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

ACADEMIC JOURNAL
OF PHYSICAL AND CHEMICAL SCIENCES




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

2026 *1

@uu@

\%
CENTRAL ASIAN ACADEMIC

ACADEMIC JOURNAL
OF PHYSICAL AND
CHEMICAL SCIENCES

PUBLISHED SINCE JANUARY 1944

ALMATY, NAS RK



ACADEMIC JOURNAL OF PHYSICAL AND

CHEMICAL SCIENCES 20261

EDITOR-IN-CHIEF

ZHURINOYV Murat Zhurinovich, Doctor of Chemical Sciences, Professor, Academician of IAAS and NAS RK,
General Director Oil refining and Petrochemistry Research Institute (Almaty, Kazakhstan), https://www.scopus.com/
authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

DEPUTY EDITOR-IN-CHIEF:

KALIMOLDAYEYV Maksat Nuradilovich, Doctor of Physical and Mathematical Sciences, Professor, Academician
of NAS RK (Almaty, Kazakhstan), https://www.scopus.com/authid/detailuri?authorld=56153126500, https://www.
webofscience.com/wos/author/record/2428551

ABILMAGZHANOYV Arlan Zainutallaevich, PhD in Chemistry, 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=57197468109, https://www.webofscience.com/wos/author/record/2024265

EDITORIAL BOARD:

ADEKENOV Sergazy Mynzhasarovich, Doctor of Chemical Sciences, Professor, Academician of NAS RK,
Director of the JSC "Phytochemistry Research and Production Center", (Karaganda, Kazakhstan), https://www.scopus.
com/authid/detail.uri?authorld=7006153118, https://www.webofscience.com/wos/author/record/48648658

RAMAZANOY Tlekkabul Sabitovich, Doctor of Physical and Mathematical Sciences, Professor, Academician of
NAS RK (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=6701328029, https://www.webo-
fscience.com/wos/author/record/13503476

ABIEYV 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, https://www.webofscience.com/wos/author/record/1405661

OLIVIERO Rossi Cesare, PhD (Chemistry), Professor at the University of Calabria (Calabria, Italy), https:/
www.scopus.com/authid/detail.uri?authorld=57221375979, https://www.webofscience.com/wos/author/record/399768

TIGINYANU Ion 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, https://www.webofscience.com/wos/author/record/524462

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, https://www.webofscience.com/wos/author/record/30028581

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, https://www.webofscience.com/wos/author/record/19854255

CALANDRA Pietro, PhD (Physics), Professor, Institute for the Study of Nanostructured Materials (Rome,
Italy), https://www.scopus.com/authid/detail.uri?authorld=7004303066, https://www.webofscience.com/wos/author/
record/616360

BOSHKAEV Kuantai Avgazyevich, 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, https://www.webofscience.com/wos/author/record/208023 1

BURKITBAEV Mukhambetkali, Doctor of Chemical Sciences, Professor, Academician of NAS RK, (Almaty,
Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=8513885600, https://www.webofscience.com/wos/
author/record/29017135

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, https://www.
webofscience.com/wos/author/record/30353742

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, https://www.webofscience.com/wos/author/record/566

KOVALEYV 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, https://www.webofscience.com/wos/author/record/65533963

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, https://www.webofscience.com/wos/author/record/1671760

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, https://www.webofscience.com/wos/author/record/2023295

ABISHEV Medeu Erzhanovich, Doctor of Physical and Mathematical Sciences, Professor, Corresponding
Member of NAS RK, (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=26530759900, https://
www.webofscience.com/wos/author/record/1556025

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 KZ93VPY00121157 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, 2026



ACADEMIC JOURNAL OF PHYSICAL AND

CHEMICAL SCIENCES 20261

BAC PEJJAKTOP

JK¥PBIHOB Mypar JKypbIHy.1bl, XUMHS FUIBIMAAPBIHBIH JOKTOPHI, podeccop, XFAK xone KP ¥F A akanemuri,
MyHaii eHJiey KoHe MyHal-XUMHUSCHI FEUIBIMH-3epPTTEY HHCTHTYTBIHBIH 0ac aupektops! (Aymarsl, Kasakcran), https:/
www.scopus.com/authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

BAC PEJAKTOPIbIH OPBIHBACAPJIAPBI:

KAJIMMOJIJIAEB Makcar Hypoxinyibl, (u3iKa-MareMaTnka FbUIBIMAAPBIHBIH JTOKTOPHI, IT O(becco/p, KP
YFA axkanemuri (Anmvarsl, Kazaxkcran), https://www.scopus.com/authid/detail.uri?authorld=56153126500, https://w
webofscience.com/wos/author/rec-ord/2428551

OBIVIMAF/KAHOB Apuan 3aiinyTaiaiiyiibl, XuMUs FeUIBIMIAAPbIHBIH KaHauaatel, /1.B. COKonbCKuil aTbIHAAFbI
«Kanapmaii, katanus sxoHe dekTpoxumMust HHCTUTYThDy AK Bac nupekrops! (AnMarsr, Kazakcran), https://www.scopus.
com/authid/detail.uri?authorld=57197468109, https://www.webofscience.com/wos/author/record/2024265

PEJAKIIMS AJTIKACBI:

9JIEKEHOB Cepra3pl MbIHKacapyibl, XMMUsI FBUIBIMIAPBIHBIH JAOKTOPBI, podeccop, KP ¥FA akanemuri,
«DUTOXUMHSD» FBUIBIMU-OHIPICTIK OpTanbiFby AK Z[I/IEGKTOPBI (Kaparannel, Kaszakcran), https://www.scopus.com/
authid/detail.uri?authorld=7006153118, https://www.webofscience.com/wos/author/record/48648658

PAMA3AHOB Tinexkaobn CoouTy. b1, Gpusrka-MaTeMaTHKa FhUTBIMAAPBIHBIH TO0KTOPBI, mpodeccop, KP ¥YFA
akagemuri (Anmarel, Kaszakcran), https:/www.scopus.com/authid/detail.uri?authorld=6701328029,  https://www.
webofscience.com/wos/author/record/13503476

OBUEB Pydart, TexHnka FUIBIMIAPBIHBIH JTOKTOPBI (Onoxumus), mnpodeccop, Cankr-IletepOypr MeMmIIeKeTTiK
TEXHOJIOTHSUIBIK MHCTUTYTHI «XUMUSIIBIK YKOHE OMOTEXHOJIOTHSIIBIK annaéo/arypanu OHTANIAHABIPY» Ka(gez[pacw-mm
menrepyurici (Cankr-IlerepOypr, Peceii), https://www.scopus.com/authid/detail.uri?authorld=6602431781, https://
www.webofscience.com/wos/author/record/1405661

OJIUBBEPO Poccu Cesape, PhD (xumus), Kana68m{ ynusepcuteTinin npodeccopsr (Kanadpus, Mramus), https:/
www.scopus.com/authid/detail.uri?authorld=57221375979, https://www.webofscience.com/wos/author/record/399768

TUT'UHSAHY Uon MuxaiisioBu4, (pu3nka-MareMaTHKa FhUIBIMAAPBIHBIH JOKTOPbI, akaaeMuK, Monnosa Feuisiv
aKa/IEMUSICBIHBIH TPE3UICHTI, MongoBa TexHUKanbK yHuBepcuteTi (Kummues, Monnosa), https://www.scopus.com/
authid/detail.uri?authorld=7006315935, https://www.webofscience.com/wos/author/record/524462

CAHI'-CY KBak, PhD (6uoxumus, arpoxumus), mpodeccop, Kopeit BUOFBLIBIM koHE OHOTEXHOIOTHS FHIITBIMH-
3eprrey uHCTUTYTH (KRIBB), eciMIiKTepIiH HHXKEHEpINIK KyHesiepi FhUIBIMH-3epPTTey OPTAJbIFBIHBIH 0ac FHUIBIMH
kp3merkepi  ([duon, Kopest), https:/www.scopus.com/authid/detail.uri?authorld=59286321700, https://www.
webofscience.com/wos/author/record/30028581

BEPCIMBAEB Paxmerkaikbl EckeHaipy/el, Ouonornst reUIbIMIApbIHBIH AOKTOpPBI, mpodeccop, KP ¥YFA
axanemuri, JLH. I'ymuse arbingarsl Eypasus ynTTeik yHusepcuteTi (Actana, Kaszakcran), https://www.scopus.com/
authid/detail.uri?authorld=7004012398, https://www.webofscience.com/wos/author/record/19854255

KAJIAHJPA Iberpo, PhD (¢usuka), HAHOKYPBUIBIMIbI MaTepUAILIAPBLI 3¢PTTEY MHCTHTYTBIHBIH MPO(heccophl
(Pum, Utanns), https://www.scopus.com/authid/detail.uri?authorld=7004303066, https://www.webofscience.com/wos/
author/record/616360

BOIIKAEB Kyauraii ABraspiyibl, PhD Teopusibik jkoHE saponblK (u3nka kxadeapachlHbIH JIOLUEHTI, -
®Dapabuarbiaarel  Kasak  yirTeik  yHEBepcuteTi (Anmarel, Kasakcran), https:/www.scopus.com/authid/detail.
uri?authorld=54883880400, https://www.webofscience.com/wos/author/record/2080231

BYPKITBAEB MyxaM6eTKa/an, XUMUs FBUIBIMIAPEIHBIH JOKTOPEL, npodeccop, KP ¥YFA axanemuri (Anmarsr,
Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=8513885600,  https://www.webofscience.com/wos/
author/record/29017135

QUEVEDO Hernando, npodgeccop, Mekcuka yiITTBIK aBToHOMUsUIBIK yHuUBepcuteTi (UNAM), Snposnsik
FBUIBIM/IAP MHCTUTYTHI (Mexuko, MeKcmceB, https://www.scopus.com/authid/detail.uri?authorld=55989741100, https://
www.webofscience.com/wos/author/record/30353742

JKYCIIIOB Mapar AG:xkaHyJbl, (Qu3uka-MaTeMaTHKa FbUIBIMJIAPBIHBIH JOKTOPbI, TEOPHSIbIK JKOHE SIPOJIBIK
¢u3uka kadeapacsHbIH npodeccopst, an-Dapadu areingarsl Kasak yiTTeIK yHEBepeuTeTi (AnMarsl, Kasakcran), https://
www.scopus.com/authid/detail.uri?authorld=6602166928, https://www.webofscience.com/wos/author/record/566

KOBAJIEB Auekcanap MuxaiijioBuy, (u3nka-MaTeMaTHKa FhUIBIMAAPBIHBIH JIOKTOpBL, YKpanHa ¥TA
akasiemuri, KonjianOasibl MaTeMaTHKa )KoHe MeXaHnka HHCTUTYThI (JloHenk, Ykpauna), https://www.scopus.com/authid/
detail.uri?authorld=7202799321, https://www.webofscience.com/wos/author/record/65533963

TAKUBAEB Hypraau Kabarayinsl, (usnka-MaTeMaTHKa FhUIBIMIAPBIHBIH JOKTOPEI, mpodeccop, KP ¥FA
akanemuri, on-Papabu arbiHaarsl Kasak ynTTeiK yHuBepeuteti (Anmarsl, Kasakcran), https:/www.scopus.com/authid/
detail.uri?authorld=24077239000, https:%\waw.webofscience.com/wos/ author/record/1671760

APUH Crannciap HukosnaeBnd, ¢u3rka-MaTreMaTHKa FbUIBIMAAPBIHBIH JOKTOPBI, II og)ecco , KP ¥FA
akazemuri (Anmarsl, Kaszaxcrahn), https://www.scopus.com/authid/detail.uri?authorld:6701355)0 3, Ettps://www.
webofscience.com/wos/author/record/2023295

OBIIIEB Meney Ep:kanyiibl, Gpr3nka-MareMaTnka FoUTBIMAAPBIHBIH JOKTOPEL, podeccop, KP YFA akagemuri,
(Anmarsl, Ka3zakcran), https://www.scopus.com/authid/detail.uri?authorld=26530759900, https://www.webofscience.
com/wos/author/record/1556025

ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES

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

Menmikreymi: «OpTansIK A3us akageMISUIBIK FRUTBIMU opTaabEsDy JKIIC (AmMars! K. ).

AKIIapar areHTTIriHIH Mep3iMai 6acriace3 OachUIBIMBIH, aKIapaT areHTTIrH JKOHE JKENUIK OachUIBIMIBI KaliTa ecerke
Koto Typansl KP Monenuer xoHe AKmapar MUHHCTPIIT «AKmapar KoMHTeTD» PecrmyOnuKanbk MEMIICKETTIK MeKeMeci
05.06.2025 . 6epren Ne KZ93VPY 00121157 Kyamik.

