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MEXAHOXUMUSA KUIKOPAZHOI'O OKUCJIIMTEJIBHOI'O
AMMOHOJIM3A [TPUPOJHOI'O CbIPbBS

bykeiixanoe H.P. ¥ Muxaiinoeckan T.I1.%, Ymwbipo HuM*

Y@dI’BEOY BIIO Mockogckuii 2ocyoapcmeennbiii mexrono2udeckuii yuusepcumem "CTAHKHH",
Mockea, Poccust
2 AO «Hucmumym xumuyeckux nayx um. A.b. Bexmyposay, Anmamul, Kazaxcman
*E-mail:bukeihanov2017@ yandex.ru

Pe3tome: Llens cTaThy 3aKiIIOYaeTCs B OICHKE IJIOAOTBOPHOCTH MOJXO0JA K CO3JaHHIO U
MIPAaKTHYECKOW peann3aliyd HOBBIX ITPOIIECCOB Ha OCHOBE pa3pabOTaHHON aKaJeMHKOM
HAH PK B.B. CyBopoBbIM peakluy OKHUCIUTEIBRHOTO aMMOHOJM3a, NPOTEKAarolled Mo
MEXaHU3MYy COMNpPSDKEHHBIX peakiuid. Peakuus B HacTosIee BpeMs M3BECTHA TaKKe Kak
«OKCHAMMOHONIM3», «aMMOOKHCIeHHe». Ha e€ ocHOBe co31aHBl MPOMBIIIJICHHBIE
MIPOU3BOJCTBA AKPUIOHUTPUIIA, HUIKOTUHOHUTPHIIA, HUTPUIOB apOMaTUYECKUX KUCIOT. B
CTaThe PAcCMOTPEHbI PabOTHI MO MOJYYEHHIO a30TCOJACPIKAIIUX OpPraHOMHHEpAIbHBIX
yoOpeHuit MPOJIOHIMPOBAHHOTO ACHCTBHUS Ha OCHOBE JIUTHOYTJIEBOAHBIX PACTHTEIBHBIX
MmarepuanoB. [lokazaHo, 4To 3((eKTHBHBIM METOJIOM IepepaboTKNU APEBECHBIX H
PACTUTENBHBIX OTXOJOB B Aa30TCOJAEPXKAIINE OpPraHWYECKHe YAOOpEHHUS SBIISETCS
KHUIKO(Da3HbI OKHUCIUTENBbHBIH aMMOHOJIM3 PAacTUTENBHOTO ChIpbs. FlcciienoBaHbl
XMMHYECKHE IPEBPAIICHUS] OCHOBHBIX KOMIIOHEHTOB JIMTHOYIJIEBOJHBIX MATEPHUAOB B
YCIIOBHSIX OKHCIMTENBHOIO aMMOHOIM3a C MEXaHOXMMHYECKMM BO3JEICTBHEM,
COBMEIICHHBIX C KaBUTAIMOHHOW akTuBarmmei. OOOCHOBaH CONPSKEHHBIH MEXaHH3M
mpolecca, B KOTOPOM HCIIOJIb30BaHbl KOMIIOHEHTHI, aIbTEPHATUBHBIE KAaTAIUTHYECKOMY
razoasHOMY OKHCJIMTEILHOMY aMMOHOJM3Y: BOJHBI pacTBOp aMMOHHMS, aKTHBHBIH
KHCJIOPOA, TOJIydaeMbIi MpH MeXaHOXMMHYECKOH aecTpykiuu Iemtono3sl. Co3naHa
SKOHOMHYECKH IIeJIecO00pa3Hasi M JKOJIOTHUECKH Oe30macHas TEXHOJIOTHS IOydYeHHUs
pPacTBOpPOB T'yMHHOBBIX BEIECTB, HCHONB3YHIOLIas B KAauyeCTBE OPTaHUUYECKOTO ChIPbs
moObie BUIBI Topda. Pazpaborana u anpoOupoBaHa yCTaHOBKA MO MPOU3BOJCTBY JKUIKUX
TYMHHOBBIX YH0OpeHH «JIUTHOBHUTY.

KiroueBble c10Ba: TYMHHOBBIE BEUIECTBA, TOP(, OKUCIUTEIBHBIH aMMOHOJIN3, MEXaHO-
XUMUSI, TEXHOJIOTHSI.

Citation: Bukeikhanov N.R., Mikhailovskaya T.P., Chmyr .M. Mechanochemistry of
liquid-phase oxidative ammonolysis of natural raw materials. Chem. J. Kaz., 2022, 1(77),
5-14. (In Russ.). DOI: https://doi.org/10.51580/2022-1/2710-1185.52
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1. Beenenue

UccnenoBanne mporecca OKUCIUTENIEHOTO aMMOHOIN3a — OJTHO M3 TJIABHBIX
HarpaBjeHul paboTsl maboparopun akamemuka HAH PK bopuca BukToposnda
CyBOpoBa, KOTOPBIA MPEUIOKII STOT TEPMHUH, IMPOYHO YTBEPAMBIIUHACT B
HAyYHBIX MYOJIMKALUAX, CIIPABOYHBIX M YYCOHBIX U3JaHUSIX HAPATy C TCPMHUHAMU
«aMMOOKHCIICHHE», «OKCHaMMOHOII3y [1,2].

Ilenp naHHO#M cTaThbW OIICHUTH IUIOJOTBOPHOCTH IMOAXOJa K  CO3JIAHUIO
HOBBIX TIPOIIECCOB HAa OCHOBE TCOPETHUYCCKHUX IPEACTABICHUA O MEXaHU3ME
COTIPSI-KEHHBIX peakmuid. 3ajadu paboThl BKIIOYAIOT BO3MOXKHOCTH CO3JaHUS U
MIPAKTHYECKOH pean3aii HOBBIX COMPSDKEHHBIX MPOIIECCOB.

2. Pe3yabTaThl H 00CyKAeHHE

[IpuopuretHoe Mecto B paborax b.B. CyBopoBa W €ro cOTpyTHHUKOB
MPUHAATICKUT Ta30(a3HOMY KaTATUTHYECKOMY aMMOHOJH3Y YIIIEBOJOPOAOB
Pa3HOOOPa3HOro CTPOEHUS U UX IMPOU3BOAHBIX, PEIACTABICHHBIX B JOKTOPCKUX
Y KaHIAUIATCKHUX JIUCCePTAIMAX, MOHOTPpahHsIX U 0030pHBIX CTaThsX [1-4].

B 1o xe Bpems B.B. CyBopoB ynensn BHHMaHHUE CO3JaHUIO U PA3BUTHIO
HOBBIX BapHaHTOB OKHCIUTEIHBHOTO aMMOHOJN3a, OCHOBaHHBIX Ha CHCTEMHOM
MOJX0/A€ K M3MEHEHHUIO ()a30BOTO COCTaBa KaTaJU3aTOPOB, BHUIA OKUCIIUTENEH,
HCXOJHOTO CBIpbsl U JIOHOPOB a30Ta pPEeakUMOHHOM cuctemsl. CyliecTBeHHas
4acTh pe3yJbTaToB mpuBeaeHa B MoHorpadusx  B.B. Cysoposa, H.P.
ByxkeiixanoBa, 3.A. MaHcypoBa, B KOTOpbIX OOOOIIEHBI TEOPETHYECKHE U
TEXHOJIOTUYECKUE ACIIEKTHI Psiia OKUCIHUTEIbHBIX MpoueccoB [3.,4].

BpyTTOo peakiuio KaTaaUTHYEeCKOro ra3o(asHOro OKUCIUTEIHLHOTO aMMO-
HOJIM3a OTpaXkaeT cxema l:

CHs CH
= K

—CH;  +2NH +30, __ CH  +6H0
-

K - xarammarop, T - Temmeparipa

K Hacrosimemy BpeMeHH pa3paboTaH KHUIKO(A3HBIH MPOIEcC OKUCIUTEIh-
Horo ammoHonu3a (PKPOA) nUrHoyrieBoAHBIX MaTepHalioB (OTXOHABI Iepepa-
OOTKH JpeBecHHBI, TOpda, YIiis) B YCIOBUIX MEXaHOXMMUYECKOH 00paboTku [9-
11]. YcraHoBneHO, 4TO MPOAYKTH OKHCIUTENHHOrO0 amMmMoHonm3a JIYM mpen-
CTaBIIAIOT CO0O0l CIOKHYIO KOMITO3UIIUIO KOHACHCHPOBAHHOTO JIUTHUHA M OKHC-
JICHHOW, MEXaHWYECKH JECTPYKTYpUPOBAHHOW LIEIUIIONO3Bl U COAEpXkKAT OpraHu-
YECKUN a30T, CBA3AHHBIH B aMMOHUWHOW, aMUHHOM, aMUJIHOM U Te€TEepPOLUKIIN-
yeckoil opmax. OHU MOPQOJOTHYECKH U XUMHYECKH OJHM3KH K T'YMHHOBBIM
BELIECTBAM, KOTOpPBIE  SBISIFOTCS  CTPYKTYPHBIMHM  JIEMEHTaMH  IIOYBBI,
OTNPEAETAIOT €€ MIOJOPOJUE U MPOJOHIMPOBAHHOE NMUTAHHME BBICIIMX PAcTEHUI
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a30TOM, HE HAHOCSA YPOH IOYBE KaK DKOCHUCTEME, M COCTAaBJISIOT OCHOBY
COBpEMEHHBIX «YMHBIX OHWOyHOOpeHHii». OKCIEePTHl  yTBEPKAAIOT, HYTO
OMOyIOOPEHHSI CMOTYT U3MEHUThH CUTYAIIMIO HA COBPEMEHHOM PBIHKE yI00PCHHUI.
Tak, arearctBo Marketsand-Markets (M & M) nporuosupyet, uro k 2025 r.
PBIHOK OHMOYyN00-peHuil nocTuraet 3.8 Mupj A0JUIapoB, mo cpaBHeHUio ¢ 2.0
mipa nosmapos B 2019 r. [8].

B pa6otax J[.B. JlyakuHa [5-7] 000CHOBaH CONMPSDKCHHBIA MEXaHU3M JKUI-
Ko(a3zHOTO OKUCIHTETHLHOTO aMMOHONM3a JIYM. HanpaBiieHHsT OKHCITUTETHHOTO
aMMOHOJIN32 TEJLTIOI03bI PUBEICHBI HA CXeMe 2:

CHgOH oo NH4 COMHa

VAN _NHz | %T SN
NH3 2/

B srom mpomecce paboTaloT cieqyloUIMe YYAaCTHUKH, ANbTEpHATHBHBIC
razo(azHOMy KaTaIMTHYECKOMY aMMOHOJIH3Y:

» Vcxo/Hble OpraHuuecKre BEIecTBa — IPEBECHAS KOpa W MOX.

» VcXoaHbI JTOHOP a30Ta — BOAHBIA PACTBOP aMMHAKa.

» VcXOAHBI OKHCIHUTENb — IEPEKUCHBIC COSAMHEHHS WM PaJuKaIbl KHC-
Jopoja, o0pasyroluecs MpH MEXaHOJECTPYKIMH CIOXKHBIX KHUCIOPOACOIEpkKa-
LIMX MOJIEKYJI LEJUII0JIO3bI IEPEBA.

» VICTOYHMK DHEPTUU — SHEPIUs MEXaHOXUMHYECKOTO IMpoIecca, yCUIICH-
Hasg KaBUTALIMOHHBIMHM IPOLECCAMU BO3JCHCTBUS HA JIMTHUH KOPHI J€peBa, Ha-
XOASUIMICA B aMMUa4YHOM BOJHOM cperie.

B pesynbprare wuccienoBaHHi YCTaHOBJICHO, YTO Hauboliee TEXHOJIOTH-
YEeCKH ¥ OSKOHOMHYECKH OIPaBIaHHBIM CIIOCOOOM IIPOW3BOJACTBA IKHUAKHX
TYMHHOBBIX BELIECTB SIBISETCS MEXAHOXMMUYECKOE BO3JECUCTBHE, COIPSKEH-
HOE€ C THJIPOJIMHAMHYECKON KaBHTAIIMOHHOW 00paboTKol Topda WU JIPeBeCHBIX
OTXOJIOB B BOJHO-IIEJOYHBIX Cpeax aMMHaKa (MCTOUYHHK a30Ta) B MPUCYTCTBUHU
NepoKcHuaa Boxopoaa (okuciuTenb). B mpomecce mpoucxonuT cBOOOTHOPAIH-
KaJIbHO€ MEXaHOMHHLIMMPOBAaHME B BOJHBIX pacTBopax menodeid. MHTeHcus-
HOCTh MEXaHOXMMHYECKOTO BO3JEHCTBHUS OINpEAENseT KOHILEHTpaluoo obpa-
3YIOIIEHCsS ePeKUCH BOJIOPO/a M CBOOOJHBIX PAAMKAIIOB [6].

st monydeHuss TYMHHOBBIX KHCJIOT W3 TPOAYKTOB OKHCIUTEIBLHOTO
aMMOHOJIM3a TOp(a HCIOJIB30BAIM POTOPHO-IUCICPCHOHHBIM KaBUTATOp KOHC-
tpykuuu A . JI.Tlerpakosa [12]. Bo3aymHo-cyxoii Topd, KOpY COCHBI MOIBEp-
rajid JucleprupoBanuto Ha BuOpomenbuuie MB-30 (pucyHok 1) [6].
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JlaHHOE€ yCTpOWCTBO MHpenCTaBiIseT co0OM Hacoc, MPHBOJOM KOTOPOIO
SBISIETCS. Tpex(a3HbIil SIeKTpPOoABUTaTeNlb MOIHOCTRI0O 11 kBT m dacToToif
Bpamenuss potopa 3000 00./mMuH.

Pucynok 1 — Buobpomensuuiia MB — 30:
1 — pama, 2 — MOMOJBHBIC KaMEpPBI, 3 — AICKTPOIBUTATEIIb, 4 — TPAHCMUCCHS C
IKCUEHTPUKAMH, 5 — MPYKUHBL.

Konctpykuust  HanmoMuHaeT — «YIbTpa3ByKoBoH — aktuBatop» A .D.
Kunamosa [13]. Otinune oT Kojel poTopa M CTatopa MPOTOTHIIA COCTOUT B TOM,
4TO OTBEPCTHE B Kojble cratopa Tteruioreneparopa A./l. Ilerpakosa [12] uyTh
OosbIlIe, YEM COOCHOE C HUM OTBEPCTHE B KOJbLE POTOPA, U HUMEET CTYNEHBKY,
Ha3BaHHYIO «BHE3AITHO PACIIUPSIOLICHCS HACaIKO» (PUCYHOK 2).

Pucynok 2 — Cxema poTOpHO-IHCIIEPCHOHHOTO alapara:
1 — xombI10 poTOpa, 2 — cTaTop, 3 — BaJI pOTOPa, 4 — MOJIOCTH, S — JIOMATKa POTOPA,
6 — perymsTop IaBICHUS.

[lpn BpameHnn Bama poropa 3 HarpeBaeMasl XHIKOCTh 3acachbIBacTCs B
MOJIOCTh 4 U TOCTyNaeT B POTOP, BHIIOJHEHHBIM B BHUJIE ABYCTOPOHHEro pado-
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9ero Kojeca IMEeHTPOOSKHOTo Hacoca. Jlomatku 5 Bparmaromierocst poropa oropa-
CBIBAIOT JKHUIKOCTh K KOJNBIYy poTopa 1. 3aech ®UAKOCTh MPOXOAUT Yepe3 MHO-
KECTBO HWIMHIPUYCCKUX PATUAIBLHBIX OTBEPCTUH B 3TOM KOJIBIIE, Ha3bIBAEMBIX
aBTOPOM  HM300peTeHUs] «KPYTIIOIMINHAPUIECKUME HacaikaMu BeHTypm».
Ob6mamast 60NBIION KHHETUYECKOW DHEPTHEH, MOTOK KXUAKOCTH 00pa3yeT B ATHX
OTBEPCTHUSX BOJIOBOPOTHBIC 30HBI C TOHMKCHHBIM JIaBJICHUCM.

ABtopamu [14] pa3zpaborana u anpoOUpoBaHa YCTaHOBKA 1O MPOU3BOICTBY
XKUJKUX TYMHHOBBIX ynoOpenmii «JIurnoBut». Ha pucyHke 3 mpuBeneHa KOH-
CTPYKTHBHAs CXEMa Yy3JIOB M arperaroB TEXHOJOTHYECKOW JIMHUH TI0 IPOU3BOJI-
CTBY T'YMHHOBBIX YJOOPCHHIA.
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Pucynok 3 - KoHCTpyKTHBHAs cXeMa y3JI0B U arperaToB TEXHOJOTHIECKO
JIUHUH TIO POU3BOJICTBY TYMUHOBBIX YI0OPEHUIA:

1-npuBon BUOpoOcCemaparopa, 2-MpuBOA BHOPOOYHKepa; 3-TPHBOI TpaHCHoOpTépa; 4-
NPHUBOA MEIIAJKH EeMKOCTH THApaTaluy; S5-TPUBOA MEIIAIKH peakTopa; 6-mpuBoj Hacoca
TMoJaudl BOJBI, 7-TPUBOJ MENBHHIB;, 8-TIPHBOJ IITAHTOBOTO Hacoca; 9-TpuBOJ Hacoca
kaBurtaropa; 10-mpuBox Hacoca-mo3atopa; 1l-npuBoA MeNIanKkW HAKOIWTENBHOH  EMKOCTH;
12-pubpocenaparop; 13-TpaHCTIOpTEp JIEHTOYHBIA CKpeOKOBBIH; 14-eMKoCTh THapaTanmu; 15
-MEXaHWYeCKNH m3MenpunTenb Topda; 16-peakrop; 17-0610k ¢unbTpoB; 18-HakomuTenbHAs
EMKOCTh TOTOBOro mpoxaykra; 19-nacoc momaunm Boasl; 20— mutaHroBeid  Hacoc; 21-
KaBUTALMOHHBIA Jucrieprarop; 22-6JI0K [103aTOPOB MHKPOIJIEMEHTOB; 23-3JIeKTpOMarHUTHbIC
KJamaHbl, 24-Hacoc-103aTop TPEXKaHAIBHBIA; 25-MynbT ympaBiaeHHs xo3aTopamu; 26-cton

OTKUJHOM a1 HOYTOyKa; 27-IyJbT yNpaBieHUs JMHUei; 28-po3nuB rotoBoro mpoaykra; 29-
MAaHOMETP.

IIpuHUUNUAaTbHOM OCHOBOM YCTAHOBKHU SIBJIICTCS MEXaHOXUMHUYECKUHU
crocod TyMH(UKAIUK APEBECHBIX OTXOJ0B M Top(da. YCTaHOBKAa paccuuTaHa
Ha 00BEM MpoM3BOjACTBAa yaoOpeHuss Ha ypoBHe 250 Thic. j/roa. OHa cocTOUT
U3 TPEX OCHOBHBIX OJIOKOB: OJIOK IMOJTOTOBKH ChIPhS, PEAKTOPHBINA OJIOK, OJIOK
BBIJICJICHUS] TPOAYKTa W €ro po3iuBa. B peakTope KOMIOHEHTHI NepeMellu-
BAaIOTCSl M TIEPEXONAT B pacTBOp. B pe3yiapTare MEXaHOXMMHYECKOTO BO3-
IEHCTBUS B PEaKTOPHOM OJIOKE KpPOME I'YMHWHOBBIX BEIIECTB OCTAeTCS HE BCTY-
MuBIIas B peakiuio TBepaas (asza. Jlamee mpomykToBas CyCICH3Hs MepeKa-
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YMBACTCS KaBUTAIMOHHBIM gucriepraropoM (HI, H2) B COOpHHKH CYCICH3HMU
(E1,E2) 4epe3 tpéxxomoBoii BeHTWIb (K73), rie NPOUCXOAUT TMPOLECC
otaeneHus TBEPAON a3kl OT KHUIKOTO TPOMYKTa TWYTEM OTCTAWBAHHUS
ocaaka. ITo mpoekTy 3a ojHy pabouyl0 CMEHY MPOUCXOIUT HUX MOIHOE
3alOJIHCHUE W PA3JICJICHHE IMYTEeM OTCTaWBaHUs TBEPIOW (a3bl B KOHUYCCKOM
yacTu €MKOCTH, 00bEMHAs foisi KoTopoi cocramiser 30 %.

IlomeBble HWCTIBITAHUS OIBITHOM MapTHX JKUAKAX yaoOperwid «I yMOBUT»
U «JIUTHOBUT» MOATBEPIMIN BBICOKYIO 3(PPEKTUBHOCTh WX MPUMECHEHUS Ha IIH-
POKOM TIEPEYHE CEIIbCKOXO3SWCTBEHHBIX KYJIBTYp B Pa3IMYHBIX arpOKIMMATH-
YEeCKHX W MIOYBEHHBIX YCIOBUAX. Y CTAHOBJICHO, YTO MOJT00HO TYMHHOBBIM BEIIEC-
TBaM MPHUPOJHOTO OOpa30BaHUs, YAOOPCHUS HAKAIUTUBAIOTCS B IMAXOTHOM
TOPU30HTE IMOYBBI, PACKUCIISISL €r0 M MOBBIIIAS YPOBEHb IIOA0POAUs. CIIOKHBIN
arpoMeNMopaTuBHBIA 3P QEKT, OKa3bIBaeMbIi YIOOPCHHUAMH, MOATBEPKIACT MX
TYMHHOBYIO TMPHUPOAY. YCTAHOBJICHO, YTO TyMHHOBBIC BEIIECTBA OKA3bIBAIOT
COTOCTaBUMBIM i Oonbiuii 3PdekT mpubaBKU ypokas MPH MEHBIINX HX
J103aX BHECCHHUS, B CPaBHCHUU C OOJBIIMHCTBOM NPHUMCHHUMBIX B  HaIlIeH
CTpaHe KOMMEPUYECKHX aHaJoroB. B MPOBEICHHBIX TOJEBBIX OMBITAX YCTAHOB-
JICHO, YTO YJOOpCHUS OKa3bIBAIOT 3HAYHTEIBHOE POCTOCTUMYIHUPYIOIIEe eii-
CTBHE Ha pu3ochepy pacTeHUs.

3. 3aku0ueHue

Marepuanbl cTaTbH JOKa3bIBAIOT TUIOJOTBOPHOCTH (DyHIAMEHTAIbHBIX HC-
CIIEZIOBAaHWH TIO COIPSDKEHHBIM PEaKIHsIM, KOTOPBIE CIYXKaT Pa3BUTHIO TEOPUH
U CO3JIaHHUIO Ha €€ OCHOBE HOBBIX IporeccoB. Tak, razodasHblie MPOLIecChl OKUC-
JUTEIHHOTO aMMOHOJIN3a (COBPEMEHHbIE MPOU3BOJICTBA HUTPUIIOB M aMUJIOB aJlH-
(daTHYECKHX, apOMAaTHYECKUX M TETEPOIHUKINYECKUX KHCIIOT) CTUMYJIHUPOBAIU
pa3pabOTKy MPOU3BOACTB KHUIAKO(PA3HOTO OKUCIUTEILHOTO aMMOHOJIM3a JIMTHO-
YTIIEBOJIHOTO CHIPhA (peBecrHa, TOPJ) C MOITyIeHHEM OHOYJOOPEeHUH MpPOIIOH-
THPOBAaHHOTO JICHCTBUS, YIYUIIAIONIAX CTPYKTYpPY MOYB.

®unancupoBanue: Pabora BeimonHeHa B IHCTHTYTE XUMUYECKUX HayK UMeHH A.B.
BektypoBa mo nmporpamme IiesieBoro (PMHAHCHPOBAHUS HAYYHBIX HccienoBanuii Ha 2021-
2023 roxpl, ocymecTBiasieMoro Komuterom Haykn MuHHCTEpCTBa 00pa30BaHUS M HAYKH
Pecnry6nmiku Kazaxcran, o npoekram BR10965255.

KondaukTr unTepecoB: ABTOPHI 3asBISIOT 00 OTCYTCTBHM KOH(IIMKTa MHTEPECOB
MEX]Ty aBTOPaMH, TPeOyIOIIETo pacCKPhITHS B TaHHOH CTaThe.
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Tyiiinpeme
TABUTU HIUKI3ZATTAP/JbI CYUBIK KYUIHJIE TOTBIKTBIPY
AMMOHOJIN3IHIH MEXAHOXUMMUACHI

Bykeiixanoe H.P.*", Muxaiinosckas T.IL% Ymvips H.M.

! ®MBKK BEM «STANKINy Mackey memaexemmix mexnono2usiblk yHugepcumeni,
Moackey, Pecet

2 AK «A.B. Bexmypos amblnoazvl Xumus eblIblMOAPbIHbLY UHCIUMYmMblLy, Anmamol,
Kazaxcman

*E-mail: bukeihanov2017@ yandex.ru

MaxamansiH Makcatel Kasakcran PecmyOnmkacet ¥FA akamemuri B.B. Cysopos
HETi31H KajaraH TOTBHIFY aMMOHOJIM31 PEaKIUsICHl JKOHE OHBIH cabaKTacKaH OaWbINICH
JKYPY YCHIHBICBIHBIH KYHJIBUIBIFBIH OarajiayFa apHajraH. ATanraH peakius Kasipri Kesze
«OKCHaMMOHOJIM3» HEMECE «aMMOOKCHATCHY» JAen Te aTanbiHaabl. OHBIH HeTi3iHzae
AKPWJIOHWUTPHWJI, HUKOTHHOHTPWJI, apoMaThl KbIIIKBUI HUTPHJNEPIH aly eHAIpicTiK
JICHTeiie JKoJFa KOMBULABL. Makanaia eciMIIK JYHHETIKTepi HeTi3iHle albIHAThIH
JIUTHOKOMIpCy-JIapbIHaH y3aKacepeTeTiH a30THI Gap OpraHOMHHEPAIIBI
TBIHAUTKBIIITApABl ATy >KYMBIC-Tapbl KapacTelppurrad. lllukizaT peTiHze aram meH
OCIMIIK KaJJIBIKTApBbIH CYHBIK KYHiHJE aMMOHOJIU3/1iK TOTHIKTHIPY apKbUIbI OJIap/Ibl A30ThI
OpTaHUKAJIBIK THIHAWTKBIIITAPFa OH-ACYIIH OT¢ THIMII o/1ic eKeHIIri kepceTingi. JIurao-
KOMIpCyNBl 3aTTapAblH HETi3Ti Kypampuac OeNiKTepiHiH MeXaHHWKAIBIK TYPFBIOA, SFHU
MEXaHMKaJIbl ~ KABUTALMSUIBIK  aKTUB-TEHIIPY  HOTIDKECIHJE  XUMHUSUIBIK  TOTBIFY
aMMOHOJIM3IHE YIIbIpaybl 3epTTenreH. Karanu-3atop KaThICBIHZA Tra3 KYWHiHIE OpBIH
aJlaThIH YAepicke Oamamanbl TYpFblAa TaiilalaHbI-TIaTIH KOMIIOHEHTEp - aMMOHHMKIH
CyJIbI epITiH/ICI, IIEeJUIF0JI03aHbIH MEXaHOXUMHUSUIBIK BIIBIPAYbI Ke3iH/Ie ajJbIHFaH OesceH i
oTTeri  yiiH, XUMUSUTBIK ~ PEaKIUsHbIH ca0akrackaH OalbIlIeH JKYpeTiHIIr
TYKBIPBIMAAIBIHABL. OpraHuKajbIK IIMKIi3aT PETiHAE MIBIMTE3eK-TiH Ke3 KeJNTeH TYpiH
naiijjanaHa OTBIPBIN, TYMHUHII 3aTTapiblH EPITIHAUIEPIH alyAblH AKOHOMHKAJIBIK
TYPFBIIAH THIMII JKOHE SKOJOTHSUIBIK Ta3a TEXHOJOTHMACHl Ty3uimi. CyHbIK TYMHUHII
TBIHAMTKBIIITAp IMIBIFAPAaThIH «JINTHOBUTY» KOHABIPFBICHI  XKACAK-TAJIBIHBII, CHIHAKTaH
OTKI3LIII.

Tyiiinai ce3nep: ryMUHIIK 3aTTap, MBIMTE3€K, TOTHIFY aMMOHOJIN31, MEXaHOXHMUS,
TEXHOJIOTUSI.
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Abstract
MECHANOCHEMISTRY OF LIQUID-PHASE OXIDATIVE AMMONOLYSIS
OF NATURAL RAW MATERIALS

Bukeikhanov N.R.Y", Mikhailovskaya T.P.2, Chmyr .M.
1 FSBEI HPE Moscow State Technological University "STANKIN", Moscow, Russia
2JSC "Institute of Chemical Sciences named after A.B. Bekturova ", Almaty, Kazakhstan
* E-mail: bukeihanov2017@ yandex.ru

Actually the reaction is also known as "oxyammonolysis", "ammooxidation”. On its
basis, industrial production of acrylonitrile, nicotinonitrile, aromatic acid nitriles has been
crea-ted. The purpose of the article is to evaluate the fruitfulness of approaches to the
creation of new processes by the type of oxidative ammonolysis reaction, which was
developed by Academician of the National Academy of Sciences of the Republic of
Kazakhstan B.V. Suvorov and its course was substantiated by the mechanism of
conjugated reactions. The article provides works on the production of nitrogen-containing
organic fertilizers of prolonged action based on lignin-carbohydrate plant raw materials. It
has been shown that liquid-phase oxidative ammonolysis of plant raw materials is an
effective method for processing wood and plant wastes into nitrogen-containing organic
fertilizers. Chemical transformations of the main components of lignin-carbohydrate
products during oxidative ammonolysis with mechanochemical action, combined with
cavitation of mechanical acti-vation, have been studied. The coupled mechanism of the
process is substantiated, in which components alternative to catalytic gas-phase oxidative
ammonolysis are used: an aqueous solution of ammonium, active oxygen obtained during
the mechanochemical des-truction of cellulose. Economically feasible and
environmentally safe technology of obtaining solutions of humic substances to use as
organic raw materials any types of peat has been created. Liquid humic fertilizers
production unit "Lignovit" has been developed and tested.

Key words: humic substances, peat, oxidative ammonolysis, mechanochemistry,
technology.
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Pe3tome: I'nmymieHue siBisieTcsi Hanbojee MacCOBBIM BHJOM BO3ACHCTBUS Ha CKBaXKHHBI,
KOTOPBII IpeAcTaBsieT co00il KOMIUIEKC MEPONIPHUATHH 1O BEIOOPY, MPUTOTOBICHUIO U
3aKavKe B CKBOXXHUHY CHeMalbHBIX xkuakocteid riymenus (OKI'), obecrneunBaronmx 6e30-
nacHoe u Oe3aBapuiiHOe MpoBejeHHe MpoduiakTuieckux pador. [IpuponHyto conb mec-
TopoxkaeHuss Oiimania MOKHO pacCMaTpPHUBATh B Ka4eCTBE JCIICBOTO CHIPHEBOTO KOMIIO-
HEHTa JJIS IPUTOTOBJICHUS JKUAKOCTH TIIymieHus. Pa0oTa mocBsimeHa W3y9eHUIO BIUS-
HUS TN BOABI W KOHIEHTpammu coiu Oifmaiia Ha KOPPO3HOHHYIO CTOHKOCTH CTajH
Mapku Ct3. HccrenoBaHus TPOBOIIIIN TPAaBUMETPHUCCKUM METOJOM NPH KOMHATHOW
TeMIlepaType 1o CTaHAapTHOW MeToAuKe. XUMHUYECKUH aHanu3 coiu Oiimalia rnokasai,
4yTo conb OifMalia He CIeXHUBAeTCs,, He KOMKYeTcs, pa3Mep KOMOYKOB He >1 cM. PacTtBo-
pumocTs conu B Mopckoit H,O nHa 2.25 % Bbime, yeMm B ctounoil H>O. MakcumanbHas
mw10THOCTH pacTBopoB JKI' Ha ocHoBe Mopckoii (1190 kr/m®) u crounoii (1163 kr/m®) HO
JOCTHTaeTCs MPU paBHOM pacxoje cosiu (247-245 kr/T). B coneBbIX pacTBOpax cojuep-
xanne HB ©He mpesbmmaer 0.6 %, YTO HCKIIOYAeT PHUCKH OTJIOXKEHHSA COJeil.
[IpoBeneHHBIE UCCIENOBAHMS IO BIUSHHUIO Pa3IMYHBIX THIIOB BOJBI HA KOPPO3HOHHOE
MIOBEJICHUE CTAIM B NMPHUCYTCTBUHU conu Oifmaria rmoxasajiu, 94To Hanbomnee BBICOKAT Viopp
CKOpOCTh KOppo3uu HaOmonaercss B mopckoir HoO, kotopas B 1.8 pasa Belle, ueM B
cMenIaHHOM Boje W B 2.3 pasa Oousbie 1o cpaBHeHHIO co crouHod H»O. Ckopoctb
KOppo3uH B BoJax ¢ J00aBkoil comu Oiimarna yBennm4uBaeTcst MO Psay:Viopexas >

chemal-maﬂ >VCT0‘-|Haﬂ > VBOHO"pOBOHHaﬂ'
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1. BBenenne

B Hacrosmee BpeMs OOJBITMHCTBO MECTOPOKICHUHA HAXOIUTCS Ha 3pEioi
cTanuu pa3paboTKH, KOTIa MmpodiieMa TITyIIeHsI CKBAKHH CTAHOBUTCS OCOOCHHO
aktyanpHo# [1]. Ilpu3aboitHas 30Ha AOOBIBAIONINX U HATHETATEIHHBIX CKBAKUH
SIBISICTCSL BayKHEHIIIeH 00JacThIO INIAcTa, OT COCTOSHHUS KOTOPOW BO MHOTOM
3aBHUCAT YyCNOBHS (HIBTpAalMd ¥ TPHUTOKA IUIACTOBOW IKHUIKOCTH K 320010
CKBXMHBI, MOTEHIMANl OTJENBHO B3STOM CKBRXHWHBI M, B KOHEYHOM CYETe,
ko3 puImeHT m3BICUCHUS HEPTH W3 MeCTOpokaeHus. OCHOBHOE HETaTHBHOE
BIUSHUE Ha mpu3aboiiHyto 30Hy mnpoxaykruBHoro uracta (II3I1) okaseBaroT
TEXHOJIOTHYECKUE OTEPaIlii, MPOBOANMEBIE B CKBAXHHAX, U KHUIKOCTH, KOTOPBIS
mpu 3ToM TpuMeHATca. Cpend TpoYnx Omepanuil TIIylIeHne SBISeTCS
HanboJee MacCOBBIM
BHJIOM BO3JIEHCTBUS Ha CKBA)KMHBI, KOTOPBIA TPEACTaBISIET COO0M KOMILIEKC
MEPOIPHUITHHN IO BEIOOPY, MPUTOTOBIICHHUIO U 3aKaUKe B CKBAXXUHY CITCIIHATBHBIX
xuakocteit rmymenus (OKI'), obecreumBarommx Oe3omacHoe u Oe3aBapuitHOe
mpoBeneHNe MPOoQUIAKTHUECKUX PadoT. B Xojie reosoro-nmpoMbICIOBEIX padoT
KaXK/1asi CKBaXMHA IOJIBEPraeTcsl TIYHICHUIO HE PeKe OJHOTO pas3a B roj W3-3a
HCO6XOI[I/IMOCTI/I IMPOBCACHUA IMOA3CMHBIX PEMOHTOB, CMCHBI HaCOCHOT'O
000pYAOBaHHS, IPOMBIBKH 320051 OT 3arps3HEHUH U T.JI.

Cne;lyeT OTMCTUTH, YTO HOTpe6HOCTB B TCXHOJJIOTHYCCKHUX XKXUJIKOCTAX, CIIO-
COOCTBYIOIIMX COXPAaHEHHIO U BOCCTAHOBIICHHIO KOJUIEKTOPCKUX CBOWCTB IJIacTa,
ocraercsi Bcerna. [IpenoTBpaiieHne OCIOKHEHHH BO3MOXKHO MPH YCIOBHH IIPH-
MeHeHus B kadecTe JKI' jKuAKOCTEH M cOCTaBOB, 00ECTICUMBAIOIINX COXPaHEHHE
KOJIJICKTOPCKUX XapaKTePUCTHK MpH3a00WHON 30HBI CKBaXHH. JKenaTelbHO,
‘ITO6BI IMIPUMCHACMBIC COCTaBbI ObLIH MHOFO(b}/HKHI/IOHaJ'IBHOFO Ha3HA4YCHUA U
MPUBOJIMIIN K YBEJIMYCHUIO IPUTOKA HePTH [2].

Hapsiny ¢ pactBopamu NaCl u CaCly skuIKOCTSIMM TIYIICHUS [T 3aKaHUH-
BaHUs 1 peMOHTa cKBaKUH ciyxat pactBopsl KCl, NapSOs, Na,COs, KsPOs, Na
HCOs, CaBr, K2COs u ux cmecu [3-5].

B pabote [7] n3ydeHa BO3MOKHOCTh YXYIMICHUS TPOHUIIAEMOCTH TTPU3a00ii-
HOW 30HBI B pe3ysibTaTe BhIMajieHusi B MopoBbix kaHamax NaCl B kpucrammmuec-
koM Bujae. CaenaH BBIBOJ O BO3MOXHOW 3aKyIOpPKE TIOPOBOTO TPOCTPAHCTBA
IacTa B pe3ynbraTe nepeHachimenns pactsopa NaCl u nepexoia ero B Kpucrtai-
JUYECKOE COCTOSTHHE BCIIEICTBUE 0OJiee BHICOKOM PacTBOPHUMOCTH XJIOPHJIOB I10-
JIMBAJICHTHBIX METAJIIOB, COJIEPKAIIMXCS B 1uiacte [6, 7].

2. Pe3yabTaTtshl U 00Cy:K1eHUE

[IpuBenenHbIe pe3yabTaThl (PU3NKO-XUMUYECKHUX aHaIu30B (Tabnuua 1), mo-
Kas3aJly, 4YTO BCE TUIIBI BOJBI, UCIONB3yeMble Juid npuroTosnenus JKI' oTHocsATCcs
K xyopkanpiueBelM no Cynuny [8], Kk MamopacconbHbIM [9] co cpegHMM
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sgauenreM pH 5.5-5.7. B mopckoit H,O orcyrcrByer HoS, comepxanue Fe** ne
npesbimaet 0.15 mr/n. Crounas H2O u moObiBaeMast )KHIKOCTh XapaKTePU3YIOTCS
HI3KUM conepxkanueM HpS (0.1 wmr/m), neBbicokum HIT (3.19-7.7 mr/m), HO
TOBBILIEHHBIM KonuecTBoM Fe®* (26-68 mr/i).

Conepsxanne Fe3* B crounoii HoO cooTBeTcTBEHHO MeHblue B 2.4 u 2.6 pasa,
yeM B J00bIBaeMoil xuakoctu. B mopckoit H O conepsxanue Ca®*, Mg u Na*
MEHBIIIE COOTBETCTBEHHO B (5.7-5.2 ), (1.04-1.5) u (2.9-3.3) pa3a, uemM B CTOYHOI
H20 u noOwiBaemoii sxunkocth, a K paBHO3Ha4HO 10OBIBAEMON KHUAKOCTH, HO B
2 paza Oomblie, ueM B cToyHOM Bozae. B mopckoit H2O conepxanue Cl™ B (3.0-3.2)
pasza Menbie, Ho SO4% B 32.7 u 145.7 pas Bbllle 10 cpaBHEHUIO cO cTouHOM Ho0
U N00BIBAEMOI JKUAKOCTBIO.

Tabauna 1 — XuMudeckuid aHaIU3 MPUMEHSEMBIX TUIIOB BOJ

HanmenoBanus nokasarenst Tun Boasl
MOpCKast CTOYHAs
pH 55 55
coJiep KaHKie CepOBOIOPOA, MI/JT oTcC. 0.1
IJIOTHOCTB, T/cM3 1.010 1.035
conepxanue Kanbius (Ca 2*), mr/n 521.00 2965.90
conepxanue Mmaruus (Mg 2%), mr/n 705.30 730.0
cozepskanue Hatpus (Nat), mr/n 4373.77 12748.98
comepxanwne kamms ( KY), mr/n 99.74 49.93
conepsxanue xenesza ( Fe¥*), mr/n 0.15 26.60
coneprkanue xiaopuaos (Cl), mr/n 10724.0 32366.0
conepxanue cynbharon (SO42 ), Mr/a 2640.18 80.65
conepxanue kapoonatos (CO3?" ), Mr/n oTcC. oTC.
CyMMapHasi MUHEpaln3anus, Mr-1 19724.0 62069.0
T Bojpl 1o Cymuny Cl-Ca Cl-Ca
00111381 )KECTKOCTEb BOJBI, MI'-3KB/JI 64.0 200.0
coziepkaHue HeTenpOayKTOB, MI/ He 00H. 3.19

CymmapHas MUHepaiu3alust U o01ias sxectkocts Mopckoit H.0 B (3,1-3,5)
pa3 MeHbIIe, YeM B JIBYX JPYrux TUnax Bojbl. OTCyTcTBHE B MOpCKoi Bojae HoS,
a TaKk)Ke HU3Koe cojiepxanne HedrenpoaykroB B ctounoit HoO uckimrouaror obpa-
3oBanue FeS u noBwerne Koppo3noHHo# aktuBHOCTH JKI'. IToaTomy mpenmou-
TUTENbHEE UCTIONH30BATh MOPCKYIO U cTouHyro H20.

HccnenoBanne GU3NKO-XUMHUYECKUX XapPAaKTEPUCTHK COJIM MECTOPOXKIEHUS
Oiimaina (tabnuua 2) mokasaid, 4ro cosib OlMalia He CIeKHBACTCS, HE KOM-
KyeTcs, pa3Mep KOMOUYKOB He >1 cMm.
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Tabauna 2 — OU3UKO-XUMHYECKUE XapaKTEPUCTHKH COIHM MecTopoxaeHusa Oiimaiia

HaunmeHnoBaHue nokasarens Texnuueckast cosb «OriMariay

BIIAYKHOCTB, % 1.01

CIIS)KMBAEMOCTb HE CKJIOHEH K CIIe)KUBAHHIO

HACBIMHAS TUIOTHOCTh, TH/M3 0.7

THT BOJIBI JIJIsl IPUTOTOBJICHHS PACTBOPOB MOpCKast CTOYHAs

pacTBOPUMOCTb B Boze, %o 98.22 95.97

pacxoJ COJH ISl HACHIICHHUS, KT/T 247.0 245.0

IUIOTHOCTh HACBIIIEHHOTO PacTBOpa mpu 1190 1163

20°C, xr/m®

MaccoBast A0JISI LIETOYHO3EeMEbHBIX oTC. OTC.

karuonos (Na*, K*), %

MaccoBasi JI0J1s1 HEpaCTBOPUMBIX BEIECTB, %o 0.45 0.54

TemIeparypa 3acTeiBanus, °C -14 -14

COBMECTUMOCTb C BOJIOH oOpasyercs ci1abo o0pasyercsi ¢i1abo
MYTHBIH pacTBOp MYTHBIH pacTBOp
0eJoro nBeTa 0eJoro nseTa

PactBopumocts conu B Mmopckoit H20 na 2.25 % Bbliue, yem B crounoit H20.
MakcuMaibHasi TWIOTHOCTH pacTBopoB JKI' Ha ocHoBe Mopckoit (1190 kr/m®) u
crounoii (1163 kr/m®) H,O mocruraercs mpu paBHOM pacxone comu (247-245
Kr/T). B comeBbIX pacTBOpax comepikaHue HepacTBopuMbIX BemectB (HB) He
npesbimaer 0.6 %, 4TO HWCKITIOYAeT PUCKH OTIOXKEHHs coneil. Temmeparypa
KPUCTAJUTH3AIIUN  COJIEBBIX PAacTBOpPOB (-14°C) COOTBETCTBYET TeMIeparype
xpa"enust u TpaHcnoptuposku XKI' (-15°C). Hccnemyemast cosb coBMecTHMa ¢
ob6onmu tunamu H>O u nipu pactBopeHnn o0pasyer ciabo MyTHBIE paCTBOPEI.

I'paBuMeTpUYECKUM METOAOM H3ydeHa Viopp B BOJOIPOBOJHOM, CTOYHOM,
MOpCKOH U cMemaHHoW (ctouHas c Mopckor H>O) Bome (tabnmma 3).
CMmemanHyto Boay B cootHomeHuH ctou”ass H2O: mopckas H2O = 2:1 ucnons-
30BaJI B IEJISIX CHIKEHUS NeHIIMTa PECHOM BoJbl. BhIsiBIeHO, 4TO Hanbomee
BbICOKas Vopp B MOpcKkoii H20, xoTopas B 1.8 pa3za Bbllle, 4eM B BOJONPOBOIHON
W CMEIIaHHOHW Boae M B 2.3 pasa Oojblie 1o cpaBHeHHIO co crouHod H:O, T.e.
VMOpCKaﬂ > VCMCUJ&HH&SI > VBOHO"pOBO}IHaﬂ > VCTOqHaH.

