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FLOCCULATING AND BIOCIDAL PROPERTIES OF COPOLYMER
OF N,N-DIMETHYL-N,N-DIALLYL AMMONIUM CHLORIDE WITH
N,N-DIMETHYLAMINOPROPYL METHACRYLAMIDE

B.Ye. Orynbayev, M.B. Zhursumbayeva, N.Zh. Seitkaliyeva, K.Zh. Abdiyev”

Satbayev University, Almaty, Kazakhstan
“E-mail:k.abdiyev@satbayev.university

Abstract. Introduction. Nowadays, pollution of water reservoirs with harmful industrial waste is
considered one of the urgent problems. Poly surfactants (flocculants) are usually used to clean industrial
wastewater from harmful impurities. However, currently known flocculants do not meet the requirements
for them. The main reason for this is the high cost of monomers or the complexity of flocculant synthesis
methods. Microbiological corrosion (biocorrosion) of metal and reinforced concrete structures is still an
unresolved issue. In this regard, synthesis of new effective flocculants with biocidal properties is
considered one of the urgent problems. The purpose of this work is synthesis and studying of the
flocculation and biocidal properties of the copolymer of N,N-dimethyl-N,N-diallylammonium chloride
with N,N-dimethylaminopropyl methacrylamide (DMDAACh-DMAPMA). The methodology of the work
is to synthesize a new effective poly-surfactant with flocculating and biocidal effect on the basis of
industrial monomers available by the radical copolymerization method and to determine its properties by
modern methods. Results and discussion. The effect of molar composition and the ionic strength of the
medium on the flocculation and biocidal properties of the copolymer DMDAACh-DMAPMA was
studied. It has been proven that copolymer DMDAACh-DMAPMA, synthesized from a mixture of
monomers with molar composition 50:50 mol. %, shows the highest flocculation properties in relation to
the dispersed particles of bentonite clay. The presence of salt (0.01 wt.% NaCl) in the media increases the
flocculation properties of the copolymer. It was found that DMDAACh-DMAPMA copolymers have also
biocidal properties and can be used as a biocidal compound to inhibit the growth of sulfate-reducing
bacteria (SRB). The optimal concentration is 0.01+0.05 mas. %.

Keywords: copolymerization, flocculant, water treatment, biocide, microbiological corrosion
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N,N-IUMETHJI-N,N-THAJLIA AMMOHMI XJIOPUIIHIH N,N-TAMETHUJIAMHU-
HONPOIINJ METAKPUJIAMUAIIEH COINIOJIMMEPIHIH ®JIOKYJIALIUAJBIK ) KOHE
BUOHUATIK KACUETTEPI

B.E. Opvinébaes, M.B. JKypcimbaesa, H.JK. Ceiimkanuesa, K.JK. 60ues”
Camobaes ynusepcumemi, Anmamul, Kazaxcman
“E-mail:k.abdiyev@satbayev.university

Tyiiingeme. Kipicne. Ka3zipri Tania cy KoiManapbIHbIH 3USH/BI OHIIPICTIK KAIABIKTAPIMEH JIACTaHYbI
©3eKTi MocenenepiH Oipi OombIn caHamyna. OHAIPICTIK aFblH CyNapibl 3USHIBI KOCIAJapiaH Ta3apTy
YIIIH OJETTe MOJUMEpPIK OeTTiK-akTUBTI 3aTTapipl (nonu-BA3) — ¢uokymsHTTappl KOJNIaHAIBL
Jlerenmen, Ka3ipri Oenrini (IOKYJISHTTap onapra KOWBLIATBIH Talanrtapra caii keie Oepmeiiai MyHbIH
GacTbl ce0ebi MOHOMEpiep KYHBIHBIH JKOFapbl OOIybl HeMece (IIOKYISHTTap CHUHTE3Jey OMICTEpiHIH
kypaenimiri. Tarel ga Oip mIemnMiH TammaraH ©3€KTI Macele — OJ METaul KOHE TeMipOeToH
KYPBUIBIMIAPBIHBIH MUKPOOHOIOTHSIIBIK KOPPo3uschl (Orokopposusi). Ockl opaiina 00iibiHIa OHMOUUATIK
Kacueri Oap »aHa TUIMIAI (IOKYJISHTTap CHHTE3[CY ©3€KTi MoceienepiiH Oipi OObI caHaaIbl.
ATanMbIll  KYMBICTBIH ~ Makcamsl  xaHa nonmu-BA3-meiH —  N,N-aumermn-N,N-auanmiinaMmonwii
xnopuzinid  N,N-mumerunamunonponun mertakpunamuanes (JAMJAAX-IIMAIIMA) cononumepiHin
GIOKYIALMSIIBIK  JKOHE OMOLMATIK KacuerTepiH 3eprrey. JKYMBICTBIH 9dficTeMeci - paJnKaAbIK
CONOJIMMEpH3alHs  OMICI  apKbUIbl  KODKETIMAI  OHIIPICTIK MOHOMepiep Herizinge OoiibiHaa
(bIIOKYJIALHSIIBIK JKoHE OHOLMATIK acepi Oap jxkaHa THIMII Moau-BA3 cHHTE3 ey KOHE OHBIH KaCHETTEepiH
3aMaHayn oicTepMeH aHbIKTay. Homuowcenep owcane mankvinay. AMJAAX-JIMAIIMA conomumepinin
GIOKYISALUSIIBIK JKOHE OMOLMATIK KaCHETTepiHe OHBIH MOJBJIK KypaMbl MEH OPTaHBIH HOHJBIK KYIIiHIH
acepi 3eprrenmi. Mombaik kypambl 50:50 mon. %  Oonbln KeneTiH MOHOMEpIiep KOCTAChlHAH
cunresgenred JMIAAX-JIMAIIMA cononuMepi OEHTOHMT ca30alllIbIFbl JUCIEPCTIK OesleKTepiHe
KATBICTBI €H JKOFapbl (UIOKYJSILMSJIBIK KacueT KepcereTiHiri manenaenai. CycneH3us KypaMbIHZAA
Ty3nbiH (0,01 mac. % NaCl) Oomysl comonumepiiH (GUIOKYISIMSUIIBIK KACHETIH apTThipa Tyceni.
JIMIOAAX-IMAIIMA COTONIMEp-JIepiHe OMOIMATIK Kacuer TOH COHJIBIKTaH OHBI
cynbaTToThIKChI3AaHAbIPFBI OakTepustiapabiy (CTB) ecyin TexelTiH OHOLMATIK KOCBUIBIC peTiHIe
KOJITaHyFa OONMaThIHIBIFEI aHbIKTa b, CoHa OHTaibl KoHteHTpaiws 0.01+0.05 mac. % cananasl.

Tyiiinai ce3aep: cononmumMepu3anys, GpIOKYISHT, CyIbl Ta3apTy, OMOINA, MUKPOOHOIOTUSIIBIK KOPPO3HS

Opuvinoaes bayvipycan Enmaiiynut Mmazucmp

Kypcimbaesa Mapuamkyn Bypkankpizer  Xumus 2bi16lMOGPLIHLIH KAHOUOAMbI, O0YeHM

Ceiimkanuesa Hypzyn Xumus 26116IMOAPLIHBIY KAHOUOAN b
JKapvinkazanxpizot
960uee Kanovioex Kamwaiiyno Xumus 26116IMOAPLIHBIY OOKMOPbL, QOYeHm, npogeccop

1. Kipicne

Anyan Typainirine kapamactan [1-3], kemTereH (pIOKyJISHTTApIBI
eHJIipicTiKk MacmTabra mainanany miekrenreH. OHBIH O0acThl ce0ebi, GacTamkpl
mwuKizar (MOHOMEpP) CHHTE3IHIH oHE (CO)IMOJIMMEpHU3alHs PEaKIHIChIHBIH
KYpPIENiNiri, eHiMHIH ©31HIIK KYHBIHBIH OFapbl HeMece (IIOKYISHTTBIH OETTiK
XKoHE OMOIMATIK KacHeTTePiHiH ToMeH Oonybl. ByHBIH €31 aFbIH cynap/pl Ta3apTy
TEXHOJIOTHSACHIH JKETUIIIpyre JKOHE jKaHa TUIMII (DIOKYJISHTTAp CHUHTE3JCYre
urepmeneiiai. Jlemek, OolibiHAa (IIOKYJIALMAIBIK KaHa €MeC, COHbIMEH Oipre
OouonmaTik Kacueti ne Oap nonu-bA3 cuHTesney ozexmi mindemmepdiy Oipi
OO0JIBIN caHasa bl
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Byn oicymvicmoiy maxcamot xxana nonu-bA3 — N,N-mumermn-N, N-nuamiv-
aMMOHUI XJTOPUIIHIH N,N-mrMeTHIaMUHOTIPOTIHIT MeTaKpHIIaMUAITICH
(UIMIOAAX-IMAIIMA) comonmuMepiHiH (QIOKYISAIFSUTBEIK JKOHE OHONIHATIK
KaCHETTEPIiH 3ePTTey.

2. Toxipubemik 0erim

2.1. IMJJAAX-JIMAIIMA conoaumepin cunmesoey

IMIAAX-IMAIIMA comonumepi cylibl OpTaja MOHOMEPIEPIiH opTypii
MOJIBbIIK KaThiHackiH 343 K TemMneparypana uHHIHATOP (AMMOHHIA mepCyibhaTs
(NH4)2S208) kaThiChIHIA pPAAMKAIIBIK COMOJUMEPU3AIMIAY OICi  apKbLUIBI
CHUHTE3CIIII.

CHs
I
~-cHsen-on-c - —f ons -cl:%m
H.C CH, =0 CH
VI N i
Nd NH - CH, - CH, - CH, - N
H,C CH, du,

CuHTe3ley J>KOHE TaszapTy oJiCTepi, CHHTE3ACIIeH CONOJIMMEPICPAiH
KYpaMbIH aHbIKTay HoTwkenepi [4] kenripinreH. Cononumepnepain kypamsl UK -
xoHe SMP-crieKTpocKonus, BIEMEHTTIK Taljlay »OHE KOHIYKTOMETPHSIIBIK
TUTpJIEY OHICTEepl apKbUIbl aHBIKTANABl. Tanpmay HoTIkenepi 1-kecreme
KEINTipUITeH.

Kecte 1 — Yurinepai snementrik Ttangay xoHe JMIAAX-JIMAIIMA comonuMmep epiTiHIUIEpiH
KOHYKTOMETPHSIJIBIK TUTPJICY HOTHKeNepi [4].

Bacramnkpl KocTiagasst DIeMEHTTIK Tanaay HOTHKeIepi KOHIyKTOMETPHUSIIBIK TUTPIICY
MOHOMEPJIEP/IiH KypaMmbl, OOMBIHIIIA COMONUMED KYPaMBlI, HOTHKeJIepi OOMbIHIIA
Mo % Mod1. % COIOJIMMEP KYpaMsbl, MOJI. %,
[AMATIMA]:[IMJIAAX] [AMAIIMA]:[AMIAAX] [AIMATIMA]:[IMJAAX]
N C H

30:70 42:58 43:57 41:59 45:55

50:50 64:36 63:37 64:36 64:36

65:35 77:23 75:25 76:24 76:24

80:20 93:07 94:06 93:07 95:05
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2.2. 3epmmey adicmepi

Cononumepnepoiy (roKyiayusnvl Kacuemmepin sepmmey

IMIAAX-IMAIIMA  cononuMmepiHiH  (QIOKYTALMSUIBIK —~ KaCHETTEPIiH
3eprrey ymiH Iloragaes ke opubiHbIH (bareic Kazakcran o6mbicer, Kazakctan
PecrryOnukacer) OEHTOHUTTI Ca30aIBIFRl TAHJAN ANBIHIBL. banmbslk quipMeHe
330 aita/mMuH xbUTHAAMIBIKIEH 10 MUHYT OOHBI YHTaKTanAbl. Opi Kapail YHTaK
Teciriniyg auameTpi 0.2 MM-JICH aclialiThIH €JIEKTCH OTKI3LIiI, COAaH KeliH ca3ra
TUCTHIIICHTCH CYABIH Ka)XKETTI MeINIIepi KOCBUIABI KOHE Ca3AblH TOJBIK iCiHYyl
YLIiH cycnieH3ust 24 caraTka KalIblpbUIIbL.

[loragaeB keH OPHBIHBIH ca3 OANIILIFBI OTKA TO3IMII KacUETTEepi OOWMBIHINA
xkeHin Oankbimara, Fe.Os Kypambl OolbIHIIA OOSFBINI OKCHITEPI IKOFApHI
cazmapra, an Al>Os Kypambl OOWBIHINA KBIIKBUT ITUKI3aT TOOBIHA skaTambl (2-
KecTe).

Kectre 2 - TloragacB KeH OpHBIHBIH OCHTOHUTTI Ca3 OaNIIBIFBIHBIH XUMHS-JIBIK Kypambl (Batbic
Kasaxcran ooneickl, Kasakcran Pecry6nukachr)

Oxcuarepiy Kypamsl, Mac. %
SiO2 Al203 Ca0 MgO Fe20s SO3 Na20 ILILII
Iorazaes KeH OpHbI 61.5 17.01 2.201 3.24 6.344 1.32 3.6 6

[uki3aTThiH aTaybl

CycleH3usiHBl  TYHJBIPY TPOIECIHIH Y3aKTBIFBl OOJIIEKTEpIiH MIeTy
KBUIIAMJIBIFbIHA OainanbicThl. Jucmeperik ¢asza OemnmiekTepiHiH (IOKYISAIHS
JIOPEXKEC], SIFHU CYIbIH OOJIIIEKTEPICH Ta3apy JOpEe)eci KYHEHIH ONTHKAJBIK
THIFBBABIFE (D) JKoHe TYHFaH IIOTiHIIHIH Maccachl apKbUIbl AHBIKTAIABI [5].
Ontukanelk TeFBRABIK K®DK-3-01 cnekrpodoromerpinmze 740 HM TONKBIH
V3bIHJBIFBIHIA OJIICH . EpITIHAUIEpIIH ONTHUKABIK THIFBI3IABIFBIH OJIIICYIiH
caipICTRIpMabl Katenmiri 2% - maH acmajsl. 3epTTey YIIiH alblH-ajla OEHTOHHUT
casbIHbIH cyaarsl 0.5 Mac. % CycneH3UsIChl JabIHAA b

2.3.Cononumepnepoiy 6uoyuomix xacuemmepin sepmmey

Cynbdat ToThIKChI3naHABIpFbI OakTepusuiapasiy (CTH) ecyin Texey yiuiH
MoubIik Kypambl opTypii AMJIAAX-/IMAIIMA cononuMmepiHiH OHOIMATIK
kacuertepin 3eprrey KP PxKBM-H "MukpoOuonorusi XoHE BHPYCOJIOTHS
FeUTBIMH-OHIpicTiK opTaneiFel” JKIIC-ne (Anmarbl K.) xypriziim. On yuorix
toxipubenik Ttytikrepre 1 mn CTB makbUABIK CYHBIKTBIFBI €HTI31TIIN, OFaH
KYpaMBbIH/a CONOIMMEPIiH THICTI KOHIEHTPAMACH 0ap KOPEKTIK OpTa KOCBUIIBI.

3. HoTm:kesep koHe TAJKBLIAY

3.1 IMIJAAX-/IMAIIMA cononumepiniy (hprokyisyusivlk Kacuemmepin
3epmmey

l-cyperre cynpiH OEHTOHHT ca30aNIIBIFBl  OOJIIEKTEpiHEH Ta3allaHy
nopexecinig KocburaH JIMIAAX-JIMAIIMA comomuMepiHiH MOJBJIIK KypaMbI
MEH KOHIICHTPAITMSAChIHA OaTaHBICTHI ©3TrepicTepi KOPCETUITEH.
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ComnonumMepaid Mosbaik kypamsl [[JIMAIIMA]:[AMIAAX]

Cyper 1 — cyabIH O€HTOHUT ca30alIbIFbl OIIIIEKTEpIHEH Ta3alaHy AOPEKECIHIH KOChLIFaH
JIMIAAAX-AMAIIMA cononumepiHiH MOJNBJIIK KypaMbIHa )KOHE KOHIICHTPAIUACHIHA
GaillaHbICTHI ©3repicTepi

XKorapeimarer cyperren [AMAIIMAL[AMIOAX] = 50:50 wmom. %
MOHOMEpJIEp KOCIIACBIHAH CHHTE3ACNTEeH COMOJUMEPAiH  (IIOKYISIUSIIBIK
KalijeTi eH >KOFapbl eKEHIITiH Kepyre Oomanmel. bynm kesne comonmMepniH
WBIFBIHB, — mamameH  10+15  1/M®  kypaiigel.  JIMJIAAX-JIMATIMA
COTIOJIMMEPIHIH  KOFaphl  (IOKYJSALUSIBIK KaOUIETIH MaKpOMOJICKYJIaHbIH
onTUMaibIi THApoPuIbAiK-TnnoduIbaik O0anancel (I'JIB) apkeuibl TYCiHIipyre
OoJIaabl.

Jemek, skorapbia aNTBUIFAHAAPABI €CKEPE OTBIPHIN, OCHTOHHUT Ca3bIHBIH
cycnersusicbiia JIMJIAAX—/IMAIIMA comoiauMepiH KOCKaHIa, COIIOJIHUMED
MaKpOMOJICKyJlajlapbl  AJICKTPOCTATHKAJIBIK MEXaHM3M OOMBIHIIA Ca30aJIIIbIK
OeJieKkTepiHid OeTiHe ajcopOIMsUIaHAAbl NN  TYXKbIPbIMAAyFa OOJajibl.
Hormxkecinne OeHTOHUT ca30ambIFel OeeKkTepiHiH OeTTik (Tepic) 3apsibl
HEUTpajiaHaJbl JKOHE  JJICKTPOKHHETHKAJBIK  IMOTCHIHMAIbl  TOMEHICHII.
Cycnensusiiarbl (hJIOKYJISIHTTBIH KOHIEHTPAIMACHI OHTAMIBI MOHIHE KETKCHIIE
OeJIIIeKTep IiH AIEKTPOKHHETUKAIIBIK IMOTCHIIMAIBI ©31HIH "KPUTHKAIBIK' MOHIHE
JediH ToMeHmelai. by ke3me OeJmeKkTep apachbIHIAFbl TapTBUIBIC KYII TeOy
KYLIiHeH OacbkiM Oojiaibl Jla, OCHTOHHUT ca30eJIeKkTepi  (QIIOKYJIAIHUsIFa
YIIBIpaias!, ssFHU OeeKkTep Oipirinm biabic TyOiHe mereni.

Byt sxyMbICTa, COHBIMEH KaTap, dJEKTPOIUTTIH (OPTaHBIH HOHIBIK KYIIIiHIH)
IMIOAAX-IMAIIMA cononumepiHiH QIIOKYISAUMSUIBIK KaOineTiHe ocepi e
3epTTENl, OWUTKEHI DIEKTPOIUTTEp (IOKYISIHT MaKpOMOJIEKYJalapblHbIH
(hM3MKa-XUMISUTBIK, KacHeTTepiHe aWTapibIKTail ocep eTeTiHairi oenrim [6]. 2-
XKoHE 3-CypeTTepe 3epTTey HOTHKeNIepi KeNTipireH.
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Comnommmmep kypamsl: [[IMAIIMA]:[AM/JAAX]=80:20

Cyper 2 — 0.01 mac. % NaCl kaTbICbIHa )KOHE NIEKTPOIMUTCI3 CYIbI
OCHTOHHT Ca30aIIBIFBI OOJIIEKTEPIHEH Ta3apTy AIPEKECIHE CONONIUMED
KOHLICHTPALMSCHIHBIH dcepi
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COMNONUMEP WBbIFbIHBI, /M3

Eckepmy: IM-JIIMATIMA; I1X-IMJAAX
Comnonmep kypamsr: [[IMATIMA]:[AMJAAX]=40:60

Cypet 3 - 0.01 mac. % NaCl kaTbICBIHIA JKOHE JJICKTPOIHTCI3 CYIbI
OEHTOHHT ca30aIIbIFbl OOJIIEKTEPiHEH Ta3apTy 1opeKeciHe
CONOJIMMEP KOHIEHTPAIUSCBIHBIH dcepi

Horwxenepni tanmay ©OapeiceiHna saektpoiaut JMIAAX-IMAIIMA
COTOJIMMEPIHIH (QIOKYIAIMsIAY KaOUICTIiH apTThipa TyCeTiHAir ansikTanapl. 0,01

mac. % NaCl katbicbiHIa OONMIEKTepaiH (QIOKYISANUACH KyLIele TYCei, Cyabl
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OCHTOHHUT ca30aNIIBIFEI OOJIIEKTEPIiHEH Ta3apTy MSPEkKeci apTaabl KOHE CYAbI
Ta3apTyAblH  MaKCHMaJIbl  JOpeXeciHe  COMKeC  KeJIETIH  CONOIMMeEp
KOHIIEHTpalusichl (IIBIFBIHBI) a3as TYCETIHHAITiH aHfapyra Oomanpl. COHBIMEH
Karap, aiWTa KETeTiH »a#T, aeKTponauTTiH oH acepi JIMIAAX-/IMAIIMA
COMONIMMEPiHiH OapibIK AEpiK MOJBAIK KypaMblHAa OalKamaibl. DJIEKTPOJIHT
KATBICHIHAA COTIOJIMMEpP MaKpOMOJIEKYIaJapbIHbIH (IIOKYISAIUSIIBIK KaOiIeTiHiH
apTYbIH DJJIEKTPOJMTTIH KOC OJNEKTpHiK KabarTeiH Ayddy3usuiblk Oeirine
KipyiMeH OaitnaHeIcThIpyra Oonansl [5, 7, 8]. HoTmkecinme KOcanmekTpiik Kadat
CHIFBUTANIBI, OOJIICKTEPMIH  AICKTPOKHHETHKANBIK  IOTCHITHAIBI  (3apsIbl)
TeMeHaelai. MyHBIH 0opi, caifpll KenreHae, OCHTOHHT ca3bl OemeKTepi
apacelHAarbl TeOy KYIIiHIH oJcipeyiHe »XOoHE TapTBUIBIC KYIIiHIH KYIIeloiHe
okeneni. HoTwkecinge qucnepcTik 0eIeKTepIiH TYPaKThUIBIFBl TOMEHIEI, Oap
GITOKyIAIMSAFa YIIBIpaiIbL.

Hewmex, AJIbIHFaH TOKIPHOEITiK MOHIEepTe cyiiene OTBIPBITI,
IMJAAX-IMAIIMA comonuMepiHiH QIOKYIAIUSIIBIK KabieTi 6ap ®oHe OHBI
aFbIH CyJapAbl KYpaMbIHIAaFrbl OCHTOHHUT ca3fapbl IUCIEPCTIK OeeKTepiHeH
TazapTy YIIiH KOJIaHyFa O0Ia bl AT KOPBITHIHIBI jKacayFa Ooabsl.

3.2. IMJTAAX-/IMAIIMA cononumepiniy 6uoyuomix Kacuemmepiu
3epmmey

Kypamer [IMATIMA]:[AMIAAX] = 80:20 (1); 50:50 (2) xone 20:80 (3)
Mon. % wmoHOMepiep KocnamapeiHaH cuHTesaenreH JMJAAX-JIMAIIMA
conoyimmepiiepi CTB ecyiH Texey yImiH OHOIMITIK KOCBUIBICTap PETiHIE
ceiHanAbl. bepinren comonmumepnep yarinepinin CTb  ecyine aocepi ym
koHueHTparmsaa 3eprrenai: 0.01 %, 0.05% xone 0.1 % (4-cyper). On yuriH
taxipubenik npodupkanapra 1 min CTB gakbpULABIK CYHBIKTBIFBI €HTI31IIN, COHAH
COH KYpaMbIHa COTOJMUMEP/IiH THICTI KOHIICHTPAIMICHI KOCBUIFaH KOPEKTIK OpTa
kydpuinel. CeiHak Oip ail Ooiibl kyprisinmi. bakepuray HyckaceiHma CTb
cononumepciz ecipingi. CTB mamysl ecipyaiH OeciHmii Toymirinae OalKaibl.
BakTepusiHblH ecyi OapbIChiHAAa MPOOWMPKAHBIH IMIKI OCSTIHIE *KYKa METaJIbIK
KBUITBIP Kabat (KaObIpInak) maimaa 60ssl (4-cyper).

0.1 005 | fo Kowipe 2k 0.05

& :
@

4
i

()
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i [Kowrpr

©)
CormomnuMep KOHIEHTPAIHACH (cojaan oHFa, Mac. %): 0.1; 0.05 xone 0.01.
Cyper 4 — IMJAAX-IMAIIMA comnonumepi yiriiepiin
kateicybiMeH CTh ecyi

bakpinay Oapeiceinga IMIAAX-JIMAIIMA cononumepiniy (1) xone (3)
yirinepi, coiikecinme, 0.05 mac. % xone 0.1 mac. %. konuentpanusga CTh
namybiH ToneiFbiMeH (100 %) TexxelTiHi aHbIKTanasl. An ockl yiurinepair 0.01
Mac. % konueHtparusaceiiaa CTh mamysr Oabikammel. JIMIAAX-/IMAIIMA
comonumepiniy (2) ymrici tek 0.1 mac. % xoHuentpauwmsiceinna raHa CTb
JaMyblH ToJibiFbIMeH Texeinmi. Ocbl yirinig 0.05 mac. %-ma CTB mamysl
Oaiikayapl. YJITUIepAiH OHOLUMATIK ocepi OYKUI ChIHAK KE3EHIHAE CaKTaJJIbl.
Mukpockonusuislk, — 3eprreysnep Oyn  yiurinepae CTB  GakrepusmapblHBIH
KOKTBIFBIH KOPCETTI.

JeMek, CBIHAK HOTIXKeENEpiH eckepe OThIpbIn, Kypambl [JIMAIIMA]:
[AMJAAX] = 80:20 (1) xxone 20:80 (3) mon. % MoHOMEpIEP KOCHalapbIHAH
cuaresgenres  JMIAAX-JIMAIIMA cononuMmepiHig OepiireH  yiriiepi
ounornuarik Kacuerrepre ue xxoHe 0.05 mac. % munnManabl kornentpanusga CTh
OCYIH TeXKeH i e KOPBITBIHIBI )Kacayra O0JIaIbl.

IMJAAX-IMAIIMA  comonuMepiHiH — KOfapbl  OWONMATIK  ocepiH
MaKpOMOJIeKyIaJapblHbIH MUKPOOPTaHU3M O€TiHE 3JIEKTPOCTATHKAIBIK MEXaHU3M
OolibiHIIA azcopOuMsUIaHy KabijeTiMeH TyciHmipyre Oomansl [8]. AmcopOuus
HOTHXXECIHJE MHMKPOOPTIaHU3M O€TiHAe >KyKa aJcOopOLMsUIbIK KaObIpIIak maiaa
00a1bpl, O MEKPOOPTAHW3M MEH KOpIIaraH (KOPEKTiK) OpTa apachlHIaFbl Macca
ajMacy TPOIECIH alTapibIKTall TOMEHICTE/Il KOHE MUKPOOPTaHU3MI€ OTTETiHIH
OTyiH enayip mekTeiai. MyHbIH 03api, callblll KelIreHae, MUKpOOPraHU3MIEPAiH
(OakTepusIapabIH) KOUBUTYBIHA SKETEI].

4. KopbITHIHABI

1. IMIAAAX-IMAIIMA cononumMepitis (GpIoKyISIMIIBIK KOHE OMOIMATIK
KAacHUeTTEpiHe OHBIH MOJBIIK KYpaMbl MEH OpPTaHBIH HMOHABIK KYIIiHIH acepi
3epTTEN/Ii.

2. Monsaik Kypamsl 50:50 mon. % MoHOMepIep KOCTachIHAH CHHTE3/IEITeH
IAMJAAX-]IMAIIMA COTIOJTUMEPIHIH OCHTOHHUT ca30aJIIIBIFEI

12
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CYCIIEH3USCHIHBIH TUCTIEPCTIK OeIIeKTepiHe KAaThICTHI (IOKYISAIUSIIBIK Ka0iteTi
eH okorapel ekeHmiri skome Ty3aelH (NaCl) kareIchIHIa —COMOIMMEpPIiH
(IOKYISIUSITBIK, KACHETI apTa TYCETIHIT aHBIKTaJIIBL.

3. IMJAAX-/IMAIIMA cononuMmepepine OMOIUATIK KACUET TOH SKEHIIT1
xoHe onapael CTh ecyiH Texeylni OMONMATIK KOCBUIBICTAP PETIHAC KOJJAaHYFa
OonareiHabirel  gonenneHai. CTb ecyiH TexelTiH OHTalnbl KOHIEHTpAIUs
0.01+0.05 mac. % apanbIFbIHIA CONOIUMEPIH MOJIBAIK KYpaMblHa OalnaHbICTHI
©3TePETIHIIT AHBIKTAJIJIBI.

Kapxkbuianawipy: Byn  3eprreyni  Kasakcran PecnyOnukachiHblH — BitiM — jkoHE  FBUIBIM
MUHHCTpIIriHIH FrutbiM komuTeTi Kapxbuianasipyaa (JKoda Ne AP14870286).
Myaaesep KaKTBIFbICHI: By )KyMbICTa aBTOpPIIAp apachIHAA MYIICTiK KAKTBIFBIC YKOK.

®JIOKYJUPYIOIUME U BUOLHUAHBIE CBQﬁCTBA COIIOJIMMEPA
N,N-AUMETHJI-N,N-TUAJLJINIT AMMOHUHU XJIOPHUJIA C N,N-
JUMETUWJIAMUHOIIPOIIMJIMETAKPUJIAMUIOM

B.E. Opvinébaes, M.B. JKypcymbaesa, H.JK. Ceiimkanueea, K.JK. A6oues”
Camnaeg ynusepcumem, Anmamei, Kazaxcman,
“E-mail:k.abdiyev@satbayev.university

Pe3tome. Bsedenue. B HacTosimiee BpeMs 3arpsi3HEHUE BOJOEMOB BPEIHBIMHU IIPOMBIIIICHHBIMU OTXOAaMHU
CYMTACTCSI OAHOM M3 aKTyaJbHBIX TpoOieM. Ik OYHUCTKH MPOMBINIIEHHBIX CTOYHBIX BOJ OT BPEIHBIX
npuMeceil 00BIYHO TPUMEHSIOT (GIOKYIIHTBL. OIHAKO, M3BECTHbIC (IOKYJISHTHI HE BCErJa OTBEYAIOT
MIPEIBSBISAEMBIM K HUM TpeOoBaHusM. OCHOBHASI IPHYMHA 9TOTO — BBICOKAsi CTOMMOCTH MOHOMEPOB I
CIIO)KHOCTh METO/IOB CHHTe3a (QuokynsHTtoB. Eme ofHOW HepelleHHOH mpobieMoll  ocraercs
MHUKpOOHOIorHyeckass Kopposus (OMOKOppo3Msi) METAIMYECKUX W )KENe300€TOHHBIX KOHCTpYKIWH. B
9TU CBS3U CHUHTE3 HOBBIX ()(HEKTUBHBIX (IOKYJISHTOB ¢ OMOIMAHBIMU CBOWCTBAMH SIBJISICTCSl OJHOW M3
aKTyalbHbIX 3amad. [Jenvlo HacTosmed paOoThl SBISIETCS CHHTE3 M M3YydeHHE (IOKYJSIIMOHHBIX U
ononmaHeIx  cBodicTB  conommMepa  N,N-mumermn-N,N-guammmammonnit  xmopuga ¢ N,N-
numerriaMuHonpormmi-MetakpuamMuaoMm (AMJIAAX-IMATIMA). Meroauka paOoOThl 3aKiIO4YaeTcs B
cuHTe3e HOBOro 3¢ dexTuBHOrO Nonu-I1AB ¢ ¢uokymupyrommumM u OUOIMIHBIM JEHCTBUSAMH Ha OCHOBE
JIOCTYIHBIX MPOMBIIUICHHBIX MOHOMEPOB METOJIOM PaJMKaJIbHON COMOIMMEPH3AaNH U ONPEACICHUN €ro
CBOWCTB COBPEMEHHBIMH MeToJaMu. Pesyrbmamul u 06cyscoeHue. VI3ydeHO BIMSHUE MOJIFHOTO COCTaBa
U MOHHOW CHJBI cpeibl Ha (UIOKYJSIMOHHBIE U OMOLMIHBIC CBOMCTBA CHHTE3MPOBAHHOTO COMOJIMMEpa
JIMIAAX-IMAIIMA. [Ioka3aHo, 94TO COIMOJIMMEpP, CHHTE3UPOBAHHBIA U3 CMECH MOHOMEPOB MOJBHOTO
cocraBa 50:50 moin. %, mposBiseT Hanboiee BBHICOKHE (IIOKYJISIMOHHBIC CBOWCTBA MO OTHOIICHUIO K
JUCTIEPCHBIM YacThiaM OentoHuToBoi rimHbl. [Ipucyrereue comu (0.01 mac.% NaCl) B cpeze noBsimaet
(GIIOKYJIAIMOHHBIE CBOWMCTBA COMONIMMepa. YCTaHOBIEHO, 4To comoiumepbl JIMJIAAX-JIMAIIMA
00J1aaroT OMOIUAHBIMU CBOMCTBAMHU M MOTYT OBITh MCIIOJIb30BAaHbI B KAYECTBE OMOIUIHOTO COSTMHEHUS
Juis nopasienus pocta CPB. OnrtuMansHo# koHneHTpanueid spisiercs 0.01+0.05 mac. %.

KitroueBsle ci10Ba: cornonmepu3aryst, QIOKYISIHT, O4MUCTKA BObI, OHOLM/, MUKPOOHOIOTHYIecKast
KOppO3Hs

Opuinbaes baypycan Enmaesuy mazucmp

JKypcymbaesa Mapusamkyns Bypkanosna — xanoudam Xumuueckux HAyK, acCOYyUUpOBAHHbIL
npogeccop

Ceiimkanueea Hypzyno KaHOUOAm XuMU4eckux HayK

Kapvinkazanogna

Abouee Kanoubex Kamwmaesuu O0OKMOp XUMU4eCKux Hayx, 0oyenm, npogeccop
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COMPOSITE MATERIALS BASED ON ALICYCLIC COPOLYIMIDE
AND ACRYLIC ACID COPOLYMER WITH ACRYLAMIDE

M. B. Umerzakova?, R.M. Iskakov?, R.B. Sarieva!, Zh.N. Kainarbayeva®", A.A. Espenbetov!

LJSC«A.B. Bekturov Institute of Chemical Sciencesy», Almaty, Kazakhstan
2Satbayev University, Almaty, Kazakhstan
*E-mail: zhaniya.kn@gmail.com, umerzak@mail.ru

Abstract. Introduction. Progress in polymer materials science is mainly associated with the
development of new composite materials, created by the introduction of modifying additives into the
matrix polymer which which improve polymer characteristics due to their properties. The purpose of this
work is to obtain composite materials with improved thermal and mechanical properties from copolyimide
based on dianhydrides of tricyclotetracarboxylic and diphenyloxydtetracarboxylic acids with
diaminodiphenyl ether modified by a copolymer of acrylic acid with acrylamide. Results and discussion.
Polymer compositions of copolyimides of arylalycyclic structure in combination with acrylic acid
copolymer and acrylamide, as well as composite materials (film) based on them, were obtained. It was
found that with an increase in the content of the added component from 0.35 to 2.0 wt%, uniformity is
maintained in the polymer mixture. The infrared (IR) spectroscopy method shows that during formation of
the above polymer mixtures the interaction of functional groups of the polymers under study with the
formation of hydrogen bonds, which determine the homogeneity of the mixture. By methods of
thermogravimetry and stretching of the sample with a constant deformation rate were used to determine,
respectively, the thermal resistance and mechanical properties of the developed composite films. The
increase of thermal resistance and strength of the film is explained by the formation of partial
intermolecular cross-linking between the components of the mixture and the elasticity of the material —
with the plasticizing effect of the additive. Conclusion. Polymer mixtures were obtained and composite
films were molded on their basis.

Keywords: copolyimides, alicyclic dianhydride, aromatic dianhydride, copolymer of acrylic acid
and acrylamide, composite films, properties
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KOMIIO3ULIUOHHBIE MATEPHAJIBI HA ~ OCHOBE AJJMIUKJIMYECKOI'O
COINOJIMUMHUJIA U CONIOJIMMEPA AKPUJIOBOU KUCJIOTBI C AKPUJIAMHUIOM

M. B. Yuepsaxoea', P.M. Hckaxoe?, P. B. Capuesa’,

JK.H. Kaiinapéaesa'”, A.A. Ecnenbemog*

Y40 «Hncmumym xumuveckux nayx umenu A.B. Bexmyposay, Armamel, Kasaxcmarn
2Satbayev University, Azvamor, Kasaxcman

*E-mail: zhaniya.kn@gmail.com, umerzak@mail.ru

Pe3tome. Bsedenue. Tlporpecc B 00JaCTH HOJMMEPHOTO MAaTEpPHAIOBE/ICHUS B OCHOBHOM CBSI3aH C
pa3paboOTKON HOBBIX KOMIO3HIMOHHBIX MAaTEpHAalOB, CO3/aBACMbIX BBEICHHEM MOAU(DHIMPYIOLINX
N00aBOK B MATpUYHBIH MHOJUMEp, YJIy4LIAIOMMX OJaroaps CBOMM CBOMCTBAM XapaKTEPUCTHKU
nonumepa. Llenvio Hacmosuwyen pabomel SBISETCS MOJNYyYEHHE KOMIIO3MIMOHHBIX MAaTEpPHUANIOB C
YAYYIICHHBIMA TEPMHYSCKMMH M MEXaHHYECKHMH CBOWCTBAMH K3 CONOJMHMHIA HA OCHOBE
JUAHTHIPUIIOB  TPULMKIOTETPAKapOOHOBOM W JHU(ECHHIOKCHUITETPAKapOOHOBOW  KHCIOT — C
JIMaMUHOAN(GEHWIOBBIM  3GUpOM, MOAM(MHULIMPOBAHHOTO  COHOJMMEPOM aKpPHJIOBOH KHUCIOTHI €
akpwiIaMuaoM. Pesyremamul u 06cysxcoenue. TloydeHbl TOJMMEPHBIE KOMITO3MIUHM COIOJIMUMHIOB
APUIATHIUKINIECKOH CTPYKTYPhl B COYCTAHHH C COMOJIMMEPOM aKPHJIOBOM KHCIIOTHI M aKpuJiaMuja, a
TAKOKe KOMIIO3UIIMOHHBIX MaTepHaoB (IJIGHOK) Ha X OCHOBE. BbLIO yCTaHOBIICHO, YTO NPH yBEIHYESHHU
conepkanus gobasisemoro kommonenta oT 0.35 mo 2.0 mac% B MOJMMEpPHON CMECH COXPaHSETCS
o1HOpoHOCTh. CHOpMOBAHHbIC U3 PACTBOPOB ITHX KOMITO3MIMI IUICHKH IMONTYYal0TCsl TPO3PAYHBIMH, C
[JIaJKOH IMOBEPXHOCTBIO, XPYIMKOCTH MaTepuana He HaOmomaercs. Merogom un¢ppakpachoit (UK)
CHEKTPOCKONUH IOKa3aHO, YTO NpU OOpa3OBaHUM YKAa3aHHBIX IONUMEPHBIX CMECeH HPOMCXOIUT
B3aUMOJICHCTBHE (DYHKLIMOHAIBHBIX TPYII HMCCICAYEMbIX MOJMMEPOB C OOpa30BaHUEM BOIOPOAHBIX
CBsi3ei, KOTOpbIe 00YCIIaBIMBAIOT OJHOPOAHOCTh CMECH. METoJaMi TepMOrPaBUMETPHH U PACTSDKCHHS
obpasia ¢ MOCTOSIHHOM CKOPOCTBIO Ae(OPMHUPOBAHHUS ONMpPEIEICHbI, COOTBETCTBEHHO, TEPMOCTONKOCTh U
MEXaHHYEeCKHE CBOMCTBa pa3pabOTaHHBIX KOMIIO3UIMOHHBIX IUICHOK. [IOBBIIIEHHME TEPMOCTOMKOCTH U
MPOYHOCTH IUICHKH OOBACHSACTCS 00pa30BaHHEM YACTHYHOW MEKMOJICKYJISIPHOM CIIMBKH MEXIY
KOMITOHGHTAaMH CMECH; HE3HAYWTEIbHOEC YBEIWYEHHE D3JIaCTHYHOCTH MaTepHana OOYCIIOBJICHO
IUIACTH(GUIMPYIONMM AeiicTBHeM H00aBKM, a 3JaCTMYHOCTH MaTepuaja — C IUIaCTU(GUIMPYIOIIIM
neiictBueM N00aBkH. 3axniouenue. IlomydeHbl TOMMMEpPHBIE CMECH M Ha HMX OCHOBE C(HOpPMOBaHEI
KOMIO3HIIHOHHBIC TICHKH.

KirouyeBble cj10Ba: CONOIMUMUBI, AJMHIUKINYECKAN JUAHTUAPUA, ApPOMATHYSCKUN IHAHTHIPHUI,
COTIOIMMEP aKPHIIOBOM KUCIIOTHI U aKpHUIIAMH/I2, KOMITO3UITUOHHBIE TNICHKH, CBOMCTBA

Ymep3axoea Maiipa bepouzanueena Jlokmop xumuueckux HayK, npogeccop
Hckaxoe Punam Mapamoeuu Jlokmop xumuueckux HayK, npogeccop
Capuesa Paxuma Baiimyxamemosna Kanouoam xumuueckux nayx
Kaunapoaeea Kanus Hypoexosna Mazucmp

Ecnenbemos Acvinoexk Anumoekosuy Jlokmop xumuueckux Hayx

1. Beenenne

IIporpecc B 06acTi MOIMMEPHOTO MaTePHUAIOBEICHNSI B OCHOBHOM CBSI3aH C
pa3paboTKON HOBBIX KOMIIO3UIMOHHBIX MaTepHajoB. DTO OOYCJIOBJIEHO C TeM,
YTO BBeJEHHE MOIU(PHULIMPYIOIUX A00aBOK B MATPUYHBIA MOJUMEP MPHUBOAUT K
(OPMHUPOBaHUIO MATEPHAIOB C YJIYYIICHHBIMH XapakTepUCTUKaMu Ojarogaps
CBOWCTBaM OTHX MonudukaropoB. [Ipu 3ToM, Kak clexyer W3 MyOiIMKanuit
nocyeHux Jet [1-7], He ocimabeBaeT MHTEpEC K CO3AaHUI0 MaTepUaIoB Ha OCHOBE
MOJMMMUIOB, TJaBHBIM 00pa3oM apoMaThdeckoro crpoeHus. I[lommumuanele
IUIEHKOOOpa3yIole KOMIIO3UIMOHHBIE MaTepuaibl YCIEIIHO NPUMEHSIOT Ui
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SMAaJTUPOBAHUS SICKTPOIPOBOJIOB, JIJISI HCIOIh30BAHUS B MUKPOIJICKTPOHHKE U
Ip. 00JacTsIX B BHIAE Pa3IUYHBIX IUICHOYHBIX MOKPHITHHA [8-11], kK KOTOpBIM
MPEeObABISIIOTCA Takue TpeOOBaHMsS, KaK XOpollas pacTBOPUMOCTH, LIBETHOCTD,
rMOKOCTh, BBICOKAs MPO3PAYHOCTh, XOPOIIHE aJre3MOHHBIC XapaKTEPUCTHKH K
HaNBUIIEMBIM MTOBepXHOCTSIM. COBpEeMEHHOE Pa3BUTHE MOJMMEPHBIX TEXHOJIOTHI
BEJCT K HEMPEephIBHOMY DPACIIMPEHHUIO Kiacca MOJMMEPHBIX KOMIO3WIMOHHBIX
MaTepHajoB, T.K. MO3BOJSIET CO3/aBaThb BCcE Oojee COBEPIICHHBIE MaTepHalIbl
(YHKIIMOHATBHOTO HAa3HAYCHUSI.

Lenpto HacTosAmeld pabOTHl SIBISETCS MOJIY4YEHHE KOMIIO3UIIMOHHBIX
MaTepuaioB C YJIYUIICHHBIMU TCPMUYCCKUMH U MCXAHUYCCKUMHU CBOMCTBaMH M3
COTIONIMMMU/IA HAa OCHOBE JUAHTHIPUIOB TPHUIIHMKIOJICIICHTETPAKAPOOHOBOU |
MU EHIITOKCUITETPaKapOOHOBOH KHCIOT C AMAMHUHOIU(DEHWIOBBIM 3(PHpPOM,
MOJTUGPHUIMPOBAHHOTO COTIOIMMEPOM aKPHUIIOBOH KHCIIOTHI C aKPHIIAMHIIOM.

CBe/icHUH 0 TPOBEJICHUU aHAJIOTHYHBIX PabOT MO CO3/IaHUIO COMOJMUMHIIOB
C TPUIMKIOJCIICHOBHIMH  (pparMEHTAMH B  OCHOBHOW IENH  JPYTHMHU
Ka3axXCTaHCKUMH U 3apyOeKHBIMH YYCHBIMH B JIUTEpPAaType HE OOHApPYkKEHO, YTO
CBUACTCILCTBYCT O HOBU3HC HAIUX HCCHG)IOBaHHfI.

2. JKcnepuMeHTAJbHASA YaCTh

N-MeTnn-2-nupponuaoH  (METWINHPPOIUAOH),  MHPUIUH  OYHIIAIH
[IEPErOHKOM, UX TEMIIEPATyphl KUIIEHUSI COOTBETCTBOBAJIN HNPUBEICHHBIM B [12].

4,4 -muamMunomM(EHMIIOBBIA >QUp OYMIIANM CyONIMManuedl B BaKyyMe IIpH
temneparype 210°C u ocrarounom gasienun 102 mm.pr.cr., Ty= 200-202°C.

Jnanruapusl TPUIUKIIOICIICHTETPAKapOOHOBOH (Ab) U
mudennnokcuarerpakapoonoBoit (JPO) KHCIOT ounimanu HporpeBaHUEM B
BaKyyMe IpH ocrarouHoM nasieHuu 102 MM pr.ct. m Temmeparypax 200 u
230°C, Ty =350 u 221°C, cootBerctBeHHo [10].

Cononumep akpwioBOW KHUCIOTHI ¢ akpwiamuznoMm (comomumep, AK-AA)
npousBozacTBa «Aldrich u Bayer Materaly (CILIA) — MonekyJsspHOH Macchl
250000, ccootHOmenueM kommoHeHTOB 30:70 mMon%, COOTBETCTBEHHO, MapKH
«X4», UCTIONIb30BaIN O€3 TOTOIHUTEIBHON OUUCTKH.

CononuuMuIbsl Ha OCHOBE TMAHTHIPHIOB TPULUKIONEIIEHTETPaKkapOOHOBOM,
TQEHUIOKCUITETPAKApOOHOBOH KHCIOT U JIMAMHHOJIU(pEHHIOBOrO 3dupa
Mojlydyanu Tpu  nepeMemmBaHuumpu  cootHomeHun Ab:IOO = 90:10
(comomuumun-1) u 85:15 (comomuumua-2) mon% METOIOM OIHOCTAIUITHOMN
COTIONIMKOHACHCAIIMN B pacTBope Mertwinnupponuaona (43 mac% oT cymMmbl
MOHOMEpPOB) B TpucyTrcTBUH 6 Mac% mnupunuHa npu Temmeparype 90°C B
teueHun 0.5 4. 3atem B TedeHuu 20 MHH TeMmmepaTypy MacisiHOH OaHM
noBbimanu 10 140°C u 1aHHBIN CUHTE3 IIPH 3TOH TEMIIepaType NpoaoKany 3.5 4
[10].

Kommosummun Ha ocHoBe comoigumuMuna-1, comommmmupa-2 ¢ AK-AA
NONy4yanu  cledylomuM  oOpa3oM:  KOHEYHBIH  pEakUMOHHBI  pacTBOp
cononuuMuia (43Mac% B METHINHUPPOIHUIOHE) pa30aBIsIM PACTBOPUTEIEM JIO
koHreHTpanyu 30 Mac%. 3aTeM K pacTBOPY CONMOJIMUMUJIA JTOOABIISITH TpedyeMoe
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KOJIMYECTBO CyXOW HABECKH COIMOJIMMEpa M3 pacdera, YTOOBI ero coAep)KaHHue B
cMecu ¢ comonuuMuaoM coctasisuio 0.35-2.0 mac% (octanpHOE COMOTMUMUN).
KomnosunmonHnyto cmech nepememnBanu npu temmnepatrype 40°C B Teduenue 2 .

[IneHkn Ha OCHOBE CONOIMMMHIA-1 K comoNMUMHIA-2U UX KOMIIO3ULMH C
AK-AA ¢dopmupoBamm  METOAOM TIOJHWBAa  PACTBOPOBCOIOJIMHMHIIOB |
komnozuuii (20-22 Mac% B METWINUPPOIUIOHE) HA CTEKIISTHHBIE TOBEPXHOCTH,
3aTeM CTEKJISSHHOM Mano4YkoW pacKaThIBaIM TOHKHHM CIOM IUIEHKH; C LEJIbI0
yAaJIeHUs] PaCTBOPUTEINS IUIEHKH IPEABAPUTENIBHO BHICYIIMBAJINM HarpeBaHUEMB
BO3AYIIHOW cpelie B cymIwibHOM mKkady mpu Temmepatype 90°C B Teuenue 20
MUH, 3areM Temnepatypy nomamManumo 140°C w BeIEepKHBa M TPU STOU
TeMrieparype B TeueHue 1 4. Jlns Gosee MOMHONW MMUAM3ALMHA CONMOJIUUMHUTHON
MaTpPHIBl TTPOBOAMIIHN JOTIOIHUTENbHYIO TepMooOpaboTky mueHku npu 250°C B
teyerue 0.5 4, mpeABapUTENBHO CHAB IUIEHKY C IOBEPXHOCTH CTEKJIA.

[lpuBeneHHBIE BSI3KOCTU CONOJIMHUMHIOB, TEPMHUYECKHE U MEXaHUUYECKHE
CBOWCTBA CONOJMUMHMIHBIX W KOMIIO3UIMOHHBIX IIJICHOK Ha HMX OCHOBE
OTPECIISUIA COTJIACHO METOIUKaM, IIPUBEACHHBIM B padoTte [13].

3. Pe3yabTaThl U MX 00CYKIEHUE

HnuTepec k comonmMmepy Ha OCHOBE aKpWUJIOBOM KHCIOTHI U aKpuiIaMuja
JUHEHHOW CTPYKTYphl Kak IJacTUQUIUpPYIOMEH [00aBKke K IMOJIUMeEpaM
3aKJII0YaeTCsl B TOM, YTO OH, UMEsl B OCHOBHOH anu(aTHiecKol LENOoYKe Kak
KHCJIOTHBIE TPYNNbI, TaKk W aMuJHbIE Tpynnel, oOmagaer aM(pOTEepHBIMU
CBOMCTBAMU M HECET KAK IIOJIOKUTENBHBIA, TaK W OTPULATEIbHBIA 3apsa. B
3aBUCUMOCTH OT CHOCO0a aKTUBAllUM JAHHOI'O COEIMHEHUS MOXKET ObITh
3a[eiicTBOBaHA OJHA M3 YKa3aHHBIX (DYHKUHMOHAJIBHBIX TPYII, WIM OHH MOTYT
paborats omHOBpeMeHHO [14]. M3BeCTHO Takke, YTO COMOJIMAMHABI 00JagaroT
XOPOIIMMH TICHKOOOPa3yIOIUMH CBOMCTBAMH W BBICOKOH ajire3neil K MeTajiam,
YTO HE MAJOBKHO JUIS MHOJYYEHHs TEPMOCTOMKHX M 3JIEKTPOU3O0JISLHOHHBIX
JIaKOB Ha UX ocHoBe [15].

IlonmumepHble KOMITO3UITMOHHBIE MAaTE€pHAaJbl IMOJYYal0T MEXaHWYECKUM U
pEakIMOHHBIM cMelleHueM. [lepBblii mpomecc CBOOUTCA K  MPOCTOMY
MEXaHWYECKOMY MEPEMEIIMBAHNIO PAacTBOPOB IOJUMEPOB, IPU OSTOM 4allle
MPOMCXOANT CMEIIEHHEe Ha MOJEKYIIpHOM ypoBHE. bombimoe BHUMaHME
MPUBJIEKAET pPEAaKIMOHHOE CMEILICHHE, T.€. BBEIEHHE MOAMU(PHUIHMPYIOLIECTO
mojiMMepa B TPOLECCE TMONYYEHHS HCXOAHOTO  BBICOKOMOJIEKYJISPHOTO
COEIMHEHHS, TMPH KOTOPOM BO3MOXKHBI B3aUMOJECHCTBHS MEXIy MOJEKyJIaMHU
Pa3HOWMEHHBIX KOMIIOHEHTOB CMecH. B maHHOM ciydae [OCTHXXEHHE
COBMEIIIEHUs] KOMIIOHEHTOB OOJIbIIE MPOUCXOTUT HAa CETMEHTAIBHOM YPOBHE
[16]. [ToaTomy BO m30ekaHWE TPOIECCa MAKPOMOJEKYJISPHBIX PEAKIIMA MEX]Ty
oM YHKITNOHATBHBIMH TIOJINMEPAMH TIPH BBEJAEHUH B APHWIATALIUKINISCKAN
CONOJMMMHU J00aBKM COMOJIMMEpa AaKpWJIOBOM KHCIOTBI M aKpuiamMuia
1es1eco00pa3Ho UCIOIb30BAaTh MEXaHUUECKUI METO/I CMELIEHNSI KOMIIOHEHTOB.

Ha nepBom sTame ains onpenencHus BIMSHUS BBOJUMBIX JOOABOK JaHHOTO
comonnmMepa (coctaBa akpuioBas kuciota : akpuiamug = 30:70 mons%) ObutH
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HOJTy4eHbI TTOJMMEPHBIE CMECH C pa3iIH4HbBIM conepkanueM conoiumepa (0.35;
0.5; 1.0; 2.0 mac%) B pactBope conommnmuga-1 (Ab:JIPO = 90:10 monp%) u
conoymumuaa-2 (Ab:I®O = 85:15) MeromoM MexaHHUYECKOTO cMerieHus. Jlns
sToro B pactBop comommumuaa (30 mac% B pacTBOpe METHITHPPOIHIOHA)
IO0ABISIIM HEOOXOAMMOE KOJMMYECTBO CYXOH HaBeCKM J00aBKHM M3 pacyera,
YTOOBI COCTaB CMECH COCTaBMII — conoauumu — 99.65-98.0, comomumep — 0.35—
2.0 mac%. 3ateM 00pa3oBaBIIYIOCS CMECh MEPEMEIIMBAIM B TEUCHUE 2 4 MpU
40°C, mpeBbIIICHWE  O3TOH  TeMIepaTypbl  CIIOCOOCTBYET  TpoIEcCy
MaKpOMOJIEKYJIAPHBIX pEaknmuid MEeXIy KHUCIOTHBIMU TPYIIaMH COMONHMMEpa U
AMHJIOKHCIOTHBIMH TPYIIIaMHU COTIOJIMMUMHU/IA, TIPUBOSIIIX K relie00pa3oBaHuIo.
Taxke ciegyer OTMETHTb, 4YTO BBIOOp U1 IOJYyYCHHS KOMIIO3ULIMK
CONOJMMMUAOB,  CHUHTE3UPOBAHHBIX  IPU  YKa3aHHBIX  COOTHOIICHHSX
JUAaHTHIPUAOB, CBSA3aH C JOCTATOYHO BBHICOKHMH 3HAYCHHUSIMH MX MPHUBEICHHOU
BSI3KOCTH, TpPHUEMJIEMBIMH I (OPMOBaHMS KadeCTBEHHBIX IUIGHOK [17].
[IpuBeneHHBIE KOIMYECTBA BBOJMMOIO B COIOJHHMMUJ COIOJHMEpA SIBIISIOTCS
ONTUMAJIBHBIMH, TIOCKOJIBKY TIPU COJIEP>KaHUHU COTIOJIMMEpPA B TIOJIMMEPHONU CMECH
menee 0.35 mac% yinydmieHuss TepMOCTOMKOCTH M MPOYHOCTH KOMITO3UIIMOHHOM
IUIEHKH B CPAaBHEHHM C MCXOJHOM CONOJMMUMHIHOM IUIEHKOH HE NPOUCXOOMT, a
MOBBIIIICHHE €ro KoiuuectBa Ooyee 2.0 Mac% — UPHUBOAMT K HAPYIICHHUIO
OJTHOPOJIHOCTH MaTepHualla, BCIEACTBUE OTPAaHWYEHHOTO PACTBOPEHMsS JaHHOTO
COIOJIMMEPA B MCIIOJIB3yEMOM PACTBOPHTEIIE.

BsaumoneiicTBusi, KOTOpble MOTYT INPOUCXOOUTH MPH  IOJyYCHHUU
MTOJIMMEPHBIX CMECeH COMOTUUMHUI-1+CONOIMMep U COTIOIMUMUA-2+COIOIUMED,
Obun m3ydeHsl metonoMm uHPpakpacHor (MK) cmektpockommu (Nicolet 5700
“Thermo Electron Corporation”, CIIIA) B cniektpansHoit o6aactu 500-4000cm™.
[Mony4yeHHBIE CHEKTPHl KOMIIO3WIMI HA OCHOBECOMOJUMMHIA-1 M pa3IHMYHBIX
KOJIMYECTB COMOJUMEpPa aKpPHJIOBOW KHUCIOTHI M aKpHJIaMUAa IPHUBENEHBI Ha
pucyske 1.

W3BecTtHO [18], 4TO B cucTeMax ¢ y4acTHEM ABYX MOJIUMEPOB, COAEPIKALIUX
Takde TPYNNbl Kak KapOOKCWIIbHAs, aMHIHAs, THIPOKCHIbHAs, BO3MOXKHO
B3aUMOJeHcTBUE ¢ 00pa3oBaHMEM MEXAy HHUMH BOJOPOAHOW  CBS3M.
O6pasoBanmne H-cBsznorpaxkaercs cmenienneM dactotsl B MK cnextpe.

