYCHb BaKHOE 3HaueHue. Ero cBoiicTea
03BOJIAIOT HCIIOJIb30BATh €r0 BO MHOTHX cepax npousBoacTaa. B Ka3axcTane oHUM U3 EPCIIEKTHBHBIM
HCTOYHUKOM BBIJCICHUS PCHUS SBIIOTCS MaTOYHbIC PACTBOPHI yPAHOBOIO MPOM3BOACTBA. Ho B cuiy ero
HHU3KOTO COJICP)KaHHMS B CHIpbe HEOOXONUMBI HCCIICNOBAaHWS Hambolce MHEpelloBBIX CHOCOOOB €ro
n3BnedeHust. OTHUM U3 TaKHX METOJIOB SIBIISIETCS METO]] COPOIIMOHHOTO U3BJICUeHUsI peHus. [lenvio oannot
pabomel SIBISIETCS MIPOBECHNE UCCICIOBAHHI IO TIOMCKY BBICOKOA(h(EKTUBHBIX COPOCHTOB IS peHus. B
KauecTBe HamOoiee MEpCIeKTHBHBIX HAaMH OBUIM PAacCMOTPEHBl HOHOOOMEHHbIe cMoibl Purolite
A660/4759, Puromet MTS9300, SQD 201U u Biolite 200U. Bbuti u3yuens! ycioBust copOLMu peHust
9TUMHM CMOJIAMH M3 CTaHIAPTHOTO, MOJICJIBHOTO M MATOYHOTO PACTBOPOB B Pa3HBIX YCIOBUSIX KUCIOTHOCTH,
a TaK)Ke yCJIOBHS IECOPOLIMH 3TOTO MeTaila U3 copOeHTOB. 113 Ha3BaHHBIX COPOCHTOB ObLIa MOATBEPK/ICHA
BbIcOKast A dukTuBHOCTD Mocneaux AByx. 3axnouenue. SQD 201U u Biolite 200U noka3anu BbICOKHE
pe3yJIbTaThl COPOLMM PEHMSI M3 KUCIBIX PaCTBOPOB, BHICOKYIO M30MPaTENbHOCTh KaK COPOLMH, Tak M
JIecOpOIMH 10 OTHOIIEHHUIO K peHuIo. X copOIMOHHAs eMKOCTh MO PEHUIO B CHIIBHO KHMCJIBIX PacTBOpax
HpeBbIcIIa ToKasatens B 21 Mr/r. Ilpu copOrmy U3 MOJCIBHBIX U MAaTOYHBIX PACTBOPOB 3TH COPOCHTHI
MOKa3aJii CTeneHb copOImu peHus Boime 60%. I1pu necopOrmu n3 HUX PEeHHs CMEChIO CePHOM KUCIIOThI U
HHUTpaTa aMMOHHS CTENICHb AECOPOIMU PEHUS HOCTHITIA 3HAUeHUH Bhie 85%. Takum oOpa3om, HOHHUTHI
SQD 201U u Biolite 200U xopoiiio moka3siBalOT cedsi B YCIOBHUAX MPOM3BOACTBEHHBIX PACTBOPOB, YTO
I03BOJISIET HCIIOJIB30BATh UX JUIS M3BJICUCHHS PCHUS U3 YPAHOBBIX MAaTOYHHKOB.

KaroueBble ciioBa: peHuii, copOImMs, MOJCIBHBIH PAacTBOpP, MATOYHHK COPOLMH ypaHa, aHHOHUTHI,
necopOmms

Tonoait lunmyxammed Kamovinosuu Mazucmp xumuueckux nayx

bexuwes Kenuc Kymaxanosuu Mazucmp mexnuyeckux Hayk
Hcemaunoea Axkmapan I'azuzosna Kanouoam xumuueckux nayx
3nobuna Enena Buxmoposna Kanouoam xumuueckux nayx
Tacubexos Xaiioap Cyneiimenosuy Kanouoam xumuueckux nayxk

Joncymaounoe Tankvioex Koscomaesuu  J[okmop xumuueckux HayK

Hckakoe 3aken Anuweposuy Mazucmp xumuueckux nayx
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Tokcanbaes Bonamoex Kaxvinoexosun  PhD mexuuueckux nayx

Kymapoexosea Anvmupa Typcoexosna Kanouoam xumuueckux nayx

Domenxo Apmém Cepzeesuu Kanouoam xumuueckux nayx

1. BBeaenue

Penuii nomyuaror B Kazaxcrane B BuJe neppeHaTa aMMOHUSI U3 PacTBOPOB
Meau, MoiubaeHa u cBuHIA. CopOLMOHHBIE U MIOHOOOMEHHBIE METOABI IIUPOKO
WCTIONB3YIOTCSL Al W3BJICUEHHs TMEPPEHAT-HOHOB U3 OONbIIMX 00BEMOB
MHOTOKOMITOHEHTHBIX ~CYNb(aTHBIX, HHUTPATHBIX, XJIOPWIHBIX PACTBOPOB H
MPOMBIIIJICHHBIX CTOYHBIX BOJI, OJyYSHHBIX MPH BBINIETAYNBAHUN KOHIICHTPATOB
U TPOAYKTOB UX MEPEepadOTKH, a TAKKe M3 IPYTUX OTXOJIOB C HCIOIb30BAHHEM
UMIIOPTHBIX AKTUBHPOBAHHBIX yIJIEH HAa OCHOBE KAaMECHHOYTOIBHOW CMOIIBI,
PaCTHTENILHOTO ChIPhS M CHHTETHYECKUX aHHOHHUTOB [1].

B eme onHo# paboTe ObUT M3Y4YEeH NPOIECC COPOIMHM PEHHUS C MOMOIIBIO
AQHMOHHWTAa Ha OCHOBe 4-BHHWINMpUAA W auBeHWwIOeH307a. CopOeHT umeer
cyibdarHbie (yHKIIMOHATBHBIC TPYIITBI u SIBIISICTCS CHITLHBIM
AHHOHOOOMEHHHKOM [2].

Taxke B pabore [3] ObT wW3ydeH mporecc COpOIMH  peHHS
AHMOHOOOMEHHUKOM Ha OCHOBE CHIIMKA-XUTO3aHA.

B pa6ote [4] Obula m3ydeHa COpOLUS PEHUS THOPUAHBIM OPraHHYCCKHU-
HEOPraHMYEeCKNMM aHHOHOOOMEHHUKOM Ha OCHOBE CHITHKATA.

HecopOuuio peHust U3 HU3KOOCHOBHBIX CMOJI MPOBOJAT 2-6 M pacTBopamu
amvuaka npu 80°C [5-6], mms mecopOimm Metaula W3 CHILHOOCHOBHBIX
AQHHOHHUTOB TMPHUMEHSIOT 0OJiee XMMHYECKH aKTHBHBIC BEIECTBA: MUHEpaJbHbBIC
KHCJIOTBI, POJIaHH]] aMMOHHMS, HUTPAT aMMOHHUs | T.11. [7].

Jlnis w3BneveHus] peHust U3 GUILTPATOB MOCIe COPOIUK ypaHa Ha OJJHOM U3
ypaHogoOsiBatomux — npeanpuatuii  AO  HAK  «Kazarommpom» — Obutn
HCIIONB30BaHbI creayromue copoentsr: Ambersep 920U, Purolite A170, S500.
OunbTpaThl NPEACTABISIIA COOON CA0OKUCIBIE PACTBOPHI C MUHEpalu3aluei
okono 30 r/am3. UccnenoBanys NOKa3aiu, 4TO ONTHMAIbHbIE IS COPOLMHU PEHHS
HOHOOOMeHHBIMH cMmonamu siBistrorest Ambersep 920U u Purolite A170, takxe
ObUI TPEIJIONKEH CIOCcCo0 mepepaboTKU peHuicoaepk alux JIecopOdaToB OT
amMMuayHoit necopOrmu cmomnbl A170 Ha cmose Ambersep 920U. Cop6uus penust
M3 PacTBOPOB ypaHa aHuoHooOMeHHrKOM Ambersep 920U Obina n3ydeHa Takike
aBropamu pabotsi [8].

Lenp paboTel — MccnenoBaHue COPOLMOHHO-AECOPOLMOHHOTO H3BIICUEHUS
peHUS W3 MaTOYHOIO pPacTBOpa YPaHOBOTO IPOM3BOJCTBA Pa3IUYHBIMH
MPOMBIIIICHHBIMA CHHTETHYECKUMH HOHUTAMH.

3agauu UCCIIeIOBAHMA:

- HccnenoBanue coOpOLMOHHO-AECOPOLIMOHHOIO U3JICUEHUS] PEHHSA U3
MOJIEJIEHBIX PacTBOPOB.
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- IlpoBenenne 1ab0paTOPHBIX HCITBITAaHIH 1o COpOITMOHHO-
JECOPOLIMOHHOMY KOHIICHTPUPOBAHHUIO PEHUS U3 MATOYHOT'O PACTBOPA YPaHOBOTO
MPOM3BOJICTBA.

2. DKCHepUMeHTAJIBLHAS YacTh

2.1 HUccnedosanue copoOyuoHHO20 U3GNEUEHUST PEHUS U3  MOOETbHbIX
pacmeopog

CopOunto peHHs TPOBOAWIM B CTaTHYECKHX YCIOBHAX, B KauecTBE
cOpOEHTOB, TOTCHLUHUATBHO CHOCOOHBIX  YAOBJIECTBOPUTH MOTPEOHOCTH B
W3BJICYCHUN PEHUS U3 yPAHOBBIX MECTOPOXKIACHUN, ObIIH H3YUIEHBI YEThIPE HOHUTA!
Purolite A660/4759, Puromet MTS9300, SQD 201U u Biolite 200U.

Cop0uuto peHust IPOBOAMIN 3 MOJICIIEHOTO PacCTBOPa COCTaB, KOTOPOTO OBLI
MpUOIMKEHHBIM K MaTOYHUKY copOuun ypana (MCVY). B kadecTBe MCXOAHOTO
pacTBopa MHpU MPOBEACHUM HCCIeAOBaHUN ucnoib3oBaica MCY onHoro wus
ypaHoBbIX pygHUKoB AO «HAK «Ka3zaTommnpom», cocTaB KOTOPOTo MPUBEACH B
tabmuie 1.

Tabauna 1 — Cocras ucxonHoro MCY 1 MoJeIbHOTO pacTBopa

Haumenosauue - Re, NOs SO47%, Cl-, Fe,

p MI/J1 /1 /1 /1 r/n
MCY 2.2 0.359 0.25 55 1.6 0.37
MoaenbHbli - 0,35 1.0 6.0 15 0.4
pacTBop

MoJenbHBI PacTBOpP TOTOBHIM JOOAaBICHHEM PACCUUTAHHBIX KOJIUYECTB
coneit Ha 1 sutp pactBopa. CocTaB MOJEIBFHOTO pacTBOpa OBUI MOJTOTOBIEH C
y4€TOM KOHKYPHUPYIOIINX MOHOB: XJOPHUJIIOB, CYJIb()ATOB W HUTPATOB, KOTOPHIE
MPUBEICHBI B TaOHIIE 1.

Conepxxanue peHHs KOHTPOJMPOBAIM B BOJHOM PAcTBOpE TOCIE COpOIHMU
METOJIOM MAacC-CIIEKTPOMETPUN C WHAYKTUBHO CBs3aHHOM mmiazmoii (ICP-MS
7500a). M3pneuyenne usyvanu copdoenramu SGD 201U; Biolait 200U; Puromet
MTS 9300 u Purolite A660/4759 B cTaTHYecKOM peXHUME MPH KOMHATHOI
TemImeparype.

[lokazana kuHeTHYECKask 3aBUCUMOCTh CTETICHH W3BJICUCHUS PEHUsI, KOTOpPbIE
MIpeICTaBJIeHbI Ha pucyHKe 1.
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PHCyHOK 1 - Kunetnueckas 3aBUCUMOCTD CTEIICHU M3BJICUCHHS peHusA

Kak cnenyer w3 pucynka 1, HMOHOOOMEHHBIE CMOJBI HMEIOT Ppa3HYIO
COpOLIMOHHYIO CHOCOOHOCTh M CKOPOCTH H3BJICUYCHHUS PEHHS M3 MOJEIBHOTO
pactBopa. Eciin pacmonoxutb HOHOOOMEHHBIE CMOJIBI 10 YMEHBIICHUIO CKOPOCTH
copOuuMu peHusi, TO Moiy4yuM cienyromuii psa: Biolite 200U > SQD 201U >
PuroliteA660/4759 > Puromet MTS9300.

Jns panpHeWIiero ucciienoBaHUS OBUIM TPOBEAEHBI AKCIICPUMEHTHI I10
JECOPOIIMH HOHOOOMEHHBIX CMOJI.

2.2 HUccneodosanue 0ecopbyuonHo2o u3leyeHuss peHuss u3 UOHOOOMEHHbIX
cmon.

JecopOuuio peHHs MPOBOISAT METOAOM DII0AIMU. DJroanueil Ha3blBaeTcs
MpolecC W3BJICUCHHST METAJUIOB K3 HWOHOOOMEHHBIX CMOJ  pa3iUYHBIMH
pactBopami. B kauectBe aimoeHTa Obuta BeiOpana 2M cepras kuciora (H2SO4) 1o
MpUYMHE JOCTYMHOCTH M KOMMEPYECKOTO TPHMEHHS CEPHOM KHUCIOThI Ha
YpaHOBOM TPOWM3BOJACTBE JUIS BBILICTAUMBAHHS pPYyIbl. Pe3ynbraTsl necopOrmn
pEHUs NpeACTaBIeHBI B TabmuIe 2.

Taoumua 2 — CreneHb U3BJICYCHHS IIPU JeCOPOLIUK PEHUS U3 HOHOOOMEHHBIX CMOJI PA3JIMYHBIX MapoOK

SQD 201U Biolite 200U Puromet MTS9300 Purolite A660/4759
CrereHn CrerneHn CrerneHn Crenens necopouun,%
necopormu,% necopbuuu, % necopbumnu, %

80.17 84.73 53.79 47.88

W3 npansbix Tabauubel 2 ciedyeT, 4YTO peHuil HambOosee 3PQEeKTHBHO
JecopoupyeTcst u3 HOHOOOMEHHOM cMostbl Mapku Biolite 200U.

