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IOBUJIEMHBIE JTIATHI

K 90-JIETUIO

AKAJIEMUKA HAIITUOHAJIBHOM AKAJIEMUAU HAYK
PECIIYBJIMKHU KA3AXCTAH

BYJATA AXMETOBHUYA
KYBAHOBA

4 ¢espans 2019 1. ucromHMock 061 90 JIeT cO AHS POXKIEHHUS aKaIeMHKa
HanmonanpHOW akagemuu Hayk PecrryOonmmkm KaszaxcraH, W3BECTHOTO YUYEHOTO-
XHUMHKa C MHUPOBBIM HMeHeM, jaypeara ['ocymapcrBenHoil nmpemuun Ka3zCCP B
o0JIaCTM HAayKd M TEXHHKH W [OCyJapCcTBEHHOHW NpeMHHM HMMEHH aKaJeMHKa
Axanemun Hayk KazCCP u CCCP K.M. CarnaeBa, 3aCiTy>KEHHOTO I€ATENS HAyKU
Pecrryonmmkm Kazaxcran, kaBanepa opaeHoB TpymoBoro Kpacuoro 3HameHu u
OxTs0pbckoii  PeBomoniny, JOKTOpa XUMHYECKHX HaykK, npodeccopa bymara
AxmeroBuya XKybOaHoBa.

Kvzap n HaydHas nesaTenbHOCTh bynara AxmeroBuda JKyOaHoBa — mpumep
BBICOKOTO CITy’)KEHHUS HayKe, KOTOpOe OH MpoHec depe3 ronasl. bymar AxmeroBuu
ponuncs 4 ¢espans 1929 rona B ayne Ne 9 Temupckoro paiioHa AKTIOOMHCKON
obmact B cembe Kommo3uTopa Axmera KyanoBmua JKybGaHoBa, akamemuka,
OCHOBOTIOJIO)KHHKA Ka3aXCKOH COBETCKOM MY3bIK&IBHOM KyJbTypbl. OKOHYHB B
1947 rony cpennioro mkomy Ne 25 B Anma-Ate, oH moctynuil B MOCKOBCKHIA
XUMUKO-TEXHONOrn4eckuii nHCcTUuTYT uMenu .M. MenaeneeBa, mocjiae OKOHYa-
HHAS KOoToporo B 1952 romy Obur mpuHAT B acnupaHTypy. Ilom pykoBoacTBOM
axagemuka AH CCCP B.K. Kopmaka u npogeccopa I'.C. Konecuukopa B 1955 r.
Bbynar AxmeroBuu 3ammutun gucceprauuio «llonukoHaeHcauus apuiauxiIop-
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¢dochuHOB C 1,2-IUXITOPITAHOM B TMPHCYTCTBUH XJOPUCTOTO ATIOMUHHS» Ha
COUCKAHUE YYCHOHN CTENCHHM KaHAMJaTa TEXHWYCCKMX HAyK M Hadaj CBOIO TPY-
JOBYIO JIEATENBHOCTh B WHCTHUTYTE BIIEMEHTOOpraHWYEeCKHX coefamHeHuit AH
CCCP. C 1956 r. Bca xu3Hb bynata AXxmMeToBH4a cBsizaHa ¢ IHCTUTYTOM XHMH-
yeckux Hayk uMeHu A.b. bekrypoBa, rie oH mpomien myTh OT MJIaIIIero Hayd-
HOTO COTpPYAHHKA JI0 3aBeaylomiero jadopatopueit cuHTe3a moiaumepoB (1968-
2009), mupexropa mHCTHTyTa (1968-1988), TrIaBHOTO HAYYHOTO COTPYIHHUKA
(2009-2014). B 1967 r. Kybanos b.A. 3amumrun auccepramuio «MccnempoBanus
peakiuu TOJMAMHIUPOBAHUS KUPHOAPOMATHUECKAX aMHHOBY» Ha COHCKaHHE
VUICHOU CTEICHH JOKTOpa XMMHYECKHX Hayk, 1972-1994 r.r. OpuT akageMHKOM-
cekperapeM OTAEICHUS XUMHKO-TEXHOJIOTHYECKUX HAYK M WICHOM INPEe3UIuyMa
AH Ka3CCP u HAH PK.

B.A. XKXy0aHOB sBISETCS OMHUM W3 OCHOBOIIOJIO)KHHKOB PAa3BUTHS XHMHH
nommMepoB B Kaszaxcrane. 3a roapl pabOTH B JaHHOM 00JIaCTH HAYKH IIO7 €T0
PYKOBOZICTBOM IPOBEAEHBI HICCIIEIOBAHI 10 CHHTE3Y HOBBIX OJIHMAMHUIOB, 00Ja-
JAIOMIAX YHUKAJIHHBIMU CBOWCTBAMH, U JETaJIbHOMY H3YUCHHIO MEXaHH3Ma IOJIH-
aMUIMPOBaHUs, HAWJEHO OOBSICHEHWE IIEJIOTO Psiia XUMUYECKHX IpeBpalieHuit
KCHJIWJICHANAMHHOB, BIHAIONIUX HA XOJ MolnMepooOpasoBaHus. COBMECTHO C
COTPYOHHKAMH TIOJYYECHbl Ppa3INYHbIE OpPWUTHHAIBHBIE TOJUMEpPHl KOHJEHCa-
[MOHHOTO THUIIA.

Pa3zpaboTanpl crmocoObl CHHTE3a HOBBIX MOHOMEPOB Ha OCHOBE WMHJA
TPUMEJUTUTOBON KHCIIOTHI, a TAK)KE MEXaHW3M JIBYCTaIUHHON MOJMKOH/ICHCAIINN
TPUMEIUIUTUMHIA U APYTUX HMHUJOKApOOHOBBIX KHCIOT C JAMaMHUHAMH, HOBBIC
oM yHKIINOHAIBHBIE MOHOMEPHI (AMKETOAMAHTHAPHUIBI) U IIOJIMMEPHl Ha HX
ocHoBe, ycroiuussle 10 500 °C. Ilpu uccnenoBaHMM anMIMPOBAHUA MONHAIED-
HBIX apOMaTHUYECKUX COEJAMHEHWH OTKPBITA HOBas pPEaKIHWs: alWIMPOBAHUE C
nerunpuaokoHaeHcaueit (peakmus JKybaHoBa-Meccepiie), O OTHOIICHHIO K
KOTOpO# peakius arpupoBanus no @punento-Kpadrcy siBiiseTcss 4acTHBIM CITy-
YaeM, MMEIONUM MECTO MPH TOHW)KEHHOW aKTHBHOCTH AallFTUPYIOMIETO KOMII-
nexca. Ha ocHOBe 3THX MOTUMEPOB CO37aHBI BHICOKOIIPOYHBIE KOMITO3UIIOHHBIE
MaTepuanbl (CTEKJIOIIACTHKH, TEIJIO3allUTHBIE IOKPBITHS), Tpecc-u3aeNnus,
YCTOMYMBBIE K TEPMOOKUCIUTEIBHON AECTPYKIHH, Pagdalliy, MPEBOCXOASALINE
MPOMBIIIIICHHBIC TIOJTHAMUJIHBIC MaTepHaibl. bpun Takke pa3paboTaHbl CrIOCOOBI
MOJYYECHHUST BBICOKOIPOYHBIX TETIONPOBOIHBIX METAIJIOHAIIOJHECHHBIX KOMITO3H-
TOB C aHTU(PPUKIIMOHHBIMU CBOWCTBAMH, TOKOIIPOBOSIIIUX MATEPUAIOB U JIp.

Oco0oe MecTo B HAyYHBIX UCCIIEOBAaHUAX akagemuka b.A. JKybaHnoBa 3aHu-
Maiu paboThI, CBA3aHHBIE C pa3pabOTKOW CHHTE3a IUKIMYECKOTO IHMAHTHAPHAA
TPULUKIIOICICHTETPAKapOOHOBOM KUCIIOTHI, TaK HA3bIBAEMOIO aJIAyKTa OeH301a,
peakiueil OeH30Jla W MaJIEMHOBOTO aHTHUApWIA 1O Bo3nehcTBHeM Y D-00iry-
yenns. /leTanpHOe n3ydeHrne 0COOCHHOCTEN U 3aKOHOMepHOCTEH mporiecca (poTo-
UKJIOKOH/ICHCANINU OEH30J1a, €TO aJKHII-, FaJIOTeH-, apHI3aMelleHHBIX, ypaHa C
MaJICMHOBBIM aHTHJIPHJIOM W €r0 JAUXJIOPIPOU3BOJHBIMU MPUBEJIO K MOIYYCHUIO
6osee 40 HOBBIX MOHOMEPOB. bbUTO pa3paboTaHO HECKOJIBKO THIIOB PEaKTOPOB,
B KOTOPBIX HCIIOJIb30BAIUCH Pa3UYHBIe HCTOYHHKH Y D-00MydeHus, a Takke
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CO3/1aHBl YCTAHOBKH T10 UCTIOJIH30BAHUIO COTHEUHON YHEPTHH ISl CHHTE3a HOBBIX
TUAHTUAPUIOB.

Ha ocHoBe cHHTE3MPOBaHHBIX MOHOMEPOB METOJIOM OJIHO- U IBYXCTaIUIHOMN
MOJIMKOHAEHCALNY C Pa3IMYHBIMHU JUaMUHAMH B MOJISIPHBIX allpOTOHHBIX PacTBO-
PHUTENSAX aMHUIHOTO THIA TOJIYYESHB! ATHIHUKINIECKHE TOJIHUMHUIBI, U3 KOTOPBIX
M3TOTOBJIEHBI TEPMOCTOMKHE BOJIOKHA, IIJIEHKH, JIAKH, KPACKH M 3Majb-IPOBOA.
Ilo nanunatuse b.A. J)KyOaHoBa B 1abopaTopuy CHHTE3a NOJIMMEPOB ObUIH HaYa-
ThI UCCJICZIOBAHUS 110 BBICOKOTEMIIEPATYPHOMY CIIOCO0Y CHHTE3a BHICOKOMOJIEKY-
JISIPHBIX PACTBOPUMBIX MOJUUMHIOB — KaTAJUTHUYECKasl peaKkIus MONHALUINPO-
BaHUs AMaMUHOB JUAHTHIPHIAMU aJTHMIHUKIMYECKHX TETPaKapOOHOBBIX KHCIOT U
BHYTPHUMOJIEKYJISIpHAsT LUKIM3aLUsl aMUIOKUCIOTHBIX (PparMeHTOB, MPOTEKAIO-
M€ B OJIHOM 00beMe B MPOTOJUTHUYECKUX PacTBOpHUTEISIX. B Xoze mposeneHus
HCCIIEIOBAaHNHM MO KaTAIUTHUYECKOMY CHHTE3Y MOJMUMUAOB ObUIO HAWAEHO HOBOE
MIOKOJICHUE KaTaJN3aTOPOB, BHICTYHAIOIIMX OAHOBPEMEHHO B POJM KPacUTEJCH.
[Ipu u3ydeHnn KHHETUKN (POTOMECTPYKIIUN OKPAMICHHBIX MOJMAMHTHBIX TUIEHOK
MO0Ka3aHo, YTO CO3JJaHHbIE HOBHIE BEICOKOMOJIEKYJISPHBIE a30/10IMPOBAHHbIE AJIH-
LUUKITAYECKHE TIOJIMUMHBI CTA0MIIBHBI K Pa3JIMYHBIM BUIaM paJuallvy.

CoBMECTHO C BEAyUIMMH HAyYHBIMH IIEHTPaM{ pa3paldaThIBAINCh HCCIENO-
BaHUS 10 CO3/IaHUIO HOBBIX NMOJIMMEPHBIX MaTepHaIOB Ha OCHOBE aJIMIMKINYEC-
KHX TOJIMUMUAOB C YHHUKAQJbHBIMU CBOWCTBAMH — HEJIMHEHHBIM ONTHUECKUM
OTPaXEHUEM, BBICOKOH 3JIEKTPOIPOBOAHOCTHIO U TEPMOOKHCIUTENBHON CTaOMIIb-
HOCTBIO — /ISl IPUMEHEHHUS B AJIEKTPOTEXHHUKE, MUKPOAIEKTPOHUKE M adPOKOC-
MUYeCcKON MpoMbIlTIeHHOCTH. Ha 0cHOBE MpOBEIEHHBIX HCCIIETOBAHUN POJIH Cpe-
Ibl B CHHTE3€ MOJIMIE€TePOLMKIIOB Oblia copMynrpoBaHa U 000CHOBaHA HOBas
WHTEPIpeTanus MexaHu3Ma pocTa MOJMKOHACHCAITMOHHBIX IIeTIel, TaKk Ha3bIBae-
Masi, accolMaTuBHas noiukoHaeHcauus. b.A. KybGaHoB Bo3rnaBis1 paboThl MO
TOPEHUIO BHICOKOMOJIEKYJISIPHBIX COEIMHEHUH, MPUBEAIINE K pa3padoTKe OrHesa-
IIUTHBIX BCIIEHUBAIOMIMXCS TOKPBITUN U WCIOJB30BaHUS B Pa3IUYHBIX 00-
JIACTSIX TEXHUKHU W MPOMBIIIJICHHOCTH IS 3aIUThl AEPEBIHHBIX, METAIUTMYECKUX
U PE3UHO-TEXHUUECKUX M3JENHMN. 3a CO3/1aHNe OTHECTOMKUX MOJUMEPHBIX MaTe-
puanoB bynaT AxmMeToBHY yAOCTOEH 3BaHUs JaypeaTta [ ocyjapcTBeHHON pemMun
Ka3CCP B o6mactu Hayku u TexHukn (1984).

Breperie B Kazaxcrane b.A. )KyGaHOBbIM ObUIM HadaThl UCCIIEIOBAHUS TIO
pa3paboTKe NOJIMMEPOB ¢ OMOCOBMECTHMBIMHU U TEPANEBTUYECKUMHU (QYHKIUIMH.
[lomydeH psa MPUHOIWMHAIGHO HOBBIX MaKpPOMOJEKYJSIPHBIX TEpareBTUYECKIX
CUCTEM C TPOTHUBOTYOCPKYJIC3HOM, TMIIOTCH3UBHOW, aHTMMUKPOOHOM, MPOTHUBO-
OITyX0JIeBOH, 00e300JMBaONIe aKTUBHOCTBIO W Ap. 3a CO3laHHE HOBBIX OMO-
MEAWIMHCKUX MOJMMEPHBIX MaTepHaloB OH OblI ymocTtoeH [ocynmapcTBeHHON
npemun umern akagemuka AH KasCCP u CCCP K.1. Carmaesa (2000 r.).

B nocnennue roasl ero HayyHbIM KOJUIEKTHBOM C LIEIbIO Pa3BUTHUSI HOBBIX
WHHOBALMOHHBIX TEXHOJIOTHH MPOBOJMINCH CUCTEMATHYECKUE HCCICAOBAHUS O
CO3/IaHWIO HOBBIX IOJIMMEPHBIX MAaTepPHAIOB C KOHTPOIHPYEMOH (yHKIIHOHAIIb-
HOW aKTHBHOCTBIO, TH pPabOThl B HAcTOfAIIEe BPEeMs pa3BUBAIOTCS Jajiblie.
Pesynbratel QyHIaMEHTAIBHBIX M TMPHUKIAAHBIX HCCIEJOBAaHUH, MPOBEIECHHBIX
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o pykoBoncTBoM b.A. )KyOaHoBa, Oyarogapsi X BBICOKOMY Hay4YHOMY YPOB-
HIO, BHEC/IM CYIIECTBEHHBIH BKJIaJ B pa3BUTHE LIEJIOTO psAa aKTyalbHBIX oOJac-
Tell xumun nonuMmepoB. OHU 0000meHs! B 20 MOHOTpadusix, onmyOIHKOBaHEl B
6onee wem 1300 Hay4YHBIX CTaThSX, TOJIOKEHBI HAa KPYITHBIX MEXIyHAPOTHBIX
cbe3lax, cuMIosuyMax M koHpepenuusx. m momydeno 6omee 300 aBTOpCKHX
cBugerenbcTB CCCP, naTeHTOB, NIPEANaTeHTOB U MHHOBALIMOHHBIX NaTeHToB PK.
3a Bk B MONIMMEpHYIO HayKy b.A. JKyOaHOB HarpaxkaeH opaeHoM TpyaoBoro
Kpacnoro 3namenu (1976), opnenom OxTs0pbekoit peBomonyn (1986), mamst-
HBIMU MEIAJISIMH U HarpaiaMH.

B cBoux BocnomuHaHusx bynmaT AXMeTOBMY OTMEYal, 4TO, «pazyMeeTcs,
0€3 MOoATroTOBKH KajJpoB B obyiacT xumuu BMC cepbe3HBIX CIBUTOB IO Pa3BH-
THIO XMMUHU U TEXHOJIOTHH TOJIMMEPOB HEJb3s1 ObUIO 0kuaaTh». [losTomy, Korna
XKy6anoBa b.A., Kak eAMHCTBEHHOI'0 KaHAWAATa TEXHUYECKUX HAYK — MOJMMEp-
[IMKa, TPUTJIACKI JEeKaH XHMHYEecKoro (axyipTeTa, MpopaboTaBImIMKA B ITOU
JOJDKHOCTH B TeueHue 27 net, wieH-koppecnonaeHT AH Ka3CCP, 3acmyxeHHBIN
nestens Haykn Ka3CCP B.A. bepemykaHoB st opraHu3annu Kadeapbl XUMHA
BBICOKOMOJIEKYJIAPHBIX COEAMHEHHUI, OH COTJIACHIICA, HECMOTpPSI Ha CBOIO 3aHA-
TOCTh HaydHOU pabotoii B Mucturyte xumumueckux Hayk AH KasCCP. Bymar
AXMeTOBWY OBLT MEPBHIM 3aBeAyIOUIMM Kadeapol, 3aTeM J0JITHE TOAbI SIBISIICS
npodeccopoM kadenprel. OH BHeC pelIaromInil BKJIal B IOCTAHOBKY y4eOHOIO
mporecca kadeapbl, pa3pabOTKy NPOrpaMM JICKIIMOHHBIX KYypCOB, CO3JaHHUC
00ILIEro M crenHuanbHBIX MPAaKTUKYMOB. B TeueHue MHOTHX JIET Uil CTYJCHTOB U
aclMpaHTOB YHUBEPCUTETA OH YMTaN (yHIAMEHTAJIbHBIH Kypc «BrIcOKOMOIIEKY-
JISIpHBIE COENWHEHUS», PANl CHENKYpPCOB MO XHUMHH IMOJUMEPOB, B YAaCTHOCTH,
XUMHIO TIOJMKOH/ICHCAIIMOHHBIX mporeccoB. b.A. XKy0GaHOB chirpasl 0GOJIbIIyIO
pOJb B HAYYHOM CTaHOBJICHMM Kadeaphl, TaK Kak MOHMMAaJI, YTO ycnex o0pazo-
BaTEIBHOTO MpOIEcCCa B 3HAYUTEIHHON CTETICHH ONPEENIeTCs yPOBHEM IPOBO-
JTUMBIX HayYHBIX HCCIIETOBAHHIM.

Msoro BHuMaHusl Bynar AxmeToBHY ynessil HOATOTOBKE KaIpOB BBICIIEH
KBaJM(UKaLUK B 007aCTH XUMHUHU M TEXHOJIOTHH NOJIMMEpoB. VM 3a5ioxeHa 60ib-
masi Hay4JHas IIKOJIa TIOJMMEPOB, BKITIOYAIOMIAs 3allUTHBIINX O] €T0 PYKOBOJ-
ctBoM 19 nokropos u 100 kaHAMAATOB HAyK, paOOTAIOIIMX B BEAYIIMX HAYUYHBIX
uentpax u BY3ax Kazaxcrana u 1pyrux crpas.

Bynar AxmeroBuy ymen u3 xu3nan 31 mas 2014 r. Ceetiast mamMste 00 3TOM
Pa3HOCTOPOHHE OJAPEHHOM KPYNHOM YYE€HOM M JOOpOM 4YellOBeKE HaBcerjaa
COXPAHUTCS B HALIMX Cep/Lax.

Tenepanvuviii dupexmop opoena Tpyodosozo
Kpacnoeo 3namenu Hnemumyma xumuueckux Hayx
umenu A.b. Bexmyposa, akademux Hayuonanorot
akademuu Hayk Pecnybnuku Kazaxcman

E.E. Epzoxcun
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KPYITHOMY YYEHOMY B OBJIACTHU SJIEPHOI ®U3UKHU,
HU3BECTHOMY I'OCYJAPCTBEHHOMY U OBHIECTBEHHOMY
JAEATEJIO, TAJIAHTJIMBOMY OPI'AHU3ATOPY
BBICIHIEI'O OBPA3OBAHUSA U HAYKU,

JOKTOPY ®U3UNKO-MATEMATHYECKUX HAYK, TIPO®ECCOPY

BJAIUMUPY CEPT'EEBUYY HIKOJIBHUKY -

70 JIET

Bnagumup Cepreesuu IlIKonbHMK — BBINAIOIIMICS y4YeHBIH-(QU3NK, UM
KOTOPOTO OTOXIECTBISIETCSI CO CTAHOBJICHHEM M Pa3BUTHEM aTOMHOM HayKH,
M3BECTHBIN FOCYAaPCTBCHHBIN M OOIECTBEHHBIN JeATeNb, OJUH U3 OCHOBaTeNeH
HanuonanbHBIX HayYHBIX SAEPHOTO, OMOJIOTMYECKOT0, KOCMUYECKOro LIEHTPOB U
LEHTpa II0 KOMIUIEKCHOH mepepaboTKe MMHEpalbHBIX pecypcoB PecryOnuku
Kazaxcras.

BricokokBanupUUNPOBaHHbIH, WHUIWATUBHBIA CIEIHAIUCT B 00JacTH 0e3-
OITACHOCTH aTOMHOM SHEPreTHKH, BHECIINI OONBIION BKJIa B U3yUYEeHUE MaTeMa-
THUYECKOI'0 MOJEIUPOBAHUSA HEUTPOHHO-(QU3NYECKUX U TEIIO-THAPABIMUECKUX
MPOILIECCOB B SAEPHO-IHEPIETHUECKUX YCTAHOBKAX, TEXHUKUA M (PU3MKH SAEPHBIX
PEaKTopoB.

