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JKypHanabiH HeTi3iH Kanaymsl jxoHe 0ac penakropsl — Kazakcran Pecry6mu-
Kachl YJITTBIK FBUIBIM aKaJIeMHACHIHBIH aKaJEeMHTi, FBUIBIM XOHE TEXHHKa caja-
CBIHIAFbI MeMJIEKETTIK CHIHIBIKTHIH JIaypeaThl, FhIIBIMFa €HOeK CiHIpreH Kanhpart-
kep, Kazakcran PecryOnrkacel eHOEK CiHIPTEH ©HEPTANKBINI, XUMUAS FHUTHIMIA-
PBIHBIH AOKTOPHI, podeccop, EnOex Kp3bin Ty opaenai O.b. BexTypos atbiHga-
FbI XUMHUs FBUIBIMAAPEI HHCTUTYTHIHBIH bac nupextopst EALJT EPTOZKAYJIBI
EPFOKUH

OcHoBatenb W TJaBHBIA pefakTop KypHama — akameMuk HarmoHamsHOM
akagemun Hayk PecnyOmukm Kaszaxcran, maypeat ['ocynapcTBeHHOW mpemuu B
00JIaCTH HAyKH W TEXHHKH, 3aCIy)KCHHBIN NesSTeNb HayKH, 3aciyKeHHBIH H30-
Operarens PeciyOnmku Kazaxcran, JOKTOp XUMHYECKHUX HayK, podeccop, ['ere-
panpHBI aupekTop opaeHa TpymoBoro KpacHoro 3mamenu MHCTHTYyTa XUMU-
yecknx Hayk uMeHu A.b. bextyposa EJJUJI EPTOXKAEBUY EPT'OKUH

The founder and Editor-in-Chief of the Journal is the Academician of the
National Academy of Sciences of the Republic of Kazakhstan, Laureate of the
State prize in science and technics, Honored scientist, Honored inventor of the
Republic of Kazakhstan, Doctor of Chemical Sciences, Professor, General Direc-
tor of A.B. Bekturov Institute of chemical sciences awarded by the Order of Red
Banner of Labor EDIL ERGOZHAEVICH ERGOZHIN
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CnoXxHble
cdopmynbl cyabLObI

«Kex yi» — «cuHuil gom». Tak Haszbl-
B 3TO JKWIMIIE BCE EKIMMHIWHIBI — OT
Mayna 10 Benuka. Ha Qone mpusemucThIX M
OOBeTIIANBIX CTPOCHUM ayja OH CMOTpEncs
Kak JBOpeEL, B3Upasi Ha OKPYTy CBOMMH OOJIb-
mUMH (Ha TO BpeMsi)) OKHaMHU C TOJyObIMH
craBHsIMH. OH Maru4yecky IMPUTITUBAJ B30p
Ka)XXJJOro, KTO KOTJa-JInbo IMpHe3k al B 3TO
cenenre B 30-50-ple TOABI MPOILUIOTO CTO-
JETHS. ..

CoOpaHHbIif U3 TOOPOTHOH CHOMpPCKOH
JIpEBECHUHBI, O3TOT JIOM CTal OOBEKTOM
JEeTCKUX (haHTa3Mi M MaJEHBKOTO MaJbuHMKa
Enuna, ypoxkeHna 3TUX MECT, U OTIPABHOU
TOYKOM €ro MeUTaHUIl O XOpOILUEH KU3HU, I1e
He ObLIO BOHHEIL, TOJI0/a U Pa3pyXH. ..

«BoT BBIpacTy 1 0053aTENBHO MOCTPOIO
CBOH «CHHHH JIOM» B KOTOpOM OyIyT
CYaCTJINBO U B JIOCTAaTKE JKUTh BCE: POJAUTE-
mn — orey Eproxa um mama Tatum, Mos
Tartubana amaii, moit Eneycus koke W,
KOHEYHO, yBakaeMmass Bcedl okpyroi J[lay
axe — Mos 3amuTHUNA 1 0abymka Tonerena

(mpyra)...».

Jlaxe ceromHs, C BBICOTHI MPOXKUTHIX JIET M TPOWAEHHBIX JOPOT, BEITHKHX
CBEpIICHUH W yOemUTEeNbHBIX MOOeN, YUeHBI ¢ MUpOBBIM mMeHeM Emnn Eproxwn Bce
TaKOKe BEPUT, YTO AOPOTa B GONBIIYI0 M HACBHIIIEHHYIO COOBITHAMM XXH3Hb, B OOJBLIYIO
HayKy ¥ MHp Oe3 IpaHMIl HauMHAJICsS OT TOH Y3eHBKOM, 3apociueil Mo KpasMm TycToi
KpanvBOi TPOITMHKY HAIIPOTHB «CHHETO J0May, Ilie OOCOHOTHI CeTbCKUI MalbuyraH Jal
ce0e CIIOBO «ITOCTPOUTH CBOYM CHHHMIA JIOM CUACThSD».

3abupa CAUHIIBIUHA, ITowemuviii scypranucm PK.
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«I/ICTOPI/IH CHHEro 1oMa»

«Korma s BcoMUHar0 pOJHOM ayi, y MEHS Iepel TllazaMd BCeria CTOUT
3TOT «CcHUHUH 1nom». OH CcTal Kak OBl TMOCTOSHHBIM aTPUOYTOM MOWX BOCIIO-
MUHaHHUH O IETCTBE U OTPOYECTBE. XOTh U CMYTHO, HO ITIOMHIO, KaK s ITBITaJl CBOIO
MaMy paccrpocamMy O TOM, MTOYEMY MBI HE JKUBEM B TaKOM JIOME M MOYeMY OH
OIIMH BO Bcel okpyre. Mama TepnennBo 0OBACHSIA MHE — HECMBIIIIICHBIITY, YTO
9TO — UMeHHOM oM. OH crienuanbHO npuBe3eH u3 CHOMPH U coOOpaH MacTepamu-
CTPOUTENSIMH Il «CTaXaHOBKHM» M TNepenoBuka npoussoactBa Hypumsr [locxka-
HOBOI1 TI0 yKa3y camoro ToBapuia CranuHa u yto Hypuna amaii 3acimyskuiia 3ToT
A0OM CBOUM I'€pOMYCCKHUM TPyAOM, BbIpalllMBasg Ha IOJIAX OT'POMHOE KOJHUYCCTBO
CaxapHOM CBEKJIBL...

Koneuyno, cytb U conp Bcel 3TOM HMCTOpPUM s HOHSUI KyAa IO3XKe, Korja
ITOZIPOC, HO CJIOBO, YTO 00S3aTEIHHO IMOCTPOI0 MaMe TaKOH K€ KPACHUBBIA M YIOT-
HBII JIOM, 5 J1ajl €lle TOr/la, B paHHEM JIETCTBE. A ellle s MOHUMAaJl — YTOOBI T10-
CTPOUTH TaKOH JOM, HaJ0 OBUIO BHIPACTH HACTOSIIUM MYKYHHOH, C TBEPABIM
XapakTepoM W OOJBIIMMHK 3HAHWSAMH. BOT Torma s W 3ammcancs B Psabl OTINY-
HUKOB y4eOBbI...».

OTH BOCIIOMHUHAHUS 51 yclblana u3 ycT camoro Emuma ara B 2008 rony,
KOTJla cOo CBOeH Koiuieroil — tenexxypHamucrtoMm [ympHa3z Mycradoit e3gunu B
KOMaHJMPOBKY B AJMaThl: 51 Opaja UHTEpBbIO i GuibMa, a ['ynpHa3 cHumana
CTHEUMANIbHBIN PEMOPTaX C y4aCTHEM BCEMHUPHO MU3BECTHOTO y4eHOro. UyTh mo3-
e, KOTJ]a TeJIepPeropTax roToBIICS K 3¢upy, ['yinbpHa3 gonro eire BOCXHIaiIach
CBOUM TepoeM, puroBapuBasi: «berBarot xe moau ot bora! Kakas risida! Kakoi
TIEPCOHAX!».

Cpeau 6patbeB U cectep. CneBa HanpaBo: KynsaH Hypxa-
ToBa, 3erHew EproxuHa (1935-1956), Kabu Abuwer (1936-2000),
Epvn EproxuvH u Eneycus EproxwuH (1923-1982).
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Ha. Ennn Eproxwn — sto smoxa! Ha s3plke coBpeMeHHOTo oOmecTBa —
KazaxcTaHCKHi OpeHnl B MUpOBOH Hayke! Ero MoHyMeHTanbHbBIE TPYABI M QyH/a-
MEHTAJIbHBIC OTKPBITUS B OOJIACTH XMMHHU JIABHO CTaJIH JOCTOSIHUEM BCETO YeJIO-
BEUYECTBA, IOTOMY YTO MUMS €ro IIMPOKO M3BECTHO JANEKO 3a IpeleiaamMu Halleu
ctpanbl. OH CcTajg 4YeIOBEeKOM MHpA, MOTOMY YTO HYHTAET JIEKIMH M TIPOBOIUT
MPaKTUYECKUE KYPChI 10 BCEW IUIAHETE — OT Hbm-ﬁopKa 1m0 Tokuo, oT Anmatsl
1o Jlongona. OH TOT 4eTIOBEK, 0 KOTOPOM Ka3axu roBopaT: «Emi yimiH TyFaH ep!»,
T.€. TOT, KTO POXKIIEH, YTOOBI MPOCIAaBUTh CBOW Hapoj. A emie, MpOCIeKHUBas
xu3ub Ennna Eproxaesnya, moHUMaelb, HACKOJIbLKO TOYHBI OBUIM HAIIX MPEIKH,
XapakTepu3ys YeJIOBEUYECKYH) CYyTh TaKUMH CIOBaMU — «TEKTIIEH TEKTi Tyajbl,
TEKTLTIK XOJBIH Kyandbl...». Y Emuna EproxuHa — 3010TBle KOpHH, ClIaBHas
ponocinoBHas. M mpupoga y Hero ocoOcHHas, BeAb OH — MPSMOW IOTOMOK
nerenaapHoro Eckenb/ipl Ousl, OTHOTO M3 CIABHBIX CHIHOBEH Ka3axCKOTo HapoJa.

Bo3sBpamasce k «cuHeMy noMy» U K nercTBy Enuna ara, BcnoMuHawo enie
OJIMH MOMEHT U3 €ro pacckasza: «Bel 3HaeTe 0 TOM, 4YTO MO€ paHHEE ACTCTBO BbI-
IIaJI0 Ha CYpOBBIE I'OJbl BOWHBI. ECTb MOMEHTBI, KOTOPBIE COBCEM CTEPJIUCH U3
MaMATH, HO €CThb M TAKWE BOCIOMHWHAHHS, KOTOPbIE BPE3AJIUCh B MOKO MaMSATh
MEpTBOI XBATKOM...

Mos ters TarTrbana — MaMHUHa cecTpa, CKOJIBKO CeOs MOMHIO, )KHJIa C HAMU
o OJlHOW Kphimei. I odeHsb ee moOwia. M1 BOT ogHaXABI S YBUICH, KaK OHA
ropbko miaayver... Cka3aTp, 4TO MPOCTO IUTaYET — HUUEro He cKa3aTh. OHa Iutakaita
TOPbKO, HAJPHIBHO, IPUYHTAs U 3aXJICOBIBasCh. Tak IIAYyT TOJIBKO OT TSKKOTO
rops... Bcem MalleHBKMM CEpALEM I[IOHHMMAjl, YTO CIY4YWUIOCh HEYTO HEMOoIpa-
BUMO€E, CTpamHoe... M s moronan K HEW CBOMMM HEYBEPEHHBIMM HOXKKAMH H,
NPUWIBHYB K €€ MO0y, CKazal: «Ala, XO4Yellb 5 CTaHy TBOMM ChIHOM?». TeTs,
JIpO’Ka BCEM TEJIOM OT PhIJAHUI M MpHKUMas K ce0e Bce Kperrde U Kpende MeHs,
menraia B otBeT: «/la, 6amam! Jla!». KoHeuHo, pa3Be MOXHO OBLIO YHATH M 00-
JerYuTh 00Jb W TEPSKUBAHUS SKCHIIMHBI, KOTOpas TOJBKO YTO TMOJIYydYuUIia
ITIOXOPOHKHU Ha 00OMX CHIHOBEH M Myxka? Pa3zBe MOKHO OBLIO 3a1aTaTh ABIPHI B €€
ceple, HaHEeCEHHBbIC MPOKJIATOM BoWHON? Ho s mpiTancs... A motom s AeicT-
BHUTEJIBHO CTaJl €€ CBHIHOM, KyHasch B JIFOOBM U JIaCKax JIBYX Marepeid — moei
ponHoii u TarTubans! anaii...».

Kcratn, u3 cembu Enquia ara Ha BOWHY yILIM 4eTBepoO: poaHoii Opat Ejey-
CHU3 M JIBOC JBOIOPOJHEIX OpaTheB U Asisd — MyK TeTn TartuOainsl. JKuBbIM Bep-
Hyics nub Eneycus. Tspkeno paHeHbIH B CpaXeHUsIX, OH JOJT0, MOXHO CKa3aTh
110 KOHIIa KU3HU, UCIBITHIBAJ Ha c€0€ OTTOJIOCKH BOSHHOTO JIMXOJIEThA... «JKeH-
IIMHBI HAIIIETO pojJia MOTOM Bce bora Onmaromapuiu 3a TO, YTO XOTh KTO-TO U3
MYXYHH BEpHYJICA JKHUBBIM...», — BcOOMHHaeT Enun ara. JlelcTBUTENBHO,
BceBblHui cxkanwiics Hax 3TOM ceMbel, BEpHYB C BOMHBI XUBBIM Ejeycusa,
Be/Ib Yepe3 HEKOTOpOoe BpeMsi Bce 3a00ThI O CeMbe JISTTH Ha ero Tuiedn. Crapimunit
OpaT kK TOMY >Xe 3aMEHWI MalieHbkoMmy Enmiy OTIla, MOKWHYBILIETO 3TOT CBET
COBCEM PaHO — MITAJIIIIEMY ChIHY TOT/1a OBLIO BCETO JIMIIb TISITh JIET.

A moroMm ObLTa NIKOJA, TJe MaJeHbKAN EMui yuuiics ¢ IeTbMHU Kyia ocTap-
1€, TOTOMY KaK MHOTHE MaJIbUUIIKU U IEBUOHKH, B CBS3H C BOMHOM, 3a1103/1aJI4 C
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oOydenuem. [lo Bo3pacTy — Mutaaiiui, HO MO MPHUPOJAC — TAJAHTIUBBINA, Emxun
YUHUIICS TONBKO Ha MATEPKU, pagysl BCIO OKPYTy cBoMMHM ycrnexamu. Mm ropmu-
JMCh HE TONbKO MaMmbl — Tatum u Tarrtubana, 30pkuil yM W MPHIIEKHOE BOCIIH-
TaHWe OpaTHIIKU BBI3BIBAIA BOCXHWINCHHE W y Emeycusa ara, paboTaromero K
TOMY BPEMEHHU MapTOPTOM B XO3sIICTBE.

K 3aBepmenwnro cpemneir mkomnsl Ennn EprokwH OBIT HOMHHUPOBaH Ha
30J10TyI0 Menanb. Kaszamoch OBI, Bce CKIaIbIBAIOCh KaK HENb3s JydIlle, IMOKa
JKU3Hb HE IPENOJHECHIA €My €Ile OJHO CEPbE3HOE HCIBITAHHE — CPEdu IpEro-
nmaBaTeneil mpomsonumd Kakue-To TpeHus (Eamnm ara mozke Bce-Taku y3HAl
MIPUYUHY TEX COOBITHI) W Ha TMOCIEAHEM BBIIIYCKHOM JK3aMEHE €My He3aciy-
KEHHO CHU3WIH OleHKyY. (I'JisiAA Ha ero aTTecTaTt, mopaskaelIbecsi HeJ1eNmoCTH —
OJHU NSATEPKH, OT KOTOPBIX PSAOUT B IjIa3ax M... OIHA eIMHCTBECHHASl TPOIi-
Kka... Keratu, 3Ta Tpoiika mMOTOM ChHITPaeT CBOK POKOBYK POJib — IPH MO-
cTylJjiennd B yHuBepcutTeT Enua Eproxun HaOpan BbicokMii 6a/J1, HO npu
CYMMMPOBAHHUM €My He XBaTHJIO BCero OJHOro 6ajsa, urodbl HadpaTh 25 u
NOCTYNHUTH B YHHUBepcHTeT). «B TOT rox Ha XuMdak MOCTYIaio OYeHbL MHOTO
abuTypreHTOB, — BcrioMuHaeT Equ ara.

— Ha ogno mecto o 15-16 yenoBek NpUXOAWIOCE. DTO CBA3aHO, HABEPHOE,
C TeM, YTO B CTpaHe ObUTa OYEeHb BOCTpeOOBaHA CHEIHATFHOCTh XMMHKA — OCO-
OCHHO B CEJIbLCKOM XO3sICTBE, TJe, 1Mo npu3biBy Hukutel Xpyiiesa — ['enepaiib-
Horo cekperaps LIK KIICC, mnanupoBanack Xxumu3anusi HOJeH ISl MOJHATUS
ypoXxast KyKypy3bl...

Tak BOT, HE 10OpaB BCETo JIUIIL OALI, S HE MOCTYIHI HA CBOUM BOXKICICHHBII
¢akynprer B Kas['Y umenn Kupoma, XOTs MeHS TYyT K€ NMpHIIIAIIAA B APYrue
y4eOHble 3aBEJICHHS, Ha POJICTBEHHBIE CIENHaIbHOCTH. Torga Obla MpakTHKA!
abWUTypreHTOB, HAOpPABIINX BBICOKHHA Oaii, HO HE MOCTYNHUBIINX MO M30paHHOMN
npoheccuu, MEepPeBOWIN B JIPYrHe BY3bl MO MX COMNIACHIO. MEHs JIMYHO TpH-
riacun JexaH xuMmpaka MOCKOBCKOTO MHCTUTYTa UMeHH MeHeneeBa, KOTOPBIN
o0elran U CTUIICHINIO, M O0IeKuTHe. MOXKHO ObUIO OBI IOEXaTh, €CIM OBl HE
OJTHa MIPECJIOByTas MpobiieMa — y MeHsI IIPOCTO He ObUIO ACHeT Ha Jopory. ToH,
HEOOJIBIION CyMMBI, KOTOpYIO coOpan Ha jgopory Mol Opar Eneycus, xBatuio
JUIIG HA XKUTHhE-ObIThe B AJNIMATHL.. A TIPU3HATHCSA, YTO HET JICHET W HE Ha YTO
OyIeT )KHUTh B IIEPBOC BPEMS B UYKOM U JIAJICKOM Tropojie, st mocrecHsuics. M mo-
ATOMY TpHUAyMan OaHaIbHYIO NPUYHMHY, YTO CJIad 3II0pOBEM U B CEBEPHOU
MockBe m0JTO He BBIIEPXKY... Takke ObUT MpHrianieH Ha (HakyJIbTeT MEeTaJLuIyp-
TUH TOJIUTEXHUIECKOTO HHCTUTYTA YKE B POJTHOM AJIMAThI, HO OTKa3bIBATHCS OT
CBOCI JIFOOUMOI XMMHUU HE XOTEJ, TI03TOMY PEIIWII HCIBITaTh CyAbOy eIie pas, B
CJIEIYIOLIEM TOLY...».

Bepnysmmucs B pogHo#t ayn, Exun ara unet pabotaTs MOMOIIHUKOM 4YabaHa,
HECMOTpSI Ha TO, YTO ATOT TPYJ OBUT JANEKO HEJETKUM, M HE KaXKIBI B3POCIBIN
YEJOBEK €ro BhIAep:KuBall. FOHBIN, MOYTH elle MalbyuIllKa, Eproxun He TONbKO
BBIIEPKAJ, HO U YMYAPAJICS HAaXOOUTh BpeMs ISl MOATOTOBKH K CIEAYIOIIUM
BCTYIUTEIBHBIM dK3aMEHaM, YTO, €CTECTBEHHO, A0 CBOM PE3YyJbTAaThI — OH C
YCIEXOM IIOCTyIaeT Ha XMMHUYECKHH (aKyJIbTeT CaMOro MPECTHKHOTO BYy3a
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PecnyOnuku — Kazaxckuit rocynapctBennsiii yuuepcurer umenn C.M. Kupoga.
B x13HU 10HOIIM U3 AAJIEKOr0 TOPHOTO aysia EKNUHAB HAYMHAIOTCS HOBBIM 3TaIl
Y HOBAasi AOPOra, BEAYIAsl €ro K 3aBETHOM MEUTE O «CHHEM JIOME CUACThSD).

YHuBepCUTETHI )KU3HH

B ynuBepcurere EprokuH cHOBa OKa3bIBaeTCs B psijlax yCIEBAIOIIMX Ha
OTJIIMYHO. AKTHBHO 3aHMMAETC B HAYYHBIX KPYXKKax U 3arpy>keH OOLIeCTBEHHOH
paboroii. OgapeHHOrO CTYJEHTa CTaBAT B MpPUMEP U TOPIATCS €ro ycleXaMH.
3aMevaeT ero M TOTJAIlHUK JAekaH (pakyibTeTa, M3BECTHBIM yueHbIH baTeipOek
AxmeroBuu bepemxanoB. Kak-to, Ha TpeThbeMm Kypce, NpHUTIIACUB K cebe CTy-
nenra Eproxuna, yuurens cnpamuBaeT: «Equi, a 4yTo Tl coOupaemibes Aenath
rmociie OKoH4aHus yHuBepcurera?». «He 3Haro, ara! Iloka He ompenpenuics...
MOJKET, B LIKOJY MOWAY NpenoaaBaThy, — OTBeyaeT yueHuk. Ho y npenonasaresns
bepemxanoBa OblIM CBOM IJIAHBI B OTHOIIEHUH TAJIAHTIMBOIO YUEHUKA, TIOITOMY
OH TpeJyIaraeT Torja euie TpeTbeKypcHUKY (!) Eproxxuny ycrpouthbes Ha paboTy
B Muctutyr xumun Axagemun Hayk Ka3CCP. Vuurens monuman, uyTto HeEIb3s
OTIyCKaTh W3 HAyKH TaKOW TaJaHT, YTO TaKHE CTYIEHTbl «HA JOpOre He BaJisi-
oTCs»... Enun EproxkaeBud BCIOMHHAET, YTO JOJITO MPHUIUIOCH €0 YYUTEIIO
yroBapuBath akajgemuka bekrypoBa — aupekropa MHcTuTyTa XuMun AxagemMun
Hayk Ka3CCP, 4yToObI TOT B34J1 Ha pabOTy CTyAEHTA. «Y MEHS MHCTUTYT XHUMHH, a
HE JIeTCKui can!», — napuposail bekTypoB, 3aBuieB MOJIOAEHBKOIO MapeHbKa U3
cenbCKol riyOuHKH... Ho aBTOpHTET BepemikaHoBa Bce-TakH B3sUI BEPX U CTY-
neHt EprokuH ObUT 3a4uClieH B IITAT aBTOPUTETHOTO OYara HayKH... TIOKa eie
snabopaHToM... (DTO MOTOM, CIYCTS TOABI, OH OYyIET PYKOBOIWTH 3THM IKE
HAy4YHBIM HHCTUTYTOM).

: s
B neHb Ha3Ha4vyeHus nepBbIM npopekTopom Kasly um. C.M. Kuposa
o cBouM yuutenem B.A. BepemxaHoBbIM, 16 HOsiI6psa 1983 ropa.
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«Ilocne 3aumcienus B mTaT, MCHA TYT XKXE, B KOPUAOPEC MHCTUTYTA, OCTAHOBUJI
CONIMJIHBIA Ha BHUJ YeJOBEK. JTO OBUI JIETCHIAPHBIH XUMUK, akamemMuk Caruj
Paydosuu PaduxoB. Y3HaB «CyTh Ia A€n0», OH, TaK CKa3aTh, «HE OTXOIS OT
Kacchl», MPOIK3aMEHOBAJI MEHS, 33/1aBasi BOIMPOCH M3 PAa3HBIX Pa3IENOB XUMHH.
Buaumo, Mou OTBETHI YIOBIETBOPHIINA YUYEHOTO U OH BOCKIMKHYNI: «Bce! BrITh
Tebe MonM yueHnkom!». Torma, B TOT caMblif MOMEHT, 5 AyMalo, 9To BceBbIHNN
OmarociioBMJII MEHsA eme pa3, IoCaB Ha MoeM IyTH Bemmkoro Yuwrens
PadukoBa, KTO YMCTON PyKOU U YUCTON COBECTHIO cielan Mo cyab0y! Cyns0y
YYEHOTo H CyJp0y YenoBeka! 3HaeTe, MHE Ha XOPOIIUX JIFOJICH BE3JI0, HO 51 CUUTAIO

A T
-
&

‘1

"',,-r_‘

C yuutenem akagemukom C.P. PachmkoBbim,
Mapk KynbTypbl 1 oTAbIXa M. Flopbkoro, Anma-ATta, 1969 r.
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CBOMMH HACTOSIIIMMH YYHATEISIMH NBOWMX Jrofedi — bateipOeka AxmeroBmnua
BepemxanoBa u Caruga Paydoruua PadukoBa. DT aBTOpUTETHBIC JIMYHOCTH B
Hayke torgamHero Coerckoro Coro3a cTalld 3HAKOBBIMH (UTypaMH M B MOEH
XKHU3HH... 5] 00s3aH BceMHU CBOMMH ycliexaMd UMEHHO UM!». Otu cioBa Exnn ara
MTOBTOPSIET HA MPOTSHKEHUH BCEH CBOEH JKM3HU M HH pazy OH HEe U3MEHSUIT MaMsTH
CBOMX HAaCTaBHUKOB. BbuIO Bpems, Korja eMy HpUXOAMIOCh OOPOTHCS 3a J00poe
ums cBoero yuntens PadukoBa, korna «HEKOTOphIE, HEUHCTHIE Ha IIOMBICIIBI, JIIO-
TUIIKA» TBITAIACH OTIOPOYHTH €r0. «S y CBOEro HACTaBHHMKA YUHJICS HE TOJIBKO
XUMHH, HO U BaXXHBIM YEJIOBEUECKUM IEHHOCTSIM — COBECTH, MOPSJIO0YHOCTH,
MHJIOCEPIHIO... OH Aaxe 00ydas MeHs MPaBUIBHO FOBOPUTH MO-pyccku! DTo MO
€ro HaCTOATEIBLHOMY COBETY s INIyOxXe IM03HaJ HEMELKUI SI3BIK U CTall 00y4aThest
aHrauiickoMmy... OH TMOHMMaj, YTO YYEHBIH YeNOBEK — 3TO YEJIOBEK MHpa...
[ToTtoMm, cmycTs rofpl, KOrAa MHE MPUXOAWIOCH YNTATh AOKIAAbl HA MexIyHa-
POIHBIX CUMIIO3UYMaxX U HaY4YHBIX KOH()EPEHIHSX, s OCO3HAN BCIO NPABUIBHOCTh
MMOJIMTHKU BocnuTaHus PadukoBa! bnaromaps ero mommepkke, s, TOTAa eIie
JBAIIATUIICCTUIICTHUN MOJIOAOW YYCHBIN, BIEepBhie Ha bparucmaBckom (Yexo-
cioBakus) [Ipesunnyme crenan cBol EpBBIA HAYUHBIN TOKIIA] MEKIYHAPOJHOTO
ypoBH:! A CKOJIBKO WX OBUIO MMOTOM — ATHX MEXIyHAPOIHBIX BeICTyIUIeHMM! U
BCE ATO IIOTOMY, YTO €CTh Ha CBETE JIOJAU OT bora, kak akajgeMuku bepem:kaHoB
u Padukos!».

[Ja, cBoMM IpHHIMIAM — MPUHLUIAM CIPAaBEIINBOCTH WU TOPSINOYHOCTH,
KOTOPBIM 00ydYajiii HACTaBHHUKH, akafeMuk Eproxun HuKorga He m3MeHsu. U ecnn
€CTb JIFOJM, CTOSIIIME Ha CTpake Ka3aXCTAaHCKOW HayKH, TO B MEPBBIX €ro psaax
MO>KHO YBHJETh €I0 — HEyTOMHMOT0 U OeccTpamHoro Eproxuna, KTo B TpyAHBIE
MepecTpoevHble BpeMeHa, Koraa U xj1ed He Ha 4To ObUIO MOKyNaTh, CAeNal Bce,
4T0OBl COXpaHUTh MHCTUTYT XUMHH, @ 4TO TaM MHCTUTYT XUMUH... OH, Oyay4n
BUIIE-MUHHUCTPOM HAayKH U 00pa30oBaHMs CTPaHbI, pajell 3a BCE HayYHbIC MHCTH-
TyTel Kazaxcrana, BeIOMBas (pMHAHCHUPOBAHWE W YCIOBHS XKU3HU JJISI MOJOAOU
nopocny y4yeHsiX... M ceromns Hayunslii mup Kaszaxcrana Bumut B Eproxxune
CaMOOTBEPKEHHOTO 3AIIUTHUKA €70 MHTEPECOB M ABTOPUTETHYIO MOJIEPIKKY.

IIpocnexxuBas KU3HEHHBIN MyTh Ieposi MOETO PaccKaza M 3HAKOMSICh C €ro
MTOCITY>KHBIM CITHCKOM, KOTOPBIN TpHJIaraeTcsi K CTaTbe OTIEIBHBIM Pa3/IeiioM,
MPUXOAMIIb K MBICTH: «A He mepeBenuch eme B Ctenu Hacrosiuye Oatbipel! B
MoeM cirydae — 6ateipsl 0T Hayku! U mokyna oHu ecth, 3HauuT ObITh Kazaxcrany
B YHCJIE TEXHOJOTHYECKH PAa3BUTHIX U SKOHOMHYECKH OJIArOMOIYYHBIX CTpaH!».
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KOpOTKO 0 BAXKHBIX BE€XaX KHU3HH:

Enua Eproxaesuu Eproxun poausicsa 7 Hosops 1941 rona B cene Ex-
muHabl Eckenbaunckoro paiiona TaJabIKOPraHckoii (HbIHEe AJIMATHHCKOM)
o0s1acTH.

1957 r. — OKOHYIII CPEAHIO0 IIKOJY B KoJixo3e «OKeTbicy» EckenbauHcKkoro
paiioHa;

01.09.58-29.06.63 rr. — cTyneHT XuMHUeckoro Qaxynsrera Kasaxckoro ro-
cynapctBeHHOTO YHHBepcuTeTa M. C. M. KupoBa (OKOHUYHMII ¢ OTIIMIHEM );

1962-1963 rr. — crapumii 1abopanT MHCTUTYTa XUMHYECKHX HAayK AKaje-
muu Hayk Kazaxckoit CCP;

1963-1966 rr. — acnupanT MHCTUTYTa XUMHYECKMX HayK AKaJeMUU HaykK
Kaszaxckoit CCP;

1965-1973 rr. — yuenslii cexperapb HayuHoro cosera AH Kazaxckoit CCP
«XUMHS IOTTUMEPOBY;

1966-1967 rr. — Miuaamuil Hay9IHBIH COTPYIHUK WHCTHTYyTa XHMHUYECKHX
Hayk Akanemuu Hayk Kazaxckoit CCP;

1967-1968 rr. — crapmuii Hay4yHbId COTPYIHUK MHCTUTyTa XHUMHYECKHX
Hayk Akagemnn Hayk Kazaxckoit CCP;

1968-1973 rr. — opranmzaTop W NepBEI mpencenatenb CoBeTa MOIOIBIX
yueHbIx Akagemun Hayk Kazaxckoit CCP u 3aBenyromuii otaenom Cosera MoJIo-
Jbix yuenbix npu LK JIKCM Kazaxcrana;

1971-1973 rr. — unen 6ropo PpyH3EHCKOTO pakioHHOTO KomuTeTa JIKCM
Kazaxcrana, r. Ainma-Arta;

1968-1980 rr. — 3aBegyromuii maboparopueii HOHOOOMEHHBIX cMoi WHCTH-
TyTa XUMHAYeCKNX HayK Akanemun Hayk Kazaxckoit CCP;

1978-1980 rr. — mpodeccop kadeapbl XMMUN BBICOKOMOJIEKYJIIPHBIX COCIIH-
Hennit Ka3['V¥ um. C. M. KupoBsa (110 COBMECTUTENBCTBY);

1980-1988 rr. — 3aBemytommid Kadeapodl XWUMHH BBICOKOMOJEKYIISPHBIX
coenunenuii Ka3zl'yY um. C. M. Kupoga;

1980-1983 rr. — nekan xumuueckoro Qakymnbrera Kas['V um. C. M. Kuposa
U TpeJicelaTellb YIEHOI'0 COBETa XUMHUUECKOTo (aKyIbTeTa;

1983-1986 rr. — nepssriit mpopexTop Ka3l'y um. C. M. Kuposa, niepBerii 3a-
MECTHTENb MPeICEeAATENs] YICHOTO COBETa YHUBEPCUTETA;

1985-1987 rr. — nenyrar KamunuHckoro paiioHHoro CoBeTa HapOIHBIX
JlenyTatoB T. AnMma-ATbl U mpeacenarens [locTOSSHHOM KoMucCcHM TIO JielaM
MOJIOJICKH;

1986-1988 rr. — pexrop Kasl'V um. C. M. KupoBa, npeacenarens yueHOro
COBETa YHHBEPCUTETA,;

1986-1990 rr. — nenyrat BepxoBnoro Cosera Kaszaxckoit CCP oaunHaz-
LIaTOTO CO3bIBA U MpezacenaTens [IocTOSIHHON KOMUCCHY 110 HayKe M TEXHHUKE;

1988-2007 rr. — n30paH 1Mo KOHKYPCY Ha JOJDKHOCTH nupekTopa MHcTtuTyTa
XUMUYEeCKUX Hayk Akamemnn Hayk Kazaxckoit CCP, yTBepKIeH mpenceaaTesieM
Y4EHOT'0 COBETa HHCTHUTYTA,
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1994-1995 rr. — Burne-npe3uneHT HammoHanpHOW akameMun Hayk Pecrry0-
nuku Kazaxcras;

1999-2002 rr. — yTBepKIeH BUIE-MHHHCTPOM HAyKH M BBICIIETO 0Opa3o-
Banus PK, mocie peopranuzamnum — BUIle-MUHUCTPOM 0Opa3oBanus 1 Hayku PK;

B 2009 roay — m30pan mo KOHKypcy MuHHUCTEpCcTBa 00pa3oBaHUs W HAYKH
PK na nomxHOCTh AMpekTopa MHCTHTYTAa XUMUYECKUX HayK M. bekTyposa;

C 2010 roaga u no Hacrosimee Bpemsi — EnunornacHeiM pemienuem Coseta
mupekTopoB AO «UHCTHTYT XuMHYecKnX Hayk uM. A. b. bektypoBa» u30pan
mpejcenaTeneM mpapieHus (TeHepaATbHBIM JUPEKTOPOM) STOTO HHCTUTYTA.

Yd4eHble cTEeNEHU U 3BAHUS:

1966 rox — kaHAUAT XUMHYECKUX HAYK;

1974 roa — TOKTOp XMMUYECKUX HAYK;

1978 roa — yTBEpXKIeH B YUCHOM 3BaHHH IMpodeccopa MO CHEIUATbHOCTH
«XUMHS BBICOKOMOJIEKYJIIPHBIX COCIIMHEHUI»;

1982 roa — mnpucyxnena ['ocymapctBennas npemusi KasCCP B oOmactu
HAyKH U TEXHUKH;

1983 roa — u36pan wienom-koppecnonaentom AH KaszCCP;

1984 rox — npucBoeHo 3BaHKe «3acimyKeHHbIN nesaTens Hayku KasCCPy;

1989 roa — netictBurenpHBIN WieH (akamemMuk) AH KazCCP;

1994 rox — axageMuK HL}O-ﬁOpKCKOﬁ akagemuu, CIIA;

C 2001 mo 2011 rr. uzbupaercst IlouetHsim npodeccopom IlaBromapckoro
rocyausepcutera uM. C.TopaiireipoBa (2001) u JKeTbicyiicKOro TOCYHHUBEpCH-
teta nMm. M.)Kancyryposa (2001), aneHoM AMEpHKaHCKOTO XHUMHUYECKOTO OOIIIe-
crBa (2008), ITouetnbiM Tpodeccopom BeHckoro MexayHapoIHOTO YHHBEPCHU-
tera, r.Bena (2008), Kaparanmunckoro rocynusepcutera uM. E.A. BykertoBa
(2011) m Kazaxckoro HalfmOHAJIBHOTO MEJArOTUYECKOTO YHUBEpPCHTETa UM. AGast
(2011).

2014 rox — IlprcBoeHo noueTHOE 3BaHUE «3aciIy>KeHHBIN n3o0peratens PK».

B cBoell Hay4yHON M Hay4YHO-OPTaHM3ALMOHHON JIESITEIBbHOCTH aKaJeMHK
Eproxxun 00be3111 JECSITKH CTpaH C COTHSAMH JIOKJIA0B HA Pa3HBIE TEMBI B 00-
JacTH XMMHUU M XMUMHYECKOW TexHOJOTrMu. CBOM BBICTYIUICHHS OH JejlaeT Ha
Ka3aXCKOM, PYCCKOM, aHTTIMICKOM M HEMELKOM f3bIKax. 3a aKTUBHBIA BKJIaja B
MHpPOBYIO HayKy ObUI M30paH IEeHCTBUTENHHBIM WIEHOM psla aBTOPUTETHBIX
MexayHapoIHBIX HAYIHBIX Oopranm3aiuii u acconnanuii. K romy ke, Eqmn Epro-
aeBHY sBNAeTCs akagemukoM Hpro-Mopkckoii akagemun CIIA u TloueTHbIM
npodeccopoM BeHckoro MexayHapoIHOIO YHUBEPCHTETa, HE CUMTasi MHOIO-
YUCJICHHBIX IIOYETHBIX 3BAaHUN M perajuii B pogHOU cTpaHe. Bce ero 3aciyru
nepea OONbIION HAayKOW B OJHOM Ta3eTHOH CTaThe MPOCTO HE IMEPEUHUCIHUT...
OCTaeTCsl JIMIIb JAaTh €My KOPOTKYIO XapakTepucCTHKy — YenoBek u ['paxxnaHuH
cBoei 3roxu!
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Kcrarn, 06 3moxe...

Paccyxaast 00 3moxe coBpeMeHHOU Hayku, akajJeMuK HarmoHanbHOW aka-
nemun Hayk Pecrybnmku Kaszaxcran Emun Eprokun roBoput: «Mbl KHBEM B
BEKE BBICOKMX TEXHOJIOTHH, KOTrJa 0e3 HayKd MPOCTO HEBO3MOXKHO IPEACTaBUThH
CBOE CyIIEeCTBOBaHWE. PeambHO OCO3HaBas TIyOWHY 3TOW WCTHHBI, Kazaxcran
CeroHsl 3asBIsIET MUPY O ce0e CMENIBIMU MPOPBIBAMH U JICTbHBIMU IIPOEKTAMH BO
Beex chepax xu3Hu. Y B 3TOM ocobast 3acimyra ['naBel Hamero rocyaapcrsa Hyp-
cynrana Hazap6aeBa, KOTOPHIH B KaKJIOM CBOEM ITPOrpaMMHOM JOKYMEHTE Kpac-
HOW JMHWEH 00O03HAaYaeT pa3BHTHE OOpa30BaHUS W HAYKH, CTaBsl Nepes] HaMu
HOBBIE 33/1a4M U Mpejyiaras oouiecTBy Oojiee COBEpIIEHHBIE TyTH B OpraHU3alun
9TOro HampasjeHus. B mocnenHue rogpl pe3ko BO3poC U pa3Mep cyOCHInpoBaHUs
9TOH cdepbl. ITO TOBOPUT O TOM, uTo [Ipe3nieHT BepUT B HAIly OTEUECTBEHHYIO
HayKy, B OTJIMYHE OT HEKOTOPBIX OOIIECTBEHHBIX JCATENCH, 3asBIIOINX BpeMs
OT BpPEMEHH, YTO Y HAac B CTpaHe HET OOJIbIION HaykH... B cBOlO ouepenb MbI —
JIOAW HAayKH, TOHMMAaeM Ty IOJHOTY OTBETCTBEHHOCTH, KOTOpasl BO3JIO)KEHA Ha
Hac U JieflaeM BCe OT Hac 3aBUCsIIee, YTOObI MUP BCE Yallle TOBOPHI O Ka3aXCTaH-
CKOH Hayke.

Oco0eHHO paayeT, 9TO PSAABI YICHBIX ITOMOIHSIIOTCS HOBBIMHU JIMIIAMH — MO-
JOABIMH, JEP3KUMH, aMOWIIMO3HBIMHU. 3HAUUT, MPECTHXK HAyKH €Ile KPEemoK U
scradeTa nepeaaHa B HaJeKHbIE pyKH... KOHEUHO, HEb3sl cKa3aTk, 4TO BCE MPOO-
JeMbl B 3TOH cdepe ncuepnansl... OHM eme ecTb W Hemanble. Hampumep, mbl
JOJDKHBI B3ATh BO BHIMAaHHUE BOIIPOCHI CONMAIBHOTO CTHUMYJIMPOBAHUS MOJIOJIBIX
yUYEeHBIX, CO37aBas UM BO3MOXKHOCTbH 0€3 OIJISAKH 3aHUMAThCs HAYKOM U TOJBKO
Haykoi!». ONTHMHU3M U KPENKyIo Bepy akageMuka Eproxuna B ceetioe Oyaymiee
CTpaHBI ITOATBEPXKIAET U TOT (PaKT, 9TO €0 POTHBIE JETH TOKE 3aHUMAIOTCS Hay-
KOH, NMpHyeM MpakTudeckod, npukiagHoi. CeiH JlayneTr — yuyeHBIH-DKOHOMHUCT,
3aHUMaJl M 3aHUMaeT KiIroueBble ocThl B [IpaButensctBe PecnyOnuku Kazaxcran
(Bume-MuHUCTp (MHAHCOB, TpeicenaTeNlb HAIOroBoro komurtera MuHpuHa PK,
3aBenyromuid OTAETOM COIHAIbHO-3KOHOMHUYECKOI0 MOHHUTOPHHTa AJIMMHCTpa-
uun Ilpesunenra PecryOnuku Kazaxcran, mpeacenarens KOMHTETa TOCYJapCT-
BeHHbIX JoxomoB muH(puHa PK, 3amecturens npeacemarens Komurera Hammo-
HabHOUN Oe3omacHocTn PecmyOmmkm KazaxcraH, MONKOBHHWK), cTapmias J10Yb
Cayunemnn — TOKTOp MEIUIIMHCKUX HayK, CpeaHss 104b JlaMeTKeH MoIuIa Mo CTO-
IaM OTIa — KaHIUAAT XUMHYEeCKUX HayK. CBOMMH ycnexamu B chepe IKOHOMUKU
paxyet u miaamas 1046 [ ayxap. [loBe3no B 3TOM OTHOIIEHWH M C BHYKaMH — Ce-
TOJHS B KOIMJIKE aKaJeMUKa-IelyIIK1 XPaHUTCS OOJIbII0Ee KOJTHYECTBO TOXBANIb-
HBIX TPamMoOT M JUIUIOMOB, MEAAJel M CHENMaIbHBIX Harpaj, 3aBOEBAHHBIX Ha-
CIIEAHMKAaMH Ha MHOTHMX OOJIBIIMX M MAJIBIX OJUMIHAaAaX. boipmMHCTBO H3
BHYKOB TIOJYYHJIM U MOJTy4aroT 00pa3oBaHue B YHUBepcUTeTax AHrimmu, Uranuy,
CILIA, Poccun. Ogaum ciosoM, Eqmity Eproxaesuuy Bmecte ¢ cynpyroir 3eHHaT
MaMOeTOBHOH, TOXE yYEHOro ¢ MMEHEM, KaHAWIATOM SKOHOMUYECKUX HayK,
yAaJI0Ch BOCIIUTATh JOCTOWHYIO CMEHY, KOTOpasi OyJeT BBICOKO HECTH IO JKHU3HU
¢damunmro — EproxuHsi.
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«MHe oueHb TOBE3NI0 U C yueHUKaMu!», — AenuTcsd npu Bcrpeue Exnn ara.
W, neiicTBUTENBHO, aKaJIEMUKY €CTh KEM FOPAUTHCS, BEb OH BOCIIUTAN U BBITYyC-
THJI B OOJIBIIYIO )KHU3HB, 4, 3HAYUT, H B OONBIIYIO HAyKy 13 noKTOpOB, 95 KaHIH-
JIaTOB XMMUYECKUX Hayk u 4 nokTopa punocoduu (PhD).

Axanemuk Eproxxun — aBrop 32 ¢yHIameHTansHbIX MoHOTpaduii, 7 yueOHu-
KOB, Hammucaia U 0OHapOI0Ball OKOJIO MOJyTOpa THICSYM HAYYHBIX CTaTel (M3 HUX
550 — mexnynapoausie). Mmeer 340 aBropckux cBuaerenbctB CCCP, mpeama-
TEHTOB, MATEHTOB, MHHOBALIMOHHBIX maTeHToB PecnyOmuku Kazaxcran u 3apy-
OEXHBIX CTpaH.

ITox ero pemakimeit m3mansl Ooiee 20 MoHOTrpadwuii, OnodbubIMorpadui,
n30paHHbIe TPYAbl BEAYIIMX YUYCHBIX — XMMHKOB Kazaxcrana, marepuaisl pec-
MyOIMKaHCKUX M MEXIYHApOIHBIX HAYYHBIX KOH(EpEHINH.

O xwu3nu u nestenpHoctr akanemuka HAH PK E.E. Eproxunna Hammcasbl
3 kuurH, 6osee 200 craTel B pa3IMIHBIX SHIUKIIONEAMSX, KypHAIAaX U ra3eTax.

3a BBIJAIOIIKECS YCIIEXH B Pa3BUTHU XUMHUYECKOW HAyKH, TIOJrOTOBKY BEICO-
KOKBaJTM(UITMPOBAHHBIX KaJIPOB, BHEJPEHUE TOCTIKEHIH HAYKH B IIPOU3BOJICTBO
Enun Eproxaesuu Eproxxun Baecen B 3onotyio Kuury Ilouera Kazaxcrana, emy
MIPUCBOEHO 3BaHME «3aciy>KeHHbIM nestens Hayku Kazaxckoir CCPy». I'epoit
CETOMHAIIHETO paccka3a TakKe HEOJHOKPATHO HAarpaXkIeH OpACHAMH W Meaa-
JSIMH, TTOYETHBIMU TPaMOTaMH M 0JIarolapCTBEHHBIMU MUChbMaMU HalIeH CTpaHBI
W MHOTHUX 3apyOeKHBIX rocyaapcTB. X mepedeHb cocTaBisieT HE OJWH JIECSITOK
AK3EMILISIPOB.

B 2001 roay I'maBa rocymapcTBa COOCTBEHHOPYYHO BPYYHJI YUCHOMY 3HAK
«3o10TOi Oapc» W 00BABWI Eproxuny OnaromapHOCTh 3a €ro HEOLCHUMBIH
BKJIaJ] B HayKy. 13 ero Harpanx MoxxHO emie BeiaenuTs «llmatuaoBoro Tapnanay u
pecrybnmukanckyo npemuro «En tyiracky — «Mst Pomuaeny. Y Takux moOeqHbIX
MOMEHTOB y akajeMuka EproxxnHa 6oJiblioe MHOXKECTBO — BCE Cpa3y U HE Iepe-
yucaub... Ho camoe rmaBHoe — Enun EproxaeBud u B cBou 77 JIET aKTUBHO
3aHMMAaeTCsl HayKOH, TPeTBOPSs KaKA0€ CBOE OTKPBHITHE B COBPEMEHHOE IMPOU3-
BOJICTBO, T.€. B )KH3HEJIEATEIILHOCTD YeJIOBEKAa. 3HAUNT, IPUJET BPEeMs, U MBI CHO-
Ba HAINUIIEM, HO YK€ «HOBEWIIYIO MCTOPHIO» aKaJeMHUKa HAllMOHAJIbHOM akKa-
JIEMHH, YYEHOTO C MUPOBBIM UMEHEM, HOBATOpa W YUUTEINS C OOJBIION OYKBBI —
Enuna Eproxxaesuua Eproxuna.

P.S. Tloka mucanca sror marepuan, Enun Eproxkaesumu Eproxun oTmeTun cBOM
77-o1t llenp poxxaenus. Pemakuums razets! «OrHu Anmatay» OT BCEH IyIIM MO3JIPaBIsSeT
Enuna ara ¢ 3TuM cakpanbHBIM M 3HAKOBBIM (JIBE CEMEPKH) BO3pPACTOM M JKEJAeT eMy
HOBBIX ToOen u cBepmicHuid! Ilycte Bamra HeyToMuMasi 3HeEprus MyApocTH W A00pa
MOCIYXHT eIlle IOJTHe ToJbl AeTy Ppa3BUTHS W IpolBeTaHHus Hayku! A 3HAUUT, U
MPOLIBETAHUIO Hallel HE3aBUCUMOM CTpaHbl!
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HoBrble nocTuxenus
opaena Tpyaosoro Kpacnoro 3namenn
HHcTuTyTa XMMH4YecKkuX HayK MMeHH A.Bb. bekTypoBa

WHCTUTYT yCHENIHO TpOIIeNl aKKPEAMTAIMI0O B CHCTEME aKKpEAMTAIUU
PecniyOnmkm Kazaxcran nHa coorBerctBue TpeboBanusMm ['OCT MCO/MBK
17025-2009 c momyuenmem Attectara akkpexutamum NeKZ.T. 02.0855 ot
22 okts10ps 2018 roxa.

bnaronapst aTomy nabopaTopusi QU3MKO-XUMHYECKHX METOAOB aHalu3a U
9KOJIOTHM IOJy4YHJia BO3MOXKHOCTb IPOU3BOAWUTH HCIIBITAHHE IPOAYKIMM Ha
Ka4eCTBEHHO BHICOKOM YPOBHE COTJIACHO O0JIACTH aKKpEIUTAIINH.

AHanmu3bel MPOBOJSITCA HA COBPEMEHHBIX U BBICOKOYYBCTBHTENBHBIX IMPH-
Oopax u obopymoBaHum Bemymux ¢(upm, Takux kak «BrukerDaltonikGmbH»,
I'epmanms, «Agilenttechnologies», CILIA, «Varian, Inc. ScientificInstruments»,
ABcTpanus.

1. BeicokoadexTuBHbIi xuakocTHOM Xpomarorpad (BIXX) Agilentcepun
1200 Infinity COBMEIIEHHBI € MAacc-CIIEKTPOMETPOM KBaJPyHOIHHO-HOHHO-
OUKJIOTPOHHBI ¢ mpeoOpazoBanueM Dypre  solariXESIMaldi. ®upma
«BrukerDaltonikGmbH», I'epmanmsa. 3aBoackoit Ne 827350000091, Wwus.
Ne 01325934.

2. TI'azoBerit xpoMarorpad Agilent 6890Nc Macc-CeNeKTUBHBIM JACTEKTOPOM
5975C u azor-pochopueM nerekropom NPD, ®upma «Agilenttechnologiesy,
CIIA, 3aBoackoit Ne 10726026, TuB.Ne 01325909.

3. AtomHO-a0copbunonHbIii ciektpomerp AA240 «Varian, Inc. Scientific
Instrumentsy», ABctpanus, 3aBoackoitNe EL105113672, Mus. Ne 01325889.

4. W3mepurtenb MIOTHOCTH »XuAKocTel BuOpammonsbiii BUIT-2MPOOO
«Tepmekc» Poccus, 3aBoackoit Ne 353001, Mus. Ne 0139219.
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KASAKCTAH PECITYB/THKACKHI
HHBECTHIMSIAP KOHE JAMY MHHHCTPJIIT
TEXHHKAJIBIK PETTEY JOHE METPOJIONHA KOMHTETI

YITTBIK AKKPEJUTTEY OPTAJIBIFBI

AKKPEIUTTEY ATTECTATHBI

Akkpeaurrey cydbexTinepinin Tisiniminae Tipkearen

Ne KZ.T.02.0855
2018 p11Fbl «22» Ka3aHHAH
2023 KpLaFBl «22» Ka3auFa Aeiin sRapaMasl

«A.B. BekTypoB aTbinAarbl XHMHS FRLILIMAAPLI HHCTHTYThI» AK

.

JKosi0ras KIHe (PHIHKA-XHMHIBIK TAJIIAY MeH djicTepi 3epTxaHacsl

amays, 1 HbCb, MTEP apibi)

AnmMaTthel lqa.r:acbl,_Meney ayaansl, Yaauxauos keuweci, 106 yii

Kazakceran PecnyGnKachbiHbIH aKKpeAHTTEY Kyiiecinae «ChIHAK KoHe
KaubpJiey 3epTXaHaJapbIiHBIN KY3bIPeTTiliriHe KOMbLIATBHIH Kajnbl
Tanantap» _TOCT HMCO/X3K 17025-2009 Tanantapbina caiikec

(HOPMATHETIK KyAATTHIH STAYL)
AKKpPeInTTeJareH.

CoiikectikTi 6aranayabin 00beKTiIepi: aKKPeAUTTeY cajachina cajikec
eHiMIepai chinay.

AKKpeaHTTey canachl KocbiMinana Gepiiren.

Q/I ( / M. Omipxanoe

(ot

002317
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S
KOMHTET TEXHHYECKOI'O PEFYJIMPOBAHHS H METPOJIOTHI ===
MHHHCTEPCTBA 10 HHBECTHLUHSIM 11 | s
PA3BHTHIO PECTTYBJIHKH KABAXCTAH | EE

HAIHOHAJILHBIA EHTP AKKPEAUTALIMH |

ATTECTAT AKKPEJIUTAIIMHA

3aperncTpHpOBaH B peecTpe CyOLeKTOB AKKPEIHTAIHA

et

s
% 5.
e |

|

Ne KZ.T.02.0855

J, ot «22» oxkTabps 2018 roga
aeiicrBuTeeH 10 «22» okTa0ps 2023 roga

i
i1
33

U

R

Sl

s

o

e

JlaGopaTopus (pH3HKO-XHMHYECKHX METO/I0B AHAJIH3Aa H SKOJIOTHH

AO «MHeTHTYT XuMHYecKHX Hayk nmenH A.B. BektypoBa»

ropoa Anmartbl, Meneycknii paiion, yanua Yaauxanosa, aom 106
= — s .

R

K@_ aKKpeAHTOBaH(a) B cHcTeMe akkpeanTauun Pecnybauxu Kasaxcran na
g coorBercreue Tpebosannsm T[OCT HCO/M3K 1702?-2009 «06mue

=2

TpeGoBaHHs K KOMNETEHTHOCTH HCIBITATENLHBIX H KaJHOPOBOYHBIX
naGopatopmii».

| O0bexTbl OUEHKH COOTBETCTBHSI: HCNbITAHHE NPOAYKIHH COIVIACHO
00/1aCTH AKKPeIHTALHH. ;

ObaacTs aKKpeaHTAIIHH NPHBE/ICHA B NPHI0KEHHH.

O\;A,( > / M. Omupxanop

002317

- _._. T .'-";.‘-‘Z-Z%"N*\W{h\*‘.‘iﬁ’r\?‘.‘i“"‘*:i'h‘.&‘ﬁh\%ﬁ'-‘.‘.‘"v'\-‘?\-"v"?"-‘-‘I?‘i’-'i5;7‘;'?'"’-‘i‘-‘I'-‘mwi‘?‘-";“;"il’-'-'-‘-@?‘hp‘-"-'-'-‘;:«‘?ﬁ\\ __:-:r'm iﬁ
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JlaGopaTopust QU3NKO-XUMHYECKIUX METOJOB aHaimm3a W dKojoruu MHCTH-
TyTa MpeularaeT HIDKECIEAYIOINe BUABI PabOT M YCIYr COTJIacHO 00JacTu
AKKpEAUTAIUY:

AHanu3upyemble KOMIIOHEHTBI OKPY KAIOIIEH Cpe/Ibl U 3arpsI3HAIOIINE BEIECTBA

CT PK 1432-2005

Haume- Kon Kon O6o3nauenne | OnpenensieMbie Ob6o03Ha4yeHuE
HOBaHHUE KII TH B2/ HOPMAaTUBHBIX XapakxTe HOPMAaTUBHBIX
mponyk- | B3O/ EBPA33C | mpaBOBBIX aKTOB, pUCTUKH JOKyMEHTOB
108 HOPMaTUBHBIX (moxasaTtenu) | Ha METOABI UCIIBITAHUI
(oObekTa) JIOKYMEHTOB TIPOAYKIHN IUTS OTIpEJCTICHUS
HAa NPOAYKIHIO (oOBeKTa) XapaKTEPUCTUK
(0oOBEKT) (moxazaterneit)
1 2 3 4 5 6
Bogst 36.00.11 2201 CII Ne 209 ot Ot60p npod CT PKT'OCT P 51592-2003
npupoansie | 36.00.1 | 2201 10 190 0 {16.03.2015 1. T'OCT 17.1.5.04-81
(moBepx- 36.00.12 | 2201 10900 0 [TOCT 2761-84 Bkyc, 3amax I'OCT 3351-74, . 2, n.3
HOCTHEIE, 2201 90 000 0 |TOCT 2874-82 MyTHOCTb M 01-36-2006
MIO/I3¢MHBIC) 2501 00 100 0 |TP TC Ne 456 CT PK MCO 7027-2007
or 13.05.2008 r. I{BeTHOCTH TOCT 31868-2012

AMMOHUIHBIN a30T

T'OCT 26449.1-85, p.24

B3seienurie

I'OCT 26449.1-85, n.2.3

BEIIECTBA

I'mppoxapGonarsl  [[OCT 26449.1-85, n.7.2
Kasnpunii I'OCT 26449-1-85,m.11.1
KecrkocTh TOCT 26449.1-85, p.10
Maruuit T'OCT 26449.1-85,p.12
Hatpuit TOCT 26449.1-85, p.17
Kauuii I'OCT 26449.1-85, p.18

Keneso obmee

T'OCT 26449-1-85, m.16.1
I'OCT 9.502-82

pH T'OCT 26449.1-85,p.4
Asot obumit TOCT 26449.1-85, p.23
JlByokuch T'OCT 26449.1-85,p.22
KpPEMHHUSI

O6mas T'OCT 26449.1-85, p.6
LICIIOYHOCTh

OO61m1ast )KECTKOCTh

T'OCT 4151-72

Cyxoit ocTatok

T'OCT 26449.1-85,n.3.1
T'OCT 18164-72

Dopmabaeruy TTHJ & 14.1:2:4.187-02
O06mmii pochop  |TOCT 26449.1-85, p.14
Cynbdatst T'OCT 26449-1-85,1m.13.2
CT PK 1015-2000
Kobanbst CT PK UCO 8288-2005
CT PKTI'OCT P 51309-2003
Huxkens CT PK MCO 8288-2005
CT PKTOCT P 51309-2003
Mens CT PK UCO 8288-2005
CT PKTI'OCT P 51309-2003
Hunk CT PK MCO 8288-2005
CT PKTI'OCT P 51309-2003
Kanmuit CT PK UCO 8288-2005
CT PKTOCT P 51309-2003
CBuHer CT PK 1CO 8288-2005

CT PKTOCT P 51309-2003
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1 2 5 6
Hutpurst IHJA & 14.1:2:4.26-95
JIByokuch T'OCT 26449.3-85, p.2
yriepona
AmMOHUIT CT PK UCO 5664-2006
TTHJ & 14.1:2:4.167-2000
Bpomu st M 01-45-2009
CT PK UCO 10304 - 1-2009
Xnopust TTHJ © 14.1:2:4.157-99
CT PK UCO 10304 - 1-2009
Dropuabt TIHA © 14.1:2:4.157-99
TOCT 4386-89
CT PK MCO 10359-1-2008
CT PK MICO 10304 - 1-2009
Hurpar THJ & 14.1:2:4.157-99
T'OCT 18826-73
TIH/I © 14.1:2:4.26-95
CT PK MICO 10304 - 1-2009
Hurpur THJ & 14.1:2:4.157-99
CT PK MICO 10304 - 1-2009
Dochar TTHJ © 14.1:2:4.157-99
CT PK UCO 10304 - 1-2009
Cynbdar TIHA © 14.1:2:4.157-99
CT PK MICO 10304 - 1-2009
Xpomat CT PK MCO 1881-3-2009
Vonun CT PK MICO 1881-3-2009
M 01-45-2009
Cynsdur CT PK HMCO 1881-3-2009
Tuocynbgar CT PK MCO 1881-3-2009
Xpowm (V) CT PKUCO 18412- 2008
Xpowm (III) CT PKHUCO 18412-2008
Coneprxanue CTPKTOCTP 51211-2003
TTOBEPXHOCTHO-

AKTUBHBIX BCIICCTB

BIIK

CT PK MCO 5815-1-2010;
CT PK MCO 5815-2-2010

Xnopopranugec-
KHE TEeCTULUIBI
(XOII)

- a-m3omep I'XIT;
- B-m3omep I'XIIT;
- y-uzomep I'XIIT;

CT PK 2011-2010
CT PKTOCT P 51209-2003

-4,4 - AT
-44 - 11D
Mapraner T'OCT 31870-2012
CT PKT'OCT P 51309-2003
AOMHUHUIA T'OCT 31870-2012
I'OCT 18165-89
CT PKTOCT P 51309-2003
®dochopoprannue- [CT PK 2044-2010
CKHE IICCTULIIBI
TanoreHopranunue- [CT PK TOCT P 51392-2003
CKHE COCIMHCHUS:
- YeTBIPEXXJIO-
PHCTBIH yriepos;
- Opomauxiop-

METaH;
- 1, 2-nuxJiopaTan;
- TETPaXJIOPITHICH
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KHC IICCTHUIIUIbBL
(XOI)

1 2 3 4 5 6
Bens (a) nupen CT PKTOCT P 51310-2003
Hedrenponykrsr [TOCT 31953-2012
TIHI @ 14.1:2:4.128-98
TOCT 26449.1-85, p.26
Bananuit T'OCT 31870-2012
CT PK TOCT P 51309-2003
Bucmyt TOCT 31870-2012
CT PKTOCT P 51309-2003
Moimubien T'OCT 31870-2012
CT PKTOCT P 51309-2003
Benzon MP 01.024-22
Crounsie  |37.00.20 [ 2501009900 [[OCT 17.4.3.05-86 |Ot6op npob CT PKTOCT P 51592-2003
BOJIBI IJC na 3 pH TOCT 26449.1-85, p.4
KOHerTHI’Hg « |Cyxoli ocraTok TOCT 26449.1-85, n.3.1
ﬁ(g;q:;l;; Ifﬂ(;f)?lll/lx O6mast xectkocts [[TOCT 26449.1-85 .10
BeIECTB B Cynbdats CT PK 1015-2000
TIPOU3BOJACTBEHHBIX Xumuueckoe CT PK 1322-2005
CTOYHBIX BOJAX, norpebienue
cOpackIBaeMbIX B kucnoposa (XIIK)
KaHaJU3aIuo™* Kobansr CT PK CO 8288-2005
Huxkens CT PK 1CO 8288-2005
Menb CT PK 1CO 8288-2005
unk CT PK HCO 8288-2005
Kanmuit CT PK UCO 8288-2005
CBuHel CT PK 1CO 8288-2005
Pryts CT PK MICO 16590-2007
Xpom (V) CT PKMCO 18412-2008
Xpowm (IIT) CT PKHUCO 18412-2008
AMMOHU CT PK 1CO 5664-2006
TIHI © 14.1:2:4.167-2000
Kannii TTHJ @ 14.1:2:4.167-2000
Harpuit TTHA & 14.1:2:4.167-2000
Maruuit TTHJ @ 14.1:2:4.167-2000
CrpoHumit TIH @ 14.1:2:4.167-2000
Bapuit TTH @ 14.1:2:4.167-2000
Kasnpimii TIH @ 14.1:2:4.167-2000
Bpomun M 01-45-2009
Xnopun IHJA & 14.1:2:4.157-99
Dropug TTHJ & 14.1:2:4.157-99
Hurpar IHJA & 14.1:2:4.157-99
Hutpur TIH/ © 14.1:2:4.26-95
TIHA ® 14.1:2:4.157-99
Docdat TIHJA & 14.1:2:4.157-99
Cynbdar TTHJ © 14.1:2:4.157-99
Xpomar CT PK MCO 1881-3-2009
Vonun CT PK ICO 1881-3-2009
M 01-45-2009
Cynbdur CT PK MCO 1881-3-2009
LIBeTHOCTD T'OCT 29131-91
BIIK CT PK 1CO 5815-1-2010
CT PK MCO 5815-2-2010
Xnopopranuuec- [CT PK2011-2010

dochopopranuye-
CKHE HEeCTUIUIBI

CT PK 2044-2010
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TTomuumknnueckue |CT PK 2542-2014
apoOMaTHYCCKHE
YIJIEBOJOPOABI
(ITAY)
Hedrenponykrsr [['OCT P 52406-2005
IMHA @ 14.1:2:4.128-98
Benzon MP 01.024-22
Keneszo TTHJ] @ 14.1:2:4.29-95
Bepunmii TIHA & 14.1:2:4.140-98
Banauit CT PK 2214-2012
Bucmyt THA & 14.1:2:4.140-98
MosmbeH CT PK 2214-2012
OrnoBo IMHA @ 14.1:2:4.140-98
CauHen CT PK 2214-2012
Xpom CT PK 2214-2012
Dopmanbpaerng TTH]] @ 14.1:2:4.187-02
Mapranen CT PK 2214-2012
ATIOMHHAR CT PK 2214-2012
Artmocdepn I'OCT 17.2.3.01-86 |O1060p npod I'OCT P UCO 16017-1-2007
bIid BO31YX T'H Nel168 ot PJ152.04.186-89, n.4
HaCeJICHHbI 28.02.2015 1. T'OCT 17.2.3.01 -86
X MeCT, A30Ta OKCHIT MBH-4215-002-56591409-
CaHHTapHo- 2009
JauHToN CT PK 2.302-2014
3omi (C33), PJ1 52.04.186-89, 5.1
CeNUTeOHOM
TEPPUTOPUH

A30Ta JUOKCULL

MBH-4215-002-56591409-
2009

CT PK 2.302-2014

PJ1 52.04.186-89, 5.

AMMHak

MBMH-4215-002-56591409-
2009

CT PK 2.302-2014
PJ152.04.186-89, 5.1

Jlnokcun cepsl

MBH-4215-002-56591409-
2009
CT PK 2.302-2014

CepoBomopox MBH-4215-002-56591409-
2009
CT PK 2.302-2014
PJ152.04.186-89, 5.1
Jlvokcu MBU-4215-002-56591409-
yriepoza 2009

CT PK 2.302-2014

Okcup yriiepona
(yrapHsiii ra3)

MBMH-4215-002-56591409-
2009
CT PK 2.302-2014

Mepkanran MBMH-4215-002-56591409-
2009

Meran MBH-4215-002-56591409-
2009
CT PK 2.302-2014

Jexan MBMH-4215-007-65914009-
2009

I'excan MBH-4215-007-65914009-

2009
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1 2 3 5 6
YrieBoaopost MBMU-4215-007-65914009-
He(le/I C]z — C19 2009
Cepoyriepon MBU-4215-002-56591409-

2009

CT PK 2.302-2014

PJ152.04.186-89, 5.1
DeHon M 02-01-2005

CT PK 2.302-2014
Dopmanbaeru M 02-02-2005

CT PK 2.302-2014
Auerod MBH-4215-002-56591409-

2009
JuzenbHoe MBMU-4215-007-
TOILIUBO 565914009-2009
Bensun MBU-4215-007-

565914009-2009
CT PK 2.302-2014

VYaiir-cnupur

MBMH-4215-007-
565914009-2009

Benson MBU-4215-002-56591409-
2009
Kepocun MBU-4215-007-
565914009-2009
Macio MBMU-4215-007-
MUHEpaIbHOE 565914009-2009
CBHHEIL U €r0 MBH-4215-002-56591409-
COEIIMHEHHS 2009
PJ152.04.186-89, 5.n
CT PK 2.302-2014
Banauii PJ152.04.186-89, 5.n
Keneso PJ152.04.186-89, 5.1
Kanmuii PJ152.04.186-89, 5.n
KobGanbt PJ152.04.186-89, 5.n
Maruuit PJ152.04.186-89, 5.1
Mens PJ152.04.186-89, 5.1
Huak PJ152.04.186-89, 5.n
Huxkens PJ152.04.186-89, 5.1
PryTtp PJ152.04.186-89, 5.n
Cepnas kuciora [P/ 52.04.186-89, 5.1
YraeBonoposl MBH-4215-002-56591409-

(1o rekcany)

2009
CT PK 2.302-2014

Xnopua Bonopona [PJ152.04.186-89, 5.n
DochopHsbIii PJ152.04.186-89, 5.
AHTUIPH]L

dochopHas PJ152.04.186-89, 5.n

KHCJIOTa

IIpenenbuble yrie-
Bogopozp! Ci-Cs
Henpenenuble
YITICBOIOPOIBL

MMHA @ 13.1:2:3.23-98

IMHA @ 13.1:2:3.23-98
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Ipenenshbie yrne- (ITHJ & 13.1:2:3.25-99
Bogopozp! Ci-Cyg
Henpenennbie yr-  [ITHJ & 13.1:2:3.25-99
nesoznopos! Cr-Cs
Apomaruyeckue TTHJ & 13.1:2:3.25-99
YIIIEBOJIOPOIBI
Bosnyx TOCT 12.1.005-88 |OTtbop mpob T'OCT P MCO 16017-1-2007
paboueit T'H Ne 16801 PJ1 52.04.186-89, m.4
30HBI 28.02.2015r. I'OCT 17.2.3.01 -86

A30Ta OKCHJT

MBH-4215-001A-
56591409-2009

CT PK 2.302-2014
PJ1 52.04.186-89, 5.

A30Ta JUOKCULL MBH-4215-001A-
56591409-2009
CT PK 2.302-2014
PJ1 52.04.186-89, 5.1
Ammuak MBMU-4215-001A-

56591409-2009
CT PK 2.302-2014
PJ152.04.186-89, 5.1

Jlnokcua cepsl

MBH-4215-001A-
56591409-2009
CT PK 2.302-2014

Jnokcun MBMU-4215-001A-

yriiepoza 56591409-2009
CT PK 2.302-2014

Oxcupn yrnepona  |MBH-4215-001A-

(yrapHslii raz)

56591409-2009
CT PK 2.302-2014

Texcan

MBH-4215-001A-
56591409-2009

dopmanbaerug

MBH-4215-001A-
56591409-2009

M 02-02-2005

CT PK 2.302-2014

Benson

MBH-4215-002-
565914009-2009

Kcunon

MBU-4215-001A-
56591409-2009

Denon

MBH-4215-001A-
56591409-2009

M 02-01-2005

CT PK 2.302-2014

MepkanTan

MBMH-4215-002-56591409-
2009

Mapranen 1 ero

MBMH-4215-008-56591409-

COCIMHEHUSI 2009

PJ1 52.04.186-89, 5.1
TIbu1e MBU-4215-004A-
(70%>S10,>20%) |56591409-2012
JRISETS MBU-4215-004A-
(B3BEIICHHbBIE 56591409-2012
BEIIIECTBA)

ITsu1e IpeBecHast

MBU-4215-004A-
56591409-2012
I'OCT 17.2.6.02-85
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M3 PK, MOOC PK
Ne 99

ot 27.01.2004 r.
ITpukaz MOOC PK
Nel57-m ot
21.05.2007 r.

1 2 3 4 5 6
IIbute
(Si0,> 70 %)
Caxa (yrnepon) |MBU-4215-004A-
56591409-2012
3ousa (yrompHasi) |MBU-4215-004A-
56591409-2012
Bens(a)nupen CT PK 1989-2010
Oxcun onoBa MBH-4215-008-56591409-
2009
Oxcupsl cBuHna  [MBH-4215-008-56591409-
2009
IMoussr, 08.12.22 2508 00 I'OCT 17.4.1.02-83 |O160p 1pod I'OCT 17.4.3.01-83
IPYHTBI T'OCT 17.4.2.01-81 T'OCT 17.4.4.02-84
I'H Nel68 ot I'OCT 17.4.3.03-85
28.02.2015 . T'OCT 28168-89
['H Ned52 ot OO6MeHHast I'OCT 26484-85
25.06.2015 . KHCIIOTHOCTh
CoBmecTHBIH npnKas [pH TOCT 26483-85;

I'OCT 26423-85

KapGoHars! u

T'OCT 26424-85

OGuKapOOHaThI CT PK 1286-2004
OO6mmii a30T I'OCT 26107-84
Cynbdars T'OCT 26426-85

MHA @ 16.1:2:2.3:2.2.69-10
Cynbdurst TIHO @ 16.1:2:2.3:2.2.69-10
Hurparst T'OCT 26488-85

I'OCT 26951-86

TTHA D 16.1:2:2.3:2.2.69-10
Dropuapt IMHA @ 16.1:2:2.3:2.2.69-10
Docdar TIMHA @ 16.1:2:2.3:2.2.69-10

Harpuit u xanuit

T'OCT 26427-85
TIHI © 16.1:2:2.2:2.3.74-
2012

Kanpumii TOCT 26487-85, p.2
TOCT 26428-85
THJ @ 16.1:2:2.2:2.3.74-
2012

Maruwmit TOCT 26487-85, p.2

T'OCT 26428-85
TIHI © 16.1:2:2.2:2.3.74-
2012

IInoTHBII OcTaTOK

I'OCT 26423-85

Kaunuit 06MeHHBII

T'OCT 26210-91

Hatpuii oOMeHHbIIT

I'OCT 26950-86

CymMa norJomnieH-
HbIX OCHOBAHHMH

T'OCT 27821-88

Kerneso noasmxHOE
2 (3)

I'OCT 27395-87

Bop (moasuxnas
(opma)

I'OCT P 50688-94

Monubaex
TOJIBUYKHBIN

CT PKTOCT P 50689-2008

Mapranen
(noaBMKHAS
opma)

CT PKTOCT P 50685-2008
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Mens (moasuknas |[CT PKTOCT P 50683-2008

(dopma)

Ko6anpT (moasux- (CT PK TOCT P 50683-2008

Has popma)

Xpom (VI) CT PKUCO 18412-2008

Xpowm (III) M-MBH 80-2008

Maccosast 1oJst TIHI ® 16.1:2.21-98

HETENPOAYKTOB

Xnopust T'OCT 26425-85
CT PK 1286-2004
TIHA @ 16.1:2:2.3:2.2.69-10

Jlnokcun T'OCT 14047.10-78

KPEMHHUSI

Kobanbt CT PK ICO 11047-2008
M-MBU-80-2008

Kagmuit CT PK MCO 11047-2008
M-MBH-80-2008
MYV 08-47/203

Mapraner CT PK MCO 11047-2008
M-MBH-80-2008

Mens CT PK ICO 11047-2008
M-MBU-80-2008
MYV 08-47/203

Hukens CT PK MCO 11047-2008
M-MBH-80-2008

Xpom CT PK MCO 11047-2008
M-MBU-80-2008

Tuuk CT PK ICO 11047-2008
M-MBU-80-2008
MY 08-47/203

CauHer| CT PK MCO 11047-2008
M-MBU-80-2008
MY 08-47/203

ATIOMUHUT M-MBMH-80-2008
T'OCT 26485-85

CypbMa TOCT 15934.15-80
M-MBU-80-2008

Cenen M-MBH-80-2008

OmnoBo M-MBU-80-2008

Bucmyt T'OCT 28407.5-89
M-MBH-80-2008

Pryts I'OCT 26927-86
M-MBH-80-2008

Cepa CT PK 1354-2005

Kanuii BaoBblid,
Docdop BanoBblii

T'OCT 26261-84
I'OCT 26261-84

TTommmknnueckue |CT PK UCO 14507-2008
apoMaTHYCCKUEe
YIJICBOJOPOABI
(ITAY)
Turan M-MBMH-80-2008
Banawmii M-MBMH-80-2008

CT PK 1356 - 2005
Bonbsdpam M-MBH-80-2008
Jlutnit TIHI © 14.1:2:4.167-2000
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Br1Opocs! - I1/IB npeanpusituit  [OT60p pod CT PKT'OCT P 50820-2005
MIPOMBILI- Ha KOHKPETHbII (1BLIB)
JICHHBIX HUCTOYHUK 3arnbUICHHOCTh CT PKTOCT P 50820-2005
TpempHs- BbIGpOCOB * Aspomumamuaeckue [TOCT 17.2.4.06-90
THH B aTMO- T o napameTpsl:
chepy p:;(:ayll;::;mn Cxopocts u pacxon |['OCT 17.2.4.07-90
«TpeboBanus Kk ;?&1';”;6%“
;";’g;’;’:g‘; gﬁg’ﬁpn JlaBreHme [OCT 17.2.4.07-90
C)KUTaHHU Pa3ind- (paspericeine)
Temneparypa T'OCT 17.2.4.08-90
HBIX BH/IOB TOILTHBA
B KOTEJIbHBIX yCTa- Braxiocr
HOBKAX TCILIOBBIX Pacuer komyectea (CT PK 1517-2006
IEKTPUUECKUX BI’I6POCOBV
- 00BEMHBIN Pacxox
oT 14 nekabpst rasa
2007rona Ne 1232 |10 CTPK 2.302-2014
HeopraHuJecKast
Jnokeua azora CT PK 2.302-2014
I12I1-MBH-001-12
Jlnokcun cepsl CT PK 17.0.0.04-2002 1.6.1
CT PK 2.302-2014
M12I1-MBH-001-12
Oxkcup yriiepopa  |CT PK 2.302-2014
I2I1-MBH-001-12
Oxcup a3ora CT PK 2.302-2014;
CT PKT'OCT P 10849-
2010
I12I1-MBU-001-12
VYraepon nuokeuy (CT PK 2.302-2014;
M2I1-MBH-001-12
YrieBoaopost T'OCT P UCO 11338-1-2008
nomuuknueckue |TOCT P CO 11338-2-2008
apOMaTHICCKHE
ITAY
CepoBozopon T'OCT 12.1.014-84
II2I1-MBU-001-12
Caxa CT PKT'OCT P 50820-2005
I'OCT 12.1.014-84
Ammuak TI3I1-MBH-001-12
Kucnopon TIDII-MBH-001-12
MepkarnrtaHn MBU-4215-002-56591409-
2009
Denon IMHA @ 13.1.36-02
dopmanbaerus TIHA & 13.1.35-02
Ot1xo15!I 23.204 27109 T'OCT 30775-2001 |IIpo3paunocTs I'OCT 982-80
HedTenepe- I'OCT 30774-2001
paGoTKi, FOCT 982-80 Oo6e3BoxuBanne |['OCT 26378.0-84
MHHEpaIlb- Bona I'OCT 26378.1-84
HBIE, CUHTE- Tpenensrbie yrae-  [ITHA & 13.1:2:3.25-99
THYECKHE Bonopozpt Ci-Cio
MacCIIsHbIE Henpenenbhbie yr- [ITHJ @ 13.1:2:3.25-99
OTXO/bl seBonopozbl Co-Cs
(umaer) Apomarieckue  |[THJT @ 13.1:2:3.25-99
YLIICBOJOPOIBI
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MexaHuueckue T'OCT 26378.2-84
TIpUMecH U
3arpsi3HEHUS
JIByokuch TOCT 26449.4-85,p. 3
KpEeMHHUS
Kanpimii TI'OCT 26449.4-85, p. 4
Maruuit T'OCT 26449.4-85,p. 5
Keneszo T'OCT 26449.4-85,p. 6
Menb T'OCT 26449.4-85,p. 8
AnroMHHUHA I'OCT 26449.4-85, p. 7
Docdop T'OCT 26449.4-85, p. 1
Kap6onatsl T'OCT 26449.4-85, p. 11

Hedts 1 11.10.10 2709 00 CT PK 1347-2005 |Metonst otbopa  [TOCT 2517-85

HedTe- 1po6

TIPOAYKTBI Bsizkocth
DpaKkLUOHHBIN T'OCT 2177-99

COCTaB

ConeprxaHue BOJbI

T'OCT 2477-65

Mexanunueckue T'OCT 6370-83
MPUMECH

IInotHOCTH T'OCT 3900-85
Banauii T'OCT 10364-90
CepoBosiopox CT PK 1473-2005
Merunmepkanras- [CT PK 1473-2005
Orunmepkantad  |CT PK 1473-2005

Jlum, 3amHTEpEecOBaHHBIX B yCIIyTax JaHHOW J1TabOpaTopvu, MPOCHM 00pa-
TuThesa B opaeHa TpymoBoro Kpachnoro 3umamenn MHCTHUTYT XUMHYECKHMX HAYK
umenu A.b. bextypoga.

Anpec: 050010 (A26F3Y1), Pecnybnauka Kazaxcman, e. Aimameot,
ya. L. Yanuxanosa, 106,

e-mail: ics_rk@mail.ru,
+7(727) 291-23-89, +7(727) 291-24-64, +7(727) 291-57-70

TCII.:
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V]IK543.51:547.567

E. E. EPTOKUH, C. K. )KYMAI'AJIUEB, b. A. MYXUT/IHHOBA,
K. X. XAKUMBOJIATOBA, A. T. TACMAT'AMBET

AO «MuctutyT xumuueckux Hayk uM. A.b. bexkrypoBa», Anmatsl, Pecry6nuka Kazaxcran

MACC-CHEKTPOMETPUYECKOE UCCIIEJOBAHUE
HEKOTOPBIX 2-3AMEIIIEHHBIX 1,4-BEH30XNHOHOB

AHHOTalIl/Iﬂ. Ha ocHoBe anamm3sa MacCC-CIICKTPOB TPEIJIOKCHBI CXCMbI (bpar—

-R
MeHTanud MU HeKoTOpbIX 2-3aMelieHHbIX 1,4-0eH30XMHOHOB ¢ o01ei Gopmynoii @
|

(I-IX), rme R=H (I), - CH; (II), - C,H;s (III), - C1 (IV), - SCH; (V), - C(CH3); (VI), - C¢Hs
(VII), - SC¢Hs (VIID), - C(H4COOH (IX).YcTaHOBIIEHO, YTO OOJBIIMHCTBO 2-3aMEIICH-
HBIX MPOM3BOAHBIX 1,4-0en30xnHOHOB (I-IX) 06nanaroT cTabMIBLHBIMUA MOJIEKYISIPHBIMH
noHamu. dparMeHTany MOJIEKYJISPHBIX HOHOB MPH MOHMU3AIMN 3JIEKTPOHAMH TPHCYIIE
MHOTO OOIMIMX HAIlPaBICHHUH, OJHAKO MMEIOTCA M HEKOTOphIE paznuuns. sl n3ydeHHBIX

~o'"

6enszoxunonos (I-1X) xapaktepHo obpasoBanue noHos: [M-CO]", [M-2CO]", E\ ,

D=o

KaioueBble ciioBa: macc-cniekTp, (hparMeHTalrys, MOJIEKYSIPHBIA HOH, KATHOH-pa-
JIMKaJl, 0EH30XHHOHBI, JTMMHUHUPOBAHUE.

** [HC=C-R]"".

[TyTeM KOHIEHCAIIMU TOJMAMUHOB 3aMEIICHHBIMH XWHOHAMH HAMH IOJY-
YEHBI PEIOKC-TIOJIUMEPBI, T.€. HOHUTHI C XOPOIIUMH IKCILTyaTallHOHHBIMHU Xapak-
TepucTUKaMu [1-5]. B cBsI3U ¢ 3TUM H3yUyeHUE CUHTE3a HEKOTOPBIX MPOU3BOIHBIX
OCH30XMHOHA W WX CBOMCTB B YCJIOBUSX MAacC-CIICKTPOMETPHUU SIBISETCS aK-
TyaJIbHBIM.

B pabGote npoBeneHa cpaBHUTENbHAS XapaKTEPUCTUKA MacC-CIIEKTPOB 2-3a-
merieHHbIX 1,4-6er3oxuHoH0B (I-1X), ¢ menpio BBISABIEHHUSI OCOOEHHOCTEH (ppar-
MEHTallMd MX MOJEKYJSIpHBIX HOHOB (MU) ot mpupozs! 3amecTuTeneil B MOJIO-
KEHUH 2, XapaKTEePHUCTHUKa AaHAIUTUYECKHX HOHOB, MO3BOJSIONINX IPOBOJNUTH
HaJEKHYI0 MacC-CIIEKTPOMETPUUECKYI0 HIACHTHU(MUKAINIO, HAMH PAaCCMOTPEHBI
MacCC-CIIEeKTPhI JEBATH 1,4-0CH30XMHOHOB C PA3IHUYHBIMHU PajJUKaJIaMH B IOJIO-

keHuwu 2 [6].

O

|

—R
I, R=— H; II, R= — CHy; IT[, R = — C,Hs; IV, R=— Cl;
V, R=— SCH;; VI, R= — C(CH;)3; VII, R= — C4Hs;

[ VIII, R= — SC¢Hs; IX, R= — C,H,COOH

O

[-IX
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[omuabie macc-cniekTpsl (MC) nonuszarmu anexktponamu (M3J) paccMOTpeHHBIX
2-3amereHHbIX 1,4-6en30xuHoHOB (I-1X) npuBenens! B Tabmuie 1. CtaOUIbHOCT
UX MOJIEKYJISIPHBIX HOHOB (W) Bapbupyercs B peaenax 6+31% (tadbmuua 2).

Tabmuma 1 — Macc-crieKTpbl HEKOTOPBIX 2-3aMenieHHBIX 1,4-6er30xuHoHOB (I-1X)

HasBanne
COCAUHEHUS

Macc-cnektp:
M", m/z (I B %)

n-beH3oXuHOH

109(7), M~ 108(100), 83(2), 82(42), 81(2), 80(34), 62(2),
61(3), 55(4), 54(97), 53(19), 52(29), 51(6), 50(7), 49(3),
41(2), 38(2), 37(4), 28(2), 27(2), 26(52), 25(7), 18(2).

1I

2-Metui-n-
OCH30XMHOH

124(2), 129(8), M™ 122(100), 96(4), 94(66), 83(3), 82(61),
79(2), 68(36), 67(9), 66(52), 65(13), 63(3), 62(2), 61(2),
55(7), 54(73), 53(15), 51(4), 50(4), 40(44), 39(45), 38(15),
37(8), 28(3), 27(4), 26(26), 25(2).

I

2-OTHA-n-0€H30XNHOH

138(2), 137(5), M™ 136(56), 123(3), 121(4), 109(7), 108(93),
107(29), 91(3), 90(7), 89(4), 83(3), 82(59), 81(7), 80(15),
79(70), 78(7), 77(13), 67(4), 66(5), 65(18), 63(6), 62(4),
61(3), 55(14), 54(100), 53(56), 52(21), 51(27), 50(20), 49(5),
43(5), 41(4), 40(5), 39(61), 38(17), 26(6), 28(13), 27(45),
26(62), 15(13).

v

2-X110p-n-0€H30XHHOH

145(3), 144(38), 143(7), M™ 142(100), 116(16), 115(3),
114(43), 107(3), 90(12), 89(4), 88(48), 87(5), 86(22), 83(3),
82(65), 80(4), 79(46), 63(3), 62(21), 61(10), 60(57), 59(3),
55(3), 54(88), 53(59), 52(13), 51(27), 50(22), 49(12), 48(4),
47(3), 44(4), 43(3), 41(3), 41(3), 38(4), 37(15), 36(7), 35(6),
31(3), 29(5), 28(13), 27(3), 26(80), 25(32), 24(7), 18(4).

2-MeTunruo-n-
OCH30XHHOH

155(10), M" 154(100), 140(10), 139(54), 127(3), 126(85),
111(52), 98(23), 97(30), 85(50), 83(34), 82(83), 79(20),
72(42), 71(15), 57(40), 54(76),53(52), 45(36), 39(30).

VI

2-TpetrOyTri-n-
OCH30XMHOH

165(6), M™ 164(64), 151(4), 150(8), 149(100), 137(3),
136(30), 135(13), 123(9), 122(17), 121(82), 119(3), 117(3),
110(3), 109(8), 108(12), 107(11), 106(4), 105(3), 103(6),
95(10), 94(30), 93(47), 92(4), 91(31), 82(13), 81(7), 80(4),
79(13), 78(9), 77(46), 67(18), 66(8), 65(14), 63(6), 62(3),
57(9), 53(9), 56(3), 55(10), 54(28), 53(17), 52(11), 51(18),
43(13), 41(40), 40(5), 39(37), 38(3), 29(8), 27(12), 26(10).

VIL

2-Oenu-n-
OCH30XHHOH

185(15), M" 184(100), 157(6), 156(45), 155(4), 129(4),
128(27), 127(4), 102(20), 83(3), 82(65), 77(3),76(8), 75(4),
74(3), 65(5), 63(4), 54(28), 52(3), 51(10), 50(4), 26(3).

Vil

2-DeHnITHO-N-
OCH30XMHOH

218(5), 217(25), M™ 216(100), 188(30), 187(45), 161(19),
160(31), 147(4), 139(23), 134(80), 115(14), 112(20),
111(18), 102(7), 90(18), 89(13), 85(15), 82(63), 79(18),
77(30), 69(16), 54(45), 53(32), 51(45), 50(18), 39(22).

IX

2-Kap6oxcndenun-n-
OEH30XHUHOH

229(6), M™ 228(41), 185(5), 184(28), 183(19), 182(4),
157(7), 156(46), 155(25), 146(9), 130(4), 129(25), 128(28),
127(20), 126(7), 115(3), 105(3), 102(6), 101(38), 99(3),
98(5), 89(3), 83(4), 82(100), 77(15), 76(7), 75(29), 74(24),
65(7), 63(14), 62(8), 61(4), 59(3), 55(4), 54(88), 53(18),
52(4), 51(26), 45(11), 44(8), 43(3), 40(5), 39(8), 38(5), 37(3).
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Ta6nuna 2 — CrabmisHocts MU (W) 1 xapaktepucTiaeckux HoHOB (D—D-)

OT MOJIHOTO MOHHOTO TOKA HEKOTOPBIX 2-3aMEIIeHHbBIX IPOM3BOIHBIX N-0eH30XUHOHOB (I — IX)

m/zZ (Iyr. B %)
Ne W, "
coeq. % g D, ON Ps ?)4 ,®5 7 ,(DG o D,/ <D7'
D; @, D5/ D D/ D
1| 25 80(8) | 82(10) | 54(23) | 525.5 | 26(12) - -
66(8,5)
I8 | 940105 | 82010 | 5412) | g2 26(4) 407 | 3907)
mo | o7 | 208409 o6 | saan | B2 26(7 53(6,5 | 39(7
1073) (6,5) (11) 79(8) 7 (6,5) (7)
86(2) | 26(85)
IV | 15 | 11445 | 826.5) | 5409) | T88(5) 53(6) -
7945 | 253
v | e | 33965 | oo | g 9825 | 7250 | 79(25) | 45(4)
126(10) | S20) | 340 %((66)) 5745) | 536) |3935)
VI 8 145a1) 82(1,5) | 54(3) 110281(155) 26(1) 213.5) 39(4)
136(3,5) . W(S)) 77(5)
128(7)
vil | 31| 15612) | 82017) | 54(7,5) | To2(55) | 26(1) - -
76(2)
vin | 17 | 2B o | sae) | 22E) 111319235) 13;7(1;:'5) 39(3)
187(6) : 160(4) 85((2') ) 51%5
x | 6 | BGCD o5 | saans) 115556265) 12935) féi(é) 45(1,5)
183(25 : % 127(2,5) 75((4)) :

B kauectBe mopmenu paccmorpeH macc-criektp 1,4-Oenzoxunona (I) (Tad-
munst 1, 2) [7, 8]. ®parmentamms MU (I) mpoTekaeT mo Tpem HampaBiIeHHM,
o0ecreunBaroMM BbICOKYI0 xapakrepuctudnocTh MC. [lepBoe — pacuierienue
0OEH30XMHOHOBOT'O LIWKJIa ¢ 00pa3oBaHHEM KaTHOH-paIuKasia UKJIO0yTEHANOHA C
m/z82, BTOpOoe — 3MuMUHHpoBaHWEe Monekyidsl CO c oOpa3oBaHHMEM KaTHOH-
panukana nukiaoneHragueHona ¢ m/z80. TpeTse HampaBiIeHUE PEaKLUU pacraaa
MU (I) npoucxoauT MpH paciieIUIeHNH OEH30XWHOHOBOT'O KOJIBLA IIOMOIaM» C
o0pa3oBaHreM KaTHOH-PaIHKAIAIPOMTUHOHA MITH IIUKJIOTPOTICHOHA ¢ M/z54.

BreneHne alKMIIBHBIX 3aMECTUTENICH B TIOJIOKCHHE 2 OKa3hIBACT CYIICCTBCH-
HOE BIIUsTHUE Ha cTabwibHOCT MU (Tabmuna 2).

B cnyuae 2-metnn-1,4-6en3oxunona (II) Wy, pesko mamaer — 18%, a mis
2-3tHn-, 2-tpet.0yTmi-1,4-6en3oxunonos (111, VI) —W,, eme pa3 pe3ko magaet
7,8% (Tabmuma 2).
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BBenenue paaukana denuna B Monekyny 1,4-0eH30XHMHOHA TMOBBIMIACT CTa-
omipHOCTE MU K D (W, = 31%, VII, Tabnuma 2).

Oparmenranun MU ankun6enzoxuronos (11, 11, VI) mpucymm mHOTO 00-
IIMX HAINPaBJICHUH, OJIHAKO MMEIOTCS W CYIECTBEHHbIE OTIIMYMA. Tak, y OeH30-
xuHoHOB [II u VI B MC muk MU (111, VI) nabmonarorcs B Mmenbieii crenenu (111,
M™ 136, Iy = 56%; VI, M" 164, L., = 64%) (tabmuua 1), a 06pa3oBaHue HOHA
®, ¢ m/z 82 B ciyuae OenzoxuHoHa (VI) cuinbHO 1MogaBiIeHo. 3aTO B OTIUYUE OT
6ensoxunonos (II, III) umeercs Makcumanbhbli MoH @, ([M-CH;]", m/z149),
KOTOPBIH IOCHe/IOBAaTENbHO BhIOpachiBaeT aBe Moiekylast CO (@4, @, ¢ m/z:
121, 93; cxema 1).

B ciyuae 2-enmn-1,4-6ensoxunona (VI) camslii crabumsabii MU (M' 184),
aHanmornyHo 1,4-6en3oxuHoHy (I) mocnenoBarensHO TepseT ABe Moiekynbl CO,
T.€. peaKyst pacnajaa uJeT Mo «XHHOHYY.

Beenenue aroma Cl B monekynmy OenzoxuHoHa (I) He okas3piBaeT 0co0OOTO
BIHMSIHUSL HA XapakTep (parMeHTaluy 10 «XUHOHY». biaromaps nBym craOuib-
HeIM m30Tonam xmopa - Cl1’Cl B coornomenuu 3:1 B MC (IV) HaGmromarorcs
xnopcozpepkamue nousl [M-CO]™ ¢ m/z: 114, 116, [M-2CO]" ¢ m/z: 86, 88,
[M-CO-C,H,] " ¢ m/z: 88, 90 u [HC=CCI]" ¢ m/z 60, 62 (taGmuupl 1,2; cxema 2).

Oparmenramnus npu U 2-metuntno-1,4-6en3oxuaona (V) omnpenensiercs B
OCHOBHOM JIBYMsI XapaKTEPHBIMHU Mporieccamu: 1) smumuHHpoBanueM u3z MU
(M™ 154) CH; B Buze pamukana ([M-CHs]", @, m/z139); 2) o «XHHOHY», T.€.
smuMuHApoBanne Monekynsl CO us MU (M* 154) — (IM-COJ’; @, m/z126).
JaneHelmmii ux pacmaj NpuBeJeT K HHTEHCHUBHBIM IMHUKaM B Macc-CIIEKTpax
(cxema 2). B mpomecce ¢parmenTannu MU (V) Hapsiy ¢ HHTEHCHUBHBIMU TUKAMHU
HOHOB D, qD] , Dy, (I)4, ®,, ®; HabmIOMAOTCA MEHEE MHTEHCHBHEIC ITHKH UOHOB
@5 ([CH3-S-C=CH]'; m/z72); @5 ([S-C=CH]"; m/z57); n @, ([HC= S] *; m/z45);
HO XapaKTePUCTUYHBIM HOHAM.

Crnenyer OTMETHTD, YTO NPU HAJIMYWHU B LENH YETBEPTUUYHOTO aToMa yriie-
pona (B cirydae 2-tper-OyTi-1,4-0en3oxuHoHa, VI) mporeccs! pa3pbeiBa CBs3ei ¢
00pazoBaHUEM TPETHYHOTO KaTHOHA CTAHOBATCS OCOOCHHO OJIarONMpUSATHBIMH.

[ux nona [M-CH;]" ¢ m/z149 (®,, Tabmumpi 1, 2; cxema 1) 1oMUHHpYeT B
MC coenunenusix VI ¢ TpeT-OyTHIBHOM IPYyNIION.

Opnako, B otinmune ot anamoroB (I, III), mpomecc oOpa3oBaHust KaTHOH-
panukana Oyrenauona (D, ¢ m/z 82) MpoNCXOAUT B HE3HAUYUTEIHLHOW CTEIIEHU U
emte MC (VI) nabmogaroTcst 3HaYMTENbHBIC TUKU ¢ mM/z91, 77, XapakTepHbIe s
apOMaTHUYECKUX YTIIEBOAOPOAOB. [IponcxoxkieHne 3THX MTUKOB CBSA3aHO CO CMe-
IIeHHEM aTOMOB BOJIOPOJa W YTJIEpoJia, T.e. MPOTEKaHWEM IPOIECCOB PaHIOMH-
3allMU ¥ CKPaMOJIMHTa HOHOB B 00JIACTH HIXKE 93 MacCOBBIX YHCEII.

Cnenyer orMeTHTh, 4To 2-(heHmi-1,4-6en3oxunon (VII), B oTimume ot ai-
KIbHBIX pon3BoAHEIX (11, ITI, VI), pe3ko oTnmuaercs kak mo crabmisHOocTH MU
(W =31%), Tak 1 1o TOMHUHHUPYIOIIUM HalpaBJICHUIM pacraja. 3aMeHa GpeHumia
Ha ¢enmntuo B OenzoxuHonax (VII, VIII) okaspiBaeT cyliecTBEHHOE BIUSHHE
Ha xapakTep ¢parmerTanuu u ux MC pe3ko paznudaercs, a TaKke CTabuIbHOCTh
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+ -+
T /O1 ® RJ™
&ZO«— <~ T > B |

m/z 54 (LILIIL VI,V 0
D5
m/z 82 (LILIILVI,VII) o/ 80D, w520,
94 (ID), 66 t”)i
108 (111), 80 (11D,
Q D136 EVI)), Dy 108 (VI),
Y _|+‘ 156 (VII) 128 (VII)
R
[HC = CET L |
m/z 26 (LTI VL, VII)
s I
M-COCoH,|* _r+.
M *1108(T), 122(11), m/z 68 (1) He
136(111), 164(V), @) W
184(vID) C
| ¢
l ECH‘|+'
[M-C,H;] [M-CH,J* CzH—| Ve miz 102 (VID
mlz 107 (ﬁl) m."z 149 (1/1) W @
D,
R C=CH
m/z 40 (IT)
\ cbZ\*[C .
M-C,Hs—CO]™ 3t13
[ iz 79 (1511) ] [M—CH;-COJ* m/z 39 (ILII)
P m/z 121 (VI) @,
D @
[M-C,H;—CO-
C,H,1*
m/z 53 {1[12) 2 [M-CH;-2COJ”
m/z 93 (V1)
g o]

Cxema 1 — ®parmenTarus MU HekoTOpBIX 2-3aMeleHHbIX 1,4-0€H30XHHOB
(I-I1I, VI, VII)

MU (VIILW,,, =17%) HamHOorOo MeHbIIe, yeM 2-(heHwmi-1,4-6enzoxunona (VII,
W= 31%) (Tabmums! 1,2, cxema 2).

Beenenne COOH-rpymnmsl k penmty B Mosekyiie 2-¢penni-1,4-0eH30XxnHoHa
(VII) taxxe pe3ko menser kaptuHy MC, COOTBETCTBEHHO, OKa3bIBAaET CHIIBHOE
BIHsTHHE Ha XapakTep ¢parmernraimu MU (1X).
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+ +
+ — >
i
l
[HC = Cs]+ HC =C-S m/z79 (IV,V)
m/z 57 (V) iz 72 (V) o miz 53 (IV,V)
q)S 0 +- cbﬁ
4+ " A - -
R| R]
o< [ [~——t—={J =]
m/z {;('Vvv: ) N nvz: 86,88 (IV),
? miz B2V, v, 1) 0 @y ?2&:'\),’1“)
@, m/z:114, 116 (IV)
®, 126(V),
[HC = CH]" 188 (VIII)
m/z 26(IV) 0 [HC = cCI™
@ ’l + m/z 60,62 (IV)
R
[M—CO—Csz]"‘/
m/z 88, 90 (IV)
0]
M +1142, 144(1V), 0 1+

154(V), 216(VIID),

228(1X) /

dsl? S
— [ | — ] | —> | ’
[M—COH—C2H2]+<— {M—COH]+‘— d)' m/z 83 (V)
o] 0 4

miz 161 (VIIT) m/z 187 (VLI
. D, D,  m/z 139 (V,VII) m/z 111 (V,VII)
+- cD‘l (DS ¢5
~«—HC= c-s—@lq— ¢
STt
m/z 77 (VIII) m/z 134 (VIII) [HSC]+ ”
g @ miz 45 (V)
(I)T
+ (@]
| | i m/z 85 (V,VIII)
m/z 51 (VI [COOH]* @i 5
of . Y m/z 45 (IX)
HC=C cooH|  M-CO,I” @
m/z 184 (IX) M-COOHT* +
3o [M— _
m/z 146 (IX) | D, [m."z 183 (IX)] IMm;Cz?scs’P(ixx)CO]
s+ Y @} A
M-C0O,-CO]*"
1+ MR [M-CO,H-2C0*
_ @4 m/z 1 s (IX)
HC=C @4
M-COOH-CO-C,H,]"
- m/z 105)11)() [M=CO,-2COJ** [ Wz 155 (IX) 2 2]
L7 A T 2
@5 @

Cxema 2 — @parmenTarnus MU HeKOTOpBIX 2-3aMeIeHHEIX 1,4-0€H30XIMHOB
v, v, VIII, IX)

sT*
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IlepBeiMu aktamu ¢parmeHTanmn MU (IX) sBistoTcss 3IMMHHApOBaHHE
Moutekybl quokcuna yriepoga (CO,) u COOH rpynmel ¢ oOpa3oBaHueM 3HAYH-
TEJIbHBIX NUKOB KaTHOH-pajguKaja [M—C02]+' ¢ m/z183 (D, (131'; Tabmmuel 1, 2;
cxeMma 2). [lanee pacmag 3THX HOHOB MPOWCXOTUT 1O M XHHOHOBOMY CIIEHApHIO,
T.€. TTOCIIEI0BATENIbHOE ANMUMUHUPOBaHUe MBYX MoJieKy CO.

