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ANTI-FUNGAL ACTIVITY OF ANTHRAQUINONE DERIVATIVES
(Part 2)

Kharlamova T.V.

JSC «A.B. Bekturov Institute of Chemical Sciences», Almaty, Kazakhstan
E-mail: kharlamovatv@mail.ru

Abstract: Introduction. Fungal infections are an increasingly recognized global threat to human, animal
and plant health. The problem is acute in agriculture as well. The problems posed by fungal plant pathogens
affect global food security by causing severe damage to many valuable crops. This is related to crop yields, post-
harvest losses, and contamination of forage and consumer products. The purpose of the review is to analyze the
problem of fungal diseases of plants and search for effective fungicides in the family of anthraquinone
derivatives. Objects. Derivatives of 9,10-anthraquinone: chrysophanol, emodin, physcion, rhein, aloe-emodin.
Results. Fungi are key components of global biogeochemical cycles and include numerous species with
pathogenic potential that affect various plant species. Of particular concern is the impact of fungal pathogens on
cultivated and commercial plant species on which the food security of the world population depends. Among
natural compounds, 9,10-anthraquinone derivatives represent a group of quinones with biological activity and
great structural diversity. This review presents the data on the main fungal plant pathogens and the analysis of
the antifungal activity of the most abundant anthraquinone molecules, such as chrysophanol, emodin, physcion,
rein and aloe-emodin, as well as some structurally related molecules, in order to analyze the influence of
chemical structure of derivatives on their activity. Conclusion. Natural sources of antimicrobial agents, which
can be regarded as an alternative to traditionally used drugs, have now begun to receive special attention. Natural
sites contain a variety of biologically active secondary metabolites. Among them, derivatives of 9,10-
anthraquinone, such as chrysophanol, emodin, physcion, rein, aloe-emodin, have shown activity against a variety
of plant fungal pathogens and can be considered as promising structures for finding new antifungal agents.

Key words: 9,10-anthraquininone derivatives, natural compounds, medicinal plants, antifungal
activity
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Pe3wome: Beeoenue. I'pubKkoBbie HHDEKIMK CTAHOBATCS BCe OoJiee MPU3HAHHON II100aMbHOIM YIpo30i st
3[0pOBbs YEJIOBEKA, )KUBOTHBIX M pacTeHUil. DTa MpoldieMa OCTPO CTOMT M B CEIBCKOM XO3SHCTBE.
I'puOKOBbBIC pacTUTENbHbBIC IATOTCHBI BIUSIOT Ha TI00ATBHYIO TPOJOBOIBCTBEHHYIO OS30MaCHOCTh B CBSI3H
C TeM, YTO HAHOCAT CEPBE3HBIH YIepd MHOTHM ILICHHBIM KyJbTypaM. Llens 0630pHoil pabomel - aHaIn3
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npoOineMbl TpUOKOBBIX 3a0osieBaHUil pacTeHMH M 1moucKa S(P(EKTUBHBIX (YHTULUAOB B psLy
IIPOU3BOAHBIX aHTpaxuHOHA. O6wvexkmoul.  IlpomsBomuble 9,10-aHTpaxuHOHA: XpU30()aHON, SMOJIUH,
(UCLMOH, peuH, anod-3MOIHUH. Pesynbmamyl. I'puObI SBISIOTCS KIIOYEBBIMUA KOMIIOHEHTAMM II00AIbHBIX
OHMOreoXMMHYECKHX LMKIIOB U BKJIIOYAIOT B C€0S MHOTOYHCIIEHHBIE BUIBI C MATOT€HHBIM MOTEHIIMAIOM,
KOTOpBIE OKa3bIBAIOT BIUSHHE HA pa3iWyHble BUABL pacTeHHil. OCOOCHHYI0 00€CIIOKOEHHOCTh BBI3BIBAET
BO3JIeHiCTBHE TPUOKOBBLIX NTATOI€HOB HA KYJbTYPHbIE U TOBapHbIE BHIbl PACTEHHH OT KOTOPBHIX 3aBUCHT
IIPOIOBOJILCTBEHHAsI OE30I1ACHOCTh HacelIeHHs IIaHeThl. Cpeau IMPUPOTHBIX COSAMHEHUII MPOM3BOIHBIE
9,10-aHTpaxvHOHA COCTaBAIOT TIPYNIy XWHOHOB, OOJNajaloOmMX  OHOJIOrMYECKOH aKTHUBHOCTBIO U
UMEIOIHX 00JIbIIoe CTPYKTypHOE pazHooOpasue. B naHHOM 0030pe MpHBOAATCS JaHHbIE 00 OCHOBHBIX
rpuOKOBBIX ATOTCHAX PACTCHHI M aHAIN3 IIPOTHBOTPHOKOBOrO AEHCTBUSA HanOosee paclpOCTPaHEHHBIX
B IPHPOJHBIX 00BEKTAaX aHTPAXWHOHOBBIX MOJEKYI, TAKHX KaK Xpu30()aHON, SMOAUH, QUCIHOH, PEHH H
aJl0e-3MOJIMH, a TaKXK€ HEKOTOPBIX CTPYKTYPHO POACTBEHHBIX MOJEKYI C LEIbI0 aHalli3a BIUSHUS
XHMUYECKOH CTPYKTYphl IIPOU3BOJHBIX Ha UX aKTUBHOCTb. 3akmouenue. B HacTosmee BpeMs ocoboe
BHUMaHHE CTaJM YAEJNATH IPHUPOJHBIM HMCTOUYHMKAM aHTHMMHMKPOOHBIX CpEJICTB, KOTOpPBIE MOTYT
paccMaTpHBaThCS KaK albTCpPHATHBA TPAJHUIMOHHO NPHMEHSEMBIM IpemapataM. IIpuponHsle 00BEKTHI
coziepKaT pa3HOOOpa3Hble OHOJIOTHYECKH aKTHBHBIC BTOPHYHBIC MeTab0nuThl. Cpeld HUX HPOH3BOIHBIC
9,10-aHTpaxnHOHa, TakWe Kak XpU30(aHON, SMOIHMH, (UCIWOH, DEHH, aJl03-3MOJMH, IOKa3aIx
aKTUBHOCTb II0 OTHOIIEHHIO K pasHOOOpPAasHBIM pPACTHTENbHBIM TIPUOKOBBIM IATOTCHAM U MOTYT
paccMaTpyUBaThCs KaK NEPCIEKTUBHBIE CTPYKTYPBI Ul TTOUCKA HOBBIX AHTUTPHOKOBBIX CPEJICTB.

KiaroueBble ciaoBa: mpousBogabie 9,10-aHTpaxWHOHA, NPUPOJHBIE COCAWHEHHs,  JIEKAPCTBEHHBIC
pacTeHus, IPOTUBOTPUOKOBAS aKTUBHOCTD.

Xapnamosa T.B. Jlokmop xumuueckux HayK, enasHblll HAYYHbIL COMPYOHUK

1.BBenenue

I'pubHOE 1apcTBO MpeacTaBisAeT Kak OrpOMHBIE BO3MOYKHOCTH, TaK M TPOOJIEMEI
JUIS 4eJloBeuecTBa Oyiarofaps CBOEMY pa3HOOOpa3Wio, HMCKITFOYMTEILHONH MeTabo-
JIMYECKOW aKTUBHOCTU M OBICTPON CIIOCOOHOCTH MEHSThCS. ['puOBbI BKITIOYAIOT B ceOs
MHOTOYHCIICHHBIC BHIbI C MATOTEHHBIM MOTEHIIMATIOM, KOTOpPBIC MPEACTABISIOT
yrpo3y sl 4YeloBeKa, JKMBOTHBIX M pacrenuit [1-3]. [locraTouno ocTpo
npobiieMa TPUOKOBBIX MOPAKEHHH PACTCHHUH M JKUBOTHBIX CTOMT B CEJIBCKOM
xo3siicTBe [4-6]. Ilopaxaromme pacteHHst TpHOBI U OOMHLIETHI OpPOCAIOT BBHI3OB
[EJIOCTHOCTH TPHPOAHBIX JKOCHCTEM U CTaBAT TIOA Yrpo3y TJI00alIbHYIO
MPOJIOBOJILCTBCHHYIO 0€30MmacHOCTh [7,8]. DTO CBSA3aHO C YPOXKANHOCTHIO,
NOCJICyOOPOYHBIMH ~ TIOTEpSIMH,  3arps3HEHHEM  KOPMOB M IPOAYKTOB
norpebnenust. OTPOMHBIN Bpel CEIbCKOXO3SMCTBEHHBIM KyJIbTypaM HaHOCST
(uromarorennsie TpuOB (Oonee 80%), a TOTepH ypoxkKas BO3JEIBIBAEMBIX
KYJIbTYp OT IPUOKOBBIX 3a00JIEBaHUI B pa3IW4yHbIC TOJBI BAPHHPYIOTCS OT 5 10
30 %, a B suduroTHiteie — 10 50 % u Ooree, YTO BBI3BIBACT 3HAUMTEIILHEIC
skoHoMuyeckne motepu [9-11]. HecmoTps Ha TpUMEHEHHE METOJOB
WUHTCHCU(HKAIMN CETbCKOXO3IHCTBEHHBIX Pa0oT, MCIOJIB30BAHUE CPEICTB 3alllHThI
pacTeHuii, yrpo3a 0oJie3Hel pacTeHHi HEe YMEHbIIWIach, a ycyryomsercs [12]. Dro
BBI3BAHO pe3yJIbTaTaMU JIEATENbHOCTH YeJIOBeKa, afanTaiyeil rpuOHBIX MaTOreHoB K
HOBBIM YCJIOBHSIM 3KOCHCTEM, TMOSIBJICHHEM paHee HEW3BECTHhIX maroreHoB [13,14],
xoneOanmsimu  kmMara  [12,15,16]. Tlocagka OOMIMPHBIX MOJOC T'CHETHYECKH
ONHOPOIHBIX KYJBTYp W  HCHOJB30BAHME OIHOLEIEBBIX  IPOTHBOIPUOKOBBIX
MPETIapaToB YCKOPHIIH MOSIBIICHUE HOBBIX BUPYJICHTHBIX U YCTOMYMBBIX K (DYHIHITUIAM

6



ISSN 1813-1107, eISSN 2710-1185 Me 3, 2022

mramMMoB. 3MeHeHHe KimMMarta BIHSET Ha TpaHC(HOpPMAIMIO JIeMorpadudecKkux
TMOKa3aTeJiel aToreHoB, KOTOPbIE MEPEMEIAIOTCS K TOJIFOCY B YCIIOBHSIX MOTEIUICHHS
[17]. CymectByer omaceHue, 4TO W3MEHEHHE KIMMATa, CBS3aHHOE IJIOOAIBHBIM
NOTeIUIeHueM, OyleT oTOMpaTh HOBBIE MATOr€HHBIE TPHUOBI, TOCKOJIBKY BHIBI C
MIATOrCHHBIM TIOTCHIIMAIIOM aANTHUPYIOTCS K Oojiee BBICOKMM Temreparypam [18].
Pois B pacnpocranenre WH(EKIU BHOCAT W OOIIMpPHBIE TOProBBIE, TPAHCIOPTHHIC
CETH U He TIONHBIN (PUTOCAaHUTAPHBINA KOHTPOJIb. B CBSA3M ¢ 3THM CyiiecTByeT OoIbIias
MOTPEOHOCTH B TIOMCKE M pa3padOTKe MPOTHBOTPUOKOBBIX CPEICTB, TIPUHAIICIKAIITIX K
HIMPOKOMY CIIEKTPY CTPYKTYPHBIX KJIACCOB, M30MpATEIBHO JICHCTBYIOIIMX Ha HOBBIC
MUIIIEHH C HAUMEHBITTMMH TTOOOYHBIMH P deKTamu.

AHTpaxXWHOHBI SBIITFOTCS CaMOM OOJBIIION TPYITION MPUPOIHBIX XHHOHOB [19],
KOTOpbIE WACHTH(UIMPOBAHbI B BBICIIMX PACTCHUSX, JIMIIAHHUKAX, TPHOaxX W Jp.
OHM HaUM MPOKOE MTPUMEHEHNE B PA3TMYHBIX c(hepax AeATeTbHOCTH YelOBeKa, a
MCCIeOBaHMs UX OMOJIOTMYECKUX CBOMCTB BBISBUJIO BEIIECTBA C Pa3HOOOpPa3HBIMH
(apmaxonorndeckumu coiictBamu [20-26]. JlaHHBIM 0030p MOCBSAIIEH OCHOBHBIM
yrpo3aM TpUOKOBBIX HMH(EKIMH IS pacTeHHH W aHTUTPUOKOBOMY JIEHCTBHIO
HanOoIlee PacIpoCTPAHEHHBIX B MPUPOIHBIX 00BEKTaX aHTPAXHHOHOBBIX MOJIEKY,
Takux Kak xpuszodanod (1), smonuH (2), puctmon (3), peuH (4) u anoe-smomuH (5). C
LEJBI0 aHANN3a BIWSHUS CTPYKTYPHBIX XapaKTEPUCTUK MOJIEKYJI Ha HX aKTHBHOCTB,
paccMaTpHBArOTCS U HEKOTOPBIE POACTBEHHEIE Mpon3BonHble 9,10-aHTpaxuHOHA.

2. Yrpo3sl rpudkoBbIX HHpeKnui Aas pacrenuii. CoBpeMeHHOe COCTOsIHHME
npoodJieMbl

I'pubbl  SABISAIOTCS KIIOYEBBIMH KOMIIOHEHTaMH TJI00aNbHBIX OHOTeOXH-
MHUYECKUX LHMKJIOB M BKIIOYAIOT B Ce0s MHOIOYMCIICHHBIE BBl C IATOr€HHBIM
noreHantoM. OHM OKa3bIBAIOT BIMSHUE Ha DPa3MYHBIC BHUIBI PACTCHUH, H
O0COOCHHO Ha KyJbTYpPHBIC M TOBApPHBIE BUIbI, OT KOTOPBIX 3aBUCUT OO€CII€UEHUE
MPOIOBONBCTBUEM [5,27]. 'puOBI M OOMHIIETHI YTPOXKAIOT JOJITOBEYHOCTH U
KHU3HECIIOCOOHOCTH  NPHUPOAHBIX  3KOCHCTEM.  YHHUTOXAIOLIME  AEPEBbs
MH(EKIUH BIHSIOT Ha CEKBECTpaluio yrieposaa [28] U BBI3BIBIOT MOTEPIO CPEIbI
obuTtaHus Ut ectecTBeHHOU (hitopsl 1 paynsl [7,29].

MHorue naToreHsl BhI3bIBAIOT CTOIMKHE 3a00/eBaHus, @ B Ka4eCTBE IIpUMepa
MOXHO mpuBecTu urodropos kamranos (Cryphonectria parasitica), kotopeiii B
TeueHue S50 jer yOua OONBIIMHCTBO B3POCTBIX JEPEBHEB aMEPUKAaHCKOTO
kamrana C. dentata B mpemenax ux ecrtectBeHHoro apeana [30]. dpyrum
IPUMEPOM MOXKET CIYXKUTh MaHAEMHS TOJUIAHACKOTO Bs3a, KOTOpas JBAXKIbl B
teuenue 20 Beka yomma 6ompmuHCTBO BszoB UIMus spp. B permonax CeBepHoi
Awmepuku, Esponie n lOro-3anannoit Aszum [31]. Cnemyer oTMeruTh, 4To 00€
naHJAeMud ObUIM CBSI3aHBl C JIOTHCTUKOW UM BBI3BAHBI TPAHCIIOPTHPOBKOU
3apakeHHOM gpeBecunbl [32-34]. B paGore Grinwald N.J. ¢ coaBropamu
cobmanock o Phytophthora ramorum - maroreHe OOMHIIETOB, KOTOPBIN SBIIACTCS
BO30yIHTENIeM BHE3aITHOW Trbeny ayda, a Takke Bo3oyaurernreM purodToposa Ha
JIPEBECHBIX JEKOPATUBHBIX M JIECHBIX PACTEHHSIX, YTO BBI3BIBACT CTEOJIEBBIC SI3BBI
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Ha JICPEBBSIX M T'MOENb JIMCTHEB MM CTEOJIS Ha JCKOPATHBHBIX M IMOJIECKOBBIX
JecHbIX Buaax [34].

HenaBHOo mosBMIMCH HOBBIE Oone3Hu, Takume Kak Austropuccinia psidii
(MuproBas pxasumna) ' Hymenoscyphus fraxineus, koTopblie BBEI3LIBAIOT XpOHHU-
yeckoe TpuOKOBoe 3a0oieBaHue Y siceHa B EBporie, Xapakrepusyromeecs
oTepeil JMCTHEB M OTMHPAHHMEM KPOHBI Ha 3apakéHHBIX IepeBbix [36]. Oba
3a00NeBaHusl, PACIPOCTPAHSACH MO BCEMY MHUPY, OpOCAIOT BBI3OB HE TOJBKO
CBOHM X0351€BaM KaK TaKOBBIM, HO CIIOCOOHBI paclpOCTPaHATHCS Ha ApyTrye BUIBI
Myrtaceae, HampuMep, SBKaJIMNTHl W 4YalHbIC JepeBbs [37], u yrpoxkath He
TOJIBKO POy SICCHSI, HO M IpyruM ujieHam cemetictBa Oleaceae [36].

ObecrieueHrie 0e30MTaCHBIMH W TUTATEIBHBIMU TPOIYKTaMH PaCTYIIETO
HACEJICHUS TUIAHETHI B HACTOSIIEE BPEMsl SBIISICTCS. OJIHOM M3 KIIFOUEBBIX 33134, a
WCCIIC/IOBaHUSI BIIUSHHUSI TPUOKOBBIX MMAaTOTEHOB HA MPOAOBOJBCTBEHHYIO 0€30-
MACHOCTD SIBJIIIOTCS BAYKHOM YacThIO 3TUX yCHIMH. ['prObI-IaTOreHbl pacTeHui
yHIYTOXKAIOT 10 30 % CembCKOXO3SAMCTBEHHOW MPOMYKIIUHM, YTO OBLUIO OB
JIOCTAaTOYHO I MUTaHus oKoiio 600 MUUTHOHOB YesioBeK. Jpyroi mpoOiemoit
SIBIITIOTCSL. TPUOBI, TPOIYIHUPYIONINE MHKOTOKCHUHBI M IOPTSAIINE THIIEBHIC
MPOXYKTHI, YTO ele OOJbIlle COKpaImaeT uX AOCTymHOCTh [36,38]. I'mobambHas
HEXBAaTKa IMPOJIOBOJLCTBHUS, BbI3BaHHAs WH(EKIMEH, NpPOSBISETCS B IBYX
(hopMax, TOCKOIBKY OHAa BO3HUKAET M3-3a MOTEPU KAJIOpUI IO WK Tociie coopa
ypokasi CeNbCKOXO3IHCTBEHHBIX KyJIbTYp, a TaKKe IMOTEPH TOBAPHBIX KYJIBTYD,
KOTOpBIE MPOAAFOTCS MO BCEMY MHUPY H TJI¢ SKOHOMHUKA IIEJIBIX CTPAH 3aBUCUT OT
IOXOZOB OT DJKCIIOpTa I MTOCTYIMa K TPOXYKTaM IUTAHWsS, BBIPANIEHHBIM B
JIpyrux crpanax mupa [39].

Harlan J.R. [40] nmokas3au, uto riobaibHOE NOTPeOIeHHE TPOTYKTOB MUTAHHS
MPEUMYIIECTBEHHO COCTOUT U3 YETHIPEX OCHOBHBIX KYJbTYp: MIICHUIIBI, PHCA,
KyKypy3bsl u Kaprodens. CoriacHo M3MEPEHHIO YPOXKAWHOCTH C IOMOIIBIO
MoKasaTelis KaJlopuii Ha AYIIy HaceJICHHUS B JIeHb, B MATEPKY CaMbIX KaJOPHIHHBIX
KyJbTYP B MUPE BXOZST MIICHHUIIA, PUC, KYKYPY3a, MacIHdHast manbma u cos [41].
U3 HUX ypoKau MIICHUIIBI U COM B HACTOSIIIEE BPEMsI HAXOJATCS IO YIPO30i M3-3a
BHOBh TIOSIBUBIIMXCSI TPHOKOBBIX M OOMHIIETHBIX TIATOTEHOB: IHPUKYJISIPIIO3
nrenutsl (Magnaporthe oryzae); rpu6ok pxkaunHbl cou (Phakopsora pachyrhizi) u
oommrier con (Phytophthora sojae) [42,43]. Bo30yaures THPUKYISPHO3a IIITEHHIIEI
Magnaporthe oryzae (taxxe wu3BecTHbI kak Pyricularia graministritici) Obur
BrepBele ormrcaH B 1985 romy B bpaswmm, a moToM OBIT 3aperrcTpHUpPOBaH B
bomuBuu, IlaparBae, Aprentune u banrmamem. McciaepoBaHusi mokasaid, 4TO
«THWJNAs TINEHWIa» Oblla WUMIOpTHpOBaHA W3 bpaswnmmu B banrmamem, uto
CBUJICTENILCTBYET O HEYIOBIICTBOPHTENHHBIX (DUTOCAHUTAPHBIX MPAKTHKAaX KaK B
MyHKTaX JKCIOPTa, TaK M B MyHKTax mmmopra [44]. Cpemu Apyrux TpuOKOBBIX
MaTOr€HOB 3EPHOBBIX KYJBTYP BBI3BIBAIONIMX T[JI00AJbHBIE OOJIC3HH CIIEAyeT
OoTMeTHTH (y3apuo3 (mopaxenue Fusarium ssp.), mupukysaspuo3 puca (Rice blast
disease (RBD)) u myunuctyio pocy (Powdery mildew) [45]. ®y3apuoz (Fusarium
head blight) mpexncrasmsier co6oit TsHKeMy0 TPUOKOBYIO HH(MEKINIO, TTOPAKAFOIITYIO
3epHOBBIE W Jpyrue Menkue 3makd. OcCHOBHOW Bo30ymwrtens F. graminearum
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BbIpa0aThIBAET MUKOTOKCHHBI, KOTOPbIEC 3arpsi3HSIOT MOCEBBI M CHIDKAIOT KayeCTBO
3epHa, YTO MPUBOAUT K IKOHOMHYECKUM ITOTEPSIM M CHIDKSHHIO yporkaitHoCTH [8,46].
[uprkymsipro3 pruca CUMTaeTCs CaMbIM OMACHBIM 3a00JIEBaHUEM PHCa BO BCEM MHUPE
M3-32 [MIMPOKOTO PaclpoCcTpaHEeHHs, KOTOPOE MOpa)kaeT rio0ajbHbIe PAiOHBI €ro
BBIPAILMBAHUS, TIPETIATCTBYS Pa3BUTHIO 3€pHA, 3HAYNTEIILHO CHI>Kast ypokaid Ha 10—
30% u BmMsis HAa 0E30MAaCHOCTh MUIIEBBIX TPOAYKTOB ISl IOTPEOJICHHUS YETIOBEKOM.
Ono 00bHO BbIB3BIBacTcs Ascomycota Magnaporthe oryzae (temeomopd) wimm
Pyripolaria oryzae (amamopd) [45]. Myunucras poca - €lie OmHO TPHOKOBOE
3a0oJeBaHe, OOBIMHO BCTPEUAIOIIECECS Y 36pPHOBBIX KYJIBTYp, BUHOIpaaa U KyJbTYp,
HOJIafAloIKX Mo Kiaccudukaipio Brassica (Hanmpumep, kamycra, ropunna) [47].
HIupokuii Kpyr xo3seB Ooje3HH OO0YCIOBJIEH HECKOJIBKMMH BHIAMH T'PHOOB,
Brurogast Golovinomyces, Erysiphe u Blumeria, mprraem Blumeria graminis ssnsiercst
HarboJiee pacpoCTPpaHeHHBIM BO30YIUTENEM B 3¢ PHOBBIX Ky IbTypax [48-50].
dutodropos kaprodens, BrI3bIBaeMblii oomuiieroM Phytophthora infestans,
ABJsIeTcs. HanOoJee BaKHBIM OMOTHYECKMM MpPENSTCTBUEM Ul IPOU3BOJACTBA
kaprodens Bo Bcem mupe [51]. DTOT mapasuT, BEpOSTHO, IBONIOLHUOHUPOBAI
COBMECTHO ¢ BMIamu aukoro kaprodens (Solanum). ITo Mepe mOABIEHUS HOBBIX
mramMoB P. infestans Bo3HMKaloT HOBBIE BCIBIIMIKKM 3a00J€BaHUS, HalpuMep,
ycTOWYMBBIN K pyHrunuaam mramm US-8, mossuBmmiicst B 1992 rogy [52].

ToBapHbIe KyJIBTYpbl BKIIIOYAIOT BTOPOCTENIEHHBIE OCHOBHBIE TIPO/IOBOJILCTBEH-
HBIE KYJIBTYpbl (LMTpYcOBBle, OaHaHBI, Ko)e M KaKao) W HEMUIIEBBIE KYJIBTYPbI
(ylecHepie, KOpMOBBIE M TabauHbie). OHM OCOOCHHO BaXKHBI JIJIA Pa3BHUBAIOIINXCS
CTpaH, TOCKOJBKY OHM OOECIEYMBAIOT JOXOA, paboyne MecTa W IIOCTYIICHHE
MHOCTpaHHOM BaJOTHI [5]. banaus! (Musa spp.) sBisitoTcst Hanbosee MOTPeOIIIEeMbIM
u MTPOIaBACMBIM CEJLCKOXO3SICTBEHHBIM MIPOTYKTOM (Bananalink,
https://mww..bananalink.org.uk/). Crenyer oOpartuTh BHUMaHHE Ha MPOOIEMY
IaHaMCKOM Oojie3Hr OaHaHOB BBI3BIBAaEMBIM Fusarium oxysporum f. sp. cubense
Tropical Race 4 (TR4). Ou Obut BriepBbie omucan B Maaiisuun, MHmoHe3nn U
Kurae (1990-¢ romer), a 3ateM B ABcrpaymu (1997 t.), Nopaanum n Mo3zamOnke
(2013 1.), EBporte (2018 1.), Typuuu (2019 1.) [53], Komym6mu (2019 1.) [54].

Dean R. ¢ coaBTopamu [55] npeacTaBuin ClucoK, KOTOpBIN BKmoyaer «Top
10» rpuOKOBBIX MATOTEHOB B MOpsiAKe pamxupoBanus: Magnaporthe oryzae;
Botrytis cinerea; Puccinia spp.; Fusarium graminearum; Fusarium oxysporum;
Blumeria graminis; Mycosphaerella graminicola; Colletotrichum spp.; Ustilago
maydis;, Melampsora lini. Ciooa credyem maxoce omnecmu  Phakopsora
pachyrhizi u Rhizoctonia solani, koTopsie He BOLUIH B ICCATKY.

I'pubkoBbie MHMEKINK CBSI3aHBI CO 3HAYMTEIHLHBIM PHCKOM JUUIS TJIOOAJBHON
NPOIOBOJILCTBEHHON OE30MACHOCTH B CBSI3M C TEM, YTO HAHOCST CEPHE3HBIN yIepo
MHOTUAM IIEHHBIM KYJIBTYpaM W3-32 CHHYKCHHS IPOM3BOJICTBA M KAa4ECTBA, a TAKKeE
3arps3HEHUS KOPMOB M TIPOAYKTOB ToTpebnerns [56]. beuto ycraHoBiEeHO, 4TO
mocieyoopouHple  3a00JieBaHHMSI  BHOCST  HAWOOJBIIMKA  BKJIag B IMOTEPH
IUIOZI00BOIIHON MPOAYKIMH M BBI3BIBAIOTCS YCIIOBHO-TIATOICHHBIMU OaKTEpUsSMU U
rpubKamMH, KOTOpbl€ NPHUBOMAT K THHEHHIO Hpoaykiwu. [IpuGmusurensHo 40 %
MHpPOBOTO IIPOMU3BOICTBA IIPONOBOJILCTBUSL B HACTOSIIEE BpeMsl TepsAeTcsl H3-3a
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MATOrE€HOB, XWBOTHBIX M COPHAKOB. M3 HHX OoIbllas 4acTh MOCICYOOPOYHBIX
HOTEPb MTPOUCXOIUT M3-32 TPHOKOBOTO ITAaTOTeHa, a (PPYKTHI COCTABIIAIOT OCHOBHYIO
4acTh 00umx moreps [7, 57-59]. B nociennee BpeMst Cpoc Ha SKOJIOMMYECKH YHCThIC
M 0Oe30rmacHble MPOIYKTHI, BBIpallMBacMble O€3 WCIIONB30BAHMS CHHTETHYECKUX
arpoxXMMHKaToB, ObICTpo pacteT [60]. OmHUM W3 HaIpaBICHUH SBISETCS ITOHUCK
HOBBIX IPOTHBOTPHOKOBBIX AareHTOB B IPUPOAHBIX OOBekTax. [IpupomHbie
coeMHEHHsI 00JagaroT pPa3HOOOPa3HBIM XHUMHUYECKHM CTPOCHHEM U SBISAIOTCS
OeCIleHHBIM pPEeCypcoM JUId pacIIMpeHHs MPOTHBOTPUOKOBOTO apceHama, a
HpOAYIEHTaMH (DYHTHIMIHBIX BEIIECTB MOXKET OBITH JII00as 4acTh PacTEHHI
(uUBeTKH, MCTHS, CTEONN, KOpa, KOPHU, CEMEHA U IUIOABI). DKCTPaKThl pacTEHUH
00J1a1a10T XOPOIINUM MOTEHIMAIOM AJIsl pelieHus mpobieM OoprObI ¢ 0oIe3HAMU
C KOTOPBIMHU CTaJKHMBAeTCs CEIbCKOE X03sicTBO [61-64]. MMeroTcs naHHBIE 110
OLIEHKE pACTHTEIBHBIX OJKCTPAKTOB M JPYrMX COEAMHEHHH pPaCTHTEIHLHOTO
IPOUCXOXKACHUS B KaUeCTBE aJbTEPHATHBHOIO CpeAcTBa OOpHOBI ¢ TPHOKOBBIMU
naTOreHaMH pacTeHHi. B0 J0Ka3aHo, YTO OONBIIMHCTBO U3 HUX 3KOJIOTHYECKH
0e30macHbI U HE OKA3bIBAIOT TOKCHYECKOTO BO3JCHCTBUS HA YEJIOBEKA, PACTCHUS
U TIOYBY, a (PUTOXUMHYECKUE HCCIEAOBAHUS BBISBUIM OTPOMHOE KOJIMYECTBO
aKTHBHBIX COCIWHEHWH, oOjamaronmmx (yHTUIUIHBIMH CBOWCTBamH [56,65].
Co31aHbl M YCIICIIHO INPUMEHSIOTCS DPSAA IPEnapaToB COIEPKAIIUX B CBOEM
COCTaBe pacTUTENbHbBIC IKCTpaKThl [66-70].

3. AKTHBHOCTH TPOM3BOJHBIX AHTPAXMHOHA TIPOTHMB TI'PHOKOBBIX
BO30yauTeJIeil uH(peKuuil pacTeHui

Xpuzodanon (1), amoaun (2), ducimon (3), peud (4), ajg03-3MOIUH SBISFOTCS
OJHUMHU W3 HauOojee MIMPOKO IIPEJCTaBIEHHBIX B MPUPOJHBIX OOBEKTax
NpOM3BOMHBIMU  aHTpaxuHoHa [19,20-26,71-73]. B psme pabor Obuta mpoje-
MOHCTpUpOBaHa 3()()EeKTUBHOCTh AHTPAXWHOHCOAEPKAIIUX IKCTPAKTOB M psiza
WH/IMBUAYAIbHBIX KOMIIOHEHTOB IMPOTHB T'PHOKOBBIX BO30OymuTeneld WHGOEKIHA
pacTteHui.

OH o OH 1 Ri=H, R=CHs  xpuzodanon
(chrysophanol)
“O 2 R1=OH, R2=CHs asmoaun (emodin)
3 Ri1=0OCHs, R2=CHs ¢ucrmon (physcion)
R; R, napuetuH (parietin)
0 4 Ri=H, R2=COOH peus (rhein)
1-5 5 Ri=H, R2=CH3OH anoe-s>monun (aloe-
emodin)

Munemanshbie rpubbl poga Colletotrichum u ux Teneomopd Glomerella
SBISIIOTCS. OCHOBHBIMM IIaTOTGHAMH DACTEHHH BO MHOTHX pErHOHaX Mupa M
IPEICTABISIIOT  CEpPbEe3HYI0 Yrpo3y [uisi (GPYKTOB M pacTeHuil. Bo30ymurenm
Colletotrichum acutatum JH Simmonds, Colletotrichum gloeosporioides Penz. u
Colletotrichum fragariae A.N. MoryT WHQUIMPOBATh IIBETHI, IUIOMABI, JIHCTHS,
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Yepeliky, CTBOJNBI M KPOHBEL lccnemoBanue aHTHTPHOKOBOW AaKTHBHOCTH pszia
aHTpaxuHOHOB TO oTHomeHHto K Colletotrichum spp. mokasano, uro Colletotrichum
fragariae 6b11 Gonee gyBcTBUTENEH. Cpe TECTUPYEMBIX aHTPAXUHOHOB, TAKUX KaK
1,8-, 1,4- u 1,2-muruIpoKCHaHTPAXWHOH U 3MOJIMH (2), cliabasi akTHBHOCTD BBISIBJICHA
TONBKO 1,8-aurumpokcHanTpaxuHona 1 smoanna (2) orHocurensro C. fragariae, rie
30Ha MHruOupoBanus cocraBmia 7.5+0.7mm u 4.5+0.7Mm coorBeTcTBeHHO. Crieyer
OTMETHUTb, YTO aKTUBHBIE MOJIEKYJIBI COIEPKaT THAPOKCUTPYNITEI B 1 M 8 MONOKEHUH
aHTPaXMHOHOBOW CHCTEMBI M KapOOHWIBHYIO rpymry mipu C-9. JlefikoXuHn3aprH, B
oTmuue OT XxuHu3apuHa (1,4-TUTHMIPOKCHAHTPAXWHOH), MOKa3al AaKTHBHOCTh
ornocurenisio  C. fragariae u C. gloeosporioides ¢ 30HOW HHrHOMpPOBaHHS
5.741.1mM u 6.5+2.1MM. CpaBHUTENBHBIN aHAMM3 CTPYKTYPHBIX XapaKTEPHUCTHK
MOKa3al, 4YTO CpPEemd TEeCTHPYEeMBIX OeH30- W Ha(TOXHHOHOB HAMOOJBIIYIO
aKTHBHOCTB K TPEM IIITaMMaM ITOKasai p-ToJI-1,4-0eH30XUHOH, ILTIoMOapruH, 1,4-
Ha(hTOOEH30XMHOH M €ro MPOU3BOAHBIE cofepiKaiue 2,3-Tuxyop-, 5,8-quruapokcn
3amectutem. Hammame — rumpokcurpynmbl,  TpetOyrwmbHoro wmwm  C2-Cs
a;mM(paTUYecKoro (parMeHTa CHIKAJIO aKTUBHOCTD [74].

Xnopodopmuast ¢ppaxist Cassia tora mposiBisiia CHIIBHBIA - (YHTUIUTHBIH
spdexr mporus Botridis cinerea, Erysiphe graminis, Phytophthora infestans u
Rhizoctonia solani npu koHuenTtpaumu 1 1/ ABTOphl HccnenoBanusi [75] ¢
UCTIONIb30BaHUEM XPOMATOrpauecKuX METONOB BBIICIHIM W3 XJIOPOGOPMHOM
¢paxumu Cassia tora smomuH (2), ¢ucumon (3) u peun (4), KOTopble MOKA3aIU
CWIBHYIO WJIM YMEPEHHYIO aKTHBHOCTh B OTHomieHuu Botridis cinerea, Erysiphe
graminis, Phytophthora infestans u Rhizoctonia solani 8 mo3ax 1, 0.5 u 0.25 r/n, 3a
uckmouenurem Puccinia recondita u Pyricularia grisea. st smoauua (2) 3HadeHue
LCso cocrasmio 0.102, 0.163, 0.385 u 0.046 r/m mporus R. solani, B. cinerea, P.
infestans u E. graminis coorserctBenno, a mist ducimona (3) - LCso 0.248, 0.263,
0.518 u 0.073 r/n mo orromenuio k R. solani, B. cinerea, P. infestans u E. graminis.
Peun (4) mokasai ciiibHOE (BYHTHIIHIHOE JeiicTBre poTHB B. cinerea, P. infestans u
R. solani B xounenrpamuu 1, 0.5 1 0.25 /11, HO OBLI HE aKTUBEH 110 OTHOIMIEHHIO K E.
graminis, P. recondita, Py. grisea. 3ua4yenne LCso penna (4) cocrassier 0.375, 0.478
n 0.047 r/n mporus R. solani, B. cinerea u P. infestans, coorBercTBeHHO.

Jis  OULeHKM BIMSHHUS CTPYKTYPHBIX XapaKTepHCTHK Ha aKTHBHOCTb
AQHTPaxXWHOHOB ~ MCCJICZIOBaHBl ~ TAaKXKEe TPU  JIONOJHHUTENBHBIX  CTPYKTYPHO
poncTBeHHbIX aHTpaxuHoHa: 9,10-aHTpaxuHOH, anod’-5MonuH (5) U aHTPaxUHOH-2-
KapOOHOBast KucioTa. AJod-3MoavH (5) ToOKasal CHIIBHOE WM YMEPEHHOE
(GyHrunmaHOE NeficTBre aKTUBHOCTH poTuB B. cinerea u R. solani mpu 1, 0.5 u 0.25
/1, HO He mHTHOMpoBan poct E. graminis, P. infestans, P. recondita u Py. grisea.
3nauenne LCso cocraBuno 0.177 u 0.275 r/m mporuB R. solani u B. cinerea,
COOTBETCTBEHHO. [I1s1 aHTpaxuHOHA HaOImojanachk HeOONbINAasl aKTHBHOCTh WM €€
OTCYTCTBHE, & aHTPaXUHOH-2-KapOOHOBas KHCIIOTa TIpH 00paboTKe B KOHIICHTPAITHN
1 r/n He mokazana aktuBHOCTH. Xyopraionuia (Chlorothalonil) u muxmodyanun
(dichlofluanid) B xauectBe cHHTETHYECKMX (PYHTHINIOB OBUIM aKTHBHEI IIPOTHB P.
infestans u B. cinerea B kouuentpammu 0,05 /1 coorBercTBeHHO [75]. Takum
o0pa3oM, aHamM3 CTYKTYPHBIX XapaKTepHCTHK COeJUHEH TIOKa3as, dYTo It
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TIPOSIBIIEHMS TTPOTHBOTPUOKOBOTO JIEMCTBUs TI0 OTHOmeHM:o K Botridis cinerea,
Erysiphe graminis, Phytophthora infestans u Rhizoctonia solani B crpykrype
TPOM3BOIHBIX aHTPAXHHOHA JOJLKHBI TIPHCYTCTBOBATH APOMATHUYECKHE THIPOKCHJIBI
B 1 u 8 momoxkennn u Hammuue 3amectutenedd —CHs, —OCHs mm —COOH B
TIOJIOYKEHNH 3 aHTPAXMHOHOBOM CHCTEMBI, TaK KaK M3 HCCIEMYEMBIX ITPOM3BOIHBIX
amonuH (2), ¢puctmoH (3), peuH (4) u anod-3MoanH (5) MUMEIOT TakKue TPYIITL, TOraa
KaK aHTPaXMHOH U aHTPAXUHOH-2-KapOOHOBAs KMUCIOTa X HE COICpIKAT.

ABTOpHI WccaeqoBaHus [76] IOKasalM, YTO OSTHIIALIETATHBIM OKCTPAKT,
nojyueHHBIH U3 mucTheB Cassia alata koHTpommpyer 3aboneBaHUsT pacTEHUA,
BbI3BaHHbIC rpubamu Magnaporthe oryzae, Phytophthora infestans, kokkoms
Colletotrichum u Puccinia recondita in vivo. Cpeau WHIUBHIYadbHBIX BEUICCTB
AHTPAXUHOHOBOW TMPUPOJALI OBIIM BBIACICHBI aN0e-3MOMUH (5), €ro TIHKO3W]I
(aloe-emodin-8-O-B-D-glucoside) u peun (4). B wuccremoBannu ImOKa3aHO
YMEpPEHHOE HMHTHOHWpyIoliee JAeiicTBME Ha POCT TPUOKOBOTO  MHIICIHS
Phytophthora sp. SK5 u P. capcisi TVH amoe-amonuna (5) u ero riamkosuma. Mx
KOHTPOJIbHBIC 3HAYCHUsI cocTaBwim 27.5 % u 55.6 % nmns coeqmnaeHus (5) mpu
600 mxr/mMmnm u 637 % u 947 % gna  roukosuma npu 200 MKr/mi
coorBeTcTBeHHO. Ilokazano, uro oommier Phytophthora sp. SK5 oxkaszamcs
HanOolee YYBCTBUTEIBHBIM K pEHHY (4), KOTOPBIA CHIILHO MOMABISI POCT
murienust Bumos Phytophthora, a ero smauenms ICso cocraBumm 85.1 u 127.5
mkr/min s Phytophthora sp. SK5 u P. capcisi TVH coorBercTBeHHO.
OhhEeKTUBHOCTE  KOHTPOAS  3a00yicBaHUM  MpoTUB  (UTO(PTOpO3a  TOMATOB,
BeBanHOro P. infestans omenwBamm B auamasoHe KoHIleHTpamuii or 75 mo 300
MKI/MJ. V3 BBIOETICHHBIX COGAMHEHHH peuH (4) TposBisl  HanOOBLIYIO
MIPOTHBOrPUOKOBYIO aKTMBHOCTh. OH CHIIBHO WHIMOWPOBAT POCT MUIICIWS BHIOB
Phytophthora in vitro u s¢pdexruBro moaasis1 Gurohropos ToMaros (TLB) Ha 57.1
% mipu 150 mxr/mit u 87.9 % mpu 300 MKT/MIT Ha paccajie ToMaroB in Vivo [76].

C moMoIIpI0  YIBTPa3sByKOBOM dKcTpakmmu u3 Rheum palmatum  6sim
BBIICJICHBl  THIPOKCHAHTPAaXHHOHBI (1-5) cO 3HAYUTETHLHO OOJBIIMMH BBIXOIAMH,
YeM C WCIOJB30BaHWEM OOBIYHBIX METOJO0B OKCTpakiwn. CoeauHeHHs Ipo-
TECTUPOBaHbI OTHOCHTENLHO maToreHoB R. stolonifer, R. solani, S. sclerotiorum, P.
cyclopium u B. cinerea. Tlokazano, uto s sMomuHa (2) u anmoe-sMonuHa (5)
sHauenust ECso mo orHomenuio kK R. solani cocraswm 12.46 u 14.32 mkr/mi
COOTBETCBEHHO, a I sMoauHa (2) mo orhomeny k S, sclerotiorum — 72.30 MKr/min.
Cpeau IsaTH aHTPaxXWHOHOB perH (4) obaman caMoi CHUIBHOM IIPOTHBOIPHOKOBOM
akTMBHOCTBIO TpotuB R. solani, S. sclerotiorum u B. cinerea co 3nauehusmu ECso
8.73 mxr/mi, 29.31 mxr/mit u 8.28 Mkr/miu coorBerctBeHHO. AHanmu3 RNA-Seq u
JANbHEHIIIe WCCIeIOBAaHUsT TIOKA3ald, 4TO perH (4) 3HAYUTENLHO pa3pyliacT
CTPYKTYPY ¥ (DYHKIIMH MUTOXOHIPHH, HHIMOUPYET MUK TPUKAPOOHOBBIX KUCIIOT, &
3aTeM OJIOKHPYET BBIPAOOTKY SHEPIUU Il YHUUTOKCHUS MULIEIUs Botrytis cinerea
¥ IMEET BBIPXKCHHYIO MPOMHIAKTUYECKYIO 3P PeKTUBHOCTD IN Vivo. 3HaueHus ECso
KOMMEPYECKOro (YHIuInAa a30KCHCTPOOMHA MPOTHUB BCEX IMSTH (PUTONATOTEHHBIX
rpuOoB coctaBiistn 8.79 Mkr/miu, >100 Mir/mi, >100 mxr/mi, 7.85 Mkr/Mit u 56.78
MKI'/MJI, COOTBETCTBEHHO [77].
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W3 xopHe#t Rumex Crispus ObLIM BBIACNCHBI JIBA THAPOKCHAHTPAXHHOHA,
KOTOpble HAeHTH(UIMpOoBaHbl Kak xpu3odanon (1) m mapuernn (parietin) (1,8-
JTMTUIPOKCH-3-MeTHI-6-MeTokcu-9,10-aurpaxunon) (ducuuon (physcion) (3)).
BerectBa ObUIM UCIIBITAHBI HA aKTHBHOCTH B OOph0OE ¢ OONE3HSIMU pacTeHHi in
VivO B oOTHOmIeHMM MIecTH (UTOMaTOreHHBIXx Tprbos: Magnaporthe grisea;
Corticium sasaki; Botrytis cinerea; Phytophthora infestans; Puccinia recondita;
Blumeria graminis f. sp. hordei. IToka3ano, uTo 06a coeTUHEHNS B KOHIICHTPAIIHH
ot 50 mo 200 MKT/MIT TIPOSIBIIIA TPOTHBOTPHOKOBYIO AaKTHBHOCTH B OTHOITICHUH
Magnaporthe grisea u Blumeria graminis f. sp. hordei, a xpuzodanon (1) B
MEHBIIEH cTereHn BivsuT Takke Ha Phytophthora infestans, Botrytis cinerea u
He3HaunTensHo Ha Puccinia recondita [78].

MyuHucTas poca — OJJHA U3 CaMbIX OMACHBIX OOJie3HEH, BBI3BIBAIOIIAsT OONBIIINE
TIOTEPH ypOrKasi psiia CENTLCKOXO3SMCTBEHHBIX KyIbTyp. M3-32 MHOXecTBa mpobiem,
KOTOpblE MOTYT BO3HHKHYTH B peE3yjbTareé HCIOIb30BAHMS CHHTETHUECKHX
(hyHTHIMIOB, BKIIOYAsl 3arps3HEHHE OKPYXKAIOIIeH Cperpl, (HTOTOKCHYHOCTh U
MIPOM3BONICTBO PE3UCTEHTHBIX TIOMYJSAIMYA TaTOr€HOB, MHOTHE YYEHBIE MPOBOIMIN
HCCIICZIOBAaHNS TI0 OOphOE ¢ MYJHHCTON pPOCOH C HCIIOIB30BAHHUEM OHONOIMIECKUX
areHTOB, TAKWX KaK  pacTUTENbHBIE SKCTPAaKThL, 3(QUpHbIE Macia W Jpyrue
Oromornuecky akTMBHBIC BemecTra [79-83]. AHamM3 HTepaTypHBIX TAHHBIX TIOKA3aJ,
YTO HEKOTOpbIC IMTPOU3BOJHBIE AHTPAXWHOHA SIBIISFOTCS AKTHBHBIMH KOMITOHEHTAMH
(YHTULMAHBIX COCTABOB, P(HEKTUBHBIX TPOTUB TPUOOB MYYHHUCTOH POCHL.

Xpuzodanon (1) cuuraercs OJHUM M3 aKTUBHBIX WHTPEAMEHTOB peBeHs. B
pabore Tang et al. omucaHo HMHTHOHMpYIOIIEE HAEHCTBHUE CBHIPOTO JKCTpaKTa
KUTaWCKOro PeBeHs HAa MYUYHHCTOU poce orypuoB [84,85]. MccnenoBanue uHIH-
Oupyromero aeiicTeus xpusohanona (1) Ha mpopacTaHHe CIIOp M POCT MHUIIENHSA
S. fuliginea mo mMaHHBIM THCTOMATONOTHH ITOKA3aJio, YTO XpU30(haHOoJ 00amgaeT
KaK 3alUTHOH, TaK W JeU4eOHOW aKTUBHOCTHIO IMPOTHB MYYHHUCTOW POCHI OTypIia
(Sphaerotheca fuliginea (Schlechtend.:Fr.) Pollacci) u o6mamaeTr BbICOKOI
TOKCHYHOCTBIO B oTHomrenmn S. fuliginea, uro BhIpaskaercs B CHIDKEHHH
CKOpOCTH TIPOpacTaHWs CHOp, IOAABICHHH POCTa MHUIETHS M Pa3MHOXKEHUS
HOBBIX KOHUIHH U T.A. [86,87]. [lo3ke, ¢ TOMOIIBIO 37EKTPOHHON MHUKPOCKOIIUU
W3ydeHa VYIBTPACTPYKTypa MYYHHCTOW PpOCHI Ha JIUCTBhAX OrypHa Iocie
00paboTki nucTheB xpusodanonom (1) [88]. PesynpraThl moKasaid, YTO
npodunakTuyeckas odpadborka xpuzogpanonom (1) BaHMsIeT HA pa3BUTHE TPUOOB,
BKIIIOYasi MpopacTaHue CIop W oOpas3oBaHue ammpeccopus. Xpuzodanon (1)
BJIMSAJ Ha BBDKMBAaHUE TPHOOB, YTO MPUBOJMIIO K HAPYIICHUIO KIETOYHOW CTEHKH
3apOABINIEBRIX TPYOOK, HaOyXaHWI0O M KoOJUancy TrudambHBIX KOHYHKOB,
ManbpopMaui TH(OB, 3a1epKKE U CHIKSHHIO CIOpyIsinui. Mopdonornueckue
W3MEHEHUS, WHAYIUpoBaHHBIE XxpuzodaHoioM (1) HA yIBTpPacTPyKTypHOM
YpOBHE,  OTpakamuch  nmedopmarmeii  raycropus,  BaKyolM3amued |
HEKpo30oM. KileTouHbIe CTEeHKH X03IWHA, MHQHUIMPOBAHHBIC WM MPUIETaloHe K
raycTopuu ObIIM yTOMIIEHHBI. Bee ot Mmopdomornueckne nsmenenus S. fuliginea
MOJITBEPANIN (QYHTHIMIHYIO aKTUBHOCTh Xpu30¢aHOIa HAa MYYHHCTOH poce
orypra [88].
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Beinesentsie u3 KopHeir Rumex crispus xpuzodanon (1) u mapuerus (GuCIoH
(3)) cHmXamM pa3BHTHE MYYHHUCTOH pockl stamenst (Blumeria graminis f. cn. Hordei),
a KOHIEHTpanuH, Heooxommumble 1t 50% KoHTpoms 3a0oneBaHust, cocTaBism 4.7
mr/mi i xprsodarona (1), 0.48 mr/mi s mapuerrsa (3) [78]. Bermecta Takxke
ObuH 3¢ (eKTHBHBI B 60pH0E C pa3BUTHEM MYYHHUCTOW POCHI OI'YPIIOB BBI3BaHHOM P.
xanthii B Termmauex ycmopusx. Hcmonb3oBanne xpusodanona (1) (100 mr/mm) u
napretrHa (3) (30 u 10 mMr/mi) mpuBeno K 3HaYCHUSIM KOHTPOJIL Haj OOJE3HBIO
oomee 60%, d9TO cpaBHHMO WM Bhime, 4eM y ¢eHapumona (30 mr/cyTkm).
OmnpeickuBanne  mapuetiHoM 30  MI/MII  IHICTBEB ~ Oryplla  OKa3bIBaeT
¢uToTOKCHMUECKOE JeiicTBHE HAa JIMCThA. B JBYX HCIBITaHHBIX KOHLIEHTPALMSIX
BEICCTBA UMENH 0oJiee BBICOKYIO iN VIVO KOHTPOJIbHYIO aKTHBHOCTh, ueM y 100
mr/mia nonmdokcuHa B. Xpusodanon (1) (100 mr/mm) Obun OGomee sddexruBHEe
(dyurumaa dpenapumona (fenarimol) (30 Mr/mit) ¥ COOTBETCTBOBAJI MOJMOKCHHY B
(polyoxin B) (100 mMr/mi) B TCIUIMYHBIX YCIOBHSX HPOTUB MYYHHCTOH POCHI
orypiio, Bei3siBaemoii Podosphaera xanthii. TTapuerun (30 u 10 mMr/mit) ymeHbIan
pasBuTHEe OrypedHor MydHHcTOcTH 3(dekrnBHee ¢eHapumona (fenarimol) (30
Mr/mit) u 6ostee addektrBHO, ueM nomokcuH B (polyoxin B) (100 mr/mun) [78].

Okcrpakt pactenmst Rheum officinale Baill, comepkammii B ocHOBHOM
anTpaxuHOHB! xpm3odanon (1) w ¢uctmon (3), Tawke oOmamaeT BBICOKON
AKTUBHOCTBIO B OTHOIICHUM MYYHHCTOH POCBI PACTCHHUIA. DKCIIEPUMEHTBI TIPOBO-
JIJIMCHh B JTA0OPATOPHBIX YCIOBUSAX M B TEIUIMIE IS ONPEIeNICHUs] B3aMOICHCTBHS
9THX TUJIPOKCHAHTPaXHMHOHOB HAa MYYHHCTOHM poce orypuoB (Sphaerotheca fuliginea
(Schlecht.) TTsutbira) 1 Ha My4uHwECTO# poce mimenutbl (Blumeria graminis (DC.) Speer
f. sp. tritici Marchal). TTokazano, uto ¢ucimon (3) obnaganm OONBIIMM — WHTHOH-
pytomum neictBueM, deMm xpuzodanon (1). 3nauenne ECso st ucnmona (3) mo
OTHOLLICHUIO K MYyYHHCTOH poce OrypLoB M miieHune coctasuiio 0.21-0.27 Mxr/mia u
0.12-0.17 mxr/™Mi coorBeTcTBeHHO. HalOmroanochk 3HAYMTENIBHOS CHHEPreTUYECKOS
B3aMMOJICHCTBIE MEXTY IBYMsI COSAMHEHUSIMH, KOT/ia COOTHOIIeHHe (ucimona (3) K
xpuzodanony (1) BapeupoBaiocsk oT 1:9 1o 5:5, a creneHs cuHEpru3Ma Bo3pacraia ¢
yBenuueHueM 1o xprusoanona (1) B komOuHarmu [89].

l'ucronornyeckoe mccnenoBanne, mpeacraBieHHoe Yang X. ¢ coaBTopaMu
nokaszano, 4to ¢ucimon (3) Biuusn Ha Blumeria graminisin vivo myTem
WHTHOMPOBAHUS TPOpPACTaHWS KOHHUIWH, IIyTeM YBEIWYEHHS CKOpPOCTH
nedopMaliil - anmpeccopust 0 TOro, Kak NaTOreH WHQHUIMPOBAN KIETKH
nmennnsl (Triticum aestivum), a Takxe TTyTeM YMEHBIICHHUS JUIMHBI TayCTOPHH H
KOJIMYECTBA BTOPUYHBIX IayCTOpHUH mocie 3apaxenus [90].

B wuccrenoBanun [91] moxasamo, uro ¢ucimon (3) m xpusodanon (1)
WHIYIUPYIOT 3aIlIUTHBIE PEaKI[UU MTPOTHB MYYHHUCTON POCHI Y OTYpIIOB. ABTOpPHI
BeimonHIM RNA-seq Ha oOpasmax JIMCThEB oOrypra, o0pabOTaHHBIX TOJBKO
ducamonom (3) n xpuzodanonom (1) ux xomOMHAIIMEH W HASHTU(OHUITHPOBAIN
MHOTOYHCIICHHbIE  TU(PEpeHIIUANILHO — JKCIpecCHpyeMble  TeHbL. [latTepHb
JKCIIPECCHH TEHOB 00paboToK xpu3odanoioM (1) u ductuonom (2) 6sum Oosee
MOXOXH Jpyr Ha Jpyra, 4eM Ha HX COBMECTHYI 00paboTKy, KoTopas
WHIYIIIpOBajga HaumOoIbIIee KOIMIecTBO () (epeHITMANIBHO YKCIIPECCUPYEMBIX
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reHOB. JOTO IMOKa3bpiBaeT, 4To ¢ucuuod (3) B coueTaHumd ¢ 00pabOTKOH
xpu3oganonom (1) Obu1 Hanbonee TeCHO CBSI3aH ¢ MHAYKLHMEH YCTOMYMBOCTH K
Oone3HaM. AHAMM3 TIOKa3ajd, 4YTO KOMOWHUPOBAHHOE JIEYCHHE BBI3BAJIO
W3MEHEHUS DKCIIPECCHH MHOTOYMCIEHHBIX TE€HOB, CBSI3aHHBIX C 3aIIUTOW. JTH
TeHBl IMEIOT U3BECTHBIC WM TIOTCHIUAIBHBIC PO B CTPYKTYPHBIX, XHMHUECKUX
W CHUTHAJBHBIX 3allMTHBIX PEaKNUsX U ObUIM 00OTameHbl (yHKIMOHAILHBIMU
KaTeTOpHsMH T'€HOB, TIOTCHIIUAIFHO OTBETCTBEHHBIMH 332 YCTOWYHMBOCTH OTypIIa.

C omHO¥# cTOPOHBI, GUCIIMOH (3) MHAYIMPOBAI 3AIUTHBIC PEAKIINH PACTCHHUI -
XO035€B TPOTHB MYYHHCTOH pOCBHI, PEryJMpys SKCIPECCHIO T€HOB, CBS3aHHBIX CO
CTPYKTYPHBIMH, XUMUYIECKUMH, 3alUTHBEIMU peakiusmu [91]. C npyroil CTOpPOHEL,
(uctoH (3) Takke IMOIaBILUT IMpopacTaHwe KOHUINEB U 00pa30BaHNE aliPeCCOPHIA Y
Blumeria graminis f. cn. hordei (DC.) Speer in vitro, koropslii sBiseTCs
BO30yuTeNIeM MydHUCTOH pockl slumenst (Hordeum vulgare L.) [92]. Kpome Toro,
¢uctmon (3) WHAYIMpPOBAN JIOKAJIBHYI YCTOMYMBOCTh, a HE CHCTEMHYIO
YCTOMYUBOCTh K MYYHHUCTOH pOCE SUMEHS, MyTEM MOJYJIHPOBAHUS SKCIPECCHU
T€HOB, CBA3aHHBIX C 3alIUTOW, OCOOCHHO YBEIMUYMBAs OKCIPECCHIO crenudu-
YeCKOTro ISl TIMCTheB THOHHMHA [93].

ABTOpEI HccaenoBanus [89] MPOAEMOHCTPUPOBAIM TPSIMOE J10303aBHCHMOE
JeHCTBHE psia AHTPaXWHOHOB HA TIpOpacTaHhWe KOHUIMKA W o0pa3oBaHHE
armpeccopust Blumeria graminis f. sp. hordei (DC.) Speer, Bo30ymurens MydHHCTOM
pocsl stamerst (Hordeum vulgare L.). Cpexn nporectupoBanHbIX coequHenuit (9,10-
aHTpaxuHoH, Xpu3odanor (1), smomuH (2), ¢uctmon (3), pewnn (4), anoe-3momuH (5),
naxuOazuH (pachybasin) (1,3-auruapOoKCHAHTPAXIHOH), 1,8-TUTHAPOKCHAHTPAXUHOH
(danthron), ammuzapun (alizarin) (1,2 -muruapokcuaTpaxuHOH), XUHU3apyH (quinizarin)
(1,4-mruapoKCHAHTPaXUHOH), 2,3-IMMETHNAHTPAXUHOH W 2-METHIAHTPaXHHOH)
ToJbKO Xpru3odanodn (1), smomuH (2), ¢uctmoH (3), maxuda3uH U JAaHTPOH 3aMETHO
BIMSUIM Ha TIpopactande W auddepeHmpoBKy KoHumuii B. graminis B mpemenax
BBIODaHHOIO  JAuana3oHa  KOHUeHTpamui. CremoBaTenbHO,  PacHoO)KeHHE
3aMECTHTEJNIEH B OCHOBHOW CTPYKTYpE aHTPaXWHOHA UMEET PEIIatoIiee 3HaYCHHUE IS
NPOSIBJICHHsI  aHTHTPUOKOBOTO  ddderra. ODpdeKT Takux COeNUHEHHH, Kak
xpuzoanon (1) u ¢pucimon (3) B 3HAUUTETHHOW CTENEHH OOBICHSETCS HHAYKLIHEH
3amMThl pacTeHni-xo3seB. DucimoH (3) okazasncs HanOonee 3(pQeKTHBHBIM cpenu
UCTIBITAHHBIX COSIMHEHHUH, a B 0ojee BBICOKMX /032X OH B OCHOBHOM ITOJaBIILI
npopactranue KoHuauid. OxHaKo, mpu 0oJiee HU3KMX KOHIIEHTPAIUSIX CTajo 3aMETHO
BIMsIHME B oOpa3oBanue amnmpeccopus. PucumoH (3) W Ipyrue aHTpaxWHOHBI
JICUCTBYIOT MOIYJIUPYS KaK WH(ESKIIMOHHYIO CIIOCOOHOCTh BO30YIUTEIIST MYYHUCTOU
POCHI, TaK ¥ 3aIIUTY PaCTEHUI-X035EB.

Takum 00pa3zoMm, aHaM3 JUTEPaTypHBIX AAHHBIX MOKA3aj, YTO MHOIUE BHIIBI
MATOr€HHBIX TPHOOB CTaBSAT MO YIPO3y PasiM4HbIC BUBI CEITBCKOXO3SHCTBEHHBIX
pacTeHuii, 4TO OTpa)kaeTcsi Ha TJIOOAIBHOW NPONOBOJBCTBEHHONW 0€30MacHOCTH
[94,95]. TIpupoaHsie mpenaparsl, KOTOPbIE BBICTYIAIOT B PO OHOCTHMYJISTOPOB U
OMOMPOTEKTOPOB  BBI3BAIOT B MOCJTETHUE TOABI Oombinoi wuHTepec [94,96].
[IpupomHbie CoeMMHEHUS TAKKE ASHCTBYIOT KaK OMOTrepOUIIHIbI, OMOWHCEKTHIIUIBI U
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onodynrummapl [97-99]. DkcTpakThl KOpHEH peBeHs, BKIIOYAs TaKWe BHIbI Kak
Rheum officinale Baill., Rheum palmatum L., Rheum tanguticum Maxim Regel,
Rheum emodi Wall., Rheum laciniatum Prain u ap.), a Takxe 3KCTpakT IIaBess
Rumex crispus L., ucmonp30Badu ISl 3alIUTHl OT'YPIIOB, MIICHUIIBI M SMEHS OT
MYYHHCTasl poca B KOHTPOJIMPYEMBIX YCIOBHUSX TEILIHIIEI U OTKPHITOTO rpyHTa [78,
84-93,100,101]. ITomMrMO MYYHHCTOH POCBHI IKCTPaKThl peBeHs 3(P(EKTHBHEI C
psamoMm OoJe3Hel pacTeHHH, TAaKUX KaK cepas THHIIb TOMATOB, JICTOBAs PrKaBUMHA
MIICHUIBI, TUPHKYIIpro3 puca [78], durodropos kaprodens [102], xopHesas
rHIIb KryOHuky [103], Mmo3anynast 601€3Hb Mepiia 1 ToMatHas Mo3auka [104,105].
Cpem MHAMBHOYATbHBIX MPOMU3BONHBIX BBISBJICHA aKTUBHOCTH 1,8-IMIHApOKCH-
aHTpaxuHOHa W SMmoauHa (2) orHocutensHo — Colletotrichum fragariae [74].
OmonuH (2), ¢puciwon (3) u peuH (4) MoKa3aid aKTUBHOCT B OTHOIIeHuU Botridis
cinerea, Erysiphe graminis, Phytophthora infestans u Rhizoctonia solani [75].
Anor-smozavH (5) mokasan QyHTHIHAHOE JeHCTBHE aKTHBHOCTH IMTPOTHB B. cinerea
u R. Solani [75], a Take BBIsIBIICHO HHTHOUpYIOIIEe SHCTBUE HA POCT TPHOKOBOTO
muenus Phytophthora sp. SK5 u P. capcisi TVH anoe-asmomuna (5) u ero
rukosuza [76]. Xpuzodanon (1) u ¢uctmon (3) B konueHrpaiuu ot 50 g0 200
MKI/MJT TIPOSIBUJIM MPOTHBOIPHOKOBYIO aKTHBHOCTH B OTHOIIeHMH Magnaporthe
grisea u Blumeria graminis f. sp. hordei, a xpusodanon (1) Bius1 Takke Ha
Phytophthora infestans, Botrytis cinerea u nesnauurensHo Ha Puccinia recondita
[78]. Uccnenosanuss Ren H.M. ¢ coaBropamu mokaszamu, uto xpusodanon (1)
TaKKe OBLT aKTMBEH MPOTUB My4YHHCTOH pockl orypia S. fuliginea [86-88]. Boee
TOT'0, UMEJI0 MECTO CHHEPreTUIeCcKoe B3anMOIeHCTBHE Mexay gucimoHoM (3) u
xpu3o¢anonoM (1) mpoTuB Bo30yAUTENS] MyYHHCTOH pockl orypuoB [89]. @ucumon
(3) wu xpusodanon (1) sSBIASIOTCS NPUBJICKATEIBHBIMU KaHIUAATAMH IS
JATBHEHINeTO M3yYeHHs SKCIIPECCHH TeHOB M CBS3aHHBIX C HUMH PETYIATOPHBIX
MEXaHHU3MOB, CBSI3aHHBIX C 3allIUTHBIM OTBETOM [91].

4. 3aki0ueHue

B mocrenHre HECKOITBKO JIECSTHIICTHI BO BCEM MUPE HAOJIOIACTCsl yBEIMICHHE
3a00JICBAEMOCTH  TPUOKOBHIMH ~ WHGEKIMSAMH, YTO CBS3aHO C  Pa3BUTHEM
YCTOWYMBOCTH BO30YIUTENECH K IMEIOIIMMCSI CPEICTBAM, BBISIBIICHHEM BHIIOB TPHOOB
paHee CUHMTABIIMXCS HEMATOTeHHBIMH, W3MEHEHHSIMH KIMMaTa W JAPYTUMHA
(bakropamu. Cpemu pasIUYHBIX MOJICKYJ, BTOPUYHBIC METAOOJMTHI SIBJISIFOTCS
OCHOBHOW TPYNITON OHMOJIOTMYECKH AKTHBHBIX COSAMHEHHH, KOTOPhIC MOTYT OBITH
OTBETCTBEHHHI 32 OMOCTUMYIMPYIOMHA >pdekT. B momomHeHne k ux NEWCTBUUIO B
KauecTBe OMOCTHMYJISITOPOB, 3TH MOJICKYJBl HAJCJICHBI LIMPOKHUM CIIEKTPOM
OMO3aIIMTHOW aKTWBHOCTH W, TaKUM 00pa3oM, MOTYT HWTpaTh BaXKHYIO pOJb B
KauecTBe 3alUTHUKOB PACTCHHH OT (QUTOMAroreHoB. [IpupojiHbie POW3BOJHEIC
AaHTpaXWHOHA IIMPOKO PACTIPOCTPAHEHBI B MPHPOTHBIX OOBEKTaX M OTIMYAIOTCS
OOJBIINM CTPYKTYPHBIM pa3HOOOpasneM. MHoOrue aHTpaxWHOHBI 00JIafaroT aHTH-
MHKpPOOHBIM JeicTBHEM, a 3(PQPEKTHBHOCTh aHTPAXHHOHCOACPKAIMX PACTH-
TENIBHBIX 3KCTPAKTOB, Hampumep, pesers (Rheum sp.), masens (Rumex sp.) wim
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cennbl (Cassia Sp.) ¥ WHIMBUAYAJbHBIX BEIIECTB MPOTHB I'PUOKOBBIX PACTCHHI
NaTOreHOB ObLIa MPOJEMOHCTPHPOBAHA PSIAOM HCClleNoBaHUN. Takue coeIuHEeHHS
kak xpusodanon (1), smomun (2), ducimon (3), peun (4), amo3-amomuH (5),
[IOKa3aJid AKTHMBHOCTh 110 OTHOIIGHHIO K Pa3sHOOOPa3HBIM PaCTUTEIBHBIM
rPUOKOBBIM MAaTOr€HAaM M MOTYT PacCMaTPHUBATHCS KaK MEPCHIEKTUBHBIE CTPYKTYPHI
JUTS TIONCKA HOBBIX aHTUTPHOKOBBIX CPEZICTB.
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BextypoBay 1o mporpammMe neiaeBoro (pMHAHCHPOBAHUS HaydyHbIX HccnepoBaHuii Ha 2021-2023 romsl,
ocymectBisiemoro Komurerom Haykm MunncTepctBa oOpa3oBaHus u Hayku PecmyOnuku Kasaxcraw,
no npoexkty BR10965255.

Koun¢aukr unrepecoB: KOHQIUKT HHTEPECOB OTCYTCTBYET.

3EHI'E KAPCBI BEJICEHJLIIT'T BAP AHTPAXUHOH TYBIH/BIJIAPBI
(2 xadapaama)

Xapnamosa T.B.

AK «O.B. bexmypos amviHOazbl Xumusi blablmoapusl uncmumymuoly, Anmameol, Kazaxcman
E-mail: kharlamovatv@mail.ru

Tyitinneme. Kipicne. Kasipri Tanja caHplpayKyJaK HHQEKIMIAPbI aJaM JCHCayJIbIFbI, JKaHyapiap MeH
eciMIIKTep YIIiH >kahaHIBIK Kayin peTiHze TaHbuTya. COHBIMEH KOCa, aybll IapyalbUIbIFbIH/IA 1a ©3CKTI
Mocene Oompm caHanansl. CaHBIpayKYIaK ©CIMAIKTEPIHIH KO3IBIPFBINTAphl TYIBIPATHIH MAceleNnep
KONTEereH KYHJbl JAKbUIJApFa KaTThl 3MsHH KEJTIpe OTHIPHIN, jxahaHIBIK a3bIK-TYJIK Kayilci3iriHe acep
eteqi. by eHIMIITIK, erid )KUHAYaH KEHIHT1 bICBIpAITap, JKEMIIOI MeH TYThIHY OHIMICPIHIH JacTaHybIHA
GaitnaHbICTEL [llony orcyMbICbIHbIY MaKcamel ©CIMIIKTEpAETI 3¢H aypylapbIHBIH MACeNelepiH Tanxay
JKOHE aHTPAXWHOH TYBIHIBUIAPBIHBIH apachlHaH THiMAi (yHrumunrepni isgectipy. Heicanoap. 9,10-
AQHTPAXUHOH TYBIHJBLIAPBI, xpuszodanou, 9MOJIUH, (ucumoH, peuH, aJI03-3MO/IUH.
Homuoicenep. CanplpaykyiakTtap skahaHipK OHOTEOXUMHSIIBIK HUKIACPAIH HETi3ri Kypamaac 0edriri 6ombin
TaOBLIA/ABl JKOHE OPTYpPNI OCIMAIKTEp TypJiepiHE ocep €TeTIH NATOTCHIIK IOTCHIMAalbl Oap KenTereH
Typiepai kKamtuapl. CaHbIpayKyJIaK KO3/BIPFBIIITAPBIHBIH OJIeM XaJKbIHBIH a3bIK-TYJIK Kayinci3airine
TikeJeil ocep eTeTiH JoH/I JaKbUIAAP MEH KOMMEPIMSIIBIK 6CIMIIK TypiepiHe acepi epeKile alaHuayIIbUIBIK
Tyaplpajabl. TaOuru KoChUIBICTAapAbIH immiHae 9,10-aHTpaXWHOH TyBIHIBUIAPHI OHOJOTHSUIBIK OCJICeHALTIr
JKOHE YJIKEH KYPBUIBIMIBIK OPTYPJILIri Oap XHHOHIAp TOOBIHA YKaTa/bl. By HIomyma eCiMIiKTepIiH HeTi3ri
CaHBIPAyKYJIAK KO3/IBIPFBIIITAPbI TYPaJbl ASPEKTED JKOHE XPU30(aHOi, IMOIHH, (HUCIMOH, PEHH JKIHE anod-
9MOJHH CHSKTHI TaOWFH OOBEKTUICpHAETi €H KOl TapajfaH aHTPaXWHOH MOJICKYJaJlapbIHBIH, COHAAN-aK
Keii0lp KyYpbUIBIMIBIK YKCACTBIFBI 0ap MOJIEKyJAlapIblH XHUMUSUIBIK KYPBUIBICBIHBIH 3€HIe Kapchl
aKTUBTLUIIriHe ocepi KepceriireH. Kopuimwinowl. Kasipri yakplTTa TaOWFM KO3IEpJCH JKACaJbIHFAH
MHKpPOOKa KapChl arcHTTIepre epeKile Hasap aynapbulyla, OJIapAbl AJCTYPIl TypHe KOJIAAHBUIATBIH
npenaparrapra 6anama peTiHae KapacTeIpyFa 0onaapl. Taburu 00BeKTiLIEp OPTYpPIili OHOMOTUSUIBIK OenceH i
eKIHIIIIK MeTabonmutrepaeH Typaasl. OmapiplH immHAe Xpu3ohaHoN, SMOAMH, (QHCIUOH, peifH, amos-
9MOOMH  CUAKTHl  9,10-aHTpaxMHOH  TYBIHABUIAPHI  OCIMIIK  CaHBIPAYKYJIAKTAPBIHBIH  SPTYPIIi
KO3/BIPFBILITAPbIHA KAPCHI OSJICeHITIK KOPCETKEH IIKTEH, OJIap/ibl CaHbIPAYKYJIAKKA KapChl JKaHa areHTTepl
i3/1ey/TiH TEPCTIEKTUBTI KYPhLIbIMAAPHI PETiH/E KAPaCThIpyFa 00Ia bl

Tyitinni  ce3nep: 9,10-aHTpaXMHUHOH TYBIHABLIAPHI, TAOMFU KOCBUIBICTAP, ASPUIIK OCIMIIKTEp, 3€Hre
Kapchl OeNICeH TITIK.