B wucnonb3yemoift n100aBKE — COMOJMMEpPE AKPHJIOBOW KHCIOTHI U
akpmiamuaa, coxepxxkarcs O-H rpynmel akpuioBoit kuciaoTel M NHa-rpymmst
akpunamuaa. IlosTomy @yHKUMOHANBHBIE TPYNIBl  CONOJIMMEPAa MOTYT
y4acTBOBaTh B OOpa3OBaHWM  KAaK  BHYTPUMOIICKYJSIPHBIX, TaK U
MEXMONEKYJsIpHbIX ~ H-kommekcoB. Takue ke, Kak B CONOJUMEpE,
(YHKLIMOHANBHBIE TPYIIIBI COJEPKATCSAB OCTATOUHBIX KonmuecTBax (10 10% [19])
B HEZOMMHIM30BAaHHBIX aMHUJIOKHCIOTHBIX 3BEHBAX CONOJIMHMHIA, KOTOpBIE
MOTYyT BCTyHaTb BO B3auMoJeWcTBHE ¢ conoiaumepoM. Ilpu sTtom B
MEXMOJICKYJISIPHOM KOMIUIEKCOOOpa30BaHUM COIIOJUMEPa CCOMOIMMMUAOM IpU
UX MexaHumdyeckoM cMmemeHun 1npu  40°C, 1mO-BHAMMOMY, YYacTBYIOT
(YHKLIMOHAJIBHBIE TPYIIIBL, CBOOOJHBIE OT CAMOACCOLIMATUBHOIO COCTOSIHUSI.
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Pucynok 1 — UK criekTpbl KOMIIO3ULHI Ha OCHOBE cononrumua-1 ¢ gobaskamu 0.5 mac% (1);
1.0 mac% (2); 2.0 mac% (3) AK-AA B pacTBOpe METWITHPPOIHAOHA MEKIY cTeKIamu KBr

B mommmepnoit cmecu, cocrosmedr u3 98.0-99.65 mac% comommumuna,
T0JIOCHI TIOTJIOIIEHHs €r0 UMHAHBIX rpynn (1713-1773 em™, C=0) nepekpsiBaror
XapaKTepUCTUYECKHE TMIOJIOCHI BaJICHTHBIX KoJieOaHuit OCTaTOYHBIX
aAMHUJOKHCIOTHBIX TPYII COIOJUMMHUAA, NMPOIHUCHIBaOIMXCs B obmactu 1705,
C=0 xap6okcuna, u 1650 cm?t, N-H amuporpynisl, ndpyHKIHOHAIBHBIX TPYIIIT
BBOJMMOTO cononumepa, cm: 1714 (C=0 kucnotsr), 1670 (C=0) u 1610 (N-H)
amuga (puc. 1). OgHako B CHEKTpax KOMIIO3ULMHA C Pa3IMYHBIM COJEPKAHUEM
BBOAUMON [00aBKM (PUCYHOK 1) B CpaBHEHMHM C MCXOAHBIM COIOJIMUMHIOM
(pucyHOK 2) HMMEIOTCS HE3HAYMTEIbHBIE W3MEHEHUS, KOTOPBIE MOTYTOBITH
pe3yNbTaTOM B3aMMOACHCTBUS MEXK/Y COMOJUUMHIOM U cONoauMepoM. Tak, mpu
coJiep>kaHuM B noiuMepHoi cmecu 0.5 mac% cononumepa ero GyHKIHOHAIBHBIE
TPYIIBl  B3aUMOJICUCTBYIOT C aMHUIOKUCIOTHOW TPYIIOW comoluuMuaa-1, B
pesymprate 3toro B MK cmektpe (pucyHok 1, cmektp 1) xapaxrepuctudeckas
nonoca C=0 3T0# aMHUIOKHUCIIOTHON TpyIbI Benenctsiue H-komrekcooOpasoBaHus
C BBOIMMON 100aBKOW CMEINAeTcss W NponmchiBaeTess B odmactn 1681em™. Tlpu
WCroNb30BaHNK B Komnosunuu 1.0 mMac% comonnMepa akpuiIoBOH KHCIOTHI U
aKpwiiaMua, TO-BUANMOMY, €ro (yHKIFOHAJIbHBIE TPYNNbl, B OCHOBHOM,
YY4acTBYIOT BO BHYTPUMOJIEKYJIApHOM B3auMmojeictsuu. IlosToMy rpymm,
o0pasyromux  MEXMOJICKYJSIpHBIA  H-KomIutekc c COTIOTUUMHUIIOM-1,
HE3HAUNUTEIbHOE KoynuecTBO. Mcexoass u3 storo, B MK crekTpe KOMIO3HLMH
(puc.1, ciektp 2) HaGMOgAaeTCA €UHbIN MUK B o6nactu 1716 cM™, oTBeuaromuii
3a konebanne C=0 umuIa, NEePEeKPHIBAIOIINN MOJIOCH AMHUIOKHCIOTHBIX IPYIII.
JanpHeliee yBennueHne KOIn4decTBa BBOAUMOM 106aBkH (2.0 mac%) nmpuBoaut
kK  H-xommnekcooOpazoBanuio  Mexny  (YHKUHOHAIBHBIMH  TpyIHIaMu
KOMITOHEHTOB NOJIMMepHOM cMecu. [Ipu 3Tom xapakrepuctudeckas nosnoca C=0O
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MMUIHON TPYMIBI COMOJMAMHUAA HEMHOTO PACHIMPSETCS W TPOMUCHIBAETCS B
obmactu ~1713-1695 cm? (puc.1, cnexrp 3). IlockonbKy MMHAHAS TPyHna He
MOKET Y4YacTBOBaTb B KOMIUIEKCOOOpPA30BaHUH C COIMOJIMMEPOM, YKa3aHHBIE
W3MEHEHUsT B cHekTpe (pucyHok 1, cmektp 3) ciemyer OTHECTH K
aMUJIOKHCIOTHON Tpymme cononuumunga. lloarBepxaennem oOpasoBannn H-
CBSI3M SIBIISIETCS TAKKe IIMPOKas mosioca B ooactu 3200-3700 cm™, oTBevarommas
3a konebanue O-H u N-H cBszeiicononuumuna-1 [12]. B pesynprare ykazaHHOTO
B3aMIMOJCHCTBUS COMOJIUMED aKPWUJIOBOM KHCIOTHI M aKpWIaMHla PaBHOMEPHO
pacmpenenseTcs B CONOIMUMHUIHON MaTpHUIlE, YTO CIOCOOCTBYET COBMECTUMOCTH
KOMIIOHCHTOB HOHHMCpHOﬁ CMCCHU U MOJYUCHHIO B HaHBHCﬁmeM Ka4€CTBECHHOI'O
MaTepuaia u3 ee pactsopa [20].
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Pucynox 2 — UK-cnekrpsr Cononuumua-1 (1) u comonuumuga-2 (2) B pacTBOpe METUITUPPOITHIOHA,
B TOHKOM cJioe Ha ctekie KBr

Walenumer {cm "~

B cnekTpax KOMITO3UIMI HAa OCHOBE COIOJMUMHAA-2 U COMOJIUMeEpa
AKPHJIOBOW KHCIIOTHI M aKpHIIaMHJIa KaKUX-THO0 0cOOeHHOCTEN He HaOII0AaoCh.
Ha ocHoBanum mposeneHHbix UMK — cneKTpocKONMYECKHX — HCCIIENOBAHHUN
KOMITO3UIIMA W3 COTOJMMMHUAA-2 CHENaHbl aHAJIOTMYHBIEBHIIICONACAHHBIM IS
KOMITO3HUIIMIA HAa OCHOBE COTIOIMMMUAA- | 3aKITI0UEeHNS.

i monmydeHust TUIEHOK MPOBOAWIN pa30aBiIeHHe PEaKIMOHHOIO PacTBOPa
comomunmua-1 + AK-AA; comomummun-2 + AK-AA gm0 20-22 wmac%
METHIIITMPPONUAoHOM. KOMMO3UIIMOHHBIE TUIEHKH TMOJNyYajid B COOTBETCTBHU C
METOJIMKaMH{,  TPHUBEJIECHHHIMH  BBIIIE B  AKCHEPUMEHTAIBHOM  YacTH.
[Ipennonaraem, 4ro mpu oOpaborke muieHKH mnpu Temneparype 140°C, H-
KOMIUTEKCOOOpa30oBaHUe MeXAy KOMIIOHEHTaMH KOMIIO3MIIMOHHOTO MaTepuana
paspylaercs, OJHAKO COBMECTHMMOCTh coxpaHsercs. IlosyueHHble IIJIEHKH
CBETJIO-KOPUYHEBOIO  I[BETa, C IJIAJKOH IOBEPXHOCTBbIO, IPO3PAYHBIE,
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OTHOpOAHBIe, Oe3 BuUAMMBIX aAedekToB. Jlns Oonee MOTHOH MMHUIM3ALUU
COTIONIMMHUIHON MATPHIBl IUIEHKY, BBICYIIEHHYIO mpu Temmeparype 140°C B
TedeHne | 9 AOMONHUTENHHO ToaBepraim TepmoodpadoTke mpu 250°C B TeueHHE
0.5 4. Ilpu 3TOM mapauiedbHO C JOUMKIM3ALMEH COMOIMMMHIA, MO HAIIeMy
MHEHHIO, BO3MOXHO 00Opa3oBaHHE YAaCTHMYHON CIIMBKM MO (YHKIHOHAIBHBIM
rpynmnaM  HOJMMEpPOB  (peakuusi IOJMMEPAHAJOTWYHOTO  IPEBPALICHUS),
o0pa3oBaHME MPOCTPAHCTBEHHBIX  CTPYKTYp, MEHAIOMMX  MOpdosoruio
KOMIIO3UIIHOHHOTO MaTepHuala, BCIeACTBUE HE3HAYUTEIbHBIX KOMUYECTB 100aBKU
(0.5-2 wmac%) mue mpoucxomut. CiemyeT OTMETHTh, YTO B MPEANOIaraeMoi
YaCTHYHOW MEXXMOJEKYJISIPHON CIIMBKE MOTYT yd4acTBoBaTh kKak OH-rpymma
aMHJIOKHCIOTH cononuuMuaa ¢ NHo-rpynmoiiakpunamuia comonumepa, Tak U
OH-rpymnmna akpuioBoii kucioTel comonumepa ¢ NHz-rpynmoii comonuumMuaa c
00pa3oBaHUEM MEXMOJIECKYJIIPHOM MMUAHON CBS3U, AHATOTUYHO NPHBEICHHOMY
B paborte [17].

Takum o6pazom, UK cnekTpocKOmMYecKUMHU HCCICAOBAHUSAMHU TIOKa3aHo,
YTO B pE3yJbTaTe B3aUMOACUCTBHS MEXAYy (DYHKIHMOHATBHBIMH TIpyNIaMu
MOJIMMEPOB B HOJIMMEPHOH CMECH MPOHCXOANUT 00pa30BaHHE MEKMOJIEKYISIPHBIX
H-cBsizeii. [Ipu mononHUTENBHON TEpMOOOPaOOTKE TUICHKH TPU TeMIIEpaType J0
250°C  BO3MOXKHa  YacTUYHAsA  MEXMOJICKYIApHAas  CIIMBKA  MEXIy
Pa3sHOMMEHHBIMU (YHKIHOHAJIBHBIMY T'PYIIaMHU CONOJIMHMHUIOB U CONOJIMMEPA
aKpWJIOBOW KHCIOTHl W aKpwiamua. YKa3aHHble B3aUMOJIEHCTBUS MEXKIY
(YHKIMOHANBHBIMU ~TPYyNIaMH KOMIIOHEHTOB TIOJUMEPHOH CMECH MOTYT,

COOTBETCTBEHHO,  CIIOCOOCTBOBATH  COBMECTHUMOCTH  KOMIIOHEHTOB B
KOMITO3UIIMOHHOM Matepuaie [20], a Taxke yay4IIeHHI0 ero TePMOCTOUKOCTH U
MIPOYHOCTH.

Hdns  moxaTBepXKIEHHS ~— BBIBOJOB, CACJAaHHBIX  Ha  OCHOBaHHUH

sKcHepuMeHTaNbHBIX M MK CIIeKTPOCKONMMYECKUX HCCIENOBaHUN, METOJaMH
TEPMOTPABUMETPUM M pacTsKeHHss o0pa3lia ¢ TOCTOSIHHOW —CKOPOCTBIO
negopMUpoBaHUs NPOBEICHA OLIEHKA, COOTBETCTBEHHO, TEPMOCTOHKOCTH (TIO
TeMIIepaType Hayaja pasioxkeHus, Ty p) B MEXaHMYECKHUX CBOMCTB (IIPOYHOCTH HA
Pa3pbIB, Gps, OTHOCUTEIBHOE YAJIMHEHUE, €p;) Pa3paOO0TaHHBIX KOMIO3HIIMOHHBIX
IeHoK. [IpoBeNeHHBIMU HCCIIEIOBAaHUAMH IUIEHOK W3 TOJMMEPHBIX CMecel
CONOJMMMUAOB C CONOJMMEPOM aKpPHJIOBOM KHCIOTBI M  aKpuiIaMuaa
YCTaHOBJIEHO, YTO WX YyKa3aHHbIE CBOWCTBA B CpPaBHEHHH C MCXOIHOU
CONOJMUMUIHON IIJIEHKOHN YIy4lIatoTCs.

Ha xpuBoit TT'A KOMIO3UIIMOHHOM IJIEHKU HA OCHOBE conoiauumuaa-1 u 1.0
Mac% B3ATOH AN UccieqoBaHUs 100aBKU (PUCYHOK 3), HA HaYaJbHOM Yy4acTKe
bi (6] 100°C HabmogaeTcs BbI/I€JICHIEHE3HAYNTEIHHBIXKOJITMIECTB
KOHJICHCAIIMOHHOH BObl. B o6mactu remmeparyp 200-300°C ynanstoTcs 0CTaTKu
pacTBOpHUTENS, COJAEp)Kalvecsd Bee IO0pax, IOCKOIbKY IIJIEHKM Ha OCHOBE
ApPUIAMIUKINYECKUX COTIOJIMMMHUIIOB SABJSIOTCS TOPHUCTBIM MatepuaioMm [21].
JanpHeliinee Bo3AEHCTBHE TeMmmepaTypsl Ha oOpasel] MPHBOAUT K pachamy
umuaHoro nuknacononuuMuaa (Tyqp= 420°C). Ilpu temneparypax Boime 460°C
MpoTeKaroT Ooee riryOoKHe AeCTPyKTUBHBIE TpoLecchl [ 17].
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Pucynox 3 — KpuBasi TepMOrpaBUMETPHUUECKOTO aHAIIN3a
KOMIIO3HIIMOHHOM TUICHKH Ha OCHOBe conoiuuMuzaa-1 + 1.0 mac% AK-AA,
TepmMoobpadoranHoii 10 250°C

PesynbraThl UcClieIOBaHUS TEPMUYCCKUX M (PU3UKO-MEXaHUYECKHX CBOWCTB
MOJMYYCHHBIX KOMIIO3WIMOHHBIX IUICHOK Ha OCHOBE COMONMMUMHIA-1 W
conoyMuMuza-2 ¢ 100aBKaMH COTIOJIMMEpPA MPUBEACHKI B Tabiuie. Kak BUIHO U3
Tabmuibl 1 W3ydaemble IUIGHKH O0JIaZaroT O0Jiee BBHICOKUMH B CPaBHCHHUU C
HACXOIHBIMUA COTIOTUMEpaMHU TEPMUYCCKUMH u MEXaHUIECKUMU
XapaKTepUCTUKAMHU, TMPH 3TOM HAWIYYIIHE MOKA3aTeNd y TUICHOK, MOJTYyYeHHBIX
W3 MCXOMHBIX KOMIIO3UIMHA cocTaBa: cononuumua-1 wim cononuumun-2 — 98.0,
AK-AA — 2.0 mac%. BrisiBieHHOe MOBBIIEHHE TEPMOCTOWKOCTH U MPOYHOCTHU
KOMIIO3UIIMOHHOTO MaTepuaia, MO-HalleMy MHEHHIO, CBS3aHO C YacTUYHOU
MEXMOJICKYJIIPHON ~ CIIMBKOM ~ MeXAy  (YHKIHMOHAJIBHBIMH  TPYyIIaMu
KOMITOHEHTOB CMecH. He3HauuTenbHOE YIIyUIIeHHe DJIACTUYHOCTH MaTepuaa,
XapaKkTepu3yemMoe OTHOCHUTEILHBIM YIJIMHEHHEM, 00yCIIOBIICHO
MTACTUGHUIUPYIOIIUM JCHCTBHEM TO0ABKH.

Tabéauna 1 — Tepmuueckre u (U3MKO-MEXaHMYECKUE CBOWCTBA KOMIIO3UIIMOHHBIX IUICHOK Ha OCHOBE
conoyiuuMu-1 u cononmuumua-2 ¢ AK-AA

Ilnenka, Tup., °C ops, MIla €ps, %0
cocTaB,Mac%
99.65 comomuummna-1+0.35 AK-AA/ 99.65 410/412 152/163 29/28
cononuunmuaa-2+0.35 AK-AA
99.5 comommmmuma-1+0.5 AK-AA / 99.5 416/420 155/158 28/27
cononuunMua-2+0.5 AK-AA
99.0 comommmmuma-1+1.0 AK-AA / 99.0 420/423 158/164 26/24

cononuunmMua-2+1.0 AK-AA

98.0 comommmmuma-1+2.0 AK-AA / 98.0 424/428 171/176 23/22
cononuunMuia-2+2.0 AK-AA

Conomuumun-1/conomuummun-2* 405/408 150/162 20/17
* —Qannvie pabomul [15], npusedennvie dns cpagneHus

23



KA3AKCTAHHBIH XUMHA )KYPHAJIBbI XUMHYECKHY XYPHAJI KA3AXCTAHA

4. 3aka04eHune

[Tony4eHsl TONMMMEPHBIE CMECH Ha OCHOBE COMOJMHMMUAA-1U comonmumua-
2C COMONMMEPOM aKpWJIOBOM KHCIOTHI W aKpWilaMHuaa IPH COOTHOIICHHU
comommumuy : comomumep = 99.65-98.0 : 0.35-2.0. Merogom UK
CHEKTPOCKOIHHN yCTAaHOBJICHO, YTO B KOMIO3UIMH B 3aBUCHMOCTH OT KOJIUYECTBa
BBOAMNMOTO B COMNOJNMHMHKZ JOOAaBKM MEXAy HUMH mpoucxomuT H-
KOMIUTIEKCOOOpa3oBaHue, CIMOCOOCTBYIOIIME COBMECTHMOCTH  KOMIIOHEHTOB
CMECH.

Ha  ocHOBe  TONMy4eHHBIX  MOJNMMEPHBIX  cMeced  chOpMOBaHBI
KOMITO3UIIMOHHBIE ~ IUICHKH, HAWIEHB YCIOBHA TONYYCHHS TIUIEHOK C
yAy4IIEeHHBIMA ~ CBOWCTBaMH. MeTogaMu  (PH3MKO-XMMHUYECKOTO  aHaIn3a
oTpeieNieHbl UX TEPMOCTOMKOCTh U (U3UKO-MEeXaHW4YecKue cBolicTBa. HaiineHo,
YTO TeMIlepaTypa Hadalla pa3joXKeHHs] IUIGHOK B 3aBUCHMOCTH OT COCTaBa
nossimaercs Ha 5-23°C, npounocts — Ha 5-14 MIla, a 3M1acTUYHOCT — Ha 3—
11% B cpaBHEHHMH C UCXOTHBIMH COMOJIMUMHUJIAMHU.

Iloka3aHo,  4YTO  NOBBIIEHUE  TEPMOCTOMKOCTH U  IMPOYHOCTH
KOMITO3UIIMOHHOTO ~MaTeprana CBs3aHO C YaCTUYHOM MEXKMOIIEKYIIPHOU
CIIMBKOM MEXIy (YHKIMOHANBHBIMUA TPYNIaMd KOMIIOHGHTOB CMECH, a
ANACTHYHOCTH MaTepuaia — ¢ IUIACTHQUIUPYIOMMM ACUCTBHEM JO0OaBKH.
OTrmeueHo, 4UTO yKa3aHHas CIOWBKA BO3MOXKHA TPU  JIOTOJHUTEIHHOU
TepMoobOpaboTke mieHku 1o 250°C.

®dunaHcupoBanue padoTbl: Pabora BeimonHeHa B MHCTHTYTe xXxMMHYecKnMx Hayk uM. A.B.
BekyTpoBa 1mo mporpamme IeneBoro (pUHAHCHPOBaHHS HAydHBIX ucciemoBanuit Ha 2021-2023 romsl,
ocymiectBisiemoro Komurerom Haykn MuHHCTepcTBa 00pa3oBaHus U Hayku Pecrryonmuku Kasaxcran, o
mpoekty Ne BR10965255 «HHOBannoHHbIe MaTepuaibl MOIU(yHKIHOHATBHOTO HA3HAYCHUS HA OCHOBE
MIPUPOIHOTO CHIPbSI U TEXHOIGHHBIX OTXOJIOB) I10 IPOrpaMMe LeJIeBOro (puHaHCUPOBAHUS.

KondaukT uHTEpecoB: ABTOpHI 3asBISIOT 00 OTCYTCTBHM KOH(JIMKTa WHTEPECOB, TPeOyIOIIero
PAacKpBITHS B TaHHOW CTaThe.

AJIMOUKJIAI CONOJIMUMU I INTEH AKPUJIAMM/TI AKPHJI KbIIIKbBIJIBIHBIH
COINIOJIMMEPIHE HEI'I3AEJI'EH KOMITIO3UHUAJIBIK MATEPUAJIJIAP

M. B. Ymuepsaxoea', P.M. Hckaxoe?, P. B. Capuesa’,

JK.H. Kaiinapéaesa*, A.A. Ecnenoemos*

10.5. Bexmypoe amoinoazel xumus euiaslmoapsl uncmumymot, Aimamet, Kazaxcman
2Satbayev University, Azuameot, Kazaxcman

*E-mail: zhaniya_90nk@mail.ru, umerzak@mail.ru

Tyiiingeme. Kipicne. Tlomumepni MarepHanTaHy CalachIHAAFbl IMPOrPECC HETIi3iHEH MaTPHUIAIBIK
HOJMMepre, OJapiblH KacHeTTepiHe OailTaHBICTBI IIONMMEPAIH CHIATTAMalapblH JKaKCApPTATHIH
MOIH(MHUKAUMSIBIK KOCTAIAPIbl €HTi3y apKbUIBI JKacalfaH J>KaHa KOMIIO3HIMSUIBIK MaTepHaiap.bl
a3ipyieyMeH OaiiaHbICTBI. JKymbicmbly Makcampl aKpUIaAMUAICH aKpUI KBIIIKBUIBIHBIH COMOJIMMEPIMEH
MoauUKaIMsUIaHFaH  TuaMuHOmudeHmt 3¢upi Oap TPHIMKIOTETPAKapOOH JKOHE AU(PESHHIOKCHI
TeTpakapOOH KBIIIKBUILIAPHIHBIH JHAHTUAPUATEP] HEri3iHAE COMOIMMHU apKbLIbl ajbIHFAH TEPMUSIIBIK
JKOHE MEXaHHKAJIBIK KACHETTEPi jKaKCapThUIFaH KOMIIO3HLMSIIBIK MaTepUasIaapAbl ainy OOJIbII TaOblIaIbl.
Homuoicenep ocone mankvliay. AKpUI KBIIIKbUIBI JKOHE aKPUJIAMUITIH COMNOIMMepiMeH OipikTipinreH
APIIANUIHUKIII KYPBUIBIMIBI COIONHMMUATEPAIH IONUMEPIl KOMIIO3UISIIAPBIH, COHIAil-aK OIapabIH
HETi3iHAe KOMIIO3MLMSUIBIK MaTepuanaapasl  (IUICHKadapasl) aiy IIapTTapblH TaHAay OOWBIHINIA
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3eprreysnep xkyprisinai. Kocbuiran komnoneHTTiH Meumepi 0,35-ten 2,0 mac % yurraiiran Ke3/e moimMep
KOCTIachIHIA OIpKENIKUIK CaKTaJaThIHBl aHBIKTANAbl. byl momiMep KOoCHalapbIHBIH TY3LIyl KesiHIe
KOCMaHbIH OIPTEKTUIriH, SIFHH OHBIH KOMIIOHEGHTEPiHIH YWIECIMIUNIH aHBIKTAWTBIH CYTEKTIK
OaillaHBICTApABIH  TY3UIyiMEH 3epTTeNeTiH MojauMepiepliH (YHKUHMOHAJABI TONTAPHIHBIH ©3apa
opekerrecyi nappaxeisul (MK) cnekrpockonus sxiciMer kepcerinrer. 250°C acnaiiTeIH TeMIepaTypazia
IUICHKAJIApAbl KOCHIMINA TEPMHSJIBIK OHACY KEe3iHAe COMOJMMMUATIH (YHKIMOHAIABIK TONTapbl MEH
aKpHUJ KbILIKBUIBIHBIH aKPUJIAMH/IEH KOCBUIFAH COMOJMMEP] apachlHIa MOJIEKY/IaapaiblK HMUATIK
OailIaHBICTBIH  TY3UIyiMeH ImiiHapa aiikacnanbl Oaiinanpic OonaThiHbl aram erinai. Kacanran
KOMIO3MLMSIIBIK TUICHKAIAPABIH BICTBIKKA TO3IMIUIINT MEH MEXaHUKAJbIK KACHETTepiH aHbIKTAay YIIiH
TEPMOTPAaBUMETPHUsI KOHE TYPaKThl IedopMaius >KbUIJAMIBIFBIHAA YITiHI CO3y 9[ici KOJIaHBUIIBI.
[IneHKaHbIH BICTBIKKA TO3IMILTIIT MEH OEpIKTIriHIH KOFapbliaybl KOCIAHBIH KOMIIOHEHTTEpPI apachiHAa
imiHapa MOJIeKyJIaapanblK aiKacrajibl OalIaHBICTBIH Taiiga OOMybIMEH TYCIHIIpiNei; MaTepHaiiblH
HKeMUTIMHIH ~— [IaMaibl  JKOFapbUlaybl  KOCIAHBIH  IUIACTH()UKALMSIBIK — ocepiHe  OaiaHbICTHL.
Kopvimobinovl. Tlonumeprni Kocmanap aiblHABI JKOHE OJNAPAbIH HEri3iHAEe KOMIO3UIHMSIBIK IUICHKAIap
TY3UIAL.

Tyiiin ce3mep: MOTMUMHUITEP, AMMIUKIAI JAAHTHAPU/, XOMI MICTI JUAHTUAPHI, aKPHI KBIIIKBLIIBI MEH
aKpHUIAMUJI COMOIUMEPi, KOMIO3UIMSIIBIK IJICHKAIap, KaCUeTTepi

Ymep3akoea Maiipa bepouzanueena Xumus 261161MOAPLIHBIY OOKMOPYL, NPOpeccop
Hckakoe Punam Mapamoeuu Xumus 261161MOAPLIHBIY OOKMOPYL, NPOpeccop
Capuesa Paxuma Baiumyxamemosna Xumus 26116IMOAPBIHBIY KAHOUOAN b
Kaiinapoaesa Kanua Hypoexoena Mazucmp

Ecnenbemoe Acvinoex Anumoexosuu Xumust 261161MOAPbIHGIY OOKMOPbL
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HYDROGENATION OF POLY-a-OLEFINIC COMPOUNDS OVER
PALLADIUM AND PALLADIUM-NICKEL CATALYSTS

K. Toshtay
Al-Farabi Kazakh National University, Almaty, Kazakhstan
E-mail: kainaubek.toshtay@gmail.com

Abstract. Introduction. Poly-a-olefinic compounds are a component of base oils obtained by
catalytic polymerization of linear alpha-olefins with subsequent hydrogenation, used for aviation and
ground technology, and occupy an important place in the industry. Products of oligomerization contain
one double bond; which needs to be hydrogenated to make it resistant to various chemical transformations
during the production of lubricating oils. Methodology. Hydrogenation was carried out in an autoclave,
which allows maintaining a constant temperature and pressure of hydrogen with measurement of the
volume of absorbed hydrogen, excluding external diffusion inhibition. Catalysts were characterized by the
following methods: specific surface area by BET, and particle size by transmission electron microscopy.
The product of the reaction was characterized by the following methods: density, bromine number, IR,
kinematic viscosity, and freezing point. Results and discussion. For the hydrogenation of poly-a-olefinic
compounds, 0.5-1.0% Pd catalysts applied to modified natural diatomite clay are proposed. It is shown
that modification with additional nickel leads to a decrease in activity. Conclusion. It has been found that
palladium catalysts carry out the process under milder conditions, exhibit higher activity compared to
nickel catalysts, significantly reduce the process time, and provide a higher degree of hydrogenation. The
activity of bimetallic catalysts is lower than that of palladium catalysts. The physicochemical
characteristics of polyalphaolefin oils have been determined.

It has been found that palladium catalysts carry out the process in milder conditions, show higher
activity compared to nickel catalysts, significantly reduce the process time, and provide a higher degree of
hydrogenation. The activity of bimetallic catalysts is lower than that of palladium catalysts.

Keywords: hydrogenation, palladium, nickel, diatomite, the catalyst, poly-a-olefin oils, activity,
bimetallic catalyst, bromine number, kinematic viscosity, freezing point
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Tyiiingeme. Kipicne. Ilonu-o-oneduHIl KOCBUIBICTAP CBHI3BIKTHI alib(a-oneuHIepAiH KaTaTHUTHKAIIBIK
MOJMMEPJICHYIHeH KeHiH THIpJeY HOTWKECIHJIS allblHFaH Heri3ri MaimapablH Kypampaac Oediri,
aBHALSIBIK JKOHE JKePYCTi TEXHUKACHI YIIIH MaiilaTaHblIa (bl XKOHE OHEPKACINTE MaHBI3/IbI OPBIH alabl.
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XUMHUSUIBIK  ©3TepicTepre Te3iMAimik Oepy YVIIIH THApieHyi Kaxer. Ooicmeme. I'mapney mporeci
aBTOKJIABTA JKYPTi3iiii, Oy CBIPTKEI JuGQy3USHBIH TeXeIyiH OOJIbIpMali, CIHIPIIreH CyTeri KeneMiH
eIlIei OTBIPBIN, CYTETiHIH TYPaKThl TEMIEpaTypackl MEH KbICHIMBIH CaKTayFa MYMKIHIIK Oepi.
JlaliplHoanFaH KaTauu3aTopiiap/blH  MeHInikTi Oeriniy aymanel BET opmiciMeH, TpaHCMHCCHSIIBIK
JNIEKTPOHABI ~ MHKPOCKOII ~ apKbUIbl  OeumuekTepaiH — emmiemiepi  adbikranapl.  CoHpaii-ak
nonuanbhaonehUHIIK MailapAbIH jKOHE peakiusi eHIMICPiHIH THIFBI3/IBIFBI, OPOM caHbl, HHOPAKBI3bLI
CHEKTPOCKONUSCHl JKOHE KUHEMATHKAJIBIK TYTKBIPJIBIFBI aHBIKTANIBL. Homudicenep oicone mankwiaay.
[Monu-o-oneuHai  KOCBUIBICTAPBIH THIAPJCY peakuusIChiHAA MoAu(HKAUMsUIaHFaH Taburu — ca3
nuatomuTine oteiprb3buFad 0.5-1.0% Pd katanuzaropiapsl xacanabl. Onapabl HUKENb KOCTalapbIMEH
e3repTy aKTHUBTUIIKTIH TOMEHJCYiHe OKeJeTiHi kepcerinai. Kopsimuinovl. lannaauit kaTamusatopiaaps
HUKENb KaTallM3aTOpJIapbIMEH CallbICTBIPFaH/Ia TPOLIECTI HEFYPIBbIM JKYMCAK JKaFaaija >Kypri3eriHi,
XKOFapbl aKTHBUIIK KOPCETETiHi, POIECC YAaKBITBIH €IdYip KBICKApTHII, THAPICYAIH KOFAPHl JOPEKECIH
KaMTaMachl3 ereTiHi aHbIKTanapl. COHBIMEH Kartap, OHMMETall KaTalu3aTOpJIAPBIHBIH AaKTHUBTLUIIT
nayutaiui KaTajan3aTopiapblHa KaparaH/a TOMEeH OOJIbIN Keses.

Kinr ce3gep: ruzapiey, namiaauif, HHUKeNb, JUATOMUT, KaTalU3aTop, HOJIH-0-ONe(pUH Mailnapsl,
AKTHMBTLUIIK, OMMETAIIBIK KaTaJIM3aToOp, OPOM CaHbl, KHHEMATUKAJbIK TYTKbIPJIBIK, KaTy TEMIIEpaTypachl

Towmaii Kaiinayoex PhD

1. Kipicne

a-oneUHIEp HETi3iHAE IKacallFaH CHHTETHKAIBIK Maiylap Heri3iHeH
om0Oeban aBTOMOOWJIb, OapibIK MayChIMIBIK MOTOP JKOHE TPaHCMHUCCHOHJIBIK
MaWIapelH, TUAPABIMKANBIK CYABIKTHIKTAPABI OHAIPY YIIiH, COHAANi-aK
TOHA3BITKBIIITAPFA, KOMIIPECCOPIIApFa JKOHE JKOFaphl TeMIepaTypaaa aybIp
KYKTEMEMEH J>KYMBIC ICTEHTIH 0acka KOHIBIPFbUIApFAa apHAIFaH ©HEPKACIIITIK
Mail perinze Konganeuiaabl. Onap KyaTThl JAW3ENBIl OpTama >KbULAaMIBIKTHI
KO3FAITKBIIITAP JKOHE TEIUIOBO3/1ap YIIIIH MOTOP Maibl PeTiH/e Ae KOJIaHbLIa bl
[1,2].

[Monmu-a-onepun wmaitnapsr (ITAOM) cuHTE3 MPOLECIHAE OJIMTOMEPIIEPIiH
MOJIEKYJIAJIBIK, CaJIMaFblH JKOHE OJIAPIBIH MOJIEKYJAIBIK-MacCablK TapalyblH
peTTeii  OTBIPBINL,  SPTYpNi  OIPTEKTI  KOHE  TIeTepOTeHIl  KBIIIKBLI
KaTajau3aTtopiapblHaa  KoFapbl  o-ojeduHmepaiH  (Mbicaibl,  JereH-1)
OJIMTOMEPJICHYl apKbUIbI ajblHAABl [3-6]. a-oneUHACPIIH OJUrOMepU3aIns
OHIMJIEpiHJIe KaHBIKIaraH KoCc OaimaHpicTap 0ap, COHABIKTAH OJap.bIH
KYpaMbIHAaFbl KOC OaiimaHpicTap/ibl KaHBIKTBIPY JKOHE TOTBHIFYFa KapChl
TYPaKTBUIBIKKA KOJI JKETKI3y VIIH THAPJIEY IPOIECi apKbLIbl KOJ JKETKi3lIedl
[7,8]. ITAOM -nmbl Tuapiey Typalibl KOJDKETiMIi omeOuertep eore a3. Kasipri
yakbITTa [IAOM- 1Bl ruzapiiey ©HEpKOCINTIK XKaFaalnapaa >KeTKUTIKTI >KOFapbl
AKTUBTITIKKE U€ KOFAPhI MaWbI3/IbIK TUCIIEPCTI HUKEJIb KaTaln3aTopiiapaa xKy3ere
aceIpblIanbl. ToxipuOe KepCeTKeHIEH, OJIMroMepliepAi OChl KaTajlu3aTropiapnaa
260 °C-xa pmeiinri remneparypasaa >xoHe 3 Mlla-ra gediHri KblcbIMIa THIpPICY
Ke3iHJie OJIap/blH HM30MepJIeHyi JKypeli, OyJl alblHFaH OHIMHIH KacHeTTepiHe
aiitapnplkTaii  ocep eremi. Artanm aWTKaHIa, KPUCTAIJAHy TeMIIepaTypachl
alTapibIKTall KOFaphUIANIBI J)KOHE aNBIHFAH CHHTETHKAJIBIK Maiapapl OfaH api
nadganany mekreneai [9, 10]. 3eprreyiniiiep CHHTETUKAIBIK MaiapablH
TUAPIICY MPONECIHIH XBUIIAMIBIFBIH apTTHIPY VIIIIH KaTaIH3aTop PETiHAE dPTYpIi
MeTaJNJap/pl, HETI3IHEH achll MeTaiamapasl mnadgamanael. [TAOM  rumpney
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MPOLIECIH/Ie MAUIaNi KaTaTu3aTOPIapbIH KOJIaHy JKCHI KaFaaiiapaa THapIey
MPOIIECiH JKYprizyre MyMkinaik 6epemi [11-13].

Ocbl  XYMBICTa  aKTHBTCHOIPUITCH  THATOMHTKE OTBIPFBI3BLIFAH
MoHoMeTanbIK Pd (0,5 xone 1,0%) sxoHe OuMeTan bk kaTamusatopiapasl (1.0%
Pd — 0.3% Ni sxone 1.0% Pd — 0.8% Ni) konnana oteipsin, [1AO-4 ("TAHEKO",
Hwmxnaexkamck K., Tartapcram PecmyOmmkacel, Peceit) ruapney OoifprHIma
3eprreynep >kyprizinmi. Karammsaroprmap MeH mnonu-o-onepuH MalimapbIHBIH
(hM3UKa-XMMHSIIBIK CUTIATTaMajapbl, KaTalu3aTOPJIAP/AbIH aKTUBTLIIT, COHAaNi-aK
AJBIHFaH OHIMIEPIH THAPICHY TOPEXKECi aHBIKTAIIBL.

2. DKnepuMeHTAIAbI 00J1iM

2.1 Kamanuzamopaapowl scacay 20ici

Monomeranaplk  karanuzatopiaap (0.5% Pd  xome 1.0% Pd/D)
TachIMaiaymeiFa anacopoums omicimen PdCly kommaHy apKpUIbl —albIHIIBI
(Axtusrenren auatomut-D). bumeraminer 1.0% Pd — 0.3% Ni xone 1.0% Pd —
0.8% Ni/D karanu3zaropiapbl OeJICCHIIPIIreH TUaTOMUTKE MaJUIaAnii MEH HUKETb
XJIOpUATepiH Oipre aacopOusuiay omiciMeH MalbIHIANIB. AACOpOIUsIaaH KeliH
KaTajgu3aTopiiap Ta3zapTbUFaH cyMeH >KybUibl, 120 °C temmeparypaga 2 carar
OOMBI KenTipii.

2.2 Kamanuzamopaap meH nonu-a-onepun MauiapbiHbly QU3UKA-XUMUSTbIK
CUNammamanapbl.

Karanuzatopnapaeiy aundpakrorpammanapel D8 Advance A25 (Bruker)
mudpaxtomerpinzge tycipingi. XKanmer mMeHmikti Oertik aymansl BOT oxicimen
ASAP 2020 Micrometrics KOH/IBIPFBICHIHIA 77K-ne JKYprisii.
Karanuzatopnapabi Mopdosoruscel JEM-2010 37eKTpoHABI MHUKPOCKOTIBIHIA
(“JEOL”, XKamonus) 3eprrenai. [IAO >xone ITAOM ynrinepiniH UHQPaKBI3bUT
cnekTpiuepi 4 cmt ckaHepiey KanambiMeH 400-4000 cm! muanasonbiana Perkin
Elmer Spectrum 65 cnekrpomerpinne tycipingi. [IAO men [TAOM-parsr C=C
KOC OaliJJaHBICTAPBIHBIH CaHJBIK KyYpaMblH CHUNATTalTBIH Opom caHbl [14]
omicremMe OombiHmA ecenrtenmi. IIAO xome I[TAOM  KHHEMaTHKAIBIK
TYTKBIPIBIFBIH anblkTay [SO 3104:2020 [15], TYTKBIpABIK HHACKCIH ecentey [SO
2909:2002 [16] sxone TeiFb3abFbl [SO 1183-1:2019 [17] OoiibiHIIa XKYprizini.

2.3 Kamanumuxanwix cuopiey

I'uopneyni imki kememi 100 mi Gomatein PARR-4848 (AKII) >xorapsr
KBICBIM/IBI aBTOKJIABTA JKYPri3lmik. Peakiys KbULIaMABIFBI OIpJiK YaKbITTarbl
KeJIeMIiK oicreH enmenai [18].

3. HoTu:kesiep #aHe 0J1apabl TAJKBLIAY

3.1 Kamanuzamopaapowvly cunammamacsl

ABOTTHIH ajncopOuust MeH AecopOuusi M30TepMajiapbl KOHE KaTalu3aTop
yIirinepiHiy Menmepi OOWBIHINA KeyeKTepliH Tapanysl 1 a sxone 1 O-cyperrepie
KepceTireH. 1 a-cyperre M30TepMalapiblH Oapibik Typiepi [V Tumke coiikec
KeJelli, TucTepe3uc iMeKkTepiHiy mimini Ho Tumine sxaTaapl xKoHEe ME30KEyeKTeri
ra3apablH KanWUIIPIIBIK KOHACH AN MPOLIECiH KOPCETETIH Tap, allblK YIITapbl
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O0ap KyObIpmel KeyekTepi ©Oap wmarepuanra kartaiasl  [20].  AnbiHFaH
KaTaau3aTopIapIblH KeyeK JuaMeTpi OOMBIHIIA Tapaly KHCHIKTaphl (cypeT. 1 6)
0ip makcumymra ue (12-23 um). BAX omicimen ecentenren 0.5% xxone 1.0%
Pd/D xaranu3aTopiapbIHBIH KeyeKTepiHiH opramia quamerpi 19.0 uwm, ar 1.0% Pd
— 0.3% Ni/D xone 1.0% Pd — 0.8% Ni/D kaTanu3aTopiapbIHBIH KEyEeKTepiHiH
opraia auaMetpi colikecinie 18.0 xone 17.0 HM KypaiiabL.

(a) (6)
70 0.20
z - 0.5%Pd/D —— (.5%Pd/D
e 60+ —o— 1.0%Pd/D % 0164 —e— 1.0%Pd/D
= 504 —— 1.0%Pd-0.3%Ni/D T —a— 1.0%Pd-0.3%Ni/D
H ~v— 1.0%Pd-0.8%Ni/D ) ¥ 1.0%Pd-0.8%Ni/D
o 4
s 40 5 0.121
x -
T A H
£ 307 3 0.08-
3 10 x (.04
0 T T T T T 0.00 - : : ‘ T
0.0 02 0.4 0.6 08 1.0 10 15 20 25 30 35 40

Canictbipmans! Kpicoim  (P/p,) Keyek auamerpi (Hm)

Cyper 1 — JTalibiHasnran KaTaan3aTopiaapIbiH aJcopOus-aecopoius u3otepmanaps (a) xoue (0)
enemiepi OOMbIHIIA KEYeKTep/IiH Tapaly KUCHIKTaphl.

Mono >xoHe Oumeramn KatanusaTopiapablH TOM cyperrepi 2-cyperrte
KOpCeTii. 2-CypeTTeH (a oHe 0) mayuiafuit OeekTepl TachIMaJlIaFbIIIThIH
Oerinie OipKelKi OpHaIacKaHbIH Kopyre 00omajbl.

(2)

(5)

50 nm

Cyper 2 — Karanuzatopnapasig TOM cyperrepi. (a) 0.5% Pd/D, (6) 1.0% Pd/D, (c) 1.0% Pd-0.3% Ni/D
xone (1) 1.0% Pd-0.8% Ni/D
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3.2. lonu - a-onepun mainapoin cuoprey (I11AO-4)

Jaiipiaanrad Karanusaropiap nonu-o-onedun maiibin (ITAO-4) 110 °C
TeMIlepaTrypaja *XoHe apaiacTeipy >Kburgamabirbl 800 aifH/MUH JKOHE CYTETiHIH
1.0 MIla KbICBIMBIHIA THAPJCY MPOLECIHAC ChIHANBL 3 (a) - CypeTTe peakius
JKBUTIAMIBIFBIHBIH CIHIPIITEH CYTeTi KoJeMiHe TOYCIAUIIK KUCHIKTaph! xkoHe 3 (0)
[TAO-4 runpneyaiH KHHETHKAIBIK KACBIKTaphl KOPCETLIIII.

(a) (6)

‘_'E 200 1400+

g —e— 0.5%Pd/D

g —=— 1.0%Pd/D = 1200+

© 1501 —4— 1.0%Pd-0.3%Ni/D 2 10004

S —— 1.0%Pd-0.8%Ni/D ‘E'

Z o 8004

3 100 3 —=— 0.5%Pd/D

S X 600 —o— 1.0%Pd/D

g z —— 1.0%Pd-0.3%Ni/D

2 50 5_ 400+ —v— 1.0%Pd-0.8%Ni/D

;: 200

& 0 . ; , : : i = 0 ; . . ‘

0 200 400 600 800 1000 1200 1400 0 100 200 300 400

Cyreri kenemi (mn) YakpIT (MH1H)

Cyper 3 — Peakuust ®bUIIaMIbIFbIHBIH CIHIPIIT€H CYTEri KoseMiHe TOyeNALIIK KUCHIKTaph (a) xoHe (0)
IMTAO-4 runpneyniH KUHETHKAJIBIK KUCBIKTAPBI.

3 (a - cyperre IIAO-4 ruapiey  mOpolECiHAE  MOHOMETAILI
KaTaJn3aTopiapbIHAaFbl PEAKIUs KbUIIAMIBIFbl OMMETaJUIFa KaparaHja >Koraphbl
eKeHJIri aikpiH KepiHemi. CoHbIMEH Karap, TemeH Temmeparypana (110 °C)
THIIpIICY KBUIIAMJIBIFBI KaTaln3aTop IaFbl nasuTai MeJIIIEePiHiH
JKOFapblIaybIMEH alTapibIKTail apraasl (MoHometamwt). 3 (0) - cyperre 0.5%
Pd/D xartanuzaTopsiHa THAPIIEY PEaKIUSCBIHIAFEI CYyTeKTIH XKYTHUTYbI 1400 M —
re JKeTKEH Ke3Jeri )xyMcanraH yakplT 190 MuHyT 00Jjica, an OChIHAal KejeMIeri
cyrekTiH xkyThutybl 1.0% Pd/D xartanuzaropeinaa 130 MuHyTTa asKranajbl.
Kepicinmre, OMMeTa;ym  KaTanu3aTopblHAarbl  Ni  KOHICHTPaIWsICHIHBIH
xorapeutaybiMer (1.0% Pd-0.8% Ni/D) peakuust >KbUIIaMIBIFBI alTapIIbIKTa
TOMEH JKOHE KHHETHKAJIBIK KHUCHIK OOWBIMEH peakiius yakbIThl (cyper. 3 6) 400
MUHYTKA JeHiH ecei.

Onpuipicreri Monu-o-oNepUHICPAl  KATaJIUTUKAIBIK TUAPIIEY  HUKENb
KaTaJM3aTopiIapbIMEH JKY3€ere achlpbuiaibl. Oe0u aepekrepre caiikec [21, 22] Ni
KaTaJu3aTopiiapbl TOMEH aKTHBTUIIKTEH 0acka, THIpJEY IMPOoIeci oTe >KOFaphl
TeMIeparypa MeH KbICBIMA JKYDPEl JKoHE MPOLECTiH KaTaH LIapTTapbl THAPIEY
OHIMIHIH TEPMUSIIBIK OY3bLTYbIHA OKEITyl MYMKiH €KEHIH aHBIKTAJIbI.

Hamnamuit xaranmzaropnapeira (1 Mlla, 110 »xome 150 °C) yxcac
warmaiimapna  ITAO-4  ruppney — mponecinae — Konjganeuiran — BASF
KOMITAHUSCHIHBIH HHUKeNh KaTanu3aTopbiHbiH (65% Ni/SiO2/MgO) akTHBTIIIr
OOMBIHIIIA KYPTi3TeH 3epTTEYIEPAiH HOTIKEIEPl TOMEHAE 4-CYypETTe KENTIPiITeH.
110 °C rtemneparypaia HHUKeNIb KaTaJH3aTOPBIHBIH aKTUBTUII 1% mamnmanuit
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KaTanu3aTopbiHaH 6 ece ToMeH (cypet.4), cousiMeH Oipre ic xy3iHme 0.8% Ni 6ap
KaTalln3aTOPbIHBIH
temneparypaceiaely 150 °C-xa geiiin ketepinmyi 110 °C kesinme 0.5% Pd
KaTaJIM3aTOPBIHBIH aKTUBTUIITIMEH IIaMastac Keaedi.

onmeran

aKTUBTLIITIMEH

colKec.

ITporuecc

(a) (6)

. 190 1400

]

g = 1200

- 100 —=—150°C 2 1000 —=—150°C
] —e—110°C s —e—110°C
'g g 800+

g € 600

g o0 § 400

2 5

g_ 200

g 0 ; ; : v : . Y 0 T | !

& 0 200 400 600 800 1000 12001400 0 100 200 300

Cyreri kenemi (mn)

YakbIT (MuH)

400

Cyper 4 — Peaxuust bUIIaMIbIFbIHBIH CIHIPIIT€H CYTEri MOJIIIEpiHe TIYENIiIIK KUCHIKTaphI (a) xkoHe (0)
HUKeNb KaTaian3aTopbiaaarsl [IAO-4 ruapreyai KHHETHKAIBIK KHCBIKTapHI.

Bacramnks! sxone 0.5% Pd/D, 1.0% Pd/D, 1.0% Pd - 0.3% Ni/D sxone 1.0% Pd
- 0.8% Ni/D xaranuzatopiapbiMer rtuapienren [TAO—-4  yirinepinin WK
CHEKTpIIepi S-CypeTTe KeNTipiimi.

Transmission (%)
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Cyper 5 — Bacranke! (a) xoHe runpienred [TAO-4 UK crexrpiepi (6) 0.5% Pd/D, (c) 1.0% Pd/D,
(m) 1.0% Pd-0.3% Ni/D »xome (e) 1.0% Pd-0.8% Ni/D
Kecte 1 — bactanks! xone runpienres [TAO-4 $u3nka-XUMUSIBIK KOpCeTKIITepi
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Kepcetkimrep T'unpneyre T'unpneyneH keiiin
neHin
05% | 1,0% | 1,0%Pd- 1,0%Pd- Ni
Pd/D | Pd/D | 0,3%Ni/D | 0,8%Ni/D | xaramuzaropst
Bpom cansl, T 26 0.2 0.2 0.3 1.97 1.96
Br/100 r
TyTKbIp 100°C 3.9 4.0 4.1 3.9 3.9 3.9
JIBIK,
2
MRS 4000 18.7 190 | 200 | 190 186 18.9
TyTKBIPABIK HHICKCI 113 117 118 117 114 115
Kary -76 -70 -70 -69 -70 -69
Temreparypacsl, °C

5-cyperre (a) 6actanksl [IAO-4 UK cnexrpnepinge 2800-nen 1103 cm?-re
neitinri xone 1300-men 1500 cm'-re neitinri aiimakrarsl -CHs- sxone -CHa-
¢bynkunoHanasl Tontapaarsl C-H GaiiaHbICHIH CUMATTAWTBIH HHTEHCUBTI CiHIPY
JKOJaKTapeIMeH Oipre, 969 cm?! omci3 cimipy komakrapeinga, =CH,
(hyHKIIMOHANIET TONTaphl aHBIKTaIABl. Ockl aneiaraH MK criekTpiHiH mepexTepi
0acka JKYMBIC HOTIKeJIepiMeH jkakchl yitmecemi [23]. bacranker [1AO—4
rugpiaenrenHed  (S5-cyper 0, ¢ koHe 1) kedin, UK cnekrpinme =CH:
¢dbyaxuonanael TonTapAarkl C-H BaneHTTIK nedopMaIisuiblK TepOemicTep i
CiHIpY JKOJIaKTapblH CUNATTAHTHIH MIBIHIAD JKOFaimFraHbl (969 cm?) KepiHenmi. 5-
cyperre (e) 1.0% Pd — 0.8% Ni/D karanusatopsiMer [TAO-4 rumpiieHreHHEH
keitin anbiarad VMK crekTpinge Koc OalaHbIC TOJBIFBIMEH KOWBUIMANTHIHBI
aHBIKTANABl. l-Kectene Oacrankbl koHe TuapieHreH [IAO-4 wmaiinmapbiHBIH
(hM3UKa-XUMHUSIIBIK TTapaMeTpIiepi KOPCETLTEeH.

l-xecrenen 0.5% Pd/D, 1.0% Pd/D xome 1.0%Pd-0.3%Ni/D
KaTanu3aToplapbiMeH THaIHereH eHimzeri Opom cambl 0.2 T Br2/100 r g
Kypailipl. Al HHKenb Karanu3atopiapbiHna rugapiaeHreH ITAO-4 wmaiibIHBIH
opomn cargapsl oumetanapik 1.0%Pd—0.8%Ni raTanu3aTopsiapbiHa *KaKbIH jKOHE
1.96 r Br2/100 r —nb1 KypansI.

4. KopbITBIHABI

KacanpiHFaH KaTaqM3aTOPMEH MONHU-0-OJe(UH MaWmapslH  TUAPIEY
MPOLIECIHEH TOMEHIETiiel KOPBITHIHABI kacayra Oonansl: [IAO-4 runpney yuiix
MoIUHUKaIUsIIaHFaH JMaTOMUTKE OTBIPFBI3bUIFaH 1% nayIa i
KaTajau3aTopiapbl yceiHbUIaAb, Oy 100% konBepcusra okenemi. Ilamiamuiire
HUKEJIb KOCTIATapblH €HI13y KaTalu3aTop OeJICeHIUIIriHIH TOMEHIEYiHe OKelei.
¥YcoiHbUIFaH najuiaauid katanmsatopbl [1AO-4 wmaiiblH ruzapney npoueciHie,
HUKEJIbI'€ KaparaHJa TeMEH TeMIepaTypala >Ky3ere acblpbuiaisl. llamtaguit
KaTaJIM3aTOPJIApBIH KalTa maiimamaHyra OoJyiamel, oap OacTamKbl aKTHUBTIIIKTI
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CaKTaWIbl, peakIusmaH KeHiH KaTaau3aTopiapIblH KYPBUIBIMBI iC JKY3iHIE
e3repMEIi.

TAAPUPOBAHME IOJH- o -OJE®PUHOBBIX COEJUHEHU HA TAJIJIAJIMEBBIX U
HAJUIAJIMA-HAKEJEBBIX KATAJIM3ATOPOB

K. Touwuman
Kazaxcxkuii Hayuonanvuoiii Ynugepcumem umenu Ano-@apabu, Anmamet, Kazaxcman
E-mail: kainaubek.toshtay@gmail.com

Pe3wome. Bseoerue. Tlonu-o-onedrHOBbIE COCAMHEHUs SIBIISIIOTCS COCTABHOM 4YacThiO 0a30BBIX Macell,
MOJNYyYaeMbIX ~ KATAJMTHYECKON ONIMMepH3aleii JMHEHHBIX —aib(ha-oJe(UHOB C  MOCIEAYIOIHM
THAPUPOBAHUEM, UCIIOIb3yEMbIX JJIs AaBUALIMOHHOM M Ha3eMHOW TEXHUKH, U 3aHMMAIOT Ba)KHOE MECTO B
uHayctpud. IIpogyKThl ONMrOMepH3allMk COIEPXKAT OJHY JBOHHYIO CBS3b; KOTOPYIO HEO0OXOAUMO
MIPOTH/IPUPOBATh JUIS HPUAAHHUS YCTOWYMBOCTH K PAa3IMYHBIM XHMHYECKMM IIPEBPAIICHHUAM IIPU
IIPOM3BOACTBE CMA304HBIX Macell. Memoodonozeus. ' uapupoBaHye NPOBOJUIN B aBTOKIIABE, TI03BOJISIONIEM
MOAJEPKUBATh MOCTOSHHYIO TEMIIEpaTypy M JaBJIeHHE BOJOPOAa C 3aMepoM o0beMa MNOIJIOLIaeMOro
BOJIOPOJIAa, MCKIIIOYalleM BHelHe-1u(pQy3MOHHOE TOPMOXKEHHE. VICmoib3yemble — KaTall3aTopbl
aTTECTOBAHBI CIICAYIONIMMHI METO/IaMHU: yJielbHas ToBepXHOCTh BT, pasMepsl 4acTHI] TpaHCMHUCCHOHHON
JJIEKTPOHHON MHUKpocKonued.  [IpomyKThl peakuuu XapakTepH30BaIHM CIECAYIONIMMH METOAAMHU:
IIOTHOCTH, OpoMHOe uucio, MKC, kunematndeckast BI3KOCTh, TEMIIEpATypa 3amep3anusi. Pesyiomamol u
obcyacoenue. JIsi THAPUPOBAHMS TONK-0-0Je(UHOBBIX coeauHeHui npemioxens 0,5-1,0 % Pd
KaTaJIn3aTopbl, HAHECCHHbIC Ha MOAU(DUIMPOBAHHYIO HPHPOAHYIO INHHY auatomut. [lokasaHo, 4To
MoAMGUIMPOBaHHE UX J00aBKAMHM HHKENS NPHBOMAT K CHIDKEHHUIO AaKTUBHOCTH. 3aKaioueHue.
VYCTaHOBJIEHO, 4YTO TNAJUIAJAMEBBIE KATaaM3aTOPbl MPOBOIAT IHpouecc B Oonee MSTKHX YCIOBHUSX,
MPOSIBIIIIOT 00JIee BBICOKYIO aKTUBHOCTBH IO CPAaBHEHHUIO C HUKEIICBBHIMH KaTalM3aTOpaMH, 3HAYUTEIHLHO
COKpalarT BpeMs Ipoliecca M 00ecrednBaloT 0ojee BBICOKYIO CTENEHb TMAPUPOBaHMS. AKTUBHOCTH
OMMeTaJUTMYEeCKHX KaTalIu3aTOPOB HIKE YeM y HaJIaueBbIX KaTaln3aTopoB.

KiaroueBble ciaoBa: rujpupoBaHUe, NajulaJnii, HUKEIb, AUATOMHT, KaTalH3aTop, MOJIH-0-0Je(HUHOBBIC
Maclla, aKTHBHOCTh, OMMETaJUIMYECKHH KaTann3aTop, OpOMHOE 4YHCIO, KHHEMaTH4ecKas BS3KOCTb,
TeMIIepaTypa 3aCThIBaHUsA
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Abstract: Introduction. In the Republic of Kazakhstan, there is a noticeable upward trend in the
volume of industrial waste, including from the production of ferrochrome. The problems of man-made
pollution of the natural environment are becoming more acute every year, and are beginning to take on a
global dimension. Technogenic ferrochrome production waste contains chromium, which is highly toxic
and carcinogenic, which poisons water, soil, negatively affects the activity of all living organisms. Slags
contain a significant number of valuable components used in various industries, and above all, chromium,
which is irrevocably lost during storage. The main task still remains the development of industrial waste
disposal processes that reduce the anthropogenic load on the biosphere and ensure the rational use of
natural resources. The purpose of the work is to justify the choice of the method of processing the slags of
the ferrochrome production. Conclusions: The analysis of the modern scientific and patent literature on
acid processing and utilization of chromium-containing slags from the production of refined and high-
carbon ferrochrome has been conducted. It should be noted that the described methods of various methods
of processing ferrochrome production slags, despite their availability, are characterized by a multi-stage
nature and do not allow complete processing of ferrochrome production slags in Kazakhstan. Currently,
there is an excess of sulfuric acid production in Kazakhstan, so it becomes advisable to use sulfuric acid as
a reagent for leaching chromium from slag from the production of ferrochromium. It can be expected that
in sulfuric acid under certain conditions, such as heating, a sufficiently high degree of extraction of
chromium (I11) will be achieved in slags from the production of high-carbon chromium and in refined
ferrochem slags.
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1. Introduction

In the Republic of Kazakhstan, there is a noticeable upward trend in the
volume of industrial waste, including from the production of ferrochrome [1]. At
present, the problems of man-made pollution of the natural environment are
becoming more acute every year, and are beginning to take on a global
dimension.

Technogenic ferrochrome production waste contains chromium, which is
highly toxic and carcinogenic, which poisons water, soil, negatively affects the
activity of all living organisms [2-5]. Only about 20% of the waste is recycled and
reused. Waste is usually located in special landfills of the industry itself and,
despite the measures taken to store it safely, pollutes the environment. In this
regard, the recycling and utilization of industrial waste is highly relevant, not only
contributing to the reduction of pollution, but can also be an element of resource-
saving technologies. Among the solid, liquid and gaseous wastes from various
industries, the ferroalloy slags deserve attention. Slags contain a significant
number of valuable components used in various industries, and above all,
chromium, which is irrevocably lost during storage.

Chromium can accumulate in the biosphere and living organisms.

The main pathway for the release of chromium into the environment is
through the production of chromium and its compounds from chromium ore and
its further processing. Industrial waste from these enterprises plays an important
role [2, 3].The development of the industrial waste management processes that
reduce anthropogenic pressures on the biosphere and ensure the sustainable use of
natural resources remains a major challenge [4]. So in [6] it is noted that the
MPC of chromium for plants is from 0.1 to 2.0 mg/kg of dry mass, and the critical
mass of the metal varies from 1.0 to 2.0 mg/kg of dry mass, above which the
increase in the above-ground mass of plants is reduced by 10%. The high
concentration of chromium in plants significantly inhibits all growth processes
and causes plant disease. Chromium content is particularly increasing in plants
growing in ore deposits, terricons, as well as in areas contaminated by this
element.

Chromium is present in both vegetable and outgoing food products in the
form of inorganic salts, as well as in the form of a complex compound with
organic ligands, which is a biologically active form of chromium with a
pronounced presence of carbohydrate metabolism [2]. Higher frequencies of
chromium are observed in fish, milk, dairy products, meat of domestic animals.
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With food, chromium absorbs the human body and affects it. Chromium is an
increased stimulant and causative agent of cancer, pulmonary and cardiovascular
and other diseases, increased consumption for accumulation in food chains, and
their sustainable risk to humans [2-7].Aktobe region alone accumulated at least
830 min. tons of industrial waste, of which 12-15 min. tons are slag waste.
Moreover, more than 5 million tons are represented by slags from the production
of high-carbon ferrochrome and more than 8 min. tons - pulverized, low-carbon
ferrochrome slag [8]. According to [9] data in Aktobe region, contamination of
soil, water and air with hexavalent chromium is recorded with a significant
exceedance of the MPC until 2010. However, in the period from 2011 to 2015
there is a positive trend of its decrease by 10-thousandths shares, which is due to
the involvement in the processing of ferrochrome slags stored at the range [10-
14]. Therefore, there is a need for more intensive involvement in the processing of
chrome-containing slags.

2. Chemical and phase composition of ferrochrome slags

Ferrochrome slags are characterized by a high content of magnesium
oxide (MgO), the amount of which varies between (7.0-45%) [15,16]. The
chemical and material composition of ferrochrome slags is not constant and
depends on the quality of the raw material used and the variety of ferrochrome
produced [17-19].

The refined ferrochrome slag (RFC) slag of JSC “Aktobe Ferroalloy
plant” used in work [15] has high content of Cr203 (15.11 %) and FeO (4.08
%). Their content is 2.52 and 2.04 times higher, respectively, compared to
Cr,03 and FeO in RFC slag, the composition of which is given [17]. The
oxides Mg, Al, Si and Ca in the RFC slag sample according to the data
presented in the work [15] are 4.0, 2.11, 2.0 and 7.7% lower than the RFC
slag sample used in Article [17].

Slags from smelting of high-carbon ferrochrome at the Serov Ferroalloy
Plant, Chelyabinsk Electrometallurgical Plant are refractory material, the
main mineral phases of which are forsterite (55-60%), aluminomagnesial
spinel (36%)glassy phase of the mellithic composition (3-4%) [19]. In other
samples, there may be less forsterite, because ferrochromic slags are
characterized by the variability of the composition of the composition. The
refined ferrochrome of AktobeFerroalloy plant contains 33.2%, its full phase
composition (weight. %: 33.2 Mg2(SiOs); 22.5 MgFeAlO,4; 20.5 Caz(SiOs),
2.S;7.9 AliOSOg; 6.5 MgFeOg; 20.5. Mg2SiO4 and MgAl,O, are present in the
high-carbon ferrochrome slag, and Mg.SiOsorthosilicate (forsterite) is present
in the low-carbon ferrochrome slag, orthosilicalcation in the form of a
modification y-Ca,SiO4and partially as a-Ca,SiO [20-22].

