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PRODUCTION OF PROPPANTS BASED ON FERROALLOY
PRODUCTION WASTE AND ASSESSMENT OF THEIR OPERATIONAL
CHARACTERISTICS

K.A. Kadirbekov*, M.T. Oshakbayev!, N.A. Buzayev!, N.N. Oralbayev?, G.G. Seitkhal?,
S. Keneges!, N.A. Shadin?, A.Zh. Aburov®*, R. Kaiynbayeva,
A.A. Yespenbetov?!, M.N. Baimbetov*
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2NJSC Abai Kazakh National Pedagogical University, Almaty, Kazakhstan
SLLP "Scientific and Engineering Research Center ERG", Astana, Kazakhstan
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Abstract. The possibility of producing proppants from ferroalloy production waste (RFKh and
VUFKh slags) using liquid glass and a polymer coating (PVA) was investigated. It was found that
VUFKh slag, rich in strength-forming phases (90.5%), is the most promising raw material. Proppants
obtained from VUFKh slag achieved standard sphericity values, but do not meet the requirements of
GOST 54571-2011 for crush resistance (20% excess of the standard) and solubility in HCI. The
technological feasibility of producing magnesium silicate proppants, suitable for use in medium-pressure
reservoirs, has been substantiated, with the need for further optimization of the mixture composition and
firing regime to achieve full compliance with GOST. The use of this waste is recognized as economically
viable.

Keywords: Proppants, Ferroalloy Slags, Hydraulic Fracturing, Operational Characteristics,
Magnesium Silicates, Technogenic Raw Materials.
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MHNOJYYEHHME INPOITAHTOB HA OCHOBE OTXOA0B ®EPPOCIIJIABHOI'O
MNPOU3BOACTBA U OHEHKA UX SKCINTYATAIMOHHBIX XAPAKTEPUCTHUK

K.A. Kaoupberos™, M.T. Owaxéaes, H.A. Bysaee', H.H. Opanéaeé*, I.I'. Ceitmxan?, C.Kenezec',
H.A. Llaoun?, A.JK. Abropoe®*, P.Kaiiinéaesa®, A.A. Ecnenéemos', M.H.Baumbemoe*

Y40 «HMncmumym xumuyeckux nayk um. A.5.Bexmypoear, Anmamu, Kazaxcman

2 HAO Kasaxckuii nayuonanshwiii nedazoauueckuil ynusepcumenm um. Abas, Anmamer, Kasaxcman
3TOO «Hayuno-unsicenepnwiii uccredoeamenscxuii yenmp ERGy, Acmana, Kazaxcman

440 «KBTYV», Anmamul, Kazaxcman

Pe3tome. lccnenoBana BO3MOXKHOCTD MOJIy4YEHHMS TIPONIAHTOB M3 TEXHOTEHHBIX OTXOJ0B (heppOCIUIaBHOIO
npou3BozacTBa (uutaku POX u BYDX) ¢ npuMeHeHHEM XHUAKOrO CTEKJIAa U MOJUMEPHOTO MOKPBITHS
(IIBC). Ycranosneno, uto nuiak BY®X, 6orarteiii npouHoctHeiME (azamu (90.5%), sBisiercst Hanbosnee
MepPCIIEKTUBHBIM  ChIpbeM. [loyydeHHble MpomaHThl Ha oOcHoBe BY®X nocTHIIIM HOPMAaTHBHBIX
nokaszaresnei cepuuHOCTH, HO He cooTBeTcTBYIOT TpeboBanusM ['OCT 54571-2011 mo conmpoTHBICHHIO
pasznaBnuBanuio (20% npesbiienne Hopmatusa) 1 pactBopumoct B HCl. O6ocHOBaHa TeXHONIOrHYECKast
BO3MOKHOCTb IIPOM3BOJICTBA MArHUICHIMKATHBIX TIPOIAHTOB, IPUTOAHBIX ISl IPUMEHEHHSI B IIACTaX CO
CpEe/IHUM JIaBJICHHEM, C HEOOXOIUMOCTBIO TANIbHEHIIICH ONTHMH3AIMH COCTAaBa IIMXTHI U PEKUMa 00XKHTa
JUIs nocTiokeHus nojHoro coorBerctBust [OCT.  VMcnonp3oBaHne — AaHHBIX — OTXOAOB  NPU3HAHO
9KOHOMMYECKH LIeNIecO00pa3HbIM.

KiroueBble cioBa: [Ipomantel, ®DeppociuiaBHbIE IIITAKH, lunpaBnudeckuit  pas3pblB  IUIACTa,
MarsuiicunikaTthl, DKCIUTyaTallMOHHbBIE XapaKTEPUCTUKH, TEeXHOTEHHOE ChIPhE.
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1. Beenenue

TonnMBHO-?HEPTETUYECKHUIA CEKTOp SBISETCS  KJIFOUEBBIM  3JIEMEHTOM
HallMOHAJIPHOW JKOHOMHUKH MHOTHUX CTpaH, Bkimouas Pecmybmuky Kazaxcras,
00JIafalonyl0 3HAYMTENbHBIMH 3alacaMu  yrieBoJopoaHoro cwipbs [1]. B
YCIIOBHSIX  pa3pabOTKM  TPyAHOW3BIEKAEMBIX 3allacOB W €CTECTBEHHOTO
WCTONIICHUS MECTOPOXKICHUN, WHTCHCUpUKanus ngo0ban  HedTH U rasa
npuoOperaer  cTparermyeckoe  3HadeHue. Hambomee  BocTpeGOBaHHOM
TEXHOJIOTUEH JIJIS TTOBBIIICHHS He()TEOTIauN CETOIHS SIBISAETCS TUAPABIMYECKUAN
paspeiB  1wracta (I'PIT). DddextuBHocts ['PII  Hampsmyio 3aBHCHT OT
HCIIOJIb30BaHMs CTIELUANBHBIX PACKIMHUBAIONINX areHTOB — IIPOMAaHTOB, KOTOPHIE
obecrneunBaroT HeOOXOAUMYIO IPOHHUIIAEMOCTh TPEIHH [2].

MupoBoe mOTpeOIeHNE IPOMAHTOB NEMOHCTPHPYET YCTOHYHMBBIA POCT.
Hampumep, B cocennelr Poccun 00beM moTpeOieHUsT MPOIAHTOB BBIpOC Oosee
yem B 2,7 pasza 3a mepuon ¢ 2011 mo 2019 rox [3]. Poct noObium Hedtu B
Kazaxcrane Taxke TpeOyeT yBeIndeHUsT 00EMOB UCIIOIB30BAHMS IIPOIAHTOB [4].
[Ipu osTOoM KIIOYEBBIMH TPEOOBAaHHWAMH K TMPOMAHTY SBJSIOTCS BBICOKAs
MeXaHH4YeCKasi MPOYHOCTh, XUMHUYECKass CTOMKOCTh W HHU3Kash ce0eCTOMMOCTB.
MupoBoii peiHOK mponantoB B 2020 romy oueHuBaics B Oonee yeM 7 MIpQ
nosutapoB CIIIA u nmporHosupyercs ganbHedmui poct [S]. B Hacrosiiee Bpems
TIPOTIAHTHI TIPOU3BOISTCS MIPEUMYIIECTBEHHO u3 JIOPOTOCTOSIIIIETO
ATIOMOCHJIMKATHOTO M MAarHUMCHIIMKATHOTO ChIphs [6—11].

B kauectBe anpTepHATHBEI TPAIWIIMOHHOMY CBIPBIO PacCMaTPHBAIOTCS
TE€XHOTE€HHBIE OTXOJbI, B YaCTHOCTH, IIIJIAKH METAJUTypPTUYe€CKOTO MPOU3BOACTBA,
YTO MO3BOJIIET HE TOJBKO CHH3HMTH CE0ECTOMMOCTh KOHEYHOTO MPOAYKTa, HO U
PELIUTh BasKHBIE SKOJIOTHMYECKHE MPOOJIEMBI, CBSI3aHHBIE C YTHIU3AlMEHd 0TXOI0B
[12, 13]. Ilmakm (¢eppocmaaBHOTO TPOM3BOJACTBA, TaKWe KaK MUIAKA
BBICOKOYTJIEPOAUCTOrO W padUHUpPOBaHHOTO  (eppoxpoma,  SIBISIOTCS
KpYIHOTOHHQXHBIMH OTXOJaMu. Hampumep, Ha AKCYCKOM M AKTHOOMHCKOM
3aBofiax (peppocCIyIaBOB HAKOIUIEHHl MWJUIMOHBI TOHH TakWx NUIakoB [14].
XUMUYECKHHA COCTaB JTHUX IIJIAKOB — COJEP)KAIllMX OKCHIBI KPEMHHS,
AIIOMMHHUS, MarHusg M jkeje3a — JeNaeT MX MOTEHIMaIbHO NMPUTOAHBIMM IS
MOJIYYEHUs] KEpaMUUEeCKUX MPOonaHToB [15].

OCHOBHO# TIeNTbI0 TAHHOTO HMCCIIEIOBAHMS SIBIISIETCS TOJyYEHHE MPOITaHTOB
Ha OCHOBE OTXOA0B ()epPOCILIABHOTO MPOU3BOJICTBA C MPUMEHEHNEM CBSI3YIOLINX
BEUICCTB M OIEHKA WX 93KCIUTyaTAl[MOHHBIX XapaKTEpUCTUK (Hampumep,
MPOYHOCTH,  C(HEPUYHOCTH, HACBHITHOW IUIOTHOCTH) JJIsi  OIpEeeNeHus
BO3MO>KHOCTH MX HUCNOJb30BaHuA B TexHosoruu ['PIL.
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2. MarepuaJjbl H MeTO/IbI HCCJIETOBAHUSA

[lomyueHne TPOMAHTOB OCYWIECTBIAJIOCH IO CTaHAAPTHOW  CXeMe:
MTOATOTOBKA IIMXTHI, TPAaHYJISAIUSA U TepMudeckas oOpadotka (00xwur). UcxoaHpie
murakd POX n BY®X ToOHKO M3MeThYalIiCh B MApOBOH MEIBHUIE 10 (HpaKInu
menee 71 MM (200 menr). Mi3MenpueHHOE CHIPBE CMEIIHUBAIOCH CO CBA3YIOIIUM
BEILIECTBOM B KOHLIEHTpAIlMH, BapbUpyeMol B quana3one 3—7 macc. % oT cyxoi
Maccel muaka. dopmupoBaHue chepHUUecKUX TIpaHyd MPOBOAMIOCH METOAOM
OKaTBIBAaHUS C MCIOJIB30BAaHMEM PYYHOI'O TapeIbuaToro rpaHyssaTopa.

ColIpble TpaHyNbl IOCJE CYIIKH TOABEPIrajiCh BBICOKOTEMIIEpATYPHOMY
o0xury B maboparopnoii meun npu 1100-1400°C ¢ u3oTepMuyecKoi BBIISPIKKOM
B TeyeHWe 1—2 4YacoB M MAOCTIDKEHHS MAaKCHMANbHOTO YIUIOTHEHHUS U
(hopMHpOBaHUSI TPOUHON KEPAMUUECKON CTPYKTYPHI.

[y oleHKM COOTBETCTBHS MPONAHTOB TPeOOBaHUAM He()TEra30BOM OTpacin
HCTIOJIb30BAJINCH CIIEAYIONINE METOIUKH:

XYWMHUYECKH COCTaB OIPENesuICS METOJOM PEeHTTeHO(IyOpeCEHTHOTO
aHanuza (P®nyA). Pa3oBbelii cOCTaB aHATU3UPOBAICS IMOTYKOINYECTBEHHBIM
METOAOM C IIOMOINBIO peHTreHoaudpakToMeTpudeckoro anammza (PDA) Ha
mappakromerpe JPOH-3 (CuKo—m3myuenuem). HTepmperauusi JaHHBIX
MpoBOIMIACh ¢ Hcmonb3oBanueM kaptoreku ICDD (PDF2) mns ompeneneHus
KOJIMYECTBEHHBIX COOTHOIIEHNH KPUCTAUTNIECKHX (a3.

[IpouHoCTh Ha cKaTHe OMpenesIack Ha YHUBEPCATbHOM HCHBITATENHLHON
mamuHe Shimadzu AG 100kNx (Smonwmst) mpu Harpyskax 34—69 Mlla (5000—
10000 psi), cormacHO METOAWKE, PETJIAMEHTHPYIOUIEH OIEHKY COMpPOTHBIIECHUS
MpoNaHTa pa3pyLICHUIO NPH BHICOKMX Harpy3kax. OObeMHas IUIOTHOCTh H
OTKpbITast mopucrocts onpeaesucy mo [OCT 26450.1-85. Cdepuunocts u
OKpPYTJIOCTh YaCTHI[ OIIEHWBAJINCH C HCITOJB30BAaHMUEM ONTHYECKOTO MHUKPOCKOMA
W CHCNHANIM3UPOBAHHOTO  aHajm3aropa ¢Gopmbel. HacklmHas  IUIOTHOCTH
OIpeseNsIach 10 CTAHJAPTHOW METOTUKE.

3. PesyabTartel u O6cy:kaeHue

Jlnst OIEHKU TPUTOJHOCTH OTXOZ0B (DeppOCIUIaBHOTO TMPOU3BOJCTBA B
KadecTBE CHIPhS AJIS TOJTYYSHHS MPOMAHTOB OBUT MPOBEACH XMMHUYECKUI aHaIn3
n POA mmakoB, o0pasyroniuxcst mpu mpou3BoacTBe padpuHupoBaHHOTO (POX) 1
BhICOKOYIIepoucToro (BY®X) deppoxpoma.

B Tabnuie 1 mpencraBiieH 3JEMEHTHBIA M OKCHJIHBIA COCTaB MCCIETYESMbIX
nutakoB. W3 monydyeHHBIX JaHHBIX cienyer, uro muiaku POX u BYXOD
OTJIMYAIOTCA KOJIMYECTBEHHBIM COJEp:KaHueM »3jieMeHToB. B muiake POX
coaepxkanre Mg u Al menbiie B 4.9 u 2.6 pasa, a koauuectso Si, Cru Ca, B 1.4;
4.6 u 8.8 paza Ooibllle, COOTBETCTBEHHO, I10 CpaBHEHHIO co Imtakom BYXB.
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Taoauna 1 — XuMu4ecKui COCTaB IIUIAKOB
Copnep:kanue 31eMeHTOB, %o
o|Na|Mg|A||Si|K|Ca|Ti|Cr| Fe | S
Imax POX
4851 ] 024 [558 [325 [2158 [058 [1438 | 026 [358 [204 |-
Inax BY®X
45.37 | - | 27.19 | 8.37 | 5.41 | 0.11 | 1.63 | 0.07 | 0.77 | 0.80 | 0.28
Copepixanue OKCUI0B, %o
| N2O [ MgO | AlOs | SiO2 | KO | CaO [ TiO: [ CrOs | FeO | SOs
Imax POX
- 034 | 993 | 432- | 2671 22.26- 578- | 1.13- -
997 | 671 |5078 | 078 |5121 |049 |6.71 | 2.90
Inax BY®X
" |7 | 37.90- | 1595 | 33.30- 125- | 012- | 114 | 104- |7
4533 | 17.63 | 3569 | 013 | 230 | 065 | 549 | 1.38

KomuuectBo okcuma maruus B nuiakax POX (9,93%) u BYDX (37,90%)
cootBercTByeT TpeboBanusm ['OCT 54571-2011 «IIpomaHTsel MarHe3uaibHO-
KBapieBbie». CopepikaHue e OKCHIAa KpEeMHHS HIDKe HOPMBI, HO €r0 MOXXHO
YBEIMYUTD UCIIONB3YsI KPEMHECOIEPIKAINEe COSTUHEHHUS B KaueCcTBE 00OaBOK.

Ha pucynkax 1| u 2 mnpencraBnensl audpaxrorpammel nutakoB POX u
BY®X, a B Tabnume 2 npuBEICHBI BEIIECTBEHHO-MUHEPAJOTHYECKUH COCTaB

1IJIaKOB.
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Pucynok 1 — Jluppakrorpammaniiaka POX.




KA3AKCTAHHBIH XHUMHS JKYPHAJIBI

XUMHYECKHUY XKXYPHAJI KA3AXCTAHA
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Pucynok 2 — Jluppakrorpamma nuiaka BY ®X.

Tabauna 2 — BeriecTBeHHO-MUHEPATOTMYECKUH COCTAB [IUIAKOB

Mlnak POX Mlnak BY®X
Munepain (daza) dopmyna C,% Munepan Dopmyna C,%
(daza)
KBapI SiOz 28.2 KBapl SiO 2.5
cmmkat Ca Caz(SiOs) 23.8 - - -
dopcreput MQg2SiOa4 19.3 (dopcreput Mg2SiO4 42,5
okcun Mg Fe Al MgFeo2Al1804 7.1 okcu MgAlFe | MgAlisFeo104 48.0
oxeng Mg MgO 5.8 oxcux Mg MgO 4.1
okcugx CaFe CaFes0s 55 - - -
- - - okcng MgAICr | MgAICrOs4 14
- - - AHOPTHT Ca(Al2Si20s) 11
MarHe3uOXpOMHUT (Mgo.984Cro.016) 4.4 - - -
(Cr1.984Mgo.016)
O4
KaJIBIIUT Ca(CO0s) 3.6 - - -
KITHI (mmasens) KAISizOs 1.7 - - -
KENe30 Fe 0.7 KENe30 Fe 0.4
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AHanu3 TOKazajd CyIIeCTBeHHblE pa3nuyusd B  (a30BOM  COCTaBe
HCCIEyEeMbIX TEXHOTEHHBIX MAaTepHaIOB, YTO OIpeneisieT MOTeHIMaIbHbIe
HampaBieHHUs Ui WX CHHTE3a M HCIoib30BaHMsA. B cocraBe mutaka POX
JOMUHHMPYIOT CHJIMKaTHble M KpeMHe3eMcojepkamme ¢(azbl. OCHOBHBIMHU
Kpuctauimdeckumu  (pazamu  sBistores  kBaprm  (SiO2), ero  comepikaHue
coctapisieT 28.0 %, a Taxke cuinukar kanbnus (CaSiOsz) B xommuectBe 23.8 %.
MarnwuiicunukatHas ¢asza npezacrarieHa dopcreputom (MgpSiOas), comepikanue
KoToporo coctasiseT 19.3 %.

[lImak BY®X oriaudaercs 3HAYUTEIBHO Oo0Jiee BBICOKHM COJNEPIKaHHEM
MarHuii- u amomocozaepxamux (a3. OCHOBHBIMH KOMIIOHEHTAMH 3/€Ch
SIBIITFOTCSL OKCUJT MarHusi, amroMuHu, xene3a (MgAlioFeo104) ¢ MaccoBoli goneit
48.0 % u dopcreput (Mg2SiOs) B komudectse 42.5 %.

CpaBHUTENBHBIA aHAIM3 TAOMUIBI TOKa3all, YTO COJAEP)KaHUE KITIOYEBBIX
(a3, onpeAeSIOMMX NPOYHOCTHBIE XapaKTEPHCTHKH MPOMAHTOB, CYIIECTBEHHO
Beimie B nuiake BY®X. Tak, cogepxkanne dazsr MgAlioFeg104 1 dopcerepura
(Mg2SiOs) B ntake POX cooTBeTcTBEHHO B 6.8 U 2.2 pa3a MeHbIIIe, YeM B IIUTAKe
BY®X. Cnenyer otmetuTsh, uto B Iiake POX oOHapyxeHBl (a3bl, Takue Kak
okcu kanbims xene3a CaFe;Os kanpiut Ca(COs), mmunens KAISizOg, koTopsie
oTcyTcTBYy10T B 1lake BY®X. B To xe Bpems B nuiake BY®X npucyrcrByet
aroptut Ca(Al:Si;Og), koTopEIit He 0OHapy:keH B mutake POX.

[IpouynocTh Ha ckaTue — HamOOoJee KPUTHYHBIA HapaMeTp AJIsl IPOIAaHTOB,
MIOCKOJIBKY OH OIpeNeNsieT MX CIOCOOHOCTH BBIIEPKHBATH JIMTOCTATHYECKOE
naBieHue B miacte. Mcexons u3 atoro, nuiaky BY®X u POX Obliu UCIIBITaHBI HA
MIPOYHOCTb.

Ha pucynkax 3 u 4 mnpexacrtaBieHbl rpadMKd 3aBUCUMOCTH jAedopManuu
mutakoB  POX nu BY®X ot cumer ucnsitanus. CiiegyeT OTMETHT, 9TO B PUCYHKAX
KaKIBIH MUK 3TO TpellrMHa, oOpasyromasics NMpHU CXKaTHM Ha KaKOM-TO yYacTKe
npooel. lmakn BY®X u POX He MMEIOT MIOCKOCTEHM W TO3TOMY OHH
pa3pymaiuch TOCTENIEHHO, COOTBETCTBEHHO MaKCHMalbHAas CHJIa pa3pylIeHHUs
HaOMOaIach y TOTO KyCOYKa y KOTOPOTO TOSBHJIMCH MAaKCUMAJIBHO TUIOCKHE
TpaHu.

Ananmm3 TtpadukoB 3aBucuMocTH nedopmaruu 1nmakoB BYOX u POX
mokazay, 4ro nuiak BY®X Oosiee TpOUHBINA, BBIICPKHBAET 0o0Jjiee BBICOKYIO
Harpy3kKy IpU CXaTUW W pa3pyllaeTcs ¢ MaKCHMalbHBIM 3HAYEHHEM CHIIBI
20939.1 H (32,46 MIla umu 4707 psi) 6e3 NpOMeXyTOUHBIX TpEIIUH. B oTiamynn
or mwiaka BY®X pumak POX paspyliaerca MOCTENEHHO, O YeM
CBUJICTEIHCTBYIOT NMPOMEXYTOUHBIE TPEIIMHBI PA3JIMYHBIE MO CHIIE CXKaTHS C
MaKCHMaJIbHBIM 3HaueHueM cuibl 14573.1 H (22,59 MIla unu 3277 psi).

CpaBHUTENBHBIA aHANW3 3HAYEHWH TaKOro IMapamerpa, Kak oOBeMHas
IUIOTHOCTH TIOKa3aJl MX HECYIIECTBEHHYIO pasHuIy (Tabmmma 3). Kaxymascs
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MHHEpaJIOTHYecKas IIOTHOCTh Iwiaka POX wa 0,3 r/cM® BbIE 3HAYEHHS ISt
maka BY®X. CymectBeHHas pa3HHIa HaOMOAaeTcsl B 3HAYCHUSAX OTKPBITON
nopuctoctd. lllmak POX sBusercs Ooiee MOPUCTHIM MaTepUaIOM. 3HAUYCHHE
OTKpbITON mopuctoctu nuiaka POX Ha 7.17 % Beiie 1mo cpaBHeHuro K miaka
BY®X. Mcxons u3 maHHBIX TaOnwmbl 3  ciemyeT, uro nuak BYDX smmsercs
Oonee mpounbM, yeMm muak P®X. IlomydeHHble pe3ynbTaThl COTJIACYIOTCS C
HCIBITAaHUSMU Ha CIKaTHE.

o /
1/
N
W
[
/

MakcumalpHOe 3HaueHHe cuitbl ucnsitanus: 14573.1 H
[IpomexyTouHBIC MUK 3HAYEHHUH crutbl nctbitanus: 6363.408 H, 7053.741 H,
7991.043 H, 8407.338 H, 10872.750 H, 11618.650 H, 13600.520 H.

Pucynok 3 - I'paduk 3aBucumoctn negopmannu nuaka POX o cuitsl uensitanus

000 /
2000

4z a8
L —

MakcuManbHoOe 3HaueHue cuiisl uensitanus: 20939.1 H
Pucynok 4 - I'paduk 3aBucumocts aedopmaruu mutaka BY®X oT cuibl ucnbITanust.
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Tabauna 3 - O6beMHas MIOTHOCTH, KAXKYIIAsICs MUHEPAJIOrndecKas INIOTHOCTh, OTKPHITast
MMOPHCTOCTh ILIAKOB.

VYcnoBus MCHbITaHMA 1LUIAKOB: Temnepatypa - 25°C; KuAKOCTb HacbllieHHs - Bopa; nasnenue B
BaKyyMHOH kamepe -2 klla; Bpems BakyymupoBaHHs - 30 MHUHYT; BpeMsl BBIICPXKKH B xujpkoctd - 30
MHHYT

HaumeHnoBanue O6bemHast Kaxymyrocs OTKpBITasi MOPUCTOCTD
obpasua IUIOTHOCTH MUHEpaJoru4ecKas Kn, %
Sn, T/eM® IJIOTHOCTH
Sn, T/cM®
Lllnax POX 3.94 451 12.66
llInax BY®X 3.97 4.20 5.49

BrisBieHHbIE pa3znuuns B XUMHYECKOM M MHHEPAJOTHYECKOM COCTaBe
mutakoB POX n BY®X, a Takke MX NPOYHOCTHBIE XapPaKTEPUCTHKH, JIETIU B
OCHOBY pa3pa0OTK{ JBYX THIIOB IPOIMAHTOB, YTO MO3BOJMIO MAaKCHMAJIBHO
WCIOJIB30BaTh MMOTEHIIUAN KAXKIOTO OTXOa:

[[Inak P®X, xapakTepu3YIOIIMICS MOBBIIMIEHHBIM COJEpKaHUEM KBapiia
(SiO2) u cunukara xambuusi (CaSiOsz), ObUT WCHOJB30BaH JUIS TOJNYYCHHUS
MPOMAHTOB C MpeoONaflaHheM  allOMOCHIMKAaTHOW ¢a3el. B mpomecce
BBICOKOTeMIIepaTypHOTO 00KHUTa (Tosx) KOMIIOHEHTHI ITMXTH B3aUMOACHCTBYIOT,
dbopMHpYsT KEpaMUUYECKYI0O MAaTpUIly, ONM3KYI0 1O COCTaBy K MYJUIUTY HIIH
JOPYTUM BBICOKOIIPOYHBIM aJIFOMOCHIINKATAM.

[Mnax BY®X, o0oraleHHbINH ¢dopcreputom (Mg2SiOg) u
Marauitamomopeppurom  (MgAlioFeo104), ucmonb3oBayicss ANl CO3JAHUS
MarHUMCHJIMKATHBIX ~ MPOMAaHTOB.  bmarogapst  BBICOKOMY  CYMMapHOMY
coJiepKaHUI0 MarHuiicoaepxkammx ¢a3 (1o 90.5%), 3TH mpomaHThl 00JIATAOT
MOTEHIIHAIIOM  JIJIS  JIOCTIDKEHHsSI 0CO00  BBICOKMX  JKCIUTyaTal[MOHHBIX
XapaKTEePUCTHUK, BKIFOYAst IPEBOCXOAHYIO IPOYHOCTh Ha CIKATHE.

Takum 00pa3oM, HCIOJIB30BaHHME JBYX BHIOB OTXOAOB (HeppOCIIaBHOTO
MIPOM3BOZCTBA TIO3BOJIMJIO IIeJICHANPABICHHO PETYJIUPOBaTh (Ha3o0BBI COCTaB
KOHEYHOTO TPOJYKTa, YTO SBISIETCS KIFOUEBBIM (DAaKTOPOM Jisi TOTYYCHUS
MIPOTIAHTOB C 3aJIaHHBIMUA CBOHCTBAaMHU.

TumoBast TeXHOJOTHMYECKass CXeMa IMPOU3BOJACTBA MPOMNAHTOB BKIIOYAET
MOATOTOBKY IIMXTHI, TPaHYISAIUI0 CO CBS3YIOIIUM H  OKOHYATEIhHBIN
BBICOKOTEMITIEPATYPHBIA 00KHUT, TIOCIIE YEro HAHOCUTCS TIOJIMMEPHOE TOKPBITHE.

I'panynupoBaHue NPOBOIWIM C HCIOJNB30BaHHEM TOBApHOTO pacTBoOpa
xuakoro crexna (NaSiO;) B kadecTBe cBs3yromero. J[ob6aBineHrne CBS3YOMETro
MO3BOJISIET MOJIYYHUTH TPAHYJIbI BRICOKOW CPEPHUYHOCTH U OJTHOPOJHOCTH, & TAKIKE
00ecrevnTh JIOCTATOYHYIO IPOYHOCTh CHIPBIX TpaHyJ, HEOOXOIUMYIO st
TPAHCIIOPTUPOBKHU U 3aTrPy3KH B I1€Yb.
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TepMooOpaboTka 00pasloB ocylecTRIsLIach npu Temnepatype 1100°C.
Crenyer OTMETHTh, YTO BBIOOp TeMIepaTypbsl ONpPEAEIUICS COAepKaHUEM
thopcreputa B nmake. CornacHo [16], mpu copepskaHnu QopcTepuTa B 00pasmax
6onee 80% TpebyeTcs Gosiee BbICOKass Temmeparypa oOskura (1300-1400°C),
TOrJa Kak MpH coaep)kaHuM MeHee 55% TemmnepaTypHBIH HWHTEpBall CHEKaHUS
pe3ko cHrpkaeTcs. OXJaxIeHHbIe TPaHYJIbl TOKPHIBAIUCH TOJIMMEPOM B JIBA CIIOSL.
JL1st TOKPBITHS MCTIOIL30BaIN BOIHEIN pacTBOp moauBuHUIoBoro crimpTa (ITIBC).

Jlns mcipITanuit OBLITN BRIOPAHBI CIIEIYIONTHE 00Pa3ITh:

Oo6pazenr 1: BY®X-2, coorHomienue sxuakoe crekio : Boma (1:0) +
nokpeitre [IBC.

Obpazenr 2: BY®X-2, cooTHOmeHue >xuakoe crekio : Boma (1:1) +
nokpertre [IBC.

Oo6pazen 3: POX-2, cooTHomIeHue xuakoe crekio : Boaa (1:0) + mokpeiTue
IIBC.

[amee Obputa mTpoBeAeHAa OLEHKAa OJKCIUTyaTAallMOHHBIX XapaKTePUCTHK
CHHTE3UPOBAHHBIX MPOMAHTOB Ha cooTBeTcTBHE TpeboBanusm ['OCT 54571-2011
(HJ), 9to sBiseTCS KIIOYEBBIM ATAllOM, MOATBEPKIAIOIINM BO3MOXHOCTh HX
MpOMBINUIEHHOTO TpruMeHenus B I'PII.

B cratbe omnpeneneHsl OCHOBHBbIE TEXHHUYECKHE  XapaKTEPUCTHKH:
IpaHyJIOMETPHYECKUH  COCTaB, HACBITHAS  IUIOTHOCTh, CQEPUYHOCTH U
OKpPYIJIOCTh, PAacTBOPUMOCTH B  COJNSTHOM  KHCIIOT€ U CONPOTHBIICHUE
pa3maBnuBaHuIo. HacelliHash NPOHUIIAEMOCTh M TPOIYCKHAsh CIOCOOHOCTH
npornanToB B Tpeniuae ['PI1 HanpsiMyro 3aBUCUT OT reOMETPHH YaCTHII.

Tabauua 4 - HacoimHast IUIOTHOCTH MOMYYEHHBIX POTIAHTOB

HaumenoBanue Hopwma o Ob6pa3zen ®paknus, MM
ompezensiembrx | HJI +5 [ 543 [ -3+2 [ -2+1 -1+0,5 | 0,5
XapaKTepPHCTHK, (10/18)
€ IMHHUIIBI
HW3MEPEHHI
Jons dpakunii, He menee 1 34 375 | 296 | 281 12 0.2
% 90%
OCHOBHOM
patcn 73 0 |98 |379 |429 9.4
4 0 13.1 | 299 | 463 10.7
HacpimHas He 6omee 1 113 | 1.03 | 1.09 | 1.12 1.2
IUIOTHOCTb, 1.75
r/em®
3 0 095 | 1.16 | 1.25 11
0 081 | 0.74 | 0.76 0.88
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JlaHHBIE TIO HACBHITHON IUIOTHOCTH BBIOPAHHBIX OOpPAa3IOB TPUBEICHB B
Tabmure 4.

PesynpraTel uWCHBITAaHWHA TIOKa3ald, 4YTO HACHIIHAS IUIOTHOCTH BCEX
IpefCTABIEHHBIX 00pa3loB He mpeBbmaeT 1.75 T/cM®, 4TO MOTHOCTHIO
cootBercTBYyeT HOpMatuBy ['OCT 54571-2011.

I'panynoMeTpuvecKkuii COCTaB MPOMAHTOB HANPSIMYIO 3aBUCHT OT criocoda
TPaHyJISAINN; MaKCUMAaJIbHAsI TOJIS OCHOBHOM (PpaKIMM B OTOOpAaHHBIX OOpa3Iax
npunuiack Ha ¢pakuguro 10/18. JlaHHBIM 1OKa3aTelb MOXKET OBITh JIETKO
CKOPPEKTHUPOBaH myTeM UCTIOJIb30BaHHUS CHEIMATN3UPOBAHHOTO
TEXHOJIOTMYECKOTO 000pYyI0BaHUS WM MPOBEJCHUEM JOMOTHUTENFHOTO pacceBa
0 3aBEPUICHUU CTaINU IPaHYIISIINH.

B mocmemnume romel  HedTenoObYa  OCYIIECTBIIETCS B CIIOKHBIX
TeO0JOTHYECKUX YCIOBUSAX, YTO TPeOyeT 3aKauyKH MPOIAHTOB chepudeckoil wiu
Omu3koll Kk cdepudeckord Qopmbl. Takue mnapaMeTpbl KPUTHUYECKU BaXKHBI,
ITOCKOJIbKY OHU 00eCIeunBaloT SKOHOMUYHYIO TPAHCIOPTHPOBKY MPOIAHTOB U
CTaOMIM3UPYIOT TPEIIUHY CKBXKUHBI, MMOBKINIAs HePTEeOTHATY.

CdepraHoCTh 00pa3IoB MPOMMAHTOB OMPEENSIaCh BU3YaIbHOW OICHKOH ¢
ucnonb3oBanueM nuarpammbl Kpymowena-Illnocca. CooTBeTcTBYyIOIINE TaHHBIC
npeacTaBiieHbl B Tabmuie 5.

Tab6auna 5 - Chepuunocts 00pasioB npomnaHtoB u3 BY®X u POX ¢ ucnosibp3oBaHueM AuarpaMmbl
Kpymbbena-Illnocca
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[O6pasert 1) obpaserr 2) o6pasert 3)
HanmenoBanue Hopma daxTrdecKue 3HAUYCHUS HopmaTuBHBIi
onpeaeasieMbIX o HJJ 0 pe3yIbTaTaM MCIBITAHUH nokyment (H)
XapaKTePHCTYK, Ha METOZBI
©IIMHULIBI U3MEPEHU I HUCIIBITAHUHA
Obpaser 1 Obpazen2 | O6pasen 3
OKpyrJ10CTH, He menee 0.42 0.79 0.54 I'OCT 54571-
YCIIOBHBIE €AMHUILIBI 0.7 2011, m.8.4
CodepuunocTs, He menee 0.53 0.85 0.73
YCIIOBHBIC €THHHUIIBI 0.7
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[Mokazarenb cEpUIHOCTH M OKPYIJIOCTH T'OTOBBIX HPOMAHTOB HE JTOJKEH
obiTe Menbine 0.7. OOpasen, momyudeHHbIH u3 1UTaka BY®X, roe B xauecTse
CBA3YIOIIETO MUCHOIb30BAJICS BOAHBINA PACTBOP KHUAKOTO CTEKIA B COOTHOLLIEHUU C
Bomoit 1:1 (O6pasenm 2), mpoxoauT mo HOopMme. Bce ocrambHBIE 00pasmbl HE
cootBeTcTBYIOT TpeboBanusm ['OCT 54571-2011, n.8.4.

BriOpanHble 00pa3ibl MPONAHTOB MOABEPIJIMCH TECTY HAa PACTBOPUMOCTH B
cosiHOM  kuciote. HecMoTpss Ha JBYXCJIOWMHOE TOJMMEPHOE TOKPBITHE,
PacTBOPHMOCTH OIIBITHBIX 00pa3IoB B COJSTHON KHUCIOTE MpEeBbImaeT HopMy B 1%
(pe3ynbrathl npeacraieHsl B Tabmuie 6). Takue mokasareian He COOTBETCTBYIOT
tpeboBanusam 'OCT 54571-2011, n.8.6.

Tabauna 6 - OnpeeneHre pacCTBOPUMOCTH B COJISTHON KHCIIOTE

HanmenoBanue onpeaensieMbIx Hopwma mo ®daxrnueckue | HopmatuBHBIN

XapaKTePUCTUK,EIUHHUIIBI H3MEPEHHH HJ 3Ha4yeHust o | gokyment (HJI)
pe3yiabraraM | Ha METOBI
UCTIBITAHUI UCIIBITAHUI

PactBOopuMocTb B CONsIHOM KucnoTe, % He Gonee 1 11.6

obpaser 1

PacTBOopuMOCTh B consiHOM KHCTOTE, Y% He 6Gouee 1 10.3 TOCT 54571-

obpaserr 2 2011, n.8.6

PactBOopuMocTb B CoNsiHOM Kuciote, % He Gonee 1 5.9

obpasern 3

Tadauua 7 - ConpoTUBIeHNE Pa3AaBIUBaHUIO 00Pa3Ll0B IPOIAHTOB

HaumenoBanue MaccoBast noiist pa3pyuieHHsix rpanyi f, % HopmaTtusHsI
orpeieIsieMbIX i TIOKyMEHT
XapaKTepUCTHK, Hopwma no (DaKTPI'—IeCISPIe 3HAUCHUSI IO pe3yIbTaTam (H]I) Ha
€IMHULIBI HA UCIbITAHNH METO/IbI
U3MepeHuit OGpaser | OGpaserr 2 OGpaser: 3 HCTIBITAHUN
ComnpoTuBieHUE

pa3aBIMBaHUIO, He Gonee

npu nasnennu 34.5 | 15 293 62.4 729

MIla

ComnpoTuBieHHE

pa3aaBInBaHUIO,

npu naBneHunu 51.7 He Gonee 37 — 74.1 TI'OCT 54571-
MIla 20 2011, n.8.11
(7500 psi)

CormnpoTHBIICHUE

pa3aaBInBaHUIO,

pu nasieHuu 68.9 12{; Gonee 46.1 - 79.7

MlIla

(10000 psi)

16



SSN 1813-1107, elSSN 2710-1185 Me 4, 2025

OO0pasubl TPONaHTOB, MONydeHHble W3 ImakoB BY®X u PDX, Obuwm
MIPOTECTUPOBAHBl HA MEXaHUYECKYIO MPOYHOCTh IyTEM OIPEACICHUS MacCOBOU
JIOJIM TpaHyJ, pa3pyUIEHHbIX 3aJaHHON CKuMmarolled Harpy3koil. McmbeiTanus
npoBoaAuach npu AasineHun 34.5 Mlla, 51.7 MIla u 68.9 MIla (pe3ynbTarsl
npexacrasiieHbl B Tabmure 7).

Bce 00pasiipl He yaoBiaeTBopsitoT TpedoBanusm 1.8.11 TOCT 54571-2011.

OO0pa3s1pl MPOMaHTOB, MONyYeHHBIE U3 ITaka BY®X (MarHuiicuinkaTHbIE),
OpY ONTHUMAJIbHOM Temmeparype oOXura MNpOAEMOHCTPUPOBAIN BBICOKYIO
MEXaHUIECKYIO IPOYHOCTH IO CPaBHEHHIO ¢ 00pa3namu u3 nuiaka POX.

[IpoueHT pa3pyuIeHHbIX IpaHysl MAarHUACHUIMKATHBIX MPOMNAHTOB HA OCHOBE
nutakoB BY®X mpu Bcex Harpyskax IpeBbIIIACT JOMYCTUMYIO0 HOPMY HNPUMEPHO
TosbKO Ha 20%. OTU pe3ynbTaThl CBUIETENbCTBYIOT O AOCTATOYHON MPOYHOCTH
JUTS IPUMEHEHUS B IJIACTaX CO CPEAHHUM JAaBIICHUEM.

4, 3akjoueHue

B mepcnextuBe, mpu mombope MOAXOISIIETO CBS3YIOMIETO M MPUMEHEHUH
3G (PEKTUBHOW TEXHOIOTHH TPaHYJSIHMU MIMXTHI, 5TH HPOMAHTHl MOTYT CTaTh
AOKOHOMHUYECKH 3(PPEKTUBHON aTbTEPHATHBON JUIS HCIIONB30BaHUS B TIIYOOKHX
CKBa)KMHAX C BEICOKMMH IUIACTOBLIMU JaBICHUASIMHU.

Takum  o0pa3oM, J[J0OKa3aHa dKOHOMHYECKAs  IIEJIECOO0Pa3HOCTh U
TEXHOJIOTUYECKas: BO3MOXKHOCTD IOJTyYeHHUs! BEICOKOA((EKTUBHBIX TPOIAHTOB Ha
OCHOBE OTXOIOB  (heppOCIIaBHOTO  MPOU3BOACTBA, YTO COOTBETCTBYET
CTpaTeI'I/IT-IeCKI/IM 3agadyamMm I10 YTI/IJII/ISaHI/II/I TCXHOTCHHBIX OTXOOOB U CHHXKXCHUIO
HMMIIOPTO3aBUCUMOCTH.

OEPPOKOPBITITIA OHAIPICIHIH KAJIABIKTAPBI HET'T3IHAE ITPOITAHTTAPbI
AJIY ’KOHE OJIAPJIbIH MMANJIAJIAHY CUTIATTAMAJIAPBIH BAFAJIAY

K.A. Kaoupébexos™, M.T. Owaxéaes’, H.A. Bysaes*, H.H. Opanéaes’,
I.T". Ceiimxan’, C. Kenezec', H.A. Illaoun?, A.JK. A6opoe**, P. Kaiivinéaeea',
A.A. Ecnenéemos', M.H. Bauméemog*

Y«O.5. Bexmypoe amvinoazvl Xumus evinvimoapst uncmumymoly AK, Anmamor, Kazaxcman
2«Abait amvinoazul Kazax ynimmeix nedazosuxanvix, ynusepcumemiy KeAK, Anmamer, Kazaxcman
3¢ERG zvinvimu-unoicenepiix sepmmey opmansizviy KIUIC, Acmana, Kazaxeman
‘«Kazak-Bpuman Texnuxanvix Ynusepcumemiy AK (KBTY), Anmamul, Kazaxcman

Tyitingeme. DeppokopbiTia OHIIpiCiHiH TexHOreHIIK KanasikrapsiHan (POX sxone BY®X murakrapsr)
CYMBIK WIBIHBI koHe mommmepni xabsie ([IBC) KommaHy apKbUTBI MPOMAHTTApPABI Ay MYMKIHIIT
seprrenmi. bepikrik ¢asamapeia 6ait (90.5%) BY®X muiarsl eH MepCleKTHBAIbI IMHKI3aT OOJIbIIT
TaObUIATBIHEl aHBIKTNABL. BY®X Herisinae anplHFaH MPOMAHTTap CGHEPaTbIKTBIH HOPMATHBTIK
kepcerkimrrepine xerti, 6ipak TOCT 54571-2011 TananrapbiHa >KaHIIBLTyFa Te3iMuimiri (HopMaTuBTi
20% aceipy) xone HCl-me epirimrriri Goiibiamma coiikec kemmeiimi. [TOCT-Ka TONBIK COUKECTIKKE KOJ
JKETKI3y YIIIH [IMXTa KYPAMBIH JKOHE KYHIIpy PEKHUMIH OJjaH dpi OHTAWIaHABIPY KaXKETTUIrIMEH opTaliia
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KBICBIMZIBI ~ Ka0aTTapa  KOJJaHyFa — JKapamIbl — MarHUMCHIMKATTBl — NPOMAHTTApAbl  OHAIPYiH
TEXHOJIOTHSIIBIK MYMKIHJIT Heri3nenai. by Kanapikrapael naianany 3KOHOMHKANIBIK TYPFbLIAH THIMAI
JeTl TAaHbLIBI.

Tyiiin ce3nep: Ilpomantrap, ®eppokopsiTna uuIakTapsl, [11acTTel rUApaBIMKanbIK Oy3y, MarHuit
cuimkarrap, [laiinanany cunarramanapsl, TeXHOTEHIIIK IIUKI3aT.
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DEVELOPMENT OF RUTHENIUM-FREE ORGANOELEMENTAL
DYES FOR HIGH-EFFICIENCY DYE-SENSITIZED SOLAR CELLS
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PHOTOANODES

Nurlan Najafzade
Azerbaijan National Aerospace Agency, Baku, Azerbaijan
Corresponding author e-mail: necefzadenurlan@gmail.com

Abstract: Introduction: To overcome the drawbacks caused by the high price and limited
availability of conventional Ru(lIl)-based sensitizer, such as N-3 and N719, and to achieve the commercial
possibility for dye-sensitized solar cells (DSSCs), the development of new sensitizers is of great
significance. In this paper, we explore an energy-efficient and high-performance new architecture. Goals
and objectives: The overall goal is to develop an innovative DSSC architecture by synergistically
combining high-efficiency, ruthenium-free, organoelemental dyes with nanostructured composite
photoanodes. The aim is to establish a route to low-cost, high-performance photovoltaics by making use
of readily available, abundant clay minerals in Azerbaijan as key photoanode constituent. Methods: The
approach adopted involves preparation of new composite photoanodes based on titanium dioxide (TiO2)
mixed with locally sourced clay minerals (bentonite and kaolinite). The preparation methods of the clay-
TiO2 composites and their photoanode film fabrication are described. The chapter combines a critical
overview of the main active classes of metal-free dyes—porphyrins, phthalocyanines, and indolines—to
couple with these novel anodes. Results and Discussion: The combination of Azerbaijani clay minerals to
the TiO2 photoanode will bring in significant benefits to the device performance through different
synergistic actions. These factors are (1) the higher specific surface area favoring an enhanced dye loading
and light harvesting efficiency, (2) the incorporation of light-scattering centers resulting in a prolonged
optical path length across the photoanode; and (3) significantly, the prevention of charge recombination at
the photoanode/electrolyte interface by surface passivation. Based on physicochemical studies, it is argued
that these effects will contribute to a marked enhancement in the crucial photovoltaic (Js/Voc) parameters,
resulting in an overall improvement in the PCE of the device. Conclusions: The combination of advanced
organic dyes and novel clay-composite photoanodes proposed in this study is a very attractive practical
method to develop cost-effective, environmentally friendly photovoltaic technology. The work has
demonstrated a promising theoretical and practical approach for experimenting and optimizing a next-
generation high-performance sustainable DSSC, with local natural resources to meet a global energy
challenge.

Keywords: dye-sensitized solar cells, ruthenium-free dyes, porphyrin, phthalocyanine, titanium
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1. Introduction

Dye-sensitized solar cells (DSSCs) are one of the most prominent third-
generation photovoltaic technologies, which can be the competitive option
compared to current silicon solar cells due to their feasibility of low-cost
production, simple fabrication, and employment of abundant materials. DSSCs
also have a few special characteristics, such as their mechanical flexibility and
excellent performance at low-light intensities, which make them well-suited for
building-integrated photovoltaic applications. The working mechanism of a DSSC
is quite unique, in which the light absorption and charge transfer activities are
separated in two materials to permit optimization of each component
independently.[4]. To date, the highest-performance DSSCs have been based on
ruthenium(l1)-polypyridyl complexes, which have provided power conversion
efficiencies (PCEs) of up to 13-14%. But, as is known, ruthenium is one
platinum-group metal, which is rare, expensive and toxicity, and is a main
limiting factor for the sustainable and large-scale application of DSSC
technology. To meet this challenge, a most active area in fundamental and applied
studies is to design new metal-free organic sensitizer. These dyes are made from
abundant building blocks, have larger molar extinction coefficients, and have a
more easily tunable molecular structure. State-of-the-art families such as
porphyrins, phthalocyanines or indoline-based dyes have already shown such
efficiency, which confirm that they could compete with efficient and now well-
established ruthenium complexes. [7]. The photoanode (usually a mesoporous
film of titanium dioxide (TiOy)) is as important as the dye. In this work a new
approach of advanced photoanode engineering has been proposed applying local
clay minerals originated from Azerbaijan to the standard TiO, photoanode. High-
quality bentonite and kaolasite clays are found in large quantities in Azerbaijan.
This is wanted as the natural low-cost mineral material is believed to be able to
facilitate in a synergistic manner the photoanode performance by enlarging the
surface area for the higher dye loading, by providing more light scattering centers
on the anode to improve photon capturing and by passivating surface trap states
on the TiO; to hinder charge recombination. This holistic approach is a practical
route toward sustainable, high performance and commercially leading
photovoltaics. [3,5,6].

2. Experimental

High-performance clay-TiO, composite photoanodes can be readily obtained
by the well-established wet-chemical approaches. The hydrothermal process
refers to the heat-treatment of a slurry containing TiO, nanoparticles and
disaggregated clay in an autoclave, facilitating to form well-developed and
homogeneous composite particles. Alternatively, sol-gel process can offer micro-
mixing of TiO; soles with a clay dispersion resulting in intimate chemical
bonding at the clay-TiO; interface. [1,2,7,8]

Irrespective of the process of powder-synthesis, the photoanode film is
prepared by making a viscous slurry of composite powder and spreading it on an
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FTO-coated glass with a scalable approach such as screen printing. The film is
followed by sintering at 450-500 °C to decompose organic additives and form
porous network. [13]

A series of characterization methods are necessary in order to confirm the
synthesis and investigate the properties of the material. X-Ray Diffraction (XRD)
will determine the crystal structure of the composite, ensuring that the anatase
TiO; is present, and that the clay structure is maintained. SEM measurement
would yield more detailed images on the morphology of photoanode, such as
particle size, film thickness and porosity. [17] Fourier-Transform Infrared
Spectroscopy (FTIR) would investigate the presence of the chemical bonds,
where definition of the Ti-O-Si bonds would indicate the existence of the strong
interfacial bonding. Lastly the specific surface area and pore size distribution
would be characterized using Brunauer-Emmett-Teller (BET) analysis to
determine the anticipated increase in surface area by the addition of the clay.

3. Results and Discussion

The typical n-type DSSC is a sandwich-type photoelectrochemical cell as
shown in Fig. Its functional components consist of a photoanode (omitting the
hole-transporting layer), a mono layer of dye on the TiO, an electrolyte
penetrated between the TiO; particles and a counter electrode; a redox-electrolyte
sandwiched between two electrodes serves as charge collector and charge storage,
providing the net driving force around 0.7V. [21].

DSSC Schematic Diagram
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Figure 1 - Schematic of a Dye-Sensitized Solar Cell (DSSC) illustrating its core components and the
electron flow pathway. Incident light passes through the transparent FTO-coated glass and excites the dye
molecules adsorbed on the mesoporous TiO: film. The generated electron is injected into the TiO., travels

to the external circuit, and returns via the counter electrode to regenerate the electrolyte,
completing the cycle.
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The photoconversion action resulting in an electronic charge seesaw is
achieved through the cascade of electron transfer processes across these
component interfaces, the energetics of which is visually invoked via the line-up
of energy levels of the composing materials (Figure 2). [5] The mechanism starts
with (1) dye light absorption, followed by (2) ultrafast electron injection from the
dye excited state to the TiO, conduction band. The electron is subsequently (3)
transported in the TiO2 network to the external circuit. The oxidized dye is step4)
(4) regenerated by the electrolyte (5) regenerated in the counter electrode, closing
the circle. A foremost obstacle in DSSC development is the reduction of the non-
radiative charge recombination pathways, depicted in Figure 2 as well, where the
injected electrons recombine with the oxidized dye or electrolyte species. [15,16].

DSSC Energy Level Diagram
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Figure 2 - Energy level diagram of a typical n-type DSSC showing the electron transfer pathway. (1)
Photon absorption excites the dye. (2) The electron is injected from the dye's LUMO into the TiO2
conduction band. (3) The electron is transported to the external circuit. (4) The oxidized dye is
regenerated by the 17/13™ electrolyte. (5) The electrolyte is regenerated at the counter electrode.
Undesirable recombination pathways are shown with dashed arrows.

The best metal-free organic sensitizers have Donor-n-Acceptor (D-n-A)-type
structures. The key design principles are the fine tuning of the HOMO and
LUMO energy levels, introduction of strong anchoring moieties (such as -COOH)
and bulky substituent addition to prevent the performance-reducing dye
aggregation. Besides, inspired from chlorophyll, porphyrins have obtained PCEs
of 11-13%. Various materials from phthalocyanines exhibit strong absorptions in
the red/NIR region and a great stability, but the aggregation remains an issue, and
recent studies have over-passed 4.6%. Indoline dyes are characterized by
extraordinarily high molar extinction coefficients, with optimized structures
reaching PCEs above 8.0%, directly comparable to the ruthenium based N719 dye
under similar conditions. A summary comparison is shown in Table 1. [11,13]
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Table 1 - Comparative Performance and Properties of Ruthenium-Free Dye Classes in DSSCs.

Feature Porphyrin Dyes Phthalocyanine Dyes Indoline Dyes

Record PCE | ~13% >4.6% >8%

(%)

Typical Strong Soret band (~400-450 Intense Q-band in Broad absorption in

Absorption nm), weaker Q-bands (~500- red/NIR (~650-750 nm) | visible (~400-600 nm)
700 nm)

Molar High (~5times104 M—-1cm-1) Very High (~105 Extremely High

Extinction M-1cm-1) (>6times104

(e) M-1cm-1)

Key High efficiency, versatile Strong NIR absorption, Highest molar

Advantages synthesis excellent stability extinction coefficients

Key Aggregation on TiO_2 surface | Severe aggregation Stability under

Challenges tendency prolonged illumination

Azerbaijan has abundant deposits of nonmetallic minerals, including a high-
quality bentonite and kaolinite that are used in the production of cement. The
largest bentonite deposits of the country are situated in the Gazakh region (the
Dash Salahli deposit), a high-quality sodium bentonite with montmorillonite
being the predominant mineral. Its characteristics, namely, high cation exchange
capacity (55-166 mg-eq/100g) and large specific surface area, are very favorable
to the application on a photoanode. Commercially important reserves of kaolin lie
in the Shamkir and Goygol regions as a result of the weathering of volcanic rocks.
Kaolinite is non swelling, rigid and it is chemically inert. The characteristics of
the clays are compiled in Table 2. [19]

Table 2 - Physicochemical Properties of Selected Azerbaijani Clay Minerals.

Property Bentonite (Dash Salahli Deposit) Kaolinite (Shamkir/Geygol
Deposits)

Primary Mineral Montmorillonite (>85%) Kaolinite

Cation Exchange High (55-166 meq/100g) Low

Capacity

Swelling Properties | High (swells 15-20x in water) Non-swelling

Potential Role in Surface passivation, porosity Light scattering, structural

Photoanode enhancement, high dye loading support, adsorbent

It is expected hence that incorporation of these clays in the TiO, photoanode
would result to substantial enhancement of DSSC efficiency. Its most relevant
consequence is though anticipated to manifest itself in the electron dynamics at
the photoanode/dye/electrolyte interface. The clay minerals will provide a
passivation layer on the surface of TiO,, acting as an energetic barrier preventing
the recombination of electrons in the TiO, conduction band with electron
acceptors in the electrolyte. This decrease in "dark current” results in electron
lifetime being increased and an instantaneous increase in open circuit voltage
(Vo) in the cell. [14] Moreover, the clay platelets also serve as the well light
scattering centers, enhancing the optical path length of incident photons inside the
photoanode and thereby improving light harvesting efficiency, resulting in the
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larger short-circuit current density (Jsc). All of these improvements are manifested
in an overall projected improvement in the key metrics of photovoltaics as shown
in Table 3.

Table 3 - Projected Photovoltaic Parameters for DSSCs with Clay-TiO- Photoanodes.

Photoanode | Sensitizer Dye Projected Jsc Projected Voc | Projected Projected

Type (mA/cm?) V) FF PCE (eta, %)

Pure TiO: Indoline (D- 104 0.74 0.70 ~5.4
series)

Bentonite- Indoline (D- 125 0.78 0.72 ~7.0

TiO: series)

Kaolinite- Indoline (D- 13.0 0.75 0.71 ~6.9

TiO: series)

Pure TiO: Porphyrin (YD- | 14.0 0.68 0.74 ~7.1
series)

Bentonite- Porphyrin (YD- | 16.0 0.72 0.75 ~8.6

TiO: series)

For a PV technology to be competitive in the market it needs to show long-
term stability of operation and financial viability. Although organic dyes may be
susceptible to degradation, sophisticated molecular design has led to dyes with
outstanding stability equivalent to that of Ru-complexes. The liquid electrolyte is
the bigger problem — volatile solvents can evaporate or leak. This has encouraged
the search of non-volatile ionic liquids or quasi-solid-state polymer gels that have
significantly improved long-term stability. This is the primary motivation for this
study: reduction of cost. The proposed structure removes costly ruthenium and
platinum and adopts readily available organic precursors and local cheap clay
minerals. [13] The techno-economic analysis of large-scale DSSC manufacturing
forecasts a very competitive Levelized Cost of Energy (LCOE) as low as $0.0438
per KWh and the use of locally sourced clays will reduce this even further.

4. Conclusion

A concept of the next generation DSSCs targeting to high efficiency,
environmental friendliness and low cost has been proposed here by fabricating
high-performance, toxic-free organic sensitizers with sustainable composite
photoanodes involving TiO2 and local Azerbaijani clay minerals. This holistic
approach targets the two main bottlenecks of cost and scarcity of materials
hampering a large-scale penetration of DSSC technology. By substituting now
cost-prohibitive and rare metals with abundant organic molecules and the local
natural mineral, it opens the way to a genuinely sustainable photovoltaic
technology. There is strong theoretical motivation but now the picture needs to be
experimentally confirmed. Effort needs to be focused on facile fabrication of the
devices to verify the predicted performance improvement, together with
systematic optimization of the composite photoanode, exploration of advanced
co-sensitization strategies, and investigation of the long-time stability, to explore
the full potential of this new ideal architecture. [20]
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PA3PABOTKA BE3PYTEHMEBBIX OPrAHORJIEMEHTHBIX KPACUTEJEWA IS
BBICOKO®®EKTUBHbIX COJIHEYHBIX 3JIEMEHTOB, CEHCUBWJIW3UPOBAHHBIX
KPACHUTEJIEM, C UCIIOJIb3OBAHUEM KOMIIO3UTHBIX ®OTOAHOAOB HA OCHOBE
TJIMHUCTBIX MUHEPAJIOB ASEPBAMIKAHA U TIO:

H.3. Haoxycaghzaoe
A3zepbaiiodicanckoe HAYUOHAIbHOE A3poKoCcMudeckoe azenmemeo, baxy, Azepbaiiocan

Pestome: Bsedenue: J[isi NPEORONCHUS HENOCTATKOB, BBI3BAHHBIX BBICOKOW LICHOM M OrpaHMYCHHOM
JOCTYIHOCTBIO TPAAUIMOHHBIX ceHcuOmm3aTopoB Ha ocHoBe Ru(Il), Takux xak N-3 u N719, a Taxke yis
JNOCTIDKCHHSI KOMMEPUYECKOH [eJIeCO00Pa3HOCTH  COJHEYHBIX AJIEMEHTOB, CEHCHOMIM3UPOBAHHBIX
kpacureneM (DSSC), pazpaGoTka HOBBIX CEHCHOMIIM3AaTOPOB HMEET OTPOMHOE 3HAucHHWE. B naHHOI
paboTe MbI HCCleyeM HOBYIO SHEProd()eKTUBHYIO U BBICOKOIPOM3BOIUTENBHYIO apXUTEKTYpY. Llenu u
3a0auu: OOIWas Uenab 3aKIoYaeTcs B pa3pabdoTKe HMHHOBAMOHHOW apxutekTypsl DSSC mytem
CHUHEPIreTHYECKOr0 COYETaHHsl BBICOKOI()(EKTUBHBIX, HE COJIEpP)KALIMX PYTEHHs, OPraHOAIEMEHTHBIX
Kpacurenel ¢ HaHOCTPYKTYPUPOBAaHHBIMU KOMIIO3UTHBIMM (hoToaHonamu. Llenb cocTouT B TOM, YTOOBI
cO3[aTh MyTh K HEIOPOTHM, BBICOKOIPOU3BOAUTEIBHBIM (OTOIICKTPUUIECKUM 3JIEMEHTaM 3a CYeT
HCIIOJIb30BAHMS JIETKOJOCTYIIHBIX, OOWJIBHBIX TJIMHUCTBIX MHHEpajoB AsepOaiipkaHa B KauecTBe
KJIIFOYEBOTO KOMIIOHEHTa (oToaHoma. Memoowi: TIpuHATBIA MOAXOM BKIIIOYAET MPUTOTOBJICHHE HOBBIX
KOMIO3UTHBIX ()OTOaHOAOB Ha ocHOBe quokcuna tutana (TiOz2), CMEMIaHHOTO ¢ MECTHBIMH TIIHHUCTHIMU
muHepanamu (OEHTOHUT U KaomuHWT). ONMCaHBI METOABI IIONYYEHHsT KOMIO3UTOB TiuHa-T1102 u
H3rOTOBJICHHSI U3 HHUX (HOTOAHOAHBIX IUICHOK. B riiaBe mpeacTaBieH KPUTHYECKHH 0030p OCHOBHBIX
AKTHBHBIX KJIACCOB 0€3METANIMYECKHX Kpacurened — Mnop(GUpHHOB, (GTaJolMaHUHOB U MHAOJIMHOB —
JUISL COYETaHHs C 9TUMM HOBBIMU aHOAAMHU. Pezyabmamut u o6cyscoenue: JJodaBnenue azepOaimpKaHcKux
[JIMHHACTBIX ~MuHepaioB B  ¢oroanonq wu3 TiOz mpuHeceT 3HAYMTENbHBIC MPEUMYINECTBA B
MPOU3BOAUTENLHOCTH YCTPOMCTBA 3a CYET Pa3iMYHBIX CHHEpPreTHYeckux 3pdexToB. ITumu pakropamu
sBisirorcsi: (1) Gonbluasi yaenbHasi OBEPXHOCTh, CIIOCOOCTBYIONIAs YBEIUYEHHUIO 3arpy3KH KpacuTens u
s¢dexTrBHOCTH cOOpa cBeTa, (2) BKIIOYCHHE CBETOPACCEHBAIOMIMX LEHTPOB, YTO IPHUBOIUT K
YBEJIMYCHUIO ONTHYECKOro mytH B ¢Qoroanone; u (3) 4ro 0COOCHHO BaXKHO, NPEAOTBpAIICHHE
pexoMOMHAIMHK 3aps/I0B Ha IpaHHLEe pasaena (pOoTOaHOI/INEKTPOIHUT 3a CUET HACCUBALMU ITOBEPXHOCTH.
Ha ocHOBe (hU3MKO-XUMUUECKUX HCCIECIOBAHUN YTBEPKIACTCS, YTO 3TH P PeKThl OyayT cnocoOCTBOBATH
3aMETHOMY YJIYYIIEHHIO KIIOYEBBIX (poTodekTpruueckux napamerpoB (Jso/Voc), 4TO MpUBEAET K 00IEMY
nosbimiennto  KIIJ[ ycrpoiictBa. Beigoowi: IlpeanokeHHOe B JaHHOM WCCJICIOBAaHUM COYECTAHHE
MEepPEIOBBIX OPraHWYECKHX KpacHTeJIed M HOBBIX TJIMHO-KOMITIO3MTHBIX (DOTOAHOIOB SIBISIETCS OYCHB
MPUBJICKATENBHBIM  MPAKTUYECKAM METOJOM Uil pa3paboTKH SKOHOMHUYECKH d(deKTHBHOW U
SKOJIOTHYECKH  YHCTOH  (pOTODIEKTpUUecKod  TexHomormu.  Pabora  HpoOIEMOHCTpUpOBaia
MHOT000CIIAIONHI TEOPETHUESCKUI M MPAKTUUESCKUH TTOIXO ISl SKCIIEPUMEHTHPOBAHHUS U ONTHMH3ALHN
BBICOKOITPOU3BOAUTENBHBIX ycTOi4unBbIX DSSC crienytomero moKoJeHUs ¢ HUCIOJIb30BaHUEM MECTHBIX
MIPUPOIHBIX PECYPCOB VIS PELICHHUS ITI00AIbHON SHEPreTHIECKOH IPOOIEeMBI.