1,4-Benzoxunon (I). Jlns ¢parmentannn MU (M™ 108) Gensoxunona (I)
[JIaBHOM sIBJIsIeTCS BEIOpOC Monekyibl 3TuHa (D), m/z82) u okcuna yriepona (P,
m/z80). Camble uHTeHcHBHBIe mHKH B MC oTBeuaror MU (M~ 108) u nony ®s,
(m/z54), obpasyromiemycs 3a cuer pacmeruierns MU «mononamy». Takum oOpa-
30M, TIEPBBIM CYIIECTBEHHBIM akToM (parmentarmmu MU (1) sBisiercst moteps
ATHHA C 00pa3oBaHUEM HHTCHCHBHOTO HoHA D, ¢ m/z 82.

TunuuneiM HanpaeneHueM pacnaga MU (1) sBnsercs BeiOpoc mosnekyssr CO
U 3TOT MPOLIECC COMPOBOXKAAETCA 3aMbIKaHHEM KoJiblla ¢ 00pa3oBaHueM HoHa D,
¢ m/z80.

Jaee mpouCXOANUT ANMUMUHUPOBAHUE BTOPOW MOJIEKYJIBI OKCHIA yTIIepoia u
obpazoBanne noHa @, ¢ m/z52 («XMHOHOBEIHN pacmany). Cieayer OTMETHTh, UTO
noH @, (m/z82), mo-BuANMOMY, UMEET CTPYKTYPY IUKI00yTeHaroHa (cxema 1) n
Jlajiee mpeBpaliaercs B MOH Hukiionponanona (@;, m/z54) B pe3yibTare BeIOpOCa
moniekyssl CO. B 001acTi HU3KMX MacCOBBIX YHCET MMEETCS] HHTCHCUBHBIN MUK
¢ m/z26, KOTOpPBIA NPUHAIICKUT KaTHOH-panukary ®s — stuna (Tabmuns! 1, 2;
cxema 2).

2-Metni-1,4-6en3oxunon (II). Beenenre MeTUILHOTO paguKaia B MOJI0XKe-
Hue 2 B Molekyiry 6eHzoxuHoHa (I) He MeHsieT xapakTep ero ¢hparmenTanuu. [lpu
pacnage MU (II) mabGaromaroTest T€ JK€ THITBI Pa3phIBOB CBSA3CH, UTO W B CiIydae
camoro 1,4-6enzoxunoHa (I).

Camoii xapakrepHodi yeptoir MC 2-mertuin-1,4-6en3oxunona (II) sBnsercs
SIPKO BBIp@KEHHAs] TEHACHIMS CBsI3aHHAS C MOCIENOBATENLHBIM BHIOPOCOM W3
MU (1) aByx monekyn CO (P, m/z94, @4, m/z66), T.e. "XHHOHOBBIN pacman'.
Crenyer oTMETUTh HEKOTOpble MHTepecHble ocobenHoctd B MC(II). B obnactu
HU3KHX MAacCOBBIX YHCEN MMEIOTCS MHTEHCHBHbIe mukH moHoB [CH;-C=CH] ©
(D, m/z40), [C3H;3] (D7, m/z39) u (CoH,) " (D5, m/z26).

2-9tua-1,4-6enzoxunon (III). B ciyuae 2-stuin-1,4-6enzoxunona (I1I) oc-
HOBHOW mepBuuHbI pacriag MU (II) mpuBomuT k KaTuoH-pagukainy 1,4-OeH-
3oxuHOHA ¢ M/Z108 (D) B pe3ympTaTe BRIOpOCa MOJICKYJTHI 3TeHA. Jlanmee 3ToT uH-
TeHCUBHBIN nOoH @ Benet cebs anonornyno MU 1,4-6enzoxunona (I). Onnako, B
MC (IIl) umeercss 3HAYUTENBHBIA MUK ¢ M/z 107 U UHTEHCHBHBIN UK ¢ mM/Z79.
epBblii U3 HUX 06ycioieH umoHamu [M-C,H,] ©, BTOpo#i — BBI3BaH HOHAMM
[M-C,Hs-CO]" ®,, npu 06pa30oBaHUM KOTOPHIX IPOMCXOIUT SITMMUHHPOBAHUS
mosekyisl CO u3 nona [M-CoHs]™ (@, m/z107). B 0611acTi HU3KHX MAaCCOBBIX
YHCeNl aHOJOTHYHO 2-MeTui-1,4-0enzoxunony (II) nMeroTcss MHTEeHCUBHBIE TTUKA
noHoB @3 (m/z54)u ®; (m/z39) n @5 (m/z26). B ormmuaue ot MC(Il) nmerorcs
muku D¢ (m/z53) u (C,Hz) (m/z27). Cambiit unTencusnbiii muk 8 MC (I11) nona
®; cm/z54, mo-BuaMMOMY, CyMMapHbIH mmk uoHOB [M-C,Hs-C=CH-COJ"
(m/z54) u [C,Hs-C=CH]" (m/z54).
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2-Xnop-1-4-6en3oxunon (IV). UM3BecTHO, 4TO XJIOpP CYIIECTBYET B BHUIC
JBYX CTaGHIBHBIX H30TOMOB B cooTHOmennH *>Cl:’Cl=3:1, mosToMy Bce HOHBI, B
tom uncie MU B MC(IV), conmepxamme Hapsiy ¢ OOBIYHBIMH DJIEMEHTaMU
(C,H,0) xnop, nposiBisitorcst B MC B BHE IBYX IHKOB, Pa3TUYAIONINXCA Ha JBE
MaccoBble enuHuIbl. Ouedb crabmibHblE MU (M{ 142,144) mOBONBHO JIETKO
tepsier Monekyny CO ("xuHoHOBBIN pacmnan), a 3arem arom Cl ¢ oOpa3oBanueM
kaTuoH-panukana @; ¢ m/z114,116 u nona ds' ¢ m/z79. Ilocneayromuii pacnan
@, oOycnosieH notepeii emie Bropoit Mosiekysbl CO (D4, m/z86,88) u MoieKy bl
atuna (D4, c M/z88,90).CrieryeT MOAYEPKHYTh, YTO U3-3a ITHX IPOLIECCOB MPOUC-
xonut B MC HajoxeHre MIKOB ¢ m/z88 mpyr Ha apyra 6marogapst nzoromnam Cl,
KOTOphIE CKa3bIBAIOTCA HA COOTHOIIGHMM IHKOB, coxepxaromux ~ Cl:*’Cl (3:1;
m/z86, 88, 90). Anonoruuno MC anamoros I-III HaOmr0maOTCs MHTCHCHBHBIC
MUKH HOHOB D, (M/z82), @3(m/z54), Ds(m/z26).

Crnengyer OTMETHTD, UTO, HAPSAY BHIMICH3NIOXEHHBIME Tukamu, B MC (IV)
HabmoaeTcs uHTeHCHBHEIH muk noHa [Cl-C =CH]'(m/z60, 62) u 3HauMTenbHbIH
K KaTnoHa stuamna Os ¢ m/z25 ([HC =C]H).

2-Metuiatuo-1,4-6en3zoxunon(V). Macc-cnektp 2-meTmnTno-1,4-6eH30-
xuHOHa (V) XapakTepusyeTcs MaKCUMallbHBIM ITHMKOM MOJICKYJISIPHOTO HOHa V
(M"154, 1,,,=100%). 3a cuer atoma cepbl (parMEHTHBIE HOHBI TOKE HMEIOT
MHTeHCHBHBIE TMKU. OCHOBHOM mpoiiecc (hparMeHTaIuu 04eHb cradmisHoro MU
(V) cBs13aH ¢ mociieJoBaTeNbHBIM AIUMUHUPOBaHHEM ABYX Moiiekysn CO («xuHO-
HOBBIH pacra») ¢ 06pa30BaHUEM KaTHOH-paguKatos @, (m/z126) u @, (m/z 98).
Bropoe xapakTepructuueckoe HampaBiieHHe (GparMeHTAllMy MPOUCXOANT 3a CHET
nocienosatensHoro Beibpoca pagukana-CH; (@, m/z139) u monexynsr CO (D,
m/z111). Hapsizy ¢ oueHb cTaOMIFHBIMA XapaKTEPHBIMI HOHAMH TSI O€H30XHWHO-
HOBOrO Kojbila @, (m/z82) u ®; (m/z54) HaOIOAAOTCS MHTCHCUBHBIC HOHBI,
comepxamme atoM cepsl: @y (m/z85), @, (m/z83), @5 ([CH;-S-C=CH]",m/z72),
(ds' ([HC =C-S]7, m/z57), @, ([HCS] ", m/z45) (tabmumsl 1, 2; cxema 2).

2-Tper-0yTua -1,4-6en3oxunon (VI). ['maBusIil myTh pacmaga MU (VI) 3a-
KimovaeTcs B npoctoM paspeiBe C-C u BeiOpoce CH3 U3 Tper-OyTHinbpHOTO pajm-
Kajla ¢ oOpa3oBaHHEeM O4eHb cTabuibpHOTO HoHa D¢ m/z149. IlonsaTHO, YTO TIPH
HAJIMYMU B €N YETBEPTHYHOTO aToMa YIJIepoja MpoIlecC pa3phiBa CBs3EH ¢
00pa30BaHUEM TPETUYHOTO KATHOHA CTAHOBUTCS OCOOCHHO OJIArOMPHUSTHBIM,

0 0 o F
i g+ [ I
_ C(CHy) —C+ RN
. | ——— 1
i I [
0 0 0
M 164 (VD) m/z 149 (@)
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Nou @, (m/z149) nanee criocoOeH MOCIE0BATEIHHO TEPATH JABE MOJIEKYIIBI
CO c obpa3zoBanreM UHTEHCHBHBIX HOHOB @4 ¢ m/z121 u @4" ¢ m/z93. pyroi
JUarHOCTUYECKU BaKHBINA mpouecc Gpparmentanuun MU(VI) BkimouaeT "XuHOHO-
BB pacnan’, T.e. MOCIeI0BaTeIbHBINH BBIOPOC ABYX Monekyn CO (@), m/z136;
®,, m/z108). [anee u3 stux nono @4, (m/z108). U @," (m/z93) B pesymbrare
paspsiBa cBs3u C-C,C-H u cratuctudeckoi peopranusaiui (T.e. CKpaMOJINHTa) 1
cmemenun aromoB H,C (T.e. paHAOMHU3aIUM) OCYIIECTBIsETCS OOpa3oBaHUE
HOHOB apoMaTHdecKux coeauueruii ¢ m/z91 (Pg) u m/z77 (D) 3a cuyer MHUTpa-
un aromoB H u BanmeHTHO# M3oMepu3anmmu aToMoB yriepoga. Ciemyer oTMme-
TUTh, 4TO 2-TpeT-0yTni-1,4-6enzoxunon (VI) mo xapakrepy ¢parmMeHTanuu pes-
ko otnmuaercss ot a”amoroB (I, III). Tper-OyTwioBbIid paanWkan TOJABISET
MPOIIECC PACKPBITHS XMHOHOBOTO KOJIBIA M B CBSI3U C 3TUM 00pa30BaHUE KATHOH-
panukana nuknoOyrenanona (@) ¢ m/z82 MpoOUCXOAUT B HE3HAYUTEIBHOU CTe-
e (Tabmurer 1,2; cxema 1).

2-®enni-1,4-6enzoxunon(VII). Oparmenranus o4deHb cradmwibHOr0O MU
(VII) moxoxa Ha peakiuu pacnana camoro 1,4-6enzoxunona (I). OqHako umeror-
cst Hebonpmue pazmmaust B MC (VII). Anonornuno 1,4-6enzoxunony (I) crynen-
gaTeIi (mMocnenoBaTenbHbIN) BEIOpoc w3 MU (VII) nByx monekyn CO sBisercs
rnaBHbIM nporieccoM gparmentanuun MU (VID).OtianuutensHOW 0COOEHHOCTHIO
MC (VII) siBisieTcsi 3HAYMTENbHBIH MUK S>THHII-6eH30ma (Py) ¢ m/z102, obpa-
30BaHUE KOTOPOTO CBsi3aHO ¢ pacmierienneM C-C cBs3ell ¢ IByX CTOPOH OT JIBOWA-
HOM CBA3M OCH30XWHOHA C JIOKAIM3alWeH TMOJOXHUTEIHHOTO 3apsiia Hapsangy C
HOHOM d>4'1/1 Oounbieit creneHu Ha noHe Dy(m/z82).

1
L m/z 102 (®,)

I 1
0 Z0
.l
M*" 184 N o
m/z 82 (®,)

Hanee katuoH-paaukan dtuHHiIOeH30na (D,') Tepser MoleKyny OSTHHA ¢
o0Opa3oBaHHEM KaTHOH-pajuKaia nukiorekcaauenuna (D4") ¢ m/z76, a xapak-
TepHbIi MoH D, (M/z82) nns GeH30XUHOHOB ANMMMUHHUpYeT Moiekyny CO c¢ 00-
pazoBannem noHa @3 ¢ m/z54 (cxema 1).

2-Tuodennn-1,4-6enzoxunon (VIII). B MC 2-tnodenun-1,4-6eH30XuHOHA
(VIII) 10oCTaToO4HO MHOTO MHTEHCHBHBIX NHKOB, B ToM umcie MU (M' 216) n
oOIIHiA BUI CIIEKTPa, TIO3BOJISIIOIINI CeaTh BEIBOJ 00 apoMaTHIECKO pHUpoIe
oOpa3siia (uHTeHCUBHBIC Nuku ¢ m/z 139, 134, 79, 77, 51). YuursiBasi 3aMETHYO
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MHTCHCHBHOCTD MHKa MOHOB M '™ (m/z218, Iy = 5%), MOKHO TPEIIOIOKUTH
HaJINYME B MOJIEKYJIE aTOMa CEpPBHI.

BorarctBo Hampasnenuit pparmenranmu MU (VIII) moxpasymeBaeT MHOTO-
yucneHHble BapraHThl pa3pbiBoB C-C m C-S cBs3el ¢ ABYX CTOPOH OT KapOo-
HWIBHOHU TPYIIBI, C OAHOM CTOPOHBI OT CEPHI M C IBYX CTOPOH OT IBOMHOW CBS3U
OCH30XMHOHA.

[lepBoe nanpaBnenue ¢pparmentarun MM HadnHAeTCS ¢ paCKPHITHS KOJIBIIA,
a 3aTeM 3aMbIKaHHEM KOJIbLIa, IPH 3TOM IPOUCXOAUT MOCIIE0BATEIHHOE SITUMHU-
HUpoBaHue ABYX Mojekyn CO («XHMHOHOBBIM pacnaa») ¢ 00pa30BaHUEM BHauaie
noHa @, ¢ m/z188, a 3atem mona @, ¢ m/z160 (tadmumsr 1, 2; cxema 2). Bropoe
HampaBieHHe — MocienoBaTenbHoe otmiervienne panukana COH u monexyss
3THHA ¢ 00pa30BaHUEM HOHOB @1' cm/z187 u @4' c m/z161.

Emé omnoit peaxmueii pacnaga MU (VII) sBnsercst otiierieHre GeHMITb-
Horo pamukana (®s, m/z139). OcHosHoit nponecc pparmenTtamun MU (M 216),
KaK ¥ JIpyTHe paccMoTpeHHbIe mpou3Boanble 1,4-6en3oxunona (I-VII), cBszan ¢
pacKpbITHEM OCH30XWHOHOBOIO Kouiblia ¢ paciieruienuem C-C cBsizeil ¢ JIBYX
CTOPOH OT ABOHHOH CBsA3M OCH30XMHOBOIO IMKJA M C MOCICAYIOUIMM 3aMbIKa-
HUEM KOJIblla ¢ 00pa3oBaHMEM KaTHOH-paJHKalla IUKeTonukioO0yteHa @, c
m/z82, a Takke BTOPOH 1T0 MHTEHCUBHOCTH KaTHOH-PaIUKalla THOATHHIIOCH301a
@D ¢ m/z134 (tabmunpl 1,2; cxema 2). O1oT HOH D¢ MOKET BOZHUKHYTH €IIE U3
nona @, pu notepe mMoiexyisl dTiHa. B MC(VIII) 0b6mactn HU3KMX MacCOBBIX
Yrcen MMEIOTCS XapaKTepHBbIC JUIsi apOMaTHYECKUX COCTUHEHUI HOoHbl Dy ¢
m/z77, ®¢" ¢ m/z51, a taxxke s ananoros (I, 111, V,VI) ®; ¢ m/z39 (tabn. 1,2;
cxema 2).

2-Kapo6okcudenui-1,4-6enzoxunon (IX). Beenenue B mapa-mosioxeHmne
(eHUIBHOM YacTH KapOOKCHIIBHOM TPYNITBI MOJIEKYJIBI 2-(peHni-1,4-0eH30XnHOHA
(VII) npuBOIMT K pPE3KOMY CHIKEHHIO crabuinbHOocTH MU (Wyy,) 2-xapOok-
cudenni-1,4-0eH30xuHOHA (TabmUMA 2).

[TepsriM akTOoM ¢parmerntaimu MU(IX) sBusercs Biopoc Monekyisl CO, ¢
oOpa3oBanueM katuoH-paaukana (@, m/z 184) 2-penun-1,4-0eH30XMHOHA U 3a
cuer murpamun aroma H u3 COOH x ¢deHmny, a Takke MpOUCXOTUT BBIOPOC
COOH-rpymms! ¢ obpazoBanneM katrnona (P, m/z183) denmnenu-1,4-6en30-
XHMHOHA.

Jlanee i uonsl @), O, AUMHHUPYIOT IOCIEIOBATENHHO JBE MONCKYIbI
CO (D, m/z156; D' m/z 155), (@4 ¢ m/z: 128; dsm/z 127). Creayer OTMETHTD,
gyto mpu pacnage MU (IX) — MakcuMalbHYI0 UHTEHCUBHOCTh CPEIU TIEPBUYHBIX
HOHOB OyzeT uMeTh MUK HoHa [M-CO,]" (@, m/z184), mensiryio — [M-COOH]"
(m/z 183, ®,), a MmakcumanbHyio — Hon [HC=C-C4sHy-COOH]" (P, m/z 146).

OcHOBHOE HampaBjeHHEe QparMeHTanun 2-kapOokcudeHnni-1,4-0eH30xu-
HoHa (IX), ananoruuno npoussoausiM O0enzoxunoHa (I-VIII), cs3zano ¢ pacrien-
neaneM C-C cBsizelt IpH pacKphITHH OEH30XWHOHOBOTO KOJIBI[A C ABYX CTOPOH OT
IBOMHOI cBs3M ¢ oOpazoBaHreM MakcumanbHOro muka B MC (IX) xaTroH-paam-
Kaja aukerouukinodyreHa (@,,m/z82) m HeOONBIIOT0 TMHKAa HEYETKOAJIEKTPOH-
HOT'O MOHA M-3THHUI O€H30MHOM KUCIOTHI (Dg,m/z 146).
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Pe3iome

E. E. Epzooicun, C. JK. Kymazanues, b. A. Myxumounosa,
K. K. Kokimboramosa, A. T. Tacmazambem

1,4-BEH30XNHOH CAKMHACBIH/JIA 2-OPbIH AJIMACKAH
TYBIHABUTAP/JIBIH MACC-CITIEKTPOMETPUSIIBIK 3EPTTEVYJIEPI

Keii6ip 1,4-0¢H30XHHOH CaKMHACHIHAA 2-OpPbIH aIMAaCThIPFaH TYBIHABUIAP/IBIH Kaj-

-R
el POpPMYyIIachl @ (I - IX), 6onranga R=H (I), - CH; (II), - C,Hs (III), - Cl (IV),
i
o
- SCH;(V), - C(CH3); (VI), - C¢Hs (VII), - SCeHs (VII), - CcH4COOH (IX) macc-
CreKTpiep aHanmziHe Herizpenin MU ¢parMeHTanusChIHBIH KYPBUIBIMBI YCHIHBIIABL. 2-
opbIH anMacTeiprad |,4-6en3oxunonaapasy (I-1X) TybIHABUIAPBIHBIH KOTIIIIIT TYPaKThI
MOJICKYJIAJIBIK MOHFAa W€ EKEHAIrl aHBIKTaJIAbL. OJICKTPOHAAPIBIH HOHAATYBl Ke3iHIe
MOJICKYJIAIBIK MOHJApABIH (h)parMEeHTTENyl KONTEreH >KaJIbl OarbITTapra OaiIaHBICTHI,
COHBIMEH KaTtap Keibip aisipMambuibikTap 6ap. 3eprrenren 6enzoxunongap (I-1X) ymin
20"
[M-CO] +-, [M-2CO] +-, D\ ,

l>= O} ©", [HC=C-R] + mOHZapBIHBIH Ty3imyi
(6]

TOH.
Tyiiin ce3gep: mMacc-cnexTp, pparMeHTaust, MOJEKYJIAIBIK HOH, KAaTHOH-paIuKall,
OEH30XMHOHAAP, HITMMUHHPIICY.

Summary

E. E. Ergozhin, S. Zh.Zhumagaliev, B. A. Mukhitdinova,
K. Kh. Khakimbolatova, A. T. Tasmagambet

MASS-SPECTROMETRIC INVESTIGATION
OF SOME 2-SUBSTITUTED 1,4-BENZOQUINONES

Based on the analysis of mass spectra, schemes for the fragmentation of MI of some

2-substituted 1,4-benzoquinones with the general formula @/R (I-IX), where R = H (I),
I
o

-CH; (1), -C,H;s (I10), -CI (IV), -SCH; (V), -C (CHs); (VI), -C¢Hs (VII), -C4Hs (VIID), -
C¢H4COOH (IX). It was found that most 2-substituted derivatives of 1,4-benzoquinones
(I-IX) possess stable molecular ions. Fragmentation of molecular ions in ionization by
electrons is inherent in many general directions, but there are some differences. For the
benzoquinones studied (I-IX), the formation of ions is characteristic: [M-CO]",

& D= o] * [HC=C-R]""

+ -0
M2coT [,
No

Keywords: mass spectrum, fragmentation, molecular ion, radical cation, benzo-
quinones, elimination.
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YK 547(78+82+827)+631.8

A. EMAJIMAKOBA', B. K. FO', B. M. KAF, I1. JAVJIETEAM’,
T. E. JII, A. JVJIATBAEB', A. b. KAJI/IBIFAEBA®, K. J. [IPAJTUEB'

'AO «MHCcTHTYT XUMEYeckuX HayK uM. A. B. Bextyposay, Anmarsr, Pecry6uka Kasaxcras,
>TOO «Ka3axckuii HayIHO-HCCITEIOBATETbCKHIT WHCTUTYT MOYBOBEACHUS U arpOXUMHUU
uM. Y. VY. YcnaHoBay, Anmartsl, Peciyonuka Kazaxcran,

PrIa «HCTUTYT OMONOTHH U OMOTEXHOJIOTHH pacTeHui», Anmatsl, Pecryonmka Kazaxcras,
*Kazaxckuii roCy/1apCTBEHHBIN KEHCKUM MeAaroruueckuil yHUBEpCUTET,

Anmarsl, Pecrry6nika Kazaxcran

1-3-AMUHOITIPOIMN) UMHUIA30.JI KAK ITPEKYPCOP
CTUMYJISITOPOB POCTA PACTEHUI

AnHoTaums. CHUHTE3UpOBaHbl HOBbIE MPOU3BOJHBIE UMHAA30JbHOTO psina. CUHTE-
THYEeCKA OOOCHOBaHA BO3MOXKHOCTH WCIIONE30BaHUS 1-(3-aMHHOIPONMI)UMHIIA3071a B
KadecTBEe MCXOMHOTO peareHTa IS TONyYeHUs NMHIIEpHIOHAa-4 C NalbHEHIINM TpeBpa-
IICHHEM B OWIMKIMYECKUI KeTOH. BoccTaHOBIEHHE MOHO- M OMIIMKINYECKHX KETOHOB
MPOBEACHO B ycioBHAX peaknuu KikHepa-Bomsga ¢ oOpa3zoBaHHEM HMHIA30IICOIEP-
JKAIEro MUIEPUINHA U OUCHHMIUHA, B-IUKIOACKCTPHHOBBIC KOMILJICKCHI KOTOPBIX CTH-
MYJIUPYIOT POCT CEIbCKOXO3SIMCTBEHHBIX pacTeHuil. CocTaB M CTPOCHHE COCTUHEHHIA
MOATBEPKAAIOTCS TAHHBIMU DJIEMEHTHOTO aHanu3a, MK-cnektpoB u cnektpoB SAMP Bc.

KarwoueBsie ciaoBa: 1-[3-(1H-umunazon-1-wn)nponui|nunepuant, 3-(3-MeToKCH-
nporun)-7-[3-(1H-umunazon-1-wi)npomn |-3,7-muazaduiukno-[ 3.3.1 JHonaH, B-1iukinoae-
CTPHH, POCTCTUMYJIUPYIOIIasi aKTUBHOCTb.

BBeaenme. LleHTpasibHOE TMOJIOKEHHE B COBPEMEHHOM CHHTETHYECKOW Op-
FaHUYECKOM XMMUU 3aHMMAIOT MCCIIEOBAaHUS, CBSA3AHHBIC C PA3BUTUEM METO/OB
HAIPAaBJICHHOTO CHHTE3a CJIOKHBIX OPTaHUYEeCKUX MOJICKYJ JUIs MOJydeHUs] Ouo-
noruuecku akTuBHBIX BemiectB (BAB) ¢ u3bupartensHbiM jaeticTBuem. Mmuna-
30JIbHBIM FETEPOLUKI BXOJUT B COCTAB HEKOTOPBIX aMUHOKHUCIIOT, alKaJIOWJOB,
BHTaMHUHOB, (hepMeHTOB W Apyrux BAB [1-7]; HexoTopble ero MpOW3BOIHBIC
HCIIOJIB3YIOTCS B Ka4€CTBE JIEKAPCTBEHHBIX CPEACTB BEIIeCTB (qu0a30i, Mmera-
poT, KcuiomerazonwH u ap.) [8]. Ilpemsiaynme mccienoBanus llabopatopun
XUMHAH CHUHTETUYECKMX W TPHUPOIHBIX JIEKapCTBEHHBIX BemiecTB [9-12] cBuae-
TEJNBCTBYIOT O OOJIBIIOM OWOIOTEHIIMANE MUIIEPUIUHOBOTO Iukiaa. Kpome Toro,
JIETKOCTh TOJYYCHUS! IPOU3BOJHBIX MHUIECPUANHA U3 JOCTYIHOIO U JCIIEBOTO
CBIPbSl OTKPHIBAET HEOTPaHHUYEHHBIE BO3MOXHOCTH JUIsI HM3Yy4YeHHsS TpaHchop-
MaIl{ U TOJYYSHHUSI HOBBIX CTPYKTYp C IIETICHAIIPABICHHO M3MEHEHHBIMU CBOM-
ctBamu. llenpro Hacrosimux HUP ompenenena cunTeTHueckas «cOopkay» dpar-
MEHTOB NHUIIEPUINHA U UMHI030JIa B OAHOU MOJIEKYJE, a TAKXKE U3YyUCHUE CUH-
TE3UPOBAHHBIX TETEPOITUKIIOB B KAYECTBE PETYIATOPOB POCTA PACTCHHIA.

CuHTe3 HOBBIX NPOU3BOAHBLIX 1-(3-amuHonmponuia)umuaasoa. Mcxon-
HbIM 00BEKTOM cy)UT 1-(3-amuuonponmin)umuaaszon (1) pupmer Sigma-Aldrich,
AMEIOIIHHA PEaKIInOHHOCIIOCOOHYIO TTIEPBUIHYIO AMUHHYIO TPYIIITY.
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N
4 -B-CD
o o

1-[3-(1H-Umupazon-1-win)nponwi [nunepuana-4-od (2)  CHHTE3WPOBaH
MIPUCOEAMHEHHEM MeTHwiIakpuiara K 1-(3-amuHonponmn)umuaaszony (1) B cootT-
HomeHuH 2:1 ¢ mociexyromuMy nuKiIu3anuedl mo Jukmany nuddupa B mpH-
CYTCTBMU METHJIaTa HATpHUs B TOJYOJE€ W OJHOBPEMEHHBIMH THIPOJIM30M U
JIeKapOOKCHIIMPOBaHMEM B KHCIOH cpeae 3-kapOMmerokcununepuaona-4. B
UK- criekTpe 2 MMEIOTCS CHTHAIBI KeTOHHOro Kapbormna C=0 npu 1742 cm™ n
C=N rpynns! npu 1662 cm™'. O6pa3oBanue KeToHa (2) MOATBEPHKIAIOT CIIEKTPHI
amp “C. B CHeKTpe 2 caMblii CIaOOMOJIbHBIA CHHIJICTHBIA CHTHAl TpH
214,2 M.11. TpUHAIIEKUT yriepoay KapOOHHIBHON TPYTIIIEL.

OnnoBpeMenHoO# KoHAeHcarmel 1-(3-nmumazononpormtin)amuna (1) ¢ 1-3-
METOKCHUIIPONHII-4-0KCOMUTICPUIMHOM U TapapopMOM B YKCYCHO-METaHOJIBHOMN
cpene cuHTE3UpoBaH 3-(3-MeTOKCHITPOIN)-7-(3-MMHIa30I0TpOTIH)-3,7-11a3a-
ourukio[3.3.1]aonan-9-oa (5) ¢ Berxomom 82%. B UK- cmektpe cuHTE3mpO-
BaHHOTrO 3,7-mua3abunukiio[3.3.1]HoHaH-9-0Ha (5) NPUCYTCTBYIOT XapaKTEPHC-
THUHBIC OIOCHI BAJIEHTHBIX KonebaHuii kapboumna B obmactu 1736 cm”', C=N
rpymms pu 1660 ev™, a Takoke mpocToit adupHoit cesasm mpu 1120 cm™'. B criek-
tpe SIMP C (5) camsblii cnaGomonbHeli curaan mpu 214,5 M.JI. IpHHAUIE-
XHUT yriepoay kapOonmnbHoU rpymmsl (Co). yOnernsiit curaan C; s B obdmactu
57,8 M.I. MHTEHCHBHOCTBIO B [Ba aToMma yIJjiepoJa M CHIHAJbl YIJIEPOAOB
3aMecTUTeNlell TpU aToMax a30Ta TaKKe CBUAETEIhCTBYIOT 00 oOpa3oBaHHHU
OMIIUKINYEeCKOTO TpoaykTa (5). YriepoaHble aTOMbl MMHUAA30JWIBHOTO (par-
MeHTa pe30oHupytoT npu 120,4-136,3 m.1.

1-[3-(1H-Umunazon- 1 -wn)nponwn [munepuana (3) (78%) u  3-(3-merok-
cunpornun)-7-[3-(1 H-umugazon-1-um)nponun]-3,7-guazadumnukio[ 3.3. 1 Juonan
(6) (60%) momyuaror BoccraHoBieHUEeM 1-[3-(1H-umunazon-1-mim)upormnm |mu-
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nepuauH-9-oHa (2) m 3-(3-merokcunponn)-7-[3-(1 H-umumazon-1-wm)mponwi]-
3,7-nmna3zabunukio[3.3.1]JHonan-9-ona (5) B ycnoBusix peakiuu KrokHepa-
Bonbda neiictBreM runpasuHruapaTa B TpUITUICHIIIHKOIE B ipucyTcTBun KOH.
CoctaB u crtpoenue coenuHeHuit (3, 6) moareepxknatorcs naHHbIMu MK-criekt-
poB u cnekrpoB AMP Bc. 06 00pa3oBaHUM TICJIEBBHIX IMPOIYKTOB CBUICTCIH-
cTByeT otcyTcTBHE B IK-CcriekTpax mosiockl MOTIOMeH s KapOOHWIEHON TPYIIIIEL.
Ipu comocrapnenuy crekTpoB IMP *C HOBBIX MHIEPHIMHOBBIX coeuHeHH il (3,
6) co cieKTpamMu UCXOHBIX KETOHOB (2, 5) BUAHO, YTO B HUX OTCYTCTBYET CUTHAI
aToMma yriepoja, XapakTepHbBIH Al KapOOHHIBHOW TPYIIBI, PU 3TOM B CHIIb-
HONOJBHON YacTHU CIEKTpa MOSBISETCS TPHUIUICTHBIA CUTHANl aToMma yriepoaa
METWJIEHOBOW rpynmbl B 4-M U 9-M monoxennn (22,1 m 32,0 m.z1.), cooTBeT-
CTBEHHO.

Brinenenne HOBBIX coeauHeHHil 2, 3, 5, 6 MpOM3BOAWIM C MOMOIIBIO KO-
JIOHOYHOW Xpomatorpaduu, MPOAYKTHl peakmuid MPEeACTaBIIIOT co00M Bs3KHE
Macia, pacTBOPHMEBIE B OpraHMYECKWX pacTBopuTensix. Jlis wuccrienoBaHus
Oouonoruueckux CBOWCTB [13-14] BemecTB 2, 6 MOMyYEHBI MX KPUCTAJUIMYECKUE
KOMIUICKCHI ¢ [B-IuKioneKkcTpuHoM (4, 7) B 3KBUMOJSPHOM COOTHOIICHHH,
mnassiuecs Boiie 240°C ¢ pa3noxeHueM.

PocTcTuMysIMpyOIas aKTHBHOCThb. BaXHBIM 3J€MEHTOM COBPEMEHHBIX
arpOHOMHYECKUX TEXHOJOTHH B PAaCTEHHEBOJCTBE SBISETCS NMPUMEHEHHE pPery-
JISITOPOB POCTa pacTEeHUil, KOTOPBIE B MAaJBIX 03aX CIOCOOHBI BIHATH Ha IMpPO-
[Iecchl MeTaboIM3Ma B PaCTEHUAX, YTO MPUBOIUT K 3HAYUTEITHHBIM H3MEHEHUSIM B
pocte 1 pa3BuTHH [15]. Perynsatopsl pocTa paccMaTpHUBAIOTCS KaK dKOJIOTHICCKH
YUCTBI U DKOHOMHYECKH BBITOJHBIA CIOCOO MOBBIMICHUS YPOXKAHHOCTH CEJb-
CKOXO3SIUCTBEHHBIX KYJBTYp, IO3BOJISIIONIMKM TMOJTHEE peaau30BLIBATH IMOTCH-
[UAITbHBIE BOBMOKHOCTH PACTEHUIA.

Kommieke  1-[3-(1 H-umua30i1- 1-wn)nponui [nurnepuania ¢ P-IukIionec-
TpuHOoM (4) mox nabopatopHbiM ImMppoMm Ka3-18 wW3ydeH Ha POCTCTUMYJIIH-
PYIOIYI0 aKTUBHOCTH B OIBITax Ha (DUTOTPOHE HA MOJEIH MPOPACTAHHUS CEMSH
COM, KyKypy3bl, NIIICHHIIBI, JIyKa, sSIMEHS W puca B KazaxckoM HaydHO-HC-
CJIE0BATEILCKOM MHCTUTYTE MOYBOBEACHUS U arpoXxuMuu um. Y.Y.YcnaHoBa B
cpaBHeHuu ¢ mokasarensmu ['ymu-K (TY 2431-005-20672718-2005). Pesyinb-
TaTHl UCCIIEOBAHUS TIPEICTABIICHBI B Ta0muIe 1.

B wamku Iletpu momemaror cemena pacrenus, 3amuBaior 0,001% pac-
tBopamu ['ymu-K u Ka3-18, temneparypa — 25°C. Tloacuer nmpopocuiux CeMsH
MPOBOJAT Ha 2-¢, 3-U, 4-¢ U 5-CyTKU C Hayaja 3aMaylBaHUs.

Ka3-18 B pa3Hoii cTenieHn CTUMYJIHPYET IPOpacTaHue CeMSH CO, KyKYPY3Hl,
MIICHUIBI, STYMEHS U JyKa. Jlydiue pe3yibTaThl MOKa3aHbl Ha 3JIaKOBBIX KYJIb-
Typax — TIICHUIE, slIMEHe M puce. Xopolias MpopacTaeMOCTh CEMSH HaOIo-
nmaerca u Ha coe (mo 67 % Ha 5-it meHp mocne 3amaumnBaHms). Kas-18 mmeer
MIPEUMYIIECTBA Mepe1 MpuMeHsieMbIM npenapatom ['ymu-K.

Kommieke  3-(3-Metokcumpornn)-7-[3-(1 H-umunazon- 1 -um)nponwn|-3,7-
muazabunukio-[3.3.1]HoHana (7) mox mabdopatopabM muppom CAB-5 u3yuen B
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Tabmuma 1 — [IponeHT npopacTaHusl CEMSIH CETbCKOX03sHCTBEHHBIX paCTCHHI
npu 3amaunsanuu B 0,001 % pactBope Kasz-18, I'ymu-K, %

1-#i neHp 2-# 1eHb 3-ii 1eHb 4-11 neHp 5-1i 1eHb
Cost
Kaz-18 - 17 35 48 67
I'ymu-K - 9 22 39 55
Kyxkypy3a
Kaz-18 - - 13 33 51
I'ymu-K - - 7 20 40
ITmenuna
Kaz-18 9 51 95 100 —
T'ymun-K 10 50 94 100 -
JIyx
Ka3z-18 - 5 15 38 44
Tymu-K - - 17 29 33
Sumenp
Kaz-18 45 64 73 85 93
T'ymu-K 37 52 61 70 85
Puc
Kaz-18 37 51 79 95 100%
T'ymun-K 27 48 70 80 85

HNucTuTyTe OMosiornm W O6moTexHonoruu pacrenuit. O6padorka CAB-5 spoBoii
mmeHuIsl  coptoB Kazaxcranckas-10, Ceeepssuka u Mwupac TpoBOIMIach B
IIPOIIECCE MPOPACTAHUS CEMSIH B TCUEHHUE 3-CYT MO OOIICTIPUHITEIM METOAMKAM B
kouneHtparuu 0,01%. B ombitax 0b110 1Ba KoHTpOMs: K1 — 6e3 mpenroceBHOTO
MIPOTPABIWBAHUS CEMSH MIIEHUIBI TpemapatoM; K2 — cemeHa MIIEHUIBI TpO-
pamuBanu 0e3 nobasnenus CAB-5, u B panpHeiimeM He MOJBEPTallch BO3/CH-
CTBUIO MOJEIUPOBAHHOM 3aCyXHU.

Tabnuua 2 — BuomeTpryeckue JaHHBIE MIICHUIIBI TPEX COPTOB B KOHTPOJIE
u B mpucytcTBin CAB-5, n=15

Kazaxcranckas 10 CeBepsiHKa Mupac
Hn cre6nst | Jnxopust | Jncre6ns | I kopust | i crebas | [ kopHs

K1 -CAB-5u 19,67+0,65 | 11,23+1,84 | 18,53+1,12 | 12,63+2,34 | 17+1,28 9,9+1,54
- MAHUT
K2-CAB-5u 16,0741,25 | 9,1£1,43 | 16,1+0,92 | 10,33+1,8 | 14,33+1,04 | 8,3+1,41
+ MaHUT
CAB- 5 17,53+0,46 | 11,6+2,79 | 16,43+0,98 | 10,73+1,7 | 14,44+1,24 | 9,28+1,66

9% 27% 2% 4% 0,8% 12%
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Oxazanock, 9T0 y MPOpPOCTKOB copTa CeBepsHKa BBICOTA PAaCTEHHH BBIMIE,
YeM y OCTaJbHBIX, HE3aBHUCHMO OT YCIIOBHM IMPOM3pAcTaHus, JaXke B yCIOBHIX
3aCyXH, 4TO, [I0-BUANMOMY, OOYCIIOBIICHO reHEeTHYEeCKH. Y copTa Mupac — yToi-
LIEHHbIE KOPOTKHE MOYKOBaThle KopHH. Y Kazaxcranckoii-10 pacTeHust BBITIs-
IAT BSUTBIMH, Typrop ciaboBaT, HO 3TO HE MOBJMIO HA OMOMETPHYECKHE TTOKa-
3aTeIH — Ha BBICOTY PACTEHUS U JUINHY KOPHSL.

[lomydeHnHble nMaHHBIE CBUAETENBCTBYIOT O CTUMYJHPYIOIIEM JIEHCTBUU
CAB-5 Ha pocT pacTeHUH B YCIOBUAX 3aCyXU — M CTEOJIT 1 KOPHEBOM CHCTEMEL.

3akmoyenne. CunreTHYecKas «cOOpKay (GpparMeHTOB MHUIIEPUANHA U UMH-
J1030Ja B OJHON MOJEKyJe NpUBOAMT K BAB kak perynstopoB pocra cembCKo-
XO3SIICTBEHHBIX pacTeHHH, mpuieM Tpuiukindeckas cucrema (CAB-5, 7) cru-
MYJIPYET POCT cTeOIs M KOPHS B YCIOBHUIX HCKYCCTBEHHON MOJIEIH 3aCyXH.

OKCITEPUMEHTAIJIBHAA YACTb

Xox peaknyy W MHIUBUAYaTbHOCTh COEIWHEHHH KOHTPOJIHPYIOT METOAOM
TCX. UK-cnektpsl 3anucansl Ha criekrpomerpe «Nicolet 5700». Cnextper SIMP
3apeructpupoBanbl Ha cruekrpomerpe JNM-ECA400 dupmer «JEOL» (400 m
100.8 MI't; coorBercTBenHO) B CDCl3, BHYyTpeHHMIit cTannapt — T MJIC.

1-[3-(1H-Umuoaszon-1-un)nponun]nunepudun-4-ou (2).

A) Cwmecs 10 T (0,079 M) 1-(3-amuronpormn)umugaszon (1), 18 r (0,177 M)
MeTriaakpuiara B 30 M MeTaHosa nepemennBarotr npu 60-65°C B TeueHue 5 u,
YHapuBaIlOT PacCTBOPHUTENb, OCTATOK TEPETOHSIOT B BakyyMme. llomywator /-/3-
(1 H-nmuna3on- 1 -win)nponui |-ouc-[ MeTOKCHKapOOHHUIIPOITHI |aMuHa (AHIBUD).

b5) B tpexropnyio kondy, cHaOXEeHHYI0O MEXaHHYECKONH MEIIallKoH, Kanelb-
HOW BOPOHKOW, OOpaTHBIM XOJOJMJIBHUKOM M TEPMOMETPOM IMOMEMaT 64 mi
abcomoTHpoBaHHOTO TONyoJa. [IpHOaBIAIOT K aOCONIOTUPOBAHHOMY TONYOIY
1,67 r (0,073 M) meraumnueckoro Na. Peaknmonnyio cMech HarpeBatoT a0 70-
80°C Ha macnsHOW 0aHe 10 pPacTBOpEHUS HATPHs. 3aTeM PEaKIMOHHYIO CMECh
oxiaxaaroT 10 75-80°C m mobasmnsior mo kKamwsiv 30 M1 MeTmiioBoro crupra. K
KOJIOE TPUCOEAMHSIOT MPSIMOM XOJIONWJIBHUK M TPUKANBIBAIOT MpPU ITOMOIIN
KareabHOH BOpOHKH cMmech 23,56 r (0,073 M) mmddupa ¢ 15 Ma MeTHIOBOTO
CIHMpTa, MPH 3TOM OIAHOBPEMEHHO OTTOHSIOT a3e0TPONMHYIO CMECh TOIyojia U
METaHOJIA.

K peakunonHoll cmecH Mpu OXNAKACHUU U NEPEMEIINBAHUM TOCTETIEHHO
T00aBIIAIOT pacTBOp 47 MIT KOHIICHTPUPOBAHHOMW COJISTHOW KHCIIOTHI M 47 MIT 1Tu-
CTHJUTUpOBaHHOW BoIbl. OOpa3oBaBIIMECs OpPraHWYeCKUHA M BOAHBIA CIOM pas-
nemsttoT. Hmwkanit BogHO-Kkuceid cinor kuratat mpu 100°C B teuenune 7 4. Kon-
TPOJIb 32 XOJIOM PEAKIIMU OCYIIECTBIISIFOT ¢ oMoIbio 1%-Horo pacteopa FeCls.
ITocne oxoHuanus peaxiuu pactBop mnoamenadnBaroT NaOH mo pH 10-11.
OKCTpakUUI0 NPOAYKTA OCYLIECTBIAIOT XJIOPO(GOPMOM. DKCTPAaKT yIapHBaIOT,
OCTaTOK MEPETOHSIOT B BakyyMe u nosrydatot 10,5 T (63%) 1-[3-(1 H-umugazon-1-
wi)nponwi [nunepuana-4-oda (2) ¢ 1. kum. 100-110°C/1 MM pr. cT.
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Brrancneno: C 63,77, H 8,21, N 20,29 C11H17N3O

Hatineno: C 63,72-; H 8,23; N 20,33.

UK-cnextp: 1742 (vc=0) 1662 (Ven).

Cnektp SIMP C, m.1. (CDCL): 54,4 (C1.6), 26,7 (C3), 214,2 (Cy), 26,7 (Cs),
119,2 (Cyy), 129,3 (Cyy).

1-[3-(1H-Umuoason-1-un)nponun]nunepuour (3). Cmecp 4,0 r (0,0193
Moub) coeauaerus (2) u 3,09 r (0,0966 mmons) ruapasun-ruapara (95%) u 13,34
r (0,239 monp) KOH B TOI" nepemermmBarot npu Temmneparype 160°C. Otronstor
BoJy W HM30BITOK TuapasuHa. [locie oxiaxaeHust J00aBIAIOT BOMAY, OpraHu-
YEeCKYI0 YacTh JKCTparupyiot 3¢pupom. PacTBopuTens ynapuBaroT W HONTYyYalOT
2,9 1t (78%) 1-[3-(1 H-umugazon-1-wm)npormn JmuniepuauHa (3). O4UCTKYy CHIPOTO
MPOIYyKTa OCYIIECTBISIOT C ITOMOIIBIO KOJIOHOYHOH xpomatorpaduu (AlOs,
Oensom:uokcad 7:1), u nomyyaroT coequnenue 3 ¢ R;0,30.

Brrancneno: C 68,39; H 9,84; N 15,32. C1H9Nj;

Haiigeno: C 68,42; H 9,80; N 15,29.

UK-cnektp: 1657 (ve=n).

Cnextp SIMP C, m.1. (CDCLs): 57,7 (C,. 6), 24,8 (Cs3), 22,1 (Cy), 23,6 (Cs),
120,4 (Cyy), 136,3 (Cyy).

Komnnexc  1-[3-(1H-umuoazon-1-un)nponui]nunepuouna ¢ f-yuxio-
oexcmpurom (4). s noaydeHus: KOMILIEKCa BKIIOUCHHSI CMEIINBAIOT PACcTBOPHI
0,3 (0,0015 M) I1-[3-(1H-umunazon-1-wr)npormwi|nunepuanaa (2) B 20
stunoBoro crupta u 1,76 t (0,0015 M) B-umknonekcrpura B 40 M1 TUCTHIUIH-
poBanHO# Bobl. CMeCh MOMEMIAIOT B CYIIMIIBHBIN IIKa(], BBITAPHBAIOT 3TAHOI H
Boay npu 50—55°C. ITonyuarot 1,9 r komiiekca Bxirodenus 1-[3-(1H-umunazon-
l-mn)mpornui |munepuaAnHa ¢ B-IUKIOASKCTpUHOM (4) B BHAE OEoro MopoIika,
IIaBsIIerocs ¢ pasioxenueM Boime 240°C.

Haitigeno, %: C 47,93; H6,71; N 3,17. C53HgoN3035

Brruucaeno, %: C 47,96; H 6,55; N 3,21.

3-(3-Memoxcunponun)-7-[3-(1 H-umuoazon-1-un)nponun]-3,7-
ouasabuyuxno-[3.3.1]nonan-9-on 5). B Tpexropinoii koibe, cHaOXEHHONH Me-
[IaNKOH, OOpaTHBIM XOJOAMIFHUKOM W KarelbHOH BOPOHKOW, JIEOKCHUTEHH3H-
pytor 150 mu mertanona mox TokoMm azora. Uepe3 30 muH BHOCAT cMmech 10 M
1-(3-umupazononpomnumin)amuta, 9,96 T napadgopma, 4,4 M KOHIEHTPUPOBAHHON
COJITHOM KHCIIOTBI, 6,2 MJ JEeAsSHOH YKCYCHOM KHCIOTHI M NEPEMEIIHUBAIOT B
TeyeHrne 15 MuH B atMocdepe azoTa. 3aTeM NPUKAIbIBAIOT MATIEPUIOH B 6,2 MIT
TeASTHOW YKCYCHOM KHCIOTHI B 34 mur metaHona. [locie 10-tu gacoBoro Harpe-
BaHUsI PeaKIMOHHOW cMecu Tpu 60-65°C 100aBISIOT BTOPOM SKBHBAICHT Mapa-
(opMa u BEIIEpKUBAIOT emle 12 9 mpu TOW ke Temreparype. B Teuenne Bceit
peakiuy peakiroHHasi CMecCh MPOJYBaeTcss TOKOM a30Ta. PacTBopurens ymapu-
BalOT, OCTaTOK PAacTBOPSIOT B 132 M1 BOJBL. DKCTPAKIMIO HEUTPAIBHBIX TPOIYK-
TOB OCYIIECTBIISIFOT JAUATHIOBBIM 3(GupoM. BomHBIA cioil mpu OXIaKACHUN
noamenaunBatoT NaOH mo pH 12, skcrparupyior xiaopodopMom, CyImaT Haj
6e3BoaHbIM MgSQ,4. PacTBopuTEnh yapuBaroT, MOJTyYEHHBIH MPOJYKT OUYUIIAIOT
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KOJIOHOYHOW Xxpomarorpadueit Ha Al,Os, amoeHT — 6eH307 :u3o0mponanon - 6:1.
[Momygaror 19,9 r (82% ot Teoperuueckoro) 3-(3-metokcumnpornun)-7-[3-(1H-
nMuAa3on-1-wn)nponun|-3,7-nuazadunukio|3.3.1Jaonan-9-ona (5) ¢ Ry 0,24
(A1, O3, amroeHT — GeH30 :u30MpoIaHon - 6:1).

Haﬁ)leHO, %: C 64,93, H 9,60, N 17,85 C17H28N402

Brruucaeno, %: C 64,97, H9,52; N 17,83.

UK-cnektp: 1736 (vc-0), 1660 (ve-n), 1120 (veo-0)-

Crnektp SIMP C, m.1. (CDCIy): 57,8 (Cy.5), 60,8; 61,1 (Ca.4.6.5), 214,5 (Cy),
52,9 (Cio), 27,7 (C11), 70,9 (Cyi2), 58,5 (Ci3), 50,1 (Cia). 29,4 (Cys), 47,7 (Cip),
136,3 (Cy7).

3-(3-Memoxcunponun)-7-[3-(1 H-umudazon-1-ur)nponui]-3,7-
ouazabuyuxno-{3.3.1Jnonan  (6). K cmecu w3 3,0 r (0,0102 monb) 3-(3-
MeTokcumnponun)-7-[3-(1 H-umunazon- 1 -wn)nponui|-3,7-auazadunukiol 3.3.1]-
HOHaH-9-0oHa (5) u 1,6 T (0,051 Monp runpasuaruapata (99%-ueiii p-p) B 20 M
TpuaTIIIeHTIIHKOI TIpu 60°C mobasmstor 7,1 T (0,1265 monp) KOH. Peaknnon-
HyI0 cMech HarpeBaroT 10 150°C u mepemMemmBaroT MpH ITOW TeMIepaType B
teuenue 4 4. [Ipu temneparype 190-200°C OTroHSIOT BOIYy WM H30BITOK THIpA-
suHa. Ilociie OXNaKACHUS PEaKIMOHHOW CMECH J0 KOMHATHOW TeMIIepaTyphl
n00aBnsAtoT 50 MJI IUCTHIUTUPOBAHHOW BOABI, SKCTPATHPYIOT JTUITHUIIOBBIM d(H-
pom, cymat Hajx Oe3BogHbiM MgSQO,4. PacTBOpuTEnb yMapUBarOT, MONTYYCHHBIH
MPOJYKT OYMINAIOT C TIIOMOIIBI0 KOJOHOYHOW Xpomarorpaduu Ha AlLO;,
amioeHT — Oen3om:m3onponanon- 7:1. lomydator 1,63 T (60 % ot Teopernuec-
koro) 3-(3-merokcunpornun)-7-[3-(1H-umunazon-1-wi)nponwun|-3,7-11ua3aduImK-
no[3.3.1]HoHana (6) B Bume cBerio-kenaToro macia ¢ Ry 0,18 (AlLOs, amroeHT —
6en3o: :m3ompomnanon 7:1).

Haiineno, %: C 64,93; H 9,61; N 17,85. C;7H;30N,O

Brrancneno, %: C 64,97; H 9,55; N 17,83.

Cnektp SIMP C, m.1. (CDCI5): 28,6 (Cy.5), 58,1 (Ca. 4), 59,0 (Cq g), 32,0
(Co), 52,6 (Cyp), 30,0 (Cyy), 70,4 (Cy2), 58,7 (Cy3), 51,6 (Cy4). 41,9 (Cy5), 138 (Cyp).

Komnnexc 3-(3-Memoxcunponun)-7-[3-(1 H-umuoaszon-1-un)nponun-3,7-
ouasabuyuxno-{3.3.1Jnonana (7). JIns8 TOIydeHUS KOMIUIEKCA BKIIIOUEHUS
cmemmBatoT pactBopsl 0,82 r (0,0027 M) 3-(3-Metokcumnpornwn)-7-[3-(1 H-umu-
na3o-1-win)nponui|-3,7-nuazaburukino-[3.3.1Jnonana (6) B 25 M 3THIOBOTO
cnupra u 3,04 r (0,0027 M) B-uuMkiIoneKCTprHA B 75 MIJI JTUCTHILIMPOBAHHOMN
Bozbl. CMeCch IOMENIAIOT B CYNIMIIBHBIN 1IKa(, BHITAPUBAIOT 3TAHON U BOAY IpHU
50-55°C. Momyqator 4,0 T KomIuiekca BKIOUeHus: 3-(3-Mertokcunpornmn)-7-[3-
(1H-umunazon-1-win)nponwi|-3,7-nua3aduiukino-[3.3.1JHoHaHa ¢ P-IUKIOMEK-
ctpuaoM (7) B BHAE O€OTO TOPOIIKA, IUIABSIIIETOCS C Pas3IOKCHHEM BEIIIC
240°C.

Haitigeno, %: C 49,93; H 6,86; N 3,80. C5oHgoN3035

Beruucneno, %: C 50,00; H 6,83; N 3,82.

Paboma svinonnena 6 pamrxax epanma AP05131486.
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Pe3iome

A. E. Manmaxosa, B. K. IO, B. M. Kan, I1. /laynemb6aii,
T. E. Jlu, A. /[ynaméaes, A. b. Kanovibaesa, K. JK. Ilipanues

1-(3-AMHWHOITPOITMIHUMHUJA30JT ©CIMAIKTEP ©CIMIH
BIHTAJIAHABIPYIIBI ITPEKYPCOP PETIHIAE

Xana wuMumazon TyBIHIBUIAPB KaTapbl cHHTE3AENIl. 1-(3-AMHHONPONMI)UMH-
JIa30JIbl MMNEPUIOH-4 CHHTE3/Ieyre KOJIAAHBII, apbl Kapail OMIMKIII KETOHIBI alyAaFbl
0acTarkpl peareHT peTiHAeri MyYMKIHJIIKTepl CHHTETUKANIBIK TYPFblAa HerigenreH. MoHo-
JKOHE OWIMKIIAI KETOHJApHbl TOTHIKCHI3NaHAbpy KiokHep-Bonbd peaknuscer xar-
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JalblHAa MMUAAA30JIAbI MUIIEPUIUMH MEH OWCTMAWH Ty3UlyiHe okenmi. OnapipiH B-IHK-
JIOJICKCTPUHIII KEeIIeHIepi aybUIapyallblUIblK ©CIMIIKTEpiHIH OCIMIH BIHTAIAaHIBIPaIbI.
KochutsicTap sl KypaMbl KaHE KYPBUIBICHI 3JIEMEHTTIK capanrtama, UK crextpiep meH
SMP “C cniektprepiMeH 1€ IeHTe .

Tyiiin ce3nep: 1-[3-(1H-umunzaazon-1-mwr)nponwi|nunepuauH, 3-(3-MeTOKCHIIPO-
mnn)-7-[3-(1H-umunazon- 1-wn)npommn|-3,7-mnazaburmkno[ 3.3. 1 JHoHaH, B-mmxmomec-
TPHH, 6CIM pEeTTeyIIi OeICeHATIK.

Summary

A. E. Malmakova, V. K. Yu., V. M. Kan, P. Dauletbai, T. E. Li,
A. Dulatbaev, A. B. Kaldybaeva, K. D. Praliyev

1-(3-AMINOPOPOPYL)IMIDAZOL
AS A PRECURSOR OF PLANT GROWTH STIMULATORS

Novel imidazole derivatives had been synthesized. The possibility of using 1-(3-
aminopropyl)imidazole as a starting reagent is synthetically justified for the preparing of
piperidone-4 with following conversion into a bicyclic ketone. The reduction of mono-
and bicyclic ketones had been carried out under Kizner-Wolf reaction conditions to
imidazole-containing piperidine and bispidine, whose B-cyclodextrin complexes stimulate
the growth of agricultural plants. The composition and structure of the compounds are
confirmed by elemental analysis, IR and *C NMR spectra.

Key words: 1-[3-(1H-imidazol-1-yl)propyl]piperidine, 3-(3-methoxypropyl)-7- [3-
(1H-imidazol-1-yl)propyl]-3,7-diazabicyclo[3.3.1]nonane, B-cyclodextrin, growth-stimu-
lating activity.
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R. A. KAIYNBAYEVA, A. A. AGATAYEVA, R. M. CHERNYAKOV A,
K. Ye. YERMEKOVA, U. Zh. JUSSIPBEKOV

A. B. Bekturov Institute of Chemical Sciences, Almaty, Republic of Kazakhstan

STUDY OF INTERACTION IN HEXACIANOFERRATE (III) -,
VANADYL - AND NICKEL (II) - CONTAINING SYSTEMS
Post 2.

Study of the system K;[Fe(CN)s] - VOSO,4-3H,0 - NiSO,-7H,0 — H,0

Abstract. In this paper considered study of interaction process in the system
K;3[Fe(CN)¢] — VOSO,4-3H,0 — NiSO,4-7H,0 — H,0, using the pH metric titration method
in the pH range 2-12. It was established that the nature of the titration curves of an aliquot
of the studied system with sodium hydroxide solution depends on its concentration. The
most complex character is the titration curve of 0.1 mol/L sodium hydroxide, on which
mild leaps are recorded at pH 3.4 and 4.0 and intense leaps at pH 5.6 and 7.7. Conditions
for the formation of complex compounds of vanadium and nickel ferrocyanides in acidic
medium are created. In this system as well as vanadium and nickel hydroxides were for-
med in alkaline medium. Precipitates of various shapes and colors, the color characteristic
of which corresponds to the above-mentioned compounds, are separated from the studied
system.

Key words: potassium hexacyanoferrate (III), titration, vanadyl sulfate, nickel (II)
sulfate, complexation, pH.

Introduction. Large amounts of waste are formed at the present stage of
development of oil production technology in the exploitation of oil fields. Thus
there is environmental pollution with hydrocarbons. This occurs at all stages of
working with them, starting with the development of the field and ending with the
storage of finished petroleum products. In addition, not only oil and gas but also
by-products get into the natural environment. Thus, along with emissions of
associated gases, drilling muds are poured during drilling of oil wells, and,
formation water comes out during production along with oil, which is poured.
When oil is transported through the pipeline, gaseous products are leaking due to
the leakiness of the locking fittings and valves. Sources of environmental
pollution during the development of fields are exploratory drilling, well operation,
oil and gas spills in the container, their transportation and emergency situations.
Poisoning of wastewater from boreholes and drill cuttings contributes to soil and
water poisoning. A significant part of oil waste predominantly accumulates in
sludge collectors and sludge pits.

The problem of neutralization and utilization of industrial waste is important
and relevant for most oil and gas companies in developed countries. This is
mainly due to the fact that waste-free technologies, as we know, do not exist, and
with almost complete elimination of harmful emissions into the atmosphere or
water, the bulk of toxic components are concentrated in the form of solid or pasty
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(semi-liquid) waste [1]. According to the data of American specialists, about
40 thousand tons of solid or pasty oily wastes accumulate at large oil refineries
(15-16 thousand tons per day) per year. It should be noted that there is no unified
method for processing oil sludge and barn oil for the purpose of neutralization and
disposal. Their disposal and neutralization solves two important tasks: protecting
the environment from hazardous pollution and using secondary raw materials
contained in them. Despite the enormous costs of solving this global problem in
many highly developed countries, such as the USA, Japan, Germany, etc., there
are still no optimal ways to recycle the oil industry.

Search for solutions to this problem and various methods of innovative
technologies by large oil and gas companies of the country are continuing. Howe-
ver, the existing methods of utilization of oil waste or their use as a secondary raw
material in Kazakhstan so far only remains at the level of scientific research and
do not find wide industrial use. The complexity of the problem of disposal of oil
waste is not only in its scale, but also in the development of criteria and methods
of processing. This is associated with complex and non-permanent waste, which
makes it difficult to choose a unified approach to solving the problem [2, 3].

The process of processing oil sludge is a complex scientific and technical
challenge and is carried out by various technological methods. Especially impor-
tant is oil sludge from various components, including from a number of heavy
metals, especially nickel and vanadium present in it [4]. Vanadium-, nickel-con-
taining compounds in oil sludge and barn oil pollute the environment, but both
components are valuable metals that are necessary for the economy of Kazakh-
stan [5].

Vanadium and its compounds have unique physicochemical properties,
which leads to their use in many areas - ferrous and nonferrous metallurgy,
aircraft manufacturing, space technology, marine shipbuilding, nuclear energy,
chemical industry. In the world, the volume of vanadium production is growing,
making 76 thousand tons in 2013 [6]. Over 85% of vanadium is used in ferrous
metallurgy as an effective alloying additive in the production of various steel gra-
des. Approximately 8% of vanadium is used in non-ferrous metallurgy, mainly in
the form of aluminum-vanadium alloys used in aircraft manufacturing, space
technology and in marine shipbuilding [7]. The rest of the consumed vanadium
(5%) accounts for the chemical industry, in particular, the production of batteries
and catalysts for the production of sulfuric acid, the processes of oil cracking, the
production of acetic acid, and many other products.

Vanadium is predominantly in the dispersed state and is found in iron ores,
oils, asphalt, bitumen, oil shale, coal, etc. The total reserves of vanadium are at
least 60 million tons and concentrated in 19 countries. Moreover, 90% are in
South Africa, Russia, Venezuela, USA, and China. Production in these countries
amounts to 50-60 thousand tons (in the United States, 2/3 of the oil comes from
the source) [7-9].

In Kazakhstan, vanadium ores were found in the Cambrian shales in the
north-east of Karatau, in the Talas Alatau and Terskey-Alatau ridges. The largest
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deposits are Balasauskandyk, Kurumsak, Zhabagly (about 3 million tons of vana-
dium pentoxide). Vanadium accompanies the Mangistau oil fields. Karazhanbas
and Talgyztyuban oil fields (Mangyshlak, Kazakhstan) are unique; in one tonne it
contains more than 250 g of vanadium [10]. In addition, it is possible to produce
vanadium from vanadium-containing bauxite, coal-uranium, phosphate and
titanium-zirconium deposits. Reserves of vanadium ores in Kazakhstan are signi-
ficant, but a significant part of them are not yet involved in the operation [11, 12].

Vanadium refers to the group V of the periodic system. It exhibits variable
valence from +2 to +5 in compounds. The transition of vanadium from the highest
oxidation state +5 to the lowest +2, through all intermediate oxidation states, can
be observed when the sodium metavanadate solution in an acidic medium
interacts with zinc:

VO; - V0O, - VO*' - V¥ - v** (1)

Compounds of divalent and trivalent vanadium are unstable and are strong
reducing agents. The greatest practical importance are the derivatives of
pentavalent vanadium. However, it is characterized by a fairly easy transition
from the valence of V' to the valence of V*" and back. Moreover, in oxygen
compounds, the most stable oxidation state is +4 (in an acidic medium) and +5 (in
neutral and alkaline environments). Compounds of tetravalent vanadium are still
relatively stable [13].

Vanadium (IV) salts (vanadyls) are oxo salts (oxovanadium (IV) ions, or
vanadyl VO®"). Hydrated vanadyl salts isolated from the solution are blue,
anhydrous salts are green or brown. The vanadyl ion (VO®") resulting from this
reaction is very stable and retained not only in aqueous solutions of salts, but also
in the composition of vanadium hydroxide (+4) VO(OH), [14]. The color of
aqueous solutions of vanadium (IV) compounds is blue, which gives them
hydrated ion [VO(H,0)s]** (vanadyl ion or oxovanadium (IV)) [15]. Vanadium
exists in aqueous solution in the oxidation state (IV) at certain pH values (0.1-4),
usually in the form of a VO*" vanadyl ion [16]. Light blue acid hydrates of
vanadyl sulfate 2VOSO4H,SO, crystallize from solutions with an excess of
sulfuric acid during evaporation; it is also called dioxotrisulfate divanadic (IV)
acid Hz[VzOz(SO4)3].

The alkali metal salts of tetravalent vanadium crystallize from solutions in
the form of hydrates of the composition M,V;0; - nH,O. Vanadates (IV) of other
compositions were obtained in the anhydrous state. They hydrolyze with water
and decompose with mineral acids [17].

When alkalies act on vanadyl solutions, a dirty gray hydrate V,047H,0O
drops out:

2VOSO+ 4NaOH+5H,0 = V,047H,0+ 2Na,SO 2)
When alkali is added to solutions of vanadium (IV) salts, a pink-brown pre-

cipitate of vanadium hydroxide (oxohydroxide) VO(OH), is formed:
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VOSO+ 2NaOH = VO(OH), |+ Na,SO 3)

Crystalline VO(OH), consists of octahedra [VOg], interconnected in a chain.
Vanadium (IV) hydroxide, like oxide, has amphoteric properties, i.e., it is soluble
in acids and alkalis [18].

When dissolved in acids, derivatives of vanadyl-ion (VO*") are formed:

VO(OH),+H,S0,=VOSO0,+2H,0, (4)

and when dissolved in alkali, vanadates (IV) (vanadites) of different composition
are formed:

4VO(OH), + 2KOH = K,[V,40] + 5H,0 (5)
18VO(OH), + 12KOH = K,V 504, + 24H,0 (6)

Vanadates (IV) are substances of brown color, stable in alkaline medium and
easily oxidized in air. In a strongly alkaline medium at pH>13, monomeric
orthovanadate ions VO4”, which are regular tetrahedra, predominate [19]. They
correspond to solid orthovanadates, for example, Na;VO,, Cu;VO,, which are
isostructural with similar orthophosphates. At lower pH orthovanadate is pro-
tonated:

VO, + H,0 = HVO,” + OH"; K=10" (7)
then the individual tetrahedra are merged first into dimers:
4HVO,* = V,0," + H,0; K=47.8, (®)
then into cyclic or linear oxo anions:
2V,0;" + 2H,0 = V,0,," + 40H 9)

Since vanadium (IV) easily transforms into vanadium (V), and the transition
is reversible, it is necessary to describe pentavalent vanadium. Vanadates (V) -
salts color of which from light yellow (lemon) to orange. The oxidation state +5
for vanadium is realized in oxocations VO**, VO’* (vanadyl ions) and oxoanions
VO, V,0,%, V30,47, etc. (vanadate (V) -ions). Vanadium (V) is in solution in
the form of the cation VO*', neutral compounds VO(OH)s, anions: decavanadate
(V10026(OH),", V10057(OH)™ and V,0055"), monovanadate - VO,(OH)”,
VO3(OH)2' and VO,* and polyvanadate - VzO(,(OH)3 " V,0,*, V;0,* and V40,
[19,20]. Metavanadate and decavanadate ions exist at concentrations of vanadium
lower than 0.1 mol/L.

Vanadium exists mainly in the form of VO* * cations and the decavanadate
anion H,V o045 * at pH<2.40, when the content of V,0sis 2-3 g/I.

In acidic solutions, V (V) forms an aqua complex [VO,(H,0)* *]. Therefore,
in many cases, the complexation of V (V) in aqueous solutions of acids is
advisable to consider as the process of replacing water molecules with ligands
located in the inner sphere of the aqua complex [16]:

[VO,(H;0) "4]nA <[ VOo(H,0) *4.A'™] + H,O (10)
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In strongly alkaline solutions, it is part of the mononuclear particle - ortho-
vanadate ion. With decreasing alkali concentration, polynuclear anionic particles
appear, the maximum degree of condensation, equal to 10, is characteristic of
weakly acid solutions [21, 22].

According to the proposed model of polycondensation in an acidified
solution containing VO, [23, 24], the distribution of vanadium (V) polyanions in
the range of pH 1-13 at different ratios of the total concentration of hydrogen in
solution to the total concentration of vanadium Z is in the range of 0-3, 00 on the
background of nitrate ions proceeds as follows. There are metapolyvanadate
anions V3O93-, HV3092-, V4O]24- and HV40123- at 1.75 < 7Z < 240, and decava-
nadate anion V,i0,% at Z > 2.40 — 3.00. The existence of tetravanadate and
hydrometavanadate anions was confirmed by chemical and IR spectroscopic
methods of the synthesized salts NagV,0,5- 2H,0 and Na;HV 4Oy, - SH,0.

There is an extensive class of vanadium complex compounds [25, 26].
During their formation, vanadium participates in any of the known oxidation
states. The charge of its cations in solutions does not exceed three. Vanadium in
oxidation states +4 and +5 forms stable oxocations VO** and V023+, as well as
VO*. According to their ability to co-ordinate predominantly in complex com-
pounds with donor atoms of the N, O and S ligands, vanadium (IV) and (V) ca-
tions form a stronger bond with oxygen than with nitrogen, in contrast to vana-
dium (IIT) cations. Heterocycles arise in the formation of complex compounds, in
which vanadium cations are acceptors of electronic pairs of oxygen and nitrogen.

Vanadium forms a series of complex salts, the so-called heterocomplexes:
vanadium molybdates, vanadium phosphates, uranium vanadates, vanadium
volphramates. A series of hetero compounds of vanadium and molybdenum can
be expressed by the formula: mMeO-nV,0spMoOs-gH,0 (Me — NH,", Na*, K,
Ba’'; m=2-3;n=1-2; p = 4-5; g=4-48); vanadium hetero compound series with
tungsten — mMe,O-nV,05 pWOs5-gH,0 (Me — NH,", Na", K", Ba®", Ag", Cu*";
m=2-3;n=1-3; p=4-6; g=6-24) [18].

In all oxidation states, vanadium, as a rule, has a coordination number of 6.
In the degrees of oxidation (IV) and (V), compounds with a coordination number
of 4 are also formed (for example, in meta-, di-, and orthovanadates), as well as
5 and 8 [20, 27].

Many studies have been devoted to elucidating the forms of the state of
vanadium in aqueous solutions, but so far this issue is far from complete reso-
lution. The variety of ionic forms of vanadium in solutions leads to the formation
of a large number of compounds with different ratios of metals and vanadium, as
well as complex compounds with inorganic and organic ligands.

As far as ferrocyanides are concerned, the tri- and tetra valence of the
[Fe(CN)s]* and [Fe(CN)]* anions allows for a huge variety of variations in the
production of mixed ferrocyanides, in combination with vanadium, of different
composition with a change in wide the limits of both the number of outer-sphere
cations and the ratio between them, as well as the possibility of introducing the
anion into the inner sphere.
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However, ferrocyanides of tetravalent vanadium (formal ferrocyanide V*")
are not sufficiently described in the scientific literature. It is known that when
vanadyl salts are exposed to solutions of ferrocyanide salts, a slightly soluble
yellow-green precipitate (VO),[Fe(CN)s]-xH,0 is deposited. The possibility of
excess absorption of the salt of Nay[Fe(CN)¢] by precipitate formed in the system
VOSO, — Nay[Fe(CN)g] [28]. The precipitate begins to coagulate with the forma-
tion of phases of variable composition x(VO),[Fe(CN)s]'y Nay[Fe(CN)¢] at n > 1.
A mixed vanadyl and potassium ferrocyanide Ky(VO);[Fe(CN)sl,'xH,O was
obtained in the VOSO, - K4[Fe(CN)¢] - H,O system, which in its composition is
of the type of mixed ferrocyanides of divalent cations.

If vanadyl sulfate VOSO, containing the anion VO** (V*) is used as the
vanadium salt, and salt with the anion [Fe(CN)s]* as the ferrocyanide-containing
component then it can be expected that redox accompanied by a change in the
valence of vanadium and the reorganization of the ferricyanide anion into a
ferrocyanide anion in a system under certain conditions [29, 30].

Summarizing the above and considering the joint presence of nickel and
vanadium in the oil-containing raw material and wastes, it can be noted that the
selected objects for the study and K;[Fe(CN)s] — VOSO4— NiSO, — H,0 system
based on them are very interesting in terms of chemistry complex compounds.
Although full charge compensation of the [Fe(CN)q]* anion is achieved only on
tetravalent elements, but considering that the tetravalent vanadium salt exhibits
redox properties, i.e., reversible transition V** <> V" is characteristic for vana-
dium, then we can expect the formation of mixed salts in the studied system. It is
possible the occurrence of various combinations of cations present in the solution.

The purpose of the study is to determine the effect of pH on the method of
titration with sodium hydroxide solution on the interaction process in the ternary
system K3 [FG(CN)G]*VOSO4'3H20* NiSO4‘7H20f H20

EXPERIMENTAL PART

The method of titration of the K;[Fe(CN)s]-VOSO43H,0- NiSO,7H,0
water-salt three-component system was used with sodium hydroxide solution
(NaOH). Using the method of pH metrics in the study of complexation in
complex systems enables to determine not only the formation of complexes, but
also their stability.

The salts of vanadyl sulfate VOSO4-3H,0, nickel sulfate NiSO,-7H,0, potas-
sium (III) hexacyanoferrate (ferrocyanide) K;[Fe(CN)¢] were used.

For the study, mixtures of Ks;[Fe(CN)g] and VOSO4-3H,0 solutions with a
concentration of 2:10° mol/l, as well as NiSO4,7H,O with a concentration of
2-10” mol/l, taken in a ratio of 1:1:1, were used.

Titration of an aliquot of the studied system was carried out with a solution
of sodium hydroxide NaOH with a concentration of 0.01 mol/l, 0.1 mol/l and
0.2 mol/l at room temperature. The pH value was measured on a universal pH
meter 150 MI at room temperature. Glass electrode ELS 6307 used as the
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indicator electrode. The reference electrode was a saturated silver chloride
EVL-1M3 electrode.

RESULTS AND DISCUSSION

It was previously established that an aqueous solution of K3[Fe(CN)e] has a
neutral medium (pH 6.7). A solution of VOSO43H,0 has an acidic medium and
its pH is 3.1, and a solution of NiSO47H,0 - weakly acidic medium (pH 5.03).
When merging the above solutions in a 1: 1: 1 ratio, the K;[Fe(CN)s]—
VOSO043H,0-NiSO,7H,0-H,0 ternary system becomes an acidic medium with
a pH value of 4.1.

The figure shows the pH — metric titration curves of an aqueous solution of
the ternary system K;[Fe(CN)s] — VOSO43H,0 — NiSO4,7H,O with a total
concentration of components 6:10% mol/L by sodium hydroxide solution of
different concentrations. It ensues from the obtained results that as the con-
centration of sodium hydroxide solution increases, the consumption of alkali for
titration is noticeably reduced, and the nature of the titration curves changes
slightly.

Two leaps are recorded on the curve of the aliquot titration with a NaOH
solution of weak concentration (0.01 mol/l) (figure a). The first intense leap is
observed in the pH range 3.7-7.8 and the second less intense leap in the pH range
8.6—10.5. Considering the wide range of pH values of the first leap, it can be
attributed to the formation of complex compounds of vanadium and nickel with
hesacyanoferrate (III) potassium of the type (VO)K[Fe(CN)g], (VO); [Fe(CN)g]
and Ni;[Fe(CN)s], [28,31-33]. The second leap relates to the alkaline medium
and, apparently, due to the formation of nickel (Ni(OH);) and vanadium
(VO(OH),) hydroxides:

VOSO, + 2NaOH = VO(OH), | + Na,SO, (11)
NiSO4+ 2NaOH = Ni(OH),| + Na,SO. (12)

At higher pH, i.e. yellow-brown-green solutions are formed in the conditions
of excess alkali. In this case, the dissolution of vanadium hydroxide is possible
with the formation of various vanadates (IV) - ions [34].

Increasing the concentration of sodium hydroxide solution to 0.1 mol/L leads
to the appearance of two additional leaps on the titration curve (figure b). The
acidic medium is characterized by two weakly leaps at pH 3.4 and 4.0 and an
intensive leap at pH 5.6. The first two leap apparently relate to the formation of
two different types of complex compounds - vanadium hexacyanoferrates.

The leap on the titration curve in a very weakly acidic medium at pH 5.6
correspond to the formation of nickel hexacyanoferrate Niz[Fe(CN)g],. Increasing
the pH of the solutions to 7.7 leads to an intense leap in the curve and corresponds
to the appearance of vanadium and nickel hydroxides and vanadates in the
system.
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The leaps in the acidic medium disappear on the titration curve in the condi-
tions of titration of an aliquot of the ternary system with a concentrated solution
of NaOH (0.2 mol/L), (figure c¢). That is, during the titration of an aliquot of the
ternary system with a concentrated solution of NaOH, the formation of complex
compounds is accelerated and overlapped by the formation of metal hydroxide.

The separated precipitate from the triple system K;[Fe(CN)s]-VOSO43H,0—
NiSO47H,0-H,0 contained differently colored crystals of various shapes. It was
possible to select needle-shaped crystals that had a light yellow color, corres-
ponding to the complexes of vanadium hexacyanoferrate, fine-crystalline brow-
nish-yellow crystals, indicating the presence of VO(OH),, bluish-greenish crystals
in the form of fluffy twigs, which characterize the presence of Ni(OH),, and gray-
green crystals related to nickel hexacyanoferrate.

Thus, the obtained data indicate a complex process of complexation in the
triple system K;[Fe(CN)s]-VOSO43H,0-NiSO47H,0-H,0. At the same time,
complexes of different composition are formed depending on the pH of the
solution, and vanadium and nickel hydroxides are present in the alkaline medium.
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Pe3zrome

P. A. Kauwiybaesa, A. A. Azamaesa, P. M. Yepnuskosa,
K. E. Epmexosa, 6. JK. JKycinbexos

I'EKCAIIMAHO®EPPAT (IIT) —, BAHAAWNJI — )KOHE HUKEJIb (II) —
KYPAM/IbI XKYWEJIEPIEI'T ©3APA SPEKETTECY ITPOLIECIH 3EPTTEY
2-xabapnama.

K3[FC(CN)6] — VOSO43H20 — NISO47H20 — H20 )I(YﬁeciH 3€PTTCY

Komnonentrepi 1:1:1 xarterHacenma ansiaraH Ks[Fe(CN)g] — VOSO43H,O0 —
NiSO47H,0 — H,O xyiiecinmeri e3apa apekerrecy mpoiecin pH 2-12 apanbirsiaga pH
METPJIIK THTPJICY O[ICi apKbUIbI 3EPTTEY HOTKDIKEIICPl KENTIPUIreH. 3epTTENiN OTHIPFaH
XKYHEHI HATpUH TUAPOKCHUJII epPITIHIICIMEH THUTpJIEYy KHCHIKTAPBIHBIH CHIIAThl OHBIH KOH-
LEHTpaMsIChIHA TayeJ i OonaThIHbl aHbIKTanAbl. EH kypneni cunatka 0,1 Monb/n1 HaTpuid
THPOKCHAIMEH THTpJEy KUCHIFBI Me 0ojbin Tadbutaabl, onga pH 3.4 sxone 4.0 Oonran
Ke3Jie oJci3 OalikanateiH Tepoenicrep MeH pH 5.6 sxone 7,7 OonFaHIa KapKbIHIBI TepOe-
mictep maiina 6osanel. 3epTTENeTiH Kylene KbIIKbUT OpTana KeleH i KOChUIbICTap, SFHH
BaHAJWU >KOHE HHKEIh (EppOIMAaHUATEPi, COHIAW-aK CUITUTIK OpTaga BaHAJWN >KOHE
HUKENbh THAPOKCUATEPI TY3UIy Karmaitmapsel Oepineni. 3epTTemin OTBIpFaH JKYHeOeH Iii-
OIiHAepi MEH TycTepi opTypii TyHOamap OeIiHINl anbIHABI, OJIAPIBIH TYC CHIATTaphI
JKOFaphlia aTalFaH KOCBUIBICTAPFA Cail KeNei.

Pesome
P. A. Kativinbaesa, A. A. Aeamaesa, P. M. Yepusxosa,
K. E. Epmexosa, V. )K. [icycunberos

UCCJIEJJOBAHUE B3AVMOJIEMCTBUS B TEKCAIITMUAHO®EPPAT (II)-,
BAHAIUJI- U HUKEJIb (IT) - COAEPXKAIINX CUCTEMAX
CooOmenue 2.

HUccnenosanue cucremsl Kz3[Fe(CN)g] — VOSO,4 3H,0 — NiSO4 7H,0 — H,O

[IpencraBneHsl pe3ynbTaThl HCCICAOBAaHHS TpOIecca B3aMMOJICHCTBHS B CHCTeE-
Me K;3[Fe(CN)y]-VOSO43H,0 — NiSO,7H,O — H,O, KOMIOHEHTH KOTOPOil B3ATHI B
cooTHomeHn# 1:1:1, ¢ momompio MeTona pH MeTpuueckoro TUTpoBaHUA B nHTEepBase pH
2-12. YcTaHOBIIEHO, YTO XapaKTep KPUBBIX TUTPOBAHUS ATMKBOTHI HCCIETYEMON CHUCTEMBI
PacTBOPOM THUIPOKHCHIA HATpUS 3aBUCUT OT ero KoHIeHTparuu. Haunbosiee crloKHBIM
xapakTep uMeeT KpuBas TUTpoBaHus 0,1 MOJB/I THAPOKCHIIOM HATPHS, HA KOTOPOU MPO-
MMUCBIBAIOTCS 1200 BhIpakeHHbIe ckauku npu pH 3.4 u 4.0 ¥ UHTCHCUBHBIC CKAYKU MPU
pH 5.6 u 7,7. B uccnexyeMoii cucteMe CO3ar0TCsl YCIOBUSI 00pa30BaHUs KOMITJIEKCHBIX
COCIIMHEHUH — eppOIMaHUIOB BaHA U U HUKEIS B KUCIIOH CpeJie. a TAKKE THAPOKCHIIOB
BaHaIWsl U HUKeEN B IIENOYHOM cpene. M3 mccaenyemMoll cucTeMbl BBIIEIEHBI OCAJIKH
pa3maHON (GOPMBI I OKPACKH, IIBETOBAS XapaKTEPUCTHKA KOTOPBIX COOTBETCTBYET BBIIIIC
YKa3aHHBIM COCTHHEHUSM.
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SOL-GEL COMPOSITION ON THE BASIS OF SODIUM SILICATE
AND AMMONIUM POLYPHOSPHATE FOR OBTAINING
FIRE-RESISTANT CELLULOSE TEXTILE MATERIALS

Abstract. The article gives a new method for producing fire-resistant cellulose tex-
tile materials using the sol-gel method, where the sol-gel precursor is sodium silicate. A
new sol-gel method is proposed for the formation on a fiber of a functional coating based
on sodium silicate and nitrogen-phosphorus-containing compounds. The effect of
processing parameters on the fire resistance and on the discontinuous characteristics of the
obtained materials was studied. The method of scanning electron microscopy was used to
study the structure of the surface of treated fibers. The thermal stability and index of the
limiting oxygen index of control and processed cellulose textile materials with a sol-gel
composition were studied.

Key words: fire resistance, sol-gel, sodium silicate, cellulose textile materials.

Introduction. At present, a large number of easily combustible fabric mate-
rials, representing a significant fire hazard, are used in living quarters. Investi-
gations of the causes of fires show that the interior elements of textiles (curtains,
upholstery fabrics, carpeting) not only contribute to the rapid spread of fire, but
also are a source of a number of asphyxiating gases in a fire. Reduction of fire
danger is possible with the help of measures carried out by chemical methods of
fire protection of soft and hard fabric materials. Preventing the development of
fire, chemical means of fire protection facilitate firefighting, and in some cases
exclude the possibility of a fire [1].

The problem of imparting fireproof properties to textile materials of various
nature and purpose has become increasingly important in recent years [2]. This is
due to the fact that they are a serious source of danger during fires, it is easily ig-
nited, promotes the spread of the flame and, when burning, emits a large amount
of smoke and gases. One of the urgent tasks is the replacement of traditional tech-
nologies of making fireproof properties of textile materials cheaper and envi-
ronmentally safe [3]. With the traditional technology of final finishing of cellu-
lose cotton textile materials, it is possible to impart certain properties to them by
modification with special dressing agents. In connection with this, it is important
to develop new methods for imparting fire resistance to textile matrials, which
would significantly increase the stability of the modifying effects. To modify
cellulosic materials and impart technical properties to textile materials, a sol-gel
method was used in the work [4]. The main advantage of the sol-gel method over
others is that it allows you to control the structure of the resulting materials, the
particle size, the pore volume and volume, the surface area of the films, in order
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to obtain a material with desired properties. This method does not require unique
equipment and expensive initial reagents and therefore is a relatively cheap me-
thod of synthesis. Coatings obtained by the sol-gel method are a suitable tool for
the modification of a large number of materials, such as glass, paper, synthetic
polymers, wood, metal and textiles [5].

The purpose of this study is to produce textile materials with flame retar-
dant properties using sol gel technology based on sodium silicate and ammonium
polyphosphate.

Objects and methods of research. As an object of study in the work was:

cotton fabric article 1030, sodium silicate, ammonium polyphosphate, thiourea.
Samples of cotton linen weave are treated with an aqueous solution of sodium
silicate, the hydrolysis catalyst is 70% CH3COOH impregnation at 25-300C for 1
minute, then spinning on a two-shaft plus with a degree of 90%. The fabric was
then dried at a temperature of 750C for 8-10 minutes. Next, the treated fabric was
heat treated at 110, 130, 150 °C for 1 minute, in the second stage impregnated
with an aqueous solution of ammonium polyphosphate and thiourea, after pres-
sing 90%, drying at 75 °C for 3 minutes in a oven, followed by washing in distil-
led water and dried at room temperature.

Characterization techniques. Tests of fire-retardant effectiveness of the
developed compositions were carried out in accordance with GOST R 50810-95,
which establishes a method for determining the ability of textile materials
(fabrics, non-woven fabrics) to resist ignition, sustainable burning, and also to
assess their fire retardancy (table 1). The standard is applied to all combustible
decorative textile materials supplied to the consumer.

Table 1 — Results of the test of flame retardant efficiency and breaking load
of treated cellulose materials

Concentration of substances, Length of the char Breaking load,
g/L section, mm N
Ne Na,Si0; | CS (NHy), flamee- Heat treatment temperature, °C

tardant | 110 | 130 | 150 | 110 | 130 | 150
1 Control sample 220 | 220 | 220 | 202 | 202 | 202
2 200 116 | 144 | 136 | 205 | 206 | 219
3 | cot si-5 50 300 109 | 115 | 128 | 212 | 209 | 222
4 400 98 111 107 | 218 | 212 | 219
5 200 123 | 138 | 137 | 206 | 214 | 223
6 | cot_si-10 100 60 300 114 | 110 | 113 | 209 | 206 | 217
7 400 115 | 131 104 | 217 | 217 | 219
8 200 115 | 108 | 124 | 220 | 209 | 209
9 | cot_si-15 150 300 94 90 90 219 | 211 | 211
10 400 90 99 94 223 | 216 | 219
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The surface morphology of the treated samples was studied an auto-emission
scanning electron microscope JSM-6490LA (Japan) with the X-ray spectral
analyzer system JED-2300 Analysis Station. Based on the result of scanning
electron microscopy (figure 1).

LERTRERET
"]

cot_si-13

Figure 1 — Electron microscopic images of cotton fabric and treated with flame retardant
composition with different resolution and energy dispersive microanalysis

The thermal stability of the fabrics was evaluated by thermogravimetric (TG)
analyses from 50 to 600 °C with a heating rate of 10 °C/min, both in nitrogen and
in air (figure 2 and table 3). To this aim, a TAQ500 thermogravimetric balance
was used, placing the samples in open alumina pans (ca. 10 mg). The experimen-
tal error was 0.5% on the weight and 1 °C on the temperature.
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Figure 2 — Comparison between TG curves of cotton control and
sol-gel treated cotton fabrics in nitrogen and air

Table 2 — Average elemental composition of untreated and modified cotton fabrics,

obtained on the basis of the results of energy-dispersive microanalysis

Mass fraction, %
# Sample -
C o Si P S
1 cot_control 54.95 45.05
2 cot_si-5 48.15 40.82 6.82 2.18 2.03
3 cot_si-10 42.81 43.25 7.63 3.18 3.13
4 cot si-15 42.96 40.20 8.59 4.52 3.73
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The determination of the Limiting Oxygen Index (LOI) is the minimum con-
centration of oxygen, expressed as a percentage, that will support combustion of
a polymer. It is measured by passing a mixture of oxygen and nitrogen over a bur-
ning specimen, and reducing the oxygen level until a critical level is reached. The
determination of the Limiting Oxygen Index (LOI) (table 4)was carried out
according to ASTM D2863-09 standard, using an OXINDEX apparatus, built by
MUKI.

Results and discussion. The results of the test of flame retardant efficien-
cyare shown in table 1. As can be seen from the table, the sol-gel composition
used provides a high degree of fire resistance and does not affect the physical and
mechonical characteristics of cellulosic textile materials. This indicates the
presence of SiO; coating and fixation of the fire retardant.

Investigation of the morphology of the surface of the fibers of textile mate-
rials and elemental microanalysis of the fiber surface structure used an auto-
emission scanning electron microscope JSM-6490LA (Japan) with the X-ray
spectral analyzer system JED-2300 Analysis Station. Based on the result of scan-
ning electron microscopy, a polymeric layer is formed on the surface of the
treated tissues in the form of an oxide-silicon matrix (figure 1). Figure 1 clearly
shows that fire retardant particles are present on the treated fiber on the surface of
the fiber, fire retardant plates of various shapes are noticeable.

According to electron-scanning microscopy and conducted energy-dispersive
microanalysis (table 2), pure cotton fabric contains C-69.95% 0-30.05%. After
the modification, the particles formed on the surface of the treated fabric: Si —
6.82%, P — 2.18%, S — 2.03% which are distributed rather unevenly. It is shown
that with the increase in the concentration of the flame retardant in the modified
composition in the treated samples, the content of phosphorus and sulfur increases
to 8.59% and 3.73%, respectively.

The thermal and thermal oxidation stability of sol-gel treated samples was
evaluated by thermogravimetric analysis and compared with the thermal stability
of untreated cotton. Tables 3 collected data on nitrogen and air; build the TG
curves of the samples in both atmospheres. As already demonstrated, thermal
degradation of a honeycombton in nitrogen occurs in one stage during which
maximum weight loss is registered in 390 °C.

Table 3 — TGA data of untreated and sol-gel treated cotton fabrics in nitrogen and air

nitrogen air
(%) (%) (%) (%)
cot_control 345 390 10 8 350 390 12 10
cot_si-5 275 300 55 39 290 300 55 12
cot_si-10 295 310 50 35 250 290 57 23
cot_si-15 275 295 58 44 290 300 55 13
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The limiting oxygen index was also studied, the results of which are given in
Table 4. As shown in the table, the untreated tissue has a low oxygen index, com-
pared to the processed samples with sol-gel composition.

Table 4 — LOI data of untreated and sol-gel treated cotton fabrics

# Sample LOI(%)
1 cot_control 19
2 cot_si-5 34
3 cot_si-10 35
4 cot_si-15 36

Conclusion. A sol-gel composition based on sodium silicate and ammonium
polyphosphate was first developed to impart flame retardant properties to
cellulosic textile materials. The processed materials of the present composition
have a high fire resistance and physical-mechanical properties. The processing
parameters of cellulose materials have been determined. It is shown that the heat
resistance and oxygen index of the treated textile samples are higher compared to
the untreated ones.
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Pe3rome

E. Taxeu, b. P. Taycaposa, A. Bue

OTKA TO3IMAI HEJTIOJIO3AJIBI TEKCTHJIb MATEPHUAJIIAPBIH
HATPUU CUJIMKATE MEH ITOJINM®OCDPAT AMMOHMUSA HET'I3IHAE
30JI-TEJIb KOMIIO3MMEH AJTY

Maxkanaga HaTpuid CHJIMKATHIH KOJAAaHA OTHIPHIN 30JIb-TENb MICIMEH OTKa TO3iMi
LIEJUTIONI03ANTBI TeKCTHIh MAaTEPHAJBIH Ty TEXHOJOTHSCH CHUIIATTAIFaH. 3epTTEY KYMBI-
CBIHBIH HET13T1 HOTHXKeCi OOJIBIT HKOJOTHSIIBIK KAyiIci3 OTKa TO3IMIi 30JIb-Telb Iy dfici
6onern TabbuTanBl. Byt omic exi meHreiine skysere acambl, OipiHIIICI: TEKCTHIH MaTepHa-
JIBIHBIH YJITICIH 30J1b IPEKYPCOPBIH/IA CIHIPII, eKiHIII JACHIei/le aHTUITUPEHMEH OHIeHMI3.
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Onjiey mapaMeTpiiepiHiH 0TKa TO3IMALTIK MEH Y3UTy KYKTEMECiHe, COHBIMEH KaTap eHJIey
KOMITO3MLIMSCHIHBIH TYpPaKTBUIBIFBIHA ocepl 3eprenieHni. KoJjmaHbuFaH dIeKTPOH/BI
MHKPOCKOT OJIIiCIHIH HOTIXKeci OONBIHIIA OHACNTCH TEKCTHIh MAaTEePHAJBIHBIH OCTiHIE
(YHKIIMOHAIB! )KaObIH MEH aHTUIIMPEHHIH Oepik OekiTinreHin kepcerTi. COHBIMEH KaTap
maiiga GosFaH XKaOBIHHBIH TEKCTHIb MaTepHalblHA 3WSHBI JKOK eKeHi (PU3MKo-MeXaHH-
KaJIBIK KOpCETKImTepAi 3epeney OaphIChIHAa aHBIKTAIABL. 3epTTeY HOTIDKENEpi TOIBIK-
KaH/Ibl 00Ty YIIIH TEKCTHIIb MaTepUaIIapbIHBIH TEPMOTYPAKTHUIBIFBI MEH OTTErl WHJICK-
CiHIH MOJIIITHPI aHBIKTAIABI. 3epTTEY HOTIKENEPiH IEeJUTIONIO3abl TeKCTIIIbF MaTepHa-
JApbIH OHICY OHIIPICIHAC KOAaHyFa 00aIbl.

Tyiiin ce3mep: 1eIUIF0I03aIbI TEKCTHIIb MaTepHAIAaPhl, OTKA TO3IMILTIK, 30J1b-Telb,
HanI/Iﬁ CHUJIMKATBI, aHTUITUPCH.

Pe3iome
E. Taxeu, b. P. Taycaposa, A. Bue

30JIb-T'EJIb KOMHO3ULNA HA OCHOBE CUJIMKATA HATPUSL
N TTIOJIN®OCDPATA AMMOHUA IJIA TTOJIYUEHU S OTHECTOMKNX
HEJUIFOJIO3HBIX TEKCTHUJIBHBIX MATEPUAJIOB

B cratse mpuBeneH HOBBIN cIOcO0 pa3pabOTKH OTHECTOMKUX LEIUTIOIO03HBIX TEKC-
THUJIBHBIX MaTEpHANIOB 30JIb-TEIb METOJOM Ha OCHOBE cHiMKaTa HaTpus. OCHOBHBIM
pe3yIbTaTOM IPOBEJCHHOTO HCCIENOBAaHUS SBIAETCS pa3pabOTaHHAs IKOJIOTHYECKH
Oe3omacHasi TEXHOJOTHUS TMOJYYEHHsS OTHECTOWKOHW 30Jb-TeNb KOMIIO3UIUH, KOTOpas
MPOTEKaeT B ABYX cTaausx. Ha nepBoil craanu TeKCTUIBHBIM MaTepuall IPOIMUTHIBAETCS B
MpeKypcope B TeUeHUE 1 MUH, a Ha BTOPOM CTaAMM NPONMUTHIBAECTCS B BaHHE C AHTHIIU-
peroM. MccnenoBaHo BIHMSHHUE ITapaMeTpoB 00pabOTKHM Ha 3((PEKTHBHOCTH OTHE3AIHT-
HOCTH Ha (PU3UKO-MEXaHHYECKHE CBOICTBA TKaHM. [IpMMEHEH METOJ 3JICKTPOHHON MUK-
POCKOIINH C SHEPTOAMCIEPCHOHHBIM aHATH30M Ha 3JIEMEHTHBIN COCTaB HEOOPAOOTAHHOTO
1 00pabOTaHHBIX TEKCTUIBHBIX MaTEPUAIIOB, PE3yIbTAaThl KOTOPOTO JOKa3bIBAIOT HAMUIHC
(YHKIIMOHATBHOTO TIOKPHITHS U (PUKCAIIMM aHTHITUPEHA B €ro o0beMe. Tak ke METOIOM
TEepMOrPaBUMETPHUUECKOTO aHAIM3a H3y4eHa TEePMOCTOMKOCTE HEOOpPaOOTaHHOIO |
00pabOTaHHBIX IIEJUTIONIO3HBIX TEKCTUIBHBIX MAaTepHajioB. Pe3ynbTaThl HCCleIOBaHHA
MOTYT OBITH NMPUMEHEHBI B OTAEIOYHOM IPOU3BOJICTBE TEKCTUIBHBIX LIEIUTIOI030COAEP-
JKalIX MaTepHajoB.

Knro4eBbie cj10Ba: OrHECTOMKOCTD, 30/1b-T€llb, CUIIMKAT HATPHUS, LIEIIIOJIO03HBIE TEK-
CTUJIbHBIC MaTepUaJIbl, aHTUITUPEH.
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E. E. EPITOKUH, K. M. KAJIMYPATOBA,
H. A. BEKTEHOB, A. K. BAHJJVJITIAEBA, I'. E. ABJJPAJTUEBA

AO «MHcTHTYyT XMMHYecKuX Hayk M. A. b. bextypoBa», Anmarsl, Pecriy6imka Kazaxcran

KOMILIEKCOOBPA3YIOINIA KATUOHUT HA OCHOBE
COITIOJIMMEPA ITIOKCUAKPUIATA U HE®@TAHBIX OCTATKOB

AnHoOTanmsA. VI3ydeHB BO3MOXHOCTH TIONYYCHHUS KOMIUIEKCOOOpAa3ymomero Ka-
THOHUTA HAa OCHOBE JIBOMHOTO COIMOJMMEpa TIUIHIMIMETAKpUIIaTa, aKpWIOHUTPIIA U
He(QTSIHBIX OCTaTKOB C IMOCIEAYIOMNM MOAWGUIIPOBAHNEM OKCHATIICHAN(OCHOHOBOI
KuciaoTod. HalieHsl OonTHManbHBIC YCIOBHS CHHTE3a W HWCCICAOBaHBI (PU3UKO-XFMU-
YECKUE CBOMCTBA KATUOHUTA.

KiroueBble ¢JI0Ba: KOMILIEKCOOOPA3yIOIIUii KaTHOHHUT, (HOCHOPHOKHCIBIE KaTHO-
HUTBI, COTIOJIMMEPHU3aIlnsi, COPOCHT, HOHHBI 0OMEH, HEPTSHBIC OCTATKH.

B nacrosimee Bpemsi MOTpeOHOCTh B MOHHTAX C CYIIECTBYIOIIMMH MOII-
HOCTSIMM He YyJoBjeTBopsiercs. lloMMMO TpaauIMOHHBIX HOTpeOHTENeill BO3-
pactaeT HeOOXOOUMOCTh B MOHOOOMEHHHWKAX IJs AAepHOW JHepreTHKH. MoHBI
WCTIONB3YIOTCS ISl PACIICIUICHHUsT TOIUIMBA, OOECKUCIOPOKUBaHUS, OYHCTKU
BOAB! KOJMYECTBA, MPHUTOAHBIX A PagHallMOHHO-XUMHUYECKOH TEXHOJIOTHH.
[losToMy mpobneMa H3BICKAHMS HOBBIX JCLIEBBIX BUAOB CHIPbS, Ha OCHOBE
KOTOPBIX IO CYIIECTBYIOIIEH TEXHOJIOTMH MOTYT OBITh MOJIy4E€HBI HOBBIE BHJIbBI
cOopOEHTOB, SBISETCS aKTyalbHOW 3afadyeil. PaccMoTpeHa BO3MOKHOCTH CHHTE3a
U MCCIIEJOBAHUS MOJIMIIEKTPOIUTOB, TOIYUYEHHBIX HA OCHOBE MHOI'OTOHHAXHBIX
MIPOMBIIIUIEHHBIX TSKENBIX HE(QTIHBIX OCTAaTKOB, SBISIOMUXCS JTOCTYITHBIM
MIPUPOTHBIM OPTaHUYECKUM ChIpheM [1-3].

docopHOKHCIIBIE KATHOHUTHI B HACTOSILEE BPEMSI 3aHUMAIOT 0c000€ MECTO
cpeau M3BECTHHIX HMOHWUTOB. OHM 00Jamal0T BCEMU CBOMCTBAMH CHJIBHO- H
CITa0OKHCIIOTHBIX KaTHOHUTOB, a TAaK)K€ KOMILIEKCOOOPa3yIOUIMMH CBOMCTBAMHU.
Hns HUX XapakTepHbl BBICOKas OOMEHHAs €MKOCTb, CEJEKTHMBHOCTb K PSIY
MeTaJuIoB. BceileacTBue MOBBILICHHON CENEKTUBHOCTH KO MHOTMM HMOHaM TSXKe-
JIBIX M TIEPEXOTHBIX METAIJIOB MPEICTABIACTCS TIEPCIEKTUBHBIM MX MPUMEHEHHE
B Pa3IMYHBIX OTPACIIAX MPOMBIIIJIEHHOCTH U HAYYHBIX HCCIIEIOBaHUAX [4, 5].