High-carbon ferrochrome slag is used as a roadblock [23], while low-carbon
ferrochrome slag is only used. In 2019, ERG Recycling started to implement a
program for the processing of laid slags from the smelting of the ferroalloys of
TNC «Kazchromy» (RK) for 2019-2021. [24, 25]. In the same year, 50,000 tons of
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these wastes were recycled to produce chrome metal concentrate and slag inert
materials. In 2019-2020, slag and slag sand were tested in road construction and
as concrete filler in 2020. Certificates of conformity for this type of product have
been obtained [26]. It should be noted that the processing of slags from the
production of refined ferrochrome is very difficult and most of them are in piles
and worsen the ecological situation of the region, for example in Aktobe region
[13]. Lower oxidation chromium compounds are not poisonous, but in the body
they can change to Cr (V1) [27, 28].

The problem of processing waste slags and extracting metal components
from them, and then using them as the secondary raw material is one of the most
important in metallurgy. The issue is being addressed from the perspective of zero
waste technologies. The basis of such technologies is the development and
introduction of fundamentally new technological processes, excluding all types of
waste, various non-recurrent technological schemes and water recycling cycles on
the basis of effective cleaning methods, as well as the widespread use of waste as
a secondary raw material.

Methods of processing ferroalloy slags are very diverse (air and magnetic
separation, slag stabilization, metallurgical processing, mechanical grinding,
leaching, hydrothermal processing, etc.) [15, 29-31], their choice is determined by
the features of slag, and economic and environmental feasibility.

3. Slag separation

Screening with subsequent magnetic separation of metal elements is suitable
for RFC slags; alloy pellets are separated from this slag by air or magnetic
separation [32]. This method effectively uses magnetic separation to increase the
[Cr:Fe] ratio in fine ferrous chromite.

In the method [33] for extracting metal concentrate from chromium-
containing slag, the crushed material is fed to the conveyor and the metal
concentrate is taken in the form of a magnetic fraction using a pulley under the
action of a magnetic field created by magnets. In this case, the non-magnetic
fraction is first removed, and then the magnetic fraction is removed with a knife,
which is pressed against the conveyor belt by the magnetic field of the pulley.
Moreover, manual sampling of the metal concentrate is carried out.

In the method for processing low-carbon ferrochrome slags [34] after rattling
the raw material for 10-15 min the slag is treated in an air cooling stream at a
speed of 4 m/s. Then the slag passes through an air separation to a fraction of 20
mm in an upward flow at a flow rate of 10 m/s with mixing the material in a
suspended state to a temperature of 0-60°C. Then the slag powder of the 0.4 mm
fraction (dust removal) is separated from the slag. Both products then pass the
magnetic two-stage stage for metal extraction. However, there is a residual metal
content in a non-magnetic product.

The metal (chromium) can be separated from the mineral part of the slag by
pneumatic separation and sifting on the sieves, and the mineral part of the slag is
efficiently processed by mixing it with the ferrous Kazakhstani diatomite
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(flask)liquid glass and thermal treatment of granules to produce a porous glass
insulating material [16].

Another option is to combine pneumatic separation with magnetic separation.
This technology may work, but its performance is significantly limited [20.32].
The main limitation is the humidity of both the feedstock (up to 5%) and the
ambient air. Drying the waste before separation is not economically profitable.

According to the method [35], the ferromagnetic inclusions of the dust
particles (0-0.3 mm) are extracted by the magnetic air separator incorporated into
the dust capture system. The magnetic products extracted at all stages of the
processing of the slag are purified by breaking the bonds holding the inclusion of
the slag on the metal product in an impact crusher with subsequent magnetic
separation.

The object of the invention [36] is chromium-containing ferroalloys, in
particular slags, dust and other wastes. The original slag was subjected to stagal
crushing, with the crushing products being divided into size classes. Then
separated by methods of magnetic and gravitational enrichment. Grinding,
classification and separation were carried out in both dry and wet ways. As a
result, a chromium-containing concentrate and a calcium-containing magnesium-
containing product are released, the latter can be used in the manufacture of
refractory materials. The defects are multi-layered and chromium loss ranges
from 26 to 14%.

The method for extracting chromite concentrate from waste materials for
processing chrysotile-asbestos ores comprises a preliminary granulometric
separation, a separation of a fine product, from which the separation of the
magnetite concentrate is obtained by gravity method of heavy fraction and further
by magnetic separation. A chromite concentrate [37] is extracted from the waste
produced by electromagnetic separation.

The invention [38] is intended for processing slags from the production of
high-carbon ferrochrome grades and can be used for extracting low-magnetic
alloys from metallurgical slags. The first stage of magnetic separation is carried
out at the induction of a magnetic field of 120-200 uT with the release of a
magnetic product, and the non-magnetic product of the first stage is subjected to
magnetic separation at the second stage in one or two receptions at the induction
of a magnetic field of 300-1000 uT. Due to optimization of the parameters of the
extraction process was 92.8%.

The method for processing carbon ferrochrome slag [39, 40] involves
crushing the slag, splitting the crushed slag by ratcheting at a margin of 3-5 mm,
pneumatic classification and magnetic separation of separation products. As a
result of the processing of metallurgical slags, several commercial products are
obtained - a metal concentrate and slag products used as abrasive and refractory
materials. In this process, the carbonaceous ferrochromium slag meets the
requirements of a forsterite spinel product.

Employees of Gravikon Company have developed the technology of
enrichment of HCFC slags formed at JSC «Kazchrom» by hydraulic removal
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[41]. The result is pure commercial ferrochrome and industrial product, which
was sent to the melting, as well as chromium-free rubble. The latter is used in
road construction.

The options for the technology of separating lumpy materials using
radiometric and other methods seem to be promising [42]. X-ray radiometric
separation (RRS) refers to "dry" and "direct" methods for lumpy separation,
literally "sees" those elements that make up valuable and associated minerals. The
material composition of almost all types of slags of this enterprise allows for a
clear separation by the measuring system of the separator (according to X-ray
spectra).

To obtain a metal-rich concentrate, it is advisable to use a two-stage live
magnetic separation. The use of the silicate base of such slags in metallurgical
production is impractical due to the increased silica content, the presence of
extraneous impurities and the low concentration of leading elements [43].

The described methods of air, magnetic and pneumatic separation, gravity,
hydraulic removal and radiometric enrichment, chrome-containing slags have
advantages and disadvantages. For example, wet magnetic separation
complicates the process, the efficiency of magnetic and air separation of low-
carbon ferrochrome high-carbon slag [44]. The gravitational technology of
chromium ore enrichment allows the production of chromium concentrate from
large and medium fractions, and fine sludge is practically not enriched due to the
difficulty of separating complex minerals into chrome concentrates and waste
[45]. At the same time, in all methods there are significant losses of main
products with dust-like fractions.

4. Slag stabilization

The most promising outlook is borate slag [14]. Thus, the stabilization of the
2CaQeSiO structure, in particular, the mineral belite present in ferrochromic slag
turns into a slag ladle with the formation of its unloading and crushing when the
melt is cooled [30]. The stabilized slag is completely crystallized, has a fine-
grained structure, and consists mainly of larger block grains of larnite interspersed
with fine and rare grains of spinel and periclase. Slag-like larnite of increased
reaction rate with water, which expands the range of slag use [19].

5. Thermal method

The melting method relates to methods of radical neutralization of
chromium-containing raw materials. It is a hexavalent chromium decontamination
process under high temperature conditions with the addition of an auxiliary agent
[45]. The technology for neutralizing chromium slag by the melting method
includes the coal-reduction method, melting in a cyclone furnace and
agglomeration.

The agglomeration decontamination of chrome slag is performed using
existing equipment at the metallurgical plant and is a by-product of the production
process. This technology includes two stages of the process. First stage -
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agglomeration, after agglomeration chromium slag is melted to produce
chromium-containing product - second stage [46]. In the first stage, under the
action of the high temperature of the agglomeration, Cr*® passes into Cr*3, i.e. the
process of chromium reduction takes place, thereby neutralizing the chrome slag.

In the invention [47] a charge for producing a high-carbon ferrochrome is
prepared by metering a carbon reducing agent, a high-carbon ferrochrome
production waste, a low-carbon ferrochrome slag held in a pile and a chrome ore.
Breaking down the silica slag barrier contributes to chromium recovery from
chrome spinelide chromium ore with coke carbon and CO gas.

The molten slag produced during the production of carbon ferrochrome in
the ore thermal furnace is provided with a slag obtained from the smelting of
refined ferrochrome in the amount of 50-120% [48]. The inventive low-melt slag
melt is produced with a melting point of 1650-1700°C. The process of chrome
splitting and chromium reduction is facilitated by the introduction of aluminium
into the melt, in the amount of 2-10% of the slag weight.

The aim of the invention [49] is to extract chromium oxides from the slag
formed after the process of melting a chrome-containing slag in an electric arc
furnace. The main disadvantage of thermal methods is high energy consumption
due to the use of high temperatures and the need to neutralize the resulting flue
gases.

6. Hydrometallurgical method

The method is based on hydrometallurgical leaching and sorption
technologies. Can be used in chromite ore mining and chromium compound
production. It allows to recycle highly toxic chromium VI compounds from waste
products of different physico-chemical condition with the release of chromium
into a high purity commercial product (content of Cr.Os not less than 95%). It
drastically reduces the amount of hexavalent chromium emitted into the
environment by the chrome industry. Allows you to gain additional profit by
returning chromium to the commercial product.

The method [50] for obtaining chromite concentrate from poor chromium-
containing ore provides for grinding the ore to a particle size of less than 2 mm,
roasting at 500-550°C for 2 hours. The roasted ore is further leached by treating it
with mineral acids (sulphuric H2SO4 or hydrochloric HCI) in two stages.
Disadvantages of the method: multi-stage process, the need for pre-calcination of
serpentine ore, heating of acid leaching solutions used in the second stage, as well
as a caustic soda solution used to process the cake. In addition, the concentration
of chromium in leaching solutions and the frequency of return of acid solutions
for leaching are not indicated. There are no data on the disposal of waste
solutions.

A known method for enriching chromite ore involves thermochemical and
hydrometallurgical processing of ore containing as an impurity of olivine, from
which white magnesia is obtained by hydrometallurgical methods [51]. This
method makes it possible to involve poor, substandard ores in processing, but
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differs by the high cost of thermochemical treatment of the entire volume of ore,
because its roasting is carried out at 600°C within 1 hour. . In addition, the filtrate
obtained by hydrochloric acid leaching of burnt ore undergoes thermal hydrolysis.

The essence of the invention [52] consists in the treatment of chromium
production sludge with uterine solutions produced after the basic magnesium
carbonate. The composition of the produced slurry (8.33-8.52% MgO; 0.32-
0.40% CrOs; 33.0% CaO; 6.33-6.40% Cr.0s) allows it to be used in a non-
colomittal chromatic production process or in a composition for cement
production.

In the [53] method, the aqueous suspension of chromate-produced sludge is
treated with sulfuric acid with a concentration of 190-200 g/dm?®. The result is
chromium oxide and a magnesium-enriched solution. In this method, the
difficulty lies in the hardware design, in particular the need to use an autoclave.

The work [52] proposes a method for hydrometallurgical processing of
ferrochrome production waste by sulfur acid leaching in order to produce
chromium concentrate (Cr,O3z) and magnesium sulfate solution (MgSQ,). This
method allows the recovery of valuable metallurgical constituents from waste for
further processing. Studies were carried out on chromium drift dust from the
furnace 41 Pz-4 JSC “Aktobe Ferroalloy plant”, caught wet gas cleaning, wet
(hydrometallurgical) leaching solutions of mineral acids and ammonium
hydrosulphate.

Currently, the deposition of chromium hydroxide from sulphate solutions
containing trivalent chromium is produced with iron vitriol and calcareous milk.
The method [53] proposes the deposition of chromium-oxide lead with the
addition of two-calcium silicate produced by calcification.

It should be noted that a significant part of the work is aimed at processing
(neutralizing) mainly chromium-based sludge, including the toxicity of
hexavalent chromium sludge from this production. The proposed solutions
involve the use of inorganic salts or sulphur, elevated temperatures, or the process
in the autoclave. Hydrothermal processing of chromium production waste is also
carried out by mineral acid at elevated temperatures and is characterized by multi-
stage.

7. Leaching

To extract chromium from solid chromium-containing waste, a leaching method
is used using solutions of alkalis, acids and salts.

An analysis of the scientific literature showed that the method of alkaline and acid
leaching is at the stage of exploratory research. So in [54], the extraction of chromium
from sludge (dumps) of chromate production is carried out with a 30% solution of
sodium hydroxide NaOH and a 10% solution of hydrochloric acid. Consumption
experiments at ambient temperature (22°C), change over 30 min. The chromium
content in the hydrochloric acid leaching solution is 2290 mg/l higher than in the
sodium hydroxide solution.
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The method of alkaline and acid leaching is also used to extract chromium from
sludge from the neutralization of waste solutions after treating the surface of the skin
[55]. Sludge from HPC-3 "ArcelorMittal Temirtau™ was leached with solutions of
NaOH, KOH, NHsOH of various concentrations. For the acid removal of chromium,
H,SO4, HNOs, HCI, H3POys, as well as a mixture of acids were detained. The lowest
degree of chromium recovery from chromium-containing sludge (71.0%) obtained by
alkaline leaching. Acid leaching is more efficient. In acid leaching of chromium-
containing sludge, the best result was obtained for a sulfuric acid solution.

The authors of [56-58] as a promising isolation of chromium compounds
from aqueous chromium-containing solutions are investigating the ozonation
method. Ozonation, or developing oxidation processes (using ozone
decomposition products as oxidizing agents), are widely used in industrial
wastewater and drinking water treatment plants, food products, that hydroxyl
radicals are formed during ozone decomposition, and oxidizing agents are also
found [56, 57]. Studies [57, 58] consider the possibility of using ozone suspension
of chromite ore or slag from ferrochrome production to convert trivalent
chromium to hexavalent. Ozone degradation by-products have also been shown to
be strong oxidizers in South African chromium ores ozone depletion and the use
of ozone ozone neutralization for South African chrome ores is an effective
method [58]. In the same paper, the oxidation process of trivalent chromium
contained in chromite ore or slag from ferrochrome production into hexavalent is
highlighted. Influence on the degree of oxidation of chromium dispersion and the
type of source material, liquid phase pH, temperature and time of treatment by
ozone suspension has been determined. However, due to the limited capacity of
the ozone emitter, the maximum oxidation of chromium was 15%.

In [59], the sludge (dump) of chromate production was leached with water
with simultaneous treatment of the suspension with ozone at a sludge:H-O ratio of
1:20 for 30 and 45 min. As a result of the work carried out, the fundamental
possibility of using ozonation to increase the degree of chromium extraction
during aqueous leaching of chromate production sludge is shown. A tendency
towards an increase in the chromium content in sludge fractions characterized by
large particle sizes, i.e. preliminary grinding of raw materials is necessary.

A comparative analysis of the processes of extraction of chromium from
chromium-containing sludge by alkaline and acid methods showed that the
efficiency of acid leaching is higher. Moreover, when using alkalis, difficulties
arise with the regeneration of solvents and their disposal. In this regard, attention
should be paid to the study of the method of acid leaching.

The article considers [60] the possibility of processing chromate sludge from
the Aktobe plant of chromium compounds for magnesium oxide, using sulfamic
acid. The choice of sulfamic acid was due to its low toxicity, good solubility of
sulfamates of many metals, low corrosivity, and the possibility of carrying out the
leaching process at ordinary temperature in reactors without acid-resistant lining.
The authors of this article showed the possibility of using sulfamic acid for
leaching MgO from chromate sludge with further production of commercial
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products based on it and found that chromium does not adversely affect the
magnesium leaching process.

An interesting work [61], in which it is proposed to carry out sulfuric acid
leaching of chromium-containing galvanic sludge in one stage with a 10-15%
solution of H,SO;4 at a ratio of S:L = 1:3 (for wet sludge) at a temperature of 30-
40°C for 1.5 h at mixing. After sedimentation and filtration using flocculants, the
leaching solution with pH 1 is sent to the sorption filter. The precipitate after
washing is filtered on a press or vacuum filter and sent to a disposal site for use as
an additive in the manufacture of ceramic tiles or other building materials.
According to the developed technology, the following indicators were obtained:
Cr extraction was 81.2%, Ni - 93.5%, Zn - 97.5%, Cu - 82.1%.

In [62], sulfuric acid was chosen as the leaching agent, which was due to the
chemical properties of the extracted element [63]. The leaching process was
carried out in an agitator under various conditions: changing the pH in the range
of 0-12, different stirring speeds and temperatures. X-ray phase analysis of
sediments isolated after slag leaching revealed the presence of silicon and
chromium, the ratio of which in terms of oxides was 2:3, respectively. This study
is an intermediate stage of work aimed at obtaining a concentrate with a high
chromium content from chromium-containing slag.

When processing technogenic chrome-containing waste combined methods
are used.

In the work [64] the process of production of magnesium oxide from the
chromium-containing raw material of the deposit of Kazakhstan with preliminary
production of chromium oxide (VI) is investigated. The study also uses
concentrated sulfuric acid.

It should be noted that the information on acid leaching of chromium slag in
the scientific literature is limited and mainly of a search nature.

The work [65] offers the technology of complex processing of non-
traditional raw materials - serpentine and serpentine waste heaps on chrysotile-
asbestos and chromite deposits. The method involves grinding the ore, heat
treatment, leaching with solutions of mineral acids with subsequent filtration of
the suspension, washing and drying the end product. The heat treatment is carried
out at the temperature of 500-550°C, and the leaching and filtration process is
carried out in two stages with an additional treatment of the solid residue with a
solution of caustic soda with the subsequent filtration. Furthermore, the first step
of leaching consists in treating the burned ore with acid recycled leachate with the
concentration of 230-250 sulfuric or 90-110 g/l hydrochloric acid, with
subsequent filtration of the suspension and directing the solid residue to the
second stage. The second stage is in the treatment of the solid residue with a
solution of sulphuric or hydrochloric acid concentration, respectively, 300-550
and 110-220 g/l with subsequent filtration of the suspension and the direction of
the leachate to the first stage of leaching.

In the method [66] it is proposed to process the slag in order to produce a
chromium-containing concentrate and a magnesium-enriched solution. However,
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this process is carried out in the autoclave at 110-160°C, using aggressive sulfuric
acid. The invention relates to processing the slag wastes formed during the
enrichment of chromite ores to produce a rich slurry corresponding in terms of
chromium oxide content to a chromium concentrate, separated by chromium
oxide and magnesium and concentrated in the solution. The processing of
chromate production slag involves treating the aqueous slurry thereof with
sulphuric acid, separating the magnesium sulfate solution from the solid phase
(slurry), wherein the slurry tails are treated in the autoclave at the temperature of
110-160°C, and the initial sulphuric acid concentration of 190-C acid 200 g/dm?,
autoclave pressure 0.15-0.7 MPa, leaching time 2-3 hours with active agitation by
mechanical mixer with 150-250 revolutions per minute. Furthermore, the sludge
is additionally treated with ammonium carbonate (NH4).CO; in a quantity of 10-
20% of the slag mass. It should be noted that a significant part of the work is
aimed at processing (neutralizing) the slag, including the toxicity of slag
containing hexavalent chromium, of current production. Most of the proposed
solutions are related to high-temperature processes [67,68] using sufficiently
aggressive reagents such as mineral acids [69-71].

In the [72] method, the acid leaching method is used for extracting chromium
from ores. The process is carried out by mixing chromite ore with manganese raw
material containing manganese dioxide, grinding the mixture with the
introduction of concentrated sulfuric acid. The ratio of chromite ore to manganese
and sulfuric acid varies from 1:1:1 to 1:2:10. The mixture is heated at the
temperature of 200-500°C, then cooled in air and then leached with water at the
temperature of 60°C for 3 hours. The solution after leaching is treated with an
organic solvent or ion exchange resin for chromium extraction. Manganese is
extracted from the aqueous phase. Amines are used as an organic solvent and
anion exchange resin is used as an ion exchange resin. The process is carried out
at the elevated temperatures, concentrated sulfuric acid and organic substances are
used and are characterized by a multi-stage character.

The process of production of magnesium oxide from chromium-containing
raw material of one of the deposits of Kazakhstan [73] has been investigated. In
this study, raw materials have been processed: the particle size of the original ore
has been taken up to 20 mm, after mechanization the particle size has changed to
0.5 mm. Then the ore has been subjected to the “wet” magnetic separation. The
next stage is the leaching of sulfuric at different concentrations of the non-
magnetic fraction with and without heating. The stage has been carried out with
intensive mechanical mixing (5 rev/sec) [74]. An initial filtration with the
separation of the slag has been carried out. Chromium oxide (V1) is present in the
solid sediment. During the fractional deposition process, the target product has
been obtained with a purity of 99.5%. The remaining solution has been mixed
with soda (GOST 5100-85) until full deposition. The reaction mass has been
filtered, the sediment has been dried at the temperature of 180 C. During chemical
transformations and technological operations, magnesium oxide has been
obtained with a purity of 98.2%.
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The main activity of “Voskhod-Oriel” LLP is carrying out works on
development of “Sunrise”chrome ore deposit [75]. The “Voskhod” chrome ore
deposit is located in the Khromtau district of the Aktobe region. At the moment
the object of expansion of the area of the rock heap according to the project
“Expansion of the rock heap TO-17-08" is the existing rock heap of empty rocks
at the “Sunrise” deposit. In order to reduce waste it is proposed by*“Voskhod—
Oriel” LLP to process slag waste, generated by processing chromite ores with the
production of rich sludge, the chromium oxide content corresponds to chromite
concentrate with chromium oxide and magnesium separation and magnesium
concentration in solution.

The known method for processing chromatic slag consists in restoring the
hexavalent chromium, contained therein, to a trivalent state by treating aqueous
sludge slurries with sulfur-containing reducing agents in an alkaline medium at
the temperature of 122-160°C [76].

The work [77] has investigated the possibility of recovering hexavalent
chromium with the traditional and alternative reagents. A mathematical model of
the hexavalent chromium recovery process has been built. This work has
investigated the recovery of hexavalent chromium, using traditional and
alternative reagents. The subject of the study has been model run-off with a
chromium ion (V1) concentration of 600 mg/dm?.

As a result, a mathematical model approximating the process of changing the
concentration of chromium (I1) and chromium (V1) ions during the recovery
process has been obtained by an experimental method. The most effective
reducing agent at a minimum amount of reagent is sodium sulfite. The least
effective are iron turnings, aspen sawdust and conifer sawdust with a degree of
purification of hexavalent chromium ions 98, 75 and 83%, respectively. Despite
the above, the use of these reagents is an alternative, as they are waste products of
the production.

When studying various physical phenomena and conducting technological
experiments, a functional relationship is often observed between quantities that
describe the quantitative side of a given phenomenon or experiment. To show this
dependence, sometimes it is necessary to carry out a huge number of experiments.
This requires a lot of time and a large number of reagents. In connection with the
foregoing, in this work, for mathematical processing of the results of experimental
studies, following the work [78,79], the interpolation method [80] has been used.

In this paper, the possibility of using traditional and alternative reagents for
chromium ion reduction (V1) has beenstaudied. It has been shown that the sharing
of traditional and alternative reagents is the most affordable, cheapest and quite
effective method. A mathematical model of the hexavalent chromium recovery
process has been built. In particular, a functional dependence approximating the
results of the experimental studies has been established (the confidence value of
the approximation is 0.99).

The work [81] has examined the possibility of extracting magnesium oxide
from the toxic waste from the production of chromium salts - chromium
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slaghydrochemical method, using sulfamic acid. In the studies the method of
probabilistic-deterministic planning of experiment, developed in the Karaganda
Chemical-Metallurgical Institute has been applied. Mathematical models of
extraction of magnesium oxide into products of chromium slurry leaching have
been found. Optimal conditions of the leaching process have been determined.
The proposed method for solving the problem of extraction of magnesium from
the waste materials of the production of chromium compounds using a non-toxic
leaching reagent is novel.

The work [82] shows that slag disposal can be organized so as to result in not
only building materials, but also metal suitable for further processing and use. For
the thermodynamic modeling of processes during the recovery of slag piles, the
software complex FactSage (version 6.4) has been used. Slag reduction has been
simulated for three different FeO formulations (15, 10 and 5% (by mass)). The
simulation is performed in the temperature range of 750 - 1650C in 5°C at the gas
phase pressure of 0.1 MPa. The model assumed that a known excess of carbon
had been introduced into the system as a reducing agent. Model results clearly
indicate that carbon monoxide will dominate the gas phase over the whole
temperature range considered.

It should be noted that the production of chromium in Kazakhstan is
expanding, we can expect an increase in the volumes of technogenic chrome-
containing wastes. And despite the fact that ERG Recycling, a part of TNK
“Kazchrom” JSC, in 2021 will recycle 150 thousand tons of waste and by 2025
will it will achieve the annual volume of chrome-containing waste processing 500
thousand tons [83]. A significant amount of slag, sludge and other chrome-
containing wastes will still be in the tailing heaps. Therefore, the further
development of processing the chromium-containing slags is needed. An analysis
of the scientific and patent literature has revealed that acceptable methods of
processing chrome-containing slags include enrichment methods. However, a
number of factors need to be taken into account when choosing how to process
chrome-containing slags. For example, the availability and affordability of the
used reagent for processing chrome-containing slags, their mineral composition,
the processability of the method, the possibility of the further use of the processed
slags, etc.

According to the data given in the article [9, 84], the mineral composition of
the slag from the production of high-carbon ferrochromium is mainly represented
by forsterite Mg.SiOas, spinel MgAIl,O4, and a partially amorphous glassy phase.
In the slag from the production of low-carbon ferrochrome, the main crystalline
phase is calcium orthosilicatey-Ca>SiO4, as well as magnesium orthosilicate
(forsterite) Mg.SiO. [85]. The authors of the studies [85, 86] have found that from
the point of view of chemical, mineralogical composition and refractoriness, the
slags from the production of high-carbon ferrochrome and low-carbon
ferrochrome can be a valuable raw material for the manufacture of heat-resistant
materials.
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In [87], the mineral part of the slag after chromium leaching has been used to
obtain on its basis a granular porous glassy filler material for heat-concrete
products with low thermal conductivity.

In [88], high-carbonferrochromium slag has been used for road construction.
Coarse fractions of slag are used as a coarse aggregate for road construction, since
they have a module Mk = 2.9 and meet the requirements of GOST 3344-83
“Crushed stone and slag sand for road construction.” The use of small fractions
(less than 5 mm) of this slag, formed during slag crushing, as a filler for road
construction has shown that the strength of the studied standard samples is on
average 1.5 times higher than the strength of control samples prepared using
granite screenings and the Volsk sand.

The available developments in the processing of slag ferrochrome are mainly
related to the use of elevated temperatures (40-90°C) and different concentration
acid solutions [89]. More promising is the extraction of chromium in the sulphuric
acid process of ferrochrome slag processing, with the further extraction from the
residues of safe building materials.

It should be noted that there is currently an excess production of sulfuric acid
in Kazakhstan [90]. That is, sulphuric acid can be used as a reagent for leaching
chromium from the production of ferrochrome. This ensures that they are defused.
For example, heating will achieve a sufficiently high degree of extraction of
chromium (111) in slags from the production of high-carbon chromium and in
refined ferrochem slags.

Therefore, the acid way of leaching them becomes attractive. According to
[87,88,91], low-carbon slags, including slags from the refined ferrochrome
production, contain Cr (VI), which will be converted into sulfuric acid leaching
solution. Hexavalent chromium in the sulfuric acid solution of slag leaching from
RFX production must be subjected to acid reduction to harmless trivalent Cr. A
method for reducing hexavalent chromium into trivalent form using reducing
reagents and deposition of trivalent chromium in the form of hydroxide [92] is
widely used. However, the adsorption methods for cleaning solutions, containing
chromium, including Cr*®  [93, 94], are now becoming relevant. Natural
aluminosilicates can be used as available, cheap sorbents [95].

The mineral part of ferrochrome slags after leaching can be used to produce
road building materials in which the leached mineral part of slags can be the basis
for producing compositions with adjustable gypsum content.

8. Rationale for the choice of a method for processing slag from the
production of ferrochromium

It should be noted that the described methods, despite their availability, are
characterized by a multi-stage nature and do not allow complete processing of
ferrochrome production slags in Kazakhstan [16]. An analysis of the scientific
patent literature revealed that enrichment methods are acceptable methods for
processing chromium-containing slags. However, when choosing a method for
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processing chromium-containing slags, a number of factors must be taken into
account. For example, the availability and cheapness of the reagent used for the
processing of chromium-containing slags, their mineral composition, the
manufacturability of the method, the possibility of further use of processed slags,
etc.

According to the data given in [95], the mineral composition of high-carbon
ferrochromium production slag is mainly represented by Mg2SiO4 forsterite,
MgAl,O4 spinel, and partially amorphous glassy phase. In the slag from the
production of low-carbon ferrochrome, the main crystalline phase is calcium
orthosilicatey-Ca2SiO4, as well as magnesium orthosilicate (forsterite) Mg2SiO4
[25]. The authors of studies [25, 96] found that, from the point of view of the
chemical, mineralogical composition, and refractoriness, slags from the
production of high-carbon ferrochrome and low-carbon ferrochrome can be a
valuable raw material for the manufacture of heat-resistant materials.

It should be noted that currently in Kazakhstan there is an excess production
of sulfuric acid [97]. Sulfuric acid can be used as a reagent for leaching chromium
from slag from the production of ferrochromium. According to [16, 22, 26, 98],
low-carbon slags, including slags from the production of refined ferrochromium,
contain Cr (VI), which will pass into the sulfuric acid leaching solution.
Hexavalent chromium in the sulfuric acid leaching solution of slags from RHF
production must be subjected to acid reduction to harmless trivalent Cr. The
method of reduction of hexavalent chromium to the trivalent form with the use of
reducing agents and the precipitation of trivalent chromium in the form of
hydroxide is widely used Natural aluminosilicates can be used as affordable,
cheap sorbents [99,100].

The mineral part of ferrochromium slag after leaching can be used to produce
road building materials, in which the leached mineral part of the slag can be the
basis for obtaining composite compositions with a controlled gypsum content.

Conclusions.

The analysis of modern scientific and patent literature on the processing and
disposal of chromium-containing slags from the production of refined and high-
carbon ferrochrome has been carried out. It should be noted that the described
methods of various methods of processing ferrochrome production slags, despite
their availability, are characterized by a multi-stage nature and do not allow
complete processing of ferrochrome production slags in Kazakhstan. Currently,
there is an excess of sulfuric acid production in Kazakhstan, so it becomes
advisable to use sulfuric acid as a reagent for leaching chromium from slag from
the production of ferrochromium. This achieves their neutralization. It can be
expected that in sulfuric acid under certain conditions, such as heating, a
sufficiently high degree of extraction of chromium (I11) will be achieved in slags
from the production of high-carbon chromium and in refined ferrochem slags.
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Pe3wome. Bgeoenue. B PecnyOnuke Kaszaxcran HaOmrofaeTcs 3aMeTHass TEHACHLHUS K YBETMYCHHUIO
00BEMOB  IIPOMBINUICHHBIX OTXOZOB, B TOM YHCJIE OT Ipou3BojcTBA (eppoxpoma. [Ipobremsr
TEXHOT'CHHOT'O 3arps3HEHUs] IPUPOIHON CPEIbl ¢ KaXKIBIM FOI0M 00OCTPSIOTCS U HAYMHAIOT IPHOOpeTaTh
rmobanbHele  MacmTaObl.  OTXOIBI ~ TEXHOTEHHOTO  MHPOU3BOACTBA  (peppoxpoma  comepikat
BBICOKOTOKCUYHBII W KaHIEPOTEHHBI XpOM, OTPABISIOUIMI BOMYy, MOYBY, HETATHBHO BIUSIOMIUN Ha
JKU3HEAEATEIBHOCTh BCEX JKUBBIX OpraHm3MoB. lllmaku comepkar 3HAYHMTEIBHOE KOJIMYECTBO LIEHHBIX
KOMITOHEHTOB, HCIIOJb3YEMBIX B PAa3IMYHBIX OTPACISAX IPOMBIINIJICHHOCTH, W TPEXJIE BCETO, XpOM,
0e3BO3BPATHO TEPSIIOUIMICS MpU XpaHeHWW. ['TaBHOW 3ajaueii MO-TpeKHEMY oOcTaeTcsi pa3paboTka
MPOLIECCOB YTUIIM3ALMU TIPOMBILIJIEHHBIX OTXO0B, CHI)KAIOLIMX aHTPOIOTEHHYIO Harpy3Ky Ha ouocdepy
1 o0OecreunBaroNNX PaloOHaIbHOE UCIIOIB30BAHKUE ITPUPOIHBIX pecypcoB. Llens paboTsl - 000CHOBATH
BBIOOp cnocoba mepepaboTKH MHIITaKoB (GeppoXpoMOBOro mpousBojcTBa. Bremoxs:: IlpoBeneH anamms
COBPEMEHHOW HAyYHOW ¥ MATEHTHOW IJIUTEPATypbl IO KHUCIOTHOH 00paboTKe W yTHIH3alUK
XPOMCOZEpIKaIMX IIIaKOB IPOW3BOJCTBA PAa(UHHUPOBAHHOTO M BBICOKOYIJIEPOIHCTOrO (eppoxpoma.
Crneryer OTMETHTB, YTO OIMCAaHHBIE CIIOCOOBI PA3IMYHBIX CIIOCOOOB MepepabOTKH IITAKOB IPOU3BOJICTBA
(beppoxpoMa, HECMOTPSI Ha MX JIOCTYIHOCTb, XapaKTePU3YIOTCS MHOTOCTaJMHHOCTBIO M HE MO3BOJISIOT
OCYIIIECTBUTH MOJIHYIO TepepadoTKy HITakoB Ipou3BoicTBa (eppoxpoma B Kazaxcrane. B Hactosmiee
Bpemss B KazaxcraHne wnmeercs H30BITOK IPOW3BOJACTBA CEPHOW KHCIIOTBI, IOSTOMY CTaHOBHTCS
1esiecoo0pa3HbIM HCIIOIb30BaHNE CEPHOM KUCIIOTHI B KQUECTBE pearcHTa JUlsl BBIIIEIAaYUBAHUSA XpoMa U3
LIJJAKOB TPOM3BOJCTBA (heppoxpoMa. MOXKHO OXHAATh, YTO B CEPHOW KHCJIOTE TPH ONpeIeNeHHBIX
YCIIOBHUSX, TAKUX KaK HArpeB, OyIeT JOCTUTHYTA JOCTATOYHO BBICOKas cTerneHs m3Bneuenus xpoma (111) B
[UIaKax MPOM3BOACTBA BEICOKOYTIIEPOANCTOTO XpoMa U B payMHUPOBAHHBIX (PEPPOXMMUYECKHX [IUTAKaX.

KiroueBble ciioBa: TIpPOU3BOACTBO  (heppoXpoMa, XpOMCOJIEpIKallue IIIaKH, BBIEIaYHBaAHHUE,
pa3zeneHue UIaKOB, CEpHasi KMCIIOTa, NIECTHBAIICHTHBIA XPOM, TPEXBAIEHTHBIH XpPOM

Kaoupoexoe Kaitpam Aovipbexoguu 00KMOp XumMuyeckux Hayx, npogpeccop, 3agedyloujuil
1abopamopueti

Yepnakosa Pauca Muxaiinoena O00KMOp MEeXHUYeCKUX HaykK, npogeccop

Kanvinoaesa Paywan Anubexosna Kanouoam mexHu4ecKux HayKk

Cynmanbaeea I'uma Lllamunvesna Kanouoam mexHu4ecKux Hayk

Ymupzax Kymacunosuu /Picycunoexos unen-koppecnondenm HAH PK, npogheccop

Koorcabexoea Hazoim Hypzyoviposna KAHOUOAM XUMUYECKUX HAYK
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KbIIIKbUIJABIK SAICHEH ®EPPOXPOM OHIIPICIHIH HIIAKTAPBIHAH XPOM/IbI
BOJIII AJIY Ibl AMKBIHJIAY

K.A. Kaoupébexos, P.M. Uepnaxosa, P.O. Kauvinoaesa, I'.Ill. Cynmanéaesa,

O.7K. ’Kycinbekos, H.H. Koocabexosa

«O.b5. Bexmypoe ameinoazel xumus evlivimoapsl uncmumymoly AK, Aimamel, Kazakcman
“E-mail: sultanbaeva@mail.ru

Tyiiingeme. Kipicne: Ka3akcran PecryOnmkachlHIa ©HEPKACIN KaJIBIKTaphl KOJICMIHIH, OHBIH ilTiHIE
(beppoxpoM eHIpiciHIH aWTapibiKTail ecy ypaici Oaiikamagsl. Kaszipri yakpiTTa TaOWFM OpTaHBIH
TEXHOTCHIK JlacTaHy MpoOiieManapbl JKbUI CaiiblH IIMeNeHicin, jkahaHAblK cumar ama OacTaipbl.
TexHoreHni ¢eppoxpoM eHIIPiCiHIH KalbIKTapbIHOA CYABI, TONBIPAKTHI YIAHIBIPATHIH, OapibIK Tipi
OpraHu3MJIep/IiH OeICeHALIIrHe Tepic dcep eTeTiH oTe yJbl KoHe KaHueporeHai Xxpom Oap. llnakrapabiH
KypaMbIH/Ia OHEPKICINTIH OPTYPIIi cananapblHia KONAAHBUIATHIH KYH/IbI KOMIIOHCHTTEP/IIH alTapiabIKTai
caHbl, €H aJJbIMEH, cakray Ke3iHJe KaiTapbIMCBI3 XOFalaThiH XpoM Oap. buocdepara aHTpomoreHmix
KBICBIM/IBI TOMCHJCTCTIH >KOHE TaOMFU pecypcTapibl TYpaKThl NaijanaHygbl KaMTaMachl3 €TeTiH
OHEPKACINTIK KaIABIKTapasl Oackapy MpolecTepiH AaMbITy OacTel MiHAET OONbIl Kajda Oepei.
IKymovicmoiy makcamol:  heppoxpoM 6HAIPICIHIH HLIAKTApbIH OHIACY OMIICiH TaHAAyAbl HEri3zey.
Kopvimuinovr: Ta3apThUIFaH jK0HE XKOFapbl KOMIPTEKTi GeppoxpoM eHIipiciHiH XpOoMbI 0ap IUIAKTapAbI
KBIIKBUIMEH OHJICY XKOHE KOJIere jkapaTy OOMBIHINA 3aMaHayd FBUIBIMH JKOHE HATEHTTIK ofieOHeTTepre
Tangay Kypriziaai. AWTa KeTy Kepek, peppoxpoM eHIIpIiCiHIH IUTAKTapbIH OHACY/AIH OPTYPIIl dMiCTepiHIH
CHUMATTAJFAaH OICTEpl ONapAblH KODKETIMALUIIriHE KapamacTaH, KOl CaThUIbl CHIATKa He JKOHE
Kazakcranaa GpeppoxpoM eHIipiCiHiH IUIAKTapbIH TOJBIK OHACYre MyMKiHIiK OGepmeiini. Kasipri yakpitra
Kasakcranma KyKipT KbIIIKBUIBIH OHJIIPYIIH apThIFbl OaliKalaasl, COHABIKTaH (EppoXpoM OHIIpiciHiH
HUIAKTapbIHAH XPOMJbI IIaiiMajay YIIiH peareHT peTiHAe KYKipT KbIIIKbUIBIH KOJJaHFaH xeH. Kykipt
KbIIIKBIIBIHAA KBI3ABIPY CHSKTBI Oeinrinmi Oip >karjainapaa >KOFapbl KOMIPTEKTI XpOM ©HJIpiCiHIH
IITAKTapbIHZAA JKOHE Ta3apTeUFaH (eppoxpom nurakrapaa xpomzasl (I11) amymelH skeTKiTIKTI >KOFapbl
JIOpeKeciHe KO XKeTKi3lieai Aen KyTyre 0oaipl.

Tyiiin ce3zaep: deppoxpom eHuipici, KypamblHAa XpoM 0Oap LUIakTap, HiaiManay, HUIakTapisl Oedy,
KYKIPT KBIIIKBUIBI, QJITHI BAJICHTTI XPOM, YIII BaJICHTTi XpOM

Kaoupoexoe Kaitpam Aovipoexynvt Xumust  2vl16IMOAPbIHBIY — OOKMOPbL,  npogeccop,
3epmMXaHa MeH2epyuici

Yepunxosa Pauca Muxaiinosna MEXHUKA 2bIILIMOAPbIHbIY OOKMOpPbL, Npogeccop

Kantvinoaesa Payuian Onioekkpizul MEeXHUKA 2bLIBIMOAPbIHbIY KAHOUOAM bl

Cynmanébaeea I'uma Illamunvesna MEXHUKA 2bIILIMOAPbIHbIY KAHOUOANbI

Kycinoexoe Omipzax, ZKymacoinynot KP ¥FA xoppecnondenm-myuteci, npogeccop, mexuuxa

EbLILIMOAPBIHBIY OOKMOPbL

Koocabexosea Hazvim HypeyovipKpizel XUMUSA bLTLIMOAPBIHBIY KAHOUOAMbL
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Abstract: Introduction. Vegetation is important component and factor of the redistribution of
chemical elements in the landscape. One or another type of vegetation determines the amount and nature
of soil organic matter, often affects the degree of development of browning processes, affects the chemical
composition of the air, is an environmental indicator. The study and isolation of physiologically active
compounds from plant raw materials and the determination of the place of their demand is the most
important urgent task. Cousinia mindschelkensis B. Fedtsch. It is a rare species from the Asteraceae.
Methods. In the Research Center of Medicinal Plants of the Al-Farabi KazNU, analyses were carried out
for the determination of organic compounds by gas chromatography with mass spectrometric detection
and analyses of 70% of alcohol extracts of the aboveground and underground parts species by the method
of high-performance liquid chromatography on a liquid chromatograph. Results. Some of the components
identified by GC-MS are biologically active compounds. The GC-MS method revealed the presence of 55
phytochemical compounds in the aboveground and 38 in the underground part of plants that can contribute to the
medicinal properties of this species. Conclusion. Compounds have some important biological potential for future
drug development. Of the aboveground part of the plant includes bicyclo[2.2.1]heptan-2-one, 1.7.7-trimethyl-,
(1S)- (9.50%), hexadecanoic acid (8.05%), cis-Vaccenic acid (7.66%), 9.12-Octadecadienoic acid (Z,2)-
(7.40%), hanphyllin  (7.01%), 5.8-Dihydroxy-4a-methyl-4,4a,4b,5,6,7,8,8  a,9,10-decahydro-2(3H)-
phenanthrenone (6.51%), dibutyl phthalate (5.64%), while the underground part of the plant has a spike of
components such as octacosane (26.84%), B-amyrin (22.35%), B-sitosterol (12.63%), 9.12-Octadecadienoic acid
(2,2)- (8.43%).9,12-Octadecadienoic acid (Z,Z)- it is present both in the aboveground (7.40%) and in the
underground part of the plant (8.43%).
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1.Introduction.

The Syrdarya Karatau ridge is one of the most interesting and peculiar
regions of Kazakhstan. All scientific researchers who visited the Karatau
mountains noted the uniqueness of its vegetation cover in comparison with other
ridges of the Tien Shan and made suggestions about the need to create a strictly
protected area here [1].

There is an abundance of endemic and rare plant species and Karatau ranks
first among the floristic regions of the republic in terms of the number of endemic
species. Despite the small area of the region and the altitude above sea level, at
least 1,500 species of higher vascular plants and more than 150 species of
endemic and rare species grow here[2 ].

Wild plants have been used for the treatment of various diseases since the
dawn of mankind. Among them were plants of the Compositae family, namely
the genera elecampane, cornflower, burdock and topinambur [3,4].

Among the plant groups characteristic of the flora of the studied region are
the rare, endemic species Cousinia mindschelkensis B. Fedtsch.

The novelty of the work, based on the results of the work carried out, the
chemical composition of the species Cousinia mindschelkensis was studied for the
first time by gas chromatography with mass spectrometric detection.

2. Experimental part

The aboveground and underground part of Cousinia mindschelkensis was
collected in the Turkestan region, in the Sozak district, in the Syrdarya Karatau in
the gorges of Kishikarakuys, Karaungir, Itmuryn and identified by the doctoral
student Kenesbai Akerke. In the Research Center of Medicinal Plants of the non-
commercial joint-stock company «Al-Farabi Kazakh National University»,
analyses were carried out for the determination of organic compounds by gas
chromatography with mass spectrometric detection and analyses of 70% of
alcohol extracts of the aboveground and underground parts of Cousinia
mindschelkensis by high-performance liquid chromatography (HPLC) on a liquid
chromatograph (Shimadzu LC-40) [5].

The extract was analyzed by gas chromatography with mass spectrometric
detection (7890A/5975C). The sample volume is 0.5 ul, the sample input
temperature is 280 °C, the flow division is 1:10. Separation was carried out using
a chromatographic capillary column SLB-5MS with a length of 30 m, an inner
diameter of 0.25 mm and a film thickness of 0.25 microns at a constant carrier gas
velocity (helium) of 1 ml/min. The chromatography temperature is programmed
from 40 ° C (5 min exposure time) with a heating speed of 10 °C/min to 280 °C
(15 min exposure time). Detection is carried out in SCAN mode m/z 34-850.
Agilent MSD ChemStation software (version 1701EA) was used to control the
gas chromatography system, record and process the results and data obtained.
Data processing included determination of retention times, peak areas, as well as
processing of spectral information obtained using a mass spectrometric detector.
To decipher the obtained mass spectra, the Wiley 7th edition and NIST 02
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libraries were used (the total number of spectra in the libraries is more than 550
thousand).

3.Results and discussion.

The method of gas chromatography with mass spectrometric (GC-MS)
detection investigated the component composition of extracts of aboveground and
underground parts of plant raw materials Cousinia mindschelkensis. The GC-MS
chromatogram recorded 55 peaks in the aboveground and 38 in the underground
part. Data processing included determination of retention times, peak areas, as
well as processing of spectral information obtained using a mass spectrometric
detector. The results are presented below (Table 1).

Table 1 - Results of chromatographic analysis of petroleum-ether extract of the aboveground part of
Cousinia mindschelkensis

. Probability
E'r?wled,”r]n%n Connectios ?Jentification %
, %

13.09 Hexanoic acid, ethyl ester 79 0.76
13.26 Ethylene glycol diglycidyl ether 67 0.21
13.51 Decane, 4-methyl 85 0.20
13.87 Eucalyptol 91 217
14.12 Dodecane, 2.6.10-trimethyl- 80 0.51
14.29 1.5-Dimethyl-1-vinyl-4-hexenyl butyrate 62 0.33
14.92 Dodecane 78 0.31
15.00 Nonanal 83 0.80
15.20 Bicyclo[3.1.0]hexan-3-one, 4-methyl-1-(1-methylethyl) 90 0.74
15.39 Thujone 84 0.45
15.98 Bicyclo[2.2.1]heptan-2-one, 1.7.7-trimethyl-, (1S)- 94 9.50
16.37 Bicyclo[2.2.1]heptan-2-ol, 1.7.7-trimethyl-, (1S-endo) 90 1.19
16.46 Octanoic acid, ethyl ester 63 0.70
16.55 Dodecane 85 0.93
17.45 Nonanoic acid 83 1.00
17.62 2-Cyclohexen-1-one, 3-methyl-6-(1-methylethyl)- 72 0.39
17.71 Dodecane, 2.6.11-trimethyl 76 0.36
17.95 Nonanoic acid, ethyl ester 74 0.43
18.07 Tridecane 73 0.42
18.87 Decanoic acid 75 0.68
18.98 Eugenol 77 0.48
19.06 2(3H)-Furanone, dihydro-5-propyl 65 0.37
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19.36 1-Tetradecanol 68 0.30
19.47 Tetradecane 90 1.95
20.55 1.3-Dioxane-4-methanol, 4.5-dimethyl 68 0.82
20.97 Phenol, 2.4-bis(1.1-dimethylethyl 80 0.57
21.08 6.8-Dioxapentadecane 65 0.67
21.49 Dodecanoic acid 74 0.70
22.03 Phthalic acid, ethyl pentadecyl ester 64 1.61
22.75 Cyclopentaneacetic acid, 3-oxo-2-pentyl-, methyl ester 75 0.68
23.22 2-Pentadecanone 65 0.90
23.86 Tetradecanoic acid 82 1.15
24.23 Tetradecanoic acid, ethyl ester 68 0.85
24.33 Octadecane 82 0.92
24.56 Isopropyl myristate 71 0.77
25.10 Phthalic acid, hept-4-yl isobutyl ester 81 1.89
26.00 Hexadecanoic acid 86 8.05
26.09 Dibutyl phthalate 92 5.64
26.32 Hexadecanoic acid, ethyl ester 77 1.90
26.40 Eicosane 71 0.82

5.8-Dihydroxy-4a-methyl-4.4a,4b,5,6,7,8,8a,9,10-decahydro-
26.81 2(3H)-phenanthrenone 72 6.51
27.27 Acetic acid, chloro-, hexadecy! ester 73 0.95
217.72 9.12-Octadecadienoic acid (Z,2) 79 7.40
27.76 cis-Vaccenic acid 80 7.66
27.94 Hanphyllin 70 7.01
28.01 Ethyl Oleate 65 1.85
28.51 Shyobunone 63 1.58
28.57 Octadecanal 73 1.47
28.66 Tributyl acetylcitrate 74 1.14
29.16 Heptadecane, 9-hexyl 67 0.76
29.78 Oleic Acid 65 1.59
30.49 Hexadecanal 77 1.50
31.75 Diisooctyl phthalate 68 1.09
32.37 Octadecanoic acid, 17-methyl-, methyl ester 75 3.02
33.04 Octadecanal 78 3.29
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Table 2 - Results of chromatographic analysis of petroleum - ether extract of the underground part of
Cousinia mindschelkensis

Hglding time, Connections Pr_obab!li_ty .

min ofidentification, %

12.50 Heptanoic acid 73 0.17
13.09 Decane 85 0.22
13.34 Decane, 5-methyl 68 0.10
13.51 Decane, 4-methyl 83 0.14
13.87 Eucalyptol 92 0.73
14.12 Undecane 83 0.53
15.00 Nonanal 79 0.20
15.20 Thujone 87 0.31

Bicyclo[3.1.0]hexan-3-one, 4-methyl-1-(1-

15.39 methylethyl)-, [1S-(10,4B,5a)] 88 0.17
15.98 Camphor 94 4.79
16.38 endo-Borneol 88 0.42
16.55 Dodecane 87 0.59
16.67 L-o-Terpineol 81 0.32
17.44 Nonanoic acid 76 0.31
19.47 Tetradecane 90 0.68
20.97 Phenol, 2.4-bis(1,1-dimethylethyl) 84 0.34
22.03 Hexadecane 66 0.93
23.86 Tetradecanoic acid 74 0.59
24.33 Octadecane 81 0.46
24.56 Isopropyl myristate 76 0.50
24,81 2-Pentadecanone, 6.10.14-trimethyl 80 0.79
25.10 Phthalic acid, hept-4-yl isobutyl ester 83 0.46
26.00 Hexadecanoic acid 84 3.57
26.09 Dibutyl phthalate 80 2.54
26.32 Hexadecanoic acid, ethyl ester 72 0.49
26.40 Heneicosane 71 0.46
27.57 2(3H)-Furanone, 5-dodecyldihydro- 71 0.47
271.72 9.12-Octadecadienoic acid (Z,2) 82 8.43
27.95 Octadecanoic acid 60 2.11
28.28 Eicosane 82 0.63
28.66 Tributyl acetylcitrate 81 0.68
29.78 4.8.12.16-Tetramethylheptadecan-4-olide 63 0,81
30.11 Hexacosane 70 0.66
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33.04 Octadecanal 72 0.58
35.24 Stigmasterol 65 2.98
38.16 Octacosane 90 26.84
38.84 B-Sitosterol 77 12.63
41.72 B-Amyrin 87 22.35

In this work, extracts of the aboveground and underground parts of the
Cousinia mindschelkensis plant were studied by gas chromatography with mass
spectrometric detection (GC-MS), one of the most widely used methods for
separating phytocomponents. GC-MS study of extracts revealed the presence of
55 phytochemical compounds in the aboveground (Table 1) and 38 in the
underground part of the Cousinia mindschelkensis plant (Table 2), which may
contribute to the medicinal properties of this plant species. The identified basic
compounds have some important biological potential for future drug
development. The main composition in the aboveground part of the plant
Cousinia mindschelkensis includes bicyclo[2.2.1]heptan-2-one, 1.7.7-trimethyl-,
(1S)- (9.50%), hexadecanoic acid (8.05%), cis-Vaccenic acid (7.66%), 9.12-
Octadecadienoic acid (Z,Z)- (7.40%), hanphyllin (7.01%), 5.8-Dihydroxy-4a-
methyl-4,4a,4b,5,6,7,8,8  a,9,10-decahydro-2(3H)-phenanthrenone  (6.51%),
dibutyl phthalate (5.64%), while the underground part of the plant has a spike of
components such as octacosane (26.84%), B-amyrin (22.35%), [-sitosterol
(12.63%), 9.12-Octadecadienoic acid (Z,2)- (8.43%). 9.12-Octadecadienoic acid
(Z,2)- is present both in the aboveground (7.40%) and in the underground part of
the plant (8.43%), but in different amounts. With the exception of the mentioned
component, the main composition of the aboveground and underground parts of
the plant are different.

Based on studies, some of the components identified by GC-MS are
biologically active compounds. Hexadecanoic acid has some biological activities,
such as antioxidant, hypocholesterolemic, nematocidal and pesticide. It is
reported that (Z,Z2)-9.12-Octadecadienoic acid (9.12-Octadecadienoic acid (Z,2)-)
has an inhibitory effect on some bacterial species [6]. Cis-Vaccenic acid is an
omega-7 fatty acid known for its antibacterial activity and hypolipidemic effect in
rats [7]. Sesquiterpene hanphyllin (hanphyllin) has shown selective activity to
reduce cholesterol levels [8]. It is known that octacosane has antimicrobial,
antioxidant and anti-inflammatory effects [9]. In many in vitro and in vivo
studies, it has been proven that B-Sitosterol (B-Sitosterol) has various biological
properties, such as anxiolytic and sedative effects, analgesic, immunomodulatory,
antimicrobial,  antitumor,  anti-inflammatory, hypolipidemic  effects,
hepatoprotective, protective action against NAFLD and respiratory diseases,
wound healing effect, antioxidant and antidiabetic activity[10]. o, B-amyrins have
been shown to exhibit different pharmacological activity in vitro and in vivo
against various health-related conditions, including conditions such as
inflammation, microbial, fungal and viral infections, and cancer cells. Beta-
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amyrin has been found to exhibit antifungal and antimicrobial activity against
certain microbes. When studying the leaves of Siraitia grosvenorii, 3-amyrin and
other biologically active compounds were obtained, and their activity against the
growth of oral bacteria of the species Streptococcus mutans, Actinobacillus
actinomycetemcomitans and Fusobacterium nucleatum and yeast C. albicans was
evaluated in vitro. pB-amyrin showed only slight inhibition of Streptococcus
mutans and Fusobacterium nucleatum [11]. Dibutyl phthalate is one of the most
widely produced and used plasticizers, and it is added to plastic to make it more
flexible and malleable. DBP has been found to be an environmental pollutant and
is considered an endocrine disruptor. Therefore, it is crucial to develop
environmentally friendly alternatives to eliminate phthalate contamination. This
compound is claimed to have antibacterial and anti-tumor properties.

4. Conclusion.

Thus, the study of extracts revealed the presence of 55 phytochemical
compounds in the aboveground (Table 1, Fig. 1) and 38 in the underground part
of the Cousinia mindschelkensis plant (Table 2, Fig. 2), which may contribute to
the medicinal properties of this plant species. The identified basic compounds
have some important biological potential for future drug development. Based on
studies, some of the components identified by GC-MS are biologically active
compounds. Hexadecanoic acid (hexadecanoic acid) has some biological
activities, such as antioxidant, hypocholesterolemic, nematocidal and pesticide. It
is reported that (Z,2)-9.12-Octadecadienoic acid (9.12-Octadecadienoic acid
(Z,2)-) has an inhibitory effect on some bacterial species.
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MINDSCHELKENSIS B. FEDTSCH. TYPIHIH XUMUSJIbIK KYPAMBIH AHBIKTAY

I''T .Cumnaesa ', A.A. Kypmanumaesa ', A.X. Kenecoan *

'KP OI'TPM OJK/IK "Bomanuxa sicane pumounmpooyxyus uncmumymst”™ [IDKK PMK,
Anmamur, Kazaxcman

2an -@apadbu amvindazel Kazax ynmmoix ynueepcumemi, Anmamul, Kazaxcman
“E-mail: akerke_kenesbai@mail.ru

Tyiiinaeme. Kipicne. Ocimuikrep nanamadTTarbl XUMUASUIBIK JIEMEHTTEpl Kaiita OemyniH MaHbI3/bI
Kypamzaac Oediri xaHe (akTopsl Oosb TaObLIaAbl. OcimMaikTepaiy O0ip HeMece 6acka TYpi TONBIPAKTHIH
OpraHUKaJIbIK 3aTTapbIHBIH MOJIIIEPi MEH CHIATBIH aHBIKTAlIbI, KoOiHece Oypo3eM Ty3iy MpoLecTepiHiH
IaMy JOpekeciHe ocep eTelli, ayaHbIH XMMUSUIBIK KYPaMBIHA OCEp eTell KOHE HKOIOTHSUIBIK KOPCETKIIl
Oonbin TaObuTabl. Kasipri yakeiTTa ©CIMIIK HIMKi3aThIHAH (DM3HOJIOTUSUIBIK OJICEHI KOCBUIBICTap/Ibl
3epTTey KOHE OKIIayyay KOHe OJapblH CYPaHBIC OPHBIH aHBIKTAy €H MaHbI3Ibl ©3€KTi MIHIET OOJIBIIT
tabbutaael. Cousinia mindschelkensis B. Fedtsch. Oy kypaenirysmiiiep TYKbIMAAChIHA JKATATBIH, TACTHI —
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KUBIPIIBIKTBI O€TKeiliepie oceTiH CHPEK Ke3AeCeTiH, dHAEMIIK Typ. Odicmep. On-Dapabu aTbIHAAFEI
Ka3ak yITTBIK YHHBEPCHTETI JOpUTIK  OCIMIIKTEpAiH FBUIBIMU-3€PTTEY OpTalbIFbIHAA  Macc-
CIIEKTPOMETPHSUIBIK ETEKTOPIACYMEH ra3 XpoMarorpaduschl OiCiMEH OpPraHMKANBIK KOCHLIBICTAp.Ib
aHbIKTayFa Tanznay sxoHe Cousinia mindschelkensis B. Fedtsch Typine ep ycti xoHe jxepacTsl GelnriHig
70% CcHMpTTIK CHIFBIHIBUIAPBIHA TANAAy KYPrisungmi. Homuoicenep oicone mankwiaay. 3eprreyiep
Herizinge GC-MS opniciMeH aHBIKTaJIFaH KeiOip KOMIOHEHTTEp OHOJIOTHSIIBIK OENCEeHAl KOCBLIbICTap
6omnbin Tadbutaael. GC - MS ChIFBIHABIIAP/BI 3ePTTEY Kep OeTiHAe 55 GUTOXMMUSIIBIK KOCBUIBICTAPABIH
KOHe xKep acTel Oeuirinme 38-uiy GomysiH ansikTansr Cousinia mindschelkensis 6y eciMuaik TypiHig
MK KaCHeTTepiHe BIKIAJ eTyi MyMKiH. Tyoicbipbiym. AJBIHFAH HEri3ri KOChUIbICTap Ooyamiakra Jopi —
JIOPMEK WIbIFapy YIIIH MaHbI3bl OMOJIOTHSUIBIK olieyeTKe ue. OCIMAIKTIH Heri3ri jkep acThl OeiriHe
bicyclo[2.2.1]heptan-2-one, 1.7.7-trimethyl, (1S)- (9.50%), hexadecanoic acid (8.05%), cis-Vaccenic acid
(7.66%), 9.12-Octadecadienoic acid (Z,Z2)- (7.40%), hanphyllin (7.01%), 5.8-Dihydroxy-4a-methyl-
4,4a,4b,5,6,7,8,8a,9,10-decahydro-2(3H)-phenanthrenone (6.51%), dibutyl phthalate (5.64%) «kipeni,
COHJIal — aK OCiMIIKTIH jxep ycTi Oeiri octacosane (26.84%), B-amyrin (22.35%), B-sitosterol (12.63%),
9.12-Octadecadienoic acid (Z,2)- (8.43%). 9.12-Octadecadienoic acid (Z,Z) cHSIKTHI KOMIIOHEHTTEPTE HE.
3eprreynep Herizinme GC-MS oxiciMeH aHbIKTaaFaH KelWOip KOMIIOHEHTTEp OWOJIOTHSUIBIK OelceHi
KOCBUIBICTap Oonbin TaObutaabl. ['ekcamexan Kpimikbuibl (hexadecanoic acid) aHTHOKCHAAHT CHUSKTBI
KeiOip OMONOTUsUIBIK OEICEHIUTIKKE e, THUIIOXO0JIECTCPHHEMHSIIBIK, HEeMATHIIU/ATIK KOHE MECTUIMATIK. |
(2,2)-9.12 - okranexammen kpimksuisl (9.12-Octadecadienoic acid (Z,Z)-) GakrepusuiapabiH Keiip
TYpJIEpiHE TEeXETill ocep eTei.

