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NCCJIEJOBAHHUE 39®@PEKTUBHOCTH BE3PEAFE!—ITHOI>1
SJIEKTPOMAT'HUTHOU OBPABOTKHU HCXOJAHOU BObI
HA HEOTEXUMHNYECKUX NNPEAITIPUATUAX

AnHoTanms. Pa3paboTaHa TEXHOJOrHYECKasi CXeMa M TEXHUYECKas JOKYMCHTAIIHS
HA W3TOTOBIICHHE HCIBITATEIFHOIO CTEHAA C MPOM3BOJUTEIHHOCTHIO MO OYHIICHHOM
Boze — 300 n/4. [IpoBeneHBI IIUTEIBHBIC UCIIBITAHUS HA HCIIBITATEIILHOM CTCHJIEC, a TAKKE
aHaJIM3 Ka4eCTBa OTOOPAHHOMN BOIBI IO OYMCTKH, C MPUMEHEHHEM MpUOOpa dJIeKTpoMar-
HUTHO# 00paboTKH U Oe3 Hero. B pe3ysbraTe MpOBEACHHBIX UCTIBITAHUN OOHAPYKEHO, YTO
oOIiee coyecoiep)anue mociae 00paTHOOCMOTHYECKON YCTAHOBKU CHHU3HIIOCH ¢ 535,5 mo
30,0 mr/m, a B BOJIe C MPUMEHEHNEM MarHUTHOH 00paboTku Bombl — ¢ 535,5 no 12,7. lpu
stoMm pH B mepBomM citydae BapbupoBaics ¢ 8,3 10 6,2, Bo BTopoM — ¢ 8,3 10 6,44.

Y CTaHOBIICHO, YTO UCIIOJIb30BAHIE MArHUTHON 00PaOOTKH BOIBI B OIIPECHEHUH TIEPET
YCTaHOBKOW 0OPaTHOIO 0CMOCa UMEECT IMOJIOKHTEIbHBIA Pe3yJIbTaT, @ HUMCHHO, COJIA Kajlb-
M1 1 MarHusl HE 0CEa0T Ha 00PaTHOOCMOTHYCCKMX MEMOpaHax, TEM CaMbIM MPOICBast
CPOK CITy>KOBI 0OpPAaTHOOCMOTHYECKAX MEMOpaH.

KiroueBble c1oBa: 00paTHEI 0OcMOC, Oe3peareHTHas 3JICKTPOMAarHUTHast 00padoTKa,
MIPOU3BOIUTEIHLHOCTD, CTEIIEHb OYHCTKH, 00IICE COJIECOACePIKAHMUE, )KECTKOCTh BOIBI.

[Ipu paboTe XUMHIECKHUX W HEDTEXUMUICCKUX MPEATIPUITHHA OTHIUM U3 BaXK-
HEUIIUX STaloOB TEXHOJOTMYECKUX MPOIECCOB SIBISIETCS BOJOMOATOTOBKA U
MOJIyYeHHUE BOJbI HOPMATUBHOIO KauecTBa [1,2]. YMsArdenue BoAbl, T.€. CHIDKCHHE
coepKaHUsl PACTBOPHUMBIX COJICH KaJBIMSI M MarHus, OCYIIECTBIISIOT pasiind-
HBEIMH criocoOamu. BwiOop Meroma yMSTYECHHSI BOIBI OMPEACITSETCS HCXOIHOM
JKECTKOCTBIO U €€ KaUeCTBOM, HEOOXOIUMBIM JIJISl IOTPEOUTEINSI, T.€. HEOOXOIUMON
[IyOMHON yMSTYeHHs], 3KOJOTHYECKMMU M TEXHHKO-DKOHOMHUYECKHMHU CO00pa-
JKEHUSIMU.

B nocnennue roasl B PecnyOnuke KazaxcraH pacTer oJis MCITOJIB30BaHUS
MOJI3EMHBIX BOJI B BOJIOCHA0XCHHHU, B TIEPBYIO OYepeib, I MUTHEBBIX IEICH,
IMOTOMY YTO, KaK IPaBHJIO, OHW HE TPEOYIOT CHEIUAIBHONW OYHMCTKH, a B Psjc
CIIy4aeB U 00e33apakHBaHUS.

OOmuM HEJOCTAaTKOM TOA3EMHBIX BOJ HEKOTOPHIX PETHOHOB SIBJISCTCS II0-
BBITIICHHAS KECTKOCTh. B HaydHOH nmTepaType MMEIOTCS JaHHBIE O TaK Ha3bl-
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BaGMbIX «KaMEHHBIX 30HaX», IJI¢ UCTOYHHKH MUTHEBON BOMIBI XapaKTEPU3YIOTCS
BBICOKOW OOIIel MuHepanu3aluei, rae oOpa3oBaHHE y HAceJICHHS KaMHEU B
MOYKaX UMEET MECTHBIN HK30T€HHBIN XapakTep.

Ha xpymHBIX TpeanpuATUSX XUMHYECKOW U HEe()TEXUMHUYECKOW MPOMBIIII-
JICHHOCTH B OCHOBHOM HCIOJIb3YyEeTCS yMATYEHHE BOABI METOJOM OOpPaTHOTO OC-
Moca [3]. CiaexyeT OTMETHTh, YTO U3BECTHBIC CITOCOOBI BOJIOTIOATOTOBKH TPEOYIOT
OOJBIINX JHEPreTHYECKUX 3aTPaT,KOTOpble OO0YCIaBIWBAIOT 3HAYUTEIHHOE
YBEIMUYEHUE KOJIIMYECTBA CKUTAEMOTO TOTUIMBA, U KaK CJIE/ICTBUE, TIOCTYIJICHHUE B
aTMoc(epHBIN BO3AyX 3HAUYUTENBHBIX 00BEMOB MPOAYKTOB CTOPaHHUS TOIIMBA B
MPOMBIIIUICHHBIX Te4YaxX. B NaHHOM ciydae W3MEHSETCsl COCTaB aTMochepHOro
BO3/[yXa, YaCTO MPHUOJIIKas KOHIICHTPAIIMH TOKCUYHBIX BEIIECTB K OMACHBIM TI0
OMOJIOTMYECKOMY JCHCTBUIO HA OMOCUCTEMEI. [Ipu CoKUTaHWM Pa3IMYHBIX BHUIIOB
TOIUIMBA B CTAI[IOHAPHBIX TOILTMBOCIKUTAIONIMX YCTAHOBKaX B aTtMocdepy Io-
CTyIaeT 3HAUYMTENIbHOE KOJMYECTBO TOKCHYHBIX BEIIECTB- 3TO TBEPIbIC YACTHIIHI
(30ma, meUIb, caxa), okcuabl ceprl (SO u SOs), azora (NO u NO»), a Takxe B
MEHBIIINX KOJM4YecTBaXx MOHOOKcun yriepoma (CO), ampaeruasl (B OCHOBHOM
HCHO), opraanueckue kucinotsl (CH;:COOH u mp.).

W3 nurepaTypHBIX CBEICHUI W3BECTEH METOJ, MPUMEHICMBIN IS yIaICHUS
OTJIOKMBLIMXCS Ha IOBEPXHOCTH TPYO coiieil. B ocHOBe ero nexuT MeToa Hajo-
JKEHUS DJICKTPOMATrHUTHOTO BO3ICHCTBUSA pasMWdHBIX dacToT [4]. Mcmoms3ye-
MbIC B JJAHHOE BpEMs aIllapathl Il MarHUTHOW 00paboTku Bombl Thiia AMO-25,
AMO-I00, AM0200 otmm4aroTcs BhICOKOW MomHOCThIO (350-500 Br), Gomb-
muMu Tabaputamu 1 Maccoit (40-330 kr), a Takke HEOOXOIMMOCTHIO HArPEBAHUS
oOpabarsiBaeMoii Boasl 10 60°C, 4TO CBA3aHO TaKkKe CO 3HAYMTEILHBIMH DHEp-
TEeTHYCCKUMHU 3aTPaTaMH.

Hamu wnccnemoBana BO3MOXHOCTh HCIONB30BAHUS YMSTYEHHS BOJIBI IS
TEXHOJOTHYECKUX HYXA MNPEANPUATHA XUMHYECKOH M HEPTeXUMHUCCKOM
MTPOMBINICHHOCTH, a TAKXKE JUISI TUThEBBIX HY /I C TIOMOIIBIO 3JICKTPOMArHUTHOTO
BO3JICHCTBHSI B TUAITa30HE 3BYKOBBIX YaCTOT.

B mpomiecce BomonmoaroToBky i TexHONoruaeckux Hyka TOO «IlerpoKa-
3axcrad Oiin Ilpomakte» (TOO «IIKOII»)na 6aze AO «HCTUTYT XUMHUYECKHX
Hayk M. A.B. BekTypoBa» TpoBeleHbI 1a00paTOpHBbIC UCHBITAHHS 0OpPAaTHOOC-
MOTHYECKOM YCTAaHOBKHM YMSATYEHHUS BOJABI C MCIOIB30BAaHUEM DJIEKTPOMArHUTHOU
00paboTku u 6e3 Hee.

Henpto pabotel siBisercss ucciaenoBanue 3PQeKTUBHOCTH Oe3peareHTHON
ANIEKTPOMArHUTHON OOPa0OTKH HMCXOJHOW BOJABI TEpel YCTAaHOBKOW XHMITOATO-
toBKH (cexrust 3100) TOO «I1KOITDy».

OKCIIEPUMEHTAJIBHAS YACTD

MertoaoM 00paTHOTO OCMOCa MOXKHO OOECCOJIMBATH BOAY C Pa3IMIHBIM CO-
neprkaHueM conelt [5,6]. Boaa ¢ ucxogueim conecoaepkanueM 0,3—1,0 r/n moxer
ObITh Ha OJHOW CTymeHH OOpaTHOro ocMoca obecconena mo 5-10 mr/m, T.e.
MIPUMEPHO B CTO pPa3, YTO COOTBETCTBYET CEJICKTUBHOCTH PACHpPOCTPAHCHHBIX
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MPOMBIIIJICHHBIX 00paTHOOCMOTHYECKHX MeMOpaH. B ciydasx, korga He TpeOy-
eTcs Takas [NyOrHa 00ecCcoNnuBaHusl, MOTYT ObITh IPUMEHEHB! MEHEE CEJIEKTUBHBIE
00paTHOOCMOTHYECKHE MEMOpaHbl Ui HU3KOHAIIOPHOTO OOpaTHOrO OcMOca,
oOnagaromiye 6onbIel yAeIbHOH MPON3BOIUTEIBHOCTBIO.

CxeMa 00paTHOOCMOTHYECKOTO CTEH/Ia IIPEICTaBlIeHa Ha PUCYHKE 1: cTodHAast
BOJIa IIOCTYIIAET B UCXOJHYIO €MKOCTb, U3 KOTOPOM HacOCOM IojaeTcst Ha QUIbTP
MpeaBapUTeNbHON TpyOoit ourcTky ¢ peituHroM Quibtpanuu 50-80 MKM, 3aTeM
Ha QWIBTP TOHKOH OYMCTKH (5 MKM), Jiajiee Ha 00paTHOOCMOTHYECKYIO YCTAaHOBKY,
COCTOSIIIYIO M3 OJHOTO MeMOpaHHOTO Momylisi. OuuileHHas BoJia TOCTyIaeT B
€MKOCTbh YHCTOH BOJIBI, @ KOHIIEHTPAT B €MKOCTh Ui cOopa KoHUeHTpata. Ilepen
¢uIbTpaMu U nocie GUILTPOB YCTAaHOBIEHBI MAHOMETPHI, a TIOCJIE KaXKAOTO ATara
OYHCTKU — IP0o000TOOpHHK. Pacxon mepMeara, KOHIIEHTpaTa KOHTPOIUPYETCS T10
pacxomoMepam.

Pazpaborana TexHONOrM4eckass CXema MWIOTHOH OOpaTHOOCMOTHUYECKON
yCTaHOBKH (pUCyHOK 2). OO6paTHOOCMOTHYECKAs yCTAaHOBKA ISl OIIPECHEHUS BOJIBI
npecTaBisieT co00i KOHCTPYKIIHIO, Ha paMe KOTOPOW pa3MelleHbl MeMOpaHHbIC
anmaparsl, IKag ynpaBiIeHUS H HACOC BHICOKOTO AABJICHHUSI.

PE3VJIbTATBI 1 UX OBCYXXJIEHUE

Pa3zpaborana mpoeKTHO-KOHCTPYKTOPCKAsK JOKYMEHTAIUS Ha W3rOTOBIICHUC
OTIBITHOM YCTaHOBKH, BKIIIOYAIONIEH y3el 00paTHOOCMOTHYECKOTO OIMpPECHEHUS
BOJIBI, COBMEIIEHHBII C T€HEPAaTOPOM HMITYJIbCHOTO DJIEKTPOMArHUTHOTO TIOJISL.
[Ipu cHmKeHNN 00beMa KOHIICHTpaTa, YBEIMYUBACTCS KOHIIEHTPAIIUS BCEX COJICH
B HEM, a WMEHHO, HaXoAAlIHecs B KOHIIEHTpPATE COJIM KECTKOCTH O0pa3yioT
MUKPOKPHCTAIIIBI C BBIZICICHHEM MX Ha MOBEPXHOCTH MEMOpaHHOTO 3jeMeHTa. B
pe3yJbTaTe, IPOU3BOIUTEIILHOCTh YCTAHOBKH PE3KO YMEHBINAETCS, 2 MeMOpaHHEIC
AJIEMEHThI HEOOXOIUMO TIOABEPraTh «XMUMHUYECKOW» MPOMBIBKE WIH 3aMCHE.
Pemmute 3Ty mpobiieMy MOXXHO JHOO C TIOMOINBIO peareéHTOB, BBOJAWMEBIX B
HCXOHYIO BOAY, JIMOO MPU TOMOIIY UMITYJIBCHON JIEKTPOMAarHUTHON 00padoTKU
BOJIBI B TIpoIiecce 00paTHOro ocMoca. J1Jis BBIMOHEHUS 3TOH 3a/1a4i HEO0X0IUMMO
CO3/1aTh YCIOBUS, KOTJIa TOIBKO 3apOXKAAIOIINECT MUKPOKPHUCTAIIIBI COJIEH KECT-
KOCTH OyAyT HaxoIWThCS B BOJIEe Kak Obl HA «MarHUTHOW TMOIyIIKe», 0e3 BbIfe-
JICHUS MX Ha MMOBEPXHOCTH MEMOPAaHBI.

Mexanuzm Oeticmeuss macHumHoz2o nos. L IpuHIn 1efCTBUS CyIEeCTBYIOIINX
MarHUTHBIX allapaToB YMSTYCHHS BOJABI OCHOBaH Ha KOMIDICKCHOM MHOTO(aK-
TOPHOM BO3JICICTBHM MarHUTHOTO IIOJIS, TEHEPUPYEMOT'O TOCTOSSHHBIMH MarHu-
TaMU WK 3JIEKTPOMarHUTaMU Ha PAacTBOPCHHBIC B BOJIE THMApPAaTUPOBAHHBIC Ka-
THOHBI METAJJIOB M CTPYKTYPY THAPATOB M BOAHBIX acCOIMATOB, YTO MMPUBOJTUT K
W3MEHEHUIO CKOPOCTH J3JCKTPOXUMHUYECKOW KOAryJsiiuu (CIUMaHUS U YKPYII-
HEHUS) JUCTIEPCHBIX 3apsHKCHHBIX YaCTHI[ B IOTOKE HAMarHUYCHHOW JKUKOCTU H
00pa30BaHWI0O MHOTOYHCIICHHBIX IIEHTPOB KPUCTAJUIM3AINH, COCTOSIIHUX U3
KpPHUCTAJIOB MIPAKTHYECKH OJMHAKOBOTO pa3Mepa.
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B npouecce MarHUTHOW 0OpPaOOTKH BOABI MPOHMCXOAAT HECKOJIBKO MpO-
LIECCOB!

— CMEIIEHHE AJICKTPOMATHUTHBIM MOJIEM PAaBHOBECHS MEXTy CTPYKTYPHBIMH
KOMIIOHEHTaMH BOJIbl ¥ THIPAaTUPOBAHHBIMU HOHAMU;

— yBENMYEHHE ICHTPOB KPUCTATU3AIlMd PACTBOPEHHBIX B BOJE COJIeH B
3aJJaHHOM 00beMe BOJIbI HA MHKPOBKITIOUCHHUSIX U3 IUCIIEPCHBIX (eppoyacTu;

— U3MEHEHHUE CKOPOCTH KOATYJISIIIUU M CEIMMEHTAIINY TUCTIEPCHBIX YaCTHIL B
00pabaTeiBaéMOM MarHUTHOM I10JIE TIOTOKE >KUAKOCTH.

JKCIEPUMEHTAILHO JOKA3aHO, YTO Ha HETOJBIXKHYIO BOJIy MATHUTHBIE MOJIS
NIEHCTBYIOT TOpa3no ciabee, MOCKOIbKY oOpabaTeiBacMasi Boma o0JagaeT HEKO-
TOpPOU BJIEKTPOIPOBOJHOCTHIO, TIPH €€ TMEePEMEIICHUH B MATHUTHBIX TMOJISX TeHe-
pupyercsi HEOONBLION 3MeKTpUUecKuil TOK. JlaHHBIH cnoco0 oO0pabOTKH IBU-
XKyIIeHcsT B TIOTOKE BOJBI 4YacTo 0003HAYAETCS MarHUTOTHUAPOJTHHAMUYECKON
obpadotkoii (MI'/]O). C ucnonb3oBanreM coBpeMeHHBIX MeTo10B MI'JIO MoxHO
no0HUThCS Takoro 3¢ ¢eKxTa B BOJOMOATOTOBKE, KaK CO3AaHUE JIOKAIbHOTO yBE-
JTTYCHUS KOHIIEHTPAINH HOHOB B JIOKAIBHOM 00bEeMe BOJIBI (IS TIPeoOpa3oBaHms
M30BITOYHOTO COJICPXKAHUS HOHOB COJICH IKECTKOCTH B TOHKOJHMCIIEPCHYIO
KPUCTATMYECKYIO a3y W MPEeNOTBpAILCHHS BBIMAACHUS COJICH HA MOBEPXHOCTU
TpyOOIPOBOAOB U TEMIO0OMEHHOTO 000PYIOBAHHUS).

KoHCTpYKTHBHO OOJBIIMHCTBO aIliapaToB MarHATHOH OOpaOOTKH BOJIBI
MPEACTaBISIIOT CO00H MAarHUTOAWHAMHUYECKYIO STYEHKY, U3rOTaBINBAEMYIO B BUJIE
MOJIOTO HWJIMHAPUYECKOTO 3JIeMEHTa U3 (peppOMarHUTHOTO MaTepHaja, C MarHu-
TaMH BHYTpH, BPE3aloLIerocsi B BOAOIPOBOIHYIO TPYOy ¢ MOMOIIBIO (pIaHIieBoro
WK pe3b00BOTO COEJMHEHUsST C KOJBIEBBIM 3a30pOM, ILIONIAJb TOMEPEYHOTO
CeueHHs KOTOPOTO HE MEHbIIE IUIOUIaay MPOXOAHOTO CEYEHHS, MOABOAALIECTO U
OTBOJIAIETO TPYOONPOBOJIOB, YTO HE MPHBOAMT K CYIIECTBEHHOMY MaCHUIO
JIAaBIICHUIO HAa BBIXOJIE ammapara. B pesynbraTe JIaMHUHAPHOTO CTAllMOHAPHOTO
TEUYEHUS SJCKTPONPOBOMICH KUAKOCTH, KAaKOBOHM SABJSETCS BOJA, B MarHUTO-
JMHAMHUYECKON sUeiKe, HaXOAALIEWCs B OAHOPOJHOM IONEPEYHOM MarHUTHOM
royie ¢ uHAyKIuei Bo, renepupyetcs cuna JlopeHria, BeTMIrHa KOTOPOH 3aBHCHT
OT 3apsiaa ( YacTUIIBl, CKOPOCTH €€ ABWKEHHUS U M HHAYKIUH MarHUTHOTO 1oJs B.
Cuna JlopeHna HanpaBieHa EPIEHANKYJIIPHO CKOPOCTH JABMKCHUS KHUIKOCTH U
K JIMHUSIM WHIYKIIMA MardHUTHOTO TIONS B, B pe3ylbTare 4ero 3apsHKeHHBIC
YaCTUIBl U WOHBI B TIOTOKE YKHJIKOCTH JBIKYTCS MO OKPYXKHOCTH, TUIOCKOCTB
KOTOpO#l NepHeHAuKyIipHa IUHHUAM Bekropa B. Takum oOpaszom, BbeiOupas
HEOOXOIMMOE PACIOI0KEHHE BEKTOpAa MAarHUTHOM MHAYKUUH B OTHOCHTEIBLHO
BEKTOpa CKOPOCTH TIOTOKA KHJIKOCTH, MOXHO IEJICHAIIPABIICHHO BO3/IEHCTBOBATh
Ha MOHBI cojeli xectkoctn Ca?*, Mg, Fe?* u Fe®, mepepacnpenensis ux B
3aJaHHOM 00beMe BOJHOM Cpesbl.

BrimmyckaeMble MPOMBIIIIIEHHOCTHIO aIlapaThl MArHUTHON 00pabOTKH BOJIBI
TToApa3AeIAIOTCs Ha dekTpoMarauTHbie (AMO) U HCTIONB3YIOIINE TTOCTOSHHBIC
maruuThl cuctemsl (MC), marauTHbIe ipeoOpazoBarenu Makcmup, MIIB, MWS,
MMT wu aktuBatops! Bomel cepuit AMII, MITAB, MBC, KEMA 6siToBOTO H
MPOMBIIIJICHHOTO Ha3HAYCHHsS. BONBIIMHCTBO M3 HUX CXOXKH MO KOHCTPYKIIUH U
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npuHuumy aeiictBud 'MC BBITOJHO OTAMYAIOTCA OT MAarHUTHBIX YCTPOWCTB Ha
OCHOBE DJIGKTPOMArHUTOB M MAarHHTOTBEPJBIX (EPPUTOB, TOCKOIBKY TPH HX
AKCIDTyaTallil  OTCYTCTBYIOT — MpPOOJIEMBI, CBsI3aHHBIE C  MOTpeOIcHHEM
SNEKTPOSHEPTUM M C PEMOHTOM TMpHU DBJIEKTpHYECKOM Mpoboe 0OMOTOK
3IEKTPOMAarHHTA.

[IporrBoHakuTHOW 3 (EKT P MarHUTHOM 0OpabOTKE BOABI 3aBHUCUT OT
cocraBa 00pabaThIBaeMOI BOJIbI, HANPSHXKEHHOCTH MAarHUTHOTO TOJISl, CKOPOCTH
IBWDKCHHUSA BOJBI, MPOJOJDKUTEIBHOCTH €€ MpeObIBaHUS B MAarHUTHOM IIOJE U
npyrux (akropos. B memom, nporuBoHakunHOH 3(dekT mpu MarHUTHOH oOpa-
0OTKE BOJIBI YCUIIMBACTCS C MOBBIIICHHEM TEMIIEpaTypbl 00pabaThiBacMOl BOIBI;
npu GoJiee BHICOKOM coziepkanun HoHoB Ca?t u Mg?*; ¢ yBelnudeHneM 3HaYeHuUs
pH BogsI: a Taroke Mpu yMEHbIIEHUH O0Ie MUHEPaIH3aIiH BOIbI.

[Ipu aBMXEHUH MOTOKA MOJIEKYJT BOJBI B MATHUTHOM TIOJIE TIEPIICHIUKYJITPHO
CWJIOBBIM JIMHUSIM MarHUTHOTO TOJs, BIOJIh ocH Y (cM. BekTop V), Oymer BO3-
HuKaTh MOMeHT cuil F1, F2 (cuna JlopeHca), MBITaronuxcs pa3BepPHYTh MOJICKYITY
B TOPH3OHTAIBLHON IUTOCKOCTH (pucyHOK 3). [Ipm ABWKEHUM MOJIEKYJIBl B
TOPU30HTAIBHOHN IJIOCKOCTH, BIOIL OCH Z, OyJIeT BOZHUKATh MOMEHT CHJI B BEp-
THKATBHOU TIocKocTH. Ho mosoca marHura OYyIyT BCerfa MPersTCTBOBATH
MOBOPOTY MOJIEKYJIBI, H I[O3TOMY TOPMO3HUTH JBH)KEHHE MOJIEKYJ MEepICH M-
KYJISPHO JIMHUASIM MarHUTHOTO TIOJISL. DTO MPUBOJIUT K TOMY, YTO B MOJISKYJIE BOJIBI,
MMOMEIIEHHON MEXIy ABYMS TOJIOCAMH MarHWTa OCTaeTCs TOJBKO OIHA CTETICHb
cBO0OIBI — KOJICOAHUE BJIOJIb OCH X — CUJIOBBIX JJMHHUU MPHII0KEHHOTO MArHUTHOTO
nons. [lo BceM oOCTambHBIM KOOpAHMHATAM JBHXKCHHE MOJIEKYJ BOIBI Oyzaer
OTPAaHWYCHHBIM: MOIIEKYJIa BOJBI CTAHOBUTCS <«3KATOW» MEXKIy IMOI0CaAMU
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Pucynok 4 — Cxema

Pucynoxk 3 — [loBenenue MOJIEKyIbl BOJIBI . .
MarHUTOTUAPOAMHAMUYECCKON SUCHKI

B MarHuTHOM II10JI€
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FEEEEE

Boga nocne

CTpYKTYypa EOABI A0
NPOXOMAEHUA Yepes ) NPOXOXOEHUA
MariuTHoe none 4epes MarHUTHoOe none

Pucynok 5 — CtpykTypa BOIBI 10 U IOCIE IPOXOKACHHUS Yepe3 MarHUTHOE OJIe

MarfmTa, COBEpIIas JHUIIb KoyeOaTenbHbIe IBIKEHHS OTHOCHUTENHHO och X.
OnpeneneHHoe TOJOXKEHUE AUIONEH MOJEKYJT BOABI B MAarHUTHOM TIOJN€ BIOJH
CWJIOBBIX JIMHWUHU TONS OYJIET COXPaHSITHCA, TEM CaMbIM JeJias PacHoJOXKCHHE
JUTIONEH BOJIBI O0JIee yIOpI0UYeHHBIM (PUCYHKH 4, 5).

DeKTPOMarHUTHBIN ITPeoOpazoBaTelb peTHA3HAYCH TSI OYMCTKH U 3aITUTHI
OT OTJOXKEHUHU coJiel KeCTKOCTH. MOXKET HCIONIb30BaThCSl KaK CaMOCTOSITENBHO,
TaK U B KQUECTBE JOIMOJHECHUS K YK€ UMEIOLIUMCS CUCTEMaM BOJIOTIOArOTOBKU. B
OJIOKe YIIpaBJICHHUS PACIONOKCHA ITeUaTHAS TJIaTa ¢ MOIIHBIM 3JICKTPOMAarHuTOM U
MHUKPOIIPOILIECCOPOM, KOTOPBIN T€HEPUPYET IIIEKTPOMATHUTHBIE UMITYJIECHI U yTI-
paBIseT U3BMEHEHHEM Auana3zoHa 4acToT oT 1 no 25-50 k[’ DnekTpomMarHuTHbBIE
BOJIHBI Pa3iMYHOW JIMHBI M MEHSIONIEHCS BO BPEMEHH aMIUIUTYABI M YacTOTHI
MepealoTcs 0 MPOBOIAM-H3ITydaTeNsIM. DJIeKTPOMArHUTHBIN HMITYJIbC KOHIIEH-
TpUpyeTcs B 00beMe BOJBI, MPOTEKAIOIIEH B TPyOONpPOBOJAE, B TOM MECTE, TS
yCTaHOBJCHA KaTymika. [1oj BO3aeHCTBHEM 3JEKTPOMArHUTHBIX BOJH, JBYXBa-
JICHTHBIE KaTHOHBI KAJIBIMS U MarHus TepPSAI0T BO3MOXXHOCTh B3aMMO/IEHCTBOBATh
C aHMOHaMU M 00pa30BHIBATH HEPACTBOpUMEIC coenuHeHUs. [IpeoOpa3oBaHHBIC
KaTHOHBI KalbIMsS U MarHus TEPSIOT BO3MOXXHOCTh KPUCTAJLTU30BATHCS U BEIMA-
J1aTh B 0CaJ0K. XMMUYECKUI U MUHEPAJIbHBII COCTAB BOABI IPU 3TOM HE MEHSETCSI.

[Ipu BBITTOJIHEHUH JaHHOM paOOThI HCITOJIb30BAIH PUOOP IJACKTPOMArHUTHON
00paboTku BoAb! cepun « TepMuT».

Cepus «Tepmut» — npubop HacTeHHOTO THIA. [IpUHIMI PabOTH COCTOUT B
CO3/TaHUW HU3KOYACTOTHBIX CHTHAJIOB IIEPEMEHHOM YacTOThl Auana3zona 1-10 kI,
MOCTYMAIOIIKUM IO IPOBOAAM-U3IIyYaTENsIM, HAMOTAHHBIM IO ONPECICHHON cXe-
M€ M TIOCJIEIOBATeIHLHOCTH HAa BXOJHBIC WM OOpaTHBIC TPYOONPOBOJIBI 3allly-
aeMoi cucTeMsl (000pyI0BaHNs ), M KOHIIEHTPHPYEMBIM B 00beMe MPOTeKatoIen
Boje. Co3aBaeMoe JMHAMHYECKOE DJIEKTPOMArHUTHOE TI0JIE H3MEHSIET CTPYKTYPY
KpUCTAJUIOB COJI€l NMEPEeMEHHOM 3>KECTKOCTH, KOTOpbIE BCJIEACTBHE 3TOrO HE
0OCeIaroT Ha BHYTPEHHEH MMOBEPXHOCTH TPYOOIIPOBOJIOB U T.1I., YK€ UMECIOIIHECS
OTJIOKEHUS TIOCTETICHHO Pa3pyIIAIOTCS M YAAISIOTCS TTIOTOKOM BOJIBI.

12
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st mpoBeieHNs AJIUTEIbHBIX UCTIBITAHUN TEXHOJIOTUH MarHUTHO-UMITYJIbC-
HO¥ 00pabOTKM BO/IBI OBLIT pa3padoTaH KOMILICKT JOKYMEHTOB Ha UCTIBITATEILHBIN
CTEHJI, BKJIIOYAIOIINK B ce0s Be OOpaTHOOCMOTHYECKHE YCTAHOBKH, OJHA W3
koTopeix cHaOxeHa [120. TexHonorudeckas cxema npecTaBicHa Ha PUCYHKE 6,
[0 KOTOPOM UCXOJHAs BOAA NOCTynaeT B eMkocTh E1, U3 eMKocTH Boja moaaercs
Ha JIBe 00paTHOOCMOTHYECKHE YCTAaHOBKU. [lepen HacoCOM BBICOKOTO aBIICHUS —
TIOCJIE TOYKH BPE3KH PEIUPKYJSIIIHOHHON JIMHAW — Ha OJHOW YCTaHOBKE Ha TPY-
0OIPOBO/IC YCTaHABIUBACTCS MPUOOP AIMEKTPOMArHUTHOM 00padoTku Bos! [120.
WcnbrtaTenbHBIN CTEHIT paboTaeT MO 3aMKHYTOM CXEMe, T.e. TepMeaT W Paccol
(KOHIIEHTPAT) BO3BPAIAIOTCS B HMCXOAHYIO €MKOCTh. KOHTponmpyemble mapa-
METPBl HCIHBITATENILHOIO CTEHAA: MPOU3BOAUTENIBHOCTh MO IMEpMeaTy, KOHIECH-
TpaTy, pEUUMPKYJISALUOHHON IMHUH, NIepenaj AaBICHUS HAa Kax oM Tpakte, TDS B
HCXOJIHOM BOJIE, B TIEpMeaTe U KOHIICHTpaTe.

Onucanue paboOThl JHHUM OOPATHOM MPOMBIBKM OOpPAaTHOOCMOTHYECKHUX
3JIEMEHTOB MPEACTABICHA Ha PUCYHKE 7.

rMAPONpPOMbIBKA
A
I Ki
ucxogHas A l "X % KOHLleHTpaT
BOAa :+ ——— il Y
s nepmear

Pucynox 7— Cxema ruiponpoMbIBKH 0OpaTHOOCMOTHUYECKUX 3JIEMEHTOB

B cooTBeTcTBHM € pUCYHKOM 7 1 pabOThl 00paTHOOCMOTHUYECKOTO armapa-
Ta — A (B peXXuMe OmpecHeHHs) HeoOXO0AUMO co3laTh pabouee AaBieHHE. JTO
JOCTHTACTCS TeM, YTO MPHUKpBIBaeTCs KpaH Kp, pacTeT naBneHne Ha MaHOMETpax
(1o ompeneneHHOro paboOYero 3HaueHHWs) M HAaYMHAETCS Hpouecc 00paTHOro
ocmoca. Yepe3 MeMmOpaHy NpOAaBIUBACTCS MCXOMHAs BOJA M B LIEHTPAIbHBIN
natpyOok BeIxoauTrepmear. Tak kak kpaH Kp sBnseTcs peryiaupoBOYHBIM, OH
OCTACTCA B OTOM IIOJIOXKCHUHU — YTO ABJIACTCA pa60‘H/IM PEXUMOM JIsI TaHHOI'O
00paTHOOCMOTHYECKOTO anmnapaTa — A (pucyHoK 6). tak octanbHOM MOTOK Hpo-
XOJHT BJIOJL MEMOpaHbI, KOHIEHTPHPYET COJMM U ¢ maTpyOka Ha mepudepun
BBIXOANT KOHIeHTpaT. [Ipu pabodem pexnMe Ha MOBEPXHOCTH MEMOpaHbI 00-
pa3yloTcsi MHKpOYAacTUIBl COJeld B NOTOKe KOHueHTpata. llepmogmuecku st
CMBIBA 3THX 4YacTHI MPOBOAMTCS THIPONPOMBIBKA, OTKpbIBaeTcs KpaH - Kr,
YBCIUYNUBACTCA IIOTOK, I/II[yHII/Iﬁ 10 MOBEPXHOCTU MeM6paHLI, YTO ITO3BOJISICT
CMBITh YAaCTUYKH COJIEH C MOBEPXHOCTH MeMOpaHbl. Harr TexHonorndeckuii creHn
CIPOCKTHPOBAH B COOTBETCTBUH C TEXHOJOTMUECKUMHU TPEOOBAHUSAMU AJIsl 00paT-
HOOCMOTHYECKHX 35ieMeHTOB. OH 000py/I0BaH KPaHOM THAPOIIPOMBIBKH, KOTOPBIH
GBI.H HCIIOJIB30BaH JIsA IMPOMBIBKU HOBBIX O6paTHOOCMOTI/I‘IeCKI/IX JJIEMEHTOB OT
3aBOJICKOr0 KoHcepBaHTa. OT yCTaHOBOK JIMHUM THAPONPOMBIBOK pPeaM30BaHbI
THOKUMH ApMHUPOBAHHBIMHU HIJIaHTaMH, YTO MO3BOJIACT BPYUYHYIO NEPCKIaAbIBATh
HIIJIaHI' B KaHAJIN3alluio U C6paCBIBaTB mopuru BOJbI IPHU OTMBIBKE 3JIEMCHTOB OT
KOHCEpBaHTA.
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KonTponupyeMble mapaMeTpbl HCHBITATEIBHOIO CTEHJA: MPOM3BOAUTEIND-
HOCTb I10 TIepMeaTy, KOHLIEHTPATy, peLUPKYJISILMOHHON IMHUH, Iepenal JaBJIeHUs
Ha ¢unpetpe @1 u snementax Al-A2. TDS B emxoctu El, B mepmeare u KoH-
LIEHTpAaTe.

N3rorosneHa nuioTHas 0OpaTHOOCMOTHYECKAsl yCTAHOBKA, ITPOU3BOIUTEIb-
HOcThIO 300 /4, KOTOpas MpeCTaBICHa Ha PUCYHKE 8.

Pucynok 8 — O0mumii BuI NHI0THOI 00paTHOOCMOTHYECKON YCTaHOBKU
Npou3BOAUTEIBHOCTEIO 300 11/9

KommnexTauust HCIBITATEIBHOTO CTEHA:

. Pama

. @UIBTP TOHKOUM OYUCTKHU

. IMITyIbCHBI MarHUTHBIA IpeoOpa3zoBaTenb

. Karymka marautnas

. Kopmryc mem6OpanHoro anementa 4040

. MemOpaHHbI# 00paTHOOCMOTHYECKUH 351eMeHT 4040

. Hacoc BrIcOKOTO aBieHus

. TpyOonpoBO/IbI, KpaHbl, POTAMETPhI, MAHOMETDHI,
M3MEpUTEeThHAS anmnaparypa (KOMITIEKT)

JomnonaurensHoe 000pyAoBaHue 11t oOecriedyeHus: paboThl HCIBITATEIBHOTO

CONO O WN P
NAARRRPRPPEDN

CcTeHIa
- Emxocth 2 M3 1
- Hacoc nmoparommii 1
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C TOO «IKOID» Obimi 0TOOpaHBl ¥ MPHUBE3EHBI MPOOBI NCXOAHON BOABI B
xomuectie 2,0 M3 Ha TeppuToprio AO «IHCTHTYT XMMUYECKHX HayK UMeHH A.B.
bexryposay. [IpoObI Bozbl OBUTH OTAAHBI B HE3aBHCUMYIO CEPTH(UIIMPOBAHHYIO
naboparoputo «Kazskonorus» Ui NMPOBEACHUS XHUMHUYECKOTO aHajiu3a IpuBe-
3enHOH BoAbl. TOO «I1KOID» Ob1u BEIABUHYTH TPEOOBAaHHA K OUMIIEHHOH BOAE,
KOTOPBIE TIPEICTaBICHBI B Ta0wmIe 1.

Tabmmma 1 — TpeOyemble HOPMBI K OUMIICHHOW BOJIE JI0 M MOCIIC OYHCTKH

dakTuy.
HUcxonnas Bona AHHBIC Hopmarus. daxrud.
Haunwme- HaumenoBanue (TeHmueckas) nf:[xo o | BEHIMHA JAHHBIE
HOBaHHE KOHTPOJIHPYEMOTO C YCTaHOBKH BOHH OYHIICHHON | OYHIIIEHHOM
npoObI MoKa3aTest XHUMBOIOTIO/I- (TeXHHI/I- BOJIBI BOJIBI
rotoBku 3100 weckoii) (mepmear) (mepmear)
pH npu 25° C He 6onee 7,55 7,2 7,0-75 58
KectkocTh (3)6maﬂ’ He 6ouee 8,05 7,3 He Hopm 0,60
MTr >KkBI/aM
XKecrrocTs KapOoHATHAS,
- - He nopm -
MTI-9KB/JT
CBOOOIHBIN XJIOD, mr/om3 — — He 6omnee 0,1 0.0
Boxna Conep;K aHue cyb(atos, He 6ouee 106,1 100,5 He nopm 0,22
c ycra- M/ M
HOBKHU Copepxanue Q)O(;Q)aTOB _ _ He Goree 2,0 1,57
xumBo- | (1o P20s), mr/nm
Aomoa COfI CPKarHe Kp eMHI;Ie- He 6omee 13,6 1,78 He Hopm 0,48
TOTOBKH | BOHM KHCIIOTBI, MI/IM
3100 Coneprxkanue HaTpus, _ _ _ _
MI/J1
CoiepkaHue Kajusi, MI/J - - - -
Hedrenpomykrbr,mr/am® - - 0,02 0,01
Coneconepsxanue (Cyxoit He Gosnee
0CTaToK), Mr/am3 794,68 416,0 10 152

B xone mpoBeicHNs UCTIBITAHUI HA SKCIIEPUMEHTAIBHOM YCTaHOBKE OBLIT T1O-
IO0OpaH ONTHMATBHBIA PEXKHUM 10 ONPECHEHUIO BOJBI C MUHUMAILHBIM COPOCOM
KOHIICHTPUPOBAHHBIX BOJI.

Onucanue pexuMa MO PacxogaM BOAbI HA YKCIEPUMEHTAIBLHOH yCTa-
HOBKe. Ha BXOI B JMHHIO Hacoca BBICOKOTO JaBIICHUS OOPaTHOOCMOTHUYECKON
YCTaHOBKH II0aBaJICs TIOTOK BOJBI ¢ IPOM3BOAUTENBHOCTBIO 0,350 M3/, BEIXO 110
nepmeary (1o OYMIIEHHOM Boae) coctapysn 0,3 M/, cOpOC KOHLIEHTpPATa COCTAB-
as1 0,05 M3/,

B Ttabmune 2 npuBeneHB! pe3ynbTaThl OYUCTKUA BOJBI METOJIOM OOPaTHOTO
0CMOCa M MarHUTHOW 00paboTKH BObI. KOHTPOIE KauecTBa BOJIBI OCYIIECTBIISIICS
AKCIIPECC-METOOM MPU MTOMOIIIH prdopa — yabTpaMeTpa 6P, KOTOopHIii TO3BOJISIET
M3MEpSATH 001Iee conecoaepkanre U pH BOJIbI.
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Ha pucynke 9 mpencraiensl ¢otorpapuu pa3pe3aHHBIX MEMOpaH IMOCIe
ourcTKU ¢ mpumeHeHneM I190 u 6e3 ero npuMeHeHHSL.

N

a) 6)

Pucynox 9 — ®ororpaduu pazpezaHHBIX MEMOpPaH: a) C IPUMEHEHHEM
MarHUTHO# 00paboTKH BOJIBL; 0) 6€3 MPHUMEHEHUSI MATHUTHOM 00paOOTKH BOJIBI

B pesynbraTe mpoBENCHHBIX HCHBITAaHWN OOHAPYXKEHO, YTO OOIIee cole-
COZIepIKaHUEe CHU3UJIOCH IMOCIIe 00PaTHOOCMOTHYECKON yCTaHOBKUA — ¢ 535,5 10
30,0 mr/m, B Bojie mociie 00paTHOOCMOTHYECKOH YCTAaHOBKM M MarHUTHOUN o0pa-
6otku Boakl ¢ 535,5 no 12,7, pH ot 8,3 10 6,2 u ¢ 8,3 10 6,44 COOTBETCTBEHHO.

[lo wroraM NpOBENICHHBIX HWCIBITAHUN OOHAPYKEHO CHIKCHUE COJIECO-
JIep’KaHus B OYHINEHHOM Boze B 2 pasa (30,5 mr/i mociae oOpaTHOOCMOTHYECKOM
ycTaHOBKH U 12,6 Mr/m mocie oOpaTHOOCMOTHYECKOW YCTAHOBKH C MarHUTHOW
00pabOTKOI BOJIBI).
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U3 pucynka 9 BUAHO, YTO UCHONB30BAaHHE MAarHUTHOH 0OPaOOTKH BOJIBI B
ONIPECHEHWH TIepe]] YCTAaHOBKOW OOpaTHOTO OCMOCa HMMEET MOJOXKHUTEIbHBIN
pe3ysbTaT, a MIMEHHO, COJIM KaJbLUS M MarHus HE OCENaloT Ha 0OpaTHOOCMO-
THYECKUX MeMOpaHax (PHCYHOK 9,a), TeM caMbIM MpOAJieBas CPOK CIyXOblI
00paTHOOCMOTHYECKUX MEMOpaH.

Boinaya pexkoMeHpanmii mo mporpaMMe IHPOMBIBKM 00pPaTHOOCMOTH-
YeCKHUX 3JIEMEHTOB H BBIBOAbI 10 JIKCIepPHMEHTAIbHOH padore. KpaTkoe
OMHCAaHUE TNPUHIUNHAIBHON CXEMBl YCTAaHOBKHM XHMMBOAONOAroToBKH Ha TOO
«ITIKOII»: Boga u3 pe3epByapa, KyJa IoJaeTcsl BOAA ChIpas ¥ BOJIa U3 CAHUTAPHO-
3aIIUTHONW 30HBI, TOCTYHaeT Ha (QUIBTPBI TIPyOOH OYMCTKM [anee Ha OJIOK
(WIBTPOB TOHKOM OYMCTKU ((PUIBTPHI MHOTOKOMIIOHEHTHON OYMCTKH, YTOJIbHBIE
u AuckoBble GUIbTPH). [Janee Boga HanpasiseTcs Ha OJIOK yIbTpadMIbTpaUH U
rmociie B MPOMEXYTOUYHYI0 €MKOCTh, OTKy/Aa BOJAa MOJAETCS B JMHHUIO HAcoca
BBICOKOTO JaBiieHHs. Boma monx maBineHHMeM HampaBiseTCs] B MPOMEXYTOUHBIE
(GWIBTPEl ¥ BO BTOPYIO JIMHUIO HACOCOB BBICOKOTO JIABJIEHHsSI OOpaTHOOCMO-
THYecKoW ycTaHOBKH. OmnpecHeHHas Boja TOcCie 00paTHOOCMOTHYECKOW YycTa-
HOBKH HaIpaBisieTcs Ha YCTaHOBKY JIeKapOOHU3aIIUH BOBI U TOCJIE TIOCTYTAeT Ha
HYXAbl 3aBoja (Ha ycraHoBKy 3500 mis QuUIBTPOB CMEIIaHHOTO NEHCTBUS U
yctanoBKy 3100 a7t O4MCTKH JBIMOBBIX Ta30B).

B mensx mpoepku 3QdeKkTUBHOCTH pabOTHI CXEMBI XHMIIOJTOTOBKU Ha
TOOWIKOID» nHamu ObLIH B3SITH HA XUMUYECKUH aHanu3 7 Mpo0 BOBI C pa3iny-
HBIX Y3JI0B:

IMpo6a Nel — ncxomHast Boja;

[Ipo6a No2 — mocie 6510Ka YroiabHBIX QHIBTPOB;

[Ipo6a Ne3 — mocie caMoouHIIAIOIUXCs PUIBTPOB;

Tabmuna 3 — CokpallleHHbI XUMUUYECKUI aHainu3 npo0 BOJIbI, B3SATOM Ha 7 TOUKax,
COTJIaCHO CYILECTBYIOLIEH MPUHIMITUATIEHON CXEMBI

Haumenosanue HanmeHoBanue mpo6 BOMIBI
o Hopma
HoKasareJsieH, - o HJI
e1.M3M. ’ 1 2 3 4 5 6 7
BOIA
MyTHOCTB, MI/TI - - - - - - - - 152
I[BeTHOCTD, _ _ _ _ _ _ _ _ 20 (35)
rpajychl
pH 796 | 712 | 7.18 | 7.47 | 747 | 805 | 7,92 | 569 | B 1POAC-
nax 6-9
Obuwas munepa- | 5059 | 5071 | 507,1 | 5059 | 505,9 | 503,5 | 16648 | 17,5 | 000
T3S, MI/JT (1500)
Kecriocts 75 | 74 | 72 | 72 |69 | 72 | 1107 | 04 | 70(10)
0011ast, Mr-3KB/J1
XKeneso, mr/n - - - - - - - - 0,3 (1,0)
A30T aMMOHMIA-
0 - - - - - - - - 2,0
HBIH, MI/II
Hegremponyket, | 53 | _ |0007| - |003| - | 0097 | - 01
M/
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[Ipo6a Ne4 — mocie 61oka ynbTpaduiabTpanuy;

[Tpo6a Ne5 — mepen 6;10kOM 0OpaTHOTO OCMOCA;

[Ipo6a Ne6 — koHLIEHTpAT;

[Ipo6a Ne7 — nepmear.

JlaHHBIE XUMHUYECKOTO aHaju3a Npo0, ONMCAHHBIX BhIIIE, PUBEJICHBI B Ta0-
e 3.

Kak BuznHO u3 TaOnuie! 3, B BojE MpEBbIILIEHA )KECTKOCTh U 0011Ias MUHepa-
nuzanus (7,5 mr-sxs/a u 505,9 Mr/in cOOTBETCTBEHHO), KOTOPhIE OCTAOTCS I0-
CTOSIHHBIMHU TIOCJIE BCEX y3JI0B OYMCTKH BO/JIbI, KPOME y371a B TOUKe 7. B pe3ynbrare
ONPECHEHHs Ha YCTAaHOBKE OOPaTHOIO ocMoca B Hel coaepkaHue oOmen
XKECTKOCTU cHmKaeTcs A0 0,4 Mr-ske/J, cogepkanue oOIIeld MUHEpaIu3aluH J0
17,5 mr/m.

W3 npoBeAeHHBIX UCTBITAHUH YCTaHOBJICHO, YTO CYLIECTBYIOLIAsl TEXHOJO-
ruyecKasi cxeMa SKOHOMHUYECKH HelleJecoo0pa3Ha Mo HECKOIbKUM IPUYUHAM:

— HUCXOJHasd BOJa HE HMCCT KPHUTUUYCCKU IIPEBBIIICHHOIO COACPKAHUA
AQHMOHOB M KaTHOHOB (MOXXHO OYHCTHTH BOJY, MMesi Ooyiee YHPOIICHHYIO TeX-
HOJIOTUYECKYIO CXEMY OYHCTKH);

— peareHTHOE XO3SICTBO (pacxo/bl peareHTOB Ha MPOMBIBKY OJIOKa yIbTpa-
¢duIbTpanUy, a TakkKe 3aMeHa 3arpy3Kd B (pHIBTpax TOHKOHM OYHMCTKH) TpeOyer
0OJIBIINX 3aTpar;

— OKCIUTyaTalus OONbIIeTr0 KOJIMIECTBA HACOCOB BBICOKOTO JABJIICHUS BEIET K
BBICOKMM 3aTparaM B SHEPromnoTpeOIeHuH.

Takum 00pa3oMm, B X0zIe¢ IPOBEICHHBIX HCCICIOBAHWN HAWIEHO, YTO HC-
MOJIb30BaHUE TEXHOJIOTUH OTNPECHEHUS] Ha yCTaHOBKE OOPaTHOrO ocMoca C IMpH-
MCHCHHEM MarHUTHOH 0OpaOOTKH BOJBI MMEET OOJIBITYIO MEPCIEKTUBYH MOYKET
OBITh HCTIONIb30BaHa Ha HE()TEXUMUIECKIX TPEAIPUATHIX.
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Pe3ome

, T. K. Yanos, K. X. Xakumbonamosa,

T. B. Kospueuna, E. A. Menvnukog

MYHAM-XUMM S KOCITIOPBIHAPBIHJIA
BACTAIIKBI CYIbI PEATEHTCI3 QJIEKTPOMATHUTTIK OHAEY JIIH
TUIMAUIITH 3EPTTEY

TazapTeurran cy OoifprHma eHiMaitiri — 300 j/car ChIHAK CTEHIIH JalbIHIAYFa TEX-
HOJIOTHSUTBIK CXEMa JKOHE TCXHHKANBIK Ky)KaTTaMa J3ipJICHII, ChIHAK CTCHIIHIE Y3aK
Mep3iMJIe CBIHAKTAp, COHJAN-aK 3JCKTPOMATHHUTTIK OHACY KYPaJbIH KOJJIAaHA OTHIPHII
YKOHE OHCBI3 Ta3apThUIFaHFa AEHIHI aJbIHFaH CYZbIH calachklHa Tajjuay Kyprisinai. XKyp-
Ti3UINCH CHIHAKTAP HOTHXKECIHJE KAIMBl TY3 MOJIIEepPi Kepi OCMOCTHIK KOHIBIPFhIIAH
kedinri cyma 535,5-ren 30,0 mr/a-re neiiiH, ajd MarHUTTI OHJCYJCH KEWiHI cyaa —
535,5-Ten 12,7-Te peliin TeMeHAETeHI aHBIKTANIBL. bipiami kargaiina pH 8,3-TeH 6,2-Te
neitin, exinmiciaae — 8,3-teH 6,44-ke AeiiiH e3repmi.

Kepi OCMOCTBIK KOHIBIPFBIIA TYIIBUIAHIBIPY ANAbIHAA CYJbl MArHUTTIK OHJACY/I
KOJIJIaHy OH HOTHKe OEpeTiHi aHBIKTANIbI, aTall aiiTKaH/a, KaablUil MEH MarHui Ty31apsl
Kepi OCMOTHKAIBIK MeMOpaHajap/ia UIOKMEHIi, COHbIH apKachlHAa Kepi OCMOTHKAJIBIK
MeMOpaHaIapIblH KbI3MET €Ty Mep3iMiH y3apTabl.

Tyiiin ce3aep: kepi 0cMOC, KaOABIKTAPIABIH TEXHUKAJIBIK CUIIATTaMaIapbl, OHIMIILTIK,
Ta3apTy JOPEeXKeci, )bl TY3 MOJIIIEP], CyIbIH KEPMEKTIT1.
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Summary

E. E. Ergozhin|, T. K. Chalov, K. Kh. Khakimbolatova, T. V. Kovrigina, E. A. Melnikov

RESEARCH OF THE EFFICIENCY OF REAGENT-FREE ELECTROMAGNETIC
TREATMENT OF SOURCE WATER AT PETROCHEMICAL ENTERPRISES

A technological scheme and technical documentation for the manufacture of a test
bench with a purified water capacity of 300 I/h have been developed. Long-term tests were
carried out on a test bench, as well as analysis of the quality of the sampled water before
purification, with the use of an electromagnetic treatment device and without it. As a result
of the tests carried out, it was found that the total salt content after the reverse osmosis unit
decreased from 535.5 to 30.0 mg / |, and in water with the use of magnetic water treat-
ment — from 535.5 to 12.7. Moreover, the pH in the first case varied from 8.3 t0 6.2, in the
second — from 8.3 to 6.44.

It has been established that the use of magnetic water treatment in desalination before
the reverse osmosis unit has a positive result, namely, calcium and magnesium salts do not
settle on the reverse osmosis membranes, thereby prolonging the service life of the reverse
0Smosis membranes.

Keywords: reverse osmosis, reagent-free electromagnetic treatment, productivity,
degree of purification, total salt content, water hardness.
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CUHTE3 U UCCJIEJOBAHHUE
XEJATOOBPA3YIOIIUX HOHUTOB
HA OCHOBE COIIOJIUMEPOB 3IIOKCUAKPUJIATOB

AHHoTanus. V3ydeHsl BO3MOKHOCTH TIOYYE€HHUS HOBBIX XeJaTo00pas3yIomux (KoM-
IUIEKCOOOPa3yIOMINX) HOHUTOB HA OCHOBE COMOJIMMEPOB TiuimmImMeTakpunata (IMA),
MetmimMerakpuiaara (MMA), Tpunponuienriukoabauakpuiata (TIITJA) u koMIIeKcoHa
okcmTIieHandocoroBoit (O3AD) kucnotel. HaiineHs! onTHMaNbHBIC YCIOBHUS CHHTE3a
1 MCCIIEJOBAaHBI (PU3NKO-XMMHUYECKHIE CBOUCTBA HOHUTA. J{JI5 OIICHKH KUCIOTHO-OCHOBHBIX
CBOWCTB CHHTE3MPOBAHHBIX TOJIHANICKTPOIUTOB OBLITH MPOBEACHBI MOTCHIIMOMETPUUCCKUE
HCCIIeIOBAHUS, OMPEAENCHO, YTO HOBBIE MOHUTHI UMEIOT CPEIHEKUCIOTHBIN Xapakrep, a
TaKXKE OTHOCATCA K MOJUQYHKIMOHATIBHBIM HOHUTaM. CTPYKTYpY CHHTE3UPOBAHHBIX
nouutoB 'MA-TIITJA-MMA:02/1®, TMA-MMA:O31® ycTraHaBIMBAIM METOIOM
HK-criekTpockonuu 1 31eMEHTHOTO aHaJIH3a.

W3yyanu BIusSIHUE COOTHOIICHHSI MCXOJHBIX PEarupyromux KOMIIOHEHTOB, TEMIIe-
paTypsl ¥ IPOIOIDKUATEIFHOCTH TpoIiecca Ha CTATHUECKYI0 OOMEHHYI0 €MKOCTh HOHHUTOB.
VY CTaHOBIIEHO, YTO TOBHIIICHHE B WCXOMHOW CMECH KOJIMYECTBA OKCHATHICHIu(pocdo-
HOBOM KHCJOTHI B peakunoHHOHM cmecu oT 1,0 mo 3,0 MaccoBBIX yacTell NPUBOAUT K
BO3pacTaHmio eMKOCTH OT 4,3 10 6,2 mr-3ks/r o TMA-TIIT JA-MMA:031®, ot 4,8 no
6,6 Mr-3kB/T Mo TMA-MMA:03/1®. OmnpeneneHie XUMIHYECKONW YCTOHYUBOCTH HOHUTOB
ITOKAa3aJlo, YTO MOJTyYeHHBIE MOHOOOMEHHHKH JTOCTATOYHO MHEPTHHI K XUMHYECKUM pea-
reatam. Haubosiee cTaOMIBHBIM OKAa3ajCs KaTHOHHT HAa OCHOBE TPOWHOI'O COIMOJHMEpa
I'MA-TIT JA-MMA:O3 1® nipu maccoBoM cooTHomeHnH 1:3. CTeneHp moTepyu eMKOCTH
HMOHHTA, TOJYYCHHOTO Ha €ro OCHOBE, He mpeBbimaeT 9 % mpu oOpaboTke pacTBOpaMu
KHCIIOT, TesioueH, a npu aerctuu okucnuteneid COE mpakTHuecku He U3MEHSETCS.

KiioueBble cjioBa: xenatoo0pas3yoiirie COpOSHThI, KOMIUIEKCOOOpasyIoue HOHH-
ThI, KOMITJICKCOHBI, XEIIaT, XEIaTHBIC CMOJTBI, COTIOIMMEPU3AIIUsl, HOHHBI OOMEH, COPOCHT.

C pasBuTHeM Hayku OOJIBIIIOC BHUMAaHHUE HCCIEIOBATENCH yaenseTcs mpoo-
JIEME CO3/[aHHsI HOBBIX MOHOOOMEHHBIX MAaTEPHUAJIOB C YIYYIIEHHBIMU CBOHCTBAMHU
U CTPYKTYpOH Ha OCHOBE JOCTYIHBIX PEAKIIMOHHOCIIOCOOHBIX MOHOMEpPOB U
OJIUTOMEPOB, COJIEPKAIINX aKTUBHBIE KOMITJIEKCO0Opa3yomye QyHKINOHATbHBIE
rpynnel. B CBSI3M ¢ 3TUM WHTEHCHBHO MPOBOJSATCS HCCICIOBaHHS B 00JacTd

24


mailto:kamshat.kalmuratova@mail.ru

ISSN 1813-1107 M1l 2021

CHHTE3a XeIaToo0pa3yronux (KOMIIEKCOO0pa3yoix) HOHUTOB U UX PUMEHE-
uus [1-2].

[IpocTefiinM ¥ MIMPOKO MPUMEHSEMBIMH MIPEACTABUTEISIMA KOMILIEKCOHOB
ABISIOTCS UMUHOANYKCYcHast kucnota (MIA) n Hekotopsie ¢pochopoconepxarime
kucioTel. Hutpunrpuykcycuas (HTA), stunennnamunaTeTpaykcycaas (9TA) u
Jpyrue MOJU3TUICHIOIMAMHUHIIONNYKCYCHbIE KUCJIOThI, & TaK)K€ OKCHITHUIICHIU-
¢dochonosas (02 /1D) u utpunorpumerunpochononsie kucnotsl (HTDK), koto-
phIe MOXXHO pacCMaTpHUBaTh Kak €e CTPYKTYpHBIC aHaioru [3].

BaxxHBIM OTIIUHEM XeTaTo00pa3yoNIiX MOJIMMEPHBIX COPOSHTOB OT JIPYTUX
TUIIOB COPOEHTOB SABJSIETCS HAJIMYME B MATPHUIE XMMUYECKUX aKTHBHBIX TPYIII,
CHOCOOHBIX B3aMMOJICHICTBOBATH C HAXOAALIMMUCS B PACTBOPE MOHAMH METAJIOB
¢ 00pa3oBaHUEM XENATHBIX KOMIUIEKCOB. JTH TPYIIbI MOTYT OBITH BBEICHBI B
MOJMMEPHYIO MaTPULy MyTeM XMMUYECKUX MPEBPALCHUI UK OHU 00pa3yroTcs B
Ipoliecce CUHTE3a NOJIMMEpHOTro copOeHTa [4].

KommnekcooOpasyromue CBOWCTBA TONUMEPHBIX COPOSHTOB 3aBUCST OT
MHOTHX (PaKTOPOB: MPUPOABI MATPHIBI U (DYHKIIMOHAIBHBIX TPYII, CTEMICHH UX
OJHOPOAHOCTH U MPOCTPAHCTBEHHOTO PACIIONIOXKEHUS, HATMYUS APYTUX (YyHKIHO-
HAJIBHBIX TPYMI. B CBS3M ¢ 3TUM MeXaHW3M B3aMMOJICHCTBUSI KOMILIEKCOOOpa-
3YIOIIUX COPOSHTOB BO MHOTHX CIyYasiX IOCTATOYHO CIIOKEH M OCTAETCS HEBBISIC-
HEHHBIM. MOKHO YCJIOBHO OIIPEIeNUTh XeIaToo0pasyromue coOpOeHThI Kak opra-
HUYECKHUE MOJMMEPHbIE COEANHEHHS, COEPIKALUe TPYIIIbI, KOTOPbIE B COOTBET-
CTBHHU C XMMHUYECKOW MPUPOIOH aKTHUBHBIX TPYII U UX TEOMETPHYECKUMHU U KOOP-
JUHAIMOHHBIME BO3MOKHOCTSIMA MOTYT OOpPa30BBIBATh XEJIATHBIE KOMIUIEKCHI
HpH B3aUMOJICHCTBHY C HOHAMH METAJIIOB, HAXOSIIMMHUCS B pacTBope [5-7].

B pesynbrate pazpaboTaHbl HOBBIE CIIOCOOBI MOJTYYEHHsS] KOMILIEKCOHOB
HOBOTO KJlacca HKOJOTHYECKH 0€30TacHBIX U OMOJIIOTHYECKH aKTHBHBIX, SIBIISIO-
LIMXCSI MIPOU3BOJHBIMHM SHTAPHON KHUCIOTHI, KOTOpBIE IO3BOJAT H30EKaTh 3a-
IPSA3HEHUSI OKPYIKAIOIIEH CPeIbl, ABIAIOTCS 0€30MaCHBIMU M MaI03aTpaTHbIMU [8].

Lesas padoTbl — cuHTE3 U UccTeJoBaHUE HUIUKO-XUMHUUECKUX CBOMCTB Xela-
TOOOpa3yOUIMX HOHUTOB HAa OCHOBE COMNOJIMMEPOB INIMIUAWIMETaKpwiIaTa U
KOMIUTEKCOHA — okcmaTIieHAndochoroBoit (03 /1d) KucIoThI

Hamu u3ydeHbl BO3MOKHOCTH IOIy4EHHUsI KOMILIEKCOOOpa3yOLMX HOHUTOB
Ha OCHOBE IBOMHOrO M TPOWHOTO comojmMmepa riaurmamiMerakpunata (I'MA),
Metunamerakpuiara (MMA), Tpunponunenrinukonpanakpunata (TIITIA) u okcu-
sruneraudochonoBoit kucnorer (0D/[P). HaiimeHsl onTUMaIbHBIE YCIOBHS
CHHTE3a, U3y4eHbl PU3UKO—XUMUYIECKUE CBOIICTBAa HOHUTOB.

OKCITEPUMEHTAIJIBHA A YACTD

MeTonnbl cuHTe32a HOHMTOB. KOHEHCAIINIO IMHEHHBIX U CIIUTBIX COMOINME-
pos TMA-MMA u 'MA-TIT' JA-MMA c¢ okcudtmeHaudochonoBoit (02/1D)
KHUCJIOTHI TIPOBOJWIIM B Cpene opraHmdeckoro pactBopureis (JJMPA). B Tpex-
TOpIyl0 KoJIOY, CHAaOXEHHYI0 MEXaHWYEeCKOW MEIIANKOH, TEepMOMETPOM |
KarenbHoW BopoHkoH, mpuimuBanu 30-35 % — kucnoty (O3A®P) u mocTeneHHO
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MPUKAIBIBAJIH PACTBOP COMNOJMMEpPa B OpTaHUYEcKoM pactBopuTene. Ilpu wH-
TEHCUBHOM IepeMelnBaHnu cMech HarpeBaau 10 80 °C B teuenue 4 4. Ilocie
oOpa3oBaHUs Tejisl BRITPYKaad B (happopoByrO YallKy, OTBEPXKIadd B TCUCHUE
cytok mipu (90-100)°C, mpobunm, nmpocenBany, oToupas (Hpakuuio C pasMepoM
rpanyn (0,25-1,00) mm. VMOHMUTBI MHOTOKpaTHO MpPOMBIBAIM PACTBOPUTEIIEM,
sKcTparvpoBaiu B amnnapare CoKcileTa METHIOBBIM CIHUPTOM Ui yIajJeHHs
HENpPOpearupoBaBLINX BELIECTB, CYLIMWIN O HNOCTOSHHOI'O Beca IO/ BaKyyMOM
mipu (25-30) °C.

PE3VJIBTATHI N1 UX OBCYXJEHNE

OO0pazoBanue XxenaTooOpa3yIUX HOHUTOB C YIYYIICHHBIMH (DU3UKO-XU-
MUYECKUMH CBOWCTBAMHU TyTEM MOJIMMEPAaHAIOTHYHBIX MPEBPALICHUN TPOHHBIX
('MA-TIII' JA-MMA) u nBoitaeix (IMA-MMA) conmmommmepo 'MA ¢ O3 1D
MPEIMOIOKUTEILHO MPOUCXOANT CIIETYIOIUM 00pa3oM (PUCYHOK 1).

CH,
il [ 1
Chry CHy- ¢ BC¢ + OH—P—C—P—OH—
=0 C=0 (=0 |
=+ OH OH
0 Q OH
CH
H'_v & (l:H: A 3 "
H
ogf H_|C_—CH3
H, !
7o
HC=CH,
B R I
C 1' CHy-GH HyC~C
=0 _(}?_=o =0
0 P
CH,
" m CH, n k
el o HC-CH,
LIH3 T?HJ |(l) 5
|
O—P—C—P— 0OH C=0
N j
OH OH OH HC=CH,

Pucynox 1, a — [Ipeanonaraemas cTpykrypHas (GopMyJia HOHUTOB
Ha ocHOBe TpoitHoro cononmumepa [MA-TIII' JA-MMA-O2 /1D
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Pucynoxk 1, 6 — IIpeanonaraemast CTpykTypHast opMyia HOHHTOB
Ha O0CHOBe JBoiHoro cononumepa IMA-MMA-O2/1®

Jia ycTaHOBNIEHHWS] ONTHMANBHBIX YCIOBUH CHHTE3a XEIaTo00pas3yIOIIX
MOHUTOB Ha OCHOBE NIBOWHOTO M TpoiHOTO comomuMepoB | MA-MMA u I'MA-
TIT' JA-MMA ¢ okcuatrneraupoconoort (OD/D) u3yyanu BIHSIHUE COOT-
HOIIIEHUSI MCXOJHBIX PEarupyromuX KOMIOHEHTOB, TEMIIEPATYPbl U MPOJOJIKH-
TEJLHOCTH MIPOLIECCa HA CTATHYECKYIO OOMEHHYIO €MKOCTh HOHHMTOB (Tabuuiisl 1-3).
YcranosneHo, (Tabaumsl 1, 2), 4TO BO BCEX CIIyYasx C YBEIMYEHHUEM KOHIICHTpa-
uu conosmmepa (CMA-TIIT'JA-MMA,'MA-MMA) B UCXOAHOH CMECH TOBBI-
maetcs 0OMeHHasi eMKOCTh HOHNTOB. Hamprumep, yBenmaenue conepxkanus O3 1D
B peakrmonHoit macce oT 1,0 mo 3,0 mMacc.d. MPUBOAHUT K POCTY CTATUICCKOU
0OMEHHOM €MKOCTH OT 4,82 Mr-3KB/T 110 6,62 Mr-sKkB/T. JlanbpHeiInee MOBHIIIICHHE
COJICPKaHUsI KUCIOTHI MPUBOIUT K 00Pa30BaHUIO PACTBOPUMBIX MM CIIA0O0CIIH-
TBIX HOHUTOB. [loTOMY B manpHEHIINX HccnenoBanHusax koaudaectBo O3 1D 6pamu
B BBINIIEYKA3aHHBIX MPEJIENIaX, KOTOPhIE JAIOT XUMUUECKH CTOMKHE U MEXaHHUYECKU
MTPOYHBIE HOHUTHI.
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Tabmuna 1 — U3menenne COE dochopcoaepikalinx CIIMTHIX HOHUTOB Ha OCHOBE TPOWHOTO
cononumepa I MA-TIII'JIA-MMAB 3aBHCUMOCTH OT COOTHOIIEHHS HUCXOTHBIX KOMIIOHEHTOB

No MaccoBoe t . BLIXO COEmno 0,1 u
h coorHotrenne 'MA- o ’C ’ D/H pacteopy HCI,
TIT JIA-MMA:0D/1d 70 MI-9KB/T
1 1,0:1,0 78,3 4,6
2 1,0:2,0 78,0 54
3 1,0:3,0 80 24 78,1 6,2
4 2,0:1,0 78,0 43

Tabmuma 2 — M3menenne COE ¢docdopconepramux HOHUTOB Ha OCHOBE JBOIHOTO CONOIMMEpa
I'MA-MMA B 3aBUCUMOCTH OT COOTHOILIEHHS UCXOJHBIX KOMIIOHEHTOB

Maccosoe COEmo 0,1
No t, T, Brixon
coorHotrenne 'MA- oC o pacteopy HCI,
MMA: OD]1® . 7 MTI-9KB/T
1 1,0:1,0 77,8 4,8
2 1,0:2,0 77,2 56
3 1.0:3,0 80 24 77.2 6.6

Tabnuua 3 — N3menenune COE ¢docdopcoaepxaiinx HOHUTOB
OT TeMIIEPaTyphl OTBEPIKACHHS (BpeMs OTBEpXkKACHUS 24 1)

COE 1o 0,1 u pactsopy HCI mr-sks/r

WouuTE TpH TeMIeparype oTsepxaenus, °C
60 80 100 120
I'MA-TIIT JA-MMA:0O2 1® 4,5 6,2 59 53
I'MA-MMA: O3 1d 3,8 6,5 6,2 53

Tabmmia 4 — BriustHuE TPOIOIKATETBHOCTH OTBEPIKICHUS
Ha CTATUCTHYECKYI OOMEHHYIO eMKOCTh (pocdopcoaepikamnx HOHUTOB
Ha ocHoBe [ MA-TIITJA-MMA:02/1® u TMA-MMA: O3 /1®

COE o 0,1 u pactBopy HC

| Mr-skB/T Ipu TEMIEpaType

WoHUTHI oteepkaenns 90 °C, mpoJoIKATENFHOCTS , 4
8 12 24 48
I'MA-TIII'JA-MMA:05 ]1® 4,4 51 59 53
I'MA-MMA: OO 1D 3,8 6,1 6,3 6,2

[Ipy oONTUMANBEHBIX COOTHOIICHHUSX PEArHpYyIOIIUX KOMIIOHEHTOB HCCIIe-
JIOBAJIH BIMSTHUE TEMIIEPATYPhI U MPOJODKUTEIBHOCTH OTBEPIKICHHUS Ha CBOMCTBA
cmuThIX Gochopcomepkamux MoTMIESKTPOIUTOB. BuaHo (Tabmuisr 3, 4), 9to ¢
MOBBIIIICHHEM TEMIEPATYPhl U BPEMEHU OTBEPIXKJICHUS OOMEHHAs EMKOCTh HOHUTA
HECKOJIBKO CHW)KAETCS, YTO, BEPOSITHO, OOYCJIOBICHO JOIMOIHUTEIBHBIM CTPYK-
TypooOpa3oBaHHEM MOJIMMEPOB, MPHUBOJSAIICTO K YIDIOTHEHUIO MATPHIIBI HOHUTA
Y, CIIEIOBATEEHO, YMEHBIICHHIO JOCTYITHOCTH MOHOT€HHBIX TPYIII MPU HOHHOM
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obmene. Hanbonee onTHUMaibHBIM PEKUMOM IIOJyYCHHS HOHHUTOB Ha OCHOBE
I'MA-MMA:O31® u T'MA-TIII'’ IA-MMA:0O2/1® sBusercs T — 24 4, COOTHO-
wenue (1:3), npu Temnepatype 80°C.

Crpykrypy cunte3upoBanHbix HOHUTOB [ MA-TIITI' TA-MMA:O31®, 'MA-
MMA:O51® ycranaBmuBamm MeTtogoM HMK-CIIEeKTpOCKOMU ¥ 3JIEMEHTHOTO
aHaIn3a.

[ *Wed My 1610.11:302018  Kavuer
020 -

018
016
014
012

010 1

Absorbance

008
006+
004 |

002 1

Wavenumbers (cm-1)

Pucynok 2 — UK-criekTp HOHHUTa HAa OCHOBE
TpoitHoro cononumepa I'MA-TIIITA-MMA u O2/1®

OTHECEeHHE YacTOT TMOTJIONICHUS B CIICKTPAaX HOHUTOB BBHIMOJIHEHO HA OCHO-
Baanu mAaHHBIX UK-crekTpoB mcxomnbix BemecTB (IMA-TIII/JA-MMA, I'MA-
MMA, O3/1d). B pe3ynpTaTe cHHTE3a KATHOHUTOB Ha OCHOBE TPOWHBIX COIIO-
mumepoB T MA-TIII' JA-MMA, TMA-MMA u O2/1® B cnexTpax (pUCYHKH 2, 3)
MOHUTOB HCYE3al0T MOJOCH moriommenus mpu (850, 912, 1000, 1250, 3012 u
3075 cm?), XapakTepHbI€e I STIOKCUIPYIIN U TOSBISIOTCS HOBBIE, COOTBETCTBYIO-
e pocpopconepsxamum rpynnam P=0, P-C (1177,5 cm?, 646,3 cm?) . Jlannsie
HK-cniekTpa KaTHOHUTOB TOJTBEPIWIM HAJIMYUE BHYTPUMOJICKYISPHON BOJO-
ponHoit cBs3u Mexay OH-rpymmoit u atomamu docdopa okcudtrineHaudocho-
HOBOM KUCJIOTEHI.

KucnoTHO-0CHOBHBIE CBOWCTBA CHHTE3UPOBAHHOTO MOHUTA Ha OCHOBE J[BOW-
Horo conojumepa I'MA-MMA u okcudtrineHaudochonopoiikucaorel (O3AD)
HCCIIEA0BAIA METOJIOM TTOTCHIIMOMETPHUIECKOTO TUTpOoBaHus (pucyHok 4). Hamu-
Yye JBYX MepernOOB Ha KPUBBIX TUTPOBAHUS MMOJYYCHHOTO HOBOT'O MOHUTA CBU-
JIETEBCTBYET O CPETHEKHCIIOTHOM XapaKTepe, a TakXKe yKa3blBaeT UX MONMU(pyHK-
IMUOHAITLHOCTb.
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Pucynok 3 — UK-criektp noHuTa Ha OCHOBE BOiHOTO cononumepa [ MA-MMA u OD1d

I
|

o I T T 1T | L | L | T 1T | T 1T | L | T 1T |
0,5 1 1,5 2 2,5 3 3,5
0,5H KOH , mn

Pucynok 4 — Kpusble IOTEHIMOMETPUYECKOIO TUTPOBAHUS HOHUTA
Ha ocHOBe conoauMepa 'MA-MMA u O /1®

Pe3ynbpTaThl HUCOBITAHUN XUMHUYECKOM YCTOWYMBOCTH MOHMTOB IIOKa3alu
(Tabmuria 5), 9TO MoTyYeHHBIC HOHOOOMEHHHKH JOCTATOYHO HHEPTHBI K XUMUYEC-
KuM pearentaMm. Hanbosee cTaOMIIbHBIM OKa3ajcs KATHOHUT HA OCHOBE TPOMHOTO
cononuMepa I'MA-TIII'TA-MMA:O3/1® npu maccoBoM cooTHomeHun 1:3.
CreneHp OTEpH €MKOCTH MOHWTA, TIOJYYEHHOTO HA €r0 OCHOBE HE IMPEBHIIIAET
9 % npu 00paboTKe paCTBOPaMH KHCIOT, IIEI0UEH, a P JCHCTBUN OKHCIUTENCH
COE npakTudecku He U3MEHSETCS.
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Tabmuua 5 — Xumuueckas ycToH4MBOCTh ochopcoaepkamx HOHOOOMEHHUKOB

Xumuueckas yCTOH4YUBOCTD, %o

COEHCX, 10 % 1H SH. 5 H.
MI-OKB/T pacTBOp | pacTBOp | pacTBOp | PacTBOP
H202 HNO3 NaOH H2S04

Honutst

I'MA-TIITJA-MMA: O2 /1D,
macc.u.1,0:3,0

I'MA-MMA:031®dmacc.u. 1,0:3,0 6,6 91,0 90,0 91,5 91,6

6,2 93,3 94,0 93,8 94,0

Takum 00pazoM, MpeTOKEHHBIA CIIOCO0 CHHTE3a 00ecIIeuYnBaeT MOTydeHHE
¢dochopconepkamx HOBBIX KOMIUIEKCOOOPA3yIOIIMX HOHUTOB HA OCHOBE
nsoiiHoro (F'MA-MMA) u TpoiiHoro cononumepa riavguamiMeTakpuiata (MA-
TIII' IA-MMA), u koMIIIeKCcoHa — okcraTUIeHIupochoHoBok (0D D) KUCIOTHI
C YJIyYIICHHBIMH (PU3UKO-XVUMHUYECKUMHU XapaKTEPUCTUKAMHU JJIsl TIPAKTHYECKOTO
MPUMEHEHHUS B 007aCTH THAPOMETAILTY PTUH UJIEKTPOXUMUYECKOI TEXHOJIOTHU.
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, H. A. bexmenos, K. M. Kanmypamoasa,

K. A. Caovixos, I'. E. Abopanuesa, K. H. Kaiinapbaesa

SIOKCHUAKPUJIATTAP COITOJIMMEPJIEPI HETT3IHJEI'T
XEJTATTY3VYIII MOHUTTEP AJIY )KOHE 3EPTTEY

I'manuaumvertakpmiar (TMA), metmiMerakpwiatr (MMA), TpUTIPONMUICHTTHKOIb-
muakpwiat (TTITA) xone oxcudyTHieHanpochoH Keukelisl (O9/1d) cononumepnepi
HeTi3iH/e XaHa XeJaT TY3yIli (KOMIUICKaTy3yIlli) HOHUTTEPAl aly MYMKIHIIKTEpi 3epT-
tenal. CHHTE3IH OHTAMIBI MIapTTapbl TaOBUIIBI )KOHE MOHUTTIH (PU3MKA-XUMHSIBIK Ka-
cuertepi 3eprreni. CHHTE3AENTeH MOTMAICKTPOIUTTEP IiH KBIIIKBUIIBIK-HETI3/[IK KaCHeT-
TepiH Oarajay YILIIH MOTEHIMOMETPHSIIBIK 3€pTTEyJIep JKYPTri3uimi, jkaHa HOHUTTEPIiH
opTalla KbIIIKbULIBIK CHITAThI 0ap, COHBIMEH KaTap MOIu(yHKIIMOHAIHI HOHUTTEPTe KaTa-
TRIHABIFBI aHbIKTAIABL. [ MA-TIII'TA-MMA:OD]1® xone TMA-MMA:0OD/1® cuHTE3-
JIENITeH MOHUTTEPAiH KypeUIbiMbl MIK-crieKTpocKomus KoHe 3IEMEHTTIK Tajiay dIiciMeH
OpHATBUIIBI.