Crnenyer OTMETUTh TAaKK€ XMMHUYECKYI0, TEPMHUYECKYI0 YCTOHYMBOCThH Ka-
THOHHATOB CO CBA3BIO yTiiepo-pochop, KOTopas 3HAYUTENHHO BHIIIE, YeM IS
WOHHUTOB CO CBSI3IMHU YTJEpOJ-cepa, YIIepoA-a30T WU YIJIEpOJ-YIJIEpOHd, Tep-
MHYECKOE pa3pylIeHHE KOTOPBIX HAYMHAETCS MMEHHO C JECTPYKIHUEN CBs3eH,
3aKpEeIUISIONIAX WOHOTEHHBIE TPYIIBI B MaTpuie mojmMepa [6]. Bricokas pa-
JIUalMOHHAsT YCTOMYMBOCTh (HOCHOPHOKHCIBIX KATHOHHTOB I10 CPAaBHEHHIO C
JpyTMM{ THIIAMH HMOHMTOB ITO3BOJIAET HCIOJB30BaTh MX B CpPElax C BBICOKOU
paauanoHHON yCTOMYUBOCTHIO [7].

W3BecTHbIE TPOMBINIEHHBIE HWOHHUTHI CO CIIA0OKHCIOTHBIMH TPYIIIaMHU
OTJIIMYAIOTCS MaJIOyAOBJIETBOPUTEIBHBIMIH KMHETHYECKMMH CBOWCTBAMH, HU3KOM
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CENICKTUBHOCTBIO W MPOHHUIIAEMOCTBIO. B CBSI3U ¢ 3TUM akTyaibHOW mpoOiieMoi
SBIISIETCSL pa3paboTKa MEpCIEeKTUBHBIX METOAOB MOJIY4YEeHHUs KOMIUIEKCOOOpa-
3YIOIIMX MOHOOOMEHHHUKOB Ha OCHOBE 3MOKCHAKPHJIATOB, 00JIaAAIOUINX BBHICOKOH
PEaKIMOHHON CIIOCOOHOCTBIO U IIUPOKON BO3MOXKHOCTBIO CHHTE3a Ha UX OCHOBE
MIOJINAJIEKTPOIIUTOB C 3a/laHHBIMU CBOMCTBaMHU.

Lenp paboTel — CHHTE3 M HUCCIEIOBaHUE (PU3MKO-XUMHYECKHX CBOICTB
KOMILJICKCOOOPa3yIOIUX KaTHOHUTOB HAa OCHOBE IBOMHOIO COIOJUMEpa IJIH-
muamMetakpunata (TMA), akpunonutpuia (AKH) ¢ HedTsiHBIME ocTaTKaMu U3
Kapaxxanbacckoii HETH M KOMIUIEKCOHAa OKCHATMIEHAN(OCHOHOBOH KHCIOTHI
(O21D).

OKCITEPUMEHTAIJIBHAA YACTb

Comnonumepuzaunio 'MA u AKH npoBoaunu MeToIOM paavKalbHON IO-
JuMepu3anuu B pactBope numetmidopmamuma (JIM®DPA) B npucyrcrBun
nHATAATopa repokcuaa oernszounna (I1b).

Ilpogedenue cunmesa. B KOHMYECKYIO KOJIOY BIMBAJIM MOHOMEPHI B COOT-
vomeHusx I'MA-AKH (70:30), 3arem nobaBnsuin pactBoputens JIM®PA u
naunmarop [1b (B xommgectse 0,22% oT Maccel MOHOMEDA, B KPUCTAILUTHIECKOM
Buze). [lomyueHHylo cMech BIMBANIM 4Yepe3 BOPOHKY B aMIlylly, HarpeBajiul IO
80°C u BeIepKHBaTM mpu SToil Temmeparype B Teuenme lu 40 mum. ITomy-
yennblii cononmumep (I'MA-AKH) orMbeiBanm oT HempopearnpoBaBIIUX MOHO-
MEpOB W CYIIWJIN P KOMHATHOM TeMIiepaType B BaKyyM-CYIIMIIHOM mKady 10
MIOCTOSTHHON MaccChl.

Moouguyuposanue cononumepa na ocrose I'MA-AKH. B Ttpexropmiyio
K0JIOy C MemIajgKoi, KOHTAaKTHBIM TEPMOMETPOM M KaIleJIbHOH BOPOHKOW 3arpy-
xanmu 5 r HaOyxmero comonumepa [MA-AKH B pactBope IM®DA, HedTsHoM
ourym (HB) 2,5 1, u no6asmsmu 30 1 (45,15%) oxcudTrnenaudochoHoBoi Kuc-
m0Tel B pactBope MDA mpm MacCOBOM COOTHOIICHUHU COTIOIUMEP:HEDTIHOM
ourym:okcudTmieHaudochonosas kuciora 1,0:0,5:6,0. Cmech HarpeBaau u
OTBEPKAAJIH [P TEMIIEPATYPE 80-90°C B Teuenue 12 u, 3aTem o0Opa3oBaBIIANCS
MPOAYKT BBIIPYXKAJIH U OTMBIBAIHM AMCCTHIMPOBAHHOW BOJOH 10O HEHUTpaJbHON
cpenbl. Beixon katmonmTa cocraBisier 77,5%, craTudeckas oOMEHHAs €MKOCTb
(COE) o 0,1 u. pacrBopy NaOH nocruraer 4,1 Mr-s3ks/T.

PE3VJIbTATBI 1 UX OBCYXXJIEHUNE

OnTuMaibHBIE YCIOBUS CHHTE3a KOMIUIEKCOOOPAa3yIoIIero KaTHOHWUTA Ha
ocHoBe nBoitHOTO cononmMepa ' MA-AKH-Hb-O3/1® npusenens: B Tabmure 1.
YcTaHoBIEHO, 4YTO TMOBBINICHHE B HMCXOAHOHW cMmecu koauuectBa ODJID B
peakunoHHo#l cmecH ot 1,0 1o 6,0 MaccoBBIX YacTeil MPUBOJUT K BO3PACTAHUIO
obmeHHOM emkocTH OT 1,6 1o 4,1 Mr-skB/T. JlanbHeliee MOBBIIIEHHE KOJINYECT-
Ba OKCHATHICHAU(DOCHOHOBOWM KUCIOTH HE3HAYUTEIBHO BIMSICT Ha OOMCHHYIO
€MKOCTh KaTHOHHTA.
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Ta6muua 1 — Bimsaue cootHomenus: ucxoaueix kommonenTos Ha COE kaTtuonura

No I'MA-AKH:HB:02/1®, OT, Bpewms Bexon, | COE mo 0,1 H. pacTBOpY
Macc.d. C OTBEPKIEHUS, U % NaOH, mr- 3kB/T

1 1,0:0,5:1,0 74,0 1,6

2 1,0:0,5:3,0 80-90 12 77,2 32

3 1,0:0,5:6,0 77,5 4,1

[Ipu ontumansHoMm cootHomenuu (1,0:0,5:6,0 macc.d) HCXOIHBIX KOM-
[IOHEHTOB H3y4yalld TEMIepaTypy OTBEpXIEHHS Tellsl Ha CBOICTBA IOJIMAJIEK-
TpoJuTa (Tadnuma 2).

Ta6muna 2 — M3menenne COE koMmiekcooOpa3yromero KaTHOHHTA
Ha ocHoBe 'MA-AKH:03/1®:Hb ot Temneparyps! OTBEpKICHUS

Temmeparypa oTBepxaeHns rens, T°C 40-50 60-70 80-90 >100

COE 1o 0,1 H. pactBopy NaOH, Mr-sks/t 2,03 33 4,1 3,8

Kak BuaHO m3 Tabnuimel 2, noBbieHue temmneparypsl oT 80-90°C crocob-
CTBYET YBEIUYCHUIO 0OMEHHOW eMKOCTH rosumepa A0 4,1 mr-3ke/r. JlanpHeimee
MOBBIIICHHE TEMIIEPATYpbl OTBepXkIeHHUs TpuBoaUT K cHibkeHuto COE, 3To
00yCJIOBIEHO 00pa3oBaHMEM B HAYAIbHBIA TMEPHOMA PEaKIUH CJIad0 CHIMTHIX
MTOJIMAJICKTPOIUTOB, COJEPIKAIIUX B CBOEM COCTaBe CBOOOJHBIC SMOKCHHBIC U
dochopubie Tpymmbl. TakuM 00pa3oM, MOBBIIICHUE TEMIIEPATYPBI OTBEPIKIACHUS
NMPUBOAUT K IOIIOJHUTCIBHOMY CIOMBAHWUIO W YBCIMYCHUIO T'YCTOTBI CCTKU H,
COOTBCTCTBCHHO, K CHMIXCHUIO OOCTYINMHOCTU AKTHBHBIX LCHTPOB HJIA MOHHOI'O
00OMEHa, 0 YeM CBUICTENILCTBYET YMEHBIIICHHE OOMEHHOW EMKOCTH MOJIMMEPA.

Tabmuna 3 — 3aBucumocts COE xommaekcooO6pa3yromero KaTHOHNTa
Ha ocHoBe ' MA-AKH:HB:O31® oT npomoKUTeNbHOCTH OTBEPIKICHUS Tells IIPH (80-90)°C

Bpewms oTBepxaeHus, 4 4 8 12 16

COE 1o 0,1 u. pactBopy NaOH, Mr-sks/r 1,3 2.9 43 3,6

B pesynprare wucciepoBaHuii, HanOoJjiee ONTHMAIbHBIM PEXKUMOM IIOJNY-
yeHust katuoHuta Ha ocHoBe [ MA-AKH:HB:O2/]® sensiercs 12 4, nmpu Macco-
BoM cooTtHoteHuu cononmumep: Hb:02/1®, pasusim 1,0:0,5:6,0 mpu Temmeparype
10 80-90°C u coorBerctBenno COE cocrapmster 4,3 Mr-3ks/r 1o 0,1 H. pacTBOpY
NaOH.

CTpyKTypy CHHTE3MPOBAHHOTO KOMIUIEKCOOOPAa3yIOIIero KaTHOHUTA HCCe-
nosanu merosioM UK-criekTpockonuy.

UzBectHo [8], uTto MeTogom UK-cieKTpocKkonuu MO>KHO WASHTH(PHULIUPOBATH
CTPYKTYpHBIE TPYNIIMPOBKH OWUTYyMOB. HalOmromaembie B CHEKTpEe HWCXOITHOM
HetH oTaeTmuBEIE (2960, 2930, 2870, 1465-1445, 1380-1377, 1260-1235, 1 170,

72



ISSN 1813-1107 Neq 2018

1oa

07 2

I14E3
¥

667 0
¥
w0

MEn
£

173
0zan
x

2ma
S

Abzorhance

3300 3000 1300 2000

Pucynok 1 — UK-cnexrpsl katonura Ha ocHoBe  MA-AKH:HB:O2/1d

775-730 em™") u cmabsie (700-600 cM™) MOTOCH MOTIOLIEHNS, B CIIEKTPE CHHTE-
3UPOBAHHOTO KAaTHOHHUTA TEPSIOT CBOK MHTEHCHUBHOCTH (prcyHOK 1). TIpouncxo-
JIT MCYE3HOBEHHE 4acTOThl mpu 1250 cM™' B pesyibTaTe pacKphITHS SHOKCHI-
HOTO KOJIbLIA COMOJHMMEpPa, YMEHBIICHHE WHTEHCHUBHOCTU MOJIOC apOMAaTHUECKUX
ctpyktyp (747, 870 cm™), yennenne morsomenust B obmactu 2550-2700 cm,
xapakTepHoil 11t pocdopconepxkamux rpymi. [lossienne yacrorst C=N — ko-
nebGanmii B o6macti 2240-2220 cM™', IOATBEPKIACT HATHUHS HUTPHIIBHBIX IPYIIIL.

14 -
—

12
10

pH
A o o

0 2 4 6 8 10 12
Pacreop KOH, ma

Pucynok 2 — KpuBble HOTEHIMOMETPHYECKOTO TUTPOBAHUSI KATHOHHUTA
Ha ocHoBe MA-AKH-HB-O5/1®
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[Tomoruit xapakTep MOTEHIMOMETPUYECKOTO THUTPOBAHUS (PUCYHOK 2) OII-
penenseTcss KayecTBEHHBIM COCTABOM KAaTHOHMTOBBIX TPYII, HMEIOIIUXCS B
nonute. CormacHo ¢opMe KPHUBBIX THTPOBAHHS, KaTHOHHUTHI SIBISIFOTCS MOJIH-
¢yHKUMOHANBHBIMU. Pa3nenbHOE ompeneneHne KOHCTAHT KHCIOTHO-OCHOBHOM
TUCCOIMAIAN PA3INYHBIX (DYHKIIMOHANBHBIX TPYIIT B BOJHOW Cpefie 3aTpyIHEHO
W3-32 MX OJIM3KUX 3HAYCHUH W OTCYTCTBUS YETKHX IEPErHOOB Ha MOTEHIINO-
METPHYECKUX KPUBBIX.

Pe3ynpraThl MCHBITAHUNA XUMHUYECKOH YCTOWYMBOCTHM HOHUTOB IIOKa3ajau
(Tabmuua 4), 4yTO MOSyYEeHHBIH KOMIUIEKCOOOpa3yIomuii KaTHOHUT JOCTaTOYHO
WHEPTEeH K XUMHYECKUM peareHTaM. CTeleHb MOTEepH €MKOCTH CHUHTE3MpOBAH-
Horo karnoHooOMeHHuka Ha ocHoBe | MA-AKH:HB:02/1® ne npesbimaer 7%
pu 00paboTKe pacTBOPaMU KHCIIOT, LIET04eil U OKUCIUTENS.

Ta6n1/111a 4 — XuMmudeckas yCTOﬁ‘IHBOCTB TMOJIYy4YEHHOTO KOMIIJ'IeKCOO6paByIOH18FO KaTHuOHHUTa

T V)
KaTtnonut Ha ocHOBE COE ucx. no 0,1u XUM. CTOHKOCTb B pacTBOpax, %

I'MA-AKH:HB:02/1® pactBopy NaOH, Mr-sks/r 5aNaOH | 5aHCl | 1u HNO;

1,0:0,5:6,0 43 93,00% | 93,75% | 91,55%

Takum 00pazoM, IPeIOKCHHBINA CIIOCO0 CHHTE3a 00SCTIEYMBAET MOTyUCHUE
KOMIUIEKCOOOPa3y X KATHOHUTOB Ha OCHOBE COIIOJIMMEPOB SMOKCHAKPUIIATOB
C He(TSAHBIMH OCTATKAMH M OKCHATHICHAM(DOCHOHOBOW KHCIOTBHI C YITydIlICH-
HBIMH (PU3UKO-XUMHUYECKHUMH XapakTepucTHKaMu. Kpome Toro, ocyIiecTBiIeHHe
JaHHOTO croco0a ¢ HMCMOJb30BaHUEM JIOCTYNHBIX PEarcHTOB HE TpeOyeT crie-
IUaTbHOTO 000pymoBaHUs. [loMyueHHBII KaTHOHUT MOXET OBITH HCIIOJIB30BaH
A TIPaKTUYCCKOI'0 MPUMEHCHHA Ha TUAPOMETAIUTYPTHUCCKUX NPCATIPUATHUAX U B
OIIPECHUTCIIbHBIX YCTaHOBKAax.
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E. E. Epzoocun, K. M. Kaamypamosa, H. A. bexmenos,
A. K. Batioynnaesa, I'. E. A60panuesa

MYHAW KAJIJIbIFbI )XOHE SIIOKCUAKPUIIATTAP HEI'T3IH/IELT
KOMIUIEKCTY3VIII KATUOHUT

OxcmaTineHqudocoH KHIIKBUIBIMEH MOJU(UKAIMsIaHFaH MYHail KaJlIbIFbl MEH
TIIMIAAWIMETaKpHIIAT JKOHE aKPHIIOHUTPHII KOCBIPJIAHFAaH COTIONMMEpI HEeTi3iHAeri KoMII-
JIEKCTY3TII KaTHOHUTTI ally MYMKIHAIT1 KapacTeIpeuiabl. CHHTE3IH OHTAMIB KOJAaPHI
AHBIKTAJBII, KATHOHUTTIH (H3UKa-XUMHSIIBIK KACHETTEPl 3ePTTENiHII.

Tyiin ce3mep: KOMIDIEKCTY3YIIi KaTHOHHT, (ochop KHIIKBUIAB KAaTHOHUTTEP, CO-
HOJIUMEpIIEHY, COPOSHT, MOH alMacThIPy, OKCUATUICHAN(POCHOH KBIIIKbUIBI, MyHaH Kai-
JBIKTapHI.

Summary

E. E. Ergozhin, K. M. Kalmuratova, N. A. Bextenov,
A. K. Baidullaeva, G. E. Abdralieva

COMPLEXING CATIONITE BASED
ON EPOXYACRYLATE COPOLYMER AND OIL RESIDUES

The possibility of obtaining a complex-forming cation exchanger based on a double
copolymer of glycidyl methacrylate, acrylonitrile and petroleum residues was studied,
followed by modification with oxyethylenediphosphonic acid.

Key words: complexing cationite, phosphoric acid cationite exchangers, copolyme-
rization, sorbent, ion exchange, oil residues.
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MICROWAVE RADIATION, ITS INFLUENCE
ON SOLUTIONS AND USE FOR EXTRACTION
OF COMPONENTS OF PLANT MATERIAL
1-st Report. The systems of microwave-assisted extraction
and their application for extraction of natural compounds

Abstract. The review discusses the basic principles of microwave extraction and its
difference from convection extraction methods. Microwave extraction systems and their
application for distinguishing various classes of natural compounds are considered.

Key words: microwave radiation, natural compounds, microwave extraction.

Introduction. Extraction is the main step in the production of plant compo-
nents. Conventional extraction methods include infusion, soaking, maceration,
extraction in a Soxhlet apparatus and other procedures that require a long extrac-
tion time and which involve the risk of thermal decomposition of thermolabile
active compounds. In recent decades, intensive development has been directed
towards improving the processes of complex processing of plant raw materials
and creating highly efficient methods for the isolation of biologically active
substances, one of which is microwave-assisted extraction (MAE) [1-4].

1. The basic principles of MAE. Microwave extraction (MAE), originally
introduced in 1994 by Paré and co-workers [1] as the "microwave-assisted
process" (MAP). Currently, it is one of the areas of analytical "green" chemistry,
which quickly gained the position of one of the most effective methods for
isolating compounds.

The effect of microwaves on lots of liquids and solids, which consisting
polar molecules and ions leads into their heating. The reason for this phenomenon
is the interaction of the electrical component of the electromagnetic field with
molecules of the irradiated substance. This interaction contains several physical
effects. There are two mechanisms that cause heat generation, namely, dipole
rotation and ionic conductivity.

The ability of a material to convert electromagnetic energy into heat is
characterized by the tangent of the dielectric loss angle tan o and is calculated by
the following formula (1):

tgo=¢"/e (D)

where ¢" is the coefficient of dielectric losses, which characterizes the efficiency
with which the energy of the electromagnetic field is converted into heat, and €' is
the dielectric constant.
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The values of these quantities depend on nature and state of the substance,
the frequency of the electromagnetic field, and temperature. Usually, with in-
creasing frequency, € 'decreases, and € "passes through a maximum. The value of
tan 6 has maximum values in the microwave range of electromagnetic radiation.

The contribution of dipole polarization or ionic conductivity is largely
determined by the temperature. For water molecules and other solvents, the di-
electric losses due to the contribution of dipole rotation are decreased with
increasing temperature, and the dielectric loss due to ionic conductivity, on the
contrary, increases with increasing sample temperature [9-11].

When extracting, dry plant materials are usually used, but plant cells contain
small traces of moisture that serve as a target for microwave heating. Thanks to
the microwave effect, when moisture is heated inside the plant cell, it evaporates
and creates enormous pressure on the cell wall from inside. Pressure pushes the
cell wall from within, stretches and eventually destroys it, which helps the com-
ponents from the destroyed cells to escape into the surrounding solvent.

This process can be more intense if the plant matrix is impregnated with
solvents with a higher heating efficiency under the action of microwaves (i.e.,
with a higher tan 6 value). The higher temperature achieved throughout this
process can hydrolyse the cellulose ether bonds that are present in the cell wall
and reduce its mechanical strength, and this in turn helps the solvent to have
easier access into the cell. During the rupture process, rapid release of chemical
compounds from the cell to the surrounding solvent occurs. This microwave
extraction mechanism, based on the exposure of analytes to the solvent by cell
rupture, differs from the convection extraction mechanism, which depends on a
series of permeability and solubilization processes to remove the analytes from
the plant matrix. In addition, the transfer of dissolved ions enhances the pene-
tration of the solvent into the matrix, which facilitates the release of substances. A
microwave heating strongly depends on the dielectric susceptibility of both the
solvent and the solid plant matrix. Basically, the sample is placed in one solvent
or a mixture of solvents that absorb microwave energy. Temperature helps in-
crease the penetration capacity of the solvent into the matrix and, as a result, the
components are released into the environment of the hot solvent. However, in
some cases only selective heating of the sample matrix is achieved by immersing
the sample in a transparent solvent (hexane, chloroform). This approach is par-
ticularly useful for thermolabile components to prevent their degradation.

In conventional solvent extraction, mass transfer from the inside to the
outside occurs, while heat transfer occurs in the opposite direction. In MAE, these
transport phenomena occur in one direction, and the increase in the extraction rate
can be due to a synergistic combination of two transport phenomena: mass and
heat, which act in one direction. At MAE, heat is dissipated to the entire volume
inside the irradiated medium, while in thermal extraction, heat is transferred from
the coolant through the outer part of the sample to the inner part. This leads to an
important difference between conventional and microwave heating. Heat transfer
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depends on the thermal conductivity, and in the case of liquids, it is due to
convection currents. As a result, a fairly slow increase in temperature is observed.

In contrast, microwave heating, due to the heating effect affecting the entire
volume. It can be obtained much more quickly. The rise of temperature will de-
pend on the power of the microwaves and the dielectric loss factor of the material
that is irradiated. Evaporation occurs, when microwaves come into contact with
tiny traces of moisture within the cell matrix. It creates intense pressure on the
cell wall, which is ruptured and causes release of the active components. Higher
throughput can be achieved by carefully selecting conditions such as temperature,
since a rise in temperature promotes a faster penetration of the solvent into the
matrix of cells. Among other parameters that affect the performance of MAE, the
solid-liquid ratio, extraction time, microwave power, character of the samples and
mixing should be noted.

The effect of microwaves on extraction is to increase the speed and increase
the degree of extraction of components. This is due to a specific microwave
effect. It consists in raising the temperature of the extraction system and in selec-
tive action on plant material and the solvent used. This is achieved by selective
heating of the phase or individual components, as well as in reducing the risk of
thermal decomposition of thermolabile active compounds [5-9].

2. The systems of microwave-assisted extraction and its main compo-
nents. Since the first publication of Adu-Samra et al. [12] on the use of micro-
wave treatment in chemistry, which used a household microwave oven for the
laboratory analysis of trace amounts of metals in biological media, the technique
and technology of microwave extraction has been further developed. Commercial
reactors have been developed for conducting MAE as in both closed reactors as
and in atmospheric systems [13].

In general, MAE systems are classified into a multi-mode system and a
focused-mode system (mono-mode) according to the type of distribution of
microwave energy in the resonator [13-15]. Schematically, according to [16, 17],
both systems are shown in figure.

Magnetron

Reflux unit ———=

Homogeneous
_radiation Magnetron
v v Vessel

£
/’ Solvent

= — Sample

¢ Vessel

Solvent

A B
Types of microwave systems [16, 17]:
A) microwave system of "closed" type; B) microwave system of "open" type
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Multimode and focused microwave devices contain four main components,
namely: a microwave generator or a "magnetron" that generates microwave ener-
gy; waveguide used to propagate microwaves from a source to a microwave
cavity; an applicator that is a device for placing a sample that can be multimode in
which the microwaves are randomly distributed or the waveguide and circulator
itself being a three- or four-port device, usually consisting of magnets and a
ferrite material used to control the direction of the signal flow in the microwave
system.

When microwaves enter the multimode furnace chamber, they are reflected
from its walls. When reflecting from the chamber walls in three directions stan-
ding stationary waves — modes are generated. Usually, in the chamber of a house-
hold furnace, from 3 to 6 such modes are created, providing uniform heating.
However, the field intensity in the multimode chamber is not the same, which
contributes to the formation of so-called "hot" and "cold" zones, in which the
degree of sample heating can vary significantly, especially if the sample is small
in size. In addition, the non-uniform distribution of electromagnetic energy is
facilitated by the periodic operation of the magnetron. Part of the energy is ab-
sorbed by the sample, the other part is dissipated as heat to the environment. To
equalize the energy density throughout the volume, the chamber is provided with
dissectors and rotating pallets [13].

If the multimode system produces a random dispersion of microwave radia-
tion in the cavity, the monomode system allows focusing of microwave radiation
in a confined zone and the energy is directed directly to the object being proces-
sed through the waveguide. In a monomode system, only one type of frequency is
generated in the cavity, allowing only one resonance mode to be excited. In this
case, the sample must be placed in a certain position in order to obtain the ma-
ximum of the microwave energy. This method provides direct and efficient use of
microwave energy of high density by the sample matrix, inducing rapid heating of
the medium with rapid extraction of the analyte. However, monomodule systems
are very limited in the volume and quantity of the used sample, which can be ex-
tracted. On the other hand, the multimode systems can be used for a larger quan-
tity of raw materials using several different configurations of the extraction
vessel. The energy losses of monomode reactors are minimal, so it is characte-
rized by lower power consumption compared to the multimode system.

Microwave systems can operate under pressure or at atmospheric pressure.
The first experiments on the extraction of organic compounds were carried out in
a household microwave oven (multimode system) in closed vessels without
pressure control.

Typically, a multi-mode system is associated with high pressure, while a
monomode system is used at atmospheric pressure, but can also operate at high
pressure. To avoid confusion in the MAE classification, the terms "closed system"
and "open system", which operates under pressure and at atmospheric pressure,
are used to designate the system used, respectively [16, 18-20].

79



XUMWYECKHH )KYPHAJI KA3AXCTAHA

In a closed MAE system, the extraction is carried out in a sealed vessel with
different microwave conditions. Extraction is usually carried out with uniform
microwave heating. High operating pressure and system temperature ensure fast
and efficient extraction. The pressure within the extraction vessel is controlled in
such a way that it does not exceed the working pressure of the vessel, while the
temperature can be adjusted above the normal boiling point of the extraction
solvent. The results of research in this direction led to the development of a
nitrogen-protected microwave-assisted extraction (NPMAE) technique [20].

3. Advantages and disadvantages of the "closed" and "open" system of
microwave-assisted extraction. The advantages of a "closed" system include the
following:

1) higher temperatures can be achieved in them than in an open vessel,
because the increased pressure within the vessel increases the boiling point of the
solvents used;

2) reducing the time required for microwave treatment;

3) the loss of volatile substances is practically eliminated;

4) less solvent is needed, since evaporation does not occur and there is no
need to constantly add a solvent;

5) reduced the risk of contamination in the air;

6) the vapors formed during the acid microwave treatment are contained
inside the vessel;

As weaknesses it is possible to note:

1) high pressure inside the vessel reduces the safety of the process;

2) a limited amount of a sample that can be processed;

3) the procedure excludes the addition of reagents during operation;

4) cooling the vessel before opening, to avoid loss of volatile components;

5) the materials used must withstand high temperatures.

The "open" system reduces some of the security problems, since it operates
under milder conditions and is considered more suitable for extracting thermo-
labile connections. This system has a higher sample throughput, and more solvent
can be added to the system at any time. The "open" MAE system operates at at-
mospheric pressure, and only part of the vessel is directly exposed to the propa-
gation of microwave radiation. The upper part of the vessel is connected to a
reflux condenser to condense the solvent or substance.

The use of atmospheric pressure provides significant advantages over pres-
sure vessels:

1) increased safety performance;

2) the possibility of adding reagents;

3) the use of vessels of various materials (glass and quartz);

4) ease of removal of excess solvent;

5) the possibility of processing more material;

6) no requirements for cooling or sealing;

7) low cost of necessary equipment;

8) suitable for heat-labile joints.
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Despite their numerous advantages, the "open" type systems also have some
disadvantages:

1) the bandwidth is lower, since most open systems can not process multip-
le samples at the same time, while systems with a closed type can handle 8-
14 samples at a time;

2) the operating time required to obtain results similar to systems of "closed"
type usually is longer [21].

4. Application of the "closed" and "open" system of microwave-assisted
extract for the isolation of natural compounds. Some examples of the use of
the "closed" and "open" MAE system for the extraction of natural compounds are
presented in table 1 and 2.

Table 1 — The use of a "closed" MAE system for the extraction of natural compounds

PlanF Compounds Equipment Extraction Ref.
material parameters
2 3 4 5 6
Citrus mandarin Phenolic Microwave Solvent - 22
peels acids extractor 66% methanol,
CW-2000, 800 W liquid / solid ratio
(Xintuo substance - 16 ml/g,
Technology, power - 152 W,
Shanghai, China) time-49 s
Peanut peels Phenolic Microwave system Solvent -30% 23
compounds | MES-1000, 950 W ethanol, liquid /
solid ratio
substance - 25 ml/g,
power - 855 W,
time-30 s
Dactylis glomerata, | Phenolic Microwave system Solvent - aq. HCI 24
Festucarubra L., compounds | Ethos SEL (2 mol /1 HCI),
Festuca ovina L., (Millestone, time - 20 min,
Bromusinermis u Sorisole, Italy) T=70°C.
Bromus
marginatus,
Hypericum
perforatum,
Thymus vulgaris
L., Tilia cordata,
Uncaria tomentosa
Bark, core and Phenolic Microwave system Solvent - ethanol: 25
roots of apple compounds | MARS-X, 1500 W water 60:40 vol. /
Malus domestica (CEM, vol.)
Mathews, NC, liquid / solid ratio
USA). substance - 20:0.1
ml/g,
time - 20 min.,
T=100°C.
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Continuation of table 1
1 2 3 4 5 6
5 Leaves Phenolic Microwave system Solvent - 75% 26
Stevia rebaudiana compounds | Multiwave 3000 ethanol,
Bertoni SOLV liquid / solid ratio
(Anton Paar, Graz, substance - 10 ml/g,
Austria). time- 15 min,
T =100 °C.
6 Leaves Flavonoids | Microwave system Solvent - 27
Cyclocarya MDS-2002AT 63.2% ethanol,
paliurus (Batal.) (Shanghai Sineo liquid / solid ratio
Microwave substance -
Chemical 21.4:1 ml/g,
Technology Co., time -15 min,
Shanghai, China). T=76.8°C.
7 Leaves Phenolic Microwave system Solvent - water, 28
Pistacia lentiscus compounds | Start D liquid / solid ratio
var. and (Milestone, substance -
flavonoids Sorisole, Italy). 12: 0.6 ml/g
power - 400 W,
time - 60 min,
T =100 °C.
8 Roots Flavonoids | Microwave system Solvent - 29
Radix astragali Ethos*T 90% ethanol,
(Millestone, liquid / solid ratio
Sorisole, Italy) substance - 25 ml/g,
power - 1000 W,
time - 25 min,
2 extraction cycles
(total - 50 min.),
T=110°C
9 Citrus unshiu Hesperidin | Microwave system Solvent - 70% 30
MicroSYNTH ethanol, liquid /
labstation, 1000 W solid ratio substance
(Millestone, - 10 ml/g, time -
Sorisole, Italy) 8 min, T = 140 °C
10 | Purple corn Anthocya- Microwave Solvent - 31
(Zea mays L.) nins (cya- extractor 15 M HCI: 95%
nidin-3- NJL07-3, 1100 W ethanol in a ratio of
glucoside, (Jiequan microwave | 15:85,
pelargonidi | equipment) liquid / solid ratio
ne-3-glu- substance - 20 ml/g,
coside, power - 555 W,
neonidine- time - 19 min
3-gluco-
side)
11 | Grape skins Antho- Microwave Solvent - 40% 32
cyanins extractor methanol, liquid /
Ethos 1600, solid ratio substance
(Millestone, -2.5 ml/g, power -
Sorisole, Italy) 500 W.time - 5 min,
T=100"°C
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Continuation of table 1

250 W,
(Prolabo, Fontenay-
sous-Bois, France)

substance - 10 ml/g,
power - 162 W,
time-30s

1 2 3 4 5 6
12 | Leaves 3-Hydroxy- | Microwave system Solvent - 33
Pigeonpea (Cajanus | 4-phenyl- MARS-II, 1000 W 80% ethanol,
cajan (L.) Millsp.) methoxy- (CEM, Corp. liquid / solid ratio
stilbene-2- (Mathews, NC, substance - 30 ml/g,
carboxylic USA) power - 300 W,
acid, time - 1 min
pinostobin 2 extraction cycles
(total — 2 min.),
T=65°C
13 | Roots Anthraquin | Microwave system Solvent - 80%
Morinda citrifolia ones MARS 5, 1200 W aqueous ethanol, 34
(CEM Corp. liquid / solid ratio
(Mathews, NC, substance -
USA) 100 ml/g,
power - 720 W,
time - 15 min,
T=60°C.
14 | Flowering part Coumarin, Microwave system Solvent - 50%
Melilotus o-coumaric | Discover®LabMate, | aqueous ethanol, 35
officinalis L. acid, CEM Corp. liquid / solid ratio
melilotic (Matthews, NC, substance - 20 ml/g,
acid USA) power - 100 W,
time - 5 min,
2 extraction cycles
(total- 10 min)
15 | Fruit Coumarins | Microwave system Solvent - 80%
Pastinaca sativa Plazmotronika methanol, 36
UniClever BMZ [ power - 240 W,
(Wroclaw, Poland) time- 1 min
power - 360 W,
time-30 min
(total - 31 min.)
16 | Ganoderma atrum Triterpene Microwave Solvent - 37
saponins extractor MDS 3003 | 95% ethanol,
(Shanghai Xinyi liquid / solid ratio
company, substance - 25 ml/g,
Shanghai, China) power - 800 W,
time - 5 min
2 extraction cycles
(total - 10 min.),
T=78°C
17 | Roots Saponins Microwave Solvent - 60% 38
Panax extractor ethanol,
ginseng Microdigest 3.6, liquid / solid ratio
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Completion of table 1
1 2 3 4 5 6
18 | Silybum marianum | Silymarin Microwave Solvent - 82% 39
L. extractor ethanol,
Ethos-1, 1600 W liquid / solid ratio
(Millestone, substance - 38 ml/g,
Sorisole, Italy) time - 60 min,
T=112°C
19 | G. Sibiricum Linne | Alkaloids Microwave extrac- Solvent--water, 40
(corilagin, tor (Shanghai Sineo | liquid / solid ratio
geraniin) Microwave Che- substance - 40 ml/g,
mical Technology power - 500 W,
Co., Ltd., Shanghai, | time - 20 min,
China) T=33°C
20 | Stephania sinica Alkaloids Microwave system Solvent - 65% 41
(sinoacuti- MDS-8 (Shan-ghai ethanol,
ne, palma- Sineo Microwave liquid / solid ratio
tine, isoco- | Chemical Tech- substance - 24 ml/g,
rydine, nology Co., Ltd., power - 150 W,
I-tetrahyd- | Shanghai, China) time - 90 s,
ropalma- T =260 °C.
tine)
21 | Leaves Hydrocar- Microwave extrac- Solvent - dist. 42
Vernonia bons, tor Ethos water,
amygdalina alcohols, (Milestone, liquid / solid ratio
esters, fatty | Sorisole, Italy) substance - 10 ml/g,
acids and power -416 W,
ketones time - 7 min.,
T =100 °C.
Table 2 — The use of an "open" MAE system for the extraction of natural compounds
Ne Plan.t Compounds Equipment Extraction Ref.
material parameters
1 2 3 4 5 6
1 | Dried cortex Geneposide | Modified Solvent - 80% 43
Eucommia ulmodies | and microwave oven ethanol (for gene-
oliv. chlorogenic | LG, 700 W posidic acid), 20%
acid ethanol (for
chlorogenic acid),
liquid / solid ratio
substance - 20 ml/g,
power - 350 W,
time -30-40s
2 | Leaves of tobacco Solanesol Modified household | Solvent -hexa-ne: 44
microwave oven ethanol (1: 3),
with magnetic NaOH 0.05 mol / L,
stirrer, temperature liquid / solid ratio
control and time. substance - 10 ml/g,
power - 700 W,
time - 40 min.,
T=60°C
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Continuation of table 2

time - 3 min.

1 2 3 4 5 6
3 | Tribulus terrestris Steroid Microwave system Solvent - 70% 45
Saponins MAS-II ethanol,
(Sineo, 900 W) liquid / solid ratio
substance - 20 ml/g,
power - 500 W,
time - 5 min.
4 | Roots Saponins Microwave system Solvent- 47 - 50% 46
Radix Bupleuri (saikosapo- | made to order ethanol,
nin A, C, D) liquid / solid ratio
substance - 30 ml/g,
power - 360-400 W,
time - 6 min,
T=73-74°C
5 | Rhizomes Fatty acids Modified Solvent - 80% ethyl 47
Rodgersia (oleic, lino- | microwave oven ether, liquid / solid
aesculifolia Batal leic and pal- | LG, 800 W ratio substance -
mitic acid), 2 ml/g, power -
steroids 320 W, time -40 s
6 | Roots Astragalo- Microwave system Solvent-80% 48
Radix astragali sides I-IV MARS-II (CEM, ethanol,
1000 W) liquid / solid ratio
substance - 25 ml/g,
power - 700 W,
time - 5 min
3 extraction cycles
(total - 15 min),
T=70°C
7 | Leaves Gymnema Oleanolic Microwave Solvent - 90% 49
svlvestres acid extractor CATAR ethanol,
(Catalyst Systems, liquid / solid ratio
700 W) substance- 25 ml/g,
power - 500 W,
time - 8 min.
8 | Leaves Polephe- Modified micro- Solvent -50% 50
green tea nols, wave oven (Natio- ethanol,
caffeine nal, Japan, 700 W) time - 4 min.
with magnetic
stirrer
9 | Roots licorice Glycyrrhizic | Modified micro- Solvent -50-60% 51
acid wave oven (Natio- ethanol and 1-2%
nal, Japan, 700 W) ammonia solution,
with magnetic liquid / solid ratio
stirrer substance - 10 ml/g,
time - 4-5 min.
10 | Nothapodytes Campto- Microwave oven Solvent - 90% 52
foetida thecin, MCG-LG, MG583, | methanol,
9-methoxy- | (Mumbai, India) liquid / solid ratio
campto- substance - 20 ml/g,
thecin power - 100 W,
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Continuation of table 2
1 2 3 4 5 6
11 | Roots Diterpenes Modified Solvent - 95% 53
Salvia (tanshinone | microwave oven ethanol, liquid / so-
miltiorrhiza I, tanshi- (National, Japan, lid ratio substance -
none IIA, 700 W) with 10 ml/g,
cryptotanshi | magnetic stirrer time - 2 min.
none)
12 | Leaves Polyphenol | Modified Solvent - 46% etha- 54
Pistacia lentiscus L. | compounds | microwave oven nol, liquid / solid
(NN-S674MF, ratio substance -
Samsung, Malaysia) | 28 ml/g,
power density -
17.86 W/ ml,
time - 60 s
13 | Leaves and fruits Chlorogenic | Modified Solvent - methanol, 55
Prunus laurocerasus | acid, 3-glu- | microwave oven liquid / solid ratio
coside of «Samsungy substance - 10 ml/g,
quercetin, (M1712N, power - 300 W,
7-glucoside | Malaysia) time - 4 min,
luteolin, total - 15 min.
7-glucoside
apigenin,
3-glucoside
kaempfe-
rola and
naringenin
14 | Terminalia chebula Flavonoids Modified micro- Solvent - water, 56
Retz. wave oven R-219T, | liquid/ solid ratio
(SHARP, Japan) substance - 40: 1
ml/g, time - 1 min,
T =100 °C.
15 | Peel Phenolic Modified Solvent - 51% 57
Citrus sinensis compounds | microwave oven aqueous acetone,
«Samsungy model: | liquid / solid ratio
NN-S674MF, substance - 25 ml/g
Kuala Lumpur, power - 500 W,
Malaysia) time - 122 sec.
16 | Grape peels Phenolic Microwave system Solvent -50:50 (v/v) 58
compounds | Microdigest 301d ethanol-water with
with a maximum 0.8% (v/v) HCI,
power of 200 W liquid / solid ratio
(Prolabo, France) substance - 10 ml/g,
power - 140 W,
time - 10 min.
17 | Fruit Gallic acid, | Microwave system Solvent - 40% etha- 59
Morus alba L. chlorogenic | Microdigest nol, liquid/ solid
acid, p-cou- | (Soxwave 100, ratio substance -
maric acid, Prolabo, France) 25 ml/g, power -
ferulic acid, 210 W, time - 8 min.
rutin, (+)
catechin
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Continuation of table 2

1 2 3 4 5 6

18 | Raspberries Anthocya- Microwave system For anthocyanins: 60

Rubus nins, Microdigest solvent - 27.5%
Coreanus Migq. phenolic (Soxwave 100, ethanol, liquid /
compounds | Prolabo, France). solid ratio substance
- 10 ml/g,
power - 219 W,
time - 5.9 min.
For phenolic
compounds: solvent
- 24.4% ethanol,
liquid / solid ratio
substance -10 ml/g,
power - 166 W,
time - 4.5 min.

19 | Cherry Pomace Phenolic Modified micro- Solvent - etha- 61

compounds wave oven Ethos D, | nol-water, 1: 1 v/v),
1000 W liquid / solid ratio
(Millestone, Italy) substance - 20 ml/g,
power - 700 W,
time is 12 min.
20 | Prunus laurocerasus | Phenolic Modified micro- Solvent -methanol, 62
L. compounds | wave oven liquid / solid ratio i
«Samsungy, type substance - 20 ml/g,
M1712N (Malaysia) | power - 550 W,
time - 25 min.
21 | Hawthorn fruits Chlorogenic | Microwave system Solvent -83% 63
Crataegus acid, XH-100B, 850 Br. ethanol
pinnatifida Bge. procyanidin | (Xianghu Science liquid / solid ratio
Band C, and Technology substance - 20 ml/g,
epicatechin, | Co., Ltd., Beijing, power - 440 W,
rutin China) time -13 min.
22 | Dimocarpus Longan | Phenolic Microwave system Solvent -95% 64
Lour. compounds | XH-100A ethanol, liquid /
(Beijing XiangHu solid ratio substance
Science and Tech- -10 ml/ g, power -
nology Develop- 500 W,
ment Co., Ltd., time - 30 min.,
Beijing, China) T=80°C.
23 | Iameno Polypheno- | Microwave system Solvent -85% 65
Citrus grandis (L.) lic com- (MAS-II; Shanghai | ethanol,
Osbeck pounds Xinyi Microwave liquid / solid ratio
Chemistry Techno- | substance - 15 ml/g,
logy Co., Ltd., power - 1000 W,
Shanghai, China) time - 45 min.

24 | Clinacanthus nutans | Polypheno- | Microwave system Solvent - 50% 66
lic CEM Discover®, ethanol, liquid /
compounds | 300 W (CEM solid ratio substance

Corporation, - 14 ml/g,
Matthews, NC, power - 300 W,
USA). time-15s
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Completion of table 2

1 2 3 4 5 6
25 | Bark ) - Microwave system Solvent - 33% 67
Quercus robur L. Catechin, NEOS-GR, ethanol, pH 10.75,
(-) - 230V-50 Hz, 900 W | liquid / solid ratio
epicatechin, | (Milestone, Italy) substance - 20 ml/g,
(-)- power -45 W,
epicatechin time - 60 min,
gallate, particle size 0.5 cm.
p-coumaric
acid,
naringenin
26 | Curcuma longa L. Curcumin, CEM Discover Solvent - ethanol, 68
dimethoxyc | system equipped 75% ethanol,
urcumin bis- | with a 2455 MHz methanol, 75%
dimethoxy magnetron methanol
curcumin andinfrared fiber IL: 0.3 mol/1
optic probe. (CEM 1-octyl-3-methyl-
Corporation, imidazolium
Matthews, bromide
NC,USA). Optimum condi-
tions: liquid / solid
ratio substance -
30:0.5 ml/ g, time -
2min, T=70°C.
OH
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The choice of the extraction solvent is crucial for MAE and depends on the
solubility of the analyte being studied. The interaction of the solvent and the plant
matrix, and the microwave absorbing properties of the solvent. Accordingly, the
solvent should be highly selective, eliminating the removal of unwanted com-
ponents. A key role in microwave extraction is played by the dielectric properties
of the solvent, since both the efficiency and the selectivity of MAE strongly
depend on the dielectric constant of the extracting solvent or its mixture. For
example, in the case of extraction of furanocoumarins from plant tissues of
Pastinaca sativa [36], petroleum ether is usually used, while more polar coumarins
containing hydroxyl groups are extracted with methanol. Since the use of
petroleum ether in MAE is ineffective, 80% methanol was used, however, the
yields of furanocoumarins at use were significantly lower than when extracted in
a Soxhlet apparatus and with ultrasonic extraction. Typically, in MAE, in most
cases, solvents or solvent mixtures with good microwave heating efficiency (with
a high tan ¢ value) are used. Water-organic solvents, in particular acetone, ethanol
and methanol, are most often used for extraction than the corresponding mono-
component solvent systems [69]. This is confirmed by the data given in tables 1,
2. Thus, the use of aqueous methanol is described for the extraction of phenolic
acids [22], anthocyanins [32], coumarins [35, 36], alkaloids [52]; aqueous ethanol
was used to extract phenolic compounds [23, 25-27, 50, 52], flavonoids [27, 29,
33, 58], anthraquinones [34], saponins [37, 38, 45, 46], alkaloids [41], gene-
posidic and chlorogenic acids [43], fatty acids [47, 49], diterpenes [53], catechins
[67]; and the largest yield of polyphenols from Citrus sinensis [57] was recorded
using 50% aqueous acetone. In addition, the use of water [28, 40, 42, 67], acidi-
fied aqueous alcoholic mixtures [24, 31], 50-60% ethanol with 1-2% ammonia
solution, for example, for the isolation of glycyrrhizic acid [51] or the use of ionic
liquids (IL) (1-octyl-3-methylimidazolium bromide [68]) was reported.

The efficiency of extraction is influenced by the percentage of alcohol-water
extractable mixture of solvents. Among the various ethanol concentrations, the
use of 95% ethanol showed the best optimal results for the MAE tanshinone
(tanshinone IIA, cryptotanshinone, tanshinone I) from the roots of Salvia milti-
orrhiza [52], and the use of 80% aqueous methanol was optimal for extraction of
chlorogenic and gneoposide acid [43]. When studying the concentration of
ethanol to isolate flavonoids from Cyclocarya paliurus (Batal.) [27], it was shown
that the yield of flavonoids increased when the concentrations of aqueous ethanol
ranged from 30% to 70% and at an ethanol concentration above 70% the yield
decreased. Similar patterns were also observed with MAE saponins from Panax
ginseng [38]; an increase in the yield of the derivatives was observed with varying
the concentration of ethanol from 30% to 60%, and a yield reduction using 75%
and 90% ethanol, as with a microwave power of 88 W, and as of at 162 W. In the
case of extraction of phenolic compounds from Morus alba L. [59], the highest
yield of the derivatives was achieved with 40% ethanol, while using 30, 40, 50
and 60% ethanol, the quantitative yield was lower. In MAE an increase in the
yield of the derivatives of phenolic compounds from Stevia rebaudiana, was
observed with a variation in the ethanol concentration from 0 to 75%, and the use
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of 100% ethanol reduced indices were obtained [26]. A study of the concentration
of ethanol for the isolation of glycyrrhizic acid [51] showed that an increase in the
concentration of ethanol from 0 to 50-60% leads to an increase in the degree of
recovery, whereas at concentrations from 60 to 100%, the yield is sharply re-
duced. To improve recovery, the use of 1-2% ammonia with 50-60% ethanol was
tested and it was shown that the yield of glycyrrhizic acid was significantly
increased, due to the formation of a salt having better solubility in the employed
solvent system. Extraction using 0.3 mol/l of 1-octyl-3-methylimidazolium bro-
mide was successfully used to extract curcumin and its derivatives from Curcu-
ma longa L. [68].

The decisive factor for the effectiveness of MAE is the volume of the used
solvent and the characteristics of the plant matrix. The volume of the solvent must
be sufficient to ensure that the plant matrix is completely immersed in the solvent
during the entire extraction time. In most cases, a higher ratio of solvent volume
to solid matrix can be effective in conventional extraction methods. However, in
MAE, a higher ratio may result in lower sample recovery, which may be due to
inadequate solvent mixing when exposed to microwaves. Such characteristics of
the matrix as the particle size of the sample and the state in which it is presented
for MAE can have a tremendous effect on the extraction of compounds. Fine
powders can increase the extraction process, providing a larger surface area,
which provides better contact with the solvent, but it should also take into account
the ability of the plant material to swell and the ability to mix the extracted raw
material during extraction, as well as the subsequent processing, especially at the
filtration stage. Typically, the studies provide data on the size of the extractable
particles of the plant matrix and/or the liquid/solid ratio. Thus, the study [27]
showed that the yield of flavonoids tended to increase (from 14.56 + 0.22 to
15.42 + 0.45 mg/g) with an increase in the ratio of solvent to material from 10:1
to 20:1, but the recovery rate quickly decreased at a ratio above 20:1. This is
probably due to inadequate stirring of the solvent under microwave irradiation.
On average, the liquid/solid ratio is in the range of 10 ml/g [26, 30, 38, 42, 44, 51,
53, 55, 60, 64] to 20-25 ml/g [22, 23, 27-29, 31, 32, 37, 41, 43, 45, 48, 49, 52, 54,
57, 61-63, 65].

Another factor, the influence of which must be taken into account, is the
extraction time. Typically, by increasing the extraction time, the number of
extracted substances can increase, but the risk of degradation of the derivatives
should be taken into account. Thus, from the data in Tables 1 and 2, it can be seen
that the extraction time varies from 15 s to 60 min, but on the average, 10-20 min
is sufficient for extraction [24-27, 31, 34, 35, 37, 40, 55, 61-63]. Thus, in a
number of studies good results in 15-90 s were obtained [22, 23, 33, 41, 43, 47,
54, 56, 57, 66]; however it was demonstrated that, for example, for the extraction
of active components from Pistacia lentiscus var in [28], silymarin from Silybum
marianum L. [39] or phenolic compounds from Quercus robur L. [67] extraction
took 60 min. Optimizing the extraction time is an important factor in the
efficiency of the process, since the extraction time may vary depending on the
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part of the used plant and the kind of microwave extraction. The time of
irradiation is also affected by the dielectric properties of the solvent. According to
Chan et al. [20] and Veggi et al. [70] thermal degradation and oxidation of sen-
sitive compounds are related to the time of microwave irradiation. Solvents such
as ethanol, methanol and water can be strongly heated by prolonged exposure,
thereby increasing the risk of destruction of thermolabile components. Thus, in
the study of MAE compounds from Morus alba L. [59] it was shown that when
the irradiation time was extended from 1 to 7 min, the maximum values of the
polyphenols and flavonoids were recorded, but longer heating reduced the yield
of the derivatives due to the thermal decomposition of the polyphenolic com-
pounds.

Microwave power and extraction time are two factors that greatly affect each
other. The use of low and medium microwave power with longer exposure to the
extracted material may be a more reasonable approach. As a result rapid
destruction of the cell wall occurs at a higher temperature and a higher power.
Along with the desired components, impurities pass into the solvent. At low
power levels, the cell wall rupture can occur gradually, which makes it possible to
carry out selective MAE. Thus, the extraction of saponins using the MAE method
[38], took 30 s at a power of 250 W and 180 s at a power of 88 W, whereas for a
conventional thermal extraction at 80 °C took 3 h. In a closed vessel system, the
selected power settings depend on the number of samples to be extracted, since up
to 12 vessels can be used during one extraction run. A reasonable choice of the
used power avoids an excessive temperature, which can lead to sample degra-
dation and excessive pressure inside the vessel, in the case of a closed MAE
system. In [27], data on the yield of flavonoids from C. Paliurus on the effect of
temperature (T = 40, 50, 60, 70, 80 and 90°C), at a fixed extraction time of 5 mi-
nutes, the solvent to material ratio 20:1 and using 90% ethanol as the solvent are
presented. At a solvent temperature of 40 to 80 ° C, the extraction efficiency
(from 6.17 + 0.32 to 12.99 + 0.25 mg/g) was significantly increased, which may
be due to the fact that a higher temperature leads to an increase in the molecular
interaction and increased solubility. However, higher extraction temperatures
T = 80-100 ° C showed no significant improvement in extraction, and further
heating may have negative consequences caused by degradation or conversion of
the analytes.

Microwave power and temperature are related to each other and require
special attention, especially when working with a closed vessel system. In a
closed vessel system, the temperature can be much higher than the boiling point
of the used solvent. This increased temperature leads to an increase in recovery
efficiency due to an increase in the desorption of the sample from the active sites
in the matrix. Moreover, solvents have a greater ability to solubilize the analytes
at higher temperatures. At the same time, the surface tension and viscosity of the
solvent are reduced, which improves the wetting of the sample and increases the
ability of the solvent to penetrate into the matrix. The efficiency of the solvent
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heating is also important, since the evaporation of the solvent will depend on how
quickly it heats under the action of microwaves. Therefore, optimization of this
parameter is also of paramount importance. An investigation of the influence of
different temperature regimes on the extraction of flavonoids in [27] showed that
the yield first rapidly increased with increasing temperature of the solvent from
40 to 80 °C, and then slowed down at T> 80 °C. Such effect can be explained by
the fact that the initial increase in temperature leads to an increase in solubility,
and higher temperatures have negative consequences caused by degradation or
conversion of the analytes. The optimum temperature T = 100 °C was determined
for MAE flavanoids from Stevia rebaudiana [26], and the process at T = 125 °C
and T = 150 °C reduced the yield of the derivatives.

The use of the MAE method significantly reduces the process time compared
to conventional extraction methods, as well as by ultrasonic extraction. Thus, the
MAE method of extraction of phenolic compounds from Pistacia lentiscus var.
[28] took 60 min, whereas during extraction in the Soxhlet apparatus it took 3-4 h
and 3 extraction cycles. When extracting coumarin, o-coumaric acid and melilotic
acid from Melilotus officinalis (L.), it took 8 h in the Soxhlet apparatus, 60 min
for ultrasound extraction, whereas for MAE it took only 5 min and two extraction
cycles. In MAE, tanshinones from the roots of Salvia miltiorrhiza is required only
2 min, and extraction at room temperature, ultrasound extraction and extraction in
the Soxhlet apparatus requires 24 h, 75 min and 90 min, respectively [52]. In the
case of extraction of polyphenolic compounds from the leaves of Pistacia len-
tiscus [54], the MAE process took only 60 s, the ultrasonic extraction was 15 min,
and the extraction using heating was 120 min, while the total yield of poly-
phenolic compounds was higher with MAE than with ultrasound and heating.
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Pe3rome

T. B. Xapnamosa, K. /[. IIpanues

MUKPOBOJIHOBOE U3JIYUEHUE,
EI'O BJIMSIHUE HA PACTBOPBI U UCITOJIb3OBAHUE
JJI1 DKCTPAKIIMM KOMIIOHEHTOB PACTUTEJIBHOT'O CBhIPBA
Coobmenue 1. CHCTEMBI MEKPOBOTHOBOW KCTPAKITHH
M MX MCIIOJIb30BaHKE JIJIsl SKCTPAKIIUK PUPOTHBIX COSTHHEHHUI

B 00630pe 06cyxnaroTcs OCHOBHBIE MPUHITUIIBI MUKPOBOJHOBOM JKCTPAKIUU U €€
OTJIMYHUTEIbHBIC OCOOCHHOCTH. PacCMaTpUBAIOTCS CHCTEMBI MUKPOBOJIHOBOM SKCTPAKITUH,
WX MPEUMYIIECTBA M HelMOoCTaTKU. [IpoBe/ieH aHaIM3 MCIOIB30BAHUS «3aKPBITONY» U «OT-
KPBITOI» CHUCTEMBbI MHKPOBOJIHOBOW SKCTPAKIUU JJIs U3BJICUCHUS DPA3TUUHBIX KJIACCOB
TIPUPOJTHBIX COCTUHCHUIA.

KiroueBbie c10Ba: MUKPOBOIHOBOEC M3IYYCHHUE, MPUPOIHBIC COCTUHECHUS, MUKDO-
BOJIHOBAsSI SKCTPAKITHS.
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Pesome
T. B. Xapnamosa, K. JK. ITipanues

MUKPOTOJIKBIH/IbI COVYJIEJIEHY, OHBIH EPITIHAIJIEPTE ©CEP ETVYI
’KOHE ©CIMAIK HIIKI3ATTbIH KOMIIOHEHTTEPIHIH
OKCTPAKIMA YIHIH KOJIJAHYBIL
1-11i xabapiaama. MUKPOTOJIKBIHIBI SKCTPAKINS JKYHeNepi jkoHe
ONApIBIH TYpJIepi TAOMFU KOCBUIBICTAPABI ATy YIIiH KOJIaHBIHBI3

3epTTeyne MUKPOTONKBIHABI SKCTPAKIUSHBIH HETI3T1 MPUHIIUNTEP] )KOHE OHBIH epeK-
HIENIKTEPl KapacThIpbuiaibl. MUKPOTOIKBIH LIBIFAPY XKYiesaepi, 0JapiblH apThIKIIbUIBIK-
Tapbl MEH KEMIILTIKTEepl KapacThIpbliaabl. TaOHUFH KOCBUIBICTAPIBIH OPTYPJIi CHIHBIITA-
PBIH Ty YIIIH «OKaOBIK» )KOHE «aIlIbIK» MHUKPOTOJKBIH/BI 3KCTPAKIHS KYHECIH maiinana-
HYJBI TANJAY XKYPri3iimi.

Tyiiin ce3mep: MUKPOTOJIKBIHHBIH CHIIATTaMachl, TAOUFU KOCBUIBICTAp, MUKPOTOJI-
KBIHMEH KbI3/IBIPY.
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COMPARATIVE CHARACTERISTICS OF SORPTION
PARAMETERS OF INTERGEL SYSTEMS BASED
ON POLYACRYLIC AND POLYMETHACRYLIC ACIDS
AND POLY-4-VINYLPYRIDINE AT SIMULTANEOUS
EXTRACTION OF LANTHANUM AND CERIUM IONS

Abstract. The work shows features of simultaneous extraction of lanthanum and
cerium ions by intergel systems 33%hPAA-67%hP4VP and 17%hPMAA-83%hP4VP
from common solution. It is found that formation of optimal ionization of the initial
hydrogels for sorption lanthanum ions occurs at this composition. Results showed that
during of the all time of sorption the intergel systems manifest selectivity to lanthanum.
Extraction degree (at 48 hours) are: 82.87% and 42.65% for 33%hPAA-67%hP4VP
and 72.55% and 32.22% for 17%hPMAA-83%hP4VP for lanthanum and cerium ions
respectively. Polymer chain binding degree (in relation to lanthanum and cerium ions)
are: 68.74% and 35.38% for 33%hPAA-67%hP4VP and 60.18% and 26.73% for
17%hPMAA-83%hP4VP respectively. Effective dynamic exchange capacity (in relation
to lanthanum and cerium ions) are: 5.52 mmol/g and 2.84 mmol/g for 33%hPAA-
67%hP4VP and 4.84 mmol/g and 2.15 mmol/g for 17%hPMAA-83%hP4VP.

Keywords: intergel systems, polyacrylic acid, polymethacrylic acid, poly-4-vinyl-
pyridine, sorption, La’" ions, Ce*" ions.

Introduction. Previous studies of the intergel systems, which were devoted to
sorption of various metals, showed that there is a formation of high density of
ionized groups due to mutual activation at remote interaction of rare-crosslinked
polymer hydrogels of acid and basic nature [1, 2]. Result of this phenomenon is
significant increase of sorption parameters comparatively with individual
hydrogels [3-6]. The goal of the work is study of sorption parameters of intergel
systems 33%hPAA-67%hP4VP and 17%hPMAA-83%hP4VP at simultaneous
extraction of lanthanum and cerium ions.

EXPERIMENTAL PART

Equipment. Measurements of optical density for further calculation of
lanthanum and cerium ions concentration were carried out on spectrophotometer
Jenway-6305 (UK).

Materials. Hydrogels of polyacrylic and polymethacrylic acids were synthe-
sized in presence of cross-linking agent N,N-methylene-bis-acrylamide and red-
ox system K,S,03—Na,S,0;. Hydrogel of poly-4-vinylpyridine (hP4VP) (2% of
cross-linking agent) was synthesized by «Sigma Aldrich» company. Synthesized
hydrogels were put together to create intergel pairs 33%hPAA-67%hP4VP and
17%hPMAA-83%hP4VP. Swelling degrees of the hydrogels are: oupaa=27.93
g/g; ampman=20.65 1/r; onpavpy=3.27 g/g.
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Experiment. Experiments were carried out at a room temperature. The in-
tergel systems were put into solution, which contains lanthanum and cerium ions
(0.005 M solution of 6-water lanthanum and cerium nitrates). After After that,
aliquots were taken for further calculation of rare-earth elements ions
concentration during 48 hours.

Methodology of lanthanum and cerium ions determination. Methodology of
lanthanum and cerium ions determination in solution is based on formation of
colored complex compound of organic analytic reagent arsenazo III with rare-
earth metals ions [7].

Lanthanum and cerium ions extraction degree (sorption degree) was calcu-
lated in accordance with equation:

_ Cinitial — Cresidual

* 1009
Cinitial &
where Ci,a 18 initial concentration of the metals in solution, g/L; Ciesiqual 1S
residual concentration of the metals in solution, g/L.
Total polymer chain binding degree was calculated as follows:

v
0 =24, 100%
where Vgomed 18 quantity of polymer links with sorbed metal, mol; v is total
quantity of polymer mass (if there are 2 hydrogels in solution, it is calculated as
sum of each polymer hydrogel mass), mol.

Effective dynamic exchange capacity was determined by calculations in

accordance with equation:
__ Vsorbed

Mgorbent

where Vgorbed 1S amount of sorbed metal, mol; mggpene 1S sorbent mass (if there are
2 hydrogels in solution, it is calculated as sum of their masses), g.

RESULTS AND DISCUSSION

These composition (33%hPAA-67%hP4VP and 17%hPMAA-83%hP4VP)
of hydrogels in the intergel systems were taken for selective sorption of
lanthanum ions from the solution, which contains ions of lanthanum and cerium.
The mentioned ratios were selected due to the fact that in the intergel system
hPAA-hPAVP and hPMAA-hP4VP there is an occurrence of maximum lan-
thanum sorption [8,9].

As seen from table 1, the extraction of lanthanum ions by the intergel system
33%hPAA-67%hP4VP is more intensive comparatively with cerium extraction.
The main reason of it is formation of optimal ionization for lanthanum ions
sorption. During of time of sorption of the mentioned above rare-carth elements
amount of extracted lanthanum is almost 2 times higher in comparison with
cerium. As a consequence, extraction degree of the intergel system at 48 hours
has the following values: 82.87% for lanthanum and 42.65% for cerium.
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Table 1 — Extraction degree of lanthanum and cerium ions

by intergel systems 33%hPAA-67%hP4VP and 17%hPMAA-83%hP4VP

T, 33%hPAA-67%hP4VP 17%hPMAA-83%hP4VP

h n (La™), % n(Ce™), % n (La™), % 0 (Ce™), %
0.5 21.84 9.88 12.35 3.35

1 32.36 15.32 23.29 8.85

2 38.94 23.02 30.23 11.65

6 51.45 24.49 41.52 17.63
24 70.73 34.27 63.13 24.46
48 82.87 42.65 72.55 32.22

As can be seen from table 1, sorption degree of lanthanum ions is almost
2 times higher comparatively with this parameter in sorption of cerium at simul-
taneous sorption of the rare-earth elements by intergel system 17%hPMAA-
83%hP4VP. Sharp increase of extraction degree is observed during first 6 hours,
the parameter has values: 41.52% for lanthanum ions and 17.63% for cerium ions.
Further increase of sorption degree of the both metals occurs not so intense. As
seen from the obtained data, at 24 hours of the hydrogels remote interaction
61.13% of lanthanum and 24.46% of cerium is extracted from the solution, at
48 hours — 72.55% of lanthanum and 32.22% of cerium is extracted from the
solution. These data show that selectivity is manifested to lanthanum ions.

In table 2 represented dependence on polymer chain binding degree (in rela-
tion to lanthanum and cerium ions) of the intergel systems 33%hPAA-67%hP4VP
and 17%hPMAA-83%hP4VP versus of duration. Obtained data shows, that
sorption of the both metals by intergel system 33%hPAA-67%hP4VP provides
selectivity to lanthanum ions. At 6 hours of remote interaction of hydrogels of
PAA and P4VP 42.67% of lanthanum and 20.31% of cerium is extraction from
the solution. Maximum values of binding degree of the both rare-earth elements
are reached at 48 hours. At this time 68.74% of lanthanum and 35.38% of cerium
is bind from the solution.

Intensive binding of lanthanum and cerium ions from the common solution is
observed during 6 hours of remote interaction of polymer hydrogels of polyme-
thacrylic acid and poly-4-vinylpyridine. At this time the intergel system
17%hPMAA-83%hP4VP binds 34.44% of lanthanum and 14.62% of cerium.

Table 2 — Polymer chain binding degree (in relation to lanthanum and cerium ions)
of intergel systems 33%hPAA-67%hP4VP and 17%hPMAA-83%hP4VP

T, 33%hPAA-67%hP4VP 17%hPMAA-83%hP4VP
h 0 (La®), % 0 (Ce™), % 0 (La®"), % 0 (Ce™), %
0.5 18.11 8.19 10.24 2.78

1 26.84 12.70 19.32 7.34

2 32.30 19.09 25.08 9.66

6 42.67 2031 34.44 14.62
24 58.67 28.43 5237 20.29
48 68.74 35.38 60.18 26.73
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High values of polymer chain binding degree point to highly ionized state of
initial hydrogels in the intergel pair. At 48 hours 60.18% of lanthanum and
26.73% of cerium is bind by the intergel system hPMAA-hP4VP. Obtained re-
sults show that selectivity is mainly manifested to lanthanum ions.

Table 3 represents dependence of effective dynamic exchange capacity (in
relation to lanthanum and cerium ions) of the intergel systems hPAA-hP4VP and
hPMAA-hP4VP from time. In case with intergel system 33%hPAA-67%hP4VP
values of exchange capacity in case of lanthanum sorption are much higher
comparatively to cerium sorption. Strong increase of effective dynamic exchange
capacity (in relation to the both metals) is observed during 6 hours of the
hydrogels interaction, what, in turn, indicates to high level of polymer structures
ionization in result of their mutual activation. Obtained data show that final values
of effective dynamic exchange capacity (at 48 hours) at lanthanum ions extraction
are almost 2 times higher in comparison with cerium sorption.

Table 3 — Effective dynamic exchange capacity (in relation to lanthanum and cerium ions)
of intergel systems 33%hPAA-67%hP4VP and 17%hPMAA-83%hP4VP

L 33%hPAA-67%hP4VP 17%hPMAA-83%hP4VP
h Q (La*"), mmol/g | Q (Ce*"), mmol/g | Q (La*"), mmol/g | Q (Ce*"), mmol/g
0.5 1.46 0.66 0.82 0.22

1 2.16 1.02 1.55 0.59

2 2.60 1.53 2.02 0.78

6 3.43 1.63 2.77 1.18

24 472 2.28 421 1.63

48 5.52 2.84 4.84 2.15

Table 3 also shows dependence of effective dynamic exchange capacity of
the intergel system 17%hPMAA-83%hP4VP from time. High ionization level of
the initial polymer structures of PMAA and P4VP in the intergel system provides
significant increase of the parameter. Sharp increase during the remote interaction
of the hydrogels occurs during 6 hours. At 48 hours of interaction the maximum
values of exchange capacity are reached, values of capacity at lanthanum sorption
are over 2 times higher comparatively with cerium sorption.

Conclusion. Basing on obtained results of the conducted studies it is
possible to conclude that the intergel systems 33%hPAA-67%hP4VP and
17%hPMAA-83%hP4VP extract ions of lanthanum and cerium from the common
solution, wherein selectivity is manifested to lanthanum ions. Extraction degree of
lanthanum and cerium ions (at 48 hours) is: 82.87% and 42.65% for
33%hPAA-67%hP4VP and 72.55% and 32.22% for 17%hPMAA-83%hP4VP.
Polymer chain biding degree (in relation to lanthanum and cerium ions) is:
68.74% and 35.38% for 33%hPAA-67%hP4VP and 60.18% and 26.73% for
17%hPMAA-83%hP4VP. Effective dynamic exchange capacity (in relation to
lanthanum and cerium ions) is: 5.52 mmol/g and 2.84 mmol/g for 33%hPAA-
67%hP4VP and 4.84 mmol/g and 2.15 mmol/g for for 17%hPMAA-83%hP4VP.
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Pe3ome
T. K. ’Kymaoinos, P. I'. Konoaypos

TTOJIMAKPIII )KOHE INOJIMMETAKPWJI KbIIIKBIJITAPBI MEH
OJIN-4-BUHWJINTUPUIVMH HETI3IHAEL'T MIHTEPTEJIB/II XKYMEJIEPIIH,
JIAHTAH XXOHE LIEPMI MIOHIAPBIH BIP ME3T'UIJE AJIY KE3IH/IET'T
COPBIIMAJIBIK ITAPAMETPJIEPIHIH, CAJIBICTBIPMAJIBI CUITATTAMACHI

Kymbicra 33%rI1AK-67%rI14BIT xone 17% rIIMAK-83% rllI4BI1 unreprensai
KYHelepMeH JaHTaH JXOHE IEepHiH HMOHIAPBIH JKAIIBl epiTiHxiaeH Oip Mmesringe amy
epeKmenikTepi KapacTelpbutrad. Ochl KaThlHaC Ke3iHAE JIaHTaH MOHJAAPBIH copOuumsuiay
YIIH KBIIKBUIIBIK JKOHE HETi3TIIK 0acTamKbl MOJMMEPIIK THAPOTEIBIACPIHIH OHTAMIIBI
MOHAAHYBI Malija G0NMaTHIHBI AHBIKTANABI. AJIBIHFAaH MATIMETTEPCH, KAIIBIKTHIKTAH 63apa
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OpeKeTTeCyAiH OapiIbIK YaKbIThI IIHAC HHTEPIrebdl KYHEIepaiH JaHTaH HOHAAphIHA
CCJICKTUBTIIIK TAHBITATBIHBIH KOpyre Ooazpl. JIaHTaH jKoHE LEpUH HOHIAPBIH aly Aope-
Kecl MbIHaai Mouepre ue (48 carat eTkeHHeH keitin): 33% rl1AK-67% rl14BII yuin -
82,87 xone 42,65% xone 17% rIIMAK-83% rlI4BIlymia - 72,55 xone 32,22%.
[Monumepik Ti30ekTiH Oaitnanbicy Aopexeci (JlaHTaH KoHE LIEPUH MOHAAPHIHA KAThICTHI)
MbIHaait Monzaepre ue: 33% rI1AK-67% rlI4BII yurin - 68,74 xane 17% rIIMAK-83%
rl14BIT ymrir 35,38% - 60,18 xoHe 26,73%. TuiMImi DWHAMHKAIBIK aIMacy CBIHBIM-
IBUIBIFEI (JIAHTAaH JKOHE epuil moHmapbiHa KaThICTh): 33% TIIAK-67% rII4BII ymrin -
5,52 xone 2,84 mmons/r xoHe 17% TTIMAK-83% rll14BIlymin - 4,84 xone 2,15 MMOITB/T
Kypanasl.

Tyiin ce3gep: THIpOTeNBbACP, MOTHAKPHI KBIIIKBUIIB, MOTMMETAKPUI KBIIIKBLIH,
TTONTN-4-BUHIIIAPHUINH, COPOLIHS, La** HOHJAPHI, ce HOHIAPHL

Pesome
T. K. /Prcymaounos, P. I'. Konoaypos

CPABHUTEJIbHA A XAPAKTEPUCTUKA COPBLIMOHHBIX [TAPAMETPOB
UHTEPT'EJIEBBIX CUCTEM HA OCHOBE ITOJIMAKPUJIOBOI
U TIOJIMMETAKPUJIOBOM KMCJIOT U [OJIU-4-BUHWITTUPUIUHA
ITP11 OJHOBPEMEHHOM UM3BJIEYEHMI NOHOB JIAHTAHA U IEPUA

B pabote paccMoTpeHBbl 0COOEHHOCTH OHOBPEMEHHOTO M3BJICUCHHUSI HOHOB JIAHTAaHA
u nepwust uarepreneBbiMu cuctreMamu 33%rITAK-67%TrI14BIT u 17%rIIMAK-83%rI14BII
13 00IIero pacTBopa. Y CTaHOBIEHO, YTO MPH JAHHBIX COOTHOIICHHSIX 00pa3yeTcsi ONTH-
MaJbHasl MOHU3AIMS UCXOJHBIX MOJUMEPHBIX TUIPOresiell KUCIOTHON U OCHOBHOM MpH-
POJIBI TIPEUMYIIIECTBECHHO TSI COPOIIMH MOHOB JIaHTaHa. /3 MOMYYCHHBIX MAHHBIX BHUIHO,
YTO Ha MPOTSHKEHWH BCETO BPEMEHU TUCTAHIIMOHHOTO B3aWMOJICUCTBUS MHTEPreJIeBbIC
CUCTEMBI MPOSIBIISIOT CEIEKTUBHOCTh K MOHAM JiaHTaHa. CTeneHb W3BJICUEHHs] HOHOB JIaH-
TaHa ¥ MEpHs UMEET CIICAyIoHe 3HadeHus (10 ucteueHnn 48 4): 82,87 u 42,65% mns
33%rIIAK-67%rII4BIT u 72,55 u 32,22% nna 17%rIIMAK-83%rII4BII. Crenens
CBSI3BIBAHMS IOMMUMEPHON Ieru (10 OTHOIICHWIO K WOHAaM JIaHTaHa W IIepUs) HMeeT
crenytomue 3HaueHus: 68,74 u 35,38% mna 33%rIIAK-67%rII4BII u 60,18 u 26,73%
mrs 17%rIIMAK-83%rII4BII.  DddextuBHass auHAMHUYEecCKas OOMEHHas EMKOCTh
(10 OTHOIICHWIO K HOHAM JIAHTaHA W IIEpHUsi) CocTaBiseT: 5,52 u 2,84 MMonb/T s
33%rITAK-67%rI14BII u 4,84 u 2,15 mmoms/t mst 17%rIIMAK-83%rI14BII.

KitioueBble c10Ba: TUAPOTENH, TOJHAKPIIIOBAS KUCIOTA, TTOJTUMETAKPUIIOBAs KHC-
JIOTa, TOJIN-4-BUHWIMUPUIAH, COPOLIUS, HOHBI La*", nonst Ce*".
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RELEASE OF ANESTHETIC DRUGS FROM HYDROGEL BASED
ON POLYHYDROXYETHYLMETHACRYLATE

Abstract. The release of anesthetic drugs from polymeric hydrogel based on poly-
hydroxyethylmethacrylate has been studied. The influence of various factors on process of
release drugs from polymeric hydrogels was described. Anesthetic, evenly dissolved in
polymeric matrix, was released in model media by the mechanism of diffusion with rate
reduction.

Keywords: release, polymeric hydrogel, polyhydroxyethylmethacrylate, lidocaine,
novocaine.

The large perspectives in the field of biotechnology are connected to poly-
meric hydrogels - the materials capable to absorb abnormal amount of water and
dissolved the low-molecular substances. Despite of rather recent history hyd-
rogels have already found wide application in various areas of biomedicine such
as eye contact lenses, cosmetic artificial limbs, hygienic and dressing means,
dental products and orthopedic materials [1-3]. Good compatibility with tissue of
living organism, high permeability for various substances, transparency, hydro-
philicity, nontoxicity are the basic advantages of hydrogels.

The wide application of hydrogels on the basis of synthetic polymer poly-
hydroxyethylmethacrylate (poly-HEMA) has received in the medicine. Polymeric
gels based on poly-HEMA have high biocompatibility, elasticity similar to
consistence to soft tissues of organism, have no antigenic and irritating properties
[4]. Research of behaviour of materials from poly-HEMA in various environ-
ments has shown that catalytic active surroundings of organism do not cause
destruction hydrogels for a long time.

The perspective and interesting field of HEMA-hydrogels application is
systems of controlled delivery of medicinal substances. Earlier we have shown
the possibility of application of such systems for treatment of infected cavities
and purulent wounds.

Purpose of the present work is the study of various factors influenced on
process of anesthetic drugs release from polymeric hydrogels based on poly-
HEMA.

EXPERIMENTAL PART

Local anesthetics lidocaine and novocaine were used pharmaceutical grade
purity. Hydroxyethylmethacrylate company "Aldrich" (USA) was used without
further purification.
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Polymeric hydrogels on a basis poly-HEMA were synthesized according to
the below-mentioned procedure. Materials in form of soft elastic plate were recei-
ved by polymerization of reacting mixture consisting from hydroxyethyl-
methacrylate (25-28 weight%), hydroxyethyldimethacrylate (1,2-2,5 %), water
(65-70 %), ammonium persulphate (0,05 %) and drug (4-5 %). Reacting mixture
was placed on Petri diches and heated at 90-100°C within 2,5 h. As result the soft
porous plate in form of disk in diameter 20-25 cm and thickness 0,4-0,5 cm
containing dispersed drugs was received.

The release of drugs from polymer samples was studied under conditions in
vitro at 37°C with help of the UV-spectroscopy. Spectra were recorded in quartz
cuvette with thickness of 1 cm at spectrophotometer "Specord UV-VIS” (Japan).

RESULTS AND DISCUSSION

In order to estimate prolongation period of drugs the influence of different
factors such as immobilization method, concentration of branching agent, content
of water and drug on process of drug release from polymeric hydrogels was
investigated. It was shown that drugs could be introduced into polymeric matrix
not only during polymerization but also by way of sorbtion from water solutions.
It is established that change of drug concentration in solution does not exert
essential influence on sorbtion rate by hydrogel. At the same time, with increase
of drug concentration in solution the increase of its limiting concentration in
polymer was observed. The nature of drugs and its chemical structure rendered
the certain influence on sorbtion process. The rate of diffusion was inversely
proportional to the size of drug molecule.

The release of drugs from polymeric hydrogels in water was studied by
means of method of UV-spectroscopy. It was established that process of release
occurs on the mechanism of diffusion with reduction of rate. It was shown that
values of diffusion coefficients of drugs was not differ both at their introduction
in polymer by sorbtion and at introduction during polymerization. Drugs were not
interacted chemically with polymeric matrix and dissolved in water filling pores
of hydrogel. Typical curves of novocaine release are presented at figure 1.

The values of the diffusion coefficients of novocaine release are summarized
in the table. The rate of drug release from hydrogels can be regulated by changing
of the physical structure of polymer. With the increase of water content in poly-
HEMA the release rate of drugs increases. The most suitable to the use as the
carrier of drugs is hydrogel with the content of water from 65 up to 75 %. The
increase of the water content is higher than those limits results in deterioration of
durability and uniformity of hydrogel. The polymers consisting amount of water
less than 65 % became rigid and fragile.

The influence of concentration of branching agent on rate of diffusion of
lidocaine hydrogel was investigated. It was shown that this dependence had
extreme character (figure 2). At increase of concentration diethyl ether of di-
methacrylic acid up to the certain limit (from 1,0 up to 2,5 wt %) the diffusion
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Figure 1 — Release of novocaine from poly-HEMA hydrogels at different H,O content:
1-75,2-70,3-65%

Diffusion coefficients of novocaine release from poly-HEMA hydrogels

H,0 content: (wt.%) D, 10 cm%s
60,0 3.4
65,0 4,1
70.0 4,2
75,0 4.4
80,0 5,8

coefficient of drug decreases. Concentration of branching agent in these limits is
optimum as it provides the optimum pore sizes within the limits of 10” - 10~ cm.
The time of dosed and prolonged release of drugs achieved up to 1,5-2,0 days The
increase of concentration of branching agent higher than 2,5 wt %, resulted in
sharp increase of rate of drug diffusion from hydrogel. I this case the desorbtion
of drug occured only from surface of hydrogel. With increase of drug content in
polymer the release rate insignificantly reduces.

Medical and biologic tests of poly-HEMA hydrogel have shown that
received material did not render toxic, irritating and allergenic actions on the
organism of experimental animals (white rats, guinea pigs). Clinical tests estab-
lished that the bandage from hydrogel was antitraumatic, easily modeled to
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Figure 2 — Dependence diffusion coefficient
of lidocaine release versus concentration of branching agent

wounds, absorbs purulent liquid. Moreover, it promoted the long release of drug
into wounds resulted in their fast sanitation.

Conclusion. The researches have shown the opportunity of regulation of
drug release from hydrogels based on hydroxyethyldimethacrylate depending on
chemical compound and physical structure of polymer. The sustained drug release
from gels provides prolonged therapeutic effect. The developed polymeric ma-
terials with controlled anesthetic action have shown the high efficiency for pain
treatment.

The research was carried out according to the scientific and technical prog-
ram No. BR05234667 within the framework of program-targeted financing CS
MES RK.
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Pesome
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I[MOJIMTMAPOKCUDTUIIMETAKPUIIAT HETT3IHJETT
I'MAPOTI'EJIBAEPIEH AHECTETUKTEP/II BOJIY

[oauruapOKCUITUIIMETAKPHUIIAT HETI3IHJErl MOJIMMEPIiK THUAPOTENbJCH aHecTe-
TUKTEpIiH Oeminyi 3eprrenini. [lonumepiik ruaporenbIeH A9PiiiK 3aTTapAblH MIbITYbIHA
opTypii (aKTOpJIApHBIH dcepi kepceriired. [loguMep OOMBIHAA epireH AOPITIK 3aT JKbLI-
JaMIBIFBIH Oastynail oTeIpbiH quddy3us MexaHn3Mi OOMBIHIIIA MOJIETIB/II OpTaFa LIBIFa/Ibl.

Tyiiin ce3mep: Oocary, monmMmepili THAPOTeNb, MOJUTHIPOKCHITUIMETAKPHIIAT,
JIUJIOKauH, HOBOKAWH.

Pesrome
E. O. Bamwipbexos, T. K. /picymaounos, M. b. Ymepsaxosa, A. E. Bopucosa

BBICBOBOXJIEHUE AHECTETUKOB U3 T'UJIPOTI'EJIEM
HA OCHOBE ITOJIMT'MAPOKCUDTUJIMETAKPUIIATA

N3yyeHo BBICBOOOXIIEHHE aHECTETHKOB W3 IIOJIMMEPHBIX THIPOTENied Ha OCHOBE
MOJIMTHPOKCHITHIMETaKpriIaTa. OMKUCaHO BIHMSHUE Pa3MYHBIX (PaKTOPOB Ha IPOILECC
BBICBOOOYK/ICHHSI JIEKAPCTBEHHBIX ITPENapaToB M3 MOJMMEPHBIX THApOTesied. AHECTETHK,
PaBHOMEPHO PACTBOPEHHBI B ITIOJIMMEPHONW MaTpHIlE, BHICBOOOXIAETCS B MOJEIIBHBIC
cpenbl o MexaHu3My Iuddy3un ¢ yMEeHbIIEHHEM CKOPOCTH.

KnioueBbie cji0Ba: BEICBOOOXKICHNUE, TOIUMEPHBIH THIPOTEIb, MOIUTHAPOKCUITHII-
METaKpHJIaT, TUJOKANH, HOBOKAHH.
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PHASE STATE AND RHEOLOGICAL PROPERTIES
OF SOLUTIONS OF POLYAMIDE BENZIMIDAZOLE
IN DIMETHYLACETAMIDE

Abstract. The article explores solutions poliamidbenzimidazole used to obtain high-
strength heat-resistant fibers and reinforced plastics produced by using precipitants.
Investigated rheological properties 5% of the reaction mixtures and solutions poliamid-
benzimidazole with polysulfone in DMAA with addition of 3% LiCl, to improve
solubility of the polymer. Is constructed part of the phase diagram corresponding to the
investigated area of concentration. Shown that viscosimetric and optical methods clearly
indicate the existence of a thermodynamic transition in the system poliamidbenzimi-
dazole-DMAA. Also were investigated viscosity properties of mixtures of the solutions
poliamidbenzimidazole with PSF in DMAA at different temperatures.

Keywords: poliamidbenzimidazole, a rigid chain polymer, the liquid crystal phase,
dimethylacetamide, phase diagrams, rheological properties, solutions of polymer, vis-
cosity.

Introduction. Polyamidobenzimidazole (PABI) is a typical representative of
rigid-chain polymers. It is used to produce heat-resistant high-strength fibers and
reinforced plastics, including in a mixture with conventional thermoplastics [1].
Sulfuric acid solutions of PABI can form a liquid-crystalline (LC) phase, the
nematic order is retained in the PABI after the polymer is separated from the
solution by the action of precipitators. At the same time, in the solutions in dime-
thylacetamide (DMAA) containing up to 20% of the polymer, the formation of
the LC phase was not observed due to the fact that the rigidity of the polymer
chain in this solvent decreases [2]. However, this does not exclude the appearance
of an LC state at higher concentrations of PABI.

Fibers based on PABI are obtained by spinning from reaction solutions
(polycondensation syrups) directly formed during its synthesis, in particular in
DMAA medium, by a "wet method", i.e. using precipitators at room temperature.
In this case, the conditions for spinning fibers from solutions are determined by
the evolution of the phase states of solutions through the stages of the process
(precipitation, gel fiber extraction, drying, heat treatment, etc.). Hence the prob-
lem arises of estimating the rheological properties of PABI solutions in connec-
tion with its phase state. The main role in this is played by the temperature factor,
since the concentration of PABI solutions can vary only within very narrow limits.

As already mentioned above, the viscosity properties of solutions of rigid-
chain polymers are very sensitive to phase transitions. This is particularly pro-
nounced in the formation of the LC phase [3] or in the amorphous separation of
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solutions or mixtures of polymers. Not being a thermodynamic parameter, the
viscosity, however, turns out to be a sensitive indicator of phase transformations
in solutions.

EXPERIMENT

Proceeding from the above, the following problems were solved in the
article. First, the study of the rheological properties of 5% reaction solutions of
PABI and its mixtures with polysulfone (PSU) in DMAA supplemented with 3%
LiCl, improving the solubility of the polymer [4], and, secondly, the detection and
description of temperature transitions in these systems that are associated with the
phase changes occurring in the system when it is heated.

Characteristics of objects. The PABI sample of the following chemical
structure was used:

THN‘@? < yNHL()‘_{ ch')TLm

Its molecular weight was determined from the intrinsic viscosity [n]
measured at 20°C. in DMAA supplemented with 3% LiCl. It is [n] = 7.2 dl/g.
When calculating using the data of [4], this value of the intrinsic viscosity
corresponds to a average viscosity molecular weight of 7.1-10%.

As a second component of the mixture PSU obtained on the basis of diphe-
nylolpropane and 4-dichlorodiphenylsulfone, was used. The structural formula of

this polysulfone is:
CH,
OO0k
b, n

Estimates of the molecular weight of the sample used, based on its intrinsic
viscosity, gave a value of 4-10%, i.e. the value is close to the molecular mass of the
PABI sample.

Solutions containing 5% PABI were obtained directly during polymer
synthesis in DMAA + 3% LiCl. From this, solutions of lower concentration were
prepared by dilution. Solutions of PABI-PSU mixtures containing a total of 5% of
these polymers, but with a different ratio of components, were obtained by adding
to the initial 5% PABI solution the necessary amounts of an equiconcentrated
PSU solution.

All PABI solutions remained clear and stable at room temperature for at least
6-8 months under conditions of their protection against air moisture. According to
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the measurement of their turbidity spectra [5, 6], these solutions are practically
homogeneous systems. Estimates of the size of heteroformations showed that
their effective diameter does not exceed 0.02 microns, which corresponds to the
lower limit of the sensitivity of the method.

The PABI-PSF systems in DMAA with the addition of 3% LiCl remained
visually transparent for several tens of hours (depending on the ratio of the
polymers). However, later they became turbid. This indicates that these systems
can be considered only as kinetically compatible, but from the thermodynamic
point of view the components in these systems are incompatible.

RESULTS AND DISCUSSION

Rheological properties and phase state of PABI solutions. In figure 1 pre-
sents experimental data on the dependence of the effective viscosity of n 5%
PABI solutions on the shear rate ¥ at various temperatures.

%*
2.4, 190 [Marq]
Sm
2.0+ \\
4 .
\.\
1.6 o\.\ ~ ;
h
D—-D—-’D—D\ED—_Q\D\D 5
1.2
O—_Q—O_Q_MO\O\Q} 3

04 00 04 08 12 1.6 20 .
Igyle]

Figure 1 — Curves of the flow of 5% PABI solutions in DMAA at different temperatures:
20 (1), 60 (2), 108 (3), 116 (4), 121 ° C (5)

In all cases, a non-Newtonian flow characteristic of polymer solutions is
observed with a drop in the effective viscosity with increasing shear rate. Howe-
ver, experimental data also demonstrate another significant difference in the be-
havior of solutions at low temperatures (curves /-3) and at elevated temperatures
(curves 4 and 5) with a change in the character of the rheological properties
between 108 and 1160C. In the low-temperature region, a region of Newtonian
flow is reached in a rather wide range of shear rates, which indicates that the
structure of the solution remains unchanged. An increase in temperature in this
range leads, as usual, to a decrease in viscosity. Qualitatively, in a similar way,
the change in 7 with the shear rate and temperature also occurs in the case of
solutions with a lower PABI content.
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Of particular interest is the high-temperature region. As can be seen, in this
case the tendency to reach a region of constant (the highest Newtonian) viscosity
vanishes when the shear rate decreases in the region of low velocities, as is obser-
ved at lower temperatures. Similar behavior is observed at other concentrations of
PABI

It was found that the relationship between the speed and the shear stress of
the system in this case (i.e., in the high-temperature region) is well described by
the well-known Casson equation [4]:

705 _ 2'3'5 +a7°'5 (2.8)
where 7 — is the shear stress; 7y — is the fluidity limit; & — is a parameter that
depends on the composition of the system.

The applicability of this equation to the systems studied is illustrated in
figure 2. As you can see, the experimental points really lie on the straight lines
constructed in the coordinates of the Kasson equation. The Kasson equation is
widely used to represent the rheological properties of many heterophase low- and
high-molecular systems, such as paints containing a pigment, greases, polymers
filled with active fillers. A characteristic feature of all these systems is the
presence of a structural framework in them, subject to failure at shear stresses
exceeding the fluidity limit, which is thus a measure of the strength of the solid
structure of the substance. For a 5% solution of PABI, the value of zyat 118°C
turned out to be 78.0 Pa.
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Figure 2 — Experimental data of a mixed 5% solution of PABI and PSU
in DMAA of the dependence of shear stress on velocity in the coordinates of the Casson equation.
The ratio of PABI: PSU =100: 0 (1), 90:10 (2), 70:30 (3), 50:50 (4). The temperature is 118°C

Thus, if in the low-temperature region the systems studied were solutions,
then upon transition to the high-temperature region they undergo an obvious
transition with formation of a structure and transformation into visco-plastic
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bodies possessing a definite and quite noticeable strength of structure. At the
same time, it should be noted that the partial replacement of the PABI on the PSU
(sequential transition from graph / to graphs 2, 3 and 4) leads to a decrease in the
yield strength, i.e. structures formed with the participation of PSU , have less
strength than PABI.

For completeness of the viscous properties of PABI solutions, the obtained
data on the concentration dependence of viscosity are also given. This is done in
figure 3, where the concentration dependence of the activation energy of viscous
flow is also shown. The data presented here relate to the Newtonian flow region,
i.e. to systems in an equilibrium state.
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Figure 3 — Dependence of the viscosity and activation energy of the viscous flow
of PABI solutions in DMAA in the region of existence of homogeneous systems

As can be seen, when passing from a pure solvent to a 5% solution, the vis-
cosity significantly increases — by more than four decimal orders, which is typical
for solutions of rigid-chain polymers. Comparison of the viscous properties of 5%
solutions of PABI and flexible non-polar polyisobutylene in isooctane [7, 8]
shows that for an equal degree of polymerization of both polymers, the viscosity
of the 5% PABI solution is ~3-10* times higher than the solution of polyisobu-
tylene. This is characteristic of rigid-chain polymers and indicates a relatively
high degree of structuring of PABI solutions with the formation of apparently
quite stable associates. Nevertheless, judging by the stability of the rheological
properties, it can be said that the PABI-DMAA system in this composition region
forms an equilibrium solution.

In accordance with the high rigidity of the PABI macromolecules, and the
activation energy of the flow of the 5% PABI solution (figure 1), calculated from
the data of Fig. 3 in the region ~ 20-100°C using the usual exponential equation
of the Arrhenius equation type, it turns out to be ~2 times more than in the case of
a flexible-chain polymer solution. These rheological data confirm the initial idea
that PABI is a rigid-chain polymer.
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For the purposes of this study, in which the evolution of rheological proper-
ties is closely related to the phase state of the system, the analysis of the tempe-
rature dependence of viscosity is of fundamental importance. From Fig. 1 that
there are certain anomalies here, since, when passing through a critical tempera-
ture region, the viscosity can decrease. This question was considered in detail in
[9, 10].

The main experimental result related to this field of research is the observed
effect of an extreme change in the viscosity of the PABI-DMAA system with a
clearly pronounced minimum observed in the same temperature range as in Fig. 1
there is a change in the character of the rheological behavior of the system with
the transition from the state of a viscous liquid to a viscoplastic medium. This
effect is shown in figure 4.

It should be noted that this graph shows the values of the effective viscosity
at a sufficiently high shear rate when it comes to a structure partially destroyed by
deformation. Naturally, such a dependence can not be constructed for the low-
stress region, since there is no flow of the systems under consideration in the
high-temperature region.

The lower point of the "fracture" -the transition from the falling branch of the
temperature dependence of the viscosity to the increasing branch of this depen-
dence will be denoted as T,,;,- The physical meaning of the existence of the point
T,in 18 quite obvious: this is a transition between two different states of the
system, which leads to a change in its structure and corresponding changes in the
rheological properties.
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Figure 4 — Temperature dependences of the viscosity of the PABI-DMAA system
at a polymer concentration of 3.0 (1), 3.5 (2), 4.0 (3), 4.5 (4) and 5.0 wt. %.
Shear rate = 13.5 5™

Changes in rheological properties are as follows: a viscous liquid is trans-
formed into a viscous plastic medium, which at the same time begins to show
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elasticity. The latter is expressed by the fact that, at elevated temperatures, the
Weissenberg effect is clearly pronounced [3, 4]: the sample under study begins to
"crawl" out of the working gap between the stationary and rotating surfaces in a
rotational instrument.

The drop in viscosity with increasing temperature in the low-temperature
region seems quite trivial, but its growth after passing through the point T,;, is a
specific feature of solutions of rigid-chain polymers. Previously, a similar effect
was described for some other solutions of rigid-chain polymers - aqueous solu-
tions of methylcellulose and polymethacrylic acid [11] and was associated with
gelation of solutions — the formation of a non-flowing gel.

The data in figure 4 allow us to construct a section of the phase diagram
corresponding to the investigated concentration region. It is shown in figure 5.
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Figure 5 — Section of the phase diagram showing the concentration dependence
of the transition temperature from a viscous liquid to a viscoplastic medium
for the PABI-DMAA system

Studies have shown that an increase in viscosity with increasing temperature
after passing through a minimum is reversible, and when cooled, the viscosity
reaches its initial value. This means that the transition shown in figure 5, is rever-
sible and can be regarded as a true thermodynamic transition.

An additional independent evidence of the existence of a transition at T,;, is
the results of measurements of the temperature dependence of turbidity 6. The
corresponding experimental data are shown in figure 6.

These data clearly show the existence of a transition at a temperature T,
detected by increasing the turbidity of the system, which indicates the appearance
of heterogeneity of the system due to the formation of a new phase.

Some discrepancies in the values of the transition temperature, found when
comparing figures 4 and 6 are explained by the features of the applied techniques
and, in particular, by the kinetic nature of the transition inherent in polymer
systems.
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Figure 6 — Dependence of turbidity of 5% PABI-DMAA systems on temperature

A direct proof of the heterogeneity of the structure in the PABI-DMAA
system formed in the high-temperature region is the microphotography of the
systems (figure 7).

Figure 7 — Microphotography of the 5% PABI-DMAA system at 128°C

The particles visible on this photomicrograph with average diameters and
lengths of the order of 5 and 25 um, respectively, are already secondary forma-
tions formed as a result of agglomeration of the polymer phase during the syne-
resis of the solvent. Their size, in principle, should depend on the heating mode.
As for the manifestation of birefringence by these particles, this can be caused
either by the mesophase nature of the highly concentrated system or by the
photoelastic effect known for the polymer jelly effects due to shrinkage pheno-
mena in the process of syneresis.
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Thus, both viscometric and optical methods clearly indicate the existence of
a thermodynamic transition in the PABI-DMAA system.

If we follow the Papkov classification [11], then the detected transition
should be treated as a liquid-gel transition. At the same time, the mechanism of
decay of the systems under study when heated into separate phases requires
special discussion. Such a discussion is connected with some general conside-
rations based on the known for many systems polymer-solvent and polymer-
polymer phase decay by the spinodal mechanism [11]. In this case, as the binodal
is approached, an anomalous increase in the viscosity and activation energy of the
flow is observed, which is believed to be due to the formation of associates of
macromolecules [12]. The transition to the metastable region between the binodal
and the spinodal can be accompanied by a strong decrease in viscosity. After
passage of the spinodal and completion of the decomposition of the system into
separate phases, the viscosity is determined by the morphology of the mixture,
and the viscosity of its components and, as a rule, increases due to gelling.

As for the PABI-DMAA system under investigation, it was established in
[13, 14] that the initial solutions of PABI containing up to 20% of the polymer, as
well as the fibers obtained from them, are in the amorphous state before the heat
treatment stage. This suggests that the decay of PABI solutions upon heating
should also take place in a liquid-liquid manner, i.e. by the mechanism of amor-
phous nucleation. It should also be added that the character of the section of the
phase diagram shown in figure 5, can be considered as an additional argument in
favor of the amorphous separation of the system. These experimental results
suggest that the PABI-DMAA system has a lower critical mixing temperature.

It should be taken into account that PABI, being a rigid-chain polymer, tends
to form an LC phase in a number of solvents. Therefore, it can be assumed that on
the threshold of amorphous delamination, when the DMMA content decreases,
precipitation forms mesophase meshes of anisodiametric form.

The loss of the solubility of PABI in DMAA at elevated temperatures
appears to be due to the breakdown of the hydrogen bonds between the amide
groups of the polymer and the solvent, especially when the temperature rises
above 80°C. As is known [15], there is also a significant drop in the intrinsic
viscosity of PABI solutions in DMAA. LiCl, capable of strong interaction with
both components of the solution, should lead to the formation of complexes,
whose strength decreases with increasing temperature, and at certain temperatures
they decay. Both effects: the destruction of the network of H-bonds and the
decomposition of complexes lead to loss of solubility of PABI in a complex
solvent and, as a consequence, to phase disintegration of solutions.

Solutions of mixtures of polyamidobenzimidazole with polysulfone. Along
with PABI solutions, the viscosity properties of solutions of PABI mixtures with
PSU in DMAA at different temperatures were studied. In the mixtures studied,
the total concentration of polymers in the system was 5%, and the ratio of poly-
mer components varied widely.
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As an example, figure 8 shows the viscosity versus shear rate at different
temperatures for solutions with a ratio of PABI to PSU equal to 1: 1.

Ig n [Ma*c]
0,8+

04 -

lgy[c"]

Figure 8 — Dependence of viscosity on the shear rate of PABI mixtures: PSU = 1: 1
in DMAA at temperatures of 20 (1), 60 (2), 95 (3), 121 (4), 124 (5), 134°C (6)

As can be seen, the nature and position of the curves in figure 8 are comple-
tely similar to that which was obtained for solutions of pure PABI and is shown in
Fig. 1. It is obvious that at temperatures up to about 100°C the systems under
consideration behave as non-Newtonian fluids whose viscosity decreases with
increasing shear rate. However, this effect is generally small. In addition, the
viscosity of the solutions decreases with increasing temperature. Just as in the
case of solutions of pure PABI, when a certain temperature threshold is exceeded,
the behavior of the solutions changes and the transition from a viscous liquid to a
viscoplastic body with an explicit yield strength. The nature of the change in the
yield stress as a function of the relative content of PABI and PSF in the mixture
was shown in figure 2.

Practical and theoretical interest is the change in the viscosity of solutions of
mixtures as a function of the ratio of PABI:PSF in the low-temperature (homo-
geneous) region. The corresponding experimental data are shown in figure 9.

It is important to compare the viscometric data with the results of measure-
ments of the dependence of the activation energy of viscous flow in the single-
phase region of solution states on the content of polymer components. This
dependence is shown in figure 10.

The obtained dependence of the activation energy of the viscous flow on the
composition of the mixture clearly demonstrates that three regions can be
distinguished on it. If we assume that the values of the activation energy reflect
the flow mechanism, then it can be assumed that in the concentration range of
~0-30% of the PSU, the continuous phase is a solution of PABI in DMF, and in
the concentration range of ~70-100%, the PSU is a PSU solution. In the inter-
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Figure 9 — Dependence of viscosity at 20°C (1) and 80°C (2) on the concentration of PSA
in mixture with PABI. The shear rate is }/ =13.55"

20

E, k:x/Mo0Jb
18+

16+

14

12 -

10 T T T T T T T T T T
0 20 40 60 80 100

[ITABH],macc %

Figure 10 — Dependence of the activation energy of viscous flow on the concentration of PSU
in a mixture with PABI. The shear rate is 7 =13.5 s

mediate region of the compositions (in which the activation energy remains
practically constant), the solutions of both polymers probably form a system of

coexisting phases.