TaKBIPBIITHIK OAFBITHL: u3UKA, XUMUA.

Mep3imMzIiniri: )KbpUTbIHA 4 peT.

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

© «Opranbik A3us akazgeMusuIbIK FeUIbIME opTanbirsDy JKIIC, 2026



ACADEMIC JOURNAL OF PHYSICAL AND

CHEMICAL SCIENCES 20261

IJTABHBIU PEJAKTOP
JKYPUHOB Mypar KypuHOBHY, IOKTOp XMMHUYECKHX Hayk, npodeccop, akazemuk MAAH u HAH PK,
Tenepanpnblii  aupektop HaydHo-mccnenoBarensckoro MHCTUTYTa HedrenepepaboTku M Hedrexumun (AJMaThl,
Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=6602177960,  https://www.webofscience.com/wos/

author/record/2017489
3AMECTUTEJIN ITTABHOI'O PEJAKTOPA:

KAJIUMOJITIAEB Maxkcar HypagnioBuy, TOKTOp (HM3UKO-MaTeMaTHYECKHX Hayk, Hpodsaeccop, aKaJeMUK
HAH PK (Anmarel, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=56153126500, https:/www.
webofscience.com/wos/author/record/2428551

ABUJIBMAI')KAHOB Apaan 3aiinyrajjiaeBuy, KaHIUIaT XUMUYECKUX HayK, [ eHepaibHbli aupexTop AO
«MHCcTUTYT TOTUIMBA, KaTanu3a u dnekrpoxumun uM. J[.B. Cokonbekoroy, (Anmarsl, Kasaxcran), https://www.scopus.
com/authid/detail.uri?authorld=57197468109, https://www.webofscience.com/wos/author/record/2024265

PE,[[ARL[I/IOHHAH KOJIVIET'UsI:

AJIEKEHOB Cepra3sbl MbIHzKacapoBu4, JOKTOp XUMHYECKUX HayK, npodeccop, akagemuk HAH PK, nupexro
AO «Hayuno-npousBogctsennoro nenrpa «®uroxumus» (Kaparanma, KaSaXCTaH/), htt%s://www.scopus.co authid/
detail.uri?authorld=7006153118, https://www.webofscience.com/wos/author/record/48648658

PAMA3AHOB Taekka6ya CaduroBudy, (3aMeCTHTENb NIABHOTO PEJAKTOPA), HOKTOP (PU3HKO-MAaTeMaTHUECKUX
HayK, II 0(becco§), akazemuk  HAH PK  (Anmarbl,  Kasaxcran), tt%s://www.scopus.com/authid/detail.
uri?authorld=6701328029, https://www.webofscience.com/wos/author/record/13503476

ABUEB Py(gaT, JIOKTOp TEXHMYECKHMX HayK (6moxmmus), mpodeccop, 3asenyrommii kadenpoit «Ontnmusanust
XHMHYECKOH M OMOTEXHOJOTHYECKOW armapaTypb», CaHKT—HeTepﬁygFCKHﬁ TOCYIapCTBEHHBII TEXHOJIOTHYECKHI
uHctutyT (Cankt-IlerepOypr, Poccus), https://www.scopus.com/authid/detail.uri?authorld=6602431781, https:/www.
webofscience.com/wos autgor/record 1405661

JIMUBBEPO Poccu Yesape, noxtop dunocoduu (PhD, XPIMPISI% Il og)eccop VYuusepcurera Kana6bpun (Kana6pus,
Wrtanust), https://www.scopus.com/authid/detail.uri?authorld=5722 37?9 9, https://www.webofscience.com/wos/au-
thor/record/399768

TUI'MHAHY Hon MuxaiiioBuy, JOKTOp (U3MKO-MAaTEMaTHYECKUX HAyK, aKaJeMMK, MPE3UICHT AKaJeMUH
Hayk MomyioBbl, Texuuueckuii ynusepcurer Monjossl (Kumunes, Monaoaa), https://www.scopus.com/authid/detail.
uri?authorld=7006315935, https://www.webofscience.com/wos/author/record/524462

AHI'-CY KBaxk, nokrop ¢unocodun (PhD, Groxumus, arpoxumus), mpodeccop, IIaBHbIH HAYYHbIH COTPYIHUK,
Hay4Ho-ncclieoBaTeIbCKU  EHTP HMHKSHEPHBIX CHCTEM pacTeHuil, Kopelickui Hay4HO-HCCIIeOBATEIHLCKUH
uHCTUTYT Ononayku U Ouorexnonoruu (KRIBB) (dsuon, Kopes), https:/www.scopus.com/authid/detail.
uri?authorld=59286321700, https://www.webofscience.com/wos/author/record/30028581

BEPCUMBAEB Paxmerka:ku VckeHIupOBHY, TOKTOp OMOIOTHUECKHUX HayK, npodeccop, akagemuk HAH PK,
EBpaszuiicknii HatmoHanbHblil yuusepeurer um. JLH. I'ymunesa (Acrana, Kasaxcran), https://www.scopus.com/authid/
detail.uri?authorld=7004012398, https://www.webofscience.com/wos/author/record/1 985%255

KAJIAHAPA TIIserpo, nokrop dumocopun (PhD, ¢wusuka), npodeccop MWucTHTYyTa 1O H3yUCHHIO
HaHOCTPYKTYPH] OBaHmeMaTepHanos(PuM,I/ITanm{?,htéps://www.scopus.com/authid/detail.uri?authorld=7004 03066,
https://www.webofscience.com/wos/author/record/616360

BOIIKAEB Kyanraii Apraseiesny, PhD, npenozaBareis, Jo1eHT Kadeapbl TEOPETUUECKON U sepHON DHU3HKH,
Kazaxckuil HaumonanbHelii yuusepcuter um. Anbp-@apabu (Anmarel, Kazaxcranm), https://www.scopus.com/authid/
detail.uri?authorld=54883880400, https://www.webofscience.com/wos/author/record/2080231

BYPKUTBAEB Myxam0eTkaan, JOKTOp XMMHUYECKMX HayK, II ogjecco , axagemuk HAH PK, (Ammarsl,
Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=8 1388%)6 0, Il?mps://www.webofscience.com/wos/
author/record/29017135

QUEVEDO Hernando, npodeccop, HarmonaneHblii aBronoMHbINH yHEBepcuTeT Mekcuku (UNAM), MHcTUTyT
saepHbix Hayk (Mexuko, Mekcuka), https://www.scopus.com/authid/detail.uri?authorld=55989741100, https://www.
webofscience.com/wos/author/record/30353742

JKYCYIIOB Mapat AdxkanoBu4, J0KT0p (pu3MKO-MaTeMaTHYECKUX HayK, npodeccop kadenpbl TeopeTuyeckoil
U siiepHO (Gu3ukn, Ka3axckuil HAMOHAJIBHBIM YHHUBEPCUTET HUMEHH allb-Dapadu {)AHMaTBI, Kazaxcran), https://www.
scopus.com/authid/detail.uri?authorld=6602166928, https://www.webofscience.com/wos/author/record/566

KOBAJIEB Anexcanap MuxaiijioBu4, JOKTOp (PU3HKO-MaTeMaTHUeCKUX Hayk, akagemuk HAH Vkpausel,
WHcTuTyT npukiaagHoil Maremaruku u  MexaHuku (Jlomenk, VYkpawmma), https://www.scopus.com/authid/detail.
uri?authorld=7202799321, ht;iacs://www.webofscience.com/wos/author record/65533963

TAKUBAEB Hyprauu Kab6araeBn4, JoKTop (U3NKO-MaTeMaTHISCKUX Hayk, npodeccop, akanemuk HAH PK,
Kasaxckuil HamuoHanbHbIi yHHBepcuteT MM. Anp-Papabu (Anmarsi, Kaszaxcran), https://www.scopus.com/authid/
detail.uri?authorld=24077239000, https://www.webofscience.com/wos/author/record/1671760

APUH CranuciaB HukosnaeBuu, JOKTOp (PU3MKO-MaTeMaTHYeCKUX Hayk, npodeccop, akanemuk HAH PK
(Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=6701353063, https://www.webofscience.
com/wos/author/record/2023295

ABUILIEB Meney EpixanoBu4, 10KTOp (U3HKO-MaTeMaTHuecKuX Hayk, mpodeccop, akagemuk HAH PK,
(Anmarsl, Ka3zaxcran), htt s://www.scopus.com/authid/detail‘uri?authorld=265y3075 900, https://www.webofscience.
com/wos/author/record/1556025

ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES
ISSN 2518-1483 (Online), ISSN 2224-5227 (Print)
CobcerBennuk: TOO «lleHTpanbHO-a3uaTCKUN aKaJeMUYECKUH HayYHbIHA HEHTP» (T AJIMaTsl).
CauzerensctBo Ne KZ93VPY 00121157 0 mOBTOpHO# perkcTpaiyy MeproIuuecKoro e4aTHoro W3IaHus HHPOPMALIMOHHOTO
areHTCTBa, HH(OPMALMOHHOIO areHTCTBA M CETEBOIO U3/IaHNs, BBIIAHHOE PecITyOmiKaHCKIM rocyiapCTBEHHBIM yIPErkICHHEM
«Komwurer rrHpopmarmmn» MUHHCTEpCTBA KyTIBTYphI U HHpopmarmn Pecryomuku Kazaxcran 05.06.2025
Temartnueckasi HAPABICHHOCTD: DU3UKA, XUMUA.
ITepuomnunocTs: 4 pasa B roj.
http://reports-science.kz/index.php/en/archive
© TOO «lleHTpanbHO-a3uaTCKHi aKaAeMHYECKUIl HayYHBIN LEHTPY», 2026



ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES

CONTENTS
PHYSICS

Aimaganbetova Z.K., Kulshymbayev Y.A., Zhanturina N.N., Beketova G.K.
First-principles calculation of the electronic properties of the Double Halide
Perovskite Cs2Ago.2Nao.alno.sTio.sCls based on the quantum ESPRESSO software................... 14

Amangeldinova S., Zhuniskhan S., Kalzhigitov N., Kurmangaliyeva V.
Study of the cluster structure of *He and °Li mirror nuclei in two-cluster
APPTOXIIMNATION. ... vteeeiieetieetteeteeete et e eteeeteestbeeteeeateesaseesaeeseeenseesssaenseeanseessseessseenseesnseesssennssenn 35

Chokin K., Otunchi Ye., Kozhahmetova A., Kasenova A., Shongalova A.
Development and testing of a laboratory pyrometallurgical installation for recycling
JIthIUMATON DATEEIICS. . uviviiiieiiictieiieete ettt ettt ettt b e te b e e teeaeera e aeessesaeessesreensensaens 46

Issayeva A., Beisebayeva A., Madybekova G., Shynazbekova Sh., Issa A.
Comparative analysis of physico-chemical characteristics of drinking, spring
and natural water in the South Kazakhstan..............cccooiiiiiiiiiniiieeeee e 65

Kim V.Yu., Aimuratov Y.K.
Search for transient cosmic events by scanning the sky with wide-field telescopes.................. 78

Koshtybayev T.B., Tatenov A.M., Aliyeva M.E., Tugelbaeva G.T., Zhanaliyeva G.Zh.
Study of the electromagnetic field based on thermodynamics principles..........ccccoeevverveeeennenne. 89

Mukamedenkyzy V., Akberdiyev B.
Numerical investigation of the effect of inclination angle on the stability
of mechanical equilibrium in Ar—Nz binary gas miXtures..........c.ccceevverveeeerreeeenreeeesreeeesneennns 105

Myasnikova L.N., Uzakbaeva S.S., Shanina Z.K., Bekeshev A.Z.
Kinetic properties of high-density polyethylene filled with chromium spinel powder............ 119

Nurbayev B.M., Dmitriyeva E.A., Kemelbekova A.E.
The role of low-dimensional layered structures in enhancing the stability of tin-based
PETOVSKILE MALETIALS.......iivieiiieiiiiciieie ettt ettt ettt e aeesbe e sbe e s e beesseebeesseeneenes 136

Sattinova Z., Ermakhanova F., Assilbekov B., Taimuratova L.
Influence of various cooling conditions and heat transfer coefficients on solidification
during the formation of beryllium ceramic products............ccoeeverieviireeriereereceeie e 149

Shestakova L.I., Serebryanskiy A.V., Spassyuk R.R., Omarov Ch.T.
Search for gas of comet-meteor origin in the inner Solar System: caii ion emission............... 165

Ualikhanova U., Tursynkazy F., Syzdykova A.M., Altayeva G.S., Altaibayeva A.B.
Studying the amplitude of f(T) gravitational waves using Bessel functions.............cccccveneee.. 179