Xapnamosea T.B . Xumus ol MOapuiibly OOKMOPbI, 6AC bLILIMU Kbl3MemKep
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STUDY OF THE INFLUENCE OF MODIFIERS ON THE PROCESSES
OF WETTING MINERAL FILLERS AND HYDROPHOBICITY OF
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Abstract. Introduction. As you know, the quality of asphalt pavement often does not meet the
stated standards. The low degree of adhesion between bitumen and mineral material is primarily due to the
insufficient ability of bitumen to effectively wet the surface of crushed stone, especially of an acidic
nature. The aim of the work is to establish the influence of various modifiers on the wetting processes of
bitumen compositions. The methods of the work included the study of the wetting processes of mineral
fillers of various nature depending on the quantitative polymer content in bitumen, as well as the study of
the regularities of the effect of modifiers on the hydrophobicity of bitumen films. The wetting angle 0 of
the surface was experimentally determined by the lying drop method. Results and discussion: as follows
from the analysis of the data obtained, the introduction of AG-41 most effectively contributes to the
reduction of the surface tension aig at the interface of the phases "bitumen composition — gray crushed
stone". This is evidenced by the maximum wetting ability of the composition. Conclusion: it was found
that of the two polymer modifiers, the spent sealing liquid AG-4l has the maximum effect on the wetting
processes of mineral fillers and the hydrophobicity of bitumen films. A narrow range of modifier
concentrations (Cmodit = 0.5%) was revealed, at which the water-repellent properties of bitumen
compositions are enhanced. A hydrophobic effect comparable to AG-41 provides the introduction of
0.25% calcium chloride into the bitumen composition.

Key words: asphalt concrete compositions, mineral fillers, polymer modifiers, adhesion, wetting,
hydrophobicity of bitumen films
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U3YYEHUE BJIMAHUA MOJUPUKATOPOB HA TIPOLHECCBI CMAYUBAHUSA
MHWHEPAJBHBIX HATIOJTHUTEJEN U TUIPO®OBHOCTh BUTYMHBIX IJIEHOK

Miopazuna A.H.* *, Boizoea F0.C. Y, Canuxosa H.C. 2, Ocmpoenoii K.A. %, I'opwrosa T.A.*,
Cagenvega I1.0. *
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Pe3rome. Bgeoenue. Kak H3BECTHO, Ka4eCTBO JOPOXKHOTO ac(haibTOOCTOHHOTO IMOKPBITHS YacTO HE
COOTBETCTBYET 3asBICHHBIM HOpMaM. HmM3Kkas CTeneHb CUEIUICHHS MEeXIy OUTYMOM M MHHEpalbHBIM
MaTepuajoM OOYCIOBIICHAa B IIEPBYIO OYepe/lb HEIOCTATOYHOH CIOCOOHOCTBIO OuTyMa 3(h(HEKTHBHO
CMa4uBaTh NOBEPXHOCTb IEOHS, 0COOCHHO KHCIION MpUpobl. [/ens — yCTAaHOBICHHE BIMSHUS Pa3iIMYHbIX
MOM(HUKATOPOB Ha TMPOLECCHl CMAYUBAHUS OUTYMHBIX KOMIIO3UIMA. Memooonozusi pabOThl BKIIIOYAa
UCCIIEIOBaHUE TIPOLECCOB CMAauMBaHMS MHHEpAJbHBIX HAMOJNHUTENEH pa3IM4YHOM HPHPOABI B
3aBUCUMOCTH OT KOJIMYECTBEHHBIX COAEPXAHWH THoiuMepa B OUTyMe, a TakxKe H3ydyeHHe
3aKOHOMEPHOCTEH BIMSHUS MOAM(UKATOPOB Ha TUAPOPOOHOCTH OUTYMHBIX IUICHOK. KpaeBoil yron
CMauMBaHUs 0 TOBEPXHOCTH 3KCICPHMEHTAIBHO ONPEJICIISUICS METOAOM JIeKalleH Karm. Pesyivmamul u
06cyorcoenue: KaKk cleyeT U3 aHaIu3a IOTydeHHBIX JaHHEIX, BBegeHHe Al'-41 Hanbonee 3¢ dexTuBHO
CIOCOOCTBYET YMEHBLICHHIO MOBEPXHOCTHOTO HATSIKCHHUS Owm HA TPAHHLE pasziena (a3 «OuTymHas
KOMITO3UIIUSL — cepblii 1me0eHb». OO0 3TOM CBUIETENCTBYET MAaKCHUMAJIbHBIN MOKA3aTellb CMAYMBAIOIIHI
CIOCOOHOCTH KOMIIO3ULIUU. 3akiioyeHue: YCTAaHOBICHO, YTO M3 JBYX IOJMMEPHBIX MOAU(HKATOPOB
oTpaboTaHHass TepMeTU3Upyomias KuaAKocTs Al'-4M oka3biBaeT MaKCMMajbHOE BIHMSHHE HAa MPOLIECCHI
CMa4MBaHUsI MHUHEPAIBHBIX HAIOJIHUTENICH W THAPOGOOHOCT OWTYMHBIX IUICHOK. BbIsfBICHA y3Kas
obnactp koHueHTparuid MogudukaTopa (Cuomd=0.5%), mpu KOTOpOW BOIOOTTAJIKMBAIOIIME CBOMCTBA
OuTyMHBIX KoMmmo3unuii ycunuBatorcs. ComnoctaBumbiii ¢ Al-4U  ruapodobusupyroumii  3ddext
obecrieunBaet BBezeHue 0.25% xyopuaa Kanblus B COCTaB OUTyMa.

KiaroueBble cJioBa: aC(baJ'lBTOGeTOHHLIe KOMIIO3ULIUK, MHUHEPAJIbHBIC HAIIOJHUTEIN, IO0JIUMEPHBIC
MOZ[I/I(bI/IKaTopBI, aaresus, CMadyuBaHUC, FHZ[pO(bOGHOCTL 6PITyMHI>IX TIJICHOK
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1. BBeneHnue

Jiss  TOKpBITHS ~ aBTOMOOWJIBHBIX ~ JOPOT  IMHPOKO  HCIHOJB3YIOT
acarbTOOCTOHHBIE CMECH, OCHOBHBIMH KOMIIOHEHTAMH KOTODPBIX SIBIISFOTCS
OMTYM W MHHEpalbHbIe HamomHUTeNu. KauecTBO OMTYMOB, WCHONB3YEMBIX B
JIOPOKHOM  CTPOHUTENBCTBE,  SBIAETCA  HEJOCTAaTOYHBIM Ui CO3JaHHUA
JTOJITOBEYHOT'O acampTo0eTOHHOTO TTOKPBITHS. [Ipumenenune
HU3KOKaueCTBEHHOI0 OMTYMHOT'O BSDKYIIETO B cOCTaBe ac(aabToOeTOHHON cMecH
MPUBOANT K CHIDKEHHIO TPOYHOCTH W YCTOHYWBOCTHA JOPOKHOTO MojoTHa [1].
HaubGonee »¢¢ekTHBHBIM METOJOM yIy4YIlIEeHWs KadeCTBEHHBIX ITOKa3aTeie
OWTYMHBIX BSDKYIIMX SBISIETCSA WX MOAU(HUKAIMS BBICOKOMOJEKYIAPHBIMHU
koMmroHeHTamu [2]. JlobGaBka momuMepoB B OWUTYM IIO3BOJISIET 3HAYUTEIHHO
pacmpuTh UHTEPBal PabOTOCIOCOOHOCTH BSDKYILIETO, YBEIUYHUTH €T0 (PU3UKO-
MEXaHUYEeCKHUe u 3KCILTyaTallHOHHBIE XapaKTEepPUCTHUKH, MOBBICUTH
BOJIOCTOWKOCTb. |J1aBHOW  NpUYMHOW  THOBpekAEHUS  ac}anbTOOCTOHHBIX
MOKPBITH MOXKHO CUMTATh HEJOCTATOUHYIO aJre3Wi0 Ha rpaHUIle pasiena Qa3
MEXIy OWTYMHBIM BSDKYIIMM ¥ TBEPIOM TOBEPXHOCTHIO MHUHEPAIBHOTO
MaTepuaia, 4To BJICYET Majyl THIpohoOHOCTh ac(hanbTOOCTOHHBIX MOKPBITUN
[3].

Hannuwme B KpyImHOTOHHaXHBIX MaclITabaX MOOOYHBIX MPOAYKTOB MTHPOIIH3a
YTIEBOJOPOIOB, HCIIONB3YEMBIX B CHHTE3€ HEAOPOTUX HEPTEIOTUMEPHBIX CMOI
[4], a Takke MPOMBINUICHHBIX OTXO0B, B TOM YHCJE€ OTPAaOOTAaHHBIX TEPMETHKOB,
NPUMEHSIEMBIX JUI1  3alllUTBl BHYTPEHHEH MOBEPXHOCTH  PE3epPBYapHOTO
000pyIOBaHMS U KOMMYHHUKAINI cucTeM Terutodukarmu [5], 1aeT BO3SMOXKHOCTb
WCIIONb30BaTh UX B Ka4eCTBE JIENIEBhIX, 3()()EKTUBHBIX U KOHKYPEHTOCTIOCOOHBIX
MOIU(PUIMPYIONHX 100aBOK B COCTaBe OMTYMHBIX Kommosunuii [6-10]. B
pe3ysibTaTe COBMEILICHHS OWTyMa M IOJMMEpa CO3/JaeTCsl HOBas CTPYKTYypa,
KOTOpas MPUBOAMUT K U3MEHEHHIO MCXOAHBIX CBOMCTB Ka)KIOrO0 KOMIIOHEHTa, W,
KaK CJeICTBUE, MOSIPHOCTh Kommo3uimu Mensercs [11-12]. TlomsipHOCTh
KOMITO3HMILIMH, B CBOIO Ouepellb, OyIeT OKa3blBaTh JOMHHHUDYIOLICE BIHMSHUEC HA
YIIENbHYI0 TIOBEPXHOCTHYIO JHEPrHI0 Ha MeX(a3HBIX TPaHHUIAX: CKUIAKOCTh-
BO3IYX», «TBEpAAs TOMIOKKA-KAIKOCTE» W «TBEpAas MOIOKKA-BO3IYX).
CooTHoIlIeHUE TTOBEPXHOCTHBIX HATSHKEHUH Ha yKa3aHHBIX MeK(a3HbIX TPaHUIIax
orpenersieT, B COOTBETCTBHH C HW3BECTHBHIM 3akoHOM IHOHTa, KpaeBoil yromn
cMa4nBaHUA 0, KOTOPBINA SBISIETCS KONMYECTBEHHOW MEpOW JaHHBIX IPOILIECCOB
[13]. Takmm obpazom, BBEJICHHC OTITUMAJTEHOM KOHIICHTPAITHH
MOIU(DULIUPYIOMINAX aJTUTHBOB CO3/1aeT BO3MOXXHOCTH YIYYIIUTH CMadHBaHUE
TBEPIOH TIOBEPXHOCTH M NOBIMATH Ha THIPOPOOHBIE CBOWCTBa OUTYMHBIX
MOKPBITUH.

AHanu3 IUTepaTypHBIX MCTOYHHUKOB MO3BOJSET 3aKIIOYHUTh, YTO JAHHBIE O
MOOU(QHUIMPOBAHUNA  OUTYMOB  HEOPraHMYECKUMH  COCAMHEHHSIMH  O4YEHBb
Pa3pO3HEHHBI M HEAOCTATOYHBI JUIA MPUHATHS HayYHO-OOOCHOBAaHHBIX pPEILCHUH
KaK 10 OIpeNeJeHUI0 HOMEHKJIATypbl M JO3MPOBAHMIO aJJUTHBOB, TaK U IO
MIPOTHO3UPOBAHUIO MX dpdexTuBHOCTH [14].
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Hayuynas HOBHM3Ha JaHHOIO MCCIIEJOBAHUS COCTOMT B YCTAHOBIICHUH
3aKOHOMEPHOCTEH BIMSHUS MOIUMEPHBIX MOIU(UKATOPOB HA CMAaYMBAIOLIYIO
CIIOCOOHOCTh OMTYM-TIOIMMEPHOTO BSDKYLIETO IO OTHOLICHUIO K MOBEPXHOCTH
MUHEpaIbHBIX ~ HANOJHUTENEeH  pa3NM4yHoOi  NPHPOABI, a TakkKe Ha
ruapoQoOH3upyromui  d3PGEeKT OUTYMHO-TIOJMMEPHBIX IUICHOK B COCTaBKe
acanbToOeTOHHBIX cMeced. [IpakTHueckas LIEHHOCTh HacToAUled padoThI
3aKJII0YAeTCs, TJIaBHBIM 00pa3oM, BO BTOPHYHOM HCIOJIB30BAHUU OTPAOOTAHHOM
TepPMETH3UPYIOLIEH JKHIKOCTH, YTO OTKPBIBAET MEPCIICKTUBEI CO3IaHUS ACIICBBIX
YIPOYHSIOMINX MOIU(UKATOPOB B cOcTaBe ac(harbTOOCTOHHBIX KOMIO3UIUH.

2. JKcnepuMeHTAIbHAA YacTh

s mpoBeAcHUS WCCICAOBAHWMA  HWCIIONB30BAIM  BSI3KHH  HE(TSHOMN
nopoxubiii 6utym mapka BHJIT 90/130 (CT PK 1212-2003), MunHepaibHbIi
HATOJHUTENb - IIeOSHh IBYX BHJIOB PA3IUYHON MPHPOJBI: AISACKUT (KpacHBIH
TPaHUTHBIA I€0CHB) KHUCIOW MPHPOIABI M TOJOMUTHU3WPOBAHHBIA HM3BECTHSIK
(ceperit medenn) ocHoBHOM Tipuposl (CT PK 1213-2003).

B kadecTBe mommMepHBIX MOAH(PUKATOPOB TIPUMEHSUIH:

1.Heprenomumepuyto cmomy (TY 2451-089-05766801-99);

2.0TpaboTaHHy0 repMeTH3upyoLyo xuakocte AI'-41 (TY 26-02-592-83).

Heoprannueckue anquTUBEI OBLUTH IIPEACTABICHBI CIEAYIOIIMMHU COIISIMHU:

1. xnopun natpust (TOCT 4233-77);

2. xmopun kameims (TY 6-09-5077-87);

3. xnopun xenesa (III) (TOCT 4147-74).

AT'-4U — mpomyKT Ha OCHOBE BBICOKOMOJIEKYJISIPHOT'O TOIMU300yTHIIEHA U
He(pTAHBIX Macell. HedremomimepHass cMolla TpEACTaBIIIET COOOM MPOAYKT
TEPMUYECKONW comoiInMepu3anu (Hpakiuu >KUAKHX MPOXyKToB nuponuza C-9
(cTupona, BHHHII-TONyOJIa, TUIUKIIOIEHTaANEeHA, HHIEHA, 0-METHIICTHPOIA).

CocTaB ¥ CTPYKTypHBIE XapaKTEPUCTHKHA 00pa3I[0B YCTaHABINBAIA METOIOM
HK-cnextpockonmuu  (UK-criekrpomerp «Madpamom DT-08», muamazon
BONHOBBIX uncen 400-7800 cm™, cnektpansHOe paspemenne He Gomee 0,7 cm™?,
abcomoTHas norpemHocts £0,05 cv™t). B MK-cniektpe HedyTenomMMepHOi CMOIBI
MPUCYTCTBYIOT  TIOJIOCHI,  XapakTepHbIE IS  CKEJIETHBIX  KojeOaHWi
apoMatuueckoro kojsna (momocsl 3020, 1600, 1490 CM’l), Ha0JII0JaeMBbIe
WUHTEHCUBHBIE TIOJIOCH TTOrIoMeHus B 001acti 700—-800 cm* CBUJICTEIBCTBYIOT O
COJIEpXKaHUU B CMOJI€ MOHO-, JU- M TPHAIKHI3aMEIICHHBIX apOMaTHYECKUX
COeIMHEHNH, Moockl morsomenus npu 2930 um 1450 cM ' XapakTepHsl ans
koneGanuit =CH2- tpynmsl, a npu 1370 cm ' — 11 KoneGaHMH METHIBHBIX
rpynmn. Takum 00pa3oM, OCHOBHas 4acTb CMOJIBI MpPEICTaBJIeHA MOHO-, - H
TpHU3aMeIIeHHBIMI apOMaTHUECKUMH yriaeBooponamu. ITomoca mpu 1485 cm™ B
HK-ciektpe TOMMHU300yTHIICHA B COCTAaBE TE€PMETH3UPYIOMIEH IKUIKOCTH
CBU/JICTEIILCTBYET O AC(POPMALMOHHOM KOJICOAHUH METHIICHOBOH rpymnibl. JlyoneT
npu 1370 u 1400 cM™ COOTBETCTBYET CHMMETPHYHOMY Je(OPMAILMOHHOMY
KOJICOAHWIO JIBYX METWIBHBIX Tpynn. PacriemnnieHvie BBI3BaHO PE30HAHCOM U
XapaKTepHO IS TUMETHII3aMEIIeHHOH TIeTTH.
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CmaumBaronwii  d(PEKT CHUCTEMBI «OUTYMHOE BSDKYIIES-TIOUMEDP» TI0
OTHOIIIEHUIO K MOBEPXHOCTH JBYX PAa3HOBUAHOCTEH MEOHS (OCHOBHOW M KUCIOH
npupojsl) onpeaensuics npu 0.5-8.0 % (macc.). I'mapodobusupyrommii 3¢ dext
MOJIMMEPHBIX MOAM(DHUKATOPOB MPH CMAUYWBAaHUU OWUTYMHBIX TUIEHOK BOIOW OBLI
HCCIIEIOBAaH B KOHIICHTPAIMOHHBIX Tpenmenax moxudukaropa 0.5-2.0% (macc.).
Bmusiane Heopranmdeckmx coiiei Ha THAPOPOOHOCTH OHTYMHBIX IUICHOK
OLIEHUBAJIOCH NpH coaepxkanuu anaurusa 0.25-2.0%. M3mepenns KpaeBbIX yIiioB
CMa4MBaHUA BOJOW TMOBEPXHOCTH OMTYMHBIX IUIEHOK OCYIIECTBIILIN MO METOMY
nexaren kanau [13].

3. Pe3yabTarsl n 00Cy:KIeHHE

3.1 Hccnedosanue npoyeccos cmaduanus MUHEPaiIbHbIX HANOIHUMEI el

BrnusiHMe KOJNMYECTBEHHBIX COACPKAHMNA MOTU(PHUIMPYIOMMX 00aBOK Ha
MOKa3aTelb CMayMBaHUS IICOHS Pa3iMYHON MPUPOIBI OTPAXKAIOT 3aBUCHUMOCTH,
MpeJCTaBIeHHbIe Ha pHC.]l. AHaIM3 MOIYYEHHBIX Pe3yJbTaTOB CBUIETEIHCTBYET
0 TOM, YTO MTOBEPXHOCTH IICOHS ABJACTCS JHMOPOOHON IO OTHOIICHHUIO K OUTYMY.
B orcyrctBun MogudukaropoB B OWTyMe KpacBoi yron 6 Ha MOBEpXHOCTH
KpacHOTO TPaHUTHOTO IIeOHs cocTapisieT 126.87 ©, B cilydae ¢ cepbIM IIeOHEM —
125.66°. HanGomnpiryto cMadyMBaIONIyl0 aKTHBHOCTh MOJU(UKATOPHI MPOSBISIFOT
II0 OTHOUIEHUIO K TIOBEPXHOCTH OCHOBHOM mpupoabl. MakcHMaJIbHBIM
cmaunBarommit 3pdext Al'-4U u HIIC (MuaEIMYMBI Ha pucyHke 1, kpuBble 1 u 4)
OpUXOmuTCs Ha uX KoHOeHTpauuu 1%. ComocraBieHHe TIyOMHBI JBYX
JKCTpeMyMOB TipH JaHHOM KOHIEHTpamuu (Cwomp=1%) TOKa3pIBaeT, dYTO
HauOonbiiee yMmeHblieHue 6 mpomcxogut B npucyrcrBuum Al-4U. Tak, npu
yBenuueHun conepxanus Al-4U B Oumtyme or 0 mo 1% kpaeBoit yron
CMa4MBaHUA yMeHbImiCS Ha 12.44° (oTHOcHTenbHO Oa3oBoro Bapuanta 6e3 Al -
41) u cocraBun 113.22° Ilpu mommduuupoBanuu OuTymMa HedTemoImMepHOR
cMonoit  (Cwomp=1%) QuKCHpOBaTM MEHBINIEE CHIDKEHHE KpaeBOro yruia
cMauuBaHus — Ha 7.95° (ot 125.66° mo 117.91°).

B oTHOLICHMU KpacHOro TPAHWUTHOTO MIEOHS CMadMBaoNIas aKTHBHOCTH
MOAHGPUITIPYIONTUX J00AaBOK OKa3ajgach XyXKe, 4eM Ha cepoM ImeOHe (PUCYHOK 1,
KpHuBBIE 2 U 3).

6,°

0 1 2 3 4 5 6 17 gCmodif%

PucyHnok 1 — 3aBHCHMOCTb KpPaeBOro yriia CMa4MBaHUs MOBEPXHOCTH OCHOBHOTO (1,4) 1 KucIOro
(2,3) mebHs oT KoHLEeHTpauuu MoaudukaTopa: 1,2 — AI'-4U; 3,4 — HIIC
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Hpyrast 0cOOEHHOCTHh JaHHON TOBEPXHOCTH — HHBEIMPOBAHUE DPA3HHUIIBI
Mexy cMaunBarwomer aktuBHOCThI0 Al'-41 u HIIC, koTopast Oblia ycTaHOBJICHA
JUIsI TIOBEPXHOCTH OCHOBHOM NpHUpoAbl. MakCUMyM CMauMBarOUIE aKTUBHOCTH
HIIC Ha moBepXHOCTH KpacHOrO TPAHUTHOTO IIeOHS HAOMIOJAN TIpU
3HAYUTEILHO OONBIMUX COACPXKAHUAX B OWTyME W OJHOBPEMEHHO Ha Oolee
HIMPOKOM KOHIICHTpaUHMOHHOM ydacTke (or 2 mo 4%). B oroit obnactu
KOHIICHTpAallMM  HEe(TENmONMMMEpHOH CMOJBI  KpaeBOW  yroia CMaddBaHUs
yMeHbImiIca Ha 6mu3Kyto ¢ Al'-U Benmuuny (A0=4.26+5.54) u cocraBun 121.33-
122.41°.

st onipeneneHusiss KpUTEpUsl CMadiBaIOIeH cocOOHOCTH MOJU(PHUKATOPOB
JMHEWHBIE YYacTKM HM30T€PM CMAauuBaHUS B MPHUCYTCTBHH MOAH(PHKATOPOB
(pUCYHOK 2) anmpOKCUMHPOBAIM yPaBHEHUEM BUJIA:

cost = Z Cyomgtcosbo, @

rae cosbo — KocHMHYC yria, 00pa3yeMoro OWTYMHBIM BSDKYIINM 0Oe3
MoIU(UKATOpa; Z — KOHCTAHTA.

Cmodif, %
0 02 04 0.6 0.8 1.0 1.2
0

01

-0.2

03

0.4

05 /
0.6 8= —— —
-0.7

cos 8

— D g

PucyHok 2 — 3aBUCHMOCTH KOCHHYCa KPAaeBOr0 yIjla CMaduBaHUs IIOBEPXHOCTUH OCHOBHOTO (2,4) 1
kucoro (1,3) mebus o koHueHTpauuu Moaudpukaropa: 1,2 — HIIC; 3,4 — AT-41

[pomuddepenunponas ypaBuenue (1), momydnim:
dcosOldCuooup=2 2

COOTBETCTBYIOIINE 3HAUCHHUS Z IPEJICTABJICHBI B TaOJHIIE.
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Tadimna — 3HayeHHe KPUTEPUsT CMAYMBAIOILICH CIIOCOOHOCTH Z JBYX Pa3HOBUAHOCTEH MOJU(BUKATOPOB
10 OTHOMICHUIO K HOBEPXHOCTSIM KHCIIOI U OCHOBHON NMPUPOIbI MIeOHS

Mopudukarop/Modifier HIIC/PR AT-4U/AG-41
Ipupona me6us/The nature of crushed stone z z
Cepoiii  mebens (mwrarnorpanut)/Gray crushed stone 0.14 0.22

(plagiogranite)

Kpacupiii me6ens (ansckut)/Red crushed stone (alaskite) 0.065 0.072

Kaxk crenyer n3 aHanm3a mony4eHHBIX JaHHBIX, BBeaeHue Al -41 nambGonee
3¢ (EeKTUBHO CITOCOOCTBYET YMEHBIICHUIO MMOBEPXHOCTHOTO HATSDKEHUS Ouxr HA
rpaHune pazmena ¢a3 «OUTyMHAs KOMIIO3WIHS — cepblii mebeHp». OO0 3ToM
CBHUJICTCTILCTBYET MAaKCHMAIBHBIM TOKa3aTelh CMAYHBAIONINN CIIOCOOHOCTH
kommosunuu dcosf/dCar-4n=0.22 (tabnuna). s oaTux xe xoMmo3unuit adhdext
W3MCHCHUS TIOBEPXHOCTHOTO HATSKCHUS Ha MeX(a3HOW TIpaHUIle «OHTyM—
MO (DUKATOP—KPACHBIH MEOSHE)» BRIPAYKEH MEHEE CYIIECTBEHHO

3.2 Hccreoosanue @rusHusi MOOUPUKAMOPOS PAIUHHOU NPUpoObl Ha
2UOpPohobHOCMb OUMYMHBIX HIEHOK

BBenenne B OuTyM MOOMPUUUPYIOLIMX J00aBOK  COMPOBOXKAAIOCH
YBEIMYEHHEM KpaeBOTO yIila CMaduWBaHUA O B y3KOH OOJIACTH KOHIIEHTpAIUH
(pucynok 3). IIpu orpaHUYEHHON KOHIICHTpAIMU MOAU(PUKATOPOB MOIUMEPHON
pupoab! (Cuomdp=0.5%) 3Hauenue 0 Beipociu Ha 5.34° (Al-41) u 2.42° (HIIC)
OTHOCUTENBHO 0a3oBoro BapmaHTa u coctasuim 100.39° u  97.47°
COOTBETCTBEHHO (pUCYHOK 3, kpuBble 4, 5). 3a mnpenenamu ykKa3zaHHOTO
KOHIICHTPAIIJMOHHOTO ~ y4acTKa  OTMEYald  HE3HAYHUTEeNbHOE  YXy/IICHUE
BOJIOOTTAJIKMBAIOIINX CBOMCTB OHTYMHBIX KOMIIO3UIIMA M CTaOWUIM3aLUIO
3HAYEeHUI KpaeBoro yria cmaduBanus 6=96.02°-96.90°. [loxy4yeHHbIe H30TEPMBI
CMauuBaHMUA  SIBISIIOTCS  JETEKTOpPAaMH  W3MEHEHHUH  MEXMOJEKYSPHBIX
B3aMMOZCHCTBUN BHYTPH CTPYKTYpbl OWTyMa TIpH BBEIEHHH MOJMMEPHBIX
MonupukaropoB (pucyHok 3, kpuBble 4, 5). OOpa3oBaHHE CMEIIAHHBIX
MPOCTPAHCTBEHHBIX CTPYKTYP B y3koM auarno3oHe KOHIEHTparmi (Cuomp<0,5%)
CHOCOOCTBYET —OCJHa0JICHUIO MEXMOJEKYIAPHBIX B3aUMOACWCTBUI  BHYTpHU
KOMIO3WIINKA ¥, KaK CIEACTBHe, yBenmdeHuio 0. JlanmpHeilee yBemu4eHHne HX
KOHIICHTPAIMH JIeaeT CUCTEMY MEHee JHMCKPETHOW, YTO COMPOBOXKIAETCS
HE3HAYUTENbHBIM YMEHBIICHHEM 1 cTaOniIn3aluell KpaeBoro yria cMauriBaHHSL.
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Pucynox 3— 3aBHCHMOCTb KPa€BOr0 yrjla CMaYMBaHUsl OUTYMHBIX [UIEHOK OT KOHIEHTPALKU
momudpuraropos: 1 — NaCl; 2 — FeCls; 3 - CaClz; 4 — HIIC; 5 — AT-41

BimsiHue HeopraHWYecKHX MOAM(PUIMPYIOMNAX JT00aBOK B 3aBUCHMOCTH OT
WX KAaTUOHHOTO COCTaBa U KOJMYECTBCHHBIX COJICPKAaHUN B OuUTymMe Ha
BOJIOOTTAJIKMBAIOIINE CBOMCTBA OTPAXKalOT 3aBHCHMOCTH, MpPEJCTaBIEHHBIE Ha
puc. 3 (xpussbie 1, 2, 3). MOXXHO OTMETUTB PsJi CYHIECTBEHHBIX OCOOCHHOCTEH,
OTJIMYAIONIUX HM30TEPMbl CMAYMBAHUS TaKUX KOMIIO3UIMH OT OWUTYMHO-
MOJIMMEPHBIX. Bo-TepBBIX, MaKCHUMyM THAPOPOOHOCTH 3apUKCHPOBAH TIPH
MeHbIleM cofepkannn Moxaupukaropa — 0.25%. Bo-BTOphix, Habmromaercs
HHBEpPCHUS B IMOKa3aTeJIX CMadyMBaHWS — IIEPEeXOd OT HECMauyMBaHUS K
cMauynBaHuiO. COMOCTAaBUTENBHBIN aHAIU3 HM30TEPM CMAYMBaHUS KOMIIO3HIIMN
OMTyMa C HEOPraHMYCCKUMH aJAUTHBAMH IOKa3aj, YTO B IPUCYTCTBHH OJHO-,
JBYX- M TPEX3apsIHBIX XJIOPHIOB THApohobH3aNus yMeHbpmaercs B paay: Ca?* >
Fe** > Na'. Takum o0pa3soMm, Cpead HCCIEIyeMbIX HEOPraHHYeCKHX Coueil
HauOOJBIINM BOAOOTTAJIKUBAOIMM 3(PGEKTOM 00IagatoT M00aBKHA XJIOpHAA
kaipLus, Kotopele (Ccaci2=0.25%) obecneumBaror paBHocTenieHHoe ¢ Al'-4U
(Car-au=0,5%) noBbIIIIEHUE KpaeBoro yria cMaurBanus 10 100.37°.

4. 3aka04eHne

VYcraHOBIIEHO, 4YTO W3 [JBYX NOJIMMEPHBIX MoaudukatopoB, Al-4U
OKa3bIBAaeT MAaKCUMalbHOE BIMSHUE HA MPOLECCHl CMAaYyMBAHUS MHHEPATbHBIX
HaTONHUTENeH U TuapoGoOHOCTh OUTYMHBIX TUIeHOK. [Ipu BBenenuu 1% Al-41
B OMTYM KpacBOW yros cMaumBaHWS yMeHbOmUICS Ha 12.44° (OTHOCHTEIBHO
0a3oBoro Bapuanta 0e3 AI'-4M) u cocrasui 113.22°. BeisBieHa y3kas o0J1acTh
KOHIICHTpAITHit MoauduKaTopa (Cromyp=0.5%), pu KOTOPOW
BOJIOOTTAJIKMBAIOLINE  CBOWCTBA  OUTYMHBIX  KOMIIO3MLHUH  YCHJIMBAIOTCS
(AB=5.34°).

ConocraBumenii ¢ Al'-4U ruapodobusupytommii ekt obecreunBaer
BBeneHue 0.25% xyopupa Kanblus B COCTaB OWTyma. 3a IpelesiaMd JaHHOTO
KOHLIEHTPAMOHHOr0 y4acTKa (Cwom=>0.25%) ycTaHOBIEHa TOYKAa MHBEPCUHU B
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TOKa3aTEeNsIX CMAYUBAHUS — MEPEXO]] OT HECMAYMBAHUS K CMAYMBAHHIO BOJON
(0=87.71° mpu Cuomdy=2%). B mTpHCYTCTBHH OAHO-, IBYX- H TPEX3aPSIITHBIX
XJIOpUI0B rupodobu3amms GuTymMa yMeHbInaeTcs B psay: Ca?t > Fe** > Na'.

KoHpaukT uHTEpecoB: ABTOpHI 3asBISAIOT 00 OTCYTCTBMM KOH(DJIMKTa HHTEPECOB MEXIY
aBTOpaMH, TPEOYIOILET0 PACKPBITHS B JaHHOH CTaThbe.

MUHEPAJIABI TOJTBIPFBIIITAPABIH CYJAHY IPOUECTEPIHE
MOAUPUKATOPJIAPABIH OCEPIH )KOHE BUTYM IIJIEHKAJIAPBIHbBIH
I'nJAPO®OBTBIFbIH 3EPTTEY

Miopazuna A.H.Y", Bvizoea 10.C., Canuxosa H.C.2, Ocmposnoit K.A.Y, I'opukosa T.A.},
Casenvesa I1.0.1

L«Manaw Kosvibaes amvindaser Cormycmik Kazaxcman ynusepcumemiy KOMMEPYUATbLK eMeC
axyuonepuix Kozamel, [lemponaen, Kazaxcman

246ati Muipzaxmemos amvindasol Koxwemay ynusepcumemi, Koxwemay, Kazaxcman

e-mail: adyuryagina@inbox.ru

Tyiiingeme. Kipicne. benrini Oonrannaid, >xon achanbTOCTOH KaOBIHBIHBIH camacsl KeOiHece
MOJTIMZIENITeH HOpMaJiapra coiikec Kenmeiini. BUTyM MeH MUHepaliibl MaTepHal apachlHIaFbl aIre3UsTHbIH
TOMEH JEHreili, eH aJAbIMeH, OWUTYMHBIH KHBIPIIBIK TACThl, ocipece KBIIKbLT TaOMFATTHI THIMI
BUTFaJIIAH/IBIPY KAOLTeTiHIH OonMaybiHa OaitnaHbIcTel. Makcamosl — GUTYM KOMITO3HLIUSUIAPBIHBIH CyJIaHy
mpolecTepiHe opTypili  MoAM(UKATOPIApIABIH dCepiH aHbIKTay. JKymbic 2dicmepiHe OWUTyMIaFrbl
MOJMMEPIIH CaHABIK KypaMblHa OalJIaHBICTBI Op TYPJi CHOATTAFbl MHHEPAJIbl TOJTHIPFBIIITAP/IBI
CyJNaHIBIPY HPOLECTEPiH 3epTTey, COHBIMEH Karap MOAW(GHUKATOPIAPIBbIH OUTYM IUICHKAJAapbIHBIH
ruapodOOTHIFBIHA dCEP €Ty 3aHIbUIBIKTApbIH 3epTTey Kipii. beTiHiH 6 cynaHybIHBIH IIETKi OYpbIIIbI
9KCIIEPUMEHTTIK TYPJE TaMIIbl dJICIMEH aHBIKTaNabl. Homuoicenep men mankpiaay . anblHFaH JIepeKkTepl
TangaynaH KepiHin TypraHgaid, AI-4U enrizy "OutymMm — cyp KubIpmiblK Tac" (azanapbiHbIH
IICKapaChIHAAFbl Gor OCTTIK KepUIyiH a3aliTyra ThiMAi BIKHAN eTefi. MYHBI KOMIIOULUSHBIH CyJaHy
KaOUIeTIHIH MaKCHMaJIbl KOpCeTKiun panenpeiini. Tyoceipvivoap: exi moiauMmepii MoauduKaTopIbIH
imineH maiinamanburrad AT-4V repMeTHKalbIK CYMBIKTHIFBI MHHEPANIbl TOJNTHIPFBILITAPABIH CYJIaHy
TIpoIiecTepiHe KoHE OMTYM IUICHKAIAPBIHBIH T'MAPO(QOOTHIIBIFEIHA OapbIHIIA dCep CTETiHI aHBIKTaJIIbI.
Butym  KOMMO3MIMSIApBIHBIH ~ Cy  OTKI30CWTIH  KacueTTepi  KyliedeTiH  MoauduKaTopIbiH
KOHICHTPALMSCHIHBIH, ~ Tap  aiMarbl  aHBIKTAIABl  (Cumomd=0.5%). AIl'-4M-meH  casbICTBIpMAIbI
ruapohoOTaHABIPaTHIH dcep OuTyM KypaMbina 0.25% kanbLiuii XIOpHIiH eHri3y 1l KaMTaMachl3 eTe/l.

Tyitinai  ce3mep: achanbTOSTOHABI KOMIIO3UIMSIAP, MHHEPAJIbl TONTHIPFBILTAP, MOJUMEPIIK
Moaudukaropiap, aare3us, CylaHy, OMTYM IJICHKANAPbIHBIH TUAPOPOOTHIFBI
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RECONCILIATION OF HIGH EFFECTIVE HUMAT-CONTAINING
ORGANO-MINERAL FERTILIZERS

Dzhusipbekov U.Zh., Nurgalieva G.O., Bayakhmetova Z.K."

JSC «A.B. Bekturov Institute of Chemical Sciencesy, Almaty, Republic of Kazakhstan
E-mail: zamirabkz@mail.ru

Abstract. Introduction.One of the most effective ways to increase the yield and quality of crops,
restore soil fertility is the use of humate-containing organo-mineral fertilizers. The purpose of the work is
to obtain highly effective humate-containing organo-mineral fertilizers by the interaction of phosphorite
and sodium humate in acidic environments. Methodology.Methods of chemical and physicochemical
analysis were used: infrared spectroscopy, X-ray phase analysis, scanning electron microscopy.Results
and discussion. The influence of the norm of a mixture of acids (80-110% by stoichiometry) and the
amount of sodium humate (100-150 g), temperature (20-60°C) on the interaction process in a complex
heterogeneous system "phosphorite - a mixture of phosphoric and nitric acids - sodium humate™ was
studied. The optimal conditions for obtaining humate-containing organo-mineral fertilizers were
determined: the norm of the mixture of acids from stoichiometry is 90%, the amount of sodium humate is
130 g, the temperature is 60 © C. Conclusion. It has been established that the addition of sodium humate to
the process of decomposition of phosphorite with a mixture of phosphoric and nitric acids inhibits the
retrogradation of P20Os, increases the coefficients of water-soluble and assimilable forms of phosphorus,
reduces the amount of acidic reagent by 10% of the stoichiometry and neutralizes the free acidity of
suspensions. On the basis of the conducted studies, humate-containing organo-mineral fertilizers were
obtained, containing | eat digestible forms of phosphorus Kusv.> 90% and more than 68% of nutrients.

Key words: sodium humate, phosphorite, phosphoric acid, nitric acid, humate-containing organo-
mineral fertilizers
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KA3AKCTAHHBIH XUMHUAJIBIK 2KY PHAJIBI XUMHYECKHH )XY PHAJI KA3AXCTAHA

Tyiiinaeme: Kipicne. Ayvin IMapyamibUIBIFBl JaKbUINAPBIHBIH OHIMIUIIT MEH CalachblH apTTBIpY,
OCIMIIKTEeP/IiH CHIPTKBl OPTAaHBIH KOJAHChI3 (pakTopiapblHa UMMYHHTETIH KYIICHTY JKOHE TOIBIPAKTHIH
KYHapJIBIFbIH KaJIlblHA KENTIPYAIH €H YTBIMIBI OAicTepiHiH Oipi KypamblHAa rymartbl Oap opraHo-
MHHEpaJIIbl THIHAWTKBIITAPAEl Malfanany Goibin Tabbuiansl. JKymvic makcamer HOCHOPUTICHHATPUH
TYMATBIH KBIIIKBUIIBI OPTa/ia dPEKETTECTIPYapPKbUIbI THIMALIITT )KOFaphl KypaMbIH/a TyMaThl 0ap opraHo-
MHHEPaJIIb! THIHANTKBIITAPABL ally. Odicmep. AIIBIHFaH OHIMHIH KypaMbl MEH KaCHETTEPiH 3epTTey YIIiH
XUMUSIBIK JKOHE (DM3UKA-XMMISUIBIK Taljay QaicTepi: MH(PAKBI3BLI CHEKTPOCKONNS, PEHTreH(]a3ablK
Tajggay — OKOHE  pacTpii  OJIEKTPOHIABI ~ MHMKPOCKONHUS  KOJOAHBUIABL. — Homuowenep — dicaHe
manxwsiiay. XKymeicta«pochopur — docdop xoHe a30T KBILIKBUIIAPBIHBIH KOCIACH — HATPHUIl TyMaTh»
KYpZelli TeTeporeH i ) yHeciHaeTi dpeKeTTecyyaepicine KbIIIKbIIIAp KOCTAchl (CTEXHOMETpHrsi OOMBIHIIA
80-110%) men Hatpuit rymateiHbiH Mestiepi (100-150 r), temneparypansin (20-60 °C) ocepi 3eprrerir,
KypaMblHIa TyMaTel 0ap OpraHO-MUHEpaiIbl THIHANTKBITAPABl AaNyIblH OHTAWIbBl KargailIapel
QHBIKTAJ/IBI: KBIIKBULIAP KOCHACBIHBIH CTeXUoMeTpus OoiibiHmia mMeumepi — 90%, HaTpuil rymMaThIHBIH
menmepi — 130 1, Temmeparypa — 60 °C.ToxipuGe noTwxenepi (ochOpUT NeH HaTpUi TyMmaTbl
MHHEPAJIIbl KBIIIKBUIAAP KOCIAChIMEH 9PEKETTeCKEH Ke3/le KaJbLMiIiH rymaTsl, quruapodocdatsl MeH
HUTpAThl TY3UIETIHAINIH KepceTTi. Tyorcuipoim. Pochoputri dochop koHE a30T KHILIKBLUIIAPHIHBIH
KOCIachIMEH BIIBIPATy YaAepiciHeHaTpuii ryMathiH Kocy P20s-TiH petporpananusace texer,pocdopasa
CyZla epirimrik >XoHE CIHIpIMALTIK K03((HIMEHTTEePiH XOFapIaTaThIHIBIFEL, KBIIKBUI pPEarcHTIHIH
MenmepiH crexuomerpusigaH 10% TeMEHACTETIHAIrDKOHE KOWBIPTHAHBIH 00C  KBIIKBUIIBIFBIH
OelfTapanTalThIHABIFBI aHBIKTANBL. JKyprisiireH 3eprreynep Herisinne Gpocdopabiy CiHIpiMALIIK TYPIHIH
monmrepi Kei>90%, KOpekTi 3aTTap/blH KHUBIHTBIFBI 68%-1aHacaThlH KYpaMbIHa ryMaThl OapopraHo-
MHHEpaNabl THIHAWTKBIITAP AJIBIHIBL.

Tyiiinai ce3mep: Harpuit rymater, Gocdoput, GpocdopKbIMIKBLIBL, a30T KBIIIKBUIBI, KYpPaMBIHAA IyMaThI
0ap opraHo-MUHEpa/bl THIHAUTKBIIITAP

Kycinoexoe Omip3ak KP ¥FA rxoppecnonOenm-myweci, MexHuKa 2bliblMOAPbIHbIY OOKMOpb,
Kymacweiayns npogeccop
Hypzanueea I'ynzuna XUMUSL BLTLIMOAPBIHBIY OOKMOPb
OpolHmMAaiKpL3ol
Basaxmemosa 3amupa XUMUSL 2bLTBIMOAPLIHbIY KAHOUOA b
Kenecoekkpizot
1. Kipicne
Kazakcranna KYpaMbIH/1a ryMaThbl Oap OpraHo-MHHEpaJIIbl

THIHAWTKBIIITAPIBl allyFa KOJAWIbl Tabufu (KOHBIP Kemip MeH (ocdoput) xoHe
TexHoreHai mukizarrap(pocdorurmc xoHe T.0.)0ap. Anaiina opraHo-MHHEPaIbl
THIHAUTKBILITAD PETiHIE OPTYPIl OpraHuKaIbIK 3aTTapMeH OailbIThUIFaH Kocmaap
Konpaneiagel. COHOBIKTAH, KOHBIp KeMmip koHe ¢ocdopurTen opraso-
MUHEPAJJIbl THIHAUTKBIIITAP AYIBIH TICUIIEPIH jKacay Kepek.

Artopnap [1] dochaTTsl MUKI3ATTH a30TKBIIIKBUIBIHBIH CTEXHOMETPHSIIAH
TOMEH MeJIIepiMeH eHASY YAepiciHe KypaMblHIa T'yMychl ©ap 3aTTapAbl Kocy
apKbUIBl OPraHO-MHHEPAJIbl THIHAUTKBIITAPABIATY O/IiCiH KapacThipabl. Al [2,
3] KyMpICTa aMMOHHU TYMaTBIH CYHBIK KapOaMUITi-aMMHUAKTHI CEJIMTPAMEH JKOHE
KapOaMUIIICH apajacThIPy apKbUIBI a30TTHI-TYMYCTH THIHAUTKBINI aJbIHFaH. [4]
omicte  MUHEpaJmbl KOMIIOHEHTTEpAl OpraHUKajiblK 3aTTapMeH  KYprak
apanacTelpy apKbUIBl OpPraHO-MHHEpAJAbl HAHOTBIHAWTKBILITAPABl ATy TACLI
yceHbUFaH. An [5] xymbicta rymatTanFaln ammodockanbiH (13:19:19) xorapsl
arpOXMMUSUTBIK THIMILIIT] Al KbIH/TaFaH.
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CoHbIMEH, FBUIBIMH 97icOHeTTepre XKacalFaH Talfay KypaMbIHIa T'yMarbl 0ap
OpraHo-MHUHEpaJIAbl THIHAUTKBIIUTAP JNaWblH MUHEPANAbl THIHAWTKBIIITAPIBI
HeMece Ty3/lapAbl KOHBIp KOMIpMEH HeMece TYMHHAI KOCBUIBICTapMEH
apanacTelpy apKbUIBI AJBIHATBIHIBIFBIH KOPCETTi. Anaila KOMIIOHEHTTEepAiH
apacbiHla OOJaTBhIH OpPEKETTECY YJICPICIHIH 3aHIbLIBIKTAphl aHBIKTAJIMaraH,
aJBIHATHIH OHIMHIH KYpaMbl MEH KaCUETTEPiHiH opTYypii (pakToprapably scepiHeH
e3repyi aliKpIHAaIMaraH. Enimizne KypamblHIa TyMaThl 0ap OpraHo-MHHEPaIbl
THIHAUTKBIITApARl aly VIIIH IHKI3aT Ta, OHIIpicTik 6a3a ma Oap. Auaiina,
OCBIHJIall OHIM/JIEp IIET eAePACH CAThUIBI ANbIHATIBI.

KyMbICTBIH Makcarbl (OcHOpPUT TMEHHATPHI T'yMaThIH KBIIIKBUIIBI OpTala
OpeKeTTeCTipy apKbpUIbl THIMJLTITI JKOFaphl KYpaMbIHIA TyMaTsl Oap opraHo-
MUHEPAIIBl THIHAUTKBIIITAPIBI alTy.

2. Toxipubenix 6eaim

Toxipube xyprizy ymin Kaparay docdoputi, Kypambr (Mac. %): P20s—
24 .40; CaO — 42.70; MgO — 2.15; R203— 2.58; F — 2.31; CO2— 2.47; pUIFaIbLIBIK
— 3.20; xxx. — 7.15; ex. — 13.04 menAmmarel o0mwickl Oii-Kaparaii keH
OPHBIHBIH KOHBIP KOMIpiHEH HaTpUil TMAPOKCHUIIMEH SKCTPaKUMsAiIay apKbLIbI
aNbIHFaH HaTPUil TyMmaThl,Kypambl (Mac. %): TYMUH KbILIKBUIJAPBIHBIH MeJIepi
(HA®") — 82.0; C — 32.38; H — 2.97; O — 30.60; N — 1.28; 6urymmap — 0.60
KOJIaHBUIIBL. KBIIIKBIIIEI peareHTTep PEeTiHAE «X.T.» MapKajbl peaKTUBTEpAEH
JnaibprHnanran kKoHueHTpauusicel P20s OoidibiHima 20% OGomateiH (dochop KoHe
30% a30T KbILIKbUIAPBIHBIH Kocmackl (hochop KBILIKBUIBIHEIH Oip Oerniri azor
KBIIKBUIBIHBIH 20 Mac. OesliriHe aybICThIPBIIFAH) Tai1aTaHbUIIbL.

Toxipube GapreichiHaa «dochoput — pocdop koHe a30T KBIMIKBUIIAPHIHBIH
KOCIIachl — HaTPUil T'yMaTbl» KYHECIHAErl opeKeTTecy YIepiciHe KhIIIKbUIIap
KOCIIaCBIMEH HAaTpuil TYMaTBIHBIH MOIIIEPiHIH, TeMIlepaTypaHblH ocepi
3eprrengi. Crexuomerpusi OoiipiHma memmepi 80, 90 sxone 110% OonaTsH
KBIIIKBUIIAPABIH KocrachiHblH Kapatay ¢ochopuriMen apekertecyi20-60 °C
temriepatypaga 30 wmmH okyprizimmi. ComaH KeiiH  ¢ochaT-KIIIKBIIIEL
KoiipipTnara Hatpuil rymatsl (100 r dochoputke 100-150 r) KOCBLIBIN, Tarkl ga
30 MuH apanacThIpbUIbI, OChl KoibipTia 75-80 °C TypakThl canMmakka JeiiH
kenTipinai.Jlaiisin eHiMHIH KypaMmbiHIarel P20s0apiblK TYypJepiHiH, a30TTHIH
MeJIIepi XUMUSUTBIK 9icTep [6], TYMHUH KbIIIKbUIAAPBIHBIH Menepi[ 7] OolbiHIIa
AHBIKTAJIBL.

Yurinepaig UK-cnektpin any ymia 0.5-1.0 Mr memmepneri 3ar enmmieHzici
aJBIHBII, OFaH Kanuii Opomuaid (0.25 Mr) KOCHIT MYKHAT apaacTBIPBLIIbI JKOHE
tabnerkara mpectenai/laiiein eHiMHIHUK-ciexkTpiepi «Specord M-80» exi
coyneni  cmekrpodoromerpinne  400-4000 cm’  aiimarbHma  Ka3bLLIbL
MaKCHUMAILIbl CIIEKTPIIK aXbIpaThIMIBLIBIFSI 0.4 cv*. MK-criekTpiepaeri sy Thiry
JKOJIAaKTapBIH Talfay 9/1e0u NepeKTepre CoMKec Ky3ere achIphUIIHbI [8, 9].

AnBIHFaH OHIMHIH peHTreHdaszanslk Tammaysl  «JIPOH-3» pentremmi
mudpakrometpinge xacamasl. OHna Cuka xoHe Coka — MAarbLTybl, 20MA TOK XKoHE
30kB kepHey maipmamaHpUINBl. OHIMHIH  HACHTH(DHUKAITUACH  ATATOHIBIK
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pEHTreHOrpaMMaliapbIMeH KOHE 9JIeOMETTIK MAIMETTEPMEH CANBICTHIPY apKBLIBI
yprizimi [10].

YriaepaiH MUKPOKYPBUIBIMBI PACTPIIiK 3JEKTPOHIBI MHKPOCKOIHS JKSHE
PEHTTEHOCTIEKTPIIl MHUKpOTaaay omicTepiHiH kemeriMeH «Oxford instrumentsy»
(Arrmus) QupmaceiHbIH «Inca energy» SHEProgUCHepCTi CHEKTPOMETPIHAE,
«Jeol» (Kamonms) ¢upmaceiHBIH «Superprobe-733»  3JIEKTPOHIBI-30HIATBIK
MHUKPOaHaJIM3aTOPBIHAA 3ePTTENi, KeICIACTKI KepHey - 25 KB, 30HATHIH TOFHI
- 25 HA.

3. HoTtm:kesep oHe TAIKbLIAY

«Dochoput — Pocdop koHE a30T KHIIKBUIIAPBIHBIH KOCIACHl — HATPHA
TyMaTbD» KYHECIHAETI SpeKeTTecy YAepiCiH 3epTTey Ke3iH/e albIHFaH HOTHXKENIep
(1-xecre), KBIIKBLIAAP KOCIIACKIHBIH CTEXHOMETPHs OoiibIHIIa Mosiepi 80%-aan
110%-ra  apTkaHAa TY3UITEH  OpPraHO-MHHEPAIABl  THIHAUTKBIITAPIBIH
KypaMbIHAaFsl GochopasiH OapibIK TYpJICpiHIH MeNImepl >KOFapIaiThIHIBIFBIH
kepcerTi. Macenen, HaTpuil rymaTsiHbIH Menmepi 100 r Oonranaa >xammsl P20s-
TiH Memepi 33.20%-nan 39.00%-fa, cyna eputin P20s— 24.80%-nan 31.09%-ra,
an ci”ipima P20s— 30.60%-nan 36.98%-ra apraasl. Ocbl atanraH jkaraaiiaapaa
(1-xecte) asorteiH Memiepi 4.16%-man  4.84%-ra apramel, ajg TyMHHII
KOocbUIBICTapAbIH Memepi 25.11%-gan 22.49%-ra xemunai (1-kecre, 1-cyper).
CoHBIMEH, KbIIIIKBUTIAP KOCTIACHIHBIH CTEXHOMETPHSUIBIK Memmepi 90% Oonranaa
(hocopnbiH, a30TTHIH KOHE TYMHUHII KOCHUIBICTAPIBIH MOJIIEpi >KOFaphl OHIM
a;yra OOJaTHIHABIFBI aHBIKTANABL. 1-KecTemeri Taxipnbe HoTHKeNepiHeH HATPHi
TYMaThIHBIH MOJIIEPiH apTThIpyanblHFaH eHimaeri P20s-TiH OapibiK TypiepiHiH
MOJIIIePiH KEeMITETiHAITI aHBIKTANIbl. MBICaNIbl, KBHIMIKBUIIAP KOCIIACHIHBIH
crexuoMeTpusuibiK Mommepi 110% Oonranaa HaTpuil TyMaTRIHEIH Memmepia 150
rpamFa sxoraprarkana >xanmnsl P2Os-tin memnmepi 35.22%-ra, cyna eputin P20s—
29.23%-ra, an cinipimai P20s— 33.83%-ra kemumi.Anaiina, P20s-TiH cyna
epirimtik koaddunuenti 82.99%-ra, an ci”ipimainik koddunuenti 96.05%-ra
NediH apransl. OWTKeHI, XyWeme OONaThIH KambIluil ruapodocdarsl TyMHHIL
KOCBUIBICTapABIH ~ dCEpiHEeH JKaKChl EpUTIH Kaublui auruapodocdaTsiHa
aifHamagpl JKOHE OpEeKeTTecy Ke3iHae Ty3UIreH Kaimpiuii ryMmarsl P20s-TiH
perporpagamnus yaepiciH Texedmi. ['ymMuHAI KOCBUIBICTapAbIH KYpPaMbIHAFbI
A30TTBIH YVJEpiCKe KATBICYbIHA OaiJIaHBICTHI HATPHH T'YMaTBIHBIH MOIIIEPiH
apTTBIPFAaH Ke3Ie a30TTHIH Ja Mejmepl xorapiaiiasl. COHBIMEH, HATPHH
ryMaThIHBIH MenmiepiH 130 rpaMHaH KOFapiaTy ajblHATHIH OHIMHIH carachlHa
alTapIBIKTal ocep CTIEHTIHIITT aHBIKTaJIIbL.

Toxipube OapbichiHna (GocopUTTI KBIIKBUIAAD KOCIACBIMEH BIABIPATY
yAepiciHe HaTpuil TyMaThlH KOCY KOHMBIPTIIAHBIH 0OC  KBIIIKBULIBIFBIH
TOMEHIETETIHIIT aHBIKTAIIbI.

2-Kecte MeH 1-cypeTTeH KepiHiNl TypraHIal, YAEpicCTiH TeMIepaTypachlH
JKOFapiaTtkanna, (ocdopabiH OapiblK TYpiHIH, a30TThIH JKOHE TyMHUH]II
KOCBUIBICTAp/bIH MOJIIICPIHIH OCETIHIr aHBIKTAIIbl. MbICajbl, KBIIIKbUIIAP
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KOCTIACBIHBIH CTEXHOMETpus OolbiHIIa Memepi — 90% Oonranaa xammbl P20s-
Tig Memmepi 35.20%-Fa, Nx. — 4.83%-ra, an HA®—27.03%-ra apraspL.

Kecte 1- AnbiHFaH OHIMHIH KOPCETKIIITEPiHE KIIIKBUIABI PEareHT IeH HATPUIl T'yMaThIHBIH MOJIICPiHIH
acepi (60 °C)

KpI1K. Hatpwii P20s memepi, Mac.% Keinip., Mac. % Nix. HAd% Kopexri 3ar
MOJIIIL. rymar. JKann | ciHip. | cyda | ciHip. | cyma | Mac. Mac. | KHBIHT. Mac.%
, M6, T BI ep. ep. % %
mac.%
100 33.20 | 30.60 | 24.80 | 92.17 | 74.69 | 4.16 25.11 62.47
120 33.01 | 30.48 | 24.75 | 92.34 | 74.98 | 4.24 27.35 64.60
80 130 32.64 | 30.20 | 2453 | 9252 | 75.15 | 4.31 28.40 65.35
140 29.82 | 27.80 | 22.72 | 93.23 | 76.19 | 4.57 29.17 63.56
150 29.00 | 27.10 | 22.11 | 9344 | 76.24 | 4.84 29.49 63.33
100 36.60 | 34.10 | 28.35 | 93.17 | 77.46 | 4.61 23.71 64.92
120 35.46 | 33.12 | 27.70 | 93.40 | 78.12 | 4.77 25.89 66.12
90 130 35.20 | 33.10 | 27.53 | 94.03 | 78.21 | 4.83 27.03 67.06
140 35.06 | 32.99 | 27.49 94.09 | 78.41 | 4.92 27.85 67.83
150 3491 | 32.89 | 27.42 | 94.21 | 7854 | 4.99 28.23 68.13
100 39.00 | 36.98 | 31.09 | 94.82 | 79.72 | 4.84 22.49 66.33
120 37.00 | 35.14 | 30.33 | 94.97 | 81.97 | 4.95 24.79 66.74
110 130 36.51 | 34.69 | 29.96 | 95.02 | 82.06 | 5.03 25.89 67.43
140 36.32 | 3455 | 29.88 | 95.13 | 82.27 | 5.22 26.89 68.43
150 35.22 | 33.83 | 29.23 | 96.05 | 82.99 | 5.37 27.26 67.85
madsfey 2 . b Hads, c
501 30 301 .

o 110 130 150 HumNag 0 1o 130 150 HumNag 0 110 130 150 HumNag

Crexuometpus Goiipraima: 1 — 110%, 2 — 90%, 3 — 80%, a — 20 °C; b — 40 °C; ¢ — 60 °C

Cypet 1 — 'yMuH1 KOCBUIBICTAp MOJIILEPIHIHHATPUIT 'yMaTBIHBIH MOJIILIEPIHE )KOHE
TeMIiepaTtypara 0aiaHbICTBI ©3repyi.

2-Kecte MeH 1-cypeTTeH KOpiHINl TypraHJad, YAepicTiH TeMIlepaTypachiH
JKOFapiaTtkanna, QocopapiH OapiblK TYpiHIH, a30TTBIH JKOHE TyMHUH]I
KOCBUIBICTAPIBIH MOJIIEPIHIH OCETIHAITT aHBIKTAIIL. MEBICabl, KBHIIKBUIIAP
KOCHACBIHBIH CTeXHOMeTpus OoibiHma Memmepi — 90% Oonranaa xammsl P20s-
TiH Memmepi 35.20%-ra, Nx — 4.83%-ra, am HA™-27.03%-ra aprags. By
CYCHCH3USHBIH TYTKBIPJIBIFBIHBIH TOMEHAEYl MEH KbIIIKbIIIAD KOCIACHIHBIH
I y3UACHIHBIH JKaKcapybl KOMIIOHEHTTED apachIHIAFbl dPEKEeTTeCy YAEpiCiHIH
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JKBUIIAMIBIFBIHBIH apTybIHA ocep eTeTiHAiriHe OaimaHbIcThl. TemmeparypaHsl
60°C-naH apThIK KOFapiaTy a30T KbIIIKBUIBIHBIH BIIBIPAYbIHA 9CEep €TETiHIIKTCH
JKOHE KOHBIPFBIHBIH KOPPO3HUTaHYBl apTAaThIHIBIKTaH THIMCI3 OOJBIN TaObIIaIbI.

Kecte 2— TemmepaTypa MeH KbIIIKbUIAAP KOCIIACHIHBIH MOJIICPIHIH albIHFAaH OHIMHIH KepceTKilTepiHe
ocepi (HaTpuit rymMaThIHBIH Memepi — 130 )

Temnepatypa, P20s memmuiepi, mac.% Nix.,Mac.
°C Kammsl | CIHIp. | cyna ep. %

KbILIKBLIIAP KOCIIACBIHBIH CTeXHOMETpHs OolibiHIIa Moiepi — 80%

20 28.18 25.77 20.14 3.88

40 30.67 28.30 22.60 3.99

60 32.64 30.20 24.53 4.31
KbILIKBLIIAP KOCIIACBIHBIH CTeXHOMETpHst OokibiHIIa MoJepi — 90%

20 29.35 27.20 22.60 412

40 32.73 30.72 25.19 4.27

60 35.20 33.10 27.53 4.83
KBIIIKbIIIAP KOCIACKIHBIH CTeXHOMETpHsl OofibiHIIa Memepi — 110%

20 30.64 28.83 2431 4.36

40 33.47 31.82 27.39 4.59

60 36.51 34.69 29.96 5.03

OHIMHIH JIEMEHTTIK Taamaysl (3-KecTe) OpraHuKaIbIK MOJIEKyJIaaa KYpeTiH
JNECTPYKIUS, TOTBIFY >KOHE THIPOJUTHKAJBIK ©3repiCTepKANBIUI T'yMaTbIHBIH
MOJIEKYJIaCBIHAAFsl anu(aTThIK KOChUIBICTapAbH Memmmepinin (H/C=2.36-3.36)
apTaThIHIBIFBIH KOPCETTi. A30T MOIIIEpiHIH apTybl OHIMIEPIiH OHOIOTHSIIBIK
OcJICeHAUNITIH apTThIpaAbl. KBIMIKBUIIBIH CTEXHOMETPHUSIIBIK MOJIIIepi apTKaH
Ke3Jle KOMIpTETiHIH Meepi KeMim, ai cyTeriHiH memmepi apraasl. H/C e3repyi
MoOJIeKyJaarel OYHipiik amudarTblK Ti30SKTEpAiH MOIIIEPiHiH apTKaHABIFbIH
JKOHE apOMATHKAIIBIK CAaKWHAHBIH 3repreHairiy, an O/C apTybsl TOTHIFY YpAICiHIH
HOTIDKECIHAE KYpaMbIHAA OTTeK 0ap (QyHKUHMOHAJIBI TONTApABIH TY3UITCHIIT1H
kepcereni. Harpuil ryMaTbIHBIH MOJIIEpiH ©3repTKeH Ke3/le CYTEeriHiH JKoHe
KOMIPTEKTIH Memmepi eceli, Oyl OpraHUKalbIK MOJEKYyJlIaJaFrbl JECTPYKIHS,
TOTBIFYy JKOHE TUAPOIUTHUKANBIK ©3TrepiCTEpAiH OpTYpJi Iopexene KypyiHe
0aliaHbICTHI OOJTYbl MYMKIiH.

Kecre 3 — AnbIHFaH OHIMHIH 3JIEMEHTTIK Talaybl

Kbk, Hatpuit CanMakTsIK, % ATtoMJibIK, %0 ATOMJIBIK
MOJIILL, rymar. KaThIHAC
Mac.% MOJIIL., T C H N 0 C H N O H/C | O/C
80 100 10.10 | 2.36 | 4.25 | 21.68 | 17.32 | 48.66 | 6.18 | 27.84 | 281 | 1.61

150 1253 | 247 | 476 | 18.45 | 20.80 | 49.90 | 6.80 | 23.00 | 2.36 | 1.11

90 100 9.64 | 252 | 478 | 22.83 | 15.72 | 4951 | 6.68 | 28.09 | 3.15 | 1.79
150 1156 | 2.60 | 495 | 19.96 | 18.60 | 50.39 | 6.82 | 24.22 | 2.71 | 1.30

110 100 9.16 | 255 | 4.86 | 23.02 | 14.90 | 50.00 | 6.86 | 28.24 | 3.36 | 1.89
150 1093 | 2.78 | 5.11 | 21.33 | 16.88 | 51.58 | 6.87 | 24.68 | 3.05 | 1.46
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Anparan  yaritepnin MK-cmektprmepin  (2-cyper) Tammay  Ty3iareH
OHIMHIHKYPaMBIHBIH KYPICUIITIH JKOHE JKYHeHeri OopeKeTTecy HOTIKECIHIE
KaJbUWUAIH TyMaTel, JuruapodochaTsl KoOHE HHUTpPAThl  TY3IJIETIHAITIH
kepcetTi[8, 9].OnimMHuiH UK-cnekTpinaeri kanpuuil rymMaTsiHa TOH KapOOKCHIIAT-
noHnapeiHeiH  1630-1610 sxome 1400-1370 cM®  afiMarbIHIAFsl  BaJEHTTIK
TepOeIicTepiHiH, cnUpTTepAiH TUApokcui tontapbiHblH 1130-1100xkoHe 1090-
1070 oM’  aiimMareHmarel  neOPMALMANEIK — TepOeTiCTepiHiH, KOMILIEKCT
KOCBUTBICTapAaFbl OTTET1 aTOMJApbIHBIH KOOPAMHALMSUIIBIK OaiylaHbICTApBIHBIH
930-420CM_lapaHLIFBIHLlaFLDIq&TLIJ'Iy xonaktapeiHbig, H2PO4 - nongapeiasy 1110-
1100, 1090-1080, 920-910 skome  490-420  cm ‘aiimarbiEnars, NO3 -
nOoHNapbIHBIH1620-1610 x9He1400-1380 oM laliMarbIHIaFs] KYTBLTY
KOJIAaKTapbIMEHe3apa ocepiHe oHe KalarracyblHa OalIaHBICTBI, >KYTBUTY
JKOJaKTapBIHBIH KEHEIOl, JKOFaphl HeMece TOMEH JKHIJIKTEeri aliMakKa aybICYhI
Gaiikamsr, a1 HPOs*— (1620 xome 1300 cm™)CHs— sxome (CH2)s—romrapbina
xoHe H2POs—T0GBIHA coiikec XKyThlTy xkomakrapsl 10-20 ™ Temen xwuimikreri

aliMaKKa >KbULKUIEL.
\J‘\/ 7 H\/\ / \\f\,N'W W
W Wy
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absorbance. %

~ o WY Vv
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1 — Kaparay ¢ocdopuri, 2 — Hatpuii rymarsl, 3 — CaHPOs, 4 — Ca(H2POas)2, 5 — Ca(NOs)2,
arnpiHFaH oHIM: 6 — 100 r HaTpuii ryMaThIH KOocKaH1a, 7 — 150 T HaTpuii TyMaThIH KOCKaH/1a

Cypert 2 — Anbiaran eHiMHIH UK-cnektpuepi.

OHiIMHIH peHTreH(]a3alblK Taljaybl YITIIEpAIH KYpamblHAAa KalbIUHIiH
IUTUAPO- JKoHE THuapodocdarsl, KaldbIMid HUTPATHI OONATHIHBIH KepceTTi (4-
kecre).Perrrenorpammanarsr 4.33; 3.64; 3.60; 3.18; 3.07; 2.22A ajimarbIHIAFbI
IAQpaKkIIsUTBIK MaKCUMyMIap KaiubItuii murunpodocdaTbiHa CoWKec Keice, all
3.48; 3.35; 3.12; 2.48A xome 3.87; 2.56; 1.89; 1.77A aiimarbinpmarsl
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KapKBIHABUIBIFBl TOMEH >KONAKTap KalbUUK THIpodocdaTbl MEH HHUTPATHIH
CHTIATTaN BT [10].'ymaTTeH MeTIIepiH apTTBIPFaHIa KaJTbITHI
IUTUAPOoPOCHATHIHBIH —~ MaKCHMYMBIHBIH — KapKbIHIBUIBIFBl  JKOFapbUIam, —ai
ruApoQochaThIHIK] SNICIPEHUTIHITT aHBIKTAIIBL.

3-cypeTTe 3epTTellil OTBIpFaH JKyHeleri speKeTTecy HOTHIKECIHIE aJIbIHFaH
OHIMHIH 3JIeKTPOHIbI-MUKPOCKONTHIK CypeTi KOpCeTiil, YAriHiH HaHOMeJIepi
KoHe MHUKpoOemekTepaeH (1 MKM-IeH a3) KypaliFaH arperarrap MeH IoHIepacH
TYPaTBIHIBIFB aHKBIHIANIB, APAChIHAA AOHIENIEK Topizaec OemekTep ae o6ap.

JKypriziareH XUMHUSIBIK XKoHE (U3UKA-XUMISUIBIK Tajmayiap HOTHKEIepi
Kaparay ¢ochoputi men Harpuii rymaThiH ¢ochop KoHE a30T KhIIIKBUIIAPEI
KOCTIaChIMEH BIABIPATY YAepici Keneci TeHaey OOWBIHIIA )KYPETIHIITiH KOPCETTi:

2CasF(POa4)3+H3POs+12HNO3+2I'yMNa—6Ca(NOs)2+T'ym2Ca+HsPOs+3Ca(H2PO4)2+2NaF - (1)

(1) rerneyne kepceTinaren e, KaabIIUi HOHBI €PITIHAIEH KaTbIIUA HUTPATHI
KOHE KalbIMK TyMaThl TYpiHAe OemNiHIN IIbIFajapl, ajl OChl peakuus Ke3iHge
Ty3inreH ¢ochop KBIIIKBUIBI BIIbIpaMail KairaH (QOCHOPHUTIIEH opeKeTTecyre

TYCeri.

KecTe 4 — AnbiHFaH ©HIMHIH peHTTeH(pa3aIbIK CHIIATTaMAaChl

AJbIHFaH OHIM CaHPOu4 Ca(H2PO4)2 Ca(NO3)2
100 r HaTpuii rymaTsl 150 r HaTpuii rymMaTsl [10] [10] [10]
da I/lo da 1o da 1/lo da 1/1o da 1o
433 10 4.34 15 - - 4.34 20 - -
3.87 23 3.87 22 - - - - 3.85 31
3.64 85 3.62 100 - - 3.63 100 - -
3.60 75 3.60 82 - - 3.61 90 - -
3.48 10 3.47 8 3.48 13 - - - -
3.35 11 3.35 8 3.33 17 - - - -
3.18 16 3.17 20 - - 3.18 35 - -
3.12 12 - - 3.13 20 - - - -
3.07 52 3.07 57 - - 3.05 60 - -
2.56 11 2.56 10 - - - - 2.53 14
2.48 12 2.48 9 2.49 15 - - - -
- - 2.22 11 - - 2.23 20 - -
1.89 25 1.89 22 - - - 1.90 27
177 8 1.76 8 - - - - 1.79 10
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60 mkm 60 mkm
a — Kapatay docopurti, b — rymar-¢pocdarTsl TRIHAUTKBILT
Cypert 3 — YarinepiH 3J1eKTpOHAbI-MUKPOCKOITHIK CYypeTTepi.