Similarly, like the solutions of pure PABI, the temperature dependences of
the viscosity of solutions of mixtures with a different ratio of components behave

(figure 11).
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Figure 11 — Temperature dependences of the viscosity of solutions of PABI-PSU mixtures
in DMAA. The content of PSU in the mixture: 50 (1), 30 (2), 10 (3), 0% (4). Shear rate }'/: 13,55

Here, also, the temperature dependence of the viscosity is anomalous with
the existence of two regions: a low-temperature one, in which the standard
(Arrhenius) temperature dependence of viscosity and the high-temperature
dependence with an anomalous temperature dependence of viscosity take place.
The minimum points are the phase transition region. The transition temperature
T,.» remains practically the same for systems with different component ratios.
This experimental fact, as well as the monotonous decrease in the yield stress zy
with the addition of PSU to PABI, should apparently be considered as evidence
that PSF does not participate in a specific interaction with the components of the
solution and should be considered only as a modifying "rheological additive"
which reduces the viscosity of the system as a whole.

Thus, from the experimental data obtained, it follows that the phase diagrams
of PABI solutions in DMAA in the studied range of compositions (up to 5%
polymer concentration) are characterized by the presence of a lower critical
mixing temperature. Addition of up to 50% by weight of the polymer to the
polymer. PSU does not affect this transition temperature, but leads to a significant
decrease in the viscosity of the system, playing the role of a "modifier" of the
viscous properties of the system.
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Pe3zrome
A. A. Tarmenos, I'. K. [llambunosa

HOJIMAMUIABEH3NMHUIA3O0JIABIH JTUMETUJIAIETAMUITEI'T
EPITIHAUIEPIHIH ®A3AJIBIK KYWJIEPI )KOHE PEOJIOI'AJIBIK KACUETTEPI

Makanaga GepiKTUTIri XKOFaphl KbUTyFa TO3IM/II TATMIBIKTAp MEH KYIISHTIITeH Iiac-
TUKTEPJi alyFa KOJJAHBUIATHIH IOJMAMHIO0CH3UMHUIA30JIBIH CPITIHAUICP] 3ePTTETiHII.
Kartrter Ti30exti moimMepiepaiH TYTKBIPIBIK KacHETTEpiHIH (a3alblK aybICylapFa eTe
ce3iMTaNABIFEl  aHbIKTaNAel. O ocipece CYHBIK KpucTamnsl (pa3aHBIH Ty3UTyl JKOHE
TTONTUMEpIIep epITIHAUIePIHIH JKoHEe KOCHaNaphIHBIH aMop(dThIK KabarTapra OemiHyi Ke-
3iHme aHbIK Oadikanmamel. 5%-apik [TABU peakiusuiblK epiTIHAICIHIH JKOHE MOJUMEPIIH
eperimTirin xakcapty yimiH 3%-aeik LiCl xocbutran ITABU-miH momucynbhoHMEH
JIMAA-nmarpl KOCHAJIAPBIHBIH PEOJIOTHUSUIBIK KacueTTepi 3eprreminmi. Ockl xkyleneaeri
KBI3/IBIPY Ke3iHeri KypeTiH (azanblk e3repicTepre OaiaHBICTBI OONATHIH TEMITEpaTy-
paNbIK aybIcysiap aHBIKTAJIBIHBI KOHE cHUNaTTalubHAbL. DazanblK AnarpaMMaHblH KOH-
LCHTPAIMSIHBIH 3€PTTENreH OOBUIBICHIHA ColiKec OOt TYPFBI3BIIIBL. BHCKO3UMETPHSITBIK
xoHe onTHKanbIK onicrepain [TABU-JIMAA xyiiecinneri TepMOANHAMUKAIBIK aybICYy-
Japel 191 KepceTeTinairi anbikTanabl. ConbiMeH Katap [TABU-pin [IC®-meH Kocmachi-
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HblH [IMAA-Teri epiTiHAUIepIHIH TYTKBIPJIBIK KACHETTEPl dPTYpIl TeMIepaTypana 3epT-
tenipai. [IABU-gin JIMAA-Teri epiTiHIEpiHIH 3epTTENIreH KypaM/IbIK JHana30HbIHbIH
(azanpIk AuarpaMaiapblHBIH TOMCEHTI KPHUTHKAIBIK apanacy TeMIIepaTypachlHBIH Oap
€KEeHIIrMeH CHIIaTTaabl.

Tyiiin ce3gep: MOMMaMUIOCH3MMHIA30J, KATTHI TI30CKTI MOIHMEp, CYHBIK KpHC-
Tangelk (aza, AUMeETHIAneTamMun, (as3aiblK JuarpaMManap, PeoJIOTHSUIBIK KacHeTTepi,
TTONTUMEP epIiTIHIIepP1, TYTKBIPIBIK.

Pe3rome
A. A. Tanmenos, I'. K. Lllambunosa

®A30BOE COCTOSIHUE U PEOJIOTUYECKUE CBOMCTBA
PACTBOPOB ITOJIMAMUABEH3MMUNIA30JIA B JUMETUJIIALIETAMU/JIE

B crarbe mccienoBaHBl pacTBOPHI MOJMAMHUIOCH3UMHUIA30J1A, TPHUMEHIEMOTO ISt
TTOTyYeHHS TETIOCTOUKHUX BBICOKOTPOYHBIX BOJIOKOH M aPMUPOBAHHBIX IUIACTHKOB C HC-
nosib30BaHueM ocautenell. IlokazaHo, 4TO BSI3KOCTHBIE CBOWCTBAa PAaCTBOPOB KECTKO-
[IENHBIX TTOJIMMEPOB BeChbMa YyBCTBHUTEIBHEI K (pa30BBIM IEpeXo/1aM, YTO 0COOEHHO SIPKO
BeIpaxkeHO TipH (opmupoBanun JKK-¢pasel uiam npu amophHOM pacciioeHHH pacTBOPOB
WK cMeceil moimMepoB. M3ydeHbl peosorudeckre CBONCTBa 5%-HBIX PEAKIIMOHHBIX
pactBopoB ITABU u cmeceit ITABU ¢ monucyisdonom B JIMAA ¢ mobaekoit 3% LiCl,
yIydmaromeid pacTBOpuMocTh mnojuMmepa. OOHapyXeHbl W OMNHCaHBI TeMIlEpaTypHbIE
Mepexo/ibl B 3THX CUCTEMax, CBSI3aHHBIE C (Da30BBIMU M3MEHEHUSIMH, TIPOUCXOASIINMH B
cucTteMe INpu ee HarpeBaHuH. [locTpoeH ydacTok (ha30BOi JamarpaMMbl, OTBEYarolen
WCCIIeIOBAaHHOW 00nacTH KoHIeHTpanni. [TokasaHo, YTO BUCKO3UMETPUYECKHHA M ONTH-
YeCKUI METO/Ibl YETKO YKa3bIBAIOT Ha CYNIECTBOBAHHWE TEPMOANHAMUYECKOTO MEPEXOa B
cucteme ITABU-JIMAA. Taxke wu3y4deHBbl BS3KOCTHBIE CBOMCTBa pacTBOPOB CMecei
[HABU ¢ IIC® B IMAA mpu pa3nudHBIX TeMiepaTypax. dPa3oBble AuarpaMMbl pacTBO-
pos ITABM B IMAA B W3yYeHHOM JAMAana30HE COCTAaBOB XapaKTEPHU3YIOTCS HAIHIHEM
HWKHEN KPUTUYECKOM TeEMIIepaTypoil CMELIECHUSI.

KiloueBble ciioBa: MOMMaMHUI0CH3UMHIA30], >KECTKOICTTHONW TOJUMED, >KHIKO-
KpHCTa/UTHUecKas (asza, AUMETHIAleTaMI I, (pa30Bbie AMarpaMMbl, PEOJIOTHIECKHUE CBOM-
CTBa, paCTBOPLI NOJIUMEPOB, BA3ZKOCTD.
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EFFECTIVE USE OF OIL SHALE
FROM THE KENDYRLYK FIELD

Abstract. The chemical composition of the oil shales of the Kendyrlyk field (for
comparison, the coals of both the Oi-Karagai and Kendyrlyk fields), and the physical and
chemical properties (moisture, ash content, volatile-matter yield) are studied in this article,
and the results of the study on hydrogenation of shale and coal for the production of motor
fuels components, assessment of the state and prospects for application of the method of
joint hydrogenation of oil shale and coal under low pressure. Samples of oil shale from the
Kendyrlyk field and coals of both the Kendyrlyk and Oi-Karagai fields were used as raw
materials for hydrogenation. It is shown that oil shales differ from coal by high ash
content (60.5%), and high hydrogen content (9%). The results of the conducted experi-
mental studies definitely show undoubted advantages of thermal coal liquefaction in a
mixture with shale.

Key words: oil shale, Kenderlyk, hydrogenation, coal, Oi-Karagay.

Introduction. Possibility of efficient use of low-grade hydrocarbons not
only increases the general resources of energy carriers, but also drastically chan-
ges the geopolitical situation in the world [1-3]. It increases the interest in such a
source of hydrocarbons as oil shale.

Having considered the variety of historically formed definitions of oil shales,
it is possible to suggest the following on the basis of developing modern repre-
sentations: “Oil shale is a complex fuel organomineral mineral deposit, for its
nature being a dispersed mixture of a high-polymeric heteroatomic organic for-
mation based on a sapropelic composition, an admixture of humic substance and
mineral mass of different chemical content” [4].

The organic matter of shale is called kerogen, its chemical composition in-
cludes: carbon, hydrogen, oxygen, nitrogen and sulfur. Carbon is the main ele-
ment determining heat of combustion of fossil fuels. Its content in the organic
matter of combustible shales can vary from 55 to 85%. Hydrogen is the second
most important heat-producing element, which plays an important role in the
energy potential of kerogen, since its heat of combustion (129.8 MJ/kg) is almost
4 times higher than that of carbon (34 MJ/kg). The hydrogen content varies bet-
ween 7-12%. Compared to other solid fossil fuels, the organic matter of oil shales
is distinguished by an increased (2-3 times more than for coal) hydrogen content
and the best ability to transfer to liquid and gaseous products during thermo-
catalytic destruction. Strengthening of requirements for the quality of the resulting
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products lead to significant changes in flow sheets and methods of using these
types of raw materials [5, 11-13].

To date about 25 fields and manifestations of oil shales dated to the Upper
Devonian, Lower Carboniferous, Upper Paleozoic, Middle and Upper Jurassic
and Paleogene deposits have been identified on the territory of Kazakhstan. They
differ in the composition of the initial substance and the conditions of formation,
which to a large extent determined their qualitative and processing
characteristics. All these fields, except for both Kendyrlyk and Chernozatonsky,
have been studied extremely poorly [6].

Oil shale deposits are concentrated in three regions — Eastern Kazakhstan
(Kendyrlyk, etc.), Kyzylorda Region (Baykhozha), and Western Kazakhstan
(Priuralskaya and Aktobe groups). The explored reserves of oil shale are about
800 million tons. Within the limits of Western Kazakhstan, where the Upper
Jurassic schistose deposits are widely developed, five promising areas have been
identified (Barbartinskaya, Zapadno-Chaganskaya, Irtyepskaya, Novoemenov-
skaya and Ozinskaya) with estimated reserves of oil shales exceeding 13 billion
tons or about 2 billion tons of shale oil (with an average yield of primary resin of
about 15%). Oil shales of Kazakhstan are characterized by a high yield of primary
resins (up to 13-23%, sometimes more than given numbers). The most valuable in
quality are the oil shales of the Kendyrlyk field [6-10].

On the basis of oil shale, it is necessary to create a new branch of industry in
the republic — shale oil refining. With the integrated industrial use of oil shale, it
is possible to obtain numerous chemical, fuel-energy products, extraction of
associated valuable metals, etc. In Sweden, the production of uranium and
alloying metals, heat energy and sulfuric acid, aluminum and iron oxides, potas-
sium and magnesium sulfates [10] are provided in the processing of 1 million tons
of shale per year on the basis of clay shales in Ranstad. Among the complex of
fuel and energy products, raw materials for which is resin and shale gas, various
oils (fuel, carburetor, and diesel ones), bitumen, fuel oil, gasoline, kerosene, etc.
should be noted. The heat of gas combustion at a reactor temperature of 900°C is
6415 kecal/m®, 1000 °C — 4500, and 1100 °C — 6045 kcal/m’. While low-tempe-
rature carbonization, the resin yield was 16-18% on dry shale with a high content
of hydrocarbons in shale. Distillation of resin showed the possibility of using
shale to produce artificial fuel [11-14].

The chemical composition of the oil shales of the Kendyrlyk field (for
comparison, the coals of both the Oi-Karagai and Kendyrlyk fields) and the
physical and chemical properties (moisture, ash content, volatile-matter yield) are
studied in this article, and the results of the study on hydrogenation of shale, and
coal for the production of motor fuels components.

EXPERIMENTAL PART

The classification of shale fines was carried out using the AS Control
200 particle size analyzer with a set of screens from 4 mm to less than 125 pm.
Sample weight is 1 kg, amplitude is 2 mm/g, and classification time is 15 minutes.

125



XUMWYECKHH )KYPHAJI KA3AXCTAHA

In order to determine the chemical composition, material samples were used,
which were fine granular powders. The physical and chemical properties of the oil
shales of the Kendyrlyk field and coals of both the Kedyrlyk and Oi-Karagai
fields were studied using the following methods:

Determination of total moisture was carried out according to GOST 11014-2001
Brown coals, bituminous coals, anthracite and oil shales. Shortened methods of
moisture determination. A subsample of 2 g mass, taken from shales of 2 mm -
125 um in size, was dried in the BINDER drying cabinet at a temperature of
(105+5) °C, the mass fraction of moisture was calculated from the mass loss.

Ash content of 0il shale was determined in accordance with GOST 11022-95
Solid mineral fuels. Methods for determination of ash. A shale sample of 2 g
mass was burned in the SNOL-8.2/1100 muffle furnace at a temperature of
(815+10) °C, and held at a given temperature until a constant mass. Ash content
was calculated by mass of residue after calcination.

Volatile-matter yield was determined by heating a sample of 1 g mass in a
porcelain crucible with a ground lid in the SNOL-8.2/1100 muffle furnace at
850 °C for 7 minutes.

RESULTS AND THEIR DISCUSSION

The results of the determination of the chemical composition of solid fossil
fuels are presented in tables 1 and 2.

Table 1 — Physical and chemical properties and elemental composition of fossil fuels

Bituminous coal Brown coal Oil shale
Characteristics from the of the Oi-Karagai of the
Kendyrlyk field field Kendyrlyk field
Moisture of the analytical sample
(WA, %) 8,0 7,8 9,6
Ash in a dry state (A%, %) 15,2 12,0 60,5
Volatile matters (V**, %) 38,2 35,8 40,2
Total carbon in a dry state (Cdaf, %) 65,2 74,1 65,2
Hydrogen in a dry state (H**, %) 39 4,7 9,0
Total sulfur in a dry state (S*, %) 1,3 0,1 1,2
Total oxygen in a dry state (0% %) 27,9 20,1 23,6
Total nitrogen in a dry state (Ndaf,%) 1,7 1,0 1,7
Table 2 — Chemical composition of the mineral part of solid fossil fuels
Content of components in ash, wt. %
Component -
S102 A1203 F6203 CaO MgO SO3 N320+K20

Oil shale of the Kendyrlyk field 582 | 17.2 7.6 23 1.0 34 10.3
Brown coal of the Oi-Karagai field | 35.2 | 25.8 135 | 196 | 29 2 1
Bituminous coal from the
Kendyrlyk field 64.7 | 21.6 3.6 7.5 1.0 | 0.6 1
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According to the studies of the chemical composition of oil shales, it is
established that oxygen (23.6%) contained in the organic part prevails in the
organic part of the oil shales, while oxides such as SiO, (58.2% by weight), Al,O;
(17.2 % wt.), and Na,O + K,0 (10.3 % wt.) prevail in the mineral part of the oil
shale.

According to the results presented in Table 1, it is seen that oil shales differ
from coal by high ash content (up to 60.5%), and high hydrogen content (9%).
Analyzing the data presented above, it is possible to draw conclusions on the
possibility of using the mineral part of oil shales as a fluxing addition in the
processes of recovery and use of oil shale and shale-ash waste as a sorption mate-
rial for water purification from organic pollutants (oil and petroleum products).

Further, the results of studies on hydrogenation of Kendyrlyk oil shale and
coals for obtaining components of motor fuels, an estimation of a state and
prospects of application of a method of hydrogenation under low pressure of
hydrogen are presented in the work.

Samples of oil shale and coal from the Kendyrlyk field were used as raw
materials for hydrogenation. Heavy residue of Karazhambas oil boiling at a
temperature above 500 °C was used as a pasting agent. Hydrogenation was car-
ried out in an intensively shaken reactor with a volume of 0.2 liters. Physical and
chemical characteristics and elemental composition of oil shale and coal are
presented in tables 1, 2.

The results of the thermocatalytic hydrogenation of the Kendyrlyk oil shale
and coal of the Kendyrlyk field are presented in table 3.

Table 3 — Characteristics of the process of thermocatalytic hydrogenation of shale and coal
from the Kendyrlyk field (Ratio of coal, shale : pasting agent — 1.0 : 1.0, pressure, MPa — 5.0,
temperature, °C — 420, duration, minutes — 15, catalyst - Bauxite-094, wt.% — 2.0)

Bituminous coal Oil shale of Coal 35% + shale
Indicator from the the Kendyrlyk 15% + 50%
Kendyrlyk field field pasting agent
Liquid yield, wt. %: 51.3 43.5 70.1
with a boiling point up to 320 °C 234 233 299
with a boiling point above 320 °C 27.9 20.2 41.0
Gas yield, wt. %: 6.0 20.1 4.1
Sludge yield + losses, wt. % 42.7 36.4 259

As can be seen from the Table, during thermocatalytic hydrogenation of solid
fossil fuels under the accepted conditions, liquid yield of products is: from coal of
the Kendyrlyk field — 51.3%, and from shale — 43.5%. Thermocatalytic cracking
of shale proceeds with significant gas formation (20.1 wt. %).

During hydrogenation of coal with the addition of 15% shale, the process
proceeds with a slight gas formation (4.1%), which ensures a high liquid yield
(70.1%). The resulting gas consists mainly of C;-C, hydrocarbons.
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The results of the conducted experimental studies definitely show undoubted
advantages of a new process of thermal coal liquefaction in a mixture with shale.

The results of the studies showed that the catalytic properties of oil shales
make it possible under optimal conditions to carry out the process of hydro-
genolysis of the organic mass of coal with a high degree of conversion into liquid
distillates without coke formation. The degree of conversion of a mixture of the
organic mass of shale and coal and shale is much higher than that of coal.

Thus, creation of a shale-refining industry in the Republic can be considered
an immutable business, which can ease tensions in providing consumers with
gasoline, kerosene and other motor fuel, etc. It should be noted that some of epy
oil shales in Kazakhstan are enriched with such a rare element as rhenium.
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Pe3iome
K. K. Kaiieipoexos, 3. T. Epmonouna, U. M. [{rcenovibaesa, T. Axmemos
KEHIEPJIIK KEH OPHBI TAKTACBIH TUIM/II MANIAJTIAHY

Bepinren xympicta KeHaepiik KeH OpHBIHBIH JKAHFBIII TaKTATACBIHBIH XHUMUSUIBIK
Kypambl (cansicThipManbl Typae Oii-Kaparaii sxone Kennmepiik keH OpHBI KeMipiiepi
QJIBIH/BI) MEH (PU3MKO-XUMUSIIBIK KacueTTepi (bUTFAIBUIBIFBI, KYJALIIT, YIIKBIII 3aTTap
HIBIFBIMBI), COHBIMEH KaTap MOTOP OTBIH/APbIHBIH KOMIIOHEHTEpIH ajy YIIIH TakKrartac
MIeH KOMIpJ1 TUAPOTEHJIEY YPAICIH 3epTTey HOTHXKEJepi, TOMEH KbhIChIM/IAa TaKTaTac IeH
KeMipai Oipereil ruzmporeHney oAiciH KojjaHy OoJlaliarkl MeH KYHiH Oaranay KemnTipii-
red. ['waporenaey ypaAiciHiH mmKi3aTel perinae «KeHmepik» KeH OpPHBIHBIH JKaHFBIII
takTacsl MeH Kennepiik sxone Oif-Kaparaii ken opHbI keMipiepi mainanansuiasl. Kemip-
JICH KaHFBIII TaKTac jKOorapsl KysminiriMer (60,5%) »oHe CyTeTiHiH XKOoFapbl KYpaMbIMEH
(9%) epexmmeneHetiHi kepceTinreH. JKypriziiares ToxipuoOenik 3epTTeyNepAiH HOTIKenepi
KOMIp/ii CIaHEeNTiH KOCIAChIMEH TEPMHUSIIBIK CYHBUITYIBIH KYMOHCI3 apTHIKIIBIIBIKTAPBIH
b1 623 (N1 91 (=35 01 B

Tyiiin ce3nep: >xaHFbIm TakTaTac, Kenaepiik, ruaporenaey, kemip, Oi-Kaparaii.

Pesrome
K. K. Kaupbexos, 3. T. Epmonouna, U. M. /[cenovibaesa, T. Axmemos

OOOPEKTUBHOE UCIOJIbB3OBAHUE I'OPIOYEI'O CJIAHIA
MECTOPOXIEHNM A KEH/IBIPJIBIK

B crarbe n3ydyeHsl XUMHUUECKUNA COCTAB TOPIOYUX CiIaHLEeB KeHIbIPIBIKCKOro MECTO-
poxnenus (mnsa cpaBHeHms yram Oif-Kaparaiickoro n KeHOBIPIBIKCKOTO MecTOpoXKie-
HUM) U (U3UKO-XMMHUYECKHE CBOMCTBA (BIAXKHOCTh, 30JbHOCTB, BBIXOJ JIETYUHX BeIlle-
CTB), a TaKKC MPUBEACHBI PE3YJIbTATHI UCCICAOBAHUA 110 TUAPOTCHU3AIUN ClIaHIIa U YIJId
1A TIOJIYYEHHS KOMIIOHCHTOB MOTOPHBIX TOIUIMB, OIICHKA COCTOSAHHA U INCPCHCKTHUBLI
NpUMEHCHUA METOOA COBMECTHOM TUAPOTCHU3aIMN CJlaHlla W YIJIA I10JI HEBBICOKHUM
JaBlieHueM. B kadecTBe CHIpbSl AJISI TMIPOTCHU3ALMU MPUMEHSUIM 00paslibl TOPIOYEro
claHIa MecTopokaeHus «KeHnabIpasik» u yriaeid mectopoxaeHuil «Kenasipieix» u «Oi-
Kaparaii». Ilokxa3ano, 4To roprounie claHIbl OTIMYAIOTCA OT yIiel BHICOKOH 30JbHOCTBIO
(60,5%) n BpICOKMM copepkaHueM Bogopona (9%). Pe3ynbraTel IpoBeAEHHBIX IKCIEPH-
MEHTAIIbHBIX HCCIEAOBAaHUNA OJHO3HAYHO CBUAETENBCTBYIOT O HECOMHEHHBIX MpEUMY-
IIECTBAX TEPMHUYECKOTO OKIKEHHUS YT B CMECH CO CIIaHIIEM.

KiroueBbie ciioBa: roprounii cinanen, KeHnepisik, ruaporeHu3anys, yrois, Oi-Ka-
paraii.
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V]IK 543.51:547.673
T. B. XAPJIAMOBA, C. )K. KYMAI'AJIUEB

AO «MuctuTyT XMMHIYecKux Hayk UM. A. b. bektypoBa, Anmarsl, Pecryonmka Kazaxcran

OCOBEHHOCTHU MACC-CIIEKTPOMETPUYECKOI'O
PACITIAJA MOJIEKYJISAPHBIX NOHOB
HEKOTOPBIX ITIPON3BOJHBIX XPU3A3NHA

AHHoTanus. B craThe mpeacTaBiIeH aHAIN3 Macc-CIIEKTPOMETPHUECKON (parMeH-
TaIlMM MOJEKYJSIPHBIX MOHOB HEKOTOPBIX MPOM3BOAHBIX 1,8-muruapokcu-9,10-anTpaxu-
HOHa (xpu3asuHa) (1), comaepkamux B 3 MOJOXKCHAU aHTPAXUHOHOBON CHCTEMBI METHII,
THIPOKCUMETIII M KapOokcurpymnmy (2-4) ¥ paccMaTpHBalOTCS OCHOBHBIE HallpaBJICHUS
pacrtiazia MoJIeKyJISIpHBIX HoHOB (MI) coenuHeHnit mpy 3IeKTPOHHON MOHW3AINH, a TaK-
e CpaBHEHHE 0COOCHHOCTEH MeXaHW3Ma ()parMEHTAIMN B 3aBUCHMOCTH OT XUMHYECKOH
npuposl 3amecturens. [lokaszaHo, 4To paccMaTpuBaeMasi TpyIIa COSIMHEHUH XapakTe-
pHU3yeTcs MHTEHCUBHBIM NMUKOM MojekyisipHoro noHa (MI) (I = 100%), a ero crabwib-
HOCTh M3MeHseTcs B npefenax Wmi = 33,3-50,2%. IIpeanoskeHsl cXeMbl Macc-CHEKTPO-
METPHUYECKOH ()parMeHTanny MPON3BOIHBIX U MTOKA3aHO, YTO IEPBOHAYAIBHOE SITUMHIHU-
poBanue nByx monekyn CO xapakrepHo 11t MU xpusasuna, XxpuzogaHoia U perHa.

KaioueBbie ciioBa: Macc-CrieKTp, MOJIEKYJISIPHBIA MOH, (pparMeHTalusl, HOHU3ALINS
3JIEKTPOHAMH, YTUMUHHAPOBAHIE, TPOU3BOAHEIE 9,10-aHTpaxHHOHA.

[IpousBognsie 1,8-guruapoxcu-9,10-anTpaxmHoHa (xpuzasuna) (1) mpen-
CTaBJISIIOT JOCTATOYHO OOJBIIOI0 TPYIIY NPUPOIHBIX XHHOHOB, KOTOpPHIC BBI-
SBIICHBI B pAacTeHUsX ceMelcTB KpymuHoBble (Rhamnaceae), rpeunminbie
(Polygonaceae), 6o06oBeie (Fabaceae), muneiinsie (Liliaceae), 3BepoOoitHbIe
(Hypericaceae) u np. OcoOCHHO IMMPOKO B ATOW TPYyIMIE MPEACTABICHBI COCIH-
HEHUs, COojepXKallie B KauyecTBE 3aMECTHTENEeH THUAPOKCH-, METOKCH-, THIPOK-
CUMETHUJIbHBIE TPYIIIHI, yrieBoAHble 3amecturend [1,2]. Ocoboe 3HavyeHHMe 3TOH
TPYIIIBI JIEKAPCTBEHHBIX PACTEHHUH, COEp)KaIlIMX MPON3BOTHBIE aHTPAXHHOHA, TAKHX
Kak aJjiod, KpyIInHa, )KOCTEpP, PEBEHb, LI[aBENb, MapeHa, CBA3aHO C X OMOJIOrHYecKOn
aKTUBHOCTBIO, & TaKKe C TE€M, YTO WX HCIOJIb30BaHHE JIMTEIBHO OIMPOOOBAHO
HAapOAHON MEAWIMHOM M ONMHCAaHO B OOJBIIMHCTBE PYKOBOACTB IO NPUMEHEHHIO
JIEKapCTBEHHBIX pacTeHui. CiieyeT OTMETHTD, YTO MTPOM3BOIHBIE XPU3a3UHA BXOIST
B COCTaB Pa3HOOOPa3HbIX KOMIUIEKCHBIX IIPENapaToB, IPUMEHIEMbIX B MEAUIIMHCKON
npakrtuke [3-5].

B mpomomkenne paboT MO HMCCIEAOBAHHUIO MacC-CIIEKTpaIbHOW (parMeH-
Tallid TPOW3BOJHBIX aHTpaxWHOHA [6-9], B MaHHOW CTaThe pPacCMATPHUBAIOTCS
MaccC-CIIeKTPbl HEKOTOPBIX MNpou3BOAHBIX 1,8-murnapokcu-9,10-anTpaxuHoHa
(xpm3asunHa) (1), comepxammux B 3 TOJOXEHHH aHTPAXMHOHOBOW CHCTEMBI Me-
THJI-, THIPOKCUMETHII- © KapOOKcHurpymity (2-4) ¢ 1enblo BBISBICHHS OCHOBHBIX
HampaBJIeHUH pacnaga MOJISKYJSpHBIX HOHOB (MI) coennHeHHMH mpH 3nek-
TpoHHOW wWoHm3anmu (DOM), a Takxke cpaBHEHHS OCOOCHHOCTEW MeXaHW3Ma
(parmeHTanIM B 3aBUCHMOCTH OT XMMHYECKOW MpUpoAs! 3amectutens. CTpyk-
TypHBIe GOPMYJIBI pacCMaTPUBAEMBIX MOJICKYJI IPUBEICHBI HIKE:
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OH O OH
R
o
1-4

R-H (1), R-CH; (2), R-CH,0H (3), R-COOH (4)

B Tabmmme 1 mpencraBiieHB MUKW MOJICKYJISIPHBIX HMOHOB TPOW3BOIHBIX
anTpaxuHoHa (1-4) u Hamboyiee XapaKTEpHbIC NMUKH B MACC-CIIGKTpaxX MPOU3-
BoaHbIX. CtabmnsHOCTE MU K 3nexkTponHOi norm3ammu (W,,), a Takke WHTCH-
CHUBHOCTH OCHOBHBIX (hparMeHTHBIX WOHOB (F(-F7) OoT momHOrOo MOHHOrO TOKA
npecTarieHsl B Tadmauie 2. M3 tabmuisl 1 BUaHO, yTO MHTeHCHMBHOCTHL MU pac-
cMmaTpuBaeMbIx coeauHeHuit (1-4) cocrasimser 100%, a BennynHa CTAaOUILHOCTH
MU x DU (W,,,) (Tabmuma 2) Haxoautes B ipenenax 33,3-50,2%.

1,8-Auruapokcu-9,10-anTpaxunon (xpu3sasun ) (1). Kak Obuto mokazano
panee [10], B mMacc-cniektpe 9,10-aHTpaxvHOHAa MMEETCS YETHIPE WHTEHCHBHBIX
nHMKa, KOTOphle cooTBeTcTByioT MM (M™ 208), dpparmentaeiM monam [M-CO]™
(m/z 180) u [M-CO-CO]" (m/z 152), 06pa3oBaHne KOTOPHIX HPOMCXOMHUT MOCHE
MOCIICIOBATEIILHOTO DJIMMUHUPOBAHUS JBYX MOJIEKYJ OKCHIA YIJIEpOJa, U TTHK

Tabmuna 1 — Macc-criekTpsl npon3BoAHBIX 9,10-anTpaxuHoHa (1-4)

Macc-cnekrp:

No Hazanue coennaeHMs M, m/z (I B %)*
241 (15), M 240 (100), 239 (4), 223 (7), 222 (3),
212 (15), 211 (4), 184 (16), 183 (3), 155 (7), 139
1 1,8-Juruapokcu-9,10-anTpaxuHOH (3), 138 (12), 137 (3), 128 (9), 127 (7), 120 (5),

102 (4), 92 (13), 77 (5), 75 (6), 128 (9), 127 (7),
120 (5), 102 (4), 92 (13), 77 (5), 75 (6), 74 (4), 69
(4), 64 (7), 63 (14), 62 (6), 51 (5).

255 (16), M 254 (100), 239 (3), 237 (4), 226 (11),
225 (5), 211 (1), 209 (1), 198 (6), 197 (6), 181 (2),
180 (2), 169 (2), 152 (6), 151 (3), 141 (3), 139 (2),
127 (3), 115 (4), 77 (3), 76 (4), 75 (3), 63 (5), 62
(2),53(2),51(3), 39 (3).

271 (20), M" 270 (100), 253 (6), 252 (7), 242 (5),
3 | 1,8-Auruapokcu-3-ruapoxcumerun- | 241 (28), 226 (13), 224 (11), 213 (20), 197 (9), 196
9,10-aHTpaXWHOH (AI0E-IMOJINH) (6), 185 (6), 183 (3), 168 (12), 157 (6), 154 (9),
139 (25), 121 (27), 92 (21), 91 (25).

286 (25), M™ 284 (100), 267 (12), 266 (2), 256
(14), 254 (3), 241 (9), 240 (15), 228 (4), 212 (4),
210 (12), 200 (1), 199 (5), 184 (5), 183 (7), 182
(2), 172 (3), 171 (1), 165 (2), 155 (9), 128 (2), 127
(10), 126 (15), 92 (10), 91 (7).

2 1,8-Auruapoxcu-3-MeTui-
9,10-aHTpaxuHOH (XpH30(haHoI)

4 1,8-Auruaporcu-3-kapOoKCcH-
9,10-aHTpaXWHOH (PEUH)

* [Iuxu Monekynspaoro noHa (M) n Hanboslee ”HTEHCHBHBIX (PParMEHTHBIX HOHOB.
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Tabnuma 2 — CTabUIBHOCTH MOJIEKYJISIPHBIX HOHOB (W) U XapaKTepUCTHUSCKIX
1oHoB (F;-F7) (W) oT nonHoro nonHoro Toka npoussonbix 9,10-antpaxunona (1-4)

N | Wy m/z (W)

%

F, F F F, Fs Fe F,

1 37,0 | 21249) | 1843,6) | 155(12) | 2399.8) | 211(L6) | 183(2.8) | 223(03)

2 50,2 | 239(14) | 237(1,7) | 226(49) | 180(1,0) | 225(2,0) | 169(1,0) | 151(1,7)
211(04) | 209(05) | 198(24) | 152(24) | 197(24) | 141(1,3)

252(2,0)
3 333 | 253017 | Z22C0 1 an sy | 24178) | 2266 | 185017) | 157(17)
196 (1,7) 213(5,5) | 197(2,5)
168 (3,4) ’ ’
139(6,9)
4 351 | 256(49) | 228(29) | 210(@4,1) | 267@4,1) | 241(33) | 240(5,)) | 212(14)

199 (1,8) 184(1,7)

noHa 1,2-geruapoOensona ¢ m/z 76. Hamuune B crpykrype 9,10-aHTpaxuHoHa
3aMEeCTUTeNIell NMPUBOAUT K HM3MEHEHHMIO MAaCC-CHEKTPAJbHOM (parMeHTalnuu u
Hapsily € TmociiefoBarenbHbIM OoTpeiBoM CO Tpynm B crekTpax HaOIromaroTcs
JOTOJHUTENIbHBIE KaHanbl pacnaga MM ¢ mosiBIieHHEM JAPYTHX XapakTepHc-
THUYHBIX MOHOB. Macc-crekTpoMerpuieckast ¢pparmenTauns 1,8-Iuruapoxkcuan-
TpaxuHOHa (1) Tarxke CBSi3aHA C TOCIIEAOBATEIHHBIM JJIMMHHHPOBAHHUEM JBYX
MOJIEKYJT okcupaa yriaepoma. Ilocie orpsiBa mepBoit Monekynsl CO obOpasyercs
KaTHOH-pajuKan aurujapokcudayopenona F; [M-COJ” ¢ m/z 212 (I=15%), a
rmociie OTHIeIUIeHUs BTOpoil Moimekynsl CO — wWOH JaurnapoxcubudeHmieHa
F, [M-CO-CO]" ¢ m/z 184 (I=16%) (cxema 1). ITocnexytomas (parMeHTanus
CBsI3aHa C DIIMMHHUpPOBaHKEM u3 noHa F, rpynmel atomoB HCO, koTopas npuso-
muT K obpasoBanmio nona ®; [M-CO-CO-HCO]"™ ¢ m/z 155, ¢ MHTEHCHBHOCTBIO
1=7%. Cnenyer oTmeTnTh, 4TO KaTHOH-pamukan F; ¢ m/z 212 moxox ma MU
TUTUIPOKCUGITYOPESHOHA U TTUKHU co 3HaueHusMu m/z 184, 183, 155, 128, 102 co-
OTBETCTBYIOT €ro (pparMeHTaIuH.

B crektpe mMeroTcs Takke cllaOOMHTEHCHUBHBIE MUKH MOHOB CO 3HAYEHUEM
m/z 239 (I=4%), m/z 211 (I=4%) u m/z 183 (I=3%) (Tabnuua 1). [Tepesiii non Fy
[M-H]" otBeuaeT moTepe atoma Bojoposa. Ilpu pparmeHTamyuu MoH-pparMeHTa
F4 [M-H]" B macc-cniektpe mabmomaercst muk uona Fs [M-H-CO]™ ¢ m/z 211,
KOTOPBIA MOXKET 00pa3oBaThcs U MPHU AMMUHUpPOBaHUM TpyInsl atromoB HCO u3
MU. Iocnenyrouias norepst Moiekynsl CO mpUBOAUT K 00pa30oBaHUIO PparMeHT-
Horo nona F¢ [M-H-CO-CO]" ¢ m/z 183.

Crnenmyer TakKe OTMETHTH, YTO CpPEAM IEPBHUYHBIX aKTOB pacrajga MoJe-
KYJSIPHOTO MOHA B CIIEKTPE UMEETCS MAJIOMHTEHCUBHBINA MUK, KOTOPBIA OTBEYaeT

non-Ppparmenty F,[M-OH]" ¢ m/z 223 (I=7%).
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+ e +eo
oH oH | OH on!
-CO
-CO -HCO  [M-CO-CO-HCO]*
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o] F,
[M-COT"* m/z 212 [M-CO-COT** m/z 184
—I +e
OH O OH F, F,
- - -CO
O‘O — A o 9, mmmcor 22, [M-H-CO-COTf
m/z 239 m/z 211 m/z 183
0
M*™* 240 Fa s Fs
O MooHTt
m/z 223
F;

Cxema | — dparmeHTaIys MOJIEKYJIIPHOTO HOHA
1,8-gurunpokcu-9,10-anTpaxunona (1)

1,8-Iurnapoxcu-3-metmii-9,10-anTpaxunon (xpuzodanoa) (2). Beenenue
METWJIBHOU Tpynmbl B 3 MOJIOKEHUE MOJIEKYJIBl XpU3a3WHA PUBOANT K PEIKOMY
yBenuueHno ctabmipHOCTH MU, KOoTOpoe misa xpu3odanoma (2) cocTaBiseT
Wui=50,2% (Tabmmna 2) W TOSBICHUIO HOBBIX HANpaBICHUH (parMeHTalyy.
Pacnag MU xpuzodanona (2) HaYMHAETCS € OTLICTIIICHUS! METUIBHOTO pajnKaia,
¢ obpazosanmem moHa F; [M-CH;]" ¢ m/z 239 u orpeiBa OH, mpuBozasmiero k
dopmupopanuio noH-pparmenta F, [M-OH]™ ¢ m/z 237. VnTeHcHBHOCTH 06pa-
syromuxcsi uoHoB Fy u F, cocraBmser [=3% u 1=4% cooTtBercTBeHHO. Jnu-
MUHUPOBaHNE OKCHJIA YTIIEpPO/Ia U3 TUX HOHOB MPUBOJIUT K 0Opa30BaHUIO HOHOB
F)' [M-CH;-COJ ¢ m/z 211 (I=9%) u F,' [M-OH-CO]" ¢ m/z 209 (I=1%) (cxema 2).

«AHTpaxWMHOHOBEI MyTh» pacmama MU xpusodanona, CBSI3aHHBIN C
MocJe10BaTebHBIM SJMMHUHUPOBAHNE MOJIEKYJT OKCHJAA yriiepoia U3 Kojbla B,
OpUBOIUT K QopMupoBanuio HoHa 1,8-murnapoxcu-3-metmii-QiryopeHoHa
F3 [M-CO]" ¢ m/z 225 (I=11%) u uona 1,8-nuruapokcu-3-mMeTun-6udpeHuneHa
Fy' [M-CO-CO]™ ¢ m/z 198 (I=6%). MHanee, u3 moma F3 [M-CO-CO]”
MIPOMCXOANT BEIOPOC MOJIEKYJIBI BOJIBI ¢ 00pa3oBaHUEM CIIA00MHTEHCHBHOTO HOHA
F4 [M-CO-CO-H,0]", u3 xotoporo mocie oTmemaeHus Mojekyiasl CO uaer
obpazosane nona F,' [M-CO-CO-H,0] ¢ m/z 152 (I=6%).

Eme omHo HampaBieHue pachiafa MOJEKYJIbl Xpu3odaHoia CBA3aHO C
BBIOpocoM rpynmbl atoMmoB COH 3 MU ¢ obpa3zoBaHuneM Ci1aOOWHTEHCHBHOTO
muka uon-(pparmenta Fs [M-COH]" ¢ m/z 225 (I=5%). DIuMUHHpOBaHHE U3
noHa s MONEKyJIBI OKCHAA YIIIEpoJa MPUBOAMUT K 0oJiee MHTEHCHBHOMY HOHY
Fs' [M-COH-CO]" ¢ m/z 197, a pu HOCTeA0BATENLHOM OTIIETIEHHH OT HETO
monekyn CO u H,O obpasyiorcst pparmenthbie uonbl Fg [M-COH-CO-CO]" ¢
m/z 169, F¢' [M-COH-CO-CO-CO]" ¢ m/z 141 u F; [M-COH-2CO-H,0]" ¢ m/z
151, ”HTEHCHBHOCTH KOTOPBIX cocTaBisieT [=3%.
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F3 Fy'
[M-CO-CO-H,0-COJ"*
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F,'
-COH +  -CO + -CO [M-COH-CO-COJ*
[M-COH]" _ "~ _  [M-COH-CO]
T iz 225 m/z 197 m/z 169
Fs Fy Fg
/ -co l
[M-COH-CO-CO-H,0]" [M-COH-CO-CO-COJ*
m/z 151 m/z 141
F; F¢
Cxema 2 — @parmMeHTanus MOJICKYJIIPHOIO HOHA
1,8-murnapokcu-3-metun-9,10-anTpaxuHoHa (2)
1,8-Iuruapokcu-3-rugpoxkcumerun-9,10-aHTpaxuHon (a10e-3MOAUH)

(3). [Iuk MoNeKyIIPHOTO HOHA COSTMHEHMSI (3) ABIISETCS CaMBIM WHTEHCHBHEIM B
macc-criektpe ¢ [=100%, a ero pacmaja MpOMCXOAWUT B IISITH HAIpaBIEHUSX, U
HaunHaetcs ¢ BeiOpoca OH, Momnekyssl Boasl M okcuaa yriaepoaa, yactury COH u
mostekyisl CO,. B pesynbTare B criekrpe Habmonaiorcs nousl Fi [M-OH] ¢ m/z
253, F, [M-H,0]" ¢ m/z 252, F3 [M-CO]" ¢ m/z 256, F4 [M-COH]" ¢ m/z 241 u
Fs [M-CO,]" ¢ m/z 226. Hanbonee MHTEHCUBHEII MUK B Macc-CIEKTPe OTBEYAET
nony F4 ¢ [=28%, KOTOpBIM BO3HHMKAET B Pe3yJbTaTe dIMMHHHPOBAHUS TPYIIIBI
atomoB COH HemocpeACTBEHHO WX MOJEKYJSIPHOTO HOHA, HECKOIBKO MeHee
MHTEHCUBHBIA HoH - Fs5 [M-CO,]™ (I=13%), a ana wonoB F;-F; uATEeHCHMBHOCTH
coctaBnsier 5-7% (tabnuua 1). [lanee, u3 nepBoHavYanbHO 00Pa3yIOMIMXCS HOHOB
MPOUCXOANUT IMMHUHUPOBAHUE B paznuyHoi nociegosarenbHocTd CO unmu COH
(cxema 3).
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Cxema 3 — @parmMeHTanus MOJIEKYJISIPHOTO HOHA
1,8-nurunpokcu-3-ruapokcumetuin-9,10-anrpaxunona (3)

@parmenT F,, sBIAACH HayaJoM OCHOBHOTO HAalpaBJeHUs (parMeHTaluu
MU, nocnenoBaTebHO BEIOpackiBaeT aBe Mojiekysl CO ¢ oOpazoBarmreM HOHOB Fg
[M-COH-CO-CO]" ¢ m/z 183 (1=20%) u F, [M-COH-3CO] ¢ m/z 157 (I=6%).

Jpyroe HampaBiieHHE (pparMeHTalMH, CBA3aHHOE C SIMMHUHUPOBAHHEM W3
MOJIEKYJISIpHOTO MoHA MoJeKysbl CO, IPHUBOANT K CIIA0OWHTEHCHBHOMY MOHY Fs
[M-CO]™, u3 KoTOporo mpoucxoaut obpazosanue uona Fg [M-CO-COH]' ¢ m/z
157 3a cuer BbiOpoca rpymmel atomoB COH. Ecnmm B ciydae [-ruapoxcume-
TUJIAHTPaXMHOHA HMHTeHCMBHOCTH THka [M-CO]™ cocraBiser 1=26%, a uoHa
[M-COH]" I=100% [3], To mns Monekysl (3) HHTeHCHBHOCTH HOHOB F3 [M-CO]"™
u F, [M-COH]" - I=5% u 28 % cOOTBETCTBEHHO.

1,8-Iuruapokcu-3-kapooxcu-9,10-antpaxunon (peun) (4). 3amena rua-
POKCHMETHIIBHOM TPYyMIIbl B 3 TIOJI0KEHNH aHTPAaXWHOHOBOM CHCTEMBI Ha KapOOK-
CUTPYIIITy HE OKa3bIBaeT CYIIECTBEHHOT'O BIUSHUS Ha ctabmibHOCTE MU, U mist
MoONeKyJIBl peuHa W,,=35,1% (Tabmuma 2). OCHOBHEIM HampaBjieHHEM (pparmeH-
tarmu MU (4) aBnsiercst mocienoBaTeNbHOE YTUMUHUPOBaHUE ABYX Moiekyn CO
U MOJIEKyJIbl BOJIBI ¢ 0Opa3oBaHHEM KaTHOH-paaukanoB F; [M-CO]™ ¢ m/z 256
(I=14%), F, [M-CO-CO]" ¢ m/z 228 (1=4%) u F; [M-CO-CO-H,0]" ¢ m/z 210
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(I=12%) (cxema 4). Hapsimy ¢ 5THMH HOHaMH B CTIEKTpEe HAOIIOJAI0TCS 3aMETHBIE
muku noHoB Fy [M-OH] ¢ m/z 267 (I=12%) u Fs [M-CO,]" ¢ m/z 240 (I=15%),
KOTOpBIC XapaKTepHBI JUII MAacC-CIEKTPalbHOIO pacrhajia apoMaTUYeCKHX
KapOOHOBBIX KUCJIOT.

B omimune oT Macc-CreKTpanbHOTrO pacraja [-KapOOKCHMaHTpaxWHOHA, B
koTopoM 13 HoHOB [M-OH]" m [M-CO,]" mocienoBaTenbHO MPOUCXOTUT dIIH-
MHUHHPOBAHUE JIBYX MOJEKYJ OKCHJA yrieponaa [3], B Macc-CleKTpe COCTUHEHUS
(4) nanHO¥W (parmMeHTanMu He HabOmOJaeTcs. B crmekTpe mMeercs clabOUMHTEH-
cuBHbI nuk uona F; [M-CO,-CO]™ ¢ m/z 212 (I=4%), KoTopblii BO3HUKAET Npu
OTIIEIIEHHH MOJIEKYJIBI OKCH/Ia yriaeposa n3 nona Fg [M-CO,]".

+e
o onl OH  OH |
-H,0  [M-2CO-H,0]" *
-CO -CO 2 2
— O. O- = mlz 210
COOH COOH .
O 3
[M-COT" *m/z 256 [M-2CO1* m/z 228
F
+e Fl 2
OH O OH—l -COH

-OH +

M-OH -C,H

O —_— T En/z 26]7 2% [M-OH-GHy" [M-2CO-COH]*
COOH m/z 241 m/z 199
Fy Fs Fy
M** 284
-CO, [M-C02]+. -CO [M-CO CO]+~ -CO [M-C02—2C0]+.
-CO,-
m/z 240 m/z 212 > m/z 184
Fq F, F,"

Cxema 4 — @parMeHTanus MOJIEKYJISIPHOTO HOHA
1,8-gurunpoxcu-3-kapbokcu-9,10-anTpaxuHoHa (4)

Takum o00pa3oMm, aHanM3 Macc-CIEeKTpanbHON Qparmentanuu MU pac-
CMOTPEHHOH TPYIIBl MPOM3BOAHBIX IMOKa3al, 4TO eci pacmnaj l,8-aurumpox-
cuantpaxuHoan (1) cBs3aH ¢ TOCIENOBATENBHBIM JIUMUHHUPOBAHUEM JIBYX
MOJIEKYJl OKCHJA Yriiepoja ¢ o00pa3oBaHHEM KaTHOH-paJuKall JUTHIPOKCH-
¢nyopenona F; [M-CO]"™ ¢ m/z 212 (I=15%) u muruapokcubudenunena F, [M-
CO-CO]" ¢ m/z 184 (I=16%), To ans coequHeHwmii (2-6) Ha XapakTep (pparMeH-
TallMd OKAa3bIBACT BIMSHUAE 3aMECTHTENb B 3 TIOJNOXKCHHUHM aHTPAXWHOHOBOU
CHCTEMBI.

«AHTpaxMHOHOBBIH MyTb» pacmaga MU, cBsi3aHHBIM c NEepBOHAYAIBLHBIM
MOCJIeI0BATENIFHBIM DIIMMUHUPOBAHHUEM JIBYX MOJIEKYJI OKCHIa yriepoaa u3z MU,
HaOJoaeTes B Macc-criekTpe xpusodanona (2) u peuna (4). B ciydae xpuso-
¢anona (3) 3To MPUBOAMT K (QOPMUPOBAHMIO MOHA 1,8-TUTMAPOKCU-3-METHII-
¢uyopenona F3 [M-CO]™ ¢ m/z 225 (I=11%) u uoHa 1,8-1uruapokcu-3-MeTrI-
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oudpenmnena Fiy' [M-CO-CO]” ¢ m/z 198 (I=6%). IlapamienbHo ¢ 3TUM IpO-
[IeCCOM B CHeKTpe Habmogaercs oOpa3oBaHHWE CITaOOWMHTEHCHBHBIX HOH-(par-
menToB F; [M-CH;]", F, [M-OH]" u Fs [M-COH]’, u3 KOTOpBIX B JanbHeHmIeM
npoucxoaut snuMmuHUpoBaHne CO. B cioyuae Macc-CHEKTPOMETPUYECKOTO
pacmaza MOJEKyJibl penHa (4) TIpu dIMMHUHUpPOBaHUH ABYX Moyiekyn CO obpa-
3YI0TCSL KATHOH-PAAUKais! 1,8-auruapokcu-3-kapbokcudiayopenona F, [M-CO]™
¢ m/z 256 (1=14%) u 1,8-aurunpokcu-3-kapbokcubupennnena F, [M-CO-CO]™ ¢
m/z 228 (I=4%). Hapany ¢ 3TuMu MOHaMu B CIIEKTPE HAOIIOAAIOTCS] 3aMETHBIE
muku uoHoB [M-OH]™ u [M-CO,]". Hanuume TuapOKCHMETHIBHOH TIPYyHILI B
MoOJIeKyJie anoe-3MoauHa (3) MpPUBOAMT K TOMY, 4YTO Macc-ciektp MM pac-
najaercsi B NATH HalpaBieHusX c oOpasoBanueM uoHoB F, [M-OH]’, F,
[M-H,0]", F; [M-CO]", F, [M-COH]" u Fs [M-CO,]", u3 KOTOPBIX HPOUCXOIUT
amumunupoBanne CO niaun COH.

Paboma nooodepocana Munucmepcmeom obpazosanus u nayku Pecnyonruxu
Kaszaxcman u evinonnena no nHayuno-mexuuyecxkou npoepavme Ne BR05234667
no meme: «DuauKo-XUMUYECKUE OCHOBbI CO30AHUSA HEOP2AHUYECKUX, OP2SaAHU-
YecKux, NOJUMEPHBIX COEOUHEeHUN, CUCeM U MAmepuaios ¢ 3apanee 3a0aHHbIMU
ceolicmeamuy.
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Pesome
T. B. Xapnamosa, C. K. XKymazanues

XPU3A3UHHIH KEUBIP TYbBIH/IBIJIAPBIHBIH, MOJIEKYJIAPJIBIK
NOHJAPBIHBIH MACC-CIIEKTPOMETPUAJIBIK bIABIPY EPEKHIIIIKTEPI

Makanaga 1,8-exiruapokcu-9,10-aHTpaXUHOHHBIH 3 JKaFJalbIHIAa METHII-, THIPOK-
CHMETHJI- YKOHE KapOOKCHJI yTaFaH KelOlp TYbIHABUIAPBIHBIH MOJICKYJIAIbIK HOHAAPBIHBIH
Macc-CleKTPOMETPHSUIBIK  (parMeHTalms — capantamachl  kepcerinireH.  OnapiabiH
MOJICKYJIAJIBIH HMOHJAPBIHBIH OJEKTPOHIBl HMOHW3AIMsIAY KE3IHJAEri HEeTi3ri bIIbIpay
OarpITTapblH aHBIHTAY Makcarsl KoipurraH. COHBIMEH Katap oOpbiHOacapiapablH
XUMUSUTBIK TaOMFATThIHA OallaHHETHl ()parMeHTalus MEXaHU3MJIEpiHIH epiKIITKTepi
tanganFad. KapacTeIppurraH KocbutbicTap THIOBIHEIH MU kapkbiHmsr mbikK (I=100%)
cunatThl. TyBIHIBIIAPIBIH MAacC-CHEKTPOMETPHSUIBIK (hparMeHTaIs CXeMachl YCHIHBII-
raH. CO exi MOJIEKyJIaCHIHBIH 0acTaIKbl SJIMMUHHUPICHI XpU3a3HH, XpU30(aHoI jkoHEe
penHa MU cHNaTTBUTBIFBI KOPCETINTEH.

Tyiiin ce3aep: mMacc-CIeKTp, MOJEKYNApIbIK MOH, (hparMeHTAHAIAY, HOHU3AIHA-
JIay 3NIEKTPOHIAPMEH, IIMTUMHUHHpIEY, 9,10-aHTpaxUHOH TYBIHABLIAPEI.

Summary
T. V. Kharlamova, S. Zh. Zhumagaliyev

PECULIARITIES OF MASS-SPECTROMETRIC DECAY
MOLECULAR IONS OF SOME DERIVATIVES OF CHRYSAZIN

The paper presents an analysis of the mass-spectrometric fragmentation of molecular
ions of certain derivatives of 1,8-dihydroxy-9,10-anthraquinone (chrysazin) (1) containing
the methyl, hydroxymethyl and carboxy group (2-4) in the 3 position of the anthraquinone
system revealing the main directions of the decay of molecular ions (MI) of compounds in
electron ionization, and also comparing the features of the fragmentation mechanism
depending on the chemical nature of the substituent. It is shown that the considered group
of compounds is characterized by an intense MI peak (I=100%), and its stability varies
within W,; = 33.3+50.2%. Schemes of mass spectrometric fragmentation of derivatives
are proposed and it is shown that the initial elimination of two CO molecules is charac-
teristic for MI of chrysiazin, chrysofanol and rhein.

Key words: mass spectrum, molecular ion, fragmentation, electron ionization,
elimination, derivatives of 9,10-anthraquinone.
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UDC 541.132/.132.4:541.49
T. K. JUMADILOV, R. G. KONDAUROV, A. M. IMANGAZY

JSC « Institute of chemical sciences after A. B. Bekturov», Almaty, Republic of Kazakhstan

FEATURES OF ELECTROCHEMICAL AND
CONFORMATIONAL BEHAVIOR
OF HYDROGELS POLYACRYLIC AND
POLYMETHACRYLIC ACIDS, POLY-4-VINYLPYRIDINE
AND POLY-2-METHYL-5-VINYLPYRIDINE
IN AQUEOUS MEDIUM AND LANTHANUM NITRATE
SOLUTION

Abstract. Electrochemical and volume-gravimetric behavior of rare-crosslinked
polymer hydrogels of polyacrylic acid (hPAA), polymethacrylic acid (hPMAA), poly-4-
vinylpyridine (hP4VP) and poly-2-methyl-5-vinylpyridine (hP2M5VP) were studied by
methods of conductometry and pH-metry. It is found that in aqueous medium specific
electric conductivity increases, pH decreases for polyacids and for polybases, swelling
degree increases. The most significant changes occur during 6 hours, further increase is
not so intense, what indicates that system reaches equilibrium state. In lanthanum nitrate
solution electric conductivity, pH also decreases and swelling degree of hydrogels
decreasesas a result of sorption lanthanum ions by polyacids and polybases.

Keywords: hydrogels, polyacrylic acid, polymethacrylic acid, poly-4-vinylpyridine,
poly-2-methyl-5-vinylpyridine.

Introduction. The appearance of selectivity in functional polymers is due to
the affinity of heteroatoms to metal ions and flexibility of polymer chain, allo-
wing several ligands simultaneous interaction with complexing agent [1-2].
Heteroatoms in flexible chains can form spirals or spiral-like structures. Chains
with volumetric side substituents are particularly prone to such conformational
transformations. If the dimensions of pores of spirals or similar structures match
the size of ion, maximum binding of the metal ion by the polymer is observed.
The hydrated shell of metal ions is completely or partially replaced by the
heteroatoms of the hydrogel units [3-9].

As known, in aqueous solutions and salt solutions there is an electrochemical
equilibrium. Any intervention in the solution leads to a change in this balance.

Most hydrogels are polyelectrolytes [10]. The conformational behavior of
polyelectrolytes is greatly influenced by degree of ionization of macromolecular
globes [11-13]. Macromolecules interact with the ions present in the solutions.

Polyacids are prone to dissociation of carboxyl groups, sorption of lantha-
num ions by its addition to the oppositely charged carboxylate anion. The poly-
bases are subjected to protonization of nitrogen heteroatoms, leading to a change
in their conformation.
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EXPERIMENTAL PART

Equipment. For measurement of electric conductivity a conductometer
MARK 603 (Russia) was used, solutions pH was measured on pH-meter
Metrohm 827 pH-Lab (Switzerland). Mass of swelled samples for further
calculation of swelling degree (o) was determined by weighing on analytic scales
SHIMADZU AY220 (Japan).

Materials. Studies were carried out in distillated water and in 0.005M solu-
tion of lanthanum nitrate. Hydrogels of polyacrylic (PAA) and polymethacrylic
(PMAA) acids were synthetized in presence of crosslinking agent N,N-
methylene-bis-acrylamide and redox system K,S,03—Na,S,0;. Hydrogels of poly-
4-vinylpyridine (P4VP) was synthetized by «Sigma Aldrich» company (2% of
crosslinking agent). Hydrogel of poly-2-methyl-5-vinylpyridine (P2M5VP) was
synthetized in medium of dimethylformamide in presence of crosslinking agent
epichlorohydrin. Swelling degrees of the hydrogels are: awmpaa=27.93 g/g,
G(hpMAA):20.65 g/g, (l(hp4vp):3.27 g/g, (l(hp2M5vp):3.2O g/g

Experiment. Experiments were carried out at a room temperature. Calculated
amount of each hydrogel was put into distillated water and 0.005M solution of
lanthanum nitrate. After that measurement of parameters (specific electric con-
ductivity, pH and mass of the samples) was made during 48 hours. Measurements
of conductivity and pH were made in absence of the hydrogels in solutions.
Swelling degree was calculated in accordance with equation:

m, —my

a =
my

where m; — mass of dry hydrogel, g; m, — mass of swelled hydrogel, g.

RESULTS AND DISCUSSION

Study of electrochemical and volume-gravimetric properties of PAA hyd-
rogel. Figure 1 shows dependence of change of specific electric conductivity of
water solution and lanthanum nitrate solution in presence of PAA hydrogel from
time. Electric conductivity increases with time, strong increase occurs during 6
hours after beginning of the contact of hPAA with water.

Sharp increase of electric conductivity points to the fact of absence of
carboxylate anions in solution in initial moment, however, amount of them in-
creases with time and carboxyl groups dissociation degree reaches threshold of
dissociation. Taking in account slight increase of conductivity in time interval 24-
48 h it is possible to conclude that at 48 h equilibrium is reached in an aqueous
medium.

As seen from figure 1, electric conductivity of lanthanum nitrate decreases
with time in presence of hPAA. Along with dissociation of carboxyl groups hPAA
sorbes ions of lanthanum from the solution. During first 30 min there is a sharp
decrease of conductivity. Minumum values of the parameter are observed at 48 h.
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—&—in aqueous medium
—&—in lanthanum nitrate
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Figure 1 — Dependence on specific electric conductivity of PAA hydrogel
in aqueous medium and lanthanum nitrate solution versus of duration

Figure 2 shows dependence of hydrogen ions concentration in water solution
from time in presence of hPAA. Strong release of protons occurs during first 2 h.
Decrease of pH after 24 hoccurs very slightly, minimum values are reached at
48 h. In turn it indicates to equilibrium in the solution. Such change of pH may
evidence about occurrence of dissociation of functional carboxyl groups pro-
viding increase of protons concentration in an aqueous medium.

pH
5,6 4
5,5 ] —=&— in aqueous medium
541 —e—in lanthanum nitrate

Figure 2 — Dependence on pH of PAA hydrogel
in aqueous medium and lanthanum nitrate solution versus of duration
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In lanthanum nitrate solution decrease of pH in presence of hPAA is
observed. Overwhelming majority of protons is released during 6 hours. Increase
of hydrogen ions concentration is due to sorption of lanthanum ions by polymer
hydrogel of PAA, due to what there is an imbalance between carboxylate anions
and protons and the equilibrium shifts to the right (proton formation).

Figure 3 shows change of swelling degree of hydrogel of PAA in time.
During 6 hours in water there is a significant increase of swelling degree of the
hydrogel. It is due to unfolding of the macromolecular globe. After that there is a
slight increase of swelling degree in time interval 24-48 h. Maximum values of
the parameter are observed at 48 h of contact of the polymer hydrogel of PAA
with water medium.

a, g/g
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24 ]
22
204
18 4
164
144
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10
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—=#— in aqueous medium
2:; —=e&—in lanthanum nitrate

0
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16 20 24 28 32 36 40 44 48
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=]
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Figure 3 — Dependence on swelling degree of PAA hydrogel
in aqueous medium and lanthanum nitrate solution versus of duration

Swelling behavior of the hydrogel of PAA in salt solution is radically
different comparatively to swelling in water medium. Main reason of this is
sorption of La*" ions. During first 30 min of interaction there is a strong increase
of hPAA swelling degree, what is due to it’s ionization during interaction with the
salt solution. After that there is decrease of swelling due to folding of macro-
molecular globe.

Study of electrochemical and volume-gravimetric properties of PMAA hyd-
rogel. Figure 4 represents dependence of specific electric conductivity of water
medium and lanthanum nitrate from time in presence of PMAA hydrogel. Strong
increase of the parameter occurs during first 6 h of interaction of hPMAA with
water. This is due to dissociation of functional groups on inter-node links of the
macromolecule. The result of this phenomenon is release of hydrogen ions into
the solution along with carboxylate anions formation. Further increase up to 24 h
occurs not so intense. After that up to 48 hours electric conductivity increases
very slightly, what points to electrochemical equilibrium.

142



ISSN 1813-1107 Neq 2018

A WS/em
650

—=—in aqueous medium

600 —&—in lanthanum nitrate
550
500
450

400 *

350 =
9 ]
8 1
74
6_
5

L ]

A%}

T.h

I T
0 4 8 12 16 20 24 28 32 36 40 44 48

Figure 4 — Dependence on specific electric conductivity of PMAA hydrogel
in aqueous medium and lanthanum nitrate solution versus of duration

In lanthanum nitrate solution there is occurrence of hPMAA along with
lanthanum ions sorption. Result of this is decrease of electric conductivity. Exact
decrease is observed during 2 h. This provides conclusion that sorption mecha-
nism is predominantly coordinating. In case of ionic exchange there should be
increase of conductivity due to the fact that ionic mobility of hydrogen ions is
much higher comparatively with ions, which formed during lanthanum nitrate
dissociation.

Figure 5 shows dependence on pH of hydrogel PMAA in aqueous medium
and lanthanum nitrate solution versus of duration. It initial moment of time there
is occurrence of significant decrease of pH, what evidences about release of
protons during electrolytic dissociation of carboxyl groups. Further increase of
protons concentration is observed up to 24 h. Reason of it is dissociation of -
COOH groups on H" and -COO". After 24 hours dissociation occurs slowly, what
indicates reaching of electrochemical equilibrium. Contact of hPMAA with the
salt solution provides release of protons, main part of which is released during
6 h. Additional release of hydrogen ions occurs due to shift of electrochemical
equilibrium to the right due to lanthanum ions sorption.

Dependence of hPMAA swelling degree from time is shown on figure 6.
Sharp increase of swelling is observed during 2 h. This is due to dissociation of
functional groups and unfolding of polymer globe. Further increase of swelling
degree occurs slowly, what points to equilibrium in the system.

Behavior of hPMAA in the salt solution is radically different from
interaction of hPMAA with water. During the 1 h there is an increase of swelling
degree, which is accompanied by further decrease. Minimum values of the
parameter are reached at 48 h of interaction of hydrogel of polymethacrylic acid
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Figure 5 — Dependence on pH of PMAA hydrogel
in aqueous medium and lanthanum nitrate solution versus of duration
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Figure 6 — Dependence on swelling degree of PMAA hydrogel
in aqueous medium and lanthanum nitrate solution versus of duration

with lanthanum nitrate. Decrease of swelling degree with time indicates the
sorption of lanthanum by the polymer hydrogel.

Study of electrochemical and volume-gravimetric properties of P4VP
hydrogel. Dependence of specific electric conductivity of water and lanthanum
nitrate from time in presence of hP4VP is shown on figure 7. Obtained results
show that electric conductivity of water increases with time. One of reasons of it
is binding of protons, formed in result of water dissocitaion, by nitrogen atoms
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Figure 7 — Dependence on specific electric conductivity of PAVP hydrogel
in aqueous medium and lanthanum nitrate solution versus of duration

and further shift of equilibrium to the right (to proton formation). Significant
increase occurs during 6 hours after start of contact of hP4VP with aqueous
medium. After that increase occurs not so intense up to 48 hours.

In lanthanum nitrate solution the dissocitated lanthanum ions binding with
polybasis occurs as result decreased the electric conductivity. Significant decrease
of it is observed during 2 h and further change was in significantly.

Figure 8 shows dependence of hydrogen ions concentration in water medium
and lanthanum nitrate solution from time in presence of hydrogel of P4VP. As

pH

—=&—in aqueous medium

—e—in lanthanum nitrate

Figure 8 — Dependence on pH of P4VP hydrogel
in aqueous medium and lanthanum nitrate versus of duration
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seen from figure, slight increase of pH values occurs due to association of protons
by heteroatoms of polybasis. It should be noted that during all time of contact of
the polymer with water medium decrease of hydrogen ions concentration is
observed. In initial moment of time protons are intensively bind by nitrogen
atoms in process of polybasis ionization, what is evidenced by significant
decrease of their concentration. After 6 h degree of their association decreases due
to what increase of pH becomes more slightly. Maximum values of pH are
reached at 48 h.

As seen from figure 8, proton formation in the lanthanum nitrate solution
occurs during all the time as result of interraction with polymer hydrogel P4VP.
Sorption of lanthanum ions by the polybasis lead to formation coordination bonds
of heteroatoms with the metal ions. Protonization of the basic hydrogel occurs due
to binding of forming ions of hydrogen by heteroatoms of P4VP, due to this
phenomenon the equilibrium shifts to the right, and, as a result, additional release
of protons in solution occurs. Further interaction provides sorption of lanthanum
in accordance with coordination mechanism due to what protons are released into
the solution.

Swelling degree of hP4VP in water and in lanthanum nitrate has radically
differrent character (figure 9). Swelling of the polybasis in water occurs very
intensively during first 2 h. Further increase of swelling occurs more slightly.
After 24 h swelling degree of P4VP almost does not change.

o, g/g
3,5+

3.0

2,54

2,0

—&— in aqueous medium
—e—in lanthanum nitrate

LR B B B B B B B s S A T.h
0 4 8 12 16 20 24 28 32 36 40 44 48

Figure 9 — Dependence on swelling degree of P4VP hydrogel
in aqueous medium and lanthanum nitrate solution versus of duration

Behavior of the polybasis in lanthanum nitrate solution shows that significant
increase of swelling degree of hP4VP occurs during 30 minutes after beginning of
the contact. Further interaction is accompained by swelling decrease. Minimum
values of swelling degree are observed at 48 hours.
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Study of electrochemical and volume-gravimetric properties of P2M5VP
hydrogel. In water solution significant changes of specific electric conductivity in
presence of hydrogel of P2M5VP occur (figure 10). Strong increase is observed
during first 6 h. Reason of such significant increase of conductivity is process of
hydrogen ions binding, which were formed during water molecules dissociation,
by nitrogen atoms of hydrogel of P2M5VP. Further increase of values of electric
conductivity is not very intensive especially after 24 h, what may point to the fact
that in system hydrogel of P2M5VP — water electrochemical equilibrium is set.
Interaction of polymer hydrogel of P2M5VP with lanthanum nitrate provides
binding of dissociated ions of the metal, what, in turn, provides decrease of values
of specific electric conductivity of the solution. Strong decrease is observed at 30
min. Further decrease is slight up to 48 h of interaction of the polymer with the
salt solution.

1. pS/em
650
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6{)0-_ —e&—in lanthanum nitrate
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Figure 10 — Dependence on specific electric conductivity of P2M5VP hydrogel
in aqueous medium and lanthanum nitrate solution versus of duration

Obtained results on electric conductivity provides conclusion that sorption of
lanthanum ions by hP2M5VP occurs due to coordination mechanism.

Impact of presence of hydrogel of poly-2-methyl-5-vinylpyridine on pH of
water medium and lanthanum nitrate solution in time is shown on figure 11.
Change of pH of water occurs similarly to changes of hydrogel of PAVP. During
first 6 h there is sharp decrease of protons concentration. It is due to predomi-
nance of binding process over protons release in the solutions. After 24 h pH
increase occurs more slightly in comparison with initial time moment. Final
values of pH of water solution are observed at 48 h of interaction of basic poly-
mer hydrogel of P2M5VP with solution.

Proton release is also occurred during lanthanum sorption by hydrogel of
P2M5VP. lonization of this polybasis occurs due to formation of coordination
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Figure 11 — Dependence on pH of P2M5VP hydrogel
in aqueous medium and lanthanum nitrate solution versus of duration

bonds similarly to P4VP. Overwhelming majority of hydrogen ions is released
during 6 h. After 24 h of interaction of polymer hydrogel of poly-2-methyl-5-
vinylpyridine with lanthanum nitrate solution proton release process is so
insignificant that it is possible to conclude that electrochemical equilibrium is set.

Curves of swelling degree of hP2M5VP dependence from time in aqueous
medium and lanthanum nitrate solution are shown on figure 12. As known,
hydrogel of P2MS5VP is weak polybasis and swells very slightly. Sharp increase
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Figure 12 — Dependence on swelling degree of P2M5VP hydrogel
in aqueous medium and lanthanum nitrate solution versus of duration
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of the hydrogel’s swelling in initial moment of time in water can be explained by
the fact that there are conformational changes in structure of macromolecule in
result of ionization of the hydrogel. It should be noted that significant increase of
swelling degree of hydrogel is observed during first 6 hours of interaction.
Maximum values of swelling degree are observed in water at 48 h.

Behavior of hydrogel of P2M5VP in lanthanum nitrate solution is rather
different from it’s behavior in water. There is an increase of swelling degree of
the polybasis for the first 30 min of contact with further decrease of this para-
meter due to conformational changes in macromolecular structure in result of
rare-earth metal sorption. Minimum values of swelling degree of basic hydrogel
of P2M5VP are seen at 48 h of interaction of polymer hydrogel with the salt
solution.

Conclusion.

1. Electrochemical behavior of hydrogels PAA, PMAA, P4VP and P2M5VP
in aqueous medium shows that during the prosece there are occurrence of the
following changes: specific electric conductivity increases due to dissociation of
water molecules and carboxyl groups; pH decreases at presence of polyacids what
points to carboxyl groups dissociation and pH increases at presence of polybases
what points to partial binding of protons formed as result dissociation of water
molecules.

2. Conformational behavior of hPAA, hPMAA, hP4VP, hP2M5VP in water
medium points to the fact that rare-crosslinked polymer hydrogels of acid and
basic nature undergo swelling. The most intensive swelling occurs during 6 h
after beginning the contact of the macromolecules with water.

3. Electrochemical properties of lanthanum nitrate solution point to sorption
of rare-earth metal by hPAA, hPMAA, hP4VP, hP2M5VP. This is evidenced by
decrease the specific electric conductivity and pH. Swelling degree of hPAA,
hPMAA, hP4VP, hP2M5VP in lanthanum nitrate solution also decreases due to
sorption of lanthanum ion.

4. Study of behavior of individual rare-crosslinked hydrogels of PAA,
PMAA, P4VP and P2M5VP provides conclusion that nature of medium (water or
lanthanum nitrate) impacts on change of electrochemical and conformational
properties of the initial macromolecules.
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Pesrome
T. K. 2Kymaoinos, P. I. Konoaypos, A. M. Hmanza3zei

IMOJIMAKPWII )KOHE INIOJIMMETAKPWJI KbIIIKbIJIJIAPBI MEH
[TOJIN-4-BUHWJITTNPUAMH )XOHE IT10JIN-2-METWJI-5-BUHWJITINPUINH
TMAPOT'EJIBAEP EPITIHAICIHAETT SJIEKTPOXUMUAJIBIK )KOHE
KOH®OPMAIMAJIBIK EPEKIIEJIKTEPI CYIAYBI )KOHE JIAHTAH HUTPATBI

Annoranusi. Cy opTachiHIa )KOHE JIaHTaH HUTPATBIHBIH EPITIHIICIHAE MOIHAKPHI
kpIKpUIBIHEIH (ITAKr), nomumerakpun KeikpuibiHBIH (IIMAKT), monu-4-BuHnmmipu-
nuaHIH ([14BI1r) sxone nomu-2-metun-S-sunuinupuanauin (II2MSBIIr) cupex Top:an-
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FaH THUAPOTCIBIACPIIH DJICKTPOXUMIBUIBIK JKOHE KOJIEMIIK-TPaBUMETPIIIK KacHUeTTepi
KOHAYKTOMTEpus x)oHe pH-meTpus onmictepimen 3eprrenred. Cy OpTachlHAa HAKThI DJICK-
TPOTKI3TIIITITIHIH >KOFapbUIaybl, KBIIKBUT THAporenbaep yiniH pH Temenneyi, Herisri
THIporenaep YIriH pH-HiH YIFarObl ’KOHE ICIK TOPEKECiHIH KOFaphUIayhl aHBIKTAIIEL. EH
KYIITi e3repictep 6 caraTrTaH KeiiH OalKanaasl, coJjaH KeHiH eciM KapKbIHABI eMec, Oy
Teme-TeHIIKKe KO3KapacTsl Kepcerei. JIaHTaHBIH HUTPATHIHBIH ePiTIHAICIHIE AIIEKTpP OT-
Ki3rimriri a3asasl, pH TeMeHneiai, an iciHy AeHreii TeMeHaen i, Oy IaHTaHBIH HOH/Ia-
PBHIHBIH TOJTHAKUITEP MEH MOJIH-HETi3IepMEeH COpOIMACHIH KOPCETE .

Tyiin ce3mep: rHUIPOreabACP, MOJHAKPUI KBIIIKBLIBI, MOIMMETAKPUI KBIIIKBLIH,
MOJIH-4-BUHWITUPUINH, TOJIH-2-METHI-5-BUHUITAPUIVH.

Pesome
T. K. Joicymaounos, P. I'. Konoaypos, A. M. Hmanza3zei

OCOBEHHOCTH DJIEKTPOXMMHUYECKOI'O 1 KOH®OPMAIIMOHHOI'O
[MOBEJIEHUS TUIPOI'EJIEM TTOJIMAKPHMJIOBOM U ITOJIUMETAKPUJIOBOIA
KHUCJIOT, A TAKXKE [TOJIN-4-BUHWITIMPUINHA U1 TI0JIN-2-METHJI-5-
BUHWJIIIUPUJIMHA B BOJIHOU CPEJIE U B PACTBOPE HUTPATA JIAHTAHA

AHHoTauus. lccnenoBaHo AIEKTPOXHMHYECKOE U O0OBEMHO-TPaBUMETPHYECKOE
MOBEZICHUE PEIKOCUINTHIX MOJMMEPHBIX THaporeneil monmakpuinoBoit kuciotsl (rl1AK),
nouMetakpuioBoi kuciotel (rIlIMAK), nomu-4-sunmnnupuansa (rI14BI1) u nomu-2-
MeTwi-5-suaunnupuauaa (rIlI2M5SBIT) B BogHO# cpene M pacTBope HHMTpaTa JIaHTaHa
METOJaMH KOHIYKTOMETpHH U pH-MeTpun. YCTaHOBIEHO, YTO B BOJHOW Cpeje MpOUC-
XOJUT BO3PACTAHUE YAEIABHOH 3JIEKTPONPOBOJHOCTH, CHIKeHHE pH i1 KUCIOTHBIX
rugporesnel, ypeandenue pH a1 OCHOBHBIX THIpOTeleld W yBeIWYEeHHE CTEIeHH Haly-
xaawns. [Ipuyem Hambosee criIbHBIC H3MEHEHHS HAOMONA0TCS Ha TIPOTSHKCHUH 6 U, anee
POCT HE CTOJIBKO MHTEHCHBHBIN, YTO YKa3bIBaeT HA MPUOIMKECHUE K COCTOSHHUIO PaBHO-
Becus. B pacTBope HHTpara JaHTaHa NPOHCXOAWUT CHIDKCHHE 3JIEKTPONPOBOJHOCTH,
yMeHblIeHne pH M yMeHbIleHHE 3HaueHHH CTENeHW HaOyXaHMs, YTO YKa3blBaeT Ha
COpOLIMIO HOHOB JIAHTaHA MOJMKUCIOTaMH U TIOJIMOCHOBAHHSIMU.

KiroueBble cjioBa: THAPOTeNH, MOJHAKPUIOBAs KUCIOTA, OJIMMETaKpUIOBasi KUC-
JI0Ta, MOJIN-4-BUHWINHPHUIUH, NOJTU-2-MeTHII-5-BUHUINUPHUIUH.
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«Institute of Chemical Sciences named after A. B. Bekturov» JSC,
Almaty, Republic of Kazakhstan

INFLUENCE OF LONG-RANGE EFFECT BETWEEN
POLYMETHACRYLIC ACID AND POLY-4-VINYLPYRIDINE
HYDROGELS ON THE SORPTION ABILITY TO LANTHANUM IONS

Abstract. The phenomenon sorption of lanthanum ions by polymethacrylic acid
hydrogel (gPMAA) and poly-4-vinylpyridine hydrogel (gP4VP) intergel system was
studied. It was established that the structure of the basic hydrogel significantly influence
the self-organization of the PMAA hydrogels. Hydrogels mutual activation in an aqueous
medium, particularly dependencies of swelling coefficient, specific electric conductivity
and pH of water solutions are studied. The lanthanum ions extraction degree by individual
hydrogels PMAA and P4VP was 71% and 59%, respectively. At ratio4:2 (67% of
gPMAA-33% gP4VP), up to 90% lanthanum ions were recovered. The individual PMAA
and P4VP polymer hydrogels have relatively low values of the polymer chain binding
degree 1.34% and 0.79%, respectively.

The obtained results indicate the possibility of creating selective intergel systems
for lanthanum ions production.

Keywords: intergel system, sorption, remote interaction, La*" ions, hydrogels, poly-
methacrylic acid, poly-4-vinylpyridine.

Introduction. Rare-earth elements are used in various industries: instrument
making, radio electronics, machine building, nuclear engineering, metallurgy,
chemical industry, etc. Lanthanum, cerium, praseodymium, neodymium are wi-
dely used in the glass industry in the form of oxides and other compounds [1].
These elements increase the translucence of the glass. Rare-earth elements are
part of special-purpose glasses that transmit infrared rays and absorb ultraviolet
rays, and heat-resistant glass [2]. Rare earth elements and their compounds are
widely distributed in the chemical industry, for example, in the production of
pigments, varnishes and paints, certain explosives, special steels and alloys, as
degasifiers [3].

Mutual activation of polymer hydrogels leads to significant changes in their
electrochemical and conformational properties. It should be noted that in previous
studies, the initial polymers were applied in a dry state. Remote interaction is
carried out by the following processes: rapid - hydration, ionization, dissociation,
association and slow - change in the conformational state of inter-node links. It is
obvious that the initial state of the rare-crosslinked hydrogels should influence the
rate of interactions in the intergel system (figure 1). Swollen polymers are better
subjected to mutual activation due to the fact that the macromolecular coil unfolds
during swelling, as a result, the activity of functional groups increases. In con-
nection with this, the purpose of this work was to study the sorption ability of
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Figure 1 — Intergel system: 1 — solution, 2 — membrane, 3 — acidhydrogel, 4 — base hydrogel.
Intergel systems — multicomponent systems, whichconsist of two or more hydrogelsand solution.
Importantmoment: there is no direct contactbetween polymers

the gPMAA-gP4VP intergel system consisting of preliminary swollen hydrogels
with respect to lanthanum ions.

As a result of previous studies [4-7], it was established that the remote in-
teraction of polymer hydrogels in intergel systems leads to significant changes in
the conformational state as a result of their self-organization.In connection with
this, the aim of this work was to study the effect of the second component (poly-
base) on the self-organization of polymer hydrogels of polymethacrylic acid in the
intergel system, as well as the study of the sorption properties of the gPMAA-
gP4VP intergel systems with respect to lanthanum ions.

Two main reactions occur in intergel systems:

1. Acid hydrogel dissociation:

B T TOOH_ B T (lzoo—_
i H CHj 1 i H CHy |

2. Binding of cleaved proton by nitrogen heteroatom:
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Mutual activation of hydrogels due to proton binding by poly-4-vinylpy-
ridine [13].

Long-distance interactions mechanism. Pair of next reactions may explain
long-distance interactions between two hydrogel specimens [8]:

R,;-COOH <R;-COO + H" (1)
R,=NH+ H" <R,=NH," )

Normally reactions (1) and (2) do not break up the electric neutrality of a
system, but in our case the first reaction takes place in volume of one specimen,
and the other occurs in volume of sample which is placed at relatively long
distance. Hydrogen ions generated in volume of the first sample are chemically
bonding by neighboring specimen. In other words, polymethacrylic acid gel
(reaction 1) may be considered as a donor, and the gel-2 as an acceptor of protons
(reaction 2). Consequently, both gels obtain non-zero electrostatic charge (fi-
gure?), and behavior of the system now is determined by macroscopic charge
distribution.

R-COOH ¢» R-COO™ + H* 2N + H* & 2NH*

R-COOH @.j:-) H @ >N @ :>NH @GP

Figure 2—Formation of macroscopic charge at long-distance interaction
between acceptor and donor networks [8]

First, non-zero charge of each specimen leads to repulsion of charged
functional groups of each gel from each other. It is necessary to underline, that
charges of functional groups inside each gel actually is moveable. Their motion
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has the same mechanism as holes conductivity in semiconductors. A proton may
disconnect from a —COOH group and join to neighbor dissociated —COQO" group.
Totally, such process may be considered as motion of —COQO" charged «particle».
Repulsion of such negative particles leads to formation of a thin charged layer at
surface of a specimen, which take part in long-distance interaction with acceptor
of protons, while the degree of dissociation of weak carbon acid is low.

The lanthanum ions sorption by the gPMAA-gP4VP intergel system occurs
by ionic and coordination mechanisms[8].

Electrochemical processes usually occur under condition of electric neu-
trality of a system as whole and itsmacroscopic parts separately. A set of electro-
chemical reactions may be quite complicated, but the deviationsfrom neutrality
usually have scale determined by Debye length only, i.e. known types of chemical
processescannot result in appearance of macroscopic electric charge and electric
currents.

At the same time, appearance of macroscopic electric charge (as well as
electric current of pronounceablemagnitude) in biological systems is a result of
chemical reactions. The most important example is electricactivity of biological
neuron networks.

Now we report that organic chemical reaction directly resulting in charging
of a macroscopic specimen isobserved. Non-zero macroscopic charge appears
during long-distance interactions between two polymer hydrogels, when one
network is a cross-linked poly-acid, which generates moveable hydrogen ions,
and another cationic hydrogel can take part in a chemical reaction of bonding of
mentioned ions [8].

High sorption degree of polymers in intergel systems is due to the absence of
counter ions at ionized groups. This is consequence of intergel interactions, result
of which is mutual activation of hydrogels and uncompensated chargesformation
along the polymer chain. Uncompensated charge is formed due to cleavage of
proton from carboxyl groups during dissociation of acid hydrogel and binding of
this ion with heteroatom of polybasis in an aqueous medium. Wherein charge
density of basic hydrogels is limited by dissociation degree of acid hydrogel.
Subsequently both hydrogels are ionized and do not have counter ions at major
part of functional groups. Formation of ionized groups is caused by confor-
mational changes of internode links of polymer chains due to what unfolding of
macromolecular globe takes place. In this regard, the next goal of this work is to
study the impact of dry initial state of polymer hydrogels of PMAA and P4VP on
electrochemical and volume-gravimetric properties of gPMAA-gP4VPintergel
system. Feature of ionization process in intergel systems is in absence of counter
ions at ionized groups. This is consequence of intergel interactions, in result, there
is an occurrence of hydrogels mutual activation and uncompensated charges for-
mation along the polymer chain. Uncompensated charge is formed due to proton
cleaving from carboxyl group during acid hydrogel dissociation and association
of this ion by heteroatom of basic hydrogel in an aqueous medium. In this case
charge density of basic hydrogels is limited by dissociation degree of acid hyd-
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rogel. Consequently, both hydrogels are ionized and do not have counter ions at
charged links. The result is an increased sorption ability in comparison with
individual hydrogels.

Polymer hydrogels usually are considered as intelligent materials, and their
advancedapplications are developing in this way. In particular, different biomi-
metics and biomodeling applications arediscussing widely in current literature [8].

Interactions between different types of hydrogels are much less investigated
that hydrogels themselves; onecan found only separate reports on this subject in
current literature [9, 10]. Besides, cited articles [9,10] aredevoted to contact
interactions of hydrogels. Now we report about sufficiently new phenomena,
whichdemonstrate possibility of electrochemical interactions between specimens
placed at quite long distance fromeach other [§]

Republic of Kazakhstan — is one of the largest regions in the world, which
has significant reserves and prospects for expanding of the mineral resource base
of rare and rare earth metals. Today, however, the production of rare metlas, rare
earth metals and their compounds in Kazakhstan can be characterized as unstable,
not corresponding to its potential. In some enterprises production of these metals
decreased and suspended.

Meanwhile, in view modern and perspective requirements of science and
technology development in the world demand for rare metal and rare earth pro-
ducts increases, and production of pure rare and rare earth metals and their com-
pounds is highly profitable. Hence, for Republic of Kazakhstan priority direction
in future — production, selection, production of pure rare and rare-earth metals and
their compounds. Previous studies showed that in result of remote interaction
hydrogels, which are in intergel systems, have significant changes in volume-gra-
vimetric, sorption properties [1-3]. Hydrogels long-range effect (Jumadilov
effect) may be a basis for creation of new technologies in hydrometallurgy,
wastewater treatment, industrial and biological solutions, and in other areas, in
which there is a necessity in selective separation, concentration and extraction of
different charged particles [11].

EXPERIMENTAL PART

Equipment. Optical density measurements for the subsequent calculation of
the lanthanum (Il)nitrateconcentration were made using a Jenway-6305 (SC)
spectrophotometer.

Materials. The studies were carried out in an lanthanum (III) nitrate hexa-
hydrate solution. The hydrogels of polymethacrylic acid were synthesized in the
presence of the cross-linking agent N,N-methylene-bis-acrylamide and the
oxidation-reduction system K,S,04-Na,S,0;. The poly-4-vinylpyridine hydrogel
(gP4VP) was synthesized by Sigma-Aldrich (2% cross-linking agent). The syn-
thesized hydrogels in the aqueous medium constituted the intergel pair «poly-
methacrylic acid hydrogel — poly-4-vinylpyridine hydrogel» (gPMAA-gP4VP).
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The hydrogels swelling degrees were: o (gPMAA) = 20.65 g/g and o (gP4VP) =
=2.65 g/g.

Experiment. The experiments were carried out at room temperature. The
researchof this intergel system was carried out as follows: the calculated amount
of each hydrogel in dry form was placed in special polypropylene nets, the pores
of which are permeable to low molecular ions and molecules, but impermeable to
the dispersion of hydrogels. Then, an aliquot was taken for subsequent optical
density measurements.

Methodology of lanthanum ions determination. The method for lanthanum
ions determining in solution was based on the formation of a colored complex
compound of the organic analytic reagent arsenazo (III) with lanthanum ions [12].

Extraction (sorption) degree (1) was calculated by the following equation:

_ Cinitial — Cresidual

x 100%
Cinitial
where Ciyiial 1S the initial concentration of lanthanum in solution, g/L; Ciesigue 18
theresidual concentration of lanthanum in solution, g/L.
Polymer chain binding degree (0) was determined by calculations in
accordance withthe following equation:

V.
e=%"edx100%

where vy,5.s — the quantity of polymer links with sorbed lanthanum, mol; v —
thetotal quantity of polymer links (if there are two hydrogels in solution, it is
calculatedas sum of each polymer hydrogel links), mol.

The effective dynamic sorption capacity (Q) was calculated by the following
equation:

Vsorbed

msorbent(s)

where vy, 18 the amount of sorbed metal, mole; Mapsorvent - the mass of the sorbent
(if there are two hydrogels in solution, it is calculated as the sum of the two
hydrogels masses), g.

RESULTS AND DISCUSSION

The study of the electrochemical, volumetric-gravimetric properties of the
polymethacrylic acid hydrogel. During the interaction of polymethacrylic acid
hydrogel with an aqueous medium, various changes in the electrochemical
properties of water occur. Figure 3 demonstrates the dependence of the specific
electrical conductivity of the aqueous solution on time in the presence of the
PMAA hydrogel. The dependence curve clearly shows that the electrical conduc-
tivity values increase with time. A strong increase occurs in the first 6 hours of
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Figure 3 — Kinetics of the electrical conductivity change of the PMAA hydrogel
in aqueous medium versus duration

interaction of the polymethacrylic acid hydrogel with the solution. This is faci-
litated by the dissociation of functional groups on the inter-node links of the
macromolecule. After that, up to 48 hours, there is practically no increase in the
electrical conductivity, which in turn leads to the conclusion that the system has
reached a state of equilibrium.

Figure 4 shows the pHchange of PMAA hydrogel in aqueous medium versus
duration.At the initial time, the pH significantly decreases in value indicating that
protons released into the solution upon dissociation of the carboxyl groups.
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Figure 4 — Kinetics of the pH change of PMAA hydrogelin aqueous medium versus of duration
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Then, there is an intensive growth of pH from 5.56 to 6.6 during 24 hours.
The main reason for this phenomena is the decomposition of associates within the
macromolecule, followed by the addition of protons to carboxylate-formed
anions. It should be noted that in this case intramolecular associates are stronger
than in the structure of polyacrylic acid. This is due to the higher degree of
hydrophobicity of the polymethacrylic acid hydrogel.

Figure 5 demonstrates the dependence of the swelling coefficient of the
polymethacrylic acid hydrogel. As can be seen from the figure, a sharp increase in
swelling is observed during 1 hour. This is due to the functional carboxyl
groups’dissociation and the unfolding of the polymer globe. Less intensive in-
crease is observed within 6 hours. Further, the increase in the swelling coefficient
occurs slowly, which allows one to conclude that equilibrium in the system is
reached.
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Figure 5 — Kinetics of swelling coefficient change of the PMAA hydrogel
in aqueous medium versus of duration

The study of the electrochemical and volumetric-gravimetric properties of
the poly-4-vinylpyridine hydrogel. The dependence of the specific electrical
conductivity of the aqueous solution on time in the presence of poly-4-vinyl-
pyridine hydrogel is shown in figure6. The obtained results indicate that the
conductivity values decrease with time. This is due to the fact that the binding of
protons by nitrogen heteroatoms of vinyl pyridine occurs, H formed as a result of
the process of water molecules dissociation. As can be seen from the figure, a
significant reduction occurs within 6 hours after the initiation of the poly base
interaction with the aqueous solution. Then, there is a slight decrease in electrical
conductivity up to 48 hours.
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Figure 6 — Kinetics of swelling coefficient change of the P4VP hydrogel
in aqueous medium versus of duration
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Figure 7 — Kinetics of pH change in the presence of P4VP hydrogel

Figure 7 shows the dependence of the hydrogen ion concentration on time.
As can be seen from the figure, at the initial moment of time, a gradual increase in
the proton concentration occurs, then their content in the solution decreases,
indicating that the proton is associated with a polybase. At the initial instant of
time, the polybase, as evidenced by the high values of their concentration, weakly
binds the protons. Then, after 6 hours, the degree of their association increases,
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and the concentration of hydrogen ions in the solution decreases. This leads to an
increase in the pH of the medium.

Swelling of poly-4-vinylpyridine hydrogel occurs rather intensively during
1 hour, then swelling decreases. The main reason for the decrease in swelling can
be the folding of the macromolecule polymer globe. This is due to the intra-
molecular cross-links formation, such as

>N ..H+ .. N=.

As can be seen from figure8, after 24 hours the swelling coefficient remains
practically unchanged. In other words, we can say that the state of equilibrium is
reached.
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Figure 8 — Kinetics of theP4VP hydrogel swelling ratio change

Mutual activation of hydrogels in the intergel system of polymethacrylic acid
hydrogel - poly-4-vinylpyridine hydrogel. In the process of remote interaction of
hydrogels in the gPMAA-gP4VP intergel system, the specific electric conduc-
tivity of aqueous solutions changes. The dependence of the specific electrical
conductivity on the molar ratio of hydrogels in time is shown in figure 9. As can
be seen from the graph, the increase in electrical conductivity occurs at a ratio of
gPMAA:gPAVP = 3:3 over the entire time of the remote interaction. The
maximum electrical conductivity reached after 48 hours. The minimum values of
the electrical conductivity are noted in the region of presence of only the poly-
base (gPMAA:gP4VP ratio=0:6), which is due to its weak dissociation.

The dependence of the hydrogen ions concentration is presented in figure 10.
As can be seen from the figure, the increase in the concentration of hydrogen ions
occurs at aratio of gPMAA:gP4VP = 3:3. If we compare these data with the data
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Figure 9 — Dependence on the specific electrical conductivity of aqueous solutions versus
the mole content of hydrogels at various duration.
Description of curves: 1 —0h; 2—1h;3-3h;4-6h;5-24h;6-48h
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Figure 10 — pH dependence of aqueous solutions versus the mole content of hydrogels
at various duration.
Description of curves: 1 — 0 h; 2 —0.5h; 3 — 1h; 4 — 2h; 5 — 6h; 6 —24h; 7—48 h
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on the electrical conductivity, then we can conclude that at this ratio the process
of carboxyl groups dissociation predominates over the process of attaching
protons with vinylpyridine.

A significant decrease in the concentration of H' ions occurs at a ratio of
gPMAA:gP4VP = 1:5. In the case of specific electric conductivity, at the same
ratio, it is clear that the electrical conductivity values are low. The result of this is
the formation of the same charged functional groups without counterions. And as
a consequence - the transition of acid and basic hydrogels into a highly ionized
state.

Figure 11 shows the dependence of the swelling coefficient of the acid hyd-
rogel polymethacrylic acid on the molar ratio of hydrogels in the gPMAA:gP4VP
intergel system over time. The increase in the swelling coefficient of the polyacid
occurs gradually with time increasing. Moreover, it should be noted that the
increase in Ky occurs with an increase in the concentration of the poly base in the
solution. The minimum swelling occurs in the presence of only the polyacid in the
solution (ratio gPMAA:gP4VP=6:0). The maximum swelling of the polyme-
thacrylic acid hydrogel occurs at a ratio of gPMAA:gP4VP = 1:5 after 48 hours of
remote interaction of the hydrogels. This is due to the predominance of the proton
association process over the dissociation of carboxyl groups. The result of this is
the transition of the acid hydrogel into a highly ionized state.
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Figure 11 — Dependence of the gPMAA swelling ratio in the presence of gP4VP
on the molar content of hydrogels at various duration.
Description of curves: 1 —0h;2—-1h;3-3h;4—-6h;5-24h;6-48h
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Figure 12 shows the dependence of the swelling coefficient of the main hyd-
rogel poly-4-vinylpyridine on the mole ratio of hydrogels in the gPMAA:gP4VP
intergel system over time.
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Figure 12 — Dependence of the gP4VP swelling ratio in the presence of gPMAA
on the molar content of hydrogels at various duration.
Description of curves: 1 =0 h;2—-1h;3-3h;4-6h;5-24h;6-48h

As the percentage of poly-acid increases, the swelling coefficient of the poly-
base increases. The minimum swelling of the poly-base occurs at a ratio of
gPMAA:gP4VP = 1:5. This is due to the formation of intramolecular cross-links
>N ... H + ... N=, which results in folding of the polymer globeand a decrease in
swelling. The maximum swelling area is the ratio of gPMAA:gP4VP= 5:1, with
Ky taking the maximum values at this ratio after 48 hours.

Study of mutual activation of hydrogels gPMAA and gP4VP in intergel
system. In presence of intergel system in an aqueous medium, there is an occur-
rence of various processes, which influence the ionic equilibrium in solution.
Such processes are:

1. Dissociation of —-COOH groups of internode links:

~COOH — COO "H"— -COO™ +H"

It should be noted that dissociation occurs stepwise: firstly, there is ioni-
zation with ionic pairs formation, after that ionic pairs partially dissociate on
separate ions.

2. lonization and partial dissociation of nitrogen heteroatom in pyridine ring:

=N +H,0 —»=NH'... OH — =NH'+ OH"
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3. Interaction of nitrogen heteroatom with proton, which was cleaved from
carboxyl group:
=N+H —=NH"
4. Formation of water molecules by interaction of H" and OH™ ions, which
were formed in result of reaction of functional groups with water molecules:
H'+OH — H,0
Lanthanum ions extraction by the gPMAA-gP4VP intergel system. The
dependence of lanthanum ions extraction degree by the gPMAA-gP4VP intergel
system on the mole ratio of hydrogels in time is shown in figure 13. The maxi-
mum amount of lanthanum ions was extracted by the gPMAA-gP4VP intergel
system at the ratio of hydrogels 4:2 (67%gMPAA-33%gP4VP). The degree of
lanthanum ions extraction after 24 hours at this ratios was 90%. The obtained
results indicate that the degree of lanthanum ions extraction by individual
hydrogels of polymethacrylic acid and poly-4-vinylpyridine is low, the extraction
rates were71% and 59%, respectively. The remaining ratios of the intergel pair in
the gPMAA-gP4VP intergel system also have much higher lanthanum ion extrac-
tion rates compared to the lanthanum ions extraction of the PMAA and P4VP
individual hydrogels.
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Figure 13 — The dependence of the lantanum ions extraction degree
by the gPMAA-gP4VP intergel system on the mole ratio of hydrogels in time

Figure 14 shows the dependence of thepolymer chain binding degree in
relation to lanthanum ions) of the gPMAA-gP4VP intergel system in time. The
maximum value of the polymer chain binding degree in the intergel system after
24 hours was 1.52% at ratio of gPMAA-gP4VP 4:2. The polymer chain binding

165



XUMWYECKHH )KYPHAJI KA3AXCTAHA

8, %
1,64 —e—2h
1,5 —&—4 h
1,4 - —¥—6h
1,31 —+— 24 h
1,21
1,14
1,0
0,9
0,8
0,74
0,64
0,54
0,4
0,3
0,24
0,14
0.0 T | T L 1 1 T 1 — 1
60 51 42 33 24 15 06
gPMAA:gP4VP, mol.%:mol.%

—=—1h

£

Figure 14 — The dependence of the polymer chain binding degreeof
the gPMAA-gP4VP intergel system on time in the lanthanum (III) nitrate hexahydrate medium
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Figure 15 — The dependence of the effective dynamic exchange capacity
of the gPMAA-gP4VP intergel system on the mole ratio of hydrogels in time
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degree values of polymethacrylic acid and poly-4-vinylpyridine individual hyd-
rogels after 24 hours werel.34% and 0.79%, respectively. At 2 hours of sorption,
a certain increase in the polymer chain binding degree was achieved. At 4 and 24
hours, a significant increase in the polymer chain binding degree was observed;
this is particularly noticeable for 4:2 and 3:3 ratios.

Figure 15 shows the dependence of the effective dynamic exchange capacity
of the gPMAA-gP4VP intergel system on the molar ratio of hydrogels in time.
The obtained data indicate that the mutual activation of polymer hydrogels in the
intergel pair leads to a significant increase in the values of the exchange capacity
in comparison with the individual hydrogels. The maximum value of the effective
dynamic exchange capacity was achieved atgPMAA-gP4VPratio of 4:2 at
24 hours of remote interaction of the hydrogels. Further remote interaction of
polymer hydrogels indicates that the gPMAA-gP4VP intergel system approaches
the equilibrium state which evidenced by slower growth of the effective dynamic
exchange capacity as at the beginning of the remote interaction of the hydrogels.

Conclusions.

1. Individual hydrogels PMAA and P4VP do not possess sufficiently high
sorption properties. The maximum degree of lanthanum ions extraction is 71%
and 59% for gPMAA and gP4VP, respectively.

2. The degree of lanthanum ions extraction in the intergel system reaches the
maximum values of 90% at gPMAA-gP4VP ratio of 4:2 after 24 hours.

3. Individual polymer hydrogels PMAA and P4VP have relatively low values
of the polymer chain binding degree (1.34% and 0.79%, respectively) with res-
pect to lanthanum ions due to the absence of the mutual activation phenomenon.

4. The maximum value of the polymer chain binding degreein the intergel
systems is1.52% at gPMAA-gP4VP ratios of 4:2.

5. The obtained results show the possibility of creating lanthanum sorbents
based on intergel systems where the conditions of activated hydrogels interaction
with La*" ions change.

6. Intergel systems on gPMAA-gP4VPhydrogels basis can be recommended
for application in technologies of selective extraction of lanthanum ions from
industrial solutions, which also may contain other ions of rare earth elements.