ISSN 2224-5227 1.2026

Zhexenbayeva G.A., Nasirova D.M., Aimanova G.K., Shomshekova S.A.
Photometric study of the symbiotic 0bject V725 Tal.......c.cccvevvieieriieieniieiesieeieeieeeeeeere e 194

Zhusupova N.K., Zhadyranova A.A.
Bounce cosmology in f(T, T7) gravity based on energy condition analysis.............ccc.oeven.. 205

Ziyatbekova G., Abdimanapova P., Sagyntay O., Nurym A., Ilinov R.
Using artificial intelligence to predict diseases based on medical data..........cccccoeoveirininennene 225

CHEMISTRY

Almassov N.Zh., Zhumagaliyeva A.N., Duisenbekov S.E., Zhakiyev N.K.
Design and optimization of hybrid renewable energy systems for
hydrogen production in Kazakhstan.............ccccueciirieiiiiieniiiieeeese e 236

Amangeldi B., ZhanikulovN., Taimasov B., Aitureev M.M., Dauletiyarov M.
Calculation of the Raw material composition for obtaining white Portland
COMENE CIINKET.....cutiitiiiiitieieeieie ettt ettt et te e b e s st esbeesaesbeesaenseesaenseeseesseensesseeneas 251

Baeshov A., Tashenov E.A., Atykhanova S.B., Koshkarbayeva Sh.T.
Preparation of cadmium sulfide by electrochemical method using a composite
SUIUI—GIraphite lECIIOAC. . ..uiiviiiieiiiiieiieie ettt sse e sneeneas 267

Baisalova G.Zh., Azhikhanova Zh., Taltenov A.A., Kuzhatova P.
Determination of the total phenolic content in perennial herbaceous plants
of the flora 0f KazaknStan............cccveriiiiiiiiieiieiectee e 277

Darmenbayeva A.S., Rajasekharan R., Zhussipnazarova G.M., Mukazhanova Zh.B.,
Begenova B.E.

Composites based on chitosan and cellulose: synthesis, properties,

ANd APPLICATION PrOSPECES. ...vieurierieriietieieetierteetesteetesteesesteesseeseesseessesseessesseessesseessesseesessnens ,e.287

Erkasov R.Sh., Zhamkenova A.S., Sergazina S.M., Nurmukhanbetova N.N.,

Kassenova N.B.

Halide-dependent modulation of hydrogen bonding in Mn(II) complexes with

protonated acetamide: a QTAIM, NCI, and energy decomposition study.............cceeververrernens 304

Kalimoldina L.M., Shaikhova Zh.E., Kaliyeva B.K., Bubish Sh., Askarova Sh.K.
The effect of silver nanoparticles on the germination of bean, lemon, tangerine
ANA AVOCAAO SCEUAS. ... eevvitieiietieiietietee et ettt ettt et e s te e e s te e b e sssenbeessesseesaenseesaenseessesseensesseenees 320

Kurtebayeva A.A., Alvarez-Torrellas S., Gomes H.T., Orynbayev S.A.,

Kalmakhanova M.S.

Activated-carbon-enhanced polymeric membranes for efficient elimination

Of eMErging CONAMINANES........cc.eeieriieierrieierieete st ete e eee e esesteebessaesseesseseeseesseeseesseensesseeneas 334




ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES

Massenova A.T., Zhumakanova A.S., Torlopov L.I., Rakhmetova K.S.,

Abilmagzhanov A.Z.

Optimization of the hierarchical zeolite ZSM-5 synthesis process by

steam-assisted alkaline MOdifiCatioN...........cooieviiiieiiiiieie e 350

Mutushev A.Zh., Nuraly A.M., Sanat A.S., Shaukharova M.A., Yessimsiitova Z.B.
The effect of light-converting films on the accumulation of bioactive compounds and the
QUATTEY OF FIUIES....vvitieiicte ettt ettt eete b e eseesbeeseesseensesneeneas 366

Nefedov A.N., Taiekenova A.T.
Current state of organic corrosion inhibitor application in oil refining...........ccccoeevevvveirennnnen. 379

Omarov B.T., Altybayev Zh.M., Serikbayeva B.S.
Production of biohumus by vermicomposting of organic wastes and study of its
AZrOECOlOZICAl EITECHIVEINESS. . eeeuiieiieiiieiieeit ettt ettt st e e et e e eteesabeenseeenseas 399

Rakhman D.M., Kappasuly A., Makhayeva D.N., Kazybayeva D.S.,

Irmukhametova G.S.

Development and investigation of mucoadhesive hydrogels based on

2e11an—CYStEINE COMPIEXES....evviriieieiieiieitieiieiteeeteeteetteeteete st eaeereestesasesseessesseessesseessesseesseeseenns 414

Sabyrzhanova A.E., Bolatkyzy N., Berganaeva G.E., Dyusebaeva M.A.
Study of amino acids and fatty acids in the aerial part of Plantago major..............ccccceevenneeen. 428

Satayeva S., Akhmetova F., Urazova A., Aituganova S., Yerniyazova K.
The influence of PEPA concentration on the physical, mechanical, and operational
properties 0f ED-20 epOXY adNESIVES.....ccueiiiirieiiirieiieieeie ettt ettt eae e 439

Zamanbek A.Zh., Koshkarbayeva Sh.T., Satayev M.S.
Methods of Obtaining Silver Nanoparticles and Antibacterial Properties...........ccoeevevveevenenne. 450

Zhortarova A.A., Salkeyeva L.K., Minayeva Ye.V., Ibrayev M.K., Fazylov S.D.
New possibilities for the synthesis and phosphorylation of phosphonoacetic
ACTA BSTRT. ..ottt ettt e b et e h e bt et h et b et b et eh et et be et 462




ISSN 2224-5227 1.2026

MA3MYHbI
OU3UKA

Aiimaranterosa 3.K., Kyrmbimoaes E.A., "Kantypuna H.H., bekeroa I'K.
Quantum Espresso 0armapiamacs! Herizinge Cs2Ag 0.2Na 0.4In0.6Ti0.4Cl16
KOC TaJIOTeH/II IEPOBCKUTTIH AJICKTPOH/IBIK KACHETTEPiH OIPIHII MPHHIUNTIK €CEHTEY.......... 14

Amanreaaunona C., /Kynicxan C., Kasukururos H., Kypmanraauesa B.
Exi kmacreprik xybikrayna SHe sxoHe SLi aifHaIBIK sIAPOIAPBIHBIH KIACTEPITIK
KYPBITBIMBIH BEPTTEY. .. e veuveuteutensensenseneeneaneaseastaseaseaseaseaseasesseasensensensensensenseneanseseaneaseaseasesseasensenes 35

Yoxuu K., Orynun E., Ko:kaxmeroBa A., Kacenona A., [llonrajiosa A.
JInTuii-noHaBl akKyMyssTOpIap/bl KaiTa OHAeyTre apHallFaH 3epTXaHaJIbIK
MUPOMETAJUTYPTUSUTBIK, KOHIBIPFBIHBI 931PIIEY KOHE CBIHAY....c.vveerreerrreenreensreereenseeeseesssesnseensnens 46

HcaeBa A.B., beiiceoaeBa A.C., MaabioexoBa .M., lllunaszdexona II1.C., Uca A.B.
CpaBHHTENIBbHBIN aHAJTN3 (HU3UKO-XUMHUCCKUX XaPAKTEPUCTUK TUTHEBOM, POTHHUKOBOM
U TIPUPOTHON BOJBI FOTA KABAXCTAHA. ... vveeeveeiieeiieiie ettt ettt siee et ae et esaaeebeeseveeseesnne s 65

Kum B.1O., AiimyparosB E.K.
KeH OYpHBIIITHI TEIeCKONTaPMEH aCHaH bl CKaHEePJICY apKbUIbI OTIICII FAPBIIITHIK
OKHFAITAPIIBI 13IICY. v vvevvevvesreessesseessesseessesseessesseessesssesseessassessesssessesssessesssessesssessesssesssessesssesensenns 78

Komrtbi6aeB T.b., TatenoB A.M., AiineBa M.E., Tyrea6aesa I.T., ’Kananuena 7K.
DJIEKTPOMArHUTTIK OPICTI TEPMOJMHAMHUKAIBIK OacTaMasiap TYPFBICHIHAA 3EPTTEY........cevvennens 89

MyxkaMmeneHkbI3bl B., AkOepaues b.
Ar—N: GMHApIIBI I'a3 KOCTAaIapbIHaFbl MEXaHUKAJIBIK TeIe-TeHIiK TYPaKThUIbIFbIHA
KHFAIl OYPBIIITHIH CEPIH CAHIIBIK BEPTTEY. . euveerrereerreereerreeseeseessessesssessesssessesssesssessessesssesseenns 105

MscuukoBa JI.LH., ¥3ak6aeBa C.C., [llanuna 3.K., bekemen A.3.
XPOM-IIIMHEb/II YHTAK KOCBUIFaH )KOFAPbI THIFBI3ABIKTHI TOJHITHICHHIH KMHETHKAIBIK
KACHICTTEP 1 e.vveuveeuteeteesreesteetteteesseeseeseesseessesseesseessesseesseesseseesseessesseessessaessesseessesssensesssesseessenseas 119

Hypo6aes b.M., /Imutpuena E.A., KemenoexoBa A.E.
Kanaiibl Heri3iHaeri mepoBCKUTTI MaTepHUAIAPIBbIH TYPAKTHIIBIFBIH
apTTHIPYAaFsl TOMCHOIIEM/II KAOATThI KYPBUIBIMAAPIBIH POML....vecveereerrereerienreereenreeneeeseennas 136

CarTunoBa 3., EpmaxanoBa ®., Acbl10exoB b., Taiimypartosa JI.
Bepuinmii kepaMUKaIbIK OYHBIMIapbIH KAJIBIITACTBIPY KE31HIE Op TYPJi CAIKbIHAATY
JKaraiaapbl MEH KbUTY 0epy KOOPPHUITUEHTTEPIHIH KATAIOFA OCEP1. veeuveerieerierireereerereenveennns 149

lecrakoBa JI.U., Cepedpsinckuii A.B., Cnaciwok P.P., Omapos I11.T.
KyH xy#ieciHiH ilKi aifMarbIHIarbl KOMETa-METCOPIIBIK TEKTET T'a3/bl 131€Y:
Call MOHTAPBIHBIH HKAPKBIPAYBL...eeuvveeureersreeereensreasseesseeaseenseessseesseesseessesssseesseessseessessssessseessees 165




ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES

YaauxanoBa Y.A., Typcbinkasel @., Coi3abikoBa A.M., AaraeBa I[.C., AnraiidaeBa A.b.
beccenp pynknusnaper naigananein f(T) rpaBUTAIUSIBIK TOIKBIHAAPIBIH
AMIUTHTYTACHIH BEPTTEY . .euveetreeureeneeesreenseeseseenseessseenseeasseesseesssessseessseessessssesnsesssseesseesssesnseessees 179

Kexcendaena I'A., Hacuposa JI.M., AiimanoBa I K., [llommexoBa C.A
V725 Tau cuMOMOTHUKAIIBIK OOBEKTICIH (DOTOMETPIIK BEPTTEY..ccvveerrreenreeveesnreeneeenereensneenneenens 194

Kycynosa H.K., ’KaapipanoBa A.A.
Dueprus waprrapsin Tanaayra nerisaeiren (T, T') ceprinic KOCMONOTHSACHL.................... 205

3usaroexosa I.3., A0numananosa IL.B., CarbinTaii O.A., Hypsim A.A., HabunoB P.A.
JKacaHipl HHTEIUIEKT KOMETIMEH MEIMHUIIMHANIBIK JIepeKTep OOMbIHIIIa
AYPYITAPIIBL OOTIIKAY. .. .vvveeveenvereesseessesseaseesseaseesseassesseessesseessesseessesssessesssessesssesesssessesseessesssessessees 225

XUMMHA

AumaccoB H.2K., ZKymaranueBa A.H., [yiicenoexoB C.E., JKakues H.K.
Kasakcranaa cyreri eHipyre apHairaH TMOPHTIK KaHAPTHUIATBIH SHEPTUsl XKYHenepin
KOOAIIAY HKOHE OHTAUIIAHIIBIPY. .. vevververererseeereseassenseassesseessesseessesssensesssessesssessesssessesssessesssenseenns 236

Amanrenni b., Kanukynos H., TaiimacoB b., Aiirypees M., laysnerusipo M.
AKX NOPTJIaHJIIEMEHT KJIMHKEPIH ally YIIH IIMKI3aT [HXTa KYPAMBIH €CEIITEY....c.ceververenrnne 251

baemoB A., TamenoB E.A., ArbixanoBa C.b., Komkap6aesa II.T.
KoMmo3unusiiibl KYKipT-rpaduT 3JICKTPOIBIH KOJAaHYy apKbUIbl Ka MU
CYIbQUIIH TECKTPOXUMUSIIBIK OIICTICH AITY....eevveveerreveessesseessesseesesssessesssesessaessesseessesssessesses 267

Baiicanosa IK., AskuxanoBa K., TanrenoB A.A., Ky:karosa II.
Kazakcran (uopachlHIarkl KOIDKBULABIK HIONTECIH 6CIMAIKTEP/AiH (EeHOIIBIK
KOCBUIBICTAPBIHBIH JKUBIHTBIK MOJIICPIH AHBIKTAY. ... ..cvverreereenrerrresessrenseessesessenseessenseessenseenns 277

JapmendaeBa A.C., Rajasekharan R., ’Kycunna3zaposa I M., Mykasxkanosa K.b.,
berenosa B.E.