HoHuTTEpAiH CTaTUKAIBIK aJMacy CHIMBIMIIBIIBIFBIHA OaCTANKBl OPEKETTECYIIi KOM-
MTOHEHTTEPIiH MacCaJIBIK KaTBIHACKHI, TEMIIEPATypackl MEH MPOIECTIH Y3aKTHIFBIHBIH dcepi
3epTrenmi. Peakums KocmachlHIAFBl OKCHATHICHOU(POC(HOH KBIIKBUIE MONIICPiHiH
1,0-nen 3,0 maccanbik Oemikke neitin aptysl ['MA-TIITJA-MMA:OD/1® GoiibiHIna
4,3 Mr-skB/T-gaH 6,2 Mr-s3ke/r-ra aeitin, [MA-MMA:0O3/1® Ooiibinina 4,8 Mr-sks/r-aan
6,6 Mr-oKB/T-ra JIeiiH YJIFarOblHa OKEJIETiHI aHBIKTaIbl. AJIBIHFAH WOH ajMaCTBIPFbILI-
Tap/IbIH XUMUSIIBIK TYPAKTBUIBIK OOMBIHINIA XUMHUSIIBIK PEAKTUBTEPIe HHEPTTI CKCHIH KOp-
cetti. IMA-TIIT' JTA-MMA:O2/1® 1:3 maccanblK KaThIHACBIHAAFBIYIITIK COMOJUMEpP He-
Ti3iHAeT] KATHOHUT €H TYPAKTHI OOJBIN MIBIKTH. OHBIH HETi31H/Ie AJIbIHFAH HOHHUT CHIHBIM-
JBUTBIFBIHBIH JKOFAITy JTopekeci KBIIKBUIIAPABIH, CUITIIEPAiH epiTiHAIepiMeH oHAeIreH
ke3ne 9% acmaiinpl, an CAC TOTBIKTHIPFBIITAPEIHBIH dCEPiHEH iC KY31HIE 63repMeii.

Tyiiin ce3mep: xenarTy3yuri copOeHTTEp, KOMIUICKCTY3YIlI HOHUTTEP, KOMIUICKCOH-
Jlap, XeaT, XeNaTThl MIdipIiep, COMOIMMEPIICHY, HOH aaMacy, COpOCHT.

Summary

E. E. Ergozhin|, N. A. Bektenov, K. M. Kalmuratova,

K. A. Sadykov, G. E. Abdralieva, Zh. N. Kainarbaeva

SYNTHESIS AND INVESTIGATION OF THE CHELATING ION EXCHANGERS
BASED ON COPOLYMERS OF EPOXYACRYLATE

The possibilities of obtaining new chelating (complexing) ion exchangers based on
copolymers of glycidyl methacrylate (GMA), methyl methacrylate (MMA), tripropylene
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glycol diacrylate (TPGDA), and oxyethylenediphosphonic acid complexone (OEDP) were
studied. The optimal synthesis conditions and studied the physicochemical properties of the
resin.To assess the acid-base properties of the synthesized polyelectrolytes, potentiometric
studies were carried out, it was determined that the new ion exchangers have a medium acid
character, and also belong to polyfunctional ion exchangers. The structure of the synthe-
sized ion exchangers GMA-TPGDA-MMA: OEDP, GMA-MMA: OEDP was established
by IR spectroscopy and elemental analysis.

Studied the influence of the ratio of the initial reacting components, temperature and
duration of the process on the static exchange capacity of ion exchangers. It was found that
an increase in the amount of oxyethylenediphosphonic acid in the initial mixture in the
reaction mixture from 1.0 to 3.0 mass parts leads to an increase in the capacity from
4.3 mEq /g to 6.2 mEq/ g according to GMA-TPGDA- MMA: HEDP, from 4.8 mEq / g
to 6.6 mEq / g according to GMA-MMA: HEDP. The chemical stability of the ion exchan-
gers showed that the obtained ion exchangers are quite inert to chemical reagents. The most
stable was the cation exchanger based on the ternary copolymer GMA-TPGDA-MMA:
HEDP with a mass ratio of 1: 3. The degree of loss of capacity of the ion exchanger,
obtained on its basis, does not exceed 9% when treated with solutions of acids, alkalis, and
under the action of oxidizing agents, SEC practically does not change.

Keywords: chelating resins, chelate, chelating sorbents, copolymerization, ion
exchange sorbent.
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HHOJIYYEHHUE CYJIb®UPOBAHHOI'O ITPOU3BOJHOI'O
KNPHBIX KNCJOT MACJIA CITHPY/IHHBI

AnHOTanmmsi. B pabdore nosydeHo HOBoe CyJb(HPOBAHHOE IPOU3BOJHOE KUPHBIX
kucyot Macia Cnupyaunsl. JlaHHOE IPOM3BOIHOE MOTYYAIOT U3 CyXOH OMOMacchl MUKPO-
BOJIOPOCII B HECKOJIBKO CTaJUi: SKCTPAKLUS JIMIUI0B U3 CYXOH OHOMAacChl, METHINPO-
BaHME JIMITMIOB, aMUHHPOBaHNE OOpPA30BaBIINXCS METHUJIOBBIX 3()UPOB JKUPHBIX KHCIIOT
Cnupynunsl, MogudukanusaMuga MaJCHHOBBIM aHTHIPUAOM HIIOCIEAYIOINAs PEaKIUs
CHHTE3UPOBAaHHOTO MOHO3(]Hpa ¢ 6ucynbhaToM HaTpusa. ONTUMHU3HPOBAHBI YCIOBHA BCEX
cTanuii cuHTe3a CyNIb(UPOBAHHOTO TMPOU3BOAHOTO. [IPOMYKTHI peaxiwii HACHTHPHUIIHPO-
BaHbl MeTogoM MK cnekrpockomnuu.

KaroueBnbie cinoBa: 6uomacca, Macino Crupynunsl, aMUHHPOBAHUE, AllMIMPOBAHHE,
cynb(hHUpOBaHUE.

B macrosimiee BpeMst mukpoBogopociau Cnupyauna (Spirulinaplatensis) 6ma-
rogaps CBOMM YHHUKAIBHBIM CBOHCTBaM, WCIOJB3YIOTCS B KadecTBE OOBEKTOB
TEXHOJIOTHH. BUOpecypchl BOTHOTO MPOUCXOK/ICHUS PACCMATPUBAIUCH KaK ChIPhE
JUTSL U3TOTOBJICHUSI TEXHUYECKOH, MUIIICBON U KOPMOBOH MPOTYKITUH.

Spirulinaplatensis mpeacrasnser co6oit HabOp crHe-3eIEHBIX HUTEM, COCTOSI-
IIMX U3 NATHHAPHYECKUX KJIIETOK, YIOKCHHBIX B HEpa3BeTBICHHbIC HUTH [1, 2].
WHTeHCcHBHBIE HCCIENOBAaHUS B 3TOHM 00JIACTH TOKA3aJIU UX NEPCIEKTUBHOCTD IS
MIPOM3BOZCTBAa OHWOpa3yiaraeéMbIX MOBEPXHOCTHO-aKTUBHBEIX BemecTB (ITAB), uto
Ha CErOJIHAIIHUMI J€Hb SBIISIETCA BAXKHOM 3a/Jauyeil 1Jid COXpaHEHMS IKOCHUCTEMBI
[3-7].

Jnst cozmanus HOBOTO TOKOJICHHsT Omopasnaraemeix [TAB ma ocHOBe Chu-
PYAUuHbI TIPEICTABIIET HHTEPEC UX CHHTeTHYecKas Mogudukays. s atoit nenn
paIMoOHAIBHO HCIONB30BaTh Macio Crupyiunel (MunumHas Qpakius), KOTOpoe
BBICTISIIOT M3 CYXOH OMOMAacChl MHUKPOBOJOPOCIMIKCTPAKIIUCH XJIOPOGOPMOM,
METaHOJIOMHUJIM UX CMECHIO.

OKCIIEPUMEHTAJIBHAS YACTD

Monostanonamud (HOCH2CH2NH;), ruapokcun natpus (NaOH), oucyib-
¢dar nmatpus (NaHSOs3) ¢upmer «AldrichBayerMaterialy (CIIA) Mapkm «Xw@»
HCTIONB30BaIN 0€3 AOMOTHUTEIBLHON OUNCTKH.
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Xiopodopm (CHCIs), metanon (CHsOH), maneunossiid anruapus (CsHoO3)
OYHIIAIH COTJIACHO MeToauKaM [8].

[Tomydenue ammuma, MOHO3(UpPA MAJCHHOBOW KHUCIIOTHI U KUPHBIX KHCIOT
Macina CnupynuHul, HATPUEBOU CONH CYIh(UPOBAHHOTO MOHO3(HpPa MPOBOIUIH
COTJIACHO METOIMKaM, OIMCaHHBIM B paboTax [9,10].

Macno Crupyaunsl TIONy4Yalld SKCTPAKIMEH cMechblo XJopodopMma U MeTa-
Hona (CHCI3:CH30OH=1:1 00beMHBIX COOTHOIICHUI) HABECKH CYXOH OMOMAcCCHI
Bojopociu Tipu nepememuBannyd npu (=50°C. TlodydeHHBI IKCTPAKT ITOCIE
(bunsTpOBaHMS COOMPATTH B MEPHYIO MPOOUPKY. 3aTeM M3 HETO yAaJsiIf PacTBO-
pUTENb UCTIAPESHUEM.

HK-Oypre crekTpbl UCXOMHBIX COSIMHEHUN M KOHEUHBIX MPOJYKTOB CHH-
Te3a MPOU3BOJHBIX JKUPHBIX KUCIOT Macia Cnupyaunbl CHUMAIM Ha Hpudope
«Nicolet 5700» mpoussoactea ThermoElectronCorporation (CIHIA).

PE3VJIbTATBI U UX OBCYXJIEHUE

Asrtopamu [11] 6bu10 ycTaHOBIICHO, uTO Y OHOpasnaraembix [IAB Ha ocHOBe
OJICMHOBOHM KHUCIIOTBI, TIOJYYEHHBIX peakluell aMUHUPOBAHHUS U TOCIEIAYIOIINM
cyiasbupoBanueM, B wuHTepBase KoHueHtpamud 0,005-0,2% mnoBepXHOCTHOE
HaTsDKeHHe cHmxkaercs oT 31,25 no 3,21 mH/M, amunienisl 00pa3yroTest pu KOH-
uentpanuu 0,15% u Beie. JJusTaHonaMuz 0JIEMHOBON KHCIOTHI MPOSIBISET CHU-
JKEHHE MMOBEPXHOCTHOIO HATSHKCHUS B mpeaeiax ot 37,7 no 4,82 mH/Mm, munesio-
oOpa3oBaHHe MPOUCXOIUT MpH KoHieHTparuu >0,15%. U3 atoro cinemyer, 4to
cynepupoBanubie [IAB o0manmaror sydineit B CpaBHEHHN C aMHIHBIMU COEIHE-
HUSIMH TIOBEPXHOCTHON aKTUBHOCTBIO. ClielOBaTENbHO,ONYYCHUE CYIbOUPO-
BaHHBIX MMPOU3BOJHBIX JKUPHBIX KUCIOT Macna Cnupyiunsi TPEICTABISAET OOJb-
oW WHTEpec Npu pa3paboTKe Ha OCHOBE OMOMAcChl MaKpOBOJIOPOCIWHOBBIX
ounopaszmaraemeix [1AB.

[MpuMeHnTENEHO K O0BEKTY HAIIUX MCCICAOBAHUN — Macity CrupyauHul, IS
norydeHus cynbhupoBanHoro [1AB npenBapuTensHO TPOBOIMIHA PEAKIIAIO aMH-
HUPOBaHUsS ¢ 00pa30BaHWEM aMHIOB KUPHBIX KUCIOT JAHHONH MHUKPOBOJOPOCIIH.
JKupHble KHCIOTHI JIUOUIHBIX (paKIUuii MHKPOBOAOPOCIEH TPaJUIMOHHO IOITY-
YaT B BHIE METHJIOBHIX 3¢upoB xHUpHbIX Kucior (MOXK) merunupoBanuem
JIMITUIOB METAHOJIOMCOTJIACHO OMMCaHHOMY B pabote[9].

s amunuposanuss MOXKK macina Crnupyiunst B TpEeXropiiyto Kooy, cHab-
KEHHYIO 3aTBOPOM H DJIEKTPOMEXaHWYECKOW MEIIaKOW (I HEeNpepbIBHOTO
MepeMEeNTMBaHNs PEaKIIMOHHONW CMECH B TE€UEHHE BCEero Mpollecca) 3arpyKaroT
10 r MOXK u 2,2 M1 MOHO3TaHOJIAMHHA, PEAKIIMOHHYIO CMECh HarpeBalld JI0
100°C npwm stoii Temmepatype nodasunu kataimmzatop 0,1 r NaOH. 3atem mo-
CTETEHHO MOAHUMAIH TeMiepatypy Ao 120°C u peakuuio mpu 3To TeMnepaTtype
BelIM B TeueHHe 3 4. BeIxon mpoayKkTa aMHOUPOBAHBIX KHUPHBIX KHUCIOT Macia
Cnupynunut coctapnsieT 90%. CxeMy peakIiii MOYKHO TPEJCTABUTD CIIEAYIOLTIM
obpazom:
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AMUHOCYJTb(QOKUCIIOTHI SBISIOTCS «BHYTPEHHHMHU COJSIMH» CJIA0BIX OCHO-
BaHUH U CHIIBHBIX KHCJIOT, IOTOMY C KUCIIOTaMH OHH HE B3aUMOJACHCTBYIOT, a CO
mesrodaMu 06pa3yroT conu. Kak ormeueHo [ 12], MOHOCYITb(DOKUCTOTHI ITIEPBUYHBIX
aMHUHOB TOJYYalOT «METOJOM 3aleKaHus»,KOTOPHIH OCHOBAaH HAa CIIOCOOHOCTH
KHCJIBIX CYTb(AaTOB MEPBHYHBIX aPOMATHYECKUX AMHHOB MPEBPAIIATHCS [TPH TEM-
nepatypax nopszaka 180 °C B aMHHOCYIB(OKHUCIOTHI, TIaBHBIM 00pa3oM mapa-
psana. Tak, mpu HarpeBaHnu HecKONbKUX dacoB mpu 180—-190°C cBexxenpuroTos-
JICHHOTO CyJbdara aHuIMHa 00pa3yercs N-aMuHOOEH30IICYIb(oKucIoTa (Cybdha-
HWIOBasg kuciora). OJHAKO AJIi HEHACHIIICHHBIX KUCIOT 3TO HENPUEMIIEMO U
MOJOOHYIO PEAKIUIO MMPOBOJAT B 00JIee MATKHUX YCIIOBUSX, KaK ITOKa3aHO B CTaThe
[11]. AHAJIIOTHYHBIM CIIOCOOOM BO3MOXKHO IPOBEICHUE CYIHLGOUPOBAHUSI aMHJIOB
XKHUPHBIX KUCTIOT Cnupyaunst ¢ MoA00pPOM HEOOXOIMMBIX TEMIIEPATypPHBIX, KOH-
LEHTPALMOHHBIX U BPEMEHHBIX N1APAMETPOB PEAKLIUH.

[ToaTomMy Hamu Oblla ONTUMH3UPOBAHA METOAMKA ITOJYYEHHS aMHUHOCYIIb-
(DOKHCIIOTHI JKUPHBIX KHUCIOT Macia Cnupyiuusl C WCHOIB30BAHHEM CEpHON
KHCIIOTBI: B PEaKLIMOHHBIN pacTBOp, MOJy4YEeHHBIA mocie aMuHupoBaHus MOXKK
Cnupynunwvt (10 1) go6asmstan 10 ma HoSO4 (20% BomHbIH pacTBOp), PeakIHio
npoBoaunu rnpu temmneparype 50-60 °C B Teuenne 17 u (3 padounx gust). OgHako
B pe3yJbTaTe CyJNb(OUPOBAHUS aMUJa KHPHBIX KHCIOT Cnupynunsl CEPHOM KHUC-
710TO# OBLUTO OOHAPYXKEHO, YTO MPOUCXOIUT PA3I0KEHUEPEAKITHOHHON CMECH, T.€.
OHa,BU3yaJbHO, PACCIOUIIACh.

Beneacteue storo mis cyiasbupoBanuss MOXK Crnupyaunst ObL10 pernieHo
npumennts NaHSOs, depes craguio anuiupoBanus amuna macia Cnupyaumol
MaJICMHOBBIM aHTHJIPHUIOM, aHAJIOTHYHO OMTUCAaHHOMY B pabote [10].

Kak u B ciydae monmyyeHus: aMua0CyIb()OKUCIOTH C TPUMEHEHUEM CEpHON
KHUCJIOTBI, TIPEABAPUTEILHO MTpoBeNH ctanuto aMuaupoanust MOXKK Crupyaumsi:
B TPEXTOPIIYIO KOJIOY, CHAOKEHHYIO 3aTBOPOM U IEKTPOMEXaHUYECKON MEIIaikor
(171s1 HEMpepBIBHOTO MEpPEeMEIINBAaHUS PEaKLIMOHHOW CMECH B TEUCHUE BCEro
nporiecca), 3arpyxanu 50 r MOXKK Crnupyrunsr u 11 Mt MOHOATaHOJITAMUHA. 3aTeM
peakumoHHy0 cMmech noBogwin 1o 100°C unpu 3ToM TemmepaType B TEUEHHE
0,5 g nobassuin katanuzatop 0,1 r NaOH. [lanee nmocTeneHHO MOAHUMAINA TEM-
niepatypy 1o 120°C u mpu 3TOH TeMITepaType CHHTE3 MPOBOIMIIN B TEUCHHE 3 1.
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Ucxonnstit pactBop Macia Cnupyaunsl ¥ pacTBOP, IOTYUYEHHBIH B pe3ynbTaTe
amumupoBaanss MOXK, mpoananmusupoBamu metogom HMK-cnexkTpockomuu (pu-
cynku 1, 2). Kak Buano u3 1, xapaktepuctuieckas 1mnojoca, orercrsenHas 3a CO-
TPYIITy CIOXHOTO 3upa, B ciekTpe Macia Crupynunsl IPOIUCHIBACTCS B 001aCTH
viros2 cM L. B ciektpe amunuposannbix MOYKK Chupyaunst (pucyHok 2) 3Ta 110~
JI0Ca MCYE3AET M MOSBISETCS T0JI0CA B 00JACTH Vigazs CM 'L, COOTBETCTBYIOLIAS
aMHUIHBIM TPynnaM MOIU(GUIMPOBAHHBIX JKUPHBIX KHCIOTIUNMUAHOHN dpakumu. U,
TaKUM 00pa30M, peakIys aMUIUPOBAHHS TIPOIIIIA IPAKTUYECKH HOJIHOCTHIO.

ARvina
-
-

v b 1)

Pucynok 1 — UK-cniextp macna Cnupyaunst B pacTBope Ha cTekiaax KBr
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Pucynok 2 — UK-cniexktp amuaa ®upHbIX KHCI0T Cnupyaunst B pacTBope Ha crekiax KBr
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Jlis momydeHust cynbpupoBaHHBIX Ouopasnaraembix [IAB mepBoHauanbHO
Obuta mpoBeneHa Moaudukanus amuaa macia Chupyaunsl MaJeHMHOBBIM aHTHI-
punoMm. Kak M3BecTHO M3 yueOHHKA 10 OPraHMYECKON XUMHH, B CHHTETHUCCKOM
XVUMHH aHTUAPUJIBI YaCTO MPUMEHSIOT JUIS allJINPOBAHHS — PEAKIIUU 3aMEIICHUS
aToMa BOAOPOJA OPraHMYECKHX COCAWHEHHH OCTAaTKOM KapOOHOBOWM KHCIOTHI
RCO.

Peakumro anunmnpoBaHus aMuAa )KUPHBIX KUCIOT Macia Cnupyiaunsl ¢ o0pa-
30BaHUEM MOHO3()Mpa MaJCHHOBOTO AHTHJIPHUIA M YKa3aHHBIX JKHPHBIX KHCIOT
IIPOBOJWIIN NIPHU COOTHOLICHUU aMUJ XUPHBIX KHUCJIOT Cnupy/zqul: MaJIEMHOBBINA
aaruapun=2:1 (35 u 15,51 r, cooTBeTCTBEHHO), IpH Temmneparype peakuuu 100°C
¥ BpEMEHH PEaKIuu 3 d.

[Tomyuennsnii npoaykt uaeHTHHIEpoBaTH MeTomoM MK-crekTpockomuu
(pucyHok 3). Ha cmekTpe mpoOyKTOB peakUWW KOHACHCAIMH aMUAa >KHPHBIX
kucnot Cnupyaunsl ¢ MaJCHMHOBBIM aHTHAPHUIOM TOSABISETCS MOJ0Ca B 00JacTH
Vi711,5 ML, COOTBETCTBYIOIAS KHMCIOTHBIM TPYyIIaM, 00pa30BaBIIMMCS B XOJIE
peakuuu. B criekTpe coxpaHseTcs momoca NMPH Viess4 CM T, OTBETCTBEHHAs 3a
NH-rpynmel. Ha cmekTpe Takke HMeeTcs MOjOca BaJCHTHBIX KoyieOaHU B
obmactu 1265 cm?, cBumeTenbCTBYOMAs 0 Hanuuuy cBsa3u R-O-R), T.e. moareepk-
Jaetcs oOpa3oBaHUE B pe3yjbTaTe MPOBEACHHON peakluy alMINpOBaHUs MOHO-
s¢upa MaJeHnHOBOTO aHTUAPHUIA U KUPHBIX KUCIOT Macia Cnupyiumsl.
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Pucynox 3 — UK-criekTp MOHO3()paMaIeHHOBOTO aHTHAPHIA U )KUPHBIX KUCIOT
macna Cnupynunvl

CynsdpupoBanne macina Crnupyiunsl, KaK OTMEUCHO BBIIIC, NPOBOAWIH C
npumenenneM NaHSQOjz. C 3Toi 1e/bI0 K MOTyYeHHOMY pacTBOPY MOHO3(Hpa Ma-
JIEMHOBOTO aHTHAPHUAA W JKUPHBIX KHUCIOT Macia Cnupyauner nobasmsimn 30 %
BOJIHBIA pacTBOp Oucynbgata Harpus (15,74 r.). Temneparypy peakuuu 110°C
MOJIEP’KUBAIIN B TeueHue 1,5 4.
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Beumm moo0paHbl yCIIOBHUST OYMCTKHM KOHEYHOTO TMPOJYKTAa IS YIaJICHUS
He)XXeNaTeNbHBIX MMPUMECe W HEeTpOopearnpoBaBIINX KOMIIOHEHTOB: HEOIHOKpAT-
HBIM TIPOMBIBAaHMEM pPa3IMYHBIMU OPTaHUYECKHUMH peareHTamu. B pesynbrare
OYMCTKH KOHEYHOTO MPOAYKTa CyNb(QUPOBaHUS — MOHO3(HUpPA MAJICHHOBOTO aH-
THIpUJA U KHUPHBIX KHCIOT Macia Cnupyiunsl — OBIJIO ONpPENeNieHO, YTO IMpU
WCTIONB30BAaHUH TETPOJICHHOTO 3dupa IIsi MPOMBIBKA HCCIEIyEeMOTO PacTBOpa
(2-3 pasoBas TPOMBIBKA) M3 HErO MPAKTHUSCKH MOJHOCTHIO YAAISIOT HEXela-
TeIbHBIE IPUMECH U HEIpOopearnpoBasmiue BemecTBa. OUUIEHHBIA TPOIYKT OBLT
npoaHanu3upoBaH MeToaoM MK-CrieKTpoCcKonuu.

B cnektpe cynbQupoBaHHOTO MPOU3BOIHOTO JKUPHBIX KHCIOT CnupyiuHul
(pucyHOK 4) mosoca moryonieHus B oonactu 1643,5 cMoTHOCUTCS K BalEHTHBIM
konebanmsaM NH-rpymm. Takke nuMeeTcs 1ojioca ¢ XOpoIrel HHTCHCHBHOCTHIO TIPH
1388,3 cMl, KOoTOpas COOTBETCTBYET BallCHTHBIM KoneOaHusM cBs3u S=O, 4to
JTOKA3bIBACT HATMYKE CYIb(Orpynn B MOAu(GHUIIMPOBAHHON (POpME aMU/Ia JKUPHBIX
KUCIOT Cnupyaumsl.
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Pucynox 4 — UK-criexTp cyinbp(hupOoBaHHOTO IPOU3BOJHOTO JKUPHEIX KUCIOT
aunuzaHo# Gpakuuu Chupynuns

Takum oOpazom, Ha ocHoBaHUHM MK-CIIEeKTpOCKOMTUYECKUX NaHHBIX MOXHO
CKa3aTh, YTO B PE3yJbTaTe OCYIICCTBICHUS PEAKIMU CYIb(UPOBAHUS MOAHDH-
LMPOBAHHOTO aMHJa XHUPHBIX KHUCIOT Chnupyiuusl TONYIEHO CyIh(OUPOBAHHOE
MMPOU3BOJHOE KUPHBIX KHUCIOT JUIMUIAHON (Ppakiuu OHOMACCHIJAaHHON BOJO-
pociu.
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Pe3rome

M. b. Oumipszaxosa, , b. K. /Jonenos,
P. b. Capuesa, K. H. Kaiinapbaesa

CIUPYJIMHA MANBIHBIH CYJIb®ATTAJIFAH
MAT KBIIIKBUIIBI TYBIHBICHIH JAUBIHIAY

Kymbicra CrinpyiiHa MaibIHBIH JKaHa CyJIb(aTTaiaraH Mail KbIIIKbUIIbI TYbIHIBICHI
aJBIHABL. ByJT TYBIHABI MUKPOOANIBIPIAPABIH KypFaKk OMoMaccachblHaH OipHelle caThlaa
aNpIHAJBL JTUMUATEPII Kyprak Ouomaccaman Oemin amy, qununri metwiney, CnupynuHa
Mall KbIIIKBUIIAPBIHBIH TY3UITCH METHI 3(QHUPIICPIH aMUHACY, aMHUITI MAJCUH aHTUAPU-
JiMeH Moan(UKanusuIay )KaHe CHHTE3Ie]IreH MOHO3(DMPiH HAaTpHuii OUCyb(aThIMEH peax-
musicel. Cynb(daTTanFaH TybIHABI CHHTE31HIH OapiiblK KE3CHICPIHIH OHTAIIIbI MIapTTaphI
JKy3ere achIpbULIbl. bacTamkel KOCBUTBICTap MEH peakims oHiMaepi MK-cnekrpockomus
aPKBUTBI AaHBIKTAJIIBI.

Tyiiin ce3nep: 6momacca, CriupyinnHa Maiibl, aMUHJIEY, AlIWIZIEY, CYIb(aTTaHy.

Summary

Umerzakova, B. K. Donenov,

M.
R. B. Sarieva, Zh. N. Kaynarbaeva

B.
B.
PREPARATION OF SULPHATED FATTY ACID DERIVATIVES
OF SPIRULINA OIL

A new sulfonated derivative of Spirulina oil fatty acids was obtained in the work.This
derivative is obtained from dry biomass of microalgae in several stages: extraction of lipids
from dry biomass, lipid methylation, amination of the formed methyl esters of Spirulina
fatty acids, modification of amide with maleic anhydrideand subsequent reaction of the
synthesized monoester with sodium bisulfate. The conditions for all stages of the synthesis
of the sulfonated derivative were optimized.The initial compounds and reaction products
were identified by IR spectroscopy.

Key words: biomass, Spirulina oil, amination, acylation, sulfonation.
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MbIPBIII PUTOKOCBLIBICBI MEH
MOHOKAJIBIUUDPOCPATTAHOOCPOPJIBI TBIHAUTKBIII AJTY

AHHOTanusl. YCBIHBUIBII OTHIPFaH MakKajiaJa MBIPbIII (UTOKOCHUIBICH Oap MOHO-
KabIUH (OoChaTHIHBIH THIHAUTKBIIITHIK KACHETI KapacThIPbUIFaH. AJIBIHFAH JKYHeIepIiH
(M3HKa-XUMUSIIBIK KACHETTEP1 JKOHE TayapJIbIK CAlaChIHBIH HOTYDKEIIEPi KeNTIpUITeH.

OciMIIKTEepACH XOFaphl 6HIM airy OapbIchiHIa Gocdop AIeMEeHTIHIH MaHBI3BI 30p.
AYVBIT IapyambUIBIFBIH/IA KOJIAHBUIATEIH (POCHOPITBI THIHAUTKBIITAPBIH HET13T1 KEMIITi-
nikTepiniy O6ipidocdop meHTaokcuaine makkauga 20-22%-naH apTHAWTEIH KOPEKTIK 3aT-
Tap neHreiininToMen 6omysl. Kypambinaa gocdop KocbutbicTaphl 0ap ThIHAHTKBIIITAPABIH
TOMEH THIMAUIK KepceTyiHiH Oip ce0ebi, oJapIblH TONBIPAK KYPaMBIHAAFEI 3aTTapMEH
epiMeNTIH KochlIbicTap Ty3yre Oeiimuiniri. OCBIHBIH HOTHXKECIHAE KOPEKTIK 3arrap
ociMIiK OOWBIHA TOJIBIK KOIINEH]Il, al TY3UIreH epiMEeHTIH KOCBUIBICTAP TONbIPaK KypaMbl
MEH KYpPBUIBIMBIHBIH ©3repyiHe SKelill COKThIpaabl.OChl opaiiia, arpoXUMHSIIBIK 3epT-
TeyJIep HOTHXeCiHaAe GUTOKOCHUTBICTAPABIH (hOCHOp KOCHIIBICTAPBIHA TiKeJIeH acep eTim,
OJIAp/IBIH TOIBIPAK KYPAMBIH/A THIHAWTKBIIITHIK THIMIUIIITH apTTHIPAThIH/BIFbl aHBIKTA-
JIBIHFaH.

Tyiiin ce3aep: Gochopibl TEIHAUTKBIIITAP, MBIPHIII, MOHOKaNbIHH(ochaT, puroko-
CBUIBICTAp, pEHTTEeH(DA3ATBIK TANIAAY, GUTONpEnapaTTap;

Kipicme. ®ocdop KoceUIbICTaphl OCIMAIK >KacylIaJapbIHBIH aXXbIpamac
0ediri, 01 HyKJIeWH KBIITKBUIIAPBIHBIH KypaMbIHA Kipemi, ojlap eCIMIIK ar3aia-
PBIHBIH aKybI3 CHHTE31 KOHE TYKbIM KyalayIIBUIBIK KAaCHETTEPiH Oepy CHSKTHI
MaHBI3Ibl YIepicTepiHe KaThlHAcalupl. ©3 Ke3eriHiae, HYKJIEHH KBIMIKbUIAApHI
’Kacyla SIIPONIAPBIHBIH  KYPBUIBICBIHA KATBICATBIH HYKJICONPOTEUATED e
aTaJaThlH 6CIMJIIK aF3allapblH/a aKybI3apMEH KEIICH I KOCBUTBICTAP TY3E/Il.

docthop COHBIMEH KaTap OCIMIIKTEpAEri OWMOXUMHSUIBIK TPOLECTEPIiH
OarpITHl MEH JKbULIaMJIBIFBIH aHBIKTAWTBIH 3aTTapja — JopyMeHAep/e, TOPMOH-
napnaa, hpepmenrrepae 6onaapl. PochopasiH paguoakTuBTi uzoronsl (P32) arpo-
XMMUSUIBIK ToXipuOesnepae KOJNAaHbUIFAH alifalliKbl JKacaHIbl PaJuoU30TOI 00JI-
aet [1, 2]. Ocimaikrep yuiiH ¢ocdop ke3i Tombipak (GocdaTrapsl MEH THIHAKT-
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KpILTap OOJNBIN TaObUTAABl. AHAIBIK Tay JKBIHBICTApBIHIA (POCHOp KBILKBUIBI
KypaMmbiHaa ¢ocgop Oap KenTereH MUHepajAapFa Kipei, onapblH iliHAe Heri3ri
opbiH (ropamatuT anansl. JKep KbIPTHICHIHIA OHBIH YiieciHe mamameH 95%
docdar xeneni. Docop KbIIKBUIBEI HETI3iHEH OCHI TOMBIPAKTHIH Maiiia 00ybIHA
KOJI OepreH Tay JKbIHBICTApbIHAH IIBIKKAH [3].

Tay >KbIHBICTApBIHBIH JKelieHyl Ke3iHne (ocdop KBIIKBUIBIHBIH Meepi
kelize Oipmama aptaasl. byn GpocdopasiH malbIIMalTEIH KaNbIIMAMEH, TEMIPMEH,
IIOMUHHUIMEH HaIlap epUTIH KOCBUIBICTap TY3ETIHIITIMEH TYCIHAIpineni.

OciMJIIK mapyanbUILIFBIHAA KOJMIAHBUIATEIH (HOpPCHOPIBl THIHAUTKBIIITAP-
JIbIH KYPaMbIHJIAFbI HET13T1 KOPEKTIK 3aTTap MOHO-, qUKanbIuiidocdarTap O0bI
Tabbutaabl. bipak ¢ocdopnabsl THIHAMTKBII TOMNBIPAKKa TYCKEHAE TOMEHI1 peak-
LUSUIAPIBIH HOTIXKECIHAE MOHO-, TUKanbLuiipocdar tpukansimit hocdarka etin
eciMIiK ecyiHe Konaichi3 hopmara etei. CoHblH cebebiHeH Gpocdopiibl ThIHANT-
KBIIITHIH Maiaansl koddduienti 20-22 % acnaiiabl.

2C&(H2PO4)2 + CaCO;z = Ca3(P04)2 + CO; + 2H,0.

Kympicta MoOHOKambUUH(POCATTHIH aybul IIApyaIIbUIbIKIAKbLUIIApbIHAH
MOJI ©HIM aiyfa THIMII Haigansl Ko3()(UIEHTIH KeTepy >KOJAapbl KapacTbl-
pBUIFaH.

Onebuerrepae [4, 5] durokockubICTApABIH ocepineH (ochop THIHANTKHI-
LIBIHBIH Naianbl KO3 ULEHTI KOFapbUIANTHIHBI KENTIPiIreH.

JKymvicmeiy maxcamol: MBIPBIT (UTOKOCHUIBICHI MCH MOHOKaIbIHIH(ochaT-
ThI CHHTE3/ICY JKOHE alIbIHFaH YJTi1HIH XUMUSUIBIK, TayapIiblK KACHETTEPIH aHbIKTAY .

Mindemmepi:

- MBIPBIIITHIH (PUTOKOCBUTBICHIH Ty

- MBIPBIII (PUTOKOCHLIBICHI MEH MOHOKaJIbIIMI(OChaT HeTi31H e )KaHa 3aT aly;

- aJIBIHFAH JKaHa YIIrire peHTreH (as3ajblK Taay Kacay;

- QJIBIHFaH 3aTTHIH BUTFAN CIHIPTIIITITiH aHBIKTAY;

- TayapJbIK KACUETIH aHBIKTAY.

TOXIPUBEJIIK BOJIIM

Aybul mapyambUIBIFBIHA THIMAI CyCIICH3USUIAHFAH KOMITO3HMLIUS ATy .Ibl
MakcaT eTes.

MpIpsi cynbhaThIHBIH (PUTOKOCBUIBICHIH ay.

- 1:1 maccanblk apa KaTbIHACBIHAA MBIPHII (UTOKOCBUIBICHIH amy. On
YIIiH 5 rpaMM MBIpbI cynabgaTel MeH 5 rpamm (4%) ¢utokocbuisiceiH 100 M
cynma epitin, 45-50°C TemmeparypacbiHma 2 caraT Mepi3iMiHe (KbLIIaMIbIFbI
160 aitH./MUH) apanacTBIPFBIIIKA KOWBUIABL. AnblHFaH cycnensusa 25-30 °C ken-
Tipinesai.

- 1:1 MaccanbIk apa-KaThIHACBHIH/IA MBIPBIIT (PUTOKOCHUTBICKI MEH MOHOKAJIb-
uiidochaTbiH CyMEH XUMHSUIBIK 9PEKETTECY HOTHKECIH IE JKaHa 3at aiy. O yuriH
8 rpamm Mpipeim cynbdatel K men 8 rpamm MoHOKanbimidocdarTer 100 M
cyJlia epiTim, apanacTeiprbiiiTa 90 MUHYT KOWBII, JalbIH CYCICH3HUSHBI IIBIHBIFA
Ky#bin 25-30 °C-ta 24 caraT KenTipesi.

44



ISSN 1813-1107 M1l 2021

3EPTTEY HOTUXEJIEP]I 2)KOHE TAJIKBIJIAY

AJBIHFaH KOCBUIBICTapbIH YJITi-ChIHAMANAapBIHBIHPEHTICH (a3alblK Tajlaay
HOTHXenepi 1-KecTeae KenTipiarex.

1-xecte — CplHaMa — YIITiIepiHiH peHTreHAIK (a3ablK CHIIATTaMaChIHBIH CaH/IBIK KOPCETKIITepi

theta(deg) | Zn(S0a4)2-5H20 | ®K+Zn(SO4)2-5H20 | Ca(H2P04)2 |Ca(H2P0s)2 :®K Zn(MK®)

1 2 3 4 5

0

5
6.52 7,2
10
11.698 100
11.791 100
12.052 100
13.484 8,2
18.53 3,1
18.709 100
20.753 23,1
21.077 90,52
21.29 16,8
21.308 431
21.664 20
23.465 32
23.903 18,3
26.6 89
26.998 33
29.091 56,8
29.279 44
29.637 78
30.224 74,7
30.519 40
30.601 29,4
30.61 15,2
34.449 77,4
34.471 46,4
35.099 56,4
35.675 31
37.409 42,4
37.06 22
40.946 27,3
41.294 28,42
41.38 11 11
42.146 26,4
42.941 26,3
43.22 30,5
45.374 22
44.834 25,2
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1-xkecmenin scaneacwol

1 2 3 4 5
45.74 10
50.276 25
50.448 26,8 16
50.47 21
55.587 27,3
59.497 28,2
60.94 13
69.14 12
70.769 16,8
72.621 20
72.68( 16,6
75.92 16,4
82.44 18,4
86.614 16,6

AJBIHFAH YITIIEpIi PEHTreHmiK ¢a3zanblK aHanu3 (l1-kecTe) HOTHKECiHIe
MBIpBIII Cyabdarsl GpurokochutbichiHaa 11,698; 20.753; 29.091 sxoHe MOHOKAaJIb-
muit pocdarnen meipein GUTOKOCHUIBICKIHAA 11.791; 21.077; 30.224; 34.471;
50.276 MoHIEpiHE ColiKeC PeHTIeHOrpaMMalIap/ia skaHa YIIKIp IIbIHIAPIbIH Hakina
OosraHbIH Kepyre 0osanbl. CoHbIMEH Oipre 1-cyperTe peHTreH (aszalblK Tajaaay
rpaduri Kentipiaeni.

duronpenapaTTapabl aly TEXHOJOTHACBIHAA CaKTay, BUIFAN CIHIpTiLUTIri,
TayapJblK KacHeTTepi eTe Kaxer [6].

2500

2000

1500

6,52 11658 20753 2129 23401 29081 061 4328
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1 - Zn(S04);85H,0 3 - Ca(H,P04);

PR H S SN P PD PP DS S D
."?‘1, _,;;.x "P"» ’bv: ' a P w@”@'—;@m & & 099@

2 - OC+Zn(505),#5H,0 4 - Ca(H;PO4), :0C Zn[MKD)

1-cyper — AnblHFaH YAriepaiH peHTreH dasanbik tangay rpaduri
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Anbiaran ©K:Zn(S04)2-5H20 xone Ca(H2POs): : @K Zn(SOs)2-5H20 buiran
CIHIpPTIIITIr 3epTTENIil. 3epTTeY HOTHKENEpl 2-3-CypeTTepae KopCeTiiai.

Wi Mace %
m.

5

N\
\

14 16 T.oyT

2-cyper — OK: Zn(SO4)2-:5H20 = 1:1 ke3iHae KOMIO3HUIMSHBIH BUIFAJ CIHIpY AHHAMUKACEHL,
aTMocQepaHbIH CaTBICTRIPMAaNbl BUFaIIbUIBIFRL 1 — 40 %; 2 — 60 %; 3 — 80 %

Wm. mace.%
g

|

0 2 4 6 8 10 12

14 16 t.eyT

3-cyper — Ca(H2PO4)2 : @K Zn(SO4)2:5H20 = 1:1 ke3inme KOMIO3NUMSACHIHEIH BUIFAI CIHIPY
JMHAMHUKACHL,ATMOC(EpaHbIH CalbICThIpMabl bUFanAbUIbIFeL: 1 — 40 %; 2 — 60 %; 3 — 80 %

2-cyperte aTMoc(epaHbIH calbICTRIpMaITbl bUTFAIABUTBIFE 40%, 60% XoHe
80% xe3inae HPUTOKOCHUTBIC MEH MBIC CYJIb(aThl KOMIIO3ULIUSACHIHBIH YaKbIT (Toy-
7iK) OobIHIIA BUFAN CiHIpY KUCBIKTaphl OepinreH, DK: Zn(SO4)2-5H-0 maccanbik
kateiHacel 1:1; ®K: Zn(SO4)2-5H20 = 1:1 Gonranga Teme-TeHMIK BLUIFAJIIBIIBIK
CaITBICTHIPMANTBI aTMOC(epalbl BUIFAIIBUTBIK, Ke3inge 40% — 3,4 macc.% burranra
teH, 60% - 3,8 macc.% butran, 80% - 4,1 mace.% (2-cyper).
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Ca(H2P0O4)2: ®KZn(SO4)2:5H20 = 1:1 Gonranaa Tene-TCHIIK BUIFAIIBUIBIK
CaJIBICTRIPMaJIBl aTMoc(epanbl bUFaNabUIbIK Ke3inae 40% 3,6 macc.% burranra
TeH, 60% - 4,0 macc.% sutrai, 80% - 4,2 macc.% (3-cyper).

CanpicTeipMansl bUTFATABUIBLIKTAFB! (40%, 60% xone 80%) moHmepre Kapa-
FaHJa Tele-TeHAIK bUIFaJIbUIBIFBIHAH aJIbIHFAH HOTHOXKEJIEP MaHbI3/Abl eMec MpaK-
THKAJIBIK MOHTE W€ JKOHE OJIApAbl allyJbIH >Ka3Fbl, KY3Ti-KOKTEMTIi, KbICKBI JKaF-
JanmapbIHaa KaTThI THIHAWTKEII KOMIIO3UITUSCHIH KaHAal KalAbIK bUTFaIFa ACHIH
KENTipy KePeKTITiH aHbIKTalab! [6].

KaTTbl TRIHAUTKBII KOMIO3UIMSICBIHBIH CEOLTYi, TYCY OYPBINIbI )KOHE CaHbI-
JayFa coKec Kelly JMaMeTpiH aHbIKTay OOMBIHINA TOKIPOUENiK MoHEp 2-KecTeie
KOpPCETIITEeH.

3epTTey Ke3iHAe Kipic mapaMeTpi atMoc(epaHbIH CalbICTHIPMAalbl bUIFa-
TeLIbIFsl 40%, 60% xone 80% ke3iHme Wm ThIHAWTKBIIITAPIbIH TEIe-TeHIIK bLI-
FaJIJIbUIBIFBIH @HBIKTAUTBIH bUIFa Meuiepi 6omnmast [8].

2-KecTe — AJIBIHFaH KOMITO3UIMSCBIHBIH Ce0illyi, TYCy OYpBIIIBI KOHE
caHJyayFra coiikec keimy quametpi (TyiipirikTig Mesmepi 1-2 Mm)

AtMm., ThIHaWTKBIIT Tyi#tipmikTig Mepusr Tycy
CaJIBICTBIPMAJIbI BUIFJIIBUIBIFB], | CaHJIAyFa COHKec Kemy GolibIHIIIA OypBbILIBI,
BUIFJIIBUIBIFEL, %0 % JHaMeTpi, MM cebinmyi, 6asmn rpan.
@K : Zn(S04)2:5H20 = 1:1

40 3,4 10 8 xorapsl 32

60 38 20 8 34

80 4,1 25 8 37

Ca(H2P04)2: ®K Zn(SO4)2:5H20 =1:1

40 3,6 15 8 xorapsl 33

60 4,0 25 8 36

80 4,2 25 8 38

KopbIThIHABI. AJBIHFAH HOTHKEIIEPTe CYHeHEe OTBIPHIN, KypaMbIHIa (hoc-
(dhopsl 6ap KATTHl KOMIO3MUITMACKIH JKA3Fbl, KY3Ti-KOKTEMT1, KBICKBI CaKTay >Kaf-
JainapbelHAa JKaKChl TayapiblK KacHeTTepre he, caHjayra ColiKec Kely JuaMeTpi
10-25 mm, Mepunr Ooiibiaina 8 6an, xaHe Tycy Oypbibl 32-38°. Aybun mapya-
IIBLIBIFBIHAA KOJIJAHBLIATEIH (DOCGHOPIIBI ThIHAWTKBIIITAPIBIH HETI3T KEeMIIJTIK-
TepiHig 0ipi hocdop neHTaokcuaine makkanga 20-22%-maH apTHalTBIH KOPEK-
TIK 3arTap JeHreuiniH TeMeH Oomybl. Kypambiaaa ¢ochop KocbuibicTapsl Oap
THIHAWTKBIIITAPIBIH TOMEH THIMILIIK KOpPCEeTyiHiH Oip ce0eOi, oapablH TOMbIpaK
KYpaMbIHIarbl 3aTTapMEH epiMEHTIH KOCBLIbICTAp Ty3yre Ociimaiiairi. OChIHBIH
HOTHXXECIHAE KOPEKTIK 3aTTap eciMIiK OOHbIHA TOJIBIK KeIINeli, an Ty3iuIreH
epiMeNTIH KOCBUIBICTAP TOIBIPAK KYpaMbl MEH KYPBUIBIMBIHBIH ©3TepyiHe OKeill
COKTBIPA/IbI.
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Pe3iome

M. A. XKormaeanbemosa, C. Yemanos, I. T. Omaposa,
b. C. 3akupos, Ill. baiibawaesa, 3. H. Pamaszanosa

[NOJIYYEHUE®OCDOPHOI'O VJIOBPEHH I
HA OCHOBE ®UTOCOEJIMHEHM S IITUHKA
1 MOHOKAJIBLIUHDOCDATA

B cratbe nmpuBeneHBI pe3ybTaThl HCCIASAOBAHUH 10 CHHTE3Y MOHOKaIbIui(pochaTa
¢ duTocoenHEHNEM IMHKA. V3y4eHHeM XUMHYECKOTO B30MMOJEHCTBHS MOHOKAIBIINIA-
(dbocdaTa ¢ puTOoCOCTMHEHNEM IMHKA, UCCICAOBAHMS (HU3UKO-XUMHUUESCKUX W TOBAPHBIX
CBOKCTB HMX OIpeNecHbl ONTUMaIbHBIE COCTaBbl (HOCHOPHBIX YI0OpPEHHA HA OCHOBE MO-
HOKanbIuidocdara ¢ puTOCOCTMHEHNUEM ITMHKA.

YuureiBas 3HaueHue docdopa A GOpMUPOBAHUS TKAHU PACTCHUH B MOBBIIICHUH
YPOXKAHHOCTH CEIbCKOXO03SMCTBEHHBIX KYJIBTYP, OCHOBHOC BHIMAaHHUE yICICHO HA YCBOSIE-
MOCTh (hOCOPHBIX COCAMHEHHI PACTCHUSIMH, KOTOPOE MMEET IIEPBOCTEIICHHOE 3HAUCHUE.
OOIIEN3BECTHO, YTO OJHUM M3 OCHOBHBIX HEIIOCTATKOB, UCIOJB3YEMBIX B PACTCHHUCBO/I-
ctBe (PochOpHBIXYA0OPCHHIA, ABISICTCS HU3KUN KOIDDUIMEHT UCTIOIB30BaHUS HTATEIIb-
HOTO TneHTaokcuaa ¢ocdopa, KoTopsld He npesbimaer 20-22 %. dakt HU3KOro Kod3¢-
(UIMEHT HMCIOJB30BAHUS MUTATEILHOIO NMeHTaoKcHaa (pochopas yIOOPCHUIX CBI3aHO C
€ro peTorpaaanuei B mouse ¢ 00pa3oBaHMEM HE YCBOSEMBIX PACTEHUSAMH COCIHHCHUI.

ATpPOXUMHYECKIMH HCCIIEOBAHISMH YCTaHOBJIEHO, YTO (UTOCOSAWHEHHS ITOBHI-
marT ko3¢ unmeHt ucons3oBanus Gochopcoaepkammx yaoopeHnit.

KiroueBblie ciioBa: dpochopocoaepxkamune yaoOpeHus, THHK, MOHOKatbIuiiochar,
(uToCOCAMHEHNUS, PEHTIeH()A30BbIN aHAIN3, PUTOMPEapaThl.

Summary

M. A. Zholmaganbetova, S. Usmanov, G. T. Omarova,
B. S. Zakirov, Sh. Baybashchaeva, E. N. Ramazanova

PREPARATION OF PHOSPHORIC FERTILIZER BASED
ON PHYTOCOMPOSITION OF ZINC
AND MONOCALCIUM PHOSPHATE

In this article the results of synthesis of monocalcium phosphate with a zinc
phytocompound are considered. By studying the chemical interaction of monocalcium
phosphate with a zinc phytocompound, studying their physicochemical and commercial
properties, the optimal compositions of phosphorus fertilizers based on monocalcium
phosphate with a zinc phytocompound have been determined.

Considering the importance of phosphorus for the formation of plant tissue in
increasing the productivity of agricultural crops, the main attention is paid to the assi-
milation of phosphorus compounds by plants, which is of paramount importance. It is well
known, that one of the main disadvantages of phosphorus fertilizers used in crop production
is the low utilization rate of nutritive phosphorus pentoxide, which does not exceed 20-22%.
The fact of the low utilization rate of nutritious phosphorus pentoxide in fertilizers is
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associated with its retrogradation in the soil with the formation of compounds not

assimilated by plants.

Agrochemical studies have established that phytocompounds increase the utilization
rate of phosphorus-containing fertilizers.
Keywords: phosphorus-containing fertilizers, zinc, monocalcium phosphate, phyto-
conditions, X-ray phase analysis, phytopreparations.
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CHUHTE3 MOJIEKYJIAPHO-UMIIPUHTUPOBAHHBIX ITIOJIMMEPOB
KOMIIVIEMEHTAPHBIX K MOHAM JIAHTAHA 1 CKAHAMA

AnHoTanmsi. MccienoBaHo BIMsIHUE COOTHOLLIEHUS pacTBOpHUTENb/MoHOMep (S/M) Ha
CTPYKTYPY U aCOpPOLMIOHHBIE CBOWCTBA MUKPOIIOPUCTHIX HOJIMMEPHBIX YaCTHII, UMITPHUH-
TUPOBAaHHBIX MOHAMH JIAHTAHA U CKaHIMA. MUKPOIOPUCTHIE YaCTHIBI, IMIPUHTUPOBAH-
HblE MOHAMU JIaHTaHa U CKaH ¥, ObUIN MOTyYeHbI U3 JIBYX (YHKIIMOHAIEHBIX MOHOMEPOB-
MeTakpunoBor kucnotel (MAK) n suanmmmpuanaa (4-BIl) — mytem oOpa3oBaHns KOMII-
JIeKca C TEMIUIATHBIM MOHOM JIaHTaHa M CKaHIMS ITyTeM MOHHBIX B3ammopeicTBuil. Camo-
COOpHBII KOMIUIEKC JJAHTaH/MOHOMED IMOJIMMEPU30BAIN B NPHCYTCTBHU CIINBATENS -
MeTakpunata STwieHrTuKoIs (OI/IMA) MeTromoM CyCIieH3MOHHOW TOJIMMEpH3alnu.
XUMHYECKYIO CTPYKTYpPY, MOP(OIOTHIO M aJCOPONMOHHYIO CHOCOOHOCTh HMIIPHUHTH-
POBaHHBIX MOHAMH JIAHTaHA M CKAaHIMS MHKPOIOPUCTBHIX YACTHI[ aHAIU3UPOBAIN C TIO-
MOIIBI0 MH(PPAKPACHON CHEKTPOCKOMUH. MOJIEKYJISIpHBIE MMOJMMEpPbI OKa3aJIl BBICOKYIO
CCJICKTUBHOCTD 1O OTHOIICHHWIO K MOHY JIaHTaHa U CKaHIHA.

KiroueBble c10Ba: MONEKYISApHBINI UMIPUHTHHT, CEJIEKTHUBHOCTb, COPOLIUS, HOHBI
La3*, Sc3*.

B HacTosAmee Bpems B NPOU3BOACTBE BBICOKOTEXHOJIOTMYHOW NPORYKLIUU
LIMPOKO HCIIONB3YIOTCS peako3eMenbHbie Metawisl (P3M). Onu npumenstorces
IPH CO3/1aHUN CMapT(OHOB, IUIAHIIETOB, 3D-TeneBU30pOB, THOPUIHBIX aBTOMO-
Ouneill, aBuaTypOuH, SHEprocOEperaInX JaMIl, CBEPXIPOYHBIX KePaMHYECKUX
U3JIENUNA, B SJIEPHOM DHEPreTHUKE, a TaKkXke B MEAMLUHE W APYTHUX OTpaCIaX
MIPOMBIIIEHHOCTH. B ¢BsA3M ¢ 3TiM, cripoc Ha P3M HeyKkIIOHHO yBEenMUYUBaETCs H,
B JaJbHEHIEM, TS yBEIIMICHNUS 00bEMOB IMOTyYaeMbIX METAJUIOB Oy/IeT Bo3pac-
TaTh POJb PEIUKIMHIA, T.€. IOBTOPHOIO MCHOIb30BaHUA P3M, M3BIEUEHHBIX W3
BTOPUYHOT'O CHIPbSA: OTXOJO0B TJIMHO3EMHOI'O MTPOU3BOACTBA, dJIEKTPOHHOIO JIOMA,
0TpabOTaHHBIX KaTaIU3aTOPOB, 3051 M IPYTUX OTXO/IOB.

MonexkyIapHBI UMIIPUHTHHT — 3TO HOBBIM METOJ| CEIEKTUBHOU acopOItuu
[1]. MonexymasipHO-UMITpUHTHpOBaHHBIE onumepsl (MUII) monyyatoT B pesyib-
TaTe MOJICKYJIIPHOTO HMIIPUHTHHTA — COMOJUMEpH3auud (YHKIHOHAIBHOTO U
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CIIMBAOIIETO0 MOHOMEPOB B MTPUCYTCTBUH IIEICBOM MOJICKYJIbI (11adnona). [locme
YAANEeHUSTAKOW MOJEKYJbl W3 CEeTYaToro IOJMMepa B CTPYKTYpe MaTpPHIIBI
00pa3yrTcs MOJOCTH, KOMIUIEMEHTAPHBIC TEJIEBOM MOJICKYJIE CTEPEOMETPHUSCKU
Y TIO0 PACIOJIOXKCHHUIO aKTHBHBIX IIEHTPOB (00Pa3yIOIIHMX CBA3H C COOTBETCTBYIO-
ITAMH JIEMEHTaMUITOM MOJIeKYJIbI). BenencrBue aToro MUIT 06mamatoT BEICOKOM
CEJIEKTUBHOCTHIO M COPOLIMOHHOMEMKOCTHIO BOTHOIIEHNHN MIa0JI0HA UBO MHOTHX
CiIy4asix, HanOoJsee OJIM3KUX K HEMY TI0 CTPYKType coeanHeHuil. OTnedaTaHHbIe
MOJIMMEPBI OOBIYHO TMOJIyYaloT B TP dTana. B npuBeaeHHON HIXKe cxeme (pucy-
HOK 1) MOXHO yCJIOBHO BBIJIEJIUTH TP KITFOUYEBBIX CTaINH.

QOYHKUHOHANLHBLIA Marpuua
MOHOMEpP nonumepa MonocTth
/ | YaaneHue
nonuuepuaaqun ‘(/‘(Qé;{\\‘ Wabnona
| 8 ) )| T
\ J
O-w/ ) D

WabnoH —

Marepuan
C OoTNevYaTKkamm

Pucynok 1 — Cxema nony4eHus MOJNEKYJIIPHO-UMIIPUHTHPOBAHHBIX IIOJIUMEPOB

Martpuiia ¥ TOoIMMEepU3yeMble JTUTAHIbBl CMEIIUBAIOTCS U (OPMHUPYIOTCS, a
3aTeM TOJMMEPHU3YIOTCA C TIOTYYEHHEM COIMOJIUMEpPOB B IMPHUCYTCTBHH MHOTHX
MOTIEPEYHBIX JIMHKEPOB C MOCIEYIOIHUM U3BJICUEHHEM MATPHIBI U3 COMOINMEpA
[2]. TexHomoTHA MOJICKYJSIPHOTO HMMIIPUHTHUHTA IMHPOKO MPUMEHSIETCS B pas-
JUYHBIX O0JIACTAX, TAKUX KaK CEHCOPHBIC W BCTPOCHHBIC YCTPOMNCTBA, HOCTAaBKA
JIEKApCTBEHHBIX CPEICTB, pa3AeiieHUe U CKPUHUHT COCOUHEHUH OMOIIOTHYECKOTO
MPOMCXOXKICHHSI, MEMOpaHbI JIs1 OMOMOJIEKYJIB M OETIKH B BOTHOH cpelie, a TakKe
JMATYNKHU I MOHUTOPUHTA TOKCHYHOTO ypaHa [3].

[Ipy mpOMBINITIEHHOM NPOMU3BOJACTBE IMOJHMMEPHBIX YAacTHUL[ METOJOM CycC-
MEH3MOHHON MONMMMEPU3ali COOTHOLIEHUE moaaun S/M sBJIsSIeTCS] BXKHBIM KO-
HOMHUYECKAM (PaKTOPOM, TIOCKOIBKY OHO OTPENENSeT MPOU3BOIUTEIHLHOCTD TPO-
necca. YToObl YMEHBIIUTh COOTHOIIEHHE Mogadd S/M M TeM caMbIM ITOBBICHTH
MPOU3BOJUTEIBHOCTh, KOHLEHTPALUIO TOBEPXHOCTHO-AKTUBHOTO BELIECTBA OOBIU-
HO YBEJIMYMBAIOT. B 3TOM HMccienoBaHNM HECKOIBKO OCHOBHBIX CHHTETHUYECKUX
MEPEeMEHHBIX, TAKMX KaK KOHILEHTpAIUs MOBEPXHOCTHO-aKTHBHOIO BEIIECTBA U
TeMIleparypa, KOHTPOIUPYIOTCS I YMEHbIIEHUS oTHOWmEeHUus S/M s moiy-
YeHHSI XOPOIIO OMpPEEIICHHBIX YacTUIl. Takke W3YYeHO W OOCYKICHO BIHSIHHC
cooTHOMeHus mojaun S/M Ha MOP(QOIIOTHIO U CEJIEKTUBHOE CenapalliOHHOE MOBe-
JIeHHE CUHTE3MPOBAaHHOTO MOJIEKYJISIPHO-UMITPUHTHPOBaHHOTO nonumepa (MUIT).

[IpuBrekaTeIbHOCTh WMITPUHTUPOBAHHBIX IIOJIMMEPOB ISl MPAKTUIESCKOTO
WCIIONIb30BaHMs OOYCIIOBJIEHA TaKMMM MX CBOWCTBAMH, KaK BbICOKas CTaOWIIb-
HOCTB, TIPOCTOTAa TOJYYEHHsI, CONOCTABUMBIE C MPHPOAHBIMU perenTopaMmuad-
(PMHHOCTH U CETIeKTUBHOCTb.
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OKCITEPUMEHTAIJIBHA A YACTD

Mamepuansi. Coms nanrana Lay(S0a4)3,SC2(S04)s, GyHKIMOHATIBHBIE MOHO-
Mepbl MeTakpuiioBoi kucaoTel (MAK), 4-sunnnnupuauna (4-BIl) u stunenrnu-
koib - muMeTakpuiara (EGDMA) O moctaBiensl komnanueit Sigma—Aldrich
(Munyoku, Buckoncusn, CIITA). Azobucuzobytuponntpun (JTAK, Sigma—Aldrich,
OBLT MCIIOJIb30BaH B Ka4eCTBE MHUIMATOPA W THApoKcudTHiNeono3a (I'DL)) B
KayecTBe CTaOMIIN3aTOpa peakuy MojJuMepHu3aunu. Bee ocTanbHble XUMHYECKHe
BEIIeCTBA MOJYYCHBI B KaUuecTBe peareHToB Mapku Sigma—Aldrich. Boxa, ucrnosb-
30BaHHas B 9TOM JKCIIEpUMEHTE, OblTa genoHu3upoBana (DI water).

Honyuenue La(lll) umnpunmuposanuvix MuKponopucmsix yacmuy. Merai-
JMYECKUEe MOHHO-UMIpUHTUpOBaHHbIe nonumepsl (MUUIIT) monyyanu B MUKpO-
chepuueckoit hopMe METOIOM CYCHCH3MOHHOW MOJMMEPHU3alluU ¢ JA00aBKaMU
La**, Sc*, MAK, 4-BIl, EGDMA u JJAK. Cocra La®*u Sc*, MAK, 4-BII u
EGDMA cocraBnsan 1:2:2:8 B MONIpHOM COOTHOIIEHMH, a KonndecTBo JJAK k
o0mIeMy KOJIM4eCTBY MOHOMEPHOH CHCTEMBI cocTaBisuio 2 mac.% B J{M-Bome. B
npurotrosieany MUUII Oblia mpuUMeHEHA Cepusi COOTHOIIECHUH momauun S/M.
CootHomeHne moxaun S/M ompeaensiii Kak OTHOIICHHE KOJIWYECTBA PacTBO-
psitomiell cucteMsl (BoAa M MOPOTEHHBIN PacTBOPHUTEND (TONYOJ) K KOJIUYECTBY
monoMmepHoi cuctemsl (MAK, 4-BI1 1 EGDMA).

Peakunro npooannu B 250 MIT TpeXropiOBOM peakTope, OCHAIIEHHOM MeXa-
HUYECKOW Memankoi. B peakrop momernianu Tomyon (10 mMi1) u BOIHBIA PacTBOP
I'OL. Konnentpamus ['O1] cocrapnsina 1-7 mac.% K MOHOMEPHOI cucteme (MOHO-
Mep + KpocciauHKep). Peakiuio moarumMepr3anny MpoBOIWIH PU CKOPOCTH Tiepe-
MemmmBaaug 50 06/MUH B TedeHHe 15 MUH Ipyu KOMHATHO# TeMIiepaType, a 3aTeM
6 4 ipu komHaTHOH Temriepatype 70 °C B atMocdepe Ar,. [locne 3aBepuieHus
HNOJMMEPHU3aLUU IOTy4YEeHHBICUAaCTHIIbl MHOTOKPATHO IpoMbiBainu DI — Bonoi u
alleTOH sl yJaJICHHUs TIPUMECed U JII000r0 OCTaBILErocsi HEPOPearupoBaBIIEro
MoHOMepa. OUHIEHHbIE HIAPUKH CYIINUIN TeueHue 24 4. OJHU U Te )K€ dKCIEepH-
MEHTHI TIPOBOJAWINCH MPU Pa3IUIHBIX Temmepatypax 75 n 80°C. He mmmpunTH-
POBaHHBIN NOJIUMEP TAaKXKe MOIYUYEH O TOH K€ METOAMKE B TEX JKE€ YCIOBUSX, 3a
MCKJTIOUEHNEM HucTob3oBanus La®t, Sc3 nis cpaBHenus o cTpykType u aacop6-
LIIOHHOMY IIOBEJICHUIO C UMIIPUHTUPOBAHHBIMU.

HoHbl MeTaioB BHYTPU MOJIMMEPHBIX HaCTHIl BBIIEIAYMBAIN [E€pEMELIN-
BaHueM B 1M BogHoM pactBope HNO3 B Teuenue 1 4. 3T0T npouecc MOBTOPSIIH
20 pa3 A NONHOTO YAAJIEHHS BCEX HOHOB METAIIJIOB C ITOCIEAYIOLIEH MPOMBIBKOH
U ICMOHU30BAHHOW BOJIOM U CYIIKOH.

Copoyuonnsie sxcnepumenmol. IKCIIEPUMEHTHl POBOIMWINCH IPU KOMHAT-
Hoil Temnepatype. Uccnegosanu [IMO B cienyromeM Nopsiike: Kaxablii HMIIPUH-
TUPOBAHHBIN NOJUMEP B CYXOM HCXOJIHOM COCTOSHUM IOMEILIAICS B SA4YEHKY U3
MOJIMTIPONMIIEHOBON CETKH, KOTOpasi Jajiee MOMeIaiach B CTakaH C JUCTHIIIH-
poBaHHOM BoOAbl Ans copbumu. [amee m3mepsuin pH U 37€KTpONpOBOAHOCTD B
3aBHCHMOCTH OT BPEMEHH;3aTeM HMIPHUHTHPOBAHHBIN MOJMMEP B CYXOM HCXOJ-
HOM COCTOSTHHH ITOMEIANCA B CHEIHAIbHYIO CETKY, KOTOpas Jajiee MoMeIarach
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B CTaKaH C PacTBOPOM CyJsib(haTa JJaHTaHaW CKaHUS. DICKTPONPOBOIHOCTL U pH
PacTBOPOB M3MEPSIIN B NMPUCYTCTBUM WMIPUHTUPOBAHHBIM MOJIIMMEPOM, C Jajb-
HEHIIMM 0TOOPOM aJIMKBOT.

Memoouxa onpedenenus uonos nanmana. MeToguKa ONpeIeIeHNUsS HOHOB
JIaHTaHa W CKaHAMS B PAaCTBOpPE OCHOBaHA Ha OOpa30BaHHUM OKPAIIEHHOTO KOMII-
JICKCHOTO COEJIMHEHUS] OPTaHUYECKOro aHAIMTUYECKOro peareHra apcenaso III ¢
MOHAMH PEIKO3eMeNbHBIX MeTauioB (P3M), pacueT KOHIICHTpAIK HOHOB JIAHTaHA
npoBouin Ha criekTpodoToMerpe KOK-3M mpu 650 am [4-8]. Ctenens u3Bie-
geHus (copOrm) ObIIa paccunuTana mo Gopmyrie:

Cyay—C
17 — Ha4 OCT * 100%,
Ha4
rae Cuay — HaYaJIbHAsE KOHIIEHTPALKS MeTajia B pacTBope, I/11; Coer — OCTaTOUYHAS
KOHIICHTpAIMs MeTajljla B pacTBOpE, I/I.

PE3VIJIbTATBI 1 X OBCYX/IEHUE

WndpakpacHas cneKTPOCKONHS HCIONB30BaHA JUIA UAECHTH()UKANH XUMU-
YEeCKOH CTPYKTYpbI OTIIe4aTaHHbIX MUKpornopucThix yactull La (III) u Sc(IIl) mo n
MoCJIe SKCTPAKIH UOHOB JIAHTAHAU CKAH/IHS.

Ha pucynkax 2, 3 nokazansl UK-criektpbl La 1 SC MMIpUHTHPOBAaHHBIX MTOJTH-
MEpOB JI0 U MoCIIe YAalIeHHs 1a0IoHa (MOHA JaHTaHa U CKaHus).

[To mannsiM MK-criekTpockonuu, Boja y4dacTByeT B (DOPMHUPOBAHUU KpPHC-
tayumaeckoi pemerku. B Sc (III) uMOpUHTHPOBAHHBIX MOJIMMEPOB 10 U TOCIE
yaajaeHus mabjJoHa MOJIEKYJIBl BOABI CBSI3aHbI HEPABHOLIEHHO. DTO YETKO BBISB-
JISIeTCA B KOJIEOAHUAX BOJbI (CM'l) -1600 1 1637, 2950 1 2516. BxoxxaeHnue BoabI B
cocTaB Cynb(haTa CKaHIUS 10 yJajJeHus IabloHa BECbMa CYIIECTBEHHO IPOSIB-
asieTcst B Xapakrepe konebanus SO4-TpyIin: MosIBISIETCSI TOHKAs CTPYKTypa MoJI0cC
B obnactu 1118-1296 u 518-749 cmt. Bce 5T0 CBUIETENBCTBYET O HEPABHOLIEHHBIX
nostoskeHuAX SO4-TpyIIn B CTPYKTYPE COCTUHCHHIA.

HK-cniekTp coequHEeHUs JaHTaHa OTIIMYAETCsl OUYeHb CIa0bIM MOIVIOIEHUEM
npu 1548 cmt. Do cBumETENLCTBYET O MeHbLIEH accumeTpu3amn SOs-rpymm 1
ommuaroreiics csizu HO B crpykrype Lax(S04)3-9H20. Xapakrepnas UK-mo-
noca npu 1158 cm? Bosnukaet m3 cBssu La—O u yetko mabmopaercs mis La(lll)-
conepxauiero noiuMepa. Kpome Toro, La(Ill)-umnpunTHpOBaHHBIE U HE UM-
MPUHTHPOBAaHHBIE TONUMEPHI AeMOHCTpUpYIOT cxonHble MK-momockl. Ilo stum
HK-crektpam obecneuen ycrnemsbiii cunre3 La(Ill)-, Sc(lll)-ummpuntuposan-
HBIX [TOJIUMEPOB.

Ha pucynkax 4, 5 mokazansl copOLust MaTpuibl U ncesgoMaTpuisl. [lo pe-
3ylbTaTaM MOXXHO YBHAETh, YTO MaTpHia copOupyer OOIbIe, YeM IICEBJO-
MaTpHIIA.
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PucyHok 6 oTpakaeT COpOIIHIO MATPHUIILI M TICEBAOMATPHUIBL. MaKCHMAaTbHBIN
MMIIPUHTUPOBAHHBIA (aKTOp W, CIIEOBATEIbHO, HAWIyYIIEe KaueCTBO MOJIEKY-
JSIPHBIX OTIIEYATKOB YAAJIOCH MOIYYHTh € Sc2(SO4)3. DTOT pe3ynbTaT coriacyercs
¢ naaabivMu UK-ciektpockonuu (pucyHOK 3), COTIIACHO KOTOPHIM HHTEHCUBHOCTh
JIMHUH B criekTpe (a 3HA4YMT, U 3PPEKTUBHOCTD JOMOJIHUTESIILHON MOIUGBUKALIIH )
3HAYUTENHHO BBIIIE, YeM B CHEKTPaxX MCEBAOMATPUIIBI, MOTYyUYEHHBIX IO IPYTUM
METOAMKAM.

3aknaouyeHue. MoJeKyIIpHO- WIM HOHHO-UMIPUHTUPOBAHHBIE MOIUMEPHI
MOTYT Paclio3HaBaTh CMOJISTHUCTBIM MaTepuan (1adjioH) crenuuIecku ¢ Io-
MOIIBIO CIEAYIOINX MEXaHU3MOB. Bo-niepBhIX, crienuduyeckoe B3auMOACHCTBHE
MeXly MOHOMEPOM U MaTPHIIeH — B JAHHOM ciiydae MoHHas cBsa3b mexy La(Ill),
Sc(II) u kapOoHOBOI KUCIIOTOW B MOHOMEpe. Bo-BTOphIX, criennalibHO Tog00paH-
Hasl TOJIOCTh 00ECTIEYNBACTCSA BHICOKOM CIIMBKOM C MOCIEAYIONIMM H3BIICUCHUEM
mabnoHa B mporecce nmoarotoBku. [InmorHocts cmmBanus MUUIT oObraHO Ha-
CTOJIBKO BEJIMKA, YTO JIUTAHJIBI CBSI3HM M MOJIOCTh OYCHB MTPOYHBL. TakuM oOpa3om,
MOJIy4YEeHHBIA TOJIUMEpP CIMOCOOEH CBA3BIBATH IIEJIEBbIE BEIIECTBA C BBICOKOM
CHe(UIHOCTHIO.

Paboma evinonnena npu gunarncosoti noodepoicke Komumema nayku Mu-
Hucmepcmea obpazosanua u Hayku Pecnyonuxu Kazaxcman no npoexmam
AP08856668 6 pamkax epanmogoeo UHAHCUPOBAHUSL HAYYHBIX UCCAEO08AHUL HA
2020-2022 200wi.
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Pe3rome

T. K. ’Kymaoinos, JI. K. blckax, b. Tomxyckpizbl,
H. O. Mupsaxmemosa, O. B.Cybepnsax

JIAHTAH XXOHE CKAH/IMI HOHJIAPBIHA KATBICTBI
MOJIEKYJIAJIBIK-TAHBAJIAHFAH ITOJIMMEPJIEP CUHTE3I

Epitkim/moHoMep (S/M) KaThIHACHIHBIH JaHTaH XOHE CKaHIWN MOHOApHIMEH TaH-
OamaHFaH MHKPOIIOPIBI TOJMMEpITi OeIIeKTepaiH KYphUIBIMBI MEH aJCOpOLMSIIBIK Ka-
cuerTepine acepi seprrenai. JIaHTaH XoHE CKaHIWH MOHJApBIMEH TaHOAJlaHFaH MUKPO-
MOPHUCTAJIBIK OeJeKTep eki (QyHKIMOHaIbI MOHOMEpPIECH-METaKpUJI KBIIIKBUIBIHAH
(MAK) xone BuHMINUpUAUHHEH (4-BlI)-HOHABIK ©3apa opeKkeTTecy apKbUIbI JaHTaH MEH
CKaHJMI TeMIUIaT MOHBIMEH KEUIEH KYPY apKbLIbl ajbIH/Ibl. O3/IriHEeH )KUHAJAaThIH JIaH-
TaH/MOHOMEp KeIIeHI CYCIIEH3USUIBIK HOJUMEpIIEY 9ICIMEH STHICHTIMKOJIbANMETAKPHU-
natel (BT JIMA) TiryuriciHiH KaThICybIMEH MOJHMEpJIcHl. JIaHTaH XKoHEe CKaHIUH HOH-
JlapbIMEH 0achlIFaH MUKPOIIOPJIBI OOJIIEKTEPAiH XUMHUSIIBIK KYPbUIBIMbI, MOP(OIOTHSICHI
JKOHE acOpOIMSIBIK KabiseTi nHQPaKbI3bII CIIEKTPOCKONHMS apKbUIb TanaaHasl. Moe-
KyJIaJIBIK TTOJIUMEpJIep JIAHTaH MOHBI MEH CKaHIMHIE KATBICTHI JKOFaphl CENEKTHBTLIIKTI
KOPCETTi.

Tyiiin ce3mep: MoNeKyNanblK MMIPUHTHHL, CENEKTUBTiNK, copbums, La®*, Sc®*
HOH/IAPEI.

Summary

T. K. Jumadilov, L. K. Yskak, B. Totkhyskyzy,
N. O. Myrzakhmetova, O .V. Suberlyak

SYNTHESIS OF MOLECULAR IMPRINTED POLYMERS
COMPLEMENTARY TO LANTHANUM AND SCANDIUM IONS

The effect of the solvent/monomer (S/M) ratio on the structure and adsorption
properties of microporous polymer particles imprinted with lanthanum and scandium ions
is studied. Microporous particles imprinted with lanthanum and scandium ions were
obtained from two functional monomers-methacrylic acid (MAC) and vinylpyridine
(4-VP) - by forming a complex with the template ion of lanthanum and scandium by ion
interactions. The self-assembled lanthanum/monomer complex was polymerized in the
presence of an ethylene glycol dimethacrylate (EGDMA) crosslayer by suspension polyme-
rization. The chemical structure, morphology, and adsorption capacity of microporous
particles imprinted with lanthanum and scandium ions were analyzed by infrared
spectroscopy. Molecular polymers showed high selectivity with respect to lanthanum and
scandium ions.

Key words: Molecular imprinting, selectivity, sorption, La®**, Sc®*ions.

61



XUMHYECKHHU )XYPHAJI KA3AXCTAHA

Information about authors:

Jumadilov
Talkybek
Kozhatayevich

Doctor of Chemical Sciences, professor A.B. Bekturov Institute
of chemical sciences, Almaty, the Republic of Kazakhstan;
jumadilov@mail.ru; https://orcid.org/0000-0001-9505-3719

Yskak

Ph.D. student, Kazakh National Women's Teacher Training

Laila University, Almaty, the Republic of Kazakhstan;

Kinyazkyzy leilakinyazovna@gmail.com; https://orcid.org/0000-0002-5581-
6918

Totkhuskyzy Ph.D. student, Kazakh National Women's Teacher Training

Bakytgul University, Almaty, the Republic of Kazakhstan;
bakytgul.sakenova@mail.ru; https://orcid.org/0000-0001-8119-
668X

Nurbala Candidate of Chemical Sciences, associate professor Kazakh

Orazymbekovna National Women's Teacher Training University, Almaty, the

Myrzakhmetova Republic of Kazakhstan; nmyrzakhmetova@gmail.com;
https://orcid.org/0000-0003-1118-6202

Oleg Doctor of Chemical Sciences, professor, National University

Suberlyak "Lviv Polytechnic», Lviv, Ukraine; https://orcid.org/0000-0002-

6046-5972

62



https://e.mail.ru/compose?To=jumadilov@mail.ru
https://orcid.org/0000-0001-9505-3719
https://orcid.org/0000-0002-5581-6918
https://orcid.org/0000-0002-5581-6918
mailto:bakytgul.sakenova@mail.ru
https://orcid.org/0000-0001-8119-668X
https://orcid.org/0000-0001-8119-668X
https://orcid.org/0000-0003-1118-6202
https://orcid.org/0000-0002-6046-5972
https://orcid.org/0000-0002-6046-5972

ISSN 1813-1107 M1l 2021

Chemical Journal of Kazakhstan
ISSN 1813-1107 https://doi.org/10.51580/2021-1/2710-1185.06
Volume 1, Number 73 (2021), 63 — 69

90X 665.775
C. C. CATAEBA", K. A. MUXAHJTIOBA

Komrip xan atemgarsl bateic Kasakcran arpapibIK-TeXHUKAIBIK YHUBEPCUTET],
Opau, Kazakcran PecrryGmikachr.
*E-mail: sataeva_safura@mail.ru

KOJ TOCEYI'E APHAJIFAH BUTYMJAPJABIH HEI'I3I']
OU3UKA-XUMUAJIBIKKACUETTEPI

AnHoTanms. MyHaiinel KaliTa eHIey cajlachHIarbl ©3¢KTI MAceseHiH Oipi, MyHai-
Ibl KaiiTa eHJAEYyIl TepeHJIeTyMeH Karap, OUTYM CHSIKTBI ayblp MyHall KaJIABIKTApbIH
KOCaTbIH MYHail eHIMJEpiHiH camachlH apTTHIPY mpobiemanapsl 6okl TaObIamsr Ko
KYPBUIBICBIHAA MYHaii OMTYMBIHBIH KEH KOJJIaHBLUIFAaHbIHA KapamacTaH, OUTyMFfa JereH
CYPaHBIC TOJBIFBIMEH KaHAFATTaH/bIPbLIMAN/IbI, OWTKEHI KONTEreH OMTYMHUHO3/bI MaTe-
pHaIIapAbIH Ccanachl KYpbUIBIC HHIYCTPHUSACHIHBIH 3aMaHayH TalalTapblHa TOJBIK COUKEC
kenMeiini. OchiFaH OalTaHBICTBI MaKalada MOJI KYPBUIBICH DKCIUTyaTalMsChiHA KaXKeT
JKacaH bl )KOJMCH aJIbIHFAH OMTYMHBIH KOJIZAHBLTYBI KapacThIPhUIIbL. BUTYMHBIH KeHOip
MaHbI3bl (PU3HKA-XUMUSUTBIK KACUCTTEPl AHBIKTAIbI. AJIBIHFAH MOJIMETTED TEXHUKAIIBIK
IapTTapra cai )KOHE CHHTCTHKAJIBIK KOJIMCH aJIbIHFaH OUTYMJIBI KOJ KYPBUIBICHIH/IA Oaii-
JIAHBICTHIPFBIII MaTEPHAJ PETIHJC KONIaHyFa O0IaTIHBIKOPCETIII.

Tyiiin ce3aep: MmyHaii GUTyMIapsl, OUTYM KYpaMbIHAAFbl KYKIPT JKOHE Cy MeJIepi,
TYTKBIPIIBIK, THIFBI3/IBIK.