REFERENCES

[1] The Minor Metals Trade Association (MMTA) website https://mmta.co.uk/metals/la/

[2] The Royal Society of Chemistry  website  http://www.rsc.org/periodic-
table/element/57/lanthanum

[3] Gupta C.K. Nagaiyar Krishnamurthy. Extractive metallurgy of rare earths. CRC Press,
2004. P. 441

[4] Alimbekova B., Erzhet B., KorganbayevaZh., Himersen H., Kaldaeva S., Kondaurov R.,
Jumadilov T. Electrochemical and conformational properties of intergel systems based on the cross-
linkedpolyacrylic acid and vinylpyridines // Proceedings of VII international scientific-technical
conference Advance in petroleum and gas industry and petrochemistry” (APGIP-7), Lviv, Ukraine,
May 2014. P. 64.

167



XUMWYECKHH )KYPHAJI KA3AXCTAHA

[5] Alimbekova B.T., KorganbayevaZh.K., Himersen H., Kondaurov R.G., Jumadilov T.K.
Features of polymethacrylic acid and poly-2-methyl-5-vinylpyridine hydrogels remote interaction in
an aqueous medium // Journal of chemistry and chemical engineering. 2014. Vol. 3. P. 265-269.

[6] Jumadilov T.K., AbilovZh.A., Kaldayeva S.S., Himersen H., Kondaurov R.G. Ionic equil-
librium and conformational state in intergel system based on polyacrylic acid and poly-4-vinyl-
pyridine hydrogels // Journal of Chemical Engineering and Chemistry Research. 2014. Vol. 1.
P. 253-261.

[71 Jumadilov T.K., Abilov Zh.A., Kondaurov R.G., Khimersen H., Akhylbekova M.A. Re-
mote interaction of hydrogels in the intergel hydrogel system of polyacrylic acid - hydrogel of poly-
2-methyl-5-vinylpyridine // Chemical Journal of Kazakhstan. 2015. N 2. P. 79-84 (in Rus.).

[8] Jumadilov T., Yermukhambetova B., Panchenko S., Suleimenov I. (2012). Long-distance
Electrochemical Interactions and Anomalous lon Exchange Phenomenon. AASRI Procedia, 3, 553—
558. doi:10.1016/j.aasri.2012.11.087

[9] Kokufuta E., Ogawa K., Miyake M. Polyelectrolyte complex formation between anionic
and cationic nanogels in salt-free aqueous solution // Abstr. 6th Int. Symp. “Polyelectrolytes”.
Dresden, 2006.

[10] Karpushkin E.A., Kechek’yan A.S., Zezin A.B. Interpolyelectrolyte reaction between the
particles of oppositely charged microgels, Polymer Science, 2006. B48, 301.

[11] Jumadilov T.K., Abilov Zh.A., Kondaurov R.G. Intergel systems inrecovery of precious
and rare earth metals // International Journal Of Applied And Fundamental Research. 2015. N 1.

[12] Petrukhin O.M. Workshop on the physicochemical methods of analysis. M.: Khimiya,
1987. P. 77-80 (in Rus.).

[13] Jumadilov T., AbilovZh.,Kaldayeva S. et al. // J. Chem. Eng. Chem. Res. 2014. 4, 253.

Pe3rome
T. K. ’Kymaoinos, P. I'. Konoaypos, C. A. Xaximocanos, A. M. Umanseazul

JJAHTAH NOHAAPBIH COPBLIVAIIAY BAPBICBIHJIA
WHTEPTEJIb/I )KYWUEJET'T [TIOJIMMETAKPUJT KbIIIKBLIbI XKOHE
IMOJIN-4-BUHWJITIMPUIVH ' IPOT'EJIAEPIHIH
©3IH-031 YIBIMIACTBIPYJIAPBI

IMomumerakpun Kpiukeis! rugporeni (IIMAKr) — nmonu-4-BUHWINUPHINH THAPO-
remni (IT14BIIr) mHTeprenmi xyfieciMeH JIaHTaH HOHIAPBIH COPOIUSIAY POIEC 3ePTTEIN/Ii.
[MomMeTakpui KBIIIKBUIBI THAPOTEIIHIH ©31H-631 YHBIMIACTHIPYbIHA HETI3ri THIpOTrelb-
IiH KypbUIBIMBI Kebipek ocep ereriHi ambIKTanmel. [IMAK sxome IT4BII xekenmereH
THAPOTEIACPIHIH JIaHTaH MOHIAPBIH copOuusiiay aopexeci coiikecinme 71 >xone 59%
Kypavigsl. 'maporemsaepmin 4:2(67%I1AKr-33%I14BIIr) xarterHaceiHma 90% mnantaH
copormsutanabl. [TAK sxone T14BIT runmporensaepi nmonumMepdik Tiz0ek OoitbiHaa Oaitna-
HBICY J9pEXeci CalbICTBHIPMaJbl TypJe TeMeH MoHzaepre ue (coiikecinime 1,34 sxoHe
0,79%).

Tyi#in ce3mep: UHTEPreimi Kyie, 03iH-031 YHBIMIACTHIPY, COpOIHs, L33+H0H):[ap1)1,
THIPOTEIBIED, MOTMMETAKPHI KBIIIKBLIBI, MOJIH-4-BHHUITHPHIHH.
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Pe3iome
T. K. Prcymaounos, P. I'. Konoaypos, C. A. Xaximocanos, A. M. Umaneazul

BJIMAHUE DODPEKTA I[é)'[bHOI[EPICTBHH MEXY 'MAPOI'EJISIMU
I[MOJIMMETAKPMNJIOBOU KUCJIOTBI 1 T1OJIN-4-BUHWJITIMPUINHA
HA COPBLIMIO NOHOB JJAHTAHA

Wzyden mporecc copOLMM HMOHOB JIaHTAHAa WHTEPIelICBOM CHUCTEMOMl THIpPOTeNb
nonuMeTakpuiaoBoil kucnotel(rIIMAK) — runporens nonu-4-suannnupunuHa (rI14BIT).
VYcTaHOBNIEHO, YTO 3HAUUTENBHOE BIHMSHME Ha caMmoopranuszaunuto ruaporeneit [IMAK
OKa3bIBAaET CTPYKTYypa OCHOBHOTO ruaporeins.CTeneHb U3BJICUYEHUSI HOHOB JIaHTaHa UHIH-
BunyanbHbix rugporeneid [IMAK u T14BII cocrasnser 71 u 59%, coorBercTBeHHO. [1pn
cootHomreHnH 4:2 (67%rIIMAK-33%rI14BII) uzBnekaercs no 90% nanrana. Uunusu-
nyansHble onuMepHsie ruaporenn [IMAK u [14BIT o6agaioT OTHOCHTENFHO HEBBICO-
KAMH 3HAYCHISIMHA CTENCHH CBs3bIBaHUS monuMmepHod mermu (1,34 u 0,79%, cootBer-
CTBEHHO).

KioueBble clI0Ba: HHTEpreNeBas cucTeMa, CopOIys, HoHbI La’", ruaporeiy, momm-
METaKpUIIOBasl KHCIIOTA, TOJTU-4-BUHUIITAPUIIH.
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STUDY OF EXTRACTIVE SUBSTANCES
OF HELIANTHUS TUBEROSUSE TUBERS

Abstract. The article examines the extractive properties of tubers of helianthus tube-
rosuse from two regions of Almaty. The object of the study is the extracts obtained from
the tuber Helianthus tuberosuse. The extraction of tubers from helianthus tuberosuse was
carried out by various organic solvents. It was found that the extraction of extractive
substances by a group of solvents with increasing polarity. The greatest yield of extractive
substances comes from the extraction of benzene and ethyl acetate. The main extractive
substances belong to coumarin compounds (umbellioron CyHgO;, isoscapolin C;oHgO,,
escuftine CoHgO4, herniarin C;oHgO3, umbelliferone CyH¢O;, coumarin CoHeO,) and
flavonoid.

Key words: helianthus tuberosuse, organic solvents, coumarin compounds, flavo-
noid compounds.

Introduction. In recent years researchers have become increasingly inte-
rested in preparations of plant litter. Plants are sources of obtaining biologically
active substances (BAS), while the qualitative and quantitative composition of
substances contained in medicinal plants depends on the conditions of plant
growth, the phase of development, the time of collection, the method of drying
and storage of raw materials and other factors [1].

Among the variety of non-traditional plant species Helianthus tuberosus is
one of the most promising for economic and medical uses, thanks to high content
of flavonoids, coumarins, pectins and other valuable substances [2]. Helianthus
tuberosus or earth pear — a perennial herbaceous plant of the family of Compo-
sitac (Acteraceae) from 40 cm to 4 m in height with erect branching, pubescent
stalks and underground shoots on which tubers develop [3].

The high content of various biological active substances in Helianthus
tuberosus testifies to the prospects of using this culture in dietary nutrition and in
medicinal phytopreparations [4]. In folk medicine Helianthus tuberosus is widely
used in the treatment of diabetes, atherosclerosis, diseases of the cardiovascular
system and the gastrointestinal tract, as well as to eliminate cosmic defects (acne,
skin flabbiness, wrinkles) [5-7].

The purpose of the study is determination the extractives from plants
Helianthus tuberosuse by organic solvents.

EXPERIMENTAL PART

In this work used the tubers of Helianthus tuberosus from the Almaty region
of the Karasai district and the city of Almaty in the Turksib district.
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The raw material was dried in the shade until it was air-dry and crushed to a
particle size of 1-2 mm.

The sequential extraction was carried out in a round-bottomed flask with
constant shaking, the resulting solutions were concentrated in a rotary evaporator
in a round-bottomed flask using a rotary evaporator. To carry out the extraction, a
sample of ground raw material about 10-20 g was used. The extracts were dried in
air stream and stored in a refrigerator in a sealed container. The extractive sub-
stances were determined by chromotography methods with organic solvents [8].

In order to determine the composition of the main classes of extractive sub-
stances, sequential extraction of tubers Helianthus tuberosus with the following
group of solvents was carried out: carbon tetrachloride, petroleum ether, n-he-
xane, acetone, chloroform, toluene, methanol, ethyl acetate, benzene, diethyl
ether, distilled water, ethyl alcohol [10].

Qualitative determination the composition of extracts were carried out using
spectrophotometry in the ultraviolet and visible regions using a Uviline 9100-
9400 spectrophotometer (USA).

RESULTS AND DISCUSSION

The chemical composition of plants Helianthus tuberosus collected in the
Almaty region was studied in [9]. It has been established that the main compo-
nents of the aerial part of Helianthus tuberosus are polysaccharides, ascarbic
acids, carotene, protein and polyphenolic compounds.

The results of extracting with various organic solvents such as: carbon tetra-
chloride, petroleum ether, n-hexane, acetone, chloroform, toluene, methanol, ethyl
acetate, benzene, diethyl ether, distilled water, ethyl alcohol in concentrations (5,
10, 20, 30, 40, 50, 60, 70, 80, 90 and 96%) (is represented in table 1).

In our study, it has been found that the most extractive properties for Helian-
thus tuberosus are: carbon tetrachloride, petroleum ether, n-hexane, acetone,
chloroform, toluene (diagram 1); in a moderate extractive properties for Helian-
thus tuberosus in ethyl acetate, in ethyl alcohol in a concentration of 70-96%, and
the best extractive properties for Helianthus tuberosus showed benzene, ethyl
alcohol at a concentration of 5 -60% and in distilled water (diagram 2). And
diethyl ether did not show any result at all. At what, as can be seen from the data
of the table, the above-mentioned regularity is valid for tubers of Jerusalem
artichoke, which grows in the Karasai region.

As can be seen from table 1 and diagram 1, it is established that the extracti-
vities of the tubers of the Helianthus tuberosus in the Karasai District are higher
in organic solvents than in the Turksib District, petroleum ether - 4.75%, in car-
bon tetrachloride - 2.45% , in acetone - 16.2%, n-hexane - 7.15%.

The method of UV and visible spectrophotometry was used to determine the
main classes of compounds extracted by various solvents. The results are given in
tables 2-3 and figures 1.2.
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Table 1 — Extractivity of Helianthus tuberosus tubers by organic solvents

# Organic solvents Extractivity,%
Tubers of Helianthus Tubers of Helianthus

tuberosus of Turksib district tuberosus of Karasai district
1 Carbon tetrachloride 2,15 2,45
2 Petroleum ether 4,30 4,75
3 N-hexane 6,45 7,15
4 Acetone 12,90 16,25
5 Chloroform 15,05 19,80
6 Toluene 21,50 33,76
7 Ethyl acetate 47,31 46,55
8 Benzene 73,11 79,56
9 Diethyl ether - -
10 Distilled water 64,51 75,26
11 5% ethanol 86,02 92,47
12 10% ethanol 96,67 96,77
13 20% ethanol 94,62 94,62
4 30% ethanol 92,47 90,32
15 40% ethanol 90,32 88,17
16 50% ethanol 88,17 86,02
17 60% ethanol 83,87 81,72
18 70% ethanol 58,06 64,51
19 80% ethanol 45,16 52,31
20 90% ethanol 43,01 41,61
21 96% ethanol 34,40 30,10

%

M Extractivity tubers of
Helianthus tuberosus of
Turksib district,%

M Extractivity tubers of
Helianthus tuberosus of
Karasai district,%

%
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Diagram 1 — The total content of extractive substances
in the tuber of Helianthus tuberosus in organic solvents
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Diagram 2 — The content of extractives
in the tuber of Helianthus tuberosus choke in water-alcohol solutions

Table 2 — Results of the UV spectrum of tubers Helianthus tuberosus (in ethyl acetate solvent)

# | Ethyl acetate, Coumarin compounds Flavonoid compounds
nm Name Amax, M Name Amax, M
1 220 Umbelliferone CoHcO; 230 - -
2 235 - - - -
3 249 Isoscopeline C;,HgO, 254 - -
4 260 EscouletinCoHgOy4 260 FlavonoidC,;H»,Oy; 260
5 287 - - FlavonoidC,;H,,0,¢ 287

From the data in table 2, it is seen that the UV spectrum of the ethyl acetate
extract has absorbance bands at 220 , 219 , 260 nm, which indicates the presence
of coumarin substances (umbellioron CyHO3, isoscapolite

C1oHgOy4, eskulein CoHgO,), as well as absorption bands at 260 nm and

287 nm correspond to flavonoid compounds (flavonoid C,;H»Oq;, flavonoid
C21H24010) (ﬁgure 1) [1 1-13]
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200 400 600
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Figure 1 — UV spectrum of substances extracted
from the Helianthus tuberosus of the Turksib district with ethyl acetate

Table 3 — Results of UV spectrum of tubers Helianthus tuberosus (in benzene solvent)

Ne Benzene, Coumarin compounds Flavonoid compounds
nm Name Amax, HM Name Amax, HM

1 205 Gerniarin C;oHgO3 218 — -

2 220 Umbelliferone CoHgO5 230 - -

3 235 - - - -

4 245 - - - -

5 262 Coumarin CoHgO, 262 - -

6 285 - - Flavonoid C,;H,4,01¢ 287

From the data in table 3, it is seen that the UV spectrum of the benzene
extract has absorbance bands at 205 nm, 220 nm, 262 nm, which indicates the
presence of coumarin substances (hernaryin C,gHgO;, umbelliferone CyoHgO;,
coumarin CyH¢O,), and absorption bands at 285 nm correspond to flavonoid
compounds (flavonoid C,;Hy4O,0) (figure 2). The obtained values of the
absorption bands in the UV spectra are consistent with the literature data [11-13].

200 400 600
Wavelength (nm)

Figure 2 — UV spectrum of substances extracted
from tubers of Helianthus tuberosus from Turksib District by benzene
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Conclusions. Thus, we studied the extractive properties of various organic
solvents with respect to Helianthus tuberosuse and showed that the main extrac-
tive substances belong to coumarin compounds (umbellioron CyHO3, isoscapolin
CioHgOy, escuftine CoHgOy4, herniarin C;oHgO3, umbelliferone CoHgO3, coumarin
CyH0,) and flavonoid (flavonoid C,;H»O1, flavonoid C,H404) of nature.
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Pesome
b. M. Uzmeney, I. E. A3umbaesa, A. A. Baxubaes, B. XK. [[ocuembaes

HELIANTHUS TUBEROSUSE XXEMICIHIH
OKCTPAKTUBTUIII'TH 3EPTTEY

Maxkamaga AnmMaThl KaJdachIHBIH €Ki ayJaHBIHBIH TOMWHAMOYpP KEMIiCIHIH opTypii
OpTaHUKANBIK ePITKIIITEePIeri SKCTPAKTUBIIIT 3ePTTENiHyi KapacThIPBIIALL. 3epTTey HOTH-
JKECIHIe KOPCETUITeH e, SFHU HeTi3Ti AKCTPaKTHUBTI 3aTTapra KyMapHHAI KOCBUIBICTApP
(ym6emumepon CoHeOj3;, m3ockomomerun C,oHgO,, ackynmernn CoHgO, repHHApHH
C1oHgO3, ymbemmudepon CoHgOs, kymapun CoHeO,) xkoHe Taburu (pJaBOHHUATHI KOCHI-
neictap (praBonous C, HyOy, paBonous Cy Hy4O ) KaTaTHIHABIFBI aHBIKTAIIIBL.

Tyiiin ce3mep: helianthus tuberosuse, opraHuKaIbIK €pITKIIITED, KYMAPHH/II KOCHI-
JIBICTAp, (PJIABOHOUITHI KOCHLUTBICTAP.

Pe3iome
5. M. Usmeney, I. E. A3umbaesa, A. A. Baxubaes, B. XK. [[ocuembaes

U3VYEHUE SKCTPAKTHBHBIX BEHIECTB
KJIYBHEN HELIANTHUS TUBEROSUSE

B craree paccMOTpeHO M3ydeHHME SKCTPAKTHBHBIX CBOMCTB KIIyOHEH TomMHAMOypa
U3 JABYX paiioHax AJMarhl B pa3lM4HBIX OpraHUYecKux pactBopurensx. [TokazaHo, 4To
OCHOBHBIE DKCTPAaKTHBHBIE BEIIECTBA OTHOCSATCS K COEIUHEHHSIM KyMapHHOBOH (ymOe-
nuepon CyHgO3, mzockomonerun CioHgO4, ackynmetun CoHgO,, repuuapun CioHgOs,
ymoemmudeporn CoHgO3, kymapun CoHgO,) u dmaBonoumnoi#t (dnaBonoun C, H,,Oq,
¢masonony Cy Hy4010) ipupoast.

Karouessie cioBa: helianthus tuberosuse, oprannueckne pacTBOpuTeNN, KyMapHHO-
BbIE COCTMHEHMSI, ()JIABOHOWIHBIC COCIMHEHHSI.
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SYNTHESIS AND STRUCTURE OF O-ARYLSULFONYL-
B-(MORPHOLIN-1-YL)PROPIOAMIDOXIMES

Abstract. Stable aromatic and heteroaromatic sulfonilamidoximes are known. But
there are reports that under certain conditions this class of compounds is able to undergo
rearrangements: Boulton-Katritsky under the influence of ethereal HCl to form chlorides
of 2-amino-4,5-dihydrospyropyrazolylammoniums, Tiemann upon exposure to bases to
form N-substituted cyanamides and ureas. Also, when UV radiation is applied to O-aryl-
sulfonyl aromatic and heteroaromatic amidoximes, sulfonyl and imine radicals are for-
med. They can serve as new potential photo-splitters of amino acids. With double-stran-
ded DNA splitting damage is difficult to repair. This can provoke self-programmed cell
death and makes such an approach as effective tool for cancer treatment. Sulfonil-
amidoximes possess anti-oxidant and antiparasitic activity, anti-leishmanial, including.
The reaction of PB-(morpholin-1-yl) propiomidoximes with aromatic sulfochlorides
(XC¢H4SO,Cl, X = p-CH;0, p-CHs, H, p-Br, p-Cl, p-NO,) was carried out in chloroform
at room temperature for 2—6 days in the presence of triethylamine. We synthesized
previously unknown O-arylsulfonyl-f-(morpholin-1-yl)propioamidoximes. An evidence
of their structure is fulfilled with the help of physicochemical and spectral data [IR and
NMR spectroscopy (‘H and "*C)]. The products are isolated with the yields: 37-53%.

Keywords: O-sulfonilamidoximes, the Boulton-Katritzky and Tieman rearran-
gements, UV splitting of O-sulfonilamidoximes, O-arylsulfonil-f-(morpholin-1-yl)propio-
amidoximes, IR and NMR ('H and "*C) spectroscopy.

Stable aromatic and heteroaromatic sulfonilamidoximes are known. They are
the reaction products of substituted bezamidoximes and amidoximes of pyridine
carboxylic acids with aromatic and aliphatic sulfochlorides (scheme 1) [1].

I
—O0—S8—Y
X / H X = p-nitro-phenyl; p-, m-, o-pyridine
o Y = aromatic or aliphatic chain

Scheme 1

It is also known that this class of compounds under certain conditions is able
to undergo regrouping. The Boulton-Katritsky rearrangement is carried out by the
action of ethereal HCl and water on solutions of O-tosylates-B-aminopropio-
amidoximes bases in ethanol. The tosylate anion is a good leaving group. Stabi-
lization of the intermediate state during the detachment of para-toluenesulfonic
acid occurs when an oxyme nitrogen atom attacks the ammonium nitrogen of the
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B-amino group. The loss of the HCI molecule from the transition state completes

the formation of chlorides of 2-amino-4,5-dihydrospyropyrazolylammoniums
(scheme 2).

or o
? 2HCI 9 HCl
+ | —
NOS—©—H3—> %os CcHy| ML

5
/\ J_< O

Y N NH Y "'NH

C

Y =CH,, O, S, PhN

— 7/ \ /
-Cl

+ p-CH306H4SOZOH

Scheme 2

The rearrangement products of O-tosylates of B-aminopropioamidoximes to
the chlorides of 2-amino-4,5-dihydrospyropyrazolylammoniums were obtained
for B-piperidine, B-morpholine, B-thiomorpholine, B-phenylpiperazine derivati-
ves [2].

The rearrangement of Tiemann occurs when the bases act on O-alkyl and
O-aryl sulfonylaromatic and heteroaromatic amidoximes (scheme 3) [3].

,osozR3 R*
*I e N C=N (R*=alkyl) (E)
R‘l
R3SOZV \Leat /R4I/base
_OH

N| R%SO,X R1/N C=N R*=H)(C) N_ _N

* _R2 —> or R2 — R17 T ~R? (F)
1
ROR N=C=N" R?XH)(©)

R

R3802N V:NHz H

N N H

1
R-<N]© (B) R T ~R? (G)
H
N
R? = phenyl SRS
Scheme 3
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The rearrangement leads to divergent results — to the formation of N-substi-
tuted cyanamides and ureas.

Several stable O-alkyl and aryl sulfonyl conjugated p-nitro-Ph and o-, m-,
p-pyridine N'’-hydroxy imidamides, were subjected to UV irradiation at 312 nm
with supercoiled circular plasmid DNA pBluescript KS II. The generated
amidinyl and sulfonyloxyl radicals led to effective DNA photo-cleavage. Both
alkyl and aryl sulfonyl derivatives were active and the order p-pyridine > p-nitro-
Ph > o-pyridine > m-pyridine was schematized for the N'-hydroxy imidamides
moiety. Calf thymus-DNA affinity studies which comprised UV interactions,
viscosity experiments and competitive studies with ethidium bromide showed
good to excellent affinity of the compounds. These properties revealed sulfonyl
amidoximes as novel effective DNA-photo-cleavers and may serve in the disco-
very of new leads for “on demand” biotechnological and medical applications
(scheme 4) [4].

hv . X=N,Y=C,Z=C
o OR ~SOR X=C,Y=N,Z=C
| . X=C,Y=C,Z=N
N _NH, N _NH, X=CNO, Y=C,Z=C
—> —> A R=Cet,
X Ny R = CqoH2
| | | [ R =CygHs3
R Y R=Ph
X X R = p-Tolyl
R = p-NO,-Ph

Scheme 4

Assessment of the biological activity of aromatic and heteroaromatic sulfo-
namidoximes showed that most of the compounds possess by antioxidant and
antiparasitic activity, anti-leishmanial, including [1, 3-5].

With the use of manganese (III) acetate, Wittig reaction and Suzuki Miyaura
crosslinking reactions, a series of dihydrofuran-containing mono- and di-aryla-
midoximes was synthesized (scheme 5).

Modulation in the substituents R', R* or R? in the structure of the dihydro-
furan-containing amidoxime has been shown to affect on the in vitro antiparasitic
activity: a mono-substituted phenyl group in R' resulted in activity against
Promastigotes Leishmania donovani (ICsy = 9,16 uM) (Ld), whereas the poly-
substituted group resulted in activity against Plasmodium falciparum (ICsy =
=2,76 uM) (Pf).

Modulation in the substituents R', R* or R® in the structure of the dihy-
drofuran-containing amidoxime has been shown to affect on the in vitro an-
tiparasitic activity: a monosubstituted phenyl group in R' resulted in activity
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H,C
Ham NSe

(0]
0 l NaHCO; NasSO O Mn(OAc) O
NzC + Cl—S—R ———> 2738 N:C Cu(OAc o O
g water, MW (X ACOH, MW O\\ | —>
Br 100°C 4 50°C s CH,
S, S
R O R0
HO
N
NH,OH, HC| i
tBUOK H,N O
s " e )
DMSO, N, o I
5°Ctort /\S\ CH,
R” Yo

R= p'CF3CGH4, p-FCeH,;, p-C|C6H4, p-BrC6H4, p-|C6H4, p-CH3OC6H4, p-NO2C6H4, n-C4H9

Scheme 5

against Promastigotes Leishmania donovani (ICsy = 9,16 uM) (Ld), whereas the
polysubstituted group resulted in activity against Plasmodium falciparum (1Csy =
2,76 uM) (Pf). The modulation of the R” and R? substituents affected only on the
in vitro antiplasmodial activity. This suggests that the amidoxime fragment has
properties that can make it a promising new antiparasitic pharmacophore [6, 7].
Below are the structures with the most pronounced antiparasitic activity (scheme 6).

HO_

N
|

H,oN

Y

ICso Ld = 9,16 uM ICso Ld =22,10 uM ICs Ld = 50 uM
ICsp P> 10 uM ICs Pf = 2,76 uM ICsq Pf = 4,17 uM

Ld = Leishmania donovani
Pf = Plasmodium falciparum

Scheme 6

We obtained a series of previously unknown products of the electrophilic
substitution of the hydrogen atom of oxime group of amidoximes — O-arylsul-
fonyl-B-(morpholin-1-yl)propioamideoximes (2—7) (scheme 7).

chloroform, X
' ﬁ? Zit oyl
k/N\/\ N * C'—SOX - K/N N /\s
C~ 0 J \/\94 oY
NH, NH>
1 2-7

Y = p-CH30 (2), p-CHs (3), H (4), p-Br (5), p-CI (6), p-NO; (7)

Scheme 7
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The reaction of acylation of a multifunctional amidoxime group with aryl-
sulfonyl chloride proceeds via the oxygen atom of the oxime group. O-Aryl-
sulfonyl-B-(morpholin-1-yl)propioamidoximes 2-7 precipitate as white sedi-
ments. The reaction products 2—7 after recrystallization from 2-PrOH are isolated
with yields of 37,0-53,2%. A qualitative sign of the presence of halogens in
compounds 5 and 6 is the Belshtein test — the coloration of the flame of an alcohol
lamp in a blue-green color when halogen-containing compounds are burned on a
copper wire [8]. The proof of the structure of the products was carried out with
the help of physicochemical and spectral data (IR spectroscopy and 'H and "*C
NMR spectroscopy) (tables 1-4).

Table 1 — Physicochemical characteristics
of O-arylsulfonyl-B-(morpholin-1-yl) propioamidoximes 2—7

R;ac— Found, %
Com- X Output, | tion | Mp, Ry M.W. Calculated, % Gross
pound % time, | °C formula
days C H
2 p-CH;0 41,4 2 225 | 0,16 | 343,40 %5 %‘?—2 C14H1N305S
3 p-CH; 47,8 2 220 | 0,14 | 327,40 %’% %2—3 C14H71N;04S
4 H 42,5 4 192 | 0,16 | 313,37 %’% %% C3H1gN;04S
5 p-Br 53,2 4 230 | 0,20 | 392,27 %% %‘% C3HgBrN;0,4S
6 p-Cl 37 6 160 | 0,19 | 347,82 %’% %’% C3H;5CIN;O04S
7 p-NO, 48,5 3 192 | 0,17 | 358,37 %% %% C13HsN4O6S

In the IR spectra of compounds 2—7, there are two characteristic absorption
bands in the region v 1119-1191 cm™ and 1195-1220 ¢cm™, corresponding to
symmetric and asymmetric valence vibrations of the SO, group.

This give evidence that in the reaction of P-(morpholin-1-yl) propio-
amidoxime (1) with para-substituted benzenesulfochlorides O-para-substituted
benzenesulfonylamidoximes (2—7) are formed. In addition, the presence of the
bands of stretching vibrations of the C=C double bonds of compounds 2—7 in the
range of v 1596-1609 cm” and the bands of valence vibrations of the Cypo-n bond in
the region of > 3000 cm™ is a sign of the passage of the sulfochlorination reaction.

Other characteristic absorption bands inherent to the structure of O-para-
substituted benzenesulfonyl B-(morpholin-1-yl)propioamidoximes (2—7), are the
absorption bands of the stretching vibrations of the ve_y bonds at 16461664 cm™;
symmetric and asymmetric valence vibrations of NH, group bonds in the region
of 3176-3460 cm’'; valence vibrations of the Vesps-n bonds in the range 2870—
2985 cm™ (table 2).
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Table 2 — IR spectra of O-arylsulfonyl-p-(morpholin-1-yl)propioamideoximes 2—7

Valence vibrations of bonds, v, cm™
Com- X N
pound Ve | Vee > VNH2 Vsp3-H Vesp2-H
sym. asym.
3312 cum.; 2950, 3150,
2 p-CH;0 1650 | 1597 | 1119 1205 3377 ace. 2085 3193
3367 cum.; | 2870, 3050,
3 p-CH; 1654 | 1601 1120 1195 3422 ace. 2930 3153
4 H 1656 | 1604 | 1181 | 1220 33137266‘3;3“2'; 22%%%’ 33%2%’
3336 cum.; 2930,
5 p-Br 1646 | 1609 | 1191 1225 3392 ace. 2960 3197
3306 cum.; | 2791, 3166,
6 p-Cl 1647 | 1596 1191 1220 3405 acc. 2932 3190
3312 cum.; 2880, 3080,
7 p-NO, 1664 | 1601 1120 1204 3460 acc. 2940 3146

In the 'H-NMR spectra of O-para-benzenesulfonyl-B-aminopropioamide-
oximes (2-7), the presence of doublet signals of protons of a para-substituted
phenyl group in the region & 6,84-8,19 ppm, as well as the signal of para-
methoxy and a para-methyl substituent at & 3,75 and 3,36 ppm in the compounds
2 and 3, respectively, are signs of the passage of the sulfochlorination reaction
(table 3).

Table 3 — '"H NMR spectra of O-arylsulfonyl-B-(morpholin-1-yl)propioamidoximes 2—7

Chemical shifts, 3, ppm (J, Hz)
?)Oilnd-s X N(CH,), NH, CispyH;
p u (X-CHZ B'CHZ O(CHz)z [ax (2H), (ZH) p-CH3O (2),
eq (2H)] p-CH; (3)
3,14t | 393m | 3,93m | 341m (2H); 3,755 GH, p-CH50);
2| pCHO | 6 | GHy | Gy | 36am my | 730 | 6844 (7.0:2H);
ot ’ 7,53d (7,0; 2H)
3| pcw, | 314t | 393m | 3.93m | 3.40m @H); | o 3’73?51((132’5‘5;%);
- 3 . * % s s Vs B
(7,0;2H) | (6H)* | (6H)* | 3,65m (2H) 7 484 (7.0: 2H)
3,13t | 3,92m | 3,92m | 3,40m (2H);
4 H (7.0:2H) | GH* | (6HY* | 3.64m (2 | 748 | 731-7.61m (SH)
3.87— | 3,87
3,16t ’ ’ 3,40m (2H); 7,50d (7,0; 2H);
5 p-Br . 3,98m | 3,98m 7,39 i
(7.0:20) | e | (Gprys | 267m CH) 7,54d (7,0; 2H)
3,88~ | 3,88
3,17t ’ ’ 3,40m (2H); 7,37d (7,0);
6 p-Cl , 398m | 3,98m 7,44
(7.0:2H) | e | (oprys | 3:65m CH) 7,61d (7,0)
388 | 3,88
3,14t ’ 4 3,41m (2H); 7,85d (7,0):
7 p-NO, , 3,99m | 3,99m 7,29
(7.0:2H) | e | (Gprys | 64m CH) 8,19d (7,0)

* Signals are superimposed.
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The signal of the amino group NH, of compounds 2—7 is observed in the
region & 7,30-7,48 ppm. The interacting groups of a- and B-methylene protons
give two signals in the regions 6 3,13-3,17 ppm and 3,88-3,99 ppm. The first
signal has a triplet structure; the second — is superimposed on the signal of the
protons of the methylene groups standing at the oxygen atom of the morpholine
ring. This signal has a total intensity of 6 protons.

Interestingly, the protons of the methylene groups standing at the nitrogen
atom of the six-membered heterocycle of compounds 2-7 give two multiplet
signals at & 3,40-3,41 ppm and 3,64-3,68 ppm with intensity in two protons,
which can be attributed to the signals of axial and equatorial protons, respectively.
The effect of slow inversion of six-membered heterocycles with the predomi-
nance of an armchair conformer with fixation of axial and equatorial protons in
the "H NMR spectra is known and reflected in the reference data [7, 8].

The signal of the amino group NH, of the compounds 2—7 is observed in the
region of & 7,30—7,48 ppm. The interacting protons groups of a- and f-methylene
groups give two signals in the regions 6 3,13-3,17 ppm and 3,88-3,99 ppm. The
first signal has a triplet structure; the second is superimposed on the signal of the
the methylene groups protons standing at the oxygen atom of the morpholine ring.
This signal has a total intensity of six protons.

Interestingly, the protons of the methylene groups standing at the nitrogen
atom of the six-membered heterocycle of compounds 2-7 give two multiplet
signals at & 3,40-3,41 ppm and 3,64-3,68 ppm with intensity in two protons,
which can be attributed to the signals of axial and equatorial protons, respectively.
The effect of slow inversion of six-membered heterocycles with the predomi-
nance of an armchair conformer and with fixation of axial and equatorial protons
in the "H NMR spectra is known and reflected in the reference data [9, 10]. For
example, figure 1 shows the 'H NMR spectrum of compound 7.

All signals of carbon atoms in the ?C NMR spectra corresponding to the
structure  of O-arylsulfonyl-B-(morpholin-1-yl)propioamidoximes (2-7) are
present in the characteristic regions. Thus, the signs of the formation of products
2-7 are the presence of signals of carbon atoms belonging to the para-
CH;0C¢H4SO, group at 6 55,64 ppm and the para-CH;CsHsSO, group at d 21,25
ppm, as well as the signals of the Cy,, hybridized carbon atoms of the phenyl
substituent in the region of 6 113,20-159,65 ppm.

The signals of carbon atoms of the C=N bond of products 2—7 are observed
in the region 6 169,09-169,11 ppm; signals of a- and B-methylene groups of the
ethylene chain are located in the regions 6 31,43-31,49 and ¢ 62,02—62,13 ppm,
respectively; the signals of the carbon atoms of the methylene groups N(CH;),
standing at the nitrogen atom of the morpholine cycle of the compounds 2—7 are
observed in the range 6 62,08-82,46 ppm; the signals of the methylene groups
standing at the oxygen atom of the morpholinone heterocycle are at 6 63,23—
63,35 ppm (table 4).
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Spectrum of 'H NMR O-para-nitrophenylsulfonyl-B-(morpholin-1-yl)propioamidoxime (7)

Table 4 — '*C NMR spectra O-para-substituted phenylsulfonyl-B-(morpholin-1-y1)
propioamidoximes (2—7)

Chemical shifts, 8, ppm

Com- X
pounds @-CH, | p-CH, | N(CHy), [O(CHy,|  PothO @)

P-CH; (3); Cypo

55,64(1C); 113,20(2C);
2 | p-CHO | 3147 | 62,02 | 6242 | 6335 127,51(2C) 169,10
141,89(1C); 159,65(1C)
21,25 (1C); 125,95(2C);
3 p-CH; | 3143 | 62,02 | 6242 | 6323 128,55(2C) 169,10
138,13(1C); 146,16(1C)
125,93(2C); 128,10(2C)

C=N

4 H 3143 | 6208 | 6208 | 6323 | 30O idsicy | 169010
122,00(1C); 128,23(2C)

5 pBr | 3148 | 6207 | 6246 | 6334 | roocn s ) | 169001
127,93(2H); 128,11(2H);

6 pCl | 3149 | 6204 | 6246 | 6333 | ‘i Dol | 169,11

7 PNO, | 3147 | 6213 | 6244 | 6335 | \2371CH):127.39CQH) 1 6 g

147,79(1H); 155,00(1H)

Thus, we developed the conditions for the synthesis of new potentially
biologically active O-arylsulfonyl-p-(morpholin-1-yl)propioamidoximes. It has
been proved that arylsulfochlorination proceeds on the oxygen atom of the oxime
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group of the starting B-(morpholin-1-yl)propioamidoxime. Under conditions of
isolation, purification, storage in the absence of air, obtaining of IR spectra and 'H
and C NMR spectra of O-arylsulfonyl-p-(morpholin-1-yl)propioamidoximes are
stable compounds.

EXPERIMENTAL PART

IR spectra were obtained on a Thermo Scientific Nicolet 5700 FTIR instru-
ment in KBr pellets. 'H and ?C NMR spectra were acquired on a Bruker Avance
IIT 500 MHz NMR spectrometer (500 and 126 MHz, respectively). The signals of
DMSO-d, were used as internal reference for 'H NMR (2,50 ppm) and °C NMR
(39,5 ppm) spectra. Melting points were determined in glass capillaries on a
PTP(M) apparatus (Khimlabpribor, Russia). The reaction progress and purity of
the obtained products were controlled using Sorbfil (Sorbpolymer, Russia) TLC
plates coated with CTX-1A silica gel, grain size 5-17 pum, containing UV-254 in-
dicator. The eluent for TLC analysis was mixture benzene—EtOH, 1:3. The
reagents were purchased from different chemical suppliers and were purified
before use. The solvents for synthesis, recrystallization, and TLC analysis (etha-
nol, 2-PrOH, benzene, DMF, acetone, diethyl ether) were purified according to
the standard techniques.

Synthesis of the starting -(morpholin-1-yl)propioamidoxime (1) is described
in [11].

The reaction of p-(morpholin-1-yl)propioamidoxime (1) and para-
toluenesulfonyl chloride. To a solution of 0,5 g (0,0028 mol) of B-(morpholin-1-
yl)propioamidoxime (1) in 10 ml of chloroform was added 0,28 g (0,0028 mol) of
triethylamine. The reaction mixture was cooled to 0 °C and 0,55 g (0,0028 mol)
of a solution of para-toluenesulfonyl chloride in chloroform (2 ml) was added
dropwise with stirring. The reaction mixture was then allowed to reach room
temperature and stirred for 2 days until the reaction was complete. The reaction
was monitored by TLC. The yield of product 3 after recrystallization from 2-
PrOH was 0,45 g (47,8%); m.p. 220 °C, R;0,14.

The synthesis of the remaining O-arylsulfonyl-B-(morpholin-1-yl)
propioamidoximes (4-7) is similar; the products are obtained with yields of 37—
53%. Their physicochemical and spectral data are given in the tables 1-4.
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Pe3rome
JI. A. Karwkosa, K. J]. [Ipanues, A. b. Mvipzabex

O-APUJICYJIb®OHMNJI-B-(MOPDPOJIMH-1-NIHITPOITMOAMUAOKCUMOAEPAIH
CHHTE3I XXOHE K¥PbUIbICBI

B-(Mopdosma- 1 -um)IponnoaMuIOKCUMIEPAIH  apOMATHKAJIBIK  CyIb(OXIopUaATEp-
meH (XC¢H4SO,Cl; X = p-CH;0, p-CHj, H, p-Br, p-Cl, p-NO,) apekerrecyi Xjaopo-
¢dbopmuma, GenMe TemreparypacslHaa 2—7 TOyIiK OOWBI TPUAITHIIAMUH KaTBICHIHAA Oi3re
oenricizs  O-apmncyiabPoHMI-f-(MOphOIHH- 1 -HIT)TPONHOAMUIOKCUMICP  CHHTE3ACIIIT
anbiHael. OJapAblH KYPBUIBICH (DU3UKO-XUMUSUIBIK JkoHe crektpanbiai UK sxone SIMP
CIIEKTpJIEeP] apKbUIBI TANENICHAI. AJIBIHFAH 3aTThIH IIBIFBIMBI 37-53%.

Tyiiin ce3nep: O-cyinbdonnnamunokcumaep, boynron-Karpuiiku sxone TumanHbIH
KaiiTa TomnTacybl, O-Cynb(pOHHIAMUIOKCUMACP/IH YJIBTPAKYITiH CIyJie SCEpiHEH BIbl-
paysl, O-apwicyibdonmi-B-(Mopdonun-1-mn)nponrnoamua-okcumuep, UK xone SIMP
(‘H u °C) cnexrpockomnuscsr.

Pe3iome
JI. A. Kawkosa, K. []. [Ipanues, A. b. Mvipzabex

CHUHTE3 1 CTPOEHUE O-APUJICYJIb®OHUJI-B-(MOPDOJINH-1-
NIDITPOITMOAMNIOKCHUMOB

BzanmopeiictBuem  B-(MopgonuH-1-mn)nponroaMuIoKCHMa € apOMaTHYECKHMHU
cymsdpoxmopunamu (XCsH,SO,Cl; X = p-CH;0, p-CHj;, H, p-Br, p-Cl, p-NO,) B x110po0-
(dopMe TIpy KOMHATHOM TeMIlepaType B TeueHHe 2—6 CyT B NPHCYTCTBHU TPHITHIAMHHA
HaAMHU CHHTE3MPOBAaHBI paHee Hem3BecTHhIC O-apuicynbpoHmI-B-(MopdomnH-1-wmm)mpo-
MTHOaMHIOKCUMBIL. J|0Ka3aTeIbCTBO X CTPOSHHS BBIIIOIIHEHO C IMOMOIIBI0 (DH3HKO-XHMHU-
4ECKHX M CTIEKTpanbHbIX AaHHbIX — MK- n IMP-crektpockormu ('H u °C). TIpomykTsi
BBIJIENICHBI ¢ BeIxoaaMu: 37-53%.

KioueBble cioBa: O-cynbQOHUIAMHUIOKCUMBI, TEpErpyNIUpPOBKH boynToHa-
Karpunkoro u Tumana, Y®-pacmiemienne O-cynbhOHUIaAMUIOKCUMOB, O-apHicyab(o-
HuI-B-(Mopdomun- 1 -um)nponoamuaoxcumbl, UK- u AMP (‘H u *C)-cniexrpockors.
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YIK 541.6:631.459.3
5. X. MYCABAEBA, A. H. KIINBEHKO, K. C. KACBIMOBA, JI. K. OPA3)KAHOBA

Tlocynapcteennsiii yauBepcuteT uMm. [llakapuma, Cemeit, PecryOnuka Kasaxcran

NPUMEHEHHUE UHTEPIIOJIMMEPHbBIX KOMIIJIEKCOB
B OKOJIOI'MYECKHUX LEJAX

AHnHoTanmsi. B 0030pe npuBeaeH aHAIN3 JIMTEPATYPHBIX JaHHBIX MO MPUMEHEHUIO
naTepronMepHbix komruiekcos (MIIK) B sxonorun. OOcyxneHbl pe3ynbTaTsl padoT 1Mo
npumenernto VIIK B 9KoJ0ruuM MoYBHI B KAYECTBE NMEPCHEKTUBHBIX aHTHIC(ISINOHHBIX
areHTOB M MPEJOTBPALICHUS BETPOBOM DPO3UM MOYB, AN PAJUAlMOHHOTO MBLIETIO-
JIABJICHUS W aKKyMYJSILMH PaJUOHYKINIOB Ha MIOBEPXHOCTH MOUYBBI C LENBI0 PEMEIUALNI
panuoakTuBHO-3apakeHHbIX ouB. MIIK pa3Horo cocraBa mposBIIAIN aKKyMYJIUPYIOLIUE
CBOICTBA MO OTHOILICHHUIO K paanonykimugam Sr-90, Pu-239 u Cs-137 B onbpITax Ha paauo-
AKTUBHO 3apaXeHHBIX MoYyBax ObiBIIETO CEeMUIAATUHCKOTO UCIIBITATEIEHOTO TOJIUIOHA.
HccnenoBanus nokazanu, uro UIIK 3HaunTENbHO yIy4IIalOT arpOXHMMHUYECKHE MOKa3a-
TEJIM MOYBBI, & UMEHHO, yIIyUIIaloT €€ CTPYKTYPY, YMEHBIIAIOT INIOTHOCTh U PE3KO MOBBI-
1Ial0T BOJOIPOYHOCTh TOYBEHHBIX AarperaTtoB, YBEIUYUBAIOT MPEJEIbHYIO IOJIEBYIO
BJIATOEMKOCTb U 3amachl NPOAYKTUBHON BOJbI. OOCYX/IE€H MEXaHU3M CTPYKTYPHUPOBAHUS
nouBkl ¢ nomombso MUITK. Paccmorpensr Bo3moxuoctn npumenenus UIIK B sxomorun
BOJIBI JUISl W3BJICYECHUS TIOBEPXHOCTHO-aKTHBHBIX BemiecTB (ITAB) m Omonormueckux 3a-
TpSA3HUTEINEH U3 BOJ, JUII OOHApYXEHUS (UIOKYISTHTOB, a TAKXKE C [ENbI0 PallMOHAIBHOTO
HCIIONIB30BAHUSI BOJHBIX pecypcoB. Kpome Toro, paccMOTpeHbI pabOTHI, IMOCBAIICHHbIC
ncnons3oannio UIIK B kadecTBe MOIMOGUIMPYIOUIMX NOOABOK AJS CHIDKCHHS TOPIO-
YECTH MONUMEPHBIX MATEPHAIIOB.

KiroueBble c¢ji0Ba: WHTEPHOIMMEPHbIE KOMIUIEKCHI, HHTEPIOIMIICKTPOIUTHBIC
KOMIIJIEKCHI, CTPYKTYPHUPOBAHHE MTOYBBI, aHTHACQIIAIIMOHHBIC areHTHl, peMeIHanns, akKy-
MYJISIIUST paIMOHYKJIHIOB, BOJIOTIPOYHOCTb, IPOTHBO(QHIBTPAIIIOHHBIN 3KpaH

Brenenue. Nnrtepnonmumepnsie komruiekcsl (MIIK) mpencrasnstor coboit
IIMPOKUI Kilacc moiuMep-nonuMepHbix coequnennid. UK obpasyrorcs mexay
KOMIUIEMEHTapHBIMH MaKpOMOJIEKYJIaMH, T.€. MOJHMepaMd, (QyHKINOHAIbHBIC
TPYMITEI KOTOPBIX 00Iaar0T CPOJACTBOM JAPYT K Apyry. [Ipu 3ToM Mexay Mak-
POMOJIEKyJIaMHi MOT'YT 00pa3oBaThCsl BOJOPOAHBIE, BaH-AEP-BaalbCOBbIE, JOHOP-
HO-aKIIeTITOpHBIE W HOHHBIE (dnekTpocTaTrdeckue) csazu. UIIK, obpasoBanHbIe
MEX]Ty TPOTHBOIIOIIOKHO 3apsDKEHHBIMU TTOJMAJICKTPOJIUTAME 33 CUET JIEKTPO-
CTaTMYECKOTO  B3aUMOJICHCTBUS, HAa3bIBAIOTCA  MHTEPIOIHUANIEKTPOIUTHBIMU
xomrmiekcamu (UI19K) [1, 2].

HecMoTpsi Ha 0uYeBHAHYIO TEpPCIEKTUBHOCTh, KaK OOBEKT HCCIICIOBAHUS
HUIIK, u BBICOKYIO cTeneHb (yHIaMEHTaJIbHBIX 3HAHWHW B 3TOW 00JacTH, MpH-
KJIaJHBIX paboT MO TeMe OIyOJMKOBaHO OTHOCHTEJIIEHO HEMHOT0. B 6a3e naHHbBIX
Scopus® conepxkutcs mopsaka 900 qokymeHTos [3].

[Mpumenenue UIIK B skosoruueckux IeNsX MOKa3aHo B psje pador. U oc-
HoBHBIe obOnactu npumeneHuss MIIK MoxHO mpencTaBUTh B BUAE CXEMBI (pH-
cyHOK 1):
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UIIK

2 s

[ JKO0JIOTHUS MOYBbI ] [ JKO0JI0TUA BOAbI

MpepoTepamenne
BETPOROI H BOJHOH DPOIHH

H3asneuenue [IAB ]

Yay ary KHX _[ DIOKYJIAHTSI
noKazarejei Noves

Hapneuyenne GHONOIHYECKHX
FATPAIHHTENEH

Pemeanuna

Pucynok 1 — Cxema ucnonp3oBanus UITK

B Hactosimmem 0030pe paccmotpensl chepbl npumeHennst UK B sxonorun
MTOYBBI.

1. Oxonoeus nouevl. bonpmmHcTBO uccnenoBanuit WIIK mns pemenus
9KOJIOTHYECKUX TMPOOJIeM HaIpaBlieHBl MMEHHO Ha peIIeHHE JKOJIOTHYECKHX
npobnaem moussl. Brepseie MIIK Obpuim ucmonb3oBanbl yueHbiMu MIY s
OCaX/ICHUSI PaJIMOAKTHBHON THUIM B 30HE OTUYXAEHHUs mociie YepHOOBUTECKOM
katactpodsr (1986 r1.). IMu ObUTH yCHIENTHO NMPUMEHEHBI JUTSI CSIUMEHTAITUN |
neMeHtanuu paauoaktuBHou meum MIIK Ha OCHOBE THAPOIM3OBAHHOTO MOJH-
akpwionuTpuia (kommepueckoe HasBanue ['MIIAH) u momm — N,N-gumerui-
TUAIUTAIIAMMOHKH XJopuaa (komMepuaeckoe HazBaane BIIK-42) [4].

1.1. Ilpedomepawenue 600HOU U 8empoBoti 3po3uu. ABTOPHI [4] BEIACIIIOT 5
OCHOBHBIX METOJI0B OOPHOBI C BETPOBOM M BOJHOHM 3pO3UEH MOYB:

1. Buonornyeckue, BKIOYAIONINE BBICAIKY JIECOIOCAIOK, CO3JaHUE BETPO-
BBIX M BOJO3ANIMTHBIX JIECHBIX OaphepoB, O3€JCHEHWE W Jpyrue. JTa Tpymma
METOZIOB MMEET OJMH CYIIECTBEHHBIH HENOCTAaTOK — TpeOyeT 3HAYMTEILHOTO
BpeMeHH s (hOpMUPOBaHUs, TeM Ooiyiee, B HEONArONMPHUATHBIX IS 3TOTO pe-
THOHAX.

2. Metoapl panMOHAIBHOTO 3€MJIEACTHS, MCKIIOYAloINe WHTEHCHBHOE
HCTIONIb30BaHMUE CEIbXO3TEXHUKM U TIIyOOKYI0 BCmamky mouBbl. OJHAKO, yKa-
3aHHBIE METO/IbI HE HAXOMAST IIUPOKOr0 NPUMEHEHHUSI.

3. MexaHu4ecKHe METO/bI, BKIIOYAIOIINE IOKPBITHE IMOBEPXHOCTH IIOYB
COJIOMEHHBIMH MaTaMH, MPOBOJIOYHBIMHM CETKaMHM, MOJIMMEPHBIMHU IUIEHKAaMH U
CETKaMM, HO TaKUE KOHCTPYKLHH JIETKO pa3pyllaloTcs, a MOJMMEPHBIC IJIEHKU
HapyIIaloT BO3yX0- M BIAro0OMeH M MPEMATCTBYIOT TPOPACTAHUIO.

4. VnxeHepHBIE METOJBl — MCKYCCTBEHHOE OPOIIEHHE C HCIIOJIb30BaHUEM
9HEPrOEMKHX TEXHOJIOTHH, COOPYKEHNE UPPUTALIIOHHBIX CUCTEM H T.J.
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5. XuUMHUYECKHE METO/bI — UCIOIb30BaHNE PA3JINYHBIX BEIIECTB JJIs CTaOH-
JHM3alUy TO0YBKI, BA3KHE KOMIIOHEHTHl HedTenepepaOoTKy, MIACTUKOBAs MyJibyua
(IOpOLIOK, CTPYXKa), CUIMKATHI M IOJMMEPHI, BKIIOYAs IMOJIMIJICKTPOIUTHI U
MTOJIMMEPHBIE JIATEKCHI, TOJMKOMIUIEKCH. lcmonp3oBanne BS3KWX HedTenpo-
OYKTOB OKa3bIBa€T BPEIHOE BO3ACHCTBHE Ha OKPYXKAIOIIyI0 Cpeay, MOYBy U
rpyHToBble Boxpl. llonmnmepHass Mynipua oOpa3zyeT HecTaOWJIBHBIE MOKPBITHS.
Kpome Toro, mynp4a OOBIYHO HE TOJBEp)KEHA OMOIOTHMYECKOMY Pa3OKECHHIO.
CunrkaTHble KOMITO3UIIMK MOTYT CIIOCOOCTBOBATh 3aKHUCICHUIO TIOYBBI U CHHKE-
HUIO €€ OMOJIOTMYECKOW NpPOAYKTHBHOCTH. BomopacTBOpHMBIE MOIHMEpPHBIC
CBSI3YIOMIHE OBICTPO YAAIAIOTCS W3 TMOYBHI C JOXKICBOH BOJOW, YTO MPUBOIUT K
norepe crabunusupyromero dpQpexTa Aaxe Mpu yMEepeHHOM ocaxeHuu. [ uapo-
(oOHBIE CBA3YIOMIME HE MOTYT OBITH paBHOMEPHO paclpejeieHbl B MOYBE U B
CKOPOM BPEMEHHM COCPEIOTAauMBAIOTCS Ha IMOBEPXHOCTU IOYBBI M 00pasyloT
BOJIOHEIIPOHUIIAEMOE HOKPBITHE.

B 00630pe aBTOpOB [5] coobmaercss 00 HCMOIB30BAHUH HMHTEPIIOTUMEPHBIX
KOMIIJIEKCOB IJIsl CTPYKTYPHPOBAaHHUSI IOYB M HOAPOOHO ONMCaHa TEXHOJIOIHS
poriecca, KOTopasi BKIIIOUaeT CIeAYIONINe CTaInu:

1) mpuroTtoBieHue pa30aBIIEHHBIX BOAHBIX CMeCEH MOJIUIICKTPOIUTOB TPHU
BBICOKMX KOHIICHTPALMSIX HU3KOMOJICKYJISIPHOM CONU (HampuMmep, MUHEPaJIbHBIX
ynoOpeHuil), mpu 3TOM HOHHBIC B3aMMOJCHCTBUS MEXIY HPOTHUBOIOJIOKHO
3apsKEHHBIMH [TOJIMMOHAMU TIOJIaBJICHBI;

2) BBeJCHUE MOIYYCHHBIX CMECEl B MOYBY ITyTEM IOJHMBA MJIH Pa3OpBI3IH-
BaHUs HA MIOBEPXHOCTH I10YBHI;

3) mpoMbIBaHME TOJHUTHIX MOYB BOAoW s oOpasoBanuss MIIK m ymeHs-
IIEHNs] KOHIIEHTpAallud HU3KOMOJIEKYJISPHBIX COJiel (3TOT MpOoIecc MOXKET IMpo-
TEKaTh €CTECTBEHHBIM IIyTeM IPU BBIIAICHUN aTMOC(EPHBIX OCAIKOB).

Oo6pabotka Tepputopuu MIIOK MOXET BBITONHITHCS BPYIHYIO U MEXaHU-
YECKH, HAMPUMEP, C TIOMOIIBIO0 BEPTOJICTOB WU MOJHUBAIBLHBIX MammmH [4]. [lpu
9TOM Meskue arperatsl oopaboranHoro MIIDK mouBeHHOro ciiosi cimmarorcs ¢
oOpazoBaHueM OoJiee KPyHHBIX YacTHLl B pe3yjbTaTe 0Opa3oBaHHsS Ha ITOBEPX-
HOCTH MOYBEHHBIX yacTui ciost UITAK. Pacxox momuMepos Ha 06paGoTky 1 M
COCTaBJISIET BCETO 1-2 I MONMMEPHBIX KOMIIO3ULMN MPU UX CTOMMOCTH 5-7 IO
CIIA 3a 1 kr [6].

UIIK yame Bcero SBISIOTCA BOJOHEPACTBOPUMBIMH, BJIAro- M Ira3oNpOHU-
LAeMBbIMH BEIIECTBAMHU, OOpa3yIOUIMMU Ha MOBEPXHOCTH OOpaOOTaHHOHW MOYBHI
3alUTHYIO KOPKY [7].

Jnig CTpYKTYpHpOBaHHSA TOYBEHHBIX YaCTHI[ MOTYT OBITh HCIIOIH30BAHbI
Heckonbko TuoB UIIK:

1) UIIDK — mpoaykTel B3aMMOIEHCTBUS MPOTHBOIOJIOKHO 3apSKEHHBIX
MOJIM3JICKTPOJINTOB;

2) WIIK, crabunm3upoBaHHBIE KOOIEPATHBHONW CHCTEMOW BOJOPOIHBIX
CBsI3ei;

3) uHTpamoJMMepHbIE KOMIIJIEKCHI, COCTOSIIIME U3 XMMUYECKH KOMILIEMEH-
TapHBIX 3B€HbEB OCHOBHOMW IEMH 1 PA3BETBIEHHBIX OOKOBBIX LIEMEH.
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[MoxgxoagmuMyu ¥ KOMMEPYECKH IOCTYINHBIMH TMOIUMEPAaMHU IS CO3JIaHUS
UIIOK sBnsroTest monuakpunosas kuciora (ITAK), monmumerakpunoBas Kuciora
(ITMAK), mosmuctupoincynshonar narpus (IICCNa), mommstminenumun (I19U),
HaTpueBas coiib KapOokcumerwinenono3sl (KMIL[Na), mponsBoaHbsle mnojH-
aUIaMuHA, B 0COOCHHOCTH, TOJH-N,N-THMEeTHIIHALTHIAMMOHANA  XJIOPHT
(ITIMIAAX) u ap.

Jis co3manms UK Takxke IIMPOKO HCMOIB3YIOTCS MPOTOH-IOHOPHBIE MTOJIHU-
Mepbl, Takue Kak nonmakpuioBas kucinora (ITAK), momumerakprioBas KucioTa
(IIMAK) u mpoTOH-akIENTOPHbIE MOJMMEpPHI, TaKhe Kak MOIH-N-BUHIITHPPO-
munon (IIBIT[), mommastunenrnvkons (I1907), momuBunmnoskii crmptr (I[1BC),
nonmmakpunamun (ITIAAwm).

UcnonezoBanue UIIK B kauecTBe 3 HEeKTHBHOTO METO/1a TIPEIOTBPAILICHUS
9PO3UH MOYB BBITJISIIUT HanOoJiee MPEANOYTHUTEIBHBIM MO PALY IPHUYMH.

Bo-nepBbIX, B mpouecce MOMy4YeHHs CTPYKTypooOpasoBaTesieil mouB Ha
ocHose UIIK u BHECEHMM UX B MOYBY MCIOJIb3YIOTCS HU3KOMOJIEKYJISIPHBIE COJIH,
KOTOpBIE JKPAHHPYIOT MaKpPOMOJIEKYJIbl M MPEMATCTBYIOT 1O ONpPEAETICHHOIO
BpemeHn oOpazoBanuio UIIK (pucynok 2). B kadecTBe Takux HHU3KOMOJIEKY-
JIIPHBIX COJIEH MOXKHO HCIIONB30BAaTh MHUHEPAJIbHBIE yAOOpPEHUS, CTUMYIISATOPHI
pocta W npyrue (QyHKIHMOHAJbHBIE BEIIECTBA, SBISIOMIMECS MO XUMHYECKOU
CTPYKTYpE HU3KOMOJIEKYJISIPHOM COJIBIO.

©® ® Na* a @
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Pucynok 2 — Cxema oOpa3oBanus u paspynrenus WITK mox geficTBreM HU3KOMOJICKYISIPHBIX
HPOTUBOUOHOB [5]

Bo-BTOphIX, Kak ormewaercs B pabotax [4, 5], UIIK cocrosT u3 rumpo-
(oOHBIX M TUAPOMUIBHBIX YYacTKOB, KOTOpPbIE MOTYT OOMEHHMBATBHCS MEXKAY
co00H — 3TH OCOOEHHOCTH CTPYKTYPHI MOJMKOMIUIEKCOB MO3BOJISIIOT MM aJICOp-
OMpOBaThCA Ha MOBEPXHOCTAX PA3IMYHON MPUPOABI M aJalTHPOBATHCI K H3Me-
HSIOIIMMCS BHEIIHUM YCJIOBHUSIM B 30HE KOHTakTa (puUcyHOK 3). Takum oOpazom,
UIIK nposBisiroT CpoACTBO K MOBEPXHOCTSM JIFOO0TO poja, Kak TUAPOQPIITEHBIM,
TaK ¥ THAPOPOOHBIM.

JUI 3aKperuleHnsl 3acOJIEHHBIX NOYBOIPYHTOB M IIECKOB B paiioHEe Apaib-
ckoro Mops uccienosano BnusHue monmmepoB 1IBC, ITAK u [TAAM n ux UIIK
(K-4 u K-6). Haunyumme pe3ynbTaThl MOJYYEHBI TPU COUYETAHUH MOJIMMEPOB U
[TAB c nonuMepaMu, CIOCOOHBIMU B3aMMOJICHCTBOBATH C COJIIMH W M3BECTHIO.
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Pucynok 3 — Cxema B3aumonaerictaust UITK
THIPOPOOHBIMU U THAPODUITEHBIMU MOBEPXHOCTSIMU [S]

Hanpumep, npu mobaBieHun kommnosunuu u3BecTb-K-9 B mucmepcuio 3aco-
JICHHOTO TIeCKa MOy4eHO 88% KECTKUX arperaTtoB, U3 KOTOPHIX 55% COCTaBISIOT
¢pakuuio 2 mm [8].

B paborax [6-7, 9-13] mpeanpuHsTa MOMBITKA HCIIONB30BaTh Pa3INIHBIE
TUTIBl WHTEPIOIUMEPHBIX KOMITJIEKCOB, CTaOWMIM3UPOBAHHBIX KOOTIEPATHBHON
cucremoil Bonopoansix cBsazer (H-UIIK), nonnsix cesazeit (MIIOK) n komruiekcsl
¢ ydacTueM OeTanHOBOTO MoauaM(oauTa KapOOKCHITHUI-3-aMHUHOKPOTOHAT/aK-
puinosas kucimora KOAK/AK (ITA-UIIK) B kadecTBe CTpyKTypooOpaszoBareseit
paAMalnOHHO-3apaXXeHHbIX MoYB CeMUNIaIaTHHCKOTO PETHOHA.

Hns arperupoBanusi nouB Obuin Mcnonbs3zoBanbl UIIK, xotopsie panee s
ITHX IeJIeH He TPUMEHSITICH (Tabmuma 1).

Ta6Jmua 1- I/IHTepHOJ'H/IMepHLIe KOMILJIEKCEBI, UCTIOJIb30BAHHBIC JUISI CTPYKTYPUPOBAHUS ITOYB

WTIK Cocras UIIK, [n] CreneHpb KOMIUIEKCO- Tun
MOJIB/MOJTb KOMILIEKCa obpa3oBanus, 0 KOMILITEKCa

IMAK-IIOT 1:1 0,10 0,81 H-UTTK
[TAK-TIBII[ 1:1 0,10 0,76 H-UIIK
MMAK-TIDU 1:1 0,10 0,60 HUIIDK
MAK-TIIMJJAAX 1:1 0,08 0,75 UIIBK
KB3AK/AK-TIOT 1:1 0,13 - IMA-UTIK
KOAK/AK-TIBIT] 2:1 0,10 - ITA-UTIK
KDAK/AK-TIDN 1:1 0,08 - IMA-UTIK
;(I?[ﬁfﬂ/ﬁi;( 2:1 0,11 - IMA-UTIK
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[Tokazano, uro UIIK B cmimy cBoell CTPYKTYpBHI SBIAIOTCA OOjee MOIXO-
JSIIUMA O0BEKTaMU JUIS CTPYKTYPUPOBAHHS TOYB, YeM HHIUBUIYAIbHBIC IO-
JUMEPBI, XOTS U MOCIIEIHUES 00JIaJAI0T arperupyonmmM 3hheKToM.

Pa3paboran crmoco0 cemuMeHTanmuy JOPOXKHOW TMBUTH Ha OCHOBE JIMTHHHA,
HEZO0POToro, 3KOJOTHYECKH YHUCTOro M OnopasmaraemMoro martepuana. B pabore
[14] Obu1O pa3paboTaHO CBS3YIOIEE HA OCHOBE JIMTHUHA, TPEACTABIISIONICe CO00i
KOMIUIEKC COTIOJMMEPOB, B XKHUJIKONH KOHIIEHTPHUPOBAHHOW (popMe I CTPYKTY-
PUPOBaHUS U CKJIEUBAaHUS ITOBEPXHOCTH CBETJIO-TEKCTYPUPOBAHHOM MOYBHL. M3y-
YEHUE MEXAHUYECKUX CBOWCTB, BOJO- M BETPOYCTOMUMBOCTH CO3JIaHHOHN CTPYK-
TYpbl TIOYBBI M CKJICCHHBIX CJIOEB MOYBBI, & TAaKXKE M3MEHEHHUE ITHUX CBONCTB B
pe3yabTaTe BO3AEHCTBUSA KIMMATHUYECKUX YCJIOBHI B KIMMATHUYECKOW KaMmepe
noka3sano 3(pQGEeKTUBHOCTh Pa3pabOTaHHOTO CBSI3YIOIIErO KaK IBUICTIONABUTEIIS.
TexHomornueckuii METoA MPUMEHEHHUS CBA3YIOMIEro HE TpeOyeT CenuaJbHOTO
0o0opymOBaHUs, TOCKOIBKY €ro BOJHBIE PAaCTBOPHI NMPH HAHECEHHBIX KOHIICH-
TpaIUsIX HE SBITIOTCS BA3KUMH U JIETKO HAHOCATCS HA TTOBEPXHOCTH TTOYBEI.

B pa6ote [15] mist cTpyKTYypuUpOBaHMS MECYAHBIX MMOYB pa3paboTaH HOBBIM
AKOJIOTMYECKH Oe30TacHbIi Kiei Ha ocHoBe JurHocyibdonata (JIC), npeacras-
JSIOMUNR  cO0O0W JIMTHUHCOIEP)KAIMUK HWHTEPIIOJIMMEPHBIA  KOMIUIEKC. bBImo
o0Hapy»XeHo, 4To u3MeHeHHsl B coctaBe JIC MpUBOAAT K U3MEHEHHUIO €T0 PeoJio-
THYECKUX CBOWMCTB, KOTOPHIE CBSI3aHBI CO CBSI3BIBAIOIICH CITOCOOHOCTHIO U, TAKUM
o0pa3oM, JOJDKHBI BIHMSTh HAa (PPaKIHOHHBIA COCTAB W CBOWCTBA CO3JaHHBIX
arperaToB ITOYBEHI.

Takum o6pa3om, ocobeHHOCTh cTpyKTyphl MITK oOecnieunBaeT yHHKAIBHYIO
BO3MOKHOCTh B3aWMOJEUCTBUSI C MOBEPXHOCTAMH Pa3IU4YHON MPUPOABI W,
CJIEIOBATEIHHO, C PA3TUYHBIMH KOJJIOWTHBIMU U AUCIIEPCHBIMHA YacTHUIIAMH. JTH
COCIIMHCHHUS SBJISIOTCS BECbMa J3(P(PEKTUBHBIMU M YHUBEPCAIBHBIMH CBS3YHO-
IIUMHU areHTamM#u JJI Pa3IUYHBIX JUCHEPCUM, YTO B KOHEYHOM HUTOrEe IpeayIl-
peXmaeT BOJHYIO M BETPOBYIO 3po3wio 1oy [9,16,17].

UIIK HaxoaaT NpPakTHYECKOE NPUMEHEHHWE B KA4eCTBE CTPYKTypooOpa-
30BaTeNiel JFOOBIX JTUCIEPCHBIX CHUCTEM, HE TOJBKO TMOYB M TPYHTOB, a TAKKE
MOy IPOHUIIAEMBIX MeMOpaH, MOKPHITHH, MaTepHaJoB METUIIMHCKOTO W OHo-
TEXHOJIOTHYECKOTO HA3HAYECHHUS U JIp.

1.2. Vayuwenue acpoxumuueckux noxazameneti nougvl. ViccremoBaHus
nokaszany, uro npumeHenne MIIK Ha moyBe BeAeT K yJIyULICHUIO €€ CTPYKTYpHI,
YMEHBITIACT TJIOTHOCTh W PE3KO TOBHIIMIACT BOAOIPOYHOCTh CTPYKTYPHBIX arpe-
raToB, YBEJIMYMBAET NpEIENbHYIO TOJEBYIO BIArOEMKOCTh W 3alachl MPOAYK-
TUBHOU BOnbI. [Ipu 3TOM CHMXKaeTcs (U3UYECKOe HCIApPEHUE C TIOBEPXHOCTH B
2-3 pa3a, BO3pacTaeT amIUTUTyJa CYTOUYHBIX TemIiepatyp mouBbl. [IpoOnema
UCKYCCTBEHHOTO OCTPYKTYpHUPOBaHHUS TOYB HMEET OrPOMHOE TPaKTHUYECKOe
3HauYeHHE, 0COOCHHO B yciIoBUsX lleHTpanbHON A3uM, Ijie TpeCTaBlIeHbI Oec-
CTPYKTYpHBIE (C arpOHOMHUYECKOW TOYKH 3PEHUS) U HEPEIKO 3aCOJICHHBIE MTOYBHI
C TSDKENBIM MEXaHWYECKUM COCTAaBOM, HAIPHUMEp, TAKBIPHI W TAKBIPOBUIHBIC
MTOYBBHL.
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MHOTOYHCIIEHHBIMU DKCIIepuMeHTamMu [7, 9] moka3aHO, 4TO CTPYKTypoO-
obpazoBarenu Ha ocHoBe MIIK sBisitoTcst 6e3BpeAHBIMU IS TIOYBBI, PACTEHUH U
KUBOTHBIX. B pesynbprare 06padoTku noussl MIIK oOpasyeTcst moyBeHHO-TTONH-
MepHasi KOpKa, OJIaronpHusATCTBYIONIAs YCKOPEHHOMY POCTYy pacTeHui [9].

[Tpumenenue cTpykrypoobpasoBateneit mous Ha ocHoBe MIIK ucmeitano Ha
rmoceBax xyonvatHuka [4]. Habnromanock yiydieHHE BCXOXKECTH M yCHIIEHHOE
pa3BUTHE KOPHEBOW CHCTEMBI, YTO aBTOpaMHU OOBICHSETCS IMapHUKOBBEIM 3 (dek-
TOM, CO3/IaBa€MbIM ITOYBEHHO-TIOIMMEPHON KOPKOM, 3aMeUIsAiolel HclapeHne
BJIaTY C TIOBEPXHOCTH TOJISL.

VY30eKCKHMHU YYeHBIMH TPOBOMIINCH MHOTOJIETHHE JIA0OPATOpHBIE M TIPOM3-
BOACTBeHHBIC ucnbiTanus mo npumeHenuto UIK na ocnoBe KMII (kapbokcume-
Trientono3a) 1 MOC (MoueBHMHO-hopMalibAETHIHASL CMOJIA) B XJIOIIKOBOJCTBE
IUTA YIIyYIIeHUs] arpo(U3MUYecKuX XapaKTePUCTHK TI0YB, 3aIIUTHI BCXOIOB OT
BETPOBOW W BOMHOM 3po3un [18]. Ha ocHOBaHWM OOMIMPHBIX JIAOOPATOPHBIX H
MIOJIEBBIX HCCIIEOBAHWN, IMPOBEJACHHBIX B BETreTAlMOHHBIM IEPHOJ, CAETIaHO
3aKimoueHre o ToM, yro npumeHerne UIIK B X0mkoBoacTBE CrOCOOCTBYET CO-
3MaHUI0 OJArONPHATHBIX arpo(M3WYecKUX YCIOBHH NPOM3pPACTAHHUSA XJIOMYaT-
HUKa B BECEHHHI NepuoJ], 00ecriedynBaeT paBHOMEPHYIO BCXOXKECTh CEMSH, yBe-
JWYMBAET HAKOIMJICHHE KOPOOOUYEK W MAacChl ChIpLAa OJHOM KOPOOOYKH 1O CpaB-
HEHUIO C KOHTPOJIEM, YTO B UTOT€ TIPUBOAMT K MOBBIIIICHUIO YPOIKANHOCTH XJIIOTI-
Ka Ha 4-6 u/ra.

VYiyumenue arpouM3nYecKuX YCIOBUH OOyCIOBIIEHO CIEAYIOUIMMH (akx-
TOpaMHu:

— TIOBBIIIAETCS BOJOIPOYHOCTH CEPO3EMHBIX TTOYB;

— yJIydIaeTcs MUKpPOArperaTHbIi COCTaB MOYB;

— HaOIIoJaeTcsi HEKOTOPOE TOBBIIIEHHE arpOHOMUYECKH IEHHBIX (Dpakiuit
IOYB;

— mpu obpadorke MIIK Ha 1-2,5° moBbimaercs TemrepaTypa IMOAMOYBEH-
HOTO CIIOS;

— ONTHMH3HUPYETCS BIAKHOCTHBIA PEKUM TTOYBHI.

[Tokazano, uTo moBepxHOCTHas 00paboTka moussl pazmuyabiMu UIIK oka-
3BIBACT MOJIOKUTENIBHOE ACHCTBUE U HAa PA3BUTHE MUKPOOPraHu3MoB [18].

3aMedeHo, YTO B yCIOBHIX IIyOOKOTO 3ajeTaHus TPYHTOBBIX BOJ| TIPH TOJH-
Bax 3HAYMTENbHAs 4YacTh MOJMBHOM BOJBI, a C HEH U BHOCHMBbIE B MIOYBY MHHE-
paNbHBIE yAOOpEHHsI YXOAAT HIXKE PAacyeTHOTO cJos MouBHl. ClemoBaTelbHO,
BO3pacTaeT pacxoj] TOJIMBHOW BOABI M 3aMETHO CHIDKaeTcss 3¢¢EeKTUBHOCTH
WCIIOJIb30BaHMsI BHOCUMBIX MUHEPAJIBHBIX yA00PEHHIA.

Jlig monuBa XJomyaTHUKa aBTOps! [19] mpeanaratoT MCnosib30BaTh NMPOTH-
Bo¢mipTpannoHHbii dkpad u3 UIIK (KML-M®O) B Buge toHko# mueHku. K
pactBopy MIIK nobGaBmsamm mmHepansl (a3or, ¢ocdop, Kamuil) B KOIHYECTBE,
COOTBETCTBYIOIIEM YCTaHOBJIEHHBIM HopMmaM. Ilo pesynbraTam wuccienoBaHuit
YCTaHOBJIEHO, YTO TPH TOJIMBAX XJIOMYATHUKA 4Yepe3 MPOTHBOMMIBTPAIIIOHHBIN
skpad u3 WIIK, co3maHHBI Ha TOBEPXHOCTH TOYBHI, TIIyOWHHAs (PIIIBTPALIUs
BOJIbI HHXKE PacueTHOro ciosl, ymeHbmaeTcst Ha 3540 % oT MOoJTUBHBIX HOPM.
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IIpn nosmmBax Ha mnossax ¢ skpaHoM u3 HIIK ypoxailiHOCTh cocTaBuia
34,3 1/ra (B koHTpoOJie — 28,4 1/Ta), a TAK)KE HAMMEHBIINI PacX0]l BOJbI HA S/IH-
HUILy yposkas xjonka-ceipia (11,1Mm/1), 4To yke nokasbiBaeT 3((PEKTHBHOCT
ucnonb3oBanusl 3kpana UIIK — munepan. Kpome Toro, ¢ momouip0 npoTHUBO-
¢unpTpanmonHoro skpana w3 MIIK ymeHbpmiaercs HETIONOTBOpPHAs MHHEpa-
JIU3aIHUS TIOYBHI.

1.3. Pemeouayus noug ¢ nomowwto UIIK. Tlomumo 3¢pdexra arperupoBanws,
o0Opabotka moussl UIIK mpuBOIUT K HM3BICUEHHWIO PAJAMOAKTHBHBIX W TSHKEIBIX
METaJIOB B pe3yJibTaTe 00pa30BaHMs YCTOHUUBBIX TPOHHBIX MOJIHMEpP-METaIIIH-
yeckux KoMIuiekcoB. [locnenyrolee nepuoauveckoe ynajieHHe BEPXHEro Cios
[IOYBBI, B KOTOPOM aKKyMYJINPOBaHbl PAJAMOAKTUBHBIC 3JIEMEHTBHI, MOXET IPH-
BECTH K pPEeMEIHallid PaJuallMOHHO-3apaKEHHBIX 3€MeNb U JalbHeHIeMy HX
HCIIOJIb30BaHMIO B CETTLCKOM XO3sIHCTBE.

Astopsr [13, 20-30] uccnenosanu criocooHocTs MIIK 1 oTIENBHBIX KOMIIO-
HEHTOB KOMIUICKCA BIMATH HA COIEPKAHHE PAJMOAKTHBHOTO ' Sr B 00pado-
TAaHHOW TOYBE Ha TEPPUTOpUH ObIBIIEro CeMHITaIaTHHCKOTO HCHBITATEILHOTO
nonurona (CHUII), rae OCHOBHBIM HCTOYHHKOM PaJMOAaKTUBHOTO 3arps3HEHHUs
ABISIOTCS  SIIEPHBIE HWCHBITAaHUSA. Murpanus paguoHYKIHIOB IPOUCXOINT
BCJICZICTBUE TBUIEBOIO U BOJHOTO mepeHoca. Oco0yro OmacHOCTh MPEACTABISIOT
PAIMOHYKIHIB *°ST ¢ GONBIIMM MEPHOIOM HOTypACHaa, KOTOPIE B OCHOBHOM
CKOHLEHTPUPOBAHBI B MEJIKOJUCIICPCHON TBUIH.

Ha pucynke 4 mpenacTtaBiieHO BEPTHKAIBHOE pacIpeeeHne yAeTbHOW aK-
THBHOCTH (COAEPIKAHHS) PAIMOHYKIHIA ° ST TOC/Ie 06PaGOTKH TOYBBI PACTBO-
pamMu 1osMaMQOIUTHBIX MHTEPIOIMMEPHBIX KOMILIEKCOB II0 CJIOSM (TOJIIMHA
cnos 1 cm) [13].

7000 -

6000 +
5000 —+

4000 -

3000 —+

VienbHast aKIMBHOCTE, BK/Kr
[( j/
N

0-1 1-2 2-3 3-4 45 5-6 Cuoit,cMm

PucyHnok 4 — BeprukaiibHoe pacnpefielIeHue paJuoHyKInIa gy
mocie 00padoTku mouBkl pactBopamu [TA-UTIK*: 1 — [KDAK/AK]:[IIOI']=1:1;
2 — [KDAK/AK]:[ITIMAAAX]=2:1; 3 — [KOAK/AK]:[TIBIIA]=2:1; 4 — [KDAK/AK]:[TIDU]=1:1.

* Jlannble noayuensl B IPbud HALL PK.
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Kak BugHO 13 pucyHka 4, Haubosplee 3HaueHUE YACIbHOW aKTHBHOCTH Ha-
OmoaeTcs B MOBEPXHOCTHBIX CJIOSIX MOYBBI, PHUYEM JJISl BCEX HCIIOJIb30BAHHBIX
[MA-UIIK nabmiomaercs 3¢¢ekT HampaBiICHHON MHTPaldd C KOHIIEHTPHUPOBA-
HUEM ST B BEPXHEM CJIO€ MOUBBL 110 CTENEHM BBIPAKEHHOCTH 3TOro ddexra
[MA-UIIK  moxHO  pacnoioxuts B pag:  KOAK/AKIIOI=1:1 >
KOAK/AK:IIAMAAAX=2:1> KOAK/AK:IIBII[I=2:1> K3AK/AK:IION=1:1.
DTOT ke psan HabIromaeTess U sl KoMIuiekcoB romononumMepos: I[TAK-IIDI=1:1
> MAK-TIAMIAAX=1:1 > [TAK-TIBITJ=1:1>TTAK-TI3H=1:1.

Akkymynupytouiee neiictBue 0osiee BBIPaXEHO AJS MOJMaM(OIUTHBIX WH-
TEPIIOIMMEPHBIX KOMITJIEKCOB TI0 CPAaBHEHHWIO C COOTBETCTBYIOIIMMH KOMILIEK-
caMH TOMOITIOJIUMEPOB, MPHUYEM M B TOM, U B JPYroM cily4yae HauOOJBIIWI
a¢dexr nposeusercs B UK ¢ yuactuem 1D, Haubosbiee u3BieueHne CTPOH-
LUl B CUCTEMAaxX C y4acTHUEM IOJUITHIICHIIIMKONIS MOXET OBITh CBSI3aHO ¢ 00pa-
30BaHMEM TPOWHBIX TOJIMMEP-METALTNIeCKHX Komriekcos [31, 32].

Jlyumme crpykrypupytone u akkymynaupytoniie cpoictBa MIIK momm-
amponuta KOAK/AK 10 cpaBHEHHIO ¢ COOTBETCTBYIOIUME KOMILIEKCAMH TOMO-
MTOJIMMEPOB, CBS3BIBAIOT C MPUPOAOH moiauaMQoinTa, ero TuapodoOHOCTHIO, 3a-
pPAIOM Ha MOBEPXHOCTH KOMITJIEKCHBIX YacTHII, CIIOCOOHOCTHIO K 0Opa3oBaHUIO
OJIHOBPEMEHHO MOHHBIX, BOJOPOIHBIX, NOH-KOOPAMHALIMOHHBIX cBsA3el [13].

0,01 M pactBopsr UIIK ITAK-TIBIIA u ITAK-IIOT" cocraBa 1:1 mokaszanu
3HAYHUTENIFHYI0 aKKYMYJHUPYIOIIYI0 CIIOCOOHOCTh MO OTHOIIECHHIO K PaJldOHYK-
mugam Pu-239 u Cs-137 B mepBom cnoe ¢pakunu gactull noussl 0,35 mm [32],
TaK 0-CIIEKTPOMETPHUECKH H3MEpeHHast akTUBHOCTH Pu-239 B mepBOM citoe nocine
o0Opabotku pactBopamu MIIK, okazamace Bbimie KoHTpoins (6e3 00paboTkm)
MIpUMEpHO B 2 pasa.

2. Hpyeue obnacmu. llpumenenne WIIK B sKoIOTMM BOJBI JOCTaTOYHO
3aTPyJHEHO, TaK KaK HU3KOMOJIEKYJISIPHBIE COJH, MPHUCYTCTBYIOUINE B MPHUPOJ-
HBIX BOJAAX, MPEMATCTBYIOT KOMILIEKCOOOPA30BAHUIO MEKAY MaKpOMOJICKYJIaMH.
Tem ne menee, oueBugHo, yto MIIK mMeroT mepcnekTHBBI B O0JIACTH OYHCTKH
BoJ oT ITAB, HOHOB MeTaJIIOB, Macen U APYTUX 3arpsA3HUTENCH.

V. P. Barabanov ¢ corpyaaukamu [33] pa3zpaboTait crmoco0 ymaaeHus Kupa u
OelKa M3 CTOYHBIX BOJA MSICHOW HPOMBIIUICHHOCTH. TOHKHE SMYJIBbCHH Macio-
BOJA pa3jarajy IyTeM COJIOOMIM3alUU C HOMOLIbI0 KOMILUIEKCA COIOJIMMEPOB
Oenmka-pearenTa. B kauecTBe peareHTa WMCHOJIB30BAIN JIMTHOCYIH(GOHOBYIO KFHIC-
nory (JICK). KomriuiekcooOpa3oBanue MoJiekyi xupa, oenka u JICK compoBoxk-
naercsi QuioTanMeld W celMMEHTAllMed MPOMYKTOB PEAKUHUH. YCTaHOBJIEHO, YTO
o0pabotka JICK cTo4HBIX BOJ MO3BONIIET YMEHBIINTH COIep KaHue Kupa 1 Oeika
JI0 MAaKCUMAJIbHO JIOTYCTHUMBIX KOHIIEHTPAIU.

W3BecTHO, YTO CYIIECTBEHHBIM HEIOCTATKOM OOJIBIIMHCTBA IOJUMEPHBIX
MaTEepHajoOB SBISIETCS UX IOBBILICHHAs! TOPIOYECTh, YTO OIPAaHUYMBACT UX IPH-
MEHEHHE B Pa3NNYHBIX OTpacisx. KpoMme Toro, ropeHne MOIMMEpPHBIX MaTepHa-
JIOB TIPH TIO’Kape OKa3bIBAaeT CYLIECTBEHHOE BIUSHHE Ha OKPYXAIOIIyIO Cperdy,
3arpsA3Hss ee NPOLYyKTaMHU FOPEHHUs M TUPOJIU3a.
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Orae3amuTa MOJUMEPHBIX MAaTEPHUaJOB OCYIIECTBISIETCA ITyTEM BBEJIEHUS
anTunupeHoB. OMHAKO, MPH HCHOJIB30BAaHMH ATOTO Kiacca JOOaBOK BO3HHKAET
psia mpoOiieM, a UMEHHO: HU3Kas 3(QQEKTUBHOCTh MPH MaJbIX KOHICHTPAIHAIX,
HEOOXOJMMOCTh HCIIOJIb30BaHUSI HECKOJBKMX aHTHIMPEHOB JJISi CHHEpPTU3Ma
JeHCTBYA, a TaKXKe IMOBBIIIEHHAs! TOKCUKOJIOTMYEeCKas OMacHOCTh, Kak B IpoIiecce
MIPOU3BO/ICTBA, TAK U B YCIOBUAX TOXKapa.

B mocnennee Bpems IpencTaBiIsieT HMHTEPEC HCIOIb30BAaHHE B KauecTBE
AHTUIHUPEHOB HETOKCUYHBIX BEILIECTB.

K takum noGaBkaM MOIyT OBITh OTHECEHBI MHTEPIIOJIMMEPHBIC KOMIUIEKCHI,
CTaOMIIU3UPOBAHHBIE KOOIIEPATUBHOW CHUCTEMON BOJOPOAHBIX CBsi3eil. Pazpabo-
TaHb! MOJIMMEPHBIE KOMITO3UIIMM Ha OCHOBE MHTEPIIOJIMMEPHBIX KOMILIEKCOB, CO-
JeprKalyuX 3aMeUIMTEeNI TOPEHUS Pa3IMYHON XUMHUYECKOW HPUPOXBI Ul CHH-
JKEHUS TI0’KapOOIIaCHOCTH TEKCTHIILHBIX MaTepualioB [34]. B xauecTBe KOMILICK-
coobpa3zyronmx monuMepoB st noimydenus WMIIK B BogHO-OpraHuecKux cpeaax
ObuTH mcTIoNb30BaHkl nouakpuioBas kuciora ([TAK) ¢ monexymnspHoit maccoit
2-10° B Buge 30% BOJHOTrO pacTBOpa M HonMBHHMIOBKIL crupt (IIBC) mapku
BF-17, ¢ monexynsapHoii maccoit 8,7-10* u cremenbio rumpommsa 75-85%. B
KadecTBe 00aBOK Uil MOAM(UKALMH Cpelbl KOMIUIEKCOOOpa3oBaHus B paborte
OBUTH WCTIONB30BAaHBL: opraHuueckuil gochopconepxkammii antunuper PUCO-
FLAM PCE; neoprannyeckue u opranudeckue coan PUCO-FLAM NUV; opra-
Huueckoe pochopconepxamiee coeannenne Adunammur KWB; Heopranndeckue
comu PUCO-FLAM NAF; comn ammonums Flammentin HM pasHbIx mpowusBo-
JTUTENEH.

B pab6ore [35] moryueHs MoaudUIUPYIONIHE COSAMHEHHS HA OCHOBE UHTEP-
MTOJIMMEPHBIX KOMIIJIEKCOB MOJMAKPUIOBON KUCIOTHI ¢ HEHOHHBIMH MOJIMMEPAMU
(MONMMBWHUIIOBHIN CIIMPT, MOJUATUIICHOKCH], MONMAKpHiaMua). M3ydeHs! ycio-
BUSL (DOPMUPOBAHUS MOIMMEPHO-TIOIMMEPHBIX KOMIUIEKCOB B BOJHBIX Cpelax.
[IpencraBinen MeTon NPONUTKH XJIOMYATOOYMa)KHBIX CMEIIAHHBIX TKaHEH ¢
Pa3NIMYHOM MOBEPXHOCTHOM Maccoil KOMIIO3WMIMKA Ha OCHOBE COIIOJMMEPHBIX
KOMIUIEKCOB CTEXHOMETPHUYECKOTO W HECTEXHOMETpH4YecKoro cocraBa. Ompene-
JIeHa BO3MOXHOCTh KoppektupoBku ycunenus UIIK B ctpykrype Tkanu. [loka-
3aHo, uro UIIK yBennumBaeT MHAEKC KMCIOPOAa B TKAHAX, CHIYKasl MX BOCILIaMe-
HSEMOCTbD, C TIOYTH TIOJTHBIM COKpAIIEHNEM BpEMEHH CaMOBOCIIIIAMEHEHHSI.

B pa6ore [34] moandukanuo xiom4aTooyMaKHON TKaHW TPOBOAMIH JBYMSI
MerojgamMu. B mepBom TkaHb mpomnuThiBamu cMmechio pactBopos ITAK u IIBC.
3areM B BaHHY J00aBISUIM PAcTBOP AHTHUIMPEHOB W COJSHYIO KHCIOTY JO
pH=1,5. Ilpu sToM KOMITJIEKCOOOpa30BaHHUE MOJIUMEPOB MPOUCXOIUT HETIOCPE-
CTBEHHO B CTPYKTYpE TKaHH.

Bropoii MeTom moapasyMmeBaeT I0CIEIOBAaTENbHYIO IPOMNHMTKY oOpasna
TKaHW cHavana B BaHHe ¢ pactBopoM [IAK u [1BC, a 3atem - Bo BTOpoii BaHHE C
pPacTBOPOM aHTHIHPEHA U COJSTHON KucnoTsl pu pH=1,5.

HcxonHast TKaHb OTHOCUTCS K KJIAcCy JIETKOTOPIOYHX MAaTEpUANIOB C KHC-
nmopoaasM naaekcoM (KN), paBabiM 16,5%. CpaBHEHHE ABYX METOIOB MTOKA3AJIO,
4TO BTOpPOU MeToa Mojudukanuu 6osiee 3QPEeKTUBEH, TaK KaK B MEPBOM CIIydae
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TOJILKO OJUH o0Opasen; mnponutanHbiii koMmiuiekcoM [TAK-TIBC-NUV wumeer
KI1=28,2%.

Ilo pesynpraram BTOpOro Meroja MoOIU(HKALUK 0Opas3ubl XJI0M4aTo0y-
Ma)XHOW TKaHH, 0OpaOOTaHHBIE COCTaBaMH, COAEP)KAIIMMH HHTEPIOIMMEPHBIN
komruiekc, PUCO-FLAM NUV, Adpaammur KWB u PUCO-FLAM PCE, umenu
KHUCJIOPOAHBIA MHAEKC BbIle 27%, UX MOXKHO OTHECTH K TPYAHOBOCILIAME-
HSEMBIM TEKCTHIIBHBIM MaTepraiam

B pabote [36] u3ydennl oruesamniuthbeie cBoiictBa Tpex MIIK: ITAK-IIBC,
[MAK-II20 u I[TAK-TTAA. UIIK ¢opmupoBanu B CTpyKType TKaHH, IIOMeLIas UX
B PpacTBOPHI KOMIUIEKCOOOPa3yoMUX TOJIMMEPOB, TOAKHUCISAS pacTBOp O
snaueHust pH, HeoOxomumoro st oopasoBanus MIIK. 3atem mocie BbICyIIH-
BaHUsI POBEPSIIM BOCIIIaMEHSEeMOCTh 00paboTaHHOH TKanu. OKa3anoch, YTO BCe
tkaHu, oopadoranusie UIIK [TAK-TIBC u [TAK-ITAA, oTHOCATCS K TPYyAHOBOC-
mwiamenseMbiM MaTepuanam (KM=27-32%), Torna kak He oOpaboTaHHBIE TKaHU
SIBIISIIOTCS JIETKOBOCINIaMEHEMbIMH. TakuMm o0pa3oM, mokazaHa 3(¢QeKTHBHOCTh
ykazaHHbix UIIK B kauecTBe aHTUIIUPEHOB.

Bce ucnonp3oBanasie UITK 00amaroT BEICOKOW TEPMOCTAOMIBHOCTRIO, UX
TEMIIepaTyphl BOCIUIAMEHEHUS HaxoaaTcs B auana3zone ot 370 no 395 °C. Uccne-
JOBaHWS TOKa3anu [34], 9TO HMHTEPIONMMEpHBIE KOMIUIEKCHI, CTaOMIN3HPO-
BaHHBIE BOAOPOAHBIMHU CBS35MH, BCIEACTBHE CBOETO XMMHMUYECKOTO COCTaBa U
YHHMKaJbHOM CTPYKTYpBI, BO3MOXXHO, MOTYT OBITh HCIOJIb30BaHbl B KauecTBE
MOAU(UIIMPYIOMIX J00aBOK [UISI CHW)KCHHS TOPIOYECTH KOMITO3UIIMOHHBIX
MIOJIMMEPHBIX MaTepHAIIOB.

PazpaboTan HOBBI METOJ JETEKTUPOBAHUS IMOJUAKPWIAMHUIHBIX (IIOKY-
nsaTOB [37] C WCMONB30BaHWEM HWHTEPHOIMMEPHOTO KOMIDIEKCOOOpa30BaHHS
MeXIy (IIOKYJISHTaMH M COMOJUMEPOM TOJIHAKPHUIOBOM KHCIOTHI C aneHad-
THJICHOBBIM pEareHTOM. DTOT METOJ OOHapy>KeHHs MPOTECTUPOBAH B YCIOBHUIX
MIPECHON BOABI U OKAa3aJCs YCTOMYMBBEIM K psiny 3arpsi3HuTeneil. Kpome toro, on
MTO3BOJISIET OOHAPYKMBATh KpalHE HH3KHE KOHIEHTpAIuu (IOKYJSHTAa HIDKE
1 Mr/n. DTOT MeTOJI SIBJISETCS YPE3BBIUAHHO OBICTPBIM U TPeOyeT HEOOJBIIOH
MonuduKanuyu odpasla MO CPaBHEHHWIO € CYLIECTBYIOIIMMHM METOAaMU OOHa-
Py KeHHSL.

3akmiouenne. UIIK ycrmemHo MoOryT OBITH MpPHUMEHEHBI ISl PEIICHHUS
9KOJIOTHUYECKHX 3aJad. B 4acTHOCTH, B KauecTBE NEPCIEKTUBHBIX aHTUACQIIS-
LUOHHBIX AareHTOB Ui NPEAOTBpAILEHHUsS BETPOBOM 3PO3MHM IOYB M JPYTHX
JTUCTIEPCHIL; TSI 3aKPETIIICHNS MBUTAIIMX TOBEPXHOCTEH U aKKyMYJISIIUH TSXKEIbIX
METaJUIOB BOKPYT XBOCTOXPAHWJIHIL TOPHO-OO0OTATHTENBHBIX MPEANPHUITHH; IS
pazuanvoOHHOIO IMBIICTIONABICHUS] M aKKyMYJUSIIMM PaJAMOHYKIMIOB Ha II0-
BEPXHOCTH TTOYBHI C HENBI0 PEMEINANN PaInalliOHHO-3apaKEHHBIX 3eMeNh; IS
YIIy4IIeHUsS] arPOXUMHUYECKHUX TOKa3aTeNnel MOYBBL, IS PallMOHAIBHOTO HCIIOJNb-
30BaHMS BOAHBIX PECYpPCOB, B YAaCTHOCTH, VIS MOBBIMIECHUS 3PQPEKTUBHOCTH HC-
ITOJIE30BaHUS TTOJIMBHOM BOJBI U MIPEAOTBPALICHHS HETUIOJAOTBOPHOTO YI0OPEHNUS
MUHEpajJaMH OpOLIaeMbIX PAaliOHOB, a TAaKXKe CHIKEHHUS! TOPIOYECTH MOJIUMEPHBIX
KOMITO3UTHBIX MaTepHaJIOB.
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st atux neneit nepcnekTuBHO ucnoas3oanue UIIK, nomxyyaeMbix U3 KpyI-
HOTOHHAQXXHBIX OHOpPA3JiaraeMbIX IOJIMMEPOB, TaKUX KakK KapOOKCHMETHIIIIEIN-
mono3za (KMILI), xoropas sBisieTcs NPOAYKTOM MOAU(MUKANNN TPUPOIHOTO
MoJIMMepa — MEJUTION036l. | JTaBHBIMU JOCTOWHCTBAMH TAaKUX ITOJHMEPOB SIBIIS-
FOTCS JICHICBU3HA W JOCTYITHOCTh, a TAKXE KPYIMHbIE 00BEMBI HMPOMBIILICHHOTO
npousBoacTBa. Menee mpuroans! juist otux 1eneid UITK Ha ocHOBe cuHTETHYEC-
KHX TIOJIMMEPOB, B TIEPBYIO OYEPE/Ib, B CBSI3U C UX HU3KOW OMOPa3pyIIaeéMOCThIO U
OTHOCHTEIHHO BBICOKOI CTOMMOCTBIO.

0630p nooecomoesnen npu unancosol noddepoicke Munucmepcmea obpa-
306anus u Hayku Pecnybnuxu Kazaxcman, epanm AP 05134681.
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Pe3rome
b. X. Mycabaesa, A. H. Knusenxo, JK. C. Kacvimosa, JI. K. Opasoicanosa

MHTEPHOJIMMEPJII KOMIUIEKCTEPI
OKOJIOTUAJBIK MAKCATTAPIA TTAUTAJIAHY

[onyna uarepnonumepi komrmiekcrepai (MITK) sxomorusina naiinanany OoWbIHIIIA
omebu MaiMeTTep TaijiaHraH. TombIpaK SKOJOTHMSCHIH/A TOMBIPAKTHIH JKENJIK dPO3Usi-
CBIMEH KYPECETIH MEepCIEKTHBAIBIK aHTHISQISIMSIIBIK areHTTep PETiHIe, pauallusuIbIK
manapl 0acy YUIH JKOHE pajMalMsUIbIK JIACTAHFAaH TOMBIPAKThl peMenuanusuiay Makca-
TBIH/Ia PAJUOHYKIMATEPAl Tomblpak OeriHe akkymyisimsiiay yiriH WITK nadipananysr
tankpiianFaH. bypeiara Cemell ChIHAK NOJNMTOHBIHBIH PaJAHalMsIIbIK JJACTAaHFaH TOMBIPa-
FaHAa Xypriziaren ToxipuOenepae xkypamsl optypii WUIIK Sr-90, Pu-239 xone Cs-137
panMOHYKIMATEpiHE KAaTBICTBHI aKKyMyJupieymi kacuer kepcerkeH. MITK TombipakThin
arpoOXMMHMSUIIBIK KAaCHETTEPIH KaKCAPTAThIHBIH, aTall alTKaH/a, KYPBUIBIMBIH JKaKCapThIIl,
THIFBI3BIFBIH TOMEHETIM, TOIBIPAK arperaTTapbIHBIH CyFa TO3IMILTIreH KO apTTHI-
PATBIHBIH, TOTIBIPAKTHIH [IEKTI AAaTajbIK bIIFal CHBIMIBUIBIFBIH JKOHE HOTHKENI Cy KOPBIH
apTTHIPATHIHBIH 3epTTeyiep kepceTkeH. UIIK kemeriMeH TOmbIpakThl KYpbUIbIMIAY MeXa-
HU3MI TankblUianFaH. Cy SKOJOTHSCHIHIA IIANBIHBI CylapiaH OeTTiK aKTHBTI 3aTTap.Ibl
(BA3) xoHE OHMOJOTHSIIBIK JIacTayIIBLIAPALI OO aly YIIiH, (IOKYISIHTTapbl aHBIKTAY
YLIIH JXoHE Cy KOpJapbhlH YThIMJIbI Naiaanany maxcarsiana MIIK mnaidinanany MyMkiH-
nikTepi Kapacteippiirad. COHBIMEH KOca, MOJUMEpIIl MaTepHaigapAblH JKaHFBIIITHIFBIH
azaiity yuriH typreHnipymi kocna peringe UITK konnanyra apHanFaH »XyMbICTap Kapac-
TBHIPBUTFaH.

Tyiiin ce3aep: WHTEPHONMMEpPTl KOMIUICKCTEP, WHTEPIIOIMIIECKTPOIUTTI KOM-
TUIEKCTEP, TOMBIPAKTHl KYPBUIBIMAAY, aHTUACIIAHSIBIK areHTTep, peMeInanus, paamo-
HYKIAATEPAl aKKyMyJBSIIAsIIAY, CyFa TO3IMAUTIK, PIIBTpaIHsFa KapChl dKpaH

Summary
B. Kh. Mussabayeva, A. N. Klivenko, Zh. S. Kasymova, L. K. Orazzhanova

APPLICATION OF INTERPOLYMERIC COMPLEXES
IN THE ECOLOGICAL PURPOSES

In the review the analysis of literary data on application of interpolymer complexes
(IPC) in ecology is provided. Results of works on application of IPC in soil ecology as
perspective anti-deflationary agents for prevention of a wind erosion of soils, for radiation
dust suppression and accumulation of radionuclides on the surface of the soil for the
purpose of a remediation of the radioactive infected soils are discussed. IPC of different
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structure showed heat-sink properties in relation to Sr-90, Pu-239 and Cs-137 radio-
nuclides in experiences on is radioactive the infected soils of the former Semipalatinsk
proving ground. Researches have shown that IPC considerably improve agrochemical
indicators of the soil, namely improves its structure, reduces density and sharply increases
water durability of soil units, increases extreme field moisture capacity and reserves of
productive water. The mechanism of structuring the soil by IPC is discussed. The
possibilities of application of IPC in water ecology for extraction of the surfactants and
biologically pollutants from waters, for detection of flocculants and also for the purpose of
rational use of water resources are considered. Besides, the works devoted to use of IPC
as the modifying additives for decrease in combustibility of polymeric materials are
considered.