XUTO3aH JKOHE LIEJUTI0JI03a HET131HIerT KOMIIO3UTTEP: CHHTE3, KACHETTEPI )KOHE KOJIIaHy
TICPCTICKTHBAIIADDBL. « ... eutveeteeereenteesnteesnseesreesseeenseesnseessseenseeanseessseesssesnseesnseennseessseenseesnseesnsesnses 287

Epxacos P.III., 7KamkenoBa A.C., Ceprazuna C.M., Hypmyxau6erosa H.H.,

Kacenosa H.b.

Mn (II) kenrenepingeri CyTekTik OaitlaHbICTap/AbIH YHEPTHSCHI MEH TaOUFaThIHA

ranorerHiH ocepi: QTAIM, NCI skoHe SHEPTHS TEKOMITOZUIIUSICHL. ... .c.veevverveeerereesreneeenseneeenns 304

Kanumouauuna JI.M., [llauxosa 7K.E., Kaauesa b.K., Byoum L., Ackaposa LK.
Kywmic HaHoOesIIIeKTepiHiH OYpIlaK, JUMOH, MaHAAPHH, aBOKAI0 TYKbIMIAPbIHBIH
OHYTHE OCCP L ureuveeuveiteerreeteeseeseeseessesseastesseeseesseassesseessesseessesseessesssensesssessesssessenssesseessessesssessesnens 320




ISSN 2224-5227 1.2026

KyprebaeBa A.A., Alvarez-Torrellas S., Gomes H.T., Opbintaes C.9., Kaimaxanosa M.C.
ANaHIayIIBUIBIK TYABIPATHIH JIACTAYIIIBI 3aTTapAbl THIMII KO0 YIIIiH OeJICEHAIpiaTeH
KOMIP TTOJTUMEPITT MEMOPAHATIAD ...e.vveenveerereerreanreenseesnseenseessseenseeasseeseeanseenseesseenseesssesssesesesnses 334

MacenoBa A.T., ’Kymakanosa A.C., Topsonos U.U., PaxmeroBa K.C.,

AduabmarkaHoB A.3.

ZSM-5 nepapXusuTbIK IEOTUTIH OyMeH CUITiI MOAM(UKAIUIIAY apKbUIBI aTy MPOIECiH
OHTAMITAHIIBIPY. .+ v vveeenvreenreesnseeenseeenseessseesseessseesnseeessessseesssessssessnsessnsesensessnsesensessnsessnsessnseesnsens 350

MytymeB A.7K., Hypaasl 9.M., Canar A.C., lllaykapoa M.A., Ecumcuurtoa 3.b.
JKapbIk TYpleHIIpeTiH MIeHKaIapAbIH OMOAKTHUBTI KOCBUIBICTAP/IBIH KUHAKTATYbIHA
JKOHE KEMIC CATTACHIHA OCEP 11 uveeureerureeteenireenteeaseenseesseenseessseesseessseessseenseessessseesseessseesseeeseenses 366

Hedenos A.H., TaiiekenoBa A.T.
MyHail eHiey OHEPKICiOIHIe OPTaHUKAIIBIK KOPPO3HUS MHTHOUTOPIIAPBIH KOJIIaHYIBIH
KABIPTT JKAFTIAMBL. 1.t evvveeeveentieeiteeteeseteenseessseeseeesseeseessseeseessseenseessseenseeanseenseesnseenseesssessseennsesnsns 379

Owmapos B.T., AntbioaeB K.M., Cepuxdaena b.C.
OpraHuKabIK KaJIBIKTap/Ibl BEPMUKOMITIOCTHUHT apKbUIbI OMOTYMYC OHJIIPY KOHE
OHBIH arPOIKOIOTHSITBIK THIMIUTITTH 3EPTTEY. . eeeuveerreerieerreenreenseesseensnesseenseesseensesssseesseesses 399

Paxman /.M., Kannacyjsl 9., MaxaeBa /I.H., Ka3bi6aeBa JI.C., UpmyxamertoBa F.C.
lennman—1McTEeNH KeMeHepi HeTi31Hae MyKOaIre3usUIbIK THAPOTENbIEPIl 93ipiiey
TKOHE BEPTTEY. e euveenrreenrreeseeeseessseenseessseenseessseanseeasseeseessseesssessseenseessseesssensesnsesssseenseesssesssesensesnses 414

Caobip:kanoBa A.E., boaarksi3el H., bepranaesa I.E., /{liocebaeBa M.A.
Plantago Major ep ycTi OeiriHiH KypaMbIHIaFbl aMUH KBIIIKBUIIAPHI MEH Maii
KBIITKBUTTIAPBIH BEPTTEY. . eeuvveeuveenreessreenseessseenseeasseesseessseesseessseesseessseensesenseessessseessessssessssssssesnses 428

Caraena C., AxmeToBa @., Ypa3oBa A., Aiitryranosa C., EpuusizoBa K.
O1-20 smoKkcuaTI KemiMAEPiHiH (U3NKa-MEXaHUKAJIBIK JKOHE DKCIUTYaTaIlHsIbIK
kacuerTepine [IDITA KOHIEHTPAIMSICHBIHBIH BIKITAIIBL. .. ...ecuvietreesreetreeseenseesnseensnessseenseeesseennns 439

3amanbexk A. K., Komikapoaesa III.T., CataeB M.C.
Kymic HaHOOOIIIEKTEPiHIH albIHY ICTEPI MEH aHTHOAKTEPHUAIIBIK KACHETTEPI............ ... 450

7KoprapoBa A.A., CaabkeBa JI.LK., MunaeBa E.B., Uopaes M.K., ®a3br10B C./I.

DochoHOCIpKe KBIIIKBUIBIHBIH dQHUPIH cHHTE31ey MeH (HOChOpIaHabIPYIbIH
IKAHA MYMEKTHITIKTED . eeevveeutieeureeteeseteenteessteenseessseeseessseenseessseenseessseenseeensesssesssseesseesssessssesnsesnses 462

10




ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES

COJIEP)KAHUE
®M3NKA

Aiimaranoerosa 3.K., Kyambimoaes E.A., 7Kantypuna H.H., bekxeroBa I'.K.

Pacuer o nepBoMy MpUHIUITY 3JIEKTPOHHBIX CBOMCTB JIBOMHOTO

ranorenugHoro niepoBckuTa Cs2Ag 0.2Na 0.4In0.6Ti0.4Cl16 Ha ocHOBE

TPOTPAMMBI QUANTUM ESPIESSO....eeiuviiiiieiiieiieeiieiie et esite et e st e et et e ebeeseaeebeessaeenseessaeenseennneas 14

Amanreaaunona C., /Kynicxan C., Kasukururos H., Kypmanraauena B.
HccnenoBanue KIIacTepHON CTPYKTYPHI 3epKaibHBIX siep SHe u SLi B 1ByXKi1acTepHOM
TIPHOTTHIIKECHI. ... vveeeeveeeereeeuseessseensseenseeesseesnseeanseessseessseensseessseenseesnsseanseesnsesssseessseessssensseenssesnseen 35

Yoxuu K., Orynun E., Ko:kaxmeroBa A., KacenoBa A., [llonrajiosa A.
Pa3paboTka 1 ucnpITaHus JTa00PaTOPHON TUPOMETAILTYPTHUECKON YCTAHOBKH JIJIS
NePePadOTKH JTUTHH-UOHHBIX AKKYMYIIITOPOB. ...ccuvveeurierreenreersreaseesseeaseenseesseesssessseessseensesnnes 46

HUcaeBa A.B., beiiceoaeBa A.C., MaabioexoBa .M., lllunazdexona I11.C.,
Hca A.Bb.
CpaBHUTENBHBIN aHATN3 (PU3UKO-XUMUYECKHUX XapPaKTEPUCTUK MTUTHEBOM,

POTHUKOBOM U TMIPUPOTHON BOABI FOTA KABAXCTAHA. ... veevveeeiieiieeieeiiieeieeeiieeieeseneeveeseveeseenaneas 65
Kum B.1O., Aiimyparos E.K.

[Touck TpaH3MEHTHBIX KOCMUYECKHUX COOBITHI METOJIOM CKaHUPOBaHUsI Heba
HIHPOKOYTOIMBHBIMH TEIIECKOTIAMU. .......vuteutentntaseasesesseaseasessessensensensensensenseneanseneeneaseeseasesseasensenes 78

KomrtbioaeB T.b., TarenoB A.M., AineBa M.E., Tyrea6aesa I.T., "Kananuena 7K.
HccrenoBanue 3JIEKTPOMAarHUTHOTO ITOJIST HA OCHOBE TEPMOIUHAMUYCCKHUX [TPUHITUIIOB......... 89

MyxkameneHkbI3bI B., AkOepaueB b.
YucrieHHOE UCCIIeI0BAHNE BIMSHUS yIvIa HAKJIOHA HA YCTOHYMBOCTH MEXaHUYECKOTO
PABHOBECHS B OMHAPHOMN TA30BOM CMECH AT—N2..icuuiiiiiieiieeiiieieeeeieeiie et enieesreesaeesereenseeenneenes 105

MscuukoBa JI.LH., ¥3ak6aeBa C.C., [llanuna 3.K., bekemen A.3.
KuHeTHueckre CBOHCTBA BRICOKOILUIOTHOTO MOJIMATHIICHA C 00ABICHHEM
XPOM-TITTHHETBHOTO TIOPOIITKA. ... vveeuveeereenseenseeanseenseessseesssesseessseanseesseesseessessseesseessseessessssenns 119

Hyp6aes .M., /Imutpuena E.A., KemenoexoBa A.E.
Posib HU3KOpa3MEPHBIX CIIOUCTHIX CTPYKTYP B MOBBIIICHUH CTA0HIBHOCTH
TIEPOBCKUTHBIX MATEPHATIOB HA OCHOBE OJIOBA.....eeuveerureenrrenereeseenseeeseeeseenseessseesseessseesseesssesnses 136

CarrunoBa 3., EpmaxanoBa ®@., Acbl1oexoB b., TalimypartoBa JI.

BnusiHue pa3iMyHbIX YCIOBUIT OXJIKACHHS U KO PHUIMEHTOB TeIUIoNepeiadn
Ha 3aTBepJeBaHue MPH (POPMHUPOBAHIH OEPUILTUEBBIX KEPAMUUECKHUX H3ACTUM . .......ccvveeneeee. 149

11




ISSN 2224-5227 1.2026

lecrakoBa JI.U., Cepedpsinckuii A.B., Cnaciwok P.P., Omapos I11.T.
[Touck raza KOMETHO-METEOPHOTO MTPOUCXMKICHUS BO BHYTPEHHEH o0nactu
Comneynoit CructeMbl: CBeueHHe HOHOB Call........coccoiiiiiiiiiiiiiiiiiiiecececeeen 165

YaauxanoBa Y.A., Typceinkassl @., CoizabikoBa A.M., Aaraesa I.C., AnraiioaeBa A.b.
Mzyuenne ammutyas! f(T) rpaBUTAITMOHHBIX BOJH C HCIIOJIb30BaHUEM
(DYHKIIII OCCCCIIM...vvevvitieereeteesteeteeteeseesseestesseessesseessesseessesseessesssassesssesseessessesssesseessesseensesseeseas 179

Kexcendaena I'A., Hacuposa JI.M., AiimanoBa I'.K., lllomimexoBa C.A.
DoTOMETPUIECKOE UCCIIEIOBAHNE CUMOMOTHIECKOTO 00BEKTa V725 Tal.....cevvvveeeeeiieieeene. 194

Kycynosa H.K., ’KaapipanoBa A.A.