KiroueBble cj10Ba: COJHEYHBIE JJIEMEHTHI, CEHCHOWIM3MPOBAaHHBIE KpacHuTeleM, Oe3pyTeHHEeBbIe
Kpacuresd, oppupHH, (TalOHUAHNH, AWOKCHI THTaHa, (OTOAHOJ, OEHTOHHT, KAOJIWHHT, TJIMHHCTHIC
MHHEpaJIbl, PeKOMOHHAILIHS 3apsII0B.

Haoxcaghzade Hypnan dnanyp dokmopaum

EBI?EAI?DKAHI{LIK CA3 MUHEPAJIJABI-TIO; KOMIIO3UTTI ®OTOAHOATAPBIH
MAUJAJAHA OTBIPBII, )KOFAPBI TUIMAI BOSIFBIIITAPMEH CE3IMTAJIIAHFAH
KYH 3JJEMEHTTEPIHE APHAJIFAH PYTEHHUIACI3 OPTAHOSJIEMEHTTI
BOSAFBILITAPADBI O3IPJIEY

H.3. Haoxcaghzaoe

Ozipbaiiscan ¥nmmuix aspogapviut acenmmizi, Baxy, O3ipbatiocan
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Tyiiingeme: Kipicne: N-3 sxone N719 cusxrel koximri Ru(Il) Herizinzgeri ceHcnOMiIM3aTOpiIapabIH
JKOFapbl 0aracbl MEH ILNEKTeyJl KOJDKETIMIUIIIHEH TybIHAAHTBIH KEeMINUNKTEpAl JKOI KOHE
OosFBIITApMEH ce3iMTangaHFaH KyH sneMeHTTepi (DSSC) ymiH KOMMEpHMSIBIK MYMKIHIIKKE KOJ
JKETKi3y MaKcaThIH[Ia >KaHa CEHCHOWIM3aToOpiapipl o3ipieyaiH MaHbi3bl 30p. byn Makamaga 6i3
SHEPrUsiHbl YHEMJCHTIH JXKOHE J>KOFapbl OHIMJI JKaHa apXUTEKTypaHbl 3epTTeiMis. Makcammap meH
mindemmep: Kanmbl MakcaT — OKOFapbl THIMJI, PYTEHMICI3, OPraHOIEMEHTTI OOSFBILTAP/bI
HAHOKYPBUIBIMIBI ~ KOMITO3UTTI  (DOTOAQHOATAPMEH  CHHEPreTHKAJIBIK Typiae OipikTipy — apKbULIb
nnHoBaumsibIK DSSC apxutexTypachid a3ipaey. Makcar — O3ipOaiibkanaarbl OHal KOJDKETIMII, MOJI ca3
MUHepajiapblH Heri3ri (oToaHoA Kypamzaac OeJiri peTiHze maijanaHy apKbUIbl ap3aH, KOFapbl OHIMII
(doToanexTpukara xoi aury. 9dicmep. KongaHbUFaH TOCLI KEePriulikTi ca3 MUHEepaigapbIMeH (OEHTOHUT
JKOHE KaOJIMHUT) apajiacTeipbliral TuTaH quokeui (Ti02) Herizingeri xaHa KOMIO3UTTI (OTOAHOATAP/IbI
naibiHaay el Kamtuael. Cas-TiO2 KOMIO3UTTEpiH JaiblHIAy OMIiCTEPl JKOHE OJIapAblH (DOTOAHOITHIK
yia6ipiepin jxacay cumarTanFaH. Byn Tapayna ocbl jkaHa aHOATApMEH OallyIaHBICTHIPY YILIIH METaJChI3
OosIFBIINTAP/ABIH ~ HErisri OejceHii KiacTapblHa — nOopdupuHaepre, (TaTOUUMAHUHACPIE IKOHE
MHJONUHJEPre ChIHU LIONY Kacanaibl. Homuoicenep men mankpiiay: O3ipOaikaHIblK ca3 MUHEpaIapblH
TiO2 ¢doToaHoabIHA KOCY OPTYPJIl CHHEPreTHKAIbIK OPEKETTEpP apKbUIbl KYPBUIFBIHBIH OHIMUTIriHE
alfrapiblktail maitna okeneni. byn dakropnap: (1) OOSFBILTBHIH KYKTENIYiH JXOHE JXAPBIKThlI JKHHAY
THIMJLUTITIH apTTHIPAThIH JKOFapbl MEHIIIKTI OeTTIK aynaH, (2) (HOTOaHOI apKbUIbI ONTHKAJBIK JKOJIBIH
y3apyblHa OKEJNETIH J>XapblK MLIAIIBIPATATIH OPTAJbIKTApAbl eHri3y; koHe (3) MaHBI3ABICH, OETTIK
rMaccuMBalys  apKbpUlbl  (DOTOAHOM/INEKTPOIUT  HMHTEpEWCiHae 3apsaTaplblH  PEKOMOWHALUSICHIH
Oonbipmay. Ou3MKa-XUMUSIIBIK 3epTTEyJIepre CyileHe OTBIPBIN, OyJI ocepiep MaHbI3/Ibl (HOTOIEKTPIIIK
(Jse/Voc) mapamerpriepiniy aiiTapibIKTail jKaKcapyblHa BIKITAN eTeli, HOTHKCCIHAE KYPBUIFBIHBIH JKAIIIbI
TKO (PCE) »xakcapanpl gen mnadieiMpanansl. Kopwimeinowiiap: byn 3eprreyne YCHIHBUIFAH O3bIK
OpraHUKaJIbIK OOSFBIIITAP MEH jKaHa Ca3-KOMIO3UTTI (POTOAHOATAPABIH YHIECIMI YHEM/II, SKOJIOTHSIIBIK
Ta3a (POTODICKTPIIIK TEXHOJOTHSHBI JAMBITY/bIH ©T€ TAPTHIMIbI HPAKTHKAIBIK S/iCi OOJBIT TaObLUIAIbL.
Byn skymbic jxkahaHABIK DHEPreTHKAJbIK MOCENEHI MLIeIly YIIiH JKeprilikTi TaOuFH pecypcTapibl
naiianaHa OTBIPBIN, Kejeci OYbIHHBIH JKOFapel ©HiMAlI TypakThl DSSC-iH 3KCIEpUMEHTTEY >KOHE
OHTAWIAHBIPY YIIIH MEPCIIEKTUBAIBI TEOPUSIIBIK JKOHE MPAKTHUKAIBIK TOCLIII KOPCETTI.

Tyiiinai ce3aep: OOSFBININEH Ce3iMTaNIaHFAH KYH 2JIEMEHTTEpi, PYTEHHMCI3 OOSFbIITAP, NOPGUPUH,
(bTanounaHuH, THTaH JHOKCHAI, (OTOAHOJ, OCHTOHHT, KAOJMHHUT, Ca3jbl MHUHEpaAap, 3apsATapibiH
PeKOMOMHANUSICHI.

Haoxcaghzade Hypnan dnnyp dokmopaum
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N-BENZYLBISPIDINE WITH METHOXYPHENETHYL AND
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Abstract: Introduction. The search for new biologically active compounds remains one of the key
goals in medicinal chemistry. The goal of the present study to synthesize two groups of compounds:
derivatives of methoxyphenethylamine and imidazolpropylamine with a mandatory N-benzylbispidine
backbone and evaluate their potential as plant growth regulators and myelostimulators. Results and
Discussion: New series of 3,7-diazabicyclo[3.3.1]nonan-9-ones were synthesized using traditional
methods. The structure of the obtained compounds was confirmed using nuclear magnetic resonance
(NMR) spectroscopy, infrared spectroscopy, and elemental analysis. Conclusion. New bicyclic systems
have been synthesized in order to identify compounds with high biological potential. The
myelostimulating activity of the obtained compounds 5BCD, 6BCD was evaluated in laboratory white
female rats and growth-stimulating activity in wheat and soy seeds. The results of the study of
myelostimulating activity showed that an imidazole derivative, namely the complex 6pCD, at a dose of 5
mg/kg in a volume of 0.5 ml, exhibits moderate activity against leukocytopoiesis, erythrocytopoiesis and
thrombocytopoiesis. The results of the study of growth-stimulating activity showed that the complex
(5BCD, HZR-112) stimulates plant growth on soybean seed seedlings. However, the complex (63CD,
HZR-109) does not stimulate the growth of wheat and soybeans, but is an inhibitor. It turned out that the
combination of the bispidin fragment with methoxyphenethyl or imidazolepropyl is very promising for the
search for new biologically active substrates of various types of action.

Key words: 2-(3-methoxyphenyl)ethanamine, 3-(1H-imidazole-1-yl)propane-1-amine, bicycle,
complex, B-cyclodextrin, myelostimulating and growth-stimulating effects.
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1. Introduction

One of the ways to create new and more effective drugs is to modify already
known pharmacophore structures, which are known to have high biological
activity. This method makes it possible to obtain compounds that selectively act
on specific molecular targets. As a result, such molecules may have higher
therapeutic activity and lower toxicity [1, 2]. One of such promising groups of
compounds are 3,7-diazabicyclo[3.3.1]Jnonan-9-ones and their derivatives, as they
are part of natural and synthetic biologically active compounds, possessing
antispasmodic, anesthetic, antiarrhythmic and other biological properties [3-6].
And heterocyclic molecules, in turn, represent an important class of structures
used in the development of new drugs [7]. Numerous scientific studies have
shown that heterocyclic molecules containing the imidazole system have a wide
range of biological activity [8, 9].

In the course of the study, for the above reasons, we decided to create two
groups of compounds representing 3,7-diazabicyclo[3.3.1]nonan-9-ones. These
compounds differ in their chemical structure and properties. The first group
contains methoxyphenethyl, and the second group contains imidazole propyl
fragments. We hoped to obtain new series of biologically active substances by
reacting with these two groups of compounds. Both fragments are known to have
antibacterial, antioxidant, antitumor, and antifungal properties [10-13].

2. Experimental part

2.1. The chemical part

The course of the reaction and the uniqueness of the compounds were
controlled by TLC. The IR spectra were recorded on a Nicolet 5700 spectrometer
in tablets with potassium bromide, which are sealed between potassium bromide
plates. The 'H and **C spectra of the studied chemicals dissolved in deuterated
chloroform were recorded on a JEOL JNM-ECA400 spectrometer with an
operating frequency of 400 MHz on hydrogen nuclei. The internal standard is
GMDS.

Synthesis of 3-(3-methoxyphenethyl)-7-benzyl-3,7-diazabicyclo[3.3.1]nonan-
9-one (1). In a three-necked 250 ml flask equipped with a stirrer, a drip funnel,
and a return refrigerator, 70.9 ml of methanol is deoxygenated under nitrogen
current. After 30 min, a mixture of 9.79 g (0.065 mol) 2-(3-
methoxyphenyl)ethanamine, 7.78 g (0.260 mol) paraform, 3.43 ml concentrated is
added (in the ratio of N-benzyl-piperidine-4-one: 2-(3-
methoxyphenyl)ethanamine: paraform 1:1:8) hydrochloric acid and 9.74 ml
glacial acetic acid and stirred under nitrogen current for 15-20 min. A solution of
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12.65 g (0.065 mol) of N-benzyl-piperidine-4-one and 9.74 ml of glacial acetic
acid in 70.91 ml of methanol is added to the mixture for 30 min. After 10 h of
heating at a temperature of 60-65 °C, another 7.78 g (0.260 mol) of paraform is
added and maintained for another 10 h. The reaction is carried out in a nitrogen
atmosphere. The solvent is evaporated on a water jet pump, the resulting light
burgundy oil is dissolved in 103.4 ml of water and the neutral products are
extracted with diethyl ether (it must be remembered that when extracting with
diethyl ether, a bottom layer is needed). The aqueous layer is alkalized to a pH of
10.0-11.0. Next, the target product is extracted with chloroform. The combined
chloroform extracts are dried over anhydrous magnesium sulfate. The desiccant is
filtered out, the solvent is evaporated on a water jet pump. The resulting oil is
isolated by column chromatography and 3-(3-methoxyphenethyl)-7-benzyl-3,7-
diazabicyclo [3.3.1]nonane-9-one (1) is obtained. Yield 22.08 g (94 %), Rs =
0.675 (benzene : isopropanol 6:1), np® = 1.561. Calculated, %: C 75.79; H 7.74;
N 7.69. Ca3H2sN20,. Found, %: C 75.78; H 7.76; N 7.67. IR spectra, cm™: 1707
(C=0); 1455 (C=N). *H NMR (400 MHz, CDCls), 8, ppm: 2.42-2.46 (4H, dd, J =
11.9, 2.8 Hz, CHaax, 4ax, 6ax 8ax), 2.77-2.91 (4H, t, J = 2.7 Hz, NCH,CH>CHzy), 3.06-
3.11 (4H, dd, J= 12.7, 2.8 HZ, CHzeq, 4eq, 6eq 8eq), 3.34-3.63 (2H, S, CHzCeHs), 3.71-
3.78 (3H, m, CHs), 6.40-7.11, 7.12-7.36 (9H, m, J = 8.2, 2.8, 0.5 Hz, CHy). °C
NMR (100 MHz, CDCls), 6, ppm: 33.80 (C12), 55.25 (Cy7), 54.34 (Cas), 58.23
(C15), 61.25 (C2511), 62.09 (C19), 112.00 (Ci6), 113.53 (C14), 120.33 (C1s), 127.03
(Czs), 128.48-129.59 (Ci721222425), 137.51 (Cz0), 138.98 (Ci3), 159.98 (Cus),
214.50 (Co).

Synthesis of 3-(3-(1H-imidazole-1-yl)propyl)-7-benzyl-3,7-
diazabicyclo[3.3.1]nonan-9-one (2) is carried out in a similar way. Yield 22.72 g
(98 %), Rf = 0.636 (benzene:isopropanol 6:1), np® = 1.560. Calculated, %: C
70.98; H 7.74; N 16.55; O 4,73. C2H26N4O. Found, %: C 70.96; H 7.73; N 16.54.
IR spectra, cm™: 1733 (C=0); 1451 (C=N). 'H NMR (400 MHz, CDCly), 5, ppm:
1.74-1.90 (2H, quint, J = 2.7 Hz, NCH.CH.CH2N), 2.16-2.28 (2H, t, J = 2.7 Hz,
NCH,CH,CH:N), 2.47-2.57 (2H, tt, J = 3.1, 2.5 Hz, CH,CHCH,), 2.65-2.81 (4H,
dd, J = 11.8, 2.8 Hz, CHaax, 4ax, 6ax 8ax), 2.89-3.04 (4H, dd, J=12.7, 2.8 Hz, CHaq,
4eq, 6eq 8eq), 3.46 — 3.55 (2H, s, CH:Ce¢Hs), 3.89-3.98 (2H, t, J= 2.7 Hz,
NCH,CH,CH:N), 6.79-6.85, 6.93-7.02, 7.35-7.42 (3H, dd, J= 3.4, 1.9, 1.2 Hz,
CHim), 7.11-7.31 (5H, dd, J= 7.7, 1.8, 0.5 Hz, CHy). °C NMR (100 MHz,
CDCls), 3, ppm: 28.32 (C12), 44.14 (C13), 46.64 (C1s), 52.48 (Cu11), 58.17 (Czs),
58.42 (Csp), 61.36 (Ci), 119.02 (Cis), 127.39 (Cz3), 128.40 (Cz2.24), 128.96
(C21,25), 129.35 (C17), 137.43 (C15), 137.96 (C20), 214.32 (Co).

Synthesis of 3-(3-methoxyphenethyl)-7-benzyl-3,7-diazabicyclo[3.3.1]nonane
(3). To a mixture of 3 g (0.008 mol) 3-(3-methoxyphenethyl)-7-benzyl-3,7-
diazabicyclo[3.3.1]nonan-9-one (1) and 1.31 g (0.041 mol) of hydrazine hydrate
(99 % solution) in 23.92 ml of triethylene glycol at 60 °C add 5.69 g (0.102 mol)
KOH. The reaction mixture is heated to 160-170 °C and stirred at this temperature
for 5 h. At a temperature of 190-200 °C, water and excess hydrazine are distilled
off. After cooling the reaction mixture to room temperature, 40.42 ml of distilled
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water is added, extracted with diethyl ether, and dried over anhydrous MgSO..
The solvent is evaporated, and the resulting product is purified using column
chromatography and of 3-(3-methoxyphenethyl)-7-benzyl-3,7-diazabicyclo
[3.3.1]nonane (3) is obtained. Yield 1.25 g (44 %), R=0.173 (benzene
sisopropanol 7:1). np®® = 1.446. Calculated, %: C 78.82; H 8.63; N 7.99.
C23H30N20. Found, %: C 78.80; H 8.65; N 7.98. IR spectra, cm™: 1071 (C-N). 'H
NMR (400 MHz, CDCls), 8, ppm: 1.56 (2H, dt, J = 13.0, 2.7 Hz, CHCH,CH),
2.11 (2H, ttt, J = 3.2, 2.7, 25 Hz, CHCH.CH), 2.67 (2H, t, J = 2.7 Hz,
NCH,CH,CHar), 2.87-3.03 (10H, 2.94 (dd, J = 10.6, 2.8 Hz, CH2ax 4ax, 6ax, 8ax), 2.96
(dd, J =10.3, 2.8 Hz, CHZeq, 4eq, 6eq, geq), 2.98 (t, J =27 Hg, NCHzCHzCHar)), 3.66
(2H, s, CH2CeHs), 3.73 (3H, m, CH3), 6.74-6.91, 7.20-7.45 (9H, m, J = 8.2, 7.7,
2.8, 1.8, 0.5 Hz, CHa). °C NMR (100 MHz, CDCl3), 8, ppm: 28.90 (Cy5), 33.90
(C11), 36.11 (Cq), 55.52 (Cz), 59.70-59.81 (Czs6s8), 61.31 (Cig), 62.83 (Cis),
112.52 (Cis), 114.32 (Cy3), 121.32 (Cy7), 127.21 (C2), 128.30 (Czo.4), 129.01
(C2123), 129.40 (Cys), 134.51 (Cy2), 137.32 (C1g), 159.64 (C14).

Synthesis of 3-(3-(1H-imidazole-1-yl)propyl)-7-benzyl-3,7-
diazabicyclo[3.3.1]nonane (4) is carried out in a similar way. Yield 3.20 g (56
%), R=0.21 (benzene :isopropanol 7:1). np?® = 1.483. Calculated, %: C 74.03; H
8.70; N 17.27; C20HzsN4. Found, %: C 74.01; H 8.73; N 17.26. IR spectra, cm™:
1070 (C-N),1510 (C=N). *H NMR (400 MHz, CDCls), 5, ppm: 1.52 (2H, dt, J =
13.0, 2.7 Hz, CHCH.CH), 1.56 (2H, quint, J= 2.7 Hz, NCH.CH,CH:N), 2.04
(2H, ttt, J = 3.2, 2.7, 2.5 Hz, CH,CHCH), 2.15-2.37 (4H, dd, J = 10.6, 2.8 Hz,
CHaax 4ax, 6ax, 8ax), 2.61-2.83 (4H, dd, J = 10.2, 2.8 Hz, CHaeq, 4¢q, 6eq, 8eq), 3.05-3.14
(2H, t, J = 2.7 Hz, NCH,CH,CH2N), 3.35 (2H, s, CH.C¢Hs ), 3.85 (2H, t, J = 2.7
Hz, NCH,CH,CHN), 6.96 (1H, dd, J= 3.4, 1.9 Hz), 7.03 (1H, dd, J= 3.4, 1.1
Hz), 7.49 (1H, dd, J= 1.9, 1.1 Hz), 7.12-7.25 (5H, dd, J= 7.8, 1.84, 0.94 Hz,
CHar ). ®C NMR (100 MHz, CDClg), 8, ppm: 29.15 (C15), 29.44 (C11), 34.46 (Co),
47.73 (C12), 50.08 (Cio), 56.35 (Cap), 59.25 (C2ag), 62.05 (Cis), 120.45 (C17),
127.03 (Cz2), 128.48 (Ca1.23), 129.74 (C2024), 133.92 (C1e), 136.33 (Cua), 138.10
(C1o).

The complex of 3-(3-methoxyphenethyl)-7-benzyl-3,7-
diazabicyclo[3.3.1]nonane with B-cyclodextrin (56CD). Hot solutions of 1.19 g
(0.0034 mol) 3-(3-methoxyphenethyl)-7-benzyl-3,7-diazabicyclo[3.3.1]nonane
(3) are mixed in 25 ml of ethyl alcohol and 3.85 g (0.0034 mol) B-cyclodextrin in
40 ml of distilled water. The mixture is placed in a drying cabinet, ethanol and
water are evaporated at 50-55 °C, and 3-(3-methoxyphenethyl) propyl)-7-benzyl-
3,7-diazabicyclo[3.3.1]nonane with B-cyclodextrin (5CD) inclusion complex is
obtained in the form of a white powder. Yield 4.25 g (84 %). Calculated, %: C
52.56; H 6.79; N 1.89. CesH100N2036. Found, %: C 52.59; H 6.77; N 1.92.

The complex of 3-(3-(1H-imidazole-1-yl)propyl)-7-benzyl-3,7-
diazabicyclo[3.3.1]nonane with f-cyclodextrin (64CD) is carried out in a similar
way. Yield 5.95 g (88 %). Found, %: C 51.02; H 6.77; N 3.84. Ce2HggN4Oss.
Haiigeno, %: C 51.01; H 6.75; N 3.87.
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2.2. The biological part

In the course of studies of myelostimulating activity, white female laboratory
rats aged 12 to 16 weeks with a body weight of 210 to 280 grams were used. The
blood test was performed on an Abacus junior vet hematology analyzer
manufactured by Diatron, Denmark. The leukogram was monitored using
Romanovsky-Giemse smear microscopy using a SA3300C microscope. The
concentration of cells in the smear during immersion was 500 units.
Myelosuppression was caused by the administration of cytostatic
cyclophosphamide at a dose of 30 mg/kg of animal weight. Then, on the 6th, 8th
and 10th days of follow-up, the rats were divided into 4 groups. Animals from
group 1 were daily intramuscularly injected with the studied compound (6BCD)
under the code BIV-277 at a dose of 5 mg / kg in a volume of 0.5 ml. Rats from
group 2 were injected with reference compounds, namely the drug methyluracil,
at a dose of 0.4 mg / kg and a volume of 0.5 ml, group 3 received a placebo
(physical solution) in a volume of 0.5 ml, and group 4 remained intact. Statistical
processing of the data was carried out using Student's confidence interval.

All experiments were conducted taking into account chronobiological
principles and in full compliance with ethical standards for working with
laboratory animals.

The study examined the effect of two substances (5CD, 6pCD) — HZR-109
and HZR-112 — on stimulating the growth of seeds of spring wheat of the
Kazakhstanskaya 10 variety and soybeans of the Zhansaya variety. The
experiments were conducted in a laboratory setting. The seeds were germinated in
moist chambers, after which they were planted in moistened soil. Germination
was determined in four stages using 10 seeds in each repeat.

3. Results and discussion

In order to search for and isolate potentially biologically active substances,
new bicyclic systems based on 2-(3-methoxyphenyl)ethanamine and 3-(1H-
imidazole-1-yl)propane-1-amine  were synthesized (Scheme 1). 3-(3-
Methoxyphenyl)- and 3-(3-(1H-imidazole-1-yl)propyl)-7-benzyl-3,7-
diazabicyclo[3.3.1]Jnonane-9-ones 1, 2 were obtained from N-benzyl-4-
oxopiperidine using a paraform and a corresponding primary amine in an acetic-
methanol medium. The yield of products was 94-98 %. As a result of the
reduction of the reaction products 1, 2 by the Kizhner-Wolf method using
hydrazine hydrate in the presence of alkali in triethylene glycol, the
corresponding bispidins (3, 4, with yields of 44-56 %) were synthesized. The
resulting compounds are insoluble in water. To study their biological properties,
complexes of these compounds with B-cyclodextrin were isolated. The complex
of  3-(3-methoxyphenyl)-7-benzyl-3,7-diazabicyclo[3.3.1Jnonane ~ with -
cyclodextrin (SBCD) was synthesized in 84 % yield. At the same time, the
complex of 3-(3-(1H-imidazole-1-yl) propyl)-7-benzyl-3,7-
diazabicyclo[3.3.1]nonane with B-cyclodextrin (6fCD) was obtained in 88 %
yield. The synthesis of these complexes was accompanied by the dissolution of
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substances in a mixture of water and ethanol, prolonged heating in a sand bath,
and subsequent ultrasound treatment. After all the procedures and drying,
powdered products were obtained.
R-NH, I‘t I‘{

bt MecOH, HCI NH,0H- HCI N N 1,3,5 R= —/_Q

ﬁ‘j HAc M pyridine @ B-CD @ 0—

N (CH,0), N C,HsOH N C,H;0OH

1,2

Z—7

o}

3,4 5,6

Scheme 1 - Synthesis of new bicyclic systems

In the IR spectra of 3,7-diazabicyclo[3.3.1]nonane-9-ones 1, 2 there are
absorption bands of the carbonyl group at 1707 cm™ and 1733 cm™. In the °C
NMR spectrum of compounds (1, 2), the signals with the lowest chemical shift
values at 214.32 ppm and 214.50 ppm were attributed to ketone carbon atoms (C-
9), respectively. In the spectra, carbon atoms C-1 and C-5, as well as C-2, C-4, C-
6 and C-8, which are marked in red, appeared at 54.32-58.17 and 58.42-61.25
ppm, respectively, and confirm the formation of target bispidinones. In the
spectrum of the 2nd compound, it can be seen that the manifestations of imidazole
carbon atoms that resonated at 119.02 ppm, 129.35 ppm and 137.43 ppm. Carbon
atoms of the phenyl fragment were recorded at 112.00-159.98 and 127.03-137.96
ppm, respectively.

In the *H NMR spectrum of compounds 1, 2, imidazole protons appeared as
single-proton doublets at 6.79-6.85, 6.93-7.02, and 7.35-7.42 ppm. Aromatic
protons of the phenyl ring appeared as single-proton doublets in the region at
7.11-731 ppm and 6.40-7.11, 7.12-7.35 ppm. Methylene protons H-
2ax,8ax,4ax,6ax and H-2eq, 8eq,4eq, and 6eq manifested as two four-proton
multiplets at 2.42-2.81 and 2.89-3.11 ppm, respectively.

In the IR spectra of compounds 3, 4, the absorption bands of the C=0 group
are removed and absorption bands of the CH; bond appear, proving the formation
of the corresponding bicyclic nonans. The absorption bands C-N and C=N groups
are observed at 1510 cm™ and 1070-1071 cm™. The **C NMR spectra of nonanes
3, 4 showed resonances for C-9 at 34.46 and 36.11 ppm, respectively. The signals
of the carbon atoms of the bispidin framework appeared at 28.90-29.15 and
56.35-59.81 ppm. The carbon atom of the methoxyl fragment appeared at 55.52
ppm. The carbon atoms of the imidazole ring resonated in the range of 120.45-
136.33 ppm, and the carbon atoms of the phenyl fragment in the range of 112.52-
159.64 and 127.03-138.10 ppm.

The reaction products 3, 4 were viscous oils, soluble only in organic
solvents. Complexes 5BCD, 6BCD with -CD were obtained as solids and used to
study the biological properties of the synthesized compounds.
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The complex 6BCD was studied for myelostimulating activity, which
includes stimulation of erythropoiesis, leukopoiesis and thrombocytopoiesis. The
study was conducted under the code BIV-277 (see Table 1).

Compound 6BCD BIV-277 demonstrated moderate activity against
leukocytopoiesis, erythrocytopoiesis and thrombocytopoiesis.

Table 1 - Peripheral blood parameters

Blood counts” BIV-277 (6CD) | The control group | The placebo | The intact group
rou

RBC, 10/l 8.09+0.52 6.06 + 0.06 2,592: 0.20 7.02+0.23

HGB, g/l 125415.21 125 +4.00 96 +2.67 147 +£6.00

HCT, % 37.37+4.21 23.35+0.70 20.75 +£0.30 37.3+£0.27

MCV, fl 46+4.58 54.45 +0.43 41.8+0.07 82.6 +0.23

PLT, 10%1 133+5.55 521+135.33 422 +£41.33 690 £ 166.33

PCT, % 0.08+0.00 0.2815 +0.07 0.23+0.02 0.372 +£0.08

MPV, fl 6.2+0.01 6.1 +0.47 5.5+£0.13 7.4+0.30

PDWS, % 9+0.05 12.25 +0.57 11.25+0.23 11.4+0.43

“RBC - total erythrocyte count; HGB — hemoglobin; HCT — hematocrit; MCV- average volume of red

blood cells; PLT — total platelet count; PCT — the amount of thrombocrit; MPV — average platelet

volume; PDWS — platelet distribution index

The red blood cell level increased from (3.59+0.2) 10/l of blood to

(8.09+0.52) 10'%/1 of blood by 2.25 times, and the hemoglobin level recovered 1.3
times from (96.0 +2.67) g/l of blood to (125+15.21) g/I. The average volume of
red blood cells increased from (41.8+0.07) fl to (46+4.58) fl. Platelet mass and
thrombocrit also showed a decrease in the number of platelets by 3.17 and 2.88
times to (133+5.55)-10° /I of blood and (0.08+0.00) %, respectively. The average
platelet volume increased by 1.13 times and amounted to (6.2+0.01) fl.

The complexes of compounds 5BCD, 6BCD under the codes HZR-109 and
HZR-112 were studied in the laboratory for their stimulating effect on plant
growth. The following indicators were determined during the study: germination
energy, laboratory germination and germination intensity of seeds of
Kazakhstanskaya 10 wheat and Zhansaya soybean (Table 2, Fig. 1).

Table 2 - The effect of the studied substances on germination, growth and development of wheat seed
seedlings (Kazakhstanskaya 10) and soybeans (Zhansaya) in laboratory conditions

Variety Options Control HZR-109 HZR-112
(5BCD) (6BCD)
Kazakhstanskaya | Germination, % 90 100 100
10 Seed germination energy, % 82.5 95.0 85.0
Average height of plants,cm | 9.5 8.0 8.0
Zhansaya Germination, % 50 40 60
Seed germination energy, % 45.0 35.0 50.0
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Kazakhstanskaya 10 Zhansaya

Control HZR-109 HZR-112 Control HZR-109 HZR-112

Figure 1 - Effect of XZR-109 and XZR-112 on germination, growth and development of wheat and
soybean seedlings in laboratory conditions on day 7 of germination

During the study, it was found that the best results were obtained when using
the complex (5pCD, HZR-112) for both types of wheat and soybean seedlings.
The use of HZR-109 and HZR-112 preparations led to an increase in the
germination energy of Kazakhstanskaya-10 wheat seeds by 85 and 95 %,
respectively. When using HZR-109 and HZR-112, the average height of wheat
plants of this variety was significantly lower than in the control group (treated
with water) by 1.19 times. The germination rate and germination energy of
soybean seeds of the Zhansaya variety treated with the HZR-109 preparation were
lower compared with the control group. At the same time, when using the drug
HZR-112, these indicators were 60 and 50 %, respectively.

4. Conclusion

As a result of the research, new bipidine-type systems based on 2-(3-
methoxyphenyl)ethanamine and 3-(1H-imidazole-1-yl)propane-1-amine were
synthesized. Then, the complexes of 3-(3-methoxyphenyl)- and 3-(3-(1H-
imidazole-1-yl)propyl)-7-benzyl-3,7-diazabicyclo[3.3.1]Jnonans were obtained to
study the biological activity with B-cyclodextrin. A study on myelostimulating
activity showed that the complex (6CD, BIV-277) reduces the number of platelet
cells, while an increase in the level of erythrocyte cells, hemoglobin, and average
platelet volumes was observed. This may indicate a moderate activity of the
complex in relation to leukocytopoiesis, erythrocytopoiesis and
thrombocytopoiesis. Biological screening conducted to determine the growth-
stimulating activity showed that the complex (5pCD, HZR-112) stimulates plant
growth on soybean seed seedlings. At the same time, the complex (6fCD, HZR-
109) demonstrates inhibitory properties for all seed varieties.
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METOKCH®EHDOTUJI )KOHE UMUJA3O0JITPOIINJI ®PAPMAKO®OP.JIbI
N-BEH3WJIBUCIIUAUH: B-CD )KAHA TYbIH/Ibl KELIEHJEPIHIH
MUEJOBIHTAJIAHJABIPYIIBI ’KOHE OCY 11 BIHTAJIAH/IBIPATBIH
BEJICEHALITTH BATAJIAY

A.b. Kanovibaesa'?", B.K. I0?, A.A. Cepzazvi’, T.M. Ceiinxanoe®,
@. /lypan®, M. Aiivemup®, H.C. Myxamaouee®

Yan-Dapabu am. Kazax ynmmuix ynusepcumemi, Anmamot, Kazaxcman

2«0.B. bexmypos am. Xumus Foutotmoapor Mncmumymor» AK, Anmamer, Kazaxceman

311 Vanuxanos am. Koexwemay ynueepcumemi, Kexwemay, Kazaxcman

“Dicle Ynusepcumemi, Jluapbaxeip, Typxus

5 K. JKuembaes. am. Kazax ecimoixmepoi Kopeay dicone Kapanmum oliblMU-3epmmey uHCIMumymol,
Anmamwr, Kazakcman

Anpatna: Kipicne. YKaHa OHONOTHSIBIK OEJICEHI KOCBUIBICTAP/bl 1371y [OPUTIK XMMUSHBIH HETi3ri
MakcaTTapbiHbIH Oipi 6okl Kana 6epeni. Ocwl 3epmmeydiy Makcamol - KOCBUIBICTap/IbIH €Ki TOOBbIH - N-
OCH3WIOMCIUIMH KAHKAIBI METOKCH(ECHETWIAMHH JKOHE HMHUJA30JIPOIMIAMHH  TYBIHJBUIAPBIH
CHHTE3Iey JKOHE OJIapIblH OCIMAIKTEpPIIH OCYiH peTTeylli >KOHE MHEIOBIHTAIAHIBIPYIIBI PETiHAeTI
oneyetin Oaranay. Homuowenep oicone mankvinay. JlocTypmi opicTepai KoJjjaHa OThIpbIN, 3,7-
Ira3a0unukio[3.3.1]HoHaH-9-0HOApABIH JKaHA CEpPHSUIAPBl CHHTE3NCHl. AJIBIHFAaH KOCBUIBICTAPIbIH
KYPBUIBIMBI SIIPOJIBIK MAarHUTTIK-PE30HAHCTHIK crekrpockonus (SIMP), uH(MPaKbI3bUT CHEKTPOCKOMHS
JKOHE DJIEMEHTTIK Tajjgay apKbUIbl pacTanabl.  KopwuimbinOvl. BHONOTHANBIK — oneyeTi KOFapsbl
KOCBUIBICTapABl aHbIKTay MaKCaTblHIA JKaHA OMIMKIAL JKyifenep cuHTe3nenni. Opi Kapaid, anblHFaH
KocsuibicTapasie SACD, 6BCD Gencenpinirin 6aranay YIIH 3epTXaHAIBIK aK aHAIBIK ereyKyWpBIKTapra
MHEJIObIHTATAHTBIPYLIBIIBIK JKOHE OMgali MEH COs TYKbIMbIHA ©CY/i BIHTAIAHIBIPY OeJICeHaUTIKTepi
JKYpri3ini. MuenobIHTaIaHTBIPYILIBI OCICEH IUTIKTI 3ePTTey HOTIIKeNepi OONBIHIIA UMH/IA301 TYBIHABICHL,
aran aiitkanga  3-(3-(1LH-umupaszon-1-um)nponmn)-7-6en3un-3,7-ana3adbuuukio| 3.3. 1 JHoHaHuelH -
UKIOAEKCTpHHMEeH kemeHi 6BCD 0,5 Mn  kenemiHge 5 MI/KI  fH03aja  JICHKOIMTOIO33re,
IPUTPOLUTOIOIZrE HKOHE TPOMOOIUTONOI3re KATHICTHI OpTama OeJCeHIUNKTI KepcerTi. Ocyai
BIHTAJAHJBIPATEIH OCICEHIUTIKTI 3epTTey HoTwkedepi OoifbiHma xemensiy (5BCD, X3P-112) cos
TYKbIMBIHBIH ~ KOIIETTEPIHAEri OCIMIIKTEpAiH ©CyiH bIHTaIaHIBIPATBIHBIH KepceTTi. bucnmann
(parMeHTiHIH METOKCU(EHITHIMEH HEMece HMHIA30JIIPOIMIMEH Yilecyl op Typil THITEri jXaHa
OHrONOTHSIIBIK OeNiceH Il CyOcTpaTTapIbl i3eyAe 6Te MaKCaTThl OOJIBIN TaObUIIBL.

Tyiiin ce3nep: 2-(3-metokcudenmn)sranamus, 3-(1H-uMuna3zon-1-mwi)nponad-1-aMuH, GUIMKI, KEIIeH,
B-IMKIIOJEKCTPHUH, MUESIOBIHTAIAHTHIPYILIBUIBIK JKOHE OCYl BIHTAIaHABIPYLIBI 9cep.

Kanovioaesa Anmuinai bexookpizvt PhD

10 Banenmuna Koncmanmunosna Xumus 26116IMOAPLIHBIY OOKMOPbL

Cepzazvt Auda AilObIHKbI3bL JKapamuinvicmary evliblMOPbIHbIY MASUCMPI
Ceiinxanos Tynezen Mypamoeuu Xumus 2bIIbIMOAPLIHBIY KAHOUOAMbI

ypan Quaz Xumus 26116IMOAPLIHBIY OOKMOPbL

Airoemup Mypam Xumusi ebLIbIMOAPLIHBIY OOKMOPbI
Mpyxamaouee Hypcan buonozusa eeirvimoapvinbiy KaHOudamel
Cepukcanosuy
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N-BEH3WJIBUCIIUANH C METOKCH®EHITUJIOBbBIMH U
HUMHUJA3OJIIPOIINIOBBIMA ®APMAKO®OPAMMU: OIEHKA
MUEJOCTUMYJIMPYIOIENA U POCTCTUMYJIMPYIOUIEA AKTUBHOCTH HOBBIX
IMPOU3BOJHBIX KOMIIJIEKCOB g -CD

A.B. Kanowviéaeea?", B.K. 0%, A.A. Cepzazvi®, T.M. Ceiinxanog®,
@. Jlypan’, M. Aitoemup®, H.C. Myxamaoues®

'Kazaxckuii nayuonansusiii ynusepcumem um. ano-@apabu, Anmamet, Kazaxcman
240 «HMucmumym xumuueckux nayk um. A.B. Bexmyposay, Anmamvl, Kazaxcman
3Koxwemayckuii ynueepcumem um. ILI. Yanuxanosa, Koxwemay, Kasaxcman
4Vuusepcumem Dicle, Juspbaxeip, Typyus

SKasaxckuii nayuno-ucciedo6amensckutl UHCMUmym 3auumol U Kapanmuna pacmenuil
umenu XK. JKuembaes, Armamel, Kazaxcman

AuHoTanusi: Beedenue. TIOMCK HOBBIX OHOJIIOTMYECKHM AKTHBHBIX COEIMHEHUII OCTAeTCsi OIHOM W3
KJIFOYEBBIX 323724 MEIMIMHCKOW XUMHH. [[ens nacmosue2o uccie0o8anus - CAHTE3UPOBATH ABE TPYIIIIbI
COEIMHEHHUIT: TPOM3BOJHBIE METOKCH(EHITWIAMUHA W HMMMIA30JNpPONMIAMHHA € 00s3aTenabHbIM N-
OCH3MIONCIIUANHOBBIM OCTOBOM U OIICHHTH WX MOTEHIHMAJ B Ka4eCTBE PETYNISTOPOB POCTa PACTCHUH U
MHEJIOCTUMYJISITOPOB.  Pesynomamusl 1 06cyscoenue. BbliM  CHHTE3UpOBaHBI HOBBIE cepu  3,7-
nua3abunukino[3.3.1]HoHaH-9-0HOB ¢ HKCMONBb30BaHMEM  TPAJULIMOHHBIX ~ MeToZ0B.  CTpyKTypa
MOJyYCHHBIX COCAMHEHUI OblIa MOATBEPIKICHA C IMOMOIIBIO CICKTPOCKOIHH SICPHOTO MArHHUTHOTO
pe3onanca (SIMP), wuH]pakpacHOH CHEKTPOCKONUM M DJIEMEHTHOTO aHanu3a. 3axioueHue.
CuHTE3UpOBaHbl HOBBIC OHUMKIMYECKHE CHCTEMbl C IEJbI0 BBIBICHUS COCAMHEHHH C BBICOKHM
OMOJIOTMYECKMM IIOTEHLMANIOM. bBblla mpoBe/eHa OLIEHKa MHENOCTUMYJIHMPYIOLIeH Ha J1abopaTOPHBIX
OenbIX KpbICax-caMKax M POCTCTHMYJIMPYIOIICH Ha CEMsHaX IMIICHUIIBI U COM aKTHBHOCTH IMOJYYCHHBIX
coepunennit SPCD, 6BCD. Pe3ynbraThl HCClEOBaHUS MUCIOCTUMYJIUPYIOIICH aKTUBHOCTH MOKA3allH,
YTO MPOM3BOJHOE HMMHIA30ja, a MMEHHO Komiuieke 3-(3-(1LH-umumaszon-1l-un)npomnmn)-7-6eHsmn-3,7-
nuazabunukiio[3.3.1]Honana ¢ B-mknoaekctpunom 6BCD, B no3e 5 mr/kr B 006éme 0,5 M1 mposiBisieT
YMEPEHHYI0 AaKTHBHOCTh B OTHOIICHHH JICHKOIMTOIO332, SPUTPOLMTONO3a U TPOMOOLMUTOI0A3A.
Pe3ynbTaThl HMCCnenOBaHUS POCTCTUMYJIMPYIOIISH aKTHBHOCTH IMOKazand, 4yto komiuieke (SPCD, X3P-
112) crumymupyeT poCT pacTeHHil Ha MpopocTkax ceMsH cou. Okaszanoch, 4YTO KOMOWHALUS
OUCTTUIMHOBOIO (pparMeHTa ¢ METOKCH(EHITHIOM HIIH WMHAA30JIPOITHIOM BECbMa MEPCIEKTHBHA IS
MOUCKa HOBBIX OHOJIOTMYECKH aKTHBHX CyOCTpaToB pa3HOOOPA3HOro THIIA ACHCTBHSI.

KiroueBbie cioBa: 2-(3-merokcudenun)dtanamut, 3-(1H-umunazon-1-uwin)npomnad-1-amuH, OHIMKI,
KOMIUIEKC, B-IMKIOIEKCTPUH, MUETOCTUMYITUPYIOLIee H POCTCTUMYJIUPYIOLIEe ACHCTBHE.

Kanovioaesa Anmoinai bexoo1Kpi3bt PhD

1O Banenmuna Koncmanmunoena [Moxmop xumuueckux Hayk
Cepzazvl Auoa AitobIHKbI3bL Mazucmp ecmecmeeHnHbIX HAYK
Ceiinxanoe Tynezen Mypamoesuu Kanouoam xumuyeckux Hayx
Jlypan @usas Jloxkmop xumuueckux Hayk
Auoemup Mypam Jlokmop xumuueckux Hayx
Mpyxamaouee Hypcan Kanouoam buonocuueckux Hayx
Cepukcanosuy
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ISOLATION OF RICE HUSK OIL AND PREPARATION OF FATTY
ACID MONOGLYCERIDES

B.G.Alimkhan, S.A.Kanzhar, A.S.Tapalova, A.B.Toibazarova, A.T.Shuragaziyeva,
N.A.Akhatayev, B.B.Abzhalelov, N.O.Appazov”

Korkyt Ata Kyzylorda University, Kyzylorda, Kazakhstan
*Corresponding author e-mail: nurasar.82@korkyt.kz

Abstract. Rice husk, a widespread by-product of agro-industrial production, contains residual
vegetable oils rich in unsaturated fatty acids. In this study, an eco-friendly and efficient strategy is
presented for converting rice husk biomass into monoglycerides — compounds of significant industrial
relevance. The process began with extraction of the raw material in a semi-automatic Soxhlet apparatus
(ASV-6M) using ethyl acetate, which demonstrated the highest efficiency among six tested solvents,
providing an oil yield of up to 2.82%. The obtained oil was subjected to catalytic glycerolysis under
moderate pressure and temperature conditions (220 °C, 4 h) in the presence of potassium hydroxide,
resulting in approximately 68.87% monoglyceride formation. Product purification was carried out by a
two-step method: crystallization in an acetone-water system followed by column chromatography on
silica gel, which enabled isolation of monoglycerides with a purity of up to 93%. Structural and
compositional analyses were performed using gas chromatography—mass spectrometry (GC-MS) and
infrared (IR) spectroscopy, which confirmed the presence of key esters — monoglycerides of palmitic and
oleic acids. Mass spectrometry data confirmed molecular weights consistent with the structures of the
monoglycerides, while the IR spectra revealed characteristic absorption bands corresponding to ester and
hydroxyl functional groups.

Keywords: rice husk; extraction; vegetable oil; monoglycerides of palmitic and oleic acid.
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BBIJIEJIEHUE PACTUTEJBHOI'O MACJIA M3 PUCOBOWM IIEJYXU U TMOJYYEHHUE
MOHOI'VIMIEPUIOB )KUPHbBIX KHUCJIOT HA EI'O OCHOBE

B.I'. Anumxan, C.A. Kanocap, A.C.Tananosa, A.b.Touibazaposa, A.T. Illypazazuesa,
H.A.Axamaes, b.B.A6xcanenos, H.O. Annazoe”

Kuvizvriopounckuii ynusepcumem umenu Kopkeim Ama, Keisvinopoa, Kazaxcman

AnHoTanus. PucoBas menyxa, SIBISIOIIASACS MAacCOBBIM OTXO/OM arpoNpOMBILIIIEHHOIO IIPOM3BO/ICTBA,
COJZIEPXKUT OCTATOUHBIE PACTUTENbHbIE Macia, OoraTble HEHACBILIEHHBIMH >KUPHBIMH KHclOoTamMu. B
JMAHHOW paboTe MpeacTaBieHa SKOJIOTHYecKH Oe3omacHas u 3(Q(eKTHBHAs cTpaTerus MpeoOpa3oBaHHUs
OuoMacchl PUCOBOH MICNYXH B MOHOIVIMLEPUIBI — COCIMHEHMS, UMEIOIIME BaXKHOE MPOMBIILICHHOE
3HaueHue. IIpouecc HaUMHANICS C SKCTPAKLMU ChIPbs B NoiyaBToMaTtHyeckoM ammapare Cokcnera (ACB-
6M) ¢ HCIONB30BAHUEM STUIIALIETATA, KOTOPBIA IIOKa3al HAHOOIBIIYI0 3(P(EKTHBHOCTH CPEAU LICCTH
MIPOTECTUPOBAHHBIX PACTBOPUTEINEH, obecriednB BbIxoa Macna 10 2.82%. [Tony4yeHHoe Macio noasepraimu
KaTaIUTUYECKON PeaKIiK [ITUIEPOJi3a MPH YMEPEHHbBIX YCIOBUSX AaBieHus u Temnepatypsl (220 °C, 4
yaca) B IPUCYTCTBUU THAPOKCHJIA KaJHs, YTO MPHUBENIO K 00pa3oBaHHI0 0K0i10 68.87% MOHOTIMIEpHIOB.
Jlnst O4MCTKH MPOJAYKTa MPUMEHSIIN ABYXJTAIHBIA METOJ: KPUCTAJUIM3ALMIO B CUCTEME aleTOH-BOJA U
MOCNIENYIONIYI0  KOJOHOYHYIO —XpoMarorpaduio Ha CHJIMKAreie, 4Yro II03BOJMJIO  BBIACIUTH
MOHOIJIMIEPUB ¢ YUCTOTOM 10 93%. CTPYKTYpHBIH W KOMIIOHEHTHBIH aHAIN3 BBIIOIHAIM METOAAMU
razoBoil xpomaro-macc-cuexrpomerpuu (I'X-MC) u undpakpacnoii cnexrpockoruu (MK), xoropsie
MOATBEPIMIM TPHUCYTCTBHE KIIOYEBBIX I(PUPOB — MOHOITIMLEPHIOB MAJbMUTHHOBOW M OJEHHOBOU
KHUCIIOT. JlaHHBIE MAacCC-CIEKTPOMETPUU TONTBEPAWIM MOJEKYJSIPHBIE MAacChl, COOTBETCTBYIOIHE
CTPYKTypaM MOHOIIMIepuaoB, a HMK-cnekTpsl BBISBHIM XapaKTEpHbIE IOJOCHI  IOTJIOLICHUS,
OTHOCSIIIUECS K CIIOXKHO3(DUPHBIM U THIPOKCHIBHBIM ()YHKIIHOHAIBHBIM IPYIIIIaM.

KiwoueBbie cjioBa: pucoBas WICIyXa, OKCTpaKUIUsA;, PaCTUTCIBbHOC MacjiO; MOHOITIMLUCPUIbI
MaJIbMUTUHOBOM U OJICMHOBOM KUCIIOT.

Anumxan Bexawcan I anvimocanynst baxanasp mexHuyecKux Hayx

Kanoycap Caxen Anumynot baxanasp mexHuuecKux Hayx

Tananoea Anuna Ceiidansiksi3vl KaHOuoam XumMuieckux HayK
Toubazaposa Anmueinkyns bakeimkui3o Mazucmp HayK

Hlypazaszuesa Acenv Topebexkuizvl Ma2ucmp mexHu4ecKux HayK

Axamaee Hypnvioexk Akapvicmanynst KaHOuoam XumMuieckux HayK
Abxcanenos bakvimoex baiioocynst KaHouoam OuonocuiecKux Hayxk
Annazoe Hypoon Opvinbacapynv Kanouoam XuMu4eckux HayK, npogeccop

1. BBenenue

VYcroiiunBoe HCIMOIB30BaHUE arpoNpPOMBIIUICHHBIX OTXOIOB — KIFOUEBOE
HampaBieHue 3enéHoll xumuu. PucoBas memyxa cocraBuser okoino 20 %
MHPOBOTO IMpon3BozcTBa puca (6onee 150 mmu 1/ron) [1]. Panee cumraBmascs
OTXO/IOM, OHa MpHUBJEKAET BHUMaHHE Oiaromapsi COACPKaHHIO KpeMHe3EMa,
LEJUTION03bl U JMOUAOB [2]. JIunuabl sIBISIOTCS IEHHBIM CBIPHEM ISl CHHTE3a
TJIMIEPHUIOB, TMPUMEHSEMBIX KaK 3MYJIbraTopbl M CTAOWIM3aTOPHl B THIIEBO,
(hapmareBTHIECKOH ¥ KOCMETHYECKOH MPOMBIIUIEHHOCTH [3,4].

Conepxxanne wMacia B menyxe jgocturaetr 21.44 %, OCHOBHBIMH
KOMITOHEHTaMH SIBIISTIOTCS OJIEMHOBAs, JINHOJIEBAS U MMaJTbMUTHHOBAS KUCIIOTHI [5].
[Tpou3BOJACTBO MOHOTJIMIEPUIOB TPAJUIIMOHHO OCHOBAHO HAa PAaCTUTEIBHBIX
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Maciax [6]. Pa3paboTaHbl 3KOJOTHYHBIE METOIBl WX IMONyYEHUS: IIEIOYHON
[JIMIEPONN3 OJTWIOBHIX JQHUpoB (BeIXOA 1m0 76 %) [7], rimueponn3 B
cBepxkpurnaeckoM CO: (Beixom mo0 49 %) [5], a Takke KaTaIUTUYECKUE
nporeccel ¢ ucnonb3oBanueM CaO u MgO mpu 220 °C [8] wiM HOHHBIX
XKUAKOCTEH (BbIxo cBeime 69 %) [9,10].

[IpennoxxeHHbIN MOJX0JI OCHOBaH Ha M3BICYEHHWH Maciia U3 IIENYyXH U €ro
[JIMIEPOJIA3E C MOTyUYeHUEM OMO3IMYJIBIaTOPOB MPH MATKUX YCIOBUSIX M BHICOKOU
cenektuBHOCTH [11]. PucoBas menyxa cogepxut 30-35 % nemnronossl, 15-25 %
murauHa U 110 95 % SiO: B 301me, yTo nmenaer e€ HeHHBIM chIphéM [2]. OHa
HCIOJIB3YeTCS B YAOOPEHUIX, CTPOUTEIBHBIX MaTepuaax, aicOpOCHTaX, TOILTUBRE
U Juid TpousBojcTBa Owmodranona [3,12]. HawmbGonee sddexruBHBI MeETOABI
SKCTPaKIIHH PaCTBOPHUTEIISIMH, CBEPXKPUTHUCCKIMH JKHIKOCTIMU H
ynbTpasBykoMm [13,14], mo3BoJsIOmMKE IMOTYYUTH Macia € aHTHOKCHIAHTHOM
aKTUBHOCTHIO [15,16].

2. DKcnepuMeHTAJIBLHAS YacTh

IKcmpakyua oOp2aHuvecKux CcoeOuHeHull. IKCTPAKIMIO OPTaHUYECKHUX
coenvHeHU! npooauwian Mmetogom CokcieTra ¢ ucnoib3oBaHueM 30 r pucOBOH
menyxu U 250 mi pacTBopHTeNs (alleTOH, TeKcaH, XJIopodopM, STHIAIETarT,
Kcuiion, OeH30J1) Tpu TemrepaType kumenus B Tedenune 5 4. Ilocne ymamenus
pacTBOpHUTENs SKCTPAKT B3BEIIMBAIM U pacCUUThIBaIM BhIxod. HawmOoree
3(GEeKTHBHBIM OKa3ajCs ITHIIAIETaT.

Peaxkyua znuyeponuza. 50 v Macima W3 IMIETyXd CMEMHMBAIHA C 25 T
mnepuna ¥ 0,75 r karanuzatopa (CaO, NaOH unn KOH), peakuuto npoBoaunu
B aBTrokisaBe npu 220 °C 4 4 nox azotom. [locne oxnaxaenus no 160 °C cmechb
HelTpanu30Baii GpochopHOH KUCIOTON, GMITBTPOBAIH U ACKAHTHPOBAJIH.

Ouucmka monoznuyepudos. CMeCh TIHUIECPUAOB PACTBOPSUIM B CHCTEME
aneroH-poga (3:1), oxmaxmamu no 5-10 °C, ygansnu au- U TPUTITUICPUIBI
(unpTpanmel, MOHOTJIMIEPHIHI OYWIIANN KOJOHOYHOW Xpomarorpadueil Ha
CUJIMIKarelre, moirydas 110 93 % 9nucToro mpoayKTa.

Ananumuueckue memoost. Cocra onpezaessuia merogom [ X-MC (Agilent
7890A/5975C). YcnoBusi xpomarorpaduu: noaBmkHas ¢asza (ra3-HOCHTENb) —
renuii; Temmeparypa umxekTopa — 325 °C, xo3ddunmeHT neneHuns moToka
1000:1; nporpamMmmupoBaHue TemrepaTypsl KonoHku: HadanbHas 50 °C (1 mun),
noaseéM 5 °C/mun n0 280 °C, BeIIepKKa 5 MUH; o0IIee BpeMs aHalu3a — 53 MUH.
Jerekrop Macc-criekTpoMeTpa paboTal B pPeXHME JJIEKTPOHHON HOHHU3AIIHH.
Ucnonp3oBanace kanwuispHas koioHka HP-5MS, anmuna 30 M, BHyTpeHHHI
muametp 0.25 MM, HemonBwxHas (aza — 95% NOMMIUMETHIICHIIOKCaH U 5%
(heHUIIMETHITITONIMCUITOKCAH.

HK-cniekTpsl peructpupoBaiu Ha criekrpomerpe IR-Prestige 21 (Shimadzu,
SAnonms, 2008) B nuamazone mmH BoaH 400-4000 cm™' 6e3 cnenuanbHOU
MOJTOTOBKM 00pa3LoB, C UCIOJIb30BaHueM npucTaBku ais MK-cnekrpockonuu B
pexxuMe ocnabJIeHHOTo MOTHOTO BHyTpeHHero orpaxkeHus (ATR) DuraSampl IR
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II ¢ ogmHOYHBIM OTpakeHHeM (aJIMa3HBI KPUCTAUI Ha MOJUIOKKE U3 ZnSe)
npousBozcTBa Smiths (CILIA).

3. Pe3yabTaThl H 00CYKIACHHE.

Ipgexmusenocmev Ikcmpaxyuu. HanOompmumii BBHIXOJ Maciia OOECICUHIT
stunanerar (2.82 %), 3arem ameroH (2.21 %) um xmopodopm (2.12 %).
HernonsipHbie pacTBOPUTENN MTOKA3aIN HU3KHE PE3YJIbTATHI.

Tadauua 1 - BeixoJ BelecTsa B pa3InuHbIX PAaCTBOPUTENSX

No | PactBopurens Bec O0BeM Macca Brixon
PpHCOBOM pacTBopHTElls, | MOJIY4YEHHOro | BelecTBa, %
HICNTYXH, T MII BEIECTBA, I

1 DTunanerar 0.8454 2.821

2 ArieToH 0.6617 2.206

3 | Xuopodpopm 30 250 0.6348 2.116

4 I'excan 0.5421 1.807

5 | Kcuon 0.5403 1.801

6 Benzon 0.4886 1.628

[lomyuenHoe  pacTuTenpHOE  Macio  ObUI0O  NMPOAHAIM3HPOBAHO  C
ucnonb3oBanneM HMK-cnextpomerpa (pucynok 1). B HK-cmektpe macna
HaOIIONAIOTCST  XapaKTepHbIE IIOJIOCHI MOTJIOIIEHMS: I10JI0CA  IOIJIOLIEHUS
KapOOHWIBHOH Tpymmbl pu 1743 cM™' u mATEHCHBHAs mojoca mpu 1161 cm,
COOTBETCTBYIOILAS KoJeOaHusIM cloxH0dpupHOii cBsizu C-O.

Abs

Pucynok 1 - UK-criekTp pacTUTENBHOTO Maciia, OIy4YeHHOTO
SKCTpaKIMEH U3 PUCOBOM MIETYXH.
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T'nuyeponus. T'nuneponu3 — oOparuMasi peakiysl TPUTIUIEPUAOB C
[JIMIEPUHOM C OOpa3oBaHWEM MOHO- W JUTJIHIEpPUAOB. Ha BBIXOX BIHUSIOT
TEeMIIepaTypa, BpeMs, COOTHOIICHHWE peareHTOB M Karanuzartop. B pabore
uccnenoBansl CaO, NaOH wu KOH, pa3nuuaroomuyecs OCHOBHOCTBIO H
pacTBOPUMOCTBIO, YTO OIpeesieT KHHETUKY peakiuu [17].

[Ipouecc mpoBoamnu mpu 220 °C, 4 4, COOTHONIEHUU Maco:riumepuH = 2:1
u 1.5 % karanuzaTopa B aBTOKJIaBe moja a3oToM. HamGomnbimmii BeixOn (68 %)
obecrieunt KOH Onaronapsi BBHICOKOH pacTBOPHUMOCTH U CHIIBHOM OCHOBHOCTH.
Hs CaO Beixon coctaBmit ~66 %, mias NaOH — 57 %; ux MeHbIas akTHBHOCTD U
HU3Kasl PaCTBOPUMOCTh CHIDKAIH 3P PeKTUBHOCTh, a CaO BBI3bIBAJI 00pa3oBaHue
0CaJIKa, YCIIOXKHSISI OYUCTKY.

Tadauna 2 - Beixon MoHOrMLEpra Mocie MIULIEpoin3a

Karanuzarop | Pucosoe | I'muuepun, | Macca Bexog, Beixon, | O6bem
Macio,T | r KaTanmmsaropa, | % r pacTBOpHTENS
r AnieToH + Boja, M
CaO 50 25 0,75 67.44 33.72 487.5
NaOH 50 25 0,75 57.68 28.84 487.5
KOH 50 25 0,75 68.87 34.43 487.5

Ilocne rnumeponusza cMech coAepKajla MOHO-, JAW-, TPUITHUIEPUADI,
[MUIEPUH M OpUMECH, TMO3ToMy  TpeOoBajachk  BBICOKash  YHCTOTA
MOHOAIWITJIMIICPUIOB IS THUIIEBBIX ©  ¢apMmareBTHIecKkux Ienei [18].
[IepBBIM 3TanOM MPOBOJMIN CEIEKTHBHYIO KPUCTAIIU3AIMIO B CHCTEME all€TOH—
Boja (3:1) ¢ oxmaxkaenuem a0 5-10 °C, uyro obOecnedHMBaNO OCAXKICHUEC AU- H
TPUTTMUEPUIOB U COXpaHEHHWE MOHOIIMIEpUI0oB B pactBope [19-21]. Ilocne
¢unpTpanu pacTBOp oOOOTAIIaIM METOJIOM KOJOHOYHOW Xpomartorpadun Ha
CHJIMKaresie ¢ JIIOUPOBaHHEM XJIOpodopMoM, uTo faBajio (pakumio 10 93 %
MOHOTJIULEPUIIOB [22].