Key words: interpolymer complexes, interpolyelectrolyte complexes, structuring
soil, anti-deflationary agents, remediation, accumulation of radionuclides, water dura-
bility, anti-filtration screen
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VYIK 547.673
T. B. XAPJIAMOBA

AO «MHctuTyT XMMHYecKuX Hayk UM. A. b. bextypoBa, Anmartsl, Pecniyonmka Kazaxcran

INPUPOJHBIE TPOU3BOJHBIE 9,10-AHTPAXWHOHA
U X AHTUMHKPOBHBIE CBOMCTBA

AHHOTanms1. ExXXeTHEBHO YEIIOBEK CTAJIKMBACTCS C OONBIINM KOJINYECTBOM MHKPO-
OPTraHU3MOB, K KOTOPBIM OTHOCSTCSI OaKTepuH, BUPYCHI, TPUOBI U MpOCTeiie, KOTOphIe
MOTYT BBI3BaTh pa3liMuHble WH(EKIHOHHbIE 3a0oneBaHus. B coBpeMeHHOW MequumHe
aHTHOaKTepHATbHBIC MPENapaThl UTPAIOT ONHY M3 Bemymmx poseil. C MOMeHTa WX mc-
MIOJIb30BaHMSI OHM TPOM3BEIHN HACTOSIINI MEPEBOPOT B JICYEHHH MHOTHX 3a00JIeBaHUIL.
OpHako, B HacTosIee BpeMs HaOmonaercs GOpMUPOBAHHE YCTOMYMBHIX IITAMMOB BO3-
OynuTesnel, BO3HUKHOBEHHE MYJIBTUPE3UCTEHTHBIX (OpM, MOSBICHUEM HOBBIX BHJOB
OTIaCHBIX MATOTEHOB, YTO U OIIPEeIIIeT aKTyalbHOCTh ITOMCKA U CO3JAaHUS HOBBIX NPOTH-
BOMHUKpPOOHBIX CpecTB. B mocneanee BpeMst 60IbIIoe BHUIMaHHIO yiensieTcs: aTHodapma-
KOJIOTHYECKHM HCCIIC/IOBAaHUSIM, HAINpPABICHHBIM Ha TOWUCK AaHTHMMHUKPOOHBIX CPEICTB
Cpeay TPaJAUIMOHHO NMPUMEHSAEMBIX B HApPOAHOM METUIMHE Pa3IMYHbIX CTPaH JeKapcT-
BEHHBIX PaCTEHHH M UCCIIEJOBAHHUIO OMOJIOTMYECKON aKTUBHOCTH HOBBIX MPUPOIHBIX U UX
XMMHYECKH MOIU(UIMPOBaHHBIX coeanHeHunil. [IponsBomubie 9,10-aHTpaxMHOHA TIpen-
CTaBJISIOT cO0OH OOJBIIYIO TPYNITy HAaTypallbHBIX U CHHTETHYECKUX XHHOHOB, MMEIOIINX
6oJIbIIIOE CTPYKTYpHOE pa3HOOOpasne M pa3ninue B XMMHUUECKOM cocTaBe. CoriacHo Jiu-
TEpaTypHBIM JaHHBIM, UMEIOTCSI CBEICHHUS O MPOTHBOMHUKPOOHOM IEHCTBUM NPHPOAHBIX
W CHUHTETHYECKMX aHTPAaXWHOHOB in Vitro W/WiM in Vivo, a TaKKe TEepareBTHICCKOM
MIPUMEHEHUN KaK aHTHOAKTepHAIbHBIC, IPOTHBOBUPYCHBIE, IPOTHBOIPHOKOBHIE, a TAKXKE
AQHTHOKCHJIAHTHBIC, MPOTHBOBOCHAINTENbHBIE M IIUTOTOKCHYECKHE cpeacTBa. Llembio
HACTOSIIEr0 aHAIUTHYECKOTrO0 0030pa SIBISETCS aHAlM3 Hay4HOH JIMTepaTyphl MO XMMH-
YEeCKOM CTPYKType M aKTUBHOCTH AaHTPAaXWHOHOB KakK IIEPCHEKTHBHBIX HCTOYHHUKOB
MIPOTHBOMHUKPOOHBIX CPEJICTB.

KuroueBble ci10Ba: j1ekapCTBEHHbIE pacTE€HUs, MPUPOIHBIE UCTOYHUKH, POU3BOJI-
Hele 9,10-aHTpaXMHOHA, AHTUMUKPOOHAST aKTUBHOCTb.

Beenenne. OnHNM U3 HampaBieHUH (apMaKOIOTHYECKOW HAYKH SIBISETCS
LIEJICHANPABJICHHBIM TOUCK HOBBIX BBICOKOA((EKTUBHBIX W  OE30MaCHBIX
JIeKapCTBEHHBIX BemlecTB. Kaxplii rog B Mupe 0T HH()EKIIMOHHBIX 3a00JIeBaHHN
ymupaeT 17 MIIH. 4eJIOBEK U B COOTBETCTBUH ¢ JaHHbIMU BO3, Ha cerogusmHuii
JeHb MH(QEKIUOHHBIC 3a00JeBaHUs 3aHUMAIOT 3-4 MeCTe B PEUTHHIe NPUYMH
cmeptHOCTH [1]. CoBpeMeHHBIE aHTHOMOTHKHA M CHHTETHICCKHE aHTUMHKPOOHBIC
CpeicTBa 3aHUMAIOT BEIyIee MECTO B JICYCHWH OaKTepPHAIBHBIX WH(EKIHH.
OTkpeiTHE aHTHOAKTEpHANBHBIX IIPENAapaToB CTAJO KPYIHBIM HAay4HBIM JOCTHU-
JKCHHUEM, 3HAYCHUE KOTOPOTO CIIOKHO mepeoneHuTh. OHako, (popMupoBaHHE
YCTOMYMBBIX K WX JICHCTBUIO IITAMMOB BO30YyIUTENEH, BOSHUKHOBEHUE MYJIHTH-
PE3UCTEHTHBIX (OpPM, MOSBICHHE HOBBIX BHJIOB OMACHBIX NaTOr€HOB CTABUT IOJ
COMHEHHUE CITOCOOHOCTh 3()(PEeKTHBHOTO JIedeHUsT WHPEKIIMOHHBIX 3a00JIeBaHUN.
Pe3ncTeHTHOCTD SIBIIsIETCS pe3yNibTaToM psiaa (akTopoB, OAHUM U3 KOTOPBIX
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ABIISIETCSl YPE3MEPHOE YTOTpeOsieHHe aHTHOMOTHKOB W HeEIeiecoo0pa3Hoe MX
WCIIONIb30BaHME JJIsl JieueHus psjga 3aboneBanuil. Crenyer OTMETHUTh, YTO
OOJIBIIMHCTBO MCHOJIB3YEMBIX ceidac MpenapaToB JHLEH3UPOBaHO OoJiee NeciaTH
aer Hazan. Ilouck u pa3paboTka HOBBIX aHTHOAKTEPHAIBHBIX MPENApaToB IPO-
JOJDKAETCs, OJTHAKO KOJIMYECTBO BHOBBH PETUCTPUPYEMBIX aHTHOMOTHKOB HEBe-
JIMKO, 4TO CBS3aHO ¢ (PMHAHCOBBIMH M BPEMEHHBIMHU 3aTpaTaMH. Takum o0pa3om,
HEOOXOIUMOCTh B HOBBIX IIperaparax OINpeleNsieT aKTyalbHOCTh II0CKa U
CO3/IaHHS HOBBIX IPOTUBOMUKPOOHBIX CPEICTB.

1. CoBpemenHoe cocTosinne npodaembl. Hpekunonnsie 6one3Hn ObLIH
OCHOBHOM MPUYMHON CMEPTH JIIOAEH 10 OTKPHITUS M MPUMEHEHUS! IPOTUBOMUK-
poOHBIX mpemapaToB. OTkpeiTHEe B 1928 rony nennnmiumHa u3 Penicillium nota-
tum Anexcannpom diaemunrom (Alexander Fleming), a Takke mociaenyromumi 3a
9THM MEPUOJ, TOJYYUBIINH HAa3BaHUE «30JI0Tasl dpa AHTHUOMOTHKOBY, Jajl MOII-
HBIH HMMITYyJIbC HCCIICOBAaHMSAM B JAaHHOM HAlpaBJICHMM U TpHUBEN K OOHapy-
JKEHHIO HOBBIX aHTHOAKTEPHAIBHBIX CPEICTB, YTO SBHJIOCH HACTOSIINM IIPOPHI-
BOM B JICYUCHHMH MHOTMX OIACHBIX 3aboneBaHui. bera-makrambl, aMHUHOTIHMKO-
3B, TETPALMKIMHBI, MAKPOIHUIbI, TIMKOMENTHbI, CHHTETHYECKIE XUHOIOHBI U
IpyTHe COSAMHEHNsI OOHApyKEHHBIE B Pe3yNbTaTe dTHUX MCCIEAOBAHUIN CITYKHIIN
0a30BBIMHU JIEKAPCTBAMH TIPH JICYEHUH, a TAK)KE OCHOBHOW XMMHYECKOW IjIat-
¢dbopMoii AN MX MOOU(HKALMU C ILETbI0 TONYyYEHHS HOBBIX JICKAPCTBEHHBIX
npenaparos [2, 3].

OO0patrHoii CTOPOHOH MHTEHCHBHOI'O MPUMEHEHUS! aHTUMHKPOOHBIX CPEACTB
SIBIISIETCSL TOT (PaKT, YTO B HACTOSIIEE BPEMSI yCTOMYMBOCTH K MPOTHBOMHKPOO-
HBIM TIpermaparaM IpeICTaBiseT HEOOBIYHYIO YIpO3y MJsl 3/ApaBOOXpaHCHUS,
BO3HHUKIIYIO B pe3yJbTaTe NMPUMEHEHEHUS METOJIWK JIeYEHHs, OCHOBAaHHBIX Ha
Ype3MEPHOM HCIOJb30BaHUM MPOTHBOMUKPOOHBIX MpENaparoB, WM HUX HC-
MIOJIb30BAaHUM ISl JIedeHHs OoJjie3HEH, B OTHOIIEHHWH KOTOPBIX OHU MaJlo- WIIU
HeadexTuBHBL. Kak mpasuio, 3a0osieBaHus, BbI3bIBAEMbIC YYBCTBUTEIBHBIMU U
YCTOMYMBBIMH IITAMMaMHM, HE OTIMYAIOTCS IO CTETNIEHU TSKECTH, @ YCTOWYMBOCTh
K TPOTUBOMHUKPOOHBIM TIpemaparaM MpEACTaBIsIeT MNpoOJeMy B CBS3H C
OTrpaHUYEHHBIM BBIOOpOM JeueHus [4].

[IpotuBOMHKpOOHAsT PE3WCTEHTHOCTH (antimicrobial resistance (AMR)) B
HacTosilee BpeMs SIBISICTCS pacTylledl riolalbsHOH MpobieMoil 3apaBooxpa-
HeHus [5-9]. DTo CBSI3aHO CO CHUKEHUEM WIH YyTPATOH aKTUBHOCTHU pPaHEE MpUMe-
HSEMBIX aHTUMHUKPOOHBIX CPEJCTB Pe3NCTEHTHOCTH — YCTOMYHMBOCTE MHUKPOOPTa-
HU3MOB, UX HEBOCHPUHUMYHUBOCTh K KakUM-THOO (akTopaM BHEIIHETO BO3ZCH-
CTBHA. BepoATHOCTb pa3BUTHS aHTHOMOTHKOPE3HMCTEHTHOCTH B OJHOM IIOKO-
neann Oaktepwii coctaBmsger 1:100 mumH. K neiicTBuio aHTHOMOTHKOB OHH TIPH-
croca0MBaIOTCs MO-pa3HoMy. Y OaKTepuil pe3MCTEHTHOCTh OBIBACT MPUPOIHON,
KOTJa Y MUKPOOpPraHW3Ma OTCYTCTBYET WJIM HEIOCTYIHA MHIICHb AJIS JACHCTBHS
aHTHOAKTEPHUAIBHOTO CPEACTBA, U MPHOOPETEHHOM, KOTOpasi pa3BUBAETCs BCIEA-
CTBHE MyTaluii 7au00 TpH Tepenade TEHOB, KOAMPYIOMNX aHTHOMOTHKOpE-
3UCTEHOCTh. [IprMepoM MPHPOAHON PE3HCTEHTHOCTH K aHTHOMOTHKAM MOXKET
CIIy’)KUTh HENPOHHIIAEMOCTb KJIETOUYHOW CTEHKU Ul MAakKpOJUAOB, BCIEICTBHE
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Yero 3TH MUKPOOPTaHU3MBl HE UYBCTBUTENbHBI K JAaHHBIM aHTHOMOTHKaM. J[py-
oM IpuMep: MHUKOIUIa3Mbl JIMIIEHBI PELENTOPOB, CBA3BIBAIOIIUX MEHULMILIIMH,
[T03TOMY OO0JIaal0T MPUPOJAHON YCTOWIMBOCTBIO K B-TakTamam [8].

B mocnennme rofel pacTeT YHCIO MYJIBTHPE3UCTEHTHBIX IMTAMMOB MHKPO-
OpPTraHHU3MOB, KOTOPBIE NMPOSABIAIOT PE3UCTEHTHOCTh OJJHOBPEMEHHO K HECKOIBKUM
aHTHOMOTHKAaM pa3HbIX KiaccoB [9-11]. Tak, mocie BBeneHUS NMUHHUIWUINHA B
MEIUIMHCKYIO TIPAaKTUKY MpuUMepHO depe3 7 net, 50% mrammoB Staphylococcus
aureus OBUTM HEBOCIIPUMMYHUBEI K JIEHCTBHIO 3TOTO aHTHOMOTHKA, YTO CBSI3aHO C
MPUYMHOW PacIpOCTPaHEHUs IUTAaMMOB OaKTEpHiH, KOTOpbIE CHOCOOHBI BBIpa-
OaTpiBaTh MEHUIMWUINHA3Y [12]. B manpHeiimieM Hadaioch MPUMEHEHUE METH-
UWUIMHA, YCTOWYMBOTO K BO3ACHCTBHIO yKazaHHOTro (epmeHta. OmHaKo, MpH-
MepHO 50 neT HazaJ Hayaau HOSBIATHCS IITAMMbI 30JIOTHCTOTO CTAa(pHIOKOKKA,
yCTOHYMBBIE K aHTHOMOTHKY MeTHIWuHy (MRSA), MOSBHIMCH YyCTOWYHBBIC
OakTepuaNbHBIE INTaMMBI, OOBEIWHEHHBIE B JanbHedmeM B Tpymmy MRSA
(methicillin resistant Staphylococcus aureus), pe3UCTEHTHOCTb KOTOPBIX 00ycC-
JOBJIEHA JPYI'MM MEXaHH3MOM — OakTepuajbHas KJIETKa H3MEHsIa OeJoK-
MUIIeHb, TpPEIOTBpamias, TakuM o0pa3oMm, ero OiokmpoBanme. Kpome ToroO,
MMOMHUMO CHMYKEHUS YyBCTBHTEIBHOCTH K aHTHOMOTHKaM, mtamMmMbel MRSA Golee
BUPYJIEHTHBI — B YaCTHOCTH, CMEPTHOCTb IIpH OaKTEpHEMHUH, BHI3BAHHOM ITaM-
Mamu MRSA, 3HauuTENbHO BBIIIE 110 CPAaBHEHHUIO C YPOBHEM CMEPTHOCTH IpHU
OakTepreMuH, BRI3BAHHOW mTaMMaMu Staphylococcus aureus, 9yBCTBHTEIEHBIMU
K MeTHnWUIHHY [13].

Wndexnnn, BeI3BaHHBIE METHIMLTHHPE3UCTEHTHBIM 30J0THUCTBIM CTadHIIO-
KOKKOM, aCCOIIMMPOBAHBI C OOJBIINM KOJWYECTBOM CMEPTEH, YeM HH(EKIHH,
BBI3BaHHBIE METHIMIDIMHIYBCTBUTEIRHBIM cTadmiokokkoMm (of methicillin-
sensitive Staphylococcus aureus MSSA). bomemmaCcTBO 13 MRSA Takxke ycToii-
YHBO M K JAPYTUM aHTHOWOTHKaM. B HacTosimee BpeMsi OHH paclpoCTpaHEeHB! U B
EBpomne, 1 B A3un, 1 B 00enx AMmepukax, U B Tuxookeanckom peruone [14-22].
Otu OGakTepuy dHamie APYTHX CTAHOBSTCS YCTOMYMBBIMH K aHTHOMOTHKAM U B
CUIA yo6wusarot 12 ThIC. moneit 3a rox [23]. Ects naxke daxt, aro B CLIIHA MRSA
B roj YHOCUT Oombime xwu3Heid, yem BUY/CITN/L, Gomesns Ilapkurcona, smdu-
3eMa JITKUX B yOuiicTBa BMecTe B3sThIC [24,25].

B o0mem, ocHOBHBIE MPOOJIEMBI PE3UCTEHTHOCTH CBSI3aHBI C MaTOreHaMu
ESKAPE (Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa, FEnterobacter species),
ocobeHHo ¢ methicillin resistant Staphylococcus aureus (MRSA), p-lactamase
(ESBL), mponyuupytoute Enterobacteriaceae, (QpTOpXUHOIOH-PE3UCTEHTHHIE
(FQR) rpamoTtpunarenbHble OakTepuH, MyJIbTHpe3HCTeHTHBIE (multidrug-resis-
tant (MDR)) Pseudomonas aeruginosa v nposIBISIONINE YCTOHUYUBOCTh K BAaHKO-
MUIIUHY SHTEPOKOKKH (vancomycin-resistant enterococci (VRE)) [26, 27].

Bo3HrKHOBEHHE YCTOWYMBOCTH K MPUMEHSEMBIM aHTUMHKPOOHBIM TIpera-
param M pa3BUTHIO PE3UCTEHTHOCTH Y MHOTHX OaKTepHalbHBIX ATOICHOB JiefaeT
TPaAULMOHHYIO Tepanuio HeAQPEKTUBHON, YTO 3a4aCTyI0 NPUBOJUT K TOMY, UYTO
nedeHne WHPEKIUH CTaHOBUTCS Hed(P(PEKTUBHBIM, 0OJIee CIIOKHBIM M JOPOTHM.
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Tax, mo mauubM [9, 28, 29], cpaBHUTENHHBIN aHATN3 BPEMEHU BHEIPEHUS aHTH-
OMOTHKa B MEAMIUHCKYIO MPAKTUKY W BPEMs MOSBICHUS MEPBHIX COOOIICHUH O
MOSIBJIGHUM PE3UCTEHTHBIX IITAMMOB MHUKPOOPTaHU3MOB BapbUPYETCS B CPEAHEM
ot 1 no 10-12 ner.

B pa3BuTHU M pacnpocTpaHEHHH PE3UCTEHTHOCTH HMIPAIOT poib TpH (ak-
TOpa: MyTallMd B OOBIYHBIX T€HAX, MPUBOMAILINE K DPACHIMPEHHIO CIIEKTpa pe-
3UCTEHTHOCTH, Tepeaaya Pe3UCTEHTHOCTH T€HOB OT OJHUX MHUKpPOOPTaHHU3MOB K
JOPYTUM U YCHICHHE CEJICKTHBHOTO JABJICHUS YCIOBHH Cpeibl B OONBHUIIAX U 32
UX TpeAesaMH, YTO MPUBOIUT K aKTHBH3AIMH TPOIecca pa3BUTHUS PE3UCTEHTHBIX
OpraHu3MoB. ['pyrnma aHTHMUKPOOHBIX TPEMapaToB IOCTOSHHO OOHOBIISIETCS, YTO
CBSI3aHO C POCTOM PE3UCTEHTHOCTH MHKPOOPTaHHW3MOB K paHee MPUMEHSBIIUMCS
JIEKapCTBaM M IOSIBICHWEM HOBBIX MATOT€HOB U SBJISIETCA OJHOW M3 MPUYMH IS
OTKPBITHS U pa3padOTKU HOBBIX MPOTHBOMHKPOOHBIX TIPENapaToB.

2. HanpagJjieHUsI NOMCKA AHTMMHUKPOOHBIX cpeacTB. CTpaTeruu moucka
HOBBIX aHTHOAKTEPUAITBHBIX MTPENapaTOB CBOASTCS K HAXOXKIICHHIO OMOJIOTUIECKU
AKTUBHBIX NPUPOAHBIX COSANHEHNH, CHHTE3Y HOBBIX COSIMHEHHM, a TAKKe XUMHYEC-
KOI MOM(UKAINN yKe U3BECTHBIX KJIACCOB aHTHOAKTEpHATFHBIX MIPENapaToB.

HeoOxomumocTs B HOBBIX TMpenaparax o00ycJOBJI€Ha pa3HOOOpa3HBIMU
MPUYMHAMH: PACHIMPEHUE aHTHMUKPOOHOTO CIEKTPa, MOBBILICHUE aKTUBHOCTH B
OTHOLICHWH YCTOMYMBBIX BO30yIUTENEH, yiydlieHHe (apMaKOKMHETHYECKHX
CBOMCTB, CHHKEHNE TOKCHYHOCTH U Jip. HoMeHknatypa cpesicTB aHTUMUKPOOHOM
Tepanuu orpomHa (6osnee 200 aHTMOMOTHUKOB) M TOCTOSIHHO yBEJTHMYMBAaeTCs 3a
cuéT BHEIpPEHMS B KIMHUYECKYIO HPAKTHKY HOBBIX HOKOJCHMH aHTHOMOTHKOB,
HOBEHIINX aHTHOAKTEPUATBHBIX MPENapaToB, MOIYYCHHBIX MyTEM XHMHUYECKOTO
cunresa [3, 30-34].

OnHUM U3 OCHOBHBIX COBPEMEHHBIX HaIlpaBJICHUI B pa3pabOTKE MPOTHBO-
MUKpPOOHBIX CPEICTB SBISETCS CHHTE3 aHAJOTOB M TPOM3BOJHBIX H3BECTHBIX
npenaparoB. Tak, mo maHHbM [35], 6osiee yeM 15 MITH. UHAMBHYATbHBIX XHUMH-
YECKUX 5 COEIMHEHMH, BBIIETIEHHBIX U3 MPUPOIHBIX HICTOUHUKOB M HCKYCCTBEHHO
CHUHTE3UPOBAHHBIX, YAOBJICTBOPSIOT TPEeOOBAaHMSIM HAyKH BCEr0 HECKOJBKO
necstkoB [35]. Ilo maHHBIM JuTEpaTypHBIX HCTOUYHUKOB [9,36] n oTdueroB FDA
[30] (ynpaBieHue MO CaHUTApPHOMY HaJ[30py 3a KaueCTBOM IHILEBBIX MPOJYKTOB
n MmeaukameHToB (aHri. Food and Drug Administration, FDA, USFDA) -
areHTcTBa MUHHCTEPCTBA 3APAaBOOXpPAHEHHS H CONMaimbHBIX cioyx0 CIIA
(https://www.fda.gov/), cnemyer, 4TO €KETrOIHO B CpEIHEM PETUCTPUPYETCS
nopsiaka 1-2 aHTHOMOTHKA, TPEUMYILECTBEHHO C U3BECTHBIM paHee MEXaHU3MOM
neiicteusa. 13 184 mpemnaparoB 3aperunctupoBaHHBIX BegoMmcTBoM FDA B meponn
2008-2013rr, 12% ObLIM aHTUMUKPOOHBIMU TIperniapaTamu [9].

B mnocnennee Bpemsi Oonblloe BHUMAHHUIO YZAEseTcs 3THO(ApMakKoio-
TMYECKUM HcClieoBaHusAM [37], HampaBiICHHBIM Ha IOWUCK AaHTUMHKPOOHBIX
CPEICTB Cpedy TPAAWIMOHHO MPUMEHSIEMBIX B HAPOIHOW METUIIIHE Pa3IHIHBIX
CTpaH JIEKaPCTBEHHBIX PACTEHHWH M MCCIIEZIOBAHUIO OMOJIOTHYECKOW aKTUBHOCTH
HOBBIX HPHUPOAHBIX coeAuHeHud [38-45], B TOM umMcie coAepKauuxcs B
numaitHukax [46] 1 MOpcKuX opranm3max [47].
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AHanu3 naHHbIX, mpoBeaeHHbr Newman D.J. u Cragg G.M., moka3zai, 4To
¢dakTruecku, 3a nociaenHue 30 et okoio 2/3 HOBBIX aHTHOAKTEPHAJBLHBIX Mpe-
napaToB OBIIM NPUPOTHOTO MPOMCXOXKIEHHUSA, CpPEO KOTOPHIX OCHOBHBIMHU
SBIISUTHCH TIPENapathl, TOJTyYeHHbIE U3 PACTUTENBHBIX HCTOUYHUKOB [48]. Tak kak
MHOTHE OaKTepuanbHble M TPUOKOBBIE IITAMMBI OKA3alHUCh YCTOHYMBBIMH K
LIMPOKOMY CHEKTPY AaHTHOMOTHMKOB, M3YyYaJIMCh JICKAPCTBEHHBIC DPACTEHUS U
BBIJICJICHHBIC M3 HUX WHAWBUAyabHbIE OUOJIOTMYECKH aKTHBHBIC BEIIECTBA, JUIS
BBISIBJICHUS X aHTHMUKPOOHBIX cBOWCTB. C IeNbl0 MMOMCKAa HOBBIX AHTHMHK-
POOHBIX CpeAcTB ObUIM M3yuYeHBI HEKOTOPHIE XUMHYECKHE COCAMHEHHS SBIISIO-
[IMecsi BTOPUYHBIMH META0OJIHMTAMH, IIOJyYCHHBIMH W3 PACTCHHH, BKIOYast
QIIKaJIOU/bl, TEPICHOHbI, (PEHOJNOKHUCIOTHI, ()IABOHOUABL, TAHWHBI, XHHOHBI
[49,50] u np. Cpean HUX POU3BOAHBIC aHTPAXWHOHA BBI3BAJIM OCOOBIM HHTEpEC,
YTO CBA3AaHO C X Pa3HOOOPa3HOM OMOJIOTHUECKON aKTHBHOCTBIO.

3. Haxoskaenue B NpHpoAe M CTPYKTypa NPHPOAHBIX HNPOU3BOIHBIX
AHTPaXWHOHA. AHTPAXWHOHBI SBISIFOTCS HauOoJiee MHOTOYMCIICHHOH TPYNION
MIPUPOAHBIX XMHOHOB U OTHOCUTCS K psiny 9,10-anTpaxuHona. OHM MIMPOKO pac-
MIpOCTpaHEeHHBI B BBICIINX pacTeHusx Rubia, Morinda, Aloe, Cassia, Rhamnus,
Rheum, Rumex, Hypericum spp., ¥ UrparOT BaXXHYIO pOJIb B OMOXUMHUYECKHX
mpoleccax X pocTa W pa3BUTHA. 3HAUUTEIbHAS YacTh aHTPAXMHOHOB BBIAEJICHA
n3 Hu3mmx rpuodoB (Aspergillus, Penicillum, Helminthosporium) u nunraitHukoB
(Parmeliaceae, Ascomyetes, Basdiomycetes, Deuteromycetes, Nephroma), pexe
OHH BCTPEYAIOTCSI B MAIIOPOTHUKAX M PACTCHUSIX XBOWHBIX mopon. MccaenoBanus
MoOpckoi ¢uiopsl M (ayHbl NOKa3ajiH, 4To Ooyiee cTa XMHOHOB, B TOM YHCIE U
AQHTPaXUHOHOB, HJCHTU(HUIIMPOBAHO B MOPCKUX OpPraHWU3MaX, MOPCKHX T'yOKax,
exXax, JIWIHAX, 3Be31axX. [Ipou3BOAHbIC aHTpaAXUHOHA CONEPKATCS B OPraHU3Max
HacekoMmbix Coccidae, BeIpabaThiBatoTcsi OakTepusiMu Nocardia, Streptomytes,
Astunomadura [51].

[IpomsBognsie 9,10-anTpaxwHOHA AEMOHCTPUPYIOT OOJIBIIOE CTPYKTYpPHOE
pasHooOpa3ue W BapHalUM B XMMHUYECKOM COCTaBe, YTO JOCTHIaeTcsl 3a CYeT
paznuyHbIX 3amecturenei, Takux kak -OH, -CH3, -OCH3, -CH20H, -CHO,
COOH u yrneBomHBIX (parMeHTOB, BOCCTAHOBJICHNS KapOOHIIBHBIX TPYI MPH
C-9 w/umu C-10 aHTpaXxMHOHOBOW CHCTEMBI O aHTPOHOB M aHPAHOJIOB, BOC-
CTaHOBJICHHSI IBOWHBIX CBSI3ed B OCH30JIBHBIX KOJbLAX C 00pa3oBaHUEM THAPO-
AQHTPaxXMHOHOB, a 3a CYET 00pa30BaHUs JTUMEPHBIX U KOHJACHCHPOBAHHBIX (HOpM.
MoHOMepHBIE CTPYKTYpBI aHTPAXHMHOHOB YacTO B JIUTEPAType MOJPA3ICIsaioT Ha
JIBa THIa: UMEIOIINE 3aMECTHTENN B OJHON KOJbLE (THI alu3apuHa) UK UMEI0-
IIFe 3aMeCTHTENh B 000MX KOJbIax (TWI Xpu3a3wHa, dMOoAuHa). [IponsBoaHbIe
aHTpaXWHOHA, 3aMEILIeHHbIE B OJHOM Koisblle A (1-8), BcTpewaroTcs, IIaBHBIM
oOpazoMm, B mpexacTaBuTensix cemeiicTB Rubiaceae, Bignoniaceae, Scrophula-
riaceae, Verbenaceae, a NpoW3BOJHBIE Tpynmbl XxpuzasuHa (9-16). HMmeromme
3aMecTuTellb B 00ux Kosbliax A u C, BBIIEICHBI KaK W3 BBICHINX PAaCTCHHI
(cemeticte Rhamnaceae, Polygonaceae, Liliaceae, Leguminosae, Guttiferae,
Compositae, Euphorbiaceae, Iridaceae, Lytraceae, Scrophulariaceae), Tax n u3
HU3IIAX TPUOOB, TUIIAWHUKOB M MOPCKUX OPTaHU3MOB [51-64].
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O OH OH O OH
00§ G
R, Ry ’ R,
O Ry Ie}
1-8 9-16
1 Ry Ry, R3=H a-rugpoxcuanrpaxuHoH 9 Ry, Ry=H xpuzazun
2 R=0H, R,, R3;=H anuzapun 10 R;=H, R,=CHj; xpu3zodanon
3 Ry, Ry=H, R;=0OH xunuzapuun 11 R;=0OH, R,=CHj; ¢panryna-3moaiH
4 R;, R;=H, R,=OH kcanronypnypux 12 R;=0OCH3;, R,=CHj; ¢pucumon
5R,, R;=0OH, R,=H nypnypun 13 R;=H, R,=COOH peun
6 R;=H, R,=CH;, R;=H maxu6a3un 14 R,=H, R,=CH,0OH ano3-smoaua
7 Ri=COOH, R,=0OH, R;=H mynpucTUH 15 R;=0OH, R,=CH,OH mutpeopo3enn
8 R;=CH,OH, R,=OH, R;=H nymmmun 16 R;=COH, R,=OH sMoauH-aIbIeTrnI

Pazmmunsie pacrenus, B yactHocTH Rubia [52,53], Morinda [54], Aloe [55-
57], Cassia [58], Rhamnus [59], Rheum [60-62], Rumex [63], Hypericum
spp.[64], comepxalue MPOU3BOAHBIE AHTPAXUHOHA, MPOJAEMOHCTPUPOBAIM IIO-
TEHIMAILHOE TEpareBTHYECKOe MPHUMEHEHUE KaK aHTHOAKTepHalbHbIC, MPOTH-
BOBHPYCHBIE, TIPOTUBOIPUOKOBBIC, & TAaKXKE AHTUOKCHUIAHTHBIE, MPOTUBOBOCIIA-
JWTENbHBIE M IIMTOTOKCHYECKHE cpelcTBa. Kak HarypanbHble, TaK U CHHTE-
THUYECKHE AaHTPAaXWHOHBI B HACTOSIIEE BpeMsl LIMPOKO HPUMEHSIOTCS Kak B
MIPOMBITIUICHHOCTH, TaK M B MeIUIIUHE [65-67].

4. ITpoTHBOMHUKPOOHASE AKTHBHOCTH NMPUPOIHBIX AHTPAXUHOHOB. B Ha-
CTOsIILIee BpeMsI MPOIOJDKAIOTCS UCCIICIOBAHNUS 110 BBIICICHUIO U YCTAaHOBJICHHIO
CTPYKTYpPBHI HOBBIX NPOW3BOAHBIX M3 Rubia, Morinda, Aloe, Cassia, Rhamnus,
Rheum, Rumex, Hypericum spp. 1 Apyrux aHTpaxHMHOHCOJEPIKALINX PACTCHU, a
TaK e HCCIEJOBAaHHIO OMONOTMYECKOH aKTUBHOCTH JKCTPAaKTOB M OTAEIBHBIX
KOMIIOHEHTOB PAacTeHUH. AHTUMHUKpPOOHAs aKTHBHOCTh AHTPaXWHOHOB MIUPOKO
u3yvanach in vitro. IMEIOTCsl JaHHBIE O TECTUPOBAHHMH, KaK WHIUBHYaTbHBIX
COCAMHEHHUH TAaHHOTO PSAJA, TAK U PACTUTEIBHBIX SKCTPAKTOB, CONEPKAIIMX STOT
KJIacC KOMIIOHEHTOB, B Ka4eCTBE OCHOBHBIX MapKepoB. BONBLIIMHCTBO M3 HHUX
MPOSIBJIIIOT aKTHBHOCTh IMPOTHB TPYIIBI HauOoJiee PaCIpPOCTPAHCHHBIX I1aTO-
T'CHOB, BKIIIOYasi OCHOBHBIE BO30YAWTENH, KOTOPbIC B HACTOSIIEE BpeMs HE IOJ-
JAr0TCS JICYCHUIO.

Taxk, B pabote [68] nccnenoBana aHTUMUKPOOHAsT aKTHBHOCTD BBIJICIICHHBIX
Rubia cordifolia coenunenuii: HOBOro mnpousBojgHoro — rubiacordone A (6-
alleTOKCH- | -TUAPOKCHU-2-MeTHIIAaHTPaxXUHOH-3-0-0- L-paMIIOHHPaHO3H 1) u
HU3BECTHOTO COEUHEHUS - |-aleToKCHa-6-ruIpoKCu-2-MeTUIaHTPaxuHOH-3-0-[a-
L-rpamuonupannzui-(1—2)-f-D-rmokonupano3n]. AHTUMHKpOOHas aKTHB-
HOCTb BbIIeNICHHBIX MeTa0oauToB (20 mr coenunenuit B 50 mun IMCO) npotus
IIATH TPaM-TIOJIOKHUTENbHBIX Oaktepwii (S. aureus, B. subtilis, S. epidermidis, S.
faecalis, and B. cereus) m ueTpIpex rpamMM-oTpHIaTenbHbIX Oaktepuii (V. Para-
haemolyticus, P. aeruginosa, S. typhimurium, and E. coli) metogom auddysuu B
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arap Iokasajyia, 9YTO BBIJCIICHHBIC MTPOU3BOMHEIE, TaK ke Kak 70% MeTaHOIBHBIH
skcTpakT Rubia cordifolia, mokasamu cxoxue MOKa3aTeJd aHTUMHUKPOOHON
AKTUBHOCTH, C HAWOOJBIINM 3HAYCHHEM WHTUOMPOBAHHS U TPaMM-TIOJIIOXKH-
TeNbHBIX TecTOB B.subtilis, S. faecalis, B. cereus.

ABTOpBI uccnenoBanus [69] NpUBOAAT pe3yibTaThl TECTUPOBAHUS BOAHOTO
(rmuko3uabl) U 3(UpHOTO (armMKOHBI) dKCTpakTa Rubia tinctorum L mo oTHO-
menuto k Salmonella typhi, S. paratyphi A, S. paratyphi B, S. paratyphi C, S. En-
teritidis, S. typhimurium. Shigella flexneri, Shsonnei, Sh. largeisachsii, Sh. boidii,
Sh. ambigua, Pseudomonas aeruginosa, Proteus vulgaris, Escherichia coli, Sta-
phylococcus aureus, Streptococcus haemolyticus, Neisseria gonorrhoeaec u
Mycobacterium tuberculosis var. hominis. DdupHbIii 3KCTpaKT Mmokasajao Oosee
BBICOKYI0 akTUBHOCTBH mpoTuB Sh. largeisachsii, Staphylococcus aureus u Strep-
tococcus haemolyticus. BpisiBiieHa Takke ero aHTUTPUOKOBAas aKTHBHOCTH IIO
otHomeHuio k Candida albicans, Geotrichum candidum, Geotrichum louberi,
Rhodotorula rubra, Rhinoclaviella sp. u Saccharomyces cervisiae.

CKpUHUHT METaHOJIBHOTO 3KcTpakTa Rubia tinctorum u 1,2-guruapoxcu-
aHTpaxWHOHa (anmm3apuH (2)) HAa AHTHTPUOKOBYIO AKTHBHOCTH TPEACTaBICH B
pabote [70]. Tak, NpoICHT UHTUOMPOBAHUS IKCTPAKTA U AJIM3APUHA JJI KaXKIOH
TeCTHUpyeMOo# cucteMbl coctaBui: Trichoderma viride (3kctpakt -43%, anu3zapuH-
50%), Doratomyces stemonitis (3xctpakt-41%, anmzapun-20%), Aspergillus
niger (9kctpakr-22%, anuzapuH-20%), Penicillium verrucosum (9kctpakr-35%,
anmm3apuH-22%), Alternaria alternata (3xctpakt-18%, anuzapun-18%), Aueoba-
sidium pullulans (3kctpakr -18%, ammuzapun -14%), Mucor mucedo (3kcTpakt-
22%, amuzapuH-31%).

AnTHOAKTEpUATBLHOE JICHCTBHE MPOJEMOHCTPHPOBAIH M HEKOTOpHIE MpPO-
n3BoaHbIe 9,10-aHTpaxWHOHA, BBIJIENIEHHBIE U3 pa3IMuHBIX BUIOB Morinda. Tak,
HCCIIEIOBAHNE AaHTUOAKTEPHAIBHOW aKTHBHOCTH aHTPaXMHOHCOJEPIKAIIUX TPO-
U3BOJHBIX, BbIeNeHHbIX M3 Morinda angustifolia (cem. Rubiaceae), mokasaio,
yro 1,8-muruapokcu-2-mMetui-3,7-muMeTokcuanTpaxuHon (17) mponemMoHCTpH-
poBall akKTHBHOCTH TI0 oTHomeHuro k B. subtilis, E. Coli u M. Luteus, a nyuuaua
3-O-B-mpumBeposun, 1,3-Turuapokcu-2-MeTHIAHTPAXUHOH, JTYIHUANH-®-3THIIO-
BBl 3Qup, TyIUINH-0-OyTUIOBBIN 3Up ¥ JaMHAKAHTOJ HE MHIMOUPOBAIH WIN
MoKa3bIBaiy ciaobiit apdexr [71].
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Onucana 3HAYMTENbHAs AaKTHUBHOCTH 3-TUAPOKCH-2-(OpPMIIAaHTPAXHHOHA
(18), Hopaamuakanrana (19), namnakantana (20) u 1-mermioBoro 3¢upa anu-
3apuHa (21), BeigenenHbix 3 Morinda lucida, mo otHomenuto k Cladosporium
cucumerinum u Candida albicans ¢ npegenom nerextupoBanus 0,5-1 mr. 1-MeTn-
noBbIH A¢up amm3apuHa (19) Ob Taxke akTuBeH 1o otHomeHHIo kK C.albicans,
Aspergillus fumigatus u Trichophyton mentagrophytes, ¢ wuHrHOHpyroUICH
koHneHtparwuei 10, 100 u 50 Mr/mi cooTBeTCTBEHHO [69].

AnmzapuH (2) B mogax HOHH, a TaKKe€ HEKOTOpBIE IPYTHe aHTPAaXWHOHBI,
UACHTHU(QHUIUPOBAHHBIC B KOPHSIX, IOKa3ald aHTHOAKTEpHATBHYIO aKTUBHOCTD TI0
OTHOLICHUIO K MHQEKIMOHHBIM IITaMMaM OakTepuil, TakuM kak Pseudomonas
aeruginosa, Proteus morgaii, Staphylococcus aureus, Baciillis subtilis, Escherichia
coli, canpmonemna (Salmonella). Oty aHTHOaKTEpUANBHBIC 3JEMEHTHI B HOHU
HECYT OTBETCTBEHHOCTH 32 JICUCHHE KOKHBIX, IPOCTYTHBIX U IPYTUX OakTepHaib-
HBIX MHQEKIHi [72-74].

U3 cemsn Aegle marmelos Correa ObIn BBIZCNEH HOBBIM aHTPaxXMHOH-]-
methyl-2-(3'-methyl-but-2'-enyloxy)-anthraquinone (22), aHTUMUKpPOOHasI aKTHB-
HOCTBH KOTOpPOTO OBLIa HCCIIEIOBaH MO OTHOIICHWIO0 ¢ Aspergillus fumigatus,
Aspergillus flavus , Aspergillus niger u Candida albicans. Pe3ynmsTaTsr mokazanmy,
YTO COCIAMHEHHE TMPOSBISIET 3HAYUTENBbHYI0 TPOTUBOIPUOKOBYIO aKTHBHOCTH
MPOTHB NaTOreHHbIX mTaMMoB BuAoB Aspergillus u Candida albicans (3HaueHue
MIC 6,25 mxr/nuck) n nHTHONpOBaHue npopactanus crop (3Haderne MIC 31,25-
62,5 mxr/min) [75].

o0 OH
O CHg o\/\<CH3
0
o
22
OH O
32

23 R;-OH, R,-CHj3, R;-H, R4-OH, Rs-H coparmxuamon (soranjidiol)

24 R;-OCHj3;, R»-CHj3, R;3-H, R4-OH, Rs-H copanmxuamon 1-MeTuIoBEIH 2hup
25 R;-OH, R,-CHj3, R;-OH, Ry-H, Rs-H pyouamgus (rubiadin)

26 R-OCH3;, R,-CHj3, R3-OH, R4-H, Rs-H pyOuaaun 1-metunoBblit 2¢gup

27 R;-OCH3;, R,-CHO, R;3-OH, R4-H, Rs-H namuakanTan (damnacanthal)

28 R;-OCHj3;, R,-CH,0H, R3-OH, R4-H, Rs-H namuakanrton (damnacanthol)
29 Ri-H, R,-OH, R;-CHj3;, Ry4-H, Rs-H 2-ruapoxcu-3-meTunanTpaxuHOH

30 R;-OH, R,-CH3;, R;-H, Ry4-OH, Rs-OCHj; rerepodmmnun (heterophylline)
31 R;-H, R,-OH, R;-OCHj;, Ry-H, Rs-CH; myctynun (pustuline)

duroxuMuueckue uccienoBaHus odkcrpakra Heterophyllaea pustulata
MTOKa3aJIM, YTO OEH30JIbHBIA 3KCTPAKT KOPBI COAEPKHUT copaHmkuanon (23), py-
Oouagun (25), pybuanun 1-mertunoseiid >¢up (26), namuakantan (27), namna-
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KaHTOJ (28), a IKCTPAKT U3 JINCTHEB UMEET aHAJOTHYHBIA XUMHUYECKUH COCTaB, 3a
WCKIIIOYCHUEM OTCYTCTBHS JaMHakaHTana (27) u namHakaHTona (28), a Takxke
MpHUCyTCTBHE |-MeTHIIOBOTO 3upa copaHmkuanoia (24), rerepopmwmnmnaa (30),
nycrynuHa (31) u 5,5'-6uopamxkauona ((S)-5,5'-bisoranjidiol) (32). AnTubakTte-
pHanbHas OIEHKAa DJKCTPAKTOB NPOBOAMIACHE In Vitro TO OTHOIICHHWIO K
KOHTpOJIBHBIM mTamMmmaM Micrococcus luteus ATCC 9341, 4yBCTBUTENBHBIM K
OKCAlWJUIMHY W YCTOHYMBBIM IITaMMaM 30JIOTUCTOTO CTa(HIIOKOKKa, S. Sap-
rophyticus, mrammam Escherichia coli, Proteus mirabilis, Pseudomonas
aeruginosa u rpuOkam Candida albicans, C. glabrata, C. krusei, C. parapsilosis,
C. Tropicalis, Cryptococcus neoformans, Aspergillus fumigatus, A. flavus,
Trichophyton mentagrophytes, T. rubrum u T. floccosum. Pe3ynprarsr moka3zamnu,
YTO JKCTPAaKTHl MPOSBIWIN OaKTEPHOCTATHYECKYI0 aKTHBHOCTH Ha Micrococcus
luteus ATCC 9341, ceneKTHBHO HHTUOHUPYS KaK UyBCTBUTEIBHBIN K OKCAMIIMHY
(oxacillin-sensitive), Tak ¥ yCTOHYMBEIA K 30JI0THCTOMY CTa(MIOKOKKY (resistant
Staphylococcus aureus) mramm. YeTsipe U3 IEBATH NCIBITYEMBIX aHTPAXWHOHOB,
a UMEHHO copaHkuauon (23), pyouagun (25), namuakanran (27) u (S)-5,5'-
Ooucopanmkuanon (32), mokasanu in Vvitro OakTepuocTaTHYeCKylo/O0aKkTepu-
LUJHYK aKTUBHOCTh NpoTHB S. aureus [76,77], co 3HaueHueM MIC mexay
32 no 64 mxr/ma [78].

BrieneHHble M3 TEKCAHOBOTO JKCTpakTa JHUCTheB M KopHei Ceratotheca
9,10-aHTpanieHIMOH W 1-TUAPOKCH-4-METUIIAHTPAXUHOH MOKAa3ald aHTHOAaKTe-
pHAIBHYIO aKTHUBHOCTH MPOTHB S. aureus, Micrococcus luteus, B. cereus mu
Escherichia coli. 9,10-AnTpanennuon siBisiercss 3¢ (EKTUBHBIM MPerapaToM
npotuB E.coli u S. Typhimurium, a 1-runpokcu-4-MeTHIaHTPaXUHOH 3P PEKTH-
BeH mpotuB S. aureus u M. luteus [79].

A oy

0 Hc OH 0

33 34

O1eHKy TPOTUBOMUKPOOHOM aKTHBHOCTH HOBBIX aHTPaXHHOHOB — zenkequi-
none A (33) u zenkequinone B (34), BeIJIcIEHHBIX W3 CTBOJIOBOM KOPHI Stereospe-
rmum zenkeri (Stereospermum zenkeri K. Schum. Ex De Wild (Bignoniaceae)),
MPOBOJVMIIM TI0 OTHONICHWIO K HIECTH MYJIBTUPE3UCTCHTHBIM IITaMMaM I1aTo-
T'CHOB, BKJIIOYasi rpaMIojiokuTenbHbIe (S. aureus, B. subtilis, B. megaterium) u
rpamm-orpunaTenbabie mtaMmel (E. coli, P. aeruginosa, P. vulgaris). Pesynbratst
WCCIIEIOBAHNS TOKA3alX JIyYIINi aHTHOAKTepHaNbHBIN 3((EeKT OTHOCHUTEIHHO
Pseudomonas aeruginosa co 3nauennem MIC 9.50 mrk/mi anst zenkequinone B
(34) u MIC 18,75 mxr/min ans zenkequinone A (33) [80].
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B uccnenoBanum Kaithwas G. m Kumar A. c coaBropamu [81] mpuBeneHa
MUHUMaJIbHas MHruoupyromas xkonuentpauus (MIC) renst n coka Anos Bepa 1o
otnomennio K Bacillus subtilis ATCC6633, Escherichia coli ATCC10418,
Enterococcus faecalis ATCC29212, Salmonella typhimurium ATCC29922,
Staphylococcus aureus ATCC6571, Staphylococcus epidermididis ATCC29213,
Proteus vulgaris ATCC13315 u Pseudomonas aeruginosa ATCC1062. Cok ainod
Bepa OKa3blBaeT WHTHOMpYyIoiee JeiicTBHEe Ha BCE MHKPOOPTAaHM3MBI, HO Telb
aod Bepa 3P dexTrBeH TOIRKO MPOTHB S. aureus (30Ha 3amepxkn 10,54+0,43 mm).
Takoll pe3ynbTaT MOXKET CBUAETEILCTBOBATH O TOM, YTO B COKE NPHCYTCTBYET
Oosplliee KOJIMYECTBO AHTPAXMHOHOB B DKCTPAKTE, YTO MOXKET OBITh NMPUUMHON
OoJyiee IMPOKOTO CHEKTpa aHTHMUKPOOHOH aKTHBHOCTH COKAa IO CPAaBHEHUIO C
reJieM.

B nccnenoBanuny in vitro akTuBHOCTH Teist Aloe vera otHocutensHO Helico-
bacter pylori [82] moka3aHo, 4TO renb ajgod Bepa, coaepxkamimii xpuzodanoin (10),
amonuH (11), ductmon (12), peun (13) u amo3-smoaua (14), mokaspIBan aHTH-
OakTepHaIbHBIC CBOWCTBA, KAK MPOTUB BOCIIPUUMYHBEIX, TaK U ycToi4unBbIX Heli-
cobacter pylori co 3rauennem MIC: 6,25-400 MKr/muI.

Anos-omonun (14) w3 Aloe barbadensis vHTHOMpPOBAN POCT KaK TIpaMIio-
JIO)KUTENBHBIX, TaK U TPaMOTPHLATEIBHBIX OaKTEpHUil, a TakKe POCT HHUCTATHH
YCTOHYMBHIX IITaMMOB rpuba A. niger [83].

1,6,8-Tpurunpokcu-3-metuin-9,10-antpaxuaon (3monuH) (11), BbIIENCHHBIH
U3 HeCKONbKUX BUIOB Cassia occidentalis, mokaszan akTUBHOCTh MPOTHB B. Sub-
tilis (MIC = 7,8 mxr/mi) u S. Aureus (MIC = 3,9 MKkr/mi), HO OKazajcsi HE
aKTHBHBIM MPOTHB JBYX T'paMIIONOXKUTENbHBIX Oakrepuit (K. pneumoniae u
E. coli) B xonnenrparuu 500 mMxr/min [84]. DMOAMH, BBIJIEICHHBIH U3 JIUCTHEB
Cassia nigrican, Taxke TokKazan ciaOyio akTHBHOCTH HPOTHB S. pyogenes U
S. typhi (MIC = 3000 mxr / mi), a Taxke N. gonorrhea u C. albicans MIC =
= 4-10° mxr/m [85]. B ApyroM HcclIeI0BaHHH OBLIO YCTAHOBICHO, YTO aHTHMHK-
pobHbIi ddexT dmoanna (11) mpote mrammMoB MRSA Obut BbIime, yeM y
MHOTUX aHTHOMOTHKOB, BKJIIOYas nMumieHeM (imipenem), nedermum (cefepime)
[86] u xmmopam-dennxon (chloramphenicol) [87].

B pabote [88] mpencraBieHBI pe3yNbTaThl AHTUMHUKPOOHOH AaKTUBHOCTH
METAaHOJBHBIX JKCTPAKTOB KOpBl Frangula rupestris m Frangula alnus mo
oTHOIIIEHUIO K mTammamM Staphylococcus aureus, P. aeruginosa, Escherichia coli,
Candida albicans u Microsporum gypseum. HMcciiegoBanue nokasaino, 4TO TOJbKO
S. aureus BOCIpPUMMYMB K OOOMM 3KCTPAaKTaM C PaBHBIMH 30HaMH HHTHOWPO-
BaHus (12 mm). 3ameTHOe pa3nuuue B AHTHUMUKPOOHOW AaKTHBHOCTH OBLIO
obHapyxeHo y P. aeruginosa, riae Toibko dKcTpakT F. alnus mokasan 30Hy WHTH-
OoupoBanus 14 mMM. OOa METaHOJBHBIX SKCTPaKTa MPOSBISLIM MPOTUBOMHK-
POOHYIO aKTHBHOCTBH NPOTHB BCEX BHUIOB MHUKPOOPraHW3MOB ¢ BenuunHamu MIC,
paBHBIMU WM HWKE 2,5 mr/mi. Hanbosee 9yBCTBUTEIHHBIMH MUKPOOAMH OBLITH
rpammnosyioxkuTeNbabie  0akTepun (Staphylococcus aureus), nmpoxoxu (Candida
albicans) u Bug nepmartogpuroB (Microsporuum gypseum) ¢ BennuuHamu MIC
0,625 mr/mi.
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HzyueHa npoTMBOMHUKPOOHAs aKTHBHOCTh HECKOJBKHX IPOU3BOJHBIX aH-
TPaxWHOHA, TakuX Kak 1,8-muruapokcu-2 - [(z) -4-merwinenra-1,3-auen-1-nmn]
AHTPaXWHOH, 2-aleTui-3,8-IUTrHAPOKCH-6-METOKCHAHTPaxXuHOH, aMonuH (11) u
TIIOKOGPaHTyITUH A, BBIJEICHHBIX W3 METAaHOJBHOro 3KcTpakta Rhamnus ca-
thartica [89]. HccrnenoBanme mnokazamo, 4to uro 1,8-guruapoxcu-2-[(z)-4-
MeTmieHTa- 1,3-1ueH- 1-un)anrpaxuHod ¥ dMoauH (11) MposBIsIIM aKTUBHOCTH
npotuB E.coli u S. aureus u apoxokesoro rpudka C. albicans, a 2-ametui-3,8-au-
THIPOKCH-6-METOKCHAHTPAaXHHOH IMPOSIBISI aKTHBHOCTH TOJBKO mpoTuB E. coli.
Bce ucnbiTaHHbIE COGAMHEHHS, B TOM YHCJIE€ U METaHOJIBHBIA SKCTPAKT, MOKa3all
oTpHUIaTedbHbIN 3¢ ekt mpoTus A. niger.

ABTops! uccnenoBanus [90] U3ydnsiu aHTHOKCUIAHTHYIO U aHTUMUKPOOHYO
AKTUBHOCTb METaHOJBHOTOIKCTpaKTa KOpbl Rhamnus alaternus L., R. fallax
Boiss, R. intermedia Steud. et Hochst. u R. pumila. Hanbonee pacmpocTpaHeH-
HBEIMHU aHTPaXWHOHAMH B MCCIIEIYEMBIX dKCTpakTax Obutu xpu3zodanon (10) B R.
alaternus (3,14 mr/r), smonun (11) B R. pumila (0,399 mr/r) u pucimon(12) B R.
fallax (2,70 mr/t) u R. intermedia (0,285 wmr/r). Bce BHIBI TPOSIBISIN aHTH-
MUKpOOHYIO aKTHBHOCTH TpoTwB Staphylococcus aureus, Pseudomonas
aeruginosa, Escherichia coli, Candida albicans, Aspergillus niger u Microsporum
gypseum, a 3KTpakTel R. fallax v R. pumila oOnagamm Takxe caMod BBICOKOH
AHTHOKCHUIAHTHON aKTUBHOCTHIO. Hambomee dyBCTBUTENBPHBIMH MHKpPOOa-
Mu ObutH BUABI AepMmaroduroB (Microsporum gypseum) ¢ BenumuuHamu MIC
0,625 mr/mi uam HWXKe A7 BCeX JKCTpakToB M aposxoku Candida albicans c
BenmunHoit MIC 0,625 mr/mi. McmbiTyemble OakTepuaibHBIE BUABI S. aureus,
P. aeruginosa u E. coli, a Takxe hopma A. niger ObITM MEHEE IYBCTBUTEILHBI CO
spauenusm MIC ot 1,25 1o 2,50 Mr/mi.

MetaHonbHbIH dKcTpakT kKopHS Colubrina greggii S.Watson (Rhamnaceae)
MMOKa3aJl aHTUMHUKPOOHYIO aKTHBHOCTH MpoTwB B. subtilis u S. aureus. Ilocie-
nywoias o0paboTka skcTpakTa Obuta mpoBeneHa cMechio HyO/MeOH B coot-
HoueHud (3:2) u nocneayomas o0padoTKa FeKCaHOM W 3THIIALIETaTOM TpHUBEIa
COOTBETCTBEHHO K JIBYM (pakmusiM. [Ipu sTom ppakius, momydeHHas U3 TeKcaHa,
ToKa3ajla XOpPOIIYI0 aKTHBHOCTh MpOTHB B. subtilis (3oHa wHTHOMpOBaHHS —
9,0 mm), a sTuaneTaTHast (pakuus oKazanach akTUBHA NMpoTuB B. subtilis (3oHa
naruoupoBanus — 11,0 mm) u cnabo aktuBHa mpotuB Staphyloccocus aureus
(3oma wmarHOupoBanus: 3,0 mM) m Candida albicans (30Ha HHTHOMPOBAHWZ:
2,0 MM). AHanu3 3KCTpaKkTa MPHBET K BBIICICHUIO W HACHTU(GUKAIMUA XPU30-
¢danona (1,8-mUruaApoKcu-3-MEeTHUIAHTPAXUHOH), KaK OCHOBHOTO MeTaloJuTa,
OTBETCTBEHHOTO 32 aHTUMHUKPOOHYIO aKTHBHOCTH [91].

AHTHOaKTEpHAJIbHYIO0 aKTUBHOCTH CBIPOTO JKCTpakTa u3 Rheum rhabarba-
7um ¥ €ro OCHOBHBIX OMOAKTUBHBIX coefnHeHul (xpu3odanon (10), amomun (11),
¢uctmon (12), peun (13) u amod-smoauH (14)) oleHWBaNM MO CPABHEHUIO C
Aeromonas hydrophila (rpamorpunarensabie, crepskHeoOpa3Hble OaKTepnn), IpH
sToM 3HaueHUst MIC 1uist ATH M30IMPOBAHHBIX aHTPAaXWHOHOB MpoTHB A. hyd-
rophila Haxoaumucs B quamnazone 50-200 mxr/mi [92].
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B npyrom mccienoBaHMM CBHIPBIE STAHOJBHBIE DKCTPAKTHI, MOJNyYCHHBIE U3
KOpHEeW W KopHeBuma Rheum palmatum, Rheum undulatum wn Rheum
rhaponticum, iokazanu 0ojee BHICOKYIO aKTHBHOCTD T10 OTHOILICHHU K HITAMMaM
rpaMIoNIo-KUTENbHBIX ~ OakTepuit  (Staphylococcus  spp.), uem  mpoTuB
rpamotpunarensheix Oaktepuit (Escherichia coli, Klebsiella pneumoniae un
Proteus mirabilis). Cawmpblii cuibHBIH HHTHOUpYIOUW  S(hdeKT MnpoTHB
Staphylococcus spp. mokaszan skctpakT R. undulatum (MIC = 125-250 mkr/min),
aKTHUBHBIMH KOMIIOHEHTaMH KOTOPOr'O SIBJSIFOTCS HPOM3BOAHBIC AHTPaXWHOHBI,
BkJrouast amoauH (11) u peun (13) u anor-smoauu (14). YMmepeHHas in vitro
aHTHOaKTepUanbHas akTUBHOCTb R. undulatum mipennosnaraia, 4To 3TO PacTeHUE
MO>KHO MCIIOJIb30BATh JIJIs JICUCHHUSI HEOCIOKHEHHBIX TIOBEPXHOCTHBIX MHEKIHIA,
BBI3BaHHBIX cTaUIIO-KOKKaMH, S. aureus u S. epidermidis [93].

AHTUMHKPOOHAST aKTUBHOCTH AMOJIMHA, BBIJICJICHHOTO U3 mayiamaTta Rheum,
ObLTa MccnenoBana mpoTuB 15 kimmHMYecknx methicillin-resistant Staphylococcus
aureus (MRSA). PesynpraTtsl mokasanu, uro MIC smomuHa mpoTuB S. aureus
BappUpOBaIKCH OT 1,56 mo 25 MKr/mi. DTo coenvHEHHE 03HAYaio MOHWKEHHE
MIC aMOKCHIIWIIIMHA ¥ OKCAMJUTHHA, TIPOTECTUPOBAHHBIX POTUB TEX JKE ITaM-
MoB MRSA, uro npuBoguT K cuHepreTudeckoMy 3GQeKTy MexXIy MapKepHBIM
COCIMHCHUEM U aHTUOMOTHKaMU [94].

PeBenb (Rheum emodi, cemeiictBo Polygonaceae) TpaliulMOHHO HCIOIb-
3yeTcss B HAPOAHOM MEOUIMHE, a JUIsl DKCTPAKTOB COZCPIKAIINX MPOU3BOIHBIC
AQHTPaxXMHOHOB, BBISIBJIICH NPOTHBOIPHOKOBBIH, aHTUMUKPOOHBIM, aHTH-TIApPKHUH-
coH (anti-Parkinson’s), anTunponudepatuBnsiii (anti-proliferative), nMmMyHOycH-
JTuBaromui (immuno-enhancing), TPOTHBOBUPYCHBIM W aHTHOKCHIAHTHBIH (-
¢ext [60]. B xauecTBE OCHOBHBIX XUMHUYECKHX KOMIIOHEHTOB BCTPEYAIOTCS PAJ
MIPOM3BOIHBIX aHTPaXWHOHA, BKIto4as xpuzodanon (10), smomun (11), ducmmon
(12), peun (13), anos-amoaun (14), rnuko3uael xpusodanona (35) u s3MoauHa.
B mocnenHue HECKOJIBKO JI€T ObUIM HMACHTU(QHULIMPOBAHbI HOBBIE KOMIIOHEHTHI,
Takue Kak cyiabpodmoauH-8-O-B-D-rimokoszun (sulfemodin 8-O-B-D-glucoside)
(36), pesargxunons! 1-4 (revandchinone 1-4) (37-40), peBanaxuHOH-4,6-MeTHII-
peuH U 6-MeTHI-aJI03-dMO/IHH.
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Peangxunon-1 (37) m peBanaxuHOoH-3 (39) moka3anu yMepeHHYIO aH-
THOAKTEPHAIBHYIO aKTHBHOCTh, a peBaHAXMHOH-4 (40) obmamaeT XOpommMu
AHTUOAKTEPHATBHBIMUA CBOWCTBAMU MPOTHB HEKOTOPHIX T'PAMITOIOKHUTEIBHBIX
Oaktepuit (Bacillus subtilis, Bacillus sphaericus u Staphylococcus aureus) c
UCIIONIb30BaHNUEM NMEHUIMUTMHA G B KayecTBE KOHTPOJS M I'PaMOTPHLATEIBHBIX
oakrepuii (Klebsiella aerogenes, Chromobacterium violaceum u Pseudomonas
aeruginosa) ¢ HMCIIOJb30BAHMEM CTPENTOMHIMHA B KayecTBE KOHTPOJILHOTO CO-
enuHeHus. PeBanmxuHoH-1 (37), peBanaxuHoH-3 (39) u peBanaxuHoH-4 (40)
TaKXKe MPOSBISIOT YMEPCHHYIO CTENIeHh MPOTUBOTPHOKOBOI aKTUBHOCTH TPOTUB
Rhizopusoryzae u Aspergillus niger ¢ wucnoibp3oBaHHEM KJIOTpUMa3oia B
KauecTBe KOHTpoJs [95].

Bbruto oOHapykeHO, 4TO 3TaHOJBHBIN AKCTPaKT Rheum emodi obnamaeT ax-
TUBHOCTBIO TMPOTUB Pa3NUUHBIX ITaMMOB H.pylori, mraMmbl KOTOPBIX BBLACIS-
10TCSl U3 00pa3noB Ouoricuu xenyaka (15 U3 sA3BbI IBEHAAUATUIICPCTHON KUIIKH,
BOCEMb W3 SI3BBI XKEJIy/Ka, YeThIpe W3 HES3BEHHOH IUCIICTICUM W TPH M3 pakKa
JKeJTy/IKa) Kak in vitro, Tak u in vivo [96].

Omonun (11), peun (13) u anos-3momun (14), momydeHHBIE M3 KOMMEp-
YEeCKOTO PEBEHs, O0JIaJal0T 3HAYNTEIBHOW AaHTHOAKTEPHAIBFHON aKTHBHOCTBHIO
npotuB deThipex mrammoB methicillinresistant Staphylococcus aureus (MRSA), a
TaKkKe MITaMMy METHUIMJUIMHYYBCTBUTENBHOTO craduiokokka (MSSA). Amnos-
smonuH (14) obnagaer aHTHOAKTEpPHATBHBIM JeWCTBUEM Ha mTaMMbl MRSA u
MSSA ¢ muHEManbHON WHTHOMpYIomed konueHTparmern (MIC) 2 r/mn, peun
oOnagaer aHTHOAaKTepHalIbHOW akTHBHOCTHIO mMpoTHB Escherichia coli K12 c
BennunHoit MIC 128 mxr/mit [97]. Xpuzodanon (10), ucumon (12), peun (13),
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anon-3monuH (14) u3 Rheum emodi pOSBISIIOT TPOTUBOTPHOKOBYIO aKTHBHOCTH
npotuB Candida albicans, Cryptococcus neoformans, Trichophyton menagro-
phytes u Aspergillus fumigatus (MIC 25250 mr/mi) ¢ UCHOIB30BaHUEM KETO-
KOHa30J1a B KayecTBe KOHTpous [98].

AHTHOAKTEpHAJIbHYI0 aKTUBHOCTH TPOSBISIIOT W MHOTOE AaHTPaXWHOHBI,
BbIIeIeHHbIe U3 Rumex [99,100]. Tak, B pabote [99] mpencTaBiieHbl pe3yJibTaThl
WCCIIEIOBAHNS aHTHOAKTEPHaIbHONH aKTUBHOCTH T€KCaHOBOW, XJIOPO(OPMHOU U
BOJHOW (PpaKITMy METAHOILHOTO dKTCpakTa 14 BumoB Rumex (cem. Polygonaceae)
(R. acetosella, R. acetosa, R. alpinus, R. aquaticus, R. conglomeratus, R. crispus,
R. hydrolapathum, R. obtusifolius subsp. obtusifolius, R.obtusifolius subsp.
subalpinus, R. patientia, R. pulcher, R. scutatus, R. stenophyllus u R. thyrsiflorus)
Ha 1mtammax Staphylococcus epidermidis, S. aureus, MRSA, Bacillus subtilis,
Moraxella catarrhalis, Streptococcus pyogenes, S. pneumoniae, S.agalactiae,
Pseudomonas aeruginosa, Escherichia coli v Klebsiella pneumoniae. DKCTpaKThI
BO3JYIIHOW YacTM M KOpPHEW TMOJIBEpPrajuCh MHOTOCTYIIEHYATOM MpOoUEaype
paszmeneHuss ¥ ObUIO BBIACNCHO 19 COCOMHEHWH, CpeaW KOTOPHIX HadTalmuHBI
(My3unmH (Musizin) ¥ €ro IJIFOKO3WJ, TOPaKpPH30H-TIOKO3uy (torachrysone-
glucoside), 2-meTokcucTumdHIOH (2-methoxystypandrone)), aHTpaxuHOHBI (XpH-
3o¢anon (10), smoaun (11), pucuuon (12), murpeopo3uH (citreorosein), Xpu3o-
(hanon-8-O-rimoko3un), ¢uiaBoHOUIBl (KBEPIETHH, KBEPIETHH-3, 3'-TUMeETH-
JOBEIN 3¢up, m3okaemrdepun, kBepueTuH-3-O-apabuHo3uI, KBepueTHH-3-O-
TallakTO3u/, KaTeXWH), CTHILOEHBI (pecBeparpoi, meicua) u 1-creapomnrin-
uepuH. M3 momueHHBIX (Qpakuuid, NpoTHB S. aureus ObUIM aKTUBHBI TPH TEK-
CaHOBBIX JKCTpakTa KopHer R. alpinus (A) (26.5£1.5mm), R. aquaticus (A)
(18.74£0.6 mm) u R. patientia (A) (21.4=1.2 mm) u xopueti R. alpinus (A) Ha
MRSA (16.8+1.2 mm); XJ70popOpMHBIE IKCTAKThI KOpHEH R. acetosa Ha S. epi-
dermidis (18.5+1.5 mm) u S. aureus (16.0£1.0 mm), 3KCTPaKT BO3AYLIHOH YacTu
R. conglomeratus (B) va M. catarrhalis (18.4£0.8 mm); xopueit R. crispus (B)
OTHOCHUTENBHO S. pneumoniae (16.6+0.6 mm); uensHoro pacrenus R. pulcher (B)
Ha B. subtilis (16.5£0.6 mm) u JBa BOJHBIX 3KCTPAKTa BO3MYIIHOW 4YacTd
R. crispus (C) (15.5£0.5 mm) u useroB R. patientia (C) (16.3+0.2 mm) npotus
S. epidermidis Toka3anu BRICOKYIO aHTHOAKTEPHAIBEHYIO aKTHBHOCTE [99].

Hns oueHkn aHTHOAKTepHaNbHOH aKTUBHOCTH Senna podocarpa Oblna
MpoBeeHa TMPOTUB JEBITH KOHTPOJBHBIX M KIMHUYECKMX MITaMMOB Neisseria
gonorrhoeae, HEKOTOpBIE C OCIA0JICHHOW BOCIPUUMYMBOCTBIO K MEHUIMIUIUHY,
TETPAUMKINHY ¥ UUOPOQIIOKCANHYy. Pe3ynbTaThl moka3zaim akTHBHOCTH HPOTUB
BCEX TECTHPYEMBIX IITaMMOB B KoHIeHTparuu ot 100 mo 400 Mkr/mi.
Xpuzodanon (10), amoaun (11), ductmon (12) u peun (13) ObLTH BBIIEICHBI B
KauecTBe OCHOBHBIX coenuHenwuii u peuH (13) ¢ (MIC = 3,13 MKr/mi1 IpoTHB BCeX
IITAMMOB) OKa3aJIMCh Han0OOJIee aKTHBHBIMH M3 KOMIIOHEHTOB [101].

Ghoneim M.M. ¢ coaBTOpamu HCCIEIOBaIM AHTHOAKTEPHAIbHYIO AKTHB-
HOCTb psi/ia aHTPAXHMHOHOBBIX KOMIOHEHTOB Asphodelus microcarpus [102-104].
Taxk, B padote [102] 0110 TTOKa3aHO, YTO 8-METOKCHUXPHU30(aHOI U IPYTUE BEIIC-
JICHHBIE COeIMHEeHNUs U3 Asphodelus microcarpus oka3zanu yMepeHHYIO IPOTHBO-
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rpuOKoByI0 akTuBHOCTH NpoTuB C. neoformans c¢ BenmuunHOU ICs 15,0 MKr/mi,
torna kak smomuH (11), 10-(xpuzodanon-7'-mn)-10-rugpoxcudpuzodanon-9-
AHTPOH M 3CTUBHMH IOKAa3aJu XOPOUIYI0 aKTHUBHOCTh B oTHomeHMn MRSA co
sHaueHusaMu ICsy 6,6, 9,4 Mxr/mia u 1,4 MKI/MJ COOTBETCTBEHHO. DMOJIMH M
pPaMo3uH MOKa3aJid XOPOILIYI0 aKTHBHOCTh NPOTUB S. aureus ¢ BennuuHamu 1Cs
3,2 u 8,5 mxr/mi. B cratee [103] npuBoaaTcs naHHBIE MO aKTUBHOCTH METHII-
1,4,5-tpurunpoxcu-7-metmi-9,10-muokco-9,10-quruapoantpareH-2-kapOOKCH-
jaTa, KOTOpBIM MOKa3ajl aKTHBHYIO aKTMBHOCTH HpoTuB MRSA wu S. aureus c
BeimunHamu 1C50 1,5 u 1,2 Mxr/mn cootBeTcTBeHHO. DpakunoHnpoBaHuEe 3Ta-
HOJIBHOTO JKCTpakTa Asphodelus microcarpus Salzm. et Viv. (Xanthorrhoeaceae
niu Asphodelaceae) B padore [104] mpuBesio K BBIJACICHUIO MATH COCIUHCHHMIA,
uneHTuuIupoBaHHblx Kak achomosuasl A-E (1-5). Acdonozunet B, C u D,
rmokazanu akTuBHOCTh potuB MRSA c¢ 3nauenusmu [Cs 1,62, 7,0 u 9,0 Mkr/min
COOTBETCTBEHHO, a TAK)KE IMPOSIBIIM aKTUBHOCTH MPOTHB S. aureus (non-MRSA)
¢ 3nauenusmu IC50 1,0, 3,4 u 2,2 MKI/MIL

5. BiuusiHMe 3aMeCTHTelsl Ha aHTHMHKPOOHYI0 aKTHMBHOCTB. lccieno-
BaHUE U YCTAHOBJICHHE 3aKOHOMEPHOCTEM CBSI3U MEXIY XUMHUECKON CTPYKTYpOi
MIPUPOIHBIX COSAMHEHUH M MX OMOIIOTUYECKON aKTUBHOCTBIO SIBIISIETCSI aKTyallb-
HOM 3ajjaueidl B Mpolecce MOUCKa M CO3/JaHUs JIGKAPCTBEHHBIX CPEJCTB. Pe3ylib-
TaTHI ATOM pabOTHI MO3BOJISAIOT BEISIBUTH HANO0JIEE OTBETCTBEHHBIE 32 IPOSBICHNE
KOHKPETHOTO BHA aKTHBHOCTH CTPYKTYpPHBIE 3JIEMEHTHI U IIPOBECTH TEOPETUIEC-
KU 00OCHOBAHHBIH IIEJICHANIPABICHHBINA TOMCK COCTMHCHHM.

Wzydenne uccnemoBaHusi B3aMMOCBSI3U XUMHUYECKHX CBOWCTB U aKTHBHOCTH
MIPOM3BOAHBIX AaHTPAXWHOHA TOKA3aJl0, YTO BAXHYIO POJIb MTPAIOT TUIAPOKCHIIb-
HBIE TPYMIBI aHTPAXUHOHOBOrO ckejera moiekyn [105]. Tak, B uccienoBaHuU
[105] nmokaszaHo, cpeu TECTHPYEMBbIX coequHeHui (1-ruapoxcuantpaxuHoH (1),
ammsapuH (2), 1,2,4-tpurnapokcuanrpaxunona (5), 1,2,5,8-rerparuapokcuanrpa-
XUHOH (XWMHAJIM3apHuH), 2,60-TUTHIPOKCHAHTPAXUHOH, 1,8-auruapoxcuanTpa-
xuHOH (9), smonuH (11)) Obut0 OOHapyxkeHO, uTo amu3apuH (2), smoaun (11),
nyprnypuH (5) u xuHanm3apuH npu 10 MKr/mMi 3aMeTHO WHTHOMpOBaIHM 00Opa-
3oBaHue OmoruieHkH S. aureus MSSA 6538 mo cpaBHeHHMIO ¢ HEOOPaOOTaHHBIMU
KOHTPOJBHBIMU CPEICTBAMU. DMOJWH, KOTOPHI MMEET METHIbHYIO TPYIIy B
nonoxkeHun C-6, MHrHOMPOBAJ POCT IJIAHKTOHA, Kak coodmanock panee [106], a
JOTIOJTHUTENLHBIE THAPOKCHIIbHBIE Tpynibl, oTiaudHble oT C-1 u C-2 mypnypuHa
(5) n xuHanM3apuHa, OKAa3bIBAIOT HE3HAYMTEIBHOE BIHMSHUE Ha aKTHBHOCTH.
Takas ke KapTHHa aKTUBHOCTH HaOmronanach IJisl IBYX IOPYTruX IITaMMax S.
aureus, MSSA 25923 u MRSA MW2. Ammzapun (2) Taxke npu 10 MKr/mMi
a3 dexTnBHO MHTHOMPYET oOpazoBaHre OWOIUIEHKH mTamMMoB S. aureus (MSSA
25923, MRSA MW2) u Staphylococcus epidermidis(ATCC 14990). 'umpok-
CWIbHBIE Tpynibl B monoxeHnsx C-1 u C-2 ckenera aHTpaXWHOHA, TI0-BUAUMOMY,
ObUTM BaXKHBI JUII aHTUOMONTHYECKOW aKTHBHOCTH, IMOCKOJBKY amu3apuH (2),
nypnypuH (5) M XuHanu3apuH 0O0NaaroT THIPOKCHILHON TPYNIod B 000MX
nonoxeHusix. OpgHako nupokatexuH (1,2-TUruapoKcHOEH30I1), KOTOPBIA HUMeEeT
IIBE THIPOKCUIIBHBIE TPYTITHI B CTPYKType O€H30:1a, He 00Ia1aeT HHrnOnpyromen
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AKTUBHOCTBIO, YTO yKa3bIBaeT Ha TO, YTO JUISI aHTUOMONTHYECKON aKTHBHOCTH
HE0O0XOIMMbI aHTPaXWHOHOBAs ocHoBa [105].

AnuzapuH o0pasyeT KallbLHi-aIIOMUHHEBBIA KOMIUIEKC, W paHee ObLIo
nokazano, uro Ca’" wHrHOMpyer obpasoBanme OuoruteHku S. Aureus [107].
ABTopbl pabotel [105] mccmemoBanmy BIUSHHUE Kaidblug M ann3apuHa (2) Ha
obpazoBanue Owormenku S. aureus MSSA 6538 ¢ npumenenuem CaCl, u
Ca(NOs),, koTOpBIe MHTHOMPOBAM 00pa3oBaHUE OWOILICHKH S. aureus B 3aBH-
cuMocTH OT 1036 Kpome Ttoro, murmbmpyomee neiicteue Ca’’ mcdesano B
npucytctBun EGTA (3TuieHruKoneBass TeTpayKCyCHas KHCIOTa, KaJbIMi-
crieun(pUUECKU XeIaTUPYIOUINHA areHT), a mpu KoHneHTpauusix 10 1 MM, EGTA
HEe BN Ha oOpa3oBaHuwe OworuieHkn. Kpome toro, nobaBmenne EGTA B
NPUCYTCTBUM aIM3apHHA YaCTUYHO YMEHBIIAJIO aHTHOMOIUICHOBBIH 3¢ ekt
anu3aprHa. OTH pe3yJbTaThl IMOKa3bIBAIOT, YTO ajM3apHMH HMHTHOMpYyeT oOpa-
30BaHHMe GHoMIeHKH S. aureus ¢ yuactuem Ca **.

CpaBHHUTENBHBI aHATN3 AHTUMHUKPOOHOW aKTHBHOCTH AHTPAaXWHOHOB W3
Morinda angustifolia:  1,8-muruapokcu-2-meTun-3,7-1MMeTOKCHaHTPAXUHOHA
(17), 3-O-B-mpumBepo3un nyuuauna (41), 1,3-AUruapoKCcH-2-MeTHIIAHTPAXMHOHA
(42), mymunuH-O-3THIIOBEIHA ddupa (43), mynnanH-e-0yTunoBoro s¢upa (44) u
nmamuakonrtona (28) [71,108,109] mokasan, 9to Toibko ais 1,8-auruapokcu-2-
MeTHI-3,7-1uMeToKkcuanTpaxuHoHa (17) BbISIBICHAa 3HAYMUTENBFHO OoJiee BBICOKAs
MMPOTUBOMHUKPOOHAasT akTWBHOCTH mpoTuB Bacillus subtilis, Escherichia coli,
Micrococcus luteus, Sarcina lutea, Candida albicans and Saccharomyces sake 1o
CPaBHEHHIO C APYTMMH HCIBITAHHBIMU NMPOWU3BOAHBIMH. OTMEYEHO, YTO TOJIBKO
3TO coelVHEHHe O0JIafaeT OMOIHUTENBHON THAPOKCHUIIBHOM rpymnoi mpu C-8,
YTO MOXKET MPEAToararb, YT0 CTPYKTYPHBIH (parMeHT ¢ KapOOHMUIIOM U JBYMS
B-TuapokcMIaMu TIPU JTUHEWHOM TIOJOKEHHE B aHTPAXWHOHAX MOXET OBITh
BaXXHBIM (hapMakoQopoM il aHTUMUKPOOHOH OnoakTuBHOCTH [71].

Rs O R
oo
R;
0)
17, 41-44
17 Ry-OH, R,-CHj, R;-OCH;, R4-OCHj;, Rs-OH
41 Ry-OH, R,-CH,OH, Rj3-O-b-D-primeveroside, R4-H, Rs-H
42 Ry-OH, R,-CHj, R;-OH, R,H, Rs-H
43 R;-OH, R,-CH,OCH,CHs;, R;-OH, R4-H, Rs-H
44 R;-OH, R,-CH,0CH,CH,CH,CHjs, R;-OH, R4-H, Rs-H
28 R;- OCHj;, R,-CH,0H, R;-OH, R4-H, Rs-H
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AHTUMUKpPOOHAsT aKTUBHOCTH |,8-AUTHIPOKCHAHTPAXUHOHOB TIPOTHUB He-
KOTOPBIX MITAMMOB OaKTEpUH 3aBUCHT OT HUX XUMHYECKOTO CTPOSHHS W DX
HCCIICIOBAaHNN MOATBEPXKIOAET, YTO Ha CTENEHb €€ IPOSBICHUS OKa3bIBAIOT
BIUSHUE THAPOKCHIBHBIE TPYMIIBI B PA3HYHBIX TTOJIOKEHUSX aHTPaXMHOHOBON
CHCTEMBI, a TaKKe HaMYMe APYTHX MOJSIPHBIX 3aMmecTuTened. B obmiem, aHTH-
OaxTepuanbHbie 3QdexTsl smMoanHa (11), penna (13) u amos-smonuHa (14), Kax
paBuIIo, BEITIE, yeM y xpusodanona (10) u ducnmona (12). DTu mpou3BoIHEIC
AHTPAXUHOHA UMEIOT OJAVHAKOBBIM AHTPAXUHOHOBBIM CKEJIET, COCTOSIIUNA U3 ABYX
kerorpyni B noioxeHnn C-9 n C-10 u 1ByX rupoKCHIIBHBIX rpynmnsl mpu C-1 u
C-8, a paznuuus 3aKII0YaroTCs B XUMHUYECKO# mpuponae 3amecturens nmpu C-3 u
C-6 aHTpaxWMHOHOBOW CHUTEMBI, a MMEHHO B HaJUYUHM TMOJISPHBIX (HYHKIHO-
HQJIBHBIX TPYII, KOTOPbIE M CHOCOOCTBYIOT YBEIHMUYCHHIO aHTHOAKTEpUAIbHOU
aktuBHOCTU. Tpu anTpaxmHoHa (3momauH (11), penn (13) u amos-amoxuu (14))
HUMEIOT HOJIIPHBIE 3aMECTUTENN — KapOOKCUIIbHBIE, THIPOKCHIIBHBIE U THAPO-
KcuMeTHIbHbIe Tpymibl pu C-3 u C-6 coorBercTBeHHO. XO0Ts xpu3odanoin (10)
n ¢uctuon (12) taxxke nMeroT ruapokcuibHble rpymmel B C-1 u C-8, omgHako
METHIbHAS W CabomoJisIpHas METOKCWIbHAS TPYyMIbl B Xpu3odaHoie U ¢uc-
[IMOHE OCJIA0JISIOT UX aHTHOAKTepUaIbHOe NehHcTBHE [92].

Peun (13), amogunr (11) u 1,8-guruapoxcuantpaxunon (10) B mopsiake
yObIBaHUs,, MHTHOUPYIOT pPOCT cTaduiaokokka. OpHako aHTHOAKTEpHaIbHAS
AKTUBHOCTH OKHCJIEHHOTO 1,8-IMTHMApPOKHCAaHTPaXMHOHA MEHbIE, YeM €ro BOC-
cTaHoBJIeHHOH (opmbl [110]. AHanornyHas 3aKOHOMEPHOCTh ObLIa BBISABICHA U
Ghoneim M.M. ¢ coaBtopamu [102] ans 10-(xpuzodanon-7'-wmn)-10-rugpokcu-
¢puzodanon-9-anTpoHa, KOTOPHI MOKa3aj XOPOIIYI0 aKTHBHOCTh B OTHOIIIEHUH
MRSA.

AHanmu3 cTpykTyp peBaHAXWHOHOB 1-4 (37-40) [95] Ha mposiBieHHE UMHU
AHTHOAKTEPHATEHON aKTUBHOCTH TIOKa3aj, 4To peBaHaxwHOH-4 (40) oOnamaer
XOpOUIMMH aHTHOAKTepHAIbHBIMU CBOMCTBaMH MPOTHB TECTHPYEMBIX TI'paMIIO-
noxutenpHbIX OakTepuii (Bacillus subtilis, Bacillus sphaericus u Staphylococcus
aureus) u rpamotpunarenbHbix Oakrepuit (Klebsiella aerogenes, Chromobac-
terium violaceum u Pseudomonas aeruginosa, a pesaaaxuHoH-1 (37) u peBaHa-
XUHOH-3 (39) mokazanu yMepeHHYI0 aHTHOAaKTEepHalbHYIO aKTUBHOCTH. Ilpex-
[0JIaraeTcsi, YTo HaJWYhe B ATUX COCAWHEHUAX IMOMHMO IJMHHOM LENOYKH B
notoxerann C-9 mimu C-3, comeprkamieit rpymmel atomoB CH, CH,, CH;, C=C, B
peBanaxuHoHe-4 (40) — conepKuTCs TOJSApHAs THAPOKCHMETHIIbHAS TpyMna
CH,0OH.

B nmpyrom wmccnenoBannu ObUIO OOHApY’KEHO, YTO TPUCYTCTBHE THUIPOK-
CIJIBHOM TPYIIBI BMECTO METHJIbHOM Tpymmel npu C-3 win MeTuia BMECTO
ruapoxkcunsHON rpymnmnsl npu C-8 u gononHutensHoi rpynnsl COOMe npu C-7,
Kak B 3,6,8-TpUTrHApOKCH- ] -MeTHIIaHTpaxXUHOH-2-KapOOHOBO# KHCIIOTE, CyIIecT-
BEHHO CHIKAeT aKTHBHOCTH POTHBOMUKPOOHBIX MPEMapaToB, 0COOCHHO ITPOTHB
MRSA [111].

ABtopsl [112] npuBoAST pe3ynbTaThl MO aHAU3y AHTUMUKPOOHOW aKTHB-
HOCTH TIPOW3BOJHBIX aHTPaXWHOHA THIIA dMoauHa (3-repaHmiokcmdIMoanH (45),
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vismiaquinone B (46), 3-metokcudmonuHa (47), 2-U30MPEHIII-3-METOKCHIMO-
nuHe (48) u bivismiaquinone (49)), BeieneHHbIX n3 Vismia laurentii (Clusiaceae)
[0 OTHOLICHHWIO K IITaMMaM rpaMMm-nonoxutenbHeix (Bacillus cereus ATCC
11966, Listeria monocytogenes n Staphylococcus aureus NCTC 10652), rpamMmm-
orpunarensHbIx O0akTepuii (Escherichia coli 555, Salmonella enteritidis 155A) u
npoxokeBomy rpudky Candida albicans.

OH O OH

49

CornacHO TOJY4YEHHBIM pe3yJibTaTaM, aHTHOAaKTepHalbHBIA 3¢ ekt 3-re-
paHmIoKcHdIMoaAnHa (45) Ha Tpex MmTaMMax TPaMIOIOKHTEIBHBIX OaKTepHit
noBsimanicss ¢ pH, Torna kak 3-metokcudMonuH (48) ObLI aKTUBEH TOJIBKO Ha
S. aureus ¢ ymensiieHueM akTuBHOCTH ¢ pH. C apyroit cropoHsl, 2-u30npeHun-3-
MeTokcmIMoanH (48) aktuBeH Tonbko mpu pH 7 u Toneko y S. aureus u B. cereus.
[pucyrctBue B nmonoxxennu npu C-3 pauHHON anmudarndeckoii nenouku ¢ C=C,
CH, CH; yBenuuuBaeT aHTHOAaKTepUANbHBIC CBOHCTBa (coemuHeHue 45), Tornma
kak Hanmmuue npu C-3 METOKCUTPYIIBI CHUKAET aKTHBHOCTh. ABTOPBI MPHUIILITH K
3aKITIOYEHHIO0, YTO CTePUIEeCKHH I(PPEKT, MONEKYISIPHBIA BEC W HAIWYHE 3aMe-
[IEHUI B TOJIOXKCHUH 2 DMOJIMHA MCCIEIOBAHHBIX MOJEKYI (45-49) He cmocob-
CTBYeT MX OaKTEepPHUIMIHOW aKTUBHOCTH, B TO BpeMS KaK YBEIWYEHHUE IJIMHBI
anmudaTtnaeckoi e npu C-3 yBeIMYMBAET aHTHOAKTEPHATBHYIO aKTHBHOCTD.
Ha nmapameTpsl KHHETUKHM pOCTa JIPOXKKEH He BIMsUIO U3MeHeHue pH, kak 3To
OBUIO B CiIy4ae APYTHX MPOTECTUPOBAHHBIX OakTepuil. yYHrUIUAHAS AKTHUBHOCTh
ObUTa OTMEYeHa ISl BCEX MOJIEKYJ, TOTJa KaK JHUIIb HEMHOTHE CTPYKTYpPHI
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MOKa3bIBAIM OaKTepUIUAHBIA 3PQPEKT B OCHOBHOM Ha TPaMIIONOKUTEIBHBIX
Oaktepusix. MaremaTuyeckas MOJENIb, YCTaHABIMBAIOLIAA KOJIMYECTBEHHYIO
CBSI3b MEXIY (U3UKO-XMMHUYCCKUMH CBOWCTBAMH MOJIEKYN U WX (DyHTUIMIHON
aktuBHOcThI0O Ha Candida albicans, mokasana, 9To (HYH3UKO-XHMHUYECKHE CBOM-
CTBa, BJIMSIONIME HA NPOTUBOIPUOKOBYIO AKTHBHOCTH — 3TO MOJSPU3YEMOCTH,
KO3 PHUIMEHT pachpe/ieNicHrs, MOJCKYJIsIpHas Macca W HaIW4Hue akKIenTopa
BOJOpoaHOM cBs3| [112].

3akiouenne. AHTPaxXWUHOHBI SBISIIOTCS CaMOW OOJIBIION TPYIIOW MpH-
POIHBIX MUTMEHTOB XWHOWAHOM NMPHPOIBI, KOTOPHIE LIMPOKO HpEACTaBIICHB B
pacreHusx, rpubax W IMinaiiHukax. MHOTHE NpPUPOJHBIE AHTPAXWHOHBI MPO-
SIBIISIIOT aHTUMHKPOOHYIO aKTHBHOCTB, KOTOpas 3aBUCHUT OT HMX XHMHYECKOTO
cTpoeHus. Psin vccnenoBaHuii OATBEPKAAET, YTO HA aHTUMHUKPOOHBIH ekt
MPOM3BOJHBIX AHTPAXHMHOHOB OKA3bIBACT BIUSHHE HAJIMYUE THIPOKCHIBHBIX
TPYMI, a TaKKe JPYTUX TOJSIPHBIX 3aMECTUTENIed B pPa3iIMYHBIX TOJI0KEHUSIX
AQHTPaxXUHOHOBOW CHCTEMBI M CTEIIeHb OKHUCICHHOCTH MOJIEKYJIBI (OKHCIICHHBIC U
BoccTaHoBiIeHHbIE (popmbl). Xpuzodanoin (10), smonun (11), ductuon (12), peun
(13) u amos-smoauH (14) ABIAIOTCS aHTpaXUHOHAMH, UACHTU(DHUITNPOBAHHBIMU B
npUpoAe B HAWOOJNbIIEM KOJIUYECTBE HCCICIOBAHUM, IMMOATBEPKAAIOMINX HUX
AHTUMHUKPOOHYIO aKTUBHOCTH in Vitro, MPOTHB MHOXKECTBAa LITAMMOB MHKPO-
OpPraHu3MOB, JIOCTYIHBIX B HACTOSIIIEE BPEMsl IS KIIMHHUUYECKOTO MpUMeHeHus. B
o0IeM, Kak dKCTPAaKTHI, TaK M WHIUBHIyaJbHbIC NMPOU3BOJAHBIC aHTPAXUHOHOB,
ObUTM aKTUBHBI MPOTHB TI'PaMOTPHULATEIbHBIX OakTepHil, OCOOEHHO TPOTHB
Pseudomonas aeruginosa, Helicobacter pylori u Neisseria gonorrhoeae wu
TpaMIIONIOKUTENFHBIX OakTepuil, Takux kak Staphylococcus aureus, m ocoOeHHO
oTtHOcUTENbHO mTaMMOB MRSA u S. epidermitis. 3 ekTHBHOCTh aHTUMHKPOO-
HOTO JCHCTBHUSI AHTPAaXWHOHOB CBSI3aHA C HMX MOJCKYJISPHBIMH CBOWCTBAMH,
TaKUMU Kak cTepudeckuii addexr, pH, momsiprocts 3amectuteneii. B psge pador
NOKa3aH CHHepreTnyeckuii 3(dexT Hcrmoab30BaHUsI aHTPAXMHOHOB C aHTHU-
Oounotrkamu, npuBoAsIMiA K yMeHbiennto MIC. Ha aHTUrpuOKOBYIO aKTHBHOCTh
AHTPAXUHOHOB BIUSIOT TaKHe MapaMeTPhl, KaK MOJSIPU3yeMOCTh, Koadduiment
pacrpefielicHus, MOJISKYJIsipHAs Macca M HaJW4he akIenTOPOB BOJOPOIHON
cBsi3u. Kpome TOro, mpou3BOAHBIE aHTPAaXMHOHA MOTYT MMETh MHOXKECTBEHHBIE
MEXaHU3Mbl ~ JICHCTBHUS, KOTOpBIC JENAlT COCAWHEHHS JAHHOTO Kiacca
MEPCIEKTUBHBIMUA HCTOYHUKAMU TPOTHBOMUKPOOHBIX CPEJICTB.

Paboma noooepocana Munucmepcmeom obpazosanus u nayku Pecnybnuxu
Kazaxcman u evinonnena no meme: «Quauxo-xumudeckue OCHOBbI CO30AHUS
HeOpeaHuyeckux, Op2aHu4yecKux, HOJUMEPHbIX COeOUHeHUl, Cucmem u mame-
puanos c¢ 3apamee 3a0anuvimu ceoticmeamuy (Ne BR05234667 / III]D ) u no
npoexmy «llouck HOBbIX NEKAPCMBEHHBIX BeWecms Hd OCHO8e OOCTYNHbIX
CUHMEMUYECKUX aHANI0208 HPUPOOHBIX NPOU3BOOHLIX anmpaxunouay (MPH:

AP05131788).
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Pe3iome
T. B. Xapramosa

9,10-AHTPAXMHOHHBIH TABUTY TYBIH/IBIJIAPBI
’KOHE OJIAPJIbIH MUKPOBKA KAPCBI KACUETTEPI

WHdekuusislk aypylapAblH aJIABIH ally )KoHe eMJiey TpobiieManapbl, HaToreHAepIiH
OMONOTHSUIBIK TYPJICPIHIH allyaH TypliepiHe OalnaHBICTHI, Keml Te3iMIi (opmanapabiH
yHeMmi maiima OoJybl, KayinTi MAaTOTCHICPAIH jKaHa TYPJICpiHIH makma Ooysl, KaHa
AHTHUMUKPOOTHIK areHTTepIli Kypy MpOoOJIeMaChIHBIH ©3€KTUIIrH aHBIKTaWIbl. AHAIHTH-
KaJIBIK IIONTyAa TaOWFW aHTPaxXWHOH TYBIHABUIAPBIHBIH MHKPOOKAa Kapchl OEICeHILTIri
Typajbl MONIMETTepHi YChiHaAbL JlepekTepai Tanjgay aHTpaxWHOH TYBIHABLIAPHI aHTH-
MHKPOOTBIK areHTTEP/IiH IePCIIeKTHBANbI KO3/1epi 00J1a anaThIHBIH KOpPCETe .

Tyiiin ce3nep: aipinik ecimuikrep, Taburu ke3zaep, 9,10-aHTpaXxMHOHHBIH
TYBIHBUIAPBI, MUKPOOKa Kapchl OeNICEHAITIK.

Summary
T. V. Kharlamova

NATURAL DERIVATIVES 9,10-ANTHRAQUINONE
AND THEIR ANTIMICROBIAL ACTIVITY

Problems of treatment and prevention of infectious diseases, due to the diversity of
biological forms of pathogens, the constant emergence of multi-resistant forms, the emer-
gence of new types of dangerous pathogens, determine the urgency of the problem of
creating new antimicrobial agents. The analytical review presents material on the
antimicrobial activity of natural anthraquinone derivatives. Data analysis shows that
anthraquinone derivatives can serve as promising sources of antimicrobial agents.

Key words: medicinal plants, natural sources, derivatives of 9,10-anthraquinone,
antimicrobial activity.
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DETERMINATION THE OPTIMAL CONDITION
OF SELECTION POLYSACCHARIDES
FROM PLANTS HELIANTHUS TUBEROSUS

Abstract. Helianthus tuberosus is a perennial plant of the family Compositae.
According to valuable dietary properties, people's attention is attracted. Helianthus tubero-
sus is growing in all climatic regions. Helianthus tuberosus as a potatoes is growing at all
the unfavorable regions of the country. Topinambur preparations are antiarthritis, anti-
tuberculosis drugs, fibrinolytic agents that have antiarrhythmic activity. Topinambur juice
has an antitumor effect of the stomach that helps restore gastric activity. In this article
methods of complex isolation of polysaccharides from aboveground (flowers, leaves,
stems) and underground (tubers) parts of plants of Helianthus tuberosus are considered.
As a result of the research, optimal conditions for isolation of inulin, pectin substances,
hemicellulose A and B were found.

Key words: Helianthus tuberosus, inulin, pectin substances, hemicellulose A and B,
fraction, extraction.

Introduction. All over the world, as well as in Kazakhstan families of Com-
positae plants are widely used in technical and medical purposes. Families
compositae plants are used in different industries.

The homeland of Helianthus tuberosus is North America. However, during
this short period of time, it is the spread on the territory of the Republic of Ka-
zakhstan for half a century; this plant is a great hope for the future of the popu-
lation of the country[1].

Topinambur preparations are antiarthritis, anti-tuberculosis drugs, fibrino-
lytic agents that have antiarrhythmic activity. Topinambur juice has an antitumor
effect of the stomach that helps restore gastric activity [2].

Helianthus tuberosus depends on sugars and physiologically active sub-
stances. When studying the chemical composition of Helianthus tuberosus va-
rieties, it was found that the phase of plant growth, soil climate, agrotechnics, the
total sugar content in Torinambur differs depends on the varieties in the regions.
Helianthus tuberosus is a valuable and valuable food for humanity. At the same
time, as a result of the biological and clinical study of Helianthus tuberosus, it
was found that, as a drug-prophylactic product, it increases its activity against
sugar and cholesterol [3].
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The countries of the world are engaged in the production of sugars from He-
lianthus tuberosus, consisting of the basic fructose. In the chemical composition
of Helianthus tuberosus, sugar is up to 6—12 g / ha. The yield of sugar from
Helianthus tuberosus is much greater than from sugar beet and sugar cane.
According to foreign researchers, Jerusalem artichoke is grew for the production
of fructose and alcohol. Biofuels, drinks and juices are also prepared. It is also
widely used in animal feeding [4].

Polysaccharides isolated from plants have immunological properties, activate
humoral immunity and increase the level of immunoglobulin in the blood [5].

Therefore, the isolation of polysaccharides from comatose plants is one of
the topical problems.

Purpose of the study: to develop the optimal conditions of the isolation
polysaccharides from plants, Helianthus tuberosus.

EXPERIMENTAL PART

Object of investigation: plant Helianthus tuberosus (flower, leaves, leaves,
fruits), collected from September to October 2015-2016 in Turksib district of
Almaty and Karasai district of Almaty region.

At isolation of biological active substances from the plant Helianthus tube-
rosus (flower, leaf, leaf, fruit) used Kochetkov's method "fractional highlighting
of polysaccharides". According to this method, polysaccharides, pectin sub-
stances, hemocelluloses A and B were obtained from the aboveground and
underground parts of the plant Helianthus tuberosus [6].

The mixture was filtered, the solution was evaporated to a volume of 1/5, and
precipitated the resulting solution was 96% ethyl alcohol. The solution was left in
a refrigerator at the temperature of 0—4 °C during 1 day. Then solution was
centrifuged and obtained precipitate was dried and a dry mass was weighed.

For allocation of pectin substances, molasses II was used. Extraction was
carried out from molasses II by solution I (0.5% oxalic acid: 0.5% ammonium
oxalate (1: 1)) at solid: liquid ratio equal to 1: 20 at 80—85°C for 2.The mixture
was filtered, the solution was evaporated to a volume of 1/5 and was precipitated
by 96% ethyl alcohol. The solution was then centrifuged, the precipitate was
dried, a dry mass was weighed.

To isolate hemicellulose A and B, molasses III was used.

Hemicelluloses (HZ) A and B were extracted while keeping the cake III in
10% NaOH solution for 12 h at r.t. Acetic acid was used to precipitate HZ A. The
precipitation was washed with 96% ethanol. The deposition of HZ B occurred
when 96 % ethanol was added to the NaOH filtrate; the obtained precipitate was
filtrate and washed with 96% ethanol. Then the solution was centrifuged, the
precipitate was dried and the weight of the separated substance was weighed
(scheme 1) [7].
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The yield of polysaccharides isolated from the aboveground and underground part of Helianthus

tuberosus, %

Ne | Raw material Inulin Pectin compounds | Heimicellulose A | Heimicellulose B
1 flower 3,8 3,6 10 45
1 leaf 6,8 11 35,4 6
2 frog 43 8,6 - 3,33
3 fruit 18 4,5 12 1,6
RESULTS AND DISCUSSION

Polysaccharides from the aboveground and underground parts of the plant
Helianthus tuberosus were isolated by fractional methods. For purification from
impurities, chloroform was used as an extractant. The outputs of the polysac-
charide substances were as follows: more quantity inulin in stems is about 3.8%,
pectin substance in leaves is 3.6%, hemicellulose A in leaves 35.4%, hemicel-
lulose B in flowers 45%. A quantity of inulin in leaves is about 6.8%, a pectin
substance in tubers is 11%, hemicellulose A in flowers is 6% (in stems not
detected), hemicellulose B in tubers is 1.6%.

It was found that inulin presents in the aboveground and underground parts
of the plant. A greater quantity pectin substance was found in leaves, in stems and
in flowers, for example, Hemicellulose A in leaves, hemicellulose B in flowers.
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Consequently, in the future, Helianthus tuberosus can be used in medicine, food
industry, agriculture and requires further research are required.

