ISSN 2518-1483 (Online),
ISSN 2224-5227 (Print)

ACADEMIC JOURNAL
OF PHYSICAL AND CHEMICAL SCIENCES




ISSN 2518-1483 (Online),
ISSN 2224-5227 (Print)

20253

@uu@

\%
CENTRAL ASIAN ACADEMIC

ACADEMIC JOURNAL
OF PHYSICAL AND
CHEMICAL SCIENCES

PUBLISHED SINCE JANUARY 1944

ALMATY, NAS RK



ACADEMIC JOURNALOF PHYSICAL AND 20253
CHEMICAL SCIENCES

Editor-in-Chief:
ZHURINOYV Murat Zhurinovich, Doctor of Chemical Sciences, Professor, Academician of NAS RK, Acting President
of RPANAS RK, General Director of JSC "Institute of Fuel, Catalysis and Electrochemistry named after D.V. Sokolsky"
(Almaty, Kazakhstan) https://www.scopus.com/authid/detail.uri?authorld=6602177960

Editorial Board:
KALIMOLDAYEYV Maksat Nuradilovich, Doctor of Physical and Mathematical Sciences, Professor, Academician of
NAS RK (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=56153126500
ADEKENOY Sergazy Mynzhasarovich, Doctor of Chemical Sciences, Professor, Academician of NAS RK, Director
of the International Science and Production Holding "Phytochemistry" (Karaganda, Kazakhstan), https://www.scopus.
com/authid/detail.uri?authorld=7006153118
RAMAZANOV Tlekkabul Sabitovich, (Deputy Editor-in-Chief), Doctor of Physical and Mathematical
Sciences, Professor, Academician of NAS RK (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=6701328029
ABIEV Rufat, Doctor of Technical Sciences (Biochemistry), Professor, Head of the Department of Optimization of
Chemical and Biotechnological Equipment, St. Petersburg State Technological Institute (St. Petersburg, Russia) https://
www.scopus.com/authid/detail.uri?authorld=6602431781
OLIVIERO Rossi Cesare, PhD (Chemistry), Professor at the University of Calabria (Calabria, Italy), https://www.
scopus.com/authid/detail.uri?authorld=57221375979
TIGINYANU lon Mihailovich, Doctor of Physical and Mathematical Sciences, Academician, President of the Academy
of Sciences of Moldova, Technical University of Moldova (Chisinau, Moldova), https :// www . scopus . com / authid /
detail . uri ? authorld = 7006315935
SANG SU Kwak, PhD (Biochemistry, Agricultural Chemistry), Professor, Chief Scientist, Research Center for Plant
Systems Engineering, Korea Research Institute of Bioscience and Biotechnology (KRIBB), (Daecheon, Korea), https://
www.scopus.com/authid/detail.uri?authorld=59286321700
BERSIMBAYEV Rakhmetkazhi Iskenderovich, Doctor of Biological Sciences, Professor, Academician of NAS
RK, L.N. Gumilyov Eurasian National University (Astana, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=7004012398
CALANDRA Pietro, PhD (Physics), Professor, Institute for the Study of Nanostructured Materials ( Rome , Italy ) ,
https : // www.scopus.com/authid/detail.uri?authorld=7004303066
BOSHKAEY KuantaiAvgazyevich, PhD, Associate Professor, Department of Theoretical and Nuclear Physics, Al-Farabi
Kazakh National University (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=54883880400
BURKITBAEV Mukhambetkali, Doctor of Chemical Sciences, Professor, Academician of NAS RK, (Almaty,
Kazakhstan) https://www.scopus.com/authid/detail.uri?authorld=8513885600
QUEVEDO Hernando, Professor, National Autonomous University of Mexico (UNAM), Institute of Nuclear Sciences
(Mexico City, Mexico), https://www.scopus.com/authid/detail.uri?authorld=55989741100
ZHUSUPOV Marat Abzhanovich, Doctor of Physical and Mathematical Sciences, Professor of the Department of
Theoretical and Nuclear Physics, Al-Farabi Kazakh National University (Almaty, Kazakhstan), https://www.scopus.
com/authid/detail.uri?authorld=6602166928
KOVALEV Alexander Mikhailovich, Doctor of Physical and Mathematical Sciences, Academician of NAS of
Ukraine, Institute of Applied Mathematics and Mechanics (Donetsk, Ukraine), https://www.scopus.com/authid/detail.
uri?authorld=7202799321
TAKIBAEV Nurgali Zhabagaevich, Doctor of Physical and Mathematical Sciences, Professor, Academician of
NAS RK, Al-Farabi Kazakh National University (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=24077239000
KHARIN Stanislav Nikolaevich, Doctor of Physical and Mathematical Sciences, Professor, Academician of
NAS RK, Kazakh-British Technical University (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=6701353063
DAVLETOYV Askar Erbulanovich, Candidate of Physical and Mathematical Sciences, Associate Professor, Branch
of NRNU MEPhI Kazakh National University named after Al-Farabi (Almaty, Kazakhstan), https://www.scopus.com/
authid/detail.uri?authorld=6602642543
ABISHEYV Medeu Erzhanovich, Doctor of Physical and Mathematical Sciences, Professor, Academician of NAS RK,
(Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=26530759900
ABILMAGZHANOY Arlan Zainutallaevich, PhD in Chemistry, First Deputy Director General of JSC “Institute of
Fuel, Catalysis and Electrochemistry named after D.V. Sokolsky” , (Almaty, Kazakhstan), https://www.scopus.com/
authid/detail.uri?authorld=57197468109

ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES.
ISSN 2518-1483 (Online), ISSN 2224-5227 (Print)
Owner: «Central Asian Academic Research Center» LLP (Almaty).
The certificate of registration of a periodical printed publication in the Committee of Information of the Ministry of
Information and Social Development of the Republic of Kazakhstan Ne KZ93VPY 00121157 issued 05.06.2025
Thematic scope: physics and chemistry.
Periodicity: 4 times a year.
http://reports-science.kz/index.php/en/archive
© «Central Asian Academic Research Center» LLP, 2025



ACADEMIC JOURNALOF PHYSICAL AND
CHEMICAL SCIENCES 202543

Bac pegakrop:

JK¥PBIHOB Mypar ’KypbIHyJIbl, XMMUS FBUIBIMIAPBIHBIH TOKTOpHI, podeccop, KP ¥FA akamemuri, KP ¥FA
PKB npesunenti m.a., AK «JI.B. Cokonbckuii arbinaarbl OTbIH, KaTalu3 XKOHE SJICKTPOXUMHUSI HHCTUTYTHIHBIHY» Oac
nupektops! (Anvarsl, Kasakcran) https://www.scopus.com/authid/detail.uri?authorld=6602177960