Kocmormorust orckoka B f[T,T) rpaBUTAallMd Ha OCHOBE aHalin3a DHEPreTHYECKUX
{821 (01171 SO SR P RPN 205

3usroexona I.3., Aonumananosa IL.b., Carbinraii O.A., Hypsim A.A., HiabunoB P.A.
Hcnonp30BaHKe HCKYCCTBCHHOTO HHTEJUICKTA ISl TPOTHO3UPOBAHKS 3a00ICBaHHN
HA OCHOBE MEIUIIMHCKIX JTAHHDBIX.....eeeteeteteteeeeeteeeseeeeeeeeeteteseeeeeeseeeeesssesesseeeseeaesasesesseeeeeeeeeeess 225

XUMUA

AumaccoB H.2K., ’KymaranueBa A.H., [lyiicendoexoB C.E., JKakues H.K.
HpOeKTI/IpOBaHI/Ie U OIITUMU3ALUA FI/I6pI/I}IHBIX B0306HOBHHGMBIX HCTOYHUKOB
SHEPTUU IS TIPOU3BOJICTBA BOMOPO/IA B KABAXCTAHE. ...c.vveevieiieeeiieiieeieeiee e 236

Amanrenni b., "Kanuxynos H., TaiimacoB b., AiirypeeB M., laysnerusipo M.
Pacuér cocTaBa ChIPHEBOI MIUXTHI IS TOTYYCHNS OEJI0T0 MOPTIAH/IIEMEHTHOTO
KITHTHKED @, 1t eevveenteeenteeeuseensseeseessseessseensseessseenseesaseessseensessnseessseesseenseesnsesssseensseenseesnseesssesnseesnses 251

baemoB A., TamenoB E.A., ArbixanoBa C.b., Komkap6aesa I11.T.
HonyquI/Ie CyJ'IB(bI/IJIa KaaMUs JICKTPOXUMHUYECCKHUM METOAOM C UCTIOJIb30BAHUEM
KOMITO3UTHOTO CEPA-TPAPHUTOBOTO DITEKTPOA. . eeuvveerrrearreenereenreenseesnseensreeseesssesnseensessnseesseessees 267

Baiicanoa IK., AsxkuxanoBa K., TanrenoB A.A., Kyxkarosa II.
OnpeneseHne CyMMbI (PEHOIBHBIX COSAMHEHUI B MHOTOJICTHHX TPABSIHUCTBIX PACTCHUSIX
BDITOPBI KABAXCTAHA. ......evieeiivieiiieiieteete ettt et ete et ste e s te e s e sssesbeessesbeessesbeessesseessesseensesseeneas 277

Jdapmen6aeBa A.C., Rajasekharan R., ’Kycunna3zaposa I M., MykaxaunoBa K.b.,
Berenosa B.E.

KoMIo3uThl Ha OCHOBE XUTO3aHa H [EJUTIOJIO3bI: CHHTE3, CBOMCTBA M MEPCIIEKTHBbI
TIPHIMEHEHHS. ..c..eenteettenttentesteenttentesteesueenteestesbtenaesaeesaeeneeeatesb e e et eaeesbee bt eaeeebee bt emeeebe e bt enteeneenaeenee 287

Epxkacos P.III., 7KamkenoBa A.C., Ceprazuna C.M., Hypmyxau6erosa H.H.,

Kacenosa H.B.

BrnusHue rajgorena Ha SHEPTETHKY U IPUPOAY BOAOPOAHBIX cBsizeit B Mn(1l):

QTAIM, NCI ¥ 9HEPTOMCKOMITOBHIIH. «...c.veeneettenteemtenteententeensesteentesteenseeseesesseenseeseenseeneenseenees 304

12




ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES

Kanumouauuna JI.M., [llauxosa 7K.E., Kaiuesa b.K., Byoum L., Ackaposa LII.K.
BrusiHre HaHOUACTHII cepedpa Ha IpopacTaHue ceMsH (acoiid, JMMOHa,
MAHJTAPUHA, ABOKAIO . eeuvveeuteerureanteesureeseensseenseessseenseessseeseessseenseessseenseesseenseesnseenseessseesseessesnses 320

Kypre6aesa A.A., Alvarez-Torrellas S., Gomes H.T., Opbin6aes C.A., Kaavaxanosa M.C.
[TonumepHble MEMOpaHbI ¢ aKTUBUPOBAHHBIM YIJIEM JUIsl 9P (EKTUBHOTO YIaJICHHS
3arpsI3HSIONIUX BEUICCTB BBI3BIBAOIIUX OOCCIIOKCHHOCTD. .. .vvevvenrerererseeseessennaenseessenseensenseenns 334

MacenoBa A.T., Kymakanosa A.C., Topionos U.U., PaxmeroBa K.C.,

Al0uiabMarkaHnos A.3.

OnTuMu3anys npouecca nojy4eHnus Hepapxuueckoro neoaura ZSM-5 naposoit

LICTTOTHON MOIMMMDUKAIIHCH. ... .euveveenreeeienieeetenteessenseessesseessesseensesssessesssessesssessenssenseessenseensenseenes 350

MyTtymes A.JK., Hypaasr A.M., Canar A.C., lllaykaposa M.A., EcumcunroBa 3.5.
Bnusinue cBerornpeoOpa3yromux IIEHOK Ha HAKOIUICHNE OMOaKTUBHBIX COSIMHEHHN
U KAYECTBO TITOOB. ..ceutiattenteutententtententtenteeeseteeaseteesseateensesaeentesatensesutensesbsebeeanenteesnenteennenueenne 366

Hedenos A.H., TaiiexenoBa A.T.
CoBpeMEHHOE COCTOSTHUE MTPUMEHEHHSI OPraHMYeCKUX HHIHOUTOPOB KOPPO3UH
B HEDTCIICPCPADOTEE. ... .eveenveerenreeitenteesteseessenseassesseassesssessesseensesssessesssensesssensesssensesssessesnsensennes 379

Omapos B.T., Antsi6aes 7K.M., CepuxbaeBa B.C.
[Tonyuenue Ouorymyca myTeM BEpMUKOMITIOCTUPOBAHHSI OPraHNYECKUX OTXO/I0B
U UCCJICIOBAHUC €TO arpOIKOIIOTUICCKOU IPPEKTUBHOCTH. ......c.vverreerenrernrenrenneeseessenseensenseenns 399

Paxman /.M., Kannacyss 9., MaxaeBa /I.H., Ka3pi6aesa /I.C., UpmyxameroBa I.C.
Paspabotka u uccieoBaHIE MYKOAIIe3UBHBIX THAPOTEIICH Ha OCHOBE KOMILICKCOB
TEIITTAHTIHCTEUH. ..o euvteeeutteesuteeentteesateeeeseesasseenteeeaseeesaseeensseesaseeesnsaeenseeesaseeenseesasaeennseesnsseennn 414

Caobip:xkanoBa A.E., boaarksizsl H., bepranaesa I.E., /lrocebaeBa M.A.
HccnenoBanne aMHMHOKUCIIOT M JKUPHBIX KUCIIOT B COCTaBE Ha/I3€MHOM
YACTH Plantago MajOr........coouiiuieiiiiieiicieie ettt st e s be e beesbesseensenseenes 428

Caraena C., AxmetoBa ®@., Ypa3oBa A., Aiitryranosa C., EpuusizoBa K.
Bnusiaue xonnentpanuu [1911A Ha Qu3nueckue, MEXaHHUCCKUE M AKCILTYyaTallMOHHBIC
CcBOMCTBA AMOKCUIHBIX KIIEEB DJI-20.....ccciiiiiiiiieiiii ettt ettt e eae e 439

3amanbexk A.XK., Komikapoaesa L. T., Cataes M.C.
MeTozbl TTOSTy4eHUsI HAHOYACTHI] cepedpa U aHTUOAKTEPUATIBHBIE CBOUCTBA. .......ccverveeennenne. 450

Kopraposa A.A., CaabkeBa JI.LK., Munaesa E.B., Uopaes M.K., ®a3br10B C./I.
Hosble Bo3MOXHOCTH cHHTE3a U (hochopuinpoBanus GochOHYKCYCHOTO IPUPA................... 462

13




ISSN 2224-5227 1.2026

ACADEMIC JOURNAL

OF PHYSICAL AND CHEMICAL SCIENCES
ISSN 2224-5227

Volume 1.

Number 357 (2026), 428-438

https:/7doi.org/10.32014/2026.2518-1483.430

UDC: 547
IRSTI: 31.23.33,31.23.27

©Sabyrzhanova A.E., Bolatkyzy N., Berganaeva G.E.,
Dyusebaeva ML.A.", 2026.
Al-Farabi Kazakh National University, Almaty, Kazakhstan.
*E-mail: moldyr.dyusebaeva@kaznu.edu.kz

STUDY OF AMINO ACIDS AND FATTY ACIDS IN THE
AERIAL PART OF PLANTAGO MAJOR

Sabyrzhanova Aizada — Junior Research Fellow, Al-Farabi Kazakh National University, Almaty,
Kazakhstan,

E-mail: aiz_s@mail.ru, https://orcid.org/0009-0005-0421-2654;

Bolatkyzy Nazerke — PhD, Al-Farabi Kazakh National University, Almaty, Kazakhstan,

E-mail: nbolatkyzy98@gmail.com, https://orcid.org/0009-0007-2072-5884;

Berganayeva Gulzat — Candidate of Chemical Sciences, Associate Professor, scientist of Al-Farabi
Kazakh National University, Almaty, Kazakhstan,

E-mail: gulzat bakyt@mail.ru , http://orcid.org/0000-0002-7213-7458;

“Dyusebaeva Moldyr — Candidate of Chemical Sciences, Associate Professor, scientist of Al-Farabi
Kazakh National University, Almaty, Kazakhstan,

E-mail: moldyr.dyusebaeva@kaznu.edu.kz, http://orcid.org/0000-0003-3873-5099.

Abstract. This study presents a comprehensive investigation of the aboveground
and underground parts of Plantago major (greater plantain) growing in different regions
of Kazakhstan. The objective of the study was to evaluate the pharmacological and
chemical characteristics of the plant and to determine the composition of biologically
active substances (BAS), including macro- and microelements, amino acids, and fatty
acids.

Physicochemical parameters of the plant material, such as moisture content, total
ash, and extractive substances, were determined in accordance with the requirements of
the State Pharmacopoeia of the Republic of Kazakhstan. The mineral composition of
the ash was analyzed using atomic absorption spectroscopy. The results demonstrated
significant concentrations of calcium, potassium, magnesium, iron, and zinc, indicating
a high nutritional and therapeutic potential of the plant material.

The quantitative composition of twenty amino acids in the root part of Plantago
major was determined using gas and gas-liquid chromatography. Lysine, glycine, serine,
and threonine were identified as the predominant amino acids. These compounds are
known to play an essential role in metabolic processes and in maintaining immune and
nervous system functions.

428




ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES

In addition, gas chromatography analysis of the aboveground part revealed the
presence of eight fatty acids, with linoleic acid (40.2%) and oleic acid (34.6%) as the
dominant components. These fatty acids contribute to energy metabolism, structural
integrity of cellular membranes, and exhibit anti-inflammatory, antioxidant, and
immunomodulatory properties.

The results confirm the potential of Plantago major as a valuable natural source of
biologically active compounds for pharmaceutical and food industry applications.

Keywords: Plantago major, chemical-analytical parameters, mineral composition,
amino acids, fatty acids, pharmacognostic parameters, GC, GC-MS
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AnHoTammsa. byn sxympicra KaszakcTaHHBIH opTypii aiiMakTapblHIA ©CETiH
Plantago major (y7KeH KOIKEIIKEH) ©CIMIIITIHIH JKep YCTI )KOHE Kep acThl OOJIKTepiHe
KeIIeH/Il 3epTTey KYPTi3inai. 3epTTeyaiH MaKcaThl OCIMIIKTIH (papMaKoIOTHUSIIBIK KOHE
XUMUSIIBIK CHTIATTaMaJIaphIH Oarajay, COHIal-aK OMOJIOTHSUTBIK OeJICeHIl 3aTTapIbIH
(bb3), Makpo- KoHE MHUKPOIIEMEHTTEpPAiH, aMWHKBIIIKbUIIAPBIHBIH JKOHE Mail
KBIIKBIIIAPBIHBIH KYPaMbIH aHBIKTAY OOJIJIBI.
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OCiMIIK  WIMKI3aThIHBIH ~ (U3MKA-XUMUSIIBIK ~KOPCETKIIITEpi, COHBIH IIIIHJC
BUTFAJIJIBUTBIK, KA KYJI MOJIIIEP] )KOHE SKCTPAKTUBTI 3aTTap/bIH Kypambl Kazaxcman
Pecnybnuxacvinvity ~ Memnexemmix — (papmaxonescolnvly — TalalTapblHA  COUKEC
aHbIKTaNAbl. Kyl KypaMbIHIAFbl MUHEPAIBIK 3JIEMEHTTEP aTOMJIBIK-a0COpOIMSUTBIK
CHEKTPOCKOIUSL JJICI apKbUIbl 3epTTENAl. 3epTTey HOTHXKEIepl KallbIUi, KaJuu,
MarHui#, Temip KoHe MBIPBIII 3JIEMEHTTEPiHIH endyip Meuuiepae 6ap eKeHiH KopCeTTi,
OYJ1 6CIMJTIKTIH KOFaphl TAaFaM/IBIK KOHE MK KYHIBUIBIFBIH JQJICIICHII.