Bnagumup Cepreesuy Ikonbsauk poauics 17 despans 1949 roga B ropoje
CepriyxoBo MockoBckoii obmactu. [1o0 OKOHUaHMM CpEAHEH IIKOJBI C OKTAOpS
1966 r. o utonb 1967 1. padotan Ha CepryXOBCKOM PaJIMOTEXHUYESCKOM 3aBO/IC
perynupoBIUKOM pasauoarmapaTypsel. C ceHTssOps 1967 r. mo mapt 1973 r. —
cTyaeHT MocKoBCKoro HHXeHepHo-(puzndyeckoro mHctutyra (MUODU). Tlocne
okoHuaHusst MU®U Obul HampaBjieH MO paclpelesieHnI0 Ha MaHTBIIUIAKCKUT
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aTOMHBIH 3HepreTnueckuil komOuHat (MADK) Ha NOKHOCTH MHXKEHEpa-(QU3nKa
¢uzuko-TexHonornueckout nadboparopun (OTJI) peakropa BH-350. Ha MADK on
pabotan 1o mas 1992 roga Ha pa3nUYHBIX JOJDKHOCTSIX, HAUMHAS C MHXXEHEpa 10
3aMECTHUTEIS JUPEKTOPA M0 HAyIHOH padoTre. 3apeKoMeHI0Bal ceOs MHUITMATHB-
HBIM CIELHAINCTOM B OOJIACTH MaTEMaTH4eCKOTO0 MOJEIHMPOBAHMSA, TEXHUKH U
(U3UKHU SAOEpHBIX PEAKTOPOB, TBOPUYECKH HMOAXOIMI K PEIICHUIO HAYYHO- TEXHU-
YECKHMX U IIPOU3BOJCTBEHHBIX 3a7au. HeoTHOKpaTHO KaK CHEIMAINCT 110 SIEPHOH
sHepretuke mnpenactaBisan CCCP Ha pa3snu4HbIX MEXIYHApOJIHBIX CEMUHapax U
koH(pepeHnuusx Bo Opanruu, Auriuu, CLIA u ©OPT.

C 1973 mo 1978 roas! paboran B rpynne (GU3UKH peakTopa (PyKOBOAUTEND
rpynnsl XanoB Eerenuit Muxaitnosud, BeimyckHuk MU®W) OTJI u 3anumancs
HEHTPOHHO-(PHU3MYECKUMHU pacyeTaMH U HCCIICJAOBAHMUSAMHU aKTHMBHOHW 30HBI PEak-
topa BH-350, pacueramu u pazpaboTKoil MporpaMM IMEPEeTpy3KH SACPHOTO TOTI-
nmuBa (TBC) axtuBHOI 30HBI M OOKoBOTO KpaHa peakropa BbH-350, mHOrHMME
JIPYTUMH padOTaMH, CBI3aHHBIMU C DKCILTyaTalueil peakTOpHOH YCTaHOBKH.

B 1981 roay llxonsaux B.C. 3amutun auccepranuio «Pa3Butue cucteMbl
pacdyeTHoro obecrieueHust peaktopa bH-350 m e€ mcmonp3oBaHWe B JKCIUTyaTa-
LIUOHHOW MPAKTUKE» HA COMCKAHHWE YUYEHOW CTEIeHH KaHIuaaTa GU3nKo-MaTremMa-
TUYECKMX HayK. BBINOTHEHHBIN MOJ €ro pyKOBOJICTBOM M IPHU HEMOCPEACTBEH-
HOM YYacTHH KOMIUIEKC HCCIIEIOBaHUI M MPOBEICHHE TEXHHUUYECKUX MEPONpPHsI-
TUH MO TIOBBIMIEHUIO 0€30MacCHOCTH PeaKkTopa MO3BOJIMIN MPOAIUTH CPOKU JKC-
mwryataiud bH-350 ¥ COOTBETCTBEHHO MNPOAOKUTH BBIIIOJHEHHE MHOTOYMC-
JICHHBIX HayYHO-HCCIIENIOBATENbCKIX padoT. B 1991 romy 3amuTuin JOKTOPCKYIO
IUCCEepPTAINIO Ha 3aKphITyIo TeMy «Pa3Butne matemarmueckux moxpeneit ADC ¢
OBICTPBIM PEaKTOPOM M WX UCIOJIB30BAHUE JUIsl HAYYHBIX MCCIIEOBaHUH U obec-
nedeHne 0e301acHOCTH IKCILTyaTallum.

Ota npobnema paspaborana uMm B Oosee dem 140 HAyIHO-TEXHUIECKUX OT-
4eTax, CTaThsiX, JOKIAax Ha COIO3HBIX M MEXAYHAPOAHBIX CEMHHApax U KOH]e-
pennusix Bo ®panuyu, Aurnuu, ['epmanun, Asctpun, Utanuu, CIUA u apyrux
cTpaHax. Pe3ynbpTaThl KOMIJIEKCHBIX MCCIIEAOBAaHUM MOJ Ha3BaHHeM «PacueTHo-
SKCIIEpPUMEHTAIbHOE 000CHOBaHUE BOCIIPOM3BOJICTBA TOTLIMBA B dHEPreTHUECKUX
peaxkTopax Ha OBICTPBIX HEWTPOHAX C HATPUEBBIM TEIUIOHOCHTENIEM», IIPOBOJU-
MBIX TIOJT €T0 PyKOBOJCTBOM M HETOCPEICTBEHHOM YYacTHH, IBAXKIBI TPEACTaB-
nsmuchk Ha couckanue [ocymapctBenHoit mpemun CCCP B obmacTu Hayku o
texHukH. Pacnopsxkenuem I[Ipesunenra Pecybnuku Kazaxcran H.A. Hazap6ae-
Ba oT 25 asrycrta 1992 rona llkonsHuk B.C., kak penkuil crienuanucT BEHICOKOTO
ypoBHs B Kazaxcrtane, mpu3HaHHBIII B MUPOBOM aTOMHOM COOOIIECTBe, Ha3Ha-
yaercs [ 'eHepanabHbIM JUPEKTOPOM ATEHTCTBA 110 aTOMHOW SHEPIUU CTPAHbI.

ITocne pacmama CCCP w opraHm3aiiid CaMOCTOSITCIIEHOH —acCOITHaITiu
«SAnepHoe obmecto Pecniyonuku Kazaxcran» B 1993 roxy B.C. lIkonbHUK sB-
asieTcsi ee OECCMEHHBIM MPE3UACHTOM. B TeueHWe 3TOro BpEMEHHM TOA PYKO-
BozacTBoM Bnamumupa CepreeBnda ObIJIO OPraHM30BaHO MHOTO MEPONPUSTHH U
BCTPEY C MPENCTaBUTEISIMU siAepHBIX o0mectB Poccnn, CIIA, Smonnu, moamu-
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canpl Coryamenns O COTpYAHWYECTBE, MPOBENEHB KOH(EPEHIIMH 10 BOMIPOCaM
HEpACIpPOCTPaHEHUs] OPYXHs MacCOBOI'O MOPAXEHHUs, MEPCHEKTHBaM pa3BUTHS
SIIEPHON PHEPTETUKH U TEXHOJIOTHM, MUPHOTO HCIIOJIB30BaHU SACPHON SHEPTHUH,
MTOATOTOBKH Ka/IPOB.

C asrycra 1994 ronma llxonsauk B.C. — MUHHCTp HayKH W HOBBIX TEXHO-
noruit Pecnyonuku Kazaxcran. Toraa xe npu MunuctepcTBe Oblia co3iana [o-
CyJlapCTBEHHAs IKCIEPTH3a HAyYHO-TEXHUYECKHUX MPOTPaMM H MPOEKTOB, PUHAH-
CHpPYEeMBIX W3 rocymapcrBeHHoro Oromkera. C 1996 roma €10 OXBaTHIBAIOTCA
MPaKTUIECKH BCE MPOTPAMMBI M TIPOCKTHI, IPHHATHIE K (PMHAHCHPOBAHHUIO, B TOM
qucie U 1o (yHIaMeHTaJbHBIM HccleloBaHusIM. HecMOTpsl Ha CIOXKHBIE IKOHO-
MUYECKHE YCIIOBHSI B CTpaHEe, CHWXEeHHe (MHAHCHPOBaHUSA (yHIAMEHTAILHOU
Hayku, B.C. IlIkonbHUK mposiBiisieT BbICOKHH TpodeccroHanu3Mm. Ero Heopam-
HapHbIE pelIeHns] B IporpaMMHo-IieneBoM noaxoje kK oprannzauuu HUOKP u nx
(hMHAHCHPOBAHHIO CITOCOOCTBOBAIM COXPAaHEHUIO HanOoJiee IEHHOW YacTh Hay4-
HOTO TOTEHIINANa B CTPaHe.

3HaYuTeNbHbIE U3MEHEHHUS B HAayKe NMPOUCXOJAT C BbIX0OJOM Ykaza I[Ipesu-
nenta PK H.A. Hazap6aeBa «O Mepax 1O COBEPILEHCTBOBAHUIO CUCTEMBI I'OCY-
JAapCTBEHHOTO yIIpaBiicHus Haykoi B PecrryOnmmke Kazaxcramy.

B mapte 1996 ronma stuM Ykazom chopMHpOBaCS €IUHBIA UCTIOIHUTEb-
HBIA oprad B coctase [IpaBurenscTBa — MUHHCTEPCTBO HAyKH - AKalieMusl HayK
PecnyOnmkm KazaxcraH, peanu3yromuii rocy1apcTBeHHYI0 HAyYHO-TEXHUIECKYIO
MOJIMTUKY ¥ OCYIIECTBIAIOMUN (MHAHCHPOBAHWE HAyYHBIX HCCIIEAOBAaHUH 3a
cdeT rocynapcrBeHHoro Orojpkera. OH OBUI CO37aH Ha OCHOBE OOBEIAWHEHUS
Haunonanbuoit akagemun Hayk, Kazaxckoil AkaJeMuu CelbCKOXO35HCTBEHHBIX
HayK, MUHHUCTEpCTBAa HAYKH U HOBBIX TEXHOJIOIM. MuHucTpoM Hayku — IIpesu-
nearoM HAH PK 1o coriacoBaHuio ¢ WieHaAMH aKaJeMHUH U B COOTBETCTBHUU C
MOPSIIKOM, OTIpeieNieHHbIM YKa3oM, Obu1 HazHaueH [lkonpHuk B.C.

HogBprlit opran cocpemorodns BHUMaHHWE Ha pa3pabOTKe MpPUHIIUIHAIBHBIX
BOIIPOCOB HAYYHO-TEXHUYECKOW MOJIUTHUKH, IPUOPUTETHBIX HANIPABICHHUH HCCIIe-
JOBaHHUH M PErJIaMeHTAIH MPOLECCOB YIIpaBiIeHUs! HayKoil. Paspaborannas Mu-
HUCTEPCTBOM HaykM - Akajgemuen Hayk «KoHIenmus rocy1apcTBEHHON Hay4yHO-
TexHu4Yeckor moymtukn PecnyOnuku Kaszaxcran» Obuia omoOpeHa [IpaButenb-
cTBOM B niekabpe 1996 rona. Ilox pykosoactBoM B.C. llIkomsHUKa ObLTH pa3pa-
0oTaHBI IpoTpamMMa ¥ TUTaH-TpaduK MPHUBATHU3ALMN M PECTPYKTYPH3AINH 00BEK-
TOB TOCYJapCTBEHHOH COOCTBEHHOCTH B HAYYHO-TEXHHUECKOU cepe, chopmmpo-
BaH 3aKa3 Ha Hay4HBbIC MCCIEJOBaHMs M0 OOIIECTBEHHO-TYMaHUTAPHBIM HayKaM,
YTBEP)KACHO MOJIOKEHUE O OPsIKe (GOPMHUPOBAHHS U PEATN3ALMH TPOTPaMM HH-
BECTUIIUOHHBIX paboT, (pUHAHCUpYyeMbIXx MHHHCTEPCTBOM HayKH - AKageMHen
HayK Ha BO3BpaTHOW ocHOBe. B 1996 romy mo ero MHWIMATHBE BIEpPBHIC OBLTA
BHEJ[pEHA IPAKTHKAa MPOBEICHHS COLMANbHO-TYMAHUTAPHBIX HMCCICIOBAHHWNA IO
rocynapcTBeHHOMY 3akasy llpaButensctBa PecnyOmuku, Anmunuctparmu [lpe-
susieHTa PK, MMHUCTEpCTB M BemOMCTB CTpaHbl, yTo 3a 1997 rox yBeauuuio
001munii 00beM aCCUIHOBAaHHMI Ha 8 MIIH. TEHTE.
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OrpoMHOe 3HaueHHe OH MPHUAABAJ HOPMATHBHO-TIPABOBOMY COBEPIIIEHCTBO-
BaHUIO YIIPABIIEHUS HAyUYHO-TEXHUYECKON NIEATENLHOCTU KaK B CTpaHe, TakK U He-
[TOCPEACTBEHHO B HOBOM KPYIIHOM H CJIOKHOM BEIOMCTBE.

B 1997 rony MunmcTEepcTBOM HAayKH - AKaJleMHel HayK ObUT TOJrOTOBIICH
npoekT 3akoHa «O Hayke M TroCyAapCTBEHHON HAy4YHO-TEXHHUYECKOM IMOJIIMTUKE
Pecny6nuku Kazaxcrany», aqanTUpOBaHHBIA K HOBBIM MOJUTUKO-KOHOMHYECKUM
yCIoBUAM, KOTOpbid IIpaBUTENbCTBO BHECIO Ha paccMoTpeHue B IlapiameHT.
Bonbiioe BHMMaHHWE yNEIEHO NMPaBOBBIM, HOPMAaTHUBHBIM M OpPraHU3aIlMOHHBIM
BonpocaM MUHHCTEpCTBAa HayKu - AKaJeMHUHM HayK, Kak rOCyJapCTBEHHOIO Op-
raHa, paclpeesIonIero BeIeIeHHbIe HAa HAYKy aCCHTHOBAHMSL.

B 1ienioM 0cHOBHBIE PE3yJIbTAaThI €ro paboThl OUEBUIHBL:

- MATKO ¥ OBICTPO aJaNTHPOBaTh CUCTEMY YNpaBJICHHS HAYKOH K yCIOBUSAM
MIEPEeX0AHOTO Neproaa GOPMHUPOBAHUS PHIHOYHBIX OTHOIICHHIH;

- COKpaTUTh PACCTOSHUSA OT YYEHOTO JI0 OpraHa roCyHpaBieHHs, YTO TOBEI-
CUJIO UX pOJIb B IIpueMe peleHuil Ha yposHe IIpesunenra u IIpaButenscrsa;

- B CKaTble CPOKH OOBEIMHUTH HAYUYHbIC YUPEKICHHUS B €IUHBII OpraHu3M,
OBIBIIVX TIOJ] YIIPABIEHHEM Pa3IMYHBIX OPTraHU3AIMOHHBIX CTPYKTYD;

- COKpaTUTh TOYTH B TPH pa3a YHCICHHOCTh allliapara yIpaBJIEHHUS, BHICBO-
OoauBIIMECS CPEACTBa, a 3TO — okoJo 20% ot ¢punancuposanusst HAH — nanpa-
BHTb Ha Pa3BUTHUE HAYKU;

- CHU3UTh YHCJIO CTyINEHEeW yIpaBlIeHHs Hay4YHO-TEXHHYECKOH cdepoH,
TpaHCPOPMUPOBaTh (GYHKLUUH YNPABISIOMIMX OPTaHOB U3 KOMAaHIHBIX B KOOPIH-
HUPYIOLINE;

- YCWINTh B3aUMOJIEHCTBHE aKaJIeMUYECKOM, BY30BCKOM M OTpaciieBOl Hay-
KH, TI03BOJIMBILEE y>K€ B MEPBBIE T'OJBI CO3/IaTh OKOJ0 60 cyOBEKTOB Manoro u
CpEeAHEro NpeanpuHUMAaTENbCTBA, IAe 3aHiITo Ooee 900 yeaoBex.

B 1996 romy B.C. lIkonbHHKOM W WHHUIIMATHBHOM TPYIIOW YYEHBIX OBII
co3adH MeXaMCIUIIMHAPHBINA pecyOnuKaHcKuil ceMuHap «Opranu3anus 1 3BO-
JIOUMS. NPUPOAHBIX CTPYKTYp». B ero pabore mpuHUMany ydacTHe U3BECTHBIC
yuensle Poccun, Hunepnannos, Kopen, Mcnianuu u npyrux ctpas. ['naBHbIi uror
00CYXIIEHHS 3TOTO BOIPOCA 3aKITIOYAIICS B CO3/IaHMHM HOBOTO HAYYHOTO HAaIpaB-
JICHWS, CBSI3aHHOTO C MPOOJIEMaMHt 3BOJIONNN OTKPBITHIX CUCTEM. DTH MPOOIEMbI
0COOEHHO aKTyaJlbHBI B HacTosImee BpeMs 1 3¢ dekTnBHO pemaroTcs B Poccun, B
ctpanax Esponsr (B [lombme, @panmun). Hanpumep, perienne npoOieMbl He00-
paTuMOCTH B (PH3HMKE TO3BOJIMJIO CBSI3aTh KJIACCHUECKYI0 MEXAaHHKY M TEPMO-
IuHaMHUKYy. OTe4eCTBEHHBIMU YYEHBIMH ObUIO HaiiieHo 0000IIEeHHOEe ypaBHEHHE
HeroroHa jis B3aMMOCHCTBYIOIIMX CUCTEM, a HE 3JeMEeHTOB. Pa3BuBaemast du-
3WKaMH T€OpHs HE MMPOTHBOPEUHT CYIIECTBYIOIIEH, JINIIH JOTOTHSIS €€, CHUMAas
KITFOYEBBIE TIPOOIIEMBI.

B mensx mopnepKKH Hay4dHO-MCCIENOBAaTENbCKUX Pa3pabOTOK B 3TOM Ha-
npasieHun Bragumup CepreeBud yaemnsia 0co00¢ BHUMaHHUE TPOBEICHUIO KOH-
(depeHIMi, aKIEHTHPOBABIINX BHUMaHKHE Ha KIIOUeBbIX Tpodiemax. [lon pemak-
nueit B.C. llIkonbHUKa M3AI0TCST COOPHUKH TPYIOB, CHOPMYIUPOBABIIHNX UICH
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00 opraHu3anu W DBOJIONHH MPHUPOIHBIX cucTeM: «lIpobremsl 3BomOIMKA OT-
KPBITBIX CHUCTEM. AKTyalbHOCTh U mepcnekTuBsl» (1998), «MccnenoBanus B 00-
JaCTH CaMOOPTaHM3aLUH OTKPHITBIX CUCTEM U 3a7a4yl 00ecreueHus yCTOHUYNBOrO
pazButus» (1999), «O npobireMax dBOIONKN OTKPBITHIX crcteM» (2002) u ap.

C 2004 roma B paMKax HOBOTO HAaIlpaBlIEHUS W B pe3yibTare paOOTHI CEMHU-
Hapa Hayall BEIXOJUTH OQHUIHATBHBINA IEPUOTUUECKUI OpraH — Hay4YHBIH KypHal
«I[IpobneMbl 3BOIIOLNK OTKPBITBIX CHCTEM», HHULIUATOPOM, OCHOBATEJIEM, TJIAB-
HBIM penaktopoM kotoporo 6su1 B.C. IlIkonsHUK.

VYka3 Ilpesunenra PK «O6 oObseinenun 1997 roga [omom oOieHaruo-
HaJBHOTO COTJacHs M MaMATH KEPTB MOJUTHYECKUX PEMPECCHi» MMEN BaKHOE
3HA4YEHHUE B JIMKBHIALMU OCNbIX IATEH B W3yYEHUU HAcIeOusl JesTeneil HayKu U
KYJIBTYPBI, pOJb KOTOPBIX B Pa3BUTHW OOINECTBA HE TOJNYYWIIa HUCTOPUYECKU
00BEKTUBHON OLICHKH.

YueHnbMu-(uIoI0TaMu OB MPOBEJEH TITYOOKHM, JIMIIEHHBIH MIa0I0HHBIX
ITOIXOJI0B M Pa3BEHUYMBAIOIINN P PACIPOCTPAHEHHBIX 3a0Iy)KIECHUH, aHau3
)ku3Hu U TBopuectBa X. JlocmyxamenoBa, A. baitypceinoBa, K. AiimayToBa,
[1. KyznaiibepaueBa u Ipyrux Mo3TOB U MUcATENEH, MOATOTOBICHBI K U3AaHUIO HX
npousBeneHusA. CIHOXHBIA Tepuon ucTopuu Kazaxcrana SBUIICS BaKHEHIIMM
HaTpaBJIEHHEM HCCIIe0BaTebCKOW paboThl MUHHCTEPCTBA HAyKH - AKaJeMHH
HayK. JTOH mpo0iieMe MOCBALIEH sl TPYAOB HCTOPHKOB, GUIOCO(OB U APYTHX
CIEIMAINCTOB, PACCMAaTPUBABLINX TEMATHUKY pPENPECCUPOBAaHHBIX Aedrenei Ka-
3axCTaHa KaK KOMIUIEKCHYIO MHOTOACIIEKTHYIO HayqHYIO 3a/1a4y.

1998 rox Obut 0OBsiBiieH [lpesunentTom crpanbl «I'0I0M HapOJIHOTO €IWH-
CTBa M HaIMOHAIBHOW HcTopum». U 31€ch cinenyer ¢ 01aroqapHOCTbIO OTMETUTh
monnepxky MH-AH IlpaButensctBoM pecnyOnukn. JlOMOTHUTETBHBIE ACCUTHO-
BaHUS Ha MEPOIPUATHUS Toa 111 MUHHCTEPCTBA ONPEeAEsUINCh B 28 MITH. TEHTE.

Cpenu kpynHbIX Meponpuatuil ['oga cnenyer Ha3BaTh CHENMAIbHBIE CECCUU
O6miero cobpanus yueHsIx MUHUCTEPCTBA HAYKHU - AKaZeMUH HAayK « YPOKH OTe-
YECTBEHHON MCTOPHM M BO3POXKJIEHHUS Ka3aXCTaHCKOTO OOIIECTBa», Ha KOTOPBIX
BBICTYTIIIIA C JOKJIamaMu ['ocymapcTBeHHBIN cekperaps Pecrryonuku Kazaxcram,
Bemymue yueHsle Poccun, Keiprescrana, Y3oekucrana, CLIA, Kuras, Smonnmy,
Typuun, cneunanusupytomuecs B odnactu ucropun Kasaxcrana. AKTUBHO H3Y-
4aJloch TBOPYECTBO BEJIMKOIO YYEHOTO U TOCyJIapcTBEHHOro aestens LlenTpans-
Hoil Asum Myxammena Xaiinapa Hymatu, 500-1etue KoTOpOro ObLIO OTMEUEHO
no ysmHun FOHECKO B 1999 roxy. 3aBepiienue mepeBojia Ha PYCCKHH SI3BIK
OecrieHHOW 1711 MHUPOBOW COKPOBHINHHUIBI 3HaHWi KHUTH [ymatm «Tapux-u-
Pammnm» nverno BaxXHOE 3HAUEHHUE TS Ka3aXCKO-Y30€KCKUX OTHOIIEHHH.