Pegakuus y:KbIMbI:
KAJIUMOJIZAEB Makcatr Hypoaiayiabl, (usrka-MareMaTrka FhUIBIMAAPBIHBIH JOKTOPBI, npodeccop, KP ¥FA
akagemuri (Anmarsl, Kazakcran) https:/www.scopus.com/authid/detail.uri?authorld=56153126500
9JAEKEHOB Cepra3pl MplHKacapyJibl, XHUMUsS FhUIBIMIAPBIHBIH TOKTOpHI, Tpodeccop, KP ¥FA akamemuri,
«DUTOXUMHSD) XaJIBIKAPAJIBIK FhUIBIMU-OHIPICTIK XoyauHriHiH aupekropbl (Kaparanael, Kasakcran) https:/www.
scopus.com/authid/detail.uri?authorld=7006153118
PAMA3AHOB Tinekkaopu1 Codouryibl, (usnka-MaTeMarika FhUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
akangemuri, on-®Papabu arbiHmarsl Ka3ak YITTBIK YHHBEPCHUTETIHIH FBUIBIMH-HHHOBAIMSUIBIK KBI3MET JKOHIHZETi
popekTopsl, (Anmarsl, Kazakcran) https://www.scopus.com/authid/detail.uri?authorld=6701328029
OBUEB Pydar, TexHuka FhUIBIMAAPBIHBIH JOKTOpBl (Omoxumusi), mnpodeccop, Cankr-IleTepOypr MemIeKeTTiK
TEXHOJIOTHSUIBIK MHCTUTYTHI « XUMUSIIBIK JKOHE OMOTEXHOJOTHSUIBIK allapaTypaHbl OHTAMIAHABIPY» KaeapachIHbIH
menrepyurici, (Caukt-IlerepOypr, Peceit) https://www.scopus.com/authid/detail.uri?authorld=6602431781
OJIUBBEPO Poccu Cesape, PhD (xumust), Kanabpust yausepcurerinin mpodeccopsr (Kanadpust, Uranus) https://
www.scopus.com/authid/detail.uri?authorld=57221375979
TUTUHSAHY Hon MuxaiijioBuy, (Gu3nKa-MareMaTnka FBUIBIMIAPBIHBIH TOKTOPBI, akaaeMuk, MomnmoBa Fouibiv
AxaJleMUSICBIHBIH Tpe3uieHTi, MonaoBa TexHUKanblK yHuBepcuteTi (Kummues, Monmoa) https://www.scopus.com/
authid/detail.uri?authorld=7006315935
CAHTI'-CY KBak, PhD (6uoxumus, arpoxumust), npopeccop, Kopeit BHOFbLIBIM koHE OMOTEXHOIOTUS FHUIBIMU-3€PTTEY
uHctuTyThl (KRIBB), ociMIiKTepaiH HHXSHEPITIK )KYHenepl FhUIBIMU-3EPTTEY OPTAJIbIFBIHBIH 0aC FhUIBIMU KBI3METKEPI,
(»puoH, Kopest) https://www.scopus.com/authid/detail.uri?authorld=59286321700
BEPCIMBAEB Paxmerkaxbl Eckenaipy/ibl, 61omorust FhUTBIMIAPBIHBIH T0KTOPBI, podeccop, KP ¥FA akamemuri,
JL.H. I'ymunes atsiagarsl Eypasus ynTTsIK yHuBepceuteTi. (Actana, Kasakcran) https:/www.scopus.com/authid/detail.
uri?authorld=7004012398
KAJIAHJPA Iserpo, PhD (du3nka), HAHOKYPBUIBIMIBI MaTepHAIAAPABI 3€PTTEY HHCTUTYTHIHBIH podeccopsl (Pum,
Wranus) https://www.scopus.com/authid/detail.uri?authorld=7004303066
BOHLIKAEB Kyantaii ABra3elyibl, Ph.D. Teopusuiblk xoHE sApOJNBIK (u3MKa KadempachblHBIH JOLEHTI, ol-
ODapabuareinnarsl  Kazak yiarteik  yHuBepcurteri (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.
uri?authorld=54883880400
BypkiT6aes MyxamM0eTKaaH, XUMUs FbUIBIMAAPBIHBIH JOKTOpEL, mpodeccop, KP ¥YFA axamemuri, (Anmarsl,
Kasakcran) https://www.scopus.com/authid/detail.uri?authorld=8513885600
QUEVEDO Hernando, npodeccop, Mekcuka yITTHIK aBTOHOMUSIIBIK, YHUBepcHTeTi (UNAM), SIApomblk FRUIBIMAAp
nHCTUTYTH (Mexuko, Mekcuka), https://www.scopus.com/authid/detail.uri?authorld=55989741100
JKYCIIIOB Mapar A6:kaHyJibl, QU3HKa-MaTeMaTHKa FBUTBIMIAPBIHBIH TOKTOPBI, TEOPHSIIBIK HKIHE SIIPONBIK (hH3UKA
KadenpaceHbIH npodeccopsl, on-Dapadu areigarsl Kazak yiarTeIk yauBepeuteti (Anmarsl, Kazakcran), https://www.
scopus.com/authid/detail.uri?authorld=6602166928
KOBAJIEB Auexcannp MuxaiiioBuy, Gpusrka-MaTreMaTika FhUTBIMAAPBIHBIH JOKTOpbI, YkpanHa YFA akamemuri,
Konpmanbansl MaremaTnka >koHE MexaHuMKa HMHCTHTYTHI ([loHenk, Ykpauna), https:/www.scopus.com/authid/detail.
uri?authorld=7202799321
TAKUBAEB Hypramu 7KaGarayibl, ¢u3nka-MareMaTtHka FbUIBIMAAPBIHBIH TOKTOpPBI, mpodeccop, KP ¥FA
akazemuri, an-Mapadu areigars! Kazak ynTTeik yHuBepeuTeTi (Anmarsl, Kasakcran), https://www.scopus.com/authid/
detail.uri?authorld=24077239000
XAPHH Cranuciaas HukosaeBuy, $husnka-MareMaTika FRUTBIMAAPBIHBIH TOKTOPBI, podeccop, KP ¥YFA akamemuri,
(Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=6701353063
JABJIETOB Ackap EpOymnaHoBu4, (usnka-mareMaTvka FbUIBIMIAPBIHBIH KaHIWIAThl, JoueHT, ¥SA3Y MUDOU
on-dapabu  arpiHparel Kasak yiarTeik ynuBepeuteti (Anmars, Kasakcran), https://www.scopus.com/authid/detail.
uri?authorld=6602642543
OBIIIEB Meney Ep:xanyiabl, ¢u3nka-MareMaTnka FbUIBIMAAPBIHEIH JOKTOPBL, Hpodeccop, KP ¥YFA akanemuri,
(Anmarsl, Kazakcran) https://www.scopus.com/authid/detail.uri?authorld=26530759900
OBIVIMAF/)KAHOB Apaan 3aiinyraiaiyiibl, XMMHs FbUIBIMIAPBIHBIH KaHauaatel, [1.B. COKoNbCKHU aThIHIAFbI
"OTBbIH, KaTaJIN3 )KoHe AeKTpoxuMus HHCTUTYTEI" AK Bac nqupexropsIHbIH Oipinnn opeiH6acapsl, (Anmarsl, Kazakcran),
https://www.scopus.com/authid/detail.uri?authorld=57197468109

ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES

ISSN 2518-1483 (Online), ISSN 2224-5227 (Print)

Memmikreymii: «Opranblk A3ust akaJeMUsUIbIK FhUTBIME OpTasibiEbby XKILIC (Anmars! K.).

AKrnapar areHTTIriHiH Mep3iMai Oacriace3 OachbUIBIMBIH, aKMaparT arcHTTIrH JKOHE JKEeJIUTK OachUIBIMIbI KaiiTa ecerke
Koto Typansl KP Monenuer xoHe AKHapaT MUHHCTpIIT «AKHapaT KOMHTET» PecryOnmKaibIK MEeMIEKeTTIK MeKeMeci
05.06.2025 :x. 6epren Ne KZ93VPY 00121157 Kyomix.

TaKbIPBINTHIK OAFBITHL: uU3UKA, XUMUA.

Mep3imziniri: )KbpUTbIHA 4 peT.

http://reports-science.kz/index.php/en/archive

© «Optanblk A3ust akaJeMUsUIBIK FhUTBIME opTanbirbny JKIIC, 2025



ACADEMIC JOURNALOF PHYSICAL AND 20253
CHEMICAL SCIENCES

I'maBpHbBIl pegakToOp:

KYPUHOB Mypar KypnHoBHu4, T0KTOp XMMHYeCKHX Hayk, npodeccop, akagemuk HAH PK, u.o. mpesuznenra
POO HAH PK, I'enepanbusbiii qupexktop AO «HCTUTYT TomMBa, Katanusa u saekrpoxumun um. J1.B. Cokonbckoro»
(Anmartsr, Kazaxcran) https://www.scopus.com/authid/detail.uri?authorld=6602177960

PenaknuuoHHAas KOJAJETHUS:
KAJTUMOJIJAEB Makcar HypaauioBuy, 10KTop (PU3HKO-MaTeMaTHYECKUX Hayk, npodeccop, akagemuk HAH PK
(Anmatsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=56153126500
AJIEKEHOB Cepra3sl MpIH:kacapoBH4, JOKTOp XMMHUYECKHX HaykK, mpodeccop, akagemuk HAH PK, mupexrop
Mex1yHapOIHOTO HayYHO-IIPOU3BOACTBEHHOTO XouHra « Duroxumus» (Kaparanaa, Kazaxcran), https://www.scopus.
com/authid/detail.uri?authorld=7006153118
PAMA3AHOB Tiekkadya CadénToBud, (3aMeCTHTENb INIABHOTO PEJAKTOPa), IOKTOP (PU3MKO-MATEMaTHYECKUX HayK,
npodeccop, akanemuk HAH PK (Anmarsr, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=6701328029
ABUEB Pydart, noxrtop TexHHYeCKHX Hayk (Omoxmmus), mpodeccop, 3aBenyrommii kadenpoil «OnTumumsars
XUMHYECKOHl M OMOoTexHonornueckoi armaparyps», CaHkr-IlerepOyprckuii rocynapcTBEHHBIH TEXHOIOTHYECKHI
uHctutyT (Cankr-IlerepOypr, Poccus), https://www.scopus.com/authid/detail.uri?authorld=6602431781
OJIUBBEPO Poccu Yesape, noxrop ¢unocopun (PhD, xumus), npodeccop Yuusepcurera Kamabpuu (Kamabpus,
Wranus), https://www.scopus.com/authid/detail.uri?authorld=57221375979
TUTUHSAHY Hon MuxaiiyioBu4, TOKTOp (PU3MKO-MATEMaTHUECKUX HAyK, aKaJeMHK, NMPE3UICHT AKaJeMHH HayK
MongoBsl, Texuuueckuii ynuBepcuteT Momnosel (Kummnues, Momngosa), https://www.scopus.com/authid/detail.
uri?authorld=7006315935
CAHI'-CY Kgak, nokrop ¢unocoduu (PhD, Guoxumus, arpoxumus), npodeccop, IIaBHbIM HAyuHBIH COTPYIHHUK,
HayuHo-uccnenoBaTenbCkuii LIEHTp HHXKEHEPHBIX CHCTeM pacTeHuil, Kopelickuif Hay4HO-HCCIIE10BATENbCKHHA
uHCTUTYT Ounonaykn wu Ouorexnonorun (KRIBB), (puon, Kopes), https://www.scopus.com/authid/detail.
uri?authorld=59286321700
BEPCUMBAEB Paxmerkaxn MckeHaHpoBHY, JOKTOp OHOIOTHYECKHX Hayk, mpodeccop, axamemux HAH PK,
EBpasuiickuii HaumonaneHelil yausepeuter um. JLH. I'ymunena (Acrana, Kasaxcran), https://www.scopus.com/authid/
detail.uri?authorld=7004012398
KAJIAHJAPA IIverpo, pokrop ¢uimocopun (PhD, ¢msuka), mnpodeccop MuCTUTyTa 1O  UIYUCHHIO
HAaHOCTPYKTYpHUpPOBaHHbIX MaTepuanos (Pum, Uramus), https://www.scopus.com/authid/detail.uri?authorld=7004303066
BOIIUKAEB Kyanraii Ara3ssieBu4, PhD, npernonasarenb, 10oUeHT Kadeapbl TEOPETHYESCKON U saepHOU (usukw,
Ka3zaxckuil HaruoHanbHBIH yHHBepcuTeT HM. anb-Dapabu (Anmarel, Kaszaxcram), https:/www.scopus.com/authid/
detail.uri?authorld=54883880400
BYPKUTBAEB Myxam6eTkaJiu, JOKTOp XMMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK, (Anmarsi, Kazaxcran)
https://www.scopus.com/authid/detail.uri?authorld=8513885600
QUEVEDO Hernando, npodeccop, Haumonanbueiii aBroHoMublli yHHBepcuteT Mekcukun (UNAM), UuctuTyT
siepHbIX Hayk (Mexuko, Mekcuka), https://www.scopus.com/authid/detail.uri?authorld=55989741100
KYCYIIOB Mapar AG:kaHOBHY, JOKTOp (DH3MKO-MaTeMaTHYECKHX HayK, Hpodeccop Kadeapsl TeopeTHUECKOH
n saepHoit Gusuky, Kasaxcknii HaumoHanbHbI yHuBepcuteT uM. anb-Dapabu (Anmarsl, Kasaxcran), https:/www.
scopus.com/authid/detail.uri?authorld=6602166928
KOBAJIEB Aunexcanap MuxaiiioBu4, IOKTOp (U3UKO-MaTeMaTHUeCKUX Hayk, axageMuk HAH VYkpawussl,
WuctutyT npukiaagHoil Maremaruku M MexaHukd ([omeuk, VYkpauna), https://www.scopus.com/authid/detail.
uri?authorld=7202799321
TAKUBAEB Hypramu ’Ka6araeBu4, JOKTOp (HU3UKO-MaTeMaTHUeCKHX Hayk, mpodeccop, axagemux HAH PK,
Kaszaxckuil HanuoHanbHbIH yHHBepcuteT uM. anb-DPapabu (Anmarel, Kasaxcran), https:/www.scopus.com/authid/
detail.uri?authorld=24077239000
XAPHH Cranunciaas HukonaeBud, 10KTop (pU3NKO-MaTeMaTHIECKUX Hayk, mpodeccop, akanemuk HAH PK (Anmarsr,
Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=6701353063
JABJIETOB Ackap EpéynanoBuy, xaHauaar (U3MKO-MaTeMaTH4eCKUX Hayk, noueHt, ®wmman HUAY MUOU
Ka3zaxckuil HaruoHanbHBIM yHHBepcuTeT uM. anb-DPapabu (Anmarel, Kaszaxcram), https:/www.scopus.com/authid/
detail.uri?authorld=6602642543
ABUIIEB Meney Ep:xanoBuy, 10KkTop (HH3MKO-MaTeMaTHYECKUX Hayk, npodeccop, akanemuk HAH PK, (Anmarsl,
Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=26530759900
ABWJIBMATI')KAHOB Apuan 3aiiHyTa/uiaeBuY, KaHAUAAT XMMUYECKUX HayK, I1E€PBbIi 3aMECTUTEIb I€HEPAJIbHOTO
nmupekropa AO «HCTUTYT TomMBa, Katanusa u s1ekrpoxumun um. J[.B. Cokonbckoroy», (Anmarsl, Kazaxcran), https://
www.scopus.comy/authid/detail.uri?authorld=57197468109

ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES
ISSN 2518-1483 (Online), ISSN 2224-5227 (Print)
CobcerBennnk: TOO «lleHTpanbHO-a3UaTCKUIA aKaJeMUYECKUI HAyYHBIN HEHTP» (. AJIMaTsI).
CauzerensctBo Ne KZ93VPY00121157 0 noBTOpHO# perucTparin IeproMdecKoro Me4aTHoro W3/iaHus HH(POPMAIIMOHHOTO
areHTCTBa, MH(POPMAIMOHHOTO areHTCTBA M CETEBOTO M3/JaHMsT, BhIIAaHHOE PecIyOHKaHCKIM TOCYIapCTBEHHBIM yUPE/KICHAEM
«Kommrer nndopmarn MuHncTepeTBa KyasTyps! 1 HHbopmanuy PecrryOmiku Kasaxcran 05.06.2025
Temartnueckasi HaNPaBICHHOCTb: PU3UKA, XUMUSL.
IMeproan4grocTs: 4 pasa B Tof.
http://reports-science.kz/index.php/en/archive
© TOO «lleHTpanbHO-a3UaTCKHUI aKaAeMHYECKUIl HayYHBIH LEHTpY», 2025




ACADEMIC JOURNALOF PHYSICAL AND CHEMICAL SCIENCES

CONTENTS
PHYSICS
M.B. Albatyrova
Energy evolution equation in a nonlinear spin system: derivation and numerical
INOACIINE. ...ttt ettt et ettt et e e be e be e be e beesseesbeessaesseesseessaessaesees o s 11

E.A. Dmitriyeva, A.E. Kemelbekova, A.K. Shongalova, O.A. Shilova
Effect of the precursor concentration on the morphology and photosensitivity
of the resulting ZnO thin films...........cccooiiiiiiiiiiiceeee e e 21

A. Istlyaup, L. Myasnikova, A. Lushchik
Computer simulation of the electrical properties of a carbon sheet with
alkali metal 10dide CIYSTalS. .. . .cciviiiiiiiierieeieriesee ettt ste e e e e s 33

A. Kenesbayeva, Ye.l. Kuldeev, E.O. Shalenov, T.B. Nurpeissova
Determination of the gravitational constant.............ccccoveviievieriienieeneee e eeenen 49

Sh.T. Nurmakhametova, N.L. Vaidman, S.A. Khokhlov, A.T. Agisheyv,
A.A. Khokhlov
The emission-line dusty object IRAS 07080+0605: evidence for binarity............... 60

E.Otunchi, A.A. Migunova, A.Umirzakov, N.Tokmoldin
Effect of the composition of the film-forming system on the properties of SnO,
films obtained by Spray pyrolysis............ccovieeirciiivieniieniesiesresiesreseeseesnesinn s e e s 11

U.A. Ualikhanova, A.N. Abdipatta, O.V. Razina, A.M. Syzdykova, G.S. Altayeva
Bulk viscosity in f(T) gravity and its impact on cosmological evolution................ 83

A.Zh. Umirbayeva, L. Aktay, L.N. Kondratyeva, .M. Izmailova, A. Shomshekova
Methodology for the reduction of archival slit spectra of planetary
NEDULAC. .. ..ottt 99

N. Eghtesadi, S.S. Uzakbaeva, Z.K. Aimaganbetova, N.N. Zhanturina,
A.Z. Bekeshev
Prediction of the kinetic properties of low-density polyethylene...........................115

D. Yurin, D. Kuvatova, A. Glushenko, Ch. Omarov, M. Makukov
Analysis of the limits of direct n-body simulation using Nvidia RTX4090
GPU CAIAS. ..ottt et e et e et e e reeeree s 131




ISSN 2224-5227 3.2025

CHEMISTRY

A.S. Beisenova, A.A. Zhanybekova, M.M. Duysebaeva, G.E. Berganaeva
Study of the chemical composition of Centaurea diffusa Lam. growing in the
territory of Almaty region.........c.oviiiiiiiiiiiiiiiiiieece e ere e s e e e e e e e 140

N.N. Berikbol, Zh.S. Kassymova, L.K. Orazzhanova, A.N. Klivenko,

N.N. Nurgaliyev

Synthesis of interpolyelectrolyte complexes from fluorescently labeled

DIOPOLYIMETS. ...\ e .t iiiiiieie ettt ettt et e et e et e e b e esbeesbeesbeesbeesseesseesseenseesseens 161

0.A.Yessimova, S.Sh. Kumargaliyeva, B.K. Musabekov, A.K. Konysbek
Colloidal - chemical properties of alhagi and tansy (tanacetum) hydrolates.............. 182

R.N. Zhanaliyeva, B. Imangaliyeva, B. Torsykbaeva, R. Kozykeyeva
Catalytic hydrogenation of carbonyl-containing compounds: mechanism,
catalysts and appliCatiON............ouiiiiiiiiiiieee et e 193

M.A. Zhumash, K. Tilegen, Y.A. Boleubayeyv, S.S. Itkulova
Dry reforming of methane over the high active Co-Fe-Ir-containing alumina
SUPPOILEA CALALYSE. . .eevviieiiiiieiiieie ettt ettt e e e b e eeb e sbeeabeesbeesbeesseesbeesbee e e e aes 207

M. Ibrayeva, N. Sagdollina, Zh. Mukazhanova, Sh. Sanyazova, M.Ozturk
Optimization of flavonoid extraction conditions from a plant of the genus
Symphyotrichum novi-bel@ii..........c.oviiiiiiiiiiiiiiceee e . 218

M.K. Kurmanaliev, Zh.E. Shaikhova, S.O. Abilkasova
Supramolecular polymeric receptors for binding alkali metal ions...................... 228

Y.A. Mussatay, M.I. Tulepov
Carbon filters from rice husk for air purification in confined spaces.................... 238

A.Zh. Mutushev, A.B. Seisenova, O.S. Kapizov, A.M. Nuraly, D.K. Mukhanov
Integrated process for the synthesis of carbon—silicon nanocomposites from
biowaste and metallurgical sludge............c.ooiiiiiiiiiiiiccee e 2. 258

A.S. Sass, LI. Torlopov, K.S. Rakhmetova, D.A. Zhumadullaev, M. Zhurinov
Influence of metal surface mechanical preparation on the properties
Of PhoSPhate COAtINES. ... ... eiiiiiiiecii et e e b e b e ebe e e e e e e e 274




ACADEMIC JOURNALOF PHYSICAL AND CHEMICAL SCIENCES

MA3MYHbI
OU3UKA

M.b. Axb6aTbipoBa
CBhI3BIKTBIK €MEC CIHMHIIK XKYHeaeri SHePrus SBOIFOIMSICHIHBIH TCHIEYI:
LIBIFAPBITYBI KOHE CAHIIBIK MOCITBIIEY. «..veeuvrerrrereerseenteerteenseenseesseenseesseesseenseesseeneesseens 11

E.A. Imutpuena, A.E. Kemenoexona, A.K. lllonranosa, O.A. llIunosa
[Ipexypcop KOHIIEHTPALUSCHIHBIH aJibIHFaH )KyKa ZnO aObIHIaPbIHBIH
KYPBUTBIMBI MEH (DOTOCE3IMTAIIBIFBIHA OCEP 1. v euveneenieeereeenieteeteeseeneeseeeneeneeneeseeeneeneas 21