Kipicnme. Kazipri ke3ne Kazakcran PecrmyOnukaceiHIa MYHAWIIBIH KaIbIK-
TapblH MNaiijanaHy MaHBI3ABI MacenenephiH Oipi Oonblm TaOBLIAABI, OUTKEHI
ojlapJilaH MyHall OUTYMbI ajblHaAbl. AJl OUTYM KYpPBUIBICTA, ©HEPKACINTE, aybLl
[IapyalbUIBIFbIHAA JKOHE PEAKTUBTI TEXHHUKAAa, PaIdOAaKTHBTI COyJIeIepAcH
KOpFaHy/Jla, TYPFBIH YIIIep, OHSPKICIT OPBIHIAPEI MEH a3pOIpOMIAP KYPBLIBICHIHA
oTe KakeT. COHIBIKTAH KOJIJaHy asiChiHa OalIaHBICTBl OUTYMIAp KYPBUIBIC, KO,
M3OJIITHSIIBIK JKOHE YKAOBIHIBIK OUTymmap nemn Oeminesmi. JKoix OUTyMIapsl KO
*aObIHIaPbIH, ac(haNbTOCTOH TOCEyAe KOJNAAHBUIAABI. BUTYMIBI KON KYpPBUIbI-
ChIHJa OAlTaHBICTHIPFRINITAPBIH IIIHACTI €H ap3aH XKOHE YHHBEpCAIIbl MaTe-
puai peTiHae KoJIIaHaIbl.

YKon Teceyre apHanraH jkaObIHTap cyparbl Kazakcranma OypelHHaH Oepi
©3CKTi Macese OonbIn Kenedi. buTyMm HeriziHzeri Kofimri acqalbTOCTOHIBI Ka-
OBIHIAP Ka3ipri 3aMaHFBI KYK TaChIMaJIbl MEH MHTCHCHBTI KO3FAJIBIC JKaFJaibIHA
Tajal eTUIeTIH MEXaHUKAITBIK KOHE Y3aK MEP3IMILTIK KAaCUETIICH KaMTaMachl3 €Te
anMaiapl.  AchanbTOSTOHIBI JKAOBIHAAPABIH CalachlH JXOHE Y3aK Mep3iMii
naijanaHy KacHETTEpiH apTThIpy OUTYyMIApIbl CHHTCTHKAJBIK MOJIHMEPIICPMEH
MOJUQUIUPIIEY HETI3Ti MIeNIiM OOJBII Kee/Ii.
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YKo KYpBUIBICHIH/A KOJIJAHBUTATEIH OUTYyMap Tac MaTepualapblH Oaiina-
HBICTHIPYIIBI KBI3METIH aTkapansl. COHBIMEH Katap, ojap ¢H KEeH KOJJIaHBUIATHIH
OUTYM OOJIBINT €CenTele Il )KOHE JKOJI OUTYMIAphl KIIUMAaT JKaFaaiapblHa Te31MII
eTinm Tapgan anbiHaabl [1]. YKoa skaObIHAaphIHBIH JKapaMIbUIBIK Mep3iMi KoJa-
HBUTFaH OMTYM MapKachlHA KOHE KaCUETTepiHe OalIaHbICTHI.

«buTymM» TepMHHI KOMIPTETIMEH CyTeri OalIaHBICHIHBIH CYUBIK, YKapThIIai
CYWBIK HEMece KATThl KOCBHIHJBICHIHBIH MarblHACHIH Oepesi. OHBIH KypaMbIHa
OTTEri, KYKIPT, a30T KOCBUIBICTaphl JKOHE METaliap COHJai-ak a3 MeJIepe
KYKIPTTi KOMipCcyTeKTep, XaopodopMmaap xKoHe Oacka OpraHuKaIbIK epiTKIITepae
JKaKChl epUTIH ac(hanbTTi-IIalbIpiIbl KochlibicTap aa Oap. JKoa KypbUIBICHIHAA
OUTYM KeH KeJem e Konanbuiaasl. Kongany aiiMarsl 1-11i kecTee KenTipulreH.

1-xecte — bButymmapabIH K01 KYPBUIBICBIHAA KOJIIaHy aiiMaFrbl

Kon JKbUIABIH CAJIKBIH
KJIUMATTHIK YaKbITBIHIAFbl OpTALIa Butym Mapkacht
ayMarbl allnbIK TemMnepaTypackl, °C
| 20 xoFapbieMec BHJI 90/130, BH/ 130/200, BH/I1 200/300
T sone IIT 10-tar — 20-ra neiti BHJI 60/90, BHJT 90/130, BH/T 130/200, BH/],
200/300
BH/1 40/60, BH]JI 60/90, BHJI 90/130,
I, 1, v 5-ten 10-ra neitin BH/ 130/200, BH 90/130, BH 130/200,
BH 200/300
BHJT 40/60, BHT 60/90, BHJI 90/130, BH 60/90,
1V xone V +5 TeMeH eMec BH 90/130

ButyMHBIH KacueTTepi )koHe MapKachl KOMIIOHEHTTIK KypaMblHa, SSFHU OTITH-
MaJizibl acGabTeH, IaibIp )KOHE apOMAaTThI KOMIPCYTEKTIH KaXKETTI KeJeMAepiHae
OonaThIH apakaThiHAcKa OailaHbICTBl. MyHaHABIH )KOFaphl MOJIEKYJIANBIK KaJIIbIK-
TapbIHBIH, TYAPOHHBIH JKOHE KPEKUHI KaJIbIKTapbIHBIH ayaJarbl OTTEriMEH TOTbI-
FYbl HOTH)KECIH/E TYTKBIPJIBIFBI XKOFAPBI, KATTHI 3aTTap, SFHU MyHail OMTyMIapsl
anbIHAE [2].

Ken xbuigap Ooiibl TaOUFK MaTepuanaap *oji KYpbUIBICHIH TOJBIKTAll KaHa-
FATTaHIBIPBII YKOHE KaMTaMachl3 €Till KeJeli, JereHMeH Kas3ipri Keszeri TpaHc-
MOPTTHIH XKH1JICyl OUTYMJIbI SKOHOMHKAJIBIK, )KapaMIbUIbIK MEP3iMi )KaFbIHAH YKOHE
T.0. KeMIIiiKTepiH KepceTin oTelp. COHBIMEH KaTap TPaHCIOPT KO3FaJIBICHIHBIH
XKULTITiHE OalIaHBICTHI JKOJ KaOBIHAAPBIHBIH TO3YBIH TE€3IETEi: KOJIIbI KYpIei
JKOHJIEY TIepHoAbI 6-12 KbuUT 60JIca, aJl apallbIK KOHIIEY KYMBICTaphl 3-5 kKb [3].

Ocbl Mocenere OaifaHbICTBI OUTYMAAPIABIH NPaKTHKaAarbl KEMIIUTIKTEPiH
aTaIl eTCEeK: KOFapbl TEMIEPATYPANIBIK CE3TILITIK; MEXaHUKAJIBIK XKOHE CEPITIMALIIK
CUIATTaMaJIbIK KOPCETKIIITEpI TOMEH, KapTalora Ociiim OonathiHbl. COHJIBIKTAH,
KOJ Tecey OMTYyMIapblH KOJJaHy OapbhIChIHIA KONTEreH KOJAChi3 Karaainapra
KOHE KaTaH TaJanTapAblH KOMITybIHA aJIbII KeNedi.

Konjanpmatein OUTyMaap MiHAETTI TYple: KOFapbl TemIeparypara Oepik,
SIFHHU TEPMUSUTBIK TYPAKTHI; 3JIaCTHKAIIBIK; KBICBIMFa, COKKBIFa, JKapbUIbICKA TO3IMII
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00Jy; KypFrak >KOHE BUIFajIIbl MHHEPAIIBl Marepuaigap OeTTepiMeH >KaOBbICYHI;
OacTankbl OEpIiKTiri MEH TYTKBIPJIBIFBIH CaKTay Kepek [4].

ey Terine OaiimaHpICTHI OMTYM €Ki KaTeropusira OemiHeni: TaOufu
OuTyMaap xkoHe MyHall OUTYMIaphl, SFHY YKaCaH b,

Taburm OuTymmap Ta3za KyHiHIOE CHUpEK Oojaapl, KepiCiHIIe MHHEpasaap,
mansIpiap KOHE op TYPJi XUMHSUIBIK 3aTTap KypambIHIA KM Ke3mecemi. A
JKacaHIIbl OUTYyMIap MYHall eHIIPICiHIH KalJIbIK ©HIMIHEH albiHajbl. JKacaHsl
ouTyMIap Kypamel OoiBIHIIA TaOMFH OUTYMIapra ykcac [5].

OKCITEPUMEHTTIK BOJIIM

3eprrey oOBeKTiCI peTiHAe AKTay OWTYyM 3ayBITHIHBIH KacaHABI YKOJIMEH
CUHTE3/ICTITeH OUTYMIAphl alIbIHJIBI. 3epTXAHAIBIK JKaFaiaa chiHaMaap IeiH Qu-
3WKa-XUMISUIBIK KACHETTEpl KapacThIPhUIABI. ATalfaH ChIHAMAaNTApABIH Kypa-
MBIHJIAFBl KYKIPT TICH CY MOJIIEpPi, THIFbI3IBIFl KOHE TYTKBIPIBIFBIAHBIKTAIIIBL.
KeMipcyTekTep MeH (DyHKIIMOHAIABI KOCHalapaaH 0acka OMTYMHBIH KypaMbIHIa
OHBIH CalachblH TOMEHCTETIH HEMECE OHBI Al JalaHyFa MYJIJIEM )KapaMChl3 €TETiH
Cy MEH MHHEPAJIIBI JIACTAFBIITAP 00JIYBI MYMKIiH.

Cy OUTYMHBIH COPBUIFBIIITHIFBIH, CY3UITIINTITIH, TO3YFa KAPCHI, TUIICKTPIIIK
YKOHE aHTUKOPPO3USUIBIK KACUETTEPiH HAIIAPJIATaIbl, OJap IbIH OMOTYPAKTHLUTBIFBIH
TOMEHAETe1, OOMIIEKTePAiH MIEKTPOXUMIBSIIBIK KOPPO3HS MPOLECTEPiH KYIICH-
Teni.

BuTyM THIFBI3NBIFBI TEMIIEpaTypara, TYpiHE TOYENIi JKOHE HETI3T KepceT-
KimTepiHia 0ipi. BUTYMHBIH TYTKBIpJIBIFEl TIEHETpalMs MEH JKyMcapy TeMIiepa-
Typachl CHSIKTBI OMITEPHKAJIBIK KOPCETKIIITEPMEH CalIbICTBIPFaH I, KOHCHCTEHIINS-
CBIHHBIH Op TYPJi TeMIeparypajiapaa KeTKUTIKTI cumaTTaiiapl. by kepceTkimTi
Te3 9pi eHAIpic HeMece KoJIJaHy TeMIlepaTypachlHaa enmeyre Oonaapl. 3epTxa-
HaJIBIK KaFai/1a aHbIKTaIFaH HOTHKeNep Kemeci kecrenepae (2-5) OeliHeneHreH.

CoHBIMEH Karap ajblHFaH OUTYM ChIHAMAJIAPBIHBIH KYPAMBIHIAFBI MKAITIbI
KYKipT MeJIIIepi aHbIKTaJIbL.

MyHail eHIMIEpiHAETi >XKanmbl KYKIPT MeJIIEPiH PEeHTreH-(IIypecleHTTI
CIIEKTPOCKOMHS 9MiciMeH 3epTTenai. ChlHaMa PEeHTI'eH Coyleliepl ocep eTeTiHAeH
opHanacTeIppUianel. Coyienep 3epTTENETIH ChIHAMAIarbl aTOMIApABl PETCi3
KO3FaJTybIHA aJIBII KeJIei. byJT KO3FasbIC eIIIeHe/ Tl )KOHE aJlJIbIH aJla JaibIHAaIFaH
KJIMOPIICHTEH UMITYJIBCTAp CAaHBIMEH KOCBII, KAl KYKIPT MOJIIEPiH €CelTel
Oepei.

MyHaii eHimiHIH KypambiHaarsl cy meinmiepi MEMCT 2477-65 luna xone
Crapk oftici OOMBIHIIIA aHBIKTAIBL. BYJT aHBIKTAY IBIH KEH TaparaH KoHE JI9JT 9JIiCl.
On MmyHaii HeMmece MyHall OHIMIHIH EpITKIIMTEPMEH a3eOoTPONTH aljarybiHa
HerizgenreH. KonjgaHpurFaH OWTYMHBIH KYpPaMbIHAAFbl Cy MOIIIIEpi apHAWbI
KOHIBIPFbIIA KYprizineni.byn omicke pezeHke eHepkaciOiHae epiTkiu perinae bP-
1 mapxaisl, 80-120°C kaliHalWTBIH XKOHE apOMATThI KOMIpCyTekTepi 3 Y% Ko 6o
MaWTHIH OCH3UH-EPITKINT KO TaHbIIa b
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2-xecte — bUTyM chlHaMasapbIHbIH KYPaMbIHAAFbI KYKIPT MeuIepi

I ceinama Oprama MoHi II cerHama Oprtaria MoHi
%
0,021 0,015
0,022 0,015
0,021 0,02 0,016 0,01
0,020 0,015
0,022 0,014

MyHaii celHaMachlH BIOBICTa 5 MUHYT OOBI IIaliKan apanacTeIpaabl. MyHai
OHIMIiHIH apaJlaCKaH ChIHAMAChIHAH Ta3a, KYPFakK, ajJIbH aJjla eJIIICHIeH JOHTeIICK
TYITI MBIHEL Kotbara 100 Mt epiTKinT KYHBITT apanacTeipaabl. TYTKBIPIBIFE TOMEH
MyHal eHIMIEpiH Ko0ara Keyemi OoWbIHIITA amyFa 6omanbl. OCBI COTTE OJIIICYIIT
mwmHapMeH 100 M1 MyHal eHIMIH anbin KosOara Kysiabl. TeH KeneMae KaHaybl
yiniH Koj0ara mem3a Hemece GapdopabiH ChIHBIFBIH canansl. Kombausl mutud
APKBUTBI KaOBUIIAFGIII KaKIIaHHBIH TYTITiHE JKaJIFaiabl, ajd KaObIIaFbIIT KaKIaH-
HBIH XKOFapbl 06JIiriHe MU} apKbUIBI TOHA3BITKBIIITHI KalFai el KaObuiarbIn
KaKIMaHMEH TOHA3BITKBIII Ta3a, 9pi Kyprak 00JTybl KepeK. BUTYMHBIH KYpaMbIHIAFbI
CYIBIH MaccaJbIK yJecit X, % gopMynamMeH ecenTeni:

X =100V/G,

MyH1aFrbl V — KaOBIIAFbINT KaKIaHIa )XKUHAFaH CyIbIH KejieMi, MiT; G — chiHayFa
aJBIHFaH MYHali HeMece MyHal eHIMiHIH OJIIeH/IICI, T.

3-kecte — BUTyM KypaMbIHAAFbl CyABIH MaccalbIK yieci, %

I ceirama Opramra MoHi II cpiHama Oprtarmra MoHi
%
0,66 0,52
0,70 0,7 0,56 0,52
0,76 0,48

ThIFBI3ABIK — MYHAH OHE MyHail eHIMICPIHIH CanachIHBIH MaHBI3/IbI JKOHE
KEHIHEH KOJIIaHbLIAThIH KOpCeTKITepiHiy 0ipi. O MyHaiabIH (paKIMSIIBIK )KOHE
XUMHUSUTBIK KYPaMbIH CHITATTaWTBIH KOPCETKIIL

Burymaapabis Teirb13aprsiH MEMCT 3900-85 agicimen, DMA 4500 kypsbii-
FRICBIHA aHBIKTaIABI. Kazipri ke3ae xorapendektini DMA-4500 mmotHoMepi ap-
KBUIBI JIOJT MoHmiadyra Oomanbl. byn nmpudop U-topi3ai TpyOKaHBIH MarHuT ap-
KBUTBI OCHWJUISITOPFA KaJIFAHFaH, aJl OJI OJIIICY TeTIiriHe JKalFacaThlH KYPhUIFBIIaH
TYpaJbl.
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4-xecte — AKTay OUTYM 3aybIThl ChIHAMAJIAPBIHBIH THIFBI3/IBIFBIH AHBIKTAY HOTHIKEC

CprHaMa
Ne

TeFRB K (p, T/cM®)

MOHI

opTaia MoHi

TEXH. KOPCETKIII

1,0005
1,0006
1,0007
1,0004
1,3452
1,3452
1,3454
1,3452

I cerHama 1,0005

0,9-1,8

II ceiHama 1,3453

Kecrene xepcerinrennet, | ceiHaMmanbiH opTaria TeIFbI3ABFRL 1,0005 r/em®-re,
colikecinme Il chlHaMaHBIH opTama THFEIBABIFE 1,3453 r/cmi-re TeH. ChiHama-
napabpiH MoHAepiHiH 0,3-Ke albIpMaITbUIBIFSI, OJapIbIH arperaTThlk KydiHe Oaii-
JIAHBICTBI, ce0eOi 3epTTenreH | chiHaMa — cyibIK, ai Il certHama ete TyTKeIp. Jlemek,
OMTYMHBIH KaCHETTepi OacTanKbpl MYHAH KOHE TaHJIAIl AJIBIHFaH OACTAMKBI ITHKi3aT
TYpi op TYp:i ekeHi Oaitkanapl. byl aHBIKTaFaH MOHIEP OUTYMHBIH TEXHUKAJIBIK
cUNaTTaMaiapbiHa COMKEC Kele/i.

TYTKBIPIBIKTHIH YIII TYPi 0ap: TUHAMUKAIBIK, KHHEMATHKAIBIK KOHE [IIapTTHI.
SVM-3000 BrcKO3MMETpi 3epTXaHAJBIK JKaraaia IHHAMHUKAJBIK KOHE KHHEMa-
TUKAJIBIK TYTKBIPJIBIFBIH OJIIICYre apHaiFaH KypbUFbl. KonmaHy ascel Xumus,
MYHaii-ra3 eHjey, (papMaleBTHKAIBIK, TaMaK >kKoHE T.0. 3epTXaHajlaphlHIa ChIHA-
MaJapIblH CaHIBIK XKOHE CalalIbIK MOHIEPiH aHBIKTAYFa JKOHE FRUIBIMU KYMBICTap
KYprizy ymiH Konmaneutagsl. COHBIMEH KaTap ChIHAMAJAPABIH TYTKBIPIBIFBI
aHbIKTabl. Onmey SVM-3000 BUCKO3UMETpiH/E NUHAMHUKAIBIK XKOHE KMHEMa-
THKAJIBIK TYTKBIPIBIFRIH omIeyre apHanral Kypbutrbna, MEMCT 33-82 ogicimen
AHBIKTAIIBL. 3ePTTEY HOTHKEIIEPl S-11T1 KecTe e KOPCeTIITEH.

5-kecte — AKray OUTYM 3ayBITHIHBIH ChIHAMAJIAPBIHBIH TYTKBIPJIBIFBIH aHBIKTAY HOTHXKEC

CeiHaMa TYTKBIPIBIK, 1, M2-c
Ne MoHi

280
280
I cermama 277 279
279
279

1071
1071
II ceiHama 1072 1072
1072
1073

opTaiia MoHi TEXH. KOPCETKiLI

250-2000

I cerHamMaHBIH TYTKBIPJBIFBIHBIH OpTamia MoHi 279 Mm?-c, an 1l chlHaMaHBIH
TYTKBIPABIFEI1 072 M*C TeH. BUTyMHBIH TYTKBIPJIBIFBIHBIH MOHJEPiHiH 3,8 ecere
alBIPMAITBUTBEIFE ONTYMHBIH arperaTThIK KyHMEH TYCIHIIpiTeni.
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KopbITBIHABI. DKCIIEPUMEHTAIIBIK O6ITiM/Ie 3epTTEITeH OUTyMIapabiH (u-
3MKa-XUMISUTBIK KACUETTEPi: KYKiPT MOJIIEpi, Cy MOJIIEPi, ThIFBI3bIFbI, TYTKBIP-
JIBIFBl  @HBIKTAIBIN, TEXHUKAIBIK [IaMaJapMEH CaNbICTBIPBUIIBI. TEeXHUKAIBIK
KOPCETKIIITEp aJiaFbl 3ePTTEY KYMBICTBIH HOTHXKEICPIH CaJBICTBIPMAIIBI TYPJC
Kapay YIIIiH KaxeT.

JKyprizinren 3epTTey HOTHXKEIEpPIHE CYHEHE OTHIPHIN, ChIHAJIFaH OUTyMaap-
JIBIH PEONIOTHSIIBIK KACUETTEPIH )KaKCcapTy YIIiH aIJIAFbl YaKbITTa MOIUDHUIIAPIICY
YKOCTIAPJIAHBIIT OTHIP.

OJEBUET

[1] Mosrogoii B.B. IIporpeccHBHBIC TEXHOJIOTHH KAUTAIBHOIO PEMOHTA JOPOKHBIX OJEHK]I.
Jopoxnas texauka. Karanor-cnipaBounnk. — 2007. — C. 126-139.

[2] EBcuxor H.U., W3maiinosa JI.C., Hosunkast T.A., Kucesnesa JI.b., Pagpkos H.B. Komn-
JIeKCHasl JoOaBKa K OpPraHMYEeCKUM BSDKYIIUM IS JOpoxkHOTo acdambroberona. IMar. 950076 Pecr.
Bemapycs, MKW C08L95/00. 3asBi. 16.02.1995.

[3] Tesenupgeii JI.B., T'esentpest JI.C. JlopoxHbIii achaabTobeTOH. — 2-€¢ H31., mepepab. u
nom. — M.: Tpancmopt, 1985. — 350 c.

[4] Kynbro M.M., Tkades C.M. TepMOOKHCITUTENbHAS CTA0MILHOCTh OUTyMa B IIPHCYTCTBUH
npucanok k macnam // 3. HAH Benapycu. — 2005. — Ne 5. — C. 63-65.

[5] Kynbnio M.M., Tkaués C.M., Epmak A.A. TepMookucauTenbHas cTabHiIbHOCTh OUTYMOB //
Becrn. IToson. roc. yu-Ta. Cep. B. [Ipuknannsie Hayku. — 2003. — Ne 2. — C. 64-67.

REFERENCES

[1] Mozgovoj V.V. Progressivnye tekhnologii kapital'nogo remonta dorozhnyh odezhd.
Dorozhnaya tekhnika. Katalog-spravochnik. 2007. P. 126-139.

[2] Evsikov N.I., Izmajlova L.S., Novickaya T.A., Kiseleva L.B., Rad'kov N.V. Kompleksnaya
dobavka k organicheskim vyazhushchim dlya dorozhnogo asfal'tobetona. Pat. 950076 Resp. Belarus',
MKI S08L95/00. zayavl. 16.02.1995.

[3] Gezencvej L.B., Gezencveya L.S. Dorozhnyj asfal'tobeton. 2-e izd., pererab. i dop. M.:
Transport, 1985. 350 p.

[4] Kul'po M.M., Tkachev S.M. Termookislitel'naya stabil'nost' bituma v prisutstvii prisadok k
maslam // 1zv. NAN Belarusi. 2005. No. 5. P. 63-65.

[5] Kul'po M.M., Tkachév S.M., Ermak A.A. Termookislitel'naya stabil'nost' bitumov // Vestn.
Poloc. gos. un-ta. Ser. V. Prikladnye nauki. 2003. No. 2. P. 64-67.

Pe3rome

C. C. Camaesa, K. A. Muxaiinosa

OCHOBHBIE ®U3UKO-XUMUYECKHUE CBOMICTBA BUTYMOB
JJIS JOPOXHOI'O ITOKPBITUA

Hambonee akryansHBIME B HeTenepepadaThBaOMICH TPOMBIIITICHHOCTH, HAPSIY C
yriyGneHueM rnepepaboTku He(TH, OCTAroTCsl MPoOIeMBbl MOBBIIIEHUST KayecTBa HedTe-
MPOJYKTOB, K KOTOPBIM OTHOCSTCS TsDKelble He(TSHbIE OCTaTKH, KaK Hampumep OUTYM.
HecMoTtps Ha mmpokoe NMpUMEHEHHE HeTSHOro OMUTyMa B JOPOIKHOM CTPOUTEIBCTBE,
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CHpoc Ha OMTYMBI IOJIHOCTBIO HE YAOBIICTBOPSIETCS, TaK KaK Kaue€CTBO MHOTHX OMTYMHBIX
MaTepHaJIOB HE IMOJHOCTHIO COOTBETCTBYIOT COBPEMEHHBIM TPEOOBAaHHUSIM CTPOUTEIIHHOM
orpacnu. B craTbe paccMOTpeHa HPHUrOJHOCTH OHUTyMa, MOJYYEHHOTO HCKYCCTBEHHBIM
IMyTeM, JUI SKCIUTyaTallud B JOPOKHOM CTPOUTENbCTBE. ONucaHbl HEKOTOPHIE OCHOBHBIE
(U3HKO-XMMHUYECKHe CBOWCTBa OuTyMa. [losrydeHHbIE JaHHBIE COOTBETCTBYIOT TEXHHYEC-
KM YCIJIOBHSIM W MO3BOJIIIOT CHENATh BBIBOJ O TOM, YTO OMTYM, HOJyYCHHBIH CHHTETH-
YECKUM CIOCOOOM, MOXKHO HCIOJIB30BATh B KAadyeCTBE CBS3BIBAIOLICTO MaTepHaia I
TIOKPBITHS TOPOT.

KaroueBble cioBa: HeTsIHBIE OMTYMBI, MaccoBasi ZOJIsI CEPbl M BOJbI, BA3KOCTB,
IUIOTHOCTb.

Summary
S. S. Satayeva, K. A. Mihailova

BASIC PHYSICO-CHEMICAL PROPERTIES
OF BITUMENS FOR ROADS

The most urgent in the oil refining industry, along with the deepening of oil refining,
are the problems of improving the quality of oil products, which include heavy oil residues,
such as bitumen. Despite the widespread use of petroleum bitumen in road construction, the
demand for bitumen is not fully satisfied, because the quality of many bituminous materials
does not fully meet the modern requirements of the construction industry.Conformance of
bitumen obtained by synthetic method for using it in road construction was reviewed in this
article. Some main physical and chemical properties of bitumen were described. Received
results meet with specification and we can make the conclusion that synthesized bitumen
can be used for road surface.

Key words: petroleum bitumen, mass fraction of sulfur and water, viscosity, density.
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HYDROGENATION OF BENZENE IN BATCH REACTOR

Abstract. In this article is considered hydrogenation of benzene in liquid phase at
presence rhodium support catalyst.where as carrieris usedpillar structural montmorillonite
obtaining from bentonite clay..The degree of using an internal surface of porous system is
depended.of the size particles.Increase the concentration of chromium above 20 mmole per
gram of clay does not lead to the further growth of distance. It is probably connected by that
in a solution there are not hydrolized forms of chromium chloride which do not influence
formation pillar structures. Modifying montmorillonite minerals containing in bentonite
clay gives to them heat resistance. The specific surface of samples(containing 15-30 mmole
Cr3*) were defined after heat treatment at 180°C are 240-260 m?/g and increasing the tem-
perature up to 500-560°C decreases this value insignificant to 220-240 m?/r, accordingly.
Not modified bentonite clay lost their porosity at 140°C, and a specific surface made
20 m?/g.

Besides reaction of hydro-dehydrogenation of cyclic hydrocarbons a huge interest are
represented in hydrogen technology. Everyone mole of benzene and its derivatives atta-
ching of three and more quantities of hydrogen, and are unique objects at storages and
transportation of hydrogen. Thereby, necessity to develop of catalysts of hydro-dehyro-
genation also follows under rather soft conditions. developed rhodium support catalyst for
hydrogenation of benzene and defined the factor of efficiency using the internal surface of
porosity systems. Presence of water in hydrogenated system leads to phasic course of
restoration of benzene on a surface of the catalyst with formation cyclohexane and cyclo-
hexene. The received experimental results expand a circle of data in the field of hydro-
dearomatization motor fuels, especially transformations of aromatic hydrocarbons cyclo-
alkans.

Keywords: hydrogenation, benzene, liquid phase, rhodium, catalyst,cycloalkane.

Introduction. Decrease in the maintenance of aromatic hydrocarbons,
especially benzene in motor fuel is an actual and urgent problem. Toxic action of
benzene and a product of its incomplete oxidation benzpyrene - cancerogenic
substance accumulated in an environment, renders negative influence on safety of
ability to live of people and fauna [1]. Necessity to improve technology of oil
refining and its separate stages for reduction of the maintenance of benzene and its
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derivatives. One of such processes is catalytic hydrodearomatization-transfor-
mations of aromatic hydrocarbons tocyclohexane and its derivatives. However, the
maintenance in oil distillates heterocyclic compoundswhich deactivate catalysts,
demand their perfection and more detailed studying of the mechanism catalytic
transformation of hydrocarbons [2-8].

Besides reaction of hydro-dehydrogenation of cyclic hydrocarbons a huge
interest are represented in hydrogen technology. Everyone mole of benzene and its
derivatives attaching of three and more quantities of hydrogen,and are unique
objects at storages and transportation of hydrogen. Thereby, necessity to develop
of catalysts of hydro-dehyrogenation also follows under rather soft conditions.

The aim of the present work was studying the hydrodearomatization of
benzene-the component of motor fuels at presence rhodium support catalysts where
as carrier is used pillar structural montmorillonite obtaining from bentonite clay.
Pillared clays have significant potential for application in industry and in
petrochemistry but relatively few studies of these types of materials have been
carried out [ 9].

EXPERIMENTAL PART

Catalysts and their preparations. For preparation rhodium support catalyst
(0,5-1,0 mass. % Rh) was used chloride of rhodium-RhClIs-3H-0, as a carrier was
used modifiedbentonite clay. For modifying natural clay topillar structural form
were used polyhydroxocomlexes of chromium [5].

To aqueous solution of chloride chromium gradually flowed the solution of
sodium hydroxide at gradual hashing up to pH~3-4. Concentration of chloride
chromium was paid off proceeding from calculation 5-30mmole Cr3* per gram clay.
Suspension bentonite (~1,0 mass. %) received by intensive hashing it in water
during 4 h, pH-water extract of clay makes -8-9. Acidity of environment supervised
by means of digital pH meter OP-208/1. In order to prevent coagulation of a
solutionpolyhydroxocomlexes of chromium, it was slowly added to suspension of
clay. «Reserve of basicity » Cr®*:’OH-allowing to prevent coagulation chloride of
rhodium made 1/3. After endurance processed suspensions of clay during 24 h, a
deposit was washed by water and condensed.The sample, after separate from a
liquid phase, dried at first at the room temperature, and then at 110°C (2h) with the
subsequent rise the temperature up to 180°C (4h). After cooling the firm mass was
pounded to a powder, it was sifted in fractions with the certain sizes of particles.
Fractions of particles modifying clay in the further was impregnated with aqueous
solution o rhodium-RhClz-3H.0 (0,5-1,0 mass% Rh ). The received dense mass
was dried on a water bath, then subjected heat treatment during 6 h at 180°C.

Definition of catalytic activity. Before experience sample ofthe catalyst 0,1g
was reduced by hydrogen at 250 °C during 4 h. After reduction the catalyst was
cooled in the environment of hydrogen up to a room temperature and under a layer
of cyclohexane was transferred to a steel autoclave with working capacity 100 cm?®
the supplied by mixer and a sampler. For the hydrodearomatization is taken 50 cm?®
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mixture of benzene and cyclohexane/V (benzene:V(cyclohexane) = 1:1/ Dilution
by cyclohexanewas made for dispersion of heat allocated athydrogenation of
benzene and aspiration process to spend in conditions of ideal mixture. Initial rate
of hydrogenation was defined bydifferential graphic method fromthe change
concentration of benzene independence of time.Pressure of hydrogen was measured
by a manometer and varied in an interval 0.5-6.0 MIIa, and temperature of reactions
changed from 120 up to 200 °C.

X-raying analyse of samples was obtained on diffractometer using CuK -
radiation. A specific surface of catalysts it wasdefined by adsorption method.

The analysis of reaction products were spent by Chrom-4. Length of a column
is 3 m,diameter - 3 mm filled by firm carrier « Chromaton-N» processed with liquid
phase « Polyethylenglycol adipate» (15 % mass. of the carrier).

Temperature of a column 100°C, temperature of the evaporator 150 °C. Gas
carrier-argon, velocity of the gas ocarrier - 50 cm®minute. 0,50-0,54 cm?/g,
interlaminar distances doo: from 0,90 up to 2,04 nanometers.

RESULTS AND DISCUSSION

Usingadsorbents of pillar structural form in catalyseand sorbtion processes
was an incitement for development of methods of their synthesis and their reception
from natural clay. Table 1 shows some physical characteristics ofrhodium support-
catalyst were as carrier is served pillar structural montmorillonite containing
inbentonite clay received from the South-Kazakhstan area of Republic Kazakhstan.
Modifying bentonite clay by polyhydroxocomlexes Cr(l11) leads to growth of a
specific surface from 64 up to 260 m?/g, total volume of porous from 0,18 cm®/g
up to 54 cm®/g, interlaminar distances from 0.90 up to 2.04 nm.

Table 1 — Some parameters of pillar structural montmorillonite modified by chromium

The maintenance S, dooznano | Total volume Loss of thermostability
of ions chromium, m/g meter of porous,
mmole/g.clay cmd/g T°C Ssp,m?/g

- 64 0,90 0,18 140 20
5 130 1,30 0,40 360 80
10 160 1,60 0,46 440 110
15 240 2,02 0,50 500 220
20 260 2,04 0,54 560 240
30 240 1,90 0,51 500 230

The maximal distance 2,00-2,04 nanometers corresponds to concentration of
chromium about 15-20 mmole per gram of clay where between the layers settle
down polyhydroxocomplexions of chromium [6].

Increase the concentration of chromium above 20 mmoleper gram of clay does
not lead to the further growth of distance. It is probably connected by that in a
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solution there are not hydrolized forms of chromium chloride which do not in-
fluence formation pillar structures. The similar phenomenon with polyhydro-
xocomplex ions of iron (I11) also was revealed in [7]. Modifying montmorillonite
minerals containing in bentonite clay gives to them heat resistance. The specific
surface of samples(containing 15-30 mmole Cr*) were defined after heat treatment
at 180°C are 240-260 m?g and increasing the temperature up to 500-560°C
decreases this value insignificant to 220-240 m?%r, accordingly. Not modified
bentonite clay lost their porosityat 140°C, and a specific surface made 20 m?/g.

Received modified montmorillonitewas used for preparation rhodium support
catalysts (0,5-1,0 mass. % Rh) which was used for hydrogenation of benzene.

The specific surface of support catalysts are enoughand firstly were defined
influence of an internal surface of catalysts to the hydrogenation rate of benzene.In
order to was defined a criterion Tyle -Zeldovich which directly proportional to the

resulted radius of the catalyst
k
=R, |—,
#=R,, D

where R ¢ — the resulted radius of particles of the catalyst (for spherical particle
Ro=R/3); k — a constant of rate of reaction; D — effective factor of diffusion of
reacting molecules on a surface inside of porous

For gases the factor of diffusion has the order of 0,1 cm?/sec, and for liquid
molecular diffusion -10-° cm?/sec. [8]. On their data, the factor of diffusion for gas
dissolved in a liquid has the same order, as for the liquid of 10° cm2/sec. At 120°C
saturated vapor pressure of benzene, is equal 2 bar. Fugacity of benzene vapor in
this condition is equal f ~ 0,80 bar. Activity coefficient of liquid benzene at 120°C
and 40 bar is equal 0.95. At the general of pressure of system 40 bar fugacity of
benzene is equal to 38 bar. Constant of phase balance: k=47.5 which allows to
judge that benzene is basically in a liquid phase Constant reaction rate of
hydrogenation of benzene was defined at presence of a powder of the catalyst with
the average size of particles about 0,1 mm which has value 2,3 10 sec 1. The factor
of efficiency - a degree of use of an internal surface is defined from the relation
the/g, and the value of the calculated by equality:

@ =[exp@)-exp(-@)1/ [exp(¢) + exp(-¢)] .

The calculated values of parameters for hydrogenation of benzene at presence
of porous catalysts are shown in table 2.

Data of table 2 shows, that using the catalysts with average diameter of artic-
les about 1 mm the factor of efficiency is 0.86 and at 2 mm - 0,63. On the basis of
these data, it is possible to conclude thatthe internal surface of system is used
effectively, at the size of particles of catalysts less than 0.8 mm.

For the subsequent experiences at the hydrogenation of benzene were used
catalysts with the average size of particles less than 0,4 mm. As experiences were
spent at intensive hashing (2000 rev/min) the influence of external diffusion can be
neglected.
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Table 2 — Change the factor of efficiency from the size of particles on the 0,5 % Rh/carrier
Condition: m (kt) =0,1 g, t = 120°C, P (H2) = 40 bar., C(benzene) = 2.8 mol/L

The average size of diameter of particles of the catalyst, mm 0] th ¢ 9
0,2 0,13 0,14 0,99
0,4 0,31 0,30 0,98
06 0,47 0,44 0,94
0,8 0,62 0,55 0,90
1,0 0,75 0,64 0,86
2,0 1,56 0,97 0,63

-+ W*lO,2 Monb/n*c

240 —

2,00

1,60

Condition: t = 120 °C; P(Hz2) = 40 bar. C(benzene) = 2.8 mol/L
Figure 1 — Change of rate hydrodearomatization as a functionof of the size catalyst particles

At the hydrogenation of benzene, in the studied conditions, the unique product
of reduction was cyclohexane.

The change acidity of support catalysts often leads to change its selectivity.

Well-known, preadsorbed water promotes formation variety acid and basicity
centers of surface [3].

Next experimentation carry on to figure out the influence of water to hydro-
genation of benzene at presencesupport catalysts where as carrier is used pillar
structural montmorillonite modifyingby polyhydroxocomplex chromium. Results
of hydrogenation of an aromatic ring are presented in table 3.

From table 3 follows, presence of water in system at hydrogenation of benzene
on 20 minute of process leads to formation of 6 % mass cyclohexeneand 28 %
mass.of cyclohexane . The further increase in volume of water leads to reduction
of an output of products of hydrogenation.

In our opinion, the aromatic ring, after connection of four atoms of hydrogen
is hydrogenated up to cyclohexane not leaving a surface of the catalyst. Alongside
with it, it is possible to believe, formed cyclohexeneis superseded by molecules of
water [10-12].
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Table 3 — Hydrogenation of benzene at presence of water on 0,5 % the Rh/carrier.
Condition: m (kt) =0,1r, t=120°C, P (H2) = 40 atm.

Initial mix, Output of products of hydrogenation (% mass.) on time, minute
ml CsH1o ‘ CeH12 CsH1o | CeH12 CsH1o ‘ CeH12
CeHs | CeHis H20 10 20 30

25 25 - - 30 - 58 - 74
25 20 5 25 20 4,0 36 3,0 48
25 15 10 3,0 18 6,0 28 5,0 41
25 10 15 2,0 14 3,0 24 3,0 30
25 5 20 1,0 10,0 2,0 14 2,0 18

The given circumstance testifies in favour of consecutive connection of
hydrogen to aromatic ring.

However, in reactionary system the formation of cyclohexadiene which should
be superseded also by molecules of water from the surface of catalyst is not obser-
ved. Probably, velocity of hydrogenation of cyclohexadiene prevails its desorption.
Alongside with it it is possible to believe, that formation intermediate cycloolefines
promotes character of adsorption of benzene which can be carried out in the form
of plane and costal orientation. Combinations of the support rhodium catalyst at
presence of molecules of water creates favorable conditions to destruction - elec-
tronic system of an aromatic ring, focusing costal adsorption of benzene. Probably,
in structure of the activated complex benzene participates with 4p-electrons of rings
which subsequently attaches four atoms of hydrogen. The given assumption does
not contradict 18-electronic rule [13].

Conclusion. Thus, it is developed rhodium supportcatalyst forhydrogenation
of benzene and defined the factor of efficiency using the internal surface of porosity
systems. Presence of water in hydrogenated system leads to phasic course of
restoration of benzene on a surface of the catalyst with formation cyclohexane and
cyclohexene. The received experimental results expand a circle of data in the field
of hydrodearomatization motor fuels, especially transformations of aromatic hydro-
carbons cycloalkans.
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INEPUOATBHI PEAKTOPIA BEH3O0JIIbI TUAPOT'EHU3AIIUAJIAY

Kenripinren crarbsina TachIMaaFbllIKa OTHIPFBI3BUIFAH POJUN KaTallM3aToOphl Ka-
TBICBIH/IA CYHBIK (pazana OeH30J11bI THAPOreHU3aLMsIIAY KaKapacTelpbluFad. Taceimania-
FBIII peTiHAe OCHTOHMUT Ca3blH KYPaWThIH MOHTMOPWIJIOHMT MHUHEpaJbl Iaii/IajibIHa/IbI,
BeHTOHHT ca3bIHa KeyeKTi KypbUIbIM Oepy YIIiH HOJHUIOJPOKCOKOMIUIEKC TY3ETIH XpOM
noHapsl naiaanansuFad. KeyekTi KypblabM amy OapbIChIHZIA 9pOip rpaMM TOIBIPAK ca-
3prHa 20 MMOITE XpOM HOHBIHBIH MOJIIepi )KeTKUTIKTI. KOHIIeHTpaIisHbl apTTRIpy Oaphl-
CBIH/Ia XPOMHBIH THAPOJIM3Te YIIBIPAHTBIHABIFE eCKepiIreH. MOHTMOPHIUIOHUTKE Oepii-
TeH KEyeKTi KYPBUIBIM TachIMAJJaFbllll OOWBIHA TEPMUSIBIK TYPAKTBUIBIK JKOHE OHBIH
MEHINIKTI ayjgaH OeTiHiH apTyblHa cebemmi Gonambl. Kypampeimga 15-30 mmons Cr3*
Meepi 6ap keyekTi KypbulbiMabl 6eHTOHUTTI 180 °C TemmepaTypachiHIa KbI3IBIPYFa
YUIBIPATHII OHJACT€HHEH COH OHBIH MEHIIKTI ayiaH Geri 240-260 M%/T, maMachkH, ai
temneparypansl 500-560 °C neiiin xorapbuiaTKanaa, mamana rana 220-240 M?/r, mama-
ChIHAa ©3repeTiH/Ir aHbIKTalIFaH. OHJeJIMereH OEHTOHUT Ca3 TOIBIPAKTaphl KEYEeKTiTiK-
tepin 140°C TemmeparypachiHaa KbI3AbIPFaH/Ia )KOFAITabl oHe 0yt 20 M%/T mamMaceIHIa
6onanel. KeyekTi KypbUIBIMHBIH IIIKI KybIC OETTEpiH MaiijianaHy, ajblHFaH OeJIeKTep-
IIiH eJImeM TypiHe OaimaHbICTH O0Nansl. ATalbIHFAH THAPIIEY — ACTHAPICY peaKIusIaphl
ra3 KYHiHAET1 CyTeKTi TachIMaliay JKOHE CakTay MoceseliepiMeH alHaBICAThIH CYTEKTiK
TEXHOJIOTHUS CaaChIH J1a KaTTHI KBI3BIKTHIPYIa. ApOMAaTTHl CaKHHAHBIH opOip MO e3iHeH
YII ece KOl MeJNIIepAeri CyTeriHi KypaMbIHA KOCHII amansl. JleMek, THIMII TeXHOIOTHs-
JIBIK JKaFJaiapaa THApIey YACPIiCiH Ky3ere achIpy YIIiH XUMIBUIBIK ©3TepiCTepAi OHTalIbI
KYPTi3eTiH KaTajam3aTropiap >KyHeJepiH ally *oHe oJapAbl CHHTE3Aey Maceneepi TyBIH-
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Jaiapl. ATanFaH Maceselepli IISIly >KOJIBIHAA TachIMaJIJarblill OETIHE OTBHIPFBI3bLIFaH
POJMIA KOCBUIBICTaphl KapacThIPbULABL. AJIBIHFAH KaTalu3aTopJIap/bIH iIIKi KybIC OeTTepiH
nalJananyibl CUMAaTTaUTBIH KOA(MQUIMEHT IIamMachl aHbIKTAIBIHABL YJEpicTi XKyprisy
OapbIChIH/A OpEKeTTeCy JKYHECIHAE a3/iaraH ¢y OOJTybl XUMHUSUIBIK PEaKLUSHBIH [IUKIIOTeK-
CCeH apKbUIbl CaThlaln OTETIHAITH KepceTeai. AJIIHFaH MAJIIMETTEpP apOMAaTHKAJIbIK CaKu-
HaJIbl KOCBUIBICTAPBl CYTEKIICH KaTalIu3aTop KATHICHIHAA [HKIOAJKaHIapFa alHaIbIpy
TYPFBICBIH/IAFBI MOTIMETTEepl KCHEHTEI.

Tyiiin ce3aep: runpiey, 6eH301, CYHBIK (aza, peakTop, poauii, KaTalIn3aTop, IIHKIO-
aJIKaH.
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H. XKanabaii, A. Ymenbaesa, M. Epmaxanos,
A. Kupeusbaesa, b. Xaccankxooaicaesa

I'MIPOTEHALIMA BEH3O0JIA
B PEAKTOPE INEPUOANYECKOI'O JEMCTBUA

B cratbe paccMmarpuBaeTCs THIPHPOBaHUE OCH30JIa B KUAKOU (pa3e B MPUCYTCTBUH
HAaHECEHHOTO POAMEBOTO KaTaiun3aTtopa. B kauecTBe HOCHUTEIS UCIIONB3YETCS CTOIOYATHINA
CTPYKTYPHBI MOHTMOPHIUIOHHT, TOJy4aeMbI U3 OCHTOHWTOBOH TNUHEBI. [loBhITIeHHE
KOHIIGHTpaluy XpoMma Beimie 20 MMOJIb Ha TpaMM TJIMHBI HE MPUBOIUT K JajbHEHIIEMY
POCTy paccTosiHus. BeposTHO, 3TO CBsI3aHO C T€M, YTO B pAaCTBOPE OTCYTCTBYIOT THAPOJIHU-
30BaHHBIE (POPMBI XJIOPHIa XpOMa, KOTOPhIE HE BIUSAIOT Ha (POPMHUPOBAHKE CTOJIOYATHIX
CTPYKTYyp. Moaudukanus MUHEPAIOB MOHTMOPWIUIOHHTA, COJEPKAIINXCS B OCHTOHH-
TOBOI1 INIMHE, IPUJAET UM TEPMOCTOMKOCTh. Y IeNbHasl TOBEPXHOCTh 00pa3LoB (coaepika-
mux 15-30 mmois Cr¥*), onpenenennas nocie tepmMootpadotku npu 180 °C, cocrasnser
240-260 m?/t, a moBbImeHNe Temuepatypsl 10 500-560 °C cHmKAeT 3To 3HAYEHHE HE3HA-
gurensHo 10 220-240 M2/T, cootBeTcTBeHHO. HemMoanuduuupoBanuas 6eHTOHUTOBAS TIIMHA
noTepsia nopuctocTs npu 140 ° C, a yaenbHas NoBepXHOCTh cocTauia 20 M%/r. CTeneHb
HCTIONB30BaHMUs BHYTPEHHEW MOBEPXHOCTH ITOPUCTOM CHCTEMBI 3aBHCHT OT pa3Mepa dJac-
TU1. Peaknum ruapupoBaHus — AETHAPUPOBAHIS IUKIHIECKUX YTICBOAOPOIOB OTPOMHBIN
HHTEpPEC NPEACTABIAIOT B BOJOPOIHOM TEXHOJOTMH ISl COXPaHEHHS Ta3000pa3HOTO
Bosopoaa. Kaxplit Mo OEH30J1a 1 €r0 IIPOU3BOJHbBIE IPUCOETUHSIOT TPU U O0Jiee KOJH-
4YecTBa BOJIOPOJIA, U SBISICTCS YHUKATBHBIM OOBEKTOM MPU XPAHCHUU U TPAHCIIOPTHPOBKE
razoo0pasHoro Bogopoja. Takum oOpa3oM, HEOOXOIUMOCTh Pa3pabOTKH KaTaJM3aTOpPOB
THIPOJCTHIPUPOBAHUS TalkKe BO3HHUKACT B JIOCTATOYHO MSTKHX YCIIOBHsX. Pazpaboran
POJMEBBI HOCUTENb KaTaju3aTopa Uil TWApPHpOBaHMs OeH3oia M omnpexaeneH koaddu-
LIUEHT MOJIE3HOr0 NECUCTBUS C UCIOIb30BAHUEM BHYTPEHHEN IOBEPXHOCTH IIOPUCTBIX CUC-
TeM. [IprcyTcTBHE BOJBI B THAPOTCHU3UPOBAHHON CHCTEME IMPUBOAMT K TIOATAITHOMY TIPO-
IIECCY BOCCTAHOBIICHHs OCH30J1a Ha IMOBEPXHOCTH KaTalM3aTopa ¢ 00pa3oBaHMEM IUKIIO-
TeKCaHa W IUKJIOTeKceHa. [loydeHHBIe JKCIepHMEHTANbHBIE PEe3yNbTAThl PACIIUPSIOT
KpYT MaHHBIX B 00JAaCTH THIPOAECAPOMATH3AIWH MOTOPHBIX TOIUIMB, OCOOCHHO IpeBpa-
IICHAH apOMAaTHYECKUX YTIIEBOJIOPOIOB B IIUKIIOAKAHBL.

KiroueBble coBa: ruapupoBaHue, OCH30M, XKHUIKas (as3a, peakTop, pOIwid, Kara-
JU3aTOP, IIUKIJIOATIKAH.
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AKUNIKOPAZHOE T'MIPUPOBAHUE IUKJIIOIIEHTAIUEHA
HA MOJUPUITNPOBAHHBIX CKEJIETHBIX HUKEJIEBBIX
KATAJIM3ATOPAX

AnHoTanms. B pabore mpuBeneHbI pe3ybTaThl HCCIICIOBAHUS MPOLECCa THIPUPO-
BaHUS [UKJIOMCHTAHEeHA Ha MOIU(HUIIMPOBAHHBIX CKEJIETHBIX HUKEIEBBIX KaTalu3aTOpax.
IToka3aHo, YTO aKTHBHOCTh MHOTOKOMITOHEHTHBIX CKEJCTHBIX HHUKEJIEBBIX KaTAIN3aTOPOB
[pU THAPUPOBAHHM LUKJIONEHTAMEHA B 3HAYMTEIBHOW Mepe 00YyCIIOBIIEHA MPUPOIOWH
00aBOK, BBOAMMBIX B MCXOAHBIN ciiaB. Beenenne B crmaB Cu, Pb, Ta, Zn, Mo-CuBi u
Mo mpusoaut k pocty aktuBHocTH (W = 14-280 cm®mun-r Ni) W CceleKTUBHOCTH
(Ks = 0,93-0,99) rugpupoBanus mukioneHraauena, nodasku Cr, Ti, Sn u Cr-Cu He
OKa3bIBAIOT CYLIECTBEHHOTrO BIMsHHSA. B pe3ynbrare Hpu THAPUPOBAHHMM IHKIIONEHTA-
JIMeHa 00pa3yeTcs MPOMEXYTOUHbBIH allKeH — [UKJIONCHTeH. JTO CBA3AHO C IUKIMYECKUM
CTPOCHUEM IUKJIONCHTANCHA, 00YCIOBIMBAONUM 00Pa30BaHHE HUICHTHYHBIX MOJCKYJ
IUKJIOAJIKCHA TIPU MPUCOCIUHEHUH BOJIOPOJa B JII0O0E moyiokeHue. HachlmeHue mukio-
MEHTACHA MOJHOCThIO 3aKAHYMBACTCS IMPH MOTJIOMICHUH | MOJsI BOJOPOJA, MPH ITOM
MOJKHO TIOJYYHTh C BHICOKAM BBIXOJIOM IMKIIOTICHTCH.

KiroueBble cjioBa: Kataian3arop, UKIONCHTAINCH, THAPUPOBAHUE, HUKETb.

Beenenne. OqHUM 13 KPYIMHOTOHHAKHBIX MPOIECCOB HEPTEXUMHU U HE-
TenepepaboTKH SABISETCS KaTaJIUTHYECKOE THAPUPOBAHIE HEHACBHIIICHHBIX yTJIe-
BOoJ0poA0B. [Iporiecchl ruApupoBaHus MOTYUYUIN aKTYaIbHOCTh B CUJTy HAJTUYUS B
oJIe()MHOBBIX Ta30BBIX IMMATOKAX MPUMECEH alleTHUIICHOBBIX U JHUCHOBBIX YIJIEBO-
JIOPOJOB, YIAICHHE KOTOPBIX SIBISICTCS BaKHOM 3amadeil. XoTsa pa3paboTaH psa
MPOIIECCOB YKUJIKOCTHON OYMCTKU C MPUMEHEHUEM PAaCTBOPUTENEH s u30upa-
TEJIHHOTO YJIAJICHUS alleTUICHOBBIX YIJIEBOJOPOAOB, O0Jiee 3KOHOMHUYHBIM OKa-
3bIBACTCA HX H36I/IpaTeHBHOC KaTaJIUTU4YECKOC THAPUPOBAHUC 0e3 BOBJICUEHHS B
peakiuio camux ankeHoB [1,2].

Jis noBbimeHus 3Q(EKTUBHOCTH CEJIEKTHBHOTO THIPHPOBAHUS BBHICOKOHE-
HACBILIEHHBIX MPUMeced B YIJIEBOJOPOAHBIX MOTOKaX HEOOXOAMM IEJIeHAIpaB-
JICHHBIM IOOXOH K BI)I60py KaTaJIUTUYECKOM CHUCTEMBI, KOTOpas JOJDKHA YIIO-
BIIETBOPSATH OIPENIEIICHHOMY KOMIUIEKCY TPeOOBaHUH: BHICOKAs aKTUBHOCTH KaTa-
Ju3atopa B IMpolLecce THAPUPOBAHMUS, MO3BOJSIONIAS JOBOJIUTH KOHBEPCHUIO TPU-
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Mecelt mpakTruecku 10 100%, BeICOKas CENEKTHMBHOCTh KaTalU3aTopa MO aJKeHy
(ae Hke 80%, a xenatenbHO — 95-99%), cTaOMIBHOCTH PabOTHI KaTalu3aTopa,
HEYyBCTBUTEJIBHOCTh KAaTAIM3aTOpa K OTPABJICHUIO NMPOAYKTAMH PEaKLUH, IIpoc-
TOTa TOIy4EHHUs], JIETKOCTh PETeHEPallui U HU3Kasi ce0eCTOMMOCTh KaTalln3aTopa.

B nacrosmiee BpeMs B IPOMBIIIJICHHOCTH B KAU€CTBE KaTaIM3aTOPOB CEJeK-
TUBHOT'O THAPHPOBAHUS UCIIOJIB3YIOTCS Pa3IMuHble HAaHECEHHbIC KaTaln3aTopbl,
MO3BOJISIFONIUE YBEITMYUTH MIOBEPXHOCTh AKTUBHOI'O KOMIIOHEHTA, MPEJI0TBPATHTh
CIIEKaHUE U COKOHOMHUTDH JIOPOTOCTOSIINN MeTall. B KauecTBe akTUBHBIX KOMIIO-
HEHTOB HAHECCHHBIX KAaTaIM3aTOPOB THIPUPOBAHMS KPATHBIX YTIIEPOJI-YTIEPO.
CBsI3eil B IIPOMBIIIICHHOCTH UCIIOIBb3YIOTCS METAJLIbI INIATUHOBOM rpymmbl: Pt, Ph,
Ru, Pd, Hanecennbie Ha HocuTei. HecMOTpst Ha BRICOKYIO H30UPaTEIbHOCTD THI-
pHpOBaHUs, IPUMEHEHHE KaTalU3aTOPOB, COAEPKAIIMX OJaropoAHbIe METalIbl,
YBEIIMYMBAET CEO0ECTOMMOCTH Tiporiecca. Hanbosee mpuMEHUMBIM SIBIISIETCS KaTa-
JU3aTOp THIPUPOBAHKS HA OCHOBE HUKEJISI, 00JIaIatoInil BBICOKOH aKTHBHOCTBIO
U CPaBHUTEIHHO HU3KOW CTOMMOCTBIO IO CPAaBHEHHMIO C KaTaIU3aTopaMy Ha OCHOBE
07aropoIHbIX MeTasuioB [3].

Becbma 3¢ (hekTHBHBIME ¢ IPOMBIIIICHHOW TOYKH 3PEHUST IPU3HAHBI MHOTO-
KOMIIOHEHTHBIE CKEJIETHBIC HUKEJIEBbIE KaTalIN3aTOPbI, YCIIEIIHO UCTIOJIb3YEMbIE B
Pa3NUYHBIX THIPOTr€HU3ALHMOHHBIX Mpoleccax. ITO 00YCIOBIEHO BBICOKOHM ak-
TUBHOCTBIO U CEJIEKTUBHOCTBIO; TIPOCTOTOM MPUTOTOBICHHS M PEreHepaIiu; cTa-
OMIIBHOCTBIO B paboTe, YCTOMYMBOCTBIO K OTpaBlIeHHIO. VIHTEHCUBHBIMH HCCIIE-
JOBAaHMSIMH ITOCTIEIHUX JIET TOKAa3aHO, YTO MOIU(PHUIHNPOBAHNUE CKEIETHOTO HUKEIIS
Pa3NUYHBIMUA METAJUTAMH MO3BOJISIET B IIMPOKOM JHANa30HE PEryIUpoBaTh CBOM-
cTBa Karanu3aropa [2-4].

B nacrosmeit paboTte mcciaenoBaHbl KaTaJTUTUYECKas aKTHBHOCTh U CEJIEK-
TUBHOCTh MHOTOKOMITOHEHTHBIX HHUKEJIEBBIX KaTaM3aTOPOB B PEAKIHAX THUAPH-
pOBaHUs IUKJIONCHTAANEHAB YTAHOJIE.

OKCIIEPUMEHTAJIBHAS YACTD

B Ttabnune 1 npuBeneHs! GU3NKO-XMMUYECKHE XapaKTEPUCTUKN LIUKIIOIECHTa-
JMEHA.

Ta6JII/IL[a 1 — OcHoBHBIE (1)I/I3I/IKO-XI/IMI/I‘{CCKI/IC XapaKTCPUCTUKU NUKIIONICHTAAUCHA

Temme-
Monne- aTvDa [nor- | [Tokasarens | PacTBOpPUMOCTS B:
HasBanue, Dopmyna KyJIsIp- me}[lg HOCTb, NIPEJIOM-
CHHOHVMBI Hast dz° JICHUS, 9Ta- | rek-
Hud, 20 BOJIC
Macca °C np HOJE | caHe
IMuxo- CH —— CH
IeHTa- | | | 6611 | 425 | 08048 1,4446 | mp. | o | o
auen-1,3 CH cH
CHz
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KartanuzaTop rotoBunm cneayromum odpaszom: HaBecky (0,4-0,8 T) u3mens-
YEHHOI'0, MOPOINKooOpa3Horo cruiaBa, ¢pakmus 0,06-0,20 MM (cocTaB CILUTaBOB
npuBezaeH B Tabuuie 1) oopadareiBanu 20 %-m pactBopom KOH npu remnepatype
96 °C, na kumsmeid BonsHOW OaHe B TedyeHue 2 4. OTMBIBKY BOJOH OT IIETOYU
MIPOBOIMIN TUCTHUIMPOBAHHON BOJIOHM IeKaHTAIMeH 4-5 pa3, 10 OTpUIIaTeIHLHOM
peakuuu Ha OH™-nOHBI B TPOMBIBHON BOJE. 3aTeM KaTaliu3aTop OTMBIBAJIH pac-
TBOPHUTEJIEM, B KOTOPOM OCYIIECTBIISLIH THAPUPOBAHUE (ITAHOIN).

I'mapupoBanye MPOBOIUIN B TEPMOCTATHPOBAHHON KaTAIMTHIECKOH "yTKe"
[3-5] mpu armocheprom maBiennu u temmeparype 20°C. TIponsBoaniach OIHO-
BpPEMEHHAsl PEerucTpalys CKOPOCTH peakuuH (KOJMYECTBO MOTJIOLMIEHHOTO BOJO-
poa B €IMHUIYY BPEMEHHM, CM>/MHUH) M MOTEHIMANa KatanusaTopa (MB) otHOCH-
TEILHO KAJIOMEIBHOTO AJIEKTPOIa cpaBHEeHUS 110 MeToauke [3-5]. [lepen peakiueit
KaTalu3aTop HACKILAJICS BOJOPOIOM B pacTBopuTele (00beM 25 cm®) 10 ycTaHoB-
JeHusT 00paTUMOro BOAOPOTHOIO MOTeHUHMana. [ WapupoBaHHE NPOBOAWIH B
kuHeTnueckoM pexume (700-800 kauaHuit/MuH).

KoadduimeHT ceeKTUBHOCTH THAPUPOBAHUS ajKaareHa (MK ajKuHa) ompe-
nensuy o gpopmye 1:

BBIXO/] ajikeHa,%

K, = 1)

BbIX0/ (anKeH+ankaH), %'

Xpomatorpaduueckuii ananu3 BoinojHsum Ha Xpomoc ['X-1000 («Xpomocy,
Poccust) ¢ mmaMeHHO-MOHU3AIMOHHBIM AETEKTOPOM B H30TEPMHUYECKOM PEXKUME,
HCIIONB3YS KanmmwuIIpHyo KooKy BP21 (FFAP) ¢ momsiproi#t dazoit (11917, moau-
¢duupoBaHHbId HUTpOTepedTanaTom) IIMHONH 50 M M BHYTPEHHHM AHAMETPOM
0,32 mM. B xononke noanepxusanu remmneparypy 90 °C, temneparypa B UCIapu-
TeapHON Kamepe coctanisiia 200 °C, ra30M-HOCHTEIEM CITY KU TeJIHid, 00beM BBO-
nuMoit ipoOsr — 0,2 Mku1. [IpoObl skuaKON peakMOHHOW CMECH OTOMpAaN B XO/€
ombiTa 2-3 pasa.

Peakiust runpupoBaHrsl UKJIONEHTAANEHA MOXKET MMPOTEKaTh MO JBYM Ha-
MPaBJICHUSM:

CH — CH CH —— CH HoZ —— CHz
| I R | — | |
CH CH CHa CHa HaC CHa
CHa CHz CHz
| L

Kpusple rrnpupoBaHus IUKIONEHTaAUEeHA (PUCYHOK 1) Ha MOAUQHUITUPO-
BAaHHBIX CKEJICTHBIX HUKEIICBBIX KaTaau3aTopax MMEIOT "CTyleHdJaThit" X0, OT-
paXKAOIIUK CTaUHHBIA XapakTep peaknud. | uapupoBaHUE IHMKIONCHTAINCHA
MPOTEKAET C OCTOSIHHOM cKkopocThio. K MoMeHTy mornormienus 1 Moist Bogopoaa
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HaOJII0/TaeTCS TIEPEIOM, U HACHINIEHHE 00Pa30BaBIIETOCS IUKIIOMEHTEHA HJIET C
MeHbIIeH ckopocThio. OTHOIIEHUE W uen/We=c cocTaBnsier 1,6-4,0 1 3aBUCHT OT
IpUpoIbl MOAUGUIUPYOIKX H00aBok (Tabiuma 2). Ha karanuszaropax, coaep-
skamux pobasku Cu, Pb, Mo-Cu u Bi naGmromaeTca HanOoOJIbIEE OTHOIIEHUE
We/ We=c = 2,2-4,0. CTaguiiHblii XapakTep TMAPHUPOBAHUS LUKIOINCHTAINCHA
(buKcupyeTcsl Takke Ha TMOTEHIIMOMETPUUYECKUX KPHUBBIX. HauanpHOE CMeEIIeHHE
MTOTEHITHAIA KaTaJu3aTOpOB B 3aBUCHMOCTH OT TPHUPOILI MOIH(DHUITUPYIONTHX
no6aBok B Ni-Al cmase coctaBisier AE = 150-340 mB. HacrliieHue 1IUKI0n€EH-
TeHa UJET Ipu OoJiee KaTOAHBIX 3HaUeHusaX noreHimana (AE = 70-120 mB).

Tabnuna 2 — 'uapupoBaHue HUKIONEHTaAEeHA
Ha MHOTOKOMIIOHEHTHBIX CKEJIETHBIX HHKEJICBBIX KaTallM3aTopax B ITaHOJIE

CocraB Conepxanue Hgxnonerrazuen
criaBa Ni-AI-I(\)/Ie W W
Mmacc. % C=C-C=C c=C AEuau. Ks
1 2 3 4 5 6

Ni-Al 50-50 100 52 270 0,92
Ni-Al-Cu 40-55-5 145 58 180 0,98
Ni-Al-Cu 30-60-10 280 70 150 0,99
Ni-Al-Ag 48-50-2 136 76 260 0,97
Ni-Al-Zn 43-44-13 158 84 200 0,97
Ni-Al-Zn 28-36-36 250 135 190 0,99
Ni-Al-Ti 47-50-3 102 60 310 0,96
Ni-Al-Zr 45-50-5 90 54 290 0,94
Ni-Al-Sn 45-50-5 105 66 290 0,93
Ni-Al-Pb 40-50-10 180 63 270 0,98
Ni-Al-Ta 45-50-5 170 68 300 0,97
Ni-Al-Bi 45-50-5 158 77 260 0,98
Ni-Al-Cr 47-50-3 100 64 250 0,92
Ni-Al-Mo 45-50-5 144 72 340 0,98
Ni-Al-Mn 40-50-10 50 29 270 0,91
Ni-Al-Fe 45-50-5 56 32 240 0,95
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Ipooonscenue mabauyvr 2
1 2 3 4 5 6

Ni-Al-Pd 48-50-2 83 58 280 0,93
Ni-Al-Ti-Mo 44-50-3-3 120 65 260 0,97
Ni-Al-Mo-Cr 44-50-3-3 87 47 230 0,95
Ni-Al-Cr-Cu 42-50-3-5 169 65 300 0,97
Ni-Al-Ti-Cu 42-50-3-5 92 42 200 0,95
Ni-Al-Ti-Cu 42-50-3-5 73 42 210 0,94

W — aKTHBHOCTBH KaTaau3aTopa, cM3/MuHTNi; AEuas. — HauanbHOE CMEIIEHHUE TTOTCHIMATA

katanu3aropa, MB; Ks — koadduimeHT ceneKTuBHOCTH.

AKTHBHOCTh MHOI'OKOMITOHEHTHBIX CKEJICTHBIX HHKEJICBBIX KaTaau3aTOPOB B
3HAYUTEILHOU Mepe O00YCIIOBJIEHA MPUPOAON JT0OABOK, BBOJAMMEIX B WCXOJIHBIH
cmias. Beenenne Cu, Pb, Ta, Zn, Mo-CuBi u Mo npuBOAUT K POCTY aKTUBHOCTH
(W=14-280 cm®*munTNi). Jlo6asku Cr, Ti, Sn n Cr-CU He OKa3bIBalOT CyIIe-
CTBEHHOTO BJIMSHUS HA aKTHBHOCTH Katanu3atopa (Tadbmura 2).

BBenenue momaBistoniero OOJMBIIMHCTBA JISTHPYIOIIUX JIEMEHTOB B UCXOJI-
HBIH CIUTaB MPUBOAMTD K POCTY CEJICKTUBHOCTH THAPHUPOBAHUS [IMKIIONCHTAIUCHA:
Ks Bospacraer n0 0,93-0,99. Uckmouenue coctapnsroT Cr u Mn (Ks=0,91-0,92)
(pucyHkwu 1, 2 u Tabnuua 2).

60
g 40
Z
%
o
= 20
0
0 20 40 60 80 100
SVy/2, em®
—&— Ni-Al-Mo-Cu (42-50-3-5%) —@— Ni-Al-Cu (40-55-5%)
—e— Ni-Al (50-50%) —e— Ni-Al-Ti-Cu (42-50-3-5%)

Pucynok 1 — Kpussle ruipupoBanus rukionentaauena (Axz = 100 cm®) B sTanose
Ha MHOTOKOMITOHCHTHBIX CKEJIETHBIX HUKEJICBBIX KaTaJIu3aTOpax Ha CIIaBOB
(HaBecka craBos 0,8 1)
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Pucynok 2 — VI3meHeHHe cocTaBa peakIMOHHOM CMECH B XOZ€ THAPUPOBAHMS [IUKIIONICHTAaANEHA
Ha ckenetHoM Hukene u3 Ni-Al-Cr (a)u Ni-Al-Ti-Mo (6) craBos
(ycnousi: HaBecka karanmzatopa 0,12, 1. 20 °C, napnenue Hz 0,1 MIla,
PacTBOPHUTENB-3TIIIOBBIN CIUPT 25 MII)

CornacHo KiacCH(UKAIMH MEXaHH3MOB KaTAJUTHUECKON THUAPOTCHU3AIIUN
[3], pu TUAPUPOBAHUY MHUKJIOMICHTAANCHA PEATH3YETCS MEXaHU3M, TIEPEXOTHBIIN
mexay Il u 111, Peakmus muMuTHpyeTcsl akTHBAIIEH BOIOPOIA.

[Ipu ruapupoBaHUM NUKIONECHTAJAUCHA 00pa3yeTcs OAMH MPOMEKYTOUHBIN
ankeH (muKIoneHTeH) (pucyHku 1 u 2). 3TO CBI3aHO ¢ MUKIMICCKUM CTPOCHHEM
IUKJIOTICHTaIMeHA, 00YCIIOBIIMBAIOIINM 00pa30BaHUE UICHTUIHBIX MOJICKYJT IIHK-
JI0ANIKeHA TIPH TPUCOSIUHEHWU BOAOPOAa B Jr000e TonoxkeHHe. Hackimenue
IUKJIOTICHTAINEHA [TOYTH TTOITHOCTHIO 3aKaHYUBACTCS ITPH MOTJIOMEHUH | MOJIS BO-
Z0pOJIa, TIPX STOM MOKHO TIOJTYYHUTh C XOPOIIUM BBIXOJIOM IUKJIONEHTEH (PUCYH-
ku 1 u 2). Herexummudeckas IpOMBIIILIIEHHOCTh BECbMa 3aMHTEPECOBaHA B CHHTE-
3e ATOro IuKJIoankeHa. [lomumepr3anyeit UKIONEHTEHA C PACKPBITHEM KOJIBIIA:

N ——» [-CH=CH-CH,-CH>-CH>-],

CUHTE3UPYETCS IOJIMIICHTCHAMED, O0JaJaloNuil TeXHUYECKHA [EHHBIMU DIIACTO-
MEpHBIMH CBOMCTBaMHU [6-9]. B CBsI3u ¢ 3TUM yBeIMYEHUE CENEKTUBHOCTU THU-
pupoBanus nukionentaauera ot 0,92 mo 0,97-0,99 nmpm MomubUIIIPOBAHHUH
CKeJIETHOTO HuKens Mmetamwiamu Zn, Cu, Mo, Pb, Bi, Mo-Cu, Ag, Ti-Mo u Ta
(Tabnmuma 2) uMeeT BaXXKHOE MPAKTUIECKOE 3HAUCHHE.
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3akiroueHue.

1. TlokazaHo, 9TO aKTUBHOCTh MHOTOKOMITOHEHTHBIX CKEJICTHBIX HUKEJIEBBIX
KaTaau3aTopOB TPU THAPUPOBAHUY ITUKIIONICHTAINEHA B 3HAYUTEIBHON Mepe 00-
YCJIOBJICHA IPUPOJION J00ABOK, BBOJAUMEIX B UCXOJIHBIN CIUIAB.

2. Beenenue Cu, Pb, Ta, Zn, Mo-Cu, Bi 1 Mo npuBOIUT K POCTY aKTHBHOCTH
(W = 14-280 cm®munTNi) u cenektusaoctr (Ks = 0,93-0,99) rugporennsanuu
nuknonentaaueHa. JJobasku Cr, Ti, Sn u Cr-Cu He 0Ka3bIBalOT CYIIECTBEHHOTO
BIIMSIHAS Ha aKTHBHOCTD U CEJICKTUBHOCTH KaTaan3aTopa.

3. Ilpu ruapupoBaHUM LMKIONCHTAIUCHA 00pa3yeTcs OMUH IPOMEKYTOY-
HBIH ankeH (IUKJIONEHTEH). DTO CBSI3aHO C NUKIUYECKHM CTPOCHHEM ITHKJIOTICH-
TajueHa, 00yCIOBIMBAOIIUM 00pa30BaHUE UICHTUYHBIX MOJCKYJ ITUKIOATKEHA
MIPH MIPUCOCAMHEHUHU BOJOPO/IA B JII000€ MOJIOKEHHE.

4. HacelleHre IUKIONEHTAINEHA IMOYTH TIOTHOCTHIO 3aKaHYMBACTCS MPH
rorJjonieHny 1 Mot BOAOPOA, IIPH 3TOM MOXHO IOJIYYHUTh C BBICOKAM BBIXOJIOM
LHKIJIONIECHTEH.
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U M. [lxncenovibaesa, XK. Kativipberos, C. M. Cyuimbaesa, 3. T. Epmonouna

MOJIMOUKALMSIIAHFAH KAHKAJIbI HUKEJIb KATAJIM3ATOPJIAPBIHJIA
LIKJIOTTIEHTAJIMEHI CYUBIK ®A3AJIBIK TMIPOTEHM3AIIMSIIIAY

byn makanana MogudukanuaIaHFaH KaHKAIbl HUKENb KaTaIu3aTopiapbl KaThICHIH-
Jla MUKJIONCHTAIUEH Il THAPICYIiH 3epTTey HOTHKenepi kenripiiren. [{uknoneHTagueHi
THJpJIEYIeT] KOIIKOMIIOHEHTTI KaHKa HUKEIb KaTaJIN3aTOPJIapbIHBIH aKTUBTUIITT OacTaIKel
KOpBITIIaFa CHTI3UINCH KOCHaJapblH TaOWFaThiHA OaMIAHBICTBI CKCHIIrT KOPCETUIreH.
Cu, Pb, Ta, Zn, Mo-Cu, Bi xone Mo KyiiMachiHa €HTi3y [MKJIONEHTaUEHII THAPIICYIiH
axtupTitirie (W = 14-280 cm®/mun r Ni) sxone cenexruprinirin (Ks = 0.93-0.99) xora-
poutatansl, Cr, Ti, Sn sxene Cr-Cu xylimanapsl aifrapibikTaid ocep erneiiai. Hotnmxkecinne
IUKIONCHTAANCHAl THAPIEY HOTIKECIHE apalbIK ajJKeH-IUKIONCHTEH Ty3imeai. by muk-
JIONIEHTaIUCHHIH IUKJII KYPbUIBIMBIHA OalIaHBICTBI, KE3-KEITeH OPBIHFA CYTEK KOCKaH/a
Oipmell NUKIOANIKEH MOJEKYJIaJapbIHBIH TY31LTyiH TynsIpagbl. L{WKIOmeHTagueHHIH Ka-
HBIKTBUIBIFBI | MOJIb CYTETiH CiHIpT€HAE TONBIFBIMEH asKTaIabl, a1 IUKJIONEHTECHHIH KO-
Fapsl OHIMIH alTyFa 0OJaIbl.

Tyiiin ce3aep: xatann3aTop, TMKIOTEHTAANEH, THAPIICY, HUKEIb.

Summary
I. M. Jeldybayeva, Zh. K. Kairbekov, S. M. Suimbayeva, E. T. Ermoldina

LIQUID-PHASE HYDROGENATION OF CYCLOPENTADIENE
ON MODIFIED SKELETAL NICKEL CATALYSTS

This paper presents the results of a study on the hydrogenation of cyclopentadiene on
modified skeletal nickel catalysts. It is shown that the activity of multicomponent skeletal
nickel catalysts in the hydrogenation of cyclopentadiene is largely due to the nature of the
additives introduced into the initial alloy. The introduction of Cu, Pb, Ta, Zn, Mo-Cu, Bi
and Mo into the alloy leads to an increase in the activity (W = 14-280 cm®min g Ni) and
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selectivity (Ks = 0.93-0.99) of cyclopentadiene hydrogenation, additions of Cr, Ti, Sn and

Cr-Cu have no significant effect. As a result, when cyclopentadiene is hydrogenated, an

intermediate alkene, cyclopentene, is formed. This is due to the cyclic structure of cyclo-

pentadiene, which causes the formation of identical cycloalkene molecules when hydrogen

is added to any position. The saturation of cyclopentadiene is completely completed upon

absorption of 1 mole of hydrogen, and cyclopentene can be obtained in high yield.
Keywords: catalyst, cyclopentadiene, hydrogenation, nickel.
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SELECTIVITY OF INTERPOLYMER SYSTEMS
WITH RESPECT TO LANTHANUM IONS

Abstract. The paper deals with the sorption of lanthanum ions by an interpolymer
system consisting of sulfonic cation exchanger KU2-8 and anion exchanger AV-17-8.
To predict the sorption activity of the intergel system, the mutual activation of the KU2-8
sulfonic cationite with the AV-17-8 anionite in the aqueous medium was initially studied.
Due to the mutual activation of hydrogels in the course of their remote interaction, the
polymer macromolecules pass into a highly ionized state, which leads to a significant
increase in the degree of extraction of lanthanum ions from polymer hydrogels in intergel
vapors as compared to the initial polymers.

We calculated the degree of extraction of lanthanum ions by the interpolymer system
KU2-8: AV-17-8, the degree of binding of the polymer chain (in relation to lanthanum ions)
with the initial ion exchangers and the interpolymer system KU2-8: AV-17-8. Based on the
data obtained, a comparative analysis of the sorption of lanthanum ions by individual
sorbents and an interpolymer system was carried out within the limits of the ratio KU2-8:
AV-17-8 =5: 1-1: 5.

It has been established that the maximum degree of sorption of lanthanum ions by the
KU2-8: AV-17-8 interpolymer system is observed within the ratio KU2-8: AV-17-8 = 2: 4
at 48 hours of remote interaction of the interpolymer system and is 54.73 mol. %, at which
the degree of binding of the polymer chain is 6.15%.

Keywords: intergel systems, hydrogels, KU2-8 cation exchanger, AV-17-8 anion
exchanger, remote interaction, La®*ions, sorption, desorption.

Introduction. The growing scientific and technical interest in rare earth me-
tals (REM) is due to their application in modern science-intensive fields of
technology. The Republic of Kazakhstan has unique reserves of rare earth metals
[1]. Rare earth metals are widely used in the modern world, as metals, alloys and
chemical compounds, they are used in various fields of technology: in the chemical
industry, ferrous and nonferrous metallurgy, electronics and electrical engineering,
as well as magnets and phosphors.
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Rare earth metals are characterized by an extremely low content in natural raw
materials, which determines specific methods for their production. After acidic or
alkaline opening of natural or technogenic raw materials in the course of the
technological chain, a gradual concentration of rare earths occurs, for which I use
various methods - extraction, ion exchange, precipitation. In the course of this pro-
cess, a 60-70% concentrate is obtained, containing all the rare earth metals.

At present, technologies for the concentration and extraction of rare earth and
other elements in hydrometallurium are based on the use of ion-exchange resins.
Today, the market for ion-exchange resins is quite large and diverse, and despite
the fact that sulfonic cation exchanger is a widespread and relatively cheap sorbent,
the study of the sorption extraction of rare earth metals by other ion-exchange resins
is of interest from the point of view of identifying selective sorbents.

EXPERIMENTAL PART

Equipment. The mass of sorbents was determined by weighing on a
SHIMADZUAY 220 electronic analytical balance (Japan). The determination of the
optical density of lanthanum nitrate solutions for the subsequent calculation of the
concentration of lanthanum ions was carried out on a KFK-3M spectrophotometer
at 650 nm.

Materials. The studies were carried out in solutions of 6-aqueous lanthanum
nitrate (concentration La®*= 100 mg/l). Industrial ion exchangers were used: a
strongly acidic cation exchanger KU2-8 - a sulfonated copolymer of styrene with
8% divinylbenzene (according to GOST 20298-74) and a strongly basic anion
exchanger AB-17-8 based on a copolymer of styrene and divinylbenzene with
benzyltrimethylammonium functional groups (according to GOST 20301-74).