Conclusion. The chemical analysis of various extraction of L. Helianthus
tuberosus showed dependence on of chemical profile the applied method of
extraction. According to the analysis it was found that the inulin is presented in all
land and underground parts of Helianthus tuberosus. Pectin substance in larger
quantity present in stalks, in bases, in tubers and in flowers. Therefore, in the
future, Helianthus tuberosus can be used in medicine, in the food industry, agri-
culture and demands a further research. We suggest testing the activity of extracts
isolated from different parts of the plant Heliantus tuberosus on eye diseases.

We are grateful for the opportunity to conduct research at the National
Research University of Tomsk State University thanks to funding from the Kazakh
State Women's Pedagogical University.
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Pesome
b. M. Uzmeney, I. E. A3umbaesa, A. A. Baxubaes, B. XK. [[cuembaes

HELIANTHUS TUBEROSUS ©CIMIII'THEH
MNOJIMCAXAPUATEPII BOJIY AIH OHTAWJIBI XKAFT JAMBIH AHBIKTAY

Maxkanana Helianthus tuberosus ecimairinig »xepycrti OesiriHeH (T'yimi, >KarbIpaFsl,
cabarpl) JKOHE KepacThl OellireHeH (KeMici) MonmMcaxapuaTepAiH Oellin anbHyBl JKaH-
KAKThl KapaTBIPBUIFaH. 3epTTey HOTHKECIHIE HHYJIMH, TIEKTHH/I 3aTTap, TeMHULIEIUTION03a
A meH b Oedim anaybH OHTAMIIE 9ficTepi aHBIKTAFaH.

Tyiiin cesmep: Helianthus tuberosus, uHyJMH, NEKTHHAI 3aTTap, A xoHe b remunen-
JI10J103a, PpaKIus, SKCTPAKITHSL.

Pe3lome
b. M. Uzmeney, I. E. A3umbaesa, A. A. Baxubaes, B. XK. [[ocuembaes

OIIPEJIEJIEHUE OIITUMAJIBHBIX YCJIIOBUI
A1 BBIAEJIEHUA ITOJIMCAXAPUJIOB
N3 PACTEHMHN HELIANTHUS TUBEROSUS

B cratbe PacCMOTPEHBI METOAbI KOMIIJICKCHOI'O BBIJACICHUA TOJIHMCaXapua0B H3
HA/I3EMHOM (I[BETHI, TUCThsS, CTEOJIN) U MOA3eMHOM (Ki1yOHHM) vacTe pacteruit Helianthus
tuberosus. B pe3yibrare ompemesieHbl ONTUMANIbHBIC YCIOBHS BBIACICHUS WHCYJIHMHA,
MEKTUHOBBIX BEIECTB, TEMUIICIUTIONO03BI A 1 b.

KiroueBnie cioBa: Helianthus tuberosus, WHYJIHH, EKTHHOBBIC BEIECTBA, T'EMU-
netono3a A MeH b, ¢hpakiust, sKkcTpakiust.
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SYNTHESIS AND X-RAY STUDY OF NANOSIZED
LaCaCoCuMnOg AND LaCaNiCuMnO; SYSTEM

Abstract. From oxides of lanthanum, copper (II), cobalt (II), nickel (II), manganese
(IIT) and calcium carbonate at temperatures 800-1200 °C for 20 hours by the method
of ceramic technology synthesized cobalt-cuprate-manganite lanthanum and calcium
LaCaCoCuMnOgs and  nickelite-cuprate-manganite ~ lanthanum and  calcium
LaCaNiCuMnOsy.

On a vibrating mill of “Retsch” company (Germany) of the "MM301" brand, poly-
crystalline samples of new compounds were ground to nanosized (nanoclusters) particles.

The X-ray diffraction of the obtained nanosized (nanoclusters) phases indicates that
they crystallize in cubic syngony with the following lattice parameters: LaCaCoCuMnOg
— a=14,0120,02A; V°=2746,77+0,06A%; Z=4; V°4 i=686,690,02A%; py .y=4,13g/cm’;
Ppyen=4,08£0,01g/cm’; LaCaNiCuMnOgs — a=14,74+0,02A; V°=3204,74+0,06A%; Z=4;
Ve can =801,19£0,02A%; px 0, =4,15g/cm’; pyyen=4,1320,01g/cm’.

Keywords: synthesis, cobalt-cuprate-manganite, nickelite-cuprate-manganite, lan-
thanum, alkaline earth metals, X-ray, nanoscale, nanoclusters.

Cuprates, manganites, cobaltites and nickelites of rare-earth elements doped
with alkaline-earth oxides have unique physicochemical properties [1-4]. It is of
interest to obtain new nanosized compounds that include manganites, cuprates,
cobaltites and nickelites of rare earth and alkaline earth metals. It should be noted
that in [5-9] we first obtained polycrystalline and nanosized samples of manga-
nite-ferrites, chromite-manganites, cuprate-manganites of rare-earth, alkaline and
alkaline-earth metals.

In connection with the foregoing, we report here the results of the synthesis
and X-ray diffraction studies of the nanosize (nanocluster) cobalt-cuprate-man-
ganite lanthanum and calcium LaCaCoCuMnOg and nickelite-cuprate-manganite
lanthanum and calcium LaCaNiCuMnOsg.

Synthesis of cobalt (nickelite)-cuprate-manganites was carried out by high-
temperature interaction of stoichiometric quantities of La,O; (e.c), CoO, NiO,
CuO, Mn,0; and CaCOs; (p.f.a). Mixtures of these substances were thoroughly
mixed, ground in an agate foot, which were then transferred to alundum crucibles
and annealed in a "SNOL" oven at 800-1200 ° C for 20 hours. Before each
temperature increase (up to 800, 1000 and 1200 °C), the mixtures were cooled,
carefully rubbed. An annealing at 400 ° C for 10 hours was carried out to obtain
stable at low temperature phases.
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Nano-sized particles of synthesized new compounds were obtained by
grinding them on a vibratory mill of the company "Retsch" (Germany) of the
brand "MM301". Speed from 3 to 30 Hz (180-1800 vibrations per minute). The
grinding time is 40-60 minutes. The sizes of the crushed particles were estab-
lished on an electronic microscope JSPM-5400 Scanning Probe Microscope
"JEOL" (Japan). The electron microscopies of the investigated compounds are
shown below (Figure).

It should be noted that there are various methods for producing nanopartic-
les. In our case, the machining of the composite by exposure to powerful me-
chanical pulses is used, similarly to [10]. Not individual oxides are crushed to the
nano level, like lanthanum, calcium, etc., but new compounds formed by solid-
phase interaction: polycrystalline cobalt (nickelite)-cuprate-manganites of
lanthanum and calcium.

X-ray diffraction study of nanophases was carried out on a DRON 2.0.
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Electron microscopy of LaCaCoCuMnQg (a) and LaCaNiCuMnOQOg (b)
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Shooting conditions: CuKa radiation, Ni filter, U = 30 kV, J = 10 mA, coun-
ter rotation speed 2 tur/min, scale range 1000 pulses/s, t= 5 s, 20 = 10-90°.

The intensity of the diffraction maxima was estimated from a one-hundred-
point scale. The X-ray diffraction patterns of the compounds were determined by
the analytically method [11]. The pycnometric density was determined by the
method of [12]. Toluene was used as an indifferent fluid. IR spectroscopic study
of the obtained compounds was studied on a FTIM-1201 Fourier spectrometer.
The powder was mixed with KBr to form a 2 mm thick tablet. The measurements
were carried out in the transmission coefficient measurement mode.

The results of the X-ray diffraction of the new compounds obtained are
shown in the table below.

Indication of X-ray patterns of powders of nanoscale (nanocluster) cobalt-cuprate-manganite
and nickelite-cuprate-manganite

V0 d, A 10Y/d . hkl 10Yd e,
LaCaCoCuMnOyg
7 3.834 680,3 511 680,0
100 2.722 1350 721 1361
8 2.529 1563 651 1562
7 2.320 1858 831 1865
7 2.300 1890 751 1890
15 2.218 2033 900 2041
7 2.005 2487 755 2494
36 1.919 2715 10.4.4 2721
31 1.565 4083 990 4082
14 1.355 5446 10.10.4 5442
10 1.212 6808 13.10.1 6803
LaCaNiCuMnOg
5 4.560 480.9 421 481.0
10 3.834 680 521 687.0
100 2.719 1353 731 1351
7 2.518 1577 742 1580
10 2.429 1695 750 1695
5 2.319 1860 900 1855
15 2.218 2033 762 2038
5 2.127 2210 665 2221
11 2.098 2272 755 2267
34 1.921 2710 10.3.3 2702
5 1.723 3368 11.5.1 3366
28 1.572 4047 887 4053
7 1.487 4522 996 4534
5 1.367 5351 13.8.1 5359
11 1.358 5422 14.5.4 5427
11 1.215 6774 14.10.0 6778
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Based on the indication of the X-ray patterns of the new nanoscale (nano-
cluster) compounds established that they crystallize in a cubic system with the
following  lattice  parameters: LaCaCoCuMnOs —  a=14,0120,02A;
VO=2746,77+0,06A%;  Z=4; = V°q.ai=686,69+0,02A°%;  px..,=4,13g/cm’;
Ppyen=4,08+0,01g/cm’; LaCaNiCuMnOy — a=14,7440,024; V°=3204,74+0,06A%;
Z=4; Vouear =801,19+0,02A%; px. y=4,15g/cm’; ppyen=4,1310,01g/cm’. The
satisfactory agreement of the experimental and calculated values of 10%d” as well
as the x-ray and pycnometric densities, shows the correctness of the results of the
indication.

IR spectroscopy of compounds is characterized by the following absorption
bands.

LaCaCoCuMnOs. The absorption band at 609.6 cm™ can be attributed to a
vibration of v; (MnO6), a harmonic frequency of WcCoO, 1057.1 cm” to a
change in the symmetry of the CoOs group, 1454.5 and 1639.7 cm™ to changes in
symmetry group MnOs.

LaCaNiCuMnQg. The absorption bands at 609.6 and 659.7 cm™ can be
attributed to the v; (MnOg) vibration, the harmonic frequency WcNiO, 1458.4 and
1635.8 cm™ to the symmetry changes of the MnOs group.

When decoding of IR spectra was guided by a monograph [13].

Thus, nanoscale (nanocluster) cobalt-cuprate-manganite lanthanum and
calcium LaCaCoCuMnOg and nickelite-cuprate-manganite lanthanum and
calcium LaCaNiCuMnOg were obtained for the first time, the types of their
syngony and parameters of the lattices and IR spectroscopic characteristics were
determined.

The work was carried out in accordance with the agreement concluded
between the Ministry of Education and Science of the Republic of Kazakhstan
and Zh .Abishev Chemical-Metallurgical Institute under the grant of (IRN:
AP05131317, AP05131333).
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Pe3zrome

b. K. Kacenos, 1. b. Kacenosa, K. U. Cazvinmaesa,
M. O. Typmybaesa, E. E. Kynviubexog

HAHOOJIIIEM/II LaCaCoCuMnOg )KOHE LaCaNiCuMnOgz K¥PAM/IbI
CHHTE3I XXOHE OJIAP/Ibl PEHTTEHOI'PA®UAJIBIK
TYPFBIJIAH 3EPTTEY

Jlanran, mpic(1l), kobanst (1), Hukens (II), mapranen (III) TOTBIKTapel MEH Kanbliuit
KapOOHAThIHAH KEePaMUKAIBIK TexHosorus opicimen 20 carart 0Ooiibl 800-1200 °C tem-
neparypajiapia JIaHTaH »JKOHE KalblIMH KOOalbT (HHUKENWT)-KyNpaT-MaHIaHUTTEPI
LaCaCoCuMnOyg xxoHe LaCaNiCuMnOg cure3nenni Retsch (I'epmanust) koMIaHHsICHIHBIH
«MM301» mapkaiibl BHOPAIMSUIBIK AMIPMEHIHIE YTiTy JKOJIBIMEH ITOJIMKPUCTANBIK YIITi-
Jiep HaHoeeM i (HAHOKJIACTepIiK) Oemmiekke neitin yrituimi, «JSPM-5400» Scanning
Probe Microscope «JEOL» (SImonust) 31€KTpOHIBIK MHKPOCKOIBIHEIH KOMETIMEH oJiap-
neH emmreMaepi asbiktangpl. JJPOH-2,0 mudpakTomeTpinae anplHFaH jkKaHA HAHOYITI-
nepre peHTreHo(asanblK Tajlaay Kypri3uii. PeHTreHorpaMmanapsld HHIUIKpPICY Oapbl-
CBIHAA CUHTE3[CNIHIN allbIHFaH HaHOOMIeMIi (HaHOKIACTEepIiK) (azarmapablH TOp Kep-
CeTKIITepi  Keyecimed  KyOTBIK  CHHTOHHSNA  KPUCTAJNJaHATHIHBI  aHBIKTAJIIBL:
LaCaCoCuMnOg — a=14,01+0,024; V°=2746,77+0,06A°; Z=4; V°,,,,=686,69+0,02A°;
Ppenr.=4,13; P =4,08%0,01 r/em’; LaCaNiCuMnOq — a=14,7440,02A;
V°=3204,74+0,06A%; Z=4; V°,, ,,=801,19£0,02A%; pyes=4,15; Pruen =4,13£0,01 T/em’,

Tyilin ce3mep: cuHTE3, KOOANBT-KYNpaT-MaHTAHUT, HHUKEINT-KyIpaT-MaHTaHMT,
JIAHTaH, CUITUII-)KEp METalaaphl, peHTreHOTpadus, HaHOOJIIIeMIEpP, HAHOKIacTepIIep.
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Pe3zrome

b. K. Kacenos, I1I. b. Kacenosa, K. U. Cacunmaesa,
M. O. Typmybaesa, E. E. Kyauviuibexos

CHUHTE3 1 PEHTTEHOI'PAOUYECKOE UCCJIEJJOBAHUE
HAHOPA3MEPHBIX LaCaCoCuMnOg 11 LaCaNiCuMnOg

U3 oxcupor manrtana, mean (II), kobamsra (II), Hukens (II), mapranma (III) u kap-
OoHaTa KaNbIUs METOJOM KepaMHUYECKOW TEXHOIOTHH Ipu Temreparypax 800-1200 °C
B TeueHne 20 9 CHHTE3MPOBAHBI KOOAIBTO-KYNpPaTO-MAHTAHUT JIAHTAaHA W KaJbIHA
LaCaCoCuMnOg 1 HHUKEIMTO-KyIpaTo-MaHraHuT JaHTtaHa U Kaueius LaCaNiCuMnOg.
Ha BuOparmonHoii MenpHuie kommanuu Retsch (I'epmanus) mapku «MM301» monu-
KPUCTATITTMYECKUEC 06pa3HBI HOBBIX COC}II/IHGHI/Iﬁ HN3MEJIBYCHBI 10 HAHOPa3MEPHbBIX (HaHO-
KJIACTEPHBIX) YaCTHII, pa3Mepbl KOTOPBIX ONPEJENeHbl ¢ HCIOIB30BAHUEM DIIEKTPOHHOTO
Mukpockona JSPM-5400 Scanning Probe Microscope «JEOL». PentrenodazoBblii ananms
MOJTY4E€HHBIX HOBBIX HAaHOOOPa3LoB MpoBoIMIHN Ha audpaktomerpe JPOH-2,0. Unauu-
pPOBaHHMEM PEHTIEHOTPaMM, MOJIYYEHHBIX HaHOPa3MEpHBIX (HaHOKIACTEpHBIX) (a3, ycra-
HOBJICHO, YTO OHHM KPHCTAJUIM3YIOTCS B KyOMYECKOW CHHTOHMH CO CIJICAYIONIMMH Iapa-
merpamu pemretku: LaCaCoCuMnOg — a=14,01£0,02A; V°=2746,77+0,06A%; Z=4;
VO,00=686,69£0,024%;  poeir=4,13;  Prun=4,08+0,01 r/em’; LaCaNiCuMnOg —
a=14,74£0,02A;  V°=3204,74+0,06A°; Z=4; V°,,,,=801,19+0,02A%  p,.=4,15;
Prmen=4,13£0,01 T/cm’.

KnroueBble ci1oBa: ciHTE3, KOOATBTO-KyIPaTO-MaHTaHUT, HUKEIUTO-KYIIPaToO-MaH-
TaHUT, JIAHTaH, MIEJOYHO3EMENIFHBIC METAIIbI, PEHTTEHOrpadus, HAHOPa3MEphl, HAHO-
KJIaCTephl.
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M. )K. BYPKEEB', T. O. XAMHUTOBA', A. )K. CAPCEHBEKOBA',
JI. XABJIMYEK®, E. M. TAXKBAEB', JK. K. UMAHBEKOBA', A. H. FOJIATBAH'

'Kaparanausckuii rocyjapcTBeHHbIH yHIBepeuTet uM. E. A. Bykerosa, PecriyGmuka Kasaxcran,
2KapJ'IOB VYuusepcurert, Yernickas Pecry6muka

UCCJEJOBAHUE KATAJIMTUYECKUX CBOUCTB
METAJUI-ITIOJIMMEPHBIX KOMILJIEKCOB
n1-3TM/AK-Ni’-Co’, n-IITM/AK-Ni’-Co’

AHHoTanusi. KaTtamuTuueckoe TUAPUPOBAHUE SIBISETCS OJHHUM M3 Ba)XKHEHINX
MIPOIIECCOB, MPUMEHSAEMBIX B XUMHIECKOW MPOMBIIIIIEHHOCTH. MeTaI-IOJIMMEPHBIE KOM-
IUIEKCHI MPOSIBISIIOT BBICOKYIO KaTAJIMTHYECKYI0 aKTHBHOCTH, CTaOMIBHOCTH M HM30mpa-
TCJIBbHOCTH lleﬁCTBPISI. VYMeHblIeHHe PasMEpPOB YaCTHUI] KaTaJInu3aTopa 10 HAHOMCTPUICKUX
MO3BOJIACT YBCINYNUTH NMOBEPXHOCTH KOHTAKTa MOJHUMEpa C peaKHHOHHOﬁ cpenoﬁ n TCM
caMbIM B pa3bl MOBBICUTH 3((EKTUBHOCTh KaTaln3a, a rejieBas MaTpHUIa MPeoXpaHser
YacTHIBI OT KOAryJSIUKM M OKucleHHs. [1oaToMy Ha CEroAHSIIHUKA JeHb TOMCK HOBBIX
KaTaJTITUYECKUX CHUCTEM, B YaCTHOCTH HAHOKATalIMW3aTOPOB, 00JaJarolIMX BHICOKOH ax-
TUBHOCTBIO U CEIICKTUBHOCTBIO, SIBJIICTCS aKTyallbHOM 3amaueii. [lenpro HacTosmeit pabo-
THI SIBIISICTCS] MCCIIE/IOBAaHHNE KaTAINTHYECKUX CBOMCTB METaJUI-TIOJIMMEPHBIX KOMILIEKCOB
-3 M/AK-Ni’-Co’, n-IITM/AK-Ni’-Co’. B kauecTBe MOIENIBHOI peakiiy Gbuia BEIOpa-
Ha peakiys THIPUPOBAaHUs MUPHAWHA. [ MIpupoBaHue MUpUANHA TPOBOIIIOCH Oe3 Karta-
JM3aTOpa, CO CKEJIETHBIM KaTalN3aTOPOM M Ha METaJUI-TIOTMMEPHOM KOMIUIEKCE IIPH CHIIC
toka 0.5; 1; 1.5; 2A° mpu temneparype 298, 303, 308 u 313K. Ilo pe3yipraTamMm yCTaHOB-
JIeHa 3aBUCUMOCTh CKOPOCTH THIPUPOBAHUS MUPUANHA B IPUCYTCTBUH OMMETAIIMUECKNX
MOJIMMEPHBIX KOMITJIIEKCOB OT CHUJIbI TOKA.

KiroueBble ci1oBa: OuMeTamInyecKkas CHCTeMa, KaTaJu3aTop, METauI-TIOJIMMEPHBIH
KoMILIeKc, ruapuposanue, -9 M/AK-Ni’-Co’, n-IITM/AK-Ni’-Co°.

Karanutnyeckue cucremMbl, IMMOOWIN30BAHHBIE B T€Jlb, MPEACTABISIOT CO-
00 CeTKH MoJIMMepa, B KOTOPBIX HAXOAUTCS MOTUMEP-METAIUTMYECKUI KOMIIIIEKC
WIM HAaHOYACTHIBI MeTaija, MpoTecTHpoBaHHbIe moiumepoMm [1, 2]. Ilpeumy-
LIECTBOM 3THUX CHCTEM SIBJIAETCS BO3MOXKHOCThH TOJYYEHHS IMOJUMEPHBIX Mare-
pHanoB C 3aJaHHBIMH CBOMCTBAaMM M WX JIETKOW peryiupyeMmocthio. braronmaps
YCTENUITHOMY CHHTE3Y MOJUMEpPHBIX T'HIporeiieil, UyBCTBUTEIbHBIX K U3MEHEHHUIO
pasnuuHbIX (akTopoB BHemHeW cpenbl (pH, TemmepaTypa, MOHHas cuia pac-
TBOpa, TEPMOAMHAMHYECKHE KauecTBa PAaCTBOPUTEISI M €ro COCTaB, CBET, JJEK-
TPUYECKOE W MarHWTHOE TOJS | Jp.), 0c000€e BHUMAaHHE yAEIseTcs CO3AaHUI0 U
pa3paboTke (QYyHKIMOHATIBHBIX MMMOOMIIM30BaHHBIX Karanu3aTopoB [3]. Takue
CHCTEMBl TaKX€ MOTYT CUHMTAThCS I10JIyB3aMMOIPOHUKAIOIIUMH HOJIMMEPHBIMU
ceTkamu. CTPYKTYpHYIO MOZEIb MOCIEeTHEH MOKHO MPEICTAaBUTh KaK MPOCTPaH-
CTBEHHYIO CETKy, BHYTPHM KOTOpPOH HaXOIATCS MaKpPOMOJEKYJbl JHUHEHHOTro
nonuMepa. [loyB3aMONPOHUKAIOIINE CETKH O00JaJaloT XOPOIIUMH (U3IUKO-
MEXaHMUYECKUMHU TOKA3aTeIsIMU, YTO 3HAUYUTEIBHO PACIIMPSIET KPYT UX HMCHOJb-
30BaHuS. B oTiMuMe OT TOMOTEHHBIX KaTajaHu3aTOpOB, TeIbUMMOOMIN30BaHHBIC
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KaTaJgu3aTophl JETKO MOTYT OBITh OT/ENEHBI OT MPOAYKTOB peakuuu. Peakiuns
MIPOTEKAeT He TOJIBKO Ha TTOBEPXHOCTH KaTallM3aTopa, HO U B ero ooveme. Takum
00pazoM, TeIbUMMOOMIN30BaHHbBIE KaTaIU3aTOPHI SIBIISIOTCSI CBOETO POJia TeTepo-
TeHU3UPOBAaHHBIMU TOMOTEHHBIMH KaTalNu3aTOPaMH.

Hactosmast paboTa mocBsiimeHa CHHTE3y HOBBIX OMMETAITMYECKHX ITOJH-
MepHBIX KoMmmutekcoB 1-I M/AK- Ni’-Co” u n-IITM/AK- Ni’-Co’. B kauecTse
TecTa MOAEIBHOM peakuuy Oblia BEIOpaHa peakuusi THAPUPOBAHUS TUPUINHA.

OKCITEPUMEHTAIJIBHAA YACTD

NmMmoOnnm3anuio 9acTUl] METAIIOB B TIOJUIOKKH comomMepoB M-I’ M:AK,
n-III'M:AK ocymectBisimn MeTogoM BoccTtanoBieHusi 0.1 H pacTtBopa cosei
MEPEXOIHBIX METaJIOB HUKEINs M KoOayibTa. BoccTaHOBICHHE MOHOB METAJLIOB
Ni", Co™no Ni’,Co° nposomumu 0.1 u pactBopom runodocdura HATPHS B TPH-
CYTCTBHH aMMHMAdJHOTO PacTBOpa XJIOpHIa cepedpa, MCIOIL3YEeMOTO B KaduecTBE
KaTamu3aropa 1o cieayrorieit cxeme (1-2):

2Co*" + H,PO , + 2H,0 — 2C0o°| + PO, + 6H' (1)
2Ni*" + H,PO , + 2H,0 — 2Ni’| + PO, + 6H" )

Boccranosnenue runohocduToM HATpHsi MPOBOJWIOCH B TEUCHUE 2 U TIPU
KOMHATHOH Temriepatype. [locie momyueHHbI KaTaau3aTop MPOMBIBAIU U BBICY-
LIMBAJIX A0 MOCTOSIHHOM MacChl.

Jins m3yueHus KaTalUTHYECKHUX CBOMCTB MOJMMEP-UMMOOMIM30BaHHbBIX
CUCTEM H—BFM/AK—NiO—COO, n-IITM/AK-Ni’-Co° BBIOpaHa MOJIENbHAS PEaKIUs
THIPUPOBAHMS THUPHIUHA.

I'unpupoBaHre MHUPHIUHA TPOBOJMIOCH 0€3 KaTalu3aTopa, cO CKEJETHBIM
KaTaau3aTopoM M Ha METaJUI-MIOJIMMEPHOM KoMIuiekce npu cuiie Toka 0.5; 1; 1.5;
2 A° npu temneparype 298, 303, 308 u 313K. B kauecTBe karonura HCIOJb-
3yercs 5%-ubiid pactBop NaOH, a anonuta 20%-#sb1i1 pactBop NaOH.

1. IlpoBenenue ruapupoBaHus NHpHIUHA Oe3 katanmuzatopa. [locie BBOIA
pacTBOpOB IIENOYM B KAaTOAHYIO M aHOIHYIO YacTH 33JaloTcsi HEOOXOAMMBIC
yCIIoBHSL OIBITa (TeMIlepaTypa, cuia Toka). Ilo ycTaHOBIEHHIO COOTHOIIEHHS
BBIJICJIUBIINXCS BOJIOPOJIa M KUCIOPOJa B OIOpeTKax cocTaBuUT 2:1, B KaTroJIHOE
MPOCTPAHCTBO SYEHKHM BBOIUTCS HaBecka NupuanHa*. Bo BpeMmsi HachlimeHUs
MUPUAMHA BOJIOPOAOM, COOTHOLICHHE BOAOPOA:KHCcIOpox 2:1 Hapymiaercs, Tak
Kak ra3000pa3HbIid BOJOPOJ pacXoJllyeTcsl Ha THApUpoBaHue mupuauHa. [locie
MOJTHOTO BOCCTAHOBJICHHUS MUPUAMHA HaONIO/aeTCsi COOTHOIIECHHE B OropeTKax
ra3o00pa3HbIX BOAOPOJAa 1 Kuciopona 2:1.

* Yepe3 ompezeneHHbIe TPOMEXYTKH BPEMEHH OJHOBPEMEHHO 3aMEPSIOT BBICOTY CTOIOHMKA
(B MM) BBIZENMBINNXCS BOJOPOJA M KHCIOpPOAA B OIOpETKax OT MIPEIBIAYIIEro 0 CIEAYIOIEro
YPOBHSL.
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2. IlpoBenenune TrUApPUPOBaHMS MUPHIMHA B NPUCYTCTBUU KaTalnu3aTopa
Metaumaeckoro Ni. Karanmzatop BHOCHTCS B KaTOAHYIO YacTh SYEHKH U
HabJIronaeTcs COOTHOIICHHE B OIOpETKax ra3o0o0pas3HBIX BOIOPOAA M KHUCIOPOXA
2:1. 3areM BBOAWTCS PACCYNTAHHOE KOJIHYECTBO MUPHIWHA W IPOBOAMTCS
THAPUPOBAHKE O BHIICYKAa3aHHOMY OIUCAHMIO 1.

3. IlpoBemenue THAPUPOBAHUS NUPHUIAMHA B HPUCYTCTBHU METaJUI-TIOJIH-
MEpHOro KarainuzaTopa. B3pemieHHas u umenpueHHas HaBecka MIIK B TeueHue
30 MHH HachIIIAE€TCSA 3JIEKTPOKATATUTUYECKHM BOJOPOIOM B KaTOJHOW YacCTH
STYEWKH 10 YCTaHOBJICHMsI cOoOoTHOIEeHHA 2:1 oObema BbinenuBinxcsa Hp, u O, B
Oroperkax. [lanee B kaTo1HOE MPOCTPAHCTBO SIYEHKN BBOAMIN HaBECKy cyOcTpara
(mupununa). Kaxneie 2 MUH OoTMedanu OOBEMBI BBIICTUBIIETOCS BOAOPOJA U
kucaopoa. ['uapupoBanue mpoBOIMIM JO IPEKPAIEHUS OMJIOMIEHUS BOJIOPOIA.

Ilo xomuuecTBy MOIJIOIIEHHOTO BOAOPOAA ONPEAESUIM CKOPOCTh BOCCTa-
HoByieHUs (W) 1 KO3 PHUIMEHT MCTIONB30BaHUS BOIOPO/IA.

AHanu3 TPOAYKTOB pEaKkIUH TUAPUPOBAHUS BBINONHSIM Ha Ta30BOM
xpomarorpade Agilent 7890A ¢ mMacc-cenexTuBHBIM neTexkTopoM Agilent 5975C.
[TomydeHHbIe TPOAYKTHI HAa KAaTOJNWTE 3KCTPArHpOBAl AMSTHIIOBBIM 3(UPOM B
cooTHomeHuu 1:1.

PE3VJIbTATBI 1 OBCYXJEHUE

XUMHA KOHACHCHPOBAHHBIX MPOMU3BOAHBIX MUPUAMHA C Y3JIOBBIM aTOMOM
a30Ta IpeAcTaBisieT cob0il aKTHBHO Pa3BUBAIONIYIOCS 001aCcTh HAYKH O CHHTE3E,
CTPOCHHH U CBOICTBAX IreTEPOIMKINYECKIX COEIMHEHNH. JTO CBA3aHO C TEM, UTO
JaHHBIC BeIIECTBa 00JamaroT OOJBIIMM CIIEKTPOM IOJIE3HBIX CBOMCTB. OHHU
TIPOSIBISIIOT Pa3IMYHBIC BHUIBI OMOJOTHYECKOW aKTHBHOCTH [4], WCTIOIB3YIOTCS
JUT M3TOTOBJIEHUS 3JIEKTPOJIIOMUHECIIEHTHBIX yCTpoiicTB [5]. B cBoro ouepens,
BbIOOp crmoco®a TUAPUPOBAHUS OOYCIIOBIIEH HE TOJNBKO BO3MOXKHOCTBIO T'€HE-
PHPOBaHUS BOAOPOJA B MPOLECCE IEKTPOIIN3a, HO U BIMSHUEM DJICKTPUYECKOTO
TOKa Ha aKTUBAIIMIO UCXOMHBIX MPOAyKTOB peakiuu u MIIK [6].

Boccranosnenne Ni?, Co™ B o0beMe nonuMepHoii Marpuis! -9 M/AK, n-
[II'M/AK ocymiecTBnsieTcss B HECKOJIBKO CTaaui (pUCYHOK 1):

SV COOH (NiC1, CoCly) ~

o COOH o GO0

BoccTaHoenTess (NaH, PO, ).
Katamzatop ( [Ag(NH,),|Cl

PucyHok 1 — IIpuHIMIHANBHAS CXeMa MOJIyYeHHUs METaII-IOJIMMEPHOT0 KOMILIEKCa
(dpopmupoBarne HPY B monmmmepe)
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— BHEJIpEHHE B IOJIMMEPHYI0 MaTpuiy HoHoB NiZ, Co';

— mudQy3ust peareHTOB BHYTPH MOJTUMEPHON MaTpPUIIBI;

— peakumsi MEeKAY XJIOpUAAaMHU HUKEIs, KoOanbTa U TUNoQochUTOM HATPHs,
IIpoTeKaroIas ¢ 00pa3oBaHUEM HAHOPA3MEPHBIX YaCTHUL] METAJUIOB.

Hamee ruapupoBaHWe NHPUAWHA TPOBEACHO TMPH YCIOBUAX [=1-2A,
T=298K. KpuBbie 3aBucUMOCTH 00BEMa MOTIOMEHHOTO BOAOPOJA OT BPEMEHH
MIpUBEICHBI HI)KE HA pUCYHKax 2 (a, b, ¢ u d).

60 T T T T T T 80 T T T T T T

6e3 kat a 70 b
504 ——Ni ) )
—— n-NMM:AK-Ni-Co 60 1
409 ——np- -AK-Ni-
n-OrM:AK-Ni-Co 504 ]
c =
= 304 - =404 B
>
304 1
20
20 1
104 F
10 4
0 T T T T T T 0 T T T T T T
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
t, MUH t, MUH
90 T T T T T T 80 T T T T T T
80 c] 70 d 1

704 1
60 4

= 50
= 4
> 40 4>
30+ oo 4 )
204 ]
10 4 b
0 T T T T T T T T T
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140

t, MUH t, MUH

PucyHok 2 — KpuBble 3aBUCHMOCTH 00beMa TIOTJIOIEHHOTO BOAOPO/ia OT BpeMEHHI
HpH pa3HBIX Katanusaropax, [=0.5A (a); [=1A (b); I=1.5A (c); [=2A (d), T=298K

Crnenyer OTMETHTH, YTO JIaHHBIE MPOIECCH MPH HCIOJL30BAHUN KaTalu-
3atopa n-IITM/AK-Ni’-Co’ mpu [=1-2A mpoTekaiorT ¢ Golee HH3KHM IOLNO-
LIEHUEM BOJOPOJA, YEM IPU MCIOJIb30BAHUM KaTallu3aTopa H—SFM/AK—NiO—COO,
COOTBETCTBEHHO CTETEHb MpEeBpaIleHus MHpPUANHA MeHbIle (Tabmmua 1). bomee
BbICOKas 3((EKTUBHOCTD KaTaJU3aTOPHOIO KOMIUIeKca Ha ocHoBe NM-OI'M/AK-
Ni’-Co” moxer 6bITh 060CHOBaHA Goyiee BBICOKOH CTENEHBIO HAOYXaHHS |
BCJIEICTBHE 3TOTO 00JIee BRICOKOW AVCTIEPCHOCTHIO KaTalnN3aTopa.

Xpomarorpaduueckuit ananus (Tabnuna 1) mokasspiBaeT, YTO MOMUMO THIIC-
pUIMHA B KaTOJMTE IOC]E THAPUPOBAaHUS B HEOOJBIIMX KOJNMYECTBAX HPHUCYT-
CTBYET BTOPHYHBIH NPOIYKT - TeTparuaponupuaud. Takxe B Tabmuue 1 mpuse-
JICHbI OCHOBHBIE PE3YJIBbTaThl JICKTPOKATANUTHUECKOTO THIPUPOBAHHS TMPUAHHA
TIpH pa3HbIX cuiax Toka u T= 298K
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Tabmuma 1 — Pe3yspTaTsl 2JIEKTPOKATATUTHYECKOTO THIPUPOBAHNUS THPHINHA
IIPU Pa3HBIX CHJIaX TOKa

Cuna | /[aB- O0BeM mo- Jnurens- Brixon Bropuu-
Karamusatop TOKa, | JICHWE, | TIJIOMEHHOTO HOCTh | IPOJYKTa — HBIC
A MM BOZIOpPOJA rnpouecca, | MUNEpU- | MPOIYKTHI,
pT. cT. | (Viorm Ha), MiT MHH nuHa, % %
0.5 752 5.6 40 5.12 -
Bes kar-pa 1 754 8.7 20 6.30 -
1.5 754 9.1 30 8.54 -
2 762 8.1 28 7.93 -
0.5 761 22.1 60 9.66 -
Crenormsti Ni 1 765 22.9 44 13.85 0.4
1.5 760 243 40 16.85 0.8
2 760 23.4 40 15.48 1.1
0.5 772 58.7 120 72.43 5
SM/AK-NI-Co? 1 780 68.9 82 82.71 43
1.5 772 76.7 66 88.21 3.5
2 772 67.2 54 86.47 8
0.5 775 593 120 61.24 53
IEM/AKN-Co’ 1 760 61.5 86 64.89 5.1
1.5 767 68.7 78 69.21 4.2
2 760 69.9 72 66.93 9.2

BrIsiBIIeHO, 4TO B MPUCYTCTBUN OMMETAILTHYECKUX KOMITIekcoB m-OI M/AK-
Ni’-Co° u n-Ir'M/AK-Ni’-Co’ mpu 1 A cocob6ctBano nornamniernto ~70 u 60 M
BOZIOPOZIa, COOTBETCTBEHHO, YTO MOYTH B ~3 pasa BhIIIE, YeM B MPUCYTCTBUU
CKeJIeTHOro Karanu3aropa Ni u B 7 pa3 BbIIIe B OTCyTCTBHE KaTtanu3aTopa. MIIK
(Me*") 1-DI'M/AK-Ni-Co u n-IITM/AK-Ni-Co BBINONHSIOT ABOSIKYIO POJb:
OJTHOBPEMEHHO YCKOPSIOT pa3ioxeHne runodochura W B NalbHEUIIEM HAHO-
KOMITO3HUT YCKOPSIET BOCCTAHOBJICHNE MTUPUANHA 0 TUIIEPUANHA.

U3 uccneayeMbIx CHCTeM GuMerauueckuii kommieke n-I'M/AK-Ni’-Co’
MPOSIBIIT HAMOOJIBIIYI0 aKTUBHOCTH MPH BOCCTAHOBJICHWH NMUPHUINHA B HHTEPBAJIC
3HaYeHUH 00beMa MOMIOIMEeHHOTO BOJ0poaa (Vo Hy) ot 58.7-76.7 mi. Beixon
MUATICPUINHA 110 BEIIECTBY COCTaBMI ~ 72-88 %.

HanbHelne wuccieaoBaHus ObUTM HaNpaBieHbl HAa HM3y4YCHUE BIUSHUS
IDIOTHOCTH TOKa Ha CKOPOCTH JIIEKTPOKATATMTUYECKOTO THIPHUPOBAHUS MUPH-
muHa. Psag mccnemoBateneit [5] mokasand, 94TO C yBEIMYCHHWEM IUIOTHOCTH TOKa
CKOPOCTh 3JIEKTPOXMMHYECKOTO BOCCTAHOBJIEHHUS psila OPTaHMYECKHUX COEIH-
HEHUIl MuHeWHo pacter. Kak WM3BEeCTHO, IPHU MPOBEACHUU JIIEKTPOJIH3a B Tallb-
BaHOCTATHYECKOM DEXHME BpeMs Tporiecca OOpaTHO MPOMOPLHHUOHAIHHO CHIIE
Toka. [loaTOoMy, yBeNIWYHMB CHIy TOKa, MOXHO YMEHBUIMTH BpPEMS JJIEKTPO-
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cuHTe3a. BMecTe ¢ TeM, H3MEHEHHE CHJIBI TOKa MOXET CHHXKATh BBIXOJ[ IIEJIEBhIX
MPOAYKTOB 32 CYET MpPOTEKaHHs MOOOYHBIX mpoueccoB [6]. C menpio uccieno-
BaHUsI BO3MOXXHOCTU CEJICKTHBHOTO BOCCTAHOBJICHHS NHUPHIMHA OBUIM BBITIOJN-
HEHBI KCIIEPUMEHTHI 110 JJIEKTPOKATATUTHYECKOMY THIPUPOBAHUIO MPU PA3HBIX
cmnax Toka 0.5-3A, B TPHCYTCTBHU HCCICAYEMBIX OMMETALINYCCKUX KOMII-
nexcoB m-DIM/AK-Ni’-Co” u n-II'M/AK-Ni’-Co’. Pe3ynsraThl ONmBITOB mpH-
BeJICHBI B Ta0uIe 2.

Tabmuna 2 — BiusiHue cHIIBI TOKA Ha BEIXOA HeneBoro npoaykra (%) npu temnepatype 298 K

JlaBnenue, Bpewms, Boixon npoaykra — Bropuunsie
MM PT. CT. MUH MUIepuInHa, % MPOIYKTHI, %o

oo | S| S| 3|8 8| 5|3
frl Eoeidl - - I - - I A A
% 4 > N7 > 7 4 7 4

T I T = T = = < | 2|z

= = p= = = = = =

= —~ = —~ = I~ = [~

| E | & | & 3 = o | g

= = = = = = = =

0,5 11 772 775 120 120 72.43 61.24 5 5.3
1 21 780 760 82 86 82.71 64.89 43 5.1
1.5 32 772 767 66 78 88.21 69.21 3.5 42
2 42 772 760 54 72 86.47 66.93 8 9.2

Kak BUIHO M3 MaHHBIX TaOJHWIBI 2, YBeIWYeHUE CHIIbI Toka ¢ 0.5 (mpu mio-
maau xaroxa 0.048 21M2) 10 2A YMEHBITIIIO BBIXOJ KOHEYHOTO MPOIYKTa — ITH-
MepUIMHA, YTO HE I03BOJIIET HCIOJIb30BaTh YBEIMUYEHHE IUIOTHOCTH TOKA IS
COKpaIllCHUS MPOIOJKUTEIFHOCTA CUHTE3A.

Janee ObUTH MPOBENIEHBI UCCIIEAOBAHUS TIOKA3aTeNsl CKOPOCTH PEaKIu MpU
WCTIONIb30BaHUH MOJYYEHHBIX OMMETaNTMIeCKNX KaTaM3aTOPOB B CPAaBHEHUH CO
CKEJICTHBIM KaTaau3aTopoM (pUCYHOK 3), mpu ycnoBusx omeita: I=1 A, T=303K.
Kak BHIHO M3 KPUBOH 3aBHCMMOCTH CKOpocTH ('), pPeakuuM TUIPUPOBAHUS
NUpHUIMHA B THINEPUIUH OT BpeMeHH (t) mMmeeT 3 ydacTKa, aHAJIOTUYHBIE IS
o0eux HUCCieqyeMbIX OMMETAITMYECKUX cucteM. Ha mepBoi craguu BOAOpOJ
MHTEHCHBHO TIOTJIONIAETCS, CJIEAOBATENbHO, OCHOBHAS YacTh NMUPHAWHA THIPH-
pyeTcst Ha HauaJlbHOM JTalle Tpoliecca, Ha BTOPOM y4acTKe KpUBOW HaOromaeTcs
CHIDKEHUE CKOPOCTH THAPUPOBAHUs, OOYCIOBJICHHOW W3PAacXOJIOBAHUEM YaCTH
MMPHUJINHA, TTOBEPTIIEToCs THAPUPOBAHUIO Ha MepBoil craguu. Ha 3aBepimaro-
IeM ydYacTKe CKOPOCTh pPEaKIUH OCTAETCS TMOYTH HEM3MEHHOH, YTO SBISAETCS
JI0Ka3aTeIbCTBOM 3aBEPIIECHUS HCCIEAyEMOI0 HaMH1 IIpolecca.

AKTHBHOCTh OmMeramiecknx katanmuzatopos n-(OI'M)III'M/AK-Ni-Co B
TUAPUPOBAHUH MMHPUANHA HA TOPSIOK BBIMIE, YeM CKEIIETHBIN HUKelb. CKOPOCTh
TUAPUPOBAHUS THUPHUIIMHA JUIS JAHHBIX CHCTEM YBEIMYMBACTCA TOCTEICHHO H
JOCTUTaeT MaKCHUMAJbHOTO 3HAYCHHs uepe3 ~6-9 MUH MMocie Havaia peakiui, a
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Pucynok 3 — CKkopocTh TUAPHPOBAHKS HAa Pa3HBIX KaTAIU3aTOPaX
u 663 KaTaJim3aTopa Ipu yCIOBUAX!
I=1A, T=303K (a); I=1A, T=35°C (b); I=1,5A, T=30°C (c); I=1,5A, T=35°C (d)

3aTeM pe3Ko manaer. B 3To BpeMs, coriacHO XpoMarorpad@uieckoMy aHau3y, B
PEaKIMOHHOW cpelle HAOIIONAETCsS HAKOIUICHWE OCHOBHOTO MPOJYKTa MUIEPH-
muHa ot 30 1o 40%. B ornmuune oT mporeccos, MpoTekarmmx 0e3 KaTtaiu3aropa
U CO CKEJIETHBIM HHKENIeM, B MPUCYTCTBUM OUMETAIITMUECKHX CHCTEM THAPHPO-
BaHHE MMPOXOJUT OoJiee MHTEHCUBHO. B cpaBHeHNH OMMeTaluTMIecKast CUcTeMa Ii-
OI'M/AK-Ni-Co okazamachk 3HaumTenbHO akTuBHEHW, uyem m-III'M/AK-Ni-Co
(Tabmuma 3).

Takum o00pa3zom, OBUTO YCTAHOBIIEHO, YTO IOJyYEHHBIC OMMETAJUTMYECKUE
cuctembl M-I M)IIT'M/AK-Ni-Co mposBISIOT KaTAIMTHYECKYIO aKTHBHOCTh
IpU TUAPUPOBAHUM THpHAWHA. Tak Kak W3 TaOiIMLBl 3 MOXHO yBHIETb, YTO
CKOPOCTh PEaKIHH C MCIOIb30BAHUEM OUMETATITMUSCKIX CUCTEM YBEIHMUUBACTCS
B ~5-6 pa3 B CpaBHEHHU CO CKEJETHBIM HUKeneM, u B ~10-11 pa3 Beie, yem 6e3
KaTaJn3aTopa, M COOTBETCTBEHHO CEJIEKTUBHOCTb MO NHIEPUIAMHY BHIIIE B
~3-4 paza. AHaIM3bI MOJYYCHHBIX PE3YJIbTATOB THAPUPOBAHUS MOITBEPIKIAIOT,
YTO ONTHMAJIBLHBIMHU TTOKA3aTEISIMHU SBJISIOTCS cmia Toka B 1.5 A m 308K nHa
oumerammueckoM karanuzarope -1 M/AK-Ni-Co (0.4% Ni-Co), Ha KOTOpOM
CKOPOCTh PEAKIIUU U CENIEKTUBHOCTD TI0 THIIEPUIMHY MaKCUMAJIbHBIC.
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Tabnuua 3 — Pe3ynbTaThl THAPHPOBAHKS THPUANHA
Ha CKEJICTHBIX M OMMETaJUNTMYeCKUX KaTanu3aTopax U 0e3 KaTanusaropa

t, | Cuma | Jas- CocraB katonnTa,% CkopocTb
Karamu3zarop K | Toxka, | neHne | TUpH- | TIAIIC- BTOPHIHBIC | peakiun 3 10'6,

A IUH | PUAMH | TIPOIYKTHI MOJEVI-C
1 | 762 [ 918 | 82 - 0.1
303 764 | 90.1 | 9.9 _ 0.2
bes kat-pa 1> i i i
308 L[| 751 [ 906 [ 94 - 0.2
15 | 755 | 88.8 | 11.2 - 0.2
303 |_L_| 758 [80.9 [ 19.1 - 03
5 15 | 758 | 77.7 | 223 12 05
Crenerhbiii Huke, 308 |_L_| 763 [ 793 [ 207 1.1 03
1.5 | 760 | 75.8 | 243 1.5 0.6
303 L_L_| 776 [ 11 | 8482 42 1.8
0 0 15 | 767 | 93 | 86.78 39 3.1
n-OTM/AK-Ni™-Co 308 || 768 | 5.6 | 8732 51 22
15 | 767 | 58 | 89.7 45 33
303 |_L_| 775 [ 255 | 6826 6.2 1.7
0 o 1.5 | 771 | 20.7 | 74.82 4.5 2.4
n-IIIM/AK-Ni™-Co 308 || 752 [ 155 [ 79.11 5.4 15
15 | 752 | 12.8 | 79.15 8.1 3.1

BbIBoabl. Bumeranueckue momMepHsie kommiekcst -9 M/AK- Ni’-Co’
u n-IITM/AK- Ni’-Co’ 6bumn  ampoGupoBaHEI B 3NEKTPOKATATHTHYECKOM
THAPUPOBAHUU MHUPHIMHA. YCTAaHOBICHO, YTO IPU HCIIOJIB30BAaHUN OMMETAJIIH-
YECKHX KOMIUIEKCOB B 3JICKTPOKATAIUTHYECKOM THIAPUPOBAHUHN MTUPHUINHA BBIXOJT
mpoayKTa yBenuumics. [loriomenre BoJopoaa B MpoIecce THAPHUPOBAHUS MPU
HCTIOJIb30BaHUN OMMETAJUINYECKUX KOMIUIEKCOB B CPaBHEHUM C THIPHPOBAHHEM
nupuarHa Oe3 Kataau3aTropa BO3pocio Oojiee yeM B 7 pa3, a B CPaBHEHHH CO
CKEJIETHBIM KaTali3atopoM Ooiiee yeM B 3 paza. [To pesynpTaram uccienoBaHui
TaKKe YCTaHOBJIEHA 3aBUCHUMOCTb CKOPOCTH THAPUPOBAHUS NHUPHAMHA B TIPH-
CYTCTBHH OMMETAJUIMYECKHUX MOJIMMEPHBIX KOMILIEKCOB OT CHIIbl ToKa. C yBemu-
YEHHUEM I0JIA4M CHJIBI TOKa CKOPOCTh THIPHPOBAHHS HCCIETyEMOTO MUPUIHHA
YBEJUYMBACTCS. Y CTAHOBJICHO, YTO MPH MOBBINIEHUHM CHIBI TOKa a0 1.5 A cko-
POCTh THAPUPOBAHUS, BBIXOJ NPONYKTa W YBEIMYMBAIOTCS, a BpeMs CHHTE3a
COKparmraercs, Ho JajibHelIee MOBbIIEHNe CHIIBI ToKa Ooinee ueM 1.5 A mpuBo-
JUT K YMEHBIIICHHUIO KOJMYECTBA MOTJIOMEHHOTO BOJIOPO/ia U BBIXOAY MPOIYKTa, a
TaKkKe YBEJIMUCHHUIO MOOOYHBIX MPOIYKTOB peakuy Al 000MX KaTalu3aTOPOB II-
BI'M/AK- Ni’-Co’, n-TITM/AK- Ni’-Co’.
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Pe3iome

M. JK. Bypkees, T. O. Xamumosa, A. K. Capcenbexosa,
. Xaenuuex, E. M. Tasxcoaes, JK. K. Umanberosa, A. H. Borambaii

[I-DT'M/AK-Ni’-Co’, n-ITT'M/AK-Ni’-Co® METAJUI-TIOJIMUMEPJII
KOMIUIEKCTEPIHIH KATAJINTUKAJIBIK KACUETTEPIH 3EPTTEY

KaranuTukaiblK THAPIICY XUMUSITBIK OHEPKICINTE €H MaHBI3IbI MPOIECCTEeP iy Oipi
6outbin TaObUTaBl. MeTamn noauMepii KemeHaep KaTaTUTHKAIBIK OeJICeHILTIKTI, TypaK-
TBUTBIKTHI J)KOHE COHBIMEH KOCA OPEKETTETi TaHJaMaJIbIKThI Tanam eteni. [lommmep iy 6er-
TiK Ka0aThl PeaKIMSIIBIK OPTAIBIKICH OPEKETTECYiH JKOFapiiaTajibl, HOTIKECIHAE Kara-
JMU3aTOPIBIH OOJIIEKTePiHiH eNmeMi HaHOMETpPIIKKe IeHiH TOMEHACHII, OCBIFaH ColKec
Katamm3aiH 3(QQeKTUBTLIIr onaeKaiga >KOFapiIaiasl KOHE TENbIi MaTpHia OeImexTi
KOAryJsIsIIaH JKOHE TOTBIFYIaH cakraiimbl. COHABIKTaH Kasipri 3amMaHga OeICEeHITIK
JKOHE CCJICKTUBTIIIK KACHETIHE UC JKaHA KaTAIMTHKAIIBIK KYHEHI COHBIH iIIIHAC HAaHOKa-
TaJIM3aTOPJIAPAbl aay MaHBI3AbI 00BN TaObLIambl. OCBI KYMBICTBIH MaKCaThl METasLI-
nomumepri  kommnekerepain m-ITM/AK-Ni’-Co®, n-IITM/AK-Ni’-Co’ KaTaauTHKaIbIK
KacHETTEpiH 3epTTey OOJIbIN TaObUIabl. 3epTTEYNEPAl KYPri3y YIIiH MOJEIB/IIK PeaKIus
pETiHIIe MUPUIUH/I THAPICY TaHJAIAbL. [IUPUIUHIII TUAPIICY KaTaau3aTOPChi3, KAHKAJIBI
KaTaJIu3aTop JKOHE MeTalI-IIouMepiti komrureke Karbichiaaa 298 K, 303 K, 308 K sxone
313 K temneparypana, Tok kepcerkimi 0,5; 1; 1,5; 2A-nma xyprizingi. 3epTrey HOTHXKE-
nepi GoifpIHIITa OMMETaABIK MOJIUMEPITi KOMIUIEKCTEPIiH KaThIChIHAA KYPTi3UIreH Mupu-
TUHITI TUAPIIEY KBUIIaMABIFBIHBIH TOKKA KATBICTHI TOYEIIUTIT] aHBIKTAI b

Tyiin ce3gep: OmMeTanmblK JKyile, KaTaam3aTop, METaJUI-TIOJMMEpPIi KOMILIEKC,
rugprey, 1-9IM/AK-Ni’-Co’, n-ITT'M/AK-Ni’-Co’.
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Summary

M. J. Burkeev, T.O. Khamitova, A. J. Sarsenbekova,
D. Havlichek, E. M. Tajbaev, J. K. Imanbekova, A. N. Bolatbay

STUDY OF CATALYTIC PROPERTIES OF
p-EGM/AC-Ni’-Co’, p-PGM/AC-Ni’-Co’
METAL-POLYMER COMPLEXES

Catalytic hydrogenation is one of the most important processes used in chemical
industry. Metal-polymeric complexes demonstrate the high level of catalytic activity,
stability and selectiveness of effect. Reducing of catalyst particles up to nanometric
dimensions lets us to broaden polymer surface contacting with reaction medium and to
increase effectiveness of catalysis in several times, and gel matrix preserve particles
against of coagulation and oxidation. So, at the present day the search of new catalytic
systems, particularly nanocatalysts characterized with high degree of activity and
selectivity is the relevant task. The aim of theis work is the investigated the catalytic
properties of metal-polymer complexes of p-EGM/AK-Ni’-Co’, p-PGM/AK- Ni’-Co’. In
our investigation a hydrogenation reaction of pyridine was chosen as a model reaction.
Hydrogenation of pyridine was carried out without a catalyst, with a skeleton catalyst and
on a metal-polymer complex at current strengths of 0.5; 1; 1.5; 2A at temperatures of
298K, 303K, 308K and 313K. Based on the results was established the dependence of the
rate of hydrogenation of pyridine in the presence of bimetallic polymer complexes on the
strength of current.

Keywords: dimensions system, catalyst, metal-polymer complex, hydrogenation,
p-EGM/AK- Ni’-Co°, p-PGM/AK- Ni’-Co’.
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PROCESSING OF RICE WASTES INTO ACTIVATED CARBON

Abstract. A method for processing of rice wastes (husk, straw) into activated carbon
was proposed. The thermolysis of raw material and the activation of carbonizate were
carried out at 500°C and 800°C temperatures respectively. The properties of obtained acti-
vated carbon are determined by standard methods. The porous structure of obtained
carbon have been studied under scanned electronic microscope. According to the results
of experimental studies, activated charcoal obtained from rice husks corresponds to the
WAC brand, activated charcoal obtained from rice straw corresponds to BAU-A grade.
The research will allow rational use of agricultural waste in order to obtain useful
secondary adsorbent products intended for adsorption and liquid media.

Keywords: carbonization, rice husk and straw, activating of carbonizate, sorbent,
activated carbon.

Introduction. Rice is one of the most important food products of agriculture
in the world. Currently, world production of rice is more than 485 million tons per
year. According to Kazagromarketing JSC in the Republic of Kazakhstan, rice-
growing regions are Kyzylorda, Almaty and Turkestan regions. Kyzylorda region
is the leading rice growing region of the country (more than 85% of the crop).

At harvesting and industrial processing of rice, waste in the form of husks
(up to 20% of mass) and straw (up to 50% of mass) are formed in a large number.
To date, the utilization of straw and husk is, in fact, the main problem of rice. The
main amount of rice husk and straw is burned, which leads to a deterioration of
the ecological situation. Joint solution of ecological and technological problems —
utilization of rice husk and straw, as well as production of demanded solid pro-
ducts is actual today.

In the literature there are works on the thermal processing of rice husk and
the production of phenol-containing products from it [1, 2].

In given work using of rice husks and straws to obtain a wide-using adsor-
bent — activated carbon is offered. Activated carbon is obtained from various
carbon-containing materials of organic origin: charcoal (BAU, DAK, etc.) [3],
coal coke (activated carbon brand AG, AR, etc.) [4], petroleum coke, coconut
shells, fruit pits, agricultural waste, paper production waste, garbage, sewage
sludge, worn rubber tires, synthetic polymer waste, etc. [5-10].

The use of agricultural waste to produce activated carbon is of environmental
importance, because The use of wood as raw material is excluded, which in turn
excludes deforestation, as well as rational use of agricultural waste. Methods are
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known for producing activated carbon from barley wastes by pre-drying in hot air
and performing one-step carbonization at 290-320°C for 7-15 minutes in a
cylindrical reactor [11], and also producing activated carbon from rapeseed straw,
including carbonization in an inert nitrogen atmosphere at a temperature of 450-
500°C and activation by steam at a temperature of 820-850°C [12].

There are works on obtaining highly porous active coal from rice husk,
which has a selective sorption activity on lead ions [13-14]. In work [15] it is
reported that the co-processing of rice husks with polytetrafluoroethylene shows a
high porous structure.

EXPERIMENT

Carbonization of rice husk and straw was carried out in a tubular furnace
made of stainless steel with a height of 250 mm and an inner diameter of 25 mm
at a temperature of 500°C and activation of carbonate with steam at a temperature
of 800°C.

The surface of the obtained active coals was taken with a scanning electron
microscope JSM-6510 LV from JEOL (Japan).

Properties of the obtained active coals: iodine adsorption activity, total water
pore volume, mass fraction of moisture, bulk density were determined by the
known method [3,16-18].

RESULTS AND DISCUSSION

10 mm of raw material is placed in a tube furnace made of stainless steel
with a height of 250 mm and an internal diameter of 25 mm, sealed and carbo-
nized at a rate of 10°C per minute rise to 500°C and kept at this temperature for
100 minutes. The yield of carbonizate in the processing of husk and straw is 44%
and 37%, respectively. Then, from the bottom of the tube furnace, a vessel is
connected to supply water vapor at a rate of 2:1 per weight of carbonizate. The
activation is carried out at a temperature of 800°C, the yield of activated carbon is
27% and 29%, based on the weight of the husk and straw taken, respectively.

Microphotographs of active coals (500 fold magnification) are shown in
figures 1 and 2, in the figures can be seen the developed porous structure of the
obtained sorbents.

The properties of the active carbons obtained are determined by the follo-
wing methods: iodine adsorption activity by the titrimetric method, the total pore
volume by water by pouring with water and removing excess water from the sur-
face of the sample under study by suction, the mass fraction of moisture by drying
the sample to constant weight, bulk density by weight method. The data are given
in the table.

According to the results of the research, activated charcoal obtained from
rice husk corresponds to WAC activated charcoal, activated charcoal obtained
from rice straw corresponds to BAU-A grade, which are intended for adsorption
from liquid media [3].
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Figure 2 — Photomicrograph of activated carbon obtained from rice straw
Properties of activated carbons obtained from rice husk and straw
Activated | Adsorption activity | Total pore volume | Moisture volume Bulk density,
carbon by iodine,% in water, cm3/g fraction, % g/dm3
Husk 51 1.57 3.6 236.1
straw 64 1.63 3.6 181.3
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Conclusions. Thus, active coals were obtained from rice husk and straw. The
properties of the products obtained are determined. According to certain pro-
perties, the sorbents obtained can replace wood activated charcoal, which makes it
possible to rationally dispose of agricultural waste, reduce deforestation, and
produce value-added products
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KYPIII KAJIABIKTAPBIH BEJICEH/IPUII'EH KOMIPTE OHIAEY

Kypim kanaslkTapsid (Kaybi3, cabaH) OCICCHIIPUITeH KOMIpre OHICY TICUTI YChIHBI-
nanapl. [1ukizaTTeiH TepMOTU3i MeH KapOoHu3aTThl Oencenaipy 500 xone 800°C temmepa-
Typajapjaa >Kypri3ingi. AJblHFaH OeNCeHIIpUIreH KOMIpJiH KacHeTTepi CTaHIapTThI
o/liCTepMEH aHBIKTAIABI. AJIBIHFaH OCJICeHIIpUITeH KOMIp/IiH KeyeKTi KYPhUIBIMBI CKaHEp-
JIeyIi 3JIEKTPOH/IBI MUKPOCKOIT apKbLIbI 3epTTeiii. JKypri3iireH Toxipnoemik 3eprreyiep
HOTIDKeCi OOMBIHINA KYPIll KaybI3bIHAH allbIHFaH Oencenipinrex kemip JJAK mapkackiHa,
an Kypim cabaHbIHAH anbIHFaH OenceHaipinrer koMip BAY-A MapkacbiHa colikec Kenemi.
JKyprizinren 3eprreynep HOTHXKeNepi CYHBIK OpTaJaH aJcopOuusIIayFa apHAIFaH aJcop-
OCHTTEp aJly MaKCaThlH/a aybUIIAPyallbUIbIK KaJIbIKTAPBIH TIMJI NalifaiaHyFa Ko
allapl.

Tyiiin ce3nep: kapOoHM3alMs, KYpIlll KaybI3bl MEeH cabaHbl, KApOOHU3ATTHI OEJICEH-
Zipy, COPOCHT, OCIICECHTIPUITeH KOMip.
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ITEPEPABOTKA OTXOJIOB PUCA B AKTUBUPOBAHHBII YT'OJIb

[Ipennaraercst crioco6 mepepabOTKH OTXOAOB puca (1lesiyxa, cojIoMa) B aKTUBHPO-
BaHHBIN yrojib. T€pMOIN3 CHIpbS M aKTUBAIMIO KapOOHW3aTa MPOBOIWIN TPU TEMIIepa-
typax 500 u 800°C, coorBercTBeHHO. CBOMCTBA MOJTYYSCHHOTO AKTHBHUPOBAHHOTO YTJIS
OTpeJIeNICHbl CTaHJAPTHBIMU MeTojamu. [lopucTas CTpyKTypa MOIYYEHHOTO aKTHBHPO-
BAHHOTO YT MCCIEOBaHA CKAHUPYIOIIMM SJIEKTPOHHBIM MHUKpocokornoMm. ITo pesyb-
TaTaM SKCICPUMEHTAIBHBIX HCCICIOBAaHHUN, aKTHBHUPOBAHHBIA YTOJb, MMONyYCHHBIH W3
pHUCOBOI1 MIeTyXH, cOOTBETCTBYeT Mapku JIAK, akTHBHpOBAaHHBIN yroJib, OJyYEHHBIN U3
pHUCcOBOI col0MBI, cOOTBETCTBYET Mapku BAY-A. [IpoBeneHHbIe Hccaeq0BaHUs TO3BOJIST
PAIFOHAIEHO HCIONB30BATh CENbCKOXO3IHCTBEHHBIE OTXOIBI C IEThI0 MOJTYYCHHUS II0-
JIE3HBIX BTOPHYHBIX MPOAYKTOB — aJCOPOEHTOB, MpeJHAa3HAYCHHBIX IS aJcopOounu u3
KHUIKHUX CPEl.

KuloueBble ciioBa: kapOOHU3aIMs, PUCOBas IIeNyXa U COJIOMa, aKTHUBAIUS KapOo-
HU3aTa, COPOCHT, aKTUBUPOBAHHBIN YTOJIb.
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B. K. KACEHOB', I1I. 5. KACEHOBA', JK. U. CATUHTAEBA’,
E. E. KVAHBIIIIBEKOB', M. O. TYPTYBEAEBA®
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2HaBJIOJ:[apCKI/Iﬁ rocyaapcTBeHHbIH yHuBepcuteT uM. C. Topaifrsiposa,
[MaBnonap, Pecnybnmka Kazaxcran

PEHTTEHOI'PA®UYECKOE UCCJIEJOBAHUE
HAHOPA3MEPHBIX
KOBAJIBTOHUKEJIUTO)-KYIIPATO-MAHI'AHUTOB

AnHotanusi. TeepaodasueiM B3aumozericteueMm B untepBaie 400-1200 °C u3 ok-
cunoB nantana (III), kobansra (II), Hukens (II), meau (II), mapranua (III) u xapOonara
Oapusi CHHTE3MpOBaHbI KoOaidbTo-Kymnparo-maHraHnut LaBaCoCuMnOg u HuUKenuTo-
kynparto-mManranutT LaBaNiCuMnQOg, 1 W3MenbUainch 10 MOJYyYCHHUsS PAaBHOBECHBIX (a3
HaHOPA3MEPHBIX (HAHOKIACTEPHBIX) YACTHIl, KPUCTAJUIU3YIOMNXCS B KyOMUECKOH CHHTO-
HUH, YTO YCTAHOBJICHO C IIOMOLIBIO HHANLIUPOBAHMUS.

KnaioueBble cioBa: Ko0ambTO-KyNpaTo-MaHTaHHUT, HHUKEIUTO-KYIPAaTO-MaHTaHMT,
CHHTE3, HAHOPa3MEPHBIE YaCTHUIIbI, PEHTTEHOTpa(Hs.

B Hacrosmiee BpeMs coenuHEHHs, oOpasylommecs W3 OKCHIOB IEpexo/l-
HBIX (3d- u 4f-) ¥ MeI0YHO3eMEeIbHBIX JJIEMEHTOB, CIIEKTP MPAaKTUYECKOTO HC-
MI0JIb30BAaHUSI KOTOPBIX HEMPEPBIBHO PacIIMpPSETCs, JOCTATOYHO MIMPOKO HCCIIe-
nyrorea. MHTEepec y4eHbIX K TMOJOOHBIM COCOMHEHHUSAM OOYyCIIOBIIEH MOMH(YHK-
[IUOHATBHOCTBIO JIEMOHCTPHUPYEMBIX CBOMCTB M THOKOCTBIO MX cOCTaBOB. [Ipu
3TOM CHJIBHOE B3aMMOJAEHCTBHE MOACUCTEM O0ECIEUMBACT MPAKTHYECKH BaKHBIC
(YHKUMOHAJIBHBIE CBOMCTBA TaKMX MaTepHalioB; B YacTHOCTH, CBEPXIPOBO-
TUMOCTh BBICOKOTEMIIEPATYpHBIX OKCHAHBIX KYyHpPaTHBIX CBEPXITPOBOJIHHUKOB
(BTCII), addexTs KomoccalbHOTO MAarHUTOCONPOTHBICHUSI W THUTAHTCKOTO
MarHeTOCONPOTHBIICHUSI MAaHIAHUTOB pPEOKO3eMENbHBIX MetamioB (P3M),
JOTIMPOBAHHBIX OKCHIAMH IIEIOYHO3EMENbHBIX MeTaIoB. KoOambTHTHI peako-
3eMENIbHBIX DJIEMEHTOB (B TOM YHCIie KOOAlIbTUTHI JIAHTaHA) WMEIOT OOJbIIHE
3HAYEHUS AIEKTPONPOBOJHOCTH [1-5].

3HaYuTEeIbHOE BHUMAaHHUE YAEISIETCS HaHOKPUCTAIIIMYECKHM MaTepHajam,
TaK Kak IPOSBICHHE BEUICCTBOM B HaHOKPHUCTAIIMUYECKOM COCTOSIHHUHM OCOOBIX
CBOWCTB (MarHUTHBIX, ONTHYECKHX W Jp.), HE XapakTepHBIX A OOBEMHBIX
MaTepHajoB U OOYCJIOBIECHHBIX INPOSBICHHEM KBaHTOBBIX 3¢dexToB. IloaTomy
[OJly9eHHE W WCCIIEJOBAaHWE HAHOKPHUCTAUTMIECKHX MaTepHajoB SBISIETCS
Ba)KHBIM 3TAIllOM B CO3JaHUH MAaTEPUATIOB HOBOTO TTOKOJICHUS [6].

B pabore mnpuBOmATCS pe3yNabTaThl CHHTE3a U PEHTIEHOIpadUuecKOro
WCCIIETOBAHUS HOBBIX HaHOPa3MEPHBIX KOOaITbTO-KyIpaTO-MaHTaHUTA
LaBaCoCuMnOg 1 HukenuTo-kymnparo-manranuta LaBaNiCuMnOg.

HcxonHplMu peareHTaMH Uil TOJyYeHHS KOOalIbTO-KylpaTo-MaHTaHWTa
LaBaCoCuMnOg¢ u nmkemuto-kynparo-mManranuta LaBaNiCuMnOg ciyxumm
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La,O5; (Mapku «oc.4.»), NiO, CuO, Mn,O; u BaCO; (kBammpukanuu «4.7.a»).
CMecu yKka3aHHBIX BEIECTB, pPACCUUTAHHBIE HA KOHEUHBIE COCTABbl COSAMHEHUI
TIIATENIBHO NEePEeMELINBAINCh, IEPETUPATINCE U OTKUTAINCh B My(denpHON meun
«SNOL» npu 800-1200 °C B Teuenue 20 u. Ilepen KakabM MOBBIIEHHEM TEM-
neparypsl (800, 1000 u 1200 °C) cMmecH OXJIaKIaIUCh, EPEMEHIMBAINCH U
TIIATEIBHO TIepeTupanuch. Huskoremneparypubiii okur nposejier npu 400 °C B
teueHue 20 .

N3mMenbueHne 4acTuI] COSTUHEHHI MPOBOIMIIM HA BUOPAIIMOHHON MEJIbHUIIE
kommanun «Retschy (I'epmanmsa) mapkun «MM301» ¢ mpoaoOKUTEIBHOCTHIO
Bpemenn 40-60 MuH.

Pa3meps! uacTuil omnpenenreHbl Ha aTOMHO-CHIIOBOM Mukpockore (ACM)
JSPM-5400 Scanning Probe Microscope «JEOL» (SAnonus). Hiwke Ha pucynke
[IPUBEACHBI PE3YJIBTAThl UCCIICAOBAHUN Ha aTOMHO-CUIIOBOM MHKPOCKOIIE.
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®dotorpadun LaBaCoCuMnOg (a) u LaBaNiCuMnOg (6) Ha aTOMHO-CHIIOBOM MHKPOCKOIIE
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Oo6pazoBanue paBHOBecHOTo coctaBa LaBaCoCuMnOg m LaBaNiCuMnOg
KOHTPOJIMPOBAIOCH METOJIOM PEHTTeHO(pA30BOTO aHalKM3a Ha yCTAaHOBKE
JPOH-2,0.

VYcnosus ceemku: CuK, - uznyuenue, U = 30 kB, [=10 MA, ckopocTb Bpaiie-
Hus — 1000 UMIyJIBCOB B CEKYHAY, IOCTOSHHAs BPEMEHU 7= 5 ¢, UHTEpBaJl yIJIOB
2,0 ot 10 mo 90°.

HHTEeHCHBHOCTD TU(PPAKIIUOHHBIX MAKCUMYMOB olleHuBaiu 1o 100 GanbHON
mKane. MHaumupoBaHue peHTIEHOTpaMM MOPOIIKAa HMCCIENLyEMBIX COEIUHEHHUN
MPOBOJIMIN AHATUTUYECKUM METOOM [7].

[lo pesympTaTaM WHAWIHMPOBAHWS PEHTTEHOTPAMM BBIYHCICHBI OOBHEMBI
JJIEMEHTAPHBIX STYEEK, YUCI0 (GOPMYJIBHBIX €AWHUI U PEHTT€HOBCKUE IUIOTHOCTH
MOJyYEeHHBIX coenuHeHui. Huke B Tabmuue mpuBeAeHBl pe3yibTaThl MHIULIM-
POBaHHSA PEHTTEHOTPAMM.

Wnmnmuposanne peatreHorpamm LaBaCoCuMnOg n LaBaNiCuMnOg

yr° | 10%d%,on, Hkl 10%d2,,,..
LaBaCoCuMnOg
17 660,5 520 660,0
15 1217 720 1207
18 1244 721 1230
100 1320 730 1321
6 1567 742 1572
7 1858 910 1868
2114 852 2118
31 2652 10.4.0 2642
9 3310 12.1.0 3303
4 3607 11.6.1 3599
4 3755 10.8.1 3758
28 3975 13.2.1 3963
11 5305 15.2.2 5307
9 6631 17.1.1 6628
LaBaNiCuMnOy

15 660,8 511 660,8
20 936,9 611 930,0
21 1192 900 1199
100 1330 721 1322
7 1715 653 1713
19 1993 900 1982
11 2278 852 2276
33 2663 10.3.0 2668
14 3333 10.6.0 3329
30 3996 991 3989
4 4565 13.3.3 4577
4 4615 13.4.2 4626
12 6664 16.4.0 6657
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[InoTHOCTH COeNMHEHWI M3MEPSUTH B CTEKIISIHHBIX MUKHOMETpax 00bEeMOM
1 M. B kadecTBe MHAUPPEPESHTHON KUAKOCTH OBLT BRIOPAH TONYOJ, TaK KaK OH
XOpOIIIO CMa4yMBaeT HCCIeNyeMble MaTepHallbl U XUMHYECKH HHEPTEH IO OTHO-
meHnio K HuM. Kpome Toro, cieayer OTMEeTHTh Mallyl0 3aBUCHMOCTBH IUIOTHOCTH
TOIyoJia OT TeMnepaTypbl. [IIOTHOCTE KaxkI0oro CoeqUHEHU U3Mepsu 4-5 pa3 u
Pe3yNbTaThl yCpenHsUTUCh. MeTo/wKa 1 pacueTHbIE (POpMYITbl 3aMMCTBOBAHEI U3 [ 8.

Y 10BIETBOPUTENBHOE COTTIACUE 104/d23,<cn, n 104/d2pacq, a TAKXKE Ppeyr ¥ P, B
mpeieax TOTPENIHOCTH DKCIIEPUMEHTa YKa3blBalOT HA KOPPEKTHOCTh PE3yIIb-
TaTOB WHAUIHPOBAHUSL.

WuaunupoBanue peHTreHorpamMMm (a3 W OompeieieHHe WX IUIOTHOCTEH
onpenensan asanoruuno LaM,"CuMnO, (M" — Mg, Ca, Sr, Ba) [9].

Ha ocHOBaHWM WHAMIMPOBAaHWS YCTAHOBJIEHO, YTO COEIMHEHHUS KpHC-
TAUTH3YIOTCSI B KyOMYECKOH CHHTOHMM CO CICAYIOIIMMH [apaMeTpaMu
pemerok: LaBaCoCuMnO, — a=14,81+0,02 A; V°=3248,57+0,06 A’; Z=4;
V05, =812,14+0,02 A’ poer. = 4,64 T/eM; P, = 4,5740,01 T/em® m
LaBaNiCuMnOs - a=14,11£0,02 A; V°=2808,29+0,06 A’  Z=4;
V,50=702,07+0,02 A%; ppesr. = 4,66 T/cM’; Pren, = 4,58+0,01 T/,

Takum  0o0pa3oM, BIEPBEIE METOJAOM  KEPAMHUYECKOH  TEXHOJOTHH
CHUHTE3MpPOBaHbl HOBBIE HaHOpa3MepHbIE (HAHOKJIACTEpHBIE) KOOATBTO-KyIpaTo-
manrauuta LaBaCoCuMnOg n Hukenuro-kynparo-manranura LaBaNiCuMnOg.
YcTaHOBJCHO, YTO [aHHBIE COEIUWHEHHS KPHUCTAIM3YIOTCS B KyOWdeckon
CHUHTOHMH U OIpEJIENIeHbI TapaMeTphl NX KPUCTAJUINYECKUX PELIETOK.

Paboma ewvinonnena coznacno dozosopa, 3axmiouernnoco mexncdy KH MOH

PK u Xumuko-memannypeuueckum uncmumymam um. XK. Abuwesa no epanmam
(UPH: AP05131317, AP05131333).
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Pe3iome

b. K. Kacenos, I1I. b. Kacenosa, K. U. Casvinmaesa,
E. E. Kyanviubekos, M. O. Typmyb6aesa

HAHOOJIIEM/II KOBAJIbT(HUKEJINT)-KYIIPAT-MAHI" AHUTEP
’KOHE OJIAP/IbI PEHTTEHOI'PA®USJIBIK T¥PEFBIAAH 3EPTTEY

Karter dazansr opexerrecy Tocutimen 400-1200 °C apanbikrta nantas (I11), kobambT
(I1I), mukens (II), meic (II), mapranern (III) ToTeikTapelr MeH Oapuii KapOOHaTHIHAH
LaBaCoCuMnOg kobanbT-Kynpar-MaHranuTsl sxoHe LaBaNiCuMnOg HuUKenUT-KyTpart-
MaHTaHUTHI CHHTEe3AeIiHIT anblHAbl. 400 °C-Ta anabH ana CyChI3JaHIbIPhUIFaH 0acTaIKbI
3aTapIblH CTEXHOMETPHSUIBIK OJIIIeMepi araT KeJige MYKUAT apalacThIPbUIBII, YTiTUTiI.
OpnaH opi anynn Turenpaepre canbiabi, 800 °C 6acranm 1200 © C neitin «SNOL» memre
KBI3IBIPEUIABRL. OpOip TemMmepaTypaHbl KOTEpy algbIHAA KOCIBICTAp CYBITBUIBII, apaiac-
THIPBUIBIT, MYKUAT YTiTingi. Temen temnepaTypana Tere-TeH (azanmap aimy YIIiH TOMEH
Temmepatypaiblk Kei3asipy 400 °C sxyprisinai. Aneiaran daszamapasl Retsch (I'epmanus)
KOMIaHUACBIHBIH «MM301» Mapkaisl BHOPALUSIIBIK THIPMEHIHIE YTITY apKbLIbI Oap-
JBIH HaHOOJIIeMal (HAHOKIACTepiiK) Oemmrekrepi anbiHabl, «JSPM-5400» Scanning
Probe Microscope «JEOL» (SImoHust) KYLIIEHTUITeH aTOMABIK MUKPOCKOMIBIH/IA OJIAP/IbIH
ermIeMepi aHbIKTa 6L KOCBUTBICTAP IBIH TeNe-TeH KypamaapbiHbiy Ty3inyi JJPOH — 2,0.
nudpakToMeTpiHie KYPri3iireH YHTaKThIK peHTreHorpadus oaiciMeH panenaenai. Ju-
(paKIHAIBIK MAKCHMYMIIEP/IIH KapKBIHABUIBIKTAPBI KY3 OaNAbIK KaJaMMEH OaraiaHbl.
3epTTenin OTHIPFaH KOCJBICTAP YHTAKTapHIHBIH PEHTTCHOTPAMMAIAPEIH WHAUIUPICY
AHATUTHKAJIBIK OMICIICH KYpri3iani. uaunupney HeriziHae, alblHFaH HaHO(a3aIapabH
TOp KOPCETKImTepi Kenecimell KyOTHIK CHHTOHHSA KpPWUCTAJAaHATHIHBI AHBIKTAJIIbL:
LaBaCoCuMnOj — a=14,81£0,02 A; V=3248,57+0,06 A*; Z=4; V°,, ,=812,14+0,02 A*;
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Ppesr. = 4,64 T/eM’; P, = 4,57£0,01 T/em® u LaBaNiCuMnOgs — a=14,11+0,02 A;
V'=2808,29+0,06 A’; Z=4; V°,,,=702,07£0,02 A% ppew = 4,66 T/eM’; Pugw =
=4,58+0,01 r/em’.

TyiiiH ce3aep: KoOaIbT-KyNpaT-MaHTAHUT, HUKEJIUT-KYIPAaT-MaHTaHUT, CHUHTE3,
HAHO®JIIIeM/Ii OeJIIeKTep, peHTreHorpadus.

Summary

B. K. Kasenov, Sh. B. Kasenova, Zh. I. Sagintaeva,
E. E. Kuanyshbekov, M. O. Turtubaeva

NANOSIZE COBALT(NICKELITE) - CUPRATE-MANGANITES
AND THEIR X-RAY STUDIES

The cobalt-cuprate-manganite LaBaCoCuMnQOg and the nickelito- cuprate-manganite
LaBaNiCuMnOgwere synthesized by solid-phase interaction in the range 400-1200 ° C
from the oxides of lanthanum (III), cobalt (II), nickel (II), copper (II), manganese (III) and
barium carbonate. Pre-dewatered at 400 °C, stoichiometric amounts of the starting mate-
rials were thoroughly mixed, grinded in an agate mortar. Then they were annealed first in
the alundum crucible in the "SNOL" furnace from 800 to 1200 °C. Before each increase in
temperature, the mixture was cooled, mixed and thoroughly rubbed. To obtain low-tem-
perature equilibrium phases, a low-temperature annealing was carried out at 400 °C. By
grinding the obtained phases on a Retsch vibrating mill (Germany) of the mark "MM301",
nanoscale (nanoclusters) particles were obtained whose dimensions were determined on
an JSPM-5400 Scanning Probe Microscope "JEOL" Atomic Force Microscope (Japan).
The formation of equilibrium compounds of compounds was confirmed by the method of
powder X-ray diffraction, carried out on a DRON-2,0 diffractometer. The intensity of the
diffraction maxima was estimated from one hundred point scale. The X-ray powder
diffraction patterns of the test compounds were determined by an analytical method. On
the basis of the indexing, it was established that the obtained nano-sized phases crys-
tallize in a cubic system with the following lattice parameters: LaBaCoCuMnOg -
a = 1481 £ 0.02 A; V" = 324857 £ 0.06 A%, Z = 4; Ve = 812.14 + 0.02 A’
PX-ray = 4.64 g/cm3; Ppyen. = 4.57 £ 0.01 g/cm3 and LaBaNiCuMnOQg - a = 14.11 £ 0.02 A;
V? = 280829 + 0.06 A’ Z = 4; Vo = 702.07 + 0.02 A%, pxr.y = 4.66 g/em’;
Ppyen=4.58 £ 0.01 g/en’.

Key words: cobalt-cuprate-manganite, nickelite-cuprate-manganite, synthesis, nano-
sized particles, radiography.
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V]IK 544.33; 544.34

B. A. XPVIIOB', )K. C. AXMETKAPUMOBA', 3. M. MVJI/JAXMETOB',
I Il )KAKCBIBAEBA', A. T. OPIJABAEBA', M. U. BAUKEHOB’, I'. I'. BAHKEHOBA?

'MucTuTyT oprammdeckoro cunTtesa u yruexumun PecyGmukn Kazaxcran,
Kaparanna, Pecrry6imka Kazaxcran
*KaparaHIuHCKHI rocy 1apcTBeHHsI yHuBepcuteT uM. E. A. BykeroBa,
Kaparanna, Pecriybnnka Kazaxcran

KHUHETHUYECKAS MOJEJIb TNAPOI'EHU3ALIUU IINPEHA

AHHOTanusl. YTIIEBOAOPOTHOE CHIPhE COCTOUT M3 KOHICHCUPOBAHHBIX apOMaTHUeC-
KHX YTJIEBOJOPOJIOB M JPYTMX BBICOKOMOJICKYJISIPHBIX COEIMHEHHH, SIBISIETCS CIIOKHOM
CMECBIO OPraHMYEeCKHX U MUHEPAIIbHBIX BEIECTB. B Takux cucteMax JOCTaATOYHO CII0KHO
OITMCATh MEXAHU3M IPOIIECCa AKTUBHOCTH U CEJISKTMBHOCTH BBHIOPAHHBIX KAaTaJIU3aTOPOB.
MonenbHble coenuHeHHs (aHTpaleH, (GeHaHTpeH, MUpeH, HadTaauH U 1p.) obierdaror
TIPOIIECC N3YUYEHUS 3aBUCHMOCTH PEaKIMOHHOW CIIOCOOHOCTH OT XMMHYECKOTO CTPOCHHS
BEIIECTB, TaK KaK (parMeHTapHO MOTYT NPEACTABUTH OPraHMYECKYIO0 MAcCy NEpPBHYHOM
KaMEHHOYTOJIBHOW CMOJIBI U ee (paknun. B paboTe mpencTaBiaeHs! pe3ynbTaThl THAPOTE-
HU3aIUH TOINapPOMaTHIECKOTO YIIEBOIOPOAA, & TAKKEe MPOBEJCHBI pacdeThl KHHETHIEC-
KHX ¥ TEPMOJMHAMHYECKNX MapaMeTpoB mporecca. MeTo paBHOBECHO-KHHETHUECKOTO
aHaJM3a MO3BOJISIET HEMOCPEICTBEHHO CBSI3aTh PAaBHOBECHBIE W KMHETHYECKHE XapaKTe-
PHUCTHKH M TIOJNYYHUTH JOIOJHUTENBbHYI0 MHGOPMAIMIO U3 OOBIYHOIO MacCHBa J3KCIIEPH-
MEHTAJIbHBIX JAHHBIX, TEM CaMbIM HHTEHCU(QHIMPOBATH XUMHYECKHE HCCIEIOBaHHS.
OmnpeneneHbl MU paccuUTaHbl KOHCTaHTHI TPsIMOM M 0OpaTHOM cKopocTel, KOHCTaHTa
paBHOBECHS], DHEPI'MU aKTUBALIMHM U TEIUIOBBbIC 3()(EKTHl peakly THAPUPOBAHUS MHPEHA
B NPUCYTCTBHH JKEJIE30COJEpIKAIIero Karaau3aropa B TEMIEpPaTypHOM JHana3oHe
623-698K, mpu HayabHOM JaBieHuH Bogopoaa 4 MlTa.

KoroueBble ci10Ba: THIpOTeHU3AIMS, TUPEH, HTATIBITHS, SHTPOMHSL, SHeprus [ mooca.

Beenenue. lccnenoBanne MexaHW3Ma KHHETHKH KaTaJIUTHYECKOH W Tep-
MHYECKOW peaKIiH, MPOTEKAIome NpH THUAPOTEHU3AINU TSHKEJIOr0 YTIIeBO-
JOPOJHOTO ChIpbsl (YINH, TSDKENble He(TH, HEPTAHBIE OCTATKH), OOYCIIOBICHO
cneunpUKoN CTPOSHUSI OPraHMYECKON MacChl TSHKEIOTO YITIEBOJOPOAHOTO CHIPhSI
Y CYIIECTBEHHBIM y9aCTHEM B MIPOIECCE TETEPOTEHHBIX cucTeM [1].

Peaknuu, ompenenstomue OOILyI0 CTEIEHb IPEBPALICHUS TSHKEJIOro yrje-
BOJIOPOJTHOTO CHIPBS, IPOTEKAIOT KaKk B 00beMe, TaKk W Ha rpaHule pasznena ¢as
YTOJIb-KaTaJIN3aToP, YTOIb-KUIKOCTh, YrOIb-Ia3.

Hcnonp3oBanue THAPOTEHN3AIMOHHBIX MTPOIIECCOB IS PEIICHUS STHX 33134
TpeOyeT BCECTOPOHHUX HCCIEIOBAHUI KHHETHYECKHX, TEPMOJMHAMHUYECKUX
MIPEBpALCHNH COCAMHEHWH, BXOISIIMX B COCTAB YTOJBHOHW HE(TH, TSDKENbIX
He(TIHBIX OCTATKOB, BBICOKOBSI3KMX HedTei. OcoOblii WHTEpec sl perIeHus
BBILICTIPUBEJICHHBIX 3a/lad NepepaboTOK TSDKEIOTO YIIIEBOJOPOJHOTO  CHIPhS
MPEACTABIAIOT TONUSACPHBIE apOMAaTHUYECKHE YTIIEBOIOPOJbI, Kak Hambojee
yCTOMYMBBIE B OTHOLICHWH IECTPYKLUMH B HHU3KOMOJIEKYJSIPDHBIE COEIAWHEHHS
[2-4].
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JKcnepUMeHTANbHAsA YacTh. [ WapupoBaHHe MOIMAPOMATHYECKOTO YTJIe-
BOAOpPOJa, MUPEHA MPOBOAMIN B aBTOKJIaBe BbIcokoro gasieHus «CJF-0,05» u3
KapOTPOYHOU Heprxkaseromier cramu oobemom 0,05 . IlpenBapurensHo miepeme-
[IaHHbIE WCXOJHBIE KOMIIOHEHTHI TOMEIAIN B PEAaKTOp, TepMETH3IUPOBAIIH,
MpOJYBadl BOAOPOAOM M 3akauMBaiu Bogopon 1o 4,0 MIla, HarpeBamu 10
temiepaTypsl oT 350 no 425°C npu ckopoctu HarpeBa 10°C B muH. ITpogomxu-
TEJIHHOCTH TpoIiecca cocTtaBmia 60 MUH TOCTIE JOCTHKCHIS aBTOKIAaBOM pabodeii
TemnepaTypsl. [locie OxkOHUaHHS 3KCIEPUMEHTA PEaKTOp OXJaKIAIHd O KOM-
HaTHOM TeMIepaTyphl, COCTaB pPEAKIMOHHONW CMECH ONpPENENsad METOAaMU
xpomaro-macc-ciekrpomerpuaeckoro (XMC) wu  razoxuakoctHoro (I7KX)
aHajIu3a.

PesyabTaTel 00cy:kaeHns. AHaIN3UPYsI TOJyUYEeHHBIH MAacCUB JAHHBIX, OI-
peneneHa cieyrouas cxema IpeBpaleHui B IpoLecce rTuAPUPOBAHUSNNPEHA!

ky ks ks
C, <> C, > (C,< (C,
ko k4 ke

rane C, — mupen, C, — 4,5-gurunpornuper, Cs; — 1,2,3,4-rekcarunpornupes, Cy —
4,5,9,10-TeTparuaponupeH.

OnTuMHu3MpOBaB  MPEACTABICHHYIO  CXEMY,IIOCTPOCHBl  KHHETHYECKHE
KpHUBBIE THJPOTCHU3AINU IMUPEHA B Pa3IMYHOM TEMIIEPATypHOM JHaIra3oHe
(pucysnok 1).

[Tpumenss nporpammuyto cucremy “Tlomck” [5-10], ObutH ompeneneHsl
KOHCTaHTbl CKOPOCTHM THIPOTEHH3alMH NHUPEHa B JIuara3oHe Temmeparyp 623-
698K n mpomomxkutenpbHOCTH A0 1800 c. HalineHHble 3HAYCHUS KUHETHYIECCKUX
XapakTepUCTUK NPUBEIEHBI B TabmmIe 1.

Ilonmy4eHHble pe3ynbTaThbl, NPEeACTaBICHHBIE B Tabiuuel, MoKa3bpBalOT, YTO
3aBHCUMOCTH TEMIIEPaTyphl CYNICCTBEHHO BIHSIET HA BBIXOJ MPOJYKTOB THIPO-
TCHU3allH [TUPeHa. YBENIWYeHUEe TeMIepaTyphl mpolecca MPUBOIUT K TOBBIIIE-
HUIO KoHcTaHT oOpaTHbIXx peakuuil (k;, k¢). IlomydeHno ymoBmeTBOpHTENbHOE
COBIIa/ICHHE YKCIEPUMEHTAIBHBIX 3HAYEHUH BbIX0Ja MPOAYKTOB I'MIPOTreHU3aLuU
MUpeHa ¢ TEOPETHIECKU PACCUNTAHHBIMU JJAHHBIMU 110 BHIOPAHHOW MOJICIIH.
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Pucynok 1 — BriusiHre mpoAoKUTENFHOCTH B IPOLIECCE THAPOT€HU3AIMY THPEHA
(a—623K,b—- 648K, c - 673 K, d— 698 K)
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Ta6m/1ua 1 — 3HayeHne KOHCTAHT CKOPOCTHU p€aKuu ruJpOoreHru3annu mMupeHa

KoHcranTa ckopocty, Temneparypa, K
¢’ 623 648 673 698
K, 253 23,9 31,9 31,7
K, 67,5 53,1 57,0 42,7
K; 8,3 10,0 11,7 12,0
K4 76,3 44,5 438 41,3
Ks 61,3 33,5 31,8 31,5
Ks 18,5 28,8 26,8 28,0

[Ipumenenue merona paBHOBeCHO-KMHeTHueckoro anammsza (PKA) [11-13],
paspabortanHoro mpodeccopom B.II. ManbimeBsiM, IO3BONISIET ONPEACTUTH
OJTHOBPEMEHHO KHHETHIECKUE H TCPMOTMHAMHICCKIE TTOKA3aTEIIH.

CxeMy peakIuu THAPUPOBAHUS MUPEHA MOXHO MPEICTABUTH CIEAYIOIINM
oOpa3zom:

k
IMupen + H, <> 4,5 lurnaponupeH
ks

Ha pucyHnke 2 mokasaHo, 4To JorapuMuyeckasi 3aBUCUMOCTb KOHCTAaHTBI
ckopoctr oT 1/T xopomro omwceIBacTCsl ypaBHEHHEM AppeHHnyca, a KOHCTaHTa
paBHOBecHs ypaBHeHueM — BauT-I'odda.

InK
| s
-5,5
—— 1]
-7,5 1 )
0\.\‘
-9.5 w w ! /T, K

0,0014 0,00145 0,0015 0,00155

Pucynok 2 — 3aBHCHMOCTD KOHCTaHTBI CKOPOCTH PEAKIMU OT TEMIIEPaTyphl
(1- mpsimast peakuus; 2 - oOpaTHas).

CornacHO 3HAYEHUSM DHEPTrUM aKTHBAIWK I Temmeparyp 623-698K,
HAaWJCHHBIM IO ypPaBHCHHUIO AppEHWycCa, peakiusl TUIPUPOBAHUS MOCIBHOTO
YIIEBOJIOPOJIa TPOTEKaeT B KHHETUYECKOM pexume. Pesynbpratel 0O0paboTKU
TIPEACTABIICHHBIX JAaHHBIX 00Jiee JEeTaTbHO MPEACTABIICHEI B TabmuIe 2. DHEPTus
AKTUBAIMM MPUCOSAMHEHUS BOJOpoja paBHa 32,6 kJ[x/Moib, a Jis peakiuu
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JIETUAPUPOBAHUS 3HAUCHHWE SHEPTUU aKkTWBaruu paBHO 17,6 xJ[x/mMons. Bemm-
YHMHA JHEPIMM aKTHBAIMM TpucoenuHeHus Bopopoxa (H,) comocraBuma ans
cucTeMbl peHaHTpeH-AuruapodenanTpen [14-17].

Tabnuua 2 — KuHernueckue napaMeTpbl 1 KOHCTAHTBI CKOPOCTH PEaKIUH
TMAPOTEHU3AlUH TUPEHA

T, Peaknust npsimast, E,, Peaxmust oOpaTtHas, E,,

K ki, c! kJx/MoiB kz,c'] k/Jx/Momb
648 1,29-10* 4,43-107
673 1,69-10" 32,6 5,40-107 17,6
698 1,99-10* 5,63-107 17,6

Kpome Ttoro, meron PKA [18-20] mo3Boxisier onpenenuts AH peakuun u
SHEPTHUIO aKTUBAIMW JCTHIPUPOTCHHU3ANMN TupeHa. Pacuer smeprum ['nbb6ca
peaKIuy THAPOTeHe3aMHITIpeHa ObUT IPOBEJICH Mo ypaBHeHuIo Bant-I'odda

AG 9= - RTInK,,

roe AH = OI/IKI(,) = KO

BBI/I,Z[y yqua CTaHZ[apTHOFO COCTOsIHHUA B aTM, 4 HC B Ha, cne;[yeT nepe—
cyuTarthb KOHCTaHTy paBHOBeCI/IH Ha paBMepHOCTB a.TM-1 N COOTBCTCTBCHHO
[Ma'=101317 arm™.

ITepecunTtannsbie nanuele 1o K:

T,K 648 673 698
K, 23348 21444 19017

[TomoxxuTenbHble 3Ha4YeHUs JHepruu [ mOOca CBUAETENBCTBYIOT O MAaloi
BEPOSITHOCTH TIPOTEKAHUS PEaKIMK NP CTaHIApTHOM AaBieHWH P=laTm, 4TO M
HaOJIOJaeTCsd B JCUCTBUTENILHOCTU. [lojydeHHbIC JaHHBIE O€3 CYIIECTBEHHBIX

o o o
OTKJIOHCHHUU Ppa3sMCEIIarOTCA Ha MPAMOHU JIMHHUU B KOOpAHWHATAX AGT —T, 4qTO IIO-

3BOJISICT HCIOJIb30BATH UX I TOJYYCHHS HOONMOJHUTCIBHBIX TEPMOJWHAMMU-
YECKUX MmapaMETpoOB.

BBuay npsIMOJIMHENHOrO pa3MEIEHUs JAHHBIX B KOOpJAUHATaX AG(T) -T BO3-
MOJKHa 00pabOTKa ATUX JaHHBIX MO ypaBHeHHIO [ nO0ca:
0 0 0
AG;=AH; -TAS ;.
B npubnmxennu AH(T) — const, AS? — const B U3y4aeMOM JMana3oHe
TEMIIEPATypP WM JJIA CPEIHETO TEMIIEPATYpPHOIO 1Uala3oHa.
0 0 0
AG ; =AH g75 -TAS 73
B ciyuae A,.C, # f(T)
ATH673 = ATH298 + AGC (673 - 298)
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W B oxoHUaTEILHOM BHIE
AG9=80175-87,5T

AH 273 = 80,2 x/Ix/Mo1b
ASC. =875 Jlx/(mons K)

BoeiBoabl. [1o10kUTEIFHOE 3HAYEHUE YHTAIBITHHA PEAKIH CBHICTEIHCTBYET
00 PHIOTEPMUYECKOM IPOLIECCe, T.€. MPOTEKAOIIMM C TOTJIONICHUEM TEIlIa, YTO
coriacyercsi ¢ 0oJjiee HOJHBIM TPOXOKACHUEM IPH TMOBBILICHHH TEMIEPaTyphl
nporecca THAPOTeHH3aUH. I[l0J0KUTEIbHOE 3HAYCHHE SHTPOIHH PEaKIHU
yKa3bIBaeT Ha YBEJIMYCHHE HEYNOPSIOYCHHOCTH CHCTEMBI, YTO MOXET ObITh
CBSI3aHO C CYLIECTBEHHBIM YCIIOKHEHHEM CTPYKTYPBI TUTHIPOIUPEHA.

Takum 00pa3oM, MO MPEUIOKEHHBIM METOJIaM MOXHO OIpPEICITUTh MeXa-
HHU3M THAPOTCHHU3AIMH TTIOJIUSIICPHBIX aPOMATHUSCKUX YTIICBOIOPOIOB.

Paboma ewvinoanena 6 pamxax nNpoOSPAMMHO-YENEB020 UCCAEO0BAHUSL
(NeBR05236438) npu ¢hunancosoii nodoepocke Komumema uayxku Munucmep-
cmesa obpazosanus u Hayku PK.
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Pe3zrome

B. A. Xpynoe, K. C. Axmemxapimosa, 3. M. Monoaxmemos,
I III. XKaxcvibaesa, A. T. Opoabaesa, M. U. Baiixenos, I. I'. baiikernos

IMWPEH M APOTUAPJIEYIHIH KWHETUKAIJIBIK YJII'ICI

KemipcyTekTi muKizaT OpraHAKaiIbIK KOHE MUHEPAIIBI 3aTTapIblH KOCTIACH! OOJIBIIT
CaHAJIBIIN, KOHICHCHPJICHTCH apOMAaTHKAIBIK KOMIPCYTEKTEPIHCH JKOHE JKOFaphl MOJIEKY-
JIANBIK  KOCBUTBICTap/aH Typajabl. OChbIHIAH JKylenepae aiblHFaH KaTalu3aTopJiap/blH
OeJICeHITIK TIeH IPIKTENTITIK MEXaHWU3MJEpiH CHMAaTTay aWTapibIKTail KUBIH. YT
KOCBhUTBICTAp (aHTpalleH, (heHaHTpeH, MupeH, HadTanuH KoHE T.0.) 3aTThIH XUMHSUIBIK
KYPBUIBIMBIHA PEAKIUSIIBIK KAOUICTTUTIK TOYCIUIITIHIH 3ePTTCYiH KCHUIICTESN1, OUTKEHI
onap OIpiHIIUIIK Tac KeMip HIaHBIPBIHBIH >KOHE OHBIH (DPaKIUSUIAPBIHBIH OpPraHUKAIIBIK
MaccanapblHbIH Y3IHJICI peTiHAe KapacThIpbLIajbpl. Makasaia MOJIHApOMTHKAIBIK KO-
MipCyTeri KOCIIACHIHBIH THAPOTECHHU3ANNS HOTHKEIepi KOPCETUII, COHBIMEH KOca YPAIiCTiH
KMHETHKAIBIK OHE TEPMOJMHAMHKAIBIK KOpCeTKImTepi ecenTenini. Tene-TeH KnHeTH-
KaJIbIK aHAJM3 TOCUIl Tere-TeH >KoHE KMHETHKAJIBIK CHUIaTTaMallapibl OaiinaHBICTHIPHIT,
KaJIBIIITHl TOXIPUOETIK MOTIMET ayKbIMBIHAH KOCHIMINIA MarfiymMaT aixyfa Oomampl. OCHI-
naiima, XUMASUTBIK 3epTTeylepai MHTEHCHBTEHAipyre Oomamel. [lupeHni karammsatop
KateIcbiHIa, 4 MIla cyTeri KpIceIMBIHI2, 648-698 K Temmeparypa nuana3oHBIHAAFB THIP-
JIey peaKiusChIHBIH HOTHIKECIHJIE Typa JKoHE Kepi KbUIIaMIIBIK KOHCTAHTACKI, OeICeH Py
SHEPrUsIChl MeH KbLTY 3((eKTiCI aHBIKTANBII, €CeNTENIH I

Tipex ce3mep: ruaporeHU3anus, MUPEH, SHTAIBIN, SHTpoIus, [ HO6C SHEPTUACHL.
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Summary

V. A. Khrupov, Zh. S. Akhmetkarimova, Z. M. Muldakhmetov,
G. Sh. Zhaksybaeva, A. T. Ordabaeva, M. I. Baikenov, G. G. Baikenova

KINETIC MODEL OF HYDROGENATION PYREN

The hydrocarbon feedstock consists of condensed aromatic hydrocarbons and other
high-molecular compounds are a complex mixture of organic and mineral substances. In
such systems it is quite difficult to describe the mechanism of the process of the activity
and selectivity of selected catalysts. Model compounds (anthracene, phenanthrene, pyre-
ne, naphthalene, and others.) facilitate the process of learning, depending on the reactivity
of the chemical structure of substances as the organic fragments may represent a primary
weight of coal tar and its fractions. The results of the hydrogenation polyaromatic hydro-
carbon compound, and the calculations of kinetic and thermodynamic parameters of the
process. The method of equilibrium-kinetic analysis allows you to link the equilibrium
and kinetic characteristics and additional information from the usual array of experimental
data, thus to intensify chemical research. Defined and calculated the forward and reverse
constant velocity, the equilibrium constant, activation energy, and the thermal effects of
the hydrogenation reaction pyrenein the presence of iron-containing catalyst in the
temperature range 623-698 K, with an initial hydrogen pressure of 4MPa.