Ha pucynke mpuBeneHbl pe3yiabTaThl M3MEHEHHS CKOPOCTH KOPPO3WH B
3aBUCHMOCTH OT KOHIeHTpaumuu cosnu OliMamia BO Bcex THUmax Bod. B
BOJIONIPOBOJIHOM BOJI€ C YBEITMYEHHWEM KOHIEHTPAIMH COJH CKOPOCTh KOPPO3HH
magaeT, qocturas Mmuaumyma (0.136 mm/rox) mpu 15% conu (prucyHok, a). anee
C TIOBBIIIEHNEM KOHIIEHTPALUU COJH CKOPOCTh IOCTENEHHO YBEIWYHMBAETCS A0
3naueHust 0.198 mm/ron mpu Bbicokoil koHueHTpauuu conu (30%). Ilpuuem,
CKOPOCTh KOPPO3MH B BOJONPOBOAHOMN Boje 0e3 mobasku comu (0.338 mm/roxa) B
2.5 pa3a Bblle, 4eM B pacTBope ¢ 15 % ee comepxanuem.
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Tabauna 3 — CkopocTh KOPPO3UH B HCIIOIB3YEMBIX BoJax 0e3 nobdasku coiu Oiimaria

Tun Bozb! Toteps p.r/em® V xopp, Vkopp,
Macchl r/cm? cyT MM/TO11
Am.r
BOJIOIPOBO/IHAS 0.0519 1.000 0.305 0.338
CTOYHast 0.0407 1.000 0.235 0.261
MopcKas 0.1350 1.012 0.184 0.601
CMeIlIaHHast 0.0435 1.000 0.306 0.340

B crouHoit Boze (pUCYHOK, D) ¢ yBenmueHneM KOHICHTPAIIUU COITH CKOPOCTh
KOpPPO3HUHM NPaKTHIECKH He MeHseTcs. OHAKO P BHICOKON KOHIIEHTPALIUH COJIH
(30 %) HabnromaeTcst yBeJIMUYCHUE CKOPOCTH Koppo3uu Beero Ha 0.054 mm/rox o
CPaBHEHHIO C PacTBOPOM C HU3KOHM koHueHtpauueil (3%). B obmactu HH3KHX
KOHIeHTpauil coiu (3-5%) ckopocTh KOppO3WM B CTOYHOW BOJIE MEHbBIIE Ha
0.05-0.013 mMm/ron IO CpaBHEHHIO C BOAOIPOBOIHOM BOZIOH, a TIpH OoJiee BBICO-
kux koHueHtpauusx comu (10-30%) — conbme wa 0.08-0.136 mm/ron. Ilpuuem
CKOpOCTh KOppO3WH B yKazaHHOM pacTBope Ha 0.021 mm/ron BbIie, yem B
cTO4YHOU BoJie O6e3 nobasku coau Oiimara (0.261 MM/rox).

KpuBas d Ha prcyHKe OTpa)kaeT 3aBHCHMOCTb BIUSHUS KOHLCHTPALMU COJIH
Ha CKOpPOCTh KOPPO3MM B CMEIIAHHOW BOJE M HOCUT AHAJIOTUYHBIM XapakTep
KPHBO# 3aBUCUMOCTH Vopp B CTOYHO# BOJIE (PHUCYHOK, D).

Veors 0.8
mm/year c
0.7 -
0.6
0.5 -
0.4 o d
031 e b
021 \\—o-/* ¢ -
0.1
0 5 10 15 20 25 30 35

Cgap %0
PucyHok — 3aBHCHMOCTb CKOPOCTH KOPPO3UHU OT KOHLIEHTpauuu coiau Oiimaliia B pa3iIn4HbIX
Bonax: (a) — BomonpoBoaHas, (b) — crounast, (C) — Mopckas, (d) — cmenranHas.

salt>

ITokazaHo, 4TO CKOPOCTh KOPPO3MH B CMEIIAHHOM cojiecoaepkallieid Boje
HE3HAYUTEJIbHO TOBBIMIACTCS B O0JACTH KOHIEHTparuu coiau ot 10-12%.
JanbHeillliee yBEIMYEHHE KOHILIEHTpaUUU cold 10 25% mNpakTUYecKu He
OKa3bIBaeT BIMSHUE HA Viopp. CBBIIIE YKa3aHHON KOHIEHTPAIMU HAOIIOMAeTCs
TEHJCHIUSA K POCTY Viopp. CKOPOCTH KOPPO3UU MPHU HU3KOW KOHIICHTPAIUU COJIH
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(3%) ymenpiaercs Ha 0.0117 MM/TOJ O OTHOILICHHIO K KOHTPOJBHOMY OIIBITY
(0.340 mm/Tog).

Kopposuonnasi akTUBHOCT, B MOPCKOW BOJIe C KOHLEHTpalUed cou
Oiimamna paBHo# 3-10% ymenbmaercs aumb Ha 0.011-0.002 mm/rox mo cpas-
HEHHIO ¢ KOHTPOJBHBIM ombIToM (0.601 MM/Tox), a ¢ MampHEHIIINM ITOBHIIICHHEM
Ccomu  CKOPOCTH KOPPO3MM BO3pacTacT M TNPUOIMIKACTCA K 3HAUYCHUIO
KOHTPOJIBHOTO OIbITa. Ha KpUBO# 3aBUCHMOCTH CKOPOCTH KOPPO3HH (PHCYHOK, C)
B pacTBope ¢ 5% coaepkaHUEeM COJHM HaOMrogaeTcsi HeOONbIIOH MaKCHMyM, a B
obiactu ¢ 10-12% - 3HaYUTENbHBIM MOABEM KpUBOW. B 00macTd BBICOKHX
KoHueHTpanui conu (15-30%) KpuBasi 3aBUCHMOCTH CKOPOCTH KOPPO3HH Xapak-
TepHU3yeTCs HeOOMBIION TeHISHIINEN K POCTY.

Cpemu Bcex WHcCleqyeMbIX THUIIOB BOJ HamboJiee BBICOKAas CKOPOCTb
KOppO3uK HaOII0aeTcss B MOPCKOM Boje (PUCYHOK, C), KOTOpas BO BCEM
HCcCIeayeMOM MHTepBaie KoHeHTpamuil conu Oiimania Beimie B 1.3-3.8 paza, yem
B BOJIONIPOBOIHON (PUCYHOK, &), CMEIIAHHOW (PUCYHOK, O) U CTOYHO# (PHCYHOK,
b) Bomax.

CxopocTh KOppo3uu B Bojaax ¢ mobaBkoi comn OiMaria yBeTHYHBaeTCs B
pany: VMOpCKaﬂ > Vevemamman > VBOHOHPOBOHHaﬂ > Verounas; 1 B pacTBOpax € HU3KUM
COACPIKAHUEM COJIM: VMOpCKaﬂ > chemaHHaﬂ > VCTO‘IHaS{ > VBOJ]OI'[pOBOJI[HaH-

3. DKcnepuMeHTAJbLHAS YACTh

HccnenoBanns MpOBOAMIN TPAaBUMETPHUYECKAM METOIAOM MpPH KOMHATHON
TeMIieparype no crannaptHoit meronuke [10]. dng mpoBeaeHHUs SKCIIEPUMEHTOB
WCTIONIB30BAIA TIPUPOJTHYIO COJIb MeCTOpoXkIeHus: OiiMania (TeXHHYeCcKasi COJlb,
NaCl), Boay BOIOIPOBOAHYIO, CTOYHYIO (3aKaYyHMBAcMyI0 B HE(TSHBIC IJIACTHI
CTOYHYIO BOAYy), MOpckyio (Bomy Kacmuiickoro M™ops, IOCTYHArOMIyl0 C
pacctosiHust 146 KM 1O CTaJIbHOMY BOJIOBOAY Ha MECTOpOXKICHHE Y3€Hb) U
CMEIIaHHYI BOAY (CMeCh CTOYHON M MOPCKOM BOJIBI).

HcnpiTanuss nans onpeneneHus COBMECTHMMOCTH BOIHO-COJEBBIX CHCTEM
MPOBOJAST B CTEKISTHHOW TMPO3PAaYHON XMMHUYECKOH TMOCy/Ae C TMPOOKOH Tmpu
KOMHAaTHON TemmepaType. PacTBop ¢ CONEBBIMH pacTBOpaMH HHTEHCHBHO
MEPEMEITNBAIOT BCTPSIXUBaHHEM. [IpU3HAKOM COBMECTUMOCTH HCIBITYEMBIX
pacTBOpPOB  SABNSAETCS  OTCYTCTBHE IIOCNE€  TIIATEIBHOTO MEpeMEIIMBaHUS
paccioenus wim ocagkooOpa3oBanusi. OLeHKa MPOM3BOAUTCS BU3YaJIbHO Ha (hOHE
mucra Oenoil Oymard B TMPOXOASIEM CBETE cpa3y Ioclie MPHTOTOBICHUS H
MEPUOANYECKN B T€UEHHE MHTEpBaia BpeMeHH oT 2 4 A0 3 cyT. OnpexneneHue
HEPaCTBOPUMBIX OCAJKOB MPOU3BENCHO 1Mo MeTonuke [8]. HachImHas mioTHOCTh
conu OliMalna onpeaensiack no Merogauke [9].

MaccoByio om0 Biaru ompeaensnu mo metonuke [11], a mpucyrcrBue
IIEJI0YHO-3EMEIbHBIX METAJIIOB B COJISX MO MeTtoauke [12].

4, 3aka0ueHue

HOKaSaHO BIIMAHUEC THIIA BOAbBI HaA KOppOSI/IOHHBIe CBOf/'ICTBa KUOKOCTHU
[IIyIIeHUs.  YCTaHOBJEHO, 4ro conb OiiMama TOBBIIIAET IDIOTHOCTh
HCCIICIyeMbIX THIIOB BOA M HE YCHIMBAeT HX KOPPO3HOHHBIC CBOMCTRA.
OnpenerneHsl  AOMYyCTUMBIC  KOHIIGHTPAlMA  COJHM  JJII  TPUTOTOBIICHUS
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KOMIIO3UIIMOHHBIX CHCTeM. BrisiBieHo, 4yro Hanbonee BBICOKAst Viopp B MOPCKOU
H20, xotopas B 1.8 pa3a BhbIIle, YeM B BOJOIPOBOJHON M CMEIIAHHON BOJE W B
2.3 pasa OoJbiie Mo cpaBHeHHIO co cTouHOH H20.
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Tyiiinpeme
OMMAII T¥3bI -H20» )KYUECIHIH KOPPO3USIBIK KACUETTEPIHE CY
TYPJIEPIHIH OCEPI

Kaiivinbaesa P.O.", XKycinvexoe 0.2K., Yepuaxoea P.M., Cynmanéaesa I' 1L,
Koorcaberxosa H.H., Azamaesa A.A., Illakuposa A.K.

AK «O.b. bBexmypog amuvlnoagvl Xumus bliblmMoapsl uncmumymuoly, Aivamel, Kazaxcman
E-mail: raushan_1972@mail.ru

CeHzipy YHFBIMANapFa ocep eTYAIH €H KeH TaparaH TYpi, Ol Kayilci3 )KoHe aKayChI3
MPOQHITAKTUKAIBIK KBI3MET KOPCETYli KaMTaMachl3 €TETiH apHaibl COHJIIPY CYHBIKTHIK-
tapeiH (OK[') Tarmay, maiielHOay KOHE YHFBIMara alay OOWBIHINA Imapajap KemleHiHeH
Typansl. OiiMall KeH OPHBIHBIH TaOWUFU TY3bIH COHAIPY CYHMBIKTHIKBIH JaibIHIayFa ap3aH
LIMKI3aT peTiHiae KapacToipyra 6omnanbl. JXKymbicta Ct 3 Mapkaibl O0NaTThIH KOPPO3HsFa
Te3IMALIIriHe CyTapAbIH Typi MeH O¥Marn Ty3bIHBIH KOHIIEHTPAIMSICHIHBIH dCEPiH 3epT-
Teyre apHaJIFaH. 3epTTeyiep CTaHAAPTTHI ofic OOMbIHIIA OeIMe TeMIepaTypachlHaa rpa-
BUMETPHSUIBIK 9JICIEH Kypri3inai. Oimarm Ty3bIHBIH XUMUSIBIK Tanaaysl OfMarn Ty3sl-
HBIH TYHIpITIKTEeHOCHTIHIH, OHIAFEl KeCeKTepIiH Meimepi >1 ¢cM eMec eKeHiH KepCeTTi.
TyzneH TeHizs H>O-nmarwr epirinriri, arbi3siaasl HoO cansicteipranna 2,25% >xorapbl-
JBIFBL aHbIKTANABl. COHNIPY CYHBIKTHIFBIHBIH MaKCHMaJIbJbl THIFBI3ABIKTEI €piTIHAIIEPIH
TeHi3 cybiHAa (1190 kr/m3) xone arb3biHABI HoO (1163 kr/mM3) THIFBI3IBIFBIHA XKETEII
OFaH )XyMcanraH Ty3 (247-245 xr/t) kypainsl. Ty3 epiTiHaiiepiHiH KypamblHIa epiMei-
TiH 3arTap mMemepi 0,6%-1aH acnaiapl, Oy TY3/bIH 6Ty KaymiH xkossl. OlMant Ty3bl-
HBIH KaTBICBIH/A OPTYPJIi Cy TYpJepiHiH 00JaTThIH KOPPO3USUIBIK SpeKeTiHe acepi OOHbIH-
114 XXYpri3iireH 3eprreyiiep Viopp KOPPO3HSCHIHBIH €H YKOFapbl JKbLIIAMIBIFbI TEHI3/Er1
H,O-na GaiikamaThIHBIH KOPCETTi, OJ1 apaiac cyFa KaparaHma 1,8 ece jkoHE arbI3bIHIBI
H>0 2,3 ece xorapsl. OiiMari Ty3sl KOCBUIFaH CyJapIarbl KOPPO3us KBUIIAMIBIFBI Keeci
peTneH apransl: VTeHi3 > Vapanac™> VKaIIsK > VKYOBIp.
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Abstract
INFLUENCE OF THE TYPE OF WATER ON THE CORROSION
PROPERTIES OF THE "OIMASH SALT -H20 " SYSTEM

R.A. Kaiynbayeva®, U.Zh. Jussipbekov, R.M. Chernyakova, G.Sh. Sultanbayeva,
N.N. Kozhabekova, A.A. Agataeva, A.K. Shakirova

JSC “Institute of European Sciences named after A.B. Bekturov”, Almaty, Kazakhstan
E-mail: raushan_1972@mail.ru

Jumming is the most widespread type of action on wells, which is a set of
measures for selecting, preparation and injecting into the well special muffling fluids
(M(J)F) that ensure safe and safe preventive work. The natural salt of the Oimasha
deposit can be considered as a cheap raw material component for the preparation of a
dampening fluid. The work focuses on the influence of water type and Oimash salt
concentration on steel corrosion resistance of Art. 3 brand. Chemical analysis of
Oimash salt showed that Oimasha salt does not cake, does not lump, the size of lumps
does not > 1 cm. The solubility of the salt in marine H,O is 2.25% higher than in waste
H,0. The maximum density of H,O solutions based on marine (1,190 kg/m?®) and waste
(1,163 kg/m?) H,0 is achieved with equal salt consumption (247-245 kg/t). In saline
solutions, the content of insoluble substances does not exceed 0.6%, which eliminates
the risk of salt deposits. Studies on the influence of different water types on corrosion
behaviour of steel in the presence of Oimash salt have shown that the highest V corrosion
rate is observed in marine H,O, which is 1.8 times higher than in mixed water and 2,3
times more than wasted H,O. The corrosion rate in waters with the addition of Oimash
salt increases in the following order: Vmarine > Vmixed > Vwaste > Vtap.

Key words: Oimash salt, tap water, sea water, waste water, jumming liquid,
corrosion rate
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ELECTROCHEMICAL DISSOLUTION OF TITANIUM ELECTRODES
POLARIZED BY ALTERNATING CURRENT IN A HYDROBROMIC
ACID AQUEOUS SOLUTION

Nurdillayeva R.N.'", Bayeshov A.?, Abdikerim A.Zh.}, Zhylysbayeva G.N.

'Khoja Akhmet Yassawi International Kazakh-Turkish University, Turkistan, Kazakhstan;
2“D.V. Sokolskiy Institute of Fuel, Catalysis and Electrochemistry” JSC, Almaty, Kazakhstan.
E-mail: raushan.nurdillayeva@ayu.edu.kz

Abstract. The work shows the patterns of electrochemical dissolution of titanium elecro-
des polarized by alternating current in an aqueous solution of hydrobromic acid. The
current density (200-1200 A/m?), hydrobromic acid concentration (1.0-5.0 M),
electrolysis duration (0.25-2.0 hours), and electrolyte temperature depend on the current
rate of the titanium electrode in the alternating current source (20°C-80°C) were
considered. The maximum value of current yield was obtained at a current density of 400
A/m? when titanium electrodes were polarized by an alternating current and it was
recorded that the current yield is reduced at a high current density. It is shown that the
current output for titanium increases directly proportional to the concentration of
hydrogen bromide, i.e., hydrogen ion content. The order of the reaction which occurs
during the electrolysis of hydrobromic acid is determined. It is proved that the current
output of dissolving titanium in the alternating current source decreases when the
electrolysis time is increased, as the eletrolysis products in the electrolyte settle down on
the electrode surface. It is shown that as the temperature of the electrolyte solution is
increased, the current output value for dissolving titanium rises to 48%. The activation
energy determined according to the temperature kinetic regime was 17.76 kJ/mol, the
process was carried out according to the diffusion-kinetic regime. It was shown that
titanium is dissolved in hydrobromic acid aqueous solution to form titanium (I11) ions.
The influence of the main parameters on the electrochemical dissolution of a polarized
alternating current titanium electrode in hydrobromic acid is investigated and effective
ways of titanium dissolution are considered.

Keywords: titanium electrode, hydrobromic acid, alternating current, current output,
electrolysis, current density
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1. Introduction

Currently, titanium and its alloys are of great interest due to their important
mechanical properties such as high strength and flexibility, low elastic modulus
characteristics, corrosion resistance, and biocompatibility [1-2].

The corrosive properties of titanium are characterized by the fact that its
surface is covered by a passive film of titanium dioxide which prevents metal
from further oxidation while interacting with water or atmospheric air [3]. The
physicochemical properties of the passive film are influenced by the electrolysis
conditions, the composition of the electrolyte [4] and the pH of the solution [5],
and the electric polarization [6].

In recent years, there has been increasing interest in experimental work to
study and determine the dissolution patterns of the titanium electrode in various
aqueous solutions. The properties of electrodes made of titanium powders and
catalytically active titanium-based material in an aqueous solution of hydrochloric
acid were studied using the voltammetric method. Electrochemical sensors have
developed new methods for treating titanium used in gas-diffusion electrodes, and
as a result, it was found that metallic titanium in the potential range of 0.5-1.7 can
act as a conductor for catalytically active materials in HCIO4 solutions [7]. The
methods of cyclic voltammetry and potentiometry were used to study
electrchemical processes occurring on the surface of a porous titanium electrode
in HsPO, acid with heavy metal ions, as a result of which it was shown that
titanium metal has limited corrosion properties in phosphate acid solutions [8-9].
In citric acid with a pH value of 2.0, containing halogen ions, the property of Ti
and TisAlsV alloys was investigated by voltammetric method, and a passive state
at the electrode surface in the presence of chloride, bromide, and iodide ions were
established. However, it was observed that the primary passive film on the
electrode surface dissolves under the influence of fluoride ions [10]. Corrosion
properties of the oxide film formed on the surface of titanium metal under anodic
current in acid H.SO, and acid HsPO, solutions were studied by the methods of
potentiodynamic polarization and scanning electron microscopy. The study
proved that the oxide layer formed on the surface of the titanium electrode is thin
and amorphous [11]. To determine the electrochemical properties of titanium
metal, there were conducted an experiment consisting of two stages which
determine the influence of alternating current on the corrosion properties of the
titanium in a solution containing halogen ions as a result, good metal surface
solubility was observed under the action of low-voltage alternating current in HCI
and HBr acid solutions [12]. The cathodic property of Ti (l11) ions in NaCl-2CsCl
melt is determined by cyclic voltammetry and chronopotentiometry methods in
the presence of a tungsten electrode and it is shown that the reduction of Ti (111)
ion is an irreversible process consisting of two diffusion-controlled stages [13].
The effect of 1.0 m chloric acid solution HCIO4 containing fluoride ions on the
corrosion properties of titanium metal has been studied by potentiodynamic
polarization methods. As a result, the influence of the concentration of fluoride
ions on the electrochemical dissolution of the oxide film formed on the surface of
titanium was observed [14]. The aggressive halogenated medium was also studied
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in the presence of a passivator in acidic solutions of H,SO4 and HCI to determine
the electrochemical and corrosion properties of Ti and its compounds. The study
proved that the passivity plays an important role in slowing down the corrosion of
titanium metal in an acid solution [15]. To study the electrochemical properties of
the oxide film formed in titanium and alloys, a potentiostatic anodization process
in HBr solution was performed. The study proved that titanium metal tends to
form a thick layered oxide film compared to its alloy [16]. Polarization of
titanium electrode in solution containing 1.0 M H,SO, fluoride ions was studied
by dynamic voltammetry, resulting in a 3D electrochemical map that
comprehensively characterizes the formation and transformation of new products
in the dissolution process [17].

Our earliest research result reveals that the titanium electrode polarized by
non-stationary currents can form titanium (l11) ions in solutions with sulfate-,
chloride-, phosphate-[18], fluoride-[19] ions. In our previous studies, it was
established the regularities and mechanisms of electrochemical dissolution of
titanium via taking cyclic and anodic potentiodynamic polarization curves in
potassium bromide solution oxidized by sulfuric acid. [20]. In addition, the effects
of direct and alternating current in an aqueous solution of 1.0 M potassium
bromide oxidized with 0.5 M H,SO4 solution were comparatively studied [21-22].

Having analyzed scientific papers on the study of the electrochemical
properties of titanium and titanium-based alloys in the scientific database, it was
found that the electrochemical properties of the titanium electrode in bromic acid
solutions have not been fully studied. In this regard, the present study examined
the patterns of electrochemical dissolution of titanium in an aqueous solution of
hydrobromic acid on an alternating current source.

2. Experimental Part

In this work, to study the dissolution of the titanium electrode in
hydrobromic acid, the electrolysis mode with connection to an alternating current
source was used. The experiment was performed on a glass electrolyzer without
electrode space. Two titanium plates paired as working electrodes were used in
the study. Aqueous HBr acid solutions of different concentrations were used as
electrolytes. Before each experiment, the titanium electrodes were cleaned with
sandpaper, washed with distilled water, and dried. The study considered the
influence of the main electrochemical parameters: current density, electrolyte
concentration, solution temperature, and duration electrolysis on the current
dissolution rate of titanium.

Preliminary studies revealed that titanium electrodes dissolved during
alternating current electrolysis to form purple trivalent titanium ions.

The current output (CO) of titanium dissolution polarized by alternating
current was calculated by determining the dissolved mass of the electrodes during
the anodic half-period of alternating current.

Qualitative analysis of the electrolyte composition is used in the
electrochemical dissolution of titanium in hydrobromic acid solution. It is known
that solutions of titanium (111) salts have purple color. The formed titanium (111)
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ions are gradually oxidized in the atmosphere to the valence state (IV). Titanium
ions were gquantitatively studied using the colorimetric method. The concentration
of titanium ions was determined by constructing a standard calibration curve.
During electrolysis, the mass of dissolved titanium electrodes was determined.

3. Results and discussion

Previous research results revealed that titanium is insoluble during anodic
polarization because of titanium dioxide films which prevent it from electrolysis
dissolution [19]. This research results show that titanium is dissolved intensively
when polarized by alternating current. When titanium is covered with oxide layer
is affected by alternating current, there occur cathodic and anodic processes on
the surface of titanium electrode (Figure 1). When titanium is polarized by an
alternating current at 50 Hz frequency, TiO; oxide layer is reduced at cathodic
half period, and titanium is dissolved at anodic half period. As a result, titanium
electrodes are dissolved and trivalent titanium ions and bromides are formed.

Figure 1 — Oscillogram current-time passing alternating current with a frequency of 50 Hz in
hydrobromic acid.

When titanium electrodes are polarized with an alternating current in
hydrobromic acid solution during the half-cycle of the anode, an oxidation
reaction takes place and titanium (I11) ions are formed (1% reaction):

Ti -3¢ e Ti** E=-137V (1)

During the cathodic half-cycle period, hydrogen ions are discharged (2™
reaction):
2H" + 2¢ <> H> (2
Titanium (111) ions in solution react with bromide ions to form titanium (I11)
bromide (3" reaction):
Ti** + 3Br = TiBr3 (3)
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Titanium ions formed in an aqueous solution of hydrogen bromide gradually
pass into the tetravalent state.

The effect of current density on the electrochemical dissolution of a titanium
electrode in an aqueous solution of hydrobromic acid in the alternating current
mode is considered (Figure 2). The study showed that at a current density value of
200-400 A/m?, the current output (CO) has high values, and within 600-1200
A/m?, a decrease in current output. These data indicate that the titanium electrode
dissolves much better than at high current densities. This can be explained by the
fact that at high current densities, an oxide film is formed on the surface of the
titanium electrode, which prevents titanium from dissolving.

The output increases at current densities up to 400 A/m? according to the
Tafel equation, and at high current densities, it decreases due to the coating of the
surface of titanium electrodes with oxide films.

Co%
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Figure 2 — The current density effect on the current output of titanium dissolution is
polarized by alternating current.

The effect of hydrobromic acid concentration on the electrochemical
dissolution of a titanium electrode polarized by alternating current was studied
(Figure 3). As a result, it was shown that with an increase in the concentration of
hydrobromic acid in the range of 1.0-5.0 M, the current output also increases
from 6% to 22%. The reaction order of electrochemical dissolution of titanium in
hydrobromic acid is calculated, accounting for 0.85 (table 1).

Table 1 - Calculation results of electrochemical reaction sequence in hydrobromic acid

Ne C,M CO, % IgC=x IgCO=y x? Xy
1 1 6 0 0.778 0 0

2 2 135 0.301 1.13 0.09 0.34
3 3 16 0.477 1.2 0.288 0.574
4 4 20.5 0.602 131 0.363 0.7936
5 5 22 0.699 1.34 0.488 0.94
z - - 2.079 5.758 1.169 2.647

Reaction sequence was calculated using values in 1% table
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_n¥xy—Z%x-Jy 5-2.647—(5.758-2.079) _ 0.85
T onrx?2—(Zx)2  5-1.169-(2.079)2

Preliminary experiments have shown that the titanium electrode is
chemically insoluble in hydrogen bromide concentrations in the range of 2.0-5.0
M.

CO, %
25 -

20
15
10
5
0. HBAM

i1i=400 A/m?, t=0,5 h

Figure 3 — Hydrobromic acid concentration effect on current output of titanium electrode
dissolution polarized by alternating current.

The influence of the electrolysis time on the dissolution of the titanium
electrode in hydrobromic acid in the presence of alternating current is considered.
As shown from Table 2, the current output of the titanium electrode decreases
with increasing electrolysis time. This phenomenon can be explained by the fact
that as the electrolysis time increases, accumulated titanium ions are formed and
concentration inhibition occurs.

Table 2 — The electrolysis duration effect on current output of titanium electrode dissolution
polarized by alternating current, i=400 A/m?, [HBr]=2,0 M

T, h. 0.25 0.5 1.0 15 2

CO, % 15.0 135 12.5 12.0 11.0

The effect of temperature on the electrochemical dissolution of a titanium
electrode polarized by the alternating current is considered (Figure 4, a). The
current output of the titanium electrode increases from 13.5% to 48% in the
temperature range of 20°C-80°C for hydrobromic acid. An increase in the rate of
a chemical reaction with an increase in the temperature of the solution is a natural
phenomenon. The activation energy value determined by the temperature-kinetic
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method (IgCO - 1/T-10%) was 17.76 kd/mol (Figure 4, b; Table 3). This value
showed that the electrochemical process proceeds in the diffusion-kinetic mode.

It should be noted that titanium electrodes are chemically dissolved in an
aqueous solution of hydrobromic acid at a temperature of 60°C, 0.0005 g, and at
80°C, 0.001 g each.

CO%

1gCO
60 o
a 18 b
16
L+
50 » 1 :1

8 s
L= = I = e | —
b 4= O3 0D L

- ~ 0 10T-10°

- 27 29 3.1 3.3 3.5

0 20 40 60 80 100

i=400 A/m?, [HBr]=2,0 M, t=0.5 h.
Figure 4 — The solution temperature effect on the current output of titanium electrode polarized by

alternating current (a); Inverse temperature dependence of the current output logarithm of the
titanium electrode current (b).

Table 3 - Results of calculation of the electrochemical reaction mode in hydrobromic acid

Ne t,°C TK | CO% | x=7-10° | y=IgCO Xy x?

1 20 293 135 | 3.4129 1.130 3.857 11.6479
2 40 313 18 3.1949 1.255 4.01 10.2074
3 50 323 23 3.096 1.361 4216 9.5852
4 60 333 29 3.003 1.462 4391 9.018
5 70 343 37 2.9154 1.568 4572 8.4995
6 80 353 48 2.8328 1.681 4762 8.0247
T - - - 18.455 8.457 25.808 56.9827

Using the values in 3" table the corresponding coefficients were calculated
and the values were -0,9364 and 4,2897, respectively (1.2).

_ nIxy-Sx-Sy _ 6:25808-18.455-8457 _
T nZx2—(Zx)2  6-56.9827—(18.455)2 0.9364 @
b ):y—na):x _ 8.4-57—(—0.96364-)-18.4-55 — 42897 @)
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The equation of a straight line is expressed by 3" equation:
y = —0.9364x + 4.2897 (3)

The experimental error of the method was determined by 4™ formula and its
value was 0,0063.

o=2(y—(ax+ b))2 = Z(y — ((—0.9364)x + 4.2897))? ~ 0.0063  4)

The activation energy of the reaction was determined using these values and
its value was 17,76 KJ/mol

E,=-2.33-8.314—L—(-0.9364)=17.76 KJ/mol
mol ‘K

The optimal electrochemical solubility of the titanium electrode in an
aqueous solution of hydrobromic acid was recorded at a current density of 400
A/m?, a concentration of 5.0 M, and a temperature of 60°C. The melting current
of titanium electrodes at these parameters was 48%.

4. Conclusion

For the first time in the research work, the patterns of dissolution of titanium
electrodes polarized by alternating current in an aqueous solution of hydrobromic
acid were studied. The influence of the main parameters on the consumed current
of the electrochemical dissolution of a titanium electrode in hydrobromic acid
solutions is considered. The study showed that the current output of the titanium
electrode slowly decreases with increasing current density and electrolysis time.
During the electrochemical dissolution of titanium, it was found that the current
output increases directly proportional to the concentration and temperature of
hydrobromic acid. It was established that the electrolysis process proceeds in the
diffusion-kinetic mode and the order of the reaction was calculated.

The research results showed that a titanium (111) bromide can be synthesized
by the polarization of titanium electrodes using an alternating current in an
aqueous solution of HBr.

The results of scientific research can be used to improve the treatment of
titanium-based wastes and the synthesis of important titanium compounds in
production.
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I MIBIFBIMBIHA TOK THIFBI3ILIFEIHEIH (200-1200 A/M?), GpoMCYTeK KHIIKBUIIHEIH KOH-
nienTparuschiabie (1,0-5,0 M), smekrponu3 yakeITeiHbIH (0,25-2,0 caf.) sKoHE SIEKTPOIUT
temrnepatypacbiibie (20°C-80°C) acepepi KapacThIpbUIIbL. AWHBIMANBl TOKIEH IIOJIS-
pU3ALMANAHFAH THTAH 3J1EKTPObIHBIH TOK ThIFbI3ABIFE 400 A/M2 6osFana, TOK GoiblHIIA
LIBIFBIMBIHBIH €H MakcHMall MoHI TIPKENl aHE KOFaphl TOK THIFBI3IBIKTAPbIHIA TUTAH-
HBIH €pyiHiH TOK OOMBIHINA MIBIFBIMBI TOMCHICHTIHI aHBIKTAIABI. BpOMCYTeK KBIITKBIIHI-
HBIH KOHIICHTPALMSCHIHBIH apTYbIMEH, SIFHU CYT€K MOHAAPBIHBIH MOJILepi apTKaHIbIKTaH
TUTAHHBIH €pYiHiH TOK OOWBIHINA HIBIFBIMBI J1a )KOFapBUIAWTHIHBI KepceTiai. bpomcyTtek
KBIIIKBUIBIHIA SJIEKTPOJIM3 OapbIChIHAA KYPETIH PEaKIUIHBIH PETi aHBIKTAJIbl. AfHbBIMA-
JBI TOK KO3iH/IE TUTAHHBIH epYiHIH TOK OOWBIHINA IIBIFBIMBI 3JICKTPOJIH3 YaKBITHl ©CKECH
CalbIH AJICKTPOJINUT KYPaMBIHAAFBI 3JEKTPOJIU3 OHIMJIEp]l 3JIeKTpoa OeTiHe KalTa OTbIpa-
THIHIBIKTAH TOMCHACHTIHI MONENIeHAl. DJICKTPOIUT epiTiHIICI TeMIlepaTypachl apTKaH
caifblH, TUTAHHBIH €PYiHIH TOK OOMBIHIIA MIBIFEIMBI 48%-Ke AeHiH OCceTiHAIr KopceTuai.
TemmnepaTypanblK-KHHETHKAIBIK PEKUMMEH aHBIKTAIFaH aKTUBTEHMAIPY SHEPTUSICHIHBIH
MoHi 17,76 xJ/Monp Kypar, mporecTiH AA((Gy3HUIBIK-KHHETHKAIBIK, PEXXKAMAE XKype-
TIHZIr aHBIKTAIIBI. BPOMCYTEK KBIIIKBUIBIHBIH CyIIbI epiTiHaicinae Tutad (I11) nonmxapbia
Ty3€ DSJCKTPOXUMHSIIBIK JKOJIMEH EPUTIHIIrT KOpCeTuINi. AWHBIMATBI TOKIECH MOJISPH-
3alUsJIaHFaH TUTaH JIEKTPOBIHBIH OPOMCYTEK KBIIIKBUIBIHIA AJIEKTPOXUMUSIIBIK epyiHe
HETIi3Ti mapaMeTpIiepIiH ocepi 3epPTTENill, TUTAH epyiHiH THIMAL XKOIIaphl KapacTHIPBUIILL.

Tyiiin ce3gep: THTaH AIEKTPOABI, OPOMCYTEK KBHIIIKBUIBL, aWHBIMANBI TOK, TOK
OOMBIHIIIA IIBIFBIM, 3JICKTPOJIN3, TOK THIFBI3/IBIFbI

Pe3iome
JIEKTPOXUMHNYECKOE PACTBOPEHUE TUTAHA IIPHU HOJIHPHSAIII{}H
NEPEMEHHBIM TOKOM B BOJJHOM PACTBOPE bPOMOBO/JIOPOJHOU
KHUCJOTbI

Hypounnaesa P.H.'", Baewos A.%, Abouxepum A.2K.*, Kvinvicoaesa I'.H.*
L Meaicoynapoonwii kazaxcko-mypeyxuii ynugepcumem umenu Xooacu Axmeda Acasu,
VHAP yp YHugeep
Typxecman, Kazaxcman,
2 AO «HUncmumym monauea, kamanusa u dnekmpoxumuu um. [.B.Cokonbckozon,
2% p
Anmamut, Kazaxcman,
E-mail: raushan.nurdillayeva@ayu.edu.kz

B nmannOi#l paboTe moka3aHBl 3aKOHOMEPHOCTH 3JIEKTPOXUMHUYECKOTO PACTBOPEHHUS
MOJISIPU30BAaHHBIM MIEPEMEHHBIM TOKOM TUTaHOBOT'O 3JIEKTPOZIa B BOIHOM pacTBOpe Opo-
MOBOJIOPOJHOM KHCIIOTBI. PaccMOTpeHbl BJIMAHUS ILIOTHOCTH Toka (200-1200 A/m?),
KOHIIGHTpauu OpoMoBogopoaHoit kucioTel (1,0-5,0 M), mpOmOIKUTEIBHOCTH 3JICK-
tposmza (0,25-2,0 4.) u Temneparypsl djektponuta (20°C-80°C) Ha BBIXOJ TO TOKY
pacTBOpPEHUS] TUTAHOBOI'O AJIEKTPOAA B HCTOYHHKE MEPEMEHHOro Toka. IIpu miaoTHocTH
HOJIAPU3OBAHHOTO TIEPEMEHHBIM TOKOM THTAHOBOIO 3J1ekTpoja 400 A/M? 3auKCHPOBaHO
MaKCHUMaJIbHO€ 3HAUY€HHE BBIXOJ[a TI0 TOKY M YCTAHOBJIEHO, YTO MPHU BBICOKHX IJIOTHOCTSX
TOKa BBIXOJ MO TOKY PAcCTBOPEHHS THTaHA YMEHBIIAETCS. BBIIO MOKa3aHO, 4TO C
YBEIMYECHUEM KOHIICHTPAUH OpOMOBOIOPOJHOW KHCIIOTHI, T.€. C YBEIHYCHHEM COIEP-
JKaHWS HMOHOB BOJIOPOJIA, BBIXOJA PACTBOPEHUS THTAHA IO TOKY TaKXKe YBEINYHBAETCS.
OmnpeneneH MOPSIOK pPEaKIUH, MPOTEKAIONIed B MPOIECCe AIEKTPOH3a B OpOMOBO-
JopoaHoil kucnote. Joka3aHO, 4TO BBIXOJ MO TOKY PACTBOPEHHsI TUTaHA B MCTOUHHUKE
MIEPEMEHHOTO TOKa YMEHBINASTCS TI0 MEpE YBEIMUYCHHS BPEMEHH DJICKTPOJIN3a, TaK Kak
IPOAYKTBHl JJIEKTPOJIM3a B COCTaBE JNIEKTPOJIMTA BHOBb OCEAIOT HAa IOBEPXHOCTU
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9NIEKTPOa. Y CTAHOBICHO, YTO 10 MEpPE MMOBBIICHUS TeMIIEPaTyphl PACTBOPA SJIEKTPOIUTA
BBIXOJ 110 TOKY PacTBOpPEHHMs] THTaHa yBeinnuuBaercsi g0 48%. JlokazaHo, 4TO 3HaueHHe
SHEPTUM  aKTUBALMH, ONpelelsieMoe  TEeMIIEPAaTYpHO-KUHE-THYECKUM  PEKHMOM,
cocraiusier 17,76 x/x/Monp W mpouecc mporekaeT B AU(G(Y3MOHHO-KUHETHYECKOM
pexnme. OOHapyXeHO, YTO B BOJZHOM pacTBOpPe OPOMOBOJOPOJHONW KHCIOTHI
napajuiensHo pactBopsitorcsi nonbsl TutaHa (III). VMccnmemoBaHo BiMsiHWE OCHOBHBIX
[apaMeTpoB Ha 3JIEKTPOXUMHYECKOE PACTBOPEHHE IOJISIPU30BAHHOTO IIEPEMEHHBIM TOKOM
TUTAHOBOTO DJJIEKTPOAAa B OpPOMOBOJOPOJHONW KHCIOTE M PACCMOTPEHBI 3(P(PEKTUBHBIC
crocoOBI PacTBOPEHUS THTAHA.

KiaoueBnie CJI0Ba: TUTAHOBBIMN QJICKTPOA, 6p0MOBO,HOpOHHaH KHCJIOTa,
HepeMCHHBIfI TOK, BBIXOJ IO TOKY, 3JICKTPOJIN3, IIJIOTHOCTb TOKA
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CBIPBE U1 MOJUPUIINPOBAHHBIX TBEPJbBIX CIIJTABOB HA
OCHOBE KAPBUJA BOJIb®PAMA

Pyzueg Y.H.", I'ypo B.IL%, llapunoe X.T.?, Kaomos B.B.},
Huazmamos A.A.*

1HIIO «AO Anmanvixexuii TMK» . Yupuux; 2HOHX AH PY3, 2. Tawkenm;
3Hasouiickoe omdenenue AH PY3, 2. Hagou; *O00 « VOCAR», 2. Yupuuk. Y3bexucman
E-mail: vpguro@gmail.com

Pesrome. AO «Anmansikckuit I'MK» npousBoguT wu3fgenuss U3 TBEPAbIX CIUIABOB,
UCIIONb3Ysl B KAUECTBE CHIPhS BOJIB(PaMOBBI KOHIEHTPAT U3 COOCTBEHHBIX TEXHOT'€HHBIX
OTXO/IOB - KEKOB BBINIENayMBaHus. [Ipyroil MOTEHIMANIBHBIA pecypc — BOJb(ppamMoBas
pyaa MmectopoxicHus VMHru4ku. B0 M3BECTHO, YTO YMCTOTA CHIPbS W HAJIWYHE B
KOMITOHEHTaX TBEpAOrO CIUIaBa HMHIMOMTOPOB pPOCTa 3€pHA BIHMAIOT Ha CTPYKTYpY.
[IpencraBmsio MHTEpec OlEHKA BIWSHUS IIpUMEcedl W JIETMPYIOIINX KOMIIOHEHTOB
TBEpbIX CIUIABOB Ha HMX TBEPIOCTb, H3HOCOCTOMKOCTH W CTPYKTYpy. OOBEKTamu
uccienoBaHusA  ObuM  00pasibl  BOJb(PAMOCONEPIKAIIETO  CHIPBS, JICTUPYIOIINE
KOMITOHEHTBhI TBEPHBIX CIUIABOB — COEIMHEHHMH BaHAIUs, PEHHs, MOIU(UIMpPOBaHHbIC
“MHU 00pasiibl TBEPAbIE CIIIaBhI THIA «KapOuj Bosib(pama — ko6ansT». KoHTponauposanu
ux (U3MKO-MeXaHWYeCKue mnapamerpbl (TBepAoCTh 1O POKBemly, OTHOCHTENbHYIO
u3HOCOCTOMKOCTh), cTpykTypy (EMPYREAN XDR, SEM-EDS EVO-MA Carl Zeiss
Oxford Instrum), snementHslit coctaB (ICP-Aligent 7500 ICP MS). YcraHoBieHo. 4TO
MoIu(UIMPOBaHHBIE BaHAIMEM W PEHUEM TBEpble CIIaBbI OKazanmuch Ha =~ 3% Ooiee
TBepAbIMH M 10 90-100% Oonee CTOWKMMHM K H3HOCY, OTHOCHTEIIBHO CEPUITHOTO
HCXOJHOTO HE MOAM(MUIIMPOBAHHOTO 00pa3na. JloNoIHNUTEIbHAS OYUCTKA BOIB(PaMOBOTO
aHIMJpuia TpHBeNa K POCTY CONpOTHBIEHHMA M3HOCcy: ¢  38,5%  (cruiaB
«MouduIMpoBaHHbId 5% pernem», 10 57,0% (c ogHokpatHON) 1 65,3% (C TpeXKpaTHOH
OUYHMCTKOW) cIulaBa «MOANGHUINPOBAHHOTO 5% pEHMSI C JIOTIOJHHUTEILHOM OYMCTKOW»,
OTHOCHTENIEHO HE MOAUGDHUITMPOBAHHOTO TBEPJOTO CIIJIABA.

KiroueBble cjioBa: kapOua Bombdpama, KobanbT, TBEPABIH CIIaB, KeK, BOIb()PaMOBBIHA
AQHTUIpUJL, BAaHAIUH, PEHUN.

Citation: Ruziev U.N., Guro V.P., Sharipov Kh.T., Kayumov B.B., Niyazmatov A A.
Raw materials for modified hard alloys based on tungsten carbide. Chem. J. Kaz., 2022,
1(77), 37-50. DOI: 10.51580/2022-1/2710-1185.55 (In Russ.).
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1. BBenenne

OpHo W3 HasHaueHWH Boyib()paMa — MPOU3BOJICTBO TBEPABIX CILIABOB
(TC), roe umcmomp3yrotcs cbipbeBoil Bonb(dpamoBerii koHmentpar (BK) [1] u
nepepadOTaHHbIE TEXHOTEHHBIE OTXOJABI, OHH XK€ — «BTOPUYHBIH BOJb(pam»
(ckpam), ubst monst Ha peiHKe paBHa 30% mnpowmsBomcTBa Bomb(pama. Ckpan
«HOBBII» - TEKYIIIUE OTXOBI, «CTapbiid» - IoM W-m3nenuii, Bkirouas TC [2].

[TomMumo mpoOIEMBI CHIPBS, APYrol aKTyallbHOW 3a/aueil OTpaciiu sIBISETCS
nosblieHne pecypca TC-uHcTpyMeHTa. TpeHAOM B 3TOM HalpaBlIEHUHU SIBISETCA
Ha"ocTpykrypuposanue (HC) WC-Co komnozunmii. O630p myOnukanuii mo 3toi
Teme [3-5] BBISIBUI HEKOTOPBIC IPOTHBOPEYMSI B HMHTEPIPETAIMAX, BKIIOYAS
obOnactu cymectBoBanus crnedeHHpix TC WC-Co, oOnamaronmx HaHO-
CBOMCTBaMH, U pa3HUIly B MOHATHSAX HaHopasMmepHbIX 1 HC matepuanos. B [6]
MPEUIOKEHO ONpeNeeHNe MOCIEAHNX, KaK C(OPMHUPOBAHHBIX M3 HAHOYACTHIL
WC u cBs3ku. Crneuennsie TC WC-Co, y koTopsix pasmepsl gactur, WC Haxo-
Jstces B quanaszone 5-40 M, npossisitoT HaHocBoiictBa. HC TC WC-Co cocrout
U3 saep o, UMENHX CTpyKTypy Makpoudactur] WC, dassl B ¢ 0coboii cTpyk-
Typoll M CBOHCTBaMH, M CBSI3KH Y - TBepaoro pactBopa W u C B koOaibTe.
[okazaHo, 4TO CyIIECTBYIOIINE TEXHOJIOTHH (TBEPAO- U KHUIKOPa3HOE CTIEKaHUE,
IUTa3MEHHOE HambUICHHE ¥ JIp.) HE MO3BOJLIIOT moiryuuth Oecniopucteie HC TC
WC-Co. [Ins mpenoTBpaimeHus: pocta HaHOYACTHUII, UX HEOOXOUMO 3aKITI0YATh B
o0osouky, Henponuraemyto st W u C. OnHo# M3 BO3MOXKHBIX TEXHOJOTHH
peanuzanuu HaHo-TC WC-Co sBmnsiercst aToMHas (CynpaMoeKyJisipHas) cOopka ¢
TIOMOIIIbI0 METaTPOHHOTO TIa3MOTpoHa [6].

Bnusare mHa ctpyktypy TC WC-Co MOXXHO ITyTeM JIETUPOBAHUS dJIeMEHTaMH,
MPOSIBJIIIOLIMMYU CBOMCTBA MHTMOUTOPOB pOCTa 3€pHA CIUIaBa MPH CIEKAHWHU NpU
temmnepatype Gopmuposanust TC (1400 °C), Hanpumep BaHaauem [7-9].

Llenv pabomul: oneHKa poii IpuMecel B celpbe u3rorosneHus TC, a Takxke
BIIMSIHUE Psijia JIETHPYIOMIMX KOMIIOHEHTOB Ha npovHocTHbIe cBoiicTBa TC BK-6.