4. KopbITBHIHABI

CoHBIMEH, KYPTri3iITeH 3epTTeynnep HoTmwkeciHae (HochOpUT TEeH HATPHI
TYMaThIH KBIIIKBUIIAP KOCIACKIMEH BIABIPATY YJACPICIHIH OHTAMIIbI kKaraaiiapsl
AHBIKTAITBII, THIHAMTKBIIITHIK KACHETTepl )KaKChl KypaMbIHIa T'yMaThl Oap opraHo-
MUHEpaJAbl THIHAUTKBIITAp anbiHAbl. HoTmkenep ¢ochop KeIIIKBUIBIHBIH Oip
OoJiriH a30T KBIIKBUIMEH aJMacThIPy JKOHE JKyHere HaTpuil T'yMaThlH KOCY
thochopnera cinipimaiik kodddunmentrepin (Kein>90%) sxorapraTaTbIHABIFBIH
kepceTTi.HaTpuii TyMmaThIHBIH JKOFapbl PEAKIMUIBIK OCJICECHAUII KBIIIKBLI
peareHTiHiH  MemmepiH — crexuomerpusman  10%remenmereriHairi, ©6oc
KBIIIKBUIIBIKTEL  OCHTapanTalThIHABIFEl  koHEe  P20s-TiHpeTporpaaamnuschbiH
OONIBIPMANTBIHBIFBl aHBIKTAIBI. XUMISIIBIK JKOHE (DU3WKA-XUMHUSIIBIK Tajnay
omicrepidochoput  meH  HATPUM  TyMaThl  KBIKBUIAAp  KOCHACBHIMEH
OpeKeTTeCKeH/le  Kalbluii  Tymarbl, jauranpodocdaTel MEH  HUTpPATHI
TY3UICTIHIITIH kepceTTi.Kampmmit TyMarhbl OpraHO-MHUHEPAJIBI
THIHAUTKBIIITAPBIH ~ KYpaMblHAa Oamiact OojaMaieHIMIEp/iH CamachbIHBIH
JKakcapyblHa ocep eTelmi. OpPEKeTTeCy HOTHXKECIHAC KOPEKTI 3aTTapablH
JKUBIHTBIFBI 68%-11aH  acTaM KypaMblHJIa TyMaTbhl Oap OpraHo-MHHEpPaIbI
THIHAUTKBIIITAPAITBIHIBL.

Kapxbrianasipy. 3eprrey xymbichl Kazakctan PecriyOnukachkl Oi1iM jkoHE FBUIBIM MHHHUCTPIIIT]
reuIbIM Komureti Garnaprnamainslk HbicaHasl Kapxkbulanblpy JKTH BR10965255 «Taburu mmkizar neH
OHJIIPICTIK KaJJbIKTapFa HETI3NeNreH HHHOBAIMSUIBIK KON(YHKIMOHANIB MaTepuaniap» OOWbIHIIA
OpPBIHAANIBIL.

Myagenep KakTbIFbIChI: ABTOpiap OyJl Makaiaja e3apa MYMIEIEp KAKTHIFBICHIHBIH JKOKTHIFBIH
MOJIIMAEH I,
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MNOJYYEHHUE BBICOKO3®®PEKTUBHBIX 'YMATCOJEPKALIIUX OPI'AHO-
MUHEPAJIbHBIX Y IOBPEHUI

[Dcycunbexoe Y.JK.", Hypzanuesa I'.0O., Baaxmemosa 3.K.

AO «Hncmumym xumuueckux Hayk um.A.Bb.Bekmyposay, e. Anmamel, Pecnybnuxa Kazaxcman
E-mail: zamirabkz@mail.ru

Pe3tome. Beeoenue. OnanM u3 Hanbosee 3G GEKTUBHBIX CIIOCOOOB MOBBIIIECHHUS YPOXKaHHOCTH U KauecTBa
CENIbCKOXO3SHCTBEHHBIX ~KYJbTYP, BOCCTAHOBJCHHS IUIONOPOJMS IOYBBI SIBISIETCS IPUMEHEHHE
TYMaTCOJePKALMX OpraHO-MHUHEPaIbHBIX yI00peHuid. [Jens pabomel - OyYeHUE BEICOKOA(PEKTHBHBIX
TyMaTCOJCpIKalMXOPraHO-MUHEPAJIbHBIX  yIO0OpeHHH myTeM B3auMojelcTBus ¢ocdopura u rymara
HATpPUS B KHCIBIX cpeax. Memoovl. [IpuMeHsI METOIbl XUMUYECKOT0 M (PU3MKO-XHMHYECKOT0 aHAIH3a!
HHOPAKPACHYIO CIIEKTPOCKOIHIO, PEHTICHO(A30BbIH aHAIN3 U PACTPOBYIO IEKTPOHHYIO MUKPOCKOIIHIO.
Pesynomamul u o6cyacoenue. zyueHo BausHUsS HOpMbI cMec KucioT (80-110% no crexuomerpun) u
konm4decTBa rymaTa Hatpus (100-150 r), Temnepatypsi (20-60°C) Ha nporiecc B3auMOJACHCTBUS B CHCTEME
«hochopur - cmech ocopHOil U a30THOH KUCIOT - rymar Hatpusi». OnpenesieHbl ONTHMAaJbHbIC
YCIIOBHS IOJNIYYCHHS TI'yMaTCOICP)KallNXOPraHO-MHHEPAIbHBIX YIOOPEHUH: HOpMa CMECH KHCJIOT OT
crexuomerpunn - 90%, xommyectBo Trymarta Hatpus - 130 1, Ttemmepatypa - 60° C.
3axnouenue.Y cTaHOBICHO, 4TO 100aBIeHHE r'yMaTa HATPHs B IpOLecC pasiokeHue Gpochoputa cMechio
¢dochopHOit M  a30THOH KHMCIOT TOPMO3MT peTporpaganuio P20s, mnoBbaeT K03 (GHUIUCSHTHI
BOZIHOPACTBOPUMBIX M yCBOsieMbIX (opm docdopa, cHIDKAET KOINYECTBO KUCIOTHOrO peareHta Ha 10%
OT CTEXHOMETPHH U HEHTpaIn3yeT CBOOOMHYIO KHCIOTHOCTb CycrneH3uid. Ha ocHOBaHMH HPOBENCHHBIX
HCCIICIOBAHUI IIOTy4YEHBl T'yMaTCOACPIKAIIUE OpraHO-MHHEPANbHBIC YHOOPCHUS, C COACpKAHHEM
ycBosieMbIX ¢popM docdopa Kyc.>90% u Gonee 68%muraTebHBIX BELIECTB.

KiaroueBbie ciaoBa: rymatr Hatpus, (ochopur, dochopHas KHCIOTAa, a30THAS  KHUCIOTA,
ryMaTco/iepiKalye oprano-MuHepaibHble yI00peHH s

JIncycunoexoe Ymupszaxk — unen-xopp. HAH PK, 0dokmop mexnuueckux Hayk, npogheccop
Kymacunoseuu

Hypzanueea I'vnzuna O00KMOP XUMUYECKUX HAYK
Opvinmaegna

Basxmemosa 3amupa KAHOUOam XuUMU4eCKUXx HayK
Kenecoexosna
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Abstract. Introduction. The problem of creating new effective domestic pharmacological
preparations, including the development of the methods for obtaining biologically active substances in
compliance with the “green chemistry” principles, are among the priority areas for the development of
chemical science. The choice of an initial molecule, which carries the potential of biological activity, is
the guarantor of a successful experimental search. Imidazole derivatives occupy a unique place in the
medicinal chemistry. An imidazole cycle is part of the natural compounds such as histamine, biotin, some
alkaloids and nucleic acids, and is a structural fragment of medicinal preparations. The goal of the present
review is to analyze the publications on the chemistry of imidazole derivatives with an emphasis on the
methods of obtaining biologically active and other practically useful molecules with an obligatory
imidazole cycle. The objects of the study: imidazole derivatives. The examples of the routes of
synthesizing imidazole derivatives, as well as the compounds of interest for the medicinal chemistry,
agriculture, and other fields, which have been published in the scientific and technical literature since
2000, have been presented. Conclusion. The studies in the field of searching for new highly effective
preparations among imidazole derivatives are relevant and promising. The most important stage in this
search is the directed synthesis of the substances with the specified, practically useful properties. The
range of new practically useful substances in the series of imidazole derivatives has been significantly
expanded and replenished thanks to the modern modifications of the classical methods of their obtaining.
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1. Introduction

Imidazole is an organic compound with the formula CsHsN.
The imidazole ring is a valuable component of many important
molecules, including natural products, bioactive molecules, ionic
liquids, and imidazoliums. An imidazole fragment is part of the
most important amino acids, i.e. histidine (1) and histamine (2).

The pKa of imidazole is 14.5 and the pKb is 8.8. These indicators contribute
to the widespread use of the derivatives of this class in various fields [1]. The
literature describes a huge potential for the broad-spectrum pharmacological
activities, in particular, antiviral [2], antifungal and antibacterial [3], anti-
inflammatory and analgesic [4], anti-stress, anti-cancer, anti-tuberculosis [5]
activities.

The substances (3-5), possessing an obligatory N-alkoxyalkylpiperidine
fragment in the molecular structure, and a high pharmacological activity, have
been discovered at the Laboratory of Chemistry of Synthetic and Natural
Medicinal Substances of JSC «A.B. Bekturov Institute of Chemical Sciences» [6-

8.
X
H
N . )JJ
0 R _C<¢
o ;
N \
N H - B-CD
R’ R NN N Hl

CH, R &
3 \; 4 5

R = CH,CH,0CH,CHj,

CH,CH,CH,0CH,CH,CH; X =2H, NOCOC¢Hs; R = C;H;OC,Hs;

CH,CH,CH,0CH,CH,CH,CH;; R = CH,CH,CH,0CH(CH;), R'= OH, OCOCH;,

R'=H, CH, OCOC,H;, OCOC¢Hs
M yelostimulators Local anesthetics

The idea of “marrying” N-alkoxyalkylpiperidine with the imidazole ring
seems to be quite logical. Prior to starting an experimental research, we have set a
goal to analyze the scientific literature for the period starting from 2000 on the
chemistry of imidazole derivatives with an emphasis on the methods for obtaining
biologically active molecules with an obligatory imidazole cycle.
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2. Synthesis of biologically active imidazole derivatives

Feng Liang et al. [9] synthesized a number of 1H-imidazole-2-carboxamides,
which could be used for the DNA recognition. From 4(5)-(2-(benzylthio)ethyl)-
1H-imidazole (6 a),N-phthaloylhistamine (6 b), and 4(5)-(2-thioethyl)-1H-
imidazole-2-carboxamides (10 a-c) were obtained, which (thiol and amine) served
for the attachment of a molecule to the metal or carbon electrodes. 4(5)-
(Tertbutyldimethylsilyloxymethyl)-1H-imidazole (6 c¢) was synthesized in a
similar way, and used as a sample in the NMR studies. The two different methods
for obtaining 1H-imidazole-2-carboxamides were studied, and it was shown that
the 2™ position of imidazole could be converted into an ether or cyano group, and
subsequently into an amide. The bonding with the protected nitrogen atom 1-N in
compounds (7 a-c) was carried out by the interaction of sodium salt and benzyl
bromide. By comparing different protecting groups such as the trityl and Boc
groups, the benzyl group was found to be the most effective protecting group for
the subsequent reaction of cyanation. The cyano group was introduced into the 2"
position of the imidazole ring by treating thereof with 1-cyano-4-
(dimethylamino)pyridinium bromide (CAP). CAP was obtained by the reaction of
the equivalent amounts of cyanogen bromide and 4-(dimethylamino)pyridine (8 a)
in dimethylformamide. The cyano group was converted into the amide group (9 a)
with the yield of 46% upon the hydrolysis in the presence of a mixture of 20%
sulfuric acid and 18% triphosphate. Because of hydrogen peroxide, (8 b) is
changed to (9 b) and (8 c) to (9 ¢). The final products (10 a-c)were obtained by
removing the sodium and benzyl groups by the treatment with liquid ammonia.

H
' DMAP, H2504

n
N
“/ NaH, BnBr CNBr O Nain liq. NH3 K
—_ —_—
N k % K 7 / ONorm,0, 0rH202 > f -
N

6 7 (b) 10
NH,NH,
9b

R = BnSE (a), PhNE (b), SiOM (c)

0
SCH,CH, A |
BnSE PhNES] N—CH,CH,  H,NE = H,N-CH,CH,SiOM = S|1—O-CH2
0

The potential of imidazole derivatives of thiosemicarbazones and hydrazones
[10] as the antifungal agents against A. flavus and C. cladosporioides was
demonstrated. An interaction of the equimolar amounts of 4(5)-imidazole-
carboxyaldehyde and 4-(1H-imidazol-1-yl) benzaldehyde (11) and 4-(1H-
imidazol-1-yl) acetophenone (12) in the presence of thiosemicarbazides in
methanol provided thiosemicarbazone derivatives (13 a-b, 14 a-h). The reaction
mixture was stirred for 6 h, cooled to the r.t., the resulting solid was filtered off,
washed with ethanol and ether, and dried in vacuum.
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H \1 + () NHZSSTOH}?] = Q_( H + EN@ ko

N N—NH N—NH
NH NH
S Y S \
11 13 14 Ry
o) H R =H (a), C¢Hs (b) R;=R,=H (a); R|=H, R, =CHj (b);
12 R;=H, R, =C¢H;s (¢); R;=CH;3 R, =H (d);

R,=R,=CHj(e); R,=CHj, R, =C4H; (f)

Imidazolyl hydrazone derivatives (15 a-d, 16 a-j) were synthesized by the
reaction of an equimolar dose (2 mmol) of 4(5)-imidazole-carboxyaldehyde and
4-(1H-imidazol-1-yhbenzaldehyde or 4-(1H-imidazol-1-yhhydrazide in the
presence of hydrazide in methanol, upon adding 3 drops of acetic acid as a
catalyst [10]:

S / I\\I NH,CONHNH, = 1
S0 Dy DO
N
N
H

o N—NH N—NH
}—N\H >—NH
o o \
15 R 16 R,
o H R=CHj (a); C¢Hs (b); R;=H; R, =CHj (a); R;=H; R,=C¢Hjs (b):
p-Cl-CgH, (c); R,=H; R,=p-CIl-C¢H, (d);
P-NO»-CHy (d) R =H; R, =p-NO»-C¢H, (¢);

R;=Ry=CHj (e); R|=CHj;; R, =C¢Hj; (f);
R =CHj; Ry=p-CI-C¢H, (i);
R=CHj3; Ry =p-NO,-CgH, (j)

A simultaneous condensation of a-diketones and aldehydes in the presence
of ammonia or ammonium salts (the Debus-Radziszewski synthesis) is one of the
oldest, most versatile, and frequently used methods for the synthesis of imidazole
derivatives. This simple synthetic method is widely used for obtaining
chromophores - 2,4,5-triarylimidazole derivatives, which are used as an optical
carrier for data storage or switching in modulating devices. There are possible two
principalorientations to generate Y-shaped imidazole chromophores (17) as
shown bottom. The first classof chromophores (D-n-IM-(n-A)2 systems) are
generated by the donor which is appended through an additional z-linker (aryl) to
the imidazole Cz, completed with two peripheral acceptorslinked at the imidazole
C4/Cs positions. The second class(A-n-IM-(n-D)2 systems) possesses one
acceptor and twodonors in the reversed orientation[11-15].
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17 D =NMe,, OMe, H
A =NO,, SO, CN
R =H, alkyl, aryl, etc.

It turned out that the synthesis of 4,5-dicyanimidazole “opened” a convenient
preparative way of obtaining diverse imidazole derivatives as popular components
with the acceptor properties. 1-Methylimidazole-4,5-dicarbonitrile (18), 2-bromo-
methylimidazole-4,5-dicarbonitrile (19), and 1-methyl-2-vinylimidazole-4,5-
dicarbonitrile (20), which were both acceptor fragments and donors, expanding 7-
conjugated  bonds, were obtained in different  reactions from
diaminomaleonitrile(DAMN) [16-17].

N N N
NN H, N~ 4
| HC(OMe); _(Mc0),S0, ‘
—_—
anisole / MeONa/ /> NaHCO;/H,0/ />
N

NZ NH 140°C 7 65°C N7
18
DAMN N N\\ /
N
_(Me0),50,
0 Et,O/TFA Br
NS NaOHgHZO/ >[ />‘ NaHCO,H,0 N/
N BC 7 6s0c N7
A\ N N N 19
| Pb(OAc), | 7 (Me0)80, ‘ W
B NH CH;CN / THF/Et;N /
NZ 2 N N
N7 NZ
AcroDAMN 20

Significant contributions to obtaining imidazole-containing chromophores
with excellent thermal stability in the guest environment (the host systems), and
good miscibility with high-performance polymers, were made by Bu X.R. et al.
[18-21]. Besides, the fragments of thiophene or thiazole were introduced into the
structure of the synthesized imidazoles. The studies in the field of imidalozol
chromophores were continued in the works [22—-26], where it was shown that the
nitro-, dimethylamino-groups performed the function of an acceptor and a donor,
in polarizing the m-bonds with the release of blue light.

Imidazole derivatives were synthesized as synthons for obtaining purines,
widely used in the pharmaceutical industry[27]:
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New 5-amino-1-phenyl-1H-imidazole-4 carbonitriles (23 a-b) were formed
during the cyclization of formamidine in the presence of a strong base KOH by
way of multi-stage synthesis, including the stage of interaction of ethanol with
phenylalanine in the molar ratio of 1:1 into new formamidines ( 22 a-b). And
thenthe reaction followed by their interaction with the primary amines upon the
catalysis by hydrochloride of ethyl (Z) -N- (2-amino-1,2-diacyaninyl) aniline
formimidate (21). Purines were further obtained by treating 5-amino-1-phenyl-
1H-imidazole-4 carbonitriles with ammonia.

The preparation metronidazole refers to 5-nitroimidazoles (24), and has a
wide spectrum of activity against anaerobic microorganisms[28]:

/ N
0,N /g >\CH3

OH
24

Its use may result in changing the patients’ taste sensations, including a
“metallic” taste. In order to eliminate this shortcoming, benzoylmetronidazole
(HPLC)(25) was created by way of a two-stage
synthesisfrommetronidazole(MTZ)[29]:

i NO,
MTZ Py O/\N /§
A
25

An alternative method for obtaining MTZ included carrying out the two
consecutive one-pot steps through the formation of benzoylimidazole (26) with
the use of N,N-carbonyldiimidazole:
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COOH N7 N7 NN 0
\—/ \—/ MTZ N02
%' N/\ - =
! : e
CO2 + \ / S
N 26 25

Huang Q..etal.[29]found that the by-product of the first stage, imidazole,
played the role of a catalyst, contributing to obtaining the target
benzoylmetronidazole. Besides, it was shownthat g-cyclodextrin could be a
pharmaceutical solvent for benzoylmetronidazole, and could improve its
bioavailability, since it was found that the solubility of benzoylmetronidazole
(5=0.1435 g¢/l) in water with the formation of 1:1 benzoylmetronidazole/gs-
cyclodextrin complexes significantly, by 9.7 times, (5§=1.3881 g/l), increased its
solubility.

Alkylimidazole anticonvulsants (nafimidone and denzymol), containing both
the imidazole fragments and arylsemicarbazone pharmacophores, and
arylsemicarbazone antacids [30-32], related to the derivatives of (2E)-2-[3-(1H-
imidazol-yl)-1-phenylpropylidene]hydrazine-carboxamide  (29) [33]. The
compounds were synthesized by the interaction of the solutions of the
corresponding ketones (27) in acetic acid or sodium acetate in ethanol for 18 h
with semicarbazide and/or semicarbazide hydrochloride (28):

!
HN_ O
O
CH3COOH or
N—\ + RNHCONHNH,
K/N CH COONa
X x
28
27

X =H, Bror OCH;3; R =H or Ar

Attia M.I. et al. [34] proposed to synthesize the Mannich base (31) for
obtaining antifungal agents by the reaction of 4-chloroacetophenone (30) with
paraformaldehyde, dimethylamine hydrochloride with the addition of a catalytic
amount of hydrochloric acid. Further, imidazole was alkylated with the obtained
Mannich base (31) in water for 5 h. The oxime (33) was obtained by the reaction
of imidazole-ketone (32) with hydroxylamine hydrochloride and potassium
hydroxide in ethanol.
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NOH
Cl
33

An interest in the chemistry of tetrasubstituted imidazoles was aroused due to
their wide range of pharmacological properties - they were structural fragments of
the preparations for the treatment of psychosis, anxiety, depression, attention
deficit, memory disorders, cognitive impairment, appetite disorders, obesity
etc.[34].

The synthesis of tetrasubstituted imidazole derivatives was carried out only
under the catalytic conditions [35]. The condensation of benzyl, benzylamine,
benzaldehyde, and ammonium acetate was carried out in many solvents in the
presence of various amounts ofcatalystkKzNasP2W1sCu4Ogs. But when the reaction
was carried out without a solvent at 140°C, imidazole 1,2,4,5-tetraazole (34) was
obtained with the yield of 92%.As a result of the study of the fungicidal action of
substance against 9 strains of phytopathogen fungi, compoundwas identified with
a high level of fungicidal activityin for glioma cells.

Ph
(0] (0] N
1
)]\ + 4 RNH, -+ CH,COONH, 2D / k
Ar H Ph Ph Ph N Ar
|
0 R
34

The research chemists under the leadership of Ali Javid [36] carried out this
reaction in the presence of the Preisler catalyst (H14[NaPsW300110]), and 1,2,4,5-
tetrasubstituted imidazoles (34) were obtained with the yield of 48-97%.

To obtain biologically active substances, imidazoles were synthesized under
the conditions of the Biginelli reaction in the presence of the Bronsted acids [37].
Thus, 1-methylimidazole (35) and 2-chloroethanol (36) were subjected to
chloroformation by dropping 97% stoichiometric amount of chlorosulfonic acid
(37) at 0°C for 45-60 min in vacuum to form 1-methyl-3-(2-
hydroxyethyl)imidazole chloride (38):

/¢\ Reftux 8 /4\ ® CISO;H /¢\ @ 0SO;H
NH + \/\ N N\/\ OGC > N N\/\ ’
e N/ Me” 4 ~7

N,

35 36 37 38

45-60 min, Me”
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The paper [38] described the synthesis of new imidazole and triazole
derivatives with antifungal, antibacterial, antiparasitic, hypocholesterolemic,
hypotensive, and anti-inflammatory activities. Benzimidinium chloride (39) was
mixed with dimethylacetylenedicarboxylate (DMAD) in methanol. After heating
the mixture, 2-phenyl-4-methoxycarbonylmethylene-1(3H)-imidazol-5-one (40)
was formed. The latter reacts with hydrazine hydrate in methanol to yield 2-
phenyl-4-hydrazinecarbonylmethylene-1(3H)-imidazol-5-one (41). Carbon
disulfide and potassium hydroxide were added to 2-phenyl-4-
hydrazinecarbonylmethylene-1(3H)-imidazol-5-one (41) in ethanol to synthesize
N-[(2-phenyl-1(3H)-imidazol-5-on-4-ylidene)acetyl]hydrazine potassium
carbodithioate (42). Following this, carbodithioate without further purification,
and hydrazine hydrate in water refluxed while stirring to furnish 4-(4-amino-5-
thioxo-4,5-dihydro-1H-1,2,4-triazol-3-ylmethylen)-2-phenyl-1(3H)-imidazol-5-
one (43).

MeO

Me N NH,
/?)Me

NH;NH,*H,0 CSz
NHZHCI : //\

S

B OSK N J

NN AN N

o={ H \
" 0= _HN-NH, N—

/ / H ) H
NH,NH,*H,0 N N
NH,NH,*H;0 .

| 0 | 0 | 0
N
H N N
4 - - 43

An accelerated and improved one-pot synthesis of 2,4,6-triphenyl-1H-
imidazoles (46 a-0) was carried out by the reaction of benzyl (44), aromatic
aldehydes (45), and ammonium acetate (NH4OAc) in the presence of ZnO. The
indicated route of synthesis represented an environmentally friendly, sparing
reaction, leading within a short time to new imidazole derivatives with the yield
of 60-93% [40].
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OH N ZnO (5 mol %) N o
+ | + NH,0AC e - \ \ /
N

\

RT, MeCN,
O 0 R 60-90 min O H R
44 45 46 a-o
R=H (a); R=4-Me (b); R=4-Br (c); R=2-CI (d);
R=4-Cl (e); R=3-NO, (f); R=2-OH (g); R=4-OMe (h);

R=4-OH (i); R=3,4-(OMe), (j); R=2-NO, (k);
R=4-NO, (1); R=2-F (m); R=4-F (n); R=2-Me (0)

The compounds, containing two important frameworks, imidazole and
dihydropyrimidinone, looked attractive from the point of view of the therapeutic
potential. Bhat M.A. et al. [41] synthesized imidazole derivatives of
dihydropyrimidinone. (2E)-1-[4-(1H-Imidazol-1-yl)phenyl]-4-methylpent-2-en-1-
one (48) was synthesized by refluxing 1-[4-(1H-imidazol-1-yl)phenyl]ethan-1-
one (47) with dimethylformamide-dimethylacetal (DMF-DMA) for 12 h without a
solvent. Further, dihydropyrimidinone derivatives (49 a-0) with an imidazolyl
fragment were obtained by the interaction of the obtained enaminone with urea
and various substituted benzaldehydes in the presence of glacial acetic acid.

0 0 o R
CH

/©/‘:4FD]3:AA | RCH=0, (NH,),C-0 /Q/\K\NH
_DMF-DMA_ —

N CH; CH,COOH /k
¢ @ J i
N/ NJ CH; N7/

47 48 49 a-o

R=C¢Hjs (a); R=2-NO,-C¢H, (b); R=4-NO,-C¢H, (c); R=3-NO,-C¢H, (d);
R=4-CI-C4H, (e); R=2,4-(Cl),-C4H; (f); R=2-OCH;-C¢H, (2);

R=4-OH-C¢H, (h); R=3-OH-C¢H, (i); R-OCH;-C¢H, (j); R=2,4,5-(0CH;);-C4H, (K);
R=2,3,4-(OCH;);-C¢H, (I); R=34,5-(OCH,);-C¢H, (m);

R=2.4,6-(0CH,);-C4H, (n); R=3,4-(OCH;),-C¢H; (0)

To obtain the preparations for the treatment of neurological disorders, (2E)-
2-[3-(1H-imidazol-1-yl)-1-phenylpropylidene]-N-(4-
methylphenyl)hydrazinecarbo-xamide (52) was synthesized by the interaction of
N-(4-methylphenyl)hydrazine-carboxamide, which obtained from acetophenone
(50),with 3-(1H-imidazol-1-yl)-1-phenylpropan-1-one (51) in the presence of
glacial acetic acid in alcohol [42].
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HN(CHj3),*HCl, H

N
(CHZO HCl _@ /\ _NH, Oj/
0}
’ CH,COOH, reflus, 18h N _NH CH,
reflux 7h |
u N,

\/

50 51 52

It was found that imidazole-1-sulfonylazide hydrochloride [43] was an
effective reagent, sensitive to shocks, heat, and friction. It was shown that
imidazole-1-sulfonyl azide (53) was easily formed by adding an equimolar
amount of sodium azide in acetonitrile to sulfofuryl chloride, followed by
dropping 2 moles of imidazole into the reaction mixture. The salts (54) of the
target product were obtained by the reaction of the corresponding acid in ethyl
acetate or diethyl ether:

X HNA\
$0,Cl, 3N§N43 MeCN [\/N SO,N; Hi)(r,gOOAc k/N——SOZN3
2

X=Cl, HSO,, MsO, Ts0, Cl0,, BF,

A review of the chemistry of fluoroimidazoles and their heteroannelated
derivatives was published in 2014 by Nossova et al. [44]. The review considered
the syntheses, chemical properties, biological significance, and other properties of
the fluoroimidazole class of heterocycles.

For the studies [45], aimed at changing the basicity of the axial
ribonucleoside coenzyme residue, 5’-deoxyadenosycobalamine, a
fluoroimidazole-substituted ribonucleoside was synthesized. The choice of
fluoroimidazole as a heterocyclic component of the ribonucleoside was
necessitated by the requirement to a fragment, which could be easily glycosylated
into a ribosyl unit. 4-Fluoro-N-trimethylsilylimidazole (57) acted as the required
heterocyclic component. The latter was obtained by the reduction-diazotization of
4-nitro-1H-imidazole (55) with the NaNO2/Zn mixture, followed by the
photolysis in the presence of aqueous tetrafluoroboric acid to form 4-fluoro-1H-
imidazole (56) with the yield of 30-40%. The fluorine derivative was treated with
hexamethyldisilazide(HMDS) /reflux for 10 h to yield the desired N-TMS
derivative (90-95%) as an intermediate product for glycosylation.
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N
/ > NaNO, / Zn ) _HMDS_ )
N HBF, / hy
|

H H Sl (CH3)3
55 56 (30-40 %) 57 (90-95 %)

O,N

Lingsheid Y., Paul M., Breohl A., Giernoth R. proposed a scheme for
obtaining the fluoroimidazole analogues [46]. 1-Butyl-4-fluoro-1H-imidazole
(58)was obtained by deprotonation, using sodium hydride in N,N-
dimethylformamide, followed by alkylation with 1-iodobutane. The process
proceeded selectively. The subsequent treatment of N-butylfluoroimidazole with
trimethyloxonium fluoroborate in dichloromethane resulted1-butyl-4-fluoro-3-
methyl-1H-imidazol-3-ium tetrafluoroborate(BMIMBF4)(59)in an ionic liquid:

_CH,
+

N
) / ) (CH3);:0'BEy / } BE,
nC4H91 N

58 59

With the purpose to obtain new biologically active imidazole derivatives, and
test their binding ability in relation to metal ions, Boduszek et al. [47-49]
synthesized a number of imidazole-containing aminophosphonic and
aminophosphinic acids, proving that imidazole aldehydes (60) reacted with the
primary amines with the formation of the corresponding aldimines (61). The
aldimines (61) reacted without isolation with a mixture of trimethyl phosphite (or
ethylphenyl phosphinate) and bromotrimethylsilane to form phosphonic (or
phosphinic) silylated intermediates, which, after treating with methanol yielded
the final aminophosphonic (62 a-e) or aminophosphinic acid (63 a-b).
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1. P(OMe); N
+ 3Me;SiBr
2.MeOH 4 \ ITIHRQ
— C—PO;H,
H

CH,Cl, N
|
N R,
4 \ RZ NH, 4 62a-e
=0 CH Cl
N g e 1. PhP(OH)OELt N
! + 3Me;SiBr
2.MeOH / NHR, pp
00 ol CH,Cl é 0
2th N -
, H || H
R, 0]
63a-b

R1 H, R, = CH,Ph (a); R; = CH,Ph, R, =

CH,Ph (b); R; = H, R, =Bu (¢);

= CH,Ph, R, = Bu (d); R, = CHzPh R, = CHPh, (¢)

1-Benzylimidazole-5-(amino)methylphosphonic acid (62f) was obtained by
heating the N-benzidryl derivative (62e) with hydrochloric acid. During the
hydrolysis, the benzhydryl group was removed, forming aminophosphonic acid

(62 1) in the form of a hydrochloride.

<1NHCHPh2
C—POsH,

CH2Ph

62e

20 % HCl1

N
43\}IH3+C1_
C—PO;H
N H 312

I
CH,Ph
62

1-Benzylimidazole-5-(amino)methylphosphinic acid (64) was obtained in the

one-pot reaction as shown below:

CHPh, cr
N \ 4 1. Ph,CHNH, HN - Ot N NH;" OH
‘ CH 2. PhP(OH)OF L C—ll’I—Ph 0% L %—ﬁ—Ph
T CHCE, o THor o N 0
N
| |
PhH,C PthC PhH,C

64

Sobek et al. [50] showed, using the potentiometric titration and spectroscopic
data, that the introduction of imidazole into the aminophosphonate fragments (65-
68) resulted in a very powerful ligand for Cu (1) and Ni (Il) ions, and also
increased anantimetabolites activity of the modified molecules.
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NHBu NHCH,Ph
N
c —PO,H, \ c —PO;H, N %~P03H2 / \ INH;C
4 \ ( C—POH,
N H
N N q
H H
65 66 67 68
(amino)(1H-imidazol- imidazole-4-methyl- imidazole-4-methyl- 1-benzylimidazole-
4-yl)methyl phosphonic ~ (N-buthylamino) (N-benzhylamino) 5-methyl(amino)
acid phosphonic acid phosphonic acid phosphonic acid

It was established that the phosphonic function was the main donor system in
the media with pH below 6, and above this pH value the ligand was coordinated
with a metal ion, with the participation of nitrogens of the amino and imidazole
groups.

The authors [51] studied the effect of the imidazole fragment in 1-
benzylimidazole-5-carboxaldehyde with the primary amines, with the formation
of the corresponding aldimines, using the standard procedure under the mild
conditions, followed by the reaction of aldimines with phosphine oxides at the
r.t.in the inert solvent (CH2Clz) to obtain imidazole aminophosphine oxides (69 a-
d) in high yields:

R NH2 & \ R2R3P(O)H QS\
1
4 0 L, ZzN-R —-P\ R2

CHzPh CHzPh CHZPh

69 a-d, 52-65 %
Rl Bu R2 Ph R3 =Ph (a)
R, = Bu, R, =Bu, R3 =Bu (c);
R, = CH,Ph, R, = CH; R;=Bu (d)

It was established that the use of benzhydrylamine (Ph2CHNH2) in the
reaction with an aldehyde made it possible to obtain some
imidazolaminophosphine oxides with a free amino group. The benzhydryl group
in the intermediate N-benzhydryl derivatives (70 a-d) were removed by the
hydrolysis with hydrochloric acid, resulting in the final products in the form of
hydrochlorides.
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7 \ 1) PhyCHNH,/CH,Cl,
.
4 0 2ARRPOM; o 4’>\NH3 Cr i
Y
N C

3) 20 % HCI, reflux, 3h
H II R?
(0]

I H
CH,Ph CHzPh
70 a-d, 51-58 %

=Ph, R%="Ph (a);
R1 Bu, R?=Bu (b);
R!=Bu, R? =Ph (c);

= CH; R?*=Ph (d)

Some of the synthesized imidazolamine phosphine oxides were studied as
new binding reagents for the transition metal ions [51].

It was shown [52-55], that the presence of the imidazole ring made
phosphonates (71-75) much more effective chelating ligands with nickel (1) ions
than the previously developed 4-substituted imidazoles. Further, M. Pirkosz et al.
[62] studied the solutions of Cu (I1) and Ni (1I) complexes of a new N-substituted
imidazol-2-yl (amino)methylphosphonate for using as a chelating agent in the
analytical chemistry, for the industrial purification, removal of toxic metal ions
from the environment, or as the inhibitors of corrosion.

&W(&J@ SUVe

19031-[2 PO3H2
PO;H, PO,H,
74 75

The study [56] showed, that the introduction of pyridine as an additional
donor into the side chain further increased a binding capacity of the ligand. The
efficiency of this compound was due to the chelation of metal ions through the
nitrogens of imidazole, imino group and pyridine.

It is well known that imidazole derivatives have a wide spectrum of
pharmacological activity, including valuable vasodilators and vasoconstrictors
[57].The chemistry of nitrogen-containing heterocyclic phosphorus compounds
attracts great attention of chemists due to their wide range of application in
agriculture, medicine and industry. For example, the authors [58] synthesized
imidazole substituted carbamate ureido/carboxamides via the Curtius
rearrangement. These newly synthesized compounds were showed antibacterial
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and antifungal activities.The antibacterial activity of carbamates containing
imidazole ureas/caboxamides dioxaphosphepinoes were screened against the
Staphylococcus aureus, Bacillus cerus and Escherichia coli. Antifungal activity
of compounds were screened against Aspergillus niger and Candida albicans.
Ketoconazole and Amoxicillin are tested as references compound to compare the

activities.
CH,4 o CH;
%CH Et;N ><CHs 1 h %CH
& 3 : R-OH_ 4 \ & 3
Isobutyl
chloroformate N
COOH CONs HN—COOR!
76 77 78
OH
Drotection N
4 \ OH
CH;CN / H,0 .
HN—COOR!
79 (a-d)
Step - 1 EGN, THE Step - 2
[ AN
Cl Cl
~ [ ~
- — P. —N
AN O Ay
Cl H H
0O o0
of 1§ NN
N ~
A OF o N
4 \ / 0O H
N
N
- °
80 a-d HN 81 a-d
HN R = CH,Ph (a); = CH,Ph, X=CH, (a);
oR | R = CH,C¢H,O (b); OR'| R! = CH,C4H,0, X=CH, (b);

R =CH,C¢H,4S (c);
R = CH,C4F5 (d)

3. Conclusion

= CH,C¢H,S, X=NCHj; (¢);
R! = CH,C¢F5, X=NCH; (d)

The performed analysis of the literature shows that imidazole derivatives are
widely used in various fields as the medicinal preparations against microbes and
bacteria, for the treatment of the nervous system diseases, seizures, etc., as well as
anti-corrosion agents and dyes, catalysts, polymerizing agents, herbicides,

fungicides, etc.
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The most important step in this search is the targeted synthesis of the
substances with the pre-set practically useful properties, associated with the
identification issues, physicochemical characteristics and biological activity.
Thanks to the modern modifications of the classical methods of obtaining, the
range of new practically useful substances in the series of imidazole derivatives is
significantly expanded and replenished.

The studies in the field of searching for new highly effective preparations
among imidazoles is relevant, and is being intensively developed.
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Tyitinneme. Kipicne.)KaHa TuiMai oTaHIBIK (apMaKoJIOTHSUIBIK IpenaparTapibl KYpy Maceneci, OHBIH
IIHE «OKAaChUT XUMHSD KaFUIATTapblH CAaKTall OTBIPBII, OHOJOTHSIIBIK OeJICeH Ii 3aTTap Il aly dAicTepiH
o3ipiiey XWUMHS FBUIBIMBIH JIAaMBITYIIbIH OacbiM OaFbITTapblHBIH Oipi Oojbim  Tabbutazbl. CotTti
9KCHEPUMEHTTIK i3/IEHICTIH Kemili OHONOTHSUIIBIK OeJICeHIUTIK MOTeHIANBl 0ap OacTamKbl MOJICKYJaHbI
Tangay. VIMumason TybIHABUIAphl MEAMIMHAIBIK XMMHSAA €peKUIe OpbIH anaibl. MMmupaszon umukmi
THCTaMHH, OMOTHH, KeHOip ajKaJouATap jKOHE HYKIJISWH KBIIKbUIAAPhI CHSAKTBI TAOMFH KOCBUIBICTAPIBIH
0eJIiri JKoHe OPUTIK 3aTTapAbIH KYPBUIBIMABIK (hparMeHTi O0JIBIN ecenTelinel. by momy sy maxcamol
MIHJIETTI IMH/a30J IUKJI 6ap OMOJOTHSIIBIK OeICeH I MOJIeKyIaap/ipl aly JKOJIbIHa Oaca Haszap ayjapa
OTBIPBIN, MMHIA30] TYBIHJbUIAPBIHBIH XUMHSCHl OOWBIHINA >KapUsUIAHBIMIAPIbI Tanmay. 3epmmey
Hblcanoapel: UMHAA30N TybIHABUIAPBL. Hamuowcenepi. VIMnia3on TybIHABUIAPBIH CHHTE3NCY KOJLAAPBI
YCHIHBUIFaH, cOHbIMEH Katap 2000 »puiiaH 0acTal FBUIBIMU JKSHE FHUIBIMH-TEXHHKAJBIK d1eOueTTepae
JKapHUsUTaHFaH JIOPUTIK XHMMHs, aybll [IapyallbUIbIFbl JKOHEe 0acka cajanap YIIiH KbI3BIFYLIBUIBIK
TYJBIPaThIH KOCBUIBICTAp KENTIpUIreH. Kopuimeinovl. ViMua3on TybIHIBUIAPEl apachlHA yKaHa >KOFaphl
THIM/II IpenapaTTap/bl i3ey caaachlHIAFbl 3ePTTEYIIEep O3eKTi XKOHEe MaKCaTThl. Byl i3/IeHICTIH MaHbI3IbI
Ke3eHi-OepuIreH maiianbl KacueTTepi 0ap 3aTTapAblH OaFbITTalfaH CHHTE3l. OHIIPYIIH KIIaCCHKAabIK
ozicTepiHiH 3aMaHayH MOAW(HKAIMSUIAPBIHBIH apKachlHAa HMMHIA30] TYBIHIbUIAPHI KaTapblHIa ic
JKY3IHZE JKaHa MaiJajbl 3aTTap/blH ayKbIMBI €10yip KeHele 1l )KoHe TOJBIKThIPhIIAIbL.

Tyitinai ce3mep: MMHUIA3011, HIMUIA30J1 TYBIHBUIAPBI, CHHTE3,KYPbUIbIC, OMOIOTHSIIBIK OSJICEH IUTIK.
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NEPCIIEKTUBBI XUMHWHU MTPOU3BOJHBIX UMUJIA30JIA (OB30P)

Kanovioaesa A.5.12, Manmarosa A.E. ', IO B.K.}, He6opax E.B.’
140 «Hncmumym xumuyeckux nayk umenu A.5. Bexkmypoeay, Anmamel, Kazaxcman
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3Poccuiickuil ynusepcumem Opyoicowl Hapodos, Mockea, Poccus
E-mail: altin_28.94@mail.ru

Pe3rome. Bseoenue. Ilpobnema cosmaHus HOBBIX 3()(GEKTUBHBIX OTECUECTBCHHBIX (DapMaKOIOTHYECKUX
MPenaparoB, BKIOUYass pa3pabOTKy METONOB IOTyYEHUs] OMOJOTHMYECKH aKTHBHBIX BELIECTB CO
COOMIOIEHHEM TIPUHLIUIIOB «3€JI€HOH XMMMU», BXOIUT B YMCIIO IMPHOPUTETHBIX HAIpPABIECHUH pa3BUTHs
XUMHYECKOH Hayku. BbIOOp HMCXOAHON MOJIEKYJIbI, HECYIIMH MOTEHIMal OHOJIOrMYecKOi aKTHBHOCTH,
CIly)KMT TapaHTOM YCIEIIHOTO0 3KCIEePUMEHTaIbHOrO MoucKa. [Ipon3BoiHble HMHUAA30J1a 3aHUMAIOT
YHUKAQJIbHOE MECTO B MEIMIMHCKONW XuMuH. MMHIa3010bHBIA LUK BXOAWT B COCTaB IPUPOIHBIX
COEIMHEHUH, TaKUX KaK F'MCTaMUH, OMOTHH, HEKOTOPBIE AJIKAJION bl U HYKJIEUHOBbIE KUCIIOTbI, U ABJISETCS
CTPYKTYPHBIM (h)parMEHTOM JIEKAPCTBEHHBIX IPENnapaToB. AHAIN3 MyOIUKalMi 0 XMMHHU [TPOU3BOIHBIX
MMHJIa30J1a C AaKLEHTOM Ha IIyTH IIOJy4eHHs OMOJOTHMYECKM AaKTHBHBIX M JPYIMX IPAaKTHYECKU
TMOJIE3HBIX MOJIEKYJI € O0fA3aTeNBbHBIM  MMHJA30JIBHBIM  LIUKJIOM ONpEe/e]eH  Kak ye/ib JJAHHOro
o630pa. Ob6vexmul uccredosanus: MPOU3BOAHBIC HIMUIa301a. [IpuBeneHB IpHMEpHl IIyTell CHHTE3a
NPOU3BOJHBIX HMMHJIA30a, a TaKKe IPEeACTABIEHbl COEIMHEHUs, IPEJCTABIAIONME HHTEPeC JUIL
MEJUIMHCKOH XUMUH, CEIbCKOro X03sicTBa U Apyrux obaacTei, ormyOaMKOBaHHBIX B HAYYHOH U HAy4HO-
TexHuueckoll smreparype ¢ 2000 1. 3akmouenue. ViccnenoBanuss B 00JACTH  TOUCKA  HOBBIX

BBICOKOD() (heKTHBHBIX IIPEnapaToB Cpeau IIPOU3BOIHBIX MMM/1a30J1a aKTyaJIbHbI 7
MEPCIEKTUBHBL. BakKHEHIIMM 3TalloM ATOrO IIOMCKA SBISETCS HANpPaBIEHHBIH CUHTE3 BELIECTB C
3aJJAaHHBIMH ITPAKTUYECKH HOJIE3HBIMH cBOMcTBamMu. biaronaps COBPEMEHHBIM

MOL[I/I(bI/IKaLIHHM KJIAaCCUYCECKUX METOAOB IIOJIYYCHUS 3HAYUTCIIBHO PACIIMUPACTCS U IIOINOJIHACTCS Kpyr
HOBBIX IIPAKTUYECKH ITOJIE3HBIX BCUICCTB B PAAY IMPOU3BOAHLIX UMK A30J1a.

KioueBsble ciioBa: HUMHU1a30J1, IPOU3BOAHBIE UMK 1a30J1a, CHHTE3,CTPOCHHUE, OHoJIOrHYecKas aKTHBHOCTh
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Abstract: Introduction.Among alternative sources of energy, such as solar, wind, and hydrogen
energy, biofuel occupies a special place because it has a few useful properties. Compared to the current
price of gasoline, the price of biofuel is very low. During its use, biofuel releases less greenhouse gases
into the environment and is less flammable. However, in order to support biofuel, it is necessary to purify
its composition from unnecessary glycerol, methanol, and free fatty acids. Free fatty acids in biofuel are
flammable and pollute car engines. Various ionic liquids have been developed for the purification of
biofuel. One of them is 1-butyl-3-methylimidazolium dicyanamide. The purpose of this work is to study
the state of purification of free fatty acids in biofuel by 1-butyl-3-methylimidazolium dicyanamide at the
molecular level using chemical quantum calculations. Methodology. HyperChem PM3 method was used
for quantum chemical calculations of chemical structures, molecular electrostatic potentials, molecular
orbitals, bond distances, and energies. Results. During the study of bond energy, bond length, and
structure of free fatty acids in biofuel using 1-butyl-3-methylimidazolium dicyanamide, it was found that
there is a strong chemical bond between ionic liquid and free fatty acid. It is known that free fatty acids in
biofuels chemically bond with hydrogen atoms close to nitrogen in ionic liquids. Conclusion. This
research will contribute to the rational design of ionic liquids and will help advance research related to the
purification of biofuels from free fatty acids.

Keywords: 1-butyl-3-methylimidazolium dicyanamide, ionic liquid, free fatty acids, biofuel,
extraction
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KA3AKCTAHHBIH XUMHUAJIBIK 2KY PHAJIBI XUMHYECKHH )XY PHAJI KA3AXCTAHA

MOHJBIK CYHBIKTBIKTAP APKbLIbI BUOOTBIH KYPAMBIH BOC MAI
KBIIIKBLIJIAPBIHAH TA3APTY MPOLECCIH MOJIEKYJIAJBIK JEHTEWIE KBAHTTBIK
XUMMSIBIK )KOJIMEH 3EPTTEY

Cainay K.AY", Anmac HIK.2, Towmaii K.}, Anoonzapos A.A.°

10a-@apabu ameindaszer Kazax ¥immuix Yuusepcumemi, Anmamot, Kazaxcman

2Astana IT University, Hyp-Cyaman, Kazaxcman

3J1.H. I'vmunes amvindazul Eypasus ¥immoix Yuueepcumemi, Hyp-Cynman, Kaszaxcmarn
*e-mail: sailau.online@gmail.com

Tyiiinaeme: Kipicne. KyH, sxeln, cyTeri SHEpIrUsCcH CHAKTBI OalaMallbl SHEpPTUs Ke3[EpiHIH apachHIa
OHOOTHIH epeKIle OpbIH anajsl, cebebi oa Oipkarap maiijansl Kacuerrepre ueneHeni. Kasipri GeH3uH
OarachIMEH CaJIbICTHIPFaH/a OHOOTHIHHBIH Oarachl oTe ToMeH. KosmaHbic OapbIChIHIa OHOOTHIH KOpIIaraH
opTaFa MapHHUKTI Ta3Aap/sl a3 HIbFapaibl )KOHE a3 TyTaHFbIIL. JlereHMeH, OMOOTHIH/IBI KOJIAAY YIIIH OHBIH
KYpPaMblH KaXXETCi3 TIIMIEPHH, METaHoJ, 00C Mail KbIIIKbUIAAPBIHAH Ta3apTy KaXkeT. BHOOTBIH
KypaMbIHaFbl 00C Mail KbIIIKbUIIAPbl TYTAHFBIINI JKOHE MAIIMHAHBIH KO3FAJTKBILITAPBIH JIACTAN/IBI.
BrooThIH/BI Ta3apTy YILIH Ka3ipri TaHIa SpTYpJii HOHABIK CYHBIKTBIKTap naiaa 6onapl. Conapasiy Gipi 1-
OyTHI-3-MEeTHIIMMUAA30JMi  TUIMaHaMuA. Byn owcymsicmeiy makcamul. 1-0yTHI-3-METHINMHIA30IAN
JMIHAHAMHUJL apKbUIBl OWOOTBHIHHBIH KYpaMbIHIAFbl 00C Mall KBIIIKBULAAPBIH Ta3apTy JKaraaibiH
XMMHSUIBIK KBAHTTBIK €CENTeyJep apKbUIbl MOJEKYJIAJbIK AeHrehme 3eprrey. Odicmemeci. HyperChem
PM3 omici XMMUSUIBIK KYPBUIBIMAAPIbl, MOJEKYJIAIBIK 3JEKTPOCTATUKANBIK MOTCHIHATIAP/bI,
MOJICKYJaJbIK OpOUTATbAAp/bl, OalNaHbIC KAIIBIKTBIFBIH JKOHE OJHEPTUSHbI KBAHTTHIK XHUMHSUIBIK
ecenTeysep YIIiH KOJAaHbUIIbL. JKymbicmoiy Hamudicenepi. 1-0yTHi-3-MeTHIIMMUIA30]IUA AUIIHaHAMUAL
apKbUIbl OMOOTBIHHBIH KYpaMbIHAAFbl 00C Mall KBIIKBUIIAPBIH Ta3apTy >KarIalblHBbIH OaiiylaHbIC
SHEPrUsCHIH, OAIaHBIC Y3bIH/BIFBIH, KYPBUIBIMBIH 3ePTTEY OaphICHIH/IA, HOHABIK CYHBIKTHIK MEH 00C Mait
KBIIIKBUIBIHBIH apachlHIa KYIITI XUMHSIIBIK OaiiiaHbic Oapbl aHBIKTANIbl. BHOOTBIH KypaMbIHIAFbl 60C
Maii KbIIIKbLUIIAPb! HOHIBIK CYHBIKTBIKTAP KYPAaMbIHAAFBI a30TKA )KAKBIH CYTEri aTOMIAapBIMEH XUMHSIIBIK
OaitanpicaTbiHbl  Oenrini Oonapl.  Kopwimbinowvi. Byl 3epTTey HOHMABIK CYHBIKTap/bl paldOHAI bl
J3aliHAayFa e3 YJeciH KocaJbl jKoHe OMOOTHIHIBI 00C Mail KBIIIKbUIJApbIHAH Ta3apTyFa OaiJIaHBICTHI
3epTTeyJiepiH JaMbITyFa KOMEKTECE/Ii.

Tyiiinai  ce3mep: 1-Oyrwmin-3-MeTWIMMHAA30IMi  JUIMAHAMUZ, MOHIBIK CYHBIKTBIK, 0oc Maii
KBIIIKbUIIAPBI, OUOOTBIH, IKCTPAKIHs

Cainay Kacynan Acxamynot 3-wi Kkypc dokmopanmoi
Anmac Hypnan Kymabexynot 1-wi kypc nocmookmoparnmoi
Towmaii Kaiinayoex PhD doxmop

Anoonzapos Auyap Axkeinixanoeuy  PhD doxkmop, doyenm

1. Kipicne

MyHaii jkoHE KeMip OTBIHJApPbIHBIH >KaHYbl, TAOWFATTHIH ©3repyi, ayaHbIH
JacTaHy jkKoHe T.0. KopIlaraH OpTaHbl KOpray MacelieciHe OailIaHbICTBI JKaHa
OTBHIH TYpiH oiiam Tabyra Oykim oneMm HueTTi. OcbIFaH opaif OMOOTHIH TaOWFH
rasipl, KeMmipji »oHE MYHaWIpl KOoca ajiFaHia, MyHal Heri3iHaeri AacTypii
OTBIHJAPABI aIMACThIpa allaThIH MaHBI3ABl OMOIOTHSUIBIK BIIBIPAUTHIH OTHIHHBIH
0ipi Oosbin TabObwIaABl. OChIFaH OailyIaHBICTBI OMOMM3EIb — KYpaMbIHIa aJIKUJIIIL
Kypaem Ti30ekrepi Oap MyHald HeTi3iHAEri OTBIH J>KOHE HETI3iHEeH Maif
KBIIIKBUTBIHBIH MOHOX(UPJIEpIH aly VIIH JUMUATEPiH CIUPTIIEH OpEeKeTTeCyi
apKbUIbl  eHipuieai. buomMsensai  JkaHyapnap — MaijapblHaH, — ©CIMIIK
MailapbeIHaH, MaiIbl MEKPOOTBIK OMoMaccataH, KaparaiaaH, cosmaH >KoHE T.0O.
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3aTTapaaH oHail maitbiHayra Oomansl [1-5]. By skepme OMOOTHIHHBIH KOITEreH
ApTHIKIIBUIBIKTAPEl  0ap, OHBIH IMIHJE KAHAPTHUIATHIH, Aa3TYTAHFBIII JKOHE
JOCTYpJli  OTBIHMEH  CalbICTBIPFaHIA  ap3aHblpaK, [apHUKTIK  Ta3jap
[IBIFAPBIHABIIAPBIH  a3alTy JkoHe T.0. JlereHMeH, KeH ayKbiMJa OHOOTBIH
OHJIIPICIHIH HETri3ri MacelieCi OHBIH KaXKETCi3 KOCHalapblH, COHBIH IIIHJIC
TIMIEPUATEP, TIANIEPUH I, CYIBI, METAHOMIBI, CaObIH/KaTa n3aToOpasl, 60C Mait
KBINTKBUIIAPBIH JKoHe T.0. Tazaprymen OaitmanbicTel [3-6]. Ochiran GalmaHbICTHI
OMOOTBIH KYpPaMbIHIaFbl 00C MaWKBIIIKBLIIAPBIH ajIbIl TaCTay 6T€ MaHbI3IbI. boc
Mail KBIIIKBLIIAPEl OMOOTHIH KYpaMbIHIAFbl KOITEICH MACEIeaepAl TYIAbIPabl,
COHBIH ImmiHIAe i) oTe KAaTThl TYTaHFBINI 3aT, i) MAITWHAHBIH KO3FaJITKBIIIBIH
KOppo3usifa yInblpaTanmsl, iii) skome T1.0. [6-10]. Kasipri Tamma 6oc Maif
KBIIIKBUIIAPBIH OMOOTHIHHAH aJIyJAbIH KONTEreH XOJaapbl 0ap KoHE MaHBI3IIbI
JKONIApABIH Oipi MOHABIK CYWBIKTBIKTAp apKbUIBI 00C Mail KBIIIKBUIIAPHIH
OMOOTHIHHAH aTyMeH OalNaHBICTHI.

Kazipri koramsia HOHABIK CYHBIKTBIKTAp ASCTYPIi €pITKIITEepAiH kaHa Typi
OomeIn TadbuTaaE!. JleMek, HOHIBIK ePITKIMTEp FAIBIMIAPILIH YIKSH Ha3aphIHIA
005116, OUTKEHI OHBIH KOITETeH apTHIKIIBIIBIKTAPHI 0ap, COHBIH IINiHJE TaOUFH
KOCBUIBICTapAaH TY3UIyi, JKOFapbl TYPAKTAHABIPY JKOHED KCTPAKIUSIIBIK
MOTEHIIUANBI, OWOJIOTHSUIBIK BIJIBIPANTHIH, KapamahbiM JalblHIay TEXHUKACHI,
TOMEH KYHBI, TYPaKTBUIBIFBI, TOMEH YINKBIITHIFLI skoHe T.0. [13]. MoHIBIK
CYHBIKTBIKTAPABIHK ONTEreH KOJIaHOamapsl 0ap, COHBIH ilIiHAEC 1) TYpaKTaHIBIPY,
(depMeHTTIK peakumsmap, iii) okcTpakmus, V) Oworpanchopmanus, V)
OMOaKTUBTLMKTI apTThIpy, Vi) OHOOTBHIHABITa3apTy skoHe T.0. [13-15]. Bip
KBI3bIFbI, OMOOTBIHHAH 0OC Mai KbIIIKbUIIAPBIH ajdyFa OOJaThIH KEHOIp HOHIBIK
CYMBIKTHIKTAp 3eprreiareH [13-17]. Mbeicansl, 0oc Mail  KBIIIKBLIIAPBIH
OMOOTHIHHAaH  Ta3apry YmiH 1-0yTun-3-MeTWIMMUIA30IMi  JUIMaHAMUJL
HETi31HIeT1 HOHIBIK CYHBIKTHIK OMOOTHIH KYPaMBIHAAFE 00C Mal KBIIIKBUIIAPEIH
KeTipynme  THiMAI  ekeHi  aHbikTanael  [18-25]. Mpeicaner,  1-OyTmi-3-
METHJIMMUIA30IMH  JUIIHAHAMU] HETI3IHIACTT HOHABIK CYHWBIKTHIK apKbUIbI
OuOOThIHHAH 00C Mail KbIIKbUIIAPbIHBIH 92% skcTpakumsuianabl [25]. By
OarpiTra  1-OyTHI-3-METHWIIMMHUAA30JIMH  JUIHAHAMUJ HETI3IHJEri HOHIBIK
CYHBIKTBIFBIHBIH TY31Ty MEXaHHU3MIiH JKaH-)KAKThl 3EPTTEy JKOHE OChI HOHIBIK
CYHMBIKTHIKTap apKbUIBI OMOOTBIHHAH 0OC MaWKBINIKBUIAAPBIH alyAa KOJJaHy
JKarIaiibIH MOJICKYJIANIBIK JICHI€iIe 3epTTey 6Te MaHb3abI [17-25].

Byn xepne 1-0ytun-3-MeTHIMMHUIA30MKA JULIHAHAMUA HETi3iHIAETI MOHIBIK
CYWBIKTBIFBIHBIH MOJIEKYJIaapalIbIK TY3UTYiH oHE OJapIblH OHOOTHIHHAH 00C Maid
KBIIIKBUIIAPbIH KBAHTTHIK XHUMHSUIBIK €CENTEY apKbUIbl Ty KaOUIeTiH 3epTTEeHTIH
Oonmambi3. KBaHTTBIK XUMUSIIBIK ecenteyiep yurin HyperChem Garmapiamaiibik
KypanslHelH PM3  omicin  enrizmik. HeriziHme WOHIBIK CYHBIKTBIKTAPIIBI
KaJIBIIITACTBIPY YKOHE HMOHJBIK CYWBIKTBIKTap apKbUIbI OWOOTBIHHAH 0OOC Maii
KBIIIKBUIIAPBIH Ty YIIH OHTAWJIaHIBIPhUIFAH KYPBUIBIMIAPIbI, SHEPrUsIIAP/IbI,
MOJICKYJaNbIK  JJICKTPOCTATUKAJBIK  KapTalapAbl  KOHE  MOJCKYJAIBIK
opOUTaIBAAPBI 3€PTTEIIK.
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2. Toxipubenik 6oxim

HyperChemPM3 omici XHMHSIIBIK KYPBUIBIMAAPABI ATy, MOJEKYJIaJIbIK
3NIEKTPOCTATUKAJBIK  IOTCHIHANAAPIbl,  MOJICKYJAJbIK  OpOMTAIbAAP/IbI,
0aliaHbIC KANIBIKTHIFBIH KOHE SHEPTHSHBI €CeNTey YIIH KBAHTTHIK XUMUSIIBIK
ecerrreynep yimiH eHri3immi. JKoHe ne OalnmaHBIC DHEPTUACHH €CENTEYIiH
(hopMyacel TOMEHIE KOPCETIIIII:

E (6aitmansic) = E(AB) - (E(A)+E(B))

MyHaa HMOHIBIK CYHBIKTBIKTAPABIH ecenTey Mojeni perinae 1-Oytui-3-
METHJIMMUIA30 M JUIIUaHaMu], 00C Mail KbIIIKBULAAPHI YITiCI PETiHIE JUHOM
KBIIIKBLIBI %9HE OMOOTHIH YITICI pETiH/Ie METHIUIMHOMATTHI TaH A3 IbIK. XKacanran
MoJIesbliey JKyHenepi l-kectene KepiHin TypraHiai, Oacramkeima 1-OyTui-3-
METHJIMMUIA30IMNA  JUIIMAHAMUL KOMIIOHEHTTEpI JKOHE JIe¢ KOCIAChl YIIiH
KBaHTTBIK XUMUSIBIK ecenreyiepai opbiHAanbik. Ocblman keliH 0oc Maii
KBIIIKBUIBIMEH ~METIUIMHOJIATTAH TYPAaThlH Ta3a YATUJICHTeH OMOOTHIH/BI
MonenbaeaiK. COHbIHIAA MOHJBIK CYHBIKTHIKTAD apKbLIbI OMOOTHIHHAH 0OC Maii
KBITITKBUTIAPBIH aJTy TPOITeCi YITiH KBAHTTHIK XUMHSUIBIK €CEIITeyIIep KYPri3miK.

Kecte 1 — MoHIBIK KOCBUIBICTAp TY3UTyiH >KOHE OHBI OHMOOTBIHHAH 0OC Mail KBIIKBUIJAPHIH alyfa
KOJIIaHy bl 3epTTey YIIiH xk0o0alaHFaH MOJIENbALY JKYieci

1-6yTuin-3- Junuanamun JInnon MeTumuHonaT MaHnpI3b1
METHJIAMUIA301 KBIIIKBLTBI
2078
1 - - - Taza 1-0yTun-3-
METHIIUMHUIA30JIU I
- 1 - - Ta3za quIuaHaMuI
1 1 - - VOHIBIK CYHBIKTBIK
- - 1 - Taza JIMHON KBIIKBUIBI
- - - 1 Taza MeTHIUIHHOIAT
- - 1 1 BuooTein
1 1 1 1 DKCTpakuus

OHEepPrusHbIH eKiHIII TYBIHIBUIAPEIHBIH AaHATMTUKANBIK €CeNTeYepi apKbLIbI
CTallMOHAPJIBIK HYKTEJEp COHKECiHIIe oNapAblH MOTCHIHAIABIK YHEPrus OeTTepi
YILIiH aKUKaT MUHUMYMJEP €KEeHi pacTajbl.

3. HoTu:kennep MeH TaiKbLIay

1-0yTui-3-MeTHIMMUa30 U JIHIaHaAMM]I, JIMHOJ KBIIIKbLIBL,
METHJUIMHOIATEl 0ap TIMLEPUHHIH KOCBUIBICTapAblH 2D  KypbulbiMaapel |-
cyperTe KepceTuireH. bynm  Oemimume, auuuaHamuna  koHe  1-OyTmi-3-
METHJIMMHUIA30JIUH HETI31HIeTT WOHABIK CYHBIKTBHIFBIHBIH TY3UIy MEXaHHW3MiH
3epTTeiimi3.  bacranmkpina, WMOHIBIK — CYWBIKTBIKTApIbIH — TY3UTyl  YIIIH,
MOJICKYJIaapaliblK OPEKETTECYNIepAi 3epTTey YINH 1-0yTHiI-3-MeTHIMMHAIA30 i
JKOHE JUIMAHAMM]T HETi3iHJerl WMOHIBIK CYHBIKTBIKTApIbl OHTANIAHIBIPHUIFAH
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KYPBUIBIM/IApD, MOJIEKYJIAIBIK DJIEKTPOCTATHKAJBIK KapTrajap, MOJIEKYJIaIbIK
opOuTampaap JKOHE DHEprusylap  TYPFBICBIHAH  3epTTelik.  1-Oyrwmi-3-

METWINMUA30JIMA  JKOHE OUIMaHaMHI Heri3iHaeri

WOHIIBIK CYHBIKTBIKTAp

OOMBIHINIA KBAHTTHIK XHUMMSIJIBIK €CENTEeyJIep TalfAayblH O0acTajiblK, OHbI 2-4-
CypeTTepe KoHe 2-KecTe/ie Kopyre Oonabl.

» {

N
[,> N-(CN)2
N-
\
(0]
B) oS~
) NF -
o]
C) /\/\/W\/\/\/\)LO/

Cyper 1 - A) 1-6yTui-3-mMeTHImMuIa30Iuit
nunraHamun, B) muHon Keimukeusl, C)
METHJLTMHONATHI Oap TauiepuHHiH 2D XUMHSIIBIK
KYpBUIBIM/IAPBIL.

1-butyl-3-methylimidazolum

s
w

&5

f dicyanamide
‘:" 2 -
Pegeo®
ionic liquid

Cyper 2 - 1-0y Tii-3-MeTHIMMH1a30I11 i,
JMIMaHAMU]] KOHE HOHMBIK CYHBIKTBIKTAPIBIH
OHTaWNaHIBIPBUIFaH KYPBUIBIMIAPbIHA HETi30eNreH
KBAaHTTHIK XUMHUIBIK ecentey. Cyp: cyTeri;
KOTuIip: KeMipTeri; KoK: a30T.

HOMO LUMO
;{IKVL 1-butyl-3- o & A
Testn  E P ol a
& ¢ thvlimidazolium .tﬁ‘ . J—{ZX .
we, t ‘b methylimidazo \ 2
1-butyl-3-methylimid lmg di id
-butyl-3-methylimidazo cyanamide icyanami & )
y ) . . dicyanamide f“s
Yege ionic liquid ¢ ! “L@A
ionic liquid - !

Cypert 3 - 1-0yTii-3-MeTHINMHA30IHiA,
JHMLHAHAMUJ] JKOHE HOHIBIK CYHBIKTBIKTAPIbIH
MOJICKYJIaJIBIK JIEKTPOCTATUKAIIBIK KapTalapblHa
HETi3/Ie/IreH KBAaHTTBIK XUMHUSIIBIK €CenTeyep.

Cyper 4 - 1-0yTii-3-MeTHIMMHIa30511 i,
JMLUAHAMU/L J)KOHE HOHJIBIK CYHBIKTBIKTAP/IbIH
MOJICKYJTaJIbIK OpOHTalIbAapbIHA HETI3/IeIeH
KBaHTTBIK XUMHUSUIBIK €CeITey.

Kecte 2 — MoHIBIK CYHBIKTEIKTapABIH Haiina 60y sHeprusuiapsl. bipiik: kkaix/Moib

1-6yTuii-3-Me THIMMHUAA30ITH i
-31095.9

LT aHAMHU]T
-16446.40

WoHIBIK CYHBIKTHIK
-47814.20

WoHabIK CYHBIKTBIKTap apKbUIbI OMOOTBIHHAH 0OC Mai KBIIKbUIAAPhIH
9KCTpakuusuiay. EXiHIINeH, MOHIBIK CYHMBIKTBIKTAp apKbUIBI OMOOTBHIHHAH 0Oo0c
Mail  KBILKBUIIAPBIH  allyAbl 3€pTTedik. S-7-cyperre KoHe 3-KecTele
KOpPCETUINeHACH WOHJIBIK CYHBIKTHIKTAD apKbUIbI OWOOTHIHHAH 0oc Mai
KBIIKBULAAPBIH ajly YLIIH KBaHTTHIK XUMHSUIBIK €CENTEIreH OHTaANIaHABIPbUIFaH
KYpBbUIBIMIap/ibl, MOJIEKYJIAJIBIK 3JEKTPOCTATUKANIBIK KapTaaap/bl, MOJEKYJIaIbIK
opOuTanIbIaP/Ibl )KOHE SHEPTUATIAPABI TAJIIAbIK.
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. Methyl linoleate
1)1 Methyl linoleate ":.‘*
¢
& ;
: ( tie -HJ.(J- ‘1’ ‘&W““ 4 """60‘
L
< ““*\ﬁ"*"‘@w\%
foric fiquid — v fonic liquid 4
o - -’vw‘-wm% i
AR . :

Free fatty acids Extraction process free fatty acids Extraction process
Cypet 5 - MoHIpbIK CYHBIKTBIKTap/BbIH, 00C Mait Cyper 6 - MoHIbIK CYHBIKTBIKTapABIH, 60C Mait
KBIIIKBUIBIHBIH JKOHE METHILIHHOIHATTHIH KBIIIKBUIBIHBIH JKOHE METHIIMHOIUATTBIH
OHTaWIaHIBIPBUIFAaH KYPBUIBIMIAPEIHA HETI3AENTeH  MOJICKYJIAJbIK 3JICKTPOCTATHKAJIBIK KapTalapblHa

KBaHTTHIK XUMISIIBIK ecentey. Cyp: cyTeri; HETi3/IeNITeH KBaHTTHIK XUMISUIBIK €CEITeyIep.

KOTruIIip: KeMIpTeri; KOK: a30T; KbI3bUI: OTTETI.

LUMO
free fatty acids Agbod ki kKl
AA}i'
metyl linoleate . a;@
o £
R S g e s
Extraction process £, & g .2
P h
£, »
4 > 3

Cypert 7 - IoHIBIK CYHBIKTHIKTAPABIH, 00C Mail KbIIIKBLUIBIHBIH KOHE METUIUIHHOJIHATTBIH
MOJIEKYJIaJIbIK OpOHTaIbapbIHA HETi3/Ie/reH KBAaHTTBIK XUMHUSIIBIK €CeTITey.

Kecte 3 — VOHABIK CYHBIKTHIKTApABIH, 00C Mail KBIIIKBUIBIHBIH JKOHE METHIUIMHOJMATTHIH TY3UIY
sHeprusichl. bipiik: kkan/mMonb

boc Maii KbIIIKBLIBI MeTu nuHenoar WoHabIK CYHBIKTBIK DKCcTpakuus

-74160.50 -77595.70 -47814.20 -201037.00

Bipinmi  Oemimae  1-OyTuin-3-MeTUIMMUIA30JUN  JKOHE  JMIMAHAMUI
HETI31HAer1 HOHJBIK CYHBIKTHIKTAP/IBIH TY3UIyiH 3epTTeyre apHaiasl. bacTankpiaa
HOHJIIBIK ~ CYMBIKTBIKTap  peTiHme Ta3za  |-OyTWii-3-MeTHIMMUIA30UIIIH,
JMUIUAHAMUJITIH JKOHE OJapJAbIH KOCHACBIHBIH T'€OMETPUSIIBIK KYPBUIBIMBIH
KYPaCTBIPABIK >KOHE OHTAWIaHIBIPABIK. 2-CYpETTE a30T aTOMBIHBIH KACBIHIAFbI
cyreri aromaapsl 1-0yTWi-3-METHIIMMHIA30NMUIAIH JKOHE IUIMAHAMHITIH
apachlHAarbl 0alIaHBICTBIPYIIBI ar€HT PETiHAE dPEKeT ETETIHIH Kopyre Oomajbl.
1-0yTnn-3-MeTHITUMHUAA30MHAIH MEH IUITHAHAMUATIH apachlHIAFsl €H KBICKA
KAIIBIKTHIK 4 A GOmmbL.
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Exinnnigex, HOHBIK CYMBIKTHIKTAP perinme Tasa 1-Oytuin-3-
METHJIMMUIA30IUNUIIH KOHE JUIMAHAMUJITIH JKOHE OJIapIblH KOCIACHIHBIH
TEOMETPHSUTBIK KYPBUIBIMBIHBIH MOJIEKYJIAIBIK 3JIEKTPOCTATHKANBIK KapTaJlapblH
3epTTediK. 3apsarapAblH  1-0yThia-3-MeTWIMMUIA30IMiA  MEH  JUIMaHAMUJL
apachlH/Ja OpHAJacKaH a30T aTOMBIHBIH adHaJlaChlHIa OpPHAJIACKAHBIH Kepyre
Oomakl.

YUIiHIIIIeH, MOJNEKYNAJIbIK OpOUTaNIbIapbl UOHIBIK CYHBIKTBIKTAp pPETIHIC
Taza 1-OyTHII-3-METHIMMUIA30IUHIIHKOHE AUIMAHAMHMATIH JKOHE OJIAPJIbIH
KOCTIACBhIHBIH T'€OMETPHSUIBIK KYPBUIBIMBI YIIIH YCHIHBUIFAH. 4-CypeTTe KOFAPFhI
BAJICHTTI OPOWTAIBIHBIH HETI31HEH MMHIA30JIbIH alHAIACKIHIAa OpHAJIACKAHbIH,
al TOMEHTi BaJeHTCI3 opOuTaimap KaJbINTaCKaH HOHIBIK CYWBIKTBIKTAPIBIH
[IMaHUI TOOBIHBIH aliHaIaChIH/Ia OPHAJACKAHBIH Kepyre O0abl.

Tepriaminen, 1-0yTHiI-3-MeTUIMMUIA30MUNAIIH VIOIH JKalIlbl SHEPrus -
31095.50 kkan/Momp, an JAWIHMAHAMHUJA VIIH OKammel SHeprus -16446.40
KKaJI/MOJIb  OOJNIBI, ajl HWOHMABIK CYHBIKTBIKTHIH TY3idyiHE >Kajlbl JHEPIus
mamameH -47814.20 kkan/monb 6oiasl. MyHIa MOHIBIK CYHBIKTBIKTAPBIH OCHI
TY3UIy Tpomeci ymiiH OalaHBICTBIPY SHEPrHsCHIH TOMEHJETinel ecenreyre
Oonmajpb:

baitnanbicteipy = -47814.20 xkan/monb — (-31095.50 kxan/monb - 16446.40
KKaJI/MOJIb) = -272.30 KKajn/MoJIb

Byn sxepae, sKorapblna KeNTipiireH ecenreyne Oailikanraniail OaiinmaHblc
SHEPTUsCHIHBIH MOHI TOMEH, KypamJac KOMIIOHEHTTepre Kaparanna 1-OyTwui-3-
METHIMMUIA30IUN I H KOHE TUIMaHAMUTIH HETi31HIeTi HOHIBIK CYUBIKTBIKTHIH
TOMEH OaJIKy TeMIIepaTypachiH KOPCETe/Il.