H. IxTtecamm, C.C. Y3akbaeBa, 3.K. Aiimaran0erosa, H.H. ’Kantypuna,
A.3. bekemen
Temen ThIFbI3AbIKTAa¥rbl HOJ'II/ISTI/IJ'ICHHiH KHHETUKAJIBIK KaCI/IeTTepiHe

A. Uctasyn, JI. MacaukoBa, A. Jlymuk
CinTiyi MeTaJlI HOMUATEPIHIH KPUCTAIIaPhIMEH KOMIPTEK KaOaThIHBIH
ANEKTPIIIK KACHETTEPIH KOMITBIOTEPIIK MOCIIBIICY. ..vvevvervrersrerereserensressaesssesssesssesseenens 49

A. Kenecoaena, E. Kyabjaees, E. Illlanenos, T. Hypneucosa
I'paBUTAIUSAIBIK TYPAKTBIHBIL AHBIKTAY. . ... vveesrreeereerereensreessseesseessssessseeessssessesssseesssees 60

LI.T. HypmaxamertoBa, H.JI. Baiinman, C.A. XoxJioB, A.T. Arumes, A.A. X0xJ10B
IRAS 07080+0605 sMuccUsIBIK 00BEKTI: €KIKYIIBI3ABIK KYHCHIH JONCI................ 71

E. Otrynuu, A.A. MurynoBa, A.I'. Ymup3akon, H. Tokmoaaun
JKaObIH Ty3y1I1i 5)KY#e KypaMbIHBIH CIPEH-UPOIIH3 9IICIMEH aJIbIHFaH
SnO:2 Ka0BIHAAPBIHBIH KACHETIHE OCEP1ue.uveerreerreerreeseesseesseeseeseesseessesssessseesseessesssesssens 83

V.A. Yaauxanoa, A.H. 9oainarra, O.B. Pazuna, A.M. Cei3abikoBa, I.C. AaraeBa
f(T) rpaBUTALIUSACHIHAFBI KOJEMIIK TYTKBIPJIBIK KOHE OHBIH
KOCMOJIOTHSITBIK DBOJTEOITHSFA OCCP1ureeuurreeurreeereersreesereensreesseesseessseesssseesssesssesssseesssens 99

AJK. Ymupo6aena, JI. Axraii, JI.H. KouaparbeBa, U.M. U3maiisnoBa,

C.A. lllommexkoBa

[TnmaneTapiblK TYMaHIBIKTAP/IbIH apXUBTIK CAHBLIAYIIBI CIICKTPIIEPiH

OHJICY OJIICTEMEC . cuvveuvrerererrresrressresereeeseasseasseessesssesssessseassesssesssesssessseessenssesssesssesssensses 115

. Opun, /. KyBaroBa, A. Inmymenko, U. OmapoB, M. MakykoB
N-06emnmekri Tikenei yarineyniy mekrepin Nvidia RTX 4090
GPU-kapTanapbIiH MaWJATAHBIIT TATIAY. ....eeevveerereerreenseesseeessreessseessseesssesssseessseesssees 131




ISSN 2224-5227 3.2025

XNUMHA

A.C. beiicenoBa, A.A. JKaubi0ekoBa, I'.E. bepranaesa, M.A. [liocebaeBa
Anmartsl 0OJIBICBIHBIH ayMaFbIH/Ia ©CETIH MIAIIBIHKGI T'yiKeKipe Centaurea
diffusa lam. eCiMAITIHIH XUMUSIIBIK KYPAMBIH 3EPTTECY. .. .ccvveeerererereresrressrensrenssenssenens 146

H.H. Bepik6oJ, ’K.C. KacbimoBa, JI.K. Opa3z:kanoBa, A.H. Knusenko,

H.H. Hypranues

OnyopeciieHTTi TaHOATaHFaH OMOTIOIUMEPIIEPACH HHTEPITOTHAICKTPOIUTTIK
KOMIITCKCTI CHHTEBIICY. .. vevveevveesreasseesseesseesseasseessessseassesssesssesssesssesssesssesssesssesssesssesssenns 161

0.A. EcumoBa, C.11. Kymapraauena, K.b. Myca6ekoB, A.K. Konbicoex
JKaHTak »oHe TyHMEIIEeTeH I'UIpOoJIaTTapbIHbIH KOJIOUITHIK-XUMHUSIIBIK
KACHCTTED M. veeuvveereeereeseeesseesseessseessseasssessseasssessseessseesssesssesssseasssessseessseesseessseesssessens 182

P.H. Kananuena, b. Umanranuena, b.b. TopceikoaeBa, P. Ko3bikeeBa,

P.3. Xomzkanazapos

Kypambinna kapOoHHI 0ap KOCBUIBICTAPbIH KaTAIUTHKAJIBIK THAPOTCHU3ALMSICHL:
MEXaHM3Mi, KaTaJIH3aTOPIAPhl IKOHE KOIIAHBITYBL.......eeteeueereereeneeneenuenseeneenseneesseeeens 193

ML.A. Kymam, K.T. Tizeren, E.A. BoJsey6aes, 111.C. UTkyJji0Ba
AJTIOMUHWN TOTBIFBIHA KOHABIPBIIFaH yoFapbl oencenni Co-Fe-Ir kypaTera
KaTaJTn3aTOPAAFbl METAHHBIH KYPFAK PAMDOPMIHT L. .....c.uvveeeveeerieeiieeieeeireenereesereenenes 207

M. UbpaeBa, H. Cargosutuna, K. Mykaskanosa, LlI. CanbsizoBa, M. Ozturk
Symphyotrichum novi-belgii TykpiMaac eciMaikTeH (GpaBOHOUATAPABI
Ay KAFTARTAPEIH OHTAMITAHIIBIPY. . eevveevveerereersreesseesseeesseeessseessseessessssesssseesssessssees 218

ML.K. Kypmananuen, K.E. lllauxosa, C.0. 906ii1KacoBa
CiATinik MeTana HOHJApbIH OalIaHBICTBIPYFa apHAJIFaH CYIPaMOJICKYIalIbIK
TTOITUMEPITIK PEIIETITOPIIAD. ...euveenveenreeneeesseenseenseenseenseenseeseesseesseenseeseesseesseesseesseessesssees 228

E.A. Mycaraii, M.!. Tyaenos
[larpIH KeHICTIKTET1 ayaHbl Ta3apTyFa apHaJFaH KYPilll KaybI3bl HET131HAeT1
KOMIPTEK KYPAMIBI CY3TIIIED .. euveeurreneeenteeseeseenseenseenseeseesseenseenseaseenseenseesseesseessesnsees 238

AJK. Myrtymes, A.b. CeiicenoBa, O.C. Kanuzos, 9.M. Hypauasl, JI.K. Myxanos
BrokanapIkTap MEH METaJTypPrUsUIBIK IUTAMHAH KOMIPTEK—KPEMHHH
HaHOKOMITO3UTTEPIH CHHTE3IEY/IIH MHTETPAIIUSITAHFAH OJTICI. . eveeteeeeereereeiieieeneen 258

A.C. Cacc, .M. Topaonos, K.C. PaxmertoBa, /I.A. Kymanyninaes, M. ’Kypunos
Mertanap 6eTiH MeXaHUKAIBIK TalbIHIAyABIH (OCc(arThl KaObIHIAD
KACHETTEPIHE OCEP 1. uveeureeureereeteeteeteeteenseeseenseenseenseeseesseesseeseenseenseenseesseesseenseenses 274




ACADEMIC JOURNALOF PHYSICAL AND CHEMICAL SCIENCES

COLEPKAHUE
DOU3UKA

M.b. Axb6aTbipoBa
YpaBHEHUE HBOJIIOLIMY SHEPTUU B HEJIMHEHHON CIIMHOBOM CUCTEME:
BBIBOJT ¥l YHICIIEHHOE MOJCITUPOBAHIE. . ... ... veeerrerereesreeesereessveessseesssesssnesssnsennesnness L1

E.A. Imutpuena, A.E. Kemenoexona, A.K. Illonranosa, O.A. llIunosa
BrnusiHue KOHIIEHTpaIMK PEeKypcopa Ha MOPQOIIOTHIO B (POTOUYBCTBUTEILHOCTh
MTOJTY9aeMBIX TOHKHX TUICHOK ZNO ... . itiiiiiiiiiiieiieeiie e eeieesveesveesnnesnnen e s e e e 02 21

A. Uctasyn, JI. MacaukoBa, A. Jlymuk
KomMIibroTepHOE MOJICTUPOBAHKE JJICKTPUUSCKUX CBOHCTB YIIEPOAHOIO JIUCTA
C KPUCTAIUIAMU HOMUIOB IETOTHBIX METAIIIOB. ..cc.uveeeurreenrreesereesreessseessseesssasssseessseennes 33

A. Kenecoaena, E. Kyanbjaees, E. Illlanenos, T. Hypneucosa
OrnpenencHue TPABUTAIMOHHON TTOCTOSHHOM. .....v''vvneiiiieeieeeieesireesneeseneenneenes o049

LI.T. HypmaxametoBa, H.JI. Baiinman, C.A. XoxJioB, A.T. Arumes, A.A. XoxJ10B
OMuccuonHbIN meiieBoi 00beKT IRAS 07080+0605: moka3arenbcTBO IBOMHHON
111021 010)1 4 OO UP PR ORI 60

E. Orynun, A.A. MuryHnosa, A.I. Ymup3akos, H. Tokmoaann
Bnusinue coctaBa nieHKO0OOpas3yoliei CHCTEMBI Ha CBOMCTBA TUIEHOK
SnO2, MOTYIEHHBIX METOTOM CTIPEH-TIHPOIIHIZA. ...c.ueveenereerereernreeanseeasreensseessseesseessseennes 71