3nauutensHa ponb B.C.IlkonmpHWKa B TpoBeNeHHH IOOWIEHHBIX Mepo-
NpUATHHA, MOcBALIeHHBIX 50-nmetuio oOpasoBaHus Axanemun Hayk (1996 r.) n
100-netuto co gus poxkaeHus akanemuka Kanpima Mmanraesuua Catnaesa, oc-
HOBaTellsl U MEPBOro Npe3ujieHTa AKaJeMHUU PecyOJIMKH, BBIJAIONIETOCS T'eo-
JI0Ta, KPYIMTHOT'O TOCY/AapPCTBEHHOTO M OOIIECTBEHHOTO AESTENS POBOIAMOTO TIO
srugoii FOHECKO. Ilpu aktuBHOM yuactrm B.C. IlkombpHrKa OBLTO MPUHATO
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cnenuanbHoe [locTaHoBieHue npaBuTeNibeTBa OT 14 anpens 1998 roma «O0 yBe-
koBeueHNH mamaTH akamgemuka K.M. CarmaeBay, yTBepAHBIIEE IOOMICHHYIO
KOMHCCHIO TIOJT TIpencenaTenbcTBoM [Ipembep-Munnctpa PK. 3amecturens npen-
cenarenst komuccur B.C. LlIkonpHUK B TeueHHe rofa odecneyuBal 4eTKylO pa-
00Ty MO opraHu3alMy BhICTaBKM M KoH(epeHmu B mrad-kBaptupe IOHECKO,
[0 U3AAHUIO JIECITKOB palboT, BHICTYIUICHUH Ha pajno, TEJICBHICHUH, B CPEIHUX
W BBICIIUX Y4YeOHBIX 3aBEJCHUSIX, BCECTOPOHHE OCBEIIABIICH pOJIb U MECTO
BEIMKOT0 yueHoro. Oco0yi0 LIEHHOCTh NPEICTABISAIOT BIEPBbIE W3JaHHBIE W3-
Opannbie padotel K.M. CarnaeBa B 8 TOMax, rie MpEACTABICH €ro IOJABIKHH-
YeCKHH TPyl B BOCBMH TIJIABHBIX HANPABICHUSX PAa3BUTUS NPOMBIIUICHHOCTH
Kazaxcrana. Ilosxe, B 2003 romy, aBTOPCKOMY KOJUIEKTHBY, B TOM YHCIE U
HIxonsauky B.C., 6b11a npucysxaena npemus uMm. K.M. Catnaesa.

Bonpmioit moNIOKHUTENEHONH OCOOCHHOCTHIO PYKOBOJACTBA HAYKOW OTOTO
nepuoja Obl1a BO3SMOXKHOCTE MUHUCTpa-IIpe3neHTa, Kak wieHa [IpaBurtenscrsa,
3HAYUTENFHO Yallle W HapsAMYIO CTaBHTh IMEpe] PyKOBOJICTBOM CTPAaHBI Ha3pEB-
LIMe Hay4HbIE BOIIPOCHI, IPENCTABIATh HayKy Kasaxcrana 3a py0eskoM, B cocTaBe
BBICOKMX INPaBUTEIbCTBEHHBIX Jeieranuii. JTO CHOCOOCTBOBAJIO AKTHBHOMY
MPUBJICYCHUIO YUCHBIX K Pa3paboTKe U IKCIIEPTH3E LEIOTO Psijia OCHOBOIOIATrao-
IIUX JOKYMEHTOB, IPOEKTOB, B TOM YHCIIE U HA MEXTyHapoIHOM ypoBHe. JlocTa-
TOYHO CKa3aTb O TOM, 4TO MHHHCTEPCTBO HayKu-AKaJeMusi HayK Kak rocynaap-
CTBEHHBIH OpraH 3aKJIIOYWIIO COTJIANICHHWS O HAYYHO-TEXHHYECKOM COTPYIHH-
4yecTBE MEXIy npaBurenbcTBamu Kazaxcrana, Poccun, Ykpaunsl, benopyccun,
I'py3un, Keipreizcrana, Tamxukucrana, TypkMmenun, Y30eKucTaHa.

Ikonpauk B.C. — y4acTHUK OTEUECTBEHHBIX U MEXIyHAPOJIHBIX HAyUHBIX
KOH(EpEeHIInI, CUMIIO3UYMOB, CEMHHApOB, TJ€ OH BBICTYNaJ C JOKIaJaMH O
CTAaHOBJICHUU U Pa3BUTHU aTOMHOW HayKu M TeXHUKH. OH SBJSIETCS aBTOPOM
6omnee 300 HaydHBIX pabOT M 3aKPHITHIX OTYETOB, BKIIOYAs 4 MOHOTpaduu, Io-
CBSIILIEHHBIE MCCIICAOBAHUAM B CIEOYIOUIMX 00JacTsaX: 0e30MacHOCTh SACpHON U
TEPMOSIEPHON SHEPTETUKH, (PHU3HKa SAEPHBIX PEAKTOPOB, MATEMAaTHIECKOE MOJIE-
JUPOBaHUE HEHUTPOHHO-(PHU3MUECKUX M TEIUIO-THIPABIMYECKHX IPOLIECCOB B
SIIEPHO-3HEPTreTHUECKUX YCTaHOBKAX, paCYeTHO-IKCIIEPUMEHTAIbHBIE HCCIIeI0Ba-
HUSl (U3NUECKUX XapaKTEPUCTUK SIIEPHBIX PEaKTOPOB, NPOOJIEMbl KOHBEPCHU U
HEpAacIpOCTPaHEHHs OPYKHUS MAaCCOBOTO TTOPAXKEHHS, TEPMOSACPHON DHEPTETUKN
Oynmymiero.

Cpenn HUX — CTaThbU, MHTEPBBIO M0 BOMPOCAM HAYYHO-TEXHUYECKOW IMOJIHU-
TUK{, WHHOBAI[MOHHO-WHAYCTPUAIBHOTO pa3BUTUA CTpaHbl, Takue Kak «Coc-
TOSIHUE U TIPOOJIEMBI Pa3BUTHSI aTOMHO-IHEPTETHYECKOT0 KoMIUTeKkca PeciryOnukn
Kazaxcran» (1994), «Ilomutrka PecrryOonmku Kazaxcran B 00acTv HAyKH U TEX-
HUKA H TpoOneMbl KoHBepcum» (1996), «Peanmmzamust TeXHHYECKOH CTaanu
mpoekta UTOP mo Kazaxcrany (1996), «Ilapk nHPOpPMAIIMOHHBIX TEXHOJIOTUN —
BO3MO>XHOCTb TOJHSTH OTEYECTBEHHYIO HAyKy, NpPHBIEKas BHEUIHHE WHBEC-
turny (2003) u np.
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B.C. llIkonpHUK yaenseT OONbIIOe BHUMAHUE COXPAHCHHWIO M IIOJTOTOBKE
BBICOKOKBaJIH(PUIIUPOBAHHBIX CIEIHAIICTOB 10 3TOW CIOXHOW M pEeNKoil crie-
nuanbHOCTH. Ilpy ero HemocpeACTBEHHOM YYacTUU M PYKOBOJCTBE 3allMILIEHBI
1 moxropckas M 5 KaHIUAATCKUX AMCCEPTALNHN, IOATOTOBICHO 6 TUINIOMHPOBAH-
HBIX crieranucToB. O0pa3 yueHoro, ero BBICOKHI IPO(eCCHOHAIBHBIA YPOBEHb,
3HAYUTENBHYI0O OpPraHU3aTOPCKYI0 pOJb B HayKe pPACKPBIBAIOT JOKJIAAbI, HH-
TEPBBIO BBICTYIUIEHHUH, B KOTOPBIX OH HHPOPMUPYET 0OIECTBEHHOCTh 00 OpraHu-
3allMU, HAIIPABJICHUAX, 3a]]a49aX U JOCTHKECHUAX PYKOBOAHMMBIX UM YUPEKICHUMN.
Ero unTepBhIO ¢ *KypHanmuctamu («Ilo kpyry agantupoBaHus», 1997 r.; «Y 6e3b-
simepHoro Kaszaxcrana Oosnbliie BO3MOXKHOCTEW 11sl passutus», 2002 r.; «llpen-
MIOYTEHUE BJIACTH — OTBETCTBEHHBIM M NPEANPUUMYMBEIMY», 2008 T. 1 T.4.) pea-
CTaBISIIOT cOOOM HE TOJILKO OTYET O CIY>KeOHOW AeATeNLHOCTH, HO M pacckas
YEJI0OBEKa, CyMEBILEro NpeoJ0JeTh TPYAHOCTH Ha MYTH HAYYHO-TEXHUYECKOTO
pa3BUTHSA PECILYOJIUKH.

VY4eHblii mpoBOAUT OONBIIYI0O HAyYHYIO, HAYYHO-OPTaHU3AIMOHHYIO U
oOriecTBeHHY 0 paboty. Oco0oi ero 3aciyroi sSBISETCS y4acTUE B CTAHOBJICHUU
u pa3sutun HammonansHoro fAnepnoro Llentpa PecniyOnukn Kazaxcran, mapkoB
Anepusix u Uudopmammonnsix Texnonorwmii. [lom pykoBOACTBOM ydUeHOTO
YCHENIHO MPOBOAATCA TNporpaMMa KoHBepcuHn CemumamaTMHCKOro SnepHoro
[lonurona, Hay4HBIE HKCIIEPUMEHTHI 10 OE30IACHOCTH PEaKTOPOB Ha TEIUIOBBIX U
OBICTPBIX HEWTpoHax, (uHaHcupyeMmble Snonueir. Ilomyumin Takxe pa3BUTHE
HOBBIE HAIpPaBIICHUS MHPHOTO WCIIOJNB30BaHUS AaTOMHOM JHEPTUH W SAEPHBIX
TEXHOJIOTHH, TaKUX Kak co3naHue «lleHTpa snepHOW MeIUIMHBD), HHHOBALMOH-
HBIX MPOEKTOB «MEXINCIMIUIMHAPHOIO IIEHTpa Ha 0a3e LUKIOTPOHHOIO YCKO-
putens JC-60» B EBpasmuiickom HannonamsHoM yHHBepcutere mM. JL.H. 'ymu-
JeBa, KOTOPHIM YK€ BBEJCH B JKCIUIyaTallli0, W TEPBOH B pecmyOiuKe Tep-
MosiiepHoi ycrtaHoBKH «Kazaxcranckoro takamaka KTM», mpeanasHaueHHOU
IUTA WCCTIENOBAaHWA W WCTIBITAHWNA MaTepuajioB M Y3JIOB OYAYIIMX PEaKTOpOB
TEPMOSACPHOTO CHHTE3A.

B 1998 rony mo mnunuaruse B.llIkonbHHKa B paMKax COBMECTHBIX INpOT-
pamm ¢ CIIA no MUpHOMY MCHOJIB30BAHHIO SAEPHOM SHEPIHM U HEpacIpocTpa-
HEHUIO SJEPHOTO OPYXHsS ObUI OpraHM30BaH Hay4YHO-TexHH4YecKuil «LlenTp 0e3-
OMACHOCTH SIIEPHBIX TexHoJorui». Ero 3amadamu sBisumich pazpaboTka HOp-
MaTHBHOM JOKYMEHTALMH W SKCIEpPTH3a MPOEKTOB B O0JACTH HCIIOJIB30BaHUS
ATOMHOW SHEPTHH W SACPHOTO HEPACIPOCTPaHEHUs, aHAIUTHYECKass W HAyJHO-
TEXHUYECKas MOAepKKa 0€30MaCHOCTH CYNIECTBYIONMX U OyIyINX PeakTOpPOB
U APYTHX SACPHBIX YCTAaHOBOK, PAaclooXeHHBIX B Ka3axcrane, paboT 1o BEIBOIY
U3 3KCIUTyaTalud OOBEKTOB aTOMHOM YHEPIrETHUKH.

I[lon  Hay4HO-METOAMYECKMM W  OPTaHU3ALMOHHBIM  PYKOBOACTBOM
B.C. llIkonpHKKa OBUIO HANaXEHO LIMPOKOE MEXIYHApPOAHOE COTPYAHHUYECTBO
HAALL PK u ero MHCTUTYTOB C KOMIUIEKCOM OOOpPOHHBIX Tpeanpusatuii u Harmo-
HanpHBEIME JTaOopaTopusmu CIIA, ¢ BegoMcTBaMH W HWHCTHTyTaMu Poccum,
Snonun, @pannuu, OPI" u apyrux cTpaH, MEXIyHapOJHBIMH OpPTaHU3ALMSIMMU:
MAT' AT nu MHTLI. beumn 3akmodensl MexayHapoaHble KOHTPAKThl Ha MPOBe-
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nenue padot ¢ opranmzanusiMu CLIA u SlnoHun, nony4eHsl (UHAHCOBBIE Cpe-
crBa 1o nepsbM npoektaM MHTLL u pa3BepHyTHl pabOThl B 0071aCTH H3YUYECHUS
paaroskoyorudeckoil o0ctaHOBKM (CeMUNANaTHHCKOTO ¥ JAPYTUX  SAEPHBIX
MTOJINTOHOB.

[lo waunmaruee u npu nomnepxkke lllkonpauka B.C. pazpaborana Pecny0-
JMKaHCKasl 11eJIeBasi HAyYHO-TeXHUUecKas nporpamMma «Pa3BuUTHe aTOMHOI 3Hep-
retuku B Kazaxcrane» 1 BHIITONHEHBI KPYITHBIE HAYYHO-TEXHIYECKUE TIPOEKTHI IO
nemunuTapuzanuy  CeMHUINalaTHHCKOTO TOJWTOHA, YHHUYTOXKEHHIO SIEPHOTO
ycTpoiicTBa B mtonbHe 108-K, BOIPOCH! HEPACTIPOCTPAHEHUS SAEPHOTO OPYKHS U
JUKBUJIALAN TTOCTEJCTBUN SIFIEPHBIX UCTIBITAHUN Ha TeppuTopun KazaxcraHa.

B.C. lllkonbpauk — npe3uaeHt SAnepHoro ooOiiectBa Kasaxcrana, uieH BbIc-
mero 3koHoMuyeckoro cosera npu llpesunente PK, Cosera ympasnsromux
MesxyHapoqHoro HaydHo-TexHHWYeckoro meHTpa (MHTLI), rpynmer BeicImx
IKCIEPTOB MeXIyHapoIHOTO areHTcTBa Mo atomHOil sHeprum (MAI'ATO),
koHTakTHOE Jnio B UHTAC, TouetHsrit npe3uneHT denepaiun KOHbKOOEKHOTO
cnopta PK. On sBnsercs Ipencrasurenem Ipesuaenta PK B IIpasnenun Hanuo-
HanbHOTO banka, AreHTrcTBe PecrmyOmuky 1mo perynupoBaHUIO U HAaA30py (UHAH-
COBOTO pBIHKA W (MHAHCOBBIX opraHm3auuii PecryOmmkm Kazaxcran, rias-
HBIH pEeNaKkTop Hay4HO-IYOJUIMCTHYECKOTO KypHana «YemoBek, sSHeprus,
atom». Harpaxnen opaenamu «llapacar» (1998 r.) u "llepsoro Ilpesunenta PK
Hypcynrana Hazap6aesa" (2005 t.).

Tanant B.C. llIkonpH1Ka MHOTOTPAaHEH: BUIHBINA MOIMTUYCCKUA U OOIIECT-
BEHHBIN JIeATEe)b, U3BECTHBIN YUCHBIN-IEPIINK, TPO(EeCcCHOHAN B 00NAaCTH Aaep-
HOM SHEPTeTHKH M HEPACTIPOCTPAHEHUS SAEPHOTO OPYXKHS, OJWH U3 CTOPOHHHUKOB
QIbTEPHATUBHBIX BHJIOB DJHEPIHM W TEPMOSJCPHONH DHEPreTHKH OyIylIero,
mozeparop Beryruienust Kazaxcrana B BTO.

3T0 — AMYHOCTH, UTUPOKO TOIYJIAPUIUPYIONIast JOCTIKEHUS HaIleH CTPaHBI
3apyOeKHON OOILIECTBEHHOCTH. MHOI0 BCIIOMHUHAETCS OJMH 31K30/1. [1o nHuIma-
tuBe [Ipesnnenta Pecnyonuku Kazaxcran Hypcynrana Abumesnua HasapOaesa
MBI B cocTaBe Aeneranuu PecryOmukm Kaszaxcran, Bo3riaBmseMoit MunHCTpOM
Hayku ¥ HOBEIX TexHonoruii PK B.C. lIkonmpaNKOM, B 1995 TOMY BBIE3X)aMu 1is
OpTaHHU3alyy U MPOBEACHUS MEXIYHApOIHONH HAyYHOH KOH(EpPEHLUH U BHICTAB-
k1 «OT B3auMMOINIOHUMaHus — K mapTHepcTBy. Kazaxcran' 95» B r. Can-Zluero,
CIIA. 4 ygacTBOBaJ] C JOKJIAJIOM O JOCTIDKEHHUSIX KA3aXCTAHCKON HAYKH W TIPO-
MBIIICHHOCTH B HE()TEra30B0i, XUMUUECKOH, TOPHO-METAJUTypriuuecKoii cdepax,
B arpoNpOMBIIIIEHHOM KoMIulekce. Bnaaumup CepreeBud JaBaj MHOTOYHCIIEH-
HbIE WHTEPBBIO O HAYYHBIX ¥ TEXHHUECKUX JOCTHKCHUSAX PECITYOIINKH.
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Y4yacTHHKH HAYy4YHOH KOH(EPEHINH U BBICTABKH
«OT B3aUMONIOHUMAHHS — K TapTHepcTBY. Kaszaxcran'95»
B CIIIA, r.Can-/{uero

1= S ™ wl
NATIONAL ACADEMY OF SCIENCES NATIONAL GENTER FOR

OF THE REPUBLIC OF KAZAKSTA INTEGRATED MINERAL PROCESSING

3 ————— X

E.E. Eproxwun, ['.H. Jlenemkun, B.C. Hlkonsank u XX.H. AOurmies,
r. Can-/Iuero, CIIIA, 1995 1.

K.H. A6umes, A.H Knen, B.C. lllkonbauk u E.E. Eproxus,
r. Can-/luero, CIIIA, 1995 r.
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JlaHHas BBICTaBKa W Hay4YHAasi KOH(QEPEHIIHs OCTABUIH IIUPOKHHA PE30HAHC B
Hay4yHOW M KyJbTYpHOH cpele AMEpHUKH, BXHUBYIO MPOJAEMOHCTPUPOBAB TOCTH-
xeHusi Kaszaxcrana um cranma OonbIION KOMMYHHKAlMOHHOM IUIOIIAAKON JUist
YYEHBIX M JIETOBBIX KPYTOB JABYX CTpaH.

Bnamumup CepreeBuy o0nagaeT yHUKaJIbHBIM 4yBCTBOM IOMOpa, 00assHUEM,
KOMMYHHKaOEJIbHOCTbIO, OH — YyTKHH U OT3BIBUMBBIN YEJIOBEK, KOTOPBIN BCerzaa
MPUXOJUT Ha MOMOIIb B TPYAHYIO MHUHYTY. IIoroBopka «TalnaHTIMBBIA YEIIOBEK
TaJaHTJIMB BO BCEM» OpPTaHWYHO rapMoHupyeT ¢ judHocThio B.C. IllkonbHuKa.
On nr00UT MeTh U UTPATh Ha THTape U posyie, KaTaeTcsl Ha TOPHBIX JbDKaX, UTpaeT
B roJib() ¥ TEHHHC, 000KaeT CBOMX JeTel U BHYKOB.

B ucropun ka3zaxcTaHCKOW 1 MUPOBOH HAyKH UMS H TPY b JOKTOPa (U3UKO-
MaTeMaTHYeCKHX Hayk, mpodeccopa Brnagumupa Cepreesuua llIkoibHuKka 3aHH-
MatoT ocoboe MecTo. OH — OIMH U3 aBTOPUTETHBIX YUEHBIX CPEIU CHELUAINCTOB
[0 aTOMHOW JHEPTeTHKE MHpPa, OTBETCTBEHHBIE PEIICHHS KOTOPOTO CIIOCOOHBI
BJIMSTH Ha TIEPCIICKTUBBI Pa3BUTHsI 00IIECTBA.

Ot umenu kojuiekTuBa opaeHa Tpynooro Kpacnoro 3namenu WHcTuTyTa
xumudeckux Hayk umeHu A.b. BekTypoBa, pegakiimOHHOW KOJIEruu «XuMu4ec-
koro xypHasa Kazaxcrana» u ot ce0Os Ju4HO kenairo Bam, yBakaembiii Bramu-
mup CepreeBrud, Kpermkoro 30POBbs, CYACTBS, OJIArOMONYyYUs U TBOPUYECKOTO
noJaroygeTrus!

Tenepanvubiii dupexmop
opoena Tpyoosoeo Kpacrnozo 3namenu
Hnemumyma xumuyeckux HAyK uMeHu

A.F. Bexmyposa, I'nasnviii peoaxkmop
«Xumuueckoeo scypnana Kazaxcmanay,
akademux HAH PK

E.E. Epeoscun
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VK 556/254.67
E E EPIOXXHUH, T. K.HYAJIOB, T. B. KOBPUIT'MHA, K. M. KAJIMYPATOBA

AO «MHcTuTyT XNMHI4Yecknx Hayk UM. A.B. BextypoBay», AnMatsl, Pecrry6mmka Kasaxcran

METOJAbI OYUCTKH JPEHAKHbBIX BO/]
N NX HCITOJIb30BAHUE

AHHoTauus. J[aH nurepaTypHBIii 0030p MO0 METOAAM OYHCTKH JAPEHAXHBIX BOJI H
TEXHOJIOTUI MX YTWIM3AaLMU Ha CYIIECTBYIOUIMX Hpeanpusatusax. [lokazano skosoruuec-
KO€ 3HaueHHEe APEHAKHBIX BOJ Ul OKpY’KalOIIeH Cpeibl, a TaKkKe COLUATIbHO-DKOHOMU-
YecKoe 3HaYeHWe PadOTHI MPOMBIIUICHHBIX MPEIIPUITHH, HCIOI3YIOIUX OYUIIECHHYIO
JIPEHAXKHYIO BOAY.

KurodeBble ciioBa: qpeHakHbIE BOJBI, OYMCTKA APEHAXHBIX BOJI, CTOYHBIE BOIBI,
YTUIIN3AIMS, TPEHAXHbBIE CHCTEMBI, COpOLIHSL.