3adauamu rcciieJOBaHUS CTAJIN:

- OLICHKA TEXHOJOIMYECKUX BO3MOXKHOCTEH U MepepabOTKU MECTOPOXKICHUS
WNHarnyky u kekoB BeImenaunBanus W-KOHIIEHTpaTOB co nuiaMoBbIx nojieir HITO
[MPMuTC nns npousBojcTBa TBepAbIX crutaBoB WC-Co;

- CpaBHHUTENbHBIE M3MEPEHMsI TBEPAOCTH 1O PokBemty, M3HOCOCTOWKOCTH,
CTPYKTYpHBIX ToKazareneit oopasnoB TC BK-6, neruposanueix V, Re, u3roros-
neHHbIX 13 W-CBIpbs pa3HOM CTETIEHH OUYUCTKH.

B pecnyOnuke pecypcebl W-CBIpbsl TipeicTaBICHBl pPyJaMUd MECTOPOXKICHHS
Warnukn (CII OOO «Ingichki Metalsy) n mmamamu HIIO IIPMuTC AO
«Anmaneikckuii 'MK». ITo 1-my xomnonentom BK sBaserca meenutr CaWOa ¢
mpumechio WOs, Mn, Sr, Nb, Ta, Cr, F, Cu, U (z0 1 Bg/g max), ThO; (zo 1 Bg/g
max). Ilo 2-my WOs, 2,2 1/11, 0,0003% Re, 1,5 % Cu, 6 % Mo, 3% Fe (Tabmn.1).

HIIO ITPMuTC wucnbIThIBaeT MOTPEOHOCTH B YUCTOM M 0CO00 YHUCTOM
BOJILYPAMOBOM CBHIPbE, YTO BBI3BAHO HEBBICOKMM IIOKa KadeCTBOM TBEPABIX
CIJIaBOB U1 OypOBOT'O M MPOXOAYECKOI0 MHCTPYMEHTa, B OCHOBHOM, Mapok BK-
8 m BK-6. Kpome TOro ChIppe BBICOKOTO KadecTBa HEOOXOIMMO IS BBITyCKa
HOBOI IPOAYKIMH, B TOM YHCIIE TPOBOJIOKHU U3 cruiaBoB W-Re, W-Mo u ap. [10].
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2. DKCNepuMeHTAJIbHAsI YacTh

Hcnonb3oBanbl 00pa3ubl W-ChIpbsi MECTHBIX HCTOYHHMKOB. KoHLeHTpauus
W(VI), Cu(ll), Fe(lll), Mo(VI1), Re(VIl) onpenensinack GpOTOKOIOPUMETPUUESCKH
(KDK-2) u cnekrpomerpudeckn (AAC Perkin-Elmer 3030B, ICP-Aligent 7500
ICP MS). Pernrrenodazonsiii kouTpoas - Ha EMPYREAN XDR ¢ m3mepennem
«HA TIPOCBET» U 30HAOM 3JIEMEHTHOrO aHaiu3a. Vcrmonp30BaH CKaHMPYIOLIMN
aneKkTpoHHbIH Mukpockon SEM-EDS EVO-MA Carl Zeiss, Oxford Instrum.
UzroroBnenne ob6pasmoB TC BK-6 06e3 m ¢ mermpyromuMu go0aBKaMu
MIPOBOAMIIN TI0 cxeMe: 1) moirydeHue mopomkoB kapoumoB u Co U3 OKCHIOB; 2)
W3MeJIbYCHUE TIOPOIIKOB KapOMOoB M KoOaibTa HAa IIAPOBBIX MEJbHULAX B
TeyeHue 2-X CyTok 710 1-2 MKM; 3) mpoceuBaHHE U MOBTOPHOE H3MeNbYeHHE; 4)
MPUTOTOBJICHUE cMecH (TIOPOIIKK B MPOMOPIHMHU, 0OECICUUBAIOIIEH cocTaB); 5)
XOJIOJTHOE TIpecCcoBaHue; 6) criekanue mox Harpyskoi npu 1400 °C. Kapouner W,
V, Re (mns perns «xapOumu3amus yCclIoBHas, TpeOyeT M3ydeHUs) MOIYICHBI B
OJIMHAKOBBIX YCIOBHUAX IO 00mIel TexHomoruu. s nepekpucrammsanuu [IBA
WCTIOJIb30BaHa yCTaHOBKA (HIBTPOBAaHUS MOJ BakyyMoM. OIEHHUBAIH TBEPAOCTh
(PoxBemmn HRA), cpaBauTenpHyt0 m3HOCOcTOMKOCTh cepuitHoro WC-Co u WC-
VC-Co w™arepmanoB mpu KOHTaKTe oOOpa3IOB TMOJ pPaBHON HArpy3KOH C
abpa3uBOM.

3. Pe3yabTaThl U 00CyxKIeHHE

Ycranosneno, uto BK mecropoxnenne UHrnuku sipisieTcs: MOTEHIMATBHBIM
ceIppeM mpou3BojacTBa TC mocie MOMOTHUTEIHHON OYMCTKH, HAIpPaBICHHON Ha
MOBBIIIICHHE MAacCOBOM J0iM okcuaa Bojibhpama (WO3) U CHMXKEHHS JIOJIU
npuMecei, B T.4. paguoHykaumoB - Th, U u ap. Pemenune ee ocHOBaHO Ha
pPa3HHUIE B CBOWCTBaX (pOPM HAXOXKJIEHHUS DIIEMEHTOB B ChIphe. B mpupomHBIX
MHUHepanax Hepeako coderanue ypanunuta UO; u topuanura ThO,, xoTopbie
SIBIISIIOTCSL YIIOPHBIMHU, TPYAHO BCKPBHIBAEMBIMH MUHEpalaMH. DTH WX CBOWCTBA
MOJIOKEHBI B OCHOBY TEXHOJOTHH TiepepadOTKH TaKOro IIEEIUTOBOTO
KOHIIEHTpaTa, T.K. paauonykiauasl (Th, U, Sr, Ra...) B Hem comepkatcs B BUje
H30MOP(MHBIX IpUMeceit. MeTo Bl peleHst 3To# 3aaaun ciemyroriue [11-13].

Tuopomemannypeuueckuti  wenounou memoo. 1) PazmoxeHwe ChIpbI B
NaOH B o0orpeBaeMbIX IIapOBBIX MEJbHMIAX; 2) OTCTaMBaHUE, pa30aBieHue,
¢uIbTpanys ¢ MOJy4YeHHUEM TBEPIOrO OCTATKa, COAEPIKAIIEro MyCTYyI0 IOPoay H
pamuonykiuasl: Th(OH)s, U(OH)a, Fe(OH)s, SiOz u ap. (B oTBai mim BpeMeHHOE
XpaHeHnue); 3) pactBop mocie pasiaoxeHuss coipbs  (NapWOi, NazSiOs)
noJiBepraercs nepepaboTke ¢ 1enbio monydeHuss WQOs (ouucTKa pacTBOpa OT
nmpuMeceid aMoppHOro KpeMHe3eMa H Jp., TEPMOTHAPOIINA3 OUUIIEHHOIO pacTBOpa
¢ mnomyuenueM WOsnNH;O u wmartounoro pactBopa NaNOs ¢ mpuUMechIO
WO3(NO3)2; TepMoaeruaparaius ocajka ¢ IMOJy4YeHHEM HE paarioaKTHBHOTO
WOs3); 4) MaTOUYHBII PacTBOP OYMINAETCS OT MPHUMECH BoJb(Ppama 00paboTKOU
W3BECTKOBBIM MOJIOKOM C TIOJyYEeHHEM HWCKYCCTBEHHOTO IIEENNTa, KOTOPHIH
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BO3BpAIIAETCs B TOJIOBY TpOLIECCca Ha HIETOYHOE PA3IIOKEHHE.

Cumewannolii nupo-euopomemainypeuveckuti memood. 1) ILInxToBaHwWe CHIPHS
C COJOW, CHIeKaHwWe; 2) pa3lokKeHHe BOAOH, (QuiubTpamuss C MOIydYeHHEM
TBEPJOTO OCTaTKa, COJAEPKAIIETO IYCTyI0 TOPOAY M OCHOBHOE KOJIUYECTBO
pamuonykiuao: Th(OH)s, U(OH)s, Fe(OH);, SiO, wu nap., Koropslii
OTTPY)KalOTCs B OTBaJ WJIM Ha BPEMEHHOE XpaHEHWE; 3) pacTBOp IOCIe
pasnoxenuss CeIpbsis (B ocHOBHOM NaWOi, NaySiOz)mamee momsepraercs
nepepadoTke ¢ 1enbio noxydeHus WQOs, A7l 3TOTO MPOBOJISATCS BBIILICONMCAHHBIC
oTepaluy UIeJI0YHOTO METO/A.

Tuopomemannypeuueckuil ceprokuciomuwviii memoo. 1) O6paboTka CHIPHS
CEepHOHM KHCIOTOM, (uibTpamusi ¢ ToNydeHWeM HepaguoaktuBHoro BK u
CEpHOKHCIIOTO pacTBOpa, COACPIKAILETO cieldbl BoiibdpaMa, TOpHs, ypaHa; 2)
ouucTtka pactBopa oT COz KuISUEHHWEM M MPOAYBKOH BO3IyXOM; 3) OUMCTKA
pactBopa ot U, Th mpu pH 10-11 ammuakom, GuabTparus ¢ IOTyYSeHHEM OCaIKa
aKTHHOUJIOB, KOTOPBIA OTIPYKaeTcsi MOTPEOHUTENI0 WM B OTBAJ, U MaTOYHOTO
pactBopa [(NH4)2SOs, (NH4)2;WO4], 4) o00paboTka MaTOYHOTO pacTBOpa
KHCJIOTOH, (QUIIBTpaIysl, IPOMBIBKA, OJTy4YeHHE BOJIBL(PaMOBOI KHCIOTHI.

Hawubonee npocThiM, 110 HallIEMy MHEHUIO, SBIISIETCS TIEPBBIH CI1OCO0.

[lo BTOpOMY HCTOYHHKY BOJb()pamMa B pecIyOJMKE H3BECTHO, YTO
mprneueane W, Re, Cu... W3  BTOPHYHOTO TEXHOTEHHOTO CBIPhS (KEKOB
nutlamoBeix  moneit HIIO  [IPMuTC) [14] ocymiecTBiasieTcss MeTOAaMu
THIPOMETATYPTHA. B CBsI3M ¢ pacTymuM COpocoM Ha BoJdbdpam H
HEpEIICHHOCTBI0 MpPOOJIeM OYMCTKM MIGSJIMTOBOrO KOHIeHTparta MHrmyxw,
aKTyaJIM3UPOBAJICS HMHTEpPEC K IepepadoTKe BOIB(PAMOCOAEPKAIINX IUIAMOB
[15-17] HITIO TIPMuTC (tabawma 1). Jas perreHus 5TOM 3agadM onmpoOoBaHa
cXema: CIeKaHne KeKa ¢ KayCTUYeCKOH COJIOH, a30THOKHCIIOE BBIIIEIaYHBaHUE C
nepeBosoM Cu, Fe B pactBop (Tabnuua 2).

Taoamnma 1 - CocraB BoIb(PaMOBOTO ChIPBS PECITYOIHKH

BK BonbedpamoBoro mecropoxxaenus: Turuuku, % macc.

WO3 As Cl Cu Fe Mn | Mo P Pb S Si Sb
55,0 0.3 0.2 0.8 6.0 3.0 | 002]| 0.1 0.3 15 2.0 0.1
Bi F Sn Zn ThO:2 U-238,Ba/g Th-232, Bg/g max H20
0.2 1.0 0.35 0.01 1.0 1.0 1.0
Kexu mmamoBoro nosst HITO TTPMuTC AO «Anmansikekuii 'MK»

Ne ipo6 Cu, % Mo, % Re, % Fe, % WO3, /i

1 1.36 5.41 0.0003 2.7 2.2

2 0.88 6.96 0.0003 3.0 2.2

3 0.51 6.14 0.0003 2.2 2.2

4 0.43 0.10 <0.0003 2.1 2.2
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Ta6auna 2 - Onepanus nporecca U CTeNeHb U3BJICUCHUS MeTalIa

Usneuerne, % 3ne11§1(;?1]:§}:p:§::0 e
W kek Ne WO Fe P P
Cu Mo | Fe W Cu mr/n
3r/n | mr/n
cnekath kek ¢ NaOH (1:3), 400 °C
1 BOJIHOE BHIIIEIaYBaHKE, 18 39 - 0 - 1.3 <1 <1(9'28)
Tk=1:5,1=2, t=100
OCTaBIIUICS TIOCIIE BOAHOTO
BBINIECIIAYNBAHUS K€K Ha 19 15 ) 45 ) 0.45 279 151 X
A30THOKHUCIIOTHOE BBIIICIIAYHBAHIC 2 (120)
mpu T:k=1:5, =2, { = KOMH.
100 r Keka Ha a30THOKUCIIOTHOE
BBIIIEIAYUBaHIE TIPH Tk=1:5, 1=2, 20 22 - 55 - 0.98 513 258(*315)
t= xkomH.
OCTaBIIUKCS TTOCIIE
a30THOKHMCJIOTHOTO
BBIIIENIaYUBaHUS KeK (1-51 mopiust 21 72-94 ) 91 85 3.2 1 1(0.9 4)*

30 r) Ha menounoe (¢ 20 % NaOH)
BBIILIETIAUYMBaHKE, IPU T:k=1:5, T =
2,t=70C

OCTaBIIUHCS TTOCIIE
a30THOKHMCJIOTHOTO
BBIII[ENIAYUBAHUS KeK (2-5 TIOPIHs
30 r) mHa ammuganoe (¢ 25 %
NHsOH) BbImenaunBanue npu
Tk=1:5, T1=2, t = KOMH.

22 | 6590 80 |90 | 80 | 288 | <1 |2(1.74)

[Ipumeuanne: B ckobkax mpuBenenbl manHele OHX AH PV3; 6e3 ckobok — maHHBIE
KpacHOX0IMCKO# DKCIIe TUIIUH.

Ona oOecrnieunBaeT BbimenaunBanne W-kekoB, ¢ 80-90% wu3BiedeHHEM
Mo,Cu,Fe,Ni,Re, BO3MOXHOCTBIO CEJIEKTHBHOW COpOIIMH ¥ pas3jelicHus Ha
nonutax. OHAKO, COI0BO-a30THOKHUCIIO-aMMHAYHasl cXeMa BhImenaynBanus W-
KeKOB OKa3aJiach HH3KOIIPOW3BOJUTENHFHOW ©  BBICOKO3aTpaTHOW. boee
3pdeKTHBHA - aBTOKJIABHO-COJIOBas TEXHOJOTHs NpH Temmeparype 225 °C,
pabouem nasnennu 4,0 Mlla, ¢ anekTpoHarpeBoMm:

CaWO4 + Na,CO3 = Na;WO, p-p+ CaCOs 1B (1)
MeWO, + NaCOs p-p = MeCO3z 18 + Na;WO4 p-p (2)
Me COz; + H20 = MeOH + CO> 3

COz ra3 + NaCOs3 p-p = 2NaHCO;3 p-p 4

B cBs13u ¢ pacxof0oM KaabIIMHUPOBAHHOM cobl 110 (4), HEOOXOAUM KOHTPOIIh
T.H. «COJIOBOTO dKBHBaJICHTay, 1t keka ¢ W>1.8 % ou momken ObiTh > 4.5 [11].
Pacxon crexmomerpuueckoro komuuectBa conel (P) paccuuteBaeTcs 1Mo
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dhopmye:
P =(Q-X-0,457- E)/0,992 (5)

rae: Q - konmdecTBo cyxoro keka, kr; X- conepxanue WO3,%; E- conossrii
SKBHBAJIEHT. BrImenaunBanne Beaercs 1o ocrarognoro coaepxkanns WO3 B keke
1,5 %; 0.457 — rteopernyecku HeoOXoanMoe KoJau4yecTBO cojpl. IloTpebHoe
KOJIM4YeCTBO coibl ¢ coaepxkanreM Na;COs 99.2 %, na 1 T WOs, cocrapiser:

P =(10000-1.8 %-0.457- 4.5)/0,992 = 373.15 xr

ITociie aBTOKIIaBHO-COZOBOTO BHINMIETaYMBaHUA B pacTBop mepexonaut 60 %
WO3, KOTOpBIii HAMPABISIOT HA OYUCTKY OT IPUMECEHi:

10000 xr - 1,8 % - 55.96 % =100.73 xr WO3

Hetirpanuzanuro Bexytr HNOz no pH 7.0-7.5; pacTBOpbI GHIBTPYIOT:

100,73 xr WO3 - 0.75% = 75.55 xr WOs

PactBop Na,WO, moakucinsitot no pH 2.5-4.0 1 HampaBisroT Ha cOpOLUIO:

75.55 xr WO3 - 90% = 68.0 xr WOs3

[Mocne copOuuu HampaBiSIOT Ha JECOPOLHMI0O M OYUCTKY OT MBIIIbSIKA
Mar"e3ueil U yrapuBaroT IO KpUCTAIUIOB apaBosb(dpamara ammonus (IIBA):

68.0 xr WOs - 98% = 66.64 xr WO3

OO6muit Beimyck WO3 46.65 kr, pacxoasr: 373.15 xr NaxCOz: 46.65 kxr WO3z=
8.0 kr NaxCOs/krWOs. Brixog WO3 nmpu mnepepadotke keka: 100-55.2=44.8.
Brixon WOs nipu iepepaboTke nmepBrUYHbIX MaTouHukoB 14.2-0.55=7.81.

Beixon WOs npu mnepepabotke BTOpUYHBIX MaToyHukoB: 2-0.55=1.1;
7.81+1.1=8.91. Brixom WOs mnpu mnepepabOTKe: KPEMHEBBIX OTBaJOB
(0.9+0.2)-0.55=0.6; copobimonnoro nepenena (0.9+0.3)-0.55=0.66; ammuadHoro
nepenena (0,5+0,1)0,55=0,33. Ussneuenne WOz u3 cbipbsl, ¢ niotepsmu: 44.8 +
8.91+0.6+0.66+0.33=55.3 (Tabauua 3).

Hopma pacxonma marepuanoB Ha mpousBojactBo 1T WOs, B mepecuere Ha
100% mpomykT, mpuBeneHa B Tadbimma 4.

VYcranosneHo, uro moauduuuposanue TC tuna BK-6 kapOumom BaHamus
CHOCOOHO YJIYYIINTh €ro (QU3NKO-MEXaHWYeCKHe XapaKTepHCTHKH. Benercs
pa3paboTKa COOTBETCTBYIOIIEH TeXHOIOTHU co3nanus TC HOBOrO MOKOJIEHUS, Ha
nytu JjerupoBanuss TC «MHTHOMTOpaMH pocTa 3epHa», K KOTOPBHIM OTHOCST
kapOun BaHamus [18-19] u, mpeAnonokuTenbHO, PeHUH. YIIydilneHue (QU3UKo-
Mexaandeckux cBoiicTB TC qocturaercs ero crpykrypupoBannem [20-22], moBbI-
LIEHUEM YHCTOTHI CBIPHEBOTO BOJb(pama.

BoimonneHo 1) cpaBHEHHME TBEpAOCTH W M3HOCOCTOWKOCTU cepuitHoro TC
BK-6 ¢ ob6pasuamu moaudurmposansoro TC BK-6 (WC-VC-Co) (tabmuma 5), 2)
MOWCK 3aBUCUMOCTHU cBOUCTB oT mpucytcTBust Re B TC (WC-Re(C)-Co) (tabmnuma
6).
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Ta6aumna 3 - Pacuer usBieuenns B WO3 u3z W-conepxanmx KeKoB
No IMotepu, % Cymma
W HaumenoBanue onepanuu Bo3BpaT | 6/B03BpaT| 06MIHE
1 | aBTOKIIaBHOE BEIIIEIAYUBAHNE - 30.3 30.3
2 | ouncrka pactBopoB Naz2WOs4 ot npumeceit 0.9 2,6 35
3 | moaroroBka pactBopoB NazWO4 x copbrmu 0.9 2 2.9 55.3
4 | copOmus Bobhpama - 0.4 0.4
5 | monyuenne pactBopos (NH2)2WO4 0.5 1.3 1.8
6 | ymapusanue (NH4)2WO4 1 xpuctammsanus 142 1.8 16
7 | cymka, npokanka [IBA - 0.4 0.4
8 | aBTOKIIaBHOE BEIIICIAYNBAHUE - 2.5 2.5
9 | oumcrka pactBopoB Na2WOs ot npumeceit 0.2 0.85 1.05
10 | moaroroBka pactBopoB NazWOs k copOiiuu 0.3 0.25 0.55
11| copOuus Boabhpama - 0.14 0.14 865
12 | nonyuenue pactBopoB (NH4)2WO4 0.1 0.55 0.65
13| ymapka (NH4)2WO4 1 xpucrauisanust 2 1.71 3.71
14 | cymxa, mpokanka [IBA 0.001 0.05 0.051
Ta6auna 4 - Hopma pacxona marepuanos Ha mpou3Boactso 1t WOs (Ha 100%)
HaunMeHoBaH#eE CBIPbsI M MaTEPHAIOB En. | Hopwma
u3M. | pacxona
BoJIb(hpamMocoieprkalye keku B nepecuere Ha 100% WOs3 T/T 1.8083
W3BJIEYCHUE B TOAHYIO POTYKIHIO % 55.3
amvuak Bogublid Texandeckuii [OCT 98-92 B mepecuete Ha 100% T/T 1.8
azotHas kucinota 1S 00203068-08:2013 B mepecuere Ha 100% T/T 9.35
cona kanpuuaupoBanHas [OCT 5100-85 B mepecuere Ha 100% T/T 8.0
cmoa BII-14K wmn MP-62 T/T 0.01
¢unbTp - muaronans [OCT 332-91 M/T 35.0
¢unbTp - 6ensTrHr [OCT 332-91 M/T 450
XJIOPUHOBAS TKaHb M/T 20.0
martesus xoxeHHas [OCT 844 T/T 0.027
IPOBOJIOKA HUXPOMOBAsI T/T 0.005

Kak cnemyer w3 Tabmumpl 5, HE3aBUCHMMO OT COICpPXKAaHUS BaHAIUS B
o0pasuax, TBEPIOCTh MX MPAKTUYECKH HE MEHSETCS, MPEBbIas B JAWANa30HE
konmentparuit 1-15% VC, tBepmocts TC BK-6 nHa 3%. Ilo mepe pocta
konmentparuu VC ot 0 10 15%, W3HOCOCTOMKOCTh CIIaBa MOHOTOHHO PacCTET,
npesbimas 6azosyto (100% B BK-6) na 100 % mpupocTa B citydae comepKaHus

nurarypsl VC 15%.
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Taommua 5 - Teepmocts (HRA) u oTHOCHTenbHAsE H3HOCOCTOWKOCTE (A, %) obpasuos TC BK-6,
MoIu(UIMPOBAHHBIX KapOuIOM BaHaaus, B quanazoHe koHueHrpanuit VC (1-15% macc)

Tapaverps! VC, % macc, B coctaBe TBepaoro criaBa BK-6
0 1 4 5 6 9 11 13 15
HRA 88 89.4 89.4 89.6 89.7 89.6 89.8 90.0 90.0
A, % 100" | 117 156 176 178 161 178 185 200

[Tpumeuanue: M3nococroiikocts cepuitno TC BK-6 npunsTa 3a 100%.

Kak cnemyer u3 Tabmumpl 5, HE3aBUCHMMO OT COIEpXKAHUSA BaHAIusl B
o0pasuax, TBEpIOCTh MX MPAaKTUYECKH HE MEHSETCS, MPEBbIas B JAWANa30HE
koHueHntpauuii 1-15% VC, tBepmocts TC BK-6 na 3%. Ilo mepe pocra
koHueHTpau VC ot 0 1o 15%, M3HOCOCTOMKOCTh CIijlaBa MOHOTOHHO PAacTeT,
npesbimas 6azosyto (100% B BK-6) na 100 % mpupocTa B citydae comepKaHus
muratypsl VC 15%.

B tabnuiie 6 mpuBeneHsl COCTaB M CBOMCTBa 00Pa3IoB U3 MOTU(DUIIPOBAH-
HOTO peHUEM TBeporo ciiaBa BK-6.

Tadauma 6 - Teepnocts (HRA) u oTHOCHTENBHAsE H3HOCOCTOUKOCTE (A, %) obpasuos TC BK-6,
Mouduupoanubix Re(C), mo 5% macc

OTtHOCH

OmnbITHBIE 00pa3uel, cOCTaB, % TBEPIOC | TelbHAs

Ne macc T, HRA HU3HOCOCTOMKOC
obpasna b (8), %
wcC Cc Re
0

00pa3usl o 3aaHmro No2
19 93 6 1 89,4 133,33
20 89 6 5 89,0 138,46
21 94 6 0 88,5
22 94 6 0 88,5
00pasnsl 1o 3amanmio Ne3
23 89 6 5 89,1
24 94 6 0 88,7 157
25 89 6 5 89,3 100
26 94 6 0 88,9
27 89 6 5 89,7 165,3
28 94 6 0 89,3

UsroroBneHsl u aHaJOrMYHO UCTIBITaHBl  00pa3ibl «BK-6-
MoaudunmpoBanubii 1-5% macc. Re(C) ¢ qomomHuTensHOM 04UCTKOMY (Tabnuia
7). Jna mociaemHux o0pasnoB B3ATEI 4 TpoObl TMOpOmKa BOJb(ppamMa
Metaumueckoro (u3 [IBA) — monmydabpukara Bonsdpama HIIO ITPMuTC) no
CXeMe MePeOYNCTKU:
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Tabauma 7 - Pe3ynbraTsl KOHTPOJIS YUCTOTHI IPO0 TMoITyhadprKaToB

Ne Ionyda Konuenrpanus npumecu, %
mpoo Opukar Fe Al Si Ca Mg Mo As Ni
120/1 WOs 0.009 0.001 0.01 0.04 0.04 0.25 0.002 | 0.002
1212 | Wos | 00005 | enea | “%' | 0.003 | 0002 | 0045 | cren | cren
122/3 WO3 clen clen 0.001 0.001 O'%OO 0.01 cuen cuen
123/4 WOs cren cien cren cien cien 0.005 cien cien
1 W 0.008 0.001 | 0.016 0.05 0.035 0.35 0.002 | 0.002
2 W 0.002 - 0.002 | 0.004 | 0.002 0.05 - -
3 W 0.001 - 0.001 | 0.002 | 0.001 | 0.012 - -
4 W - - - - - 0.005 - -

1) TIBA-0: pactBopenne IIBA-0 B HNOs; mo momyueHus BoIb(ppaMoOBOi
KHUCJIOTBI; (DUIBTpaLusl; MPOMBIBKA BOJB(PAMOBOH KHUCIOTHI 0 HEHTPAILHOTO
3HaueHus pH; GpuibTpanys; pacTBOpeHHE BOILPPAMOBON KHUCIOTH B aMMUAYHON
BOJIE; yIapKa pacTBopa Bolb(hpamMaTra aMMOHUS; BeIJIENeHNe KpucTauioB [IBA;

2) [IBA-1 - aranorudHo; ceipeeM ciryxkun [IBA-0;

3) IIBA-2 - ananoru4dHo; ceipseM ciryxmi [IBA-1;

4) IIBA-3 - ananoru4Ho; ceipbeM ciryxui [IBA-2.

CoipbeM cityxmin oopasnpi: W03-0, WO3-1, WO3-2, WOs-3, nonyueHHbIE
npokankoil mpu temneparype 650-700°C mpoObl mapaBoibdpamara aMMOHHUS
(ITIBA), cootBerctBenHo: I1BA-0, [IBA-1, TIBA-2, TIBA-3. B Toke Bomopona
obopasusl WOs3-0, WOz-1, WOs-2, WOs-3 BoccTaHoBiIeHB A0 BosibhpaMa
metandeckoro: W-0, W-1, W-2, W-3. 13 tabmuis! 6 cieayer, uto ourctka W-
ceipbsi TBepmoro cruraBa WC-ReC-Co (mmpu (hmkcHpoBaHHOW KOHIIEHTPALIUN
kapbuma penus 5% wmacc.), mo cpaBHeHuto co cmiaBamu: «BK-6» n «BK-6
MOIUHUIMPOBAaHHBIH 5% peHusi 0e3 JONOJIHUTENFHOH OYMCTKHY», TMpHBETa K
pocty u3HococToukocTH: ¢ 38.5% (cruaB «BK-6 mMomuduumpoBanssiii 5%
penus»), 1o 57.0% (omHokpatHas) u 65.3% (TpexkpaTHas ouncTka) cruiaBa «BK-
6 MouUIMPOBaHHBIN 5% PEHUS C IOTIOTHUTEIHHON OYUCTKO», OTHOCUTEIHHO
He Moguduiposannoro TC BK-6.

Tonypadpukater WOz- 0, WO3- 1, WOs- 2, WOs-3; W-0, W-I, W-2, W-3
npoaHaau3upoBaHbl (Tabmuma 7). M3 Tabmumpl 7 MOXKHO 3aKIIOYUTH, YTO
yBeJMUYeHHE Ynciia nepeunctok [IBA moBbimaeT 4uCTOTY CHIPHEBOTO BOJIb(paMa
OT BPEJHBIX IIpUMECE.

3. 3ak04eHne

Y CTaHOBJIEHO, YTO B KAYECTBE MECTHOT'O CHIPbS AJIS MIPOU3BOJICTBA TBEPABIX
CIUTAaBOB Ha OCHOBE KapOwja BoJib(hpamMa ¢ KOOAIBTOBOW CBSI3KON IpHUEMIIEMBI
BosibPpamocoaepkanue keku nuiamoBbix mosieit HIIO [TPMuTC. Paspaborana
TEXHOJIOTHSI WX aBTOKJIABHO-COJOBOTO BBINMIEIAYUBAHMS, OOCCIICUMBAIOIIA
MoJTlydeHne MapaBojbppaMaTa aMMOHHS, YJOBIETBOPSIONIETO TPEOOBaHHAM K
MIPOM3BOJACTBY TBEPABIX CIIaBOB. C y4eTOM OTrpaHHYEHHBIX OOBEMOB ATOTO
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CBIpbSI B TepcrleKkTuBe TpeOyeTcss pa3padOTKa TEXHOJIOTHMH OYUCTKH U
nepepadoTKU APYroro pecypca — BoIb(HPaMOBBIX KOHIICHTPATOB MECTOPOXKICHHS
WNureukn mis Bosnedenus ero B padory HIIO ITPMuTC AO «AnMmambIKCKuit
I'MK».

MonaudunupoBanusie BaHaguem TBepasie ciuiaBel WC-VC-Co (ot 1.0 mo
15.0% wmacc.), Ha npumepe cimiaBa BK-6, okazanuck Ha ~ 3% Ooee TBepAbBIMH U
1m0 90-100% Oornee CTOMKUME K M3HOCY, N0 CpaBHEHHIO co ciuiaBom BK-6, ¢
PaBHBIM coziepKaHueM KobanbTa. MoanduurpoBaHHbE pEeHHEM TBEPAbIE CILUIABBI
WC-Re(C)-Co (B amamazone kourentpamuud Re(C): or 1 mo 5% wmacc.), Ha
npumepe cruraBa BK-6, okazammce Taxoke Ha ~ 3% Oonee TBepabMu u Ha 35%
0ojee CTOWKMMH K HW3HOCY, MO CpaBHeHHIO co crmuaBoM BK-6 ¢ paBHBIM
coJiepkanueM kobanbTa. JlomomHuTenbHas ounucTka W-ChIphsi TBEpJOTO CIUIaBa
WC-Re(C)-Co (npu ¢uxcupoannoit konnenrpanud Re(C) 5% wmacc.), 1o
cpaBHeHuto co craBamu: «BK-6» u «BK-6 monudunuposanusiii 5% Re(C) 6e3
JOTIOJTHUTEILHOW OYMCTKWY, TIPUBENIA K POCTY COMPOTHUBIIEHUs U3HOCY: ¢ 38.5%
(crutaB «BK-6 momuduimposanusii 5% Re(C), mo 57.0% (omHokpatHas) u
65.3% (TpexkpartHas ourcTka) craBa «BK-6 momudunumposannsiii 5% Re(C) ¢
JOTIOJTHUTENEHON OYHCTKOM», OTHOCHUTENbHO HeMoauduiupoBanHoro TC BK-6.

Kondaukr narepecoB: Mexy aBTOpaMu OTCYTCTBYET KOH(IINKT HHTEPECOB.
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«Anmmansik TMK» AK e3iHiH eHIIpicTIK KaJIbIKTAPbIHAH — curriciznenaipy
NHPOXKHBIANAPBIHAH BOTb(PaM KOHLICHTPATHIH MIMKI3AT PETiHAC MaiifanaHa OTBHIPHIII,
KaTThl KOpBITIAJapJaH eHIM mibFapaael. Tarel Oip ameyerti pecypc — MHIMYKHM KeH
OpHBIHJAFBl BoNb(ppaM KeHi. JKymbIc MakcaThl IIMKI3aTTBIH Ta3albIFbl XKOHE KapOWATi
Kypamaac OeIikTepie MOHHIH ©Cy MHTHOUTOPIAPBIHBIH OONYBl KYPBUIBIMFAa ocep ETKEeHi
Oenrini 6onnel. KarTel KophITHANapABIH KOcHalapbl MEH JIETHPJIEYIi KOMIOHEHTTEPiHIH
OJIap/bIH KATTHUIBIFBIHA, TO3YFa TO3IMIUIINIHE »OHE KYpbUIBIMBIHA ocepin baranay
KBI3BIKTBI OONIBl. 3epTTey 0ObeKTiiepi KypambIH/ia BoJb(ppam Oap MIMKi3ar yuirinepi,
KaTTBl KOPBITIANAP/IBIH JICTHPICHICH KOMITOHEHTTepl — BaHa/Wi, peHuit KOCBUIBICTApBI,
oJlapMEH MOAM(UKALMIIAHFaH YIriiep — «BojdpaM KapOuai — KoOAIbT» THUNTI KATThI
KopbeITianap Oonmel. OnmapablH (QHU3HKaIBIK-MEXaHUKAIBIK TMapameTpiepi (Poxeemimig
KATTBUIBIFBL, CATBICTRIPMAITBI TO3yFa Te3iMaiiri), KypbutsiMbl (EMPYREAN XDR, SEM-
EDS EVO-MA Carl Zeiss Oxford Instrum), snemenTrik xKypamsl (ICP-Aligent 7500 ICP
MS) 6axpimanasl. OpHATHUTFaH BaHAIUIMEH JKOHE peHHIMEH MOAU(UKAIUIIaHFaH KaTThI
KOpBITHANAP CEPUSUIBIK TYNHYCKAa Mo uduKalusianOarat yiariMeH cansicThipranaa ~ 3%
KaTThIPaK JkoHEe To3yra Tte3iMaimiri 90-100% xorapel 00JbII MIBIKTEL Bonbdpam
AQHTHJPUJIIH KOCBIMINIA Ta3apTy TO3YFa TO3IMALIIKTIH )KoFapbliaybiHa okeni: 38,5% ("5%
penuiiMmer Moaudukanusiianran Kopsitna", 57,0% (0ip per TazamaymeH) koHe 65,3%
(ymr TazamaymeH)" 5 moauduKanvsuiaHFaH KOpbITHAa % PEHHH KOCHIMILA Ta3alayMeH»,
Mo uduKkanmsiIaHOaraH KapOuIKe KaTbICTHI.

Tyiiin ce3mep: Bomb(ppam KapOuai, KaTThl KOpBITIIANAp, KakTrap, [UIAM epici,
BOJIb()paM aHTHPHU/Ii, AMMOHHH TTapaBoib(ppamMaTsl
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Abstract
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JSC "Almalyk MMC" produces products from hard alloys, using as a raw material
tungsten concentrate from its own industrial waste - leaching cakes. Another potential
resource is tungsten ore from the Ingichki deposit. It was known that the purity of the raw
material and the presence of grain growth inhibitors in the carbide components affected
the structure. It was of interest to evaluate the effect of impurities and alloying
components of hard alloys on their hardness, wear resistance, and structure. The objects of
study were samples of tungsten-containing raw materials, alloying compo-nents of hard
alloys - compounds of vanadium, rhenium, samples modified by them - hard alloys of the
"tungsten carbide - cobalt" type. Their physical and me-chanical parameters (Rockwell
hardness, relative wear resistance), structure (EMPYREAN XDR, SEM-EDS EVO-MA
Carl Zeiss Oxford Instrum), elemental composition (ICP-Aligent 7500 ICP MS) were
controlled. Installed. that the hard alloys modified with vanadium and rhenium turned out
to be =~ 3% harder and up to 90-100% more resistant to wear, compared to the serial
original unmodified sample. Additional cleaning of tungsten anhydride led to an increase
in wear resistance: from 38.5% (alloy “modified with 5% rhenium”, to 57.0% (with a
single cleaning) and 65.3% (with three cleanings) of the alloy “modified with 5% rhenium
with additional cleaning”, relative to unmodified carbide.

Keywords: tungsten carbide, hard alloys, cakes, sludge field, tungsten anhydride,
ammonium paratungstate
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Abstract: The last decades of human life were marked by a sharp increase in various
technological processes in the economy and everyday life. This also affected the
construction industry. In accordance with this, construction is one of the priorities of the
national economy and meets the basic needs of the population. In work the technology of
reception of a building brick with use of a waste of polymers and rubber products is
considered. Polymer bricks were obtained for processing household waste. The following
properties of polymer bricks were studied: short-term strength, moisture absorption, water
resistance property, heat conductivity, sound insulation. It is proved that after the addition
of polymers and rubber products to the brick, the performance indicators of the brick
improved. The resulting polystyrene bricks are easy to handle, moisture resistant, light
weight, hygienic, and resistant to mold and mildew growth, as well as other forms of
bacteria that make them noteworthy and popular. Polystyrene bricks are often made from
recycled materials, making the products as environmentally friendly as possible. Since the
materials are recyclable, they can be used to create new polystyrene products in the future,
helping to keep the cost of new products within reasonable limits. Polystyrene bricks are
often made from recycled materials, making the products as environmentally friendly as
possible. Since the materials are recyclable, they can be used to create new polystyrene
products in the future, helping to keep the cost of new products within reasonable limits.

Keywords: building bricks, polymeric waste, performance properties of building bricks,
strength, humidity, water resistance, thermal conductivity, sound insulation.

1. Introduction

"Construction is one of the most important industries for the people.
Therefore, it is our duty to spend it intensively and to invest the buildings built for
the benefit of the country"”, the President said in his message to the people.
Accordingly, the construction industry is one of the main directions of national

Citation: Satayeva S.S.,Khamzina B.E., Nazarova D.S., Yerzhanovazh.T.,
Jussupkaliyeva R.1., Abdygaliyeva A.K., Murzagaliyeva A.A. Technology for obtaining a
building brickwith the use of waste polymersand rubber-technical products. Chem. J.
Kaz., 2022, 1(77), 51-58. DOI: https://doi.org/10.51580/2022-1/2710-1185.56
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economy and serves the needs of the population. In particular, shortage of
housing, coverage of young families with apartments is one of the most pressing
issues of our time.

N.A. Nazarbayev instructed to start the development of transport
infrastructure, tourism, transport and logistics infrastructure of unique cities of the
country in the Nurly Zhol program. During the implementation of infrastructure
projects, of course, the demand for building materials and raw materials will also
increase. "In this regard, it is appropriate to discuss the technical regulations of
the customs union" "on the safety of buildings and structures (construction
objects), building materials and products"", which are available on the Internet of
the Eurasian Economic Commission." The requirements of this technical
regulation are intended for newly completed buildings and structures, capital
repairs, engineering search processes, their design and engineering support system

[1].

In his time, great chemist D.l. Mendeleev pointed out the necessity of
creating waste-free production, saying that "there is no residue in chemistry, only
raw raw materials”. Indeed, the production of waste products is a key requirement
of modernity.

Currently, household, industrial and industrial waste is used in various
industries. So, for example, works [2-3] are devoted to theoretical and practical
studies of the possibility of using glass waste from mineral wool production in the
production of silicate bricks. Rational raw material compositions have been
determined, the use of which makes it possible to increase the strength properties
of the autoclaved silicate material while maintaining its quality level.

The authors of works [4-6] present an overview of the methods of processing
polymer waste used at the enterprises of the Republic of Kazakhstan, consider
their advantages and disadvantages, the stages of processing polymer waste, the
requirements for recycling plastic, plastic products. Some additional devices for
the recycling of polymer waste are considered and proposed for use.

As a result of the misuse of chemicals, chemical and environmental problems
are facing humanity today. Particularly in the last century, due to the sharp
increase in human productivity, the nature has suffered greatly. One of these is the
residues of organic high molecular polymer substances. Remains of high
molecular polymer substances are common in nature and are very harmful.
Plastics are rarely used to burn rubbish, and it does not take into account the
considerable damage to the environment. When plastics are burned, very high
levels of carbon dioxide and other toxic gases are released and air polluted with
excessive carbon dioxide emissions. This situation is extremely dangerous for
human health [7].

In article [8] sources of formation of polymeric waste are considered. The
main ways of itutilization and processing to products are considered. Prospects of
a solution of the problem of formation of waste from polymeric materials are
shown and also modern approaches to the solution of the desighated problem
taking into account the interests of industrial branch and ecology are analysed.
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In this regard, it is possible to obtain monomer sterol for obtaining polymer
bricks by processing yogurt and disposable dishes, food containers and food
waste (cooking film). Domestic wastes are common in the environment.
Therefore, it is a good thing for society to obtain building materials (polymer
brick) by utilizing and using waste efficiently.

Polymer brick bristle is an extra care item in the world of building materials.
Features of polymer bricks: used without overbearing, with no high pressure,
without columns, without rigues and much more; Low heat losses in the heating
system; low temperatures and the presence of brownness in the summer; sound
insulation; cold protection, brick resistant to frost and various external forces.

The main reason for the use of these wastes to obtain polymer brick bark is
the products of copolymers. Polymer plays an important role among polymeric
materials. Polymer properties: insulating ability, elasticity, easily processed.
According to these properties of polystyrene, 70 % is used in construction
(as thermal insulation) and 30 % for food, food storage and packaging coatings.
Polymer can be sterile. Therefore, waste of yogurt and disposable dishes, food
containers and food coatings has been processed.

Removal of styrene by mass of these wastes. It also supplies rubber tires and
rubber waste by recycling rubber. Resistant to rubber - the brick has a strong
resistance to external forces.

Polymer brick composition: The most important ingredient is cement, sand,
styrene mass, rubber, antipyrene. Cement and sand cheap construction materials.

Removal of waste produced by sterolization is carried out by recycling
vehicle tires, rubber waste and rubber. Resistant to rubber - the brick has a strong
resistance to external forces. Due to the presence of this component, the brick we
offer is available in seismic hazardous areas. Since the remaining components of
the brick are removed from the waste, the flow of the polymer brick is minimized.
That is, the products produced are economically profitable. The properties of the
sterile mass derived from the experiment were studied (table 1).

Table 1 - Styrene mass properties

Indicator Unit of measure Numeric value
Density kg/m3 1050
Protective density kg/m? 650
Water absorption % <0.1
Tensile strength mPa 51
Tensile elastic modulus mPa 3360
Shock resistance kJ/m? 22
Melting point °C 180-250

The building was used as a mixture of antipyrene (organic matter) to ensure
the fire resistance of the brick. The bricks obtained by adding this mixture can be
used when building different buildings and dwellings. It is worth noting that the
former banned polymer bricks were not used in construction. Adding antipyrene
can be made in brim with a fireproof and constructional brick, which is just half
the weight of the styrene mass.
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2. Experimental part

Three samples of different composition were tested for the experiment. All
components have been added in different weight categories. The properties of the
samples obtained (thermal absorption, frost resistance, weight, sound insulation,
fire resistance, effect on external forces, water absorption) were investigated. The
sample was sterile mass of 10, 20, 30 grams. Antipyrene added up to just half the
mass of styrene. Rubber was added in different weight categories. The whole
sample contains cement mass above the sand mass [9]. According to the results of
the study it was found that the properties of the 2 specimens meet the

requirements. Component composition of bricks obtained from the study is shown
in table 2.

Table 2 - Brick component composition

Brick component composition Investigated models
No 1 No 2 No 3
Cement 50 40 30
Sand 32 24 16
Polymer 10 20 30
Rubber 3 6 9
Antipiren 5 10 15

The basic physical and chemical properties of the obtained samples were studied.
The results obtained are shown in table 3.

Table 3 - Determination of brick properties

. Model

Indicators 1 | > | 3
Weight, 1 m? kg 150
Tensile strength, MPA 8-10 15-20 25-30
Moisture absorption, % <0.71 <0.54 <0.32
Water resistance property + + +
hermal conductivity coefficient, W/m? 0.50 0.62 0.87
Sound insulation + + +

The obtained polymer bricks were compared with other building materials (table
4).

Table 4 - Comparison of polymer bricks with other building materials

Thermal
. Densit: conductivit Thickness Weight
Brick types kg/m3y coefficienty R=3,15 1 ngllkg
W/m?2

Ceramic bricks (full) 1700 0.81 2.55 4335
Ceramic brick(20%) 1400 0.43 1.35 1890
Silicate brick 1800 0.87 2.74 4932
Penobrick 550 0.175 0.55 3025
Keramzitbrick 850 0.38 1.18 1003
Wood 500 0.15 0.47 235
Polymerbrick(2-sample) 450 0.115 0.30 135
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As shown in the Table 4, bricks density and weight are lower than other
building materials. That is, the bricks can be used without overgrown
construction, without columns, rigues and much more with high cost of money.
Thickness is 9 times lower than other building materials. The shear strength is
very high. According to these properties, the proposed bricks can be used
effectively in construction [10].

3. Results and discussion

When obtaining polymer building bricks from household and industrial
waste, a reaction occurs between rubber (which contains sulfur bridges) and
styrene. There is a break of the double bond in the styrene molecule and the
formation of sulfur bridges. As a result, the performance properties of polystyrene
bricks are improved.
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4. Conclusion

So, if the waste is used to collect, process and buy polymer bricks, then the
raw material-monomer is economically inexpensive; If you create plastic
materials for environmentally friendly, but on the contrary, the environment will
improve the environment; domestic building materials can be obtained without
wastes chemical technology.