For the research task, the interpolymer system KU2-8: AV-17-8 was made up
of industrial ion exchangers.

Experiment. The experiments were carried out at room temperature. lon-
exchange resins KU2-8 and AV-17-8 were taken in a swollen state to study the
sorption of lanthanum ions. lon-exchange resins KU2-8 and AV-17-8 were
previously left in distilled water for swelling (24 hours). Then polypropylene
meshes with ion-exchange resins KU2-8 and AV-17-8 were placed in glasses with
lanthanum nitrate solutions.

The study of the sorption properties of individual ion exchangers and inter-
polymer systems was carried out as follows:

1) The calculated amount of each ion-exchange resin (KU2-8, AV-17-8) indry
form was placed in polypropylene nets. The interpolymer system was composed of
ion-exchange resins KU2-8 and AV-17-8: KU2-8: AV-17-8;

2) Sorption of lanthanum ions by individual ion-exchange resins KU2-8,
AV-17-8 was carried out for 48 hours. During this time, aliquots were taken for
subsequent determination of the concentration of lanthanum ions.

Method for the determination of lanthanum ions. Method for the determination
of ions lanthanum in solution is based on the formation of a colored complex

89



XUMHYECKHHU )XYPHAJI KA3AXCTAHA

compound of the organic analytical reagent Arsenazo 111 with rare earth metal ions
(REM); the concentration of lanthanum ions was calculated on a KFK-3M
spectrophotometer at 650 nm [4-8]. The degree of extraction (sorption) was
calculated using the formula:

— Cinit—Cresid * 100% ’

Cinit
where C init — is the initial concentration of metal in the solution, g/ I; Cresia — is the
residual concentration of metal in the solution, g/ I.

RESULTS AND DISCUSSION

Our earlier studies [2-12] showed that almost all intergel systems based on
acidic (polyacrylic and polymethacrylic acids) and basic (poly-4-vinylpyridine and
poly-2-methyl-5-vinylpyridine) rare-crosslinked polymer hydrogels exhibit higher
activity than their constituents. Moreover, it was found that the ratio of polymers,
at which a high sorption of ions is manifested, differ significantly depending on the
nature of acidic and basic hydrogels and the nature of rare earth metals.

Figure 1 shows the dependence of the pH of solutions with the KU2-8:
AV-17-8 interpolymer system on time. As can be seen from the figure, their mutual
activation occurs, leading to a significant change in their electrochemical and
conformational properties. These results indicate the emergence of ionized struc-
tures with optimal conformation, providing an optimal ligand environment around
lanthanum ions.

pH —a—6:0
] —e 51
5,8 - —A—4:2
—v—3:3
—o—2:4
5,6 - —<— 15
—»—0:6
5,4
5,2
5,0
4,8 T T T T T T T T T T T ", h

0 10 20 30 40 50

Figure 1 — Dependence of pH of solutions by an interpolymer system KU2-8:
AV-17-8 from time to time
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Figure 2 — Dependence of the degrees of extraction of lanthanum ions
by the KU2-8: AV-17-8 interpolymer system on time

Figure 2 shows the dependence of the degrees of extraction of lanthanum
ions by the KU2-8: AV-17-8 interpolymer system on time. It should be noted that
the transition of polymer macromolecules to a highly ionized state due to the mutual
activation of ion exchangers during their remote interaction leads to an increase in
the degree of extraction of lanthanum ions from ion exchangers in interpolymer
vapors compared to the initial ion exchangers. As can be seen from the figure, in
the interpolymer system, the degree of extraction of lanthanum ions increases with
time.

The main amount of lanthanum ions is sorbed by the KU2-8: AV-17-8 inter-
polymer systems during 48 hours of their interaction with salt solutions. The
maximum degree of extraction of lanthanum ions is observed in the interpolymer
system within the ratios KU2-8: AV-17-8 = 3: 3-2: 4 after 48 hours and is 53.94
and 54.73 mol.%, Respectively. The degree of extraction of lanthanum ions by
individual ion exchangers KU2-8 and AV-17-8 is 37.8 mol.% and 41.34 mol.%.

Table shows the degree of binding of the polymer chain (with respect to
lanthanum ions) by the initial ion exchangers and interpolymer systems KU2-8:
AV-17-8 from time to time. The most intense binding of lanthanum ions by initial
ion exchangers and interpolymer systems occurs within 48 hours. High values of
the degree of binding of the polymer chain in relation to lanthanum ions are
observed within the ratios KU2-8: AB-17-8 = 3: 3-2: 4, is 6.06% and 6.15%,
respectively.This indicates a high degree of ionization of macromolecules as a
result of mutual activation of ion exchangers KU2-8 and AV-17-8. The degree of
binding of the polymer chain of individual ion exchangers KU2-8 and AV-17-8 in
relation to lanthanum ions after 48 hours is 4.12% and 4.60%, respectively.
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Degrees of binding of the polymer chain (with respect to lanthanum ions)
by the initial ion exchangers and the interpolymer system KU2-8: AV-17-8 on time, %

Ratio Oh 05h 1,5h 2,5h 45h 6,5h 24h 48 h
6:0 0.043 0.33 1.54 1.33 0.68 1.37 3.86 4.12
5:1 0.86 0.68 1.11 1.8 1.32 1.02 3.38 5.49
4:2 1.09 0.75 2.42 4.48 1.39 3.05 3.79 4.05
3:3 1.51 0.76 2.52 1.55 0.63 2.17 3.85 6.06
2:4 0 0.35 2.21 2.43 2.12 1.28 3.75 6.15
1:5 0.40 1.12 0.94 2.24 0.80 1.52 3.41 5.66
0:6 1.94 0.94 2.33 1.47 2.38 1.57 4.60 4.60

Conclusions.

1. As a result of remote interaction within the limits of the ratio KU2-8:
AV-17-8 =5: 1-1: 5, mutual activation of ion exchangers occurs, which consists in
the fact that inter-site chains acquire an additional charge without counterions.

2. The maximum degree of sorption of lanthanum ions by the interpolymer
system KU2-8: AV-17-8 is observed within the ratios KU2-8: AV-17-8 = 2: 4 at
48 hours of remote interaction of the interpolymersystem and is 54.73 mol.%. An
increase in the degree of sorption of lanthanum ions by interpolymer systems in
comparison with individual ion exchangers is associated with a high degree of
ionization of ion exchangers in the interpolymer system.

3. The results obtained indicate that it is possible to develop an interpolymer
system selective to other ions, which can be used for a highly efficient sorption
technology for the extraction of ions of rare earths and other elements from
industrial solutions.

This work was supported by the Science Committee of the Ministry of Edu-
cation and Science of the Republic of Kazakhstan under projects AR08856668
within the framework of grant funding for scientific research for 2020-2022.
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T. K. XKymaoinos, JI. K. blckax, b. Tomxyckul3bi,
H. K. XKambwvinoau, H. O. Muipzaxmemosa, O. B. Cybepask

JIAHTAH NOHZIAPBIHA KATBICTBI
WHTEPITIOJIMMEPJII XKXYUEJIEPAIH CEJIEKTUBTUIIIT

JKympicra mantan noHaapeiHbiH KY 2-8 cynbhokaTrnonuTiHeH xoHe AB-17-8 anwmo-
HUTIHEH TYPAThIH HHTEPIIOTUMEPITIK KYHEeMEH COPOIMICH KapacThIpbuTaasl. THTEprenmik
KYHCHIH COPOIMSUIBIK OCNCEHIUTINH OoJbKay YIIH aijbpIMeH cy opTackiHia AB-17-8
annoHuTiMeH KY 2-8 cynbokaTHOHNTIHIH ©3apa akTUBTEHY1 3epTTeii. [‘unporensaepain
e3apa 9peKeTTeCcyl HOTHKECIH/E OJIap/bIH KAIIBIKTBIKTAaH ©3apa opeKeTTecyl Ke3iHae Io-
JMMEpIi MaKpoMOJIEeKyJiajap JKOFapbl HOHJAIFaH KyHre aybicajpl, Oy OacTamnkel MOJHU-
MepJIEpMEH CAJBICTBHIPFaHAa HHTEPrenbJl JKYNTaplarbl MOJIMMEpINi THApOrelbaepAeri
JIaHTaH MOHJIAPBIHBIH LIBIFAPBLTY ICHICHiHIH e/19yip apTybIHa SKEJe/i.

KV¥2-8:AB-17-8 unTepnonnmepIIik KyieciMeH JaHTaH HOHIAPBIHBIH CiHIPUTYiHIH €H
xorapsl gopexkeci KY 2-8:AB-17-8=2:4 apa kaThIHACHIHIA HHTEPIIONUMEPIIK KXYHEHIH
KAIIBIKTHIKTAH ©3apa opeKeTTecyiHiH 48 caraThiHaa Oaifkamambl sxoHe 54,73 MONBII KY-
paiinet.%, oHIa moauMep Ti30eriHiH 6ainaHbICTRIPY nopexeci 6,15% Kypaiiasl.
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Tyiiin ce3nep: unteprenai xyitenep,La®* nonsl, ruaporens, karunouut KY 2-8, anmo-
HUT AB-17, copbuus, necopOuusi.

Pe3iome

T. K. [icymaounos, JI. K. blckax, b. Tomxyckul3bi,
H. K. XKambovinoau, H. O. Muipszaxmemosa, O. B. Cybepask

CEJIEKTUBHOCTDb MHTEPIIOJIMMEPHBIX CUCTEM
1O OTHOHIEHUIO K NOHAM JIAHTAHA

B pabote paccmaTpuBaeTrcsi copOIHs HOHOB JJAaHTaHA UHTEPIIOJIMMEPHON CHCTEMOH,
cocrosieit u3 cynbdokatuonura KY 2-8 u anmonura AB-17-8. J{isi mporHo3upoBaHus
COpOIIMOHHOW aKTHBHOCTU WHTEPreJIeBOM CHCTEMBI NMEPBOHAYAIBHO M3yYeHA B3aUMHas
akTuBanys cyibpokatrnonnta KY 2-8 ¢ annonntom AB-17-8 B BosHOH cpexe. Benenctaue
B3aMMHON aKTHBAIIMM TUAPOTENEH B XOJ€ UX JUCTAHIIMOHHOTO B3aMMOJECHCTBUS MpPOUC-
XOJIUT TEPEeXO0] MOJUMEPHBIX MAKpPOMOJEKYJ B BBHICOKOMOHH30BAHHOE COCTOSIHHE, UTO
MIPUBOJUT K CYIIECTBEHHOMY YBEIMYEHHUIO CTETIEHU U3BJICUYECHUS MOHOB JIAaHTaHA y MOJIH-
MEpPHBIX THAPOTENeH B HHTEPTeJIeBhIX apaxX Mo CPaBHEHHIO C UCXOTHBIMH ITOJIMMEPAMH.

Brum paccunTaHBl CTETIeHh M3BJICUCHHS MOHOB JIAHTaHA WHTEPIIOJIMMEPHOH CHCTe-
Mmoit KY 2-8:AB-17-8, creneHb CBA3BIBAaHUA ITOJIMMEPHON HEMH (TI0 OTHOUICHUIO K IOHAM
JIaHTaHa) UCXOTHBIMH HOHUTAMH U MHTEpIiomMepHoi cuctemort KV 2-8:AB-17-8. Ha oc-
HOBE TOJYYCHHBIX NaHHBIX OBUI IPOBEICH CPABHUTENBHBIA aHATIH3 COPOIMH MOHOB JIaH-
TaHa WHAWBHUIYaJIbHBIMH COPOCHTAMH W MHTEPIIOJIMMEPHOU CHCTEMOU B Tpeaesax COOT-
nomenuii KY 2-8:AB-17-8=5:1-1:5.

KiioueBble cji0Ba: UHTEPreneBble CUCTEMBI, TUAPOTeIH, KaTHOHUT KY 2-8, aHHOHUT
AB-17-8, nucranuuonHoe B3auMoeiictsue, nonsl La®*, copOuus, necopOuus.
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AKTAY 3AYBITbl BUTYMJIAPBIHBIH
HEI'I3I'I KOPCETKIUITEPI

AnHotanus. Kazakcran PecryOnuKachIHBIH aBTOMOOUIIBAI KOJAAPBIH IKCILTyTa-
nusIay ToXxipubeci KkopceTkeHaeH, achambTOOSTOH BT KaOBIHABIIAP IBIH TO3IMIIIITT HOP-
MAaTUBTI Mep3iMiHEeH aiiTapibikTail ToMeH. COHIBIKTaH aBTOMOOWIIB JKOJIAPBIHBIH TPAHC-
MIOPT JIeTiHEe KOWBUIATHIH TaJlallKa caif KajpmTa OOyl KaHa, JaMyIIbl MaTepHajiap MeH
TEXHOJIOTUSUIAP.IBI KONAaHOai MYMKiH emec. XKoo Teceyre apHaiFaH >KaObIHIIBIHBIH Taii-
Jlana’y Mep3iMiHIH KypT TOMEH/IeyiHe acep eTylll Herisri pakrop acganbToOeToH bl Koc-
maJiapJia TYTaCTBIPFBINI PETIHC TOMCH camajibl OUTYMHBIH KOJJAHBUIYBI OOJBIN TaObLIa-
JIbI, OUTKEHI MUKPOXKAPBIKIIAKTAp HETI31HCH OHBIH KAOBIKIIACHIHA JaMUbL.

Makanaga Akray OUTYM 3ayBITBIHBIH JKacaHIbl KOJIMCH CHHTE3ICITCH OUTyMIaphl
KapacThIpbUIIbl. MyHall OMTYMBIHBIH KEJECi KOPCETKIIITEepl 3EPTTEINi: MEeHETPAIHSCHI,
CO3BUIFBIIITHIK KacheTi, MOPT CHIHFBIMITHIK TEMIEPaTyPachl, JKYMcapy *KoHE TYTaHy TEM-
mepaTypacel. AJBIHFaH HOTIDKENIEP TEXHUKABIK MapTTapFa Colikec eKeHi ToIeIIem .

Tyiiin ce3aep: MyHall OUTYMIIapbl, IEHETPAITUs, CO3BUIFBIIITHIK, MOPT CHIHFBIIITHIK,
TeMIepaTypa, )KyMcapy KoHe TYTaHy TeMIIeparypa.

Kipicne. Ka3ipri ke3zne e3exTi MocenenepAin 0ipi — 01 MyHail KanIbIKTaphl-
HaH aJblHFaH OUTYMHBIH CallachlH JKOFaphlaaTy. butyMm camaceiHa acep €TeTiH eKi
Heri3ri GakTopiap: MIKKI3aT canachl )KOHE OHAIPIC TEXHOIOTHUACH [1].

Butymaapab! airy TEXHOIOTHSCH OJIapbIH KypaMblHa ef1oyip ocep etei. Mbl-
caJIbl, JKYMcapy TeMIeparypacsl 0ip skoHe Oipjei, MHUKi3aTThl KOJOHHAIBIK aIa-
parTa jKoHE MPEKTI PeaKTOpAa Y3MIiKCi3 TOTHIKTBIpFaH OUTyMIapiarsl MaibIpMeH
KypaMbl TOMEH, all achanbTeHIepMEH Maiyiap Kypambl COJI IIHMKi3aTTaH NepHO-
THI KyOT€ TOTBHIKTBIPBII JIbIHFAHJAFBIIaH OiplaMa sKOFapbl, TPl TOCUIIepMEH
QIBIHFAH JAafbIH OMTYyMJIap/bIH KOMITOHEHTTEP KYPBUIBICHI MEH KacHeTTepiHJe
aiipipMaIubUIbIFbl 0ap. KP-HBIH cTaHmapThIMEH O€riIeHEeTiH K07 OMTyMIapbIHBIH
canajblK KepceTkimTepi 1-m1i kectene OeiiHEeIeHTI eH.

Kazakcranma OMTyM eHAIPICIHIH TaMybl )KOHE JKaFIaibl CIICIIUPUKAIBIK (hak-
TOpJIapra acep eTei.

OmnapasiH OipiHIIICI — OUTYMHBIH HETi3Ti MayChIMIBIK MapKalapblH TaHIAY —
YKOJJIBIK, JKOJ KYPBUIBICHI JKYMBICTAPBIMECH JKOHE Y3iKCi3 (YHKIMOHHPJICHICH
MYHai eH/IeyMeH OailmaHbICThI [2].
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1-kecre — KP cranmapTeiMeH OeiriieHeTiH
KOJT OUTYMIAPBIHBIH CalajbIK KOPCETKIITepi

Butym mapkanapst

Kepcerkimrepain araimysl BH BH BH BH MEMCT
200/300 | 130/200 | 90/130 | 60/90

WuewiH kip yrepenairi, 0,1 mm:

25%C-na 201-300 | 131-200 | 91-130 | 61-90 11501
0°C-na 24 18 15 10

Kymcapry Temmeparypacet, °C, 0
TOMEH emec 33 38 45 a1 11507
CO3BUIFBIIITHIK, CM,

25%C-na - 80 80 70 11508
0°9C-nmaH xeM emec - - - -

CBIHFBILITHIK TEMIICPATYPACHI, 11505
0°C-nian *oFaphI emec -14 -12 -10 -6

Tyrany Temneparypacsl, 4333
0C-nan kem emec 220 230 230 240

XKymcapy TemneparypachiHbIH

KbI3JbIpFaHHAH KeHiHT1 e3repyi, 11506
9C-n1an sxorapbl eMec 8 7 6 6

[MenTpanust HHIACKCI -1,50en +1,0-re neiin 22245-90
Cyna epuTiH KOCBUIBICTAp/IbIH 11510

MaccaibIK yieci, % 0,20 0,20 0,30 0,30

Exinmi ¢axtop — arpiMmarel Oara xykeci, eHiM (OMTyM) Oarachkl IIMKi3aT
OaraceiHaH (MyHai) 60-70%-bIH Kypaiabl, )koHE OUTYM CHSKTBI )KOFAPhl TYTKBIP-
JI6I MEH TOMEH KYPFaiThIH OHIMAEPMEH TEXHOJIOTHSIIBIK OTePAIHsIap bl JKYPTizy
KUBIHABIFBL. HoTikeciHae OMTYM eHAIpICIHIH IaMybl MEH aHApyhbl VIIH dcep
STIEWUTIH XKYylienep OOMNBIN TaOBUTAIBI: HETI3rl TEeXHOJOTHSUIBIK kaOJbIKTap Ou-
TYM/IbI KOHJIBIPFBUIAPBIHBIH (PH3UKAIIBIK KOHE MOPAIIBIl TO3YHI.

Ywinmn ¢akrop — eHaeyre TYCETiH MIMKi3aT (MyHai) THIH CalaliblK Kep-
ceTkimTepi Oakpuiaychi3mambuiagsl. OHBIH KYpaMbIHBIH KIIIiripiM tepOerici —
apoMaTThl JkoHEe HapUHII KOMIPCYTEKTEp Kypambl, achaabTeHIED KoHe OacKa J1a
KOMITOHEHTTEP aJIbIHATHIH OUTYMHBIH CallachlHa alUTapIbIKTal acep eTe/li.

[ukizaTTaFel TYPaKCHI3ABIK, TEXHOJIOTUSIIBIK CPEKILENIri BaKyyMIBIK 3KII-
JyaTanusAarbl KOJIOHAHBIH Kepi YJIeci: TeMIepaTypaiblK PeXKUMHIH jKOHE BaKyyM
TePCHJITIHIH 63repyi, HMUPKYJSHOHAB CYIaHIBIPYIBIH TEPOCIIC CaHbI JKOHE
LIMKI3aTThI )KYKTEY, KOHTAKThl KOHIBIPFBIHBIH 3 eKTUBTIIIriHIH XeTicneyi [3].

Buty™m >xoHe OUTYMIBIK MaTepHajiap eHIIpICiHIH AaMy NEepCHEeKTHBiCI MEH
XKaraalnapblHa KYPri3iire Tanuay OUTyM xoHe OUTYMIBIK MaTepraaap eHIipi-
CiHIH 3aMaHyW KaMTamachI3 €TYiHIH YII HeTi3ri OarbIThIHA Ha3ap aynapyFa Heri3
0oxmpl. MyHIal knaccudukanms KeTKUTKTI TYpAe CyObeKTHBTI, ©31HIIK CHIIa-
THIHA HE.

Bipinmi OarpIT KaMTamachl3 eTyre KaThICThl IIMKi3aT camackiMeH Oaiina-
HeicTh. [lnki3ar camaceiHBIH Oyil Maceieci — jxaHa emec. OFaH CyOBEKTHBTI
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cebenTepMeH Koca 00bEKTHUBTI cebentep ae TynTeni. bopinen OypwiH, eHaipicTe
camajpl TOTHIKKAH JKOHE KAJIIBIK OWTyMAaphl OHIIpIiCi YIIiH apHAWBl IIMKi3aT
(TyIpoH XoHE Ma3yT), sSIFHU apHAibl MyHal KaXeT.

OKCITEPUMEHTTIK BOJIIM

3eprTey 0O0BEKTICI peTiHme AKTay OUTYM 3ayBITBIHBIH >KacaHIbl JKOJIMCH
CUHTE3/IeNTeH OuTyMaaphl anbiHabl. Tangay yimH Akray OMTyM 3aybITBIHBIH OU-
TyM CchlHamMasiapbl anbiHabl. CeiHaMa eKi arperarthikK Typae (I chiHama — CYHBIK,
II cerHamMa — KaTThI) OONABL.3epTXaHANBIK JKaFdaiia ChIHaMallapIblH IIeHeTpa-
IUSCHI, CO3BUIFBINITHIK KAaCHETi, MOPT CHIHFBITHIK TEMIEPaTypachl, KyMcapy
JKOHE TYTaHy TEMIIEPaTypachl aHBIKTAJJIbI.

butym ceiHamanapeiHbIH neHeTpampsckl anpikTay yiriH « KOEHLER INCy
aBTOMATTHI IEHETPOMETPi KOJMAAHBIIABI [4].

[lenerpomeTpai KejeHEH OaFbITT OpHAIACTBHIPHIN, AJAIrH Tekcepeni. On
VIIIH WHEHI ajJbIll TICHETPOMETPAIH IUIyHKepiHe Tycipemi. ComaH COH ILTyHXEp
MEH TeMeHri Oeiiri apackiHa emmeitin crepxkenmi (40,00+£0,05), (50,00+0,05)
skoHe (63,00+0,05) opHatsin, peiika apkbuIbl HHEHI Tycipeai. [lenetpometp kep-
CETKIIII OJIIETIII CTeP)KEeHb OMIKTINHE COMKEC Kelyl KaKeT. ABTOMATThI peieMeH
KaOIpIKTaJIFaH MeHeTpoMeTpAiH emipinyi (5,0+0,1) cek sxone (60,00+0,15) cex
apanbIFbIHAA OONYBIH TEKCEPy KaXKeT. Temiieparypa jkoHe MHEHIH eHy TepeHJITri-
HiH >KaFaaibl 2-111 KeCTeIe KeTipiiarex.

2-kecte — [leHeTpanus TeMiiepatypachl MCH HHEHIH €Hy TepeHIIri

ChlHay TeMIIepaTypachl, Wuenin crepykeHi Maccachl XKoHe Wneni tycipy
°C KOCBIMIIIA XYK, T YakKbIThI, €
0,0+0,1 200,00+0,20 60
4,010,1 200,00+0,20 60
25,0+0,1 100,00+0,15
50,0+0,1 50,00+0,10

Bepinren ycray yakeITBIHAH COH OMTYMBI 6ap TaOakIaHBI Cy MOHITACHIHAH
QBT CHIABIMABUIBIFEL 0,5 1M° KEM eMec Kalmnak TabaHIbl CyMEH TOJTHIPUIFaH
BIIBICKA ayBICTBIpaAbl. butym ycrinzeri cy Owuikriri 10 MM neH TemeH Oonmaysl
Ka)XKeT JKOHE Cy TEMIIepaTypachl ChIHAY TEMIIEPATYPachiHa COUKEC Key Kepek.

blnpicTel meHeTpOMETp YCTeNiHe OpHATHIN, MHEHI OUTyM OeTiHe Tycipexi.
Wneni Tycipy IypBICTBIFBIH ChiHaMa OeTiHe aifHa TYCipy apKbUIbI aHBIKTAHIBL.

VYakpITThl OpPHATHII MEHETPOMETP TETIKIIECIH Oachill MHEHI OMTYM €piTiH-
JciHe 5 ¢ apalbIFbIH/IA TYCIpil, IEHETPOMETP KOPCETKIIIIH JKa3bIIl alaJibl.

Erep nenerpometp xapThliail aBTOMATThI OoJica mKaiansl 0-re Kenripen, opi
Kapaii MexXaHH3M 5 C apaJibIFbIH/IA ©3IMHEH KOChLIa/bI.

AHBIKTay/Ibl OUTYMHBIH 9P HYKTECIH/IE KEM JIereH/e eKi pet xypriseni. Erep
nHeHiH eHyi 200 OipiiKTeH >KOFapbl 0oJica, KEM JIeTeH/Ie YIII WHEHI KOJTaHabl.
CpiHay HOTHXKeci 3-111i KeceTeae KEeNTipiJireH.
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3-kecte — BUTYM ChlHaMaIapbIHbIH IEHETPALHACHI

[lenerpanus, MM

CeiHama - - -
MoHI opraiia MoHi TEXH. KOPCETKIII
6,4
6,2
6,5
6,0

18,2
18,4
18,3
18,2

6,4 6,0-9,0

II 18,2 12,0-18,0

Bumymnviy cozvineviiumolx, kacuemin anvikmay. CeiHayra Normalab ¢up-
MacCBIHBIH IYKTHJIOMETpi KOMmaHbpuIAbl [5]. JyKTHIOMETp 3IeKTPOHIBI peTTe-
rimi 6ap caHAbIK Auciuiedi Gap Oip yakeitTa ym ceiHamadbl 0,1 MM KazaMMeH
0-ner 99 MM/MUH KBUIIaMIBIKIICH OJIIEyre MYMKIHAIK Oepeni. Makcumainapt
V3eIHABIFR 150 cM. Erep ynrinep nyktuimoMmerpie yctaimaca, 6acka BaHHAIA, TyK-
TUJIOMETPre ayBICTBIPApP aJJIbIH/IA, OHBI CyMEH TOJITHIPAIbl, CBIHAK TEMITEPATyPaChI
0ap, COHNBIKTAH, CYy IITU(TI KeM JIeTeH e 25 MM KaMTybl Kepek. JlykTunomerpaeri
cy temmeparypackl (25+0,5)°C, cemak ke3imgeri 25°C men 0+0,5°C, 0°C
TYKTHJIOMETPMOTOPBIHKOCHITI, OUTYMHBIHCO3BLTYBIHKAPAIbI.

CrmHakkesinge 25°C meH 0°C co3bUTYKBUTIAMIIBIFEL 5 CM/MHUH OOJTYBIKQKET.

Banna gyktmiiometp opracsiHaa 6enimai opaaty yuriH 0 °C kesinge outym
CO3BUIFBIIITHIFEI aHBIKTayFa MYMKIHIIK Oepeni. Tammay HoTmkenepi kemeci 4-1ri
KeCTeZle KeNTIPiTreH.

4-kecte — BUTYMHBIH CO3BUIFBILITHIK KOPCETKILII

CO3BUIFBIIITHIK, CM

CpiHama - -
MoHI opTaia MoHi
112
110
I 111 110

110

10
11
II 12 12

12

Bbumymney sorcymcapy memnepamypacuoin anvixkmay. ChlHaMaHbl KOUMaIDKBIH
kyiire 90°C-ka neiiia 30 MUHYT KbI3ABIpaabl. ApHaAHBI JaiibIHIaFaH Maccackl 50 T
CaKkMHaJapFa KYHbII aya TeMIlepaTypachlHAa cajkblHaaTansl. CakuHamarbl Ou-
TyMJBl anmapaTThlH KOFapFbl JKarbIHAAFbl IUIACTHHANApPFa Kosabl. Temmepary-
pachIH aHBIKTAY YIIiH TEPMOMETP/I alIapaTThIH OPHAJIACKAH IJIaTHHAFa OCKITe/Il.
Cy MOHIIAcHIH TUIMTKara opHaiacTeipbil (5+0,5)°C MuHYTBIHA KeTepiieTiHaen
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eTil MOHIIAHBI KbI3AbIpabl. CyablH OipKemKi KbITYHl YIIiH MEXaHUKAIBIK HEMece
KOJIIaH JKacalfaH apajacTBIPFBILTHI KommaHaasl. Illapasl muHIET apKbUIBl ca-
KMHAHBIH opTackiHa Kosinpl. Lllapasl opHanmacThIpFaH Ke3[e CyAa ayaHbIH Maina
00yBIH OONABIPMAY KaXKeT.

Erep map outymusl OipaeH 0oiica, aHBIKTAyIbI OdaH TOMEH TEMIIepaTypaa
aHBIKTakapl. HoTmkenep KOChIMINA ecenTeyiepal KaKeT eTmeimi. A xymcapy
TeMIIepaTypacsl peTiHAe MOHHIH apH(METHKalIbIK OpTallachlH ananbl. Tammay
HOTIDKEJIEePI S-1111 KecTe e KeATIPiIreH.

5-kecte — EI/ITyM ChbIHaMaJIapbIHBIH KYMCapy TEMIICpaTypachbl

Kymcapy temneparypacel, °C

CelHama - -
MOHI Opraiua MoHi
40
42
I a 41

41

15
16
II 17 16

16

Bbumymnoiy mymany memnepamypacwin anvikmay. Tyrany TemnepaTypachiH
amreik ACO-8 aBTOMATTBI KYPBUTFBICHIHA aHBIKTaiIbI. ACO-8 Mo OUTyMHBIH
TyTaHy TeMmIlepaTypachlH amblk Kimenenn tureminge aHblKTailTiH TANAKA
(hupMachIHBIH aBTOMATTHI alllapaTTapbIHBIH O1pi.

ACO-8 aBTOMAaTTHI aHANU3aTOPJIAPABIH Ceri3iHiIi caTbichiHa kataapl. ACO-8
aHaJM3aTOPBIHAA TYTaHy TeMiepaTypacklH KiMBIeH] allbIK THTENiHAE aHBIKTay
TOJIBIFBIMEH aBTOMATTaH IBIPBUIFaH.

Tyrany TemriepaTypachl pETiHJIe €H alFalllKbl KOK JKAIBIHHBIH Maia 00JFaH
Ke31H Oenrijiern, TepMOMETp KOpPCETKILIiH HOTHXe peTiHe anaisl. Erep TyciHikcis
JKaJIbIH Taiga 0oJica >KyMBICTBI Tarbl OipHele peT KadTanaiabl. ChlHAY HOTHXKE-
Jiepi 6-1bI KEeCTeIe KeNTipiIreH.

6-kxecte — BUTYMHBIH TyTaHy TeMIIepaTypachl

Tyrany remmeparypacsl, °C

ChiHama - -
MoHI opTara MoHi
220
225
I 295 223

225

195
200
I 198 198

200
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Dpaac OotiviHwa OUMYMHBIY MOPH CHIHELIUMBIK MEMNEPaAmypacbii aHbIK-
may. BUTyMHBIH CBIHFBIIITHIK Temreparypacbkl @paac OoitpiHma BPA-5 aBrto-
MAaTThl aHAIU3aTOPBIHIA AHBIKTAJNAbl. BUTYMHBIH CBHIHFBIIITHIK TE€MIEPaTypachl
0oJjar TUIaCTHHAra >KarblIFaH OWUTYM KaOaThIHBIH OeTiHae chiHamaHbl 1°C/MuH
XKBUIIAMJIBIKIICH CYBITY apKbUTBI MUHYTBIHA O1p PET >KU1NIIKTE Uiy Ke3iHeri CaHbl-
JayzplH Naiina 0odybIMEH aHbIKTaNaAbl. BUTYMHBIH MOPT CHIHFBILTHIFBIH Dpaac
Ooiiptama BPA-5 aBromMarThl aHamM3aTOpPBIHAA aHBIKTAY anaM (haKTOPBIHBIH
oCepiH a3alThII, TaJAay YaKbITHIH KBICKAPTHII, HOTIKEJIEP ASNIIITiH KaKcapTabl.

butym ceiHamanapeiH KoWMankbliH Kyire neitin 90°C-ta 30 MuHyTTait
KbI31bIpaabl. KypaMbiHIa cyabiH O0JIMaybIH XOHE aya KeIipuikTepi 0oJMaybiH
KaJaraian OThIphIN apajacTeipansl. bomat mnactuakanapra (0,40+£0,01) T macca-
nail OUTYM ChIHAMAachIH Karaapl. bBUTyM emmeHaici 0ap miacTHHKaIApAbl TUIAT-
KaHBIH JKOFaprbl OeJliriHe OaJKpITy YIIIH OpHAIACTHIPAJIbI a TOMEHTI1 OeiriHeH
KbI31bIpaabl. [lnacTiuHKanapapl 1 aliH/c KbUIIaMIBIKIICH OypaHaaMeH alHaIabIpa
OTHIPHIN HiNITe TY3€Hl, COlaH COH Kepi OarbITTa IUIacTHHA 0AacTanKbl OarbIThIHA
KEJITCHIIIe aliHaAJIbIPaIbl, UITYIIH OapiblK yakeIThl 20-24 c.

7-xkecre — EI/ITyMHBIH MOPT CBIHFBIIITBIK TEMIIEPATYpPAChL

MopT CBIHFBIITHIK TeMIepaTrypackl, °C

CelHama - -
MoHI opTaia MoHi
-10
-9
I 8 -9,3
-10

-15
-14
11 13 -14,3

-15

CeiHayFa TeKk OMTYM ChIHAMACHI JKaFbUFaH IUIACTHHAHBI JalbIHIAy KaKeT.
Tangay HoTHXKENEpi 7-1111 KecTeJe KeTipiJireH.

KopbIThinabl. MyHal OUTYMIapsl — MYHAW OHACYIETT MaHbBI3IbI OHIMACPIIH
0ipi, 0J KYpbUIBICBIHAA, FUMapaTTapa, THAPOKYPBUIBICTA KoHE 6acka 1a 00bek-
TiJepAe KeH KoJAaHbuIanbl. butymmap kemipcyTekTepAeH >KoHE OJapiblH TYbIH-
IBIIAPbIHAH TYPATHIH KATTHI JKOHE CYHMBIK OpraHuKaibIK 3aTTap [6]. MyHai1eH
YKOFapbl MOJIEKYNAJIBIK KaJIbIKTApbIHBIH, TYAPOHHBIH XOHE KPEKWHT KaJIbIKTa-
PBIHBIH ayaJlaFbl OTTETIMEH TOTBIFYBl HOTH)KECIHJIE TYTKBIPJIBIFEI KOFApPhI, KATTHI
3arTap, SFHA MYHail OUTyMIaphl allbIHABL.

OchIFaH OaMIIBIHBICTHI )KYMBICTA AKTay OWTYM 3ayBITBIHBIH JKaCaHIBI KOJI-
MEH CHHTE3/IeNITeH OUTYyMIaph! anbiHabl. CeiHamanap eki arperarthik Typae (I cbi-
Hama — cy#bIK, Il cerHama — KaTThl) OONBI. 3epTXaHANBIK JKaFJalblHAA ChIHA-
MaJapAblH TMEHETPAIUSICHI, CO3BUIFBIIITHIK KacweTi, MOpPT CHIHFBIIITHIK TeMIIe-
paTypacsl, XyMcapy KoHE TYTaHy TeMIepaTypalapbl aHbIKTaNIbl. JKyprisiirexn
3epPTTEY HOTHXKENICPI TEXHUKAIIBIK IAPTTAPMEH CaNBICTBIPELUIIBL.
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Pe3rome
C. C. Camaesa, K. A. Hapuxos

OCHOBHBIE ITOKA3ATEJIM BUTYMOB
AKTAYCKOI'O HE®TEIIEPEPAFATBIBAIOIIEI'O 3ABOJA

[IpakTrka SKCIUTyaTalluil aBTOMOOMIBHBIX qopor PK moka3siBaeT, 4TO JOJITOBEY-
HOCTh ac(ajgbTOOCTOHHBIX MOKPHITUN HA HUX 3HAYUTEIHLHO HUXKE HOPMATHUBHBIX CPOKOB.
ITosToMy ToOIEpKAHHE ABTOMOOWIBHBIX JOPOT B COCTOSHHH, COOTBETCTBYIOIEM Tpe-
0OBaHUsIM TPAHCIIOPTHHIX MMOTOKOB, HEBO3MOXKHO 0€3 MPUMEHEHUS HOBBIX, IPOTPECCUBHBIX
MaTepHasioB W TeXHONOTHHd. OCHOBHBIM (DaKTOpOM, BIHSIONIMM Ha PE3KOE CHIDKEHHE
CPOKOB CITy’KOBI JOPOXKHBIX TOKPBITHH, SIBISETCS TNPHMEHEHHE B ac(aabToOeTOHHBIX
CMeCSX, B KaUeCTBE BSDKYIIET0, ONTyMa HH3KOTO KauyecTBa, TaK KaK MUKPOTPEIIUHBI pa3-
BHBAIOTCS MPEUMYIIECTBEHHO B €T0 IDICHKE.

B craTthe paccMaTpeHBI HCKYCCTBEHHO CHHTE3MPOBaHHBIC OMTYMBI AKTaycKoro Ou-
TYMHOTO 3aBOJA: W3y4YCHHI CICIYIOIIHE IMOKa3aTedn HEPTSIHOTO OMTyMma: MeHEeTpanus,
CBOMCTBa pACTSDKUMOCTH, TeMIepaTypa XpYNKOCTH, TeMIepaTypa pa3MsArdeHus W
BOCIUTaMeHeHus1. J[oka3aHo, YTO MOJy4eHHbIE Pe3yibTaThl COOTBETCTBYIOT TEXHUUECKUM
YCIIOBHSM.

KitoueBble ciioBa: HeTIHbIE OUTYMBI, TICHETPAIUs, PACTHKHUMOCTh, TEMIIepaTypa
XPYIKOCTH, TEMIIEpaTypa pa3MsATueHUs] U BOCIITIAMEHEHHSL.
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Summary
S. S. Satayeva, K. A. Narikov
MAIN INDICATORS OF BITUMENS OF THE AKTAU REFINERY PLANT

The practice of operating highways in the Republic of Kazakhstan shows that the
durability of asphalt concrete pavements on them is much lower than the standard terms.
Therefore, the maintenance of highways in a condition that meets the requirements of traffic
flows is impossible without the use of new, progressive materials and technologies. The
main factor affecting a sharp decrease in the service life of road surfaces is the use of low-
quality bitumen in asphalt-concrete mixtures as a binder, since microcracks develop mainly
in its film.

The article deals with artificially synthesized bitumens of the Aktau bitumen plant:
The following indicators of petroleum bitumen were studied: penetration, extensibility
properties, brittleness temperature, softening and ignition temperature. It has been proven
that the results obtained correspond to the technical specifications.

Keywords: petroleum bitumen, penetration, extensibility, brittleness temperature,
softening and ignition temperature.
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BJIMSIHUE CHIUBAIOLIEIO ATEHTA HA SJIEKTPOXUMUYECKOE
1 KOH®OPMAIIMOHHOE MMOBEJIEHUE ITOJJUMEPOB
C MOJIEKYJISIPHBIMU OTIIEYATKAMU HA OCHOBE
METAKPHWJIOBOM KHCJIOTHI U 4-BUHWINIUPUIAHA
B BOJJHOM CPEJIE

AnHoTanms. CHHTE3UpPOBAHBI NOJIUMEPH] ¢ MOJEKYIsIpHbIMU oTneuaTkamu (IIMO)
Ha ocHOBe MerakpuiioBold kuciotel (MAK) um 4-unmimupunnna(4BII) nByx BUIOB
(pa3narie BUIOB OCHOBAHO Ha MPUMEHEHHWH 3TUJICHTINKOIbauMeTakpmiata (I JIMA) u
IudTHIEHTIMKoNpauMeTakpuinara (JIOIJIMA) B kauecTBe CIIMBAIOIIETO areHTa). B ka-
YecTBe MIa0JIOHOB MIPH CHHTE3€ MPUMEHSIIICEH COJU IIepHs, IIPa3eoIuMa, HEOJiMa, CaMapus
u eBporus. Taxke CHHTE3UPOBAaHBI KOHTPOJIBHBIE 00PA3IIHl IIOINMEPOB C MOJICKYIIPHBIMHU
orneyarkamu (00pasibl, CHHTE3UPOBaHHBIC TOYHO TaKHM e CIocoOoM, Ho Oe3 mabio-
HOB). M3y4eHo anekTpoXuMuyeckoe ¥ KOH(QOPMALMOHHOE MOBE/ICHHE CHHTE3NPOBAHHBIX
CTPYKTYp B BOIHOU cpene. [lonumephl ¢ MOJEKYJISAPHBIME OTIEYaTKaMu ciado TMoaBep-
rarTCs HaOyXaHWIO, HOHHU3AIKMK BCIICICTBUC TUIOTHOM CIIMBKH, NMPH 3TOM HEOOXOAUMO
OTMETHTD, YTO BBICOKAsI CTCIICHb CIIMBKH MPUBOIUT K BEICOKOI MEXaHUYECKOM IPOYHOCTH
MaKpPOMOJICKYJISIPHBIX CTPYKTYp. CpaBHCHHE M3MEPSICMBIX MapaMeTpoB (yIeIbHAs JJICK-
TPOIIPOBOTHOCTH, pH) MoMMMepoB ¢ MOJEKYISIPHBIMHU OTIIEYaTKaMH, COAEPKAIINX Imad-
JIOH, ¢ KOHTPOJIbHBIMH oOpa3iiamMu [IMO yka3pIBalOT Ha HAJIMYUE MOJIOCTEH, KOMILIEMEH-
TapHBIX K MIa0I0Hy (FMOH peAKO3eMEeIbHOTO METallIa), IPUMEHEHHOMY TIPH UX CHHTe3e. B
npucytcTBuu [IMO, cuate3upoBannbsix B npucytctBun O JIMA (ITMO-1), otmedarotces
0oJiee BBICOKHME 3HAUCHUS YIEIBbHOH dJeKTpornpoBoaHocTH u pH mo cpaBuenuio ¢ [IMO,
cuHTe3upoBaHHbIX B mpucyrctBum D[ JIMA (IIMO-2) BcieacTBHe MeHee IUIOTHOM
CIIIMBKH.

KiroueBble cJIoBa: NOJIMMEPHl C MOJCKYJISAPHBIMH OTIICYaTKAMH, METaKPHIOBAS
KHCJIOTa, 4-BUHIITUPUINH, A0JI0H, PEIKO3EMEIbHBIC METALIBI.

Beenenue. [Tommmep ¢ MonekysspasiMu otnedarkamu (IIMO) nipencrasiser
co0oif monuMep, KOTOPbI ObUT 00padOTaH ¢ UCIOIBL30BAHUEM CICIIMATBLHON TEX-
HUKHA MOJICKYJISIPHOTO MMITPHHTUHTA, M3-32 YETO MOSBISIOTCS MMOJIOCTH B TIOJIH-
MEpPHOW MaTpHIE CO CPOACTBOM K BEIOpaHHOMY "TIa0noHy" MOJEeKyssl [1]. DToT
nporiecc 0OBIYHO BKITIOYAET B ce0sl MHUITUMPOBAHUE TTOJIMMEPU3AIIMA MOHOMEPOB
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B MPUCYTCTBUY MOJICKYJIBI-IIA0JI0OHA, KOTOPask U3BICKACTCSI BIIOCICICTBUM, TAKHM
00pa3oM OCTaBIIsisl B3aMMOJIOIONHSIONINEG MOJIOCTU. Takue monuMepsl 001a1aroT
CPOACTBOM K MCXOIHOW MOJIEKyJie U MOTYT OBITh MCIIOIB30BAHBI B CIEAYIOIINX
00J1acTAX: XUMUYECKOE pa3JeIICHUE, KaTajau3, MOJICKYJSIPHbIC CEHCOPBI U T..

Kak u3BecTHO, OJHMM W3 OCHOBHBIX TPEeOOBaHWH, NMPEIABSIBIIEMBIX K COpO-
IIMOHHBIM MaTepuajiaM, UCIIONb3yEeMbIM Ul aHATUTHUECKUX LIEeH, SBIIETCS MX
BBICOKas CENIEKTUBHOCTh. Kak mpaBuito, TaHHAS 3aJla4a pemaetcs myteM GopMu-
pOBaHHS B MOJUMEpe (PYHKIMOHAIBHBIX TPy, 00JaNaloNINX CEICKTUBHOCTHIO
MoA00HO HOHOOOMEHHBIM CMOJIaM, JTH00, B ClIydac UMMYHOCOPOEHTOB, BBEICHHEM
B cocTaB mojmMepa aHtuTen. OQHaKO CHHTE3 TaKHX IOJIMMEPOB SBISIETCS, Kak
MPaBUJIO, TOPOTOCTOSIINM, a B PSAAC CIydacB HEBO3MOXKHO TOA00pPATh COOTBET-
CTByOIME (DYHKIIMOHATBHBIC TPYTIIBI WM aHTUTENA IS 3P GEKTUBHON cOpOLIU
3amanHoro BemecTBa. OaHNM U3 BapraHTOB Y (PEKTUBHBIX PEIICHUNH MOKET OBITH
CO3/1aHHE€ BBICOKOCEIIEKTUBHBIX COPOCHTOB HA OCHOBE TOJMMEPHBIX CHCTEM,
«CTPYKTYPHO HACTpaMBaeMbIX» Ha IEJEBOH copOaT HAa HAaHOYpOBHE. THIMUYHBIM
MIPUMEPOM TaKux cucteM sBisttores [IMO [2].

MonexynapHbI UMIPUHTHHT, 110 CYTH, SIBIIIETCS MCKYCCTBEHHBIM KPOIIEed-
HBIM «3aMKOM) JIJIl KOHKPETHOUM MOJIEKYJIbI, KOTOpas CIIY’)KHT B KA4eCTBE MUHHA-
TIOpHOTO «KIIt0Uay [3]. [lomoOHO MaKpOMOJIEKYISIPHBIM PELENTOpaM, OJIUMED C
MOJIEKYJISIPHBIMH OTII€YaTKaMH 3aXBaThIBA€T KOHKPETHBIE XHMHYECKHE BeIlle-
cTBa. MHOTOYHCIICHHBIE OMOIOTUYECKUE MPOIIECCHI OT 30HIUPOBAHUS 3aMaX0B JI0
Mepelayd CUTHAJIOB MEXy HEPBHBIMH U MBIIICYHBIME KJICTKAMH OCHOBaHbBI Ha
MOoI00HON KOMOHMHAIIMK «3aMOK-KIII04Y». Ha MpoTsKeHHMM MHOTHX JCCSITUICTHH
YUYCHBIC NBITAIUCH MMOHATH NPUPOAY JaHHBIX BSaHMOHeﬁCTBHﬁ, qaCTO HaltoMuHasa
MPH 3TOM «B3JIOMIIIUKA», KOTOPBIN MBITAETCS HAWTH HYXHBIH KIIOY, COOTBET-
CTBYIOLIMH KOHKPETHBIM pelientopam. B Hacrosiiee BpeMsi MONEKYJISPHBIA UM-
IIPUHTHUHT IIO3BOJIACT MHOTHUM YUYCHBIM CaMUM CO3/1aBaTh «3aMKW» IJIA OIIPECAc-
JeHHBIX Mosiekyd. OHM 00pa0aThIBalOT MaTepuai JUIs CO3AaHUS KOHKPETHBIX
MOJIOCTEH, KOTOPBIE 10 pa3Mepy, hopMe U PYHKIIMOHATBHBIM TPyIaM, COOTBET-
CTBYIOT IIeTIeBOi Mojekyie. ClieTyeT OTMETUTh, YTO OJHUM U3 CaMbIX OOJIBITUX
MPENMYIIECTB UCKYCCTBEHHBIX PEIENTOPOB Hall €CTECTBEHHBIMU SBISIETCS CBO-
00712 MOJIEKYJISIpHOTO Au3aiiHa. X paMKku HUKOT]a HEe OTPaHUYHBAIOTCS OCITKaMHU,
TaK¥XE pas3IMYHBIC CKCJICTHI (HaHpI/IMep, YTJICPOAHBIC LCTIU U KOHACHCUPOBAHHBIC
apoMaTHUYECKUE KOJbI[a) MOTYT OBITh HCIOJL30BaHbL. TakuM 00pa3oMm, YCTOM-
YUBOCTh, TMOKOCTh W JIPyTHi€ CBOWCTBA MOTYT OBITh CBOOOJHO HM3MEHEHHI B
IMIMPOKUX TIpeieNiaX B 3aBUCUMOCTH OT HeoOXoauMocTH. [laxke pyHKIMOHAITBHBIC
TPYIIIbI, KOTOPBIE HE BCTPEYAIOTCS B IPUPOE, MOTYT OBITh HCTIOIB30BAHBI B 3THUX
TEXHOTCHHBIX COeMuHeHmsx. Kpome TOoro, mpu HEOOXOAMMOCTH, aKTHUBHOCTB
MOIOOHBIX CTPYKTYP B OTBET K BHEIIHUM BO3IEHCTBUSIM ((POTO-00ITydeHUS, H3Me-
HeHus pH, snekTpudeckoe WM MarHUTHOE I0JIe) MOKET OBITh MPEIOCTaBICHA C
WCTIOJIb30BaHHEM COOTBETCTBYIOMIMX QYHKIUOHANBHBIX rpynin. CriekTp QpyHKIuA
WCKYCCTBEHHBIX TOJIMMEPOB C MOJIEKYJISIPHBIME OTIIEYaTKaMH 3HAYUTEIHHO IIHPE,
YEM y €CTCCTBCHHBIX aHAJIOT'OB.
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OnHUM M3 OCHOBHBIX TPEOOBaHHIA, MPEABSIBIAEMBIX K COPOIIMOHHBIM MaTe-
pHaam, UCTIONIb3YEeMbIM ISl aHAJTUTUIECKUX TENIeH, SBIISIETCS HX BBICOKAs CEIeK-
TUBHOCTb. Kak mpaBuio, maHHas 3ajada pemaercs myTeM (OpMHpPOBaHUS B
nojuMepe GYHKIMOHAIBHBIX TPYII, 00Nagaronmx n30upaTeasHON copouuneit mo
OTHOUIICHUIO K ONpEJICICHHBIM BelIecTBaM, HalpHMep, B clydae HMMYHOCOD-
OCHTOB, BBEJCHHEM B COCTaB moyimMmepa aHTHTeN. OJHAKO CHHTE3 TaKUX MOJIH-
MEPOB SIBIACTCS, KaK MPaBUIIO, TOPOTOCTOSIINM U3-3a CIIOKHOCTEH, CBI3aHHBIX C
MoJI0OPOM COOTBETCTBYIOIIUX (YHKIIMOHAIBHBIX TPYII WX aHTHTEN IS 3-
(dbexTUBHOM copOIK 3amaHHOro BemiectBa. OMHUM U3 BapuaHTOB A((EKTHBHBIX
peleHnii MOXeT OBITh CO3J4aHUE BBICOKOCEJEKTHBHBIX COPOEHTOB Ha OCHOBE
MOJIMMEPHBIX CHCTEM, «CTPYKTYpHO HacTpaMBaeMbIX» Ha IeNeBOH copOaT Ha
HaHOypoBHe. K TakuM crcTeMaM MOKHO OTHECTH TIOJIUMEPHI C «MOJICKYJISIPHBIMU
OTIeYaTKaMMu», OJTy4aeMble METOJIOM MOJICKYJISIPHOTO UMIIPHHTHHTA.

MonekynsipHbIi UMIIPUHTHHT SIBJISIETCSI OCTATOYHO 3((eKTUBHON MeTo-
VKON JUTIS BKJIFOUEHHS CIEIU(UYECKOr0 paclo3HaBaHWsl mMalioHa aHaIH3H-
pyemMoro o0beKTa B mosuMepbl. MOJIEKYIISpHbIE XapaKTePUCTUKN PACTIO3HABAHHS
3THX TOJMMEPOB HAMPSMYIO 3aBHCAT OT KOMIUIEMEHTApHOTO pa3mepa, (HopMbl
O00BEKTOB CBSI3BIBAHHA, COOOIIAEMOT0 TONHMMEpaM MoOJIeKyJlaMu [1abiiona. B
MOHSATHE KOMIUIEMEHTAPHOCTH BXOJUT COOTBETCTBHE OTIIEYATKa MIA0JIOHY KakK MO
pasMmepy U Gopme, Tak U 10 HAJTMYUIO B OTIEYATKE JOTONHSIOMNX (DYyHKIHO-
HAJIBHBIX TPYIII, CIIOCOOHBIX K B3aMMOJICHCTBHUIO C (PYHKIIMOHATBHBIMY TPYIIIAMU
MOJIeKyNbl — madnoHa. B ocHoBe cenexktuBHOCTH [IMO JIeKUT MOJIEKYISIPHOE
pacro3HaBaHue.

ModekynsipHOe pacto3HaBaHUE MPEACTABIIECT COOOH N30UpaTENbHOE CBS3HI-
BaHUE MEXJIy JABYMsl Wwin Ooliee MOJEKYyJaMH 3a CYET HEKOBAJICHTHBIX B3aH-
MOJEHCTBUI.

ModekynsipHOe paclo3HaBaHHE — OAHO W3 OCHOBHBIX MOHSTUH CyNpaMo-
neKysipHOH XUMUH. OT OOBIYHOTO CBSI3BIBAHUS MEXIY MOJIEKYJIaMH OHO OTJIH-
YaeTcs CEJIEKTUBHOCTBIO. MOJIEKYIISIpHOE pacIio3HABaHUE OCHOBAHO HA HAIMYHHU Y
OJHOM MOJIEKYNIBl (pelenrtopa, WIM «X03iMHa») ydacTka (oOmactu) u30mpa-
TEJBHOTO CBA3BIBAHMUS C APYTON MOJIEKYIIOH (JIUraHa0M, HITK «rocTem»). it aToro
«XO3SIMH» U «TOCThY» JIOJDKHBI MPOSBISTH KOMIUIEMEHTAPHOCTh, TO €CTh CTPYKTYP-
HO Y SHEPTeTHYECKH COOTBETCTBOBATH JIPYT JAPYTY.

TepMUH «MOJEKYJISIpHOE paclio3HaBaHHE» 00O3Ha4YaeT crenu(UuIHoe B3au-
MoJieiicTBHE MEXKIy JBYMsI WK Ooliee MOJIEKYJaMH IyTeM OOpa30oBaHUs HEKO-
BaJICHTHBIX CBSI3€H TaKHX, KaK BOJOPOJHbBIE CBS3H, 00pa30BaHUsS KOOPIHHAIIHOH-
HBIX CBS3€H C MOHAMHU METaUIOB, THApPodoOHBIe CHibI, BaH-Aep-BaanbcoBckue
B3aMMOJCHCTBUS, T-T B3aUMOJCHCTBUSI, TaTOT€HOBBIE CBSI3H, JIEKTPOCTATHYECKHE
W dJeKTpoMarHuTHeie 3((dekTsl. B jomnonHeHne K ATHM TPSMBIM B3aUMO/ICH-
CTBHSM TaK)Xe PacTBOPHUTENb MOKET UIPaTh TOMUHHUPYIOIUIYI0 KOCBEHHYIO POJIb B
yIpaBJIeHUH MOJIEKYJISIPHBIM PAacliO3HABAaHUEM B PACTBOPE. «XO3MH» U «TOCTBY,
YYaCTBYIOIIHE B MOJIEKYJISIPHOM PaCiO3HABAHHH, IEMOHCTPUPYIOT MOJIEKYIISIPHYIO
KOMILIEMEHTapHOCTb.
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MornekysspHOE pacrio3HaBaHUE MPEATOJIaracT HAKOIUICHUE W XpaHeHue (Ha
MOJICKYJISIDHOM YPOBHE) ¥ CUUTHIBAHUE (Ha CYNPaMOJICKyJIIPHOM YPOBHE) HH(DOP-
Marui. IMEeHHO M03TOMY OHO UTPaeT BaXKHYIO POJIb B OMOIOTMYECKUX CUCTEMaX.

[Nocneanue uccaemoBaHus OKA3alld, YTO JIEMEHTHI MOJICKYJISIPHOTO PaCIIo-
3HABAaHUS MOTYT OBITh CHHTETUYECKH TIPOU3BECHBI B HAHOMACIITA0OHOM PEXKHME
[4], oO6xomst TIpH ATOM MOTPEOHOCTH BO BCTPEYAIOIIMXCS B MPHUPOJEC IIEMEHTAX
MOJIEKYJISIPHOTO PACTIO3HABAHUS IS Pa3pabOTKH YyBCTBUTEIBHBIX HHCTPYMEHTOB
JUTSE MaJIbIX MOJICKYJI. BHOMIMeTHYeCKHe MOJIMMEPBI, TAKHE KaK METTOU b, MOTYT
OBITh MCIIOJIB30BAHBI JJIsl PACTIO3HABAHHS 00Jiee KPYITHBIX OMOJIOTUYECKUX MUIIIe-
Heit (06enku) [5]. Konbrorarus noiuMepoB ¢ CHHTETUIECKUMH (DITyOpeCIieHTHRIMU
HaHOMAaTepHaJaMH MOXXET TeHEPHPOBATh CUHTETUYECKHE MaKpPOMOJICKYJISIPHBIC
CTPYKTYpPBI, CIIy)Kalllie CUHTETHYECKUMHU aHTHTEIaMH JUIS PacO3HaBaHUS U
0OHAPYKEHHS ONITUYSCKUX OCJIKOB.

XUMUKH TIPOJIEMOHCTPUPOBAJIN, YTO MCKYCCTBEHHBIE CYMpPaMOJIEKYJIApHBIC
CUCTEMBI MOTYT OBITH CHPOCKTHPOBAHBI M CKOHCTPYHPOBAHEI C MOJICKYJISPHBIM
pacnio3HaBanreM. OTHUM U3 CaMBIX paHHUX IIPHUMEPOB TaKOW CUCTEMBI SIBIISTFOTCS
KpayH-2(HUpBI, KOTOPHIE CIIOCOOHBI HM30MpPATEIHHO CBS3BIBATH CIEIU(DUIECKHE
KaTuOHBL. OHAKO ¢ TeX MOp OBLJIO CO3aHO HECKONBKO MCKYCCTBEHHBIX CHUCTEM
[6-7].

MornekynsapHoe pacno3HaBaHWE MOXKHO TOAPA3JENUTh Ha CTaTHYECKOE
MOJICKYJISIPHOE PACIO3HABAaHUE M JTUHAMHUYECKOE MOJIEKYJISIPHOS PacliO3HABAHUE.
CraTudeckoe MOJIEKYJISIPHOE PacliO3HABaHUE CPABHUBACTCS C B3aMMOJCHCTBUEM
MEXIy KII0YOM M 3aMOYHOW CKBOKHWHOW. DTO peakuusi KOMIUIEKCOOOpa30BaHUS
tHma 1:1 MEXITy «MOJIEKYJIOW-XO3IHHOM» U «MOJIEKYJIOU-TOCTeM» I 00pa3o-
BaHUS KOMIUJICKCA «XO3SIWH-TOCTB». JIJIs TOCTIDKEHUS PACIIUPEHHOTO CTaTHYeC-
KOT'O MOJIEKYJISIPHOTO PAclO3HABaHUS HEOOXOAMMO CHHTE3UPOBATH OOJACTH pac-
MO3HABAHUSI, KOTOPHIC SBJISIOTCS CIICIM(MUIHBIMHA JIJISI TOCTEBBIX MOJICKYIL.

B crydae quHaMU4YecKOro MOJICKYJISIDHOTO PACIIO3HABAHUS CBSI3bIBAHUE TIEP-
BOTO «TOCTS» C TMEPBOM 0071aCTBIO CBS3BIBAHUS «XO3SMHA» BIUSCT HA KOHCTAHTY
ACCOITHAITIHI BTOPOTO «TOCTSD» CO BTOPOI 001aCThIO CBA3BIBAHMS «X03siMHA» [8]. B
CJIy4ae MOJIOKUTENBHBIX aJUTOCTEPUYCCKUX CUCTEM CBS3BIBAHUE TIEPBOTO «TOCTSDY
YBEIMYUBACT KOHCTAHTY aCCOLUAIIUN BTOPOTO «TOCTs». B TO Bpemst Kak [yist OTpH-
[ATEJBHBIX AJJIOCTEPHUYECKUX CHCTEM CBSI3bIBAHHE IEPBOTO «TOCTS» yMEHBIIAeT
KOHCTaHTY aCCOLMAIIMHN BTOPOTO «TOCTs». JIMHAMHIUECKHi XapaKkTep TaKoro THIIA
MOJIEKYJISIPHOTO Paclo3HaBaHUsI OCOOCHHO Ba)KEH, MOCKOJIBKY OH 00ecreuyuBacT
MEXaHHU3M DPETYJTUPOBAHUS CBSA3BIBAHUS B OMOJIOTMYECKMX cucTeMmax. [luHamm-
YEeCKO€ Paclo3HaBaHWE MOJIEKYJl MOJKET YCHIIUTh CIIOCOOHOCTHh pa3nnyarh He-
CKOJIBKO KOHKYPHPYIOIIMX IIeJiell MOCPEeICTBOM MeXaHM3Ma KOPPEKLHMOHHON
KOppeKTyphl. J[MHaMUYecKoe pacro3HaBaHWE MOJCKYJ TakKe H3ydaeTcs s
MIPUMEHEHUS B BBICOKO(YHKIIMOHATIBHBIX XUMHUYECKHIX JATYUKAX H MOJIEKYJIISPHBIX
YCTpOHCTBAX.

Ha pucynke 1 npencraBieHo cpaBHEHUE CTATUIECKOE MOJIEKYJISIPHOTO pactio-
3HABAaHUA U TMHAMUYECKOTO MOJEKYJISPHOTO PAaCIIO3HABAHNA.
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PI/ICyHOK 1 — Cratndeckoe 1 JUHAMUYECKOE MOJICKYJISIPHOC paClioO3HaBaHUC

Craradeckoe:

B HemaBHHX WCCETOBaHMSAX, OCHOBAaHHBIX HA MOJIEKYJSPHBIX IpE/ICTaBIIe-
HUSX ¥ KOHCTAHTaX COOJIIOACHUS, MOJIEKYJISIPHOE paclo3HaBaHUE OMPENEICHO KaK
sBIeHHE opraHu3auud. CIOXHOCTH, CBSI3aHHBIC C MOJICKYJSIPHBIM PacloO3HAaBa-
HUEM, 3aKJII0Yal0TCS B TOM, YTO Ja)xe ISl HEOOJBIIMX MOJEKYJ, TaKhX Kak
YIJIEBOJIBI, TIPOIIECC PACTIO3HABAHUS HE MOKET OBITh MPEJCKa3aH WK pa3paboTaH
JaKe TPU YCJIOBHH, YTO CHJIA KOKIOW OTAEIBHOW BOIOPOJHON CBSI3H TOYHO H3-
BectHa [9]. Omuako, kak 3akmounia MobOmu ¢ komwreramu [10], Tounoe mpen-
CKa3zaHHe COOBITUH MOJEKYISIPHOTO PAacIlO3HABAHUS JOJKHO BBIXOJIUTh 32 PAMKH
CTaTUYECKOTO MOMEHTAJIBHOTO CHUMKA OJTHOTO Ka/Ipa MEXIY «TOCTEM» U «XO35H1-
HOM». DHTPOIHUH SBJISIOTCS KIIOUEBBIMU (DaKTOpaMu CBS3BIBAHMS TEPMOJIMHA-
MUKH ¥ JIOJDKHBI YUUTBIBAThCS U OOJiee TOYHOTO MPOTHO3MPOBAHMS Ipolecca
MOJICKYJISIPHOTO pPAacIlO3HABaHUS. ODHTPONUHM HE HAOIIOAAIOTCS B OJMHOYHBIX
CBSI3aHHBIX CTPYKTYpax (CTaTHYEeCKUH CHUMOK).

Takum 00pazoM, CIIOCOOHOCTH MOIUMEPOB C MOJICKYJISPHBIMH OTHEYATKAMU
K pacrio3HaBaHHIO 0a3UPyeTcsl HA COOTBETCTBUU (HOPMBI OTIIEHYATKOB M CIICITU(H-
YecKUX (PYHKIMOHAJBHBIX TPyNIax BHYTPH HUX MoJjeKynaMm-mabioHam. Cre-
nuanpHble cBs3bIBarone coiictBa [IMO crnexyeT oTHecTH K OCOOBIM B3aMMO-
JNEHCTBUSIM MEXIY IMAOI0OHOM M (YHKIMOHANGHBIMU TPYNIAMH B TOJIHMEPHOH
LIETTH, TIOATOMY BBIOOP MOHOMEPOB SIBJISIETCS HANOOJIee BaYKHOW LIENBIO /IS TIOJTY-
YeHHSI BEICOKOA(()EKTHBHBIX MATEPHAJIIOB C OTIIEYATKAMH.

CuHTeTHYeCKHE MOJUMEPHI ¢ MOJIEKYJsIpHBIMU oTniedatkamu (IIMO) momy-
YalTCs B Pe3ysbTare MOJICKYJISIPHOTO UMIIPUHTUHTA — COMOJIMMEPH3alnu (yHK-
[MOHATFHOTO U CHIMBAIONIET0 MOHOMEPOB B NMPHUCYTCTBHH MOJIEKYII-IIIA0JIOHOB.
MOXHO O0KHIaTh, YTO CHHTE3UPOBAHHBIH MaTepuan OyaeT o0iajgaTh BBICOKOU
CHEeNU(UIHOCTHIO MO OTHOIIEHHUIO K MOJIEKYJIaM IIabJIoHa WK OJIM3KHUX K HEMY 110
cTpoenuro coenuHeHui. [1log00Hy0 criepuIHOCTE B IPUPOIE MPOSIBIIIOT aHTH-
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Tela, T03TOMY MaTEePHAIIBI, OJTYYEHHBIE METOIOM MOJICKYJIIPHOT'O MMIIPHUHTHHTA,
Y4acTO Ha3bIBAIOT UMUTAaTOpamu aHtuten («antibodymimics»).

Ha pucyHke 2 mpejncTaBlieH MpPOLECC MOJMy4YEeHHs MOJUMEpa ¢ MOJICKYJsIp-
HBIMH OTIe4aTkamu. Kak BUIHO, BHayajie NPOUCXOAMT O0Opa3oBaHHE IPEIIO-
JMMEPU3ALMOHHOTO KOMIUIEKCA MEXIY (QYHKIHOHAIBHBIMH MOHOMEpaMHU H
a0JI0OHOM, TIOCJIE Yero CIIeAyeT Ipolecc o0pa3oBaHHs MOJIUMEPHON MaTpHIbI,
coziepyKallell B CBOCH CTPYKType MOJIEKYJIbI IIA0JIOHA U 3aBEPIIAIONIMM 3TarioM
SBJISIETCS YAaJIeHHE MOJICKYJIIPHOTO MIA0JI0Ha M3 TOJMMEPHON MaTpHIBl U 00pa-
30BaHHME MOJIOCTEH, KOMITTIEMEHTAPHBIX IA0JIOHHOI MOJIEKyJIe.

/

‘ 1 (a ZE ‘._/ umwammuzf acenm

DyHKIUOHATBHbIE
MOHOMEPDI Hp(.’()”f).‘lﬂ'."l.pl’l }{H(H(JHHMH

Illabrou

KOMILIERC

Hlabaon

Hoanmep, codeprcarnuit wadaon 1Mo

PHCyHOK 2 — Cunres TMOJMMEPHBIX MAaTCpraJIOB C OTIICHaTKaMU

B nacrosimiee BpeMs ISl CHHTE3a TOJMMEPOB C MOJIEKYJISPHBIMHU OTIIEYaT-
KaMH HanOoJlee MIUPOKO HCITOIB3YETCS METOJ MmojJuMepu3anui B Macce [11-13].
CranpaprtHast Mmetonuka nonydenus [IMO >TuM cioco6oM BKIIOUAET HECKOIBKO
CTaaui:

1. IIpuroropneHue peakiuoHHoi cMmecH. 111abmoH qobaBisieTcs K IOJUME-
PHU3ALMOHHOM CMECH, KOTOpasi COACPKUT (HYHKIMOHATBHBI MOHOMEP U CIINBAIO-
LMK areHT, a TaKkkKe HHUIHATOP MOJMMEPH3ali U HeOOXOAMMBIN 11 00pa3oBa-
HUS TTOp pacTBopuTenb. B padoTAX [14-18] ananu3upoBaics BBIOOP COOTHOIIIE-
HUS a0J0H : (YHKIMOHAIBHBI MOHOMEp : CHIMBAIOLIMI MOHOMEp, oOecreun-
Batouiero Heooxoaumele cBorictTBa [IMO. Kak mpaBuio, GyHKIMOHAIBHBIH MOHO-
Mep Oepercst B 4eThIpex- U 0osiee KpaTHOM M30BITKE M0 OTHOLICHHUIO K MAa0IoHy
[16, 17], KOTMYECTBO CIIMBAIOIIETO KOMIIOHEHTA B PEAKIIMOHHOMW Cpelle MaKCH-
MaibHO U gocturaet 70-90% [18]. CrangapTHOE 00bEMHOE COOTHOIIIEHHE MOHO-
Mep : MOPOTCHHBIN PacTBOPUTENH COCTaBIsieT 3:4. XOTA MOJSPHBIE PACTBOPUTENIN
(xnopodopM, AMXJIOpPMETaH) W XapaKTEPU3YIOTCS OOJBIIOH CIIOCOOHOCTHIO K
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nopooOpa30BaHMIO, 1JI1 HEKOBAJIEHTHOTO UMIIPUHTHHIA MPEANOYTUTENBHBI TAKHE
MeHee MOJISIPHBIE PACTBOPUTENH, KaK OSH30JI, TOIYOJ N alleTOHUTPHII, o0ecte-
YUBAIOIIUE MPOYHOCTh HEKOBAJICHTHBIX cBs3ell [17]. PacTtBopurenu, auccouuu-
pyIolIe C OTIIECIJICHHEM MPOTOHOB, 3aTPYIHSIOT MOJIMMEPU3ALNIO U AeCTaOu-
JTU3UPYIOT BOJOPOIHBIE CBsi3u. [l03TOMYy mpuMeHeHne, HalpuMep, BOABI WiIH Me-
TaHOJa B KA4eCTBE pacTBopuTeleit mpu norydeHunu [IMO HexenaTenbHO.

2. Peakuus nonumepuzanud. [lonumepuzanust MOKET HHULIMUPOBATHCS MO0
HarpeBaHueM peakiuoHHou cMmecu 10 50-60°C, mubo yasTpadHoeToBEIM 00ITY-
yeHreM. BTopoif BapraHT HpeAnoYTHTENbHEE A1 HEKOBAJIEHTHOTO MMIIPUHTHH-
ra, MOCKOJIbKY CHJIa BOJOPOAHBIX W HOHHBIX B3aMMOJIEHCTBUII MOHOMEpa C MOJIe-
KyJaMu 1abjoHa ¢ pocToM Temmneparypsl cHikaercs [11]. IIMO o6bryHO cuHTe-
3UPYIOT METOJIOM CBOOOJHOPAIWKAIHLHONW MOJMMEpPHU3AIlH, IIUPOKO MPUMEHSEe-
MBIM JUISI KPYIHOTOHHA)KHOT'O TIPOU3BOICTBA IIIACTMAcC. DTOT BEIOOP 00yCI0BIEH
BO3MOXHOCTBIO KOHBEPCHHM Pa3IMYHBIX BHHUIIOBBIX MOHOMEPOB (3THUJICHA, CTH-
poia, METHIMETaKpUIIaTa H MHOTHX JIPYTHX), OTHOCHTEIBHO MSTKHMHU YCIOBUSI-
MU pEaKIfH, OTCYTCTBHEM CIICIHANIbHBIX TPEOOBAaHHH K YHCTOTE PEarcHTOB, a
TaKXe JCUIeBU3HOH KOMMEPUYECKM MOCTYITHBIX MOHOMEPOB, COIEpKAllUX pas-
JTUYHBIE QYHKIHOHATBHBIE TPYTIITHL.

MexaHu3M paauKaIbHON TOJUMEPHU3aIliy TOIpoOHO omucaH B padore [19].
Peakmust cocToUT M3 Tpex cTaauii — MHUIMALMH, POCTa MOJTUMEPHBIX LIeTIeH U Tep-
muHauud. Ctagust pocta Heneid 0ObIMHO Topaszno ObICTpee, YeM MHUIHMALUS, OT
Hayajla pocTa HOBOW MOJMMEPHOW IENOYKH A0 0O0pa30BaHUS BBICOKOMOJEKY-
JIIPHOTO TOJIUMEpPA U TMOCHEAYIOUIeH TepMUHAIMK MPOXOJUT BCETO HECKOJIBKO
CeKyHI. DTO O3HAYaeT, YTO BBICOKOMOJIEKYISAPHBIA TPOAYKT MPHCYTCTBYET B
PEaKIMOHHOM CMEeCH JJake TOT/1a, KOT/Ia M3PacXo/I0BaHHOE KOJTMYECTBO MOHOMEDPA
MUHHMaNbHO. McTOUHMKaMU CBOOOJHBIX PaJWKAaNOB JUIS TIOJHMMEPU3ALUN MOTYT
CIIy’)KHUTH Pa3HOOOpa3HbIe MHUIIUATOPHI.

3. llonyuenne nonmumepHbix yactull. [lockonbky [IMO uame Bcero ncnosb-
3YIOTCSI B BUJIE TOPOLIKA YaCTHIl MUKPOHHOTO pa3Mepa, 00pa3oBaBIINICS )KECTKHN
MTOPUCTHIA TOMMMEPHBI MOHOJUT MEXaHHYECKH Pa3MallbIBAIOT C TOIYYCHHEM
HEOHOPOJHBIX YacTUIl. | OMOTeHHM3aIHs 10 pa3Mepy OCYIIECTBISIETCS ITyTeM
MHOTOKPAaTHOTO MPOCEUBAHUS Yepe3 CUTa C OIpEJeNIeHHBIM THaMETPOM I0p U
nocneayrome cenuMmentauuu. [lorepn momumepHOro marepuaia B XOJI€ 3THX
npouexyp Moryt coctasisite 50% u Beie [20].

4. OTMbIBKa TonMMepa. 3aKIIOYHTENbHBIH 3Tan nonydenust [IMO — ocBo-
00XJIeHNE MOJICKYJISIPHBIX OTIIEYaTKOB OT Iadyiona. Crnocod ynaneHus madioHa
3aBHICHT OT MPHUPOABI €TO CBS3U C MOHOMEpOM. IIpu KOBaJe€HTHOM WMIIPUHTHHTE
MIPOBOJINTCS XMMHUYECKOE pa3pylIeHne CBs3ed, MPU HEKOBAJIEHTHOM — MHOTO-
KpaTHasi SKCTPaKLUs CMEChI0 OpPraHMYeCKUX pacTBOpuTeNedl (Kak TpaBuHIIo,
MTOCIIEZIOBATEIFHO METaHOI: YKCyCHas KHCIIOTa, METAaHOIN). BBICyIIeHHBIE IO
BaKyyMOM YacCTHUIIBI XPAHATCS JITUTEIFHOE BpeMs Oe3 yiiepoa st Pr3uKo-XIMH-
YECKHUX U MPUKITaTHBIX CBOHCTB.

BonemuHCTBO paspaboTok B mpom3BoacTBe [IMO B TedeHHE IOCIETHETO
JEeCATWIETHS TIPEACTaOT B ()OpME HOBBIX METOJAOB MOJIMMEPHU3ALUH B IOMBITKE
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KOHTPOJIUPOBATH PACIIOJIOKEHIUE MOHOMEPOB H, CIICJOBATEIBHO, CTPYKTYpY IIO-
mumepoB. OIHAKO CpelH MPOBOJUMBIX HCCIICAOBAHUN OYEHh MajO YCIEXOB B
s¢dexTrBHOM ynanenuu madaona uz [IMO nocie nonuMepusaiuu. K3-3a atoro
MPEHEOPEIKEHU TPOLIECC YJAICHUS I1a0JIOHOB B HACTOSIIEE BpPEMS SBISICTCS
HauMeHee 3KOHOMHYHBIM U HanOoJee TPYJTOSMKHM MPOIIECCOM B MPOU3BOACTBE
I[IMO. Kpome Toro, /it BO3MOKHOCTH ITOJTHOIIEHHOTO HCITOJIb30BAaHUS BO3MOXK-
HocTedl [IMO B aHaIUTHYECKUX M OMOTEXHOJOTHYECKUX IMPHIOKEHUSIX, HEOO-
X0 UM 3P GEKTUBHBIN TpollecC ynaneHus mabdiona. OCHOBHBIC TPYAHOCTH yia-
JICHUS 1a0JI0OHA MIPECTABIICHBI HA PUCYHKE 3.

HaeaasHoe
yaanenne

Cvemenne
CEA3LIBANMIAX

Henonnoe
yaadeHHe

NOJIOCTH
BO BpeM#

¥yaa JIBHH?

Paaph

OOJI0CTH
B0 BpeMHA
YianeHHA

Pucynok 3 — Bo3MoxkHBIE TPYIHOCTH IIPH YAAICHAY MIA0I0HA
OKCITEPUMEHTAIJIBHAA YACTD

Obopyodosanue. JIns M3MepeHHsT YACIBHOW 3JICKTPOIPOBOIHOCTH OBLT HC-
moTh30BaH KoHAyKTOMeTp Okcmuept-002 (PD), pH pacTtBopoB ompemensian Ha
pH-merpe Metrohm 827 pH-Lab (LlBeiinapus). Maccy HaOyxmmx o00pa3ioB
THIpOTeNel A MOCIEAYIOIIEro pacuera creneHd HaOyxaHus (o) ONpenessuin
B3BCIIMBAHWEM Ha 3JIEKTPOHHBIX aHajguTH4Yeckux Becax SHIMADZUAY?220
(Smonus).