Plantago major ecimairinig Tamblp O6JIriHAErT >KUbIpMa aMHHKBIIIKBLIBIHBIH
CaHJIBIK KYPaMbl ra3zbl XKoHE Ta3-CYHbIK XpoMarorpadust 9/1icTepi apKbUIbl aHBIKTAIIIBI.
AHBIKTaJIFaH aMUHKBIIIKBULIAPBIHBIH 1IIHJE JIN3WH, TIWIUH, CEPUH JKOHE TPEOHUH
0acbkIM MeJIIepie Ke3[IeCeTiHI aHBIKTANABL. byl aMUHKBIIIKBUIIAPHI aF3aJiaFbl
3aT aJMacy MpPOIECTePiHAC MaHBI3bI POJ aTKapalbl JXOHE MMMYHJBIK Opi KyHke
KYHenepiHiH KbI3METiH KOJ/1ayFa KaTbICabl.

ConbIMeH KaTap, ©CIMAIKTIH ep YcTi Oemirinae rasapl xpomatorpadus amici
ApKBLUIBI CETi3 Mail KbIIIKbLUIbI aHBIKTAIBI. OJapIbIH iIiH/IE TUHO KbIIIKbLUTHI (40,2%)
JKOHE OJIEWH KBIMKBUIEI (34,6%) 0achlM €KeHi aHBIKTAJIbl. Bysl Mail KBIIKbLIIAPHI
SHEprusl ajaMacyblHa KaThICAJlbl, jKacylla MeMOpaHaIapbIHBIH KYPBUIBIMBIH CaKTayFfa
KOMEKTECe/Il KoHEe KaObIHyFa KapChl, aHTHOKCHJAHTTBHIK 9pi UMMYHOMOYISIIHSITBIK
KacHeTTepre ue.

AnbiaFaH HOTHKenep Plantago major eciMairiHiH QapManeBTUKa >KOHE Taram
OHEPKICIOIH e KOJIJaHyFa 00JIaThIH OMOJIOTUSUTBIK OCJICEH 11 KOCBUIBICTAP IbIH MaHbI3/IbI
K631 eKeHIH KepCceTeIi.

Tyiiin ce3nep: Plantago major, XAMUKO-TaNIaMaIIbIK KOPCETKIIITEP, MUHEPAIIBIK
KYpaMbl, aMUHKBIIIKbUIIAP, Mai KbIIIKBIIIAPHI, (hapMaKOrHOCTHKAJIBIK KOPCETKILITED,
I'X, I'X-MC
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Annoranusi. B pabote mpencraBieHo KOMIUIEKCHOE MCCIIeIOBaHHE HAA3EMHOM H
noa3eMHoiuacTeripacreHus Plantagomajor(mogoposkHUK O0IBLIOHN ), IPOU3PACTAIOIIETO
B pa3nuuHbIX pernoHax Kaszaxcrana. Llenb nccnenoBaHus 3akitodaiach B M3y4EHUHU
(hapMaKoIOrHYeCKUX U XMMUYECKUX XapaKTePUCTUK PACTEHHUS, a TAKXKE B ONPEAeICHUN
cocraBa OMOJIOTHYeCcKU akTUBHBIX BemiecTB (BAB), BkiTtouas Makpo- 1 MEKPO3JIEMEHTHI,
AMUHOKHCIIOTHI U JKUPHbIE KUCIOThl. DU3NKO-XUMUYECKHE [TOKa3aTeIN paCTUTEIbHOTO
CBIPbs, TAaKWE€ KaK BIAKHOCTb, OOINAs 30JbHOCTh M COAEPIKAHHE SKCTPAKTHBHBIX
BEIIECTB, ONPEACISIIN B COOTBETCTBHH ¢ TpeboBaHusAME [ ocynapcTBeHHOM papmakonen
Pecny6nuku Kazaxcran. MuHepanbHbIi cOCTaB 30716l UCCIEIOBAINA METOIOM aTOMHO-
a0CcOpOLMOHHON CNEKTPOCKONHMH. Pe3ynbrarbl aHain3a IMOKa3add 3HAYUTENbHOE
cojiepKaHHe KalblMs, KalHs, MarHus, kesie3a 1 [UHKa, YTO CBUJIETENLCTBYET O BBICOKOI
MUIIEBOM U TeparneBTHYECKOi IeHHOCTH pacTeHus. KomndecTBeHHBIN cocTaB ABaIaTi
aMHMHOKHCJIOT B KOpHEeBOH yacTu Plantago major Obl1 ycTaHOBJIEH C HCIOIb30BAaHHEM
METOJIOB Ta30BOM U ra3okUAKOCTHOM Xpomartorpaduu. Cpenu uaeHTH(GUINPOBaHHBIX
AMHHOKHCIIOT HaumOOIbIIee COAEpKaHWE OTMEYEHO JUIsl JM3MHA, TIWIMHA, CEpHHA
U TPEOHWHA. YKa3aHHbIE aMUHOKHCIIOTHI UTPAIOT BaXKHYIO POJIb B METAOOIUYECKUX
mpoleccax M y4acTBYIOT B MOINACPKaHMM (YHKIHI UMMYHHOW M HEPBHOH CHCTEM.
Kpome toro, metogom ra3oBoil xpomarorpadui B HaA3€MHON 4acTH PacTeHHUs! ObLIO
BBISIBJIEHO BOCEMb KHPHBIX KHCIIOT, CPEIU KOTOPHIX JOMUHHUPYIOT juHoseBas (40,2
%) n oneunosas (34,6 %) KUCIOTBI. DTH COETUHEHUS YUaCTBYIOT B DHEPreTHYECKOM
oOMeHe, TMOINAEpPKAaHUM CTPYKTYphl KIETOYHBIX MeMOpaH, a Takxke o0magaror
MIPOTUBOBOCHAINTENbHBIMY,  AHTHOKCUJAHTHBIMM U HMMMYHOMOAYJIUPYIOIIUMHU
cBoiicTBaMu. [lomydeHHbIe pe3yibTaThl MOATBEP)KAAIOT MEPCIEKTUBHOCTH Plantago
major Kak HCTOYHHMKA OHMOJNIOTHYECKM AKTHBHBIX COCAMHEHHWH Uil MPUMEHEHHUS B
(hapmalneBTHYECKOH U MHUIIEBOH MPOMBILIIEHHOCTH.

KioueBble cioBa: Plantago major, XUMUKO-aHAJUTHYECKHE IIOKA3aTely,
MUHEpaJIbHBI COCTaB, AMHUHOKHCIOTBI, XHPHBIE KUCIOTHI, (PapMakOrHOCTHYECKHE
nokazarenu, I' X, [ X-MC

BBenenue. ®inopa Kazaxcrana Oorara  JICKQpCTBEHHBIMH  PACTCHUSIMH,
MPECTABNISAIONMMHU 3HAYUTENILHBIA MHTEPEC TS (hapMarieBTHUE CKOM TPOMBIIIIIICHHOCTH.
ONHUM U3 IUPOKO PACIPOCTPAHEHHBIX M OUOJIOTUYCCKU aKTHUBHBIX BUJIOB SIBISICTCS
Plantago major L. (0onb1Ioi OXOPOXKHUK, ceM. Plantaginaceae), N3BeCTHBI CBOMMH
AHTHUCENTUYCCKUMH,  MPOTHBOBOCHAIUTEIBHBIMA, HMMYHOCTHUMYIUPYIOIIUMH U
paHo3axuBisiroiuMu  cBoiictBamu (Adom et al.,, 2017; Rahamooz-Haghighi et al.,
2021; Turgumbayeva et al., 2022).

Pon  Plantago wnacumtbiBaer cBbime 200  BHIOB, NPEUMYIIECTBEHHO
pacnpocTpaH€HHBIX B YMEPCHHBIX MIUPOTaxX CeBepHOro mnoiymiapus. B Kazaxcrane
BCTpedaeTcs A0 25 BHUIOB MOJOPOKHHUKA, Cpelu KOTOPBIX Plantago major sBnsercs
HauOosiee pacrnpocTpaH€HHbIM. OJHaKO, HECMOTpPsS Ha IIUPOKOE apeanbHOE
pacnpocTpaHeHHe, Ka3aXCTaHCKHE MOMYJISIUNA 3TOr0 BUAA OCTAIOTCS HEIOCTAaTOYHO
M3YYCHHBIMU B DKOJIOTO-XMMHUYECKOM aCIEKTE, YTO OrPAaHUYHMBACT WX TPOMBIIIJICHHOE
HCTIOJIb30BAHUE.
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Xumuueckuit coctaB P. major BkitodaeT GpaBoHOUIBL, (PEHOIKaPOOHOBBIE KHCIIOTHI,
HPUI0-U/IbI, CATOHUHBI, CIIM3b, BUTAMUHBI 1 MUHEPAJIbHBIE 3JIEMEHTBI, ONIPEIENISIOIIe
ero Qapmakonoru-ueckyto aktuBHOCTh (da Silva Rodrigues et al., 2025; Rahamouz-
Haghighi et al., 2023). M3BecTHO, 4TO conmepKaHWe BTOPHYHBIX METaOOIUTOB B
pPacTeHHsAX Bapb-UPYeT B 3aBUCHUMOCTH OT 3KOJOTHYECKHX YCJIOBHUH, MOYBEHHOIO
coCTaBa M aHTPOIOT€HHON HAarpy3KH, 4TO TPeOyeT perHOHAIBHOTO aHAIN3A.

AKTyallbHOCTH  paboTbl  OOycClOBIIEHa  HEOOXOAMMOCTBIO  (HOPMHUPOBAHHS
OTEUECTBEHHOH ChI-PHEBOI 0a3bl JIEKAPCTBEHHBIX PACTEHHI U BBISIBICHHSI SKOJIOTHIECKU
YCTOWYMBBIX OMYJISILIUH C BBI-COKAM COZIEpKaHNEeM OMOIOTHYEeCKH AKTHBHBIX BEILIECTB.

Hens uccnenoBanus - nposect GC-MS aHanu3 ;KUpOPacTBOPUMBIX KOMIIOHEHTOB
Plantago major L., npouspacratomero Ha tepputopun Kazaxcrana, ais OUEHKH €ro
IKOJIOTO-XUMHUYECKUX 0COOCHHOCTEH U OmpeaesieHUs NEPCIEKTUB KyJIbTUBUPOBAHUSI.

Hayunas HOBu3HA 3aKiIO4aeTcs B TOM, YTO BIEPBbIE MPOBOAUTCS CPABHUTEIHHOE
HCCIIeI0-BaHUE XMUMHUYECKOro MpOoQuIs Ka3axCTAaHCKUX MNONymsauuit P major, 4to
MO3BOJIUT BBISIBUTH WX TO-TEHIMAN [JIs HCIOJNb30BaHUS B (apManeBTHYECKOM
MPOMBIIUIEHHOCTH M pa3paboTke  CTaHJapTH-3UPOBAHHBIX  OTEYECTBEHHBIX
¢uronpenaparo (Cardoso et al., 2025; Laanet et al., 2024; Najafian et al., 2018;
Samuelsen, 2000; Sousa et al., 2025).

Marepuainsl 1 MeTo/bl. BiIa)kHOCTh M 3071bHOCTB JIEKAPCTBEHHOTO PACTUTEIHHOIO
CBIPbS OIIpeessuin B cooTBeTcTBUH ¢ ['ocynapctBennoit ®@apmaxonen (I'OXI).