V.A. YanuxanoBa, A.H. 9oainarra, O.B. Pazuna, A.M. Cei3abikoBa, [.C. AaraeBa
Oo6bemHas Ba3kocTh B f(T) rpaBuTanyu u ee BIUSHHE
HAa KOCMOJIOTHUECKYEO DBOITEOITHIO . . +.eeuvveeereeenreeensreesreessseessseensseesseesssessssesssssesssseesnnsn 83

A.K. Ymupo6aena, JI. Axraii, JI.H. KouaparbeBa, U.M. U3maiisnoBa,
C.A. lllommexoBa
Merozrka 00pabOTKH apXUBHBIX HIETIEBBIX CIIEKTPOB IJIAHETAPHBIX TYMaHHOCTEH. .. 99

H. Ixrtecamm, C.C. Y3akbaeBa, 3.K. AiimaranoeroBa, H.H. ’Kantypuna,
A.3. bekemen
[IporHo3upoBaHKe KHHETUYECKUX CBOMCTB MOJIMATHIIEHA HU3KOH TUIOTHOCTH. .. ......115

. IOpun, JI. KyBaroBa, A. I'mymenko, U. Omapos, M. MakykoB
AHaIu3 npeesioB MpsIMOTO MOCITMPOBAHMS N-TEIl C UCTIONIL30BAHUEM
GPU-kapT Nvidia RTX4090.......cciiiiiiiieiieiierieesieesteesteesteesieesveesveesreesreesaes e e e s e e 131




ISSN 2224-5227 3.2025

XNUMHA

A.C. beiicenoBa, A.A. JKaubi0exoBa, M.A. /[1ocebaeBa, I .E. bepranaena
HccnenoBanre XUMUYECKOTO COCTaBa Bacuiiek packuaucthii Centaurea diffusa
Lam., pactyumii Ha TeppUTOPUH ATMATUHCKONW OOMACTH . ... uvneieeeeeeeeenaenaenen 146

H.H. Bepik6oJ, ’K.C. KacbimoBa, JI.K. Opa3z:kanoBa, A.H. Knusenko,

H.H. Hypranues

CI/IHTe3 HWHTCPIOJINBJICKTPOJIUTHBIX KOMIIJICKCOB HAa OCHOBE

(hITyOPECIICHTHO-MEUEHBIX OUOTIONIMEPOB. .. .. .ecveerresrrerererresiansaseerensennessensens.. 101

O.A. EcumoBa, C.11I. Kymapranuesa, K.b. MycadekoB, A.K. Koubicoek
KosioniHO-XUMHUECKHE CBOMCTBA THAPOJIATOB BEPOIIOKBEH KOJTFOUKU U IMAKMBL... 1 82

P.H. KananueBa, b. Umanranuena, b.b. TopceikoaeBa, P. Ko3bikeeBa,

P.3. Xomzkanazapos

Karanutudeckoe ruaprupoBanme KapOOHMICONEPIKAIUX COSTUHEHUI: MEXaHU3M,
KATATTH3ATOPBI U TIPHUMEHECHUIC. ....evvveerereenereesereensreesseessseeesseasssesssseessseesssessssessssessnsees 193

M.A. Kymam, K.T. Tineren, E.A. BoJseyoaes, L11.C. UTkyJji0Ba
Cyxoit pucopmuHT MeTaHa Ha BeIcokoakTuBHOM Co-Fe-Ir coneprkaiiem HaHECEHHOM
HA OKCHJT QTFOMUHUS KATATH3ATOPEC . v e evvenreenneenneenneennennrrnennneessneessnessinsesnsssn 207

M. Ubpaesa, H. Carnosutuna, 7K. Myka:xkanosa, I11. CanbsizoBa, M. Ozturk
OnTuMH3aIys yCIOBUE SKCTPaKIMK (DIIABOHOUIOB U3 PACTCHHUS Pojia
Symphyotrichum novi-Delii. . .....c.ccveviiiviieiiieiieiieieeieee e e e eeeeene 0 218

M.K. Kypmananues, K.E. [llauxosa, C.O. AduikacoBa
CynpaMoneKyIsipHbIe TTOTUMEPHBIC PEIETITOPHI IS CBSI3BIBAHUSI HOHOB
IIETTOTHBIX METATIIOB. . . ..ttt neuteeiteeiteeeteeate et eeteeateeatesateeateeateesteeabesabeeateeaneeateenneen e s e 228

E.A. Mycaraii, M.H. TyJsenos
Yrneponnbie GUIBTPHI U3 PUCOBOU MICTYXH JIsI OYUCTKUA BO3yXa B CTECHEHHBIX
N (0 =) 11 (S350% 6 0. TR 238

AJK. Mytyuies, A.B. CeiicenoBa, O.C. Kanuzos, A.M. Hypauasl, I.K. Myxanos
WuTerpupoBaHHas TEXHOJIOTHS TONTYyYEHHS YIIEPOAHO-KPEMHUEBBIX HAHOKOMITO3UTOB
13 OMOOTXOIOB U METATUTYPTHUCCKUX TIIAMOB. ...\t euveenssererreeereeerressneensneesneens s 02 298

A.C. Cacc, .M. Topaonos, K.C. PaxmertoBa, /I.A. Kymaayaiaaes, M. )Kypunos

Brnusinue MexaHuuecKkoi MoAroTOBKU MOBEPXHOCTHU METasljla Ha CBOMCTBa
(DOCHATHBIX TIOKPBITHI. ... .\ euvieereiiresreseresseesseesseesseesseesssesssesssessesssessseesssessesssessnses 274

10




ISSN 2224-5227 3.2025

ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES
ISSN 2224-5227

Volume 3.

Number 355 (2025), 228-237

https:/7doi.org/10.32014/2025.2518-1483.376

UDC (V]IK) 541.183.24
IRSTI 31.21.25

© ML.K. Kurmanaliev, Zh.E. Shaikhova“, S.O. Abilkasova, 2025.
Almaty Technological University, Almaty, Kazakhstan.
E-mail: Zh.shaikhoval965@gmail.com

SUPRAMOLECULAR POLYMERIC RECEPTORS
FOR BINDING ALKALI METAL IONS

Kurmanaliev Musrepbek Kurmanalievich — Doctor of Chemical Sciences, Almaty Technological
University, Professor of the Department of «Chemistry, Chemical Technology and Ecology», Almaty,
Kazakhstan,

E-mail: mkk@mail.ru, https://orcid.org/ORCID ID 0000-0001-8561-4332;

Shaikhova Zhanat Erezhinovna — Master of Technical sciences, Almaty Technological University,
senior-lecturer of the Department of «Chemistry, Chemical Technology and Ecology», Almaty, Kazakhstan,
E-mail: Zh.shaikhoval965@gmail.com, https://orcid.org/ORCID ID 0000-0002-5909-4182;

Abilkasova Sandugash Orynbaevna — Candidate of technical science, Almaty Technological University
Associate Professor of the Department of «Chemistry, Chemical Technology and Ecology», Almaty,
Kazakhstan,

E-mail: sandugash.abilkasovaa@gmail.com, https://orcid.org/ORCID ID 0000-0001-8322-4592.

Abstract. Polymeric derivatives of crown ethers attract significant research interest
due to their high specificity in complex formation and broad potential applications in
various technological processes. Compared to their low-molecular-weight analogs,
these polymeric macroligands offer advantages such as reusability, ease of separation
from solutions, enhanced sorption and complexation properties. They are used in
sorption, ultrafiltration, sensing, chromatography, and other processes requiring
selective interaction with metal ions. This study investigates the synthesis and
properties of new polysulfones containing crown ether fragments (DB12K4, DB18K®6,
DB24K8, DB30K10), obtained by polycondensation of bis (chlorosulfonyl) derivatives
of crown ethers using Friedel-Crafts catalysts (FeCl,, AlCls, SnCls). The influence of
catalyst type and concentration, temperature, and solvent on the yield and viscosity of
the resulting polymers was examined. The highest yield was achieved using catalytic
amounts of FeCl, at 120°C. IR spectroscopy and thermogravimetric analysis confirmed
the high thermal stability of the synthesized polymers (up to 600°C). Sorption studies
demonstrated that the selectivity and efficiency of alkali metal ion extraction depend
on the size of the crown ether cavity, the nature of the solvent, and the macrocycle
structure. It was shown that polymeric crown ethers exhibit higher complexation ability
than their low-molecular counterparts. Thus, new thermally stable polycrownsulfones
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with high selectivity toward alkali metal ions were successfully synthesized for the
first time, indicating their promising applications in analytical chemistry and separation
technologies.