Finally, the polymer construction brick was obtained by recycling household
waste and rubber products for the purpose. In the proposed project, the proposed
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project will focus on three major issues of today: construction, environmental
problems, waste-free chemical technology.

The product, first and foremost, is economically profitable and the main
feature of the construction industry is the domestic product.
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Pe3iome
TEXHOJIOTUSA MOJYUYEHUS CTPOUTEJIBHOI'O KUPIIMYA C
PICHOJII)E%OBAHI/IEM OTXOJ0B NOJUMEPOB U PESBAMHOTEXHUYECKHNX
HU3AEJINHN

Camaeea C.C.", Xamzuna B.E., Hazaposa JI.C., Epacanosa K.T.,

/Dicycynkanuesa P.U., Adovicanuesa A.K., Myp3zacanuesa A.A.
3anaono-Kazaxcmauckuii azpapHo-mexuuyeckuii yuugepcumem umenu Xauneup xaua
Ypanvck, Kazaxcman

E-mail: sataeva_safura@mail.ru

IlocnenHue npecATUNETHA JKU3HM 4YENOBEKAa O3HAMEHOBAIHMCh PE3KUM POCTOM
Pa3INYHBIX TEXHOJOTMYECKUX IIPOIIECCOB B SKOHOMHUKE M OBITy. OJTO KOCHYJIOCH H
CTPOMTENBHYIO OTpacib. B CBS3M € 3TUM CTPOMUTENBCTBO SABISAETCA OIOHHUM H3
MIPUOPUTETHBIX HAMPABICHHH HALIMOHAJIBHON SKOHOMHKH M YIOBIETBOPSET OCHOBHBIE
MOTPeOHOCTH HaceleHus. B paboTe paccMOTpeHa TEXHOIOTHS MOTYYEHHSI CTPOUTEIBHOTO
KUpIIM4a C MCIOJIb30BAHUEM OTXOAOB IIOJUMEPOB U PE3UHOTEXHUYECKUX H3JCIIUM.
[MonumepHble Kupnu4yu OBLIM TOJNYYEHBI IMyTeM NepepabOTKH OBITOBBIX OTXOJOB.
N3ydensl cienyrolue CBOMCTBA IOJUMEPHBIX KHUPIUYEH: MPOYHOCTb IIPU CKATHH,
BJIATOTIOTJIOIIEHHUE, BOJAOCTOMKOCTD, TEIUIONPOBOAHOCTD, 3ByKOMU30MIANMs. JlokasaHo, 4TO
mnocie  JOOaBJIEHUs  OTXOJIOB  IOJMMEPOB W PE3WHOTEXHWYECKUX  M3JCIHH
JKCILUTyaTallMOHHBIE CBOMCTBAa KUpIUYA YIydmaroTca. IlomydeHHbIE MOIUCTHPOJIBHBIE
KAPIIMYM TPOCTHl B OOpAaIlleHHM, BIIArOCTOWKH, OONAmaloT JIETKHUM  BECOM,
THTMEHMYECKNMH CBOWCTBAMH, YCTOHYMBBI K POCTY IUIECEHH M TPHOKa, a TaKKe OPYrux
¢dopm Oakrepuii, KOTOpbBIE MAENAIOT HMX JOCTOWHBIMM BHHUMAHHUS W TONYJISIPHBIMH.
[MonucTuposbHBIE KUPNUYK YacTO M3TOTABIMBAIOTCA M3 IEepepadOTaHHBIX MaTephaloB,
YTO JIeNaeT NPOJYKIHMI0O KaK MOXKHO OoJiee 5KOJOTHYECKHM YHCTBIM. [lOCKONBKY
MaTepHabl NPUTOAHBI Ui BTOPHUYHON TEepepabOTKH, TO MX MOXKHO HCIIOJIB30BaTh IS
CO3/1aHUSI HOBBIX IOJIMCTHPOJIBHBIX H3AENHH B OydyIieM, YTO HOMOTaeT yJepXKHBATh
CTOMMOCTb HOBBIX IIPOJYKTOB B Pa3yMHbIX IIpeeiIax.

KnaroudeBble  cioBa: CTPOUTENIbHBIM  KUpIIUY, MOJIMMEDPHBIE  OTXOJBI,

9KCIUTyaTaI[MOHHBIE CBOICTBA CTPOMTENHHOTO KHPIHYA, MPOYHOCTH IIPU CXKATHH,
BJIaroMoTJIOIMEHHE, BOJOCTOHKOCTb, TEIUIONIPOBOAHOCTD, 3BYKOU3OIISLIHS.
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Tyiingeme
HHOJIMMEP KAJIABIKTAPBIH ’KOHE PESEHKE-TEXHUKAJIBIK
BYWUBIMJIAP/bI KOJIJIAHBII KYPBLIbIC KIPOIIITHIH AJTY
TEXHOJIOI'USACHI

Camaesa C.C.", Xamsuna B.E., Hazapoea /I.C., Epscanosa JXK.T.,

Jncycynkanueea P.U., Abovicanuesa A.K., Myp3zazanuesa A.A.

Koneip xan ameinoazer Bameic Kasaxkcman azpapnvix-mexnuxanwix ynugepcumemi Opai,
Kazaxcman

E-mail: sataeva_safura@mail.ru

AnaM eMIpiHiH COHFBl OHXXBUIABIKTAPhI 3KOHOMHKAa MEH TYPMBICTAFbl OPTYpJIi
TEXHOJIOTHSUIBIK MPOIECTEPIIH KYPT 6CYIMEH epeKIlneNieHal. by KyphUIbIc calachkiHa J1a
acep erti. OchlFaH ColKec KYpbUIbIC YITTHIK SKOHOMUKAHBIH 0achIM OarbITTapbIHBIH Oipi
OONBIN  TaOBUTAZBI JKOHE XAJIBIKTBIH HETi3r KaKCTTUTIKTEPIH KaHAaFraTTaHABIPAIbL.
JKympicTa monuMmepiep MEH pe3eHKe OYHBIMIApbIH KaJIbIKTAPhIH KOJIIaHA OTBIPHII,
KYPBUIBIC KIPMIIIiH ay TEXHOJIOTHSCH KapacThIPbULIBL. TYPMBICTBIK KAABIKTAP/IbI OHICY
apKBUIBI TOJIUMEPITi Kipminr anerHabl. [lomuMepii KipmimTiH Keaeci KacHeTTepi 3epTTeIi:
KBICKaHIAFbl OCpIKTiTi, BUIFAN CiHIpYi, CyFa TO3IMMIINIri, >KbUTy OTKI3TIIITIiri, IBIOBIC
OKIIaynayreIIThIFeL. Kipmilike moauMepiep MeH pe3eHKe OyibIMaap bl KOCKaHHAH KeiiH
KIpOIIITIH  SKCIUTyaTalMsUTBIK ~ KACHETTepl  JKAaKCapaTBIHBI  AQNENACHIl.  AJIBIHFaH
MONMUCTUAPONABl  KIPIIIITep OHACYyre OHai, BUFaNFa Te3iMIi, JKEHII CaJMaKTHl,
TUTHUCHAJIBIK TajJanTapra cail Keyiesi, COHIal-aK Kerepy MEeH Kerepy/IiH ecyiHe, COHbBIMEH
Karap OakTepusuiapbiH 0acka TypJepiHe Te3iMai 00Tysl Ha3ap ayaapTabl KOHE TAHBIMAI
ereni. Kebinece monmmMcTHpO KipmimTepi KaiiTa eHISITeH MaTepHaAapaaH jKacalajbl,
OyJ1 eHIMIEpi MYMKIHZITIHIIE SKOJOTHSUIBIK Taza ereni. Marepuaniap Kaiita enjeyre
KapaMbl OOJIFaH/IBIKTaH, oap/bpl OoJamakra )aHa MOJUCTHPOI OHIMJEPIH jkacay YIIiH
nmaiinananyra Oomanpl, OyJl jkaHa OHIMACPAIH KYHBIH KOJDKETIMII IIEKTEepae ycrayra
kemekTecei. COHBIMEH MOJMCTHPOJIBI KIipMIIITep KYPBUIBICTBIH KOMTEreH CallaapbiHa
KOJIJIaHBUIATHIH MaTepuall.

KinT ce3mep: KypBUIBIC KIpITilm, HOJMMEPIi KaJIBIKTAp, KYpPBUIBIC KipIilIiHiH

maiianany KacueTTepi, OCpiKTiK, BUIFaABUIBIK, CyFa MIBIAAMIBUIBIK, JKBUTYOTKI3TIMITIK,
JIBIOBIC OKIIIAYJIAFBIIITHIK.
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CHUHTE3, CTPOEHUE U AHTUMHUKPOBHASI AKTUBHOCTD
A30METHHOB, MPOU3BOIHBIX 4-(0O-TYIIMHWT)
BEH3AJBJAETAIA

Hypxenos 0.A."", Hypmazanéemos XK.C.', @azvinos C, /.,
Ceiinxanoe T.M.%, F'azanuee A.M.%, Mynoaxmemos ML
Ceitoaxmemosa P.B.°, Menoubaesa A.JK.*

YUncemumym opeanuueckozo cunmesa u yenexumuu PK, Kapazanoa, Kazaxcman;
2Koxwemayckuii yuueepcumem um. Il Yanuxanoea, Koxwemay, Kazaxcman;
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Pe3tome. B crarbe omucaHbl pe3ynbTaThl UCCIECAOBAHMI 10 CHHTE3Y M OCOOCHHOCTEU
CTpoeHUS 4-TyMUHWIOCH3ANBICTUIOB W A30METHHOBBIX IPOU3BONHBIX —AJIKaJOWIa
JMyMUHUHA. XUMHYECKas MOTU(UKANNSA alKalouaa JIyNHHHHA OCYIIECTBILLIACH II0
raJIOTeHMETHIICHOBOM Tpymie B moiiokeHHH C-1 XHHOTM3MHOBOTO OCTOBa. Peaxiym
MPOBOMMINCH B  HECKONbKO  cTagud. [IpuBeneHBI  pe3ynbTaThl  CHHTe3a  4-
TYTMUHITOCH3aJIbICT UI0B (4-ruapoxcubeH3aIb IeTH T u 4-THUAPOKCH-3-3TOKCH-
OCH3aJblIeTH) — CHHTOHOB B CHHTE3¢ OHOJOTHMYSCKH aKTHBHBIX BEHICCTB C BBHICOKHMHU
BBIXOZIaMH LEJIEBBIX IPOAYKTOB. B3aumopeiictBueM 4-mynuHuiOeH3anpaeruja ¢ 4-
XJIOpOCH3UIAMHUHOM M BHHWJIOBBIM 3()UPOM MOHO3TaHOJAMHHA OCYIIECTBJICH CHHTE3
HOBBIX JIYIUHWICOJEPKAIIUX a30MeTHHOB. CTpoeHHe TNOIYyYeHHBIX COCJMHEHHUI
YCTaHOBJIEHO Ha OCHOBE aHau3a cnektpos AMP 'H u 3C, My/ibTHILUIETHOCTE CUTHANIOB B
cnextpax SIMP 3C ompepenena mo crexTpaM, 3alMCAHHLIM B PEXKUME J-MOIYNALUH.
OTHeceHHe CUTHAJIOB B CIIEKTPaX MPOBEICHO C MPHUBJICYEHUEM PA3IMUHBIX COBPEMEHHBIX
MeTOJI0B KOppeNnsuoHHOl crnekrpockonuu ‘H-H (COSY), u *H-C (HMBC, HSQC).
OmnpeneneHbl 3HAYCHUS XUMHYECKUX CIBHIOB, MYJIBTHIUICTHOCTh M HWHTETPATbHAS
unTeHCHBHOCTE curHanoB ‘H u 3C B omHomepHpix cmektpax SIMP. Ilposemen
OMOCKPMHUHT HOBHIX 4 - JynuHWIOSH3aJbJIETHUIOB M a30METHHOB, CPEAHM KOTOPBIX
BBIABJICHBl  BEIECTBA,  OOJaJarolIe  BHICOKOH  aHTUMHUKPOOHOHW  aKTHBHOCTH.
AHTUMHKpOOHAsT aKTHMBHOCTh BCEX MPEICTaBICHHBIX O0pa3loB H3y4yeHa Ha pedepeHt-

Citation: Nurkenov O.A., Nurmaganbetov Zzh.S., Fazylov S.D., Seilkhanov T.M.,
Gazaliev A.M., Muldakhmetov Z.M., Seidakhmetova R.B.,Mendibayeva A.Zh. Synthesis,
structure and antimicrobial activity of azomethines, derivatives of 4-(o-lupinyl)
benzaldehyde. Chem. J. Kaz, 2022, 1(77), 59-73. (In Russ.).DOI:
https://doi.org/10.51580/2022-1/2710-1185.57
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HBIX TECT-MHKPOOpraHu3Max: (hakyIbTaTHBHO-aHa3POOHBIC TPaMIIOJIOKHTEIbHBIC KOKKH
Staphylococcus aureus ATCC 6538, a3poOHbIe rPaMIIOIOKHUTEIBHBIE CIIOPOOOPA3YIOIIHE
nanouku Bacillus subtilis ATCC 6633, rpamoTpuiaTebHble Mano4Yku (aKyIbTaTHBHbIC
aHa’poObl Escherichia coli ATCC 25922 aspobusie Pseudomonas aeruginosa ATCC
27853 u x apoxokeBomy rpudky Candida albicans ATCC 10231 metomom nuddys3uu B
arap (JIYHOK).

KiioueBble ¢JIOBa: XUHOJU3UIMHOBBIC ANKAIOWIbI, XJIOPAYNUHUH, 4-(O-TymHHNN)
OCH3aNbACTUAbl,  a30METHUHBI,  YUC-COUWJICHEHHE  XHHOJHM3MIMHOBOTO  KOJbIIA,
AHTUMHKPOOHAsI aKTHBHOCTD, TECT-IITAMM, HHKYOAIHs

1. BBenenne

PasButre METO0B XUMUYECKONH MOJTU(DUKAIIUN PACTUTEIBHBIX COSTMHECHUHN
OTKPBIBAa€T HOBHIE  BO3MOXHOCTH  CO3/IaHUS  OPWUTHHAIBHBIX  areHTOB,
obiamaronux crenuduaeckoil onomorndeckor akTHBHOCTEIO. LlIupokuii criekTp
OHMOJIOTMYECKUX CBOMCTB MX MPOM3BOJIHBIX MO3BOJISET HAKAIIUBATh (DAKTHUSCKUH
MaTtepuain 1 6aHKa NaHHBIX UX CTPYKTYPHBIX IPOU3BOJHBIX U UCMOIB30BaTh X
B TOMCKE HOBBIX JICKAPCTBEHHBIX MpenapaToB. OMHUM U3 TAKUX BAXHBIX B TUTaHE
IOMCKA HOBBIX OWOAKTHBHBIX COCIWHEHUN SBISCTCS aJIKAJIOW7 JyIHHHH,
moJIyJaeMblii M3 pacTeHuit pomos Lupinus u Anabasis [1-3]. Hamuune akTUBHOMN
TUAPOKCHIFHOW (PYHKIIMM B MOJIEKYJIE JIYIIMHWHA ITO3BOJIIET CHHTE3WPOBATh Ha
€ro OCHOBE pa3HoOoOpa3Hble Mpou3BogHbIe [4]. MHTepecHO emie W TO, YTO
JyIUHUH, UMeST TPAHCXUHOIU3UINHOBOE KOJIBIIO C aKCHAIBHONH OKCHUMETHUIIHLHOU
TPYNOION, TpH TNPOTOHHPOBAHMHM aTOMa a30Ta CIOCOOGH MEHSTh CBOIO
KOH(UTYPALHIO U3 MPAHC- B YuUcC-COWICHEHNUE XUHOIM3UIMHOBOTO KOJbIa [5,6].
OTO TPUBOAUT K TEPEXOly aKCHANbHOW OKCHUMETWJIBHOW TpyHIbl B
AKBATOPUATHHOE IOJIOKEHHE C U3MEHEHHEM 3HaKa yriia BPaIleHHs, YTO MOXKET
MIPUBECTH K MIPOSBICHUIO HOBBIX BUJIOB aKTHBHOCTEH.

ITo dapmakosoruuecKoMy JISHCTBHIO JYIMUHUH OKa3bIBaeT OaKTEPHUIIUIHOE,
CeJaTUBHOE JIeWCTBHE © 00JamaeT KpPaTKOBPEMEHHBIMHU TJIHMCTOTOHHBIMH,
THIIOTEH3UBHBIMU cBoiicTBamu [3,4,6]. B [4,5] mpoBeneHo (apMakoIoruvecKue
WCCII/IOBaHUsl COeAMHEHUS [(4-HUTPOOEH3WINICH)-UMUHO |nyniuHuHa U [(2,4-
TUTHAPOKCUOCH3MIUICH)-UMUHO |TyIMHAHA, KOTOPhIE MPOSBHWIA  BBICOKYIO
AHTHOMOTHYECKYI0 aKTHBHOCTh B OTHOIICHHH YYMHOTO M XOJEPHOTO MHKpPOOOB.
Psn 3¢upoB nmynuHWHA TMPOSIBIII MECTHOAHECTE3MPYIOIEe NEHCTBHE, a TaKXKe
MIPOTUBOTYOEPKYIE3HYI0 M aHTUXOJMHICTEPAa3HYyI0 aKkTHBHOCTH [6]. s
coequHerns  11-[(roccHnonuaeH)-MMUHO|  JTYNMWHWH  TIOKa3aHa  BBICOKAs
MPOTUBOCMHUIOBAs aKTUBHOCTE [7]. Cpenn M3BECTHBIX MPOM3BOAHBIX JTYMHHHHA
Hanboyiee wm3y4deHBI ero J¢upsl [8], KOTOpeie O00IamalOT BBIPAKESHHOM
[IPOTUBOBUPYCHOW, IPOTUBOOIYXOJEBOM M TIENaTONPOTEKTOPHONW AKTHUBHOCTBIO
[9]. TlosTomy wuHTEepec K JYNMHUHY U €ro HOBBIM THPOU3BOJHBIM BCE
HeocnabeBaer.

B nacrosield paboTe HaMu HPEJACTABICHBI PE3yJIbTaThl UCCICAOBAHUN IO
CUHTE3Y W W3YYCHHIO CTPOCHHS ¥ aHTHUMUKPOOHBIX CBOWCTB HOBBIX
A30METHHOBBIX TPOU3BOJHBIX aJKaJIOWIa JyMMMHWHA. B Hay4yHOW ImTepaTtype
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WMEIOTCSl OTPaHWYCHHOE KOJMYECTBO CBEIACHWHA O CHHTE3e, pPEeakIusax |
MIPIMEHEHWH a30METHHOBBIX IPOW3BOAHBIX JynuHWHA [5-8]. HHTepec «
A30METHHOBBIM COEIWHEHUSM OOYCIOBJICH LIMPOKHM CIIEKTPOM HX TMPaKTHYeC-
KOTO TpHMeHeHus. PaHee Ha OCHOBe IIyNWHWJI-aMHUHA (3aMEHOW CIIMPTOBOM
TPyNONbl JTYyMUHAHA B aMHUHOTPYIITY) CHHTE3HPOBAHBI 3aMEMIEHHBIE IO aTOMY
a30Ta MPOMU3BOJHEBIE [5], cpeau KOTOPBIX HaMJICHBI COSAWHEHHS C MPOTHBOBO-
CHIATUTENILHOMN, TUIIEPTEH3UBHOM [6], aHAIBreTHYECKOM, aHTUMATIApUIHOM [7,8] u
AHTUXOJMHACTEPA3HON aKTUBHOCTEIO [9,10].

MHorrue a30MEeTHHOBBIE COSAMHEHHS HAILIH IIMPOKOE MPAaKTHYECKOe IpH-
MEHEHHE B MPOU3BOJICTBE PA3IUUHBIX JIEKAPCTBEHHBIX CPEICTB, OTHOCSIINXCA K
TpynmaM  TPOTHBOMHUKPOOHBIX W MPOTHUBOIMAPA3UTAPHBIX  IPETapaToB
(bypamunmue, (THBa3HWI, CcamiO3Wa), MPOTUBOTYPOEKYIE3HBIX  IperapaTroB
(Tmoanerazon) [11,12], a Takke HCIOJB3YIOTCS B KauyeCTBE PEHITEHO-
KOHTPAacTHBIX cpencTB (OnnmmuH) [12-14]. Bee BbIme n3n0XeHHOE MO T4ePKHBACT
MEPCIEKTUBHOCTh MPOJOJDKEHUS HCCICAOBAHMM B 3TOM HampasieHuil. Llenbro
JNaHHOW pabOoTHl SBISIETCS CHHTE3 M H3y4YCHHE CTPOCHHE M aHTUMUKPOOHOU
AKTHBHOCTH HOBBIX a30METHHOBBIX MPOU3BOAHBIX 4-(O-TynuHWIT)0CH3aIbICTUIA.

2. DKCIepUMEHTAJbLHAS YACTh

Crnextpsl SIMP 'H u BC cuumanu na cnexrpomerpe JNM-ECA Jeol 400
(wacrota 399.78 wm 100.53 MI1I COOTBETCTBEHHO) C HCIOJb30BaHHEM
pactBoputenss CDClz. XuMudeckue CABUTA W3MEPEHBI OTHOCHUTENIBHO CHUTHAJIOB
OCTaTOYHBIX MPOTOHOB WJIM aTOMOB YIJIEpOJa JEUTEPUPOBAHHOTO XJIOpodopma.
XoJl peakllui U YUCTOTY MOJTYYEHHOTO COCTUHEHHUS] KOHTPOJIMPOBAIN METOJOM
TOHKOCJIOWHOW XpomaTtorpaduu Ha miactunkax Silufol UV-254 B cucreme
M30NPONMIOBEIA  crUpT-O0eH3011-25% pactBop ammuaka 10:5:2. Ilnactunku
HPOSIBISUIM HTapaMu Hoa.

Metoauka noxyuenus 4-(O-mynuHmwi) denzannpaerugos (2), (3). K 7.06
MMOITb XJIOPJIYIIMHWHA, PACTBOPEHHOTO B 25 M nuMmeTmidopMaMuia, Mpu
nepememuBanuu fAo06asmwim 7.06 mmonbe KoCOz u 7.06 MMoiib QyHKIITMOHATIBHO
3aMeneHHble 4-THApOKCHOeH3abIern/a. PeakinoHAy 0 CMeCh IepeMenIuBaid B
TeueHue 8 4 npu temneparype 85-90°C (kontpoias, TCX). Peakuuonnyio maccy
BBUTMBAIM Ha 4amky [letpu m ynapuBamu Ha Bo3ayxe. OcTaTOK pacTBOPSUTH B
xJopoopMe M HECKOJBKO pa3 MPOMBIBAU C BOJOH. XIJIOPOGOPMHYIO BBITSKKY
cyurmuii Haj 0e3BogHbIM MgSQs, oCymuTeNns OTHUIETPOBAIH, PACTBOPUTEIH
yHapuBall B BaKyyMe, OCTaToK xpomarorpaduposaium Ha Drem KOJIOHKE ¢
cumkarenem (Oenzomn-ximopodopMm, 10:1). Bergemumu 0.892 r coenmnHeHus 4-
((oxrarugpo-1H-xuHONMM3MH-1-I1)MeToKcn)OeH3anpaeruaa (2) m 0.80 r 3-
stokcu-4-((okrarunpo-1H-xunonm3un-1-un)metokcn )oeH3anpaeruaa (3) B Bujae
JKEJITO-3EJICHBIX TYCTHIX Maceln ¢ BerxogamMu 67.3% u 74.0% coOoTBETCTBEHHO.

Ob6mas meronuka moaydeHusi azomerunoB (4), (5). K 1.2 mmonp 4-
((oxrarumpo-1H-xuHONMM3MH-1-1IT)MeTOKCH )OeH3abAeTHAA (2), PACTBOPEHHOTO B
30 mu1 3TaHOJIa, IPH MIEPEMEIIMBAHUN J00aBHIH 2.5 MMOJIb 4-X10pOeH3UIaMHHA
wi 2.5 MMOIb BHHWJIOBOTO 3(Upa MOHOITaHOJIaMWHA. PeakMOHHYIO CMech
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nepememuBaiy npu kunsaeHud 85-90°C B teuenue 17 yacoB (koHTposb, TCX).
PeaknmonHylo Maccy ynapuBald Ha pOTalMOHHOM wucnaputene. OcTaTok
xpomarorpadupoBamn Ha @uem KOJIOHKE C CHJIMKareieM (dTHialerar-
xnopodopm, 10:1). Tomyuerno 0.270 r coeaunenust 1-(4-xnopdenmn)-N-(4-
((oxTarunpo-1H-xunonusun-1-un)merokcn)oeH3unuaeH )MeranamuHa (4) u 0.265
r N-(4-((oxraruapo-1H-xuHOoMM3MH-1-MT)METOKCH )OEH3UITUIEH )-2~(BHHUIIOKCH )
sTaHamuHAa (5) B BHEe KOPHUYHEBBIX TYCTBHIX Macend ¢ Berxomamu 78.4% u 77.4%
COOTBETCTBEHHO.

3. Pe3yabTaThl M 00Cy:KIeHHE

B nacrosmieii pabote 1ist CHHTE3a JTYMUHWICOACPKAIUX a30METHHOB HAMU
B KQ4ECTBC UCXOAHBIX O6’beKTOB 6I)IJII/I HCIIOJIb30BaHbI 4'HyHI/IHI/IH66H3aHbI[CFI/II[I)I
(2), (3), koTOpBIE MONTyYATTH KUIISTYEHUEM CMECH 4-THAPOKCUOCH3aIbAerHaa (M
4-runpoxcu-3-3TokcuOeH3anpaernaa), xmopaynuanaa (1) u 6e3BogHOoro Kapbo-

Hata kanus B cpene [JM®DA B Teuenue 48 u.
19a

CHO o H
C\\
OH, K,CO;4
CHyCI DMFA, 85-90°C
22a
CHO 18 17 ZZ/H
—_— 13 16
N N o
O~ "CH; 14 # (2)3
1) OH, K,CO;4 g
\
DMFA, 85-90°C X,

10 2
UG

CocTaB M CTPOEHHE CHHTE3WPOBAHHBIX COCAMHECHUN 2, 3 TOATBEPIKICHBI
naunbeivu MK, IMP H u B*C cniexrpockonum.

B UK cnekrpax coenuHeHuil 2, 3 NPHUCYTCTBYIOT XapaKTEPUCTHUYECKHE
nonockl mornomenus 2740-2880 cm? (mpanc-xunomusumun), 1705-1712 cmt
(CH=0).

Cnextp SIMP 'H coenunenus 2 XapakTepu3yeTcsl IPUCYTCTBUEM IHPOKOTO
MYJIBTHUIUIETHOTO CUT'HajIa IpoToHOB H-2ax,2eq-10ax,10eq TynmMHUHOBBIX LIUKIOB
B obOmactn 1.22-3.02 wm.m. IlporoHsl okcuMeTwieHoBOW 1iemouku H-11,11
PE30HMPOBANIN YIIMPEHHBIM CHHIJIETOM IIpH 4.13 M.1. ApoMaTH4eCKHe MPOTOHBI
H-14,18 u H-15,17 pa3mecTunucy MyJIbTUIUIETHBIME CUTHaIaMu B o0mactu 6.89-
6.95 u 7.72-7.78 M.A. cooTBeTCTBeHHO. Anpaernanbiii mpotoH H-19a peructpu-
pOBaJICS IBYMS CHHTJICTHBIMH CUTHaaMH Tipu 9.75 u 9.82 M.J. ¢ COOTHOIICHHEM
HMHTETPaAJIbHBIX MTHTEHCUBHOCTEHN 1:2 COOTBETCTBEHHO.
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B cmektpe SAMP ¥C coemumenus 2 CHTHambBl YIJIEPOJHBIX aTOMOB
apoMaTuyeckoro (parMenTa mpossuinchk mpu 116.82 (C-14,18), 128.28 (C-16),
132.23 u 132.87 (C-15,17) n 165.00 (C-13) m.n. KapOOHUNBHBIN yriepoaHbIi
arom C-19 peructpupoBasicss mnpu 191.34 wm.m.  VraepomHble  aTOMBI
OKCHMETHJIEHOBOTO 3BEHA M JIYIIMHUHOBOTO IMKJA B CIIEKTPE HE IPOSBUJIUCH.
Crpoenue CoenuHeHusi 2 ObUIO MOATBEPKIECHO TAKKE METOJAMU JBYMEPHON
cnekrpockoruu SIMP COSY (*H-'H), HMQC (*H-BC) m HMBC (*H-1C),
MO3BOJISIONIEH  YCTAHOBUTH  CIIMH-CIIMHOBBIE ~ B3aUMOJEHCTBHSA TOMO- |
reteposiziepHoit npupoasl. Habmonaemeie koppensiuu SIMP COSY (*H-'H) u
HMQC (*H-*C) B monekyne npencrapieHsl Ha pucyHke 1. B cmextpax 'H-'H
COSY coenuHeHus 2 HaOIIONAIOTCS CHUH-CIMHOBBIE KOPPETSAIUH 4Yepe3 TpHU
CBSI3M IIPOTOHOB COCETHUX METHH-MEeTHHHBIX rpynn H*48-H¥®Y7 ¢ xoopaunaramm
Kkpocc-tukoB 6.90, 7.76 u 7.76, 6.90 m.n. I'ereposnepHbie B3aMMOICHCTBUS
IPOTOHOB C aTOMaMH yIJIEpoJa dYepe3 OJHy CBA3b OBUIM YCTAHOBJIEHBI C
nomompio cnekrpockomuu *H-C HMQC mst ciiefyromux MpUCyTCTBYIOIHX B
coemunenun map: H¥18-C418 (6.89, 117.28) u H™Y-C¥®Y7 (7.72, 133.25) m.x.
[eTeposiiepHble B3aMMOJIEHCTBHS TIPOTOHOB C aTOMaMH YIJIEPOJA YEPE3 JBE W
OoJee CBA3M OBUIM YCTAHOBIICHBI C MOMOIIBIO criekTpockonuu *H-2C HMBC ms
cJIe Iy OLIUX TIPUCYTCTBYIOMUX B coenunenuu nap: H¥-C1°(9.74, 191.22) m.1.

Pucynoxk 1 — Cxema koppesiuii B criektpax COSY (a) u HMQC (6)
COCIMHECHUH 2.

Crnextp SIMP 'H coenunenns 3 xapakTepu3yeTcsi IPUCYTCTBUEM HIMPOKOTO
MYJBTHIUIETHOTO CHT'HAJIa IPpoTOHOB H-2ax,2eq-10ax,10eq JIyMMHUHOBBIX IIUKIOB
B oOmactu 1.20-2.82 m.n. (pucyHok 2). B 3ToM MynbTHIIeTe pacnoioXHINCh
JByMsI MHTEHCUBHBIMU curHanamu npu 1.36 u 1.47 m.n. MeTwiibHbIe IpoTOHBI H-
21,21,21. JiBe okcuMmeTwieHOBble mapel nportonoB H-11,11 wm H-20,20
PE30HUPOBANIN ABYXIPOTOHHBIMU CHHIJIETOM Npu 3.64 W MyIbTHILUIETOM IpH
4.04-4.09 m.n. coorBercTBeHHO. Apomaruueckue mnportonsl H-15 um H-17,18
PETUCTPHUPOBAIHNCH OJHO- M ABYXIIPOTOHHBIMH CHHTJIETaMu TIpH 6.93 u 7.28 m.1.
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COOTBETCTBEHHO. AJBACTUAHBIN mpoToH H-22a peructpupoBaics OJHOMPOTOH-
HBIM CHUHTJIETHOM 1ipu 9.71 m.1.

17

[T\

nan

,7/91713\\‘:7{://"57\\0 .

Pucynok 2 — Cuekrp IMP 'H coenunenus 3.

CHHTE3UpOBaHHbIC 4-TyNMUHWIOCH3AIBACTHIB 2, 3 MOTYT HPEICTABIAThH
co00if BechMa MEPCHEKTUBHBIE CHHTOHBI JJISI BKIIOUSHHSI OMOIIOTHYECKH aKTHB-
HOW MOJIEKYIIBI alTKajoua TyTUHIHA B Pa3HOOOpa3HbIe TPOU3BOIHEIE.

[Iponosmkas ucciie0BaHus B 3TOM HAIIPABJICHWH, HAMU OCYIIIECTBJICH CHHTE3
a30MEeTHHOB 4, 5 B3auMOJEHCTBUEM 4-ITyIUHWIOCH3AIbJICTHAA 2 ¢ HEKOTOPBIMU
MEPBUYHBIMA aMHHAMH, B YaCTHOCTH, 4-XJIOpOSH3WIAMUHOM W BUHIIOBBIM
3(GUpPOM MOHO3TAaHOJIAMHHA B CIIUPTOBOM Cpe/Ie.

HZN—HZCOCI HZC—OOCH=N'H2COC1

-
X

0
EtOH, 75-80°C N

H2C-O@-CHO
HZC—OOCH=N-CH2CHZOCH CH,
N

2 H,C=CHOCH,CH,-NH,
EtOH, 75-80°C N 5

B UK cnextpax coenuHeHwid 4, 5 TpHUCYTCTBYIOT MOJIOCH! TIOTJIOIMIEHHUS TIPH V
2740-2880 cm? (mpanc-xunonmuzuaun), 1635-1662 cm™ (-N=CH-).

B SIMP H cnekrpax azomeTHHOB 4, 5 CHTHAJIBI MPOTOHOB apOMATHYECKUX
KOJIEI[ Pe30HHUPYIOT B 001acTH & 6.85-7.78 M.1., MPOTOHBI A30METHHOBOW TPYIIIIHI
(-CH=N-) mposiBnsirorcst B obnactu 6 8.19-8.21 m.n., uro xapakrepHo mist (E)-
M30MEPOB a30METUHOB JynuHuHa. Tak, cnektp SIMP 'H coenunenus 4
XapaKTepU3yeTcsl MPUCYTCTBUEM LIMPOKOI0 MYJIBTHIIJIETHOIO CUI'HAjIa IIPOTOHOB
H-2ax,2eqg-10ax,10eq AyMUHUHOBBIX ITUKJIOB B oOnactu 1.27-2.87 m.1. (pUCYyHOK
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3). [Ba oxcumermneHoBbIX mpoTtoHa H-11,11 pe3oHHpYIOT ABYXIPOTOHHBIMHU
cuariaeramu npu 6 3.96 m.a. Apomarumyeckue nporonsl H-14,18 u H-17,18
PETUCTPUPYIOTCS ABYXIPOTOHHBIMU MYJIBTUILIETaMU TpH  6.76-6.90 u 7.56-7.64
M.J. COOTBeTCTBeHHO. HempenensHbli yriepomsbiii mporoH H-19 perumctpu-
pyeTcsi OMHOTIPOTOHHBIM IYIUIETOM mpH O 8.19 M.1.

T A o = 2ax 2aq - 10ax 10e
! o

5.5 5.0 85 80 7.5 70 6.5 80 55 5.0 45 40 25 20 25 20
Ghemical Shift (ppm)

Pucynok 3 — Crexrp SIMP *H coenunenus 4.

B cnektpe SMP ¥C coemunenuss 4 curHaubl yriIepoAHBIX AaTOMOB
JYMIAHUHOBBIX IUKJIOB mosBuimCch npu 6 21.27 (C-3), 25.00 (C-8,9), 57.37 (C-
2,10), 64.12 (C-6) m.a. (pucyHok 4). OKCHUATHIBHBIA yriaepomHsiid atom C-11
posiBUICS 1ipu 0 67.50 M.J1. ApOMaTHYECKUE YIICPOIHbBIC aTOMBI Ial0T CUTHAJIBI
mpu 6 114.79 u 116.13 (C-14,18), 130.03 u 130.42 (C-15,17), 132.53 (C-16) u
132.53 (C-16) m.n. Henacwimennslid yriaepoausiii atom C-19 peructpupyercs
mpu & 163.66 M.

1.0
1 1817 27—
X / _ \ -
. 13 6 le——N n 2 /3
2 0 35
x| |“ \\1,1/:/ N, 4
o7 7 5 i
; 5 1o
E I N
5] | | |
A ) N, ]
£55] \10/1\2/
RS 19 15,17
2
53] 13 16 14,18 1 9.8
- - S oo o2 o
] oD O PO g o 0
5z SESZo 853337 oo 2 2 =g = - =
coetenin S o NI ey T o — | ™«
BSJEEL SRS ES o 22 =
] iy T, = | 6 l ] T
" all ] HN “ J Mttt sk
o 1
200 192 184 178 168 1680 152 144 138 128 120 112 104 96 as a0 T2 64 56 48 40 32 24 16 é

Chemical Shift (ppm}

Pucynok 4 — Criexrp SIMP *°C coenunenus 4.

B cnextpax H-'H COSY coenunenuss 4 HaOMOMAIOTCS CIIUH-CIIMHOBBIE
KOPPEJISLUK Yepe3 CBA3M IPOTOHOB COCEIHMUX METHJICH-METUICHOBBIX U METHH-
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MeTuHHBIX rpynn H“8-H'17 (6.86, 7.65 u 7.65, 6.86) m.n. (pHCYHOK 5).
[eTeposiiepHble B3aMMOJEHCTBHS TIPOTOHOB ¢ aTOMaMH YIJIIEPOJa YEPE3 OJHY
CBA3b OBUIM YCTaHOBJIEHBI ¢ MOMOINBIO crekTpockomuu H-C HMQC mis
CIIEYIONUX MPHUCYTCTBYIONMX B coemuHenun map: H#18-C418 (6,77, 116.39;
6,87, 115,20), H>7-C3(7.52, 130.95; 7.64, 130.16), H*-C*°(8.18, 163.67) m.x.

Pucynox 5 — Cxema xoppessiiuii B criektpax COSY (a) u HMQC (6)
coerHeHUH 4

CuHTe3MpoBaHHbIE 4-TyTUHIIOCH3IBAETUIB! 2, 3 U A30METHUHHI 4, 5 Mponum
OMONOTMYECKHE  WCTBITaHWS Ha  aHTUMUKpOOHyI0  akTuBHOCTH B HAO
«Kaparangunckuit yausepcuter» MOH PK.

HccnenoBana aHTUMUKpPOOHas aKTUBHOCTH OOpa3loOB COeNWHEHUH 2-5 B
OTHOLICHHH IITaMMOB TPaMIIOJIOKHUTENIbHBIX Oaktepuii Staphylococcus aureus,
Bacillus subtilis, rpamorpunarensubix 6akrepuit Escherichia coli, Pseudomonas
aeruginosa u k apoxokeBomy rpudky Candida albicans merogamu nuddysuu B
arap (JIyHOK) ¥ CepUIHBIX pa3BeICHUN.

Oyenka aHMuMUKpOOHOU aKMUEHOCU 00Pa3yo8 coeouneHul 2—5 memooom
ouggysuu 6 aeap. AHTUMUKPOOHAS AKTUBHOCTH BBINICYKa3aHHBIX 00pPAa3IIOB
n3y4yeHa Ha peepeHTHBIX TECT-MUKPOOPraHU3Max: (aKyIbTaTUBHO-aHAdPOOHbIE
rpamrmonoxuTensHbie  Kokku Staphylococcus aureus ATCC 6538, aspoOubie
rpaMITOJIOKUTENbHBIE criopooOpa3ytromue nasouku Bacillus subtilis ATCC 6633,
rpaMOTpUIATEeNIbHBIE TANOYKH (haKyJIbTaTUBHBIE aHa’poObl Escherichia coli
ATCC 25922 aspobusie Pseudomonas aeruginosa A7CC 27853 u K IposxKEeBOMY
rpubky Candida albicans ATCC 10231 meromom auddysum B arap (JIyHOK).
Tecr-mTaMMbl ~ MHKPOOPTaHWU3MOB,  HCIOJNB30BAaHHBIE B HUCCIEIOBAHUSX,
MOJy4eHbl M3 AMEPUKAaHCKOH KOJUIGKIMH THIOBBIX KyibTyp. [Ipemaparamm
CPaBHEHHSI CIIY)KWIM OCH3WINCHUIIWUTMH HATpUEBas COJIb, TEHTAMUIIMH IS
OakTepuii W HHCTAaTHH s JpoxxkeBoro rpubka Candida albicans. Merton
muddy3un B arap OCHOBaH Ha OIICHKE YIHETEHHS POCTa TECT-MUKPOOPTaHU3MOB
OIpeeIEHHBIMU KOHLEHTPALUSIMHU HCIIBITYyeMOro cpeacTsa [15,16].

AHTUMUKPOOHAST aKTUBHOCTH KaXKJIOTO 00pa3iia OIeHNBAIach 10 JUAMETPY
30H 3aJIep’KKH pOCTa TECT-IITAMMOB (MM) BOKPYT JIYHKH, BKIIIOYasi JHAMETp
camoid  nmyHku. CratucTuyeckylo  00pabOTKy  HpPOBOAMIM  METOAAMHU
MapaMeTPUUECKONW CTAaTHCTHKH C BBIYUCIEHHEM CpenHed apuMeTHdeckoil u
CTaHOApTHOM  ommOKW. PesympraTel  HcciaenoBaHUsS — aHTUMHKPOOHOMN
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AKTUBHOCTH YeTBIpEX 00pasIos: ((oxtaruapo-1H-xuHOMM3MH-1-1T)
MeToKcH)OeHsanpaeruga  (2),  3-sTokcu-4-((oxrarumpo-1H-xunonu3ua-1-m)
METOKCH )OeH3aIIbACTH A (3), 1-(4-xnopdpennn)-N-(4-((oxraruapo-1H-

XUHOJIU3UH-1-1n)MeTokcn)oeH3unaeH)Me-tanamunaa (4) N-(4-((oxraruapo-1H-
XMHOJMU3UH-1-m1)MeToKCH )0eH3WIHIeH)-2-(BuHImIoKeH )aTaHamMuHa (D) metomom
mud¢y3un B arap IpuBeIeHB B Tabmwe 1.

Tabauna 1 - AHTUMHUKPOOHAs! aKTHBHOCTE 00Pa3LiOB COSTUHEHUH 2—5

Howmep coennnenuns u Staphylococ | Bacillus | Escherichia | Pseudomon | Candida
mmdp obpasna Cus aureus subtilis coli ATCC as albicans
ATCC 6538 ATCC 25922 aeruginosa ATCC
6633 ATCC 10231
27853
4-((Okraruzmpo-1H- 20+£0.1 16 + 23+£0.1" 15+ 0.1 15£0.2
XUHOJIU3UH-1-MIT)METOKCH) 0.1
Genzanbaeruy (2)
3-Otokcu-4-((oxrarunpo- 13+0.1 - 15+ 0.1 - -

1H-xnHOMM3KMH-1-11T)
MeTOKCH)0€eH-3aJ1b1eru/1

©)]

1-(4-Xnopoernnn)-N-(4- 17+0.2 14+0.1 21+0.1" 14+£0.2 -
((oxTarugpo-1H-
XUHOJM3UH-1-1JT) METOKCH)
OCH3WIINICH)

MeTaH-aMuH (4)

N-(4-((Oxrarunpo-1H- 18+0.2 - 22+0.1° 15+ 0.1 -
XUHOJHM3UH-1-1IT) METOKCH)
OeH3MIHIeH)-2-

(BuHMIOKCH) STaHaMuH (5)

BensnmeHnumH 16 £0.1 14 +0.1 15+0.1 - -
HATPHEBast COJIb

T'erTamMuny 24 +0.1 21+0.2 26+0.1 27+0.1 -
Hucratun - - - 21+£0.2

IIpumeuanwne: JJoctoBepHOCTS pasnmuunii coctaisieT p<0.05 1Mo cpaBHEHUIO ¢ TPYIIION
CpaBHEHUSL.

Oyenka aHmMuUMuKpoOHOU akxmusHocmu o0pas3yos coeourenutl 2-5 memo-
00M ceputiHbIX 08YKPAMHBIX pa3éedenull. AHTUMUKPOOHAas aKTUBHOCTH 00pa3LoB
H3yyarach METOAOM CEpPUMHBIX ABYKPAaTHBIX DPa3BEICHUH B KUAKOH cpexpe -
OynpoHe Mromepa-XuntoHa B npeaenax ot 20 mo 0.63 mxr/mi. J{ns npoBeneHus
METOZIa CEpUUHBIX pPa3BEJCHUN WCIIONL30BAM CYCIIEH3UU TECT-IITaMMOB B
KOHIIEHTpalXU 108 KOE/m. PesynbTaThl OllEHMBAIM BU3YaJbHO, OMNPEAEIISI
HAJIMYHE WU OTCYTCTBUE POCTA B CpeJie, COAepIKaIlleH pa3inIHble KOHIICHTPAIH
ucnbITyeMbix oOpasuoB. Ilocnmenusss mpoOupka psima ¢ 3aIepKKod pocra
(mpo3paunblii OyJIBOH) COOTBETCTBYET MHMHUMAJIBHON mojaBisitoueld (Oakre-
PHOCTaTUYECKOW KOHIEHTpAallMK) Mpernapara B OTHOLIEHHMHM IaHHOTO IITaMMa.
BakTepuiuaHyo KOHIIEHTPAIMIO OTPEACIISUIH IIyTEM BhICEBa U3 JIBYX MOCIEIHUX
pa3BeieHNI C OTCYTCTBMEM BHUAMMBIX IPU3HAKOB pOCTAa Ha IUIOTHYIO
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MUTATeNbHYI0 cpeay — arap Mrojuiepa-XHHTOHA Uil ONpEACTICHUS KHU3HE-
CroCcOOHBIX KieTok. Ilocite 3aceBa 4amky moMernand B TepMocTaT Ha 18-24
KyJIbTHBHPOBaHUE TIPOBOAWIN TpH Temreparype paBHoi 37°C. [lociie ontrmas-
HOTO /ISl KaXAOTO0 MHUKPOOHOTO BHJa CpPOKa HWHKYOAallMHd ITOCEBOB OTMEYAIOT
HAaNMEHBIIYI0 KOHICHTPALMIO BELIeCTBa B MPOOHPKE, BHICEB U3 KOTOPOH HE Jal
pocta. DTy KOHUEHTPALMWIO MNPUHAMAIM 33 MUHHMAIBHYIO OaKTEPHLHUIHYIO
KOHIEHTpaluio. Bce skcneprMeHThl NMPOBOAMIM B Tpex mnapamiensx [15,16].
Pesymprarel mcciaemoBaHUS AHTUMUKPOOHOW AaKTHBHOCTH o00pasmoB - 4-
((oxTarumpo-1H-xunommsun-1-un) merokcn) Oensanpmeruma (2), 3-3Tokcu-4-
((oxTarumpo-1H-xuHommsun-1-mm)merokcn)  Oemsampierd-ma  (3), 1-(4-
xmopdenn)-N-(4-((oxraruapo-1H-xuHomHM3uH- 1 -11)METOKCH)OCH3U-TTHICH) Me-
tanamuHa (4) N-(4-((oxtaruapo-1H-xuHOMH3NH-1-1T)METOKCH ))OCH3HU-TTHICH )-2-
(BuHHIOKCH)3TaHaMuHa (5) mpeacTaBiieHbl B TadIHIE 2.