Exinmi OemimMae HMOHIBIK CYWBIKTBIKTAp apKbBUIBI OHOOTHIHHAH OOC Mai
KBIIIKBUIIAPBIH alyMeH OaiimaHbiCThl. bacTankpiga Ta3a JIMHON KBIIIKBIIBIHBIH,
MCTHJUIMHOJMATTBIH JKOHE OJApIbIH HWOHIBIK CYHBIKTHIKTAPMEH OHOOTHIH
peTiHeri KOCTACHIHBIH T'E€OMETPHSUTBIK KYPBUIBIMBIH — KYPAacTHIPABIK JKOHE
OHTAMNTAHABIPIBIK. 5-CYpeTTeH WOHABIK CYHBIKTHIKTBIH JIMHON  KBIITKBIIBI
apachIH/IaFel OalNIAHBICTHIPYIIBI areHT PETIH/Ie OPEKEeT €TETiHIH aHbIK Kepyre
Oomaner. MOHABIK CYWBIKTHIK TeH 00C Mal KBINIKBUIBI apachIHIAFbl €H KhICKA
KaIIBIKTHIK 2 A G0mIb.

ExiHIIieH, WOHIBIK CYHBIKTHIKIICH OWOOTBIH pPETIHIAETI Ta3a JIHMHOI
KBIIIKbUIBIHBIH, METUJUTHMHOJIMATTHIH KOHE OJIAPJIBIH KOCTIACHIHBIH I'€OMETPUSIIBIK
KYPBUILIMBIHBIH, MOJIEKYJIAJbIK DIIEKTPOCTATHKANBIK KapTalapblH 3epTTEliK. 6-
CypeTT€ WOHJIBIK CYHMBIKTBIKIICH OWOOTBIH PETIHAErT JIMHOJ  KBIIIKBUIBI,
METHJUIMHOJICAT JKOHE OJIapAblH KOCIIAChIHBIH MOJICKYJIAIBIK 3JICKTPOCTATUKAIIBIK
KapTaJlapbIHBIH HOTHXKENEPI KOPCETUIreH. 3apsiiTaplblH HOHJBIK CYUBIKTHIK
apKbLJIbl @30TThIH aifHAIaChIH/1a OPHAJIACKAHBIH KOPYTe 00aIbl.

YuriHOTiqeH, JKOFapFbl BAJICHTTI OpOWTamh JKOHE TOMEHTI BaJCHTCI3
OpOUTANBAAPBl  JIMHOJI  KBIIIKBUIBIHBIH ~ T€OMETPHSUIBIK ~ KYPBUIBIMBI  YIIIiH,
METHJUTMHOJMATTHIH KOHE OJIAPABIH HOHABIK CYHBIKTHIKICH OWOOTHIH pPETIHIETI
KOCTIachl YIIIiH YCHIHBUIFaH. 7-CypeTTeH KOFapFrbl BaJICHTTI OpOWTAIIBI HETi3iHEeH
a30T aTOMBIHBIH aifHaNIachiHAa OpHATAcKaHbIH, a1 LUMO KanpmTacKaH HOHIBIK
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CYHBIKTBIKTBIH HMMHIA30JUH TOOBIHBIH aiHANaChIHAA OPHAIACKAHBIH KOpPyTe
Oonasgbl.

TepriHmIieH, JUHON KBIMIKBUIBIHBIH —Kajinbel SHeprusicel  -74160.50
KKaJI/MOJIb, aJI METHJIIMHOMHATTHIH, KaJTBI SHEPTUACH -77595.70 kkan/mMoib, ar
WOHMBIK CYHABIKTBIKTHIH Ty3Uly dSHeprusickl -47814.20 xkam/moms. WOHIBIK
CYHMBIKTHIKIIEH OHOOTHIHHAH OMOOTHIHIAE amy mpomueci -201037.00 kkan/moins
mamachiHaa 0onbl. MyHAa MOHIBIK CYWBIKTBIKTBIH OCBI TY3UTy MpOIECi YIIiH
OallIaHBICTHIPY PHEPTHUSCHIH TOMEHIETiIeN ecenTeyre Oomaapl:

Baiinaneicteipy = -201037.00 xxan/monb — (-47814.20 kkan/mons -77595.70
KKaJy/Moiib -74160.50 xkan/monp) = -1466.60 kkan/mMoIb

Byn skepme xorapeima KeNTipinreH ecenTeyae OalikanraHmail OainaHbIC
SHEPrUSCHIHBIH ~ MOHI  TOMEH  METWUIMHONATTAH  JIMHON  KBIIIKBUIBIH
AKCTPAKIIUSIIAYIBIH KOJTAUJIbI THIMIUIITIH KepceTe/Ii.

4. KopbITBIHABI

byn kxymeicra 1-OyTun-3-MeTHIMMHUAA3OIUIAIH  JKOHE  JUIMAHAMUL
HETi3IHOEeTl HWOHIBIK CYHBIKTBIKTApABIH TY3UIyi, COHaH KeWiH HOHIBIK
CYMBIKTBIKTap apKbUIbl OMOOTHIHHAH 00C Mail KBIIIKBIIBIHBIH aJIbIHYbIH KBAHTTBIK
XUMUSUIBIK €cerTeyiep apKblibl 3epTTediK. JKYMBICHIMBI3ABIH OipiHIIi Oeiri a30T
ATOMBIHBIH KAaCBIHIAFBl CYTETi aroMJapbl OHTaWIaHIBIPBUIFaH KYpPbUIBIMAAPFa,
MOJIEKYJIAJIbIK 3JEKTPOCTATUKAJBIK KapTajapra, MOJICKYJaJblK OpOuTalbaapra
JKOHE SHEprusuiapra coiikec 1-OyTui-3-METHIMMHIA30JIMA MEH JUIMaHAMUJL
apacbiH/1a OailmaHBICTRIPYIIBI aTOM peTiHze KepceTTi. XKyMBICBIMBI3IbIH eKiHII
0eJiri MOHABIK CYHBIKTBIKTBIH HOHBIHBIH 0OC Mai KBIIIKBUIBIH 3KCTPAKIHSAIAY I
KOHE OaNaHBICTBIPYIIBI areHT PETIHAE OPEKET €Te i JereH KOPBITHIH/IbIFA KEIIIi.

Kazipri >KyMBIC HMOHIBIK CYHWBIKTHIKTApABIH OWOOTBIHHAH Ooc Mai
KBIIIKBUIIAPBIH SKCTPaKIHsIay MPOIECiH YTHIMIBI JKo0alayFa KoHe JKaKcapTyFa
KOMEKTECYi MYMKiH.

Kapxbrnanawsipy: byn zeprreyre Kaszakcran PecrnyOnukacel BimiM koHE FBUIBIM MHHHCTPIITi
Fouteim komuretinin NeAP08052504 rpantsl Konaay kepcetri, xone NeAP13268877 moktopaHTypanaH
KEWIHT1 CTHIICHIMSUTBIK OaF1apiaMachiMeH KapKbUTaH IbIPBLI/IBL.

Mynnenep KakThIFbICBI: ABTOpiIap OyJl Makaiajga e3apa MY/JIEsIep KaKThIFBICHIHBIH KOKTBIFBIH
MOTIMIEH/TI.

BBIYUCJIIUMTEJBHOE UCCJIEJOBAHUE ITPOIECCA OYUCTKH BUOTOIIJIUBA OT
CBOBO/JHBIX JKMPHBIX KHCJIOT HOHHBIMH ) KUJIKOCTAMU HA MOJIEKYJIAPHOM
YPOBHE
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Pe3tome. Bgedenue. Cpean anbTepHATHBHBIX UCTOYHHUKOB SHEPIHH, TAKMX KaK COJIHEYHAs, BETPOBas U
BOJIOPOJIHAsI dHEPrusi, OMOTOIUIMBO 3aHMMAaeT 0CO000e MECTO, MOCKOJIBKY OONaJaeT PSAOM IOJE3HBIX
cBoiictB. ITo CpaBHEHHIO C HBIHCINIHEH LEHOW Ha OCH3WH IieHa Ha OWOTOIIMBO O4YeHb Hu3Kas. [Ipu
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WCIIOJIb30BaHMK OWOTOIUTMBO BBIZCISIET MEHBILE NapHUKOBBIX I'a30B B OKPYXKAIIIYI Cpelly U MEHee
orreomnacHo. OQHAKO IS MOMIEPKKH OHOTOILTHBA HEOOXOJUMO OYHCTHTH €r0 COCTAB OT HEHYIKHOrO
TJIMIEPUHA, METAHOJIA U CBOOOTHBIX JKUPHBIX KUCIOT. CBOOOAHBIE JKUPHBIE KUCIOTHI B OHOTOILIMBE JIETKO
BOCIUTAMEHSIIOTCSI M 3arpsA3HSIOT aBTOMOOWIIbHBIE JBuratenu. Jlns ouumcTku OuOTOMIMBa ObLIH
pa3paboTaHbl pa3iM4Hble HOHHBIC JKUAKOCTH. OIHMM W3 HHX SBISCTCS AWIMaHamuj 1-OyTui-3-
METUIUMHIA300us. [Jenbro 0anHoll pabomul SBISETCS N3yYSHHE COCTOSIHUS OYMCTKH CBOOOIHBIX KHPHBIX
KHCJIOT B OHOTOIUIMBE HUIHAHAMHUIOM |-OyTHII-3-METHIMMHIA30JIMsl HA MOJICKYJIIPHOM YPOBHE C
WCTIOJIb30BAHUEM XHMHYECKHX KBAHTOBBIX pacueToB. Memoodonoeus. Meton HyperChemPM3
WCTIOJNB30BANCS ATl KBAaHTOBO-XMMHUYECKHX PACUYCTOB XHMHUYECKHX CTPYKTYp, MOJIEKYISPHBIX
IMEKTPOCTATHYECKUX ITOTCHIMANIOB, MOJICKYJISIPHBIX OpOWTaNel, pacCTOSIHUI CBs3edl W JHEPrHid.
Pesynomamut pabomoi. Tlpn N3y4eHUU SHEPTUU CBSI3HU, JUTMHBI CBS3U U CTPYKTYPBI CBOOOIHBIX HKHUPHBIX
KHCJIOT B OHMOTOIUIMBE C WCIOJIb30BAaHMEM JUIMaHaMuzaa 1-OyTwii-3-MeTHIMMUAA30IHus  ObLIO
YCTaHOBJIEHO, YTO CYLIECTBYET MPOYHAs XUMHYECKasl CBS3b MEXIY MOHHOM JKHIKOCTBIO M CBOOOIH O
JKUPHOHM KUCIIOTOW. M3BECTHO, YTO CBOOOIHBIE JKUPHBIE KHCIOTHI B OMOTOITUBE XMMHUYECKH CBSI3BIBAFOTCS
C aTOMaMH BOJIOPOJA, ONM3KMMH K a30Ty B HOHHBIX XXHIKOCTSX. Bbuleod. DTO HccienoBaHue Oyner
CIOCOOCTBOBATh PALMOHAIBHOMY KOHCTPYMPOBAHHIO HOHHBIX JKHAKOCTEH M IIOMOraTh pa3BUTHIO
HCCIIEIOBaHUM, CBA3aHHBIX C OYMCTKOI OMOTOILIMBA OT CBOOOIHBIX )KUPHBIX KHCIIOT.

KioueBsble ciioBa: quiuaHamMus 1 -0y TriT-3-Me THINMAIA30I11sI, HOHHBIC )KUIKOCTH, CBOOOTHBIC YKUPHBIC
KHCJIOTEI, OMOTOIUIMBO, 100bIYa

Caiinay Kacynan Acxamynot odokmopaum PhD
Anmacoe Hypnan Kymabekosuu nocmookmopanm PhD.
Towmaii Kaiinayoex ooxmop PhD.
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SYNTHESIS, CHEMICAL MODIFICATION AND GROWTH-
STIMULATING ACTIVITY OF N-BENZYLMETHYLAMINE AND
INDOLINE DERIVATIVES

Anuarbekova I.N.1, Markina D.B.'*, Sycheva E.S.1, Mukanova M.S.%,
Sarsenbaeva G.B.2, Seilkhanov O.T.3
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Abstract. Introduction. One of the main tasks of organic chemistry is development of purposeful
synthesis ways of biologically active substances. The chemistry of dithiocarbamic compounds opens up
wide possibilities for solving this problem. There is a strong interest in dithiocarbamic acids due to a wide
range of their biological activity (anticancer, antibacterial, antifungal, anti-neurodegenerative, anti-
tuberculosis, growth stimulating, root forming, etc.). The purpose of this study is the synthesis of
biologically active substances in the series of element(N-,0-,S-,F-,Cl-)organic compounds based on N-
benzylmethylamine and indoline, their structure determination and biological activity investigation.
Results and discussion. The initial sodium dithiocarbamates were synthesized by the reaction of N-
benzylmethylamine and indoline with carbon disulfide in the yields 92 and 52%. Acylation of synthesized
dithiocarbamates with acid chlorides was carried out and the corresponding derivatives of dithiocarbamic
aromatic and heterocyclic thioanhydrides were obtained in the yields 58-85%. The structure of the
synthesized compounds was identified by using elemental analysis, IR spectra, H and 3C NMR
spectroscopy. Laboratory study of growth-stimulating activity of new biologically active compounds on
laboratory germination and germination energy of wheat and soybean seeds was carried out. Conclusion.
The best results were achieved when wheat seeds were treated with sodium indoline-1-carbodithioate and
benzyl(methyl)carbamothio-4-fluorobenzoic thioanhydride at 0.001% concentration. Germination energy
and laboratory seed germination were 100% and 100%, and for the standard - 80% and 90%, respectively.
It was found that seed treatment with new synthesized preparations intensively stimulates the growing and
germination of wheat shoots in comparison with the control and the standard.

Key words: dithiocarbamates, thioanhydrides, growth-stimulating activity, wheat and soybean
seeds
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CHUHTE3, XUMHNYECKAA MOJJUOPUKALIUA U POCTCTUMYJINPYIIASA AKTUBHOCTD
MPON3BOAHBIX N-BEH3UJIMETUJIAMUHA U UHAOJIMHA

Anyapoexosa H.H.', Mapxuna JI.B.Y", Coiuesa E.C.', Mykanosa M.C.}, Capcenbaesa I.B.2,
Ceiinxanoe O.T.3
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Pe3rome. Bsedenue. OnHONW W3 OCHOBHBIX 3a7lad OPraHMYECKOW XMMHH SIBISETCS pa3paboTKa myTei
LIEJICHATIPABICHHOr0 CUHTE3a CUHTETUYECKUX M IPUPOIHBIX OMONIOrMYECKH aKTHBHBIX BELIECTB. XHMHS
JMTHOKapOaMUHOBBIX COCIMHEHUI OTKPBIBAET IIMPOKUE BO3MOXKHOCTH peLICHHs 9ToH 3amaun. MHTepec k
JUTHOKapOAMUHOBBIM KHCJIOTaM OOYCJIOBJICH IIMPOKMM CIEKTPOM HX OHOJOTHYECKOW aKTUBHOCTH
(mpoTuBOOITYXONIEBas, aHTHOaKTepHAJIbHAS, MPOTUBOTPUOKOBAS, aHTHUHEHpoAereHepaTUBHAs,
POTUBOTYOEPKYJIe3Has, POCTCTUMYNUPYIOLIasl, KOopHeoOpasytomas u ap.). Llemvto Odannou pabomol
SIBJIICTCSI CHHTE3 OMOJOTMYECKM AaKTHBHBIX BewlecTB B psay anemeHT(N-,0-,S-,F-,Cl-)oprannueckux
coenuHeHnit Ha ocHoBe N-OCH3MIMETHIAMUHA W WHJOJNWHA, YCTAHOBJICHHUE CTPOCHHS M H3YYCHHE
OMOJIOTHYECKOH aKTHBHOCTH CHHTE3UPOBAHHBIX COCIAWHEHMIl. Pesyavmamol u obcyxcoenue. Peaxumeit
B3aumozieiictBus N-OeH3MIMETHIAMMHA M HHJIOJMHA C CEepPOYIVIEPOJOM B HPHUCYTCTBUH THJIPOKCHJIA
HATPHsI TIPH KOMHATHOM TeMIIEpaType CHHTE3UPOBAHbI HCXOHBIC JUTHOKAapOAMaThl HATPHS C BBIXOJAMH
92 u 52%, cootBeTcTBeHHO. OCYILIECTBICHO alIUIMPOBAHNE U3YYaeMbIX OCH3MI(METHII)KapOaMOAuTHOATA
HaTpusi M MHAONMH-1-kapOoauTHOaTa HATpUS B XJOpodopMe C XJIOPAaHTHIPHIAMH, MOTyYEHBI
COOTBETCTBYIOIIME  IPOM3BOJHBIC  APOMATHYECKUX M TCTEPOLMKINYSCKHX  THOAHTHUIPHUIOB
JTUTHOKapOaMUHOBBIX KHCIOT ¢ Bbixomamu 58-85%. CrpykTypa CHHTE3MPOBAHHBIX COCIMHEHUI
YCTaHOBJIEHA HA OCHOBAHHWH J[@HHBIX 3JIeMEHTHOro aHanmsa, UK-cnektpos, crexrpockormu SIMP H u
18C. TlIpoBemenbl 1a0OpaTOpHBIE  HCCIENOBAHUS  POCTCTUMYIHMPYIOMIEH  aKTHBHOCTH — HOBBIX
JTUTHOKapOaMHUHOBBIX MPOU3BOAHBIX N-OeH3UIMETHIAMUHA ¥ UHIOJIWHA Ha JTa0OPaTOPHYIO BCXOXKECTh U
SHEPrHi0 MPOPACTaHUsI CeMSH IIICHUIBI U COU. 3akmouenue. Jlydnme pe3ynbTaThl MOJIYYEHBI MPH
00paboTKe ceMsH MIIeHHLbl MHIONUH-1-kapOoauTHOaTOM HaTpus M OeH3MI(MeTHI)Kap6aMoTHO-4-
¢dhropbeH3oitHbIM THOArHApUIoM Tpu KoHieHTpauuun 0.001%. DHeprusi mpopactaHust u j1abopaTopHas
BCxokecTh cemsH coctaBuwian — 100% u 100% mno cpaBHenuro ¢ stamoHoM KH-2 — 80 % u 90 %,
COOTBETCTBEHHO. YCTAHOBIICHO, YTO 00pabOTKa CEMsH HOBBIMH CHHTE3HPOBAHHBIMH HperapaTaMu
HMHTEHCUBHO CTUMYJHPYET MPOPACTAHUE U BCXOKECTh MOOETOB IIICHHIBI 10 CPABHEHHIO C KOHTPOJIEM
(Boma) u stamonom KH-2 (Axnuuodx).

KioueBble cioBa: HHTHOKapGaMaTBI, TUOAHTUAPUBI, POCTCTUMYJIMpYIOLIasi AKTUBHOCTb, CEMCHa
IICHUIBI 1 COU
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mazucmp mexHuyecKux Hayk

Cuviuesa Enena Cepzeesna

KaHOUOAm XUMUYECKUX HAYK

Myxkanosa Mepyepm Cucenbexosna

KaHOUOAm XUMUYECKUX HAYK

Capcenoaesa I'azuza bazapoekosna

KaHOUOam celbCKOXO035UCMBEHHbIX HAYK

Ceiinxanos Onxcac Tynezenosuu

Mazucmp ecmecmeeHHblX HayK

1. Benenne

LleneHarnpaBieHHbI CHHTE3 TPUPOJHBIX M CHHTETHYSCKUX OHMOIOTHYECKU
AKTHUBHBIX COSJAMHEHUIN OCTAeTCs OJHUM U3 HauboJiee aKTyaJlbHbIX HAINPaBICHUN
pasButHus opranmyeckod xumuu. Cepocolepkaiiue JUTHOKapOaMHUHOBHIC
KHUCJIOTBI TIPOSIBJISIIOT IIIUPOKUN CHEKTP OMOJIOTHYECKONH aKTUBHOCTUA M 3aHUMAIOT
OJTHO M3 BAXKHBIX MECT B MEIUITMHE U CEITLCKOM X03s1iicTBe [1, 2]. B ocobenHoCcTH,
JUTHOKapOAMUHOBBIE  KHCJIOTH  (IuTHOKapOamaThl), Onaromapss  BBICOKOH
PEaKIMOHHON CIIOCOOHOCTH M MPOCTOTE WX TOyUCHHUS, SIBISIFOTCS BaXKHEHTITMMH
WCXOIHBIMH BEIIECTBAMH JIJISI CHHTE3a Pa3IMIHBIX CEPAOPTaHNIECKUX BEIIECTB, O
4y€M CBHUJIETEIBLCTBYET HAIMYME BapUaTUBHBIX BO3MOXKHOCTEH WX AaibHEWIIEH
Momudukammu [3-6]. Cepocomepkaliue COSTUHEHHUS C Pa3IMYHO 3aMCEIICHHBIM
aTOMOM Cepbl IHPOKO MPUMEHSIOTCS B KauyecTBE TepOMIUAOB, (PYHTHUIHIOB U
pocTperymupyromux BemectB [7-10]. B dacTtHocTH, IUTHOKapOaMHUHOBEIC
MPOM3BOJIHEIE APOMATHYECKOTO U TETePOIUKIMYECKOrO psla, W COJIepXkKallue
JIOTIOJTHUTENIEHO apHIIbHbIC (ParMEHThI, MOTYT SBJATHCS TOTCHI[UATBHBIMH
mperaparaMd Al CTUMYJIMPOBAaHUS POCTa PACTEHUH TMPH  TMPEAIIOCEBHOMN
obpabotke cemsH [11, 12].

[IpuBenenHple nUTEpaTypHBIE MaHHBIE TOATBEPXKIAIOT AKTyalbHOCTH
HAIIEr0 UCCJICJIOBaHUS B OOJACTH CUHTE3a W U3YyYCHUS OUOJOTHYECKOMN
aKTHBHOCTH HOBBIX BeliectB B psay 3iemeHT(N-,0-,S-F-,Cl-)oprannyeckux
coenuHEeHMH Ha ocHOBE N-OeH3mIMeTHIaMITHa ¥ WHTOJIMHA.

2. JKcnepuMeHTAILHAS YacTh

Xon peakumidi W YHACTOTY TMPOAYKTOB KOHTPOIMPOBAIH  METOJOM
TOHKOCJIONHO# xpomarorpaduu Ha mactuaax «Silufol UV-254y, amoent — Bosa,
sranoi/Boaa (1/3), ameron/rekcad (1/3), ¢ MposSIBIICHUEM ITSTCH BEIIECTB TapaMH
fioma. UK cmextpsl 3anucanbl Ha criekrpomerpe «Nicolet 5700» B Tabnerkax c
KBr. TemmepaTypa ImaBieHUs COCIWHEHWH ompenencHa Ha mpubope Hanon
MP450. Cnexrpsl IMP 'H n *C coenunenuii cHaTHI B neiirepupoBanHbx D20,
DMSO-ds na criexrpomerpe JINM-ECA 400 (Jeol) ¢ paGoueit uactoroii 400 (*H)
u 100 MI'tr (*C). Bce peareHTsl 1 pacTBOpHTENH MoiydeHs! oT Sigma-Aldrich u
MCTIONB30BaHbI 0€3 AajbHeHIel OYNCTKY.

N-6ensun(memun)kapbamooumuoam nampus (1). K pacteopy 9.39 r (0.07
Mmoip) N-OensunmernmnamuHa B 15 Ma coupra goGasmsumd pactBop 3.1 T
TUIPOKCHIa HATPHUS B 5 MJ JNUCTWUIMPOBAHHOW BOMBI. 3aTe€M IMPH KOMHATHOW
TeMIepaType W IepeMeNMBaHUN TpUKambiBaau pactBop 5.89 r (0.07 mois)
cepoyriepona. PeakimMoHHYI0O cMech IOCi€  TOJHOTO  MPUKANbIBaHU S
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cepoyriepoia TepeMenInBaid IpU KOMHATHOW TeMIIepaType B TEUCHUE YeThIpeX
4. PacTBopuTEIs OTTOHSUIM B BAKyyM€ BOJOCTPYWHOI'O HACcOCa, TBEPIbII OCTaTOK
OUYHWIIAMN Tepekpucraumsanueii nu3 Oenzoma. I[lomygamn 15.6 © (92 %)
coequnenus 1, 1.1 130 °C, R 0.25 (H20). Haiineno, %: C 49.17; H 4.57; N
6.28; S 29.41. CoH1oNS2Na. Beruucneno, %: C 49.29; H 4.60; N 6.39; S 29.24.
UK crextp (B Tabnerkax KBr), v, cm™: 1076 (C=S), 633 (C-S), 1467, 1373,
1196, 815, 742 (Ph).

Huoonun-1-kapbooumuoam nampus (2) CHHTE3HPOBAH aHAIOTMYHO. BBIX0X
5.65 1 (52%), Rt 0.14 (1/3, stanon/ Bona), T.11. 300 °C. Haiineno, %: C 49.67; H
3.65; N 6.38; S 29.41. CoHsNS2Na. Beruucneno, %: C 49.75; H 3.71; N 6.45; S
29.51. UK cnexrp (B Tabnerkax KBr), v, cm™: 1046 (C=S), 704 (C-S), 1602,
1446, 1173, 950, 615 (Ph). IMP *H cnextp (D20), &, m.x. (J, T'm): 2.94 (2H, T,
H®); 3.92 (2H, 1, H; 7.05 (1H, Tn, ArH®); 7.17 (1H, Tn, ArH%; 7.22 (1H, n,
ArH*); 9.10 (1H, na, ArH"). IMP C cnexrp (D20) 8, m.1.: 26.25 (C?); 58.73
(C?); 119.74, 124.72, 125.74, 126.10, 136.82, 144.36 (Alunzomn); 207.70 (C=S).

Bensun(memun)kapoamomuodymanosviti muoaneuopuo (3). K pactsopy 1
(0.004 mozp) 6en3un(MeT)kapbaMouTHOATa HATPUS B 15 M xJlopodopma mpu
nepemMermuBanuy npukansBaind pactsop 0.48 T (0.004 Monp) OyTaHOMIXIIOpHIA.
3areM MpH KOMHATHOW TEeMIIEpaType MEepeMellMBad B TEYCHHE JBYX YacoOB.
PacTBOpHTENb OTTOHSIIM B BaKyyMe BOJIOCTPYWHOrO Hacoca, MPOIYKT BBIIEISIIN
nepekprucraum3anuei us rekcana. [omyuam 0.7 v (58%) B Buge macna, Re 0.47
(1/3, ameron/rekcan). Hadimeno, %: C 5827, H 6.39; N 5.15; S 23.51.
C13H17NOSz. Berauciieno, %: C 58.39; H 6.41; N 5.24; S 23.98. UK cnektp
(ToHKHMI cioit), v, em™: 1727 (C=0), 1080 (C=S), 701 (C—S), 1643, 1490, 1408,
1260, 991, 820 (Ph). SIMP *H cniexrp (DMSO-ds), 5, m.x1.: 0.85 (3H, T, HY, CHa);
1.49 (2H, m, H'®, CH2); 2.13 (2H, T, H™®, CH2); 2.85 (3H, ¢, N-CHas); 4.46 (2H, c,
N-CH2); 7.16-7.32 (ArH). IMP C cnexrp (DMSO-ds) &, m.1.: 14.27 (CHa);
18.57 (CH2); 34.90 (CH2); 36.17 (N-CHzs); 50.35 (N-CH2); 126.97, 127.88,
128.89, 128.98, 138.53 (Ar); 172.62 (C=0); 174.87 (C=S).

bBenszun(memun) kapbamomuouz00ymanosulii MuoaH2uopuo (4)
CHHTE3MpOBaH aHanormdHo. Beixox 1.66 r B Bume macma (79%), Re 0.76 (1/3,
aneron/rexcan). Ci13Hi17NOS,. Haiineno, %: C 58.27; H 6.15; N 5.11; S 23.62.
Beruncieno, %: C 58.39; H 6.41; N 5.24; S 23.98. UK cnekrp (TOHKHH cT0i1), V,
em™: 1735 (C=0), 1056 (C=S), 696 (C-S), 1606, 1457, 1308, 1125, 998, 963, 875
(Ph). IMP *H criexrp (DMSO-ds), §, m.i.: 1.01 (3H, 1, CHs); 1.04 (3H, 1, CHs);
2.39 (1H, m, CH); 2.88 (3H, ¢, N-CHzs); 4.49 (2H, ¢, N-CHy); 7.16-7.28 (ArH).
SAMP C cnexrp (DMSO-de), 8, m.1.: 19.62 (CHs); 20.15 (CHs); 29.93 (CH);
34.76 (N-CHs); 50.46 (N-CH2); 126.70, 127.33, 127.82, 128.82, 129.07, 138.50
(Ar), 176.43 (C=0); 178.23 (C=S).

Hnoonun-1-kapbomuobenzotineiti  muoaneuopuo  (5)  CHHTE3HPOBAH
aHamornyHo. Beixox 2.56 t (85 %), Rf 0.51 (1/3, aneron/rekcan), T.iut. 119 °C.
C16H13NOS2. Haiineno, %: C 64.27; H 4.15; N 4.61; S 21.32. Beruucneno, %: C
64.19; H 4.38; N 4.68; S 21.42. VK cnektp (B Tabnerkax KBr), v, cm™: 1631
(C=0), 1018 (C=S), 667 (C-S), 1593, 1481, 1400, 1173, 756, 698 (Ph). AMP 'H
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cextp (DMSO-ds), 8, m.1.: 3.01 (2H, T, H%); 3.92 (2H, 1, H?); 6,98 (1H, T, ArH®);
7.10 (1H, ¢, ArH®); 7.21 (1H, 1, ArH*); 7.44 (2H, 1, ArH); 7.45 (2H, 1, ArH);
7.52 (2H, 1, ArH). IMP C cnexrp (DMSO-ds), 8, m.x1.: 28.18 (C?); 50.79 (C?);
124.23, 125.43, 125.61, 127.37, 129.01, 130.61, 133.24, 137.63, 143.16 (Ar);
168.60 (C=0); 201.37 (C=S).

benzun(memun)kapoamomuo-4-xn0pbeH3olnbvl MuUoan2uopuo (6)
CHHTE3MpOBaH aHajgoruuHo. Beixox 2.47 r (82%), Rr 0.45 (1/3, ameron/rexcan),
t.w. 135 °C. CisH1sCINOS2. Haiineno, %: C 57.27; H 4.11; N 4.09; S 18.98.
Berancieno, %: C 57.22; H 4.20; Cl 10.56; N 4.17; S, 19.09. UK cnektp (B
tabrerkax KBr), v, cm’: 1680 (C=0), 1072 (C=S8), 695 (C-S), 3651, 1591, 1495,
1353, 1175, 979, 926, 848 (Ph). AMP 'H cnexrp (DMSO-ds), 5, m.x1.: 3.35 (3H, c,
N—-CHa); 5.29 (2H, ¢, N—-CH); 7.27-7.38 (ArH); 7.51 (2H, o, ArH); 7.50 (2H, &,
ArH).

Hnoonun-1-kapbomuo-4-xnopbensovinviii. muoarneudpuo (7) CHUHTE3HMPOBAH
ananornyHo. Beixox 1.92 t (58 %), Rr 0.85 (1/3, aneron/rekcan), T.iut. 108 °C.
C16H12CINOS:. Haiineno, %: C 57.51; H 3.49; N 4.18; S 19.14. Berauciuero, %:
C 57.56; H 3.62; C1 10.62; N 4.20; S 19.21. UK cuekrp (B TabneTkax KBr), v, cM”
1. 1674 (C=0), 1010 (C=S), 628 (C-S), 825 (C—CI), 1585, 1411, 1199, 891,709,
547 (Ph). IMP 'H cnexrp (DMSO-ds), 8, m.1.: 3.02 (2H, T, H%); 3.93 (2H, T, H?);
6.97 (1H, T, ArH®); 7.10 (1H, ¢, ArH®); 7.20 (1H, x, ArH*); 7.48 (2H, 1, ArH);
7.56 (2H, 1, ArH'); 7.89 (2H, 1, ArH). AMP “C cnexrp (DMSO-ds), 5, m.x.:
28.20 (C%); 50.81 (C?); 125.66, 127.53, 129.18, 129.55, 130.18, 131.63, 133.24,
135.36, 136.29, 138,33, 143,03 (Ar); 166.99 (C=0); 201.37 (C=S).

bensun(memun)kapoamomuo-2,4-ouxnopbenszotinoiii.  muoaneuopuo  (8)
CHHTE3MpOBaH aHajaoruuHo. Beixox 2.43 r (73%), Rr 0.44 (1/3, areron/rexcan),
r.m1. 140 °C. C16H13CI2NOS2. Haiineno, %: C 51.77; H 3.31; N 3.69; S 17.18.
Beruucneno, %: C 51.89; H 3.54; ClI 19.15; N 3.78; S 17.32. UK cnekrp (B
tabnerkax KBr), v, cm™: 1644 (C=0), 1085 (C=S), 610 (C-S), 3029, 1589, 1493,
1370, 1145, 970, 869, 831 (Ph). AMP 'H cnexrp (DMSO-ds), 5, m.x1.: 3.39 (3H, c,
N—CHs); 5.29 (2H, ¢, N—CH2); 7.27-7.37 (ArH); 7.47 (2H, 1, ArH); 7.67 (1H, c,
ArH); 7.78 (2H, n, ArH). IMP *C cnextp (DMSO-de), 5, m.1.: 43.37 (N—CHo);
55.77 (N-CHs); 127.97, 130.62, 130.71, 131.25, 132.91, 133.59, 135.35, 137.08
(Ar); 166.34 (C=0); 198.53 (C=S).

benszun(memun)kapoamomuo-4-gpmopben3zotinviii MUOaAHSUOPUO )
CHUHTE3UpoOBaH aHanorndHo. Beixonm 2.2 r (75%), Rs 0.48 (1/3, ameron/rekcan),
.. 108 °C. CisH14aFNOS2. Haiineno %: C 60.09; H 4.34; N 4.27; S 19.97.
Brraucneno, %: C 60.16; H 4.42; F 5.95; N 4.39; S 20.08. UK cmekrp (B
tabnetkax KBr), v, el 1638 (C=0), 1070 (C=S), 606 (C-S), 1589, 1484, 1400,
1199, 974, 894, 848 (Ph). IMP 'H cnextp (DMSO-ds), &, m.1.: 3.35 (3H, c,
N—CHs); 5.28 (2H, ¢, N—CH2); 7.20-7.35 (ArH); 7.47 (1H, ¢, ArH); 7.96 (2H, n,
ArH). IMP C cnexrp (DMSO-de), 8, m.1.: 43.34 (N—CHz); 58.87 (N—CHa);
115.91, 127.92, 128.89, 130.98, 131.07, 132.56, 133.20, 135.43, 161.78, 166.89
(Ar); 185.00 (C=0); 195.68 (C=S).
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Hnoonun-1-kapbomuo-4-numpoben3otinsiii muoaneuopuo (10)
CHUHTE3UpOBaH aHamoruvHo. Bexox 1.24 r (72%), Rf 0.22 (1/3, aueron/rexcan),
.. 125°C. Ci6H12N203S2. Haiineno, %: C 55.86; H 3.45; N 8.4; S, 18.52.
Brruncieno, %: C 55.80; H3.51; N 8.13; S 18.62. UK cmektp (B Tabmetkax KB),
v, emt: 1670 (C=0), 1056 (C=S), 686 (C-S), 1342 (NO2), 1519, 1411, 1192, 902,
840,745, 594 (Ph). IMP 'H cnexrp (DMSO-de), 8, m.1.: 3.01 (2H, ¢, H%); 3.88
(2H, C, Hz), 7.00 (IH, C, Arlzmuonml); 721 (IH, C, ArI/IH):[OJ'Im—I); 7.79 (2H, C, ArnHuomm);
8.09 (2H, ¢, ArH); 8.23 (2H, ¢, ArH). IMP *C cnexrp (DMSO-ds), 8, m.x1.: 28.20
(C%; 50.81 (C?); 125.66, 127.53, 129.18, 129.55, 130.18, 131.63, 133.24, 135.36,
136.29, 138,33, 143,03 (ArH).

PocTperynupytomas akTHBHOCTh MONyYEHHBIX COCIMHEHHH HCCIECIOBAHO B
TOO «Kazaxckuii Hay4HO-HUCCIEIOBATCIbCKUIT MHCTUTYT 3allUThI U KapaHTHHA
pactenwuii um. K. XKuembaenay.

OObekT wuccienoBanus: cemeHa mmeHunbl (copt CrexnoBuaHas 24) u
cemeHa cou (copt XKancast). OnbITHBIE 00pa3lbl 3aKJIaJbIBaIM B 3-X KPaTHOM
moBTOpHOCTH 10 50 cemsH. IIpogomKUTETEHOCTS ONBITA COCTAaBIILIA 3—7 CYT.
DHEpruto MpopacTaHusi MPOBEPSIIM HA 3 CYTKH, J1aOOpPaTOPHYIO BCXOXKECTh HA 7
CYTKH TT0CJIe 00pabOTKH 1O KOJIMYECTBY IIPOPOCIIINX CEMSH.

BapuanTs! 1abopaTopHOT0 OIbITa Ha ceMeHaX MIIEHHUIIB U COH:

1. Koutpoms (6€3 006paboTkm)

2.  Axnuaon KH-2 (aranon), (0.01% u 0.001%)

3. Coeaunenue 2 (0.01% u 0.001%)

4. Coemunenne 9 (0.01% u 0.001%)

3. Pe3yabTarhsl 1 00Cy:KIeHHE

C nenpi0 TONMy4YeHHS] HOBBIX OHOJIOTMYECKH AaKTUBHBIX COCAMHEHHH,
coJiepKallliX apOMaTUYECKHUH U FeTepOLUKINYECKUN CKeJIeT, HAaMH OCYLIECTBIICH
CUHTE3 TUTHOKapOaMaTOB HATPUs W UX XHUMHUYecKas moaudukarus. B kauectse
HCXOIHBIX COEAWHEHUI HCIOJIb30BAHBl APOMAaTUYECKUM U TE€TEPOLUKINYECKUI
aMuHbI - N-OCH3UIMETHIIAMIH W WHOJIVH.

Jutnokapbamarel HaTpus TONydeHB B3auMozeiicTBueM amuHOB (N-
OeH3MIMETHIIaMUHA M MHJOJMHA) C CEpOYIJIEPOJOM B MPHUCYTCTBUM IIENOYU B
cpene aOCOJIOTHOTO CHHPTAa TMpPH KOMHATHOW Temmeparype. Xoi peaKIui
KOHTPOJMPOBAIM METOJOM TOHKOCIOWHOW XpomaTorpadud Ha CHIMKAarele.
Ilocne OKOHYAaHMSI peaknWii M COOTBETCTBYIOIIEH OOpabOTKM peaKIMOHHBIX
cMecel B WHIUBUAYyAILHOM BHIE€ BBIACICHB OCH3MI(METHI)KapOaMoIuTHOAaT
Hatpus 1 (92%) u nagonuu-1-kapoonurunoar Harpus 2 (52%).

JutnokapbaMuHOBas TpyIMIa B COSTUHEHHIX 1, 2 TTO3BOJSIET WCIOIH30BATH
e B KOHCTPYMPOBAHWUU HOBBIX MPOHM3BOIHBIX B POy IUTHOKApPOAMHHOBBIX
KHCJIOT, MOTEHIMAIBHO 00J1a/JAl0IINX POCTCTUMYIUPYIONIEH aKTHBHOCTHIO.

B pesympraTe arenupoBaHHS AWTHOKApOAMaToOB HATPUS CHUHTE3UPOBAHBI
HOBbIC  KapOOHWJIbHBIE TMPOM3BOJHBIE — THOAHTUPUIBL. ANMIHPOBaHHE
TUTHOKapOaMaToB 1, 2 MPOBOAVIIN B3alMOJENCTBUEM
OeH3un(MeTHI)KapOaMoANTHOATa HATpHUA | U MHIONMH-1-KapOoAuTHOATa HATPHUS
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2 ¢ xjopanruapuaamu  (OyTHIIOBBIN, u©30-OyTWUJIOBBIM, O€H30MHBIN, 4-
XJIOpOEH30MHBIH, 2,4-mux10poOEH30HbIH, 4-propbenzorinplii.  u  4-
HUTPOOSH30MHBIN) B cpesie XIopodopMa IIpH KOMHATHON TEMIIepaType B TCUCHHE
1.5-3 4.

B pesynbrare BbIEICHUS U3 PEaKIIMOHHBIX CMECEH B MHIMBHIyalbHOM BUJIC
noy4eHsl THoaHTuIpu bl 3—10 ¢ BerxonaMu 58-85%, COOTBETCTBEHHO.

RCOCI 8 }_IQ !
—o e HCN

CS,, NaOH N CH,CI 9 6 5
H;C— \C/SNa 1O// o 13
C,H;0H bi S 0
TRe > : ! 15R N
3 3,4,6-9
4 b 2
CS,, NaOH 5 3a_J3
_——
N C,H.OH RCOCI ] ]l] 2
H CH;Cl Ta "\
7 C=
=S / S
NaS S

CocTraB TONYyYEHHBIX BEIIECTB MOATBEPKIACH JOaHHBIMH JIIEMEHTHOTO
aHaum3a, TOHKOCJIOMHOM XpoMarorpaduu u (UBUKO-XUMUYECKHUMHU
xapakrepuctukamu. CtpoeHue coeamHeHnid 3—10 ycTaHOBIEHO Ha OCHOBaHHU
anaimm3a ganaeix UK u SIMP 1H, B¢ CHIEKTPOCKOIINH.

B UK-cmekrpax autHokapbamaroB Harpuss |, 2 ©W THOAHTHAPHUIOB
JUTHOKapOAMUHOBBIX KHCIOT 3—10 MPHCYTCTBYIOT TIOJNOCHI IOTJIOMICHHS
BaJICHTHBIX KoneGanmit C=S rpynmbl B obnactu 1010—1141 cm™. BaneHrnble
konebaums C—S  cBA3M  OpUCYTCTBYIOT B obmactm  606—759  cm™
XapaKTEepUCTHUECKUE ITI0JIOCHI IOIVIOUICHHS BAJCHTHBIX KojeOaHMi B oOsacTu
1638—1735 cm™* omHO3HAYHO MTOATBEP)KJAIOT BBEACHWE B MOJEKYJbl HOBBIX
coequHenuit 3—10 rpynner C=0.

B crektpe SIMP 'H coenumenus 3 mpoToHsl MeTwibHOM rpymmsl C''Hs
PE30OHUPYIOT B BUJE TPUILIETA MHTEHCUBHOCTEIO B TpU MpoToHa B oOnactu & 0.85
M.J1. XUMHYECKHE CIIBUTM METHICHOBBIX 1poToHoB C °H2 rpymms npossisioTcs B
obmactu 1.49 M.1. B BHIE MyJbTHIIETa HHTEHCHBHOCTHIO B JIBa IPOTOHA.
Ipotons! MetuneHoBoii rpymmsl C°Hz pe3oHupyIoT B BHJIE TPUILIETA B 06IACTH
2.13 m.n. Iporonsl MerubHO# Tpymsl C°Hs mpu atoMe a30Ta pe3OHHPYIOT B
BUJIC CHHIJIETa HMHTEHCHBHOCTBIO Tpu mpoTroHa mpu O 2.85 wm.a. Curnan
MeTtuneHooii rpynmsl C'Hz mpu atome a30Ta HpOSBISAETCS B BUIE CHHIJIETA
WHTEHCUBHOCTBHIO JIBa TIPOTOHA B o0nacth & 4.46 M.1. ApoMaTHYeCKHAE TTPOTOHBI
pe30oHupYIOT B 001actu & 7.16—7.32 m.n.
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B cmektpe SIMP BC coemumenust 3 CHTHAZBI METHIBHBIX YIIICPOIHBIX
aromoB C'" m C° mabmonarorcst npu & 1427 u 36.17 M., COOTBETCTBEHHO.
ATOMBI yIiepoJa METHICHOBBIX IPYIT Pe3OHHpYIOT B obmactu & 18.57 (C°),
34.90 (C¥), 50.35 (C") m.1. ApoMaTHdecKHe aTOMBI YIIepoaa PEe3OHHPYIOT B
obmactu 6 126.93-138.53 m.a. Atombl yraepoga C=0 u C=S rpyIm pe3oHUpyIOT
mpu 6 172.62 u 174.87 M.A., COOTBETCTBEHHO.

C wuenpio BBIABICHUS HOBBIX CTHMYJISITOPOB pOCTa pacTEHHs H3Yy4EHO
BIIMSIHUE AUTHOKapOamaTa 2 ¥ THOAHTHAPHJA 9 Ha BCXOXKECTh CEMSIH MIIICHHUIIBI U
cou B Ja0OpaTOPHBIX  YCIOBUSIX. POCTCTHUMYNHMpYIOIIYI0  AKTUBHOCTh
HCCIEAYeMbIX COCIMHEHUH 2 M 9 OLEHHWBaIM 1O JBYM MapaMeTpaM: SHEprus
IIpopacTaHus CeMsH 1 J1a0OpaTOpHask BCXOKECTb.

AHanmM3 pe3yNbTaTOB HMCIBITAHUS MOKA3bIBAET, YTO COCAMHEHHA 2 U 9 mpH
KOHIICHTpAINH BHECCHHUSI 0.001% MIPOSIBJITIOT HanOOJBITYIO
POCTCTUMYJHPYIOIIYIO aKTHBHOCTh Ha CEMEHax IMUICHUIBI [0 CPaBHEHUIO C
KOHTposieM U mpototunioM KH-2 (puc. 2). Y ONBITHBIX CESHIEB MIICHUIBI, 1O
CpPaBHEHHIO C KOHTpoieM u mpororurniom KH-2, HaGmomanu OZHOBpEMEHHOE
npopactaHue ceMmsH. Tak, SHeprusi mpopacTaHus M JabopaTOpHash BCXOXKECTh
ceMsH TineHuIbl B KoHTposie coctaBisitoT 90 % u 90 %, coOoTBETCTBEHHO, a MpH
koHuenTpauuu 0.001% s npenapara KH-2—80 % u 90 %, ¢ ucnonb3oBaHreM
coenunaeHmt 2 1 9 — 100% u 100%.

120 CemeHa IMITEHNIBI Cemena comn
o 100 100 100 100
9090 9090
8080
80
60
5050
40
| I 2020 I
20
o I I
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& & o S QQ\\ & “?\\ \\\\ IS
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B DHeprusi NpopacTaHHA ceMAH, %0 (3 CyTKH) B J[aGopaTopHai BCXOKECTh, %o (7 CyTKH)

Pucynok 2 — Bausinue coeuHeHui 2 1 9 Ha BCX0XKECTh CEeMSH
TIIICHUIBI M COM Ha 3 1 7 CYT.

Cne,uyeT OTMETUTH, UYTO H3YYa€MbIC CTUMYJIATOPBI POCTa OKa3bIBAIOT
MCHBIICEC BIIMAHNUEC HA ITOCCBHBIC KAYECTBA COU B OTJIMYHEC OT CCMAH INIICHUIIBI.

88



ISSN 1813-1107, eISSN 2710-1185 Me 3, 2022

4. 3aki0ueHue

B pesymbraTe MpOBENCHHBIX HCCICIOBAHMI CHHTE3UPOBAaHBI HOBBIC
THOAHTUPHUIBI APOMATHYCCKHX M TETEPOLUKIMYECKHX JIUTHOKapOamMaroB Ha
ocHoBe  N-OensunmerwiamuHa W uHAomMHA. CTPYKTypa  COCIUHCHUIA
YCTaHOBJIEHA HA OCHOBAHMM aHAIM3a JAaHHBIX crekrpockomuu SIMP 'H u C.
YcraHoBIIEHO, 4TO UHJI0JIMH-1-KapOoauTHoat HATpUS "
oen3un(MeTI)kapoamMoTHo-4-pTopOCH30MHBIN THOAHTUAPHU 00JIaTat0T BHICOKOMH
POCTCTUMYJIHPYIOIIEH aKTHBHOCTBHIO MO CPABHEHUIO C KOHTPOJEM U CTaHIAPTOM
KH-2 1 MoryT ObITh HCIIOJIb30BaHbI B BBIPALIMBAHUU 3€PHOBBIX KYIIBTYP.

dunancupoBanme: Pabora BeimonHeHna npu ¢uuaHcoBoi nomnepxxke KH MOH PK B pamkax
IPaHTOBOTO MPOEKTa MONOABIX YueHbIX Ne AP09057956 «Pa3paboTka 6MOOpraHMYECKUX KOMILIEKCOB C
MIPUPOAHBIMH HOTUCAXapUAAMU B KaUeCTBE SKOJIOTMYECKH Oe30MaCHBIX CPECTB 3aIU Tl PACTCHUI».
Kondankrt narepecoB: KoHGIMKT HHTEPECOB MEX/1y aBTOPAaMU OTCYTCTBYET.

N-BEH3UWJIMETUJIAMMUH )KOHE UHAOJIMH TYbIHJABIJIAPBIHBIH CUHTE3I,
XUMUAJBIK MOIUP®UKALIUACHI )KOHE OCYI BIHTAJTAHJIBIPATBIH BEJICEHALJITT

Onyapoexosa H.H.', Mapxuna JI.5.Y", Cotuesa E.C.}, MykanosaM.C.}, Capcenoaesa I'.B.?,
Ceiinxanoe O.T.3

10.5. Fexmypoe amvlnoasgel Xumusi bLILMOapbl uncmumymoi, Aimamet, Kazaxcman

VK. JKuembaee amvindasol Kazak ocimoOix Kopeay jcane Kapanmun oliblMy 3epmmey uHCmuntymsl,
Ammamul, Kazaxcman

3111 Yanuxanos amvindasel Kexuwemay memnexemmix ynueepcumemi, Koxwemay, Kazaxkcman
E-mail: dimels_946@list.ru

Tyitinneme. Kipicne. Opranukaiblk XUMUSHBIH HETi3ri MiHASTTEpiHiH Oipi CHHTETUKAIIBIK JKOHE TaOUFH
OMONOTHSAIBIK  OJICEHII 3aTTapAbl MAaKCaTThl CHHTE3IECY JKOJJIAphlH jkacay OOJBINT  TaObUIAJBL.
JlutrokapOaMUHII KOCBUIBICTAD XHMMHSCHI OyJl MOCeNieHI MIelIyre YJIKeH MYyMKIHIIKTep amiafbl.
Jlutrokap6aMuH KBIMIKBUIAAPbIHA JETeH KBI3BIFYIIBUIBIK OJap/AbIH OHOJOTHSUIBIK OCJICEeHAUTINIHIH KeH
CrieKTpiHe OaiyIaHBICTBI (KaTepii iCikke Kapehl, 3eHIre Kapchl, OaKkTepusFa Kapchbl, HeHpoereHepauusra
Kapchl, TyOepKyJesre Kapchl, ©CyAl BIHTAIAHIBIPAThIH, TAMBIP TY3Tilll XaHe T.0.). By owcymvicmoly
maxcamol N-GeH3UIMETHIAMHH MEH WHIONWH Heridinae snementri (N-,0-,S-F-,Cl-) opranukaiibik
KOCBUIBICTAP/IBIH ~ KAaTapblHAA  OMOJOTMSUIBIK ~ OenceHnl  3aTrapibl  CHHTE3ACY, CHHTE3/ICNIeH
KOCBUIBICTAPBIH KYPBUIBICHIH aHBIKTAY )KOHE OHOIOTHSIBIK OCJICEHALTITH 3epTTey OobIn Tadbutaapl. N-
OCH3WJIMETHJIAMUH MEH HWHJOJIMHHIH KYKIPTKOMIPTEKIICH ©3apa OpeKeTTeCy peakuuschl Oenme
TeMIIepaTypachblHAa HATPHH TMIAPOKCHIIHIH KaThiCybIMeH 92 jxoHe 52% HIBIFBIMMEH 0acTamlKbl HaTpHi
nUTHOKapOamaTtrTapbl  CHUHTe3NeNnl.  Homuowcenep — men — maikwliay. 3eprrenreH  HaTpuid
OeH3uI(MeTHI)KapOaMOIUTHOATEl JKOHE HATPUH HHJOJINH-1-KapOOMMTHOATBIHBIH AlMIACHYI XKy3ere
achIpPbUIBL.  3epTTeNeTiH HaTpuil  OeH3WI(MEeTHI)KapOaMOJUTHOAThl JKOHE HATPUH  WMHAOIHH-1-
KapOOZMTHOATBIHBIH ~ XJIOPAHTHIAPHATEPMEH amMieHyl xmnopodopmua xkoHe 58-85% mIBIFBIMMEH
JUTHOKapOaMUH  KBIIKBULIAPBIHBIH ~ apOMATThl JKOHE T'€TCPOLMKIIAI THOAHTHUAPUITEPIHIH THICTI
TYBIHIBUIAPBIHBIH TY3UTyiHe okeseni. CHHTEe3IEeNreH KOCBUIBICTAPBIH KYPBUIBIMBI 3JIEMEHTTIK Tajay,
UK-cuextpnep, AMP 1H skone 13C cnextpockonuscel Herizinge ponennenai. Xana N-GeH3UIMETUIAMUH
MEH HH/IOJIMHHIH AUTHOKApOAMHUHIIK TybIHIBUIAPBIHBIH O6CY/Ii bIHTAIAHBIPATHIH OCICEHALTIr Ouaan MeH
COS TYKBIMIAPBIHBIH OHTIINTINI MEH 6©Hy OJHEprHsChlHA 3EPTXaHANBIK 3epTTeyliep IKYPri3uifi.
Kopuvimuinosi. Bunait TYKbIMBIH HaTpUi MHI07MH-1-KapOo I THOATEIMEH JKOHE
Oensun(meTun)kapoamonn-4-gropbensoinel  Tmoarunpuniver 0.001% KOHLIEHTPAIMACHHIA OHACY
Ke3iH/Ie J)KaKChl HOTHKeJIep alblHIbl. TYKBIMHBIH OHY SHEPTHsIChl MEH 3epTXaHAIbIK OHyi colikecinie KH-
2 (80% xone 90%) sranoHbIMeH cansicThipranaa - 100% xxone 100% Kypaznbl. 3epTreynep HOTHKECIHAS
TYKbIMIAp/bl JKaHA CHHTE3JEIreH MpenaparrapMer oHuey Oakpuiay (cy) sxoHe KH-2 stamonsiMeH
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(AKIMHON) caJbICTBIpFaHa Ougail OCKIHAEpPIHIH OHYl MEH OHYiH KapKbIHIbI TYpAE BIHTaJIaHABIPATHIHBI
AHBIKTAJIIbL.

Tyitinai cesmep: nutHoKapOamarTap, THOAHTHUAPUATEP, OCYAl bIHTANAHIBIPFBINI OejceHairiri, ounai
HKOHE COSl TYKBIMIAPHI
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Chemical Journal of Kazakhstan
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V]IK 54.057,547.5

SYNTHESIS AND GROWTH-STIMULATING ACTIVITY OF
TRIMECAINE ETHYL IODOETHANOATE

Dauletbakov A.A.1Z", Belyankova Y.O.1, Tursynbek S.Y.1, Anapiyayev B.B.2, Zolotareva D.S.12,
Ten A.Yu.r3 and Zazyhin A.G.12

1Kazakh-British Technical University, Department of Chemical Engineering, Almaty, Republic of
Kazakhstan
2School of Chemical & Biochemical Engineering, Satbayev University, Almaty, Republic of Kazakhstan
3JCS «A.B. Bekturovinstitute of Chemical Sciences»Almaty, Republic of Kazakhstan
E-mail: dayletbakovanuar@gmail.com

Abstract: Introduction.Novel activation methods such as ultrasonic activation and microwave
irradiation are becoming increasingly popular in the green synthesis of ionic liquids and ionic compounds.
The use of ionic liquids and ionic compounds is becoming more and more interesting for scientists
precisely because of their growth-stimulating activity.The purpose.Synthesisof trimecaine ethyl
iodoethanoatewascarried out via N-alkylation in classical conditions and using ultrasonicirradiation and
microwave-assisted synthesis. Methodology.Thestructure and functional groups of novel synthesized
substanceidentifiedby!H,13C NMRandIR,and growth-stimulating activity tested fortengenotypes of sweet
sorghum seeds. Thesynthesis of trimecaine ethyliodoethanoate was carried out via N-alkylation in classical
conditions and using microwave radiation and ultrasonic activation. Results.The synthesized ionic
compoundswere characterized by IR, 'H and 3C NMR, growth-stimulating activity was tested on ten
varieties and hybrids of sweet sorghum seeds. Alternative methods for the synthesis of ultrasonic and MW
activation showed a good result in the synthesis of N,N-diethyl-N-ethylethanoate-N-(2-(mesitylamino)-2-
oxoethyl)aminium iodide with a higher isolation yield in a shorter time compared to classical conditions.
Conclusion.The product with the highest yield is formed under MW irradiation in a short time, while
under classical conditions the yield was lower, and the reaction time was longer. The synthesized ionic
compound had a better effect on the energy and germination of all types of sweet sorghum seeds
compared to the control.

Key words: microwave-assisted synthesis, ultrasonicirradiation, trimecaine, germination capacity,
germination energy, sweet sorghum
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1. Introduction

Alternative activation methods such as ultrasonic activation and microwave
irradiation are getting more popular in green synthesis methodologies of organic
and inorganic substances[1]. The use of ultrasound (US) activation in
chemicalsynthesis in a liquid phase, can generate various physico-chemical
effects [2]. During ultrasonic activations, intense thermal, mechanical,and
chemical effects occur, leading to the phenomenon of -cavitation,
throughtheformation, growth, and collapse of gaseousmicrobubbles in the liquid
phase[3,4].Electromagneticradiation with a frequency in the range of 0.3-300
GHz, microwave (MW) band, can heat matter through a dielectricmechanism,
which may include dipolar polarization and ionicconductivity. This is the ability
of a material to absorb microwaveenergy and convert it into heat, causing
volumetric heating [5]. MW and US activation has been used to speed up a lot of
organic reactions with shorter times and higher yields[6].

One of the important applications of ionic liquids and ionic compounds, of
great interest to scientists, is their growth-stimulating activity. Plant growth
stimulants are substances that can speed up the metabolism and stimulate the set
of green mass in representatives of the flora; active compounds of the
physiological class, which in small quantities cause tangible changes of a positive
nature in the process of plant growth[7-8]. They can be of natural or synthetic
origin. The use of growth stimulants allows you to get a more lush, branched, and
voluminous plant, which in the end will bring a rich harvest[9-10]. They may also
include metabolic stimulants, since they speed up the metabolism, without which
it is simply impossible to achieve rapid growth.Various growth regulators such as
gibberellic acid, ethephon, and chlormequat are used to promote germination and
yield in sorghum[11].This report presents the synthesis and growth-stimulating
activity of a new ionic compound obtained by N-alkylation based on trimecaine.
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2. Experimental part

1. Materials and methods. The m. p. of ionic substance was
measuredinopencapillarytubeonanOptiMelt (StanfordResearchSystem). The 1H-
and *C-NMR spectrawererecordedusing a NMReady 60 MHz spectrometerat 25
or 30 °C by using CDCls as a solvent. IR spectra was recordedon a spectrometer
«Nicolet 5700 FT-IR» using KBr pellets. Thepurityofproductweretested by thin
layer chromatography onsilicaplates (SigmaAldrich®, Germany)
withiodinevaporsdevelopment. Thediethylether:ethanolmixtures (4:1 V/V and
5:1V/V) wereusedaseluents. The TLC spotsonthedevelopedplateswereobservedin
UV light (A = 254 nm). AllthereactantsandsolventsfromSigmaAldrich®.
AnultrasonicprobefromColeParmer (42 kHz, 100 W) and a
domesticmicrowavegenerator (80 W) wereusedforthereaction.
Theseparationandpurificationofsubstanceswascarriedout by
crystallizationfromappropriatesolvents.

Trimecainebase - wassynthesizedfromcommerciallyavailablehydrochloride
by neutralization, conditions and methods discussed in [12]. The equation of
synthesis trimecaine ethyl iodoethanoate from trimecaine base is given in
Schemel.

CHj CHs

+ CH,I-COO-C,H, ——=

H3C CH3 H3C CH3 |
CoHs /CHZCOOCZH5
HN\C/CHZ\N/ HN\C/CHZ\N+—C2H5
\ |
CoH
ﬂ C2H5 0 25

Scheme 1 — SynthesisofN,N-diethyl-N-ethylethanoate-N-(2-(mesitylamino)-2-oxoethyl)aminium
iodide.

Thesynthesis of the trimecaine ethyl iodoethanoate had been carriedout under
conventional method and using MW and US activation. The reaction time of
trimecaine base with ethyl iodoethanoate under normal conditions (reflux in
acetonitrile) and using ultrasonic and microwave activation is presented in Table
1. After completion of the process, the volume of the solution was evaporated by
half and cooled. The resulting isolated product was separated and purified by
crystallization, and the purity of the product was checked by TLC using a mixture
of diethyl ether and ethanol (5:1).

2. Spectral and other data for the N,N-diethyl-N-ethylethanoate-N-(2-
(mesitylamino)-2-oxoethyl)aminium iodide. 15 ml of acetonitrile was added to a
100 ml flask and 0.01 mol of trimecaine base was dissolved. After that, a solution
of 0.011 mol of ethyl iodoethanoate was added and the resulting solution was
boiled according to the classical method (75-82 °C). The same mixture of
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solutions was used in alternative methods, and the reaction mixture was placed in
a US reactor, and the contents were reacted under US conditions, parameters: 42
kHz, 100 W at 25-35 °C, while the solution of mixture wasplaced in a microwave
reactor, and the contents reacted under microwave irradition at 80-160 W at 25—
60 °C.

The N,N-diethyl-N-ethylethanoate-N-(2-(mesitylamino)-2-oxoethyl)aminium
iodide was separated as pale-yellow crystals after crystallization process. M.p.
125-128°C. IR (KBr), cm: 3179 (N-H), 1699 (C=0Oamide), 1481 (C s2=C sp2). ‘H
NMR (CDCls, 25 °C) §, ppm: 13.11 (N-H); 6.79 (C sp2H); 3.91 (CO-CH2-N");
3.71 (g, (-CH2-)N*-CH2-CHz3); 2.55 (Cspa-CHa); 2.42 (Csp2-CHa); 1.56(t, -CH3)N*-
CH2-CHs). *C NMR (CDCls, 25 °C) &, ppm: 161.11 (C=0); 134.89 (C sp2-NH);
128.9 (Csp2); 68.8 (CO-CH2-N); 53.7 (N*-CH2-CHs); 21.01 (Csp2-CHz); 20.07
(Csp2-CHs3); 8.17 (N*-CH2-CH).

The next stage of the experiment was to find out how the trimecaine ethyl
iodoethanoate solution affects the vigor of germination and the ability of
genotypes of sweet sorghum seeds, like Kiz-9 2015, Kaz-20 2015, UNL 3016
2014, Black top 2015, Kaz-8 2013, Victoria-4 2013, Baikadam 2019, Rio 2014,
Topper 76 2015, Kaz-16 2017. To achieve this goal, 0.01 and 0.001 % (by mass)
solutions were made with the new synthesized substance. Utensils and other
chemical glasswares were cleaned and dried in oven at 110°C for 50 min. All
genotypes of sweet sorghum seeds were sterilized with alcohol for 5-7 min and
washed several times with distilled water. For every sample, 10 Petri dishes were
used for standard and 50 dishes (20 seeds) for one solution of trimecaine ethyl
iodoethanoate. Seeds were added and arranged far from to each other without
touching the wall of dish. Before planting the seeds, the filter paper wetted with
water for control and solutions of trimecaine ethyl iodoethanoate for the
stimulating. The prepared examples were placed in an opaque cabinet with a
temperature of 22 to 25°C. Germination and and germination capacity were
measured according to the standard. The root length and shoot length of
germinated seeds were measured twice, i.e., 4 and 9 days after sowing. The
number of germinated seeds counted from every batch, which had 100 seeds. If
thefinalresultsofthegerminationofindividualbatchees didn’t exceedthe SD, as a
result, the arithmetic mean was determined with an exactly of one percent, the
batches were considered comparable.

3. Results and discussion

The rightimplementation of US and MW in the field of green
chemistrydepends on the scalability of the excellentlaboratory research results for
industrial use. Some preliminaryresults were encouraging on a continuous or
experimental scale, but it is important to demonstrate the possibleUS and MW
contributions that open doors for industrialapplications. Compared with the
classical method, the use of US and MW is a good method in organic synthesis, to
obtaining products with higher yields in a shorter time. The results of theN-
alkylation reaction with the different type of condition and an average yield of
productgiven in Table 1.
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Table  1-Thereaction time and yieldofN,N-diethyl-N-ethylethanoate-N-(2-(mesitylamino)-2-
oxoethyl)aminium iodide

Synthesis / reaction conditions Time, min Yield, %
Classical method (thermal activation) 90-120 82.8
US activation 30-40 79.4
MW activation 15-20 92.2

The greatest productivity is obtained with microwave-assisted synthesisinthe
shorter time, while in classical conditions the reaction time was 6 times longer at
a poor yield. Ultrasonic irradiation had almost the same yield results as the
classical method, but the reaction speed was faster.To study the growth-
stimulating activity of trimecaine ethyl iodoethanoatetowards the sweet sorghum
seeds, experimentshave been carried outwith a solution (concentration 0.001 and
0.01% by mass).Theaveragenumber of the resultsoftrimecaine ethyl
iodoethanoateon the effect of germination energy and capacity ofsweet sorghum
seeds with control (water), includingstandard deviation (SD)is given in Table 2.

Table 2-The results of N,N-diethyl-N-ethylethanoate-N-(2-(mesitylamino)-2-oxoethyl)aminium
iodideeffect on germination energy and capacity ofsweet sorghum seeds (concentration of solutions are
0.01 and 0.001 %; lengths of shoot and root in cm)

Germination energy, % Germination capacity, %

o Length of | Length of % Length of | Length %

N Genotype root shoot (Sb root of shoot | (SD +£3)
(SD (sD +3) (SD (SD
+0.05) +0.05) +0.05) +0.1)
Control(water

1 | Kiz-9 2015 0.7 1.2 10 0.4 14 10
2 | Kaz-20 2015 0 0 0 0 0 0
3 | UNL3016 2014 0 0 0 0 0 0
4 | Black top 2015 0 0.3 5 0 0 0
5 | Kaz-82013 0.2 0.4 10 0.7 14 10
6 | Victoria-4 2013 0 0 0 0 0 0
7 | Baikadam 2019 0.4 0.6 45 0.8 1.7 55
8 | Rio2014 0 0 0 0 0 0
9 | Topper 762015 0.9 1.6 35 0.9 24 25
10 | Kaz-16 2017 0.3 0.5 45 0.5 1.2 50

Tr.CH21-COO-C2Hs(0.01%)

1 | Kiz-92015 2.1 0.8 5 3.9 45 10
2 | Kaz-20 2015 1.9 1.2 15 3.7 49 20
3 UNL3016 2014 1.2 1.7 5 1.7 34 15
4 | Black top 2015 0.2 0.5 5 2.8 4.8 15
5 | Kaz-82013 0 0 0 0 0.3 5
6 | Victoria-4 2013 0 0 0 0 0 0
7 | Baikadam 2019 0.8 2.1 55 2.7 4.8 75
8 Rio 2014 0.7 1.2 30 1.6 2.7 35
9 | Topper 76 2015 0.7 1.7 45 14 4.8 50
10 | Kaz-16 2017 2.0 2,4 75 3.7 2.9 95
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Tr.CH21-CO0O-C2H5(0.001%)

1 | Kiz-92015 0.2 0.4 10 1.9 2.9 35
2 | Kaz-20 2015 0.3 0.4 5 0.4 0.6 20
3 | UNL3016 2014 0 0 0 0 0 0

4 | Black top 2015 0.2 0.3 5 0.7 2.3 25
5 | Kaz-8 2013 1.2 0.5 15 5.7 5.2 20
6 | Victoria-4 2013 0 0 0 0 0 0

7 | Baikadam 2019 0.9 2.2 80 3.2 5.7 80
8 Rio 2014 2.3 2.1 25 4.3 5.3 30
9 | Topper 76 2015 3.2 1.7 70 1.7 4.7 55
10 | Kaz-16 2017 2.7 2.9 80 3.6 5.8 100

The germination capacity in ethalon(water)was 55 %, in ionic substance
solution (0.01%) 75 % and in dilute solution (0.001%) 80 % in the genotype of
Baikadam 2019. Studies have shown that the solution of an ionic substancecan
improve the germination of seeds, and the energy of germination, increasing the
processes of gemmogenesis (the process of shoot growth) and the intensity of
rhizogenesis (the process of formation of the root system).Solutionof ionic
compoundwith different concentrationsaffected better to intensity of rhizogenesis
in genotypes Topper 76 2015and Kaz-16 2017than standard solution. The
germination ability and energy, including the intensity of rhizogenesis and
gemmogenesis, were higher when using a solution of trimecaine ethyl
iodoethanoatein all varieties of sweet sorghum seedthan standard solution
(control).Effect of a solution of ionic compound on gemmogenesis ofBaikadam
2019, Rio 2014, Topper 76 2015, and Kaz-16 2017 presented in Figure.

OcHoBHOM
OcHoBHoOM
OcHoBHOM
OcHoBHOM /
OcHoBHOM
OcHoBHOM
OcHoBHOM

OcHoBHOM
Baikadam 2019 Rio 2014 Topper 76 2015 Kaz-16 2017
e CONLrO| emm——(.01 0.001

Figure — The effect of growth regulatoron intensity of gemmogenesis.
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The germinated sweet sorghum seed of Baikadam 2019root length wastwice
longer in synthesized ionic compound than in control, as well as in genotype Kiz-
9 2015 root length in control was 0.7 cm when it was 2.1 ¢cm in 10 % solution.
The dilute solution of ionic compoundshowed the highest intensity to
thegemmogenesisand rhizogenesis of Kaz-16 2017.

4. Conclusion

Alternative methods of synthesis US and MW activationshowed greater
result in  synthesis  N,N-diethyl-N-ethylethanoate-N-(2-(mesitylamino)-2-
oxoethyl)aminium iodidewith a higher isolated yield in shorter time compared
with classical condition. The greatest mass of product is formed under
microwave-assisted synthesis, in a shorter time, while in classical
conditiontheproductivity was poor and reactionrate wasgreater. The synthesized
trimecaine ethyl iodoethanoatebetter influencedthe germination capacity and
energyfor all genotypes of sweet sorghum seeds compared with thecontrol. The
germinationenergy in control was 45 % while in ionic compound solution(0.01%)
it was75 % and in dilute solution (0.001%)showed80%germination energyfor
genotype of Kaz-16 2017. Thedilute solution of ionic compoundstimulates sweet
sorghum seeds better than water and concentrated solution.
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TPUMEKAWH 3TUJ HOAITAHOATHIHBIH, CUHTE3I JKOHE OCY- CTUMYJIATOPJIBIK
BEJICEHJAUITT

Maynemoaxoe A.A.12", Benankoea E.O.%, Typcvinoex C.bL, Ananuses B.B.%, 3onomapesa JI.C.12,
Ten A.FO.3 u 3azvioun A.I'.1?