VikecToueHue TpeOOBaHUH, IPEABABISEMBIX K OXpaHE OKPYIKAIOIIECH Cpelbl,
BBIIBUTAET B KaueCTBE IPUOPUTETHOTO HAMpPABIECHUS CO3/IaHUE JIOKAIBHBIX
CHCTEM MepepadOTKH pasHbIX MOTOKOB APEHaKHBIX BoJA. OHHM CTpajaroT OT 3a-
IpsA3HEHUH HEQTSIHBIMH TPOMBICIAMH, TPEANPUATHIMUA TOPHOAOOBIBaOLICH
MPOMBIIIJICHHOCTH, OTXOJIOB MOJeH (UIbTpalNy, NUIAKOHAKONUTENEH U OTBAJIOB
METAJITyprUYeCKUX 3aBOJOB, CBAJIOK, KMBOTHOBOAYECKUX KOMILIEKCOB, KaHAJIH-
3alIMOHHBIX CTOKOB HACEICHHBIX ITyHKTOB. M3 3arps3sHAIOMMX APEHA)KHBIE BOIBI
BEIIECTB MPEOOIAatoT: HEPTEIPOLYKThI, (EHOJBI, TSHKEIble METaJIbl (MeJb,
LMHK, CBUHEL, KaJIMHUH, HUKEIIb, PTYTh), CyJIb(aThl, XJOPUIbI, COETUHEHHS a30Ta.

ABtopamu [1] BBITTOITHEH aHaIN3 BO3MOXKHOCTH NMPHUMEHEHHS CYIIECTBYIO-
IIMX B HACTOAIIEE BPEeMs NMPOMBIIUICHHBIX METOJ0B OYHCTKH BOJBI OT COEIH-
HEHMH a30Ta (aMMOHHWIHBIM, HUTPUTHBIA M HUTPATHBIX a30T) AJS YCJIOBHH
OUMCTKH IPEHAXKHBIX BOJ TOPHBIX MPEATIPUATHH.

[IpumeHseMble B HacTOAIIee BpPEMS METOABI OYHCTKM CTOYHBIX BOJ OT
COEIMHEHNH a30Ta Pa3AEIAIOTCS Ha CIEIYIOIINE TPYIIIBL:

— (U3UKO-XUMHUYECKHE;

— XUMHUYECKHE;

— OuojIoru4eckue.

DU3NKO-XMMHUYECKHUE METOJIbl OUUCTKH OCHOBAHBI HA YJJAJIEHUU U3 CTOYHBIX
BOJ COEIMHEHWH a30Ta MPH MPOBEIECHUH MPOIECCOB aACOPOIMH, HOHHOTO 00-
MEHa, 00paTHOI0 0CMOCa H AIIEKTPOANAIIH3A.

Ancopbumss — (PU3MKO-XMMHUYECKHH MPOLEcC, CBS3aHHBIM C MEPEeX0IoM
HMOHOB M MOJEKYJ 3arps3HAIONIMX BEHIECTB U3 pacTBOpa Ha MOBEPXHOCTb TBEP-
JOTO copOeHTa MoJ AeHCTBUEM HECKOMIIEHCHPOBAHHBIX MEXMOJIEKYJIISIPHBIX CHII
Ha rpaHuue paszgena ¢as.

MeTtox HMOHHOrO OOMEHa OCHOBaH Ha OOpPaTUMOM XMMHYECKOW peakuu
oOMeHa MOHOB MEXy TBEPABIM MaTepHaIOM (HOHHT) U PACTBOPOM DIIEKTPOJIHTA.
B kauecTBe MOHUTOB HCIIONB3YIOT CHHTETHYECKHE WOHOOOMEHHBIE CMOJIBI WIIN
MIPUPOIHBIE MaTEPUAIIBI.
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DNEKTPOAUaIu3 — TPOIECC CeMaparii WOHOB COJICH, OCYIIECTBIISEMBIN B
MEMOpaHHOM ammapaTte Ioj JIEHCTBHEM IOCTOSHHOIO JJIEKTPUYECKOTO TOKa,
MIPUMEHSIEMBIH IS OTIPECHEHUST BEICOKOMHHEPAIN30BaHHBIX CTOYHBIX BO/I.

XUMUYECKHE METOIbl OYHUCTKHM OCHOBAHBI HA IPOBEACHHH XUMHUYECKHUX
peakiuii ¢ COCIMHEHUSMHU a30Ta NPU BBEACHHU B CTOYHBIC BOJBI PEarcHTOB,
MIPUBOJIAIINX K 00pa30BaHUIO0 MAIOTOKCHYHBIX BemecTB. K MeToam XxuMndeckon
OYHCTKH, KOTOPBIC MOTYT HCIIOJIB30BATHCS JUISI OUUCTKH JIPEHAKHBIX BOJ OT CO-
€JIMHECHUN a30Ta, OTHOCITCS O30HOJM3 U 00pabOTKAa TMIOXJIOPUTOM HATPHS WU
KaJbIHs.

Buonorndeckass ouncTKa, SABJISIONIASCS B HACTOSIIEE BpeMs IIMPOKO pac-
MIPOCTPAHEHHBIM TPOMBIILICHHBIM METOJOM OYHMCTKUA XO3SHCTBEHHO-OBITOBBIX
CTOYHBIX BOJI, TIPOU3BOJIUTCS TPU CMEIICHHH CTOYHBIX BOJ C «aKTHBHBIM HUJIOM»
(coo011ecTBO pa3TUIHBIX MUKPOOPTaHU3MOB).

CrouHble W IPEHAXKHBIC BOABI MOTYT OBITH €I OJHUM HCTOYHHKOM ITOJTY-
YeHHs JOTMOJHUTEIBHBIX BOJHBIX pecypcoB. [locie ¢unbTpanmu U copOumu ux
MOXKHO HCIIONIB30BaTh I TEXHUYECKOTO M OOOPOTHOTO BOJOCHAOKEHUS TpEj-
MPHUSTANA, a TakKe UIsI OpPOIIeHHA. TOJBKO B BOJOCHA0KEHHH COBPEMEHHBIN
YpOBEHb CTOYHBIX BOJ| Ha 3¢MHOM Iiape cocranisier 470 KM3/To1, U K KOHIly BeKa
OH MOXET YBEIMYUTHCS B HECKOJIBKO pa3 [2]. B cooTBeTcTBUE C CyIIECTBYIOMIEH
MIPAKTUKOW BOJIOTIOJIE30BAaHUSI B PEKH M BOJIOEMBI BO3BPAIIAIOTCS IMOYTH BCE
KOJUIEKTOPHO-JPEHAXKHbBIC BOJBI. B MyCTBIHSAX W TOJYMYCTHIHSX, TIIE Pa3BUTO
MOJIMBHOE 3eMIIe/IeNIue, COpachiBa€TCs OTPOMHOE KOJIHMYECTBO KOJUICKTOPHO-
IPEHAXHBIX BOJ, OTBOJUMBIX C OpolIaeMbix mojei. Ecim oOmmit o6beM cOpoc-
HBIX BoJX Bo3pacteT ¢ 1200 mo 3000 xM*/Toa, TO KOTMYECTBO IPCHAKHEBIX BOJ B
MyCTBHIHHOM 30HE MOKeT yBenuuuThest ¢ 170 mo 300 km3/roz.

Bo3zBpaTHBIE KOJUIEKTOPHO-JIpEHAXHBIE BOJBI OOBIYHO COJEpPIKAT PacTBO-
pennsie conu (3—5 r/m u peako 6osee 10 /1), OpraHUKY M B3BEHICHHBIC TBEPIBIC
YacTHIBI, HEOONBIINE KOJIMYECTBA SOOXUMHUKATOB W nedonnanTtoB. Mmeercs
HEKOTOPBIH OMBIT B HamIed CTpaHe W 3a py0ekKOoM HEMOCPEICTBEHHOTO HCIIONb-
30BaHUSl CIIa0OMHHEPaTN30BaHHBIX BOJ s opomeHus («lcmonp3oBanne
MHHEpaIH30BaHHEIX...», 1973; HecrepoBa, 1972; Paxumbaes, Moparumos, 1978).
Ho u cambie coBepIiIeHHBIE METOMBI OYMCTKH CTOYHBIX BOJI HE ITO3BOJISIOT TOJI-
HOCTBIO OCBOOOJMTBLCS OT BCEX BEIIEeCTB, U B Bojax ocTtaeTcsa mo 20% cambix
croikux 3arpsiHuTenei (JIbBoBu4, 1977). Hanbomee addexTuBHO 3amaun obec-
CONTMBAHUS MWHEPAJIM30BAHHBIX IPEHAXXHBIX BOJA M OYMCTKH CTOYHBIX pEIIaeT
OTIpECHEHNE.

Jnis mopmepkaHusl KadecTBa BOJABI Ha JOJDKHOM ypOBHE HEOOXOAHMMO OCY-
IIECTBIISITH BOJOOXPAHHBIE MEPONPHUATHS, KOTOPble TPeOYIOT TOTONHUTEIBHBIX
KalnuTalbHbIX 3aTpaT. OYUCTKA CTOYHBIX U JIPSHAXKHBIX BOJ| 3]IECh MOXET JaTh
JBOMHYIO TIONB3Yy: TOJYYCHHE JOMOJHUTEIBHBIX BOJHBIX PECYpCOB M 3alUTY
BOJHOH CpeNbl OT 3arpsA3HEHMs.

YTunmzanus JpeHaKHBIX W CTOYHBIX BOJ Ha BOJOCOOpE Takke akTyajahbHa
it BogocOopoB bamkoprocrana. C teppuropuii BomocOOpOB B BOJOTOKH IIO-
CTYIAIOT OMOTEHHBIE 3JIEMEHTHl U XMMHYECKUE 3arps3HEHUs (HCO3 , SO42', CI,
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Ca*", Mg*", Na" + K*, NH,, NO*, NO%), HedrenpoayKThl 1 (eHONIBI, B COCTABE
MUHEPAJBHBIX YJOOpEHUH TsDKeTble MeTallibl M saoxumukarsl [3]. OOyctpoii-
CTBO BOJOCOOPOB [OJDKHO IO3BOJSATH YAaCTHYHO MEpEXBaThIBATh IPEHAKHBIC
BOZBI BOZOOOOPOTHBIMU OPOCHTENBHBIMU CHCTEMaMH M W3BJIEKATh OCTABIIMECS
3arpsi3HEHHST C TOMOIIBI0 HPUPOJOOXPAHHBIX MEPOIPUATHH W COOPYKEHHH.
CrouHble BOJBI, COJAEpKAIIME OPTaHMYECKHE 3arpsA3HEHHUs, IOCIe COOTBET-
CTBYIOIIEH MOJATrOTOBKHM L€JIECOO0PA3HO HCIIONB30BATh Il yHOOPEHUs! MOYBHI,
N00AaBIIsIs MX B MOJMBHYIO BOAY CIICIIHATBHBIX OPOCUTENBHBIX CUCTEM.

Uccnenosana [4] 3pdeKTUBHOCTE NMPEAMEMOPAHHON OYHMCTKH APCHAXKHBIX
BOJI CBAJIOK TBEPABIX OBITOBBIX OTXOAOB C NMPHUMEHEHHEM OKMCIHUTEJCH, aacop-
OEHTOB, KOAryJsHTOB U (GIoKynaHTOB. OnpeneseHsl ONTUMalbHble 3HaueHus pH
MPOIIECCOB KOATyJSIIMK M KOHIEHTPAallMH BBOAWMBIX KoaryisHToB. IlokazaHo,
YTO 7151 OYMCTKH JPEHAXKHBIX BoJ HanOonee 3PpQeKTHBHA KOaryIsauusi OCHOBHBIM
cynab(aroM adrOMHUHUs. Pe3ynbTaTbl MCIBITAHMK ONBITHOM YCTaHOBKH, BKIIIO-
Yaromel y3iIbl KOaryJisiiui U 00ecCONMBaHUS OOPAaTHBIM OCMOCOM JIpEHAXHOU
BOJIBI CBAJIKH TBEPHABIX OBITOBBIX OTXOJOB, MOKa3alll BO3MOXXHOCTH MOJTYYEHUS
nepMeara, OTBEHaroIero HopMaM copoca B KaHIU3AIHIO.

Paccemotpen [5] ciocob pa3MenieHus: 0CaaKkoB CTOYHBIX BOJ, 00pa30BaHHBIX
Ha OYHCTHBIX COOPYXKCHHUSIX KaHamu3anuu, Ha nosmroHax ThO, mpuBomsmmii K
YCKOPEHHUIO Mpoliecca KOMIIOCTUPOBAHUSI OTXOAOB W YIUIOTHEHHIO CBaJOYHOTO
tena. IlokazaHa BO3MOXHOCTb WCIIONIB30BaHMS Tella IIOJIMTOHA B KadyecTBE
a’pOoOHOTO W aHAYPOOHOTO PMIBTPA IS OUUCTKH IPEHAKHBIX BOJI.

ITokazano [6] MacmiTabHOE HEraTUBHOE BO3JCHCTBHE 3arps3HEHHBIX Jpe-
Ha)KHBIX BOJ Ha ruapocdepy B palloHaX MHTEHCHBHOW JOOBIUM IOJIE3HBIX HMCKO-
maemMbIx. Ha ocHOBe aHanmm3a CymecTBYIOMMX CIOCOO0B OYMCTKH COPOCHBIX BOJ
PEKOMEHIyeTCs METOJA COpOLMH C HCIOJIb30BAaHHEM MHPHUPOTHBIX COPOEHTOB H
OTXOZOB NPOM3BOACTBA psila OTpacield MNPOMBIIUIEHHOCTH JUIA TNEPBHYHON
(«rpy6oii») ourcTKH OONBIINX 0OBEMOB IPEHAXKHBIX BOJI MAXT M KapbEPOB.

Hccnenopana [7] BO3MOXKHOCTh 00€3KEIC3UBAHUS JIPCHAXKHON BOJbI CBAJIOK
TBEPABIX OBITOBBIX OTXOJOB Ha MHUKPOQHUIBTPALMOHHBIX KEPAMHUYECKHX MEM-
OpaHax IOCJ€ peareHTHOM KoaryJsiuM WIN TanbBaHOKoaryiasiuu. Ilokaszano,
9TO 32 cyeT 00pa3oBaHHUA MOIUGHUIMPYIOMIETO CJIOS W3 THIPOKCHIA JKelle3a U3
JIPEHAXHOM BOJABI MPAKTHYECKH IOJHOCTHIO YJAJIIETCS Kelle30 W CHUXKAeTcs
COJCp)KaHUE [PYIHX HEOPraHMYECKHMX W OpPraHHMYECKHX IpruMeced B ompexe-
neHHOM uHTepBasie pH cpenst n pabodero aBieHHS.

[MpuBenena [8] omeHka 3¢GQGEKTHBHOCTH TPUMEHEHHS TOMOTCHHBIX KaTa-
JU3aTOPOB B MPOLECCAX OYUCTKH CTOUHBIX BOZ Y (QPUMCKOIO MOJHMIOHA TBEPABIX
MIPOMBIIIJIEHHBIX U OBITOBBIX OTX0Z0B. Iloka3aHa BbIcOKass 3((EKTHBHOCTH
OYHCTKU JPEHAKHBIX BOJ C IPUMEHEHHEM T'OMOTEHHBIX KaTallu3aTOPOB — JKelle3-
HOTO Kymopoca M XJOpuJa MapraHua. B ponu okuciauTeneil HMCHoJIb30BaHBI
KHCJIOPOJ M O30HO-KUCIOPOAHAs CMECh. B sKCIepMMEHTalIbHOH YCTaHOBKE B Ka-
YecTBE pEaKTOpa WCIOJIB30BAICA MeMOpaHHBIM OJIOK C KepaMHUYeCKHMHU
MeMOpaHaMH.

22



ISSN 1813-1107 Ne'l 2019

UccnenoBanbl [9] OCHOBHBIE TEXHOJIOTUYECKUE TapaMeTpbl HaHO(MIb-
TpaLUH JpeHaKHBIX BOJ CBAJIOK TBEPIBIX OBITOBBIX 0TX010B. [lokazaHo, 4To 3TOT
MIPOLIECC MOXKET paccMaTpUBaThCsl Kak 3((EKTHUBHBIM METOA HPEANOArOTOBKU
YKa3aHHBIX CTOYHBIX BOJ IMEPe] WX TOOYHCTKOH W 00ECCONMBAHHWEM OOpaTHBIM
OCMOCOM, TIO3BOJISIOIIMNA CHU3UTH COAEP)KaHNWE OPTaHWYECKMX M MHHEPAIbHBIX
mpuMeced B MCXOAHOM BOAE M TEM caMbIM YMEHBIIMTh Harpy3ky Ha oOpat-
HOOCMOTHYECKYIO MEMOpaHy.

BaXHBIM OSKOJIOTHYECKMM aCIIEKTOM pPa0OTBl BCEX TOPHOIOOBIBAFOIIUX
OPENpHUsITUH, UCTONB3YIOIMUX OypOB3pPHIBHYIO MOATOTOBKY TOPHOW MAacChl ¢
MIPIMEHEHNUEM TIPOMBIIIJICHHBIX B3PHIBUATHIX BEIIECTB (ITOPIMHUT, TPAHAIMHUT.
WTIaHUT U Jp.) Ha OCHOBE aMMHAYHOM CEJIUTPBI, SIBISAETCH HEU30eKHOE 3arps3-
HEHME JIPEHAKHBIX BOJL COEIMHEHUAMH a30Ta (MOH amMMoHus NH,', MoH HUTpuTa
NO, u non murpata NO;'). DTH BOJIbI, OTKAUMBAEMbIE IIPU OCYIIEHUH MECTOPOK-
JeHUH, KaK [IPaBUiIo, cOPAachIBalOTCS B IIOBEPXHOCTHBIC BOIHBIC OOBEKTHI, NPH-
BOJIA K WX 3arpsA3HEHUI0. BBIMOMHEHNE y)KeCTOYaroMMXCsl TpeOOBaHUH PHUPOJI0-
OXPAaHHOIO0 3aKOHOJATENbCTBA IO MX OXpaHE OT 3arpA3HEHHsA COEAMHEHUSIMHU
azoTa mpu cOpoce ApeHaXHBIX BOJA OOYCIIOBIMBAEeT HEOOXOIMMOCTH BBIOOpa M
pa3paboTKH ONTUMAaIBHON C KOJIOT0-3KOHOMUYECKUX MO3UIMN TEXHOJIIOTHH UX
ouncTKU. g 3Toro Heo0X0ANMO N3yUeHHE MPOLECCOB (POPMHUPOBAHUS UX XUMU-
YECKOTO COCTaBa IO 3arps3HSIOLIMM BEIIECTBAM M 00beMa JpPEHaKHBIX BOJ,
MOJJICKAIIMX OYUCTKE, JJIsi TOPHOAOOBIBatomuX mnpennpustuii. B cratee [10]
paccMOTpeHBl poLecch (GOPMUPOBAHUS XUMHUYECKOTO 3arps3HEHUs APEHaKHBIX
BOJl COEIMHEHUSMHU a30Ta, HCCIIEIOBAHHBIE B YCIOBUAX KPYITHOTO Kapbepa CTPOH-
TEBHOIN MHIYCTPHH C IETBI0 OTPEIETICHUS BOZMOXKHBIX TEXHOJIOTHI MX OYHCTKH.
Pe3ynprarel MccienoBaHM HCHOIB30BaHBl PACCMATPHUBAEMBIM TPEANIPHATHEM
IpH pa3paboTKe TEXHOJOTHUH OYMCTKH APEHAXKHBIX BOJ OT COCAMHEHHH a30Ta U
ONITUMHU3AIMU PabOTHl OYHCTHBIX COOPY)KEHUH B 3aBHUCHMOCTH OT MPHPOIHBIX U
TEXHOTCHHBIX (PaKTOPOB C YYETOM KOHKPETHBIX YCIOBUH MPEANIPHATHS U €T0 UH-
(dpacTpyKTyphl (CBSI3b MaccChl BHIHOCA COEAMHEHMH a30Ta C CE30HHOCTHIO BOJO-
IIPUTOKOB. 00BEMOM TOPHOI Macchl, BUAOB IpuMeHseMbIx BB).

AHann3 SKCIepUMEHTAIBHBIX TaHHBIX [11], MOTydeHHBIX C HCIIOIb30BaHUEM
SAMP-mMeTo1a, TOKa3bIBAET, UTO AKTUBHBIE IIEHTPHI KOJJIOUTHON CTauu AUCIIEepC-
HOCTH, OOpasylomuecsi B pacTBOpax Ccyib(ara aJlOMHHHUS TOA ACHCTBHEM
MarHMTHOTO TIOJISI TIOCNIE CTAOWMIM3allii aHOIHO-PACTBOPEHHBIM JKEJIE30M, BBI-
MOJHSISL POJIb JIOMIOJMHHUTENBHBIX LIEHTPOB KOAryJsMH, OKa3bIBAIOT WHTCHCHU(H-
Lupyrollee JeiCTBUE Ha MPOLECCHl OUUCTKHU IPEHAKHBIX BOJ| IIOJIUTOHOB.

UccnenoBanst [12] BapuaHTHI TOMEMOpPAaHHON OYHUCTKHA IPEHAKHON BOIIBI
MIOJIUTOHA JCTIOHUPOBAHMS TBEPJBIX OBITOBBIX OTXOJ0B — OKUCIHUTEIbHBIX, COPO-
LUOHHBIX U KOaryJsIIIMOHHBIX; HanOoyee MOAXOISIIIMMH MOXKHO CUHTATh MO-
cinegnue. [Ipym mpoBeeHHH peareHTHON KOaryJsiMH aKTHBHOCTh KOAryJISHTOB
MOXKET OBITh PacIHojioKeHa B PAMA: OKCHUCYIh(haAT aTIOMHUHHUS>CYIb(arT altoMH-
HUSC>Cynb(daT Kene3a>OKCHa Kanblus. [lo aKTUBHOCTH 3IEKTPOXUMHUYECKUX
METOZOB, Oojee BBHIFOJHON 1LEIecO00pa3sHO CUYMTATh TaJIbBAHOKOATYJISLHMIO,
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HEOCTIOPUMBIM TPEUMYIIIECTBOM KOTOPOU SABISETCS IKOHOMHYHOCTh W MPOCTOTA
anmaparypHoro opopMIIeHHs Tpolecca.