Tabanma 2 - MurnmansHo nopasisiomas koHueHtpanus (MIIK) o6pasuos (2-5) B oTHOIIEHHH
pedepeHTHBIX TecT-IITaMMOB

MIIK (MKr/mim)
. Pseudomo .
Homep coenuHeHHS 1 Staphylococcu BaCII_Iys Escherichia “nas Candida
mudp obpasna subtilis . - albicans
S aureus ATCC coli ATCC aeruginos ATCC
ATCC 6538 6633 25922 a ATCC 10231
27853

4-((oxraruapo-1H- 6.3 125 6.3 25 25
XUHOJU3UH-1-1T)
MeTOKCcH)OeH3anpaeru (2)
3-sTOKCH-4-((oKTaruapo-1H- - - 25 - -
XUHOJU3UH-1-MIT)MeTOKCH)
6en-3anpaerus (3)
1-(4-xnopdenn)-N-(4- 12.5 50 6.3 50 -
((oxrarunpo-1H-xuHOMU3MH-
1-un)MerokcH)
GensuitnieH)MeTanamuH (4)
N-(4-((oxraruzpo-1H- 125 - 6.3 25 -
XUHOJU3UH-1-MIT)MeTOKCH)
OCH3WINICH )-2-(BUHUIIOKCH)
sranamuH (5)
OEH3WINEHUIMJUINH 16 £0.1 14 +£0.1 15+0.1 - -
HaTpHeBasi COJb
FeHTaMULMH 24 +0.1 21+0.2 26+0.1 27+0.1 -
HUCTATUH - - - - 21+0.2

IIpumeuanue: [loctoBepHocTh paznuuuit cocranisger p<0.05 mo cpaBHEHUIO € TPYIIION CpaBHEHUS.

B pesymerare wWcclaemOBaHWSA ~AHTHMHKPOOHOH  aKTHBHOCTH  HOBBIX
COCIMHEHHUI YCTaHOBJIEHO, 4TO oOpa3upl 1-(4-xmopdenni)-N-(4-((oxTaruapo-
1H-xuHoNMM3MH-1-un) MeTokcu) OenswiuaeH) wMeraHamuHa (4) u  N-(4-
((oxrarugpo-1H-xuHOMM3WH-1-111) METOKCH)OCH3WIUICH )-2-(BHHUIIOKCH )9TaHa-
muHa (5) TPOSBISIOT yMEPEHHO-BBIPAXKEHHYI0O aHTHUMHKPOOHYIO aKTHBHOCTH B
OTHOWLIEHUHU T'PaMIIOIOXKHUTENbLHOr0 TecT-luramma Staphylococcus aureus A7CC
6538, X MUHUMAaJIBHO MOMABIAIOIINC KOHIICHTPAIIMKA COCTABUIM 12.5 MKIr/miL.
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OO6pasupbl coequHeHHd 4 W 5 TakKe MOKA3bIBAIOT BBIPAKCHHYIO aHTHOAKT-
epHaTbHYI0 AaKTHBHOCTh B OTHOWICHWH TI'PAMOTPHIATENIFHOTO TeCT-IITaMMa
Escherichia coli ATCC 25922, ux MHUHUMAaJIbHO MOJABISIONIAS KOHIECHTPALHS
(MIIK) cocraBuia — 6.3 Mxr/mi. 4-((Oxraruapo-1H-xuHonu3uH-1-nn) MeToKcH)
Oenzanpaerua (2) obnamaeT BBIPAXEHHOW aHTUMHUKPOOHOH aKTHBHOCTBIO B
OTHOIIIEHHH TPaMIIONIOKUTENBHOTO TecT-mTamMma Staphylococcus aureus ATCC
6538 u rpamoTpuLaTensbHOro rect-mramma Escherichia coli ATCC 25922. Taxxe
oOpasen; coeiMHEHUsT 2 TPOSBISET AaHTUTPUOKOBYIO aKTHBHOCTH B OTHOIICHHH
npoxokeBoro rpubka Candida albicans ATCC 10231 (MIIK-25). Oo6pa3sis
coeuHeHNH 2 U 5 MPOSABISIOT aHTUOAKTEPUAIBHYI0 aKTHBHOCTH B OTHOILICHUHU
rpaMoTpuIareibHoro mramMma Pseudomonas aeruginosa ATCC 27853 (MIIK-
25), cpaBHHMYIO C TeHTAMHUIIMHOM.

4. 3akn04eHue

B paboTte mnpencrtaBieHbl pe3yNbTaThl HWCCIENOBaHWN 1O CHHTE3Y H
WU3YyYCHHIO CTPOEHHS ¥  4-IyNUHWIOCH3aJbIETUI0OB M a30METHHOBBIX
MPOM3BOJHBIX  ANKaJoOWAa JIyNIMHUHA TyTeM MOIUQPHUKAIHUK  CTPYKTYPBI
XJIOPJIYIIMHUHA 10 XJIOpMETUIeHOBOH rpymnme C-1 XMHOIM3UINHOBOTO OcTOBa. B
pe3yibTaTe IMPOBEACHHBIX MCCICAOBAHUHI BIEPBbIE OCYLIECTBIEH CHHTE3 4-
TYNAHWIOEH3aIBACTHIOB - 4-THAPOKCHOCH3ANbAeTHIAA U 4-THIAPOKCU-3-3TOKCH-
OeH3anbJeTnIa, SBISIFOIIUXCS BAKHBIMU CTPYKTYpOOOpa3yloUMMu cyOcTpaTaMu
B pa3paboTKe HOBHIX OMOJIOTMYECKHM aKTHBHBIX BellecTB. B3anmoneiicTBuem 4-
TYMUHUIOCH3IBACTHIOB ¢ 4-XJTOpOSH3WIIaMHHOM W BHUHHJIOBBIM  3(QHUPOM
MOHO3TaHOJIAMUHOM B CIHUPTOBOM cpene MOJy4YeHbl JIyNMWHHICOAEpKaline
A30METHHBI C BRICOKMMH BbIXOAaMu. Cpeau CHHTE3MPOBAHHBIX HOBBIX IPOU3BOJI-
HBIX JIYIIMHUHA C a30METUHOBBIM U 4-(O-IynuHuI)0eH3aIbAeT HIHBIME (parMeH-
TaMH BBISBIICHBI COEJMHEHUS, TPOSBISIFOIINE BBIPAKEHHbIE aHTUMHUKPOOHEIE,
aHTHOAKTEepHATbHbIC U aHTHTPUOKOBBIE CBOWCTBA. AHAIN3 MOMYYCHHBIX JaHHBIX
OMOWCITBITAHUN TTO3BOJISIET YTBEPXKIATh, YTO CTPYKTYPHBIE OCOOCHHOCTH HOBBIX
MPOM3BOAHBIX JYNMHHHA MOTYT 00ECHEeYUTbh JIONOJHHUTENbHBIE JIMTaH[-
peLenTOpHbIE B3aUMOACHUCTBHS C OMOJOTMYECKH MHILCHSIMH, MU TEM CaMbIM,
WU3MEHATH CEJIEKTHBHOCTh OMOJIOTMYECKOro JeicTBusi cyOctpara. CrpoeHue
HOBBIX COEIMHEHUH TTOITBEPKICHO CIIEKTPAILHBIMH METO/IaMHU.
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4-(O-JIYIIMUHNJI) BEH3AJIBAEIUJATIH TYbBIHABIJIAPBI, ASOMETUHJIEPIIH
CHUHTE3I, K¥PbLIIBIMbI )KOHE MUKPOBKA KAPCbI BEJICEHALIIT'T
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3Bexemos amvindazvl Kapazanov ynueepcumemi, Kapazanovl, Kasaxcman

E-mail: nurkenov_oral@mail.ru

Makanaaa JyIUHUH aJTKaJOUIBIHBIH 4-TyTHHUIOCH3AIBICTHATI KOHE a30METHUHII
TYBIHABUIAPBIHBIH CHHTE31 MEH KYPBUIBIMIBIK EPEKIICTIiKTepl Typaibl 3epTTEeYIEpIiH
HOTIKeJIepi cumnartanFad. JIYMUHWH —aJKaJIOMIBIHBIH XUMHSJIBIK MOIUGUKAIHSICHI
OpHAJIACKAH XWHOJIM3WH KaHKACHIHBEIH C-1 aToMbIMeH OalTaHBICTaFBl TaJOTCHMETIUICH
TOObI OOWBIHIIIA JKy3ere achIpbUIAbl. Peakimsiaap OipHemie carbima >KYprisiami. 4-
Jlynunun6ensansaeruarepain  (4-rugpokcubeH3anbaerua KoHe 4-THAPOKCH-3-3TOKCHU-
oemsanpnerun) 67.3% sxone 74.0% IMIBIFRIMIAPHIMEH OWUOJIOTHUSIIBIK O€JICeHII 3aTTap
CHUHTE3IHJeTi apajblK CHHTOHJAAPBIHBIH  aliblHy  HOTIDKENIepi  KenTipuireH.  4-
Jlynuaun6en3anpaeruaTiy, 4-xnopOeH3WIaMUHMEH JKOHE MOHOATAaHOJAMHUHHIH BHHHJII
s¢upiMeH e3apa opeKeTTecyi JIyMMHHWHHIH >XaHa asoMeTuHuepiH 78.4% xone 77.4%
IIBIFBIMIAPMEH CHUHTE3Jeyi KY3ere achlpbl. AJBIHFAH KOCHUIBICTAPABIH KypbUIbichl TH-
, BC SIMP cnextpnepiMeH Tanpay Herisinge gonengeniini, 3C SIMP chexTpiepinzeri
CHUTHANJApABIH MYIBTHIUICTTINr J-Momymanmss TamaObIHAA IKa3bUIFAH CHEKTPIIep
OolibiHma anbIKTanbl. CHHTE3IENTEH KOCBUIBICTAPABIH Kypbutbickl IMP 1H - sxone 3C-
CIIEKTPOCKONHA dficTepiMeH, conpaii-ak eki emmemai COSY (*H-H) sxome HMQC (*H-
13C) cmexrpnepiniy gepeKkTepiMeH 3epTTelreH. XUMMAIBIK BIFBICYJIApPIBIH MoHAepi H
xoHe °C CHUrHAINApbIHBIH MYJIBLTHILIETTIINN KOHE MHTErpajbl KapKbIHIBUIBIFBL Oip
OJIIIEM/II SIMP CHEKTpICpIMEH aHBIKTAJIJIbI. JKananan aJIbIHFaH 4-
JTYMAHAIOCH3TBIETHATED MEH a30METHHICPIAIH OWOCKPHHWHTI KYPTi3iimi, OJIapabIH
apacelHIa MHKpPOOKa KapCchl OCJCEHIINIrT JKOFapbl 3aTTap AaHBIKTAIABL. bapibik
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YCBIHBUIFAH  YATIICpAiH  MHKpOOKAa Kapchl  OCNCEHIUTri  aHBIKTAMaNBIK — TeCT
MHUKPOOPraHM3MAEPiHAe 3epTTenreH: (aKylbTaTHBTI-aHa’pOOTHl TIpaM-OH  KOKKH
Staphylococcus aureus ATCC 6538, aspo6ThI rpaM-0H Criopa Ty3eTiH Taskmranap Bacillus
subtilis ATCC 6633, rpam-tepic Taskmanap (axkylibTaTHBTI aHadpobtap Esshhegishia
coli ATCC 25922 aspobter Pseudomonas aeruginosa ATCC 27853 skoHE amIbITKbI
canpIpaykyiakrapeia Candida albicans ATCC 10231 arapra auddysus smiciMmen.

Tyifinai  ce3jep:  XWHONM3WAMHII  alKaJoWATap,  XjiopiaynuHuH,  4-(O-
JYTUHIT)OEH3IBICTUATED, a30METHHICP, XHHOJNW3WHAI IIEHOEpHiH NHC-KOCapJIaHyHl,
MHUKPOOKa KapChl OEJICEHAUTIK, TeCT-IIITaMM, HHKYOAaIusl.

Abstract
SYNTHESIS, STRUCTURE AND ANTIMICROBIAL ACTIVITY OF
AZOMETHINES, DERIVATIVES OF 4-(O-LUPINYL) BENZALDEHYDE

Nurkenov 0.4.*", Nurmaganbetov Zh.S.?, Fazylov S.D.%, Seilkhanov 7.M .2,
Gazaliev A.M.1, Muldakhmetov Z.M.%, Seidakhmetova R.B.?, Mendibayeva 4.Zh.!
Ynstitute of Organic Synthesis and Coal Chemistry of the Republic of Kazakhstan,
Karaganda, Kazakhstan;

2Kokshetau Ualikhanov University, Kokshetau, Kazakhstan;

3Karaganda Buketov University, Karaganda, Kazakhstan

E-mail: nurkenov_oral@mail.ru

The article describes the results of studies on the synthesis and structural features of
4-lupinylbenzaldehydes and azomethine derivatives of the lupinine alkaloid. Chemical
modification of the lupinine alkaloid was carried out by the halomethylene group in the C-
1 position of the quinolysin backbone. The reactions were carried out in several stages.
The results of the synthesis of 4-lupinylbenzaldehydes (4-hydroxybenzaldehyde and 4-
hydroxy-3-ethoxy-benzaldehyde) synthons in the synthesis of substances with yields of
67.3% and 74.0% are presented. The interaction of 4-lupinylbenzaldehyde with 4-
chlorobenzylamine and vinyl ester of monoethanolamine synthesized lupinyl-containing
azomethines with yields of 78.4% and 77.4%. The structure of the obtained compounds
was established based on the analysis of the 'H and **C NMR spectra, the multiplicity of
signals in the 3C NMR spectra was determined from the spectra recorded in the J-
modulation mode. The assignment of signals in the spectra was carried out using various
modern methods of correlation spectroscopy ‘H-'H (COZY), and H-*C (HMBC,
HSQC). The values of chemical shifts, multiplicity and integral intensity of *H and *C
signals in one-dimensional NMR spectra are determined. Bioscreening of new 4-
lupinylbenzaldehydes and azomethines was carried out, among which substances with
high antimicrobial activity were identified. The antimicrobial activity of all the presented
samples was studied on reference test microorganisms: facultative anaerobic gram-
positive cocci of Staphylococcus aureus ATCC 6538, aerobic gram-positive spore-
forming Bacillus subtilis ATCC 6633, gram-negative rods facultative anaerobes of
Escherichia coli ATCC 25922 aerobic Pseudomonas aeruginosa ATCC 27853 and yeast
fungus Candida albicans ATCC 10231 by diffusion into agar (wells).

Keywords: quinolizidine alkaloids, chlorlupinine, 4-(O-lupinil) benzaldehyde,

azomethines, cis-articulation of the quinolizidine ring, antimicrobial activity, test strain,
incubation
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Tyitin: Kazipri Tapma copOISsUIBIK TEXHOJOTHsUIApAa dp TYPIi MaKpPOMOJICKYIAJBIK
copOeHTTep Kommanpuianpl. OnapaslH MaHBI3IBL OOIIri CHpeK JKep METaIJapbhlH ipiKTen
airyra >xoHe Oemyre OarpITTanraH. by sxymeicTeiH Makcatsl eBatuT CNPLF sxone AB-
17-8 eHpipicTiK MOHAIMACTBHIPFBILI IIAWBIPIAPBIHBIH 3JIEKTPOXUMHUSIBIK KaCHETTEpiHe
Oacramkpl KYHIepiHiH acepiH 3eptrey Oonbinm TaObutanpl. KoHmykromerpus skoHe pH-
METpHs OMICTEpIMEH MOHAIMACTBIPFBII INAWBIPIAPIBIH IIEKTPOXUMHUSIIBIK KacHeTTepi
seprrenni. Monutrepain CNPLFi- AB-17-8icis, CNPLFiciu- AB-17-8,pF, CNPLF -
AB-17-8ypr CNPLFpe- AB-17-8ici MHTEpIIOIMMEPIT XKYHenep KypblIblil, 9pOip KyieHiH
anektpeTKisrimTiri MeH pH-b1 6akputanabl. CNPLF;cu- AB-17-8ci4 kyliecinae eH >KoFapbl
moHzep S:1 xome 0:6 kaTelHacTapbiHIa Oaifikamambl, MyHAa S5:1 KaTbIHachIHAA
MHTEPIIOIUMEPIIIK JKYHeIepliH 3JIeKTp OTKI3rimTiri 5:1 MUHUMYM HYyKTeciHeH 2.5 ece,
0:6 xarsiHaceiHAa colikecinme 2 ece worapbl. CNPLFy-AB-17-8iy uHTEpnonnmepiti
KYHECIHIE MaKCUMAJIAbl SJICKTPOTKI3TIMITIK KATHOHHUT:aHHOHUT S5:1 KaThIHACHIHIA
Oaiikanansl. A eH a3 MoHep 4:2 xxoHe 2:4 katbiHackiHaa TipkenredH. CNPLF;q,- AB-17-
8ypr MHTEPIIONMMEPITI XKYHecinae 3:3 sxoHe 2:4 KaTbIHACTApbIHJA MAaKCHUMyM aiiMakrap
naiiqa  Oomran. Kyprak JkoHe iCIHFreH HWOH  aJIMAacTBIPFBINTApAaH  TYpPaThIH
HHTEPIOINMEPIIi JKyHerep YIIiH y skoHe pH OoiibIHIIa abIHFaH TOXipHOe HOTIOKeIepi Oip
KOMITOHEHTTIH 0acTamkpl KYHiHIH €3repyl MOH aJMacTBIPFBIIITAP MEH WHTEPIOIMMEpIi
KyHeepIiH eKTPOXUMHSIIBIK SPEKETIH ©3repTeTiHiH KepceTe i, Oyl OHepKaCiNTiK HOH
IIMaCTBIPFBIIITAPABIH KOJAaHOAIBI KaCHETTepiHe acep eTeli.
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electrochemical behavior of industrial ionites in the interpolymer system levatite cnplf —
AB-17-8.  Chem. J. Kaz., 2022, 1(77), 74-86. (In Kaz.). DOI: https:// doi.org
/10.51580/2022-1/2710-1185.58
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Tyiiin ce3mep: nHTEpHONMMMEpITi KYiie, oHAipicTiK HOHUTTED, NeBaTuT CNPLF, AB-17-8,
KalIbIKTaH 9PEKETTECY, MEHIIIKTI JIEKTPOTKI3rimTiK, pH, 63apa akTuBTeHY

1. Kipicme

Kasipri Tanaa copOLUSsUIBIK TEXHONOTHSUIApAa 9P TYPIi MAKPOMOJIEKYNaIbIK
copbentrep Konmaubutafgsl [1]. OmapaelH  MaHBI3OBI OOJNiri CHpPEK Kep
MeTaJlJapbIH ipiKTem amyFa xoHe Oeiryre OarbittanraH [2]. ['mapomeramryprusiga
COpPOLMSAIBIK TEXHOJIOTHSUIAp HWOH aIMACTBIPFBIII [IaWbIpIapasl  KOJNJaHyFa
Heriznenrer [3—7]. MoH anMacTheIpreIITap — OYI epiMelTiH, KaTThl IIOJIMMEpIep,
ANIEKTPONIUT EPITIHIIepAE KOHE OpTaHUKalbIK epiTKimTepae Oenrim Oip
nopexene icineai [8]. 3epTrey 0O0BEKTiIEpiHE MaKpOMOJICKYJIAIBIK COPOCHTTED
peTiHAe KEHIHEH KOJJIAaHBUIATBIH OHEPKACINTIK MOH aJMACTBIPFBIII MIAHBIpIAp
neBatut CNP LF (kaTHoH anMacTeIprsIm) xoHe AB-17-8 (aHHOH aTMacTBIPFHII)
TaHIaJ1/Ibl.

Jlesatur CNP LF maTpumacel TITUIT€H MONUAKPUIATKA HETI3AENTEH oJCi3
KBIIIKBIIIBI MAaKPOKEYEKTI KAaTHOH aJMacThIPFBINI. benceHmipiireH KeMipMeH
Oipre ayesl3 cy KapTpUIKIEpiHAE, >KOFapbl anMacy KaOuleTiHe, Tamaiia
MEXaHUKAJIBIK JOHE XUMHSIBIK TYPAaKTbUIBIFbIHA OaiaHbICTBl aybl3 CyIbI
nekapOoHM3aUMsIay — JKOHE  JKyMcapTylda — KojjaHbutanpl. byn  maiieip
pereHepanusIayibl  areHTTEPiH KOl MOJIIICPIH KaKeT eTHCHTIHIIKTEH,
TaMaKIIeH >KaHAacaTbIH HEMece TaMaK ©HIPICiHIe KOJAAHBUIATHIH aybl3 Cy MEH
CYHBIKTBIKTAP/Ibl AEKapOOHM3aLUsIIAY YIIIH SKOHOMUKAJIBIK TYPFBIIaH THIMAI [9].

Anmnonutr AB-17-8 — Oy remb KypbUIBIMBI 0Oap KYIITI HEri3li HOH
aIMacThIprblll  maielp. On  XyMcapTy TEXHOJOTHSCHIHAA JKOHE CYIbl
MUHEpaJIChI3AaHbIpyia KoJigaHbuiaapl. JKakcel OCMOCTBIK TYPaKTBUIBIFBIMEH,
cinrimepre,  KbIIIKBUIApPFa,  TOTHIKTHIPFBIIITAPFA  JKOFAphl  XHMHSUIBIK
TO3IMAIIITIMEH epeKIIeNeHe li, Cy/a )KOHE OPTaHUKAJIBIK epITKIITepAe epimeini
[10-13].

2. Toxipubenik 0e1im

Kypan-srcabovixkmap. Cynpl epiTiHAIIEpAIH MEHIIIKTI 3JEKTP OTKi3rilTiri-
MeH pH-biH emmey ymia xonaykromerp MAPK 603 (Peceit) xone pH—metp
Metrohm 827 pH-Lab (I1Ieitapust) KoIAaHBUIIHI.

Mamepuanoap. 3eprrey cynasl  epitingine  okyprizingi.  JKymbicka
(hyHKIIMOHAIIBI TONTAPBI KBIIKBUIIBIK koHe Heri3mik CNPLF xone AB-17-8
OHJIIPICTIK HOHUTTEPI KoJaaHbuiAbsl. Ockl woHuTTepAiH Herizinge CNPLF —AB-
17-8 uHTEpIONIMMEpITI KYIITAP KYPHULIHL.

Toocipube.  Toxipubenep  OenMe — TemmeparypacblHIa  KYPri3iimi.
Wutepnionumepni KyHelep/iH SIeKTPOXUMUSIIBIK KACHETTEPiH 3epTTey YIIiH
opOip Kyprak HWOH QJIMACTBIPFBINI  JKEKEe TIOJUIPONHICH  TOpJapbiHA
OpHaJacTHIPbUIABL. VMOH alMacTHIpFBIIITAPABIH iCiHY yakpIThl 24 caraT, e3apa
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aKTUBTEHY yakbIThl 30 carat. EpiTiHainepAiH MEHIIIKTI 3JIeKTP OTKI3TiTIiri MeH
pH-BI epiTiHAigeTi HOH aIMacCTBIPFBIIITAPABIH KAThICHIHAA OaKbUIAH/IbL.

3. HoTu:kesiep #dHe OHbI TAJIKbLIAY

AJNIBIHFBL 3epTTeyJiepAe MOTUMEPIEpIiH KYpBUIBIMBIHAAFBl TYHiHapasbIK
OairaHpICTApIbIH ~ KOHMOPMAITMSUIBIK =~ KYHIHIH — COpONMSIIBIK — KaOUTeTTUTIKTE
MaHBI3IIBI POJI aTKapaThIHBl Oenrimi Oonmmel [14]. DnekTpeTKisrimTik koHe pH-
METpHUSl OSJICTEpiH KOJAaHa OTBHIPHI, HOH aAIMACTHIPFBIIITAPABIH KAIIBIKTaH
opeKeTTecyi Ke3iHIeri JIIEKTPOXUMILUIBIK opeKeTiH Oarajayra OoOiasbl.
DJEKTPOXUMUSUTBIK ~ KACHETTEP, ©3 Ke3eriHAe, HWOH alMacThIPFIIITAPIBIH
KOH(pOpMaIUsUTBIK KyHiHe ocep erezi. OcbiFaH 0ailIaHBICTBI MOH aJIMaCTBHIPFBIIII
MaKpOMOJIeKyIaJapAblH IEKTPOXUMHUSIIBIK KYHIH Tajjay YIIiH iCiHTeH Kyimeri
neBatuT CNPLFii, xome AB-17-8iiw 3eprrenami. 1(a) cypeTiHeH KaTHOH
AIMAaCTBIPFHINI TI€H aHWOH aJIMACTBIPFBIIITHIH Oenrin Oip MONBIIK KaThlHacTa-
pBIHJIA €eyIll e3repicTep OalKalaThIHBIH Kopyre Oonaabl. EH anapiMeH, 3J1eKTp-
otkizrimTik meH CNPLF >xone AB-17-8 katpiHachl apachlHAa aJIUTUBTLIIK JKOK
eKeHiH aram eTkeH xoH. EH »orapel MoHzAep 5:1 xoHe 0:6 KaThIHacTapbIHIA
Oaiikaymazpl, MyHaa 5:1 KaTbIHACBIHAA WHTEPHOIMMEPIIIK IKYHEISPIiH SJICKTP
eTKi3rimTiri 5:1 (JIeBaTUT:aHMOHUT) MHHUMYM HykTeciHeH 2,5 ece, 0:6
KaTblHachiHAa colikecinmme 2,0 ece xorapel. Jleatur > AB-17-8 sxarmaifprana
KeJlecl IpoIece Kypei:

—~ COOH + N-OH — —C00~ + N* +H,0
H>0 onci3 aucconmanusra YIIBIPaUTHIH OOJFAH/IBIKTaH TEMe-TEHAIK OHFa Kapaii
ayeicanpl. Jle-Illarenbe mnpuHOMII OOWBIHINIA Cy OPTACBIHIAA KOCBIMIIA
H*nongaper naiina 6oubin, KOHIEHTpanUschl 5:1 KaThlHAChIHA A€ifin ocemi. An
AB-17-8 aHHOHHT YIIIH JUCCONMANMSIAHY MYMKIHJIITI )KOFaIabl.

JleBatur <AB-17-8 Ke3igge Oacka Teme-TeHIIK OpHAiIbl, MYHIa
OH~tonrapeiH* nonnapein GeliTapanranapipyra sxymcanaasl. 2:4 KarbiHackl AB-
17-8-niH 7neBaTUTKE KaparaHAa aHaFypiibIM KYIITI TOJUAJIEKTPOJIUT EKEHIH
KepceTe/i.

7. uxCsCu

42 4 CNPLF __-AB-17-8 CNPLF _-AB-17-3 _
40 ]

HHH

1o AR s aiads s hadns Athad aibadndadd Miaa kaaat ot iaded st aaatl
b ' j T T ! ! ! 2 ¢ 2 4 8 & 10 12 14 15 18 20 22 24 26 28 30 32

@ (b)

Cypet 1 — CNPLFicis - AB-17-8icin nHTEpIIONIMEIT] JKYHETepi KaThICHIH/IA CY epITIHUIepiHIiH
MEHITIKTI 3JIEKTP OTKITIIITITiHIH yaKbITKA TOYEIILIIri.
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ONEKTPOTKITIMTIK HOHJAPABIH JKANIbl KOHIIEHTPALUSCHIHBIH ©3TrepyiH
(3apsiapIHA Kapamaii) KepceTeTiHi OenTiiai. DIeKTpoTKI3rimTiK meH pH MoHepiH
CaANBICTBIPY DIIEKTPOXUMILUIBIK IapaMeTpiiepliH e3repy ceOeOiH aHBIKTayFa
MyMKinaik Gepeni, oiitkeni pH e3repyi HY noHIapbIHBIH KOHIEHTPAIMSACHIHBIH
e3repy IMHAMHKACHIH Kepcereni, an y Hxone OH™ MOHmapbIHBIH KOCBHIHABICHI
00JIbII TaOBLIA/IBI.

1(6) cyperre OacTamkpl KaTHOH aJMAacTBIPFBIII TIEH aHWOH alMacThIp-
FBIIITBIH AJICKTP OTKI3riTIriHiH onapasiH JieBaTuT CNPLF xone AB-17-8 5:1,
4:2, 3:3, 2:4, 1:5 MOJIb:MOJIb apaKaThIHACHIH/AFBl YaKbIT OOWBIHINIA e3repici
KOpCeTireH. ANBIHFaH KUCBIKTapaaH aHnOHWUT AB-17-8 memmiepi eckeH caifbiH
ANIEKTPOTKI3TITIKTIH KYpT e3repyi OipTiHAen KorajaTbiHbl —OaifKanajibl.
Osrepicrep 5:1 xonHe 0:6 KaThIHACHIHAA caKTanaabl. by KaTelHacTapaa OacTarmKsl
yakpirta 0,08-1meH 6 caraTtka JAeWiH AIeKTPOTKI3TIMTIKTIH TOMEH eyl OalKaambl.
An 4:2 xome 1:5 KaThIHACBIHAA ¥ MOHIHIH ecyiH Oaikaimeiz. Ocpuiaiiia,
MEHIIIKTI 3MEKTPOTKI3TIMITIKTIH KHIIIKBUIABIK JKOHE HETi3/iIK KOMIIOHEHTTEPiH
OacTamkbl KaThIHACBIHA JKOHE YaKbITKa TOYCIJIUNTIH Talnaay HOTIKenepi
3epTTENTeH TapaMeTphiH 2.5 ecere HeHiH ©3repeTiHiH KepceTTi, Oy
ANEKTPOCTATUKAIBIK SPEKETTECYIEPAiH dcepiHeH KOH(DOPMANIMSIIBIK KYWTIH KOHE
TYHIH apaJibIK Ti30€KTEePAIH MKEMIUTITIHIH BIKTUMAJ 63repiCiH KOpCeTe .

H* noHIapBIHBIH KOHIEHTPALMACHIH OJIIIEY HOTHXKEIEPi 2-CypeTTe Kepce-
tinred. CypeTTteH KepiHim TypraHnmai, 5:1 kaTeiHaceiHarsl pH Moni (kaTHo-
HUT:aHUOHUT) yakbIT ote keie 0.08 cararra 7.8-men 30 cararta 5,9-ra jaeiiiH
tomenzelai. Byn pH esrepicrepi KapacThIpbUIFaH yakbIT aiimarbinga HT
WOHJAPBIHBIH KOHIICHTPAIMSICHl apThIl XaTKaHbH Kepcereai. pH 7.8 men 5.9
apachlHIarel aiibipManibuIbiFel ApH= 1.9 norapudmaik mkanara TeH, COHABIKTaH
caHJap/aH YJKEH e3repicrep Hamap KepiHeai. byl HoTmwkenep skyieHiH 3JEKTp
OTKI3TIIITITiHIH OCHI YaKBIT iIIiHAEe TOMEHACHUTIHIH, ajl MPOTOH KOHIEHTPAIUICHI
KOFApBUIAWTBIHBIH ~ Kepcereni. 5:1  KaTbIHACBIHOAFbl ~ MEHIIIKTI  3JIEKTp-
OTKI3TIIITIKTIH a0COOTTI MOHJEpI KAaTHOH alIMACTHIPFBIMITHIH KYpaMbl aHHUOH
QJIMaCTBIPFBIIITaH 5 ece >Koraphl aymakra, 2:4-0:6 kaTelHacTapblHa KaparaHza
(uHTEpHIONMMEpIi JKYHelde aHHOH aJMAaCTBIPFBILITBIH MeJIuepi OachIMbIpaK
ayIaHJapAa) alTapibIKTai )KOFaphl.

2. MxCa/Ca
1. uxCuCu

CNPLF _-AB-17:8 CNPLF _ -AB-175_
404

1

354

——2
—4— 15
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Cypert 2 — CNPLFicis - AB-17-8icin MHTEpIIONIIMEIT XKYHenepi KaThICBIHA CY epiTiHAIepiHiH
pH MaHzepiHiH yaKbITKa TOYeIILTiri.

t gac
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2(b) cypeTTe KaTHOHUT MEH aHHOHUTTIH OpPTYpJi KaThHACTapblHAarsl pH-
MOHZEPIHIH yakKbITKa TOYENIIIri KepceTiUmreH. AIBIHFAaH HOTIDKEIEpACH
OacTamkbl yakpIT AuanazoHbiHAa 2.5 cararra (1.5 cararran ©Oacka) wWHTEp-
MOJIMMEPJIl JKYHEHIH KaTbIChIHIA CyJIbl OpTaHblH pH-HBIH KYPT >KOFapblIaiThIHbI
Oaiikananpl. Onan opi pH MoHI KypT Tyceai Jie KaliTamaH skorapbuiaiael. CyTteri
WOHJAPBIHBIH ~ KOHICHTPALMACHIHBIH TOMEHJeYyiH KepceTeTiH pH-MoHiHIH
OacTankbla KOFapbUIaybl, €H albIMEeH, IPOTOHHBIH KOFAIybIHAH Maliaa OonraH
OyblHapalblK  acCOUMAUMIApPAbIH  OY3bUIBII, HOH  aJIMAaCTBIPFBIITAPIIBIH
TyiiHapanbIK OyBIHAAPBIHBIH KOH(GOPMAISUIBEIK TpaHc(popManusra YIIslpayblHa
OalIaHbICTBl GOMYBI MYMKiH. Acconmanusuiap sxoisurran kesge HY mommapsr
KalTagan MOH anMacTeIpreinTapabii HY  wommapeiMen acconmanus Tyseni.
O3apa opeKeTTecy yaKbITHIHBIH 24 caraTblHa JeHiH aiTapibIKTai e3repicTep KoK,
Tek 24 carattan 30 caraTka JIeHiH KYPT TOMEHJereHin OalikaliMbi3. by cyperre
YJIKEH e3repicTep KaTHOHUT:aHWMOHUT 5:1 KaTeiHackiHAa kesgeceni. An 6:0
KaTBIHACKIH/IA €H a3 e3repic TipKeNTeH.

3eprTeyaiH Keneci Ke3eHI KOHACHCAIMSUIAaHFaH KyHIeri WHTeprnoIuMepi
KYHenepaiH opTypii KaTblHackiHAa pH jkoHE ) TOyelIimiriH 3epTTey OOJIbII
TaObUIAABI. 3-CypeTTe OpTypii apekerrecy yakbiThiHgarei CNPLF - AB-17-8
KAaThIHACBIHA JJIEKTPOTKI3TIIITIKTIH TOYENIUIIr KOpceTinreH. ANABIHFB CypeTTeTi
iciuren neBatut CNPLF >xone icinren AB-17-8 ymriH 31eKTpeTKi3rimTik MoHIHIH
e3repyi MyHAa nga kesmecemi. 5:1 KaTelHACHIHAA 013 AIIEKTPOTKI3TIMITIKTIH
mamainbsl KeTepiinreHiH OalikaiiMbiz. AB-17-8 aHHOH amMacTBIPFBIN MIAWBIPHI
YIIIH 3JIEKTPOTKI3TIIITIK MOHIHIH KOFapblUiaybl OaiKayiaipl. ©3apa opeKkeTrTecy
YaKbIThl YJIFalifaH CaiiblH OJIAPJAbIH MOHI apTKaH. EH a3 MoHAep SKBHMOJIBIIK
Kyize 3:3 (KaTHOHWT:aHHMOHHT) KaThIHACHIHJA KepiHeai. EH TeMeHri koHe eH
KOFapFbl MOHAEP apachblHIAFrbl albIpMAIIbUIBIK ANHTapiBIKTAl YJIKeH. MbIcaisl,
0.08 caraTTa ¥ MoHi 2-1ieH 7-Te A€iiH apTajbl, Oy IEKTPOTKI3TIMTIKTIH 3.5 ece
apTKaHbIH Oungipeni. ©3apa opekeTTecyniH 0acka yakbITTapbIHAA J1a ) OCHIHAAN
ecy Oaifkaaipl.

o, uECu/Cu
1. amCaCs or——
CNPLF - AB- 178, S

—a60
—a-51
—h—a2

—-24
——15
06

(a) (b)

Cypert 3 — Kyprak kyineri CNPLF sxone AB-17-8 untepnonmmernti xylenepi KaTbICBIHIIA CY
epITIHAUICPIHIH MEHIIIIKTI 3JIEKTP OTKI3TIIITITIHIH YaKbITKA TOYEIILIIr.
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KaTnoH anmMacTBIpFBINI:AHMOH —QJIMACTBIPFBIN  [IAWBIPIApIBIH  SPTYPIIi
KAaTBIHACHIHAAFBl  ANEKTPOTKI3TIMTIKTIH yakpiTKa Tayenmimiri (3(6)-cyper)
AQHMOHMTTIH MiHE3-KYJIKBIHBIH Oacka KyHhenepeH alTapiblKTail epeKIeneHeTiHIH
kepceTemi. AB-17-8 aHHOH aaMacTHIPFBIMIBIHBIH (KYPFaK) MEHIIKTI DIIEKTp
oTkizrimTiri 4-7 MxC/Cm aumanasonwsiHzma, anm  CNPLF  kyprak kaTwoH
QIMaCTBIPFBIIIBI MEH WHTEPIOJIMMEpNi JKyHenep ymiH 2-meH 5-ke MKC/Cm
JICHIHTI Arana3oHaa KaTbIp.

Kapacteipputbin -~ otbipraH  CNPLFp-AB-17-8,pr  Kylieci  yIIiH
KaTHOHUT:aHUOHUT KaTblHAChIHA OainaHbicTel pH KuchikTapbiH Tangay pH
MOHJIEPiHIH SJIEeKTPOTKI3TIIITIK HOTIKEIEPiHEH aNUTapibIKTail albIpMAaIlbUIBIFbI
OapeiH kepcereni (4-cyper). Karmon ammacteipreimmiTeiH pH MoHmepi aHHOH
aNMacCTBIPFHIINKA KaparaHa djjekaiina temed. EH Temenri pH monmepi aptypai
OpeKeTTeCy yakKbITTaphl YIIiH op TypJi. Mbicasnsl, munumyM pH 0,08 cararra 3:3,
0.5 carar - 1:5, 6 carar - 2:4 (KaTHOHUT:aHUOHHT) OAMKaIaIbI.

eH
8.0 4

pH

CNPLF, -AB-17-1__

i

——22
—— 15
——08

A e s aiadl b it s Ml bl et i e
2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 3} bLUWE

(b)
Cypet 4 — CNPLFxypr - AB-17-8xypr mHTEpIIONMMENI JKYHENEP1 KATBICBIHA Cy €PITIHAUIEpPIHIR
pH MoHIEpiHIH yaKbITKa TOYEIIiIIri.

Epitinginepnin  yakpir  Ooiibiniia  pH — kuceikTapeiaga — (4(b)-cyper)
vHTEepIonuMepii  kydeHiH 5:1 karbiHaceiHmarel pH wMoni  OackanapbiHaH
aitrapneikraii epexienerenii. bynan CNPLF yp-AB-17-gypr KYli€CiHIE TPOTOH-
HBIH TOMEH/IITIH Kopyre 00aibl.

Keneci 3eprrey CNPLFiyp-AB-17-8iciv-1€H TypaThlH HMHTEPIIOIUMEDII
KYHEJIepaiH JJIEKTPOXUMHSJIBIK KacueTTepiH Oakpuiay (5-cyper). Mynza
AIIEKTPOTKI3TIMTIK KUCHIKTAPBIHBIH HYKTEJEpl ICIHFeH MOH alMacThIPFBIMITAPHI
Oap wuHTepnoaMMepii >xyihenepre ykcaiael (l-cyper). MakcuManisl BIeKTp-
OTKI3TIIITIK KATHOHUT:aHUOHUT 5:1 KaThlHACBhIHAA Oaiikanaapl. Ay eH a3 MoHJep
4:2 xoHe 2:4 kartbiHachbiHAA. by skyienin avpbikima epekiieniri CNPLFi,-AB-
17-8iix >karmaiiblHa KaparaHIa MHTEPIIOJUMEPSI JKYHEIepaiH MaKCHUMaJIIbl
MOHZEpI MEH €H TOMEHIT MOHJEP apachblHIarbl albIPMAIIbUIBIK alTapibIKTan
KOFapBhI.
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Cypet 5 — CNPLFxyps - AB-17-8icix MHTEpIIONIMMeET XKYiienepi KaThICBIHAA Cy epITIHALIEePiHIH
MEHIIIKTI JIEKTP OTKI3TIIITITiHIH YaKbITKA TSI iMIiri.

5 (b) cyperreri 3nekTpoTKI3TIUTIK KUCBHIKTAPbl CNPLFiypr - AB-17-8icin
opTYpii GacTankbl KaThlHACTaphl YimiH HY HMOHZApBIHBIH KOHIEHTPALMACHIHBIH
yaKbITKa OaMIIBIHBICTHI ©3Tepy NUHAMHKACHIH CHTATTANHIBI. ) MAKCUMAJIBI MOHI
5:1 xome 0:6 KarbiHacTapeiHAa — Oailikamansl.  Kamran — aymamnmapna
AIIEKTPOTKI3TIIITIK KATTHI ©3rePMETeH.

CNPLFype-AB-17-8icix nHTEpIIONIMMEPITI KYHenepinin pH e3repyi 6-cyperte
kepcerinreH. bapnbsik KarbiHactap yiorH (0.5 cararThl KoclaraHia) CyJIbI
opranblH pH Temenmeyi Oalikamamel. 5:1 KaTbIHACBIHAAFbl — HOTHIXKEJIEP
Oackanapnan anrapibikTaid epekimeneneni. 0.08; 1.5; 4.5 xonHe 6 cararTa Makcu-
MaJibl HYKTellep TipKeJIreH. Opi Kapall opeKeTTeCcy YaKbITBIHBIH YiIFatobiMeH pH
MOHI TOMEHIeH/ i, OYJT epiTiHAINer] MPOTOH MeIIepiHiH KOOSHTeHiH KOpCeTemi.

pH PH CNPLF_ - AB-17-8¢
CNPLFeyy - AB - 17-855 *
N F=—10.08 78]
754 |—&— 0.
' —a—15 T4
w2, =80
l—e— 45 Tz —e—=1
| & —a—42
704 —2a e —y—33
27 ez ——2.4
—1 ——
55 4 0
6.5 54
52
5o |
6,04
52
55
T
55 T T T T T T T 83 48 5 15 12 14 16 16 25 23 24 26 28 3o a2 © =S
&0 1 4.2 33 24 15 06

Cypet 6 — CNPLFypr - AB-17-8icix MHTEpIIONIMMET XKYiienepi KaThIChIHIA CY epITIHALIepiHiH
pH MaHzepiHiH yaKbITKa TOYeIILTiri.

6(b) cyperiniH HoTIXenepi 6(a) CypeTiHAErl HOTHXKeJIepre CoMKec Kemnemi.
VYaxpiT oTe Kene eH xorapsl pH monzepi 5:1 kaTeiHachiHOa Oalkanaigsl. Opi
kapaii CNPLFyypr - AB-17-8icix OacTanmkbl KaTHOH alMacTBIPFBIIITHIH OipHeIe
MoHzepi ke3neceni. CoHpaii-ak, 2,5 cararra eTIell aiMaKThIH Taiiia OOJFaHbIH
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Kepyre Oomanmbl. MyHmail e3repicTep HOH alMacCTBIPFRIITAPABIH, TYHiHApaIbIK
OyBIHIAPBIHBIH KOH(POPMANHSIIBIK aybICybIHA OaiiIaHBICTHI TTaliAa OOJa kL.

CNPLFicin - AB-17-8yyr Kyiieci ywIiH anblHFaH 3epTTey HoTwxenepi (7-
CypeT) KOFapbila KapacTHIPBUIFaH JKYHEIepACeH alTapIBIKTall epeKIIeeHeTi.
Kana xyitene 3:3 >xoHe 2:4 KaTblHaCTapblHIa MaKCHMyM alMakTap maiiia
Oonran. JXXone Oy xyie ymiH Ae 5:1-meri MakCMMyM HYKTEJEp CaKTaJFaH.
MakcuManipl 3ICKTPOTKIBTIIITIK MOHJEPI KalllbIKTaH opekerTecymiH 30 cara-
ThIHAa, ai MuHEIManab! ¥ 0,08 caraTeiHga Oaifkamambl.

CNPLEF,, -AB-178
%, o Cae I wxCa O y
CNPLFyq- AB - 178,

—m—e0
& —a—5:1
k42
——32
5 424
——15
—»—o08

S I

R e ot i Y
6:0 a1 42 33 24 15 06 2 0 2 4 & B 10 12 14 16 18 20 22 24 28 28 30 32

Cyper 7 — CNPLFicis - AB-17-8xyr mHTEpIIONMMETI XKYHETIEP] KATHICHIHIA CY
epITIHAIePIHIH MEHIIIKTI JIEKTP OTKI3TIMTITiHIH YaKbITKa TOYEIILIIT1.

7(b) cyperre wmakcumamabl ¥ 0:6 KaThIHACHIHAA OalKamagpl. Y-TiH
MUHUMAJIJI MOHI 4:2 KaThblHachlHA TOH, Of1 7 (@) CypeTiHueri JepeKTepMeH
COMKeC Kenem.