LAK " Kasaxcman-Bpuman mexnuxanvix ynusepcumemi”, "Xumusinvix unoicenepusn” soliolmu-6itin 6epy
opmanviewl, Aimamel, Kazaxcman

2 K.H. Combaes amoinoazel Kazax yimmolx mexHukanwlk sepmmey YHueepcumemi, XuMusitolk j#CoHe
ouonocUANLIK MmexHoo2uANap uncmumymolt, Anmamol, Kazagcman

34K "A.B. Bexmypoe amvindazel Xumus uliimoapol uncmunymot”, Anmamel, Kazaxceman

E-mail: dayletbakovanuar@gmail.com

Tyitinneme. Kipicne. VIOHABIK CYHBIKTBIKTap MEH HMOHIBIK KOCBUIBICTAP/BIH KAChUT CHHTE3iHE
YIIBTPAABIOBICTHIK OCICEHIIPY JKOHE MHUKPOTOJKBIHIBI COYICICHIIPY CHSIKTHI KaHa OeJICeHIIpy dicTepi
OapraH caifblH TaHbIMan Ooibin Kenedi. VIOHIBIK CYHBIKTBIKTAp MEH HMOHJIBIK KOCBUIBICTAPIIbI KOJJIaHY
OJApABIH 6CYAl BIHTAIAHABIPATHIH OCICEH LI HE GailIaHbICTEI FaNbIMIAp YIIiH OapFaH CalbIH KBI3BIKTHI
Oonbin  keneni.Maxcamol. TpUMEeKanH STHIHOAITAHATHIHBIH CHHTE3l KIIACCHUKAJIBIK JKardaiiia JKoHe
MHKPOTOJIKBIH/BI COYJICJICHY Il JKOHE YJIbTPaIbIOBICTHIK O€JICEHAIpyai KOJAaHy apKbuibl N-aJKuiaey
apKBUIBI JKY3€Te aChIPbUIIBEL. Memoodonozuscet. CuaTesnenren nonablk Kocsuisic UK, TH xone 13C SIMP-
MEH CHIMATTAI/bl, 6CY/I BIHTAIAHABIPYIIBI OCICEHAUTIK TOTTI KyMail TYKBIMIAPBIHBIH OH COPTTApbl MEH
OynanaapblHAa ChIHAIBL YJIBTPaIbIOBICTHIK KOHE MHUKPOTOJIKBIHIBIKOEICeH ipy Oanama aaictepi N,N-
nuatun-N-stisranar-N-(2-(MecHTHIIAMIH ) -2-0KCOITHT)aMAH  HOJUAIH CHHTE3NCye KAKCHl HOTHKE
KepceTTi. MUKPOTOJIKBIHIBI COyJENeHIIPY OMICIeH >KOFapbl IIBIFBIMABL, KbICKa Mep3imue Tysce, al
KJIACCHKAJIBIK  JKaFjaiiapaa OHIMIUTIK TOMEH JKOHE peakius YyakbIThl — Y3aFrblpak  OOJIIbL.
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Hamuoiceci. [loctypai omicnieH canblcThiprania, yiabTpaiblObicThIK (Y]I) cHHTe3neyle ©HIM IBIFBIMBI
Oipneit OoiraHMeEH, peakiuus yakbITel YJ| cuHTe3neyne onie Kaipa TeMeH Oosuiabl. CHHTE3ZENreH
HMOHJIBIK KOCBUIBIC 0aKblTayMeH (CyMeH) CajbICTBIPFaH/A TOTTI KyMail TYKBIMIApPBIHBIH OapibIK Typiepi
MEH TCHOTHUNTEPIHIH OJHEPruschl MEH OHrimTiriHe Jkakcel ocep erri. Kaz-16 2017
reHoTUIlIHE,GaKbUIAY JaFbl OHY dHeprusichl 45% 6osica, MOHIBIK KochUibic epitinaicinme (102%) 75%, an
KOHLeHTpaLmsichl ToMeH epitinaine (10-3%) eny sueprusicsl 80% kepcerti.Kopbimubinobl. Kapanaiibim
nmocTypii onicteH Kaparanna MT xone Y] Gencenaipy omictepi anje Kaiaa jKOFapbl HOTHXKE KOPCETTI.
MoOHABIK KOCBUIBICTBIH CYHWBITBUIFAH EPITIHIICI TOTTI KyMai TYKBIMIAPBIHBIH OapibIK TYPIEpPIHIH 6HY
KYIIIl MEH OHTIIITIriHe, 0aKbUIay MEH KOHICHTIPIII epiTIHIICIHE KapaFaH/a )KaKChl 9Cep eTTi.

Tyitinai  ce3mep: TpUMEKaWH, HWOHIBIK KOCBUIBICTAP, MHKPOTOJIKBIHABI JKOHE YIBTPAIbIOBICTBI
AaKTUBTEHJIPY, TOTTI KyMaii, ecy OenceHaini
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Pe3tome. Bsedenue. CoBpeMEHHbIE METO/bl AKTUBALMM, TaKHe KaK YJIbTPa3ByKOBas aKTHBALUS H
MHKPOBOJIHOBOE OOJIy4eHHE, CTAHOBSTCS BCe Oojee MOMYJSPHBIMA B 3€JICHOM CHHTE3¢ HOHHBIX
JKUIKOCTE W HMOHHBIX coequHeHuH. [IpuMeHeHWe WOHHBIX JKHUAKOCTEH W WOHHBIX COEAWHEHUH
CTaHOBHTCS Bce 0oJiee HWHTEPECHBIM JUIi  YYCHBIX HMEHHO HMX  POCTOCTHMYJIHPYIOIICH
aKTUBHOCTBIO./[es1b. CHHTE3 ATHIIIHOI03TAaHOATa TPUMEKAWHA OCYIISCTBISUTH 1yTeM N-alKuiMpoBaHus B
KJIACCHYECKUX YCIOBHMSAX M C HCIIOJIb30BAaHHEM MHKPOBOJHOBOTO M3JIyYeHUS M YJIBTPa3BYKOBOH
akTuBauuu. Memooonoeus. CUHTE3UPOBAaHHOE MOHHOE COCAMHEHHE OXapaKTepu3oBaHO ¢ nomoupio MK,
1H u 18C SIMP, pocT-CTUMyIMpYIOIIasi aKTHBHOCTh MPOBEPEHA HA JECATH COPTaX M IUbpHUuax CeMsH
CJIQJIKOTO COpPro. AJIbTepHATHBHBIC METO/IbI CHHTE3a Y3 1 MB akTHUBalMK [OKa3ali BEICOKUI pe3ysibTaT
B cunrese N,N-muaTiin-N-stumsranoar-N-(2-(Me3u THIAMIHO)-2-0KCOITHII)aMUHKS  Hojuaa ¢ Golee
BBICOKHM BBIXO/IOM BBICJICHHUS 3a O0Jiee KOPOTKOE BPEMs 110 CPABHEHHIO C KJIACCMYECKHMH YCIOBHSMH.
Peszynomamor. IIpogyKT ¢ HauOONBIINM BBIXOIOM 00paszyercsi mpu MB o0nydeHHH 3a KOPOTKOE BpeMms,
TOrJa Kak B KJIACCHYECKHUX YCJOBHSX BBIXOZ OBLT HIDKE, a BpeMsi peakuuu Oosbine. CHHTE3UPOBaHHOE
HMOHHOE COCAMHEHHE JIy4llle BIMSIO Ha SHEPrHI0 M BCXOXKECTh BCEX BHJOB CEMSH CIAAKOTO COpro o
CPaBHEHHIO C KOHTPOJEM. DHEprusi MpopacTaHus B KOHTposie cocTaBiia 45 %, Torma kak B pacTBope
nonnoro coexunenus (102%) oma cocraBunma 75 %, a pacTtBop ¢ MeHbliel Konuentpanueit (102 %)
nokasain 80 % sneprum npopactanus juis reHotura Kasz-16 2017. 3axmouenue.Metoap! aktuBaiuu MB u
V3  mnokasaam  ropazgo  Ooiee  BBICOKME  pe3yldbTaThl, 4YeM  KJIACCHYECKHE  METOJBI
cunTe3a. CHHTE3UpOBaHHOE MOHHOE COSITMHEHHE JIyUIlle BIIMSUIO Ha SHEPrHIO MPOPACTaHHs U BCXOXKECTh
KO BCEM BHJIaM CEMsH CJIaJIKOr0 COPro MO CPAaBHEHHIO C KOHTPOJIEM.
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VAPOR-PHASE OXIDATION OF 2-METHYLPYRIDINE
ON V-Zr-O-CATALYSTS MODIFIED WITH TIN AND NIOBIUM
OXIDES

Yugay O.K.", Mikhailovskaya T.P., Kadirbekov K.A.

JSC «A.B.Bekturov Institute of Chemical Sciencesy, Almaty, Kazakhstan
E-mail: yu.ok@mail.ru

Abstract: Introduction. Vapor-phase catalytic oxidation of pyridine alkyl derivatives is an effective
method for obtaining a variety of physiologically active substances that are widely used in practice, as
well as for the synthesis of solvents, starting materials for the production of dyes, herbicides, etc. For the
process, a cheap oxidizing agent is used - atmospheric oxygen. Of great importance is the choice and
creation of an active and selective process catalyst. Basically, the oxidation processes are carried out in
the presence of catalysts based on vanadium oxide with the addition of transition metal oxides. The aim of
the work. Study of the behavior of V-Zr-O catalysts modified with tin and niobium oxides in the vapor-
phase oxidation of 2-methylpyridine. Metodology. Vapor-phase oxidation of 2-methylpyridine was carried
out in a flow-type reactor simulating an element of an industrial contact apparatus. The reaction products
were analyzed by chromatographic method. Results and disscution. It was shown that the component
composition of the contact determines the catalytic action in the studied process, affecting not only the
activity of the catalyst, but also the composition of the reaction products. By varying the conditions of the
vapor-phase catalytic oxidation of 2-methylpyridine, such as temperature, the molar ratio of the initial
substance:02:Hz0, it is possible to obtain both oxygen-containing derivatives (pyridine-2-aldehyde and
picolinic acid) and pyridine, a product of oxidative demethylation. Conclusion. It has been established that
pyridine, which is one of the important products of the vapor-phase oxidation of 2-methylpyridine, can be
obtained in 85.3% yield on a V-Zr-O catalyst modified with niobium oxide.

Key words: oxidation, 2-methylpyridine, catalyst, pyridine-2-aldehyde, picolinic acid, V-Zr-
O-catalyst, tin oxide, niobium oxide

Yugay Olga Candidate of Chemical Sciences, Associate Professor, Senior
Konstantinovna Researcher, e-mail: yu.ok@mail.ru, ORCID ID:
https://orcid.org/0000-0003-0301-6801
Mikhailovskaya Tatyana Candidate of Chemical Sciences, Associate Professor, Senior

Petrovna Researcher, e-mail: tanya2855@mail.ru, ORCID ID:
https://orcid.org/0000-0002-0987-0809

Kadirbekov Kairat Doctor of Chemical Sciences, Professor, Head of the laboratory, e-

Adyrbekovich mail: kkairati@mail.ru, ORCID ID: https://orcid.org/0000-0003-
3141-7661

Citation: Yugay O.K., Mikhailovskaya T.P., Kadirbekov K.A. Vapor-phase oxidation of
2-methylpyridine on V-Zr-O-catalysts modified with tin and niobium oxides. Chem. J. Kaz., 2022,
3(79), 101-109. DOI: https://doi.org/10.51580/2022-3/2710-1185.83

101


https://doi.org/10.51580/2022-3/2710-1185.83
mailto:yu.ok@mail.ru
https://orcid.org/0000-0003-0301-6801
https://orcid.org/0000-0002-0987-0809
mailto:kkairati@mail.ru
https://orcid.org/0000-0003-3141-7661
https://orcid.org/0000-0003-3141-7661
https://doi.org/10.51580/2022-3/2710-1185.83

KA3AKCTAHHBIH XUMHUAJIBIK 2KY PHAJIBI XUMHYECKHH )XY PHAJI KA3AXCTAHA

MHAPO®A3HOE OKUCJIIEHME 2-METUJINIUPUINUHA HA
V-Zr-O-KATAJIM3ATOPAX, MOJUDPULIUPOBAHHBIX OKCUJAMHU OJIOBA U HUOBU S

FO:zaii O.K.”, Muxaiinosckan T.II., Kadupoexos K.A.

AO HUncmumym xumuueckux Hayk um. A. b. Bekmyposa, Anmamei, Kasaxcman
E-mail: yu.ok@mail.ru

Pe3iome: Bgeoenue. TlapodasHoe KaTATUTHYECKOS OKHUCICHHE aJKHIIPOU3BOJHBIX MUPHANHA SBISIETCS
3¢ (GEeKTHBHBIM CHOCOOOM MONYYCHHS Pa3HOOOPAa3HBIX (PH3MOIOTHMYSCKH AKTHBHBIX BEIECTB, KOTOPHIC
HAaXOJIT IIMPOKOE MPAKTHYECKOE TIPUMEHEHHE, a TAK)XKE ISl CHHTE3a PAaCTBOPHUTEIICH, HCXOAHBIX BEIICCTB
JUISL TIPOU3BOJICTBA KpacuTee, repOuuuIoB u T.4. Jisl mpoBeaeHHs mpolecca UCHONb3YeTCs ACIIeBhIN
OKHCIIUTENIb — KHCIOPOJ BO3Ayxa. bBoNblioe 3HAYCHHWE WIPAcT BHIOOP W CO3JaHHEC AKTHBHOTO H
CEJICKTUBHOI'O KaTalu3aTtopa Ipoiecca. B OCHOBHOM, MPOIECCHl OKHCIICHUS MPOBOJAT B MPHCYTCTBUU
KaTaIN3aTOPOB HA OCHOBE OKCH/a BaHAIWSI C JOOABKAMH OKCHIOB EPEXOMHBIX METAILIOB. Llens pabompi.
Wzyuyenne moBenenuss — V-Zr-O-katanu3atopoB, MOAM(DUIMPOBAHHBIX OKCHIAMU OJOBAa U HHOOWS B
napo(ha3HOM OKHUCJICHHH 2-METHINUpUIUHA. Memooonoeus. VccnenoBanne mnapoha3HOro OKHCICHUS
2-MeTWINHPHIMHA TPOBOAUIIN B PEAKTOPE MTPOTOYHOTO TUIIA, MOJCIUPYIOIIEM 3JIEMEHT IPOMBIILICHHOTO
KOHTaKTHOrO ammaparta. AHaau3 MPOAyKTOB PEaKUMM MPOBOAWIM XPOMATOrpadU4ecCKUM METOAOM.
Pesynomamel u 06c¢ysrcoenue. BpIIo NMOKa3aHO, YTO KOMIIOHEHTHBI COCTaB KOHTAKTa ONpEIeNsieT
KaTAIUTHICCKOE JICHUCTBHE B H3yYEHHOM IMPOLIECCE, BIHSA HE TONBKO HA aKTHBHOCTH KAaTajln3aTopa, HO U
Ha COCTaB MPOIYKTOB peaKiuH. BapbupoBaHHeM yCIOBHI Mapo(ha3HOro KaTaJuTHYECKOTO OKHCICHHS 2 -
METHINHMPUANHA, TAaKUX Kak TeMIepatypa, MOJbHOE COOTHOUICHHe wHcxoaHoe BemecTBo:02:H20,
BO3MOXKHO IOJNYYUTh KaK KHCJIOPOJCOACP)KALIME NMPOU3BOIHBIC (MHUPUAHH-2-aJdbACTHA U HKOIHHOBAS
KHCJIOTA), TAK M MUPHIMH — NMPOIYKT OKHCIUTEIBFHOIO JASMETHINPOBAHUS. 3axmoueHue. Y CTAHOBICHO,
YTO MHUPUAMH, SIBISIOMIMHACS ~ OJZHAM W3  B&KHBIX INPOAYKTOB  Mapo(®asHOro  OKHUCICHHUS
2-MeTWINHUPHUIMHA, MOXeT ObITh modyueH ¢ BbixogoM 85.3% wna V-Zr-O-karanuzatope,
MOAU(HUIUPOBAHHOM OKCHIOM HHOOUSI.

KioueBsle cjioBa: OKHCIICHHE, 2-METUIITUPUINH, KaTAIN3aTOP, MUPUANH-2-aJbICT 1], THKOJIHHOBAS
Kuciora, V-Zr-O-katanuzaTop, OKCHJI 0JIOBa, OKCHT HUOOHS

FO:zaii Onvea Karnouoam xumuueckux nayk, accoyuuposanmwlii npogeccop,
Koncmanmunoena cmapuuil Hay4Hblil compyOHUK

Muxaitnosckas Tampsana Kanouoam — xumuueckux mHayk, —accoyuuposammvlii - npogheccop,
Ilempogna cmapwiuil HAyYHblil COMpYOHUK

Kaoupébexos Kaiippam Joxmop xumuueckux Hayk, npogheccop, 3agedyiowutl iabopamopueil
Aovipoekosuu

1. Beenenue

[IpoayKTHl OKUCIUTENBHBIX TPEBPANICHUI 2-METHIIMUPUANHA 00JIaIaroT
pa3HoOOpa3HBIMU, B TOM dYHCIIEe W (U3NOJOTHYECKH aKTHBHBIMHA CBOHCTBAMHL.
2-IlupunuHanpIeruy WCIONB3YEeTCsl B KAdeCTBE HWCXOMHOTO TMPOAYKTa JUIs
CHHTE3a JICKapCTBEHHBIX IIpemaparoB, repommmmoB [1], kpacutenein [2].
[lukommHOBasT KHCIOTa SBISETCA SHAOTEHHBIM MeTabommToM L-Tpunrodana
(TRP), xoropblii o0samaeT IIUPOKAM  CICKTPOM  HEHPOMPOTEKTOPHBIX,
UMMYHOJIOTHYECKUX U aHTUnponudepaTuBHbIX 3dekrtoB B opranuszme [3].
[IukonnHOBasi KHCIOTa M €€ a30TCOAEPIKalllMe MPOM3BOAHBIC MPUMEHSIOTCS B
KadecTBe OaKTEePULMAHBIX, MPOTHBOTYOEPKYIE3HBIX M APYTHUX JEKapCTBEHHBIX
nperapatoB. [lupumuH — cnenuduuecKuit pacTBOpUTENh ISl MHOTHX
OpPTaHWYECKHX BEIIECTB, TPYIHO PACTBOPHMBIX B APYTHX cpenax. be3BomHbIi
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MUPHUIMH MOXKET pPAaCTBOPAThH MHOTHE HEOPraHWYEeCKHE CONMH, B YaCTHOCTH,
Opomuza cepebpa u HUTpaTa cepedpa, HUTpaTa CBUHIA U T.A. [2].

B mporneccax mapohazHOro OKHCICHHS aJKHITPOW3BOIHBIX THPHAWHA B
OCHOBHOM HCITIONB3YIOTCA OKCH/THOBaHA/INEBbIE KaTaan3aTopsl,
MOIM(UIMPOBAHHBIC OKCHUIAMH  TEPEeXOAHBbIX MeTamioB [4]. M3BecTHsI
WCCIIEIOBAHNSA TI0 TIPUMEHEHHIO OWHAapHBIX (ochOop-TUTAHOBBIX, CypbMa-
TUTAaHOBBIX M (ochOpP-CypbMSIHBIX  KaTaliu3aTOpOB B OKHCICHHU
2-metunmupuguaa [5]. OkcuJy HHOOWMS — TPOMOTOP, KOTOPBIA TOBBIIIACT
KHCJIOTHOCTD, a TaK’K€ aKTHBHOCTh M CTAOMJIBHOCTH Karanmmsatopa [6, 7]. Oxcun
0JI0Ba CIOCOOEH YBENMYMBATh IMOABMXKHOCTH cBsizn V=0 B pemerke V205, uTo
MPUBOANT K YCHJICHHIO JFICCOIMAIMU TIOCJIENHEro M BoccTaHoBIeHHIO 10 VO2
[8].

Karamuzatop onpenenseT Kak HampaBJeHHE IIpolecca, TaK M €ro
spdextuBHOCTh. lloaTOMYy pa3paboTka HOBBIX AaKTHBHBIX M CEJIIEKTHBHBIX
KaTaJIn3aTOPOB SIBJICTCS] TIPUOPUTETHOW 3amadeii. Panee HamMu OBUIM H3Y4EHO
noBeneHue V-Zr-O-kaTaan3aTopoB, MOAUGHUIIMPOBAHHBIX OKCHIAMH OJI0BA H
HUOOWMSI, B Tapo(ha3sHOM OKHCIEHNH 3- 1 4-MeTnmupuanuos [4, 9]. B Hacrostei
cTaThe OBIJIO TPOBENCHO HCCIENOBAaHHE JITHX KaTaM3aTOPOB B MapodazHOM
OKHCIIEHUH 2-METUITTUPUINHA.

2. JKcnepuMeHTATIbHAS YaCTh

Hcxonuspiil 2-MEeTWIINIMPUIUH MAapKU «UYHCTBIH» IOCIE CYHUIKH M IEPETOHKU
UMeJ CIIeAYIONINe XapaKTepucTwkd: T.kum. 126-127 °C/694 wmm  pr.cT.,
ds?® =0.9547, np® =1.5018, COOTBETCTBYIOLIHME WHAWBUIYaIbHOMY BEILECCTRBY.
UccnenoBanne mnapoa3HOro OKHMCICHHS 2-METWINMPHIMHA MPOBOAMIM B
peaKTope IPOTOYHOI0 THIIAa U3 Hepxkaseromen cramu mmHod 1000 u auaMerpom
20 MM, MOAEIMPYIOIIEM O3JIEMEHT INPOMBIIUICHHOIO KOHTAKTHOI'O ammnapara.
CkopocTb nogauun 2-metwimupuanHa 35 r Ha 1 11 karaiauzaropa B yac. MonbHOe
orHonienue 2-mermwmupuani: O2: H20=1:15-30:0-80.

[IpooyKThl peakuuy yiaBlIMBajdM BOAOH B CKpyOOepax Tuma spiaudra.
KomuuectBo  2-mMeTwnnupuiuHa, TOHPUIMH-2-ajbleTHla W TNHPUAMHA B
KaTaJu3aTax ONpPeIelsuld XpoMaTorpauieckKuM METOAOM. Y CIIOBHSI POBEACHUS
xpoMaTorpaduueckoro aHanu3a npuseneHbl B [10]. IlukonnHOBYIO KHCIIOTY
OIIpENeNsUI  IOTCHIMOMETPUIECKMM THUTPOBAaHHEM AIMKBOTHI PEaKLMOHHOI
xkuakoctu pactBopoM KOH ¢ u3BecTHBIM THUTpOM ¢ HcHoib30BaHHEM pH-merpa
pH-150MHU. Anamu3z CO:2 mnpoBomwiu XpoMmartorpa@uyecKMM METOJAOM Ha
JETEKTOpe IO TeIUIONPOBOAHOCTH. AxcopOeHT 1ia onpexpenenuss CO2 —
IMomacop6-1 (0.16-0.20 mm). Temnepartypa Tepmoctara kosoHok 40 °C.

KaranuszaTtopel TOTOBMIM  CMEIIEHHEM COOTBETCTBYIOLIMX  OKCHIOB,
¢dopmoBanuemM, criekanueM. [locae TepMooOpadOTKH KaTaau3aTop U3MeIbuain 10
rpaHy’ pazMepoM 3-5 MMm.
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3. Pe3yabTarhsl 1 00Cy:KIeHHE

[apodazHoe okucieHWEe 2-METWINHMPHIWHA TPOBOIWIM Ha CMEMIaHHBIX
OKCHUIHBIX  BaHAJUEBO-LUPKOHHEBHIX  KaTalu3aTopax, IPOMOTHPOBAHHBIX
OKCHJaMH OJIOBa M HHOOWsS, B CONOCTaBUMBIX YyclioBusiX. Ha pucynke 1
IPEACTaBICHO BIMSIHUE TEMIEPaTypbl Ha KOHBEPCHIO M BBIXOZ OCHOBHBIX
MPOAYKTOB Mapoda3HOTO OKUCIEHUS 2-MeTWrpuanHa. KadecTBeHHBIH cocTaB
OPOAYKTOB PEAaKUUH ObUI ONMHAKOB M COCTOSI M3 IHUPUAMH-2-aJIbACTHIA,
MUKOJIMHOBON KHCJIOTHI, MUPUANHA U HETIPOPEarupOBABIIETO 2-METHIITHPHITHA.
OnHako HaOMIOJANOCH Pas3IM4yue B IIOBEICHHUU KaTalH3aTOPOB B HCCIEAYEMOM
npouecce. Tak, V-Zr-Sn-O-karaian3aTop NpOsSBUI BBICOKYIO aKTHBHOCTB: Y)Ke
nipu 250 °C KoHBepCcHs MUPUINHOBOTO OCHOBaHUS cocTaBisuia 63%. [loBeimenne
temriepatypsl 10 310 °C npuBeso K MpakTUYeCKH NOTHONH KOHBEPCHU HCXOAHOTO
BemectBa. V-Zr-Nb-O-Karanuzarop mokas3aa MEHBIIYI0 aKTHBHOCTb, O 4YeM
CBUJICTENILCTBOBAJIA KOHBEPCUS 2-METUIMMPHUANHA, COCTaBisABIIas Toibko 20%
npu 250 °C. Haxe npu temneparype 330 °C npeBpalieHle HCXOJHOTO BEIIECTBA
He mpeblmano 84.6%. Kak BuaHO M3 pucyHka 1 AeMeTHIMpYIOLINE CBOMCTBA
V-Zr-Nb-O-katanu3aropa cuibHee, yeM V-Zr-Sn-O-kaTanms3atopa, Tak Kak yke
npu 290 °C kpuBas BbIX0Ja MMPHUAMHA IPOXOAMIIA Yepe3 MakCUMyM B 37%.

100 A
100 B

=)
=

)

=

60 T

e

Conversion, Yield, %
Conversion, Yield, %

o W

MounsHoe cooTHomeHue 2-metuanupuana:02:H20=1:35:80.
O0o3HaYeHHe KPUBBIX: 1 — KOHBEPCHsI 2-METWIIUPUIMHA, Yo; BBIXOA, Y0:
2 — mUpUANH-2-anbJeTu;, 3 — MUKOJIMHOBAs KUCIIOTA; 4 — IMPUANH

Pucynok 1 — Oxuciienue 2-mMeTniinupuina Ha V-Zr-O-katanusatopax,
MOAN(HUIUPOBAHHBIX OKcHAaMu oJioBa (A) u Huobus (B).

Hanee ©Obuio  wuccnenoBaHo mnoBeneHue  V-Zr-Nb-O-karammzatopa B
napoa3HOM OKHCJICHHWM 2-METHJNHPHIMHA B Oojee IIMPOKOM JHana3oHe
TEMIIepaTyp U YCIOBHH.
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Ha pucynke 2 mpuBeneHBl AaHHBIE N0 BIMSHUIO TEMIIEPATyphl W BOIBI Ha
BBIXOZ OCHOBHBIX IPOAYKTOB Napo(a3HOro OKHUCIECHUS 2-METWINUPUANHA.
BBenenwne B 30Hy peakiyy napoB BOABI CIIOCOOCTBOBAIO BOBJICUEHUIO UCXOTHOTO
BEIECTBA B OKHCIWTEIBHBIA MPOIECC, O YeM CBHAETEIbCTBOBAIO IOBHIIICHHE
KOHBEPCUU HMCXOJHOTO IMHUPHIMHOBOIO OCHOBaHUs Oosee dem Ha 20% mpu
temneparypax 290-330 °C. Haumbonee cymiecTBEHHOE BIMSHHE Iapbl BOJIBI
OKazanu Ha oOpa3oBaHHME MUPUIMHA, BBIXOJ KOTOPOTO BEIpOC Oonee 4yeM Ha
35—40% n  cocraBun  76.6-80.0% Ipd  MOJIBHOM OTHOLIEHUU
2-metwmmupuaud: O2:H20 = 1:35:50-80.
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MonbHoe cooTHomenue 2-metrwmupuana:02:H20 = 1:35:0-80.
Bopa, monb Ha 1 Monb 2-metunnupuanna: 1 —0; 2 — 27; 3 —50; 4 — 80.
Oo6o3Hauyenue KpuBbix: A — KoHBepcust 2-MeTHIINUPUANHA; BBIXOJ, Yo:

B — nupuaun-2-anbaerun, C — nukonuHoBast Kuciota, D — mupuauH.

PucyHok 2 — BiisiHue TemiepaTypsl U J06aBOK BOJBI HA KOHBEPCHIO
1 BBIXOJI IIPOIYKTOB MApO(ha3HOT0 OKHCICHHS 2-METHIIITUPUIIHA
Ha V-Zr-Nb-O-karanuzatope

YMeHbIIeHne moaadun Bo3ayxa ¢ 35 10 15 Moib Ha MOJb 2 -METHIITHPUINHA
(mompHOE oTHomenue 2-metmnmupuauH:O2:H20=1:15:0-80) mpuBeno k pocTy
JIEMETHITUPYIOIIEH CIHOCOOHOCTH KaTalu3aTopa, BBIXOA MUPHINHA YBEIMIHIICS
oonee gwem Ha 50% mpu tremmneparypax 330-350 °C (pucyHok 3). [Ipu sToM obmias
KapTHHA 3aBUCHUMOCTH OOpa30BaHUS MPOIYKTOB PEaKIMH M KOHBEPCHUU
HCXOJHOT0 MUPUJIMHOBOIO OCHOBAHUS OT TEMIIEPATYphl IPU Pa3IMYHON MOjaye
BOABI HEC U3MCHUJIACH.
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MormnbHoe cootHommenue 2-metinmupuani:02:H20 = 1:15:0-80.
Bopna, Mosb Ha 1 Monb 2-metunmupuanna: 1 —0; 2 -50; 3 — 80.
O6o3HaueHne KpuBbIx: A — KoHBepcHs 2-MeTHIIUPUINHA;
BbIXOJ, %: B — nupumun-2-ansaerun, C — nukonuHoBast kuciaota, D — mupuaus.

Pucynok 3 — BimstHie TeMIrepaTypbl ¥ 100ABOK BOJIBI Ha KOHBEPCHIO
U BBIXOJI IPOYKTOB Napo(a3HOTO OKKCIEHHUS 2-METHUIIITHPUIHHA
Ha V-Zr-Nb-O-kartanuzarope

UzBecTHO, 4TO 1M00aBKM BOABI B PEAKIMOHHYIO 30HY MOIU(PUIIUPYIOT
MOBEPXHOCTh KaTaju3aTopa, YyBEIHUYWBas €€ KUCJIOTHOCTh M CIOCOOCTBYS
BOBJICUEHHUIO B OKMCIIMTEILHBIN mpouecc HCXOAHOro 2 -MCTHUJINPUINHA,
sBitromierocsi ocHoBanueMm [11]. CpaBHeHue mMoOBeIeHUS MOIH(PHUITMPOBAHHBIX
V-Zr-O-karanu3aTopoB MOKa3ajo, 4TO JOOABICHHE OKCHJa OJIOBa MPUBEIO K
o0pa3oBaHHIO B OonbHIeH CTENEHW KHCIOPOJICOACPKAMIMX IPOU3BOIHBIX
2-MeTunupuauHa (MMPUIUH-2-aJIbJCTHIa U TUKOJIMHOBOM KUCIIOTHI), B TO BpeMs
KakK 100aBKM OKCHIa HHUOOHWS CIIOCOOCTBOBAJHM YBEIHUYECHHIO JEMETHIIUPYIOIINX
CBOICTB M CHM)KCHHIO aKTUBHOCTU Karaiu3aropa. [Ipu 3Tom BBIXOX mupuanHa
nmocrurain 85.3%.

4. 3akjIr0ueHue

TakuMm 00pa3oM, MONTYyYEHHBIC IKCICPUMEHTAILHBIC JAHHBIC MMOKA3bIBAIOT,
4yTO BBeIeHHE MomuduIupyroomeld p06aBku B V-Zr-O-kaTanmm3aTop MO3BOJISET
BIIMATH HAa CEJICKTUBHOCTH IMpoIecca Napoda3HOro OKUCICHUS 2 -METUIITAPHUINHA,
IOOUBAsChH MPEUMYIIECTBEHHOTO obpa3oBaHus KHCJIOPOZICOICPIKAIINX
MPOM3BOAHBIX (MUPUIUH-2-aJIbACTH] M I[HKOJIMHOBYIO KHCJIOTY) WA JKE
MPOBOJUTH TPOIECC JO OKUCIUTEIHLHOTO JIEMETHIMPOBAHUS B MUPUJIMH.
BreneHre mapoB BOJbI B PEAKIMOHHYIO 30HY CIHOCOOCTBYET POCTY KOHBEPCHH
UCXOHOTO BEIISCTBA M YBEJIMYCHUIO CEJICKTMBHOCTH TpOIECcCa MO MUPUUHY.
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CyMMapHBI BBIXONl KHCJIOPOACOAEPKAIINX MPOU3BOAHBIX mgocturan 40-42%.
MaxkcuManbHbI BeIxOx TmpuauHa Ha V-Zr-Nb-O-karammsaTope cocTaBisut
85.3% mpu 350 °C.

dunancupoBanne: Padora BeimonHeHa B ViHcTHTyTe XMMUUeckux Hayk uMenn A.b. bektyposa no
mporpaMme I1esieBoro (huHaHCHPOBaHUS HAy4yHbIX ucciaenoBaHuii Ha 2021-2023 rr., oCyIIECTBIIEMOro
Komurerom Haykum MuHucTepcTBa 00pa3oBaHuss M Hayku PecnyOmukm KaszaxctaH, mo mnpoexTam
BR10965255.

Kondankr wHTEepecoB: ABTOpPHI 3asBISIOT 00 OTCYTCTBUM KOH(QJIMKTA WHTEPECOB MEXKIY
aBTOpaMH, TPEOYIOIIETO PACKPHITHS B JAHHOHN CTaThe.

BY KYHIHJIE 2-METAJIITAPUIUHAI HUIOBUM )KOHE KAJANBI OKCUATEPIMEH
MOJUDPUKALNUAIAHFAH V-Zr-O-KATAJIU3ATOPBIHJA TOTBIKTBIPY

F0zaii O.K.", Muxaiinosckan T.I1., Kaoupoexos K.A.

O.5. Bexmypos amvinoazel xumus ulavimoapsl uncmumymol AK, Anmamol, Kasaxcman
E-mail: yu.ok@mail.ru

Tyiiingeme. Kipicne. [lupuaus ankun TybIHIBUIAPBIH Oy KYHiHAE KaTalu3aTop KaTHICBIHIA TOTHIKTBIPY,
MpaKTHKaJa KEH KOJNJAHBIC TabaThIH opTYPJIi (PH3UOIOTHSIIBIK OSJICeH Il 3aTTapAbl alybIH THIMII 9ici
OombIn TaObLIAbl. AJBIHFAH OHIMAED epITKIIITepIi CHHTe3neyAe, OOSFBILITAPIbI, TePOULIMATEP/I JKIHE
T.0. 3aTTapiabl anyia naijanaHeuajbl.  Yepic OapbIChIHAA ap3aH TOTHIKTBIPFBINI — aya OTTeTicCi
KOJIIaHbUIaabl. Y JepicTi THIMI KYPTi3y/le KaTaln3aTOP/AbIH KYpaMbl MEH CEJICKTUBTLIIN YIKEH MaHbI3Fa
ue. TOTBIKTBIPY, BaHaqWil OKCHIl HETI3IHJEri KaTaln3aTOpJapblH aybICHalbl METaul OKCHATEPIMEH
KOCTachl KaTBICBIHAA JKYprisutemi. Byn owcymvicmoiy makcamel. By Ky#iHne 2-MeTHIMUPHIMHHIH
TOTBIFYbIHA KaJalbl JKoHE HHOOWI OKcHATepiMeH Moaudukaimsianran V-Zr-O-kaTalinu3aTtopiapbiHbIH
KaCHeTiH 3eprrey. Odicmeme. 2-METHWINUPHAUHHIH Oy-(a3alblK TOTHIKTHIPY OHEPKACINTIK KOHTAKTLII
amnmapaTTblH 3JEMEHTIH MMHUTALMSUIAWTBIH aFbIHIBI THOTI peakTopaa Kyprizingi. Peakuus enimaepi
xpomatorpadusIIbIK dAiCTIeH Tannauapl. Homuoicenep men mankvliay. ¥ ChIHBUIBII OTBIPFaH MaKallaHbIH
Makcatbl Oy KyHiHIe 2-METWINHPHIMHHIH TOTHIFYbIHA Kalailbl JKOHE HUOOMH OKCHATEpIMEH
Moaudukanusianran V-Zr-O-kaTanu3aTtopiaapblHblH KacHeTiH 3eprrey Ooubin Tabbutansl. Karamuszatop
KYpaMbl VZAepic JXKypyiHEe BIKIAJ €TyMeH KaTap, OHBIH OCJICEH[UIrIHE JKOHE peakuus eHIMACPIHIH
KYpaMblHa J]a 9Cep eTeTiHI TYXKbIpbIMAANabl. By Kyiinaeri 2-MEeTHUIIHUPUINHHIH
KaTaau3aTop KaThICBIHIA TOTBIFY JKaFJaillapblH ©3repTy apKbUIbl OHBIH OTTEKTI TYBIHJbUIAPBIMEH KaTap,
JNEMETHIIJICHY OHIMJEpiH anyra OONaThIHIBIFBI KepceTinai. Mplcansl, TemiepaTypa, 0acTamnkbl 3aTThIH
MospiblK KateiHackl :02:H20 e3repTy apKbuibl KypaMblHIa OTTEri Oap TybIHIbUIAPABI (MTHPHIHH-2-
aNpJeTHl JKOHE TMHUKOJIHH KBIIIKBUIBI) KOHE IEMETWIACHY OHIMI — NUPUAMHAI anyFa OoJajbl.
Kopuvimeinowi. By kyitinae 2-METHINMPUANHHIH TOTBIFYBIHBIH MaHbI3/IbI
oHIMEpiHIH Oipi 60BN TaOBUIATHIH MUPUINH HIBIFBIMBI HIOOMH OKCHUAIMEH MOAU(UKaLUsIaHFan V-Zr-
O kaTanu3aropbinaa 85.3% Kypanasl.

Tyiinai ce3jep: TOTHIKTHIPY, 2-METHINUPUIMH, KaTalu3aTop, NUPUANH-2-albJCTH], THKOJINH
KBIMIKBUIBL, V-Zr-O-katanu3aTop, Kajaaibl OKCHI, HIOOHH OKCHI
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Muxaiinoeckas Tambana Xumus  eviiblmoapuinbly — Kanoudamvl, OOYeHM, aed  bUIbIMU
Ilemposna KbizMemKep

Kaoupoexos Kaupam Xumust  ebLiblMOapoinbly — QOKMOpbLL,  npogeccop,  3epmxaua
Aovipbexynb Meneepyuici

107


mailto:yu.ok@mail.ru

KA3AKCTAHHBIH XUMHUAJIBIK 2KY PHAJIBI XUMHYECKHH )XY PHAJI KA3AXCTAHA

Cnucok JuTepaTypsbl

1. Cessna AJ., Grover R., Waite D.T. Environmental Fate of Triclopyr. Rev. Environ. Contam.
Toxicol., 2002, 174, 19-48. DOI:10.1007/978-1-4757-4260-2_2

2. Dapnepbung P. Iemepoyuxmuueckue coedunenusi. MockBa, HocTpanHast jutepatypa, 1953,
555c.

3. Grant R., Coggan S., Smythe G. The physiological action of picolinic acid in the human brain.
Int. J. Tryptophan Res., 2009, 2(1), 71-79. DOI: 10.4137/ijtr.s2469

4. BopoowseB II.b., Muxaiinosckass T.II., Caypambaesa JL.U., IOrait O.K. O wmexaHusme
MIPOMOTHPYIOLIETO NEHCTBHUS TUOKCHIOB 0JIOBA, THUTaHA M LIUPKOHUS HAa aKTHBHOCTb U CEJIEKTUBHOCTH
TPEXKOMIIOHEHTHBIX KaTalIn3aTOPOB OKUCIeHHs 3-MeTuinupununa. Xum. Kypn. Kas., 2015, 1, 21-31.

5. Al'kaeva E.M., Andrushkevich T.V., Zenkovets G.A., Babushkin D.E. Studies on the conditions
of synthesis of picolinic acid by heterogeneous catalytic oxidation of 2-picoline. Catal. Lett., 1998, 54 (3),
149-152. DOI:10.1023/A:1019000610586

6. Tanabe K. Catalytic application of niobium compounds. Catal. Today, 2003, 78(1-4), 63-77.
DOI:10.1016/S0920-5861(02)00343-7

7. I'pomos H.B. TBep/pble KHCIOTHBIE KaTaau3aTOPbl HA OCHOBE OKCHJIOB HUOOMS M LUPKOHUS IS
THAPOIN3aAeTUAPATAlMY LEJUTI0NO03b B TIIOKO3y U S-rHApokcHMeTHndypdypon. BmusHume meroma
MPUTOTOBIICHHUS HA KaTaJUuTHYECKHe CBOWCTBA. JKyph. Cub. edep. yn-ma. Xumus, 2020, 13(2), 283-296.
DOI: 10.17516/1998-2836-0182

8. Sachtler W.M.H., Dorgelo G.J.H., Fahrebfort J., Voorhoeve R.J.H. Correlation between catalytic
and thermodynamic parameters of transition metal oxides. Rec. trav. Chim.,1970, 89(5), 460-480.
DOI:10.1002/recl.19700890504

9. IOrait O.K., Bopo6ses ILB. [Tapodasnoe okucienne B- u y-nukosnuHoB Ha V-Nb-Zr-oxcupaom
karanusatope. Xum. JKypnu. Kas., 2016, 4, 293-301.

10. Bopo6bes I1.b., Muxaitnosckas T.I1., Kypmakeisel P., Hyxuo H.J. [TapunansHoe okucienue 2-
metnwianupuaraa Ha ouHapHeix V-Ti-O u V-Al-O karamusaropax. Xum. JKypu. Kas., 2014, 1, 167-174.

11. CysopoB B.B., I'my6okosckux JIL.K., Kan W.U. TlomyuyeHne nupuAMHA OKHUCIUTEILHBIM
JeMeTHnupoBanueM 2-mukosnia Ha VoOs. JKypn. npukna. xumuu, 1980, 53 (11), 2519-2521.

References

1. Cessna A.J., Grover R., Waite D.T. Environmental Fate of Triclopyr. Rev. Environ. Contam.
Toxicol., 2002, 174, 19-48. DOI:10.1007/978-1-4757-4260-2_2

2. Elderfield R. Geterociklicheskie soedinenija [Heterocyclic compounds]. Moscow, Foreign
Literature, 1953, 555 p.

3. Grant R., Coggan S., Smythe G. The physiological action of picolinic acid in the human brain.
Int. J. Tryptophan Res., 2009, 2 (1), 71-79. DOI: 10.4137/ijtr.s2469

4. Vorobyev P.B., Mikhailovskaya T.P., Saurambaeva L.l., Yugay O.K. O wmexaHusme
MIPOMOTHPYIOLIETO I[CﬁCTBI/IH JUOKCHUIOB OJIOBA, TUTaHA U IUPKOHHA HAa aKTUBHOCTb U CCICKTHUBHOCTH
TPEXKOMIIOHEHTHBIX KaTaJM3aTOpOB OKHCIeHus 3-MeTwinupuanaa [About mechanism of promoting
action of stannum, titanium and zirconium dioxides for activity and selectivity three-component catalysts
at 3-methylpyridine oxidation]. Chem. J. Kaz., 2015, 1, 21-31. (In Russian).

5. Al'kaeva E.M., Andrushkevich T.V., Zenkovets G.A., Babushkin D.E. Studies on the conditions
of synthesis of picolinic acid by heterogeneous catalytic oxidation of 2-picoline. Catal. Lett., 1998, 54 (3),
149-152. DOI:10.1023/A:1019000610586

6. Tanabe K. Catalytic application of niobium compounds. Catal. Today, 2003, 78(1-4), 63-77.
DOI:10.1016/S0920-5861(02)00343-7

7. Gromov N.V. Tverdye kislotnye katalizatory na osnove oksidov niobija i cirkonija dlja
gidrolizadegidratacii celljulozy v gljukozu i 5-gidroksimetilfurfurol. Vlijanie metoda prigotovlenija na
kataliticheskie svojstva [Solid Acid Catalysts Based on Niobium and Zirconium Oxides for Hydrolysis-
Dehydration of Cellulose Into Glucose and 5-Hydroxymethylfurfural. Impact of
Preparation Technique on Catalytic Properties]. Zhurn. Sib. feder. un-ta. Himija [SibFU’s Journal] , 2020,
13(2), 283-296. DOI: 10.17516/1998-2836-0182. (In Russian).

8. Sachtler W.M.H., Dorgelo G.J.H., Fahrebfort J., Voorhoeve R.J.H. Correlation between catalytic
and thermodynamic parameters of transition metal oxides. Rec. trav. Chim., 1970, 89(5), 460-480.
DOI:10.1002/recl.19700890504

108


https://www.scopus.com/authid/detail.uri?authorId=7402006014
https://www.scopus.com/authid/detail.uri?authorId=26026238500
https://www.scopus.com/authid/detail.uri?authorId=7005143078
https://dx.doi.org/10.4137/ijtr.s2469
http://link.springer.com/search?facet-author=%22E.M.+Al%27kaeva%22
http://link.springer.com/search?facet-author=%22T.V.+Andrushkevich%22
http://link.springer.com/search?facet-author=%22G.A.+Zenkovets%22
http://link.springer.com/search?facet-author=%22D.E.+Babushkin%22
http://link.springer.com/journal/10562
https://doi.org/10.1002/recl.19700890504
https://www.scopus.com/authid/detail.uri?authorId=7402006014
https://www.scopus.com/authid/detail.uri?authorId=26026238500
https://www.scopus.com/authid/detail.uri?authorId=7005143078
https://dx.doi.org/10.4137/ijtr.s2469
http://link.springer.com/search?facet-author=%22E.M.+Al%27kaeva%22
http://link.springer.com/search?facet-author=%22T.V.+Andrushkevich%22
http://link.springer.com/search?facet-author=%22G.A.+Zenkovets%22
http://link.springer.com/search?facet-author=%22D.E.+Babushkin%22
http://link.springer.com/journal/10562
https://doi.org/10.1002/recl.19700890504

ISSN 1813-1107, eISSN 2710-1185 Me 3, 2022

9. Yugay O.K. Vorobyev P.B. Parofaznoe okislenie B- i y-pikolinov na V-Nb-Zr-oksidnom
katalizatore [Vapor phase oxidation of B- and y-picolines on V-Nb-Zr-oxide catalyst]. Chem. J. Kaz.,
2016, 4, 293-301. (In Russian)

10. Vorobyev P.B., Mikhailovskaya T.P., Kurmakizy R., Chuhno N.l. Parcial'noe okislenie 2-
metilpiridina na binarnyh V-Ti-O i V-Al-O katalizatorah [Partial oxidation of 2-
methylpyridine on binary V-Ti-O and V-Al-O catalysts]. Chem. J. Kaz., 2014, 1, 167-174. (In Russian)

11. Suvorov B.V., Glubokovskikh L.K., Kan I.I. Poluchenie piridina okislitel'nym demetilirovaniem
2-pikolina na V20s [Obtaining pyridine by oxidative demethylation of 2-picoline on V20s].
Russ. J. Appl. Chem., (Engl. Transl.), 1980, 53(11), 2519-2521. (In Russian).

109



KA3AKCTAHHBIH XUMHUAJIBIK 2KY PHAJIBI XUMHYECKHH )XY PHAJI KA3AXCTAHA

Chemical Journal of Kazakhstan
Volume 3, Number 79(2022), 110-119 https://doi.org/10.51580/2022-3/2710-1185.84
V]IK 661.731.9

ETHOXYCARBONYLATION OF PENTENE-1 IN THE PRESENCE OF
PdCl2(PPhs)2-PPhs-AlICI: SYSTEM

Shalmagambetov K.M.1, Zhaksylykova G.J.1, Kanapieva F.M.L,
Kudaibergenov N.J.1, Abyzbekova G.M.2

1Al-Farabi Kazakh National University, Almaty, Kazakhstan
2Korkyt Ata Kyzylorda University, Kyzylorda, Kazakhstan
E-mail: banu.81@mail.ru

Abstract: Introduction: Reactions based on CO allow the synthesis of almost all oxygen-containing
organic compounds, which are important raw materials for obtaining practically valuable products of wide
consumption. Alkoxycarbonylation of olefins with CO and various alcohols in the presence of metal
complex catalysts synthesizes esters of carboxylic acids in one step. The purpose: In accordance with
previously synthesized ethyl esters of enanthic and 2-methylcapronic acids in the reaction of
ethoxycarbonylation of hexene-1 with CO in the presence of the catalytic system PdClz(PPhs)2-PPhs-
AICls in this work we planned to synthesize ethyl esters of capronic and 2-methylvalerian acids by
hydroethoxycarbonylation of pentene-1 with CO in the presence of the same catalytic system.
Methodology: The autoclave was sealed and then filled with CO to 1.5 MPa pressure. The pressure of CO
was brought to 2.0 MPa, the temperature was raised to 100°C for 1 hour and at this pressure and
temperature the reaction mixture was stirred for 5 h. Results and discussion: Experimental results show
that the reaction proceeds with the formation of two isomeric products of linear (EECA) and branched
structure (EE-2-MVA). Optimal reaction conditions have been found, at which the yield of the target
products (sum of isomeric esters of EECA and EE-2-MVA) reaches 74.72 %. Conclusion: The catalytic
activity of the three-component system PdClz(PPhs)2-PPhs-AlCls containing AICIs as a promoter in the
reaction of ethoxycarbonylation of pentene-1 has been established. The reaction proceeds with the
formation of two isomeric products of linear (EECA) and branched structure (EE-2-MVA).
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1. Introduction

Palladium-catalyzed carbonylation of olefins has been of industrial interest
for about five decades, as confirmed by several papers [1]. Syntheses of most
organic compounds based on carbon oxide (II) is an extensive and topical part of
modern organic synthesis. A wide range of oxygen-containing organic
compounds, which are valuable raw materials for obtaining medicines, pesticides,
plastic masses, synthetic fibers, etc., can be obtained on the basis of carbon oxide
(1. The vast majority of carbon oxide (1) based syntheses are catalytic [2].

Carboxylic acids and their derivatives (esters, anhydrides, amides, metal
salts, etc.) are high volume products and chemical intermediates. There are
several known ways of obtaining carboxylic acids and their derivatives by
carbonylation catalyzed by transition metals. Although oxidative carbonylation is
sometimes also called hydrocarboxylation or hydroetherification, it differs
significantly in that an oxidizer, usually air, is required to re-oxidize Pd° formed
in stoichiometric amounts to Pd?*In addition, the catalytic system also contains a
catalyst, usually a copper salt, to catalyze the conversion of Pd’/Pd?*, thereby
closing the catalytic cycle and stabilizing the Pd-catalyst [3-4].

Recently, Reppe carbonylation has received considerable attention. This
process is very versatile because it can transform not only olefins but also
acetylenes and dienes. It can also transfer a large variety of functional groups,
which makes it attractive in organic synthesis. The main agents are CO and a
nucleophile, usually water, alcohol, or acid, yielding a wide range of saturated or
unsaturated acids, esters, or anhydrides, respectively. When the nucleophile is
water or alcohol, the process is called hydrocarboxylation or hydroetherification,
respectively. Hydroetherification is sometimes also called
hydroalkoxycarbonylation or hydrocarbalkoxylation [3].

Oxidative carbonylation of unsaturated hydrocarbons catalyzed by
PdCl2(PPhs)2 can produce acids and their derivatives in a single step, but has the
disadvantage of producing complex product mixtures, lower yields of the target
product, and the need for complex separation processes. Despite these
disadvantages, Union Oil has developed a process to convert ethylene to acrylic
acids, and ARCO has announced the commercial availability of its technology to
convert butadiene to adipic and sebacic acids. It was reported in [3] that Pd(Il)-
monophosphine complexes like [PdCI2(PPhs)2] in combination with HCI were
active, although wunder rather harsh pressure conditions (300-700 bar).
Subsequently, it was found that the reaction could be carried out at much lower
pressures. This fact prompted several research groups, including us [3-9].

a-Olefins (alkenes) unsaturated acyclic hydrocarbons contained in petroleum
and natural gas products are widely used in petrochemical synthesis to obtain
plastic materials, some synthetic rubbers, ester chemical fibers and other
industrially important products due to their high reactivity, availability and
cheapness [10-11]. There are few publications about the use of Lewis acids metal
complex catalysts as promoters in the carbonylation reaction of organic substrates
with carbon oxide (1) [12-13]. In [13] it was found that some Lewis acids like
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Al(CF3sS0s)s and AI(CH3SOg)s are effective as promoters of palladium complex
based catalytic systems in styrene and pentene-1 hydroetherification reactions and
they can replace the Brensted acids traditionally used for this purpose. It is noted
that the use of AICIs as a promoter of metal complex catalysts in these reactions is
ineffective.

The catalytic activity of the three-component PdClz(PPhs)2-PPhs-AlCIs
system containing Lewis acid (AlCls) as a promoter in the ethoxycarbonylation of
pentene-1 was studied in the present work.

2. Results and discussion

We studied the catalytic activity of the three-component system
PdCI2(PPhs)2-PPhs-AlCls with dry aluminum chloride as a metal complex catalyst
promoter in the alkoxycarbonylation reaction of pentene-1 by Reppe synthesis.

In this work, we investigated the catalytic activity of metal complex catalyst
promoters for the hydroesterification reaction of pentene-1.

MKt
CHZZCH'CHz'CHZ_CH3 +C=0+ CH3_CH2_OH _—
CH3_CH2'CH2'CH2'CH2'(|::O + CH3_CH2_CH2'CH_C:O
O—CH,—CH - _
M 2~ Lh, () CHOH,C-CH

MKt — PdCI2(PPhs)2-PPhs-AICl3

1 — ethyl ester of caproic acid;
2 — ethyl ester of 2-methylvaleric acid

In order to compare Brensted and Lewis acids in this work, we used several
types of promoters. Para-toluenesulfonic acid was used as Brensted acid.
Aluminum trichloride was used as an example of Lewis acids.

Before that, Brensted acids were almost entirely investigated in scientific
works, and Lewis acids have been of interest only in recent years. The reaction
was found to proceed with the formation of two products (linear - ethyl ester of
caproic acid (EECA) and branched - ethyl ester of 2-methylvaleric acid (EE-2-
MVA)). Since the boiling points of these two isomers (EECA=168°C, EE-2-
MVA=152-153°C) are very close, their yield ratios were determined on an
Agilent 7890A/5975C chromato-mass spectrometer (USA) and an IR-Prestige 21
IR spectrometer by Shimadzu (Japan). The results of the chromato-mass
spectrometer and IR-spectrum are shown.

The activity of PdCIl2(PPhs)2-PPhs-AICls three-component catalytic system
with a promoter in the form of aluminum trichloride in the reaction of
ethoxycarbonylation of pentene-1 by Reppe was studied. The reaction conditions
(catalytic system components ratio, CO pressure, temperature, reaction time) were
determined and the effect of the target products (EECA and EE-2-MVA) on the
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yield of the target product was studied.

The ratio of the three-component system PdClz(PPhs)2-PPhs-AICls and the
reagent ratio in the ethoxycarbonylation reaction of pentene-1 at low pressure of
CO were studied. The pressure of CO as was investigated earlier was 2.0 MPa or
20 atm, the temperature required for the reaction was 100°C, the time required for
the reaction was 5 h.

Molar ratios of reagents [pentene-1]:[ethanol] in the ratio
[PACI2(PPhs)z]:[PPhs]:[AICIs]=1:6:7 in ethoxycarbonylation reaction of pentene-1
at low CO pressure have been determined. As a result, in the ratio [pentene-
1]:[ethanol]=435:550, the target yield was 61.16%, the linear yield was 50.92%,
and the branched yield was 10.24%. The results of the experiment are presented
below in Table 1.

Table 1 - Investigation of molar ratio of reactants at [PdClz(PPhs)2]:[PPhs]:JAICI])=1:6:7 in
ethoxycarbonylation reaction of pentene-1 and low pressure of CO (Pco=2.0 MPa, T=100°C, t=5 h)

Reagent molar ratio EECA* and EE-2- Yield, % (mass.)

Ne pentene-1:ethanol MVA** % Yield EECA*, Yield EE-2-MVA**,
(mass.)total yield % (mass.) % (mass.)

1 550:435 44.94 36.09 8.85
2 550:550 50.69 40.65 10.04
3 435:550 61.16 50.92 10.24
4 435:740 60.86 48.13 12.73
Notes: 1 EECA* - Ethyl ester of caproic acid.

2 EE-2-MVA** - Ethyl ester of 2-methylvaleric acid.

After studying the molar ratios of reactants in the reaction of

ethoxycarbonylation of pentene-1 at low pressure of CO the relationships of
three-component system ([PdCl2(PPhs)2]:[PPhs]:[AICIs]) were studied. As a
result, it was found that the optimum ratio of the three-component catalytic
system [PdCIz(PPhs)z]:[PPhs]:[AICIs] is 1:7:9, the total product yield is 68.74%,
the linear product is 57.06%, and the branched product is 11.68%. The results of
the experiment are given below in the Tables 2-3.

Table 2 — Investigation of the PPhsmolar ratios in the three-component system PdCl2(PPhs)2-PPhs-AlCl3
in the reaction of ethoxycarbonylation of pentene-1 at a low pressure of CO (Pco=2.0 MPa, T=100°C, =5
h)

EECA* and EE-2- Yield, % (ma:f:)l s

Ne Molar ratio of catalysts MVA** % Yield EECA*, l\/llev A 0/
(mass.)total yield % (mass.) 70

(mass.)

1 | PdCI2(PPhs)2-PPhs-AlCI3(1:5:7) 50.06 39.83 10.23

2 | PdCI2(PPhs)2-PPhs-AlCI3(1:6:7) 61.16 50.92 10.24

3 | PdCI(PPhs)2-PPhs-AlCIs(1:7:7) 62.32 50.38 11.94

4 | PdClz(PPhs)2-PPhs-AlCI3(1:8:7) 50.73 40.81 9.92

Notes: 1 EECA™* - Ethyl ester of caproic acid.

2 EE-2-MVA** - Ethyl ester of 2-methylvaleric acid.
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Table 3 - Investigation of AICIs molar ratio in the three-component system PdClz(PPhs)2-PPhs-AlICls in
the ethoxycarbonylation reaction of pentene-1 at low pressure of CO (Pco=2.0 MPa, T=100°C, t=5 h)

Yield, % (mass.)

Ne | Molar ratio of catalysts EECA* and EE-2-

PdCl2(PPhs)2-PPhs-AlICl3 MVA**, Yield EECA*, % Yield EE-2-

% (mass.) total yield (mass.) MVA** % (mass.)
1 1:7:5 66.72 55.53 11.19
2 1:7:7 67.04 55.59 11.45
3 1:7:9 68.74 57.06 11.68
4 1:7:12 57.09 44,76 12.33
Notes: 1 EECA™* - Ethyl ester of caproic acid.
2 EE-2-MVA** - Ethy| ester of 2-methylvaleric acid.

After investigation of molar ratios of reactants in ethoxycarbonylation
reaction of pentene-1 at low pressure of carbon oxide (Il) [pentene-
1]:[ethanol]=435:550 three-component system
[PACI2(PPhs)2]:[PPhs]:[AICIs]=1:7:9 the optimum temperature of process has
been determined. As a result, it was found that the optimum temperature of the
process was 100 °C. The total yield of the products was 68.74%, the yield of the
linear product was 57.06% and the branched product was 11.68%. The results of
the experiment are presented below in Table 4.

Table 4 — Investigation of the temperature effect on the yield of the target product in the presence of the
three-component system [CsHio0]:[C2HsOH]: [PdClz(PPhs)z;:[PPhs]:[AICIs] in the ethoxycarbonylation
reaction of pentene-1 at low pressure of CO (Pco=2.0 MPa, 1=5 h)

Temperature EECA* and EE-2- Yield, % (mass.)
Ne oC ' MVA**, Yield EECA*, % Yield EE-2-MVA**,
% (mass.) total yield (mass.) % (mass.)
1 90 52.3 429 9.4
2 100 68.74 57.06 11.68
3 105 60.3 44.62 15.68
4 110 50.41 42.03 8.38
Notes: 1 EECA* - Ethyl ester of caproic acid.
2 EE-2-MVA** - Ethyl ester of 2-methylvaleric acid.

Molar ratios of reagents in ethoxycarbonylation reaction of pentene-1 at low
pressure of CO [pentene-1]:[ethanol]=435:550, three-component system
[PACI2(PPhs)z]:[PPhs]:[AICIs]=1:7:9 and process temperature were studied, then
influence of duration of reaction was studied. As a result, it was found that the
optimum duration of the process was 7 h. The total yield was 72.74%, the linear
product was 59.06% and the branched product was 13.68%. The results of the
experiment are presented below in Table 5.
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Table 5 — Investigation of the influence of process duration effect on yield of target product in presence of
three-component system [CsH10]:[C2HsOH]:[PACI2(PPhs)2]:[PPhs]:.[AICIs]=435:550:1:7:9 in
ethoxycarbonylation reaction of pentene-1 at low pressure of CO (Pco=2.0 MPa, T=100 °C)

Time of EECA* and EE-2- Yield, % (mass.)
o o
* reacttri]gn, h| % (mat/;.\)/ total yield EECA*, % (mass.) (E;{;SZS:'I)\AVA**, %
1 5 68.74 57.06 11.68
2 6 70.56 58.06 1255
3 7 72.74 59.06 13.68
4 8 717 60.6 111
5 9 63.9 53.7 10.2
Notes: 1 EECA™* - Ethyl ester of caproic acid.
2 EE-2-MVA** - Ethyl ester of 2-methylvaleric acid.

Molar ratios of reactants in the reaction of ethoxycarbonylation of pentene-1
at low pressure of CO [pentene-1]:[ethanol]=435:550, three-component system
[PACI2(PPhs)2]:[PPhs]:[AICIs] =1:7:9, after studying the process flowing
temperature the influence of pressure was investigated. As a result, it was found
that the pressure, which showed the optimal result, was 2.0 MPa. The total yield
was 72.74%, the yield of the linear product was 59.06% and the branched product
was 13.68%. The results of the experiment are presented below in Table 6.

Table 6 - Investigation of process pressure effect on yield of target product in the presence of three-
component system [CsH10]:[C2HsOH]:[PdCI2(PPhs)2]: [PPhs]:[AICI5]=435:550:1:7:9 in
ethoxycarbonylation reaction of pentene-1 at low pressure of CO (t = 7 h, T=100°C)

Ne Study of system effect on EECA* and EE- Yield, % (mass.)
pressure, atm 2-MVA*™*, Yield EECA*, Yield EE-2-
% (mass.) total % (mass.) MVA**,
yeild % (mass.)

1 15 66.21 55.02 11.19

2 20 72.74 59.06 13.68

3 25 62.57 50.21 12.36

4 30 55.34 44.82 10.52

Notes: 1 EECA* - Ethyl ester of caproic acid.

2 EE-2-MVA** - Ethyl ester of 2-methylvaleric acid.

Thus, the three-component system PdCl2(PPhs)2-PPhs-AICIs with aluminum
trichloride promoter in the ethoxycarbonylation of pentene-1 at low pressure of
CO (>20 atm) was found to exhibit catalytic activity. Optimal conditions for the
process were found ([CsH10]:[C2HsOH]:[PACl2(PPhs)2]:[PPhs]:
[AICI5]=435:550:1:7:9; T=100°C; Pco=2.0 MPa; © = 7 h); the total product yield
reached 74.72%, the linear product-ethyl ester of caproic acid-59.06%, and the
branched product-ethyl ester of 2-methylvaleric acid—13.68%.
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IR and chromatography-mass spectroscopy of obtained products

The IR spectra of the product obtained by the reaction of
ethoxycarbonylation of pentene-1 with carbon oxide (II) and ethanol in the
presence of catalytic system PdCl2(PPhs)2-PPhs-AlCls.

The IR spectrum shows 1738.4 cm™ clear absorption bands of wavelength 1
(complex ether group C=0), 1033-1300 cm™ clear absorption bands
characterizing wavelength 1 (“ether bands") and 2857-2928 cm'* absorption bands
of CH-, CH2 - and CHs groups (CHs, CH2 and CH - groups).

The yield ratios (EECA + EE-2-MVA) of Agilent 7890A/5975C (USA)
chromatography-mass spectrometer of two products obtained by the reaction of
ethoxycarbonylation with ethanol and carbon oxide (lI) in the presence of
PdCI2(PPhs)2-PPhs-AICIs catalytic system, which showed high yield within
promoters.

3. Experimental part

Pentene-1  and  dichlorobis(triphenylphosphine)palladium,  SIGMA-
ALDRICH triphenylphosphine, absolute ethanol, reactive aluminum trichloride
and carbon (1) oxide without special purification were used as initial reagents.
The experiments were performed without the use of solvents in a laboratory
autoclave-type unit made of stainless steel. Due to proximity of boiling points of
isomeric products (esters) of linear and branched structure, their separation by
fractional distillation is impossible, their ratio was determined by chromatography
on Agilent 7890A/5975C (USA) chromatography-mass spectrometer.
Chromatographic conditions: 7890A gas chromatograph with 5975C mass-
selective detector from Agilent; mobile phase (carrier gas) - helium; evaporator
temperature 300 °C, flow drop (Split) 1000:1; column thermostat temperature,
beginning 40°C (1 min), temperature rise 5 °C per minute, end 250 °C, at this
temperature held 1 min, total analysis time 44 min; ionization mode of mass-
detector by electronic shock. HP-FFAP capillary chromatographic column,
column length 30 m, inner diameter 0.25 mm, fixed phase - nitroterephthalic acid
modified with polyethylene glycol.

Identification of the synthesized compounds was performed by infrared
spectroscopy. IR spectra were taken on a single-beam infrared spectrometer
"Ni(lzolet 5700" of Termo Electron Corporation (USA) in the region of 400-4000
cm™.

Ethoxycarbonylation of pentene-1. In a 100 ml steel autoclave, equipped with
an agitator and a carbon oxide (1) injection device, 2.23 g (3.17*102 mol) of
pentene-1, 1.16 g (2.51*10 mol) of ethanol, 0.091 g (3.46*10* mol) of PPhs,
0.054 g (4.04*10™* mol) of AICIs, 0.041 g (5.77*10° mol) of PdCI2(PPhs).. Ratio
of initial reagents and component of catalytic system
([CsH10]:[C2HsOH]:[PACl2(PPhs)2]:[PPhs]:[AICI3]) is equal to 550:435:1:6:7.

The autoclave was sealed, purged 2 times with carbon oxide (II) to remove
air from it, and then filled with CO to 1.5 MPa pressure. After that stirring and
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heating were switched on. The pressure of CO was brought to 2.0 MPa, the
temperature was raised to 100 °C for 1 h and at this pressure and temperature the
reaction mixture was stirred for 5 h. Then it was cooled to r.t. The reaction
mixture was fractionated under vacuum. As a result the total yield reached
74.72%, the linear product - ethyl ester of caproic acid is equal 59.06% and the
branched product - ethyl ester of 2 - methylvaleric acid — 13.68%.

4. Conclusion

The catalytic activity of the three-component system PdCIz(PPhs)2-PPhs-
AICls containing AICIs as a promoter in the reaction of ethoxycarbonylation of
pentene-1 has been established. The reaction proceeds with the formation of two
isomeric products of linear (EECA) and branched structure (EE-2-MVA).
Optimal reaction conditions have been found, at which the yield of the target
products (sum of isomeric esters of EECA and EE-2-MVA) reaches 74.72 %.
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MEHTEH-1-JI PACl2(PPhs)2-PPhs-AlClz )KYHECI KATbICBIHJA 3 TOKCUKAPBOHUJIJIEY
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Kyoaiioepzenos H.2K.1, Aovizoexosa I'.M.?
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Tyiiingeme. Kipicne. KeMmipTeri TOTBIFbIHA HETi3ACITeH peakuusuiap OapiblK AEpiik OTTeri 0ap
OpraHuKaJbIK KOCBUIBICTAp/bl CHHTE3ZEYre MYMKIHIIK Oepeni, onap ic JKy3iHOe KYHJAbl OHIMAEpAl aimy
YUIH MaHbI3Abl [mKizaT Oonbim  TaObutagpl. Onedunmepai CO  koHE OpTYpdi CHHMpPTTEpMEH
QIKOKCUKapOOHMIIICY  apKbUIbl  METAJUIKOMIUIEKCTI  KaTalu3aTopiapiblH  KAaThICybIMEH KapOOH
KBIIIKBUIIAPBIHBIH 3(QHpIepiH Oip caTbiFa CUHTE3Aeyre MYMKIHAIK Oepei.

byn orcymvicmuiy maxcamel. BYpeIH CHHTE3IENTEH SHAHTA XKOHE 2-METHJIKAIPOH KbIMIKBUIBIHBIH 3THII
adupnepine coiikec PdACl2(PPhs)2-PPhs-AlCIs xatamutukanslk sxyifecidi KaTeicybIMeH rekceH-1 CO
ITOKCUKApOOHWIIJICHY PEaKIMACHIHAA OCBHI JKYMBICTA YKCAC KaTaJMTHKAJIBIK JKYHEHIH KAThICYBIMEH
neHteH-1  CO  THAPOITOKCUKAPOOHWIJECHY  pEaKIMSACHIMEH KalpoH JKOHE — 2-MeTHJBalepuaH
KbIIKBUIIAPBIHBIH ~ OTWJI  S(UPIEpIHIH  CUHTe3lepl  KocmapiaHraH.  ©Odicmeme.  ABTOKJIaB
caHpl1aycbi3gansbln, cofan keiin CO-Hbl 1.5 MIla kbickiMbiHA JediH TonTeipbligbl. CO KbichiMbl 2.0
MIla neiiin xeTkizinmi, Temneparypa 1 carar iminge 100°C neitin kertepinai »koHe OyJI KBICHIM MEH
TeMIeparypaja peakLus Kocrmackl 5 caraT OOibl apanacTelpbUlIbl. Homuoicenep men mankwiaay.
Toxipube HOTHKENEpi peakuusHblH ChBBIKTHIK (KKDD) xoHe TapMakTanran KypsuibiMis! (2-MBKDD)
€Ki M30MEepIIiK OHIMIHIH Ty3LTyiMeH XXYPETIHIH KepceTTi. PeakIisHbIH OHTAWJIBI MIAPTTAPHI TAOBLIIBI,
OHZIa MakcaTThl eHiMiepaiH wWbFbIMEL (KKDO xone 2-MBKDD uzomepitik 3¢upiepiHiH KOCBHIHIBICHI)
74.72% xetti. Kopoimuvinovl. TlenteH-1 3TOKCHKapOOHMIACHY peakuuschiHaa mpomotop petinae AlCIs
6ap PdCl2(PPhs)2-PPhs-AlCI3 yur KOMITOHEHTTI KYHECiHiH KaTaJuTHKAIBIK OeJCEHAUIr aHBIKTAIIbL.
Peaxuus ce3bikThIK (KKDD) xione TapmakTanran KypsuibiMabl (2-MBKDD) exi usomepii eHiMiHIH maiga
00JTyBIMEH KYPETIHIr aHBIKTAJIIIBI.
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ITOKCUKAPBOHUJIMPOBAHUE NMEHTEHA-1 B NPUCYTCTBUU CUCTEMbI
PdCI2(PPhs)2-PPhs-AlICls
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Pe3tome: Beeoenue. Peakimm Ha ocHoBe CO mO3BOJSIOT CHUHTE3HMPOBATh IPAKTUYECKH BCE
KHCJIOPOJICO/ICPIKAIIE OPTaHUYECKHE COCIUHEHHMSI, KOTOPBIE SIBIISIOTCS Ba)KHBIM CBHIPHEM JUIS TIOJIyYCHUS
MPaKTUYECKH LEHHBIX MPOJYKTOB HIMPOKOr0 MOTPeOIeHHs. AJKOKCHKapOOHWIUPOBaHHE OJE(PHHOB C
nomMo1pio CO ¥ pa3IMYHbIX CIIMPTOB B MPUCYTCTBUH METAITIOKOMITIEKCHBIX KaTaJlH3aTOPOB CHHTE3UPYET
CJIOXHBIE d(UPBl KapOOHOBBIX KHCIOT B OAHY cramuio. [lenv pabomwul. B cootBeTcTBUM C paHee
CHHTE3UPOBAHbIMM OSTWJIOBBIMU S(GHpPaMH SHAHTOBOH W 2-METHJKAIIPOHOBOH KHCIOT B peaKlHH
sToKcuKapOoHmmpoBanus rekcera-1 ¢ CO B mpucyrctBun Katamutuueckoit cuctemsr PACl2(PPhs)e-
PPhs-AICIs B manHOii paGoTe 3alUTaHHPOBAaHBI ~ CHHTE3bl JTHIIOBBIX 3(GHPOB KAIPOHOBOW W 2-
METHJIBAJICPUAHOBOM KHCIIOT peaklueil THIPOITOKCUKapOoHmInpoBanus neHteHa-1 ¢ CO B IpHUCYTCTBUU
QHAJOTMYHOM KaTaJUTHYECKOH cUCTeMbl. Memodonoeus. ABTOKIAB TePMETU3HPOBAIN U  3aTEM
sanonHuin CO no naenenus 1,5 MIla. [lapnenne CO nosogunu g0 2,0 MIla, temnepaTypy MOBBIIATN
10 100°C B Teyenre 1 4 ¥ TpH 3TOM JABIEHUU U TEMIIEPATYPE PEAKIMOHHYIO CMECH MEPEMEIINBAIM B
TeyeHue S5 4. Pesyrbmamul u oOcyscoenue. Pe3ynbTaThl SKCIEPUMEHTOB ITOKA3BIBAIOT, YTO PEAKLUs
MPOTEKaeT C O00pa3oBaHMEM [BYX H30MepHBIX mpoxykroB nuHelHOH (DOKK) u pasBerBicHHOMN
cTpykTypbl (33-2-MBK). HaiifieHbl onTuMaibHbIC YCIOBHUSI PEAKIMH, IPU KOTOPBIX BBIXOJ ILIEJIEBBIX
npoaykToB (cymma uzomepHsix s¢upoB O9KK u 33-2-MBK) nocturaer 74.72 %. 3axnouenue.
VcraHOBIEHa KaTaJlUTHYECKas aKTHBHOCTh TpexkoMmoHeHTHO# cucteMsl PdACl2(PPhs)2-PPhs-AlCls,
comeprkameit AlCIs B kagecTBe mpoMoTOpa, B peakuun 3TOKCHKapOOHUIMPOBaHUS MeHTeHa- 1. Peakims
npoTekaeT ¢ 00pa3oBaHHWEM JBYX H30MEpHBIX MHpoaykroB suHeiinoro (3OKK) u pa3BeTBICHHOrO
ctpoenus (33-2-MBK).