Mamepuanwt. TTomumepsl ¢ MOJIEKYISPHBIMU OTIIEYATKAMH OBLITH CHHTE3UPO-
BaHBl METOJIOM CYCIICH3MOHHOH MoluMepH3anui. B kauecTBe mabIOHOB ObUIH
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BBIOpaHBI HUTPATHI LIEPHs, MPa3eoqrMa, HeoIuMa, caMapus, eBponus (B pamKax
BoinonHenuss HMP He mnpeamnosiaraercsi MpOBEJAEHUE OIBITOB C MPOMETHEM
MOCKOJIbKY B NPHUPOJE NAHHBIM METajul BCTpedaeTcs B BUAE PaJUOAKTUBHBIX
n3otonoB). B kauecTBe (yHKIMOHAIBHBIX MOHOMEPOB OBUIM BBIOpaHBI MeTa-
kpuioBast kuciiota (MAK) u 4-punmmmupuaud (4BII), cmmBarommii areHT —
ATHICHTIUKONG auMetakpmwiaT (OIJIMA) W IUITHICHTIHKOJbINMETAKpUIaT
(IST'IMA), B xauecTBe MHMLHMATOpA OBLI MPUMEHEH a300MCH300yTHPOHUTPHI
(AWBH), B kaudecTBe crabmim3aTopa Oblla HCIOJIB30BaHA THIPOKCHITHIIIEN-
mojno3a (I'3L1), Tomyon ObuT BEIOpaH B KadecTBe MopooOpa3oBaress. B kauecTse
cpensl UIs HOJIMMEpU3aluu ObUla NMPUMEHEHa JAeMoHu30BaHHas Bonxa. CocraB
PEaKIMOHHOM CMeCH BBINNIIAWT CICAYIOIIMM  00pa3oM: HOH MeTauia
(Ce*/Pr3*INd*/Sm*/Eu*"):MAK:4BIL: DT IMA/IDT IMA=1:2:2:8. Peakuus 110-
JuMepHu3anuu nposoauiack B 500 MII TpeXropioi KpyriogoHHOH kojbe (peax-
TOp) C MEXaHWYeCKOW Memaikoid. KoMmoHeHThl 100aBIsuICh B peakTop B clie-
nyrormedt mocnenoBatenbHocTH: MAK, 4BII, comp metamma, OI'JIMA, 13 M
tomyona, DIl B kommuectBe 3,5% OT KoIM4YecTBa MOHOMEPHOW CHCTEMBI
(MAK+4BII). Ckopocts nmepememuBanus — 230 000poToB B MUHYTY. Peakius
mpoBoAMiach B TedeHWH 20 MHUHYT NpH KOMHATHOM TeMmIepaType, 3aTeM Ha
npotsokernn 6,5 wacoB mpu 75°C B Toke azora. Ilocime mommMepusanuy Imoiry-
yuBmmecs vactuubl [IMO-1 u IIMO-2 (mpu cunreze [IMO-1 mpumensics
OI'/IMA, npu cuntese [IMO-2 npumensiics IO JIMA) Obur TIIATEIBLHO MPO-
MBIThI JCMOHU30BAHHON BOJOM M allETOHOM IS YJAJCHUS IPUMECEH U OCTATKOB
HEeMpopearupoBaBIInX MOHOMEpPOB. [lomyunBirecs rpanyibl ObITH TOABEPTHY THI
BaKyyMHOH cCylIKe Ha MpoTsbkeHuH 24 uvacoB. [ns ynanenus mabioHa Obuia
rcroip30BaHa 1M a30THas KHCIIOTa P IIepEMEIIMBaHNH Ha TIPOTSDKEHUH | Jaca.
JIJ1sl IOTHOTO YOAICHHsI METAJIJIOB IIMKJI MPOMBIKH ObUT moBTOpeH 30 pas, mocie
gero [IMO ObulM TPOMBITHI AEMOHW30BAHHOW BOJOW M IOABEPTHYTHI CYIIKE B
BaKyyMe Ha NpOTsbKeHUHM 24 dvacoB. g koHTpons cenektuBHoctd [IMO-1 n
I[IMO-2 Opitr cHHTE3UPOBaHBI KOHTpONBHBIE 00pasuel kK[IMO-1 u x[IMO-2,
OTIMYAIOIIUeCs TOIBKO TEM, YTO MPH UX CHHTE3E HEe A00aBIsieTCs malIoH.

Oxcnepumenm. DKCIEPUMEHTHI MPOBENEHBI NP KOMHATHOM TEMIIEpaType.
Nzydenre uCXOAHBIX ANEKTPOXUMHUYECKUX CBOWCTB MHIWBUAYATIbHBIX MOJIUMED-
weix ruaporeneit [TAK, IIMAK, T14BII, TI2M5BII; uatepreneBsIX CUCTEM Ha UX
OCHOBE; TIOJMMEPOB C MOJICKYJISIPHBIMH OTIIEYaTKAMH TPOBOIUIOCH CIIEIYIOIIHM
obOpa3zom:

1. PacueTHOE KONMMYECTBO KAXKIOH MAaKPOMOJECKYISIPHOU CTPYKTYPHI (PEIAKO-
CIINTHIE TIOJIMMEPHBIE THIPOTEIH; TIOJIMMEPHI C MOJIEKYJIIPHBIMU OTIIEYaTKAMH) B
CyXOM BHJI€ TIOMEIIAJIOCh B CTEKJITHHBIN CTakaH. B cilydae WHTepreseBbIX CUCTEM
pacdeTHOe KOJWYECTBO KaXKIAOrO THAPOTENs B CyXOM BHJE NMOMEIAiIoch B CIie-
[UANBHEIN CTEKIISTHHBIN QIITBTP, TOPBI KOTOPOTO MPOHUIIAEMBI TSI HUI3KOMOJIEKY-
JISIPHBIX WOHOB, HO HETPOHUIAEMBI JUIS TUCTIEPCUH THApOTeNel (IIOIUKUCIOTHI
MOMEIIAINCh B OAWH (UIBTP; MOJIMOCHOBAHUS — B IPYroi — TaK M JOCTHTAJIOCh
JICTAHIIMOHHOE B3aUMOJICUCTBHUE).
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2. Ha mpoTsbkeHHH 2 CyT NPOBOAWIOCH H3MEPEHHE AIEKTPOXUMHUECKUX
CBOWCTB (yHeNbHasi 3JIEKTPONPOBOAHOCTh, pH) BOOHBIX PacTBOPOB M MAacCCHI
00pa3LoB MOJIUMEPHBIX 00pa3LoB rujaporeiei. MzmepeHue 31neKTponpoBOAHOCTH
u pH Obuto mpoBeneno B orcyTrcTBHE ruzaporeneir B BoaHoil cpexe. CreneHb
HaOyxaHus ObLIa paccuuTana mo Gopmyiie:

m, —m

my
rJie M1 — BEC CyXOro THAPOTeNs; My — BEC HAOYXIIEro THIPOTes.
PE3VJIbTATBI 1 OBCYXXJIEHW

B tabnuuax 1, 2 mpencrtaBieHbl 3HaUCHHUS YACIBHOM 3JEKTPONPOBOJHOCTU
BOJIBl B MPHCYTCTBUH MakpoMoIeKyspHbiX cTpyktyp [IMO-1 u IIMO-2. Co
BpEMEHEM D3JIEKTPONMPOBOIHOCTh BO3pacTaeT co BpemeneM. Ciiabas MOHM3ALUA
MaKpOMOJIEKYJ SIBISIETCS PE3YJIbTATOM IUIOTHOM CIIMBKH B cTpyKyTpax [IMO-1 n
I[IMO-2. Heo6x01uMO OTMETHTH, 4TO Oo0Jiee TIIOTHAs CIIMBKA MOJTY4aeTcs B CIIy-
gae ucnons3oBanus 121 JIMA B kadecTBe CITUBAIOIIETO areHTa — 00 3TOM CBHUJIE-
TEJNBCTBYET TOT (PAKT, YTO AJIEKTPOIPOBOIHOCTh BOJIbI B IPUCYTCTBUU CTPYKTYPHI
kI[IMO-2 Hmxe 6onee ueM Ha 25% no cpaBaenuto ¢ kKIIMO-1. [Tono6Has TeHneH-
st ¢ OoJiee HU3KOW CTENTHBIO MOHW3AIMH HAONIOJAETCS U B CIIydae CO CTPYKTY-
pamu TIMO-2(Ce), TIMO-2(Pr), TIMO-2(Nd), IIMO-2(Sm), IIMO-2(Eu) mpwu
CpPaBHEHHH 3HAYEHUH DJIEKTPONPOBOJHOCTH € MPUCYTCTBUEM CTpyKTyp IIMO-
1(Ce), IIMO-1(Pr), IIMO-1(Nd), ITIMO-1(Sm), IIMO-1(Eu) B BoaHoii cpeze. Poct
YAETBHON 3JIEKTPOIIPOBOJAHOCTH BOJABI CO BPEMEHEM CBs3aH KaK C MOHHU3aIUei
ctpyktyp IIMO-1 u TIMO-2, Tak u ¢ nucconuanueil BoJbl Ha HOHBI BOIOPOJA U
THIPOKCHII HOHBI.

Tabmuma 1 — YaenpHas 37€KTpOIpoOBOAHOCTE BOABI B IPUCYTCTBUH CTpyKTyp [IMO-1

1, %> MKCM/cM
1 k[IMO-1 | IIMO-1(Ce) | IIMO-1(Pr) | IIMO-1(Nd) | IIMO-1(Sm) | IIMO-1(Eu)
0 0,50 0,50 0,50 0,50 0,50 0,50
0,5 1,55 0,70 0,56 0,20 0,16 0,07
1 1,51 0,69 0,55 0,20 0,15 0,07
2 1,74 0,79 0,63 0,23 0,18 0,08
6 3,49 1,59 1,27 0,46 0,36 0,17
24 4,08 1,85 1,48 0,53 0,41 0,19
48 4,30 1,95 1,56 0,56 0,44 0,20
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Tabnuua 2 — Y aespHas 3JeKTPOIPOBOAHOCTh BO/IBI B IPUCYTCTBUH CTPYKTYp [IMO-2

1, %> MKCM/cM
1 k[IMO-2 | IIMO-2(Ce) | TIMO-2(Pr) | IIMO-2(Nd) | TIMO-2(Sm) | IIMO-2(Eu)
0 0,50 0,50 0,50 0,50 0,50 0,50
05 1,12 0,56 0,45 0,16 0,13 0,06
1 1,10 0,55 0,44 0,16 0,12 0,06
2 1,26 0,63 0,51 0,18 0,14 0,07
6 2,54 1,27 1,02 0,37 0,28 0,13
24 2,96 1,48 1,19 0,43 0,33 0,15
48 3,12 1,56 1,25 0,45 0,35 0,16

B tabnumax 3, 4 npencraBieHsl 3HaUYCHUS PH BOIBI B IPUCYTCTBHHM MaKpO-
MOJIEKYISIpHBIX cTpyKTyp IIMO-1 u [IMO-2. [lony4deHsl faHHbBIE IO KOHIIEHTpA-
LMY MOHOB BOJOPOJAa B BOJHOW Cpele MOATBEPKAAIOT TMIIOTE3Yy O TOM, YTO B
cnyuae crpyktyp IIMO-1 (kak ¥ KOHTPOJBHOrO 00pasiia, TaKk U IMOJUMEPOB C
MabJIOHOM MeTalja) CTeNeHb MOHHM3AILMM BBIMIE YeM B CIydae CO CTPYKTypou
[IMO-2 BcnencTBUe MEHBLIEN MIIOTHOCTH CIIMBKY. 3HadeHus pH Bosl B mpucyT-
ctBun kIIMO-1 Bbime Ha 15% 1o cpaBaenuto ¢ kKIIMO-2, 370 siBIIeHNE yKa3bIBaeT
Ha TO, YTO MPOUCXOIUT O0Jiee MHTEHCHBHAS MOHU3AIINS CTPYKTYPBI C MOJIEKYJISIP-
HBIMH OTIEYaTKaMH, NMPH CHHTE3€ KOTopod ucnois3oBaics O JIMA B kadecTse
CIIMBAIOILErO areHTa. 'oBops MHaue, MPOMCXOIUT MOHU3ALMS CTPYKTYPHI 3a CUET
accolMaIuy POTOHOB, 00PA30BABIIMXCS MPH TUCCOIUAIIMN MOJIEKYIT BOJIBL. DTUM
MPUCOEIMHEHNEM 1 00YCIIOBIEHO CHIDKEHHE 3HaueHnid pH BogHO# cpenbl.

Ta6nuua 3 — pH Boas! B npucytcrBun crpykryp [IMO-1

. pH
9| k[IMO-1 | TIMO-1(Ce) | TIMO-1(Pr) | TIMO-1(Nd) | TIMO-1(Sm) | TIMO-1(Eu)
0 5,55 5,55 5,55 5,55 5,55 5,55
05 5,49 4,95 4,97 4,98 5,00 5,03
1 5,39 4,87 4,88 4,90 4,92 4,95
2 5,30 4,79 4,80 4,82 4,83 4,86
6 5,22 471 4,73 4,74 4,76 4,79
24 5,14 4,64 4,65 4,67 4,68 4,72
48 5,09 4,60 4,61 4,63 4,64 4,67
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Ta6nuua 4 — pH Boas! B npucytcrBun crpykryp [IMO-2

T, pH

4 | ¥x[IMO-2 | TIMO-2(Ce) | IIMO-2(Pr) | TIMO-2(Nd) | TIMO-2(Sm) | TIMO-2(Eu)

0 5,55 5,55 5,55 5,55 5,55 5,55

0,5 5,36 5,40 541 5,43 5,45 5,49
511 5,15 5,16 5,18 5,20 5,23
4,91 4,95 4,97 4,98 5,00 5,03
4,54 4,58 4,59 4,61 4,62 4,65

24 4,52 4,56 4,57 4,59 4,60 4,63

48 4,33 4,36 4,37 4,39 4,40 4,43

B Tabmumax 5, 6 mpencraBieHBl 3HAYEHHS CTCIIEHW HaOyXaHHs CTPYKTYp
kIIMO-1 u kIIMO-2, a takxe ux npousBoausix (IIMO-1(Ce), IIMO-1(Pr), IIMO-
1(Nd), IIMO-1(Sm), [IMO-1(Eu), IIMO-2(Ce), IIMO-2(Pr), [IMO-2(Nd), [IMO-
2(Sm), TIMO-2(Eu)). Co BpeMeHEM TIPOUCXOIUT MOTIIONIEHHE JOCTATOYHO MAJIbIX
KOJIMYIECTB BOJIBI, O YeM CBHIETEIbCTBYIOT HU3KUE 3HAUCHUSI CTETICHU HAOyXaHMs.

Tabmuma 5 — Crenens HaOyxanus cTpykryp IIMO-1 B BogHOI cpene

T, o, /T
k[IMO-1 | TIMO-1(Ce) | TIMO-1(Pr) | TIMO-1(Nd) | TIMO-1(Sm) | TIMO-1(Eu)
0 0 0 0 0 0 0
0,5 0,23 0,07 0,06 0,06 0,05 0,05
0,36 0,11 0,10 0,09 0,08 0,08
2 0,44 0,13 0,12 0,11 0,10 0,09
6 0,49 0,15 0,13 0,12 0,11 0,10
24 0,65 0,20 0,18 0,16 0,15 0,14
48 0,71 0,21 0,19 0,17 0,16 0,15

Tabnuua 6 — Crenens Habyxanus ctpyktyp [IMO-2 B BozHOi# cpene

T, o, /T
q k[IMO-2 | TIMO-2(Ce) | TIMO-2(Pr) | TIMO-2(Nd) | TIMO-2(Sm) | TIMO-2(Eu)
0 0 0 0 0 0 0
0,5 0,18 0,06 0,05 0,04 0,04 0,04
0,29 0,09 0,08 0,07 0,07 0,06
2 0,35 0,11 0,10 0,08 0,08 0,07
6 0,39 0,12 0,11 0,09 0,09 0,08
24 0,52 0,16 0,14 0,12 0,12 0,11
48 0,57 0,17 0,15 0,14 0,13 0,12
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Bricokast IIIOTHOCTE CHIMBKY MPHUBOAUT K CYIIECTBEHHOMY YIIYUIIEHUIO (PU3UKO-
MEXaHUUYECKUX CBOMCTB, OJJHAKO IIPAKTUYECKHU [IOJTHOCTHIO TEPSIETCSI BO3SMOXKHOCTh
U3MEHITh KOH()OPMAIMI0O MaKpOMOJIEKYJ B polecce ux nonmsanuu. Kak otme-
qanock BeIIIe, cTpykTrypa [IMO-2 u ee mpou3BogHbIE MMEIOT OoJiee MIIOTHYIO
CILIUBKY, BCJIEJCTBUE YEr0o 3HAUCHUS CTENIEHU Ha0yXaHUs B 3TOM CIIydae HUXKE I10
cpaBHEHHIO O CTPyKTypoit [IMO-1 u ee mpon3BOIHEIMH.

[lonmy4yeHHsle pe3yiabTaThl U3yUeHHs CBOMCTB cuHTe3upoBaHHBIX [IMO (Tab-
JIUIIBL 5, 6) YKa3bIBAIOT HA TO, YTO CHHTE3UpOBaHHbIe CTPYKTyphl [IMO-1 n [IMO-2
JIEHCTBUTENFHO MIMEIOT TIOJIOCTH, KOMIUIEMEHTApHbBIE K IIa0IoOHy (MOH peaKo3e-
MEJIBHOTO MeTajljia), IpUMEHEHHOMY TIpH UX cuHTe3e. O0 3TOM CBUAETEILCTBYIOT
OoJiee HU3KUE 3HAUYCHUS YACTBHOH 3JEKTponpoBogHOCTH, pH U cTenenn Hadyxa-
Hust ctpykTyp [IMO ¢ mabioHOM npu cpaBHEHHH C KOHTPOJIBHBIM 00Pa3IoM.

3axuouyenue. [lomumepsl ¢ MOJEKYIISIPHBIMH OTIIEYaTKaMH 00J1aJat0T BBICO-
KOH MeXaHMYEeCKON MPOYHOCTHIO OJ1aro/iapsi BBICOKOHM CTETIEHU CLIMBKH, TIPH 3TOM
OHM a0 TMOoJABEpraroTcs HaOyXaHWIo, MOHHM3AWW. bolee HHM3KHME 3HAYCHUS
yAEIbHOH 37eKTpornpoBogHocTd, pH n cremenn HaOyxanusi ctpykryp [IMO c
11a0JIOHOM TIPH CPaBHEHUH ¢ KOHTPOJIBHBIM 00pa3ioM CBHIACTEIbCTBYIOT O HAJIH-
YHH TOJO0CTEH, KOMIIEMEHTAPHBIX K MAa0JIOHY (MOH peKO3eMeIbHOro MeTaa),
MIPUMEHEHHOMY TIPH X CHHTE3E.

Jlannas paboma 6vinoiHeHa 6 pamrKax QUHAHCUPOBAHUS SPAHMOBLIX UCCIe-
odosanuii KH MOH PK (npoexm AP08856668).
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Pe3rome
T. K. /Picymaounos, P. I'. Konoaypos, A. M. Hmanzaszel, X. Xumapcon

CY OPTACBIHIA METAKPUJI KbIIIKbIJIbI MEH 4-BUHUJITIMPUITUHTE
HETT3JIEJITEH MOJIEKYJIAJIBIK TAHBAJIBI ITOJIMMEPJIEPIIH,
SJIEKTPOXUMUAJIBIK ) KOHE KOHOOPMAIMAJIBIK KACUETTEPIHE
TII'YIII ATEHTTIH ©CEPI

Merakpuin Kpiuksisl (MAK) sxone 4-sunninupuant (4BIT) Herizinae MoJeKyIaibIK
TaHOaIbl MOJIMMEPIIEPiH €Ki Typi (0alnaHbICTBIPYIIBI areHT PeTiHAe OipiH/Ie ATHUIICHIIIN-
konpaumerakpuiat (O JIMA), exinmicinne quaTHiaeHrIuKonbaumerakpuiat (3T AMA)
KOJIIaHbUIBI) cuHTe3nenni. CuHTes 6apbichiHAa MAalIoH peTiHae UepHi, Ipa3eoanM, Heo-
JIMM, CaMapuii oHEeeBPOIMH Ty31apbl KongaHbeliael. CoHali-aK MOJIEKYJIalbIK TaHOaIbI
HOJIMMeEpIIepiH OaKpUIayIIbl YIIriiepi (1ay1 COHai aJiicrieH CHHTE3eNreH yuriep, 6ipak
mabaoHCkI3) cuHTe3ae . CHHTE3IeNTeH KYPBUIBIMIAPABIH CYy OPTACBHIHAAFbI JIEKTPOXH-
MUSITIBIK KOHE KOH(DOPMAITHSUITBIK KacHeTTepi 3epTTeli. MoJekynaablk TaHOa bl ToJTuMep-
JIep THIFBI3 TITUITCHIIKTECH iCiHyTe, HOHHM3AIMIFa HaIap YIIbIPpalipl, ajl TiTYIiH >KOFapbl
JIOpeKeCci MaKPOMOJIEKYTAJIBIK KYPBUTHIMIAPIBIH KOFaphl MEXaHUKAIIBIK OCpIKTIriHE OKeTe/Ti.

[Tabnoubr Gap MOJIEKYJIANBIK TaHOATIBI TOJUMEPICPIiH MapaMeTpiepid (MEHIIIKTI
anekTp oTkisrimTiri, pH) MTII Gakpuiaymsl yATUIEpiMEH CalIBICTBIPY OJIAPIIbl CHHTE3CY
Ke3iH/Ae KOJJAaHBUIFaH NIa0JOHFa (CHPEK KE3JIECETiH METall MOHBIHA) KOCBIMILIA KybIC-
TappIH 0ap eKeHiH KepceTe .

OI'IMA (MTII-1) xateiceiaaa cunTe3gaenren MTTI-aiH MEHIIIKTI 3JEKTp OTKI3rim-
tiri meH pH moni IDTIMA (MTII-2) kareiceiana cunre3nenren MTII-men canbicThip-
raHja (TBIFBI3 TICUTYIIH CaJIIapbIHAH) aHAFYPIIBIM KOFAPBI CKEHI aHBIKTAJIJIBL.

TyiliH ce3aep: MOJICKYIATBIK TAaHOAIBI TOTMMEPIIEP, METAKPHJI KBIIIKBLUTBL, 4-BUHIII-
MTUPUANH, MA0JI0H, CHPEK XKep MeTaIlaphl.
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Pe3rome
T. K. Jumadilov, R. G. Kondaurov, A. M. Imangazy, Kh. Khimersen

INFLUENCEOFCROSSLINKINGAGENTON ELECTROCHEMICAL AND
CONFORMATIONAL BEHAVIOR OF MOLECULARLY IMPRINTED
POLYMERS BASED ON METHACRYLIC ACID AND 4-VINYLPYRIDINE
IN AN AQUEOUS MEDIUM

Molecularly imprinted polymers (MIPs) based on methacrylic acid (MAA) and 4-vi-
nylpyridine (4VP) of two types have been synthesized (the difference in types is based on
the use of ethylene glycol dimethacrylate (EGDMA) and diethylene glycol dimethacrylate
(DEGDMA) as a crosslinking agent). Salts of cerium, praseodymium, neodymium, sama-
rium, and europium were used as templates for the synthesis. Control samples of Molecu-
larly imprinted polymers were also synthesized (samples synthesized in exactly the same
way, but without the templates).Electrochemical and conformational behavior of the
synthesized structures in an aqueous medium was studied. Molecularly imprinted polymers
are weakly exposed to swelling and ionization due to tight crosslinking, while it should be
noted that a high degree of crosslinking leads to high mechanical strength of macromo-
lecular structures.Comparison of the measured parameters (electrical conductivity, pH) of
molecularly imprinted polymers containing a template with control samples of MIP indicate
the presence of cavities complementary to the template (rare-earth metal ion) used in their
synthesis. In the presence of MIP synthesized in the presence of EGDMA (MIP-1) higher
values of electrical conductivity and pH are observed as compared to MIP synthesized in
the presence of DEGDMA (MIP-2) due to less tight crosslinking.

Keywords: molecularlyimprintedpolymers, methacrylicacid, 4-vinylpyridine, tem-
plate, rare-earth metals.
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JI'TI HUM HoBBIX XUMHYECKUX TEXHOJIOTUI U MaTepUaoB,
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BJIMSIHUE YJIBTPA3BBYKA HA TEPMOXUMHNYECKYIO
HEPEPABOTKY MA3YTA C JOBABKAMMU CJIAHIIA
IIPU PA3SHBIX JABJIEHUAX

AHHOTanuA. B craThe npuBeeHbl pe3yabTaThl BIMSHUS yJIBTPA3BYKOBOTO BO3JEH-
crus (Y3B) Ha mporecc TepMOXMMHUUYECKOH AECTPYKIMH Ma3yTa B IPUCYTCTBUHU CIaHIA
MecTopoxaeHus Kennepiabik npu paznuuHOM MHTepBane jnaBneHus (3,5-5,5 MIla). {ns
noa0opa paboyero J1aBJieHHs] OCYIECTBICHHS TEPMOXUMUYECKON MepepaboTKu CilaHIa U
Ma3yTa ObLT MPOBENECH Psiji SKCIEPUMEHTOB JIO U IOCIE YJIBTPa3BYKOBOIO BO3JECHCTBHS.
AHanu3 pe3yibTaTOB BIMSHMA MAaBJICHHS HAa BBIXOA MPOAYKTOB TEPMOXUMHUYECKON
nepepabOTKU IOKa3bIBAET, YTO C POCTOM JABJIEHHs Mpolecca HaONlIoAaeTCs yBennYeHHe
BBEIXOJ1a Ta3a, Oer3mHOBON (pakm (no 180°C) n mm3ensHBIX Qpakiuii (180-360 °C) mo-
cTHTasi MaKCUMaJIbHBIX 3Ha4eHUH B auamna3zone 5,0 MIla. Berxon ¢pakuuii, BRIKHIIAIOMIAX
mpu Temrieparypax Oonee 360°C, yMeHbIIaeTcss ¢ pOCTOM JaBJICHUS B Ouama3oHe 3,5-
5,5 Mlla, a 3aTem c NMOBBIIEHUEM JABICHUS PE3KO HauMHaeT pacTu. [locie ynpTpa3ByKo-
BOTO Bo3aeicTBus pu Temnepatype 80 °C, gactote 22 k' u BeIACPIKKE 25 MIH CyMMap-
HBIA BBIXOJ] CBETJIBIX TUCTHILIATOB Bo3pacTaeT a0 65,0 macc.%. D10 mo cpaBHEHHIO 6e3
rcnosb3oBanus ¥Y3B Beime Ha 10 en.

KiroueBnle ciioBa: ciaser], Ma3yT, THAporeHU3anus, KeHnepisik, yIpTpa3ByKoBoe
BO37ICHCTBUE, BBIXO KUAKHUX POTYKTOB, JaBJICHHE.

Beenenne. CoBpeMeHHbIC TEXHOJIOTHH HanOOJIee 4acTO OCHOBBIBAIOTCS HA
peanu3anyy TeTepOTeHHBIX IMPOIECCOB, MPOTEKAOIMUX MEXIY ABYMs WIH He-
CKOJIbKFIMH HEOJHOPOIHBIMH CPEIaMHU B CUCTEMaX >KUIKOCTh — )KHIKOCTh M YKHUJI-
KOCTB — TBepaoe Teio [1].

V3 konebanusi 00ecTeUMBAIOT CBEPXTOHKOE TUCTIEPTHPOBaHUE (HE peau-
3yeMoe NPYTUMH CIoco0aMu), yBeIWduBas MeX(a3zHyi0 MOBEpXHOCTh pearu-
PYIOLINX 3JIeMEeHTOB. TakoB OMH U3 MEXaHU3MOB MHTEHCU()UKAIIMH MTPOLIECCOB B
XKHUIKUX cpenax. Bo3Hukaromas moxa aedcTBHEM KosieOaHWil B JKUAKOCTH KaBH-
Talus ¥ COMPOBOXKAAIONINE €€ MOIHEHIITNE MUKPOIIOTOKH, 3BYKOBOE JaBJICHHUE U
3BYKOBOM BeTep BO3JEHCTBYIOT Ha TTOTPAHUYHBINA CIIONH U «CMBIBAIOT» €ro. Takum
00pa3zoM, ycTpaHsieTcs CONPOTHBICHUE MEPEHOCY PearupyrolminX BEUIECTB U HH-
TeHCUUIMpyeTca TeXHOJIOTHIecknuid mpouecc. Hanbonee nHTepecHBIMU U3 TeTe-
POTEHHBIX TPOIIECCOB SIBISIFOTCS MPOLECCH Y3 3MYIBIUPOBaHUS (AUCTIEPTHUPO-
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BaHUE JXUJKOCTEH B JKUAKOCTSAX) W JUCHEPrHPOBaHUS (TIOMYYCHHS TOHKOIWC-
MEPCHBIX CYCIEH3WiA). DTH TPOIECCHl CBA3aHBI C YBEIMYCHUEM IOBEPXHOCTU
B3aMMO/JICHCTBUS U TO3TOMY JIeXKAT B OCHOBE WHTEHCH(DHUKAIIMN MHOXKECTBA JPY-
TUX TIPOIIECCOB.

Bricokast 3)(peKTHBHOCTh yIBTPa3BYKOBBIX TEXHOJOTHHA B XKHUJIKHX Cpeaax
00yCIoBIIeHa CIEAYIOUTIMH TPHIUHAMI:

— Ycnosust BBoma Y3 konebaHWN M3 KOJeOAaTENbHBIX CHCTEM C TOMOIIBIO
METAJTUYECKUX Pab0odnX MHCTPYMEHTOB B JKUJKOCTH HaHOOJIee OIarOnpHUsTHHIC,
110 CPaBHEHUIO C BBEICHUEM Y3 KoJieOaHMi, HAIIpuMep, B Ta30BbIe cpeanl. OOyc-
JIOBJIEHO ATO TE€M, YTO YJIEIIbHOE BOJIHOBOE COIPOTUBIICHUE KUIAKUX CPEl 3HAYH-
TeapHO (st BoAbl B 3500 pa3) Ooibliie 4eM y Ta30B U MOATOMY, OOJbINAs MOIII-
HOCThb W3Jy4aeTcs M3 KoJeOaTeNbHOH CHUCTEMBI B HJIKOCTh NPH OJUHAKOBOW
aMILTUTY/Ie KOJIeOaHHii HHCTPYMEHTa KoJie0aTe/bHO# crucTeMsl [2].

B kuakux cpegax BO3HHMKACT WM MPOTEKaeT crenuduyeckuil usmueckuit
MPOIECC — YABTPA3BYKOBAs KaBUTAIHS, 00ECIICUNBAIONINI MaKCHMaIbHBIC SHEP-
TeTHYECKHE BO3JECHCTBHA, KaK Ha CaMH JKHUAKOCTH, TaK W Ha TBEpIbIe Tela B
KuUAKOCTAX [1]. AHamornyroro nmo 3(hGHEeKTUBHOCTH BO3ACHCTBHS (HHU3MUECKOTO
Mpoliecca HEeT B TBEPBIX TENaX M ra30BBIX CPE/Iax.

— VbTpa3ByKOBasi KaBUTAIMsI MOPOXKIACT OOJIBIIOE KONMHYECTBO 3(PPeKTOB
BTOPOTO TMOPAIKA, KOTOPBIE, B CBOIO OYEPEb, TAKXKEe 00ECTIeUNBAIOT HHTEHCH(H-
KaIUIO MPOTEKAOIUX TEXHOJIOTHICCKHIX TPOIIECCOB.

OTH 00CTOATENHCTBA MPUBEIH K TOMY, YTO YJIBTPA3BYKOBOE BO3JICHCTBHUEC
MOJTyYrII0 HarOoJee MHUPOKOe PaCIPOCTPAHEHNE TIPY peai3ali TEXHOIOTHYec-
KHX TPOIIECCOB, CBSI3aHHBIX C )KUIKUM COCTOSTHIEM PEareHTOB.

Hamu w3y4eHO B CpeIHEYAaCTOTHOM YJILTPAa3BYKOBOM IIOJIC BIIUSHUE YIIb-
Tpa3ByKa Ha TEPMOXMMHYECKYIO TepepaboTKy Ma3yTa B MPUCYTCTBUHU CJIAHIA B
pa3IMYHOM WHTEpBaje ero KOHIICHTPAIMiA U BpEeMEHH.

OKCITEPUMEHTAJIBHAA YACTD

st uccnenoBaHusl mpouecca ObUT MCHONB30BaH YNbTPa3BYKOBOM AWCHEp-
ratop Y3/IH-2T: gacrora 22 kl'n, ammutyaa koiebaHuil ¢ BbIxoaa mpeodpa3o-
Barenst 12 MKM, ¢ Toplia MHCTPYMEHTa (aKyCTHYECKHEe BOJIHOBOJBI C yCUIICHHEM
amuatyiel) — 20, 40 u 60 MkM, akyctudeckass MoutHocTs 150 Bt mpu Temme-
patype 80 °C.

O6pasipl cycreH3uil 10 1 nocie 00paboTKH yIbTPa3ByKOM aHaIM3HPOBAIN
COBPEMEHHBIMH MeTOoaMHu [3-5].

B kauecTBe chIpbs npuMeHsi MasyT JKanaxkoinckoit HedTu ¢ T.xum. >520 °C
CO CIEIYIOIMMH XapakTepucTukamu: miotHocts npu 20 °C 0,933 r/cm3; BaskocTs
9,8 Ccr.; conmepkanue acdanbreHoB 1,6 u mexmpumecedd 0,3 macc.%. Tepmo-
KPEKHMHT ITPOBOJIMIIM BO BPaLIAFOLIEMCs aBTOKIaBe 00beMoM 2 11 ipu 400-440 °C,
paboueM maBieHuH azota 5-8 Mlla. B kaduecTBe akTHBHPYIOIICH T0OaBKH IMprUMe-
Hso 00pasipl roprouero cnanma AO «Ksapiy (KeHaepibIKCKOTO MECTOPOXK-
JICHNS1), TOTIOJIHUTEIBHO 00OTalleHHOTO MeTodaMK (pIoTaluyd U LEHTPOOESKHON
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cemapanmuu B OKHIKOCTSIX, CO CJICAYIONIMMU XapakTepucTukamu (macc.%):
We 1,2-1,3; A? 18-22; S 1,7-1,8 C*™ 74,2-74,7; H™ 8,9-9,0; S™ 1,2-1,4;
N9’ 0,4-0,5; Qdaf 14,5-15,0. B cocraBe MHHEpaIbHOW YaCTH KEHIEPIBIKCKOTO
claHIa npeoOyianaloT coenuHeHUs KpemHusa (58,2 macc.%) W aTIOMHHUS
(17,2 macc.%) [6-11].

PE3VJIbTATBI U UX OBCYXXIEHUE

N3yueHo BnMsHUE [aBJIeHHS Ha IPOLIECC TEPMOXUMHUYECKOH mepepadoTKu
Ma3yTa B CMECHU CO CIaHIaMHu. DTOT LUKJI UCCIEeJOBaHMI BBI3BaH TE€M, YTO 3aKOH-
CepBUpOBaHHBIC Ha OoybIIMHCTBE oTeyecTBeHHbIX HII3 MomrHOCTH MO Tepmu-
YeCKOMY KpeKHHTy Ma3zyTa padoTanu npu 470-530 °C u naBnenuu 4-6 Mlla.

VYcraHoBIeHO, YTO pabodee NaBICHHE OKa3bIBACT ONPEAEICHHOE BIMIHUE Ha
TEPMOJIU3 Ma3yTa. DTOT BBIBOJ MOATBEP)KAAIOT PE3YNbTAaThl, MPEJICTABICHHBIC B
Tabnuuax 1, 2.

DKCIIepUMEHTAIBHO TTOKA3aHO, YTO JIUIIb YBEIIMYEHHUE JIABJICHUS Tpoliecca ¢
3,5 no 5,5 MIla Ha npuMepe TepMOXMMUYECKOH MepepaboTKu Ma3yTa M CIIaHIa,
NoJABEPrHyTHIX Y3B, crocoOcTBYeT BO3pacTaHHUIO MPUPOCTA CBETIBIX JUCTHILIS-
TOB ¢ 56,2 1o 65,0 macc. % (tabmursl 1, 2).

Tabmma 1 — BrustHue naBieHns Ha TEPMOXUMHUUECKYIO TIepepaboTKy Ma3yTa CO CIIaHIIEM.
Vemosus: 10 mace. % cnanna, 415 °C, 60 mun, 6e3 Y3B

Jasnenue npouecca, MIla
[Toxazarenu

3,5 4,0 45 5,0 55
Beixon npoxykroB, Macc.%:
I'as 53 5,2 5,6 5,8 55
®pakuus 1o 180 °C 12,8 13,3 13,7 15,0 14,3
®paxuus 180-360 °C 39,0 38,9 39,9 41,2 394

0

Ppaicus >360 °C 42,9 42,6 40,8 38,0 40,8
B TOM YHCJIE KOKC
CyMMapHBI BBIXOJ IUCTHIULSITOB 51,8 52,2 53,6 56,2 53,7

Tabimia 2 — BrvistHue naBieHns HA TEPMOXUMHUUECKYIO TIepepaboTKy Ma3yTa CO CIIaHIIEM.
Venosus: 10 mace. % cnanna, 415 °C, 60 mun, ¥Y3B: t = 80 °C, yacrora 22 k['1, 25 mun

JlaBnenue npouecca, MIla
Ilokazarenu

3,5 4.0 45 50 55
Beixon npoaykToB, macc. %:
las 7,0 7,2 7,1 6,8 7,1
Opaxrus 1o 180 °C 12,8 14,3 16,0 19,1 16,5
Opaxrus 180-360 °C 37,8 39,4 41,0 45,9 43,8
Opaxrus > 360 °C 42,4 39,1 35,9 28,2 32,6
CyMMapHbIii BLIXOILOCBCTJU:IX 50,6 53,7 57.0 65.0 60.3
JTUCTHIUIATOB, Macc.%
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A mpu ucnons30BaHMM ciaHna 0e3 Y3B mpupocT CBETIBIX AWCTHIUIATOB
He3HauuTeseH (pu yBennyeHnu aasnenus ¢ 3,5 no 5,5 Mlla cocrasiuser 4,4 %).
VYBenuueHue BbIX0Ja CBETIIbIX AUCTHIUIATOB B 3TOM CIIy4ae JOCTUTAETCS B OCHOB-
HOM 3a cué€T 0ojiee MHTEHCUBHOT'O KPEKHMHra OCTaTOYHBIX (pakuuii ¢ Temriepa-
Typamu kunenus Boie 450 °C. XoTs 11 TepMHUUYECKHX MPOLECCOB JOJDKEH Obl
HaO0J0IaThCS 00paTHBIM 3PQPEKT OT yBEIWYCHUS NaBicHHs (YMEHBIICHHUE ra3o-
oOpa3oBanus u Beixoja (paxiuii ¢ T. kuil. Beime 180 °C), ogHaKo TyT, HO-BUIH-
MOMY, UMEET MECTO OIPEICTICHHBIH KaTaTUTHYeCKU 3 (eKT B BUAY COAEpKaHHS
B CJIAHIIAX KaTAJUTHYECKN aKTUBHBIX METAIJIOB.

[Mo manHbIM Tabmun 1 u 2, MOCTpoeH TrpaduK 3aBUCHMOCTH CyMMAapHOTO
BBIX0JIa CBETJIBIX JUCTUIISITOB OT JaBJICHHS Ipoliecca (PUCYHOK).

70

D
()]

[o2}
o

a1
o

BbIxos ®uaKux npoaykToB, %
~ a1
o al

40
3 3,5 4 4,5 5 5,5 6

JaBnenue, MPa

6e3 Y3B {—c V3B

3aBHCUMOCTh CYMMAapHOT'O BBIXO/Ia HUAKUX IPOAYKTOB OT JaBJICHHS
(6e3 u ¢ Y3B)

W3 pucyHka BUIHO, YTO BBIXOJ CBETJIBIX AUCTUIUIATOB UMEET [OJIMHOMUAIb-
HYI0 3aBHCHUMOCTb OT TEMIEpaTyphl U UMEET MAaKCUMaJIbHOE 3HAUYEHUE NPHU /1aB-
nenne 5 MIla.

HecomHeHHO, BakHa POJIb U TPaHyJIOMETPUYECKOr0 COCTaBa MCIIOIb3yEMOI0
roprovero cnanna. Hanbosee akTHBHO B Ipoliecce TepPMOIN3a y4acTBYIOT (pak-
mun cnanna 0-0,063 mMm.B sTom ciydae nHabmiomaeTcs HauOONBLIMKA HPUPOCT
CBETIBIX TUCTIWLIATOB (60,2 %), XOTS 3TO CONMPOBOKIAETCS 00JIee HHTCHCUBHBIM
KokcooOpazoBanueM (4,2 %) 1o cpaBHeHUIO ¢ Qpakiueit cnanma 0-200 MM (Tipu-
poct cBeTIbIX nucTiAToB 53,0 %, kokcooOpa3oBanue 3,2 %). B To ke Bpems,
¢pakuust cnanna 0-0,063 MM COmEpKUT MEHbIIE OPraHMYECKOW Macchl IO
cpaBHeHUIO ¢ hpaknueii ciaanma 0-0,2 MM, T.e. oborarieHa MUHEPATBLHOH YacThIO.
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Takum 00pa3om, aHaIH3 PE3yIbTATOB BIVSIHHS IaBJICHHUS HA BBIXOJ] IPOAYK-
TOB TEPMOXHMHUYECKON MepepadOTKH MOKa3hIBAET, YTO C POCTOM HAaBJICHUS TPO-
1ecca HaOIroaeTCs yBEIIMYCHHE BBIXO/1a ra3a, OCH3MHOBOW U TIU3EIbHBIX (YPaKITHiA
JIOCTUTasi MaKCUMAaIIbHBIX 3Ha4YeHwid B quanasone 5,0 MIla. Berxox dpakimii,
BBIKUIIAIOIIMX [TPH TeMIieparypax oosee 360 °C, yMeHbIIIaeTCs ¢ POCTOM JIaBICHHS
B auamnasoHe 3,5-5,5 Mlla, a 3aTeM ¢ TOBBIICHWEM MABJICHHS PE3KO HAUMHACT
pactu. [Ipu 5TOM pUPOCT CBETIBIX JUCTUILIATOB BO3PACTAET IPUMEPHO BJIBOE MTPHU
KOKCOOOPa30BaHWHU HUXKE, YEM ITPH OOBIYHOM TEPMOKPEKHHIe Ma3yTa. Onrumab-
HBEIMU TIapaMeTpaMy Ha OCHOBAaHHUH OIIBITOB, TIPOBEJICHHBIX B aBTOKJIABE 00HEMOM
0,5 1, moxxHO cumTaTh: AaBienue 5 Mlla, Temneparypy 415 °C, KOHIIEHTpAITHIO
nobasku 10 macc. %, Bpemst U30TepMUYEeCKON BbIepKku 60 MUH, TpaHyIOMETPH-
yeckuil coctaB cianua 0-0,063 MM u cieayroliyde yCIOBUSA YIBTPa3BYKOBOIO
BozaetcTus: 80 °C, yactora oOmyuenus 22 kI’ 1 BpeMsl SKCIO3ULUH 25 MUH.
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Pe3rome
K. Kauvipbexos, U. M. IDicenovibaesa, T. 3. Axmemos, M. 3. Ecenanuesa

OPTYPJII KbICBIMJIA TAKTATAC KOCITAJIAPBI BAP MA3VYTThI
TEPMOXUMUAJIBIK OHAEVTE VJIbTPAIBIEBICTBIH ©CEPI

Byn makamaga KeHipiik KeH OPHBIHBIH TaKTaTACHIHBIH KATBICYBIMCH Ma3yTThIH
TEPMOXUMUSIIBIK JIECTPYKLMACH YPIICiHE SpTYpJli KbIChIM MHTepBasbiHAa (3,5-5,5 MIla)
yIbTpanbIObICTHIK oHAey Il (Y 1O) Hotmwkenepi kentipinres. TakraTac eH Ma3yTThl Tep-
MOXHUMISUTBIK OHJICYIi JKY3€re aChIPYIbIH )KYMBIC KBICBIMBIH TaHJAy YIIH YIbTPaIbIObIC-
THIK OHJICYTE JICHIH ®KOHE OJIaH KelliH OipKarap Toxipuoenep Kyprizinmi. TepMoXUMUSITBIK
KaliTa eHIey OHIMJCPiHIH IIBIFBIMBbIHA KBICBIMHBIH 9CEp €Ty HOTIDKEJEepiH Tanjay ypaic
KBICBIMBIHBIH ©CYiMeH ra3abiH, 6eH3uH (pakmusiceHby (180°C neifin) sxoHe Au3es Qpak-
nustapbeiHbiH (180-360 °C) mbireiMbl 5,0 MIla KpIChIMIIa €H YKOFaphl MOHIEPTE KETKEH-
nirie kepyre 6omansl. 360 °C-TaH KOFaphl TeMIlepaTypaia KaWHANTBIH (QpakiisuapsH
IIBIFBIMEL 3,5-5,5 MITa apanbIFsIHAAFE! KBICEIMHBIH )KOFapbUIAyBIMEH a3asi/ibl, COJaH KeHiH
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KbICBIMHBIH JKOFapbulaybIMeH KypT oce Oactaiinpl. 80 °C temmneparypana, 22 k1 xuimik-
TE€ KOHE 25 MUHYT apalibIFbIHJA YJIbTPAAbIOBICTHIK OHJIEYICH KEeHiH JKapblK JUCTHILIAT-
TapbIHBIH KaJIbl WBIFBIMEL 65,0 Macc.% neiiin apransl. byn VIO xonnanOGarannarsiMeH
canbIcThIprania 10 OipIikke >KOFapsbl.

Tyiiin ce3aep: TakraTac, MaszyT, ruaporenaey, Kenuepaiik,ynbTpaasI0bICTHIK OHICY,
CYHBIK ©HIM IMIBIFBIMBI, KBICBIM.

Summary
Zh. K. Kairbekov, I. M. Jeldybayeva, T. Z. Akhmetov, M. Z. Essenalieva

INFLUENCE OF ULTRASOUND ON THERMOCHEMICAL PROCESSING
OF FUEL OIL WITH SHALE ADDITIVES AT DIFFERENT PRESSURES

This article presents the results of the influence of ultrasonic exposure (UE) on the
process of thermochemical destruction of fuel oil in the presence of shale of Kenderlyk field
at different pressure intervals (3.5-5.5 MPa). A number of experiments were performed
before and after ultrasonic exposure to select the working pressure for thermochemical
processing of shale and fuel oil. Analysis of the results of pressure influence on the yield of
thermochemical processing products shows that with increasing process pressure there is
an increase of yield of gas, gasoline fraction (up to 180°C) and diesel fractions (180-360
°C) reaching maximum values in the range of 5.0 MPa. The yield of fractions that boil off
at temperatures more than 360 °C are decreased with increasing pressure in the range of
3.5-5.5 MPa, and then begins to grow sharply with increasing pressure. After ultrasonic
exposure at a temperature of 80 °C, a frequency of 22 kHz and 25 minutes of soaking the
total yield of light distillates increases to 65.0 mass%. This is 10 units higher than without
the use of UE.

Keywords: oil shale, fuel oil, hydrogenation, Kenderlyk, ultrasonic exposure, liquid
product yield, pressure.
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CHUHTE3 HOBbBIX a-AMUHO®OCPOHATOB
HA OCHOBE IMKJIOTEKCHJIAMHWHOB
B YCJIOBUSAX PEAKIIUN KABAYHUKA-OUIIJICA

AHHoOTanusa. B3amoneiicTBMeEM HHUKIOTEKCHMIAMHUHA W |-3THHMII-1-aMHUHO-IIUKIIO-
TeKCaHa C pa3IMYHBIMHU OCH3aIBACTHAaME U IHATIIIGochuTOM B ycrmoBusax peakunu Kada-
gHIKa-Duiaca CHHTE3UPOBaHbI U 0XapaKTEPH30BaHBI HOBBIC ai-aMHHOPOcPoHAThI. CocTaB
U CTPOEHHE CUHTE3UPOBAHHBIX COEAMHEHUHN NOATBEPKAeHBI MeTonamu UK-, IMP H-u
31P-crieKTpOCKOHHL.

KuroueBbie ciaoBa: o-amuHodochoHaThl, peaknus Kadaunnka-duiijica, ITUKIOTEK-
CHMIIAMMHBL, OeH3aIbaeruabl, quatwidocdut, UK-, AMP H, 3P cnekTpockomnus.

Cpeny MHOTOYHCIICHHBIX THITOB (pochopopraHmIecKux COCAMHEHHH OO0b-
0N MPAKTUYECKUN M TEOPETUUYECKUN MHTEPEC MPEJCTABISIOT COCAUHEHUS, CO-
nepxamue o-amuHoankunpochopmibnsie (P(0)-C-N) ¢pparmentsl. Takue Bemie-
CTBa, 3a4acTyto oOnamast HeJbIM KOMIUIEKCOM NMPAaKTHYECKH IMOJIE3HBIX CBOWCTB,
KpoMme Toro, Giarogapsi BBICOKOH PEaKIHOHHOH CIIOCOOHOCTH, MOTYT OBITH HC-
MOJIb30BaHBl B pa3HOOOpa3HBIX cHHTe3aX. Oco0oe BHUMaHHE YAETSETCS, Kak
MPaBUIIO, COETMHEHUSM, COJEPKALIUM CBS3b yriepoa-hochop m3-3a NPOYHOCTH
9TOM CBS3M, yCTOMYMBOCTH B PEAKIIUAX THAPOIH3a, OKUCICHHS 1 BOCCTAHOBIICHHS.
a-AMHUHOPOC(HOHATHI MU3BECTHBI TAK)KE CBOMMH TIOJIE3HBIMH CBOWCTBAMH, TJIaB-
HBIM 00pa3oM OHOJOrMYecKOd akTHBHOCTBIO[1-5]. Ocobo MHTEpEeCHBI O-aMHHO-
(dhocdoHaThI, copepIKalne B CBOEM COCTaBe IIUKIIOTeKCHIIbHBIN pparment. Coenu-
HEHUS 3TOTO KJlacca SIBISIOTCS MHIMOMTOPaMH alleTHIXOJIMHACTEepasbl [6], nmu3o-
dochonumnaser D [7], sn0KcUruaponaspl, JSUIIMHAMHHO-TIETITH/A3bI, aJaHHH-aMHU-
Honentuaassl [8,9] u obnanarotT npotuBopakoBoit aktuBHOCTHIO [10]. OqHuM 13
Haunboee yI00HBIX METOIOB MOTYYCHHUS 0.-aMHHO(POCPOHATOB SBISETCS PEaKIHS
Kabaunuka-Ounjca, HO3BOJISIONIAs CHHTE3UPOBATH IIETICBbIC COCANHECHUS B OIHY
craauio. HecMOTpst Ha TO, YTO KOJMYECTBO MCCIIEAOBaHUHA B obmactu ochop-
OpPTaHUYECKUX COCTUHEHUH C Ka)X/IbIM TOJIOM BCE BO3PACTAET, MATOU3yUYCHHBIMU
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OCTAIOTCSI MHTEPECHBIE Kiacchl (ocopopraHndecKuX MPOU3BOIHBIX ALETUIICH-
COZIepXKAIIMX AMHHOB QJIMIUKIMYECKOTO psja, UMEIONINE Pa3IndHbIe 3aMEeCTH-
TENW, KaK B IIUKJIE, TaK U y aroMa pocdopa. CoelMHEHHS JaHHOTO Psia MpUBIIe-
KalOT BHUMaHHUE HMCCIIEOBATENeH Pa3HOOOpa3ueM XMMHUYECKUX NPEBPAICHUH H
MEePCIIEKTHBOH MCIIOJIb30BAaHMS UX B PA3IMYHBIX 00JIACTAX HAYKH M TEXHHUKH, YTO
CTUMYJIUPYET pa3pabOTKy HOBBIX CHOCOOOB CHHTE3a MX HOJN(YHKIMOHAIBHBIX
npon3BoIHBIX. ClienyeT OTMETUTb, 4TO (OCHOPUITNPOBAHHBIE AlIETHIICHCOIEpIKa-
IMe aMUHBI U3y4YeHbl B 3HAYMTENLHO MEHbINEH CTENeHH. B 3TOM TuiaHe BasKHO
pa3paboTath y/noOHBIE METOABI CHHTE3a M M3Y4YUTh CBOMCTBAa HOBBIX (hocdopu-
JMPOBAHHBIX allCTUICHOBBIX aMUHOB. Hamumne B TaKMX COSTMHEHHSAX HECKOIBKHX
PEaKIMOHHOCIIOCOOHBIX LIEHTPOB IMpeAoNpenensieT OOJbIINe CHHTETHYECKHE
BO3MOKHOCTH M MHTEpECHbIE OHoorndeckue cBoicTa [11-12].

Takum 00pa3zoM, pa3BUTHE UCCICAOBAHUI B 00JIACTH Pa3padOTKH METOOB
CHUHTE3a HOBBIX ()YHKIIMOHAJIBHO 3aMEIIECHHBIX MPOU3BOIHBIX O-aMUHOMOCHO-
HATOB, YCTAaHOBIICHUE MX CTPOCHUS, a TAK)Ke MOUCK B MX PSAAY NEPCIEKTHBHBIX
OMOJIOTUYECKH AKTUBHBIX COSTMHEHHH SBIISIOTCS COBPEMEHHBIMU M KTy aTbHBIMH.

B kadecTBe 00BHEKTOB HMCCIEIOBAaHKs OBUTH BHIOpaHbI IHKIOrekcuiamMuH (1),
pas3nuyHble MPOM3BOHBIE OeH3ampaeruaa (2-5), mmtuwidochur (6). Ha mepsom
aTane Ha mpumepe 4-xnopbensanpaeruaa (2), mudTuihochuTa U UKIOTSKCUII-
amuHa (1) HaMu U3y4eHO BIMSHUE YCIOBUIM PeaKIMy Ha MPOTEKAHNE 3TON PeaKIuu
(TemnepaTypa, pacTBOpHUTEINb, BpeMsi). Tak, MpoBeAeHUE peaklui B BoJie, OEH30IIe
U XJopoopMe HE3aBHCHUMO OT TEMIIEpaTypbl, HE HPHBEIO K ycrexy. Bo Bcex
ClTydasix MPOLYKTaMHU PeaKkIMy OKa3alluCh TPYAHOpa3AeIMbIe CMECH TIPOITYKTOB.
Tak kak B mociemHee BpeMsl Bce Ooiplliee 3HAUYEHHWE MPHOOPETAIOT METOJIBI
«3€JICHON XUMHUU», HAMH OCYII[ECTBIICHA MOMBITKA MTPOBEIACHUS 3TOM peakuuu 0e3
pacTBOPUTEIISL.

H O

NH, ~A° I
o NH — CH—P(OC,H,),
Il TSOH, CgH,

+ + H-P(OCH,), —
R 5 R
1 R
R
2-5

7-10
2,7 - R=Cl, R'=H; 3,8 - R=Br, R'=H; 4,9 -R=0OH, R'=H; 5,10- R=0OH, R'=OCHs

Peakruto ynamoch moBecTu 10 kKoHma Toibko pu 90°C B reuenue 160 9. ITpu
N00aBICHHN B KayecTBE KaTallM3aTopa 1-TONYOJICYIb()OHOBOW KHCIOTHI BpeMs
peakuy yaanoch COKpaTuTh 10 45 4. Hanbosee onTuManbHBIM 0Ka3ajloCh KHUIIS-
4yeHue peareHToB B Teuenue 30 4 B 6eHzoue, B npucytctBun 10% 7-Tomyoncyib-
(hOHOBOI KHCIIOTHI C a3€0TPOITHON OTTOHKOH BOABI. Beixox coemunenus (7) npu
3TOM coctaBui 91%.
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Ha crneayromemM sTame MBI W3YyUWJIM BIHSHHAE CTPYKTYpPhI aibJIerHia Ha
nporekanue peakuun. st aToro nukinorekcwiamut (1) u qumyTrindocur (6) Obum
BOBIIEUEHBI B peaknuio ¢ ampaerugamu (3-5). Ipoxykr peakuuu (8) ¢ 4-6pom-
OcH3anpaeruaoM (3) yaanoch BBICIHTE ¢ BBIXOAOM 86%. Mcrnonb3oBaHue OcH-
3anbaeruzios (4,5), comepamux JOHOPHBIC 3aMECTUTEIH B OCH30JBHOM KOJIBIIE,
MTO3BOJIMJI YMEHBIINTD BpeMs peaknuu 10 8 4 u a-amuHopochonars: (9,10) 6um
BBIZIEJIEHBI C BBIX0J0M 77 1 89%, COOTBETCTBEHHO.

Taxum 00pa3om, B pe3ysbTare MPOBEAEHHBIX HCCIICAOBAHUN TPEXKOMIIO-
HEHTHOM peakuuu audTuidochura ¢ apoOMaTUISCKUMU allbJCTHIaAMH 1 IIMKJIOTEK-
CHJIAaMHHOM B TIpUCYTcTBUU 10 M01.% n-TONy0nCcyIb()OHOBON KHCIOTHI YIalloCh
nony4yuth psia o-amuHo(ochoHatoB. COCTaB M CTPOCHHE MOJYUYCHHBIX HOBBIX
a-amuHOpochoHaTtoB (7-10) moaTBepKIAEHBI JAaHHBIMH 3JEMCHTHOTO aHallu3a,
K-, IMP H, ¥P-cnekrpockonyn. ®U3HKO-XUMUYECKHE U CIIEKTPAIbHBIE XapaK-
TEPUCTHUKH a-aMuHO(pochoHaToB (7-10) mpruBeaeHb! B SKCIEPUMEHTAILHOMN YaCTH.

B nanpHeieM MpoaoHKeHbl paboThl MO CHHTE3Y HOBBIX MONHU(DYHKIIHO-
HanbHBIX (hochopcoaepKammx MPOU3BOAHBIX Ha OCHOBEl-3THHMI-1-aMHUHOIIHK-
norekcana (11). ITpu BIGOpe JaHHOTO 0OBEKTa OCHOBHBIMHU KPUTEPUSAMHU OBLIH €70
OCHOBHOCTh M HAJIMUHE PEAKIMOHHO-CIIOCOOHOW STHHHIBHOM Tpymmel mpu Ci
kapOorukia. BBeaeHue STUHIILHOMN MPYIIbI B MOJIEKYJISIPHYIO CTPYKTYPY IIHKJIO-
reKCWJIaMUHa ITOBBIMACT PEaKIUOHHYI0 crocobnocTs (11) B peakiuu hochoH-
METHIMPOBAHHUSL.

C 1eNbI0 CHHTE3a HOBBIX COCTUHEHU, KOTOPBIE MPEACTABISIOT HHTEPEC B Ka-
YeCTBE MOTEHIIHATBHBIX OHMOJIOTUYECKU aKTHBHBIX BENIECTB, POBEJIEH IUKII paboT
0 TIOJYYEHHIO HOBBIX o-amuHO(ocoHaToB (16-19) B yCIOBHIX TPEXKOMITO-
HEHTHOW KOHJeHcarwu:1-3TuHmWI-1-amuHonukiIorekcan (11)-3ame-iieHHbie O¢H-
sanpaerup (12-15) — nuatundocdut(6).

B P
HC=C.__NH, ’ ° HC=C N — C—P(OC,H,),
R I TSOH, CgH, g
+ .+ HPOCHY), ———>
R 6 RI
11 R

12,16 - R=OCH3; R!=RY=H; 13,17- R= R!=H, R“=0H; 14,18- R=R“=0CHs;
15,19- R=-N(CH3)2, R1=R!!=H

B kauecTBe KapOOHUIIBHBIX KOMIIOHEHTOB MCITOIB30BaHbl 4-MeTokcn-(12),2-
okcu-(13), 3,4-numerokcu (14) un-nmumerniamuno- (15)0eH3anbaerump.

K cmecu cootBercTBytomero Oensanpaernaa (12-15) u anetuineHoBoro ammHa
(11) xamenpHo mobasmsn audTHAGOChHT (6) B aGCOMOTHOM OEH30I€ B MIPUCYT-
ctBuH 10 M011.% 1-TOMyONCYIB(POHOBOM KUCIOTHI C OJJHOBPEMEHHOM a3€0TPOIHON
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OTTOHKOW BOABI. J[JIsI 3aBEepIICHUN peakiK PEakMOHHYI0 CMECh HAarpeBalu Npu
temneparype 78-80°C 10 mosHOTO BBIACTICHUS BOBI.

WNnauBuyanbHOCTD ETIEBBIX MPOIYKTOB M XOJI PEAKIH KOHTPOIHNPOBAIACH
TCX Ha oxcune amomunus |l crenenu akruBHOCTH. BhiX0o amuHOMOCHOHATOB
(16-19) cocraBuser 74-89%.

a-AmuHodpochonats (16-19) mpeacTaBisiFoT cO00 KPUCTAIITMYECKUE Bellle-
CTBa, KOTOPBIE OYHINAIKMCH MEPEKPUCTAIUIN3AIUCH, COCTAB MCTPOCHUE HMX TOJ-
TBEP3KJICHO JaHHBIMHU 31eMeHTHOro ananusa, K-, SIMPH u *'P cnekTpockonuu.

B UK-cnekrpax o-amuHodocdonatoB (16-19) nabmromarorcss XxapakTeprc-
THYECKHE MOJIOCHI TIOTIIONICH!s P-aMUHOANKIIHpOBaHHOTO (parMenTa, KOTophie
COOTBETCTBYIOT BaJE€HTHBIM Kojebanuam P=0 (1262-1309 cm?), P-O-C (1075-
1095 cml), NH (3221-3269 cm™) rpymm, u OTCYTCTBYIOT TIOJIOCHI TTOTJIOIIEHHS
C=0, NH, C=N, PH-cBsi3eii. [IpucyTCTBYIOT TIOJIOCHI BaJICHTHBIX KOJIcOaHHUN —
C=C- (2104-2820 cm™), =CH- (3228-3356 cm™).

Jannbie SIMPH-CHIEKTPOB IOMOIHATENBHO MOATBEPKIAIOT CTPOEHHE 0i-AMH-
nodochonaros (16-19). XapaxrepHoii ocobennocTeio SIMPH criekTpoB o-amu-
nodocdonaros (16-19) sBIsAIOTCS CHUTHAIBI IBYX 3TOKCHIBHBIX rpymil (ocdo-
puibHOTO (pparmeHTa, nexamux B oonactu 1.76-1.81m.1. (6H, T, CH3) M.z1. B BHIE
tpumieta (POCH2CHz) u B o6nactu 3.86-3.96m.1. (POCH>) B Buje kBaapyIuieTa.
[TpoTOHBI MUKIOTEKCUIBLHOTO (PparMeHTa pe30HUPYIOT B oonactr 1.68-1.72 Mm.1. B
BHJIE CIIOKHOTO MYJIbTUILIETA.

B SIMP!H-cnextpax (16-19)B o6nactu 2.67 u 2.73 M.1. NpoSBISIOTCS 1y0-
netsl ipotoHa NH-rpynmel, a pu 6.86-7.64 M.11. HaOMIOgaeTCS MYJIBTHILUICTHBIN
CUTHAJ MMPOTOHOB apOMATHUYECKOTO SI/Ipa abACTHAHOTO (pparMenTa. XUMHIECKUI
casur CH nmpoToHa mposiBisieTcs B BUAE cuHrieTta mpu 2,38 u 2,25 m.a. coot-
BeTcTBeHHO. SIMP3! P-criekTph! monyueHHbIX a-aMuHopocdonatos (16-19) xapak-
TepusytoTcsi curHamamu B obmactu 20,18 u 22.56 M.A., COOTBETCTBYIOITUMH
nsTokcrupochoprIIbHON TpyHIIe.

OKCIIEPUMEHTAJIBHAS YACTD

UK-cnexTpsl 3apeructpupoBansl Ha criekrpoMerpe UR-20 B naTepBane 400—
3600 cm™ B KBr. Criexrpbt IMP 'H 3anmcans Ha criektpometpe Bruker MSL 400
(400 MI'11) OTHOCHTENHHO CUTHAJIOB OCTATOYHBIX IPOTOHOB JACHTEPHUPOBAHHOTO
pacteoputens (CDCls, IMCO-ds). Cniextper SIMP 3P peructpuposanu Ha mpu-
oope BrukerAvance 11-400 (161.9 MI'1y), B kauecTBe BHELIHETO CTaHAPTa UCTIOIb-
3oBasn 85%-Hyto HsPO..

DJeMeHTHBIH aHajIu3 BbinonHeH Ha mpubope CarloErba mapku EA 1108. Tem-
nepaTyphl IJIABJICHHS OTIpeleNIeHbl B CTEKIITHHBIX KauiIpax Ha npudope Stuart
SMP 10.

Oowan memoouka cunmesa OuImMU[(penun)(Uuknozexcunamuno)-
memun)]ocghonamos(7-10).

Husmun [(4-xnoppenun)(yurknozekcunamuno)memun)]pocghonam (7). K
cmecu 0.24 1 (2.10 mmois) muatundochura (6) B 50 mur GeHzoma HoOaBIsSIH
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0.20 r (2.10mmomp) ruktorexcumamuna (1), 0.30 r (2.10 Mmosib) 4-xmopOeH3ab-
neruza (2) n 0.04 r (0.21 Mmmonp) n-ToIyoNCYNb()HOHOBON KHUCIOTHL. PeakiimonHyio
CcMech KHMATIWIA B Koibe, cHaOx&éHHON Hacamkou JlmHa-CTapka m 0OpaTHBIM
XOJOWIBHUKOMB TeueHue 8-30 4. PeakinmoHHYI0 Maccy SKCTparupoBad HAChI-
IIICHHBIM BOJHBIM PacTBOPOM ruapokapoonata Hatpus (3% 10 mur). OpraHudeckyro
(hazy OTAENSIIH U CYIIIIIN B BAKyyMe.

IIpoxyxr (7) B Buge xénrtoro macia. Beixon 0.69 r (91%). Cnekrp SIMP H
(CDCly), 6, m. 1.: 0.98-1.15 m (4H, CH2),1.18 T (3H, CH3,%Jyn = 7.1 T), 1.31 T
(BH,CHs, 3Juw = 7.1 T), 1.51-1.59 m (1H, CH), 1.64-1.80 m (3H, CH,),
1.82-1.92m (2H, CHy), 2.28-2.37 m (1H, CH), 3.82-3.93 m (1H, CH>), 3.96-4.04 m
(1H, CHy), 4.07-4.15 m (2H, CH,), 4.19x (1H,CH, 2Jyp = 21.9 T'n), 7.31-7.35 M
(2H, CHar), 7.36-7.40 M (2H, CHar).Cniextp SIMP 3P (CDCls): 8p 23.56 m.1.

usmunf(4-opomepenun)(yurknozekcunamuno)memun)]pocghonam (8). Boi-
xon 0.73 1 (86%). Crextp SIMP H (CDCls), 6, m. a.: 0.97-1.13m (4H, CH,),
1.18 T (3H,CHs, 3Jun = 7.0 Tm), 1.34 1t (3H,CH3, Jun = 7.0 Tm), 1.55-1.64 m
(1H, CH>), 1.64-1.82 m (3H, CH>), 1.84-1.94 m (2H, CHy), 2.29-2.37 m (1H, CH),
3.83-3.94 m (1H, CHy), 3.95-4.05 m (1H, CH>), 4.08-4.15 m (2H, CHy), 4.22 1
(1H,CH, Zup = 21.8 T), 7.33 a1 (2H,CHar, 3Jun = 7.2 T), 7.40 1 (2H,CHar,
3Jun = 7.3 Tw).Crexrp SIMP 3P (CDCls): 8p 23.78 m.1.

JMusmunf(uuknozexcunamuno)(4-zuopoxcugpenun)memun)]pocghonam (9).
Beixon 0.55 r (77%). Cuexrp SIMP H (IMCO-dg), 8, M. a.: 0.86 T (3H,CHs,
8Jun =7.0 T, 0.99 T (3H,CHs, 3Jun = 7.0 T'mr), 1.04-1.20m (4H, CH,),1.36-1.64 M
(5H, CHy), 1.69-1.83 m (1H, CHy), 2.56-2.69 m (1H, CH), 3.57-3.67 m (2H, CH>),
3.69-3.90 m (3H, CH,CH>), 7.28 n (2H, CHar, ®Jun = 8.0 '), 7.46 n (2H, CHar,
3Jun = 8.1 T'w).Crexrp SIMP 3P (JIMCO-dg): Sp 25.08 .11

Husmun  [(yuxnozexcunamuno)(4-zuopoxcu-3-memoxcughenun)memun)|
gocponam (10). Bexon 0.69 r (89%). Cuexrp SIMP *H (CDCls), 8, m. 1.: 0.99—
1.19 M (4H, CHy), 1.16 T 3H,CH3, *Jun = 7.1 T'), 1.31 1 3H,CHs, 3w = 7.1 T'm),
1.52-1.59 m (1H, CHy), 1.63-1.75 m (3H, CH), 1.79-1.95 m (2H, CH>), 2.18 ¢
(3H, CH3), 2.33-2.42 (1H, CH), 3.76-3.86 m (1H, CH>), 3.92-4.00 m (2H, CH>),
4.08-4.12 m (1H, CHy), 4.13 a1 (1H,CH, 2Jup = 21.1 T'), 6.83-6.90 M (1H, CHa)),
7.00-7.08 m (1H, CHar), 7.37 ¢ (1H, CHa/). Cnekrp SMP 3P (CDCly):
op 24.35 M.11.

Oowan memoouka cunmesza ouImufl-smunun(yuxnozexcunamuno)-(ge-
nu)memun)]pochonamos(16-19).

Huasmunf1-3munun(yuxnozexcunamuno)(4-wemoxcughenun-) memun)|-
docgponam (16) K cmecu 0.24 r (2.10 mmons) mudtundochura (6) B 50 M
6enzona mobasmsn 0.20 T (2.10 mmoms) 1-s>THHMI-1-amuHOIKKIOrekcaHa (1),
0.30 r (2.10 mmomnb), 4-merokcuben3anpaeruaa (2) u 0.04 r (0.21 mmoinb) n-To-
JTyOJI-CyIb(HOHOBOM KHCIIOTHL. PeakIMOHHYI0 CMECh KHITATHIN B KOJIOE, CHad-
*EHHoM Hacankoi J[nna-Crapka u 0OpaTHBIM XOJOAWILHUKOMB TedeHue §-30 d.
PeakumonHyI0 Maccy SKCTparupoBaid HACHIIIEHHBIM BOAHBIM PAaCTBOPOM THAPO-
kap6onata HaTpus (3x10 mur). Opraandeckyto a3y OTTOHSUITH, TIOTyUYEeHHBIE TIPO-
ITYKTBI OYHIIAIH TIEPEKPUCTAIUTH3AIHEH.
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IMpoaykr (16). Beixox 1.77 r (74%). T. mn. 68-69°C (rekcan); Rt 0,82 (6en-
som:aneron-10:1). Crnexrp UK, cm?, 2187 (C=C), 3265 (=CH), 3171 (NH), 1268
(P=0), 1045,1060 (P-O-C). SIMP 'H (CDCls), 6, m. a.: 1,09 1 (6H, J9,8Iw,
POCH:CH3), 3,81¢c (3H,n- OCH3s), 1.33-1.49 m (10H, mukiorekce.), 2.09 n (1H,
J 18.9 T'm NH),2.35 ¢ (1H,=CH), 4,10 m (4H,POCH>), 6.51-7.30 m (4H, CHapou.).
Crnextp SIMP 3P (CDCls, 8p, m.11.): 20.18. Haiineno, (%): C, 66.05; H, 8.17; N,
3.67; P, 8.47. C1sH2604NP. Breruucneno, (%): C, 66.29; H, 8.28;N, 3.386; P, 8.56.

Huamunf1-3munun(yuxnozekcunamuno)(2-oxcughenun-)memun)|gocgo-
nam (17). llony4en ananornyHo. Berxox (89%). Macno; R¢0,82 (6en3o:mn:ameron-
10:1). Cnekrp UK, cm?, 2103 (C=C), 3280 (=CH), 3145 (NH), 1251 (P=0),
1030,1050 (P-O-C). Haiineno, (%): C, 62.28; H, 7.58; N, 3.40; P, 8.27.
Ci19H2804NP. Berumcneno, (%): C, 62.46; H, 7.67; N, 3.83; P, 8.49.

JMudsmun|[l-asmunun(yuxnozexcunamuno)(3,4-
oumemoxcugenun)memun)poc-ponam (18). Boixon 1.80 r (84%). T. mn. 83-84
°C (rekcan); Rf 0,82 (6ensom:aneron-10:1). Cnextp UK, cm?, 2102 (C=C), 3256
(=CH), 3225 (NH), 1260 (P=0), 1045,1060 (P-O-C). AMP H (CDCls), 8, m. x.:
1.28 ¢ (6H, OCH3), 1.18 T (3H, J 7.1 I'u, POCH.CH3), 1.31 T (3H, J 7.1 I'L,
POCH,CH3s), 1.68-1.72 m (10H,muxmorekc.), 2.38 ¢ (1H, CH),2.67 n (1H,
J 21.9 TuNH), 3.86 - 3.96 kB (4H, POCH>), 6.86-7.44 m (3H, CHapon.). Criektp
SIMP 3P (CDCls, 8p, m.1.): 20.18. Haiineno, (%): C, 75.18; H, 7.64; N, 3.21;
P, 7.38. C21H32,0sNP. Beruncneno, (%): C, 75.31; H, 7.82; N, 3.40; P, 7.52.

Husmunf[l-smunun (yuxnozexkcunamuno)(N,N-oumemun aHuiuHo)me-
mun)[pocghonam (19). Ilomyuen anamormuno. Bexon 1.85 r (79%). T. mn. 74-
75%C (rekcan); Ri0,79. Cnektp UK, cm?, 1620 (CeHa), 2110 (C=C), 3265 (=CH),
3230 (NH), 1245 (P=0). 1030,1050 (P-O-C). Cuektp SIMP H (CDCls), 8, m. 1.:
1.12 ¢ (6H, NCH3), 1.16 T (3H, J 7.0 'u, POCH.CH3), 1.27 T (3H, J 7.1 I'L,
POCH,CH3s), 1.65-1.69 M (10H, mmkiorekc.), 2.25 ¢ (1H, CH),2.73 n (1H,
J 21.7 Tu NH), 3.64-3.81xB (4H, POCHy), 7.11-7.64 m (4H, CHapow.). Criektp
SIMP 3P (CDCls, dp, m.1.): 22.56. Haiineno, (%): C, 64.27; H, 8.43; N, 7.09;
P, 7.75. C21H330sN2P. Brruncneno, (%): C, 64.31; H, 8.52; N, 7.12; P, 7.80.

JIUTEPATYPA

[1] Yepkacos P.A., I'ankua B.M. Peakuus Kabaunuka-®unica: CHHTETHYESCKUH TOTSHIMAT H
npobiiembl Mexanu3Ma // Ye. xumun. — 1998. — T. 67, Boim. 10. — C. 940-968.

[2] KocsixoBa JILA., Iukmumuaraiire 10.-B.K., 3akc A.C., Paboranko I0.M. Cunres u
MIPOTUBOBOCIIAJIUTEINILHAS. aKTHBHOCTh AUaMUI0()OCHOPHITEHBIX TPOU3BOAHBIX aMHHOITMKIIOTEKCaHA
/l Xum-apm. k. — 1996. — Ne 5. — C. 45-46.

[3] MxuembaeB b.XK. a-okcu- n a-amuHopochonars mectnwieHHEIX (N, O, S, Se) rere-
poumkiioB. — Anmatsl: Kommeke, 2003. — 234 c.

[4] Yepxacos P.A., T'ankun B.U, I'ankuna U.B., Fapudssunos A.P., CobanoB A.A. AMuHO-
¢docdoHaThl: MEXaHN3MBI 00pa30BaHMs, PEAKIIMOHHAS CIIOCOOHOCTh M aHATUTHYECKHE CBOWCTBA //
Bytneposckue coobuienus. — 2005. — T. 6. — C. 30-36.

[5] mymxoB B.A., [TestHroBa O.C., Anukuna JI.B., Buxapes 10.b., ®emmuna E.B., [lxnses 10.B.,
TonctukoB A.I'. CuHTe3 ¥ HEHPOTPOITHAST aKTUBHOCTH HPOU3BOAHBIX IUKJIOTEKCHIaMUHA // X¥M.-
¢apm. xxyprain. — 2006. — T. 40, Ne 6. — C. 80-84.

[6] Pawel Kafarski, Micha Gérny vel Gorniak and Iga Andrasiak Kabachnik-Fields Reaction
Under Green Conditions — A Critical Overview // Current Green Chemistry. — 2015. — 2. — P. 218-222.

[71 Mucha A., Kafarski P., Berlicki L. Remarkable Potential of ther-Aminophosphona-
te/Phosphinate Structural Motif in Medicinal Chemistry J. Med. Chem. — 2011. — 54. — 5955.

131



XUMHYECKHHU )XYPHAJI KA3AXCTAHA

[8] Adam Tajti, Erika Balint, Gydrgy Keglevich Microwave-assisted synthesis of o-amino-
phosphonates and related derivatives bytheKabachnik-Fields reaction // Phosphorus, Sulfur, and
Silicon and the Related Elements. — 2019. — 194:4-6. — P. 379-381.

[9] Romanowska J., Kolodziej K., Sobkowski M., Rachwalak M., Jakubowski T., Golebiew-
ska J., Kraszewski A., Boryski J., Dabrowska A., Stawinski J. Aryl H-phosphonates. 19. New anti-
HIV pronucleotidephosphoramidatediesters containing amino- and hydroxypyridineauxiliaries // Eur.
J. Med. Chem. — 2019. — 164. — 47.

[10] Romero-Estudillo 1., Viveros-Ceballos J.L., Cazares-Carrefio O., Gonzalez-Morales A., de
JesUs B.F., Lépez-Castillo M., Razo-Hernandez R.S., Castafieda-Corral G., Ord6fiez M. Synthesis of
new a-aminophosphonates: Evaluation as antiinflammatory agents and QSAR studies Bioorg. Med.
Chem. — 2019. — 27. — 2376.

[11] Cmono6oukun A.B., T'azuzos A.C., Jockanosa K.A., xkuembaes B.JK., Kyanusikosa A.B.,
Bypunos A.P., ITynoBuk M.A CuHTe3 HOBBIX 0-aMHHO(OC(HOHATOB HA OCHOBE LIUKJIOTeKCHIIaMuHa //
Kypnan opranmgeckoit xumun. — 2020. — T. 90, Ne 6. — C. 980-984.

[12] KyanmsikoBa A.B., Hocxkanosa K.A., Meip3axmeroBa H.O., Kummbaes K.O. Cunres
HOBBIX 0-aMUHO(OCHOHATOB B ycimoBusix peakiuu [lynosuka / Xumudeckuit xypran Kaszaxcrana. —
2020. — Ne 1(69). — C. 198-204.

REFERENCES

[1] Cherkasov R.A., Galkin V.I. Reakcija Kabachnika-Fildsa: Sinteticheskij potencial i problem
mehanizma // Usp. himii. 1998. Vol. 67, vyp. 10. P. 940-968.

[2] Kosyhova L.A., Pikshilingajte Ju.-V.K., Zaks A.S., Rabotnikov Ju.M. Sintezi protivo
vospalitel'naja aktivnost' diamidofosforil'nyh proizvodnyh aminociklogeksana // Him-farm. zh. 1996.
No. 5. P. 45-46.

[3] Dzhiembaev B.Zh. a-oksi- a-aminofosfonatyshestichlennyh (N, O, S, Se) geterociklov.
Almaty: Kompleks, 2003. 234 p.

[4] Cherkasov R.A., Galkin V.I, Galkina I.V., Garifzjanov A.R., Sobanov A.A. Aminofosfo-
naty: mehanizmy obrazovanija, reakcionnaja sposobnost' i analiticheskie svojstva // Butlerovskie
soobshhenija. 2005. Vol. 6. P. 30-36.

[5] Glushkov V.A., P'yankova O.S., Anikina L.V., Vikharev Yu.B., Feshina Ye.V., Shklyayev Yu.V.,
Tolstikov A.G. Sintez i neyrotropnaya aktivnost' proizvodnykh tsiklogeksilamina // Khim.-farm.
registr. 2006. VVol. 40, No. 6. P. 80-84.

[6] Pawel Kafarski, Micha Gornyvel Gérniak and Iga Andrasiak Kabachnik-Fields Reaction
Under Green Conditions — A Critical Overview // Current Green Chemistry. 2015. 2. P. 218-222.

[71 Mucha A., Kafarski P., Berlicki L. Remarkable Potential of ther-Aminophosphona-
te/Phosphinate Structural Motif in Medicinal Chemistry J. Med. Chem. 2011. 54. 5955.

[8] Adam Tajti, Erika Balint, Gydrgy Keglevich Micro wave-assisted synthesis of a-amino-
phosphonates and related derivatives by the Kabachnik-Fields reaction // Phosphorus, Sulfur, and
Silicon and the Related Elements. 2019. 194:4-6. P. 379-381.

[9] Romanowska J., Kolodziej K., Sobkowski M., Rachwalak M., Jakubowski T., Golebiewska
J., Kraszewski A., Boryski J., Dabrowska A., Stawinski J. Aryl H-phosphonates. 19. New anti-HIV
pronucleotidephosphoramidatediesters containing amino- and hydroxypyridineauxiliaries // Eur. J.
Med. Chem. 2019. 164. 47.

[10] Romero-Estudillo 1., Viveros-Ceballos J.L., Cazares-Carrefio O., Gonzalez-Morales A., de
Jesus B.F., Lopez-Castillo M., Razo-Hernandez R.S., Castafieda-Corral G., Ordéfiez M. 000Synthesis
of new a-aminophosphonates: Evaluation as antiinflammatory agents and QSAR studies Bioorg. Med.
Chem. 2019. 27. 2376.