Kyitenepnin 8(a)-cyperre kepcerinren pH Toyemminiri OypbiH ajblHFaH
HOTHXKeNIEpMeEH ic Ky3iHze Oipael. AWBIpMAIIBIIBIK MAKCUMYM KOHE MUHHMYM
aliMaFbIHJIaFbl KUCBIKTAP/IbIH PETi OOMbIHIIA FaHa OalKaia bl

pH CNPLF,5-AB - 176, PH O L g A8 1T
744

724 —60
——51
7.04 —A— 42
-3
24
—4—15
——06

6.8

e

5.2

8.2

2.0

58

58

e i e
t,5ac
54 T T T T T T T 20 2 4 0 B 10 12 14 16 18 20 22 24 20 28 W 32

(@) (b)

Cypet 8 — CNPLFicis - AB-17-8xypr MHTEpIIOIMMETTI XKYHieNnepi KaThIChIHA Cy epiTiHALIepPiHIH
PpH MoHIEpiHIH yaKBITKa TOYEIILIITI.
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8(b) cyperre 5:1 KaThIHACHIHIAFbl HYKTEJep OacKajlapblHAH KaTThI
epexuienenesi. 6 cararra H KoHueHTpanuscsl MUHUMYMFa TYCIIL, ic xy3inae 24
caraTKa JeiiiH e3repMercH, 0ipak comaH KeliH KypT TOMEHIereH, Oy 27 cararra
KOHIIEHTPAIUSIHBIH KOFapblIaFaHbIH Kepceteni. Ochuraiiia, ajJplHFaH HITHKETIEP
MHTEPIIOIIMMEPIIIK KYITH KYPaUThIH MOJIUAICKTPOIUTTEPIIH ICKTPOXUMUSIIBIK
KaCHETTepiHEe 3EpTTENICTIH HWOH  aJMacTBIPFRIMTAPIABIH  OacTamkpl — KYHi,
KYPBUIBIMAAPHI )KOHE KYPBUIBIMBI 9CEp €TETiHIH KOPCETE M.

HNHTepnionnMeputik Kylieaepain y-He dacTankpl KyHiHiH dcepi.

KaTnoHUTp:~aHUOHUTyp: KYHECIHIE KATHOH aJIMACTBIPFBINI MIAWBIPIBIH
MeJiepi 0achlM aiiMakKTa AJICKTPOTKI3TIMITIKTIH MaKCHMyM HYKTeNlepl mnainzia
6omazner (3-cypet, 5:1, CNPLFpr — AB-17-8ypr). MUHHMYM 3J1€KTPOTKI3TIIITIK
4:2 xateiHACBIHIA Oaiikamansl. MUHUMANIBI HYKTEIEH OH JKaK aliMaKTa >KyHeHiH
ANIEKTP OTKISTIIITIrT YHEMi apThIl OTHIPAIbl JKOHE ONapAblH MoHaepi 5:1
KaTbIHACHIH/1a OYPhIH OaliKajraH y MOHJCPIHEH JKOFaphI.

Kyprak KaTHOH anMacTBIPFBIII I€H ICIHI€H AaHHUOH ajJMAacThIPFHIIITAH
TYpPaTBIH WHTEPIIONUMEPI KYHenepAi 3epTTereHae >KYHelepHiH 3JIeKTpo-
XUMHSUTBIK ~ KACHUETTEpiHIH KYpPT e3repreHidn Oaibikaiimbiz  (S5-cypet). 5:1
(KaTHOHUT:aHUOHUT) KaTBIHACHIHJIAFHI AJICKTPOTKI3TIIITIK MOHIEPI KYpFaK HOH
aNIMacCTBIPFRIITAPEl Oap XyhenepdiH y —HeH 1,5 ece »orapbel. Ockinaiima, Oy
HOTHXKEJIep JKyheneri Oip KOMIIOHEHTTIH OacTamkpl KYHWIHIH ©3repyi HHTEp-
MOJIUMEPJIT KYUEIEePAIH ICKTPOXUMHUSIIBIK KACUETTEPIHE TIKeJeH acep eTeTiHIH
OHE 0JIap MOH aJMaCTBIPFBIIITAPABIH KEHIHIT KOHPOPMALMSIIBIK KaCHETTepiHAe
KOPIHETiHIH KOpCeTei.

Keneci 3epTTeneTin xyHeHIH aJIIbIHFBICBIHAH albIPMAIIbUIBIFbI, HHTECPIIOIH-
MEpITiK JKYHeleri HOH alMacCTBIPFBIIITAP/IBIH 0acTanKpl KYHi KepiciHie: KaTHOH
QJIMACTBIPFBILI iCIHTeH KYH/Ae, aHMOH aJMAaCTBIPFBI KypFak Kyhzae anbiaFad (7-
cypet). CypeTTeri eJiey HOTHXKEIepl MEH KUCBIKTap/IbIH JKYPY OapbIChl aJlJIbIH-
FBI 3epTTENreH 2 JKyWere ykcamaijwl. bipiHimrigeH, MyHaa 2 >KOFapbl jKoHE 2
TOMEHI1 Hykreiep Oap. bypeiH TaObuFaH 5:1 KaThIHACBIHAAFBI MaKCHMYyM
HYKTeJepiHeH Oacka, 3:3 (KaTHOHUT:aHWOHUT) KaTbIHACBIHIA MAaKCHUMyM HYKTe-
Jiep maiiga OosiraH. 5:1-1€ 3JeKTPOTKI3TIIITIK MOHAEPI a3/1all TOMEH/IETeH, SKIHIII
MaKCUMyM HYKTECIHZE OJlapAblH MoHAEpl 5:1 KaThlHACBIHAAFBIIAH dMjeKaiaa
TOMEH JKaTBIP.

CoHFBI CypeT iCIHTeH MOH alIMacThIPFBIMITAP/IAH TYPaThIH UHTEPIIOIUMEPITi
KYHETEPIiH AICKTPOXUMUSIIBIK KAaCHETTEPIHIH e3repyiH cumarraiipl (1-cyper).
MyHzaa keneci aiblpMamubUIbIKTap Oaiikamazpl: 1) MakcHUMamabl HYKTEZEri )
MOHJIEpl aJIIbIHFBI JKYHEIIEPMEH CajIbICThIPFaHIa alTapibIKTal TeMeHaehmi; 2)
ExiHmn MakcuMyM >KOWBUTFaH. AJl MHHUMAaIIbl HYKTE 2:4 (KaTHOHWUT:aHUOHUT)
KaTelHAchIHAA Oalikamansl. Ocbuiaiiila, Kyprak >XoHE iCIHFEH HOH aiMacThIp-
FBILITAPJAH TYPATHIH WHTEPIIOJIMMEPIN JKyienep yIuiH j OOWbIHIIA aJIbIHFaH
ToKipuOe HoTIKenepi Oip KOMIIOHEHTTIH OacTamkel KYWiHIH e3repyl HOH
QIMAaCTBIPFBIIITAD MEH HWHTEPIOJUMEPNTI JKYHeJIepAiH  3JICKTPOXHMUSIIBIK
OpEKETIH ©3TrepTEeTiHIH KOpCETei.
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4., KopbITBIHABI

ATNBIHFaH HOTHXKENIEP MEH TYXKBIPBIMAAPAaH MHTEPIIOIUMEPIIL KYyHenepaeri
WOH aJIMACTBIPFBIITAPBIH (U3UKA-XUMHUSIIBIK JKOHE COPOIMSIBIK KaCHETTEPiH
3epTTereHie KOMIOHEHTTEPAIH 0acTaIKpl KYHiH eCKepy KaXKeT eKeHIIT1 IIbIFa bl
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Pe3iome
BJIUSIHUE MCXOJHBIX COCTOSIHUIL HA DJIEKTPOXUMHYECKOE
MNOBEJEHUE IMPOMBIILIJIEHHBIX MOHUTOB B HUHTEPIOJHUMEPHOMN
CUCTEME JIEBATHUT CNPLF - AB-17-8

Jocymaounoe T.Y, Xumapcan X.1?", Xanonwox IO°.

140 «HMncmumym xumuueckux nayx um. A.B. Bekmypoeay, Anmamel, Pecnybnuxa
Kazaxcman

2Kazaxckuil nayuonanbuulil nedazozuyeckuti yuueepcumem um. Abas, Arimamo,
Pecnybauxa Kaszaxcman

SToanvcxuil mexnonoeuweckutl ynusepcumem, Ionvuia

E-mail: huana88@mail.ru

B Hacrosmee Bpems B COpOIMOHHBIX TEXHOJOTHSAX HCIIONIB3YIOTCS pa3iNdHbIC
BBICOKOMOJIEKYJISIpHBIE COpOeHTH. BaxkHasi MX 4YacTh HampaBjeHa Ha M3BICUCHHS U
pasziesieHue pPEeNKO3EMeNbHBIX MeTaiutoB. Llenbio maHHOW paboTHI SABIAETCS H3yUECHUE
BIIMSIHASA HCXOJHBIX COCTOSIHUH Ha 3JIEKTPOXUMHUYECKHE CBOIICTBA  NPOMBIIUICHHBIX
nonooOMeHHBIX cmon Jleeatutr CNPLF m AB-17-8. DnekTpoXWMHUYECKHE CBOHCTBA
HMOHOOOMEHHBIX CMOJI H3y4alld METOAaMH KOHIYKToMeTpuu 1 pH-MeTpuu. beim coznans
HHTEPHOIUMEPHBIE cHCTeMbl MOHOOOMEHHBIX CMON CNPLF,6-AB-17-8,45, CNPLF,6-
AB-17-8yx, CNPLFx - AB-17-8x, CNPLF¢x - AB-17-8,45 ¥ IpoBeOeHBI KOHTPOJb
anekTpornpoBoaHocTH U pH Kaxnoit cuctemel. Hambomee BbICOKHME 3HAUEHHS YACTHHON
anekrtponpoBogHoct B cucremMe  CNPLF,,5-AB-17-8,,6 HaOmomaroTcs — mpu
cootHomeHusix 5:1 wu  0:6, rae mnpu cooTHoweHUWH S:1  3IEKTPOIPOBOIHOCTH
HHTEPIOIMMEPHBIX CHCTEM B 2.5 pa3a Oojplie, 4eM B TOYKE MHHHMyMa IpHU
cooTHOmIeHNH 5:1, W TpUOTM3UTENHHO B 2 pa3a Oombime mpu cooTHomeHuu 0:6
COOTBETCTBEHHO. MaKcHMallbHas! 3JIEKTPONPOBOAHOCTE i cucteMbl CNPLF . - AB-17-
8uas HaOMIOMAaeTCS TPU COOTHOWICHWHM KaTHOHWT:aHMOHMT 5:1. Toukm MuHHMyMa
HaxojsTcsi npu cooTHomenusx 4:2 u 2:4. B cucreme CNPLFu6 - AB-17-8cyx
YCTaHOBIIEHBI ~ 00NacTH MakcuMyMma mpu cooTHomeHusx 3:3 u 2:4. [lomydyeHHBIC
9KCIEPUMEHTAIBHBIE pe3yIbTaTHI 1o AIEKTPOXUMHUIECKOMY MOBEJICHUIO
MHTEPIIOIMMEPHBIX CHCTEM, COCTOSIIIIMX U3 CYXHMX U HAOYXIIMX HOHUTOB, yKa3bIBAIOT, YTO
W3MEHEHHS HCXOJHOTO COCTOSIHHS OJHOTO W3 KOMIIOHEHTOB CYIIECTBEHHO MEHSET
ANEKTPOXUMUUECKOE MOBEACHUE HOHUTOB M MHTEPIOIUMEPHBIX CUCTEM, YTO OTPAXKAIOTCS
Ha TIPHUKJIATHBIX CBOWCTBAX MPOMBIIIICHHBIX HOHUTOB.

KiroueBble ciioBa: HUHTCPIIOJIMMEPHAA CUCTEMA, IIPOMBIIIIJIICHHBIC NOHUTHI, JICBATUT

CNPLF, AB-17-8, nuCTaHIIMOHHOE B3aUMOJICHCTBHUE, YACIbHAS IIEKTPOIPOBOIHOCTE, pH
HU3MEPEHHEe, B3aUMHas aKTUBAIUS
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Abstract
INFLUENCE OF INITIAL STATES ON THE ELECTROCHEMICAL
BEHAVIOR OF INDUSTRIAL IONITES IN THE INTERPOLYMER SYSTEM
LEVATITE CNPLF - AB-17-8

Jumadilov T. !, Khimersen Kh. 12", Haponiuk J. 3

L JSC «Institute of Chemical Sciences named after A.B. Bekturovy, Almaty, Kazakhstan
2 Abai Kazakh National Pedagogical University, Almaty, Kazakhstan

3Gdansk University of Technology, Gdansk, Poland

E-mail: huana88@mail.ru

Currently, various high-molecular sorbents are used in sorption technologies. An
important part of them is aimed at extracting and separating rare earth metals. The aim of
this work is to study the effect of initial states on the electrochemical properties of
industrial ion-exchange resins Lewatit CNPLF and AB-17-8. The electrochemical
properties of ion-exchange resins were studied by conductometry and pH-metry.
Interpolymer systems of ion-exchange resins CNPLFsy-AB-17-8sw, CNPLFsy-AB-17-84ry,
CNPLFgy - AB-17-84ry, CNPLFqy - AB-17-8s, were created and control of electrical
conductivity and pH of each system was carried out. The highest values of electrical
conductivity in the CNPLFsw-AB-17-8na System are observed at 5:1 and 0:6, where at 5:1
the electrical conductivity of interpolymer systems is 2.5 times greater than at the
minimum point at 5:1, and about 2 times greater at 0:6 respectively. The maximum
electrical conductivity for the system CNPLFg4y - AV-17-8, is observed at a ratio of
cation exchanger:anion exchanger 5:1. The minimum points are at ratios of 4:2 and 2:4. In
the CNPLFsw - AB-17-84ry System, the maximum areas were established at ratios of 3:3
and 2:4. The obtained experimental results on x and pH measurements for interpolymer
systems consisting of dry and swollen ion exchangers indicate that changes in the initial
state of one of the components significantly change the electrochemical behavior of ion
exchangers and interpolymer systems, which affects the applied properties of industrial
ion exchangers.

Keywords: interpolymer system, industrial ion exchangers, lewatit CNPLF, AB-17-
8, remote interaction, electrical conductivity, pH, activation
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XUMHUYECKASA MOJANPUKALINSA
HA®TAIUH-1-WI-BUC (KAPBAMOJUTHUOATA HATPUS)

Cuviuesa E.C.V, Myxkanoea M.C.}, Ceiinxanos T.M.?

Y40 «Hucmumym xumuueckux nayk um. A.B. Bexmypoeay, Anmamwi, Kazaxcman
2Koxwemayckuii 2ocyoapcmeennwiii ynusepcumem um. I Yanuxanosa,
Koxwemay, Kazaxcman
E-mail: yelena-sycheva@yandex.kz

Pe3tome. lHTepec K MHOTOYHMCIEHHBIM MPOM3BOJIHBIM HadTHUIAMHHA O0YCIOBJIECH
IIMPOKUM  CIIEKTPOM UX  OHOJIOTMYECKOM  aKTHBHOCTH  (POCTCTUMYJIMpYIOIIasi,
AHTUMHUKPOOHasi, NPOTHBOPAKOBAas, AaHTHUBHPYCHAs, AaHTUTUICPTCH3UBHAsA, aHTHUIHUA-
Oermdeckas u np.). Llempio paboThl sBisIeTCS CUHTE3 OMOJIOTHYecKd akTHBHBIX N-, S-, O-
COJIEpIKaIMX BEIIECTB B PS/Iy ALCTHICHOBBIX, AJKOKCH- M apPOKCHAIKHIIOBBIX 3(HUPOB
HapTHnamuHA. V3ydeHne XuMu4eckodl Mmomudukanuu HadTanuH-1-un-ouc (kapbamo-
JUTHOATa HATPHs) IyTEM IPOBEJCHUS PEaKuWil aluIMpOBaHMWs, MPONAPTHINPOBAHUS H
alkwimpoBaHus. B pesynprate MomuduKamuM JU3aMEIICHHOTO ITUTHOKapOamara o-
HaTWIAMMHA CHHTE3MPOBaHBI HOBBIE IPOHM3BOAHBIE HAQTHIOHC-ANTHOKApOAMHHOBOM
kuciotel. IlokazaHo, 4TO B3aMMOJEHCTBHE OucauTHOKapOomara o-HadTHIaMHHA C
OCH30MIXJIOPHIOM, OPOMUCTHIM MPOMAPTHIOM M aIKWI (2-METOKCHITHII, 2-3TOKCHUITHII,
2-peHokcudTHI,  3-(DSHOKCHMIIPONMII) TajioreHHJaMu I[PUBOJUT K  OOpa3OBaHHUIO
COOTBETCTBYIOIUX THOAHTHAPHUIA, TUTHOALECTHIEHOBOTO, aJKOKCH- M apOKCHAIKUIOBBIX
3¢pupoB HapTHIOUCIUTHOKAPOAMUHOBON KHCIOThL. CHHTE3 IMPOBOJMIIM B Cpejie alleTOHA
IIpy KOMHAaTHOM Temneparype B TeueHue 1,5-3 4. Xox peakuuu KOHTPOJIHMPOBAIH
meronoM TCX. VYcraHoBieHO, YTO  NPONAPTrUIMPOBAHUE, ALWIMPOBAaHUE U
ATKWINPOBAaHUE TUTHOKapOaMUHOBOTO ITPOM3BOAHOIO O-HA()THIAMUHA MPOTEKAIOT JIETKO
U ¢ BblcOKMMH BbIxomamu (66—91%). CrTpykTypa CHHTE3HPOBAHHBIX COCIMHECHHM
YCTaHOBJIEHA HA OCHOBAaHMH JaHHbIX criektpockormu SIMP H u BC. Takum oGpasom,
CHUHTE3MPOBAHbI HOBBIE MOTEHIHAIBEHO OMOJIOTMYECKH aKTHBHBIE MPOM3BOJHBIE HADTHII-
OncauTHOKapOaMUHOBOM KHCIIOTHI, COYETAIONINe B CBOEH CTpyKType (apmaxodopHbIe
TpYIIIIBIL.

KuioueBble ciioBa: nutuokapOamaTr HadTUIaMUHA, THOAHTUAPHU], TUTHOAIETUICHOBBIM,
AITKOKCHAIKIIIOBBIC, ApOKCHAIKUIIOBEIE 3(DHUPHI.

Citation: Sycheva Ye.S., Mukanova M.S., Seilkhanov T.M. Chemicalmodification of
naftaline-1-11-Bis (sodium carbamodithioate). Chem. J. Kaz., 2022, 1(77), 87-96. (In
Russ.). DOI: https://doi.org/10.51580/2022-1/2710-1185.59

87


mailto:yelena-sycheva@yandex.kz
https://doi.org/10.51580/2022-1/2710-1185.59

XUMHYECKHH )KYPHAJI KA3AXCTAHA

1. BBenenne

Cpenu orpoMHOTO pa3HOOOpa3usl OPraHUYECKUX CUHTOHOB OCOOBIH MHTEpEC
MIPEICTABISIIOT MMPOU3BOJHBIE Ha(TaIMHA, HA OCHOBE KOTOPBIX CHHTE3UPOBAHBI
OMOJIOTUYECKH AaKTHBHBIE BEUIECTBA, B TOM YHCIE IOJYYCHbl TECTUIMIBI,
PETyISATOPHI pOcTa PacTeHUH U JIeKapcTBEHHBIEe Tpenapartsl [ 1, 2]. M3BecTHO, 4TO
COeIMHEHMs, COJIepKaIlne B CBOeH cTpykType (hapmakodopHyro rpymry Hadra-
TUHA, 00Iaal0T AHTUMUKPOOHOH, MTPOTHBOBOCTIANIUTENBHOMN, aHTHBUPYCHOM, aH-
TUTICUXOTHYECKOW, AaHTUTHIICPTECH3UBHOM, aHTHUIMAOETHUECKOW, aHTHHEHpose-
FEHEPATUBHOMU, IPOTUBOCYIOPOKHOW, AHTUACIPECCAHTHOU, MPOTUBOPAKOBON U
IIUTOTOKCHYECKOM aKTUBHOCTEIO [3-6].

[MponsBoaHble HadTUIaAMHUHA HAXOAAT MPAKTHYECKOE MPUMEHEHHE B
KayecTBE MHTHOMUTOPOB N Vitro B3ammosmeiicTBus mHTerpassl BUY u xodakropa
LEDGF/p75 [7], u pocta nmanobaktepuii poga M. Aeruginosa [8]. JTromunec-
[IEHTHBIE MHKPOYACTUIBI AomupoBaHHOro monu(1l-HadTunamuaa) mOKa3aIn
3HAUUTENBHBIA ~ MOTEHHHAN JUis  OHOJOTMYECKOTO ¥ JIHArHOCTUYECKOIO
MIpUMEHEHUs B MenuiuHe [9].

[IpousBognple HadTHIAMHHA W3BECTHBI HH TONBKO B  KadecTBE
JIEKApCTBEHHBIX MPEMapaToB U CPEACTB 3alUThI PACTCHHH, HO TaKKe HaXOIAT
IIUPOKOE TPUMEHEHHE B AaHAIWTHYECKOW XWMHUU M B JAPYIHMX 0O0NacTsIX
MPOMBIIIUIGHHOCTH.  Tak,  Hampumep, OIS KOJIOPUMETPUYECKOTO U
(payopomerpuueckoro obnapyxkenus Cu?* B mupokom auanazone pH B
pactBoputensax (JAMCO/H20) [10], mist (iIyopeclueHTHOTO M CEJISKTHBHOTO
ONpeJIeIeHUs] UOHOB Fe3* [11, 12], B KauecTBe MaTepuaioOB IJsl MOTJIOTUTEIECH
COJTHEYHOTO CBETA MJIM CBETOM3IyYaTesei, ONTHYECKOTro 30HINPOBaHuUs NapoB |,
WHTHOUTOPOB KOoppo3uu [13], KOppO3MOHHOCTONKUX KOMITO3UTHBIX TOKPHITUN Ha
BoAHOH ocHOBe [14]. Mcmonb3ytoT ams mony4eHus GIryopeciieHTHOTO 30HAa s
oOHapyXeHUs JIM3WHA CPENY MPUPOAHBIX aMHHOKHUCIOT [15], KpacuTens menka
[16], mpu KOHCEPBHPOBAHMM MUIIEBHIX MPOAYKTOB OT MOPaKEHUS 30JI0THCTHIM
cradumokokkom (Staphylococcus aureus) [17].

OgHrM W3 JHIUPYIONIMX HAMpaBICHUH MHUPOBOW TPAKTHKHU SIBIICTCS
MPUMEHEHNE JKOJIOTUYECKH YHUCTHIX TPOAYKTOB W3 OHOJOTHYECKOTO CBHIPhS W
pa3paboTKka METOJOB TMOBBIMCHUS JPPEKTUBHOCTH U 0OE30MACHOCTH YKe
UCTIONB3YeMbIX OHOJIOTHYEeCKH AKTUBHBIX BEIIECTB 3a CYET WX BKIIIOYCHUS B
CYNpaMoOJIeKyJISIpHbIE KOMIUIEKCHl. Tak, Hampumep, KOMIUIEKC BKIIOYEHHs N-
¢enun-l-napTunamMmuHa ¢ P-IIUKIOAEKCTPUHOM HCIONB3YeTCS B KadecTBe
CHEKTPOCKOMMMYECKOTO 30Ha JJIsi OOHAPYKEHHSI KaTHOHA MEPEXOIHOTO MeTayia
Pd?* [18], snektpona w3 HaHornoOyn nonu(l-HadTunamMuHa) IS CBEpX-
YyBCTBUTENILHOTO XHMHYECKOTO ceHcopa 3taHona [19]. HaHoxommosuTsl Ha
ocHOBe |-HadTHIaMUHA JEMOHCTPHUPYIOT TMOBBIIICHHYIO JHBJIEKTPUIECKYIO
MIPOHUIIAEMOCTH U 3IEKTPONPOBOAHOCTS [20].

Takum obpa3om, Onosoruyeckasl aKTUBHOCTh M MPHUMEHEHHUE MPOU3BOIHBIX
HaTUIIaMUHA TIOATBEPXKAAIOT aKTyaJbHOCTh HAIIETO HCCIENOBaHUS — CHHTE3
HOBBIX COEIMHEHHUH Ha OCHOBE AUTHOKapOamara o-HadTuiaMuHa.
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2. DKCNepUMEeHTAJbHAS YaCTh

Xon peaknMd W YUCTOTY MPOAYKTOB KOHTPOJIMPOBAIH  METOJOM
TOHKOCJOIHOW xpomarorpadguu Ha tiactuHax «Silufol UV-254y, smroent —
arteron/rekcad (1/5, 1/10), ¢ mposBIIeHHeM TSATEH BellecTB Mmapamu homa. MK
cekTpsl 3ammcadbsl Ha crekrpomerpe «Nicolet 5700» B Tabmetkax ¢ KBr.
Cnextpsl SIMP 'H u *C coenuuenuii cHATH B AeiiTepupoBaHHOM XJI0podopme
CDCl; na cnexrpomerpe JNM-ECA 400 (Jeol) ¢ paboueii uactoroit 400 (*H) u
100 MI' (BC).

Hagmanun-1-un-o6uc-(npon-2-un-1-un-oumuoxapoamoun) (1). K pactBopy
3.0 r (0.0088 momnb) (HadTanuH-1-11)-0uc(KapOaMOMIAUTHOATa HATPUS) B 25 M
arieToHa npukamnbBany pactop 2.08 r (0.017 mons) 6GpoMucToro Mpomapruia B 5
MJI alleTOHA. PeakIMOHHYI0 CMECH MEPEMEIINBAINA B TEUEHHE 3 Y IPU KOMHATHOU
TeMmreparype, 3aTeM KOHIEHTpupoBamd. OCTaTOK OYHUINAIM IEPEKpHC-
tamuzanueit n3 rexcana. [lomygamm 2.99 r (91 %) coenunenus 1 B Buae macina,
R#=0.7 (1/5, aneron/rexcan). C1sH13NS4. Haiineno, %: C 58,09; H 3,37; N 3,59; S
34,36. Beraucneno, %: C 58.18; H 3.53; N 3.77; S 34.52. H SIMP (400 M,
CDCl3,), 6, m.a.: 2.20 (1H, T, =CH), 3.79 (2H, 1, SCH,), 7.37-8.03 (10 H, M,
ArH). BC SIMP (100 MI'u, m.x., CDCls): 24.54 (S-CH,); 70.58, 71.96 (C=C),
122.69, 123.63, 125.62, 127.27, 127.46, 127.55, 127.85, 128.57, 129.25, 134.01
(madnn), 211.98 (C=S).

benzoiinuiii oumuoxapooxcunram(nagpmanun-1-un) Kapoamooumuon
muoaneuopud (2) cuHTe3WpoBaH aHajgormduo. Ilomydamu 2.9 1T (66 %)
coemuHeHHs 2 B Buae Macia, R#=0,52 (1/10, ameron/rekcan). CosHi7NO2Sa.
Haiineno, %: C 59.89; H 3.30; N 2.62; S 25.35. Brraucaeno, %: C 62.00; H 3.40;
N 2.78; S 25.46. *H SIMP (400 MI'u, CDCl3,)5, m.x1.:7.34-8.04 (10H, m, ArH,
10H, M, (Ph),). BC SIMP (100 MI'u, CDCls), 8, a.m.: 122.67, 123.58, 125.54,
127.25, 127.41, 127.50, 127.87, 128.58, 129.27, 134.02 (wadtun), 128.58,
129.27, 133.78 (Ph), 205.10 (C=0), 207.39 (C=S).

2-Memoxcusmun(((2-memoxcusmun)muo) Kapbonomuoun)(Hagpmanun-1-
un)kapbamooumuoam (3) cuHTe3npoBaH aHamorndHo. [lomywamn 2.58 r (71 %)
coequHenus 3 B Buae Mmacia, R~0,56 (1/5, aneron/rekcan). CigH21NO2Sa.
Haiineno, %: C 52.37; H 5.03; N 3.32; S 31.02. Brraucaeno, %: C 52.52; H 5.14;
N 3.40; S 31.16. *H SIMP (400 MI'u, CDCls,), 8, m.x.: 1.33 (3 H, T, OCH3), 3.27
(2H, n, SCHy), 3.53 (2H, n, CH,0), 7.35-8.07 (10 H, m, ArH). °C SIMP (100
MT'1, CDCls), 6, m.x., 35.45 (SCH>), 58.74 (CHs), 70.14 (CH20), 122.64, 123.53,
125.52, 127.19, 127.47, 127.78, 127.85, 128.50, 129.35, 134.11 (wadrtumn),
213.60, 214.53 (C=S).

2-Omoxcusmun(((2-smoxcusmun)muo)kapdoornomuoun) (nagpmanun-1-un)-
xkapboamooumuoam (4) cuntesupoad aHanorudao. Ilomygamm 3.88 r (88 %)
coenuHeHns 4 B Buae Macia, R#=0,62 (1/10, ameron/rekcan). CooHzsNO2Sa.
Haiigeno, %: C 54.47; H 5.33; N 3.02; S 29.02. Beruucneno, %: C 54.63; H 5.73;
N 3.19; S 29.17. 'H IMP (400 MI'u, CDCls), 8, m.a.: 1.27 (3H, T, OCH3), 3.20
(2H, 1, SCHy), 3.52, 4.50 (4H, n, CH.0), 7.26-7.95 (10 H, M, ArH). C NMR
(100 MT', CDCls), 6, m.a.: 15.22 (CHs), 35.62 (SCH,), 66.36, 70.24 (CH>0),
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122.51, 123.46, 125.49, 127.14, 127.42, 127.73, 127.89, 128.46, 129.17, 133.93
(nadtun), 213.44, 214.46 (C=S).
2-Denoxkcusmunnagpmanun-1-un(((2-penoxcusmun)muo)kapbonomuoun)-
xkapbamooumuoam (5) cuHTesupoBaH aHanoruyHo. [lomywamu 5.06 T (80 %)
coequHenus 6 B Bujae Mmacia, R~=0,69 (1/5, amneron/rekcan). CogHsNO2Sa.
Haiineno, %: C 62.57; H 7.53; N 2.49; S 23.62. Brraucaeno, %: C 62.77; H 4.70;
N 2.61; S 23.94. *H SIMP (400 MI'u, CDCls), 3, m.x.: 3.58 (2 H, 1, SCH>), 4.25 (4
H, n, CH,0), 7.45-8.17 (10 H, m, ArH), 6.95-7.05, 7.32-7.35 (10 H, m, Ph). *C
SIMP (100 MI', CDCls), 8, m.a1.: 35.16 (SCH2), 70.49 (CH20), 122.86, 123.69,
125.63, 127.33, 127.60, 127.91, 128.62, 129.40, 129.72, 134.12 (wadtun),
114.80, 121.35, 129.72, 158.49 (Ph), 214.39 (C=S).
3-Denoxcunponunrnagpmanun-1-un(((3-gpenoxcunponunr)muo)-xapoorno-
muoun)kapbamooumuoam (6) cuaTesnpoBan aHanorundHo. [lomygamm 3.79 t (77
%) coemmuenust 5 B Bume macma, R=0,5 (1/5, ameron/rexcan). CzoH2NO2Ss.
Haiineno, %: C 63.57; H 5.03; N 2.19; S 22.42. Brruucneno, %: C 63.91; H 5.18;
N 2.48; S 22.75. *H NMR (400 MI'u, CDCls),3, m.1.: 2.82 (2H, 1,CH,), 3.22 (2
H, 1, SCHy), 4.57 (4H, n, CH.0), 7.48-8.00 (10 H, m, ArH), 6.87-6.89, 7.22-7.26
(10H, M, Ph). C NMR (100 MI'u, CDCIs), d, ppm, 28.43 (CH,), 32.48 (SCH>),
70.65 (CH20), 122.35, 124.50, 126.35, 127.84, 128.37, 128.70, 129.00, 129.20,
129.98, 134.11 (wadTun), 114.89, 121.11, 129.98, 158.88 (Ph), 214.55 (C=S).

3. Pe3yabTaThl M 00Cy:KIeHNE

W3BecTHO, YTO aleTHIICHOBBIE W KapOOHWJIBHBIE COEIMHEHUS OO0JamaroT
IIUPOKUM CIIEKTPOM OHMOJIOTHYECKOW aKTUBHOCTH, U MHTEPEC K HUM OOYCIIOBIICH
MPUMEHEHHEM WX B KayeCTBE JICKAPCTBEHHBIX IIPENapaToB M XUMHYECKHX
CPEJICTB 3allIUThl CETHCKOXO3SIMCTBEHHBIX KyNbTyp. lIpeamnomnaras, aro BBeneHue
aleTHJICHOBOH M KapOOHWJIBHOW TPYNIBI B MOJIEKYNIy JHTHOKapOamara o-
Ha)TUIIAMUHA MOXET IMPHUBECTH K PACHIMPEHHUIO CIEKTpa OMOJIOrHYEeCKOM
AKTUBHOCTU WJIM €€ YCHJICHHIO, HaMH CHHTE3MPOBAHBI HOBBIC ITOTCHIIUAIBHO
OMOJIOTHYECKH  aKTHUBHBIE  TMPOM3BOJHBIE  HAPTHIOMCIUTHOKApOAMHUHOBON
KHUCJIOTHI.

C aTOM 11e1bI0 HAMH H3Yy4eHa MojuduKalus OucauTnokapbamara o-HadTH-
JJaMUHA ¥ CHHTE3MPOBAHBI OCH30WHBIM THOAHTUAPHUI, IUTHOAIETHICHOBBIN,
QIKOKCH- ¥ apOKCHAIIKWIIOBBIEC d(UPbI HAQTUIONCAUTHOKAPOAMHUHOBOM KUCIIOTHI.

Peaknuio  anuIMpoBaHHWs, NPONAPTHIIMPOBAHUS M AJKWIMPOBAHUS
MIPOBOIMIIN B3amMoielicTBrueM HadTannH-1-mi-0uc (kapbamoauTnoara HaTpHs) C
OCH30MWJIXJIOPUIIOM, OpPOMHUCTBIM MPOMAPTHIIOM U alKWiITrajoreHumamu (2-
METOKCHITHII, 2-3TOKCHATHJ, 2-()EHOKCHAITWUI, 3-()EHOKCHIIPONHWI) B Cpeie
areToHa MpW KOMHATHOW Temmeparype B TeueHue 1,5—3 wacoB. Cxema cHHTE3a
Mpe/ICTaBJICHA Ha PUCYHKE 1.
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I I
N ON Co . -Co
NaS/C N ¢ SNa R;S” "N" "SR,
RBr (RCI)
>

OO acetone OO
1-6
1 R!'=R?=C3H;; 4 R!'=R?=(CH,),0C,Hs;

2R!'=R2=C(0)C(H;;  5R!=R?=(CH,),0C¢Hg;
3R!=R?=(CH,),0CH;; 6 R!=R?=(CH,);0C¢Hs,.

B pesynpraTe anmmiMpoBaHWs M MPONAPTHIMPOBAHHS CHHTE3HPOBAHBI C
COOTBETCTBYIOLTIM BBIXOZIOM HadTanuH-1-un-ouc-(mpomn-2-uH-1-un-
mutrokapbamonn) 1 (91%) m OeHzoiHBI auTHOKapOOKcHIaT(HadTanH-1-11)
kapbamoauTHoHTHOAHTUAPH 2 (66%), COOTBETCTBEHHO.

B wHIMBHAYyanpHOM BHIE TONYYEHBI C COOTBETCTBYIOIIUMH BBIXOIAMHU 2-
MeTOKCHATHI(((2-METOKCHITII ) THO )kapOoHoTHOWN )(Had TamH-1-1m)kapbamo-
mutroaT 3 (71%), 2-3ToxcudTri(((2-3TOKCHATHI) THO )KapOOHOTHOWN )(Had TaiH-
1-um)kapbamonutnoar 4 (88%), 2-denoxcudtmnHadTanwH-1-m(((2-peHokcu-
3THIT)THO )KapOOoHOTHOM )KapOoamoautnoatr S5 (77%), 3-deHokcumnponui-HadTa-
nuH-1-un(((3-henoxcunponui ) Tno )kapooHoTrom )kapdbamoautuoat 6 (80%).

CrpykTypa coemnHeHU 1—6 ycTaHOBIIEHA Ha OCHOBAaHWH aHAIW3a JaHHBIX
cnexktpockonuu SIMP *H u *C. Cocras n MHAMBHIYaTbHOCTH CHHTE3MPOBAHHBIX
THOAHTHIPU/IA, TUTHOANETHICHOBOTO, aJKOKCH- M apOKCHAIKWIOBBIX S(HPOB
HapTHIOUCIUTHOKAPOAMUHOBOM KHCJIOTHI MOJITBEPKICHBI JTAHHBIMHU
snemMeHTHoro ananu3a u TCX.

B cnekrpe SIMP 'H coenunenns 1 B o6nactu cuiabHOro mons & 2,20 M.n.
pacIONIOKEH CHUTHANl aleTHJICHOBOIO TPOTOHA B BUAE TpuIuieTa. [IpoTOHBI
METWJICHOBOW TPYIITBI PE30HUPYIOT B BHUE CHHTJeTa B oOmactu 6 3,79 m.ja. B
obmactu ciaboro monst & 7,37-8,03 M.JI. pacrmoyioKeHbl XHMHUYECKUE CIBUTH
OPOTOHOB  HAa(TAIMHOBOTO  KOJbLA.  XHMHYECKHE CABUTH  IPOTOHOB
Ha(TATMHOBOTO KOJIbIIA U OCH30JILHOTO KOJIbIIA COCJMHEHHS 2 PaCIOJIOKEHBI B
o6iactu ciraboro moist 6 7.34-8,04 m.1.

AHanu3 paHHBIX cnekTpa AMP BC coenunenns 1 MOJATBEPKIAET €ro
CTpYKTYpy. AToM yriepona C=S cBsi3u pe30HUPYET B BUJIE CUHIJIETa B 00JIACTH
211,98 m.n. Cursansl aTOMOB YIJIEpOAa alETWIEHOBOW CBS3HM PACIIONOXKEHBI B
oomactu 6 70,58 u 71,96 m.n. XuMUYeCKHe CABUTH B 00JACTH CIabOro Imojis o
122,69; 123,63; 125,62; 127,27, 127,46; 127,55; 127,85; 128,57, 129,25; 134,01
M.JI. OTHECEHBI K aTOMaM yrJjiepoa HaTaJIMHOBOTO KOJbIA. ATOMBI YIJIEpOAOB
C=0 u C=S rpymm pe3oHupyoT B 00actu ciadoro mojs 6 205,10 m.a. u 207,39
M.a. B chmekrpe coenuHeHHs 2 CcHrHajubl Ha(TaIMHOBBIX M OEH30JBHBIX
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YIJIEPOAHBIX ATOMOB PACIONIOKEHBI B CIa00NOIBHOM 00nacTu cnekrpa & 122,67—
137,98 m.n.

B cnexrpax IIMP coemuHenwmii 3—6 NPOTOHBI METHJIEHOBOW TPYIIIIHL,
CBSI3aHHOM HETOCPEJICTBEHHO C aTOMOM CEpbl, PE30HHPYIOT B BHJE CHUHIJICTA B
obxactu 6 3.22-3.58 M. X¥MUYECKHI CABUT B BUJE CUHTIIETa B 0bmacTu O 3.55—
4.57 M.I. OTHECEH K MPOTOHaM METHUJICHOBOW TPYMIbI, CBSA3aHHOH C aTOMOM
kuciopona. B obmactu cnmaboro mons & 6,87—8,17 M.I. pacmoONOKEHBI XUMH-
YEeCKHE CABHUTH MPOTOHOB (DEHOKCH TPymIl 3(QUPOB M MPOTOHOB HAPTAITMHOBOTO
aapa.

Ananu3 naunbix crnektpoB SIMP BC coenunenmii 3—6 moarBepikaaeT UX
CTPYKTYpY. ATOMBI yIJIepojia METHIBHBIX Tpynn 3¢upoB 3, 4 pe3oHHPYIOT B
obmactu 6 15.22 wm 58.74 m.n. XuUMHYECKHE CHIBHTHM aTOMOB YIJepoja
METHJICHOBBIX TPYIII, CBSI3aHHBIX C aTOMOM CEpbI, PACIIONOKEHBI B 00JACTH O
32.84—35.62 m.n. Curnainsl B obnactu & 66.36—70.65 m.a. B criekTpax 3¢hupoB 3—
6 OTHECEeHbI K aToMaM yriepoja METHJICHOBBIX TPYIII, CBS3aHHBIX C aTOMOM
kuciopona. CHrHajbpl aToMOB yriepoAa Ha(TWibHOW M (DEHWIBHOH Tpymil
pacnojoxeHsl B o0nactu ciaboro moist & 114.80—158.88 m.1. AToMbl yriepoaa
C=S cBs3eii pe3oHHpYOT B 061actu ciadoro monst & 214.39-214.55 m.x.

4. 3akn04eHue

B pesynbTare MpOBENEHHBIX HCCIEJAOBAHWHA TPOBEACHBI  PEaKIMU
allMJIMPOBAaHUs, TPONAPTWIMPOBAHHA W  alKWwinpoBanus (HadranmuH-1-nn)-
ouc(xapbamonuTroara HaTpus). CHHTE3UPOBAaHBl HOBBIE THOAHTUAPHU, JTUTHOA-
LHETHJICHOBBIH, AallKOKCH- W  apOKCHAJKHIIOBBIE 3(upbl HadTUIOHCIUTHO-
KapOaMHUHOBON KHCJIOTBI. YCTAaHOBJICHO, YTO PEAKLWH alWIMPOBAaHUA, MpOMap-
THJIMPOBAHUS M aJKWIMPOBAHUS AUTHOKapOamara o-HapTHIaMHUHA MPOTEKAIOT C
BBICOKUM BBIX010M (66—91 %%).
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_ Tyiiingeme
HA®TAJIUH-1-WI-BUC- (HATPUU KAPBAMOJANUTUOATDBIH)
MOJUPUKALUATIAY

Coiuesa E.C.**, Myxkanosa M.C.%, Ceiinxanos T.M.?

AK «A.B. Bexmypoe amvinoazbl Xumus 2bLIbIMOGPGIHGLY UHCMUMYMbLy, Aimamo,
Kazaxcman

2[II. Yanuxanoe amwvinoazvl Kexwemay memnexemmix yuusepcumemi, Kexuiemay,
Kazaxcman

E-mail: yelena-sycheva@yandex.kz

Anoamna. Kenreren HadTHIAMUH TYBIHJBUIAPBIHA AETE€H KbI3BIFYIIBLIBIK OJIAPIBIH
OuonorusuTelK  OeceHaimirinie  (eciMai  BIHTANAH/BIPATHIH, MHKPOOKa Kapchl, iCiKKe,
BUPYCKa, TMIIEPTEH3UBTIUIIKKE THa0eTke Kapchl )oHe T.0.) KeH CHeKTpiMeH TycCiHaipineai
By KyMBICTBIH MakKcaThl HaQTHIAMUHHIH AaleTHJICHII, AIKOKCH- JXKOHE apOKCHAIIKHI
s¢uprnepinig katapeiHma N-, S-, O-kypampmac OHOJOTHSIBIK OeJCeHAl 3aTTapabl
cuHTe3iey Oounbin Tabbutanbl. Hadramuu-1-un-Guc-(HaTpuii KapOaMOIH-THOATHIHBIH)
aIMIZICHy, IPONAPTHIICHY JKOHE AKHIICHY peaKIMsUIapbIH JKYPri3y apKbUTBI XUMHSITBIK,
MOIUGUKAIMACEH 3epTTey. JuamMacTHIpeUIFaH O-Ha(QTIIAMUH JUTHOKApOAMaTHIHBIH
MOIUGUKAIMACH HOTHXKECIHAEC HA(TUI-OUC-TUTHOKAPOAMUH  KBIIIKBUIBIHBIH — JKaHA
TYBIHJbLIIAPbI CHUHTE3JICNIH . o-Ha THIAMUH 6nc-1UTHOKapOOMATHIHBIH
OCH3OMIIXJIOpUAIMEH, OpOMIBI TPOMAPTHIMEH JKOHE alkuil (2-METOKCHATHI, 2-
STOKCHATHIN, 3-(heHOKCHUIIPONHJI, 2-(EeHOKCHITHII) TaIOTCHUATEPIMEH ©3apa opeKeTTecyi
HaTUI-OMC-TUTHOKApPOAMUH  KBIIIKBUIBIHBIH, ~THICTI THOAHTHUAPHU, JIUTHOAIECTUIICH,
AJKOKCHA- YKOHE apOKCHUAJKWI d(QUPIEpiHiH Ty3iTyiHe oKeJeTiHi kepceriireH. CHHTE3
alieToOH opTackiHAa OeyiMe TemmeparypachiHaa 1,53 carar imiiHzme XKypriziiagi, peakuus
6apricel XKKX xemerimeH OaxpuiaHnpl. o-HapTunaMuHHIH TUTHOKApOAMHUH TYBIHIIBICHIH
MpoNapruwiney, AaIiaey JKOHE aIKWIACy peakIisulapbl OHAMl  JKOHE  KOFaphl
meIFeIMIapMer (66 - 91%) xyperiHi aHBIK-Tanapl. CHHTE3NENTeH KOCHUTBICTapIbIH
KypbUIbIMBL  SIMP 'H sxome 3C CHIEKTPOCKOMHACHl JepEKTepi HETI3iHAC JONCIICHII.
Ocpnaiiina, BIKTUMAJI OHMOJIOTHSUIBIK OeJICeHIl KypamblHAa (apmakodopibl TonTap
OipikTipiireH HaTUIT-ONCINTHOKAPOAMHH KBIII-KbUTBI TYBIHABLIAPBI CHHTE3EIIH .
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Summary
CHEMICAL MODIFICATION OF NAFTALINE-1-IL-BIS(SODIUM
CARBAMODITHIOATE)

Sycheva Ye.S.'*, Mukanova M.S., Seilkhanov T.M.2

YSC «A.B. Bekturov Institute of Chemical Sciences», Almaty, Kazakhstan
28h. Ualikhanov Kokshetau State University, Kokshetau, Kazakhstan
E-mail: yelena-sycheva@yandex.kz

Interest in numerous naphthylamine derivatives is due to a wide range of their
biological activity  (growth-stimulating,  antimicrobial, anticancer, antiviral,
antihypertensive, antidiabetic, etc.). The aim of the work is the synthesis of biologically
active N-, S-, O-containing substances in the series of acetylenic, alkoxy- and aroxyalkyl
esters of naphthylamine. Study of chemical modification of naphthalene-1-yl-bis(sodium
carbamodiothioate) by acylation, propargylation and alkylation reactions. New derivatives
of naphthylbisdithiocarbamic acid were synthesized as a result of the modification of
disubstituted a-naphthylamine dithiocarbamate. It was shown that the interaction of a-
naphthylamine bisdithiocarbamate with benzoic acid chloride, propargyl bromide and
alkyl (2-methoxyethyl, 2-ethoxyethyl, 2-phenoxyethyl, 3-phenoxypropyl) halides leads to
the formation of the corresponding thioanhydride, dithioacetylenic, alkoxy- and
aroxyalkyl esters of naphthylbisdithiocarbamic acid. Synthesis was carried out in acetone
at room temperature for 1.5-3 h. Reaction course was monitored by TLC method. It was
established that propargylation, acylation and alkylation reactions of a-naphthylamine
dithiocarbamine derivative proceed easily and with high yields (66—91%). The structure
of the synthesized compounds was established based on the data of *H and *C NMR
spectroscopy. Thus, were synthesized new potentially biologically active
naphthylbisdithiocarbamic acid derivatives, combining pharmacophore groups in their
structure.