KaroueBble cioBa: mneHteH-1, oxcup yriaepoma  (Il), compTel, 3TOKCHKapOOHHIMPOBAHHE,
METaJUIOKOMILIEKCHBIE KATAH3aTOPBI
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DETERMINATION OF THE AREA OF CRYSTALLIZATION OF A
NEW DOUBLE COMPOUND IN THE SYSTEM MONOMETHYLOL
UREA-MOLYBDENUM PHYTO COMPOUND-WATER

Ramazanova E.N.”, Usmanov S., Fischer D.E., Balgyn T., Yeserkeeva N.N.

JSC “A.B. Bekturov Institute of Chemical Sciences ”, Almaty, Kazakhstan
E-mail: elzira82@mail.ru

Abstract. Introduction. The used seed protectants of agricultural crops, and in particular cotton,
with a shortage of nitrogen fertilizers, do not provide plants with additional nitrogen in the required
volume. In this article, the task is set to create an active and on its basis a perparative form of a
composition of multifunctional action, which allows simultaneously reducing diseases of cotton plants,
increasing the accumulation of easily hydrolyzable nitrogen in the soil and obtaining a high yield of raw
cotton. The purpose. Study of chemical interaction in a three-component water-salt system
monomethylolourea (MMM) - molybdenum phytocomposition (FSMo) - water by visual-polythermal and
isothermal methods. Objects. MMM, FSMo, double compound MMM-+FSMo-active substance Results. The
binary systems MMM-water and FSMo-water, which are part of the system under study, were studied
from the complete freezing of the system -3.4 + 45.4°C (MMM) and -1.3 + 43.2°C (FSMo). The triple
MMM-FSMo-water system was investigated at temperatures from -11.0 + 40.0 °C, by six internal
sections; of these, I-1V were carried out from the MMM-water side to the top of the molybdenum
phytocomposition, and V-VI from the FSMo —water side to the top of the MMM formed in the
temperature range -6.9 + 35.2°C at a content of 3.7-38.3% MMM and 5.1-6.5% FSMo. Conclusion. Thus,
by visual-polythermal and isothermal methods of physico-chemical analysis, the region of crystallization
of a new double compound — an active substance based on monomethylolourea and a phyto-compound of
molybdenum at a molar ratio of 1:1 has been established.

Key words: active substance, monomethylol urea, molybdenum phytocompound, visual-
polythermal method, isothermal method.
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ONPEJIEJEHUE OBJACTUA KPUCTAJUIAZALIMA HOBOI'O JBOMHOIO COEIMHEHUS
B CUCTEME MOHOMETUJIOJIMOYEBHUHA-®PUTOCOEJUHEHUE MOJIMBJIEHA-BOJA

Pamaszanosa 3.H.", Yemanos C., Quwep JI.E., Banzoin T., Ecepkeeca H.H.

AO «HUncmumym xumuveckux Hayk umenu A.b. Bexmypoeay, Anmamei, Pecnyboiuka Kazaxcman
E-mail: elzira82@mail.ru

Pe3iome. Bseoenue. Vcrionbp3lyeMbie TPOTPABUTENN CEMSIH CEIbXO3KYIbTYP, U B YACTHOCTH XJIOMMYATHUKA,
npy JeUIUTe a30THEIX yJOOPCHUH He 00eCIeYMBAIOT PACTEHHS JONOMHHTEIFHEIM a30TOM B HYXXHOM
obveMe. B nanHHOIl craThe cTaBHTCA 3ajauya O CO3JAaHMIO JEHCTBYIOIIETO M HAa €ro OCHOBE
neprnapaTuBHOW (HOpPMbI KOMIO3ULMH HOIU(YHKIIMOHATIBHOTO ASHCTBHS, MO3BOJIAIONIAS OJHOBPEMEHHO
CHM3UTH OOJIE3HHM PACTEHMH XJIOMYATHHUKA, YBEIMYNTh HAKOIUICHHUE B ITOYBE JIETKOTH/POJIM3YyEMOro a30Ta
U TOJYYUTh BBICOKOTO YpOKas XJomka-cbipua. [lens. V3ydeHue XHMHYECKOrO B3auMOACICTBUS B
TPEXKOMIIOHEHTHOH BOJHO-COJIEBOH cucteMe MoHomerunonmouesuna (MMM) - c¢urocoenuneHue
monubaeHa (PCMo) - BoJa BU3yalbHO-TIOIUTEPMUUECKUM U M30TEPMUUECKHM MeToxaMu. ObOvekmul.
MMM, ®CMo, nBoiiHoe coenuHeHne MMMe®CMo-zelicTBytomEee BELUIECTBO. Pesyibmamsl  u
obcyocoenue. bunapupie cuctembl MMM-Boma 1 ®CMo—Bozaa, BXOIALIME B COCTaB HCCIEIYyEMOi
CHCTEMBbI M3y4YeHBI OT HOJIHOTO 3amep3aHusi cucTeMbl -3.4 + 45.4°C (MMM) u -1.3 + 43.2°C (®CMo).
Tpoitnas cucrema MMM-®CMo-Bona uccienoBana mpu temmneparype ot -11.0°C + 40.0°C, mectsio
BHYTpEHHMMH paspe3amu; u3 Hux I[-IV mposenenel co croponst MMM — Boja K BepLIMHE
¢urocoenuneHus MomubaeHa, a V-VI co croporsr ®CMo — Boma — kx BepmmHe MMM. Awnamus
JarpaMMbl  PacTBOPUMOCTH TMOKazaji, uTo coeauHeHne MMM-®CMo o6pasyercss B HHTEpBaie
temmeparyp -6.9 + 35.2°C mpu cogepxanun 3.7-38.3% MMM u 5.1-6.5% ®CMo. UzorepMuueckuM
METO/IOM TIipu TemriepaType 25°C yCTaHOBIICHO, YTO B MHTEpBaJie KOHICHTpaIiKu pactBopoB 12.2-9.8%
MMM u 2.8-5.4% ®CMo B cucteme kpuctaiuiusyercss MMM, npy KOHIEHTPaMOHHOM HHTepBalie 5.7-
2.1% MMM u 12.3-15.5% ®CMo xkpucrammsyercs ®CMo, a B mHTepBase KoHIeHTpanuii 8.2-6.4%
MMM n 6.2-93 % ®CMo u3 pactBopa B JIOHHYIO a3y Bbigensercs coeaunenne MMMe®CMo.
3axmouenue. Bu3yalbHO-TIOJIUTEPMUYECKUM W HM30TEPMHUYECKUM METOIAaMU XMMHUYECKOr0o aHaJln3a
HM3y4eHO XMMHUYECKOE B3aMMOJICHCTBHE B TPEXKOMIIOHEHTHOH BOAHO-coneBoii cucreme MMM-®CMo-
H20. YcraHoBieHa 0061acTh KPUCTAJUIM3ALMK HOBOTO JBOMHOIO COSIMHEHUs — NEeHCTBYIOLIEro BEIIeCTBa
Ha ocHoBe MMMe*@®CMo npu MonbHOM oTHOmeHuu 1:1.

KiroueBsle clioBa: eiicTBYOIIEE BELIECTBO, MOHOMETHUIIONMOYEBHHA, (PUTOCOSAMHECHIE MO0 ICHA,
BU3YaJIbHO-TIOJIATEPMUYECKUIT METO/I, N30TEPMHUYECKUI METOI.

Pamazanoea dnv3upa Hypadunoena  HayuHwill cCOMpyOHUK

Yemanoe Cynman npogeccop, OOKMop MexXHUYeCKUx Hayx.
Quuwep /lamemken Eounoena KAHOUOAm XumMuyeckux HayK

Toakwvin Banzoin MAAOWULL HAYYHbBLU COMPYOHUK
Ecepkeesa Hazzyn Hypkacvimogna MAAOWULL HAYYHBIU COMPYOHUK

1. BBeaenue

Ha moceBax cenbCKOXO3SHCTBEHHBIX KYIBTYp U B YAaCTHOCTH XJIOTTYATHUKA
MPOTHB (hOTOrEHOB MCIOB3YIOT (PYHT UK IBL. [IpHHIMEHSbIC B paCTEHUBOICTBE,
B HACTOSINEE BpEeMs TMPOTPABUTEIM CEMSH XJIOMYATHHKA, pa3paboTaHHBIC
WHOCTpaHHBEIMU KommanusMu, umeror |l 11l kmacc TokcwmuHOCTH M HETaTUBHO
BIIMSIOT Ha TMOYBeHHBIE OmoThl [1]. PaspaGorammeie B Hawame 2000 romoB
MaJOTOKCHYHBIC IPOTPABUTENH CEMSH HE OTBEYAIOT TPEOOBAHUSM ITPAKTHKH [2].

Jlyis penieHus HEIOCTATKOB Pa3pabOTaHHBIX M KMCIOIb3yeMBIX Ha MOCEBAaX
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XJiomyaTHUKa npotpasureneil cemsH B AO «HCTUTYT XUMHYECKHX HayK NMEHHU
A.b. bektypoBa» OBLIH MPOBEIEHBI UCCIICJOBAHUS TEOPETHIECKUX OCHOB CHHTE3a
JNEHCTBYIONIETO  BEIIeCTBA W MPEMapaTuBHOM  (QOPMBI  KOMIIO3WUIIUU
oMM (YHKIIMOHAIGHOTO JIEWCTBAS Ha OCHOBE MOHO-, TUMETHIIOJIMOYEBUHBI U
(urocoenuHEeHW Memu, NWHKA W KoOanmbTa IS APOMPAIUEAHUs CEMSH
XJIOITYATHUKA, 706blueHuss ypokas M Kavecmea Xjiomka-ceipma [3-11]. Ilpwm
BBICOKOH 3((eKTUBHOCTH pa3paOOTaHHBIX NEHCTBYIOIIMX BEIIECTB M Ha HX
OCHOBE TIpenapaTuBHBIX (OPM KOMITO3HUIIHI MO YHKITNOHATIBHOTO IEHCTBUS B
ciydae neduiuTa a30THOTO MUTAHWUS HAOJFOMAIOCh CHUKEHHE YpoKas XIIOIKa-
CBIpIIa M KayecTBa BOJIOKHA.

Jus noBbeiieHns 3¢GQGEKTUBHOCTH KOMIO3HMIIMKA TpH Ciydae aeduuura
azotHoro nutanus B 2018-2020 rr. AO «MHCTUTYT XMMHYECKHX HayK MMEHHU
A.B. BekrypoBa» o mporpamme IesieBoro (pUHaHCHPOBAHHUS OBLTH IMPOBEICHBI
UCCIIEIOBAHNS TI0 CHHTE3y JEHCTBYIOUIMX BEIIECTB U TEXHOJOTMH MOITyYEHHS
MperapaTuBHOMN (hopMeI MPOTPABUTEI CeMsH XJIOMTYaTHUKA
nonn(yHKIMOHAIGHOTO  NEHCTBHUS Ha  OCHOBE  MOHOMETHIIOIMOYEBHHE,
JUMETHIIOIMOYCBUHBI M uTocoeauHeHuss kobambTa [12]. Hemocrarkom
netrictByronux BermecTB MMMe@CCo u JIMM«®CCo sBIseTCS HE3HAYUTEIBHOE
MTOBBIIIICHAE A30THOT'O IIUTAHUS PACTCHHSL.

2. JKcnepuMEHTAIbHAS YaCTh

B nanHOM mpoekTe B KauecTBE MHKpPO3JIEMEHTa BMECTO KoOaibTa Oyaer
WCIIONIH30BaH MOJIHOJIEH, KOTOPHIN SBISIETCS HE3aMEHUMBIM METaJIOKOMITOHEHTOM
MHOrUX (epMmeHToB. MonmuOAeH ydacTByeT B YIJICBOAHOM, a30THOM U
dbochopHoM oOMeHaX, CHHTE3e BHTAMHUHOB U  XJOPOGWIIA, TOBBIIIACT
WHTEHCUBHOCTh (DOTOCHHTE3a, BXOIUT B COCTaB (PEpMEHTa HUTPAT PEAYKTa3bl,
IpU y4acTUH KOTOPOTO B PACTEHHSIX MPOMCXOAMT BOCCTAHOBJICHHE HUTPATOB IO
amMmuaka. Ilpu sTom MonmOneHy OTBeleHa BakHas polb B obOecrnedeHduu
pacTeHWid [OMONHUTEIBHBIM a30TOM MOCPEACTBOM (uKcalmuu as3ora U3
aTMocdepsl  KIYOCHBKOBHIMH W CBOOOJHOXKHMBYIMIHMX Oakrepusmu  [13].
Hcnonp3oBanre BMECTO KOOaIbTa MoaubOeHa MOXET O00eCIednTh pacTeHUE
JIOTIOJIHATENBHBIM TUTATENBHBIM a30ToM 1.1-1.3 mr/kr moussl (13-15%), urto
COOTBETCTBYET MOBBIIICHUIO YPOKAWHOCTH XJIOMYaTHUKA Ha 1.5-2.5 11/Ta XJomnka-
CBIpIIA.

HccnenoBanne XWMHYECKOTO B3aWMOIEHUCTBHUS M OIpeNeieHHe O0IacTH
KPUCTAIUIM3AIMA HOBOTO JIBOMHOTO COEIWHEHHS — JIEHCTBYIOIIETO BEIIECTBA B
TPEXKOMIIOHEHTHOH  BOJHO-COJIEBOM  CHUCTEME  MOHOMETHJIONIMOYEBHHA  —
(huTocoennHeHNEMOMHOIEHa — BOJIAa BHIIOJHEHO BH3yaJbHO-TIOJUTEPMUIECKIMU
U30TEepMUYECKUM MeTonamu [13].

3. Pe3yabTarsl 1 00Cy:KIeHHE

1. BuzyanbHO-MOMUTEPMUYECKMM METOAOM OBLIM MCCIEIOBaHBl OWHAPHBIC
CHCTEMBI: MOHOMeTIIIONIMOoueBHHa (MMM)—Boza; gurocoennHeHne MOIUOAcHA
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(®CMo)-Boma, a Ttaxxke TpoitHas cuctema: MMM-®CMo-Boga B MHPOKOM
KOHIIEHTPALMIOHHOM U TeMIIepaTypHOM HHTEpBaJe.

bunapusie cucremst MMM-Boga u ®CMo—-Boja, BXOASIIUE B COCTaB
UCCIIeyeMOW CHCTEMBI, M3YUSHBI OT MOJHOTO 3aMep3aHusi CUCTeMBI -3.4 + 45.4°C
(MMM) u -1.3 + 43.2°C (®CMo).

B Ounapnoii cucreme MMM-Boga ompenelieH COCTaB M TeMIlepaTypa
KpHCTAIUIM3aluKU 13 GUTYypaTHBHBIX TOYECK CUCTEMBI (Tabnuma 1).

YcraHOBNIEH KauyeCTBEHHBIM M KOJNMYCCTBEHHBIM COCTaB >KHIKOW (a3bl |
COOTBETCTBYIOIINE UM PaBHOBECHBIE TBEPbIE (a3bl.

Ta6smua 1 — Jlanasie no pactBopuMocTd B cucteme MMM — H20

CocraB xuakoi ¢assl, % Temmnepatypa Teepaas paza
KpucTammsanun, °C

MMM H20
34 96.6 -3.4 nea+MMM
6.0 94.0 -6.2 nea+MMM
8.1 91.9 -0.8 MMM
9.5 90.5 5.0 MMM
11.6 88.4 8.8 MMM
144 85.6 13.7 MMM
19.3 80.7 20.3 MMM
21.8 78.2 23.7 MMM
25.6 74.4 27.2 MMM
29.7 70.3 30.4 MMM
317 68.3 33.6 MMM
35.1 64.9 39.8 MMM
38.3 61.7 454 MMM

Ha ocHoBaHMM TNONyYeHHBIX JaHHBIX [OCTPOEHA IOJUTEPMUYECKas
JuarpamMma pacTBOpUMOCTH OMHapHO#M cuctreMbl MMM — Boza (pucyHoxk 1).

W3 npuBeneHHbIX JaHHBIX BUAHO, 4T0 MMM Xopomo pacTBopuMa B BOJE.
BeTBb KpuCTAIHM3aIUK €€ OYeHb Mupokas u mpoctupaercs oT 8.1% mo 38.3%
KOHIIeHTpaiuu MMM.

PacrBopumMocTs OnnapHoit cucrembl ®CMo — Boja M3ydeHa B mpenaenax -
1.3°C +43.2°C (tabnuna 2.).

OmnpenerneHbl COCTaB W TeMmIepaTypa KpuUcCTaum3anuu 12 (UrypaTUBHBIX
TOYEK CHUCTEMBI. Y CTaHOBJIEH Ka4eCTBEHHBIN W KOJMYECTBEHHBIH COCTAB KUAKUX
" TBepABIX (pa3 (pucyHoK 2a).

Brinenenue npaa, Ha KpUBOM pacTBOPUMOCTH CHUCTEMBI MPOAOIIKAETCS 10
4.6% conepxannss ®CMo npu -2.7°C (3BrekTHKa). Haumnas ¢ 3T0i TOYKH, B
cucreMe kpucramumzyercss uucroe DOCMo. BerBp KpuCTalUM3alUU €TI0
npoctupaetcs ot 6.8% 10 11.7% konnentpaunu @CMo.
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Pucynok 1- [luarpamma pactopumoct cucteMsl MMM — H20.

Ta6smua 2 — Jlanssie 110 pactBopumoctd B cucteme ®CMo — H20

CocraB xukoit ¢passl, % Temnepatypa
MIIepaTy|
@CMo H20 Kkpuctau3anuu,°C Trepras asa

2.3 97.7 -1.3 nea+®CMo
4.6 954 -2.7 nent ®CMo
6.8 93.2 2.6 dCMo
74 92.6 6.3 dCMo
7.6 924 9.8 dCMo
8.2 91.8 14.7 dCMo
8.8 91.2 20.5 dCMo
9.4 90.6 25.5 dCMo
9.5 90.5 28.8 dCMo
9.8 90.2 32.8 dCMo
11.2 88.8 38.9 dCMo
11.7 88.3 43.2 dCMo

Brigenenue npaa, Ha KpUBOM pacTBOPUMOCTH CHUCTEMBI MPOAOIKAETCS 10
4.6% conepxanuss ®CMo nipu (-2.7°C) (9BTekTuka). HaunHas ¢ 3T0il TOUkH, B
cuctemMe kpuctaumsyercs uuctoe OCMo. BerBp KpHCTaUIM3aLUK  €r0
npoctupaetcs ot 6.8% mo 11.7% xonuentparmu @CMo.

Tpoitnass cucrema MMM-®CMo-Boma  HWccleOBaHa  BU3YaIbHO-
MOJUTEPMUYIECKIM METOZOM, IIECThI0 BHYTPEHHUMH paspe3amu; u3 Hux -1V
MPOBENICHBI CO CTOPOHEI MMM — Boja K BepIIHHE GUTOCOSIMHEHHS MOJIMOCHA,
a V=VI - co croporst ®CMo — Boga k Bepimae MMM.

Ha ocHoBaHuM pacTBOPMMOCTH OOKOBBIX CHCTEM M BHYTPEHHHX pa3pe3oB
MIOCTPOEHAa TMONUTEPMHUUYECKas AuarpaMMa pacTBOPHUMOCTH cucTeMbl MMM-—
®CMo-Bona npu temneparype ot -11.0°C no 40.0°C (pucyHok 2b).

Ha @a3oBoii aumarpaMme COCTOSHHSI CHUCTEMBI Pa3TPaHUUYEHBI I10JIS
Kpuctaumzanuu Jgpga, MMM, ®OCMo u HOBOro COEAMHEHHS COCTaBa
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MMM-®CMo. YcTaHOBIEHO HalW4YUe€ ABYX TPOWHBIX HOHBAPHUAHTHBIX TOYEK
cuctemsl (Tabmuua 3). s KOTOpBIX onpeeseHbl TeMIIepaTypbl KpUCTaUTH3ain
U COCTaBbl pABHOBECHOT'O PacTBOPA.

Ha nonmutepmudeckoi nuarpaMme pacTBOPUMOCTH HaHECEHBI HM30TEPMBI
yepe3 kaxasie 10 °C B uaTepBane temmepatyp 0 —40.6°C.

AHanmM3 auarpaMMbl  PacTBOPHUMOCTH IOKa3zaj, 4YTO OOHapyXeHHOE
coequHeHre MMM ¢ ®CMo KOHTPY?HTHO PacTBOPUMO B BOZE, MOCKOJBKY JIy4H
COCIUHEHMS], CBA3YIOINE MOMIOC COCINHEHNS C HA49aJIOM KOOPIWHAT, EPEeCeKaeT
MOJIST KPUCTAJTM3AIlMU B IIMPOKOM MHTEpBAJIe TEMIIepaTyp.

a) b)

MMM %
t,°C

50—

40—

20+

FSMo, % HBO Taen = " - o FiMo,%

X 6 4

a) cuctema ®CMo — H20 b) cucrema MMM — ®CMo — H.0

Pucynoxk 2 — INonurepmudeckas quarpaMMa pacTBOPUMOCTU CUCTEM.

Coenunenne MMM-®CMo obpasyercsi B uHTepBaie temmeparyp (-6.9) —
35.2°C npu conepxanuu 3.7-38.3% MMM u 5.1-6.5% ®CMo.

2. V3ydyeHue XHMHYECKOTO B3aMMOICHCTBUS W ONpelesleHHe o0JacTu
KpUCTAJUIM3alUl HOBOT'O JIBOMHOTO COEJWHEHHUS — JIEMCTBYIOLLETO BEIIECTBA B
TPEXKOMIIOHEHTHOW  BOJHO-COJIEBOM  CHCTEME MOHOMETHJIONIMOYEBHHA  —
¢uTocoeAMHEHNE MONMNOIEHa — BOAA, H30TEPMHUUECKHM METOJIOM.

Tpoiinas cuctema MMM—-OCMo—Bojia n3y4eHa U30TEPMUUECKUM METOIOM
(hm3uKo-xuMUYecKkoro aHanm3a. PaBHOBecwe (a3 B cHcTeMe YCTaHABIMBAJIOCHh
MIPU HENPEPHIBHOM MEPEMEIIUBAHIY U TEPMOCTATHPOBAHUH uepe3 8.5 d.

ITony4yeHHble NaHHBIE MCHOIB30BAIM JJISl ONPEICICHHUS] COCTABOB TBEPIBIX
¢a3 nmo CkpeiiHeMakepcy M MOCTPOSHHs Iuarpamm pactBopumoctu mpu 25°C.
Jannsie mo pactBopumocTu cuctembl MMM-®CMo-Boja mpejacTaBlieHbl Ha
pUCYHKE 3, U3 KOTOpPBIX CJEAYyeT, YTO B HM3yUYCHHOM CHUCTEME HMEET MECTO
o0Opa3oBaHHE HOBOTO COSIMHEHUS cocTaBa - MMMe®dCMo.

Takum 00pa3oMm, H30TEPMHUYECKUM METOJOM YCTAHOBJEH 00JacTh
kpuctamumsanuu Hooro JC — JIB Ha ocHoBe MMM u ®CMo, npu MOJIBHOM
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oTHOIEeHUH 1:1, 9TO MOATBEPKAAET JOCTOBEPHOCTE PE3YIILTATOB HCCIIEIOBAHUMA
BHU3YaJIbHO-TTOIUTEPMUYECKOTO METOa (PU3UKO-XUMUIECKOTO aHAITN3A.

Tabauua 3 — J[BoiiHbIe U TpOitHbIe TOUKH cucTeMbl MMM — ®CMo — H20

CocraB xuixoii ¢asel, % Temmnepatypa Teepras dasza
MMM ®CMo BOJIA KpUcTauM3anuu, %

- 4.6 95.4 -2.6 nen + ®CMo
3.7 5.1 91.9 -6.9 nen + ®CMo MMM
6.9 6.2 91.2 -6.4 next+ MMMe®CMo
6.5 49 88.6 -11.0 negt MMMedCMo+MMM
11.2 59 82.9 0.3 MMM+®CMo +MMM
21.0 5.8 73.2 15.2 MMM+«®CMo +MMM
29.8 5.6 64.6 24.0 MMM+®CMo +MMM
37.5 6.1 56.4 32.0 MMM+®CMo +MMM
38.3 6.5 55.2 35.2 MMM+®CMo +MMM
4.9 - 95.1 -5.9 nen+tMMM

MMM, %

B0k

«@

H.0

Pucynok 3 — M3zorepmuueckas 1uarpaMma pacTBOPUMOCTH CHCTEMBI
MMM-®CMo-H:0.

4. 3akja0ueHue

1. B AO «MHucTtuTyT XumMudeckux HayK uM. A.b.bektypoay 2015-2020 rT.
OBUTH HCCIICIOBAHBI CUHTE3 JBOWHBIX COCIUHEHUN-IEHCTBYIONIUX BEIIECTB H
pa3paboTaHa TEXHOJIOTHS MOIYICHHUS UX MpenapaTuBHON (GOPMBI TPOTpaBUTEIEH
CeMsH XJIOITYaTHUKA MOMH(PYHKIIHOHAILHOTO JIEHCTBH Ha ocHoBe MMM, JIMM,
MHKpPODJIEMEHTOB MEIW, ITMHKA, KoOambra. HemocTraTkoM 3THX IEHCTBYIOIIMX
BEILIECTB SIBIISIETCS. OTCYTCTBHE WM HEKOTOPOE IOBBIIICHUE YHUCJICHHOCTH
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A30TQPUKCUPYIOIINX MHKPOOPTaHU3MOB, 00eCceYnBIOMINX pacTeHus
JIOIOJHUTEILHBIM a30THBIM IIUTAHHUEM.

2. Jlnsa moBbIMIEHUsT OOECIeUeHHs] PACTEHUH OMONHUTENEHBIM a30THBIM
MUTAaHUEM B KAauyeCTBE MHKDPOIIEMEHTa B COCTaBe (DPUTOCOCIMHEHUS BBIOpAH
MOJNMOJIEH, KOTOpPOMY OTBEJEHa Ba)XHas pOJIb B OOECIEUCHUH PACTCHUIMA
JIOTIOJTHUTENEHBIM ~ a30TOM TIOCPEJICTBOM (PUKCAlMK a30Ta U3 arMocdepsl
KITyO€HBKOBBIMH M CBOOOTHOKHBYIIUX OaKTEPHUSIMHU.

3. KiaccumuecknMu BH3yalbHO-TIOJHTCPMHUCCKIM W HU30TCPMHICCKUM
METOAaMH XHMHYECKOTO aHajin3a H3yUYeHO XHMHYECKOe B3aUMOJCIHCTBUE
007acT KPUCTAJUIM3AIMA HOBOTO JIBOMHOTO COEAWHEHUS — JICHCTBYIOIIETO
BEILIECTBA B TPEXKOMIIOHEHTHOM BOIHO-coNeBOM cucteMe MMM-®OCMo-Bona.
OmpeneneHa o00JacTh KPHUCTAUIM3AIIUA HOBOTO JIBOMHOTO COCIUHCHUS —
JerctByrouero Beuectsa MMMedCMo.

®unancupoBanue: Pabota BrmonHeHa B VHcTuTyTe XMMHMuYeckMX Hayk wumeHH A.B.
BexTypoBa 1no mporpamme LeneBoro pUHaHCHPOBaHUS HAy4HBIX ucchenoBaHuit Ha 2021-2023 rogsl,
ocyuiectBisemMoro Komuterom Hayku MuHuctepctBa obpazoBanus U Hayku Pecny6nuku Kazaxcras,
no mpoexktaM BR10965255.

Kon¢pmkT MHTepecoB: ABTOPHI 3asBISIOT 00 OTCYTCTBHM KOH()IMKTa HHTEPECOB MEXIY
aBTOPaMH, TPEOYIOIIEro PaCKPBITUS B JaHHOI CTaThe.

MOHOMETWJIOJIMOYEBAHA-MOJIMBAEHHIH ®UTOKOCBLJIBICBI-CY
KYUECIHAEI'T ZKAHA KOC KOCBUIBICTBIH KPUCTAJIJAHY AUMATBIH AHBIKTAY

Pamasanosa I.H.", Yemanos C., Quwep JI.E., T. Banzvin, Ecepxeesa H.H.

«9.b5. Bexmypog amvinoazel xumus vlivimoapsl uncmumymoly AK, Anmamel, Kazakcman
E-mail: elzira82@mail.ru

Tyitinneme. Kipicne. A30T THIHAHTKBILITAPBI JKETICIIEreH Ke3/le MakanaHbUIaThlH JaKbLI TYKbIMIAPbIH,
aTan aWTKAaHJa MAKTaHbl YJAFbIITAp OCIMAIKTEpPAl KaKETTI MeIiepae KOChIMIINA a30TIeH KaMTaMachl3
etreiai. byn mMakamaza MakTa eciMAIKTepIiHIH aypyJapblH a3aiTyfa, TOMBIPAKTa OHAi THIPOIU3IACHETIH
A30TThIH JKUHAJIYBIH apTThIpyFa JKOHE IIMKI MaKTaJaH J>OFapbl ©HIM alyFa MYMKIiHIIK OepeTiH
noau(yHKIUOHAIIBI OPEKETTIH KOJIJAHBICTAFbl )KOHE OHBIH HET3iHJE INeprnapaTUBTI KOMIIO3HLHSICHIH
Kypy MiHIeTI KoiburraH. Makcambl. MOHOMETHIIONIMOYEBHHA-MOJUOJCHHIH (DUTOKOCHUIBICHI-CY YII
KOMITOHCHTTI CYJIBI-TY3/Ibl JKYHECIH/IETT XUMHSIBIK ©3apa OpeKeTTeCyiH (U3MKa-XUMHSIBIK TaJIAayIbIH
BU3YAJIbI-TOTUTEPMHSIIBIK JKOHE M30TEPMUSUIBIK dficTepiMer 3eptrey. Hoicanoap. MMM, Mo®K, Koc
Koceutbic MMM-Mo®K Gencenni opekerrecyui 3aT. Hamuoicenep. BUHapIbIK Kylenep BU3yanbl-
MOJUTEPMHSIIBIK QMICIICH 3epTTelii: MOHOMeTHIIonMoueBiHa (MMM)—cy; MonubaeH GpuTO—KOCHUIBICHI
(Mo®K)—cy, conmaii—aKk yuI >kyle: K€H KOHLEHTpauus jKOHE TeMIepaTypa MHTepBajblHIarsl MMM-
Mo®K-cy. 3epTreneTiH xyiieHiH KypambiHa KipetiH MMM-—cy sxoHe Mo®K-cy ekinik xyienepi (-3.4)
45.4 °C (MMM) neitin xone (-1.3) 43.2 °C (Mo®K) neiiiH TOJBIK KAThII Kaaysl 3epTreiareH. MMM—
Mo®K—cyneiy yiurik xkyieci (-11.0 °C) 6actan 40.0 °C neifinri Temmeparypaja, anThl ilIKi TUTIKIIEH
3epTTenreH; oHbIH iminae I-IV tapansinan MMM—cy—-Mo®K mbmbiHa, an V-VI tapansian ModK-cy—
MMM mbiEbIHA xyprisitred. Epirimrik auarpammacei tangay MMMeMo®K xocsuibicst 3.7-38.3%
MMM xone 5.1-6.5% Mo®K kypambl kesinge 35.2 °C neilinri temmeparypa uHrepBajibiHaa (-6.9)
TY31IeTiHIH KepceTTi. 25°C Temnepartypajia H30TePMUSIIBIK O/IICIICH epITiH/I KOHIIEHTPALUSICHIHBIH 12.2 —
9.8% MMM xoHe 2.8 — 5.4% Mo®K xyitecinne MMM kpucranpanysl, 5.7 - 2.1% MMM xene 12.3 —
15.5% Mo®K xpuctanmanysl, an 8.2 — 6.4% MMM xone 6.2 — 9.3% Mo®K kpucranganybl aHBIKTaJIIbI
MMM+Mo®K KoChUIbICHI epiTiHaiaeH ToMeHTi (a3ara OemiHeni. Kopvimbinowl. Ocbuiaiimia, 1:1 MobIiK
KaTblHACTa MOHOMETHJIOJIMOUYECBHHA JKOHE MOJHOACHHIH (DUTOKOCHUIBICHI HET13IH/IE OPEKETTECYIIi 3aTThIH
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— JKaHa KOC KOCBUIBICTBIH KpUCTAIAaHy aiiMarbl (DU3MKa-XUMUSUIBIK —TaJJay[blH  BH3yaJbl-
MOJUTEPMHSLIBIK KIHE H30TePMUSUIBIK SICTEpi OeKiTiMn i

Tyiiin ce3aep: opekeTTeCcyIli 3aT, MOHOMETHUIIOIMOYEBHHA, MOJMOICHHIH (UTOKOCHUIBICHI, BU3YaJbl-
MOTUTEPMUSITBIK OIIC, N30TEPMHUSIIBIK IiC.
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Chemical Journal of Kazakhstan
Volume 3, Number 79(2022), 130-140 https://doi.org/10.51580/2022-3/2710-1185.86

YK 547.447

STUDY OF RADICAL COPOLYMERIZATION REACTION OF UNSATURATED
POLYESTERS WITH ACRYLIC ACID

Kovaleva A.K.", Burkeyeva G.K., Tazhbayev Ye.M., Muslimova D.M.

N-PLC Karagandy University of the name of academician E.A. Buketov, Karaganda, Kazakhstan
E-mail: cherry-girl1899@mail.ru

Abstract. Introduction. One of the promising and inexpensive types of raw materials, taking into
account the use of modern technologies for the production of sealing and adhesive materials, are
unsaturated polyesters of various compositions.The aim of this work is to study the reaction of radical
copolymerization of polyethylene(propylene)-glycolfumarate with acrylic acid in a dioxane solution at
various molar ratios of the initial polymer-monomer mixture. Methodology. The composition of the
copolymers was identified by HPLC spectroscopy by analyzing the mother liquors, the structure was
confirmed by IR spectroscopy. The copolymerization kinetics was studied by the dilatometric method.
The degree of swelling of the copolymers was determined by the gravimetric method, and their degree of
unsaturation, by the bromid-bromate method. Radical copolymerization constants calculated by the Mayo-
Lewis integral method.The results obtained indicate that for any composition of the initial polymer-
monomer mixture, the composition of the copolymer is enriched with acrylic acid links, and with an
increase in its content in the initial polymer-monomer mixture, the reaction rate increases significantly.
An increase in the content of unsaturated polyester in the initial polymer-monomer mixture leads to a
decrease in the ability of the copolymer to absorb moisture, which makes it possible to assume their use as
bases in the production of sealing and adhesive materials. Conclusion. An analysis of the numerical values
of the copolymerization constants showed a higher activity of acrylic acid in comparison with unsaturated
polyesters, thereby confirming the previously put forward assumption about the relatively lower reactive
ability of the latter.

Key words: unsaturated polyesters, radical copolymerization, kinetics, sealants, glue
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HUCCIIEJOBAHUE PEAKIIMH PAI[HKA{IBHOFI _ CONOJIMMEPU3ALINN
HEHACBIIIEHHBIX ITIOJIU®HUPOB C AKPHJIOBOH KUCJIOTOH

Koeanesa A.K., Bypkeesa I K., Taxncoaee E.M., Mycaumosa /.M.

HAO Kapazanounckuii ynusepcumem um. akademuxa E.A. Byxemosa, Kapaeanoa, Kazaxcman
E-mail: cherry-girl1899@mail.ru

Pe3ome: Bsedenue. OOHUM W3 NEPCHEKTHBHBIX M HENOPOTHX BHIOB CHIPbS C Y4YETOM INPHUMEHEHHS
COBPEMCHHBIX TEXHOJIOTHH TIOMYYCHHS TEepPMETH3MPYIOMMX W KICEBBIX MaTEpHaJOB  SIBISIOTCS
HEHACBIICHHBIC MOJIMA(HPBI Pa3IHYHOrO coctaBa. [lenvio dannoli pabomel SBISIETCS HCCIEIOBAaHUE
peaklyy PpaJuKaIbHOH  COMOJMMEPHU3ALUUIIONNITUIICH(TIPOIIMIICH- )IIMKOIb(pyMapaTa ¢ aKpUJIOBOI
KHCJIOTOW B pPacTBOpE IMOKCAHA MpPU pa3MYHBIX MOJIBHBIX COOTHOLICHUSX HMCXOAHOW IOJIUMEp-
MOHOMEPHOW CMeCH. Memodonoeus: COCTaB COMOIMMEPOB HAeHTHUIMPOBaM Metogom BIXX-
CIIEKTPOCKOIIMY ITyTEM aHalM3a MaTOUHBIX PACTBOPOB, CTPYKTypa mnoxareepxkieHa MK-crexrpockonueil.
Kunetnka comommmepnsanyuy HCClelOBaHa AWIATOMETpUYeCKMM MetonoM. CremeHs HaOyxaHus
CONOJINMEPOB OIpeJie]ieHa IPaBUMETPHUUYECKHMM METO/IOM, a MX CTeNeHb HEHACBIILEHHOCTH — OpoMuj-
OpoMaTHBIM MeTOZOM. KOHCTaHTBI paaMKaNbHOM COMOJMMEPHU3AlMU PACCYUTAHBI HMHTErPAIbHBIM
MetonoM Maiio-Jlstouca. [lonyuennvie pesyiomamsl CBUACTEIBCTBYIOT O TOM, YTO IIPHU JIFOOOM cOCTaBe
HMCXOMHON TONMMEpP-MOHOMEPHOH CMECH COCTaB COMOJMMepa 00OraimfaeTcss 3BEHBbSIMH aKpPHIIOBOWM
KHCJIOTBI, @ C YBEJIMYCHUEM €€ COAEPKaHUs B UCXOJHOM MTOJIMMEP-MOHOMEPHON CMECH CKOPOCTh PEAKIINHI
CYIIECTBEHHO BO3pACTaeT. YBEIMUCHUE COACPKAHNS HEHACKIIIEHHOTO TOJIM3(Upa B HCXOAHO MoIuMep-
MOHOMEPHOH CMeCH NPUBOIUT K CHHXKEHHIO CIIOCOOHOCTH CONOJIMMEPA K BJIArONOITIONIEHHIO, YTO JaeT
BO3MOXXHOCTb TIPEINOJI0KUTh UX IPUMEHEHHE B KaYeCTBE OCHOB IIPU TOIYYCHUH T€PMETH3UPYIOIMX U
KJIEeBBIX ~ MaTepUalioB.  BbligoObl:  TyTeM  aHalW3a  YUCICHHBIX  3HAYEHHH  KOHCTAaHT
COTIONIMMEpH3AIMI/IOKa3aHa Ooiee BBHICOKAsh AaKTUBHOCTh AaKpPHJIOBOW KHCIIOTHI B CPaBHCHHH C
HEHACBIILCHHBIMH MOJIMA()UPAaMU, ¥ TEM CaMbIM MOJTBEPIKACHO BBIIBUHYTOE paHee IPEIIOI0KEHUE O
CPaBHUTEJILHO 00Jiee HU3KOI PeakIMOHHOM CIIOCOOHOCTH MOCIIETHUX.

KiroueBble cj10Ba: HEHACHILICHHBIC MOMUA(UPHI, PAJAUKAIbHAS COMOINMEPH3ALMS, KHHETHKA, TEPMETHK,
KJIeH

Kosanesa Anna Loxmop PhD.

Koncmanmunosna

Bypkeesal ynvcoim Kabaesna Jloxmop PhD

TascoaesEpxeonan Mypamoeuu Jlokmop xumuueckux Hayk, npogheccop
Mpycnumoea/lanazynoMazazoena Hoxmopanm PhD

1. Benenne

B Hactosmee Bpemsi B CBS3M C pacUIMpeHHEeM O00JacTH NPUMEHEHHS B
CTPOUTEIILCTBE TEPMETUUPYIOIINX COCJAMHEHUH, CIIOCOOHBIX B TOW WM WHOMN
CTENeHH K  BONOHAOyXaHHWIO, TIEPBOCTEIIEHHOW  3ajayeld  CTaHOBHTCS
HeO6XOIII/IMOCTB YACIATh JOITOJIHUTECIIbHOC BHUMaHUC K pa3pa60TKe )51
MOIU(HKAMKA COCTaBa KOMITO3WIWK Uil WX cuHTe3a. CocTaBBl MOHXOOHBIX
MaTepurajioB, KOTOPLIEC MOTYT HanTH IMPUMCHCHUEC HEC TOJBKO B CTpOHTCHbHOﬁ
WHIYCTPUH, HO M B JIPYTHX OOJACTSAX MPAKTHUUYECKOW NEATEIILHOCTU YEJIOBEKa,
BBUIY CIICIH(PHICCKIX OCOOCHHOCTEH WX TPUMEHEHHS W TpPeOOBaHUH IO HX
OKCIUTyaTalliH, IIOCTOSHHO COBEPIICHCTBYIOTCS, YTO IO3BOJSIET HE TOJBKO
YIYUHIIUTh UX Ka4€CTBO, HO U CHU3UTH UX ce0eCTONMOCThD myTeM H0n6opa HOBBIX
KOMIIO3HIIMI JJI1 UX U3TOTOBJICHUs. Tak, 3HaUMTEIbHOC BHUMAHUE B HACTOSIIEE
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BpeMs yIeNsieTcs pa3paboTkaM, TJle B Ka4eCTBE MCXOJHBIX COPEarcHTOB IIPU
CHHTE3€ TePMETHUKOB BBICTYIAIOT JOCTYIHBIE MaTepHUabl OTHOCHTEIHFHO HU3KOM
CTOMMOCTH, 00JIaIatoIie IPH STOM KOMIIIEKCOM MPAKTHYECKH [EHHBIX CBOWCTB,
YTO TO3BOJISICT, B CBOIO OYEpPEh, PEIINTh OCHOBHEIC 3a/1a4H, MPEIbSBIIEMBIC K
HOBBIM BHJaM TE€PMETHU3HUPYIOMINX MAaTCpPUAIOB — YBEIMYCHHE CpPOKA HX
SKCIUTYaTallH U HAJIEKHOCTH. Tak, MepCIIeKTHBHBIM MaTEPHAIIOM JISl TIOTYIeHHS
TEPMETUKOB CTAaHOBSTCS HEHACHIIICHHBIC MOMUA(PUPHI Pa3IMYHOTO CTPOCHUS,
o0amarome XOPOIUMH ITHAJICKTPHISCKIMHI CBOWCTBAMH, YCTOMYHBOCTBIO K
yinbTpaduoneropomy (Y®) U3NyUYeHUIO W  HEM3MEHHOCTHIO  ONTHYECKUX
XapaKTEPUCTHUK, CTOMKOCTBIO NIEpel XUMUUECKUMU BEIIECTBAMU U arpeCCUBHBIMU
cpemamu. HemamoBakHBIM — SBJIIETCSI M WX XOpOIIas COBMECTUMOCTH C
HAMOMHUTEISIMH W CIIOCOOHOCTh BCTYIUIEHHS B PEaKIMH PaguKaIbHOI
COTIOJIMMEPHU3AITUN C BUHIJIOBEIMA MOHOMEpPAMH, B PE3yJIbTATE YeTO MOTYT OBITh
MOJTyYEHBl COSAMHEHUSI C BEICOKMMH TTOKA3aTEISIMU CTOMKOCTH K MEXaHHUYECKOMY
BO3JICHCTBUIO U MEXaHUYECKOM Harpy3ke u aaresuu [1, c.117].

Panee OpuM MTONTyYeHBI TEPMETHKH HA OCHOBE HEHACHIIIEHHBIX MOIMI(PHUPOB
Pa3IMIHOTO CTPOCHHUS [2], OMHAKO IPUMEHEHNE B KAYECTBE MOJIUMEPHOH OCHOBEI
TEPMETUBUPYIOIIUX  MaTepUajoB  COIMOJIUMEPOB MOJUATUIICH(TIPOTIHIICH-
)JraukoidbpyMapara C aKpHIIOBOH KHCIOTOW paHee He OBLJIO HCCIEeNOBaHO, YTO
OIpeJeIsieT HOBU3HY TAHHOTO HCCIICIOBAHUSI.

2. JKkcnepuMeHTATbHAS YacTh

B pabore ObUIM HMCHONB30BAaHBI CIEAYIOIINE PEAKTUBBL: ATHUIICHIIIHKOINb,
MPONIICHTIINKONG, (QymMapoBas KHCJIOTa, XIOPUCTBIA TMHK («Peaxum»),
akpuioBas kuciora (Aldrich), mepekucs Oenzomna (Aldrich). Bee peakTuBbi
Mapku «H/[A», mpuMeHsmch 0e3 TONOTHUTEEHON OUNCTKH.

Hcxonueie HEHACBILICHHbIE NOAUAHUPHL (HIT) -
nonM3TUICHTINKoIbPyMapar (n-OI'P) u momumponuieHrIMKoIbpymapar (Ii-
[II'®) Obum momydyeHBl peakued MOJMKOHACHCALMH COOTBETCTBYIOLIMX
peareHTOB, B3ATBHIX B cooTHomeHHH 1.05:1 Moab ATHIICH(IIPOIUIICH TITHKOIb
:byMapoBasi KHCJIOTa II0 CTaHAapTHOM MeToauke [3] B HPHCYTCTBUHU
katamuszatopa — AlCls, B3sroro B komumuectBe 2% OT HCXOAHOW PEaKIIMOHHON
Mmacchl. TemIiepaTypa peakiuy 3a CUeT BBEJCHHUS KaTaau3aropa Oblia CHIKEHA 10
423-433K. Peakuus TONWKOHACHCAIIMM KOHTPOJMPOBAIACh IOCPEACTBOM
OTIpe/IeTICHHSI YMCIIEHHOTO 3HAUYEHUS KUCIOTHOTO YHUCJIA U KOCBEHHBIM METO/IOM —
110 KOJIMYECTBY BBIICTMBIIEHCS BOJIBI B XO/1€ PEAKIUH.

Peakuuell panukanbHOM —comoiaumepusanuu  Belmieykazanueix  HIT ¢
akpuiioBolt kuciotor (AK) ObUM OMy4eHBI COMOIUMEPHI Pa3IMYHBIX MOJIBHBIX
KOHIIEHTpalui. Peakiusi paaukaJbHOW COINOJIMMEpPHU3AIlMK OCYIIECTBIAIACh B
pacTBOpe IMOKCaHa B COOTHOIIEHWU PAcTBOPUTENH : IOJIMMEpP-MOHOMEpHas
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cmech 1:1 mo macce, mpm Temmeparype 333K B  mpucyrcTBUH
panukanoOpasyiomero uHunuaropa — nepekucu Oenzomna (II6) B teuenue 52
yacoB. JlumaromeTpuyeckMM  METOJOM  Obljla  HcCCie/oBaHa  KHHETHKa
panrKaIbHON COMOIMMEPU3ALIHN.

JUI1 OY4HCTKM CHHTE3MPOBAHHBIX COMNOIMMEPOB Pa3iIMYHOTO COCTaBa OT
OCTaTKOB HEMpPOpearupoBaBLICd HMCXOAHOW MOJMMEP-MOHOMEPHOW CMECH HX
MPOMBIBAJIM JUOKCAaHOM, a IIOJyYECHHBIH MATOYHBIM pacTBOp HCCIEAOBAIN
meronqoM BDXX na xpomarorpade Agilent 1260 Infinity LC, uro mo3Bommio
YCTaHOBUTH (PaKTHUECKUH COCTaB IMONYyYEHHBIX coenuHeHuil. [locne mpomMbIBKH
JTUOKCAHOMCOITOTUMEPBI OBLIM TaK)Ke MPOMBITHI JUCTHIUIMPOBAHHON BOAOH U
nepeHeceHsl B 4amku llerpu ans BeICymIMBaHWA B BakyyMHOM IIKady [0
YCTAHOBJIEHHS IOCTOSIHHOM Macchl.

Unentudukaums comonumepoB Obiia  ocymiecTBieHa wMeronoMm MK-
creKTpockonuy Ha criektpodoromerpe «®CM 1201» B obmactn 450-4000 cm .
WnterpaneupiM MetomoM Maiio-Jlptonca [4] Obun paccuMTaHbl KOHCTAHTBI H
nmapameTpsl peakiuu conommMepusanuu m-2I'd u n-I1I'd ¢ AK.

3. Pe3yabTaThl U 00CYKIeHUE

[onyuyennsie mnommd¢upsl m-2I'® u n-IlII'® npexacraBasm  coboit
BBICOKOMOJIEKYJISIPDHBIE COEIWHEHUS MEeIOMON00HOH KOHCHCTEHIIMH MAaTOBOTO
MOJIOUHO-0€JIOr0 M CBETJIO-KENITOro IBeTa, 00Naaoie OTHOCUTENFHO HU3KON
TEeMIEPaTypoll pa3MsIrdeHus, XOpPOIIO PaCTBOPUMBIE B XJIOpOodOpME U AMOKCAHE
¥ HEPACTBOPHMBIE B BOJIE.

Monekynsipaas Macca n-OI'® cocrasuna ~2500 Da, B To BpeMs Kak s Ii-
I[II'® panueli ToKa3zaTens He mpeBblmmaeT ~1488 Da, uyTo maeT BO3MOXKHOCTH,
cormacHo [5, c.18] yTBepknarh, 4TO O0OpasyloUIMecs COCAMHEHHS SIBISIOTCS
nojauMepaMu. YMCIIEeHHBIC 3HAYCHHUS MOJEKYJSIPHBIX MacC CHHTE3MPOBAHHBIX
HaMH MONMA3(QUPOB, ONpeAeTieHHbIE METOAOM CBETOpAcCesHHUs, XOPOIIO
KOPPENUpPYIOTCS CO 3HAUYEHHUAMH, BBIYHCICHHBIMH KOCBEHHBIMH METOAAMU —
MyTeM OIpeJeNieHHs] KUCIOTHOrO YHCiIa M M3MEpPEeHUsT oO0beMa BBLAEIMBLICHCS
BOJIBI B X0/I€ TIOJINKOHJCHCALIUH, YTO ITOATBEPKIAET JOCTOBEPHOCTH IOMYyYEHHBIX
pE3yJIbTaTOB.

Crpykrypa cuHTe3upoBaHHBIX HamMu HII ©Oputa  umeHTHUIIIpOBaHA
nocpencteom  MK-cnextpockonmuu. Ha ~ MK-cmekTpax  NpHCYTCTBYIOT
XapaKTepHble TMONOCHl  TOIVIOMEHWs B  MHTepBate  1570—-1590 cm P,
COOTBETCTBYIOIINE HEHACHIILIEHHBIX CBS35IM (PyMapaTHBIX IPyIIL.

Hanee peaknueil paiuKaabHOW CONOIMMEPA3LIUH OBUIM MOMYYEHBI CeTYaThIe
conmomuMmepbl  Beieykazanubix HII ¢ AK. JlamHbIi mnpomecc cxeMaTUIHO
MIPEJCTaBJIEH Ha pUCYHKE 1:

133



KA3AKCTAHHBIH XUMHUAJIBIK 2KY PHAJIBI XUMHYECKHH )XY PHAJI KA3AXCTAHA

o R o H H H O 3
o Il o L I, t°C
o—c—c=c|;—c—o—(|:—<|:—o + H,C=C—C—OH
H H R
14
H H H H o R H
T S A L oL
vwo—c—cl:— — —o—?—?—o—c—(l:—c— —Oowvnn
— H H R H

2 L o 2 L
Il Il

H R H R H R
Ri— pamukan uannmaropa, R = H, CHs (rpynmsl HeHachILeHHOTo noiauddupa).

Pucynok 1 — Cxema cunresa cononumepos -0l @-AK u n-III'D-AK.

Hanee, ma pucyHkax 2 (a,0) mpeacTaBicHBI KHHETUYCCKHE KpPUBBIC
COMOJIMMEPU3ALUU BBIIICYKAa3aHHBIX HII c AK, MOJy4YECHHBIE
JIUTIATOMETPUICCKUM METOIOM [6].

60 P%

i

30

il

a—1m-ODI'®-AK: 1 -4.18:95.82; 2 -16.31:83.69; 3 6 —n-III'd-AK: 1 —3.86:96.14; 2 — 15.96:84.04; 3
—30.42:69.58; 4 — 58.76:41.24; 5 - 75.28:24.72; 6 —31.28:68.72; 4 — 62.03:37.97, 5 — 77.52:22.48; 6
—94.01:5.99 mon.% —94.12:5.88 mon.%

Pucynok 2 — Kunetnueckue kpusble conommepusanuu n-3I'® u n-III'D ¢ akpuiioBoit kucioToi

AHanu3 TOMYYEHHBIX KHHETHYECKHX KPHUBBIX TI0Ka3aJl, 4YTO CKOPOCTh
peaKuru HaIpsSIMYIO 3aBUCHT OT COCTaBa MCXOJHOH MOJIMMEP-MOHOMEPHOU cMecH
—ucxomHoro pactBopa mommmepa (m-OI'® wmu n-II'D) u monomepa (AK) B
MMoKcaHe. B WacTHOCTH, ¢ yBenWueHHEeM conuepkaHus B ucxomHon cmecn AK
BO3PacTaeT U CKOPOCTh Peakiuu (PUCYHOK 2a,0), YMCIICHHBIC 3HAYCHHSI KOTOPOM
Mpe/ICTaBJIeHbl HIke B Tabmume 1. OObsCHEHHEM ITaHHOMY OOCTOSTENbCTBY
SIBIISIETCA TIpeJICTaBlieHne o Oonblned peakunoHHOW crmocoOHocTH AK B
CPaBHEHHH C BBIIIICYKa3aHHBIMU HEHACBIIICHHBIMU nomddupamu [7, ¢.105-107].

134



ISSN 1813-1107, eISSN 2710-1185 Me 3, 2022

Crout OoTMETHUTH, 00JIee HHM3KYIO CKOPOCTh peakuuu ¢ ydactuem n-OI'® B
orimynu OT n-I1I'D. O0bscHEeHneM NaHHOMY OOCTOSTENBCTBY MOXKET CIIYXKHTb,
npencraBieHne o crpoeHud n-I11I'D, xoTopelii OBLI CHHTE3WPOBAH HA OCHOBE
(byMapoBoOil KHCIOTBI WM MPONUJICHTJIMKONSL, YTO YKa3plBaeT Ha OONBIIYIO
Pa3BETBIEHHOCTh  MOJIEKYJBl  TJIMKONIS,  Oylaromaps  4YeMy  BO3HHKAIOT
JIOTIOJIHUTENBHBIE CTEPUUYECKUE TPYAHOCTH B Ipoliecce cononuMepusauu ¢ AK.

Wnentudukaims COMoIMMEpPOB Takke ObuTa ocyllecTBieHa meromoMm MK-
cnextpockonuu. Tak, Ha WK-cmektpe comonumepa n-I1II'A npucyTcTBYIOT
XapakTepHbIE MOJOCH], NpOsBIseMble B uHTepBame 1570-1590 cm*, uTo
ompeneysieT  HaNWYWE  HEKOTOpOro  KOJIWYEeCTBAa  HEMpPOpeardpoBaBIINX
HEHACHIIIICHHBIX JIBOMHBIX CBSA3EH, XapaKTEpU3YIOMIMX BXOXKICHHE B COCTaB
commomMmepa 3BeHbeB HII. AHanm3 dYuciIeHHOrO 3HAYEHWS IUIOMIAAN KA
JAHHOTI'O MHTEpBaJla YKa3bIBAacT Ha €ro COKpalleHue B 2—3.5 pa3a B CpaBHEHHU C
COOTBETCTBYIOLINM YHCIIEHHBIM ITOKa3aTeNeM IJI0Maay ykazaHHoro nuka Ha K-
criekTpe HemocpeacTBeHHO camoro HII, 4To maer BO3MOXKHOCTH yTBEpKIaTh 00
YMEHBIICHUN YHUCJIa HEHACHIIICHHBIX ABOMHBIX CBsA3eil B cocraBe mn-1II'd B
pe3yibTaTe TMpOTeKaHWs peaknuu cononuMmepusanmuu ¢ AK. AHanorndHbie
JaHHble OBUIM MOJYyYeHBI B pe3ynbTaTe CpaBHeHUs IUomaned nukoB HK-
CIEKTPOB JAJIsl paccMaTpruBaeMoi Hamu OuHapHO# cuctemsl M-OI'® ¢ AK. Takxke
obpazoBanue comonmumepa n-III'G-AK moarsepxkmaercst mpucyrcreuemM Ha MK-
CIEKTpax IaHHOTO COmojiMMepa obiacTed moriomenust B uHTepBaie 650-1000
cM *, xapakTepHbIx gy rpymn —COOH.

Hanee, coctaB nByxkoMnoHeHTHbIX cucteM HII-AK, cuHTe3npoBaHHBIX pu
pa3IMYHBIX MOJBHBIX JOJSIX COMOHOMEPOB, OIIPENEICHHBIN IOCPEICTBOM
BOXX-ananm3a MaToYHBIX PAaCTBOPOB IO OCTATOYHOMY TIPUHITHITY, IPUBEICH B
tabmute 1 [8]. [Ipu sToM mapauienTsHOE ONpeIeTICHUE COCTaBa CHHTE3UPOBAHHBIX
HaMHU COIOJIMMEPOB METOIOM MOTEHIIMOMETPHUH [1aJ0 PE3YyIbTaThl, KOTOpHIC
XOpOLIO KOPPENUPYIOTCA € NOJydeHHbIMU mocpeactsoM BOXKX-anammsa
JIAaHHBIMH, 9TO MOKET CITY’KUTb ITOATBEPKICHUEM HX JOCTOBEPHOCTH [9].

Tadimma 1 — 3aBHCHMOCTB COCTaBa COMOJIUMEPOB OT COCTAaBA UCXOJHOI CMECH MPH COMOIMMEpPU3AIINI
HIT (n-2T'®, n-IIT'®) (M1) ¢ AK (M), ITB [1]=8 mons/m3, T =333 K

Hcxonnoe
CoctaB
COOTHOIIIEHUE
coronumepa, CkopocTth
MOHOMEDOB, MOIL% % CAKLL b Beixon, CrereHn
MoIL.% ) »70 ]{ » ; % HEHACHIIICHHOCTH

10-3 mons/m3-¢c

M1 M2 mi m2
m-OI'd-AK

5,09 | 9491 | 4.18 | 95.82 121.3 4,78 81.9 58.5

20.08 | 79.92 | 16.31 | 83.69 95.8 4.49 80.1 62.6

35.07 | 64.93 | 30.42 | 69.58 69.1 4.35 78.5 64.1

65.01 | 34.99 | 58.76 | 41.24 48.2 1.78 76.9 69.9
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79.94 | 20.06 | 75.28 | 24.72 32.9 1.62 76.1 73.5
94.96 | 504 | 94.01 | 5.99 8.8 1.53 74.2 79.4
n-II'd-AK

498 | 95.02 | 3.86 | 96.14 124.6 4.43 90.5 61.1

20.12 | 79.88 | 15.96 | 84.04 92.3 4.26 78.4 64.1

35.96 | 64.04 | 31.28 | 68.72 68.5 2.96 76.1 65.8

65.06 | 35.94 | 62.03 | 37.97 47.1 2.17 71.2 71.4

79.94 | 20.06 | 77.52 | 22.48 42.1 1.97 67.8 74.8

95.05 | 495 | 9412 | 5.88 10.7 1.66 64.4 81.1
Anamu3 MOJIYYCHHBIX JaHHBIX YKa3bIBacT Ha TO, qTo COCTaB

CUHTC3UPOBAHHBLIX COIOJHUMEPOB IIpH JIFOOBIX  COOTHONICHMSIX HCXOIIHOI71

MOIMMEP-MOHOMEPHOH CMECH HECKOJbKO oborameH 3BeHbaMH AK, dTO
yKa3bIBaeT Ha €¢ 00J1ee BBICOKYIO PEaKIIMOHHYIO CIIOCOOHOCTD B cpaBHeHun ¢ HIT
[7, ¢.107]. Bpixom TOMYYEeHHBIX COIOJMMEPOB BO BCEX paccMaTpHUBacMBIX
ClIydasx aHTHOATeH ero CTEeTNeHW HEeHACHIIEHHOCTH, OIpeIelIeHHONH OpoMu-
opomatHbIM MeToaoM [10]. OObsIcHeHHEM TaHHOMY OOCTOSTEILCTBY SIBIISICTCS
HEJOCTAaTOYHOCTh KoOHIeHTparmuun AK (¢ ydeTroM pasHUIBI B 3Ha4YCHHSX
MOJICKYJIIPHBIX MacC COPEareHTOB) JUIA MPOTCKAHUS PEaKIUil Pa3BETBICHHS H
CIIMBKH, YTO CIOCOOCTBYET YBEIMYEHHIO KOJIMYECTBA HEMPOpearnupoOBaBIINX
¢dymaparubix Tpym [10, ¢.15, ¢.22-24].

Crour TaKXE OTMCTUTDH OTHOCHUTCIIBHO HEBBICOKYIO CTCIICHU
BJIArOCOPOIIMOHHYIO €EMKOCTh TOJTYYCHHBIX CETYATHIX COMOJIMMEPOB B PE3YJIbTaTe
3HAYUTEILHON YacTOTHI HOJII/IMCpHOﬁ CCTKH, YTO, OAHAKO, ITO3BOIICT HAACATHCA
Ha BO3MOXHOCTH BKIIOYCHHA HAIIOJHUTEIA IIPU IIOIYYCHHMM Ha HUX OCHOBC
TEPMETUKOB U KJICEB.

Hanee B Tabmume 2 mpuBeneHB KOHCTaHTHI comonmuMmepm3anmu HIT ¢ AK
paszmuaHOoTo cocraBa [6, C. 105-106], paccuwTaHHBIE WHTETPATbHBIM METOIOM
Maiio-JIprouca [4].

Tadsmna 2 — KoHCcTaHTBI M TapaMeTphl paaukaibHoi cononnmepusanin HIT-AK

M1 Mz r r2 rr2 1/r 1/r2
n-2I'd AK 0.84 1.18 0.99 119 0.85
[ITD AK 0.82 121 0.99 1.22 0.83

AHanmM3 JaHHBIX, MPEICTABICHHBIA B Tabnuie 2 yKa3plBaeT Ha TO, YTO B
000MX  paccMaTpPUBaeMBIX  CIy4asx  KOHCTaHTa  COIMOJMMEPH3AIHUl2,
omnpenenstomas aktuBHocTh AK 1o oTHomrenuo k HIT, mpeBbIiaeT eAMHUILY, YTO
CBHUJICTEILCTBYET O MPEUMYIIECTBEHHOM MPOTEKAHUHU PEAKIIMii MPUCOSTUHEHHS K
panukany Ha ocHOBe AK «cOOCTBEHHOro» paaukaina Wid MoHOMepa. JlaHHOe
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OOCTOSITENIbCTBO  TaKKe SIBIISIETCS IMPSIMBIM IMOATBEPXKIACHUEM IPOTEKaHUS
JacTUYHOW TOMONONHMMEpHU3aluu NpHU BBICOKUX coiepxkaHusx AK B coctase
comomumepa [11, €. 35]. OTHOCHUTENBHO KOHCTaHTBI COMNOJIHMEPH3aLMNHI1,
onpenemsomeld oTHocuTenbHyto aktuBHocTh HII, crnegyer ormeruts, uto B
0o00MX paccMaTpUBaeMbIX B JaHHOW pa0oTe OWHApHBIX CHUCTEMax OHa He
IPEBBIIIAECT SIUHULBI, YTO MO3BOJISIET CHENaTh BBIBOJX O MPOSIBICHHM OOJbILEit
aKTUBHOCTH pajaukaia Ha ocHoBe HII B OTHOIIEHHH «4yKOT0» MOHOMEpa HIIU
panukana. JlanHHOe 00CTOATENbCTBO MOATBEPKAAET 00pa30BaHUE YePELyIOIIUXCS
WM OJIOYHBIX CTPYKTYp B Tpolecce comonmMmepusanui. CTOUT OTMETHTb, YTO
OXKHaeMOe CTPEMJICHHE KOHCTAaHThl I1 K HYJIO HE ONpaBlIajloch BBUIY
HECIIOCOOHOCTH (pyMapaTHBIX TpyNI K TOMONOJMMEpPH3alMU: HAalpoOTHB, €e
3HauYeHHE MPHOIIKAETCS K eIWHHUIE, YTO MOXET OBITh OOBACHEHO ydJacTHe
(hymapaTHBIX TPy B peakiusax oopbiBa [12].

[lpousBeneHust  KOHCTAaHT  comoiuMmepu3anuud  (rif2)  Aas  Beex
paccMaTpUBaeMbIX HaMHM OMHAPHBIX CHUCTEM OJIM3KM K €IMHMILE, YTO YKa3bIBaeT
Ha BO3MOXKHOCTh 00pa3oBaHHs CTPYKTYp €O CBOOOJHBIM paclpencsieHuEM
3BeHbeB [13].

Takum 00pa3oM, MOXXHO OTMETHUTh, YTO Ha XHMHYECKHE CBOMCTBa
MOJYYeHHBIX HaMu conoiuMepoB Ha ocHoBe n-OI'® wu n-III'd c¢ AK
CYIIECTBEHHOE BIMSHHE OKa3blBa€T HE TOJNBKO MPHPOAA HEHACHIIIEHHOTO
noiandpupa, HO M €ro KOJIWYECTBEHHOE CONEPKAHHWE B COCTABE HCXOIHOU
MOJIMMEP-MOHOMEpPHOH CMECH, 4YTO JaeT BO3MOXXHOCTh IIyT€M BapHalluu
COCTaBOM YIIPABIIATH MPOSBIAEMBIMHA CBOMCTBAMU KOHEUHOT'O COIOIUMEDA.

4. 3ak/0ueHue

Tak, pagukalbHOW COMOMUMEpU3alMel B pPAacTBOpE OBUTH TONyYEHBI
conmomuMepel T-OI'® wm m-[II'® ¢ AK. HccnemoBansl KHMHETHKA ITpOIEcca,
omnpeneneHsl (aKTUYECKUH COCTaB COMOJIMMEPOB, a TakXkKe HX XHMHUYECKHE
CBOICTBA.

VYcTaHOBIIEHO, YTO IIyTEM BapHalMd HE TOJBKO BBIOOPOM copeareHTa
(HeHachIIEHHOTO TMONM3(pUpPa), HO M HEMOCPEACTBEHHO €ro COACPKaHHEM B
UCXOJHOH  IOJMMEP-MOHOMEPHOM CMECH MOXKHO YHPaBIsAThH  CBOMCTBA
CHUHTE3UPOBAaHHBIX COMOJMMEPOB, B YAaCTHOCTH, YAacCTOTOH IMOJMMEPHOH CETKH,
KOTOpasi OKa3bIBaeT HEMOCPEACTBEHHOE BIMSIHHME Ha IMPOSBICHHE COMOJIMMEPOM
aATre3UOHHBIX CBOWCTB — IIOCIEIHEE MOXXET ChII'paTh IJIABHYIO pOJIb IIpU
BO3MOKHOCTH IPUMEHEHHUA B JanbHeiimeM conoiauMepos n-O0I'® u n-III'd ¢ AK
B KaueCTBE OCHOBHI T€PMETU3NPYIOIINX MaTEPHAIOB.

®unancupoBanue. /[anHas pabora BbimonHeHa 1o nporpamMe PK NeBR10965249 «Pa3pabotka
HOBBIX '€PMETHUKOB U KJIEEB HAa OCHOBE HEHACBIICHHBIX MOIMAUPHBIX CMOJI JUIS HYXK/ CTPOUTEILHON U
00OOpPOHHBIX OTpaciei» B paMKax MPOrpaMMHO-LEJICBOro (pUHAHCUPOBAHUS HAYUHBIX MCCICIOBAHUN Ha
2021-2023 ronpl, ocymectsisieMoro Komurerom Haykn MuHnCTepcTBa 00pa30BaHKS U HAYKH.
Koudaukr unrepecoB: KOHQINKT HHTEPECOB MEX/Iy aBTOPAMH OTCYTCTBYET.
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AKPIJI  KBIIKBUIBIMEH KAHBIKIIAFAH  TOJUD®UPJIEPIIH  PATUKAJIBI
COMNOJIUMEPU3ALNS PEAKIIASICHIH 3EPTTEY
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KEAK Axaodemux E.A.Boxemos amvinoazel Kapazanowl ynusepcumemi, Kapazanow, Kasaxcman
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Tyiiingeme. Kipicne. ThIFBI3OAFblll  JKOHE JKaObICKAK  MaTepHalliapibl  alyJAblH  3aMaHayH
TEXHOJIOTUSUIAPBIH KOJIIaHY bl €CKePE OTBIPBII, MIMKI3aTThIH MEPCICKTUBAIIBI )KOHE ap3aH TYpJIEpiHiH Oipi
OpTYpIi KypamIarbl KaHbIKIIaFaH moau3dupiep O0onbin TabbuIaibl. By scymuicmoly Makcamosl GacTamKsl
MIOJIIMEP-MOHOMEp KOCTIACHIHBIH 9p TYPIi MOJIb KO3(D(UIMEHTTepiHAe AMOKCAH epiTiHAICIHAe aKpHiI
KBIIKBUIBIMEH — HOJUATWICH(IPOIWICH-)  TIJIHKONb()YMAapaTTblH  paadKaiibl  COIOJMMEpH3alus
peaKIMACHIH 3epTTey OOJIBIN TaOBbUIAABL. KOIOaHbLIZAH Memo0002us: CONOIUMEPIEPIIH KYpaMbIH
ananslk epitingitepaeri JXOCX-cnekTpocKomust OMiCi apKbUIbl aHBIKTANABI JK9HE KypbUibiMbl MK
CIEKTPOCKONMACHIMEH — pacTanapl.  Comonumepusalys KHHETHKACHl —JUIATOMETPHSUIBIK — OJICIeH
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Abstract. Introduction. Positive electrodes play a significant role in operation of lithium-ion
batteries. The inactive constituents of the electrode coating, electrically conductive additive and binder,
are key components for efficient operation of active material. Therefore, minimizing the toxicity of some
and the synthesis or modification of others remain an urgent topic for increasing the energy intensity of
lithium-ion batteries, which is the main goal of this work. The purpose: Synthesis and modification of
nanostructured carbon electrically conductive additives and the study of their influence on the specific
characteristics of the electrode in combination with water-soluble polymers. Results. During the research,
the optimal compositions of the positive electrode were found: 1) using aqueous polymers, 2) with the
addition of synthesized graphene oxide obtained by the Hummers method; 3) with the addition of
modified carbon nanotubes obtained by the Hummers method. Conclusion. Graphene oxide synthesized
by the Hummers method and carbon nanotubes reduced by the same method give a discharge specific
capacity of more than 150 mAh/g and 140 mAh/g, respectively, with an active material theoretical
capacity of 160-170 mAh/g, those using them instead of commercial conductive additives can
significantly improve the specific characteristics of positive electrodes. This is due to an increase in the
kinetics of lithium ion transfer inside the active material due to many structural defects due to synthesis, in
addition, they are better dispersed in water, and it is also possible to obtain thick coating layers.
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1. Introduction

Lithium-ion batteries are one of the high energy storage devices. They are
widely used in portable devices such as smartphones, laptops due to their high
energy efficiency, cycling ability, no memory effect and environmental
friendship. Moreover, this particular type of battery is used in electric vehicles
and plug in hybrids [1,].For example, the global manufacturer of electric vehicles,
the American company Tesla [2], uses complete lithium-ion batteries as an energy
source in its cars. And despite the development of other types of batteries such as
solid state, sodium-ion, lithium-sulphur, lithium-air and multivalent batteries,
lithium-ion batteries are still likely to dominate the market for the next 10 years
[3].

Like all typical batteries, lithium-ion batteries consist of a positive and a
negative electrode, and an electrolyte and a separator between them to prevent
short circuits. The electrodes, in turn, are obtained by applying an electrode
suspension to the current collector: aluminum foil in the case of a positive
electrode and copper foil in the case of a negative electrode [4]. The electrically
conductive additive and polymer binder are inactive components of the electrode
coating, but they play an equally important role in the electrode coating.The
electrically conductive additive contributes to the electronic and ionic
conductivity of the active material, while the polymer binder ensures the adhesion
of the electrode coating to the current collector and the particles of the active
material and the electrically conductive additive to each other [5,6].

Reducing energy costs with the environmental safety of the resulting
electrodes are key tasks in the technology of lithium-ion batteries. Therefore,
numerous studies in the field of modification of cathode materials remain topical
[7].