[11] Smolobochkin A.V., Gazizov, A.S. Doszhanova K.A., Dzhiyembayev B.Zh., Kuandyko-
va A.B., Burilov A.R., Pudovik M.A Sintez novykh a-aminofosfonatov na osnove tsiklogeksilamina
/I Zhurnal organicheskoy khimii. 2020. Vol. 90, No. 6. P. 980-984.

[12] Kuandykova A.B., Doszhanova K.A., Myrzakhmetova N.O., Kishibayev K.O. Sintez
novykh a-aminofosfonatov v usloviyakh reaktsii Pudovika // Khimicheskiy zhurnal Kazakhstana.
2020. No. 1(69). P. 198-204.

132



ISSN 1813-1107 M1l 2021

Pe3rome
K. A. Jlococanosa, A. b. Kyanowikosa, b. JK. /[icuembaes, A. P. Bypunos

KABAUYHUK-OUIIAC PEAKIIASCHI KAFJANBIHIA LIMKJIOTEKCUJIAMUH/IEP
HETT3IHJE )XAHA a-AMUHO®OCOOHATTAP/IbIH CUHTE3I

[ukmorekcunamMud MeH 1-3THHWI-1-aMHHOIMKIIOTEKCAHHBIH OPTYPIi OCH3aJIbIe-
THATEPMEH XoHe TUATII(HOCHUTIICH 63apa apekeTTecyi Herizinae Kabaunuk-dumnic peak-
IUSCHI JKaFMalbIHJIA KaHa 0-aMHUHO(OCHOHATTAP CUHTE3/IEIII, CUTIATTAIIIbI.

CHHTe3IeNTeH KOChUIBICTAPABIH Kypambl MeH Kypbutsickl UK, IMP 'H sxone 3P
CHEKTPOCKOIHS 9/liICTEpPIMEH pacTalFaH.

Tyiiin ce3nep: a-amuHodochonarrap, Kabaunuk-duiacpeakuusichbl, UKIOTeKCHII-
amuH, 6ensanbaerus, quatundocdur, UK-, IMP *H, 3P cnexrpockomus.

Summary
K. A. Doszhanova, A. B. Kuandykova, B. Zh. Dzhiembaev, A. R. Burilov

SYNTHESIS OF NEW a-AMINOPHOSPHONATES BASED
ON CYCLOHEXYLAMINES IN THE CONDITIONS
OF THE FIELDS KABACHNIK REACTION

New a-aminophosphonates were synthesized and characterized by the interaction of
cyclohexylamine and 1-ethynyl-1-amino-cyclohexane with various benzaldehydes and
diethyl phosphite under the conditions of the Kabachnik-Filds reaction. The composition
and structure of the synthesized compounds were confirmed by IR, NMR !H and 3P

spectroscopy.

Key words: a-aminophosphonates, Kabachnik-Fields reaction, cyclohexylamines,
benzaldehydes, diethyl phosphate, IR, NMR *H and 3P spectroscopy.
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MN3BJIEYEHUE NOHOB UTTPUS UHTEPIIOJIMMEPHBIMU
CUCTEMAMMU HA OCHOBE ITPOMBIIIVIEHHBIX MOHUTOB

AHHoOTanusA. V3y4eHO H3BIICYCHUEC HOHOB HTTPUS WHTEPIOIUMEPHBIMU CHUCTEMa-
MH Ha OCHOBE INPOMBIIUICHHBIX MOHUTOB: KaTHOHUT KY 2-8 u anmonur AB-17. Beum
W3yYeHBl 3aBHCHMOCTH COJEpKaHHS UTTPHS B BOIHOM cpele mocie COpOIuu HMHTEpPIIo-
mumepHo# cuctemoit KY2-8:AB-17-8 B 3aBUCHMOCTH OT BPEMEHH, CTETICHb CBS3BIBAHHS
MTOJIMMEPHOH 1enH (10 OTHOIICHUIO K HOHAM HTTPHUS) MCXOTHBIMH HOHUTAaMHU U MHTEPIIO-
muMepHeIME  cucteMamu KVY2-8:AB-17-8. VYcraHOBICHO MakCHMalbHOE COJNEpIKAHHE
HMOHOB UTTpHA B BOJHOH cpexe. [Ipu cootHomenusx 3:3 u 4:2 mocie copOmu HabIrogaeTcst
JUIUTENIBHOE IHUCTAaHIMOHHOE B3aumMozeiictBue 88 4. Ilpu sToM conepskaHue UTTpUs B
BOJIHOM cpejie mocie copOimu coctaBisieT 60 u 56,4 Mon.%, cOOTBETCTBEHHO. Bhicokue
3HAUYCHUs CTCIICHU CBA3bIBAHUS HOﬂHMepHOﬂ LCMM MO0 OTHOIICHUIO K UTTPpHUA Ha6.]'l}O'
naroTes mpu cootHomeHusx KY2-8:AB-17-8=3:3.

KiroueBble c10Ba: MPOMBINUICHHBIE HOHOOOMEHHUKY, HHTEPIIOJIMMEpPHAs CHCTEMA,
copbuus, KY2-8 AB-17-8, urrpuii.

Beenenne. B HacTosimee Bpemsi COpOIMOHHBIE MPOLECCHI IMPOKO HCIIONb-
3YIOTCS B Pa3IMYHBIX OTPACISAX MPOMBIIUIEHHOCTH I U3BJICUEHUS LIEHHBIX KOM-
IIOHEHTOB U3 PAacTBOPOB CJIOXHOTO COCTaBa, a TAKOKe I W3BJICUCHUS PEIKO-
3eMeJIbHBIX 271eMEHTOB. C 3TOM LENIbI0 HCIIOIb3YETCsl LIMPOKUN KPYT COPOLIMOH-
HBIX MaTE€PHAJIOB: OPraHUYECKUE HOHHUTBI, a TAKKE HEOPraHUIECKHUEe COPOCHTHI KaK
MPUPOAHOT0, TaK M MCKYCCTBEHHOT'O MPOUCXOXKACHUS. OpraHudeckue HOHO00-
MEHHBIE CMOJIBI 0 THITy MOHOOOMEHHBIX TPYMIT Pa3JeNsIOTCs Ha KaTHOHHUTHI,
AQHMOHMTHI U CEIEKTUBHBIC (XETaTHBIC) HOHUTHI.

B nactosiiee BpeMsi copOuus siBiIsieTcsl Hanbojee paclpoCTpaHeHHON TH-
POMETaLTypriudecKOi TEXHOIOTHEH [l MPOMBIIIIJIEHHOTO BBIJIEIEHHUS JJIEMEHTOB
¢ OMM3KMMH XUMHYECKUMHU CBOMCTBaMU [1-6], 9TO B TOTHONW Mepe OTHOCHUTCS K
penkozemenbHbIM deMeHTaM (P33). OnHako copOIMOHHBIE TEXHOJOTMH 00Ja-
Jal0T HEKOTOPBIMU OTrpaHHdeHHsMU. Kak M3BeCTHO, B HACTOAIIEEe BpeMs B MHUpeE
pa3paboTaHbl MHOTOYMCIICHHBIE HOHOOOMEHHBIE CMOJIBI, KOTOPBIC NPOSBISIOT
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CEJICKTUBHOCTh K OJIHOMY KOHKPETHOMY HOHY. [IpOMBIILIEHHBIE XK€ PacTBOPHI
coJiepKaT KOMITIEKC MOJIE3HBIX KOMIOHEHTOB. U pa3paboTaHHbIE MOHOOOMEHHBIE
CMOJIBI HE Jal0T BO3MOKHOCTH H3BJICYb OJHOBPEMEHHO HECKOJIBKO IMOJE3HBIX
KOMITOHEHTOB.

[loaToMy, Ha CErogHSIIHUI OE€Hb OCOOYIO0 aKTyaJbHOCTh MPEACTABISIOT
WCCIIEIOBaHNsI, HANIPABIICHHBIC HA Pa3pabOTKyTaKHX COPOSHTOB, KOTOPBIE 1aBAIH
OBl BO3MOXKHOCTh CEJIEKTHBHO M3BJICKATh CPa3y HECKOJIBKO IEHHBIX KOMIIOHEHTOB
13 TEXHOJIOTHYECKUX PACTBOPOB.

B cBsi3u ¢ 3TUM 11€/IbI0 HACTOSIEH PabOThI SABJISCTCS M3YYCHHE BIIMSHUS
WCXOHBIX COOTHOIIIEHUH MPOMBITIIIICHHBIX HOHOOOMEHHUKOB U BPEMEHH JTUCTaH-
IIMOHHOTO B3aMMOCHCTBYS (aKTUBAIlMU) B MHTEPIIOJIMMEPHBIX CHCTEMaX Ha TIIy-
OMHY COpOIMM HWOHOBUTTPHS INMPH HUX B3aMMOJCHUCTBUH C HHTEPIOIMMEPHBIMHU
CHUCTEMaMHU.

OKCITEPUMEHTAIJIBHA S YACTD

Obopyoosanue. Maccy cOpOCHTOB ONpeAessUIM B3BEIIMBAHHEM Ha 3IIEK-
TpoHHBIX aHanmuTHUecknx Becax SHIMADZUAY?220 (Smonus). OmnpenencHue
ONTUYECKON IIIOTHOCTH PAaCTBOPOB HUTpaTa UTTPHUS Ui MOCIEIYIOIIEro paciyera
KOHIIEHTPAllMM HOHOB ILIEpUsl M WTTPUS NPOBOAMIM HACHEKTpodOoTOMETpe
PerkinElmerLambda 35 (CIIIA).

Mamepuanwvi. ViccnenoBanys NpoOBOIWINCH B pacTBOpax 6-BOJHOIO HUTpaTa
urTpus (KoHmeHTpamys mo Y3*=100 mr/i). Bbuin UCIIOIB30BaHbI IIPOMBIILICHHBIE
HMOHOOOMEHHHKH: CHIIBHOKHCIOTHBIN KaTnoHUT KY2-8 — cynbdupoBaHHbIi como-
aumep ctuposia ¢ 8% muBnHMIOeH300a (cormacao TOCT 20298-74) u cuiibHO-
OCHOBHBIN aHHOHHUT AB-17-8 Ha OCHOBE comonMMepa CTUPOJIa U TUBUHUIOCH30J1a
¢ OCH3WITPUMETHIAMMOHHEBBIMU (QYHKIMOHAIBHBIME TPyNIamMu (COIJIACHO
I'OCT 20301-74).

Jlia wccnenoBaTenbCKOM 3aa9M M3 MPOMBIIIIIEHHBIX HOHOOOMEHHUKOB CO-
CTaBJISUIM MHTEpHIOINMEpHYI0 cuctemy KY2-8: AB-17-8.

Oxcnepumenm. IKCIEPUMEHTHI IPOBOMWINCH TP KOMHATHOW TEMIIEpAType.
HNonooomennbie cmoubl KY2-8 u AB-17-8 nist u3ydyenus: copOyu HOHOB UTTPHS
OBLIN UCTIONIL30BAaHbI B HA0YXIIIEM COCTOSIHUH. VccliefoBaHNsT MHTEPIIOIMMEPHOR
CHCTEMBI BBIMOJHSIM B TAKOM MOPSIKE: KaKAas HOHOOOMEHHasi cMojla B CyXOM
BHJIE TIOMEIIANIaCh B OT/IENIbHBIE TTOJUIIPOITMICHOBBIE CeTKHU. J{J1s1 u3yueHus: copo-
IIMM MOHOB WTTPpUs HOHOOOMeHHbIe cMmoiibl KY2-8 u AB-17-8 Owbutn mpenpa-
PUTENHEHO OCTABJICHBI B IUCTUIIMPOBaHHOM Boje 1y HaOyxanus (KY 2-8 Ha 16 4,
AB-17-8 Ha 4,5 4. 3aTeM NOJIMIPONUICHOBBIE CETKH C HOHOOOMEHHBIMH CMOJIaMU
K¥Y2-8 u AB-17-8 nomenianu B cTakaHbl ¢ paCTBOPaMH HUTPATa UTTPHSI.

H3yuenue copobyuonnvix ceoticme uHOUSUOYANbHBIX UOHUMOG U UHIMEPHOLU-
MEPHBIX CUCHEM NPOBOOUNIOCH Ce0YVIOUWUM 00PaA30M.

1) PacueTHOE KOMHUYECTBO KaKa0i noHooOoMenHo# cmoisl (KY2-8, AB-17-8)
B CYXOM BH/I€ IOMEIIAIOCH B TIOJUITPONHIICHOBBIE CETKH. VI3 HOHOOOMEHHBIX CMOJI
KVY2-8 u AB-17-8 cocraBnena nareprionumepHas cucrema: KY2-8: AB-17-8;
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2) CopOIus MOHOB MTTPHUS WHIWBUIYaTbHBIMH HOHOOOMEHHBIMU CMOJIAMH
K¥2-8, AB-17-8npoBonunu — B TeueHue 88 4 0TOMpaich aJMKBOTHI IS MOCTIe-
IYIOIIETO OIpeeeHNs KOHIIEHTPAMH HOHOB uTTpus [7-11].

MeTtoauka onpeaeneHusi MOHOB UTTpus. MeTonuKa onpeaescHns HOHOB
UTTPUsL B PAacTBOpPE OCHOBaHa Ha OOpPa30BAHMHU OKPAILIEHHOTO KOMILIEKCHOTO
COEJIMHEHMS] OPraHUYeCKOro aHaJIMTUYECKOro peareHTa apcena3o III ¢ wmonamu
penkozemenbHbIX MeTauioB (P3M). Crenenp m3BnedeHus (copOrmu) Obuia pac-
CUMTaHa 1Mo GopmyJe:

C. -C
n= T T % 100%

C

Ha41

rae Cuay — HavaJbHasE KOHIIEHTPALKS MeTajia B pacTBope, I/11; Coer — OCTaTOUYHAS
KOHIICHTpAIU MeTaJljla B pacTBOpE, I/II.

PE3VJIBTATHBI 1 OBCYXXJIEHUE

Ha cerognamuuii AeHb PRIHOK HOHOOOMEHHBIX CMOJI IOCTATOYHO OOJBIION
W pazHOOOpa3HbIA, U HECMOTPS HA TO, YTO CYJIb(QOKATHOHHT SIBISETCS IMUPOKO
pacnpocTpaHéHHBIM H OTHOCHUTENHHO JICHIEBBIM COPOSHTOM, N3yueHHe COPOIHOH-
Horo u3BieueHus: P3M npyrumu MOHOOOMEHHBIMHM CMOJIAMH IPEACTABIISAET WH-
Tepec C TOYKH 3PEHHUS BISBIICHUS CETICKTHBHBIX COPOCHTOB.

[Mpenpiayiune uccieaoBanus mokasanu [12-14], 4To npakTHYECKH BCE HHTEP-
reJIeBble CUCTEMBI HA OCHOBE KHCJIOTHBIX (TIOJIMAKPUIIOBAsi U MOJTUMETAKPHUIIOBas
KHCIIOTBI W Jp.) U OCHOBHBIX (TOJM-4-BUHWINMHUPUAWH W TIOJH-2-METHII-5-
BUHWITIMPUINH U JIP.) PENKOCIIUTHIX MOJIMMEPHBIX TUAPOTEINei MPOsIBISIOT OoJiee
BBICOKYIO aKTHBHOCTh, YeM HMX HCXOJHBIE COCTABIJISIONIME W MPUBOJHUT K CYIIE-
CTBEHHOMY HM3MEHEHHIO 3JICKTPOXUMHYECKHX, KOH(POPMALMOHHBIX M 00BEMHO-
TPaBUMETPHUYCCKUX CBOMCTB HCXO/IHBIX ITOJIMMEPOB.

Tabnwuia npencTaBisieT coAep KaHusl UTTPUS B BOJHOW Cpejie Tocie COpOIH
uHTepnonmmepHoi cucremoii KY2-8:AB-17-8 B 3aBucumocTtu ot Bpemenu. Kax
BUAHO M3 TAOJHUIIBI, MAKCUMAaJIbHOE COJEPKAHUE MOHOB UTTPHUSA B BOJIHOU cpene
mocyie copOIuu HaOmrogaeTcss mpu COOTHOMCHHUSX 3:3 u 4:2 W JIUTETHLHOCTH
JUCTAaHIMOHHOIO B3auMoaercTBus 88 4. Ilpu 3ToMm comepskaHue UTTpUs B BOJHOM
cpene nocie coporwm coctapisieT 60 u 56,4 Mon.%, cooTBeTCTBeHHO. [laHHBIE IO
OCTaTOYHOW KOHIICHTPALIUK HOHOB HTTPUS COCTETIEHBIOCOPOIIH HHINBHTY ATbHBI-
mu ruaporensivu KY 2-8 u AB-17, kotopsle umeroT 3Hadenus 58,6 u 37,5 mon.%,
COOTBETCTBEHHO.

Ha pucynke mpencraBieHsl rpaduKyd CTETIEHH CBS3BIBAHUS TOJIUMEPHON
LENH M0 OTHOLICHHWIO K MOHAM HUTTPHUS UCXOJHBIMH MHTEPIIOIUMEPHBIMU CHUCTE-
mamu KVY2-8:AB-17-8 ot Bpemenn. Hanboilee MHTEHCHBHO CBS3BIBAaHHE WOHOB
UTTPHSI UICXOAHBIMA MOHUTAMH U UHTEPIOJIMMEPHBIMU CHCTEMaMU MPOUCXOANT B
Teuenne 48 u 88 4. Beicokue 3HaueHHUs CTENEHHM CBSA3bIBAHHS MOJUMEPHOU
LENH 10 OTHOLIEHHIO K MOHAMUTTPUSI HaOMIOJAt0TCA B IIpefesiaX COOTHOLICHUN
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K¥2-8:AB-17-8=3:3. D10 yka3bIBaeT Ha BHICOKYIO CTETICHb HOHU3AIIMH MaKpOMO-
JICKYJI B pe3yJIbTaTe B3auMHOU akTuBaluu noHutoB KY2-8 u AB-17-8.

CopeprkaHue UTTpUs B BOIHOH cpene
rocye copOyn nHTeproauMepHoi cucteMoir KY2-8:AB-17-8 B 3aBUCIMOCTH OT BpEMEHHU

CooTHollIeHHe

t,u

164

20 g

24 g

40 g

44 q

48 g4

88 1

6:0

1,6

2,4

19,6

29,6

39,6

50,4

411

46,4

58,9

5:1

4,6

10,7

11,4

39,3

42,2

53,2

4:2

24,4

16,4

26,4

44,6

45

46,8

53,2

55

56,4

3:3

12,4

9,6

16,4

37,5

47,5

44,6

49,6

46,1

60

2:4

18,8

16

14

53,2

35,7

50

51,4

54,6

53,2

15

16,4

18,2

32,9

38,2

4531

50

28,93

0:6

1,2

23,93

27,1

32,9

31,8

26,8

37,5

ag

20

—a—
—a—2
—a— 16
—— 20
—— 24
—a—d0
—— 44
—a—48
—%— 38

CTeneHu CBA3bIBAHUS HOHHMCpHOﬁ e MO OTHOLIEHUIO K HOHAM UTTPUA
HUCXOOHBIMHU HOHHUTAMHU U HHTCpHOHI/IMepHOﬁ CHUCTEMOM

[TomydeHHbIe pe3yNbTaThl YKa3bIBAIOT Ha BO3MOXKHOCTH CO3MaHUS 3¢ dek-
THBHOM COPOILIMOHHOIN TEXHOJOTHH H3BJICYEHHE HOHOB WTTPHUS HHTEPIIOIUMEp-
HBIMH CHCTE€MaMH Ha OCHOBE MTPOMBIIIUIEHHBIX HOHUTOB.
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3akaoueHne.

1. B pe3ynbrare AMCTAHIIMOHHOTO B3aMMOJCWCTBUS B TPEJEIIaX COOTHO-
mennii KY2-8:AB-17-8=5:1-1:5 mnpoucxoauT B3aMMHasi aKTHBAllksg HOHHUTOB,
3aKJIFOYAIONIAsICS B TOM, YTO MEXKY3JIOBBIC IIETH MPUOOPETAIOT JOMOTHUTEIBHBIN
3apsiy 0e3 MPOTUBOUOHOB.

2. MakcumalabHOe COAepKaHUEe HOHOB UTTPHS B BOJHOM cpejie Mmocie copo-
LMY HAOJIIOJAeTCs MPH COOTHOIICHUAX 3:3 U 4:2 W JUIMTEIBHOCTH ITUCTAHIIMOH-
Horo B3auMoaeicteus 88 u. [Ipu 3ToM conepskaHue UTTPUs B BOJHOM cpejie moc-
sie copbuuu cocrapisier 60 u 56,4 Moi1.%, COOTBETCTBEHHO. BhICOKMe 3HaUCHHMS
CTCTICHU CBS3BIBAHUS MOJUMEPHOW IIEMH IO OTHOIICHHIO K MOHAM HUTTPHUS Ha-
OmoaroTcs B peenax cooTHomennit KY2-8:AB-17-8=3:3.

3. TlonmyuyeHHble pe3yibTaThl YKa3bIBAIOT, YTO MOXKHO pa3paboTaTh Celek-
THUBHYIO K JPYTMM MOHAM UHTEPIIOJUMEPHYIO CUCTEMY, KOTOPYIO MOYKHO TIpUMe-
HUTH JUIS BBICOKO3(D(EKTHUBHON COPOIIMOHHOW TEXHOJOTMHM H3BJCUCHUS HOHOB
PEAKO3eMENBHBIX U JPYTUX JIEMEHTOB U3 MPOMEBIIIICHHBIX PACTBOPOB.
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Pesome
T. K. J[rcymaounos, b. Tomxyckwizvl, JI. K. blckax, FO. B. Ipaxcynsguuroc

UTTPUI1 UOHJIAPBIH OHIPICTIK MOHUTTEPI'E HEI'T3/IEJI'EH
NHTEPITIOJIMMEPJIIK XXYUWEJIEPAE BOJIIIT AJTY

UtTpuii MOHAApHIHBIH OHIIPICTIK MOH alMaCTHIPFBIIITAPFa HETI3AeNTreH HWHTEPIIO-
JUMEpITi KYHelnepiMeH ajbHybl 3epTTenai. UTTpuiinin MeimepiH copOmusmaH KeHiHri
cynbl opragarbl KY2-8: AB-17-8 unTepmonumMepii XKyHeciMeH yakbITKa TOYeJAiJIiriH,
MHTEPIOIUMEPITI JKYHe OHJIIPICTIK HMOHAIMacThIpFbILTAap Herizinme KVY2-8: AB-17-8
UTTPUI HOHAPIHBIH OOJII aly TOpexkeci. HHTEPIIOINMED KyHeaepiMeH IKCTPaKIUsIaHy
JIOpEXKECiH, TMONUMEp Ti30eriHiH OaiinaHbIcy aopexeci ( MTTpUH HMOHAAPBIHA KaThICTHI)
3eprrenni. UTTpuii MOHAApBIHBIH cOpOLMsIaH KeifiH cylibl opraza Oenin aixy Aspexeci
unTepnoiaumep xyiecinne KY2-8: AB-17-8 = 3:3 - 4:2 karpiHactapbia 88 cararra o-
Fapbsl MOH KepCeTTi, coiikecinme 53,2 Mon.% xoHe 60 Mon.%. [Tomimep Ti30eriHiH Oaii-
JIaHBICY Opexeci HTTpHsAFa OaiIaHBICTBI )KOFaphl MOHICPAI HHTEPIIOIUMEDIIi JKyienepae
KV2-8: AB-17-8 = 3: 3 kaTeiHachIHIa OaliKaIabl

Tyiiin ce3aep: eHIIPICTIK HOHAIMACTBIPFBIIITAP, HHTEPIIONIUMED KyHeci, copOIus,
KV2-8, AB-17-8, urrpuii.

Summary
T. K. Jumadilov, B. Totkhuskyzy, L. K. Yskak, J. V. Grazulevicius

EXTRACTION OF YTTRIUM IONS BY INTERPOLYMER SYSTEMS BASED
ON INDUSTRIAL IONITES

The extraction of yttrium ions by interpolymer systems based on industrial
ionites: KU 2-8 cationite and AB-17 anionite was studied. The dependences of the
yttrium content in the aqueous medium after sorption by the interpolymer system were
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studied KU 2-8:AB17-8 depending on the time, the degree of binding of the polymer chain
(with respect to yttrium ions) by the initial ionites and interpolymer systems KU 2-8:
AB-17-8. The maximum content of yttrium ions in the aqueous medium after sorption is
observed at ratios of 3:3 and 4: 2 and the duration of remote interaction is 88 hours. At the
same time, the content of yttrium in the aqueous medium after sorption is 60 mol.% and
56.4 mol.%, respectively. High values of the degree of binding of the polymer chain with
respect to yttrium are observed at the ratios KU 2-8: AB-17-8=3:3

Key words: industrial ion exchangers, interpolymer system, sorption, KU2-8,

AB-17-8, yttrium.
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CTPOEHHME ®A30BOI'O KOMILIEKCA CUCTEMBI
K,Mg,Ca||SO4,Cl-H,0 IPH 0 °C

AHHoOTanus. MeTOI0M TPaHCISIIMKA POTHO3UPOBAHKI (Pa30BbIC PABHOBECHS HA I'eO-
MeTpuueckux obpasax cucremsl K,Mg,Ca||SOs4,Cl-H,0 npu 0°C. YcraHoBieHO, YTO HpH
0°C my1st vicciieI0BaHHON CHCTEMBI XapaKTEPHO HaJIUYne 6 HOHBAPHAHTHBIX TOYEK, 18 Mo-
HOBapHaHTHBIX KpUBBIX M 15 nuBapuaHTHbIX nojeil. Ha ocHOBE NOMy4YeHHBIX AAHHBIX
mocTpoeHa auarpamma (aszooro komiuiekca cucremsl K,Mg,Cal|SO4,Cl-H20 mpu 0 °C u
(bparMeHTUpOBaHA 110 AMBAPUAHTHBIM TIOJISIM, & TAKXKE MOJISIM KPUCTAIITM3AIHUH OT/ISJIbHBIX
PaBHOBECHBIX TBEPBIX (a3.

KaioueBble ci10Ba: METOJ1 TPAHCIAINH, (HA30BbIi KOMILIEKC, CUCTEMa, (ha30BbIe PaB-
HOBECHs, TUarpaMMa, reOMETpUYeCKrue 00pa3bl, HOHBAPHAHTHBIC TOYKH, MOHOBAapPHAHT-
HBIC KPUBBIC, TMBAPUAHTHBIC TIOJS.

OKCIEPUMEHTAIILHOE HCCIIEIOBAaHUE MHOTOKOMIOHEHTHBIX cucteM (MC),
B YMCJIO KOTOPBIX BXOAMT M IATUKOMIIOHEHTHas B3aMMHas CUCTEMa
K,Mg,Cal|SO4,CI-H;0, sBnsiercst cnoxHOM 3a1a4ell 0 MHOTUM IPHUYMHAM, TJIaB-
HBIMHU U3 KOTOPBIX SIBJISICTCS CIIEAYIOIINE: HEBO3MO)KHOCTH OTOOPa)KCHUS Xapak-
TEPHBIX Ul HUX 3aKOHOMEPHOCTEN C IOMOIIBIO PeaJIbHBIX T'eOMeTpudecKux ¢Gu-
ryp TpEXMEPHOro NPOCTPAHCTBA, TPYOHOCTH B HMIACHTHU(HKAIMU PaBHOBECHBIX
TBEPIBIX (a3 M3-3a X MHOrooOpasus, OOJbIINE MaTepHalbHBIC U BPEMEHHBIC
3aTpaThl IPU UX IKCIEPUMEHTAILHOM U3Y4YECHUHU.

Bwmecre ¢ TeM, mpu3HaHKWE PUHLIMIIA COBMECTUMOCTH [1,2] Kak TpeTbUM Oc-
HOBHBIM HPUHIUIIOM (PU3UKO-XUMHUECKOT0 aHaJIM3a MO3BOJIMIIO HaM pa3padoTarh
METOI MPOTHO3MPOBaHUs (Da30BBIX PABHOBECHH WM TIOCTPOCHUS (PAa30BBIX JHa-
rpaMM MHOTOKOMIIOHEHTHBIX CHCTeM. Meroxn TpaHcmauuu [3], ocHOBaHBIN Ha
MPUHLIAIIE COBMECTUMOCTH 3JIEMEHTOB CTPOEHHUS N ¥ N+1 KOMITIOHEHTHBIX CUCTEM
B OJHOW auarpamme, OasMpyIOTCS Ha TIOJOKEHHH CBOWCTBA T€OMETPUYECKUX
o00pazoB xumuueckux amarpamm. OO0 atmx cpoiictBax H.C. KypnakoB mwmcan
CIENYIOIIEe: «...BCSAKYIO AMAarpaMMy MHOTOKOMIIOHEHTHOM CHCTEMBI MOXHO
paccMaTpuBaTh Kak 00pa30BaHHYIO U3 AUArpaMM CUCTEM C MEHBIINM YHCIIOM KOM-
MTOHEHTOB, YCJIOKHEHHYIO BBEJCHHEM HOBBIX KOMIIOHEHTOB WJIM MHBIX YCIOBHU
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paBHOBECHS, TIPUYEM XapaKTEePHBIC 3JIEMEHTHI OoJiee MPOCTO IuarpaMmbl HeE
HCYE3af0T, a TOJBKO MPUMEHSIOT HHOM reoMeTpudeckuii oopasy» [4,5].

MeTo/ TpaHCISIIAY MPETYCMATPUBAET, YTO IPH MEPEX0JIe CUCTEMBI U3 N-KOM-
MMOHEHTHOTO B N+1 KOMITOHEHTHOE COCTOSHHE, T€OMETPHUIECKHE 00pa3bl N-KOMIIO-
HEHTHON CHCTEMBI MPHUOOPETAIOT NOTOIHHUTEIBHYIO CTEIEeHb CBOOOIBI 32 CYET
KOHIICHTPAIMH JIOTIOJHUTEIFHOTO KOMIIOHEHTa (B HM30TepMax) M TpaHchOpMHU-
PYIOTCSI: HOHBapHaHTHBIE TOYKU MIPEBPAIIAIOTCS B MOHOBAPHAHTHBIE KPUBEIE, MO-
HOBapUaHTHBIC KPHUBBIC B JIMBAPHAHTHBIC MOJISA M T.J. TpaHCIMPOBaHHUE U TPaHC-
(hopMHUpOBaHHEIE TEOMETPHUECKHE OOpa3bl, COMIACHO CBOMM TOMIOJOTHYECKUM
CBOMCTBaM y4acTBYIOT B (JOPMUPOBAHUHU T€OMETPUIECKUX 00Pa30B HCCIETyeMOi
CUCTEMEBI Ha YPOBEHH N+1 KOMIOHEHTHOTO COCTaBa. DTO TO3BOJIMT HAM HCXOJIS U3
(a30BOro cocTaBa reOMETPUICCKHX 00Pa30B N-KOMIOHEHTHBIX CUCTEM MPOTHO3H-
poBath (ha3oBhIif cocTaB N+1 KOMIIOHEHTHOUN CHUCTEMBI H TIOCTPOUTH e¢ (ha30BYIO
nuarpaMmy ((a3oBbIid KOMILIEKC).

Takum oOpa3om, MPUMEHEHUE METOAA TPAHCIALMH TPU UcciieaoBannu MC
MO3BOJIUT 3HAYMTEIBHO COKPATUTh B JaJIbHEHIIIEM MaTepUabHbIC U BPEMCHHBIC
3aTparthl MPU SKCIIEPUMEHTUPOBAHUH ITOCTPOUTH OOJiee HalleKHBIE PE3YIIbTaThI O
BO3MOJXXHBIX (Da30BBIX PAaBHOBECHSAX Ha €€ COOTBETCTBYIOIIMX TI'€OMETPUYCCKUX
oOpa3zax. ConocraBieHUE BO3MOXHOCTH METOJa TPAHCISIUU C JAPYTUMH METO-
namu uccienopanus MC [6] mokas3ano €ro 3HaYUTENbHYI0 YHUBEPCAIBHOCTh U
3¢ (HEeKTHUBHOCTD.

B cratbe paccMOTpeHBI pe3yJIbTaThl MPOTHO3UPOBAHUSA M TIOCTPOCHHS JHa-
rpammel (pasoBoro komimiekca cucteMbl K,Mg,Ca||SO4,Cl-H20 mpu 0 °C meTomom
TpaHcHsAuu. [ 3TOro Kak UCXOMIHBIC JAaHHBIC UCIOJIB30BaHbI (Pa3oBbIe PaBHO-
Becus n30Tepmbl 0 °C HOHBapHAHTHBIX TOUEK YETHIPEXKOMIIOHEHTHBIX CHCTEM, CO-
CTaBJISIIOIINX UCCIENYyEeMYIO MATHKOMITOHEHTHYIO CHCTEMY. DTH JaHHBIE B3STHI U3
[7] 1 ckoMmmaHOBaHKI B TaOauIE 1.

Tabnuua 1 — PaBHoBecHbIe TBeppie (a3bl HOHBapHAHTHBIX Touyek cuctembl K,Mg,Ca||SO4,CI-H20
npu 0 °C Ha ypoBHE YETHIPEXKOMIIOHEHTHOTO COCTaBa

HouBapraHnTHbBIE PaBHOBeCHBIE TBEPIbIE HomnBapuanTHbie PaBHOBeCHBIE
TOUKHU ¢azb TOYKHU TBepAbIe (azb
Cucrema KCI-MgCl2-CaClz2-H20 E* Kp+IletMg-12

Ei* but+Kp+Ca-6 Eg* Bu+Kp+Mg-12
Ez* CutKp+Ca-6 Cucrema K,Cal|SOs,CI-H20

Cucrema K2504-MgSO4-CaSOs-H20 Eo* I'm+Cu+K-1
Es* n+Ie+K-1 E1o* I'n+Cu+Ca-6
E4* [m+le+Mg-12 Cucrema Mg,Ca||SO4,Cl-H20
Cucrema K,Mg||SOs,CI-H20 Eu* Bu+T'n+Mg-12
Es* Cu+11le+K-1 E1* bu+I'n+Ca-6
Eg* Cu+Kp+1lle
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B tabnune 1 u ganee E 0o603HauaeT HOHBapHaHTHYIO TOUKY, IA€ €€ BepxXHen
WHJIEKC — 3TO TIOKA3aTeNlb KOMIIOHEHTHON CUCTEMBI, a HIYKHUI HHIECKC — 3TO MOKa-
3aTeb MOPSIKOBOTO HOMepa TodeK. [IpHHATH cileayromyM yCIOBHBIE 0003Ha-
YeHHs paBHOBECHBIX TBEepIbIX (pa3: bu — oumodur (MgCl,-6H,0); Kp — kapramur
(KCI-MgCl2-6H20); Cu — cunbBun (KCl); I'm — runc (CaS04-2H20); 1lle — meHut
(K2S04-M@gS04-6H20); Mg-12 — MgS04-12H,0; Ca-6 — CaCl,-6H.0; K-1 —
K2S0,4-H20.

[o nanabIM TabaHMUb! 1 MocTpoeHa AuarpaMma (Ha30BOro KOMILIEKCa CUCTEMBI
K,Mg,Ca||SO4,CI-H20 mpu 0 °C Ha ypoBHE YETHIPEXKOMIIOHEHTHOTO COCTaBa B
BHJIC Pa3BEPTKH MPU3MEI (PUCYHOK 1).

2K

2Kl 2Kl
Kp Bu %0 Cn
G B¢ Bu Cat
—E54/ \/EEL—E114—E114——E1.;.4—E94_
E_4
K1 qre [Me-12 Im Im K1
Mg-12
K,SO, MgSO,"\ Mg-12)] CaSO, K,S0,

K, S0,

PucyHok 1 — Ctpoenue auarpammsl (a3oBoro komiuiekca ciucrembl K,Mg,Ca||SOas,CI-H20
npu 0 °C Ha ypoBHE YeTHIPEXKOMIIOHEHTHOTO COCTaBa B BUAE PAa3BEPTKU IMPU3MBI

Kak BHTHO, TIOJIS KPUCTAJLTH3AIMH HEKOTOPBIX PAaBHOBECHBIX TBEPABIX (a3 B
Pa3HBIX YETHIPEXKOMIIOHEHTHBIX CUCTeMax WACHTWYHBI. [|yis yHu(UKanuu 1mo-
CTPOCHHOH AuarpaMMbl, Oe3 yiepOa Ha €€ MHGOPMATHUBHOCTH, MOXHO OOBEIM-
HUTB JTH OISl KPUCTAIUTH3AIUH. Tora moydu cxemarndeckyto [8] quarpammy
(ha30BBIX PaBHOBECHIA UCCIICYEMOM CUCTEMBI (PUCYHOK 2).
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E;* By’
Cat
Cur EJ4 E 14 E 114
K1 EKp Bu
E:_:4 E54 E_4 Eg4 E114
Ile Mg-12
E;* E.*
E;f Ey’ B’
T
E;* E E.*

PucyHok 2 — Cxemarudeckas auarpamma (as3oBbix papHoBecHil cuctemsl K,Mg,Cal|SOs,CI-H20
rpu 0 °C Ha ypoBHE YeTHIPEXKOMIOHEHTHOT'O COCTaBa, IOCTPOCHHAS! METOIOM TPAHCIIIIINN

Ha pucynke 2 oTpaxxeHbI Bce reoOMeTpHUYecKre 00pa3bl (HOHBApHAHTHBIE TOY-
KH, MOHOBApHAHTHBIC KPUBBIC, TUBAPHAHTHBIC TI0JIS), XapAKTEPHBIE [T CHCTEMBI
K,Mg,Cal|SO4,CI-H20 npu 0 °C 1 ux B3auMHOE pacroioKeHUE. XapaKTePHBIE ISt
IUBAPHAHTHBIX TIOJNIEH paBHOBECHBIE TBEpHABIC (a3bl MOKa3aHbI HA PHCYHKE 2.
XapakTepHbIe ISl YeTBEPHBIX PaBHOBECHbIE TBEPAbIC (Da3bl MPUBEICHBI B TAOIH-
e 1. MoHoBapuaHTHbIE KPHUBBIE, IIPOXOIAIINE MEKIY YeTBEPHBIMI HOHBApHAHT-
HBIMHU TOYKaMH, XapaKTEPHU3YIOTCS CIEAYIOIIMMH (Pa30BBIMH COCTABAMH OCAJIKOB:

E:* Kp+Ca-6 E*; E:* bu+Kp Eg?; E1*Bu+Ca-6E1*;,  E»* Kp+Cu Eg*;

E2* Cu+Ca-6 Epo*; Es* T'm+11le Eq*; Es* Ille+K-1 Es*  Es*I'mt+K-1 E¢*;
Efllle+Mg-12 B4, E4*Tn+Mg-12 Eni*; Es* Cu+llle Eg?; Es* CutK-1 Eo*;
Ei¢* I'm+Ca-6 Eip*;  Eun’ Bu+I'n Eio*.

TpaHcHSIMS YETBEPHBIX HOHBAPHAHTHBIX TOYECK HAa YPOBECHH IATHKOMIIO-
HEHTHOT'O COCTaBa CONPOBOXKIACTCS UX TpaHChopMaImei (IpeBpaIieHueM) B MO-
HOBapUaHTHBIE KPUBHIE, T.€. OHA YBEIMYUBAIOT CBOIO Pa3MEPHOCTh Ha €ANHUITY 3
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CYeT KOHIICHTpaIMK JO0aBJIICHHOTO MATOTO KOMIIOHEHTa. B Takux TpaHchop-
MHUPOBaHHBIX (JOPMaX OHU, B COOTBETCTBUU CO CBOMMH TOIOJOTUYCCKHUMHU CBOW-
CTBaMU U C coONroJieHHeM TpaBayia (a3, y4acTBYIOT B ()OPMHPOBAHHH HOH-
BAPUAHTHBIX TOYEK YPOBHS MATUKOMIIOHEHTHOTO COcTaBa. MaTeMaTU4YeCKH 3TO
MOJKHO BBIPa3HTh KaK COYECTAHUE YETBEPHBIX HOHBAPUAHTHBIX TOUYCK Pa3HOUMEH-
HBIX Y€TBEPHBIX CUCTEM, OTIMYAIONIUXCS APYT OT JApyra Ha onHy (azy:

Ei+Ep* ---—--------—---- > E°=bu+I'n+Kp+ Ca6;
Ex*+E* ---—--------—---- > E°=Tn+Kp+ Cu+ Ca6;
Es* + Es* + Eg* ---------= > E=Im+Cu+1lle+K-1;
B+ E* ---c---ceocoo2> B =Tn + Kp + llle + Mg-12;
Eg* + Enn* ----mome oo > Es° =bu+I'm+ Kp + Mg-12;
Be* +Tm --------mmmmo-- > E¢®=I'm+ Kp + Cu + Ille.

Kak BHIHO, M3 6 TSTEPHBIX HOHBAPHAHTHBIX TOYEK 5 00pa30BaHbI ITyTEM
«CKBO3HO» TPAHCIISAIINN U 1 IyTEM «OTHOCTOPOHHEH» TPAHCIIANH [3 ] 4eTBEpHBIX
HOHBAPHAHTHBIX TOUEK HAa YPOBCHb MSITHKOMIIOHCHTHOTO cocTaBa. Ha ocHOBe
MOJYYCHHBIX TAHHBIX MOCTPOCHA COBMEINEHHAS ArarpaMMa (ha30BOro KOMILICKCa
cuctemsr K,Mg,Ca||SO4,CI-H;0 mpu 0°C Ha ypoBHIX YeTHIPEX-TIATHKOMIIOHEHT-
HOTO COCTaBOB (PHUCYHOK 3).

Eg. E.}
/ /7
! L7
f Ey ,Ef
! N I
¢ \ / ‘\
/ N fa .
J-‘ \E:- E]. El'!"
!
!
/
!
/
f-'. 4 4
Es' ————— E-_t-‘ Ef* E‘.’ Esq E]_
s ; \ /
Y ra s , ’
h 4 // /
\\ {/ e \ o
y Es ES Es
\ Y
AN T
LY >
E;’ E

Pucynok 3 — CoBmeniéHHas quarpamma ¢asosoro kommiekca cucreMsl K,Mg,Ca||SO4,CI-H20
npu 0 °C Ha ypOBHSX YETHIPEX-TIATHKOMIIOHEHTHOTO COCTaBOB, IIOCTPOEHHAS! METOJIOM TPAHCIISIIHN
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Pucynox 4 — ®parMeHTs! COBMENIEHHOI ArarpaMMEI ()a30BOTO KOMILIEKCA CHCTEMBI
K,Mg,Ca||SO4,CI-H20 mpu 0 °C 1o obnactsM KpUCTaUIM3ALUN OTACIBHBIX PABHOBECHBIX
tBepabx da3: I — K2SO4-H20 (K-1); IT — KCI (Cu); IIT — K2SO4-MgS04-6H20 (1le);
IV - KCI-MgCl2:6H20 (Kp); V — MgSO4-12H20 (Mg-12); VI — MgCl2-6H20 (bn);
VII - CaClz:6H20 (Ca-6); VIII — CaSO04-2H20 (I'm)
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Ha pucyske 3 ToOHKHUE CIUIONIHBIE TUHUHM 0003HAYal0T MOHOBapUAHTHBIE KPH-
BBIE YPOBHS YETHIPEXKOMIIOHEHTHOTO cOCTaBa. I [yHKTHpHBIE TUHUH CO CTPEIKAMH
0003HaYal0T MOHOBAapHAHTHBIC KPUBBIC YPOBHS IMSATUKOMIIOHEHTHOT'O COCTaBa.
Onu 00pa30BaHbl MPU TPAHCISAIMHA YETBEPHBIX HOHBAPHAHTHBIX TOUYCK HA YPOBEHB
MATUKOMIIOHEHTHOTO cocTaBa. CTpenka Ha 3THX KPUBBIX yKa3bIBa€T HA HAIPaB-
neHust Tpancisnun. Ma3oBkIif COCTaB 0CAAKOB ATHX KPUBBIX HIEHTHYEH (pa3oBoMy
COCTaBa YETBEPHBIX HOHBAPUAHTHBIX TOYEK, MPHU TPAHCISAIUH KOTOPBIX 00pa3o-
BaHbL. [lomyXUpHBIE CIUIONIHEIE JTMHUH TaKXKe SBIISIETCS MOHOBAPUAHTHBIMH KPH-
BBIMH YPOBHSI IISTHKOMIIOHEHTHOTO cocTaBa. OHU TIPOXOIAT MEXAY MATCPHBIMH
HOHBApUAHTHBIMU TOYKAMU U XapaKTEPHU3YIOTCS CICIYIOIIUM (Pa3oBBIX COCTABOM
OCAaJIKOB!

Els I'm+Kp+Ca-6 EJS; E15 bu+T'o+Kp E55;
E25 I'n+Kp+Cn EGS; E35 I'm+Cu+llle EGS;
E45 FH+Kp+Mg' 12 E55; E45 I'm+Kp+Ile Ess.

[Tpu HEOOXOMUMOCTH MTOCTPOCHHYIO COBMEIICHHYIO TUarpammy (PHCYHOK 3)
MOXKHO ()parMEHTHPOBAThH IO 00JACTAM KPUCTAJUTH3AIMUA OTACIHHBIX PaBHOBEC-
HBIX TBEPABIX (a3 (PUCYHOK 4).
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Pesrome
JI. Conues, M. T. Kymaes, U. O. @puykuii
JKYUEHIH ®A3AJIBIK KEILEHIHIH KYPBUIBIMEI K, Mg, Ca || SO4, CI-H,0, 0°C

Aynapma amici 0, g kesinge K, Mg, Ca || SO4, CI-H20 xyiieciHin reoMeTpHsIbIK Kec-
KiHaepingeri ¢a3anblk Terne-TeHmikTi 6omkanbl. 0 °C ke3iHme 3epTTeneTiH xyiie 6 nHBa-
PHUAHTTHI HYKTEHIH, 18 MOHOBapHaHTTHI KHCHIKTBIH XKoHE 15 TUBApPHAHTTHI OPICTIH OOTYHI-
MCH CHNATTANATBIHABIFBI aHBIKTANBL. AJbIHFaH MadimMertep Herizinae 0, K kesingeri K,
Mg, Ca || SOs, CI-H20 xyiiecinin ¢a3anslk KeleHIHIH HarpaMMachl KYpbUIbII, JUBA-
PHUAHTTBIK ©PICTEPMEH, COHJail-aK OeJicK Teme-TeHMAIK KaTThl (pasamapiblH KpHCTAIIaHy
epicTepiMeH OOIIICKTECHE 1.

Tyiiin ce3nep: ayaapma oici, (pas3aiblk KellieH, Kyie, (pa3aliblK Tere-TCHIIK, quar-
pamMma, reOMEeTPUSUIBIK KECKIHICp, NHBAPUAHTTHI HYKTEJCpP, MOHOBAPUAHTTHI KUCHIKTAp,
JIUBapUAHTTHIK OpicTep.

Summary

L. Soliev, M. T. Jumaeyv, I. O. Fritskiy

STRUCTURE OF THE PHASE COMPLEX
OF THE SYSTEM K,Mg,Ca||SO4,CI-H.0 AT 0°C

The translation method predicted phase equilibria on geometric images of the system
K,Mg,Ca||SO4,CI-H,0 at 0°C. It was found that at 0 °C the studied system is characterized
by the presence of 6 invariant points, 18 monovariant curves and 15 divariant fields. Based
on the data obtained, a diagram of the phase complex of the K,Mg,Ca||SO4,CI-H20 at 0°C
and fragmented by divariant fields, as well as crystallization fields of individual equilibrium
solid phases, was constructed.

Key words: translation method, phase complex, system, phase equilibriya, diagram,
geometric images.
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OBTAINING CARBON FIBERS BASED
ON COAL TAR BY ELECTROSPINNING METHOD

Abstract. This research discusses the use of coal-processing wastes of the Shubarkol
Deposit (Karaganda region, Kazakhstan) to produce valuable materials such as carbon
fibers. Annually «Shubarkol Komir» JSC alone produces up to 35,000 tons of coal tar as
byproduct. In this experiment, mesophase pitch was obtained by coal tar heat treatment at
200 °C. By cracking mesophase pitch into the pieces with the addition of poly (methyl
methacrylate) as fiber-forming material and 1,2-dichloroethane as solvent, the spinnable
solution was prepared. The elemental analysis of the mesophase pitch showed that the heat
treatment up to 200 °C does not contribute to the full elimination of sulfur containing
components that influence the forming of mesophase. From the Raman spectra of the pitch,
the D peak appearance at ~ 1370 cm™ and G peak at ~ 1600 cm™ responsible for carbon
products. Carbon fibers with an average diameter of 2.5-3.3 pm were obtained by electro-
spinning technique in laboratory settings.

Keywords: coal tar, pitch, electrospinning, carbon fibers.

Coal is primarily used and has been known for thousands of years as a fuel.
Moreover, the invention of the steam engine also increased the coal consumption.
As of 2018, coal remains an important fuel resource as it supplied about 25% [1].
The product of coal pyrolysis - coal coke - for its excellent efficiency in adsorption
and process ability has found application in chemical industry, steel and cast-iron
manufacturing, etc. During coal coking process, coal gas, aromatics mixture,
ammonia water and coal tar are extracted. Coal tar pitch is a possible precursor for
carbon fiber production [2,3]. By further coal tar processing, valuable products such
as benzene, toluene, xylenes, etc., as well as sleeper impregnation oil, plastics,
pitched-based electrodes, binding pitch, carbon fibers, etc. might be produced [4,5].

Republic of Kazakhstan, according to the British Petroleum Statistical Review
2020, in terms of proven coal reserves, ranked as 10" in the world (2.4% of global
reserves) and the 9"among countries in terms of coal output (2.08% of world
production) [6]. The production of this huge amount of coal requires the develop-
ment of a waste-free technology based on its deep processing. Spinnable mesophase
pitch could be converted into target products with high economic demand such as
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carbon fibers. The production of carbon fibers finds a wide application in medicine,
biotechnology, energy, in treatment facilities, in construction to obtain composite
materials, aerospace etc. [7].

A product of coal tar processing is pitch. The two basic types of pitch are ani-
sotropic (mesophase) and isotropic (non-mesophase). The commonly used method
for converting isotropic pitch into mesophase pitch by pyrolysis. Manufacture of
mesophase by pyrolysis involves heating it under an inert gas such as nitrogen for
approximately 40h. The optically isotropic material is transformed into an optically
anisotropic liquid stage mesophase by the heat treatment [8].

Carbon fibers are promising materials that outperform other materials in their
unique characteristics such as high chemical resistance, high tensile strength, light
weight and low coefficient of thermal expansion [9-11]. These fibers could be
obtained by electrospinning method. The technique of electrospinning is a complex
physicochemical process that depends on many factors and, primarily, on the
choice of the precursor and its preparation [12,13]. Polymers are the most widely
used fiber-forming materials. In our research we used poly (methyl methacrylate)
as fiber-forming material as common and available polymer. The main goal of this
work was to obtain fibers from coal-processing wastes such as coal tar using
electrospinning method [14].

The physicochemical characteristics of the feedstock and the temperature
regime of its processing affect the occurrence of mesophase changes. The quality
of the pitch is determined by the presence of sulfur-containing components and
insoluble residues [15,16].

In this research, carbon fibers were produced with the thinner diameters of
2.5-3.3 pm by electrospinning method. The transition of carbon pitch into the meso-
phase structure occurs through the formation of an intermediate isotropic-meso-
phase structure under the influence of temperature. Coal tar heat treatment up to
200°C led to the complete removal of sulfur content in mesophase pitch. The pro-
cess of the mesophase formation is influenced by the initial composition of the
original pitch and also by the presence of heteroatoms in the pitch content. The
heteroatoms in the molecule of the resulting pitch affects the formation of the
mesophase itself. An increase in the content of oxygen and sulfur in obtained pitch
affects the graphitability of the system, which sharply decreases, for example, with
a sulfur content of 5-9%, the formed carbon does not form a graphite structure.
This effect of sulfur is explained by the occurrence of reactions of dehydrogenation
and crosslinking of layers of macromolecules in crystallites and, as a result, by a
decreese in their mobility [17].

Carbon fibers are an extremely important carbon material, which are mostly
used for the production of composite, heat-shielding, chemically resistant and other
types of carbon fiber reinforced plastics. Fibers based on poly(acrylonitrile) are
relatively expensive. The solution to the problem is to develop a technology for the
production of mesophase pitch as a raw material for the production of high-
modulus, high-strength carbon fibers based on cheap raw material as coal tar for
producing carbon fibers with high physical and mechanical properties.
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EXPERIMENTAL PART

Materials. Coal tar formed during the coking of Shubarkol deposit coals was
used. Some characteristics of coal tar: viscosity at 80 °C — 3.0 conventional degrees,
density at 20 °C — 1060 kg/m?, coking capacity — 2.0-3.5%; flash point — 115 °C;
softening temperature — 65 °C. As a solvent, we used 1,2-dichloroethane(Sigma-
Aldrich, Germany). Poly (methyl methacrylate) (Sigma-Aldrich, Germany) was
used as a binder.

Methods of Analysis. To determine the surface structure and morphology of
the obtained carbon fibers we used Quanta 200i 3D scanning electron microscope
(FEI Company, USA); accelerating voltage 30 kV (provided by the National
Nanotechnology Laboratory at the al-Farabi Kazakh National University). For
registration of Raman spectra, we used an Integra Spectra probe-scanning micro-
scope by a laser with a wavelength of 473 nm. The sample was supported as a thin
replica on a glass substrate. The CCD3spectral detector had the wavelength of
K =632.8 nm (20 mV) with the spectral line width of 2.08 cm™. Device parameters:
power 35 mW, solid-state laser, grating600/600 (provided by the National Nano-
technology Laboratory at the al-Farabi Kazakh National University).

Preparation of mesophase pitch. Mesophase pitch was obtained by coal tar
heat treatment at 200 °C with a heating rate of 15 °C/min by holding at 200 °C for
3 hours in an argon medium. Argon consumption was 80 cm®min.

The heat treatment was conducted in a quartz reactor (figure 1) with diameter
of 30 mm. Then the reactor was cooled and coal tar pitch was removed.
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Figure 1 — Schematic diagram of laboratory installation for coal tar pitch obtaining:
1 - gas cylinder with argon; 2 - laboratory autotransformer; 3 — thermostat;
4 — quartz reactor; 5 — gas outlet flask controller; 6 — gas outlet
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Heat treatment of the original coal tar turned it from a viscous state to a solid
one, and the final product increased in volume. Removal of low-boiling fractions
in the form of vapours led to the formation of mesophase pitch with a porous
structure as a friable spongy material.

Preparation of carbon fibers. The electrospinning method as a complex physi-
cochemical process depends on many factors and, largely, on the choice of the
precursor and its preparation. Polymers are the widely used fiber-forming materials.
In our research we used poly(methyl methacrylate) as a binder.

The technological scheme of carbon fibers production from coal tar consists
of the following stages: preparation of raw materials at 200 °C; dissolving of pitch
and poly (methyl methacrylate) in 1,2-dichloroethane; electrospinning process;
stabilization of the obtained fibers in an oxygen atmosphere, carbonization in an
inert atmosphere.

For the process of electrospinning, the obtained pitch was crushed and 1,2-
dichloroethane was added. For uniforming, the resulting mixture was placed for
25 minutes in an ultrasonic bath. Poly (methyl methacrylate) as a binder was also
mixed with 1,2-dichloroethane and put in an ultrasonic bath for 25 minutes. Their
common mixture in 1:1 ratio was placed in an ultrasonic bath for 35 minutes.

The process of electrospinning (figure 2) occurs when the electric field among
the electrodes and the electrostatic forces between the charges accumulated in
the spinning solution overcome the surface tension of the solution. The action of
the repulsive force between the same charges stretches the viscoelastic flow of the

Figure 2 — Electrospinning installation
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molding solution. Figure 6 shows the obtained fibers with a diameter of 2.5-3.3 um,
where the structural elements take the form of filamentary formations with some
defects.

RESULTS AND DISCUSSION

A sample of coal tar before and after the heat treatment process was weighed
to determine the post-treatment mass loss. It was found that the weight loss during
heat treatment at 200 °C was 50% of the original weight. This is because heat
treatment leads to the removal of volatile fractions from coal tar.

The results of the elemental analysis showed the elemental composition of
obtained coal tar pitch composed by weight percentage (wt.%): C — 91,04%; O —
8,72%; S — 0,24%. Figure 4 shows the optical microscopy image of coal tar pitch
after the heat treatment at 200 °C.

Figure 4 — Optical microscopy image of coal tar pitch after heat treatment at 200 °C

The process of mesophase formation depends not only on the initial pitch
composition, but also on the presence of heteroatoms in pitch molecules. An in-
crease in the content of oxygen- and sulfur-containing compounds in pitch reduces
the graphitability of the system and the resulting carbon does not form a graphite
structure. This effect of the sulfur-containing component is explained [16] by the
occurrence of dehydrogenation and cross-linking of macromolecule layers in
crystallites and, as a result, by a decrease in their mobility.

Figure 5 shows a Raman spectrum, which makes it possible to evaluate the
effect of heat treatment on the degree of graphitization of the initial coal tar, where
the peaks D and G characterize the carbon materials [17]. The peak position of G
(~1600 cm?) with the Ig intensity of 600 units indicates the formation of nano-
crystalline mesophase centers; the D peak at ~1370 cm™ with the Ip intensity of
393. The intensity of G is higher than D indicating the less disorder due to defects.
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1. Andor Spectra
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Figure 5 — Raman spectrum of coal tar pitch pyrolyzed at 200°C

SEM image analysis of carbon fibers (figure 6) obtained from coal tar pitch
showed that the diameters of the obtained short carbon fibers were in average 2.5-
3.3 pm.

Figure 6 — Electron microscopic images of carbon fibers
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To improve the strength characteristics, the resulting fibers were subjected for
oxidation in the air stream at 200 °C for 1 hour. The carbonization of the obtained
fibers was carried out in a nitrogen atmosphere. The carbonized fibers were then
graphitized under tension by passing the electric current through them while
electrical heating occurred.

The interest in the manufacture of carbon fibers is due to the fact that the
mechanical properties of these materials, such as tensile strength, bending and
compression, increase the elastic moduli with a decrease in fiber diameter and
achieve a theoretical limit when the nanoscale level is reached[18].

Conclusion. Our research confirms the possibility of using Shubarkol Deposit
coal-processing wastes to manufacture useful materials of high added value, such
as carbon fibers, by means of electrospinning. Finally, we have obtained carbon
fibers with a diameter of 2.5-3.3 um in laboratory settings.

This technique allows useful materials to be produced from waste from coal
mining. It would be possible to obtain useful materials for further use in the
manufacture of carbon fibers outside laboratory conditions through the processing
of Shubarkol coals into pitch. Further process changes are needed for industrial-
scale applications.
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Pe3iome
A. M. Umaneasvl, b. Kaiioap

KOMIP AINBIFBIHAA SJIEKTPOCIIMHAEY ©/1CI MEHEH
KOMIPTEK XUWBACBIH OH/IIPY

byn 3eprreyne 1lly6apken ken opubinblH (Kaparanap! obnsicsl, Kasakcran) kemip
OHJIIPICIHIH KAJIJBIKTAPBIH KOMIPTEKTI TaJIIBIKTAp CUSKTHI KYH/bI MaTepHaijgap eHAipi-
ciHJe KoJjany MYMKiH/iri Kapacteipelirad. «ly6apken Kemip» AK »xbut caliblH KOCHIM-
mra eHiM petiHze 35 MBIH TOHHara JeHiH KeMip maiblp eHnxipeni. bizmiy 3eprreyimizae
Me3odasza Kamambl keMip maiibipiaapsH 200 °C Temrepatypana eHAeY apKbLIbl abIHIBI.
AnpiHFaH Me3oda3a KaZaMblH TaJNIIBIK TY3YIII MaTephal peTiHae MoJu (MeTHiIMeTa-
KpHIIAT) J)KOHE epITKIMI peTiHae 1,2-AuxIIopaTaH KOCHI (hpaKIusuiapra OeIIIeKTey apKbLIbL
NIEKTPOIIBIFYFa apHAJIFaH epiTiHAl AaiibiHganael. Me3odas3a KaJaMbIHBIH 3JIEMEHTTIK
tanaaybel kepcerkenaei, 200°C neifinri TepMUsUIBIK OHIEY Me30(daszaHblH Ty3iIyiHe acep
€TeTiH KYKIpTi 0ap KOMIIOHEHTTEP/IiH TOJBIK KeTyiHe bikman etneimi. [llaibipapiy Paman
cnexrpuepiner D msiapr 1370 emt-ne, an G mbiae! mamamen 1600 cvm™ genreitinge 6aii-
KaJIaTBIHBIH Kepyre 0oJajibl, OyJ1 KOMIpTEK KOMIIOHEHTTEPiHIH 0ap eKeHJITiH KepceTe/i.
3epTxaHalIbIK JKaFJalia KOMIPTeKTI TAIMBIKTap opTamia quaMeTpi 2,5-3,3 MKkM OonaThiH
QIIEKTPJIII HipY apKbUIbI AJIBIHIBL.

Tyiiin ce3aep: KeMip OIaWBIPHL, MIAHBIP, HIEKTPOCITHPHIHT, KOMIPTEKT] TaIIIBIKTaP.

Pe3iome
A. M. Hmaneasel, b. Kaiioap

I[TOJIYYEHUE YTJIEPOJIHBIX BOJIOKOH HA OCHOBE
KAMEHHOYTOJIbHOM CMOJIbI METOJIOM 2JIEKTPOCITMHHUHT A

PaccmarpuBaeTcsi BO3MOXKHOCTh HCIIOJIB30BaHUSA OTXOJIOB YIJIEAOOBIYM MECTOPOXK-
nenus [ly6apkoins (Kaparanauuckas 001acts, KasaxcraH) B mpou3BOACTBE IIEHHBIX MaTe-
pHaJoB, TaKUX Kak yrieponHble BosnokHa. Exxeromno AO «llly6apkoips Komupy» npous-
BOJMT A0 35 THIC. T KAMEHHOYTOJBHOM CMOJIBI B Ka4€CTBE TOOOYHOTO NMpoaykTa. B nccie-
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JIOBaHUU Me30(a3Hbli ek ObUI IOTy4eH TepMOOOpabOTKONH KaMEHHOYTOIbHON CMOJIBI TIPH
200 °C. Ilytem npoOGiieHHs MOJYYEHHOT0 Me30(ha3Horoneka Ha (ppakiuu ¢ 100aBIeHUEM
oy (METHJIMETAKpHUIIaTa) B Ka4eCTBE BOJOKHOOOpA3yrOIero Marepuana u 1,2-auxiop-
9TaHa B KaueCTBE PAaCTBOPHUTEJIS IIPUTOTOBJIEH PacTBOP VIS SJIEKTPOCITUHHUHTA. DJIEMEHT-
HBIY aHaIM3 Me30(ha3HOro MeKa MoKasal, 4To TepMooopadoTka 1o 200°C He criocoOCTBYET
MOJIHOMY YJAJICHUIO CEPOCOJICPIKAIINX KOMIIOHEHTOB, BIHUSIONMX HA 00pa30oBaHHE ME30-
(a3pl. 13 criekTpoB KOMOMHAIIMOHHOTO PACCESTHHUSI CMOJIBI BUTHO, UTO MUK D HaOIromaeTcs
npu 1370 em?, a mux G — oxono 1600 cm™, 4To yKka3sIBaeT Ha MPUCYTCTBHE yIIEPOIHBIX
COCTaBJSIIONIMX. YTJIEPOJHbIC BOJOKHA B JaOOPATOPHBIX YCJOBHSX OBUIM MOJYyYEHBI CO
CPEJTHUM AUaMeTpoM 2,5-3,3 MKM METOJIOM dJICKTPOCITUHHHIHTA.

KaioueBble cii0Ba: KaMEHHOYTOJIbHASI CMOJIA, [IEK, 3JICKTPOCIMHHUHT, yIIEPOIHbIE
BOJIOKHA.
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OCOBEHHOCTH JUCTAHIITMOHHOT'O B§AHMOI[EI>1CTBHH
I'MIPOI'EJIEN IIOJIMAKPNUJIOBOU KUCJIOTHI
N NOJINDTUJIEHUMUHA

AHHoTanus. V3ydeHo TUCTaHIIMOHHOE B3aUMOJEHCTBHE MEXIY CITa0BIM MOIUIIICK-
TPOJUTOM TOJHAKpHIOBOH KUCIOTH (TTIAK)M cmabbiM MOJTMOCHOBAaHHUEM MOJUITHIICH-
nmuHa (TII9M) B 3aBUCHMOCTH OT BPEMEHH NP MX PA3INYHBIX MOJBHBIX COOTHOIICHHUSIX
U COCTOSHUSX B BOXHOU cpeze. s mMpOrHO3MPOBaHHS BO3MOXKHOCTH aKTHBAIlMH H3Y-
YaeMbIX THAPOTENeH MPOBENEHB MCCIEIOBAHUS SIEKTPOXIMHICCKHX CBOMCTB METOIOM
koHaykToMeTpun u pH metpun. Ilpu pH m3mepennn ycranosneno, uro 24 4 pH umeror
caMble HU3KHE 3HAYCHUS, YKa3bIBAIOIIEE HAa BBICOKOE cojaepxanue moHoB H* B BomHOM
cpene. 3ydyeHbl 3aBUCUMOCTH YJIEIbHOM 3JIEKTPONPOBOJHOCTH, MAKCUMAIIbHOE 3HAUCHHUS
npu cooTHomeHusx 3:3 (rIIAK:rI[I3W) u oHo coBmamaet ¢ pe3yiabraroM pH oT cooTHO-
IICHUST KOMIIOHEHTOB. [loay4YeHHBIe pe3ybTaThl YKAa3bIBAIOT HA TO, YTO B JaHHOW WHTEp-
MOJIUMEPHON CHCTEME IMPOUCXOIAT 3HAYUTEIBHBIC M3MCHCHHS B JJIEKTPOXMMHUYCCKHX,
KOH(OPMAIMOHHBIX 3HAYCHHUSIX MCXOJHBIX MaKPOMOJICKYJI B HHTCPIIOIUMEPHON CUCTEME.
Takum 00pas3oM, HCCIIeTOBaHMA TIOKA3al HAJMYKE YAAJICHHOTO B3aUMOJICHCTBUS MEXKITY
THIPOTEISIMA M UX B3aUMHOW akTHBanuu. C pOCTOM COAEpKaHHsI OHOTO U3 THAPOTeNei B
pacTtBope HabIrOmaeTCsl 3HAUYUTENBHOE yBEIMUeHIEe HAOyXaHUs TUAPOTENEH TpOIOpINo-
HAJIBHO KOHIIEHTPAIIMH BTOPOTO KOMITOHEHTA, YTO YKa3bIBaeT HA MX B3aMMHYIO aKTHBAIIHIO.

KiroueBble cj10Ba: HHTEPreIeBbIe CHCTEMBI, TOJIMAKPUIIOBAS KUCIOTA, TOTUITHIICH-
HUMUH, 3JIEKTPOIPOBOIHOCTH, pH.

Beenenmne. lHTepnoiauMepHbie CUCTEMBI 00pa3yroTCsi 6J1aroiapst BTOpUUHBIM
B3aUMOJCHCTBUSIM MEXAY MaKpOMOJIEKYJaMM, TaKUM KaK BOJOpPOJHAs CBA3b,
CHJIBI 3JIEKTPOCTATUUECKONW MpUpOAbI, cuibl Ban-gep Baambca, ruapodoOnbie
B3auMopeiicTBus. [loauMepHsie renu npencTaBisioT coOol HaOyXIUIne B pacTBO-
puTese IJIMHHBIE TOJIMMEPHbIE LETIH, CIIUThIE APYT € IPYTOM IONEePEUHbIMU KOBa-
JICHTHBIMH CBSA3SIMU (CLIMBKAaMH) B €IMHYIO POCTPAHCTBEHHYIO CETKY.

BopopacTBopruMble monuMepsl Onarofapsi yIauHOMY COYETaHUIO (PHU3HKO-
XMMUYECKUX CBOWCTB BBICOKOMOJICKYJISIPHBIX COEIMHEHHH M 3JIEKTPOJIUTOB
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3aBOEBaJIM MPOYHOE MMOJIOKCHUE BO MHOTHX OOJIACTSIX HAYKU U TEXHUKH (MEIH-
LIMHE, CETTLCKOM XO3SHCTBE, CTPOUTENHCTBE, IEJUTIOJI03HO-0yMaskKHOM 1 TEKCTHITh-
HOW POMBITIIICHHOCTH). K 4nCITy HEOCTTIOpUMBIX JOCTOMHCTB OTHOCHTCS TAK¥KE TO,
YTO MX MPUMCHECHUE HE BHI3BIBACT 3aTrPSA3HEHUS OKPYKAIOIICH CPeIbl H HE CBSI3aHO
C HCIOJIb30BaHMEM TOKCHYHBIX, OTHE- M B3PBIBOOIACHBIX pacTBopureneii [1-4].
HawnGonpmeit mpakTudeckoi IIEHHOCTHIO 00J1aal0T BOIOPACTBOPHUMBIC TTOJIUMEPHI
C KOMIUIEKCOOOPa3yIOMMHU TPYNIaMH, CIOCOOHBIE 00Pa30BBIBATh YCTONUUBBIE
XeJlaTHbIe KOMIUIEKCHBIE COSIMHEHHSI C HOHAMHU MeTaIuIoB. CTpYKTypHBIE PopMy-
JBI BaXHEWITMX NPEACTaBHTEIEH Kiacca BOAOPACTBOPUMBIX KOMILIEKCO0Opa-
3YIOIIUX MOJIMMEPOB (MOIMITUIICHUMHUHA, TIOTHAKPUIOBON KUCIIOTHI, TIOJTUBUHH-
JIOBOT'O CIIUPTA, MOJIN-4-BUHIITTUPHU/INH) U KOMITJIEKCA IMOJIMATHIICHUMHUHA C MOHA-
MU peAKO3EeMENIbHBIX METauIoB. B cBsi3M ¢ 3TUM ObIIa MocTaBiieHa 3ajiada Mo
M3YYEHHUIO DIIEKTPOXUMHIUECKUX, KOHPOPMAIIMOHHBIX U 00bEMHO-TPaBUMETPHYEC-
KUX CBOMCTB MHTEPreaeBO CUCTEMBI, COCTOSIIIEH U3 TUAPOreNiel MOIHaKPUIOBOU
kucnotsl (TIIAK) n noamstunennmuna (r119N).

[NonmakpuitoBast KHCIOTa ObLIIAa BEIOpaHa B KA4eCTBE OCHOBHOT'O MaTepHasa B
STOM HCCIIEJIOBAaHUN M3-32 €€ BBICOKOTO CXOZCTBA C BOJOH M KOMMEPUYECKOH
NOCTYMHOCTH. [IOCKOJIbKY MOMMAKpPHIIOBasl KUCIIOTa HE OOJaJaeT JI0CTaTOYHOU
MEXaHMUYECKOW MPOYHOCThIO B HaOyXIIeM COCTOSIHHM, TO OblIa paccMOTpeHa
CTPYKTypa B3aMOTIPOHHUKAOIIEH HHTPEMOIUMEPHOU cucTeMbl. [lommaTnineHnnMuH
(IT5K) ObL1 BEIOpaH B Ka4€CTBE BTOPOTO THAPOTENS, TIOCKOIBKY OH 00JaaeT ps-
JIOM BBITOJHBIX CBONCTB, TaKMX KaK BBICOKas TMIPOGUIBHOCTh, OMOCOBMECTH-
MOCTB, TEpPMHUYECKasi CTAOMITBHOCTD, a TAK)KE KOMMEpYecKast JOCTYITHOCTb.

OKCITEPUMEHTAJIBHA S YACTD

Obopyoosanue: JInsg W3MEPEHHs] JIEKTPOMPOBOTHOCTA OBUT HCIOIB30BaH
kouaykromerp «MAPK 603» (Poccust) pH-meTp Metrohm 827 pH-Lab (IlIBeii-
napus). Maccy HaOyxmux oOpas3LioB TMApOTeNel Ui MOCIEIYyIOUEero pacyera
CTeTIeHH HaOyxaHus (0) ONMpPENesUId B3BEIIMBAHUEM Ha DJICKTPOHHBIX aHAUTH-
geckux Becax SHIMADZUAY220(Smonws).

Mamepuanwi: ViccnenoBaHusi IPOBOAWIN B cpelie JUCTUIUITMPOBAHHON BOJBI.
lManporenyu moaMaKpUIOBOH KUCIOTHI OBLTH CHHTE3UPOBAHKI B IPUCYTCTBHUH CIIIH-
Batoniero arenta N,N-MeTHIeH-OMCaKkpHiIaMu[a W OKHCIMTEIbHO-BOCCTAHOBH-
tenpHOM cuctembl K»S,0s—-Na,S,03 npu remneparype 65-70°C [5-6].

Koadduuuentsr nabyxanus rupporeneid cocraBisiim Ky(rITAK) = 39,7 r/r,
Ku(rIIDN) = 9,2 1/r. DKCIepUMEHTHI TPOBOAWINCH P KOMHATHOW TEMIIEpaType.
CreneHp HaOyXaHUS THUAPOTEIICH TPU ONPEACICHUH WX HMCXOMHBIX KOoH(popMma-
IIMOHHBIX CBOWMCTB ObLIa paccyuTaHa 1o (hopMyIie:

mp — My
adQ=——,
my
TJIe M1 — BEC CYXOro THAPOTEIs; My — Bec Habyxmero ruaporens [7-12].

161



XUMHYECKHHU )XYPHAJI KA3AXCTAHA

PE3VYJIbTATBI U OBCYXIEHUE

JL1st MHTEpreneBO CUCTEMBI, COCTAaBICHHOW M3 CyXHX W HaOyXITUX THIPO-
reeil HabJIoaeTCs qabHEHIIIee YBEIIMYCHHIE AICKTPOIPOBOHOCTH PACTBOPOB 110
Mepe pocTa BPEMEHU TUCTAaHIIMOHHOT'O B3aUMOIeHCTBUS. B3aumoaeicTBrue Mex Iy
THAPOTENIIMA B WMHTEPrelieBOM CHUCTeMe m3ydain Mertojnamu pH-metpum u
KOHIYKTOMETpHH (PUCYHKH 1, 2).

R — O“I
224 —o— 0,54
] 1,54
20 7 —v— 2,54
184 4,54
i —<— 6,54
16 - 8,54
E —e— 244
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pH —a— (g
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527 <654
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46
45
44+ ~
43 .
4'2 T T T T T T T T T T T T T
6.0 51 4.2 33 24 1.5 0:6
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Pucynok 1 — 3aBHCHMOCTb yeIbHOI 35IeKTponpoBogHOCTH (@) upH (6) BOIHBIX pacTBOPOB
OT MOJIBHOr0 cOOTHOLIEHUS BO BpeMeHH I'TTAKua-rII9 a6
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Kak BuznHO 13 pucyHKa 1, 31€KTpOonpoBOIHOCTh HAOYXIINX IHIpOreNneil Bo3-
pactaer co BpemeHeM sl Bcex cooTHomieHui rupporeneil TIIAKas:rIID W ss.
Bricokue 3HaYeHMs 3JEKTPONPOBOJHOCTH B TOYKE MAKCHMyMa YKa3bIBalOT Ha
BBICOKME KOHIIEHTPALIM1 HOCUTENEH 3apsa0B.

B cucreme npucyrcrByer cinaboe MOIMOCHOBAHUE T'MAPOTreIb MOIU3TUIICH-
MMHH, KOTOPOE MOKET JIETKO MPUCOeANHUTh H' MOHBI M mepelTH B 3apsHkeHHOE
COCTOSIHME. DTOT NMPOLECC JOHKEH MPUBECTH K CHIKEHUIO KOHLIEHTPAlUH HOHH-
30BaHHBIX 4acTHL B pacTBope. IlosiBIeHNne MakcuMyMa 3JIeKTPOIIPOBOJHOCTH IIPU
COOTHOIICHHUH THAporesell 3:3 MOKHO OOBSICHUTh HM3KON KOHIICHTPAIMEH reTe-
pOAaTOMOB a30Ta B pacTBOPE, TAK KaK KOHIIEHTPALUs MOJUOCHOBaHMS HAMHOTO
MEHbIIIe KOHLIIEHTPALUU NOTUKUCIOTHI. CHUKEHHE 3JIEKTPOIPOBOJHOCTH C POCTOM
COJep)KaHUsl 3TWICHNMHUHA MOXXET ObIThb OOBSCHEHO YBEINYEHHEM KOJIMYECTBA
reTepoaToMoB a30Ta, ACCOLUPYIOMUXCS C MPOTOHOM. IIpy 3KBUMOJIBHOM COOTHO-
menud TITAK:TII3U 371eKTponpoBOJHOCTh JOCTHTAaeT MHHUMYMa, YTO 00YCIIOB-
JIEHO JIOMMHHMPOBAaHHEM IIpOIecca acCOIMAlMU MPOTOHA HaJ MPOLECCOM JHCCO-
nuanuy KapooKCHiIbHbIX Tpynn. C yBeJIM4eHHEM MOJIBHOTO COOTHOLICHUS MOJIH-
OCHOBAaHUSI CJIEA0BaO0 Obl OKUAATH CYIIECTBEHHOI'O CHYKEHMS JJIEKTPOIPOBOJ-
HOCTH 32 CYET CBA3BIBAHMS OTIIEIUICHHBIX MPOTOHOB aTOMAaMM a30Ta IOJIUITH-
JICHUMHHA.

3aBHCUMOCTh HM3MEHEHHMsI KOHLIEHTPallMd HOHOB BOJIOpPOJA M yIEJIbHOU
3JEKTPONPOBOAHOCTH OT MOJIBHOTO COOTHOIICHHsSI HaOyXIIWX THUAPOresed BO
BpEMEHHU TpeJicTaBieHa Ha pucyHke | (a,0). Kak BuaHO, pu cooTHOImEHHAX 3:3
(rITAK:TII3N) u3 HabyX1mux ruaporesieil MHTepreyieBas cucTeMa B BOJHOU cpejie
o0nazgaeT aHOMaJIbHOHN YyAEIbHOM 3JIEKTPONPOBOAHOCTRIO U cHIKeHueM pH.Ilpu
cootHomeHusix rITAK-TTIOU 5:1 u 1:5 nabmronaetcs yBenuuenne pH pacTBopos.

Bricokue 3nauenuss pH mpu cooTHomeHusX TTIAKue-TIIOUua6l:5 u 5:1
YKa3bIBaIOT Ha TO, YTO B PACTBOPE MPe0OIaaeT FUIPOKCHI — HOHBL. DTO BO3MOKHO
B Cllyyae IPOTEKAaHUsl PEAKLMH, IIPU KOTOPOH B PacTBOP BBIAEISIOTCA THAPOK-
CHJIbHBIE aHHMOHBI (B3aMMOJIEIICTBHE aTOMa a30Ta C MOJIEKYJIOM BOBI), Mapai-
JIENBHO € Hel MpoTeKaeT Apyrasi peakiys, B pe3yJibTare 4ero cBOOOIHBIN NPOTOH
CBA3BIBACTCS C a30TOM M KOHILIEHTpPALUs MOJIOKUTENIBHO 3apsyKEHHBIX HOHOB B
pacTBOpe Pe3K0 CHIKACTCS.