Tyiiinai ce3mep: canasnbl Kypam, cousinia mindschelkensis, HC-MS, cuI¥bIH/IBI, SJHAEMIIK TYP, XKEP aCThI
Oeutiri, xep ycTi 06Jiri, aIKOroJIb CHIFBIHABUIAPHI, OCIMIIKTED, XUMHUSUIBIK JJIEMEHTTEP
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AHHOTANUA. BsedeHue. PACTUTENBHOCTD SIBJISETCS NOCTATOYHO BAKHBIM KOMIIOHGHTOM H (haKTOPOM
nepepacrnpesiesieHusl XUMUYECKHX JJEMEHTOB B JjaHamadTe. TOT HIM MHOW TUI PacTUTENBHOCTH
omperendeT KOJIMYECTBO M XapaKTep OPraHMYECKOTO BEIeCTBA II0YB, YacTO OKAa3bIBACT BIMSIHHE Ha
CTeNeHb Pa3BHTHA Oypo3eMOOOPa30BATEIbHBIX IIPOLECCOB, BIMACT HAa XMMHYECKHH COCTaB BO3LyXa,
SIBJISIETCS] OKOJIOTHYECKHM HHANKATOPOM. B HacTosIee BpeMsi H3ydeHHe U BbIACICHUE (GU3HOTIOTHYECKH
aKTUBHBIX COCIWHEHUH U3 PacTUTEIBHOTO CBHIPbS U ONpEHCNCHHE MECTa HX BOCTPEOOBAHHS SBIACTCS
Hanboree BaKHOM akTyanbHOW 3amaueil. Cousinia mindschelkensis B. Fedtsch. smmsercs pemkim,
SHJEMHUYHBIM BHIIOM U3 ceMeiicTBa Asteraceae npouspacraroniee Ha KAMEHUCTO — MIEOHUCTHIX CKJIOHAX U
wiomaakax. Memoow. B Hay4Ho-uccienoBaTeIbcKOM LEHTpE JIeKapcTBEHHBIX pacteHuit HAO
«Ka3axckuil HallMOHANBHBIM YHHBEpCUTET HMeHH anb-Papabu» ObUIM NPOBEACHB aHAIM3Bl HA
OIpEIeNeHHe  OpPraHMYeCKHX  COCAWHEHHMH  METOJOM  Ta30BOM  XpoMaTrorpaguu ¢ Macc-
CIIEKTPOMETPUYCCKUM JCTCKTHPOBaHHEM U aHamu3bl 70% CIMPTOBBIX OKCTPAKTOB HAI3EMHOM U
noazemuoi yacti  Cousinia mindschelkensis B. Fedtsch. meromoM BICOKOI(h(EKTHBHOM HKHUAKOCTHON
xpomarorpaduu (BOXKX) Ha sxunxoctHOM Xpomarorpade. Pesynemamer u obcysxcoenue. Ha ocHOBaHHI
HCCIIEIOBaHUH HEKOTOPBIC M3 KOMIOHEHTOB, BbIABICHHBIX MeTooM ['X-MC, sBIsitOTCS OHOJNIOTMYECKU
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akTUBHBIMH coeauHeHusMH. [ X-MC wuccnenoBaHue OSKCTPakTOB — BBISIBUJIO MPUCYTCTBHE 55
(bUTOXMMUYECKUX COeAMHEHHH B Ha3eMHol u 38 B moa3emuoii yactu Cousinia mindschelkensis koropeie
MOI'YT CIIOCOOCTBOBaTh JIeueOHBIM CBOWCTBAM O3TOr0 BHIA pPACTeHW. 3akmouenue. BblBICHHbBIC
OCHOBHBIC COCIMHEHUs O0JaJal0T HEKOTOPHIM Ba)KHBIM OMOJIOTMYECKHM MOTEHLHUATIOM [Jisi Oymyiieit
pa3paboTku JiekapcTB. B OCHOBHOM COCTaB B HAaJ3eMHYIO 4acTh pacTeHus Bxoaut bicyclo[2.2.1]heptan-
2-one, 1.7.7-trimethyl-, (1S)- (9.50%), hexadecanoic acid (8.05%), cis-Vaccenic acid (7.66%), 9.12-
Octadecadienoic  acid  (Z,2)-  (7.40%), hanphyllin  (7.01%), 5.8-Dihydroxy-4a-methyl-
4,4a,4b,5,6,7,8,8a,9,10-decahydro-2(3H)-phenanthrenone (6.51%), dibutyl phthalate (5.64%), B To Bpems
KaK IOJ3EMHAasl 4acTh PacTeHHs 00JaJaceT CICHKOM KOMIIOHEHTOB Takue, Kak octacosane (26.84%), f-
amyrin (22.35%), B-sitosterol (12.63%), 9.12-Octadecadienoic acid (Z,Z)- (8.43%). 9.12-Octadecadienoic
acid (Z,2)- npucyrcTByet Kak B HajzemHol (7.40%), Tak u B moa3eMHo dacTu pactenus (8.43%), Ho B
Pa3HBIX KOJIUYECTBAX.

KimoueBsie caoBa: Kauectsennsiit cocras, Cousinia mindschelkensis, TX-MC, sKcTpakT, SHAEMAYHBIH
BUJ, HAJ3€MHAs YacTh, MOJ3EMHAs YacTh, CIHPTOBBIE OSKCTPAKTHI, PACTHTEIHHOCTH, XHUMHYECKHE
SIIEMEHTHI
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DETERMINATION OF TRITIUM IN VEGETATION IN THE
OBSERVATION AREA OF REACTOR WWR-K IN KAZAKHSTAN

M.V. Krasnopyorova”, M.A. Severinenko, P.V. Kharkin, O.S. Milts,
V.A. Makarova, Zh.K. Sanalbay

RSE on REM “Institute of Nuclear Physics” of ME RK, Almaty, Kazakhstan
“E-mail: marina.k@inp.kz

Abstract. Introduction. In assessing the impact of radiation-hazardous facilities on the environment
and humans, considerable attention is currently paid to the problem of tritium and its compounds intake. It
is important to note that to date there are no effective industrial technologies for efficient capture of this
radionuclide. As a result, all the tritium produced during the operation of nuclear power plants with
emissions and discharges is released into the environment. This leads to increased tritium concentrations
in the environment, including vegetation. The aim of this work is to develop and adapt a set of methods for
sample preparation and determination of tritium in vegetation samples. Methodology: A special Carbolite
Gero MTT tube furnace was used to improve sample preparation methods and maximise the recovery of
organically bound tritium from vegetation. Tritium was measured by liquid scintillation beta
spectrometry. Results and Discussion: This research paper presents the results of the study and
implementation of the method of tritium determination in vegetation near the VVR-K reactor located in
the city of Almaty, Kazakhstan. Conclusions: The developed method of tritium determination in
vegetation can be applied for radiation monitoring of tritium content and its compounds in the vicinity of
nuclear industrial facilities. The presented data emphasise the need for systematic studies of tritium
accumulation in environmental components. It is expected that in the future, using the implemented
method, the studied area will be studied in detail, taking into account an extended set of factors:
meteorological conditions, reactor operation mode and others. Thus, for a more complete and reliable
assessment of tritium radionuclide activity determination, it is necessary to carry out works to determine
the type of vegetation accumulating this isotope.

Key words: radioecology; vegetation; tritium; specific activity; WWR-K type reactor
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ONPEJEJEHUE TPUTUS B PACTUTEJIbBHOCTHU B 30HE HABJIIOJEHUSI PEAKTOPA
BBP-K B KABAXCTAHE

M.B. Kpacnonéposa', M.A. Cesepunenxo, I1.B. Xapxun, O.C. Munvy, B.A. Maxapoea

Hnemumym sideproti puzuxu, Aimamei, Kazaxcman
“E-mail: marina.k@inp.kz

Pe3ome. Bsedenue. Ilpu oueHke BO3INECHCTBHS PaAMAIlMOHHO-ONACHBIX OOBEKTOB HA OKPY)KAIOIIYIO
Cpelly M 4eNoBeKa B HACTOSIEE BPeMs yIEsIeTcsl 3HAaYUTEIbHOe BHHUMAaHHUE MPOOJEeME MOCTYIUICHUS
TPUTHS U €r0 COCIUHEHHUIT. Ba)kHO OTMETHTB, YTO 10 HACTOSIIEr0 BPEMEHH HE CYIIECTBYET (G HEKTHBHBIX
HPOMBIIUICHHBIX TEXHOJOTHH Ui 3((EeKTHBHOrO 3axBaTa 3TOr0 paJHOHyKIuIa. B pesynbrare, Bech
TPHUTHUH, 00pa3yOLIMIACS NpU PaboTe aTOMHBIX YHEPreTHYECKHX YCTAHOBOK C BbIOpocamu u cOpocamm,
MONAJAeT B OKPYXKAIOIIYIO Cpefy. DTO MPUBOAUT K YBEIMYECHHIO KOHLEHTPALIUU TPUTHUS B OKpPY)KAIOIIEeH
cpezie, BKIIIOYasi paCTUTENbHOCTb. Llenbio dannoti pabombl sBIsieTcs pa3paboTKa U ajanTalus KOMILIeKca
METO/I0B NPOOONOATOTOBKH M OIPEACICHHUS TPUTHS B pobaxX pacTUTENbHOCTH. Memodoaoeus: s
YIYUIICHUS] METOJIOB HOArOTOBKY NPO0 M MaKCHMAaJbHOTO M3BJICUCHHUS OPraHUYECKU CBS3aHHOTO TPUTHS
W3 PACTUTENBHOCTH MCIOJIb30BaJach creluanbHas TpyOouaras neur Carbolite Gero MTT. Usmepenue
TPUTHS HPOBOJWIM METONOM O KUIKOCHHMHTIUIALMOHHON OeTa-CIeKTpOMeTpHu. Pesyavmamvl  u
obcydcoenue: B JaHHOM HCCIEN0BATENbCKOM paboTe INPEACTABIEHbl PE3yNbTaThl HCCIEIOBAaHUS U
BHE/IPCHUSI METO/1a OTIPE/IEIICHUS TPUTHS B pacTUTENbHOCTH BOIM3U peakropa BBP-K, pacmosnoxennoro B
ropone Anmartsel, Kazaxcran. Bui6oowi: Pa3paboTaHHBIH METOA OIpeneNeHHs TPUTHS B PACTUTEIbHOCTU
MOXXET OBITH HPHUMEHEH i1 IPOBEACHUS PATUALMOHHOTO KOHTPOJS COICPXKAHMS TPUTHS U €ro
COCIMHEHUH B OKPECTHOCTSAX AaTOMHBIX HPOMBIIUICHHBIX O00BeKTOB. IIpeacTaBieHHblE TaHHBIC
MOAYEPKUBAIOT HEOOXOJMMOCTh CHUCTEMHBIX MCCIIEIOBAHUI MO M3y4YEHHMIO HAKOIUICHHS TPHUTHA B
KOMIIOHEHTaX OKPY’KaloIIe Cpebl.

KiroueBble cj10Ba: pagnoOdKONIOTHS, PACTUTEIBHOCTh, TPUTHM, yJAelIbHAs aKTUBHOCTb, PEAKTOp THIIA
BBP-K

Kpacnonéposa Mapuna Braoumuposna PhD

Cesepunenxo Mapus Anamonvesna Mmazucmp

Xapkun Ilasen Bukmopoesuu 3asedyrowuil 1abopamopuei
Munsy Onvea Cepzecsna Mmazucmp

Makxkaposa Bapeapa Anexcanopoena Mazucmp

Cananéaii Kanap Kaiipamxkuizo mazucmp

1. BBenenune

B Bompocax ofecrneueHus pagualiOHHONW ©O€30MacHOCTH  SIEPHBIX
YCTAaHOBOK, KOHTPOJIb COJAEpKAHUS TPUTHS 3aHHMAeT 0coboe Mecto. B oObeme
ra3000pa3HbIX BEIOPOCOB B OKPYKAIOIIYIO CPEy TPUTHH 3aHUMAET BTOPOE MECTO
MOCJIE MHEPTHBIX PaJUOaKTUBHBIX ra3oB. Ho, B oTnuume oT HUX, TPUTHUH, BO-
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MEPBBIX, XapakTepusyercs OoJiee JUIMTENBHBIM TepuonoM moiypacnana (12,6
JIET), BO-BTOPBIX 00JamaeT CBOMCTBOM 3((HEKTHBHO BKIIOUATHECS B COCTaB
OMOJIOTMYECKON TKaHW, BBI3bIBAS HAPYIICHUS OHOMOJICKYJIAPHBIX CBs3CH B
OpraHu3Me, U B-TPEThUX, OKa3bIBaTh JO30BYIO HArpy3Ky Ha HACEJICHUE 3a CUET
ncrmyckaemoro P-m3mydenus. llo mamaeiM [1], moutw 2/3 BHyTpeHHEH O3B
MIPUXOIUTCS HA MTOCTYIUICHUE TPUTHS.

Heob6xommmMo 0TMETHUTE, YTO B HACTOSAIICE BPEMSI OTCYTCTBYIOT IIPHUEMIIEMBIC
MPOMBIINICHHBIC TEXHOJIOTUH TS 3P (HEeKTHBHOTO yinaBiauBaHus TpUTUs [2], 4To
MIPUBOJUT K €ro BBIOpocaM W cOpocam B OKPYKAOIIyo cpenxy. B pesymbrarte
3TOTO TpoIlecca, TPUTHIA, 00pa3YIOIIHMICS PU padOTe aTOMHBIX YHEPreTUYCCKIX
YCTAHOBOK, HaKalIMBacTCs B OKpyKalomield cpene. 3HAYMMOCTh MPOOIEMBI
TPUTHS TP HCIIOJIF30BAHUM ATOMHBIX TEXHOJOTHI ONHCaHAa B TEXHUYECKOM
oruete MAT'ATD [3], B KOTOpOM 0CO0O€ BHHUMAHUE YJICHSETCS CIIOKHOCTH
OoOHapyXeHHsT W aHalW3a COACpIKaHWs TPHUTUS B pa3lWYHBIX cpeaax. Bcee
BEHIIICHA3BAHHBIE  (DAKTOPBI JIEMOHCTPUPYIOT HEOOXOIWMOCTh IPOBEIACHUS
MOHHTOPWHTa ¥ OIpENeleHus TPUTHA B OKpYKAWOIIEH cpeme B paiioHe
PacCIiojIoKCHUsA HMCTOYHUKA C€ro IOCTYIUICHUA, B YaCTHOCTH OT AACPHBIX
YCTaHOBOK.

OTta TeMa UMeeT BaxkHoe 3HadeHue s Kazaxcrana. SBnsisachk nuuepoM 1o
noOplYe U TPOU3BOJACTBY YpaHa B MHpE, pellas BOMNPOCH pacIIUpeHus
SHEPTreTUYECKOTo ceKkTopa, KazaxcTaH CTaHOBUTCS Ha IyTh Pa3BUTHS aTOMHOMU
sHepreTuku. [losromy mns KazaxcraHa akTyanbHBIMH SIBIISTFOTCS WCCIIEIOBaHUS
Mo pa3paboTKe COBPEMEHHBIX AHATUTHYECKUX  METOJUK  OMpECIICHUS
PaIMOHYKIHUTHOTO COCTaBa Pa3IMYHBIX OOBEKTOB OKPYXKAIOIIEH CPeIbl IS UX
JATEHEHTIIETO UCIIOF30BAHMS C IIEIIBI0 OIICHKH BIIMSHUS Ha OKPYXKAIOIIYIO Cpeay
00BEKTOB SIIEPHOM SHEPTreTHKH. Oco0yro Ba)KHOCTh UMEIOT
BBICOKOYYBCTBUTCIIbHLIC HN3MCPCHUA KOHHCHTpaHI/Iﬁ TPpUTHUA B Oprxca}omef/i
cpee B 30HE PACIOJOKEHUS paJUallMOHHOTO OOBEKTa, C MpeaesoM
oOHapyKeHUs TPUTHUS Ha YPOBHE €T0 €CTECTBEHHOM PacIIPOCTPaHEHHOCTH.

B pamMkax paamalliOHHOIO MOHUTOPHUHIA B pallOHE PacIoJIOXKEHUS peaKkTopa
BBP-K B r. AnMatel npu MoAJepKKe IoCyIapCTBEHHBIX HAyYHO-TEXHUYECKUX
nporpamM, MHCTUTYT sifepHOW (PU3MKK TPOBOJIUT HMCCIEIOBAHUS W BHEIPCHUC
HOBBIX METOJIOB OOHapyKeHHsS pPaTUOHYKIHJIOB B OKpyxatomei cpene. o
HaCTOsAIICTO BPEMCHU paHHaHHOHHBIﬁ MOHUTOPHHT TpaAUuIUOHHO ObLT
OPUEHTHPOBAH Ha KOHTPOJb PAJAUOHYKIUIOB, KOTOPBIE OBLTH CHEIM(PUISCKUMU
JUIS  HETIPEyCMOTPEHHBIX  BBIOPOCOB  SIIEPHBIX ~ YCTAaHOBOK, a  TaKke
PaAMOHYKINIOB - MHAWKATOPOB HapyIICHUH B padoTe siAepHBIX peakTopoB. B To
K€ BpEMsA HaKOIUICHHBII MI/IpOBOﬁ OIIBIT JKCIUTyaTaluu SAACPHBIX YCTAaHOBOK
yOeIuTeNnsHO ToKa3biBaeT [4], 4TO MpU HOPMAIIbHOH paboTe peakTopa yKazaHHbIE
PAaAMOHYKIUABl TPAKTHYECKH HE TIOCTYMAaloT B OKPYXAIOIIYI0 cpemy. ITO
BO3MOXXHO TOJIbKO B aBAapHHMHBIX CHUTyalusx. B mrTatHOM ke pexxume paboTsl
00JIbIIAast YacTh JTIO30BBIX HAIPY30K 00YCIIOBIICHA HE TSKEIBIMU JA0JITOKUBYIIIUMU
PaIUOHYKIMAMU, a Ta3aMU, TAKUMH KaK TPUTHN U paiuoyTriaepo.

72



ISSN 1813-1107, eISSN 2710-1185 M 3, 2023

B nmanHOW paboTe mpUBOAATCSA pe3yibTaThl HCCIEAOBAHUS W BHEAPCHHS
METOJla OTpENeJCHUs TPHUTHS B PACTHTENHHOCTH B palOHE PACIIONOXKEHUS
peaktopa BBP-K. AktyanbHOCTh Hccaeq0BaHUs BbI3BaHA TEM, YTO MPU U3YUECHUU
MOBEJCHUSI COCIMHEHUH TPUTHS B aTMocepe W BOAHBIX OOBEKTAX NOCTUTHYT
3HAYUTENBHBIA MTPOTPECC, OHAKO Ha CETOMHSIIIHUIN IeHb U3BECTHO HEAOCTATOYHO
0 €ro B3aWMOJICHCTBUHU C PACTUTENBHOCTHIO. OZHMM W3 W3BECTHBIX METOJOB,
WCTIONB3YEMBIX JAJISl U3BJICUCHHUS TPUTHA U3 PACTUTEIBHOCTH, SBISETCS METOJX
BBIBapUBaHUs [5]. ITOT METOJ OCHOBAH Ha NPUHLIUIE U3MEPEHUS pACTBOPUMBIX B
BOJIC OpraHUYECKuX coeauHeHuit Tputns, Bmodas HTO. Onpenenenue Tputus B
JAaHHOM CJIy4ae OCHOBAaHO Ha MPEBpAIIEHHWU 3TOTO HYKIUAA B pPAacCTBOPEHHOE
COCTOSIHUE TyTeM KUIISiUYeHHs | Kr pacTeHHUH B CKOPOBApKe C MCIONb30BaHHEM |
nuTpa (OHOBOU BOMBI.

HecMoTtpst Ha CBOIO BHIMMYIO MPOCTOTY, NAHHBIA METOJ OONamaeT psSaoM
HemocTaTkoB. OcoOeHHO crlenyeT OTMETUTh ero TpeOoBaHHE K OOJBIINM
BPEMEHHBIM 3aTpaTaM JJIs WCCIENOBaHWS W HATUYUI0 OONBIINX OOBEMOB
aHanm3upyeMoro wmatepuana. OIHAKO CaMbIM CYIIECTBEHHBIM HEIOCTaTKOM
SIBIIIETCS TO, YTO B TMIPOLIECCE DOKCTPAKIUM B BOXY MEPEXOIAT TOJBKO
pacTBOpUMBbIC OpPraHMYECKHE COCAMHEHHS TPUTHUS, B TO BPEMS KaK COCIMHEHMUS,
BCTPOEHHBIE B CTPYKTYpy MEMOpaH WM OpraHelul KJIETKH, He HM3BIEKarTca. B
pe3yabTaTe 3TH COENWHECHUS HE TMOMajaroT B aHAIU3UPYyEeMyr Mpoly, dTo
MPUBOIUT K HEMONHOMY y4eTy TpuTus. Ecmu B oOpasiie NpUCYTCTBYET
3HAYUTENIFHOE KOJHMYECTBO TaKUX COCIWHEHHH, IOrPENTHOCTh ITOy4aeMbIX
PE3yIbTaTOB CTAHOBUTCS 3HAYUTEIHHOH.

B HacTosiiee BpeMsi METO/I MOJATOTOBKU CYETHOTO 00pa3sla MyTeM CXKUTaHUs
BBIOOPOYHOH TMpPOOBI B  CICIHMAJILHOM YCTPOHCTBE HPUOOpEN MIUPOKYIO
MOMyJISIpHOCTE [6-7]. OHUM U3 HECOMHEHHBIX MPEMMYILECTB AAHHOTO METO/A
SIBJIIETCSL MaJIbIF 00BEM UCCIIEAYEeMOM MPOOBI, OTHOCUTEIBHO OBICTPBIN MPOIECC
MOJyYeHUs] Marepuana s cuy€THoro obpasma W, 4yTo Hanbosee CYIIeCTBEHHO,
OKHCIIEHHE BCEX COCNWHEHWA TPUTHS B NpoOE MO0 TPUTHEBOTrO OKCHaa. Taxum
0o0pa3oM, JaHHBII METOJ TO3BOJISIET OMPEEIUTh TIOTHOE CONEPKaHUEe TPUTHS B
mpo0e C OTHOCUTENFHO HU3KOW MOTPEITHOCTBIO MOTYYaeMbIX PE3YJIbTaTOB.

s pa3paboTKy METOIMKH OLCHKH COJEpP)KaHUsl TPUTHUS B PACTUTEIHLHOCTH
MBI BBIOpAJIM BTOPOM BapHaHT NMPOOOIOATrOTOBKH, MIOCKOJIBKY OH HanOoJiee TOUHO
MO3BOJISIET OIPENENUTh COJAEpKAHUE COENWHEHHH TPHUTHUS B HCCIEAYEMBIX
obpasmax.

IKCcnepUMeHTAIBLHAS YaCTh
OOBEKTOM HCCIIEIOBAHHUS SIBISIETCS PACTUTENFHOCTD, MPOU3PACTAONIAS HA B
30He HaOmopeHus peakropa BBP-K. Bcero Opuio oro6pano 10 mpoG
pactutensHOCcTH (pHc. 1) Ha Tepputopun npeanpusatus (SP-1, SP-2, SP-3, SP-4,
SP-8), Ha Ttepputopuu caHutapHoi 30Hbl (SP-5, SP-7, SP-9), a Ttakxke Ha
¢donoBoit Touke (SP-10), pacmonoxennoit B 30 kM oT peakropa. [lockonbky
OCHOBHOM IIeTbI0  SIBIISIaCh OTpabOTKa METOAMKH MPOOOMOATOTOBKH U
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AQHAJIMTUYECKUX HCCIICOBAaHUN, THI PACTUTENBHOCTH HE yuuThBasics. OTOOp
po0 MPOBOAMIICS BeCHOU U oceHbio 2022 rofa.

sp-10 A

0 80 160 320 480 640

Pucynok 1- Kapra-cxema Touek or6opa rnpod pacTuTesbHOCTH Ha Teppuropun LD

OtOop mnpoO pacTeHW# [UIsi ONpPEIACIICHUS KOHIIGHTPALUKW TPHUTUSA Ha
ydacTKax HCCIEJOBAaHMS TMPOBOIWICS METOAOM «yKocoB». [lpm sTom
TPaBSIHUCTBIE PACTEHUSI Cpe3ajHch Ha BbICOTEe 1-3 cM, KpymHOTpaBbe — 4-6 cM.
Bricoxmue ¢parMeHThl pacTeHHs YAAISINCh, OYHIIEHHbIE OT IOCTOPOHHUX
npeaMEToOB HpO6I)I ImoMeiaJIuCh B IIOJHUDTUIICHOBBIC IIAKCThHI. OTOGpaHHBIe
npoOBl MTOMEINAIN B KYyJIeP-XOJIOJWIBHUK JUIS TPEIOTBPAILCHUS TTOTEPh BIIAry.
[porecc oTO60pa Mpod U MPOOOIIOATOTOBKH MPEICTABICH HA PUCYHKE 2.

Pucynok 2 — ®oto orbopa npod pacTHTEILHOCTH U MOCIEAYIOLIEH TPOOOIOATOTOBKI
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B kadecTBe yCOBEpUICHCTBOBAaHHMS METOJOB MPOOOATOTOBKM M IS
HaWIy4Ilero W3BJICUCHHUS OPraHUYECKH CBSI3aHHOTO TPUTHUSA M3 PACTUTEIBHOCTU
UCIONb30BaHa TpyOdaras Ieuyb CIELUAIbHOTO HA3HAUYEHWs Ui BBIICJICHMS
tputust Carbolite Gero MTT 12/38/850 [8] ¢ Bbixoanoii MomHOcThIO 3100 Br,
obecnednBaromas MaKCUMaIbHYyI0 TemmepaTtypy 1200°C .

[IpuHiun pa®oThl MEYM 3aKIYaeTcsl B TOM, YTO IPOOBI MOMELIAIOTCS B
JIOOYKM W3 KBapLEBOrO CTEKJIa, KOTOpBIE 3aTeM IEepEeMEIAlOTCs BHYTPH
KBapIleBoil TpyOKM B LIEHTP 30HBI HoAa4yu npoObl. Ha TpyOKy ycraHaBmuBaeTcs
3arIylKa U3 OOpOCHIMKATHOIO CTEKJA, & K IPOTHBOIOJIOKHOMY KOHIYy TpyOKH
30HBl KAaTaJUTHYECKOTO pPAa3lOoXKEeHHA MPHUCOSAMWHSAETCS OJHa WU JIBE
6apbotepubie noBymku ¢ 20 ma 0.1 M pactBopa HNOs. Bo3nyx npomyckaercs
yepe3 npo0y, KOTOpasi HOCTEIIEHHO HArpeBaeTcsl 0 MaKCUMAIbHOW TeMIIepaTyphl
B COOTBETCTBHM C 3alpOrpaMMHpPOBaHHBIM mnpoduieM HarpeBa. B  3oHe
KaTaIUTHYECKOTO Pa3JIOKEHUs IPOAYKTHI CTOPAHUs MPOOBI MPOITYCKAIOTCS Yepes
MEIHbIM KaTanuzaTop, HarpeteiM 10 800°C, mpu S3TOM BCE HOHBI TPUTHUSA
OKHCIISIFOTCSL 10 OKCHZA TPUTHS, KOTOPBIA OCaKAAETCS B JIOBYLIKaX C a30THOM
KHUCJIOTOM.

O0beM coOpaHHOM BOJIBI Ha BBIXOJE cocTaBwi 10-11 M1 B 3aBUCHMOCTH OT
BIQXHOCTH W3HAYAIIbHOW TpoOBl. [l Kakmod mpoOBI PacTUTENBHOCTH
MapajuleIbHO  ONpeAeNsANach OTHOCUTENIbHAs BIAXHOCTh M JadbHEHIINX
pacderos.

W3 monmydeHHBIX B JIOBYLIKaX pacTBOPOB TOTOBIT CYETHBIE O0Opaslpbl,
KOTOpbIE H3MEPSAIOT Ha >KUAKOCTHOM CHUHTWIULINMOHHOM cuérumke Tri Carb
2900 TR, mpenna3HadeHHOM il MU3MepeHHs aib(a- U Oera- H3Mydarenel
MPUPOJHOTO W TEXHOTEHHOTO IPOMCXOXAECHHUS B OKpYXKalollel cpene U B
MIPOMBIIIJICHHBIX 00pa3lax, MOCie Yero pacCYUTHIBAIOT AKTUBHOCTH TPUTHUS Ha 1
KI' PaCTUTENBHOCTH.

[MoaroroBneHHple cUY€THBIE 00pa3lbl BBUICPKUBAIA B TEMHOM MeECTE B
TeueHne 12 wyacoB i rameHus (OTONOMHHECLCHLUH, BBI3BAaHHOM Ma-
HUIyJALUsIMA ¢ TipoOoii. Yepe3 12 yacoB MOArOTOBICHHBIE CUETHBIE OOpa3IIbI
M3MEPSUTM  Ha KUIKOCIHMHTHIUIAIMOHHOM cuérunke Tri-Carb 2900 TR B
COOTBETCTBHH C PYKOBOJICTBOM IoJIb30Baress [9].

Usmepenue ckopocTtu cuera OeTa-4acTHI TPUTHSL B CMECSAX BBIIIOJIHEHO B
teuenne 180 MHUHYT B DJHEPreTHUYECKOM OKHE MEXIY IITyMOBBIM IIOPOTOM
JIETEKTOpa M MaKCHMajbHOW »Hepruei Oera-yactuir Tputus (18.6 k3B) ¢
OTHOCUTENBHON 3()()EKTUBHOCTBIO PETUCTPALMU Ul BBIOPAHHOTO AMana3oHa
n3MepeHuii He menee 60%.

Pe3ynprar n3MepeHMs]  yIEIbHON AaKTUBHOCTU TPUTHS B PACTUTEIIBHOMN
mpobe, X, bk/r, Ha naTy W3MepeHUs, moiaras IUIOTHOCTh COOpaHHOW BOJHOU
npobbl ~1 r/cM® ¥ He 3HAUMMYIO PasHMIy B OOBEMHBIX aKTUBHOCTSX TPHUTHUS B
HCXOJIHOW M B IEpETHAHHOM BOIHOW Np0o0e, BEIYUCISIOT 0 (hopMyIie:
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Ak, -M
X=—"——"
k-m-1000

@)

rae A— o6beMHas aKTUBHOCTB BOIHOM IPoOKI 1uist 6eTa-cuera, br/nm3;

k, — ko3 ¢uuueHT pasdOaBlicHHs TPH MPUTOTOBICHUHM MpPOOBI ajsi Oera-
cuera, Mo ymoiayanuto K, =1;

M — macca coOpaHHOH BOIHON TPOOBI TOCIIEC CXKUTAHHUS PACTHTEIHHON
npoosl, T;

kK — nmompaBouHblii KOI(PPHUIMEHT, YYMUTHIBAIOUIMH TalIeHUE IpH
UCTIONIb30BAaHUU METO/1a BHYTPEHHETO CTaHAapTa,

M — HaBecKa PacTUTEIBHOM MPOOKI, B3ATast Ha aHAIIU3, T.

OrneHKa METpPOJIOTHYECKHX IMapaMeTPOB METOJUKH ONpEeACTICHUS] TPUTHUS
NpOBEICHAa C HCIOJIB30BAHHEM JKHIKOCHMHTHISIIMOHHOM —CHEKTPOMETPHUH,
BKJIFOYAst CTATHCTHYECKYIO0 00pabOTKy MOTy4aeMbIX JaHHBIX.

B xauectBe oOpasua i OICHKH METPOJIOTHUECKUX IOKa3aTesel
3alUTAaHUPOBAHO HCIIONB30BaTh CEPTH(QUIUPOBAHHBIA CTaHAAPTHHIM 00Opasen
BoAHO-cBsi3aHHOTO Tpuths SRM4927F [10], arTectoBaHHOE 3HAYCHHWE TPHUTHUS
1269,4 bx/mn.

B pesynbraTe BHeApeHHWS METOJa MPOBEACHA OLEHKA CIEIYFOIIUX
METPOJIOTHYECKUX TTOKa3aTeINeH:

— OUEHKAa CpPEIHEr0 KBAaJIPAaTHYHOTO OTKIOHEHUS, XapaKTepU3YIOIIEro
MOBTOPSEMOCTh PE3yJIbTaTOB E€IMHUYHBIX HM3MEPEHHH aKTHBHOCTH TPUTHS B
SRM4927F u noka3zareib MOBTOPSIEMOCTH;

— cpenHee KBa/IpaTHYHOE OTKJIOHEHHE, XapaKkTepHu3yrolee
MPOMEXYTOYHYIO MPEIM3UOHHOCTD PE3yJIbTaTOB M3MEPEHMSI aKTUBHOCTH TPUTHS
U TT0Ka3aTelb MPOMEXYTOYHOH PEIN3NOHHOCTH;

— OLCHKa 3Ha4YC€HUA CMCIICHUA PE3YJIbTaTOB U3MEPCHHUA AKTUBHOCTU
TPUTHS B CTAHIAPTHOM 00pa3lie U €€ 3HAYMMOCTh Ha ()OHE CITy4aliHOTO pa3dpoca;

— onenka CKO He HCKITIOUYeHHON CHCTEMaTHYECKOH MOTPEeIIHOCTH;

— OIIeHKa TIOKa3aTelisi TOYHOCTH, KOTOPBIH COOTBETCTBYET PACHIMPEHHON
HEONpPEACICHHOCTH ¢ KO3 HuIMeHToM oxBara k=2.

Pe3yabTaThl M 00CyKIEHHE

PesynbTathl ompesieneHuss TPUTUSL B PACTUTENLHOCTH MPECTABICHBI B
tabnmuue 1. Pacnpenenenne ypoBHEH yIOenbHOW aKTHUBHOCTH TPUTHS MEXIY
TOYKaMH 0TOOpa Mpod MpeAcTaBIeHO Ha PUCYHKE 3.
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Ta6auna 1 — OnpeneneHne TPUTHS B PACTUTEIBHOCTH B 3aBUCUMOCTH OT CE30HA

AxTHBHOCTB TpUTHS, H-3, AxTHBHOCTB TpUTHsl, H-3, BK/1
Touku oT60pa
Bx/x (BecHa) (oceHn)
SP-1 11.8+1.3 13.6+1.3
SP-2 13.8+1.5 15.6+1.3
SP-3 19.5+1.8 23.9+2.0
SP-4 18.1+1.7 19.4+1.8
SP-5 24.6+2.0 23.0+2.0
SP-6 20.2+2.0 13.8+1.2
SP-7 26.9+2.2 28.84+2.6
SP-8 20.3+2.0 24.7+2.2
SP-9 25.9+2.6 25.7+2.4
SP-10 14.2+1.3 14.9+1.3
H-3, Bq/kg
3007 Background
300 | " )
! 1
250 + : !
1
20,0 | : :
1
150 : !
1
100 F : :
1
50 b : I
2| K
0.0

SP-1 SP-2 SP-3 SP-4 SP-5 SP-6 Sp-7 SP-8 SP-9 : SP-10 1
~___7

B Spring W Autumn

Pucynok 3 - Pacnipenienienne 3Ha4eHH yIeIbHON aKTUBHOCTH TPUTHS B PACTHTEIIBHOCTH B TOUKAaX
orbopa npod

Kak BuAHO M3 MONYYEHHBIX MAAaHHBIX JWANa30H AKTUBHOCTH TPHUTHUS B
pacTUTENBHOCTH B TO4YKax oTOopa mpod, cocrasiser 11.8-26.9 Bx/kr BecHOU n
13.6-28.8 Bk/kr oceHblo, 10 CpaBHEHHUIO ¢ (GOHOBBIM 3HaueHueM 14.2 bk/kr 14.9
Bx/kr BecHOW M OCEHBIO COOTBETCTBEHHO. B 1enom, 3adukcnpoBaHHbie 3HAYCHUS
yIeJIbHOW aKTUBHOCTH COOTBETCTBYIOT (JOHY M HE NPEACTABISIOT YIpo3bl IS
OKpyXatomel cpensl u HaceneHus. OJIHAKO 3TO YTBEpXKJIEHHE HOCUT
MPEAIOJIOKUTEIIbHBIN XapakTep U TpeOyeT 0oJiee NeTAIbHOTO HCCIICIOBAHMS.
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Pa3paboranHasi METOMKA ONPE/CIICHUSI TPUTUS B PACTUTEIILHOCTH MOXET
OBITh WCIIOIB30BaHA IS TPOBEICHUS PaTUAIlMOHHOTO KOHTPOJIS COACpPIKAHUS
TPUTHS U €r0 COCIAMHCHUM B  OKPECTHOCTIX  OOBEKTOB  aTOMHOWM
MTPOMBINIIICHHOCTH.

Oxmunmaercs, 4To B OyAyIIeM, C HWCHOJIB30BAaHHEM BHEIPEHHOTO METO.a,
OyZer pAeTanpbHO HM3y4YeHa HCcleAayeMas IUIOMIaab C YYeTOM pPacIIipPEeHHOTO
HaOopa (akTOpPOB: METCOPOIOTHYECKUE YCIOBHUS, PEXKHUM pabOThl pPeakTopa U

IpyToe.

Takum oOpazom, mist Gosee MOTHOW M TOCTOBEPHOM OIEHKH OTIPEICIICHIS
AKTUBHOCTUA PAJAMOHYKIWAA TPUTHS HEOOXOAUMO TIPOBECTH pabOThI IO
ONPEJETICHUIO BUJIAa PACTUTENBHOCTH, aKKYMYJIUPYIOIIUX JTaHHBIIA U30TOIL.

®dunaHcupoBanue: JlaHHbIe uccieAoBaHUs (DUHAHCHPOBAIKCH MHHUCTEPCTBOM 3SHEPTETHKU
Pecnyonuku Kaszaxcran B paMkax HaydHO-TeXxHHUYecKo# mporpammbl «BR09158958 «Pasputue saepHo-
(HU3HUECKUX METOJIOB M TEXHOJIOT Uil 1Tl MHHOBAL[MOHHOW MOJepHHU3aLMK SKOHOMUKH Ka3axcranay.
Kondaukrt natepecoB: OTCyTCTBYET KOH(IMKT HHTEPECOB MEKITY ABTOPAMH.

KA3AKCTAHJAYBI BBP-K PEAKTOPBIHBIH BAKBLIIAY AMMAFBIHJIAFBI
OCIMJIKTEPJAETT TPUTHUAI AHBIKTAY

M.B. Kpacnonéposa*, M.A. Cesepunenxo, I1.B. Xapkun, O.C. Munvy,
B.A. Maxkaposa, JK.K. Cananoaii

PMK Aoponvix ¢huzuxa uncmumymol, Aimamet, Kazaxcman

*E-mail: marina.k@inp.kz

Tyiiinpeme. Kipicne. Pajgnaumsuislk KayinTi OOBEKTLIEpIiH KOpIIaraH OpTara >XOHE ajJaMFa oCepiH
Oaranay Ke3iHJe Ka3ipri yaKpITTa TPUTHI MEH OHBIH KOCBHUIBICTAPBIHBIH CHY MpoOJjeMachiHa KOT KOHLI
OesiHei. MaHBI3ABICH, OChI yaKbITKA JCHIH OYJI PaIMOHYKIMIATI THIMII YCTAay[blH THIMII ©HAIPICTIK
TEXHOJIOTHSIIAPhI KOK. HoTikeciHIe MIBIFApBIHIBUIAPEI MEH TOTriHaiiepi 0ap aTtoM 3HEepPreTHKAJbIK
KOH/IBIPFBUIAPBI KYMBIC ICTEreH Ke3ze mMaiaa OoyaThlH OapiblK TPUTHI KOpLIaFraH oprara Tycemi. by
KOpIIIaFaH OPTAAarbl, COHBIH IIIHAE OCIMAIKTEpAEri TPUTHI KOHIEHTPAIUSCHIHBIH JKOFapbLIaybIHA
okenemi. Byn owcymvicmoly makcamsl ©CIMIIK ChIHAMAJApbIHAA TPUTHIAI aHBIKTAy JKOHE ChIHaMa
JaiibIHIay oMICTEPiHIH KEIICHIH a3ipiey koHe Oedimuey Oonbin Tabbutanbel. Odicmeme: ChlHaMamapabl
naiibIHIay 9MICTEPiH JKAKCAPTY JKOHE OCIMIIKTEPICH OpPraHUKAIBIK OaiaHbICKAH TPUTHIII MaKCUMAIIbI
any ymin apraiier CarbolitetGeroMTT KkyObipibl Tewmi mnadgananeuigsl. TpuTHHI ey CyHbIK
CHMHTHWUBILMSIIBIK  OeTa-CIEKTPOMETpHUsT  oMiCiMeH Kyprisuimi. Homuowenep men nixipmanac: Ocbl
3epTTey >kymbichiHAa KaszakcTan, AnMmaTsl KanacbiHIa opHajackaH BBP-K peakTopbIHBIH jkKaHBIHIAFBI
OCIMIIIKTEpIe TPUTHII aHBIKTAY SJIiCIH 3epPTTey KOHE SHIi3y HOTHKENepl YChIHbUIFaH. KopblmbiHObLIAD:
OciMaiKkTepaeri TPUTHHAI aHBIKTAay/IbIH 931PJICHTeH 9IiCIH aTOM OHEPKAciOi 0ObEKTIIepiHiH MaHbIHAAFbI
TPUTHA MEH OHBIH KOCBUIBICTAPBIHBIH KypaMblHa pagualysuiblK Oakpuiay JKYprisy YIIiH KoJIaHyFa
Oonanbl. ¥CHIHBUIFAH JepeKTep KOpILIaraH OpTa KOMIIOHCHTTEpIHAEC TPHUTHHAIH JKUHAIYBIH 3€pTTeY
OOMBIHIIA XKYHel 3epTTeyepAiH KaXKeTTUIITH KopceTe/i.

Tyiiinai ce3aep: paxuodKoIOrHs, 6CIMIIK, TPUTHIA, MeHIIIKTI Oencenninik, BBP-K tunri peakrop
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Abstract. Introduction. Morpholine is a promising and versatile six-membered heterocycle, a
popular pharmacophore with a wide spectrum of biological and pharmacological activity. The purpose of
this work is the synthesis of biologically active compounds, based on 3-morpholinepropylamine, the
determination of the structure and biological activity of the synthesized compounds. Results and
discussion.  Acetic,  propionic,  benzoic,  4-chlorobenzoic and  2,4-dichlorobenzoic  3-
morpholinopropylcarbamothioic thioanhydrides have been synthesized as a result of acylation of sodium
3-morpholylpropylcarbadithioate with the corresponding acid’s chlorides. The synthesis has been carried
out in acetone at the room temperature for 2 — 3 h. The structure of the synthesized compounds has been
established on the basis of the elemental analysis data, IR spectra, H and *C NMR spectroscopy.
Conclusion. As a result of the laboratory and field tests, it has been found that the use of
morpholinopropylcarbamothioic thioanhydrides contribute to an increase in the seed shoot formation of
wheat and spruce. Propionic 3-morpholinopropylcarbamothioic thioanhydride activates at a concentration
of 0.01% the seedlings length of wheat seeds up to 5.1 cm and increases the germination of shoots up to
88%, and on spruce seeds, the seedlings length is 7.3 cm and the germination of shoots is 87% as
compared with the control (4.4 cm, 86% and 4.0 cm, 84%), respectively. Benzoic (3-
morpholinopropyl)carbamothioic thioanhydride has shown at a concentration of 0.01% a high shoot-
forming ability, the length of shoots by cutting Spiraea Vanhouttei is on average 3.91 cm, as compared
with the control (1.63 cm) and with the preparations Kornevin (2.58 cm) and KN-2 (3.59 cm).
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1. Introduction

Compounds, containing a morpholine molecule, are still considered one of
the most demanded structural pharmacophores for the creation of medicinal
preparations with a wide spectrum of effects [1]. Morpholine derivatives are
widely used in medicine, such as antibiotic Linezolid [2], psychostimulant
Phenmetrazine [3], antidepressant Moclobemide and antitumor preparation
Gefitinib [4].

For decades, scientists have been synthesizing compounds involving the
morpholine ring, which has led to the synthesis of pharmacophore substances
responsible for the anti-inflammatory, antiviral, antimicrobial, anticonvulsant,
antioxidant and antitumor activities [5, 6].

Morpholine derivatives have found application as solar cells [7], fluorescent
probes for the detection of HCIO [8] and Hg?* [9], surfactant as a collector for the
reverse flotation separation of halite from carnallite ore [10, 11], and are also
effective materials for protecting marine vessels from biocorrosion [12]. In
addition, the preparation ‘“Fenpropimorph” is widely used in agriculture as a
fungicide for crops.

The analysis of scientific and technical literature shows that increased
interest in morpholine derivatives is associated with a wide range of practically
useful properties of these compounds, many of which are used both in the
chemical industry and in medicine.

2. Experimental part

The progress of the reactions and the purity of the products were monitored
by thin-layer chromatography on Silufol UV-254 plates with the display of spots
of the compounds with iodine vapor, eluent ethanol/benzene (1/3) and acetone/
hexane (1/4). The IR spectra were recorded on a Nicolet 5700 spectrometer in
tablets with KBr. The melting points of the compounds were determined on a
Hanon MP450 instrument. The *H and *C NMR spectra of the compounds were
recorded on a JINM-ECA 400 spectrometer (Jeol) with the operating frequency of
400 (*H) and 100 MHz (*3C) in the deuterated DMSO-ds solution. The elemental
analysis was carried out on a Rapid Micro N Cube elemental analyzer (Elementar,
Germany).

Acetic (3-morpholinopropyl)carbamothioic thioanhydride (1). A solution of
0.31 g (0.0036 mol) of acetic chloride was added dropwise to a solution of 1 g
(0.0036 mol) sodium (3-morpholinopropyl)carbamodithioate in 20 ml of acetone
with stirring. The mixture was stirred at the room temperature of 22°C for two
hours. The solvent was distilled off in a water-jet pump vacuum, the product was
isolated by recrystallization from hexane. Yield 0.5 g (50%), Rs 0.36
(ethanol/benzene, 1/3), m.p. 168 °C. Found, %: C 45.93; H 7.05; N 10.79; S
24.57. CyoH1sN20,S,. Calculated, %: C 45.77; H 6.91; N 10.68; S 24.44. IR
spectra (KBr), v, cm™: 618 (C-S), 1106 (C=S), 1645 (C=0), 3155 (NH). NMR H
spectra (DMSO-dg), 8, ppm: 2.46 (s, 3H, CH3); 1.77 (m, 2H, CHy); 3.03 (t, 2H,
CH2NH); 2.46 (t, 2H, CH2N-); 3.05 (t, 4H, N(CH>)»); 3.85 (t, 4H, O(CH,).); 8.12
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(s, 1H, NH). NMR C spectra (DMSO-ds), 5, ppm: 23.1 (CHs); 23.0 (CH>); 36.3
(CH2NH); 40.6 (N-CH2); 54.4 (N(CHy2)2); 63.6 (O(CHz)2); 169.9 (C=0); 173.3
(C=S).

Propionic  3-morpholinopropylcarbamothioic  thioanhydride (2) was
synthesized in a similar way. Yield 0.7 g (70%), R¢ 0.12 (ethanol/benzene, 1/3),
m.p. 180°C. Found, %: C 47.69; H 7.48; N 10.02; S 23.43. Ci11H2N20,S..
Calculated, %: C 47.80; H 7.29; N 10.13; S 23.20. IR spectra (KBr), v, cm™: 626
(C-S), 1111 (C=S), 1663 (C=0), 3342 (NH). NMR H spectra (DMSO-ds), 3,
ppm: 0.92 (s, 3H, CHs); 1.76 (m, 2H, CHy); 2.12 (m, 2H, CH,CH3); 3.03 (t, 2H,
CH2NH); 2.96 (t, 2H, CH:N-); 3.32 (t, 4H, N(CH)2); 3.82 (t, 4H, O(CHy>)2); 8.10
(s, 1H, NH). NMR C spectra (DMSO-dg), 8, ppm: 9.9 (CHs); 23.1 (CHy); 36.4
(N-CHg); 51.5 (CH2NH); 54.7 (N(CHy2)2); 63.7 (O(CH2)2); 169.9 (C=0); 172.7
(C=S).

Benzoic  (3-morpholinopropyl)carbamothioic  thioanhydride (3) was
synthesized in a similar way. Yield 0.7 g (57%), R¢ 0.14 (ethanol/benzene, 1/3),
m.p. 168°C. Found, %: C 55.33; H 6.21; N 8.93; S 19.57. CisH20N20,S,.
Calculated, %: C 55.01; H 6.01; N 9.13; S 19.11. IR spectra (KBr), v, cm™: 682
(C-S), 1105 (C=S), 1690 (C=0), 3116 (NH). NMR 'H spectra (DMSO-dg), 8,
ppm: 1.93 (m, 2H, CHy); 3.32 (t, 2H, CH:NH); 2.45 (t, 2H, CH2N-); 3.06 (t, 4H,
N(CHy)2); 3.84 (t, 4H, O(CHy),); 7.42 (t, 2H, Ar); 7.85 (t, 1H,Ar); 8.07 (d, 2H,
Ar); 8.36 (s,1H, NH). NMR *3C spectra (DMSO-ds), 5, ppm: 23.7 (CHy); 42.9
(CH2NH); 51.4 (N-CHy); 53.6 (N(CHy)2); 63.3 (O(CHy)2); 128.8, 130.2, 134.7
(Ph); 168.7 (C=0); 169.3 (C=S).

4-Chlorobenzoic (3-morpholinopropyl)carbamothioic thioanhydride (4) was
synthesized in a similar way was synthesized in a similar way.Yield 2.0 g (67%),
Rr 0.52 (acetone/hexane, 1/4), m.p. 104°C. Found, %: C 50.33; H 5.43; N 7.93; S
17.57. C15H19CIN20,S,. Calculated, %: C 50.20; H 5.34; C1 9.88; N 7.81; S 17.87.
IR spectra (KBr), v, cm™: 705 (C-S), 1068 (C=S), 1647 (C=0), 3123 (NH). NMR
'H spectra (DMSO-ds), 8, ppm: 1.90 (s 2H, CH,); 3.28 (t, 2H, CH:NH); 2.96 (t,
2H, CH2N-); 3.04 (t, 4H, N(CH.),); 3.78 (t, 4H, O(CHy>).); 7.46 (d, 2H, Ar); 7.86
(d, 2H, Ar); 8.74 (s,1H, NH). NMR *3C spectra (DMSO-ds), 5, ppm: 24.0 (CHy);
37.2 (CH2NH); 54.6 (CH2N-); 51.7 (N(CH.),); 64.0 (O(CH.)2); 129.6, 130.3,
131.6, 133.5, 136.5, 138.2 (Ar); 165.7 (C=0); 166.9 (C=S).

2,4-Dichlorobenzoic (3-morpholinopropyl)carbamothioic thioanhydride (5)
was synthesized in a similar way. Yield 1.0 g (64%), R¢ 0.56 (acetone/hexane,
1/4), m.p. 92°C. Found, %: C 45.95; H 4.73; N 7.27; S 16.48. C15H1sCI2N20>S5.
Calculated, %: C 45.80; H 4.61; CI 18.03; N 7.12; S 16.30. IR spectra (KBr), v,
cml: 667 (C-S), 1049 (C=S), 1693 (C=0), 3152 (NH). NMR *H spectra (DMSO-
de), 8, ppm: 1.77 (m, 2H, CHy); 3.25 (t, 2H, CH,NH); 2.70 (t, 2H, CH:N-); 2.66
(t, 4H, N(CHy2)2); 3.66 (t, 4H, O(CHy)2); 7.42 (dd, 1H, Ar); 7.58 (t, 2H, Ar); 8.52
(s, 1H, NH). NMR BC spectra (DMSO-ds), 8, ppm: 25.1 (CHy); 37.5 (CH.NH);
55.4 (CH:N-); 52.7 (N(CHy>)2); 65.3 (O(CH.).); 127.8, 129.6, 131.6, 132.6, 134.6,
136.3 (Ar);165.9 (C=0); 168.9 (C=S).
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Biological studies of the compounds were carried out at Zh. Zhiyembayev
Kazakh Research Institute of Quarantine and Plant Protection LLP and RSE
Institute of Botany and Phytointroduction Forestry and Wildlife Committee of the
Ministry of Ecology and Natural Resources of the Republic of Kazakhstan.

Laboratory experiment.

Object of the study: seeds of wheat and spruce. The experimental samples
were laid in 3-fold repetition of 50 seeds. The duration of the experiment was 3 -
7 days. The experiment was carried out according to the scheme: 1. Control
(water). 2. Compound 2 at a concentration of 0.01%.

Field experiment.

In the experiment, semi-lignified cuttings of Spiraea Vanhouttei 8-9 cm
long, with three buds in an amount of 65 pieces, were soaked in a solution of
compound 3 with concentrations (0.001%, 0.01%) for 6 hours. The cuttings were
planted in a greenhouse with a prepared substrate (soil:sand). The duration of the
experiment was 4 months. Within 4 months, the cuttings were watered.

3. Results and discussion

One of the promising branches of the study of nitrogen-containing
heterocyclic compounds is the synthesis, transformations and biological activity
of morpholine derivatives.

Synthesis of thioanhydrides, based on sodium 3-
morpholinopropyldithiocarbamates was carried out by acylation of
dithiocarbamate with the corresponding acid chlorides (acetic, propyl, benzoic, 4-
chlorobenzoic, and 2,4-dichlorobenzoic) in acetone at the room temperature.

S S 0)
Il Il
C RCOCI C

N
H CH,CI H
o o

As a result of processing the reaction mixtures in the individual form of
morpholine thioanhydrides of dithiocarbamic acid 1-5 were obtained with the
corresponding yields of 50-70%.

The structure and the composition of the synthesized compounds 1-5 was
determined, based on the IR spectra and H and **C NMR spectroscopy and
elemental analysis data.

In the IR spectra of the compounds 1-5, an absorption band of stretching
vibrations of the NH group appears in the region 3116-3342 cm™. The absorption
band of stretching vibrations of the C=S group is present in the region of 1106-
1111 cm™. There is an absorption band of the C-S bond in the region of 618-705
cmt. The formation of thioanhydrides was evidenced by the presence in the IR
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spectra of an intense absorption band of the C=0 group in the region of 11645-
1693 cm'™,

There are signals of carbon atoms of the methyl group in the region of the
spectrum § 23.0-55.4 ppm in the *C NMR spectrums of compounds 1-5. The
cyclic carbon atoms of morpholine —(CH2):N- and —-O(CH). resonate in the
region of & 51.7-54.7 ppm and & 63.3-65.3 ppm, respectively. The signal of the
carbon atom of the C=0 group appears in the low field region 6 165.7-169.9 ppm.
The carbon atom of the C=S group resonates in the weak field 6 166.3-173.3 ppm.

The biological study was carried out to investigate the effect of
thioanhydride 2 on the sowing qualities of wheat and spruce seeds under the
laboratory conditions. The growth-stimulating activity of the studied compound 2
is evaluated by two parameters: the length of the seedlings and the germination of
the shoots. Compound 2 activates at a concentration of 0.01% the length of wheat
seedlings up to 5.1 cm and increases the germination of shoots up to 88%, as
compared with the control. Thus, compound 2 activates on spruce seeds the
length of seedlings up to 7.3 cm and increases the germination of shoots up to
87%. (Table 1).

Table 1 — Growth-stimulating activity of the compound 2

Preparation concentration, % Seedling length, cm Shoot germination, %
Wheat seeds
Control (Water) 4.4 86
Compound 2, 0.01% 5.1 88
Spruce seeds
Control (Water) 4.0 84
Compound 2, 0.001% 7.3 87

The field experiment was carried out to identify the root-forming activity of
the obtained substances and to determine the effect of compounds on the growth
and development of the shoots and the root system of spirea cuttings (Figures 1,
2).
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(3,06

Shoots and roots
w
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Control (water) Kornevin KN-2 Compound 3 (0.001%) Compound 3 (0.01%)

M number of shoots, pcs M shoot length, cm ® number of roots, pcs root length, cm

Figure 1 — Shoot- and root-forming activity of compound 3.

Figure 1 shows that compound 3 exhibits moderate root-forming activity as
compared with the control and standard preparations Kornevin and KN-2, which
showed a higher activity.

The shoot-forming ability of the studied preparation was determined by two
parameters: the number and length of the formed shoots.

Compound 3 at the concentration of 0.01% showed a good shoot length of
3.91 cm compared to the control (1.63 cm) and the standard preparations
Kornevin (2.58 cm) and KN-2 (3.59 cm), respectively (Figure 1). The number of
shoots formed on the semi-lignified cuttings of spirea was at the concentration of
0.01% in the same range of 0.76-1.12 pcs depending on experience.

Figure 2 shows that the percentage of the root formation of cuttings at the
concentration of 0.01% has a similar interval between indicators from 42% to
45%, depending on the variant of the experiment. Thus, preparation 3, developed
by us, contributes to the growth of the crown of Spiraea Vanhouttei shrubs.
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Figure 2 — The effect of compound 3 on the number of the rooted cuttings of Spiraea Vanhouttei at the
concentrations of 0.01 and 0.001%.

4. Conclusion

An acylation reaction of heterocyclic amine dithiocarbamate based on 3-
morpholinopropan-1-amine has been studied, new heterocyclic acetyl, propyl,
benzoic, 4-chloro- and 2,4-dichlorobenzoic thioanhydrides of carbamothioic acid
have been synthesized.

The stimulating effect of the studied thioanhydrides at the concentration of
0.01% on the processes of germination and shoot formation based on the
laboratory and field tests has been determined. A total positive effect on the
morphometric parameters of seeds (wheat, spruce) and on semi-lignified cuttings
of Spiraea Vanhouttei has been shown.
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(hapMaKoIOrHuecKoil aKTUBHOCTH. [[envbio OanHOl pabompl SBISETCS CHHTE3 OMOJOrMYECKH aKTHBHBIX
COCAMHEHUI Ha OCHOBE 3-MOP(OIMHIPONHUIAMUHA, YCTAHOBJICHHE CTPOCHUS U OHOJOTHYECKOI
aKTMBHOCTH CHHTE3MPOBAHHBIX COCAMHEHUIL. Pesyibmamut u 06cysicdenue. B pesyaprare anuIupoBaHus
3-MOphONUHONPONTIIKAPOAMOANTHOATA HATPUS C  XJIOPAHTUAPUIAMH  COOTBETCTBYIOLIMX —KHCIJIOT
CHHTE3UPOBaHbl YKCYCHBIH, MPOMHOHOBBIN, OCH30MHBIN, 4-XI0pOEH30MHbIH U 2,4-TUXI0pOCH30MHBINH 3-
MOpP(OIHHONPONUIKApOAMOTHOEBble THOAHTUAPUAbL. CHHTE3 MNPOBOJWIM B Cpele aleToHa IpU
KOMHATHOW Temreparype B TeueHue 2—3 4. CTpoeHHE CHHTE3UPOBAHHBIX COCAMHEHHIH YCTAHOBJICHO Ha
OCHOBAHMM JAHHKIX NIEMEHTHOTo aHanu3a, UK crekTpos, cnekrpockoruu *H u 3C SIMP. 3axniouenue. B
pesyiabrare  1a0OpaTOPHBIX M [OJEBBIX ~ MCIBITAHUHM  YCTAHOBJIEHO,  YTO  HPHUMEHEHUE
MOP(OIHHONPONUIKAPOAMOTHOEBBIX THOAHTHAPHUAOB CIIOCOOCTBYET MOBBILICHUIO MOOEr000pa3oBaHMs
ceMsiH muieHMIpl U enu. [IponuoHOBbIH (3-MOpdomrHONPONMI) KapOaMOTHOBBIM THOAHTHIAPHI TPH
konuenrpauu 0.01% akTUBHpYeT JUIMHY NPOPOCTKOB CEMSH MIUEHHWIBI 10 5.1 ¢M M yBeauuumBaer
BCXOXKECTh MobOero g0 88 %, Ha ceMeHaX elu AJMHA MPOPOCTKOB COCTaBisICT 7.3 CM M BCXOXKECTh
o6eroB - 87 % 1o cpaBHEHHIO ¢ KOHTpoieM (4.4 cm, 86% u 4.0 cm, 84%), cooTBeTcTBeHHO. beH30itHbIH
(3-MopdonuHOIpONIIT) KapOaMOTHOBBIA THOAHTUAPHA Tipu KoHmeHTparmu 0.01% mokasan BBICOKYIO
m06eroo0pa3syIIyI0 CIIOCOOHOCTh, [UIMHA MOOETOB MPH YEPEHKOBAHWH CIHper BaHryTTa COCTaBisIeT B
cpenreM 3.91 cM no cpaBHeHuI0 ¢ koHTpoaeM (1.63 cm) u ¢ npenaparamu Kopuesun (2.58 cm) u KH-2
(3.59 cm).