B [13] mpencraBieHbl pe3yiabTaThl NMPUMEHEHUS COPOEHTAa M3 CKOPIIYIIBI
KEJPOBBIX OPEXOB B MPOLIECCAX U3BJICUECHUS SMYJIbIUPOBAHHBIX HEPTECIIPOLYKTOB.
ITogoGpans! mapaMeTpsl (BpeMsi COPOITMH B Macca aacopOeHTa) I MIPOBEICHUS
copOIM B CTaTHUECKUX YCIOBHSIX, IIPU KOTOPBIX CTENEHb OYUCTKH OT HedTe-
poayKToB cocrasisier Oosee 94,0 %. YcraHoBieHO, 4TO MpoLecc copOnMu
onuckiBaeTcsi ypaBHeHueM Opeitnmnuxa. [lokazaHo, 4TO B JUHAMHYECKHUX
YCIOBHUSIX COpPOLIMM JOCTUTAETCA CTeneHb u3BieueHus Oonee 96.0%. Ilomnas
JMHaMHU4YecKas copounonHas éMKkocTh copOenTa cocrasisier 0,85 r/r. [lpuBenens
JaHHble 10 3((EKTUBHOCTH JAHHOTO COPOEHTa MPH OYMCTKE APEHAXHBIX BOJ
He(TenepepadaThIBAIONIETO 3aBO/a, COJCPXKAIIMX SMYJLIMPOBaHHBIC HedTe-
MIPOJYKTHI.

IIpu aHanu3e pe3ynbTAaTOB HAyYHBIX MCCIEAOBAHUI YacTO BO3HUKAIOT CH-
Tyanud, Korna (QyHKOWS OTKJIMKA 3aBHCHT OT HECKONBKHX (pakTopoB. B aTmx
CIIy4asx JIJsl HaXOXACHHS MapaMeTpoB MOJeNel HCIONb3YI0T MHOKECTBEHHBIH
JMHEWHBIM perpeccuoHHbI aHanu3. B crathe [14] paccMOTpeH AaHHBIM MeTOJX
aHalM3a, MPUMEHSIEMBII IS CUCTEMbI THAPOOYNCTKN OeH3nHA. XUMUYECKHHA CO-
CTaB JPEHAXXHBIX BOJ MPEICTABIEH C IMOMOIIBI0 MHOXXECTBEHHOTO PETpPecCHOH-
HoOro aHaynm3a. C ero MOMOIIBIO BBISIBIEHBI KOMIIOHEHTHI HX COCTaBa, OKAa3bIBAIO-
II1€ OCHOBHOE BIIMSHUE HA KOPPO3UIO JJIEMEHTOB YCTAaHOBKM THAPOOYHCTKU
OensmHa. [T JOCTIOKEHUS MMOCTAaBICHHON Lenu: 1) MpoBeaeH MHOXKECTBEHHBIH
pEerpeccHOHHBIN aHaIM3 KOMIIOHEHTOB, MPUCYTCTBYIOIIMX B APEHAXXHBIX BOJAX;
2) Ha OCHOBaHMU OIpeZeIeHNs] Hanbosee arpecCUBHBIX KOMIIOHEHTOB ObUI IPO-
W3BelleH MMOA00p WHTHOMTOpa WM HeWTpamusaTopa, Hamboiee 3¢ (eKTHBHO TO-
JABJIAIONIET0 KOPPO3HOHHBIE TMPOLECCHl B JAHHBIX YCJIOBHUSAX OKCIUTyaTalluu
YCTAHOBKH TMIPOOYMCTKH OeH3MHA. [[1 yMeHBIIEHHsI KOJINYeCTBa MEePEeMEHHbIX
B PETPECCHOHHON MOJENH WCIOIL30BAJICS UX IIONIATOBBIM 0TOOp. B pesymnprare
YCTaHOBJICHO, YTO JpeHa)KHbIE BOJBI HedTernepepadaThBalONIero 3aBOAa COIEp-
xat cnepyroniue kommoneHTel: Fe, Cl, NHy, S,. Ananu3 anautuBHON Mojenu
nokasai, uro napametpsl Cl, NH, siBisitoTcst ast ;aHHON MOJENy He3HAYMMbIMH,
TO €CTh HE BIIMAIOT Ha pa3pylIeHHEe MeTalia PeakTopa, TJe MPOUCXOAT KaTaln-
TUYECKHE pEaKIM THAPUPOBaHHUS OEH3WHA, W BBIABIEHO, YTO arpecCHBHOCTH
Cpelsl 3aBUCUT TOJIBKO OT mokaszarens pH u conmepxkanus cepsl. Mccnenyemsie
JpPEHAXXKHBIE BOJABI UMEIOT IIENOYHOW xapakrtep. s ux HeHTpaiu3aluu BO3-
MOXKHO HCIIONIb30BaHUE coJiell «ciaboi» yrompHOW KHCHOTHL. IIpumenenue
JaHHOTO c1ocoba He TOJbKO OoJiee 6€30MacHO B TEXHMYECKOM U 9KOJIOTHYECKOM
IUTaHaX, HO U OoJiee SKOHOMHUYHO C TOUYKH 3PEHMS 3aTpaT Ha HEUTPAIN3ALHIO.

Paccmotpena [15] ectecTBeHHass OMoOJOrHYecKas OYMCTKA OPEHAKHBIX BOJ
KpyIHeiiero ropaoro npennpusatus Ypaina — OAO «YpanacoecT» — B YCIOBHSIX
0TpabOTaHHOW TOpHOW BBHIPaOOTKH. (OOOCHOBaHBI MapaMeTpsl OTpabOTaHHOMN
TOPHOM BBIPAOOTKH JUIA €€ UCTIONB30BaHus B KauecTBe 0a30BOTr0O 3B€HA B CHCTEME
OUUCTKM M JKOJIOTMYECKHE OTrPAaHMYEHHUS, BO3ZHHUKAIOUIME NPU TaKOM MCIIOJNb-
30BaHUMU.
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[Tpr 060CHOBaHHMU TEXHOJIOTHYECKONW CXEMBI CHCTEMBI OUUCTKH APCHAXKHBIX
BOJ MPEIIPUSTHEM YYTCHBI U MCIIOJIB30BaHbl XapaKTEepHbIE MapaMeTphl HH(ppa-
CTPYKTYpPhl M T€OTEXHOJOTHMYECKHE OCOOCHHOCTH, B YACTHOCTH: HajlM4Yue dYac-
TUYHO 3aTOIICHHON OTpaOOTaHHOW TOpPHOW BBIPAOOTKH, COCTaB BOIBI B HEW,
CBOOOHBIN 00BEM /JIs 3aIIOTHEHUS], THIPOTEOJIOrHYECKHE YCIOBHS, HAJTMUUE Ha
TEPPUTOPHH HPEAIIPUATHS BOL03a00pHBIX CKBAXHUH, F€OMEXaHUYECKUE CBOMCTBA
0opTOB OTpabOTaHHOU TOPHOW BBEIPAOOTKM U Jp. B KadecTBe 6a30BOTO JIEMEHTA
MPUHSATON CXEMBI OYHCTKH JJISI Pa3pabOTKH MPOCKTHBIX PELICHUH SBJISETCS HC-
MOJIb30BaHUE OTPabOTAaHHOH TOPHOM BHIPAOOTKHU sl IPEABAPUTEIBHON OYMCTKU
IPEeHAXHBIX BOJA OT COSAMHEHWH a30Ta TMepe] MX MOCIenyIomeld JOOUYNCTKON Ha
COOpYXKEHHSIX Ouosorndeckoi ouumctku. OTpaboTaHHas TOpHAas BBIPAOOTKA
ImpeAcTaBsyla Ha Hayalo MCIOJIb30BaHUS OTPa0OTaHHBIA Kapbep, YaCcTHYHO
3aTOIUICHHBIN 32 CUEeT MOCTYIUICHHS aTMOC(EPHBIX OCAIKOB M HOI3EMHBIX BOJ.
XUMHUYECKUII COCTaB BOJbl B 3aTOIUIEHHOW YacTH Kapbepa XapaKTepHu30BaJics
OTCYTCTBHEM TOKCHYECKHX COEIWHEHHH B KOHIEHTPAIMSAX, NPEBBIIIAOMINX
[NAK. Bo3MOXHOCTh HCIIONB30BaHUSI BHIOPAHHON OTpaOOTaHHOW TOPHOI BBIpa-
OOTKM TSI OYMCTKH APEHAKHBIX BOJ| OCHOBBIBAETCS Ha HCIIOJIb30BAHUHU €CTECT-
BEHHBIX MHUKPOOHMOJIOTHUECKUX MPOIECCOB HUTPU(DUKAIMH COCITUHEHUI a3ora
(MOHOB aMMOHUS ¥ HUTPHUTA) B a3pOOHBIX YCIOBUX B Bogoemax [16].

UccnenoBan mpomecc [17] anekTpodroTokoaryisiiuOHHON OYUCTKH Ipe-
HA)KHBIX BOJ| CBAJIKM TBEPIBIX OBITOBBIX OTXOJOB OONBIIMX ropojoB. [lokazaHbl
HETNPUTOTHOCTH MCTIONB30BAHUS JJIsl HApAOOTKH KOAryJIsIHTa JKEJIEe3HbIX aHOJOB U
MEPCHEKTUBHOCTh AIIOMUHUEBBIX. J{JIs1 CHMO)KEHHs pacxola AlTIOMUHHS MPEIIo-
YKEHO TIPOBOJIUTH MPEABAPUTENHHYIO KUCIOTHYIO KOATYJIISIINIO MCXOIHOW CTOYHON
BOJIBI.

B pa6ote [18] mist mpemovIrCTKH IPEHAKHON BOIBI OBLT MCTIONB30BAH METO/T
IMEKTPOQIOTOKOAryIIAINN, COBMEINAIONNK B cebe IIIEKTPOKOATryISIIHI0 U
anexkTpodoTannio. B COOTBETCTBHM € ATHM pa3ziefieHHe OYHIaeMON BOIBI Ha
TPU OTHETHHBIX IMOTOKA (TEHUCTYIO (hpaKIHIO, JNOHHBIA IIIaM W COOCTBEHHO
OYHIIEHHYIO BOY) TIO3BOJISICT TOBBICUTH 3()(PEKTUBHOCTH OYNUCTKH BOJIBI.

Ha ocHOBaHMHM »HKONOTHYECKMX WcciaemoBaHuid [19] misd ompecHEHHS
KOJIJIEKTOPHO-APEHAXKHBIX BOJI IIPU MAaCCOBOM KOHIIEHTPALIMM COJIEW B UCXOJHOU
Bojie 10 6 T/11 1 B onpecHeHHOU — HEe MeHee 0,6-0,7 T/71 MOKHO CUMTaTh Hanmboee
[IPUEMIIEMBIM METO/] 3JIEKTPOANAIN3A.

B pabote [20] moka3ana 3¢ppeKkTHBHOCTH pabOTH MEMOPAHHOTO peaKkTopa C
KepaMHYeCKHIMH MeMOpaHaMH MPH KaTATUTHYECKOM OKHCIEHWH TPEHAXHBIX BOJI
YduUMCKOro mNOJMroHa NPOMBIIUICHHBIX W OBITOBBIX OTXOIIOB, COJAEPIKAIIUX
OoJbIIOE KOJIMYECTBO HE(TENpOAYKTOB, ()e€HOJIA M APYTHMX OPraHUYECKUX CO-
ennHeHnu. Ha 0Oase 5ToH 3KCIEpUMEHTalIbHOM YCTAHOBKU CIIPOEKTHPOBAaHA
IOy IPOMBIILICHHAS MEMOPAHHAS YCTAHOBKA C PACXOJOM CTOUHBIX BOJ 1 M° /u.

B Hacrosimuii MOMEHT HEIpPOIOJIb30BAaTENN AKTUBHO HCIOJIB3YIOT BOAHBIE
00BEKTHl B KayecTBE NPUEMHHUKA CTOYHBIX BOA. ExeromnHo moObIBaromieidl mpo-
MBIIUIEHHOCTBIO B PEKH cOpachBaeTcs Ooiee MuuIHapaa KyOWdecKMX METPOB
LIaXTHOM, KapbepHOH M TIOBEPXHOCTHOM BOABI. [Ipu 3TOM cOpackiBacMas BoAa HE
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BCETJa COOTBETCTBYET HOPMATHBAM IIOIYCTHUMOTO BO3IeHCTBHUA. CBSI3aHO 3TO C
TEM, YTO OOJIBIIMHCTBO OYHCTHBIX COOPYKCHHI B HACTOSIINA MOMEHT BPEMEHHU
MOpaJbHO YCTapeNd, U HE MOTYT OOECIICYHTh HEOOXOJIUMYIO CTEIICHb OYHCTKH.
[Ipu 3TOM BX PEKOHCTPYKITUS MIIH CTPOUTETHCTBO HOBBIX OYMCTHBIX COOPYKEHHUN
MaJIOBEPOSTHBI HM3-32 3HAYHTENHHBIX KamuTaoBIokeHHWi. B [21] paccMoTpen
BOIIPOC CHUKCHUS CTOUMOCTH OYUCTKH JPEHAKHBIX M ITOBEPXHOCTHBIX BOJ.
Pesynprarel MaTepuanoB MOXHO MPHMEHATh JJISi OYHCTKH JPEHAXHBIX U
KapbePHBIX, a TAK)KE MIOBEPXHOCTHBIX BOJI HA BCEX MPOMBIIIJICHHBIX TUIOMIAIKaAX.

HckyccTBeHHBIE BOJOEMBI MMEIOT Ba)KHOE 3HAUCHHE B paiioHaxX, OCIHBIX
€CTECTBEHHBIMH BOJOEMaMH U BojoTokamu. Kaxknas npeHaxHas cucTeMa MOXKET
coOupaTh MOYBEHHO-TPYHTOBBIE BOABI C OombImoi riomanu (50 ra u Gonee) u
CBOJIUTh MX B OJWH BojonpueMHUK. COOp M HAKOIUICHHE JPSHAKHBIX BOJ B
HCKYCCTBEHHBIX BOJO€MAaX MOJIE3HO MCIOIb30BaTh B HEKOTOPBIX XO3SMCTBAX AJIA
OpraHM3allid MECTHOTO BOJOCHAOXEHWs, PBIOOBOJICTBA, pa3BEICHHUS BOJO-
IJTaBarOIIEH MTHIBI U APYTUX Henei [22].

Jist m3ydennsi BO3MOXKHOCTH OYHCTKH JPEHAXHBIX BOJ 30JIOIIAKOOTBAJIOB
OT WMOHOB MapraHiia ObUTM IPOBEIEHBI HCCIICIOBAHUS IO €r0 COPOIMOHHOMY
M3BJICUCHNIO. B KadecTBe copOeHTa WCIOIB30BaIN aKTUBHEIN yroias KAJl-ion-
uelid. [IpenBapurensHO OBLIM  OMpPEENEHBl XapaKTEPUCTUKH HCCIETyeMOro
oOpasia yrisi mo M3BeCTHbIM MeToaukaMm. KpymHocTh OcHOBHOW (pakiuu 1,6-
2,5 mM; HaceimHas 1woTHOCTH 0,537 r/cM; MexaHWdYeckas Mpo4yHOCTh 60%:
aKTUBHOCTH 110 Hoay 55%; akTHBHOCTH TIO METHJIEHOBOMY Tomybomy 11,5 mr/T;
cymmapsas opuctocts 1,0 cm’/r. I3BeCTHO, 4TO HA eMKOCTHBIE XapaKTePHCTHKHA
COpPOEHTOB T10 OTHOIICHUIO K MOHAM TSDKEJBIX METAJUIOB 3HAYUTEIHHOE BIIMSHUE
okaspiBaeT pH cpensr [23].

B cratbe [24] naH aHanu3 NpUMEHSEMBIX cXeM Al 0OpabOTKH TMOBepX-
HOCTHOTO CTOKa, IPEJICTABICHBI PE3yJIbTAThl U3YUCHUS CTCICHU 3arpA3HCHHOCTH
MMOBEPXHOCTHOTO (JI0KJIEBOTO M TaJOT0) W APEHAXKHOTO (MH(UIBTPAI[HOHHOTO)
ctoka. [lo pesynbpraTaM MHOTOJICTHUX HATYPHBIX HAONIONCHUN TIOTYYCHBI
3aBUCUMOCTH JUISl ONPEICICHHs] KOJUYEeCTBAa W XapaKTepa MOCTYIUICHUS Ape-
HaXXHOTO (MHQWIBTPAIIMOHHOI0) CTOKA B KaHaJIHM3allMOHHbIE ceTh. OnucaHa Tex-
HOJIOTHYECKAsi CXeMa CTaHLUMU OYHUCTKH MOBEPXHOCTHOTO CTOKAa 3alpOCKTHPO-
BaHHAs U MOCTPOCHHAs B MOJ3EMHOM HCHONHEHUU. [lpencraBineH HaaexKHBIH
Croco0 OYHMCTKHM TaKOro pe3epByapa-aKKyMyJsiTOpa, a TaKkKe yCTPOWCTBO 00e3-
3apakUBaHUS C UCIIOJIb30BAHUEM YCTaHOBOK Y D-001ydYeHHUS.

Uccnenopanbl [25] copOLMOHHBIE CBOHCTBA OEHTOHUTOBBIX IMH KamauH-
ckoro mecropoxaenus (KpacHosipckuii Kpaii) ¢ IeNIbI0 UX BO3MOYKHOT'O HCIIOJb-
30BaHMS I OYUCTKUA CTOYHBIX BOJ CYIb(MHICOAEPKAIMIMX XBOCTOXPAHIIUIL OT
HWOHOB TSKENbIX MeTaioB. Ha mpumepe memu (I1) uzydeHo BIMsSHUE BEIUYUHBI
pH, otHomeHus cop0ar/cOpOCHT M yBelIMYCHHE KOHIIGHTpalMu copbara Ha
repepacnpeziefieHie MeTala W3 MOJEIBFHOTO pacTBopa B TBepayio ¢asy. Ha
OCHOBAaHWH JTAHHBIX HCCIICIOBAHUS BOJHBIX BBHITSDKCK W3 BEUIECTBA KIMHKEPOB
Benosckoro nuakoBoro 3aBona (KemepoBckast 00J.) M €ro JPEHaXKHBIX CTOKOB
YCTaHOBJIEHO, YTO JaHHBIA OOBEKT CITYKUT UCTOYHUKOM KHUCIIOTHOTO PYJAHUIHOTO
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IpeHaka HamOoyiee HEONAaronpuUsATHOTO THMA (HE3HAUYUTEIBHOE COJCpKaHHE
&KeJjiesa M BBICOKOE COJCpPKAHUE TSKEIBIX METAUIOB M CyJIb(aTHOH cepsbl).
[Toxazano, 4uto 3(ekTHBHBIE Pe3yNbTATHI 10 OYHCTKE CTOYHBIX BOJ XBOCTOXpa-
HWIAI] BeloBCKOTO IIMHKOBOTO 3aBOJIa MOTYT OBITH MOJYYEHBI MPU HCIIOIH30-
BaHUU JIBYXCTAJMHHON OYMCTKU: CHaYasla C MPUMEHCHUEM KallbI[UTa, a JIAJIeeT —
B3aMMOJICHCTBHEM C TIIMHUCTHIM COPOSHTOM.

K npenaxubIM BomaMm [26] OTHOCSATCS JIMBHEBEIC, Tajble M IOBEPXHOCTHBIE
BO/JIBI, ITOTIA/JAIOIUE HEMOCPEACTBEHHO B BBIPAOOTaHHOE TIPOCTPAHCTBO Kapbepa,
a TaKKe MOJA3EMHBIE BOJBI, MOCTYMHAIOIIME B TMOA3EMHYIO IPEHAXHYIO CHUCTEMY
WJIM HA OTKOCHI ¥ THO Kapbepa.