Cocras moarBepxkgamn [ X-MC u UK-Oyppe crnekTpockommei.
XpoMaTorpaMMa MoOKa3plBajia JaBa Nuka (45 u 52 MHH), COOTBETCTBYIOLIMX
MOHOIIMIEpUIAM TNaJbMUTHHOBOX M OJIEMHOBOM KHCIIOT; OTCYTCTBHE PaHHMX
[TUKOB yKa3bIBAJIO HA BBICOKYIO YHUCTOTY IIPOAYKTA.
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PucyHoxk 2 - XpomatorpamMmma cMeCH MOHOTJIUIEPUIOB.

Macc-cneKTp (PHCYHOK 3) MOKa3bIBACT NHKH, MOATBCPKAAOIUEC HATIUYUC

MOHOTJIMIICPUIA TTAIbBMATHHOBON KHUCIOTEL. OCHOBHOM HMOH TIpH M/Z

299.3

COOTBeTCTBYeT e€ MoekyssipHoit Macce (330 r/mons). Conepkanue B oOpasie —

27.18%.
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P"CyHOK 3- Macc—cneKTp MOHOITIMLIEpUaa OJICMHOBOM KUCJIOTHI.
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B Macc-criekTpe MOHOTIHIIEpHIa TMATBMATHHOBON KHUCIOTHI HAOIOIArOTCS
WHTEHCHUBHBIE IMKU M/Z 57, 75 n 98 (rmuniepuHOBHIN GparmeHT) U m/z 239, 257,
281 (mampMUTHHOBas LeMb), UYTO MOJTBEpXKIaeT oOpa3oBaHHE IIEJIEBOTO
MOHOTJIUIIEPU]IA U COTJIACYETCS C INTePATYPHBIMH TAHHBIMHU.

CHexTp MOHOTJIMIIEPHAAa OJCHHOBOW KUCIOTH (PHCYHOK 4) meMOHCTpHpPYET
MOJIEKYJISIpHBIA HMOH [M]" mpu m/z 356.3, coorBercTByOINN popmye CaiHaoO.a.
Xapaktepusle mmku m/z 55, 77, 98 (anmudaruueckas uens), 137, 165
(rnumepuHOBEIH ocToB) M 221 (YacTUYHOE OTHICIUICHHWE IIETH) MOITBEPKIAAOT
cTpykTypy coemuHeHus. Ciabeie mukn 280-325 m ocHOBHO# curHam m/z 264
COOTBETCTBYIOT TPOJYKTaM (parMeHTalii W TOATBEPKAAIOT MPaBUIBHOCTh
UICHTU(OUKALINY; COJIEpKaHIEe MOHOTIUIepUaa cocTaBuio 72.82 %.
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PHCyHOK 4- MaCC-CHCKTp MOHOTJIMIepuaa OJICMHOBOU KHUCJIOTBI.

MonekynsipHbIE MAacChl COEAMHEHUH, ONpenerIEHHbIe MacCc-CIIEKTPOMETpHEH,
coBrayim ¢ pacueTHBIMU. CrekTpel (pHc. 5) TOKazanu XapakTepHbIE IHKH,
MOATBEPXKJAIOE CTPYKTypy MoHormmuepunoB [23-24]. B HK-cmektpax
OTMEYEHO MOTJIONIeHNe KapOOHMIBHBIX rpynn (<1735 cm ') u mmpokas morioca
3000-3500 cm™, cOOTBETCTBYIOMIASI THAPOKCHIBHBIM TPYIIIAM.

47



KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XKXYPHAJI KA3AXCTAHA

Pucynoxk 5 - IK-criexTp cMecy MOHOTJIMLIEPHIOB NAJIEMUTHHOBOM 1 OJIEMHOBOM KUCIIOT.

[IpennoxxeHHBI METOJ, OCHOBAaHHBIM Ha CEJIEKTHUBHOM OCaXJIEHUH U
xpoMarorpadudecKkoil OYNCTKe, 00ECIICUNBAET IOTYYECHHUE BBICOKOOUYHIIICHHBIX
MOHOTJIMIEPUIOB, IPUTOIHBIX JUIS IPUMEHEHHUS B MUIIEBOH, (hapMalleBTHIEeCKON
1 KOCMETUYECKOI NPOMBIIIIEHHOCTH.

4. 3akaroveHue.

HccnenoBanne n1eMOHCTPUPYET IKOJOTUUYECKH OPUEHTHPOBAHHBIA MOJIXOM K
MOJYYECHUIO (YHKUMOHAIBHBIX JHMIUAOB M3 PUCOBOM MLIETyXH. DKCTPaKLUs B
ammapare Cokciera TMOKa3ajia, 4YTO HauWOONBIHMK BRIXOH Macia (2.82%)
JIOCTUTAeTCs TPH UCIOIB30BaHUM ITHUJIALIETATa, YTO JIENAET €ro LIEHHBIM ChIPhEM
JUTSL TaJbHEHIINX MPEBPALLICHU.

I'munieponn3 macima ucciienoBad ¢ ydactueMm karaiauzatopoB CaO, NaOH u
KOH; naunmyumuit pesynstat nan KOH ¢ Berxogom monormutiepunoB a0 47%
npu 220 °C 3a 4 4. J[n OYUCTKM NPUMEHEHBI CENIEKTUBHAS KpUCTAUIM3alMsS U
KOJIOHOYHAsI XpoMaTtorpadus, o0ecrieunBIIrie YUCTOTY MOHOTTUIIEPUAOB 10 93%,
YTO  COOTBETCTBYEeT  TpeOOBaHWSM  MHUIIEBOH W (apMaleBTHUECKON
MIPOMBIIIIEHHOCTH.

Crpyktypa u uuncrota noarBepxiaeHbl I'X-MC u HK-cnekrpockonuei,
YCTaHOBJIEHO TIPUCYTCTBHE MOHOTJIMLIEPHUIOB MAaJTbMHUTHHOBOW W OJIEMHOBOM
KHCIIOT.
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Bnaropaprocts.  ABTOpel  Omarogapsr  Jlaboparopuro  mmxeHepHoro mpodmns  HAO
«KpB3putopauHckull  yHHBepcHTET HM. KOpPKBIT ATa» 3a TEXHHUYECKYI0 NOIACPXKKY MPOBEISHHBIX
HMCCIIETOBAHUI.

®duHancupoBanue. lccienoBanue BBHINONHEHO NpH (GuHAHCOBOH moanepxke Komurera Hayku
MuHuCTEpCTBa HAyKH U Bbiclero oopasosanus Pecry6muku Kazaxcran (rpant Ne AP23490056), a Taxxke
B pamkax npoekta PhytoAPP EU (2021-2025) npu noxaepxke EBpomneiickoro Coro3a mo mporpamme
HORIZON 2020 B COOTBETCTBMM C TpaHTOBbIM cornamieHneM Mapun CxkiogoBckoi-Kropun No
101007642.

Kouguukr nurepeco: KoHIMKT HHTEPECOB MEX/y aBTOPaMU OTCYTCTBYET.

KYPIII KAYBI3bIHAH MAT BOJIII AJTY 7KOHE MAM KbIIIKbIIIAPBIHBIH,
MOHOIJIMIEPUATEPIH AJTY

B.I Anumxan , C.A.Kanocap, A.C. Tananosa, A.b. Touioazaposa, A.T. Illlypazazuesa,
H.A. Axamaeg, B.B.A6xcanenos, H.O. Annazoe”

Kopxoim Ama ameindazel Keizviiopoa yrueepcumemi, Kvizviiopoa, Kazakcman

Tyiiingeme. Kypim Kayb3bl, arpoOHEpKCINTIK OHAIPICTIH JKammaid KalablFbl OOJBIN TaObUIATHIH,
KaHBIKIIAFaH Mail KBIIKbULAAPbIHA Oail eCIMIiK MallapblHBIH KalJbIKTapblH KAMTHIBL. ByJ jKyMbICTa
Kypilll Kaybi3pl OHOMAcCachlH OHEPKACINTIK MaHBI3bl 30p KOCBUIBICTAD — MOHOIJIMIIEPUITEPIe
IKOJIOTHSIBIK  KAyillCi3 JKOHE THIMII TYpJICHIIPY CcTpareruschl ycbiHbUIFaH. COKCIeT KapTbuiai
aBTOMaTThl anmnaparsl (ACB-6M) keMeriMeH IHMKi3aTThl STUIALETATIHAA SKCTPAKIUsIayJaH OacTalibl,
OJl ChIHAKTaH OTKEH aJThl EPITKIIITIH IIIiHAE €H KOFapbl THUIMIUIIKTI KOPCETil, MaWAbIH LIbIFBIMBIH
2.82%-ra neiiin KaMTaMachI3 €TTi. AJIBIHFAH Mail opTalia KbICBIM MEH TeMIIepaTypa karaainapeiaia (220
°C, 4 caraT) KaJMil THIPOKCHII KATBICHIHA ITIMIEPOIH3/IH KaTATUTUKAJIBIK PEaKIUsIChIHA YIIBIPATHULIBI,
HOTWXKeciHe ImaMameH 68.87% MoHOrIHMUepHATep TY3UIMl. OHIMII Ta3apTy YIIH €Ki caTbulbl dic
KOJIIAaHBUIJBI: alETOH-CY JKYHEeCIHIe KPHCTAIIAHIBIPY JMKOHE OJaH KeWiH CHIIMKarenbjae OaraHaIbl
xpomarorpadus kemeriMen Oexy, Oy MoHormmiepunrepiai 93%-ra JNeiiHTi Ta3anbIKIIeH Oeil amyra
MYMKIiHIIK 6epai. KypbUlbIMABIK XKoHEe KOMIIOHEHTTIK Tajlgay ra3bl XpOMaTo-Macc-CIEKTPOMETPHS HKIHE
HMHPAKBI3BLI CIIEKTPOCKOIHUS 9ICTEPIMEH KYPri3ifii, 0Jap Heri3ri 3Qupiepai — MaJbMUTHH KbIIIKBLUTBI
MEH OJIEMH KBIIIKBLUIBI MOHOTJIMIIEPHITEPIHIH Oap eKeHiH pacrajasl. Macc-CleKTpOMETpHsl AepeKTepi
MOHOTJIMIEPUATEPIH KYPhUIBIMBIHA COHKEC KEJETiH MOJICKYJalblK Maccaiapibl pactaasl, an HK-
crekTpIepi Kypaeni dQHUpIiK jkoHe THAPOKCUIAIK (QYHKIMOHAIAB! TONTAPFa TOH JKYTHULY KOJAKTapblH
QHBIKTAIbL.

Tyiiin ce3aep: Kypill KaybI3bl; SKCTPAKIMSA; OCIMIIK Maibl; ATbMUTHH KOHE OJEHH KBIIIKBUIIAPBIHBIH
MOHOTJIUIIEPHATEPI.

Anumxan bexocan Fanvimorcanyno MEXHUKATBIK 2bLIBIMOAP 6aKaIaAepbl

Kanowcap Coxen Onimynot MEeXHUKANBIK 2bIIBIMOAP O6AKAIA8Pbl

Tananosa Anuna CeitdanviKbi3nl XUMUSL 2bITLIMOAPLIHBIY KAHOUOAMbL, O0YEHM
Toubazaposa Anmuinkyn bakbimrbi3ol 2bLIbIM MASUCMDI

Hlypazazuesa Ocen TopebekKbizvt MEXHUKANBIK, EbLIIMOAD MASUCIPI

Axamaee Hypnvioex Akapsicmanynot XUMUSL 2bLTLIMOAPBIHBIY KAHOUOANbL
Absxcanenos bakpimoex baidocynv Ouon02USL 2LTBIMOAPBIHbIY KAHOUOAM bl
Annazoe Hypoon Opweinoacapynot XUMUSL BLIBIMOAPBIHBIY KAHOUOAMbL, npogeccop
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BIOREMEDIATION OF HERBICIDE-CONTAMINATED SOILS

P.Sh. Mammadova, E.R. Babayev", K.R. Qahramanova, F.Q. Mushtagova

A.M. Kuliyev Institute of Chemistry of Additives of Ministry of Sciences and Education
of Azerbaijan Republic, Baku

“Corresponding author e-mail: elbeibabaev@yahoo.de

Abstract. Contamination of soils, groundwater, and surface water with herbicides poses significant
cleanup challenges. Currently, the most common approach is containment, which involves expensive
disposal of heavily contaminated soils to landfills. Bioremediation methods for in-situ treatment are
needed as alternative and/or complementary approaches for cost-effective, waste-free cleanup. Microbes
can be used to remediate herbicide-contaminated soil through a process called bioremediation, in which
microorganisms degrade or convert contaminants into less harmful ones. This process can occur naturally
or be enhanced by adding certain microorganisms or nutrients to the soil. Microorganisms such as bacteria
and fungi have enzymes that can break down herbicides into less toxic compounds. They often use these
herbicides as a food source. Remediation can be done in situ or by removing the soil for treatment (ex
situ). Microbial remediation is influenced by the following factors: microbial activity (the type and
number of microorganisms present and their ability to degrade a particular herbicide); environmental
conditions (factors such as temperature, humidity, pH, and nutrient availability can affect the growth and
activity of microorganisms); herbicide properties (the chemical structure and concentration of the
herbicide can affect its biodegradability); soil properties (soil type, organic matter content, and aeration
can affect microbial activity and the bioavailability of the herbicide).
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Pe3tome. 3arpsi3HEHHE MOYB, TPYHTOBBIX M IIOBEPXHOCTHBIX BOJ| TepOMINAAMHU CO3/1ACT CEPbE3HbIC
mpoOieMsl  OYHCTKHA. B Hacrosimiee Bpemsi Hambojee pacIpOCTPAHCHHBIM IOAXOIOM  SIBIISICTCS
JIOKaJIU3aLKs, BKIIOYAMOIIAs JOPOrOCTOSMIMIT BHIBO3 CHIIBHO 3arpsA3HCHHBIX IOYB Ha CBAIKH. MeTompl
Oouopemenuanuu s 00pabOTKM Ha MecTe HEOOXOAMMBI B KAyeCTBE AJbTEPHATHBHBIX H/WIH
JOTIOJIHUTENBHBIX TOAXOA0B Uil SKOHOMHYECKH I(P(EKTHBHOW U OE30TXOIHOM OYMCTKUH. MHKPOOBI
MOTYT OBITH HCIONB30BAHBI /U PEKYJIbTHBALNK IOYBBI, 3arpS3HEHHON TepOHIMAAMHE, MOCPEACTBOM
mporiecca, Ha3bIBaGMOro OuopeMenmanyeil, B X0 KOTOPOrO MHKPOOPTaHM3MBI pa3iaraioT WIH
mpeoOpa3yloT 3arps3HsIOUIMEe BEIIECTBA B MEHEE BpeAHbIE. ODTOT IMPOLECC MOXKET IPOUCXOAUTH
€CTECTBEHHBIM 00pa30M MK OBITh YCHIICH IyTeM H0OABICHHS B TI0YBY ONPEACICHHBIX MHKPOOPTaHH3MOB
WIH TUTATeIbHBIX BEIIECTB. Y MHKPOOPraHH3MOB, TaKHX Kak OakTepHH W Tpubbl, e€CTh (HepMEHTHI,
crocoOHble pasyiarath repOMIHIbI HA MEHEe TOKCHYHbIC coequHeHHs. OHH 9acTO HCIONB3YIOT 3TH
repOMIU/IbI B KAYECTBE HCTOYHUKA IUTAHHS. PEeKyIbTHBAIMS MOXET POBOAUTHCS Ha Mecte (in Situ) wmu
MyTeM yAaJeHus TMO4Bbl Misi 06paboTku (eX Situ). Ha MHKpOOHYO peMeananuio OKa3blBAOT BIIHSHUC
crenyromye  (GakTopel:  MHKpOOHAas ~ aKTHBHOCTh (THO M YHCJICHHOCTH  MPUCYTCTBYIOIIHMX
MHKPOOPraHH3MOB, a TaKKe HX CIHOCOOHOCTh [erpajupoBaTh KOHKPETHBIH TepOWINI); YCIOBHS
OKpYyKaromiei cpesbl (Takue (HakTopbl, Kak TeMIepaTypa, BIaKXHOCTb, PH M JOCTYIHOCTh MUTATEIBHBIX
BEIIECTB, MOTYT BIIHATH HA POCT W aKTHBHOCTH MHKPOOPTaHM3MOB), CBOWCTBa repOHImaa (XUMHIECKast
CTPYKTypa M KOHIEHTpalus repOulnaa MOTYT BIMATh Ha €ro OHopas3iaraeMocTh); CBOWCTBA MOYBBI (THIT
MOYBBI, COJICPIKAHME OPraHMYECKOTO BEIIECTBA M ajdpaldsi MOTYT BIMSATH HA MHUKPOOHYIO aKTHBHOCTb U
OHMOIOCTYIHOCTB repOHLIa).

KiioueBbie cioBa: 6H0p€MCI[I/IaLU/Iﬂ, MI/IKp06I>I, FCp6I/ILII/UI[BI, 61/IOI[OCTy1'IHOCTL, 6I/IOpa3HaFaCMOCTB,
PEKYyJIbTUBALIUAA.

Mameooea Iapeun Illamxan Kei3ot Jlokmop xumuueckux Hayk
Babaee Dnvoeii Pacum o2nvl Karnouoam xumuueckux nayx
Kaxpamanosa Kenyno Pacum Koi3nt Hoxmopanm

Mywmazosa @uoan I'anubd Koi3vl Jloxmopanm

1. BBenenue

B cenbCKOXO3SUCTBEHHOM MPAKTHKE COPHSAKM 4YacTO IPEACTaBISIOT
CEpBE3HYIO YIPO3y YPOXKAaWHOCTH, MO3TOMY HIMPOKO HCIONB3YIOTCS TepOUIUIbI
[1]. PerynsipHoe npuMeHeHHEe repOMLIUAOB MOKET PUBECTH K X HAKOIUICHUIO B
MOYBE M TPU TOBBIIICHHOW KOHIIGHTPAIMM H3MEHSET (PU3NKO-XUMHUYECKHE
CBOHCTBa IIOYB, COCTaB MHKPOQJIOPHl W €€ aKTHUBHOCTb H, CIICAOBATEIbHO,
ypokaiHOCTh KyJbTyp. OQHAKO MHUKPOOPIaHU3MBI MOTYT OBITH TOJIEPAaHTHBIMHU
WIA PE3UCTEHTHBIMH (HE3HAYUTENHHO WM COBCEM HE TOJABEPKEHHBIMHU
BO3JEHCTBUIO) K repOuuuaam. Takum o0pa3oMm, B TIOCIEAHEE BpEMs
UCTONB3YIOTCS  pa3jIniHble THUNBl M CTpaTerud OuopeMequanuy  IOYB,
3arps3HeHHBIX repOounmaamMu. B 3Tom KoHTekcTe pruzocdepHble MEUKPOOBI MOTYT
METa0O0IM3UPOBaTh TepOMIMIBl (HAmpUMep, aTpa3uH) IMOCPEACTBOM peakmui
THIPOJIN3a, KaTalM3UPyeMbIX (QepMEeHTaMH, ¢ OOpa30BaHHWEM LHUaHypOBOH
KHCIOTBI B KadecTBE  IPOMEXYTOYHOrO  MPOAYKTa, KOTOpas  3aTeM
THIPOJIMTHYECKH IIPEBpalacTCs B aMMHAK W yIJIEKUCHbId ra3. ['epOunumsl Ha
OCHOBE MOHO- U TpUXJopdeHoKcualeraTa Takxke KaTaboIM3upyroTcss MUKpoOaMu
MOCPEICTBOM PA3IMUHBIX (EPMEHTATHBHBIX peakuuil. PexyiapTuBamus Moxer
MPOBOIUTHCS HAa MecTe (iN Situ) wiu myTeM ynaueHus MOYBbI st 00paboTKH (X
situ). K meromam in situ otaocsTes:
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1) EctecTBeHHOE OcClla0JeHHE: OCHOBAHO Ha CYILIECTBYIOIIEM MHKPOOHOM
cooO11ecTBe B MOYBE.

2) BuocTuMynsIMs: BKIIOYaeT B ceOs J0o0aBICHHE MUTATEILHBIX BEINCCTB
(manpumep, ymoOpeHU WM OpraHMYECKUX BEIIESCTB) I CTUMYJIAIHHA POCTa
MECTHBIX MUKPOOPIraHU3MOB.

3) bBuoayrmeHTanus: BKIOYaeT B cebs BBeACHHE CHENU(UYCCKHUX,
OTOOpaHHBIX INTAMMOB MHKPOOPTAaHW3MOB C M3BECTHOH CIIOCOOHOCTBHIO K
JIeTpasiaIiiy TepOuIIHIIOB.

4) buoBeHTWISAIMS U OMO0apOOTaXK: BHECCHHE KHCIOPOAA B IMOYBY IS
MTOBBIIIICHUS MUKPOOHOW aKTUBHOCTH.

Merozapl €X-Situ: mpeamonaraloT yAaleHHe 3arpsA3HEHHOH IOYBBI M ee
00paboTKy B M30JIMPOBAHHOH cpeje, HampuMep, B OnopeakTope.

2. AHaju3 pe3yJbTaTOB HCC/IeI0BAHMI
HepannonansHoe M MOCTENTHOE Pa3BUTHE YEIOBEYECKOTO OOIIEeCTBa BO
BCEM MHpE IPUBEJIO K IKoJIoTHYeckoMy pacriany [2]. M3BecTHO, 4TO upe3MepHoe
WCTIONB30BaHNE TepOUIIIOB/IECTHIIMOB OMACHO I OKPYXKaromeHd Cpemsl,
BIMSET HA TUIOJIOPOJIUE MTOYB M MOXKET OKa3blBaTh TOKCHYECKOE BO3JICHCTBHE HA
opranu3M. MukpoOHas OuopeMeauanus sBISETCS HauOojee H3YYCHHBIM
OMOTEXHOJIIOTUYECKHM  TIPOIIECCOM  DKOJIOTMYECKON  peKyinbTHBanmu. llpu
OJIArONIPUATHBIX YCIOBHSAX MHKPOOBI HCIOIL3YIOT TePOHUIIUILI/TICCTHINAB B
KayecTBE HMCTOYHHUKA YTJIEpPOja, Cepbl M D3JEKTPOHOB. BBUIO TOKa3aHO, 4YTO
TOKCHYECKOE JieficTBre XJIOPCOICPIKAIIIIX TepOUIIIOB/IECTULIUIOB,
MIOJIUXIIOPUPOBAHHBIX  AW(EHUIIOB, MONMUINKIMYECKUX  apOMaTHYECKUX
VITIEBOAOPOIOB W opramueckux  (ocdopcogepkammx  COCTUHCHUH
HeHTpanu3yeTcst MUKpoOaMu, BKIIoUasi OaKTepuH, aKTHHOMHLETHI U TPHOBIL.
ABTOpBEI paboThl [3] cOOOMIAIOT, YTO BBICOKHUU CIPOC HA TEPOMIIMIBI
00yCIoBIIeH HEOOXOIMMOCTHIO YBEIUYCHHS MIPOM3BOICTBA
CeNTbCKOXO03AHCTBEHHBIX KYJBTYp I yJIOBICTBOPEHHUSI MUPOBOTO cripoca. Tem He
MeHee, [pUMEHEHWE TepOMIUIOB  WMEET  HEraTUBHBIE  IOCIEICTBUS,
MIPOSIBIISIIOIINECS B CENEKIIUU YCTOWYHMBBIX COPHSIKOB, 0Opa30BaHUM TOKCHYHBIX
METa0O0JIMTOB B PE3YJIbTaTe YACTUYHOTO PAa3JIOKEHUs] TepOUIHMIOB, W3MEHEHUU
MUKPOOHBIX COOOIIECTB TOYBHI M OHOr€OXMMHYECKHX IUKIOB, H3MCHEHUU
MMUTaHUST PACTEHUH M TUIOAOPOAWS TOYBBL, a TAKXKE IOCTOSHHOM 3arpsi3HEHUU
OKpyKaromel cpempl. HekoTopble TepOMIMABI TMOBPESKIAOT  HEIEIECBBIC
MHUKPOOPTraHU3MBI TIOCPECTBOM HAINpPaBICHHOTO BMEIIATENbCTBA B METabOIU3M
XO35lIMHA W MEXaHW3MOB OKHCIUTENLHOrOo cTpecca. [lo 3TUM mpuvnHam
HEO0XOUMO pa3paboTaTh ycTOWYHBEIC M 3P PEKTUBHBIC METOBI CHIXKCHHUS dTHX
9KOJIOTHYECKHUX PHUCKOB. IIpeiie ueM mpolecc pa3fioxeHus OyJeT HHUIIMUPOBaH
MUKpPOOHBIMU ()EPMEHTAMH U METa0OJUYECKHMMU NYTSIMH, MHUKPOOPraHU3Mam
HEOOXOJMMO BBIIEPIKATh OKHCIUTENBHBIA CTPECC, BBI3BIBAEMBIH CaMHUMHU
repoUIUIaMi. ITOTO MOXHO JOCTHYh C IIOMOIIBIO CIIO)KHOW CHCTEMBI
(epMEHTAaTUBHBIX W HEPEPMEHTATHBHBIX CHCTEM AaHTHOKCHAAHTHOTO CTpecca.
MHorue U3 3THX CHUCTEM pearupoBaHUsl He SBISAIOTCS CHeNU(DUYECKUMH s
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repOUIHIOB, 2 AKTUBUPYIOTCS Pa3IMYHBIMU BEIECTBAMH. B COBOKYITHOCTH 3TH
Hecnenu(puIecKrue CUCTEMbI pearnpOBaHNs MTOBBIIIAIOT MTOTEHIINA BEDKUBAHUS U
MPUCIIOCOOJICHHOCTH MHUKpPOOpraHu3moB. lccnemnoBanus Ouojerpaganuu U
MOAXOJbl K pPEeMEAMAllMd OCHOBBIBAJIUCh HA WHIUBUAYAIBHO TOJO0OPAHHBIX
mTamMMmax it 3QQPEeKTHBHON peMeauanuy TepOUIMI0B B OKPYIKaIOMmEeH cpee.
Tem He MeHee, ObUTO MMOKA3aHO, YTO MUKPOOHBIE KOMMYHHUKAIIMOHHBIC CUCTEMBI,
KOTOPBIC MOJIYJIMPYIOT COIMATbHBIC OTHONICHUS ¥ META00IMYECKUE IYTH BHYTPU
CTPYKTYp  OHWOIUICHKHM CpeAu  MHUKPOOPTaHU3MOB,  CJIOXHBI;  TO3TOMY
WCTIONB30BaHNE HW30JIMPOBAHHBIX INTAMMOB ISl JIETPajallid KCEHOOMOTHKOB
HEOOXOJMMO PAaCIIUPATh, UCHOJIb3Ys IMOAX0J,, OCHOBAaHHBIH Ha COOOIIECTBE, C
vHTerpanueld myTteil Omomerpamanmuu. B ycunusax mo OwopeMenawandd MOTYT
WCTIONB30BaThC TEXHOJOTHMH Ha OCHOBE «OMHUKW» s Ooiee TIIyOOKOro
MMOHMMAHHUS  MOJICKYJIAPHBIX  KOMIUICKCOB OaKTepHAbHBIX COOOIIECTB U
nocTkeHus 6osee 3 (GEeKTUBHOTO yCTpaHEeHUsT KCeHOOMOTHKOB. biaronapst 3tum
3HAHUSAM YBEIIMYMBAETCS BO3MOXXHOCTh W3MEHEHHS] MUKPOOHBIX COOOIIECTB s
MOBBIIIICHUS MOTEHI[Mala OuopeMeaAranud 0e3 BO3HHKHOBEHHS  JPYTHX
BO3JICUCTBUM Ha OKPYXKAIOMIYIO Cpeay, HE OXHAAEMBIX O0Jee MPOCTHIMU
monxonamu. [loHWMaHWe JWHAMUKH  MHKPOOHBIX  COOOINECTB Kak B
CBOOOTHOKUBYIIEH MHUKPOOHOTE, TaK M B CIOXKHBIX COOOINECTBAaX M OMOILIEHKAX
HMEET MEPBOCTENEHHOE 3HAYEHUE I JOCTIKEHUS 3TUX ueineil. Taxxke kpaliHe
B2)KHO, YTOOBI HEPa3BUTHIC CTPAHBI, SBISIONINECS KPYITHBIME MPOU3BOJUTEISIMU
MIPOAYKTOB MHUTaHUS M MOTPEOUTEISAIMI TePOUIHIOB/IECTUIIUAOB, UMEIH TOCTYI
K 3THM TEXHOJIOTHAM ISl JOCTH)KEHHUS YCTOWYMBOIO HPOM3BOJICTBA, HE BBI3bIBAs
[IPH STOM TOCJICICTBUI B BUJIE HEM3BECTHBIX MOOOYHBIX 3(PPEKTOB.

-~ L
//s/iu)LNJ\N/'ko/

METCYITb(hYPOH-METHIT
TepOurmabl nHAA3K(IAM U aTpa3uH CHU3WIK pa3Butue Trichoderma spp.
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Lemsro pabotel [4] Obla omeHnka moTeHmuama Trichoderma spp. B
Oomopemenuanuy TepOMIMIOB W OWOCTHUMYJSIIMM PAcTeHWH B  IIOYBAX,
3arps3HeHHbIX repOurunamMud. Ha mepBoM 3Tame 3SKCIEPUMEHT  CIIeZ0Bajl
ITOJTHOCTBIO PAaHIOMHU3UPOBAHHOMY ITU3alHY B (paKTOpHOU cxeme 4 X 3 X 4 ¢
MATBIO TIOBTOPEHMSAMH, UETHIpbMsA ImTamMmamu Trichoderma spp., Tpems
repOMIUIAMH M YeTHIpbMs J103aMH TepOununoB. MHAEKC CKOpocTH pocTta
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munenust (MGSI) Trichoderma spp. Obu1 mosydeH MmyTeM BBIpAIIUBAHUS €r0 B
yamke [letpu ¢ PDA, CBS3aHHBIM C pa3IMYHBIMU J03aMH TepOUIUIOB, W
olleHWBasCsS Kaxbie 24 daca B Teuenne 10 mueil. Pe3ynpTaThl yka3zanu Ha BEIOOD
Trichoderma harzianum T1A mas mpomOIDKEHHs 3KCIIEPUMEHTA, IMOCKOIBKY OH
nokazan ysenuuenue MGSI ¢ repoutiuiom MeTcynb(ypoH-METHIL.

Ha Bropom »JTame oneHWBaNM OTypIbl, BBIpAIUBAEMBIE II0 CXEME,
COOTBETCTBYIOIIEH TpeM J03aM TepOoumuaa MeTcylb(QypoH-METHI, a TakKe C
npuMeHeHneM u 0e3 mpumMenenus T. harzianum T1A B mectu ropiikax ¢ AByMs
pacTeHHsMH B KaXIOM, Bcero 12 pacTeHui/moBTOpHOCTEH Ha 00pabOTKY.
[MapameTtps! xnopodwnia a, xaopoduria b, oOmuit HHAEKC XITOPOPHILIA, BBICOTA
pacTeHnif, (UTOTOKCUYHOCTh, WHJIEKC JIMCTOBOW ITOBEPXHOCTH, CyXas Macca
HAJ3€MHOM YacTW, JJIMHA KOPHEH M cyxas Macca KOPHEH OLEHUBAIUChH Y
pactenuii orypuoB. [IpuMmeHeHHe TepOWUIIMAA BHI3BAIO (PUTOTOKCHYHOCTH Y
pacTeHnit OTypIIOB U CHU3WIIO BCE MapaMeTphl Pa3BUTHS, OIlEHIBaeMbIe B IIEPBOU
obpabotke. duroTokcmueckuit »dhdekT Bce eme HAOMOmAICSs BO BTOPOH
00paboTKe, YTO MPHUBEIO K CHIKEHUIO CyXOW MacChl KOpHEH M MOOeroB mpu
WCTIONB30BAaHUHM  METCYIb(QypoH-MeTHia. Pe3ynprarel mokazamu, d9ro 1.
harzianum T1A okasam 3HAYHTEIBHOE IOJIOKUTEIBHOE BIMSHHE HA pPA3BUTHE
OTYPIIOB, YBEIUYHUB BBICOTY pacTeHud Ha 36%, MHAEKC JUCTOBON MOBEPXHOCTHU
Ha 71%, mmHy KopHel Ha 23%, cyxyio Maccy noberos Ha 54% u cyXyro mMaccy
KopHed Ha 21% B mepBoil KylbType MNOpU BCEX HCIONb30BAHHBIX J03aX
repounna. Bo BTOpoil KyJbType 3HAUUTEIBHOTO BIUSHUS TPUXOAEPMBI HE
HaO0JII01aJIOCh. CraenoBatensHO, T. harzianum T1A croco0cTByeT
OMOCTUMYJISIIUKA PACTEHUI B TIOYBE, 3arps3HEHHON METCYNb(pypoOH-METHIOM, U
MOJKET CTIOCOOCTBOBATH OMOpEMEINAIINN.

Bbutn  oueHeHBI KOMOWHALMM — 3eMJICACTMS ¢ OWOCTUMYISALMH IS
PEKYJIBTUBAIIMN OTXOJOB TepOuimaoB [5]. Pasnnunple KommuyecTBa TOYBHI,
3arps3HeHHON amaxyiiopoM H  TpudaypamuHoMm (=100 MI/Kr Kaxmgoro) u
METOJIaXJIOPOM U aTpasuHoOM (>20 MI/Kr KaXI0ro), ObLIM BHECCHBI Ha TOJICBBIC
YYacTKH, a OCaJ0K CTOYHBIX BOJ WM KyKypy3Has MyKa ObLIM BKJIIOYCHBI B
BBIJIETICHHBIE YYaCTKH.

0 CHy
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HaC CH3 F NO2

METOJIaXJI0p anaxyop TpudIypauH

VYyacTku Takke ObUIH 00pabOTaHBI CBEKUMH CMECSIMH JIJISl OTIPHICKUBAHUS B
KOJIMYECTBAX, aHAJOTUYHBIX TEM, KOTOPhIE BHOCHUJIUCH HA 3arpsi3HEHHYIO IOYBY.
BuoakTUBHOCT,  TMMOYBBI W pacCeMBaHUE  POAUTCIBCKUX  IepOUIHIOB
KOHTPOJIUPOBAJIKMCh Mocie o0paboTok. B Teuenwme 100 nHEH akTHBHOCTH
MTOYBEHHOW JETHIPOreHa3bl Oblla caMOW BBICOKOW Ha y4acTKaX C BHECEHHBIM
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OpPraHWYECKNM MaTepUaoM. 3a TOT e MEePHOJ YPOBHH ajaxjiopa CHU3WINCH Ha
85-95% Ha W3MEHEHHBIX, 00pa0OTaHHBIX 3arpsA3HEHHOW IMMOYBE y4acTKax M Ha
75-85% Ha COOTBETCTBYIOUIMX HEMOAM(PHUIMPOBAHHBIX ywacTkax. Ha
cBexxeoOpaboTaHHBIX ydacTkax 95—-100% wncxomHoW A03bI ajaxiiopa paccesuioch
Ha oOpaboTaHHBIX ydJacTkaX, a 85-95% — Ha COOTBETCTBYIOIIUX
HeoOpaOOTaHHBIX yYacTKax. YpoBeHb TpudurypanuHa cHuszmics Ha 70-80% nHa
y4acTKax, 00pab0TaHHBIX KYKypy3HOU MyKo#i, u Ha 60—75% Ha HeoOpabOTaHHBIX
ydactkaxX. CyIIECTBEHHBIX Pa3JIMYMii MEXAY paccesHueM TpudypaiuHa Mpu
BHECEHMHM B 3arpsS3HEHHYIO II0YBY WM TIpH CBEXEM OIPHICKHBAaHUU HeE
HaOJIF01ATI0Ch.

Buonoruueckas PEKYIbTUBALHS CENIbCKOXO3SHCTBEHHBIX MOYB,
3arps3HEHHBIX HEPTHIO, OCIOXKHSAETCS HAIMYHEM OCTATOYHBIX KOJHYECTB
XMUMHYECKUX CPEJCTB 3allUThl PACTEHHH, B YaCTHOCTH, T€pPOHIIUIOB, KOTOPHIE,
Kak U He(Th, HEraTUBHO BIIMSIOT HA MHKpPOOMOM IOYBHI M pacteHus [6]. B
JaHHOM paboTe MCCIeNOBaHBI IIATH ITAMMOB OakTepuii pogoB Pseudomonas u
Acinetobacter, koTtopbie NPOSBHIM BBICOKYIO CTEleHb OHOAErpagaiuu HeTH
(72-96%). Bce mraMmmbl IPOSIBUITN YCTOHYMBOCTh K TepOUIMIaM Ha OCHOBE 2,4-
[, wumazeramupa u TpPUOCHYpOH-METHIIA, CHOCOOHOCTH K (DUKCAlMM a30Ta,
MoOmIH3au Gocdara U 00pa30BAHUIO WHIOIHII-3-YKCYCHON KUCIOTHI.

O
o N
N"So cl ci
nMaseTanup TpUOCHYPOH-METHII 2,4-D (2,4-nuxnop¢heHOKCHYKCyCHAst
KHCIIOTa)

[MpucyTcTBHE TOJUIIOTAHTOB MO-PAa3HOMY BIHSJIO Ha POCTCTUMYJIHPYIOLIHNE
cBoiictBa Oaktepuil. Hambosnee nepcrnextuBHbIM ImTamMmmoMm P. citronellolis N2
OBUIO UCIIOJIB30BAHUE €r0 OTIEIIFHO M COBMECTHO C PACTEHUSMH OBCA M JIIONIMHA
IUT PeKyJIbTUBAIMH [TOYB OT He(TH, B TOM YHcie 0OpabOTaHHBIX TepONIHIaMu
HedTe3arps3HeHHbIX 1MoyB. CoOBMECTHOE 3arpsi3HEGHHE OKas3ajoch Ooisee
TOKCUYHBIM JJIsl PAacTeHHl M TOYBEHHBIX MHKPOOPraHM3MOB. bakTtepuszaums
CTHUMYJHpOBajia 00pa3oBaHHE XJOpO(QIUIA M TOAABISIA CHHTE3 aOCIHM30BOM
KHCIOTHI W MAJIOHOBOTO JHalbJeruia B TKaHiX pacteHuid. CoBMecTHOE
UCTIONb30BaHuEe OaKTepuil M pacTeHHil oBca HauOojiee 3(PQPEKTHBHO CHHXKAIO
COJIep)KaHUE YIIEBOAOPOIOB B IIOUBE (B TOM YUCIIE B IPUCYTCTBHU IepOUIUIOB).
[Mony4yeHHble pe3ynbTaThl MOTYT OBITH HCIIOJIB30BaHBI JUIS Pa3padOTKH HOBBIX
METOA0B OMOpeMeANaIK MTOYB C TOTMXUMUYECKUM 3arpsa3HEHUEM.

HccnenoBanust B o0iacTi OnopeMenuanuy repOMUnA-3arps3HEHHBIX [TOYB
TaKKe coodImanucey B paborax [7-25].
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TakuM 00pazom, HECMOTPS Ha CBOIO d(PQEKTUBHOCTH B 3alllUTE PACTCHHH,
repOUIUIBl MOTYT BBI3BIBaTh INUPOKUHM CIIEKTP BO3MOMKHBIX SKOJOTHUECKHX
MTOCIIEICTBUN M3-3a UX CTOMKOCTH B 3KocucTeme. OHU MOTYT HOIAAaTh B MOYBY
IIpH TPSIMOM DACIBUIEHHH Ha TIOBEPXHOCTh, C HPPHUTAIMOHHBIM CTOKOM WIIA
BBIJICNIATHCSI U3 OTMEPIIECH PacTHUTEIBHOCTH. MUKpOOHas Nerpajarus sSBISICTCS
OCHOBHBIM MEXaHH3MOM, OTBETCTBEHHBIM 32 TPAHC(HOPMAIIMIO H JTETOKCHKAIIIIO
OOJBITMHCTBA TEPOUITUAHBIX COCAMHCHWH B IMOYBe. MUKpOOHAs JOCTYITHOCTH
repOuIuIoB JuIsi OWOJerpajgalii B IOYBE B TEPBYIO OUYEPENb OINPEACIICTCS
TakuMu (pakTopaMu, Kak ajcopOIus, aecopOiysi, Onoaerpaaamnus u o0pa3oBaHue
HEU3BIIEKAEMBIX OCTaTKOB. M3ydeHHe JTHX NpPOIECCOB MOMKET IPUBECTH K
JTy4IIeMy MOHMMaHUIO 3(PPEeKTHBHOCTH W CyAbOBI TepOMIuAa B OKpYKaromien
cpene [26].

3. OOcy:kneHue pe3yJbTaTOB

B mammx wccrmenoanmsax [27-33] B 1a0OpaTOPHBIX YCIOBUAX H3ydeHa
JNECTPYKTUBHAS aKTUBHOCTh HEKOTOPBIX YTIEBOIOPOIOKUCISIIONINX KYIbTYp U UX
accoIMaIliii, BBIJEIEHHBIX W3 He(Te3arpsA3HEeHHBIX I[I0YB, B OTHOIICHUHU
yriaeBogoponoB  HehTu. HedTenecTpyKTHBHYIO aKTHBHOCTh —HCCIIETYEMBIX
ACCOLMAIM MHKPOOPTaHW3MOB OIICHUBAIU TI0 CYMMapHOMY IIOKAa3aTello,
OTpeesIeMOMY BECOBBIM METOJIOM yObUTH HE(PTU U HEPTEPOIYKTOB B KHUIKOH
cpene. OUTOTOKCHYHOCTh TOYB OIICHMBAJIACh OMOTECTOM C ITOMOIIBIO CEMSH
MIIEHUIIBI IO COOTHOIICHHUIO YUCIIa MPOPOCIINX U HE MPOPOCIINX CEMSH, BHICOTHI
MPOPOCTKOB W JUIMHBI KOpHeHd. [IpoBeieH COMOCTaBUTENBHBIA  aHAIH3
pPe3yNbTaTOB M3yYeHHUs O0COOEHHOCTEH W3MEHEHHWsS COCTaBOB CHIPHIX HedTel H
He(PTSHBIX 3arpsS3HCHUM, MOABEPIKEHHBIX MHUKPOOMOIOTHYECKON IECTPYKIIMH B
JKUJIKOW MUHEPAJILHOW cpejie U B nouBe. Vcnonb3oBaHue MeTo1a HHPpaKpacHOH
CHEeKTPOCKOMHA ¢ TmpeoOpazoBanreM Dypbe MO3BOMSET NPOAHATUIUPOBATH
OCOOCHHOCTH W3MCHECHHS XWMHUYECKOTO COCTaBa 3arps3HSIONICH MOYBHI HE(TH
[0/ BIMSIHUEM MHUKPOOHOJOTHYECKOTO OKHCICHHS U MPEIOI0KUTh MEePeX0]l e
B Oouee Tiry0OKyFO cTamuio Aerpaganvu. [lonmydeHHbIe TaHHBIE CBUACTEIBCTBYIOT
0 TOM, YTO MHUKPOOHMOJIOTHYECKHE IPOIECCHl CIIOCOOCTBYIOT apoMaTH3alud M
nenapa@uHU3aIuA  KOMIIOHEHTOB HCCJIeNOBaHHONH HedTH. Mcmonp3oBaHHBIC
MUKPOOPTAaHU3MBI TaKXe OBUIM MPEIUIOKESHBl JUIsl OHOpeMeIualii  IOYB,
3arpsiI3HEHHBIX MIECTHIIUIAMH U TepOUITUIaMU.

4. 3akaoveHue

B  npexacraBmeHHOil  pa0oTe  OCYLIECTBIEH  aHAIW3  PE3YJIbTaTOB
HCCIIEIOBaHUA B o0nacTu OWOpeMenualiiy IMOYB, 3arpsS3HCHHBIX TECTHUITHIAMM.
[okazano, 4TO MUKPOOPTraHU3MbI (OaKTEpUHN W TPUOKOBBIC TTATOTEHBI) 00JIAAAI0T
CIOCOOHOCTBIO K  PEKYJbTHBALMK TOYB, 3arpA3HEHHBIX TrepOMLUAaMHU,
NeCTULMIAMH M JPYTUMHM TOKCHYHBIMH  XMMHUYECKUMH  COCIOMHEHHSIMHU.
OTMeueHBI TEpPCHEeKTHBBI OWOpeMeAnanuy TepOUINI-3arPA3HEHHBIX II0YB C
MIPUMEHEHHUEM MUKPOOHBIX TaTOT€HOB.

58



ISSN 1813-1107, elSSN 2710-1185 MNe 4, 2025

Acknowledgments: The work was carried out with the financial support of the Institute of
Chemistry of Additives of the Ministry of Science and Education of the Republic of Azerbaijan
Conflict of Interest: All authors declare that they have no conflict of interest.

TFEPBULHUATEPMEH JIACTAFAH TOIIBIPAKTAPAbIH BUOPEMEJJALIUSAChI
ILIIL. Mameoosa, I.P. babaes”, K.P. Kaxpamanosa, ®.I. Mywmazosa
Axaodemur A.M. Kynuee amvinoazel Kocnanap xumusicer uncmumymet, baxy, 93ipbatiscan

Tyiiinaeme. TONBIPAKTHIH, KEP aCThI CYJIAPbIHBIH JKOHE KEP YCTi CyJIapbIHBIH I'epOULUATSPMEH JIACTAHYBI
Tasajayla aiTapibIKTall KUBIHABIKTAp TyFbi3aipl. Kasipri yakplTTa €H Kem TapajiFaH SiC - KaTThl
JIACTAQHFAH TONBIPAKTHl KOKBIC MOJNHIOHAAphIHA KbHIMOAT TacTayasl Talam eTeTiH okmaymay. In-Situ
OHJICYIe apHalFaH OMopeMenualus dJicTepi YHEMI, KaJIBIKCHI3 Tazanay YIIiH Oanama jXoHe/Hemece
KOCBIMILIA TOCUIAEP peTiHAe KaxeT. MHKpoOTapabl repOMIHMATEpPMEH JIACTAHFAH TONBIPAKTHI KaJIlblHA
KenTipy yuiH Ouopemenuanusi JAel arajaThlH IPOLECC apKpUIbl TMaiinanaHyra Oonaipl, OHZIA
MHUKPOOPraHU3M/IEP JIacTayIllbl 3aTTap bl HAIlIApJaTa bl HEMeCe 3USHIbUIBIFBI a3bIpaK Typaenaipeai. by
nponecc Taburu Typae OONyBl MYMKIH HeMece TONBIpaKKa Oenrim Oip MHKpOOpraHU3MAEpHi Hemece
KOPEKTIK 3aTTap/bl KOCYy apKbUIbl KYLICHTiNYyI MyMKiH. BakTepusiiap MeH CaHbIpayKyJIaKTap CHUSIKTBI
MHUKPOOpPraHu3M/Iepe repOUIaTEep Il YIbUIBIFEI a3 KOCBUIBICTAPFa bIABIPaTaThiH (epmeHTTep Oap. Onap
KebiHece Oy repOMIMITEepHi TaMak Ke3l periHiae naipananansl. KanmbiHa Kentipyai in situ Hemece
OHJICY YIIIH TONBIPAKTHI ajly apKbUIbl (eXx situ) jkacayra Oonaabl. MHUKpPOOTHIK peMeaualsra Keleci
(dakTopiap acep eremi: MUKPOOTHIK OenceHaimik (6ap MHKpOOPraHH3MICPIAIH Typi MEH CaHbl KOHE
onapapiH Oenrimi 6ip repOMUMATI BIABIPATY KaOineTi); KopluaFaH oOpTa >Xaraaitmapbl (Temmoeparypa,
BUIFIBUIBIK, pH oHE KOPEKTIK 3aTTap/blH KOJDKETIMIUIITT CUAKTHI (pakTopiiap MUKPOOPTaHU3MICPAIH
ecyi MeH OeliceHIUIriHe ocep eryi MyMKiH); TepOMUMATIK KacueTTep (IepOMLMATIH XUMHSIIBIK
KYPBUIBIMBI MEH KOHLIEHTPALMSICHI OHBIH OHOBIIBIPAFBIILITHIFBIHA 3CEP €Tyl MYMKIH); TONBIPAK KacueTTepi
(TombIpak TYpi, OPraHUKAIBIK 3aTTapJbIH MEJIIIEP] XKOHE a’palus MUKpOOTapAblH OelceHuIirine sxoHe
repOULUATIH OHOXKETIMILIIriHE ocep €Tyl MYMKIH).

Tyiiin ce3nep: Ouopemeamanusi, MUKpoOTap, repOHUIUATEP, OMOKETIMALTIK, OHONOTHSIIBIK BIIBIPAY,
MEeITHOpaLHs.
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A.B. Uzakova™, A. Yerlanuly!, E.M. Ergalieva?, K.A. Kadirbekov®

Abai Kazakh National Pedagogical University, Almaty, Kazakhstan
2Akhmet Baitursynuly Kostanay Regional Univertisy, Kostanay, Kazakhstan
3A.B. Bekturov Institute of Chemical Sciences JSC, Almaty, Kazakhstan

“Corresponding author e-mail: a.uzakova@abaiuniversity.edu.kz

Abstract. Introduction. Tuberculosis (TB) and diabetes mellitus (DM) are increasingly recognized
as a clinically and epidemiologically significant comorbidity that complicates treatment strategies and
worsens clinical outcomes. DM increases the risk of developing active TB and negatively affects
treatment response and prognosis. The purpose of this work is to provide a comparative analysis of the
clinical efficacy and bioavailability of different antituberculosis dosage forms — tablets, syrups, and
injections — used in patients with TB and DM comorbidity. Results and discussion. The literature review
demonstrated that the pharmacokinetic properties of each dosage form and patient adherence significantly
influence treatment effectiveness. Tablet forms are widely used and convenient, but their bioavailability
may be reduced in patients with gastrointestinal complications associated with DM. Syrup formulations
are suitable for patients with swallowing difficulties and for children, offering good bioavailability,
though their storage stability is lower. Injectable forms provide a rapid therapeutic effect but are less
practical for long-term treatment because of the need for medical supervision and potential discomfort.
Recent international guidelines emphasize short, fully oral treatment regimens and patient-centered
approaches. However, there remains a lack of targeted pharmacokinetic studies focusing on TB-DM
populations. Conclusion. Different dosage forms used in TB treatment demonstrate distinct
pharmacokinetic profiles and clinical effectiveness, which must be considered in the management of TB-
DM comorbidity. Current international recommendations prioritize short oral regimens, but further
research is needed to optimize drug formulations and improve treatment outcomes in this vulnerable
patient population.

Keywords: tuberculosis, diabetes mellitus, dosage forms, bioavailability, tablets, syrups, injections,
fixed-dose combinations, pharmacokinetics.
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TYBEPKYJIE3 )KOHE KAHT JJUABETI BAP HAYKACTAPJIA J19PLIIK
DOOPMAJIAPABIH KIIMHUKAJIBIK TUIMALIITT: CAJBICTBIPMAJIBI IHOJTY

A.b. Y3zaxoea*', A. Epnanynvt, 3.M. Epzanuesa®, K.A. Kadupéexoe®

YA6aii ambindaser Kasax ¥uimmox nedazozuxansi ynueepcumemi, Anvmamot, Kasaxcman
2A. Baiimypcvinynol amvindaget Kocmanaii enipnix ynusepcumemi, Kocmanaii, Kazaxcman
30.5. Bexmypoe amuinoazbl Xumusi bl1biMOapbl uncmumymel, Anmamot, Kasaxcman

Tyitingeme. Kipicne. Ty6epkynés (TB) 6en kaut auaberi (KJ[) KIMHHUKAIBIK JKOHE SITHAEMHOIOTHSIIBIK
TYPFBIIAH MaHbI3[bl KOCAPJIaHFaH aypy PETiH/e )KHUi KapacThIPBUIBII XKyp. MyH/Iail KOMOPOHITLIIK eMaey
CTpaTerusuIapblH KUbIHAATHIN, KIMHUKAIBIK HOTIKEICP/IiH HatapnaybiHa okenesi. K 6encenni Th-HbIH
JaMy KayIliH apTTBIPBII, eMIe JKayarl TIeH aypy OoypkaMbiHa Tepic acep eteai. OChl )YMBICTBIH MaKCaThl —
TB men KJI KaTap ke3meceTiH HayKacTapAa KOJNIAHBUIATBIH OPTYPIl AOpiTiK Typrepain (rabmetkamap,
CHPOITAp KOHE MHBCKLMSIAP) KIMHUKAIBIK THIMIUTI MEH OMOXKETIMIININIH CaJbICTBIPMANIBI Tajaay
Oombin TadbLIanEL. Homudicenep men maikviiay. OneOUETTEpre KYPri3iureH Moty apoip Jopilik TYpAiH
(hapMaKOKMHETHKAIBIK KAaCHeTTepi MEH HAayKacTblH eMJi KaObuinay OelCeHALNiri eMHIH THiMIiirine
alTapIbIKTail ocep eTeTiHiH KepceTTi. TabneTkanap KeHIHEH KOJIAAaHBUIA/AbI JKOHE KOJJaHyFa BIHFAMIIbI
OosFaHBIMEH, acKa3aH-ilek xoaapbiHblH KJI-MeH OaiinaHbICThl aCKbIHYIaphl Oap HayKacTap/a olapablH
OuoxeTiMALNIrE ToMeHaeyi MyMkiH. CuponTap >KYThIHY KHBIHABIFEI Oap HaykacTap MeH Oanamap yuliH
KOJIaiIIbl, OMOXKETIM/ILIIT JKaKChl, OipaK cakTay TYPaKThUIBIFBI TOMEH. IHBEKIMSIIBIK IOPLTIK TypIiep Te3
TepanusUIbIK dcep Oepeni, Oipak y3ak Mep3imJli KOJaHyFa bIHFaChI3, ce0e0l MeINIMHANIBIK OaKbLIay Ibl
KaXKeT eTedi JKOHE KOMaiiChI3AbIKTap TyFbI3ybl MyMKiH. Kasipri XanbIKapaiblK YCBIHBIMAApD KbICKA
Mep3iMi, TOJBIK HepopabIbl eMAeY PeKUMIEP MEH MallMeHTKe OaraapiaHFaH Tacinuepai 6achIMIbIKKa
kosimpl.  Jlereumen, TB wmen KJI Oip yakpiTra Ke3jeceTiH Haykactap TOObIHA —apHaifaH
(hapMaKOKMHETHKAJIBIK 3€PTTEYJICPAiH KETKUTIKCI3AIri Oalikanaabsl. Kopsimuinovl. TyOepkynésni emaeyne
KOJJAHBUIATBIH JOPLTIK TYpIepHiH (apMaKOKMHETHKAIBIK HPOoQUiIbaepi MEH KIMHHUKAIBIK THIMJLII
oprypni, 6yn Tb men KJI Gap Haykacrapael emzaey KesiHae eckepimyi tuic. Kazipri xamblkapanibik
YCBIHBIMJIAP KBICKA MEp3iMIi Mepopaibibl eMJey PEKHUMACPIH YCBIHABI, ajaiiia OCbl OCal TOITAFbI
HayKacTap YILIH JOpUIIK TypJiepAi OHTAJIaHIBIPYy JKOHE €M HOTIIKEJCpiH JKakcapTy MaKCaTbIHZA
KOCBIMILIA 3ePTTEYJIep KYPTi3y Kaxer.

Tyiiin ce3mep: TyOepKy€3, KaHT 1UabeTi, TOpUTK Typiep, ONMoXeTIMIUTIK, TableTKanap, CHponTap,
HHBEKIUSIIAp, OCKITIUINeH /1038 KOMOHHALMSIIAPHI, (hapMaKOKHHETHKA.

Y3axoea Acem bakumocanosna PhD

Epnanynet A3amam JKapamulivicmany 26l16IMOAPLIHbIY MASUCTPI

Epzanueea Inomupa Mypzabaesna PhD

Kaoupoexoe Kaitpam Aovipoexosuu Xumusi 2bL1bIMOAPLIHBIY OOKMOPbL, NPopeccop
1. Kipicne

Ty6epkyné3 (Th) kazipri Tagma ma skahaHIBIK JCHCAYIBIK CaKTay JKyHeci
YUIIH MaHBI3Ibl KYKMaiel aypy Oonbin kana Oepemi. JAY-HbrH 2024 >KbUIFBI
ecebinme 2023 xbutel aneM OoipiHma 10.8 Mwmon agam Th-meH ayblpraHbl
xkoHe 1,25 MIUIMOH afaMHBIH OCBl aypylaH Ke3 XYMFaHbl Kepcerinred [1].
JKanmbl chIpKaTTaHYIIBUIBIKTEIH Oasy TOMEHJIEYiHe KapaMacTaH, Jopire Te3imii
Tb dopmanapsl anem emnzepi yiliH e3eKTi Kayin 6omnbin oteip [2]. Kazakcranna na
coHrbl OH xbulga Th kepcerTkilmTepi TOMEHAETeHIMEH, aliMaKTap apachIHAAFbI
TEHCI3MIK JKOHE KOm Jopire Te3iMIi IITaMMIapAblH JKOFaphl  yieci
SMUICMHUOJIOTHSUTBIK KaFIal IbIH TYPAKChI3 eKeHiH Ouiaipeni [3].

Kanr mmatGeri (KI) me sxahaHmbIK meHcayJbIK CaKTayIbIH HETi3Ti CHIH-
Katepiepinig 0ipi. 2021 xputel onemuae 537 mMmwnMoHHAaH actaM agam KJI-men
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emip cypren, an 2045 xputFa Kapail Oyl kepceTkimn 783 MUJUTMOHFA KETyil
my™mkin [4]. XKypriginren >xydemi momynap MeH MeraaHammsaep KJI Oap
anamaapna Th nmamy kaymi 2-3 ece JKoFapel eKeHiH moanmenneitmi [5-7].
Kocapmanran Th—K/] skarnaiieiama aypy aysIpiay oTeldl, eMILy Y3aKKa CO3bLUIAIbI
JKOHE peruauB KuLmri apransl [8]. AlmakTeik nepekrep Kazakcran MeH
Monromusina Th xepcetkimrepi a11i ae >koFapbl exeHin kepcerce [9], COVID-19
iHIeTi Oy YpaicKe KOCBIMINA Tepic bIKITan eTkeH [10].

TyOGepkyné3ni emaeyne KONJaHBUIATBIH ASPLMIK (popmamapasiH (TabieTka,
CUPOII, UHBEKIIHSA) (PapMaKOKUHETUKACHI, OMOXKETIMILTIIT KOHE MAIUSHTTIH eMre
Oelfinminiri adTapneikTail epexmeneHeni. byn adpipmamsiisikrap, acipece K/
Oap mamumeHTTep/e, KIMHUKAIBIK HOTHXelepre Tikened ocep eremi. COHABIKTaH
KOCapJIaHFaH MAaToJIOTHACH 0ap HayKacTapia €H KOJalibl A9pulik (QopMaHbl
TaHAay KJIMHUKAJIBIK MPAaKTUKAJaFrbl MaHBI3JBI KOHE WICHIIMIH KaXKeT eTETiH
Macese OOBIT Ta0bLIa b,

Ochl  3epTTeyNMiH MakcaThl — TyOepKyné3 koHe KaHT nauaderi Oap
HayKacTap/a KOJIJaHBUIATHIH OPTYPIl JOpiiik (opmanapisiH (Tabierka, CHpOI,
WHBEKINS) KIWHUKAIBIK THIMIUIITIH, OHOKETIMIIITIH )KoHE eMre OCHUTIiTKKe
BIKITAJIBIH CANBICTBIPMAJIBI TYPC TalIay.

2. TankbLiaynap

Tybepkyné3 smumemuonoruscel. Tyoepkynés (Th) — amam3ar TapuXbIHAAFHI
€H KOeHE opi oyl KyHre JaeliH jkahaHIBIK JEeHTrehJe ©3eKTi OOJBIN OTHIPFaH
KYKIaNbl aypynapabiy Oipi. KazakcraHmarbl SMUIEMHONOTUSIBIK MOJEIBILY
omictepin (SARIMA xone SIR) KommaHFaH 3epTTEyJiep COHFBI JKBUIIAPHI
aypymaHAbIKTHIH TOMEHACY YPAICIH KOpPCETKeHIMEH, MayChIMBIK ©3repicTep MeH
aeyMeTTiK (hakTopJap/blH BIKIANBl aWTapibIKTal eKeHIiriH monengemi [11].
I'enernkanblk 3epTTeyiep eniMisae TyOepKynésniH Oenrini Oip Momymsusiapra
OcitiMaenTed mTaMMaaphel 0ap eKeHiH aHBIKTaAbl [12], a1 UMMYHOTEHETHKAIBIK
¢dakTopmap, CcoHbIH imiHge D gopymeni Tammbuieirsl  MeH  VDR/TLR
resiepinzeri monuMmopdusMaep, aypyfa IHAIABIFY KaymiH KYLIEWTeTiHi
kepcetini [13].