Keywords: polymeric crown ethers, dibenzocrown ethers, polycondensation,
sorbents, selectivity
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Annorauusi. Kpayn soupnepaid nmoiauMepiik TYBIHIABUIAPH KypAeTi Ty3imyzmeri
JKOFapbl EpEKILENIriMeH JKOHE OPTYpPJIl TEXHOJOTHSUIBIK MpOLECTepAe KOJIAaHy
MYMKIHIITIMEH  3epTTeyLIIepAiH  Ha3apblH aygapaabl. TeMeH  MOJEKyJallbl
aHAJIOTTapMEH CaJNbBICTBHIPFAHAa ONapAblH apTHIKUIBUIBIFBIHA —KaWTanam KoJJaHy
MYMKIHJIT, epiTiHAiaepaeH oHail Oeny, COpOLMSUIBIK JKOHE KEIIeH —TY3y
KacUeTTEepiHiH jKaKcapysl )KaTaasl. MyHaall MakpoJUraHibl KypbulbIMIap copOnusiia,
yAbpTpaduIbTpaysiga, CeHCopiapAa, XxpoMarorpadusga KoHe MeTall HMOHAApBIMEH
TaHAaMaJIbl dceplecyi KaKeT eTeTiH 6acka Ja mpouecTepae KoianaHbuiaapl. KymMeicta
®punenv—Kpapre karanmuzaropnaper  (FeCl,, AICl;, SnCls) xemeriMen kpayH
sduprepain  OucxIopcynbGOHUI TYBIHIABUIAPBIH MOJIMKOHACHCALMATIAY —OMAiCiMEH
anbIHFaH KpayH a¢up ¢pparmentrepi (1b12K4, IB18K6, A1b24KS, 1630K10) 6ap xana
noJucynb()OHIAPABIH CHHTE31 MEH KacueTTepi 3eprrenesi. [lonumepnepaid mbFbIMBI
MEH TYTKBIPJIBIFbIHA KaTaau3aTopAblH TaOUFAThl MEH MOJIIEpiHiH, TeMIepaTypa MeH
epiTKimTiH ocepi aHbIKTaNAbl. FeCls-mbl katanutukaiblk wmedmmiepae >xkoHe 120°C
TemIeparypaaa KoJlAaHFaHIa eH KOFapbl OHIMAUTIIKKE KOJI JKETKI31IeTiHl aHBIKTaIbI.
UK-criekTpockonusi jkoHEe TEPMOTPAaBUMETPHSUIBIK Tajl/ay KOMEIriMeH CHHTE3/ICIreH
MOJMMEPICPAIH KOFapbl TEPMUSUIBIK TYpakThUIbIFl (600°C  neifin) pacTanmbl.
CopOuusnblK KaOIIeTTIMIKTI 3epTTey CUITIII MeTangap HOHAAPBIH IKCTPAKIMSIAYIbIH
TaHAaMaJIbIBIFBl MEH THIMALUIITI KpayH 3(QHp CAKHMHACBIHBIH KYBICHIHBIH MOJIILEpiHe,
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epITKIIITIH TaOUFaThIHA )KOHE MaKPOLMKI KYPBhUIBIMBIHA OaiIaHBICTHI €KEHIH KOPCETTI.
Temen MolleKynajbIK aHAIOT TAPMEH CallbICTBIPFaH/Ia IOIUMEPITi KpayH Ikl 2pupiepain
KeIIeH Ty3y KaOileTi »KoFaphl eKeHAIr aHbIKTanasl. OchUiaiiima, CINTIIK MeTasul
HOHJApblHA JKOFAapbl TAHIAMAJbl, XKAaHA BICTBIKKA TO3IMIl MOJHMKpPayH Cylb(oHIapHI
QIbIHABI, Oy ONapibl aHAJUTUKAIBIK XUMHALA >KOHE Oelly TEeXHOJOrHMsapblHAA
KOJIZIaHy MEePCHEeKTUBAIAPbIH Alllabl.

Tyiiin ce3mep: momumepii kpayH dpupiep, AMOCH30KPOYHIIBI dPUpIEp, TOITUKOH-
JIeHCaIUs, COPOSHTTEP, TaHIAMAJIBLIBIK
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Annotanus. [ToauMepHbie TPOU3BONHBIE KpayH-3(HUPOB NPUBICKAIOT BHUMAaHUE
HccrenoBaTeel Omarogapst IX BICOKOW CIIEMM(PUIHOCTH B KOMITJICKCOOOPAa30BaHUH U
MEPCIEKTHBAM IPUMEHEHHSI B PA3JIMUHBIX TEXHOJOIMUYECKHUX Ipoueccax. Mx npeumy-
LIECTBA MO CPABHEHHUIO C HU3KOMOJICKYISIPHBIMH aHAJIOIaMH BKJIIOYAIOT BO3MOXKHOCTD
MHOTOKPaTHOTO HCIIONIb30BaHUs, yIOOCTBO pa3ieieHus] U3 PaCTBOPOB, YIYUIICHHBIC
COpOIMOHHBIE M KOMILIEKCOOOpa3yrole CBOUCTBA. Takne MakpOIHTaHHBIE CTPYKTY-
PBI HAXOST IPUMEHEHHUE B COPOIIHH, YABTPaQUIBTPAIH, CEHCOPHKE, XpoMaTorpadhuu
U APYIUX IMpoLeccax, TPeOyIOIUX CEJIEKTUBHOTO B3aUMOACHCTBUS C MOHAMU METaj-
70B. B pabote uccinenoBaHbl CHHTE3 U CBOMCTBA HOBBIX MOJHCY/Ib()OHOB, COAEPIKALINX
kpayH-3¢upnbie pparmentsl (Ab12K4, 1Bb18K6, JIb24K8, IB30K10), moxy4yeHHBIX
METOJIOM MOJMKOHICHCAUH OUCXIOPCYNb()OHMIBHBIX TPOU3BOAHBIX KpayH-2(HUPOB ¢
ucnojb3oBanueM karaiauzaropoB Opunens-Kpadrea (FeCls, AICls, SnCls). BoisiBieno
BJIMSTHUE TIPUPOJIBI M KOJTMUYECTBA KaTajlu3aTtopa, TeMIIEpaTypbl U PACTBOPUTEIS Ha BbI-
XOJ ¥ BSI3KOCTh IIOJIMMEPOB. YCTaHOBIJICHO, YTO HAaWOOJBIINI BBIXOI JOCTUIaeTCs MPH
ucnonb3oBanuu FeCls B karanuzatopHbIx KonuuecTBax M Temmeparype 120°C. C no-
Moo MK-cnekTpockonuu u TepMorpaBUMETPHUYECKOTO aHAJIN3a TOATBEPXK/ICHA BbI-
COKasi TepMHYeCKast CTaOMIBHOCTh CHHTE3UPOBaHHBIX oimuMepoB (1o 600°C). Hccne-
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JOBaHHS COPOLIMOHHOM CIIOCOOHOCTH MOKAa3ajH, YTO CEIEKTUBHOCTh U 3()(PEKTUBHOCTD
W3BJICYCHHUSI MOHOB LIECJOYHBIX METAJJIOB 3aBHUCAT OT pasMepa MOJOCTH KpayH-d(up-
HOTO KOJIbLA, IPUPOABI PACTBOPUTEINS U CTPYKTYPBhl MAaKpOLMKIIA. YCTaHOBIEHO, YTO
MOJMMEpPHBIE KpayH-3(Upbl 00Ja1at0T MOBBIIIEHHON KOMILIEKCO00pas3yome crnocoo-
HOCTBIO 110 CPABHEHHIO ¢ HU3KOMOJIEKYJISIPHBIMU aHasioraMu. Takum o0pa3om, moyye-
HBI HOBBIE TEIJIOCTOWKHE MOIUKPayHCYIb(OHBI C BBICOKOH CEJIEKTUBHOCTBIO K HOHAM
LIETIOYHBIX METAJIOB, YTO OTKPBIBACT MEPCIEKTUBBI HX IPUMEHECHHUS B aHATUTHYECKOM
XUMMH U TEXHOJIOTHSX pa3/IesIeHusl.

KioueBble  ciaoBa:  momuMepHble  KpayH-d(UpbL,  TUOEH30KpayH-3(UpEHI,
MOJMKOHJCHCALHSI, COPOCHTHI, CETIEKTUBHOCTh

Introduction. Polymeric crown compounds attract the attention of researchers due
to the wide possibilities of their practical use as effective highly specific complexing
agents. Such polymeric ligands, while retaining all the advantages of their low-
molecular-weight analogs, should have additional advantages associated with their
macromolecular nature: ease of separation from solution, the possibility of multiple
use, higher efficiency and speed of complexation (Duan, 2022; Jonathan, 2022; Borisov
et.al.,, 2023; Huang, 2012). Polymeric macrocycles allow to create reagents of a new
type for ultrafiltration, flotation, reverse osmosis, flocculation, sorption, highly sensitive
sensors for metal ions, where the use of low molecular weight crown ethers is impossible
(Fical et.al., 2010; Bezhin, 2015; Liu, 2012). With their help such practically important
processes as selective separation of metal ions, concentration of microelements, ligand
chromatography, interfacial catalysis, etc. are carried out.

The state and prospects of research development in the field of synthesis and
application of polymeric crown ethers are first summarized in monograph (Yergozhin
et.al.,, 1994; Kurmanaliev et.al., 1997). Special attention is paid to the regularities of
their formation and mechanisms of complexation of macroligands with metal ions and
molecules of some compounds.

There are three main ways to obtain such polymers: polymerization, polycondensation
and polymeranalogous transformations of ready-made molecules, using which a variety
of polymeric crown ethers have been created (Yergozhin et.al., 1995; Gargol et.al.,
2022; Dong, 2013). However, the range of polymeric crown ethers is small. In addition,
many of them have a number of disadvantages that limit the possibilities and spheres of
their application: it is the complexity and multistage of initial monomers, low thermal
and chemical stability, low kinetic and sorption characteristics.

Therefore, we are developing methods for the synthesis of new polymeric
macrocycles based on available compounds with improved physicochemical and
complexation properties. This paper analyzes the results of research on the synthesis
and application of new supramolecular sorbents based on crown ethers. It should be
noted that there are no data on the application of sulfochlorinated derivatives of crown
ethers for these purposes.

Materials and methods. Dibenzo-12-crown-4 (DB12K4), dibenzo-18-crown-6
(DB18K®6), dibenzo-24-crown-8 (DB24K8), dibenzo-30-crown-10 (DB30K10) esters
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produced (Cherkassy, Ukraine).

Bischlorosulfonyl derivatives of crown ethers were prepared according to the
procedure (Yergozhin, et.al. 1991, Abramov, 2000).

Method of polymer synthesis. Polysulfones based on bischlorosulphonyldibenzo-18-
crown-6 and dibenzo-18-crown-6. 0.90 g (0,01 mol) DB18C6 dissolved in nitrobenzene
was charged into three-necked reactor equipped with mechanical agitator, refrigerator,
thermometer, the 0,01 mol of catalyst (AICL,, SnCl, FeCl,) was added. Then 1,39 g (0,01
mol) of BCISDBISC6 were added during few minutes. The reaction mixture was heated
from 25° to 140° C. The reaction was carried out 5 h. The product was precipitated in
methyl alcohol, washed by 10 % solution of hydrochloric acid to remove the catalyst
then it was washed by chlorophorm, distilled by water up to the neutral reaction of
washing water, then it was dried un high vacuum. Yield of polymer was equal to 85 %.