The purpose of this work is the synthesis and modification of nanostructured
carbon conductive additives and the study of their effect on the specific
characteristics of electrode in combination with water-soluble polymers.To
achieve this goal, the following tasks were defined:

- synthesis of graphene oxide by the Hummers method;

- modification of carbon nanotubes by the Hummers method;

- developmentof water technology in obtaining positive electrodes.

- manufacturing of positive electrodes based on commercial cathode
materials and synthesized conductive additives;

The objects of study are positive electrodes based on lithium iron phosphate
LiFePO..

The subjects of research are 1) polymers — carboxymethylcellulose(CMC)
and styrene-butadiene rubber (SBR); 2) graphene oxide (GO) and carbon
nanotubes (CNTS).

2. Results and discussion
Obtaining electrodes using aqueous polymer binders
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In order to understand the behavior of aqueous polymers, SBR and CMC
electrodes were obtained on their basis separately. The electrode coatings based
on the polymers used are inhomogeneous, crack and have poor adhesion to
aluminum foil. Application thickness 400 pm.

Since, SBR has good elasticity, viscosity, and CMC - strength. To solve this
problem, it was decided to use these polymers together in a 1:1 ratio, but it was
not possible to obtain satisfactory results.

Figure 1 shows SEM micrographs of positive electrodes marked CC001 and
CCO002. These images show that the particles of the electrodes are not completely
connected with each other, there are voids and, therefore, the kinetics of the
transfer of lithium ions is not satisfactory, this is confirmed by electroche mical
studies of the cells. Galvanostatic cycling of the cells was carried out on an 8-
channel MTI-BST8-MA power source analyzer in the voltage range of 2-4 V.
The cell charge/discharge current was set at the rate of 10 mA per gram of
cathode coating. Figure 6 shows the discharge curves of cells with a positive
electrode based on LiFePO4 and various polymer binders (4% wt.): SBR, CMC
and SBR:CMC. Discharge current - 10 mA/g.

Figure 1- SEM micrographs of electrodes using as a polymer binder a) SBR, b) CMC.

From this graph, shown in Figure 2, it can be seen that the sample using SBR
polymer binder showed the lowest capacity. The CMC sample showed the highest
capacity.
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Figure 2 — Galvanostatic discharge curves of cells with a positive electrode based on LiFePO4 and
various polymer binders (4% wt.): SBR, CMC and SBR:CMC. Current - 10 mA/g.

Despite the fact that the sample using CMC has a higher capacity, it cannot
be used only when creating a composite electrode, because electrodes at large
thicknesses will crack badly and have poor adhesion to aluminum foil. Since,
SBR has good elasticity, viscosity, and CMC - strength. To solve this problem, it
was decided to use these polymers together in a ratio of 1:1, however, it was not
possible to obtain satisfactory results, the capacity was 120 mAh/g.

LFP 95%, CNT:C45 (1:9) 5 %, Solef 5130 5%
LFP 95%, CNT:C45 (1:9) 5 %, SBR:CMC (3:2) 5%
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"
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Figure 3 — Galvanostatic discharge curves of cells with a positive electrode based on LiFePO4and
various polymer binders (4% by weight): Solef5130 andSBR:CMC. Current — 10 mA/g.

A comparison of the best obtained test result of an electrochemical cell with
a cathode mixed with water with the results of testing an electrochemical cell with
a cathode of the same composition, but already with a polymer binder PVDF is
shown in figure 3, showed that the replacement with a water-soluble polymer did
not affect the performance of the electrochemical cell. From this it can be
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concluded that the replacement of traditional polymers with water-soluble ones is
carried out without loss of capacity.

Application of synthesized and modified conductive additives

Figure 4 shows galvanostatic discharge curves of cells with a positive
electrode based on LiFePOs4 and a different composition of the conductive
additive: roCNT:C45 (1:9), roCNT, CNT. It can be seen that cells with a cathode
based on carbon black and modified nanotubes demonstrate the greatest capacity.
The use of these conductive additives in a ratio of 1:9 improves the transport of
ions inside the active material, as a result of which the results obtained show. The
graph also shows curves with modified and commercial CNTs in the amount of
1%. Modified roCNTs by the Hammers method demonstrate similar results, due
to many structural defects, they are better dispersed in water and also make it
possible to obtain thick layers of electrode coatings.

= LFP 90%, roCNT 0,5%, C45 4,5 %, SBR:CMC (3:2) 5%

LFP 94%, roCNT 1%, SBR:CMC (3:2) 5%
22 —— LFP 94%, CNT 1%, SBR:CMC (3:2) 5%
,
2,0 4
—
-
<
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Figure 4 — Galvanostatic discharge curves of cells with a positive electrode based on LiFePO4and a
different composition of the conductive additive: roCNT:C45 (1:9), roCNT, CNT.

Figure 5 shows a graph of galvanostatic discharge/charge curves of a cell
with a positive electrode based on LiFePQs4, synthesized graphene oxide was used
as a conductive additive by the Hammers method, its mass fraction in the
composite electrode is 1%.

Studies show that only 1% of the synthesized conductive additive provides
excellent kinetics of lithium ions, the discharge capacity of this sample is 151
mAh/g. Micrographs of the SEM of the positive electrode, shown in figure 6,
indicate that due to the lamellar structure, the rGO envelops all particles of the
active material, thereby increasing the electrical conductivity of the electrode.
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Figure 5 — Galvanostatic discharge/charge curves of an electrochemical cell with a positive
electrode based on LiFePOa.

o

Figure 6 — SEM micrographs of a positive electrode based on LiFePO4 and a conductive additive.

3. Experimental part

Synthesis of conductive additives

The chemical synthesis of graphene was carried out by the modified
Hummers method. This method makes it possible to obtain a higher quality
graphene oxide due to a long exposure of the reagent in an oxidized medium and
thorough washing to remove by products of chemical synthesis.

The scheme of graphene oxide synthesis:
Intercalation of acids into graphite: graphite +H2SO04 + HzPO4
Oxidation of intercalated graphite: addition of KMnO4
Lamination of oxidized graphite: addition of H2C204
Dissolution of MnO2
Reduction by hydrothermal method

Synthe5|s was carried out on the chemical reactor IKA, LR-2ST. 5.6 g of
thermally expanded graphite, 1000 ml of concentrated sulfuric acid (96%) and
100 ml of phosphoric acid were added to the reactor with constant stirring (40

SO
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turn/min) and cooling for 1.5 h until a homogeneous mixture was obtained. As a
result of this interaction, there is an increase in interlayer distances in graphite,
that is, the intercalation of acids into the graphite structure. At the second stage,
33.6 g of potassium permanganate was added to the mixture for 30 minutes,
controlling the temperature, it should not exceed 35 © C, the mixture becomes
dark green in color. This indicates the oxidation of intercalated graphite. Then
turn on the heating to 50°C and the resulting mixture is subjected to prolonged
exposure with stirring for 21 h, after 21 h of stirring without heating and 17 h with
heating to 50°C. As a result, the stratification of oxidized graphite occurs, that is,
the formation of particles of graphene oxide. During the synthesis, a precipitate of
manganese oxide was formed, in order to dissolve it, 50 g of oxalic acid was
added to the mixture. To remove by-products of the synthesis, the suspension was
subjected to dialysis for 20 days, as well as centrifugation. The obtained
suspension of graphene oxide was reduced by the hydrothermal method in order
to obtain electrical conductivity.

The modification of carbon nanotubes was similar to the synthesis of
graphene oxide, except for the amount of reagents. As a result, modified carbon
nanotubes of various structures were obtained.

The process of obtaining electrodes

Obtaining a positive electrode coating begun with the kneading of the paste.
To begin with, the binder polymer is dissolved in a solvent until completely
dissolved on a magnetic stirrer at a temperature of 60°C. Then, the addition of a
carbon conductive additive with constant stirring with an overhead stirrer at a
speed of ~800 turn/min, and the final step in the preparation of the electrode paste
is the gradual addition of the active material. Stirring with an overhead agitator
takes ~15 h. at 1500 turn/min resulting in a homogeneous paste.

The next step was to apply a paste of the required thickness to a carbon-
coated copper foil 20 um thick using an MTI-AFA-1I-V doctor blade and dry
them on a thermal table at a temperature of 60°C for at least 12 h.

The following materials were used for electrode coatings: the active material
was lithium iron phosphate LiFePOs (LFP), the content of which varied in the
range of 89-90%; conductive additives - carbon nanotubes TUBALL Coat_E H20
0.4% (Oksial, Russian Federation), reduced graphene oxide and carbon black
(C45) with a content of 1 - 5%; binders - a suspension of SBR, CMC and Solef
5130 with a content of 4 - 7%, solvents - N-methylpyrrolidone (99.83%) and
distilled water, as well as natural graphite in the amount of 90 - 95% and the
above were used to make the negative electrode binders. The carbon conductive
additives were dispersed in solution with a Bandelin ultrasonic homogenizer three
to four times for 3 minutes.

Development of water technology in the preparation of positive electrodes

The peculiarity of the preparation of electrodes based on water is a
significant time saving, low cost and environmental friendliness, everyone knows
the fact that the vapors of the organic solvent N-methyl-2-pyrrolidone are toxic to
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the body. In this regard, the study of electrode coatings, synthesized carbon
materials was carried out in samples prepared using agueous polymers.

LiFePOs was used as the active material. In order to obtain the optimal
composition, the amount of the conductive additive and the binder polymer were
varied.

Paste mixing process with composition: LFP 90%, roCNT 0.5%, C45
(carbon black) 4.5%, SBR:CMC (3:2) 5%. CMC was dissolved in distilled water
at a temperature of 80°C for ~ 30 minutes on a magnetic stirrer. Further, CNTs
were dispersed in the resulting suspension with ultrasound for 10-15 minutes,
after which SBR, carbon black and active material were added in turn while
stirring with an overhead stirrer.

Soot was previously ground in a mortar. Stirring lasted ~ 1 hour, at a speed
of 2500 turn/min. As a result, a viscous-fluid homogeneous paste was obtained.

Drying of the electrodes was carried out on a thermal table at a temperature
of 60°C for at least 6 h.

Conducted electrochemical studies of electrode coatings, presented in Table

1.
Table 1- Sample data
Compound
N Electrodes ~Activematerial, % Conductiveadditive, % Polymerbinder, %
1 CC001 LFP 94% CNT 1% SBR 5%
2 CC002 LFP 94% CNT 1% CMC 5%
3 CCO003 LFP 94% CNT 1% SBR:CMC (1:1) 5%
4 CC004 LFP 90% CNTO0.5%, C45(soot) 4.5% SBR:CMC (3:2) 5%
5 CC005 LFP 90% redCNT 0.5%, C45 (soot) 4.5%  SBR:CMC (3:2) 5%
6 CCO006 LFP 90% CNT 0.5%, C45 (soot) 4.5% Solef 5130 5%

At the same time, if to pay attention to masses, then the electrode using SBR
as a polymeric binder has the largest mass, and the electrode using CMC is much
lighter. Based on these two parameters, it can be concluded that when using SBR,
the electrode has a large mass load per cm?.

To compare the samples obtained by the above technology with the generally
accepted one, using NMP, an electrode coating CC006 was obtained. Obtaining
the electrode coating was carried out similarly to the above process.

4. Conclusion

Replacing polymers that dissolve in organic solvents with water-soluble ones
is a solution to the problem of environmental safety in lithium-ion battery
technology. A composite in which the polymer binder is a water-soluble polymer
carboxymethylcellulose (CMC) has the best discharge specific capacity, but
further attempts to increase the thickness of the cathode coating are limited by the
loss of its adhesion to the foil. Therefore, it is necessary to combine two water-
soluble polymers - carboxymethylcellulose and styrene-butadiene rubber, the
electrode with the use of which has a discharge specific capacity of 120 mAh/ g.
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As a result of the research, the water technology was mastered: the optimal
composition of the electrodes was found and homogeneous electrode coatings
were obtained.

In the course of research, it was revealed that the use of modified carbon
nanotubes by the Hammers method as conductive additives instead of commercial
carbon nanotubes can significantly increase the specific characteristics of positive
electrodes. This is due to an increase in the kinetics of lithium ion transfer inside
the active material due to many structural defects of the conductive additive,
moreover, they are better dispersed in water and also make it possible to obtain
thick layers of coatings.

Funding: this study did not receive external funding.

Acknowledgements: we express our gratitude to the staff of the energy storage prototyping
laboratory (Russia, Moscow region, Dubna) for the opportunity to do research in their laboratory.

Conflict of interest: there were no conflicts of interest during the study.

INPUMEHEHUE MOJU®UIUPOBAHHBIX QJIEKTPOITPOBOJAIINX JOBABOK U
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Pe3tome. Bsedenue. TlonoxuTenbHble 3IEKTPOIBI MMEIOT 3HAUUTENILHYIO POJIb B paboTe JINTUH MOHHBIX
aKKyMYyJIATOpoB. HeakTUBHBIE COCTABISIONINE HIEKTPOIHOTO MOKPBITUS — IEKTPONPOBOAAILAs 100aBKa
U TIOJIIMED CBS3YIOLIee BEIISCTBO SIBISIIOTCS KIIOYEBBIMH KOMIOHEHTaMH Uil 3(dexTuBHONH padoThI
aKTUBHOTO Matepuana. [lo3ToMy MUHUMU3AIKSA TOKCHYHOCTH OTHHUX M CHHTE3 MM MOJUGHKAINSL APYTHX
OCTAIOTCS AKTYaJIbHOM TEMOH MOBBIILICHHUS SHEPIOEMKOCTH JINTUI HOHHBIX aKKYMYJISITOPOB, YTO SIBJISIETCS
rJIaBHOM 3anaueil naHHOM paboThl. [lens. CUHTE3 M MOAM(HUKALUS HAHOCTPYKTYPUPOBAHHBIX YTJIEPOJHBIX
UEKTPOINPOBOLINX J0OABOK U MCCIEIOBAHUE UX BIMSHMS Ha yJeJIbHbIE XapaKTEPUCTHKU JIEKTPOJa B
COYETAaHHU C BOJOPACTBOPUMBIMU MOJUMepaMu. Pesyremamei. B xone uccnenoBaHuil ObLIM HaiieHbI
OINTUMAJIBHBIE COCTaBbl IOJIOKHTEIBHOIO 3EKTpoja:l) ¢ NPUMEHEHMEM BOJHBIX IIOJMMEPOB, 2) C
J00aBICHUEM CHHTE3MPOBAaHHOTO OKCU/Ia rpadeHa, MoIydyeHHOro MeToJoM XamMepca; 3) ¢ nobaBieHueM
MOANGHUIMPOBAHHBIX YIIEPOIHBIX HAHOTPYOOK, MOJNYYSHHBIX METOIOM Xammepca. J3akuoueHue.
Cunre3upoBaHHBII MeTonoM XamMepca OKCHJ TIpadeHa M BOCCTAHOBJIEHHBIE 3TUM K€ METOIOM
YIJIepOAHBIC HAHOTPYOKM BBIJAIOT Pa3psiIHYIO YAENbHYIO eMKOCTb Oojbiie 150 MAuw/r m 140 mMA4Y/r
COOTBETCTBEHHO, MPH TEOPETHYECKOH E€MKOCTH MAaHHOrO aKkTHBHOro martepuana 160-170 mMAu/r, T.e.
HCTIONb30BaHHE UX BMECTO KOMMEPYECKHMX IMPOBOIAMIMX H00ABOK MO3BOJISET 3HAYMTEIBHO HOBBICUTH
YIeNIbHBIE XapaKTEPUCTHKH MOJOKUTENBHBIX OSJIEKTPOJOB. DTO CBS3aHO C YBEIWYCHHEM KHHETHUKU
repeHoca HMOHOB JIMTHS BHYTPM aKTUBHOIO MaTepualla U3-32 MHOXECTBA CTPYKTYpPHBIX JedekToB
BCJICJICTBUU CHHTE3a, KPOME TOT0, OHU JIyullle JUCIEPTUPYIOTCS B BOJE, a TAK)KE BOSMOXKHO IMOJTYyUSHUS
TOJICTBIX CJIOEB MOKPBITHH.

KnroueBble cJioBa: JIMTUH-UOHHBIC AKKYMYJISITOPbI, OKCHUI rpacbeHa, Kap6OKCI/IMeTI/IJII_ICJ'IJ'IIOJ10321,
6yTaI[HCH-CTI/IpOJ'ILHBIC Kay4yKHU, BOCCTAHOBJICHHBIC YIJICPOAHBIC HaHOprGKI/I, METO XaMMCpC&
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JATUIA-UOHJIbI AKKYMYJIATOPJIAP YIUIH JUTHA TEMIP ®OC®ATHI HET'I3JIETT OH,
IJEKTPOATAPJA MOJUOUKANUATAHFAH DJIEKTP OTKI3I'THI KOCITAJIAP MEH
CYJA EPUTIH IOJTMMEP BAUJIAHBICTBIPFBILITAPIbI KOJIAAHY
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Tyiiinaeme. Kipicne. OH 31€KTpoaTap JUTHIl HOHIBI aKKyMYJIATOPIAPABIH JKYMBICHIHAA MaHBI3IbI POl
aTKapajbl. DIEKTPOATHI JKaObIHBIHBIH OCJICEH/I eMec KOMITOHEHTTEPi-OTKI3rill KOCMa YXOHE MOJIUMEp
0aiIaHBICTBIPFBIN  OCNICEH/I MATEePUANIBIH THIMAI JKYMBICHIHBIH HETi3ri KOMIIOHEHTTEpi OOJIbII
tabbutansl. COHNBIKTAH KeHOipeylepAiH YBITTBUIBIFBIH a3aiiTy jxoHe OacKajapblH CHHTE3ICY HeMmece
MoIUGUKALMATAY JUTHI-HOHABI AKKyMYyJSITOPJIApIbIH OHEPIUsl CHIMBIMABUIBIFBIH  apTTBIPY OCHI
JKYMBICTBIH Heri3ri MinzaeTi 6ombin tabbuiagsl. Makcamer. HaHOKYPBUIBIMABI KOMIPTEKT] EKTP OTKI3riIl
KOCTanap/isl CHHTE3/IeY JKoHe MoJM(pHKanusiay, COHBIMEH Katap OJNapAblH Cy/a epUTiH MOJUMepiIepMeH
yitieciMzie 3MEKTPOATHIH crielu(UKAIBIK CHIATTAMANApblHA JCEPIH 3epTTey. 3epTTey JKYMBICTaphIHIIA
KOJJJAHBUIATBIH KapOOKCHMETUIIIEIUIION03a JKOHE OyTaIUEeH-CTUPON KaydyKTaphl Yl OPraHUKAJbIK
epiTKiIuTepae epiTyai KaKeT eTeTiH BHHHJ MOoJUMepiepiHe Oanama aaMacTBIPFBIN OOJbINT TaObLIaIbL.
KemipTekTiH amnoTponTsl MoguduKanusice-rpadeH xoHe KOMIPTEKTI HAaHOTYTIKIIEIep-3IeKTPOATAP IbIH
EKTPOXUMHSIIBIK KAaCHETTEPiH OipHeIe peT jKaKcapTyFa KaOUIeTTi epeklle OTKI3rilll KacHeTTepre ue.
Hamuoicenep. 3eptrey OapbIChIHAA OH 3JIEKTPOITHIH OHTANIBI Kypambl aHBIKTAIBL: 1) cy monuMmepiepin
KOIJfaHa OTHIPHI, 2) XaMmMepc oJiCiMEH alblHFaH CHHTE3JENIeH rpadeH OKCHAIH KOCY apKbUIBL 3)
XaMMmepc oJiCiMEH aiblHFaH MOIU(UKAIMsIAHFAH KOMIPTEKTI HAHOTYTIKIIEIEpAl KOCY apKbUIBL
Kopbimbinoel. XaMMepe oMiCIMEH CHUHTE3JereH rpadeH OKCHII MEeH KOMIPTEeKTI HAaHOTYTIKIIENEp OChI
OeJICeH I MaTepUaNIbIH TCOPHUSUIBIK CHIMBIMIBUIBIFBIMEH 160-170 MAu/T colikecinme 150 M Aca¥r/r-HaH
skoHe 140 MAcar/T-HaH acaThlH HAKThI CHIMBIMIBUIBIKTBI Oepe/i, SFHH OJap/bl KOMMEPIHSIIBIK OTKI3rill
KOCHanap/blH OpHBbIHA MaiJanaHy OH OAJIEKTPOATApJbIH CHIIATTaMaJapblH aMTapibIKTal jKaKcapTyra
MYMKIHIK Gepei.

Tyiinai ce3gep: TUTHI-HOHABI AKKYMYJIITOpIIap, TpadeH oKCui, KapOOKCHMETHIIIEIUTI0N03a, OyTalueH-
CTHPOJIb Kay4yKTepi, KaJIblHAa KENTIPUINeH KOMIPTeKTi HaHOTYTIKIIenep, JIUTuil Temip ¢ocdaTsl,
Xammepc oaici
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Abstract: Introduction. The article analyzes the existing methods of imparting antimicrobial
properties to textile materials and assesses their effectiveness. The purpose of the work. Production of
woolen materials with antimicrobial properties. Methodology. The work uses scientific, logical, objective
research methods. Results and discussion. Technologies for obtaining antimicrobial woolen materials have
been developed. Studies have been conducted on the influence of the proposed compositions on the
coefficient of resistance to microbiological destruction of woolen materials. It was found that the
antimicrobial effect in all compositions is achieved at a minimum concentration of
polyhexamethyleneguanidine hydrochloride, more than 80%. Studies on the resistance of antimicrobial
properties of modified samples to repeated washings have shown that the coefficient of resistance to
microbiological destruction is reduced by 10-16%. It follows that the proposed formulations have a
residual antimicrobial effect. The influence of the developed compositions on the physico-chemical and
physico-mechanical properties of textile materials has been studied. The properties and structure of the
objects of research are studied, and the mechanism of interaction of the components used is investigated.
Parameters of application and heat treatment, the optimal modes of the technological process of finishing
textile materials have been established. Conclusions.The developed technology provides antimicrobial
activity of textile material while maintaining the hygienic and operational properties of woolen materials.
Studies have shown that modified woolen textile materials acquire antimicrobial properties, and are not
destroyed by microorganisms under operating conditions, and the quality indicators of textile materials do
not deteriorate after processing.

Key words: antimicrobial activity, microorganisms, antimicrobial agent, microbiological
destruction, textile material, final finishing
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Pe3tome: Bseoenue. B cTaThe MpoBeIEH aHAIM3 CYIIECTBYIOLIMX CIIOCOOOB MPUIAHUS AaHTUMHKPOOHBIX
CBOWCTB TEKCTHJIBHBIM MaTepuaniaM H oueHka ux 3pdekruBHoct. [lens pabomei. IlomydeHue
LIEPCTSAHBIX MaTepHajoB C aHTUMUKPOOHBIMH CBOWcTBaMU. Memodonoeus. B padote WMCIONB30BaHBI
Hay4HbI€, JIOTHYECKHE, OOBEKTHBHBIE METOBI HCCIIEN0BaHUS. Pe3yabmambl u 06cycoenue. PazpaboTanbt
TEXHOJIOTHH TIOJMYYCHHUS] AHTUMUKPOOHBIX IIEPCTSIHBIX MaTepuanoB. [IpoBeleHBI HCCIIEAOBAHHS I10
BIMSIHUIO TIpe/UIaraéMblX KOMIIO3MIMH Ha KOX()(QUIMEHT YCTOHYMBOCTH K MHKPOOHOIOTHYECKOMY
paspyIICHHIO IIEPCTAHBIX MAaTepuaioB. YCTAHOBICHO, YTO aHTUMHKPOOHBEIH 3hdekT Bo Bcex
KOMITO3UIIUSX ~JIOCTUTACTCSl MpPH MHHUMAIBHOW  KOHICHTpALUH MOJINTEKCAMETHIICHTYaH U I HA
rugpoxiopuaa, Oomee 80  %. HccnenoBanuss Ha yCTOWYHMBOCT AQHTHMHKPOOHBIX —CBOMCTB
MO (UIIPOBAHHBIX 00PA3IIOB K MHOTOKPATHBIMCTHPKAM IOKA3AJII,4TO KO3(D(UINEHT yCTOHIHMBOCTH K
MHKPOOHOJIOTHYECKOMY pa3pylieHHuIocHIbKaeTcs Ha 10-16 %. Orcroma ciemyeT, 4To HpeIoKCHHBIC
COCTaBbl HMEIOT OCTATOYHBIA aHTUMUKPOOHBIH d(ddekt. HMccnenoBano BiusHHE pa3pabOTaHHBIX
KOMIIO3UIMH Ha (PU3MKO-XMMHYECKHE U (U3MKO-MEXaHMYECKHE CBOMCTBA TEKCTHIIBHBIX MaTCpHAIOB.
M3ydyeHsl cBoiicTBA M CTIpPyKTypa OOBEKTOB WCCIEJOBaHMSA, a TaKXKe MHCCIECIOBAaH MEXaHH3M
B3aUMOJCHCTBHS IPUMCHACMBIX KOMIOHCHTOB. Y CTAHOBJICHBINIAPAMETPEI HAHECEHUS X TePMOOOPaOOTKH,
ONTHMAJbHBIE PEXHMBI TEXHOJOIMYECKOTrO IIPOLECcca OTHENKH TEKCTHIBHBIX MAaTepUaloB. Bbigoobi.
Pa3paboranHas TexHONOrust o0ecrneynBaeT aHTUMHKPOOHYIO aKTUBHOCTh TEKCTHJIBHOTO MaTepHana ¢
COXPAaHEHHEM TI'MI'MEHHWYECKUX M IKCIUTyaTallMOHHBIX CBOMCTB IIEPCTAHBIX MaTepuainoB. IIpoBeneHHbIe
HCCIIEIOBAHUS TTOKA3alld, YTO MOJU(HIMPOBAHHbIC MEPCTSIHbIE TEKCTHIbHBIC MaTepHabl IPUOOPETAIOT
AQHTHMHUKPOOHBIE CBOWCTBA, M HE Pa3pyIIAlOTCs MUKPOOPraHU3MaMH B YCIIOBHAX JKCIUTyaTallMH, a TAKKe
rocie 00paboTKHU He Xy IIIAI0TCS KAYeCTBCHHbIC T0KAa3aTeNIM TeKCTIIIBHBIX MaTePUAIIOB.

KinoueBble cj0Ba: aHTUMHKPOOHAas aKTHBHOCTb, MHKPOOPTaHU3MbBI, aAHTUMHKPOOHBIH areHT,
MHKPOOHOIOTHYECKOE pa3pyIieHIE, TEKCTIIBHBINA MaTepHal, 3aKIIFOYNTEIIbHAS OTICIIKa

/Mocenouesa Kynomaiipam Kamanbaesna PhD, rexmop

1. Beenenne

Bcenencteue OrpOMHBIX MaTe€pHANBHBIX IIOTEPb, BBI3BIBAEMBIX JECHCTBHEM
MHUKPOOPraHW3MOB, B HACTOsIee BpeMs Bce Ooibliee BHUMaHUE YACTIETCS
0uo3aIuTe pa3IUYHbIX MATEPUAIOB, B TOM YHCJIE€ TEKCTUIIBHBIX, TOBPEXKIAEMbIX
P UX TPOU3BOACTBE, XpaHEHWM M OJKCIUTyarauuu. Kpome Toro, cosmarorcs
aHTHOaKTepHaJbHbIe U aHTUTPUOKOBBIE BOJNIOKHUCTBIE MAaTEpUANbl U U3ICIHS U3
HUX U HYXI MEAMLUHBI, B OBITY, B KIMHUYECKOH IPaKTHKE, BO BHEIUITATHBIX
Ype3BBIYaHHBIX cUTyausx [1,2].

TekcTunpHBIE  TOJOTHA,  WM3BECTHBIE  KaKk  OakTepuocTaTHYECKHE,
OpuHaaie)kar K rpynne OuoTekcTwis. OHM NpeloTBpalaloT Pa3MHOMKEHHE
MHUKPOOPraHHW3MOB, a TaKKe OCTaHABIHMBAIOT WM 3aMeIUIAIOT 00pa3oBaHUE U
pOCT TPHOKOB H MPENOTBPALIAIOT HEMPHUSTHBIA 3amax, KOTOPhIH OOBIYHO
BO3HUKAET MpH aKTUBHOM IMOTOOTAeNeHNH. OHM M3TOTAaBIMBAIOTCS B Pa3HBIX
(hopMax: TPUKOTaX, TKAHbIC MaTepUabl, TKAHU.

Yame Bcero marepuall B U3IEIUH HCIBITHIBAET OXHOBPEMEHHO HECKOJIBKO
pa3pylariux Bo3aencTeuil. II03TOMy 0O4€Hb BaKHO BBIIEIUTH JOMHHHUPYIOIIHAM
BUJ Ppa3pyLlICHUsS M COOTBETCTBEHHO OOECIEYUTh 3alIUTy TEKCTHIBHOIO
MaTepHana M W3AeNUS OT 3TOro BHJAA paspyuieHus. llpu obmieil panukaibHON
IpUpOZiEe TMPOLECCOB pPa3pyIIEHUs: OT BceX (DAaKTOPOB BO3IAEHCTBHUS OTIEIBHO
CTOUT OMOAECTPYKLMS, KOKABII U3 3TUX (PaKTOPOB MMEET CBOH crenuduieckuil
MEXaHU3M JEeUCTBUS M TpeOyeT COOTBETCTBYIOIIHMX CIEIMANBHBIX CPEICTB
3anmTHI [3-5].
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Bce ot W npyrue CBOMCTBa TEKCTHIBHBIM MaTepUaliaM TIPHIAIOTCS C
IOMOLIbI0  CHENMANbHBIX  IpemapaToB -  anmperoB.  IIpucyrcrBue
anmpeTUPYIONIETO penapaTa Ha TEKCTHILHOM MarepHase B KoiudecTBe oT 1 1o
5 % or Macchl MaTepuana NpPUIAET eMy IeJMKOM Creln(prIecKue CBONCTBA:
ruApoUIbHBIE TIpermapaThl 00eCTIeYMBAIOT TUAPOPIIEHOCTD, THAPOPOOHBIE U
oneooOHBIE TIpemapaTthl - THAPOPOOHOCTH M  0Jc0POOHOCTH, OWOITHIHEIC
npenapaTsl -OHOJIOrHYecKyl0 CTOMKOCTh U OMOaKTHBHOCTD (BIUIOTH JI0 JICUEOHBIX
CBOWCTB), aHTUIIMPEHBI - OTHE3ALIUIICHHOCTh U T.1. [lpyruMu ciioBamu, amnmper,
HaXO[IIUICS Ha TEKCTHJIBHOM MaTepHale B OTHOCHUTEIBHO HEOONBIIOM
KOJIMUECTBE, IEPEHOCUT CBOM CBOMCTBA HA BCIO Maccy, Ha BeCh 00BbEM, Ha BCIO
HOBEPXHOCTh Marepuaia [6,7].

Pa3paboTka TEXHONOrMHM TONYYEHHS BBICOKOAKTUBHBIX  OMOLMAHBIX
KOMITO3UIMK  OOJIAIalONIMX  IMUPOKUM  CHEKTPOM,  MPOJIOHTHPOBAHHBIM
JefcTBUEM, HU3KOH TOKCHYHOCTBIO, COCTAB KOTOPBIX MOA00paH B COOTBETCTBUH C
00BbEKTaMU €ro MpUMEHEHHUs At oOpadOTKM pPas3IM4YHBIX TOBEPXHOCTEH U
HOJTy4eHHUs] OMOCTOMKMX KOMIIO3UIIMOHHBIX MAare€puajoB - OHA U3 aKTyaJbHbBIX
3a/1a4, pelraeMbIX B TaHHOM padore [8,9].

2. JKCIIepUMEHTAJIbHAS YaCTh

B kaudecTBe 00BeKTa HCCIEOBaHUS BBIOpaHA MIEPCTSHAS TOHKOCYKOHHAs
TKaHb (aprukya — 782, 100% mepcrp)npousoacta TOO «Dabpuka TTOMI -
Tapas». [ns annpeTupoBaHus 00pa3oB UCIOIb30BAINCH CIEAYIONINE PEAKTUBEI:
HOJUICKCAMETWICHTYyaHUAUH TUIAPOXJIOPUI, auerar LWHKA, amerar MeIH,
YKCYCHasl KACJIOTa, aMMHUAK, alleTaT aMMOHHS.

OOpaboTka TKaHM MPOXOAMIA CIEAYIONIMM 00pa3oM, COIJIACHO TPeM
peLenTypam:

[IpuroroBnenue pactBopa mo 1 penentype: MOIUTEKCAMETHIICHTYaHUMH
ruapoxsopua 10-20 r/m, arierat UHKA U MeIX 5 I/J1, YKCYCHAsI KMCJioTa S 1/11;

[IpuroroBneHue pacTBopa Mo 2 peUenType: MOIUTeKCaMeTHIICHTYaHUJMH
rugpoxiopun 10-20 r/n, ammuak 10% 5 1/m;

[IpuroroBnenrne pacTBOpa MO 3 pEUENType: MOJUTeKCaMETHUIICHTYaHUINH
ruapoxiopua 10-20 r/m,arerat aMMoHusA 5 1/7;

IlponuTka TKaHM B pacTBOpe B TeueHWe [-2 MUHNPU KOMHATHOU
TeMIeparype;

OTxuM U cymka oopasmos mpu Temmeparype 80 °C, 5 Mug;

Tepmoobpabdotka npu Temmeparype 125 °C, 2 muH;

Janee mpoMbIBKa U CyIIKa 00pa3LoB IPU KOMHATHOH TeMIieparype.

OmnpeneneHue MNPOYHOCTHBIX XapaKTEPUCTHK 0OpabOTaHHON MIEpPCTSHOMN
TkaHu nposoxmn cornacHo ['OCT 3813—72; uccnenoBaHusl MO ONpPENEICHUIO
AHTUMUKPOOHOW  aKTUBHOCTH  TEKCTWJIBHBIX  MaTEpHAJOBIPOBEIEHO B
cootBercTBUH ¢ ['OCT 9.060—75; ycTOWYMBOCTh TKaHW K MCTHUPAHHUIO COTJIACHO
IF'OCT 18976-73;, ycTOHYMBOCT, AHTHMUKPOOHOTO TIOKPBITHS K CTHUpPKE
onpenessuu o 'OCT 12.4.049-78.
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3. Pe3yabTaThl U 00CY:KI€eHUE

[lo cpaBHeHWIO C JpPYrUMH TEXHOJNOTHSAMH, pa3paboTaHHBIE CIIOCOOBI
00JIaatl0oT  BBICOKOH  aHTHMMHUKPOOHOW  aKTHBHOCTBIO WM YIPOIICHHOU
TEXHOJIOTUYEeCKOH cxeMoil ammperupoBaHus. OnpeaencHue aHTUMHKPOOHOM
AKTUBHOCTH  O0Opa3lloB, OOpa0OTaHHBIX MpeajaraeMbIMH  KOMITO3UIUSAMHU

npoBoauiack corgacHo 'OCT 9.060—75, pe3ynbrarhl NpeacTaBlIeHbI B TaOIMLIAX
1-3.

Tabmmua 1 - KoadduumeHnt ycToHUMBOCTM K MHKPOOHOJIOTHYECKOMY pa3pyLICHHIO IIEPCTSHBIX
MaTepHasoBIo 1 penentype

Ne KonuenTpanus
KOM- Pa3priBHas Harpyska (10 6HOpa3pyIIeHHS U IOCIe
nosu- | TI'M | Auerat meau r/iu, onopaspymenus), cH
LHH [-, | aueTar UMHKa I/1,
o/ YKC. KHCJIOTa, T/1 10 cyTox 30 cyTox
YTOK % | ocuoBa | % | yToK % yrok | %
1 10 32/26 | 83 30/25 | 80 | 32/20 | 64 | 30/20 | 64
2 15 5 32/28 | 90 29/27 | 87 | 32/22 | 70 | 29/21 | 67
3 20 35/30 | 96 33/29 | 93 | 35/23 | 74 | 33/20 | 64
HeoOpaboTaHHBI MaTepHa 31/21 | 67 31/20 | 64 | 31/17 | 54 | 31/15 | 48

Ta6mmua 2 - KoadduumeHt ycTOHUMBOCTM K MHKPOOHOJIOTHYECKOMY pa3pyLICHHIO IIEPCTSHBIX
MaTepHasoB 1o 2 penentype

Ne KonuenTpauus PaspriBHas Harpyska (10 6uopaspyuieHus U 1mocie
;g:; M | Aviiax 6uopaspyuenus), cH
mm | T, 10%,r/n
r/n 10 cyTok 30 cyTok
YTOK % | ocuoBa | % | yTok % ocHOoBa | %
1 10 31/25 | 80 | 29/25 80 | 31/18 58 29/16 51
2 15 5 33/27 | 87 | 30/26 83 | 33/20 64 30/18 58
3 20 34/28 | 90 | 32/28 90 | 34/21 67 32/20 64
HeoOpaboTaHHBIl MaTepHan 31/21 | 67 | 31/20 64 | 31/17 54 31/15 48

[Mony4eHHbIe peE3yNbTAThl CBUICTEILCTBYIOT O TOM, 4YTO KOI(G(OUIMEHT
YCTOWYUBOCTH K MHKPOOHMOIIOTHUECKOMY paspylIeHHI0 00pas3loB TKaHH,
obpaboranHbix coctaBoM Ne 1.cocraBun 94,5 % mocne 10 cyToKk HaXOXACHHS
IIOJIOCOK B KOHTaKTe ¢ 3emuiel, mocne 30 mueit 69 %. Ilocie MmoguduimpoBanus
kommosunuerd Ne 2, kO3(GHUIHEHT YCTOHYMBOCTH K MHKPOOHOIOTHYECKOMY
paspymennio90 % mocie 10 cyrok, mocne 30 cyrok 66 %. B ciyuae
npuMeHenus kommnosuuu Ne 3, koaddunuent coctaBun 90 % mocne 10 cyTok,
nocie 30 cyrok 67 %.
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Tabmmua 3 - KoaduimeHT ycTOHYMBOCTH K MHUKPOOHOJIOTMYECKOMY paspyIIEHHIO IIEPCTIHBIX
MaTepuaioB 10 3 perenrype

Ne KoHnenTparms PaspbiBHas Harpyska
KOM- nrm Anerat (o Ouopaspyienus ¥ nocie duopaspyuenus), cH
o3u-
wn I-I, aMM(/)Hm' 10 cyTox 30 cyTok
r/n o
YTOK % | ocuoBa | % YTOK % ocHoBa | %
1 10 5 31/25 | 80 | 31/26 83 3119 | 61 31/17 54
2 15 34/26 | 83 | 30/27 87 34/20 | 64 30/19 61
3 20 35/28 | 90 | 34/28 90 35/22 | 70 34/20 64
HeoOpaboTaHHBI MaTepHan 31/21 | 67 | 31/20 64 31/17 | 54 31/15 48

Hdnst  KOHTpONBHBIX  00pa3smoB  Ko3(puUUEHT  yCTOMUMBOCTH K
MHUKpOOHOJIOrnYeckoMy paspyiienuto 66 % mocne 10 cyrok, mocie 30 cyrok 51
%. M3 mnpemnoXeHHBIX KOMIIO3HMIIMH, BBICOKHH pe3yJabTaT aHTUMHKPOOHOTO
s dexra Habmomaercst y coctaBa Ne 1. AHTUMHUKpPOOHBIH 3((EeKT BO BCceX Tpex
KOMITO3UIHAX JOCTHTAETCsl MPU MUHUMANbHON KoHIeHTpaiwu [ITMI-I" 10 r/m,
oomee 80 %. Cormacao [I'OCT, TKaHb CYMUTAETCS YCTOHYMBOM K
MUKPOOMOJIOTHYECKOMY Pa3pyIIeHUIO0, eciii KodpduuueHT coctaBisieT 80 +/-5
%.

ITokazaHusi yCTOHYMBOCTH UCTUPAEMOCTH MIEPCTSAHONW TKAHW OT PEIEHTYpPbI
0o0pabotku mpoBenaeHbB  cooTBerctBHM ¢ ['OCT 18976-73. PesynbraThl
IpeACTaBIeHb! B TabauLeE 4.

Tabauua 4 - [Toxazanust yCTOHYMBOCTH HCTUPAEMOCTH HIEPCTSHON TKaHU OT PELENTypbl 00paboTKH

cTUpaeMocTh TKaHH, Kuer (LIMKIT)
HaumeHnoBanue Pererrrypa | Pererrrypa 2 Pererrrypa 3 Heob6paboTtanHsrit
MaTepual

AmnpeTHpOBAH b 3858 3557 3697 2091
Marepuain

10 cytox 3616 3414 3411 1755

30 cyToK 2447 2449 2230 1336

TIAB 3084 2618 2633 1671

ITokazarenmn Ha YCTOWYMBOCTh K WCTHPAHUIO COCTaBWIHM: y O0OpasioB
obOpaboranHbix kommnosunmer Ne 1 - 3858 mmkioB, mocie 10 cyrok - 3616
uukioB, 30 gueit - 2447, nocne ctupku - 3084 muxioB. JlaHHBIE moKazaTenu
nocne oOpaborkm kommosunuerd Ne2 - 3557 mmkioB, mocie cTHpok - 2618
LUUKIOB. Y TpeThero coctaBa - 3697 HMUKIOB, U mocie cTUpPoK - 2633. Otcrona
BBIBOJI, YTO JIyYIIME TIIOKA3aTeJId JOCTUTAIOTCSA IOCJE NPUMEHECHHUS IEPBOIrO
cocTaBa JJisl OIy4YCeHUSI aHTUMHKPOOHBIX CBOWCTB Ha IMIEPCTSHBIX MaTepHaax.

YCTOWYUBOCTh aHTUMUKPOOHBIX CBOWCTB MOIU(MHUIIMPOBAHHBIX 00pa3loB K
MHOTOKPATHBIM CTHPKaM, BO3ICHCTBHIO XUMYHCTOK M B IPOIIECCAXIKCILTyaTaI[uHI
npoBepsiiu cornacHol OCT 12.4.049—78.YcTaHOBICHO, YTO IMOCIE ISITH CTHPOK
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KOO(GGUIMEHT YCTONYUBOCTH K MHUKPOOHOIOTMUYECKOMY pa3pyIICHUIO 00pa3iioB
TKaHU MOIU(PHUUUPOBaHHBIX Kommosunued Ne 1, cocraBun 85 %. s
kommosummu Ne 2 — 735 %, Ne 3 — 78.5 %, mpou3omwio CHUKEHHE
aHTUMHUKPOOHBIX cBoMcTB Ha 10-16 %. Otcroga ciemyeT, 4To MpeJIOKCHHBIC
COCTaBBI HIMEIOT OCTATOYHBI aHTUMUKPOOHBIN AP PeKT.

4. 3aka04eHne

Pa3paboTanel KOMITO3WIIMK I TpPUJAHHUS aHTUMHUKPOOHBIX CBOICTB
HIEPCTSHBIM ~ TEKCTUJIBHBIM  MaTepHallaM. [MomydeHHble  pE3yNbTATHI
CBUJETENBCTBYIOT O  TOM, 4YTO  KOX(PQHUIMEHT  YCTOWYMBOCTH K
MHUKpPOOMOJOTHYECKOMY pPa3pyIICeHHI0 Yy O00paslloB TKaHW 00paboTaHHBIX
coctaBamu Ne 1-94,5 %, Ne 2 - 90 %, Ne 3 -90 %.

AHTHMHKPOOHBIA 3(PQPEeKT BO BCEX TpeX KOMIIO3MITUAX ITOCTHTAETCS IPH
MuHUMaNbHOU koHreHTpanmu [II'MI-I" 10 1/n, 6onee 80 %. Cormacuo ['OCT,
TKaHb CYUTAETCS YCTOMYMBOM K MHKPOOHMOIOTHYECKOMY pa3pyIIeHHIO, €CIH
ko3 dunment cocrapnser 80 +/-5 %.

YCcTaHOBIEHO, YTO TMOCIE MATH CTHPOK KOI(PPHUIMEHT yCTOMYHMBOCTH K
MHUKPOOHOJIOTHYECKOMY pa3pyLICHUIO y 00pa3loB TKAaHH MOAUGHULIMPOBAHHBIX
kommno3uimen Ne 1, coctaBuit 85 %. s kommoszuruu Ne 2 — 73.5 %, Ne3 — 785
%, IPOM30IJIO CHIKEHHE aHTUMHUKPOOHOT0 3¢ dexra Ha 10-16 %.

[IpoBeneHHble  HCCEOBaHWS  TOKa3aJd, 4YTO  MOJU(PHUIMPOBAHHBIC
HIEPCTSHBIC TEKCTUJIBHBIE MaTepHallbl MPHOOPETAIOT aHTUMHUKPOOHBIC CBOWMCTBA,
HE paspylialoTcs MHUKPOOpPraHM3MaMHd B  YCJIOBHSX OKCIUTyaTalUH, |
Ka4eCTBEHHBIC NIOKA3aTeNH IEPCTH NOCIe 00pabOTKH HE YXYAIIAIOTCS.

(I)l/lHaHC]/IPOBaHl/[eZ Pa6ota BeImonHEHa B AIIMATHHCKOM TEXHOJIOTHYECKOM YHUBEPCUTETEC.
KOHq)Ill/lKT HHTEPECOB: ABTOp 3asBJISIET 00 OTCYTCTBHUU KOH(I)J'II/IKTa HWHTEPECOB.

KYH MATEPUAJIJAPBI YIHIH AHTUMUKPOBTBIK KOMITO3ULUAJIAPABI O3IPJIEY
7KOHE 3EPTTEY

/ocenouesa K.IK.

Anmamor MEeXHONI02UAIbIK yHugepcumemi, Aﬂ,\/tambl, Kasaxcman
E-mail: d.kulmairam@mail.ru

Tyiiingeme. Kipicne.Makaiaga TOKbIMa MaTepHajlapblHa MHKPOOKa Kapchl KacHeTTep OepymiH
KOJITAHBICTAFbl OMICTEPIHE Talay >KaCablll, OJAPAbIH THIMAUIIrIH OaFamay >KyMbICTapbl >KYpri3iuifii.
JKymvicmoly  makcamol. MukpoOKa Kapcel KacHeTTepi Oap >KYH MaTepuaiiapblH aiy.Odicmeme.
JXyMbICTa FBUIBIMH, JIOTHKANBIK, OOBEKTHUBTI 3epTTey oficTepi KOINAHBUIANbL Homuowenep Mmen
nikipmanac. MUKpoOKa Kapchl JKYH MaTepHAlIapblH aly TEXHOJOTHsIApHl o3ipieHMl. YCHIHBUIFaH
KOMIIO3ULMSUIAPABIH  JKYH  MaTepHalJapblHBIH  MHKPOOHOJNOTHSUIBIK — OY3bUIYBIHA — TO3IMIUIIK
ko3¢ duLmeHTiHe ocepi OOHbIHIIA 3epTTeyiep KYpriziiti. bapiblK KoMIo3uLUsIapIaFrsl MUKPOOKa Kapchl
acepre 80% - naH acTaM IOJIMIe€KCaMETHIICHI'YaHUIMH THAPOXJIOPHIIHIH €H a3 KOHIIEHTPAILMACH Ke3iHae
KON JKCTKi3UIeTiHI aHBIKTAIABl. MoIu(UKanusIaHFaH YITUIepOiH MHKPOOKa Kapchl KacHETTEpiHiH
OipHelie peT JKyyFa TO3IMIUIIMIH 3epTTey HOTHIKECI MHKPOOHOJIOTHMSUIBIK Oy3bLIyFa TO3IMIUIIK
koo dumenTi 10-16% TemenaereHin kepceTti. ByaaH MIBIFaThIHBI, YCHIHBUIFAH KOMIIO3ULHSIIAP KaJIIbIK
MHKpOOKa Kapchl acepre He. O3IpICHIeH KOMIIO3MLUMIAPABIH TOKbIMA MaTepHalIapbIHBIH (u3Kka-
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XUMHSUIBIK KOHE (DM3MKA-MEXaHHKAJIBIK KacHeTTepiHe ocepi 3epTreiiii. 3eprrey OOBEeKTUIepiHiH
KacueTTepi MEH KYpBUIBIMBI TalKbUIAHIbI, COHBIMEH KaTap KOJIIAHBUIATHIH KOMIIOHEHTTEpAIH e3apa
OpeKeTTecy MeXaHu3Mi 3epTresi. KoMmmosumusHbl CiHIpYy >XKOHE TEpMOOHJEY Mapamerpliiepi, TOKbIMa
MaTepHajJapblH  OHJACYJIH TEXHOJNOTHSJIBIK IPOLECIHIH  OHTAWIBI  peXumiepi  OenriieHreH.
Kopvimeinoviiap. O3IpaeHreH TEXHOJOTHUS KYH MaTepHallapbIHbIH TUTHEHAJbIK JKOHE TYTHIHBIMIBIK
KacHeTTepiH caKTail OTBIPBIN, TOKbIMa MAaTepPHAJBIHBIH MHUKPOOKa Kapchl OEJICEHIUNIH KamMTaMachl3
eTeni. 3eprreynep KepceTKeHaeH, Moau(UKannsIIaHFaH KYH TOKbIMA. MaTepUaapbl MUKPOOKa Kapchl
KacueTTepre ue OoJyaJbl KOHE TYTHIHBIM Ke3iHAe MHUKPOOPraHM3MIEPIiH ocepiHe TYCIeH[i, COHbIMEH
KaTtap eH/Iey/ICH KeiiH TOKbIMa MaTepHalIapbIHBIH CalabIK KOPCETKIIITEPi HallapaaManibl.

Tyiinai ce3mep: MuKpPoOKa Kapchl OeJCEHAUTIK, MHKpPOOpPraHU3MIEp, MHKpPOOKa Kapchl arcHr,
MHKPOOUOJIOTHSIIBIK, OY3bLTY, TOKBIMA MaTepHall, KOPBITHIHABI OHJICY

/Mocenbueea Kynomaipam Kamanbaeena PhD, rexmop
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KA3AKCTAHHBIH XUMUAJIBIK JKYPHAJIBI XUMHYECKHY XYPHAJI KA3AXCTAHA

Chemical Journal of Kazakhstan
Volume 3, Number 79(2022), 160-163

KU3Hb ITIOCBAUIEHHASA CJIYKEHUIO HAYKE

Ynen-koppecnonoenmy HAH PK, naypeamy xonxypca uzobpemamenet
«lanazamy»,  3aciysicenHomy — uaieHy — obujecmgea  uzobpemameneu  u
payuonanuzamopos PK, obraoameno nowemmnozo snaxa «Kasaxcman
Pecnybnuxacwer 2vinvimvin damvimyea ciyipeen eybeei yuliny, KpynHomy yY4eHoMy 8
obracmu Xumuy MUHEPAIbHLIX YOOOpeHUll U Ccoell, 3aMeCmMUmento 2eHepalbHO20
oupexmopa AO «Hncmumym xumuyeckux Hayk umenu A.b.bexmyposay,
0OKmopy — mexHuyeckux Hayk, npogheccopy [yucycunbexogy  Ymupzaxy
Kymacunoeuuy — ucnornunocw 70 nem.

JxycunbekoB Ymup3sak KymacunoBnd — pojuiicst 3 aprycra 1952 . B cene
Opynze CeepiioBckoro paiiona (HeiHe baitzakckoro) KamOpuickol oOmacty.
Ymupzak JKymacuinoBuu ¢ OTJIMYMEM OKOHYMII CPEAHIOI IIKOJIY U ¢ 0CoOOH
TEIUIOTOW W OJarolapHOCThIO BCIIOMHHaeT cBoux yuutened. B 1969 ropy
MOCTYNWJI Ha XuUMHdecknd  (akynprer Kazaxckoro rocynapcTBEHHOTO
yausepcuteta uM. C.M.Kuposga.

Tpynonmobue M KelaHue CTYACHTa 3aHUMAThCS HAayYHOH NESTEIbHOCTBHIO
ObUIO 3aMe4yeHO jekaHoM (akyinbreTa npodeccopom B.A. BepemikaHOBBIM,
KOTOPBII MOCTOSIHHO MHTEPECOBAJICS XOJOM €ro CTYJICHYECKUX HAyIHBIX PadoT.
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Ilo pe3ynbTaTaM Hay4HBIX UCCIEAOBAHMI O] HETIOPEACTBEHHBIM PYKOBOACTBOM
nouenta Kuarkuna I'.I1, YMup3ak B cTyieHYECKHE TOABI BBICTyNANI C JOKIalaMU
Ha PecnmyOnnkaHCKUX | Bcecoro3Hbix KOH(EpeHIUsX IO MPOU3BOJACTBY
thocdopHBIX MHHEpaNBHBIX yHnoOpenuit u3 ¢docdopuroB Kaparay. B 1974 r.,
[0CJIe OKOHYAHUsI YHMBEPCUTETA AJIS IPOJOIKEHUSI HAy4HOU pabOThl OCTaBIISIOT
Ha Kadeape B MpoOIEeMHOM 1a00paTOpHii XUMUYECKOTO (aKyIbTeTa.

Y.K. JlxkycunOekoB — y4eHHK M MOCJIENOBaTEeNlb W3BECTHOW HAYYHOI
mKoiael  wieH-koppecnoHnenTa AH Kazaxckoit CCP, a.x.H.,, mpodeccopa
B.A. bepemxaHoBa, NpOYHO CBs3al KPYI CBOHMX HAay4YHbIX MHTEPECOB C
TEOPETUYECKUMH U TPHUKIAAHBIMA TpPOOJIeMaMHd XWMHUYECKOH TEXHOJIOTHH
Kazaxcrana. @ Hayunas  fmedTenbHOCT  €ro  cCoOBHAla € IEPUOAOM
COBEpILUCHCTBOBaHUS M pa3BuTuUs B Kazaxcrane TexXHOJIOrMid NpPOU3BOACTBA
¢dochopHBIX MHUHEpaNbHBIX YAOOpEHHH. AHAIN3 TIONYYEHHBIX pPE3yJIbTaTOB
oOCyKJancss ¢ W3BECTHBIMA YYEHBIMH B 3Toi obOmactu 3opoBeiM  [.]],
CepasunaunoBeiM [1.3, Kusatkunom I'.I1. J[anHbIE 3THUX HCCIEeqOBaHUI YMUp3aK
KymacunoBua 0000mMI B KaHIWAATCKYIO  JHCCEPTAlMI0O 1O  TEME:
«MccnenoBanre NOPOAYKTOB W TPOLECCOB, MPOTEKAIOMIUX MpPH KUCIOTHO-
TepMHUYECKON TiepepaboTke monmranuTa u ¢hocopura Ha yIOOPEHU», KOTOPYIO
oH 3amuTua B 1983 r. Ilpomomxkas HayuHyto paboTy B 00JIACTH MPOHM3BOICTBA
(dhocopHBIX MUHEpPAIBHBIX YIOOpEHHH, OH 0CO00 O0paTW BHUMaHHE Ha
SKOHOMMYECKYI0  LEeJIeCOOOPa3HOCTh  TEXHOJIOTHH. Ilo  pesynabraTam
HCCIIEA0BATENbCKUX  PaboT B 1993 r. 3ammTuin  JOKTOPCKYIO AMCCEPTALHUIO:
«Pa3paboTka pecypcocOeperaromieii TEXHOJIOTUH TepMH4Yeckux ¢ocdaToBy. B
CBOMX HAy4YHBIX TpyJax OH IIOCJIEAOBAaTENbHO pa3BUBal HIEH CO3MAHUA U
OCBOGHHSI DHEPro- U pecypcocOeperaromux TEXHOJOTMHA  IepepadoTKu
¢dochaTHOrO, TATYPrU4ecKOro W BTOPUYHOTO ChIpbsi Kazaxcrana. B momomom
rccienoBaresne C TaJaHTOM YY€HOTrO, MpPOSABISUINCH OpraHu3aToOpCcKue
CIOCOOHOCTH pPyKOBOAWTENS. VIMEHHO 3THM CBOMCTBa - OTBETCTBEHHOCTH H
N00pOCOBECTHOE OTHOLICHWE K IOPYYCHHBIM JeflaM BBI3BIBAJIO JIOBEPHE
pyKoBoAsIIed aaMuHHCTpanuii HarmumonampHON akagemuu Hayk PecmyOmmku
Kazaxcran (HAH PK). B 1994 rony Ymupsak XXymacuioBud 1O KOHKYpCY
n3bupaercs Ha JOJDKHOCTH 3aMECTHUTENsl akaJleMHuKa-cekperaps OtaeneHus
XUMHKO-TEXHOJIOTHYECKNX HayK HannonampHOW akagemun Hayk PecmyOmukun
Kazaxcran (HAH PK), a B 1995 rony B cBsizu ¢ peopranmsanmeii HAH PK
nepeBonutca B UHctuTyT Xxummueckux Hayk umenun A.b. bekryposa (MXH)
MOH PK 3aBenytomum radbopatopueit XuMuu HochOpHBIX YIA0OPECHHIA.

C 1997 r. mo Hacrosimee Bpems JxycunoexoB Y. K. 3aHUMaeT TODKHOCTH
3aMECTHUTEINIsI TeHepaJbHOro aupekropa MHctuTyra mo HayuHoil pabote u
OJTHOBPEMEHHO MpPOAOJKAET YCHEIIHO pPYKOBOAUTH OJHOM M3 BEAYIIHX
naboparopuii UXH — xumum ymoOpenuit m comeit. [logmepxuBas u pa3BuBas
JIeNIOBYI0 MHHMLMATHBY K&XIOro, TUOKO UCMOJB3ysS pa3id4Hble CTWIN
pykoBoactsa, [xycundexkoB Y.JK. koopauHUpyeT pecypcehl (Kak JIIOACKHE, TaK U
(uHaHCOBbIE), BBIABUTAET U IOIJEPKHUBAECT MHHOBALMOHHBIE MIECHU KOJUIET IpU
OIIpEJeNICHUH 3a/1a4b HHCTUTYTA.
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Benp He cekper, uTo YMHp3ak — KpacuBoe U J0OpOXKeTaTeNbHOE UM, H
€CTECTBEHHO HAaKJaJIbIBacT OTIEYAaTOK Ha 4YEJIOBEKa, HOCAIIET0 €ro, Mope
IOymieBHOro OmaropoacTBa M mpounx gocTomHcTB. OH Bcerma crapaercs
JaTbHOBUAHO TUIAHUPOBAaTh HAy4yHyl0 paboTy, KOTOpoe MO3BOJSIET IOCTHUYb
BBICOKMX IMOKa3aTeiell B HayuHoil cdepe. ['eorpadus pernoHoB BHeapeHHs
Hay4YHbIX pa3pabOTOK, KOTOpbIE MPOBOAWINCH IPHU  HEIOCPEICTBEHHOM
pykoBoactBe W ywactuum JxycunmbekoBa VY.JK, ouenp oOmmpna: HIIO
«Tynauepmer», HIIO «VYpamuepmer», Ha onbITHBIX 3aBojgax HIIO
«Mwunynobperns», «JlentHUWUrumpoxum» 1 HUYU® um. S.B.Camoiinosa (1988-
1993 rr.), Ha TypKMEHCKOM 3aBOJie a30THBIX ynoOpeHwuii (r. Maps, 1988-1991
rr.), B 1O «Xumnpom» (r. Tapaz, 1994-1996 rr., 2003-2004 rr.), Ha HoBo-
HxamobuickoM ¢ochopHoM 3aBoze (1998-2002 rr.), na TOO «Kaitnap-AKB (r.
Tangeikopran, 2004-2006 rr.), B XamoOsuickom ¢ummane TOO «Kazdochar»
«HA®P3» (2007-2010 rT.).

V. K. JIxycunOekoB — KpyIHBIH yUeHBIA B 00JIACTH HEOPTaHUYCCKONH XMUMHHU
U KOMIUIEKCHOTO OCBOCHHE MHHEPaJbHO-CHIPhEBBIX pecypcoB Kazaxcrana. Ero
IIKOJION, coBMecTHO ¢ mAokropamu YepHskoBoit P.M., OmaxbaeBeim M.T.,
Hypranuesoii I'.O. pa3zpaboTraHa TEXHOJOTHS TMOIYYCHUS CIOXKHO-(DOCHOPHBIX U
OpraHO-MHMHEPalbHBIX  yIOOpeHW#, TryMaTcoAepKalluX  MpemnaparoB U
SHEeproakKyMmynupyrommx no6aBok (JAJl). Ha ux ocHOBe MONy4eHBI TOBapHBIC
3Haku Ha mpemnaparbl «Cyneprymar», «'ymamb», «AkHyp» U «Xumaop». Mx
MIPUMEHEHUE II03BOJIWJIO YBEIUYUTHh YpPOKAHHOCTh CEIBCKOXO3SHCTBEHHBIX
KyJnbTyp B cpeqHeM Ha 15-45% U COKpaTUTh CPOKHM BETETAllMM U CO3PEBaHUS Ha
5-7 nueit.

Ha npoTtsykeHnr MHOTHX JIET OH SIBJISE€TCS HAYYHBIM PYKOBOAMTENIEM psizia
(yHIaMEHTaJIbHBIX U MPUKJIAIHBIX IPOrPaMM, TPAHTOBBIX M PUCKOBBIX IIPOEKTOB
MOH PK, X03HCTBEHHBIX JOTOBOPOB C MPEATIPUATHIMH.

MHOrorpaHHOCTh TBOPYECKOH JAeATEILHOCTH npodeccopa YK
JbxycuniObekoBa oOTpasujach TpHU BHEAPEHHHM TEXHOJOTHH HENTpanu3anuu
He(Te3arpsA3HEHHOI0 TPYHTa C HCIIOJIb30BAHUEM 3HEPro - aKKyMYJIHMpPYIOLIeH
nobasku( DAJl). Ha ocHoBe coTpyaHHuYECTBa C yYE€HBIM C MHPOBBIM HUMEHEM,
akagemukoM HAH PK Engunom EproxuHom, Ha OCHOBE T'yMaTCOIEpIKaIlluX
KOMITO3UIIMOHHBIX MaTepuanoB Ha nonuroHax AO «O3eHMyHairasy», o JaHHOU
TEXHOJIOTHH TIOJIyYeHBI SKOJIOTHYECKH Oe3BpellHble JOPOKHBIE M CTPOUTEIbHBIC
MaTepurabl.

BaxupiM acmekToM  paszpaboTok Ymmpsak JKymacwioBmua — SBISETCS
O3€JICHEHUE TOPOACKMX TEpPPUTOPHUH U  MPOM3OHBI C IpPUMEHEHUEM
TYMaTCOJEPKAIINX MIPEerapaToB.

Hayunsie uccnenosanus npodeccopa xycundexkosa Y. JK. 0000mieHs B 22
MoHorpadusix, 3 Opouropax, Oomee 900 Hayunbsix mnyOnukaumsx. Ilox ero
PYKOBOACTBOM  monydeHO Oosiee 150 aBTOPCKHMX CBUAETENBCTB, IATEHTOB,
MpeAnaTeHTOB, MHHOBAIMOHHBIX MMATEHTOB M NMAaTEHTOB HA IOJIe3HYI0 Moneib PK;
3aIUIICHBI 8 TOKTOPCKUX, 27 KaHauaaTcKux auccepranuii, 3 PhD gokropckux u
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5 maructpckux auccepranuii. Co3maHHas UM HaydHas ITKOJIAa W3BECTHA KaK B
PecmryOnmke, Tak u 3a pyOexoM.

Hapsiny ¢ HayuyHoi W  HAy4YHO-TIPOM3BOJCTBEHHON JAESITEIBHOCTBHIO
JxycunbexoB Y. K. 3anmmaercs OOIIECTBEHHOW W HaydIHO-OPTaHH3AIMOHHON
paboroii. OH sBsUICS WieHOM KcrepTHoro coBeta BAK PK mo crenmansHOCTH
METIIYPTusd U TEXHOJOTHS HEOPraHWYEeCKHX BEIIECTB, UYIEHOM 3KCIEPTHBIX
COBETOB M0 NouckoBbIM HccienoBanuaM MOH PK, 3amectutenem npencenarens
CEKIIMU XUMHKO-TEXHOJIOTHYECKNX HAyK B KOMHCCHH II0 TOCYAapCTBEHHBIM
npemusim PK B 001acTu Hayku, TeXHUKH U 00pa3oBaHusl IpH npaBuTenbcTse PK.
bein mpencenarenem JluccepTalMOHHOIO COBETa MO 3alUTE JOKTOPCKUX H
KaHIUAATCKUX JWCCEepPTAallMii 10 TEXHOJOTHMH HEOPTaHMYECKHX BEIIECTB
Nucturyra  xummueckux  Hayk uM.  A.B.bekTypoBa, mpexacenarenem
l'ocynmapcTBeHHOM 3K3aMEHAIIMOHHOW KOMMCCHM BBIIYCKHUKOB AKTayCKOI'o
Tl'ocynapctBennoro ynusepcurera uM. L. EcenoBa, KazHTY um. K.M.CarnaeBa
n KasHY um.ans-Dapadu.

3a BblHAOIIMECs ycleXu B  HAay4YHO-HCCIEIO0BaTeNbCKOM, Hay4dHO-
OpraHM3allMOHHOW U mejmarorudyeckoi nesrenpHocTH Y.JK.  JhxycunOexkor
HarpakJieH HarpyaHbsIM 3HakoM «KazakcTan PecryOnmKkachl FRUTBIMBIH JaMBITYFa
CiHipreH  eHOeri  yuriH», JUIUIOMOM  OOIIecTBa  uW300peTareiet u
pammonanu3aropoB PK u  sBisgercs naypearoM KOHKypca H300peTarenecit
«Iamarar» (nmepBoe mecto). Harpaxnmancs «llouetHeiMu rpamotamm» MOH
PK n AO «HK «Ka3mynaiiras».

Ymupzax Kymacunosuu! Bamm mnpekpacHble 4yelloBeUeCKHe KayecTBa -
n00poTa U OTKPBITOCTh CHUCKAIHM BaM riry0okoe yBa)KeHHE M NPU3HATEIBHOCTh
KoJuter. Bamn KM3HEHHBIH MyTh SBISETCS SPKUM MPUMEPOM CITY)KEHUS Hayke W
OrteuectBy. [Ipodeccronanusm, TpyaooOHe, OTBETCTBEHHOCTh U MPEJaHHOCTh
CBOEMY JICJTy IMO3BOJINIIU Bawm crath BbIAAOINUMCA YUCHBIM - XUMUKOM, aBTOPOM
MHOTOUYHMCIICHHBIX TpyaoB. llocBsimasi cBOI KH3Hb HayKe, KaK OJIeCTSIIHAN
YYEHBI ¥ XOPOIINA CEeMbSHHUH, BOCHHTHIBAS MPEKPACHBIX JETe COBMECTHO C
cynpyroii MatimyHoit PaumskanoBoii, Bel cymenu peain3oBaTh ceOs U SBISICTECH
JIOCTOMHBIM MPUMEPOM TTO/IpasKaHust !

B smom 3namenamenvuviii Oenv dncenaem Bam u Bawum oOnuzkum
onazononyuus u écezo camozo 006pozo!

Ilycmbv Bawiu Hoeble nayuno — mexnHuuecKue CEEpUIeHUs CAYHCUM HA
npoyeemanue nauwieni Poounwl, nazvieaemon Kazaxcman!

Konnekmue AO «Mncmumyma Xumuueckux Hayk um. A. bekmypoea
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[paBuiia opopmiteHus cTaTeil B )KypHaie
«XUMHUYECKHUM )KYPHAJ KABAXCTAHA»

1. OBIIIME MOJIO’KEHUSL

Kypuan «Xumuueckuii xxypran Kazaxcrana» (ISSN 1813-1107, eISSN 2710-1185)
BhIITyckaeTcss opiaeHa TpymoBoro Kpacnoro 3namenn AO «HCTUTYTOM XHMHUYECKHX
Hayk uM. A.B. BektypoBa» 4 pasa B roJ H IyONWKYeT pabOTHI IO IMIUPOKOMY KPYTY
(byH/IaMEHTaNbHBIX, IPUKJIAJHBIX ¥ MHHOBAIIMOHHBIX UCCIENOBAaHMI B 00JIACTH XUMHHU U
XUMHYECKOH TEXHOJIOTHH.

S3pIKM TyONMKaIMU: Ka3axXCKUHM, pycckui, aHrnmickuid. JKypHan uHmexcupyercs
KazaxcraHnckoii OHONMMOMETPUYECKOW CHCTEMOW M BKIIOYeH B [lepedeHbp W3MaHUM,
pexoMeHnyeMblx KomuTeToM 10 KOHTpOm0 B cdepe oOpa3oBaHMS W HAYKH
MunucrepctBa oOpaszoBanust W Haykd PecmyOmmkm Kazaxcran mns myOnmkannu
OCHOBHBIX P€3yJIbTaTOB HAYYHOH JAEATENBHOCTH.

W3nanue umeer cieayonye pyopuKu:

1. O03opHBbIe cTaThy 10 20 MEYaTHBIX CTPAHHMIL

2. OpurnHanbHble cTathi (10 8—10 meyaTHbIX CTpaHUIL)
3. Kpatkue coobmenus (10 4—5 nmeyaTHbIX CTPAHHIL)

2. MPEJACTABJIEHUE CTATEN

Pemakuuns mpuHUMAaeT CTaThbHM OT Ka3aXCTAaHCKHX M 3apyOEKHBIX aBTOpPOB. B memsx
nomynsipuzanuy JKypHara, pefakIMoOHHONW KOJUIeTHEH IMPUBETCTBYETCS MPHUEM CTaTel Ha
AHMIINICKOM SI3BIKE.

Jsi perucrpanyu M MyOGJMKANMHM CTAThU MaTepuall CTaThM HPEACTABIACTCS B
PEIaKIMI0O dYepe3 CHUCTeMY OJIEKTPOHHOM ToJaun cTaThl Ha caite JKypnama
(https://www.chemjournal.kz/) B koMmiekTe co CISAYIOLIMMH TOKYMEHTAMU:

1. DmekTpoHHas Bepcus cTaTthu B popmarax Word u PDF co BCTpOGHHBIME B TEKCT
Tab/IMIIaMy, cXxeMaMH, pucyHKamu (a1 noykeH ObITh Ha3BaH M0 (GaMHUIMU HEPBOTO
aBTOpA Ha aHTIIMICKOM SI3BIKE).

2. ComnpoBoauTenbHOE MUCHMO, aJpecoBaHHOE B Pefaknnio XUMHUECKOTO0 KypHana
Kazaxcrana oT opraHum3anuy, B KOTOPOH HAaHHOE WCCIENOBAHHE BBITMIONHEHO, C
YTBEP)KICHUEM, YTO MaTepHall PYKONHCH HUTJEe He MyOIMKOBaJICA, HE HAXOAMUTCS Ha
pPacCMOTPEHUH I ONMYOIMKOBaHWS B JPYTHX JKypHalIaX M B MaTrepHaigax CTaTbu
OTCYTCTBYIOT CEKpPETHBIE IaHHbIE. B COMPOBOAMTENHFHOM NMUChbME YKa3bIBAIOTCS CBECHHS
00 aBTope /Ui KoppecnonaeHuun: GaMums, UM 1 OTYECTBO aBTOpPa, CIIYKEOHBII aapec
C yKa3aHHEM II0YTOBOTO MHJIEKCa, aJpec 3JIeKTPOHHON mouThl, TenedoH u ORCID.

3. Bce cratbu, omyOnukoBaHHBIE B XUMHYECKOM kypHane Kazaxcrana (ISSN 1813-
1107, eISSN 2710-1185) myOmuKkyrOTCS B OTKPBITOM nocTyre. YToObl obecrnedyuTth
CBOOOJHBII JOCTYNl 4YMTarelsiM M HOKPHITH pPacxolbl HA OSKCIHEPTHYIO OLEHKY,
peIaKTHPOBaHME, TMOJJEp)KaHWe caiTa >XKypHana, AOJITOCPOYHOE AapXHWBHPOBAaHHE H
BEICHHE JKypHalla, B3WMaeTcs Iuata 3a oOpaboTky crareu. [lpaBuma ommatel 3a
OITyOIMKOBaHHUE NIPUHATON K MEYaTH CTAaTbU HAXOAATCA B OTIEIBHOM JOKYMEHTE Ha caiiTe
XKypnana «Orutata 3a onmyOIMKOBaHHEY.

4. CraTbe MPUCBANBACTCS PETUCTPAIIMOHHBIA HOMEP, KOTOPBIX COOOIIaeTcs aBTopam
B TEUEHHE HEJENU TI0Cie MOMyIeHHUs] YKa3aHHOTO IepeyHs JOKYMEHTOB; Ha 3TOT HOMEp
HEOOXOANMO CCBIIATHCS IPH MEPEIHCKE.
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5. TlpuHATBIM K T€4aTH CTaThsiM IpHCBauBaeTcs LUQPPOBOH unaeHTHUKaTOp
(DigitalObjectldentifier — DOI).

6. YuurTelBas HEBO3MOXHOCTb IPOBOJAMUTh CTAaTbM Ha KAa3aXCKOM S3bIKE 4Yepe3
CHCTEMY aHTHIUIarMaT, OyIyT YYUTHIBAThCA (POPMYIHUPOBKH DPEIEH3CHTOB M pPEUICHHE
U3JaTeIbCKOM KOJUIETUU.