Kak cnenyer u3 Ttabmuibl 2, MOHOOOMEHHBIC CMOJIBI HMEIOT Pa3HYIO
JeCOpOLMOHHYIO CTIOCOOHOCTh M3 HOHOOOMEHHBIX CMOJI pa3IMYHbIX Mapok. Ecin
PacCIIOJIOKUTh HOHOOOMEHHBIE CMOJIBI [0 YBEIMYCHUIO CTETIEHH AeCOPOLIUH PEHUS,
TO mosy4uM crienyromuit psyi: Biolite 200U > SQD 201U > Puromet MTS9300>
PuroliteA660/4759.
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2.3 Uccredosanue copoyuu uz MCY 6 cmamuueckom pexcume

IIpenBaputensHo OBLIA OCYIIECTBICHA MOATOTOBKA MOHOOOMEHHBIX CMOII
MyTeM TOcJeIoBaTeIbHOW 00paboTku pactBopoM 5 % NaOH wu Bomoit s
yaaleHus] OPTaHWYEeCKHX OCTAaTKOB CHHTE3a. 3aT€M HWOHHTHI BBIAEPKUBAIHCH B
TEUeHHE CYTOK B CEPHOKHCIOW cpele ajis mepeBoma B pabodyio dopmy ¢
MOCIIEAYIOIEeH OTMBIBKOH Bosoi 0 pH = 5.5 — 6.0.

st mcciemoBaHuMil mporiecca COpPOLMM WOHUTAMH TECTUPYEMBIX MapoK
MIPUMEHSJICS CTATUYECKU METOJ WCIBITAHUH. AHAIN3Y IOJBEPrajiCcs MCXOIHBIH
MCY wu pactBop mocine copOuuu. [1o pe3ynbTaraM aHanw3a JaHHBIX PaCTBOPOB
ocymectBisuics pacder COE (MKI/T) M CTENEHW W3BJICUCHHSI PEHUsI B 00BeM
HMOHHTA.

AHanm3 mpo0 pacTBOPOB OCYIIECTBIUICS C NMPUMEHEHHWEM CIEKTPaIbHOTO
METO/J1a Ha MPHOOpE KBAIPYIOJIbHBINA MacC-CIIEKTPOMETP C HHAYKTUBHO CBSA3aHHOM
mia3moii cepus ICAP-Qc dupmst Thermo Fisher Scientific (mamee UCIT MC).

I'padmk m3MeHeHUs TMOKa3aTelNsl M3BJICUEHUS PEHUS C TEYCHHEM BpPEMEHU
copOIuK MpeACTaBiIeH Ha PUCYHKE 2.

M3MeHeHune nmoka3aress U3BJIeUeHUS PEHHA C TCUCHUCM BP

4,00
2,00
0,00
8,00
6,00
4,00
2,00

%

U1 01 U1 U1 O O O

H3Biaeuenne peHuA

[on)
o
o
o

0 5 10 15 20

Pucynox 2 - [okaszartenu n3BiedeHus PeHHs C TSUCHHEM BPEMEHH

[lo mpencraBieHHBIM TaOAMYHBIM W TpadUUEeCKUM JaHHBIM BHIHO, YTO
CHJIbHOOCHOBHBIM MaKpOHIOPUCTHIN aHHOHUT MapkH Biolite 200U nemoHcTpupyet
MPEUMYIIECTBEHHbIC TOKa3aTelu: u3BjiIeueHue peHuss — 64.57%, yemy
coorBercTByeT 3HaueHne COE — 22.60 mxr/r. [ns cpaBHEHHUS, JOCTUTHYTHIE
mokasarenu npu copOiuu anuoHuToM SQD 201U HeckonbKO HIDKE H,
COOTBECTBEHHO, COCTaBUIH: 63.46 % u 22.2 MKI/T.

2.4. Hccnedosanus decopbyus peHusi u3 CUIbHOOCHOBHbIX AHUOHOOOMEHHbIX
cMo

W3 npakTHYECKOr0 MUPOBOTO U OIBITA SKCIIEPUMEHTANBHBIX HCCIIEI0BAHHUN
W3BECTHO, YTO JUIs IECOPOLIMH PEHUSI U3 CHIIbHOOCHOBHBIX aHHOHOOOMEHHBIX CMOJT
MPUMEHSIOTCS. HUTPATHBIE PACTBOPBL. JKCIEPUMEHTHl 10 JIECOPOLMH pEHHS
OCYIIECTBIISUIMCH B CTATHYECKOM PEXUME ITPH KOMHATHON TeMIleparype.
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B Ta6J'II/IHG 3 MMpEeACTAaBJICHBI PE3YJIbTAThI SKCIIECPUMEHTOB 10 I[eCOp6HI/II/I.

Taﬁmma 3 — Cocrassl necop6npy}0mero pacTBOpa U IOKa3aTeJid U3BJICYCHUS PCHUSL

HaumenoBanue CocraB JIecopOMpYOIIETo pacTBOpa
250 r/nm® NHsNOs + 20 r/nm® H2SO4 100 r/am® NH2NOs + 20 r/mm®
H2S04
U3ssneuenue, %
SQD 201U 86.8 58.84
Biolite 200U 87.0 56.9

[Ipu mcnonb3oBanuu aecopbupyromero pactsopa (JIP) cocrasa: 250 r/mm3
NHsNO3 + 20 r/mm® H,SO4 moctrraroTest 6osiee BBICOKUE MOKA3aTEH.

BriBoabI

1. IIpu copbunu peHust U3 CTaHAAPTHBIX PACTBOPOB HAMJIYHUILIUE PE3yJIbTAThI
B IIMPOKOM JIMaria30He KUCIOTHOCTH MOKa3aiu aHnoHooOMeHHuKH Biolite 200U u
SQD 201U.

2. bpuM TOArOTOBIEHBI MOJENBHBIE PACTBOPHI B COOTBETCTBUU C
OTOOpaHHBIMH MPOOAMH MAaTOYHWKAa COPOIMH YPaHOBOTO IPOU3BOJICTBA,
XMMHYECKHUIA cocTaB KoToporo: Re — 0.35 mr/n, NO3 - 1.0 mr/m, SOZ™ - 6.0 mr/m,
CI—1.5 mr/n, Fe — 400 mr/m.

3. UccnenoBanue copOuuM peHHs: U3 MOJEIBHOIO pacTBOpa 4-Ms MapKamu
HOHOOOMEHHBIX CMOJI MMEIOT Pa3HyH COpPOLMOHHYIO CriocoOHOCTh. COpOEHTHI
Biolite 200U u SQD 201U noka3zaiu HauIy4iliue pe3yJibTaThl, 8 UMCHHO CTEIICHb
u3BieueHus cocrasmia 99.96 u 99.76% coorsercTBenHo. Ilpu copOuun penus u3
MaTOYHUKOB copOLMHU ypaHa HamOojee 3>(PQEKTHBHBIA MOKa3aTeNb W3BICUCHHUS
JIEMOHCTpUPYeT aHMOHUT Mapku Biolite 200U, koTopsiii cocrasun 64.57%.

4. Tlocne copOunm peHUs! U3 MOJEIBHOTO PAacTBOpa, MpOBeleHa JecopOnus
cepHOH kucnoroi uz copdbenton Biolite 200U u SQD 201U, crenens n3BnedeHus
koTopeix coctaBmwiun  84.73% wu  80.17% coorBercTBeHHO. Omnpenenéx
ONTUMAJIBHBIA JIecOpOUpYIOIIUIT pacTBOp M3 MaTOYHUKA CcOpOLMHU ypaHa,
MMEIONINH crieytonuii cocras: 250 r/am® NH4NO3 + 20 r/am® HoSO.. Haunyummit
pe3yibTaT 1o aecopoumu copoenra Biolite 200U cocrapisier 87%.

YPAH COPBIMAJIBIK MATEPUAJITAPIAH TYPJII HOH AJIMACTBIPY APKBIJIBI
PEHUU/II COPBHUAJIBIK AJTY

J1.2K. Tonéaii %, JK.JK. bexuwes *', A.I'. Hcmaunoea ', E.B. 3no6una*,
X.C. Tacuébexos?, T.K. Jorcymaounos 2 3.A. Hckaxoe °, B.JK. Toxcanéaes ®, A.T. Kymapoexosa 3, A.C.
Domenko ®

L On-@apabu amvinoazer Kasax yaimmorx ynueepcumemi, Anmamol, Kasaxcman

2 A.B. ambinoazel Xumus eoL16IMOapbl 2bLIIMU-3epmmey uncmumymol. Bexmypoea, Anmamsl, Kazaxcman
3 «WKozapbr mexnonozusanap uncmumymuly JKIIC, Anmamor x., Kasaxcman

* E-mail: zhenis.bekishev@gmail.com
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Tyiiingeme. Kipicne. Ka3ipri FpUIbIM MeH TCXHHUKaJa PEHUIHIIH MaHBI3bI 6T¢ 30p. OHBIH KaCHETTEpi OHBI
OHJIIPICTIH KONTereH calalapblHIa KOJJaHyra MyMKiHAIK Oepeni. KasakcraHma peHMiini NIbFapyabH
MEPCIEKTUBTI KO37epiHiH Oipi ypaH eHIIpICIHIH aHAJBIK epiTiHzuaepi Oonbin TaObUIagbl. bipak OHBIH
IIUKi3aT KypaMblHAa a3 OoIyblHAa OGailIaHBICTHI OHBI ANTYIBIH €H O3BIK 9IIiCTepiH 3epTrey KaxeT. Ochl
oxicrepaiy Oipi peHMil COPOLISIIBIK SKCTPaKIHsIAYy 9/1ici G0N TaOBUIATbL. By HCyMbiCHbIY MAKCAMb
peHuiire )Korapsl THIMII cOpOeHTTep i37ey OolbIHILA 3epTTeyep Kyprizy Oonbin tabbutaabl. bi3 Purolite
A660/4759, Puromet MTS9300, SQD 201U sxone Biolite 200U eH mepcneKTHBalibl HOH aaMacCThIPFBILI
nrafibIpyiap/ipl KapacThIpAbIK. OPTYPJIi KbIIKBULIBIK JKaFAaifblHAa CTAHJApTThI, YITUIK JKOHE aHAJBIK
epITIHIiNepACH PEeHUIil OCHl MaKbIpIapMeH COpOLUsIAY XKaFAainapsl, COHBIMEH KaTap OChl METallbl
copOeHTTep/ieH AecopOIMsiay >KaFaalnapbl 3epTTeni. AThl aTajafaH COPOCHTTEpAiH ILIIHAE COHFbI
eKeyiHIH XOFapbl THIMALTIr pactanabsl. Kopsimusinosl. SQD 201U sxone Biolite 200U peHuiii KbIIIKbLT
epiTiHIinepAeH copOuusiayfa MKOFaphl HOTIDKE KOPCETTi, PEHUHIre KaThICTHl COpPOIMSAHBIH 1a,
JIECOPOIMSAHBIH 1a XKOFaphl CENIEKTUBTLITH KopceTTi. KYIITi KbIIKBLT epiTiHineperi peHuire oIapabH
copOLusUIbIK KabineTi 21 Mr/r actel. MoJenb/IiK jKoHE aHAIBIK epITIHALIepACH copOLusiay Ke3inae Oyt
copbentTep 60%-maH >xoFapsl peHMH copOIMs IopexkeciH KepceTTi. PeHumiini onapmaH KbIIKbLIIAp
KOCIIAchIMEH AecopOLusiaran/a, peHuil 1ecopOLMsACBIHBIH Aopekeci 85%-1aH jkOFapbl MOHIEPIe JKETTi.
Ocpuaiima, SQD 201U sxone Biolite 200U moH anMacThIpFBIITAPBI OHIIPICTIK EPITIH/I JKaFAaibIHaa
JKAKChI KYMBIC ICTEi/1i, OYJ1 OJappl YpaHHbBIH aHABIK EPITIHAUIEpIHEH PEHUI/II any YIIiH maiganaHyra
MYMKIHJIK Oepeni.

Tyiiinai ce3mep: penuii, copOums, YyAri epiTiHAl, ypaH COPOLMSJIBIK aHANBIK epITiHAl, aHHOH
aJIMaCTBIPFBILITAP, IECOPOLIUs

Tonoan [linmyxammed Kamoviynot Xumus eviibimOapviHbly Masucmpi
Bekuwes Kenic ZKymaxanynut Texnuka 2bLbIMOAPbIHbIY MASUCTPIE
Hcemaunosa Akmapan Fasuzkoizot Xumus 26I16IMOAPBIHBIY KAHOUOAMbL
3noouna Enena Bukmoposna Xumus 26IIbIMOGPBIHBIY KAHOUOAMbL
Tacubexoeé Xaitoap Cyneiimenynst Xumus 2bL1bIMOGPLIHBIY KAHOUOAMbL
JIorcymaounoe Tankpioex Kosxcamaitynot Xumus 26116IMOGPBIHBIY OOKMOPbL
Hckakoe 3aken Oniwepynsl Xumusi 2611bIMOGPLIHBIY MAZUCIPI
Toxcanoaes bornamoex Kaxvinoexynot Texnuxa evlivimoapwinsiy PhD
Kymapoexoea Anemupa Typcoexoena Xumus 26IIbIMOAPBIHBIY KAHOUOAMbL
Domenko Apmém Cepzeesuu Xumusi 2611bIMOGPLIHBIY KAHOUOAMbL
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JAYPEH XAMUTOBHUY CEMBAEB
(1933-2015)

Buvioarowemy yuenomy Kazaxcmana, akademuxy HAH PK,
00KMOpy XumuueckKux Hayk, npogeccopy
Maypeny Xamumosuuy Cemoaegy 3 okmaopa 2023 zooa
ucnonunocy 6wt 90 1em co oua porcoenusn
(1933-2015).