Kahanaplk geHreWmeri Tanmayiap COHFBI JKHBIPMa XbUIAa TyOepKymé3miy
CBIPKATTAHYIIBUIBIK KOPCETKIIITepi Oasly TOMEHJETeHiH, anaija alMaKThIK
allBIpMAIIBUIBIKTAD OJI JI€ CaKTalblll OTHIpFaHblH aifrakraiael [14]. 2Kac
epeKIIeNiKTepl TYPFHICBIHAH ajFaHAa, Oajasap MEH jKacecHipiMIep apachliHaa
aypyHmaHJAbIKTBIH TOMEHJICYI KapKbIHABI KYPCE, €pPEeCceK jKacTarbl TONTapja
KOPCETKIIITEP/IiH JKOFaphl JCHIeiIe Kanybl Hazap ayaaptansl [15]. Emaenveren
eKme TyOepKyné3inae aypyaslH TaOUFH arbIMbl ©T€ KOJIAWCHI3: JKYHell momynap
JiepekTepl OolibIHINA, MYHIAl HayKacTapjblH mamameH 70%-bl OipHEIe KbLI
inriage kaiteic Oomambl [16]. ConppikraH JIyHHEXKY3UIIK JCHCAyIBIK CaKTay
yisiMbIHBIH 2050 JKbuTFa AEHiHTI CTpaTeruschl TyOepKyNE3di TOJBIK IKOFOJIBI
KO3JIel, epTe MUarHOCTHKa MEH THIMII eMACYIi KEeHiHEH KOJIIaHyIbl HETi3Ti
OachIMIBIK peTinze oenrieiai [17].
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JlatrentTi TyOepkynés wuHpexkmmsacel (JITBM) nma snuaeMuOIOTHSITBIK
TYPFBIZAH YIIKeH MaHbI3Fa ue. Famamapik Moiepaik ecenreynep OOWbIHING, IeM
XaJIKBIHBIH yIITeH Oipine aewininge JITBU Gap, am oa Ke3 KeIreH yaKbITTa
Oencenni Qopmara adiHanysl bikTUMan [18]. bynm »kxarmaii KasakcraH CHUSKTBHI
SHASMUSUIBIK ~aiiMakTap VIOIiH KOCHIMINA Kayim (akToOpbl OOJBIT  OTHIP.
TyGepkyné3nin kant amaberimen (KJI) OaiimaHbICBl na KEHiHEH 3€pTTENTEH.
XKyiieni monynapra cotikec, KJI 6ap Haykacrapasin Th-men aypy kayni 2-3 ece
xorapel [19]. Buonorusislk Typreiaa Oyl OaiinaHbic AMa0eTKE TOH MMMYHJIBIK
TaIIBUTBIKIICH TYCiHAIpiTeni: THUIEPTITHKEMUS MakpodarTapIasH
MUKOOaKTepHsiFa Kapchl KOpPFaHBIC  KaOijeTiH — onciperin, HHQEKIusIFa
oeitimmimikTi kymewreni [20]. K/-wery xahanaeik ecyi Th-ra kapcel kypec
CTpaTerusyIapblHa KOCHIMINA KUBIHABIK TYyFe3aabl [21]. OceiFan OadIaHBICTHI,
capammbuiap TyOepkyné3 OeH KaHT JauabeTiHiH KocapiaHFaH SIUIACMHUSICHIH
nepOec FHUIBIMHU 9pi KIMHHUKAJIBIK Mocele PeTiHAe KapacThlpy KaXKeTTIiriH aTarl
eremi [22-24]. Kazipri monymapaa Oyil OaiilaHBICTBIH TEK SITHIEMHOIOTHSIIBIK
emMec, TNaTOQU3HONOTUSIBIK  JEHreiiie A€  HeTi3JenreHi  KepceTinmi:
THIIEPIIIMKEMHUST MHUKPOOKa Kapchl MMMYHABIK JKayanTbl JICIPETil, aypylblH
arbIMBIH aybIpJaTajbl )KOHE PEUUINB IEeH ONIM-XKITIM KaymiH apTTeipaisl [25].
KJ ©Oap mHaykacTapasl emuaeyne KOJNJAHBUIATBIH TyOepKyjesre Kapchl
npenaparTapabiH (hapMaKOKHMHETHUKACHI MEH OuoxeTiMILTIriHAe
alBIPMAIIBUIBIKTap OO0NYyBl MYMKiH. KOTOPTTBIK 3epTTeyleplie TIUKEMUSIIBIK
OakputayaplH  oncipeyi Th mamy KaymiH eki ecere JediH apTTHIPATHIHBI
monenneHmi  [26], am okydemi momynap auaberi Oap HayKacTapia e
HOTHIKEJICPIHIH KOJNAWChI3ABIFBIH KepceTTi [27]. KinuHukanelk 3epTreynepne
MYHJIali HayKacTap/ia eKIle 3aKbIMJIaHYbIHbIH KOJIEMi KeHIPEK JKOHE aypy arbIMbl
aybIpiay OONATBIHIBIFBl AHBIKTANARI [28, 29]. DUHIEMHOJOTHUIBIK IEpPEeKTep
muabet ned Th-HbIH «KocapianFaH 1HIET» peTiHje KahaHbIK JCHCAYIIBIK CaKTay
KyHenepiHe KOCBIMIIA OJKYKTeMe TycipeTiHiH aikemnmaiiner [30, 31].
Mertaananu3aepre colikec, Oencenai Th-men aywsipaTeiHmapabiy maMameH 16%-
BIHIA KaTapeiHaH KaHT amabeti 6ap [32], Oy o3 keserinae Th HaykacTapeiHaa
K/ CKpHMHTIH €HT13y1iH MaHbI3{bLUIBIFBIH aPTTHIPAJIbI.

JIAY men XanbIkapanblkK TyOepKyl€3 OJaFbIHBIH OipIIeCKEeH KYPBUIBIMIIBIK
kykateiana K/ skone Th OGap HaykacTapabl MHTETpaNFsUIaHFaH TYpae Oackapy
KKETTIri  HakThl  ycbiHbUTamel  [33].  JI/I¥-HBIH  COHFBI  KIMHUKAJIBIK
HycKayabIkTapsl (2022, 2025 >ok.) na ocel OarbITThl Konmadael [34, 35].
ConbiMeH KaTap, Oanamap MeH jKacecmipiMaepre apHalFaH BIHFAHIBI JOPLTIK
(dopmanapra (mucnepcusuiblK TabseTkanap, cuponrtap) KateicThl JIJ¥ xoHe
UNICEF  ©Oacramanmapbl  KocapyiaHFaH MaTOJOTHS — JKarJaiblHIa  €MHIH
Y3IIKCI3MITIH KamTamachl3 eTy[OiH MaHbI3bIH aram  kepceremi [36, 37].
Xameikapanslk yiteiMaap (Stop TB Partnership, UNICEF) 6anamapra apHanran
JOpiiK (hopManapablH KOJKETIMIUTITIH KeHEHTY OaFrbIThIHJIA Ja YKYMBIC JKYPri3im
keneni [38, 39]. ®apMakOKMHETUKANBIK TYPFbIIAH allFaHaa, TyOepKyJie3re Kapchl
npenaparrapasbiy TIOPIITIK (dopmamaps apachlHJIa OMOXKETIMITIKTE
aiipIpMaIIbIIBIK O0ap. Melcanbl, pudaMIUIrH, W30HHA3U KOHE MHPa3HHAMHITI
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OIpIKTIpiIreH TYpakThl KOMOWHAIWs TYpiHAEC KaObUIIay OJIapIblH JKEKe
mpenapaTrrapra KaparaHna (apMakOKMHETHMKANBIK NpoQuiIbAepiHe a3jaraH
e3repic eHrizeriHi kepcerinreH [40]. Bym gepekrep KkanT nauaberi Oap
HayKacTapAarbkl €M THIMOUITIH Oaramayna JKOHE KIMHUKAIBIK TaKTHKAHBI
TaHJayJa epeKile MaHbI3Fa He.

Hopinik ¢opmanap (tabnerka, cuporn, uHbekuus). TyOepkynésai emaeynae
KOJIAHBIIATHIH TOPUTIK (hopMalapablH epPEeKIISTKTEPl KIMHUKAIBIK THIMILTIKKE
Tikelel bIKman erexi. Kazipri TaHma eH KeIl KOJJAaHBUIATBIH TaOJIeTKAIBIK JKOHE
TYpaKThl KOMOMHaLWsIIbI 19pinik opmanapasiy (fixed-dose combination, FDC)
(hapMaKOKMHETUKAChIHA KATBICTBI 3EPTTEYJIEp OPTYPJi HOTHXKENEp KepCceTyne.
MoceneH, pudaMnuiud, H30HHUA3M[, ITaMOYTON JKoHe mnupasuHamMuariH FDC
KYpaMBbIHAAFbl OMOKETIMALIIT jKeKe MpernapaTTapra KaparaHaa a3farl e3repeTiHi
anbIKTanFad [41]. Byn afbIpMalubIbIK KIMHUKAIBIK HOTHXKEJEpre acep eTyi
MYMKiH OOJIFaHIBIKTaH, MYKHAT Tajmay Ttajanm eremi. Jlopimik ¢opmanapasH
(hapMaKOKMHETHKAIIBIK OHE KIMHUKAIBIK albIpPMAalIbUILIKTAPhl HayKacTapblH
emre OCHINIIIIrT MEH HOTIXKENepiHe eneyli acep eremi. TemeHae TaOyeTka,
CHPOII KOHE UHBEKIINS TYPJEPiHIH HET13T1 CUIaTTaManapsl CaabICTRIPMAITBI TYPAE
6epinren (Kecre 1).

Kecte 1 — TyGepkynesre Kapchl JSpuUTiK (opManapblH KIMHUKAJBIK, (HapMaKOTEXHOJOTHSUIIBIK KOHE
KOJIJIaHy epeKIIeNiKTepi OONBIHIIA CABICTBIPMAJIBI TATAAY b

TabJerka
. Cupon (mepopaibabl Unbexkuus
Kepcerkimrep (mepopajbJbl KATThI .
cyiibIK dopma) (mapeHTepaIabl)
bopma)
Kartsr popma; Epirinai/cycrnensus;

(DapMaKOTeXHOHOFP[S[J’[LI K

KacuerrTepi

epireHHeH KeHiH FaHa
cineni

bipaeH epiren kyiize;
TalibIH CYHBIK XKYiie

TiKeJIeH JKYHeik
alfHaJIBIMFa Tyceli

Cinipiny KbL1IaMIBIFbI

basy Hemece opraina;
Taram, TEMIepaTypa
JKOHE TacTpoIapes acep
ereni

TypakTs! sxoHE
skputaam; GI Tpan3uTi
Te3

Ore xputnam; GI
JKYHeCiH alfHaIIBIN oTe/l

Buoxerimaiiik
TEHIEHI[USICHI

Bapunabensai; Taram
MEH MOTOpHKara
ToyenIi

TypaxkTsIpak; acKa3an
MOTOPHKACBIHA
TOYEINIIIr a3

)Korapm JKOHE TYPAKThI,
ayBbITKy MUHUMaJ1J1bl

Tmax TeHaeHuusChbI

1 (y3apanpy); K

Ke3iHe Kelrireai

Opramra; TabneTkara
KaparaHJa
KBUIIAMBIPAK

MuHuMaIIbL; Keaen
acep Oepeni

Cmax TeHIeHIUACHI

| Hemece Bapuabenb/i;
KIIMHUKAJIBIK,
TUIMIUTIKTI TOMEHIETY1
MYMKiH

OpTara—Korapsl;
Oipkerki

JKorapsl xKoHE TYPaKThI

AUC TeHIeHIUsSICHI

1; SKCTIO3uIUst
TOMEHIEYl MYMKIH;
BapuabenpaiTiK T

Opramia xoHe
Oipkenki

EH >xorapsl
9KCIO3UIINS; TYPAKThI

Kant aua6eri
JKAFIANBIHIAFBI
e3remesikrep

Tmax 1, Cmax |, AUC
|; BapuaGenbaimik |

O3repic MUHUMAJIBI

Oszrepic xok (ADK
JKYHeciHe Toyelci3)
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Tabaerka Cupon (mepopajbabl HUnbexnus
Kepcerkimrep (mepopajababl KATThI port {repopatv/t »
bopma) cyiibIK dopma) (mapeHTepaIbl)

Temeney; NHBa3UBTI,

Ewmre oeiiaiaik JKorapsl; KaObLIIa Bbanamap/kaprrapra
(adherence)n BI Fairl)nbll( - onaﬁnzl‘Kmp;gT ]:Ke i |[FYPIPCPIHY Goayst
H K ’ Y Ken MYMKIH
o o3aay uKeM/i; KTy || YKenen acep; aysIp xKoHE
KiuHukaabIK Konmanyra pIHFaibI, A Y AL KYTY s P uy P
KUBIHJIBIFBI Oap TONKa ||Keaer xaraaitnapaa
apTHIKIBLIBIKTAPBI TYPAKThI PEXKUM Lo S
THIMAIL THIMII
. Keii6i MenuiHabl
. BroXeTIMAUTIKTIH P A K K
IllexTeynepi IpenaparTap/a cakTay ||KbI3METKepAl KaKeT

ayBITKYbI; TaraM acepi

Mep3iMi meKTeyJIi

ereni

KospanbLty skarpaijaapbi

CraHaapTThl KYHACTIKTI
pexxuMIep

bananap, xaprrap,
JKYTY KUBIHIBIFBI Oap
HalUEeHTTeP

IMepopaib sl CiHipixy
OY3bUIFaH HEMECE aybIp
JKarainap

Onryctik AdpuKaga XKYpri3iuireH camaHel Oakbpulay 3epTTeynepi Kehoip
pudpammuumn G6ap FDC maprusiiapslHza [go3ajaHyIbIH JKETKUIIKCI3 eKeHiH
KOpCeTTi, OYJI €M HOTHXKENIEepiH TOMEHIETy KayIliH TYIbIpyhl BIKTUMan [42].
JlereEMeH, HaKThl KIMHUKAIBIK ToxipuOene FDC kommany HayKacTapIblH eMmTe
OCHULIUTITIH apTTHIPBIN, J9pI KaObUINay TOPTIOIH >KEHUIIETCTIHIH MONCIICHTIH
JepeKTep KeTKimKTi [43].

COHFBI OHXBUIABIKTApPA AOpire To3iMIi TyOepkyné3ai emaeyre OarbITTaIFalH
’kaHa OybIH T@pemaparTap Ja opTypil Jopimik ¢opManapaa KoJJaHbICKA
eHrizinmyne. Meicanbl, 6enakBuinH [44, 45], nenamanuy [46] koHE PETOMaHUT
[47, 48] Eypomansik mopi arenrriri (EMA) xone AKUI FDA tapanbiHan
MaKyJIJIaHbIl, TaOJeTKa TYpiHIAE YChIHBUIABL bys1 mpemaparrap KbICKapThLIFaH,
Oipax >korapbl THIMALIITI O0ap peXUMICPAIH KypaMblHa €HTi31iI, A9pire Te3iMIai
Tb TepamusackiHIA epekiie oOpblHFAa HWe Oonapl. MHBEKIHMANBIK — emec
OanmamanapIblH apTHIKIIBUIBIKTAPBIMEH KaTap, Keii0ip aHTHOMOTUKTEPIiH SPTYPIIi
JOpiik hopManapaarsl (hapMaKOKUHETHKACH 3¢PTTEIITEH.

JluHesonuake  KaTBICTBI  3EPTTEYNICpPAE  DHTEPAIBIbl  KOPEKTCHIIPY
JKaFmaWblHAa Ja OHBIH CIHIpUTYyl TYpPaKThl €KEHiI aHBIKTAIIBL. Ajaiima
OMOXKETIMIUTIKTET1 albIPMaIIbUIBIKTAPIbIH KIMHUKAJIBIK MaHbI3bI 0ap CSKeHJIrl
xabapnanapl [49-51]. Byn xargall mOJAMPE3UCTEHTTI KOHE KEHEWTINreH Jopire
Te3iMAl TyOepKyné3ni emaeyae MaHb3AbI dakTop Oonb TaObuTambl. bamamapra
apHAIFaH JopuTiK (opManapFa KaThICTHI Ja ©3eKTi Mocenenep 0ap. Adpukambik
Oananapna okypriziired pooled-aHanu3 3TaMOyTONIBIH —(PapMaKOKUHETHKACHI
cCaJIMaKkKa Toyeli eKeHIH >KOHe THIMIi Jo3ajay CTPATeTHsICBIH KaXKET eTeTiHiH
kepceTTi [52]. bynm nmepexrep Oamamapmarkl TEpamvsiHBI KCKEICHIIPYIiH
MaHBI3bIH JTONICIICH . AJIJIBIH ally Teparusachl cajlachlHAa Ja jKaHa OarbITTap
KaJIBIIITACHIIT  OTBIP. A3aMaTTBIK KO3FaJbICTAp MEH NAIMEeHTTIK YHbIMIap
pudaneHTrH HeTi3iHAeTi KbICKa mNpoduiakThUKanbK Kypctapasl (3HP, 1HP)
KOJIJIay bl KEHIHEH Hacuxarrayja [53]. KinuHukanslg TYPFBIJIaH,
MOKcUQUIOKCAMHIe HeriznenreH TepT ainblk pexumaep (REMoxTB) [54],
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COHJal-aK JKOFaphbl 103aJibl PU(ANCHTHH MEH MOKCH(IIOKCAIMH/I OipiKTipreH
(RIFAQUIN) [55] 3epTTeynepinae THIMALTIK NEH Kayinci3aik pactangsl. JKammb
anraHna, TablieTKa, CHUPON KOHE WHBEKIHUS TYPIHIETI ASpimik (opMarapapiy
OPKaHCBHICHIHBIH ©3IHAIK apTHIKIMIBUIBIKTaphl MeH ImekTeyiepi Oap. Kasipri
toxipubene FDC sxoHe xaHa OyplH TabJeTKalbIK IMpernaparrap HayKacTapIbIH
emMre OeHiNminiriH apTTeIpyfa MyMKiHAIK Oepexmi, am KeiOip xarmaimapna
MHBEKIIUIBIK HeMece Oaanapra apHaJlFaH apHaibl (opManapIslH KOIAAHBLTYBI
TEePaNUSHBIH Y3IIKCI3/ir1 MEH THIMIUTITIH KaMTaMachl3 €TeIi.

KnuHuKanbIK THIMIUTIKTI caibIcThIpy. TyOepkyné3ai eMaeyaiH THIMAUIITIH
apTTBIPy  MaKCaThIHIA COHFBl  OHXXBUIABIKTApAa  KBICKAPTBUIFAH  JKOHE
WHHOBAIIMSJIBIK ~ TEPalMsIIBIK  PEeXHMICp  KEHIHEH  3epTTeNiln  Kelesi.
latudnokcauun HeriziHae YChIHBUIFAH TopT ainelk pexkum (OFLOTUB)
KJIACCUKAJIBIK aJThl alJIBIK CTAaHAAPTTHI PEKUMMEH CAIBICTHIPBIIFAH KIMHUKAIBIK
ChIHAKTap/a THUIMIUTIK TYPFBHICHIHAH YKCAC HOTHXKE KOPCETKCHIMEH, KayilCi3mik
Mocenenepi OOMBIHIIIA MMEKTEYIIep aHBIKTAIIEI [56].

Jlarentti TyOepkyn€3 wunbexkuuicein (JITBM) emaeyae KblcKapThUIFaH
MpOQUIAKTUKANBIK PEXUMIIEp €peKile Ha3apra ue Ooiapl. YII aliIbIK
pudaneHTnH MeH u30HMa3un koMmOuHarmsackl (3HP) y3ak mepsimmi m3oHHMA3u
MOHOTEPAIUACHIMEH CATBICTBIPFaHIa THIMII dpi Kayirnci3 ekeHi manenaeHmi [57].
ConbiMeH Katap, BUY-undexnuscel 6ap HaykacTapaa Xypri3iireH Oip almbIK
kbIcKa Kypc (1HP) triMai mpodumakTukanbIk 6amama peTiHae YCHIHBUIAB [58].

Hopire cesimran Tbh-HBl emaeyae JKorapel Jo3aibl  prudaMIHLUH,
Mokcupokcarma xoHe SQ109 kamreiiran pexumaep (PanACEA MAMS-TB)
KBICKa Mep3iM immHme Korapsl THIMAUTITIH kepceTTi [59]. Conpaii-ak, TepT
altbIK pudaneHTHH HeMece pUpaMIUINH PEXUMIEpl epeceKTepraeri JaTeHTTI
TB-HBIH emjiey HOTHKENEpiH aWTapiibIKTall jKakcapTKaHbl Oenrini Gonasl [60].
Hopire te3imai tyOepkynésni (MDR-TB) emaey camaceiHAa na jkaHa Tociniep
©3iH THiMATIriH KepcerTi. Meicanbl, BPal pexwumi (6enakBuinH, MpEeTOMaHH]
JKOHE JIMHE30JIMJI KOMOWHAIIMACKI) KOFAphl JIOPEXKeae Jopire Te3iMil eKe
TyOepKyJie3iHe KIMHUKANBIK TYpFBIIaH alKelH naiina Oepren [61]. byn
HOTIKeJep KeHiHipek ZeNiX KIWHUKaJIbIK ChIHAFBIHAA pacTajjibl, OHJa
JIUHE30JU/I J03aChIH a3aiiTy apKpUIBl jKaHama ocepiiep TOMEHAETIUITeHIMeH,
THIMITIK cakTanraH [62]. CoHbIMeH KaTap, Adpuka aiiMarblHIa >KYPri3iuirexn
3epTTeynep Kbicka mepsimai (9-12 aif) pexxumaepain MDR-TB eminne Ttuimmi
Oaylama ekeHiH KepceTTi [63].

Knaccukansik Tikeneit 6axpiranateiH Tepanus (Directly Observed Therapy,
DOT) na e3 Tuimainirin ganenneni. Cochrane gepexrep 6a3achiHa KapHsJIaHFaH
JKYHeni mIoiyyiapra CoWkec, Oy TOcT HayKacTapIblH €Ml TOJBIK asKTay
BIKTUMAJIZIBIFBIH ~ apTThipanbl [64]. Pudanentunni JITBU eminge konmaHy
OOWBIHIIIA JKYPri3UIT€H 3epTTeyJep OHBIH KIWHUKAJBIK OJICYeTiH KOCKIMINA
Herizzaen oepai [65].

XaHa KIMHUKANBIK CHIHAKTAPJBIH JU3alHBI Jla TEPANUSUIBIK PEXKAMICPII
Oarayayia MaHbI3]Ibl POJIre ue 00JIbI OThIP. KbICKapThUIFaH pexXUMIEpl Oaranay
OaphICHIHIIA QJIICTEMENK >KaHAIIBUIIBIKTAPABl KOJJIAaHYy KAKETTUIIrl Typabl
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mikipiep xui aiTeuta el [66]. byran mpican petiame pudammunuare Te3iMai Th-
HBI KBICKAPTBUIFaH PSKUMICPMEH eMICY TOXipubenepid KenTipyre 601ambl, ojap
THIMII 9pi Kayilci3 HycKa peTine YcbiHbutyaa [67]. CoHbIMEH Katap, THIMIUTIKTI
apTTBIPyMEH KaTap KayilcCi3mik Mocelesnepi Oe HazapJaH ThIC KajiMaybl THIC.
MocesneH, aMMKalMH MEH KaHAaMHMLUH CHSKTBl aMUHOTJIMKO3MATEPHi Y3aK
KOJIIaHy ecTy KaOuleTiHiH J>Kofaly KayIiH apTTHIPaThIHBl MeTaaHaIHU3Ieple
KepceTiiareH [68].

Hopinik QopmanapasiH THiMALTIriHE OaiiNaHBICTBI JKYPri3uireH xyieni
IIOJTyJIap TYPaKThl KoMOWHAIwsutel Tpemapartapabliy (FDC) moHOTepammsra
KaparaHJa HayKacTapIblH eMmre OCHUIIUIIriH JKaKcapThil, Jopi KaObuigay
TOpTiOiH keHiaereTiHiH ponenaeni [69]. An JIJI¥-HbIH COHFBI HYCKAYJIBIKTAPHI
npodUIaKTUKAIBIK €MHIH KbBICKA KypCTapblH KOJAAHYIbl YCBIHAIBI, Oy
KIMHUKANBIK TOXKiprOeae THIMAUTIKTI apTThIpyFa KOCBIMIIA MYMKIHAIK Oepeni
[70].

OJNeMOIK KIMHUKAIBIK HycKayidap MeH monaynap. Tybepkynésai (Th)
eMIieyJie XaJblKapalblK YHBIMJAp MEH YITTBIK arcHTTIKTEPHAiH YCBIHBIMIAphI
KIIMHUKAJIBIK TOKIPUOCHIH HETi3ri HETi3iH Kypainbl. [YHHEKY3UIiK IeHCaybIK
cakray yibpiMbl (JIJ1¥) 2022 XbpIIFbl jKaHAPTHUIFAH KYXKATBIHAA Jopire Te3iMIi
Th-HBI eMaey YIIiH KbICKApPTBUIFAH, TOJBIK TEPOPaTbIbl PEKUMISPAl CHTi3ymi
yeerHABR [71]. Anm 2024 KBUTFBI  JKENEN aKMmapaTThIK —xabapriamachlHIa
OeaKBUIIMH, JeNaMaHK]] XKOHE MPETOMaHU CHUSKTHI )KaHa OYBIH MpenapaTTapbiH
KOJIAaHy asChlH KEHEHTy KaKeTTiri Oaca aWTbuimbl [72]. ¥IBIOpHTAHHSIAFBI
YATTHIK AEHCAYTBIK CaKTay *oHe KyTiM crapmapTrapsl HHCTUTYTH (NICE) 2016
KBUIFBl HYCKAyJBIFBIH KalTa Kapam, 2024 >KbUIFBl LIONyJApbIHAA AQJeNl
MEIUIUHAIBIK JAEpPEeKTepre HETI3NEeNreH AWAarHOCTUKAIBIK JKOHE TEPanusIIbIK
tocimaepai kymeiTTi [73]. ConsiMen katap, 2020 xburrel /1Y YCHIHBIMOAPHI
nopire Te3iMai Th yimiH KbICKa MEp3iMJIi, TOJBIFBIMEH MEPOPAIIbIbl PEXKUMISPIIH
KJIMHUAKAJIBIK THIMALIICH pactaasl [74]. XanslkapaiblK opilTecTiK yHbIMaap na
JopinepAiH KoipKeTiMaiiirine OaceiMablk Oepyne. Stop TB Partnership sxone
Global Drug Facility Oipmecken OarmapiamainblK YCBIHBIMIAD MEH J9PLTIK
KaTaJIOTTBl JKapHsIal, ocipece TOMEH »OHE opTama TaObICTBl ejjep YUIiH
TepanusHbl YHBIMIACTHIpY/Ia MaHBI3ABI Kypan yceiHAbl [75]. XaHa nmopimepmi
KOJIlaHy OaphIChIHIIA KAyIiNCi3MiK TeH jKaHama ocepiepii Oarajay na MaHBI3IBI
opbiH anyna. JKypri3uireH »kyihesl Ioyyjiap MEH MeTaaHalu3Jep OeIaKBWIIMH,
JenaMaHu JKoHE MpeTOMaHW[ KaObLijaraH HayKacTapAa >KYPeK BIPFaFbIHBIH
Oy3puIbICTaphl, aTan aWTkaHaa QT apasbIFbIHBIH Y3apybl JKUi Ke3IeceTiHiH
kepcerTi [76, 77].

Jlarentti TB-uBl emueyre katbicThl 2014 SKBUIBI JKYPTi3iIreH KeTUTiK
METaaHaJIN3 KbICKA MPOQIIAKTUKAIBIK PEXUMIEPIIH THIMII 9pi KOJAHIbl eKeHiH
monenneni [78]. Hopire cesimran Th eminzmeri Kbicka KypcTapAblH Ja >KOFaphl
HoTmkeaep Oeperini 2021 >xputFbl IIONyNapaa pactaiabl [79]. An  COHFBI
3eprreyiep BPal xone BPaLM pexumaepiHiH THIMAUIITT MEH cajbICTHIpMAabl
Kayincizzairia kepcerin oTeip [80]. JlaTeHTTI HHGEKINIHBI eMAeyae TOPT aliIbIK
pUQaMIUH Kypchl TOFBI3 AMIBIK W30HHMA3WJ MOHOTEPANUSIChIHA KIMHHUKAJIBIK
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Typreinan Oanama petinge ycbiHbULAB [81]. AKIL-tarst CDC xone NTCA
tapanbiHaH 2020 SKbUIBI JKapusJIaHFaH HYCKAyJIBIKTa JOJENTre HeTi3/IenreH
OipHelIe KbICKa peXUMIIEP YCHIHBUIBII, ONAapAbl KOJAAHY TXipuOere eHrizinii
[82]. Mwmarmoctuka OGarbiteiga ¥ 20212023 kpummapsl  KaObLImaraH
KOHCOJIUIUPJICHICH HYCKAyJBIFBIHIA MOJICKYJAIbIK TECTUIEp MEH JKelel
JUArHOCTUKAJBIK SIICTEpAl KOJAaHy KaxkeTTiri atan et [83]. Jopire Tesimuai
Th-ue1 Oackapyra apHairaH 2014 KBUIFBI HYCKAYJBIK TIEH OHBIH JKaHAPTHUIFAH
HYCKaJapbl KIWHUKAIBIK ToKipuOeae ol KYHre AeWiH KoilmaHbuiansl [84].
KenTeren xanbikapaiblk kociom kaybimpacteikrap (ATS, CDC, ERS, IDSA)
6ipirin 2019 w161 gopire te3imai Th-Hel emaey OoHbIHIIA pecMH HYCKAaYJbIK
JKapusianel. byl KyXar jkaHa NpernapaTrTtapibl KOJJAaHy, TEpanus Y3aKThIFbIH
KBICKApTY JKoHE KayilCi3AiKTi apTThIPY KOHIHJEe HAKThl YChIHBIMAAp Oepeni [85].

Ty6epkynés (Th) xone kant nuaberi (KI) apacbigarsl e3apa OaiiiaHbic
Kas3ipri JeHCAyJBIK CaKTay JKYHeciHae TeK MEOUITMHAIBIK TYPFBIIAH FaHa eMec,
casich JKOHE  CTpaTerWsuiblK JIeHTehae Je Kypaedl Macele  peTiHae
Kapacteipbuianpl. Capammbuiapasiy mikipinme, KJI 6ap Haykactapaer Th-ra
Kapchl alIblH aly, epTe AMArHOCTHKA JKOHE THIMII €MMEH KaMTaMachl3 eTy —
VITTBIK Oarmapiamanap MeH jkahaHIOBIK MEHCAyNBIK CakTay KYH TOPTIOiHIH
HET13r1 0achIMIBIKTAPBIHBIH Oipi [86].

JJI¥ yceiaran End TB Strategy TyOepkynésmi TONBIK OK MaKCAThIHAA
WHTETpalWsJIaHFaH TOCUIAEpAl KOMAaHyIObl TaJall eTedi. byl cTparerusra
MalMeHTKe OaFjapiaHfaH eMJey, 3aMaHayd MOJISKYJAJbIK JUarHOCTHKA
ozicTepiH KeHiHEH eHridy >koHe TB-Hbl Oacka co3pUIMallbl aypynapMeH Oipre
Oackapy kipeni [87]. CoHFBI >XbUIIAPBEI OapiBIK IMEPOPATLAbl PEKUMICPIIH
eHri3imyi mopire Ttesimmi Th-HBI emaeyne KypbUIBIMIBIK SKCHUIMIKTEp Oepirt,
eMley THIMAUIrE MeH YHBIMAACTBIPYIIBUIBIK HKEMIUTIKTI apTTBIPFaHbl artamn
otiyai [88]. AJ1¥-HBIH KIMHUKAIBIK HYCKAYJIBIKTAPhl MEH CasICATTHIK KYXKaTTapbl
nmopire te3iMui Th eminme KpicKa Mep3iMIi PEKUMICPHIH aPTHIKIIBIIBIKTAPHIH,
Kayimnci3 opi KOJKETIMJI oAicTepi KOJIaHYIbIH MAaHbI3AbUIBIFBIH HAKTHLUIAN b
[89-92]. bananap meHn xacecnipimuepre apHanrad 2022 KbUIFbl HYCKAYJIBIKTAp
OCHI Kac TOObIHA OEHiIMJIENTeH TepaIMsIHbl KaMTaMachl3 e€Tyre OarbITTalFaH, Oy
niequaTpusuTBIK Th-Hbl Oackapyaa skaHa Ke3eHHIH 6actamackl 6oimbl [93, 94].

AnnpIH any mapanapbl Aa cascaTThIK AeHrelae yiakeH Monre ue. /¥ -HblH
2020 oxbutFel  gamewmmi  Th-ubi  backapy oicoHiHOe2i  MOOyni  KbICKa
PO IITAKTHKAIBIK, PSKAMICPIIH THIMIIIITIH epeKIIle aTar KopceTim, OyJI Tocimi
KOCBIMIIIA aypyJiapbl 0ap KayinTi TonTapaa KoJdAaHyabl YChIHABL [95].

JKahauneik meraananumsnep mynbruaopire tesimai Th (MDR-TB) eminin
TaOBICTEI OONTyBI Oenrim Oip KIMHUKAIBIK >KOHE OarmapiamMaiblK (aKTopiiapra
Toyeni ekeHiH kepcerTi [96]. XKana OybIH nopinepiH 0ipi — TMHE30TIU]] — aHKbIH
TUIMAUTITIH J9JENIETeHIMEH, MHUEIIOCYNPECCUsl CUSAKTBI alTapibIKTall kaHaMma
ocepinepimen epekmeneHeni [97]. CoHbIMeH Karap, OeZaKBWIWH, JeJIaMaHU]
JKOHE  TPETOMAHMIKE KATBICTHI ~ JKYPTi3UITeH  JKyHem — miomymnap Oy
npenapaTTapIblH THIMAIINIH pactayMeH Kartap, QT apanbIFbIHBIH y3apysbl
CHUSIKTBI JKYPEKKE OailaHBICTBI KayinTepli MYKHAT OakplIayJsl KaXKET €TETiHiH
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kepcerti [98, 99]. XKammer anranga, Th men KJ| xocaprmanraH maToMOTHSCHIH
Oackapy MyJbTHIACIUTLIMHAPIBIK TICUII, XaTBIKAPAIBIK YCHIHBIMIAPIARI KaTaH
caKTay/pl KoHe 9pOip aliMaKThIH SMHUACMHUOJOTHSIIBIK EPEKIIETIKTEPIH eCKePYIi
tanan eredi. Byn OarpITTarbl TaOBICTHI TAXKIpUOENIEpP TEK YITTHIK JEHTeHieri
JeHcayJBIK CaKTay JKyieciHe FaHa eMec, COHBIMEH Karap skahammeik End TB
Strategy makcarTapbiHa )KeTyre Je alTapibIKTal yJjaec KOoCcaibl.

3. KopbIThIHABI

Ty6epkyné3 (Th) xone kant mmabeti (KJ/[) apaceiHmarbl e3apa OaiftaHbIC
Ka3ipri KIWHUKAIBIK TOKIpHOEAe epeKilie Ha3apabl KaKET EeTCTIH MaHbBI3JIbI
AMUJIEMHUONIOTHSUTBIK  Macene Oonbim  otblp. K/ Oap nHaykactapmaeiH Th-ra
MANIBIFy KayIiHIH JKOFaphl OOJYBI, aypy AaFBIMBIHBIH AayBIPIBIFBl KOHE €M
HOTWXKEJEPIHIH KOJAUCHI3IBIFEI OVJI TONTHI 6acKapya *KeKeICHIIPUITeH TOCUIIIH
KXKCTTUIIMH apTThIpafpl. OAe0u WIoNy HOTHXKeNepl ASPUIK (opManapabiH
(TabneTka, CHpON, WHBEKINA) KIMHUKAIBIK JKOHE (hapMaKOKHHETHKAIIBIK
THIMIITITT alTapiIbIKTall epeKieeHeTiHIH KepceTeni. TabmeTkamap KoimaHyra
bIHFaWIBl  OonraHbiMen, KJI ©Oap Haykactapma onapAblH —OHOXKETIMALIIr
ractporape3re OaimaHBICTEI TeMeHJeyi MyMkiH. Cupon ¢dopManapsel XKYTy
KUBIHIBIFBI Oap TomTapaa THIMII, ajl HHBEKIFSUIBIK (dopMaap oCepIiH >KeIe
OacTaybIMEH €pEeKIIeICHIeHIMeH, Y3aK KOJAaHyaa OeHIMIUTIKTIH TOMEHICYiHE
OKeyi MYMKIH.

DapMaKOKMHETHKANIBIK —aHBIpMAaIIBIIBIKTap IEpPOpabIbl TableTKamapaa
Tmax y3apybl, Cmax TeMeHACYyi >XOHE OKCIIO3UIHUSHBIH TOMEHJICYI MYMKIH
EKCHIH KepceTe/li, OV KIMHUKAIBIK THIMIUTIKTIH a3al0bIHA BIKIA €TYi BIKTUMAJL.
AJ cupontapia CiHIpilly TYPaKThIpaK, HHbESKIUSIIBIK (JopMaliap €H KOFaphl )KOHE
OipKeNKi 3KCHO3UITUSHB KamTaMmach3 erei. COHIBIKTaH MOpuTIK (opMaaapsl
TaHaay Ke3lHAe HayKacThlH (DU3MOJOTHSUIBIK JKaFJaibl, Karap IKYPETiH
CBIPKATTaphl )KOHE TEPAIMUIBIK OCHIMAITITT MIHIETTI TYplle eCKepilyi THiC.

XanplkapallblK YCHIHBIMIAP TOJBIK IEepOpalibIbl, KBICKAPTBUIFAaH JKOHE
OciimMaenred  peXUMIEPi KOJIJTaHY IbI KOJIJaMbI, amaima  Th+K/]
MOMYJISIIUACHIHA apHAJFaH apHAWbl 3€PTTEYJICPMIH a3/bIFbl FHUIBIMH OJIKBUIBIK
perinme  Oaiikamanel.  bomamakta — ¢dapmakokMHETHKa, JOpUTIK  e3apa
opekerrecyinep xoHe adherence-dakTopmap OarbITHIHIA MaKCATTHI 3EPTTEYIEP
KYPrizy ©3eKTi.

Koperteinaputaii kene, Th »xome KJI kocapianraH maTosorusicel 0ap
HayKacTapipl Oackapyjga Keleci KIMHHKAIBIK JKOHE YHWBIMIACTBHIPYIIBLIBIK
KaJlaM1ap MaHbI3/bl:

[IpakTHKAIBIK YCHIHBICTAP:

* KJI Gap HaykacTapaa mepopaib[sl TaOJeTKadapAblH OHOMKETIMILIIT
TOMEHICYl MYMKiH OOJFaHIBIKTAH, TO3aHBI KEKECICHIIPY XKOHE KaXET >Karmaaiiaa
CUPOII HEMECE MHBEKIUSIIBIK (hOpMaapbl KOJJAaHY YChIHBUIAIbI.

* Cupon Qopmanapsl *YTy KHUBIHABIFBEI Oap MaIMEHTTEpre, Oajanap MEH
KapTTapra KIMHUKAJIBIK TYPFbIIAH KOJAIbl 0anaMa OOJIbIN Ta0blIa b,
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* abeKnusuiblK, popManap oacepliiH xeJell 0acTaryblH KaKeT eTeTiH HeMece
NepopaibAbl CiHIpiy Oy3bUIFaH XKaFaainapaa THIMII.

* TepaneBtik nopi nmeHredin Oaxpuiay (TDM) Th+KJl momynsusceiHaa
(hapMaKOKMHETHKAIBIK BapHaOeIbIiTIKTI TOMEHIETII, €M THIMIUIITIH apTTEIpyFa
MYMKIHIIK O6epei.

* FDC (fixed-dose combination) mpemaparTapblH KoJAaHy OeHiMAUTIKTI
YKaKkcapTaapl KOHE €M PeXUMIH KSHUTIETEeTi.

* XKana tTrimni pexxumaep (3HP, 1HP, BPaL xone T.0.) Kypaemni KIMHUKAJIBIK
XKaFainapa eM HOTHXKENIepiH KaKcapTyFa MYMKIHIK Oepeti.

* Ynrreik Th Oarmapnamanaperana Th+K]l HaykacTapibel jkeke ToyeKenl
TOOBI PETIHAE KapacThIPhINl, MHTErPAIlMSUIAHFAH CKPUHUHI II€H MOHHUTOPHHT
KYHECIH eHTi3y YCHIHBUIA/IbI.

Ocbinpail kemeHai ®oHe adsenre HerizgaenreH tocinaep JJI¥-uein End TB
Strategy wmaxcatTapbiHa KoOJ JkeTkizyre skoHe Tb wmen KJ| KubUTBICKaH
SMUJACMHUACHIHBIH ~ aliMaKTBhIK JKoHE JKahaHIBIK aybIPTHAIBIFBIH — a3aiTyra
OaFpITTaIFaH THIMJII MISIIIM/EP YCHIHABI,

Kap:xbuianapipy: Astopnap «O-apoun-f-(munepuant-1-min)nponnoaMuioKCUM THAPOXIOPU/IIHIH
I9puIiK (opManapblH ajy jKOHE OHBIH (apMaKOJIOTHSIBIK €py OCEpiH aHBIKTAay» TaKbIPHIOBI OOWBIHILIA
xo00a Ne05-04/250 Oyitperrsivenr 2025 sxpuisie 03 coyipinae rpaHT anraHsl yiniH AGaif arsiHnars! Kazax
YITTBIK TI€arOTMKAIBIK YHUBEPCUTETIHE aIFBIC OL1ipei.

Myesiep KaKTBIFBICBI: ABTOpIIAp OCHI Makanaga KeTIPIIreH AepeKTepie aBTOpiap apachlHaa
MYZIEIep KaKThIFBICHIHBIH )KOKTBIFBIH MOJIIMACH .

KJIMHHUYECKAS D9OPEKTUBHOCTD JIEKAPCTBEHHBIX ®OPM Y BOJIBHBIX
TYBEPKYJIE30M U CAXAPHBIM JUABETOM: CPABHUTEJBbHBI OB30P

A.B. Y3axoea™, A. Epnanynvt, .M. Epzanuesa®, K.A. Kaoupéexos®

'Kasaxckuii Hayuonanouotii nedazozuueckuii ynusepcumem umenu Abas, Anmamor, Kazaxcman
2Kocmanatickuii pecuonanvuviii yuusepcumem umenu A.batimypcevinosa, Kocmanaii, Kazaxcman
SUncmumym xumuueckux Hayx umenu A.B5. Bexkmypoea, Anmamot, Kazaxcman

Pe3tome. Bseoenue. TyOepkynés (TB) m caxapueii nuaber (CJI) Bc€ wamne paccMmaTpuBarOTCsi Kak
KIMHAYECKH U SIHACMHOIOTHICCKY 3HAUMMasi KOMOPOUIHOCTE, KOTOPast OCJIOXKHSCT CTPATeTHH JICICHUS
U yXyJIuaeT KiuHudeckue ucxoasl. CJI moBbiiaeT puck pa3sBuTHs akTHBHOTO Th M oTpunatensHo Biauser
Ha OTBET Ha JICYeHHEe U IPOTrHO3 3abosieBanus. [{enb dannol pabomul — IPOBECTH CPABHUTEIIBHBIN aHAIN3
KIMHAYECKOH 3()(GEKTUBHOCTH ¥ OHOIOCTYIHOCTH PA3IHYHBIX MPOTUBOTYOCPKYIE3HBIX JTEKapPCTBEHHBIX
(dopM — TabIETOK, CHPONOB M HMHBEKIMIl — NMpPUMEHSEMBIX y TalueHToB ¢ couetanueM Th u CJI.
Pesynomamot u 06cyscoenue. O630p TUTEPATypPhI OKA3all, YTO (PapMaKOKHMHETUIECKHE CBONCTBA KaXKIOM
JIEKapCTBEHHON (hOPMBI, a TaKkKe HMPUBEP)KEHHOCTh MAIMEHTOB K JIEYEHHIO CYLIECTBEHHO BJIMSIOT Ha
spdexTuBHOCT Tepamuu. TabnerHpoBaHHbIE (OPMBI MIUPOKO TNPUMEHSIOTCS M yIOOHBI B
HCTIOBb30BaHHH, OJJHAKO UX OHOIOCTYITHOCTh MOXKET CHIIKATHCSI Y MAUEHTOB C YKy I0YHO-KUIIICIHBIMU
OCJIOKHEHUSIMH, cBsi3aHHBIMU ¢ CJI. CHpOIBI MOAXOIAT IJIsl MALMEHTOB C 3aTPYIHEHHEM TJIOTaHHS U JUIS
Jered, oOecrieynBas XOpOUIyI0 OMOJOCTYHMHOCTb, XOTS MX CTaOWIBHOCTb IPU XPAaHEHUH HUKE.
VHabexunonHble GOpMBI 00ECIICUNBAIOT OBICTPOE TEPALEBTUYECKOE ACHCTBHE, HO MEHEe YMOOHBI I
JUTUTEIIBHOTO JISUSHHS H3-32 HEOOXOIMMOCTH MEIUIMHCKOTO HAOMIOACHUS U BO3MOXKHOTO IMCKOM(OpTa.
B COBpEMEHHBIX MEXAYHAapOAHBIX PEKOMEHIAIMSAX JeJaeTcs AaKLUCHT Ha KOPOTKHX, IOJHOCTBIO
MEePOPANBHBIX PEXMMAX TEPANHMU U Ha MallMCHT-OPHEHTHPOBAHHBIX Hoxaxoxax. OIHAKO MO-TIpexKHEMY
OTMEYaeTCsl HeJJOCTAaTOK (papMaKOKMHETHYECKUX UCCIIEIOBAHUH, MOCBAIIEHHBIX MOMYISIMAM HAallUEHTOB
¢ coueranneM Tb u CJI. 3axarouenue. Paznuunblie eKapcTBEHHBIE (GOPMBI, UCTIOIb3YEMbIC TPH JICYCHUN
TB, obnagarT pasauyHBIMHE (apMAKOKMHETHYCCKIMH NPODQMIIMH M KIHHHYECKOH 3((EKTHBHOCTHIO,
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YTO HEOOXOAMMO YUYHUTHIBaTh NpH BeaeHMH manueHToB c coderanmeM 1b m CJ/l. CoBpemeHHbIE
MEXyHApPOIHBIC PEKOMEHIAIUH OTAAIOT MPUOPUTET KOPOTKAM MEPOPATIbHBIM CXeMaM JICUCHHSI, OJHAKO
HEOOXOJMMBI JTAaJIbHEHILINE HCCIIC0BAHUs, HAIPaBICHHBIC HA ONTHMH3ALMIO JIGKAPCTBEHHBIX (OpM U
YITy4IlICHUE PEe3yJIbTaTOB JICYEHHS Y ITOH YSI3BUMOI KaTeTOPHH ITAI[EHTOB.

KuaroueBbie ciioBa: TyOepKynés, caxapHblii auaber, jJeKapcTBeHHbIe (POPMbI, OMOIOCTYITHOCTh, TAOIETKH,
CHPOIIbL, HHBEKLUH, (PUKCUPOBAHHBIE KOMOMHAIIMH 103, ()aPMaKOKHHETHKA.

Y3axoea Acem bakumoicanogna PhD

Epnanynovt Azamam Mazucmp ecmecmeenHvIX HAYK
Epzanuesa dnomupa Mypsadaeena PhD

Kaoupoexoe Kaiipam Advipoexosuu Hoxmop xumuueckux nayx, npogeccop
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Abstract. Introduction. Rhenium is a rare transition metal used in alloys and catalysis. Industrial
recovery comes mainly from sulfuric acid effluents formed during copper and molybdenum processing.
Sorption is the main method, but the choice of effective sorbents remains an issue. Aims. Interpolymer
systems (IPS) of poly(methacrylic acid) (PMAA) and poly(4-vinylpyridine) (P4VP) were prepared and
tested. IPS samples with different PMAA:P4VP ratios were prepared and tested. Sorption capacity,
desorption behavior, and structural as well as thermal characteristics were investigated. Results and
Discussion. The sorption efficiency varies with polymer composition. The 2:4 PMAA:P4VP ratio gave the
highest uptake. Desorption in 2% nitric acid was moderate, with a maximum of about 75.6%. FTIR
spectra showed shifts in carboxyl and pyridyl bands, confirming the role of functional groups. TGA/DSC
data indicated stabilization of the polymer network after rhenium binding. Conclusion. The PMAA:P4VP
system at a 2:4 ratio combined high sorption, moderate desorption, and improved structural stability. This
system may be applied for rhenium recovery from metallurgical wastewater.
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1. Introduction

Rhenium (Re) the rare transition metalswith a high melting point (3186 °C),
mechanical strength, and resistance to extreme conditions. These properties make
it important in superalloys for gas turbines, jet engines, and nuclear devices [1-9].
Rhenium also has multiple oxidation states (-1 to +7), which allows its
compounds to be used as catalysts in petroleum refining and other processes [10—
20].

Primary deposits of rhenium are very limited. The element occurs in trace
amounts in copper and molybdenum sulfide ores, usually below 0.2 wt% [1-20].
During roasting, rhenium forms volatile Re-O-, which is absorbed from flue gases
in sulfuric acid solutions. These acid solutions remain the main industrial source
[22,23]. Secondary sources are also used, including spent Pt—Re catalysts, turbine
components, and rhenium-containing alloy scrap [11, 12].

Recovery is mainly performed by solvent extraction or sorption. Sorption
attracts interest because sorbents can be designed with selectivity toward
perrhenate ions [13-16]. Various sorbents have been studied, such as activated
carbons, layered double hydroxides, and metal-organic frameworks [17, 18].

Recently, interpolymer systems (IPS) have been tested as alternatives. They
combine acidic and basic polymers in one system. Cooperative effects in these
systems often result in higher sorption compared with single polymers. One
mechanism is remote functional group interaction. Jumadilov et al. (2012)
reported that when polyacidic and polybasic hydrogels contact through a shared
aqueous phase, long-range electrochemical effects and conformational changes
can activate or suppress functional groups. This leads to higher sorption capacity
and system response [18—20].

This work investigates IPSs based on poly(methacrylic acid) (PMAA) and
poly(4-vinylpyridine) (P4VP) for recovery of rhenium from ammonium
perrhenate solutions. Considering the limited natural reserves of rhenium and its
strategic importance, these systems can be considered as a sustainable approach
for treating metallurgical effluents.

2. Materials and Methods

A total of eight PMAA/P4AVP hydrogel-rhenium samples were prepared.
Four contained rhenium in the form of perrhenate, and four contained hydroxide
species. P4VP (Mw = 160,000; Sigma-Aldrich) was used as the electron-donating
polymer.

Hydrogels were obtained either by polymerization of water-soluble
monomers or by crosslinking within a gel matrix. PMAA and P4VP gels were
synthesized separately.

All reagents were of analytical grade: ammonium perrhenate (NHsReOs,
>99.9%), sodium hydroxide (>98%), sulfuric acid, and nitric acid (>90%).

Thermal analysis was performed using TG 209 F3 Tarsus (NETZSCH) and
TGA/SDTA 851e (Mettler Toledo). FTIR spectra were recorded on a JASCO
FT/IR-6X spectrometer (4000-400 cm™!, KBr). pH values were measured with a
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pH200EM REX meter. Masses were determined on a Shimadzu AX200 balance.
Rhenium concentrations were analyzed by spectrophotometry and AAS-3C.

Model rhenium solutions (100 mg-L™' as Re) were prepared by dissolving
28.8 mg of NH4ReO. in distilled water and diluting to 200 mL. The solutions
were kept in the dark to avoid photodegradation. Polymer samples were enclosed
in woven semi-permeable bags and immersed for 0.5-48 h. PMAA:P4VP molar
ratios ranged from 6:0 to 0:6. Aliquots of 5 mL were withdrawn at fixed intervals
and analyzed for residual rhenium. Polymer amounts were calculated from the
repeat-unit molar masses of PMAA (86 g:mol™) and P4VP (105 g-mol™),
keeping the total number of units constant, equal to that in 0.030 g of PMAA at a
6:0 ratio.

Desorption was performed using freshly prepared 2% HNOs. After sorption,
polymer samples were transferred into the acid solution and kept for 24-48 h. The
desorption degree (R, %) was calculated from the residual rhenium concentration.

3. Results and discussion

Sorption behavior

The efficiency of rhenium uptake by the PMAA:P4VP systems depended on
polymer ratio and contact time (Figure 1). In the initial period (0.5-2.5 h),
residual concentrations of Re(VII) remained high for most system, showing the
slow stage of binding. After 6 h, a marked decrease in concentration was
observed, especially in systems with balanced polymer ratios.

The 2:4 PMAA:P4VP system was the most effective. After 48 h, the residual
concentration decreased to 68.9 mg/L, which corresponded to the maximum
sorption capacity. Systems with ratios 6:0 and 0:6 showed much lower efficiency.
This confirmed that cooperative interaction of acidic and basic components was
necessary for effective sorption.
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Figure 1 - Dependence of Re(VI1) concentration in solution (Ce, mg/L) on (a) the polymer
ratio PMAA:P4VP and (b) contact time.

Desorption performance

Desorption with 2% HNOs showed clear differences depending on the
polymer system (Figure 2). The 2:4 PMAA:P4VP system had the highest
desorption degree (23.5 mg/L). Although binding was strong, a fraction of
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rhenium ions could be recovered under acidic conditions. Separate tests of the
polymers showed that P4VP contributed more strongly than PMAA, in line with
the donor character of its pyridine groups. The results confirm that P4VP is the

key component in the sorption—desorption mechanism.
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Figure 2 - Desorption behavior of rhenium ions (Cd, mg/L) as a function of (a) the PMAA:P4VP molar

ratios, (b) the PMAA ion-exchange component, and (c) the P4VP ion-exchange component.

Thermal analysis (TGA/DSC)

Thermal analysis of pristine PMAA and P4VP showed characteristic stages
of water loss and polymer degradation (Figure 3, Figure 4). After of rhenium
sorption, both polymers demonstrated higher thermal stability in the 2:4
PMAA:P4VP system (Figure 5, Figure 6). This stabilization is attributed to
stronger intermolecular interactions and coordination bonds between rhenium
ions and polymer functional groups. These interactions restricted polymer chain
mobility and shifted the onset of decomposition to higher temperatures. The
observed changes in DSC and TGA/DTG thermograms confirm that rhenium
binding increases the thermal stability of both PMAA and P4VP.
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Figure 4 - DSC/(a) and TGA/ (b) DTG thermogram of P4VP before rhenium sorption
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Figure 3 - DSC/(a) and TGA/ (b) DTG thermogram of PMAA before rhenium sorption.
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() )

Figure 5 - DSC/(a) and TGA/ (b) DTG thermogram of PMAA after rhenium sorption in
PMAA:P4VP (2:4 molar ratio).

T @ )

Figure 6 - DSC/(a) and TGA/ (b) DTG thermogram of P4\/P after rhenium sorption in PMAA:P4VP
interpolymer system (2:4 molar ratio).

FTIR spectroscopy

FTIR spectra confirmed the interaction of rhenium ions with functional
groups of both polymers. In pristine PMAA, strong absorption bands were
observed in the region of carboxyl group vibrations, while P4VP showed
characteristic pyridine ring modes (Figure 7). After rhenium sorption, distinct
spectral changes were detected (Figure 8). In PMAA, the C=0 stretching band
shifted, indicating coordination of the carboxyl groups with Re(VII). In P4VP,
changes in the pyridine ring vibrations confirmed the donor-acceptor role of
pyridyl groups. These observations demonstrate that both polymers take part in
binding, with P4VP contributing more strongly due to its electron-donor
character.

(@) (b)

Figure 7 - FTIR spectra of pristine PMAA (a) and pristine P4VP
(b) in the interpolymer system 2:4 PMAA:P4VP.
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The FTIR spectra of the polymer PMAA (a) and P4VP (b) after the sorption
of rhenium ions from a model solution are represented in Fig. 8.

(@) (b)

Figure 8 - FTIR spectra of PMAA (a) and P4VP
(b) after rhenium ion sorption in the interpolymer system 2:4 PMAA:P4VP.

General interpretation

The combined sorption, desorption, thermal, and spectroscopic results
indicate a synergistic effect in PMAA:P4VP systems. The 2:4 ratio gave the best
performance. At this composition, acidic and basic groups worked in balance,
which increased sorption and improved structural stability. The results confirm
that weakly cross-linked interpolymer complexes can act as selective sorbents for
rhenium recovery.

4. Conclusion

Sorption and desorption of ReOs in PMAA:P4VP interpolymer systems
were investigated. Sorption efficiency was determined mainly by functional group
interactions. The 2:4 PMAA:P4VP ratio showed the highest uptake capacity.
Desorption was driven largely by the electron-donor contribution of P4VP.
Weakly acidic—basic interpolymer systems are suitable as selective and reusable
sorbents for rhenium recovery from aqueous solutions.

Spectroscopic (FTIR) and thermal (TGA/DSC) measurements showed that
the interaction of carboxyl and pyridyl groups with Re(VII) ions promoted
stabilization of the polymer matrix. The structural and thermal changes noted
above confirm direct participation of both active elements and show that P4VP
takes the front throne, because of electron-donor properties of its pyridine
moieties. Thus, cooperating interpolymer effects play an important role in
designing advanced sorbents.

From a real-world application perspective, the PMAA:P4VP system is a low-
cost, reusable, and environmentally friendly sorbent for rhenium recovery from
metallurgical effluents based on a high sorption capacity, moderate desorption
and increasing material stability. For a broader application, future studies should
confirm their efficiency in real wastewater, study long-lasting sorption—desorption
cycles at plants, and apply this strategy to other important metals like
molybdenum and tungsten, to expand sustainable polymer-based methods for
rare-metal recovery.
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PEHUIT HOHJAPBIH TAHIAMAJBI COPBIUA ’KOHE JECOPIUASAJIAFAHJIAFBI OJIN
(4-BUHUJIMMPUJIMH): IIOJIU (METAKPUJI KBIIIKbBLJIbI) UHTEPIOJUMEPJII )KYUECI

A.Baituuberos™*, T.Kymaoinoe?, /1. @uwep*, F0 Xanonior®,
C.Temuposa', C.IOnycoe’, B. Anmaiibaes’, /. Kapin'

Y AK Memannypaus ocane ken 6aiivimy uncmumymot, Coméaee ynueepcumemi, Anmamot, Kasaxcman
2 8.5. Bexmypos amuvinoazvl AK Xumus zuinvivoapst uncmumymut, Anmamot, Kazaxcman

8 Idanvcx mexnonoeuanvix, ynusepcumemi, I'oanvck, Hovwa

4 Kazax ynmmuix nedazoauxansix, ynusepcumemi. Abaii, Anmamui, Kasaxcman

Tyiiingeme. Kipicne. Penuii — KopbITHamap MEH KaTaju3[e KOJIJAHBLIATBIH CHPEK KE3[ECETIH OTeni
MeTal. OHEpKocilTe 0N HETi3iHeH MbIC IeH MONMOACHAI eHJey KesiHie mHaiina OGoNaThiH KYKIPT
KBIIIKBUTBIHBIH KaIIBIKTApbIHAH anbiHa sl Herisri oic perinae copOiust 60bIn Tabbutabl, Oipak TrimMi
copOeHTTepAl TaHaay npobinema Oosbin Kama Oepeni. Maxcammap. Tlomu (METaKpHi KBIIIKBLUTBI)
(PMAA) »xone nomu (4-Bunminnupuaus) (P4VP) unrepnomumepnix xyiienep (IPS) anbinael sxoHe
coiHangsl. PMAA:P4VP katemHacer optypiui JK3II yarinepi ameiHsl xoHE chiHAMABL COpOIMSIBIK
KabineTi, AeCOpPOUMSIIBIK KACHETTEepl, KYpPBUIBIMIABIK JKOHE TEPMUSIIBIK CHIIATTAMATAPhI 3€PTTEIIi.
Homuoicenep owcone manxoinay. COpOUMSIHBIH —THIMAUII TMOJUMEPIiH KypamblHa OailJIaHBICTHI.
PMAA:P4VP kareiHacel 2:4 KaThIHACBIHAA €H JKaKChl CiHipyAl KamTamacbi3 eremi. 2% asor
KBIIKBUIBIHAAFBI  AECOpPOLMs oOpTamia, MakcHMyM ImmamameH 75,6% OGommel. UK cmexrprepi
(GYHKIMOHAIABL TONTAPABIH POINIH PACTAUTHIH KapOOKCHI MEH NHMPHIWI JKOIAKTAPBIHIA BIFBICYIAp
kopcerti. TGA/DSC nepextepi peHuiiMeH OaiiaHbICKaHHAH KeHiH MOJIMMEpIi TOPABIH TYpaKTaHybIH
kepcerTi. Kopuimbinov.. PMAA:P4VP xyiteci 2:4 KaTblHaCBIHOA >KOFapbl COPOLMSHBI, OpTalla
NECOpPOLMSIHBL  KOHE JKaKCapThUIFAH KYPBUIBIMIBIK — TYPaKTBUIBIKTBL  OipikTipemi. by kyleHi
METaJUTyPrUsUIbIK KOCiMOPBIHAAPABIH aFbIH/BI CYJIaphIHAH PEHUH ally YITiH KOlaHyFa 60Iapl.

Tyiiin ce31ep: UHTEPIOIUMEPITIK KYielnep, PEHHIH KCTPAKIUSCHI, MO (METAKPHJI KBIIIKBUIBI) (pmaa),
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HMHTEPIIOJIUMEPHBIE CUCTEMBI NOJIU(METAKPHJIOBASL KUCJIOTA): IOJIA (4-
BUHWIHIAPU/IUH) 1JI CEJIEKTUBHOM COPBIMHA U JECOPELHUHA HOHOB PEHUSA

A.Baituuberos™*, T. Incymaounoe?, JI. ®uwep?, F0.Xanonor®,
C.Temupoea', C.IOnycoe’, b. Anmaiibaes', /I. Kapum*
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2 AO "Hncmumym xumuueckux nayx um. A.5. Bexkmyposa", Anmamol, Kazaxcman

3 danwckuii mexuonozuueckuii yrusepcumem, I'oanvck, onvwa

4 Kazaxckuil HayuoHanbHblii nedazo2uyeckull yHugepcumem um. Abas, Armamei, Kazaxcman

Pe3tome. Becmynnenue. Pennii - penkuil nepexoJHblil METaJUl, UCIIOIB3yEMbIH B CIUIaBaX U KaTanuse. B
MIPOMBIIUICHHOCTH €r0 M3BJEKAIOT B OCHOBHOM M3 CEPHOKHCIOTHBIX OTXOJOB, OOpa3yIOLIMXCS NpU
nepepaboTke Menu U MonuOaeHa. OCHOBHBIM METOAOM SIBIISICTCSl COpOLUsi, HO BBIOOpP 3((EKTUBHBIX
copOeHTOB ocTaercst npobiaemoil.  [Jenu. BbliM modayueHsl M NPOTECTUPOBAHBI MHTEPIOJIMMEpHbIE
cucrems! (UIIC) n3 momu (metakpuinoBoit kucioTsl) (PMAA) u nomu (4-sunamnmnupuansa) (P4VP). beum
MOJyYeHbl W MPOTeCTHpOBaHbI 00pasubl IPS ¢ pasnuunbiM cootHomenueM PMAA:P4VP. beum
HCCIIEN0BaHbl COPOLMOHHAS CHOCOOHOCTb, AECOPOLMOHHBIE CBOMCTBA, CTPYKTYPHBIE U TEPMHYECKHE
XapaKTePUCTHKU. Pe3ynomamul u o6cysrcoerue. DHHEKTUBHOCTH COPOLUM 3aBUCHUT OT COCTaBa MOJIMEpA.
CootHomenne PMAA:P4VP B coorHouienun 2:4 obecrieunBaeT Hawiy4viiee nornouieHue. Jlecopouus B
2%-HOM a30THOM KucnoTe ObUIa YMEPEHHOH, MakcHMainbHas - okoino 75,6%. VK-cnexTpbl mokaszanu
C/ABUTH B KapOOKCHJIBHBIX W MHUPHIWIBHBIX MOJIOCAX, MOATBEPXKIAIONIHE POJIb (PYHKIIMOHATBHBIX PYIIL.
Jannsie TGA/DSC noka3zanu cTabHIM3aIMI0 TOJIUMEPHOI CETKH MOCIE CBS3bIBAHUS C PEHHEM. Bbl600.
Cucrema PMAA:PAVP B coorHomenun 2:4 coueraeT B ce0Oe BBICOKYIO COPOLHIO, YMEPEHHYIO
JECOpPOLMI0O U YIY4IICHHYIO CTPYKTYPHYIO CTAQOWJIBHOCTB. OJTa CHCTEMa MOXKET NPUMEHSATbCS JUIst
W3BJICUCHUSI PEHUS U3 CTOYHBIX BOJ METAJUTYPIrHYCCKHUX TIPS IPUSITHIA.