Key words:hydrogenation, pyren, enthalpy, entropy, Gibbs energy.
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INVESTIGATION OF SPECIES OF URANIUM ISOTOPES
IN AKSHATAU DEPOSIT OF KARAGANDA REGION
(KAZAKHSTAN)

Abstract. In this manuscript the species of uranium isotopes in Akshatau deposit of
Karaganda region of Kazakhstan are described. Akshatau rare metal deposit is located in
the northern part of the Dzungaro-Balkhash geosyncline. By origin, it is Greisenian with
molybdenum-tungsten mineralization, genetically associated with an array of leucocratic
granites of Permian age.

The species of elements are the most important in studies of investigation of mig-
ration ability of contaminants, as well as their bioability and hence bioaccumulation. The
knowledge of total content of element is less informative in these questions.

The study of the sequential extraction of uranium isotopes from the waste of the
Akshatau deposit, according to A. Tessier protocol, showed that uranium-238 was recor-
ded in the following order: F6 residual > F1 exchangeable > F3 bound to Fe-Mn oxides
> F5 acid soluble > F2 bound to carbonates > FO water-soluble > F4 bound to organic
matter; and uranium-234 has the following order: F6 residual > F1 exchangeable > F3
bound to Fe-Mn oxides > F5 acid soluble = F2 bound to carbonates = FO water-soluble
> F4 bound to organic matter.

Keywords: sequential extraction, uranium isotopes, Akshatau, species, migration
ability, alpha-spectrometry.

Introduction. Most radioactive isotopes of natural origin include uranium
isotopes. Among these are three isotopes of uranium (uranium-238, uranium-235
and uranium-234) and are presented in subsoils in different values of concen-
tration. As a rule, they are located in the deeper layers of the Earth's crust, but as a
result of the mining industry, natural radionuclides fall on the Earth’s surface,
further spreading over its surface, causing more significant harm to the local
population, in the absence of any shielding and radionuclides entering the human
body. It is known that minor concentrations of radionuclides, including uranium
isotopes, are contained in all minerals, rocks and soils [1]. Soils in the mining
industry are usually enriched with radionuclides to levels that are often well
above background levels [2].Oxidation of sulphides present in minerals favors
leaching of uranium isotopes [3].The migration ability and bioavailability of
radionuclides are primarily affected by species of radionuclides. A number of
compounds of uranium and its isotopes have increased solubility and, as a
consequence, increased migration ability. For Kazakhstan with sufficiently large
reserves of natural uranium, today it is extremely important to predict the

279



XUMWYECKHHI )XYPHAJI KA3AXCTAHA

behavior of uranium isotopes and its accumulation in the human body, especially
considering the dense population of the region.

MATERIALS AND METHODS

Object description. Akshatau rare metal deposit is located in the northern
part of the Dzungaro-Balkhash geosyncline. By origin, it is Greisenian with
molybdenum-tungsten mineralization, genetically associated with an array of
leucocratic granites of Permian age. Ore bodies are located in the form of separate
sections of their clusters: West, North, North-East, Bulgak, South-West, Central,
South-East, Aksai. The main reserves are in the South-Eastern and Central areas,
which are mined by the South-Eastern mine, the development of which began in
1941. The main ore minerals are wolframite, scheelite, molybdenite and pyrite.

Sampling. Soil samples for research were sampled at the burial site of the
mining and processing complex located near the village of Akshatau of Kara-
ganda region. Soil sampling was carried out based on the results of a preliminary
determination of the gamma dose using a portable gamma dosimeter.

Figure 1 — Landfill of tungsten-molybdenum deposit Akshatau

The soil was sampled by a special sampler at a depth of 0—15 cm. The soil
was sampled using an envelope method with a side of 10 m. The soil samples
obtained from 5 points were combined, fragments of glass, plants, concrete and
metals were removed, after which the samples were thoroughly mixed and sealed
in plastic bags with preliminary prepared markings [4].
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A preliminary assessment of gamma-emitting radionuclides showed the
following contents:

219pp — 4360+260Bq/kg

»OTh < 390Bq/kg

2% (via ?*Th) — 340£150Bq/kg

226Ra - 5200+160Bq/kg

*2Ra < 44 Bg/kg

Sequential extraction. The determination of species of the radionuclides was
carried out by the method of sequential selective extraction of minerals from the
solid phase of separate groups of compounds soluble in various reagents. To
determine the radionuclides in the mineral components of the soil and bottom
sediments, a modified sequential extraction method proposed by A. Tessier was
used [5]. For carrying out the leaching processes, 1.0 g of a dry sample was
investigated, and the ratio of the solid and liquid phases was 1:20. After each
extraction, the liquid portion was separated by centrifugation for 25 minutes at
5000 rpm, then the precipitate was washed with 15 ml of distilled water and
filtered through membrane filters with a pore diameter of 0.45 pm. The main
conditions for performing selective leaching and the necessary reagents are listed
in table 1.

Table1-Sequential extraction of radionuclides [5]

Tempe- Duration
Fraction Reagent rature, of extraction,
0

C h
FO water-soluble H,O 20 2
F1 exchangeable 1 M CH3;COONH,4 20 2
F2 bound to carbonates 1 M NH4Ac in 25% HAc, pH=5 20 2
F3 bound to Fe-Mn oxides 0.04 M NH,OH-HCl in 25% HAc 80 6
F4 bound to organic matter 30% H,0,in 0.008 M HNO;, pH=2 80 6
F5 acid soluble 7 M HNO; 90 6
F6 residual HF+HCIO4+HCI

The first four fractions are represented by reactive geochemically mobile
compounds that can be transformed by changing the physicochemical parameters
of the environment, such as pH, Eh, salinity, organic matter content.

The last two forms are residual or geochemical-inert forms, represented by
terrigenous particles, in which the radionuclides are fixed in the crystal lattice of
minerals. Thus, these fractions do not represent an environmental threat to envi-
ronmental objects, due to the almost impossible migration of radionuclides.

Determination of uranium isotopes. The fractions obtained during sequen-
tial extraction were transferred into 7M HNOj; nitric acid solutions, from which an
alpha spectrometric analysis was subsequently carried out. The determination of
uranium isotopes was carried out according to [6-8]. Radiochemical purification

281



XUMWYECKHHI )XYPHAJI KA3AXCTAHA

was carried out by extraction with 30% tributyl phosphate solution according to
the equation:

UO,>" + 2NO;™ + 2TBP«> [UO,(NO3),-2TBP]

Preparation of the counting sample was carried out by electrolysis on a steel
disk using an electrolyte consisting of a mixture of a 25% solution of ammonium
chloride and a saturated solution of ammonium oxalate. The resulting counting
sample was measured on an Alpha-analyst high resolution alpha spectrometer
(Canberra) with Genie-2000 software. The control of the chemical yield was
carried out on the basis of the activity obtained previously entered strictly dosed
tracer.

RESULTS AND DISCUSSION

The results of the sequential extraction of uranium isotopes according to the
protocol proposed by A. Tessier are presented in table 3 and figure 2.

Table 3 — Results of alpha spectrometric measurement

Fraction U-238, Bg/kg U-234, Bg/kg BUARU | U, pglkg
FO water-soluble 0.50 +0.37 0.92 £0.45 1.85 40
F1 exchangeable 1.91+0.71 52+1.0 2.73 154
F2 bound to carbonates 0.96 £ 0.48 1.07 £ 0.48 1.12 78
F3 bound to Fe-Mn oxides 1.44 £ 0.55 1.32£0.50 0.92 117
F4 bound to organic matter 0.30 £ 0.25 0.66 £ 0.32 2.21 24
F5 acid soluble 1.11+£0.30 1.0+0.27 0.90 90
F6 residual 5.80 +0.90 6.5+0.9 1.13 460

The data of table 3 shows that the content of uranium-238 and uranium-234
in water-soluble species is small and equal to 0.50+0.37 and 0.92+0.45 Bq/kg,
correspondently. The exchangeable form also showed small content of uranium-
238 and uranium-234, equal to 0.96+0.48 and 1.07+0.48 Bqg/kg, correspondently.

The figure 2 revealed that 48% of uranium-238 is presented in residual form,
and 39% of uranium-234 is presented in residual form. Uranium-238 is
represented in the following order: F6 residual > F1 exchangeable > F3 bound to
Fe-Mn oxides > F5 acid soluble > F2 bound to carbonates > FO water-soluble
> F4 bound to organic matter; and uranium-234 has the following order:
F6 residual > F1 exchangeable > F3 bound to Fe-Mn oxides> F5 acid soluble
~ F2 bound to carbonates = FO water-soluble> F4 bound to organic matter.

If we take into account the high total content of uranium in the waste, then
uranium fixed in geochemically-labile forms can be released and migrate from the
soil depending on changes in environmental conditions, such as pH, Eh, salinity,
etc.
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Figure 2 —Species of uranium isotopes

As about 50% of uranium isotopes is presented in mobile or potentionally
mobile forms it is recommended to control the content of radionuclides in the
investigated area regulary in order to prevent the potential exposure of local
population.

Conclusion. The study of the sequential extraction of uranium isotopes from
the waste of the Akshatau deposit, according to A. Tessier protocol, showed that
uranium-238 was recorded in the following order: F6 residual > F1 exchangeable
> F3 bound to Fe-Mn oxides > F5 acid soluble > F2 bound to carbonates > FO
water-soluble > F4 bound to organic matter; and uranium-234 has the following
order: F6 residual > F1 exchangeable > F3 bound to Fe-Mn oxides > F5 acid
soluble # F2 bound to carbonates = FO water-soluble > F4 bound to organic
matter.
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KAPAFAH/IBI OBJILICHI AKIITATAY KEH OPHBIHBIH
YPAH U30TOIITAPBIHBIH TABBLTY ®OPMAJIAPBIH 3EPTTEY
(KA3AKCTAH)

Maxkanana Kaparanabl oOibICEIHBIH AKIIaTay KEHOPHBIHAAFBI YpPaH H30TONTapbIHBIH
TaOBLTy (OpMasIaphl 3epTTEY HOTHKENEpi KOpCETreH. AKIIaTay CHpEK XKep MeTauiaap
KeH opHbl JKoHrap-bBamkaml TI'€OCHHKIMHACBHIHBIH COJNTYCTIK OeliriHie OpHajacKaH.
Ty3imyi OoWbIHIIA KEH OpPHBI T'peU3eHIi-MOTUOICH-BONBGPAMIBI MUHEPATN3AIUSIIBT
TUTIKE JKaTa-Ibl. DJIEMEHTTEpIiH TaObUTy (hopMaslapblH aHBIKTAy JIACTAyIIBI 3aTTapIbIH
MUTPAIMSIIBIK KaOUIeTiH 3epTTeyae, COHIai-aK oJIapIblH OHWOIIOTHSUIBIK OCEpiH, SFHH,
OMOAKKyMYJISILUA-HBI 3€PTTEYyAC MAaHBI3ABI OOJBINT TAOBUIAABI. DJIEMCHTTIH Kb
MOJIIIIEPiH Oy aTajiFaH Maceseepe a3 aKnapat oepe/i.

A. Teccuep ycblHFaH XaTTama OOWBIHIIA AKIIaTay KeH OPHBIHBIH KaJlABIKTapbIHAaH
ypaH U30TOITapbIH TaHJaMalbl [IaliMaiay S/ici apKbUIBIaHBIKTAY, YpaH-238 H30TOIBIHBIH
opTYpai TaObuly (opManapblHAAa Kelecli peTTe TapalfaHAbIFbIH KepceTTi: F6 Kaiabk
> F1 aypicianet > F3 Fe-Mn okcuarepimen Oaitnanbickan > F5 kprmikpuina eputia > F2
kapOoHarrapmeH Oaiinmansickan > FO cynma epurin > F4 opranukanblK 3aTreH Oaitna-
HBICKaH; aJ ypaH-234 n3oTonslHbIH Tapaiy peti: F6 xanapix > F1 aysicnanst > F3 Fe-Mn
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okcuaTepiMeH OaitmaHpickaH > F5 kpimkeuiga eputin ~ F2 kapOonarTapmen Oaiina-
HbIcKaH ~ FO cyna eputid > F4 opranukaibik 3aTIeH OaiIaHbICKaH.

Tyiin ce3mep: TaHmamalsl IaiManay, ypaH U30TONTaphl, AKiaTay, Tadbuty ¢op-
Majiapbl, METPAIMSUIBIK KaOl1eT, anb(a-CreKTPOMETPHSL.

Pe3iome

LI H. Hazapkynosa, A. C. Anubex, H. A. Hypcanuna,
b. C. Camwibanoues, U. B. Mameeesa, A. H. 'ypun

V3YYEHUE ®OPM HAXOXIEHUS U30TOIOB YPAHA
MECTOPOXXJIEHUSI AKITATAY KAPATAHJIMHCKOIT OBJIACTHU
(KA3BAXCTAH)

B crartee paccMoTpeHbl (OpPMBI HaXOXK/IEHHS W30TONOB ypaHa B AKIIAaTayCKOM
Mectopoxaennu Kaparangunckoi obmactn Kazaxcrana. Akiiarayckoe MECTOPOXKICHHUE
PEAKOMETAJUIBHBIX METAJUIOB pacroiaraercs B ceBepHoil yactu J[xyHrapo-banxamickoit
reocHHKIMHaIH. [1o IpONCXOXKICHNIO OHO SIBIISAETCS IPEH3EHOBBIM C MOJIMOAEH-BONIB(pa-
MOBOW MHHEpaNHU3alUeHi, TEHETUYECKH CBSI3aHHBIM C MacCHBOM JIEMKOKPATOBBIX TPaHU-
TOB EPMCKOT0 Bo3pacTa. POpMBI HAX0XKICHUS HJIEMEHTOB SBIISIOTCS HanboJiee BAXKHBIMU
B HCCIIEAOBAaHUAX HM3YYEHHS MHIPAIMOHHON CIOCOOHOCTH 3arps3HSIONIMX BEIIECTB, a
TaKkXKe MX OMONOTHYECKOH CIOCOOHOCTH W, CJIENOBATENbHO, OMOAKKYMYJSAIMH. 3HAHUE
00I1IeT0 COoJIep)KaHusl AIeMeHTa MeHee MH(OPMATHBHO B 3THX BOIPOCAX.

W3ydenue mocrneaoBaTeNbHON SKCTPAKIUK M30TONOB ypaHa M3 OTXOJ0B AKIIaTay-
CKOTO MECTOpOXKIeHHs TI0 poTokoy A. Teccuepa mokasaio, 4To ypan-238 npecTaBieH
B pa3NMuHBIX (POpMax HaxXOXJIEHHs B ciieayronieM nopsake: F6 ocratounsiii > F1 oomen-
Hbli > F3 cBs3annsiii ¢ okcunamu Fe-Mn > FSkucnoropactsopumslii > F2 cBsi3aHHBIH
kapOonaramu > FO BomopacTtBopuMBbIii > F4 cBS3aHHBII ¢ OPraHMYEeCKUM BEIIECTBOM; a
ypan-234 umeer cnexyroumii nopsiiok: F6 ocrarounsiit > F1 oOmennsrit > F3cBs3anHbIH
c okcuyamu Fe-Mn > FSkucnoropactBopumelii ~ F2 cBsizanHbIi ¢ kapoonaramu ~ FO Bo-
JopacTBopuMblil > F4 cBsI3aHHBIN ¢ OPraHUYECKUM BEIIECTBOM.

KnioueBbie cji0Ba: cCeeKTHBHOE BBIIEIIAYNBAHNE, H30TOIB ypaHa, Akmaray, Gpop-
MBI HAX0XKJICHUSI, MUTPAIlHOHHAsI CTIOCOOHOCTD, allb(a-CIIeKTPOMETPHSL.
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CONTENT OF URANIUM ISOTOPES
IN COALS OF KAZAKHSTAN

Abstract. The content of natural isotopes of uranium (uranium-238 and uranium-
234) is considered in the presenting paper. The samples of coals from three main coal
deposits, located on the territory of Kazakhstan (Karazhyra, Shubarkol and Ekibastuz)
were analyzed by alpha-spectrometric method after the corresponding chemical sepa-
ration, which included separation of radionuclides by liquid-liquid extraction (30% solu-
tion of TBP in toluene) and preparation of counting sample by electrodeposition. The
measurements were done at the high resolution alpha-spectrometer (Canberra, semicon-
ductor PIPS detectors) and the Alpha Analyst program was used for processing spectra.

The content of total uranium increases in the following series: coal of Karazhyra
deposit < coal of Shubarkol deposit < coal of Ekibastuz deposit.

The results showed that the most safety is coal from Karazhyra coal deposit
(0.55+0.12 Bg/kg and 0.85+0.14 Bqg/kg for uranium-238 and uranium-234, correspon-
dently). The highest values of concentration of uranium isotopes were recorded for coals
of Ekibastuz deposit, but even for it the content of uranium-238 is much lower than the
average natural radionuclide activity concentrations in coal.

Keywords: coal, uranium isotopes, alpha-spectrometry, Karazhyra, Shubarkol,
Ekibastuz.

Introduction. In recent years naturally occurring radioactive materials got
increasing attention all over the world [1].Naturally occurring radionuclides may
become concentrated in the residues, waste material and end products due to non-
nuclear industrial activities such as burning fossil fuel, phosphates and fertilizers
production, metals and rare earth elements mining, oil and gas production.

In primary energy consumption, the coal takes second place approximately
29% share after oil, which takes the first place about 33% share as of 2015 [2].
Kazakhstan contains Central Asia’s largest recoverable coal reserves, 3.69% of
the world total. The greater part (63%) of counted (i.e. measured) reserves con-
sists of bituminous coal, found in Karaganda, Ekibastuz and Teniz-Korzhankol
basins, Kushokinsk, Borly, Shubarkol and Karazhyra deposits, and elsewhere.

As a result of coal firing wastes such as fly ash, slag and flue gas are also
produced [3]. Coal, residues and wastes produced by the combustion of coal
contain naturally occurring radionuclidesof uranium and thorium series [1, 4].
The average natural radionuclide activity concentrations in coal are given as
20 Bq kg for 2*U, **Th and decay products [3]. Uranium in coal is mainly
associated with organic matters, and a lesser extent occurs in minerals [5].
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In the process of coal combustion, the natural radionuclides can be partially
released to the atmosphere [6], resulting to increas of human exposure.

After high-temperature combustion most radionuclides in coal end up in ash
and slag, which are further reused to make building materials such as cinder
bricks. These bricks release radon and its decay products. which lead to increase
the public exposure [1]. Another application of coal fly ash is in road construction
and asphalt's mixture [7], in order to increase subgrade support capacity of pave-
ments [8]. The natural radionuclide activity concentrations of the coal combustion
products are much higher than the average concentrations in the Earth’s crust. The
average natural radionuclide activity concentrations for”**U, ***Ra, *'°Pb, *'°Po,
*>Th, **Th, and ***Ra are 200, 240, 930, 1700, 70, 110, and 130 Bq kg’
respectively [3]. In this direction, coal-based thermal power plants are considered
as the most important source of technologically enriched natural radioactivity [9].

The amounts of natural radionuclides caused human exposure by different
ways depend on a number of factors, including initial concentrations in coal[4].
The determination of initial concentration of uranium isotopes in coals of
Kazakhstan is a goal of this investigation.

MATERIALS AND METHODS

Object description. The Karazhyra deposit is one of Kazakhstan’s higher
grade coal deposits containing more than 1 billion tonnes of reserves with a large
proportion being open pittable. The Karazhyra field was discovered in 1967, and
locateon135 km south-west of Semey city towards the Zhana-Semey district of
the East Kazakhstan region. Thedepositareais 21.4 km® and brand D coal is
mined.

The Shubarkol deposit located in the Karaganda region, 350 km south-west
of the city of Karaganda. The area of deposit is 70 km’. Explored reserves of
1.5 bil-lion tons. Discovered in 1984, explored in 1984-1986. Brand D coal is
mined.

The Ekibastuz coal deposit was discovered inthe second half of the
19" century in Bayanaul area, Pavlodar region.The area of deposit is 155 km” with
a length of 24 km and a maximum width of 8.5 km. Total geological reserves of
coal is about 10 billion tons. According to industrial marking, they are classified
as weakly baking (CC grade).

Determination of uranium isotopes. To pre-crushed coal samples about
mass of 5 g U-232 tracer with precise activity was added. Samples were left for
24 hours. Uranium was extraction from the coal sample by 10% solution of
sodium carbonate. After desorption process, the solution was filtered. Obtaining
sample was boiled during 20 minutes for removing of carbon dioxide. 2 sm’® of
1% FeCl; was added. After which iron hydroxide from the solution was preci-
pitated by ammonium hydroxide until it reached pH = 8-9. Process of coagulation
was carryed out. After coagulation, the precipitate was filtered and was dissolved
in 50 ml of hot 7M HNO;. The solution of nitric acid contains uranium isotopes.
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Radiochemical separation by extraction was used for separation of uranium
from other alpha-emitting radionuclides. 15 sm® of 30% solution of tributyl phos-
phate was added in a separation funnel to the previously prepared solution. The
solution was shaken for 5 minutes. In this step, uranium compounds from the
inorganic solution was extracted to organic phase. The separation of impurities
was done by 15 ml of 7M HNO; (2 times) and 15 ml of 0.04M HF in 0.25 M
HNO:;.

Figure 1 — Sequential circuit for determination of uranium isotopes

288



ISSN 1813-1107 Ned4 2018

The last step was re-extraction of uranium from the organic to aqueous
phase. 15 ml of bidistilled water was added in separation funnel and was shaken
during one minute. This procedure was repeated three times.

The sample obtained after re-extraction was evaporated and beaker was
treated by concentrated nitric acid three times in order to remove residues of
organic substances.

Uranium isotopes were electrodeposited at stainless steel disc. The procedure
consist of adding 4 ml of 0.5 M HNOs, 4 ml of 1%Trilon B, 1 ml of 25 % NH4Cl
and 1 ml of saturated (NH,4),C,04 to the beaker containing the dry residue after
evaporation. The solution was put into electrodeposition cell and the pH was
adjusted approximately to 8-9 by the adding ammonium hydroxide. Electro-
deposition of uranium was conducted during 45 minutes with a current of 1-2 A
[11,12].

The applied radiochemical separation is represented at the figure 1.

Samples were measured by high resolution alpha-spectrometer (Canberra,
semiconductor PIPS detectors) and the Alpha Analyst program was used for
processing spectra.

RESULTS AND DISCUSSION

The results obtained by alpha-spectrometry method are presented in the
charts (figures 2-5).

5

Concentration of U-238, Bq/kg
-3

' [

Shubarkol Karazhyra Ekibastuz

Figure 2 — The concentration of uranium-238 in coals

The lowest content (0.55+0.12 Bg/kg) of uranium-238 was in coal of
Karazhyra deposit, as the highest was incoal of Ekibastuzdeposit and was equal to
3.9+0.4 Bg/kg, so even in it the content of uranium-238 was lower than the
average natural radionuclide activity concentrations in coal [3].
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Figure 3 — The concentration of uranium-234 in coals

The content of uranium-234 was also higher in coal of Ekibastuzdeposit and
was equal to 5.0£0.4Bqg/kg, as the lowest value (0.85+0.14 Bg/kg) was found in
coals of Karazhyra deposit.
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Figure 4 — The Z*U/**®U isotopic ratio in coals

The isotopic ratio 2*U/**U was higher than equilibrium in all investigated
samples.
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Figure 5 — Concentration of uranium in coals

The content of total uranium increases in the following series: coal of
Karazhyra deposit (44+£10 pg/kg) < coal of Shubarkol deposit (10517 ug/kg) <
coal of Ekibastuz deposit (314+28ug/kg).

The obtained results show that the most safety from radiological point of
view is coal from Karazhyra coal deposit.

Conclusions. The obtained results showed that the most safety from radio-
logical point of view was coal from Karazhyra deposit. Where the content of
isotopes of uranium were the lowest and radiactivity equal about 0.55+0.12 Bq/kg
and 0.85+0.14 Bg/kg for uranium-238 and uranium-234, correspondently.The
content of total uranium compounds increase in the following swquences: coal of
Karazhyra deposit (44+10 pg/kg) < coal of Shubarkol deposit (10517 pg/kg) <
coal of Ekibastuz deposit (314+£28 ug/kg).

The highest values of concentration of uranium isotopes were recorded for
coals of Ekibastuz deposit, but even for it the content of uranium-238 is much
lower than the average natural radionuclide activity concentrations in coal [3].
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KA3AKCTAH KOMIPIH/IETT
YPAH M30TOIITAPBIHBIH MOJIIIEPI

Y ChIHBUIFaH MaKajaaa ypaH H30TONTapbIHbIH (YpaH-238 xoHe ypan-234) Meuepin
aHBIKTAY KapacThIpbLIFaH. KasakcTaHOarbl YII HETi3ri Tac KOMIP KCH OpPbIHIAPBIHBIH
(Kapaxsipa, Illybapken >xone EkibacTy3) kemip yirinepi CyHbIK-CYWBIKTBIK SKCTpaK-
nusicel (30% TBD Tonyonna) sxoHe MEKTPIl TYHABIPY 9ICIMCH CaHAK YIITICIH JaibIHaay
CHUSKTBI THICTI XHUMHUSUTBIK TAWBIHIBIKTaH KCHiH, anb(a-CIeKTPOMETpHUsS SJICIMEH Taia-
HBUIABL. OJIIEeM MATIMETTEpi XOFapbl aXbIPATBHIMJBUIBIKKA HE alb(a-CIeKTPOMETpIe
(Canberra, xaprteitail eTkisrimn PIPS perexropmapbl) anblHIBI, CHEKTPAI OHJACY YIIiH
Alpha Analyst 6armapiaMacsl KOJITaHBIIIbL.

Y paHHBIH JKaJIbl MeIIIepi Kemeci perte apransl: Kapaxsipa KeH OpHBIHBIH KoMipi <
[Ty6apxen keH opHBIHBIH KoMipi < ExidacTy3 KeH OpHBIHBIH KOMIpi.

3eprreynep Kapaxbipa KeH OpHBIHBIH KOMIp YJITLIEpl pamualysuiblK TYPFbIAA €H
Kayirciz ekengiria kepcerti (0,55+0,12 Bx/kr xxone 0,85+0,14 Br/kr cokeciuire ypan-238
xoHe ypaHn-234 yuiiH). EkidacTy3 keH OpHBIHAH aNlbIHFaH KeMIp YiriiepiHae ypaH
HM30TONTAPBIHBIH €H JOFAaphl KOHIEHTPALMACHl aHBIKTAIBI, anaiga ypaH-238 wu3oto-
TIBIHBIH, MeJIIepi KeMipaeri TaOUFu pagHoOHyKIIMATEPAIH OpTalla KOHIIEHTpalUsUIapbIHaAH
onaexaiina TeMeH.

Tyiiin ce3nep: xeMip, ypaH mu3oronrapsl, aibpa-crekrpomerpus, Kapaxsipa, ly-
6apxen, ExibacTys.
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COZIEPXXAHHME N30TOITIOB YPAHA
B YTJISIX KABAXCTAHA

CopeprkaHue M30TOIOB ypaHa (ypaHa-238 u ypaHna-234) B yriisix paccMaTpUBaeTCs B
IpeAcTaBIeHHOW cTarbe. OOpas3mbl YIS TPEeX OCHOBHBIX YTOJIBHBIX MECTOPOXKICHUH,
pacnonoxkenHbix B Kazaxcrane (Mmectopoxnenue Kapaxsipa, [llyoapkons u Dkubdactys),
OBUTM TPOAHAIN3UPOBAHBl C HCIHOJB30BAHUEM Alb(a-CIIEKTPOMETPUYECKOTO METOAa
10CJIe COOTBETCTBYIOIICH XMMHYECKOW ITOATOTOBKH, KOTOpas BKIIOYana paszeeHue
PanMOHYKIMIOB JKHUIKOCTHO-KHIKOCTHOM sKcrpakumeit (30%-ubiii pactBop ThD B
TOJyOJI€) U MPUTOTOBIICHNE CUETHOrO 00pasiia METOJIOM AIIEKTPOOCaKIeHNUS. M3mMepeHus
MPOBOIMIIMCH Ha anb(a-creKTpoMeTpe BBICOKOTo paspemeHus (Canberra, momympo-
BogHUKOBBIE PIPS-merexTopsl), mis oOpabOTKM CIEKTPOB HCIIONB30BAJIaCh IMPOTpaMMa
AlphaAnalyst.

Copneprkanue oOIIET0 ypaHa yBEIWYUBACTCS B CIEAYIOLIEM PAMY: Yroib C MECTO-
poxnenus: Kapaxsipa < yroib ¢ Mmectopoxkaenus [llydapkois < yroyib ¢ MECTOPOXKACHHS
Dxubacrys.

Pe3ynbraThl nokazanu, 4To HanOosee OE30MaCHBIM SIBIISIETCSI YTOJIb MECTOPOKICHUS
Kapaxsipa (0,554+0,12 bx/kr n 0,85+0,14 bx/kr ans ypana-238 u ypana-234, cooTBer-
cTBeHHO). Camble BEICOKHME KOHIIEHTPAIMH H30TONOB ypaHa ObUIH 3aperuCTPUPOBAHbI JUIs
YIS ¢ MECTOPOXKICHUST DKHOACTY3, HO AaXke JUI HEro coJiepKaHue ypaHa-238 HaMHOTO
HIDKE, YeM CpPEJHHE KOHIIEHTPAUH MPUPOIHBIX PaJANOHYKIIHIOB B yTJIE.

KnioueBble cioBa: yroib, M30TONBI ypaHa, aibga-crieKrpoMmeTpus, Kapaxsipa,
[Tybapxons, Dxudacrys.
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VK 547.823:615.212

K. JI. [IPAJIMEB', J1. A. ABJJAMBAEB"?, V. M. JJATXAEB’,
M. T. OMBIP3AKOB’, I'. C. AXMETOBA'

AO «MuctutyT Xxumudeckux Hayk uM. A.b. Bekryposa», Anmarsl, Pecriy6nnka Kazaxcran,
AO «HanuoHanbHbIi MEIUIMHCKUN YHUBEPCUTETY,
Anmarsl, Pecniyonuka Kazaxcran

CHUHTE3 BUOJIOTHYECKHN AKTUBHbBIX AMHU/J10B
AJJAMAHTAHKAPBOHOBOM KUCJIOTHI

AHHOTauMs. B pamkax HacTOSIEro MCCIAEAOBAHUS CHHTE3UPOBAHBI aMUIbI
aJJaMaHTaHKapOOHOBOW KHUCIIOTHI AIMJIMPOBAHHUEM psfla IUKIHYCCKUX aMUHOB: ITHIIC-
puanHa, MopdoarHa, (QeHWImunepasuHa ¥ Ju(eHWIMETIIITHIICpa3HHa alaMaHTaHKap-
oonmxmopunom o Lllorren-baymany.

AKTyaTbHOCTh WCCIICOBAHHN ONMMPACTCS HA CBEJCHHUAX W3 JUTEPATypPHBIX JAHHBIX.
Obnanmast pa3MUYHBIMA CBOMCTBAMH, aMHU/IbI CTAHOBATCS HOBOHM TPYMIIOH JIEKapCTB, MPH-
YeM BBISIBJIICHO HECKOJBKO ()YHKIIMOHAIBHBIX ICHCTBUM, KOTOPbHIC NCIAIOT HX BEChMa
MIEPCTIEKTUBHBIMU B Pa3pabOTKe HOBBIX MPEmapaToB.

Peakiuio mpoBOIMIIM B aOCOIFOTHOM OCH30JI€ MPH OXJIAKICHUA U COOTHOIICHUH
amMuH: anuwupyrommii areHT = 2:1. [lony4eHbl KOMIUIEKCHI BKIIOYEHHS COSAMHEHHN C
[B-LIMKIIOIEKCTPUHOM.

CocTaB U CTpOEHUE CHUHTE3UPOBAHHBIX COCTUHEHHM MOATBEPXKACHBI JAHHBIMH JJie-
menTHoro aHanuza u K-, IMP- cnekTpockonuu, WHANBUAYAIBHOCTh — TOHKOCIOWHOM
Xpomarorpaguen.

KaroueBbie cjioBa: aMufpl, agaMaHTaHKapOOHITXIIOPH, MUANCPUANH, MOP(OIHH,
(enmTIIUIIEpa3uH, TU()ECHIIMETHIITHIICPA3HH.

HecmoTpst Ha OrpOMHBIN aCCOPTUMEHT HUCHOIB3YEMBIX JIEKAPCTB U TPYJHOC-
TH TIPY CO3/IaHWHW HOBBIX MIPETapaToB, akTyalIbHOCTh MUCCIIE0OBAaHUH, HAIlEIIEHHBIX
Ha pa3paboTky 3(p(HEeKTUBHBIX U KaYeCTBEHHBIX OMOJOTMYECKH aKTUBHBIX BelIc-
CTB, Ha CETOAHALIHUN JeHb HeocriopuMa. [IpuunHbl, KOTOphie MOOYKAAIOT 3aHU-
MaThCsl JaHHOH MpoOIeMOH, pa3MuYHbl: ocnabieHrne IMMYHHONW CHCTEMBI 4eJIo-
BEKa, OBICTPOE pacIpOCTPAHCHUE OMACHBIX BUPYCHBIX HMHQEKIUH, YXyAIICHHE
9KOJIOTHYECKOTO COCTOSTHUS OKPYIKaIOLIEH Cpelibl, a TAaKXkKe pe3UCTEHTHOCTD Oac-
HBIX MUKPOOPI'aHNU3MOB K YK€ CYIIECTBYIOIINM JIEKapCTBEHHBIM Ipenaparam.

B cBsi3u ¢ 3TUM, OJHOW W3 NPUOPUTETHBIX 3alad CUHTETHUYECKOW OpraHu-
YECKOW XUMUH SBJSETCA CHHTE3 HOBBIX COEIMHEHHH C OPUTMHAIBHON CTPYKTY-
poH, KOTOpble 00/1aa0T KOMIUIEKCOM IPOTHO3UPYEMBIX CBOMCTB. IIoMCK HOBBIX
3(PEeKTUBHBIX JICKAPCTBCHHBIX BEIECTB BKIIOYACT B ceOs MpUeMbl MOAM(U-
Kallik YK€ CYNICCTBYIOIIMX BEHIECTB C BBIPAKEHHBIMH (HapMaKOJIOTHUECKUMHU
CBOHCTBAMHU WJIM CO3JAaHUSI a0COJIIOTHO HOBBIX KJIACCOB OPraHUYECKHUX COEAH-
HEHUU. BBeeHne B MOJIEKYIly NMOTEHUUAIBHOIO JIEKAPCTBEHHOTO BEIIECTBA J10-
MOJHHUTENLHOU (hapMako(OpPHON TPYIIIIBI MOXKET «IIPUBUTHY €My HYXKHYIO OMOaK-
TUBHOCTbH WJIM J1aK€ YMEHBIINTH TOOOYHBIE CBOMCTBA TaKHE, KAK TOKCHYHOCTb.
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JlaHHOE Hay4YHOE HCCICAOBAHHME TOCBSIIEHO pa3pabOTKE METOJOB CHHTE3a
HOBOTO MOKOJICHUS] OMOJIOTMYECKH aKTHBHBIX BEILIECTB.

AMUZIBI — TPOU3BOTHBIE OKCOKHUCIIOT (KaK KapOOHOBBIX, TAK M MUHEPAIBHBIX ),
(hopMabHO SBIAIOMIMECS TPOTYKTAMH 3aMeIIeHHUs THAPOKCIIBHBIX Tpynn -OH
KHUCJIOTHOM ()YHKIIMM HAa aMHHOTpPYNIy (HE3aMEIIEHHYI0O M 3aMEIIeHHYIO); pac-
CMaTPUBAIOTCS TaKXKe KaK AaIMIIPOU3BOAHBIC aMHHOB. COEMUHEHHSI C OIHHM,
IBYMsSI WJIM TPEMsI allIbHBIMU 3aMECTUTEISIMHA y aToMa a30Ta Ha3bIBAIOTCS TeEp-
BUYHBIMH, BTOPUYHBIMA WM TPETUYHBIMH aMHJIAMH, BTOPHUYHBIC aMUIBI HMeE-
HYIOTCS TaK)K€ UMUTaMHU.

AMHuIBI KapOOHOBBIX KHCIOT — Kapbokcamuasl RCO-NR'R? (rze R' u R? -
BOJIOPOJ, aliyl JIMOO AalKWIBHBIA, apWIbHBIA WM JPYroil yIieBOAOPOIHBIN
paaukai) oObIYHO MMEHYIOTCS amujamMu. OHU UTPArOT BAKHYIO POJb B MPUPOIC
[1]. Monekyibl IPUPOAHBIX MENTHAOB U OEIIKOB IMOCTPOCHBI U3 (l-AMUHOKHCIIOT C
Y9aCTHEM aMUIHBIX TPYIIT — MENTUIHBIX CBI3CH.

3a mpouuible JABa JecATHICTHS OWOMEIWIMHCKANH WHTEpec K N-allkui-
amuaM 4pe3BbluaiiHo yBenmnumics. CBs3p B ammuax, umeerca —C (=O)NH- B
MOJIMTIENTHIAX U Oenkax, KoTopas Ha3pIBaeTcs menTuaHoi. 3-3a ocobennocreit
pe3oHaHca, CBSI3M aMHJIa MJIOCKHUE W OTHOCHTEIBHO yCTOWYMBBIE, 00JIaatoT dac-
TUYHBIMY JIBOMHBIMH CBSI35IMHU M OOJIBIIIUM JIUTIOJIEHBIM MOMEHTOM.

Brnaromapss MHOTUM HCCIIEIOBaHWEM CTAaJIO SICHO, YTO 3TH (DU3HOIOTHYECKU
AKTHBHBIC MOJICKYJIBI 00JIAAAI0T IUPOKUM (YHKIHOHAIBHBIM CIIEKTPOM TOCPEI-
CTBOM MHOTOKPAaTHBIX MEXaHU3MOB JICUCTBHUSI.

AMUBI, TAKUM 00pa30M, CTAHOBUTCS HOBOU TPyNITOHN JeKapcTB (KaK OJUTO-
MIENTH/IBI, -Caxapuasl ¥ -HYKJIECOTHIBI), OOJiafiasi pa3iuyHBIMH CBOWCTBAMHU. Y
aMHJIOB BBISIBJICHO HECKOJBKO (YHKIIMOHAIBHBIX JACHCTBUH, KOTOPHIE AETAIOT HX
BeCbMa NEePCIeKTUBHBIMU B pa3pabOTKe HOBBIX MPETIapaToB.

Cpeny poM3BOJHBIX aMHUIOB HAaMIEHBI BEIIECTBA C MPOTHBOCYIOPOKHBIMH
[2], ananpreTuueckumMu [3], TPOTHUBOIPUOKOBBIMU [4] U aHTUOAKTEPUATBHBIMH
[5, 6] cBoiicTBamu.

LuknudeckuMyr aMHHaMHU, BOBIEYeHHBIMH B peakuuto IllorreH-baymana
onpenenens! nunepuant (1), mopdommn (2), pernnmumnepasun (3), audennnme-
TUnUnepasuH (4):

< : /N /\ : / N\
NH Q NH ON NH N NH
1 2 3 4

[Munepunua (1) Buepseie BhiAeNeH u3 mnepua. [lunepuanHOBBIA (pparmMeHT
SBJSIETCSI COCTABHOM 4acThiO OOJIBILIOrO KOJIMYECTBA AJIKAJIOUAOB. Tak, mumepu-
JUHOBBIM IIMKJI BXOAMT B COCTaB alkajloMaa KOHMWHA, COJEpKallerocs B 0OIH-
roJIoBe MATHUCTOM, B COCTaB IMIIEPHHA, KOTOPBIM NPUAAET JXKIY4YHH BKYyC 4dep-
HOoMy Tmiepiy. Takke B Solenopsin tokcmae OTHEHHBIX MypaBbEB. llumepumnn
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IIMPOKO MCTOIB3YETCS B KA4eCTBE PACTBOPHUTENS, KaTaan3aTopa, CTPOUTEIHHOTO
Onmoka Ui (papManeBTHUECKUX IpernapaToB. Hampumep: mapoKceTHH, pucIie-
PHUIIOH, METUI(QEHUAAT, THOPUIA3UH, Taslonepuaoi, apornepunoi. [unepunun (1)
sBIIsieTCsl OMOJIOIMYECKH aKTHBHBIM BELIECTBOM, IOCTOSIHHO IPUCYTCTBYIOILUM B
OpraHM3Me JKMBOTHBIX M YeJIOBeKa. B opranm3mMe MO3BOHOYHBIX OH CHHTE3HPYET-
csl M3 JUaMHHOMOHOKapOOHOBOW KHCIIOTHI JIM3MHA Yepe3 CTaluio 00pa3oBaHUs
MUMNEKOJIUHOBON KUCIIOTHI [7-9].

Mopdonun (2) nHrHOUpyeT GepMeHTHI, y4acTByoUIHe B OMOCHHTE3E CTepO-
JIOB B KJleTKe rpuda §-14-penykrasy u 6-7,8-m30Mepasy, yMEHBIIAET COepKaHHE
Iprocreposa, CnocoOCTBYeT HAKOIUIEHHIO aHOMAJIbHBIX HEIUIOCKOCTHBIX CTEpPEo-
M30MEPOB CTEPOJIOB, HApyIIasi CTPYKTYpPY KIETOYHON MeMOpaHbl rpuda. Mopdo-
JWHBI B 3aBUCHMOCTH OT KOHICHTPAlMM MOTYT OKa3bIBaTh (PYHTHCTATHUECKOE
win (QyHTHIUAHOE JIeiicTBUE, OOYCIIOBICHHOE HapylIeHHEM o0pa3oBaHUs Kile-
TOYHOW MeMOpaHbl rpuda. CTOUT OTMETUTh, YTO MOP(OJIMH HIMPOKO HCIIONb-
3yeTcss B OPraHUYeCKOM CHHTE3€, B YaCTHOCTH, B IPOU3BOJCTBE aHTUOMOTHKA
linezolid n poTuBOpaKOBOTO TIpenaparta gefitinib (Iressa).

Oenmmmmunepasusbl (3) — XUMHYECKHH KJIacC aHTHIACIPECCAHTOB, KOTOPHIC
00J1aJ1al0T BBIPAKCHHON M30UPATENBHOCTBIO JCHCTBUS, IPUUEM HAuOOJIee MOIII-
HBIM (apMaKoJoruyeckuM 3(PQPEeKTOM 3TUX MpenapaToB sBIseTcs OJ0kama pe-
uentopo SHT,,. Jpyrue antuaenpeccuBHble CPEACTBA TAKUE, KaK (PEHUIIITUIIE-
pasuH (Heha3o[0H) WIKM TPa3oA0H (Ie3upei), HECMOTPsI Ha OTCYTCTBHE MO00Y-
HBIX 3(QQEKTOB, HE CTOJb MIMPOKO HMPUMEHSIOTCS AJS NPOQHUIAKTUKA MUTPEHH.
AHTHIETIpECCaHThI, KaK, BIPoYeM, U OeTa-aapeHoOI0KaTopsl, 3G deKTuBHBI MpH
MUTpeHN (WM TOJIOBHOW OONM HANpSIKEHHS), COMPOBOXKIAIOIIEHCS IICHXOTEH-
HBIMHU BETETaTUBHO-COCYJMCTBIMU KpHU3aMu (MTaHMUECKUMHU aTakamu). M3 nmurepa-
TYPHBIX UCCIIEIOBAHUH, MOJYYCHHBIX KaHAJCKUMHU y4eHbIMU B 1968 r., 1-(1uKiio-
nporrankapOoumn)-4-perrmmmurepazua [10] obmagaeT THUNEPTEH3WBHBIMH CBOM-
CTBaMH, a TaK)Ke OKa3blBaeT OJArompHATHOE BO3JEHCTBHE Ha CEpJeYHO-COCY-
JUCTYIO CUCTEMY.

B nponomxennn paboT 1Mo CHHTE3y OMOJOTHYECKH aKTHBHBIX aMuoB [11] B
pamMKax HacToAIIeH paboThl MOTyUYeHBI aMH/IBI aJaMaHTaHKapOOHOBOM KHCIIOTHI.

W3BecTHO, YTO MPOM3BOIHBIE aJJaMaHTaHa POSBISIOT OMOAKTHBHOCTb, KOTO-
pasi BKIItoYaeT NpoTuBOBUpYCHBIE [12-14], anTHOaKTepHanbHble [15-17], mpoTH-
BOBOCTIAJIUTEbHBIE aKTUBHOCTH [18,19], MHrHOMpOBaHNe IIEHTPATEHON HEPBHON
cuctremsl 11B3-HSD1 [20,21].

C nenbio cuHTETHYECKON cOOpKH (PapMako(pOPHBIX CTPYKTYPHBIX (parMeH-
TOB, TIPUAAIONINX MOJEKYJe 3aJaHHbIN THIT OMOaKTUBHOCTH, NMPOBEJEHA IIEJIeHa-
npaBiieHHass MOJU(HKALINS, TO3BOJISIONAs OOBETUHUTE B OIHY MOJIEKYILy Takue
¢dapmakodopHble TPYIBI, KaK aZaMaHTaHOBBIM M NMUIEPUIMHOBBIA, MOPQOIHU-
HOBBIH, (QEHWINMUIEPa3HHOBBIA U IU(EHUIMETHINUICPA3UHOBEIA (PparMeHTsl,
YTO, OYEBHUIHO, MOXKET TIPUBECTH K HOBBIM MOTCHIMAILHO OUOJOTHYECKH aKTHB-
HBIM coeinHeHusAM. C 3Toi 11eNbI0 HaMU NMPOBEIEHO allMINPOBaHKUE MUIEPHINHA
(1), mopcdomunua (2), ¢enmmunepasuna (3), gudeHunMeruanumnepasuHa (4) c
agamanTankapOonminxiopunam no llorren-baymany. Peaxmuro mposommmu B
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abcomoTHOM OeH30JIe MPH OXJKACHUN. AMUH : allWJIMPYIOMIUN arceHT B3STHI B
cooTHoIIeHnu 2:1.

0O

@)
S REa /\ ||@
2 X NH X NH-HCl| + X N—C (r)

/ / /

1-4 5-8

0 0
/N I
X  N—C g ———» X  N—C (v
/ S /

9-12 C4oH703;5

Kommnexesr ¢ B-11/]

X=CH, (1,5,9); 0’2, 6, 10); QN(& 7,11); : >N (4,8,12)

Peakmmonnyio cmech nepeMemuBaoT B TeueHue 1 4. KonTpons 3a xomom
peakuuu npoBogwiu o TCX. BelmaBmmii ocagok TUAPOXJIIOPUIOB HCXOAHBIX
aMUHOB OT(UIBTPOBBIBAIIM, MATOYHUK YIApPUBAIM JIOCYXa, OCTATOK MPEICTaB-
nseT co0oii 1eIeBble MPOIYKThI PEAKIIMH — aMUIbl KAPOOHOBBIX KUCIOT (5-8).

CHUHTE3UPOBAHHBIE aMUJbl BBIICICHBI, OUMLICHBl U OXapaKTEPU30BAHbI Ha
ocHoBanuK gaHHEX UK, SMP"C- criekTpocKonuu, NHAHBUIYaTbHOCTb — TOHKO-
cioiiHo xpomatorpadueii. Beixonbl, nanusie Rf, anemenTHOro Mukpoananusa u
UK cniektpockonuu mpeicTaBieHs B Tadbmuie 1.

Tabmuua 1 — Beixon, Ry, nannsle Mukpoananusa u VUK cnekrpockonuu amunos (5-8)

Coenu- | Beixon, Ry, T, VIK criextp v, cM” BpyTTO
HEHHE % *3ITFOCHT °C C=0 C-H hopmymna
5 61,0 0,87 90-91 2899,0 1615,8 Ci6HpsNO
6 78,74 0,86 119-120 2903,5 1628,1 CisHp;NO,
7 76,38 0,78 132-133 2903,1 1613,3 CyHyN,O
8 71,88 0,78 145-147 2905,4 1628,0 CyH3sN,O
*J1r0€HT: OEH30II | THOKCaH = 3 : 2.
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B UK-cnextpax amunos (5-8) ucuesaet monoca mormomeHust N-H npu 3500-
3300 cMm™', HaGIOAETCS MHTEHCHBHAS TOJIOCA TIOTIOICHHUS] KapOOHMIIA aMUJIHOMN
rpymms (C=0) B o6mactu 1613-1628 cM™', a Takke monoca MOMJIOMEHHS B 00-
nacti 2899-2905 cm™', KOTOpas CBHICTENHCTBYET O BAJCHTHBIX KOJICOAHHSAX Ha-
CBHIIMICHHON METHJICHOBON rpymmbl. C Menbi0 M3yYeHHs] OMOJIOTHYCCKON aKTHB-
HOCTH CUHTE3MPOBAHBI KOMITJIEKCHI BKIIFOUSHHS aMHUIOB C [3-IINKIIOIEKCTPHHOM.

B cnekrtpe SIMP"” C ueneBbix aMUJIOB aJaMaHTaHKapOOHOBOH KHCJIOTBI
(Tabnuua 2) HaOmogaeTcsl HaJIUMYMe CHHIJIETHBIX CHUTHAJIOB KapOOHWIIa aMHIHON
rpynnsl Habromaercs npu 175,53-175,92 m.a. ( Tabnuma 2).

Ta6miua 2 — 3HAUCHHS XMMHUUECKHX CIBHIOB aTOMOB yriepoza B ciektpax SIMP ' C ammumos (5-8)

Co-
en-
He-
HUC

Xumuyeckue casurd (CDCls), 6, M.

C-2 C-3 C-4 C-5 C-6 AnaMaHTHIT C=0 C-Ph

Co 41,72,
C10,18,17 39,11;
C11,13,15 28,61;
C12,14,16 36,75;

Cy 41,83;
C10,18,17 39,17;
C11,13,15 28,56;
C12,14,16 36,71;

Ci541,76; Cy150,59;
Ci62324 39,19; Cs.12 116,70,
Ci7,102128,55; 175.87 Co,11129,39;
Cig 2220 36,72; Ci0120,95;

C,,41,69; ndeHnn
Cz3,3o,31 39,09; 175.77 C8,16 142,46; C9,13,17,21
C24,26,28 28,49; ’ 127,96; C10,12,18,20
C25’27,29 36,67, 128,73, Cl 1,19 127,23,

5 146,48 |26,41 | 24,86 | 26,41 | 46,48 175,53 -

6 |46,21 (2657 | - |2433]46,12 175,68 -

7 150,08 4510 — [45,10 50,08

8 52,47 (4549 | — |45495247

CHHTEe3UPOBaHHBIC aMUJIbI MPEJICTABIISIFOT KPUCTAITMUECKUE COCMHCHNUS, Ha
OCHOBE M3YYCHHS aHTHMHKPOOHOH M ()YHTMIIMTHOW aKTUBHOCTH i1 Vitro B OTHO-
IICHUH My3eHHBIX TeCT-IITAMMOB. BBUIO MOKAa3aHO, YTO BCE aMHUIbl aJaMaH-
TaHKapOOHOBOH KHUCIIOTHI TTOAaBISIIN pocT KynbTyp C.albicans ATCC 10231, tem
CaMbIM YCTaHOBJIEHA UX (YHTHIIUHASI AKTHBHOCTb.

3KCHepI/IMeHTaJI]>Haﬂ XUMH4YeCKas 4acThb

Xoa peakuu U MHIUBUAYAIBHOCTh COEAMHEHUIH KOHTPOJIMPOBAIN METOIOM
TCX na okcune amoMunus IIl creneHn akTUBHOCTH, C MPOSIBICHUEM IISITEH Ma-
pamu iomga. MK-ciexTper 3anmcansl Ha ciekTpomerpe «Nicolet 5700» B ToHKOM
cioe mexy miactuakamu KBr. Criexrpst IMP 'H u °C 3apeructpuposanb! Ha
cnextpomerpe JINM-ECA400 dupmer «JEOL» (400 u 100.8 MI'1 cooTBetct-
BeHHO) B CDCl;, BHyTpennwmii crangapt — TM/IC.
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1-(4-aoamanmanxapbonunamuod)nunepuouna (5). B HByXTOpIyI0 KpyTio-
JOHHYIO KOJIOY, CHaO>KCHHYI0 MarHHUTHOW MEIIAJIKOH, 0OpaTHBIM XOJOJMIbHH-
KOM C XJIOPKAJIBIHEBOI TpyOKO#, KarensHol BopoHkoi nomermarot 1 1 (0,0117 moins)
rariepuarHa B 20 MIT abcoimoTHOTO O6eH30ia. K manHOMYy pacTBOpY MpH MOMOIIH
JeNUTeIbHOM BOpOHKM npukansBaioT 1,17 1 (0,0059 monb) agamanTankap6o-
HWIXJIOPH[A, TIPEBAPUTEIHHO pacTBOpeHHOro B 20 MI1 aOCOJOTHOrO OEH30Ja.
PeaknmoHHyIo cMech nepeMeNMBaroT P KOMHATHOW TeMIieparype B TeueHue 1 .
Xon peakiun KoHTponupytoT o TCX. Habmonaetcs nHTeHCHBHOE 00pa3oBaHue
Oeroro ocajaka TUAPOXJIOPHUIA MUINEPUANHA, KOTOPBIH MO OKOHYAHHWIO PEaKLUU
ordmIbTpoBbIBacTCs Ha BopoHke [1loTTa, a MaTOUHBIN pacTBOP KOHIIGHTPUPYETCS
Ha POTOPHOM HCIapUTeNie MOJI BAKyyMOM BOJOCTpYHHOrO Hacoca. MaciooOpas-
HBIA OCTATOK MpH CTOSTHUK Kpuctaiuzyercs. [lomyuatot 0,61 T (61 % ot Teope-
TH4eckoro) 1-(4-agamanrankapOoHMIaAMUI)IUIIEpUArHA (5) B BHIE OENBIX KpHC-
Ta/uoB ¢ T.m1. 90-91 0C, R:0,87 (AL, O, amroeHT — OeH30I: THOKCaH-3:2).

Komnnexc ¢ f-yuxnodexcmpurnom adamanmanxapoornuiamud nunepuouna (9).
CwmemmuBaroT ropstaue pactBopsl 0,2 T (0,00081 mons) 1-(4-amamanTaH-KapOOHWMII-
amun)munepuauHa B 10 Mo sTmnoBoro crimpta u 0,92 1 (0,00081 moms) B-1iukio-
nekctpuHa B 30 MII IMCTHIUTMPOBaHHOW BoJbl. CMech MOMENIA0T B CYIIMIBHBIN
ukady, BHIMAPHBAIOT 9TaHON U Boay npu 50-55 °C, momyuator 0,97 T KOMILIEKCA
BKJTIOUEHUS aJjaMaHTaHKapOOHMUIaMu nunepuanta (9) ¢ B-IUKI0IEKCTPHHOM.

1-(4-aoamanmanxapbonuramud)mopgonuna (6). B KpyriogoHHYIO, IBYTOp-
nyro Kooy oosemMom 100 mit, cHAOXKEHHYI0O MEXaHWIECKON Memrankoid u obpar-
HBIM XOJIOJWJIBHUKOM C XJIOPKaIbLIMEBON TPYOKOM, KareIbHOH BOPOHKOH IOMe-
maroT 1 r (0,0115 monp) Mopdonmua B 20 MI1 aOCONMIOTHOTO OEH30Ja M MpUKa-
MIBIBAIOT MEIJICHHO TpH oxyiaxaeHuu pactsop 1,13 r (0,0057 Monp) amamaHTaH-
KapOOHWIXJIOpU/IA, NPEIBAPUTEIBHO PacTBOPeHHOro B 20 M aOCOJIIOTHOIO
Oenzona. HabmromaeTcs pa3orpeBanne peakOHHON cMeCH U MHTEHCHBHOE 00pa-
30BaHHMe 0Oeyoro ocajka. PeaklMOHHYI0 cMech MepeMEIInBalOT MPU KOMHATHOW
Temreparype B TedeHue | 4. BeimaBmmii ocagox OTGUIBTPOBEIBACTCS HA BOPOHKE
[lorTa, MaTrouHBId pacTBOp KOHLEHTPHUPYETCS Ha POTOPHOM HCIApUTEIe.
[omyqator 1,27 1 (78,74 % ot Teopernueckoro) 1-(amamaHTaHKapOOHWIAMUL)-
mopdouHa (6) B Buae Genbix kpuctamios ¢ T.mr. 119-120°C, Ry 0,86 (amroenT —
OeH30J-TuoKCaH — 3:2).

Komnnexc ¢ [-yuxnodekcmpurnom adamanmankapOoOHuiamud mop@oruna
(10). CmemmBaror ropstune pactBopsl 0,2 T (0,00080 monw) 1-(4-amamanrtaH-
kapooHmtamug)Mopdommaa B 10 Mt strnosoro crimpta 1 0,91 r (0,00080 moub)
B-uuknomexkctpuHa B 30 MJI OUCTWIUIMPOBAaHHOH BoAbl. CMech MOMEUIAOT B
CYLIMIBHBIH KA, BHIIAPHBAIOT 3TaHON M Boay mpu 50-55 °C, momyuator 1,0 1
KOMIUIEKCa BKIIFOUEHHs ajamMaHTaHkapOoHmiamua Mmopdommaa (10) ¢ B-nmkio-
JEKCTPHHOM.

1-(4-aoamanmanxapbonuramud)penurnunepazuna (7). B nByxropiyio
KpPYTJIOJOHHYIO KOJIOYy, CHa0)XEHHYI0 MarHHUTHOW MEIIaJIKOi, OOpaTHBIM XOJIO-
IITBHUKOM C XJIOPKaJIbIIMEBOM TPyOKOH, KarenbHOM BOPOHKOH momemaroT 1,5 T
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(0,00925 monw) denmmmunepazuHa B 20 M abcomrotHoro 6ensona. K manHomy
pacTBOpY MpH TMOMOUIM JETUTEeNbHOW BOPOHKH MpHKambiBaioT pactBop 0,92 r
(0,00462 moip) agamMaHTaHKapOOHUIIXJIOPUIA, IPEIBAPUTEILHO PACTBOPEHHOTO B
30 M abcomroTHOro OeH301a. PeakiMOHHYI0 CMECh ePEeMEIINBAIOT IPH KOMHAT-
HOM Temmieparype B Tederne 1 4. Xox peakiuu KoHTpoaupytoT o TCX. Habimo-
JaeTcsi MHTEHCHBHOE oOpa3oBaHHMe O€JOoro ocajaka THAPOXJIOpuAa (HeHHIIIH-
nepasuHa, KOTOPbIM 10 OKOHYAHUIO PEAKUUH OT(HILTPOBHIBACTCS HA BOPOHKE
HlorTa, a MaTOYHBIM PacTBOP KOHLEHTPUPYETCA HAa POTOPHOM HCIAPUTEINE HOJ
BaKyyMOM BojocTpyiiHoro Hacoca. [Tomywarot 1,96 r (76,38 oT TeopeTndeckoro)
1-(4-anamanTankapboHniIaMua)peHuanunepazuta (7) B Buae 0eIbIX KpUCTaIIOB
¢ t.un. 132-133°C, R;0,78 (Al O3, airoeHT — OeH301T: THOKCcaH-4:1).

Komnnexc ¢ f-yuxiodekcmpurnom adamanmankapoOoHuiamuo genuinunepa-
suna (11). CmemmBartoT ropstane pactBops! 0,57 r (0,00176 mons) 1-(4-amaman-
TaH-KapOoHWIaMua)peHununepasiia B 15 mu artunosoro cnupra u 1,99 r
(0,00175 monp) P-nmkmonexcTpuHa B 40 M AUCTHILIMPOBAHHON Boabl. CMech
MOMEIIAIOT B CYIIMJIBHBIM IIKag, BHIIAPUBAIOT STaHON W Boxy mpu 50-55 °C,
noiy4aroT 2,04 T KOMIUIEKca BKJIIOYCHUS ajaMaHTaHKapOOHMIaMuU (eHUIIITUIIE-
pasuHa (11) ¢ B-IUKIOJEKCTPUHOM.

1-(4-a0amanmanxapbonunamuod)ougpenuimemuinunepasuna (8). B neyxrop-
JYI0 KPYTJIOAOHHYIO KOJIOY, CHA0)KCHHYH0 MArHMTHOM MEIIAIKOW, OOpaTHBIM
XOJIOAWIBHUKOM C XJIOPKAJIBLHEBOIH TPYOKOW, KaneabHOH BOPOHKOW MOMEIIAIOT
1,0 v (0,00373 mons) mudenmnmeTrnnunepasnaa B 20 M abcomoTHOro OeH30a.
K nmanHOMY pacTBOpY NpH HMOMOIIM JEIHTEIEHOW BOPOHKHU IMPHKAIBIBAIOT pac-
tBop 0,37 r (0,00186 MoJb) amaMaHTaHKAPOOHUIIXIIOPHU/IA, TIPEABAPUTEIILHO pac-
TBOpeHHoro B 30 miu aOconroTHOro OeH3osia. PeakmoHHYI0 cMech IepeMelIn-
BalOT NIPU KOMHATHOM TeMIlepaType B TedeHue 2 4. X0 peakiiud KOHTPOJIHPYIOT
no TCX. HaOmiomaercs MHTEHCHMBHOE 0Opa3oBaHHE O€JI0ro ocajka THIPOXJIO-
puzna qudeHmwIMeTHINUIIEpa3uHa, KOTOPBIH 0 OKOHYaHUIO PEaKIUU OTHUIBTPO-
BbIBaeTcsi Ha BopoHke llloTTa, a MaTO4YHBIM pacTBOp KOHLEHTPUPYETCS Ha po-
TOPHOM HCIIApHUTENE TOJI BaKYyyMOM BOJIOCTpyHHOTO Hacoca. Ilomydwaror 1,15 T
(71,88 or Teoperuueckoro) 1-(4-amamaHTaHKapOOHMIAMHUT)IN(ESHUIMETUII-
nunepasuHa (8) B BHae GelIbIX KPHCTAILIOB ¢ T.uL. 145-147°C, Re 0,78 (ALO:;,
JIOCHT — OeH30I: AnOKCaH-4:1).

Kommnnexc ¢ [f-yuxnodexcmpunom adamanmanxapoonuramud oughenuime-
mun-nunepasuna (12). Cmemmusaior ropstuue pactsopsl 0,2 r (0,00046 monp) 1-
(4-apamaHTaH-KapOOHUIAMHI) TUPEeHIMETHIIHIEpa3uHa B 10 M 3THIOBOTO
coupta u 0,53 1 (0,00047 mMoub) B-rukioaekcTpyuHa B 30 MJI IUCTHILIMPOBAHHON
Bozbl. CMech MOMENIAOT B CYIIMIBHBIN MKad, BHIIApUBAIOT 3TAHOI U BOLY NpHU
50-55 °C, nmoirygaroT 0,76 T KOMIUIeKca BKIFOUCHUS aJaMaHTaHKAPOOHWIAMIT
mupenmmmeTrmunepasuia (12) ¢ B-1uKIoeKCTPUHOM.

The work has been performed within the frames of the grant financing
of the Ministry of Education and Science of the Republic of Kazakhstan
No. AP05131065.
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K. J]. Ilpanues, J]. A. Aboambaes,
Y. M. Jlamxaes, M. T. Omvipzaxos, I'. C. Axmemosa

AJAMAHTAHKAPBOHKBIIIKBIIBIHBIH BUOJIOTUAJIBIK
BEJICEHJI AMUJTEPIHIH CHTE3I

OcsI 3epTTeydiH asChIHAA MUKl aMAHAEPAIH MHUIIEPUINH, MOP(OIHH, (EeHUIITH-
HepasuH J>KoHE JU(PECHUIMETWINHIEPAa3UH KaTapblH aJaMaHTaHKapOOHWIXJIOPHIIICH
HloTTen-bayman GoliblHIIa anunIupey apKbUIbl aJlaMaHTaHKAPOOHKBIIIKBUIBIHBIH aMH/I-
TEpi CUHTE3ICIII.

Peakumst abconmroTTik OCH30Ja CANKBIHAATY apKbUIBI  Ky3ere achbIpbUIIHI.
AMMH:allMJIMPIIeYIi areHT KaTblHACkl 2:1 abIHbI.

CuHTe3JIeNreH KOCBUTBICTAPIBIH KYpaMbl MEH KYPBUIBICHI 3JEMEHTTIK capanrama
xone UK, SIMP criektpockomnusi, ai KeKemIeNmiri - )kyka KabaTTel Xpomarorpadus oici-
MEH JQJIeTICH 1.

Tyiiin ce3nep: amuarep, agaMmaHnTaHKapOOHMIXIIOPU, TUIEPUINH, MopdoiuH, de-
HUINHIICPa3uH, TN(EHWIMETIIIITHIIEPA3HH.

Summary

K. D. Praliyev, D. A. Abdambayev,
U. M. Datkhayev, M. T. Omyrzakov, G. S. Akhmetova

SYNTHESIS OF BIOLOGICALLY ACTIVE AMIDES
OF ADAMANTAN CARBOXYLIC ACID

Within of this study, amides of adamantanecarboxylic acid were synthesized by
acylation of a number of cyclic amines: piperidine, morpholine, phenylpiperazine and
diphenylmethyl piperazine under the conditions of the Schotten-Baumann reaction.

The reaction was carried out in absolute benzene with cooling and the ratio amine:
acylating agent =2: 1.

The composition and structure of the synthesized compounds were confirmed by
elemental analysis and IR, NMR spectroscopy, individuality - by thin-layer chroma-
tography.

Key words: amides, adamantanecarbonyl chloride, piperidine, morpholine, thiomor-
pholine, phenylpiperazine, diphenylmethyl piperazine
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CATALYTIC SYNTHESIS OF ALICYCLIC POLYIMIDES

Abstract. A brief review of the works on one-stage catalytic synthesis of alicyclic
polyimides, copolyimides and compositions based on them in phenol and amide solvents
in presence of carboxylic acids, tertiary amines, metal salts, etc., is presented.

Key words: alicyclic polyimide, one-stage synthesis, catalyst, phenol solvent, amide
solvent, kinetics.

P. T. Anastas and J. C. Warner formulated 12 principles of green chemistry
[1], including: where possible, intermediate products should be avoided; catalytic
processes should always be preferred.

In Institute of Chemical Sciences (IChS) work on the catalytic method for the
synthesis of alicyclic polyimides was initiated by academician of the NAS of RK
B. A. Zhubanov in the 70s of last century. The use of catalysts allowed the syn-
thesis of polyimides, consisting of two stages — polyacylation and polycyclisation,
in one volume without isolation of the intermediate product (polyamide acid),
accelerate the polycondensation process, increase the molecular mass (MM) of
the final polyimide, and obtain a soluble polymer in a number of organic solvents.
To intensify the process of formation of alicyclic polyimides, various catalysts
and catalytic systems of nucleophilic and electrophilic nature were developed:
carboxylic and organophosphorous acids, Lewis acids, metal oxides and hydro-
xides, tertiary amines, acid amides, azo compounds, etc. Synthesis was carried out
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at temperatures of 160-190 °C in protolytic solvents — phenol and its substituted,
by the interaction of alicyclic dianhydrides (tricyclodecene tetracarboxylic acid
dianhydride — benzene and maleic anhydride adduct (AB), its alkyl, aryl, halo-
genated derivatives) with aromatic or aliphatic diamines for 4-6 h [2, 3].

As acid catalysts mono-, di- and tetracarboxylic aliphatic and aromatic acids
were studied. The experiments showed that in the presence of carboxylic acids,
the reaction proceeds much faster than the non-catalytic reaction and ends in 4—
5 h in almost 100% alicyclic polyimide formation [3,4]. At the same time in
catalytic conditions, the MM of the polymer increases from 55000 in the absence
of a catalyst to 150000-330000. In the series of aliphatic acids, the most effective
catalyst is acetic, and in the aromatic series— benzoic acid. From a comparison of
the catalytic activity of mono- and dicarboxylic acids, it follows that monocar-
boxylic acids are the more effective catalysts. The use of tri- and tetracarboxylic
acids leads to a certain decrease in the MM (viscosity) of polyimides. This is
probably due to the fact that polyfunctional acids act as a competing agent for the
basic monomer — the dianhydride of the alicyclic tetracarboxylic acid in a con-
densation reaction with diamine; as a result the monomeric equivalence in the
reaction mixture is impaired and the viscosity of the polymer decreases [2, 5].

In addition to carboxylic acids, a wide variety of organophosphorus com-
pounds such as diphenylphosphine, phenylphosphonic, phenylcyclohexylethy-
nylphosphonic, 2,6-dimethyltetrahydrothiopyranol-4-phosphonic, sulfide-2.6-
diphenyltetrahydrothio-pyranol-4-phosphonic, sulfone-2,6-diphenyltetrahydro-

. L -0
thiopyranol-4-phosphonic acid, etc was fused. It was been shown P\OH
that a group structurally similar to the carboxyl group has a predominant role in
the catalytic action [2, 5].

Analysis of the results obtained with the use of organophosphorus acids
showed that the most active catalyst is diphenylphosphine, which facilitates the
formation of an alicyclic polyimide with a MM of more than 700 000. Based on
the data on the molecular masses of synthesized polyimides, it can be noted that,
in comparison with carboxylic acids, the use of organophosphorus acids leads to
the production of polymers with higher molecular mass. In some cases, poly-
imides synthesized in the presence of organophosphorus acids have fire resis-
tance.

To elucidate the peculiarities of the catalytic action of acids of different na-
ture and acidity in the interaction of alicyclic dianhydrides with diamines, the
kinetics of the high-temperature polyacylation reaction were studied [2, 5]. On the
basis of the carried studies, it was found that with increasing acid strength in
proton-containing solvents, there is a tendency to increase the process speed.
Carboxylic acids are less effective catalysts for the reaction of polyacylation
compared to organophosphorus.
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Based on the results of a study of the mechanism of this process on the
model compounds [6-8], it was concluded that the catalytic effect of acid in real
polymer systems probably reduces an increase in chain growth rate due to the
catalysis of both monomeric and polymeric provides anhydride groups. This is
confirmed by the growth of the rate constant of the reaction with addition of
carboxylic acids and a significant increase in the MM of the polyimide in the
presence of catalysts [2, 5].

The authors of this article paid much attention to the synthesis of polyhe-
terochain polymers in the presence of Lewis acids, some oxygen-containing
compounds (oxide, hydroxide, crystalline hydrate), the formation of which is
possible as a result of the interaction of Lewis acids with water in phenolic
solvents [2, 3, 9-11].

An analysis of the results obtained on the effect of Lewis acids on the re-
duced viscosity of tricyclodecene tetracarboxylic acid polyimides showed that the
introduction of catalysts into the reaction mixture leads to a significant increase in
the molecular mass of the polymer over time and is largely determined by the
concentration of the catalyst. It was found that for 4-6 h in the presence of Lewis
acids, the viscosity of the polyimide reaches a value of 2-3 dL/g. The use of the
catalyst reduces the synthesis time by 2—4 h and increases the MM of the polymer
from 60,000 in the absence of the catalyst to 160—460 thousand, depending on the
catalyst used. By efficiency in the synthesis of polyimides, the catalysts are
arranged in a row: SnCly > TiCly > SbCls > Sn(OH), > FeCl; > AICI; > FeO >
> F6203 > A1F3 ~ Zl’lClz > FCC136H20
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An investigation of the effect of the nature of the dianhydride as well as the
diamine component on the MM revealed that replacing the hydrogen atom in the
AB molecule with an isopropyl group leads to a decrease in the molecular mass of
the polymer. Based on aliphatic diamines, it was not possible to obtain polyimides
with a high MM. It is apparently due to the occurrence of a salt formation reaction
between the catalyst and the diamine, which leads to a violation of the equiva-
lence of the starting compounds. In the series of aromatic diamines, characterized
by lower pK, values in comparison with aliphatic diamines, polyimides with
sufficiently high intrinsic viscosity values were synthesized. Polymers with the
highest MM were obtained on the basis of AB and diaminodiphenyloxide in a
phenol solution [2, 11].

The study of the kinetics of high-temperature one-step synthesis of alicyclic
polyimide in phenolic solvents in the presence of chlorine tin was done. Parallel
titration of sample of model compounds — aminogroups with conductometric and
carboxyl groups by potentiometric methods, allowed the authors to determine the
kinetic parameters of both sequentially parallel stages separately [11-13]. It was
found that the catalyst accelerates both processes, but to a greater extent its
catalytic effect affects the stage of formation of amido acids.

Based on kinetic studies of the formation of polyimides of tricyclodecene
tetracarboxylic acids, a general scheme of the mechanism of catalyzing the acyla-
tion of diamines with low-active alicyclic dianhydrides and cyclodehydratation of
amidoacids in protolytic solvents in the presence of basic catalysts (tertiary
amines) was proposed in [2]. As it was established [2, 14, 15], tertiary amines
efficiently accelerate both stages of this process. The effect on the catalytic
activity of both the basicity and the spatial structure of tertiary amines was shown.
It was found that the most effective catalyst is pyridine having the most spatially
accessible nitrogen atom, despite its low basicity in comparison with triethylpy-
ridine, in which the basicity is 2 times higher than that of pyridine or N,N-di-
methylaniline, which basicity is equal to pyridine.

As is known, most chemical processes, including the preparation of heat-
resistant polymers, are carried out in amide solvents, and therefore it was of
interest to study the possibility of using these solvents in the creation of tri-
cyclodecene tetracarboxylic acid polyimides in a one-stage catalytic process.
Synthesis of polyimides was carried out in N,N'-dimethylformamide (DMFA),
N,N'-dimethylacetamide (DMAA), N-methyl-2-pyrrolidone (MP) in the presence
of triethylamine and pyridine active catalysts for the synthesis of alicyclic
polyimides in high boiling solvents, at a temperature of 120-140 °C [2, 15]. As
starting materials, 7-fluoro-, 7-chloro-tricyclodecene tetracarboxylic acid dian-
hydrides — adduct of fluoro-, chlorobenzen — (AFB, AChB, respectively), AB and
aromatic, aliphatic diamines were chosen [16, 17]. It was found that under
conditions of catalytic polycondensation, the molecular weight of polyimides
synthesized on the basis of highly basicity (aliphatic) diamines was first signi-
ficantly increased; it can be explained by the growth of MM in the first stage of
the process — acylation — due to the catalytic action of tertiary amines, as well as
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more complete interaction of terminal functional groups during the course of the
second cycling stage , which is caused by a decrease in the probability of the side
processes of salt formation observed in a two-stage synthesis method [16].

The studies carried out on the effect of the nature of the solvent and tertiary
amines on the molecular weight of the polyimide showed that the best results
were obtained by carrying out the reaction in DMAA in the presence of triethyl-
amine. In order to obtain a polyimide with optimal properties, a smaller amount of
triethylamine is needed in comparison with pyridine, in addition, in its presence
the process is completed faster [16—18]. The revealed results on the influence of
the nature of the tertiary amine on the molecular weight in the DMAA medium
differ from those, as mentioned above, in protolytic solvents, which, apparently,
is related to the nature of the solvent.

Comparison of the viscosity characteristics of polymers obtained on the basis
of the diamines and dianhydrides studied shows that in the DMAA medium in the
presence of tertiary amines, better results are obtained in the case of more reactive
AFB and diaminodiphenyl ether (DADPhE) [16,17].

Kinetic studies were carried out to determine the catalytic role of tertiary
amines in acylation and cyclodehydration reactions in amide solvents [16, 17]. In
studying of acylation reaction, the course of the process was controlled by the rate
of decrease in the concentration of terminal amino groups [19], the cyclization
process was controlled by the rate of imide cycle formation, fixing the changes in
the intensity of the 1380 cm™ band in IR spectra [20]. It was shown that the intro-
duction of tertiary amines into the reaction system leads to some acceleration of
the interaction of the above monomers. The rate constants in the case of triethyl-
amine are almost 2 times higher than the reaction rate constant in the presence of
pyridine. It confirms the influence of the basicity of amines on their catalytic
activity. At the same time, the molecular weight of the polymers increases by a
factor of 2-2.5 compared with the non-catalytic process. It was revealed that the
reactivity of dianhydrides is increased in the acylation reaction in polar aprotic
solvents in a series: AFB>AChB> AB. It coincides with a number of activities
established in other media [15, 21]. The mechanism of action of tertiary amines in
this case is due to an increase in the nucleophilicity of the nitrogen properties of
the amino group of the diamine.

A more significant catalytic effect of tertiary amines was observed in the
study of the cyclodehydration reaction proceeding in parallel with acylation. It is
shown that the process of cyclodehydration proceeds is faster in the case of
polyamide acids (PAA) based on aliphatic diamines, and the dianhydrides form
the following series in their activity: AFB>AB>AChB [16,17].

Complex studies were carried out to obtain polyimides based on tricyclo-
decene tetracarboxylic acid dianhydrides and diamines in amide solvents in a one-
step process in the presence of carboxylic acids [16, 17]. As catalysts, acetic,
benzoic, phthalic, pyromellitic and pyridinecarboxylic acids were used [22-24].
It was established that carboxylic acids under the conditions of a single-stage
synthesis cause the formation to accelerate and increase the molecular mass of
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polyimides. Their accelerating effect is observed both at the stage of acylation and
cyclodehydration. Monocarboxylic aromatic acid (benzoic) is more effective than
di- and tetracarboxylic and acetic acids; its presence leads to an increase in the
polymer viscosity by 2—3.5 times. The use of an aliphatic acid and an increase in
the number of carboxyl groups in the acid leads to a certain decrease in the mole-
cular weight due to their competing interaction with the diamine, accompanied by
the formation of an unreactive salt [20, 25].

It is shown that the most high-molecular polymers are formed on the basis of
AFB and DADPhE in DMAA, then AB and AChB, respectively. It should be
noted that if in a two-stage method, polymers based on the AFB, AChB, AB and
aliphatic diamines are formed with an intrinsic viscosity value of 0.24—0.30 dL/g
in one-stage synthesis in the presence of carboxylic acids; the viscosity of the
polymers was increased in 3—4 times [16,17].

Particular attention was paid to studies of the effect of pyridinedicarboxylic
acids on the process. It is connected with the great uniqueness of these com-
pounds, which have two different functional groups in the structure. To determine
the catalytic role of isonicotinic acid, a comparative study of the kinetics of the
process of polyacylation of DADPhE with AB dianhydride and the imidization of
PAA in the presence of isonicotinic, benzoic acids, pyridine and without a cata-
lyst in DMAA was carried out. It is shown that the rate constants for the reaction
of polyacylation in the presence of isonicotinic acid are more than 2 times higher
than those in its absence. In the presence of benzoic acid and pyridine, taken for
the purpose of modeling and differentiating the functional groups of isonicotinic
acid, the rate of this reaction is lower in comparison with pyridine carboxylic
acid. To a greater extent, isonicotinic acid affects the process of conversion of the
polyamide acid into polyimide. In addition, the rate of imidization reaction in its
presence is higher in comparison with benzoic acid and pyridine [16, 23].

When carrying out research to improve the physicomechanical properties of
alicyclic polyimides using plasticizers — phosphorus-containing compounds
(triphenyl- and tricresyl phosphate), it was found that in addition to an extreme
change in these properties of polymers, an increase in the intrinsic viscosity oc-
curs. It was found that the viscosity of the polyimide based on AB and DADPhE
in the presence of 5 mas. % triphenyl phosphate (TPP) in DMAA reached a value
of 1.8 dL/g. The study of the kinetics of the formation of alicyclic polyimide in
the presence of TPP revealed that this compound affects both the acylation reac-
tion and the imidization reaction. At the same time, the increase in the rate of
cyclodehydration is greater in comparison with the rate of the acylation reaction,
and the values of the apparent activation energy of both stages were decreased
[16].

The accumulated experience in the one-stage catalytic synthesis of alicyclic
polyimides was used in further studies.

A modification of an alicyclic polyimide based on tricyclodecene tetracar-
boxylic acid dianhydride and 4,4'-diaminodiphenyl ether with polyaniline (PANI),
polyaniline, doped nonylnaphthylsulfonic acid (PANI/NNSA), polyaniline
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composite with TiO, and SnO, (PANI/TiO,, PANI/SnO,) was done. It was found
that the presence of polyaniline leads to a change in the basic properties of
polyimide films. There is an increase in the ability of the film to metallization.
This is due to the formation in the metallization process of metal clusters, in par-
ticular of silver, which are larger in size than metal particles in a polyimide film
obtained in the absence of polyaniline. Optical and electrical properties of silver-
metallised polyimide films undergo more significant changes. The specific
volume of resistance for polymer non-metallized compositions with polyaniline is
changed by two orders of magnitude [26-30].

When studying the features of synthesis of polyimide in a polar aprotic
solvent of amide type (DMAA) in the presence of PANI, and PANI/NNSA, as
well as PANI/TiO, composite, it has been found that these forms of the elec-
trically conductive polymer have a catalytic effect on the course of the polyimide
formation in addition to affecting the basic properties. It is shown that the poly-
mer with higher viscosity characteristics is formed in the presence of PANI/SnO,.
This reduces the duration of the synthesis in comparison with the formation of the
polymer in the absence of a modifier for 70 min, a decrease in temperature from
140 to 100 °C [26-30]. The kinetics of single-stage synthesis of alicyclic poly-
imide in the presence of PANI, PANI/NNSA, and nanocomposites PANI/SnO,,
PANI/TiO; in DMAA was studied. It was found that the modifiers have practi-
cally no effect on the acylation reaction, their activating action is noticeably
manifested at the stage of cyclodehydration. The rate of the imidization reaction
in the presence of PANI is lower in comparison with the doped polyaniline, which
is due to the influence of the acid groups of the dopant. It was found that
PANI/SnO; is more active in the polycondensation process.

The optimal method for the preparation of polyimides based on tricyclo-
decene tetracarboxylic acid dianhydrides and aliphatic diamine is carrying of
synthesis in polar aprotic solvents of amide type in the presence of catalytic
amounts of isonicotinic acid [16, 23]. Typically, polyimides are formed with an
imidization degree of about 80—-85 % and an intrinsic viscosity of 0.85-0.92 dl/g
(starting solvents for the synthesis are — DMAA and MP).

In order to increase the viscosity characteristics of the polymer, a different
amount of polyamidoacids (PAA) of the aromatic structure, based on the pyro-
mellitic, benzophenone and diphenyloxydetracarboxylic acid dianhydrides with
DADPOE, was introduced at the completion stage of the synthesis, since it was
previously shown that in the presence of acid catalysts, the molecular weight of
the alicyclic polyimide significantly increases [2, 16]. Studies have shown that
15-17 % by weight of PAA can be introduced into the polyimide solution as
much as possible; it 5-7 % higher compared to aromatic diamine-based poly-
imides. This can be explained by the greater solubility of prepolymers of the
aromatic structure in this polymer system and their better compatibility with
polyimides with aliphatic links in the backbone. It was found that by modifying
polyimides of PAA based on pyromellitic dianhydride ([n] = 1.34 dL/g) higher
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characteristics are achieved. These studies for polyimide based on aliphatic
diamine were performed for the first time [31].

In production of polymers for microelectronics, the manufacture of inte-
grated circuits, dielectric coatings, the task is to create materials with enhanced
adhesion of the metal layer to the polymer substrate. One way to achieve the
necessary adhesion values is the modification of polymers by other high-
molecular compounds with higher adhesion properties. To this end, new film-
forming polymers were synthesized, which were copolyimides based on alicyclic
dianhydrides (AB, AFB, AT) from 3,3',4,4'-benzophenone tetracarboxylic acid
(BZPh) and DADPhE in amide solvents (DMFA, DMAA, MP) in the presence of
triphenyl phosphate. It was found that polymers with a higher (co)polymers
viscosity values are formed at a temperature of 120 °C in DMAA. In the presence
of TPP, the viscosity of copolyimides increases from 0.52—0.65 dL/g in its ab-
sence to 1.0-1.45 dL/g, depending on the nature of the alicyclic dianhydride; the
duration of the synthesis is reduced by 1.5-2.0 h. From BZPh, this method failed
to produce a homopolymer with a sufficiently high molecular weight [32].

Earlier it was shown that the realization of a polycondensation process in
phenolic type solvents in the presence of certain metal salts led to the production
of alicyclic polyimides with high molecular weights [9]. Such studies in polar
aprotic solvents of the amide type have not been carried out. Since most chemical
processes, including the synthesis of heat-resistant polymers, have been carried
out in amide solvents in recent years, it has been of interest to study the effect of
metal salts (FeCl;, CoCl,, NiCl,) on the one-step process of obtaining alicyclic
polyimides in DMAA. The carried out researches have shown appreciable
influence of metals chlorides on a course of polyimide formation. It was found
that a more significant effect is achieved for FeCl;, which has pronounced acid
properties [33, 34].

Research on the development of new polymeric metal-containing compo-
sitions from the copolyimides of the arylcyclical structure based on 4,4'-diami-
nodiphenyl ether, tricyclodecene tetracarboxylic dianhydrides and 3,3'4.,4'-
diphenyloxydetetracarboxylic acids (CPI-1), and tricyclodecene tetracarboxylic
dianhydrides and 3,3',4,4'-benzophenone tetracarboxylic acids (CPI-2) has been
carried out. Metal-containing compositions were obtained by a polycondensation
method during one-step synthesis of copolyimides in MP and DMAA in the
presence of FeCl;, CoCl,, and NiCl,. It has been found that with higher values of
the reduced viscosity (1.56 dL/g), CPI-1 is formed in the MP solution in the
presence of 2.0 mas. % iron chloride and the ratio AB: DFO = 90: 10 mas. %. The
duration of the process is reduced by 1.5 h in comparison with the process in the
absence of FeCl;. The salts of cobalt and nickel have a less pronounced catalytic
effect. Similar results were obtained for CPI-2, for which the maximum value of
the reduced viscosity in the presence of an iron salt is 1.32 dL/g.

For practical application of new polymer compositions, such properties as
thermal stability, resistance to aggressive agents, high level of dielectric para-
meters and their stability under the influence of various factors are of great
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importance. Thermogravimetric analysis of the film samples in air atmosphere
revealed that if after complete combustion residue polyimide is 5—7 %, while in
case of compositions with metal salts residue increases and reaches 10-12 %,
which indicates the content of the metal compounds. The main values of mass
loss of samples of metal-containing compositions are fixed at temperatures of 15—
20 °C higher than in the unmodified API.

The study of the electrical characteristics of the films showed that, at the
above amounts of metal salts, they differ from the properties of the initial PI. The
value of the permittivity that is more sensitive to the presence of any impurities
by the parameter changes to a greater degree. The tangent of the dielectric loss
angle for films with a thickness of 45+5 um is 0.007-0.012 (at a frequency of
1 kHz), the minimum value of the breakdown voltage is 130—150 kV/mm (the
maximum value is 170-180 kV/mm). The dielectric constant increases to 6.3—7.8.
For the initial PI, these values are 0.001-0.003, 150-165 kV/mm and 2.8-3.1,
respectively. When the content of metal the composition is 3.0-5.0 mas. %,
the values of the specific volume and surface resistances also vary from
3.4-10"° Om-cm and 2.1-10" Om to 2.1-10" Om-cm and 0.5-10"* Om, respecti-
vely [33, 34].

To study the effect of copper salts (CuCl, CuCl,, CuSOy) on the one-stage
process of obtaining alicyclic polyimide and its copolymer with aromatic
dianhydrides in MP work was carried out it revealed catalytic effect on the course
of polymer formation [35]. Moreover, a more significant effect was noted for
CuCl, at a temperature of 140 °C. The catalytic effect of copper salts can be ex-
plained as by the occurrence under the conditions of synthesis of their partial
hydrolysis to the corresponding acid as and copper hydroxide due to the release of
water during cyclodehydration of polyamide acid groups. The resulting acid
promotes as the course of the polycondensation process by the mechanism of acid
catalysis as and the formation of polyimide with higher values of given viscosity
compared with the reaction in the absence of copper salts. At the same time,
polymer formation is completed faster. Thus, in the presence of 2.5 mas.% CuCl,,
the alicyclic polyimide is formed at a viscosity of 1.35 dL/g in 5.5 hours, while in
the absence of a metal salt, these values are 0.70 dL/g and 7.0 h respectively. In
the preparation of aryl arylcyclic copolyimide, a polymer with higher viscosity
characteristics of 1.50—-1.60 dL/g was prepared in the presence of 1.50 mas. %
CUC12.

It is known using of CuCl and CuSO, as catalysts in organic synthesis,
however, they were not used in the preparation of polyheterocycles. The authors
of this work carried out research on the effect of these salts on the one-stage
synthesis of polyimides of the alicyclic structure. It was found that the final
polymer with a viscosity value of ~1.2 dL/g is formed in the presence of these
salts (1.75 and 2.6 mas. % respectively). The degree of imitation of polyimide,
calculated from the main bands of imide cycles of the corresponding IR spectrum,
is = 100 %. It is shown that by the introduction of copper-containing compounds
in alicyclic polyimide, the volume and surface are resistances decreased. It is one
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of the methods for eliminating of the accumulation of excessive static electricity.
It has been found that copper-containing film compositions are more resistant
to the action of an aggressive acid reagent compared to the initial polyimide
[35, 36].

Studies on the production of composite films from alicyclic polyimide and
various forms of montmorillonite [ natural montmorillonite (Mm), its alkylated
form (AMm) and 3-aminopropyl-3-methoxysilane-modified alkyl montmoril-
lonite (AOMm)] have shown that films obtained from polyimide with Mm or
AMm, have low values of tensile strength and elasticity; most of the films were
fragile.

With the use of AOMm, this could be avoided. To assess the effect of the
mineral on the formation of polyimide by a single-step method, course of acyla-
tion and cyclodehydration reactions in the absence and presence of AOMm in
amide solvents was studied. It is determined that the reaction rate in DMAA is
higher than in MP, which corresponds to the previously obtained results. The
presence of AOMm does not affect the rate of formation of PAA at the stage of
imidization conversion of amido acid groups into imide cycles is accelerated
approximately in 2 times. The acceleration of imidization is due to the formation
of silicate ions [HSiO4] formed by hydrolysis of AOMm by the mechanism of
acid catalysis [37].

The information given in the present work on the catalytic one-stage syn-
thesis of soluble alicyclic polyimides in phenolic and amide solvents indicates the
importance of studies carried out in one of the main fields of polymer chemistry.
The developed regularities and features of one-stage synthesis of polyimides of
tricyclodecene tetracarboxylic acids are the basis for the development of new
high-molecular compounds and materials based on them.
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TpeGoBanus 1Jis1 opopMiIeHUsI cTaTell B dKypHAaJie
«XAMUWYECKHA ’KYPHAJ KABAXCTAHA»

Hayunslli >kypHasm OTKpBITOro JocTyna «XuMmudeckuil sxypHan Kaszaxcrtanay
n3naerca opaeHa Tpynosoro KpacHoro 3namenn MIHCTUTYTOM XUMHUYECKHX HAyK HMEHU
A.b. BekTypoBa ¢ NepUOIUYHOCTEIO 4 HOMEpPA B TOA.

Lens XypHana — ocBelieHHe HOBBIX HAay4YHBIX PE3YJBTATOB M MICH, IPOOIEMHBIX
BOIIPOCOB HAYKHM M TEXHUKH, MOCIEAHUX pa3pabOTOK M HCCIEIOBAHWH MO aKTyaJlbHBIM
npobnemaM (yHIAMEHTANbHBIX W TNPHUKIAJHBIX HCCICJOBAaHWH B 00JIACTH HEOPTaHU-
YECKOW U OPraHMYEeCKOW XMMHHU, XUMHHM M TEXHOIOTHM MOHOMEPOB M BBICOKOMOJEKY-
JISIPHBIX COEIMHEHHH, MOHHOrO OOMeHa, He()TeXMMHUU U HEe(PTEXHMMHYECKOTO CHHTE3a,
XUMMH JIEKapCTBEHHBIX BEIIECTB M (MU3UOJOTHMYECKH AKTUBHBIX COCTUHEHUH, XUMH-
YECKOM IKOJIOTHH, XUMUHU YI0OPEHUH U colield, GPU3MYECKOi XUMUH JUIsSl IIUPOKOTO Kpyra
cnerpanuctoB. B JKypHane myOmuKylOTCS HaydHblE CTaThH U 0030pBI YUEHBIX, TOKTO-
PAHTOB, MarkCTPAHTOB, MPOU3BOCTBEHHUKOB, UMEIOIINE TEOPETUUECKOE U MIPAKTHUECKOE
3HaYCHHE.

CraTby, npeAcTaBleHHbIE B pefakiuio JKypHana, TOMKHBI yOBIETBOPSTH CIEIYIO-
UM TPeOOBAHMSIM:

OO0mmue TpedoBaHmus. PerakimoHHass KOJUIETHsl IPUHUMAET CTAaThbH, HaOpaHHBIC B
TEKCTOBOM pepaktope MS Word B 371eKTpoHHOM BHE, a TaK)Ke Ha OyMa)kKHOM HOCHTEIE,
TpUYeM, MOCNIeIHSAS CTPaHUIIA TOJITUCHIBASTCSl BCEMH aBTOPAMH C MPOCTABICHUEM JaThI.

Pucynku npencrasisirores ¢ paspemrenuemM mMuanMyM 300 dpi, B ¢popmare *.bmp,
tiff. Cxemsbl, Tpaduku BBITOTHSIOTCS BO BCTpOeHHOH mporpamme MS Word mmm B8 MS
Excel.

SA3pik cratbu. CTaTbd NPUHHMMAIOTCS HAa Ka3aXCKOM, PYCCKOM MM aHTIMHCKOM
SI3bIKaX, OJIHAKO, B LEJSX nomynspuzauuu JKypHasa, peJakUMOHHON KOJUIETHMEN IpH-
BETCTBYETCS IPUEM CTATEW HA aHTJIMICKOM S3BIKE.

MapametpsI crpanunbl. Dopmat crpanunsl: A4 (210x297 mm).

[ons: BepxHEe — 2 cM, HIKHEE — 2 cM, JeBoe — 3 cM, mpaBoe — 1,5 cMm. PaccraHoBKa
nepeHocoB He pomyckaercsa. d63amuerii otetyn — 1,0 oM.

YJAK. B nauane craTbu, B BepXHEM JIEBOM YIJy, yKa3blBaeTcsi HOMep IO YHH-
BepcasibHOH AecstrnuHol kinaccudukamuu (VJK), cooTBeTCTBYIONIMI 3as1BIEHHON TeMe.
Janee, mocne oTCTyna CTPOKH, YKa3bIBAOTCS WMHUIMANBI M (amuianu aBropa(-oB), ele
Yyepe3 CTPOKY CJCAYIOT Ha3BaHWS OpraHHW3alMu(-i), B KOTOPOHM(-bIX) pabOTAarOT aBTOPHI,
Ha3BaHUe ropojia u crpassl. Emie Huxke, depe3 CTPOKY yKa3blBaeTCsl HAa3BAHUE CTAThbU
MPOMTUCHEIME OykBaMu. ILIpUQT - mMOITyKUPHBIH.

Annoranus. [Ipenocrapnsercs Ha si3b1ke cTaThil (00beM He MeHee 150 ciioB).

KiaroueBble ciaoBa. CioBa m cinoBocoderanus (6-8), obecreumBaromye Hambosee
MIOJTHOE PACKPBITHE COACPIKAHUS CTAThH, PEACTABIISIIOTCS Ha SI3bIKE CTAThH.

T'apuurtypa. Tekct crateu HaOmpaercs B rapHutype Times New Roman, pazmep
Keryst 14 1T, MeXCTPOUHBIA MHTEPBAJ - OAMHAPHBIH, POpMATUPOBAHUE - MO IIUPUHE.

Ctpykrypa u 00béM cTaTbu. CTPYKTYpHpPOBaHWE CTaThbH MPOM3BOIUTCS B
COOTBETCTBHUH C OOLICTIPHHATHIMU cTaHnapTamu: '"BBegeHue" (10JDKHO BKIIIOYATh B cebs
MOSICHEHHE, B CBSI3U C UEM IIPOBEJICHO JAaHHOE HCCIEOBaHHE, 0030p AKTyalbHOU JIHTeE-
patypbl, 000OCHOBaHHE BBIOOpPa METOAOJIOTHH HCCIENOBaHU), "JKcnepuMeHTAJbLHASA
yacTe" (OnMcaHue TPOBOOMMEIX HcCCienoBaHuil), "Pe3yabTaThl M HX 00cy:kaenue"
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(ToTy4eHHbBIE B XOJIC MCCIICOBAaHUS Pe3ybTaThl), "BeIBOABI" (KacaTelbHO MONTYYCHHBIX
pe3yJIbTaToOB, B TOM YHCIIE COOTBETCTBYIOT JIM OHU OXKHJIQHUSM Wi HeT). O0beM CTaThy,
BKITFOYAs] aHHOTAIIMIO M CIMCOK JMTepaTyphl: oT 6 mo 10 ctpanum. OO030pHBIC CTaThU
MOryT OBITH 10 20 cTpaHHII.

CchUIKN HA MCHOJIb30BaHHBbIEe MCTOYHMKH. CCHUIKM Ha HCIOJIb30BaHHBIE MCTOY-
HUKH TPUBOAATCS IIOCHIE IUTATHl B KBaJPATHBIX CKOOKax, C yKa3aHHEM IOpPSIKOBOTO
HOMEpa MCTOYHMKa nuTHpoBaHus, B coorBerctBuu ¢ I'OCT 7.1-2003 «bubnuorpadu-
yeckas 3amuck. bubnmorpaduueckoe ommcanne. OOmue TpeOOBaHMS W MPaBUiIa COCTaB-
JCHUS».

Cnucox aurepatypsl. Pacmonaraercst mocne Tekcra crtarthi. Hymepamus Hauu-
HaeTca ¢ mepBoro Homepa, mpenBapsiercsi cioBoM «JIMTEPATYPA» u odopmisercs B
TOpSIZIKE YIIOMHHAHHS WM [IUTHPOBAHUSA B TEKCTE CTAThU. PEeKOMEHAyeMoe KOJIMYECTBO
cchUToK — He MeHee 20, B ToM uucie He MeHee 50% — CChITKM Ha MEXIYHAPOIHBIE UCTOY-
HUKH (KypHAJbl, BXOZSIINE B MexayHapoaHble 0a3bl ganHbix Clarivate Analytics, Sco-
pus, Springer Nature). Jlaiee B TOM k€ IOPSIKE IPUBOAMUTCSA TPAHCIUTEPALUs CIIHCKA.
[Ton ogHUM HOMEPOM yKa3bIBa€TCS TOJBKO OAWH UCTOYHUK. CIIMCOK JIMTEPATYPHI TOJDKEH
OBITB TIpeJICTaBIICH HanboJIee CBEXKUMH U aKTyalbHBIMH HCTOUHHKAMH.

Pe3tome. [locne crimcka nuTepaTypbl TOJDKHBI OBITH ITpeAcTaBiieHsl pestome. K mpu-
Mepy, €CITM CTaThsl HallMCaHa Ha Ka3aXxCKOM S3bIKE, TO Ha PYCCKOM M aHTJIMHCKOM SI3bIKaX
narorcsi pestome, cocrosine n3 GO aBTopa (-0B), HazBaHus, Tekcra ( He MeHee 150
CJIOB), KITIOUEBBIX CJIOB, OpPraHU3alNH, TJIe BEITOJIHATIACH padoTa.

ConpoBoanTeTbHbIE JOKYMEHTBI, MpUjaraeMsle Kk cratbe. K cratbe npuiara-
IOTCSI COTIPOBOANTEIBHBIC JIOKYMEHTHI (Ha Ka3aXCKOM MIIH PYCCKOM SI3BIKE):

1. Ilncemo-HanpaBieHne B pelakMOHHY0 Kojulernio JKypHana oT opraHu3aiiiy, B
KOTOPOM TaHHOE MCCIIE0BAHNE BHITTOIHEHO.

2. AKT 3KCTIEPTH3HI.

3. Cenenus 00 aBTopax: QaMuims, IMS M OTYECTBO KaXKIOTO aBTOpa ¢ YKa3aHHUEM
YUEHOH CTENEeHHW W YUYSHOTO 3BaHMs, CIy)KeOHble W JOMallHWe HoMmepa Tele(oHOB,
JOMAaIllHAE ajJpeca C YKa3aHHEM IIOYTOBOTO HHIEKCA, aJpec DIICKTPOHHOH IMOYTHI
(B 2-X sK3eMILIsIpax).

4. Penensus.

5. Hayunble ydpexaeHus, BbICIINE y4eOHbIE 3aBElICHMsS, NMPOMBIIUICHHBIEC Tpel-
MIPUATHS M KX aBTOp HayYHOM CTaThd, UMEIOIIMH YYEHYIO CTENeHb JOKTOpa HIIH
KaH/AnaaTa HayK, MPEACTaBISIOT KCEPOKOIMIO MM CKAaH-BEPCHIO KBUTAHINHU O TOAOBOM
noanucke Ha «XuMmuueckui xypHan Kazaxcrana». (IloxnucHo# nanexc B karamore AO
«Kaslloura» mnu B momonmHeHWH K HeMy — 75 241). Be3 atoro mokymeHTa CTaThbil He
TIPUHUMAIOTCS.

Martepuaisl, He COOTBETCTBYIOIIME YKa3aHHBIM TpeOOBAaHHUSAM, BO3BPAILAIOTCS Ha
nopaboTKy.

Pemenue o myOnuKaIyy CTaThby IPUHEMACT PeAaKIMOHHas Koyuterus JKypHana.

DNeKTpOHHAsI BEpCHsl MPEACTABISIETCS HA DAJIEKTPOHHOM HOCHUTENE JIMOO OTHpaB-
JISIeTCs 10 ANIEKTPOHHO# moyre: (ics_rk@mail.ru, lena.yanevskaya47@mail.ru).

JlaToif MpUHATHA K Te4YaTH CYHUTAETCA JaTa MOCTYIUICHHWS BEPCHUH, YJOBJIETBO-
psitoieit Bcem TpeboBanusM JKypHana. OuepesHOCTh MyONMKAIMK YCTaHABIMBACTCS 110
Jiate MPHUHSATHS CTAaThbU K MEYaTH.

Peoaxyuonnan konnezus Kypnana
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