[Ipu mcmonp30BaHUN OMOXUMHUYECKAX METOMOB [27] OYHCTKH APEHAKHBIX
BOJI TEXHOJIOTHYECKUE CXEMBl OYHCTKM (PHUIBTpaTa OCHOBBIBAIOTCS Ha TMpHMeE-
HEHUU NPEUMYIIECTBEHHO METOA0B OMOXMMUYECKOH NECTPYKIHH OPTaHMYECKUX
BEUIECTB B COYETAHUH C (PH3UKO-XMMHYECKUMH IMPOIECCAMH — KOATyJISIHH—
¢doTanuy, KUAKOPA3HOTO OKHCICHUS, (UIBTpAlMU, yIbTpaQuiIbTpaluu, aji-
copO1mu, 00paTHOrO0 0CMOCa, KOHIICHTPUPOBAHHOTO BHIMTAPUBAHUS B Pa3IMUHBIX
koMOnHanusAx. CTOYHBIE BOJBI, CONEp)KAIlNe B3BEIICHHBIE ¥ KOJUIOWTHBIC
TIPUMECH, TIOJIBEPTAIOT MEXAHWUCCKOW, KOATryJSIIHOHHOW WM (hJIOTAIlMOHHOM
OouuCTKe. B mocnemHue rojpl akTHBHO NPUMEHSIOTCS TEXHOJIOTMHM Ha OCHOBE
oOpaTHOTO 0cMoca (MeMOpaHHBIE METOMBI). [[Js OYMCTKH CTOYHBIX BOJ, COIEP-
JKAIIUX MOHBI TSHKENBIX METAJUIOB, MarHUs, KANbIINS UCIOIB3YIOT OCaTUTENbHBIC,
MOHOOOMEHHBIE WJIM MeMOpaHHble MeTonbl. Hambonee pacnpocTpaHEeHHBIMU
METOJIaMH OYUCTKH (WIBTPAIIMOHHBIX BOJ[ SBISIOTCS OMOXMMHUYECKHUE —
a’poOHbIe ¥ aHa’poOHBbIe. OCHOBHBIMHU IMPEHMYIIECTBAMHU aHA’POOHON OYMUCTKH
nepea adpoOHOH MOTYT OBITh BBIICICHBI CIEAYIONIME: — He TpeOyeTcs mojada
KHCIIOpoJa B 00pabaThIBaeMyIO Cpeay; — 3HAUUTENBHO YMEHBIIAIOTCSA 3aTpaThl
ANIEKTPOIHEPTUN (HEMAJIOBAKHBI 3KOHOMHUYECKUH acleKkT); — yBEINYHBACTCS
MUHEpaJIu3aIis aHa’3poOHOTO Ocagka MPH yAAJCHHH TSDKENBIX METaJUIoB, YTO
TIOBBIIIAET IIEHHOCTh €r0 Kak yA0OpeHHs; — MPAaKTUYECKH He TpeOyeTcsl ocax-
JICHHsI aHa’POOHOTO OCajKa; — yCTPAHSIOTCS HENPHSTHBIE 3amaxu; — obpa3yercs
MEHBIIIee KOJIMYECTBO OCaIKa, YTO OOJErdaeT €ro yTHJIM3AINi0; — CHMKAETCS
KOJIMYECTBO JO0AaBOK Uil MUTAaHUS MHKPO(DIOPHI; — CHIDKAIOTCA IUIOMAAH U
KaluTaNbHBIC 3aTpaThl Ha YCTAHOBKH 33 CYET YMCHBIICHHS WX pa3MEpoB;
— ObIcTpee MOTHOAIOT MAaTOTEHHBIE MHKPOOPTaHW3MBI, OCOOCHHO B T€PMO(DUIH-
HOM pexume. Takke ciemyeT OTMETHTh HEAOCTAaTKH aHa’pOOHOW OYHMCTKH II0
CPaBHEHUIO ¢ a3poOHOM: — HeoOXoauMocTh Bhicokux (6onee 30°C) temmnepatyp
IUT AOCTHXKEHUsT 3(PPEeKTUBHONW KWHETHKH IpOIecca; — CIOXKHOCTh paboThl B
MeproA Mycka W HEOOXOJUMOCTH CTPOTOTO KOHTPOJS MPOTEKaHWsS MpoIiecca;
— MeHbmast 3QpPEeKTUBHOCTh YJANCHHS TSHKEIBIX METAIOB; — HEOOXOJUMOCTh
JOTIOJHUTENILHOH O00palbOTKM Al TOJIy4eHUs TpeOyeMoll CTENeHHW OYHUCTKH.
BonpmMHCTBO yCcTaHOBOK aHa3pOOHOW OYHCTKH padOTaoT B MHTEpBAJIE TeMIIe-
patyp 34-38°C, uTo crocoOCTBYET pPa3BUTHIO Pa3IMYHBIX BUAOB MHUKpOOpra-
HU3MOB. [liss pocTa METaHOTCHHBIX OakTepuil TpeOyeTcs IIUPOKHUN CIIEKTP
MUTATEeIFHBIX BEIIECTB: yriiepo, pocdop, a30T, cepa, KajabIlHid, MATHAH, KaIHHA U
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ap. D¢ heKTUBHOCT OYHCTKA OOECTIeUMBAETCS PEryJSIpHBIM KOHTPOJEM MeXa-
HHU3Ma Mpolecca COpaKUBAHUS U MOAJIEPKAHUEM OCHOBHBIX MAapaMeTPOB B yCTa-
HOBJICHHBIX TMpenenax. K OCHOBHBIM KOHTPOJHMPYEMBIM MapaMeTpaM OTHOCST
noTpeGieH e KUPHBIX KHUCIOT, menounocts (3500-5000 mr/av’) u pH (7-7,5).
Taxoke TpuUMEHSIETCS METOI adpPOOHON OYMCTKH, IIPH KOTOPOM B Ka4eCTBE arra-
paTypHOro o)opMJICHHS BBICTYIAIOT a’POTCHKH U OuopeakTophl. B pesynbraTe
a3poOHoil ounctku npoucxoaut cHmwxkenue BIIK B cpemnem Ha 20-35 %. Ilpu
ATOM MOXET BO3PACTH MHHEPAIHM3AINs, a TAKXKE COACpIKaHUE XJIOPHUIIOB U CYIIh-
(datoB. [IpoMcxoauT yJydllIeHWE OPraHOJCNTUYCCKUX CBONCTB CTOYHBIX BOJI.
[IpumeHeHne a’pOOHBIX METOJIOB JIJISI OUUCTKHU «CTaphIX» (PUIBTPATOB BO3MOKHO
MIPH TIPOBEJICHUH TIPEIBAPUTEIHHON (DU3UKO-XUMUIECKOH U XUMHUYECKOH OYHCT-
KM, TaK KaK OHH IMEIOT BBICOKOE COJIECOJEPKaHNe, HATMYUE XIOPOPTaHNIECKUX
COCIMHCHU M OKa3bIBAIOT HHUTHOWPYIOIICE NCHCTBUE HA aKTUBHBIN Wi, Tak Kak
3a4acTyl0 UMEIOT JIEJI0 CO CMEIIaHHBIM (DPUIBTPATOM, TO ISl OYHUCTKU HCIIONb-
3YIOT KOMOWHANWI0 a’dpoOHO u aHa’dpoOHO# oumcTku. Takxke KpaitHe HE0OXO-
JUMa JIOOYMCTKA (PUIIbTpaTa pa3IUuHbIMH METOAaMH. B KauecTBe KOaryJsHTOB
JUISL OYUCTKH (PUIBTpaTa OT TSIKEIBIX METAILUIOB MOTYT WCIOIB30BATHCS: OKCH
Kaplus, cynbdar amoMuHusa, cyiabdar xeme3a. Hawmbomee 3¢ deKTHBHBIM
SIBIISIETCSL CyJIb(aT amOMUHMS, IPUMEHEHHE KOTOPOTO MO3BONIAET H0CTUYb 50%-
Hoit crenenu oumctku 1Mo XIIK u 80 %-Horo oGecuBeunBanus. [ anbpBaHOKOA-
TYJISIHS MOXKET OBITH MCIIONb30BaHa B KAYECTBE MPEIOYNCTKU (PIITBTPAIlMOHHBIX
Box mis ynmaineHuss BMC, MOHOB TSDKENBIX METAJIIOB, XJIOPHAOB. B KadecTBe
raJlbBaHOIIOP MOXET HCIOJIb30BaThC METALIMUSCKUN CKpam (Keje3Has WIn
AFOMHUHUEBAs CTPYKKA), YIIIEPOACOAePKAIINE OTXOABI PA3TUIHBIX TPOU3BOJICTB.
3a cueT pPAa3HOCTH TOTEHINAJIOB TOKOMPOBOISAIINX JJIEMEHTOB <« Kelle3Has
CTPYXKKa — YTJIEPOJICOACP KAIIMA MaTepuam BO3HHUKACT MHOKECTBO TalbBaHO-
Iop, BJIEKYIIMX 3a cO0OI OKHCICHHE W PacTBOPEHHE MeTaiuia, cMmelneHue pH,
ruaposm3. O0pa3yroniuecs THAPOKCHIIBI KeJe3a I ATFOMUHUS (B 3aBUCHMOCTH
OT MPUMEHIEMOMN CTPYKKH), CIIOCOOCTBYIOT KOATYJISIIIUU, COPOIIMU M OCAXKICHUIO
npumecedl. [IpuMeHeHUe TanbBaHOKOATYJISIIIMKA ITO3BOJISIET JIOCTUYL CHWXKCHUS
XIIK go 75%, userHoctu 10 85%, Menu u uuHka npakruuecku Ha 100%. K tomy
K€ MUKPOTOKH, 00pa3yroIuecs B 1MOjie TaabBaHOIOP, AECTPYKTUBHO JICHCTBYIOT
Ha MaTOTeHHYI0 MUKPOQUIOpy, obecrieunBas riry0okoe o0e33apaKBaHue.

ABTOpEI [28] B KauecTBe cOpOCHTa HCITOJIB3YIOT APOOJICHBIN BCITYYCHHBIN
aprumat ¢ pasmepoM gactur; 0,5-3,0 mMm. [locnmemoBarenprHO 0OpabaThIBAIOT
6 %-HBIM PacTBOPOM CEPHOU KHUCIOTHI U 6 %-HBIM pacTBOPOM THAPOKCH]IA HAT-
pus win kanmwst ipu 60<198>C. O6paboTKy MPOBOIAT METOAOM 0apOOTHPOBAHUS
¢ Tmocieayoniel TpoMbIBKONW BOJIONH. MeTo npuMeHseTcs: Jisl TPOMBIIIIJIEHHON
OYHCTKH KOJUIEKTOPHO-IPEHAXHBIX BOJ M HCIIONB30BAaHUS BOABI HA MHUTHEBHIE
HYKIBL.

N3o6peterne [29] OTHOCHUTCS K TEXHOJIOTHH OYMCTKH APESHAKHBIX BOJ TOJTH-
TOHOB TBEPJBIX OBITOBBIX OTXOJOB, COEPIKAIINX MHOTOYNCIICHHBIE KOMITOHEHTHI
pacmaga opraHudecknx BemiecTB. Croco0 BKIIOYAET MPEIBAPUTEIBHYIO 3JIeK-
TPOXMMHUYECKYI0 00pabOTKY JPEHAKHBIX BOJ| OT 3arps3HSIONIMX IMpHUMEced ¢
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IepeBoioM He MeHee 25 Mac.% aMMOHHUIHOTO a30Ta B HHUTPaATHYI (GopMy.
O6pasyromuiicss Ipyu 3TOM aKTHBHBIH XJIOp CIOCOOCTBYeT 00e33apa)kMBaHHIO
oOpabaTeiBaeMBbIX BOJ. 3aTeM ApEHaXHYI BOay (GHIBTPYIOT W TIOJBEPraioT
oOpaTHOOCMOTHYECKOMY pa3zieneHuio. Ilepmear noounmmarot Ha copOeHTe, YacTh
KOHIIEHTpaTa 10 35 Mac.% BO3BpalllaloT B TEJIO MOJIMIOHA, a He MeHee 65 Mac. %
KOHIIEHTpaTa IMOAAI0T B HUCIHAPUTENh W HAKOMHUTEIbHYIO €MKOCTh — KpPHUCTal-
JU3aTOpP, OTKYAa KPUCTAIUIMYECKYIO COJIb OTBOJAT Ha yTWIM3anuio. JlpeHakHbIe
BOJIbI CBAJIKH BCETJ[a COJIEpXkKAaT XJIOP-HOH, IIOCKOJIBKY XJIOPUIBI HATPHUS BHOCSATCS
B TEJIO TIOJIMTOHA TBEPJBIX OBITOBBIX OTXOJOB C OBITOBBIM MYCOPOM U OTXOJaMHU,
YTO MOATBEP)KIACTCA CTaTUYECKHMHU TAaHHBIMH MX cocTaBoB. [Ipm He3HaunTenmb-
HOW KOHIIEHTPALMK XJOPHUIOB B OYHMIIAEMOW BOJE MaXe NPU ONTHUMAIBHBIX
napameTpax 3JEKTPOXMMHUYECKOW 00pabOTKH He OyHeT BBIAEIATHCS Tpedyemoe
KOJIMYECTBO AKTHUBHOTO XJOpa M HE O0ECIEeYUTCS KAa4eCTBO OYHCTKU IO PSAY
mokazareneil. B artom ciydae Tpebyercs momonmuuTenbHoe BBemeHue NaCl ¢
KOPPEKTUPOBKOM cocTaBa Mo xyiop-uony. [Ipu Bo3pacranuu Cl - HOHOB B UCXO.I-
HBIX BOJaX YBEIMYMBACTCS COJIECONEP)KAHUE WCXOIHBIX APEHAXKHBIX BOJ, YTO
JaeT JOIOJIHUTENFHYI0 Harpy3Ky Ha CTaIHi0 0OpaTHOOCMOTHYECKOTO 0O0ECCOIH-
BaHus. Kpome Toro, mpu 3JeKTposin3e BBIAENAETCS H30BITOYHOE KOJINYECTBO
aKTHUBHOTO XJIOpA, HE YYaCTBYIOUIETO B PEAKUUSIX OKHUCICHHUsS, 4YTO Tpelyer
MOBBIIIIEHHOTO PacXofla NEeXJOPUPYIONIET0 peareHTa. DKCHepUMEHTAIBFHO yCTa-
HOBJIEHO, YTO ONTHUMAJIbHOE COJepXKaHHE XJIOp-MOHa IS TpeasaraeMoi TexXHO-
JIOTHH HAXOAWTCS B AMAIa3oHe KoHleHTpanuii 0,8-4,5 r/i.

[IpumeHeHne TmoOCIe DIIEKTPOXMMHUYECKOW 00pabOTKH JIBYXCTYIEHYATON
MeXaHW4YecKorW (uiabpTpanum obecreunBaeT yJaleHne M3 JAPEHAKHBIX BOJ OC-
HOBHBIX BHJIOB MEXaHMYECKHX MIPUMECEH C pa3MepoM YacTHIl OoJiee 5 MKM.

B [30] paccmaTpuBaeTcsi BO3MOKHOCTD JIOKAJIBHOT'O MOAX0/1a K Pa3MEILEHUIO
IpeHaka B BUJIE 3aMKHYTBHIX BOJOOOOPOTHBIX cucTeM. HeoOXxoanMbIiMu 31eMeH-
TaMH TaKOH CHCTEMBI SIBJISIFOTCS TEXHOJIOTHYECKHE Y3JbI MO0 OYHCTKE M 00ecco-
JUBAHUIO NIPEHAXXHBIX BOJ W MPYIbI-HAKONUTEIU ApeHaxHoro croka. [Ipuso-
ISITCSI TaHHBIE TTI0 00beMaM M KadeCTBY WX CTOKa JUISI OPOCUTENLHBIX CUCTEM FOTa
Poccun, hopmymer aiist pacuera o0bemMa BOABI IS pa30aBiICHUS 3arpsS3HEHHOTO H
MHUHEpaTU30BaHHOTO CTOKa M HEOOXOIMMOro KOJIMYEeCTBa COpOeHTa Al ero
KOHIAWIIHOHUPOBAHHMS.

Hccnenosana [31] a3 (eKTUBHOCT OYHUCTKH TPU APESHUPOBAHUH IIAXT, TPO-
M3BOJMMON B TOPHOJOOBIBAMOIIEH NPOMBIIIICHHOCTH B Menr3u, MOHbHaHB,
Kuraii. [IpoBepeHo BimsiHHE 00pabOTaHHOTO JpeHa)ka Ha AIEKTPOXUMHUECKOE
MOBEICHUE MHUHEPAIbHBIX AJIEKTPOJ0B. [IpOBOAMIN SKCHEPUMEHTHI C pPa3iuy-
HBIMH J03amHu nonuakpunamuia (ITAA) u nmomuMepHoro cyibgara TpeXBaJeHT-
noro xene3a (CTXK) mpu pa3HbIx 3HaueHusX pH U mpenBapUTEIbHYIO OYHUCTKY
aktuBupoBaHHBIM yrieM (AY). [lo cpaBaenuto ¢ CTXK mydmum Koaryiastopom
it 3G(GEeKTUBHOCTH ynajeHus sBisieTcst [TAA, npu ONTHMANBHBIX YCIOBHSIX
ymanenue Pb*, Zn**, Cu®" n XIIK u3 pacrBopa cocraBuser 94,8, 79,9, 87,6 u
85% cootBercTBeHHO. [lpu mpeaBapuTeNnbHONW OYHCTKE pa3Mep YacTHIl aKTH-
BUPOBAHHOTO YIJI W BpeMs MEpPEeMEIIMBAaHHS UTPAIOT BaXHYIO poiib B d(hdek-
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TUBHOCTU ypaajeHus. Kaxmas KOHIEHTpalus 3arpsA3HAIONIMX BEIIECTB MOXKET
COOTBETCTBOBATh CTaHAAPTY BHIOPOCOB 3arpsI3HAIONIMX BELIECTB JJIS CBUHIIOBO-
LIMHKOBOM ITPOMBIIIIEHHOCTH.

B pabote [32] uccnenoBaHbl OCHOBHBIC TEXHOJIOTHIECKUE MTapaMeTPhl HaHO-
(GUIbTpaMK TPEHAXKHBIX OBITOBBIX OTXOJIOB B celie Benuku JIMHUTPOBHYM U celie
IMuporoBo Kuesckoit oOnactu. Bbulo mokazaHo, YTO 3TOT MPOLECC MOKHO
cuuTath 3PQPEKTUBHBIM METOAOM IpeIBapUTEIbHOI 00paboTKM paccMmarpuBae-
MBIX CTOYHBIX BOJ JI0 WX TOcjemyromeld oOpaOOTKH M ONpecHEeHHs OO0paTHBIM
OCMOCOM, YTO TIO3BOJISIET YMEHBIIUTH COJEpKaHWE OPTaHHYEeCKUX U MHHEpalb-
HBIX IpUMecel B HICXOAHOM BOJE M TEeM CaMbIM CHHU3UTh Harpy3Ky Ha MeMOpaHbI
obpaTHOTO ocMoca.

Atopamu [33] mpuBeAeHBI KaueCTBEHHBIE M KOJMYECTBCHHBIE XapaKTe-
PUCTHKM PEYHBIX M KaHaJIM3allMOHHO-APEHAXHBIX BOJA OacceiiHa ApallbCKOTro
Mopsi. ccnenoBan X XMMUUYECKUH COCTaB B TEPMUHAX MAKpPO- ¥ MHKPOKOMIIO-
HEHTOB. Y CTaHOBJIEHO, YTO M3-3a cOpoca IPEHAXHBIX BOJ YBEIHMUMBACTCS COJEP-
KaHUE COJIeH M 3arpsA3HSIONIMX BELIECTB B PeyHbIX Boxax. O0OCHOBaHa 1Leieco-
00pa3HOCTh OYMCTKU U TIOBTOPHOT'O MCIOJIB30BAHMS IPEHAXKHBIX BOJ PA3IMYHOTO
HazHavyeHnsd. B pabore mokazaHa BO3MOXXHOCTh MX JAEMHHEpaATU3allil MEeMOpaH-
HBIMH METOJaMH.

Huxe npeacraBiaeHsl pe3yabTaThl OYMCTKH APEHAXKHBIX BOX [34] OT 0TBasoB
TBEPIBIX OBITOBBIX OTXOAOB. M3y4eHBI MPOIECCH JIeCTaOMIN3aluy U arperamnuu
UX MpUMEceil METOJIOM PEeareHTOB, MONYYAIOIUX CEANMEHTAIlMOHHBIE XapaKTe-
PUCTHKHM TPOTYKTOB THAPOJIHN3a COJEH »Kejle3a U OpraHOMHHEPAIbHBIX KOMII-
JeKcoB Kanblus. Pa3paborana TexHojoruyeckas cucremMa Al X 00pabOTKH ¢
MTOMOIIBIO PEareHToB W OapoMeMOpaHHBIX METOJOB, KOTOpas YCTpaHSET BTO-
PUYHOE 3arpsi3HEHUE OKPYKAIOIIEH cpeibl OTXOAAMHU MPOIEcca OUUCTKH.

®opMUpOBaHHE OFPOMHOI0 KOJMYECTBA OPEHAXXKHBIX BOJ [35] xapakTepHO
U oporraemoro 3emuenenus B LlenTpansHo-A3narckom peruone. [Ipu mHTEH-
CHBHOM OCBOGHHH HOBBIX OpOIIAEMBIX 3EMENb OHH COCTABMIANM 39-40 KM’ OT
o0IIero MOBEPXHOCTHOrO BOJHOrO pecypca 110-115 km’. B mocmeiHme rofsl
HAGIIOACTCS CHIDKCHHE 00BEMa JPEHAKHOr0 CTOKAa 10 32-34 KM® W3-3a BBI-
HYKJICHHOTO COKpAIIeHHUs YJEeIbHOr0 BOJOCHA0)KEHHS Ha OpOIIAEMBIH T'eKTap,
YpEe3MEPHOI0 PACHUIMPEHHs OPOIIAEMBIX IUIOIAAEH, Pa3BUTHS MPOMBIIUIEHHOCTH
U JAPYTHX OTpaciiell SKOHOMMKHM, HCIIONB3YIOIINX BOLY, a TaKXKe YBEIMUYECHHUS
HaceJIeHUsI.

3HaH{A TO THAPOXHUMHM OYEHb BaXKHBI JJISI OLEHKHM KadecTBa BOABI IS
3¢ GEKTUBHOTO YHpABICHUS BOAHBIMH PECYpPCAaMH WM TOBTOPHOTO HCIOJb-
30BaHUs CTOUHBIX BOA. Mcxonsd u3 3Toro, oneHkKa KauecTBa BOJABI IPOBOAMIIACH B
paiione Arynununa B Ilenononnece (3amamnas I'peumsi). OOpasupl BOAbI Uis
JOPEHaKHBIX U OPOCHUTENBHBIX KaHaJOB ObUIM coOpaHbl, 00pabOTaHbl U MOJBEPT-
HYTHl XMMHUYECKOMY aHaju3y. XapakTepHcTHKa Oblla MPOBEJCHA C MCIIOIb30Ba-
HueM auarpammsel [lafinep-tpununeiiHas. OueHka o0pa3LoB BOIABI C TOYKU
3peHust kodd@uimenta ancopouun Hatpus, Na'% M OCTaTOYHOro KapOGoHaTa
HaTpus mokasaina, uto 60,0 u 83,3% npo0 IpeHaxKHBIX BOJ B MEPUOJ JIO U MOCIIS
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HUppUralid COOTBETCTBEHHO XUMHYECKH HPUTOAHBI JAJS HCIOJNBb30BAaHHUA B
oporienuu [36].

[ToBTopHOE Ucmonb30BaHue [37] HEMCHONB3yeMOH (Qpakiuu («IpeHaKHON
BOJBI») OTPa0OTaHHOW HPPUTALMOHHONW BOABI SIBIAETCS JOKA3aHHBIM, HO
PUCKOBAaHHBIM BapHaHTOM JUI YJIy4LICHHUs YIpaBieHUs HOpecHoH Boxoi. B
HACTOSILEM JOKYMEHTE NPEICTaBICH 0030p pa3iIM4YHbIX BAPUAHTOB IIOBTOPHOIO
WCTIONIb30BaHMs JAPCHAKHBIX BOA M PEKOMEHIALNH TI0 €ro 0e30MacHOMY HCIHOJb-
30BaHMI0. I[IpuBeneHBl KpUTEPUM MaKCHMAaIbHOI'O COJIEHOCTH HPPHUIalliOHHON
BOJIBI JIISI TIPEAOTBPAICHHUS YXYAIICHUS COCTOSIHWSI MOYBBI M CHUKCHUS ypO-
XKaWHOCTH KYJbTYpP, MAKCHMAIbHOW KOHIIEHTPAIIMA TOKCUYHBIX BEIIECTB M IIpe-
JenoB Juis  OaKTepHOJIOTHYECKOro KadecTBa Boabl. lIpuBoasTcs mpuMeps
YCTOWYMBOTO TIOBTOPHOTO HCIIONB30BaHUS JAPEHAXHBIX Boj B Erunre, MHaun n
CIIA. Iloka3aHa moje3HOCTh MMUTAIMOHHBIX MOJEJEH /Ui aHaln3a peruoHab-
HBIX 0alaHCOB BOABI U COJIH.

UccnenoBana [38] 3 deKkTHBHOCTH NMpenBapUTEN HON 00pabOTKH TOOYHCT-
KH MeMOpaHOH MpEeHaXXHBIX BOJ OT OBITOBBIX MYCOPHBIX CBAJIOK C HCIIOJNB30-
BaHHEM OKHUCIUTEJICH, aicOpOCHTOB, KOATYJISIHTOB H (IIOKYJISIHTOB. OmpeneneHbl
ONTUMaJIbHbIC 3HaueHHs pH A mpoleccoB KOAryJsIiMM M ONTHMAlbHBIE KOH-
neHTpaun koaryistata. OOHapyskeHo, uTo Hamboisee 3((EeKTHBHBIM Koaryis-
TOPOM JIJIsI THX IPEHAKHBIX BOJI SIBISCTCS CYIb(aT allOMUHHS. Pe3yIbpTaTel 3THX
9KCIEPHUMEHTOB Ha 3KCIIEPUMEHTAIbHOM O0BEKTE, BKIIOYAIOUIEM YCTAaHOBKHU IS
KOaryJsiqud ¥ oOpaTHOro ocMoca, 00ECCONMBaHUS IPEHAKHBIX BOJ MYCOPHBIX
OTBAJIOB, NMPOJEMOHCTPHUPOBAIN BO3MOXHOCTh TMOJYUYEHHs IepMeaTa, OTBEuaro-
1iero TpeOoBaHUAM, IPEABABISIEMBIM K COPOCY B KaHAJIM3aLMOHHYIO CHCTEMY.