KinoueBble ci10Ba: MHTEPHOIMMEpPHBIC CHCTEMBI, M3BICYCHUE PEHHUS, IONU (METAKPHIOBAas KHCIOTA)
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COpOEHTHI Ha OCHOBE MOJIMMEPOB
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Abstract. Introduction. The development of biodegradable and recyclable polymer materials is a
key priority in the context of the global environmental crisis and the growing accumulation of plastic
waste. In recent years, a new class of materials-vitrimers-have been attracting significant interest due to
their unique combination of thermoset-like mechanical strength and reprocess ability enabled by dynamic
covalent bonding. Objective of the study. This review article presents current approaches to the synthesis
and application of bio-based vitrimers, primarily derived from epoxidized vegetable oils (EVO). Results
and Discussion. Chemical strategies for creating polymer networks are studied in detail, including
transesterification mechanisms, catalyst selection, and crosslink density control. The potential for
structural modification using natural additives such as cellulose and lignin is discussed with the aim of
enhancing mechanical, barrier, and antioxidant properties. Particular attention is given to the functional
performance of these materials, including thermal resistance, moisture stability, mechanical robustness,
self-healing capacity, and biodegradability. Recent research highlights the potential of this eco polymers
for practical implementation as packaging materials for various applications, including food,
pharmaceutical, and active packaging systems with biofunctional barrier properties. Conclusions. Special
emphasis is placed on the scalability of synthesis processes, durability under real-world conditions, and
environmental safety.
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Introduction

The accumulation of non-degradable plastic waste in global and aquatic
ecosystems pose a serious risk to environmental sustainability and human health.
Conventional thermosetting and thermoplastic polymers, widely used in
packaging, construction, and consumer goods, are primarily synthesized from
non-renewable petrochemical feedstocks and exhibit resistance to biological
degradation and recycling. As of 2023, the worldwide annual production of
plastics exceeds 390 million tons, with packaging accounting for more than 40%
of total plastic waste [1, 2]. This situation has stimulated an active search for
sustainable alternatives based on biodegradable and recyclable polymer systems
for packaging applications.

Among the recent innovations, vitrimers - a class of polymer networks with
dynamic covalent bonds - have attracted particular attention. These materials
combine the mechanical strength and thermal resistance of traditional thermosets
with recyclability and self-healing capabilities due to structural rearrangements
under external stimuli [3-5]. Unlike conventional crosslinked materials, vitrimers
possess the ability to undergo reversible topological rearrangements through
bond-exchange reactions, such as transesterification, imine exchange, or disulfide
bond exchange [6].

Current research trends focus on the development of bio-based vitrimers
derived from renewable resources, including epoxidized plant oils (EPO), bio-
acids, polyesters, and natural polymers such as cellulose, lignin, and starch [7,8].
Epoxidized oils - including soybean (ESO), linseed (ELO), and castor oils (ECO)
-are particularly attractive as building blocks due to their availability, low toxicity,
and high reactivity under dynamic crosslinking conditions [9]. Owing to their
biodegradability, flexibility for modification y (via epoxidation, glycidylation,
etc.), these oils serve as suitable platforms for the synthesis of next-generation
biomaterials [10-12].

Thermally stable, recyclable, and partially biodegradable polymeric materials
based on vitrimer chemistry have attracted increasing attention for applications in
packaging, coatings, adhesives, and composites, with a growing body of research
since the introduction of the vitrimer concept [13-15]. Research is focused on
improving their mechanical, thermal, and dynamic properties, as well as
expanding their application areas - including packaging, biomedical materials,
self-healing coatings, and biodegradable composites [16-18].

A key feature of such systems is their tunability in terms of composition and
structure: for example, the use of acids with varying functionality allows control
over network density, relaxation dynamics, glass transition temperature, and
biodegradability [19-21]. Simultaneously, there is increasing interest in systems
with additional functional properties, including self-healing ability, shape-
memory behavior, recyclability, and adaptive response to external stimuli. These
features are enabled by the presence of dynamic bonds in the polymer structure -
including boronic esters, disulfides, imines, and others.
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The incorporation of natural polymers (such as nanocellulose and lignin)
significantly enhances the mechanical strength, barrier properties, and UV
resistance of vitrimer systems [22, 23]. Hybrid materials derived from bio-based
sources hold great potential for the development of active packaging with
antioxidant, antimicrobial, and controlled biodegradation properties [24].
Moreover, such materials have the potential to meet modern international
standards for environmental safety, biodegradability, and recyclability [25, 26].

Despite the progress made, certain challenges remain. These include
component compatibility, especially when combining natural fillers with synthetic
matrices; retention of properties after multiple recycling cycles; scalability of
synthesis; and the lack of standardized protocols for assessing durability and
recyclability [27].

The purpose of this review is to systematize current knowledge on vitrimers,
with a focus on their synthesis, physicochemical properties, potential for
sustainable packaging solutions, and prospects for industrial implementation.
Particular attention is given to systems based on transesterification of epoxidized
oils and structural modification using cellulose and lignin.

Structural Features and Classification of Vitrimers.

Vitrimers represent a class of polymeric materials that combine the
characteristics of thermosetting and thermoplastic systems through the
incorporation of dynamically exchangeable covalent bonds into the polymer
network. The key feature of vitrimers lies in the ability of their three-dimensional
polymer networks to undergo topological rearrangements without loss of
crosslinking, enabled by associative bond-exchange reactions such as
transesterification, disulfide exchange, imine exchange, and urethane bond
exchange [28-30].

Morphologically, vitrimers are classified as post-crosslinked network
materials in which dynamic nodes enable reprocessing, self-healing, and stress
relaxation at elevated temperatures while maintaining structural integrity under
ambient  conditions. Observed properties distinguish  vitrimers  from
thermoplastics (which lack network structures) and conventional thermosets
(which lack reversible rearrangement capability) [31, 32].

The structural basis of vitrimers relies on dynamically associative bond-
exchange reactions that balance covalent stability with reversibility. The most
common mechanism involves catalyzed transesterification between hydroxyl and
ester groups, as found in systems derived from epoxidized plant oils and
multifunctional organic acids [33,34].

Several subclasses of vitrimers can be distinguished based on the type of
exchange mechanism: Ester-based vitrimers (the most extensively studied), where
the primary mechanism is transesterification; Disulfide-based vitrimers, which
rely on reversible exchange between S-S bonds; Imine-, boronic ester-, and
urethane-based vitrimers, which utilize less common reversible exchange
reactions. The functional properties of vitrimers - including activation
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temperature, viscoelasticity, self-healing efficiency, and solvent resistance — are
closely related to the type and density of dynamic bonds, the presence of
catalysts, the degree of crosslinking, and the chemical nature of the polymer
matrix [35-38].

Contemporary research focuses on the biotechnological adaptation of
vitrimer systems by replacing petrochemical components with bio-based
alternatives such as epoxidized plant oils, plant-derived polyols, and natural acids
including citric, succinic, and tartaric acids [39]. These materials offer not only
resistance to thermo-oxidative degradation but also meet key criteria for
biodegradability and compatibility with food and biomedical applications.

Thermoplastics Vitrimers Thermosets

Entanglements
Permanent cross-links

. Dynamic bond - _»y“ ——Q original bond
Exchange in Vitrimers . i@y Wnitidciged Bord
»

Figure 1 — Schematic comparison of the network topology of thermoplastics,
thermosetting polymers, and vitrimers.

The structural features of vitrimers are determined not only by the type of
covalent bonds but also by their spatial distribution within the polymer matrix.
Figure 1 illustrates a comparative topology of thermoplastics, thermosets, and
vitrimers, along with the mechanism of bond exchange in the presence of a
catalyst. Table 1 summarizes the key differences between these classes of polymer
materials in terms of process ability, thermal resistance, and the presence of
dynamic bonding mechanisms.

Table 1- Comparison of Main Types of Polymeric Systems

Characteristic Thermoplastics Thermosets Vitrimers

Type of Bonds Secondary (physical) | Covalent (permanent) | Covalent (dynamic)
Recyclability Yes No Yes (upon heating)
Self-Healing Ability No No Possible
Processing Temperature Moderate High Moderate/High
Solvent Resistance Moderate High High
Dynamic Bonds No No Yes
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A promising strategy also involves the development of hybrid vitrimers
containing natural modifiers (such as cellulose and lignin), which enhance
mechanical and barrier properties while providing adhesion, antioxidant activity,
and biocompatibility [40,41].

Renewable Components for Vitrimer Networks: Epoxidized Qils, Polyesters,
and Organic Acids

The development of bio-based vitrimers requires the selection of efficient
monomers and crosslinking agents that not only exhibit high reactivity but also
align with the principles of sustainable development. In this context, epoxidized
vegetable oils, polyesters, and organic acids derived from renewable sources are
of particular interest. Such components play a key role in the formation of
dynamically crosslinked networks with recyclability, self-healing capabilities, and
adaptive behavior.

Epoxidized vegetable oils (EVOs), particularly ESO, ELO, and ECO, are
widely used as low-toxicity, modifiable epoxy monomers in vitrimer synthesis
due to their reactive oxirane groups, with studies demonstrating their effective
crosslinking with natural acids, thermal resistance, and recyclability enhanced by
catalysts such as Zn(acac). or TBAB [42-46]. Bio-based polyesters such as
poly(butylene succinate) (PBS), polylactic acid (PLA), and poly(ethylene adipate)
are actively used as elastomeric matrices or soft segments in vitrimer systems.
These materials offer a high degree of biodegradability and good compatibility
with epoxidized vegetable oils, allowing for the tuning of flexibility and
mechanical strength. Polylactic acid can be functionalized with epoxy groups or
incorporated into formulations as a reactive polyester [47-49]. Figure 2 illustrates
examples of multifunctional organic acids used in the transesterification reactions
for synthesizing substances from epoxidized plant oils. These include citric,
tartaric, succinic, sebacic, maleic, and other acids, each contributing distinct
properties to the resulting networks.

o oH
o o
HO OH
oH o oM
s - Citric acid OH
M / \ s
o o

o OH Glutaric acid ’ Jutaticac

Figure 2 — Examples of monomers used in the transesterification reaction
to obtain some bio-based vitrimers.
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Multifunctional organic acids act as crosslinking agents due to their multiple
carboxylic groups. They readily undergo transesterification with epoxide groups,
forming dynamic covalent networks that are both elastic and recyclable. The
choice of acid affects key material properties, such as crosslinking density, glass
transition temperature (Tg), stiffness, and biodegradability. For instance, citric
acid leads to denser networks, enhancing rigidity, whereas sebacic acid
contributes to greater flexibility and elasticity [50-53].

There is also increasing interest in using aromatic bioacids (e.g., vanillic
acid, ferulic acid) to impart antioxidant and UV-barrier properties as well as to
improve thermal stability [54]. Table 2 presents a comparative overview of the

key renewable components used in vitrimer systems.

Table 2 — Characteristics and Functions of Renewable Components for Vitrimers

Component Chemical Nature Role in Vitrimer Network | Application Features
Epoxidized_ Aliphatic epoxy Primary epoxy monomer Widely_ st_udied in bio-based
Soybean Oil compound vitrimer systems
Epoxidized Multifunctional epoxy Crosslinking accelerator, Fast transesterification
Linseed Qil high network density reactivity
Epoxidized Hydroxy-functional Elasticity, additional Compatible with polyesters
Castor Oil epoxy functionality and acids
Poly (butylene . . Flexibility, Blended with ESO in hybrid
schigategl Aliphatic polyester biodegradab%lity systems Y
a-Hydroxy acid-based | Reinforcement, miscibility Transparency,

Poly (lactic acid)

polyester

with EVOs

biodegradability

Citric Acid

Tricarboxylic acid

Crosslinking agent, high
network density

Commonly used in food
packaging applications

Tartaric Acid

Dicarboxylic hydroxy

Tg enhancement,

Provides rigidity and

acid hydrophilicity thermal stability
- . Aliphatic dicarboxylic Flexibility, crosslinking, . . -
Succinic Acid acid biodegradability Low toxicity, high reactivity
Sebacic Acid Long-chalr) aliphatic Plastlu_ty, thermal Increases ela§t|_<:|ty without
acid resistance toxicity
- ; Aromatic acid with Antioxidant, thermal Imparts bioactivity and UV
Vanillic Acid - - .
phenolic group stabilizer protection

Transesterification Mechanisms and Dynamic Bond Exchange
Transesterification, a key mechanism in vitrimer networks based on

epoxidized vegetable oils, enables dynamic bond exchange between hydroxyl and
carboxyl groups, with catalysts such as Zn(acac).,, TBD, or
triazabicyclo[4.4.0]dec-5-ene significantly enhancing stress relaxation and
thermal reprocess ability, as demonstrated in systems using epoxidized soybean
oil and glucuronic acid [55-56]. The transesterification mechanism in vitrimers is
based on associative exchange, where a new bond is formed before the original
one is broken. This contrasts with dissociative mechanisms and ensures structural
continuity within the polymer network. As a result, this mechanism supports the
retention of thermal resistance and mechanical strength while enabling reprocess
ability and self-healing.
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In addition to transesterification, other types of exchange reactions are also
utilized in vitrimer systems, including: Disulfide bond exchange, which provides
rapid response at moderate temperatures and is applicable in systems with
aromatic or aliphatic diphenyl disulfides [57]; Imine and boronic ester exchanges,
offering specific responses to moisture, acids, or bases [58]; Urethane bond
exchange, which requires higher temperatures but provides enhanced strength and
thermal stability [59].Depending on the chemical composition and the nature of
functional groups, these exchange reactions can vary significantly in terms of
Kinetics, reversibility, and activation energies, allowing for precise tuning of
vitrimer properties.

The incorporation of multiple dynamic bond types within a single system
enables the development of multifunctional vitrimers with enhanced performance.
For instance, the combination of transesterification and disulfide exchange can
yield materials that are simultaneously reprocess able and self-healing under
different thermal regimes [60].

As a result, the control of dynamic bond exchange mechanisms is a critical
element in the design of bio-based vitrimers with targeted functional properties.
Mechanisms of this type provide the foundation for developing sustainable next-
generation polymers suitable for applications in packaging, healthcare,
construction, and other industrial sectors.

Representative Formulations and Experimental Approaches

Developing of bio-based vitrimer systems requires the rational selection of
starting monomers, crosslinking agents, catalysts, and functional additives to
obtain polymer networks with targeted physicochemical properties. For instance,
ESO contains approximately 4.5 to 6.0 epoxy groups per molecule, exhibits high
reactivity, and is commercially available on an industrial scale. In contrast, ELO
has a higher degree of epoxidation, which contributes to the formation of more
rigid and thermally resistant networks, while castor oil, containing natural
hydroxyl groups, can be used either in its native or modified form to impart
additional flexibility [61-63].

Crosslinking agents are typically natural di- or polycarboxylic acids. The
most frequently used acids include TA, CA, SA, and GA. Such acids undergo
transesterification reactions with epoxy groups in the oils, forming ester linkages
and enabling dynamic reprocessing. To achieve optimal crosslinking, a molar
ratio of functional groups (COOH : epoxy) close to 1:1 is commonly established
[64-66].

Reinforcement with biopolymers-such as nanocellulose (CNF, CNC) and
lignin (organosolv or alkali types) - is typically carried out prior to crosslinking.
Nanocellulose enhances mechanical strength and barrier properties, while lignin
contributes antioxidant activity and UV resistance to the final formulation [67,
68]. These experimental approaches confirm the feasibility of creating sustainable
and functional vitrimers with tailored performance characteristics.
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Functional Role of Cellulose and Lignin in Vitrimer Systems

The incorporation of natural polymers such as cellulose and lignin into bio-
based vitrimer formulations significantly enhances their functional performance.
These components are not only biocompatible and renewable, but also play a
critical role in modifying the structure, mechanical behavior, and stability of the
resulting materials.

Cellulose and its Derivatives. Cellulose, including its nanostructured forms
(CNC and CNF), is widely used as a reinforcing agent. Due to its high modulus,
large specific surface area, and capacity for hydrogen bonding, cellulose
contributes to enhanced mechanical strength improved thermal stability; reduced
oxygen and moisture permeability through tighter packing in the polymer
network; improved environmental safety, as it does not negatively affect the
composite's toxicological profile.

Cellulose and lignin play crucial roles in enhancing the structural and
functional properties of epoxy vitrimer systems based on epoxidized plant oils.
Hydroxyl groups in cellulose actively participate in dynamic network
rearrangement via hydrogen bonding and covalent interactions with residual
epoxy or carboxyl functionalities. For instance, the incorporation of 3 wt.%
cellulose nanofibers (CNF) into an ESO/citric acid vitrimer matrix led to a 40%
reduction in water absorption and a 28% increase in elastic modulus, confirming
its barrier and reinforcing effects [69-70].

Lignin enhances vitrimer systems by providing UV shielding, antioxidant
and thermal stabilization, and by forming covalent and dynamic crosslinks
through its phenolic and carboxylic groups, as shown in ESO/succinic acid/lignin
composites with improved tensile strength and Tg elevation [71-72].

Figure 3 illustrates the sustainable development of epoxy vitrimers from
biomass-derived feedstocks (e.g., straw, corn, wood, and lignin) and highlights the
contribution of cellulose and lignin to key properties such as reprocess ability,
self-healing, UV resistance, and moisture barrier.

: o i
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Straw / Husk,Corn (Starch-based source),Wood (Cellulose), Lignin Powder :Reprocessable | Self-healing | UV-resistant | Moisture barrier

Figure 3 — Functional contribution of cellulose and lignin in epoxy vitrimer systems
derived from biomass and epoxidized plant oils.
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Physicochemical Properties and Functional Characteristics of Bio-Based
Vitrimers

Bio-based vitrimers represent a class of dynamic polymer networks that
uniquely combine the rigidity and strength of thermosets with the adaptability of
reversible covalent chemistry. These materials exhibit a complex interplay
between chemical composition, network architecture, and dynamic exchange
reactions, allowing for the modulation of key performance parameters relevant to
advanced material design. In particular, systems based on epoxidized plant oils
and multifunctional organic acids demonstrate promising physicochemical
characteristics aligned with the principles of sustainable development.

Mechanical robustness remains one of the critical properties defining the
application potential of vitrimers. Through precise adjustment of the crosslinking
density and strategic incorporation of reinforcing fillers, such as nanocellulose, it
is possible to tailor tensile strength and elasticity. For instance, in an ESO-based
matrix crosslinked with citric acid, the addition of 3 wt. percentage cellulose
nanofibers resulted in a 28% increase in elastic modulus due to the formation of
an extensive hydrogen-bonding network between the filler and the polymer
matrix [73]. Such formulations provide not only structural reinforcement but also
dimensional stability under stress.

Thermal properties of vitrimers, specifically the glass transition temperature
(Tg) and thermal degradation onset, are strongly dependent on the chemical
nature of the acid crosslinkers and catalysts employed. In systems utilizing
Zn(acac): as a catalyst, Tg values can reach 60-65 °C. Further enhancement is
achieved through the introduction of polyester segments or rigid aromatic diacids
such as ferulic or vanillic acid, enabling the elevation of Tg to approximately
80 °C while simultaneously improving resistance to thermal oxidation and UV
degradation [74, 75]. These findings emphasize the potential of structural
modification for the creation of thermally stable and environmentally resilient
polymer networks.

One of the biggest advantages of vitrimeric systems lies in their intrinsic
ability to undergo topological rearrangements under thermal activation, endowing
them with a self-healing function. Dynamic transesterification is responsible for
this phenomenon, as ester groups are capable of incessant exchange when
subjected to appropriate environments. Reports indicate that complete self-healing
of mechanical damage can be achieved within 30 minutes at 150 °C, without
significant loss of mechanical integrity, making such materials highly attractive
for protective coatings and packaging systems with prolonged service life [76].

Equally important is the reprocess ability of vitrimers, which arises from the
associative mechanism of bond exchange that preserves crosslink density during
reconfiguration. The inclusion of organic catalysts such as TBD or imidazole
dramatically lowers the energy barrier for exchange reactions, allowing for
effective reprocessing at moderate temperatures below 180 °C [77]. This feature
offers a pathway toward the circular utilization of polymeric materials and aligns
with the objectives of sustainable manufacturing practices.
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In barrier-critical packaging, cellulose nanofillers improve moisture
resistance by reducing permeability, while PLA-ESO composites show 60%
biodegradation in 90 days. Integrating transesterification and disulfide exchange
enables dual-responsive networks with self-healing, enhanced creep resistance,
and durability, supporting versatile applications across various industries [78-80].

Such multifunctional networks offer new avenues for designing adaptive
materials with customizable properties for diverse industrial sectors.

Applications of Bio-Based Vitrimers in Packaging and Environmental
Considerations

The tightening of international standards and increasing public demand for
reducing plastic pollution drives the growing interest in environmentally friendly
and functional packaging materials. Contemporary research is focused on the
development of sustainable polymer systems that meet the requirements of
biodegradability, recyclability, and carbon footprint reduction. In this context, bio-
based vitrimers featuring dynamic covalent bonds demonstrate significant
potential as innovative materials for packaging applications.

One of the key advantages of vitrimers derived from epoxidized vegetable
oils and bio-organic acids is their reprocessability and self-healing capability,
while maintaining high thermal and mechanical stability. These properties are
particularly valuable in packaging production, where materials must retain form
and barrier functionality under varying conditions of storage, transportation, and
recycling. Transesterification-based networks, as demonstrated in experiments,
remain stable at temperatures up to 250-280 °C and exhibit effective healing after
damage upon heating [81].

Vitrimer composites containing lignin and nanocellulose exhibit enhanced
barrier properties and maintain recyclability. Dynamic matrices ensure fixation
and release of antioxidant and antimicrobial agents under humidity or heat [84].
Trials in China, the US, and EU demonstrate effectiveness in packaging for meat,
dry goods, and electronics [82-85]. A crucial stage in the development of
biodegradable packaging is Life Cycle Assessment (LCA). Modern LCA studies
on vitrimers report a 30-60% reduction in carbon footprint compared to PET or
PP counterparts, while maintaining strength and recyclability. Particularly
favorable LCA profiles have been found for systems based on ELO or castor oil,
sourced from non-food and rapidly renewable resources [86].

The successful use of polymers depends on disposal strategies and
infrastructure. Some require industrial composting or pre-shredding. Hybrid
systems, such as vitrimer—PLA composites or paper laminates, enhance
degradability. Reusable and repairable packaging concepts are gaining traction.
EU initiatives are promoting certification and circular bioplastics standards. Bio-
based vitrimers demonstrate strong alignment with the evolving demands of the
modern packaging industry—encompassing functionality, safety, recyclability,
and environmental responsibility. Their full life cycle and functional circularity
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are illustrated in Figure 4a and 4b, highlighting their promise in sustainable
packaging.
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Figure 4 — a) Circular development cycle of bio-based vitrimers showing stages from biomass sourcing to
end-of-life reuse or biodegradation; b) Functional circularity of bio-based vitrimers including synthesis,
application, and sustainable material recovery.

Prospects for the Development of Bio-Based Vitrimers

Recent advances in bio-based vitrimer research highlight progress toward
sustainable, reprocess able polymers, with future directions focused on raw
material diversification, multifunctional architectures, industrial scalability, and
circular integration, as demonstrated by catalyst-free, flame-resistant systems [87]
and multifunctional vitrimers based on glycyrrhizic acid and ESO with self-
healing and shape-memory properties [88].

Recyclability of fiber-reinforced composites remains a critical challenge.
Researchers have developed carbon fiber composites based on ESO that can be
fully reprocessed without compromising mechanical performance, opening
opportunities for the transportation and aerospace sectors [89]. Such systems
require a balance between structural stability and reversibility, achieved by
precisely tuning the density of dynamic bonds.

Another innovative direction is the synthesis of vitrimers containing multiple
types of dynamic bonds (e.g., disulfide, ester, and urethane), enabling unique
property profiles. A recent review describes an epoxy vitrimer with both acetal
and disulfide linkages, resulting in high strength, reprocess ability, and
degradability — ideal for biodegradable packaging systems [90].

Scalability and standardization are key goals in polymer network
development. A Kinetic study of epoxy-based dynamic systems aids large-scale
production planning. In sustainable 3D printing, a tartaric acid—based
photopolymer vitrimer shows strong performance and eco-benefits over acrylates.
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Life cycle analyses confirm biosystems’ role in lowering energy use and ensuring
safe disposal. Additionally, incorporating ESO into starch/PBAT blends boosts
biodegradability to 78.5% in 120 days while enhancing strength, supporting its
use in green packaging [91-94].

Growing interest in smart packaging has led to the development of bio-based
vitrimer systems with adaptive properties, such as castor oil-based photo-
responsive networks for self-healing and pharmaceutical applications [95], and
universal soybean oil-based epoxy resins with high adhesion and film-forming
capabilities for eco-friendly coatings and packaging supported by sustainability
initiatives in China [96]. Future development of bio-based vitrimers lies in the
creation of multifunctional, adaptive, scalable, and environmentally safe
materials. Their applications extend beyond packaging to include electronics,
biomedicine, transportation, and construction. However, industrialization will
require continued work on property standardization, long-term durability,
economic efficiency, and sustainable life-cycle performance.

Conclusion

The development of bio-based vitrimers represents a vital direction in the
creation of sustainable and functional polymeric materials. Due to the presence of
reversible covalent bonds, these systems combine reprocess ability, thermal
stability, self-healing, weldability, and controlled biodegradability. This makes
them particularly promising for applications in smart packaging, medical devices,
and other areas where both environmental safety and high performance are
required.

Integrating vitrimers into the framework of a circular economy necessitates
an interdisciplinary approach that includes renewable-resource-based synthesis,
life cycle assessment, process standardization, and compliance with
environmental regulations. The use of epoxidized vegetable oils, bio-acids, and
natural modifiers enables a high level of sustainability and functionality without
compromising the mechanical integrity of the materials.

Overall, vitrimers represent a promising direction in sustainable materials
science, and Kazakhstan holds significant potential for advancing this area in the
coming years, provided there is strategic scientific and institutional support. The
relevance of further research lies in the potential of these materials to be adapted
to local resources, scaled up for industrial use, and aligned with international
sustainable development standards.
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Tyiiinaeme. Kipicne. BUOBIIBIpaHTBIH JXKOHE KaiTa eHieyre »xapambl IMOJUMEpIi MaTepuaiapibl
azipiiey — okahaHIBIK SKONOTHMSUIBIK JAFiapbic IEH IUIACTHKAIBIK KaJJbIKTapAbIH JKHHATybIHA
OaiiaHbICTI ©3¢KTi Mocesenep i Oipi. COHFbI XKbUIAAPHI BUTPUMEIED JICI aTAlaThIH )KaHA MaTepHaiaap
KJIachl TEPMOPEAKTHBTI MOJMMEpIIEPre TOH MEXaHHKAJbIK OCpIKTIK MeH JHHAMHKAIBIK KOBaJICHTTI
OaiiiaHbICTap apKbUIBI KaiiTa eHIeNly KaOuleTiHiH Oipereil yiiimeciMi apkachlHOa YIKEH KbI3BIFYIIBUIBIK
Tyablpyna. 3epmmey makcamel. Byn mony Makanana HeTi3iHEH SMOKCHUATENreH OCIMIIK MaiilapbiHaH
aJbIHFaH OHMOHEri3[i BUTPUMEpJEpIl CHHTE3ey MEH KOJAaHYJbIH Ka3ipri Tociigepi KapacThIPbUIAIBL.
Homuoicenep men manxvliay. IlonuMepii Topiapabl KypyFa apHajIfaH XUMUSUIBIK CTpATErusap, COHBIH
IIiHAe TpaHCOHTEpU(UKALUSI MEXaHH3MIEpI, KaTaau3aTopiiapibl TaHIAy >KOHE TOPIAHY THIFBI3/BIFbIH
Oackapy erxei-Terkeili TannaHaapl. Llemnono3a MeH JMIHHH CUSIKTBI TaOMFHM KOCHAapibl KOJNIaHy
apKbUIbl  MEXaHUKAJbIK, Oapbepsik JKOHE AaHTHOKCHIAHTTBIK KACHETTEepIl apTThpy  neyerTi
KapacTeIpbuiazbl. Byl MaTepuanmapIblH KbULYy TYPAKTBUIBIFBI, BUIFAIFa TO3IMIUII, MeXaHHKAIBIK
OepikTiri, e3miriHeH KalmblHA Kely KaOuleTi »oHe OHOBLABIpaybl CHSKTHI  (DYHKIMOHAJIBIK
cumaTrTaManapblHa epekiie Haszap aynapbuUianbl. Kasipri 3eprreysnep OHOHeri3mi BUTpHUMEpPIEpIiH
TaraMJIbIK, (hapMalleBTUKAIbIK JkoHe OMOQyHKIMOHANABI Oaprepliik KacuerTepi Oap Oeincenni opamanap
CHSIKTBI OPTYpJIi MaKcaTTap YIIH NPaKTHKAIbIK KOJNIaHy deyeTiH kepcereni. Kopeimuinowv. byn mory
JKAHAPTBUIATHIH INHMKi3aTKa HETI3/IeNreH BUTPUMEpJIEpl d3ipiey MeH KOJJaHy CajlachIHIArbl COHFBI
FBUIBIMH JKETICTIKTEP/Ii )KUHAKTAI, TYPAKThI IaMy MEH PECypC YHEM/IEY TEeXHOJIOTHsIaphl KOHTEKCTIH/ET]
OJIaH apFbl 3epTTEY OarbITTapbIH AHBIKTAHIBL.

Tyiiinai ce3mep: OwoHerizai BHUTpHMepiiep, SIOKCHUATEITSH OCIMIIK —Maiaapbl, AMHAMHKAIIBIK
KOBQJICHTTIK OailaHbICTap, TpaHCIHTepU(DUKAIKs, OHOBLABIPAWTHIH OpaMa, I[eJUI0I03a, JIUTHHH,
TEPMOPEAKTHBTI MOJMMEpIIEp, TYPaKThl MaTepuajiap, Kaita eHJeyre »apaMabUIbIK, (YHKIMOHAIIBIK
TTOJIMeEpIIep.
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YCTOMYUBBIE JUHAMUYECKHUE NOJUMEPHBIE CETH JUISI YIIAKOBKHU:
PA3PABOTKA U IEPCIIEKTUBbI BUO-OCHOBAHHBIX BUTPUMEPOB
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Pe3ome. Bseoenue. Pa3zpaboTka OuopasnaraeMblXx © MPUTOAHBIX K MepepabOTKe MOIUMEPHBIX
MaTepHaIoB SBISIETCS KIIOYEBBIM NPHOPHTETOM B YCIOBHSX IJIOOATBHOTO 3KOJOTMYECKOrO KpHU3Uca U
pacTyIero HaKOIUICHHSI MJIACTHKOBBIX OTXOAOB. B IOCieaHHE ToJbl 3HAYUTEIbHBI HHTEPEC BHI3BIBACT
HOBBII KJIaCC MAarepHalioB — BUTPUMEpbl — Oyiarojapsi yHHKaIbHOMY COYCTAHHUIO MEXaHHYECKOU
MIPOYHOCTH, HPHUCYIIEH TEPMOPEAKTUBHBIM MOJIUMEPaM, 1 BO3MOXKHOCTH IepepadoTKu, oOecreunBaeMoi
3a Cu€T JAMHAMHYECKHX KOBAJCHTHBIX CBsi3eil. [lenv uccredosanus. B paHHO# 0030pHOI cTaThe
MPE/ICTABICHBl COBPEMEHHBIC IOIXOJbl K CHHTE3y M INPUMEHEHHIO OHOOCHOBAHHBIX BHUTPUMEPOB,
MOJYyYSHHBIX TNPEUMYLICCTBEHHO M3 OSHOKCHAMPOBAHHBIX pPACTUTENBHBIX Macen. Pesyrbmamosl u
o6cyacoenue. 11onpoOHO paccCMOTPEHbI XUMUUECKUE CTPATErUH CO3/IaHUs MOJMMEPHbIX CeTeH, BKIIIOYas
MEXaHU3Mbl ~TPAHCOHTEPU(UKALKK, BBHIOOP KATAIM3aTOPOB W  KOHTPOJb IUIOTHOCTH — CLIMBKH.
OO0cyxIaercsi MOTSHIMANl CTPYKTYPHON MOJU(HUKALIMU C UCIIOJIb30BaHUEM MPUPOAHBIX J100aBOK, TAKUX
KaKk LEJUII0JI03a M JIMTHUH, C LEJbI0 IOBBIICHUS MEXaHWYECKUX, OapbepHBIX M aHTHOKCHIAHTHBIX
cBoiictB. Ocoboe BHMMaHHUE yJeneHO (yHKIMOHAJIBHBIM XapaKTePUCTHKAM THX MaTepHUalioB, BKIIOYAs
TEPMUYECKYIO CTOMKOCTb, YCTOMYHMBOCTh K BJare, MEXaHHYECKYI0 MPOYHOCTb, CIIOCOOHOCTH K
CaMOBOCCTAHOBJICHHIO U OuopaznaraeMoctb. COBPEMEHHbBIC HCCIICAOBAaHMS MOMYCPKUBAIOT MOTCHIHAI
OHOOCHOBAHHBIX BUTPUMEPOB ULl IPAKTHYECKOTO IPUMEHEHHUs] B KAUeCTBE YIIAKOBOYHBIX MaTEPUaIOB
JUISL  pasliMYHBIX LeJed, BKIIOYas MHIIEBYIO, (ApMaleBTHYECKYI0 M aKTHBHYIO YIIAaKOBKY C
0610 YHKINOHAIBLHBIMU OapbepHBIMU CBOMCTBaMU. 3akmiouenue. O030p 0000IIaeT akTyallbHbIC HAYyYHBIC
JOCTIDKEHHS B 00JIaCTH pa3paOOTKH U NMPUMEHEHHs BUTPUMEPOB Ha OCHOBE BO30OHOBIISIEMOTO CHIPBS U
ornpezeNsieT NPUOPUTETHBIE HANPABICHUS Ul JAIBHEHIINX HCCIIEOBAaHUH B KOHTEKCTE YCTOHYHBOIO
Pa3BUTHS U peCcypcocOeperaoInx TeXHOIOTHA.

KaroueBble ciioBa: OHOOCHOBaHHBIE BHTPUMEPBI, AIOKCHUIMPOBAHHBIE pACTHUTENbHBIE —Macia,
JMHAMHYECKHE KOBAJICHTHBIE CBSI3M, TPAaHCOHTEpU(HKaAlMs, Ouopasiaraemas YIAaKOBKa, LEJUI0JI03a,
JIUTHUH,  TEPMOPEAKTUBHBIE  MOJMMEpBI,  YCTOMYMBBIE  Marepualisl,  IepepadaThBacMOCTh,
(YHKIHOHAIBHBIC TTOJIMMEPBI.
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DEVELOPMENT OF A METHOD FOR OBTAINING SODIUM
ALUMINOSILICATE FROM RICE HUSK AND INVESTIGATION OF
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Abstract. This study focuses on increasing the value of large-scale agricultural waste — rice husk —
considered a silicon-rich renewable resource for the production of functional materials. Special attention
is given to the synthesis of sodium aluminosilicate, which serves as an efficient sorbent for the
purification of natural and industrial wastewater from heavy metal ions and organic pollutants. The
proposed method begins with the preparation of sodium silicate by microwave treatment of a mixture
containing 10 g of ground, washed, and air-dried rice husk and 130 mL of 1 M NaOH solution. The
obtained sodium silicate solution is then mixed with 50 mL of saturated aluminum sulfate solution under
continuous stirring. As a result, sodium aluminosilicate is formed and precipitates out of the solution.
Filtration, washing, and thermal treatment of the precipitate at various temperatures yield sorbents with
high specific surface area and a well-developed porous structure. This approach not only ensures the
efficient utilization of difficult-to-recycle agricultural waste but is also environmentally friendly and
resource-efficient. The synthesized aluminosilicates demonstrate excellent sorption capacity, making them
promising for use in water treatment systems, industrial emission control, and the development of
selective adsorbents.

Keywords: rice husk, sodium silicate, sodium aluminosilicate, adsorption, adsorbent

Tolegenkyzy Meruyert Master of Technical Sciences; E-mail:
meruert.tolegenkyzy22@gmail.com

Narmanova Roza Ahdibekovna Candidate of technical sciences, Associate Professor;
E-mail: roza_an@mail.ru

Serikkul Anel Doctoral student; E-mail: nelliess@mail.ru

Dairbekova Guldana Siyundykovna PhD; E-mail: guldina.shudabay@mail.ru

Akhatayev Nurlybek Akarystanuly Candidate of Chemical Sciences; E-mail:
nurlibek.83@mai.ru

Darmagambet Klara Khairullovna Candidate of Chemical Sciences; E-mail:
darmklara@mai.ru

Abzhalelov Bakhytbek Baidosovich Candidate of Biological Sciences; E-mail:
bakhytbek@korkyt.kz

Citation: Tolegenkyzy M., Narmanova R.A., Serikkul A., Dairbekova G.S., Akhatayev N.A.
Darmagambet K.Kh., Abzhalelov B.A., Nazarov E.A., Appazov N.O. Development of a method for
obtaining sodium aluminosilicate from rice husk and investigation of its sorption properties. Chem. J.
Kaz., 2025, 4(92), 107-116. (In Russ.). DOI: https://doi.org/10.51580/2025-4.2710-1185.54

107


https://doi.org/10.51580/2025-4.2710-1185.54
mailto:nurasar.82@korkyt.kz
mailto:roza_an@mail.ru
mailto:nelliess@mail.ru
mailto:guldina.shudabay@mail.ru
mailto:nurlibek.83@mai.ru
mailto:darmklara@mai.ru
mailto:bakhytbek@korkyt.kz
https://doi.org/10.51580/2025-4.2710-1185.54

KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XKXYPHAJI KA3AXCTAHA

Nazarov Esenzhol Asylbekuly Candidate of Technical Sciences; E-mail:
nazarov_e@korkyt.kz

Appazov Nurbol Orynbasaruly Candidate of Chemical sciences, professor; E-mail:
nurasar.82@korkyt.kz

PA3PABOTKA METOJA NNOJIYYEHUA AJTIOMOCUJIMKATA HATPUA U3 PUCOBOI1
HIEJYXU U UCCIEJOBAHHUE EI'O COPBHUOHHBIX CBOUCTB

M.Tonezenxwizvt >, P.A.Hapmanoea *, A.Cepurxyn ?, I.C,/laupéexoea >, H.A.Axamaee *,
K.X. dapmazambem *, B.A.Abucanenos *, E.A.Hazapos *, H.O.Annazoe *

Y HAO «Kvizvinopounckuil ynueepcumem umenu Kopxoim Amay, Koizviiopoa, Kazaxcman
2 Kapazanounckuii Mnoycmpuanvuviii Yuusepcumem, Temupmay, Kazaxcman

Pe3tome. JlaHHOE HCClIeIOBaHME HANpaBICHO HA IIOBBILICHHE IEHHOCTH KPYIMHOMACIITAOHBIX
CeNIbCKOXO3SMCTBEHHBIX OTXOJJOB — PUCOBOM ILIETyXH, KOTOpasi pacCMaTPUBAETCs Kak 00raroe KpeMHHUEM
BO300HOBIISIEMOE CHIPHE [UISl TOMyYeHUs! (YHKLIHOHAIBHBIX MaTepuanoB. Ocoboe BHMMaHHE yJeIeHO
CHHTE3y aTIOMOCHINKATa HATPHS, NPUMEHAEMOro B KauecTBe 3(P(EKTHBHOrO COpOEHTAa I OYHCTKH
MPUPOAHBIX W MNPOMBIIUICHHBIX CTOYHBIX BOJ OT HOHOB TDKENBIX METAIOB M OPraHUYECKUX
3arpsizHuTenel. [IpennoskeHHbli crocod BKIIOYAET MOJTyYSHHE CHIMKATa HATPHs IyTEM MUKPOBOJIHOBOH
o0pabotku cMecH, conepxanieil 10 I n3MeIbYEHHOI, IPOMBITOI U BBICYIICHHON pHCOBOH memyxu u 130
M1 1 M pactBopa NaOH. IlomyueHHBII pacTBOp CHIIMKaTa HaTpUs CMEMMBAIOT ¢ 50 MJI HACHIIICHHOTO
pactBopa cynb(ara aJlOMUHUS NPU MOCTOSHHOM IepeMeIMBaHuK. B pesyibrare mpoTekaer peakius
00pa3oBaHus aJIOMOCHIIMKATa HATPHs C BbINaJeHUEM ocajka. [locnenyromas ¢GuibTparys, IpoMbIBKa U
TepMo0oOpaboTKa Oocajka HPH Pa3IMYHBIX TEMIIEPATypax MO3BOIAIOT HOIYYHTh COPOCHTHI C BBICOKOMH
YIENbHON IOBEPXHOCTBIO M Da3BUTOIl TOPHUCTOH CTPYKTypoil. Pa3zpaboTaHHbBIM MeTOX HE TOJIBKO
obecnieunBaer 3(P(PEKTUBHOE HCIOIB30BAHUE TPYIHOYTWIM3HPYEMBIX OTXOIOB, HO M SBISIETCS
9KOJIOTMYeCKH Oe30macHbIM U pecypcocOeperatomiuM. [loayueHHbIe allOMOCHIMKATBL JEMOHCTPHPYIOT
BBICOKYIO COPOLIMOHHYIO CIIOCOOHOCTb, YTO OTKPBIBAET BO3MOXKHOCTH MX IIPUMEHEHHsS B CHCTEMAax
BOJIOIIOATOTOBKH, OYMCTKE NPOMBILIIEHHBIX BBIOPOCOB M CO3/1aHUH CEIEKTUBHBIX a/ICOPOEHTOB.

KiioueBnble cJjioBa: pucoBas 1meiryxa, CHJIMKaT HaTpus, alflOMOCHJIMKAT HAaTpuUs, aIICOpGIIHSI, ancopGeHT

Tonezenxwizvt Mepyepm Mazucmp mexHU4eckux HayK
Hapmanoesa Poza A6oubexosna KAHOUOAm MexHU4ecKux HayK, OOYyeHm
Cepukkyn Anens dokmopanm

Maupéexosa I'vnoana Cutonovikoena PhD

Axamaee Hypnvioexk Akapvicmanynst KAHOUOAM XUMUYeCKUX HayK
Hapmazamoem Knapa Xaiponnaxwizol KAHOUOAM XUMUYECKUX HAYK
Abxcanenoe bakvimoex Baitoocynvi KAHOUOAm OUON02UYECKUX HAVK
Haszapoe Ecenacon Acvinbexynvi KAHOUOAM MEXHUYECKUX HAYK

Annasoe Hypbon Opwinbacapynot KaHOUOAm Xumuieckux Hayxk, npogeccop

1. Beenenue

Puc — BaxHelmas NmpoAOBOJBLCTBEHHAsT KyJIbTYpa M OCHOBHOM HCTOYHHK
yrneBonos. [Ipu ero nepepadorke obpasyercsa 1o 20 % mobGoO4HOro MmpoayKTa —
pHCOBOI mIemyxu, MUPOBOil 00BEM KoTOpoi mocturaer 200 muH T B rof [1,2].
bnarogaps cogepxxanmio 20 % SiO2 u 30-50 % opranumdeckoro yriaepona [3]
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menyxa yCTOHYMBa K OWOJErpajlallidi W TEPCIeKTHBHA KakK CBIPhE s
azcopOCHTOB.

Hcnonp3oBaHue LIENyXW KaK TOIJIMBA OTPAHUYEHO HU3KOM TEIIOTBOPHOM
CHOCOOHOCTBIO M 3aTpataMH Ha cOop. B mpou3BOACTBE WIMH U LIEMEHTa
BocTpeOOBaH KpEeMHE3EM, a opraHmveckas (hpakmmst ocTaércs
Heucrnonb3oBanHOW. Cxuranme menyxu Beimenser CO, JIOC u xaHIeporeHHBIE
[TAY, HaHOCS Bpe. SKOJIOTHUU U 37I0pOBBIO [4,5]. Dd(hekTuBHAS yTHIU3AIUS 3TON
Oromacchl — aKTyalbHasl 3a/1a4a CTPaH-TIPOU3BOIUTENEH prCca.

PazpabateiBaroTcst  «3enE€HBIE» METOABI TepepadOTKH  IeNyXH U
MOJIy4eHHS [[EHHBIX MPOAYKTOB: KpeMHE3EMa, aKTUBHPOBAHHOTO YIS, OMouapa,
nemtono3el  [6-9]. OcoOblii  WHTEpeC MPEACTaBISIOT —aTFOMOCHIHMKATBHI —
MIOPUCTHIE COSTMHEHNS aTIOMHUHATOB U CIJIMKATOB, IPUMEHIEMbIE B aICOPOIIHH,
KaTammse, mmpoim3e. VX cBoicTBa 3aBUCAT OT Meroda cuHTe3a [10], a
CHHTETHUYECKUE 00pa3Ibl CTa0MIbHEE U YHUIIIE IPUPOIHBIX aHanoros [12,13].

Cenpx030TXO/BI  KPEMHHWHAKAIUIMBAIOIINX  KYJNbTYp, BKJIIOYas pHC,
paccMaTpHuBalOTCs KakK CBIPhE Ui CHHTE3a aTfoMOCHIMKAToB. OCHOBHOW cHOCO0
YTHIIU3AIUH OTXOJIOB — CIKUTAHUE, ITPU KOTOPOM o0pasyeTcs 30ia, 6oraras SiO:
[19,20]. IlomyueHwe alIOMOCHIMKAaTOB U3 PACTUTEIBHOTO CBIPhS IOKa
MaJIOM3y4eHO, XOTS OHH MOTYT CITY>KHTh CeJIEKTUBHBIMU copOeHTamu [12,15].

AITFOMOCHIIMKATHI UCIIOJIB3YIOTCS KaK COPOCHTHI, HOCUTENIN KaTaJIH3aTOPOB,
MOHOOOMEHHHKH, IPUMEHSIOTCS TIPH Pa3JIeICHUH Ta30B U JCTOKCUKAIIUN KOPMOB
[10,16-18]. Kommo3uThl Ha uX OCHOBe ciyxaT cencopamu CO: [10]. Ux
KHUCJIOTHO-OCHOBHBIC CBOWMCTBA ONPEICISIIOT PEAKIHOHHYIO CIIOCOOHOCTh W
COpPOLIMOHHYI0 EMKOCTh 10 OTHOIICHUIO K TKEIBIM METaIaM M KPacUTEIsIM
[12].

[lokazaHo, dYTO HAHOCTPYKTYPHUPOBAHHBI aMOP(GHBIA  aTOMOCHINKAT
HATpUs C YJEIbHOH TOBEPXHOCTHIO 364 M*T MOXKHO MOJYYUTh IEIOYHBIM
THIPOJIM30M PUCOBOI costoMsl [2]. OnmcaH CHHTE3 aMIOMOCHIMKATOB ¢ Si/Al = 1—
5 B MHOTOKOMIIOHEHTHOM CHCTEME U UX BbICOKas copbiust Cs* [24].

2. DKcnepuMeHTAJIBLHAS YaCTh

Ilenpro HaHHOTO HMCCIEAOBaHMA SBJISLIACH pa3paboTKa crocoda MOIydeHUs
azcopOeHTa Ha OCHOBE AIIOMOCHIIMKATa HATPUSA [UISl OYHUCTKH TPHPOTHBIX U
CTOUYHBIX BOJ. MeTox 3axitoyascs B cMeluBaHuy 50 MII HACBILLEHHOIO pacTBOpa
cyibdara amIOMUHHS C pacTBOPOM CHJIMKAaTa HATpHUs, IOJTY4YEHHBIM
MHUKPOBOJIHOBOM 00paboTkoit cmecn 130 M 1 M NaOH u 10 r nsmensuéHHOIM,
MPOMBITOH W BBICYLIEHHOH PHCOBOM mHIenyxw. B pesymnbraTe 00pa3zoBBIBAJICS
0CaI0K, KOTOPBIH TOC)IE TEPMUUECKOH 00pabOTKH MPH Pa3InuHbIX TeMIepaTypax
IIpeBpaliaics B COPOEHT ¢ pa3HBIMH aJCOPOLIMOHHBIMH XapaKTEPUCTHKAMHU.

PrcoByto menyxy mpoMbpIBaNy IUCTHILITMPOBAHHON BOAOH, cymmmm mpu 105
°C 2 4 u usMenbuanu B nopomok. Hasecky 10 r cmemmBanu co 130 mn 1 M
NaOH wu oOpabateiBanmn B MuKpoBonHOBKe npu 900 Bt 10 mmu ¢
nepemernmBaareM. llocie oxnaxaeHWs cMech (MIBTPOBAIN IO BAaKyyMOM,
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¢ubTpaT C© CcUIMKaTOM Hartpus oOpabarteiBanu 50 mu pactBopa cynbdara
TIOMUHHSA, 00pa3ys CBETIO-KOPUUHEBBIH OCaIOK.

Ocanok ¢GuUIBTPOBAIM, MPOMBIBAIN 10 HEHTPaTbHONH peakUud U CYIIHIH.
Juia mogbopa oNTHMaIbHBIX YCIOBUH MPOBOAWIHN Hpokanky mpu 150-800 °C B
teueHne 1 4 (ckopocth HarpeBa 10 °C/muH) B MydensHON meun. [lomyueHnsie
00pa3Lbl OTIMYATINCH [IBETOM U COPOLIMOHHBIMU CBOMCTBaMH (PHCYHOK 1).

PucyHnok 1 — O6pasipl COpOCHTOB aIIOMOCHIINKATA HATPHUS, IIOTYyYCHHBIX U3 PHCOBOH IIEITyXH

ANCOpOLIMOHHYI0O aKTHBHOCTh IIOJYYEHHOTO ajcopOeHTa Ha OCHOBE
IIOMOCHIIMKATa HATPUS U3 PHCOBOH ILEIyXH OLEHUBAIN MO EMKOCTH aICOPOLIUH
Hona. AICOpOLMOHHYIO aKTHUBHOCTH 00pa3LoB COPOCHTOB 110 HOLy ONpEeAessUN B
cootBerctBuu ¢ 'OCT 6217-74.

Penrrenodasossiii ananus (POA) cuHTE3MpOBAaHHBIX COPOSHTOB MPOBOININ
Ha nudpaxtomerpe Rigaku SmartLab SE ¢ Cu Ka-usnyuennem (A = 1,5406 A)
nipu HanpspkeHnu 40 kB u cuite Toka 50 MA. JlndpakTorpaMMbl perucTpupOBaIn
B amarma3one yrioB 20 ot 5° mo 80° ¢ marom ckarmpoBanus 0,001° u CKOpOCTHIO
CKaHMPOBAHUS 2°/MHH.

OJeMeHTHBIH  aHaiW3  NPOBOAMIM  HA  PEHTTEHOQIIyOPECLEHTHOM
crnektpomerpe Rigaku NEX GG (Slmonus). JlaHHBII MeTOM TMO3BOJSIET TOYHO
OIIPEJICITUTh COJIEPIKAHNE PA3TIMUHBIX 2JIEMEHTOB B aCOPOEHTE, YTO HEOOXOIMMO
IUIS1 OLICHKH €TI0 CTPYKTYPBI U CBOHCTB.

UK-crextper ¢ mpeoOpazoBanmeM Dyppe (Dypbe) perucTpupoBany Ha
cnekrpomerpe Shimadzu IR-Prestige 21 (SInonust) B Auanazone ayuH BoiaH 400—
4000 cm™ 6e3 crenuanbHOM MOATOTOBKH 0GPA3LOB C HCHOIb30BAHUEM HPHCTABKH
HapyIIEHHOTO TOJHOTO BHYTpeHHero orpaxeHus (HIIBO) Smiths DuraSamplIR
II ¢ mpru3moit ogHOKpaTHOTO OTpaskeHus u3 anmasza/ZnSe (CLIA).

Mopdosioruto  TOBEPXHOCTH  COpOEHTAa  HMCCICNOBAJIM  METOJIOM
CKaHUPYIOMIeH dIeKTpoHHOW Mukpockonmu (COM) ¢ wHCHoNb30BaHUEM
mukpockomna JEOL JSM-6390LV.
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3. Pe3yabTaThl H 00Cy:KIeHHeE.

HccnenoBanme mokasano, YTO HATPUHATIOMOCHIMKATHBIA ajCcoOpOCHT W3
pucoBoli mIenyxu 3QQeKTUBHO moryiomaer Hoa u3 pacrsopos. [Ipu 150-700 °C
ajicopOIMoHHasl akTUBHOCTh jocturaet 81,2%, vo npu 750-800 °C cHuxkaercs.
OTH pe3yabTaThl IOATBEP)KIAIOT €T0 MEePCIEKTHBHOCTD JI OYMCTKH MPHPOTHBIX
¥ CTOYHBIX BOJ OT 3arps3HUTeNed. J[aHHbIe TI0 ajcopOIMu oja MPUBEICHBI B
Tabnuie 1.

Tadauua 1 — AncopOuroHHas aKTUBHOCTD HOJYYEHHBIX 00pa3oB copOeHTa o ioay

Temnepatypa, °C AncopOIMOHHAs aKTUBHOCTB, %
150 20.0
200 22.7
250 18.0
300 18.2
350 21.0
400 22.6
450 23.0
500 25.7
550 30.0
600 41.1
650 66.3
700 81.2
750 56.7
800 32.0

i u3ydeHus KpUCTAJUIMYECKOW CTPYKTYphl COpPOEHTOB HCIOJIBb30BAIH
pentrerHoBckyro audpakiuio (Rigaku SmartLab SE, Cu Ka). YcranoBmeno, 9to
MIPU Pa3HBIX TeMIepaTrypax (GOPMHUPYIOTCS pa3iuuHbIe (a3bl CHIMKATA aTFOMHHUS
(pucyHok 2).

Cumukat amomuaus: 150°C, 200°C, 250°C, 300°C, 350°C, 400°C, 450°C,
500°C, 550°C, 600°C, 650°C um 700°C (12 oOpa3mnoB). PentrenoBckue
mudpaxTorpaMMbel  mokazanu  Hanmpuue Kaneiura  (CaCQOs)  Tonmbko  mpu
Temneparype obOpasma 150 ©°C. Jns Bcex OCTalbHBIX 0O0pa3loB Ha
peHTreHorpaMmax mpeobiamaroT amopdueie tuku (mipu 20 oxoso 20-30 °C mpu
HU3KUX TeMIepaTypax) H cladble KpUCTAUTMYECKUE NHKH (TMPH BBICOKHX
TEeMIIepaTypax), COOTBETCTBYIOIIME aMOP(GHOMY H CIA0OKPHCTAIUINYECKOMY
AMIOMOCWJINKaTHOMY Temio. B amopdHbBIX (asax OTCYyTCTBYIOT HYETKO
BBIPOKEHHBIE KPUCTAIIIOrPAaUUECKUE IIOCKOCTH (T.€. OTCYTCTBYET JalbHSIS
MEPUOJUYHOCTD, TOJILKO OJIMKHUIA MOPSI0K), YAOBJIETBOpsItoune 3akoHy bpoarra,
[I03TOMY OCTpble JU(PaKIMOHHbIE MUKH OTCYTCTBYIOT. OIHaKO M3-3a OJIMKHETrO
MOpSAZIKA COXPAHSIOTCS MPEANOYTHTEIbHBIE MEeXaTOMHbIE paccTosHusA. OHuU
OPUBOIAT K TOSBJICHUIO MHPOKUX IU(PPy3HBIX MaKCUMyMOB paccesHHs Ha
pEHTreHOrpaMMax, 4YacTO Ha3bIBaeMbIX aMOp(QHBIMM MHUKaMH HJIH  Trajo.
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OcTanpHble MUKW Ha PEHTT€HOTPaMMax COOTBETCTBYIOT CIA0OKPHCTATUINYECKUM
LEOJIUTOBEIM (azaM: aHaIbLUMY, neonuty X (kapkac tuna FAU) u neomuty A
(xapxac tuma LTA), coorBercTBytromum HomepaM kapt ICDD: 00-041-1478, 00-
038-0237 m 00-043-0142 cOOTBETCTBEHHO, KOTOpBIE 00paszyloTcs B IIpolecce
ocaxJeHus. VIHTEHCHMBHOCTh OTHX (a3 HepaBHOMEpHa C TOBBIIICHUEM
TEMIIEPaTypbl, YTO OOYCIOBJIEHO WX TEPMHUYECKOH HecTaOMiIbHOCTBHIO. Taxke
Habmomanuck caensl kBapua (SiOz) u anp6ura (NaAlSizOs).

N TS [——700C

. ——600C

8 A | —500C
g T E— 400 C
£ 350 C
——300C

I U VU ——250C
o ——200C
\“._L —150C

10 20 3 40 50 60 70 8 90
2theta - °

Pucynok 2 — ®a30Bblii aHanu3 00pa3oB, NPOBEAEHHbIH METOJOM PEHTICHOBCKON qUppaKLuu
C UCIONb30BaHUEM ycTaHOBKH Rigaku SmartLab SE

Tadanua 2 — DIeMEHTHbIH aHaIN3 TIOJTY4YCHHOI'O ancop6eHTa Ha OCHOBC aJIIOMOCHJIMKATa HaTpUs

Temmeparypa,’C SiO2 Al203 Na20 K20 CaO Fe203
150 56.80 10.60 1.45 0.255 0.154 0.022
200 57.20 10.90 1.38 0.284 0.157 0.027
250 59.40 11.50 4.63 0.918 0.363 0.069
300 56.00 9.75 8.40 0.166 0.125 0.014
350 57.20 15.00 1.01 0.235 0.184 0.033
400 57.30 8.82 2.38 0.449 0.249 0.013
450 55.70 9.60 7.17 0.471 0.201 0.035
500 56.20 11.60 6.76 0.133 0.051 0.022
550 55.90 12.30 4.15 0.268 0.029 0.047
600 56.10 14.80 2.92 0.287 0.223 0.054
650 56.10 19.60 2.19 0.218 0.188 0.063
700 58.20 18.90 2.14 0.219 0.198 0.062
750 56.20 17.50 2.17 0.213 0.189 0.056
800 55.40 9.50 7.15 0.456 0.201 0.035
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OJeMEeHTHBIH cOcTaB aACOPOCHTOB Ha OCHOBE AIIOMOCHIMKATa HATpus,
MOJMYYEHHBIX ~ IPU  Pa3HbIX  TEMIEparypax,  ONpelNeJsUId  METOIOM
pentrenodayopecuenTHoro aHanmza Ha crnekrpomerpe NEX GG  (Rigaku,
SAnonus). MeTox MO3BOJAMI TOYHO YCTAaHOBUTH COJACP)KAaHHE JIIEMEHTOB,
HEOO0XOIUMOe MJsl OLEHKH CTPYKTYpbl M CBOICTB MaTepuanoB. Pe3ynbraThl
TIPUBEIICHBI B Ta0wHIIe 2.

TemneparypHble H3MEHEHHUS] COCTaBa HEPABHOMEPHBI:

- 10 300 °C nmpoucxonutT BEIrOpaHue opraHnuku u poct Na:0;

- mpu 350-650 °C axTUBU3HUPYIOTCS TMEPEXOibl alOMOCHIMKATOB,
noBbimaercs Al-Os;

- Beime 650 °C crabummsupytores SiO: u  ALOs, dopmupyrorcs
YCTOWYUBEIE (ha3bl.

OnTUMabHBINA qUana3oH cTaduiM3anuu cTpykTypsl 305161 — 600—700 °C, roe
conepxanue SiO2 mocturaer 5658 %, a Al:Os — 15-19 %, uyTo obOecmeunBaeT
OoJiee yIopsAJOUYEHHYIO aJlFOMOCHIMKATHYI0 MAaTPHILY.

B MK-cnexTpax NmOIy4eHHBIX aJIOMOCHUIMKATHBIX COPOEHTOB HAOIIOMAIOTCS
MOJIOCHI MODNIOIIeHUs ehopMaIMoHHbIX Koiebanuii Si-O-Si B obnactu 432 oMl
BaJIeHTHOE CUMMeTpU4HOe Konebanue nona SiOs B o6mactu 578 cm™, koneGanus
ces3u Al-O-Si B o6nactu 694 cm™ u BanenTHbIe KONe6anus Si-O B cBazax Si-O—
Al mpu 968 cm™ (Bo Bcex mpomykrax MK-crekTps! maentwumnsl). MK-crekTp
aacopOenra, nomydeHHoro npu temneparype 700°C siBisieTcss ONTHMAIbHBIM U
MIPUBEACH Ha PUCYHKE 3.
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PucyH(m 3- I/IK-(DprC CIICKTP AJIFOMOCUJIMKATa HATPHs, ITOJIYYEHHOT'O B OIITUMAJIBHBIX YCJIOBUAX

MuxkpodoTtorpadus, nmomyaenHas Mmerogom SEM Ha mukpockore JSM-6510
(JEOL, Smonms), wmcmonmb3oBanach Uisl aHaau3a Mopdomormn # cocTaBa
azcopOeHTa. YCTaHOBICHO, YTO aTIOMOCHJIMKATHBIM aJcoOpOeHT W3 PHUCOBOI
meryxu umeeT nopsl auamerpom 0,1-1 mxm (Pucynok 4).
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D2

Pucynok 4 — Muxpodororpadus H3MeNIbueHHOT0 aJcOPOCHTA Ha OCHOBE aTIOMOCHIINKATA HATPUS
u3 pucosoii meryxu X1500 kpaTtHOe yBenmmueHue, noryderHoe npu 700°C

4. 3akaoveHmue.