W3 pucynka 2 Mbl BUOUM, 3JIEKTPOIPOBOHOCTh CyXHX TMApPOreiield cHadasa
BO3pacTaeT co BPEMEHEM JUIsl BCEX COOTHOIIEHUIM yMEHBIIAeTCs CO BpEMEHEMHU
TTTAKyx: TTTOU ey

Kak u B cityyae ¢ cyXuMH FMIPOTENsIMU, IPOUCXOAUT BbIAEICHNE HOHOB BOAO-
polia B pacTBOp cO BpeMeHeM. IIpuunHOi sBiIseTCs UX B3aUMHasl aKTUBALUs TH]-
porenell B MHTEPreNIeBbIX Mapax, B pe3yJbTaTe KOTOPOH MPOUCXOAUT MPOTOHU-
3aIMs OJIMOCHOBaHMS. MUHUMaIbHBIC 3HaUeHHsI KOHIeHTpau H (pucyHok 2)
HaOIIOAAIOTCSA B MPUCYTCTBUH TOJBKO IMOJTHMOCHOBaHUA (cooTHommeHue 0:6), 9To
00YCJIOBJIEHO CBS3bIBAHMEM IIPOTOHOB. Taxke HU3KUE 3HAUEHUsS KOHLEHTpaLUU
MPOTOHOB HAOIIONAIOTCS MIPU COOTHOIIECHNUH 5:1 mpH 24 4 TUCTaHIMOHHOTO B3aH-
MozencTBus ruaporeneil. [IpuunHoONi 3TOro SABIAETCS paspylIeHUE BHYTPUMOJIE-
KYJIApHBIX accouuaToB. IIpu Ipyrux COOTHOLIEHUAX HOHBI BOJOPOAA BBLACIISIOTCS
B PacTBOP, YTO IIPUBOAUT K yMeHbIIeHUI0 pH co BpeMeHeM.
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Pucynoxk 2 — 3aBUCUMOCTD YIETIBHOM 3MEKTPONIPOBOIHOCTH (@) ¥ pH (6) BOIHBIX PacTBOPOB
OT MOJIbHOTO cooTHOIIEHHUs BO BpeMeHH TTTAKeyx-TTID cyx

3akarovenue. b0 H3y4eHO NUCTAaHLIMOHHOE B3aMMOJAEHCTBUE MEXY Cla-
OBIM MTOJURJIEKTPOINTOM NOIHaKpuioBoil kucioTsl (rITAK) u cmabeiM monuocHo-
BaHHMeM nommdTHwiIeHuMuHA (TII9M) B 3aBUCUMOCTH OT BPEMEHH TIPH UX pa3Idd-
HBIX MOJIBHBIX COOTHOLIEHMSIX M COCTOSHUAX B BOAHOM cpejie.
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[Ipu pH n3mepenun ycranoBieHo, 4To 24 4 pH uMmeroT caMble HU3KHE 3HA-
YeHHs, yKa3bIBalolllee Ha BBICOKOE cojlepikaHue HOHOB H' B BomHO#M cpene.
N3ydeHna 3aBUCUMOCTD yIENBbHOMN 3JEKTPOIPOBOJHOCTH, MAKCUMAJIbHOE 3HAUEHHUS
npu cootHomeHusix 3:3 (ITAK:IIDU) u oHo coBmamaer ¢ pesymbratoM pH ot
COOTHOIIEHHH KOMIIOHEHTOB.

ITony4eHHbIE pe3yIbTaThl YKa3bIBAIOT HA TO, YTO B JAHHON UHTEPIIOJIUMEPHON
crcTeMe MPOUCXOIAT 3HAYUTEIbHBIC U3MEHEHUS B 3JICKTPOXUMUYECKUX, KOHDOp-
MAaIlMOHHBIX 3HAYEHHSX UCXOJHBIX MaKpPOMOJIEKYJ B MHTEPIIOIMMEPHON CHCTEME.
Takum 0Opa3om, HcciaeI0BaHNA MTOKa3ay HAIMYHE YAAJIEHHOTO B3aNMOCHCTBUS
MEX1y THAPOTeIsIMA U MX B3aMMHOM aKTHBaLuEN.
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Pesome
T. K. /[rcymaounos, b. Tomxyckwizvl, JI. K. blckax, FO. B. Ipaxcynsguuroc

IMOJIMAKPHWJI KbIIIKBIJIBI MEH TTOJIMOTUJIEHMMUWH I'JIPOI'EJIB AEPTHIH
KAHIBIKTBIKTAH ©3APA OPEKETTECY EPEKHIEJIIKTEPI

OJICi3 MONMMANIEKTPOIHAT Nodarakpuil KeIIKBUTEI(TIIAK) MeH onci3 mosmHeri3 moim-
stuneHUMuHHIH (TTIOW) yakpiTka OaliIaHBICTBI SPTYPJIi MOJIb KaThIHACKI MEH CYJIbI OpTa-
JIaFbl KYH1 KalIBIKTBIKTaH ©3apa 9peKeTTecy i 3epTTeii. 3epTTeleTiH UIporesibAep/IiH aK-
TUBTEHY MYMKIHJIrH OoJKay YIIH 3JeKTPOXHUMHMSUIBIK KAacHETTep.i KOHIYKTOMETpHsI
xone pH MeTpus omiciMeH 3epTrey Kypriziimi. pH enmey Oapbicbinna 24 caraT yakbITTa
pH eH TeMeHri MoHIEpTe He, OYIT AereHiMi3 cyibl opTaga HY HOHAApBIHBIH KOFapBl MOJI-
nrepidap eKeHIiri aHbIKTaNIbl. MEHIIIKTI 3JIEKTP OTKI3TIIITIKTIH ToyeIAIiri 3epTreini, 3:3
(ITAK:TTO) xaThIHACKIHIAFBI XKOFAPHI )KOHE 01 KOMITOHEHTTEP KaThlHACKIHIAFbI pH HoTH-
JKECIMEH Coiikec Kememi. AJBIHFAH HOTHIKEIep WHTEPIIOIMMEpIi Kyienae OacTamksl Mak-
POMOJIEKYJIaNIapIbIH  AIEKTPOXUMISIIBIK, KOH(DOPMAIMSUIBIK MOHIEpiHAE alTapibIKTai
e3repictep OOMaTHIHABIFEIH KopceTTi. OchUTaiiiia, THIPOTebIep MEH OJapAblH e3apa ak-
TUBTCHYI apachIHIAFbl KAIIBIKTBIKTAH ©3apa OpPeKEeTTECYAiH 3epTTeysiep OaphIChIHIA
aHbIKTANORL. EpiTiHmimeri ruaporenblepAiH OipeyiHIH MeNImepiHiH KOFapbUIaybIMEH
THIPOTEbICPIIH ICIHYI CKiHIII KOMIOHEHTTIH KOHICHTPAIMSACHIHA MPOMOPIHMOHAIIBI
TYp/ie eayip apTazbl, OyJl onap/bIH 03apa akKTHBTEHY1H KopceTe.

Tyiiin ce3aep: uHTEpreinik >xyiHenep, MOJUAKPHI KbIIIKbUIBI, MOJIMITHICHMHH,
ANIEKTPOTKI3rimTIK, pH.

Summary
T. K. Jumadilov, B. Totkhuskyzy, L. K. Yskak, J. V. Grazulevicius

FEATURES OF REMOTE INTERACTION OF POLYACRYLIC ACID
AND POLYETHYLENIMINE HYDROGELS

The remote interaction between a weak polyacrylic acid polyelectrolyte (gpac) and a
weak polyethyleneimine polybase (gpei) is studied as a function of time at their different
molar ratios and states in an aqueous medium. To predict the possibility of activation of the
studied hydrogels, electrochemical properties were studied by conductometry and pH
metry. During pH measurement, it was found that 24 hours of pH have the lowest values,
indicating a high content of H+ ions in the aqueous medium. The dependence of the specific
electrical conductivity, the maximum value at the ratio of 3:3 (PAC:PEI) and it coincides
with the result of pH from the ratio of components. The obtained results indicate that
significant changes in the electrochemical and conformational values of the initial
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macromolecules in the interpolymer system occur in this interpolymer system. Thus, studies
have shown on the presence of a remote interaction between hydrogels and their mutual
activation. With an increase in the content of one of the hydrogels in the solution, a
significant increase in the swelling of hydrogels is observed in proportion to the concen-
tration of the second component, which indicates their mutual activation.

Keywords: intergel systems, polyacrylic acid, polyethylenimine, electrical conduc-
tivity, pH.
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RESEARCH OF PRODUCTION TECHNOLOGIES,
MICROBIOLOGICAL AND AGROCHEMICAL CHARACTERISTICS
OF FERTILIZERS BASED ON MONO-, DYCALCIUM PHOSPHATE
WITH ZINC PHYTO-COMPOUND
Communication 2. Study of microbiological and agrochemical
characteristics of a composition based on mono-, dicalcium phosphate
with a phytocompound of zinc

Abstract. On model soil samples, the positive effect of the composition based on
mono-, dicalcium phosphates with a phytocompound of zinc on the number of soil micro-
organisms affecting the nitrogen and phosphorus nutrition of plants and the accumulation
of easily hydrolyzable nitrogen and mobile forms of phosphorus pentoxide in the soil was
established. Achieved: an increase in the number of nitrogen-fixing microorganisms in
comparison with the standards in 3.14-3.2 times and phosphate-mobilizing 3.4-3.42 times;
accumulation of soil 11.5-12.7% of easily hydrolyzable nitrogen and 6.9-8.1% of mobile
forms of phosphorus pentoxide. In the reference variants, there is a decrease in the content
of phosphorus pentoxide mobile forms by 6.9-8.3%, which is associated with the retro-
gradation of phosphorus pentoxide. A decrease in the number of oligotrophs and deni-
trifiers, decomposing humus, and nitrate nitrogen of the soil by 2.18-2.15 times and 2.5-
2.56 times is the basis for the preservation of soil fertility. Under the conditions of a micro-
plot experiment, it was determined that the compositions containing a Phyto compound of
zinc provide an increase in the yield of raw cotton in comparison with the standards — mono-,
dicalcium phosphates 3.9 and 4.3 c/ha. The data obtained are in good agreement with pheno-
logical observations, the content of nutrients in the middle of the growing season, and the
results of microbiological studies.

Keywords: monocalcium phosphate, dicalcium phosphate, zinc phytocompounds.

One of the main disadvantages of phosphorus-containing fertilizers is the low
utilization rate of nutritious phosphorus pentoxide, which does not exceed 20-22%
[1-2]. The fact of low efficiency of phosphorus pentoxide fertilizers is associated
with its retrogradation in the soil with the formation of compounds not assimilated
by the plant.
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The purpose of this communication is to study the microbiological and
agrochemical characteristics of the basis of mono-, dicalcium phosphate with the
phytocomposition of zinc.

Tasks: a study on model soil samples the effect of compositions based on mo-
no-, dicalcium phosphate and zinc phytocompounds on the number of soil micro-
organisms, accumulation of nitrogen and phosphorus pentoxide in the soil; studying
the microbiological and agrochemical characteristics of the compositions on a
micro-plot experiment on sowing cotton [3-4].

1. Study of the microbiological characteristics of fertilizer compositions
on model soil samples, determination of the accumulation of nitrogen and
phosphorus pentoxide in soil. In model soil samples, the effect of mixtures of
ammonium nitrate (AN) and monocalcium phosphate (MPP), AC and dicalcium
phosphate (DCP), compositions of MCP with a phyto zinc compound (PZC) and
DCP with PZC on the number of soil microorganisms providing plant nutrition and
decomposing nitrogen was studied soil, as well as the accumulation of nitrogen
phosphorus pentoxide in the soil.

Input parameters for research:

1. Soil from - for sowing cotton, containing N-22.5 mg/kg of soil. P,Os —
15.1 mg/kg soil, humus — 1.5%;

2. A mixture of ammonium nitrate and monocalcium phosphate (mass ratio
N: P,Os = 1: 0.5, the amount of N is 200 kg/ha, P20s is 100 kg/ha);

3. A mixture of ammonium nitrate and dicalcium phosphate (mass ratio
N: P>,Os = 1: 0.5, the amount of N is 200 kg/ha, P2Os is 100 kg/ha);

4. A fertilizer composition obtained on the basis of ammonium nitrate and
monocalcium phosphate with a phyto-zinc compound (mass ratio N: P.Os = 1: 0.5,
the amount of N-200 kg/ha, P.Os-100 kg/ha);

5. Fertilizer composition obtained on the basis of ammonium nitrate and
dicalcium phosphate with a phyto-zinc compound (mass ratio N: P.Os = 1: 0.5,
amount of N-200 kg/ha, P20s-100 kg/ha).

Research output parameters:

1. The number of soil microorganisms providing nitrogen and phosphorus
nutrition, as well as decomposing humus and nitrate nitrogen of soils.

2. Accumulation of nitrogen and phosphorus pentoxide in soil. Experimental
conditions: The test samples were introduced into the soil with a moisture content
of 16.8%, mixed and placed in a thermostat, kept for 30 days at a temperature of
25°C; to maintain stable soil moisture, water was added to a moisture content of
16.8%; every 10 days, the content in the soil of easily hydrated nitrogen and mobile
forms of phosphorus pentoxide was determined; at the end of the growing season,
the number of microorganisms in the soil was determined, the number of soil
microorganisms providing nitrogen and phosphorus nutrition, mineralizing humus
and decomposing the nitrate-nitrogen of the soil.

Tables 1 show the obtained results of changes in the content of easily
hydrolyzable nitrogen and the mobile form of phosphorus pentoxide in model soil
samples. It was found that at the end of the experiment in the samples using a
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mixture of mono-, dicalcium phosphates and ammonium nitrate, a decrease in the
content of easily hydrolyzable nitrogen by 1.5-3.9% and a mobile form of
phosphorus pentoxide by 6.9-8.3%, and in the case of mono- and dicalcium
phosphates of zinc phytocompounds there is an increase in the content of easily
hydrolyzable nitrogen by 11.5-12.7% and mobile forms of phosphorus pentoxide —
6.9-8.1%.

Table 1 — Changes in the content of easily hydrolyzable nitrogen and mobile
form of phosphorus pentoxide in model soil samples

Times of Day

Ne Etalons 0 10 20 30

N P20s | N | P2Os | N | P2Os | N | P20s
1 | Etalon-1 soil + MPP+ ACN: 252 | 17,2 [248| 16,6 |245| 16,0 | 242 | 158

P>0s=1:0.5

2 Etf_lgns'z soil + DPP+ASN:P2Os | 555 | 172 |253| 168 [250| 164 | 248 | 160
3 ?ogg MPPFSC+ASN:P20s= | 555 | 172 |271| 17,9 |27.8| 183 | 281 | 186
4 f_%"; DPPFSTS +ASN:P20s= | 55 | 172 |273| 17.8 |279| 180 | 28.4 | 184

The fact of a decrease in the content of easily hydrolyzable nitrogen and
phosphorus pentoxide (table 2) in the case of standard fertilizers and an increase in
the use of a composition based on mono-, dicalcium phosphates with Phyto-zinc
microorganisms, an increase in the number of oligratrophs and denitrifiers that
decompose humus and nitrate nitrogen of the soil, then when using compassion-
based on mono-, dicalcium phosphates with a phytocompound of zinc (options 3
and 4), an increase in the number of reducing and phosphate-mobilizing micro-
organisms occurs, a decrease in the number of oligotrophs and nitrate soil nitrogen.

Table 2 — The effect of mono-, dicalcium phosphates with a phytocompound of zinc
on the number of soil microorganisms

The number of soil microorganisms,
. million CFU in 1.0 g of soil
Options
L phosphate- . .
freeliving i oligotrophs | denitrifiers
mobilizing

Control-soil 0,46 0,58 8,4 6,8
Etalon-1 Soil + MPP + AS N: P20s = 1:0.5 0,48 0,60 12,7 16,3
Etalon-2 Soil + DPP + AS N:P20s =1:0.5 0,47 0,61 12,3 16,4
Soil + MPP FSC + AS N: P20s =1: 0.5 1,51 2,08 5.8 6,4
Soil + DPP FSC + AS N: P20s=1: 0.5 1,52 2,09 57 6,2

The data obtained are of great theoretical and practical importance for the
creation of a new class of phosphorus-containing fertilizers that ensure the presser-
vation of soil fertility, increase the efficiency of phosphorus pentoxide fertilizers
and obtain high-quality crop yields.
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2. Study of the microbiological and agrochemical characteristics of the
compositions on a micro-plot experiment on cotton crops. A micro-plot
experiment with three replicates was laid in 2019. The experiment is placed in one
tier, the size of the plots is 8 m?, the area for the experiment is 96 m2. mono-,
dicalcium phosphates and their compositions with a phyto-zinc compound were
introduced before sowing on April 28, 2019, in combination with harrowing,
ammonium nitrate - on June 24, 2019, at the beginning of the budding phase. The
agrotechnical of the experiment is generally accepted for the Maktaaral cotton-
growing zone. The sowing of seeds was carried out on April 29, 2019. cotton seeds
Maktaaral-4005, first reproduction. The micro plot experiment scheme is shown in
table 3.

Table 3 — Scheme of micro-plot experiment on light gray soil during cotton cultivation

The introduction Application of MPP, DPP
of the AU in and their composition
Ne Options terms of the N in terms of P205 before
phase of budding, sowing, g/ 8 m?
g/8m?
1 | Etalon-1. MPP + AS N: P20s=1:0.5 160 80
2 | Etalon-2. DPP + AS N: P20s=1:0.5 160 80
3 | MPPFSC +AS N:P205=1:0.5 160 80
4 | DPPFSTS + AS N: P205=1:0.5 160 80

Table 4 presents the results of phenological observations, plant growth and
development, and the yield of raw cotton. From the data obtained, it follows that
the development of plants is ahead in growth in the case of variants where
compositions containing a phyto compound of zinc were used, characterized by the
height of the main stem, the number of buds, fruit branches, and bolls [5]. If the
average Yield in the reference variants has a value of 25.7 c/ha, then the compo-
sitions containing a phytocompound of zinc provided a yield of raw cotton of 29.6
and 30.0 c/ha, which provides an increase in yield of 3.9 and 4.3 c/ha or 15.1 and
16.7%.

Table 4 — Plant growth and development and the yield of raw cotton

Height of the main The The number| The -
i . Produc- | Average yield
. stem according to | number of fruit number L .
Options : tivity, increase to
the growing season, | of buds, | branches, | of boxes,
c/ha benchmarks
cm pcs. pcs. pcs.
Date 1.06.19 | 1.09.19 | 1.07.19 1.08.19 1.09.19 | 20.10.19 | c/ha %
1 12,0 64,5 5,9 53 5,9 25,6
2 12,1 64,8 6,0 53 5,9 258
3 13,6 68,4 7,1 6,2 6,2 29,6 39 15,1
4 13,8 68,5 7,1 6,3 6,2 30,0 4,3 16,7
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Analysis of soil and plants for the content of nutrients and the number of soil
microorganisms in the middle of the growing season according to options (tables 5
and 6) is in good agreement with the data in table 5.

Table 5 — The content of nutrients in the soil (0.0-30.0 cm) and plants
in the flowering phase of cotton (light gray soil) (mid-growing season)

Indicators
Options soil, mg / kg Plant,%
N P20s K20 N P20s K20
1 25,6 15,4 114,0 0,91 0,72 1,0
2 259 15,8 114,0 0,91 0,72 1,01
3 284 19,1 138,0 0,94 0,74 1,21
4 25,7 19,4 138,0 0,94 0,75 1,20

Table 6 — The effect of mono-, dicalcium phosphates with a phytocompound of zinc
on the number of soil microorganisms

Options The number of soil microorganisms, million CFU in 1.0 g of soil
freeliving phosphatemobilizing oligotrophs denitrifiers
1 0,43 0,59 11,4 154
2 0,43 0,60 11,3 15,3
3 14 1,86 6,6 7,2
4 1,43 19 6,5 7,2

It has been shown that compositions containing zinc Phyto compounds
(options 3 and 4) contribute to a greater accumulation of nutrients both in the soil
and in plants, as well as the number of microorganisms that ensure the preservation
of humus and nitrate-nitrogen in the soil [6-7].

Conclusions.

1. On model soil samples, the positive effect of a composition based on mono-
, dicalcium phosphates with a phytocompound of zinc on an increase in the number
of soil microorganisms affecting the nitrogen and phosphorus nutrition of a plant
and a decrease in the number of oligotrophs and denitrifiers decomposing humus
and nitrate nitrogen of the soil is shown. Accumulation of nitrogen and phosphorus
pentoxide in the soil has been achieved.

2. Under the conditions of a micro-plot experiment, it was determined that the
compositions containing a phytocompound of zinc provide an increase in the yield
of raw cotton in comparison with the standards - mono-, dicalcium phosphates 3.9
and 4.3 c/ha. The data obtained are in good agreement with phenological obser-
vations, the content of nutrients in the middle of the growing season, and the results
of microbiological studies.
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Pe3iome

M. A. XKonmaeanbemosa, C. Yemanos, 1. Batibawaesa,
K. V. Maxmyoos, P. Y. Maxmyoos, X. Ycmarnos

MOHO-, Z\[}I/IKAHBHI/H‘/'I(DOC(DAT, MBIPBIIT HET'I3IHAEI'T
OUTOTBIHAUTKBIILITAP/IBIH AJTY TEXHOJIOT'MACBIH J)KOHE
MUKPOBUOJIOT'UAJIBIK, ATPOXUMUAJIBIK CUITATTAMAIJIAPBIH 3EPTTEY

MoenbiK TOMBIPAK YITUIEPIHAE JKEHUT THAPOIM3ICHETIH a30TKa koHe (ocdop
MEHTAOKCHIIHIH JKbIJDKbIMAIIBI (hOpMasiapblHA SCEp €TETiH TOMbIpaK MUKPOOpPraHU3MIe-
PiHIH CaHbIHA MBIPBI (PUTOKOCBHUIBICHI 0ap MOHO-, IuKainbluuil Gocdarrapsl Herizinaeri
KOMIIO3HITUSHBIH OH 9cepi aHBIKTAIIBI.

Hotmxkene a30TThI OCKITETiH MUKPOOPTaHU3MACP CAHBIH ATAJIOHAAPMEH CAJBICTHIP-
raHna 3,14-3,2 ecere xoHe ¢pocharmodmnaeymi — 3,4-3,42 ecere apTTHIPYFa; TOMBIPAKTHIH
11-11,5% >keHiN THAPOTU3ACHETIH a30TTHIH koHE 7,98-8,14% Qocdop meHTaOKCHIIHIH
JKBUDKBIMAJBl HBICAHJAPBIHBIH KHHAKTATYbIHA. COHBIMEH Oipre TONBIPAKTHIH Kapamripiri
MEH HUTPATTHI a30ThIH BIJBIPATATHIH OJMTOTPOGTAp MEH JCHUTPHU(UKATOpPIAD CAaHBIHBIH
2,18-2,15 ece xoHe 2,5-2,56 ece TOMEHCYI TOMBIPAK KYHAPJBUIBIFBIH CAKTAY/IbIH HETi3i
60161 TaObLTAIBI.

DranoHIbIK HycKanapaa, hochop meHTa0KCHIHIH PeTOrpaalusIChIMeH OaiIaHbICThI
OHBIHKBI/DKBIMAJIBI HBICAHJAPBIHBIH MeJIIepi 6,97-8,12%-ra ToMeHaereHi Oaitkanabl.

MHuKpOOeIIIEKTIK TOKIpHOe KarJaibIHIa KYPaMbIH/a MBIPBIIITHIH (PUTOKOCHUIBICHI
0ap KOMITO3WIMSIIIAP STANIOHAAp — MOHO-, AWKaibnuidocdaTTap MEH calbICTRIpFaH/a-
IIMTTI MaKTa JaKbUIBIHBIH OHIHIH apTyslH 3,9 1/ra xoHe 4,3 1/Ta aHBIKTAIIbl. AJBIHFaH
JepekTep (HEeHOJIOTHSIBIK OaKpLIaylIapra, BereTallUsUIbIK KE3CHHIH OpPTAChIHIA KOPEKTIK
3aTTap]blH KYpaMblHa >KOHE MHKPOOHMOJIOTHSIIBIK 3€pTTEYJIEp/AiH HITIKelepiHe colikec
Kenenl.

Tyiiin ce3nep: Kypambinaa ¢pochop 6ap THIHAUTKBIIITAP, MBIPBIII, MOHO-, TUKAJIbLIUI
(dhocdatel, GUTOKOCHUTBIC, (hUTOMpEnaparTap.
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Pe3rome

M. A. XKonmaeanbemosa, C. Yemanos, 1. Batibawaesa,
K. V. Maxmyoos, P. V. Maxmyoos, X. Ycmanos

UCCJEIOBAHUE TEXHOJIOI' M TTOJIYYEHHU S MMKPOBMOJIOT'MYECKNX
1 ATPOXMMMYECKHNX XAPAKTEPUCTUK ®UTOY JOBPEHNN HA OCHOBE
MOHO-, JUKAJIBIIUNDOOCDATA C PUTOCOEJVUHEHMEM [TUHKA

Ha MozmenbHBIX MOYBEHHBIX 00pa3nax yCTaHOBICHO HOJIOKUTENBHOE BINSHAE KOMITO-
3N HAa OCHOBE MOHO-, TUKambIuidocdaroB ¢ GuTocoeAMHEHHEM LIMHKA HA YHCIICH-
HOCTH ITTOYBCHHBIX MHMKPOOPTaHM3MOB, BIMSIOIMINX HA a30THOE M (OCHOpHOE NMUTaHHE
pacTeHHWii W HaKOIUIGHHE B IIOYBE JIETKOTHIPOJIM3YEMOIo a30Ta M IOABWXXHBIX (hOopM
neHTraokcuna Qocdopa. oCTUTHYTO: MOBHIIICHHE YHCICHHOCTH a30T(HUKCHUPYIOMINX
MHKPOOPTaHU3MOB B CpaBHEHHE C 3TAIOHaMU B 3,14-3,2 paza u hocharmMoOmInpyomumx —
3,4-3,42 pasa; Hakorutenue B mouse 11-11,5 % nerxoruaposmsyemoro azora u 7,98-8,14 %
HMOJBIXHBIX (OpM TeHTaokcuna ¢ocdopa. IIpn 3TOM CHMKEHHE YHCICHHOCTH OJIH-
roTpo(oB ¥ ASHUTPU(HUKATOPOB, PA3IaraolIuX IyMyC M HUTPATHBIA a30T MOYBHI B 2,18-
2,15 paza u 2,5-2,56 pa3a — oCHOBa COXpaHEHUS IOYBEHHOTO MJIOIOPOAUS.

B sranoHHBIX BapHaHTaxX HAOMIOIAETCS CHIDKEHHE COACPKaHUS MOABIDKHBIX (OpM
nenraokcuna ocdopa Ha 6,97-8,12 %, uto cBs3aHO ¢ peTorpaanuel neHraokcuaa goc-
¢opa. B ycIoBHAX MUKPOIEITHOUYHOTO OIBITA OTIPEIENICHO, YTO KOMIIO3UIINH COAEPIKaIIHe
(uTocoeHEHNE TMHKA 00ECTIeunBalOT MPUOABKY ypoXKas XJIOMKa-ChIplia B CPABHEHUH C
JTaJIOHaMH — MOHO-, AuKanpiuidochatamu 3,9 u 4,3 1/ra. [lomyueHHbIe TaHHBIE XOPOIIO
coryacyrorcsi ¢ peHOJIOTHIECKIMHU HAOMIOACHISIMH, COJICPKaHNEM B CEpEIMHE BETCTAINH
MUTATENbHBIX 3JIEMEHTOB U pe3yJIbTaTaMi MUKPOOHOJIOTMYECKUX HCCIEIOBAHUM.

KaioueBsbie cioBa: dochopconepixaromue yjo0peHusi, IIMHK, MOHO-, AUKAJIbIHNA-
¢docoar, purocoeauHeHus, GUTONpENAPATHI.

Information about authors:

Zholmaganbetova | PhD student, Kazakh National Women's Pedagogical University,

Marzhan Almaty, the Republic of Kazakhstan;

Amanbaevna marzhan.zholmaganbetova.75@mail.ru;  https://orcid.org/0000-
0002-7057-3969.

Usmanov Doctor of technical science, professor, “A.B. Bekturov Institute of

Sultan Chemical Sciences” JSC,Almaty, the Republic of Kazakhstan;

usmanov_su@mail.ru; https://orcid.org/0000-0002-9747-3589.
Baybashchaeva Research associate, “A.B. Bekturov Institute of Chemical

Shinar Sciences” JSC, Almaty, the Republic of Kazakhstan;
78 bs.shinar@mail.ru; https://orcid.org/0000-0002-6071-9362.
Makhmudov Senior researcher, LLP "Scientific and Production Association"
Kamal Ana-Zher Almaty, Republic of Kazakhstan;
k.mahmudov@mail.ru; https://orcid.org/0000-0002-9963-6732
Makhmudov Senior researcher, LLP "Scientific and Production Association"
Ravshan Ana-Zher ", Almaty, Republic of Kazakhstan; ravshan.m@mail.ru;
https://orcid.org/0000-0002-6076-3574.
Usmanov Candidate of technical science, Senior researcher, LLP "Scientific
Hozra and Production Association” Ana-Zher ", Almaty, Republic of
tSultanovish Kazakhstan; h.usmanov@mail.ru; https://orcid.org/0000-0003-
1669-357X.

175


mailto:marzhan.zholmaganbetova.75@mail.ru
https://orcid.org/0000-0002-7057-3969
https://orcid.org/0000-0002-7057-3969
https://orcid.org/0000-0002-9747-3589
mailto:bs.shinar@mail.ru
https://orcid.org/0000-0002-6071-9362
mailto:k.mahmudov@mail.ru
https://orcid.org/0000-0002-9963-6732
mailto:ravshan.m@mail.ru
https://orcid.org/0000-0002-6076-3574
mailto:h.usmanov@mail.ru
https://orcid.org/0000-0003-1669-357X
https://orcid.org/0000-0003-1669-357X

XUMHYECKHHU )XYPHAJI KA3AXCTAHA

Chemical Journal of Kazakhstan
ISSN 1813-1107 https://doi.org/10.51580/2021-1/2710-1185.19
Volume 1, Number 73 (2021), 176 — 184

VK 541.132/.132.4:541.49

T.K. JDKYMAIUIIOB Y*, A.A. YTEIIIEBA 2,
P.I. KOHJJAYPOB Y, I0.B. TPAKYJIABUYIOC®

'AO «MuctuTyT xumudeckux Hayk uMm. A.B. BextypoBay, Anmmarer, Kazaxcran;
2A0 «Kazaxcrancko-bputanckuil TexHUIeCcKui yHUBEpCHTET», AnMarthl, Kazaxcran;
SKaynacckuii TeXHOJNOTMYECKUI yHuBepeuTeT, Kaynac, JluTsa.

*E-mail: jumadilov@mail.ru

OCOBEHHOCTH COPBIIMU UOHOB YPAHWNJIA
UHTEPIIOJUMEPHOM CUCTEMOM NOJIMMETAKPUJIOBASI
KHUCJIOTA-IIOJIN-4-BUHUWJITIUPUIVNH

AnHoTanus. MccnenoBano copOIOHHOE H3BJICUCHNE MOHOB YPaHWIA MHTEPIIOINH-
MEPHOW CHCTEMOM, COCTOSIICH M3 THApOTreNs mojauMeTakpuiaoBoii kuciotel (TIIMAK) u
ruaporens nmonu-4-puHmmupuarHa (rI14BIT).

Brum ompeneneHsl COPOIMOHHBIE M KHHETHYECKHE XapaKTePUCTHUKU HCXOTHBIX
moJmMepoB 1 uHTepnoianMepHoi cucteMsl TIIMAK-TII4BI1. MakcumansHas CTETICHb U3-
BJIEYEHUs] HOHOB ypaHWIIa HAOJIIOIAeTCsl B MHTEPIIOIMMEPHON CUCTEME B MpeJieNaX CoOT-
Homenuit Mmexay 100%rIIMAK u 67%rIIMAK:33%rI14BIIno ncteuenuu 56 9 u cocras-
nsiet 82,8%, mpu 3TOM CTEIICHB CBSI3bIBAHUS MMOJUMEPHOU 1ieru coctaniseT 9,97%, adhdek-
THBHAs JUHAMHAYECKass OOMEHHAs eMKOCTE — 1,15 MMOJIB/T.

ITosmyueHHbIe pe3yIbTaThl YKa3bIBAIOT HA U3MEHEHUS] COPOIIMOHHBIX CBONHCTB UCXOI-
HBIX TIOJIMMEPHBIX THAPOTEIeH B MHTEPIIOTUMEPHOH CHCTEME, UTO IPEIOCTABISIET BO3MOXK-
HOCTBH MX IPUMEHEHUS ISl MOCIeAyIomeil pa3paboTku BEICOK03((PeKTHBHON COpOIIMOH-
HOW TEXHOJIOTHH U3BJICUCHHS HOHOB YpaHHIIA.

KiroueBble cJioBa: MHTEPIIOINMEPHBIC CHCTEMBI, COPOIHS, THIPOTEIH, MOINMETa-
KPHIIOBasI KHCJIOTA, ONH-4-BUHUIITUPUINH, HOH YPaHUIIA.

JloObua pya, comepiKalux peaKo3eMeNbHbBIC 3JICMEHTHI, JOCTATOYHO 4acTo
OCJIOJKHEHA WX PaJMOaKTHBHOCTBIO, YTO OOYCIIOBJICHO HaJHMYHMEM B HHMX YypaHa,
TOPUS U MPOJTyKTOB UX TMOJTypacmaa.

B cBs13u ¢ 3THM Ha CErOJHSIIHUIN JEHb aKTYaJIbHBIM CTaj BOMPOC OYUCTKU
PEAKO3eMEIIbHBIX 3JICMEHTOB OT PaJHOAKTHBHBIX 3JIEMEHTOB, B YaCTHOCTHU OT
ypaHa.

YpaH 13 pacTBOPOB MOKHO HU3BIIEKATH MTOCPEICTBOM COPOINH, SKCTPAKIINH U
JIPYTHX METOJOB. M3 TEXHOJOrHi AKCTPAaKIMKU W COPOIMH B HACTOSIIEE BpEMs
MIPEATIOYTEHNE OTIACTCSI COPOITMOHHBIM MeToaaM. CopOITMOHHBIE METOBI OoJee
AKOJIOTHYHBI ¥ O0JIAZAf0T MajbIM YHCIOM TEXHOJIOTHUYECKHX ITUKJIOB MO CpaBHE-
HUIO C 3KCTPAKIIMOHHBIMY TEXHOJIOTUSMU.
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IIponecc HOHOOOMEHHOTO U3BJICUEHHS ypaHa OCHOBAH HA CIOCOOHOCTH HOHO-
OOMEHHBIX CMOJI CEJIEKTUBHO M KOJMYECTBEHHO TIOIJIONATh YPaH U3 PaCTBOPOB U
IyJIbI HOCJIE BILENAYNBAHUS. B CEpPHOKMCIIBIX PACTBOPAX MIECTUBANICHTHBIH ypaH
MOET NPHUCYTCTBOBAaTh B BHje KatvoHa ypanuna (UO,?") u B BuIE aHHOHHBIX
cynbgparaeix kommiekcos ([UO2(S04)2)?, [UO2(SO4)s]*).

Lenbio Hammell paboThl ABIANOCH U3y4YEHHE BIUSHUS MCXOMHOTO COCTOSHUS
(yHKIMOHAIBHBIX TUAPOTENeii Ha COOTHOIIEHUS TIOJIMMEPOB B HHTEPIOIMMEPHBIX
cucTeMax, rryOuHy copOLMHE HOHOB ypaHUIa IIPU MX B3aMMOJIEHCTBUM C MHTEPIIO-
JMMEPHBIMA CHCTEMAMM M BO3MOKHOCTH MCHOIb30BAHHS JaHHBIX MHTEPIIONH-
MEpHBIX CHCTEM JIJIs M3BJICUYEHHS ypPaHa U3 IIPOJYKTOBBIX PACTBOPOB.

OKCIIEPUMEHTAIJIBHA S YACTD

Ob6opyoosanue. Maccy cOpOEHTOB OIpEesii B3BSIIMBAHUEM Ha 3JICKTPOH-
HBIX aHanuTHYecknx Becax MSE125P-100-DOSartoriusCubis (I'epmanwis).

Mamepuanwi. ViccnenoBanusi NpoBOJUINCH B BOJHON Cpele U B pacTBOPE
6-BoHOrO HUTpara ypanuna (konuentpamus o UO,*" = 100 mr/i). Beut ucnos-
30BaH ruzaporens mnonu-4-pununmupuani (rIT4BIT) xommammm Sigma-Aldrich,
CIIMTHIA JUBHHWIOEH30JIOM. ['HMaporenn NOJMMETaKpUIOBOM KHUCIOTHI ObLIH
CHUHTE3UPOBaHbl B MPUCYTCTBUM ciiuBatomiero arenta N,N-meTtunen-ouc-akpui-
aMUJ1a ¥ OKUCIIUTEIBHO-BOCCTaHOBUTENILHON crucTeMbl K»S;0g — NayS,03 B BoiHOIM
cpene. CunrtesupoBanHbld THAporens [IMAK m3Mmenpuascs Ha MENKUE TUCIIEp-
CHHH W OBLI pa3JielieH 1o ¢pakiusM. B pabote ncob30BaHbl Ppakiuu ¢ pa3me-
pamu 250<d<425 mxm.CteneHn HaOyXaHUS THAPOTENEH COCTABISUIH OGIIMAK) =
= 21,05 F/F, Ol(rTI4BII) = 3,22 I/T.

Jlist mccnenoBaTeIbCKOM 3amaun n3 cuHTe3upoBanHoro ruaporenst [IMAK u
[14BI1 cocTaBnsiin HHTEPIOIMMEPHYIO Mapy refb NOJUMETAKPUIOBOM KHUCIOTHI —
reib nonu-4-suanmupunud (rlIMAK-rI14BII).

Oxcnepumenm. IKCTIEPUMEHTHI TIPOBOIMINCH IIPH KOMHATHOW TEMIIEpaType.
Tlunporenu [IMAK u [14BI1 Obutn B35THI B HaOyX1iem cocTossHum. VccnenoBanus
MHTEPIIOIIMMEPHON CHCTEMBI BBITTOIHSUIA B TAKOM TOPSIKE: KAKABIHA THIPOTEIh B
CyXOM BHJI€ TIOMEIIaJCsl B OT/AENbHBIE TMOJUIPONMIEHOBBIE CeTKH. ['muporenu
I[IMAK wu I[14BI1 Obutn nipeiBapuTEIbHO OCTABIICHBI B IUCTHIMPOBAHHON BOJIEC HA
CYTKHU AJ1s1 HaOyxaHus. 3aTeM MOJIMIPONUICHOBbBIE CETKU ¢ HaOyXIIMMH THAPOre-
JISIMH TIOMEIIIATH B CTaKaHBI ¢ PACTBOPaMU 6-BOJHOTO HUTpaTa ypaHwUIa.

U3zyuenue copbyuonuvix c6olcms uHOUSUOYANbHBIX HOJUMEPHBIX cUOPO2eneil
NPOBOOULOCH CAEOVIOUUM 0OPAZOM:

1) PacueTHOE KOMMYECTBO KAXKJOTO TUAPOTeNs (MOIMMETaKPUIOBONH KHUCIIO-
ThI, TOJIU-4-BUHIIMIUPUINHA) B CYXOM BHJIE TIOMEIIATIOCH B TOJIUIIPOIUICHOBbIE
CETKH.

2) Copbuus HOHOB ypaHW/Ia WHIMBUAYyaldbHbIMH ruaporemsimu [IMAK,
[14BII mpoBoniack Ha MPOTsHKEHUU 56 4. B TedeHwe 3TOro BpeMeH:H 0TONPaHCh
ANHUKBOTHI JUISI TTOCIIEAYIOLIETO ONpeesIeH U] KOHIIEHTPAIllMH HOHOB YPaHWIIA.
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H3yuenue copbyuonuvix ceolicme uHmMepnoIUMEPHbIX CUCEM NPOBOOUTIOCD
caedyrouum oopazom:

1) U3 cunaresuposanroro ruaporens [IMAK u II4BII Obuta cocraBieHa
nHTepnonumepHas cucrema: rTIIMAK-TII4BII;

2) PacueTHOE KOMTMYECTBO Ka)IOTO THIPOTENS B CyXOM BHJE IIOMEIIAIOCH B
CHeTMabHbIE TIOJIUIPOTTHIICHOBBIE CETKH;

3) CopOrusi HOHOB ypaHWIIa JAHHBIMU HHTEPIIOIIMMEPHBIME CHCTEMAaMH TTPO-
BOJMJIACH HA MPOTSHKEHUH 56 4, OTOMPAINCh aTMKBOTHI AJIS IIOCIIELYIOIIETO OTpe-
JIeTICHHST KOHIIEHTPAIINK HOHOB YPaHUIIA.

Memoouka onpedenenus uonoe ypauuina. VI3MepeHHEe MacCOBOW KOHIICH-
TpaLuU ypaHa BBHITOJHUIIMOOBEMHBIM TUTaHO-(OC(hHaTHO-BaHAAATHBIM METOAOM,
OCHOBAHHBIM Ha OKHUCIIUTEIHHO-BOCCTAHOBUTENBHBIX cBoWcTBax ypana (IV) u
ypana (V1) 1 peakiusax ero BOCCTaHOBJIEHUS U OKHCIeHus[1].

CreneHp u3BneueHHus (copOIMHM) WOHOB ypaHWIa OblIa paccuyuTaHa IO

dhopmye:

n — Chau—Cocr % 100%’
Ha4
rac CHaq — HadaJibHasA KOHICHTpalusa MOHOB ypaHHJIa B PacTBOPE, MF/H; COCT -
OCTAaTOYHasA KOHIICHTPpAIUA HOHOB YpaHUJIa B paCTBOPEC, MrI/I1.
CyMMapHaf[ CTCIICHDb CBA3BIBAHUA MECXKY3JIOBBIX 3BCHLCB HOHHMepHOﬁ eI
omnpeaciiach IMyTeéM pacdera 1o CHCZ[yIOHIeﬁ (bopMyJIe:

9=%*100%,

TJI€ Veops — KOIMIECTBO COPOMPOBAHHOTO HOHA yPaHUIIA, MOJTB; V — KOJIMIECTBO
HABECKH NOJUMepa (€CIIH B pacTBOPE MPUCYTCTBYIOT 2 THAPOTEIIS, TO CUATACTCS
KaK CyMMa KOJIMYECTBA KaXKIOTO U3 HUX ), MOJIb.

OddekTrrHass aUHaAMHYECKas OOMEHHAs E€MKOCTb  HHIAMBHIYaJbHBIX
TUIPOTeNiel M MHTEPIIOJIMMEPHOM CUCTEMBI ObLIa paccynTaHa 1o hopMmyJie:

Q _ Vcop6
- 1
McopGenra

1€ Veops — KOJMUYECTBO COPOUPOBAHHOTO MOHA YpaHHIIA, MOJIB; M — Macca HaBECKU
rosimMepa (eciu B pacTBOPE MPUCYTCTBYIOT 2 THIPOTENIS, TO CUMTACTCS KaK CyMMa
MacChl KaXI0Tro U3 HHX), T.

PE3VJIbTATBI U X OBCYXXIAEHUE

Panee mpoBeeHHbIe HaMu nccaenoBanus [2-10] mokasanu, 4To MPaKTUIECKH
BCE HMHTEPIIOJUMEPHbIE CHUCTEMBI HAa OCHOBE KHCJIOTHBIX (IIOJMAKpWIOBAs W
MOJIMMETaKPUIOBasi KUCIIOTHI) U OCHOBHBIX (TIONW-4-BUHWINMMPUANH U TOJH-2-
METHI-S-BUHWIINIMPHUINH) PEAKOCIIUTHIX IMOJMMEPHBIX THIPOTENEH MpOSBIAIOT
OoJiee BBICOKYIO aKTHBHOCTh, YEM UX UCXOJHbBIE cocTamstonye. [Ipudem, Obu10
YCTaHOBJIEHO, YTO COOTHOUIEHUS ITOJIUMEPOB, IIPA KOTOPBIX IIPOSABIIAECTCA BEICOKAs
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copOLHs HOHOB 3HAYHUTENIFHO OTIMYAIOTCA B 3aBUCUMOCTH OT IPUPOJIBI KUCIOTHBIX
Y OCHOBHBIX THAPOTENIEH U IPUPOJBI PEAKO3EMEIBHBIX METAJIIIOB.

OTH pe3ynbTaThl MOMYYEHBI NMPH HMCCICAOBAHHM COPOLMH HOHOB JIaHTaHA,
Hepusi, AUCHPO3Hs, HEOJUMA, cCaMapus U SPOHsI HHTEPIOIUMEPHBIMUA CUCTEMaMH.
Takxke BBIABIECHO BIMSHHE COCTOSHUS HCXOAHBIX THAPOreNlel Ha IIpoIecc
copbuuu. B 3aBucHMMOCTH OT TOrO, KaKOH HCIIONB3yeTcs Teib Ui 00pa3oBaHUSA
WHTEPIIOIMMEPHON Napsl (CyXoil, HAOYXIIHIA WK YaCTUYHO HAOyXIINK), ToTyyaeM
pa3HbIe COOTHOINEHUS THAPOTeNiell B MHTEPIIONMMEPHBIX CHCTEMaX C BBICOKOM
COpOIIMOHHON AaKTHUBHOCTBIO M CTENEHBIO COPOIIMM HOHOB PEIAKO3EMENbHBIX
METaJIJIOB.

OnHako HeT paboT C LENbI0 ONMpPEAeNeHNs] ONTUMAIBHBIX YCIOBUH Ui MaK-
CUMAaJIbHOM COpOLIMY M CEJIeKTUBHOCTH MOHOB MPU MPUMEHEHHH WHTEPIIOINMEp-
HBIX CHCTEM JJIS U3BJIEUEHHS HOHOB ypaHWIIA.

nV), %

o0 —a— 100% rIIMAK
—o— 83% rIIMAK-17% rI4BI1

ad —a— 67% rIIMAK-33% rT14BI1
—w— 50% rIIMAK-50% rTI4BI1

7q —<4— 33%rIIMAK-67% rT14BI1
—>— 17% rI1IMAK-83% rI 4BI1

6Q —— 100% rT14BI1

5q

44

3

2

1q

d
U TO 20 30 70 50 B0 !

rIIMAK: rI14BII, Mon.% :Mo1.%

Pucynok 1 — 3aBUCHMOCTb CTENEHEH U3BIEUEHHS HOHOB ypaHHIa
unTepnonumepHoi cucremoii rIIMAK-rI14BII ot Bpemenu

Pucynox 1 mpencraBiseT co0oi 3aBUCHMOCTh CTETICHEW M3BJICUYCHHS HOHOB
ypaHuJla UCXOJHBIMU THIPOTEISIMH U MHTeprnoaumepHo cucremoir TTIMAK-
rI14BII ot Bpemenu. Kak BuiHO U3 prUCyHKa, B UHTEPIIOJIMMEPHON CUCTEME TIPO-
WCXOIHT yBEIWYCHNE CTETICHN M3BJICYCHHS MOHOB ypaHWiIa co BpemeneM. Heob-
XOJUMO OTMETHTb, YTO IEPEXO] MOJMMEPHBIX MaKPOMOJEKYJ B BBICOKOWOHH-
30BaHHOE COCTOSIHME BCJEICTBUE B3aUMHOW aKTUBAILMM THAPOTrENIeH B XOA€ UX
JUCTAaHLIMOHHOTO B3aUMO/IEHCTBUS IPUBOANT K CYIIIECTBEHHOMY YBEIHUEHHIO CTE-
MEHU W3BJICYEHHS] WOHOB ypaHW/IA Y TMOJUMEPHBIX THUAPOTENed B WHTEPIOIH-
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MEpHBIX IIapax M0 CPAaBHEHUIO C UCXOAHBIMH NouMepaMu. OCHOBHOE KOJIMUYECTBO
WOHOB ypaHWia copOupyercss ucxogubiM Tuaporenem IIMAK u uHTepnonu-
MEpPHBIMU CHUCTEMaMM Ha MPOTSDKEHUM 56 4 B3aMMOAEHCTBUS MX C pacTBOpaMu
cojeil. MakcuManpHasi CTENEHb M3BJCUYEHHs MOHOB ypaHHWJa HaOIoJaeTcss B
HMHTEPIIOINMEPHOI cucTeMe B mpenenax cootHomeHnd mexay 100%rIIMAK u
67%rIIMAK:33%rII4BII o ucreuennnu 56 1 u cocrasnser 82,8%. OcHOBHOM
MPUYHUHON CTOJb BBICOKOW CTETICHW W3BJICUEHHUS SBISIETCA BBICOKAs MOHM3AINA
MTOJIMMEPHBIX CTPYKTYp B Pe3yJbTaTe UX B3aUMHOM akTHBanuu. CTeneHb M3Bie-
YeHHsI HOHOB YpaHWJIa HCXOAHBIMU TTouMepHbIMH ruaporensmu 100%rIIMAK u
100%rII4BII cocraBnser 80,8 u 2,5% COOTBETCTBEHHO. Y MCXOIHOTO THIPOTEIIS
[14BII nabmogaercst HeOompIIask CTEEHb COPOLIMHU TONBKO HA HA4YaJIbHOM 3TaIle,
Jlajiee 1o NCTEUYEHUN BPEMEHH OHA OCTaeTcsl Hen3MeHHo. Ho pu aToM rupporens
[14BI1, He mMes CyIIECTBEHHOW COPOIMOHHOW AaKTMBHOCTH K HMOHAaM YpaHWIA,
MPUHUMAET Y9acTHE B aKTHBAIWU HcXoaHoro rumpporens [IMAK, daro ocobenHO
HaOmomaeTcss B mpeneiax — cootHomeHud — mexay — 100%rI[IMAK  u
67%rIIMAK:33%rI14BII.

6,%

1d —a— 100% I IMAK

—o— 83%rTIMAK-17% rI4BI1
—A— 67% rIIMAK-33% rI4BI1
—v— 50% rIIMAK-50% rII4BI1
—<— 33%rIIMAK-67% rII4BI1
—>— 17%rTIMAK-83% rl4BI1
—o— 100% rI4BII

]

U T0 20 30 70 50 50) i
TIIMAK: TTI4BIL Moi.% :Mom.%

PricyHOK 2 — 3aBUCHMOCTb CTEIEHHU CBSI3bIBAHUS MOJMMEPHOH 11enu
(10 OTHOILIEHHIO K HOHAM ypaHwiIa) uarepnoauMepnoit cucremoit rIIMAK-rII4BII ot Bpemenu

Ha pucynke 2 mpencraBieHa 3aBUCUMOCTD CTETICHH CBS3BIBAHHS IOJIMMEP-
HO 11emnu (110 OTHONISHUIO K MOHAM ypaHHUIIa) HCXOTHBIMU TOJTUMEPAMU ¥ HHTEP-
nonuMepHbiMu cuctemamu TIIMAK-rII4BII ot Bpemenu. Hanbosnee nHTEHCHBHO
CBS3BIBAaHUEC HMOHOB YpaHWIA HUCXOTHBIMH ITOJIMMEpaMHU M HHTEPIOIUMEPHBIMH
CHUCTEMaMU NPOUCXOAUT B TeueHue 48-56 4. Bricokue 3HaUCHUS CTEIICHU CBSI3bI-
BaHUsS TOJMMEPHON IIEMU IO OTHOIICHUIO K MOHAM YpaHWJIa HAOIIOJAr0TCS B
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npeaenax cootHomenuit mexay 100%rIIMAK u 67%rIIMAK:33%rII4BII u
cocraBisieT 9,97%. D10 yka3plBaeT Ha BBICOKYIO CTCIICHb MOHH3AIMH MaKpPOMO-
JIEKyJI B pe3ynbTaTe B3auMHoW akTuBanuu nonuMepoB [IMAK u [14BI1. Crenens
CBSI3BIBAHUS ITOJIMMEPHOH Lienu HHANBHUIYanbHBIX monumepoB [IIMAK u I14BII no
OTHOIICHUIO K MOHAM ypaHWIa 1o mcreueHun 56 4 coctaBmsier 9,73 u 0,27%
COOTBETCTBEHHO.

Q, MMOITB/T
17 —a— 100% rIIMAK
' —o— 83% rIIMAK-17% rT4BI1
—A— 67% rTIMAK-33% rTI4BIT
10 —w— 50% rTIMAK-50% rT14BI1
—<4— 33%1TIMAK-67% rTH4BIT
0d —»— 17% rIIMAK-83% rTH4BIT
' —o— 100% rTHBIT
04
04
0,7
0(

U T0 20 30 70 50 50) T4

rIIMAK: rI14BI1, mon.%:Mom.%

Pucynok3 — 3aBucumocts 3G PeKTHBHOI TMHAMUYECKO OOMEHHON EMKOCTH
(IO OTHOILIECHHMIO K MOHAaM ypaHuiia) uarepnoauMeproii cucreMmsl rIIMAK-rII4BII ot Bpemenu

3aBUCUMOCTD PPEKTHBHON AWHAMHYECKOH OOMEHHOM eMKOCTH (TI0 OTHO-
LICHUIO K HIOHAM YPaHWIIa) UCXOIHBIMHU THAPOTEISIMUA M HHTEPIIOJIMMEPHBIMH CHC-
temamu TIIMAK-TII4BII oT BpeMenu npeacTaBieHa Ha pucynke 3. Ilomydennbie
JaHHBIE YKa3bIBAaIOT HA TO, YTO B3aMMHAasl aKTUBALUs IOJIMMEPHBIX THApOreeii B
WHTEPIIOJIMMEPHBIX Hapax MPUBOAUT K CYIIECTBEHHOMY YBEIHUYCHHIO 3HAYCHHUN
0OMEHHOM €MKOCTH I10 CpaBHEHHIO ¢ MCXOAHbIM ruaporeneM [14BI1. Ocobenno
OTYETJIMBO 3TO TMPOSIBIAETCS MpU 56 Yacax NHUCTAHIIMOHHOTO B3aMMOJAEWCTBUS.
MaxkcuManbHBIX 3HauYeHUH dPPEKTUBHON JTUHAMUYECKOH OOMEHHON €MKOCTH UH-
TeprejeBasi CUCTEMa IOCTUraeT B npeaenax cooTHomeHn mexry 100%rIIMAK u
67%rIIMAK:33%rI14BII mpu 56 94 AUCTaHIIMOHHOTO B3aMMOJCUCTBHSI THIPOTE-
Jei u coctaBiseT 1,15 MMONb/T.

3axuoyenue. Ha ocHOBe MOTy4eHHBIX pe3yIbTaTOB YCTaHOBICHO, YTO HAH-
OoubIIas COpOIHSt MOHOB ypaHWIIa HHTEPIIOTMMEPHON CUCTEMON MPOUCXOTUT TIPH
cootnommeHnn 83%rIIMAK:17%rII4BII. MakcumanbHas CTENEHb W3BJICUCHHUS
HMOHOB ypaHWJIa MO UCTEYEHUH 56 4 AMCTAaHIMOHHOTO B3aMMOJACHCTBHS THAPOTE-
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nei coctaBuia 82,8%, Mpu KOTOPOM CTENEHB CBSI3bIBAHUS MOJTUMEPHOH LIEMHU CO-
craBuia 9,97% u s pexTrBHAs AUHAMHYECKas OOMEHHAs: eMKOCTh — 1,15 MMOJIB/T.
CyIecTBEHHBIN POCT CTEIEHNW COPOIMUMOHOB YpaHIJIA HHTECPIIOJIUMEPHON CHC-
TEMOM 10 CPABHEHUIO C MCXOJHBIMU THIPOTEISIMHU CBSI3aH C BBICOKOW CTETICHBIO
MOHM3AIMH THIIPOTelied B MHTEPIIOJIMMEPHONTIape.

[Tomy4yenHsle pe3yJabTaThl YKa3bIBAIOT, YTO WHTEPIIOIUMEPHBIC CHCTEMBI
MOJKHO TPUMEHSTH IS BBICOKO3(D()EKTUBHON COPOLIMOHHON TEXHOJOTHH H3BJIC-
YeHHSI MOHOB ypaHWIIA U JIPYTUX DJIEMEHTOB W3 MPOMBINUICHHBIX PAacTBOPOB, a
TaKXKe B MPOIIECCax KOHIECHTPUPOBAHUS, Pa3/ICIICHNs HOHOB Pa3IMYHON TPUPOIbI
M3 BOAHBIX CHUCTEM JUIsS PEIICHUS TEXHOJOTHUECKUX, SKOJOTHYECKHUX U JPYTHX
3a7ad.
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Pesome
T. K. XKymaoinos, A. A. Ymewesa, P. I'. Konoaypos, FO. B. [ pasicynsguuioc

HOJIMMETAKPWJI KbIIIKbUIBI-ITOJIN-4-BUHUIITAPUIMH MHTEPHOJIMMEPJII
XYUEJIEPIMEH YPAHIJI NIOHJAPBIH COPBLIUAJIAY EPEKIHEJIIKTEPI

IMonumerakpun Keiukbuisl (IIMAKr) sxonenonu-4-sunmnnupuand (I14BIIr) run-
poresJiepiHeH TYpaTblH HWHTEPIOJIMMEPI JKYHEeNIepiH ypaHWJI HOHAApblHA COPOLMSCHI
3eprrenai. bacranke! ruaporennep men [IMAKr-IT4BIIr naTeprnionumMepii xyHenepiHin
COpOIMATBIK JKOHE KHHETHKAJbBIK KACHETTEpl aHBIKTANAbl. YPaHWI HOHIAPBIH MaKCH-
Manabl IbIFapy  jgopexeci wumHTepmosmMepni okydenepnin  100%IIMAKr  sxome
67%IIMAKTr:33%I14BIIr xaTteiHacTapeiHga 56 cararra 82,8%, mommMmeprik Ti30€KTiH
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Oaitmanbicy mopexkeci 9,97% Kypanbl, THIMAI TUHAMUKAIBIK KOJIEMIIK CHBIMIBUIBIFBI —
1,15 MMOJIB/T. ANIBIHFaH HOTHXKEJIEP WHTEPITOIUMEPITi JKyHeae 6acTanKbl OJTUMEpITi TH/-
poreNniepIiiH COpONMSITBIK KAaCHETTEePiHIH ©3TepeTiHIH KepceTemi, Oy oJlapabl alarbl
yakbITTa ypaHHJ HOHAAPBIH HIBIFAPY/BIH KOFapbl THIMAI COPOIMSIBIK TEXHOIOTHSICHIH
)Kacay YIIiH KOJIJJaHyFa MYMKIHIIK Oepei.

Tyiiin ce3mep: UHTEpPHOIMMEpPIiKYIenep, CopOLuUs, THAPOTEIICD, MOTUMETAKPUIT
KBIIIKBUIBL, TIOJTH-4-BUHWITUPUINH, YPAHUIHOHEI.

Summary
T. K. Jumadilov, A. A. Utesheva, R. G. Kondaurov, J. V. Grazulevicius

FEATURES OF SORPTION OF URANYL IONS BY POLYMETHACRYLIC
ACID-POLY-4-VINYLPYRIDINE INTERPOLYMER SYSTEM

The sorption extraction of uranyl ions by interpolymer system consisting of
polymethacrylic acid hydrogel (nPMAA) and poly-4-vinylpyridine hydrogel (hP4VP) was
studied. Sorption and kinetic characteristics of initial polymers and hPMAA-hP4VP
intergel system were determined. Maximum uranyl ions extraction rate - 82,8% - is
observed in interpolymer system within the ratios of 100% hPMAA and 67%
hPMAA:33%hP4VP 56 hours later,when polymeric chain binding rate was 9,97% and
effective dynamic exchange capacity was 1,15mmol/g. Obtained outcomes show changes
of initial polymeric hydrogels sorption properties ininterpolymer system, which makes it
possible to use them for further development of highly efficient uranyl ions extraction
sorption technology.

Keywords: interpolymer systems, sorption,hydrogels,polymethacrylic acid, poly-4-
vinylpyridine, uranyl ion.
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HCCJIEJOBAHUE XUMHUYECKHUX PEAI'EHTOB J1J151 BOPbBbI
C KOPPO3HMEHU B YCJIOBUAX MECTOPOXKJIEHUSA Y3EHDb

AnHoTanus. [Ipu peanu3anuu MpOU3BOJCTBEHHBIX IMPOCKTOB B HEPTETa30BOH OT-
pacii OJHOW W3 caMbIX OOJBIMUX TPoOJieM sBiseTcs O0ophba ¢ pa3IMIHBIMUA BHIAMHU
KOPPO3HH, KOTOPOI HOJABEPratoTCsl OTACIBHBIE HIIEMEHTHI IIPOMBICIIOBOTO 000pYIOBaHUSI.
Kpaiine BaxHO BBIOpaTh MHTHOUTOP KOPPO3WH, TMOIXOISIIMN ISl KOHKPETHOH CpEpbl.
Br16op HHrEOUTOPOB [T TOTO WIIH HHOTO 0OBEKTa MOXKET OBITh TPYIHOH 3a1adueii, Tak KaKk
CYLIECTBYET MHOXECTBO (PaKTOPOB, KOTOpBIE HEOOXOAMMO YUHTHIBaTh. B HedrerazoBoii
MIPOMBIIIICHHOCTH MTOHUMAaHHUE MPOOIeM KOPPO3HH, KOTOPhIE MOTYT BO3HHKHYTh, HMEET
00JIBIIIOE 3HAYCHUE, U 3HAHUE TOTO, KAKKE MHIMOUTOPHI UCIIOJIL30BATh Il OOPBOBI ¢ 00-
LIEH U JJOKAJIbHOM KOPPO3HEH, COKOHOMUT BPEMs U JACHBI'U B JOITOCPOYHOH NIEPCIEKTUBE.

B cratbe mpuBeneHBl pe3ybTAaThl UCCIEAOBAHHUS MHTMOUTOPOB KOPPO3UH Pa3HBIX
MapOoK OT€YECTBEHHOTO M 3apy0eKHOTO IPOU3BOJICTBA JUIS UCIIOJIL30BAHUS HA MECTOPOIXK-
JICHUN Y3eHb: (PU3UKO-XUMHUECKUE XapaKTePUCTHKH (IUIOTHOCTD, BI3KOCTh, TEMIIEpaTypa
3aCTBIBaHUSA, MaccoBas IO aKTHBHOTO BEIIECTBA, COBMECTHMOCTH C IPOMBICIIOBBIMHU
BOJIaMU MECTOPOKACHHUS, aMIHHOE YHUCIIO), 3PPEKTHBHOCTD NICHCTBUS HHTHOUTOPOB KOP-
pO3HH B Ta0OPATOPHBIX YCIOBHUAX M HAa CTCHIOBOH YCTaHOBKE, IMUTHPYIOIICH IIIaCTOBBIE
YCIIOBHSI MECTOPOXKICHUS, C YUCTOM HaBICHHS, TEMIEPATYPhl, CKOPOCTH TEYCHUS K-
KOCTH U TIPHCYTCTBHUS arpeCCUBHBIX KOMIIOHCHTOB — YTIIEKUCIIOTO Ta3a U CepOBOIOPOIA.
Taxxe McclieoBaHO BIMSHHUE MHIHOMTOPOB KOPPO3MM Ha TMPOIECC MOATOTOBKH JOOBI-
BaeMOU MPOAYKIUH.

KiroueBble cjioBa: KOppo3usi, HHTHOUTOP KOPPO3UH, COBMECTUMOCTH, 3((eKTus-
HOCTB, YITICKUCIIBIN Ta3, CEPOBOAOPO, CKOPOCTh KOPPO3HH.

BBenenue. O0bekTaMy BO3AEHCTBUS KOPPO3HUH ABIISIOTCS METAJUIbI, CILIABHI,
METAJIOTIOKPBITHS, METAIIOKOHCTPYKITUHM MaIlIWH, 000PY/IOBAaHUE U COOPYKCHUSL.
OHU COCTaBJIAIOT OOJIBITYIO YacTh HE(TEra30BBIX MECTOPOXKICHHUH M JICHCTBH-
TEJIBHBIN UX CPOK CIIY>KOBI B HECKOJIBKO Pa3 HUKE aMOPTH3AIIMOHHOTO M HE Tpe-
BhImaet 5—10 neT 6e3 MPOTHBOKOPPO3UOHHOM 3aIUTHI.

K mepaM mpoTHBOKOPPO3MOHHOHN 3alUThl MOKHO OTHECTH — TPaBUIHHOE
MIPOEKTUPOBAHUE TPYOOIIPOBOIOB, HCIOJIL30BAaHUE IOKPHITHH/3MalIeH/Kpacok,
OYUCTKY BHYTPEHHEH MMOBEPXHOCTH TPYyO, CIEIHalIbHbIC MPOTHBOKOPPO3UOHHBIC
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MaTepHabl, XUMUKATHI (0aKTEPUITUIBI, THTHOUTOPHI ), KATOJHYIO U TIPOTEKTOPHYIO
3aIIUTY U JIp.

AHanu3 HCTOPUYECKUX MAaTEPHAJIOB M0 MECTOPOXKACHUIO Y3€Hb ITOKa3ajl, YTO
KOPPO3WOHHAsI arpeCCHBHOCTh JOOBIBAEMOW MPOIYKIIMM Hadana yBEINYHBATHCS
BCIICJICTBUE 3aKaYKU BOJIBI B IUIACT JUIs MOAJIEPIKAHUS TIACTOBOTO JABICHUS, TIE
HCIIONTh30BaIach CMECh MOPCKOH, aTbOCEHOMAHCKOW M cToYHOU Bo. [locmemmsis,
cozep KaIias B CBOEM COCTaBe PACTBOPECHHBIE KUCIIOPOT M CEPOBOIOPO, SIBISICTCS
BechMa arpeccuBHOi [1-3].

XapaKkTepHO 0COOEHHOCTHIO CHCTEMbI TOICP)KAHMUS IJIACTOBOTO JaBJICHHUS
SIBJIIETCS €€ 0OJIbIlIasi pa3BeTBAEHHOCTh, IIO3TOMY B OOJIBIIIMHCTBE CIIy4aeB 37eCh
MPUEMIIEMBI T€ CTIOCOOBI 3aIIUTHI OT KOPPO3HH, KOTOPHIE CBS3aHBI C YMEHBIIICHHEM
KOPPO3UOHHON aKTUBHOCTHU TPAHCIIOPTUPYEMOM Cpelbl: MOATOTOBKA BOABI, Ipe-
OTBpAIlICHUE TOMAJaHMsI B Cpeay KHUCIOpOoJa WM €ro ynajJeHUEe, MHTHOUpO-
BaHHE, IPEIOTBPAIICHIE PA3BUTHSI MUKPOOPTaHU3MOB.

Ha pucynke 1 npencraBieH BHEITHHIA BII 00pa3iioB TPyOOIIPOBOIOB, BEIpe-
3aHHBIX UX MMOBPEXKICHHBIX YYaCTKOB MECTOPOXKIACHUS Y 3€Hb.

Pucynok 1 — Baemmnwuii Bug 06pa3noB TpyOOIpOBOAOB,
BBIPE3aHHBIX U3 MOBPEXIECHHBIX KOPPO3UEH YIaCTKOB

Yarmie Bcero pa3pylICHHUIO B BUJIE 3B, KAHABOK M CILIOLTHOTO KOPPO3UOHHOTO
W3HOCA MOJBEepraercsi 00JacTh HUXKHEH 00pa3yrolleil BHyTPEHHEH MOBEPXHOCTU
TpyOOIPOBO/IA.

J151s1 321U THI OT KOPPO3UOHHOTO Pa3pylIeHNs] BHYTPEHHEH TOBEPXHOCTH TPY-
OONpPOBOAOB HA MECTOPOXKIECHUH Y3EHBB pa3HbIe TOJbI MPUMEHSUINCH PA3TUIHBIC
BBl XxuMudeckux peareHToB (TH®H, opranwdeckuit maruourop M-1-B, naru-
ourop kopposuu CK-378 dupmer «Cepro», Hopyct PA-23/]1, Baktupam-607,
Hedrexum-1, CHIIX-6013, Jlon-52, UKB-4B, Cesep-1, CHIIX-6002, kucioTs
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OOK, KW-2103, KW-2700, KP-2215, Peakop-2 1, Peakop-7, Peakop-21, Hoauren
M1-730, Homukop-3742, Jlomukop 4712, Amanat-8001u mp.).

Bce wHrHOMTOpHI KOpPpO3UM B 3aBUCHMOCTH OT XapakTepa arpecCUBHON
Cpeibl, MOXHO TIO/IPa3/ICIUTh Ha CIICAYIONUe rpynisl [4-8]:

WNHrubuTopel KOPpo3uu Ajs

CepoBOJOPO- KHCJIOPOJI- CepoBOJOPO- GaxrepuLMa-
COZICpIKAILUX CPell cozieprKaInX coziepKaluX HOTO JICHCTBUS
cpen YIIICKUCIIOTHBIX CPEJL

* BBICIIUE ATA(DATHICCKUC
aMHHEI U X COJIH;

* QJIKUJI3aMEIICHHEBIC dTa-
HOJIAMUHBL,

* JIMaMUH;

* AIKWINPOBAHHBIE MTOJIH-
aMHHBI;

* MOHOOJICAThl TUAMUHOB;
* OKCHJEI aMHUHOB;

* COJIH THIMKIIOTCKCHII-
aMIHOB U JKUPHBIX KHCJIOT;

* [EepPBUYHbIE
amuubl Cs-Cas
WA UX CMECH;

¢ HEOHOJIBI,

¢ ¢ochopHas
KHCJIOTA;

* JIMDTHUJIEHTIIN-
KOJIb;

¢ TaJOBOE Macjo;
e apoMaruyec-
KHE yTIICBOJIO-

* 0-aMHHOCIHPTBHI
Cs-Cao;

* BEIECTBA HAa OCHOBE
JKUPHOU KHCIJIOTHI;

* MepBUYHbIC
anndaTrdeckue
aMUHBI UITH H30aIKaHBI
B CMe-CH KHCJIOTOU B
¢op-
MAJTBJIETHICOIEPIKa-
MU COEITUHEHUSMHU

* IepPBUYHBIC
amndaTrieckue
¢paxuun Cs-Cis

* MPOJYKTHI
B3aUMOJICHCTBHS
HEepBUYHBIX U
BTOPHYHBIX aJIH-
(baTtnuHecKnx
AMHHOB C TEXHH-
YECKUM JAUMETHUII-
(dochurom

poxsl (Hedpac);
* KPEKHHT OCTa-
TOK

* [POW3BOJHBIC JIyTH/VHA,
OKCHXHHOJIMHA, aKpH/INHA,
NHPHANHA, HMHIA30JMHA;
¢ dochopconeprxarias
KHCJIOTa, 9TAaHOIAMHH

Ha Texymmii mepuon moObiBacMasi TPOAYKIUS HAa MECTOPOXKICHUU Y3EHb
00J1a1aeT BBICOKON OOBOJHEHHOCTBIO, MOMYTHO-I00bBIBacMasl BOJIa, B CBOIO OdYe-
peIb, COACPKHUT 3HAYUTEIHLHOE KOJUYECTBO YTIIEKHUCIOTO Tasa, CepoBOIOPOIA,
CBb, MexaHn4ecKux MpUMecei U Ip. arpeCCUBHBIE KOMITOHEHTHI.

Llenpro maHHOW paOOTHI SBISACTCS KOMIUIEKCHOE MCCIICIOBAHNE XUMUYECKHIX
peareHToB 1 60pHOBI C KOPPO3UEH Ha MPUMEPE MECTOPOKIACHUS Y 3€Hb.

OKCIHEPUMEHTAJIBHAS YACTD

[Moxdop onTHMaTEHOTO HHTHOUTOPA JIS 3aIIUTHL 000PYI0BaHHSI OT KOPPO3UH
TPOBOJIUIICS B KOMILIEKCE JIAOOPATOPHBIX UCCIICIOBAHMUIL:

— 10 arperaTHOMY COCTOSIHUIO B Ka4eCTBE MHIMOUTOPOB JOITYCKAIOTCS TOJIBKO
MOPOIIKOOOPa3HbIE BEIIECTBA U HE PACCIAMBAIONINECS XHUIKOCTH (pe3ylbTaThl
(U3UKO-XMMHYECKHX CBOWCTB TpencTaBieHsl B Tabnmue 1). He momyckaercs
COZIep)KaHUE B JKUJIKOCTSIX KPYITHO B3BEUICHHBIX H OCETAIOLINX TPUMECEH;

— MHTHOMTOp JIOJKEH 00NaiaTh MOJHOH COBMECTUMOCTBIO C MUHEPAIN30-
BaHHOH (TIaCTOBOM) BOJIOM MECTOPOXKACHUS Y3eHb 0e3 paccianBaHUs U 00pa3o-
BaHMS 0CaJIKa;

— MHTHOUTOP JIOJDKEH OBITh COBMECTUM C OA30BBIM JIEIMYJIBIATOPOM;

— [IPY 3a8JaHHBIX YCIOBUSX CTEIICHb CHIDKCHHUSI CKOPOCTH KOPPO3UH HE JIOJIK-
Ha ObITh MeHee 90 %.
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He OTBeYaKIIHe
TpeGoBaHHAM
Hccaenopanng GH3IAKO- CT PK 25862014
xAMATecKAX cBoiicTe HK

TAGOpATOPHEIE
HCCIeNOBAHAS
spdexraenocrs HK

W s exTHBHOCTE odpasnbt HK B
CTeA0BbIe HCHBITAHAS Hke 90 % AATBHEHMAX
3pdexraenocrs HK HCCIeJ0BAHAYX He
YIACTEYHT

Cosmecramocts HE ¢

i}

Peromengannn k OITH

PucyHok 2 — Anroput™ nogdopa HHruOUTOpa KOPpO3UH

AJnTOpuTM NI0I00pa MHTHONTOPA KOPPO3UHU TIPUBEACH Ha PUCYHKE 2.
PE3VJIbTATHI 1 UX OBCYXJIEHUE

UccnenoBanust GU3NKO-XUMHUYECKUX CBOWCTB MHI'MOMTOPOB KOPPO3HWH BHI-
nonHsurch cornacHo TY CT PK 2586-2014 (Tabnwuma 1).

[IpuBenéunsie B Tabnuie 1 pe3yabTaThl HOKA3bIBAIOT, YTO UCTIBITYEMBIC HHTH-
OUTOPBI KOPPO3WH, 3a UCKITIOUeHUEM: oopaszerr Ned, oopazert Nel7 u ob6pazerr Nel§,
MPENICTABIISIFOT COOOW OTHOPOIHBIE XKUAKOCTH C IOMTYCTHMBIMHU 3HAYCHHUSIMH TLITOT-
HOCTH, BSI3KOCTH U MacCOBOM JOJM aKTHBHBIX BEILECTB, YCTOWYUBLIE K OTpHULA-
TeapHBIM Temmneparypam (- 40 °C).

3aKIr0o4YeHHe O COBMECTHMOCTH, JIMOO HECOBMECTUMOCTH, WHTHOUTOpa C
MUHEPAIN30BaHHON BOJIOH JENaeTCs MO Pe3yIbTaTaM BU3YaJIbHOTO OMPEICICHHUSL.
[Tpu HECOBMECTUMOCTH MHIMOUTOPA C MJIACTOBOM BOJIOM PacTBOP MYTHEET U B HEM
BO3HHKAIOT BS3KUU Tellb WM 00pa30BaHUS B3BEIICHHBIX KOJUIOUIHBIX XJIOMHEB.
B sToMm ciyvae, win mpu BBIIEICHWH peareHTa B OTICNIBHYIO ¢a3y, pe3yiabTar
WCTIBITAHUSI CYMTACTCS OTPHUIATECIbHBIM. HIMOUTOPHAs CUCTeMa JIOJIKHA UMETh
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Tabnuua | — PU3HKO-XMMHYECKHE CBOICTBA UCIIBITYEMbIX 00Pa3L0B XUMUUYECKHX PEarcHTOB

HaumeHnoBanue nokasarens
pmpu | macco- | kumHe- |Temme- | pH |amwuH-
20 °C, | Bast monsi | mMaru- | patypa| cpe- | Hoe
Ne | Hauwme- Bueunuit Bun Kr/M® | aKTHB- | yeckas | 3aCTBI- | Jbl | uMC-
HOBaHHE HOTO BSA3- | BaHwMs, 110,
pearcHra Bellle- KOCTb °C Mr
CTBa, npu HClUr
% 20 °C,
MMm?/c
becysemnast HCUOKOCb He
Hopma ..
U OM CEEMILO-JICENMO20 750- | He 6oaee |He bonee| Oonee | He HOpMuU-
no CT PK
00 MEeMHO-KOPUUHEBO20 1400 70 100 | munyc pyemcs
2586-2014
yeema 35
1 Ob6paseny | oAHOPOIHAS KUAKOCTD 9152 304 55 <_40 5 6.3
Nel TEMHO-KOPUYHEBOTO 1IBETA
2 OO0pazen; | oAHOPOIHAS KUAKOCTh 906.7 151 2.9 <-40 | 55 38
No2 TEMHO-KOPUYHEBOIO IIBETA
3 O0pazen; | oAHOPOIHAS KUAKOCTh 969.6 355 6.1 <—40 | 771 | 19,0
Ne3 TEMHO-KOPUYHEBOIO IIBETA
4 Ob6paseny | oAHOPOIHAS KUAKOCTD 877.3 470 613 3 99 | 379
Ned TEMHO-KOPUYHEBOTO 1IBETA
5 OO0pazen; | oAHOPOIHAS KUAKOCTh 916.6 25.9 6.0 <-40 | 635 | 94
Ne5 TEMHO-KOPUYHEBOIO IIBETA
OJTHOPO/IHAS MTPO3pavYHas
6 06]{;?26]'[ JKUAKOCTh KOPUYHEBOTO 1059,4 30,6 63,6 <-40 | 3,47 | 8,1
- LBETA
7 | OOpasew | onuopomas XuAKOCTs | 10499 | 306 | 244 | <-40 | 798 | 165
Ne7 TEMHO-KOPUYHEBOTO I[BETA
g | OOpasei | onHOpoMHas KUAKOCTS 957,3 | 188 10,6 | <-40 | 591 | 18,4
Ne8 TEMHO-KOPUYHEBOIO IIBETA
OJTHOPOJIHAS MTPO3pavYHas
9 06]8?936]'[ JKHIKOCTh KOPUYHEBOTO 953,6 19,5 55 <-40 | 96 | 91
- LBETA
OJTHOPOHAs TPO3pavyHas
10 Oi‘zﬁeu KHIKOCTD CBETIIO- 888,6 | 255 67 |<-40| 07 | -
- JKENTOrO 1BETa
11 | OOPasell | OMHOPOMHAL KMAKOCTE | 4001 9 | 95 | 446 | <—40 | 91 | 17.4
Nell TEMHO-KOPMYHEBOI'O 1IBETA
12 | OOpasent | onHOpOMHAA NPOSPAUHAL | q4q g | 1g- 58 | <—40 | 597 | 15,9
Nel2 JKHJIKOCTB JKENTOTO 1BETa
OJTHOPO/HAs TPO3pavyHas
13 O?\rp‘)’all's}eu JKUAKOCTh KOPUYHEBOTO 956,6 17,4 5,36 <-40 | 6,1 | 17,9
B 1BETa
OJTHOPOJIHAS MTPO3pavYHas
14| O | uaoes Kopmunenoro | 956,1 | 238 | 1203 | <40 | 63 | 342
- LBETA
15 Ob6pazeny | ogHOpOAHAS IPO3payHas 9403 28.9 631 | <-40 | 51 11
Nel5 OeciBeTHas KUIKOCTh
16 O0pazen; | oAHOPOIHAS KUAKOCTh 8804 19.9 195 | <-40 | 89 5.9
Nel6b TEMHO-KOPMYHEBOI'O 1IBETA
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17 Ob6pazeny | ogHOpOIHAS IPO3payHas 13585 57.9 2183 | —14 | 589 B
Nel7 OeciBeTHAs KUIKOCTh

18 OO0pazen; | oAHOPOHAS TIPO3paYHast 1374.0 55,3 17.47 _33 | 583 B
Nel8 OeciBeTHAs KUIKOCTh

OJTHOPO/HAs TPO3pavyHas
19 O?\EEIB;H JKHIKOCTh KOPUYHEBOTO 949,7 22,7 423 | <-40 | 6,6 | 3,7
B 1IBETA

20 | ©OOpaseil | OHOPOAHAs KHAKOCTE 8855 | 259 | 5457 | <—40 | 81 | 315
Ne20 TEMHO-KOPUYHEBOIO IIBETA

91 | ©OOpasell | OIHOPOAHAs KHAKOCTE 9536 | 296 | 19,11 | <-40 | 7,5 | 36
Ne21 TEMHO-KOPUYHEBOIO IIBETA

29 Ob6pazent | oAHOPOAHAS KUAKOCTh 865,4 26,8 1118 | <—40 | 7,44 B
Ne22 TEMHO-KOPUYHEBOTO 1IBETA

MOJIHYI0 COBMECTUMOCTh ¢ HE()TEIPOMBICIOBEIMH BOJIAMH MECTOPOXKACHUS 0e3
paccnauBaHusl M o0pa3oBaHus ocaukoB. [lo pesynbraTaM HMcCiIeOBaHHUS HE BCE
uccieayeMble 00pas3ibl HHIHOUTOPOB KOPPO3UH BoAopacTBOpUMEL. [lpu cmere-
HUH, HEKOTOPBIX 00pa3IoB, ¢ MUHEPATU30BAaHHON BOJOW MECTOPOXKICHHUS ¥Y3€Hb
PacTBOpPBI MyTHEIOT, HEKOTOPBIE 00Pa3yIOT BA3KYIO resie00pa3Hy0 MacCy, BbI3bIBa-
10T PACcCIIOCHHUE XKUAKOCTH, 00pa3oBaHue TBEPIOTO ocaka He Habromaetes [9-11].