KawueBbie cJioBa: (3-MopdonuHOIpOIHIT) KapOaMOANTHOAT HATpHS, THOAHTUIPUJIBI,
pocTCTUMYIHpYIOLIas U moderoodpasyroias akTHBHOCTh, CEMEHA MIIESHHIBI U €1
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Tyiiinaeme. Kipicne. Mopdonun — Tuimzi skoHe oMOebar anTbl MyLIeNni TeTepOLHKII, OUOIOTHSIIBIK XKOHE
(hapMaKoIOTHSIBIK OEICEeHIUTIKTIH KeH CHEeKTpIiri Hereisinae cypanbicka ue dapmakodop. JKyMbICTHIH
makcamol  3-MOP(OTHHIPONUIAMUHA HETi31HAe OHONOTHSIBIK O€NCeHIlI KOCBUIBICTAPIBI CHHTE3ICY,
CHUHTE3/IeNreH KOCBUIBICTAPJbIH KYPbUIBIMBI MEH OWOJIOTMSUIBIK OelCeHIUNriH aHblKTay. Hamuoicenep
JicoHe 01apovbl manoay. Hatpwii 3-MopdonrHOIPONMIKapOaMOANTHOATHIHBIH coiikec
XJIOpaHTHAPHUATEPMEH alMIIICY HOTHXKECIHAE CipKe, MPOIHOH, OSH30MIIbI, 4-X10pOeH30MIbI KoHe 2,4-
JIXIIOPOEH30MIbI 3-MOPHOIMHONPOIIIKAPOAMOTHO THOAHTUAPUATED CHHTe3AeNiHal. CHHTE3 aleTOH/IbI
oprama OenMe TemmeparypackiHaa 2-3 caraT JKypri3ingi.CHHTE3IeNreH KOCBUIBICTAPIBIH KYPBUIBIMBI
sreMeHTTiK Tanaay, MK cnexrprepi sxone *H sxone *C SIMP cHeKTpOCKOMHACH HETi3iHEe aHBIKTAJIbL.
Kopuimbinovl. 3epTXaHaNBIK XKHE JalajblK ChIHAKTAPABIH HOTIDKECIHAE MOP(OINHONPONUIKapOaMOTHO
THOAHTUAPUATEPIH KoN#aHy OHIOali MeH IIbIpIIa TYKBIMIAPBIHBIH OPKEH TY3UIyiH apTThIPaThIHbI
anpIKT)ABL.  [Iponmonas! (3-mopdomunonponmn)kapdbamorro THoanruapuy 0.01% koHneHTpanusia
OakplTayMeH cajiblcTbiprania (tuiciHme 4.4 cm, 86% xone 4.0 cm, 84%) Oupmail TYKbIMIApBIHBIH
OCKiH/IepiHiH Y3BIHABIFBEIH 5.1 cMm-re neiiin OenceHuipeni koHe epkeHIEpIiH eHyiH 88%-ra meifin
apTThIPajbl, WIBIPIIA TYKBIMIAPbIHAA OCKIHAEPAIH Y3BIHIBIFBI 7.3 cM >KoHEe epKeHIepiiH oHyi 87%
Kypazabl. bensoiinsl (3-mopdonunonponmn)kapdbamorio tHoanruapua 0.01% KOHIEHTpanusaaa sKoFapsl
OCKIHTY3yLIl KabieTiH KepceTTi, BaHryTThIH crimpest KeCiHAUIEpiHiH OCKIH Y3bIHABIKTapbl OaKblIayMeH
(1.63 cm), KopreBun (2.58 cm) xxone KH-2 (3.59 cM) mpenapartapbIMeH cajbICTBIpFaHa OpPTa €CEemIeH
3.91 cM Kypazsl.
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STUDY OF THE ANALGESIC ACTIVITY OF(S)-1-METHYL-3-(1-(5-
PHENYL ISOXAZOLE-3-CARBONYL) PIPERIDINE-2-IL)
PYRIDINE-1-1UM IODIDE

G.K. Mukusheva?, A.R. Zhasymbekova?, M.R. Aliyeva'*,
M. Zh. Kaiyrbayeva!, A.S. Mazhitov?

1E.A. Buketov Karagandy University N-PLC, Karaganda, Kazakhstan
2Abay Kazakh National pedagogical university, Almaty, Kazakhstan
*E-mail: madiko8707@mail.ru

Abstract. Introduction. Recently, the attention of specialists to medicines of natural origin has been
constantly growing. The interest in the use of such drugs obtained from natural raw materials is justified
by high efficiency, a wide range of pharmacological activity, as well as the possibility of using them for a
long time without complications and side effects. The share and volume of production of medicinal
products is increasing all over the world, through synthetic transformations of substances isolated from
wild and cultivated plants. Substances of plant origin are widely used as biologically active additives,
agrochemical agents. Research in the field of modern chemistry of plant substances in the Republic and
abroad is devoted to a comprehensive and comprehensive study of plant raw materials, including the
extraction and designation of the structure and chemical properties of plant components, the study of their
biological activity, the development of effective and environmentally safe methods for complex
processing of plant raw materials. The attractiveness of alkaloid derivatives to compounds is due to the
versatility of their reactivity, as well as the practical use of alkaloid derivatives as medicines. Modification
of the molecules of natural compounds by introducing such a substituent is one of the promising
directions in the search for new biologically active compounds. Analysis of the results of analgesic
activity assessment experiments showed that(s)-1-methyl-3-(1-(5-phenylisoxazole-3-carbonyl) piperidine-
22 1I) pyridine-2-1I) pyridine-1-IUM iodide has the ability to reduce the severity of specific nociceptive
responses in rats during chemical irritation of the peritoneum. The analgesic activity of the test sample
was analyzed on diclofenac sodium.

Key words: Alkaloid, anabazine, synthesis, phenylisoxazole, combined derivatives, pharmacology,
biological activity, drug, analgesic activity, chromatography
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(S)-1-METHJI-3-(1-(5-PEHUJIN30KCA30.JI-3-KAPBOHWJT) INITEPUJVH-2-NT)
MUPUJNH-1-UYM HOJUTHIH, AHAJIBTETUKAJIBIK BEJICEHILIITTH 3EPTTEY

I'.K. Mykywesa®, A.P.’Kacvimberosa', M.P.Anueea*”, M.JK.Kaitvipoaesa', A.C. Masicumos®
YeAxaoemux E.A. Boxemoe amwinoazvt Kapasanovt Ynueepcumemi» KEAK, Kapazanow, Kasaxcman
246aii amvinoaser Kazax ynmmulx nedazo2uxanvis yuusepcumeni, Anmamer, Kazaxcman

*E-mail: madiko8707@mail.ru

Tyiiinaeme. Kipicne. COHFbl yaKbITTa FhUIBIMH MaMaHAApAbIH TaOHFH IOpUTIK Mpernaparrapra Has3apsl
yHeMi ecin keneni. TaOufu mMKI3aTTaH ajblHFAaH MYHIall MperapaTrapibl KOJIAHyFa KbI3bIFYIIBUIBIK
JKOFapbl THIMJIUTIKICH, (apMaKoJIOTHSIIBIK OCNCEHIUNIKTIH KeH CHEeKTpIMEH, COHJaii-ak onapisl y3aK
yakpIT OOIbI acKbIHYJIApChI3 KOHE jKaHama dcepliepci3 mMaijanaHy MyMKiHAIriMeH Herizaeierdi. Bykin
anemje sxabaibl JkoHE MOJEHHM OCIMIIKTEp/eH OOiHIN allbIHFaH 3aTTapibl CUHTETUKAJbIK TYpPJIEHIIpY
apKBUIBI JIOPUTIK Iperaparrap eHAIPICiHIH yJieci MEH KeJieMi apThin Keneni. OCIMIIK TEKTec 3arTap
OHOOTHSIIBIK OCJICeH/II KOCcTaiap, arpOXUMHUSUIIBIK 3aTTap peTiHAe KeHiHeH Koaanbutapl. Pecybnukana
JKOHE MIETeN/Ie OCIMIIK 3aTTapbIHbIH Ka3ipri 3aMaHFbl XHUMHUSCHI CAllACBIHIAFbl 3EPTTEyNiep OCIMIIK
MaTepHaNIapblH KaH-)KaKThl JKOHE KEIICH[I 3epTTeyre, OHBIH IMIHAE OCIMAIK KOMIOHEHTTEPiHIH
KYPBUIBIMBI MEH XHMHSJIBIK KACHETTEpiH OKIIayjgay MEH aHBIKTayFa, OJapIblH OHOJIOTHSIIBIK
OeJICeHILTIrIH 3epTTeyre apHaJFaH. OCIMIIK MIMKI3aThIH KCIICH/I OHACYIIH THIMJI JKOHE 3KOJIOTHSIIBIK
Taza oicTepiH o3ipyey. AJKAIOWA TYBIHIBUIAPBIHBIH KOCBUIBICTAPFA TAPTHIMIBUIBIFBL  OJap.bIH
PEaKTUBTLMTIHIH JKaH-)KAKThUIBIFBIMCH, COHBIMEH KaTap alKajoOH[ TYBIHABLIAPBIHBIH AJPLIIK 3aTTap
peTiHje NpaKTHKANbIK KOJJAHBUIYbIMEH TyciHaipineni. JKorapbl HoTeHLManbl OENCEHAUTIKTI eckepe
OTBIPBIII, AJIEM/IC ACHMMETPHSLIIBIK CHHTE3 YIIIH jKaHa XUPaJIbbl KaTaau3aTopiap/asl KYpy CTpaTerusiCbiH
93ipriey Ke3iHAe KOJ JKETIMJI OHEe MEepCIeKTHBAbl 0acTamnKbl KOCHUIBIC OOJBIN TaOBLIATHIH AJKaIOH/]
TYBIH/IBUIAPBI apachIHAA OPTYPJl MakcaTTapFa apHalfaH >kaHa IpenaparTapabl i3aeyre OarbITTalFaH
KeIlTereH 3eprreyiep kyprisinyne. OcblHnai OpbIHOACYIIBIHBI €HIi3y apKbUIbl TAOUFH KOCBUIBICTAPABIH
MOJIEKyJIAJIapbIH MOAN(HKALUSIIAY JKaHa OMOJIOTHSUTBIK OeJICeH i KOChUIBICTapAbI 13/1ey/1eri IepCIIeKTHBTI
GarpITTapbIH Oipi Gosbin TaObLTaabl. byl 3eprreyae jxana cuntesaenin anbinran (S)-1-merun-3-(1-(5-
(ennnn3okcazon-3-kapOoOHUI)  MUNEPUAWH-2-W1)  NHUPUAMH-1-uyM  HOAWMMIHIH  aHAIBTETHKAIBIK
OenceHalNiri TanmaHABl. AHAJIBreTHKaJIbIK OCJCeHAUTIKTI Oaraysay OOMBIHIIA SKCHEPHUMEHTTEPAIH
HOTWIKEJIEpiH Tajjiay YJTIHIH ereyKYHpBIKTapAarbl MNEPUTOHEHI XUMHUSUIBIK BIHTAJTAHIBIPY apKbUIbI
€peKIIIe HOIMICITUBTIK PeakusIIapAbIH aybIPJIbIFBIH TOMEHICTY MYMKIHIIr 6ap ekeHin kepcerti. Cipke
KBIMIKBUTBIHBIH 1% epiTiHAICIH Kypcak ilIiHe eHTi3reH Ke3/e TOXipuOeliKk KaHyapiapaslH OapibIFbIHIA
«cipkenik Oypaiynapy (’KaHyapiapra TOH KO3FaJbICTap, OHBIH IIIiH/E i OYJIIIBIKETTePiHIH KUBIPBITYHI,
oNapAblH OO0CAaHCYBIMEH KE3EKTECill) JaMBIFaHbl aral eTuUIdl. 3epTTENeTiH YITiHIH aHaJIbreTHKAJbIK
Oencenainiri quknodeHak HaTpuii OONBIHINA TATIAHIbI.

Tyiiinai cesnep. Anxanonn, aHaba3uH, CUHTE3, (PEHMITN30KCA30]1, OIPIKTIPIIreH TybIHABLIAP,
(apMmaxoIorus, OUOJIOTHSIIBIK OEJICEHIUTIK, 1oPi-I9pMEK, aHAJIbIeTHKAIIBIK OCJICEHITIK, XpoMoTOorpadus
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1. Kipicne

JKaHa THIMAUTIT] )KOFaphl JKOHE 3USHCHI3 JOPUTIK 3aTTaplibl i3[IECTipy JKOHE
3epTTey OYriHri TaHma OYKIT omeMae ©3eKTi Mocene OOJBIT TaOBLIaIbl.
Kazakcranmarbl ToxipHOCNiK MEIUIIMHA MEH JCHCAYJBIK CAaKTAayAbIH JKarIaiibl
OTaHJBIK (hapMaleBTUKAIBIK OHMIPICTIH TOMEH IaMybIMEH IIHEIICHICITT OTHIp.
Okinimke opaif, 6apssIK 1opi-gopMekTin 90-95% merenmen kenemi [1].

OtaHnaplK  Jopi-mopMeK  eHAipiciH  yileiMaacTeipy ymiiH Kasakcranma
IIUKI3aTTBIH JKCTKUIIKTI CHUHTETUKAJBIK JKOHE TaOuru pecypchl 0ap. OcbiFaH
OailTaHBICTBI  OTAHABIK IMHUKI3aTTBIH O€JICEHII KOMIIOHCHTTEPIH KeIeHi
3epTTeyre OarbITTalFaH 3epTTeyJiep OJapAblH HEri3iHAe TOXipuOemiK MeauInHa
KaXKETTUTIKTEpl YIIIH XaHa THIMIUTIT KOFapbl JSPUIIK 3aTTapAbl jkacay YIIiH
YJIKeH ©3eKTilikke ue [2].

OpTypii  QyHKOHOHANABI (QparMeHTTepai Oip Molekymara OipiKTipeTiH
KOCBUTBICTAPBIH CHHTE31 ONapIbIH OWONOTHSIIBIK OCNICEHAUTIKKE e3apa ocepiH
3€pPTTECY TYPFBICHIHAH KBI3BIFYIIBLIBIK TYIBIPAJIbl KOHE OaFbITTAIFaH XUMHSIIBIK
MOIU(UKANMSIHBIH kaHa MYMKIHIIKTEPIiH amIassl.

Kazipri ke3ge TaOWFM  KOCBUIBICTApIABIH  CHHTCTHKAIBIK  TYpPIEHYI
(dapManieBTHKa FHUIBIMBIHBIH JKETEKII OaFbITTapblHBIH OipiHe aiiHammel. byn
TIPUIUTIK  OPEKETIHIH Kypaehal OHOXHMHMSIIBIK IPOLECTEPIHIH HOTIKECIHIC
CHHTE3/ICNITCH 3aTTap/blH EPeKIe KYPbUIBIMbI MCH OHOJIOTHSIIBIK KACHUETTEpiHE
0ailyIaHBICTBI. AJIKAJIOUATAP - O©CIMJIK TEKTEC aJFalllKbl KOCBUIBICTAPIBIH Oipi,
OJIapJIbIH HETI3IHIe NopUIIK mpenapatrapibl *acay YIIiH (apMaKoIorTapablH
HazapbiH ayaapsl [3].

CHHTETHKANBIK  TpaHCQoOpMalusFra  MEPCHeKTUBTI  aJKAJTOUJTAP.IbIH
KaTapbiHa >KOFapbl (PU3NOJIOTUSUIIBIK OCJICCHIIIITT Oap aHa0a3WH JKaTaJIbl.

AHaba3uH - Anabasis aphylla eciMmumikTepiHiH HeETi3ri allKaJOWJIBIL.
MorekynacelHia apOMAaTThl 3JEKTPOH THIFBI3MBIFG  JICTOKAIU3AIMICH  Oap
SKIHIIUTIK aMUH TOObI Oap NUPHIWH >KOHE NUIIEPUIUH (PparMeHTTepi Oap
aHa0a3uH KOH(GOPMAITHSUIBIK JIAOWIBIUIIKIICH CUIIATTAIA b,

byn kacueTTep aHaba3WHTe KYPBUIBIMAAPABI MOAUDUKAIMSIIAYAA MAHBI3IbI
CUHTETUKAJIBIK MYMKiHAiIKTep Oepeni. CoHmai-ak KypbUIBIMBbIHAA MUPUIUH MEH
MUIEPUINHHIH ©3€Ti 0ap aHaba3uHIe IETeH KbI3BIFYIIBUIBIK OJIap/IblH KaTapblHaa
OnoNorusUTBIK OesiceHi 3aTTapAblH OonyblHa OalaaHbICThL. DapMaKOIOTHSIIBIK
KacueTTepi OolbIHIIA aHA0a3WH aJKAJIOUATAPHl TAHIJIMO3Ibl yIapFa >KaTaJlbl
koHe THNTIK H-xomuHomuMernk Oornbin TaObuiaabl. bipkarap 3eprreyuiiiepain
eHOekTepl [4] KepceTkeH aHAOa3WHHIH MHUIEPUANH CAKUHACBIHBIH a30ThIHAFbI
CyTeri aJKuj HeMece alliil paJuKajllapbIMEH aybICTHIPHUIFAH/A YHITTHUIBIKTHIH
TOMCHIICYl JKOHE KbI3bIKTHI OHMOJIOTHSJIBIK KACHETTepIiH Tmaiina O0oiysl
Oaiikanmazpl. AjgaM ar3achiHa Oipereil (hM3MOJIOTHSIIBIK dcepi OOJIFaH »Kariaia
ankamounarap Oip Mesringe kaHama, yibl ocepre ue. OcblfaH OalIaHBICTHI
3epTTEYIIUIEP HETi3r1 (PU3NOJOTUSIIBIK SCEPiH CAaKTAHTHIH )KOHE KAXKETCI3 )KaHaMa
acepiepJeH adbIphLIAThIH TYBIHABUIAPABI ally VINIH Oy 3aTTapibl XUMHSIIBIK
TYPICHIPY JKOJIbIHA Ha3ap ayaapst [5].
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By >KYMBICTBIH MaKcaThl - aNKaJIOMATAPIBIH KaHA OHIMIHIH KYPBUIBIMBIH
OeJin ay, aHBIKTAY KOHE aHAIBIeTHKAIBIK OCJICEH IUTITIH 3epTTey.

2. Toxipuoenix 66imM

Kocwuisictapasie, *H sxone BC SIMP cnekrpnepi CDCls-re Bruker AV-400
criexkrpometpinae (400 >xome 100 MI'm) TantaHabl. ASKBIPaTBIMABUIBIFBI KOFaphI
Mmacc-ciektpiaep DFS  ThermoScientific =~ macc-ciekTpoMeTpinae — 3epTTeni
(Oymanmpiprem Temmneparypackl 200-250°C, 3meKTpOHABI 9cep €Ty MOHHU3ALMICHI,
70 3B). Mettler Toledo FP 900 tepmosxytiecitae 6anKky TemrepaTypachl aHbIKTAIIbI
[6].

Peaknmsimapaein  OappichiH  Oakputay  xiopodopm—oaTanon 5:1  xyiieciHn
KojmaHa oOThIpeI, Sorbfil mmactmHaceiHma >KykKa KabaTTel XpomaTtorpadus
OMICIMEH JKy3ere achIpbUIIbI JKOHE HOJM KamepachlHIa KepceTuimi. Peakuus
OHIMJIEpl AaTIOMWHUI OKCHII KaThICBIMEH OaraHambl Xpomartorpadus omici
apKbUTbI OeJTiHIM abIHIb! [7].

(S)-1-Metwn-3-(1-(5-pennnuzokcazon-3-kapOOHUIT ) TUITEPUIHH-2-FT )
MUpUANH-1-nyM Homumi (S)-(2-IupuanH-3-unnunepuaus-1-mm) (5-
(eHMIM30KCa301-3-11) METAaHOHHBIH METWIMOIAMINEH pPEaKIHsIapbl apKbLIbI
anpiHbl. (S)-1-Metui-3-(1-(5-penunnmrcokcaszon-3-kapOOHUIT) THIICPUIUH-2-HIT)
nupuanH-1-uym Hoauain aneiaysl: 0.02 MoNb YHIIHINI PETTIK aMHH KOCHACHI,
0,5% sTaHoNmaH abIpbUTy YIIiH anabiH ana 1 Toymik Goibsl CaCl, kaTbichiHma
kernripinred 30 MII KYpFak TUXJIOPOMETaH JKoHE 3 MII KYpFaK HOJIOMETaH/a 5 KYH
KapaHFsl JKepJie YCTaNIBI, COaH KeHiH Tarbl 1 KyH KaiHaTeuIas! [8].

Epitkimrepai Oesin  aJfaHHAaH JKOHE BaKyyMJaFaHHaH KEHIH CaHIbIK
IIBIFBIMBL  0ap JaiiblH MakcaTThl ©HIM anblHAbl. [lereiMer 95%, kaliHay
temnepatypacsl 64—65°C [9].

UK cnektpi (KBr), v, em™: 3030, 2926, 2855, 1633 (C=0), 1589, 1571,
1500, 1472, 1445, 1391, 1254, 1220, 1160, 1129, 1070, 1020, 982, 945, 900, 830,
810, 767, 687, 672. Y® cnexrp (MeOH, ¢ = 7-10° mons/n), Amax, HM (g): 222
(28000), 267 (25000).

SIMP cnektpi *H (500 MI'u, CDCl3), 8, m.a.: 1.49-1.75 m (4H, 2CH,), 1.77—
1.83 ™, 1.93-2.11 M (2H, CHy); 2.52-2.72 m (1H, NCHy); 3.15-3.25 m, 4.19-4.24
M (1H, NCHb>); 4.65 ¢ (3H, NMe); 5.84-6.01 m (1H, CH); 6.84 c, 6.94 ¢ (CHisoxc);
7.33-7.41 M (3Hapow); 7.62—7.76 M (2Hapow); 8.07 T (1Huup, J 6.9 I'n); 8.27-8.46 m
(1Hup); 9.03-9.20 M (2H ).

SMP cnektpi B¥C (125 MI'u, CDCls), 8, m.a.: 19.63 (CHz); 25.07, 25.40
(CHy); 27.39, 28.32 (CHy); 39.43, 44.64 (NCHy); 50.25 (NMe); 51.10 (CH);
100.99 (CHisoxc); 126.16 (2CHapow); 128.54 (1CHapon); 129.31 (2CHapon); 130.96
(1CHuup); 144.01 (1CHuwp); 144.27 (1CHyuwp); 144.37 (1CHuwp); 126.64; 141.57;
158.81; 161.92; 170.85 (5Cuers.).

Onemenrti tanpay: %: C 53.44; H 4.81; 1 26.55; N 8.74. C21H2IN30,. %: C
53.06; H 4.67; 126.70; N 8.84. M 475.33 ecenremninii.

Macc-criektp, M/z (I, %): 348.20 [M-1]* (100).

(S)-1-Metun-3-(1-(5-pennnuzokcazon-3-kapOoOHWUIT) TUTICPUINH-2-HT)
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OUpUAMH-1-uyM  HOAWIIHIH ~ aHAIBIeTHKAIBIK KACHETTepl aK  TYKBIMCBHI3
TBIMIKAH/IaPFa XUMHSUTBIK TITIPKEHY ChIHAFBI («CIPKE CYbI» ChIHAFBI) 3€PTTEIICH.

Cipke KbIIKbUTBIHBIH 0.75% epitinaici xxanyapabiH 10 r canmarbiaa 0.1 mu
MeJIIEepiHe Kl KypibicbiHa eHri3ingi. Cipke KbIIKBUIBIH eHrizyneH 30 MUHyT
OypbIH 3epTTeieTin 3aT 50 MI/KT 103a7a ackas3aH imriHe eHri3uigi. TiTipkeHaiprin
eHTi3reHHeH kein 6ipaeH 30 MuHyT 00¥BI Oypamy sl cCaHAIbI.

CansicTeIpy Tpenapatsl 25 MI/KT 103a1a chiHanFaH «JlukinodeHak HaTpHidi»
Oonpinm  TaObmanel. YJTiIHIH aHANBIETUKANBIK ocepi Oakpuiay TOOBIHAAFHI
KaHyapilapJarbl THICTI KepceTkimTepMeH caimbicTeipranga 10, 15, 20 xone 30
MUHYT I HIE ecenTenTeH «OypalyIbIH» CaHbIH a3aliTy KaOiJeTiMeH aHBIKTaJIIbI.

3. 3epTTey HOTHKeTEPi MEH TAIKbLUIAHYBI

ByJ1 sKYMBICTa aHAIBI€THKAIBIK OencenaimikTi 3eprrey (S)-1-mermi-3-(1-(5-
(beHMIN30KCa3071-3-KapOOHWIT) MUIEPUIANH-2-UT) TUPHIUH-1-uyMm #Homumi (1)
XUMUSUTBIK TiTipkeHgiprimke (0,9% cipke KbIIIKBUIBIHBIH €piTiHIiC1) OalIaHbICThI
aybIPCHIHY PEAKIMACHIHBIH MOJENiHE Oip peT SHTEepaIbbl €HTi3y apKbuibl (S)-1-
metmi-3-(1-(5-bennnmm3okcason-3-kapOOHMT) MUIEPUANH-2-WIT) THPHIHH-1-HyM
vonuni (1) 25 Mr/xr go03aga CeHIMJII aHAIbIeTUKAIBIK OCIICEH/UIIKKE Ue EKCHIH
kepcerti. ConbiMeH katap (S)-1-metmin-3-(1-(5-henunmzokcason-3-kapOoHT)
MUTIEPUTITH-2-1T) nupuInH-1-ym HOOUIIHIH aybIpy bl OacaTbelH
aHaJbreTHKAJIBIK ocepi AuKIo(eHak HaTpUiTre KaparaHjaa skorapel. HoTmkenepi
CTaTHCTHKANBIK oHaey «Statistica 8.0» Oarmapiamanblk MakeTiH mMaiinanana
OTBIPBITT JKYPri3imi. AJBIHFAaH HOTIDKEIEp «opTamia =+ opTalia MOHHIH
CTaHIApPTTHl KaTelmik» TypiHume OepinreH. Tomapanblk —adbIpMamIbUIBIKTap
mapamertpiik emec Mann-Whitney U-tectimen Garamanasr. P < 0.05 MoHiHIH KO
JKETKI3UINeH JICHreHiHaeri albIpMambuIbiKTap CceHiMIai gen caHainasl. (S)-1-
metmi-3-(1-(5-bennnncokcaszon-3-kapOOHUT ) TUIIEPUANH-2-HIT)  THPHIHH-1-HyM
WONMIIHIH aHAJIbIeTHKANIBIK OCJICEHAUIINH 3epTTey HOTIKeIepi 1-kectene
KOPCETLITEH.

Kecre 1 - (S)-1-metuin-3-(1-(5-pennnucokcazon-3-kapOOHUIT) THIEPUIUH-2-1IT) THPUANH-1-HyM HOAUII
YJITiCiHIH aHANIbIeTUKAJIBIK OCJICSHAUTITIH 3epTTey HOTHXKeNIepi

3aTThIH aTaybl, MOJILEP] Bakplaynarsl KOPCETKIIITEPACH aflbIpMAIIBUIBIFBI, «CipKe
CYBIHaH OypaJtybl» CaHbIH a3a10bl
10 MuHyT 15 MuHYT 20 MuHYT 30 MuHYT
barputay T | 324499 64.5:10.6 | 95.1+12.0 106.2+11.2
Juknodenak HaTpus 25
wr/er | 15:8+4.0 36.5+9.4* 42.8+9.3 56.9+10.7
(S)-1-Metun-3-(1-(5- 25
(hennmcokcazon-3- MI/KT
KapOOHWIT) MUIEPUANH-2- 9.7+4.6* 16.2+£8.5* 26.3+10.1* 40.3+16.5
WIT) THPUANH-1-nymMm
HOIUIl
Eckepmy: * - p<0.05 6akpiraymen canvicmoipzanoa
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4, KOopbITBIHABI.

3epTTenreH YITIHIH aHAIBIETHKAIBIK OeJICeHAUNri MUKIo()eHaK HaTpui
OolibIHIIA OaranaH/bI. Kecrte JepeKTepiHeH (s)-1-metmn-3-(1-(5-
(beHnnM30Kca3on-3-kKapOooHU)  THUINEPUIWH-2-W)  NUPUAMH-1-uyMm  Hommmi
CTAaHAAPTTH TUKIIOPEHAK HATPHHIIEH ©3iHIH KepceTKimTepi OOWbIHIIA 25 MI/KT
703a/1a achlll TYCKEHI KepiHim Typ. 25 wmr/kr memuepi (S)-1-metmn-3-(1-(5-
(ennncokca3on-3-kapOoHWIT) MUIEPUANH-2-WT) MUPUANH-1-uyM Hoama «cipke
CyblHaH OypamysD» Ke3iHge nukinodenak Harpuidi 20 wmuHyTTa 1.6 ece
CANBICTBIPMANbl ~ TpemapaTblHAaH  achlll  TYCETIH AaiKbIH  AaHaIbleTHKAaJbIK
OeJICeHAUTIKTI KopceTei.

3eprTeneTiH yari 25 MI/Kr MelmiepiHae, ajl CaJbICTBIPY MpenapaTtsl 25 mr
MOJIIEPiHAe ChIHAABL. 3epTTey HoTIKenepi Ooibiama (S)-1-metmn-3-(1-(5-
(heHnnM30KCcazon-3-KapOoOHUI) MUIEPUINH-2-WJ1) NUPUAWH-1-MyM HOIWAiIHIH
aHAIIBIeTUKAIBIK OeJICeH/Iiiri 0ap eKeHiH KOpCeTTi.

Kap:xbuianapipy: 3eprrey skymbichl Kaszakctan PecmyOnmkacel FouibiM koHE >KOFapbl OifiM
MUHHCTPIIrT FBUIBIM KOMHUTETIHIH TPaHTTHIK KapXbuianabipy OoiibiHIma NeAP19674667 xobaceiMeH
Kap KbLIaHIbIPBUIBL.

U3YUYEHHUE AHAJIBTETUYECKOM AKTUBHOCTH (S)-1-METHJI-3-(1-(5- .
OEHWIN30OKCA30.1-3-KAPBOHWJI) MANEPUINH-2 W) IUPUAWH-1-UYM HOAUJA

I'.K. Mykywesa®, A.P.’Kacvimberosa', M.P.Anueea®”, M.JK.Kaiivipoaesa', A.C. Mascumos®
'Kapazanounckuii ynugepcumem umenu axademuxa E.A. Byxemoea, Kapazanoa, Kazaxcman
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Pe3tome. Bsedenue. B mocnenHee BpeMs MOCTOSIHHO PAacTeT BHUMAHUE CIICIUAINCTOB K JICKAPCTBEHHBIM
rpenaparamM HpUPOIHOTO MPOUCXOKACHHS. MIHTepec K MPUMEHEHHIO TaKUX MPENaparoB, MOJYUYCHHBIX U3
MPUPOIHOTO  CBHIPbS  OOOCHOBBIBA€TCS  BBICOKOH  A(Q(QEKTUBHOCTHIO,  IIUPOKMM  CIIEKTPOM
(apMaKoIOru4ecKoil aKTHMBHOCTH, @ TaKKe BO3MOXKHOCTBIO HCIIONB30BaHUS HMX B  TEUYCHHE
MIPOJIOJDKUTENFHOTO BPEMEHHU 0€3 BOSHUKHOBEHHUSI OCIIOKHEHUH M MOO0YHBIX 3(dekToB. Bo Bcem Mupe
YBEIMYMBACTCS YACIBHBIH BeC M O00BEM TIPOM3BOZACTBA JICKAPCTBEHHBIX IIPENapaToB, ITyTEM
CHUHTETHYECKHX TpaHCGOpMalMii BEIIECTB, BBIIEIIEMbIX H3 JHUKOPACTYLIIMX M KyJbTHBUPYEMBIX
pactenuii. BemiecTBa pacTHTENBHOTO NPOMCXOXKICHHS HAXOMAT IIMPOKOE NPUMEHEHHE B KayecTBE
OHMOJIOTHYECKH aKTHBHBIX JI00aBOK, arpOXMMHUYECKUX cpeAcTB. McciemoBanus B 00JlacTH COBPEMEHHOMN
XMMHH PacTUTENBHBIX BEIIECTB B pECHyOnnke M 3a pyOeKOM IOCBSIIEHBI MHOTOIUIAHOBOMY H
KOMIUIEKCHOMY M3y4YE€HHIO PACTUTEIBHOTO CHIPbs, BKIIOYAIONIEMY BBIICIICHHE U YCTAaHOBICHHE CTPOCHHS
U XUMHYECKHX CBOWCTB KOMIOHEHTOB pACTCHHH, HCCIEIOBAHHE WX OHOJOTHYECKOH aKTUBHOCTH,
pa3paboTky 5((EeKTHBHBIX ¥ 3KOJOTMYECKH Oe30MacHBIX CHOCOOOB KOMIUIEKCHOW —IepepaboTKu
pacTHTEIBHOTO CHIpbs. [IpHBIIEKATENFHOCT K COSTMHEHUSIM MPOU3BOAHBIX AJKAJIOMIOB OOYCIOBICHA
MHOTOTPaHHOCTBIO HX PEaKIMOHHOW CHOCOOHOCTH, a TaKkKe MPAaKTUYECKUM HCIOJIb30BAHHEM
MIPOM3BOAHBIX AJKAIIOWAOB B KaueCTBE JICKAPCTBCHHBIX CPEICTB. YUMTHIBAs BBICOKYIO MOTECHIUAIBHYIO
aKTUBHOCTb, B MHpPE BEIYTCS MHOTOYHCIICHHBIC HCCIICIOBAHUS, HANpaBICHHbIE Ha IIOMCK HOBBIX
JICKapCTBEHHBIX CPEJICTB PA3IMYHOI0 HAa3HAYCHHS CPEI NPOM3BOJHBIX AJKAJIOWIOB, TAKXKE SBISETCS
JIOCTYITHBIM U TIEPCIIEKTUBHBIM HCXOIHBIM COCAMHEHHEM IIPH pa3padOTKe CTPATETMH CO3MaHMS HOBBIX
XHMpaJbHBIX ~KaTaJn3aTOpOB AaCHMMETPUYECKOro CHHTe3a. MoanpuKamus MOJIEKYJl HPUPOIHBIX
COCIMHEHUI IyTeM BBEACHHS TAKOTO 3aMECTHUTEINS SIBJISICTCS OAHUM U3 MEPCHEKTUBHBIX HAIPaBICHUN B
MOMCKE HOBBIX OMOJIOTMYECKH aKTUBHBIX COCIMHEHHH. AHAIN3 Pe3yIbTaToOB AKCHEPUMEHTOB MO OLCHKE
aHaJbreTHYeCKOM aKTUBHOCTHM TIOKa3al, 4Yro o0paselny o0jagaeT CIOCOOHOCTBIO — YMEHBIIATh
BBIP2)KEHHOCTh CHEU(UUYECKUX HOLMIENTUBHBIX OTBETOB y KpPBIC HPH XUMHUYECKOM pa3apakeHHH
OprommHbl. OTMEUEHO, YTO NMPU BHYTPUOPIOMIMHHOM BBeICHHU 1% pacTBOpa YKCYCHOM KHUCIIOTBHI y BCEX

95


mailto:madiko8707@mail.ru

KA3AKCTAHHBIH XUMHA )KYPHAJIBbI XUMHYECKHUY XX YPHAJI KA3AXCTAHA

MOZOMBITHBIX JKUBOTHBIX BO3HMKAJIM «YKCYCHBIE KOpUM» (XapaKTepHble JBHXKEHHS IKMBOTHBIX,
BKJIIOYAIOIME COKpAIlleHNe OPIONIMHHBIX MBIIIL, Yepeyloluecs ¢ UX pacciaabieHueM, BBITAIMBAaHUEM
3aJIHUX KOHEYHOCTEH U MPOrHOaHNEM CIIHHBI).
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INFLUENCE OF CHEMICAL MODIFICATION ON THE
COMPOSITION AND PROPERTIES OF ORGANOMINERAL
COMPOSITE MATERIALS
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Abstract. Introduction. The structure characteristic and polyfunctionality of humic substances
makes it possible to obtain new products by chemical modification. The aim of this work is to study the
regularities of sodium humate modification processes with phosphogypsum and phosphogypsum with
polyacrylamide (PAA) mixture, to establish the composition and properties of obtained organomineral
composite materials. Methods. Chemical analysis, infrared spectroscopy, differential thermal analysis and
scanning electron microscopy. Results and discussion. The possibility of obtaining new types of products
by modifying sodium humate with phosphogypsum and its mixture with PAA is shown. The dependence
of the composition and properties of obtained organomineral composite materials on the modifier nature
has been revealed. The chemical modification has been shown to increase the content of COOH groups to
0.24 mg-eq/g, phenolic OH groups to 1.83 mg-eq/g, total pores to 0.44 cm®g, static exchange capacity to
27.25 mg-eq/g, P20s to 1.34%, nitrogen up to 1.71% and the humic acid yield - up to 42.83%. The
reaction between sodium humate and phosphogypsum proceeds leads to an increase in the content of total,
digestible and water-soluble forms of P.0s. Conclusion. It has been established that the use of
phosphogypsum for humic substances modification contributes to the phosphorus production waste
processing. Organo-mineral materials obtained by modifying sodium humate acquire growth-stimulating,
fertilizing, reclamation, water-retaining, and sorption properties. The complexity and multi-component
composition of synthesized compositions is determined by DTA, IR, SEM methods. It has been shown
that when sodium humate is modified with phosphogypsum, ion exchange reactions and complex
formation occur.

Key words: sodium humate, phosphogypsum, polyacrylamide, chemical modification,
organomineral composite materials, carboxyl and phenolic group, ion exchange, complexation
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BJIUSHUE XUMUYECKON MOJU®PUKALIMA HA COCTAB U CBOMICTBA
OPI'TAHOMMHEPAJIbHBIX KOMITIO3UIIMOHHbBIX MATEPHUAJIOB

V.JK. /Tncycunéexos’, I.O. Hypzanuesa®', 3.K. Baaxmemosa®, Xamou Temen?
A0 Uncmumym xumuueckux nayk umenu A.5.Bexmyposa, Anmamoi, Kazaxcman
2Vuueepcumem Hquodicne, Typyus

“E-mail: N_gulzipa@mail.ru

Pe3rome. Bseoenue. OCOOGEHHOCTh CTPOCHUS M HAJIMYUeE OOIMMPHOro Habopa (yHKIMOHAIBHBIX TPYII B
COYCTAaHHU C APOMATHYCCKHMH (PParMEHTaMH ONIpEJeIseT MIMPOKHH CIEKTp XHMMHYECKOH aKTUBHOCTH
TYMHUHOBBIX BEIECTB, a HANpaBICHHAas XUMHYeCKas MOAU(UKAIUSA IO3BOJIET IOJNyYaTh HOBBIC
MPOJYKThl Ha MX OCHOBE C IIEHHBIMU CBOWCTBaMHU. [[enb OaHHOU pabomel U3y4eHHE 3aKOHOMEPHOCTEH
MIPOIIECCOB MOMU(UKAIMU TymaTa HaTpus (Gocdoruncom u cMmechio Gocdorumnca ¢ NoIMaKpUIaMUIOM
(ITAA), ycraHoBieHHE COCTaBa M CBOWCTB MONYYCHHBIX OPraHOMHHEPAJBHBIX KOMITO3UIIMOHHBIX
MarepuanoB. Memoosi. [IpuMeHsIn MeTo/Ibl XMMHUUYECKOro aHaiu3a, MH(PaKpacHYI0 CIEKTPOCKOIHIO,
i depeHINANbHBIT TEPMUYECKUH aHAIM3 W PACTPOBYIO DIEKTPOHHYIO MUKPOCKOLHU. Pesyivmamul u
obcyscoenue. B naHHOM paboTe IOKa3aHa BO3MOXKHOCTh IIOMYYEHHUs HOBBIX BHJIOB HPOAYKTOB,
00JIaarOIUX BBICOKOI aKTUBHOCTBIO XMMUYECKOH MoauduKanueil rymara Hatpus ocdorumncom u ero
cmecbtio ¢ ITAA. BesiBieHa 3aBUCHMOCTh COCTaBa ¥ CBOMCTB IIONYy4YEHHBIX OPTaHOMUHEPAIBHBIX
KOMIO3MLMOHHBIX MaTepUajoB OT HPHPOABI MoAM(HUKATOpAa. YCTaHOBJIEHO, YTO XHUMHYECKas
moaudukarus criocodcTByet yBenuuenuto coaepxkanust COOH-rpynm go 0.24 mr-3kxs/r, ¢penonapHbix OH-
rpym - 10 1.83 Mr-sks/T, cyMMapHOTo o6beMa 1op - 10 0.44 cm®/T, cTaTuueckoi 0OMEHHOM eMKOCTH - 10
27.25 mr-3kB/r, obuiero P20s - mo 1.34%, obGrero azora - 10 1.71% 1 BbIX0Ja TYMHHOBBIX KHCIIOT - [10
42.83%. IlokazaHo, 4TO peakLys MEeXI1y I'yMaToM HaTpus U Gocdoruncom nporekaer 0e3 perporpaganuu
P20s, 3T0 IPHBOIUT K POCTY COIEPXKAHMS OOILEro, YCBOSEMBIX M BOXHOPACTBOPUMBIX (hopMm P20s.
3axnouenue. Y CTaHOBICHO, YTO HCIONBb30BaHUE (ocorumnca aisi MOAU(GUKAIMY T'YMUHOBBIX BEILECTB
crocoOcTByeT mnepepaboTke orxoma docdoprHoro mnpomssopctBa — (ochorunca. IlonydeHHBIC B
pe3yibTate MOAMMUKALMK T'yMaTa HaTpusi (GochorurncoM u ero cMmechbio ¢ ITAA opraHOMHHEPAIbHBIC
MaTepHabl NPHOOPETAIOT POCTOCTUMYIIHPYIOLINE, ynoOpHTebHbIe, MeITHOpPaTHBHBIE,
BIIATOYy/ICp)KUBAIOIIKE, COpOIMOHHBIe W apyrue cBoictBa. Merogamu JITA, UKC, POM wu
(YHKIMOHAIBHBIM ~ QHAJIM30M  YCTAHOBJIICHA  CIOXXHOCTh M MHOTOKOMIIOHEHTHOCTH ~ COCTaBa
CHUHTE3UPOBAHHBIX OPraHOMHHEPAIbHBIX KOMIIO3UIMOHHBIX MaTepuainoB. Jlannbie UK-criekrpockonuu u
(YHKIIMOHAIBHOTO aHAJIM3a MOKa3alld, YTO MPH MOIH(HKALUK T'yMaTa HaTpust (OCGHOruncoM IpoTeKaroT
peakIMu HOHHOTO 00OMEeHa M KOMIIIEKCO00pa3oBaHusl.

KioueBble cjioBa: rymar Hartpus, (ochOrurc, MONHAKPHIAMU, XHMHYECKas MOIH(DUKAIHS,
OpraHOMUHEPAIbHBIC KOMITO3HIMOHHBIC MaTEpHalbl, KapOOKCHIbHAS W (DEHOJbHAS TPYIa, WOHHBIN
00MeH, KOMILJIEKCO0Opa3oBaHue

Jicycunbexos Ymupsax Kymacunoeuy 00KMOp MexHuueckux Hayx, npogeccop

Hypzanueea I'ynzuna Opvinmaegna O00KMOP XUMUUECKUX HAYK

baaxmemoesa 3amupa Kenecoexosna KaHouoam Xumu4eckux Hayx

Xamou Temen 0.X.H., npogeccop, dekan paxyrvmema papmayesmuuec-

Kol xumuu ¢ Ynueepcumeme /uooicie (Typyus), oupek-
mop Beicweil wKkobl ecmecmeeHHbIX U NPUKIAOHBIX
HAYK,  pYKOOOUmenb  HAYYHO-UCCIeO08AMENbCKO20
yenmpa «Hayxka u mexnuka, npumeHerusy.

1. Beenenune

I'ymunoBbie BemectBa (I'B) m3-3a ocobeHHOCTEW cocTaBa M CTPYKTYPHI,
oM YHKIINOHATBHOCTH YYacTBYIOT B pasziNWuHbIX peakiusx [1-3]. Beicokas
XMMUYecKash aKTHBHOCTh ['B mo3Boisier myreM MOAMQHKALUN H3MEHHUTh HX
COCTaB M CHHTE3MPOBATH NPOLYKTHI C 3aJaHHBIMH CBOMCTBAMH. Y CTAHOBIICHO,
4TO MexaHoXuMmHuueckas Moaudukauus TymuHoBbIX KucioT (I'K) mosbmmaer
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MOBepXHOCTHYIO akTuBHOCT, ['K [4]. ABtopamm [5, 6] mokazaHo, 4YTO
momubpukammsts 'K ¢ HyO, crmocoOCTByeT  yBENIMYEHHIO  COAEPKAHMUS
KapOOKCWIIBHBIX M  KapOOHWJIBHBIX  Ipynn.  BeisiBieHa  BO3MOXKHOCTh
WCTONB30BaHHe MOAU(DUIIMPOBAHHOTO 3-aMHUHOIPONUIATPUITOKCHCHIaHOM ['B
IUIsl BOCCTAHOBIICHHUS JETPaAupoBaHHbIX 1mo4B [7], maraetutom 'K B kadectse
copbenra [8-11]. B pabGore [12] moka3aHO IOBEIIEHHE OHOJIOTHYECKOM
aKTUBHOCTH MoAn(uIMpoBaHHBIX H-OyTanonoM ['K. Momudukauus 'K mo tumy
(denondopmanpaeruIHON KOHACHCALUH C Pa3IMYHBIMU [IPEKYPCOPaMH IPUBOAUT
K pocty copOnuoHHOH emkocth 'K k HeopraHMYeckMM W OpraHHMYECKUM
ToKcHKanTam [ 13].

W3 aHanu3a HaydyHO-TEXHUYECKOM JIMTEPATYpPHI CIELYET, YTO XHUMHUYECKas
Monudukanus ['B Mo3BONSET MOMYYHTH Mpenaparthl, MPEBOCXOSIINE CBOMCTBA
ncxongaeix K. OmgHako mopasisromiee umciao pabor mo moampukammu ['B
BKJIFOYAIOT CJIOKHBI OpPraHWYeCcKHi CHUHTE3. B CBA3M € 3TUM, BO3HHMKAET
HE00XO0MMOCTh B pa3paboTKe HOBBIX MeTO0B Moaudukauu ['B.

B cBs3u ¢ BbIIICU3JIOKCHHBIM, LCJIBIO IlaHHOfI pa6OTI)I SABIACTCA M3Yy4YCHUC
3aKOHOMEPHOCTEH MPOIeCCOB MOMU(HKAINK TyMmaTa HaTpus (ochOorumncoMm u
cmechio (ocdorunca ¢ [IAA, ycTaHOBIEHHE COCTaBa M CBOWCTB ITONYYEHHBIX
OpPraHOMUHEPAJIBbHBIX KOMIIO3UIIMOHHBIX MaTCPpUAIOB.

2. JKcnepuMeHTAJbHASA YaCTh

Jnsi  BBIIONHEHMS  DKCIIEPUMEHTOB  HCIIONB30BAIM TyMar  HaTpus,
BbIIIeNIeHHbIN 13 Oyporo yris Oii-Kaparaiickoro mectopoxaeHus (AjIMaTHHCKAs
00J1.) CIIeIyIOMIEro cocTaBa, Mac.%: BBIXOJ CBOOOJHBIX T'YMHUHOBBIX KHCJIOT
(HA®") — 43.06; 30mpHOCTB (A?) — 28.80; Biaxknocts (W?) — 11.93. B kavecTtBe
Monudukaropos npumeHsun ¢ochorunc ¢ conepxannem B mac.%: CaO — 27.08;
P20s06m. — 1.37; P2O0sgon. — 0.30; MgO — 0.19; SO3— 39.43; Fe — 0.30; Fosu— 0.50;
As—0.0017; P — 0.00025; Zn — 0.0005; H.0. — 12.73 1 nonMaKpuiIaMuI.

B TtepMmocraTHpyeMmblii CTakaH TIpH COOTHONIEHHH «(pochOorumnc-rymar
Hatpuss» =1:5 wu «dochorumnc-rymar Harpus-onmakpwiamugy =1:5:0.2
rmoMemanu HaBecky (ocdorunca mmbo cmech Qocdorunca n ITAA, Tyna xe
N00aBIISUIA PacTBOP TymMaTta HAaTpHs, 3aTeM MOJyUYSHHYIO CYCIIEH3UI0 HHTEHCUBHO
nepememuBany B teueHne 60 mMuH npu Temnepatype 40-60 °C. Jlanee mynbiy
BBICYIIIUBAIIN JIO0 TIOCTOSTHHOTO Beca Tpu 75-80°C, B CHHTE3MPOBAaHHBIX 00pasax
XMMUYECKUM aHAJIM30M ONpEeAEIsUIM COJCPKAaHUS KUCHBIX TPYMI, CyMMapHBIHA
00beM mop, cTaThyeckylo obmeHnylo emkocth (COE), comepxkanuss HA%
paznuunbix Gopm P20s 1 Nogw, [14-18].

UK-cniektpsl o0pasuoB cHumanun Ha HWK-Dypbe-cieKTpoMeTpe MOAeIH
«Thermo Electrony» (dupma Nicolet 5700, CIITA) B muamazone aawH BoiaH 4000-
400 cm? B Tabnerkax ¢ KBr. Otnecenne monoc nornomenus B MK-cektpax
NpPOBOAMIN B  COOTBETCTBUM C  JIUTEpaTypHbIMH  AaHHbIMH  [19,20].
TepmorpaBuMeTprUeCKre W3MEpEeHUsT MpoBOaAMWIM Ha aepuBaTorpade Q-1000/D
cuctembl F.Paulik, J.Paulik m L.Erdey (¢upma MOM, Benrpus). Cremky
OCYIIECTB/ISUIA B BO3IYIIHOW cpefe, B auana3zoHe temmepatyp oT 20 mo 1000°C,
pesxum HarpeBa — nuHednsrd (dT/dt = 10rpag/mMuH), STalOHHOE BEIIECTBO —
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npokanenubiii  Al,Os, HaBecka oOpasma — 300 mr [21]. MuKPOCTPYKTYpY
MOJTyYEHHBIX 00pasIos HCCIIeIOBAITN Ha 3IIEKTPOHHO-30HI0BOM
mukpoananuzatope JXA-8230 (dbupma JEOL, Snonus) mnpu yckopsromeMm
HamnpspkeHuH 25 kB u Toke snexTpoHHOTo mydka 10 100 HA.

3. Pe3yabTaThl H HX 00CYKIEHUE

KommiekcoM XUMHUYeCKUX M (U3UKO-XHUMHUYECKHUX METOJOB HCCIECIOBaHBI
COCTaB M CBOHCTBa OPraHOMHHEPAIBHBIX KOMIIO3HIMOHHBIX MAaTepHajoB,
MOJTy4YeHHBIX TIPH MOTU(HUKAIMN Tymara HATpus (GochOTHIICOM H CMECHIO
¢docdorumnca c [TAA.

®ocorurc sBIASETCS KPYMHOTOHHAXHBIM OTXOJAOM IIPU TIPOM3BOJICTBE
OKCTPAaKIUOHHON  ¢ochopHOil KucioTel u  (QocopHBIX ymoOpeHHdd U3
¢docharHoro ceippsi. OCHOBHBIM  KOMITOHEHTOM  ¢ocdorumca  sBISETCS
CaS04-2H:0 (ue menee 80%), B coctaBe (hocorumnca taxxe copepxkarca Al2Os,
Fe.Os, coenuHeHus MHKA, BaHAaus W Ap. MetawioB [22]. M3eectHo, uto I'B ¢
MOHAMHU S-2JIEMEHTOB O00pa3ylOT HOHHBIE, a p- H O-2JEMEHTOB TaKxke
KoMIUTeKcHbIe coeanaenus [8, 13, 23]. [loaToMy MOXKHO TPEAONI0KHUT, YTO TIPU
Momudukanmmu Tymata HaTpus ¢ocdorumcom, cMecelo ero ¢ [TAA
KapOOKCHIIbHEIE, ()eHONBHBIE U p. PYHKIUOHABHBIE rpymibl ['B cBs3bIBaOTCS C
nonamu Ca, Mg, Fe, Zn, Pb u np. smemenToB, comepkaruxcs B dochorurnce, ¢
o0pa3oBaHNEM MOHHBIX U KOMIUIEKCHBIX coniell. M3menenne coxepkanns COOH-
rpynn ot 0.20 mo 0.24 mr-ske/r, denonpubix OH ot 1.79 mo 1.83 Mr-ske/r
(tTabnmmma 1) moOka3piBaeT, YTO MOAUGUKAIUS BIMSIET HA PEAKIHOHHYIO
CIIOCOOHOCTh, AaKTUBHOCTh M  (DU3UKO-XMMHYECKHE CBOMCTBA ITOJYYEHHBIX
00pasIoB.

Tabauna 1 — XapakTepucTrka 00pa3ioB OpraHOMHHEPATbHBIX KOMIIO3UIIHOHHBIX MAaTEPHUAIIOB

Bun monudukatopa CogeprkaHue KUCIBIX CymMapHBIi COE,
TPYII, MI-3KB/T 00BeM 1op, MT-3KB/T
COOH OHopor oM/r
®docdorurc 0.20 1.79 0.24 24.38
Cwmecs pocdorumnca u [TAA 0.24 1.83 0.44 27.25
Ilonumepuble  rumgporenu, B  ToM  uucie IIAA  saBistoTcs

cynepabcopOeHTaMH, KOTOpBIE TaKKE CIIOCOOHBI MOIJIOMATh W HAaKaIlUIMBaTh
OTPOMHOE KOJM4YeCcTBO BOJbI [24]. Kak BuIHO M3 TaOuuipl 1, ipu MomuduKaniu
rymaTa HaTtpus cymmapHbiii 06beM op u COE o6pasuos gocturaer 0.44 cM®/r u
27.25 wr-skB/r cootBercTBeHHO. CremoBarenbHo, Moaudukamus ['B cmecwro
¢ochorunca u ITAA ciocoOCTBYeT MOBBIIIEHHIO COPOIIMOHHBIX XapaKTEPUCTHK
MOJTYYEeHHBIX 00pa31oB, a TAKXKE MPHUIAIOT UM BIIArOyAEP)KUBAIOIINE CBOMCTBA.
VYcraHOBIeHO, YTO MomuduKanus Tymara HaTpus (QOCPOrumncoM, ero
cmechio ¢ [TAA (tabmuia 2) npuBOAMT K pOCTy cojepkanus Bcex ¢popm P20s (10
1.34%), Noow. (m0 1.71%) um HA%' (1o 42.83%). Tak kak, B pe3yJabTare
NPOTEKaHMS KOMIUIEKCOOOpa3yIoMnX, AaHHOHO- M KaTHOHOOOMEHHMBAIOIINX
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MPOILIECCOB MEXAY aKTHBHBIMU (D)YHKLIMOHANBHBIMU Tpyniamu ['B u dpocdorumca
WOHBI KaNbIs, MarHus, jkee3a M Jp. MEepexosT B OpraHHYEecKyio (GopMmy U
MIPOWCXOANT BEICBOOOXKAEHHE (ochopa u3 ¢ocdorurca, YTO MPUBOANT K
MOBBIILICHUIO €TO MOJABMKHOCTH M 3 dexkTuBHOCTH (K0I(DOUIMEHTHI YCBOSIEMBIX
tdhopm P20s nocturatot 97.01 otH. %).

Ta6auna 2 — XapakTepucTrka MOAN(GHIMPOBaHHBIX 00pa31oB

Bun mosmduxaropa Conepxanue P20s, mac.% Nosu., Mac.% | HA%® mac.%
oo, YCB. BOJH.
docdorurc 1.32 1.27 0.71 1.44 42.34
Cwmech pocdorunca u [TAA 1.34 1.30 0.73 1.71 42.83

W3 ananu3a NOJNYyYEHHBIX MAHHBIX CJEOyeT, 4YTO HCIOJIb30BaHUE IS
monudukanuu ['B dochorunca u ero cmecu ¢ [TAA ciocobeTByeT nepepaboTke
¢ochorunca U MOIYYEHUIO HOBBIX MPOAYKTOB C POCTOCTUMYJIHMPYIOIINMH,
yIOOpUTENEHBIMU, MEITHOPATUBHBEIMHE, BIIATOYACPKUBAIOIINMH, COPOIIMOHHBIMU
U JIp. CBOMCTBaMHU.

Hannpie TKC noka3pIBatOT, YTO MPOUCXOAUT XUMUYECKOE B3aUMOACHCTBUS
mexay ['B u mogudukatopamu. Tak, Ha UK-criekTpax rccneayemMbIx o0pas3ios B
obnactu 1650-1630 u 1500-1410 cm! HaGmomaercs ymUpeHHs M CMELICHUS
[10JIOCHI HOTJIOLIEHHUS M3-3a HanoxkeHus v kKojebanuit C=C, COO -uonoB u OH-
¢deHonoB rymara ¢ v u 6 konebanusimu NHo-rpynm ITAA, a Taxke xojneOaHHAMU
docdorunca, a mpu 1210-1200 u 1140-1130 cm? — § xonebGanuii CIMPTOB U
¢dochar-uonor [19, 20]. Iomock v konedannu OH-rpynmn npu 3580-3450, 2990-
2980 cm™ xapakrepnsl it ['B u pocdorurca, a Taxke 8 v v KOJIEOaHUIM CBI3H
N-H B amunorpymmax. Ilomocel B obmactu 850-470 cm? cOOTBETCTBYIOT
konebanusM cesizn Me-O B komruiekcax, gocdar-uonam u [TAA. Hamoxxenue
YKa3aHHbIX T0JIOC MOTJIOICHNS IPUBOJUT K UX CMELICHHUIO U CIIUSHUIO.

OTOTITOMEHRNE
rb
N

B A

4000 3S00 3000 2S00 2000 1S00 1000 S00 V,cm !

Pucynok 1- UK-criektps! rymara Harpust (1), moguduunpoBassbix dpochorucom (2),
cMeckio pocdorunca u [TAA (3) obpasuos

102



ISSN 1813-1107, elSSN 2710-1185 M 3, 2023

YcraHoBIEHO, YTO 3HAOTEpMHUUYECKUH 3 (dekT Ha TepMorpaMMax (pUCYHOK
2) B wuHrepBame Ttemmepatyp 80-210°C  cBs3aH ¢ MpOTEKaHHEM
JeTHIpaTallMOHHBIX TpoleccoB [21]. Dk3orepmuueckue 3QPEeKTbl B HHTEPBAIC
temneparyp 380-810 °C BBI3BaHBI pacIleIUICHHEM MaKpPOMOJEKYJbl T'yMarToB,

YaCTHYHBIM  OKHCJICHHEM  adu(aTH4eCKUX  CTPYKTYp,  paspylIeHHEM
apoMaTHUYECKOTO JIpa U pa3oKEHUEM MUHEPATBHON YacTH.
a b
/{4

I.-u..‘.-..u.-,....-: ||'.Hlln.'r'||l\.r'l i

PucyHnok 2 — TepmorpaMMbl MOIM(HIIUPOBAHHEIX Gocoruncom (a),
cMechio pocdorunca u ITAA (b) obpa3nos

Metogom POM  ycraHoBieHo, 4YTO MOAM(HUKAIMM Tymara HaTpus
¢dochoruncom u ero cmeceio ¢ [IAA mpUBOAUT K M3MEHEHHIO €T0 CTPYKTYPBI
(pucyHnok 3).