The polycondensation of BChSDB24C8 with DADB24C8 was carried out according
to the same method. The complexation properties were investigated by the limited
solution volume method (Yergozhin et.al. 2020, Voloshina, 2014). Sorption of ions
of alkali metals from aqueous and methanol solutions was studied according to the
following method: weighed polymer (1,0 g) was placed into the flask of 200 ml, then it
was poured by 0,1 M alcohol or aqueous solution of metal salt pf 100ml. The sorbents
were separated for 24h. The concentration of metal ions in the filtrate was determined
by flame spectrophotometry.

The content of metal ions in solution was determined by atomic adsorption method
on a Shimadzu AAC-6650 flame atomization spectrophotometer. Nuclear magnetic
resonance spectroscopy (NMR) spectra were recorded on a Mercury-300 spectrometer
(300 and 100 MHz). Polymer structure studies were carried out by IR spectroscopy on
a «Spectrum Two» IR spectrometer (Perkin Elmer) in the range from 4000 to 450 cm™.
Thermogravimetric analysis of synthesized polymers was carried out on a Perkin Elmer
TGA 4000 derivatograph in air. The temperature rise rate was 10°C/min.

Results and their discussion. It is known that in the presence of Friedel-Crafts
catalysts sulfochlorides easily interact with aromatic hydrocarbons and some of their
derivatives to form compounds containing sulfone bridges and possessing resistance to
thermal and thermo-oxidative degradation (Borisov et.al., 2023). Chemical resistance of
polysulfones is also high: they are resistant to mineral acids, alkalis, salt solutions, carbon
oils. Their features are relatively low moisture absorption and dimensional stability of
products in humid atmosphere (Gargol et.al., 2022). This whole spectrum of properties
should be inherent in kraun-containing polysulfones as well. Therefore, we obtained
such polymers for the first time by polycondensation of bischlorosulfonyl-dibenzo-18-
crown-6 with dibenzo-18-crown-6 in the presence of Friedel-Crafts catalysts (FeClL,
AICL, SnCl,):
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The reaction was carried out in equimolar amounts of the initial monomers, since
the yield of soluble polymer decreased in the presence of excess bischlorsulphonyl
derivatives, possibly due to side processes. The application of large amounts of catalyst
led to the same result.

Table 1 - Effect of the amount of catalysts on the yield and viscosity of crown-containing polysulfones

Catalysts [C_, T, C° Time, hour Cua Yield, % Viscosity,
C., pr dl/g
Ceoa Ceo.m
AlCI, 1,00 50 20 1,50 13 0,06
SnCl, 1,00 50 20 1,40 30 0,09
FeCl, 1,00 50 20 1,22 34 0,12
FeCl, 1,00 120 20 1,21 32 0,28
FeCl, 1,00 120 5 1,19 28 0,26
FeCl, 0,1 120 5 1,10 72 0,33
FeCl, 0,01 120 5 1,00 85 0,58

As can be seen from table 1, the polymer yield depends significantly on the amount
of catalyst used. In its excess, side reactions occur, which create structural irregularities

in the macromolecule:
r/\ 0’\(’3

SG:"—

80—
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The formation of such structures is evidenced by Proton magnetic resonance (PMR)
spectra of the obtained polymers. The character and intensity of signals resonating in
the region of protons of the aromatic ring change, which confirms not trisubstitution,
but more. The duration of syntheses longer than 5 hour does not affect the yield and
viscosity of the resulting polycrownsulfones. Using catalytic amounts of FeCl3 and a
temperature of 120°C, the release of hydrogen chloride ceases and its amount reaches
the calculated amount within 5 hour.

The influence of temperature and nature of the catalyst on the polymer yield was
studied. It was found that the highest degree of transformation was achieved at a
temperature of 100-120 sec, duration of synthesis 5 hour in the presence of solvents
with proton-donor function Comparison of the completeness of the polycondensation
reaction in the presence of Friedel-Crafts catalysts allows us to place them by activity in
the following series: FeCl,>SnCl >AICl,. This change in the activity of the catalysts in
this process can be explained by the stability and activity of the intermediate catalyst-
sulfochloride group complex formed during the reaction. The strength of the catalyst-
sulfochloride group complex increases with increasing shift of the electron cloud from
the donor atom to the acceptor atom, i.e., with increasing polarity of the coordination
bond, which depends on the chemical properties of the catalyst.

The introduction of a strong electron acceptor group SO, promotes the pulling of
electrons from the aromatic ring and leads to a decrease in its sensitivity to electrophilic
attack, so the entry of a second sulfonyl group into the benzene core of the crown
ether becomes unlikely. Apparently, the presence of proton-donating crown rings also
plays an important role. All these factors contribute to the synthesis of linear soluble
polycrownsulfones.

As the temperature of the mixture increases during polycondensation, the polymer
yield increases from 25% at 25°C to 86% at 100°C. At a sufficiently high temperature
of 140°C the yield of the target product does not change significantly, and at 250°C
crosslinked polymers are formed. It is known (Ergozhin, et.al. 1995) that at temperatures
above 250°C sulfochlorides decompose with the formation of radicals, which non-
selectively attacking the benzene ring, contribute to the appearance of first branched and
then cross-linked structures. Therefore, we did not use the method of synthesis in the
melt, which requires high temperatures. Solvents used in the preparation of polysulfones
should dissolve the catalyst and not react with it, be resistant to electrophilic attack of
sulfonyl cations, dissolve the resulting macromolecule. Such solvents include some
chlorinated hydrocarbons (dichloromethane, dichloroethane, chlorinated biphenyl),
nitro compounds (nitrobenzene, nitroethane, chloronitrobenzene) and various sulfones
(dimethylsulfone, sulfolane, 4,4-dimethyldiphenylsulfone).

Dichloroethane and nitrobenzene turned out to be the most suitable medium in our
case. As expected, the reaction of bichlorosulfonyl dibenzo-18-crown-6 with dibenzo-
18-crown-b in DMFA gives worse results, the viscosity of the obtained polymers is lower.
In the IR spectra of polycrown sulfones, the absorption bands (cm™) characteristic of the
crown ether groups at 1130 (C-O-C bonds of the aliphatic series) and duplet frequencies
at 1230, 1250 (C-O bonds at the aromatic ring) are retained. Absorption bands appear in
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the region of 1125, 1340 cm™ relating to symmetric and asymmetric valence vibrations
of SO* groups in sulfones.

Thermogravimetric analysis of polycrownsulfones indicates their high thermal
stability. Loss of polymer mass when heated to 200 °C is 3%, complete decomposition
of samples occurs at 600 °C. Thus, the insertion of macrocycles into the polymer chain
leads to the production of polycrownsulfones, which

can be classified as heat-resistant ones. The selectivity of polymeric crown ethers
in the separation of alkali metal ions depends on the size of the crown-ring cavity. The
results of investigation of complexation properties of synthesized polycrownsulfones
towards alkali metal ions under static conditions from standard solutions show that
regardless of the nature of anions the following sequence of extraction of cations with
DB12K4, DB18K6 and DB24K8 groups Li* > Na*> K> Rb*, K*> Rb"> Na*>Cs"
> Li*u Cs*> Rb">K">Na"> Li", respectively. Polysulfone with DB30K10 groups
does not show selectivity for K*, Na® u Cs* ions (Table 2). Conducting complexation
in alcoholic solutions contributes to an increase in the degree of extraction, which is
associated with less hydration of metal salts in these media. The higher complexation
ability of polycraunsulfone compared to low-molecular analogs is due to the effect of
the polymer chain.

The selectivity of the complexation ability of crown ethers, and consequently, the
efficiency of extraction of a particular metal from solution depend to a large extent on
the correspondence between the size of the cavity diameter of the polyether cycle and
the cation of the extracted alkali metal, the nature of the substituent in the macrocycle,
and the type of donor atoms.

Table 2 - Results of investigation of complexation properties of synthesized polycrownsulfones

Crown ether group | Crown ether group Exchange capacity, mmol/g

content, mmol/g Lit Na* |K* Rb* Cs*
DBI12K4 2,98 0,62 0,54 10,38 0,19 trace amount
DB 18K6 2,36 0,12 0,80 |1,93 1,18 0,62
DB 18K8 1,95 0,08 0,54 [1,00 2,30 1,68
DB 30K10 1,66 0,20 0,48 |1,25 1,27 1,30

Thus, for the first time, the optimal conditions for the preparation of kraun-containing
polysulfones with high thermal stability capable of selectively separating alkali metal
ions were established.

Conclusions. In this study, novel crown ether-containing polysulfones were
successfully synthesized through the polycondensation of bis(chlorosulfonyl)
derivatives of dibenzo-crown ethers in the presence of Friedel-Crafts catalysts. The
influence of various synthesis parameters, including catalyst type and concentration,
temperature, and solvent nature, on the polymer yield and properties was thoroughly
investigated. Optimal reaction conditions were identified, providing high yields and
favorable viscosities of the resulting polymers.

Spectroscopic (IR, NMR) and thermal analyses confirmed the formation of the target
polycrownsulfones and demonstrated their high thermal stability, with decomposition
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temperatures reaching up to 600°C. The synthesized polymers exhibited selective
complexation capabilities towards alkali metal ions, with extraction efficiency depending
on the size of the crown ether cavity and the solvent medium. The use of alcoholic
solutions significantly enhanced metal ion sorption due to reduced hydration effects.
The obtained polycrownsulfones not only maintain the advantageous complexation
characteristics of their low-molecular-weight counterparts but also offer improved
physicochemical stability, reusability, and enhanced extraction efficiency. These
properties make them promising candidates for application in selective ion separation,
analytical chemistry, sensor development, and other advanced separation technologies.