Jig  ananm3a Makpo- M MHKPOIJIEMEHTHOIO COCTaBa MCIOJIB3YIOT —CBIPBE,
MPEABAPUTENLHO HM3MEIBUECHHOE J1a0OpPaTOpPHBIM M3MENBUUTENEM [0 pasMmepa, He
npesbimaromero 10 mm. B 3-5 r + 0.01 r cblpbsg nomemaroT B IPOKaJIEHHbIH U TOYHO
B3BELICHHBIH (appOpoBbIid TUTENb. 3aT€M TU-TeNIb OCTOPOXKHO HArpeBaroT, HauWHas
C MHHUMAaJIbHOH TeMIeparypsl AJIsl TOTO, 4TOOBI BEIIECTBO 3aropenock. [loctenenHo
YBEJIMYMBAIOT TemIeparypy, mnpoBoAs cxkuranue npu 500 °C go mnomyde-Hus
MocTosIHHOM Macchl. 3oy Plantago major pactBopsitor B 5 M1 (1:1) a30THOH KUCIIOTHI
npu HarpeBaHMM. llomydeHHBIM pacTBOp 3aTeM HarpeBaroT Jis MONTY4YEHHs COJEH.
Hanee pacteopstor B 10-15 M 1n HNO, wnmn B 11 HCL, nepenocst B MepHbIi cocys
00BbeMOM 25 MIT 1715 aHajIu3a. X0JI0-CTOW PacTBOP TOTOBUTCS aHAJIOTHYHBIM CIIOCOOOM
(State Pharmacopoeia of the Republic of Kazakhstan, 2014).

g ompeneneHuss Makpo- M MHKPOJIEMEHTOB MCIIONB30BaJICd METOJ aTOMHO-
aJICOPOLIMOHHON ~ CIIEKTPOCKOTIMU. DJEMEHTHBIH cocTaB 30mbl  Plantago major
OTIPEIENSIOT METOIOM MHOTO3JIEMEHTHOTO aTOMHO-aJICOPOLIMOHHOIO CIEKTPaIbHOTO
anamm3a B Llentpe ¢usuko-xumuyeckux wMetonoB ananmmza HAO «Kazaxckuit
HaIMOHAJILHBIA YHUBEPCUTET UMEHH aib-Dapaluy.

g onpeneneHus aMUHOKHCIOTHOTO M JKHPHOKHCIOTHOTO COCTaBa HaJ3eMHOM
yactu Plantago major IpUMeHsIM METOA Ta30KuAKocTHOH xpomatorpaduu (IKX)
(Agilent 8890 GC ClIA). AHanu3 aMHUHOKMCIIOTHOTO COCTaBa KOpPHEBOH yacTu
Plantago major nmpoBogsAT METOIOM Ta30BOM XpomaTtorpaduu, cOnpsnpkEHHOM ¢ Macc-
cnekrpomerpuerr (I'X-MC). IIpoOGonoAroToBKy OCYMIECTBISIOT MYTEM THAPOIN3a
BBICYILICHHOTO M M3MeIBbuEHHOTO pactutensHoro marepuana 6 H HCI mpu 110 °C B
TeueHne 24 4, mocuenyroumero GpUIBTPOBAHUS U JE€PUBATU3ALMH C UCIOJIb30BaHUEM
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N,O-6uc(rpumernncunmi)rpudropaueramuaa (BSTFA) mpu 70 °C B Teuenue 30 muH.

B xadyectBe HemoaBmkHOH ¢asel ucnonb3yror 0.31 % mnomspHOH cMecu Ha
20-meTpoBoM KapooBape, 0.28 % 5 CP cunap 1 WA-W-120-140 memr., a Taxoke 0.06 %
JIeKcaH, HaHeCEHHBIN Ha XpoMocopO B KonoHke pazmepom 400 x 3 mm. TemneparypHyto
MpOrpaMMy yCTaHaBIMBAIOT cieaytomuM odpazom: 110 °C (20 muH), HOBBILIEHHE 10
180 °C co ckopoctbio 6 °C/mun, 3atem 10 290 °C co ckopocTbio 32 °C/MuH, yaep:kaHue
10 muH.

WpnenTuduKanuio aMMHOKHCIOT OCYLIECTBISIIOT HA OCHOBAHUU  BPEMEHH
yAEPKUBAHUS M MACC-CIIEKTPOB BHEILTHHUX cTaHAApTOB (Sigma-Aldrich). KomnuecTBeHHOE
OIIpeeNICHNE BBIIOMHSIOT METOIOM BHYTPEHHETO CTaHAapTa.

JKupHOKHCIOTHBI cocTaB  (BBICHIMX KapOOHOBBIX KHCJIOT) PpacTUTEIBHOTO
KOMITJIEKCa OIMPEEIISIFOT METOJ0M Tra30Boi xpomarorpaduu Ha npuodope Clarus 600.
Jnst aHanmm3a MCMONB3YIOT MPEIBAPUTEIBHO U3MEIBIEHHOE PACTUTEIbHOE CBHIPHE, U3
KOTOPOTO MPOBOIAT IKCTPAKLHUIO CMECHIO XJIOpo(opMa U METaHOIAa B COOTHOLICHUH
2:1 B Teuenne 5 muH. [loydeHHBIH SKCTPaKT QUIBTPYIOT Yyepe3 OyMaXKHbBIH QUIBTP U
yIapuBaloT 10 KOHIEHTpaTa.

K konnenrpary mobasmsiror 10 M MeraHona U 2-3 Karuid aleTHIXIIOPUAA, TOCIe
Yero MpoBoAT MeTuaupoBanue rnpu remieparype 60-70 °C B Teuenue 30 mun. [Tocne
3aBEpIICHUs] PEaKUUH METaHOJ] YAAISIOT C MOMOLIBIO POTOPHOTO HCHApHUTENs, a
OCTaBIIMKCS 0CAaJOK IKCTPArupyloT 5 Mi rexcana. [lomydeHHbIE METHUIIOBBIE SPHUPHI
YKUPHBIX KUCJIOT BBOAST B Ta30BbIi XpoMarorpad Ajs aHaIn3a.

VYenoBust xpomaTtorpaduyeckoro aHaiamuza:

— TeMmeparypa nuHxekropa - 188°C

— TeMmeparypa aetekropa - 230°C

— TeMneparypa nneuu - 188°C

— TOPOOOKUTEIBHOCTH aHalu3a - 1 yac

Omnpenenennie coaepKaHUsl OTACIBHBIX KOMIIOHEHTOB IPOBOAMIM METOAOM
BHYTpPEHHEH HOpMaU3alHu.

Pesynbrarel nccnenoBanuii. CocTaB OMONOTMUECKH AKTHBHBIX BEIIECTB 3aBHUCHUT
OT pa3iIM4HbIX (PAKTOPOB - B MEPBYIO OYEpelb, OT KIMMAaTHYECKUX YCIOBHH pErnoHa
MIPOM3pPACTaHusl, BpEMEHU cOopa M TMOATOTOBKM CHIPHS, a TaKkKe OT CIIOCOOHOCTH
pacTeHuii HaKaIuIMBaTh COCANHEHUS ONPEACTCHHBIX TPYTIIL.

JL71s1 BBISIBIIGHUSI aKTUBHBIX CO€AMHEHNUH B pACTEHHH OBLITN MPOBE/ICHBI Ka4eCTBEHHBIE
peaxiyu, COOTBETCTBYIOIINE KaXKI0H IpyIie OMOIOTHUECKH aKTUBHBIX BEIIECTB.

KonnyecTBeHHBIH U KaueCTBEHHBIN aHATU3 OMOJIOTHYECKH aKTUBHBIX KOMIIOHEHTOB,
a TaKk)Ke COoJlepyKaHue BIar, OOILei 3016l M COAEPKaHNS IKCTPAKTUBHBIX BEIIECTB ObLT
orpezieNieH JIsl HaA3eMHOU yactu Plantago major.

Tabmuma 1 - KonndecTBeHHBIN aHanmM3 Haa3eMHBIX yacTeld Plantago major
Plantago major|  Bnax#ocTh | 30IHOCTE OKCTPAKTURHOCTh
50 % sranon | 70% stanon | 95% aranon
_540%+0.12 | 6.05%+0.09 | _15.54+0.31 | 18.2840.27 |_1763+0.22
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Kak moka3ano B Tabmnwuie 1, BIaXKHOCTh PACTHUTEIBHOTO ChIPhsi cocTaBmia 5.4%. OOBIYHO
BJIQKHOCTh PACTCHHUS IPEACTABISCT COO0M KOJUIOMIHYIO KHIKOCTh, KOTOpas COXpaHSICTCS B
TKaHSX U KIETKaX ChIPbsl MIOCJIE €ro BhICYIIMBAHUS 10 TOCTOSIHHON Macchl. CopepKaHue BIlaru
B JICKAPCTBEHHOM CBIPBC SIBJSICTCS OJIHUM U3 TIOKa3aTelicii ero mMacchl. Y OOJBIIMHCTBA BUIOB
JIEKaPCTBEHHOI'O PACTUTENIBHOTO ChIPbsl BIAYKHOCTh HE JOJKHA MpeBbIath 12-15%.

Jist onpeneneHusi SKCTPAKTUBHBIX BEIIECTB MPU HCMONb30BaHUU 70% STHIOBOTO CIIUPTa
OBUIO YCTAHOBJICHO YBEJIMUCHHE BBIXOJA OWOJIOTHUCCKH AKTUBHBIX BCIICCTB B PACTBOP.
D10 cBUICTENBCTBYET O TOM, uTo 70% 3TaHoN siBasieTcs SPQGCKTHBHBIM 3KCTPArCHTOM ISt
Boienenust BAB w3 Plantago major. [103T0My KaueCTBEHHBIE M KOJIMUECTBEHHBIE OITPE/ICIICHHS
MIPOBOAMIIUCH C UCTIONIb30BaHNEM 70%-HOro BOIHO-CIIUPTOBOTO HKCTPAKTA.

B «llentpe Qusnko-xummyeckux MeronoB anamuzay HAO «Kazaxckuil HalMOHAJIbHBINA
YHHBEPCHTET UM. alib-Dapadb» MeTon aToMHO-a0copOIronHo# criekrpockonuu (AAC) B 30i1e
Plantago major ObUIH OMPENEICHBI NECITh MAKPO- M MHUKPORJICMEHTOB, ITOKAa3aHbI B TaOIUIC
2, OCHOBHBIMH U3 KOTOpbIX sBisttorest Ca (1342.5611mkr/min) n K (1224.127 1mxr/mi). Kanwii
y4acTBYeT B IMpPOLECCe MPOBEICHUSI HEPBHBIX UMITYJIbCOB U MEpeNaud UX K UHHEPBUPYEMbIM
opraHam, ClioCOOCTBYETJIyUIIIeH MO3TOBOI IEATEIILHOCTH, TAKIKE HEOOXOMM JUISI OCYICCTBICHUS
cokpamienuii ckenerHbix Mbii (Humphries & Dart, 2015). Kanpuuii urpaer Kiro4eByro poib
B ()OPMHUPOBAHUU U YKPCIUICHUU KOCTHOW TKaHH M 3y00B. OH HEOOXOMMM JUIsi HOPMAJIBHOTO
COKpAILEHUSI MBIIIL, B TOM YHUCJIE CEpJCYHOM, a TakKe IS Mepeiayd HEPBHBIX UMITYIbCOB.
Kpome Toro, KambIuii y4acTBYeT B CBEPTHIBAHUM KPOBU U TOAJCPKAHUU CTAOMIBHOI PabOThI
¢depmenTHbix cucreM (Cormick & Belizan, 2018).

Tabnuya 2 - CoctaB MaKpO-MHUKPOJIEMEHTOB B 30J1e pactenus P. Major

DIIeMEeHTbI TIpoba Ca Mg Na K Fe Cd |Ni Cu |Mn |Zn

Konnenrparms | 1 1342.10 | 144.80 |253.40 | 1223.80 |32.80 [0.02 |0.28 |1.03 |1.18 |2.05

B 3011¢, MKI/MII |2 1343.00 | 147.10 | 254.00 | 1224.50 | 33.10 [0.01 |0.34 [1.07 | 1.34 ]2.13
3 1342.58 | 146.22 | 253.67 | 1224.06 |33.07 |0.03 [0.31 [1.05 | 1.26 |2.09
Cpennee 1342.56 | 146.04 | 253.69 | 1224.12 |32.99 |0.02 [0.31 [1.05 |1.26 [2.09
3HaYCHHE

Mertonom Ta30BOM Xpomarorpaduu € Macc-JETEKTOPOM OBl ONpenenéH
aMHMHOKHCIIOTHBIM cocTaB pactenusi Plantago major. Wnentuduumposano 20
AMUHOKHCIIOT.