Pucynoxk 3 — Mukpogororpadguu rymara HaTpust (), MoanHuunpoBaHHbIX Ppocdorumncom (b),
cMeckio pocdorunca u [TAA (c) obpasios

4. 3akn04eHne

KoMIutekcoM XHMHUYECKHX U (PU3MKO-XUMHUYECKUX METOIOB HMCCIIECJOBAHUI
(UKC, POM, [ITA) noka3zaHa BO3MOXKHOCTh TTOJTyYCHUS HOBBIX BHIOB MPOIYKTOB
C 33/IaHHBIM COCTaBOM M PETYJIUPYEMBIMH CBOWCTBAMHU MYTEM XUMHYECKON
momudukauun I'B  dochoruncom u ero cmeceto ¢ I[IAA. Ilpu sTOM
ucnojib3oBanue docdorunca mis moaudukanuu I'B crocoOcTByeT nepepaboTke
orxonaa (ochopHoro mpousBojicTBa. Ha ocHOBaHHU MTPOBEICHHBIX UCCIICIOBAHUN
YCTaHOBJICHO, YTO IPH B3aHMMOJCWCTBMM rymara Harpus Qocdorurcom, ero
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cmechio ¢ [TAA 00pa3yrOTCsi MOHHBIE M KOMILUICKCHBIC COCIMHEHHUS. AHamu3
MOJIYYEHHBIX PE3yJbTATOB IMOKA3bIBAET CIOXKHOCTh W MHOTOKOMIIOHEHTHOCTD
COCTaBa CHHTE3UPOBAHHBIX OOPA3IOB OPraHOMHHEPATBHBIX KOMIIO3UIIHOHHBIX
MaTepHaioB. BhIsSBIECHO, YTO MpU MOAMGHUKAIMKA TyMaTa HaTpus (OChOrumcoMm
MmoJlyyaeMble  MPOAYKTHl  obOoramiarorcs  ¢gochopoM U Ap. Makpo- H
MUKpodJeMeHTaMu. Moaudukamus rymara cMmecbio Qocdorunca u [TAA
NpUaeT KM  POCTOCTUMYIUPYIOIIUE,  YIOOpUTEIbHbIC, MEIHOPaTHBHEIC,
BJIATOY/ICPKUBAIOIINE U COPOIIMOHHBIC CBOMCTBA.

dunaHcupoBanue: Pabora BbINOJIHEHA [0 MPOrpamMMe LENeBOro (MHAHCHPOBAHHS HAy4YHBIX
uccnenoannii Ha 2023-2024 rr., ocymectBisiemoro Komurerom nayku MHBO PK, mo mporpamme
BR18574042.

KoHdaukT uHTepecoB: ABTOPHI 3asABISAIOT 00 OTCYTCTBUH KOH()JIMKTA HHTEPECOB MEXKIY
aBTOpaMH, TPEOYIOIIEro PACKPHITHS B JAHHOM CTaThe.

OPITAHOMMHEPAJIIbI KOMIIO3ULUAJIBIK MATEPHUAJIJAPABIH KYPAMbI KOHE
KACHUETTEPIHE XUMMUAJIBIK TYPJEH/IIPYIIH O9CEPI

O.JK. Kycinbexos', I.O. Hypzanuesa'", 3.K. basxmemosa', Xamou Temen®

10.B. bexmypoe amvinoazwl xumus euiaeimoapul uncmumymol AK, Anmamet, Kasaxcman
2[luxne ynueepcumemi, Typxus

“E-mail: N_gulzipa@mail.ru

Tyiiingeme. Kipicne. KypbUIBIMBIHBIH CPEKIIENITi JKOHE apOMaTHKAIBIK (parMEHTTEPMEH TipKeCKEH
(YHKLIHOHAJIABIK TONTAPJABIH KEH >KUBIHTBIFBI TYMMHJI 3aTTapAblH XUMHSIBIK OJICEHIUITIHIH KeH
ayKbIM/IBUIBIFBIH aHKBIHIANIBI, al OaFbITTATFaH XUMHSUIBIK TYPJICHIIPY ONapIblH HeriziHe KYHIBI
KacuerTepi 0ap jkaHa eHIMIEp/i anyFa MYMKIHAIK Oepeni. Kymvicmoly Makcamsl HATPUA TyMaTBIHBIH
¢docoorumncnen, docdorunc xone nommaxpunamuy (ITAA) kocmackIMeH TYPICHAIPY YAEpiCTEpiHIH
3aHIBUIBIKTAPBIH 3€PTTEY, aJbIHFAH OPTaHOMUHEPAIIbl KOMIO3HIMAIBIK MaTepHAIAapAbH KYpaMbl MeH
KAaCHETTEepiH aHbIKTay. Odicmep. XUMUSUIIBIK Taliay, WHPPAKBI3BUT CIIEKTPOCKOMHS, AU hepeHIHATIbI
TEPMUSUIBIK TAJIAY XKOHE PAcTpIli IEKTPOHABI MUKpOCKomHs. Homuoicenep men mangwinay. JKymbicra
HaTpuit rymateiH Qocdorurncnet, dpochorunc xone ITAA KocmacbIMEH XUMUSUIBIK TYPICHAIPY apKbUIbI
acep ery CHOeKTpi KeH OHIMIACpIiH JKaHa TYpJiepiH aiy MYMKIHOIrT KepceTinmi. AJbIHFaH
OpraHOMHHEPAIIbl KOMITO3HIMSUIBIK MaTepHalIIapAblH KypaMbl MEH KACHETTEpiHIH TYpJICHIIPTIMITIH
TabuFaThIHA OailIaHBICTBUIBIFBI AHBIKTANBL. XUMISUIBIK TYypiaeHaipy COOH Tontapsiaey Memmepi 0.24
Mr-okB/r, Qenonmsl OH TonrapbubiH — 1.83 Mr-sks/r, KybICTHIH kammbl kejemidin — 0.44 cmiIr,
CTAaTHKAJIBIK aJIMacCy CHIMBIMIBLIBIFBIHBIH - 27.25 MKB/T, sxanmsl P20s - 1.34%, sxanmnsr a30TTeiH — 1.71%
JKQHE TYMUH KBIIIKBUIIAPBIHBIH IIBIFBIMBIHBIH 42.83% neiiiH jkoFapbUIayblHa BIKIIAT STETiHI aHBIKTAJIbL.
Harpuii rymatsl MeH Qocdorurnctiy apaceinaars! peakuus P2Os-TiH peTporpalauschlHChI3 KYPETiHAIT
aHBIKTaABL, Oyl P2Os-TiH >kammsl, CiHIpIMII XKoHE CyJa epHUTIH TYPJICPiHIH MeIIIepiHiH apTyblHa BIKIAT
ereni. Kopvimoinowvl. ['ymMuHAl 3aTTapapl TypiaeHaipy yuin ¢ocdoruncti xongany ¢ochop eHIipiciHiH
KaJIJIBIK OHIMI (ocdorurcTi Kaira eHjeyre bKnain ereni. Hatpuit rymatsin GpocdorurcieH xoHe OHBIH
ITAA KocrackIMEeH TYpICHAIPY HOTIDKECIHAE aJbIHFAaH OpraHOMMHEpalIbl MarepHannap ocyui
TE3CTKIINTIK, THIHAUTKBIITHIK, MEIHOPATHBTIK, BUIFAl CAKTaFBINTHIK, COPOIMAIBIK JKoHE Oacka
kacuerrepre ue Oomansl. JTA, HWKC, POM ixoHe (yHKUMOHANIBIK Tajgay oicTepiMeH
OpraHOMUHEPAIIABl KOMITO3ULHMSIIBIK MaTepHaIapIblH KYPaMBIHBIH KYPICIUIIri MEH KOIIKOMIIOHEHTTLIIr
alikpiHganapl. Hatpuit rymatein Qocdoruncrnen TypiaeHAipreHe HOH ajaMacy KoHe KOMIUIEKC Ty3lly
peakmusIapsl KypeTiHi aHbIKTangpl. MK-crekTpockonms sxoHe (QYHKIMOHANNBIK Taljgay HOTIDKeIepi
HaTpuil rymatbiH (ocoruncneH TYpICHAIPreHae MOH ajaMacy *oHe KOMIUIEKC TY3LTy peakiusiapsl
XKYPETiHIH KOpCeTTi.

Tyiiinai ce3gep: Hatpuit rymatsl, ¢ocdorunc, NONHAKPIWIAMHJ, XUMHSIBIK  TYPJICHIIPY,

OpraHOMHHEpaIbl KOMIIO3ULIMSIBIK MaTepuaniap, KapOOKCHI jkoHe (EHOJI TONTapbl, HOH ajMacy,
KEIIEH TY3Y
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SYNTHESIS OF A DOUBLE COMPOUND BASED ON DIMETHYLOL
UREA AND PHYTOCOMPOUND OF MOLYBDENUM AND THE STUDY
OF ITS INFLUENCE ON THE POPULATION OF SOME SOIL
MICROORGANISMS AND ACCUMULATION OF NITROGEN
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Abstract. Introduction. Drillers used for agricultural crops, in particular cotton seeds, cannot
provide additional nitrogen feeding in the required volume during a shortage of nitrogen fertilizers. This
article sets the task of creating a new active substance based on the phyto compound dimethylolure and
molybdenum, which allows you to reduce cotton diseases in cotton cultivation, increase the accumulation
of light hydrolyzed nitrogen in the soil and obtain a high cotton yield. The purpose. Study of chemical
interactions in a three-component aqueous-salt system of dimethylolure-molybdenum phyto-compound-
water by isothermal method. Objects. DMM, FSMo, double compound DMM is the active reactant of
FSMo. Results.The isothermal method at a temperature of 25°C found that in the concentration range of
solutions of 12.2-9.8% DMM and 2.8-5.4% FSMo, DMM crystallizes in the system, at a concentration
range of 5.7-2.1% DMM and 12.3-15.5% FSMo, FSMo crystallizes, and in the concentration range of 8.2
-6.4% DMM and 6.2-9.3% FSMo, the compound DMM<FSMo is separated from the solution into this
phase.Conclusion. The chemical interaction in the water-salt system dimethylol urea (DMM) -
molybdenum phytocompound (FSMo) - water was studied by isothermal methods of chemical analysis.
The region of crystallization of a new double compound, an active substance based on DMM and FSMo,
was established at a molar ratio of 4DMM*FSMo. On model soil samples, it was determined that the
active substance - the double compound 4DMM<*FSMo against the background of ammonium nitrate, in
comparison with ammonium nitrate, increases the number of nitrogen-fixing bacteria by 3.0 and 3.2 times.

Key words: dimethylolurea, molybdenum phyto compound, easily hydrolyzable nitrogen, active
substance, isothermal method, crystallization, double compound, system
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Tyiiinaeme. Kipicne. Aypln ImapyallbUIBIFBl JaKpUIApbIHA, aTam aWTKaHAa MakKra TYKbIMJapbiHa
naiIanaHblIaThlH JIOPIIETilTep a30T THIHAWTKBIITAPBIHBIH TAIIBUIBIFEl KE3iHAE KaKETTI Keliemje
KOCBIMIIIA A30TIIEH KOPEKTeHAIpe anMaiiapl. Byl Makanaga MakTa ecipyie MakTa aypynapbiH
TOMEHJETYTre, TOIBIPAKTA JXEHIT T'MAPOJIHM3ICHETIH a30TThIH JKUHAIYBIH KOOCHTyre j>KOHE MaKTa/aH
JKOFaphbl OHIM ayFa MYMKIH/IIK OEpeTiH UMETHIOIMOYEBHHA MEH MOJNOACH (PUTOKOCHIIBICHI HETi3iH/Ie
kaHa OesceHIl 3ar Kypy MiHAETI KoWbuwaH. Makcamul. JIAMETHIIOIMOYCBHHA-MOINOACHHIH
(DUTOKOCHUTBICHI-CY YIII KOMIIOHEHTTI CYyJBI-TY3/Ibl JKYHECIHIETl XUMUSUIBIK ©3apa JpeKeTTeCyiH
HU30TEPMUSUTBIK dfictieH 3eprrey. Hoicandap. JJMM, Mo®K, koc koceuibic [IMM-Mo®K 6Gencenai
opekertecyuni 3at. Homuoicenep. 25°C temnepartypana u30TepMusuibik oic 12.2-9.8% MM xone 2.8-
5.4% Mo®K epiTinainepiHiH KOHIEHTpalus quanazonbiaa MM xyiiene, 5.7-2.1% IMM xone 12.3-
KOHIICHTPAIMSI THANA30HbIHA KPUCTAJIAHATHIHBIH aHBIKTa b 15.5% Mo®K kpucrtanmanags xoHe 8.2 -
6.4% JIMM sxone 6.2-9.3% Mo®K kontentpaius auanaszonsiaaa IMMeMo®K KoCbUTBICH epiTiHIiAeH
ochl (azara Oemineni. Kopvimsinowvl. Xana Koc KocbutsIcThIH, JIMM sxoHe Mo®K Herizinzaeri Oencennui
3aTThiH KpuctanjaHy aiMarel 4/IMMeMo®K Momspnblk KaTelHachiHAa OenriteHnai. 4:1 Monpmik
KaThlHACTA JUMETHIOIMOYCBHHA JKOHE MOJHOACHHIH (PMTOKOCHUIBICH HETI3iHAE OPEKETTECYIIli 3aTThIH —
JKaHa KOC KOCBUIBICTBIH KPUCTAJJIaHy aiiMarbl N30TEPMUSIIBIK OJIICTIEH aHBIKTANAbl. MOJEbIIK TOMBIPAK
yirinepinzne OeyiceHAl 3aT — aMMOHHMH CENMTPACcHIHBIH (DOHBIHAAFBI Koc Kochuibic 4/IMMeMo®K,
aMMOHHI CETUTPACBIMEH CANBICTBHIPFAH/IA, a30TThI OEKITEeTiH OakTepusIapasiH canbiH 3.0 sxoHe 3.2 ecere
apTThipaThiHbl aHbIKTAABL. 4/]IMM*Mo®K KOC KOCBUIBICHI TOMBIPAKTA JKEHII THAPOIU3ICHETIH a30TThIH
anramkel 20 kyHae 46.6-47.2 mr/kr tonbipakka aeiin, 40-mbr kyHi — 50.9-51.5 mr/kr xone 60 xKyHze —
54.7-55.4 Mr/kr >KMHaKTalyblHa BIKIIAN eTeTiHI kepceringi. bynm 3eprreynep aszorThl OekiTeTiH
OakTepHsIap CaHBIHBIH KOOCIOIHIH HOTIIKEIEPIMEH KaKChl COlKeC KeJei.

Tyiiin ce3jep: AWMETWIOIMOYEBHHA, MOJHMOACHHIH (UTOKOCBUIBICH, H30TEPMUSUIBIK dJiC, KEHLI
THIPOJIM3/ICHETIH 30T, 9PEKETTECYII 3aT, KPUCTAIaHy, KOC KOCBUIBIC, XKYiHe
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1. Kipicne

OTKeH Fachlpla MakTa JaKbUITAPBIHIAFBl TaMBIp IHIpITi JKOHE TOMMO3
aypynapblHa OYTiHTI KYyHHIH TanaOblHa cail KEeIMEHTIH TYKBIM OHJICTIllITep
Konganbutran [1-4].

O30ekcran PecryOnmkaceiHaa MakTa TYKBIMBIH nopineymri «[1-4» [5], an
Kazakcranma OesnceHAi HMHTPEIMEHT MOHO-, IWMETHIOIMOYEBUHA  OOJBII
tabbutaTeiH 20% cynsl cycnensus «CyHkap-3» [6] xacanran. byn nopineymri
3aTTap a3 yibl KOCBUTBICTAP OOJIBI TaOBLUTAIbI.

«CyHKap-3»  MakTa  TYKbIMBIH  OHACHTIH  KYpaJlJblH  TOMBIPaK
KYHapJIBUIBIFBIHA KOHE KOFapbl OMONOTHSIIBIK THIMIUTTIHE OH 9CepiH THTi3e
OTBIPHIT, OJ1 O©CIMIIKTI KOCHIMINA KOPEKTIK a30THEeH KaMTaMachl3 eTHeHli jKoHe
THUICIHIIIE ITUTTI MAaKTAaHBIH JKOFaphl OHIMIH OCpeIi.

bi3 makra ecimuikTepiHiH aypynapblH Oip Me3riije aszaiTyra, TONBIpaKTa
JKEHII THIPONHM3ICHETIH a30TTHIH JKHHAKTATYbIH apTTHIpyFa >KOHE IIHTTI
MaKTaHbIH XXOFapbl OHIMIH alyFa MYMKIHAIK OepeTiH Ken (pyHKIMOHAJbI dpeKeTi
Oap OesnceH i 3aT jxacay MiHACTIH KOHIBIK.

2. ToxipOuenik 601imM

3epTTey HBICAaHAApPBI-AMMETUIOAMOYeBHHA ([IMM) skoHe MONMOACHHIH
¢uToxocwutbickl (Mo®K).

3epTTey MiHJIETIHE JKeTy YIIiH (U3MKa-XUMHSJIBIK —Tanjgay oficrepi
TaHJAIbl — H30TEPMHUSIIBIK, MUKPOOUOJIOTHSUIBIK — MUKPOOPTAaHU3MACPIIH KEKe
TONTAPBIH aHBIKTAY YKOHE TOIBIPAKTAFbI )KEHIJ TUAPOIU3ICHETIH a30TThI Tajay.

N30TepMuUsIIBIK Tajgay ofici TYpakThl TEMIEpaTypaja Tere-TeHIIK Maiia
OoJFaHFa JeiiH CYWBIK KoHE KaTThl (a3zanapplH OalTaHbIChIHA HETi3JeNreH, Ol
[7] cunatTanFaH 9Jlic HETi3iH/E KY3ere achIpbLIaIb.

MUKpOOHONOTHSIIBIK ~ 3epTTeyJepAi KYprizy ojictemMeci MbIHaJIapaaH
TYypazpl: ©CIMIOIK KaJAblKTapbl Oap Makra ceOyre apHaiFaH TOIBIPAKTHI
KOJIIaHBIHBI3: a30T-21.3 Mr/Kr TombIpak koHe ochop menTokcumai — 17.4 Mr/kr
Tomblpak, Kapamipik — 1.18%. Tomblpak yirinepi aMMOHHMH CEJNUTPACHIH,
JAMMMo®K xoc kochutbichiHbIH 10 xoHe 20% epiTiHAUIEPiH TONBIPAKKa €HIi3Y
apKbUIbl HalbHAaNansl, 16.5% cy maccara AeiiH bUTFaIIaHAbBIPBUIA B, TOMBIPAK
apamacansl xoHe 20-25 °C temmneparypana 30 KyH cakraigagsl. Op 3 KyH CalbIH
tomblpakTa 16.5-16.8% wMacca bUFanApl ycTam TYpy YLIH bUFaIIaHABIPY
Xyprizizeni. TonblpakTbIH MHKpOOMOJIOTHSIIBIK 3epTreyiepi 30 KyHHEH KeliH
Kyprizinesi.

MuxpoOuoIorusIIbIK 3epTTey oxici CYHBUITY oniciMeH
MUKPOOPTaHU3MAEPAIH KeKe (U3HOIOTHIIBIK TONTAPBIH CAHJIBIK €CEIKe alTyIaH
Typajbl, COAAH KEHiH oJlapabl SpPTYpPJi KOPEKTIK 3JICKTHUBTI OpTajapra eryicH
Typazsl [8, 9].

Kenin rupponmsznenerin azor U.B.Tropun xone M.M.KonoHoBa anicimen
aubpIKTaansl [10].
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Byn JKyMmpIcTa KOJNJAHBUIATBIH FBUIBIMH 3€pTTEYJEp OIiCHAMAaCBIHBIH
KAHAIIBUIABIFEl OHBIH KYPACTUIIriHAE JXOHE 3epTTeyAiH MHUKPOOUOJIOTHSIBIK,
arpoOXMMHUSUIBIK 9iCTEpiMEH pacTalaThiH ajJbIHFAH HOTHXKENEP/iH TOJBIK KoJleM/Ie
JKOHE CEHIMIUTITIHAEC OpBIHAANYBIH KaMTaMmachl3 eTeTiH (QU3NKa-XUMHUSIIBIK
3epTTey oMiCTepiH AYPHIC TaHIAyda KaThIp.

3. HoTmkesiep :KaHe TAIKbLIAY

JIMM-Mo®K—cy  ymrik  Ky#deci  (QU3MKa-XUMHIIBIK  TaJdayIblH
M30TEePMUSIIBIK 9iciMeH 3epTTenreH. JKylene dha3aibIk Tere-TeHaik 8,5 caraTTan
KeWiH Y3[IKCi3 apalacThIpy JKoHEe TEPMOCTATTay Ke3iHJle OpHATHULABI. AJBIHFAH
maniMertep CkpeliHemakepc OoibIHINA KATThl (pa3aiapAblH KYpaMblH aHBIKTAY
xoHe 25°C KesiHAe epirilTik AuarpaMManapblH KYpy VIIIH MaixaaaHbUIIbL.
IMM-Mo®K—cy kyieciHiH epirimTiri Typaimsl nepekrep 1 - cyperrte
KEJTIPUITeH, OHBIH iIIIHJE 3ePTTEITeH XYiee )KaHa KOChUIBICTBIH Taiaa 00yl
— IMMe* Mo®K.

BoAA ) 20 60 50 DM %
Cyper 1 — IMM—-Mo®K-—cy xylieciHiH epirilTiridiH H30TePMUSIIBIK AUATPAMMACHI

Epirimrik nepextepinen (l-kecte) 12.2 — 9.8% MM xone 2.8 — 5.4%
Mo®K epiTiHzinepiHiH KOHIIEHTpalus quana3onbidaa MM xyitene xone 5.7 —
21% IMM xone 12.3 — 15.5% Mo®K xoHIEHTpanus guama3oHbBIHJA
KpUCTaJiaHaThIHbI 1biFaapl. Mo®K kpucranmganazpl. 8.2 — 6.4% JAMM sxone 6.2
— 9.3% Mo®K xonuenTpaius auanazoHbiHga JMMeMo®K KOCBLIBICHI
epiTiHAiZieH ToMeHr1 (pa3ara MIbIFapblUIaibL.
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Kecre 1 — IMM—Mo®K-cy epirimririnig aepexrepi

CyifbIK KarTbl Kanuslk Kypamel, % Katts! daza
(azanbIg Kypamsl, %
JMM Mo®K JIMM Mo®K
12.2 - 15.2 - JMM
115 2.8 23.5 54 JMM
9.8 54 27.8 5.6 JIAMM+/IMM * Mo®K
8.2 6.2 35.8 6.4 JMMe Mo®K
7.3 8.6 38.3 7.2 JMMe Mo®K
6.4 9.3 418 10.4 JAMMe Mo®K
6.1 10 43.6 12.7 JIMM+Mo®K+ Mo®K
5.7 12.3 48.1 134 Mo®K
5.2 12.5 8.5 37.2 Mo®K
4.8 12.8 6.3 40.2 Mo®K
3 13 54 36.3 Mo®K
2.1 13.1 3.8 35.7 Mo®K
- 155 - 100 Mo®K

XUMUSIIBIK ~ TATJAYIBIH U30TepMHUSUTBIK  omictepi [IMM-Mo®K-cy ym
KOMITOHEHTTI Cy—Ty3 )YHECIHAET1 XUMHUSIIBIK ©3apa opeKkeTTecy i 3eprrei. JKana
KOC KOCBUIBICTBIH KPHUCTAJJIaHy aiiMarbl aHbIKTaAbI-0eacer i 3aT JJMMe Mo®K.

Tombipak ynrinepinge OenceHai 3aTTHIH — JUMETHIOIMOYEBHHA HETi3iHAer]
Koc KOCBIIBICTBIH KoHE MOJb KaThiHachl 4:1 TeH OoJiFaH Ke3Jae aMMHaK
cenuTpachkl GOHBIH/IA allbIHFaH MOUOIeHHIH PUTOKOCHITBICHIHBIH — 200 kr/ra (68
kr/ra N) TOIObIpaKk MHUKPOOPTaHM3MJEPIHIH — €pKiH TIPHIUTIK eTeTiH,
thocdoppopmMoOUIN3aANUATANTHIH OaxTepusIIapabIH, reTepoTpodTHI
OaKTepUsUIap/blH, AIBITKBl CaHBIPAYKYJIAKTAPBIHBIH, OJUTOTPOPTAPABIH KOHE
JEHUTPUPHUKATOPIIAP TOMBIPAKTHIH T'yMYChl MEH HUTPATTHI 30THIH BIBIPATAIBL.

3epTTey VIIIH OCiMIIK KaJIbIKTapbl 0ap MaKTa AaKbUIIAPBIHBIH TOIBIPAFHI
naiinanansuiel. TomblpakTarsl a30T neH (ochop NEHTOKCHIiHIH, TYMYCTBIH
KOpeKTiKk Kypambl: Tombipakra 21.3 mr/kr — N; 17.4 mr/kr — P2Os; 1.18 % —
Kapamripik. TonmbIpakTeIH MOJENBIIK YITIEpI TONBIPAKKa aMMHAaK CETUTPACHIH,
IUMETWIIONIMOYEBMHA  HeEri3iHAeri Koc KocbUIbICThIH 10% xoHe 20%
EPITIHAUIEPIH JKoHE MOJIMOEH (DUTOKOCBIIBICHIH €HI13y apKbUIbl JadbIHIAIIbI.
KommoneHnTTepai apanacTelpy KYpPri3iimi, SFHM TONBIPakTel cymeH 16.5%
Maccara JIeiiH burraansipy xkoHe oHbl 20-25 °C temneparypana 30 KyH ycray.
Op 3 KyH caiiblH TONBIPAKTHIH BUFANIBLILIFEI 16.5-16.8% mMaccara jeitin
cakTayipl. TOMBIPAKTHIH MHKPOOHOJIOTHSIIBIK 3epTreyiiepi 30 KyHHEH KeHiH
KYPrizinmi.

2-KecTeJie TOIBIPaK MUKPOOPTraHU3MJIEPiHIH CaHbIHA aMMHUAK CEIUTPachl —
200 kr/ra (68 kr/ra N) (hoHbIHAa MOJIb KaThIHACKI 4:1 TeH OOJIFaH Ke3/e ajblHFaH
JUMETHIIONMOYEBHHA OHE MOJIMOAEH  (UTOKOCBUIBICHI  HETI3iHAE  KOC
KOCBUIBICTBIH 9cep eTyi OOMbIHIIA JepeKTep KeATIpiIreH.
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Kecte 2 — AMMOHMII HHUTpaThl MEH OeNICEHII 3aTThIH — AWMETHIOIMOYEBHHA JKOHE MOJHMOJCHHIH
(UTOKOCHUIBICHI HETi31H/Er1 KOC KOCBUIBICTBIH TOMNBIPAK MUKPOOPTaHU3MEPIHIH CaHbIHA dcepi

Hycxkanapasix ataybl Tomnbipak MEKpOOpPraHU3M/ICPiHiH caHbl, 1,0 I TOMbIPaKTaFbI
MJIH.
epKiH eMip ¢dochopasr OJIMTo- JIEHUTpPU-
cyperinzep MOOHITH3a Tpodrap ¢ukaTopiap
LHSUTAYIIBI
1. bakputay-TonbIpak 0.53 0.61 5.42 5.75
2. KypaMbIHzia aMMOHHI HUTpAThI Oap 0.55 0.74 10.8 12.6

tonbipak-200 kr/ra (68 kr/ra N)

3. KypaMbIHaa aMMHAaK CETUTPACHI 1.66 1.97 5.55 5.86
6ap tombipak-200 kr/ra (68 kr/ra N)
skone 100 mut / ra 10% JIMM sxone
Mo®K HeriziHmeri KOC KOChUIBICTBIH
CYCICH3USCHI

4. KypambIH]a aMMHAK CETUTPACHI 1.74 2.34 5.52 5.70
6ap Tombipak-200 kr/ra (68 kr/ra N)
skone 100 mut / ra 20% JIMM sxone
Mo®K HeriziHmeri KOC KOChUIBICTBIH
CYCIIEH3HUSCHI

AnplHFaH ~MoNiMeTTepiieH OelceHAai 3aT — aMMOHUH HHTPATHIHBIH
(hOHBIHAAFBI KOC KOCBUIBIC KOC KOCBUIBICHI JKOK aMMOHHUI HHUTpaThIMEH
CaITBICTBIPFaH/1a MbIHAAP/IBIH CAHBIH apTTHIPATHIHBI aHBIKTAJI/IBI:

- a30TTHI Ty3eTiH OakTepusuiap 3.0 xone 3.2 ece;

- (hocdopap! MOOMIIM3aNMsITAY Bl OakTepusimapsl 2.7-3.2 ecere;

-oCIMJIIK KaJJIBIKTAPBIHBIH BIBIPAYBIH JKOHE ©3re e T'YMYCTBIH TY3UIyiH
KaMTaMachI3 eTeTiH reTepoTpodThI Oakrepusap MEH AIIBITKBI
caHplpaykyrakrapel 1.6 xone 3.1 per. Conpaii-ak, OeiceHAi 3aT aMMHaK
CeNUTPACHIHBIH, (DOHBIHAA KOC KOCBUIBIC OOJBINT TaOBLIANbI, all KOC KOCHUIBICHI
KOK aMMHaK CEJTUTPAChIMEH CaJbICThIPFaHIa OJap/IblH CaHbIH a3aiTajbl:

- TONBIPAKTHIH TYMYCHl MEH HUTPATTH a30ThIH 2.1 xoHe 2.2 ece, 2.9 koHe
3.0 ece bIIBIpaTaTBHIH OJIMTOTPOQTAp MEH ASHUTpH(UKATOpIIAp.

Mopnenbaik TONBIPAK yiriiepinge ammuak ceaurpacsl — 200 kr/ra (68 kr/ra
N) sxoHe OeyiceHJl 3aT — aMMHaK CeJUTPachl (POHBIHAA MOIb KaThbiHACKHI 1:1 TeH
OonraH Ke3/e aNbIHFaH TUMETWIOIMOYEBHHA JKOHE MOJIHMOAEH (UTOKOCHUTYBI
Herizingeri koc kKoceuiblc — 200 kr/ra (68 kr/ra N)Oap TOmbIpakTBIH acepi
ANKbIHIAJIBI YIII aif 1II1HAe KEHUT THAPOJIU3ISHETIH a30TThIH )KUHAKTATYbIHA.

3epTTey VIIH OCIMJIIK KaJIIbIKTapbl 0ap MaKTa AaKbUIIAPBIHBIH TOIBIPAFHI
naiinanansuinel. TomblpakTarel a30T neH (ochop NMEHTOKCUIiHIH, T'yMYCTBIH
KopekTik Kypambl: N-21.3 mr / kxr Tonbipak; P2Os-17.4 Mr / Xr TONBIpak; ryMmyc —
1.18 %. TombIpakThlH MOJCNIBIIK YJTUIEpl TOIbIPAKKA aMMHAK CEJIMTPAChIH,
TUMETHIIONMOUYCBUHA JKOHE MOJUOJEH (DUTOKOCBUIBICHIH —HETI3IHACTI KOC
KochIbICTRIH  10% sxoHe 20% epiTiHAINEpiH eHTi3y apKbUIbl JAalbIHAAIIBL.
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KommonenTTepai apamacTelpy >KYpri3iimi, TomelpakTel 16.5 % wmaccara aeifin
CYMEH BUIFAIIIaHBIPY koHe oHbI 20-25 °C Temneparypaga 60 kyH ycray. Op 3
KyH caiiblH 16.5-16.8% TombIpaKk BUIFAIIBUIBIFBIH CaKTay YIOIH TOMBIPAK
BUTFJIIaHIBIPBLUIIBI

3-kectene 60 KyH immnHAE TOMBIPAK YITUIEpiHAE >KEHINT THAPOIU3ACHETIH
A30TTHIH KUHAKTATYBI TYPaJIbl MATIMETTEDP KEATIpiireH.

Kecre 3 — 20, 40 xoHe 60 KyHHEH KEHiH TOMBIPAaK YJTUIEPIHAC >KEHUIT THIPOJU3ACHETIH a30TThIH
JKMHAKTAITYbI

Hyckaynap JKCHUI THAPOJIM3ICHETIH a30TThIH )KUHAKTATYBL,MI/KD
20 kyH 40 kyH 60 KYH
1.bakputay 215 21.4 21.5
2. KypaMbIHJa aMMOHUI HUTpATHI 6ap 385 384 38.5

tombipak-200 kr/ra (68 kr/ra N)

3. KypaMbiHia aMMHaK CeuTpachl 6ap 46.6 50.9 54.7
tonbipak-200 kr/ra (68 xr/ra N) sxone 100
wit / ra 10% JIMM xone Mo®K werizinzeri
KOC KOCBUIBICTBIH CYCIICH3USICHI

4. KypaMbIH/1a aMMHaK CEJIUTPackl 0ap 47.2 51,.5 55.4
tomnbipak-200 kr/ra (68 kr/ra N) sxone 100
mit / ra 20% JIMM »xone Mo®K werisinzeri
KOC KOCBUIBICTBIH CYCIICH3USCHI

Erep Oakpuiay >koHE 3TaJOHJBIK HYCKAlapjaa >KeHI TMIPOIM3IACHETIH a30T
KYpaMbIHBIH e3repyi OaiikanMaca >xoHe oHbIH MoHI 38.5-38.4 mr/kr Oonca, oHzia
10% AMM + Mo®K cymbl cycrneH3HWsChl >XEHUT THIPOIH3ICHETIH a30TThIH
anramkpl 20 KyHiHIH 46.6 MI/KT TOIBIpaKKa JCWHIH JKHHAIYBIHA BIKIAT €TeIl,
keneci 20 kyH — 50.9 mr/kr xxane 60% kyH — 54.7 mr / xr. IMM + Mo®K — HbIH
20% cy cyCneH3MsACH THIMIIPEK, O KEHII THIPOIN3ICHETIH a30TThIH aJFaIIKbI
20 kyHiH 47.2 Mr/kr TombIpakka jaeiiH, keneci 20 kyHge 51.5 mr/kr-ra xone 60
KYHJE 55.4 MI/Kr-ra JIeiiH )KMHAKTay/ (bl KAMTaMachl3 €TE/II.

4. KopbITHIHABI

1. XuMUsUIBIK TalJayablH H30TEPMHSUIBIK ICTEPi AMMETHUIIOIMOYCBHHA —
MONHOEH-CY (PUTOKOCBUIBICHI YII KOMIIOHEHTTI CY-TY3 XYHECIHIEeri XHUMHUSIIBIK
e3apa opekerTecyli 3epTrei. 4:1 MOoab KaThIHACKIH/A YKaHA KOC KOCHUIBICTHIH —
JIMM sxone Mo®K Herizingeri OeyiceHAl 3aTThIH KpHUCTAIJaHy aiMarbl
AHBIKTAJIIBI.

2. TomblpakThlH MOJENBIIK YATUIEpiHAE O€lceHai 3aT  aMMHaK
CEIIMTPAChIMEH CAJIBICTBIPFaH/Ia aMMHaK ceauTpachl ascbiHga JJMMeMo®K koc
KOCBUIBICHI OOJIBIN TaOBLIA/bl, a30TThl OCKITETIH OakTepusuiapbiH caHbiH 3.0
oHe 3.2 ece apTThIpajbl.
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3. bencenni 3aT IMM*Mo®K K0oC KOCBUTBICHI OOJIBITT TaOBIIabI, TOBIPAKTA
JKEHIJI THAPOJIM3ACHETIH a30TThIH airamkel 20 KyHinae 46.6-47.2 mr/kr aeitin, 40
kyuae —50.9-51.5 mr/kr, an 60 kyHae — 54.7-55.4 Mr/kr neiiH )KUHATYbIHA BIKIAI
eTel.

Kap:xprianawsipy: Xywmeic Kasakcran Pecniybnukacs Binim jkoHe FhUIBIM MHHUCTPIITiHIH FhuTbIM
KOMMTETI JKY3€re achlpaThlH FBUIBIMU 3€PTTEYJEpAl MaKCaTThl KapKbutaHAbIpYAbIH 2023-2024 xbuinapra
apHajFaH Oarmapinamachl OoiibiHIIAa A. B. BexrypoB arbiHmarbl XuMHs FBUIBIMIAPbl WHCTUTYTBIHIA
BR18774042 Ne43 — ITL® — 23 — 24 sx00anapbl OOMBIHILIA OPbIHAAIIBI

Myagesep KaKTBIFBICHI: ABTOpJIAp OCbI MaKajlaJia auly/bl Tajal eTeTiH aBTOpJap apachIHAarbl
MY/ZIETIEp KaKThIFBICHIHBIH JKOKTBIFBIH MAJIIMICHII.

UCCJEJOBAHUE MOJYYEHUA JEACTBYIOILIETO BEHIECTBA U ET'O
MHUKPOBUOJIOTHYECKOM Y®PEKTUBHOCTH J1J151 MPOTPABJIMBAHMS CEMSH
XJIOIMYATHUKA HA OCHOBE JTUMETHJ/JIOJIMOYEBHHBI U ®PUTOCOE/IMHEHHUA
MOJIMBJIEHA

9.H. Pamazanosa®’, C. Yemanos', H.H. Ecepkeesa®, A.M. Koamazanbemosa?,

O.B. Mauuna®, P.Y. Maxmyooe*, X.C.Ycmanos*

A0 «HUncmumym xumuyeckux nayx umenu A.5. bexmyposay, Anmamei, Kazaxcman
2Kazaxckuii Hayuonanenwiii Kenckuu I[ledocazuveckuii Ynusepcumem, Anmamet, Kazaxcman
SUncmumym obweii u neopeanuvecxoii xumuu AHPY3, Tawwxenm, Y3bexucmarn

4TOO «HIIO «Ana XKepy, Anmamel, Kasaxcman

“E-mail: elzira82@mail.ru

Pe3tome. Beeoenue. JlekapCTBEHHbBIE CPECTBA, MCHONB3YyEMBbIC JIIS CEIbCKOXO03HCTBEHHBIX KYJIBTYp, B
YacTHOCTH CEMSIH XJlomuaTHuKa, [lpm nedumure as3o0THBIX yHOOpEeHMH HE MOTYT IIHTAaThCs
JIOTIOJIHUTENBHBIM a30TOM B HEoOXomuMoM oObeMe. B maHHOH cTaThe MOCTaBiI€HA 3aJadya CO3JaHus
HOBOTO aKTHBHOTO BEIIECTBA B XJIOMKOBOJACTBE HAa OCHOBE (DPUTOCOCTMHEHHS TUMETHIOIMOYEBUHBI U
MOJHMO/ICHA, TMO3BOJISIOIIET0 CHU3UTH 3a00JIEBAEMOCTh XJIONKOM, YBEIWYHTh HAKOIUICHHE JIETKO
THIPOJIM3YEeMOro a30Ta B MOYBE W IOJYYUTHh OoJiee BBICOKHE yposkau Xiomnka. [[ens. VccnenoBaHue
XHMHYECKUX B3aMMOJCHCTBUN  JUMETHIOIMOYCBUHBI-(DUTOCOCAMHCHUS MO0 1eHa-BOIBI B
TPEXKOMIIOHEHTHOW BOJIHO-COJIEBOW cucTeMe u3oTepMmudeckum merogoMm. O0bvektol. [IMM, ®CMo,
nBoiiHoe coexmHenne JIMM- ®CMoPesyavmamer. M3orepmudeckuii metox mpu 25°C mokasai, 49To
pactBopsl 12.2-9.8% MM wu 2.8-5.4% ®CMo kpucrammsyoTces B cucreme JMM B auamazoHe
KoHUEeHTpauit, 5.7-2.1% JAMM u 12.3 - B auana3zone koHueHtpauuit. Kpucrammmsyercs 15.5% ®CMo,
®CMo u B auamazone koHueHtpanuid 8.2-6.4% JIMM u 6.2-9.3% ®CMo coeaunenue JJMMe ®CMo
OTZAEISIETCS OT pacTBopa Ha 3Ty (Basy. Bvigod. O6IacTh KPUCTAIUIN3ALNHA HOBOTO IBOIHOTO COCAMHEHHUS,
aKTMBHOro BemiecTBa Ha ocHoBe JIMM u ®CMo ycTaHOBIEHO B MOJSIPHOM cooTHomenun 4/ JMM u
®CMo. OO6nacTe KpHCTAUIM3AIMU pearcHTa — HOBOTO JBOMHOIO COCAMHEHHS - OIpeIelsuin
N30TEPMUUYECKUM METOJIOM Ha OCHOBE ITMMETHIIONIMOYEBHHBI U (PUTOCOSIMHEHHST MOJIUOCHA B MOJICBOM
cootHouieHnu 4:1. B MozmenbHBIX 00pa3nax MmouBbl ObUIO OOHApPYKEHO, YTO JBOHHOE COCAWHEHHE Ha
(doHe akTHBHOro BemecTBa — cenutpbl amMmoHus 4IMM u ®CMo yBennuuBaeT KOJIUYECTBO
azorukcupyromux o6akrepuii B 3.0 u 3.2 pa3a 1o cpaBHEHHUIO C CENUTPOI aMMOHHMs. Bbuto mokaszaHo, 4To
nBoitHoe coenunerne 4 IMMes @CMo crocoOCTByeT HAaKOIJIGHHIO B ITOYBE JIETKO THAPOJIM3YEMOro a30Ta
10 46.6-47.2 mr/kr B nepeie 20 nHei, Ha 40-it nens - 50.9-51.5 mr/kr u B cyTku u Ha 60 nens —54.7-55.4
MI/KT. DTH HUCCIIEOBAaHHS XOPOIIO COTJIACYIOTCS C pe3yJIbTaTaMH YBEIHUCHHUS YHCIIA a30THUKCUPYIOLINX
OakTepuid.

KiroueBble cjioBa: JUMETHIONMOYEBHHA, (DHUTOCOSTMHEHHEMONHOACHA, JIETKOTUAPOIN3YeMblil a30T,
JIeHCTBYIOLIEE BEIIECTBO, H30TEPMUYECKHI METO, KpUCTAIIU3aLMsl, ABOHHOE COeAMHEHHE, CUCTEMA
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QUANTUM CHEMICAL STUDY OF HYDROGENATION OF
SUNFLOWER OIL OVER NICKEL CATALYSTS
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Abstract. Introduction. Vegetable oil hydrogenation is vital in edible margarine production,
preventing rapid deterioration caused by double bond oxidation. Hydrogenation preserves vegetable oils
by countering double bond oxidation, ensuring product quality. During this process, geometric isomers,
notably trans isomers, form, driven by thermodynamic stability. Nickel catalysts are crucial in the oil and
ghee industry for efficient hydrogenation. Purpose. Our study investigates the hydrogenation of sunflower
oil with nickel catalysts, aiming to uncover molecular dynamics and interactions shaping this process. We
reveal essential insights into linoleic acid-nickel interactions, elucidating hydrogenation mechanisms and
implications for glycerol production. Methodology. Quantum chemical calculations and HyperChem
software were employed to study the linoleic acid-nickel interaction during hydrogenation. This study
delves into the hydrogenation of sunflower oil using nickel catalysts, employing quantum chemical
calculations and HyperChem software. Results. Our research elucidates robust linoleic acid-nickel
interactions through optimized structures, molecular electrostatic maps, molecular orbitals, bond lengths,
and energies. These findings enhance our understanding of hydrogenation mechanisms. Additionally, we
found that nickel-metal interactions primarily drive glycerol production from biofuels, promising
efficiency gains. Conclusion. Our study yields insights into vegetable oil hydrogenation with nickel
catalysts, optimizing processes in the oil and ghee industry. Furthermore, it has implications for glycerol
production from biofuels, offering potential advancements in this area.

Keywords: Vegetable oils, hydrogenation method, nickel catalysts, biofuel, quantum chemical
calculations
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HUKEJb KATAJIU3ATOPJIAPBIHJA KYHBATBIC MAMBIH THIPJIEY IPOIIECTH
KBAHTTBIK XUMUSJIBIK 3EPTTEY

KA. Caiinay™, HHK. Anmac?, K. I1. Aiimazanéemoe?, b. A. Kypbanoea?,

K. Towmaii*, A.A. Andonzapos®

10n-Dapabu ameinoaser Kazax ¥ummoix Ynusepcumemi, Anmamer, Kazaxcman
2Acmana xanvikapanvix evineimu keweni, Acmana, Kasaxcman

$JLH. I'ymunes amvinoazvt Eypasus ¥immux Ynueepcumemi, Acmana, Kasaxcman
“E-mail: sailau.online@gmail.com

Tyiiinaeme. Kipicne. Ocimaik MaiiljapblH THAPICY TaFaMJbIK MaprapuHACpAl OHIIpyAe LISy pei
aTkapaapl. ['maporeHusanusuianOaraH Maitiap Koc OailflaHbICTapBIHBIH TOTHIFYbIHA OaiJIaHBICTBI TE3
HalllapJiaibl, HOTIKECIHE KaFBIMCEI3 JIOM MCH Hic Iaiina Gomazasl. JlereHMeH, TUpiiey apKbuIbl Oyl
JKaFBIMCBI3 MPOLIECTEP JKCHIUIACTLNIM, KpIMOAT eMec Mainap/pl OaFaiibl KaTThl Maiijapra aiHajablpyFa
MYMKiHIIK Oepeni. Affra KeTy KepeK, ©CIMIIK MaijapblHbIH KOIMIUIriHAe Heri3iHeH cis-
koHpUrypanusianral Koc Oaifansic Mail KeIuksuiapsl 6ap. CoraH KapamacTaH, THIpIiey HpoLeciHe
Mai KbILIKBUIJAPBIHBIH IIMC M30MEPIMEH CAJIBICTBIPFaH/Aa TEPMOJMHAMUKAJIBIK TYPAKTBUIBIFBI JKOFaphl
OONFaHIBIKTaH TE€OMETPHSIIBIK H30MepJiiep, dcipece TpaHC u3oMepiepi Tysineni. Makcam. MyHait xoHe
Mali @HepKaCiOiHe HUKENb KaTalIu3aToOpJIaphlH NaliianaHy TuapIiey IpoLecTepl YIiH YIKEH MaHbI3Fa He.
Hukenbai katanusaropriap eciMIiK MalIapblHbIH TYPJEHYIH XEHULIETeli, COHFbl OHIMHIH canachl MeH
JKapaM/IbUIBIFBIH apTTBIPYFa BIKMAN eredi. Odicmeme. byn 3eprreyne 6i3 HUKENb KaTaaH3aTOPJIApbIH
naiiianana OThIPBII, KyHOAFBIC MAHBIHBIH THAPIICY MEXaHU3MIHE 3epPTTeY KYPri3aik. MosekynanbiK e3apa
opeKeTTecysiep MEH JHHAMHKA Typaybl TYCIHIK aiy VIIiH 0i3 KBAHTTBHIK XUMHSUIBIK €CENTeyIepi jKoHe
HyperChem Oarnapnamanbslk KypaiblH KONIaHABIK. Haomuowcenep. Bi3aiH 3epTTeyiMi3 THAPOreHU3ALUSL
Ke3iH/Ie JIMHOJ KBIIIKBUIBI MEH HUKEIh METalbl apachlHIAFbl KYPIENl e3apa 9pPEeKeTKe KapbhIK TYCipir,
MaHbI31bl HOTIOKenep Oepai. OHTaMIaHABIPEUFAH KYPBUIBIMAAP.BI, MOJICKYJIAIBIK 3JIEKTPOCTATHKAIBIK
KapTaJlapIbl, MOJICKYJIAJbIK OpOUTaIbAApAbl, OallIaHbIC Y3BIHIBIKTApbIH JKOHE SHEPIUsUIapAbl Tajliay
apKBUIBI 013 JTMHOJM KBIIIKBUTBI MCH HUKEJb METAIIbl apaCchIHIaFbl OEpiK MOJIEKYyIaapablK OPEKEeTTeCynep i
aHBIKTA/IBIK. ByJ1 HOTWKenep HMKeIb KaTalH3aTOPJApPBIHBIH KATHICYBIMEH THApPJCY PpeaKHsIapbiH
XKYPri3eTiH ipreii npouectepai TyciHaipeai, Oyi1 Heri3ri MexaHu3MIep Typajbl TYCIHITIMI3/li apTThIpaibl.
CoHbIMeH KaTap, Oi31iH 3epTTeyiMi3 OMOOTHIHHAH TJIMILEPUH aily, €H aJJbIMCH, HUKEIb METaJIBIHBIH
JIUHOJN KBIIIKBUIBIHBIH KOC OaillaHbICTaphIMEH OpPEKETTECYiHEH TYpPAThIHBIH AaHBIKTaAbl. bys Oimim
OHEPKACIMNTIH SPTYPJIi cananapblHAAFbl KYHIBI Kypamaac 0eiri 0oJbI TaObUIAThIH TIHUIEPHH OHIIPYIIH
TUIMI JKOHE TYPaKThl IIPOLECTEPIH NAMBITYFa bIKNAN ereli. Kopbimeinovl. KopbIThIHABLIAN Kene, 0i31iH
3epTTeyiMi3 HHUKEIb KaTalu3aTopyiapbl apKbUIbl OCIMIIK MailapelH THAPJIEYre KATBICTBI KYHIBI
TyciHiktep Oepemi. bys mporiecke KaThICATBIH MOJIEKYJTAJBIK ©3apa dpPEeKeTTeCcyliep MEH MeXaHU3MACPIi
TYCIHY THAPOTCHH3alMs TMPOLECTePiH OHTAMIaHIBIPYFa, MyHail jkoHe Mail ©HepKociOiHAe aibIHFaH
OHIMJEPJIH camackl MEH JKapaMJBUIBIFBIH JKakcapTyra bikman ereni. CoHbIMEH Karap, Oi31iH
KOPBITBIH/ABLIAPHIMBI3  OHMOOTHIHHAH TJHMIEPUH OHAIPyre ocep eTelmi, Oy OChl calafaFbl QIeyeTTi
JKETICTIKTEPIi YChIHA/IBI.

Tyiiinai ce3nep: OcimMIik Mailapbl, THIPIEY 9AICI, HUKEb KaTaIM3aTOpIaphl, OMOOTBIH, KBAHTTHIK
XUMUSTIBIK €CENTeyep
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KA3AKCTAHHBIH XUMHA )KYPHAJIBbI XUMHYECKHY XYPHAJI KA3AXCTAHA

1. Kipicme

Mait  eHepkocidi HHMKETb KaTaluM3aTOpJIApbIH THApJEY MpoLeciHe
Karanu3atop perinne nainananansr [1-3]. T'uapney mporeci 0.3-0.5 MIla cyreri
KbICBIMBIHZA koHEe 160°C-tan 180°C-ka neifiHri temmeparypana Xyprizijeni
[4,5]. Huxenb MeH OHBIH KOCBUIBICTapbl KaHIEPOTCHIl >KOHE aijiepreHai
OOJFaHABIKTaH, OHBI THIPIIEYIeH KeiiH Oelry YIIiH KeIMOAT Onepanusiap Kaxer.
En OacTbIchl, HHKENb KaTalW3aTOpJIapbIHAA AaJbIHFAH ©HIMIEpAe TpaHC Mai
KBIIIKBIIBL M30MepliepiHiH ken Memmiepi (20%-40%) Oonaxer [6-9]. Kenreren
3epTTEeyIIiep TPaHC Mail KBIIKBUIBIH TYTBIHY JYHHE XXY31HIEr eMM-KITIMHIH
Heri3ri OemiriH KypaWTBIH JXYpeK-KaH TaMbIpliapbl aypyJlapblHBIH, COHAAH-aK
OHKOJIOTHSUIBIK ~ aypyJapiblH, cemi3mikTid, |l TunTi KaHT auabeTiHiH,
OBYJSILMSUTBIK O€NEYINIKTIH, JKYiHKe jKyieci aypysiapblHBIH KOFapbl KayimiMeH
OaifmaHpICTHI ekeHiH ahransl [10-15]. JlyHueKy3iIiK JeHCAyNbIK CaKTay YHABIMBI
TpaHC Mail KBIIIKBUIBIH TYTBIHYABI TOYJIKTIK 3Heprus Kaxkerrimridnig 1.0%
acrmaysl YIIiH IIeKkTeyai yebiHaab! [16]. Jdanus 2003 sKbUTHI ilIiHapa THAPICHIeH
eciMIIIK MalapblH KOJJaHyFa THIMBIM canabl, Oyn Eypomamarer OipiHmi en
6onnpl. Eyponaneik Onmak Maif MeH MyHail ©HIMIEpiHIe TPaHC H30MepIep HIeTiH
oenrizeni — 2%-man acnaiigsl [17]. Kemen omarsinbiy 024/2011 TeXHHMKANBIK
pernamentine coiikec 2018 xpurnplH 1 KaHTapblHaH OacTam cnpenrepieri, CyT
MaibIH aIMaCTBIPFBIIITAPAAFEI, )KYMCAK JKOHE KaTThl MaprapuH TYpPiHJAETi TpaHC
n30Mepliep HopMachl j1a eHri3inai — Oy 2.0%-nan acnaiinsr [18].

Kermreren 3eprreynep pomui, mautaauil, pyTeHUHA >KOHE IUIATHHA CHUSKTHI
3USHIIBIFBI TOMEH KaTallM3aTopiiap HUKENbre O0anama 0oJia anaThbIHBIH XaOapIiaibl.
[TnaTvHa TOOBIHAAFBI MeETANJAp HETI3iHIETi KaTaau3aTropiiapAbl NaiganaHy
THJIPOTEHHU3AINsl TPOIECIH HUKENbh JKYHeJIepiMeH calbICThIpFaHa >KYMCaK
XKarjgainapna oKyprisyre MyMKiHOIK Oepefi, ail anblHFaH ©HIMJIE TpaHC
n3oMepiepiHiH Menmepi a3 Oomanpl [19-20]. TynsparyaraHoH koHe T.0. [21]
xkoHe MakApan xoHe T.0. [22] 3eprreynepi OoHBIHIIA OHMETATUIABIK
KaTam3aTopAbl (Mautaui-Maraui, TUTATHHA-MarHUil >KOHE IUIATHHA-HUKEh)
reHepanysulay YIIiH KaTajJu3aTop KypaMblH e3repTy OesiceHi (ha3amapiabiH
ANIEKTPOHJIBIK KYPBUIBIMBIH ©3repTe/li, OYJ1 COHFBI OHIMJEri TpaHC H30Mepiep
KYpaMbIHBIH MOJIIIepiH a3aiiTyra keMekreceli. ['mapiey mpolieciHae TpaHc
M30MepIIep TY3UIyiHIH TOMEHIeyiHe BIKMAI €TETiH JKaFJaiyiap aHBIKTAIbI, OJap
TOMEH TEXHOJIOTHUIBIK TEMIIEPATypPa, KOFaphl CYTeT1 KbICBIMBI, KATAIN3aTOPIBIH
TOMEH KOHIIEHTPAIMSCHl, MyHall MEH CYyTeTiHiH KapKbIHIBI apanacybl OOJJIbL.
JlereHMeH, COJ HUKeIb KaTallu3aTopiiapbl OHEPKACINTIK KaTaau3aropiap peTiHae
oiti e Konganbuiaabl. OHBIH YCTiHE KemnTereH 0aThic elepiHe ojap KaTThl Man
KOHE MyHall eHIMJEpiH aly VIIH ecCiMIIK MaWblH ilIiHapa THApIEY SJiCIHEH
TONBIFBIMEH 0ac TapThIN, TpaHcATepudUKaIUs TPOIECciH apThIK Kepnai. by
KYMBICTa KYHOArblc MaibIHBIH IIIiHApa THAPJCHYlI KOMMEPLHIBIK HHUKEIb
KaTaJn3aTopbl MEH TOMEH MaWbI3JBIK TIpEK IJIaTHHA KaTaJu3aTopbl apKbUIbI
CAITBICTBIPBUIIBI, TPAHC M30MEpJIep MOJIIepl oTe a3 THWAPIICHIeH OHIMAEP aity
MYMKIiHITi KepceTinreH [23-35].
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Mynna 0i3 HHUKeNb KaTalM3aTOpbl apKbUIBl KYHOArbic MailblH THApIEY
MPOIIECIH 3epPTTEN, KBAHTTHIK XMMHUSUIBIK €CENTey/l KOJJaHambl3. bi3 KBaHTTHIK
XUMUSUTBIK — ecenteynepai, PM3 omicin sxone HyperChem O6arnapiamanbix
KYpaJblH €HTi3eMi3. Artam aiTKaHma, 0i3 OHTaWIaHABIPBUIFAH KYPBUIBIMIAPIE,
MOJICKYJIAJIBIK AJIEKTPOCTATHKAIIBIK KapTanapbl, MOJCKYJIAIBIK OpPOUTAIbIAP bl
KOHE HHUKENb KaTalu3aTOpbl apKbUIbl KYHOArblc MalblH  THAPJCYAIH
SHEPTUSIIAPBIH 3ePTTEHMI3.

2. Toxipubenik 661imM

KpantTeik  xuMmusiblk  ecenteynep — HyperChem — Garmapiamalibik
KAcaKTaMachIMEH  OHTAMNaHIBIPHUTFAH  KYPBUIBIMIAPIBI,  MOJCKYJAIBIK
OpOUTANTBAAPIBI, MOJICKYJANBIK SJICKTPOCTATHKANBIK KapTanaplsl JKOHE e3apa
OpeKeTTecy SHEepTusUIapbIH any yiriH PM3 ofici apKbUTbI OpBIHAAIIBL.

/\AWVW\)LOH

Cypert 1 - JIunon KplKbUTBIHBIH 2D XUMHSIIBIK KYPBLUIBIMIAPbI

Ocpiran  OaifmaHBICTBl  JTMHOJN ~ KBIIKBUIBI KYHOArplC MaWbIHBIH — Mait
KBIIIKBIIIAPBIHBIH KYPaMBIHBIH €CEITeY YITICI PeTiHIe, all KaTraau3aTop YIIiH
yiri perinme mukens (Ni) Ttammamgel. bacranmkeiga KBaHTTHIK —XHMHSUIBIK
ecenTeysaep COMKECIHINE JIMHOJ KBINIKbUIBIHBIH skoHe Ni-miH Tasa Typi yIuiH
xyprizingi. Coman keifin kyHOarpic MaiiblHBIH Ni  KaTaau3aTopbl apKbUIbI
THJIPJIEY TPOLECIH MMHUTAIMSIIAY YIMH JHHON KeIIKBUIBIHBIH Ni-MeH Kocmacs!
KBaHTTBIK XHUMUSJIBIK €CENTeyJIep apKbUIbl MojeiabacHal. CTaiuoHapIbIK
HYKTEJIep aHAIMTHKAIBIK €CelTeyep apKbUIbl SHEPTHAHbBIH EKiHII TyBIHABLIAPHI
YIIiH OJIapJibIH TMOTEHIHMAIIBIK dHEepPrusi OeTTepi YUIH IIbIHANHB MUHUMYMJIAP
0O IEL.

3. HotukeJiep MeH TaJIKbLIAY

Keanmmulx xumusinolx ecenmeynep

Byn xyMbIcTa HHKENb KaTaau3aTOpbIHAA KYHOArblC MaWBIHBIH TUAPIICHY
MPOLIECIH KBaHTTHIK XHMHSJIBIK €CENTeyjep apKbUIBl TYCiHY YIIIH JIMHOI
KBIIIKBLIBI, HUKEIIb YOHE JUHOJ KBIIIKbUIBIHBIH HUKEJIbMEH KEIIeHI 3epTTEsIi.
KBaHTTBIK XMMHUSJIBIK €CENTEyJIep apKbUIbI JIMHOJ KBIIIKBUIBI, HUKEIb JKOHE
JIUHON  KBIIIKBUIBIHBIH ~ HUKEIBMEH  KEIIeHI YIIiH  OHTaiIaHABIPHUIFaH
KYPBUIBIMAAP, MOJICKYJIAIBIK 3JIEKTPOCTATUKAIBIK KapTajiap MOJEKYJIaIbIK
opOuTanbaap MEH OSHeprusuiap  ecenrteiai.  Hukens  Mmetanmsl  Oi3diH
ecenTeyJiepiMi3/ie JIMHOI KBIIIKBUTBIHBIH KaHBbIKIIaFraH 0eJiri (Koc OaliaHbicTaphl
0ap) apkpuIBl Yitnectipingi (2-4 cyper).
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e ata

(Linoleic acid)
+
® (Hydrogenation process of
sunflower oil on nickel catalyst)
(nickel catalyst)

Cypert 2 - JIUHO KBIIKbUIBIHBIH, HUKEIIBIIH jKOHE JIMHOJ KBIIIKBUIBIHBIH HUKEIbMEH KEHICHIHIH
OHTalIaHBIPBIIFAH KYPUIBIMAApPBL. TyC KINTI: Cyp: cyTeri; KOK: KOMipTeri; KbI3bUI: OTTET]; KachLl:
HUKEIb

(Linoleic acid)
. —

@ (Hydrogenation process of sunflower oil on

(nickel catalyst) nickel catalyst)

Cyper 3 - JIMHOJ KBIIIKBUIBIHBIH, HUKEIIb/IIH )KOHE HUKEIbMEH JIMHOJI KbIIIKbUIBIHBIH KEIICHIHIH
MOJIEKYJIAJIBIK AJIEKTPOCTATHKAJIBIK KapTajaapbl

HOMO LUMO

(Linoleic acid)

(nickel catalyst)

(Hydrogenation
process of sunflower
oil on nickel catalyst)

Cyper 4 - JIUHOJ KBIIIKBUIBIHBIH, HUKEJb KaTaJIM3aTOPBIHBIH KOHE HUKEIb KaTall3aTopbl 0ap JMHOI
KbIIIKBUIBIHBIH KEIICHIHIH €H OFapbl OpHAIACKaH MOJIeKyIaiblk opouTtanbaapsl (HOMO) xoHe ex
TeMeHri 00c MoJieKynanblK opouTansaapsl (LUMO)

bacrankpiia JIMHON KBIIIKBUIBI, HHUKEIh YXOHE HHKEIbh KaTaiu3aTopbl Oap
JIMHOJI KBIIIKBUIBI KEIIeH! YUIH OHTaWIaHABIPBUIFaH KYpPBUIBIMAAD 2-CypeTTe
OeiiHenenreH. Hukens JMHON KBIIKBUIBIHBIH ~KaHBIKNAraH —(KocOaiIaHbIC)
KarpIMEH YHJIECTIpYI areHT PETiHJe OpeKeT eTETiHIH aHBIK Kepyre Ooajbl.
CoHbIMEH KaTap, HUKEIbMEH JIMHON KBINIKBUIBIHBIH apachbIHJArbl KBICKA
KAaIIBIKTHIK THiciHIIe 3.74 A xone 3.49 A Gompl.