Hpenaxuble cucremsl B Kutae B Hacrosiiiee BpeMs TpaHC(HOPMUPYIOTCS U3
KOMOMHHMPOBAHHBIX KaHAJIM3AIMOHHBIX CHCTEM B OT/IENbHbIE KaHAIH3aIlMOHHBIC
CHCTEMBI; HEJIJaBHO MOCTPOCHHBIC PaiOHBI OOBIYHO MCHOJB3YIOT MOCIEAHUN IS
OUYHCTKU CTOYHBIX U JMBHEBBIX BOJ [39]. 3arps3HeHHbIA JUBHEBOU CTOK BBHIIPY-
JKaeTcs HETOCPECTBEHHO B PEKH MO TPyOONpoBOJaM, YTO YXYAIIAeT KadecTBO
BOJIbl. B paboTe Mojens ropoJcKol CHCTEMBI TMBHEBBIX BOJ Oblla MOCTPOCHA C
HCTIOJIb30BaHUEM KOMIUIEKCHOTO MOAeIHpoBaHus yioBoB Infoworks u moarsepik-
JieHa JaHHbIMM u3MepeHuil. IIpoaHann3upoBaHa Harpy3kud Ha BBIXOABI TPyO BO
Bpems nuBHe#. CrcTemMa MITOPMOBBIX BOJ MpeoOpa3oBaHa C HMCIONB30BAHUEM
MaTeMaTHYECKHX MOJENIEH B YCIIOBHAX COONIOCHMSI CTaHAAPTOB KauecTBa BOJBI
B peKax M MpeNoTBpaLICHUs ymepda IjIs 3KOJIOTMYEeCKOro MOTEHIHajla BOJIBI.
OTHOCUTENBHBIE TOTPEITHOCTH OOBEMHOTO W IMHKOBOTO CTOKa KaJMOpPOBKHU
MoJeNH cocTaBisian ot -2,33 go +12,06% u ot -13,43 10 +8,7% COOTBETCTBEHHO.
UccnenoBanne mMoKa3bIBaeT, YTO MOJAENb CHCTEMBl JIMBHEBBIX BOJ MOXET
WCTIIONIb30BAaThCS MPH aHAIN3E CIIEHAPHEB, a €€ CHCTeMa MOXKET BBIJCPKUBATH Ha-
BOJHCHHS B TEUCHHE MOBTOpsIONIerocs narepsaia B 10 net. Kpome Toro, nuBHe-
Basi KaHAJIN3ALMsI MOXET OBITh HETOCPEICTBEHHO COpOIIeHa B BOJIOEMBI Oe3 mpe-
BBILLICHUS IPOITYCKHOM CIIOCOOHOCTH BOAHOM Cpelibl ¢ TpaHChOpMaLel CUCTEMBI
JIMBHEBBIX BOJI.
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Paccmotrpena [40] BO3MOKHOCTh HCHOJB30BaHUS METOJOB OCAKIACHUS U
COpOIMU I ynmajdeHUs WCKYCCTBEHHBIX PATUOHYKIHIOB W3 JIPCHAKHBIX H
TPYHTOBBIX BOJ HA 00BEKTaX PaIHOXUMUYIECKOTO MPOU3BOACTBA. VX XxuMuueckas
oOpaboTka (myTeM yMsrdeHusi kKapOoHaTa HaTpusi M ocaxaeHus ¢ochaTos)
MO3BOJISIET CHUBHUTH YJIEIbHYIO0 aKTHUBHOCTh B 15-70 pa3. B 3aBucumoctu ot
METOa XHMUUECKOil 00paGoTKH 06pasyercs oT 2 0 6 KT M° CyXOH CIIH3H C
yIEIbHON aKTUBHOCTBIO JIO 1x10® Bk kr'. Xumnueckas 00paboTKa JpeHaKHBIX
BOJI ¥ TPYHTOBBIX BOJ[ TIO3BOJISIET CHU3UTH YJIENBbHYIO0 aKTUBHOCTH PAcTBOPOB JIO
YPOBHSI HUKE MUHUMAJILHON 3HAYNMOHN YIEIbHON aKTUBHOCTH, TaK YTO OYHIICH-
Has BOJ|a TIEPEXOJUT U3 KATETOPUHU KHUAKUX PATUOAKTUBHBIX OTXOJIOB B KAaTETO-
pHUIO TIPOMBILIUICHHBIX OTXOJOB, 3arpsS3HEHHBIX MCKYCCTBEHHBIMU PaJAHOHYK-
JIATaMU.

Takum 00pazoM, pacCMOTPEHBI MaTEPHAIBI IO CHIPHLEBOM 0a3e I OUHUCTKH
JIPEHAXKHBIX BOJ, BO3MOXXHOCTH HCIIOJIb30BAHUS JIPEHAXKHBIX CHUCTEM, a TaKXKe
MIPUMEHEHHE B Pa3IMYHBIX TEXHOJIOTHYECKUX MPOIIECcCax.
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Pesome
E. E. Epeooicun, T. K. Yanos, T. B. Kospueuna, K. M. Kanmypamosa
JPEHAX/IbI CY /bl TA3ZAJIAY SAICTEPI )KOHE OJIAP/IbI KOJIJJAHY

Bepinren makanama KOJNJaHBICTAFbl KACIMOPBIHIAP/A JPECHAXKABI CYIapibl Ta3apTy
omicTepi MEH OHBI KalTa KaJbIHA KEJTIPY TEXHOJIOTUSIIAPHI JKaiIbl 91e0H 10Ty Kapac-
THIpbULBL. Kopiiaran opTa YIIiH APeHaXbl CyJapAbIH YKOJIOTHSIIBIK MaHbI3bI, COHANH-aK
Ta3apTHUIFaH JPEHAKABI CyJbl MalanaHaThlH OHAIPICTIK KOCIMOPBIHAAP/BIH KYMBICHIHA
QJICYMETTIK-9KOHOMHUKAJIBIK MaHbI3/IbIIBIFbI KOPCETUII.

Tyilin ce3mep: IpeHAXIbl Cylap, MPEHAXKIbl CyJlapiAbl Ta3apTy, aFbIHIBI Cylap,
KaliTa KaJbIHA KENTIPY, IPEHAKIBIK XKYHenep, COpOIHs.

Summary
E. E. Ergozhin, T. K. Chalov, T. V. Kovrigina, K. M. Kalmuratova.
DRAINAGE WATER TREATMENT METHODS AND THEIR USE
A literature review of drainagewater treatment methods and technologies for their
disposal in existing enterprises is presented. The ecological significance of drainage water
for the environment is shown, as well as the socio-economic impact on the operation of
industrial enterprises using purified drainage water.

Key words: drainage water, drainage water treatment, wastewater, utilization,
drainage systems, sorption.
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OINIPEAEJIEHUE KJIACCA OITACHOCTHU 3AMA3YYEHHOI'O
U HEMTPAJIU3OBAHHOI'O TPYHTA

AnHoTanmus. PaccMoTpeHa mpo0iieMa YTWIM3alUU HEPTECOACPIKAIIUX OTXOJO0B.
[Ipeanoxena TexHoyorusi nepepaboTku HedrecomepKalrX OTXOJO0B Ha IOJIE3HBIE MPO-
JOYKTBl C HUCIONb30BAaHHUEM JHEPrOAKKYMYIHUPYIOIIEro BEHIECTBA HA OCHOBE I'yMaToB.
HccnenoBaH XMMHYECKHH COCTaB M CBOWCTBAa 3aMa3ydeHHOTO M HEWTPAIM30BaHHOTO
rpyHTta AO «O3eHMyHairas». Y CTaHOBIEHO, YTO 3aMa3y4eHHBIH I'PYHT OTHOCHUTCA K Be-
mecTBaM 3 Kyacca onacHOCTH. OCHOBHYIO OITAaCHOCTh B 3aMa3y4E€HHOM I'PYHTE MPECTaB-
JSTFOT aleTHICHOBBIe (Gpakinu. HelTpann3oBaHHBIA TPYHT CTaJI MEHEE TOKCHYHBIM H IO
CYMMapHOMY HHICKCY TOKCHYHOCTH OTHECEH K 4 Kjaccy OIacHOCTH (MalloOTacHBIE).
BbIsiBIIEHO, UTO CHMXKEHUE TOKCUYHOCTH HEWTPAIN30BaHHOTO IPYHTA MPOUCXOUT 33 CUET
nepeBo/ia HU3KOKHUISIIUX alleTHICHOBBIX (pakiuii HegTH B BhICOKOKUIsiue. [lokazaHo,
YTO COJACpKaHHE MAaKpO- W MHUKPORJIEMEHTOB B 3aMa3yueHHOM M HEHTpPaIN30BaHHOM
rpyHTax He3HauuTenabHO mpeBbimaeT ux [IJIK B mouBe nnm HaxodsATCA Ha ypoBHE KiIapKa
1 0co00ro BIHMSHUS Ha ()OPMUPOBAHUE TOKCHYHOCTH OTXOJIOB He MMeroT. OmnpezeneHue
PaAMOaKTUBHOCTH 3aMa3yuye€HHOI0 U HEWTPAIM30BaHHOIO FPyHTA MOKAa3aJlo, 9YToO HCCIe10-
BaHHbBIC OTXOJBI HE OTHOCATCS K PaJHOaKTUBHBIM M MOTYT HCIIOJB30BAaThCS B XO3SICT-
BEHHOH JearenbHOCTH Oe3 orpaHumueHHi. B xome mabopaToOpHBIX OMBITOB THOENb IMOJI-
OIIBITHBIX )KUBOTHBIX HE OTMEUCHA.

KiroueBsie cioBa: HeTh, 3aMa3ydeHHBIN TPYHT, HEUTPAIM30BaHHBIN TPYHT, SHEP-
TOaKKyMYJIHPYIOIIEe BEHIECTBO Ha OCHOBE TI'yMaTOB, TOKCHYHOCTH, PaJHOAKTHBHOCTb,
KJ1acC OMacHOCTH.

BBenenue. 3arps3HeHne HeTHIO OKA3bIBACT OTPHUIATEIHHOE BO3AEHCTBUE
Ha XUMHYecKHe, (usnueckue, arpodusnveckue, arpoXUMHUYECKUe U OHOJOTH-
yeckue cBoiicTBa mouB [1, 2]. MexaHH3M CaMOBOCCTAaHOBIIEHUS SKOCUCTEMBI
rmocyie He(hTAHOTO 3arpsS3HEHUS TOCTATOYHO CIOKEH M 3aHWMAaeT MHOTO BPEMEHU
(6onee 10-25 net). TlosToMy pa3paboTka CrOCOOOB OYHMCTKU TOYBBI OT 3arpsi3-
HEHHS YTJIEBOJOPOAaMHU HE()TH W CIIOCOOOB YTHIM3aUUU He(pTecoAepKamux
OTXOZOB SIBIACTCS aKTyaJbHOH. IIpemnoskeHsl M HNPUMEHSIOTCS MEXaHWYECKHUE,
¢dusnyueckue, XuMHUUECKHE, OMOJIOrHYECKHE METOIbl OYHCTKH MOYB OT HEPTIHBIX
3arpsizHeHuid [3-5]. Bospmoe 3HayeHne umMeeT COpOLMOHHBIE CHOCOOBI mepepa-
00TKHM HedTeconepxKammx oTxon0B. CylecTByeT 00ibLIoe KOJIMYECTBO COPOCH-
TOB TPUPOJHOTO M CHHTETHYECKOTO MpoucxoxaeHus [6-8]. K mepcnexTHBHBIM
copOeHTaM OTHOCSTCSI TYMUHOBBIC BelllecTBa. BHeCeHHE B TIOUBY, 3arps3HEHHYIO
HEePTENMPOAYKTaMH TYMHHOBBIX BEIIECTB, IMO3BOJIIET YCKOPUTH COPOLIMIO
YTIIEBOIOPOIOB M aKTHBH3AIMIO MUKPOOMOIOTHUECKUX MPOIECCOB, B PE3yJIbTaTe
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MIPOMCXOJUT YCKOPEHHAS MECTPYKIHS HEPTEIPOAYKTOB M OYHCTKA TOYBHI H
oOorarienue ee rymycom [9-12]. Hanpumep, aBTopom [9] yCTaHOBIEHO, YTO MPHU
OTPEJICIICHHOM COOTHOILIGHWH M KOHLIEHTpAIMil caMble pa3iuyHble MpenapaThl
TYMUHOBBIX BEIIECTB M WX KOMIIO3HMIIMK OCIAONSIOT WM TOJHOCTBIO TMPENOT-
BpaIaroT HETaTHUBHOE BIUSHUE He(TH, HEPTEMPOMYKTOB, WHIUBUIYATHHBIX
anndaTuyecknx, apoMaTHYeCKMX M HA(TCHOBBIX YIJIEBOAOPOJOB Ha pacTH-
TeNbHbIE W JXKUBOTHBIE TecT-OpraHu3Mbel. B paborte [10] mokasaHo, 4TOo Ham-
Oonpmuit 3P GEKT MpU dTOM OKa3bIBAIOT T'YMHHOBBIC KHCIIOTHI OypBIX YIUICH H
top(a. BBISBIEHO, YTO HAJIMYUE apOMATUYECKOr0 Kapkaca 00ecreduBaeT CIIo-
COOHOCTh TYMHHOBBIX KHCJIOT K CBSI3BIBAHHIO OPTaHMYECKUX COCAMHEHUWH, IO-
ATOMYy MO0 Mepe BO3pacTaHWs BKJIaJa apOMaTHYECKOTO KapKaca B CTPYKTYPY
FYMUHOBBIX KUCJIOT YBEJIMUUBACTCS X CPOJICTBO K THIPO(OOHBIM OPraHUUCCKUM
COCIUHECHUSAM. MakcumalbHas apOMaTUYHOCTh XapaKTepHa JUIsl TYMHHOBBIX
KHCIIOT OypBIX YTJEH, Y4TO OIpeeNseT MX BBICOKYIO CBSI3BIBAIOIIYIO U JETOK-
CHUITUPYIONIYIO CIIOCOOHOCTh MO OTHomeHuto k Heptu. B AO «UuCTHTYT
xuMuueckux Hayk uMm. A.b. BekTypoBa» paspaboTaHa TEXHOJIOTHS MepepadOTKU
He(TecoepKaIUX OTXOJIOB Ha TOJE3HBIC MPOIYKTHI C HMCIIOJIBL30BAHUEM JHEP-
TOaKKyMYJIMPYIOIIETO BellecTBa Ha ocHoBe rymatoB [13, 14]. [lannas TexHo-
norus BHeApeHa Ha AO «OzenamyHaiirasy (Manrucrayckasi 00J1.) U HCTIONB3yeTCs
JUTS Y THITU3AIUH 3aMa3yYeHHOTO TPYHTA.

Lenpro maHHO# pabOTHI ABISAETCA MCCIENOBAaHIE COCTAaBA U CBONCTB 3aMasy-
YEeHHOTO W HeWTpanm3oBaHHOro TpyHTa AO «O3eHMyHaWTa3», OMpEICICHHE
HWHJEKCHl TOKCUYHOCTH BCEX KOMIIOHEHTOB OTXOJIOB M pacyeT Kjacca OMacHOCTU
OTXOJIOB T10 X TOKCHKO-3KOJOTHYECKUM TapaMeTpam.

OKCITEPUMEHTAIJIBHAA YACTD

O0BbeKkThl HccaenoBaHuil. 3 mpoOBl 3aMa3ydeHHOTO TPYHTA W 3 TPOOHI
HEHTPaIM30BaHHOTO C TMPHUMEHEHHEM HHEProaKKyMYJMPYIOMIETO BeIIecTBa Ha
ocHoBe TymaToB. CoaepaHne METaNIOB ONPEAeIsUI METOJIaMU CIIEKTPOMETPUHU
Ha mpubope «AA 240», cnexTpayibHBIA nuanazoH 185-900 HM, morpemrHocTh
+0,04 HM, BHEIIHHI KOMIBIOTEPHBIH KOHTPOJb B cpene Windows. s aHanmmza
WCTIONB30BAJICS METOJ PasNIoKEHUs] MPOOBI CMEChI0 a30THOW, (TOPHCTOBOJIO-
POIHOH M XJIOPHOW KHCJIOT A0 MOJHOTO BCKPBITHS HAaBECKH. «XO0JIOCTYIO MPOOy»
TOTOBHIIM TapajlIeNlbHO C aHAIM3UpyeMbIMU mpobamu [15, 16]. OpaknuoHHBINH
cocTaB HE(]TEMPOIYKTOB, MPHUCYTCTBYIONIMX B OTXOMAaX, OMPEACISUIN METOJ0M
ra30KHIKOCTHOH XpoMaTorpayii reKCaHOBOT'O DKCTPAKTa Ha MacC-CEIeKTHBHOM
nerektope [17-19]. Meron 3akmovaeTcsi B OKCTPAKIMK HEPTENPOAYKTOB W3
MpoOBI TEKCAHOM W KOJIMYECTBEHHOM OTpeiesieHNH He(TenpoayKTOB Ha Xpo-
Matorpade «Agilent 6890» u Ha ananmzatope «®Dmoopar-02». Copepkanue
AHATH3MPYEMOr0 KOMIIOHEHTA OMpenessuiock Ha yposre (1,5-2,0)-107 wmr/muw
Konnentpanum omnpenensieMbIX BEIIECTB BbIIIE JUala3oHa M3MEpeHHs pa30aB-
nsuick. CozepikaHue OKCHJOB KPEMHUS, aIIOMMHUSA, KeJe3a, Kalblysa, MarHus,
KaJds, HaTpus, xXpoMa u ¢ocdopa ONpenesui CHEKTPOPOTOMETPUIECKAM
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MeToaoM Ha npubope «Lambda-35» [20]. AHanu3upyeMyro npoOy MepeBoIUIn B
pacTBOp MyTEM pa3jiokKeHMs, CIUIaBIEHHEM WK KuciaoTtamu. CoaepxKaHue KpeMm-
HUS, aJIIOMMHUS, KQJIBLMsI, MarHUsl ONpPENeNIsUIM Ul OJHOW HABECKH IIOCINE Pa3-
JIO)KEHUS ee CIUIaBIeHHEM ¢ KapOOHAaTOM HaTpHs WM CO CMEChI0 KapOOHATOB
HaTpusd U Kanus. OmpeneneHne yJAelbHOW aKTUBHOCTU M yCTaHOBJIEHHUE OCHOB-
HBIX PaIMOHYKIINIOB-H3ITydaTenell B mpodax (Topusi-232, pamusa-226 u kamusa-40)
¢ pacderoM yneiabHON 3(dekTHBHON aKTHBHOCTH (A,p;) MPOBOAWIM TaMMa-
CHEKTPOMETPHUYECKUM METO/IOM C HCIIOJIH30BAHNEM CHEKTPOMETPUYECKOTO KOM-
mwiekca «IIporpecc BI'». Ombitel mo ompenenennto DLs, npenctaBneHHbIX npo0
TIPOBOIMIN Ha OECIIOPOTHBIX OEIBIX MBIMIAX 000€ro 1moia, Maccoit 20-24 T myTteM
BBEJICHHSI OTXOJIOB B JKENYIOK B BHJE MX HACBIIIEHHOT'O BOJHOTO pacTBopa. B
9KCIIEPUMEHTE Y4acTBOBAIM TPYMIa KMBOTHBIX IO 6 TOJIOB B KaKJOW IpymIie,
KOTOPBIM NEPOpabHO 30HIOM BBOAMJIM BOJHBIC BBITSDKKH M3 OTXOJOB, IPHUIO-
TOBJICHHBIC TyTeM HAacTaWBaHUS MPOO B BOJI€ B COOTHOIICHWH 1:2 B Te4YeHHE
cyTok. B xadectBe mepBoHauanbHON 103k B3siTa S000 MI/KT, sBisFOIasics rpa-
HUILIEH MEXAY KJIACCOM YMEPEHHO U MaJjIO OIACHBIX BELIECTB.

PE3VJIbTATBI U UX OBCYXXJAEHHNE

s 6onee 0OBEKTUBHOTO MIPECTABICHHUS O COACP)KaHNH HEPTEIIPOAYKTOB B
oTxofax ObUTH B3ATH 3 00pasma 3aMa3zydeHHOro TPyHTa M3 TPEX PasHBIX TOYEK
nonurona. Kak BuaHo w3 Tabmunbl 1, obmiee copepkaHue HEPTEMPOLYKTOB B
3aMa3yuyeHHOM TPyHTE 3HAUYMUTENFHO OTIMYAETCS B 3aBUCHMMOCTH OT MECTa OT-
0opa, oxHako (pPaKUMOHHBIH cocTaB He(TEeHnpoIyKTOB BO Bcex oOpasumax Io-
BOJILHO CTaOWIIEH W IO KOJIMYECTBEHHOMY COJICP)KaHHIO HE3HAYHTENLHO OTIIH-
yaercsl ApYyr OoT Apyra. Bo Bcex oOpasuax mpeBalupyeT cOAep)KaHHE CIOXKHBIX
aIleTHIICHOBBIX YTIIeBOAOpoJioB (cpennee conepxkanue 70,0% ot obmielt macchl
He(TENPOAYKTOB), COoAEpKaHWE CMON M TapaduHO-HAPTEHOBOW TPYMIIBI yTIe-
BOJIOPO/IOB B 2 pa3a meHbine (27,3%) u MeHee Bcero B mpodax cojepikarcs: Ou-
TyMmslI (2,6%).

YcTaHOBIEHO, YTO B 3aMa3ydeHHOM TrpyHTe (Tabmuma 2) mpeoOnagaroT
HU3KOKHIIAILIUE, KHUIKAE (Ppakiud HEPTENPOayKTOB, O0JAHArOIINEe BBICOKON
JETYyYEeCThI0O U XUMHUYECKONH aKTUBHOCTBHIO. Bricokokumsimue gpakuun (Cy—Cas)
B TPYHTE IPAKTUYECKH OTCYTCTBYIOT (B HE3HAUUTEIHHOM KOJIHYECTBE —
9,51-19,01 Mr/Kr mMpUCYTCTBYIOT TOJIBKO B mpode No2).