Keywords: naphthylamine dithiocarbamate, thioanhydride, dithioacetylenic,
alkoxyalkyl, aroxyalkyl ethers.
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SYNTHESIS OF MODIFIERS FOR ASPHALT CONCRETE
MIXTURES FROM PETROCHEMICAL WASTE

Dyuryagina A.N.", Byzova Yu.S., Lezhneva M.Yu.,
Gorshkova T.A., Ostrovnoy K.A.

Non-profit limited company "Manash Kozybayev North Kazakhstan university",
Petropavlovsk, Republic of Kazakhstan
E-mail: adyuryagina@inbox.ru

Abstract. The relevance of this study is determined by the problem of solutions in the
field of secondary processing of various waste products of petrochemical production for
the purpose of their subsequent application for the synthesis of a new product. Recycled
materials can be successfully used for the road construction industry as part of asphalt
concrete coatings. This approach will significantly reduce the level of environmental
pollution, and is also beneficial from an economic point of view. The aim of this work
was to synthesize an organic amine-derived surfactant from petrochemical waste, which in
future studies will be used as a modifying additive for asphalt concrete coatings with
improved performance properties. Using the method of probabilistic-deterministic
planning of the experiment, the modes of obtaining amine derivatives of various
compositions by the reaction of amination of higher aldehydes with gaseous ammonia in
the presence of lower aldehydes are optimized. The synthesis products are recommended
for use as modifiers for the development of asphalt concrete mixtures with improved
structural and mechanical characteristics. Due to the introduction of the synthesized AC-1
modifier at the level of 0.1-0.2%, the structural and mechanical characteristics of asphalt
concrete mixtures are improved, which allows the use of this cost-effective modifier in the
production of road surfaces with improved performance properties.

Keywords: amine-containing surfactants, petrochemical waste, synthesis of modifiers,
asphalt-concrete mixtures, road coatings.

1. Introduction.
The most common type of improved road surfaces are asphalt concrete coatings
made using petroleum road bitumen. An increase in the traffic intensity of cars

Citation: Dyuryagina A.N., Byzova Yu.S., Lezhneva M.Yu., Gorshkova T.A., Ostrovnoy
K.A. Synthesis of modifiers for asphalt concrete mixtures from petrochemical waste.
Chem. J. Kaz., 2022, 1(77), 97-105 (In Engl.). DOI: https://doi.org/10.51580/2022-
1/2710-1185.60
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leads to premature destruction of road surfaces, the service life of which is on
average about 6 years.

One of the main causes of destruction of road surfaces is the unsatisfactory
adhesion of bitumen to the surface of mineral materials, insufficient water and
frost resistance of asphalt concrete. There are various ways to solve this problem,
however, one of the most effective ways to ensure the required adhesion of
bitumen to the surface of mineral materials is the use of surfactant additives in
bitumen. Asphalt concrete mixtures with surfactant additives, adhesive bitumen
additives and activators are used to increase the corrosion resistance of asphalt
concrete pavements, increase the plasticity of asphalt concrete mixtures at all
stages of the technological process, and increase the adhesion of the binder to
mineral materials [1-2].

There is a large amount of waste from petrochemical industries that must be
used as raw materials for the synthesis of various substances. This approach will
significantly reduce the level of environmental pollution, as well as beneficial
from an economic point of view [3-6]. The aim of this work was to synthesize an
organic amine derivative of a surfactant, which in further studies will be used as a
modifying additive for asphalt concrete pavements with improved operational
properties.

Organic amine derivatives are amphiphilic compounds whose molecules
consist of at least two parts, one of which is soluble in liquid (the lyophilic part),
and the second part is insoluble (the lyophobic part). Such a structure determines
their surface-active properties [7-10].

Currently, amine-containing surfactants are widely used in industrial
applications as modifying additives for various functional purposes. The
effectiveness of surfactants based on organic amine derivatives largely depends
on the characteristics (structure, length) of the hydrocarbon radical in
composition. Purposeful synthesis of primary and secondary amines is carried out
mainly by reactions of direct amination of organic chlorine derivatives with
ammonia or by reactions of concentration of higher aldehydes with lower amines.
The disadvantages of these methods include multi-stage operations, which require
the preliminary production of intermediate products and, as a result, the high cost
of their production [11-12].

Taking into account the high cost of preparative reagents and the increased
demand for amines, two tasks were envisaged in the development of the
synthesis:

1. To carry out the synthesis of organic amine derivatives using waste and
waste materials of petrochemical production, in which a mixture of aldehydes is
concentrated.

2. To provide conditions for mass transfer of reagents and quantitative
assimilation of ammonia.
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2. Experimental part.

During the research we used:

1. Dimer fraction of distillation residues of the column distillation of
butyraldehydes DF-270, formed in the technology of oxosynthesis of alcohols.
According to its chemical composition, DF-270 is a mixture of reactive oxygen-
containing aliphatic compounds of the limiting (2-methylpropanal) and
unsaturated (methylpropenal) character. For the synthesis, we selected
representative fractions of DF-270 with a weighted average molecular weight of
223 and a density of 0.925 g/cm®. The molar ratio of higher to lower aldehydes
varied in the sample in the range of 3.5-4.0 and the carbonyl and acid numbers at
the level of 120-125 and 49-51 mg KOH/g, respectively. The total content of
aldehydes in the samples was 55-60 %.

2. Residues from the production of butyl alcohols and 2 - ethylhexanol KOH
- 92 (TU 38.302-75-03-92), which is a mixture of aldehydes (acetic — 5.6 %, oil —
4.4 %, crotonic — 1.1 %, 2-ethylbutenal — 12.8 %, hexanal — 2.4 %) and alcohols
(2-ethylhexenol — 2.3 %, isohexanol — 1.6 %, 2-ethylhexanol — 4.0 %, butanol -
the rest).

3. Crotonaldehyde with a basic substance content of 98.3%.

4. Gaseous ammonia from a cylinder (GOST 3760-79).

To intensify the mass transfer processes in the liquid and gas phases of the
reaction space, we installed a sealed stainless-steel reactor (Kh18N10T) with a
volume of 1.0 dm? (filling factor — 0.7). In the upper part, the reactor is equipped
with an irrigation nozzle for continuous circulation and simultaneous stirring of
the reaction mixture. To supply (under pressure) gaseous ammonia, a tubular
dispersing device is located in the bottom of the reactor perimeter. Since the
amination process is exothermic, the temperature in the reactor (25 °C) was
maintained by circulating water through built-in heat exchangers. The synthesis
was carried out at a fixed partial pressure of ammonia (0,025 MPa), which (as it
was absorbed) was periodically fed to the reactor from a cylinder using a reducer.

To determine the optimal amination modes in the experiments, along with
the duration factor (t, 0 — 60 min), the circulation rate of the solution was varied
(®, 0.05 — 0.3 dm*min) and the quantitative consumption of crotonaldehyde in
relation to higher aldehydes in the DF-270 composition were varied (G, 0.8-1.2
mole/mole). It was ensured by varying the volumes of crotonaldehyde in the
reaction mixture.

The composition of KON-92 includes a mixture of higher aldehydes. Higher
aldehydes do not directly react with ammonia, therefore, a condensation reaction
is carried out with the products of ammonia amination of croton aldehyde
according to the following scheme:

CH;-CH=CH-COH + NH; ?I’(SZH]—CH:CH—CH:NH:{,
CH;-CH-CH-CH-NH; + R-CHOH __» R"-NH; + 3R*-NH-R",

where R-CHOH are higher aldehydes,
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R'— butyl, R” — 2-ethyl-2-hexenyl.

As a result of the synthesis, a mixture of substances is formed, but if the
condition of a constant mass ratio "KOH-92 — crotonaldehyde — ammonia™ is met,
the target product is formed, which is a homogeneous light brown mass that
dissolves in ethyl alcohol, white spirit, xylene, toluene, petroleum ether, kerosene
and concentrated sulfuric and acetic acids.

The reactor was sealed, then ammonia was supplied from a cylinder, a
circulation pump and a timer were turned on. The development of the aldehyde
amination process was monitored by taking 5-7 ml samples at regular intervals
(using a valve built into the circulation system). The degree of amination of
higher aldehydes (o, %) and the composition of the products were determined
from the results of chemical (GOST 25266-82) and spectral (Fourier spectrometer
FSM 1202) analyzes.

3. Results and discussion

All experiments were performed in accordance with the plan-matrix of a 4-factor
experiment at 3 levels of probabilistic-deterministic planning [13]. Experimental
data on the degree of amination of higher aldehydes in the composition of DF-270
and KOH-92 are presented in tablel.

Table 1 — Modes and indicators of amination of higher aldehydes in the composition of DF-270 and
KOH-92

Experimental conditions Amination degree,%
G, mole/mole ®, dm?/min T, min DF -270 KOH-92
1.2 0.05 10 60.1 52.3
1.2 0.2 20 94.3 81.8
1.2 0.3 30 98.7 90.2
1.0 0.05 30 80.2 71.2
1.0 0.2 10 75.4 64.7
1.0 0.3 20 96.8 80.2
0.8 0.05 20 55.1 48.4
0.8 0.2 30 67.3 60.7
0.8 0.3 10 49.9 40.3

After sampling the experimental array, partial dependences were obtained
(Fig.), reflecting the influence of ®, T and G on the degree of amination of higher
aldehydes in the composition of KOH-92 and DF-270. The analysis showed that
the processes of amination develop most intensively in the presence of DF-270;
for the quantitative amination of aldehydes in the composition at G=1.0
mole/mole and ©®=0.2 dm3/min, it took at least 30 minutes.
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The duration of the amination of aldehydes in KOH-92 under the same
conditions is 1.7-1.8 times longer and amounted to approximately 50 minutes. An
increase in the circulation rate of the reaction mixture above 0.2 dm®min is
impractical, since the increase in the degree of conversion of aldehydes turned out
to be insignificant. It is expedient to set the consumption of crotonaldehyde for
the quantitative amination of higher aldehydes in the composition of KOH-92 and
DF-270 at a level of 1.0 — 1.1 mole.
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Figure. Influence of crotonaldehyde consumption (a), solution circulation rate (b) and
synthesis duration (c) on the degree of amination of higher aldehydes in DF-270 (1) and
KOH-92 (2)

To assess the resulting contribution of all three factors to the degree of
amination of DF-270 and KOH-92, generalized equations were obtained, 1 and 2,
respectively:

al =(-0.058-G2 + 0.13-G — 0.055)(69.8-® + 62.4):(33.510.28) (1)
02 = (-0.057-G2 +0.13-G — 0.055)-( 54.40 + 55.5)-(25.1-10.33)  (2)

By differentiating the multi-factor dependencies 1 and 2, equations for
calculating the rate of amination of aldehydes are obtained. The average
amination rates of aldehydes in the composition of DF-270 and KOH-92 at the
specified modes G=1.0 mole/mole and ® = 0.2 dm®/min were 3.1 and 2.0 %/min.

Balance experiments were carried out in optimized modes and pilot batches
of products were accumulated. The degree of conversion of aldehydes in the
composition of DF-270 and KOH-92, in 35 and 55 minutes was at least 98.5 %.
The amination product of KOH-92 (hereinafter AC-1) is a homogeneous light
brown mass that dissolves in ethyl alcohol, white spirit, xylene, toluene,
petroleum ether, kerosene and concentrated sulfuric and acetic acids. The
amination product DF-270 (hereinafter AC-2) is a homogeneous dark brown mass
with a boiling point over 200 °C. Chemical analysis showed that the total content
of primary and secondary amines in the composition of AC-2 is 1.8-2.0 times
higher than in AC-1.
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One of the possible applications of organic amine derivatives is the
modification of asphalt concrete mixtures. According to the results of preliminary
tests, it was found that the introduction of AC-1 into the composition of asphalt
concrete compositions significantly improves the quality characteristics of road
surfaces - durability, adhesion, water resistance, compressive strength, swelling,
heat resistance, etc. The above indicators are provided when using a different-
grade mineral filler (crushed stone, sand). The following components were used
for the preparation of the asphalt-concrete mixture: bitumen of the BND 90/130
brand, mineral filler consisting of granite-based crushed stone (10-20 mm
fraction), surfactant AC-1.

The process of preparing the asphalt mixture includes heating the bitumen to
130-160 °C. A paste-like product AC-1 is introduced into the bitumen melt and
mechanical mixing is carried out for 15-25 minutes. The resulting mixture is
processed mineral filler to complete impregnation. Table 2 shows the
compositions of the studied asphalt-concrete mixtures.

Table 2 — Compositions of asphalt concrete mixtures, wt.%

Component Sample
1 2 3 4 5 6
Bitumen 6.5 5.0 5.6 6.0 6,5 5.6
AC-1 0.25 0.10 0.15 0.05 0.20 0.17
Mineral filler 93.25 94.9 94.25 93.95 93.6 94.23

The test results of these compositions are shown in table 3.

Table 3 — Structural and mechanical properties of asphalt concrete mixtures

Indicator 1 2 3 4 5 6
Water saturation 2.3 2.4 2.4 2.7 2.3 2.8
The coefficient of water resistance 1.8 15 1.6 1.8 1.8 1.2
Swelling 0.08 0.08 0.07 0.09 0.07 0.09
Compressive strength, kgf/cm 34 31 31 26 34 25
R50 29 26 27 22 29 22

As evidenced by the data obtained, a decrease in the consumption of AC-1
below 0.1 % leads to a deterioration in the indicators of the structural and
mechanical properties of asphalt concrete mixtures (sample 4, table 3). An
increase in the AC-1 consumption over 0.2 % does not impair the structural and
mechanical properties of the mixtures, however, it is undesirable due to the
overrun of the modifier.

4. Conclusion

Thus, according to the results of the studies performed, we can conclude:

1. Used waste and waste materials of petrochemical production allow to
synthesize a modifier for asphalt concrete mixtures.
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2. The process of ammonia amination of higher aldehydes in the composition
of the distillation residues KOH-92 and DF-270 is quantitatively realized in the
presence of a lower aldehyde - crotonic.

3. The amination process is intensified in the modes of forced circulation of
the reaction mixture. At a given partial pressure of ammonia of 0.025 MPa and a
circulation rate of the reaction mixture of 0.2 dm*/min, no less than a 2-fold
increase in the rate of the process and, at the same time, quantitative assimilation
of ammonia were provided. The consumption of the latter does not exceed 1,1
mole per 1 mole of crotonaldehyde.

4. Due to the addition of the synthesized modifier AC-1 at the level of 0.1-
0.2 %, the structural and mechanical characteristics of asphalt concrete mixtures
are improved, which makes it possible to use this economically beneficial
modifier in the production of road surfaces with improved operational properties.
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Tyiiinaeme
MYHAﬁ—XHMHHﬂLIK KAJJABIKTAPJIAH ACO®AJBT-BETOHABIK
KATBICTBIPMAJIAPABI MOAN®UKATOPJIAP CUHTE3I

Miopazuna A.H.", Bovizosa F0.C., Jleacneea M.FO., Ocmposnoit K.A., F'opuixosa T.A.

"Manaw Kosvibaee amvinoazvr Conmycmix Kazaxcman ynusepcumemi” kommepyusiivly
emec aKyUuoHepiK KO2ambl
E-mail: adyuryagina@inbox.ru

Byn 3eprreyniH e3exTuliri - MyHal-XUMHS OHAIPICIHIH OpTYpii KalJIBIKTapblH
KeHiHHEeH >KaHa OHIMJII CHHTE3/Iey YIIiH KOJIaHy MaKcaThIH/Ia KaliTa OHJIey calachlHIarbl
Moceie  Imemimzaep aHblKranaael. Kalita eHzmenreH MartepHaniapiasl achaibTOeTOH
XKaOBIH/IAPBIHBIH KypaMbIHJa OJI KYPBUIBICBI MHIYCTPHSCH YIIIH COTTI NaijanaHyra
Gomanel. By Tocinm KopuiaraH OpTaHBIH JlacTaHy JCHIeHiH TOMEHIETYre MYMKIiHIIK
Oepelli, COHPIMEH KaTap SKOHOMHUKAIBIK TYpFbliaH THiMII. OCBl )KYMBICTBIH Makcarhl -
MYHai-XUMUS KIJBIKTApbIHAH OCTTIK OCJICEH/Il 3aTThIH OPTaHUKAIBIK aMUH TYBIHABICHIH
cuHTe3/Iey OOJNBINT TaOBUIIBI, OHBI 9pi Kapail 3epTTey OapbICBIHIA OHIMILTIK KacHeTTepi
JKaKcapThUTFaH ac(aibTOETOH KaOBIHIAPBIHA ©3TePTETIH KETUIMIPIITeH KOcMa peTiHje
KongaHbutafpl. ToxipuOeHi BIKTUMAIABIK-IETEPMHUHIIK JKOCTapiiay oficiH KoJjaHa
OTBIPBIN, TOMEHI1 AaNbACTUATEPIIH KAaTBICYBIMEH JXOFAaphl aNbIETUATEPIiH Ta3 Topi3ai
aAMMHAKIIEH aMHUHCY PEaKIMsChl apKbUIbI 9p TYPJIi KypamJiarbl aMUH TYBIHIBIIAPBIH ATy
pexxuMaepi  oHraiaHneslpburad.  CHHTE3  OHIMI  KAaKCapTBUIFaH — KYPBUIBIMIIBIK-
MEXaHMKAJIBIK CcHUMaTramaiapsl Oap acganbT-0€TOH KOCHaNapblH OHJACYLI peTiHIe
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konganyra yceiHpmiansl. 0,1-0,2% nerreitinge cunre3genreH AC-1 MoanpuKaTOPHIHBIH
eHrizimyiMeH ac]anbTOSTOH KOCHAJapBIHBIH KYPBUIBIMIIBIK-MEXaHUKAIBIK —CHITATTa-
Mayapsl jKakcapyblHa OalJIaHBICTBI OCHl IKOHOMHKAJBIK JKAaFbIHAH THIMAI MOIU(HKA-
TOpZBI MalganaHy KacHeTTepiH >KeTUIMIPIIITEH JKOJI ToceMAepi eHaipiciHae maiaananyra
MYMKIH/IIK TYFbI3a]Ibl.

Tyitinai ce3gep: KypambpiHZa aMuH Oap OeTTik OenceHmi 3arTap, MyHaH-XHUMHS
KaJIBIKTaphl, MOAH(UKaTOpIIap CHHTE31, acPambTOSTOH KOCTIAIapHl, KO TOCeMIEpi.

Pe3iome
CHUHTE3 MOJUP®UKATOPOB JJISA ACOAJIIBTOBETOHHBIX CMECEHN 13
OTXOJ10B HE®TEXUMHUHU

Jlwopazuna A.H.”, Bvizoea I0.C., Jlexcneea M.JO, Ocmposnoii K.A, I'opwkosa T.A.
Hexommepueckoe axyuoneproe obwecmeo "Cesepo-Kazaxcmanckutl ynusepcumem
umenu Manawa Kosvibaesa"

E-mail: adyuryagina@inbox.ru

AKTyaJIbHOCTh HACTOSIIIIETO HCCIEIOBAaHMS OINpPEICISeTCS] MPOOIeMOl pelIeHU B
obmacTn BTOPUYHON TepepadOTKH Pa3MYHBIX OTXOAOB HE(PTEXMMHYECKOTO IPOU3BOJ-
CTBA C IIEJIBI0 UX MOCIETYIONIEro IPUMEHEHNS U CHHTE3a HOBOTO npoaykra. Ilepepabo-
TaHHBIE MaTephajbl MOTYT YCHENIHO WCIOJNB30BATECS U JIOPOXKHO-CTPOUTEIHHOU
oTpaciu B cocTaBe ac(arbTOOCTOHHBIX MOKPBHITHH. JIaHHBIH IOIXOX TIO3BOJHT
CYIIECTBEHHO CHHM3UTh YPOBEHb 3arpsi3HEHHs OKPYKaloIllled cpelbl, a TakkKe BBITOJICH C
SKOHOMHYECKOH TOYKHU 3peHus. Llenbro HacTosmIed paboThl SBISUICSA CHUHTE3 OpraHuvec-
KOT'0 aMHMHOIPOU3BO/IHOTO TOBEPXHOCTHO-AKTHBHOTO BELIECTBA U3 OTXOA0B HEPTEXUMUH,
KOTOpO€ B JaJbHEHIIMX MCCIENOBAHUAX OyleT NPUMEHEHO B KadecTBe Moaudu-
uupyromei 100aBku st acanbTOOETOHHBIX MOKPBHITHH C YIYYIIEHHBIMH JKCIUTyaTa-
LMOHHBIMU cBoWicTBaMH. C NpHMEHEHHEM METOZa BEpOSTHOCTHO-IETEPMHUHHPOBAHHOTO
IUIAHUPOBAHUS HKCIICPUMEHTa ONTHMU3UPOBAHBl PEXHMMBI MOJIYYCHHS aAMHHOIIPOM3-
BOJIHBIX pa3IMYHOTO COCTaBa II0 PEAKUUH AaMHUHHUPOBAHMS BBICHIMX aJIbACTHIOB
ra3o00pa3sHbIM aMMHAaKOM B NPHCYTCTBHM HHU3IMIMX albAerunoB. IIpoaykTsl cuHTE3a
PEKOMEHIIOBaHbl K WCIIOJb30BAaHUIO B KauecTBE MOIU(PHUKATOPOB A pa3pabOTKH
cocTaBoB ac(anbTOOCTOHHBIX CMeced C YIy4IIEHHBIMH CTPYKTYypHO-MEXaHHYECKUMH
XapaKTepUCTUKaMU. 3a CYeT BBEJEHUS CHHTe3MpoBaHHOro Mmoxaudukatopa AC-1 Ha
ypoBHe 0,1-0,2 % ymydmaroTcst CTPYKTypHO-MEXaHHUECKHE XapaKTEPUCTUKU ac(arbTo-
OCTOHHBIX CMecel, YTO TII03BOJSIET NPUMEHATh JAHHBIM JKOHOMHYECKH BBITOIHBIN
MOJU(UKATOp MPU MPOM3BOACTBE JOPONKHBIX MOKPHITHH C YIYYIIEHHBIMH JKCILTyaTa-
LIHOHHBIMHU CBOMCTBAMH.

KnaoueBble cioBa: aMHHOCOACpKalllue TMOBEPXHOCTHO-AKTHUBHBIC BCHICCTBA,

OTXOAbI He(i)TeXI/IMI/II/I, CHHTEC3 MO,Z[I/I(I)I/IKEITOPOB, aC(i)aJ'ILTO6€TOHHI)I€ CMECH, TOPOKHBIC
TIOKPBITHUS.
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[IpaBmna opopmieHns crareii B xKypHaie
«XUMHYECKHM KYPHAJ KASAXCTAHA»

1. OBIIME MMOJIOXKEHUA

Kypnan «Xumuueckuit xxypraan Kasaxcrana» (ISSN 1813-1107, elSSN 2710-1185)
BhITycKkaeTcsa opiaeHa TpymoBoro KpachHoro 3Hamenn AO «/HCTUTYTOM XUMHUYECKUX
Hayk uM. A.b. BekrypoBa» 4 pasa B roj u myOiuKyeT paOOThl IO LIMPOKOMY KPYTy
(yH/IaMEHTaNbHBIX, TPUKJIAJHBIX ¥ WHHOBALMOHHBIX UCCJIECJOBAaHUN B 00JACTH XUMHUH H
XMMUYECKOH TeXHOJIOTUH.

SI3bIkK MyONMMKAaLMK: Ka3aXxCKUW, pycCKui, aHriamickuid. JXypHanm MHIEKCHpyeTcs
Kazaxcranckoit OmOMMOMETpHYECKOH CHCTEMOH H BKIOYeH B llepedeHs wW3maHUA,
pexkomeHayeMblx KomureTrom mo KoHTposmo B cdepe 00pazoBaHHS U HAYKH
MunucrepcTBa o0pa3zoBaHuss W Haykd PecnyOommkm Kazaxcram mna myOnmkanum
OCHOBHBIX PE3Yy/IbTaTOB HAYYHOH NEATEIBHOCTH.

W3nanue uMeeT creayroniie pyopuKu:

1. O063opHbIe cTaThu 10 20 MEYATHBIX CTPAHMIT

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

2. IPEJICTABJIEHUE CTATEM

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

Jnsi perucTpauuu M My0JMKAOMHM CTATBU MaTepuall CTAaThbH NPEJCTaBIACTCS B
pEelaKIMIO Uepe3 CHCTeMY OJJICKTPOHHOM TMojadu CTaThM Ha caiite JKypnama
(https://www.chemjournal.kz/) B komIuiekTe cO CleIyIONIMMHU JOKYMEHTAMH:

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

2. ConpoBoUTENbHOE MHCHMO, aZipecoBaHHOe B Pepakiuio XuUMHUUECKOTo )KypHaia
Kazaxcrana oT opraHu3anuu, B KOTOPOHW JaHHOE HCCIEIOBAaHHWE BBINIONHEHO, C
YTBEPXKIEHUEM, YTO MaTepHal PYKOIHMCH HHIJIE He IMyOJIMKOBAJICS, HE HAaXOAWTCS Ha
pacCMOTPEHHMH AJIsI OIYOJMKOBAaHMS B JPYTrHMX JKypHaJaX M B MaTepHanax CTaTbH
OTCYTCTBYIOT CEKPETHBIE JJaHHbIE. B CONPOBOIUTEIIEHOM NHChME YKa3bIBAIOTCSI CBEJICHUS
00 aBTOpe 11 KoppecnoHaeHImu: PamMuins, UMs 1 0TYECTBO aBTOpa, CIIY>KEOHBIH ajnpec
C YKa3aHHEM MOYTOBOTO MHJIEKCA, aJJpec IEKTPOHHOH nouTkl, Tenedon u ORCID.

3. Bee craTbu, onybnukoBaHHbBIe B XUMuueckoM xypHaie Kazaxcrana (ISSN 1813-
1107, eISSN 2710-1185) myOmukyroTcsi B OTKpPHITOM goctymne. UToObl obecneduTh
CBOOOJHBIA JIOCTYI 4YHTaTeIIM M MOKPBITh PAacxXoJbl Ha SKCIHEPTHYIO OILEHKY,
pellakTHpOBaHUe, MOJJICpP)KAHUE CalTa JKypHalla, JOJIrOCPOYHOE apXUBUPOBAaHHE WU
BEJICHWE JKypHaja, B3UMaeTcd Iviata 3a oOpabotky crathu. [IpaBmia omumaTel 3a
ory0JIMKOBaHHE IIPUHSATOMN K MeYaTH CTaThH HAXOAATCS B OTAEIBHOM JIOKYMEHTE Ha caiire
Kypnana «Omnara 3a oy 0IMKOBaHHEY.

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

6. YuuTbiBas HEBO3MOXXHOCTh NPOBOJUTH CTaTbU Ha Ka3aXCKOM S3BIKE 4Yepes
CHUCTEMY aHTHIUIAruar, OyqyT YYWTHIBAThCS (DOPMYIHUPOBKH DPELCH3EHTOB U peEIICHHE
U3aTeNLCKON KOJIIETHH.

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

3. CTPYKTYPA IYBJIUKAIIAM

3.1. B nHauane 0030p0B, OPMIMHAJBHBIX CTaTeil M KPaTKHX COOOLIeHMIl Ha
NepBOH CTPOKE YKa3bIBAaeTCSl HOMEp IO YHHUBEPCAJIbHOW JECATHYHOHN KiaccH(UKaluu
(YK win UDC), cooTBeTCTBYOMIMIT 3asBIeHHON Teme. JlaeTcsl MpONUCHBIMU OYKBaMu B
BEpXHeM JIeBOM yriay. Tamxke Ha NepBOM CTpOKe CIpaBa IPONHCHBIMU OyKBaMHU
nonmyxupHeiM mpupoM Ne 14 ykaseiBaercss HasBaume skypHama XUMHUYECKHUM
KYPHAJI KA3AXCTAHA (KABAKCTAHHBIH XHMUSA JKYPHAJIbI,
CHEMICAL JOURNAL OF KAZAKHSTAN), roa, Homep.

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

3.3. Jlanee, mocne OTCTyma CTPOKH yKasbIBaeTcs 3arjiaBHe CTAThH IIPONUCHBIMHU
OykBamu, mpudpt Ne 14 — momyXupHBIA, BRIpaBHUBAaHUE TEKCTa MO LeHTPY. Ha3Banwme
JOJDKHO MAaKCHMaJIbHO IOJHO M TOYHO OIMCHIBATh COJCp)KAaHHWE CTAaTbhH, BKIIOYATH
KJIFOUEBBIE CJIOBA, OTPAXKAIOIINE HANPABICHUE W/MJIM OCHOBHOM pe3yJIbTaT UCCIIeIOBAHMUS,
HO B TO K€ BpeMs ObITh KOPOTKHM U SICHBIM U HE COJIepKaTh COKPAICHUH.

3.4. anee, mocie OTCTyIIAa CTPOKH, YKA3bIBAIOTCS MHULMAJBI M (haMUJIMK aBTOpa(-
OB) CTPOUHBIMH OyKkBamu, WpUQT Ne 12 1oyKUPHBIA, KypCHB, BHIpABHUBaHHE TEKCTA 110
ueHtpy. ®damminsg aBTOpa, C KOTOPBIM CJIEIyeT BECTH MEpPENuCKy, MODKHA OBITh
orMedeHa 38e3n0ukoit (*): C.C. Camaesa™, A.M. /[ncyoananuesa.

3.5. Yepe3 crtpoky mpudrom Ne 12, cTpoyHbIMH OYyKBaMH, KYPCHBOM C
BBIPABHUBAHUEM TEKCTa MO ILEHTPY CIEAyIOT HAauMeHOBaHMe(s1) opranu3aumm(ii) C
yYKa3aHWEeM YacTH Ha3BaHUS OPraHU3allH, KOTOPasi OTHOCUTCS K HOHSTHIO FOPHINYECKOTO
muna (B aHTIIMHCKOM TEKCTe HEOOXOAMMO YKa3blBaTh O(MIMANBHO NPHHATHIN MEpeBOx
Ha3BaHUs), TOPOJ, CTpaHa. B aHrnmiickoM BapMaHTe ajpecHbIC CBEACHUS JOJKHBI OBITH
IIPEJICTaBIICHbI HA AHTJIMHCKOM SI3BIKE, B T.4. TOPOJ M CTpaHAa.

Crpokn c¢ (¢damMwimsaIMi aBTOPOB U HA3BaHMSAMH OpTraHM3AIMI  cofepKar
HAQJICTPOYHBIE HWHAEKCH (mocie ¢GaMuiInk © Tepel Ha3BaHHEM OpraHHW3aluu),
YKa3bIBAIOIIHE HA MECTO PaOOTHI aBTOPOB.

Ha cnenytommeii ctpoke KypcHBHBIM HauepTaHueM, mpudT Ne 12, ¢ BRIpaBHHBaHHUEM
TEKCTa 10 IEHTPY YKa3bIBAETCs SJIEKTPOHHBIN aJipec AT MEePETHCKH.

3.6. Pe3rome (Abstract, Tyitingeme) cocTout U3 KpaTtkoro tekcra (He MeHee 150—
250 cnos, wpudt Ne 12) Ha s3bike crathu. AbStract myGiukyercs B MEXAyHAPOIHBIX
6azax, JaHHBIX B OTPBIBE OT OCHOBHOT'O TeKCTa. Pe3toMe 0IKHO OBITH aBTOHOMHBIM, BCE
BBOJIMMBIE 0003HAYECHHUS M COKPAIIEHHs HE00X0IMMO pacuinpoBaTh 3/1€Ch XKe.

IIpuBeTcTBY€ETCSI CTPYKTYpUPOBAaHHOE PE3IOME, MOBTOPSAIOLIEE CTPYKTYPY CTaTbH U
BKITIOYAIOIICE: GBeOeHUe, Ueau U 3a0ayu, Memoobl, pe3yibmamsl U 00cydcoeHue,
3aKntoueHue (861600b1). B TO ke Bpems, IIeNTH U 3aJa9d ONHCHIBAIOTCS, €CIIM OHU HE SICHBI
13 3arjaBusi CTaTbH, METOIBI CIEAYET ONUCHIBAThH, €CIM OHHM OTIMYAIOTCS HOBU3HOI. B
pe3roMe BKIIFOUAIOTCS HOBBIC PE3yJbTaThl, MMEIOIIHE JOITOCPOYHOE 3HAUCHHE, BaXKHBIC
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OTKPBITHS, ONPOBEPralOIINe CYMIECTBYIOIIHE TEOPUH, a TaKKe JaHHBIC, HMEIOIIUE
mpakThdeckoe 3HadeHwe. CleayeT WCIONB30BaTh TEXHUYECKYI0 (CHEIHANBHYIO)
TEPMHUHOJIOTHIO BallleH ANCIUIUINHEL.

Pesrome maercs 6e3 ab3alfHOrO OTCTyNa CTPOYHBIMH OYKBaMH; OHO HE TOJDKHO
coJiep)kaTbh HOMepa COeTMHEHHH, 3KCIIEpUMEHTAIbHBIC IaHHbIE U CCBUIKU Ha JIUTEpaTypy.
Pe3iome TOJIBKO OZIHO — B Ha4aJie TEKCTa.

3.7. Jlanee Ha s13bIKe cTaThM 0€3 a03aI[HOTO OTCTYINA CTPOYHBIMH OyKBaMH LIPUPTOM
Ne 12, BEIpaBHUBaHUE TEKCTA IO JIEBOMY Kpato NPUBOAATCS KJIIOYeBbIe cJIoBa (0T 5 110
10 mrt.), oOecneynBaroye Haubosee MoJIHOE PACKPBITUE COJICPIKAHUS CTAThU.

3.8. B kparkux coo0meHusx npusoautcs pestome (150—200 cnoB), kiIrodeBbIe
CJIOBa, HO AETCHUS Ha pas3fensl He TpeOyercs. JlaeTcsd TEKCT KPaTKOTo COOOIICHMS Ha
OJTHOM M3 TPEX SA3BIKOB C BBIMOJIHEHNEM TpeboBanuil k YK, Ha3BaHUIO cTaThby, IEPEUHIO
aBTOPOB, HANMECHOBAHUH OpraHU3ali, B KOTOPBIX OHU PabOTAIOT, YKA3aHHUIO aBTOPa IS
NepenncKi. B TekcTe KpaTKoro COOOWICHUS! NPHUBOAATCS KOHKPETHBIE CYIIECTBEHHO
HOBbIe pe3yJbTaThl, TpedyloliHe 3aKpenJieHUs NPHOPUTETa C HEOOXOIMMBIMHU
9KCIIEPUMEHTAIbHBIMA ~ MOJAPOOHOCTAMH.  3aTeM  cIeAyloT:  HHpopMamus o
(buHaHCUPOBaHWUHU, OJArOTAPHOCTH, CBECHHUS O KOH(JIMKTE WHTEPECOB, HH(pOpMAIHs 00
aBTOpax M CIHCOK JINTEPATYPHI.

3.9. Crarbss HauuHaeTcs C BBeJEHHsl, B KOTOpoM (Qopmymnupyercss Leilb |
HEOOXOIUMOCTh NPOBEJCHUS UCCIIEIOBAHUA, KPATKO OCBEIACTCS COCTOSHUE BOIPOCA CO
CChUIKaMH Ha HauOoJjiee 3HAuYMMble MyOJIMKalMK ¢ M30EraHUEeM CCBUIOK Ha yCTapeBIIME
pe3ynbTarel. V3maraioTcst OTKpPBITHS, CHENaHHBIE B XOJE JAHHOTO HCCIICIOBAHUS.
VYKa3bIBaeTCs CTPYKTypa CTAThH.

3.10. DxcnmepuMeHTAJILHASI 4YacTh COJCPXKUT OIMCAHHE XOAa W PE3YJbTaTOB
9KCTIEPUMEHTA, XapaKTEePUCTHKY TIOJTY4EHHBIX COEIMHEHUH. B Havale
SKCIIEPUMEHTAIbHOM  YacTH  TPHBOAATCS  HA3BaHWA  INPHOOPOB, Ha  KOTOPBIX
3aperuCTPUPOBAHbl  (PM3UKO-XMMUYECKHE XapaKTEPUCTUKM BEIIECTB M YKAa3bIBAIOTCA
YCIOBUSL M3MEPEHUs; TaKKe YKa3blBalOTCA JMOO HWCTOYHHMKH  HCIIOJIb30BaHHBIX
HETPHUBUAJIILHBIX PEareHToB (HalpuMep, «KOMMEpUYECKHe MpenapaThl, Ha3BaHue GUPMBI»),
7100 A0TCS CCHIIKM HA METOAMKH UX HOJIy4YESHHUSI.

Kaxnpiit mnaparpad 5SKCHEpHUMEHTAIBHOM 4YacTH, OIMCHIBAIOUIMN IOJy4eHHE
KOHKPETHOTO COEIMHEHHMs, [OJDKEH COJiepXKaTh €ro II0OJHO€ HauMEHOBaHHE IO
Homenkiarype MIOITAK u ero nopsiakoBblii HOMep B cTathe. B MeToukax 00s3aTesibHO
yKa3blBaTh KOJIMYECTBA pEAreHToB B MOJBHBIX M MAacCOBBIX eAMHHMIAX (Ui
KaTaJM3aTOPOB — Maccy M MOJIbHBIE ITPOLEHTHI), 00BbEMBI pacTBopHTeseil. Meroanka
9KCIIEPUMEHTA U3J1araeTcs B npouieouiemM BpeMeHH.

Jlsl M3BECTHBIX BEIIECTB, CHHTE3MPOBAHHBIX OIyOJIMKOBAaHHBIM paHEe METOJIOM,
HEOOXOAMMO TPHUBECTH CCBUIKY Ha JINTEpPAaTypHbIE JaHHbIE. J{1 M3BECTHBIX BEILECTB,
MOJYYEHHbIX HOBBIMH WM  MOJIU(UIMPOBAHHBIMH  METOJAMHM, JOJDKHBI  OBITh
MPE/ICTAaBICHBI UX (U3MYECKUE U CIEKTPalbHbIE XapaKTePUCTHKU, HCIOJIb30BaHHbIE JIJIs
MOJTBEPKIAEHNUST UIICHTUYHOCTH CTPYKTYDPbI, METOJ] CHHTE3a M CChUIKA HA JINTEPaTypHbIE
JIaHHbIE.

Jnsi Bcex BIEpBbIE CHHTE3MPOBAHHBIX COEAMHEHHII HEOOXOAMMO MNPUBECTH
JIOKa3aTeNbCTBA TPUIHCHIBAEMOTO UM CTPOCHUS U JaHHbIE, TI03BOJISIONINE CYIUTh 00 MX
WHJIMBUYAIIbHOCTH W CTENEHHM YHCTOTHL. B uyacTHOCTH, MOJDKHBI OBITH IPENCTABICHBI
JIaHHBIE IIEMEHTHOT'O aHAJIM3a WM Macc-CIEKTPhI BEICOKOTO pasperieHus, K crekrpsr n
cniextpsl SIMP H u B°C.
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JlaHHBIE PEHTIEHOCTPYKTYPHOIO aHalu3a MPEACTaBIAIOTCA B BHJEC PUCYHKOB H
Tabanu. Bce HoBbIe coequHenns, nanHele PCA KOTOPBIX IPUBOASATCS B CTAThe, JOJKHBI
ObITh 3aperucTpupoBanbl B KeMOpumkckoii 6a3e CTPYKTYPHBIX JaHHBIX U HMETh
cootBercTByone CCDC HoMmepa.

Ecnn, mo MHEHMIO peleH3eHTa WM pelaKTopa, HOBBIE COEAWHEHUs HE ObLIM
YZIOBIETBOPUTEIHLHO OXapaKTEPHU30BaHbI, CTAThsI HE OYAET MPHUHSITA K IIEYATH.

IMpumep METOIUKH: 3-(2-Amino-6-methylpyridino)-3-carbonyl-3,4-
dihydrocoumarin (12).To the alcoholic solution of 218 g (0.01 mol) of 3-
carbethoxycoumarin, 1.08 g (0.01 mol) of 2-amino-6-methylpyridine was added with
stirring. The mixture was boiled for 10 h. The solution was cooled, the precipitate was
filtered. Then it was washed with cold EtOH. After the drying and recrystallization of the
residue from i-PrOH vyield of the product 12 was 2.05 g (63%), mp 226-228 °C, Rf 0.82
(1/2, EtOAc/hexane as eluent). Calculated, %: C 68.56; H 4.32; N 9.99 for C16H12N20:s.
Found, %: C 68.41; H 4.22; N 9.83. Spectral data.

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

3.11. B pasgene Pe3yabTarhl W 00Cy:KIeHHe, KOTOPBIA sIBIsieTCs HamOojee
Ba)XHBIM, CJIEAyeT OOCYOUTh M OOBSCHHUTH IIOJy4EHHbIE B paboTe pe3yJabTaThl,
IIPOAHATU3MPOBATh OCOOEHHOCTH CHHTE3a, MIPOAEMOHCTPUPOBATh M YKa3aTh BO3MOXKHBIC
orpaHudeHus. [IpoBecTH CpaBHEHHE IOJyUCHHBIX PE3YJIbTAaTOB C OMyOJIMKOBAHHBIMHU
panee. Bce HOBBIE COEIMHEHHS [JOJDKHBI OBITh IIOJIHOCTBIO OXapaKTEPH30BAHBI
COOTBETCTBYIOIIMMH CIEKTPAJIbHBIMU U JIPYTUMH (HU3MKO-XMMUYECKHUMHU JaHHBIMH. B
TeKCcTe OOOOINAIOTCS U PAa3bACHIIOTCS TOJBKO TE CIEKTPaJbHBIE TaHHbBIE, KOTOpHIE
HCTIONB3YIOTCS AN TOATBEPXKICHHUS  CTPYKTYPhl  ITIONyYEHHBIX  COCTUHEHUIL.
Ilepeuncienne OOHMX M TeX >K€ MJAaHHBIX B TEKCTe, TAaOMMIIaX M HA PUCYHKAax HE
Jorryckaercsi. [l HOBBIX METOMOB CHHTE3a JKEJIaTeNbHO OOCYAMTh MEXaHU3M PEaKIHH.
Jis 0000mmeHnsT DaHHBIX HEOOXOJMMO HCIOJIB30BAaTh MOHATHBIE PUCYHKH M TaOIHIBI.
[IpencraBneHHbIe JAHHBIE TOJDKHBI TOAJABATHCSA HHTEPIPETAIIUH.

I[Ipn  oOcyxneHun pe3ynbTaToB cIeayeT TPHIACPXKUBATHCI  OQUINAIBLHOMN
tepmuHonoruu [UPAC. Pe3ynbraThl peKOMEHIy€eTCs M3J1araTh B MPOLIEAIIEM BPEMEHH.

O0cy:kaeHne He IO0JDKHO TOBTOPSTH OIMCAaHWE pPE3YNIbTaTOB HccienoBaHus. B
TEKCTE€ JIOJDKHBI OBITh HCIIOJIB30BAaHBI OOLICTIPUHSATBIE B HAY4YHOW JIUTEpaType
cokpamieHus. HectanmapTHble COKpamleHWsl JOJDKHBI OBITh pacmudpoBaHbl MOCiE
MIEPBOTO TMOSIBIICHUS B TeKCTe. EWHUIBI H3MepeHHi MODKHBI OBITh YKa3aHBl B
Mexaynaponnoi cucteme CU.

3.12. 3arem pekomeHayeTcs cHOpMyIHpOBaTH 3aKJIKYEeHHE, B KOTOPOM YKa3aTh
OCHOBHBIE JIOCTHXXCHHMS, IPEACTaBICHHBIE B CTaTbe, 1 OCHOBHOM BBIBOJI, COAEPIKAIIHA
OTBET Ha BONPOC, MOCTABJICHHBI BO BBOJHOW YacTH CTaThH, a TaKKe BO3MOXKHOCTBH
HCTIONB30BAaHUSl ~ MaTepuaja CTaTbl B (YHAAMEHTANBHBIX WM IPUKIATHBIX
HCCIIEIOBAHUSIX.

3.13. IIpuBoanTcs nadopmanust 0 GUHAHCHPOBAHMH HCCIICIOBAHHM.

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

3.15. B pykomucu MAOIDKHO OBITH 3asBICHO O TOM, HMMEETCS JH KOH(QJIHKT
HHTEPEeCOB

3.16. B undopmanmuu 00 aBTOpax YKa3bIBAIOTCI: ydYeHas CTETNEeHb, 3BaHUE,
noikHOCTh, e-mail, ORCID.
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3.17. CraTbs 3aKaHIMBACTCS] CIUCKOM JIMTEPATYPbI CO CCHUIKAMHU Ha PyCCKOM (HIH
Ka3aXCKOM) SI3bIKE M CCBUIKAMH Ha s3bIKe opuruHayia. CCBUIKM Ha JUTEpaTypHBIC
UCTOYHUKHM B TEKCTE IMPUBOJSITCS IMOPSIKOBBIMH apaOCKMMHU IM(paMu B KBaJpaTHBIX
ckoOKax 1O Mepe ynoMmMuHaHMA. Kaxnmas cchulka MOJDKHA COJEP)KaTh TONBKO OJHY
nuTepaTypHyto Imrary. CIHCOK JIMTEpaTyphl JOJDKEH OBITh NpelcTaBieH Hauboiee
CBEXKMMH M aKTyaJbHBIMH MCTOYHHMKaMH 0e3 M3JIUIIHEro camonuTupoBanusi(ue 6oiee 20
mnporeHToB). Ml crareil jkemareneH cnMcOK U3 He MeHee 10 cchbUlOK CO CTpOKaMu
JIOCTyIIa B UHTEpHETE.