7. CtaTby JOIDKHBI OBITH O(OPMIICHBI COTIIACHO IA0IOHY, KOTOPHIH MOXKHO CKa4aTh
B paszene «OTnpaBka MaTepuanoBy» Ha caiite Xumuueckoro XKyprana Kazaxcrana.

3. CTPYKTYPA IYBJIUKAIIUIA

3.1. B Havase 0030p0oB, OPUIMHAJIBLHBIX CTaTeil M KPAaTKUX COOOLIEHMH Ha
MIEpBOI CTPOKE YKa3bpIBaeTCs HOMEp MO YHHUBEPCATHHON JECATHYHOHN Kiacchukannu
(YK mm UDC), coOOTBETCTBYIOLIMIT 3asBICHHON TeMe. [laeTcs mpOoIMCHBIMU OYKBaMU B
BEepXHEM JieBOoM yriy. Takke Ha IEepBOM CTpPOKE ClpaBa INPONUCHBIMH OyKBamMH
nonmyxupasiM mpupom Ne 14 ykaseiBaercs HasBamme skypHara XUMHUUYECKHUM
KYPHAJTI KA3AXCTAHA (KA3AKCTAHHBIH XUMWs KYPHAJIbBI,
CHEMICAL JOURNAL OF KAZAKHSTAN), rox, Homep.

3.2. Manee 4yepe3 CTPOKY HMPUBOIUTCS MEXKIYHAPOAHBIN CTAaHIAPTHBIH CepHaTbHBIN
HoMep xkypHama (ISSN 1813-1107, eISSN 2710-1185) u Ha cnemyromel CTpoke ciieBa
npuBoautcs DOI: koTopslii OyaeT UMeTh 3HaueHU e MOCIIe IPUHATHS CTaThH K [eYaTH.

3.3. [lanee, mocne OTCTyna CTPOKHM YKa3bIBaeTcs 3arjiaBMe CTATbH IPOIMCHBIMHU
OykBamu, mpudt Ne 14 — moNyKHpHBINA, BRIpaBHUBAHWE TeKCTa Mo IeHTpy. Ha3BaHue
JOJDKHO MaKCHMA&JIbHO TOJHO M TOYHO OIMCHIBAThH COJCpP)KAaHWE CTaThH, BKIIOYAThH
KJIFOUEBBIE CIIOBA, OTPaXKAIOIIMe HAIPaBICHUE W/WIN OCHOBHOI pe3y/bTaT HUCCIeI0BaHMs,
HO B TO € BpeMsI ObITh KOPOTKHM U SICHBIM M HE COJIEPIKATh COKPAICHUH.

3.4. lanee, mocnie OTCTyNa CTPOKH, YKa3bIBAIOTCI MHHULIMAIBI M paMuaIum apropa(-
OB) CTpOYHBIMU OyKkBaMu, IIpUPT Ne 12 MONYKUPHBIH, KYPCHUB, BBIPABHUBAHHE TEKCTA I10
ueHtpy. ®ammius aBTOpa, C KOTOPBIM CIIEAYyeT BECTH IIEPEHUCKY, HOIDKHA OBITh
otMmeueHa 3Be30ukoii (*): C.C. Camaesa*, A.M. /[rcyoananuesa.

3.5. UYepes crpoky mpuptom Ne 12, CTpoYHBIMH OyKBamMH, KypPCHBOM C
BBIpaBHUBAHMEM TEKCTa IO LIEHTPY CIEIYyIOT HauMMeHOBaHUe(s1)) opranmsauumm(ii) C
yKa3aHHEM YacTH Ha3BaHUsI OPTaHU3ALNH, KOTOPas OTHOCUTCS K MOHATHIO IOPUINIECKOTO
avna (B aHIIMICKOM TEKCTe HEOOXOJMMO YKa3bIBaTh O(QHIMAIBHO MPUHSTHINA MEpeBO]
Ha3BaHUs), TOPOJ, CTpaHa. B aHTIMICKOM BapHaHTE aApEcHBIC CBEICHUS JODKHBI OBITH
MIPE/ICTAaBIICHBl Ha QHIVIMIICKOM SI3BIKE, B T.4. TOPOJ M CTpaHa.

Crpokn c¢ ¢QamMuausaMu aBTOpPOB M Ha3BaHWSIMH OpTraHM3alMi  coxepskar
HaJCTpPOYHbIE MHJAEKCH (mocie (amMwiud U Tepei  Ha3BaHWEM OpraHU3aluy),
YKa3BIBAIOIINE HA MECTO paOOTHI aBTOPOB.

Ha cnenyromeii ctpoke KypcHUBHBIM HauepTaHueM, mpudt Ne 12, ¢ BBIpaBHUBaHUEM
TEKCTa M0 IIEHTPY yKa3bIBAeTCS 3JIEKTPOHHBINA a/Ipec JUIsl IEPEHHICKH.

3.6. Pestome (Abstract, Tyilinneme) cocTouT u3 KpaTtkoro tekcra (He meHee 150—
250 cnos, mpudt Ne 12) Ha s3pike cratbu. AbStract myGmukyercss B MEXIyHapOJHBIX
0a3ax, JaHHBIX B OTPHIBE OT OCHOBHOTO TEKCTa. Pe3toMe 0KHO OBITH aBTOHOMHBIM, BCE
BBOJIMBIC 0003HAYECHUS U COKPAICHNS HEOOX0IMMO pacin(poBaTh 3/1€Ch XKe.

[IpuBeTcTBYETCSl CTPYKTYPUPOBAHHOE PE3IOME, NMOBTOPSIONIEE CTPYKTYPY CTaThbH U
BKITIOYAIONICE: 68e0eHUe, Yelu U 3a0auu, Memoobl, pe3yibmamvl U 006cyxicoeHue,
3axnodenue (6v1600b1). B TO ke BpeMs, eI U 3a/1a4l OMHCHIBAIOTCS, €CJTU OHU HE SICHBI
W3 3arjlaBHsl CTaThbH, METOJBI CJICyeT OIMCHIBATh, €CIM OHM OTJIMYAIOTCS HOBW3HOI. B
pe3roMe BKJIFOUAIOTCS HOBBIE PE3yIbTAThl, MMEIOUINE JOJITOCPOYHOE 3HAUEHHUE, Ba)KHBIC
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OTKpBITHS, ONPOBEPTAIONINE CYIIECTBYIONINE TEOPHM, a TAaK)Ke [aHHBIC, HMEIOIINE
ImpakTHueckoe 3HadeHHe. CreayeT HCIONB30BaTh TEXHHYECKYI0 (CHEHHAIBHYIO)
TEPMHHOJIOTHIO BalIei TUCIUITIMHBL.

Pestome naercs 6e3 abzanHOro OTCTyHa CTPOYHBIMH OYKBaMH; OHO HE JOJDKHO
coziepXaTh HOMepa COeJUHEHNH, SKCIIEPHIMEHTAIbHBIE JaHHbBIE U CCHUIKH Ha JIUTEPaTypy.
Pe3oMe TOIBKO OJTHO — B Hayase TEKCTA.

3.7. [lanee Ha s13bIKE CTAThU 0€3 a03aIHOTO OTCTYMA CTPOYHBIMU OyKBaM¥ MIpH(TOM
Ne 12, BeIpaBHUBaHHE TEKCTa IO JIEBOMY KParo MPUBOAATCS KJKOUYeBbIe ¢JI0Ba (0T 5 110
10 mt.), obecrieunBaromnyie HanboJIee MOIHOE PACKPBITUE COJEPIKAHMS CTAThU.

3.8. B kparkux coodmenusax npuBoautcs pesome (150-200 cioB), karodeBble
CIIOBA, HO JAEJIEHWS Ha paszensl He TpeOyercs. JlaeTcs TEKCT KpaTKOro COOOLIEHWsS Ha
OJTHOM M3 TpeX A3BIKOB C BBHIOJTHEHHEM TpeboBanuit k YK, Ha3BaHUIO CTaTh, IEPEUHIO
aBTOPOB, HANMEHOBAHUH OpTaHU3alNi, B KOTOPEIX OHU pabOTaIOT, YKa3aHUIO aBTOpa I
MIEPENUCKH. B TEKCTe KpaTKoro COOOIIEHUS NPHBOAATCA KOHKPETHBIC CYIIECTBEHHO
HOBbI€ Ppe3yJabTaThl, TpPedylollHe 3aKpenjeHHsl NPHOPUTETa C HEOOXOAUMBIMU
9KCIIEPUMEHTAILHBIMA ~ MOJAPOOHOCTSIMH.  3aTeM  cienyor:  uHpopmauus 0
(uHaHCHpOBaHWH, OJATOAPHOCTH, CBEJCHUS O KOH(IIMKTE MHTEpecoB, HHpopMamus o0
aBTOPAX U CIHCOK JINTEPATYPHL.

3.9. Crarps HauMHaeTcsi C BBeJeHHs, B KOTOPOM (OpMYIUpyercs Lelb u
HEOOXO0IMMOCTh MIPOBEACHUS MCCIEIOBAHMUS, KPATKO OCBELIACTCS COCTOSHHE BOIPOCa CO
CChUIKAMU Ha HamOoJiee 3HaYMMBbIE MYyOJIMKAlMK C M30eraHreM CChUIOK Ha yCTapeBIlHue
pe3ynbTaTel. [3mararoTcst OTKpBITHS, CHCNAaHHBIE B XOJ€ JAaHHOTO HCCIIEIOBAaHHUS.
Yka3bIBaeTCs CTPYKTYpa CTAThH.

3.10. DkcnmepuMeHTAJbHASI YACTh COJEPXKHUT ONKCAHHE XOJa W PE3yIbTaTOB
9KCIIEPUMEHTA, XapaKTEPUCTUKY MOJTY4EHHBIX COC/IMHEHUH. B Havaie
9KCIIEPUMEHTAIIbHOM  9acTH  TNPHBONATCS  HA3BaHWS  NPUOOPOB, HAa  KOTOPBIX
3apEeruCTPUPOBAHbl  (PU3MKO-XMMHUYECKHE XapaKTEPUCTUKM BELIECTB M YKa3bIBAIOTCS
YCIOBHS HM3MEPEHHs; TaKKe YKa3blBAaIOTCS JIMOO HWCTOYHHWKH  HCHOJIB30BaHHBIX
HETPUBHUAJIBHBIX PEareHTOB (HalpuMep, «<KOMMEpUYECKUe MpenapaThl, Ha3BaHue GupMsbI»),
700 JAfOTCS CCBUIKHM HAa METOAWKH MX HOTYyUCHHUS.

Kaxnplii mnaparpad 5SKCHEpUMEHTAIBHON YacTH, OIMCHIBAIOIINI IOJy4eHHE
KOHKPETHOTO COEAMHEHUs, JOJDKEH COJEp)KaTh €ro IIOJHOE HauMEHOBAaHHE IO
HoMeHknatype MIOITAK u ero mopsiaxoBeIii HOMep B cTathe. B MeTonukax o0s3aTeIbHO
YKa3pIBaTh KOJHMYECTBA PEAreHTOB B MOJBHBIX M MAacCOBBIX CIMHMIAX (11
KaTaJu3aTopoB — Maccy M MOJIbHBbIE HPOLEHTHI), 00BbeMBI pacTBopureneil. Meroanka
9KCIIEPUMEHTA U3JIaraeTcs B npouteouiem BpeMeH .

Jnst M3BECTHBIX BEIIECTB, CHHTE3UPOBAHHBIX ONMYOJMKOBAaHHBIM paHee METOAOM,
HEOOXOANMO TIPUBECTH CCBUIKY Ha JIMTEpAaTypHBIC NaHHbIC. [[JIi M3BECTHBIX BEIIECTB,
NOJYYSHHBIX HOBBIMH WJIM MOAW(UIMPOBAaHHBIMH  METOJAMH, JOJKHBI  OBITH
MIPE/ICTAaBICHBl UX (M3MYECKHE U CIIEKTPAIbHBIC XapaKTEPUCTUKU, HCIOIB30BaHHbIE UL
MOJTBEPIKICHNS UACHTUYHOCTH CTPYKTYPHI, METOJl CHHTE3a M CChUIKA Ha JIUTepaTypHBIE
JaHHBIE.

Jns Bcex BIEpBbIE CHHTE3UPOBAHHBIX COCIMHEHHH HEOOXOIMMO IIPUBECTU
JI0KAa3aTeNbCTBA MPHUIIMCHIBAEMOTO M CTPOEHHS M JaHHbIE, TO3BOJSIONINE CYIUTh 00 MX
WHIUBHIYAIbHOCTH U CTCIICHW YHCTOTHL. B 4acTHOCTH, HOIKHBI OBITH IIPEIICTABICHBI
JaHHBIE IIEMEHTHOTO aHAJIM3a MJIM MacC-CHEKTPhI BEICOKOTo paspemenns, MK crextpsl n
ciexTpsl SIMP 'H u 2*C.
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JlaHHBIE PEHTTEHOCTPYKTYPHOTO aHANTW3a IMPEACTABISIOTCA B BUAC PUCYHKOB H
Ta0dauu. Bee HoBbIe coennHenms, 1anHble PCA KOTOpPBIX MPUBOJATCS B CTaTheE, H0JKHBI
ObITh 3aperucTpupoBanbl B KemMOpmakckoii 0a3e CTPYKTYPHBIX JaHHBIX U HMETh
cootBercTBytonire CCDC Homepa.

Ecnn, mo MHEHHIO pelEeH3eHTa WIM pEeNaKkTopa, HOBBIE COEAMHEHHs He Obuln
YIOBICTBOPUTENBEHO 0XapaKTEPU30BAHBI, CTaThs HE OyAeT NPUHATA K TICUaTH.

Mpumep METOAMKH: 3-(2-Amino-6-methylpyridino)-3-carbonyl-3,4-
dihydrocoumarin (12).To the alcoholic solution of 2.18 g (0.01 mol) of 3-
carbethoxycoumarin, 1.08 g (0.01 mol) of 2-amino-6-methylpyridine was added with
stirring. The mixture was boiled for 10 h. The solution was cooled, the precipitate was
filtered. Then it was washed with cold EtOH. After the drying and recrystallization of the
residue from i-PrOH yield of the product 12 was 2.05 g (63%), mp 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; H4.22; N 9.83. Spectral data.

Buumanue! B cratbsix, MOCBAIIEHHBIX CHHTE3Y HOBBIX COECTUHEHHH, AOMYCKaeTCs
pa3MeleHNe IKCIePUMEeHTAIBHOM 4acTH 32 pa3jenoM Pe3yabTaThl H 00cyKieHue.

3.11. B pasmene PesyabTaThl M 00cCy:KIeHHe, KOTOpPBIH SBIseTCA Hauboiee
BOXHBIM, CIIeAyeT OOCYymIUTh W OOBSACHHUTH IIONyYeHHBIE B paboTe pe3yJbTaThl,
MIPOAHAIM3UPOBATE OCOOEHHOCTH CHHTE3a, MPOJEMOHCTPUPOBATh U yKa3aTh BO3MOXKHEIC
orpannyeHus. [IpoBecTH cpaBHEHHE MOJTYYCHHBIX PE3YIAbTATOB C OMYOJIMKOBAHHBIMU
panee. Bce HOBBIE coeAMHEHHS [OJDKHBI OBITH TIONHOCTBIO OXapaKTEPH30BaHBI
COOTBETCTBYIOIIVMH CIIEKTPATBHBIMH H JIPYTUMH (PU3UKO-XMMHUYECKHUMHU JaHHBIMH. B
TeKcTe 0000LIAIOTCS M Pa3bsCHSAIOTCS TOJBKO TE€ CIEKTPAIbHBIC JAHHBIE, KOTOpPBIC
HUCTONB3YIOTCS ANl TOATBEPXKIACHUS  CTPYKTYpbl  IOJIY4EHHBIX  COEJUHEHUIL.
[lepeuncnenue OOHMX M TeX >K€ MAAHHBIX B TEKCTe, TabIMIIaXx M Ha pPUCYHKAax HE
nonyckaercs. Jlis HOBBIX METOJOB CHHTE3a JKENaTeIbHO OOCYANTb MEXaHM3M PEaKIHH.
s 0000ImeHusT NaHHBIX HEOOXOOMMO HCIIOIB30BAaTh MOHATHBIE PUCYHKH M TaOIHIBL.
IIpencraBieHHble JaHHBIE TOJXKHBI IT0AaBAThCS HHTEPIPETAIUH.

I[lpu oOcyXxneHWn pe3yabTaTOB CIEAyeT NPUIACPKHUBATHCI  OPHUIHATEHON
tepmuHonioruu IUPAC. Pe3ynbrarsl pekoMeHyeTcsl u3iaraTh B IPOLIEIIIEM BPEMEHHU.

OO6cyxaeHne HE [OJKHO TOBTOPSATH OIKMCAHME pE3yJIbTATOB HCCIeNoBaHUA. B
TEKCTE JIOJDKHBI OBITH HCIIOJB30BaHbI OOIIENPHHATHIE B HAYYHOH JHTEpaType
COKpamieHHus. HecTaHmapTHBIE COKpAIICHHS MOJDKHBI OBITh pacmupoBaHBl TIOCIE
NIEpBOTO TMOSBIEHUA B TeKCTe. EAMHMIBI H3MEpEeHMH IOJDKHBI OBITH YyKa3aHbl B
Mexnynapoanoit cucreme CH.

3.12. 3arem pexkomeHayercsi cHOPMYIHPOBATH 3aKJIOYEHHE, B KOTOPOM YyKa3aTh
OCHOBHBIE JIOCTHKEHHS, TPEACTaBICHHBIE B CTaThe, M OCHOBHOW BBIBOJ, COJIEp KAl
OTBET Ha BOINPOC, NMOCTABICHHBIM BO BBOJHON YaCTH CTaTbM, a TaKXKe BO3MOXKHOCTb
WCTIONB30BAaHMsI ~ Marepuaia CTaTbl B (QYHOAMEHTAIBHBIX WM IPUKIAIHBIX
HCCIIEIOBAHUSX.

3.13. IlpuBoautcs nHbOpMAIHA 0 GUHAHCUPOBAHHH HCCICIOBAHUH.

3.14. Belpaxaetcs 0,1aroqapHOCThb T€M, KTO IOMOT BaM B ITOJTOTOBKE Barlen
paboTHL

3.15. B pykomucu IOMKHO OBITH 3aABICHO O TOM, HMEETCA JU KOHQIMKT
HHTepPecoB

3.16. B uHpopmanum 006 aBTOpax YKa3pIBalOTCA: yu€Has CTEMNEHb, 3BaHHE,
JnospkHOCTh, e-mail, ORCID.
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3.17. CTarbs 3aKaHIMBACTCS CMUCKOM JIMTEPATYPBI CO CCHUIKAMH HAa PYCCKOM (WITH
Ka3aXxCKOM) S3bIKE€ M CCBUIKAMM Ha s3bIke opuruHana. CCBUIKM Ha JINTEpaTypHBIC
WCTOYHUKU B TEKCTE HPUBOIATCS IMOPSIKOBBIMH apaOCKUMHU IM(paMu B KBaIPaTHBIX
cKkoOkax Imo Mepe ymoMmuHaHus. Kakpas ccblUika JOJDKHA COAEpXKaTh TOJBKO OJHY
nuTeparypHyio nutary. CIHMCOK JHMTepaTypsl JOJDKEH OBITH IIpeACTaBlIeH HauOosee
CBEXHMMH U aKTyaJIbHBIMM MCTOYHUKAMHU 0€3 M3JIMIIHEro caMouuTupoBanusi(ne 6osee 20
npoueHToB). s cTaTel KemaTeleH CIHMCOK M3 He MeHee 10 cCBUIOK CO CTpOKamu
JIOCTYIa B UHTEpHETE.

3.18. ObszarenbHa uHpopmanuss 06 aBTopax. B Heill ykaspiBaioTcs: ydeHas
CTelneHb, 3BaHue, T0/DKHOCTh, e-mail, ORCID, ¢amuaus, umMsi, 0TYECTBO MOITHOCTHIO Ha
Tpex sI3bIKax.

Hndopmanns 06 aBTopax:

IxycunoexkoB Ywmupsak KymacumoBnd — AO «MHCTHTYT XMMHUYECKHX HAyK UM.
A.b. BekrtypoBay, 3aBenyromui nabopaTopueil XMMHH COJeH W YIOOpEeHWH, YJIeH-
KoppecronieHT HarronaneHol akanemun Hayk Pecnyonukm Kasaxcran, npodeccop; e-
mail:jussipbekov@mail.ru, ORCID: https://orcid.org/0000-0002-2354-9878 .

Hypranuesa I'ynp3una OpbiHTaeBHa — AOKTOp XxuMudeckux Hayk, AO «MHcTUTYT
xummudeckux Hayk uM. A.B. BekrypoBa», Ammatsi, Pecmybmuka Kasaxcran, e-mail:
n_gulzipa@mail.ru , ORCID: https://orcid.org/0000-0003-2659-3361 .

BasxmeroBa 3ammpa KenecOekoBHA — KaHAWIAT XUMUYECKUX HAyK, BEIYIIHHA
Hay4HBIA cOTpyaHUK, AO «MHCTUTYT XUMudeckux Hayk uM. A.b. BexTypoBay, Anmarsl,
Pecniy6onuka Kasaxcran, e-mail: zamirabkz@mail.ru , ORCID: https://orcid.org / 0000-
0001-7261-2215.
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Cnucok  uutUpyemMod — juTeparypsl  odopMmisieTcs B COOTBETCTBHU  C
HIDKETPUBEACHHBIME 00pa3siiamu oubnuorpaduyeckux onucanuii (4.8.).

3.19. B koHIle cTarbu TOCTE CIUCKA JIUTEPATYPHl OONOIHUMENbHO TIPUBOTUTCS
nepesox Pe3rome Ha kazaxckuii (Tyilingeme) u Ha anrmiickuii si3piku (Abstract). Crnoeo
Pesrome (Abstract, Tyiingeme) maercs mo 1meHTpy. Ha cienmyromeil cTpoke ¢
BBIPABHHBAHUEM 10 JIEBOMY KParo IPOMHCHBIMU OyKBaMU IONYKUPHBIM mpudrom Ne 12
MPUBOAUTCS Ha3BaHHWE cTaTbu. Yepe3 CTPOKy Oe3 ab3alHOTO OTCTYIa KYpCHBOM,
noy>XupHbIM mprdrom Ne 11 maroTcss MHUIMATBI U paMIIINU aBTOPOB.

Ha cnenyromeit ctpoke 6e3 ab3amHOro OTCTyNa KypCHBOM, CTPOYHBIMH OYKBaMH,
mpudTom Ne 11 npuBoasiTcs Mecta paboThl aBTOPOB € HAJICTPOYHBIMU UHJEKCaMHU (TIOCIIe
(amunu ¥ Tiepen Ha3BaHMEM OPTaHHM3allMH), YKA3bIBAIOIIUE HA MECTO PabOTHI aBTOPOB.
3ateM 4epe3 CTPOKY € ab3al[HOro OTCTYNa C BBHIPaBHHBAaHMEM TEKCTa MO IIMPHHE UIET
TEKCT pe3toMe, HaOpaHHBIN CTPOYHBIM IpHpTOM Ne 12,

Janee yepe3 CTpOKy ¢ ab3alHbIM OTCTYIIOM CTPOYHBIMH OykBamu 1mpupTom Ne 12, ¢
BBIPaBHUBAHUEM TEKCTa I10 IMHPHUHE MPHUBOIATCA KJIK4YeBble ciaoBa (oT 5 g0 10 mrT.),
obecrieunBaronIe Hanbosee MOJTHOE PACKPBITHE COACPKAHNSA CTATHH.

3.20. [ns crareii, mogaBaeMbIX Ha S3bIKE, OTIMYHOM OT aHTIHICKOTO (Ha Ka3aXCKOM
WIH PYCCKOM s3bIKE), B KOHIIE CTaThM HAXOIUTCsA aHramiickuii Onox (Abstract,
Information about authors, References).

3.21. Bce cTpaHHUIBl pYKOIHUCHU CIIEAYET IPOHYMEpPOBATh.

4. TPEBOBAHUS K O®OPMJIEHUAIO PYKOIIMCEN

4.1. O06beM craThy, BKJIIOYas aHHOTAIMIO M CIIMCOK JUTepaTypsl: 10 8—10 crpanuim.
O0630pHBIE cTaTbl MOTYT ObITh M0 20 cTpanun. Crarhsi JoJXHA OBITH HamedaTaHa Ha
omHoi cropone gucra A4 mpudrtom Times New Roman, pazmep kerns 14 T
MEXCTPOUYHBIH HHTEPBAT — OJWHAPHBIA U TOJsAMU: BepxHee — 2.0 cM, HmxkHee — 2.0 cM,
neBoe — 3.0 cM, mpaBoe — 1.5 cM; paccTaHOBKa MEPEHOCOB HE JOMycKaeTcs; ab3amHbId
orctym — 1.0 cM; popmaTupoBaHue — 1o mupuHe. JloJkeH OBITh UCIOIB30BaH TEKCTOBBIN
penaktop Microsoft Word for Windows, B Buzae doc-gaiina, Bepcus 7.0 u 6onee mo3aHue.

Jnst KpaTKOCTH W HarISIIHOCTH OOCYXKICHUS COCIMHEHHWS, YIOMHHAaeMble Ooiee
OJJHOTO pa3sa, ClIelyeT HyMepoBaTh apadcKUMHM IM(ppaMu B COUYETAHUH CO CTPOYHBIMHU
JATHHCKUMH OykBamH (11 0003HAYEHMSI COCIMHEHHWH C IEePEeMEHHBIM 3aMEeCTUTEIIEM).
[Ipn ynoMrHaHUY MOJIHOTO Ha3BaHUsI COEANHEHUs MHU(P JaeTcs B CKOOKax.

CTepeoXUMHUYECKHEe CHMBOJBI M TIPHCTaBKH, XapaKTePHU3YIOILIHE CTPYKTYpHBIE
0COOEHHOCTH MJIM TIOJIO)KEHHE 3aMECTHTENsl B MOJIEKYyJle, ClieyeT HaOupaTrh KypCHBOM
(italic): (R)-omantmomep, mpem-OyTuin, napa-xcunosi. BMecTo TpoMO3JKHX Ha3BaHUI
HEOPraHWYECKHUX M 9acTO YHOTPEOIIEMBIX OPTAHUYECKUX COCTUHECHNH CIIEAYeT JaBaTh UX
¢opmynsr: NaBr, TsOH BmecTto OpoMunm HaTpus U Tomyoscyinb(poHOBas kuciora. [Ipu
HCIIONIb30BAaHUN TEPMHUHOB W 00O3HAaueHWH, HE HMMEIONIMX IIUPOKOTO NPUMEHEHHUS B
JWUTEeparype, UX 3HAUCHHUS MOSCHSIIOTCS B TEKCTE IPH IIEPBOM YIOTPEOIECHUHN: HAIpUMEp,
nomatunenrepedranar (II2TO).

Jnst m300pakeHUsT CTPYKTYPHBIX (DOPMYNI XMMHUYECKHX COSIMHEHHH HEoO0XOoammo
HCMONb30BaTh penaktop xumudeckux ¢opmyn ChemDrawUltra. Bce waanmucu na
CXeMax MPUBOIITCS HA AHIIMHCKOM s3bIKe. B cxeme HE0OXOOMMO yKa3bIBaTh BCE
YCIIOBUSL PEaKIMi: HaJ CTPEIKOW — peareHThl, KaTaJu3aTOpbl, PACTBOPHUTEIH, IIOX
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CTPEJIKOM — TemIieparypa, Bpems, BbixoJ. Ecnu ycioBus peakuuid CHIBHO 3arpyxkaroT
CXEMY, UX MOKHO NMEPECHCCTU B KOHCI] CXEMBI, paCIHI/I(bPOBBIBaSI 6yKBeHHI:IMI/I HUHACKCaMH,
nanpumep, i: HCI, H,O, 80 °C, Sh. Takoit e OyKBEHHBI HHACKC AOJKCH OBITH yKa3aH
HAJI CTPEJIKOH COOTBETCTBYIOIICH peaKIu.

4.2. YpaBHEHUsI, CXeMBbI, TAONHUIIBI, PUCYHKH U CCBLIKU Ha JIMTEPATYPYy HyMEPYIOTCS
B MOPSAJAKE WX YNOMHUHAHHA B TEKCTEC U ()Oﬂ.?fCth 6blmb 6CMABIIEHbI 6 MEKCM cmambvu
IOCJIe TIePBOTO YIIOMHUHAHUSA. TaOIUIIBl M PUCYHKHU HOJIKHBI COMTPOBOXKIATHCS TOIHCEHIO;
3aroJIOBKH K CXeMaM Jar0TCs IPH HEOOXO JMMOCTH.

4.3. Tlo BO3MOYHOCTH CJEIyeT TOTOBUTh PHCYHKH C IOMOIIBIO KOMIIBIOTEpA.
O}IHOTI/IHHI)IC KPHUBBIC JOJIKHBI 6]>lTb BBIIIOJIHEHBI B OJMHAKOBOM MacmTa6e Ha OJHOM
pucynke. KpuBele Ha pHCYHKaX HYMEpYIOTCS apaOCKUMU [H(paMu, KOTOpPEIC
pacmu(poBEIBAIOTCA B MOANMUCAX K pUCYHKaMm. s BceX PHCYHKOB HEOOXOIUMO
peicTaBuTh rpaduueckre (aiiibl B GopMmare jpeg ¢ MUHMMAIbHBIM paspemendem 300
dpi. Haanucu Ha prCyHKax JOJDKHBI OBITh Ha aHTIMICKOM SI3BIKE M IO BO3MOXHOCTU
3aMeHeHbI I paMu, paciuppoBKa KOTOPHIX TAETCS B IIOATIHCH K PHCYHKY.

O)II/IHO‘IHBIG IpAMBIC, KaK IMPAaBHUJIO, HE MPUBOAAT, 4 3aMCHAIOT YPABHCHUEM JIMHUU
perpeccun. Ilepeceuenne oceil KOOpJAMHAT CIIEAYET pacrojaraTb B JIEBOM YLy PUCYHKa,
CTPEJIKM Ha KOHIIAX OCEH HE CTaBATCA, JIMHUH, OTPAHHYHMBAIOIIUC IIOJIC PUCYHKA HE
MIPUBOMATCS, MacmTabHas ceTKka He HaHOCHTCI. ManonH(pOopMaTHBHBIC PHUCYHKH, HE
o0CyXIaemple B CTaThbe CIEKTPHI, BOJBTAMIIEPOTPaMMBI M JPYTHE 3aBUCHMOCTH HE
nyOnuKyroTcs. PHCYHKH CHEKTPOB He JOJUKHBI OBbITh BBINOJHEHBI OT PyKH. Bce
PHUCYHKH JIOJDKHBI MMETh HYMEpalMio apaOCKuMu nudpamu (ecinm pUCYHOK HE OJIMH).
CnoBo «PUCYHOK» M HAaUMCHOBAHHE IOMCIIAIOT IIOCIE MOSCHUTEIBHBIX JaHHBIX U
pacrmoriaraioT ciaexyromuM oopasomM: Pucynok 1 — letamu npudopa.

4.4, Kaxnas tadauma I0JDKHA MMETh TEMAaTHYSCKHUH 3aroJOBOK M ITOPSIKOBBIM
apabckuii HOMep (0e3 3Haka Ne), Ha KOTOpBHIM HaeTcs cChUIKa B Tekcre (Tabmuma 1).
HaszBanme tabmuubl pacmonaraercs Hax TaOnumeil ciepa 6e3 ab3alfHOTO OTCTYNa B OJHY
CTPOKY C €€ HOMEpPOM uepe3 Tupe 6e3 TOUKH mociie Ha3zBaHus. [’ padsl B TabIUIe JTOMKHBI
HUMCTb KPAaTKHUE 3arojioBKH, OTPpAXAOIUC MNapaMeTpbl, YUCICHHBLIC 3HAYCHUS KOTOPLIX
MPUBEACHHI B TAOJIMIIC; OHU MUIIYTCS B MMCHUTEIHHOM IMaJeKe ¢IMHCTBEHHOT'O YMCIIA C
MPOIMCHON OYKBBI M Yepe3 3alATYI0 COMPOBOXKIAIOTCS COOTBETCTBYIONINMH CIMHUIIAMHA
m3MepeHust (B COKpamieHHOH ¢opme). PUCYHKH WM CTpYKTypHBIE (QOpMYIBI B rpadax
Tabmun He aonyckaroTcs. [Ipomycku B rpadax mpu OTCYTCTBHM JAHHBIX 0003HAYaIOT
Tpems TOYKaMH, npu OTCYTCTBUU SIBIIEHUSA - 3HAKOM «THpE».
IpumMedanus x TaOnMIAaM HMHICKCHUPYIOTCA apaOCKUMH LUppaMH W MOMEIIAIOTCA B
TrpaHuax Ta6HI/IHbI moa MaTtepuaiom Ta6J'II/IHI)I. CJ'IOBO «HpI/IMe‘IaHI/Ie» CJICAYCT 1neyaTaTb
C MpONMCHOW OYKBHI ¢ ab3ara. Ecnu npuMevanue oxHo, To mocie cinoBa «IIpuMeuanue»
CTaBUTCS THpE W MPHUMEYaHUE [Te9aTaCTCs ¢ MPOMUCHON OyKBEI. Heckonbko nmpuMedanuit
HyMEpYIOT 10 MOPAAKY apabckuMmu mudpamu 0e3 MPOCTaBICHUS TOYKH W IEYaTaOT C
ab3ara. B Tabnuiax MCHOJB3YIOT TOT XKe WPU(T, 4TO U B TEKCTE CTAThH; JOIYCKaeTCs
ymeHbleHHblH (He MeHee Ne 10 mpudrt TimesNewRoman).

4.5. Tlpu BBIOOpE COUHWII U3MEPCHUS PEKOMEHAYETCS MPUICPKUBATHCS CHCTEMBI
CH: 1, mMr, M, cM, MKM (MHKPOMETpP, MHUKPOH); HM (HAHOMETP, MIJUTUMHKDPOH); M
(muxometp); A (amrcrpem); ¢ (cexynma); Mun, 4 (dac), I'n (repu); MI'n (merarepi); D
(apcren); I'c (raycc); B (BombT); 3B (anmextpoHBONBT); A (ammep); Owm, Ila (mackais);
MIla (meramackanp); rlla (rextomackams); Jx (mkoyms); K (kemsBuH), °C (Tpamyc

Henbcusn); 1 ([Jebait).
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B necATHYHBIX ApoOAX Weaasi YacTh OTAedsieTcs OT APOOHON He 3amATO, a
TOYKOI.

Hcnonp3yroTest claemyromme COKpalieHHs: T.KUM. W T.UI. (TOYKH KHUICHUS W
IUIaBJeHUs) — Tepex nudpaMu; KOHI. (KOHICHTPHPOBAHHBIA Tepen QopMymon
coequHeHHs); M — MOJIEKYJsIpHAs Macca), MOJIb, Kal, KKaJ, H. (HOpMaibHBIH), M.
(MOMAPHBIi); KOHIIEHTPAIMsA PACTBOPOB 0603HaUaeTcs (I/CM°, /71, MOMB/T).

Jasi Bcex BIepBble CHHTE3UPOBAHHBIX COeIMHEHMII 00s13aTe/IbHbI JaHHbIE
3JIeMEHTHOT0 aHAJIM3a JIM00 Macc-CIeKTPhI BHICOKOI0 pa3perieHus.

B 6pymmo-gopmynax sneMeHTsl pacmonararoTcs B cieayromem mopsake: C, H
Jajee COTJIacHO JIAaTHHCKOMY andaBuTy. POpMydasl MONEKYISPHBIX COCIUHEHHH H
OHHEBBIX coJieil narorcs yepes Touky (Hampumep, CsHsN.HCI). IIpumep 3anncu KOHCTaHT
W JaHHBIX dJeMeHTHoro aHanuza: T.kum. 78°C (100 mm prt. c1.), T 50°C (EtOH),
d,2°0.9809, n%1.5256; Haiineno, %: C 59.06; H 7.05; I 21.00; N 8.01. CaHplcNgOe.
Brraucneno, %: C 59.02; H7.01; 121.20; N 8.22.

UK n Y® cnekrpbl. B sxcnepumenTansHolt wactu gns UK u YO cnekrpos
JIOJDKHBI OBITH YKa3aHBI XapaKTEPUCTUICCKHE YaCTOTHI TIOJIOC, [UIMHBI BOJH MaKCHMYMOB
TTOTJIONIEHUS, KO3() PUIINEHTHI SKCTUHINH (MIIH UX JOTapu(pMBI) U YCIOBUS, TIPH KOTOPHIX
3aIliCaH CHeKTp.

Hpumepwt 3anucu: VK criextp (ToHKHIA cioit), v, emt: 1650 (C=N), 32003440 (O—
H). YO cnektp (EtOH), Amax, HM (1gg): 242 (4.55), 380 (4.22).

Crnextpsr SIMP 'H u ®C. Jlomxubl ObITh ykazaHel paGouas yacToTa IpuOOpa,
WCTIONB30BAaHHBIN CTaHIAPT W PacTBOPUTENb. [IPOTOHBI B COCTaBe CIIOKHBIX TPYMII, K
KOTOpPBIM OTHOCUTCSI CUTHAJ, CleJyeT MNOau4epkHyTh cHuzy — 3.17-3.55 (4H, wm,
N(CHCHjs),); mis mososkeHus 3amecTuTesedl UCIoib30oBaTh 0003nadenus 3-CHa; mst
obo3HavyeHust mnonoxxenusi aromoB — C-3, N-4 u 1.1 Ecnu kakoif-HuOyn» CuUTHam B
CIIEKTpPE OIMCBIBACTCS Kak JyOJeT, TPUILIET WK JyOner 1yOleToB U T.I. (2 HE CHUHIJIET
WIN MYJIBTHIUIET), HeoOXxoauMo npusectH cooTBercTBytomue KCCB. Ecnu npoeneHst
JOTIOJTHUTENbHBIC MCCIEIOBAHUS JUIS YCTAHOBICHHS CTPOCHHS WM MPOCTPAHCTBEHHBIX
B3aNMOJICHCTBHI aTOMOB, JTOJDKHBI OBITH yKa3aHBI HCIIOJIB30BAaHHBIC IBYMEPHBIE METO/BL.
B onucanuu cnekrpos AMP 13C oTHecenne KOHKPETHOI'O0 CUTHAJIA K KOHKPETHOMY aTOMy
yriepoja NPHUBOIUTCA TOJNBKO TOIZA, KOTJa OMNpeJeleHHEe IPOBEJCHO Ha OCHOBE
JBYMEPHBIX 3KCIIEPHUMEHTOB.

Ilpumeput 3anucu:

Cnextp SIMP'H (400 MI'u, CDCls), 8, m. 1. (J, T): 0.97 3H, 1, J= 7.0, CHa); 3.91
(2H, k,

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

Cnextp AMP®C (100 MI', AMCO-ds), 8, m. 1. (J, T'm): 36.3 (CH,CHj); 48.5 (C-5);
62.3
(CH,CHa); 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-crneKTpbl MPUBOIATCS B BHAC YHUCIOBBIX 3HAUCHHH M/Z M OTHOCHTETBHBIX
3HAQUCHUH HOHHOTO TOKa. HeoOXxoammo yKasbIBaTh METOA M JHEPTHI0 HOHW3AIWH,
MaccOBBIC YHCJIA XapaKTePHCTUYCCKAX HOHOB, MX HHTEHCHBHOCTH IO OTHOIICHHUIO K
OCHOBHOMY HOHY U 110 BO3MOXHOCTH HUX TeHe3uc. B ciiyuae XuMudeckoi HoHU3anuu npu
omucaHWX TpuOOpa HEOOXOIMMO yKa3aTh Tra3-peareHT. B Macc-CreKTpax BBICOKOTO
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paspelieHnss HalJACHHBIC W BBIYMCIACHHBIC 3HAYCHHS M/Z TPHUBOMATCS C YCTHIPHMS
JNECATHYHBIME  3HAKAMH; €CJIM HAWJEHHOe 3HaueHHe M/Z COOTBETCTBYET HE
MOJICKYIISIPHOMY HOHY, OpyTTO-(popMyna W BBIUMCICHHOE 3HaueHue mM/Z Taxxke
MPUBOIHUTCS IS TOTO )K€ HOHA.

Ipumep 3anucu dannwvix macc-cnexkmpa: Macc-criektp (Y, 70 3B), M/z (lom, %):
386 [M]" (36),368 [M—H,0]* (100), 353 [M—H20-CH3]* (23).

Macc-cnextp (XH, 200 5B), M/z (lowm, %): 387 [M+H](100), 369 [M+H-H,0]" (23).

Ilpumep 3anucu 0anHbIX MaAcc-CREKMPA 8bICOKO20 PA3PEUIEH UA:

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

Brruncneno, m/z: 282.1828.

4.6. /lanHbIe PEHTTeHOCTPYKTYPHOIO HCCIEI0OBAHMUA CIEIyeT IPEIOCTABIATH B
BHJIC PUCYHKA MOJIEKYJIbl C TMPOHYyMepoBaHHBIMU aromamwu, Hampumep, C(1), N(3) (mo
BO3MOXXHOCTH B MPECTABICHUH aTOMOB 3JUTHIICO U JAMUTEIUIOBBIX KoyeOauwuii). TlomHbie
Kpuctaiiorpadpuieckue JaHHBIE, TaONWIBl KOOpAWHAT AaTroOMOB, J/JIMH CBA3€d U
BAICHTHBIX YIJIOB, TeMIeparypHsie (aKkTopsl B IJKypHaJe HE IMyOIUKyIOTCsA, a
JenoHupyoTcss B KeMOpHIKCKOM OaHKe CTPYKTYPHBIX JAHHBIX (B CTAaThe yKa3bIBACTCS
PETUCTPAIIMOHHBIA HOMEP JCTIOHCHTA).

4.7. Tlo TpeOoBaHUIM MEXAYHApPOIHBIX 0a3 maHHBIX Scopus, Clarivate Analytics,
Springer Nature mpu omeHKe TyONWKanwid Ha S3BIKAaX, OTIMYHBIX OT AaHTIHICKOTO,
Ooubnmorpaduueckre CIMCKY JTOJIKHBI JaBaThCs HE TOJIBKO HA S3bIKE OpUTHHAJIA, HO M Ha
naruHuine (poManckuM andasurom). [loaToMy aBTOpBI CTaTel, MOaBACMbIX Ha PYCCKOM
U Ka3aXCKOM s3bIKE, JOJDKHBI IPEIOCTABIATh CIUCOK JIUTEPATyphl B JBYX BapHaHTaX:
00un Ha sizbike opueunaia (CIHUCOK JUTEPATYPHI), & IPYrod — B pOMAHCKOM dipasume
(References). TTocnequuii CIIMCOK BXOJUT B QHTIIMMCKHI OJIOK, KOTOPBIA PacIookeH B
KOHIIE CTaThH.

Ecmn B cmmcke ecTh CCBUIKM Ha WHOCTPAHHBIE ITYONMKAIMH, OHH IIOJIHOCTBIO
noBTopsitoTcs B crnmcke References. Ilpu 1MTHpOBaHHHM PYCCKOS3BIYHOIO JKYpHAa,
MEPEBOIMMOTrO 32 PYOSIKOM, B PYyCCKOSI3bIYHOM Bepcuu CIHUCKa JIUTEPaTyphl HEOOXOIUMO
MPUBECTH TOJNHYI0 CCBUIKY Ha pYCCKOs3pluHYIO Bepcuio, a B References — wua
MEXIYHAPOIHYIO.

Crmcok uctounukoB B References nomkeH ObITh HamHMcaH TOJNBKO Ha POMaHCKOM
andasure- naruHMIE (IPH 3TOM OH JIOJDKEH OCTaBaThCsl MOMHBIM aHamorom Crucka
JUTEPATyPhl, B KOTOPOM HCTOYHHMKH OBUIM TMPEICTABICHbl HA OPUTHHAIHHOM SI3BIKE
OITyOJIMKOBaHMS ).

Jiist HanucaHus CChUIOK Ha PYCCKOS3bIYHBIC UCTOYHUKH (M MCTOYHHKHU HA WHBIX, HE
HCIOJIB3YIOIINX pOMaHCKui andaswr, SI3BIKAX ) clieqyer HCIIOJb30BATh
ODULIMAJIbHBIN TIEPEBOJI 1 TPAHCJIMTEPALIMIO (cM. TpeGoBaHHS K MEpeBOy
M TPAHCIUTEPALIUH).

B References tpebyercs cinenyromas CTpykTypa OHOIHOTpadHUECKON CCHUIKH U3
PYCCKOSI3BIYHBIX MCTOYHHKOB: aBTOPHI (TPAHCIUTEPALUs), IIEPSBO/] HA3BAHUSI CTaThU WU
KHHUTH Ha aHTJIMHACKUH sI3bIK, HA3BaHUE UCTOYHUKA (TPAHCIUTEpAIVsI — IS TeX U3JaHUM,
KOTOpBIE HE MMEIOT YCTAaHOBJICHHOTO peJaKIUell aHTIHICKOrO Ha3BaHWsA), BBIXOJHBIC
nIaHHBIe B IH(poBoM (opmare, yKkazaHHe Ha SI3BIK CTaTbU B ckoOkax (in Russian mmm in
Kazakh). TpanciuTepaliio MOXHO BBIIIOJHATE Ha caitte http://www.translit.ru.

VYCroBHBIE COKpAIIeHUsI Ha3BaHUH PYCCKOSI3BIYHBIX JKYPHAJIOB W CIIPABOYHHKOB
MPUBOATCS B COOTBETCTBHH C COKPAICHUSIMH, PHHATHIME B «PedeparuBHoM xkypHaie
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XuMUs». QHTIOSA3BIYHBIX W JPYTUX HHOCTPAHHBIX JKYPHAIIOB — B COOTBETCTBHH C
COKpAIlleHUsIMH, PEKOMEHIYEeMBIMU m3marenbcTBoM «Springer and Business Mediay:
http://chemister.ru/Chemie/journal-abbreviations.htm. [lns  crareii Ha pycckoM |
Ka3aXCKOM sI3bIKax Ha3BaHWE XKypHama «Xumuuecknii JKypnan Kaszaxcrana» ciemyer
cokpamath: «Xum. Kypu. Kaz.» n «Kaz. Xum. KypH.» COOTBETCTBEHHO, a JIJIsl CTaTe Ha
aammiickoM s3eike: «Chem. J. Kaz.». [IpuBoasaTcs dhamMuiny 1 HHAIIATIEI BCeX aBTOPOB
(cokpamienus u dp. u et al He KOMyCKaOTCs).

B Crnucke nutepatypsl 1 B References sce pabotsl nepeuncisitores B TIOPAAKE
HOUTHUPOBAHMUS, a HE B andaBuTHOM MO pSIKE.

DOIl. Bo Bcex chy4asx, Korjga y IUTHPYEMOTO MaTepuana ecThb ITUPPOBOM
I/IJICHTI/I(i)I/IKaTOp, €ro HeO6XO}II/IMO YKa3piBaTb B CaMOM KOHIE ONHNCAHUA HCTOYHHUKA.
Iposepsite Hamuuue doi y MCTOYHHKA criemyeT Ha caiite http://search.crossref.org wmu
https://www.citethisforme.com.

Hns  ¢popMupoBaHUS CHHCKa JHATEpaTypsl (Bcex O€3 HCKIIOYCHUS CCHUIOK) B
XKypnane npunst 6nbauorpaduueckuil craHnapt 03 NCIOJIb30BaHUS Pa3ISITUTENs «//»:

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

Jl1a ka3axcko- WM pYCCKOSA3BIYHOIO UCTOYHMKA!

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

Hmxe npuBeaeHsl 00pa3nbl 0pOpMIICHHS Pa3THYHBIX BHIOB JOKYMEHTOB, KOTOPBIX
HEOOXOIMMO TIPUAEPKUBATHCA aBTOpaM TMpH OQGOPMIIEHHH POMAHCKOTO CITHCKa
References.

Onucanue cTaTbu U3 KYPHAJIOB:

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

Onucanmne crateu ¢ DOI:

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

Onucanue UnTepHeT-pecypea:

Kondrat’ev V.B. Global ‘naya farmatsevticheskaya promyshlennost’ [The global
pharmaceutical industry]. Available
at: http://perspektivy.info/rus/ekob/globalnaja_farmacevticheskaja_promyshlennost 2011-
07-18.html (Accessed 23.06.2013).

HIIN

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

HUIIn

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

Onucanue cTaTbM U3 3J1eKTPOHHOIO )KypHaJa:

Swaminatan V., Lepkoswka-White E., Pao B.P. Browsers or buyers in cyberspace?
An investigation of electronic factors influencing electronic exchange. Journal of
Computer-Mediated Communication, 1999, 5, No. 2. Available
at: http://www.ascusc.org/jcmc/vol.5/issue2/(Accessed 24 April 2011).
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Onncanue cTaTbU U3 MPOAOKAIOUIET0Cs H31aHUS (COOPHUKA TPYAOB)
Astakhov M. V., Tagantsev T.V. Eksperimental 'noe issledovanie prochnost
soedinenii «stal’- kompozit» [Experimental study of the strength of joints «steel-
composite»]. Trudy MGTU
«Matematicheskoe modelirovanie slozhnykh tekhnicheskikh sistem» [Proc. Of the
Bauman MSTU
«Mathematic Modeling of the Complex Technical Systems»], 2006, No. 593, 125-130.

Onncanne MaTepHaI0B KOH(pepeHInii:

Usmanov T.S., GusmanovA.A., Mullagalinl.Z., MuhametshinaR.Ju.,
ChervyakovaA.N., SveshnikovA.V. Featuresof the design of the field development with
the use of hydraulic fracturing. Trudy 6 Mezhdunarodnogo Simpoziuma «Novye resurso
sberegayushchie tekhnologii nedropol’zovaniya i povysheniya neftegazootdachi» [Proc.
6™ Int. Symp. «New energy saving subsoil technjologies and the increasing of the oil and
gas impact»]. Moscow, 2007, 267-272. (In Russ.)

HexenaTenbHO OCTaBIIATH OJHO TEPEBOAHOE Ha3BaHWE KoH(epeHIuu (B ciydae
€CIIM HET TEPEeBEICHHOTO0 Ha aHTIMHCKHUHA S3bIK Ha3BaHWSA KOH(EPEHLMH), TaK KaKk OHO
TIPH MIOTIBITKE KeM - JIMOO HAWTH 3T MaTepuaibl, HACHTUGUIIUPYETCS C OONBIIUM TPYIOM.

Onucanue kHUTH (MOoHOTpaduu, cOOPHUKA):

Nenashev M.F. Poslednee pravitel’stvo SSSR [Last government of the USSR].
Moscow, Krom Publ., 1993, 221 p.

Onucanue nepeBOAHON KHUTH:

Timoshenko S.P., Young D.H., Weaver W. Vibration problems in engineering.
4thed. New York, Wiley, 1974.521 p. (Russ. ed.: Timoshenko S.P., lang D.Kh., Uiver
U. Kolebaniia v inzhenernom dele. Moscow, Mashinostroenie Publ., 1985. 472 p.).

Brooking A., Jones P., Cox F.Expert systems. Principles and cases studies.
Chapman and Hall, 1984. 231 p. (Russ. ed.: Bruking A., Dzhons P., Koks F. Ekspertnye
sistemy. Printsipy raboty i primery. Moscow, Radioisviaz’ Publ., 1987. 224 p.).

Onncanue quccepTanuy WK aBTopedepara quccepTaluu:

Grigor’ev. Yu. A. Razrabotka nauchnykh osnov proektirovaniia arkhitektury
raspredelennykh sistem obrabotki dannykh. Diss. Dokt. Tekhn. Nauk [Development of
scientific bases of architectural design of distributed data processing systems. Dr. tech.
sci. diss.]. Moscow, Bauman MSTU Publ., 1996. 243 p.

Onucanue 'OCTa:

GOST 8.596.5-2005. Metodikavypolneniia izmerenii. lzmerenie raskhoda |
kolichestva zhidkostei I gazov s pomoshch’iu standartnykh suzhaiushchikh ustroistv [State
Standard 8.586.5 — 2005. Method of measurement. Measurement of flow rate and volume
of liquids and gases by means of orifice devices]. Moscow, Standartinform Publ., 2007.
10 p.
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State Standard 8.586.5 — 2005. Method of measurement. Measurement of flow rate
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Publ., 2007. 10 p. (In Russian).

Onucanue naTeHTa:

Patent RU 228590. Sposob orientirovaniia po krenu letatel’nogo apparata s
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4.9. lIlpuMep aHTIOSI3BIYHOTO OJIOKA IJIS MPEICTABIEHUS CTATHH, HATIMCAHHOI

Ha AI3bIKE¢, OTJIMYHOM OT AHTJIMHACKOTO0:
Abstract

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

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

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

Scientific 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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Fpruabivu KapusiJaHbIMHBIH 3THUKACHI

«Ka3akcTaHHBIH XMMHSUIBIK KypHaabD» (0yaaH api — ’KypHana) GacnachbIHBIH
ajKacel MeH Oac peaaktopbl <« Kapusiiany J3THKAChl JKOHiIHIeri KOMHTeT —

(Committee on Publication Ethics — COPE)»
(http://publicationethics.org/about),«Eyponaibik FBHLIBIMH PeIaKTopJIapaAbIH
KaybiMaacTeiFbl - » (European  Association of Science Editors - EASE)

(http://www.ease.org.uk) :koHe FBLIbIMH ’KapuUSIaHBIM JITHKACBIHBIH KOMMTETiH/E
(http://publicet.org/code/) KadbLIAAHBLIFAH XAJBIKAPAJIBIK TAJANTAPALI YCTAHAIbI.

Bacma xpI3MeTiHzAETI o/leNKe cail eMec ic - opeKeTTephi (IUIaruar, KainFraH aKmapaT
*koHe T.0.) OongplpMayra J>KOHE FHUIBIMHM JKapHAIaHBIMAAPJIBIH SKOFaphl CarlachblH
KaMTaMachl3 €Ty YIIiH, KOJ >KETKI3TeH FhUTBIMH HOTIIKEIEP/i KYPTIIBUIBIKKA JKapHsIay
MakcaTbIHJia PeAaKlys ajlKachl, aBTOpiap, PElEeH3eHTTep, COHJai-ak Oacna yxepiciHe
KaThICaTBIH MEKEMeENIep STHUKAIBIK HOpMaldap MEH epeKelepii caKTayFa MIHICTTI JKOHE
onapiblH Oy3pUIMayblHAa  OapiblK Iapanapipl mnaijnananysl Taic. Ocbl  yaepicke
KaTBICYIIBUIAPIbIH OapJIBIFBIHBIH FBUIBIMU JKapHUsJIaHbIMAAp STHUKACHIHBIH epeXKeNepiH
CaKTaybl, aBTOPIAPJBIH 3USATKEPIiK MEHIIIK OOBEKTiIEepiHEe KYKBIKTAPBIH KaMTaMachl3
eryre, JKaprsUIaHBIMJAAp CamachlH apTTHIPYFa JKOHE AaBTOPJIBIK KYKBIKIICH KOpFaIFaH
MaTepuaniapibl KeKe TYJIFalaplblH MYIJeCi YIIiH TmaiganaHy MYMKIHAITIH JKOIFa
KOMEKTeCe .

Penakiusra xiOepinreH OapibIK FHUIBIMH MaKajajap MiHIETTI TYplIe €Ki >KaKThl
KYITUs capantaMara xioepineni. JKypHanbH peJakIMsUIBIK aTKachkl MaKallaHbIH KypHAaT
TaKbIPHIObIHA JKSHE TajalTapblHA COMKECTITiH aHBIKTAMIbI, )KypHAJIFa TIPKEY YLIIH OHBI
IIBIH ana capalayfa >KypHAIJIbIH JKayanTbl XaTIIbIChIHA kiOepeni. On Komka3OaHbIH
FBUIBIMHM KYHJIBUIBIFBIH QHBIKTAIl, MaKalla TaKbIPHIObIHA JKaKbIH FBUIBIMM MaMaHIbIKTapbl
O6ap  eki Toyeici3 capamlIIbIHBI aHBIKTaiIbl. Makananapasl peJakLMsUIBIK ajKa JKoHe
PEIaKLMSIIBIK allKa Mylesiepi, coHnaii-ak 0acka eNieplieH IaKbIPbUIFaH PEeLeH3eHTTEp
capanTaiifibl. MakanaHbl capanrtay YIIiH PEeleH3CHTTEepAl TaHIay Typajbl mienrimai 6ac
penakTop Kadpuigaiiapl. CapanTtay Mep3iMi 2-4 anTa oHE PEeIeH3eHT OTiHiNI OOWbIHIITIA
OHEI 2 anTara y3apTyra O0onapl.

Penakuusi MeH pelleH3eHT Kapayra kiOepiireH kapusiaHOaraH MaTepUaIapablH
KYIMSUTBUTBIFBIHA KeMaik Oepeni. XKapusiiay Typassl MMM XYPHAIABIH PEeAaKIUsUIBIK
aKacel TeKCepreHHeH KeliH kaOwpuimaHanel. Kaker OoxraH karmaiima (pemaktop(irap)
JKOHE/HeMece pelleH3eHT(JIep) TapanblHaH eCKepTyNIepliH 0o0Jybl) Koykazba aBropiapra
KOCBIMIIIA Ty3eTyJepre ki0epineni, comaH KeiiH oN KaiTa Kapajaabl. JTHKa HOpMaJlapbl
Oy3bUIFaH JKarjaiija, MakajaHbl JkapusilaynaH 0ac TapTy KYKbIFbIH Penakuumsi e3iHe
KalapIpansl. JKayanTsel peJakTop Makajiajga IDiardaTr el ecenTeyre XEeTKiTiKTI akmapar
OoJFaH ar/aiiia OHbI XKapHsIayFa pykcaT OepMeiii.

ABTOpJIap peAakIusaFra KiOepilreH MaTepruaIapAblH *KaHa, OYpbIH KapHsiaHOaraH
JKOHE TYMHYCKa €KEHJIriHe Kemiaik Oepenmi. ABTOpiap FBUIBIMH HOTHIKENEPIiH
CEHIMIINIITI MEH MAaHBI3AbUIBIFEIHA, COHIAW-aK FBUIBIMH ATHKAa KaFWOaTTapBIHBIH
CaKTaJllyblHa, aTall alTKaHMAa, FhUIBIMA OJTHKaHbl OY3bUIMayblHa (FBUIBIMH AEpEKTepi
KOJIaH jkKacay, 3epTTey AepeKTepiH OypManayfra oKeNneTiH Oypmanay, IJiardar >KOHe
JKaIFaH OlpJIecKeH aBTOPIBIK, KalTanay, 0acka agaMIaap bl HOTYDKENIEpiH HeMIEHY )KoHE
T.0.)TiKeTNeH XKayarnTsl.

Makananbl pefakiusra Oepy aBTOpJiap/blH MakajaHbl (TYHHYCKaza Hemece Oacka
TUIIEepre HeMece TIJIEH aynapMana) 0acka >kypHairra(japra) skiOepMereHiH xoHe Oyl
MaTepruaIslH OypbIH JKapusutaHOaraHbH Oinnipeni. Onmaii GonmMaraH >karmaijga Makaia
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aBTOpIapra «ABTOPJBIK KYKBIKTHI Oy3FaHBl YIIIH MaKaJlaHbl JKapusuiamay» JIereH
mIenriMMeH Kaifrapsutaasl. backa aBTopAbIH TyBIHABICHIHBIH 10 maiibl3qaH acTaMbIH, OHBIH
ABTOPJIBIFBIH JKOHE JIePEeKKe3re CciTeMenepli Kepcerreil ce30e-co3 KeIipyre Ko
OepinMeiini. ANBIHFaH Y3iHALIEp HEMece MaJliMJIEMeNnep aBTOp MEH JEPEeKKo3i MiHAETTi
TYpIEe Kepcere OThIphI pecimaenyl kepek. lllamangan ThIC e3re MaTepuangapisl
naianany, COHJAi-aK Ke3 KeJNI'eH HbICaHAarbl IUlaruar, COHBIH IIIiHAe JdHeKci3
Iolekce3nep, 0acka agaMIaplblH 3€pTTEYIEpiHIH HOTIDKENEepiH HEeMJICHYy JTHKara
JKartnaimel koHe KaObUimaHOaWabl. 3epTrey OaphiChlHA KAThIHACKAH 0apIIbIK
TYJIFaJapAblH YJIECiH MOWBIHAAY KaKET KOHEe MakanajJa 3epTTeyai >KYprizyae MaHbI3/bl
OonraH JKyYMbICTapra cintemenep Oepinyi Kepek. bipineckeH aBTopiap apachiHzaa
3epTTeyre KaThICIIaFaH agaMaapasl KepceTyre o OepiiMeni.

ABTOp(J1ap) )KYMBICTaphIHJA KaTelikTep Oaifkanca, OyJ1 Typaibl Jepey pelaKkTopra
xabapiar, Ty3eTy Typajbl YCHIHEIC Oepyi THIC.

Komkazbanel Oachlll MmBIFapyaaH 0Oac TapTy Typaibl IIENIiM pereH3eHTTePAIH,
YCBIHBICTAPbIH €CKEPEe OTBIPHIN, PENAKIHs AITKACBIHBIH OTBIPHICHIHIA KaObIIIaHaMIbl.
PepakiusiiblK ankaHbIH LIENIIMIMEH JKapusulayFa YChIHBUIMaraH Makaja KaiTa Kapayra
KaObunaHOainsl. Kapusnaynan 6ac tapTy Typansl xabapyiama aBTOpFa AJIEKTPOHJIBIK
TOIITa apKBLIBI XKiOepinei.

KypHanaplH pefakLysUIbIK ajKackl MaKalaHbl jkapusilayra pykcaT Oepy Typabl
menriM KaOblUTAaraHHaH KeHiH pelakusUIbIK ajKa Oyl Typalibl aBTOpFa Xxabapiiaii Il jKoHe
JKapusulay LapTTapblH Kepcereai. Makanara OepiiireH mikipyiepaiH TymHyckackl JKypHan
PEIaKIUSIChIHA 3 Kb CAKTATBIHAIBI.
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Omuka Hayunvix nyoauKayui

Penaxmmonnast KOJLJIerust " TJIaBHBIIT penakrtop HAYYHOT0
s)KypHasia «Xumuueckuii ;xkypHaa Kazaxcrana» (najee — ’KypHaJu) npuaep:KuBarorTcst
TMPUHATHIX MEKIYHaPOIHBIX cranaapToB «Komurera ITUKH no
ny6aukanusv» (Committee on Publication Ethics — COPE)
(http://publicationethics.org/about),, «EBpomneiickoii acconuanun HAYYHBIX
penaxrTopon» (European Association of Science Editors - EASE)
(http://www.ease.org.uk) u «KomuTera mo ITHKEe HAYYHBIX IyGJHKALMIA

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

Bo mu3bexanne HemoOpPOCOBECTHOW IPAKTUKH B ITyOIMKAIMOHHON NIESTENbHOCTH
(nmnaruat, M3I0KEHIE HEJOCTOBEPHBIX CBEICHHUH U JIP.) U B IIENAX 00eCTICYeHNsT BEICOKOTO
Ka4ecTBa HAay4YHBIX MYOJIMKALUi, MPU3HAHMS OOIIECTBEHHOCTHIO, MOJMyUYCHHBIX aBTOPOM
Hay4HBIX PE3YJIbTAaTOB, WIEHBl PENAKIMOHHOIO COBETA, aBTOPbI, PELIEH3ECHTHI, a TaKXe
YIpEXIEHHS, yJacTBYIOIIME B U3/1aTeIbCKOM IpoLecce, 00s3aHbl COOII0NaTh ITHIECKHE
CTAQH/ApThl, HOPMBI W TpaBWja W TNPHUHUMATh BCE Mepbl I NPEAOTBPAIEHUS HX
HapymieHuid. CoOnto/ieHre NMpaBWiI 3THKH HAay4YHBIX MyOJMMKaIWi BCEMU YYacCTHHKaMH
3TOro Impolecca CIOCOOCTBYeT OOECIIEUEHHIO IPaB aBTOPOB HAa HMHTEIUICKTYaIbHYIO
COOCTBEHHOCTb, IOBBIIIEHUIO KayecTBa W3MaHHMs M MCKIIOYEHHUIO BO3MOXHOCTH
HETIPaBOMEPHOTO MCIIOIb30BAaHMsI aBTOPCKUX MaTEPHAJIOB B MHTEPECaX OTICIbHBIX JIHII.

Bce HayuHBIE cTaThH, TOCTYIHMBIINE B PENAKIHMIO, IOUIEKAT OOS3aTENEHOMY
JIBOHHOMY CIeTIoMy peneH3upoBanuio. Penakmst XXypHana ycraHaBIMBaeT COOTBETCTBHE
cratbu npoduiro XXypHana, TpeOGoBaHUAM K OGOPMIICHHIO M HAIPaBISICT €€ Ha IepBOE
paccMOTpEHHE OTBETCTBEHHOMY cekperapio JKypHama, KOTOpBII Ompenensier HaydHYIo
LICHHOCTh PYKOIMCH W Ha3HadaeT JBYX HE3aBUCHMBIX DPELECH3EHTOB — CIICHHAINCTOB,
AMEoMKX Hanbosee OMM3KKE K TeME CTaThM Hay4YHbIE CIIeNUanu3auu. Penen3npoBanne
cTaTell OCYIIECTBISIETCS WICHaMH PEJaKIIMOHHOTO COBETA U PEAAKIMOHHOW KOJUICTUH, a
TaKKe NPUIVIAIICHHBIMUA PELEH3eHTaMu JPYruxX CTpaH. PemieHne o BbIOOpE TOrO HWIIU
MHOTO PELEH3EHTa /Ul NPOBEICHUs SKCIEPTH3bl CTaThH MPUHUMAET IVIABHBIH PEaaKTop.
CpoK peleH3upoBaHus COCTaBIseT 2-4 HeNenHu, HO MO MPOChOe peleH3eHTa OH MOKET
OBITH IPOTICH, HO He Oonee 4eM Ha 2 HeIenu.

Penakuusi M pemeH3eHT TapaHTUPYIOT COXpaHEHHE KOH(HICHINATbHOCTH
HEONyOIIMKOBaHHBIX MaTepHajioB IIPUCIAHHBIX Ha paccMOTpeHue padboT. Pemenue o
My OIMKaUK IIPUHAMAETCS PEeAAaKIIMOHHON Koiuteruelt JKypHaia mocie peneH3upoBaHus.
B ciyuae HeoOxoauMocTH (HaMYKME 3aMeYaHuil pefakTopa(-oB) U /WK pereH3eHTa(-0B))
PYKOIIMCh HampaBisiercss aBTopaM Ha J0paboTKy, IMOcCie 4Yero OHa IOBTOPHO
peuensupyetcsi. Penakuust ocrasiser 3a co00i NpaBO OTKIOHUTH MYOJIHKALUIO CTATHU B
cilydae HapylIeHUs! npaBuil 3TUKU. OTBETCTBEHHBIH PENAKTOpP HE JOJDKEH JOIYCKaTh K
nyOnuKkany MHGOPMAIHIO, €CIM MMEeeTCs JOCTaTOYHO OCHOBAHWH monararh, 4TO OHA
ABJIACTCS IIIaTHaTOM.

ABTOpPBI T'apaHTHPYIOT, YTO MpPEACTABICHHbIC B PENAKIMI0 MaTepUalibl SIBIISIOTCS
HOBBIMH, paHee HEONyOJMKOBAaHHBIMA ¥  OPUIMHAJIBHBIMH. ABTOpBI  HECYT
OTBETCTBEHHOCTh 3a JOCTOBEPHOCTh M 3HAYMNMOCTh HAy4YHBIX PE3YyIbTAaTOB, a TaKXKe
COONIONICHNE TIPUHIMIIOB HAy4YHOHW OTHUKH, B YaCTHOCTH, HEIOIyIIeHHE (aKToB
HapyIIeHUs HayqHOH 3THKH ((haOpHuKamss HAyIHBIX JTAaHHBIX, (parbcupuKamnms, Beaynas K
HNCK@KCHUIO  HCCIENOBaTEeNbCKUX  JaHHBIX, IUIarMaT W JIOKHOE  COAaBTOPCTBO,
nyOnmupoBaHue, IPUCBOEHHUE UYKUX Pe3yIbTAaTOB U JIp.)

182


http://publicationethics.org/
http://publicationethics.org/about
http://www.ease.org.uk/
http://publicet.org/code/

KA3AKCTAHHBIH XUMHUAJIBIK 2KY PHAJIBI XUMHYECKHH )XY PHAJI KA3AXCTAHA

Hampasnenue cratbu B peJakIMIo O3HAYACT, YTO aBTOPHI HE MepeJaBal CTaTbio (B
OpUTMHAJe WIN B IIEpeBOJiC Ha JAPYTHe S3BIKM WIM C JIPYTUX S3BIKOB) B Ipyroi(-ue)
JKypHaI(Bl) M 9TO TOT Marepuail He ObII paHee omyOnukoBaH. B mpoTtuBHOM ciydae
CTaThs HEMEUICHHO BO3BpAIllaeTcs aBTOpaM ¢ (GOpPMYIHPOBKOH «OTKIOHHUTH CTAaThIO 3
HapyIIeHHE aBTOPCKHUX IpaBy». He momyckaeTcs AOCIOBHOE KommpoBaHue Oomee 10
MIPOLIEHTOB pabOTHI APYroro aBropa 0e3 ykazaHWs €ro aBTOPCTBA U CCHIJIOK HA MCTOYHHUK.
3auMCTBOBaHHBIC (DParMEHTHl WM YTBEPXKICHUS JOIDKHBI OBITh O(QOpPMIICHBI C
O6513aTeJ'II>HLIM YKa3aHUEM aBTOpa U NECPBOUCTOYHUKA. IIpe3MepHLIe 3aMMCTBOBAaHMs, a
TaKKe Iuaruar B Jito00o# (opme, BKIrouas Heo(hOpPMIICHHBIE LIUTATHI, epedpa3upoBaHHe
WM IPUCBOCHUE IPpaB HAa PE3YJIbTAThl YYXNUX HCCHC}IOBaHHﬁ, HEITUYHBI U HCTPUEMIIEMBI.
HeoOxommmo mpu3HaBaTh BKJIAX BCEX JHI, TaK WIM WHA4Ye TMOBIHABIIMX Ha XOJ
HUCCICAOBAHUA, B HaCTHOCTH, B CTATHEC JOJIXKHBI OBITh MPpEACTABJICHBI CCBHIJIKH Ha pa6OTI)I,
KOTOpBIE WMENH 3HAa4eHHWE IIpH TIPOBEINCHHWH wuccienoBanus. Cpems coaBTOPOB
HEJIOIYCTHMO YKa3bIBaTh JINI], HE yIaCTBOBABIINX B HCCIEIOBAHUN.

Ecmun aBTOpoMm(-amm) oOHapykeHa ommOka B pabore, HEOOXOOUMO CPOYHO
YBEAOMUTH PEAAKTOPA U BMECTC IPUHATH PECIICHUC 06 HCIpaBJICHUU.

Pemenne 00 oTkaze B MyONHMKAalMKd PYKOIUCH NPUHUMACTCS Ha 3acelaHHUU
PENaKIMOHHOW KOJJICTHH C Yy4eTOM peKOMeHJauuit pereH3eHToB. CTaTesd, He
PEKOMEHI0OBaHHAsl PEHICHHEM pEelaKIMOHHOW KOJUIETMH K ITyOJIMKaluH, K MOBTOPHOMY
paccMmoTpennto He mpuHuMaercs. CooOmnieHre 00 OTKa3e B IMyOJUKAIMK HaIpaBIIseTCs
aBTOPY I10 3JIEKTPOHHOM IOUTE.

Ilocne npunsatus penkomterned JKypHana pemeHuss O JONYCKE CTaTbU K
myONMuKauy pefakinus HHGOPMHUPYET 00 STOM aBTOpa M YKa3bIBACT CPOKHU ITyOJIHKAIIHH.
OpuruHaIBI pelieH3n i XpaHsaTces B penaknuy JKypHaiia B TeueHue 3 JieT.
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Scientific Publication Ethics

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

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

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

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

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

The submission of an article to the editor means that the authors did not submit the
article (in the original or translated into or from the other languages) to the other
Journal(s), and that this material was not previously published. Otherwise, the article is
immediately returned to the authors with the wording “Reject the article for the copyright
infringement.” The word-for-word copying of more than 10 percent of the work of
another author is not allowed without indicating his authorship and references to the
source. The borrowed fragments or statements should be drawn-up with the obligatory

184


http://publicationethics.org/
http://publicationethics.org/about
http://www.ease.org.uk/
http://publicet.org/code/

KA3AKCTAHHBIH XUMHUAJIBIK 2KY PHAJIBI XUMHYECKHH )XY PHAJI KA3AXCTAHA

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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