H.X. CembaeB pomuincs B 1. Anma-Ate. Otenr A.M. CembaeB Obut
TUPEKTOPOM CenbCcKoX03HCTBEHHOTO MHCTHUTYTA, MUHUCTPOM
npocseuienust Kazaxckoit CCP, mupexropom HWW nenaroruxu um. U.
ANTBIHCapUHA, YIEHOM-KOPPECIOHIAEHTOM AKaJeMUU Te1aroru4eckux
Hayk CCCP. Martp, M.M. CembaeBa, Obu1a 01IEHTOM Kadenpsl O0TaHUKH
CenbCKOX031ICTBEHHOTO MHCTUTYTA.

B 1956 r. J.X. CembaeB OKOHYHI MOCKOBCKHH XHMHKO-
TexHoJornyeckuii mHctutyt uMm. .M. MenaeneeBa mo cnenualibHOCTH
«Texnonoruss opranuueckux BemectB». C 1956 r. on paboran B
Wuctutyte xumudeckux Hayk uM. A.b. bektypoBa crapimum 1abopaHToM,
MJAIIMINAM, CTaplIMM Hay4HbIM COTPYIHHKOM, ¢ 1972 r. 3aBenyromum
nmaboparopuell CHHTe3a MOHOMEpPOB, Tociie peopranuzanuu B 1996-2010
IT. 3aBeayroummM jiadoparopueil Hedprexummuueckoro cunreza. C 1994 no
1996 r. Ob1  akageMukoM-cekperapeM — OTaeneHUss  XHMHKO-
TexHoJornueckux Hayk u wieHom lIpesunnyma HAH PK. npeacenarenem
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CEKLMU XMMHKO-TEXHOJOTMYECKUX HayK BpIcIIero HayyHO-TEXHHUUYECKOIO
CoBera npu MuHucTepcTBe Hayku U BbIciiero oopazoBanus PK (1999),
npeacenaTeneM CeKIMU XMMHUKO-TEXHOJOTHUECKUX HayK pabodel TpyIIbI
Bericuieli HayuHo-TexHHueckoi komuccuu npu [Ipasutensctse PK (2000).

B 1965 r. I.X. CembaeB 3ammTUI KaHIUAATCKYIO TUCCEPTAIUIO, B
1982 1. - mokTopckyro. B 1986 r. eMy ObLIO MPUCBOCHO YYEHOE 3BaHUE
mpodeccopa. B 1994 r. .X. CembaeB Obu1 uU30paH UJICHOM-
koppecnonnentom HAH PK, B 2003 roa cran akanemukom HAH PK.

OcHOBHBIE HaIIPaBICHHU HAYYHBIX UCCIIEIOBAHUI: pa3paboTKa HOBBIX
MOJXOJIOB K CHHTE3Y OKCHUIHBIX KaTaau3aTOpPOB, OOJIAAOLIUX BBICOKOM
3¢ (HEeKTUBHOCTBIO B  OKHCIEHUHM U  OKHCIUTEIHHOM aMMOHOJH3E
apoOMaTHYECKUX COCAMHEHUN B KUCIIOTHI, aHTUAPUIbI, HUTPUIJIBI U UMH/IBI,
HeoOXOauMBbIE Ui CHUHTE3a TOJMMEpPOB, HMOHOOOMEHHBIX  CMOII,
OHMOJIOTMYECKH aKTUBHBIX BEIECTB, IEKAPCTBEHHBIX CPE/ICTB.

Pesynbratel TBopueckux mouckoB J[.X. CembOaeBa M €ro y4eHUKOB
00001eHsl B MoHOTpadguu u Oosee yem 500 HayuyHBIX CTaThsiX, Oonee 50
AaBTOPCKUX CBUJIETENIbCTBAX W TMATEHTaX, a TaKXe JOJOXKEHbl Ha
MexyHapoAHOM KOHrpecce Mo KaTanu3y U EBporelickix KOHrpeccax o
karamuzy (1993, 1995, 1999). Ero noknanbl ObLTM TpeCTaBICHBI Ha
Cosercko-Anonckom (1970) wu  Kazaxcrancko-Munuiickom  (1999)
ceMuHapax o karaiausy. Ilog pykoBoacteom J1.X. CembaeBa 3amuiieHs! 9
KaHJIUJATCKUX U OJIHA TIOKTOPCKAsl JUCCEPTALUH.

A.X. CembaeB paszpaborain IIPUHLATIBL peryaupoBaHus
n30MpaTeIbHOCTH JNEUCTBHUS OKCHJIHBIX MHOT'OKOMIIOHEHTHBIX
BaHaMHCOJepKAIMX KaTaau3aToOpoOB IyTE€M HaNpaBIEHHOTO M3MEHEHUS
PEaKIMOHHON CIOCOOHOCTH OKCcHla BaHaausa. Ha oCHOBE 3THX MPUHIUIIOB
[0Jl €ero HayajioM CO3JaHbl HOBbIe H(QQEKTHBHbIE KaTalau3aTopbl U
paspaboraHa ux TexHojorus. OIUMH M3 HHUX CTajl MpPEeAMETOM
JTUIEH3MOHHOTO W TaTeHTHoro corjameHuit (1993) mexnay MuctutyTom
xumuyecknx Hayk HAH PK wu xommanmeit Lonza (IlBeiinapus),
SBJSIOIIENCA KPYIHEHIIUM Mpou3BoAuTENeM BuUTamMuHa PP B Mumpe.
Karanusarop 3amatenroBaH B 55 crpanax mupa: Pecnyonuke Kazaxcran,
CHIA, Poccuiickoit @enepauun, AHriauu, ['epmanuu, @panuuu u ap.

3a ycnemHyroo HayuHyio pabory JlaypeH XamMHMTOBHY HarpaxicH
Menanblo «3a mo0necTHeId Tpya B o3HameHoBaHue 100-metus co aHA
poxxnenus B.W. Jlennna», rpamoroit BepxoBHoro Cosera Kaszaxckoit CCP
u rpamoramu npesuanyma HAH PK.

Konnekmue AO «Hncmumyma Xumuueckux nayk umenu A.
bexmyposa
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[TpaBuna odopmiieHns craTei B XKypHaie
«XUMHYECKHUM KYPHAJ KASAXCTAHA»

1. OBIIME ITOJIOKEHU A

Kypuan «Xummueckuii xypaan Kaszaxcrana» (ISSN 1813-1107, eISSN 2710-1185)
BBITTycKkaeTcst opaeHa TpymoBoro KpacHoro 3namenn AO «MHCTUTYTOM XHMHYECKHX
Hayk uM. A.b. bektypoBa» 4 paza B rom m myOJMKyeT pabOTHI MO ITUPOKOMY KPYTY
(yHIaMEHTABHBIX, IPUKIAIHBIX 1 HHHOBAIIMOHHBIX HCCIICIOBAHUHA B O0JIaCTH XUMUH U
XUMHUUYECKON TEXHOJIOTHH.

SI3pIkM TyOMUKAIMK: Ka3aXCKHUU, PYCCKUA, aHrnmuiickuii. JKypHan HHACKCHpYETCS
KasaxcraHnckoit OHOMMOMETPHYCCKONW CHCTEMOH H BKIOYCH B llepedeHb W3IaHUA,
pexoMeHayeMbiXx KoMuTeToM 1m0 KOHTpOi B cdepe 00pa3oBaHMS H  HAyKH
MunucrepcTBa o0pa3zoBaHuss M Hayku PecnyOmuku Kazaxcran ansg myOnukanuu
OCHOBHBIX Pe3yJIbTATOB HAYYHOH EATEIHHOCTH.

W3nanne umeet crneayromue pyopuku:

1. O630pHbIe cTaThu 10 20 MeYaTHBIX CTPAHUI]

2. OpuruHambHBIC cTaTh¥ (70 8—10 MeYaTHBIX CTPAHMII)
3. Kparkue coobmmenus (10 4—5 meyaTHBIX CTPAHMIT)

2. IPEJICTABJEHME CTATEM

Pepakuus mpuHHMAaeT cTaTbU OT Ka3aXCTaHCKUX M 3apyOexXHbBIX aBTOpoB. B memsax
nomynspuzanuu JKypHana, pelakIlHOHHON KOJUIeTHel MPUBETCTBYETCs NpUEeM CTaTell Ha
AHIJIMICKOM SI3BIKE.

s perucTpanuM M NyOJMKalMU CTAThHM MaTepUaJl CTaThbH MNPEACTaBISECTCA B
pelaKIMI0 dYepe3 CHCTEeMy JJIEKTPOHHOM momaud cTaThu Ha caiite XXypnana
(https://lwww.chemjournal.kz/) B komriekTe O CleIyONIMMHU JOKYMEHTAMHU:

1. DmextpoHHas Bepcust crathu B popmarax Word u PDF co BCTpOSHHBIMH B TEKCT
TaOIUI[AMH, CXEMaMH, pUCyHKamu (¢aiinm momkeH OBITh Ha3BaH NO (haMIIIMK TIEPBOTO
aBTOpa Ha aHTJIMHCKOM SI3BIKE).

2. ConpoBoUTEIFHOE MHCHEMO, 3/ipecoBaHHOE B Penakio XnMHYECKOro XypHaia
Kazaxcrana or opraHm3anuy, B KOTOPOH JaHHOE HCCIICOBAHUE BBINOJHEHO, C
YTBEpP)KJICHHEM, YTO MaTepuay PyKONMCH HUTAEe He MyOiMKoBaicsi, HE HAXOOUTCA Ha
paccMOTpeHHMH Ul ONyOJIMKOBaHUS B JAPYIHX J>KypHajJaX M B MaTepHalax CTaThbU
OTCYTCTBYIOT CEKpETHbIE JTaHHBIC. B CONMPOBOANTEIFHOM NMUCHME YKA3bIBAIOTCSA CBEACHUS
00 aBTOpe s KoppecToHaeHIN: PaMmins, UM U OTYECTBO aBTOPA, CIyKEOHBIH anpec
€ YKa3aHHEM ITOYTOBOTO MHIEKCA, a/Ipec AIEKTPOHHOH mouThl, TeredoH u ORCID.

3. Bce cratbu, ony6iaukoBaHHbIe B XUMUueckoM xypHaie Kazaxcrana (ISSN 1813-
1107, eISSN 2710-1185) myOnmkyrorcst B OTKpHITOM pgoctyne. UroObl obecnednTh
CBOOOIHBIA JIOCTYH 4YHTaTelIsM M HOKPHITH pPacxoJsl Ha SKCIHEPTHYIO OLEHKY,
pelaKTHpOBaHUe, IOJIEpP)KaHUE CalTa JKypHala, MJOJTOCPOYHOE AapXHBHPOBAHUE WU
BeJCHHE JKypHajla, B3WMaeTcs Iulata 3a oOpabotky crareu. I[lpaBuia omatel 3a
oIy OJIMKOBaHNe IPUHATOHN K TIe4aTH CTaThH HaXOIATCS B OTAEIBHOM JOKYMEHTE Ha caiite
Kypnana «Omnara 3a ormyOIMKOBaHHEY.

4. CraTpe IPUCBAMBACTCS PETUCTPAIIMOHHBIA HOMEP, KOTOPBIA cO00IaeTcs aBTopam
B TEYEHHE HEJENN MOCIe MONyYeHHs yKa3aHHOTO IEepedHs JOKYMEHTOB; Ha 3TOT HOMEP
HEOOXO/IMMO CCBUTATHCS TPH MEPEIUCKE.
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5. TlpuHATBIM K TI€YaTH CTaThsIM IMPUCBaUBaeTCsS NHU(POBONW HIESHTHPUKATOD
(DigitalObjectldentifier — DOI).

6. YuutbiBas HEBO3MOXXHOCTH IPOBOJMUTH CTAaThM Ha Ka3axCKOM sI3BIKE Yepes
CHCTEMy aHTHIUIarHaT, OyAyT YYHTHIBaThCS (POPMYIMPOBKH DPEHEH3CHTOB H PEIICHHE
M3M1aTENbCKOM KOJIETHH.

7. CTaTh¥ TOKHBI OBITH O()OPMIICHBI COTJIACHO IIA0JIOHY, KOTOPHI MOXKHO CKayaTh
B pazaeine «OTmnpaBka MaTepuanoB» Ha caiite Xumuueckoro XKypnana Kazaxcrana.

3. CTPYKTYPA NYBJIMKALIUIA

3.1. B Haudaje 0030poB, OPUIHHAJBHBIX CTAaTeld M KPaTKHX COOOIIeHMii Ha
MIEPBOM CTPOKE YKA3bIBACTCSI HOMEDP IO YHHUBEPCATHLHOW NECATHYHON KIIaCCH(UKAINU
(VK mmu UDC), cooTBETCTBYIONIMIA 3asABICHHON TeMe. JlaeTcst MPONMCHBIMEA OYKBaMH B
BEpXHEM JIEBOM YyIiy. Takke Ha MEpBOM CTPOKE CIpaBa IPOMHCHBIMA OyKBaMH
nonyxkupHsiM mpudom Ne 14 ykaseiBaeTcs HasBauue xypHara XUMHUYECKHIA
KYPHAJI KA3AXCTAHA (KA3BAKCTAHHBIH XHWMUSA JKYPHAJIbI,
CHEMICAL JOURNAL OF KAZAKHSTAN), roa, Homep.

3.2. Jlanee uepe3 CTPOKY MPHUBOAUTCS MEXTyHAPOIHBIN CTaHAAPTHBIA CepUaNbHBINA
HoMmep xypHana (ISSN 1813-1107, eISSN 2710-1185) u Ha cnenyromei cTpoke cieBa
npusoautcst DOI: xoTopslit OyneT UMeTh 3HaUeHHE TOCIIe IPUHATHS CTaThH K IeYaTu.