Tabnuya 3 - Amunokuciomuwiii cocmae P. Major

_Ne | AmuHOKHCTOTA Oo6mas ¢popmyna M, | _Jlonsa B pactenuu, mr/100r
___coefuHeHHS | r/MOIB_

1 Ananun CHNO 89.09 352
2 [ nuyun CHNO 75.07 447
3 Hetiyun CH NO 31.17 321
4 Hzoneiiyun CH NO 31.17 334
5 Banun CH,_NO 117.15 289
6 Crymamam CHNO, 47.13 22
1 Tpeonun CHNO, 119.12 413
8 [Iponun CHNO, 115.13 251
9 Memuonun CH, NO,S 49.21 113
_10 Cepun C HNO 05.09 437
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A1 | Acnapamam C,HNO, _133.10 38
12 Lucmun CHNOS 240.30 82
13 Oxcunponun CLHIINOT 131.13 23
14 Denunaranun CH NO 65.19 379
A5 | Tuposum CH NO _181.19 359
16 | Tucmudun CHN.O _155.16 117
A7 | Opuumun CH_NO, _132.16 18
A8 | Apeumunm CH_NO 17420 431
19 Juzun CH_NO 46.19 627
20 Tpunmodghan C HNQO, 204.23 62

B cocraBe aMMHOKHCIOT OOJBIIOTO MOJOPOKHUKA Tpeodianany Ju3uH (627 mr /
100 1), rauwmn (447 mr/ 100 1), cepun (437 mr / 100 1) 1 Tpeonns (413 mr / 100 r).

Jluzun HeoOXoauM U TIONJCpIKaHUsT DHEPreTHYeCKOTO YPOBHSI OpraHH3Ma,
YCBOGHHSI M TPAHCIOPTHPOBKU KaJbIMs B KOCTHBIC TKaHH, a TAKKE CTUMYIHPYET
OCHOBHbIC (DYHKIIMH KETIHOTO My3bIPS U MPOIECCH SHAOKPUHHON CHCTEMbI YeTIOBEKa
(Bihuniak et al., 2014).

Tpeonun TpenoTBpallaeT HAKOIUICHHE JKMpa B TIEYCHU M Y4YacTBYET B CHHTE3E
AMHHOKHCIIOT DIMIHA U CEPHHA, KOTOPhIe OTBEYAIOT 32 POCT MBIIIEYHOH TKaHH, dJia-
CTHHA M KoyutareHa [15].

I iuyun — 3TO TOPMO3HON MEIUATOP UEHTPAIBHON HEPBHON CUCTEMBI, BIUSIOIUI
Ha BHMMAaHHE, NMaMITh, HOPMAIM3AIMI0O CHA W CHUIKEHHE TCHXOIMOIIMOHAIBHOTO
HanpspkeHus. [Ipu gedunure mMIMHA CHIKAIOTCS HHTEIUIEKTYallbHbIE CIOCOOHOCTH,
YPOBEHB SHEPTHHU U yXy/lIaeTcs padboTa uMMyHHOH cructembl (Razak et al., 2017).

Mertonom razoBoit xpomartorpaduu ObUIO ONpeeIeHO 8 KUPHBIX KUCIOT (Tabmuia
4). JKupHble KHCJIOTHI SBISIOTCS OCHOBHBIMH CTPYKTYPHBIMH KOMIIOHEHTAMH
PaCTHTENBHBIX KJICTOK M CITY)KaT BaXKHBIM HCTOYHUKOM SHEPTUH. JIMITUIBI IPUCY TCTBYIOT
BO BCEX YacTSX PACTECHUs B Pa3IMUHON KOHIIEHTPAIMA M CIIOCOOCTBYIOT PETYIISIIHH
KHJIKOCTHOTO Oananca B MeMOpaHax, a TaKkKe aJanTalui K U3MEHEHHUSIM TeMIIEpaTypbl

(Yu et al., 2021).

Tabmuua 4 - [Toxkazamenv scupnoix kuciom ¢ P. Major

Hons B
OOwas M, 1/
Ne | JKupHble KUCTOTBI (bopmya CrpykrypHas Gpopmyia MOJID paC”l;;HI/II/I,
(]
Mupucmunosas C H,0, 0
1 Kucioma W 228 1.8
OH
Ilenmadeyunosaa | C H, O, 0
2 Kucioma )
H3CM 2 >
OH
Hanomumunosas | C H,,0, 0
3 Kucroma /\/\/\/\/\/\/\)L 256 13.9
OH
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Ianemumoneunosas | C, H, O, (0]
Kucioma = OH
4 254 14
Cmeapunosas CH,O, o]
5 Kucaoma NVWWOH 284 2.3
Oneunoeas xucioma | C H, 0, =
6 o 282 34.6
H
7 Jlunonesas xucioma | C H, 0, o 280 402
W\AWOH :
Jlunonenosas C,H,,0, o
8 Kucioma =\ //\ /— oH 278 6.7

CornmacHO J1aHHBIM, TPEICTABICHHBIM B TaOnuue 4, OCHOBHBIMH IKMPHBIMH
KHCJIOTaMH B COCTaBe JIUCThEB Plantago major sBnsorcs muHoseast kuciota (40.2%)
1 onenHOBas kuciora (34.6%).

JInHOMNEBas KUCIIOTACIIOCOOCTBYET CHIKEHHUIO PUCKa KAHLIEPOTeHE3a, aTePOCKIIEPO3a,
BOCTIAJICHUH, OXKUPEHHUS M CaxapHOTo Juadera, a TakkKe MPeJOTBpPAIlacT pa3BUTHE
aTepPOCKICPOTHYECKUX HM3MEHEHHH B COCYIaX M CIIOCOOCTBYET CHIKCHHIO YPOBHS
xonecrepruHa B kpou (Qiu et al., 2024).

OsienHOBasT KUCIIOTA MIPAaeT BaKHYIO POJIb B IMUTAHWHU, TOMOTAcT OOPOThCS ¢
BBICOKHUM YPOBHEM XOJIECTEPHUHA M MHCYJIMHOPE3UCTEHTHOCTBIO, YKPEIISICT UMMYHHTET,
a TO JaHHBIM TOCJIEOHHUX MCCICAOBAaHMH, MOXKET Jake NPeNoTBPAIIaTh pPa3BUTHE
paka MOJIOYHOH jKele3bl y JKCHIIHMH, MPEsSTCTBOBATh 3a00JIEBaHUSM, BIMSIOMIMM Ha
TOJIOBHOW MO3T W HAJIMMOYSUHHUKH, a TaKXkKe yaydmaTs mamatek (Perdomo et al., 2015).

[lanbMuTHHOBasT KHCIOTAa BXOAWT B COCTAaB DIMIEPUAOB MHOTHX >KHBOTHBIX
U PACTUTEIBHBIX HPOB, a TaKKe BOCKOB. II3BECTHO, YTO OHa CTHUMYJIHPYET
MIPOTHBOBOCHAUTEIbHBIC PEaKIM B UMMYHHBIX KJICTKAaX YEIOBEKa Yepe3 PeLenTOph
TLR4 u o0nagaet mpoTHBOOITYX0JIeBOM 1 aHTHMabeTHIecKoi akTuBHOCTHIO (Nicholas
etal., 2017).

3axirouenue. IIpoBeneHHOe BcecTOpoHHEEe (UTOXMMUYECKOE HCCICIOBAHHE
Plantago major (0OIBIIOTO TOMOPOXKHHKA), IPOU3PACTAIOIIECTO HA TEPPUTOPHH
Kazaxctana, HOATBEpAMIIO €ro BBICOKYIO (hapMaKOTHOCTHUECKYIO, OMOJIOTHUECKYIO H
MUILEBYIO HEHHOCTh. Ha 0CHOBE MOMTyUeHHBIX PE3yAbTaTOB MOYKHO CAEIATh CICTYIOIIHIE
BBIBOJIBL:

OU3MKO-XMMHUYECKUE TI0Ka3aTelyd ChIPbS, BKJIIOYAs BIAXKHOCTb, 30JbHOCTh H
9KCTPaKTHBHOCTb, COOTBETCTBYIOT TpeOoBaHusM locymapcTBenHol (apmakonen
PecnyOnmku KazaxcraH, 4To CBUIETENBCTBYET O HAAJICKAILEM KaueCTBE HCCIIEAYEMOTO
pPacTUTENHLHOTO MaTepHraja 1 BO3MOXKHOCTH €ro JalbHEHIIEro cTaH1apTH3UPOBAHHOTO
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HCTIONIb30BaHusl B (papManeBTUUECKON MpakThke. MUHEpaJOrHiecKUuil aHalu3 30Jbl,
BBITMOJTHEHHBI METOIOM aTOMHO-a0copOunonHoii crekrpockonnu (AAC), BBISBUI
BBICOKOE€ COZIEp/KaHUE MAaKpO- U MUKPO3JIEMEHTOB, BKJIIOUas KalblUH, KaJIuil, MarHui,
JKeJe30 U [IUHK. DT JIEMEHTHI UTPAIOT KIFOUEBYIO POJIb B MOJEPKAHUHN HOPMAJIBLHOTO
(YHKIIMOHHPOBAHUSI CEPIEUHO-COCYIUCTOM, HEPBHOW U OTIOPHO-/IBUTATEIILHON CHCTEM,
a TakyKe B OOMEHHBIX MIPOIleccax U aHTHOKCUIAHTHOM 3aIlIUTe OpraHu3Ma.

AMMHOKHCIIOTHBIN COCTaB KOPHEBOU yacTu P. major, onpeaenéHHbIN C UCII0JIb30Ba-
HHEM ra30BoOi XpoMaTorpaduu, IpoIeMOHCTPHPOBAI BEICOKYIO KOHIIEHTPAIIHIO )KU3HEH-
HO Ba)KHBIX aMUHOKHUCJIOT - IM3UHA, DIMIMHA, CEpUHA U TPEOHUHA. DTH aMUHOKHCIIOTHI
YyYacTBYIOT B perysiiud MeTa0oiM3Ma, CHHTE3e OCIKOB, (YHKIHMOHHUPOBAHUH
HEPBHOM CUCTEMBI U YKPEIUIEHUH UMMYHHOTO oTBeTa. Hanuuue Bcex 20 craHgapTHBIX
AMUHOKHCIIOT YKa3bIBAaeT Ha TIOJTHOIEHHBIN OENKOBBINA MOTEHITNAI PACTEHMS.

KupHOkHCIOTHBI TpodUiIb HAA3eMHOH YacTH, OINpPEACHEHHBIH METOAOM
ra3oBol  xpomarorpaduu,  BBISBWI  JOMUHHPOBAHHE  IIOJIMHEHACHIIEHHBIX
JKUPHBIX KHCIIOT - JIMHOJIEBOM W OJIEMHOBOHM, KOTOpBIE O0JaJaioT BBIPAKEHHBIMU
MIPOTHUBOBOCHAINTEIbHBIMHU, THUIOXOJECTEPUHEMUUECKUMHU W aHTHOKCHJIAHTHBIMU
CBOHCTBaMH, a TakXe CIIOCOOCTBYIOT NPO(UIAKTHKE CEPHEUHO-COCYIUCTHIX
3a00JIeBaHMI 1 HApYIIEHUH 0OMEHa BEIICCTB.

Takum oOpasom, Plantago major npencraniser coOOi NMEePCIeKTUBHbBIN UCTOYHUK
Ouonornuecku akTuBHBIX BemecTB (BAB), o6ocHoBaHHO pekOMEHIyeMBbIH IS
HCTIOJIb30BaHUSI B KAuecCTBE ChIPbsi IPU pa3pabOTKe HOBBIX (PUTOIIPENApaToB,
HYTPHUILIEBTHKOB ¥  (YHKIMOHAIBHBIX  TPOAYKTOB mnuTanus. Ero  Oorarkrii
AMUHOKHCJIOTHBIN, JKUPHOKUCIOTHBI M MUHEpaJbHBI COCTaB JeJaeT pacTEeHHUE
MPUBJIEKATEIbHBIM KaK A TPAJULUOHHOMW, TaK M s COBPEMEHHONM MEIHULIUHBI.
VY4uuTeBas HIMPOKYIO DKOJIOTHYECKYIO PACIPOCTPAaHEHHOCTh M aJaNTallMOHHBIE
CTIIOCOOHOCTH JJAHHOTO BHJIa B yCiIoBUsIX KazaxcraHa, 1ienecoo0pa3Ho MPOJOIKUTE €T0
yryOnéHHOE U3yUYeHHUEe, CTaHAaPTU3AIMIO H ONITUMU3ALUIO YCIOBUH KyJIbTHBUPOBAHHMS
C LIEJIBIO PACIIMPEHUS 0a3bl OTEUECTBEHHOI'O JICKAPCTBEHHOTO PACTUTEIBHOTO ChIPHS.
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