[IpemnoxeHHbII HaMW METOJA IIONyYEHUS alllOMOCHIIMKATa HATPHUS U3
pUCOBOM MIenyXu SBISACTCS d(PPEKTUBHBIM M DKOJOTHYCCKH YCTOWYHUBBEIM. OH
MO3BOJIICT YTHIIM3UPOBATH OTXOAbBI CEJILCKOI'O XO3HCcTBA U MoJIiy4aTb LCHHBIC
a7cOpOSHTHI C BBICOKMMH XapaKTEpUCTHKaMHU. METOJ MpOCT B peanu3anud U
MOXXET OBITh ONTHUMH3UPOBaH I TIIONYYEeHUS TMPOAYKTa C 3aJaHHBIMHU
cBoiicTBamu. MccremoBanue ancopOIMOHHON aKTUBHOCTH 10 MOy MOIYICHHOTO
ajicopOeHTa Ha OCHOBE AJIFOMOCHIIMKATA HATPUS M3 PUCOBOM IIETyXH MOKA3alo,
YTO MaTepual o0JaJaeT 3HAYUTENbHOW CHOCOOHOCTHIO TOTJIONIATh HOJ W3
pactBopoB. [Ipu 700°C aacopOIHMOHHON aKTHBHOCTH 10 HOIY YBEIHYHUBACTCS J0
81,2%, 3TO CBOMCTBO JeNacT ero MOTCHUUAIBHO 3()(HEKTHBHBIM ISl OYUCTKHU
NPUPOIHBIX M CTOYHBIX BOJ M APYIHX JKUAKUX Cpel OT HOACOAep KaIIuX
3arpsi3HEHUM.

Baaropapuocts.  ABropel  Omaromapsat  JlaGopatopmio  mmxkeHepHoro mpodumis  HAO
«Kb3bUIOpIUHCKIH yHEBepcUTeT UM. KOpPKBIT ATa» 3a TEXHHYECKYIO MOINEPKKY IPOBENCHHBIX
HUCCIIETOBaHUH.

®duHancupoBanue. Vccienosanue npopuHancupopaHo KomureroMm Haykn MuHHCTEpCTBa HAyKu
u BbIcIIero oopasosanus Pecrry6oimkn Kaszaxcran (ITL® No. BR21882415).

KondukT unTepecoB: KoH)IUKT HHTEPECOB MEKIY aBTOPAMHU OTCYTCTBYET.

KYPIII KAYBISBIHAH HATPUAN AJTIOMOCHJIMKATBIH AJY SIICIH O3IPJEY JKOHE
OHBIH COPBIUAJIBIK KACUETTEPIH 3EPTTEY

M. Tonezenxuizvt >, P.A.Hapmanosa *, A. Cepixxyn ?, I.C./laupbexosa ?, H.A.Axamaes *,
K.X./lapmazambem ', B.A.A6ucanenos ', E.A.Hazapoes ', H.O.Annazoe

" Kopxwim Ama amvindazvr Kviseiiopoa ynueepcumemi” KeAK, Koisvinopoa, Kazaxcman

2Kapazanovt Unoycmpusano Yuueepcumemi, Temipmay, Kazaxcman
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Tyiiinaeme. By 3eprTey Kenemai aybul HIapyallbUIBIFbl KAJJBIFBl — KYPIll KaybI3bIHBIH KYH/BUIBIFBIH
apTThipyFa OarpiTTanfad. Kypimn Kayb3sl KpeMHHire 0ail >KaHApTBUIATHIH IIMKIi3aT —PETiHAES
KapacThIpbUIBIN, (QYHKIMOHAIIBI MaTepuajjap ajdyra KoyjaHblianbl. Epekmie Haszap Hatpuid
TIOMOCWIINKATBIH CHHTE3/ICyTe aylapblIIbl, OJ1 TAOUFH JKOHE OHEPKACINTIK aFbIH CyJIapsl ayblp METall
HOHJIApbIHAH JKOHE OpPraHMKaJbIK JIaCTAFBIITAPJAH Ta3apTyFa apHaJFaH THIMAI COpPOEHT peTiHae
naiaanaHbplIaabl. ¥ CHIHBUIFAH 9JiC HATPUH CUIIMKATBIH alynaH Oactanansl: o 10 I yHTaKTanraH, CyMeH
JKYBUIFAH JKOHE KenrTipiireH Kypim kays3bl MeH 130 min 1 M NaOH epitiaiciHiH KOcHachklH
MHUKPOTOJIKBIH/IBI COYJIEMEH OHJCY apKbUIbl alblHA[bl. AJIBIHFAH HATPUl CHIMKAT epiTiHaiciH 50 mi
KaHbIKKaH aJIIOMUHUH cyibhaThl epiTiHAiCiMeH apanacTbipabl. HoTwkeciHne HATpUil aqrOMOCHINKATHI
Ty3ineai, on TyHOa TypiHae Oemineni. TyHOaHBI cy3y, XKyy JKOHE OPTYpJl TeMmImepaTypaja TEPMHUSUIBIK
OHJICY apKbUIbI )KOFAPbl MEHILIKTI 0TI MEH JaMbIFaH KEYEeKTi KYpblIbIMbI Oap copOeHTTep anbiHaabl. by
onmic KaiiTa eHJeyre KHbIH KAJABIKTApPIbl THIMII NaijalaHy[bpl KaMTaMachl3 €Till KaHa KoiiMaii,
9KOJIOTHSUIBIK KayiIci3 api pecypcTbl YHEMAEYIIi O0bI TaObuiaibl. AJIBIHFAH aTIOMOCHIIMKATTAP JKOFaphl
cOpOLMSIBIK KablaeT KepceTim, oylapibl Cy Ta3apTy KyHelepiHae, OHEpKOCINTIK IIbIFapbIHIbUIAP/IbI
3aJIaJICHI3IaH/IBIPY/Ia JKOHE CEJICKTHBTI aICOPOCHTTED jKacayja KoJJaHyFa MyMKiHAIK 6epeni.

Tyiiin ce3mep: Kypill Kaybi3bl, HATPUIl CHITUKATHI, HATPHUI ATFOMOCHIMKATHI, a1COPOIHs, aCOPOCHT

Tonezenxvizor Mepyepm Texnuxa evliblMOapbIHbIY MALUCDI
Hapmanosa Poza A6oubexosna Texnuka 2blIbIMOAPbIHbIY KAHOUOAMbL, O0YeHMm
Cepikkyn Auens Jloxkmopanum

[Maupoexoea I'ynoana Cutonovikosna PhD

Axamaee Hypnvioex Akapvicmanynot Xumus 261161MOaPBIHBIY KAHOUOAM b
Mapmazambem Knapa Xaiponnaesna Xumus 261161MOaPbIHBIY KAHOUOAT b
Abxcanenos bakeimoex baiidocynut Buonozcus evinvimoapuinsiy kanouoamol
Haszapoe Ecensicon Acvinoexynst Texnuka ebliblMOAPbIHbIY KAHOUOAM bl

Annazoe Hypoon Opvinoacapynot Xumusi ebLIbIMOGPLIHBIY KAHOUOAmbl, npogheccop
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STABILIZATION OF ASPHALTENE DEPOSITION USING NEW
DEEP EUTECTIC SOLVENTS

K.A. Sadykov?, S.B. Ryspaeva™, A.Zh. Kerimkulova?, Sh.S. Islam?, K. Maratkyzy?, E. Aryslan?

1JSC Bekturov Institute of Chemical Sciences, Almaty, Kazakhstan
2NJSC Satbayev University, Almaty, Kazakhstan

*Corresponding author e-mail: ryspaeva95@inbox.ru

Absract: Introduction. One of the major challenges in oil production and transportation is the
aggregation and precipitation of asphaltenes, which leads to the formation of deposits in pipelines and
equipment, thereby reducing operational efficiency. Preventing asphaltene precipitation is essential for
improving the stability and environmental safety of petroleum systems. The purpose of the work: To
investigate the efficiency of betaine-based deep eutectic solvents (DESs) as inhibitors of asphaltene
aggregation and precipitation. Results and discussions: The synthesized DES was tested on a model oil
system prepared from toluene and asphaltenes extracted from Karazhanbas crude oil. UV-visible
spectrophotometry showed that the addition of DES reduced the absorption intensity by 40-45% and
shifted the precipitation onset point from an n-heptane/toluene ratio of 1.0 to 1.2. Rheological
measurements revealed a decrease in viscosity from 78.2 to 45.6 mPa-s, indicating reduced asphaltene
aggregation and improved colloidal stability. Conclusion: The betaine-based DES demonstrated high
efficiency as a “green” asphaltene inhibitor. The obtained results confirm the potential of such compounds
for improving oil production stability, extending equipment lifetime, and reducing environmental risks.

Keywords: asphaltene, deep eutectic solvent, inhibitor, oil, propylene glycol, betaine, UV
spectrophotometer.
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CTABUJIM3UPOBAHUE OCAXKIEHUA ACPAJTBTEHOB C IIOMOILIBIO HOBBIX
TJIYBOKUX 3BTEKTUYECKUX PACTBOPUTEJIENA

K.A. Caovikoé', *C.b. Poicnaesa?, A.K. KepuMKyJweaz,
1IL.C. Hcnam?, K. Mapamxuisw?, E. Apvicnan?

Y40 «HMncmumym xumuueckux nayx umenu A.b. Bexmyposay, Armamel, Kasaxcmarn
2Satbayev University, HAO, Anmamui, Kazaxcman

Pestome. Bgeoenue. OnHoii u3 Haubosiee cepbE3HbIX MpodiieM NpH 100bIYe U TPAHCIIOPTUPOBKE HEPTH
ocraéTcsi arperanusi W BbINAaJeHHE ac(anbTeHOB, BBI3BIBAIOIINE O0pa30BaHUE OTIOXKEHUH B
TpyOompoBoaax u obopynoBanun. [IpenoTBparieHue ocaxaeHus achaabTeHOB SIBIISCTCS BAKHOI 3a1aueii
JUISL TIOBBIIICHHS CTAOMJIBHOCTH M IKOJIOTMYECKOM Oe30macHOCTH HeTAHBIX cucteM. [lenv pabomuvl:
HccnenoBath 3pheKTUBHOCT IIyOOKHX 3BTEKTHYeCKHUX pactBoputeneil (I'DOP) Ha ocHoBe Oeramna B
Ka4yeCcTBC WHTHOMTOPOB arjoMepanud © OCaXACHHs ac(aibTeHOB. Pesyromamvl u o06cyscoeHus:
CunresupoBanHblii [ DP ObL1 poTecTHpOBaH Ha MOZETIBHON HE()TH, IPUTOTOBICHHOI HA OCHOBE TOJIyoJia
u acdainbTeHOB, BbLAENeHHBIX U3 Hedru Kapaxanbacckoro wMecropoxiaeHus. Merogom Y@-
CHEKTPOCKOIHMHU YCTAHOBIICHO, YTO HpH H00aBieHuU [P MHTEHCHBHOCTH MOTJIOIICHUS CHIKaeTcst Ha 40—
45 %, a TOYka Havama OCAKACHUS CMEIIAEeTCS C COOTHOIIeHHs H-rentad/tomyon 1,0 mo 1.2.
Peonornueckue wuccnenoBaHusl MOKa3ajld yMEHbLIEHHE Bsa3koctd ¢ 782 nmo 45.6 wllac, uro
CBHUJICTENILCTBYET O CHIDKCHHM CTCICHH arjoMepandd acaibTeHOB W CTAOMIM3ALUM  KOJUIOMJHOU
cucTeMbl. Bbigod: I'myOoKuMii IBTEKTUUECKUI PACTBOPUTENb HAa OCHOBE OeTamHa MPOSIBUI BBICOKYIO
3¢ (GEKTUBHOCTD B KQUeCTBE «3€IEHOr0» MHruouTopa acansreHoB. [lomyueHHbIC TaHHBIC TTOATBEPKIAIOT
MEPCIIEKTUBHOCTD MPUMEHEHHs TaKMX COCIMHEHHH ISl MOBBILICHHUST HAIEKHOCTH HE(TEIPOMBICIOBBIX
MPOLIECCOB, HPOICHHSI CPOKa CIyKObl OOOPYMOBaHUS W CHIDKCHHS HETaTHBHOTO BO3JCHCTBHS Ha
OKPYKaIOLIYIO Cpeay.

KnroueBble cioBa: acdanbTeH, TIIIyOOKHMH 9SBTEKTMYECKMH pacTBOpHUTENb, HWHIHOUTOp, HEDTH,
IPOIMICHIIINKONb, OeTanH, Y D-crieKTpodoToMeTp.

Caovikose Kanam Amupkynosuu Ma2uUCmp XUMUYECKUX HayK

Puicnaesa Canumam bykenkwvizol Ma2ucmp ecmecmeeHHbIX HaAyK

Kepumkynoea Aiicyns Kaopaesna KaHOUuOam Xumu4eckux HayK, accoyuuposanublil
npogheccop

HUcnam Hlonnan Canapoaitkpizo PhD

Mapamgxwizor Kamuna Mazucmpanm

Apwicnan Epynan Mazucmpanm

1. BBeaenue

Hedtb siBisieTcst OCHOBOI MPOM3BOJICTBA TOPIOYE-CMa309YHBIX MaTepHAIIOB B
Hameil  crpaHe. [Ipou3BOJICTBO M TPaHCHOPTUPOBKA  HEPTEHNPOIYKTOB
ocymecTBisiercs: mo TpyOompoBogaMm. Ilockonbky coctaB HepTH BKIIOYAET
TSDKEJBIE CMOJIHMCTO-ac(ajbTeHOBbIE COEJWHEHUs, OHH OBICTPO OCENalT Ha
creHkax Tpy0. OJHUM U3 TaKUX CMOJIMCTBIX COCTUHEHUH SBIeTCS acdaibTeH.
AcdanbTeHbl OcemaloT Ha CTEeHKax Tpy0 M o0opymoBaHMs B Ipolecce
nepepaboTku  HedTH, co3gaBas MpermarcTBus. UToObl  m30exaTh 3TOTO
HEe/JOoCTaTKa, HEOOXOJMMO HCIONB30BaTh B COCTaBe HepTH HMHTHOUTOP
ac(aabTeHOB — IITyOOKHH SBTEKTUYECKUH pacTBOpUTEND [1,2].

OCHOBHOM ILIETBIO HCCIICAOBaHMS OBUIO CHHTE3UPOBATh  «3ENEHBII»
WHTHOWTOP, 3aMEUIAIONINI Tpolece ocaxacHus achaabTeHOB, OO0JIaTarOIIHA
HU3KAM BpEIHBIM BO3JEHCTBUEM Ha OKPYXKAIOUIYI0 Cpedy W OTHOCHUTEIBHO
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HEBBICOKOH CTOMMOCTBIO. [lOCKONBKY WHTHOMTOpP 3aMemysieT MNpOTeKaHue
ONpENENEHHOTO Tpollecca, MEpe]] HaMU CTOsUIa  3aJada CHHTE3UPOBaTh
COeQMHEeHHEe, CIOocOOHOE 3aMeqIUTh oOcaxaeHue acdanbreHoB. Ha ocHoBe
aHaJM3a JUTEepaTyphl U MPeIbIAYIINX HCCIEeIOBAHUH ObLIH BBHIOPaHBI OCHOBHBIE
CBIPBEBBIE KOMIIOHEHTHI, METOMKA M TEXHOJIOTHA IPOBEACHUS HCCIenoBaHus. B
JuTepaType yKazaHO, YTO TJIyOOKHE OBTEKTHYECKHE pPAaCTBOPUTENN ObUIH
CHHTE3UPOBAaHbl M HCIOIB30BaHBI UIS pa3iIM4HbIX wLened. IlpoBenen o00630p
HCCIENOBAaHUN W IMyONMKalui, CBA3aHHBIX C HEPTENPOLYKTaMH, M BHIOPaHBI
HaunOoJiee ONTUMAJIbHBIE U JOCTYIIHBIE 10 CTOUMOCTH COECAMHEHHUS.

B xone uccnenoBanust ObUTM H3y4eHBI 00pa3ibl HEPTH, MOTYYSHHBIE C IBYX
MecTopokaeHuil. CpaBHUB C MpeblAyLIMMH HCCIIEAOBaHUAMH, ObUI BBIOpaH
MTOAXOMSAIMUNA TIyOOKWH SBTEKTHYECCKHH pacTBOpUTEIh. BlammomelicTBHE C
acdanbTeHaMH, COIep KATUMHICS B HEPTH, HCCIEI0BATIOCH C TIOMOIIBIO MpHOopa,
paboratomiero B yJibTpaduONETOBOM jauamna3oHe. Ha OCHOBE MOy4eHHBIX
pe3yabTaTOB OBUIN CACIIAHBI COOTBETCTBYIOIINE BRIBOIHI [3,4].

I'myOoxuit sBTexTHUeckuid pactBopurens (I'OP) He sBmsercs cTporo
OINpeneNEHHbBIM XUMUYECKAM COEJIMHEHHEM, OJHAKO B OOJBIIMHCTBE CIIy4yacB
MpeACTaBIsieT cOOOH IBYXKOMIIOHEHTHYIO CMECh, COIAEPIKAILIYI0 B MOJISIPHOM
COOTHOIIEHHNH COOTBETCTBYIOIINE KOMIOHEHTHI — JOHOP U aKLENTOP BOAOPOIHON
ceszu (JIBC u ABC) [5]. KommonenTsl I'DP MOMHOCTBIO CMEIIMBAIOTCS MEKITY
co00H, U 3TO CMEIIMBaHKE, KaK MPaBUIIO, IPOUCXOIUT Osaroaaps oOpa3oBaHHIO
BOAOPOIHBIX CBS3€H, MO3TOMY OHH IPOSBISIOT HEUACATbHOE IOBEACHHE B
Kuakoi (aze. B ornmume oT MOHHBIX XUAKOCTEH, [ DP MOXHO MONYyYHTH U3
Onopa3zinaraeMbeIXx KOMIIOHEHTOB C HCIIOJIb30BaHHEM MPOCTHIX MeTON0B. OOBIYHO
OHM MEHEE TOKCHYHBI U JCIIEBIIE B CHHTE3E.

Jns npumenenus 'OP B narnOupoBannn achaibTeHOB BaXKHBI CIIEIyIOIINE
CBOMCTBA: BBICOKasl CIOCOOHOCTH PACTBOPSATH Pa3IMUHbIC BEUIECTBA, XUMHUYECKAs
U TepMHYecKas CTaOMIIBHOCTb, HU3KOE NaBJICHHE Napa M HETroplovecThb. Tarxke
JI0Ka3aHa BO3MOXXHOCTh WX pereHepaiuu [6]. T'DP  B3aumomeiictByeT ¢
pa3INYHBIMH KOMIIOHEHTAaMH IOCPEICTBOM BOIOPOAHBIX CBszell u Ban-Ilep-
BaanbcoBbIx cui, a Takxke 3a CU€T AJIEKTPOCTATHYECKOTO B3aWMOJAEHCTBUS, YTO
o0ecreurBaeT OTIAMYHYI0 COBMECTUMOCTD C MOJISIPHBIMU BemecTBamMu. CBoicTBa
DES MoxHO U3MEHATH MyTEM 3aMEHBI TOHOPA WM aKIIETOpa BOJIOPOIHOM CBSI3U
Ha JAPYrod XMMHYECKH KOMITOHEHT IMO0 MyTEM HM3MEHEHHS WX MOJISAPHOTO
COOTHOUIIEHHA. DTO paciupser noreHiuan npuMeHeHuss DES B pasnuunsix
obmactsx [7].

Haubonee wacto mnpumeHseMBbI CHoco0 monydeHusi Bcex BupoB [OP
3aKJII0YAETCS B CMEIIMBAHUH KOMIIOHEHTOB B 3a/JaHHOM MOJIIPHOM COOTHOIIEHUU
Y HarpeBaHWH CMECH JI0 CpelHel BbhIcoKoW Temmeparypsl (00braH0 60—-100°C) B
TE4YEeHNE HECKOJBKHX YacoB 10 00pa3oBaHMs OJHOPOJHON MPO3PAvHON KUAKOCTH

[8].
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2. JKcnepuMeHTAIbHAS YaCTh

s mpuroToBNeHUs TIyOOKUX SBTEKTUYECKHX PACTBOPUTEINECH B KaueCcTBE
akuenTopa BojopomgHou cBsizu (ABC) ObL1 mcmonb3oBaH OerawH Onaromaps
HU3KOH CTOMMOCTH, OHMOpAa3IaraeMOCTH M HHU3KOM TOKCHYHOCTH, a B Ka4eCTBE
nmoHopa BomopoxHou cBs3u (JIBC) Obutr mcmonp3oBaH mpomnmieHrHKoNb (1,2-
nponanauon). B tabmuie 1 npuBenena nadpopMaius 0 KOMIIOHEHTAX.

Ta6auna 1 — Komnonentsr asist npurorosnenus [ DOP

Ne ABC CrpykTypHas JABC CrpyKkTrypHas MomnbHoe
dhopmyna dopmyna COOTHOIIICHHE
1 Beraun H3C\ © o} TTpOonMIIEHTITHKOIb OH OH 1:4
HBC"‘N\)I\ ) )\/
Hae” o HaG

OBTeKTHYECKHE CMeCH OBbUIM IONY4YeHBl MyTEM CMEIIMBAHHUS JBYX
KOMITOHEHTOB B COOTBETCTBYIOIIEM MOJSPHOM COOTHOIIeHHH (Tabmuia 1) mpu
temneparype 80 °C u HOpMaiIbHOM [aBJICHHH A0 OOpa30BaHUS OIHOPOIHOM
OECIIBETHOM KUIKOCTH.

Pucynok 1 — I'DP nony4eHHbIH Ha OCHOBE O€TanHa U MPONMICHIIIHKONS.

CootHomrenne 1:4 obecrieunBaeT OoNTHUMajibHOE 00pa3oBaHHE BOJOPOAHBIX
CBSI3EH, YTO YJydYIIaeT PacTBOPSIOIIyio crocoOHocThl DP. Kpome Toro, Takas
MIPOTIOPITUS TTO3BOJISIET JOCTUYh CTAOMIBHON W OZHOPOAHOM XUAKOW (passl mpu
yMEpEeHHOM Harpese.

AcdanpTeHbl 3KcTparupoBain u3 HedTn Mectopoxkaenus KapaxanOac
(Kazaxcran) mo metoay IP143. [lns nonyuenus achaibTeHOB U3 ChIPOH HEPTH, K
3apaHee OTMEPCHHOMY KOJIM4eCTBY HedTu (M0 5 Mi1) JO0aBNSIOT H-TENTaH U
OCTaBJISIIOT Ha CYTKHU B 3aILMIIEHHOM OT COJTHEYHOTO cBeTa Mecte. B Teuenue 24
4acoB HE(Th U H-TENTaH B3aMMOJCHCTBYIOT, B pe3yJIbTaTe Yero Ha JHE pacTBOpa
obpazyercst ocanok achaabTeHOB. Bepxuuii ciioit HedTH aKKypaTHO OTAEISIOT, HEe
nepeMelnBas, ¢ MOMOIIbI0 (QuubTpanuu. [jis 3TOro MOArOTaBIMBAIOT
¢GbuIbTpaMoOHHY0 cucteMy C (WIbTpoBaJbHOM Oymaroil. bymary pasmemator
TaK, 4TOOBI OHA y/IOOHO BXOJWIIAa B KOJIOY, 3aT€M pacTBOP aKKypaTHO BBUIMBAIOT
Ha ¢wisTp (pucyHok 2,3). Xumkas wacTh He(DTH ¢ HHU3KAM COAEPIKAHHEM
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ac(anbTeHOB MPOXOTUT dYepe3 (GUIBTP M coOupaercss Ha OHE KOJOBL OTOT
IpoLecC 3aHMMAaeT MHOTO BpPEMEHH, TaK Kak Ha IOPHCTOH IOBEPXHOCTH
GbunbTpOBaIbHON OyMarm OCeJaloT CMOJMCTBIC ac(albTeHOBBIE COCTMHEHMS,
YMEHBIIAsi CKOPOCTH MPOXOKACHHS KHIKOCTH.

Pucynok 2 — OcaxeHubie achabTeHbI B (pUIbTPOBaIbHON OyMare.

Hanee ¢ momompto 3kctpakTopa Cokciera sKcTparupyeM acalibTeHbl C
nomotbio Toxyona mpu 120°C B reuenuun 40 MUHYT.

[NomyuenHble acanbTeHBI TOABEPrAIOTCS CYIIKE B CYIIHMILHOM IIKady MpH
temreparype 100 °C B TeueHue 24 yacoB i yJNajeHUs M3IUIIHEH Biard. B
pe3yJbTaTe MOJyYaeTcsl TOJTHOCTRIO BBICYIICHHBIH ac(allbTeH, Kak MOoKa3aHo Ha
pHUCYHKe 3.

Pucynok 3 — BeicymieHHbli1 acdaibTeH.
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s manpHeHIero n3ydeHust BIUSHUS 3eIEHOT0 HHTHOUTOpa Ha ac(aabTeHbI
TOTOBUTCSI MOJENBFHOE Maclio Ha OCHOBE acdanbTeHoB. beuio npurorosneHo 150
MJI pacTBopa ac¢aibTeHOB, CHHTE3UPOBaHHBIX U3 HedTH JKaHao3eH, B ToIyoe.
Acdanbrensl, moaydennsie u3 HedTr Kapaxanbac, cmemanu co 100 M Toyosa.
PacTBOpbl 3anmBarOTCS B MArHUTHYIO MEMIAJKy W IEPEMEIIUBAIOTCS TpPH
temmnepatrype 80 °C u yactote 200 06/MuH B TeueHue 1 yaca.

N3MeHeHUue BSI3KOCTH M PeOJOrMYeCKMX CBOWMCTB pacTBopa mnpu
100aBJIeHUH ITIY0OKOr0 IBTEKTHYECKOT0 PACTBOPHUTEJIS

Metoauka ucciieI0BaHusA:

Jns onleHKH BAMSIHHS TIyOOKOTO 3BTEKTHYecKoro pactBopurens (I'DOP) Ha
CTPYKTYpHO-PEOJIOTHYECKHE  CBOWCTBA HE(QTSIHBIX CHUCTEM  IPOBOJIMIOCH
H3MepeHne IMHAMHYECKOH BSI3KOCTH MOJECIBHBIX 00pa3loB HedTH 10 W mocie
nobasnenus ['OP B paznuunbix oovemax (0 mur, 0.2 M, 0.4 M, 0.6 Mt 1 0.8 mo).
W3mepeHnst BBIIOMHSUIMCH C TOMOIIBIO POTANMOHHOTO BHUCKO3UMETpa IPHU
temrieparype 25 °C. [nsa oOecredeHUS TOYHOCTH KaKIBIA SKCIEPUMEHT
MIPOBOJMIICS TPHUXKIBL, TIOCJIE YETO BBIUUCIISUIOCH CpeHee 3HAUCHNE BSI3KOCTH.

3. Pe3yabTaThl 1 HX 00CYKIEHHE

HccaenoBanue BAMSIHMA TIy0OKOIr0 IBTEKTHYECKOI0 PACTBOPHUTE/S HA
npoueccel arjomepanum achaabteHoB B HepTax KapakanOac u ’Kanaezen
METOA0M YJbTPa(duo1eTOBOI CIEKTPOCKONUU

Jns oneHkn 3()(EKTUBHOCTH HHTHOMPOBAHUS OCaxIeHHs ac]aibTeHOB
INTyOOKMMH 3BTEKTUUYECKUMH PACTBOPUTEISIMH HCHONb30BaICS Meron Y-
cnekTpockonuu. Kaxaplil S5KCIepUMEHT HPOBOAMIICA B TPEX MOBTOPHOCTAX A
obecrieveHust BOCIIPOU3BOJJUMOCTHU pe3yIbTATOB.
VHTEHCHBHOCTD MOTJIOMIECHHUS YIIBTPApHUOIETOBOTO H3IyUSHUsT U3MEpsIach st
Kaxzoro oOpasna, Iocie 4Yero pacCUMTHIBAINCH CPEJHHE 3HAUYCHHA U
CTaHIapTHOE OTKIIOHEeHHe. [lorpemHocTs u3Mepenuil He npespimana 2—3 %, 9To
COOTBETCTBYET  XapakTCPHCTHKAM  HCIOJBb3YEeMOr0  CIEKTPO(OTOMETpA.
Jnst aHanW3a JaHHBIX MCIIONIB30Bajlach CTaHAApTHAs CTaTUCTHYecKas oOpaboTka
— BBIUUCIJICHHE CPEIHUX 3HAUYEHHUH, CTAaHIApTHBIX OTKJIOHEHHH M IOCTPOEHHE
rpadKOB 3aBUCHMOCTH ONTHYECKOW TUIOTHOCTH OT 00BEMa J00aBIEHHOTO H-
renraHa.

CyTb 3aKitogaercst B 100aBICHUH TITyOOKOTO 3BTEKTHYECKOTO PACTBOPUTEIIS
K TIPUTOTOBJICHHOMY MOJICIEHOMY Macly C TMOCIeAYIOIUM THTPOBAaHHEM
HOPMAJIBHBIM TrenTaHoM. MojenbHOe Maciio MW [IIyOOKWUH 3BTEKTHUYECKUUN
pacTBOpUTENdb CMELIMBAaJM B COOTHOWIeHMH 1:1, mocie dvero B 3Ty cMech
tutpoBbiBast Aobasmsumm 0.1 M, 0.2 M, 0.4 M, 0.6 M1 u 0.8 mu H-renTaHa.
Kaxnpiii TuTpoBaHHBIA oOpasel] MOJABEprajics aHalu3y C HCIOJb30BaHHEM
yIpTpaduoneToBoro crnekrpoporomerpa. Ha nguarpamme (pucyHox 4) Huxke
[I0Ka3aHa MHTEHCUBHOCTbH MOTJIOIIEHNS YIbTPa(QHOIETOBOTO U3y YCHHS.

122



ISSN 1813-1107, elSSN 2710-1185 MNe 4, 2025

1.2

=
51
©
& — 0.0
S 08 sl
S 0.1 MN
5 06 0.2 Mn
£ 0.4
4 mn
$ 04
g — 0.6 Mn
£ 0.2 — 0.8 Mn
<
0
700 Hm 750 Hm 800 HM 850 HM 900 HM 950 HM
OnuHa BOMNHbI, HM
= 1,4 ‘
512+
‘§_ 1 ‘ ——0,0 mn
§o,8 | ——0,1 HM
2 0,6 ‘ ——0,2 HM
§ 0,4 } 0,3 Hm
o — \l\u
0,2 4 < — - - ——0,4HM
5 =T — '
$ 0 | = =—— ——0,6 HM
e 700 750 800 850 900 950 08
= 8HM

HM HM HM HM HM HM
[OnuHa BOMNHbI, HM

PHCyHOK 4 — IHTEHCUBHOCTh TIOTTIOIICHUS yHLTpa(i)I/IOJ'IeTOBOI‘O H3TyYCHUS 4YaCTHI] aC(i)aHLTGHa.

OO0pasel;, B KOTOpbIE HE ObUT J00aBJIEH TIyOOKHH 3BTEKTUYCCKHIA
pactBoputenb (00o3HaueH kak O M), JEMOHCTPUPYET HAaWBBICIIYIO CTEICHb
MOTJIOLIEHHUS yabTpaduosieToBoro uznydeHus. Ilpu ocaxkaenun achaibTeHOB MX
MOJIEKYJIBI CTpeMSTCS K ariiomeparuu. Yem OoJbIlle ariomMepaToB oOpasyeTcs B
pacTBOpe, TeM MEHbIIe CIOCOOHOCTh M3JIy4EHHUS MPOXOIUTH HYepe3 HEro, u TeM
BBILLIE CTENEHb HOIJIOLeHHus — ancopOuun. B oOpasue, B xoTophlii mo0aBieH
WHTUOUTOP — TIYOOKHUH 3BTEKTHUECKHI PACTBOPHUTENb, CTEHCHb arjoMepaiuu
CHIDKAeTCs, TaK KaK MHTUOHMTOp 3ameyuisseT 3ToT mporecc. COOTBETCTBEHHO, M
CTeleHb aJcopOIMM M3Iy4YEeHUs! TaKKe CHIDKaercs. B wactHocTH, B oOpasie
Hedtu Kapaxkanbac mpu nodasiernu 0.4 mur, 0.6 mut u 0.8 Mt H-TenTaHa YpOBEHb
W3Ty4YeHUs] Ha TpauKe OKa3aJics PaBHBIM HYJNIO. DTO CBHIETEILCTBYET 00
OTCYTCTBHH arjioMepanuy, NpensTCTBYIOMEH MPOXO0KACHUIO U3TyYCHUSI.

Pe3yabTaTbl HMCHBITAHUS ONpeldeleHUs] TOYKH Ha4yaja OCaKIeHUsl
acdajabTeHOB MeTOA0M Y D-ClIeKTPOMETPHH.

[ToBenenue arnomepanuu acalbTeHOB M TOYKA HAaYaja WX OCaXICHHS ObUIH
uccinenoBanbl MetonoM Y®P-Buaumoi crnekrpodoromerpun. Ilpu TurpoBanun
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MOJICJIbHBIX 00pa3I[OB H-TENTAaHOM HAOJIOJAIOCh IIOCTEIIEHHOE CHH)KEHUE
MHTCHCUBHOCTH IOTJIONICHUS BCJICICTBUE pa30aBiieHUs pacTBopa. Todka Havana
OCaXJICHUS OIpenessylach B MOMEHT, Korjga 3((eKT arperupoBaHUs YacTHIL
achanbTeHOB HauuwHai Tmpeobnamate Han d(dekroM pa3daBIeHHS, YTO
MPOABJIATIOCE HM3MCHCHUEM XapaKTepa KpHBOﬁ IO JIOIICHUS. B HCXOOHBIX
oOpa3ljax WHTEHCHBHOCTh TIOTJIOIIEHUS cocTaBisuia okomo (.45, mocrne
noOaBieHnss H-rentaHa oHa cHmWxkamack no 0.25-0.26 B 3aBucuMoOCTH OT
MIPUCYTCTBHSI HHTHOUTOPA (PUCYHOK 5).

TTornomenne
»++  Besz uprubHTOpa

0.45 — { mobaen muﬁln'mpa

0 0.5 1 1.5 2 2.5 3

H-TeNTaH/ MO, Mai

Pl/leHOK 5- KpI/IBaﬂ HMHTCHCUBHOCTH MNOTJIOLICHHUSA, MTOJYUYCHHAs IIPH U3MCHCHNH COOTHOLICHU S
H-T€NITaHa M TOJYOJ1a AJIA ONIPEACIICHNUA TOYKHA HavYajla OCOKIACHHUS.

s oOpasuoB, coiepkamux TIIIyOOKHH 3BTEKTHYECKHH pPacTBOPHUTEIb
(I'OP), Touka Havana OCca)XI€HUS HACTyMaJla IIPH COOTHOIIEHUHN H-TENTaH/TOIyOI
= 1,2, Torma xak jis oOpa3ioB 0e3 uHrHOuTOpa — mpu cootHomenuu 1.0. D10
CBHIIETENILCTBYET O TOM, 4TO JoOaBieHue ['DP cmemaer MOMEHT Havana
arjoMepalliy, MOBBINAS YCTOWYMBOCTh KOJUIOMJHON CHUCTEMBI M YMEHbIIAs
CKJIIOHHOCTb ac(pajbTeHOB K OCAXKCHHUIO. bojee BIcOKOe 3HaYCHNE COOTHOICHHS
H-TENTaH/TONYOJ YKa3blBaeT Ha HEOOXOAMMOCTh OOJBIIEro KOJMYECTBA
OCAXJAIOIIET0 areHra s HeWTpanu3auuu HHruoupymomero s¢dexra
pacTBopHTENs, YTO HoATBepkAaeT 3 dexTuBHOCTs ['OP B KauecTBe MHTHOUTOpA
ac(aabTEeHOBOI aroMeparyH.

N3meHeHune BA3KOCTH M PeEOJOrHYECKHX CBOWCTB pacTBopa Inpu
100aBJIeHUH ITY00KOT0 IBTEKTHYECKOT0 PAaCcTBOpHUTEIs

B ucxoaneix odpasiax (0 mu ['OP) HaOmoaiach MOBBIIICHHAS BS3KOCTb,
YTO CBSI3aHO C AaKTUBHBIM HPOLECCOM arjioMepanud ac(ajibTeHOB U
(hopMHpOBaHNEM YCTOHYMBOW NPOCTPAHCTBEHHON CTPYKTYPBI, IIPESATCTBYIOMICH
TeueHuto. [locne BBeACHUS TIyOOKOTO BTEKTUYECKOTO PACTBOPHUTEINS BSI3KOCTH
pacTBopa 3aMETHO CHIKanach. JTO oObsAcHseTcs TeMm, uro ['OP paspymaer
MEXMOJICKYJISIPHBIE CBSA3M MEXAy YacTHIaMHU ac(aJbTCHOB, NPEMSATCTBYS HX
arperaiuy u ocaxxaeHuro. [Ipu konentpamusax 0.4-0.8 mi cucrema npuodperana
KBa3HMHBIOTOHOBCKHI XapakTep TEUEHUs — BS3KOCTh CTAHOBMJIACH CTAOMIILHON 1
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Majo 3aBHCENa OT CKOPOCTH CJ[BUTA, 4YTO YKa3blBaeT Ha (QopMHpOBaHHE
paBHOMEPHOM, YCTOWYMBOW KOJIOMTHOW CHCTEMBI. TakuMm 00pa3oM, aHaiu3
PEOJIOTUYECKUX ~ XapaKTePUCTHK  MmoaTBepAua d¢dexTuBHOCTE [P kak
WHTUOUTOpA arjoMepaniu acaabTeHOB U cTabuin3aTopa HeQTSIHOM Cpeabl.

Ta6auna 2 — VI3meHeHre BI3KOCTH U ONITUYECKOH IUIOTHOCTH NpH J00aBieHun ['OP

O6pazenr | O6béM ['DOP, Mma Bsiskocts, MIIa-c SD Onrnyeckas SD
wiotHocTh  (A=400
HM)
1 0.0 78.2 2.3 145 0.05
2 0.1 69.4 1.9 1.12 0.03
3 0.4 53.6 2.1 0.58 0.02
4 0.8 45.6 1.8 0.00 0.00

ITo pesynbpraTam wWccieoBaHWN OBUIM HaliieHBl ycpenHEHHBIC 3HAYCHUS
BSI3KOCTH U ONTHYECKOW IUIOTHOCTH MOJEIBHOTO Maciia B 3aBUCHUMOCTH OT
06BEMa 100aBIEHHOTO TITyOO0KOT0 dBTeKTHUecKoro pactBopurens (I'OP). Kaxmoe
M3MEpEeHHE BBINOJIHATIOCH B TPEX MOBTOPHOCTSX; YKa3aHbl CpelHUE 3HAuU€HUs U
cTanaaptHoe otkiaoHenue (SD).

PacmiupenHoe o0cyxaenue wMexaHuzma B3aumojaeiicteua IIP ¢
acanbTeHaMu

[MomyueHHbIe pe3yNbTaThl MO3BOJSIOT MPEAJIOKUTH BEPOSITHBIM MEXaHU3M
WHTHOWPOBAHUSA  aryioMeparuy  acGaJbTeHOB  TIYOOKHM  OBTEKTHYECKUM
pactBoputreneM (I'DP) ma ocHOBe OeramHa. YcTaHOBIEHO, 4TO BBeacHUEe ['OP
MPUBOIUT K CMEUICHUIO TOYKH Havajia ocakAeHus acaibTeHOB B 00JacTs Ooee
BBICOKMX 3HAYCHWH COOTHOLICHMS H-TENTAaH/TOIYONl W K  CHIKCHHUIO
WHTEHCUBHOCTH Y D-TIOTJIOMIEHUSs, YTO YyKa3blBa€T Ha YMEHbBIIEHHE CTEIeHU
arperaiuu. JTO CBHJIETENBCTBYET O TOoM, uTo ['DP BMmemmBaeTcss B MpoOIECCHI
MEXMOJICKYJISIPHOTO B3aUMOACUCTBHA MEXIy ac(albTeHOBBHIMH MOJIEKYJIaMHu,
CTaOMIM3HUPYS UX KOJUIOMIHOE COCTOSTHUE.

CornacHo JHTEpaTypHbIM JaHHBIM [2,3], TIOyOOKHE DOBTEKTHUYCCKHE
pacTBOpUTENM  CIIOCOOHBI  paspyliaTb M-  B3aHMOJCHCTBUS  MEXIY
apOMaTHUYECKUMU SApaMH acPallbTEHOB M 00Pa30BBIBATH BOAOPOIHBIE CBA3H C UX
nosspbiMU  QyHKIHOHaNbHbIME  Tpymmamu - (—OH, —COOH, —NH-).
Komnonentst ['DP Ha ocHOBe OcTaWHa BBINOJHSIOT ABOWHYH (yHKIUIO —
MOJISIPHBIA KaTUOHHBIA (parMeHT B3aMMOJICHCTBYET C 3JIEKTPOHOAOHOPHBIMU
y4acTKaMU MOJIEKYJ ac(haibTeHOB, a THAPOKCHIBHBIE H KapOOKCHUIIBHBIE TPYIIITBI
CHOCOOCTBYIOT (POPMUPOBAHUIO BOJOPOJHBIX CBSI3EH C JOHOPHO-aKIENTOPHBIMU
LHeHTpaMu. B pesynbraTte MoJeKynbl acdaibTeHOB YAaCTUYHO <«IKPAHUPYIOTCS»
pacTBopHTENeM, Tepsii CIIOCOOHOCTh K IUIOTHOMY T—T CTIKHHTY, YTO
MIpeIoTBpaIiaeT 00pa3oBaHue KPYIHBIX arperaTos.

Takum oOpazom, 3¢dexkTuBHOCTE OeTanH-copepkamero ['OP obycnosnena
COBOKYITHBIM JEHCTBHEM BOJOPOAHOTO CBSA3BIBAHHUS, HMOJSIPHOIO SKPAaHUPOBAHUS
U CTEPUICCKON CTAOMITN3AINH, IPETATCTBYIONTNX KOATYISIITHH ac(haibTeHOB. ITO
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corjacyercs ¢ pe3yjbTaTaMd H3MEPEHUN BA3IKOCTH U Y D-CHEKTPOCKONUH,
COIJIACHO KOTOpbIM JoOamieHue ['DOP cHmkaer creneHb ariioMepanuu U
obecrnieunBaeT POPMHUPOBAHNE YCTOMUUBOM KOJTOUTHOW CUCTEMBI.

4. 3aka0ueHue

ITo pe3ynpTaram NpoBEeAEHHOTO UCCIEAOBAHMS ObLI CHHTE3UPOBAH TITyOOKU
ABTEKTHYECKHI pacTBOPUTENIb HA OCHOBE OeTamHa M U3y4eHa ero 3Q(HEeKTHBHOCTD
B KadecTBe MHIHOMTOpa ocaxiaeHus achanpTeHoB. Hayunas HoBH3Ha paboTHI
3aKJII0YaeTCsl B OKCIIEPUMEHTAIbHOM MOATBepKAeHUH BiausHUS ['OP Ha mpouecc
arperauny ac(ajabTeHOB C HCIONB30BaHMEM MeToAa Y D-CHeKTPOCKONMHU U B
BBISIBJICHHH 3aKOHOMEPHOCTH CMENIEHHs] TOYKH Hadala OCaXACHUS IpHU
W3MEHEHUH COOTHOIICHUS H-TENTaH/TONyoJN. YCTaHOBIIEHO, 4TO BBeleHue [ OP
CIOCOOCTBYET CHIDKEHHIO CTETIEHH arjoMepanuy acalbTeHOB M CTAOMIM3aLUuU
KOJUIOMJTHOW CHCTEMBI, YTO OTPakaeTCsl B YMEHBIICHWH WHTEHCUBHOCTH Y D-
MIOTJIOIIECHNS.

B xome paGotel u3 Hedtu KapaxanOacckoro wmecTtopoxaeHHs ObLT
9KCTparupoBaH acgalbTeH, I0CJIE Yero NPUTOTOBJIEHA MOJENbHAsi CHCTEMa C
WCIONb30BaHNeM Toiryona. [lomydeHHBIH pacTBOPUTENH ITOKa3al CIIOCOOHOCTH
3aMeJIATh MPOLECCHl arperaly U BhIMaAeHUs acaabTeHOB, YTO MOITBEPKICHO
pesynpratamu Y @-CrieKTpOCKOINH.

IlpakTuueckass 3HAYMMOCTh  HCCIENOBAHUSI COCTOUT B  TOM, 4YTO
HCTIOJIb30BaHKE TITyOOKHUX IBTEKTUUECKUX PACTBOPHUTENEH, CO3IaHHBIX HA OCHOBE
OMOCOBMECTUMBIX W  JOCTYNIHBIX  KOMIIOHEHTOB, IO3BOJISIET  IOBBICUTD
3 PEeKTUBHOCTh CTAOMIN3aNK HEDTH B CHU3UTH PUCK 00pa30BaHUs OTIOKCHHUM
B TIPOMBICIIOBBIX W TPAHCIOPTHBIX YCIOBHUSX. Takwe WHTHOWTOpPHI 00NamaroT
«3€NEHBIM»  XapaKTepoM, UTO YMEHBIIAeT JKOJOTHYECKYI0 Harpysky u
OJHOBPEMEHHO IIOBBIIAET HaA&KHOCTh TEXHOJIOIMYECKOTO 000pyHOBaHUS.
Takum 00pa3om, TIyOOKHII ABTEKTHYECKHH pPAcCTBOPHUTENh HAa OCHOBE OeTamHa
MOKET OBITh PEKOMEHOBAH JJIsl MPHUMEHEHHsI B HE(QTSIHON MPOMBIIIICHHOCTH C
LEJBI0 CTa0MIU3alMd HeTH, YBENWYECHUS CpOKa CIyXObl 00OpYyIOBaHHA U
YMEHBIIECHHSI 9KOJIOTHYECKUX PUCKOB.

®uHancupoBanne H Oaarogapuoctb: MccnenoBanue ¢unancupyercs Komuretrom Haykn
MuHucTepcTBa HayKH W BbIciiero oOpaszoBanusi PecryOmuku Kazaxcran (MPH AP26194947, rpant
«OKOJIOTHYECKH YHCTBIE TJIyOOKHE OBTEKTHYECKHE PpACTBOPUTEIM KaK HOBbIE WHHOBAIUMOHHBIC
HMHTUOUTOPBI OCAXKIECHUS aC(ATbTEHOBY).

KoHpauKT nHTepecoB: ABTOPHI 3asIBIIAIOT 00 OTCYTCTBUH KOH(IMKTa HHTEPECOB.

ACOAJIBTEHHIH TYHYbBIH )KAHA TEPEH OBTEKTHUKAJIBIK EPITKIIITEP
APKbLIbI TYPAKTAHABIPY

K.A. Caovixoe* C.b. Pvicnaesa?, A.JK. Kepumxynosa?, II1.C. Hcenam?,
K. Mapamxpizoi?, E. Apvicnan®

Y«O.5. Bexmypoe amvinoazvl xumus euiasimoapul uncmumymot» AK, Anmameot, Kazaxcman
2Sathayev University, KeAK, Armamui, Kasaxcman
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Tyiiingeme. Kipicne. MyHaii eHnipy MeH TackIManuay yAepicTepiHIeri eH KypJemni Macenenepiy Oipi —
achanbTeHAEPIH arperauscbl MeH TYHYbl. byn KyObUTbIC KyObIpiap MeH >kaOIpIKTapia KaTThl
LIeTiHAUIepIiH Maiaa OonyblHa OKelNiN, eHIIpIC THIMAUITIH TeMmeHaeTenl. AcdanbTeHIepAiH TYHYBIH
OonublpMay — MyHail >KyHelnepiHiH TYpaKTBUIBIFBIH JXKOHE AKOJOTMSUIBIK KayiNCI3IiriH apTThIPYIbIH

MaHBbI3/IbI MiHgeTi GOJIBI TaOBLIA b
JKymvicmoiy makcamol: betanu Herizinzeri TepeH 3BTekTHKabIK epitkimrrepain (TOE) achansrenaepaiy
arperamuschbl MeH TYHYBIH TEXEY KabOineTin 3eprrey.

Homuowcenep men mangviiaynap: beraun serizinne cuntesgenreH TOE KapaxanOac keH OpHBIHBIH
MyHaliblHaH ajblHFaH ac(haibTeHAEPAl KAMTUTBIH MOJENBAIK JKyieAe ChIHAIABL —YIBTPaKYIriH
crieKTpockomnust dici apkpuibl TOE KochUFaHAa xyThuly KapKelHABUIBIFEI 40—45 %-ra TeMeHAeHTiHI
JKOHE TyHy Oacrayly HYKTeCi H-TeNTaH/Tonyon KaTbiHackl 1.0-1eH 1.2-re BIFBICATBhIHBI aHBIKTAJJIbL.
Peonorusiiblk  3epTTeyiep KyieHiH TYTKBIPIbIFbIHBIH 78.2-nmen 45.6 wmlla-c-xka neiiiH TeMeHIereHiH
KepceTTi, Oy acanbTeHIepAiH arperamus [opeKeciHil a3aiFaHbH qonenaeiini. Kopsimeinowi: berann
HETi3iH/Aer TepeH AIBTEKTHKAJBIK epITKIIl achalbTeHACP/IH <OKAChLD» HHIMOMTOPBI PETIHJAE >KOFaphbl
THIMALTIK KOPCETTi. AJIbIHFaH HOTI)KENIep MYHJall KOCBUIBICTApAbl MYHAll OHAIpPY JKOHE TachIMalaay
Ke3iHJe JKaOIbIKTAapAbIH KbI3MET €Ty MEp3iMiH y3apTy MEH KOpIIaraH OpTara Tepic ocepiH azalTy
MaKcaTbIH/a KOJIIaHy IbIH OOJIallaFbiH PacTalbL.

Tyiiin ce3aep: acdanbTeH, TepeH 3BTEKTUKAIBIK EpPITKILI, WHIHOUTOP, MYHa#, MPOIMUICHIJIHKOIb,
6eraun, ynbrpakyirin (YK) cnekrpodoromerp.

Caovikosé Kanam Amupkynosuy XUMUSL BITBIMOAPBIHbIY MASUCTPI

Puvicnaesa Canumam Bykenkuizol AHCAPAMBLILICMARY LTIMOAPBIHbIY MASUCHIPT

Kepumxynoesa Aiicyn Kaopaeena XUMUSL bUIBIMOAPBIHBIY KAHOUOAMbI,
KayblMOacmulpulizan npogheccop

Hcnam lonnan Canapoaiikpi3ol PhD

Mapamgxpizor Kamuna K.U. Camb6aes amvindazvl Kaz¥T3Y niy macucmpanmor

Apvicnan Epynan K.U. Cambaes amvinoazer Kaz¥T3Y uiy macucmpanmor
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DEVELOPMENT AND CHARACTERIZATION OF CHITOSAN AND 4-
CHLOROBENZALDEHYDE-BASED SCHIFF BASES AND
ASSESSMENT OF THE ANTIMICROBIAL PERFORMANCE OF
DERIVED HYDROGELS

D. Mukhamediya!, D.N. Makhayeva®", D. Abduletip!, G.K. Abilova?,
D.B. Kaldybekov?, G.S. Irmukhametoval

tal-Farabi Kazakh National University, Almaty, Kazakhstan
2 NJSC "K.Zhubanov Aktobe regional university", Aktobe, Kazakhstan

“Corresponding author e-mail: danelya.1993@gmail.com

Abstract. Introduction. Microbial resistance to antibiotics is a major global health challenge, as the
growing number of multidrug-resistant pathogens limits treatment options and increases morbidity and
mortality. This situation necessitates the development of eco-friendly and effective alternatives, including
novel antibacterial agents. Schiff bases—organic compounds with an imine group (>C=N-)—are
promising due to their simple synthesis, structural diversity, and broad biological activities, including
antimicrobial effects. Of particular interest are Schiff bases derived from chitosan, a natural polymer
known for its biocompatibility, non-toxicity, and high potential for chemical modification, which can
improve its physicochemical and biological properties for applications in medicine and biotechnology.
This study aimed to synthesise Schiff bases based on chitosan and 4-chlorobenzaldehyde and to evaluate
their structural and functional properties. The compounds were characterised by IR and NMR
spectroscopy, and their properties were studied using thermal analysis, rheological measurements, and
assessment of adhesive behaviour. Results and Discussion. The formation of Schiff bases was confirmed
by IR and NMR spectroscopy. Thermal analysis showed increased glass transition temperature and
thermal stability of the samples. Hydrogels prepared from methylcellulose and modified chitosan
exhibited thixotropic behaviour and significant antimicrobial activity against Staphylococcus aureus,
Escherichia coli, and Candida albicans. Conclusion. Modified chitosan demonstrated improved properties
and strong antimicrobial activity, indicating its potential as a basis for creating new antimicrobial
materials for use in medicine, cosmetology, and the food industry.

Keywords: Schiff bases; chitosan; 4-chlorobenzaldehyde; hydrogels; antibacterial activity;
adhesive properties.
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MNOJYYEHUE OCHOBAHUS LIU®PA HA OCHOBE XUTO3AHA U 4-
XJIOPBEH3AJIBAEI'MJIA U HCCJIENOBAHUE AHTUMHUKPOBHOM AKTUBHOCTH
I'UJAPOI'EJIEM HA EI'O OCHOBE

. Myxameous®, /. H. Maxaesa*", /. A6dynemun®, I K. A6unoea?,
JI.b. Kanovibexos', I'.C. Hpmyxamemosa'

Kazaxckuii nayuonansusiii ynusepcumem um. ano-Papabu, Anmamet, Kazaxcman
2Axmiobunckuil pecuonanvuuiii yuusepcumem um. K. JKybéanoea, Axmobe, Kazaxcman

Pe3tome. Bgeodenue. YCTOWYMBOCT MUKPOOPTaHM3MOB K aHTHOMOTHKaM IPEICTaBIsIeT co00i OfHY U3
Haubosee cepbE3HbIX INIOOANBHBIX MPoOIeM 3apaBooXpaHeHus. [I0CTOSHHBIN POCT YMCIa MATOTEHOB ¢
MHOXKCCTBEHHOH JICKapPCTBEHHOIl yCTOMYMBOCTBIO ~CYIIECTBEHHO OrPAHMYMBACT TEPAICBTHYCCKUEC
BO3MOXKHOCTH, IIOBBIIIAET 3a00JIE€BAEMOCTh M CMEPTHOCTh. B CBA3M ¢ 3THM 0COOYI0 aKTyalbHOCTb
MPUOOPETAET MOUCK IKOJIOTHYHBIX U (P(PEKTHBHBIX ANBTEPHATHBHBIX MOAXOJOB, BKIIOYAs pa3paboTKy
HOBBIX AHTHOAKTEPUAIBHBIX areHToB. OJHUM M3 NEPCHEKTHUBHBIX HANPaBICHUH SBISIOTCS OCHOBAaHMS
Indda — opraHnyeckue coeqUHEHHUs, cojaepxkamye UMUHHYIO rpymmy (>C=N-). OHM NpHBIEKAIOT
BHHMaHUE HCCIIeJOBaTeNiel Onarofaps MpPOCTOTE CHHTE3a, PAa3HOOOPAa3sHIO CTPYKTYPHl U IIHPOKOMY
CHEKTPY OMOJIOTMYECKUX aKTUBHOCTEH, B TOM YHCIIE BRIPA)KEHHBIM aHTUMHKPOOHBIM cBoicTBaM. Oco0blIi
uHTEepec BbI3bIBalOT ocHoBaHMs lludda Ha ocHOBE XMTO3aHA — MPHUPOAHOTO MOJIUMEPa, 00JIaJarOIIETO
OUOCOBMECTHMOCTBIO, OHOAKTUBHOCTBIO, HETOKCHYHOCTBIO M BBICOKOH CIOCOOHOCTBIO K XHMHYECKOU
Moaubukanuy. Moaupukanys XUTO3aHA IO3BOJACT  YIYYIIMTh €ro  (U3UKO-XMMHYECKHE H
OMOIOrMYecKHe XapaKTePUCTUKH, pacliupsisi o0JlacTM HPUMEHEHWs B MeEIMIMHE, (apMmaleBTHKEe M
Ouorexnosoruu. [lens uccredosanus 3axiaodanach B cunTese ocHoBanuii lludda Ha ocHOBe XUTO3aHa U
4-xy0pOCH3aNbIETNa, a TAakKe B H3YYCHHH HX CTIPYKTYPHBIX M (DYHKIMOHAIBHBIX CBOMWCTB.
Memooonoeuss pabomel BKIIOYANA XapaKTEPUCTHKY CHHTE3HMPOBAHHBIX coeanHeHuil meromamu VK- n
SIMP-CrieKTpOCKONIUH, a TaKXKe OLEHKY (HU3MKO-XUMUYECKUX CBOMCTB TOCPEICTBOM TEPMHUYECKOTO
aHaIM3a, PEOJOTHMYECKMX MCCIENOBAaHMH M W3Y4eHHS aJre3MOHHOro NOBeleHUs. Pesyibmamoul u
obcysicoenue. beun cunTesnpoBanbel ocHoBaHus 1ludda, obpasoBanue xoTopsix noaresepxaeHo UK- u
SIMP-criextpockonueit. Tepmuueckuii aHaIM3 TOKa3ajdl IOBBIMICHWE TEMIIEPAaTyPhl CTEKIOBAaHHUSA H
TepMOCTaOMIBHOCTH 00pas3uoB. ['Maporen Ha OCHOBE METHILEIUIION03bI M MOJU(UIMPOBAHHOTO
XUTO3aHa IPOSIBHIIM THKCOTPOITHBIE CBOICTBA M aHTHUMHKPOOHYIO akTHBHOCTH mporus Staphylococcus
aureus, Escherichia coli u Candida albicans. 3axnouenue. Pe3yIbTaTbl HCCIEIOBAHUSA JEMOHCTPHPYIOT
MEePCIIeKTUBHOCTh MOJM(DULIMPOBAHHOTO XUTO3aHA KaK OCHOBBI JUIS CO3JaHUsS HOBBIX aHTHMHKPOOHBIX
MaTepuaioB ¢ MOTCHIHAIOM IPUMEHEHHS B MEIULIMHE, KOCMETOJIOTHH U ITHILEBON MPOMBIIUICHHOCTH.

Kumouessie ciioBa: ocHoBanus llIudda; xurosan; 4-xaopbeH3anbAeTHA; THAPOTeNd; aHTHOAKTepHUAIbHAS
aKTUBHOCTb; aJIr€3UBHbIE CBONCTBA.
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KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XKXYPHAJI KA3AXCTAHA

1. BBenenue

VY CTOHYMBOCT MHKPOOPTaHU3MOB K AHTHOMOTHKaM — cepbE&3Has yrposa
3IpPaBOOXPAHEHHUIO, TaK KaK YHCJIO MITAMMOB C MHOKECTBEHHOH JIEKapCTBEHHON
ycToWdnBOCTEIO (MJIY) OBICTpPO pacTET, UTO OTpaHWINBACT JICUCHHUE W ITOBLIIIACT
cmeptHOCTh [1]. TlodTOMYy aKTyanmeH TMOHCK DKOJOTHYSCKH O€30MacHBIX
aHTHOAKTEpUAIbHBIX areHTOB.

OcHoBanus Iludda — opranmdeckre COCAMHEHHS C UMHUHHOW TPYIIION
(>C=N-), mnpumeHseMble KaK IWUTMEHTHI, KaTalW3aTOpPbl, CTaOMIM3aTOPHI
MOJIMMEPOB, XEMOCCHCOPHI, a TakkKe B (papMalieBTUKe U Ouomenuimue [2]. Ux
MOMYJISIPHOCTh  CBSI3aHA C MPOCTHIM M JEIMIEBEIM CHHTE30M, B YaCTHOCTH
TEPMHUYECKUM METO/IOM.

XuTo3aH — TPOAYKT  JealleTWIMPOBAHHWA  XWUTHHA,  OO0JaAarolui
COpPOIMOHHBIMA ¥ YBIQKHSIOIIMMH CBOWCTBAMH W HETOKCHYHOCTHIO [3].
brnaromapsi peakumonHocmocobnbiM  Tpymmam  (-OH, -NH:) o 7jerko
Moan(UIIMpyeTCs, COXpaHsas OMOpa3IaraéMocTh U MPUOOpeTas aHTUMUKPOOHBIE,
MIPOTHBOOIYXOJIEBbIE U MPOTHUBOBUpPYCHEIE cBolicTBa [4]. [IpousBonubie ndda
Ha OCHOBE XWTO3aHa IPOSIBIAIOT aKTHBHOCTh MPOTHB Staphylococcus aureus,
Escherichia coli u rpu6oB (Candida albicans), 4To nemaer ux mepcreKTHBHBIMHU
JUTS TIMIIEBO#, METUIIMHCKOM U KOCMETHIeCKO# cdep [5].

Lens uccnenoBanus — cunte3 ocHoBanuii [llndda Ha ocHoBe XuTO3aHa U 4-
XJIOpOeH3ANbETHa, WX XapakTepUCTHKAa W W3Y4YeHHE AaHTHOAKTepHUaTbHBIX,
pPEOJIOruYECKUX U aAr€3UBHBIX CBOMCTB TMAPOTENEH.

2. JKcnepuMeHTAIbHAs YacTh

2.1 Mamepuanwi

B pabote HCIIOJIL30BAJINCh 4-x110pOeH3aIbICTH]I, XHUTO3aH,
MeTtmemntoiao3a-40000 (Bsskoctes 400 cP), monounas kucnora (85%, Sigma
Aldrich), runpokcun matpust (NaOH, Jlabxummpom) m stunoBsrii cimpt (90%,
«Tanrap-Crniupt»). Bee peareHTsl NpUMEHSUTUCH 0€3 TOTIOTHUTEIBHOW OYHCTKH.