3.18. OGs3arensHa uHpoOpManusi 00 aBTOpax. B Hell yka3bIBaloTCs: ydeHas
CTeleHb, 3BaHKE, JTOHKHOCT, e-mail, ORCID, ¢pamuaus, umMs, 0T4€CTBO MMOJHOCTHIO HA
TpeX S3bIKAX.
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JoxycunoexoB Ymupsak XymacwioBnd — AO «VHCTHTYT XHMHYECKHX HAayK UM.
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KoppecnionneHT HarnponanpsHol akagemuu Hayk Pecryommku Kaszaxcran, mpodeccop; e-
mail:jussipbekov@mail.ru, ORCID: https://orcid.org/0000-0002-2354-9878 .
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Coucok  murupyemModd  nurepaTypbl  oopMisieTcss B COOTBETCTBHU  C
HIDKETIPUBEACHHBIMH 00pa3iiaMu oubimorpaduueckux onucanui (4.8.).

3.19. B KoHIe CTaThbH TIOCIIE CIIUCKA JIUTEPATYPBl OOHONHUMENbHO TPUBOTUTCS
nepeBos Pe3tome Ha kasaxckuii (Tyiinaeme) v Ha anrmmiickuit si3piku (Abstract). Ciioso
Pesiome (Abstract, Tyiiinmeme) maetrcs mo teHtpy. Ha crenmyromeit crpoke ¢
BEIPAaBHUBAHHEM II0 JIEBOMY Kpalo MPOMICHBIMA OyKBaMH IIONYKAPHBIM mmpudTom Ne 12
MIPUBOANTCS Ha3BaHHWE cTaThu. Yepe3 CTpoKy Oe3 ab3amHOro OTCTyIa KYPCHBOM,
oy )KUPHBIM 1pudToM Ne 11 maroTcst HHUIUAIBL U (paMUIIUK aBTOPOB.

Ha cnenyromeii ctpoke 06e3 ab3allHOro OTCTyNa KypCHBOM, CTPOYHBIMH OYKBaMH,
mpudrom Ne 11 npuBozsiTCs MecTa pabOThl aBTOPOB C HaJCTPOUYHBIMH MHJIEKCaMU (IIOCIIe
(aMuuy ¥ mepes Ha3BaHWEM OpPraHH3allUM), YKa3bIBAIOUIME Ha MECTO paboThl aBTOPOB.
3aTeM depe3 CTPOKY ¢ ab3aI[HOTO OTCTyMNa C BhIPAaBHHBAHHUEM TEKCTa MO IIUPUHE HJAET
TEKCT pe3toMe, HaOpaHHBIN CTPOUHBIM HiprdTom Ne 12.

Jarnee gepes cTpoKy ¢ ab3allHBIM OTCTYIIOM CTPOYHBIMU OykBamu mpudToM Ne 12, ¢
BEIPABHUBAHHWEM TEKCTa 110 IIMPHHE IPUBOIATCA KJIOYeBbIe cioBa (oT 5 mo 10 mit.),
obecrieunBaroye Hanooee MOTHOE PACKPBITHE CONEPKAHUS CTATHH.

3.20. JIns cratel, mogaBacMbIX Ha SI3bIKE, OTIIMYHOM OT aHTJIUHCKOTO (Ha Ka3aXCKOM
WIK PYCCKOM s3bIKE), B KOHIIE CTAaThH HAXOMWUTCsA aHrmickuii Omok (Abstract,
Information about authors, References).

3.21. Bce cTpaHuIbl pyKOIHCH CIIEAYeT IPOHYMEPOBATh.

4. TPEBOBAHHUS K O®OPMJIEHUIO PYKOIIMCER

4.1. O6bem cTaTby, BKIIOYAs aHHOTAIMIO U CITUCOK JINTepaTypsl: 10 8—10 cTpaHwmII.
O030pHbie ctaThbt MOTYT ObITh 70 20 crtpanui. CrtaThs MO/DKHA OBITH HalledyaTaHa Ha
onHoi cropore sucrta A4 mpudprtom Times New Roman, pasmep kerias 14 ur
MEXCTPOUYHBII MHTEpBal — OJAWHAPHBIA U NoJsMu: BepxHee — 2.0 cM, HuxHee — 2.0 cwm,
neBoe — 3.0 cM, mpaBoe — 1.5 cM; paccTaHOBKa MEPEHOCOB HE JOMYyCKaeTcs; ad3aIHbIN
orctyn — 1.0 cM; popmaTupoBanue — 1o mupHHE. J{oJKeH OBITh HCIONB30BaH TEKCTOBBIN
penaxrop Microsoft Word for Windows, B Buze doc-daiina, Bepcust 7.0 u Gojee mo3aHue.

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

CTepeoXUMHYECKHE CHMBOJBI M TPHCTABKH, XapaKTEPHU3YIOUINE CTPYKTYPHBIC
OCOOCHHOCTH WJIHM TIOJIOKEHHME 3aMECTHTENs B MOJIEKyJe, CledyeT HaOmpaTbh KypCHBOM
(italic): (R)-smantuomep, mpem-OyTuil, napa-KCWiaol. BMecTO IpOMO3JKHX Ha3BaHUM
HEOPraHHYECKHUX U YacTO yIOTPEOIIIeMbIX OPraHUUECKUX COSIMHEHUI CIIeAyeT 1aBaTh UX
¢dopmynsr: NaBr, TsOH Bmecto GpomMun HaTpust U TOIyoJCYIb(pOHOBas kKuciora. I1pu
UCIIONIb30BAaHMH TEPMHHOB M 00O3HAUYEHHH, HE HMMEIONIMX IIUPOKOr0 NPHMEHEHUs B
JUTEpaType, UX 3HAYEHHS TOSCHAIOTCS B TEKCTE MPHU MEPBOM YHOTpeOIeHHN: HAapHMeD,
noyyTIeHTepedranar (II9TD).

Jns m300paskeHnst CTPYKTYPHBIX (OPMYJT XUMHUYECKHUX COCAMHEHUH HE0O0XO0IMMO
UCIIOIB30BaTh pemaktop xumumdeckux (opmyn ChemDrawUltra. Bce waamucu nHa
CcXeMax MpPHUBOIATCA Ha AHIVIMHCKOM s3bIKe. B cXxeme HEeoOXOoAMMO yKa3blBaThb BCE
YCIIOBUSI PEaKkIWi: HaJ CTPENKOM — peareHThl, KaTaau3aTopbl, PAacTBOPHUTENH, IIOA
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CTpENIKOM — TemIepaTypa, BpeMsi, BbIXoA. Ecny ycnoBusA peakuuidl CHUIBHO 3arpysKaroT
CXEMY, HX MOXHO NIEPEHECTH B KOHEI] CXEMBI, paclIn(poBbIBas OYKBEHHBIMH HHACKCAMH,
Hanpumep, i: HCI, H20, 80 °C, 5h. Takoif ke OYKBEHHbIH MHIEKC JODKEH OBITH yKa3aH
HaJ| CTPEJIKON COOTBETCTBYIOILEH PEAKIIUH.

4.2. YpaBHEeHHs], CXeMBbl, TaOJIMIBl, PUCYHKH U CCBUIKH Ha JINTEPATYPy HYMEPYIOTCS
B TOPSZKE WX YIIOMHUHAHHUS B TEKCTE U OO0IJICHbI OblMb BCMAGIEHbL 8 MEKCM CMambu
MOCJIe IEPBOTO YIOMUHAHMS. TaOJUIbl M PUCYHKH JOJDKHBI COITPOBOXKIATHCS MOIHCHIO;
3aroJIOBKH K CXeMaM JaloTcsl TP HE0OXOJUMOCTH.

4.3. Tlo BO3MOXHOCTH cJ€IyeT TOTOBUTh PHCYHKHM C IOMOIIBIO KOMIBIOTEpA.
OIHOTHITHBIE KPHUBBIE IOJDKHBI OBITH BBINIOJHEHBI B OJUHAKOBOM MacuITabe Ha OJIHOM
pucynke. KpuBble Ha pHCyHKax HyMepyroTcs apaOCKuMu nudpamu, KOTOpPbIE
pacm(pOBBIBAIOTCS B TOJNHCAX K pPHCYHKaM. [l BceX PHCYHKOB HEOO0XOIMMO
npencraBuTh rpadudeckue daitnel B hopmare jpeg ¢ MUHMMAIBHBIM paspemeHueM 300
dpi. Hapmuen Ha pucyHKax IOIDKHBI OBITh Ha AHTIMHCKOM SI3BIKE M IO BO3MOXKHOCTH
3aMEeHEHbI IU(paMH, pacin(ppoBKa KOTOPBIX AACTCS B IOIIHICH K PUCYHKY.

OnuHOYHBIE MPSMBIE, KaK MPaBHJIO, HE TPUBOIAT, a 3aAMEHSIOT YPaBHEHHUEM JINHUN
perpeccun. Ilepeceuenne oceil KOOpAKUHAT ClIEAyeT paclojaraTb B JIEBOM YTIIy PHCYHKa,
CTpeJKH Ha KOHIIAX Oceil He CTaBsTCA, JMHUHU, OTPaHUYHBAIOLIUE II0JI€ PHUCYHKAa HE
NPUBOJSITCS, MaclitaOHas CeTka He HaHOcUTcs. ManonH(opMaTuBHBIE PUCYHKH, HE
oOCyXJaeMble B CTaTh€ CHEKTPHI, BOJbTaMIIEPOTPaMMbl M APYrHe 3aBHCUMOCTH HE
nyOMuKytoTcss. PHCYHKH CHEKTPOB He JOJKHBI ObITH BBINOJHEHBI OT pyKH. Bce
PHCYHKH JOJDKHBI MMETh HyMEpalHio apaOCKMMHU Iu¢pamu (€CIu PUCYHOK HE OJMH).
CnoBo «PuCYHOK» W HAaUMCHOBAHHE ITOMEINAIOT IIOCJTE IOSCHUTENBHBIX MAHHBIX H
pacrioiararor cienyromum oopazom: Pucynok 1 — Jleranm npuopa.

4.4. Kaxnas TadJuua JO0KHA UMETh TEMAaTUYECKUH 3arojlOBOK M IOPSIKOBBII
apaOckmii HOMep (0e3 3Haka Ne), Ha KOTOpBIA NaeTcs cChbUTKa B Tekcte (Tabmmma 1).
HasBanune tabnuipl pacrionaraercst HaJl Tabiuneil cieBa 6e3 ad3amHOTO OTCTyIa B OJHY
CTPOKY C €€ HOMEPOM uepe3 Tupe 0e3 Touku mocie HazBaHus. [padbl B Tabuuile JOIKHBI
HMETh KpaTKHEe 3arojIOBKH, OTPaXKaloIlHe MapaMeTphl, YUCICHHBIE 3HAYEHHS KOTOPBIX
MIPUBEJICHBI B TaOJMIle; OHHU MUIIYTCA B MMEHUTEIHHOM MaJeKe €IMHCTBEHHOTO YHCia ¢
IIPOIMCHOM OYKBBI M Uepe3 3aIlTYI0 CONPOBOXKIAIOTCA COOTBETCTBYIOUIMMH €AMHUIIAMU
n3MepeHus (B COkpamieHHOH ¢opme). PHcyHKH uimm cTpyKTypHbIE (GopMyisl B rpadax
Tabnui He pomyckarorcs. IIpomycku B rpadax mpu OTCYTCTBHH IaHHBIX 0003HAYarOT
Tpems TOYKaMH, pu OTCYTCTBUH SIBJICHUS - 3HAKOM «THpEY.
[Mpumeyanuss k TabnaunaM WHIEKCHPYIOTCS apaOCKMMU HU(GpaMH W TOMEIIAITCS B
rpaHuIax TaOaunel 1o Marepuanom Tabumubl. CroBo «IIpuMedanue» cienyeT neyararb
¢ IponucHO# OykBHI ¢ ab3ana. Ecnu npuMevanue ogHo, To nocie ciosa «lIpumedanue»
CTaBUTCS THUPE W NPUMEYAHHUE IeHaTaeTcs ¢ MPONUCHON OykBbl. Heckonbko npumeyannit
HYMEpYIOT TI0 HOpPSIKY apabckumu mmdpamu 0e3 MpOCTaBICHUS TOYKH W IEYaTaroT C
ab3ama. B Tabmumax MCIONB3YIOT TOT e MPUQT, 9TO M B TEKCTE CTaThH; OMYCKAETCS
ymenbieHHbH (He MeHee Ne 10 mpugpTt TimesNewRoman).

4.5. Ilpn BeIOOpE eAMHUI M3MEPEHHUS PEKOMEHAYETCS TPHIEPKUBATHCS CHCTEMBI
CU: 1, Mr, M, cM, MKM (MHKPOMETp, MHUKPOH); HM (HAaHOMETP, MWUIUMHKDPOH); M
(mukomeTp); A (amrctpem); ¢ (cexyHnna); mun, u (yac), I'n (repi); MI'n (merarepi); D
(operen); I'c (raycc); B (BonbT); 3B (anmexTpoHBOiBT); A (ammep); Owm, Ila (mackanb);
MIla (meramackanb); rlla (rexromackams); JIx (mkoyns); K (kensBun), °C (rpamyc

Henbcusn); 1 (Jebait).
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B pecATHYHBIX ApOGAX Heaasi YacTh OTHAeNsieTcsl OT APOOHOW He 3amsATol, a
TOYKOM.

Hcnonp3yroTcss ciaeAyrolide COKpallleHHs: T.KUMN. M T.OUI. (TOYKM KUNCHUS U
IUIaBJIeHHUs1) — Tmepex Ludpamy; KOHIL. (KOHLIEHTPHPOBAHHBIM mepen (Gopmylon
coequHeHus); M — MonekynspHas Macca); MOJb, Kaj, KKaj, H. (HOpManbHBbIH), M.
(MOJIApHBIA); KOHIIEHTpALMs PACcTBOPOB 0003HauaeTcs (r/cMS, I/11, MONIb/I).

Jnsi BceX BHepBble CHHTE3UPOBAHHBIX COeJHMHEHHH 00s13aTe/IbHbI [JaHHbIE
3J71eMeHTHOI'0 aHAIU3a JH00 Macc-CeKTPbl BBICOKOTO pa3pelieHus.

B 6pymmo-gopmyrax sneMeHTH pacnoiaraiorcs B cieayiomeM nopsake: C, H u
Janee COrjaacHo JaThHcKoMmy andaBuTy. DOpMyIbl MOJEKYISPHBIX COCAWHEHUH U
OHHMEBBIX coJlell natores uepe3 Touky (Harnpumep, CsHsN.HCI). [Ipumep 3anucu KOHCTaHT
U JaHHBIX JIeMeHTHoro aHamm3a: T.kui. 78°C (100 mm prt. ct.), T 50°C (EtOH),
d42°0.9809, n%1.5256; Haiineno, %: C 59.06; H 7.05; I 21.00; N 8.01. CaHplcNgOe.
Brruucaeno, %: C 59.02; H 7.01; 121.20; N 8.22.

UK n Y® cnektpbl. B skcnepumentansHoit wactu ans UK u Y@ cnekrpos
JIOJDKHBI OBITh YKa3aHbl XapaKTePUCTHYECKUE YaCTOThI MOJIOC, JUIMHBI BOJH MakKCHMYMOB
TIOTJIOIEHHS, KO3(GUINEHTH! SKCTUHIUH (WIIH UX JIOTApU(MBI) B YCIOBHSL, IPH KOTOPBIX
3aIiCcaH CHEKT.

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

Cnektpsl SIMP 'H u *C. Jomkubl ObITh yKa3aHbl pabouas 4acToTa mpudopa,
UCTIONB30BAHHBIA CTaHIAPT M PacTBOPHUTENb. [IPOTOHBI B cOCTaBe CIOXKHBIX TPYMI, K
KOTOPBIM OTHOCHTCSI CHTHAN, ClielyeT HOA4YepKHyTh cHu3zy — 3.17-3.55 (4H, wm,
N(CH2CHa),); mis monoxkeHusi 3aMecTuTeNeld MCHONB30BaTh 00o3HaueHust 3-CHs; mms
obo3HaueHus nojoxeHus atomMoB — C-3, N-4 u T.n1. Ecim kakoi-HMOynb cHrHam B
CIIEKTpE OIMHUCHIBACTCA Kak MyOneT, TpUIJIeT WK AyOJeT ny0sieToB U T.II. (2 HE CHUHIJIET
WM MYJIBTUIUIET), HeoOxoaumo mpuBecTH coorBercTBytonme KCCB. Eciu npoBeneHs
JIOTIOJTHUTENIbHBIE HCCIICAOBAHUS IS YCTAHOBJICHHS CTPOCHHS WIJIM HMPOCTPAHCTBEHHBIX
B3aUMOICHCTBHUII aTOMOB, JIOJDKHBI OBITh YKa3aHbBI UCIIOJIb30BAHHBIE IBYMEPHbIE METO/IBL.
B omucanuu crektpos SIMP *C oTHeceHHe KOHKPETHOIO CHTHAIA K KOHKPETHOMY aToMy
yriueposa NUPUBOAWTCS TOJBKO TOTNA, KOTJa OIpeJelieHne IPOBEAEHO Ha OCHOBE
JBYMEPHBIX SKCIIEPHMEHTOB.

Ilpumepul 3anucu:

Crnexrp SIMP'H (400 MI'u, CDCl3), 8, m. a. (J, T'm): 0.97 (3H, T, J= 7.0, CHs); 3.91

(2H, K,
J= 7.0, COOCH?); 4.46 (2H, 1, J= 6.1, NCHy); 7.10-7.55 (6H, m, H-6,7,8, NHCH,CsHs);
7.80 (1H,

¢, HAr); 7.97 (1H, ¢, H-5"); 8.13 (1H, a. 1, J= 8.2, J= 2.3, H-5); 11.13 (1H, ¢, NH).

Criextp SIMPRC (100 MI'y, IMCO-dg), 8, M. 1. (J, T'mx): 36.3 (CH2CHa); 48.5 (C-5);
62.3
(CH2CHs); 123.0(CAr); 125.8 (1, 2Jce = 26.1, C-3'5' Ar); 128.9 (CPh); 134.4 (C-5a);
168.3 (C=0).

MﬂCC'ClIeKTpLI NPpUBOJATCSA B BUAC YHCIIOBBIX 3Ha‘~I€HI/II71 m/Z U OTHOCHUTCJIbHBIX
3Ha‘~I€HHI>i HOHHOI'O TOKa. HCO6XOHI/IMO YKa3bIBaTb METOJ W OHEPrur0 HNOHHU3AlUH,
MAcCCOBBIC 4YHCJIa XAPAKTEPUCTUYCCKHUX HOHOB, UX HHTCHCUBHOCTb MO OTHOIICHUIO K
OCHOBHOMy I/IOHy U 110 BO3BMOXHOCTHU UX I'CHE3UC. B cnyqae XI/IMI/I‘ICCKOI\/’I NOHH3AITUN HpI/I
OmnMCaHUHM MpHOOpa HEOOXOMMMO yKa3aTh ra3-peareHT. B Macc-CIeKTpax BBICOKOTO
paspemcHusd HaﬁHeHHLIC MU BBIYHUCJICHHBIC 3HAYCHUA m/Z IPUBOJAATCA C YCTBIPbMA
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NECATHYHBIMH  3HAKAMH, €CJIM  HalilecHHOe 3HaYeHne M/Z COOTBETCTBYET He
MOJIEKYJSIDHOMY HOHY, OpyTTO-(OpMylla U BBIYHCICHHOE 3HAYeHHE M/Z TaKKke
HPUBOHUTCS JUISL TOTO K€ HOHA.

Ipumep 3anucu dannvix macc-cnekmpa: Macc-criektp (3Y, 70 5B), M/z (lom, %):
386 [M]* (36),368 [M—H>0]" (100), 353 [M—H20-CH3]" (23).

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

Ilpumep 3anucu 0AHHBIX MACC-CREKMPA BbICOKO20 PA3PEULEHUA:

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

Brruuciieno, m/z: 282.1828.

4.6. JlaHHBbIEe PEHTTeHOCTPYKTYPHOr0 MCCJEAOBAHHUS CIIECAYCeT NPENOCTABIATH B
BHJC PUCYHKa MOJEKYJIHl C IPOHYMEpOBaHHBIMH atomamu, Hampumep, C(1), N(3) (mo
BO3MO>KHOCTH B TIPE/ICTABICHUH aTOMOB JIUIMIICO W JAMHUTEILTOBBIX KoJeOanwmif). [TomHbIe
Kpuctaymorpaduieckie HaHHBIC, TAaONHIBI KOOPAMHAT AaTOMOB, JMJIUH CBs3eH W
BaJICHTHBIX YTJIOB, TEMIEpaTypHbIe (AKTOpEl B KypHalIe HE MyOIHKYIOTCI, a
nernoHupyroTcs B KeMOpmmKkckoM O0aHKe CTPYKTYpPHBIX JAaHHBIX (B CTaThe yKa3bIBaeTCA
PETUCTPAIIMOHHBIN HOMEP JICTIOHCHTA).

4.7. Tlo TpeOoBaHMAM MEKAYHAPOIHBIX 0a3 maHHBIX Scopus, Clarivate Analytics,
Springer Nature mnpu oOlLeHKEe NyOJNMKalWi Ha $3bIKax, OTIMYHBIX OT AaHIJIHKICKOTrO,
oubmorpaduyecKkre CIUCKH JOJKHBI JaBaThCS HE TOJBKO Ha sS3bIKE OPUTHHANA, HO U Ha
natuHUIEe (poMaHCKuM anpaBuToM). [103TOMY aBTOpHI CTaTel, MOIaBaEMbIX Ha PYCCKOM
U Ka3aXxCKOM sI3BIKE, JOJDKHBI MPENIOCTaBIATH CIUCOK JUTEPATyphl B ABYX BapHaHTaX:
00un na sizbike opucunana (CNUCOK JUTEPATYPHI), & IPYTOi — B pOMAHCKOM dngasume
(References). TlocnenHuii CIUCOK BXOJUT B aQHIVIMHCKUEN OJIOK, KOTOPBIH PACIONOKEH B
KOHIIE CTaThH.

Ecmu B cmmcke ecTh CCBUIKM Ha WHOCTPAHHBIC ITyOJIMKAIIMH, OHHU IIOJIHOCTBHIO
noBropsitotrest B crmcke References. Tlpu UUTHPOBaHWM PYCCKOS3BIYHOTO IKypHAia,
MEPEBOIUMOTrO0 33 pyOekOM, B pycCKOs3bIuHON Bepcnn CITUCKA JIUTEPATYPhl HEOOXOIUMO
NPUBECTH TOJHYIO CCBUIKY Ha pPYCCKOsA3bIUHYIO Bepcuio, a B References — wna
MEXTyHapOAHYIO.

Crcok ucrounnkoB B References nomken GbITh HAlUCaH TOJNBKO HA POMAHCKOM
anaBuTe- jatuHuie (IPU 3TOM OH JIOJDKEH OCTaBaThCs IMOJIHBIM aHaimorom Crucka
JIUTEPATyphl, B KOTOPOM HCTOYHHKH OBUIM MPEACTABICHbI HA OPUTMHAIBLHOM S3BIKE

OIYOJIMKOBAHUS).
[ HarmcaHust CChUIOK Ha PYCCKOSI3BIYHBIE NCTOYHHUKH (M MCTOYHUKHM HA MHBIX, HE
UCTIONB3YIOMINX ~ POMAHCKHH andaBuT,  SA3BIKAX) CllellyeT  HCIOJIb30BaTh

ODULIMAJILHBIN TTEPEBO/I u TPAHCJINTEPALHIO (cm. TpeOoBaHUS K TEPEBOLY
U TPAHCITUTEPAIIHH).

B References tpebyercs crieayromas cTpykTypa OHOIMOrpadUuecKoil CCHUIKH W3
PYCCKOS3bIYHBIX UCTOYHHMKOB: aBTOPHI (TPaHCIUTEPAIKs), IEPEBOJ HA3BAHUS CTATHH HIIH
KHUTY Ha aHIVIMICKUI 5A3bIK, HA3BaHWE MCTOYHMKA (TpaHCIUTEpalus — Ui TeX U3JaHui,
KOTOpbIE HE HMMEIOT YCTAaHOBIEHHOI'O pelaKIMedl aHTJIMHCKOrO HAa3BaHMsl), BBIXOJHBIC
JTaHHBIEe B IMGpoBOM (opMate, yKa3aHHe Ha s3BIK CTAaThU B CKOOkax (in Russian wiu in
Kazakh).TpanciuTepaliiio MOXHO BBIITOJHUTH Ha caiite http://www.translit.ru.

VYcnoBHBIE COKpalleHUs] Ha3BaHUI PYCCKOSI3BIYHBIX JKypHAJIOB M CIPAaBOYHHUKOB
TIPUBOISITCSL B COOTBETCTBHM C COKPAICHUSIMHU, MIPUHATEIMU B «PedepaTnBHOM KypHaie
XuMHS». aHTJIOS3BIYHBIX M JAPYTMX HMHOCTPaHHBIX JKypHAJOB — B COOTBETCTBUH C
COKpalICHUsIMH, PEKOMEHAYEMBIMU H3JaTenbcTBOM «Springer and Business Mediay:
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http://chemister.ru/Chemie/journal-abbreviations.htm. JIns  crareit Ha pycckoM ©
Ka3axCKOM A3bIKaX HAa3BaHUEC KYpHalia «XHUMHYECKUHN )KypHan Kaszaxcranay CIeayeT
cokpamate: «Xum. Kypu. Kaz.» u «Ka3. Xum. KypH.» COOTBETCTBEHHO, a AJIsl cTaTel Ha
aHrnuiickoM s3bike: «Chem. J. Kaz.». HpI/IBO,Z[HTCSI q)aMI/IJ'II/II/I 1 MHULHAJIbI BCEX aBTOPOB
(cokparenus u Jp. u et al He gomyckaroTcs).

B Cnucke nuteparypst u B References Bce pabots nepeuncisitorcss B IOPSIKE
OUTUPOBAHMUSI, a HE B andaBuTHOM TOpSIKE.

DOIl. Bo Bcex cmywasx, KOrga y IHTHPYEeMOTO MaTepHaia ecTh MU(PPOBOH
I/II[eHTI/I('I)I/IKaTop, €ro HCO6XOI[I/IMO YKa3bpIBaTb B CaMOM KOHII€ OIMCAaHUA HCTOYHHKA.
IMposepsts Hammuwe doi y WCTOYHMKA ciemyeT Ha caite http://search.crossref.org wmu
https://www.citethisforme.com.

Hdns dopmupoBaHusi crnucka JuTepatypbl (BceX ©O€3 HCKIIOUEHHs CCHUIOK) B
XKypnane npunsat 6udnrorpaduuecKuii craHaapT 0e3 UCTIOB30BaHHS PA3ICTUTENS «//»:

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

,21.]151 Ka3aXCKO- WJIN PYCCKOA3bIYHOT'O UICTOYHUKA!

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).

Hwmxe npuBeneHsr 00pa3mbl 0(OpMIICHHS Pa3IMIHBIX BHIOB TOKYMEHTOB, KOTOPBIX
H606XOI[I/IMO NPpUACPIKUBATLCA  aBTOpaM  IIpU O(i)OpMJ'IeHI/II/I POMAHCKOI0  CIIMCKa
References.

OnucaHue 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).

Onucanne cratou ¢ DOI:

Zhang Z., Zhu D. Experimental Research on the localized electrochemical
micromachining. Rus. J. Electrochem., 2008, 44, No. 8, 926-930. doi:
10.1134/S1023193508080077.

Onucanue UHTEpHET-pecypca:

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).

N

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

N

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

Onucanne cTaTbH U3 JIEKTPOHHOIO KYPHAJIA:

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

Onucanue cTaTbU U3 NPOAOJIKAIOLIETOCS U3AaHUA (COOPHUKA TPYAOB)

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

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

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

Onucanne MaTepuaJioB KOHgepeHuii:

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.
61 Int. Symp. «New energy saving subsoil technjologies and the increasing of the oil and
gas impact»]. Moscow, 2007, 267-272. (In Russ.)

HexenatenpbHO OCTaBIATH OJHO ICPCBOAHOC HA3BAHUC KOH(bepCHL[I/II/I (B clrydac
CCJIM HCT INCPEBCACHHOI'O Ha AHTIIMHCKUHI S3BIK Ha3BaHUS KOHq)epeHLII/II/I), TaK KaK OHO
TIIPH TOIIBITKE KeM- 00 HANTH 3T MaTepHaibl, KACHTUDHUIHPYETCS ¢ OONBIINM TPYIOM.

Onucanue kHUru (MoHorpaguu, cOopHuKa):

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

Onucanmne nepenonﬂoﬁ KHUT'U:

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.).

Onucanue quccepTanum UM apropedepara qucceprauuu:

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.

Onucanne 'OCTa:

GOST 8.596.5-2005. Metodikavypolneniia  izmerenii.  Izmerenie 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.

HJIn

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. (In Russian).

OnucaHue NaTeHTa.

Patent RU 228590. Sposob orientirovaniia po krenu letatel’nogo apparata s
opticheskoi golovkoi samonavedeniia [The way to orient on the roll of aircraft with optical
homing head]., Palkin M.V., Ivanov N.M., Gusev B.B., Petrov R.H., 2006.

4.9. Ilpumep aHTJIOA3BIYHOTO 0JIOKA JISl MPeACTABJIEHUS CTATbH, HAMMCAHHOM
Ha f13bIKe, OTJIMYHOM OT AHIVIHICKOro:
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Abstract

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

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

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

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

E-mail: n_gulzipa@mail.ru

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

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

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

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

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

Bacna xpI3MeTiHzAET1 o/lenKe caif eMec ic - opekeTTepni (IUlaruart, >KaiuFaH aKmapar
KoHEe T.0.) OONBIpMayFa KOHE FBUIBIMH JKApHUSsJIAHBIMIAPIBIH JKOFAphl CamachlH
KaMTaMachl3 €Ty YIIiH, KOJ JKCTKI3reH FhUIBIMU HOTHXKEIEP/l )KYPTIIBUIBIKKA JKapusiiay
MaKkcaThIH/Ia PEAaKIMs alKachl, aBTOpJap, PCICH3CHTTEP, COHAal-aKk Oacma ymepiciHe
KaThICATBIH MEKeMeJep STHKAIbIK HOpMalap MEH epexelepi cakTayra MIHJACTTI jKoHe
onapaelH Oy3pUIMayblHAa  OapiblK Imapaigapabl maimananysl Thic. Ochkl  yaepicke
KATBICYIIBIIAPABIH OapIbIFBIHBIH FHUIBIMU JKapUsIAHBIMIAP 3THKACBIHBIH epeKeIepiH
CaKTaybl, aBTOPIAPIBIH 3HUATKEPIIK MEHIIIK OOBEKTUIEpiHE KYKBIKTAPBIH KaMTaMachI3
eTyre, JKaprsUlaHBIMAAp CalachlH apTTHIPYFa JKOHE AaBTOPJBIK KYKBIKICH KOpFalFaH
MaTepHaapabl JKeKe TYIFalIapIblH MYAIeci YIIiH NaiganaHy MYMKIHIITIH JKOIOFa
KOMEKTECET].

Penmakmmsira xiOepinreH OapiblK FRUIBIMH MaKamajlap MIHAETTI TYpAE €Ki KaKThI
Kynwsi capanTtaMara xioepineni. JKypHanIslH peJakIisuIbK adKachkl MaKaJaHbIH KypHaI
TaKpIpbIObIHA KQHE TaNaNTapblHA COWKECTITiH aHBIKTAM/IbI, )KypHAJIFa TIpKey YIIIH OHBI
IJBIH ajla capajayra >KYPHAIIBIH JKayanThl XaTIIBIChIHA Ki0oepemi. O KoymKa30aHbIH
FBUIBIMHM KYHJBUIBIFBIH aHBIKTAI, MaKaja TaKbIPhIObIHA KAKBIH FHUIBIMH MaMaHIBIKTaphI
0ap  eki Toyesci3 capallliblHbl aHBIKTaiabl. Makasanap/pl PeIaKIMsUIBIK aiKa JKOHE
PEeNaKUIUsIIBIK allka MyUIeiaepi, coHmaii-ak 0acka elaepCH IIAKbIPhUIFAH PEICH3CHTTEP
capanTaipl. MakajiaHbl capantay YIIiH PEIeH3CHTTepAl TaHIay Typasbl HIiemrimiai 6ac
penakrop KaOeumaiinpl. Capanray mMep3imi 2-4 anTa )oHE pPELEH3eHT OTiHIII OoMbIHIIA
OHEI 2 anTara y3apTyFa 00Iajbl.

Penakuusi MeH pemeH3eHT KapayFra kiOepinreH jkaprsuiaHOaFaH MaTepHaAapIbIH
KYIVSUTBUIIBIFBIHA KenUTaik Oeperi. JXKapusiiay Typaisl DIemIiM KypHAJIIBIH PeIaKIHsUTBIK
aIIKachl TEKCepreHHEH KeliH KaOwuimaHanmel. Kaker OornraH »karmaiina (pemakrop(iiap)
JKOHE/HEMece PeIeH3eHT(Jiep) TapamblHAH €CKepPTYJIepaAiH 00Jybl) Ko/bka3ba aBTopiapra
KOCBIMIIIA TY3eTyJiepre xioepinemi, colaH KeiiH ol KaiTa Kapajgaapl. DTHKa HOpMaaphl
Oy3bUTFaH JKaraioa, MakKaJaHbl jKapusiayldaH 0ac TapTy KYKbIFbIH Pemakius e3iHe
Kanapipaabpl. JKayanTel perakTop Makajiajaa Iularuar JIel ecenTeyre JKEeTKUTIKTI akmapar
OounFaH XKaFmalia OHBI XKapusIayFa pykcat oepmeini.

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

Makanansl penaknusra O0epy aBTOpJIapIbIH MaKajaHbl (TyImHYCKaaa Hemece Oacka
TUIepre HeMece TUIICH aynapmajna) Oacka sKypHaira(iapra) skibepMmereHiH oHe Oyl
MaTepHuaablH OYphIH KapusiaanOaraneiH Ournipeni. Omail OomMaraH >karmaija Makaiaa
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aBTOpIapra «ABTOPNBIK KYKBIKTBI Oy3FaHBl YIIIH MaKaJaHbl >Kapusulamay» AereH
IIenTiMMeH KaiTapbeiiaasl. backa aBTOpABIH TYBIHABICHIHBIH |0 MalibI31aH acTaMbIH, OHBIH
ABTOPJIBIFBIH JKOHE JIEPEKKO3Te ClITeMenepi KepceTnedl ce30e-co3 Kemripyre Ko
Oepinmeiini. ATBIHFaH Y31HIUIEp HEMece MalliMeMeNep aBTOp MEH IepeKKo3i MiHIeTTi
TYpe Kepcere OTHIpbIN peciMaenyi kepek. lllamanan Teic e3re MaTepHangapiabl
nalijanany, coHjAaii-ak Ke3 KeJIreH HbICaHAarbl IUIaruaT, COHBIH IIIiHIEe Joiiekci3
noiiekce3nep, Oacka amaMaapAblH 3CpPTTEYICPiHIH HOTHXKEICPIH HEMJICHY JTHKara
KaTHaapl SkoHe KaObulmaHOalabpl. 3epTrrey OapbIChlHa — KaThIHACKAaH 0apIbIK
TYJIFaNIap/IbIH YJIECIH MOMBIHIAY KaXKeT KoHEe Makajajga 3epTTey.i Kyprisyae MaHbI3bl
OosrFaH JKYMBICTapra cinTemenep Oepimyi kepek. bipimeckeH aBTopnap apachiHzIa
3epTTeyre KaTbICIaFaH alaMAapabl KOPCeTyre Ko OepiaMen .

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

Komka30aner Oacelll mpIFapymaH 0ac TapTy Typaisl WICHIIM pPELEH3CHTTePIiH
YCHIHBICTApBIH €CKEpE OTBIPBIN, PEAAKIHs aTKACBIHBIH OTBIPBICHIHAA KaObUIAaHA b,
PemakiuanbIK adKaHBIH MIENTIMIMEH JKapusulayFa YChIHBUIMaraH Makajia KaiWTa Kapayra
kabpuInanOaiapl. JKapusiaynan O6ac TapTy Typajibl xabapiiamMa aBTOpPFa 3JICKTPOHIIBIK
TOLITa apKBUIBI XKibepineni.

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

Pepakuunonnas KOJLJIEerust | rJIaBHBIH peaaxkTop HAYYHOTO
sKypHasa «XuMmnveckuii :xypHan Kasaxcrana» (nanee — )KypHau) npuaepxkuBarorcst
MPUHATBIX MeKIYHAPOIHBIX crangapToB «Komurera 3THKH no
nyoaukamusam» (Committee on Publication Ethics — COPE)
(http://publicationethics.org/about),, «<EBponeiickoii accoumauuu HAYYHBIX
peaxakropos» (European Association of Science Editors - EASE)
(http://www.ease.org.uk) n «KoMuTeTa M0 »JTHKe HAYYHBIX NyOJIHKAMUI»

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

Bo wn3bexxanne HeJOOPOCOBECTHOH MPAKTUKM B IyONMKAMOHHON NESTeIbHOCTH
(mTaruart, U3J0)KEeHUEe HEJOCTOBEPHBIX CBEICHUH ¥ AP.) U B IIENSX 00CCIICUCHHUS BBICOKOTO
KauecTBa HAYYHBIX MyOJHMKALMi, MPU3HAHHUSA OOIIECTBEHHOCTHIO, OJNYYEHHBIX aBTOPOM
HAay4YHBIX PE3yJIbTAaTOB, WICHBI PEIAKLHOHHOIO COBETA, aBTOPHI, PELCH3CHTHI, a TaKxkKe
YUPEXICHUS, yIaCTBYIOIINE B U3aTEIbCKOM IpOIecce, 00sI3aHbl COOMIONATh ATUYECKHUE
CTaHAapThl, HOPMBI M IpaBWia M NPUHUMATh BCE MeEpbl Uil NPEJOTBPAILCHHUS HX
HapymeHnid. CoOio/ileHne NpaBWI ATHKA HAYYHBIX MyOJUKAalWil BCEMH yYacTHHKAMHU
9TOTO Mpollecca CHOCOOCTBYET OOECIIEUEHHMIO IpaB aBTOPOB Ha HWHTEIUICKTYAIbHYIO
COOCTBEHHOCTb, TIOBBIIICHHIO KAyecTBA H3IAHUS W HUCKIIOYEHHIO BO3MOXKHOCTH
HEMpaBOMEPHOTO MCIOJIb30BaHUs aBTOPCKUX MaTEePUAIOB B MHTEPECaX OTACIbHBIX JIULL.

Bce Hay4HBIC CTaTbW, IOCTYIHBIIME B pENAKIUIO, IOJUICKAT 005A3aTeIbHOMY
JBOMHOMY CJIETIOMY pereH3upoBaHuIo. Penakims JKypHasia ycTaHABIMBAaeT COOTBETCTBUE
ctateu npodmiro XKypHana, TpeboBaHHAM K ODOPMIICHUIO M HAINPAaBIISET €e Ha IepBOe
paccMOTpeHHE OTBETCTBEHHOMY cekperapro JKypHania, KOTOPBIH ONpenensieT HaydHYH
LEHHOCTh PYKOIIMCH M Ha3HAa4YaeT JBYX HE3aBHCHMBIX PELICH3EHTOB — CIICIIHAJIMCTOB,
HUMeoUIMX Hanbosee OIM3KUE K TeMe CTaThH Hay4yHbIE ClielHanu3anuu. PeneHsupoBanne
cTaTeil OCYLIECTBIISIETCS YWICHAMH PEaKIIMOHHOTO COBETa M PEAaKIMOHHOW KOJUIETHH, a
TaKKe MPUTJIALICHHBIMH PEIeH3eHTaMH JPYrux cTpaH. PerieHue o BbIOOpE TOr0 MM
WHOTO PELEH3EHTa JJIsl MPOBENICHNs] SKCIEPTHU3bl CTaThU NMPUHUMAET TJIaBHBIH pElaKTop.
CpoK peneH3UpOBaHUs COCTaBIIsIeT 2-4 HeNleNH, HO MO MPOChOe pelleH3eHTa OH MOXKET
OBITH MPOJJICH, HO He OoJiee YeM Ha 2 HeJeH.

Pemakumsi W peleH3eHT TapaHTHPYIOT COXpaHeHHE KOH(HACHINAIBHOCTH
HEOIyOJIMKOBAHHBIX MAaTEepPHAJIOB IMPUCIAHHBIX Ha paccMOTpeHue pabot. Perrenue o
nyOJIMKaluK IPHHUMAETCs PeIaKIHMOHHOM Koyuterned JKypHaia mocie peleH3upOBaHus.
B ciyuae HeoOxoquMocTH (HalmM4yKe 3aMeYaHnii pelakTopa(-oB) U /Ui pereH3eHTa(-0B))
PYKONIUCH HampaBisieTcs aBTopaM Ha JIOpadOTKy, IIOCIE€ Yero OHa IIOBTOPHO
peuensupyercs. Pepakuust ocraBinsier 3a cO00H MPaBO OTKIOHUTH IMyOJMKALMIO CTaThH B
cllyyae HapylleHHsi MpaBuil STHKA. OTBETCTBEHHBI PElaKTOp HE JOJDKEH JOMYCKaTh K
nyOmuKanuy MHGOPMAIMIO, €CIIH MMEETCsl JIOCTATOYHO OCHOBAHMI IMoJiaraTh, 4TO OHA
SIBJISIETCS TIAarUAaTOM.

ABTOpBI TapaHTHPYIOT, YTO MPE/CTaBICHHbIE B PEIAKIHI0 MATEPHANIbl SIBJISIOTCS
HOBBIMH, paHee HeONyOJMKOBaHHBIMH M  OPUTMHAIBHBIMH.  ABTOpbI  HECYT
OTBETCTBEHHOCTh 32 JIOCTOBEPHOCTb M 3HAYMMOCTh HAYYHBIX pE3yJbTAaTOB, a TaKXe
coOojieHNe TPUHLMIIOB HAayYHOW OTHKH, B YaCTHOCTH, HejaolyuieHue (akTos
HapylIeHHUs HayqHOH 3THKH (padbpHKais HayYHBIX JaHHBIX, (panbcuduKarys, Beymas K
UCKaKEHUIO  HWCCIENOBATEIbCKUX  JAHHBIX, IUIAarMaT M JIOKHOE  COaBTOPCTBO,
IQyOnIMpoBaHKeE, IPUCBOCHUE YY)KUX PE3yJIbTAaTOB H AP.)
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HanpasneHnune craTby B PEAAKIUIO O3HAYACT, YTO aBTOPHI HE NEPEAABAIN CTATHIO (B
OpWTHHAJIC WIH B TEpeBOJle HA JPYTHe S3BIKM WM C IPYTUX S3BIKOB) B NIPYToii(-ue)
KypHaJI(bl) U YTO 3TOT MaTepuayl He ObUI paHee omyOiMKoBaH. B mpoTtwBHOM ciydae
CTaThsl HEMEUIEHHO BO3BpAIacTCsl aBTOpaM ¢ (HOpMyIUpOBKOil «OTKIOHHUTH CTAaThIO 32
HapylIeHHe aBTOPCKMX mpaBy». He nomyckaercst nocioBHOe KomupoBanue Oonee 10
MIPOLIEHTOB pabOoTHI APYroro aBropa 0e3 yKasaHUs ero aBTOPCTBA U CCHUIOK HA UCTOYHUK.
3auMcTBOBaHHbIE ()ParMEHTHl MJIM YTBEPXKICHUS JOJDKHBI ObITh O(OpMIICHBI C
00s13aTeNbHBIM YKa3aHHEM aBTOpa W IEPBOMCTOYHMKA. Upe3MepHbIe 3aMMCTBOBAaHUS, a
TaKke Iuiaruat B Jroboi opme, BIItOYas HeO(OPMIICHHBIE IIUTATHI, TepedpasupoBaHie
WJIN TIPUCBOEHHE NPaB Ha Pe3yJbTaThl Uy>KUX MCCIICTOBAHUM, HEITUYHBI U HENPUEMIIEMBI.
Heobxoanmo mpu3HaBaTh BKJIAA BCEX JIMI, TaK WIM HHA4YE TOBIMSBIIMX HA XOX
HCCIIEIOBAaHMS, B YaCTHOCTH, B CTAThE OJDKHBI OBITH IPEICTABICHBI CCHUIKH Ha pabOTHI,
KOTOpBIE HWMENM 3HAauYeHWe IIpM MPOBEACHUHM wHccienoBaHus. Cpeou coaBTOPOB
HEJIOITyCTHMO yKa3bIBATh JIMII, HE YIaCTBOBABIINX B HCCIICAOBAHUH.

Ecmu aBTOpoMm(-amm) oOHapykeHa omuOka B paboTe, HEOOXOONMO CpPOYHO
YBEIOMHUTB PEIaKTOPa M BMECTE MPUHSTH penieHne 00 NCIpaBICHHN.

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

Ilocne mnpumsTus pegkomtermeid JKypHama pemieHHss O JOMyCKEe CTaTbU K
MyOMUKanuy peaaknust HHPOPMHUPYET 00 3TOM aBTOPA M YKA3bIBACT CPOKH ITyOJIHKAILIUH.
OpuruHainsl peueH3uid xpansaTes B pegakuuu JKypHana B TeueHue 3 Jer.
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Scientific Publication Ethics

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

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

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

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

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

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

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

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

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