3.3. Jlanee, mocne OTCTyma CTPOKH YyKa3bIBaeTcCs 3arjiaBHe CTATBH MPONUCHBIMU
OykBamu, mpudrt Ne 14 — momy>KHpHBIH, BbIpaBHHBaHHE TEKCTa MO LEHTpY. Ha3Banue
JOJDKHO MAaKCHMAJFHO TIOJIHO W TOYHO ONKCHIBATH COJACP)KAaHWE CTaThH, BKIIOYATh
KITIOUEBEIC CJIOBA, OTPAXKAIOIINE HAIIPABICHUE W/WIH OCHOBHOHN PE3yNIbTaT HCCIICIOBAHUS,
HO B TO K€ BPeMsI OBITh KOPOTKHUM U SICHBIM U HE COJIEPKATh COKPAIIICHHIH.

3.4. lanee, nmociie OTCTyNa CTPOKH, YKa3bIBAIOTCS HHULHUAJIBI M (paMuIuu aBTopa(-
OB) CTpOYHBIMH OykBamu, TPUPT Ne 12 1Moy KUPHEIA, KYpCUB, BRIPABHUBaHUE TEKCTA TI0
neHTpy. @®ammnms aBTOpa, C KOTOPBHIM CIEIyeT BECTH NEpENNCKy, IOJDKHA OBITh
oTMmeueHa 3Be3n0ukoii (*): C.C. Camaesa™, A.M. /[ycybananuesa.

3.5. Yepes ctpoky mpudprom Ne 12, cTpouHbIMH OyKBaMH, KYpPCHUBOM C
BBIPAaBHUBAHMEM TEKCTa MO IIGHTPY CJIEAyIOT HaMMeHOBaHMe(s) opraHu3anmm(ii) C
yKa3aHHEM YacTH Ha3BaHUS OPTaHU3AIMH, KOTOPAsi OTHOCUTCS K MOHATHUIO IOPUIMUECKOTO
nuna (B aHMVIMHCKOM TEKCTe HEOOXOMMMO YKa3bIBaTh O(QHIMANBHO MPHUHATHINA IEpPeBO
Ha3BaHU:A), TOPOJ, CTpaHa. B aHTTMIICKOM BapHaHTE agpecHBIC CBEICHUS JOJDKHBI OBITh
MIpeICTaBIICHEI HA AaHTJIMHACKOM SI3BIKE, B T.4. TOPOJI M CTpaHA.

Crpokn ¢ ¢damMmwmmsaIMy aBTOPOB W HA3BaHUSAMH OPTaHW3AIM  CoOJepKat
HAJICTPOYHBIE MHJIEKCH (Tmocie QaMwiIMM W Tepel Ha3BaHWEM OpraHW3aluy),
yKa3bIBalOLIME Ha MECTO pabOThI aBTOPOB.

Ha cnenyrommeii ctpoke KypcuBHBIM HauepTaHueM, mpudt Ne 12, ¢ BeIpaBHUBaHHEM
TEKCTa 10 IEHTPY YKa3bIBAETCs FIEKTPOHHBIN aapec sl MEePETTHUCKH.

3.6. Pe3tome (Abstract, Tyiiingeme) cocrout u3 Kparkoro tekcra (He menee 150—
250 cmos, mpudt Ne 12) Ha s3pike crarth. AbStract myGmukyercs B MEXTyHAPOIHBIX
6a3ax, JaHHBIX B OTPBIBE OT OCHOBHOTO TeKcTa. Pe3toMe JODKHO OBITH aBTOHOMHBIM, BCE
BBOJUMBIC 0003HAUECHHSI U COKPAIIEHUSI HEOOXOAMMO pacuIu(poBaTh 371ECh Ke.

[IpuBeTCTBYETCSI CTPYKTypHPOBAaHHOE PE3IOME, MOBTOPSIONIEE CTPYKTYPY CTAaThH H
BKITIOYAIOIICE: GBeOeHUe, UYeau U 3a0ayu, Memoowvl, pe3yibmamsl U 00cydcoeHue,
3akaodeHue (6b1600b1). B TO ke BpeMs, IIeIH U 33aJja4d ONHMCBHIBAIOTCS, €CIIM OHU HE SICHBI
W3 3arjiaBus CTaTbd, METOIBI CIIEIYET ONUCHIBATH, €CIM OHM OTJIMYAIOTCS HOBU3HOH. B
pe3toMe BKJIIOYAIOTCS HOBBIE PE3yNbTaThl, UMEIOIUE JOATOCPOUYHOE 3HAYECHUE, BaXKHbBIE
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OTKPBITUS, ONPOBEPrarollie CYyLECTBYIOIIUE TEOpUU, a TaKXkKe JaHHBIE, HMEIOLINe
mpakTudeckoe 3HadeHue. CleayeT UCIONb30BaTh TEXHUYECKYI0 (CHELUaNbHYIO)
TEPMHUHOJIOTHIO BallleH AUCIUIUINHEL.

Pestome maercst 6e3 ab3amHOTrO OTCTyINa CTPOYHBIMH OYKBaMH, OHO HE JOJDKHO
colep)KaTb HOMepa COeANHEHHH, YKCIICPUMECHTANBHBIC JAaHHBIC U CCBUIKH Ha JINTEPaTypy.
Pe3roMe TOIBKO OTHO — B HaYaje TEKCTA.

3.7. Jlanee Ha sA3bIKE CTAThH O3 a03aITHOTO OTCTYIA CTPOYHBIMH OYKBaMH MIPUPTOM
Ne 12, BBIpaBHUBaHHUE TEKCTA IO JIEBOMY Kparo MPHUBOJATCS KJI0UYeBbIe cJioBa (OT 5 10
10 mt.), o6ecrieunBaronye HanboIee MOTHOE PACKPHITHE COACPKAHHS CTAThH.

3.8. B kparkux coo0meHusx npusoautcs pestome (150200 cnoB), kiIrodeBbIe
CJIOBa, HO JEJICHUS Ha pasjensl He TpeOyercs. JlaeTcs TEKCT KpaTKoro COOOIIECHHS Ha
OJIHOM U3 TPEX SI3bIKOB C BBINOJIHEHUEM TpeboBaHuil k Y /1K, Ha3BaHUIO CTaThH, EPEUHIO
ABTOPOB, HAMMEHOBAHUI OpraHU3alMi, B KOTOPbIX OHU pabOTaIOT, YKa3aHUIO aBTOpa JJIs
Nepenucky. B TekcTe KpaTkoro cooOLIEHUs NPHUBOAATCS KOHKPETHBIE CYIIECTBEHHO
HOBBIC Ppe3yJbTAaThbl, Tpelyloue 3aKpelvieHHs NPUOPUTETA C HEOOXOIUMBIMU
OKCHEPUMCHTANEHBIMA ~ TOAPOOHOCTSAMH.  3aTeM  CIeAyloT:  uHhopMamwms o
(uHAHCHPOBAHUH, OJATOAAPHOCTH, CBEJACHHS O KOH(MIUKTE UHTepecoB, HHpopmarms oo
aBTOPAX W CIHCOK JINTEPATYPHIL.

3.9. Cratbs HauyMHAaeTCI C BBEAeHHS, B KOTOpPOM (OPMYJIHPYETCS Melb H
HEOOXOAUMOCTh TIPOBEICHUS UCCIICIOBAHMS, KPATKO OCBEIIASTCS COCTOSTHHE BOIPOCa CO
CChUIKaMH Ha HauboJjiee 3HAuYMMble MyOJIMKAMK ¢ M30EraHueM CChUIOK Ha YCTapeBLIME
pe3ynpTaThl. M3maraioTcs OTKpPBITHA, CHOENaHHBIE B XOJA€ JAaHHOTO MCCIIEIOBaHUS.
VkasbIBaeTcsl CTPYKTypa CTaThbU.

3.10. DkcnmepuMeHTAJILHAsI YacTh COJEPXKUT OIHUCAHHE XOJa M pe3yJIbTaToB
9KCIEPUMEHTA, XapaKTepUCTHKY MOJTyYeHHBIX COCTUHEHUH. B Hauaie
SKCHEPUMEHTAIBHOW  YaCcTH  NIPUBOIATCS  Ha3BaHMS  NPUOOPOB, HA  KOTOPBIX
3apETUCTPUPOBAHBl (PU3UKO-XUMHUYECCKHE XapAaKTCPUCTHKH BEIIECTB M YKa3bIBAIOTCS
YCIIOBHSI HM3MEPEHHUsS; TaKKe YKa3blBalOTCS JIMOO HCTOYHUKH — HCIIOJIH30BAHHBIX
HETPUBHUAIBHBIX PEarcHTOB (HAIpUMeEp, «KKOMMEpUYECKHe MpenapaThl, Ha3BaHUE (PUPMBD»),
00 AFOTCS CCHUIKM HAa METOIUKH WX TTOJTyYCHHS.

Kaxpgprit maparpad SKCHEpUMEHTANBHOW YacTH, ONHMCHIBAIOIINN IIOTyYCeHUE
KOHKPETHOTO COCIMHCHHS, [OJDKEH COIepKaTh €ro TMOJHOC HANMEHOBAHHE IIO
Homenkiaatype UIOITAK u ero nmopsiikoBslii HOMep B cTaThe. B MeToankax o0s3aTenbsHO
yKa3plBaTh KOJNMYECTBA PEAreHTOB B MOJBHBIX M MAcCOBBIX eIUHMIAX (I
KaTaJn3aTOPOB — MAacCy M MOJIbHBIE NPOIEHTHI), 00BeMBI pacTBopuTeneil. MeTtoauka
9KCIEPUMEHTA M3JIaraeTCs B npouteduiem BPeMEHH.

J1s M3BECTHBIX BEIIECTB, CHHTE3MPOBAHHBIX OMYOIMKOBAaHHBIM paHEE METO/OM,
HEOOXOAMMO IPHUBECTH CCBUIKY Ha JINTEpPAaTypHbIE JaHHbIE. J{1s M3BECTHBIX BEILECTB,
MOJyYCHHBIX HOBBIMH WM  MOAHMDUIIMPOBAHHBIMA  METOJAMH, IOJDKHBI  OBITh
NIPE/CTaBICHBI MX (M3MYECKHE U CIIEKTPAIbHBIE XapaKTEPUCTHKHU, UCIIOJIb30BAHHBIE IS
TIOJTBEPKICHNST MIICHTUUYHOCTH CTPYKTYDBI, METOJ] CHHTE3a M CChUIKA HA JINTEPaTypHBIE
JTAHHBIC.

Jns Bcex BIEpBBIE CHHTE3MPOBAHHBIX COEAMHEHHI HEOOXOIMMO NPUBECTH
JIOKa3aTeNbCTBA MPHUIMCHIBAEMOTO UM CTPOCHHUS M JaHHBIE, TIO3BOJIAIONINE CYIUTh 00 HX
MHAWBHIYANbHOCTH W CTENEHHW YUCTOTHI. B YacTHOCTH, MOJDKHBI OBITH IPEACTaBICHBI
JAHHBIE JIEMEHTHOTO aHAJIN3a WIIK Macc-CHEeKTPHI BEICOKOTO paspemteHus, MK crekTpsr u
cnextpsl IMP *H u °C.
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JlaHHBIE PEHTTCHOCTPYKTYPHOTO aHAlM3a MPEACTABIAIOTCS B BHIE PUCYHKOB H
Tadaui. Bce HoBbIe coennHenns, 1anabie PCA KOTOPBIX MPUBOJATCS B CTAThE, TOJDKHBI
ObITh 3aperucTpupoBanbl B KeMOpuIKCcKoii 0a3e CTPYKTYPHBIX JaHHBIX U HMEThH
cootBercTBytommue CCDC Homepa.

Ecnn, mo MHEHMIO peleH3eHTa WM pelaKTopa, HOBbIE COCAMHEHUS He ObUIN
yJIOBJIETBOPHUTEIHHO OXapaKTEPU30BaHbl, CTaThsl HE OyJIeT NPUHSATA K NIeYaTH.

Ipumep METOAUKH: 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 yield of the product 12 was 2.05 g (63%), mp 226228 °C, Rf 0.82
(1/2, EtOAc/hexane as eluent). Calculated, %: C 68.56; H 4.32; N 9.99 for C1sH12N20s.
Found, %: C 68.41; H 4.22; N 9.83. Spectral data.

Brumanue! B cTaThsiX, TOCBSIICHHBIX CHHTE3y HOBBIX COCIWHCHHH, IOIMYCKaeTCs
pa3MeleHne IKCNePUMEeHTAIBHON YacTH 3a pasfenoM Pe3yabTaThl U 00cy:KaeHue.

3.11. B pazgene Pesyabrarhl m o00cyxIeHUe, KOTOpBIH sBIsSETCS HambOolee
Ba)XHBIM, CJIEyeT OOCYIUTh M OOBSCHHUTH IIOJy4YeHHbIE B paboTe pe3yJabTaThl,
MIPOAaHATU3MPOBATh OCOOEHHOCTH CHHTE3a, MPOAEMOHCTPUPOBATh U YKa3aTh BO3MOIKHBIE
OTpaHUYCHUA. HpOBeCTI/I CpaBHCHUC IIOJYYCHHBIX PE3YJIbTAaTOB C OHy6JII/IKOBaHHI)IMI/I
panee. Bce HOBBIE COEOUHEHUS MJOJDKHBI OBITh MOJHOCTBIO OXapaKTePHU30BaHbBI
COOTBETCTBYIOIIUMH CHEKTPATGHBIMA U PYTHUMH (QH3UKO-XMMHYCCKUMHU JaHHBIMH. B
TeKCTe OOOOIIAIOTCS W PA3BACHAIOTCA TOJBKO T CHEKTpPalbHBIC IaHHBIC, KOTOPHIE
WCTONB3YIOTCS AN TOATBEPKICHHUS  CTPYKTYPHl  TIONYYEHHBIX  COCTUHCHUH.
[lepeunicieHne OOHMX M TEX JK€ JaHHBIX B TEKCTe, TAONUIIAX M HA PHCYHKAax HE
Joryckaercs. [ HOBBIX METOJOB CHHTE3a JKEIATEIBHO OOCYIUTh MEXaHU3M PEaKIIHH.
Hns 0000mmeHnst JTaHHBIX HEOOXOIUMO HCIOJB30BaTh MOHSATHBIC PUCYHKH W TaOIHIIBL.
HpeI[CTaBHeHHI)Ie JAHHBIC JOJDKHBI TOA1aBaTbCA MHTEPIIPETAIIUN.