2.2 Honyyenue MoouduyuposanrHo2o Xumo3ana

Xwurozan (1,0 ) (C=2%) (XT) pactBopstmiu B 50 Min 2%-HOrO pacTBOpa
MOJIOYHOM KHUCJIOTHI HpPU IEPEMEUIMBAHMKM B TEUCHHE 6 9 NPU KOMHATHOMH
temneparype. K moiydeHHoMy pacTBopy 1o Karuism jgo6asisuii 10 Mt sTaHoNa,
COJIepIKaIllero  paccuMTaHHOe KommuecTBo  4-xjopbOensampaeruna (XBA).
Peakmuio mpoBOIMIM TIPH PA3IMYHBIX MOJIBHBIX COOTHOIICHHSAX XHUTO3aHA H
anpaernga — 1.6:1, 1:1, 1:2 u 1:3 (XT-XBbA) — npu temnepatype 50 °C B
TeueHue 6 4. pH peakumoHHOW cpepl Haxoauicsa B npenenax 2,2—2,3. Ocanok
MpOAyKTa BBIIEsUTN jgobaBineHneM S5%-Horo pactBopa NaOH, mocne bero
(GWIBTPOBaIM M MHOTOKPATHO MPOMBIBAIM BOJOH M O3TaHOJOM 10 TMOJHOTO
yAaJeHus  HEMpOopearupoBaBIIer0  anbiaeruia.  [lOdydeHHBI  TPOIYKT
BBICYIIMBAIIM B JIMOPUILHOW CYIIKE A0 MOJIYYSHHUS Oelloro MopoIlKa OCHOBAaHUS
[udda Ha ocHOBE XHUTO3aHa U 4-XJIOpOCH3AIBETHAA.
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2.3 Honyyenue eudpozeneti na ocroge ocHosanus Llugga

MomudurmpoBanubiii  xutozan XT-XBA (0,2 1, coorHomenne 1:2
MOJIb/MONB) pacTBopsid B 10 Mn 2%-HOro pactBopa MOJOYHOW KHCIIOTHI
OtnensHO TOTOBWIM 7,5%-HBIH BOJHBIA pacTBOpP METHJILEIIIONO3bL.  J{ist
(hopMupoBaHUS TUAPOTENS PACTBOPHI CMEIIMBAIK B cooTHOIIeHnH 1:3 (Mmacc. %
cooTBeTcTBeHHO). llomydeHHylo Maccy HedTpammzoBamu 10 pH 5,0 myrém
KarenabHoro pooasnenus 0,5 M pacteopa NaOH.

2.4 Quzuxo-xumuueckue Memoosbl AHAIU3A

HUK-cnexmpockonus. Hnst (M3UKO-XUMHYIECKOH XapaKTepUCTUKU
CHHTEe3UpOBaHHBIX ocHoBaHMii Lllnd¢a ucnonszosancs cnekrpomerp a Vertex 70
V spectrometer. IIpo6sr xutozana u XT-XBA, mosnyueHHblE NMpPH MOJBHBIX
cootHomeHusax 1.6:1, 1:1 u 1:3, moaBepranu TMOQHIEHON CyIIKe 10 MTOCTOSHHON
Macchl, mocie 9yero MK-crexTpsl peructpupoBaiu sl CyXux 00pasios.

AMP-cnexmpockonusa. SIMP-criekTpel COeJUHEHUI Ha OCHOBE XWTO3aHA U
ocHoBaawms [lludda XT-XBA perucrpupopanmck Ha cnekrpomerpe INM-ECA ¢
paboueit wacroroir 500 MI'm (Boston, MA, USA); o6pasusl rotoBmm B 0,5%
pacTBope aeiitepupoBaHHoi Boasl (D20).

Tepmoepasumempuueckuti ananuz (TI'A). Ananus3 mpoBoawIn Ha mpudope
SKZ1053 TGA c¢ uncronp30BaHHEM HAaBECOK Maccoil okoio 8 mr. M3mepenus
BBITIOJTHSUTH TIPH HarpeBe co ckopocthio 10 °C/MuH B HHTEpBae TemMmeparyp 25—
600 °C B atmMocdepe azora.

Juggepenyuanvnas  ckanupyrowas — xkaropumempus  ({CK). Anamms
npoBoanan Ha mpubope SKZ1052B DSC ¢ ucnonp3oBaHHEM HaBECOK Maccoit
okoio 8 Mr. M3MepeHus BBHINOIHAIM MpU HarpeBe co ckopoctbio 10 °C/mMuH B
uHTepBaie temmeparyp 25-600 °C B atmocepe Bo3myxa.

Peonozuueckue xapaxmepucmuxu eudpozeneti OUEHUBAINUCH C TIOMOIIHIO
porarmonHoro Bucko3umerpa Lamy Rheology RM 200 (Lamy Rheology
Instruments (®pannus)).

AHTUMHKPOOHYI0 aKTHBHOCTH 00pasioB mpotuB Staphylococcus aureus,
Escherichia coli u Candida albicans wuccnenoBamu aucko-auhdy3uoHHBIM
MeTooM B «HayyHoM meHTpe mNpOTHBOMH(EKIMOHHBIX mpenaparoBy (T.
Anmatsl). JlnameTpbl 30H HMHIMOMPOBAHUS ONPEAESUIM B MM, PE3YJIbTaTbhl
MIPENICTABIISIIN KaK CpeHee = CTaHAapTHOE OTKIIOHeHHE (n=3).

Aoezesusnvie ceoticmea tunporeneii XT-XBA, pactBopa xuto3ana m NaFl
(0,01 mr/mu1) oueHrBaNM Ha MOBEPXHOCTH CBHHOTO yxa. MoJeIHMpOBaHUE MBIThS
PYK TPOBONWJIM C TIofadedl IUCTHIDIMpoBaHHOW Bomel (190 wur/u), a
morootaenenuss — 0,09% pacteopa NaCl (25 wmur/u) [6]. DryopectieHunio
peructpupoBanu kamepoii iPhone 13 Pro mpu Y®-ocBeleHun 1 aHaTU3UPOBAITH
B ImageJ®, xoppekTupyst [aHHbIe 110 GOHY ISl OObEKTUBHOM OIICHKH.
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3. Pe3yabTaThl U HX 00CyKIeHHE

Cunmes ocrnosanuti Llluga na ocnoge xumosana u 4-xnopbenzanvoecuda

[IpousBogHble XWTO3aHAa IIHPOKO TNPUMEHSIOTCS B OHOMEIUIMHE U
(dapmaneBTuKe O1arogapsi CBOMM YHHMKaJIbHBIM cBOiicTBaM. OJHAKO €ro mpsiMoe
WCIIOJIb30BaHME OTPAaHIYEHO HU3KON CTAOMIBHOCTHIO [ /]. DTy mpobiemMy pemaioT
myTeM Moau(HKalUY XUTO3aHa ¢ oOpa3zoBanueM ocHoBaHuil Lludda.

B nanmnoit pabore ocHoBanms lllmdda mHa ocHOBe xmrozaHa (XT) u 4-
xnopbersanpneruna  (XBA)  cuHTE3WpoBamM = TEPMUYECKAM  CIIOCOOOM.
Hcnonp30Banuch pa3nTudyHble MOJIBHBIE COOTHOILIEHUS KOMIOHEHTOB: 1,6:1, 1:1,
1:2 u 1:3 (XT-XBA). BzaumonelcTBHEe MEXIy IMOIMMEPOM H albIACTHIOM
ocymecTBisieTcsl 3a CY4ET (YHKUMOHAIBHBIX TPYIMI: aMHHOTPYI XWTO3aHA U
kap6oHmbHbIX Tpynn XBA. Ha HUK-cnektpax XT u XT-XBA B cooTHOUIEHHSIX
1,6:1, 1:1 u 1:3 mosb/MOJb, IpeACTaBICHHBIX Ha puCyHKe 1 (a), oOHapys>keHbI
XapakTepHbIe pa3yinyus, OTpaXkalolue yclelmHyo Moaudukanuio. Ha cnexrpax
XT-XBA mosBngercs wu Hapactaer monoca ~1640-1690 cm!, utO
cBHIETENbCTBYeT 00 QopmupoBanun umuHO-rpynn (>C=N-) B pesynbrare
obpazoBanus ocHoBaHus IlInudda.

Anamms 'H-SIMP-cniektpoB (puc.l (6)) MOOM(PHUIMPOBAHHOTO XWTO3aHA C
xnopoenzanpaerunoMm (XT-XBA) mokasplBaeT HalM4YMe CXOXHUX CTPYKTYPHBIX
¢parMeHTOB M moATBepkgaeT oOpa3zoBanue ocHoBanud Ilupdpa. B obonx
CIy4JasX B CIEKTpaX HaOMIOMalOTCs CHTHaIBI B obOmactd 9,45 ppm mis
cootHomenuit 1,6:1 u 1:2, u 9,50 ppm s 1:3, xapakrepHble A a-IPOTOHA B
umuaHOH rpymne(>C=N-), 4YTO NOATBEp)KAAaET YCIELUIHOE B3aHUMOJEHCTBUE
aMHMHOTPYIII XUTO3aHa C aupAerugoM. Kpome Toro, Haiuume MHOXXECTBEHHBIX
CUTHAJIOB B apoOMaTHYecKOi o00lacTH CIEeKTpa MOJITBEPKIACT BKIIOUYCHUE
apomaTtnueckux koneu: y XT-XBA — B auanazone 7,21-7,57 ppm.

1640 x !

1642 en ! D;,; I,Jl k

1651 en !

AN

Ocopduus, a.u.

Ab

4500 4000 3500 3000 2500 2000 1500 1000 500 A

Boarosoe wnc10, cm!
XT XT-XBA 1,6:1 XT-XBA 1:1 XT-XBA 1:3

95 96 %4 921 98 K5 K6 84 82 NN TE T6 74 T2 0 68 66 64 62 60 S5 56 S4 S2 SN 48 &

A) uncrsrit xutosaH; B) XT-XBA 1,6:1;
C) XT-XBA 1:2; D) XT-XBA 1:3

a) 6)

Pucynox 1 — UK- (A) u IMP-cnekrps! (b) xuro3ana u ero npousBoansix XT-XBA
MIPU Pa3INYHBIX MOJIBHBIX cooTHOmeEHHAX XT:XBA.

Ha pucynke 2 (a) npezacraBnensl pe3ynbrarel TI'A-aHanu3a XUTO3aHA U €r0
mpou3BOAHBIX Ha ocHOBe ocHoBaHus Uludda. Ilpu 300°C moreps macchl He
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MOIU(PHULIUPOBAHHOTO XWTO3aHA cocTtaBuia okono 50 %, a moreps maccel XT-
XBA 56.71 %. IIpu 500 °C motepsi Maccel He MOIU(HUIIMPOBAHHOTO XUTO3aHA
cocraBuia okosio 6.72 %, a mis npousBogHbIX xuTo3aHa XT-XBA - 27.16 %.
Takum 00pa3oM, TPOM3BOAHBIE XWTO3aHA TMOKa3aiu Oojiee  BBICOKYIO
TEPMHUUYECKYIO CTA0OMIBHOCTbD, YeM HE MOAUDUIIMPOBAHHBII XUTO3aH.

120 a d
Te123°C
- 00 ——X1 ——xr-x6a1:3 0 f 777/}:7,‘— ——
= £
Z 80 £
E £
= 60 f g
s = \ TelISC ™)
3 40 § . J/
20 ¢ = . //
0 ) L : ) . . ) [ \/
25 lm 175 250 325 400 475 55{] 30 45 60 75 20 105 120 135 150 165 180
Temmneparypa,®C Temnepatypa, °C

—XT —XT-XBA 1:3

Pucynox 2 — Pesynbrarsl TT'A (A) u JICK (b) ananuza xurozana u XT-XBA.

JCK-ananmu3 mokazan (puc. 2 (0)), uto Moampukaims XuTozaHa 4-
xJopOeH3anpaeruIoM ¢ oOpazoBanueM ocHoBanuid [ludda mnoseimaer ero
temneparypy crexinoBanus (Tg) ¢ ~115 °C mo ~123 °C. D10T 3ddeKT cBsi3aH ¢
dbopmupoBaHneM KECTKHX HMMHHHBIX cBia3ed (>C=N-) ® BBeIcHHEM
apOMAaTHYECKMX  (PparMeHToB, KOTOpPBIE  OTPAHUYMBAIOT  MOJBIKHOCTD
MOJIMMEPHBIX LIEHEH.

Pe3ynpTaTel aHanmM3a CTPYKTYPHO-MEXaHHYECKHMX CBOWCTB THIporesien
MoKa3all, 4YTO TPH YBEIHMYECHHH CKOPOCTH CJIBUTa BO3PACTACT MpeJelIbHOES
HanpsOKEHUE CIIBUTA U CHIKaeTcs (G ekTuBHas Ba3kocTh (puc. 3). [loctpoeHubie
KPUBBIC TEUEHHS BBIBWIM THUCTEPE3NUC, MOATBEPXKIAIOIINA THKCOTPOITHBIE
cBoiictBa  oOpaszmoB. I'maporemn XT-XBA  nmeMoHCTpHpYROT — ObICTpOe
BOCCTAaHOBJIGHHUE CTPYKTYpbI, YTO oOecreunMBaeT HX JIETKOE HaHECeHHEe U
yI00CTBO MCIIOJIE30BaHUSI.

A 300000 B v
£ 700000 7 12000
& _— |
E.. 600000 i 10000
g )
g 500000 T so00
= 5
< 400000 5
v 2 6000
] g
£ 300000 - z
g ) 2 4000
8 200000 p
£ / 2000
Z 100000 _
== / 0
0 o 100 200 300 400 500 600 700 800
0 100 200 300 400 500 600 700 800

S a
Cropocts capnra, ¢! CxopocTs caBura, ¢

A) xpuBast TeueHus rupores; B) kpuBas BI3KOCTH rHAPOTesst

PucyHok 3 - Pesymprarsr peonorndeckoro ananmsa ruaporenst XT-XBA [1:3].
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XuTO3aH MPOSBISIET AHTUMHUKPOOHYIO aKTHBHOCTh IPOTHB IIHPOKOTO
CIEKTpa TPaMIIOJIOKUTEIBHBIX M TPaMOTPHLATENBHBIX OaKTepui, a Takke
rpuboB, Onaromapsi cBoel KaTHOHHOW mpupoae [8]. 4-xmopOeH3anbaerun
YCWIMBAET 3TO JEHCTBUE 3a CUET B3aUMOJEWUCTBHS IbJETHMIHON TPYINIBl C
OelKaMi MHKPOOPraHM3MOB M MOBBIIICHHS MpOHHUIIaeMocTH memOpan [9-10].
OcnoBanus lludda Ha ocHOBe xuTo3aHa U 4-XJOpOEH3aNbAETHAA IOKa3aId
0oJiee BBICOKYIO AaKTUBHOCTD 10 CPABHEHHIO C YMCTBIM XMTO3aHOM, 00pa3ysl 30HBI
uarnouposanus 6,3 mm (E. coli), 7,7 mm (S. aureus) u 8,0 mm (C. albicans)
(puc.4). Dro  moaTBEpKAAST WX  MOTEHHHMAN  Kak  3(PQPEKTHBHBIX
aHTUOAKTEPUANBHBIX CPEICTB.

30Ha nogaBJIcHHs pocra, MM
S = N W AR N e

XT XT-XBA

= Staphylococcus aurcus ATCC 6538 Escherichia coli ATCC 8739 = Candida albicans ATCC 10231

Pucynok 4 - Pe3ynbraThl aHaM3a aHTHMUKPOOHBIX CBOMCTB THPOTEIIsi HA OCHOBE XUTO3aHa U
XT-XBA, 1:3 M0sIb/MOJIB.

Anre3uBHBIE CBOMCTBA TUApOTENEH OIEHUBAIN HAa MOJEIN CBUHOW KOXH C
WCTIIONB30BaHNEM (ITyOpecleHTHOH BH3yanm3anuu # aHanm3a B Imagel®.
Pesynbratel (puc. 5-—6) mokazamu, uro XT u ocobenno XT-XBA obGmamator
3HAYUTENFHO 00Jiee BHICOKOM yAEp:KMBAIOIIEH CIIOCOOHOCTHIO 10 CPaBHEHHIO C
KOHTpOJIbHBIM 00pasnom NaFl. Tlpu Bo3pelictBun Boabl XT coxpansin 30-35%
yAepKUBaHUs MPU 00beMe CMbIBHOH skujakoctu 20-25 mu, toraa kak XT-XBA
yaepxuBan a0 60% mpu 15 ma u okono 40% mpu 20 mi1, 4TO MOATBEPKAACT
yIIydIIeHne aAre3uy 1ocie Moan(uKammm.

gddadd’

Xutosan

EEEA

EEEEE
0 10 20 30

o 5 i 15 20 25 30 Odnem Boabl (M)

100

B0

60

40

20

Viepampanne wa nonepxEnCrn (%)

Ofuem noast (mL)
ONaFlu @xr @xr-x6a

Pucynok 5 — Y nepxxanune xuto3ana 1 XT-XBA nocie npoMbIBaHus BOI0H (a) U (IIyOpecLieHTHbIE
M300paKeHus], AEMOHCTPHPYIOIIHE HX aAre3nro K CBHHOMY yXy (6).
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[Ipu mpomeiBanun pactBopom NaCl rems Ha ocHoBe XT-XBA coxpansn
HauOoIbIIee yaepKuBaHue — okoiIo 55-60% mpu 00bpéMe cMBIBHOI sxuakoctn 10
mi u ~30% mpu 30 mi, B To Bpems kak XT ynmepxkusan 35-40% u 15-20%,
cootBetcTBeHHO. KoHTpOspHbIH 00paser ¢ NaFIu ObicTpo cMBIBaNICS, MOKA3bIBAS
3nauenne Hmwke 10% yxe mpu 20 mi. DioyopeciieHTHBIE HU300pakeHUS
MIOATBEPKAAIOT O0Jiee BHICOKYIO YCTOMYNBOCTh MOAM(PHIIMPOBAHHOTO XUTO3aHA K
CMBIBAHUIO 110 CPABHEHUIO C YUCTHIM X T 1 KOHTpPOJIEM.

100 NaFL

: * INo0anEe-

Xutoian

i 010101010101016

Xurozan-XBA

o d 0 10 20 30 40 50 60

[ il 10 1520 % M 35 40 45 S0 85 6

Ofiem noaw (ml.) O6mnem pactopa NaCL 0,19%
ONallu Byr @xy-xia

Vaepamsanue na nosepxuoctn (%)

Pucynok 6 — Y nepxxanue xuto3ana 1 XT-XBA nocie npomsiBanust pactBopom NaCl u
(iryopecueHTHbIe M300payKeH s UX aJiré3un K CBUHOMY yXY.

4. 3aki1l04eHune

B xone pa®oTsl ObUIH CHHTE3WPOBAHBI M OXapaKTEPU30BAHBI apOMATUIECKHE
ocHoBanus [Iudda Ha ocHoBe xuro3ana (XT-XBA). Moaudukanus xutozana 4-
XJIOpOEH3AIBJETHIOM MpHBENa K 00pa30BaHMIO MPOYHBIX MMUHHBIX CBSI3€H, YTO
noareepxkaeno MK-cnextpockonmeit (xapakTepuctudeckuii ik mpu 1651 cm )
u nporoHHoi SIMP-cnekrpockonueii, Ha KOTOpPOM 3a(UKCHPOBAaHBI CHUTHAIIBI,
XapakTepHble Uil MMUHHBIX OpoToHOB (>C=N-) u apomaTHuecKuX KoJeL.
TepMuueckuil aHanW3 TOKa3al MOBBIIICHHE TEMIIEPATYpbl CTEKIOBAaHUS U
CTaOMIBHOCTH MOAM(DHUIMPOBAHHBIX OOPa3MOB MO CPABHEHHWIO C YHCTHIM
xuTo3aHOM. [lomydeHHBIE TenM TPOSBUIM THUKCOTPOIIHBIE CBOMCTBA U
aHTUMUKpOOHYI0 aktuBHOCTH mpotuB E. coli, S. aureus u C. albicans.
OKCIEPUMEHTHl Ha MOJEIH CBHHON KOXH C (hJIyOPECICHTHOH BU3yaIu3aliueit
MOKa3aJIM, YTO YHCTHIM XUTO3aH yIEP>KUBAETCS HAa KOXKHOW IMOBEPXHOCTH Jy4YIlle,
yem renb XT-XBA, BeposTHO, 3a cu€T Ooliee BBICOKOW BSI3KOCTH. JTH
pe3yabTaThl MOATBEPXKIAIOT NepcrneKTUBHOCT XT-XBA s nmpumeHeHus B
MEJIMIIMHE U (apMaIeBTHKE.

®dunancuposBanue. Pabora BeimonHeHa B pamkax npoekra '@ MHBO PK na 2023-2025 rr. rpast
AP19679560, ITLId MHBO PK na 2024-2026 rr. rpant Ne BR24993113.

KonpaukT mHTepecoB: ABTOPHI 3asBISIIOT 00 OTCYTCTBHM KOH(IMKTa HHTEPECOB  MEXIY
aBTOpaMu, TPeOYIOIIEro PaCKphITHS B JAHHON CTaThe.
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4-XJIOPBEH3AJIBJAETUIAIIEH MOAU®UKALNUSAJIAHFAH XUTO3AH/bI 93IPJIEY )KOHE
OJAH AJIBIHFAH T'HAPOT'EJIBJAEPAIH AHTUMUKPOBTBIK KACUETTEPIH BAFAJIAY

y/A Myxame()uﬂl, JI.H. Maxaega"", ﬂ.A60yﬂemun1, I.K.A6unosad?,
JI.b. Kanovibexos', I'.C. Hpmyxamemosa'

L on-®apabu amviyoaser Kazax yammog ynusepcumeni, Anmamet, Kazaxcman
2K. JKybanoe amvinoazer Axkmebe onipnix ynusepcumemi, Axkmobe, Kazaxcman

Tyiiinaeme. Kipicne. MUKpoOpranusmMIepaiH aHTUOMOTHKTEpre TO3IMIUIII Ka3ipri yakpITTa skahaH/IbIK
JICHCAYJIbIK CaKTay CaJlaChIHIArbl €H ©3eKTi Macenenepiid Oipi Ooibin TadObutaasl. Kemreren aopire
te3imai (KAT) maToreHaepiiH CaHBIHBIH TYpaKThl ©Cyl TepameBTIK MYMKIHAIKTep/Ai aWTapIibIKTai
LIEKTEN, aypyILIaHJbIK IEH OJIIM-XKITIM JeHreiiHiH jXofappulayblHa okeneni. OcbiFaH OailylaHBICTHI
SKOJIOTHSUIBIK Ta3a opi THiMJAI OGaaMaibl Tociiep/i, COHBIH iNIiHAC jkaHa aHTHOAKTEpHAIIBl areHTTEPi
i3gey epekure MaHpira ue. [lepcnexktuBti GarbirTapiabiH Oipi — IIudd Herimepi, KypamblHA2 HUMHH
T0ObI (>C=N-) Oap opraHuKajiblK KOCBUIBICTAp. Byl KOCBUIBICTAp CHHTE3IHIH KapanalbIMIbUIBIFbI,
KYPBUIBIMJIBIK OPTYPJIIIrT ’KOHE KEH ayKbIM/bl OHOJIOTHMSUIBIK OEJCEH[UIri, COHBIH iliHAe alKbIH
AHTUMUKPOOTBIK KACHETTepi apKachlHIa FAIBIMIAPIbIH HazapblH aynapynaa. Xuto3aH Herizingeri Iudd
Heri3epl  epeKile KbI3BIFYIIBUIBIK TYABIpaabl, ce0ebi Xuro3aH — TaOWUFM MOJNUMEp, Ol
OuocoiiKecTiNiriMeH, OMOAKTUBTUIINIMEH, YBITCHI3IBIFBIMEH XOHE XUMHSIBIK MOIAU(UKAIMAFA JKOFapbI
OeiiiMpiniriven epekmeneHeni. XUTO3aHABI MOAU(UKAIMAIAY OHBIH (H3UKA-XUMISIIBIK JKOHE
OUOJIOTHSUIIBIK KACHETTEPiH JKaKcapThIll, MeUILIMHAA, (hapMalleBTUKA/Ia )KOHE OMOTEXHOJIOTHs/Ia KOJIIaHy
asChIH KeHeiTeni. 3epmmeyoiy makcamol XUTO3aH MeH 4-xnmopOeH3anpaeru Herizinae apomartsl ndd
HETI3[epiH CHHTE3JCy JKOHE OJAp[BIH KYPBUIBIMIBIK 9pi (YHKIMOHAIABIK KaCHETTEPIH 3epTTey OOJBII
Tabbutagbl. JKymwic adicmemeci. CHHTE3JENreH KOChUIbICTapAbl cumartay ymin KK xome SIMP
CHEKTPOCKOIHUS dIicTepi KOJIAHBLIIbI, (PU3HKA-XMUMHSIIBIK KACHETTEPl TEPMUSUIBIK TaJAay, PEOJIOTHSUIIBIK
3epTTeyJIep KOHE aAre3nsuIbIK KacueTTepiH Oaranay apKbUIbl aHBIKTANABL. Homuoicenep dicone mankoingy.
Iudd neriznepiniy tysinyi UK xone SIMP cnekrpockonuschl apKbuibl pacTaipjibl. TepMUsIBbIK Tangay
ChIHAMAJIAp/bIH OWHEKTCHY TeMIepaTypachl MEH TEPMOTYPAKTBUIBIFBIHBIH apTKAHBIH KOPCETTI.
MeTtuniemnono3a KoHe MOAU(UKANMSIIAHFAH XHWTO3aH HETI3IHAEerl THUAPOTENbACP TUKCOTPOIHSLIBIK
Kacuertepre ue 6obir, Staphylococcus aureus, Escherichia coli sxone Candida albicans-ka kapcsl aiikpia
AHTUMUKPOOTBIK OEICEHIUTK KepceTTi. Kopuimuinovl. 3epTrey HITHXKeNepi MoauduKkanusiIaHFaH
XHMTO3aHHBIH JKaHAa AHTUMUKPOOTBHIK MaTepualiapibl jkacay YIIiH Heri3 0ojla alaThlH MEpPCHEKTHBTI
OuomonuMep eKeHIH JoNeNnjeli, OHBbIH MEIUIMHAIa, KOCMETOJIOTHsIa JKOHE TaMaK eHEepKIciOiHae
KOJIJIaHy QJIeyeTi JKOFapbl.

Tyiiinai ceznep: lIudd Herizmepi; xurosaH; 4-xI0pOSH3AIBACTHI; THAPOTeNbACp; OaKTepHsra Kapchl
OeJIceH/IiTiK; aAre3UBTIK KACHETTepP; KONTEKTI Jopire TO3IMITIK.
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Maxaesa /lanana Hypranosna PhD, aza sbineimu koizmemrep

Aoboynemun /Junvxymap dokmopanm

Aounosa I'yzenv Kabunemosna PhD, aea oxeimywr

Kanowvoexos /laynem bonamoesuu PhD, orcemexui evlnvivu Koizmemxep
Hpmyxamemosa I'anus Cepurxbaesna X.2.K., hpogeccop

136



ISSN 1813-1107, elSSN 2710-1185 MNe 4, 2025

References

1. Bharadwaj, A., Rastogi, A., Pandey, S., Gupta, S., & Sohal, J. S. Multidrug-resistant bacteria:
Their mechanism of action and prophylaxis. BioMed Research International, 2022, Article 5419874.
DO0I1:10.1155/2022/5419874

2. Wang, X., Zhang, Y., Zhang, T., et al. A novel triphenylamine-based bis-Schiff bases
fluorophores with AlE-activity as the hydrazine fluorescence turn-off probes and cell imaging in live
cells. Talanta, 2020. 217, 121029. DOI:10.1016/j.talanta.2020.121029

3. Kumar, M. N. V. R., Muzzarelli, R. A. A., Muzzarelli, C., Sashiwa, H., & Domb, A. J. Chitosan
chemistry and pharmaceutical perspectives. Chemical Reviews, 2004. 104(12), 6017-6084.
DOI:10.1021/cr030441b

4. Ahmed, T. A.,, & Aljaeid, B. M. Preparation, characterization, and potential application of
chitosan, chitosan derivatives, and chitosan metal nanoparticles in pharmaceutical drug delivery. Drug
Design, Development and Therapy, 2016. 10, 483-507. DOI:10.2147/DDDT.S99651

5. Rafique, A., Khan, S. A, Ullah, R., & Bhatti, H. N. Chitosan functionalized poly(vinyl alcohol)
for prospects biomedical and industrial applications: A review. International Journal of Biological
Macromolecules, 2016. 87, 141-154. DOI:10.1016/j.ijbiomac.2016.02.066

6. Baker, L. B. Physiology of sweat gland function: The roles of sweating and sweat composition
in human health. Temperature. 2019. 6(3), 211-259. https://doi.org/10.1080/23328940.2019.1632145

7. Szymanska, E., & Winnicka, K. Stability of chitosan—a challenge for pharmaceutical and
biomedical applications. Marine Drugs, 2015. 13(4), 1819-1846. DOI:10.3390/md13041819

8. Dhlamini, K. S., Kumar, R., Moutloali, R. M., & Mhlongo, G. H. Reimagining chitosan-based
antimicrobial biomaterials to mitigate antibiotic resistance and alleviate antibiotic overuse: A review.
Macromolecular Materials and Engineering, 2024. 309(9), 2400018. DOI:10.1002/mame.202400018

9. Mohamed, M. A., Benjamin, I., Okon, G. A., Ahmad, I., Khan, S. A., Patel, H., Agwamba, E.
C., & Louis, H. Insights into in-vitro studies and molecular modelling of the antimicrobial efficiency of 4-
chlorobenzaldehyde and 4-methoxybenzaldehyde derivatives. Journal of Biomolecular Structure and
Dynamics, 2024. 42(1), 6042-6064. DOI:10.1080/07391102.2023.2258589

10. Fontana, R., Marconi, P. C. R., Caputo, A., & Gavalyan, V. B. Novel chitosan-based Schiff
base compounds: Chemical characterization and antimicrobial activity. Molecules, 2022. 27(9), 2740.
DOI1:10.3390/molecules27092740

137



KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XKXYPHAJI KA3AXCTAHA

Chemical Journal of Kazakhstan
Volume 4, Number 92(2025), 138-148 https://doi.org/10.51580/2025-4.2710-1185.57

VJIK 661.742
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Abstract: Hydroalkoxycarbonylation of dienes offers a straightforward and atom-economic route to
valuable esters derived from simple unsaturated feedstocks and carbon monoxide. In this work, we
investigated the regioselective hydroalkoxycarbonylation of three representative substrates: 1.3-butadiene,
1.5-hexadiene, and 1.7-octadiene, using palladium-phosphine catalysts in ethanol at 120°C under 2.5 MPa
CO. Two catalysts, [PdCI2(PPhs)2] and [Pd(PPhs)4], were tested in combination with additional PPhs and
p-toluenesulfonic acid. Across all three dienes, the reactions consistently favored formation of the linear
ester, with yields increasing as the diene chain length grew and conjugation decreased: from 2.31% for
ethyl 4-pentenoate (from 1.3-butadiene) up to 32.08% for ethyl 8-nonenoate (from 1.7-octadiene). The
superior performance of Pd(PPhs)s compared with PdCl2(PPhs)2 highlights the importance of electron-rich
Pd(0) species in stabilizing acyl intermediates and sustaining catalytic turnover. These findings not only
clarify how catalyst structure and substrate features influence reactivity in diene
hydroalkoxycarbonylation but also provide practical guidance for tailoring conditions to enhance linear
selectivity. Such insights expand the synthetic potential of this methodology for producing Cs-Cio esters
relevant to polymer, plasticizer, fragrance, and fine-chemical applications.
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1. Introduction

Carbonylation reactions are widely applied for the direct synthesis of
carboxylic acid derivatives from unsaturated compounds in the presence of
carbon monoxide. Among them, hydroalkoxycarbonylation involves the addition
of an alcohol and CO across a C=C bond under palladium catalysis. This
transformation provides an efficient route to unsaturated esters and diesters and is
valued for its high atom economy, broad substrate scope, and simple reaction
setup. The resulting products are used as solvents and as intermediates for
polymers, plasticizers, and fine chemicals. Recent work has also focused on
improving the environmental profile of hydroalkoxycarbonylation, for example
by employing formic acid as an in-situ source of CO [1].

1,3-Dienes and non-conjugated dienes are challenging substrates for
hydroalkoxycarbonylation. The presence of two C=C bonds allows several
competing pathways, including mono- and bis-carbonylation, 1,2- or 1,4-addition,
formation of linear or  branched esters, and intramolecular
cyclo(oxy)carbonylation. At the same time, these systems are prone to double-
bond migration and to alternative insertion sequences. High selectivity therefore
requires careful choice of catalyst and reaction medium to control oxidative
addition, migratory insertion, and nucleophile attack [2,3].

For 1.3-butadiene, both early and recent studies have shown that Pd-
phosphine catalysts promote regioselective mono-hydroalkoxycarbonylation to
give 3-alkenoate esters such as methyl 3-pentenoate via n®-allyl-palladium
intermediates. Mechanistic investigations identified crotylpalladium complexes
and clarified the sequence of oxidative addition, CO insertion, and nucleophilic
attack, demonstrating that ligand steric and electronic properties and the reaction
medium determine which allyl fragment undergoes carbonylation. Later work
revealed that solvent and ligand effects, including the use of bulky bisphosphines
like dtbpx, can strongly influence selectivity in diene carbonylations. In parallel,
dicarbonylation of butadiene has been explored as a direct approach to adipate
diesters, compounds relevant to adipic-acid production. Recent mechanistic
analyses have even suggested refinements to the classic mono-
hydroalkoxycarbonylation pathway, emphasizing the role of basic additives and
off-cycle equilibria. These findings highlight both the synthetic utility and the
unresolved challenges of achieving full regio- and chemoselective control in the
carbonylation of conjugated dienes [4-6].

In contrast, non-conjugated dienes such as 1.5-hexadiene and 1.7-octadiene
present distinct patterns of reactivity and selectivity. Early investigations showed
that 1.5-hexadiene can undergo regioselective cyclocarboxylation under Pd/PPh;
catalysis in alcoholic media to give oxa- and carbocyclic products bearing ester
groups. Subsequent studies revealed that variations in CO pressure and the nature
of the nucleophile can shift the outcome between acyclic mono- or diesters and
cyclized products, reflecting competition between intramolecular trapping of
allyl-palladium intermediates and linear chain growth. Although these Cg and Cg
dienes are wvaluable industrial feedstocks, systematic data on the
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hydroalkoxycarbonylation regioselectivity of 1.5-hexadiene and 1.7-octadiene
with phosphine-ligated palladium catalysts remain limited, indicating the need for
further detailed investigation [7,8].

Across both conjugated and non-conjugated dienes, the nature of the
phosphine ligand and the reaction medium are key factors governing reactivity
and selectivity. Bulky, strongly donating bisphosphines such as dtbpx can
promote hydroalkoxycarbonylation under acid-free conditions for conjugated
substrates, whereas monodentate systems based on PPhs; typically require
Broensted or Lewis acids (for example, p-toluenesulfonic acid or AlICIs) to enhance
catalyst turnover and influence the site of insertion. More recent work has
optimized Hemaraphos-type ligands for the dicarbonylation of butadiene, with
kinetic studies correlating ligand robustness to both activity and selectivity. The
choice of solvent also plays a decisive role by affecting ion pairing, nucleophile
reactivity, and the solubility of carbon monoxide, and can therefore shift the
chemoselectivity observed in diene carbonylations [2,9,10].

Despite recent advances, achieving reliable control over regioselectivity in
diene hydroalkoxycarbonylation remains difficult. Competing allyl- and alkyl-
palladium pathways, reversibility of key elementary steps, and subtle interactions
among solvent, acid, and ligand can direct the reaction toward linear or branched
esters, mono- and dicarbonylation, or cyclized products. Computational and
experimental studies indicate that several catalytic cycles may operate
simultaneously even with simple alkenes, and that mechanistic insights from
mono-olefin carbonylation cannot be directly extrapolated to 1.3-butadiene. These
factors underscore the value of a systematic comparison of conjugated and non-
conjugated dienes, ligand frameworks, acid co-catalysts, and solvents under
unified reaction conditions [6,11].

In this work we present a comparative study of the regioselective
hydroalkoxycarbonylation of 1.3-butadiene, 1.5-hexadiene, and 1.7-octadiene
catalyzed by well-defined palladium-phosphine complexes. By varying the ligand
environment (bidentate vs monodentate), the type of Brensted or Lewis acid
additive, and the alcohol combination, we examine how these factors influence
product distribution and regioselectivity. The study identifies conditions that
favor linear mono-hydroalkoxycarbonylation, such as 3-alkenoate formation from
1.3-butadiene, as well as conditions that lead to dicarbonylation or intramolecular
cyclocarboxylation with non-conjugated dienes. These findings provide practical
guidance for controlling selectivity in diene carbonylations and demonstrate
efficient access to Cs-Cio ester intermediates under straightforward, scalable
conditions.

2. Experimental part

1.3-butadiene, 1.5-hexadiene, 1.7-octadiene, triphenylphosphine (PPhs), p-
toluenesulfonic acid (p-TsOH), PdClx(PPhs),, and Pd(PPh3)s were purchased from
MERYER Chemical Technology Co. and used without further purification.
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Carbon monoxide (supplied in cylinders) was employed without additional
purification.

Hydroalkoxycarbonylation reactions were performed in a 100 mL stainless-
steel autoclave equipped with a magnetic stirrer, CO inlet and outlet valves,
pressure gauges, an electric heater, and a thermoregulator. The setup allowed for
repeated purging of the reaction volume with CO and precise control of
temperature and pressure. After charging the autoclave with the corresponding
alkadiene, ethanol, palladium catalyst (PdCl.(PPhs), or Pd(PPhs)s), additional
PPhs, and p-TsOH, the reactor was sealed and purged three times with carbon
monoxide. The system was then pressurized with CO to 2.5 MPa and heated with
stirring to 120°C. The reactions were maintained at this temperature and pressure
for 5 h. After completion, the autoclave was cooled to room temperature and
depressurized.

In each case of hydroalkoxycarbonylation of 1.3-butadiene, 1.5-hexadiene,
and 1.7-octadiene, the autoclave was charged at room temperature with 3.31*10%
mol of alkadiene (1.79 g of 1.3-butadiene, 2.71 g of 1.5-hexadiene and 3.64 g of
1.7-octadiene), 0.761 g (1.65*10% mol) of ethanol, 0.026 g (3.8*10° mol) of
PdCl,(PPhs), (or an equimolar amount of Pd(PPhs)s), 0.060 g (2.28*10* mol) of
PPhs, and 0.058 g (7.06*10* mol) of p-TsOH, corresponding to a molar ratio of
[alkadiene]:[C2HsOH]:[Pd]:[PPhs]:[p-TsOH] = 870:435:1:6:9.

Product compositions were analyzed on an Agilent 7890A gas
chromatograph equipped with an Agilent 5975C mass-selective detector (Santa
Clara, CA, USA). Helium served as the carrier gas. Injection was performed at
300°C with a split ratio of 1000:1. The oven program started at 40 °C (hold 1
min), then increased at 5 °C min™ to 250°C and held for 1 min, giving a total run
time of 44 min. Detection was carried out in electron-impact mode. Separation
employed an HP-FFAP capillary column with a nitroterephthalic acid-
polyethylene glycol stationary phase.

3. Results and discussion

The hydroalkoxycarbonylation of 1.3-butadiene, 1.5-hexadiene, and 1.7-
octadiene with ethanol and CO was investigated using two palladium-based
catalytic systems: [PdClz(PPhs)z]: PPhs:p-TSOH and [Pd(PPhs)4]:PPhs:p-TSOH.
Across all substrates, we observed a consistent preference for linear over
branched esters, with activity increasing from the conjugated diene (1.3-
butadiene) to the non-conjugated dienes (1.5-hexadiene and 1.7-octadiene).

Hydroalkoxycarbonylation of 1.3-butadiene. 1.3-butadiene afforded a
mixture of five possible products: two linear esters (ethyl 4-pentenoate (1) and
ethyl 2-methyl-3-butenoate (2)) and three branched products (diethyl 2-methyl-
pentanedioate (3), diethyl 2,3-dimethylbutanedioate (4), diethyl hexanoate (5)):
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CH,=CH-CH,~CH;~COOEt (1) +

+ EtOOC-CH;-CH;~CH;-CH;~COOETt (2) +
PPh;; p-TsOH;
CO; EtOH CH,3

CHECHECREC, T + CH,=CH-CH-COOE! (3) +
2,5MPa
2. MKt=PdCL(PPh,), + Et0OC-CH—CH—COOE (4) +

b. MKt=Pd(PPh;), CH;CH;
EtOH=C,H;OH {3
+ EtOOC-CHyCH; CH-COOELt (5)

From the chromatograms obtained, it was found that the
hydroalkoxycarbonylation of 1.3-butadiene in the presence of PdCI»(PPhs), and
Pd(PPhs)s catalysts yielded predominantly ethyl 4-pentenoate with 1.69% and
2.31% vyields, respectively. Minor amounts of ethyl 2-methyl-3-butenoate (0.03%
and 0.02%), diethyl 2-methyl-pentanedioate (0.01% and 0.03%), and diethyl
hexanoate (0.02% and 0.023%) were also detected, while diethyl 2.3-
dimethylbutanedioate was not observed under the applied reaction conditions.
(Table 1). The low absolute yields are consistent with the known lower reactivity
of conjugated dienes in PPhs/acid media and with the susceptibility of such
systems to off-cycle palladium deactivation (e.g., Pd black formation) under
strongly protic/acidic conditions. In contrast, tailored bisphosphine ligands and
appropriate solvent choice can dramatically elevate both conversion and
selectivity. For example, Yang and co-workers demonstrated that with dtbpx
ligation the dicarbonylation of 1.3-butadiene to adipate diesters proceeds with up
to 97% selectivity and high yield in toluene, whereas the same catalyst in
methanol strongly suppresses the first carbonylation cycle, an illustrative solvent
switch between mono- and bis-carbonylation regimes. Their data also show that
in toluene the monocarbonylation intermediate is only detectable in trace
amounts, indicating fast turnover to the diester under these conditions [5].

Table 1 — Product yield of the reaction of hydroalkoxycarbonylation of butadiene-1.3

Product with PdCI2(PPhs). cat. with Pd(PPhs)s cat. product
product yield, % yield, %
ethyl 4-pentenoate 1.69 2.31
ethyl 2-methyl-3-butenoate 0.03 0.02
diethyl 2-methyl-pentanedioate 0.01 0.03
diethyl 2.3-dimethylbutanedioate 0 0
diethyl hexanoate 0.02 0.023
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Beyond dtbpx, Xantphos-type ligation under base-assisted conditions has
been shown to enable selective methoxycarbonylation of 1.3-butadiene to methyl
3-pentenoate, with mechanistic experiments isolating or inferring n3-allyl and
acyl-Pd intermediates and highlighting the role of external base in accelerating
alcoholysis of the acyl complex. These observations align with our linear
preference and suggest that in our PPha/p-TsOH system, slow alcoholysis and
acid-promoted off-cycle pathways likely limit overall yield [12].

This interpretation fits within the broader mechanistic framework recently
described for Pd-catalyzed alkoxycarbonylations. Two parallel catalytic cycles are
generally proposed: a Pd-OR (“alkoxy”) pathway, which favors unsaturated linear
esters, and a Pd-H (“hydride”) pathway, which can lead to saturated or branched
products. When the reaction medium and ligand environment promote rapid CO
insertion and alcoholysis from a less hindered acyl intermediate, the Pd-OR cycle
predominates, accounting for the preference for linear products observed for
conjugated dienes [11]. Our own combination of PPhs, p-TsOH, and ethanol
therefore represents a practical baseline that reveals the intrinsic linear bias of 1.3-
butadiene hydroalkoxycarbonylation, even though it underperforms compared
with state-of-the-art bisphosphine/toluene protocols. Literature precedents
indicate that improvements are achievable by switching to bulkier bidentate
ligands such as dtbpx or Xantphos, reducing medium acidity or adding a non-
nucleophilic base, and employing less coordinating, apolar solvents each of which
has been shown to enhance both catalytic activity and linear selectivity [5].

Hydroalkoxycarbonylation of 1.5-hexadiene. Under identical reaction
conditions, hydroethoxycarbonylation of 1.5-hexadiene gave a distribution of five
detectable products. The major species were the linear esters, with ethyl 6-
heptenoate (1) dominating the mixture, accompanied by a minor amount of ethyl
2-methyl-5-hexenoate (2), in addition, three branched diesters: diethyl 2-methyl-
heptanedioate (3), diethyl 2.5-dimethyl-hexaneoate (4), and a trace of diethyl
octanedioate (5) were observed:

CH,=CH-CH,~CH;~CH;CH;~COOEt (1) +

+ Et00C-CH;~CH,—CH,~CH;~CH,~CH,~COOEt (2) +

PPh;; p-TsOH;
CH,~CH-CH;CH;-CH=CH, —2E! THy
MKt; 120°C; + CH=CH-CH;~CH;-~CH-COOETt (3) +

2,5MP:
: CH,

+ ~CH,~CH;~CH;~ +
2. MKE=PdCL(PPhy), Et0O0C-CH;-CH;-CH;-CH,~CH-COOE (4)

b. MKt=Pd(PPh,),

EtOH=C,H;OH + EtOOC—(IJH—CHz—CHZ—(IJH—COOEt ®)

CH, CH,

Chromatographic analysis of the hydroalkoxycarbonylation of 1.5-hexadiene
in the presence of PdCI,(PPhs), and Pd(PPhs). catalysts showed that ethyl 6-
heptenoate was the major product, obtained in 8.59% and 11.06% yields,
respectively. Minor products included ethyl 2-methyl-5-hexenoate (0.06% and
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0.05%), diethyl 2-methyl-heptanedioate (0.56% and 0.84%), diethyl 2,5-dimethyl-
hexanoate (0.07% and 0.09%), and diethyl octanedioate (5.9% and 5.65%).
(Table 2). The superiority of the non-conjugated diene is consistent with the
reduced electronic stabilization of n3-allyl off-cycle species and more accessible
terminal hydropalladation relative to 1.3-butadiene.

Earlier studies on 1.5-dienes show another layer of selectivity: under Pd
catalysis these substrates can isomerize and then undergo hydrocarbonylative
cyclization, giving five-membered ring products instead of simple linear esters.
Whether this pathway dominates depends strongly on the ligand, the amount of
acid, and the CO pressure. Milder acidity and ligands that make intramolecular
trapping less favorable help keep the reaction on the acyclic, linear path, while
stronger acids or conditions that favor a more cationic Pd species tend to promote
cyclocarbonylation. In our experiments we mainly observed linear esters with
only a small amount of diester, which is consistent with conditions that do not
strongly promote the ring-forming route. Reviews of non-conjugated alkene and
diene carbonylations report similar trends, noting that a higher linear-to-branched
ratio is usually achieved when the phosphine ligands are bulkier and when the
system contains chloride or has a lower acid load, factors that steer the key
hydropalladation step toward terminal insertion and match well with the
selectivity we observed [13,14].

Table 2 — Product yield of the reaction of hydroalkoxycarbonylation of hexadiene-1.5

Product with PdCI2(PPhs)z cat. product with Pd(PPhs)s cat. product
yield, % yield, %
ethyl 6-heptenoate 8.59 11.06
ethyl 2-methyl-5-hexenoate 0.06 0.05
diethyl 2-methyl-heptanedioate 0.56 0.84
diethyl 2.5-dimethyl-hexanoate 0.07 0.09
diethyl octandioate 59 5.65

Hydroalkoxycarbonylation of octadiene-1.7. The longest-chain substrate,
1.7-octadiene, underwent hydroethoxycarbonylation to yield a broader but still
regioselective product spectrum. The reaction primarily furnished ethyl 8-
nonenoate (1), with smaller amounts of ethyl 2-methyl-7-octenoate (2). Three
branched dicarboxylates: diethyl 2-methyl-nonanedioate (3), diethyl 2,7-
dimethyl-octanedioate (4), and a fraction of diethyl decanedioate (5) were also
detected:
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CH,=CH-CH;~CH,~CH,;~CH,~CH,~CH,~COOE{ (1) +

+ Et0OC—CH,~CH,~CH,~CH;~CH,~CH,~CH,~CH,~COOEt (2) +

cH,

PPy TSOM: ) CH-CH~CH-CH,-CH-CH-COOE (3) +

CO; EtOH
CH,=CH-CH;~CH;~CH;~CH;~CH=CH,
MKt; 120°C;

CH,
2,5MPa

+ Et00C—CH;—CH,~CH;-CH~CHCH,—CH-COOE! (4) +

a. MKt=PdCl,(PPh;),
b, MKt=Pd(@Pho), + EtOOC—CH-CH;~CH;~CH,~CH,~CH-COOE (5)

EtOH=C,H;OH CHy CH;

From the chromatograms obtained, it was observed that the
hydroalkoxycarbonylation  of  1.7-octadiene  manifested even higher
regioselectivity and yield for the linear ester, ethyl 8-nonenoate: 22.5% with
PdCl; and an outstanding 32.08% with Pd(PPhs)s. Minor peaks in the
chromatograms corresponded to ethyl 2-methyl-7-octenoate (7.47% and 10.07%),
diethyl 2-methyl-nonanedioate (0.88% and 1.97%), diethyl 2,7-dimethyl-
octanedioate (0.5% and 0.71%), and diethyl decanoate (9.48% and 8.79%) (Table
3). The larger C8 backbone minimizes internal steric congestion during linear
acyl formation and facilitates alcoholysis, rationalizing the observed boost in both
conversion and linear selectivity. The superior performance of Pd(0)/PPhs; relative
to Pd(I1)/PPhs is in line with multiple studies where electron-rich, robust Pd(0)
sources stabilize the acyl-Pd resting state and resist aggregation/deactivation,
thereby enhancing turnover frequency. Complementary literature on diene di-
methoxycarbonylation and on the assisting role of anions further supports that
subtle medium and counter-ion effects modulate acyl stability and product
distribution - factors that could be leveraged to further increase the mono-
hydroalkoxycarbonylation channel toward linear esters [15].

Table 3 — Product yield of the reaction of hydroalkoxycarbonylation of octadiene-1,7

Product with PdCIz(P_Pha)z cat. product | with Pd(PP_h3)4 cat. product
yield, % yield, %
ethyl 8-nonenoate 225 32.08
ethyl 2-methyl-7-octenoate 7.47 10.07
diethyl 2-methyl nonanedioate 0.88 1.97
diethyl 2,7-dimethyl octanedioate 0.5 0.71
diethyl decanoate 9.48 8.79

4. Conclusion

This study shows that palladium-phosphine catalysts promote the
hydroalkoxycarbonylation of both conjugated and non-conjugated dienes with
ethanol and CO, giving a clear preference for linear esters over branched
products. Among the substrates, 1.3-butadiene was the least reactive, whereas 1.5-
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hexadiene and especially 1.7-octadiene underwent conversion more readily and
with stronger selectivity for the linear isomer. The Pd(PPhs)s catalyst consistently
outperformed PdClIy(PPhs),, underscoring the value of an electron-rich Pd(0)
center for stabilizing acyl intermediates and sustaining turnover. Taken together
with prior reports, the data highlight three main elements that govern selectivity in
these reactions: the nature of the diene (conjugated and non-conjugated), the
steric and electronic properties of the ligand, and medium effects such as acidity
and solvent polarity. Adjusting these factors allows higher yields and tighter
control of product distribution, offering a practical route to Cs-Cyo esters useful in
materials, fragrance, and fine-chemical applications.
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PEI’MOCEJIEKTUBHOE I'H/IPOAJIKOKCUKAPBOHUWJINPOBAHMUE 1.3-BYTAJIUEHA, 1.5-
IFEKCAJUEHA U 1.7-OKTAJUEHA C UCIIOJIb30OBAHUEM KATAJIUTHYECKHUX
CUCTEM HNAJUIAJJUA-®OCPUHA

A.M. B3imbaiir™, H.JK. Kyoaiibepzenos*?, K.M. Ilanmazambemos*,
A.E. Anuxeesa', 3. Baxvimocan®, M.X. 3vikaii*

Yenmp ®duzuro-Xumuueckux Memoodos Hccredosanus u Ananusa, Kazaxcruii Hayuonanowiii
Yuusepcumem umenu ano-@apabu, Anmamet, Kazaxcman

2Kazaxcxuii Hayuonanvuuwiii JKenckuii Iledazozuyeckuii Yuueepcumem, kagpeopa Xumu,
Anmamul, Kazaxcman

Pe3tome: ['MapoanKkOoKCHMKapOOHWIMPOBAHHE IHMEHOB IIPEACTABISICT COOOW MpPOCTOH W aTOMapHO-
9KOHOMMYHBIH  CIOCOO TOJNy4eHHS LEHHBIX CJIOXKHBIX A(UPOB, MOJYYEHHBIX U3 IPOCTOrO
HEHACHIIIEHHOTO ChIPbs U MOHOOKcHZA yriepona. B sroit pabore Mbl MCCIENOBAM PETHOCENEKTUBHOE
THIPOATKOKCHKApOOHMIMPOBAaHUE TPeX TUMHYHBIX cyOcrtparoB: 1.3-OyramueHna, 1.5-rexcagumena m 1.7-
OKTaJIieHa C UCIIOIb30BaHueM naytaanii-pocrHOBbIX KaTanu3aTopoB B 3tanoie npu 120°C u naBieHnn
2.5 MIla. Ia karamm3aropa, [PdCl2(PPhs)2] u [Pd(PPhs)s], GbUIn IpOTECTHPOBaHBI B KOMOWHALHMH C
jgononHuTenbHbiM PPhs u n-tronmyoncynbdoHoBol kuciaoToi. s BceX TpeX IAMEHOBBIX COEIMHEHHH
peaKiyy HEU3MEHHO OJIarONpHATCTBOBAIN 00Pa30BaHHIO TMHEHHOTO CIOXKHOTO d(upa, MpUueM BBIXOIBI
YBEJIUYUBAIUCH TI0 MEpe YBEIHUEHHsI ATUHBI JUEHOBON LIEMU U YMEHBIICHUs KOHbIoraiuu: ¢ 2.31% mmst
stun-4-nenrenoara (3 1.3-Oyraguena) mo 32.08% mns otun-8-HoHeHoata (u3 1.7-OKTaaueHa).
IpeBocxoxusie xapakrepructuku Pd(PPhs)s mo cpasrenmio ¢ PdACl2(PPhs)2 mogdepkuBaroT BaKHOCTH
o0oraimeHHbIX DIeKTpoHaMu coefauHeHnit Pd(0) st cTabuiaM3aiiy  alMiIbHBIX  MPOMEXYTOYHBIX
MPOJYKTOB U TIOJJICPIKAHUSI KAaTAIUTUYECKOrO LUKJIA. OTH pe3yJIbTaThl HE TOJIBKO MPOSICHSIOT, Kak
CTPYKTypa KaTalu3aTopa M OCOOEHHOCTH CyOCTpaTa BIMSIOT Ha PEAKUHOHHYIO CIOCOOHOCTH IpU
THIPOATKOKCUKApOOHMIMPOBAHUHU JIUEHA, HO M JIAIOT NMPAaKTHYECKOEe PYKOBOJCTBO 110 MOAOOPY YCIOBHI
JUIS TIOBBIIICHUS JINHEHHOHN CeNeKTUBHOCTH. Takue BBIBOABI PaCHIUPSAIOT CHHTETHYECKUIT MOTEHIIMAI 3TOM
METOJMKHU JUIS MONy4YeHHs CIOXKHBIX 3pupoB Cs-Cio, BOCTpeOOBAaHHBIX MPH NPOU3BOJICTBE MOJIUMEPOB,
IUIACTU(PUKATOPOB, APOMATHUECCKHUX BEIIECTB M TOHKON OPraHUYECKOH XHMHUH.

KiwueBble cioBa: aJIKaaIuCHBbI, FPI,Z[poaJIKOKCI/IKap6OHI/IJ'II/IpOBaHI/Ie, NaJUTaAUCBBIC  KaTalln3aTOpPhI,
OTHUJIOBBIC 3(1)14[)1:1, PETUOCCIIEKTUBHOCTD
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O3imbaii A63an Meipemobexynol Mazucmp mexnuyeckux Hayk

Kyoaiibepeenoe Hypoonam Jloyenm

Kapuukaceinynot

Hlanmazamoemos Kaupocan Jlokmop xumuueckux HayK, 3asedylowuti iabopamopuei
Mycmaghunosuu

Anuxeeea Anya Epycanosna Jloxmopanum

Bakvimowcan 3appuna Jloxmopanm

3vikaii Mepyepm XanvlKKbl3ol Cmapwiuil HayuHvlll COMPYOHUK

HAJJIA U -®OCPUHHIH, KATAJIMTUKAJIBIK )KYMEJEPIH MANIAJIAHA OTBIPBIII,
1.3-BYTAJUEH/L, 1.5-TEKCAJUEH/]I )KOHE 1.7-OKTAAUEH/I PETHOCEJIEKTUBTI
I'nJAPOAJIKOKCUKAPBOHMJIJIEY

A.M. Bzimbai**, HIK. Kyoaiibepzenos*?, K.M. Illanmazambemos,
A.E. Anukeesa, 3. Bakpimowcan®, M. X. 3vikaii*
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9dicmepi Opmanviev, Armamel, Kazaxcman
2Kazax ¥nmmuix Kvizoap Iedazozuxanvix Yuusepcumemi, Xumus kagedpacst, Anmamul, Kazaxcman

Tyiiingeme: JlueHaepain TIUAPOATKOKCHKApOOHIICHYI KapamaibiM KaHbIKIIaFaH MIMKi3aTTap MEH
KOMIPTEeK OKCHIHEH Oarajibl d(UpIepl any/blH TiKeleil jKoHe aTOM-DKOHOMHKAIIBIK TCUTIH YCHIHAMIBL.
Byn sxymeicta 1.3-Oytaamen, 1.5-rekcaamen jxoHe 1.7-OKTaaueH CHSKTHI YII YJTUTK KOCBUIBICTHIH
stanonza 120°C remneparypana sxoHe 2.5 MIla CO kpIcbIMBIHAA Nayutaauii-pochrHAl KaTaausaTopiiap
KATBICBIH/Ia PETHOCENICKTUBTI T'MAPOAJIKOKCHKapOOHWIneHyi 3eprrenai. Karamusatopnap perinae
[PACI2(PPhz)2] xome [Pd(PPhs)s] kockimmia PPhs »koHe MO-TOMXyoNCYNb(pOH KBIIKBUIBIMEH Oipre
KOJIIaHBUIBL. Bapiiblk qUeHAep YIIIH peakuusuiap HEeTi3iHeH ChI3bIKTBI d(HUPICPAIH TY3LTyiMeH XKYp/i, an
LWIBIFBIMAADP Ti30CKTIiH Y3bIHIBIFBIHA Kapail apThin, KOC OalaHBICTHIH KOHBIOTAIMSCH a3aiifaH CaiblH
xorapbutabl: 1.3-OyTanieHHeH anblHFaH 3THI-4-nenTeHoar yuid 2.31%-nan Oacram, 1.7-0KTaqueHHEH
anpiHFaH 9TUI-8-HOHeHaT yuriH 32.08%-ra neitin sxerti. PACI2(PPhs)2 -men canbictsipranna Pd(PPhs)a
KyHeciHiH sxorapbl Oencenpiniri Pd(0)-aiH smextponra 0ail TypiepiHiH aumul apaiiblK KOCBUIBICTAPbI
TYPaKTaHIBIPYJaFbl KOHE KATAIUTHUKAJIBIK LUKII KOJJayJarbl MaHbI3bIH KOpPCETTi. Bys HaTmkenep
KaTaJInu3aTop KYPBUIBIMBIHBIH JKHE cyocTpar epeKIIETIKTePiHIH JUEHIIEPIIIH
THIPOATKOKCHKAPOOHMIIZICHY PEaKIMsAChIHA JCEpiH TYCIHIIPEAi KOHE JKOFaphl CENEKTHBTLUIIKKE KOI
JKETKI3yre MyMKIHIIK OepeTiH NpaKTHKAIBIK XKaraaiiap/el aHbIKTaiasl. MyHnnait kopeitbiHabuiap Cs-Cio
3¢upIepiH CHHTE3/CY IiH THIMAIL )KOIIAPBIH I, OJApABI IIOIUMEpIIep, ITacTH(HUKATOPIAP, XONI HicTi
3aTTap JKOHE XKYKa OpraHMKaIIbIK CHHTE3/Ie KOJIIaHyFa KO allabl.

Tyiiinai ce3nep: ankaauenaep, r’uAPOKOKCUKAPOOHUICY, NAIAANI KaTaIu3aTopiapsl, 3TW ddupiepi,
PEeTHOCENEeKTUBTLIIIK

9zimbaii Ab63an Meiipembexynul Texnuka eblIblMOAPbIHbIY MAZUCIPI
Kyoaiibepzenoe Hypoonam Jloyenm

Kapviikacvinyno

Lllanmazambemos Kaupiwcan Xumus 261161MOaPbIHBIY OOKMOPYbL
Mycmadghunosuu

Anuxeeea Anya Epocanoena Jlokmopanm

Baxwvimowcan 3appuna Jlokmopanm

3vikaii Mepyepm XanvlKKbl3bl Aea evlnvimu Kblzmemxep
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SYNTHESIS AND CHARACTERIZATION OF THERMORESPONSIVE
COMPOSITE PATCHES BASED ON GELLAN GUM, CHITOSAN,
AGAR, AND POLY(2-OXAZOLINE) DERIVATIVES
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Abstract: Biodegradable polymer composites were developed using gellan gum, agar—agar, and
chitosan as natural matrices, with poly(2-ethyl-2-oxazoline) (PEOZ, 0.15 g) added as a functional
modifier. Four film types (GG-Ch, GG-Ch-Ox, A-Ch, A-Ch-Ox) were evaluated for structural and
physicochemical performance. The films showed thicknesses of 0.1648-0.3455 mm and masses of 3.70—
5.68 g. Incorporation of PEOZ significantly improved folding endurance, increasing it from 68 to 90
cycles in gellan—chitosan and from 42 to 76 cycles in agar—chitosan composites. Swelling and sol-gel
analyses revealed higher crosslinking density and lower soluble fraction in modified samples. FTIR
spectra confirmed hydrogen bonding and electrostatic interactions, while SEM-EDS of GG-Ch-Ox
demonstrated a homogeneous surface with Na*/Cl~ distribution, indicating efficient ionic crosslinking.
The modified systems exhibit improved mechanical stability, water retention, and morphological
uniformity, making them promising candidates for biomedical uses such as wound dressings and
transdermal patches.