ExiHmigen, Taza JMHON  KBILKBUIBIHBIH, HHUKEIBAIH JKOHE JIMHOM
KBIIIKBUIBIHBIH ~HUKEIbMEH KCIICHIHIH OHTAMIAHABIPBUIFAaH TC€OMETPHUSUIBIK
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KYPBUTBIMIAPBIHBIH,  MOJICKYJAIBIK ~ 3JCKTPOCTATUKANBIK —KapTalapbl —erKei-
TEeDKEWl 3epTTenli. 3-CypeTTe JIMHON KBIIIKBUIBIHBIH, HUKEIBIIH JKOHE JIMHOI
KBIIIKBUIBIHBIH ~ HUKEIBMEH KCIICHIHIH  MOJICKYJIAJBIK  3JICKTPOCTATUKAIBIK
KapTalapblHbIH HOTIDKEJIEpPl KOPCETUIreH. 3apsarap JHHOJ KbIIIKbUIBIMEH
HUKEJb/IIH alfHaJIachIH A JOKAIH3alUsUIaHFAHBIH aTar eTyre OoNaIbl.

Yurinmiges, HOMO xone LUMO wMonekynanblk OpOUTANbAAphl JIMHOI
KBIIIKBUIBIHEIH, HUKENLIIH JKOHE JIMHOJ KBIIKLUIGIMEH HHKENh KEIIeHIHIiH
OHTAWIAHIBIPBUTFAH KYPBUIBIMIAPHl YIIIH CyperTeni. 4-cyperre JHWHOM
KBIIIKBUIBIHBIH, HUKEIBIIH JXOHE JIMHOJ KBIIKBUIBIHBIH HHAKEIBMEH KEIIeHIHIH
HOMO-LUMO wnotmxkenepi OeiiHeneHreH. 4-CypeTTe €H XOFapbl OpHaJacKaH
MoJekyaansik opoutans (HOMO) skone eH ToMeHTi 60C MOJIEKYTaIbIK OpOUTAIDb
(LUMO) HukenbMeH OaiiylaHbICKaH JIMHOM KBIIIKBUIBIHBIH KaHBIKIIAFaH KOC
OaifmaHpIC TOOBIHBIH aifHaJIACHIH/IA OpPHATACKAHBIH aTar eTyre Oomaasl. COHBIMEH
karap, HOMO sneprusce -9.42 3B 6onca, LUMO sueprusicer 0.66 3B 6061
Hemex, HOMO sueprusicbeiver LUMO sHeprusicel apachlHAaFbl aifbIpMAaIblIbIK
JKOFapbl, OYJI KaTaau3aTOPAbIH XHUMHSUIBIK pEaKIUsfa TYCICHUTIHIH KOHE
KYHOAFbIC MaWbIHBIH THAPOTCHU3AIMS PEAKIMSICHIHBIH JKbIIIAMIBIFBIH aPTTHIPYHI
MYMKiH.

TepTiHIIiAEH, JWUHONA  KBIIIKBUIBIHBIH ~ Kalmbl  dHeprusickl  -74160.5
KKaJI/MOJIb, Al HUKEIBAIH Kaambl sHepruscsl -23810.1 kkan/mMonb, am JHHON
KBIIIKBUTBIHBIH HUKEJIbMEH KCIICHIHIH Kaimbl SHepruscoik -98014.2 kkan/Moib
60u1161. MyH/1a OCBI KaTAIUTHKAIIBIK TPOIECTiH Oaiinanbic SHEPTUsIChIH (Esainanc)
TOMEHJIETiIeH ecenTeyre 00abl:

Esainane = -98014.2 xxan/moinsb - (-23810.1 kxan/moib — 74160.5 kkaja/mMoub)
= -43.6 KxaJI/MOJIb

OcbiraH OalaHbBICTBI, JKOFApBIAA KENTIPUIreH ecenTeyae OaiikamraHnman
Esaiinansic MOHI TOMEH, KyHOAFBIC MaHbIH THAPJICY YIIIH HUKEJIb KaTaJIu3aTOPBIHBIH
APTHIKIIBUIBIKTBI KATATMTUKAJIBIK OCJICEHIUTITIH KOpCceTe/Ii.

4. KopbITHIHABI

Byn  JKyYMBICTa KBaHTTHIK XUMHSUIBIK —ecenrteynep Men HyperChem
Oarjapnamainblk  KYpalblH  €HTI3y  apKbUIbI  HUKENb  KaTaIW3aTOPBIHBIH
KaThICYbIMEH KYHOAFbIC MaiibIHBIH THAPJICY MEXAHU3MIiH 3€PTTEiK.

KopbITbiHabIIaH KeJle, HUKENb KaTalu3aTOpbl apKbUIbl KYHOarbIic MalbIH
THJIIpIIey TpOoIeci KBaHTTHIK XWMUSIIBIK €CenTeyliep apKbUIbl MOJCIbJICH]II.
KyHnOarbic MaiiblH THApJEY TIPOILIECIHIH ecenTey MOJeNi pEeTiHle JIHHOI
KBIIIKBUTBIHBIH HUKEITbMEH KOMIUIEKCI TaHaabl. KBaHTTBIK XUMUSIIBIK €CETTeY
HOTHYKECI HUKENb JIMHOJI KBIIIKBUIBIHBIH KaHBIKIAFaH KOC OaiiaHbIC >KaFbIMEH
KOoOpAuHaTacel TeMeH Oainmanbic sHeprusicel xoHe HOMO-LUMO sHeprus
alBIPMAIIIBUIBIFBI KOFAPhI eKeHIH kKopceTTi. EcenTik 3epTTeyiH Ka3ipri >KYMBICHI
HUKEJIb KaTaJIM3aTOPbl apKbUIbl KYHOAFbIC MaWbIHBIH THUIPJICHY PEaKIHsICHIH
xo0baJayra j)KoHE KaKcapTyFa KOMEKTECYyl MyMKiH.
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Pe3tome. Bgeoenue. T'uaporeHn3anus pacTUTENBHBIX Macell UTPaeT PEUIalollyl0 POiib B IPOU3BOJICTBE
IMUILIEBBIX MaprapuHoB. HermapupoBaHHbIE Macia OBICTPO MOPTATCS M3-32 OKHCIEHHMS WX JIBOWHBIX
CBsi3eil, YTO NPUBOAMUT K HEMPHUATHOMY BKycy H 3amaxy. OfHAKO C MOMOIIbIO THAPUPOBAHHUS ITH
HEXKENATeNbHBIC MPOIECChl CMATYAIOTCS, YTO IMO3BOJSIET MPEBPAllaTh HEIOPOrHE Macia B ICHHBIC
TBepble Macia. CTOMT OTMETUTb, YTO OOJBIIMHCTBO PACTUTENBHBIX MAcesl CO/IEPKAT IPEUMYIIIECTBEHHO
UC-KOH(UTYPUPOBAHHBIE JXUPHBIE KHCIOTHI C JBOMHBIMH CBS3sIMH. TeM He MeHee, B IIpolecce
THAPUPOBAHUS O0pa3yrTCS T€OMETPHYECKHE H30MEphbl, OCOOEHHO TpaHC-M30Mep, Oiaromaps ero
MIPEBOCXO/IHON TEPMOJMHAMHYECKONW CTAOMIBHOCTH MO CPABHEHHIO C IHMC-M30MEPOM KHPHBIX KHCIIOT.
L]env. Vicionb30BaHME HUKEIEBBIX KaTalIW3aTOPOB B IPOM3BOACTBE Maclia M TOIUICHOTO Macjia MMEET
OrPOMHOE 3Ha4yeHHWE JUII TIPOLECCOB THAPOreHW3anuH. HukeneBble KaTaau3aTOpbl OOJIETYAIOT
peoOpa3oBaHie PACTUTEIBHBIX MAacell, CIIOCOOCTBYSI TIOBBIIICHHIO KAYeCTBA U yA00CTBA HCIIOIb30BAHUS
KOHEYHBIX POAYKTOB. Memooonozus. B naHHOM HCCIIeIOBaHUH MBI TIPOBENN UCCIICIOBAHIE MEXaHH3Ma
THIPUPOBAHUS MOJCOTHEYHOTO Macia ¢ MCIOIb30BAHHEM HUKEIIEBBIX KaTaan3aTopoB. YTOOBI MOIy4nTH
MIPEACTaBJICHHE O MOJICKYJSIPDHBIX B3aMMOJCHCTBHAX M JWHAMHUKE, MBI HCIOJIB30BAJH KBaHTOBO-
XMMHYECKHE pacdeThl M nporpammHoe obecniedenue HyperChem. Peszyismamer. Hame nccnenoBanue
JIAJI0 BaKHBIC PE3yJIbTaThl, MPOJIMBAs CBET HA CIOXKHOE B3aWMOJCHCTBHE MEX/y JIMHOJICBOI KUCIOTON U
METaJITMYECKUM HUKEIIEM BO BpeMs TMIPUPOBaHMs. braromaps aHamu3y ONTHMH3HPOBAHHBIX CTPYKTYP,
MOJIEKYJISIPHBIX 3JIEKTPOCTATHYECKUX KapT, MOJIEKYJSIPHBIX OpOWTasield, JAJIMHA CBA3EH M SHEPTHH MBI
BBEUSIBJIM ~ HAJCKHBIE MEXKMOJICKYJSIPHBIC — B3aUMOJACHCTBUS MEXKAY JIMHOJEBOW  KHCIOTOH |
METaJUTMYECKAM HUKeJIeM. JTH pe3yIbTaThl MPOJIMBAIOT CBET HA (PyHIaMEHTAIBHBIC TPOIECChI, KOTOPHIE
YIOPABISAIOT PEaKUUIMH THAPUPOBAHHS B MPUCYTCTBUHM HHKEIEBBIX KATaIM3aTOPOB, YJydlllas Halie
MOHMMaHUE JIeKAIUX B MX OCHOBE MeXaHU3MOB. boiee Toro, Hamie HCCIEIOBaHHE IMOKA3aJl0, UYTO
MPOM3BOACTBO TJIMIEPHHA U3 OHOTOIUIMBA B TMEPBYHD OYEpEeIb CBS3aHO C B3aHMOJCHCTBHEM
METaJUTMYECKOT0 HHKENS C JABOWHBIMU CBSI3SIMH JIMHOJICBOM KHCJIOTBI. OJTH 3HAHUS CIIOCOOCTBYIOT
paspaboTke Oomnee 3()h(PEKTUBHBIX M YCTOMYMBBIX IIPOLIECCOB IIPOMU3BOACTBA TIJMIIEPUHA, LEHHOTO
KOMIIOHEHTAa B Da3JIMYHBIX OTPACIAX MPOMBIIIICHHOCTU. 3akmouenue. Takum o0pa3om, Haie
HCCIIEIOBaHKUE JIaeT IIEHHYI WH(OPMAIMIO O THIPUPOBAHHH PACTUTEIBHBIX MAacell C HCIOIb30BAaHHEM
HUKEJEBBIX KaTaIn3aTopoB. [IoHMMaHNe MOJEKYISIPHBIX B3aUMOJCHCTBHI U MEXaHH3MOB, BOBJICUCHHBIX
B ATOT MPOLIECC, MOXKET CIIOCOOCTBOBATh ONTUMHU3AINH HPOLIECCOB I'HAPUPOBAHMUS, OBBILIICHHIO KA4eCTBa
1 ynoOCTBa WCIIOJB30BAaHMS MOJTyYaeMBIX MPOIYKTOB B MPOM3BOJCTBE Macia U rxu. Kpome toro, Hamm
pe3ysbTaThl HIMEIOT 3HaYCHHE JUIs IPOU3BOJICTBA TIIHIIEPUHA U3 OMOTOIINBA, NpeJyIaras MOTeHI[aIbHbIC
JIOCTHKCHHMS B 3TOM 00J1acTH.

KiioueBbie cjioBa. pacTUTEIIbHBIC Macjia, METOA T'UAPUPOBaHWs, HHUKEJIEBbBIE KaTajlnu3aTOphbI,
6I/IOT01'IJ'II/IBO, KBaAHTOBO-XUMUYECKUE paCUCThl
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Abstract. Introduction. A high pharmacological ability of aromatic benzaldehydes makes them
important intermediates for the synthesis of medicinal preparations, such as anticancer, bactericidal,
antifungal, and herbicidal drugs. The purpose of this work is the synthesis of biologically active
compounds, based on 4-hydroxybenzaldehyde and 4-hydroxy-3-methoxybenzaldehyde and the
establishment of the structure of the synthesized compounds. Results and discussion. New
carbonodithioates, based on O-aromatic systems have been synthesized by the interaction of 4-
hydroxybenzaldehyde and 4-hydroxy-3-methoxybenzaldehyde with carbon disulfide in the presence of
sodium hydroxide in ethanol at the room temperature. As a result of the reactions, sodium O-(4-
formylphenyl)carbodithioate (86 %) and sodium O-(4-formyl-2-methoxyphenyl)carbodithioate (80%)
have been isolated. The interaction of sodium xanthates with acid chlorides (4-methoxy-, 4-nitro-, 2,4-
dinitrobenzoic) in chloroform has led to the formation of aromatic thioanhydrides of carbonodithioic acids
in 55-80 % yields. The reactivity of hydroxybenzaldehydes and their dithiocarboxylic derivatives has been
studied in the propargylation reaction. Propargylation of 4-hydroxybenzaldehyde and 4-hydroxy-3-
methoxybenzaldehyde has been carried out with propargyl bromide in the presence of a 3-fold excess of
K2COs in acetone at the temperature of 60°C. The propargylation reaction of sodium xanthate has been
carried out with propargyl bromide in acetone at the room temperature. Conclusion. As a result of the
reactions, carbonodithioates, thioanhydrides, acetylenic and thioacetylenic ethers have been synthesized
based, on O-aromatic systems (4-hydroxybenzaldehyde and 4-hydroxy-3-methoxybenzaldehyde). The
structure of the synthesized compounds has been established on the basis of elemental analysis data, IR
spectra, *H and 3C NMR spectroscopy.
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1. Introduction

Derivatives of aromatic aldehydes and their analogues are widely used in the
food, perfumery and pharmaceutical industries as a denaturant, flavoring agent
and perfume [1], in the chemical industry for the production of dyes.

Due to their chemotherapeutic potential and low toxicity, benzaldehyde
derivatives exhibit an antitumor activity [2-5]. 3,4-Dihydroxybenzaldehyde
protect human blood cells from oxidative damage, caused by Cr(VI), and also
improve the antioxidant capacity of erythrocytes and restore the activity of the
major antioxidant, metabolic and membrane-bound enzymes [6].

An extract from the medicinal plant Gastrodia elata. (Tianma), which
contains 4-hydroxybenzaldehyde (4-HBA), is used to treat kidney diseases,
neuralgia, and nervous disorders [7]. 4-HBA is an active candidate for improving
insulin resistance and cholinesterase inhibition and may become a new
therapeutic agent for the treatment of acute wounds [8].

Despite their fungistatic and antibacterial activity, benzaldehyde derivatives
also show high activity against pathogenic microorganisms. [9-11].

Thus, the published data on the biological activity of aromatic benzaldehydes
and their derivatives allow us to unequivocally conclude that interest in this class
of compounds still remains unchanged.

2. Experimental part

The progress of the reactions and the purity of the products were monitored
by thin-layer chromatography on Silufol UV-254 plates with the display of spots
of the compounds with iodine vapor, eluent (H20), benzene and acetone/hexane
(1/3, 1/1). The IR spectra were recorded on a Nicolet 5700 spectrometer in tablets
with KBr. The melting points of the compounds were determined on a Hanon
MP450 instrument. The 'H and ¥C NMR spectra of the compounds were
recorded on a JNM-ECA 400 spectrometer (Jeol) with the operating frequency of
400 (*H) and 100 MHz (**C) of the deuterated DMSO-ds solution. The elemental
analysis was carried out on a Rapid Micro N Cube elemental analyzer (Elementar,
Germany, 2015).

Sodium O-(4-formylphenyl)carbonodithioate (3). To a solution of 3.0 g
(0.004 mol) of 4-hydroxybenzaldehyde in 15 ml of alcohol was added a solution
of 1.59 g (0.004 mol) of sodium hydroxide in 5 ml of distilled water. Then, a
solution of 3.11 g (0.004 mol) of carbon disulfide was added dropwise and stirred
at the room temperature. After the complete dropping of carbon disulfide, the
reaction mixture was stirred at the room temperature for four hours. The solvent
was distilled off in a water-jet pump vacuum, the solid residue was purified by the
recrystallization from acetonitrile. Yield 7.75 g (86%), R 0.89 (H20), m.p. 302°C.
Found, %: C 43.79; H 2.37; S 29.28. CsHsNaO,S,. Calculated, %: C 43.63; H
2.29; S 29.12. IR spectra (KBr), v, cm®: 1159 (C=S), 611 (C-S), 1678 (C=0) u
3412, 1500, 1303, 1107, 848, 509 (Ph).

Sodium O-(4-formyl-2-methoxyphenyl)carbonodithioate (4) was synthesized
in a similar way. Yield 3.40 g (69%), R¢ 0.7 (H-0), m.p. above 350°C. Found, %:
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C 43.79; H 2.37; S 29.28. CoH/NaOsS,. Calculated, %: C 43.19; H 2.82; S 25.62.
IR spectra (KBr), v, cm™: 613 (C-S), 1023 (C=S), 2851 (OCHs), 1649 (C=0) u
3412, 1501, 1318, 1120, 872, 775 (Ph). NMR 'H spectra (DMSO-dg), 5, ppm:
3.47 (s, 3H, CHy); 6.10 (s, 1H, Ph); 6.82 (d, 1H, Ph); 6.95 (d, 1H, Ph); 9.10 (s,
1H, HCO). NMR ®C spectra (DMSO-de), 5, ppm: 54.9 (OCHs); 107.5; 117.7,
118.5, 131.1, 150.5, 151.6 (Ph), 170.4 (C=0); 187.1 (C=S).

4-Methoxybenzoic (O-(4-formyl-2-methoxyphenyl)carbonothioic)
thioanhydride (5). A solution of 1.36 g (0.008 mol) of 4-methoxybenzoyl chloride
was added dropwise to a solution of 2 g (0.0085 mol) sodium O-(4-formyl-2-
methoxyphenyl) carbonodithioate in 25 ml of chloroform with stirring. The
mixture was stirred at room temperature of 22 °C for two hours. The solvent was
distilled off in a water-jet pump vacuum, the product was isolated by
recrystallization from hexane. Yield 2.31 g (80%), R¢ 0.88 (acetone/hexane, 1/3),
m.p. 122°C. Found, %: C 56.47; H 3.98; S 17.57. C17H140sS,. Calculated, %: C
56.34; H 3.89; S 17.69. IR spectra (KBr), v, cm™: 677 (C-S), 1023 (C=S), 1678
(C=0), 2851 (OCHs3). NMR 'H spectra (DMSO-ds), 5, ppm: 3.74 (s, 6H, OCHs3);
6.85 (s, 1H, Ph); 7.00 (d, 2H, Ph); 7.27 (d, 1H, Ph); 7.52 (d, 1H, Ph); 7.96 (d, 2H,
Ph); 9.88 (s, 1H, HCO). NMR ¥C spectra (DMSO-ds), 5, ppm: 56.0, 56.4
(OCHg); 112.4, 114.7; 120.7, 126.4,129.2, 132.6, 135.5, 152.2, 153.4, 164.3 (Ph),
191.3, 192.4 (C=0); 198.3 (C=S).

4-Nitrobenzoic (O-(4-formyl-2-methoxyphenyl)carbonothioic) thioanhydride
(6) was synthesized in a similar way. Yield 1.25 g (55%), m.p. 184°C. Found, %:
C 51.07; H 2.85; N 3.83; S 17.11.C16H11NOsS,. Calculated, %: C 50.92; H 2.94;
N 3.71; S 16.99. IR spectra (KBr), v, cm™: 711 (C-S), 1084 (C=S), 1698, 1746
(C=0), 2851 (OCHjs), 3290 (NO2). NMR *H spectra (DMSO-dg), 3, ppm: 3.82 (s,
3H, OCHs); 7.52 (s, 1H, Ph); 7.61 (d, 1H, Ph); 8.33 (d, 1H, Ph); 9.96 (s, 1H,
HCO). NMR ®3C spectra (DMSO-ds), 8, ppm: 56.6 (OCHs); 112.7, 123.7; 124.6,
131.9, 134.1, 136.0, 144.3, 151.3, 151.9 (Ph), 162.7 (C=0); 192.5 (C=S).

3,5-Dinitrobenzoic (O-(4-formyl-2-methoxyphenyl)carbonothioic)
thioanhydride (7) was synthesized in a similar way. Yield 1.64 g (64%), m.p.
129°C. Found, %: C 45.67; H 2.55; N 6.73; S 15.01.C16H10N20sS,. Calculated, %:
C 45.50; H 2.39; N 6.63; S 15.18. IR spectra (KBr), v, cm™: 726 (C-S), 1029
(C=S), 1698, 1745 (C=0), 2852 (OCHs), 3295 (NO2). NMR H spectra (DMSO-
ds), 6, ppm: 3.84 (s, 3H, OCHg); 7.55-7.63 (m, 3H, Ph); 8.85 (s, 1H, Ph); 9.03
(s,1H, Ph), 9.08 (s, 1H, Ph); 9.97 (s, 1H, HCO). NMR **C spectra (DMSO-ds), 3,
ppm: 56.7 (OCHs); 112.8, 123.8; 129.9, 131.6, 136.2, 144.0, 149.1, 151.8 (Ph),
161.0 (C=0); 192.4 (C=S).

3,5-Dinitrobenzoic O-(4-formylphenyl)carbonothioic) thioanhydride (8) was
synthesized in a similar way. Yield 2.75 g (77%), Rs 0.89 (acetone/hexane, 1/3),
m.p. 145°C. Found, %: C 46.07; H 2.18; N 7.28; S 16.25.C15sHsN20O7S,.
Calculated, %: C 45.92; H 2.06; N 7.14; S 16.34. IR spectra (KBr), v, cm™: 698
(C-S), 1080 (C=S), 1685, 1747 (C=0), 3287 (NOz). NMR H spectra (DMSO-
de), 8, ppm: 7.56 (d, 2H, Ph); 7.99 (d, 2H, Ph); 9.03 (d,1H, Ph), 9.68 (s, 1H, Ph);
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9.96 (s, 1H, HCO). NMR *3C spectra (DMSO-ds), 3, ppm: 116.2, 123.1, 129.9,
131.7,132.5, 134.9, 148.8, 155.0 (Ph), 161.6, 163.7 (C=0); 192.5 (C=S).

4-(Prop-2-yn-1-yloxy)benzaldehyde (9). To a mixture of 16 g (0.1157 mol) of
potash in 50 ml of acetone was added 50 g (0.040 mol) of 4-
hydroxybenzaldehyde. Then, a solution of 4.7 g (0.040 mol) of propargyl bromide
in 10 ml of acetone was added dropwise to the mixture with stirring and heating
to 50°C, and the mixture was stirred for 8 h. The reaction mixture was
concentrated, and the residue was washed with hexane. Yield 3.6 g (55%), Rr 0.51
(benzene), m.p. 82 °C. Found, %: C 75.09; H 5.15. C1oHsO.. Calculated, %: C
74.99; H 5.03. IR spectra, v, cm™: 1678 (C=0), 2121 (C=C), 3205 (=C-H). NMR
'H spectra (DMSO-ds), 8, ppm: 2.55 (t, 1H, =CH); 4.67 (s, 2H, OCHy>); 6.99 (d,
2H, Ph); 7.75 (d, 2H, Ph); 9.78 (s, 1H, HCO). NMR C spectra (DMSO-dg), 8,
ppm: 56.0 (OCHy); 76.7, 77.6 (C=C); 115.1, 130.5, 131.9, 162.3 (Ph), 190.8
(C=0).

3-Methoxy-4-(prop-2-yn-1-yloxy)benzaldehyde (10) was synthesized in a
similar way. Yield 3.61 g (58%), R¢ 0.72 (acetone/hexane, 1/1), m.p. 86°C. Found,
%: C 69.57; H 5.43. C11H100s. Calculated, %: C 69.46; H 5.30. IR spectra, v, cm’
111685 (C=0), 2125 (C=C), 3244 (=CH). NMR H spectra (DMSO-dg), 8, ppm:
2.49 (t, 1H, =CH); 3.56 (s, 3H, OCHs); 4.58 (s, 2H, OCHy); 6.75 (s, 1H, Ph); 6.87
(d, 1H, Ph); 7.15 (d, 1H, Ph); 9.54 (s, 1H, HCO). NMR *3C spectra (DMSO-ds), 3,
ppm: 56.3 (OCHgs); 57.1 (OCH,); 76.1, 78.7 (C=C); 109.3; 112.3; 126.0; 130.5;
149.7; 151.9 (Ph), 190.9 (C=0).

O-(4-Formylphenyl)-S-prop-2-yn-1-yl carbonodithioate (11). A solution of
2.1 g (0.018 mol) of propargyl bromide in 5 ml of acetone was added dropwise to
a solution of 4 g (0.018 mol) sodium O-(4-formylphenyl)carbonodithioate in 25
ml of acetone at the temperature of ~20°C and stirred for 4 h. The reaction
mixture was concentrated and the residue was washed with hexane. Yield 2.75 g
(65%), Rr 0.87 (acetone/hexane, 1/3), m.p. 67.7°C. Found, %: C 56.07; H 3.53; S
27.25. C11Hg0,S,. Calculated, %: C 55.91; H 3.41; S 27.14. IR spectra (KBr), v,
cmt: 605 (C-S), 1006 (C=S), 1678 (C=0), 2121 (C=C), 3205 (=CH). NMR H
spectra (DMSO-ds), 8, ppm: 2.54 (t, 1H, =CH); 4.67 (s, 2H, SCH>); 6.98 (d, 2H,
Ph); 7.74 (d, 2H, Ph); 9.77 (s, 1H, HCO). NMR ®3C spectra (DMSO-de), 5, ppm:
27.4 (SCHy); 76.7, 78.6 (C=C); 115.1, 130.5, 131.9, 152.1 (Ph), 162.3 (C=0);
191.0 (C=S).

O-(4-Formyl-2-methoxyphenyl)-S-prop-2-yn-1-yl carbonodithioate (12) was
synthesized in a similar way. Yield 3.25 g (76%), Rs 0.85 (acetone/hexane, 1/3).
Found, %: C 54.21; H 3.63; S 24.21. C12H1003S;. Calculated, %: C 54.12; H 3.78;
S 24.08. IR spectra (KBr), v, cm™: 655 (C-S), 1029 (C=S), 1666 (C=0), 2120
(C=C), 3244 (=CH). NMR 'H spectra (DMSO-ds), 5, ppm: 2.52 (t, 1H, =CH);
3.72 (s, 3H, OCHs3); 4.67 (s, 2H, SCH>); 6.95 (s, 1H, Ph); 7.19 (d, 1H, Ph); 7.28
(d, 1H, Ph); 9.69 (s, 1H, HCO). NMR 1C spectra (DMSO-dg), 8, ppm: 27.5
(SCHy); 56.0 (OCHs); 76.2, 78.7 (C=C); 111.3; 112.3; 126.1; 130.7; 149.8; 152.0
(Ph), 162.2 (C=0); 190.9 (C=S).

3. Results and discussion
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In order to synthesize new biologically active substances among the
organosulfur compounds, the conditions for the synthesis of aromatic
benzaldehyde xanthogenates and their derivatives: thioanhydrides and
thioacetylene  ethers have been  developed. Benzaldehydes: 4-
hydroxybenzaldehyde and 4-hydroxy-3-methoxybenzaldehyde have been taken as
initial substrates.

The reaction of the interaction of equimolar amounts of benzaldehydes (4-
hydroxybenzaldehyde and 4-hydroxy-3-methoxybenzaldehyde) with carbon
disulfide has been carried out in the presence of sodium hydroxide in ethanol at
the temperature of 22°C. The isolation of the synthesized xanthates from the
reaction mixture has been carried out by the recrystallization from acetonitrile. As
a result, sodium O-(4-formylphenyl)carbonodithioate 3 and sodium O-(4-formyl-
2-methoxyphenyl)carbonodithioate 4 have been synthesized in 86 and 80% yield,
respectively.

H. -0 H c°
‘s _R,COCI
2 ethanol T cnal
R, Ry
OH O\C¢S
1,2 3, |
SNa SYO
5-8

R2
1,3 Rl —H;2,4: R, — OCHs,
7:R, = OCHy; R, = 2,4- (N02)2C6H3, 8: R, = H; R, = 2,4-(NO,),CeHs,

Acylation of xanthates has been carried out by the interaction of sodium O-
(4-formylphenyl)carbonodithioate 3 and sodium O-(4-formyl-2-
methoxyphenyl)carbonodithioate 4 with acid chlorides (4-methoxy-, 4-nitro-, 2,4-
dinitrobenzoic) in chloroform at the temperature of 25°C for 3 hours. As a result
of the isolation from the reaction mixtures, thioanhydrides 5-8 have been obtained
individually in 55-80% yields, respectively.

The composition and identity of the synthesized compounds 3-8 have been
confirmed by the elemental analysis, TLC, IR-, 'H and *C NMR spectroscopy.

In the IR spectra of compounds 5-8, absorption bands of stretching vibrations
of the C=S group are observed in the region of 1029-1084 cm™. Stretching
vibrations of the C-S bond are present in the region of 677-726 cm™. As well as
the presence of intense absorption bands of the C=0 group in the region of 1678-
1747 cm™,
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In the *H NMR spectra of thioanhydrides 5-8, protons of the phenyl groups
are located in the low field region at & 6.85-9.68 ppm. The aldehyde proton
appeared as a one-proton singlet at 6 9.88-9.97 ppm. The protons of the -OCH3
methoxy group of compounds 5-7 have appeared as a singlet in the region of 3
3.74-3.84 ppm.

The **C NMR spectrum data also confirm the structure of compounds 5-8.
The signals of the carbon atom of the C=0O and C=S groups appear in the low
field region & 161.0-192.4 ppm and 192.5-198.3 ppm.

In order to study the reactivity of benzaldehydes and their dithiocarbamine
derivatives, as well as the synthesis of thioacetylenic ethers, the propargylation
reaction of 4-hydroxybenzaldehyde 1 and 4-hydroxy-3-methoxybenzaldehyde 2,
sodium O-(4-formylphenyl)carbonodithioate 3 and sodium O-(4-formyl-2-
methoxyphenyl) carbonodithioate 4 has been investigated.

The synthesis has been carried out by the interaction of 4-
hydroxybenzaldehyde 1 and 4-hydroxy-3-methoxybenzaldehyde 2 with propargyl
bromide in the presence of a threefold excess of K,CO; in acetone at the
temperature of 60°C. Whereas the propargylation of xanthates sodium O-(4-
formylphenyl)carbonodithioate 3 and sodium O-(4-formyl-2-
methoxyphenyl)carbonodithioate 4 has been carried out at the room temperature.

K,CO; 60 °C H :
+ > C (0]
Br/\ acetone O// \ —
Rl T
9,10
(0)

H O

NP
C

OH 1,2

>

R,
S
™
Br/\ R, /\\

C _
| H™ 70 11,12

1,3,9,11: R, =H; 2,4, 10, 12: R, = OCH;.

After processing the reaction mixtures, acetylenic and thioacetylenic
derivatives 9-12 have been isolated with the corresponding yields of 59-90 %.
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The structure of the synthesized compounds 9-12 has been established, based
on the IR, *H and **C NMR spectroscopy data.

The IR spectra of compounds 9-12 show the absorption bands of stretching
vibrations of C=CH bond in the region of 3205-3244 cm* and C=C bond in the
region of 2120-2125 cm™. There are intense absorption bands of the C=S group in
the region of 1006 and 1029 cm™, as well as stretching vibrations of the C-S bond
in the region of 605 and 655 cm™ in the IR spectra of compounds 9, 10.

The *H NMR spectra of the compounds 9-12 have contained the following
characteristic signals: triplet of acetylene proton at 6 2.49-2.55 ppm, doublet of
protons of the O-methylene (S-methylene) groups at 6 4.67 and 4.58 ppm (6 4.67
ppm). The chemical shifts of the protons of the Ph group are located in the weak
field region at 6 6.75-7.75 ppm. The mobile hydrogen atom at the aldehyde group
appears in the weak field region at § 9.54-9.78 ppm. The *H NMR of compounds
10, 12 have contained the resonance signal of the methoxy group in a singlet at 6
3.72 and 3.56 ppm corresponding to three protons.

The C NMR spectrums of the compounds 9-12 have the following
characteristic chemical shifts: signals of O-methylene carbon atoms appear at &
56.0 and 57.1 ppm and S-methylene carbon atoms at & 27.4 and 23.5 ppm,
acetylene carbon atoms give resonance signals at 6 76.1-76.7 ppm and 77.6-78.7
ppm. In the C NMR spectrums of the compounds 10 and 12, the signals of the
methoxy carbon atom are observed at & 56.3 and 56.0 ppm. The signals of the
aromatic carbon atoms are located in the downfield part of the spectrum at &
109.3-162.3 ppm. The signal of the carbon atom of the C=0 group appears in the
low field region at § 162.3-190.9 ppm. In the **C NMR spectra of the compounds
11 and 12, the carbon atom of the C=S bond resonates as a singlet in the region of
6 191.0 and 190.9 ppm.

4. Conclusion

New 4-hydroxybenzaldehyde and 4-hydroxy-3-methoxybenzaldehyde
derivatives: carbonodithioates, thioanhydrides, acetylenic and thioacetylenic
ethers have been synthesized. Aromatic thioanhydrides of carbonodithioic acids
have been synthesized by the reaction of acylation of hydroxybenzaldehyde
xanthates. The propargylation reaction of benzaldehydes and their sodium
xanthates has been studied. It has been established that the propargylation of
sodium  O-(4-formylphenyl)carbonodithioate and sodium  O-(4-formyl-2-
methoxyphenyl)carbonodithioate proceeds more easily and in higher yields as
compared with the initial hydroxybenzaldehydes.
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THAPOKCUBE3AJILJAETUATIH KAHA TYBIHABLIAPBIH CHHTE3AEY JKOHE
XUMMUSLIBIK TYPJIEHIIPY

E.C. Cviuesa”, M.C. Mykanoea

O.B. bekmypoe amvlHOA2bl XUMUSL EbLTLIMOAPbL UHCTNUNTYMbL,
Anmamul, Kazaxcman

“E-mail: yelena-sycheva@yandex.kz

Tyiiinaeme. Kipicne. ApoMaTHKaiblK OSH3aIbJCTHATEP/IIH KOFapbl (papMaKOJIOTHSIIBIK KACHETI Olap.ibl
KaTepJi iCiKke Kapchl, OaKTEPULUATIK, CAaHBIPayKYJIaKKa KapChl JKoHE TepOUIMATIK HpernaparTap CUsIKTbI
JIOPLITIK 3aTTapbl CHHTE3/ICY YILiH MaHbI3Ibl HHTEPMEIUaTTapFa alHaIAbIpaabl. JKYMbBICTBIH Makcambl 4-
THIPOKCUOCH3ANIBACTUA TEH 4-THAPOKCH-3-METOKCHOCH3AIBICTH/T HETi3iHAe OHONOTHSIIBIK OeIceH i
KOCBUIBICTAp/Ibl CHHTE3/IEy JKOHE CHHTE3CNIeH KOCBHUIBICTAPIbIH KYPBUIBIMBIH aHbIKTAY. Hamuoicenep
orcone mainkwinay. XaHa xkapOOHOIMTHOAT 0-apoOMATThHI XKYHenep HeriziHie, O0ejiMe TeMIlepaTypachlHIa
9TaHOJI OpTachlHIA HATPUH THAPOKCHI KATBICBIHAA 4-THAPOKCHOCH3ANIBICTH HEH 4-THAPOKCH-3-
METOKCHOCH3aNbJACTUATIH  KYKIPTTI KOMIPTEriMEH OpeKeTTecyl apKbLibl cuHTe3jeneni. Peakuus
wotmkecinae Hatpuii O-(4-dbopmmndennn) kapbomutnoatst (86%) xome Harpuii O-(4-bopmmi-2-
merokcudenun) kapoomuruoarsl  (80%) OeniHinm  anbiHABL  X7I0poopM  OpPTACHIHAA — HATPHUH
KCaHTOrCHATTApPBIHBIH ~ XJIOPAHTUAPUATEPMEH (4-METOKCH-, 4-HUTPO-, 2,4-TUHUTPOOCH30#) e3apa
opekerTecyi 55-80% OHIM/IUTIKIICH KapOOHOIUTHO KBIIIKBLIIAPBIHBIH apOMaTHKaJIbIK
THOAHTUAPUATEPIHIH Ty3U1yiHe okemnmi. ['MapokcHOeH3anbIeTHATEPAIH JKOHE ONap/blH IUTHOKApOOH
TYBIHJBUIAPBIHBIH ~ MPONAPTHIACY  PEaKIMSACHIHAAFbI ~ PEaKTHBTUIIK  KabOimeri  3eprrenai.  4-
THAPOKCHOCH3ANBACTHATI, 4-THAPOKCH-3-MeTOKCHOeH3aIpAeruaTi nponapruwiaey 60 °C Temmnepatypana
aneroH opracsiHga KoCOsz 3 ece apThlK KaThICybIMEH OpOMIBI NpOHApruiIMeH >Kyprizinai. HaTpwii
KCaHTOT€HATTapbIHBIH NPONAprUiAey peakuusIchl 0eIMe TeMIepaTypachlHia aleToH OpTachiHIa OpOM/IbI
MpOMapriuiiMeH  KYprizingi. Kopwimouinovl. Peakumsi nHoTmxkecinme O-apomartel kyidenep (4-
THAPOKCHOCH3AIBACTUl KOHE 4-THAPOKCH-3-METOKCHOCH3aIBACTH) Heri3iHae KapOOHOAUTHOATTAp,
THOAHTUPUATED, ALETUIICH JKOHE THOALETHIICH ddupiepi cuHresnenai. CHHTE3IeIreH KOChUIBICTap IbIH
KYpBUIBIMEL dJIeMeHTTiK Tanmay, MK cmektpmepi, 'H xome °C SMP cHeKTpoCKONHMACH HerisiHme
aHBIKTAJI/IBL.

Tyiiin ce3mep: HATPUHl KCAHTOTCHAThI, THOAHTWAPUATEP, MPONMAPTHICY, AUETWICHIl IKOHE
THOACTUIICH I dbHpIIEp

Cuviueea Enena Cepzeesna Xumus 261161MOAPbIHGIY KAHOUOANbI

Myxanosa Mepyepm Cucenbexosna — Xumus ebLiblMOapbiHbll KAHOUOAMbL

CHHTE3 U XUMHNYECKAA MOJUOPUKALIUA HOBBIX TPOU3BOJHBIX
I'NMJAPOKCUBEH3AJIBJAEI'HI0B

E.C. Coiuesa”, M.C. Myxkanosa
Hremumym xumuyeckux Hayk umenu A.B. bexmypoesa, Arimamel, Kazaxcman
*E-mail: yelena-sycheva@yandex.kz

Pe3tome. Bseoenue. Beicokast hpapmakoorndeckasi CHOCOGHOCTh apPOMATHIECKHX OCH3aIIbACTHAOB AeTaeT
X B@XHBIMH HHTEpMEIHATAMH Ul CHHTE3a JIEKAPCTBEHHBIX CPEJACTB, HANPHMEpP, HMPOTHBOPAKOBBIX,
GaKTepHILUIHBIX, IPOTHBOIPHOKOBEIX M TePOMLMAHBIX NpenapartoB. [lenvio OawHol pabomvl SBISETCS
cHHTE3 OMOJIOTMYECKN aKTHBHBIX COCAMHEHHH Ha OCHOBE 4-rHapoKCHOCH3ambIernaa U 4-rugpokcu-3-
METOKCHOCH3aIbACT /A, U YCTAHOBJICHHE CTPOCHMSI CHHTE3MPOBAHHBIX COCAUHCHHMiL. Pesyivmamoel u
obcyscoenue. CUHTE3UPOBAaHBI HOBBIE KapOOHOMUTHOATHI Ha OCHOBe (-apoMaTHUECKHX CHCTEMax,
B3auMoJeiicTBUEM 4-THIPOKCUOCH3aNBACIHAA U 4-THAPOKCH-3-METOKCHOCH3ANIbICTHIA C CEPOYTIICPOIOM
B TNPHCYTCTBHU THAPOKCHJA HATPUs B Cpele dTaHONA IPU KOMHATHOH TemmepaType. B pesyinbrate
peakimii  Boigenensl  O-(4-¢popmundenmn)kapbogutnoar Hatpus  (86%) u  O-(4-dopmmi-2-
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Merokcuenmn)kapoomuruoar  Hatpust  (80%). B3ammonelcTBHE  KCAHTOrGHATOB  HATPUS  C
XJIOopaHruapuaaMu (4-MeTokcu-, 4-HUTpO-, 2,4-TMHUTPOOCH3OIHBIH) B cpere XIopodopMa MPUBOIMIO K
00pa30BaHMIO apPOMATHUYECKHX THOAHTHIPUAOB KapOOHOIMTHOEBBIX KHUCIOT C Bbixogamu 55-80%.
M3ydena peakiMoHHasi CIOCOOHOCTh T'HAPOKCUOCH3ANIBIETHIOB U UX JUTHOKAPOOHOBBIX NMPOU3BOAHBIX B
peakuuu  mpomnapruimpoBanusi.  I[IpomaprunupoBanue  4-rUapokcHOeH3abAeruaa,  4-ruapokcu-3-
METOKCHOCH3aJIbJCTH1a TPOBOIMIM OPOMHUCTHIM MPOMAPIUIOM B IPHUCYTCTBHU 3-X KPaTHOrO M30BITKA
K2COs B cpene anerona npu temneparype 60 °C. Peakuuio nponapruiMpoBaHus KCAaHTareHaTOB HATPUS
MIPOBOJMIIN OPOMHUCTBIM INPONAPTUIOM B CpeJlie alleTOHa NpH KOMHATHOW Temmepartype. 3axuouenue. B
pe3yibTare  peakiuid  CHHTE3HMpPOBAaHBI ~ KapOOHOAMTHOATBI, THOAHTHUAPUMABI, ALCTHICHOBBIE U
THOALCTUIICHOBBIE 3(Upsl Ha oOcHOBe O-apomaTHyeckux cucteM (4-ruapokcubeH3anpaeruga u 4-
HAPOKCH-3-MeTOKCHOeH3abaernaa). CTpOoeHHe CHHTE3HPOBAHHBIX COCJMHEHHH YCTAHOBJIICHO Ha
OCHOBAHMM JAHHBIX dIeMeHTHOro ananusa, UK cnektpos, crexrpockonuu SIMP *H u 3C.

KiroueBble c€JI0Ba: KCAaHTOTGHAThl HATPHs, THOAHTWAPHIBI, IPONAPTHIMPOBAHME, AIlCTHUIICHOBBIE M
THOALIETUIICHOBBIE A(PUPBI

Coiuesa Enena Cepzeesna Kanouoam xumuueckux nayx

Mpykanosa Mepyepm Cucenbexosna  Kanouoam Xumudeckux Hayx
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bellopranukaJbIK CHHTE3 5KJHE MaTepuaJaap
3epTXaHachl MEHrepyuici,
XHMHUS FbLIBIMAAPBIHBIH JOKTOPBI, Podeccop
Cyiran YcmanyibiHa
7S xac

«9.b. bexTypoB aTbiHAaFEl XUMHUS FBUIBIMIAAPEl HHCTUTYTBD AKLMOHEPIIK
KOFaMBIHBIH Y KBIMBI Ci3/1i IIIBIH KYPEKTEH MEPEHTONBIHBI30€H KYTThIKTai 1b1!

Ci3 skapThl FachIpllaH acTtaM yakbIT OOWbI FbUIBIMHU-TIEAArOTHKAIIBIK
KBI3METIICH aiHAJIBICHIN, *ac YpHaKKa MaMaHJbIKKA JereH CYHiCIEHIIIIK MeH
aJaNIBIKTRIH YITICIH KepceTin keneci3. TepeH OumiM, Oepik YCTaHBIM, iCKEepIIK
Kalijer oHe YJKeH a3zaMaTThlKk Kacuerrep Ci3lmi Karapuarbl FBUIBIMH
KbI3METKepeH Oenrii ne Oemenai FanbiM jxoHEe FBUIBIM KalpaTKepi JeHreiiHe
koeTepai. Ochl Kbuigapaa OcHOPraHUKANBIK XMUMHUS KOHE TEXHOJOTHS CAalachiH
JNAMBITY ~ JKONbIHAAZ  asHOali eHOek  erinm, MUHepalabl, OHO-  JKOHE
MUKPOOHOTHIHAUTKBITITAPBI, (UTO- KoHE QUTOOHOIpEnapaTTapIbl Ay IbIH

137



KA3AKCTAHHBIH XUMHA )KYPHAJIBbI XUMHYECKHUY XX YPHAJI KA3AXCTAHA

(pM3UKA-XMMHSIIBIK HETI3[CpiH  KAIBIITACTBIPBIN, THIH FHUIBIMU-TCXHUKAIBIK
YKaHAITBIKTapAbl OHJIPICKE €HTI3y/e O3bIK OWIIBI, HaphIHABI FameiM ekeHmiriisre
FBUTBIMU KayBIMBI Ky ETTIHi3.

Ci3 OTaHBIMBI3/IBIH TATPUOTHI PETIHJIC iPreiti FhUIBIM CalaChIHA KOJ )KETKCH
HOTIDKETIEPIHI3I ayblUl IIapyallbUIBIFBIHA €HTI3y OarbIThIHAA Ja aWTapibIKTai
KYMBICTap aTKaphbll, eMiMi3/iH a3bIK-TYJIK KayilCi3diriH KaMTaMachl3 €Ty YIIiH
eNey yiec Kocynachi3. JKYMBICKa IETeH TBOPUYECTBOJIBIK KO3KAPACHIHBI3, YIIIKBIP
OMIIBUTBIFBIHBI3 OCH 3epASTUTITIHI3MIH HOTIKeCI — oHAaraH MoHorpadus, 100-1eH
aca aBTOPJBIK Kyaiik neH mateHtrepniH, 500-meH aca FRUIBIMEH MaKaiajap.IbiH
XKapusaHysl. byl xkerictikrepidi3 OTaHBIMBI3IBIH UT1TITiHE KBI3MET €Ty IE.

Ci3 OYKkin caHambl FYMBIPBIHBI3ABl XUMUS FBUIBIMBIH JaMBITY iCiHE apHarl,
HaFrbl3 OTAHIIBUIIBIK IIEH MAaKCATKEPJIiK TaHBITHIN, KazakcTaHHBIH KaHa TOJKBIHBI
YIIiH eHerere alHANIBIHEI3. JKac FanpiMaap MeH MaMaHaap TopOueney icinae e
Y3IiK  HOTIDKENepre KOJ  JKETKI3iHI3, COHbIH Oip  airarel  Ci3miH
KETEKIIUTITiHI30€H 2 JOKTOPIBIK XoHE 18 KaHIUIATTBIK JAHCCEPTAlUSHBIH
kopranyel. CoHpaii-ak, KOFaMABIK JKYMBICTapFa Ja OeJCeHe apalachlll,
opimnTecTepiHi3AiH apacklHAa KypMETKe OOJIeHI Kelecis.

OcwiHail eHOek MMeH TYpMBIC TopOWeci, KOFaphl JKayanmKepIIJliK IeH
OUTIKTUTITIHI3, JKeKe OaChIHBI3MIBIH KIPIIKCI3AIri OTOACHIHBI3 YIIIH FaHAa €Mec,
opimTecTepiHi3 YIUiH Jie 30p MaKTaHbIII, abbIpoi, )kKac YpHaK YIIiH HaFbl3 eMip
MeKkTeO1 ekeHiri paycei3. Ci3i eMipAeH TOKBIFaHbl MOJ, KaHbBI )KOMapT, KAMKOP
Jla TaJIariibLI FaIbIM, aThIHBI3Fa 3aThIHBI3 Call yJIaFraTThl YCTa3, KEMEJ OWJIbI TYJIFa
peTiHge 6inemis.

Cizce ocvinoait mepeiini KyHi WbIH KOHINIMI30eH 30D OeHCAYTIbIK,
Kayicelmac Kaipam, 0aaHovl 0aKpim, y3aK ymolp mineimis. Hei icmepinizoiy
Kawianoa oHza 0acyvina, ap KaOamblHbI30blH KAPbIMOblL 00JIYbIHG, €1-K02aM
anoviHOa adbIPOULIHLI30bIH apma depyine minekmecmik 6indipemis.

«0.b. bekmypos amuvinoazl
Xumusn zoinvimoapsl uncmumymoly AK yorcoimol.
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bif

buvin "Kazaxcmannwiy xumus scypuanvina” 20 scoln. IKypHanowvly anzawiksl
wivteapwlivimbl 2003 orcolnoviy Kazauvinoa scapulk kopoi. JKyprandvly neeizin
xanazan KP ¥FA axkademuei, 2blibim JiCoHe MEXHUKA CANACBIHOARbL MEMAECKEeMMIK
COUUNLIKMbIY  Jlaypeampl, 2bliblM2a eHbek cinipeen Kaupamkep, Kasaxcman
Pecnybnuxacvina enbex cinipeen OHEpMANKbIUibl, XUMUSL  EbLILIMOADLIHBIY
doxkmopul, npogheccop, ycmasvimviz E.E. EPFOKUH. Kypviimatiwwvicer - Eydex
Koisvin Ty opoendi AK "O.b. bexmyposa amvinoazvl Xumusi ebLiblMOApbL
uncmumymol”. Kasipei mayoa — scyprandwiy 6ac pedaxmopul Enoex Koisvin Ty
opoenodi AK "A.b. Bexmypos ameindazvl Xumus evliimoapsl uncmumymol” bac
oupexmopbwl, Xumusi evlivimoapuinsy kanouoamsl X.C. Tacvibekos.

Ocbl  Kyanotuumosl comme Hcolioap 00iivl  y30iKCi3 amcanblCKaH
asmopnapovl,  JHCYypHAN  YWH  €HOeK  CiHip2eH  2anbIMOapblmMblizd,
peuenzenmmepze, "O.b. bexkmyposea amvlHOA2Bl XUMUA  ZbLIBIMOADbL
uncmumymot” AK yorceimvina anzvic aiimamsld. Acnanvimslz apoaivim auiblk
001b1n, OazvinOvIpap Oenecmepimiz YpnAaLIMbLI32A ACLLL MYpa 001bln Kaia
bepcin. Enbexmepiniz ocemicmi, aoamzammoly, OMiIpiHe aca Kajcemmi,
mManmulpmac ulisiMu KYHOLUIBIKmMAap 6oavin oamu depcin. Kanyanapvinvizza
AMAHOBIK, 2bLILIM2A 0€2eH KYWmAapablKmapulol3 cizoepoi apmanoazau
MaKcammapuiyblzza Jcemenecin oOezen mineknen, 0izoen o6ipee 20 oncoin
O0onzanoapvinovizza paxmem. Y30ik maxananapoeiy 3 minde WbIZYbIH,
MAKCamvImbl32a Call XUMUAHBIH JPMYPIAL  CAnanapvlHOAbl 2AaAbIMOAPObIH
2bLIbIMU  3epmmeyiepin, HCemiCMIKmepin JHCIHe COH2bL  HCYMbICHAPbIH
AHCapuANAYObL HCANZLICMBIPA OePMEKni3.

Chemical Journal of Kazakhstan
Volume 3, Number 83(2023), 139

"9.b. Bekmyposea amvlnoazol
xumus evlivimoapsl uncmumymot'’ AK, Peoakuyus
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[IpaBmna opopmieHns crareii B xKypHaie
«XUMHYECKHM KYPHAJ KASAXCTAHA»

1. OBIIME MMOJIOXKEHUA

Kypnan «Xumuueckuit xxypraan Kazaxcranay (ISSN 1813-1107, eISSN 2710-1185)
BhITycKkaeTrcsa opaeHa TpymoBoro KpacHoro 3namenun AO «/HCTUTYTOM XUMHUECKUX
Hayk uM. A.b. BekrypoBa» 4 pasa B roj u myOiuKyeT paOOThl IO LIMPOKOMY KPYTy
(dyHIaMEHTaIbHBIX, TPUKJIAJHBIX 1 WHHOBALMOHHBIX UCCIEIOBAaHUN B 00JIACTH XUMHUU U
XMMHYECKOH TeXHOJIOTUH.

SI3bIkK MyONMMKAaLMK: Ka3aXxCKUW, pycCKui, aHriamickuid. JXypHanm MHIEKCHpyeTcs
Kazaxcranckoit OHOIMOMETpHYECKONH CHCTEMOH H BKIOYCH B llepedeHp W3IaHUMA,
pexkomeHayeMblx KomureTrom mo KoHTposmo B cdepe 00pazoBaHHS U HAYKH
MunucrepcrBa o0pa3zoBaHust M Haykd PecnmyOmukm Kasaxcran amst myOmukanun
OCHOBHBIX PE3Yy/IbTaTOB HAYYHOH NEATEIBHOCTH.

W3nanue uMeeT creayroniie pyopuKu:

1. O063opHbIe cTaThu 10 20 MEYATHBIX CTPAHMIT

2. OpwuruHanbHble cTaThk (10 8—10 neyaTHBIX CTPaHUIL)
3. Kparkue coobmenus (10 4—5 neyaTHbIX CTPaHUIL)

2. IPEJICTABJIEHME CTATEM

Pemakiyst mpuHUMaET cTaThi OT Ka3aXCTAHCKHX M 3apyOeKHBIX aBTOPOB. B memax
nonysspuzanun JKypHana, peAakIMOHHOW KOJUIeTHEH IPUBETCTBYETCS PUEM cTaTel Ha
AHTJINHCKOM SI3BIKE.

Jasi perucTpauuu M My0JMKAOMHM CTATBU MaTepual CTaThbH NPEJCTaBIACTCS B
pEelaKIMIO Uepe3 CHCTeMY OJJICKTPOHHOM TMojadu CTaThM Ha caiite JKypnama
(https://www.chemjournal.kz/) B komruiekTe O CleIyIONIMMHU JOKYMEHTAMH:

1. DnexrponHas Bepcus cratbu B popmarax Word u PDF co BCTpOGHHBIMHU B TEKCT
TabauIlaMU, cXeMaMH, pucyHkamu (¢ai Ao/KeH ObITh HA3BaH MO (HaMUIMK MEPBOTO
aBTOpA Ha aHTJIMICKOM SI3BIKE).

2. ConpoBoUTeNbHOE MHCHMO, a/ipecoBaHHOe B Penakiio XuMHYecKoro xypHaia
Kazaxcrana oT opraHu3anuu, B KOTOPOHW JaHHOE HCCIEIOBAaHHWE BBINIONHEHO, C
YTBEPXKIEHUEM, YTO MaTepHal PYKOIHMCH HHIJIE He IMyOJIMKOBAJICS, HE HAaXOAWTCS Ha
pacCMOTPEHHMH MJIsI OIYyOJIMKOBAaHMS B JAPYIMX JKypHalaX M B Marepuajax CTaTbH
OTCYTCTBYIOT CEKPETHBIE JJaHHbIE. B CONPOBOIUTEIIEHOM NHChME YKa3bIBAIOTCSI CBEJICHUS
00 aBTOpe Ayt KoppecnonaeHmu: Gamuims, UM 1 0TYECTBO aBTOPA, CIIY>KEOHBIH aspec
C YKa3aHHEeM MOYTOBOTO MHJIEKCA, aJJpec MIEKTPOHHOI nouTsl, Tenedon 1 ORCID.

3. Bee craTbu, onybnukoBaHHbIe B XuMuueckoM xypHaie Kazaxcrana (ISSN 1813-
1107, eISSN 2710-1185) myOmukyroTcsi B OTKpPHITOM goctymne. UToObl obecneduTh
CBOOOJHBIA JIOCTYI 4YHTaTeIIM M MOKPBITh PAacxXoJbl Ha SKCIHEPTHYIO OILEHKY,
pellaKTHpOBaHWe, MOJICpPKAHUE CalWTa JKypHanla, JOJTOCPOYHOE AapXHBHUPOBAHUE U
BEJICHWE JKypHaja, B3UMaeTcd Iviata 3a oOpabotky crathu. [IpaBmia omumaTel 3a
orny0JIMKOBaHHE PUHATOMN K MeYaTH CTAThH HAXOSATCS B OTIEIBHOM JOKYMEHTE Ha caiiTte
Kypnana «Omnara 3a oy 0IMKOBaHHEY.

4. Crarbe IpycBauBaeTCs PETHCTPALIMOHHBIA HOMEpP, KOTOPBIH coo0IIaeTcs aBTopam
B TEUCHHE HEAENIH IOCIIE TOJIyYeHUs] YKA3aHHOTO MepeyHs IOKYMEHTOB; Ha 3TOT HOMEpP
HEOOXOAMMO CChIIATHCS IPH MEPEIHCKE.
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5. TlpuHATBIM K TI€4aTH CTaTbsiM IIpUCBauUBaeTCs LUPPOBOH HAEHTH(DUKATOP
(DigitalObjectldentifier — DOI).

6. YuuTbiBas HEBO3MOXXHOCTh NPOBOJUTH CTaThl Ha Ka3axCKOM SI3BIKE uepe3
CHUCTEMY aHTHIUIAruar, OyqyT YYWTHIBAThCS (DOPMYIHUPOBKH DPELCH3EHTOB U peEIICHHE
U3aTeNLCKON KOJIIETHH.

7. CtraThy TOMKHBI OBITH 0(OPMIIEHBI COTIIACHO MIA0IOHY, KOTOPHI MOXKHO CKadaTh
B pazzene «OTnpaBka MaTepraioB» Ha caiite Xumudeckoro XKyprana Kazaxcrana.

3. CTPYKTYPA IYBJIUKAIIAM

3.1. B Hauase 0030pOB, OPMIMHAJBHBIX CTaTell M KPaTKHX cOOOIIeHHil Ha
NepBOH CTPOKE YKa3bIBAETCSl HOMEp 110 YHHBEPCAJIHHOW NECATUYHOHN Kiaccudukarun
(YK i UDC), coOoTBETCTBYIOIINI 3asBJICHHOM TeMme. J{aeTcs mponmucHbIMU OYKBaMu B
BEpXHeM JIeBOM yriay. Tamxke Ha NepBOM CTpOKe CIpaBa IPONHCHBIMU OyKBaMHU
nonmyxupHeiM mpupoM Ne 14 ykaseiBaercss HasBaume skypHama XUMHUYECKHUM
KYPHAJI KA3AXCTAHA (KABAKCTAHHBIH XHMUSA JKYPHAJIbI,
CHEMICAL JOURNAL OF KAZAKHSTAN), roa, Homep.

3.2. lanee yepe3 CTPOKY NPUBOAUTCS MEKAYHAPOIHBIM CTAaHAAPTHBIA CEpPUANIbHBIN
Homep xypHaia (ISSN 1813-1107, eISSN 2710-1185) n Ha crnemyromei cTpoke cieBa
npusogutcst DOI: koTopslii OyeT nMeTh 3Ha4eHHUE TOCIIe IPUHATHS CTaThH K IICYaTH.

3.3. Jlanee, mocne OTCTyma CTPOKH YyKa3bIBAaeTCs 3arjiaBHe CTATBH IIPONUCHBIMHU
OykBamu, mpudpt Ne 14 — momyXupHBIA, BRIpaBHUBAaHUE TEKCTa MO LeHTPY. Ha3Banwme
JOJDKHO MAaKCHMaJIbHO IOJHO M TOYHO OIMCHIBATh COJCp)KAaHHWE CTAaTbhH, BKIIOYATH
KJIFOUEBBIE CJIOBA, OTPAXKAIOIINE HANPABICHUE W/UJIM OCHOBHOW PE3yJIbTaT HCCIIEI0BaHUS,
HO B TO K€ BpeMs ObITh KOPOTKHUM U SICHBIM U HE COJIEPXKATh COKPAIICHHH.

3.4. anee, mocie OTCTyIa CTPOKH, YKA3bIBAIOTCS MHULIMAJBI H (haMuJInu aBTopa(-
OB) CTPOUHBIMH OyKkBamu, WpUQT Ne 12 1oyKUPHBIA, KypCHB, BHIpABHUBaHHE TEKCTA 110
neHtpy. ®amminsg aBTOpa, C KOTOPBIM CIEAYyeT BECTH MEpPenucKy, I0JDKHAa ObITh
orMedeHa 38e3n0ukoit (*): C.C. Camaesa™, A.M. /[ncyoananuesa.