Ilpu oOcyxaeHHH pE3yNbTaTOB  CIEAYEeT IPUACPKHBATHCS  OQHUIUAIBHOM
tepmunosioruu [UPAC. Pe3ynpTaTsl pekoMeHaAyeTcs U31araTh B IPOLIEANIEM BpeMEHH.

OOcyskaeHne He MODKHO TOBTOPSATH OINMCAaHHE pPe3yJIbTaTOB HCCleNOBaHHUA. B
TEKCT€ JIOJDKHBI OBITh HCIIOJNB30BAaHBI OOLIENPUHATHIE B HAyYHOH JHTEparype
cokparieHus. HecTaHDapTHBIE COKpAmICHUS JMOJDKHBI OBITH pacmm(poBaHBl TIOCHE
MEPBOTO TMOSIBIICHUST B TeKCTe. EJWHWIBI W3MepeHWid MODKHBI OBITh YKa3aHBI B
MexnyHapoanoit cucreme CH.

3.12. 3arem pexomeHnyercs cHOpMyIMpOBaTH 3aKJII0UeHHEe, B KOTOPOM YyKa3aTh
OCHOBHBIE JOCTHXEHHUS, IPEACTaBICHHbIE B CTaTbe, U OCHOBHOM BBIBOJ, COZIEpKaIUH
OTBET Ha BOIPOC, MOCTABJICHHBIA BO BBOJHOW 4YacTH CTaThH, a TaKKe BO3MOXKHOCTb
HCIIOJIb30BAaHUA marepuaia CTaTbHu B (I)yH}laMeHTaHI)HLIX HIIN IIPUKJIaTHBIX
HCCIICTOBAHMSIX.

3.13. [IpuBoautcs uaGOpMAIHSI O PUHAHCHPOBAHUYU WCCIICTOBAHUA.

3.14. BolpaxkaeTcst 6J1aro1apHoOCTh TEM, KTO TTIOMOT BaM B IMOATOTOBKE Balei
paboThI.

3.15. B pykommcu JOMKHO OBITh 3asBICHO O TOM, HMEETCS JU KOHQJIMKT
HHTEPecoB

3.16. B undopmammn 00 aBTOpPax YKa3bIBalOTCA: Yy4d€Has CTENEHb, 3BaHUE,
noikHOoCTh, e-mail, ORCID.
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3.17. CraTbs 3aKaHYMBAETCS CHUCKOM JIMTEPATYPhI CO CCHUIKAMU Ha PYyCCKOM (MM
Ka3aXCKOM) f3bIK€ M CCBUIKAMH Ha s3bIke opuruHana. CChUIKM Ha JIUTEpaTypHBIE
UCTOYHMKHM B TEKCTE IMPUBOJATCS IMOPSIKOBHIMUA apaOCKMMHU LdpaMu B KBaJpaTHBIX
ckoOKax 1O Mepe yHmoMHHaHMA. Kaxmas cchulka MOJDKHA COJCP)KAaTh TONBKO OJHY
nuTepaTypHyto ImTary. CIHCOK JHTEpaTypbl JODKEH OBITh NPEICTaBIeH Hamboiee
CBEKHUMH W aKTyalIbHBIMH MCTOYHHKAaMH 0€3 M3IHIIHEro caMOonuTHpoBaHusA(He Oonee 20
nporeHToB). s crared kemareneH cnMcoKk w3 He MeHee 10 CCBUIOK CO CTpOKaMHu
JOCTyTIa B MHTEPHETE.

3.18. Obs3atensHa uHopManusa 00 aBTopax. B Hell ykasbpIBaloTCS: ydeHAs
CTeleHb, 3BaHKE, JTOHKHOCTH, e-mail, ORCID, dpamuJiusi, uMs, 0T4€CTBO MOJHOCTHIO Ha
Tpex sI3bIKax.
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Comcok  mutupyeMod — nuTepaTypel  oopmisieTcss B COOTBETCTBHH  C
HIDKETIPUBEACHHBIMH 00pa3iiaMu oubimorpaduueckux onucanui (4.8.).

3.19. B KoHIe CTaThM IOCJIE CIHCKA JIMTEPATypPbl OONOIHUMENbHO TIPUBOIUTCS
nepeBoj Pe3tome Ha kasaxckuit (Tyiinaeme) u Ha anriuiickuit s3eiku (Abstract). Cnoso
Pesiome (Abstract, Tyiiingeme) maercs mo wnentpy. Ha cremyromieir crpoke ¢
BBIPABHUBAHUEM I10 JIEBOMY Kparo NPOIUCHBIMHE OyKBaMH MOJY>KUPHBIM IpudTom Ne 12
MPUBOJWTCS Ha3BaHWE CTaThbH. YUepe3 CTPOKy Oe3 abd3amHOro OTCTyIa KypCHBOM,
TTOJTY>KHpHBIM TIprudToM Ne 11 JaroTcst HHUIMAIB! U aMIIINA aBTOPOB.

Ha cnenyromeit cTpoke 6e3 ab3amHOTO OTCTyHa KypCHBOM, CTPOYHBIMH OyKBaMmw,
mpudrom Ne 11 mpuBozsTCs MecTa pabOTHI aBTOPOB ¢ HaACTPOYHBIMH MHJIEKCAMH (IIOCIIe
(aMunnu ¥ Tepen Ha3BaHWEM OPTaHHM3ALNM), YKa3bIBAIONINE Ha MECTO pabOThI aBTOPOB.
3areM dyepe3 CTPOKY ¢ a03alHOTO OTCTYIA C BBIPABHMBAHHEM TEKCTa IO IMUPUHE HICT
TEKCT pe3toMe, HaOpaHHBIN CTPOUHBIM HiprdTom Ne 12.

Janee uepe3 cTpoky ¢ ab3allHBIM OTCTYIIOM CTPOYHBIMHU OykBamu HipudTom Ne 12, ¢
BBIPAaBHUBAHMEM TEKCTa 10 HIMPHHE IPUBOIATCS KJIKOYeBbIe cjaoBa (oT 5 mo 10 mrt.),
obecrieunBarolie HandoJee NOJIHOE PACKPBITHE CO/ICPKAHUS CTAThH.

3.20. [ns cratelt, mojaBaeMbIX Ha SI3bIKE, OTJIMYHOM OT aHTIUICKOro (Ha Ka3aXCKOM
WM PYCCKOM SI3bIKE), B KOHIIC CTaThbH HAXOAMTCSA aHrimidckuii Omok (Abstract,
Information about authors, References).

3.21. Bce cTpaHUIlbl pyKOIIMCH CIEAYET MPOHYMEPOBATh.

4. TPEBOBAHUS K O®OPMJIEHUIO PYKOIIMCEN

4.1. O0beM cTaTby, BKIIOYAs aHHOTAIUIO U CITUCOK JINTepaTyphl: 10 8—10 cTpaHwmII.
O063zopHbIe cTathil MOTYT ObITh 10 20 crpanmn. CraTbs AOJDKHA OBITH HameyaTaHa Ha
onHoi cropore smcrta A4 mpudptom Times New Roman, pasmep keras 14 ur;
MEXCTPOYHBIH MHTEPBall — OAMHAPHBIA W moysiMu: BepxHee — 2.0 cM, HmxkHee — 2.0 cm,
neBoe — 3.0 cM, mpaBoe — 1.5 cM; paccTaHOBKa MEPEHOCOB HE JOMYCKAETCs; a03aIlHbIi
orcrym — 1.0 cM; popmarupoBanue — 1o mupuHe. J{oKeH ObITh UCITOIB30BAH TEKCTOBBIM
penaxrop Microsoft Word for Windows, B Buze doc-daiina, Bepcust 7.0 u GoJjiee mo3aHHe.

Js KpaTKoCTH ¥ HarIJHOCTH OOCYXIICHHS COCIMHEHHs, YIIOMHHaeMble Ooiee
OJIHOTO pasa, CleAyeT HyMepoBaTh apa0CKMMM LM(paMu B COUYETAHHUH CO CTPOYHBIMHU
JIATHHCKUMH OykBaMu (Juis 0003HA4YEHHs COCJMHEHHH C NMEPEMEHHBIM 3aMECTUTEIIEM).
[Tpn ynoMuHaHNY MTOJTHOTO HAa3BaHUs COSANHEHNS MH(P TaeTcs B CKOOKaX.

CrepeoxnuMu4eckne CHUMBOJIBI M TPUCTABKH, XapaKTepU3YIOLIHE CTPYKTypHbIE
0COOCHHOCTH WJIM TIOJIOXKEHUE 3aMECTHTENsI B MOJIEKYJe, cilelyeT HaOupaTh KypcHBOM
(italic): (R)-smanTHOMEp, Mpem-OyTUI, napa-KCWIOIL. BMeCTO I'pOMO3JKHX Ha3BaHUMN
HEOPraHUYECKHX U YacTO YIOTPEOIISIeMbIX OPIraHUUECKHX COCAMHEHHUI ClleyeT 1aBaTh UX
¢dopmynsl: NaBr, TsOH Bmecto Opomua HaTpus M TOMyosCyiabhoHOBas KucioTa. Ilpn
HCIIONIb30BAaHUM TEPMHHOB M O0O3HAYCHH, HE HMMEIONIMX [IMPOKOrO NPUMEHEHUs B
JUTEpAType, UX 3HAYCHHs TOSICHSAIOTCS B TEKCTE MU MEPBOM YHOTPEOICHHN: HAIIPHUMED,
oy tuneHTepedTanat (IIDTD).

Jis n300paskeHUs] CTPYKTYPHBIX (OPMYJTT XMMHUYECKHX COEAWHEHHH HEO0O0XOANMO
UCIIONB30BaTh pefakTtop xumudeckux ¢opmyn ChemDrawUltra. Bee waamucu Ha
cXeMax IpPHBOJATCS Ha AHIVIMHCKOM s3bIKke. B cxeme HeoOXoanmMo yKasblBaThb BcCe
YCIOBHUSL pEaKIMi: HaJl CTPEJIKOM — pearcHThl, KaTalu3aTopbl, PacTBOPHUTENH, IO
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CTpPENIKOW — TeMIiepaTypa, BpeMs, BbIXOA. Ecim ycioBusi peakimii CHIBHO 3arpyxaroT
CXEMY, HX MOKHO ITEPEHECTH B KOHEI] CXeMBbI, paclii(poBbIBas OYKBEHHBIMHU HH/ICKCAMH,
Hampumep, i: HCI, H20O, 80 °C, 5h. Takoit ke OyKBEHHBIH HHACKC JAODKCH OBITh yKa3aH
HaJl CTPEJIKOI COOTBETCTBYIOLIEH PEaKkLnHy.

4.2. YpaBHEHHUS, CXEMBI, TaOIHIBI, PUCYHKH U CCHUIKH Ha JINTEPATYPY HYMEPYIOTCS
B NOPAIKE UX YIOMHHAHHUS B TEKCTE U OO0JICHLL OblMb 6CMABAEHbL 8 MEKCM CMambu
MIOCJIE EPBOTO YIOMHUHAHUA. TaOMUIbl B PUCYHKH JOJDKHBI COIIPOBOXKIATHCS TTOIIHCHIO;
3arOJIOBKH K CXEMaM JAarOTCsI TP HEOOXOJMMOCTH.

4.3. Tlo BO3MOXHOCTH CIEIyEeT TOTOBUTH PHCYHKHM C IIOMOIIBIO KOMIIBIOTEpA.
OnHOTHITHBIE KPHUBBIE JOJDKHBI OBITH BBINOJHEHBI B OJMHAKOBOM MacIITa0e Ha OJHOM
pucynke. KpuBble Ha pHCYHKax HyMepyloTcs apaOCKuMu nudpamH, KOTOpbIe
pacun(poBHIBAIOTCS B MOJMNMCAX K pHUCYHKaMm. [l BceX PHCYHKOB HEOOXOIUMO
npencraBuTh rpaduueckue daitnel B Gopmate jpeg ¢ MUHHMANBHBIM paspemenreM 300
dpi. Hamnuicn Ha pUCYHKaxX O/DKHBI OBITh HA AHTJIMICKOM SI3bIKE U MO BO3MOXKHOCTH
3aMeHeHbI Iu(pamu, paciinppoBKa KOTOPBIX TAETCS B IIOAIKICH K PUCYHKY.

OnuHOYHBIE MPSMBIE, KaK MPABHJIO, HE TPUBOIAT, a 3aAMEHSIOT YPaBHEHHUEM JINHUN
perpeccun. Ilepeceuenne oceit KOOPAMHAT CIEAyET PAacHoaraTh B JIEBOM YIUIy PUCYHKa,
CTPENKM Ha KOHI[AX OCEH He CTaBATCS, JHWHHUH, OTPAaHMYMBAIOLINE MOJIE PUCYHKAa HE
MIPUBOJSTCS, MacmTaOHas ceTka He HaHocuTcsa. ManonH(opMaTuBHBIE PUCYHKH, HE
oOCyXJaeMble B CTAaTh€ CHEKTPHI, BOJHTAMIIEPOTPAMMBI M APYTHE 3aBHCUMOCTH HE
myOnuKyIoTcsd. PHCYHKH CHEKTPOB He J0JLKHBI ObITh BBINOJHEHBI OT pyKkH. Bce
PUCYHKH JOJDKHBI UMETh HyMepauuio apaOCcKuMu nudpamu (eciy PUCYHOK HE OJMH).
CnoBo «PHCYHOK» M HauMMEHOBAaHHE IOMEIIAIOT I10CJE MOSCHUTENbHBIX JaHHBIX |
pacmnofyiararot cienyronmm oopasom: PucyHok 1 — [letanu npubopa.