Key words: gellan gum, chitosan, agar-agar, oxazolines, patch, polymer composites, heat-sensitive
materials.
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1. Introduction

In modern materials chemistry, creating polymer composites with structural
stability and predictable physicochemical characteristics remains a key focus. For
applications such as model investigations of diffusion and structural adaptability
in polymer matrices, these materials allow tuning of mechanical strength, water-
retention capacity, and permeability [1].

This study evaluated several natural polysaccharides as the basis for
composite patches, including agar, gellan gum, sodium alginate, and chitosan.
Although sodium alginate is biocompatible and gel-forming, it was excluded from
further tests due to its low mechanical strength and high water absorption, which
limit its suitability for stable polymer networks [2-3].

Gellan gum was selected as a primary structural matrix due to its excellent
stability, strength, and ability to form durable gels [4,5]. When combined with
other polymers, it provides a robust framework and allows fine-tuning of material
properties. Chitosan was incorporated into the composites to enhance moisture
retention, strengthen the network, and introduce additional intermolecular
interactions [6,7]. Agar was used as a flexible, water-binding component that
improves elasticity and influences molecular diffusion within the matrix [8,9].

In this work, two types of composite patches were prepared: gellan gum-—
chitosan and agar—chitosan, with oxazoline-based polymers incorporated into both
formulations to impart thermoresponsive properties. This design allows a direct
comparison of how the choice of polysaccharide affects mechanical, sorption, and
structural characteristics, while the oxazoline derivatives provide temperature-
dependent control over patch performance. Compared to previously reported
chitosan-based polysaccharide systems, such as alginate—chitosan or carrageenan—
chitosan patches, our approach offers a systematic evaluation of structural
stability, water retention, and flexibility under identical preparation conditions,
highlighting the novelty and relevance of these formulations.

Oxazoline-based polymers function as thermoresponsive elements, enabling
temperature-dependent adjustments in mechanical stability and permeability [10].

The development of polymer composites that combine control over structural
and physical properties is relevant to this field, as it provides a foundation for
multipurpose materials adaptable to environmental stimuli. The goal of this
research is to create and evaluate composite patches composed of agar, gellan
gum, chitosan, and oxazoline derivatives, and to examine how formulation and
crosslinking conditions influence their structural, sorption, and thermoresponsive
properties.

2. Experimental part

Gellan gum, agar, and chitosan were employed as polysaccharide
components. Agar powder of microbiological grade (Sigma-Aldrich, Cat. No.
01916, CAS 9002-18-0), gellan gum Gelrite® (Sigma-Aldrich, Cat. No. G1910,
CAS 71010-52-1), and low-molecular-weight chitosan (Sigma-Aldrich, Cat. No.
448869, CAS 9012-76-4; MW 150-250 kDa; DDA 75-85%) were employed
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without further purification. A further thermoresponsive ingredient, poly(2-ethyl-
2-oxazoline), was added to a few chosen samples.

Composite Patches Preparation

Composites of Gellan and Chitosan (Samples GG).

A transparent solution was created by dissolving 1 g of gellan gum in 70 °C
distilled water. Chitosan was made as a colloidal dispersion (0.5 g per 50 mL
water) and gradually added to the gellan solution under stirring. For 30 minutes,
the resulting films (patches) were exposed to ionic crosslinking in solutions of
NaCl (0.1 M) and CaCl: (0.05 M). To get rid of any remaining salts and unreacted
species, the samples were thoroughly rinsed with distilled water after
crosslinking.

Composites of Agar and Chitosan (Samples A3 and A4)

To create a translucent solution, agar (1 g) was dissolved in hot distilled
water. After a gentle addition of a chitosan colloid (0.5 g), glutaraldehyde (2.5
mL) was added as a crosslinker. To let the mixture gel at room temperature, it was
transferred into Petri dishes. Because of the patches' adequate structural stability,
no further ionic crosslinking was necessary.

Polymer Composites with 2-ethyl-2-oxazoline

Using the same methods as previously mentioned, these samples were made
by adding 0.15 g of poly(2-ethyl-2-oxazoline) to the polymer mixture before
glutaraldehyde was added. To get rid of any unreacted ingredients and free
crosslinking agent, distilled water was used to wash each gel.

Mechanical studies of polymer patches

Measurement of Thickness. A digital caliper was used to measure the
thickness of the film at three to five randomly selected locations, such as the
margins and center. Each sample's mean and standard deviation were determined.

Endurance Folding. A chosen section of the film was folded repeatedly until
obvious cracks or ruptures emerged in order to manually assess mechanical
durability. The number of folds maintained before to failure was used to
demonstrate folding endurance.

Research on Swelling. To assess how pH affects water absorption, swelling
tests were carried out. For up to 72 hours, dried samples (W) were submerged in
250 mL of buffer solutions at room temperature. At predefined time intervals, the
gels were removed, surface moisture was wiped off, and the samples were
weighed (W,). The swelling ratio was computed once equilibrium was established
according to the formula (1):

SR= Wt'wo

W, )

Sol-Gel Analysis. Patches were first dried at 40 °C to a constant weight (m;)
and then submerged in 100 mL of distilled water for a week, stirring occasionally,
in order to identify the insoluble fraction. Samples were dried once more to a
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consistent mass (mg) following the extraction of soluble components. The
following formula (2) was used to determine the gel fraction and soluble fraction:

Gel fraction (%)=(mg/m;)x100,
Sol fraction (%)=100-Gel fraction 2)

3. Results and discussion

Over the past two decades, polymer systems with tunable properties have
become a subject of extensive research due to their ability to control the
physicochemical characteristics and functional performance of materials. In
particular, hybrid polysaccharide patches exhibit remarkable structural stability,
flexibility, and potential applicability across various technological fields [11,12].

o
6 O
o \% \Y/LKOH
N -

& -
Oe\\’b(\ + Poly(2-ethyl-2-oxazoline) w

\\J
X
&%’L 0‘6\\0 Patch,
LCST 35-40°C

Figure 1 — Illustration of the fabrication and molecular interactions in the thermoresponsive
GG-Ch-PEtOx transdermal patch.

In this study, a series of biodegradable composite patches were fabricated
from gellan gum, chitosan, and agar—agar, with or without the addition of poly(2-
ethyl-2-oxazoline) (PEOZ). Reference patches based on gellan gum-—chitosan
(GG-Ch) and agar—chitosan (A-Ch) were prepared alongside formulations
containing PEOZ (GG-Ch-Ox and A-Ch-Ox) to impart thermoresponsive
behavior. Gellan gum was ionically crosslinked by Na* and Ca?* ions, providing a
mechanically stable network, whereas agar—chitosan films were covalently
stabilized with glutaraldehyde, allowing a direct comparison of ionic versus
covalent network formation.

The concentration of PEOZ (0.05 g) was selected based on preliminary trials
to balance thermoresponsive functionality with mechanical integrity. Its
amphiphilic structure and ability to form hydrogen bonds with polysaccharide
chains were expected to enhance elasticity, internal cohesion, and overall patch
stability. Varying the PEOZ content could modulate the thermoresponsive
response, mechanical strength, and swelling behavior, with higher amounts
potentially increasing temperature sensitivity but reducing structural robustness,
and lower amounts favoring stability but limiting responsiveness.

The incorporation of PEOZ significantly enhances the internal cohesion,
elasticity, and overall stability of the composite patches through well-established
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intermolecular interactions with the polysaccharide matrix. The amide groups in
PEOZ form hydrogen bonds with hydroxyl groups of gellan gum and agar, as
well as with amino or hydroxyl groups of chitosan. Such interactions have been
demonstrated in previous studies, including hydrogen-bonded complexes of
PEOZ with poly(acrylic acid) [13] and in chitosan/PEOZ films, where hydrogen
bonding directly contributes to improved network integrity, mechanical
performance, and controlled swelling [14]. These hydrogen-bonding interactions
increase local network density, thereby supporting mechanical robustness while
maintaining thermoresponsive behavior. By adjusting the PEOZ content, the
elasticity, cohesion, and thermoresponsive properties of the patches can be
systematically tuned, providing a reliable approach to optimize composite
performance.

Morphological analysis revealed that the GG-Ch-Ox patches exhibited
uniform, smooth surfaces with enhanced internal cohesion, consistent with the
stabilizing effect of ionic crosslinking and PEOZ incorporation. The A-Ch-Ox
patches maintained flexibility and elasticity due to agar’s gel-forming properties,
while covalent crosslinking ensured structural stability. In comparison, reference
GG-Ch patches were mechanically robust but less responsive to temperature
changes, whereas A—Ch patches retained elasticity but exhibited slightly lower
cohesion and stability.

These observations indicate that the addition of PEOZ successfully imparted
thermoresponsive properties across the series of patches, while the choice of
polysaccharide matrix determined the balance between mechanical strength,
elasticity, and temperature-dependent behavior. lonic crosslinking in GG-based
patches conferred higher initial mechanical stability, whereas covalent
crosslinking in agar-based patches preserved flexibility and smooth morphology.
Overall, combining polysaccharide type, crosslinking method, and PEOZ content
allows fine-tuning of composite patch properties, providing a versatile platform
for future functional applications.

Table 1 — Composition of synthesized polymer patches

Simple Gellan gum Agar-agar Chitosan glutaraldehyde |poly(2-ethyl-2-
(9 () () (mL) oxazoline) (g)

GG-Ch (A) 1 - 0.5

A-Ch (C) - 1 0.5 25

GG-Ch-Ox (B) 1 - 0.5 0.05

A-Ch-Ox (D) - 1 0.5 25 0.05

* Note. Gellan gum samples are crosslinked with cations Na*

Agar-agar samples are crosslinked with glutaraldehyde

The obtained compositions were homogeneous and mechanically stable,
which made them suitable for further evaluation (Figure 2). The next stage of the
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study included measurements of film thickness and folding endurance, tests for
swelling and sol—gel ratio, and instrumental analyses SEM imaging.

Thickness, Weight Variation, and Folding Endurance of the Synthesized
Patches. Table 2 summarizes the basic physical and mechanical parameters of the
obtained polymer patches, including weight variation, mean thickness, and
folding endurance. Two polymer systems were investigated: gellan—chitosan
(GG-Ch) and agar—chitosan (A—Ch), as well as their modified forms containing a
functional additive (GG—Ch-Ox and A—Ch—Ox).

Figure 2 — Transdermal patches based on polysaccharides: A- based on gellan gum without poly-2-ethyl-
2-oxazoline; B — based on gellan gum with poly-2-ethyl-2-oxazoline; C - based on agar-agar without poly-
2-ethyl-2-oxazoline; D — based on agar-agar with poly-2-ethyl-2-oxazoline.

For the gellan—chitosan system, the control GG—Ch sample exhibited a mean
weight of 4.34 + 1.23 g, an average thickness of 0.1648 mm, and a folding
endurance of 68 + 0.3 cycles. Upon modification (GG-Ch-0x), the sample mass
slightly decreased to 3.70 + 1.12 g, while the thickness increased marginally to
0.1732 mm. Notably, folding endurance improved significantly, reaching 90 =+ 0.7
cycles. This enhancement suggests that the modifier contributes to better
structural flexibility and cohesion, likely by reinforcing interpolymer interactions
and reducing brittleness within the gellan-based matrix.

For the agar—chitosan composites, a similar tendency was observed but with
a more pronounced effect. The unmodified A-Ch patch showed a higher mass
(5.68 £ 1.48 g) and thickness (0.3455 mm), but relatively poor flexibility (42 +
0.8 cycles). After modification (A—Ch-Ox), both weight and thickness decreased
(495 £ 1.40 g and 0.3047 mm, respectively), while folding endurance nearly
doubled to 76 = 0.4 cycles. Such improvement indicates enhanced mechanical
resilience and flexibility of the polymer matrix, which can be attributed to better
chain mobility and uniform distribution of the functional additive throughout the
agar—chitosan network.

The standard deviation values for weight variation were relatively high (SD
~ 1.1-1.5 g), possibly due to manual casting and material heterogeneity, whereas
deviations in folding endurance were minimal (< 1 cycle), confirming
reproducibility of the mechanical behavior within each series. Overall, agar-based
patches were thicker and heavier than gellan-based ones, which corresponds to
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the naturally denser structure of agar networks. However, both systems exhibited
a distinct improvement in mechanical endurance after modification.

These results demonstrate that the incorporation of the functional additive
effectively enhances flexibility and durability under repeated deformation,
particularly in agar—chitosan matrices. Further mechanical testing (e.g., tensile
strength, DMA) and statistical analysis (t-test or ANOVA) would provide deeper
insight into the significance and mechanism of these improvements (Table 2).

Table 2 — Results of a mechanical study of polymer patches

Formulation Weight Mean Thickness Folding
Code Variation (g) (mm) Endurance
GG-Ch 4.34+1.23 0.1648 68 +0.3
GG-Ch-Ox 3.70+1.12 0.1732 90+0.7
A-Ch 5.68 +1.48 0.3455 42+0.8
A-Ch-Ox 4.95+1.40 0.3047 76+0.4

The observed differences in weight and flexibility among the synthesized
patches indicate that the introduction of the functional additive not only improves
mechanical stability but also alters the internal structure and water-binding
capacity of the polymer network. Since both gellan and agar matrices possess
hydrophilic functional groups capable of interacting with water molecules, it was
essential to investigate how the modification affects the swelling behavior of the
patches. The swelling properties provide valuable information about the
crosslinking density, porosity, and diffusion characteristics of the material, which
are critical parameters for its potential use in controlled drug delivery and
biomedical applications [15-17].

The illustration depicts the swelling kinetics of GG-Ch, A-Ch, and A-Ch-Ox
samples at a pH of 4.01 (Figura 3a.). All samples demonstrate a fast mass rise
within the initial 10-20 minutes, thereafter followed by a steady stabilization. The
A-Ch-Ox sample has the greatest swelling capacity, due to the presence of
oxazoline groups that augment hydrophilicity and water retention. The GG-Ch
and A-Ch samples exhibit mild swelling attributable to denser crosslinked
networks and ionic interactions within the polysaccharide matrix.

The diagram depicts the swelling characteristics of GG-Ch, A-Ch, and A-Ch-
Ox samples at pH 9.18 (Figura 3b.). All samples exhibit a fast mass augmentation
over the initial 10-20 minutes, subsequently followed by stabilization at
equilibrium. The A-Ch-Ox sample has the greatest degree of swelling, owing to
increased hydrophilicity and a more porous network structure resulting from
oxazoline integration. In alkaline settings, GG-Ch has a superior swelling
capacity relative to A-Ch, presumably due to the ionization of gellan functional
groups and enhanced hydration of the polysaccharide matrix.

Swelling studies demonstrated that the A-Ch-Ox sample displayed the
greatest hydrophilicity and water absorption in both acidic and alkaline
environments, due to the presence of oxazoline moieties that enhance network
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flexibility and hydrophilic connections. The GG-Ch and A-Ch samples exhibited
considerable swelling attributable to denser crosslinked structures and robust
ionic interactions among polysaccharide chains.

Sol-Gel analysis was conducted to determine the proportion of crosslinked
(gel) and soluble (sol) fractions in the polymer samples. Dried patch films were
immersed in distilled water for one week to extract the soluble components, then
re-dried to constant weight. The gel fraction indicates the degree of network
crosslinking, while the sol fraction corresponds to the unbound polymer chains.
An increase in the gel fraction after incorporating poly(2-ethyl-2-oxazoline)
demonstrated enhanced structural integrity and a higher degree of polymer
crosslinking [18].
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07 c6.Ch 05 +—GG-Ch
5 i o— A .
s 06 —eo— ACh a ALh .
8 0,5 E 0,4 A-Ch-Ox
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Figure 3 — Swelling behavior of GG-Ch, A-Ch, and A-Ch-Ox composite samples at different
pH values: (a) 4.01 and (b) 9.18.
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Figure 4 — SEM-EDS analysis of the GG-Ch-Ox sample shows a homogeneous surface morphology with
localized Na* and Cl- enrichment, indicating effective crosslinking in the presence of NaCl.
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However, while spectral analysis provides indirect evidence of structural
reorganization, it does not reveal the morphological characteristics of the obtained
composites. Therefore, scanning electron microscopy (SEM) was employed to
visualize the surface architecture and assess the distribution uniformity of the
components within the polymer matrix (Figura 4).

Scanning Electron Microscopy (SEM) combined with Energy-Dispersive X-
ray Spectroscopy (EDS) analysis of the GG-Ch-Ox sample, composed of gellan
gum, chitosan, and oxazoline, revealed a homogeneous surface morphology with
localized dense regions corresponding to sodium and chloride ion accumulation
[19]. This indicates efficient crosslinking of the polymeric matrix in the presence
of NaCl.

The uniform distribution of carbon (C) and oxygen (O) reflects the
polysaccharide backbone, while sulfur (S) traces originate from dimethyl
sulfoxide (DMSO) used during sample preparation. These findings confirm the
successful formation of a composite GG-Ch-Ox polymer network with evenly
distributed elements.

4. Conclusion

Biodegradable composite patches based on gellan gum, chitosan, and agar—
agar were successfully obtained, and the targeted modification with poly(2-ethyl-
2-oxazoline) (PEOZ) significantly improved their functional properties. PEOZ
enhanced mechanical strength, folding resistance, and cohesion of the polymer
network, while also providing more controlled swelling and higher structural
stability, as confirmed by sol—gel analysis. SEM data supported the formation of a
more uniform and integrated matrix in the modified samples. These findings
indicate that PEOZ is an effective enhancer for polysaccharide-based composites
and that the developed patches hold strong potential for biomedical use, including
wound care and transdermal delivery.
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a1un-2-okazonud) (PEOZ) enrisingi. Tepr yiri (GG—Ch, GG-Ch-0x, A—Ch, A—Ch—Ox) KypbUIBIMIBIK
KoHe (pU3MKa-XUMHSIIBIK NapaMeTpiepi OoHbIHIIA canbICThIpbLIbL. [InenkanapabiH KanblHabEs! 0.1648—
0.3455 mmMm, maccacer 3.70-5.68 r apamewbiHga Oongel. PEOZ kocy KarmapriaHyra Te3IMIUTIKTI
alTapIBIKTall apTTRIPABL: rejulaH-xuTo3anna 68-nen 90 uukire, arap-xuro3anaa 42-aeH 76 MUKITE OCTI.
Iciny >xoHe cous-renb Taynjaybl MOAMGUKALMSUIAHFAH YIriaepie alKacnaibl OaiaaHbIC ThIFBI3IbIFBIHBIH
xorapbutaranelH - kepcerti. FTIR  nmepekrepi  mosmcaxapuarep — apachlHIArbl  CYTEKTIK — JKOHE
9IIEKTPOCTATUKANBIK OaiinanbicTapasl pacragsl. SEM-EDS (GG-Ch-Ox) 6iprekri 6er men Na*/Cl™
WOHIAPBIHBIH TapalyblH KOpCETill, THIMAI HOHMABIK AalKaCHadaHyblH goneijaedi. JKaHapTbuiraH
MaTepHaigap MEXaHUKAIBIK TYPaKTBUIBIFBI, CY YCTaybl jKOHE MOP(OIOTHIIBIK OIpPKENKiIiri apKacelHaa
JKapa TAHFBILITAPbl MCH TPAHCAEPMAJIbi MTaTYTap CUSIKTHI OHOMEIUIIUHAIIBIK KOJIIAHyIapFa KOTaiibl.

Tyiiinai ce3nep: resuiad carbi3bl, XUTO3aH, arap-arap, OKCa3oIHHICp, ATy, IIOTUMEPIIi KOMITO3UTTEP,
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[TpaBuia oopmiteHHs cTaTell B )KypHae
«XUMHMYECKHUH )KYPHAJ KASAXCTAHA»

1. OBIIME IMOJOXKXEHUSA

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

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

W3nanue umeeT Clieayolue pyopuKu:

1. OO63o0pHbIe cTaThby 10 20 TMeYaTHBIX CTPAHUI]

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

2. IPEJCTABJIEHUE CTATER

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

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

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

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

3. Bee craTby, onyOnikoBaHHBIE B XUMu4eckoM xypHane Kazaxcrana (ISSN 1813-
1107, eISSN 2710-1185) myGmukyrorcst B OTKpeITOM poctyre. UToObl obecneduTh
CBOOOAHBIN JIOCTYH 4YHTaTEeIIM M MOKPBITH pPACXOJbl HA OKCIEPTHYIO OICHKY,
pEIaKTHPOBAaHUE, MOJAEPKAHUE CalTa >XypHaJia, JOJITOCPOYHOE APXMBHPOBAHUE W
BEJCHHE KypHalla, B3WMaeTcs IulaTa 3a o0pabotky crareu. IlpaBuma ommatel 3a
oIyOJIMKOBaHKE TIPHHATOMN K [I€YaTH CTaThU HAXOAATCS B OTACIBHOM JIOKYMEHTE Ha caiite
Kypnana «Ormnara 3a ormyOIMKOBaHHE).

4. CtaTbe IpUCBaNBACTCS PETUCTPALMOHHBIA HOMEp, KOTOPBI cOO0IIaeTcst aBTopam
B TE€UCHUE HEJIENIU MOCie MOMyueHHUs YKa3aHHOTO MEepedHs JOKYMEHTOB; Ha 3TOT HOMEp
HEOOXOMMO CChUIATHCS MPHU TEPEIHCKE.
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5. TlpuHATBIM K II€YaTH CTaThsM IIPUCBAMBACTCS IU(PPOBOH HIACHTH(PHKATOD
(DigitalObjectldentifier — DOI).

6. YuuThiBasi HEBO3MOXXHOCTh TPOBOJUTH CTAaThU Ha Ka3axCKOM sI3BbIKE dYepes
CHUCTEMY aHTHILIaruat, OyAyT YYHUTBHIBATHCS (POPMYJIHMPOBKU DPEILECH3CHTOB M PEIICHHE
HU3J1aTCIbCKOM KOJIJIETHH.

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

3. CTPYKTYPA IYBJUKAIIAI

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

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

3.3. [Jlanee, mocne OTCTyIlla CTPOKH YKa3bIBaeTCs 3arjiaBHe CTAaThbH IPOIMCHBIMHU
OykBamu, mpudt Ne 14 — momy>XupHBIH, BBIpaBHHBAaHHE TEKcTa Mo IeHTpy. HaszBanme
JOJDKHO MAaKCHMAaJbHO IIOJHO M TOYHO ONKCHIBATH COJEPXKAHHE CTaThH, BKIIOYATh
KITIOUEBBIE CIJIOBA, OTPAXKAIOIINE HAMIPABJICHHE H/UIM OCHOBHOW PE3yJIbTaT MCCIEAO0BAHNUS,
HO B TO € BpPeMsI ObITh KOPOTKUM U SCHBIM U HE COZIEPKAaTh COKPAICHUI.

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

3.5. Uepe3 ctpoky mmpudtom Ne 12, cTpouyHBIMH OyKBaMH, KYPCHBOM C
BBIPAaBHUBAaHMEM TEKCTa MO IIEHTPY CJIEAyI0OT HauMMeHOBaHHe(d) opraHusanmu(ii) C
yKa3aHWEeM YacTH Ha3BaHUS OpraHU3alnH, KOTOpas OTHOCUTCS K MOHSATHIO IOPHIHMYECKOTO
muna (B aHTJIMHCKOM TEKCTe HEoOXOAMMO YKa3blBaTh O(UIMANBHO TPHHATHIN MEpeBOA
Ha3BaHMUs), TOPOJl, CTpaHa. B aHIrmiickoM BapHaHTe aJlpecHbIC CBEICHHS JOJIKHBI OBITH
TIPECTaBIICHbI Ha AHTJINICKOM SI3bIKE, B T.4. TOPOJI M CTPaHa.

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

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

3.6. Pe3rome (Abstract, Tyiiinmeme) cOCTOUT U3 KpaTKOro Tekcra (He Menee 150—
250 cnos, mpudt Ne 12) Ha s3bike crarthu. AbStract myGmukyercs B MEXAyHAPOIHBIX
0a3ax, JTaHHBIX B OTPBIBE OT OCHOBHOT'O TeKCTa. Pe3toMe 10IHKHO OBITH aBTOHOMHBIM, BCE
BBOJIMMBIE 0003HAUCHHMS M COKPALIEHHUsI HE0OX0ANMO pacmrdpoBarh 31ech XKe.

[TpuBercTBYeTCS CTPYKTYPHPOBAHHOE PE3IOME, TOBTOPSIONIEE CTPYKTYPY CTaTbu U
BKITIOYAIOIICE: BGedeHue, yeau U 3a0ayu, Memoobl, pe3yIbmamvl U 00CyxHcOoeHue,
3aKaouenue (8bi600bl). B TO e Bpems, enH U 3a/1a4l OMICHIBAIOTCS, €CIIM OHHU HE SCHBI
W3 3aryIaBUsl CTAaTbH, METOJBI CIEAYET ONMCHIBATh, ECIIM OHU OTJINYAIOTCS HOBH3HOW. B
pe3oMe BKJIFOYAIOTCS HOBBIE PE3YNBTATHI, MMEIOMINE JONTOCPOYHOE 3HAUCHUE, Ba’KHBIC
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OTKpBITHS, ONpPOBEpraioliie CYLIECTBYIOIIME TEOPUH, a TaKKe JaHHbBIC, HMEIOLIHe
mpakThHueckoe 3HaueHue. CremyeT HCIONB30BATh TEXHUYECKYIO  (CHEHHAIBHYIO)
TEPMHUHOJIOTHIO Ballled ANCIUTUINHEIL.

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

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

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

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

3.10. DkcnmepuMeHTaJbHAsi YacTh COJEPXKHUT ONMCAHWE XOJa M Pe3yJbTaTOB
9KCIIEPUMEHTa, XapaKTEepPUCTHKY MOy YE€HHBIX COEIMHEHU. B Hayane
SKCIEPUMEHTAIIFHON  9acTW  NPUBOAATCS  HAa3BaHWs NPHOOPOB, Ha  KOTOPBIX
3apEerHCTPUPOBAHBl  (PM3UKO-XMMUYECKHE XapaKTEPUCTHKH BEIIECTB M YKa3bIBAIOTCS
YCIOBUSI HW3MEPEHHS; TaKKE YKa3plBAalOTCA JIMOO HWCTOYHWKH HCHONB30BAHHBIX
HETPUBHAIBHBIX PEAreHTOB (HAIIPUMEDP, KKOMMEPUECKHE MPETapaTsl, Ha3BaHUE (HUPMBD»),
700 AAIOTCS CCHUTKM HA METOANKHU MX MOTy4CHHUS.

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

JIisi M3BECTHBIX BELIECTB, CHHTE3MPOBAHHBIX OIyOJIMKOBAHHBIM paHEe METO/OM,
HEOOXOJMMO TIPHBECTH CCBUIKY Ha JINTepaTypHbIe AaHHBIE. [l M3BECTHBIX BELIECTB,
MOJMY4YEHHBIX HOBBIMH WJIM MOJU(HUIMPOBAHHBIMA  METOAAMH, JIOJDKHBI  OBITH
MIPEACTAaBICHBI NX (PU3NUECKHE M CHEKTPATIbHBIE XapaKTEPHCTHKH, MCIIOIb30BAHHBIC IS
TIOATBEPKACHHUS UICHTUIHOCTH CTPYKTYPbI, METOJl CHHTE3a M CCBUIKA Ha JINTEPATyPHBIC
JTaHHBIE.

IIJ'IH BCE€X BIICPBLIC CHHTE3UPOBAHHBIX COC}II/IHGHI/Iﬁ HCO6XOJII/IMO IMPUBECTU
J0Ka3aTeJbCTBA MPUIHUCBIBAEMOI'0 UM CTPOCHUA U JAHHBIC, MTO3BOJIAIOMINE CYIUTH 06 nux
HHAUBUAYAJTbHOCTU M CTCHECHU YUCTOTHI. B YaCTHOCTH, JOJI’)KHBI OBITH MMpEaACTAaBJICHBI
JIaHHBIC 2JIEMEHTHOT'0 aHAJIM3a WM Macc-CIEeKTPbI BBICOKOTO pasperteHus, K criekTpsl u
cnektpsl SIMP *H u °C.
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JlaHHBIC PEHTI€HOCTPYKTYPHOTO aHAJIM3a IPEACTABISIIOTCS B BHIEC PHUCYHKOB H
Tadau. Bce HoBbIe coequnenusi, fanable PCA KOTOPBIX IPUBOJSATCS B CTAThE, TOJKHBI
ObITh 3aperumcrpupoBaHbl B KemOpumkckoii 0a3ze cTPpyKTYpPHBIX AAaHHBIX M HMETh
cootBercTByMone CCDC HOMepa.

Ecnu, mo MHEHHMIO pEleH3eHTa WM PelaKkTopa, HOBbIE COCIMHEHHs He ObUIN
YJIOBJIETBOPHUTENILHO OXapaKTepHU30BaHbI, CTAaThs HE OYAET MPHUHSATA K ITeYaTH.

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

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

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

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

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

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

3.13. IlpuBoaurcs uadopmaIus 0 GUHAHCHPOBAHUH HCCIICIOBAHUI.

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

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

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

3.18. OO0s3arenbHa unHdopManus 00 aBTopax. B Hell yka3bIBaloTCs: ydeHas
CTeleHb, 3BaHKE, TOKHOCTB, e-Mail, ORCID, ¢pamuaus, umMs, 0T4€CTBO MTOJHOCTHIO Ha
TpeX S3bIKAX.

HNudopmanust 00 apTopax:

JxycunbexoB Ymupsak KymacnnoBud — AO «HCTHTYT XUMHUYECKHMX HayK HM.
A.b. bBekrypoBa», 3aBemyrommii nmabopaTopuell XWMHH COJEH M YOOOpEHWH, dYiIeH-
koppectnoHneHT HarmmonaneHoi akagemun Hayk PecnyOmukm Kazaxcran, mpodeccop; e-
mail:jussipbekov@mail.ru, ORCID: https://orcid.org/0000-0002-2354-9878 .

HypramueBa I'ynp3una OpbIHTaeBHa — JOKTOp XUMHUYECKHX Hayk, AO «HCTHTYT
XUMUYECKHX Hayk uM. A.B. BekrypoBa», Asmarel, PecmyGmuka Kaszaxcran, e-mail:
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Chnucok  HUTHpYyeMOH  JuTeparypbl  OGOPMIIIETCS B COOTBETCTBUH  C
HIDKEIIPUBEACHHBIMU 00pa3iaMu Oubarorpadguueckux onucanuii (4.8.).

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

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

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

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

3.21. Bce cTpaHUIIBI PYKOIHUCH CIIEYET MTPOHYMEPOBATh.

4. TPEBOBAHUS K O®OPMJIEHUIO PYKOIIMCEN

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Ilpumeput 3anucu:

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

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

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

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

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

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

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

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

Brruucneno, m/z: 282.1828.

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

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

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

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

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

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

B References tpebyercst cnenyromas cTpykTypa OHOMHOrpaguuecKoil CChUIKU U3
PYCCKOSI3BIYHBIX HCTOYHUKOB: aBTOPHI (TPpaHCIUTEPAIKs), HepeBO/] Ha3BAHUS CTATbH WIIH
KHUTH Ha QHTTIMACKHUHN SA3BIK, Ha3BaHWE UCTOYHHKA (TPAHCIMTEPALHs — IS TeX M3TaHHH,
KOTOpbIe HE HMMEIOT YCTaHOBJIECHHOTO PeIaKlHeil aHITMHCKOro Ha3BaHMS), BBIXOAHBIC
JaHHBIC B IU(pPOBOM (opMare, yKa3aHHE Ha S3bIK CTaThM B CKOOKax (in Russian wiu in
Kazakh). TpaHcnuTepaiinio MOXKHO BBIMOJHHUTE Ha caiire http://www.translit.ru.

VYCnoBHBIE COKpAlCHUS] HAa3BaHWI PYCCKOSI3BIYHBIX JKypHAJIOB U CIPAaBOYHHUKOB
MIPUBOJIATCS. B COOTBETCTBUH C COKpAILCHUSIMH, IPUHATHIMU B «PedepaTtnBHOM xypHaie
XUMHSD». aHTJIOS3BIYHBIX M JIDYTUX HMHOCTPaHHBIX JKypHAJOB — B COOTBETCTBHUH C
COKpaIIeHUsIMH, PEKOMEHAYEeMBIMH H31aTenbcTBOM «Springer and Business Mediay:
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http://chemister.ru/Chemie/journal-abbreviations.htm. Jlns  crareii Ha pycckomM u
Ka3axCKOM sI3bIKax Ha3BaHHWe >kypHana «Xummueckudh Kypuan Kazaxcrtama» criemyer
cokpamath: «Xum. Kypn. Kaz» n «Ka3z. Xum. KypH.» COOTBETCTBEHHO, a JJisl cTaTel Ha
anrimiickoMm si3bike: «Chem. J. Kaz.». [IpuBonstcs pamuniy n MHUIMAIE BCEX aBTOPOB
(coxpaienus u Op. u et al He momyckarotcs).

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

DOIl. Bo Bcex cimywasx, Korga y ULUTHPYEMOrO Marepuaja ecTb IudpoBol
AICHTU(DUKATOP, €ro HEoOXOOMMO YKa3hlBaTh B CAMOM KOHIIE OMMCAHUS HCTOYHHKA.
[posepsite Hamuuue doi y mMcTOYHMKA crenyeT Ha caiite http://search.crossref.org wmu
https://www.citethisforme.com.

Jnst  hopMUpOBaHHSA CIHCKA JIATEPATyphl (BceX 0€3 HCKIIOYEHHUS CCHUIOK) B
Kypnane npuasaT 6ubnuorpadpudeckuii cTanaapT 6€3 UCTIOIB30BaAHUS PA3ICTUTENS «//»:

Author A.A., Author B.B., Author C.C. Title of article. Title of Journal, 2005, 10,
No. 2, 49-53.

J1J1st Ka3axCKO- WM PYCCKOS3BIYHOTO UCTOYHHKA!

Author A.A., Author B.B., Author C.C. Title of article. Title of Journal, 2005, 10,
No. 2, 49— 53. (In Kazakh or In Russian).

Hwke nmpuBeneHs! 00pasibl 0hOpMIIEeHUS pa3iuuHbIX BHIOB JOKYMEHTOB, KOTOPBIX
HEOOXOAMMO TIPHIEPKHUBATHECA aBTOpaM Tpd  O(GOPMIICHHH pPOMAHCKOTO CITHMCKA
References.

Omnucanue cTaTbH U3 JKYPHAJIOB:

Zagurenko A.G., Korotovskikh V.A., Kolesnikov A.A., Timinov A.V., Kardymov
D.V. Technical and economical optimization of hydrofracturing design. Neftyanoe
khozyaistvo. Qil Industry, 2008, No. 11, 54-57. (In Russian).

Omnucanne crateu ¢ DOI:

Zhang Z., Zhu D. Experimental Research on the localized electrochemical
micromachining. Rus. J. Electrochem., 2008, 44, No. 8, 926-930. doi:
10.1134/51023193508080077.

Onucanne UnTepHer-pecypea:

Kondrat’ev V.B. Global naya farmatsevticheskaya promyshlennost’ [The global
pharmaceutical industry]. Available
at: http://perspektivy.info/rus/ekob/globalnaja_farmacevticheskaja_promyshlennost_2011-
07-18.html (Accessed 23.06.2013).

niIn

APA Style (2011). Available at: http://www.apastyle.org/apa-style-
help.aspx (accessed 5 February 2011).

NI

Pravila Tsitirovaniya Istochnikov (Rules for the Citing of Sources) Available
at: http://www.scribd.com/doc/1034528/ (Accessed 7 February 2011).

Onncanme CTaTbH U3 JIEKTPOHHOT O KypHaJa:

Swaminatan V., Lepkoswka-White E., Pao B.P. Browsers or buyers in cyberspace?
An investigation of electronic factors influencing electronic exchange. Journal of
Computer-Mediated Communication, 1999, 5, No. 2. Available
at: http://www.ascusc.org/jcmc/vol.5/issue2/(Accessed 24 April 2011).

Onucanue cTaTbU U3 MPOAOLKAIOIIETOCS] H3TaHUs (COOPHUKA TPYAOB)

Astakhov M.V., Tagantsev T.V. Eksperimental’noe issledovanie prochnost
soedinenii «stal’- kompozit» [Experimental study of the strength of joints «steel-
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composite»]. Trudy MGTU

«Matematicheskoe modelirovanie slozhnykh tekhnicheskikh sistem» [Proc. Of the
Bauman MSTU

«Mathematic Modeling of the Complex Technical Systemsy], 2006, No. 593, 125-130.

Onucanue MaTepHaioB KOH(epeHHii:

Usmanov T.S, GusmanovA A, Mullagalinl.Z., MuhametshinaR.Ju.,
ChervyakovaA.N., SveshnikovA.V. Featuresof the design of the field development with
the use of hydraulic fracturing. Trudy 6 Mezhdunarodnogo Simpoziuma «Novye resurso
sberegayushchie tekhnologii nedropol’zovaniya i povysheniya neftegazootdachi» [Proc.
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4.9. Hpumep AHIJIOA3LIYHOIO 0JI0KA AJiA MpeaACTaBJICeHUusA CTaTbU, HANIMCAHHOM

Ha fA3bIKE, OTJIMYHOM OT AHTJIMHCKOro:
Abstract

DETERMINATION OF THE HAZARD CLASS OF OIL-CONTAMINATED
AND NEUTRALIZIED SOIL

Zhusipbekov U.Zh.t, Nurgaliyeva G.0.%", Baiakhmetova Z.K.%, Aizvert L.G.2

1JSC «A.B. Bekturov Institute of Chemical Sciences», Almaty, Kazakhstan

2Scientific and practical center of sanitary-epidemiological examination and
monitoring of the Ministry of Health of the Republic of Kazakhstan Almaty, Kazakhstan

E-mail: n_gulzipa@mail.ru

Introduction. Pollution by oil has a negative effect on chemical, physical,
agrophysical, agrochemical and biological properties of soils. Sorption methods of
cleaning the soil with the help of humic preparations from oil pollution are of great
importance. The purpose of this work is to study the composition and properties of the
contaminated and neutralized soil, the determination of the toxicity indexes of all
components of oil waste, the calculation of the hazard class of waste according to their
toxic-ecological parameters. Methodology. Samples of the contaminated and neutralized
soil were treated with the use of humate-based energy-accumulating substances. The
metal content in the contaminated soil was determined by spectrometry using an AA 240
instrument using the method of decomposing the sample with a mixture of nitric,
hydrofluoric and perchloric acids until the sample was completely opened. Results and
discussion. Fractional composition of oil products of all samples is stable: the content of
complex acetylene hydrocarbons is ~ 70.0% of the total mass of oil products, the content
of resins and paraffin-naphthenic group of hydrocarbons is 27.3%, the content of bitumens
is 2.6%. In the neutralized soil, paraffin-naphthenic fractions, resins, bitumens and
asphalteneswere  mainly  found; complex acetylene hydrocarbons are not
present. Conclusion. It has been established that the contaminated soil belongs to the
substances of the 3rd hazard class. Neutralized soil became less toxic and according to the
total toxicity index, it was classified as hazard class 4 (low hazard). Neutralized soil can
be used as construction and road materials, at the improvement of boreholes and at land
reclamation.

Keywords: oil, contaminated soil, neutralized soil, humate-based energy storage
substance, toxicity, radioactivity, hazard class.
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Fouabimn KAPUAJTAHBIMHBIH 3TUKACBI

«Ka3zakcTaHHBIH XHUMHUSJIBIK KypHaabD» (0yaan api — ’KypHaju) GacnacbIHbIH
ankacel MeH Oac penakTopbl «JKapusiiaHy 3THKachl KOHiHJeri KOMHMTET —

(Committee on Publication Ethics — COPE)»
(http://publicationethics.org/about),«Eyponaubik FBUIBIMU PeIaKkTopJIapABbIH
KaybIMaacTeirbl  » (European Association of Science Editors - EASE)

(http://www.ease.org.uk) xoHe F'BLIBIMHM JKAPHUSIAHBIM 3THKACBIHBIH KOMHUTETIiH/IE
(http://publicet.org/code/) kabbLTIaHBLIFAH XAJBIKAPAJIBIK TATANTAPAbI YCTAHA/IBI.

Bacma xp3MeTiHAeTi ofemnke cail emec ic - opekeTTepAi (IUIarmar, skKajaraH aKmapaT
koHE T.0.) OONABIpMayFa J>KOHE FHUIBIMH IKAPHUSIAHBIMAAPIBIH JKOFAphl CamachlH
KaMTaMachI3 €Ty YIIiH, KOJI JKETKI3TeH FhUIBIMH HOTIKENepAl )KYPTIIbUIBIKKA JKapusiay
MaKcaThlHAa PeNaKIys ajJKachkl, aBTOpjap, pElEeH3eHTTep, COHIai-ak Oacra yuaepiciHe
KaThICATBIH MEKeMeJlep STHKAIBIK HOpMajap MEH epeernepii cakTayra MIiHAETTI jKoHe
onmapaplH Oy3pUIMayblHa  OapiblK Imapajgapabl madmananysl Teic. Ochl  yaepicke
KaTBICYIIBUIAPABIH OapJIBIFBIHBIH FHUIBIMU JKapUsIaHBIMIAD 3THKACBIHBIH EpPEeKEIepiH
CaKTaybl, aBTOPJIAPIBIH 3UATKEPJIIK MEHIIIK OOBEKTIIEPIHE KYKBIKTAPBHIH KaMTaMachl3
eTyre, XapUsUIaHBIMJIAP CalachlH apTTBIPYFa JKOHE AaBTOPJBIK KYKBIKICH KOPFaJFaH
MaTepHangapasl JKeKe TYJIFajlaplbslH My[AAeci VIIIH IaiijanaHy MYMKIHJIITIH >KOIOFa
KOMEKTECE1.

Penaxmmsra xibepinreH OapiblK FRUIBIMH Makalanap MIHACTTI TYpAe €Ki >KaKThI
KyIus capanTtamara xioepinesni. JKypHanablH pelakusiIbK aaKachl MaKadaHbIH JKypHAT
TaKbIPHIOBIHA KOHE TaJalTapblHA COWKECTITiH aHBIKTAWIIbI, KypHAIFa TIPKEY VIIIH OHBI
QNJIBIH aja capajiayFa >KypHaJJIbIH JKayanThl XaTHIbIChIHA jkibepemi. Oy Komka30aHbIH
FBUIBIMU KYHJBUIBIFBIH aHBIKTAIl, MaKala TaKbIPHIObIHA )KAKbIH FHUIBIMH MaMaHIBIKTaPbI
O0ap €Ki ToyelsCci3 capamllblHbl aHBIKTAHABL. Makanamap/pl PeIaKIMsUIBIK ajlKa JKOHE
peIaKkIMsUIBIK alKa Mylleliepi, cCoHaai-ak 0acka eNeplieH MIAKbIPBUIFaH PELEeH3EHTTEP
capanTaiasl. MakajiaHbl capanTay YIIH PeleH3eHTTepAl TaHAay Typajbl Hiemrimai oac
penakrop KaObuaanael. Capanray Mep3iMi 2-4 anrta XoHE PEIeH3CHT OTiHIII OONBIHIIA
OHBI 2 amnTara y3apTyra 0oJa/sl.

Penaknusi MeH pemeH3eHT Kapayra >kiOepiireH kapusulaHOaraH MarepuaniapIby
KYITUSUTBUTBIFBIHA KUK Oepeni. XKapusiray Typaisl MIeIiM sKypHAIIBIH PeIaKIUsITBIK
aKachl TEKCEpreHHEH KeliH KaOwpuimaHambl. Kaxker OonraH skarmaiima (pemaxtop(iap)
KOHE/HeMece PELeH3CHT(JIep) TaparblHaH ecKepTyJepaiH Ooirybl) Koynkazba aBTopiiapra
KOCBIMIIIA TY3eTyJIepre KiOepisemi, coman KeliH ofl KalTa Kapajiajsl. ITHKAa HOpMaTapsl
Oy3bUIFaH JKaFfaiiia, MakajlaHbl >kapusiiayfaH 0ac TapTy KYKbIFbIH Penakumsi e3ine
KaJaeipazpl. JKayanTel pefakTop Makaiajia Iulardat Jer ecenTeyre KeTKUTIKTI akmapar
OoJIFaH JKaraaiia OHbI JKapusIayFa pykcaT Oepmeiii.

ABTOpJIap pelakiusara xiOepiireH Marepuanaap/by kaHa, OypbIH KapusiaHOaraH
JKOHE TYINHYCKa eKCHAIriHe Kemingik Oepeni. ABTOpiiap FBUIBIMH  HOTHXKENEPIiH
CCHIMIUTINT MEH MAaHBI3bUIBIFBIHA, COHJAi-aK FBUIBIMH JTHKAa KaFUJaTTapbIHBIH
CaKTallyblHa, aran alTKaH[a, FBUIBIMUA STHKAHBI OY3bUIMAayblHA (FBUIBIMH JICPEKTEPi
KOJNJAH jKacay, 3epTTey ICpPeKTepiH Oypmanayra oKeleTiH OypMmanay, IUiardar >KOHE
JKaIlFaH OipJIeCKeH aBTOPIIBIK, KaifTanay, 0acka agaMIapAblH HOTIKEICPIH HEMICHY JKOHE
T.0.)TiKeneH KayamnTsl.

Makanansl peaknusra O0epy aBTOpIapAbIH MaKaldaHbl (TYHMHYCKana Hemece Oacka
Tiepre Hemece TUIACH aynapMasna) Oacka s>kypHanra(iapra) skiOepMereHiH xoHe Oy
MaTepuanislH OypeiH skapusmaHOaraneiH Oinmipeni. Omait OonmmaraH jkarnmaiiza makana
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aBTOpJIapFa «ABTOPJBIK KYKBIKTHI Oy3raHbl YIIIH MaKaJlaHbl JKapusuilamay» JereH
mienriMMeH Kaifrapbuiaasl. backa aBTopabIH TyBIHIBICHIHBIH 10 MaiibI31aH acTaMbIH, OHBIH
ABTOPIIBIFBIH JKOHE JIEPEKKO3Te CciinTeMenepli KepceTred ce30e-co3 Kemlipyre Ko
OepinMerini. ATBIHFaH Y3IHIUIEp HeMece MolliMAEeMeNep aBTOp MEH JEePEeKKe3Ii MIHIeTTi
TYpZIe KepceTe OTHIPBIT peciMaenyi kepek. lllamamaH TeIc e3re MaTepHaigapabl
naljanany, COHIai-aKk Ke3 KeINTeH HBICAaHAaFbl IUIaruar, COHBIH IIIiHAE JoHeKci3
notiekco3nep, 0Oacka agamaapAblH 3epTTEYJEPiHIH HOTIKENEPiH HEeMICHY JTHKara
KaTnalapl JkoHe KaObUimaHOalapl. 3epTrey OapbiChlHA —KaThIHACKAH 0apIIbIK
TYJIFAapAbIH YJIECIH MOMBIHIAY KaXKeT )KoHe Makajaja 3epTTey[i Kyprizyae MaHbI3/bI
OosiFaH KyMmbIcTapra ciitemenep Oepinryi Kkepek. bipiieckeH aBToOpiap apachlHAA
3epTTeyre KaTbiCIaraH ajiamMmapabl KepceTyre ol OepiiamMeiini.

ABTOp(J1ap) )KYMBICTapbIHJa KaTeJikTep Oalikaiuca, Oy Typasbl Aepey peldakTopra
xabapuiar, Ty3eTy Typajibl YChIHBIC Oepyi THic.

Komxka36anel Oacelll mpFapygaH 0ac TapTy Typalbl IIENIiM peIeH3eHTTepHiH
YCHIHBICTAPBIH €CKEepPE OTBIPHIN, PEAAKIUS AJIKACBHIHBIH OTBIPBICHIHAA KaObUIAaHaIbI.
PemakuusuiblK anmKaHbBIH INEIIIMIMEH XapHsjiayFa YCHIHBIJIMaraH Makasla KalTa Kapayra
KaObuTmanOaiael. Kapusmaynan 6ac TapTy Typalibl xabapiama aBTOpFa SJEKTPOHIBIK
TIOIIITa aPKBUIBI XKiOepiiemi.

KypHangslH peaakuusuiblK amkachl MakKajlaHbl JKapusulayFa pykcaT Oepy Typaisl
HIenimM KaObUTjaFaHHaH KeiiH peAakLMsUTBIK alika OYJ1 Typasibl aBTOpFa Xadapiiai bl koHe
JKapusUIay IapTTapblH Kepcereai. Makaiara GepiireH mikipaepAiH TynHyckacel JKypHan
PelaKIHACHIHAA 3 KbUT CAKTAIBIHA/IBL.
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ITuKa HAYYHBIX My0IuKAMI

Penakumnonnas KOJLIerust u TJIaBHBII penakTop HAY4YHOT0
skypHajaa «Xumudeckuii skypHai Kazaxcrana» (nanee — dKypHan) npuaep:kuBaroTcs
NPUHSITBIX MeKTYHAPOAHBIX crangaproB «Komurera THKH no
nyoukammusav» (Committee on Publication Ethics — COPE)
(http://publicationethics.org/about),, «<EBponeiickoii acconHanuu HAYYHBIX
penakrTopos» (European Association of Science Editors - EASE)
(http://www.ease.org.uk) n «KomuTera mo ITHKe HAYYHBIX NyOJIMKALMID

(http://publicet.org/code/)..

Bo m3bexxanune HemoOpOCOBECTHOW NPAKTHKH B ITyOJWKAIIMOHHOW JEATEIHHOCTH
(Tmaruat, U3J0KEeHHE HEOCTOBEPHBIX CBEICHHH U JIp.) U B IENIIX 00eCTiedeHUs BEICOKOTO
KadecTBa HAYYHBIX ITyONHMKAIWi, IpU3HAHUS OOIIECTBEHHOCTHIO, ITOyUYEHHBIX aBTOPOM
HaY4YHBIX PE3YJILTATOB, YJICHBI PECAAKIIMOHHOI'O COBCTA, aBTOPbI, PCLCH3CHTLI, a TaKKE
YUPEXKICHHUS], yYaCTBYIONINE B U3ATEIILCKOM IpoIiecce, 00sI3aHbl COOMI0NATh ATHYECKHUE
CTaHJapTbl, HOpPMBI W IpaBWja W NPHHUMATb BCEC MCPbLI A MPCAOTBpAIICHUA HX
HapyuieHui. CoOmrofeHne MpaBWI STHKH HAyYHBIX IyONUKalMi BCEMHM YYaCTHUKAMH
9TOT0 TMpoliecca CHOCOOCTBYET OOECHEYEHHIO IIpaB aBTOPOB Ha HHTEIJIEKTYaJIbHYIO
COOCTBEHHOCTb, TIOBBIIICHHIO KauecTBA WU3JAHUS W HCKIIOYEHHIO BO3MOXKHOCTH
HEMpPaBOMEPHOTO MCITOIB30BAHMS aBTOPCKIX MAaTEPHUAIOB B HHTEpECcaX OTHACTHHBIX JIHII.

Bce HaywHBIC CTaTbd, IMOCTYNHBIIHE B PEOAKIMIO, MOJUICKAT O00S3aTCIFHOMY
JBOMHOMY CIIETIOMY pelleH3upoBaHuio. Penaknus XKypHana ycTaHaBIUBaeT COOTBETCTBHE
crate Tipodumio XKyprana, TpeOboBaHUAM K OQOPMIICHHIO W HAIpaBJIIET €€ Ha IMEepBOe
paccMOTpeHHe OTBETCTBEHHOMY cekpeTapio JKypHana, KOTOPBIH ONpeneseT Hay4YHYIO
LIEHHOCTh PYKOINCH M Ha3HA4YaeT JBYX HE3aBHUCHMBIX PEIICH3CHTOB — CIICHIHAIINCTOB,
UMEIOIINX HauboJee OJIM3KUE K TeME CTaThH Hay4yHbIE ClielMaln3alri. PeneH3upoBanme
CTaTell OCYLIECTBISETCS WICHAMH PENAKIMOHHOI'O COBETa M PEIAKIIMOHHOM KOJUIeruy, a
TaK)Ke IMPUTJIALIEHHBIMH PEIEH3eHTaMH JIPYyruX cTpaH. PerieHne o BhIOOpE TOro WM
WHOTO peleH3eHTa JUIsl TIPOBEICHHSI IKCIIEPTH3bI CTAaTbU NMPUHUMAET TJIaBHBIH PEAaKTop.
Cpok peneH3UpoBaHMs COCTaBisieT 2-4 HeEIH, HO MO MPOChOe PEleH3eHTa OH MOXET
OBITH IPOIICH, HO HE Oosiee yeM Ha 2 HeJlelH.

Penakumsi M peleH3eHT TapaHTHPYIOT COXpaHEHHE KOH(HUICHINAIbLHOCTH
HEONMyOJIMKOBAaHHBIX MaTepualioB IPHCIAHHBIX Ha pacCMOTpeHHe paboT. Pemienme o
MyOJMKAIMY TIPUHAMAETCS pEAaKIIMOHHON KoJuterueit JKypHama mocie perneH3upoBaHusl.
B cirygae HeoOX0oMMOCTH (HaTUYHe 3aMedaHrii penakTopa(-oB) U /WK perieH3eHTa(-0B))
PYKOIINICh HANpaBIACTCS aBTOpaM Ha JOpabOTKy, IIOCIIE Yero OHa IOBTOPHO
peuensupyercs. Pepakiust octaBisier 3a co0Oi MPaBO OTKIOHUTH MYOIUKAIIUIO CTAThU B
cilydae HapylleHusl MpaBuil dTHKU. OTBETCTBEHHBIM PENaKTOp HE JOJDKEH JIOMYyCKaTh K
nyOnuKanuy MHGOPMAIMIO, €CJIM MMEETCsl OCTATOYHO OCHOBAHWil mojaraTh, 4TO OHA
SIBIISIETCS] TUTarHaTOM.

ABTOpBI TapaHTUPYIOT, YTO TIPEJICTABICHHBIE B PEAAKLUIO MaTepPHAaNbl SBISIFOTCS
HOBBIMH, paHee HEONyOIMKOBAaHHBIMM ¥  OPUTHMHAIBHBIMH.  ABTOpBI  HECYT
OTBETCTBEHHOCTh 32 JOCTOBEPHOCTh M 3HAYMMOCTh HAYYHBIX DE3yJbTAaTOB, a TaKXke
coOIo/ieHNe TPUHIMIIOB HAYyYHOM OTHKH, B YaCTHOCTH, HejaomymieHne (akToB
HapyUIeHUs] HayYHOU 3THKH ((paOpuKanus HayqHbIX TaHHBIX, (aabcuUKanus, Beaymas K
WCKaXXCHUIO  WCCIENOBATENbCKAX  JAaHHBIX, IUIAarHaT ©  JIOKHOE COaBTOPCTBO,
nIyOnrpoBaHUe, TPUCBOCHHUE UYXKHUX PE3yIbTaTOB H Jp.)
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HamnpapneHune craTby B peAakLUIO O3HAYACT, YTO ABTOPHI HE NEPEAaBAIN CTATHIO (B
OpHUI'MHAJIE WJIM B IIEpEeBOAE Ha APYIHe SI3bIKM WM C APYTHX SI3BIKOB) B Jpyroi(-ue)
KypHaJ(BI) U YTO ITOT MaTepuan He OBUI paHee OIMyONMKOBAaH. B MPOTHBHOM cirydae
CTaThsl HEMEIUIEHHO BO3BpaIaeTcst aBTopaM ¢ (hopMysupoBKoil « OTKIOHUTH CTaThIO 3a
HapylIeHHe aBTOPCKUX IpaB». He nomyckaercss nocioBHOe KomumpoBaHue Oornee 10
MIPOLIEHTOB PabOTHI APYTOro aBTopa 0e3 yKa3aHUs €ro aBTOPCTBA U CCHUIOK HA MCTOYHHK.
3auMCTBOBaHHbIE (pParMEeHTBl WM YTBEPXKACHHUS JOJDKHBI OBITh O(OPMIIEHBI C
00s13aTeNbHBIM YKa3aHHEM aBTOpa W IEPBOMCTOYHMKA. Upe3MepHbIe 3aMMCTBOBAHUS, a
TaKXKe IUIaruat B JII000i (Gopme, BKIOYas Heo(pOpMIICHHBIC IIUTATHI, IiepedpasupoBaHUe
WY TIPUCBOCHKE TIPaB Ha PE3yJIbTaThl Uy)KHX HCCIIETOBAHUM, HEATUYHBI U HEMIPUEMJIIEMBI.
HeoOxoauMo mpu3HaBaTh BKJIAJ BCEX JIMI, TaK WIM HHade NOBIMSABIINX Ha XOJ
WCCIIe/IOBAaHMS, B YaCTHOCTH, B CTAaThe JOJDKHBI OBITh MPEACTABIICHBI CCHUIKM Ha PaboTBhI,
KOTOpblE HWMEJHM 3HadeHHe IpH IPOBEJCHUH HccienoBaHus. Cpenud  COaBTOPOB
HEJIOMyCTUMO yKa3bIBaTh JIUII, HE YIaCTBOBABIIMX B NCCIIEIOBAHHH.

Ecmm  aBTOpOoM(-amm) oOHapykeHa omuOka B paboTe, HEOOXOINMO CpPOYHO
YBEIOMHUTB PEaKTOPa M BMECTE MPUHSTH PEIICHNE 00 UCIIPABICHHH.

Pemenne 00 oTkase B MyONMKAaLMM PYKONHCH MPUHUMAETCs Ha 3aceJaHuH
pPEIAKIMOHHOM KOJMJIETMM C YYeTOM pEKOMEHJauuil peneH3eHToB. CraThs, He
PEKOMEHIOBaHHAs PELICHHEM PENaKIMOHHOW KOJUIETHHM K MyOJHKaLUH, K TOBTOPHOMY
paccMoTpeHui0 He npuHuMaetrcs. CoolleHre 00 0TKase B MyOJIMKAIMK HAIpPaBJIsSeTCS
aBTOPY I10 3JIEKTPOHHOM 1OYTe.

[Mocne mnpunsTus penkoiuierueid JKypHama pemieHuss O JOIMyCKEe CTaTbU K
myOJIMKanyy pegakuyst HHGOPMUPYET 00 3TOM aBTOpa M yKa3bIBaeT CPOKH ITyOJIMKAINH.
OpuruHansl perieH3uil Xxpanarcs B pefpakuuu JKypHana B TedeHue 3 JieT.
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Scientific Publication Ethics

The Editorial Board and Editor-in-Chief of the scientific journal the “Chemical
Journal of Kazakhstan” (hereinafter referred to as the Journal) adhere to the
accepted international standards of the “Committee on Publication Ethics”
(Committee on Publication Ethics— COPE) (http://publicationethics.org/about), the
“European Association of Science Editors” (European Association of Science Editors —
EASE) (http://www.ease.org.uk) and the “Committee on Scientific Publication
Ethics” (http://publicet.org/code/).

To avoid unfair practices in the publishing activities (plagiarism, false information,
etc.) and in order to ensure the high quality of the scientific publications and public
recognition of the scientific results, obtained by the author, the members of the Editorial
Board, authors, reviewers, as well as institutions, involved in the publishing process, are
obliged to comply with ethical standards, rules and regulations, and take all measures to
prevent their violation. The compliance with the rules of the scientific publication ethics
by all process participants contributes to ensuring the rights of authors to intellectual
property, improving the quality of the publication and excluding the possibility of misuse
of the copyrighted materials in the interests of the individuals.

All scientific articles submitted to the editors are subject to mandatory double-blind
peer reviewing. The Editorial Board of the Journal determines the compliance of the
article with the specificity of the Journal, the registration requirements and sends it for the
first reviewing to the Executive Secretary of the Journal, who determines the scientific
value of the manuscript and appoints two independent reviewers — the specialists with the
scientific specializations closest to the topic of the article. The articles are reviewed by the
members of the Editorial Board and the Editorial Staff, as well as the invited reviewers
from the other countries. The decision to choose one or another reviewer for reviewing the
article is made by the Editor-in-Chief. The reviewing period is 2-4 weeks, though at the
request of the reviewer, it can be extended, but no more than for 2 weeks.

The editors and the reviewer guarantee the confidentiality of the unpublished
materials submitted for reviewing. The decision to publish is made by the Editorial Board
of the Journal after reviewing. If necessary (the presence of comments by the editor(s)
and/or reviewer(s)) the manuscript is sent to the authors for revision, after which it is re-
reviewed. The editors reserve the right to reject from the publication of the article in case
of violation of the rules of ethics. The Executive Editor should not allow the information
to be published if there is sufficient reason to believe that it is plagiarism.

The authors guarantee that the materials, submitted to the editors are new,
previously unpublished and original. The authors are responsible for the reliability and
significance of the scientific results, as well as compliance with the principles of scientific
ethics, in particular, the prevention of violations of scientific ethics (fabrication of the
scientific data, falsification leading to distortion of the research data, plagiarism and false
co-authorship, duplication, appropriation of other people's results, etc.).

The submission of an article to the editor means that the authors did not submit the
article (in the original or translated into or from the other languages) to the other
Journal(s), and that this material was not previously published. Otherwise, the article is
immediately returned to the authors with the wording “Reject the article for the copyright
infringement.” The word-for-word copying of more than 10 percent of the work of
another author is not allowed without indicating his authorship and references to the
source. The borrowed fragments or statements should be drawn-up with the obligatory
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indication of the author and source. Excessive borrowing, as well as plagiarism in any
form, including inaccurate quotations, paraphrasing, or appropriation of the rights to the
results of the other people's research, is unethical and unacceptable. It is necessary to
recognize the contribution of all persons, who in one way or another influenced the course
of the research, in particular, the article should provide links to the works, which were
important in the research conduction. Among the co-authors, it is unacceptable to indicate
persons, who did not participate in the research.

If the author(s) finds an error in the work, it is necessary to immediately notify the
editor thereof, and together decide on the correction.

The decision to refuse from the publication of the manuscript is made at a Meeting
of the Editorial Board, taking into account the recommendations of the reviewers. An
article, which is not recommended by the decision of the Editorial Board for the
publication, is not accepted for re-consideration. A notice of the refusal to publish is sent
to the author by e-mail.

After the Editorial Board of the Journal makes a decision on the admission of the
article for the publication, the Editorial Board informs the author thereof, and specifies the
terms of the publication. The original reviews are kept in the Editorial Office of the
Journal for 3 years.
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