3.5. Yepes crpoxy mpudrom Ne 12, cTpoyHBIMH OYKBaMH, KYPCHBOM C
BBIPABHUBAHUEM TEKCTa MO ILEHTPY CIEAyIOT HAauMeHOBaHMe(s1) opranu3aumm(ii) C
yKa3aHWEeM YacTH Ha3BaHUS OPraHU3alluH, KOTOpas OTHOCUTCS K TIOHATHIO IOPHIMYECKOTO
muna (B aHTIIMHCKOM TEKCTe HEOOXOAMMO YKa3blBaTh O(MIMANBHO NPHHATHIN MEpeBOx
Ha3BaHUs), TOPOJ, CTpaHa. B aHrnmiickoM BapMaHTe ajpecHbIC CBEACHUS JOJKHBI OBITH
IIPECTaBJICHbI HAa aHTJIMHCKOM S3BIKE, B T.4. TOPOJI M CTpaHa.

Crpokn c¢ (¢amMmwiusaIMH aBTOPOB M HA3BaHMSAMH OPTraHW3AIM  coAepiKar
HAQJICTPOYHBIE HWHAEKCH (mocie ¢GaMuiInk © Tepel Ha3BaHHEM OpraHHW3aluu),
YKa3bIBAIOIIHE HA MECTO PaOOTHI aBTOPOB.

Ha cnenytommeii cTpoke KypCUBHBIM HauepTaHueM, mpudt Ne 12, ¢ BEIpaBHHBaHHEM
TEKCTA 10 IEHTPY YKa3bIBAETCS AIEKTPOHHBIN aapec sl IePETHUCKH.

3.6. Pe3rome (Abstract, Tyitingeme) cocTout U3 KpaTtkoro tekcra (He MeHee 150—
250 cnos, wpudt Ne 12) Ha s3bike crathu. AbStract myGiukyercs B MEXAyHAPOIHBIX
6azax, JaHHBIX B OTPHIBE OT OCHOBHOT'O TeKcTa. Pe3toMe T0KHO OBITH aBTOHOMHBIM, BCE
BBOJIMMBIE 0003HAYECHHUS M COKPAIIEHHs HE00X0IMMO pacuinpoBaTh 3/1€Ch XKe.

IIpuBeTcTBY€ETCSI CTPYKTYpUPOBAaHHOE PE3IOME, MOBTOPSAIOLIEE CTPYKTYPY CTaTbH U
BKITIOYAIOIICE: GBeOeHUe, Ueau U 3a0ayu, Memoobl, pe3yibmamsl U 00cydcoeHue,
3aKnoueHue (861600b1). B TO ke Bpems, IIeTH U 3a7aul ONMCHIBAIOTCS, €CIIM OHU HE SICHBI
13 3arjaBusi CTaTbH, METOIBI CIEAYET ONUCHIBAThH, €CIM OHHM OTIMYAIOTCS HOBU3HOI. B
pe3roMe BKIIFOUAIOTCS HOBBIC PE3yJbTaThl, MMEIOIIHE JOITOCPOYHOE 3HAUCHHE, BaXKHBIC
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OTKpBITHS, OIPOBEPraiOIINe CYIIECTBYIOIINE TEOPUH, a TaKXKe J[aHHBIC, HMEIOIINE
mpakThdeckoe 3HadeHwe. CleayeT WCIONB30BaTh TEXHUYECKYI0 (CHEIHANBHYIO)
TEPMHUHOJIOTHIO BallleH ANCIUIUINHEL.

Pesrome maercs 6e3 ab3alfHOrO OTCTyNa CTPOYHBIMH OYKBaMH; OHO HE TOJDKHO
coJiep)kaTh HOMepa COeTMHEHHH, 3KCIIEpUMEHTAIbHBIC JaHHBIE U CCBUIKM Ha JIUTEpaTypy.
Pe3iome TOJIBKO OZIHO — B Ha4aJle TEKCTa.

3.7. Jlanee Ha s13bIKe cTaThM 0€3 a03aI[HOTO OTCTYINA CTPOYHBIMH OyKBaMH LIPUPTOM
Ne 12, BEIpaBHUBaHUE TEKCTA IO JIEBOMY Kpato NPUBOAATCS KJIIOYeBbIe cJIoBa (0T 5 110
10 mrt.), obecneynBaromye Haubosee MOJTHOE PaCKPHITHE COJIEPIKAHHsI CTAaThU.

3.8. B kparkux coo0meHusx npusoautcs pestome (150—200 cnoB), kiIrodeBbIe
CJIOBa, HO AETCHUS Ha pasfensl He TpeOyercs. JlaeTcsd TEKCT KPaTKOTO COOOIICHMS Ha
OJTHOM M3 TPEX SA3bIKOB C BBINONHEHNEM TpeboBaHuil k YIK, Ha3BaHUIO cTaThu, IEPEUHIO
aBTOPOB, HANMECHOBAHUH OpraHU3alni, B KOTOPHIX OHU pabOTalOT, YKa3aHUIO aBTOpa A
MepenMcKi. B TekcTe KpaTKoro coOONIEHWS] NPHUBOAATCS KOHKPETHBIE CYIIECTBEHHO
HOBbIe pe3yJbTaThl, TpedyloliHe 3aKpelJieHus: NPHOPUTETa ¢ HEOOXOIMMBIMHU
9KCIIEPUMEHTAIBHBIMA  MOJAPOOHOCTAMH.  3aTeM  CcieayloT:  uHGopMmamus o
(buHaHCUPOBaHWUHU, OJArOAPHOCTH, CBECHHUS O KOH(IMKTE WHTEPECOB, MH(pOpMAIHs 00
aBTOpax M CIHCOK JINTEPATYPHI.

3.9. Crarbss HauuHaeTcs C BBeJEHHsl, B KOTOpoM (Qopmymnupyercss Leilb |
HEOO0XOIUMOCTh NPOBEJCHUS UCCIIEIOBaHUA, KPATKO OCBEIIACTCSI COCTOSIHHE BOIIpOCa €O
CChUIKaMH Ha HauboJjiee 3HAUYMMble MyOJIMKAMK ¢ M30EraHueM CChUIOK Ha YCTapeBLIME
pe3ynbTarel. V3maraioTcst OTKpPBITHS, CHENaHHBIE B XOJE JAHHOTO HCCIICIOBAHUS.
VYka3bIBaeTCs CTPYKTypa CTAaThH.

3.10. DxcnmepuMeHTAJNILHASI YacTh COJCPXKUT OIMCAHHE XOAa W pe3yJbTaToB
9KCTIEPUMEHTA, XapaKTEePUCTUKY MOJTY9EHHBIX COCMHEHUI. B Havasne
SKCIIEPUMEHTAIbHOM  YacTH  TPHBOAATCS  HA3BaHWA  INPHOOPOB, Ha  KOTOPBIX
3aperuCTPUPOBAHbl  (PM3UKO-XMMUYECKHE XapaKTEPUCTUKM BEIIECTB M YKAa3bIBAIOTCA
YCIOBUSL M3MEPEHMs; TaKKe YKa3bplBalOTCsA JIMOO HCTOYHHMKH  MCIOJIb30BaHHBIX
HETPHUBUAJIILHBIX PEareHToB (HalpuMep, «KOMMEpUYECKHe MpenapaThl, Ha3BaHue GUpMbI»),
7100 A0TCS CCHIIKM HA METOAMKH UX HOJIy4YESHHUSI.

Kaxnpiit mnaparpad 5SKCHEpHUMEHTAIBHOM 4YacTH, OIMCHIBAIOUIMN IOJy4eHHE
KOHKPETHOTO COCIMHEHMs, [OJDKEH COJepXaTb €ero IIOJHOC HaNMEHOBAHHE IO
Homenkiatype MIOITAK u ero mopsiikoBslii HOMep B cTaThe. B MeToankax o0s3aTeIbsHO
yKa3blBaTh KOJIMYECTBA pEAreHToB B MOJBHBIX M MAacCOBBIX eAMHHMIAX (Ui
KaTaJM3aTOPOB — Maccy M MOJIbHBIE ITPOLEHTHI), 00BbEMBI pacTBopHTeseil. Meroanka
SKCIIEPUMEHTA U3J1araeTcs B npouieouiemM BpeMeHH.

Jlnsi M3BECTHBIX BEIIECTB, CHHTE3MPOBAHHBIX OITyOJIMKOBAaHHBIM paHEe METOIOM,
HEOOXOAMMO TPHUBECTH CCBUIKY Ha JINTEpPAaTypHbIE JaHHbIE. J{1 M3BECTHBIX BEILECTB,
MOJYYEHHbIX HOBBIMH WM  MOJIU(UIMPOBAHHBIMH  METOJAMHM, JOJDKHBI  OBITh
NPE/ICTAaBICHBI UX (PU3MYECKUE M CHEKTPAJIbHBbIE XapaKTePUCTHKH, UCIOIb30BaHHbBIE IS
MOJTBEPKIAEHNUST UIICHTUYHOCTH CTPYKTYDPbI, METOJ] CHHTE3a M CChUIKA HA JINTEPaTypHbIE
JIaHHbIE.

Jnsi Bcex BIEpBbIE CHHTE3MPOBAHHBIX COEAMHEHHII HEOOXOAMMO MNPUBECTH
JIOKa3aTeNbCTBA TPUIMCHIBAEMOTO UM CTPOCHUS U JIaHHbIE, TI03BOJISIONINE CYAUTh 00 UX
WHJIMBUYAJIbHOCTH W CTENEHHM YHCTOTHI. B 4yacTHOCTH, MOJDKHBI OBITH IPENCTABICHBI
JIaHHBIE IIEMEHTHOT'O aHAJIM3a WM Macc-CIEKTPhI BEICOKOTO pasperieHus, K crekrpsr n
cniextpsl SIMP H u B°C.
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JlaHHBIE PEHTIeHOCTPYKTYPHOIO aHalu3a MPEACTaBIAIOTCA B BHUJEC PUCYHKOB H
Tabanu. Bce HoBbIe coequnenns, fanHble PCA KOTOPBIX MPUBOAATCS B CTAThe, TOJKHBI
ObITh 3aperucTpupoBanbl B KeMOpumkckoii 6a3e CTPYKTYPHBIX JaHHBIX U HMETh
cootBercTByone CCDC HoMmepa.

Ecnn, mo MHEHMIO peleH3eHTa WM pelaKTopa, HOBBIE COEAWHEHUs HE ObLIM
YAOBJIETBOPUTEIHHO OXaPaKTEPU3OBAHBL, CTAThs HE OYIeT NPUHATA K ICUaTH.

IMpumep METOIUKH: 3-(2-Amino-6-methylpyridino)-3-carbonyl-3,4-
dihydrocoumarin (12).To the alcoholic solution of 218 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.

Brumanue! B cTaThsX, MOCBSIIEHHBIX CHHTE3y HOBBIX COEIMHEHMH, OMYyCKaeTcs
pa3MeleHe IKCIePUMEeHTANBHON YacTH 3a paszenoM Pe3yabTaThl U 00cy:KaeHHe.

3.11. B pasgene Pe3yabTarhl W 00Cy:KIeHHe, KOTOPBIA sIBIsieTCs HamOojee
BaXXHBIM, CJIEJyeT OOCYAWTh M OOBSCHHTH TOJyYCHHBIE B padoOTe pe3yJIbTAThI,
MIPOAHATM3NUPOBATE OCOOCHHOCTH CHHTE3a, IPOJEMOHCTPHPOBATh U YKa3aTh BO3MOXKHEIC
orpannueHus. [IpoBecTn cpaBHEHHE IONYYCHHBIX PE3yIBTATOB C OMYOIMKOBAaHHBIMU
panee. Bce HOBBIE COCOUHEHHUS MOIDKHBI OBITh IOJHOCTBIO OXapaKTepHU30BAHEI
COOTBETCTBYIOIIUMH CHEKTPATBHBIMA U JPYTHUMH (QH3UKO-XMMHUYECKUMHU JaHHBIMH. B
TeKCcTe OOOOINAIOTCS M PA3BACHSIIOTCA TONBKO TE€ CHEKTPaNbHBIE JaHHBIE, KOTOPHIE
HCTIONB3YIOTCS AN TOATBEPXKICHHUS  CTPYKTYPhl  ITIONyYEHHBIX  COCTUHEHUIL.
Ilepeuncienne OOHMX M TeX >K€ MJAaHHBIX B TEKCTe, TAaOMMIIaX M HA PUCYHKAax HE
Jorryckaercsi. [l HOBBIX METOMOB CHHTE3a JKEJIaTeNbHO OOCYAMTh MEXaHU3M PEaKIHH.
Jis 0000meHnsT JaHHBIX HEOOXOJMMO HCIIONB30BAaTh MOHATHBIE PUCYHKH M TaOIHIBL.
[IpencraBneHHbIe JAHHBIE TOJDKHBI TOAJABATHCSA HHTEPIPETAIIUH.

IIpu oOCyXkIeHHH pe3yJbTaTOB CIICAYeT MPHICPKHUBATHCA  OPHUIIMATEHON
tepmuHonoruu [UPAC. Pe3ynbTaTsl peKOMEHy€eTCs M3arath B MpOLIEAIEM BPEMEHH.

OO0cy:xnenne HE MODKHO TIOBTOPSATH OIHCAaHHE pPE3yJIbTaTOB HCCIEAOBaHHUA. B
TEKCTE [IOJDKHBI OBITH HCIIONB30BaHBI OOIIEHPUHATHIE B HAYYHOW JIATEpaType
cokparieHus. HecTaHDapTHBIE COKpAmICHUS JMOJDKHBI OBITH pacmmu(poBaHBl TIOCIE
IIEPBOTO IMOSIBIICHUSI B TeKCTe. EWHMIBI W3MepeHHH MODKHBI OBbITh yKa3aHbI B
Mexaynaponnoii cucteme CU.

3.12. 3arem pekomeHayeTcs cHOpMyIHpOBaTH 3aKJIKYEeHHE, B KOTOPOM YKa3aTh
OCHOBHBIE JIOCTHXXCHHMS, IPEACTaBICHHBIE B CTaTbe, 1 OCHOBHOM BBIBOJI, COAEPIKAIIHA
OTBET Ha BONPOC, MOCTABJICHHBI BO BBOJHOW YaCTH CTaThH, a TaKkKe BO3MOXKHOCTh
WCTIONB30BAaHUSl ~ MaTepuaia CcTaTbl B (YHAAMEHTANBHBIX WM  NPHUKIATHBIX
HCCIIEIOBAHUSIX.

3.13. IIpuBoanTcs nadopmanust 0 GUHAHCHPOBAHMH HCCIICIOBAHHM.

3.14. Boipaxkaetcs 6J1aroIapHoOCTh T€M, KTO TOMOT BaM B MOATOTOBKE Balllei
paboThI.

3.15. B pykomucu MAOIDKHO OBITH 3asBICHO O TOM, HMEETCS JM KOH(QJIHKT
HHTEPEeCOB

3.16. B undopmanmuu 00 aBTOpax YKa3bIBAIOTCI: ydYeHas CTETNEeHb, 3BaHUE,
noikHOCTh, e-mail, ORCID.
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3.17. CraTbs 3aKaHIMBACTCS] CIUCKOM JIMTEPATYPbI CO CCHUIKAMHU Ha PyCCKOM (HIH
Ka3aXCKOM) SI3bIKE M CCBUIKAMH Ha sA3bIKe opuruHana. CCBUIKM Ha JINTEPaTypHBIC
UCTOYHUKHM B TEKCTE IMPUBOJSITCS IMOPSIKOBBIMH apaOCKMMHU IM(paMu B KBaJpaTHBIX
ckoOKax 1O Mepe ynoMmMuHaHMA. Kaxnmas cchulka MOJDKHA COJEP)KaTh TONBKO OJHY
nuTepaTypHyto Imrary. CIHCOK JIMTEpaTyphl JOJDKEH OBITh NpelcTaBieH Hauboiee
CBEXHMMU U aKTyaJbHBIMU MCTOYHHKAMU 0€3 U3NHIIHEro caMolUTHpoBaHus(He Oosee 20
mnporeHToB). Ml crareil jkemareneH cnMcOK U3 He MeHee 10 cchbUlOK CO CTpOKaMu
JIOCTyIIa B UHTEpHETE.

3.18. OGs3arensHa uHpoOpManusi 00 aBTOpax. B Hell yka3bIBaloTCs: ydeHas
CTeleHb, 3BaHKE, JTOHKHOCTD, e-mail, ORCID, ¢pamuaus, umMs, 0T4€CTBO MMOJHOCTHIO HA
TpeX S3bIKAX.

HNudopmauus 06 aBropax:

JoxycunoexoB Ymupsak XymacwioBnd — AO «VHCTHTYT XHMHYECKHX HAayK UM.
A.b. bekrypoBay, 3aBemyromuii jTabopaTtopueil XMMHHU COJeH W YHOOOpSHHH, HIICH-
KoppecnionneHT HamnumonansHol akagemnu Hayk PecryOnmkn Kaszaxcran, mpodeccop; e-
mail:jussipbekov@mail.ru, ORCID: https://orcid.org/0000-0002-2354-9878 .

Hypranuesa I'yip3una OpblHTaeBHa — AOKTOp XuMudeckux Hayk, AO «MHcTUTyT
xumuueckux Hayk uMm. A.B. BekrypoBa», Ammatel, PecmyGmuka Kasaxcran, e-mail:
n_gulzipa@mail.ru , ORCID: https://orcid.org/0000-0003-2659-3361 .

basixmeroBa 3ammpa KenHecOekoBHa — KaHIUJAT XUMHUYECKUX HAyK, BEIYIIMMA
Hay4HbII coTpyaHuk, AO «MHcTUTYT XuMHu4Yeckux Hayk uM. A.b. bektypoBay», Anmarsl,
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Coucok  murupyemModd  nurepaTypbl  oopMisieTcss B COOTBETCTBHH  C
HIDKETIPUBEACHHBIMH 00pa3iiaMu oubimorpaduueckux onucanui (4.8.).

3.19. B KoHIe CTaThM TOCIIE CIIUCKA JIUTEPATYPHl OONOMHUMENbHO TPUBOTUTCS
nepeBos Pe3tome Ha kasaxckuii (Tyiinaeme) v Ha anrmmiickuit si3piku (Abstract). Ciioso
Pesiome (Abstract, Tyiiinmeme) maetrcs mo teHtpy. Ha crenmyromeit crpoke ¢
BEIPAaBHUBAHHEM II0 JIEBOMY Kpalo IMPOMICHBIMU OyKBaMH IIONYKAPHBIM mmpudTom Ne 12
MIPUBOANTCS Ha3BaHHWE cTaThH. UYepe3 CTpoKy Oe3 abd3almHOTO OTCTyma KypCHBOM,
Oy KUPHBIM 1prdToM Ne 11 Har0TCs MHUITUATBI U (JAMIJIHU aBTOPOB.

Ha cnenyromeii ctpoke 06e3 ab3allHOro OTCTyNa KypCHBOM, CTPOYHBIMH OYKBaMH,
mpudrom Ne 11 npuBozsiTCs MecTa pabOThl aBTOPOB C HaJCTPOUYHBIMH MHJIEKCaMU (IIOCIIe
(aMuuy ¥ mepes Ha3BaHWEM OpPraHHM3allMK), YKa3bIBAIOLIME HA MECTO pabOThl aBTOPOB.
3aTeM yepe3 CTPOKY ¢ ab3aIHOTO OTCTyMNa C BhIPABHHBAHHUEM TEKCTa IO IIUPUHE HJAET
TEKCT pe3toMe, HaOpaHHBIN CTPOUHBIM HiprdTom Ne 12.

Jarnee gepes cTpoKy ¢ ab3allHBIM OTCTYIIOM CTPOYHBIMU OykBamu mpudToM Ne 12, ¢
BEIPAaBHUBAHHEM TEKCTa II0 MIMPHHE IPUBOIATCA KJIOYeBbIe cioBa (oT 5 mo 10 mrt.),
obecrieunBaroye Hanooee MOTHOE PACKPBITHE CONEPKAHUS CTATHH.

3.20. JIns cratel, mogaBacMbIX Ha SI3bIKE, OTIIMYHOM OT aHTJIUHCKOTO (Ha Ka3aXCKOM
WIK PYCCKOM s3bIKE), B KOHIIC CTaThH HAXOAWUTCs aHrimiickuii Onok (Abstract,
Information about authors, References).

3.21. Bce cTpaHunbl pyKOIHCH CIIEAYET IPOHYMEPOBATh.

4. TPEBOBAHHUS K O®OPMJIEHUIO PYKOIIMCER

4.1. O6bem cTaTby, BKIIOYAs aHHOTAIMIO U CITUCOK JINTepaTypsl: 10 8—10 cTpaHwmII.
O030pHbIe cTaTht MOTYT ObITh 10 20 crTpanmil. CTaThs MO/DKHA OBITH HaleyaTaHa Ha
onHoi cropoHe sucrta A4 mpudptom Times New Roman, pasmep keras 14 ur;
MEXCTPOUYHBII MHTEpBal — OJAWHAPHBIA U NoJsMu: BepxHee — 2.0 cM, HuxHee — 2.0 cwm,
neBoe — 3.0 cM, mpaBoe — 1.5 cM; paccTaHOBKa IIEPEHOCOB HE IIOMYCKAaeTCsl; a03aIHbII
orctyn — 1.0 cM; popmaTupoBanue — 1o mupHHe. JloikeH ObITh HCIONB30BaH TEKCTOBBIN
penaxrop Microsoft Word for Windows, B Buze doc-daiina, Bepcust 7.0 u Gojee mo3aHue.

J KpaTKOCTH M HarJIJHOCTH OOCYXIICHHS COCIMHEHHs, yIOMHHaeMble Ooiee
OJIHOTO pasa, CleAyeT HyMepoBaTh apaGCcKMMM LU(paMu B COUYETAHUH CO CTPOYHBIMHU
JATUHCKUMH OykBaMu (A1 0003HaUCHHS COSAMHEHHWH C TMEPEMEHHBIM 3aMECTHTEIIEM).
[Tpu ynmoMuHaHIY TOJTHOTO HA3BAHMS COSAMHEHMS MHU(pP HaeTcs B CKOOKaX.

CrepeoXUMHYECKHE CHMBOJBI M TPHCTABKH, XapaKTEPHU3YIOIIHE CTPYKTYypHBIE
O0COOCHHOCTH WJIM TIOJIOKEHHE 3aMECTHTENs B MOJIEKyJle, ClIeqyeT HaOMpaTh KypCHBOM
(italic): (R)-smantuomep, mpem-OyTuil, napa-KCWiol. BMeCTO IpOMO3JIKHX Ha3BaHUU
HEOPraHMYECKHUX U YacTO YIOTPEOIIIeMbIX OPIraHUUECKUX COCMHEHUH CIIeayeT AaBaTh UX
¢dopmynsr: NaBr, TsOH Bmecto GpomMun HaTpust U TOIyoJcyib(poHOBas kuciora. [Ipn
UCIIONIb30BAaHMH TEPMHHOB M 00O3HA4YEHHH, HE HMMEIONINX MIMPOKOr0 NPHUMEHEHUs B
JUTEpaType, UX 3HAYEHHS TOSCHAIOTCS B TEKCTE MPHU MEPBOM YHOTpeOIeHHN: HAapHMeD,
noyyTIeHTepedranar (II9TD).

Jns m300paskeHnst CTPYKTYPHBIX (OPMYJ XUMHUYECKHUX COCAMHEHUH HE00X0AnMO
UCIIOIB30BaTh pemaktop xumudeckux (opmyn ChemDrawUltra. Bce waamucu nHa
CXeMax MpPHBOIATCA Ha AHIVIMHCKOM s3bIKe. B cXxeme HeoOXOoAmMO yKa3blBaTh BCE
YCIIOBUSI PEaKIUi: HaJ CTPENKOM — pearcHThl, KaTalu3aTopbl, PacTBOPUTENH, MOX
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CTpENIKOM — TemImepaTypa, Bpems, BeIXolA. Eciu ycnoBus peakuuil CUIBHO 3arpy’KaroT
CXeMY, HX MOXHO NIEPEHECTH B KOHEI] CXEMBI, paclIn(poBbIBas OYKBEHHBIMU HHACKCAMH,
mampumep, i: HCI, H20, 80 °C, 5h. Takoif ke OYKBCHHbIH MHIEKC JOJKCH OBITH YKa3aH
HaJ| CTPEJIKON COOTBETCTBYIOILEH PEAKLIUH.

4.2. YpaBHEeHHs], CXeMbl, TaOJIHIIbI, PUCYHKU U CCBHUIKM Ha JINTEPATypy HyMEpYyIOTCS
B TOPSJKE WX YIIOMHHAHHUS B TEKCTE U OO0IJICHLI OblMb 6CMAGIEHb 8 MEKCM CMambu
IOCJIe IEPBOTO YIOMHUHAHMS. TaOJUIbl U PUCYHKH JOJDKHBI COITPOBOXKIATHCS MTOIIHCHIO;
3aroJIOBKH K CXeMaM JaloTCsl TP HE0OXOJUMOCTH.

4.3. Tlo BO3MOXHOCTH CJIelyeT TOTOBUTH PHCYHKH C IIOMOIIbIO KOMIIBIOTEpA.
OIHOTHITHBIE KPHUBBIE JOJDKHBI OBITH BBINOJHEHBI B OJMHAKOBOM MacIITa0e Ha OJHOM
pucynke. KpuBble Ha pHCyHKax HyMepyloTcs apaOCKUMH mudpamH, KOTOpPbIE
pacu(pOBHIBAIOTCS B TOJNHCAX K pPHCYHKaM. [l BceX PHCYHKOB HEOO0XOIMMO
npencraBuTh rpaduueckue daitnel B Gopmate jpeg ¢ MUHUMaNBHBIM paspemendeM 300
dpi. Hapmuen Ha pucyHKax IOJDKHBI OBITh Ha AHTIMHCKOM SI3BIKE M IO BO3MOXKHOCTH
3aMEeHEHBI Iu(pamMHu, pacin(poBKa KOTOPHIX AAETCS B MOIIHICH K PUCYHKY.

OnuHOYHBIE MPSMBIE, KaK MPABUJIO, HE TPUBOJSAT, & 3aMEHSIOT YPaBHEHHEM JIMHUH
perpeccun. Ilepeceuenne oceil KOOpAKUHAT ClIEAyeT paclojaraTbh B JIEBOM YTIIy PHCYHKa,
CTpEJIKM Ha KOHI[AX OCeH He CTaBATCS, JMHHM, OIPaHUYMBAIOLIME MOJIE PUCYHKAa HE
NPUBOJSITCS, MacliTaOHas CeTKa He HaHOCUTCsA. ManonH(opMaTuBHBIE PUCYHKH, HE
oOcyXJaeMble B CTaTh€ CHEKTPHI, BOJbTaMIIEPOTPaMMbl M JAPYrHe 3aBHCUMOCTH HE
nyOMuKyIoTcs. PHCYHKH CHEKTPOB He JOJUKHBI ObITH BBINOJHEHBI OT pykKH. Bce
PHCYHKH JOJDKHBI MMETh HYMEpalHio apaOCKuMH mudpamu (€ciad PUCYHOK HE OIMH).
CnoBo «PuCyHOK» M HaVMEHOBAaHHE ITOMEIIAIOT II0CJE TOSCHUTENIBHBIX IAaHHBIX U
pacrioararot cienyromum oopasom: Pucynok 1 — Jleranm npudopa.

4.4. Kaxnas TadJuua JOKHA UMETh TEMAaTUYECKUH 3arojlOBOK M IOPSIKOBBII
apaOckmii HOMep (0e3 3Haka Ne), Ha KOTOPBIH JaeTcs cChUTKa B Tekcre (Tabmmma 1).
HasBanue tabnuupl pacronaraercst Haj Tabiuieil cieBa 6e3 ad3alHOr0 OTCTyIA B OJHY
CTPOKY C €€ HOMEPOM uepe3 Tupe 0e3 Touku mocie HazBaHus. [padbl B Tabuuile JOIKHBI
HUMETh KPaTKUE 3arojIOBKH, OTPaXKAIOIIME MapaMeTphl, YHCIICHHbIE 3HAYE€HHS KOTOPBIX
NIPUBEJICHbI B Ta0JIKIIE; OHU MHUIIYTCS B UMEHUTEIHLHOM I1a/Ie)Ke €JMHCTBEHHOTO YHClia C
MIPOIIMCHOM OYKBBI M 4Yepe3 3alsTyl0 CONPOBOXIAIOTCS COOTBETCTBYIOIIUMH €IUHUIAMU
n3MepeHus (B COkpamieHHOH ¢opme). PHcyHKH uimm cTpyKTypHbIE (GopMyinsl B rpadax
Tabnui He pomyckatotcs. IIpomyckn B rpadax mpu OTCYTCTBHM JIaHHBIX O00O3HAdYaloT
Tpems TOYKaMH, Ipu OTCYTCTBUH SIBJICHUS - 3HAKOM «THPE».
[Mpumeyanuss k TabiaunaM WHIEKCHPYIOTCS apaOCKMMU HU(GpaMH W TOMEIIAITCS B
rpaHuIax TabauLel 1o MarepuanoM tabumubl. CroBo «IIpruMedaHue» cienyer rneJaTarb
¢ mponucHo# OykBHI ¢ ab3ama. Eciu npumeuanue ogHo, To nocie cioa «[Ipumeuanne
CTaBUTCS THUPE W NPUMEYAHHUE IeHaTaeTcs ¢ IMPONHCHON OyKkBbl. Heckombko nmpumeyanuit
HYMEpYIOT TI0 HOPSIKY apabckumu mmdpamu 0e3 MpOCTaBICHUS TOYKH W IEYaTaroT C
ab3ama. B Tabmumax MCHIONB3YIOT TOT K€ MIPU(T, 9TO M B TEKCTE CTaThH; JIOIyCKAaeTCA
ymenbeHHbH (He MeHee Ne 10 mpugpTt TimesNewRoman).

4.5. Tlpu BbIOOpE €AMHMI] U3MEPEHUSI PEKOMEHIYETCSl MPUIEPKUBATHCS CHCTEMBI
CU: 1, Mr, M, cM, MKM (MHKPOMETp, MHUKPOH); HM (HAaHOMETP, MIWUIUMHKPOH); MM
(maxometp); A (amrcTpem); ¢ (cexkynna); MuH, u (uac), ' (repu); MI'n (merarepin); D
(operen); I'c (raycc); B (Bonbt); 3B (anmexTpoHBOiBT); A (ammep); Owm, Ila (mackanb);
MIla (meramackane); rlla (rexromackamns); JIx (mkoyns); K (xensBun), °C (rpamyc

Henbcus); 1 (debait).

149



KA3AKCTAHHBIH XUMHA )KYPHAJIBbI XUMHYECKHUY XX YPHAJI KA3AXCTAHA

B pecaTHYHBIX ApOGAX Heaast YacTh OTAeNsieTcsl OT APOOHON He 3anmAToi, a
TOYKOM.

Hcnonb3yloTcs ClieAyroNie COKPALIeHHs: T.KMI. M T.IUI. (TOYKH KUICHUS H
IUIaBJIeHHUs1) — Tmepex Ludpamu; KOHI. (KOHLIEHTPHPOBAHHBIM mepen (opmyion
coenanHeHus); M — MojekyJsipHas Macca); MOJb, KaJl, KKajd, H. (HOpMaJbHbIH), M.
(MOJIApHBIIA); KOHIIEHTPALMS PACTBOPOB 0003HaaeTcs (r/cMS, 1/11, MOJIb/1).

Jnsi BceX BHepBble CHHTE3HPOBAHHBIX COeJWMHEHHH 00s13aTe/IbHbI [JaHHbIE
3J71eMEHTHOI'0 aHAIU3a JIH00 Macc-CeKTPbl BBICOKOTO pa3pelieHus.

B 6pymmo-gopmyrax 3nemMeHTH pacnonararorcs B cieayiomeM nopsake: C, H u
Jajee COTacHO JaThHCKoMy aidaButy. DOpMyisl MOJEKYNSPHBIX COCAWHEHHUH N
OHHMEBBIX coJlell natotes uepe3 Touky (Harmpumep, CsHsN.HCI). [Ipumep 3anucu KOHCTaHT
U JAHHBIX JIeMeHTHoro aHammsa: T.kum. 78°C (100 mm prt. ct1.), T.Iu1. 50°C (EtOH),
d42°0.9809, n%1.5256; Haiineno, %: C 59.06; H 7.05; I 21.00; N 8.01. CaHplcNgOe.
Brruucaeno, %: C 59.02; H 7.01; 121.20; N 8.22.

UK n Y® cnexktpbl. B skcnepumentansHoit wactu aas UK u Y@ cnekrpos
JIOJDKHBI OBITh YKa3aHbl XapaKTePUCTHYECKUE YAaCTOThI MOJIOC, [UIMHBI BOJH MaKCUMYMOB
TIOTJIOIEH!A, KO3(GHUINEHTH! SKCTUHIUH (MJIN UX JIOTapH(MBI) U YCIOBUS, PU KOTOPBIX
3aIiCcaH CHEKT.

Ipumepst 3anucu: VK cuextp (ToHKHI coif), v, cM™: 1650 (C=N), 32003440 (O—
H). Y@ cnextp (EtOH), Amax, M (Ige): 242 (4.55), 380 (4.22).

Cnextpsl SIMP 'H u 3C. Jomkubl ObITh yka3aHbl pabouas yacToTa Ipubopa,
HCIIONB30BaHHBIN CTaHIApT U pacTBOpuTenb. IIpOTOHBI B cOcCTaBe CIIOKHBIX TPYII, K
KOTOPBIM OTHOCHTCSI CHTHAJ, ClieNyeT NOA4YepKHyTh cHuzy — 3.17-3.55 (4H, wm,
N(CH2CHs),); mist monoxeHust 3aMeCTUTENEH HCIOb30BaTh 0003HayeHust 3-CHs; s
obo3HaueHus nojoxeHus atomMoB — C-3, N-4 u T.n1. Ecim kakoi-HMOynb cHrHam B
CIIEKTpE OIMHUCHIBACTCA Kak MyOneT, TpUIJIeT WK AyOJeT ny0sieToB U T.II. (2 HE CHUHIJIET
WM MYJBTUILIET), HeoOXoauMo mpuBecTu coorBercTBytonme KCCB. Ecaun mpoBeneHs
JOTIOJTHUTENBHBIE HCCIICIOBAHMS ISl YCTAHOBJIGHHSI CTPOEHHS WM HPOCTPAHCTBEHHBIX
B3aUMOICHCTBHUII aTOMOB, JIOJDKHBI OBITh YKa3aHbBI UCIIOJIb30BAaHHBIE IBYMEPHbIE METO/IBL.
B omucanuu crnektpos SIMP ¥C oTHeceHHe KOHKPETHOIO CHTHAIA K KOHKPETHOMY aToMY
yrieposa NUPUBOAWUTCS TOJBKO TOTJA, KOTAA OIpEJeNieHHEe IIPOBEIEHO Ha OCHOBE
JBYMEPHBIX SKCIIEPHMEHTOB.

Ilpumepul 3anucu:

Crnexrp SIMPH (400 MI'u, CDCls), §, m. 1. (J, T'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,CgHs);
7.80 (1H,
¢, HAr); 7.97 (1H, ¢, H-5"); 8.13 (1H, n. n, J= 8.2, J= 2.3, H-5); 11.13 (1H, ¢, NH).

Cnexrp AMP3C (100 MT'n, IMCO-ds), 3, M. a. (J, T'm): 36.3 (CH,CH3); 48.5 (C-5);
62.3
(CH2CHa); 123.0(CAr); 125.8 (1, 2Jcr = 26.1, C-3',5' Ar); 128.9 (CPh); 134.4 (C-5a);
168.3 (C=0).

Macc-cneKTpbl MPUBOIATCS B BHIC YHMCIOBBIX 3HAYCHHH M/Z M OTHOCHTENBHBIX
3HAUEeHUH HOHHOrO ToKa. HeoOxoanmo yKa3blBaThb METOJ M OHEPrHI0 HOHM3AINH,
MacCOBBIE YHCJIa XapaKTEPUCTUUECKHX HOHOB, MX HMHTEHCHBHOCTb 110 OTHOILICHHUIO K
OCHOBHOMY HOHY U MO BO3MO>XHOCTH MX T€HE3HC. B cilyuae XMMUYECKON HOHHM3ANH TIPH
ommcaHuM Mpudopa HEOOXOAMMO yKa3aTh ras3-peareHT. B Macc-CriekTpax BBICOKOTO
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paspelieHus] Haf[ICHHBIC W BBIYHCIICHHBIC 3HAYCHUSI M/Z TPUBOIATCS C YCTHIPHMS
IECATHYHBIME 3HAKaM{, €CIIM HAaWJCHHOE 3HAa4YeHHE M/Z COOTBETCTBYET HE
MOJICKYJIIPHOMY HOHY, OpyTTO-QopMyna U BBIYHCICHHOE 3HAdeHHe M/Z TaKKe
OPHUBOAUTCSI TSl TOTO JKE HOHA.

Ipumep 3anucu danuvix macc-cnekmpa: Macc-criektp (OY, 70 3B), M/Z (lom, %):
386 [M]* (36),368 [M—H20]* (100), 353 [M-H20-CH3]" (23).

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

Ilpumep 3anucu OAHHBIX MACC-CREKMPA BbICOKO20 PA3PEULEHUA:

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

Brruncieno, m/z: 282.1828.

4.6. laHHBbIEe PEHTTeHOCTPYKTYPHOI0 HCCJIEAOBAHHUS CICAYCT NPEIOCTABIATH B
BHJIC PUCYHKa MOJCKYJBI C IPOHYMEpPOBaHHBIMH aromamu, Hampumep, C(1), N(3) (mo
BO3MO>KHOCTH B TIPE/ICTABICHUH aTOMOB JIUIAIICO W TAMHUTEILUIOBBIX KoJeOaHwmif). [lomHbIe
Kpuctamorpaduieckie MaHHBIC, TAaONHIBI KOOPAMHAT AaTOMOB, JMJIHH CBs3eH W
BaJICHTHBIX YIJIOB, TeMIeEpaTypHbie (AKTOphl B IKypHalIe HE MyOIHMKYIOTCS, a
nenoHupyroTcs B KeMOpumkckoM OaHKe CTPYKTYPHBIX JaHHBIX (B CTAaThe yKa3bIBacTCS
PETUCTPAIIMOHHBIN HOMEp JICTIOHCHTA).

4.7. Tlo TpeOoBaHMAM MEKAYHAPOIHBIX 0a3 maHHBIX Scopus, Clarivate Analytics,
Springer Nature mnpu oOlLeHKEe NyOJIMKAlMi Ha $3bIKaX, OTIMYHBIX OT AHTJIHMHCKOTO,
oubmorpaduUIecKre CIUCKH JOJDKHBI JaBaThCs HE TOJBKO Ha S3bIKE OPUTHHANIA, HO U Ha
nmatuHUIE (poMaHCKUM anpaBuToM). [103TOMY aBTOpHI cTaTel, MOIaBaeMBIX Ha PYCCKOM
M Ka3axCKOM SI3BIKE, JOJDKHBI MPEIOCTABIATH CIIMCOK JIUTEPATyphl B JBYX BapHaHTaX:
00un na sizvike opucunana (CHUCOK JUTEPATYPBI), a APYTOi — B poMAHCKOM angasume
(References). TlocnenHuii CIIUCOK BXOJUT B aQHIVIMHCKUN OJIOK, KOTOPBIN PACIONOKEH B
KOHIIE CTaThH.

Eciu B chnucke eCTh CCBUIKM Ha WHOCTPAHHBIC MYOJHMKAIIMH, OHHU IOJIHOCTHIO
noBTopsitorcst B cnucke References. Ilpu muTHpOBaHHWU PYCCKOA3BIYHOTO JKypHAa,
MIEPEBOIUMOTrO0 33 PyOeIkOM, B pycCKOs3bIuHON Bepcnn CITUCKA JIUTEPATYPhl HEOOXOIUMO
NPUBECTH TOJHYIO CCBUIKY Ha pPYCCKOsA3bIUHYIO Bepcuio, a B References — wna
MEXTyHapOAHYIO.

Crcok ucrounnkoB B References nomkeHn GbITh HAlUCAaH TOJNBKO Ha POMAHCKOM
andaBuTe- JaTuHUIE (TIPH 3TOM OH JIOJDKEH OCTaBaThCsS IONHBIM aHaimoroM Crmcka
JUTEPaTyphl, B KOTOPOM HCTOYHHKH OBUIH TPEACTaBICHH HA OPUTHHAILHOM S3BIKE

OITyOJINKOBAHMS).
[l HarmcaHust CChIIOK Ha PYCCKOSI3BIYHBIE HCTOYHHUKH (M UCTOYHHWKH HA WHBIX, HE
UCTIONB3YIOMINX ~ POMAHCKHH andaBuT,  SA3BIKaX) cleyeT  HCIOJIb30BaTh

ODULIMAJILHBIN TTEPEBOJI u TPAHCJINTEPALHIO (cm. TpeOoBaHUS K TEPEBOTY
Y TPAHCIIUTEPAIINH).

B References tpebyercs cieayromas CTpykTypa OHOIMOTpadUUeCcKOil CCHUIKH W3
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KOTOpbIE HE HMMEIOT YCTAaHOBIEHHOI'O pelaKIMedl aHTJIMHCKOro HAa3BaHMsI), BBIXOJHBIC
JaHHble B IIM(POBOM (opMmare, yKa3aHHE Ha S3bIK CTaThH B cKOOkax (in Russian mim in
Kazakh).TpaHcauTepaiiio MOKHO BBIIOJHHUTG Ha caiite http://www.translit.ru.
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Author A.A., Author B.B., Author C.C. Title of article. Title of Journal, 2005, 10,
No. 2, 49-53.

J11s Ka3aXCKO- HIIH PYCCKOSI3BIYHOTO HCTOYHHKA:
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4.9. HpnMep AHTJIOS3BIYHOIO0 0JIOKA AJi NPEACTABJICHUA CTATbH, HATIHCAHHOM

Ha fI3bIKE¢, OTJUYHOM OT AHTJIHICKOro:
Abstract

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

Zhusipbekov U.Zh.%, Nurgaliyeva G.0.%", Baiakhmetova Z.K.}, Aizvert L.G.?

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

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

E-mail: n_gulzipa@mail.ru

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

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

«Ka3zaKkcTaHHBIH XMMHUSJIBIK KypHaabD» (0yaaH api — 7KypHaj) OacnacbIHbIH
aJlKacel MeH Oac penakropsl «JKapusiiany 3THKachl :KeHIHJeri KOMHTeT —

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

(http://www.ease.org.uk) xoHe FbpLIBIMH :KapUsaHBIM 3THKACHIHBIH KOMHUTETiH/E
(http://publicet.org/code/) kadpLITaHBLIFAH XAIBIKAPAIBIK TATANTAPABI YCTAHABI.

Bacna xp3MeTiHzAeTi oenke caif eMec ic - opeKeTTephi (IUIaruaT, JKalFaH aKmapar
KoHE T.0.) OONOBIpMayFa KOHE FBUIBIMH JKAapHUSsJIAHBIMIAPIBIH JKOFAphl CamachlH
KaMTaMachl3 €Ty YIIiH, KOJ JKCTKI3reH FhUIBIMU HOTHXKEIEP/l )KYPTIIBUIBIKKA JKapusiiay
MaKkcaThIH/Ia PENaKIMs alKachl, aBTOpJap, PCICH3CHTTEP, COHAal-aKk Oacma ymepiciHe
KaThICATBIH MEKEMeJIep STHKAIbIK HOpMalap MEH epexeNepi cakTayra MIHJACTTi jKoHe
onapaelH Oy3pUIMayblHAa  OapiblK Imapaigapabl maimananysl Thic. Ochkl  yaepicke
KATBICYIIBIIAPABIH OapIbIFBIHBIH FHUIBIMU JKapUsIAHBIMIAP 3THKACBIHBIH epeKeIepiH
CaKTaybl, aBTOPJAPbIH 3USATKEPIIK MEHIIIK OOBEKTiIepiHe KYKBIKTAphIH KaMTaMachl3
eTyre, XapHUsJIaHBIMAD CAlaChlH apTTBIPYFa JKOHE AaBTOPIBIK KYKBIKIICH KOpFalfaH
MaTepuaIapabl JKeKe TYIFalapIblH MYAIeci YIIiH NaiganraHy MYMKIHIITIH JKOIOFa
KOMEKTECET].

Penmakmmsira xiOepinreH OapibplK FRUIBIMH MaKamajap MIHAETTI TYpAE €Ki *KaKThI
Kynusi capantamara xioepinesi. JKypHanablH pelakUsIbIK aaKachl MaKaJaHbIH JKypHA
TaKpIPbIObIHA IKOHE TaNaNTapblHA COWKECTITiH aHBIKTAM/IbI, )KypHAJIFa TipKey YIIIH OHBI
IJBIH ajla capajayra >KYPHAIIBIH JKayanThl XaTIIBIChIHA Ki0oepemi. O KoymKa30aHbIH
FBUIBIMHM KYHJBUIBIFBIH aHBIKTAI, MaKajia TaKbIPhIObIHA )KAKBIH FHUIBIMH MaMaHIBIKTapbI
0ap  eki Toyesci3 capallliblHbl aHBIKTaiabl. Makasanap/pl PeIaKIMsUIBIK aiKa JKOHE
PEeNaKIMsUIIBIK allka MyUIeiaepi, coOHmaii-ak 0acka elepCH IIAKbIPhUIFAH PEICH3CHTTEP
capanTaipl. MakaiaHbl capantay YIIiH PElCH3SHTTepAl TaHIay Typasbl mienrimai 6ac
penakrop KaOemaiinpl. Capanray mMep3imi 2-4 anra )oHE pPELEH3SHT OTiHImI OoibIHIIA
OHBI 2 anTara y3apTyFa 00Ja/bl.

Penakuusi MeH pemeH3eHT KapayFra kiOepinreH jkaprsuiaHOaFaH MaTepHaAapIbIH
KYIUSUTLIBIFBIHA KeMiik Oepemi. YKapusiiay Typasbl HICIIIM KYPHAIIABIH PEAAKIHSIIBIK
aIIKachl TEKCepreHHeH KeliH KaOwpuimaHanmel. Kaker OonraH »karmaiina (pemakrop(iiap)
JKOHE/HEMece PeIeH3eHT(Jiep) TapamblHAH €CKepPTYJIepaAiH 00Jybl) Ko/bka3ba aBTopiapra
KOCBIMIIIA TY3eTyJiepre xioepinemi, colaH KeiiH ol KaiTa Kapajgaapl. DTHKa HOpMaaphl
Oy3bUTFaH JKaraima, MakKaJaHbl JKapusiayldaH 0ac TapTy KYKbIFbIH Pemakius e3iHe
Kanapipaabpl. JKayanTel perakTop Makajiajaa Iularuar JIel ecenTeyre JKEeTKUTIKTI akmapar
OounFaH XKaFmalia OHBI XKapusIayFa pykcat oepmeini.

ABTOpJAp pelakuysra xKiobepinreH MaTepuaaIapabliH KaHa, OYpBIH XKapusiiaHOaraH
JKOHE TYIHYCKa CeKEHIIriHe Kemiamik Oepelmi. ABTOpIap FBUIBIMH HOTHXKEIEPIiH
CEHIMIITIrT MEH MAaHBI3IBUIBIFEIHA, COHIAH-aK FHUIBIMA STHKA KaFHIATTapBIHBIH
CakTallyblHa, aTanm alWTKaHIa, FRUIBIMH 3THKAHBI OY3bUIMayblHAa (FBUIBIMH JEpEKTEpIi
KOJIJaH jKacay, 3epTTey JCpeKTepiH Oypmarnayra oKeleTiH OypMmanay, IUIardat >KoHe
JKaJFaH OipJIeCKeH aBTOPIIBIK, KaiTanay, 0acka aiaMaapIblH HOTIDKEIECPIH HEMICHY JKOHE
T.0.)TiKenei KayarTsl.

Makanansl penaknusra O0epy aBTOpJIapIbIH MaKajaHbl (TyIMHYCKala Hemece Oacka
TUIZepre HeMece TUIICH aynapmajna) Oacka sKypHaiura(iapra) skibepMmereHiH oHe Oyl
MaTepHuaablH OYphIH KapusiaanOaraneiH Ournipeni. Omail OomMaraH >karmaija Makaiaa
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aBTOp/Iapra «ABTOPNBIK KYKBIKTBI Oy3FaHBl YIIIH MaKaJaHbl >Kapusulamay» AereH
IIenTiMMeH KaiTapbeiiaasl. backa aBTOpABIH TYBIHABICHIHBIH |0 MalibI31aH acTaMbIH, OHBIH
aBTOPJIBIFBIH JKOHE JIEPEKKOe3Te ClITeMenepi Kepcermedl ce30e-coe3 Kemripyre Ko
Oepinmeiini. ATBIHFaH Y31HIUIEp HEMece MalliMeMeNep aBTOp MEH IepeKKo3i MiHIeTTi
TYpe Kepcere OTHIpbIN peciMaenyi kepek. lllamanan Teic e3re MaTepHangapiabl
nalijanany, coHjAaii-ak Ke3 KeJNreH HbICaHAarbl IUIaruaT, COHBIH IIIiHIe Joiiekci3
noiiekce3nep, Oacka amaMaapAblH 3CpPTTEYICPiHIH HOTHXKEICPIH HEMJICHY JTHKara
KaTHaapl SkoHe KaObulmaHOalabpl. 3epTrrey OapbIChlHa — KaThIHACKAaH 0apIbIK
TYJIFaNIap/IbIH YJIECIH MOMBIHIAY KaXKeT KoHEe Makajajga 3epTTey.i Kyprisyae MaHbI3bl
OosrFraH JKyYMBICTapra cinTemenep Oepinyi Kepek. bipieckeH aBTopnap apachiHzIa
3epTTeyre KaThICIaFaH alaMIapAbl KepceTyre ol OepiaMeii.

ABTop(J1ap) JKYMBICTaphIHA KaTelikTep Oalikaica, Oy Typaisl Aepey pedaKTopra
xabapJarr, Ty3eTy Typajbl YCHIHBIC Oepyi THiC.

Komka30aner Oacelll msIFapymaH 0ac TapTy Typaisl WICHIIM pPElEH3CHTTepIiH
YCHIHBICTApBIH €CKEpE OTBIPBIN, PEAAKIHs aTKACBIHBIH OTBIPBICHIHAA KaObUIAaHA b,
PemakiuanbIK adKaHBIH MIENTIMIMEH JKapusulayFa YChIHBUIMaraH Makaja KaiWTa Kapayra
kabpuinanOaiapl. JKapusiaynan 06ac TapTy Typajibl xabapiiamMa aBTOPFa 3JICKTPOHIIBIK
TOLITa apKBUIBI XKi0epineni.

KypHanaplH peaakuusUIbIK ajlkachl MakKajlaHbl jKapusulayFa pykcaT Oepy Typajbl
nIemriM KaOblljaraHHaH KeHiH peJakUMsUIBIK aJika OyJ1 Typalibl aBTOpra xabapaiibl )koHe
JKapusiay mapTTapbelH Kepcereni. Makanara OepiireH mikipiaepaiH TymHyckachl JKypHai
PeNaKIMACHIHA 3 KBUT CAKTaJIbIHA/IBI.
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Omuka nHayuHvlX nybauxayuil

Pepakuunonnas KOJLJIerust | TJIaBHBIH peaaKTop HAYYHOT0
JKypHasa «XuMmnveckuii :xypHan Kasaxcrana» (nanee — JKypHau) npuaepxkuBaroTcst
NMPUHATHIX MeKIYHAPOIHBIX crangapToB «Komurera ITHKH no
nyoaukamuam» (Committee on Publication Ethics — COPE)
(http://publicationethics.org/about),, «kEBponeiickoii accouMauu HAYYHBIX
penakropos» (European Association of Science Editors - EASE)
(http://www.ease.org.uk) n «KoMHTeTa MmO »JTHKe HAYYHBIX NyOIHKALUI»

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

Bo wusbexxanne HemoOpPOCOBECTHOH IPAaKTHKH B ITyOJIMKAIMOHHOHN JESTENbHOCTH
(HHaFI/IaT, HN3JI0OKCHHUEC HEJOCTOBCPHBIX CBCZ[CHI/Iﬁ )44 I[p) " B LICTIAX o0ecIieueHHs BLICOKOTO
Ka4yeCTBa Hay4YHBIX ny6ﬂ1/11<au1/1171, MIpU3HAHUA O6IlIeCTBeHHOCTI)IO, TMOJIYUYCHHBIX aBTOpPOM
HaY4YHBIX PE3YJIbTAaTOB, YJICHBI PECAAKIIMOHHOTO COBCTA, aBTOPbI, PCHCH3CHTLI, a TAaKXKE
YUPEXICHUS, yIaCTBYIOIINE B U3aTEIbCKOM IpoOLecce, 00s3aHbl COOMI0AATh ATHYECKHUE
CTaHdapTbl, HOPMbBI W IMpaBWiIa W NOPHUHHUMATb BCC MCPbLI JId MPCAOTBpAIICHUA HX
HapymeHnid. CoOMoIcHNe TPaBUII 3TUKHA HAYYHBIX MTyONHKAIWi BCEMH YYaCTHHKAMU
9TOTO TIpoIlecca CHOCOOCTBYET OOCCIICYCHUIO MpaB aBTOPOB HAa HHTEIUICKTYaJbHYIO
COOCTBCHHOCTh, TIIOBBIIICHHWIO KadecTBAa W3MAHMS W HUCKIIOYCHHIO BO3MOXKHOCTH
HETPAaBOMEPHOTO HCIOJIH30BAHUS aBTOPCKUX MAaTEPHAIIOB B HHTEPECAX OTICIBHBIX JIHII.

Bce HayuHBIE CTaThW, IMOCTYNHBIINE B PEOAKIHIO, MOUICKAT O0S3aTCIHHOMY
JIBOMHOMY CIIETIOMY pelieH3upoBaHuio. Pemakmus JXXypHana ycTaHaBIMBAaeT COOTBETCTBUE
crateu npodumo XKypHana, TpeboBaHUSAM K O(QOPMIICHUIO W HAINpaBiIsIeT €€ Ha MepBOe
paccMOTpeHHe OTBETCTBEHHOMY cekpeTapio JKypHana, KOTOpBIH ONpeesseT HaydHYIO
IEHHOCTh PYKOIMMCHU W Ha3HA4YaCT ABYX HE3aBUCHUMBIX PCICH3CHTOB — CIICHUAJIUCTOB,
UMeoUIMX Hanbosee OIM3KME K TeMe CTaTbu Hay4yHbIE ClielManu3aluu. PeneH3upoBanme
CTaTeil OCYLIECTBIISIETCS WICHAMH PENAKIMOHHOTO COBETA M PEAAKLIMOHHOM KOJUIErnH, a
TaKXKe MPUTTIAIIEHHBIMH PELEH3eHTaMU IPYTHX CTpaH. PemeHne o BBIOOpE TOrO WM
WHOTO PELEH3CHTa Il TPOBEIICHHUS SKCIEPTH3BI CTATHH MPUHUMACT TIaBHBIN pelaKTop.
CpoK peleH3UpOBaHUs COCTABISICT 2-4 HEAENH, HO MO MPOCHOE PeleH3eHTa OH MOXKET
OBITH TIPOJIJICH, HO He Oojiee 4eM Ha 2 HeIel.

Pegakuusi W pemeH3eHT TapaHTHUPYIOT COXpaHCHHE KOHQUACHIIMAIBHOCTH
HEeoITyOJIMKOBAaHHBIX MAaTepHajiOoB IPUCIAHHBIX Ha paccMOTpeHHe paboT. Pemrenume o
nyOJIMKaluy NPUHAMAETCS PEAAKIMOHHON Kosuiernei JKypHaia mocie pereH3upoBaHus.
B cnygae HeoOxoanMocTH (HaIm4yue 3aMedaHuid pelakTopa(-0B) U /WK pereH3eHTa(-0B))
PYKONUCHh HAampapjiseTcs aBTopaM Ha J0padOTKy, II0CI€ 4Yero OHa IOBTOPHO
peueHsupyercs. Penakiusi octaBisier 3a co00# MpaBo OTKIOHHUTH MyOJMKAIUIO CTAThH B
ClIydac HapyHUICHHUA TPAaBUJI STUKH. OTBETCTBEHHBIN PEAAKTOP HE MOJDKCH JTOITYyCKaTh K
myOnuKkanuy MHQGOPMAIIHIO, €CI MMEeTCsl JOCTaTOYHO OCHOBAaHMH IoJjlaraTh, YTO OHA
SIBIISICTCS TUTATHATOM.

ABTOPBI TapaHTHPYIOT, YTO IMPEJCTABICHHBIC B PENAKIUIO0 MATEPHAJBl SBISIOTCS
HOBBIMH, paHEC HEONYOJUKOBAHHBIMA W  OPHUTHHAJBHBIMH. ABTOPBEI  HECYT
OTBETCTBEHHOCTb 32 JIOCTOBEPHOCTh M 3HAYMMOCTh HAYYHBIX DE3yJbTAaTOB, a TaKXe
coOojieHre TPUHLMIIOB HAayYHOW OTHKH, B YaCTHOCTH, HeJoIynieHne (akToB
HapYIICHWUs HAYYHOH 3TUKH ((haOpuKaIwst HAyIHBIX JaHHBIX, (hanbCcuUKaIys, Beaymas K
HNCKAXXCHUIO HUCCIICA0BATCIIBCKUX JAaHHBIX, iaruart u JIOXKHOC COaBTOPCTBO,
IyOMpoBaHUe, MPUCBOCHUE TYKUX PE3YJIbTATOB U JP.)
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HanpasneHune cTaThby B PEIAKIHIO O3HAYACT, YTO aBTOPHI HE TEPEAaBaIN CTaThIO (B
OpWTHHAJIC WIH B TEpeBOJle HA JPYTHe S3BIKM WM C IPYTUX S3BIKOB) B NIPYToii(-ue)
KypHaJI(bl) U YTO 3TOT MaTepuayl He ObUI paHee omyOiMKoBaH. B mpoTtwBHOM ciydae
CTaThsl HEMEUIEHHO BO3BpAIacTCsl aBTOpaM ¢ (HOpMyIUpOBKOil «OTKIOHHUTH CTAaThIO 32
HapylIeHHe aBTOPCKMX mpaBy». He nomyckaercst nocioBHOe KomupoBanue Oonee 10
MIPOLIEHTOB pabOoTHI APYroro aBropa 0e3 yKasaHUs ero aBTOPCTBA U CCHUIOK HA UCTOYHUK.
3auMcTBOBaHHbIE ()ParMEHTHl MJIM YTBEPXKICHUS JOJDKHBI ObITh O(OpMIICHBI C
00s13aTeNbHBIM YKa3aHHEM aBTOpa W IEPBOMCTOYHMKA. Upe3mepHbIe 3aMMCTBOBAaHUS, a
TaKke Iuiaruat B Jroboi opme, BIItOYas HeO(OPMIICHHBIE IIUTATHI, TepedpasupoBaHie
WJIN TIPUCBOEHHE NPaB Ha Pe3yJbTaThl Uy>KUX MCCIICTOBAHUM, HEITUYHBI U HENPUEMIIEMBI.
Heobxoanmo mpu3HaBaTh BKJIaA BCeX JIMI, TaK WJIM HHA4YE TOBIMSBIIMX Ha XOX
HCCIIEJOBAHMS, B YACTHOCTH, B CTAaThe JOJDKHBI OBITH IPEICTABICHBI CCBUIKH Ha paboTHI,
KOTOpBIE HWMENM 3HAauYeHWe IIpM MPOBEACHUHM wHccienoBaHus. Cpeou coaBTOPOB
HEJIOITyCTHMO yKa3bIBATh JIMII, HE YIaCTBOBABIINX B HCCIICAOBAHUH.

Ecmu aBTOpoMm(-amm) oOHapykeHa omuOka B padoTe, HEOOXOOUMO CPOYHO
YBEIOMHUTB PEIaKTOPa M BMECTE MPUHSTH penieHne 00 NCIpaBICHHN.

Pemenne 006 oTkaze B NyOJMKAaLUMHM PYKONHMCH NPUHMMAETCs Ha 3acelaHud
PEIaKIMOHHON KOJJIETMM C YYe€TOM pPEKOMEHJaluil peneH3eHTtoB. CrTarhs, HE
PEKOMEHIOBaHHAsl PEUICHHEM pEelaKIOHHOW KOJUIETMH K ITyOJIMKAaluH, K HOBTOPHOMY
paccMoTpeHuo He npuHuMaeTcs. CooOiieHne 00 OTKasze B MyOJHKAIMK HAMPaBIIsACTCS
aBTOpY I10 3JIEKTPOHHOH 1OYTE.

Ilocne mnpumsTus pegkomtermeid JKypHama pemieHHss O JOMyCKEe CTaTbU K
MyOIMKanuy pegaknusi HHPOPMHUPYET 00 3TOM aBTOPA M YKa3bIBaeT CPOKH IyOJIMKAILIUH.
OpuruHainsl peueH3uid xpansaTes B pegakuuu JKypHana B TeueHue 3 Jer.
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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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