4.4. Kaxgasg Ttabamua JOJDKHA MMETh TEMaTHUYECKHH 3arojIOBOK M ITOPSAKOBBIM
apabckuii HOMep (0e3 3Haka No), HA KOTOpBIN JaeTcsl CChUika B TekcTe (Tabmuma 1).
HasBanune tabnuipl pacrionaraercst HaJl Tabiuneil cieBa 6e3 ad3amHOrO OTCTyIIAa B OJHY
CTPOKY C €e HOMEpPOM uepe3 THpe 0e3 Touku nociie HazBaHus. ['padbl B Tabimnie 1OKHBI
UMETh KpaTKWE 3arojIOBKH, OTPaXAIOIIHME MapaMeTphl, YHCICHHbIE 3HAYEHUS KOTOPBIX
TIPUBEICHBI B Ta0JIMIE; OHM MHUIIYTCS B MIMEHHUTEIILHOM MaJIeKe €ANHCTBEHHOTO YHuCia C
MIPONIMCHOM OYKBBI M Uepe3 3aIsiTyl0 COTNPOBOXIAIOTCS COOTBETCTBYIOIUMH €IUHHUIIAMA
n3MepeHus (B COKpamieHHOW ¢opme). PHCYHKM Wim CTpyKTYpHBIE (popMyIisl B Tpadax
Tabnuu He jpomyckatotcs. [Ipomycku B rpadax Npu OTCYTCTBHH JI@HHBIX 0003HAYaroT
Tpems TOYKaMH, npu OTCYTCTBUH SIBJICHUS - 3HAKOM «THpe».
[Mpumeuanns k TabiWIaM HWHACKCHPYIOTCS apaOCKHUMH IUPpaMH W TOMEUIA0TCA B
rpaHuiax Tabmauiel noj marepuanoM tabnuipl. CroBo «I[IpuMedanuey cieayer nevararb
¢ mponmcHO# OykBHI ¢ ab3ama. Ecnu nmpumeuanne omHo, TO mocne ciosa «IIpuMedanney
CTaBUTCS THUPE W NPUMEYAHHUE TIe4aTaeTcs ¢ NPONUCHON OyKkBbl. Heckonbko npumeuanuit
HYMEpYIOT 110 TOPSIKY apaOckuMmu IudpaMn 0e3 NpOCTaBICHUs TOYKH M IeYaTaroT C
abzamna. B Tabnuiax MCronb3ylOT TOT K€ MPUPT, YTO U B TEKCTE CTATbH; JOIMYCKAaeTCs
ymeHbmeHHbIH (He MeHee Ne 10 mpudrt TimesNewRoman).

4.5. Tlpu BBIOOpE €AMHMI] U3MEPEHUs] PEKOMEHIYETCSl MPHUIEPKUBATHCS CHCTEMBI
CU: 1, Mr, M, cM, MKM (MHKPOMETpP, MHUKPOH); HM (HAHOMETP, MIJUTUMHKDPOH); M
(mukomeTp); A (amrctpem); ¢ (cexynna); mun, u (yac), I'n (repi); MI'n (merarepi); D
(apcren); I'c (raycc); B (BosbT); 3B (9nektponBonbT); A (ammep); Owm, Ila (mackans);
MIla (meramackanb); rlla (rexkromackanb); JIx (mkoyms); K (kemsBun), °C (rpamyc

Henwcus); [ (ebait).
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B necsaTuuHbIX ApPOOsSIX Hesasi 4acTh OTAesdseTcsl OT JAPOOHOIl He 3ansiToi, a
TOYKOIA.

Hcnonp3yroTcss CleyIOMue COKpPAalieHHs: T.KUI. W T.IUL (TOYKH KHIICHUS W
IUTaBIIeHUs) — Tmepen nudpamu; KOHIL. (KOHIEHTPHUPOBAHHBIA Tmiepen (popmyIoi
coemuHEHUs); M — MoOIeKyIsipHas Macca); MOJb, Kaj, KKaj, H. (HOpMaibHBIH), M.
(MOJIAPHBIH); KOHIIEHTPAIMs PacTBOPOB 0003HagaeTcs (r/cMS, 1/11, MOMIB/I).

Jnsi Bcex BHepBble CHHTE3HPOBAHHBIX COeIMHEHUH 00513aTeJIbHbI JaHHbIE
3J1eMeHTHOT0 aHAJIN3a JJU00 Macc-CEeKTPhI BHICOKOTO pa3peleHus.

B 6pymmo-gopmyrax snemenTsl pacnonaratorcst B cienytomeM nopsake: C, H u
Jajiee COrjlacHO JlaTWHCKoMy aidaButy. DOpMyJbl MOJEKYJSPHBIX COEAWHEHUH U
OHHEBBIX coJiel marorcs yepe3 Touky (Hampumep, CsHsN.HCI). IIpumep 3amicn KoHCTaHT
U JaHHBIX 3MeMeHTHoro aHamm3a: T.kum. 78°C (100 mm pr. cr.), T.mwi 50°C (EtOH),
ds%°0.9809, n?°1.5256; Haiineno, %: C 59.06; H 7.05; I 21.00; N 8.01. CaHplcN¢Oe.
Berancaeno, %: C 59.02; H 7.01; 121.20; N 8.22.

UK u Y® coekrpbl. B skcnepumentanbHoit wactu ans UK u YO cnekrpos
JOJDKHBI OBITh YKa3aHBI XapaKTePHUCTUICCKHE YaCTOTHI MOJIOC, UIMHBI BOJTH MAaKCUMYMOB
MOTJIOIICHHS, KO3((GHUIMEHTH SKCTUHLIUH (MM UX JIOTapU(MBI) U YCIOBHSL, IPH KOTOPBIX
3aIcaH CHeKTp.

Hpumepwr 3anucu: UK crextp (Tonkwmii cnoit), v, cm™: 1650 (C=N), 3200-3440 (O—
H). Y@ cnektp (EtOH), Amax, HM (Ige): 242 (4.55), 380 (4.22).

Cnextpsl SIMP 'H u BC. JlomkHbl OBITH yka3aHbl pabouas dyacToTa mpuOopa,
WCTIONB30BaHHBIN CTAaHIAPT W pacTBOpUTENb. [IpOTOHBI B COCTaBe CIIOKHBIX TPYIII, K
KOTOPBIM OTHOCHTCSI CHTHAJ, CIeAyeT NONYepKHyTh cHm3y — 3.17-3.55 (4H, wm,
N(CH2CHs)2); s mostoskeHust 3aMeCTUTENEH HCIoab30BaTh 00o03HaueHuss 3-CHs; s
o00o3HaueHns mosoxkeHust atomMoB — C-3, N-4 m T.n1. Ecnm kxakoi-HHOyIb CHUTHAI B
CIIEKTpE OIMHUCHIBACTCA KaK MyOJeT, TPHUIUIET WK AyOJeT MyOJieTOB U T.I. (2 HE CHHTJIET
WA MYJBTUIUIET), HeoOxoammo npuBecTH cooTBercTByromue KCCB. Eciu mpoBeneHsI
JIOTIOJTHUTENbHBIE HMCCIIEIOBAHMS ISl YCTaHOBJICHHST CTPOEHHS WIIM MPOCTPAHCTBEHHBIX
B3aUMO/ICHCTBUIT aTOMOB, JIOJDKHBI OBITh YKa3aHbI UCIIOJIb30BAaHHBIC JBYMEPHbIE METO/IBL.
B onucanuu cnektpos SIMP 13C oTHeceHHe KOHKPETHOTO CUTHANA K KOHKPETHOMY aTOMY
yrieposia INPHUBOAUTCS TOJBKO TOIJa, KOIJa OIpEeJeieHUE IPOBEIeHO Ha OCHOBE
JIBYMEPHBIX 3KCIIEPHMEHTOB.

Ilpumepwt 3anucu:

Crexrp SIMP'H (400 MI'u, CDCls), 8, m. 1. (J, I'm): 0.97 3H, T, J= 7.0, CHs); 3.91
(2H, k,

J=17.0, COOCH?); 4.46 (2H, 1, J= 6.1, NCH>); 7.10-7.55 (6H, m, H-6,7,8, NHCH-CgHs);
7.80 (1H,
¢, HAr); 7.97 (1H, ¢, H-5"); 8.13 (1H, x. 1, J= 8.2, J= 2.3, H-5); 11.13 (1H, ¢, NH).

Cnexrp AMP3C (100 MTI'u, IMCO-ds), 8, M. a. (J, Tn): 36.3 (CH,CH3); 48.5 (C-5);
62.3
(CH2CHa); 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 TPUBOIATCS B BHZE YHCIOBBIX 3HAYCHWH M/Z M OTHOCHUTENBHBIX
3HauYeHWH HOHHOTrO ToKa. HeoOxoaMMo yKka3plBaTh METOJ W DHEPrHI0 HOHM3aIHH,
MAacCCOBBIC YHCJIAa XapaKTePUCTUYCCKUX HOHOB, WX HHTCHCHBHOCTH II0 OTHOIICHHIO K
OCHOBHOMY HOHY U TI0 BO3MOXKHOCTH HX T€HE3UC. B cilyuae XMMUYECKOW HOHH3AUU TIPU
omnucaHuM INpudopa HEoOXOIMMO YKaszaTh ra3-peareHT. B Macc-crekTpax BBICOKOTO
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paspelieHusl Hal[IeHHble ¥ BBIYUCIICHHBIE 3HAYEHUS M/Z TPUBOIATCA C YETHIPHMS
JIECATHYHBIME ~ 3HAKAMHU, €CIId HAWJCHHOE 3HAaueHWe M/Z COOTBETCTBYET HE
MOJICKYJISPHOMY HOHY, OpyTTO-QOopMyjia U BBIYKCICHHOE 3HAYeHHe M/Z TaKKe
OPHUBOAUTCS JUIS TOTO JKE HOHA.

Ipumep 3anucu oanuvix macc-cnekmpa: Macc-criektp (OY, 70 5B), M/ (lom, %):
386 [M]* (36),368 [M—H.0]* (100), 353 [M—H20-CH3]" (23).

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

Ilpumep 3anucu 0aHHBIX MACC-CREKMPA BbICOKO2O PA3DEUICHUA:

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

Brruucieno, m/z: 282.1828.

4.6. JlaHHbIe PEHTreHOCTPYKTYPHOTO WCCJIEIOBAHUS CICAYCT MPEIOCTABIATH B
BHJIE PUCYHKa MOJEKYJBl C NPOHYMEpPOBaHHBIMH atoMmamu, Hampumep, C(1), N(3) (mo
BO3MOXHOCTH B MPEACTABICHUH aTOMOB JJUIUIICO U TAMHUTEILIOBBIX KoseOauwuit). [1osHbie
Kpuctauorpapuueckue IaHHbIC, TAOMHIBI KOOPAMHAT AaTOMOB, [UIMH CBsi3eH W
BAJICHTHBIX YIJIOB, TEeMIeEpaTypHble (akTOpbl B JKypHaJe HE MyOJIHMKYIOTCs, a
nenoHupyrotes B KeMOpumkckoM OaHKe CTPYKTYPHBIX NaHHBIX (B CTaThe yKa3bIBacTCS
PETHCTPAIMOHHBIA HOMEP JICIOHCHTA).

4.7. Tlo TpeboBaHMsAM MEXIyHApOJHBIX 0a3 manHbix Scopus, Clarivate Analytics,
Springer Nature mpu OleHKe IyONMKamuid Ha S3bIKaX, OTIMYHBIX OT AaHIIIHIICKOrO,
OubnmmorpaduyecKue CIUCKH JOJDKHBI IaBaThCsl HE TOJBKO HA SI3bIKE OPUIHMHAJA, HO M Ha
natuHuie (poMaHckuM anpaBuToM). [103TOMy aBTOPBI CTATEi, MOJABACMBIX Ha PYCCKOM
M Ka3aXCKOM SI3bIKE, JODKHBI MPEJOCTABISITH CITHUCOK JHUTEPATYphl B JBYX BapHaHTaX:
00uH Ha szvike opueunana (CUCOK JUTEPATYPbI), & APYTOH — B POMAHCKOM anpasume
(References). TlocenHuii COMCOK BXOJAWUT B aHTJMHACKUI GIIOK, KOTOPBIH PACIONOXKEH B
KOHIIE CTaThH.

Ecim B cmucke ecTh CCBUIKM Ha WHOCTpPAaHHbIC ITyOJMKALMH, OHU HOJHOCTBIO
noBTopsitotcst B crucke References. Ilpu OUTHPOBaHMHM PYCCKOSA3BIYHOTO KypHala,
NEePEBOMMOT0 3a pyOeKOM, B PyCCKOA3BIYHOI Bepcun CrHcKa JUTEpaTypbl HEOOXOAUMO
NPUBECTH TOJHYIO CCBUIKY Ha pYyCCKOsA3bIYHYHO Bepcuto, a B References — na
MEXIYHAPOIHYHO.

Crrcox McTOYHUKOB B References momkeH ObITh HalMCaH TOJBKO HA POMAHCKOM
andasure- NaTuHANE (MIPU 3TOM OH [OJDKEH OCTABATHCS MONHBIM aHamorom Crmcka
JIMTEPaTyphbl, B KOTOPOM HCTOYHHKH OBLIM MPEICTABICHBI HA OPUTHHAIHLHOM SI3BIKE

OIyOJIMKOBAHUA).
Jlyist HanMcaHusl CChUIOK Ha PYCCKOS3bIYHBIE NCTOUYHUKH (M MCTOYHMKH HA WHBIX, HE
HCTIOJB3YIOIINX pOMaHCKui andasur, S3bIKAX ) CllelyeT  HCIOJIb30BaTh

ODULIUAJILHBIN TTEPEBOJI u TPAHCJIMTEPALIMIO (cm. TpeGoBaHus K HepeBoy
U TPAHCIUTEPALINH).