Jlureparypa

D. Ficai, A. Ficai, G. Voicu, B. Vasile, C. Guran, E. Andronescu (2010) Polysulfone based Membranes
with Desired Pores Characteristics. Materiale Plastice. — Vol. 47. — Ne 1. — P. 24-27.

Dong S., Gao L., Chen J., Yu G., Zheng B., & Huang F. (2013) A supramolecular polymer formed by
the combination of crown ether-based and charge-transfer molecular recognition. Polymer Chemistry, 4(4).
— P. 882-886.

Duan Z., Xu F., Huang X., Qian Y., Li H., & Tian W. (2022) Crown Ether-Based Supramolecular
Polymers: From Synthesis to Self-Assembly. Macromolecular Rapid Communications, 43(14), 2100775.

Gargol M., Podkoscielna B. (2022) Synthesis and Characterization of Polymeric Blends Containing
Polysulfone Based on Cyclic Bisphenol. Polymers, 14. — P. 3148-68

Huang F., & Scherman O.A. (2012) Supramolecular polymers. Chemical Society Reviews, 41(18). —
P. 5879-5880.

Jonathan W. Steed, Jerry L. Atwood. Supramolecular Chemistry, 3rd Edition. John Wiley&Sons
(2022). — 1216 p.

Liu Y., Wang Z., & Zhang X. (2012). Characterization of supramolecular polymers. Chemical Society
Reviews, 41(18). — P. 5922-5932.

Yakshin V.V., Vilkova O.M., Tsarenko N.A., Tsivadze A.Yu. (2010) Metal extraction from nitric acid
solutions by the macrocyclic endoreceptor dicyclohexyl-18-crown-6 immobilized in a polymer matrix.
Doklady Chemistry. 430(2). — P. 54-57.

AbpamoB A.A. (2000) Dkctpakius KaTHOHOB KpayH-d¢upamu. Bect., Mock.yH-ta. Cep.Xxumus.
T.41.Nel. — P. 3-15.

Bexxun H.A., Jlosruii .11. (2015) CopOeHThI Ha 0OCHOBE KpayH-3(DHPOB: OJIyIeHHE U IIPUMEHCHUE [UIS
W3BJICUCHUSI CTPOHIUS, YCII. XUM., 84:12 (2015). — P. 1279-1293; Russian Chem. Reviews, 84:12, 1279—
1293

Bopucos B.JI.,, Marsees /I.H., Anoxuna T.C., lllaxmyp3os K.T. u np. (2023) Cunte3 u cBoiicTBa
nonucynb(oHOB. MeMOpaHbl 1 MeMOpaHHbIe TexHOJIorHu., ToM 13, Ne 3. — C. 248-256

Bonommua H.C., Kamanos I'C. (2014) Kpayn-3¢upsl, HUMMOOMIN30BAaHHBIE Ha MOBEPXHOCTU
TIOJIMMEPHBIX MaTepuaoB U KpeMHe3eMa. DU3HKOXUMUS MOBEPXHOCTH M 3amuTa MarepuanoB. Tom 50,
Ne 5. — C. 483-495

Eproxun E.E., Kypmanammes M.K. (1994) Ilonmmepsl Ha OCHOBE KpayH-COSAMHEHHH, AJIMarThI:
Fouieim. — 272 c.

Eproxun E.E., Kypmanamues M.K. (2010) OcHoBsl noHHOro oomMeHa, AiaMarsl, AimManaxs. — 274 c.

Eproxun E.E., Kypmanamues M.K. (1995) IMomuxpayn s¢upsr, npo6iems! n nepcrextussl. 1138. HAH
PK. Cepus xumuu. -Nel. — C. 4-257

Eproxun E.E., Kypmanamues M.K., Unpucosa K.C. (1991) Cunres n uccienoBaHue CBOUCTB
KpayHcoaepxkamux nonucyiabponamunos. JJokia. AH CCCP. T.320, Ne6. — C.1389-1391

References
Abramov A.A. (2000) Ekstrakciya kationov kraun-efirami. [Extraction of cations with crown ethers].
Vest., Mosk. Univ. Ser. chemistry. v. 41. Nel. — P. 3-15. (in Russian)
Bezhin N.A., Dovgy LI. (2015) Sorbenty na osnove kraun-efirov: poluchenie i primenenie dlya

236




ACADEMIC JOURNALOF PHYSICAL AND CHEMICAL SCIENCES

izvlecheniya stronciya [Sorbents based on crown ethers: production and application for strontium
extraction], Usp. chem., 84:12 (2015). — P. 1279-1293; Russ. Chem. Reviews, 84:12, 1279-1293/ (in
Russian)

Borisov V.L., Matveev D.N., Anokhina T.S., Shakhmurzov K.T. et al. (2023) Sintez i svojstva
polisul'fonov [Synthesis and properties of polysulfones]. Membranes and membrane technologies., v.13,
no.3. — P. 248-256. (in Russian)

D. Ficai, A. Ficai, G. Voicu, B. Vasile, C. Guran, E. Andronescu (2010) Polysulfone based Membranes
with Desired Pores Characteristics. Materiale Plastice. — Vol. 47. — Ne 1. — P. 24-27. (in Eng.)

Dong S., Gao L., Chen J., Yu G., Zheng B., & Huang F. (2013) A supramolecular polymer formed by
the combination of crown ether-based and charge-transfer molecular recognition. Polymer Chemistry, 4(4).
— P. 882-886. (in Eng.)

Duan Z., Xu F., Huang X., Qian Y., Li H., & Tian W. (2022) Crown Ether-Based Supramolecular
Polymers: From Synthesis to Self-Assembly. Macromolecular Rapid Communications, 43(14), 2100775.
(in Eng.)

Ergozhin E.E., Kurmanaliev M.K. (1994) Polimery na osnove kraun-soedinenij [Polymers based on
crown compounds], Almaty: Gylym. — P. 272 (in Russian)

Ergozhin E.E., Kurmanaliev M.K. (1995) Polikraunefiry, problemy i perspektivy [Polycrown ethers,
problems and prospects]. Izvestiya NAS RK. Series of chemical. — Nel. — P. 4-257. (in Russian)

Ergozhin E.E., Kurmanaliev M.K. (2010). Osnovy ionnogo obmena [Fundamentals of ion exchange],
Almaty, Almanac. — 274 p. (in Russian)

ErgozhinE.E.,Kurmanaliev M.K., IdrisovaK.S.(1991) Sinteziissledovanie svojstv kraunsoderzhashchih
polisul'fonamidov [Synthesis and study of the properties of crown-containing polysulfonamides]. Reports
of the USSR Academy of Sciences. Vol.320, No.6. — P.1389-1391. (in Russian)

Gargol M., Podkoscielna B. (2022) Synthesis and Characterization of Polymeric Blends Containing
Polysulfone Based on Cyclic Bisphenol. Polymers, 14. — P. 3148-68 (in Eng.)

Huang, F., & Scherman, O. A. (2012). Supramolecular polymers. Chemical Society Reviews, 41(18).
— P. 5879-5880.

Jonathan W. Steed, Jerry L. Atwood. Supramolecular Chemistry, 3rd Edition. John Wiley&Sons.
(2022). — 1216 p. (in Eng.)

Liu, Y., Wang, Z., & Zhang, X. (2012). Characterization of supramolecular polymers. Chemical Society
Reviews, 41(18). —P. 5922-5932. (in Eng.)

Voloshina N.S., Kamalov G.S. (2014) Kraun-efiry, immobilizovannye na poverhnosti polimernyh
materialov i kremnezema [Crown ethers immobilized on the surface of polymeric materials and silica].
Surface physicochemistry and material protection. Vol. 50, No. 5. — P. 483495/ (in Russian)

Yakshin V.V., Vilkova O.M., Tsarenko N.A., Tsivadze A.Yu. (2010) Metal extraction from nitric acid
solutions by the macrocyclic endoreceptor dicyclohexyl-18-crown-6 immobilized in a polymer matrix.
Doklady Chemistry. 430(2). — P. 54-57. (in Eng.)

237




Publication Ethics and Publication Malpractice
in the journals of the Central Asian Academic Research Center LLP

For information on Ethics in publishing and Ethical guidelines for journal publication see http://
www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the journals of the Central Asian Academic Research Center LLP implies
that the described work has not been published previously (except in the form of an abstract or as
part of a published lecture or academic thesis or as an electronic preprint, see http://www.elsevier.
com/postingpolicy), that it is not under consideration for publication elsewhere, that its publication
is approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or
in any other language, including electronically without the written consent of the copyright-holder. In
particular, translations into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The Central Asian Academic Research
Center LLP follows the Code of Conduct of the Committee on Publication Ethics (COPE), and follows
the COPE Flowcharts for Resolving Cases of Suspected Misconduct (http://publicationethics. org/files/
u2/New_Code.pdf). To verify originality, your article may be checked by the Cross Check originality
detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be
chosen in such a way that there is no conflict of interests with respect to the research, the authors and/
or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will
only accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the Central Asian Academic Research Center LLP.

The Editorial Board of the Central Asian Academic Research Center LLP will monitor and safeguard
publishing ethics.

[TpaBuna odopmiieHHs CTATBU JUIsl TyOJIMKALMK B )KypHaJIe CMOTPETh Ha CalTe:
www:nauka-nanrk.kz
ISSN 2518-1483 (Online), ISSN 2224-5227 (Print)
http://reports-science.kz/index.php/en/archive

OTBeTCTBEHHBIH penakrop A. bomankuisbl
Penaxropsr: /1.C. Anenos, T. Anenoues
Bepctka Ha xommsrotepe 1 /]. JKaovipanosotii

TToxgmucano B mreuars 3.09.2025.
®opmar 60x88'/,.
18,0 m.1. 3akas 3.

«Central Asian Academic Research Center» LLP
Anmamol, Konaes k-ci, 142