Takum 00pa3oM, IO pe3yibTaTaM ONpeaeineHus] GPUINKO-XUMHUECKIX XapaK-
TEPUCTHK U COBMECTUMOCTH C MHHEPAIN30BAHHBIMH BOJAMH MECTOPOXKIICHHS
V3eHp ganpHelmme 1adopaTopHbIe HCCIEA0BAHMS IPOBOAMIKNCEH CO CIEIYIOUIMMU
XUMHUYECKUMHU peareHTamu: oOpaser; Ne3, obpaser Ne8, oOpaser; Ne9, oOpasenn
Nel3, obpaser NelS, oopazerr Nel9, odpaszery Ne21.

JlaGopaTopHbie Hccien0BaHus MO OLEHKE CKOPOCTH KOPPO3UHU MPOBOIHINCH
Ha yCTaHOBKE AJISl OLEHKHU 3PPEKTUBHOCTH MHTMOUTOPOB KOPPO3UH IPaBUMETPH-
geckuM MeTooM I PIT-HITX-05 B coorBerctBun ¢ 'OCT 9.506-87, TOCT 9.905-82.

[To pesynbTaram 1a0OpPaTOPHBIX HCCIENOBaHUA, pu no3upoBke 30 r/T 00-
pazen; Nel5 u o6paszer; Ne2 1 nokazamnu 3amutHbIi 3¢ ¢dexT Boite 90 %, oopaszer Ne9
u ooOpaszer; Nel3 mposBisiior 3¢ dextuBHocTh nipu 40 1/T, 00pazen Nel9-50 r/t.
OcranpHbie 00pasipl UHTHOUTOPOB Kopposuu (oOpazer Ne3, No7 u Ne§) moka-
3aBIIIME HEJOCTATOYHO BBICOKHE PE3YJIbTaThl, B JATBHEUIIIMX CTCHIOBBIX WCIIbI-
TaHUSIX HE YYaCTBOBAIIH.

CornacHO aiaropuT™My Moadopa WHTHOMTOPOB KOPPO3WHM, pPEareHThl, IO-
ka3zaBmue 3¢ ¢GeKkTUBHOCTh Bhilie 90 % W CHUKAIOIIHE CKOPOCTh KOPPO3UH IO
0,1 mm/ron, OB UCTIFITAHEI HA CTEHIOBOW yCTaHOBKE.

CrengoBble ucnbiTanusa. CTCHIOBas YCTAaHOBKA MPEACTaBIsET COOOH Tep-
METHYHYIO CHCTEMY, KOTOpasi BKJIIOYAeT B ceOs TepMomkad, moaaepKuBaroniui
temrieparypy no 300 °C, aBTOMaTH3MpOBaHHBIH OecriepeOOitHbIN HAacoC, MO3BO-
JSIOMMA MOIEPKUBATh BO BpPEMsl BCETO DKCIIEPUMEHTA 3a/laHHBIC JaBJICHHE W
UUPKYJSALUIO JKAAKOCTH B MPUCYTCTBHH arpecCUBHBIX ra3oB (YIVIEKUCIBIA Ta3,
CEPOBOIOPON).

CyIHOCTh METO/Ia 3aKITI0YACTCSl B OKCIO3UITUH METAJUTUUECKUX 00pa3IoB B
UCTIBITYEMOH CpeZie B YCIOBUSX IBMKEHUS KHIKOCTH OTHOCUTEIHHO 00pas3loB u
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OIICHKE CKOPOCTU KOPPO3UU IO MOTEPE UX MACCHl OTHECEHHOM K €TUHUIIE TTOBEPX-
HOCTH 3a BpeMsI €ro IpeObIBaHUS B arpeCCUBHOM Cpeie.

J1si uMuTanUU MIACTOBBIX YCIOBUI MECTOPOXKIEHHUS NMPU CTEHIOBBIX HC-
MBITAHUSAX B UCTIBITYEMYIO Cpely OBbLIH JOOABICHB MAaKCHMAIBHOE KOJHMYECTBO
YIJIEKUCIIOTO Ta3a M CEpOBOIOPOJA, IO MECTOPOXKICHUIO, HA MOMEHT HCCIEIO-
BaHHUH.

Pe3ynbTathl CTEHIOBBIX UCIBITAHUN MIPEACTABICHBI HA PUCYHKE 3.

28 Q

= Ll
=B b & o

CHOPOCTE KOPPOTHH, MM/TOL
ooz

-3

R Mg

0 10 0 k] A0 50 60 0
Kounesrparmsg HHIAGHTOPA KOPROIHA, T/T
@K 2000 @K 2013 @ME 2015 OMK 2019 @K 2021 @HK

PucyHok 3 — Pe3ysibraThl CTEHIOBBIX UCHBITAHUN 3Q()EKTUBHOCTH HHTHOUTOpa KOPPO3UH

Takum 0o0pa3om, MO pe3yibTaTaM CTCHIOBBIX HCCIIEIOBAHUN CIICIYIONTHE
MHTHOUTOPBI Koppo3un: odpaszer; Ne9 (60 r/t), Nel3 (60 r/T), Nel15(60 r/T), No21
(40 1/T) OBLIM WCTIBITAHBI HA COBMECTUMOCTH C 0a30BBIM JIE3IMYIIBraTOPOM MECTO-
pOXIeHUs Y3€Hb.

CoBMeCTHUMOCTh HHTHOUTOPOB KOPPO3HHU € 0a30BBIM J€IMYJILIaTOPOM.
[Ipu oOpaboTke HEYTH MECTOPOKACHUS CMECHI0 MHTHOUTOPOB KOPPO3UU H Jie-
3MYJIbIaTopa He OJKEH HapyIIaThCsl Ipoliece MoAroToBky Hedtu. MccnenoBanus
COBMECTUMOCTH HMHIMOUTOPOB KOPPO3UWH C 0a30BBIM JIEIMYJIBIATOPOM IPOBO-
ek metogoM «BOTTLE TEST» Ha BonoHe(TSHON 3MYJIBCHH MECTOPOXKICHHUS
V3ens, conepxameid 40 % cBsa3aHHOM Boabl. CyHIHOCTh METOJIA 3aKJIIOYAETCS B
BHU3YyaJIbHOM HAaOJIOICHUU 33 pacCiavBaHUEM 3MYJIbCUH M BOJOOTICICHHEM B
CTEKJISTHHBIX cOCyAax (OyThUIAX-OTCTOWHHUKAX).

W3 pucynka 4 BUIHO, 4TO IPH COBMECTHOM BBEACHHUU B UICXOIHYIO BOJOHE(D-
TSHYIO AMYJBCHIO MECTOPOXKACHUS ¥Y3€Hb 0a30BOT0 JI€IMYJIbIaTopa U Moao0paH-
HBIX MHTHOMTOPOB KOPPO3MU HEe HAOJIOAAeTCsA OTPHUIATEIBHOES BIMSHUE HA MPO-
IIECC MOATOTOBKU M 00e3BokuBaHUS HedTH. [Ipn 3TOM BBIOENUBIIAsCS BOIa HE
HMEET MYTHOCTb, HaOJto1aeTcsl uéTKas rpaHuiia paszaena (a3, MpoMeKYyTOUHBIN
CJION OTCYTCTBYET, OTMEYACTCs HEOOBIION HAJIET HA CTEHKAX OTCTOMHHKA.
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Pucynok 4 — Kunetuka BblesieHHs BOJIBI B IPUCYTCTBUU ogoOpanHbix UK
n 6a30BOTO JEIMyIIBraTopa

3axumiouenne. [IpoBeieHbI UCCIEIOBAHUS TI0 OICHKE (DU3UKO-XUMHUECKHX
XapaKTePUCTUK XWMHYECKUX PEareHTOB, IENbI0 KOTOPHIX SBIAETCS KOHTPOIb
KayecTBa HCCIEAYEMBIX PEareHTOB Ha COOTBETCTBHS TEXHUUYECKUM YCIOBHUSIM.

Ornenka 3amuTHOro 3¢ Hekra HHrHOUTOPOB KOPPO3UH IIPOBEICHA IPaBUMET-
pudgeckuM MeTogoM B cootBeTcTBHH ¢ 'OCT 9.506-87. CTeHA0BBIC HCIIBITAHUS
ObUIM TIPOBECHBI B YCIOBHUSX, MPUOMMKEHHBIX K YCIOBUSAM HCCIEIYEMOrO Mec-
TOPOXKACHUS ¢ 100aBIEHHEM B Cpely arpecCHBHBIX ra3oB (CEpOBOIOPOJ U yTJe-
KHUCJIBIH Ta3).

Ilo pe3ynbTaTaMm KOMIUIEKCHBIX HCCIEAOBAHHUMN CIIeIyIOIIe XUMHUUECKHUE pea-
TeHTBI IOKA3aJIM 3aIIMTHBIA 3P ekt oT koppo3uu Beire 90 %: obpazer Ne9, Nel3,
Nel5, Ne21.

Paboma 6vina gvinonnena 6 yewmpe HAY4HO-1A00PAMOPHLIX UCCTIE008AHUU
Dunuana TOO « KMI" Huorcunupuney «KazHUIIHmynaiieaz».
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Pe3iome
¥. XK. Taoicenbaesa, E. O. Aanbepeenos, I'. K. Enikbaesa

©3EH KEH OPHbI JKAFJIAMBIHJIA KOPPO3USIFA KAPCBI KOJITAHBIJIATBIH
XUMUSIJIBIK PEATEHTTEP/I 3EPTTEY

MyHaii-ra3 eHIipy calachlHIaFbl OHIIPICTIK )o0amap bl Ky3ere acelpy OapbIChIHIIA
KeZepri TyFbI3aThIH HETI3Ti Maceseep iy 0ipi — OHAIpICTIK KOHABIPFBUIAPIBIH JKeKe 0eI-
LIEKTEpiHe ocep eTETiH SpTYpJi KOppo3us mporeccTepi. ApHaiibl opTara colKec KeJleTiH
KOppO3Usi MHTMOUTOPJIAPBIH TAHAAy 6TC MaHBI3IbI. OpOip kKeke 00BEKTI YIIiH KOJIANIbI
MHTUOUTOPABI TaH/IAy KONTEreH KOppo3usiFa acep eTeTiH (akTopiap/ablH KecipiHeH KUbIH
TarceipmMa 0oJbIN TabbuTaabl. MyHaii-ra3 eHAIpiciHAe KOPPO3Hs MPOLECCIH TEPEeH YFbIHY
MaHpI3/bl.  bipkenki Koppo3us MeH OKUIayJaHFaH KOPPO3MsFa Kapchl KOJJIAaHBUIATHIH
THIMII UHTUOUTOPIAP/ABI TaHAay — OOJallaKTa KOHIBIPFBLIAPABIH Y3aK MEp3iM KYMBIC
icTeyl MEH OJapJblH JKOHJEY JKYMBICTapblHA KETETiH Kap)KbIHbl YHEMJEyre MYMiHIIK
oepeni.

Maxkanaga ©3eH KeH OpHbI JKaFJalbIHIAFbl OTAHIBIK JKOHE MICTENJIC OHIIPUITeH op-
TYpPJIi KOPPO3Hsi MHTMOUTOPJIAPBIH JKaH-)KaKThl 3epTTEY HOTHXKelepi yehiHbuIFaH. COHBIH
iIIHIE KOPPO3UsI KHTHOUTOPIIAPBIHBIH (DM3HKATIBIK-X MMUSIIBIK CHIIATTAMAIIPbI (THIFBI3/IBIK,
TYTKBIPJIBIK, KATy TEMIICPaTypachl, OCICCH/Il 3aTThIH MACCAJIBIK YJIeCi, KEH OPHBIH/A OHIi-
pUIreH cynapMeH COHKeCTIri, aMHH CaHbl), 3epPTXaHAIBIK )KOHE KeH OPHBIHBIH JKaF JaliIapbIH
KalTanayra (KbICBIM, TEMIIEpaTypa, CYAbIH aFbIC JKbLIIAM/IBIFbI, KOMIPKBIIIKBUI Ta3bl MEH
KYKIPTCYTEK CeKiyi Oencen/ii KOMIOHEHTTEPI OpTara eHri3y) MyMKIH/iK OepeTiH cTeH -
TIK KOHABIPFBINA 3G QeKTuBTiniri 3eprrenred. COHBIMEH KaTap KOPPO3Ust WHTHOUTOp-
JIApBIHBIH MYHAH Bl OHJIEY J)KYMBICTapblHA 9Cepi KapacThIPBUIFaH.

3eprxananbik  kymbictap JKIIC «KasMyHnaiil'a3 UWHKuHUPUHD)  (HITHAIBL
«KasF3)K myHaiiras»-npIH FbUIBIMH-3€PTXaHAIIBIK 3€PTTEY OPTAJIBIFBIH/IA KYPri3lii.

Tyiiin ce3mep: xKoppo3us, KOppo3usi HHTUOUTOPBI, 3P(EKTUBTINIK, KOMIPKBIIIKBLI
rasbl, KYKIpTCYyTeK, KOPPO3HUS JKbLIJaM/IBIFbI.

Summary
U. Zh. Tazhenbayeva, Ye. O. Ayapbergenov, G. Zh. Yeligbayeva

STUDY OF CHEMICAL REAGENTS AGAINST CORROSION PROCESSES
IN THE CONDITIONS OF THE UZEN FIELD

One of the biggest challenges in oil and gas production projects is dealing with the
various types of corrosion to which certain parts of field equipment are exposed. Selecting
the right corrosion inhibitor for the specific environment is extremely important. Choosing
inhibitors for a particular location can be a difficult task because there are many factors to
be considered. Understanding the corrosion problems that can arise is important in the oil
and gas industry, and knowledge of which inhibitors to use to deal with general and
localized corrosion will save time and money in the long run.
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This article presents the results of studies of various brands of domestic and foreign
corrosion inhibitors for use in the Uzen field: physical and chemical characteristics (density,
viscosity, freezing temperature, mass fraction of active substance, compatibility with field
waters, amine number), efficiency of corrosion inhibitors in laboratory conditions and on a
bench simulating field reservoir conditions, taking into account pressure, temperature, fluid
flow rate, as well as aggressive components - hydrogen sulfide and carbon dioxide. In
addition, studies of corrosion inhibitors' effect on the process of preparation of production
are also given.

The works were carried out in the center of scientific and laboratory research of KMG
Engineering branch " KazNIPImunaygas" LLP.

Keywords: corrasion, corrosion inhibitor, compatibility, efficiency, carbon dioxide,
hydrogen sulphide, corrosion rate.
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OXIDATIVE AMMONOLYSIS OF &-METHYLPYRIDINE
ON OXIDE VANADIUM-TITANIUM-ZIRCONIUM CATALYST
MODIFIED BY TIN AND TUNGSTEN OXIDES

Abstract. Catalysts based on vanadium pentoxide modified by Ti, Sn, Zr and W oxi-
des were tested in the oxidative ammonolysis of 4-methylpyridine. The role of the main
process parameters such as temperature, the ratio of the initial components in the conversion
of the methyl group to the nitrile one, and the optimal conditions for the oxidative
ammonolysis of 4-methylpyridine were determined. It is determined that the V-Ti-Zr-O-ca-
talyst and the sample containing 9% of tungsten oxide are superior in catalytic activity
to the V-Ti-Zr-Sn-O contact. Conditions that ensure a high selectivity for the formation of
4-cyanopyridine were found. The highest yield of the target product (85-86%) was obtained
on V-Ti-Zr-W-O at 270 °C, and the yield of 4-cyanopyridine was 87.5% at 310° C on the
V-Ti-Zr-Sn-0 catalyst.

The phase composition and structural changes occurring in modified vanadium oxide
catalysts have been studied. It is determined that mixed V-Ti-Zr-Sn-O and V-Ti-Zr-W-O
catalysts contain ZrV,07, the monoclinic modification of ZrO, (baddeleyite), TiO-
(anatase), SnO,, WO3, and V20s. In catalysts, it can exist in small amounts as a separate
VO, phase. The V-Ti-Zr-W-O catalyst showed the best catalytic properties. It has high
activity and selectivity towards 4-cyanopyridine.

Key words: 4-methylpyridine, oxidative ammonolysis, catalysts, TiO, SnO2, WOs,
ZI’Oz.

Introduction. The reaction of oxidative ammonolysis of methylpyridines is
the simplest and most convenient method for the synthesis of cyanopyridines [1],
which is used as intermediates for the preparation of drugs [2]. 4-cyanopyridine
(isonicotinic acid nitrile) obtained by oxidative ammonolysis of 4-methylpyridine
is widely used for the production of pharmaceuticals, including anti-tuberculosis
drugs, such as thiazide, isoniazid, saluzidum, and others [2], which are necessary
for the Republic of Kazakhstan.

Various catalysts based on metal oxides are usedin the industry for the syn-
thesis of nitriles.Individual vanadium (V) oxide exhibits high catalytic properties
in the oxidative ammonolysis of methyl pyridines processes [3, 4]. Currently,
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binary and multicomponent vanadium oxide systems [5], which contain additives
of metal oxides [6] having a modifying effect on the properties of oxide cata-
lysts,are usedfor the oxidative ammonolysis of 4-methylpyridine. Titanium and tin
dioxides are used as a component of many catalysts for the oxidation and oxidative
ammonolysis of organic compounds. A. Martin, B. Liicke [7] presented a review
of the current state in vapor-phase oxidation, ammoxidation of substituted methy!l
aromatic, and heteroaromatic hydrocarbons using V-containing catalysts.Earlier
mixed vanadium-titanium-tin catalysts effective in the oxidative ammonolysis of
4-methylpyridine were developed in the Bekturov Institute of Chemical Sciences
[8]. These catalysts showed high catalytic activity in the reaction of oxidative am-
monolysis of methylpyridines [9], making it possible to obtain nitriles of pyridine
carboxylic acids with a selectivity of 90-95%. However, the process of oxidative
ammonolysis of 4-methylpyridine on these catalysts proceeds with the use of
significant amounts of ammonia and in the presence of a large amount of water,
which complicates the process technology. Also, these contacts operate in the high-
temperature range: 360 - 400 °C.

In this research [10], the W-V-O catalyst obtained by hydrothermal synthesis
was tested in the oxidative ammonolysis of another isomer, 3-methylpyridine.
Comparison of this contact and the VOx / WO3; sample obtained by the impreg-
nation method with other catalysts based on V showed that the catalysts with the
addition of W showed a higher selectivity to cyanopyridine at the full conversion
of the starting methylpyridine.

According to the data [11], zirconium-containing catalysts are used in the
reactions of dehydration, isomerization, alkylation, and selective and complete
oxidation of hydrocarbons.

Vanadium-zirconium oxide catalysts showed high selectivity in the process of
oxidative ammonolysis of 3-picoline [12, 13]. We have previously shown that the
oxide vanadium-titanium-zirconium catalyst exhibits high activity and selectivity
in the oxidative ammonolysis of 4-methylpyridine, making it possible to obtain
4-cyanopyridine with a yield of 90-95% at a temperature of 260-270 °C and mini-
mum consumption of ammonia [13].

The purpose of this work was to test and compare the catalytic properties of
new vanadium oxide catalysts modified by additions of titanium, zirconium, tin,
and tungsten oxides under the conditions of oxidative ammonolysisof 4-methyl-
pyridine.

EXPERIMENTAL PART

Dried and distilled 4-methylpyridine with b.p. of 141°/695 mm Hg, d.2° =
= 0.9547 and np?® = 1.5058were used in this work. The given characteristics were
in accordance with the reference data.

V-Ti-Zr-Sn-0 and V-Ti-Zr-W-O catalysts were prepared from vanadium (V),
titanium (1V), zirconium (1V), tin (1V), and tungsten (V1) oxides. Then, by either
pressing or «smearing" the moistened mass into a perforated plate, tablets were
molded from the resulting mixture and sintered at a temperature of 650 °C for 2 h.
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Oxidation of 4-methylpyridine was carried out in a flow-through unit with a
stainless steel reaction tube of 20 mm in diameter and 1000 mm in length, into
which 100 ml of a granular catalyst was loaded. Atmospheric air without special
purification entered the contact apparatus from the receiver. Synthetic ammonia
(liquefied gas GOST-6291-62) was introduced into the reactor from the supplied
cylinders.

Unreacted 4-methylpyridine and the reaction products were trapped in water
in airlift scrubbers and analyzed by gas-liquid chromatography on a Tsvet-104
chromatograph with a flame ionization detector. A glass column of 1 m long and
4 mm in diameter was filled with a 25% PEG + 2% HsPO. phase deposited on an
INZ-600. The temperature of the thermostat of the column - 130 °C, evaporator -
200 °C. The pressure of the carrier gas of helium was 4.0 kgf/cm?, hydrogen was
0.068 kgf/cm?, air was 2.5 kgf/cm?. The volume of the injected sample was 5 pl.
2,4,6-collidine was used as an internal standard.

The products of deep oxidation were analyzed on an LKhM-8MD chro-
matograph with a thermal conductivity detector. The stainless steel columns were
3.5 min length and 3 mm in inner diameter. The adsorbent for the determination of
CO was activated carbon of the "AG-5" grade (0.25-0.50 mm), for CO- - polysorb-
1 (0.16-0.20 mm). The temperature of the thermostat of the columns was 40 °C. In
all experiments, the balance for the determined substances was 95-100%.

In parallel, isonicotinic acid was titrated with 0.01 N alkali against phenol-
phthalein.

RESULTS AND DISCUSSION

Analysis of the literature indicates that the synthesis of 4-cyanopyridine by
oxidative ammonolysis of 4-methylpyridine is carried out with high selectivity.
Multicomponent compositions based on vanadium oxides, supported on different
carriers, are widely usedas catalysts. In the research work carried out at the Institute
of Chemical Sciences named after A.B. Bekturov, titanium, tin, and zirconium
oxidesare widely used to modify vanadium oxide catalysts, which themselves do
not possess catalytic activity in the oxidative ammonolysis reaction. Modifying
additives can be considered as important components of the catalyst, since when
interacting with vanadium oxides, they form solid solutions or chemical com-
pounds. The work of the laboratory, carried out earlier and at present, has shown
that the main product of the oxidative ammonolysis of 4-methylpyridine over
vanadium oxide catalysts is 4-cyanpyridine. The process of oxidative ammonolysis
proceeds, as a rule, at temperatures of 390-450 °C and large amounts of ammonia
and water.

The purpose of this work was to search for new active catalysts for the
oxidative ammonolysis of 4-methylpyridine with a sufficiently high selectivity for
the target product. In this regard, vanadium-titanium-zirconium catalysts were of
interest, which showed high activity and selectivity in the oxidative ammonolysis
of 4-methylpyridine [14].
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The aim of this work was to study the catalytic activity of new modified oxide
V-Ti-Zr-O-catalysts, additionally containing tin dioxide and tungsten oxide, in the
oxidative ammonolysis of 4-methylpyridine. The prototypes of the catalysts were
tested in a laboratory unit in the reaction of the oxidative ammonolysis of 4-me-
thylpyridine with a wide variation of the process parameters. The effect of the main
process parameters - temperature, the ratio of the starting components on the
oxidative ammonolysis of 4-methylpyridine under conditions of low NH3 concen-
tration and without water supplywas studiedto assess the catalytic characteristics of
these contacts.

Figure under comparable conditionsshows the test results of V-Ti-Zr oxide
catalysts containing 9% of tungsten oxide and 9% of tin oxide, at a feed rate of the
starting material - 43 g, air - 1500 |, ammonia - 22.8 | per 1 liter of catalyst per hour,
which corresponds to the molar ratio of 4-methylpyridine: O.: NH; = 1: 30: 2.9. It
can be noted that under these conditions the least active catalyst turned out to be a
catalyst containing tin dioxide:the conversion of 4-methylpyridine is only 30% at a
temperature of 250 °C.With an increase of thetemperaturein the reaction up to
310 °C, the conversion of the starting material increases to 90%.

The V-Ti-Zr-O-catalyst and the sample containing 9% of tungsten oxide are
much more active than the V-Ti-Zr-Sn-O-contact, the conversion of 4-methyl-
pyridine on these catalysts reaches 85-90 % at a temperature of 250°C, and it
becomes completeat a temperature of 290 °C.

The main reaction product is 4-cyanopyridine. The yield of the target product
on the V-Ti-Zr-O-catalyst under these process conditionswas 65-77% at a tem-
perature of 250-270°C, on the V-Ti-Zr-WO contact - 76-85% and on the V-Ti-Zr -
Sn-O-catalyst - 15-38%. The selectivity of 4-cyanopyridine formation on a catalyst
containing tin (1) oxide is 90-95%. On the other two catalysts, the selectivity of
the formation of the target product is lower: for example, on V-Ti-Zr-WO it is 82-
85% in the low-temperature region (250-270 °C) and the lowest selectivity is on
the V-Ti-Zr-O-catalyst - 60-72%.

By varying the process conditions for the tested catalyst samples, it was pos-
sible to select conditions that ensure a high selectivity for the formation of 4-cyano-
pyridine. From the data shown in the figure, it can be noted that the optimal process
temperature was significantly different: for a vanadium-titanium-zirconium cata-
lyst and a sample containing 9% of tungsten oxide, the process temperature at
which the highest yield of the target product (85-86%) was obtained at a tem-
perature of 270 °C, and for the V-Ti-Zr-Sn-O catalyst - 87.5% at a temperature of
310 °C.

The phase composition and structural changes occurring in modified vana-
dium oxide catalysts have been studied. It is shown that when zirconium dioxide is
introduced into catalysts containing 6-12% V,0s, TiOz-anatase does not transform
into rutile, and a solid solution of VO,-TiO; is not formed in this system of oxides.
According to the data of X-ray phase analysis, it was found that SnO, and WO;
exist as a separate phase, the formation of chemical compounds of these oxides
with vanadium pentoxide was not found. Zirconium dioxide at a temperature of
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The feed rate of 4-methylpyridine 43 g per 1 liter of catalyst per hour.
4-Methylpyridine : Oz : NH3=1:30: 3.

Catalysts: 1 — V-Ti-Zr-O, 2 = V-Ti-Zr-O + 9,0 % WOs3, 3 — V-Ti-Zr-O + 9,0 % SnOa.

The effect of temperature on the conversion of 4-methylpyridine(A),
the yield of isonicotinonitrile(B), selectivity of isonicotinonitrile formation(C), CO2(D)

600-620 °C forms a chemical compound with V,0s - zirconium divanadate. It was
found that mixed V-Ti-Zr-Sn-O and V-Ti-Zr-W-O catalysts contain ZrV-0, the
monoclinic modification of ZrO, (baddeelite), TiO, (anatase), SnO,, WQOs3, and
V20s. In catalysts, it can exist in small amounts as a separate VO phase.

The chemical and phase composition of mixed vanadium oxide catalysts
formed during operation ensures their catalytic action in the oxidative ammonolysis
of 4-methylpyridine to 4-cyanpyridine.
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Comparison of the catalytic activity of oxide V-Ti-Zr, V-Ti-Zr-Sn and
V-Ti-Zr-W catalysts in the reaction of oxidative ammonolysis of 4-methylpyridine
has been carried out. It was found that the V-Ti-Zr-W-O catalyst showed the best
catalytic propertiesunder these conditions. It has high activity and selectivity of
action in relation to isonicotinonitrile. The conditions for carrying out the reaction
of oxidative ammonolysis of 4-methylpyridine on this catalyst have been found,
which provide the possibility of obtaining 4-cyanopyridine with a yield up to 85-
90 mol. %.
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Pe3iome
T. I1. Muxatinosckas, P. Kypmaxuwisel, /. K. Tonemucosa, K. A. Kaoupbexog

KAJIAMJIBI )KOHE BOJIbOPAM OKCUJITEPIMEH TYPJIEH/IIPUITEH
OKCHUATI BAHAJMU-TUTAHUN-ITUPKOHNUU KATAJIM3ATOPBIHJIA
A-METWJITINPUAMHAI TOTBIKTBIPA AMMOHOJIU3JIEY

4-MEeTWINUPUIUHII TOTBIKTBIpa amMmmoHonuzaeyae Ti, Sn, Zr sxone W okcuarepiMeH
TYPICHOIPUITeH, HEeTi3ri KYpayIIbIChl BAHAAWH TIEHTOKCHII OOJIBIT TaOBIIATHIH KaTaln3a-
TOpJap CHIHANABL. YAEPICTiH HETi3ri mapaMeTpliepiHiH - TeMIepaTypaHbIH, METHI TOOBI-
HBIH HUTPWJI TOOBIHA alfHANYBIHIAFHl 0AaCTalKsl KOMIIOHEHTTED KATBIHACBHIHBIH POl aif-
KBIHIAIIBE; 4-METHIAPUINH/L TOTHIKTEIPAa aMMOHOIN3CYIiH OHTAIIIBI IAPTTAPHI AHBIK-
tanasl. V-Ti-Zr-O-kaTanu3aTopbIHBIH JXKoHE KYpaMbIHIa 9% Bosib(ppam okcuai 6ap yiriHig
KaTaTUTUKAIBIK OeJICeH iir xarbiHaH V-Ti-Zr-Sn-O kaTaau3atopblHaH XKOFapbl eKSH T
AHBIKTAJbl. 4-IIMAHIUPUANH TY3UTylHIH JKOFapbl TaJIFaMJBUIBIFBIH KaMTaMachl3 €TeTiH
mapTrap TabbuIIsl. MaKcaTThl OHIMHIH €H JKOFapsl MIBIFBIMBI (85-86%) V-Ti-Zr-W-0-na
270°C-ta ameiaasl, an V-Ti-Zr-Sn-O katanu3aTopbiHAa 4-1MAHIUPUAWHHIHE IIBIFBIMBI
310 °C Temmeparypana 87,5 %-AbIKYpabL.

TypnenaipinreH BaHaauii OKCHI KaTanu3aTopiapja OOJIaThIH KYPBUIBIMABIK e3re-
picrep xoHe (azansik Kypam 3eprrenii. Apanac V-Ti-Zr-Sn-O sxone V-Ti-Zr-W-O kara-
nu3aTopaapeiaga ZrV,0yz, MoHOKIMHAIK TypiacHiMaepain ZrO; (bamaeenur), TiO, (ana-
1a3), SnOy, WOs3 xone V205 6ap exenairi anbikTanapl. Karammsaropaapaa skeke ¢asa pe-
Tinge a3 momepae VO2 6onybl MyMkiH. V-Ti-Zr-W-O kaTaau3aTtopsl €H jKaKChl KaTajn-
THKITBIK KAaCHETTEP/i KOPCETKeHI aHBIKTANABL. O 4-IUaHMUPUANHTE KATBHICTHI JKOFAPHI
OeNICeHIUTIK TTeH TaJIFaM/IbUTBIKKA He.

Tyiiin ce3aep: 4-MEeTHITTUPHUINH, TOTBIKTHIPAa AMMOHOJIU3IEY, KaTtanu3aTopiiap, TiOz,
SHOZ, WO3, ZI’Oz.

Pe3some
T. I1. Muxaiinosckas, P. Kypmaxuwiser, /. K. Tonemucosa, K. A. Kaoupbexog

OKI/ICJII/ITEJIbeII\/'!’ AMMOHOJIN3 4-METUWJITIMPUITVHA
HA OKCHJJHOM BAHAJJUN-TUTAH-IINPKOHNEBOM KATAJIM3ATOPE,
MOJNPUITNPOBAHHOM OKCUJAMMU OJIOBA 11 BOJIb®@PAMA

B OKHCIHMTEIBHOM aMMOHOJH3E 4-METHINMPUIMHA HCIBITAHBl KaTaJlM3aTOphl Ha
OCHOBE TICHTOKCHJIa BaHAIUs, MOau(uIpoBaHHble okcuaamu Ti, Sn, Zr u W. Brrsasnena
POJIb OCHOBHBIX IApaMETPOB IPOLIECcca - TEMIIEPATypbl, COOTHOIICHHUS UCXOAHBIX KOMIIO-
HEHTOB B IIPEBPAIEHNH METHIIBLHOW TPYIIBI B HUTPHIIbHYIO; ONpPEEICHbl ONTHMAIIbHbIC
YCIIOBHUSI OKHUCIUTEILHOTO aMMOHOMM3a 4-METHITHPHINHA. Y CTaHOBIIEHO, 4T0 V—Ti—Zr—
O-karanuzarop u obpasern, coaepxkamuil 9 % okcuaa Boib(hpaMa, M0 KaTAIATHUCCKOM
akTUBHOCTH peBocxo T V—Ti—Zr—Sn-O-kourakt. HaiiieHs! ycaoBusi, 00€CTICUHBAOIIHE
BBICOKYIO CEJIEKTUBHOCTh 00pa3oBanusi 4-1uaHnupuanna. HanGonpmmii BEIX0O 11€7€BOro
npozaykra (85-86 %) nonyuen Ha V-Ti—Zr—W-O npu temmneparype 270 °C, a Ha kaTanu3sa-
tope V-Ti—Zr-Sn-O Beixon 4-1mannupuanHa coctapui 87.5 % npu Temneparype 310 °C.
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N3zyuen }a3oBblif cocTaB U CTPYKTYpHbIE U3MEHEHHS, IPOUCXOISIINE B MOANDULIN-
POBAHHBIX OKCHIHOBaHAIMEBBIX KATANIW3aTOPaxX. YCTAHOBJICHO, YTO cMeniaHHbie V—Ti—
Zr-Sn-0 u V-Ti—-Zr-W-O katanuszatopsl conepxar ZrV.07, MOHOKIHHHYIO MOAN(HKa-
uro ZrO; (6agneenur), TiO, (anaras), SNO2, WO3 u V20s. B karanuzaropax B HeGOIbIINX
KOJINYECTBAX MOJKET CYIIECTBOBaTh B BUje oTAenbHOH ¢assl VO,. YcTaHOBIEHO, YTO
V-Ti-Zr-W-O karanu3aTop OposBIII HAWITYYIIHNE KaTaluTh4eckue cBoiictea. OH 00namaet
BBICOKOI1 aKTHBHOCTBIO U CEJIEKTUBHOCTBIO IEHCTBHS 110 OTHOILECHUIO K 4-LIMaHIUPH/IMHY.

KaioueBble cioBa: 4-MeTWINMPHUIMH, OKHCINTEIbHBIA aMMOHOJIN3, KaTallu3aToPhl,
TiOz, Sn02, WOs, ZI'Oz.
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SORPTION OF HEAVY METAL CATIONS FROM
A WATER-SALT SYSTEMBY NATURAL MONTMORILLONITE

Abstract. The sorption properties of natural montmorillonite from the Tagan deposit
with respect to heavy metal cations were researched on the model system "Mn?*—Co%*—
NiZ*=V**—H,0-montmorillonite". The influence of temperature, duration of the process and
concentration of solutions, as well as the norm of the sorbent on the degree of sorption
of cations is considered. The optimal conditions for the sorption process (25°C, 30 min,
T:K = 1,5:100) have been determined, at which the degree of solution purification is up
to 86.36% cations of Co?*, 85.59% of Ni?*, 82.64% of Mn?* and 52.29% of VV**. The nature
of the sorption curves is determined by the nature of the sorbed cation. According to the
absorption efficiency of natural montmorillonite, ions are arranged in the following order:
Ni2*> Co?*> Mn?"> V**. The results of the conducted studies indicate the possibility of
effective use of bentonite clays of the Tagan field in the purification of wastewater from
heavy metal cations.

Keywords: sorption, natural montmorillonite, heavy metals, sorption, cations.

Introduction. At present, enterprises specializing in the extraction and pro-
cessing of oil are the largest industrial sources of wastewater pollution with highly
toxic substances, among which the most dangerous are compounds of heavy metals.
The composition of polluted industrial wastewater contains Co, Mn, Ni, V, Cr, Pb
and other metals, even small amounts of which can lead to adverse consequences
for human health and the environment. Heavy metals are able to concentrate in
organisms to quantities that are hundreds and thousands of times higher than their
content in the natural environment. It should be noted that the joint presence of
several elements enhances their toxic effect several times. It should be noted that
the joint presence of several elements enhances their toxic effect several times [1].

Existing methods and means are not always effective in processes of puri-
fication of oil containing water. The most effective, allowing to achieve the maxi-
mum degree of purification are adsorption methods [2] using cheap natural sorbents
with ion exchange and sorption properties [3]. Clays (bentonites) with a highly
developed inner surface, high swelling and chemical resistance meet these
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requirements [4,5]. Bentonites exhibit sorption properties due to a highly branched
surface with active adsorption centers [6,7].

Due to the high ability of montmorillonite to adsorb various organic and
inorganic compounds, bentonite clays with a high content of montmorillonite are
often used. Montmorillonite (MMT) refers to sorbents with micropore sizes
changing during adsorption and with an expanding unit cell; the parameter from the
crystal cell of the mineral can increase by 3-10 A [8].

The large reserves of bentonites explored in Kazakhstan make it possible to
classify the republic as a producer country, such as the USA, China, and Russia.
The main bases of bentonites in the southeastern region of the republic are the
deposits of the Primonrak and Kyngrak groups. The mineral montmorillonite,
which is widespread in the East Kazakhstan region, purifies water by absorbing
heavy metals from it[9].

EXPERIMENTAL PART

As a sorbent, we used montmorillonite-containing bentonite from the Tagan
deposit, located in the Zaisan depression (Eastern Kazakhstan). The content of
montmorillonite in bentonite horizons reaches 90-92%. The chemical composition
of the clay is shown in table 1.

Table 1 — The chemical composition of montmorillonite

Composition, %
SiO2 AlOs | Fe203 Ca0 MgO MnO K20 Na20 TiO2
69.2 23.40 3.05 1.78 1.55 0.47 0.08 0.04 0.37

The sorption capacity of natural montmorillonite with respect to the V#*, Co?*,
Ni2*and Mn?*cations was studied under stirring conditions in a thermostatically
controlled reactor, which was evaluated by the change in their content in the
solution, i.e. by the difference between the initial and residual concentration of
cations (after the completion of the process). The degree of sorption (extraction) is
the ratio of the difference between the initial concentration and the concentration
of cations V (1V), Co (1I), Ni (1), and Mn (I1) attained to a fixed point in time to
their initial content. The initial and final concentrations of vanadium, cobalt, nickel
and manganese ions in solutions were determined on an AA-7000 atomic absorp-
tion spectrophotometer, «ShimadzuCorporation», Japan, Ne A30664901456.

The study of the process of sorption of the studied cations by natural
montmorillonite was carried out in a multimetal aqueous solution.

The specified concentration of V**, Co?*, Ni?*, and Mn?* cations was created
by introducing into the aqueous solution the calculated amount of the corres-
ponding sulfates VOSOs3H,0, C0SO47H.0, NiSO4+7H,0, MnSOs5H,0 of
chemically pure grade.
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RESULTS AND DISCUSSION

According to the information available in the scientific literature, it can be
assumed that natural montmorillonite will exhibit a sorption capacity for cations of
divalent and tetravalent metals (V**, Co?*, Ni?*, Mn*) present in oily waters. In this
regard, studies of the sorption capacity of natural montmorillonite with respect to
the indicated cations were carried out, depending on a number of main process
factors in a multicomponent system «Ni?*— Co?*~Mn*-V**~H,0».

Preliminary studies have shown that the pH of the solution has no significant
effect on the sorption capacity of natural montmorillonite in relation to the studied
cations.

The degree of purification of various media significantly depends on the
fractional composition of natural aluminosilicate. To determine the main properties
of natural montmorillonite as a sorbent of heavy metals in wastewater treatment,
the influence of the size of its granules on the efficiency of sorption of Ni?*, Co?*,
Mn?*, V4 cations was studied. The study of the sorption capacity of montmoril-
lonite of different dispersion with respect to the indicated cations was carried out
at a constant temperature (25°C), S: L = 1.5:100 and the concentration of Ni?*, Co?*,
Mn?*, V# ions equal to 100 mg/l in the time interval from 5 to 60 min process. So
granular (7 mm) montmorillonite and dispersed powder MMT with a grain size of
0.2 mm were used.

The data obtained show that the degree of purification of metal-containing
systems significantly depends on the size of the sorbent granules (figure 1). With
an increase in the degree of dispersion of montmorillonite grains, the degree of
sorption of cations, regardless of their nature, increases. Sorption of the studied
cations on the coarse phase (7 mm) is on average 10-20% higher than on the fine
phase. The contact time of the sorbent with the solution also affects the degree of
purification of the metal-containing solution. However, the nature of the sorption
curves is determined by the nature of the cation and the duration of the process.

Figure 1la shows that, regardless of the granule size, the degree of sorption of
Ni2* cations slightly increases with increasing time.

Sorption curves of Co (I1), Mn (I1) and V (1V) cations are characterized by the
presence of a maximum or a minimum (figure 1 b, c, d). The degree of sorption of
cobalt (11) by the studied sorbents increases up to 30 min, and over the specified
time decreases, which is probably due to the desorption of cobalt cations from
montmorillonite into the solution (figure 1b). At the same time, desorption is less
pronounced when using a granular sorbent (0.7 mm). The optimal time for the
sorption of Co?* cations by dispersed and granular MMT is 30 min.

The sorption curve of Mn?* (11) ions for both sorbents has a weakly pronoun-
ced minimum at 30 min (Figure 1c). It should be noted that with an increase in time
from 30 to (40-60) min, the degree of sorption of manganese (l1) cations increases
insignificantly.

As for the sorption of V* cations, for dispersed (0.2 mm) and granular
(0.7 mm) montmorillonite at 15 min of the process, the degree of their sorption is
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practically the same and amounts to (56.0-58.0)% (figure 1 c). Moreover, the
sorption curve for coarse-grained montmorillonite has the opposite character of the
sorption curve of the powdered sorbent. Thus, coarse-grained montmorillonite
sorbs 15% more in the first 5 minutes of the process compared to the dispersed
sample. With an increase in time from 5 to 15 min, the degree of vanadium sorption
by granular MMT decreases by 8%, and in dispersed ones increases by 5%. In the
system under study, the opposite processes occur: when coarse-grained MMT is
used, desorption of sorbed cations from MMT into the solution takes place, while
dispersed MMT is accompanied by sorption of ions. With an increase in the time
from 15 to 30 min, the degree of sorption by granular MMT already increases to
68.0%, and, on the contrary, decreases to 52.0% with the hyperglymed. In this case,
coarse-grained MMT adsorbs ions, while dispersed MMT is characterized by
desorption of ions, which occurs most intensively in the interval of 20-30 min. At
60 min, the degree of sorption of V** cations becomes practically the same for both
types of MMT (64,0 -66,0)%. Based on the data, it follows that in the sorption of
vanadium, coarse-grained MMT is also more effective at 30 min of the process.
Thus, in the sorption purification of wastewater from heavy metals, it is advisable
to use montmorillonite with a granule size of 0.7 mm for 30 min.

The degree of purification of metal-containing agueous medium significantly
depends on time, temperature, concentration of sorbed cations and the rate of
montmorillonite (S:L ratio).The study of the effect of temperature, time and con-
sumption of montmorillonite was studied at a constant concentration of heavy
metal cations equal to 200 mg/I (figure 2 a, b, c).

The analysis of the obtained results showed that the sorption curves depending
on the factors under study for all cations are of the same type and are represented
by almost rectilinear straight lines. However, the course of the ion sorption curves
is determined by the process parameter. With the duration of the process, the sorp-
tion curves of cations have a weakly pronounced tendency to increase (figure 2 a),
while with increasing temperature they slightly decrease (figure 2 b). With an in-
crease in temperature, the degree of sorption of cations slightly decreases, which is
due to a slight desorption of cations from the sorbent into the solution (figure 2b).
Moreover, this tendency is most pronounced for the sorption of V (IV) cations, the
degree of sorption of which decreases by 24% at 90°C. That is, an increase in tem-
perature initiates the process of desorption of cations, but most of vanadium (V) ions.

The most significant effect on the sorption of all cations is exerted by the S:L
ratio (MMT norm). It follows from the results obtained that an increase in the load
of the sorbent has a direct proportional effect on the residual content of all cations
in the solution (figure 2 ¢). Thus, the best degree of its purification is achieved at
the highest consumption of 1.5 g of MMT per 100 g of metal-containing solution
and amounts to 82.64% Mn?*, 85.59% Ni?*, 86.36% Co?* and 52.29% V**.

Based on the data, it follows that the duration and temperature of the process
do not have a significant effect on the sorption capacity of MMT. The process of
purification of a metal-containing solution in the presence of all studied cations is
largely determined by the sorbent norm.
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The influence of the concentration of the sorbed cations was investigated at a
constant temperature of 25°C and the ratio S:L = 1.5:100 for 30 min. The sorption
curves depending on the concentration of the sorbed cations have an abrupt
(extreme) character (figure 2d). So the curves of sorption of cations Co?* and Ni?*
have an identical character, on which max and min are prescribed at their
concentration of 200 mg/l and 500 mg/l, respectively. When the content of cations
is up to 50 mg/l, the process of their sorption occurs, from 50 to 500 mg/l — desorp-
tion, and in a more concentrated solution (500 mg/l) - sorption again.The process
of sorption of Mn?* and V** cations proceeds according to a different type, their
sorption curves are characterized by the presence of one min at a concentration of
100 mg/I for V** ions and 500 mg/l for Mn?*cations. At the indicated concentrations
of tetravalent vanadium and divalent manganese, sorbed cations are released from
MMT into the solution (desorption), which is apparently due to the tendency of the
system to an equilibrium state.

The behavior of the sorbed cations in solution is possibly related to the size of
their ions. The ionic radii of the Co?* and Ni?* ions are 0.78 and 0.74 A, respect-
tively, and the closeness of the size of their ionic radii determines practically the
same character of the sorption curves. The Mn?* cation has a larger radius size
(0.91 A) compared to the two previous ions and in the range of their concentrations
from 50 to 300 mg/l the degree of solution purification remains almost constant,
desorption is recorded only in a concentrated solution at 500 mg/l. In quantitative
terms, Co?" and Ni?* ions are sorbed more than Mn?* cations, which affects the
effect of ion size on the sorption capacity of MMT. However, the sorption of
V* jons does not fit into this pattern. Having a small ionic radius (0.61 A) in
comparison with other cations, instead of the expected high degree of solution
purification, MMT exhibits the lowest sorption capacity with respect to tetravalent
vanadium. It is possible that the vanadyl cation VO?* is sorbed from the solution,
the ionic size of which is larger than not only the V**ion, but also the Co?*, Ni?*,
and Mn?* ions. As a result, first of all, montmorillonite adsorbs smaller ions (Ni?*,
Co?*, Mn?*), and vanadyl ion is sorbed on the remaining free sorption centers. It is
this that can explain the lower degree of purification of the solution from vanadium
for all studied factors in comparison with others. The degree of purification from
vanadium (V) is 34.0% less than the degree of purification from cobalt (1), 33.3%
less than that of nickel (I1) and 30.0% from manganese (I1).

Graphic processing of the results obtained showed that, regardless of the
factors affecting the sorption of cations, the sequence of sorbed cations in the
system. According to the efficiency of absorption of Mn?*, Co?*, Ni%*, V** ions by
natural montmorillonite in their joint presence, they are arranged in the following
order: Ni?*> Co?*> Mn?*> V#*,

The results of the conducted studies indicate the possibility of effective use of
bentonite clays of the Tagan field in the purification of wastewater from heavy
metal cations.
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O. JK. JKycinbekos, P. M. Yepusxosa, A. A. Aeamaesa,
H. H. Kooicabexosa, P. A. Kaiieiyoaesa, I'. Il Cynmanbaesa

CYJIbI-TY3/1bl XXYUEJIEH TABUFU MOHTMOPUJIJIOHUT APKbBLJIbI
AYBIP METAJIUI KATUOHJAPBIH COPBIIUAJIAY

«Mn?* — Co?* — Ni?* — V* — H,0 — MOHTMOPWJUIOHUT» MOJIENI KYMeCiHaeri aybp
MeTaJll KAaTHOH/IAPbIHA KAThICTHl TaFraH KeH OPHBIHBIH TAOMFH MOHTMOPHJUIOHUTIHIH COPO-
IUSIIBIK KacheTTepi 3epTTeni. TemmepaTypaHblH, TPOIECC Y3aKTHIFBI MEH €pPiTiH/i KOH-
LEHTPAIMACHIHBIH, COHIaii-aK COPOCHT MeIIIepiHiH KaTHOHAAPIBIH COPOIIsIIaHy Jope-
KeciHe acepi KapacTeIpsuiabl. CopOums nponeciHiy oHTalb! xargainapsr (25°C, 30 muH,
T2K = 1,5:100) amsIKTamael, ockl karaainapaa epitingini Co?* KaTHOHBIHAH Ta3apTy
nopexeci 86,36 %, Ni?*- 85,59 %, Mn?* - 82,64 % xone V** - 52,29 % kypaiigsl. Copouus
KUCBHIKTapBIHBIH CHIIATBH COPOLMsIaHATHIH KaTHOHHBIH TaOUFaThIHA OaiinaHbicTel. Taburu
MOHTMOPHWUIOHUTIIEH COpOLMsUIaHy THIMJIUIITT OOMBIHIIA MOHIAp Kelleci PEeTIeH OpHa-
nacaaer: NiZ*> Co?"> Mn?"> V**, Xyprisinren 3eprrey HoTwxkenepi TaraH KeH OPHBIHBIH
OCHTOHHTTI Ca3[JapblH aFblH CyJNApAbl ayblp METal KaTHOHAAPBIHAH Ta3apTyla THIMII
KOJIJaHy MYMKIH €KCHIH JIOJCIICH]II.

Tyiiin ce3mep: copOuus, TaOUFM MOHTMOPHJUIOHHT, aybslp MeTajjgap, copouus, Ka-
THOHJAP.
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Pe3iome

V. XK. Jlocycunbekos, P. M. Yepusikosa, A. A. Aecamaesa,

H. H. Kooicabexosa, P. A. Kaitvinbaesa, I'. I1I. Cynmanbaesa

COPBIIM A KATHUOHOB TAXEJIBIX METAJIJIOB

13 BOJHO-COJIEBOM CUCTEMBI ITPUPOJITHBIM MOHTMOPUJJIOHUTOM

HccnenoBanbl COpOLIMOHHBIE CBOICTBA PUPOIHOTO MOHTMOPMILIOHHTa TaraHckoro
MECTOPOXKICHHS 110 OTHOIICHUIO K KATHOHAM TSDKEJIBIX METAJUIOB Ha MOAEIHHON cHcTeMe
«Mn? — Co?* — Ni?* — V* — H,0 — MOHTMOPHIIIIOHHTY. PaccMOTpeHoO BIMSHME TeMIepa-
TypBI, TPOIOIDKUTEIFHOCTH TIpoIiecca U KOHIIEHTPAIIMH PACTBOPOB, a TAKXKE HOPMBI COP-
OeHTa Ha CTeNeHb cOpOIMH KaTHOHOB. OTpenereHbl ONTHMAalIbHBIE YCIOBHS Ipolecca
copbrmu (25°C, 30 mmu, T:0K = 1,5:100), mpu KOTOpBIX CTEIEHb OYMCTKHA PAacTBOpPA
coctaBisier 10 86,36 % ot Co?", 85,59 % ot Ni?*, 82,64 % ot Mn%" u 52,29 % ot V*'.
XapakTep KpHBBIX COpOIIMHU OIpeessieTcst IpUpoioii copoupyemoro katuHa. 1o addex-
TUBHOCTHU TIOTJIONICHUSI NPUPOJHBIM MOHTMOPWIJIOHUTOM HMOHBI PACIIONAraroTCsS B Clie-
nytomem nopsyike: NiZ*> Co?™> Mn?*> V4. PesynbraThl NpoBENEHHBIX HCCIIEN0BAHMI
CBUJIETENIBCTBYIOT O BO3MOXKHOCTH 3((EKTUBHOTO PUMEHEHUS] OEHTOHUTOBEIX I'MIMH Ta-
TaHCKOTO MECTOPOJK/ICHHU B OUYMCTKE CTOYHBIX BOJI OT KATHOHOB TSKEJIBIX METAJLIOB.

KaioueBble cjoBa: copOuus, NpUpOJHBIH MOHTMOPWIUIOHHT, TSDKENbIE METaJlIbl,
copOumsi, KATHOHEI.
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* * *

C 20.03.2020 mo 20.05.2020 ®onn Ileporo Ilpesunenta Pecnybnuku Ka-
3axctaH Enbackl mpoBOIuI KOHKYPC Ha COMCKAHUE TPAHTOB IO MPEJOCTABICHHIO
(UHAHCUPOBAHUS HAYYHO-UCCIIEIOBATEIBCKUX MPOEKTOB U PabOT MOJIOABIX yde-
HBIX B O0JACTU TMPHKIAJHBIX HAYYHBIX HCCIICOBAaHMWN IO TPUOPUTETHHIM Ha-
[IPaBJICHUSAM HAyK, TEXHOJOIMH M TEXHUKU B BBICIIMX YUYCOHBIX 3aBEICHUSAX U
Hay4JHBIX opranuzanusax PecryOmmkn Kazaxcran.
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IIpaBuia oopmirenus crarei
«XHUMHUYECKHNU )KYPHAJI KASAXCTAHA»

1. OBILIME ITOJIOXEHUA

«Xumunueckuii xkypHan Kazaxcrana» siBisiercs opranoM opaeHa TpynoBoro Kpac-
Horo 3Hamenu AO «MHcTtuTyTa XumMnueckux Hayk uM. A.b. bektypoBay.

Lenb sxypHama — OCBEIIeHNE HOBBIX UJIEH, MPOOJIEMHBIX BOIIPOCOB HAYKH M TEXHUKH,
MOCTIETHIX Pa3pabOTOK U MCCICIOBAHU IS ITUPOKOTO KPYTa CIIEIHAJIICTOB, Ty OIHKyeT
paboTHl MO0 IMHPOKOMY KpYyry (YHAaMEHTAJIbHBIX, NPHUKIAAHBIX W HWHHOBAIIMOHHBIX
HCCIIENOBAHMM B 00JIACTH XUMHH U XUMHYECKOH TEXHOJIOTHH.

ITepen momadeld craThby IS IMTyOTUKAIAK TIPOCHM O(DOPMHTH €€ B COOTBETCTBHH C
TIpaBWIIaMA O(OPMIICHHUS.

2. IPEJACTABJIEHUE CTATEN

Jnsi perucTpauuu ¥ nyOMKanMM CTaTbH MaTepuall CTaTbH MPEACTABILIETCS B
penakmuro (Kazaxcran, 050010, Ammarter, yo. . Yanuxanosa, 106, AO « IHCTUTYT XUMU-
gecknx HayK UM. A.b. BektypoBa», Xummdeckuil xxypHan KazaxcraHa) B KOMITIEKTE CO
CIIEAYIOLIMMH JOKyMEHTaMH:

1. CompoBoanTETbHOE MHMCHMO B PEAAKIMOHHYIO KoJuleruio JKypHama oT opraHu-
3allM, B KOTOPOH NaHHOE HCCIEIOBAHME BBHIMOJHEHO C YTBEP)KACHHEM, YTO MaTepHal
PYKOIIMCH HUTJIE HE ITyOIMKOBAJICS M HE HAXOUTCSI Ha pACCMOTPEHHH IS OITy OJIMKOBaHUSI
B JIDYTUX )XypHajax.

2. AKT dKCTIEPTH3BI.

3. CBenenus 00 aBropax: @aMmins, UMst ¥ OTYECTBO Ka)KI0TO aBTOpa, CIyKeOHbIe
ajipeca ¢ yKazaHHEM ITOYTOBOT'O MHJIEKca, ajipec anektponHoi nmoutsl 1 ORCID.

4. HayuHble yupeKaAeHUs, BEICIINE yueOHbIe 3aBEACHNUS, IPOMBIIIUICHHbIE MTPEIpHUs-
TUSL U KQXKABIH aBTOP HAYYHOW CTaThbW, UMEIOIINH yUCHYIO CTEIICHb JOKTOpa, KaHIuAaTa
HayK win cteneHb PhD, mpeacTaBisiioT KCEpPOKONMHMIO MM CKaH-BEPCHIO KBUTAHIHMU O
noanucke Ha «Xumudeckuit xypHan Kazaxcranay. (IloxmucHoit namekc B katamore AO
«Kas[louTa» wnu B nomomHeHHN K HeMy — 75 241). be3 3Toro JoKyMeHTa CTaThu HE TpH-
HUMAaIOTCH.

5. DneKTpoHHas BepCHs CTAaThbH JOJDKHA OBITH INPEICTaBJICHA IO 3JIEKTPOHHOMY
anpecy: ics_rk@mail.ru u agpecosana B Pemakimio XuMuueckoro sxypHaia Kasaxcrana.
®aifn 1omKeH ObITh Ha3BaH MO (paMUIMK IIEPBOTO aBTOPA HA AHTTIUIICKOM SI3BIKE.

3. CTPYKTYPA ITYBJINKALAMN

3.1. B Havaje cTaThu yKa3bIBae€TCS HOMEP MO YHUBEPCAIBHOM JAECATUIHON KIIaCCH-
¢ukamm (Y/K), cooTBeTcTByromuil 3asBieHHON Teme. [lanee, mocie OTCTyma CTPOKH
YKa3bIBaeTCS HA3BaHHE CTAThbH TPOITUCHBIMH OYKBaMH, HIPU(T — MOTY>KUPHBIN, BEIPaB-
HUBaHHE TEKCTa M0 ICHTPY.

3.2. Jlanee, mocne OTCTyINa CTPOKH, YKA3bIBAIOTCS MHUMHMAJIBLI H (paMHJINHA aBTO-
pa(-0B) MPOMUCHBIME OYKBaMH, IMIPUPT HEKUPHBIA, KYPCHB, BhIPABHHBAHUC TEKCTA IO
ueHTpy. ®aMunus aBTopa, ¢ KOTOPBIM CIIEIyeT BECTU MEPEIHCKY, TOKHA OBITH OTMEUCHA
3Be3noukoii (*): C. C. CATAEBA*, A. M. JDKYFAHAJIUEBA.
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3.3. Uepes cTpOKy CIeAyIOT HanMEHOBaHHE(sI) OpraHU3aIfil (B aHTIIUHCKOM TEKCTE
HEOOXONMO YyKa3bIBaTh O(HIMAIGHO MPHUHATHIN TEepeBOoA Ha3BaHU) (yKa3bIBaTh JacTh
Ha3BaHUS OPTaHW3alWN, KOTOpask OTHOCUTCSA K IMOHATHIO IOPHIMYECKOTO JIMIA), TOPO/,
cTpaHa). B aHrnmiickom BapmaHTe aapecHBIe CBENEHHS TOJDKHBI OBITH IPEICTaBICHBI Ha
aHTJIMIICKOM SI3BIKE, B TOM YHCJIEC TOPOA U cTpaHa. JlaeTcs CTpPOYHBIMH OYKBaMU, BBIPaB-
HUBAHUE 0 LCHTPY.

Ha cnenyromeii cTpoke yka3biBaeTcsi 3JIeKTPOHHBIN agpec Juisi nepenucku. Jlaercs
KYPCHUBHBIM HauepTaHHEM, BHIPABHUBAHKE TEKCTA IO IICHTPY.

3.4. Pe3rome (Abstract) cocrout u3 kpatkoro Tekcra (He meHee 150-300 cioB) Ha
SI3BIKE CTaTBhH, KOTOpOEe MyOJIMKyeTcs B MEXIyHApOTHBIX 0azaX MaHHBIX B OTPHIBE OT
OCHOBHOTO TEKCTa; OHO JOJDKHO OBITh aBTOHOMHBIM, BCE BBOJMMEIC O0O3HAaUYCHUS U
COKpaIeHus: He00X0MMO paciupoBaTh 31eCh Ke.

[IpuBeTcTBYEeTCS CTPYKTYpHpPOBAaHHOE PE3iOME, MOBTOPSIOICE CTPYKTYPY CTaThbH H
BKITIOYAOIee: BBe/leHHe, LeJH M 3ada4d, MeTOAbl, Pe3yJbTaThl, 3aKI0UeHHe (BbI-
BoAbI). B To ke Bpems, Lenu W 3aJadd ONHCBHIBAIOTCS, €CIIM OHM HE SICHBI U3 3ariaBhs
CTaTbU, METOMBI CIICAYET OMUCHIBATh, €CIIM OHU OTIIMYAIOTCS HOBU3HOU. B pe3rome BKItO-
YAOTCsS HOBBIC PE3YJBTAThl, MMCIOIIUE IOITOCPOYHOC 3HAYCHUE, BAXKHBIC OTKPBITHS,
OIIpPOBEpraroline CyIIECTBYIOIINE TEOPHH, a TAK)Ke NaHHBbIC, UMEIOIINE NPAKTHYECKOe
3HAuUCHHE.

AHHOTAIMSI HE JJOJDKHA COJICPIKATh HOMEpa COCIMHCHHMN, IKCIICPUMCHTAIBHBIC JTaH-
HbIC, COKpAIICHUS U CCHUIKH Ha yuTepaTypy. Jaercs ¢ ab3allHOrO0 OTCTyHa CTPOYHBIMU
OykBaMU, BEIpaBHUBAHHUE TEKCTa TI0 IICHTPY.

PE3IOME Tonbk0 01HO — B Hayaye TekcTta. B koHIe crathu mocne Crimcka Jinure-
paTyps! (omonEuTeNpHO mpuBoauTes epesox PESIOME Ha kasaxckuii (TYWIHIEME)
¥ Ha QaHTJTMHACKUN S3BIKH.

3.5. laniee Ha sI3bIKE CTAThU MIPUBOJATCS KJo4eBbie cioBa (oT 5 qo 10 mit.), obec-
MIEYMBAIOINE HanOoJee IOJTHOE PACKPBITHE CONEpKaHHWA CTaThH. J[aloTCs CTpOYHBIMHU
OyKkBaMU, BEIpABHUBAHHE TEKCTa TI0 JIECBOMY Kpalo.

3.6. DkcnepuMeHTANBLHAS YACTh COACPKUT ONMUCAHKE XOJ[a ¥ PE3yJIbTATOB IKCIICPH-
MEHTa, XapaKTCPUCTHUKY MOJYUYCHHBIX COCTUHCHUI. B Hauase 3KcriepuMEeHTaIbHON YacTu
MIPUBOJATCS Ha3BaHUS MPUOOPOB, HA KOTOPBIX 3apErHCTPUPOBAHBI (PH3HKO-XUMHUCCKUC
XapaKTEePUCTHUKH BEIECTB M YKa3bIBAIOTCS YCIIOBHSI M3MEPEHHST; TAKXKE YKa3bIBAIOTCS JIHOO
HNCTOYHHUKH HWCIOJBH30BAHHBIX HETPHBHAJBHBIX PEAreHTOB (HampuMmep, "KOMMeEpUYecKHe
IpenapaTsl, Ha3BaHue GUPMBI"), THOO TAIOTCS CCBUIKH Ha METOJUKH MX TOTYICHUS.

JlaHHBIE PEHTIEHOCTPYKTYPHOTO aHAJH3a MIPEICTABISAIOTCS B BHJIC PUCYHKOB U Tao-
Jauu. Bce HoBbIe coennHenus, Tanabie PCA KOTOPBIX IPUBOIATCA B CTAThE, TOJDKHBI OBITH
3apeructpupoBanbl B KemOpumxckoii 60aze CTpYKTYPHBIX JaHHBIX U UMETh COOTBET-
cteyrouie CCDC-nomepa.

3.7. CraThsl 3aKaHUYMBACTCS CIIHCKOM JINTEPATYPHI CO CCHUIKAMU HA PYyCCKOM SI3bIKE
U CCBUIKaMU Ha s3bIke opurrHaia. CCBUIKHM Ha JUTEPATypHbIC HCTOYHHKH B TEKCTE TPH-
BOJIATCS MOPSIKOBBIMHU apaOCKuMH HU(ppaMu B KBAJPATHBIX CKOOKaX MO Mepe YIOMHU-
HaHus. [IpennoyTHTENbHO, KaXIas CChUIKA JOJDKHA COJCPXkKATh TOJILKO OJIHY JIMTEpa-
TypHy 1utaty. CIUCOK JUTEPaTyphl JOJDKCH OBITh MPEICTABICH HAUOOJICE CBEKUMH U
aKTyaabHBIMH UCTOYHHUKAaMU. M30eraiiTe U3UIIHEr0 CAMOLUTHPOBAHUSI.

3.8. [locne Crincka nuTepaTypsl cieayeT Pe3ioMe Ha ABYX M3 TPEX S3bIKOB, KOTOPBI
OTIIYEH OT OCHOBHOTO TEKCTA. YKA3bIBACTCS: Ha3BAaHHE CTAThH, WHUIMAIG U (haMILTHI
aBTOPOB, pe3fOMe, KITIOUEBBIE CIIOBA.
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4. TPEBOBAHHS K O®OPMJIEHUIO PYKOITMCEN

4.1. O6beM cTaThH, BKIIIOYAsi aHHOTALMIO M CIIMCOK JIMTeparypsl: 10 8-10 crpanu,.
O0630pHBIe cTaThU MOTYT OBITH 110 20 cTparuil. CTaThs JOJDKHA OBITH HalledaTaHa Ha OTHOM
cropoHe nucta A4 mpudrom TimesNewRoman, pasmep keris 14 0T; MEXCTPOYHBIN HH-
TepBaJl — OWHAPHBINA U TOJSIMH: BepXHee — 2 CM, HIDKHEee — 2 CM, JIeBoe — 3 CM, IpaBoe —
1,5 cM; paccTaHOBKA IIEPEHOCOB HE JIOITyCcKaeTcst; ab3anHsiid otcTyn — 1,0 cM; popmaTupo-
BaHue — 1Mo mupuHe. JoJoKeH ObITh HCTIOTb30BaH TEKCTOBLIHM penakrop Microsoft Word for
Windows, & Buze doc-daiina, Bepcust 6,0 1 Goiee mo3HHIE.

4.2. YpaBHEHHSs1, CXEMBbI, TaOJIUIIBI, PUCYHKH M CCBUIKU Ha JIUTEpaTypy HyMepyIOTCs B
NMOopsAAKE UX YIOMHHAHUA B TEKCTE U JOJIKHBI 6bITb BCTABJICHBI B TCKCT CTAaTbU IIOCJIC
IIEPBOTO YIIOMUHAHHSIL.

CCBUIKM Ha HUCIOIL30BAHHBIE UCTOYHUKHU MPUBOJATCA IOCJIC MUTATHI B KBAJAPATHBIX
cKko0Kax, C yKazaHHeM IOPSAKOBOIO HOMEpa UCTOYHUKA IIUTUPOBAHUS, B COOTBETCTBUH C
I'OCT 7.1-2003 «bubnuorpaduyeckas 3anuch. bubdaunorpapuueckoe onucanue. Oomme
TpeOOBaHMUS U MIPAaBHIIA COCTABICHUM.

4.3. TTo BOBMO>KHOCTH CIIEAyeT TOTOBUTh PUCYHKH C TIOMOMIBIO KOMIIbIoTepa. OqHo-
TUTHBIE KPUBBIE JOJDKHBI OBITH BBITIONHEHBI B OTMHAKOBOM MAacIITabe Ha OJHOM PUCYHKE.
KpuBrle Ha prcyHKaX HyMepyrOTCs apaOCKUMU MU(PpaMu, KOTOPEIe paciii(pOBEIBAIOTCS B
MOIHCAX K pUCYHKaM. J{1sl BceX PHUCYHKOB HEOOXOIMMO MPEICTABUTH TpaduuecKue
¢aiinel B popmaTe jpg ¢ MUHUMATIBHBIM paspemiendeM 300 dpi. Haanucu Ha pucyHKax
JIOJDKHBI OBITh Ha AQHIJIMICKOM $3bIKE M II0 BO3MOXKHOCTH 3aMEHeHbl Ludpamu, pac-
mr(ppoBKa KOTOPBIX AAETCS B MOJIHUCH K PUCYHKY.

Pucynok 1 — Jleranu npubopa.

4.4. Kaxmas tabamua JTO0DKHA MMETh TEMaTHUYECKHHM 3arojIOBOK M TIOPSIKOBBII
apabckuii Homep (0e3 3Haka Ne), Ha KOTOPBIA JaeTcsi cCchulka B TekcTe (Tabmuma 1).
Ha3zBanue Tabmuibl pacrmonaraercs HaJ TaOJUIEH cieBa Oe3 ab3al[HOrO OTCTyIa B OJHY
CTPOKY C €€ HOMEPOM 4epe3 THpe 0e3 TOUKH MOCIIe Ha3BaHMSI.

4.5. TIpu BEIOOpE eAMHUII H3MEPEHHST PEKOMEHYETCs IpHUIepKHUBaThest cucteMbl CU:

B necaTHYHBIX APOOAX HeJasd 4acTh OTAeJsieTcsl OT JAPOOHONM He 3anamoil, a
TOYKOM.

11 Bcex BrepBble CHHTE3HPOBAHHBIX COCAMHEHHIT 00513aTeIbHBI JaHHBIE JJIe-
MEHTHOTI'0 aHAJIN3a 100 Macc-CNeKTPbl BHICOKOI0 pa3pemieHns.

4.6. Tlo TpeboBanusiIM MeEXIyHapoHbIX 0a3 ganHbix Scopus, Clarivate Analitics,
Springer Nature npu oueHke MyOIUKALMIA Ha A3bIKAX, OTJIMYHBIX OT aHIJIUICKOrO, OHO-
nrorpaMuecKie CHUCKU JOJDKHBI JaBaThCsl HE TOJBKO Ha sI3bIKE OpPHIMHANAa, HO W B
naruHune (pomMaHckuM andasurom). [ToaToMy aBTOpPHI cTaTel, 0JaBaeMbIX Ha PyCCKOM H
Ka3aXCKOM SI3BIKE, TOJDKHBI IPETOCTABIATE CIIMCOK JINTEPATYPHI B ABYX BapUaHTaX: OOUH
na sasvike opueunana (CHMCOK JIMTEPATYPbI), d Opy2oil — 6 POMAHCKOM aapasume
(References). TTocineauuii CIIMCOK BXOAUT B aHTIIMACKUIN OJIOK, KOTOPBIA PACIOIOKEH B
KOHIIE CTAaThH.

Crimcok MCTOYHHMKOB B References momkeH OBITH HamncaH TOJNBKO HA POMAaHCKOM
andasuTe-maTUHUIE (TP 3TOM OH JOJDKEH OCTaBaThCs TONHBIM aHayioroM Crmcka
JUTEPaTypbl, B KOTOPOM HCTOYHUKU OBLIM MPEICTABICHBI HA OPHUIMHAJIBHOM SI3BIKE
oIy OJINKOBaHMS).

JIyis HanMcaHus CChUTOK HA PYCCKOSI3BIYHBIC MCTOYHHUKH (M UCTOYHUKU HA WHBIX, HE
HCTIOJB3YIONINX POMAHCKUIA aJi()aBUT, SI3bIKAX) CIICAYCT UCIIOIE30BATh ODULIMAJIBHBINA
IMEPEBO/J u TPAHCJIMTEPALIUIO (cM. Tpe©oBaHus K HEPEBOIY U TPAHCIUTEPALIMH).

219


https://www.epidemvac.ru/jour/manager/files/%D0%9F%D0%95%D0%A0%D0%95%D0%92%D0%9E%D0%94%D0%98%D0%A2%D0%A0%D0%90%D0%9D%D0%A1%D0%9B%D0%98%D0%A2%D0%95%D0%A0%D0%90%D0%A6%D0%98%D0%AF.docx

XUMHYECKHHU )XYPHAJI KA3AXCTAHA

TpaHcauTepauo MOKHO BHIIOIHUTE Ha caiite http://www.translit.ru.

VYCIIOBHBIE COKpAIIEHUS HAa3BAHWH PYCCKOS3BIYHBIX JKYPHAIOB M CIPAaBOYHHKOB
MIPUBOJIATCS B COOTBETCTBHH C COKpAIlEHUSIMH, IPUHATHIME B "PedepatnBHOM KypHaie
Xumus": http://russchembull.ru; aHrTOS3BIYHEIX ¥ APYTHX MHOCTPAHHBIX JKYPHAJIOB — B
COOTBETCTBUM C COKpAICHUSAMH, DPEKOMEHIYyEeMBIMH H3IaTelbcTBOM «Springer and
Business Media»: http://chemister.ru/Chemie/journal-abbreviations.htm

[MpuBoasiTcs haMUIMK U WHUIMATB BCEX aBTOPOB (cokpaiienus u op. u etal. ne
JIOTTYCKAaIoTCs).

B Cnucke nmutepatypsl U B References Bce pabotsl nepeuncisitores B IIOPAIKE
HUTUPOBAHMNSI, a HE B asipaBUTHOM MOPSIAKE.

DOI. Bo Bcex cinydasx, KOraa y IMTHPYEMOIrO Marepuana ecTb Hu(poBOi HICH-
tudukatop (DigitalObjectldentifier — doi), ero HeoOX0aUMO yKa3bIBaTh B CAMOM KOHIIE
ommcaHus HCTOYHHUKA. IlpoBepsATs Hammume doi y HMCTOYHHMKA CIEAyeT Ha canTe
http://search.crossref.org mmm https://www.citethisforme.com.

5. OLIEHKA U [TPUHSATUE ITYBJIMKALIUI

[Mocne mony4eHus pyKOIMCH U ONOBEIIEHHS aBTOPOB IIEPBOHAYAIBHYIO OLIEHKY CO-
OTBETCTBHSI PyKOITUCH TPO(HITIO )KypHaNa, akTyalbHOCTH W HOBH3HE IMPOBOJIUT PEIAKTOP
Kypnana; 3aTeM oHa HampaBIIIETCS PEIICH3EHTY Ha MEPBUYHOE “Clenoe” perieH3upOBaHUEe
B TeueHue 14 paboumx mHeir. Jlanee WMCHOIB3yeTcsl BTOpoe “‘ciernoe” pereH3UpOBaHUE
OJIHUM W3 WICHOB PEIKOJUIETHH, KOTJa PEIICH3EHT 3HAeT 00 aBTOpE, aBTOP O PEIICH3CHTE —
HeT. [Tocre BRICKa3aHHBIX 3aMEYaHUH PYKOIIMCH HAIPABIIACTCS HA MEPBUYHYIO0 10PabOTKY
(o 7 xanmeHmapHBIX THEH).

[Mocne nony4enust 1o0pabOTaHHOTO BapHaHTa TEKCTA OH HANPABISIETCSl HA MOBTOPHOE
penensupoBanue (10 14 pabouux qHei). PerieH3eHT gaeT 3akiirodeHue 00 omyOIMKOBaHUH
WUJIN OTKJIOHCHHUHU CTATbhHU.

[Tocne sTOoro Hay4HbIH PeJaKTOpP >KypHaja BbICKAa3bIBaeT 3aMEuYaHMs, BHOCHUT
HCHOPaBJICHUA U COIIACOBBIBACT UX C aBTOpaMM.

[Tocne Hay4HOrO pelaKTHPOBAHMS TEKCT HAIPABISETCS JIMTEPATYPHOMY pedaK-
TOpy. JIuTepaTypHBIA perakTop MPOBEPSET COOTBETCTBHE OhopMIleHH pyKonwucH [IpaBu-
maMm xypHaia. OH [enaeT 3aMeYaHus], BHOCUT UCIIPABJICHUS U COTIACOBBIBACT UX C aBTO-
pamu.

He0pe:xxHo odopMiieHHBIE PYKONUCH IOJY4YalT 0oJiee HM3KHH NPHOPUTET B
ovepeay HA MyOJIMKALUIO.

PerieH3eHTHI OTICHUBAIOT ITyOIUKAIIMHA Ha COOTBETCTBUE KPUTEPHUSIM JKypHAa.

— CTEIIEHb UHTEpeca CTaThbU U ayIUTOPUU KypHala,

— 3HAYUMOCTb, OPUTUHAJIBHOCTD,

— KOPPEKTHOCTh MOCTAHOBKH 3KCIIEPUMEHTA U WHTEPIIPETALUU Pe3yJIbTaTOB HCCIIe-
JIOBaHMS;

— [1eJ1eCO00pa3HOCTh LIUTHPYEMOH JIUTEpaTyphl;

— SICHOCTB M JIOTHYHOCTH M3JI0KEHIS,

— oopMIIeHHE CTaTbH, B COOTBETCTBHU ¢ [IpaBuimaMu A aBTOpPOB.

PenensnpoBanne mpoBOANUTCS KOH(PHUACHITNATHHO.

PereH3eHTH BBIBIAIOT B PEIIEH3WU ACIEKTHI, JeNarolire MOJaHHYI0 CTAaThI0 MHTe-
PECHOW JUIS YWTaTeNs JKypHajla, M YKa3bIBalOT Ha HEJIOCTATKH IIPEICTABIIIEMBIX pe-
3yJbTaTOB, KOTOPHIC HE MO3BOJIIIOT MPHUHATH CTAaThIO K IedYaTH. Pemakums ocTaBiseT 3a
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c000¥ paBo coKpamark TeKCT U BHOCUTh PEJaKIIMOHHYIO IIPaBKY, B TOM YHCJIEC B HA3BaHUE
paboThLI.

PenakTop nprHIMaeT OKOHYATEIHHOE PELIEHUE O IPUHSATHH PYKOITUCH K ITy OJIMKAUU
B JKypHane. Pykomucu, odopMieHHbIE HE 10 IpaBHiIaM, BO3BPAILAIOTCS aBTOpam 0e3
paccMmoTpenus. [Ipu oTnpaBke cTaThu aBTOpaM Ha JOPabOTKY MO 3aMEYaHMsIM peaaKkTopa
U PELEH3EHTOB, OHA IIOBTOPHO PELEH3HPYETCs, H PEIKOJUICTHs BHOBb peIlaeT BOIPOC O
NPUEMIIEMOCTH CTaThH I IyOuikanuu. [lepepaboTaHHas pyKONUCH OJDKHA OBITH BO3-
BpallleHa B PEIaKLHIO B TCUCHHE MecsIIa.

JlaToit IpHHATHS K IEYaTH CYUTACTCS JaTa IOCTYIUICHUS BEPCUH, yIOBJICTBOPSIOIICH
BceM TpeboBanusM JKypHana. O4epeHOCTh Ty OJIMKALMK yCTaHABIMBACTCS 10 JaTe MPH-
HSTHUS CTaTbU K IEYaTH.

B JKypHan mpuHHMAIOTCsl CTaThH, COJEpIKallie OPUIMHAIIBHBIE, paHee He OIryOuu-
KOBaHHbIE B M€YaTH, U HE HAaXOMSIIMECS HAa PACCMOTPEHHH B APYTHX MEPUOIMYECKUX
W3IaHUSIX.

Peoaxyuonnas xoaneeus Xypnana
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