B References tpebyercs cienyromas cTpykrypa OHOIHOrpapuuecKoil CChUIKU U3
PYCCKOSI3BIYHBIX HCTOYHHKOB: aBTOPHI (TpaHCIUTEpanys), IEPEBO]] Ha3BaHUS CTaTbH WM
KHUTH Ha aHIVIMMCKUH S3bIK, HA3BaHWE NCTOYHMKA (TpaHCIMTEpanus — Ui TeX M3JaHui,
KOTOpBbIE HE HMMEIOT YCTaHOBJEHHOI'O pelaKIUell aHTIMHCKOro Ha3BaHUs), BBIXOJHBIE
JaHHbIEe B 1M poBOM (opMate, yKa3aHHe Ha S3bIK CTaThM B ckoOkax (in Russian wmm in
Kazakh). TpancnuTepaliiio MOXHO BBIITOJHUTH Ha caiite http://www.translit.ru.

VYcioBHBIE COKpalIeHUs] HAa3BaHUI PYCCKOSI3BIYHBIX JKYPHAJIOB M CHPABOYHHUKOB
MIPUBOJATCS B COOTBETCTBUHU C COKpAIICHUSAMH, IPUHATEIME B «PedepatnBHOM KypHaie
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XUMUs». QHIVIOSI3BIYHBIX M JIPYTHX WHOCTPAHHBIX JKYPHAIOB — B COOTBETCTBHH C
COKpAIICHUSIMH, PEKOMEHIyeMBIMH H3JaTenbcTBOM «Springer and Business Mediay:
http://chemister.ru/Chemie/journal-abbreviations.htm. it~ crareit Ha pycckoM ©
Ka3aXCKOM s3blKax Ha3BaHue XypHana «Xumudeckudl Xypuan Kazaxcrana» cienyer
cokpaate: «Xum. Kypu. Kaz» n «Ka3. Xum. KypH.» COOTBETCTBEHHO, a AJIs cTaTed Ha
anrnuiickoM si3bike: «Chem. J. Kaz.». [IpuBonsaTes hamMuiann M MHUIAAIEI BCEX aBTOPOB
(cokparenus u Jp. u et al He gomyckarTCs).

B Cnucke nuteparypst u B References sce paGoter nepeuncisitorcss B IIOPSAAKE
HUTUPOBAHMUS, a HE B andasutHOM nopsiake.

DOI. Bo Bcex ciywasx, Korga y LHUTUPYEMOro MarepHana ecTh IHU(ppPOBOI
UACHTH(HUKATOP, €ro HEoOXOAMMO YyKa3bIBaTh B CaMOM KOHIIE OITHCAHHS HCTOYHHKA.
[poBepsite Hanuuue doi y mcTouHMKa clienyeT Ha caiire http://search.crossref.org wnm
https://www.citethisforme.com.

Jns  QopmupoBaHus crnmcka JHTEpaTypsl (BceX 0€3 HCKIIOUEHHS CCHUIOK) B
Kypnane npuraT OndbmuorpaduIecKuii cranmapT 6e3 NCIOIH30BAHUS PA3ICITUTEII «//»:

Author A.A., Author B.B., Author C.C. Title of article. Title of Journal, 2005, 10,
No. 2, 49-53.

JI1 Ka3aXCKO- MM 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).

Hiokxe npuBenensl 00pasipl 0OPMIICHHUST Pa3IMYHBIX BHAOB JTOKYMEHTOB, KOTOPBIX
HEOOXOAMMO TIPUICP)KUBATHCS aBTOpaM IIpu  OGOPMIICHHH pPOMAHCKOTO CITHCKa
References.

Onucanue cTaTbH U3 KYPHAIOB:

Zagurenko A.G., Korotovskikh V.A., Kolesnikov A.A., Timinov A.V., Kardymov
D.V. Technical and economical optimization of hydrofracturing design. Neftyanoe
khozyaistvo. Oil Industry, 2008, No. 11, 54-57. (In Russian).

Omnucanne cratbu ¢ 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 MHTEpHeT-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).

HJIn

APA Style (2011). Available at: http://www.apastyle.org/apa-style-
help.aspx (accessed 5 February 2011).

N

Pravila Tsitirovaniya Istochnikov (Rules for the Citing of Sources) Available
at: http://www.scribd.com/doc/1034528/ (Accessed 7 February 2011).

Onucanue CTaTbU U3 JIEKTPOHHOTI0 KypHaJja:

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://www.ascusc.org/jcmc/vol.5/issue2/(Accessed 24 April 2011).
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Onucanne cTaTbH U3 NPOAOJIKAIONIErocs U3aHUSA (COOPHIKA TPYAOB)
Astakhov M. V., Tagantsev T.V. Eksperimental 'noe issledovanie prochnost
soedinenii «stal’- kompozit» [Experimental study of the strength of joints «steel-
composite»]. Trudy MGTU
«Matematicheskoe modelirovanie slozhnykh tekhnicheskikh sistem» [Proc. Of the
Bauman MSTU
«Mathematic Modeling of the Complex Technical Systems»], 2006, No. 593, 125-130.

Onucanue MmaTepuaioB KOHGepeHmii:

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 impact»]. Moscow, 2007, 267-272. (In Russ.)

HexenarenbHO OCTaBIATH OJHO IEPEBOJHOE Ha3BaHWe KoHpepeHIMH (B ciyuae
CCJIM HCT INCPEBCACHHOI'O Ha AHTIMHCKUH S3BIK Ha3BaHUS KOHq)epeHL[I/II/I), TaK KaK OHO
TIPH TOIBITKE KeM- 00 HANTH 3T MaTepHaibl, KACHTUDHUIHPYETCS ¢ OONBIINM TPYIOM.

Onucanue KHUru (MoHOrpagum, cCOOpHHUKA):

Nenashev M.F. Poslednee pravitel’stvo SSSR [Last government of the USSR].
Moscow, Krom Publ., 1993, 221 p.

Onucanue nepeBoOJHOM KHUIH:

Timoshenko S.P., Young D.H., Weaver W. Vibration problems in engineering.
4thed. New York, Wiley, 1974.521 p. (Russ. ed.: Timoshenko S.P., lang D.Kh., Uiver
U. Kolebaniia v inzhenernom dele. Moscow, Mashinostroenie Publ., 1985. 472 p.).

Brooking A., Jones P., Cox F.Expert systems. Principles and cases studies.
Chapman and Hall, 1984. 231 p. (Russ. ed.: Bruking A., Dzhons P., Koks F. Ekspertnye
sistemy. Printsipy raboty i primery. Moscow, Radioisviaz’ Publ., 1987. 224 p.).

Onucanue quccepTauum Uin apropedepara qucceprauuu:

Grigor’ev Yu. A. Razrabotka nauchnykh osnov proektirovaniia arkhitektury
raspredelennykh sistem obrabotki dannykh. Diss. Dokt. Tekhn. Nauk [Development of
scientific bases of architectural design of distributed data processing systems. Dr. tech.
sci. diss.]. Moscow, Bauman MSTU Publ., 1996. 243 p.

Onucanne 'OCTa:

GOST 8.596.5-2005. Metodikavypolneniia  izmerenii. Izmerenie raskhoda |
kolichestva zhidkostei I gazov s pomoshch’iu standartnykh suzhaiushchikh ustroisty [State
Standard 8.586.5 — 2005. Method of measurement. Measurement of flow rate and volume
of liquids and gases by means of orifice devices]. Moscow, Standartinform Publ., 2007.
10 p.

HJIn

State Standard 8.586.5 — 2005. Method of measurement. Measurement of flow rate
and volume of liquids and gases by means of orifice devices. Moscow, Standartinform
Publ., 2007. 10 p. (In Russian).

Onucanue NaTeHTa:

Patent RU 228590. Sposob orientirovaniia po krenu letatel’nogo apparata s
opticheskoi golovkoi samonavedeniia [The way to orient on the roll of aircraft with optical
homing head]., Palkin M.V., lvanov N.M., Gusev B.B., Petrov R.H., 2006.
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4.9. TlpuMep aHTJIOAZLIYHOTO 0JI0KA IJIsl MPEICTABJIEHUSI CTATbH, HATHCAHHOM

Ha A3bIKE, OTIUYHOM OT AHTJIMHCKOTrO:
Abstract

DETERMINATION OF THE HAZARD CLASS OF OIL-CONTAMINATED
AND NEUTRALIZIED SOIL

Zhusipbekov U.Zh.%, Nurgaliyeva G.0.%", Baiakhmetova Z.K.?, Aizvert L.G.?

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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FolasiMu KapusiiaHBIMHBIH 3 TUKACHI

«Ka3akcTaHHBIH XHUMUSUIBIK JKypHaJabD» (0yaan api — ’KypHaa) 6acnmachIHbIH
ajKacbl MeH 0ac pegakTopbl <«GKapusuiaHy »3THKAachl KOHiHAEeri KOMHMTET —

(Committee on Publication Ethics - COPE)»
(http://publicationethics.org/about),«Eyponaubik FBUIBIMH peIaKTOpJIapabIH
KaybIMaacTeirbl  » (European Association of Science Editors — EASE)

(http://www.ease.org.uk) xoHe FbLIBIMH KapHSaHBIM 3THKACBIHBIH KOMHUTETIiH/Ie
(http://publicet.org/code/) KaGbLIIAHBUIFAH XAJIBIKAPAJIBIK TAJTANTAPAbI YCTAHA/BI.

Bacma KpI3MeTiHIET1 97eTIKe cail eMec ic - opeKkeTTepi (TUlarmar, JKajraH akmapaT
XKoHEe T.0.) OonmbIpMayFa JKOHE FBHUIBIMH JKAPHATAHBIMAAPIBIH JKOFapbl CanachlH
KaMTaMachl3 €Ty YIIiH, KOJI JKCTKI3TeH FBUIBIMH HOTIDKENEPl *KYPTIIBUIBIKKA KapHsiay
MaKCaThIH/IA PEJaKkIus alKachkl, aBTOpJap, PEIEH3EHTTep, CoHpaii-ak Oacma yxepiciHe
KATBICATBIH MEKEMeJep STHKAIBIK HOpMalap MEH epexesepli caKTayra MIHACTTI JKOHE
onmapablH Oy3puiMayblHa — OapnblK ImIapanapiasl maiinamanysl Tuic. Ocbl  yaepicke
KaTBICYIIBLIAPBIH OapJIBIFBIHBIH FBUIBIMU JKapHsUIaHBIMAAP JTHUKACHIHBIH €peXesepiH
CaKTaybl, aBTOPJIAP/BIH 3UATKEPIIK MEHIIIK OOBEKTUICPIHE KYKBIKTAPBIH KaMTaMachi3
eTyre, >KapUsJIaHbIMJAp CalachlH apTThIpyFa JKOHE aBTOPJBIK KYKBIKICH KOpFalfaH
MaTepHaIapabl JKEKe TYIFANApIbIH MYIICCi YIIiH MaiganaHy MYMKIHIITIH JKOIOFa
KOMEKTECE/Ii.

Penaknusra xiOepinreH OapiblK FBUIBIMH Makaiajap MIHICTTI TYpAe €Ki jKaKThl
Kynus capanTamara xioepineni. JKypHanaslH pelakIusiIbIK adKachl MaKaJaHBIH JKypHAI
TaKpIpPbIOBIHA HKQHE TaNANTapbIHA COWKECTITiH aHBIKTANIBI, )KypHAIFa TipKey YIIiH OHBI
JIABIH ajla capajayFa >KypPHAIIBIH JKayanThl XaTIIbIChIHA kibepeni. On Koynkaz0aHbIH
FBUIBIMHM KYH/IBIIBIFBIH aHBIKTAI, MaKaJla TAaKbIPHIOBIHA JKAaKbIH FHIJIBIMA MaMaHJIBIKTapbI
G6ap ekl Tayenci3 capamlmIbIHBI aHBIKTAHABl. Makananapasl peJaknusUIBIK ajKa JKoHE
pEelaKIMsUIBIK alKa MYyIIeliepi, COHAal-ak 0acka enjep/eH MIaKbIPbUIFaH PEeLEH3CHTTEP
capanTaipl. MakajiaHbl capantay YIIiH PElCH3CHTTepAl TaHIay Typasbl miemrimiai 6ac
penakrop Kabsuimaiiapl. Capantay mep3imi 2-4 anrta »oHE PELEH3CHT OTiHiII OoibIHIIA
OHBI 2 anTara y3apTyra 00Ja/bl.

Pepaknusi MeH peleH3eHT Kapayra KiOepiireH xapusiianOaraH MaTepuaiap/ by
KYIUSUTBIIBIFBIHA KNIk Oepeni. YKapusiiay Typajbl HICHIiM KYPHALABIH PEAaKIHsIIbIK
aIIKachl TEKCepreHHEH KeliH KaOwpuimaHanmel. Kaker OonraH »karmaiina (pemakrop(iiap)
JKOHE/HeMece PeIeH3eHT(JIep) TapanblHAH €CKepTyJIepAiH O0iybl) Koihka3ba aBTOplapra
KOCBIMIIIA TY3€TyJepre kibepinesni, colaH KeiiH ol KaifTa Kapaiamsl. DTHKa HOpMallapbl
Oy3bUIFaH >KaFjaiia, MakajaHbl >kapusilayiaH 0ac TapTy KYKbIFbIH Penakums esine
Kaaplpaabl. JKayanTsl pegakTop Makanaja Iulardar Aerl ecenTeyre JKeTKUIIKTI aknmapar
OoJrraH >kaF/aiiia OHbI XKapusayra pykcar oepmeitni.

ABTOpJIAp peakiysara xKiobepinreH MaTepuaaIapabliH KaHa, OYpBIH XKapusiiaHOaraH
KOHE TYNHYCKAa eKeHZIriHe Keminmik Oepeni. ABTOpiap FBUIBIMH HOTHXEIEPIiH
CEeHIMJTri MeH MaHbBB3ABUIBIFBIHA, COHAANW-aK FBUIBIMA O3THKAa KaFUJAATTapbIHBIH
caKTalyblHa, aTan aiTKaHaa, FbUIBIMH 3THKaHbl Oy3bUIMayblHAa (FBUIBIMH JIE€PEKTep/i
KOJIJIaH jKacay, 3epTTey IEpeKTepiH Oypmanayra oKeNleTiH Oypmalay, Iularuar jKoHe
JKayFaH OipJecKeH aBTOPIIBIK, KaiiTanay, 0acka amaMaapbplH HOTHKEIEPiH HEMICHY JKOHE
T.0.)TiKenei KayarTsl.

MakanaHsl penakiusra Oepy aBTOpJIapIblH MakajaHbl (TYITHYCKaza Hemece Oacka
TiNgepre HeMece TUAEH ayjaapMmana) Oacka KypHaira(jiapra) >kiOepMereHiH >koHe Oyl
MaTepualiblH OYphIH kapusiianOaranslH Oinmipeni. Onait OonMaraH >karjaiia makana
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aBTOpJIapFa «ABTOPJIBIK KYKBIKTHI OY3FaHBl VINIH MaKaJaHbl Kapusiiamay» JercH
LIeiMMeH Kaitapbiiaasl. backa aBTopbIH TybIHIBICHIHBIH 10 TalibI3aH acTaMbIH, OHBIH
ABTOPJIBIFBIH JKOHE JIEPEKKe3re CiuITeMenepii KepceTned ce30e-ce3 Keulpyre Kol
OepinMeiini. AJNBIHFaH Y3IHIUIEp HEMece MaJTiMaeMesep aBTOp MeH EPEKKe3/i MiHAETTI
Typ/ie Kepcere OThIpbII pecimMaenyi kepek. Illamanan Teic e3re MaTepHaigap/bl
naijanany, COHAai-aKk Ke3 KEIreH HbICAaHMarbl IUIarmar, COHBIH IMIIHAE JOHeKci3
noiiekce3nep, Oacka agaMIapAblH 3epTTCYJCpiHIH HOTHKEIEPIH HEMJCHY JTHKara
JKaTHalabl JKoHe KaObuimaHOampl. 3epTTey OapbhIChlHA KaThIHACKAH OapIbIK
TYJIFANap/IbIH YJIECIH MOMBIHIAY KaXeT KOHEe Makaiaga 3epTTey.i XKyprizyae MaHbI3/bl
OosrraH JKyYMBICTapra cinTemenep Oepimyi kepek. bipineckeH aBTopnap apaceiHza
3epTTeyre KaThICIaFaH alaMapAbl KepceTyre kKol OepiiaMeii.

ABTop(J1ap) KYMBICTapbIHAa KaTelikTep Oailkasca, Oy Typalsl Jepey peldakTopra
xabapuiar, Ty3eTy Typajbl YChIHBIC Oepyi THiC.

Komxka30anbl Oacklll mibIFapynan 0ac TapTy Typajabl LICHIIM peleH3eHTTEepIiH
YCBIHBICTAPBIH €CKEPC OTBIPLIN, PEAaKIUA aJIKACBIHBIH OTBIPBICBIHAA Ka6I)IJ'II[aHaZ[I)I.
PepakuusinbpIK aqKaHbIH MISHIIMIMEH jKapusilayFa YChIHBUIMAraH Makalia KaiTa Kapayra
KaObunanOaitnel. XKapusimaynan 6ac tapty Typaibl xabapiama aBTOpFa 3JICKTPOHIIBIK
TIOIIITa apKBLIBI XKidepiiem.

JKypHanpiH peAakuusUIbIK alKachl MaKalaHbl JKapusiuiayFa pykcaT Oepy Typaibl
HIelniM KaoblijaFaHHaH KeHiH peIakIUsUIBIK aJika OYJ1 Typasibl aBTOpFa xabapiaiiisl joHe
Kapusiay mapTTapbelH Kepcereni. Makanara OepiireH mikipiaepaiH TymHyckacel JKypHam
peaaKkuusACbIHAA 3 KBLI CaKTaJIbIHAAbI.
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Dmuka nayunvix nyonuxayui

Pepakuuonnas KOJLJIerusi " rJIaBHbI| peaakTop HAY4YHOI'0
s)kKypHasaa «Xumudeckunid :xxypHaua Kazaxcrana» (nanee — ’KypHaiu) npuaep:kuBaroTcst
MPUHATHIX MesKAYHAPOAHBIX cranaaproB «Komurera 3THKH no
nyouukamusav» (Committee on Publication Ethics — COPE)
(http://publicationethics.org/about),, «<EBponeiickoii accoumanuu HAYYHBIX
penaktopos» (European Association of Science Editors - EASE)
(http://www.ease.org.uk) n «KomHuTeTa mo 3THKe HAYYHBIX NyOJIHKAIUIA»

(http://publicet.org/code/)..

Bo m30exxanue HegoOpOCOBECTHOW MPAKTHKU B ITyOJUKAIIMOHHOW JESATEIILHOCTH
(TTaruaT, U3JI0’KEHUE HeIOCTOBEPHBIX CBEICHU U JIP.) U B LIEIAX 00ECIEYCHHUS BHICOKOTO
Ka4yeCcTBa HAYYHBIX MyONUKALWH, MPU3HAHHS OOIIECTBEHHOCTHIO, MONTYyUYCHHBIX aBTOPOM
HAYYHBIX PE3YJIbTATOB, WICHBI PEJAKIIMOHHOIO COBETA, aBTOPbI, PELIEH3CHTHI, a TAKKe
YUPEKICHHUS, YUACTBYIOUINE B U3AATEIBCKOM IMPOIIecce, 00SI3aHbl COOMI0IATh ITUYECKHUE
CTaHIApThl, HOPMBI W TpaBWIa W TPUHUMATh BCE MEPBI I MPEIAOTBPAIICHUS HX
HapyuieHnid. CoOro/ieHne NpaBW 3THKA HAYYHBIX MyOJUKaluil BCEMU yYaCTHHKAMHU
9TOTO TMpolecca CHOCOOCTBYET OOECIIEUEHHIO IpaB aBTOPOB Ha HHTEIUICKTYAJIbHYIO
COOCTBEHHOCTb, IIOBBIIICHHIO KauecTBAa H3JAHUS W HCKIIOYEHHIO BO3MOXKHOCTU
HENpaBOMEPHOTO MCHOJIb30BaHUs aBTOPCKUX MaTEPHUAJIOB B MHTEPECaX OTAEIBHBIX JIULL.

Bce HayuHBle CcTaTh, NOCTYNHUBIIME B pENAKIMIO, IOJUIEKAT 00S3aTEIbHOMY
JIBOMHOMY CIIETIOMY perieH3upoBanuto. Penakius XKypHana ycTaHaBIMBaeT COOTBETCTBUE
crateu npodunio XKypHana, TpeboBaHUAM K O(QOPMIICHUIO M HAMPABISIET €€ HA MEPBOE
paccMOTpeHHe OTBETCTBEHHOMY cekperapio JKypHana, KOTOpBIN OmpesessieT Hay4HYIO
LEHHOCTh PYKOIUCH M Ha3HAYaeT ABYX HE3aBUCHMBIX DPEIEH3EHTOB — CIICIIUAIUCTOB,
HUMEIoNIUX Hanbosiee OIM3KUE K TeMe CTaThU HAay4yHbIE ClElHaNn3alui. PeleH3npoBanme
CTaTell OCYMIECTBIICTCS WICHAMH PENAKI[MOHHOTO COBETA M PEAAKIMOHHON KOJUIErnuy, a
TaKKe IMPUTJIALICHHBIMH PEIeH3eHTaMH JPYyrux cTpaH. PerieHue o BbIOOpE TOro WM
WHOTO PELEH3eHTa JJIsl MPOBENICHNs] SKCIEPTHU3bl CTAaThU NMPUHUMAET TJIaBHBIH PElaKTop.
Cpok pelieH3UpOBaHUs COCTaBIsIeT 2-4 Helelw, HO MO MPochOe PEleH3eHTa OH MOXKET
OBITH MPOJJICH, HO He OoJiee YeM Ha 2 HeJleH.

Pepakuusi M pemeH3eHT TapaHTUPYIOT COXpaHEHHE KOH(HICHIHAIbHOCTH
HEONyOJMKOBAHHBIX MAaTepUalioB MPHUCIAHHBIX HA pacCMOTpeHue paboT. Pemrenue o
nyOJIUMKAIMK TPUHAMACTCS PEAAKIMOHHOM KoJuterne JKypHana mocie pereH3upoBaHus.
B cnygyae HeoOxoauMocTH (Hanmyue 3aMedaHuid penakTopa(-oB) U /WIH pereH3eHTa(-0B))
PYKOITUCh HATpaBJIACTCS aBTOpaM Ha JIOPaOOTKYy, TIIOCIE€ 4Yero OHa IOBTOPHO
peneH3upyeTcs. Penakius ocTaBiseT 3a cOOOW MPaBO OTKIOHUTH ITyOJIHMKAIUIO CTATHU B
cily4ae HapylIeHUsS MpaBwi 3THKH. OTBETCTBEHHBIH PEIaKTOp HE JOJDKCH JIOMYCKATh K
nyOmuKanu MHGOPMAIMIO, €CIIM MMEETCsl JI0CTATOYHO OCHOBAHMU IoJyiaraTh, 4TO OHa
SIBJISIETCS TIATUATOM.

ABTOpBI TapaHTHPYIOT, YTO MPEICTABICHHbIE B PENAKIHIO MATEPUAJIbl SIBJISIOTCS
HOBBIMH, paHEC HEONMyOJUKOBAHHBIMA W  OPHUIHHAJIBHBIMH. ABTOPBI  HECYT
OTBETCTBEHHOCTh 32 JIOCTOBEPHOCTh M 3HAYMMOCTh HAYYHBIX PE3yJbTaTOB, a TaKXKe
coOJIIo/IeHHe TPHUHLUIIOB HAay4yHOH OTHKM, B 4YaCTHOCTH, HenolyuieHue (akTos
HapyIICHHUs HAYYHOH 3TUKH ((haOpuKaIys HayYHBIX JaHHBIX, (padbcuuKanms, Beaymas K
HCKAQXCHUIO  HCCIICIOBATCIILCKAX  JAHHBIX, IUIATHAT H  JIOKHOE  COaBTOPCTBO,
nyOIIMpoBaHKe, IPUCBOCHIE UYXKHUX PE3yJIbTaTOB U JP.)
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HampaBienue craTbu B pelakiMIO O3HAYaeT, YTO aBTOPHI HE MEpeiaBalld CTAaThIO (B
OpUTHHAJIC WM B TMEPEBOJIC HA JPYTHC S3bIKH WM C IPYTUX S3bIKOB) B JPYroii(-ue)
XKypHaJI(bl) U YTO 3TOT Marepuan He Obul paHee omyOimkoBaH. B mpoTnBHOM ciydae
CTaTbsg HEMEJICHHO BO3BPAIIAETCS aBTOpPaM ¢ (GOPMYIHPOBKOH «OTKIOHHUTH CTAaThIO 32
HapylieHWe aBTOPCKUX TMpaB». He momyckaercs nocioBHOE KomupoBaHue Oosree 10
MIPOIICHTOB PabOTHI APYTOTO aBTOpa 0e3 YKa3aHUsS €ro aBTOPCTBA U CCBUIOK HAa HCTOYHHK.
3aMMCTBOBaHHbIE (ParMEHTHl WM YTBEPKACHUS JOJDKHBI OBITH O(GOPMIICHBI C
00s3aTeFHBIM yKa3aHHEM aBTOpa M TIEPBOMCTOYHHKA. Upe3MepHbIC 3aMMCTBOBAaHUS, a
TaKke TUIaruar B JII000i Gopme, BKItoUas HeoGOpMIIEHHBIC ITUTATHI, TepedpasupoBaHIc
WJIN TIPUCBOEHHE NPaB Ha PE3yJIbTaThl Uy>KHX MCCIICTOBAHUM, HEATUYHBI U HENPUEMIIEMBI.
HeoOxoaumo mpu3HaBaTh BKJIaJI BCeX JIMI, TaK WJIM WHAa4ye IOBIMSBIIMX Ha XOJ
HUCCJICA0OBAaHUA, B YaCTHOCTHU, B CTATHC JOJI2)KHBI OBITH MPCACTAaBJICHBI CCHIJIKKM Ha pa6OTbI,
KOTOpbIE HWMEJNM 3HAaueHWe IIpU NpOBeACHUHM wuccienoBaHus. Cpeau COaBTOPOB
HEAOMYCTUMO YKa3bIBATh JIMI, HC Y4aCTBOBABIIUX B UCCJICIAOBAHNUU.

Eciu aBtopom(-amu) oOHapyxeHa omuOka B paboTe, HEOOXOAUMO CpPOYHO
YBEAOMHTH PEJaKTOpa U BMECTE NMPHHATH PEIICHUE 00 UCTIPaBICHUM.

Pemenne 00 oTkase B MyONUKAlMM PYKONUCH TPHHAMACTCS Ha 3acelaHHH
PENaKIMOHHOW KOJUJIETHH C Y4YeToM peKoMeHanuii peneH3eHToB. Ctatbs, He
PEKOMEHAOBaHHAS PEUICHHEM pPEHaKIIMOHHON KOJUIETHH K MyONHKaluH, K IMOBTOPHOMY
paccMoTpeHnto He mpuHEMaeTca. CooOmeHne 00 OTKase B IyOJHKAIMK HAIPaBIISETCS
aBTOpPY I10 3JIEKTPOHHOH 1OYTE.

Ilocne mnpunstus peakomterued JKypHama pelleHns o JOMyCKe CTaTbU K
myOnuKanuy penakius HHGOPMHUPYET 00 3TOM aBTOpa M YKa3bIBACT CPOKH IMyOJIHKALIUY.
OpuruHanel pereH3uil Xpanarcs B pepakuuu JKypHana B TedeHue 3 nerT.
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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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