Tabmuma 1 — Obuiee conepkaHue ¥ TPYINOBOM COCTaB HEPTENPOIYKTOB B 3aMa3ydeHHOM I'PyHTE

No Ob1ee ConeprkaHue OTACIBHBIX QpakIyi,
06- coziepKaHme % K 00IIEeMy COZlepKaHNIO HE(PTETPOTYKTOB
pas- YHJICBOIOPOJIOB, CIIOKHBIE AIlETUIICHOBBIE cMoJIa, napagpuHo-
OB % OUTYMBI
YIJICBOJJOPOABI Ha(TeHOBas rpymnia
1 8,0 71,0 28,5 0,5
69,0 74,0 20,0 6,0
3 5,0 65,0 33,5 1,5

39



XUMWYECKHH )KYPHAJI KA3AXCTAHA

Tabmuna 2 — OpakMOHHBIH cOCTaB HEPTENPOILYKTOB B 3aMa3yuYeHHOM I'pyHTE

Copneprxanue B 00pasiax, MIr/kr
dpakuuu
Nel No2 Ne3
BensunoBbie He/o6H. He/o6H. He/o6H.
Kepocunossie To xe To xe To xe
[Mapadunst « « «
HopmaibHble yrieBogopoas! Gppakiuii:
Cp, 6,27 1,55 7,44
Cy3 10,98 2,92 9,80
Cyy 15,69 20,94 7,98
Cis 18,82 80,44 89,80
Cig 23,52 69,47 74,51
Cy7 31,37 77,42 71,04
Cig 29,80 80,44 88,87
Cio 17,25 53,38 41,97
Co 29,80 34,37 36,53
Cy H/o6H. 19,01 H/o6H.
Cy, To xe 17,55 To xe
Cys « 9,51 «

[IpencraBnenHsle B Tabauue 3 pe3ylnbTaThl CBUAETENLCTBYIOT, YTO B HEM-
TPaJIM30BAaHHOM TIPYHTE CJIOXKHBIC AaleTHJICHOBBIE YIJIEBOJOPOABI HE IPHCYT-
CTBYIOT, OOHapy»XeHbl B OCHOBHOM TMapaduHO-HadTeHOBBIE (PAKIMH, CMOJIBI,
OUTYMBI U ac(hanbTeHBI.

Tabmuma 3 — @pakHOHHBINA COCTaB HEPTENPOIYKTOB B HEHTPAIN30BAHHOM IPyHTE

ConepxaHue B 00pasiax, MI/Kr
Opakuuu
Nel Ne2 Ne3
BeHsuHoBbIC He/o6H. He/o6H. He/o6H.
Kepocunossie To xe To xe To xe
[Napadpuast « « «
HopmanbHbIe yrieBogopoas! Gpakiuii:
Cp, 0,10 0,07 0,40
Cys 0,24 0,08 0,31
Cy 0,40 0,11 0,89
Cis 0,19 0,15 0,21
Cis 0,28 0,09 0,19
Cy; 0,37 0,56 0,45
Cis 90,44 0,72 0,62
Ciy 110,31 0,43 0,28
Cyo 129,80 134,37 116,53
Cy 118,10 119,01 213,27
Cp 121,20 117,55 210,40
Cy 229,20 229,51 228,26
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Pe3ynbTaTel CIIEKTpaIbHOTO aHajdn3a TBEPAOTO OCTAaTKAa 3aMa3ydeHHOTO H
HEUTPaIM30BaHHOTO TPYHTA MpEACTaBICHBI B Tabmuile 4. YCTaHOBIEHO, YTO OC-
HOBHBIMH KOMITOHEHTAMH HCCJIEyEMBIX 00pa3loB SIBISTIOTCS OKCHIBI KPEMHHS,
AFOMHHUSA, JKeJe3a, Kalblui, MarHus, HaTpus, pocdopa n kamms. B obpasmax
TaKAE BBICOKOTOKCHYHBIC DJIEMEHTHI, KaK CBUHEI], IUHK, KaJMUH, KOOAIbT HE
oOHapyKeHbI, a Mellb, HUKEJb, MapraHel] HaXOASATCA B IpelesiaX X eCTECTBEH-
HOTO CONep>KaHMsI B IMOYBE (KIapK).

OTXO0aBl WCCJICNOBAaIN HA COJACPKAHHE ECTECTBCHHBIX DPAJAMOHYKIUIOB —
topusi-232, pamusa-226 u xanus-40. Ilo conmepkaHuio yIeiabHOM aKTUBHOCTU
KaXIO0TO 3JIEMEHTa OIpeesuTd CyMMapHyto 3()(eKTHBHYI0 aKTHBHOCTH OTXO0/a
(Tabmuua 5). Kak BumHO, 3p(eKTUBHAS yAETbHAsI aKTUBHOCTH HUCCIEIOBAHHBIX

Tabnmma 4 — Pe3ynbTaThl CIIEKTPaIbHOTO aHATH3a TBEPAOTO OCTaTKa 00pasIoB

OG6HapyKeHHbIE CpenHee cofepkaHue BelecTsa B 00pasnax, %

KOMITOHEHTBI Nol Ne2 Ne3

3aMa3ydeHHBIN IPyHT

SiO, 51,67 40,97 49,47
AlLO4 4,95 3,60 2,92
Fe,O; 15,06 13,66 14,23
CaO 19,26 17,90 17,30
MgO 5,42 4,57 3,97
Na,O 2,53 2,01 1,49
K,0 0,96 7,73 5,33
CrO 0,04 6,32 4,22
P,0s 0,109 3,24 1,07
Mn 0,0007 0,0003 0,0005
Cu 0,0017 0,0006 0,0013
Ti 0,0025 0,0022 0,0022
Mo 0,017 0,0008 0,0007
Ni 0,0001 0,0001 0,0001
v <0,0005 <0,0005 <0,0005
He¥Tpanu3oBaHHbIN IPyHT

SiO, 48,08 46,05 49,98
AlLOs 5,58 4,49 2,27
Fe,0; 17,10 14,97 15,37
CaO 22,65 20,16 22,28
MgO 3,65 2,95 1,99
Na,O 2,12 1,89 1,25
K,O 0,72 6,41 4,90
CrO 0,002 1,02 0,888
P,0s 0,08 2,0523 1,010
Mn 0,0003 0,0002 0,0001
Cu 0,0001 0,0001 0,0005
Ti 0,0009 0,0010 0,0001
Mo 0,0007 0,00063 0,0001
Ni 0,00008 0,00007 0,00003
v <0,0001 <0,0001 <0,0001
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Tabmuua 5 — Pe3ynpTaTsl n3MepeHus yAenbHoi U 3 (eKTHBHOI aKTHBHOCTH OTXOJIOB

VaenpHas akTUBHOCTE, BK/Kr/n O¢dexrnsnas
HaumeHoBaHue poObl AKTUBHOCTB,
Th-232 | Ra-226 K-40 Bi/kr/
3amasydeHHbIH TpyHT (mpoba Ne 1) <3 65+ 16 <3 130,0 £33.0
Heiitpan3oBanHslii rpyHT (poba Ne2) <3 51+13 <3 239,0+30,0

00paslioB HE MPEBBIIACT YPOBHS HATypalbHOrO ()OHA W HOPM, YCTaHOBJICHHBIX
CaHWTapHBIMH TpaBwiamMu «CaHUTapHO-3MUIECMUOJIOTHYECKHE TPEeOOBaHUS K
o0ecTieueHUI0 pauallMOHHON 0€30IacHOCTHY, YTBEep)KICHHBIN [locTaHoBIEeHHEM
[IpaBurenscTBa Pecyommku Kazaxcran Ne202 ot 03.02.2012 . McciemoBaHHbIC
OTXOJIbl HE OTHOCATCS K PaJMOAKTUBHBIM M MOTYT HCIIOJIb30BaThCS B XO3SHCT-
BEHHOH JIesitebHOCTH Oe3 orpaHuueHus. Ha mpexacraBieHHble mpoObl 0TXOZ0OB
nericteue mokymeHta PJI-08-02-25-04 «PykoBOICTBO MO pamdO3KOIOTHUECKH
Oe3onacHoOl yTWiIM3anuu OTX0A0B HedrerazompomeicioBy (PYOH-2004) e
pacnpocTpaHseTcs, OTXOJbl MOTYT YTWJIM3HPOBAThCA MIIM HCIOJNb30BATHCA B
COOTBETCTBMHU C AelcTByrommMu B PecnyOnuke Kasaxcran Hopmamu mo oOpa-
LIEHUIO C HePaJMOaKTUBHBIMH OTXO0/IaMHU.

OCHOBHBIM KpUTEPHEM TOKCUYHOCTH M OMACHOCTH MTPOMBIIIEHHBIX OTXO/I0B
B TOKCHKOJIOTHUECKOM 3KCIIEPUMEHTE SIBIISICTCA CpeAHECMepTelbHas 103a Ui
nmaboparopubeix XuBOTHBIX (DLsp). B xome skcmepuMeHTa omeHHBamu oOriee
COCTOSIHME >KMBOTHBIX IO BBIPAXEHHOCTH KJIMHHUUYECKUX CHMITOMOB, NTOBEJICHUIO
W THOeNu >KMBOTHBIX B TeueHHWe 7 jAHel HaOmogeHus. B 000MX MOAZONBITHBIX
rpynmax TnOeny >KNBOTHBIX B TedeHue 7 AHel HaOJII0AeHNS HE OTMEYaioch.

CoenvHEHMs M 3JIEMEHTHI, BXOJAIINE B COCTaB U3y4aeMBIX OTXO0JIOB, MOYKHO
YCIIOBHO pa30OHMTh Ha MAaKpPOAJIEMEHTHI (COJepKaHuE KOTOPHIX B MPOAYKTE KOJIeO-
JEeTCSl OT HECKOJIbKUX IMPOLIEHTOB A0 AECATKOB MPOLIEHTOB) M MUKPOAJIEMEHTHI
(comepxaHWe KOTOPBIX COCTaBISIET OT HECKOJBKHX COTHIX (TBICAYHBIX) HITH
JECATBHIX JI0JIed MpOLEHTa N0 OJHOTO MPOLEHTa). TOKCHYHOCTH OTXOIOB B OC-
HOBHOM ONPEAEISIETCS] KOJIMYECTBEHHBIM COJICPKAHUEM MAaKpPO3JIEMEHTOB U TEMU
MHKPOIEMEHTAMH, COACPXKAHUE KOTOPBIX 3HAUMUTENbHO npeBbimaroT ITIK sTux
BEIIECTB B IIOYBE, MOA3TOMY IPU OMNpPEIEIIEHHH KJacca OMAaCHOCTH OCHOBHOE
BHHUMAaHUE YAENAETCS 3TUM COSANHEHUSIM.

Kputepuem BpemHOTO BO3IEHCTBHSA OTXOAOB OOBIYHO CIYyXKaT CAaHHTAPHO-
TUTHEHUYECKHE PEryIaMeHThI ISl KaKJJ0TO OTJEJIbHO B3STOI0 KOMIIOHEHTa OTXO-
J1a, 9KOJIOTO-TOKCHKOJIOTHUECKHE TIOKa3aTelld, a Takke MX (PU3HKO-XUMHYECKHE
xapakTepucTuku. Ilomck yKkazaHHBIX TIapaMeTPOB TOKCHKO-3KOJIOTHYECKON
0e30MmacHOCTH TPOBOIMTCS B OPHUIMAIHHO M3JAHHBIX CIPABOYHHKAX W IPYTOi
HOPMaTHUBHON JOKYMEHTALIMH.

Omnpenenenue Kiacca OMAaCHOCTH OTXOJOB OCHOBAHO Ha CTATHCTHYECKOM
MOJIEJIH, YYWTHIBAIONIEH SKCIIEPUMEHTAIbHBIE JaHHBIE MO TOKCHYECKHM CBOM-
CTBaM pAa3NWYHBIX BEMIECTB, BXOMAIINX B COCTaB OTXOZd, ITyTEM HpPHUMEHEHUS
BEPOATHOCTHOTO TOAXOJa K KOJHMYECTBEHHOH OIIEHKE €ro JKOJIOTHYECKOU
0e301macHOCTH.
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B nporecce BBIMOTHEHNS HACTOSIIMX WCCIEIOBAHUN MMapaMeTphl OMACHOCTH
OTXO/OB OLECHHUBAINCH MO anpoOHMPOBaHHBIM HOPMATHBHBIM W METOAWYECKUM
JOKyMEHTaM, MO3BOJIAIOLIMM 0O0Jiee TOJIHO OLIEHUTh OMAaCHOCTh OTXOJ0B, UMEIO-
X CJIOXHBIA XUMHUYECKui coctaB [21, 22]. B maHHBIX HOPMATHBHBIX IOKY-
MEHTax IpHU OIpENENeHNH Kjlacca OMacHOCTH OTXOJO0B NPUHHMAIOTCA BO BHH-
MaHHME WHAEKCHI ONIAaCHOCTU BCEX €ro cocTaBiisitomuX. [Ipu 3ToM uHAEKC onacHo-
CTH KaXXKJI0T'0 KOMIIOHEHTA OIleHHBaeTCs He ToJbKO 1o Beanunnae [IJIK nmm DLs,
HO M YYHTBIBAIOTCA JIPyTHE MapameTpbl TOKCHKO-DKOJIOTHYECKOH 0e30MmacHOCTH,
KOTOPBIX B 0OLICH CIIOKHOCTH HACUMTHIBAETCS 13, U SBJIAIOTCS IPUOPUTETHBIMHU.

Yucno mapaMeTpoB, KOTOPOE MOXKET OBITh BKJIIOUEHO B CHCTEMY, MOXKET
ObITh JTH00BIM OT 1 710 13 B 3aBUCHMOCTH OT HaJM4YUs B COOTBETCTBYIOIICH CIipa-
BOYHOH JIUTEpaType JaHHBIX MO TOMY WJIM MHOMY IapaMeTpy JUIsl JaHHOTO KOM-
noHeHTa. Eciim 0TX01 COXXEH MO COCTaBy U OTCYTCTBYIOT JaHHbBIE IO Iapa-
METpaM TOKCHKO-IKOJIOTHYECKOW O€30TMacHOCTH ISl OTACITBHBIX KOMIIOHEHTOB,
MOKHO (M 11eJ1IecO00pa3HO) IKCIEPUMEHTAIBHBIM MTyTeM OMNPEIeTUTh OTAEIbHBIC
napametpsl (DLsy, LCsp 11 T.11.) 1 chopMUpOBaTh CUCTEMY IJISL OTXOJA B LIEIOM.

Ecmm mHpOpMannMm mo mpHOpUTETHOMY IEpPEeYHIO0 HE Ha/IeHO, TO HCIOIb-
3YIOT JIOTIOJIHUTENbHBIE TIOKAa3aTeIl: 30Ha OCTPOrO MM XPOHHUYECKOTO JAeHCTBHUA,
TpaHcOpMaIsi B OKpYyKaloleld cpene, OMOAKKyMyssiuusi ¥ T.JA., KOTOPBIX B
001IeH CII0KHOCTH HacuuThIBaeTcs oomee 30.

BenuunHy kilacca OmacHOCTH OTXO/a OTNPENENSIOT M0 3HAUYEHUSM ero HH-
nexca TokcuuHocTH (K), pykoBoACTBYsCh NTaHHBIMU TaOJIHMIBI MHTEPBAJIOB CyM-
MapHOW BEJIMYMHBI MHIEKCA TOKCHYHOCTH KOMIIOHEHTOB OTXOJa ISl Pa3IMYHbIX
KJIACCOB OTTACHOCTH, MPUBEACHHON B CITPaBOYHOM JINTEpAType.

[MapameTp TOKCHKO-3KOJOTHYECKOW O€30MacHOCTH BellecTBa (MIIM COCTaB-
JISFOILAs €r0 KOMITIOHEHTA) - BeJIMYHMHA (TI0Ka3aTesb), KOTopast sIBISETCS OJHUM U3
KPHUTEPHUEB €r0 0e30MacHOCTH (MM OMACHOCTH) IS OKPY’KAfoIIeH Cpensl U de-
noBeka. OleHKa KaKI0ro rmapaMeTrpa Mpou3BOAUTCA B Oajiax JUIs BCEX KOMIIO-
HEHTOB OTXO/J1a.

Hns 1abopaTOpHBIX OTXOJOB YPOBHHM TOKCHKO3KOJIOTHYECKOH Oe3omac-
HOCTH PacCYMTHIBAJINICH 10 BCEM HMMEIOLIMMCS B CIIPaBOYHOI JHTEpaType mapa-
METpaM TOKCUYHOCTH KOMIIOHEHTOB OTXOJIOB M ONpEAETECHbl CTaHAAPTH30BAH-
HbIE HOPMAaTHBBI MX ONACHOCTH. Pe3yibTaThl pacdueToB CyMMAapHOIO HHAEKCA
TOKCHYHOCTH M3yYEHHBIX 00pa3IoB OTpakeHbI B TabmuIax 6 u 7. YcTaHOBIEHO,
YTO OCHOBHYIO OMACHOCTh B 3aMa3y4€HHOM I'PYHTE MPEACTaBISIOT alleTUICHOBBIE
¢pakunu HeTENpOIYKTOB, 32 CUYET KOTOPHIX B OCHOBHOM (OPMHPYETCS TOK-
cugHocTh otxona (Ki amernneHoBoi ¢pakiuu coctaisier 61,61 u3 134,69 en.,
MPUXOJSIINXCA HAa BECh OTXOJ).

CpaBHHUTENBHO HU3KAsl paCTBOPUMOCTH KOMIIOHEHTOB HCCIIEAYEMBIX TPYHTOB
B BOJE CBHIETEILCTBYET O HEBO3MOXXHOCTH CO3/1aHHsS B HEH BBICOKMX KOHIICH-
Tpanui, 9TO MpeanoiaraeT HU3Kyl0 TOKCHYHOCTh BOJHBIX BBITSDKEK M3 TPYHTOB.
OTO TOATBEPAMIIOCH B TOKCHKOJOTHYECKOM O3KCIEpUMEHTE Ha J1abopaTOpHBIX
XKHUBOTHbIX. BBeneHne OeibIM MbIIaM MaKCHMAaJIbHO BO3MOXKHBIX KOJIMYECTB
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Tabmuna 6 — Pe3ynpTaTsl pacueTa HHAEKCOB TOKCHYHOCTH 3aMa3y4eHHOr0 ITpyHTa
(mpoba Ne 1)

Conep- | Ornocu- | Yuupumnu- | Jlorapupm | Cranmap- | Uanexc
KOMIIOHEHTEL JKaHWE | TENBHBIH | POBaHHBIN HOPMATHBA | TH3HPO- | TOKCHY-
oTX01a B np96e napa- napamerp, Wi, . BaHHBIN HOCTH,
Ci, METp, Zi (LgWi) |HOpMatuB,| Ki
MT/KT Xi Wi
ie?;zf{ponymm BCETO, | 52300 B B B B B
AlCTIICHORGIE 191000 | 2,89 3,52 3,52 3100 | 61,61
(pakmun
g;gif;;o'}‘a‘i’”‘{o‘*”e 10000 | 3,00 3,67 3,67 4650 | 2,15
Burymer u achansTeHb 7200 3,00 3,67 3,67 4650 1,54
SiO, 473700 3,50 4,34 4,41 25800 18,36
AlLO; 29400 3,30 4,07 4,07 10400 2,82
Fe,04 143100 3,63 4,51 4,68 48000 2,98
CaO 181500 3,33 4,11 4,12 13200 13,75
MgO 46500 3,71 4,61 4,87 74800 0,62
Na,O 20100 3,07 3,79 3,79 6180 3,25
K,O 46700 3,13 3,85 3,85 7100 6,57
CrO 35200 2,67 3,23 3,23 1698 20,73
P,05 14700 3,66 4,55 4,75 56400 0,26
Mn 5 2,60 3,13 3,13 1350 0,003
Cu 12 2,60 3,13 3,13 1292 0,009
Ti 23 2,50 3,00 3,00 1000 0,023
Mo 12 2,50 3,00 3,00 1000 0,012
Ni 1 1,90 2,20 2,20 158 0,006
\Y% <5 2,50 3,00 3,00 1000 0,005
Cymmaphsiid nHAeKe TokenaHocTH Ke = (XKi) 134,69
Knacc onmacnoctn 3
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Tabmuma 7 — Pe3yssTaThl pacueTa HHICKCOB TOKCHIHOCTH HEHTPaNnn30BaHHOTO IPYHTA

(mpoba Ne 2)
Conep- | Ornocu- | Yuuduuu- | Jlorapupm | Crannap- | Unaexc
KOMIIOHEHTEL JKaHWE | TENbHBIA | POBAaHHBIH | HOpMATUBA | TU3HPO- | TOKCHY-
oTXOMa B mipo0e napa- napamerp, Wi, BaHHBIM | HOCTH,
A Ci, MeTp, Zi (LgWi) |mHOopmatmB,| Ki
MI/KT Xi Wi
Hedrenponykrs Beero, 75410 3 3 B B 3
W3 HUX:
AneTuIeHoBbIe B B B B B B
¢bpakimu
Hapaguno-nagrenossie | 53199 | 3 g 3,67 3,67 4650 | 11,43
(dpakaun
Ciost, GuTyMbi 1 22220 | 3,00 3,67 3,67 4650 | 4,78
acdanbTeHbI
SiO, 480400 3,50 4,34 4,41 25800 18,62
AlLO; 41100 3,30 4,07 4,07 10400 3,95
Fe,05 158100 3,63 4,51 4,68 48000 3,29
CaO 216900 3,33 4,11 4,12 13200 16,43
MgO 28600 3,71 4,61 4,87 74800 0,38
Na,0 17500 3,07 3,79 3,79 6180 2,83
K,O 40100 3,13 3,85 3,85 7100 5,64
CrO 6370 2,67 3,23 3,23 1698 3,75
P,0s 14740 3,66 4,55 4,75 56400 0,26
Mn 2 2,60 3,13 3,13 1350 | 0,001
Cu 2 2,60 3,13 3,13 1292 | 0,001
Ti 7 2,50 3,00 3,00 1000 0,007
Mo 5 2,50 3,00 3,00 1000 0,005
Ni 0,6 1,90 2,20 2,20 158 0,003
\Y% <0,1 2,50 3,00 3,00 1000 | 0,000
CymmapasIit naaeke TokenaHoctn Ke =(2Ki) 71,37
Krnacc omacaoctn 4
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HACBIIICHHON BOJHOM BBITSDKKH M3 3aMa3yY€HHOTO U HEUTPAIM30BAHHOTO TPyHTA
B HATUBHOM BHJIE, II0KA3aJl HEBO3MOXKHOCTb JIOCTHXKEHUSI CMEPTEIbHBIX UCXOA0B
y MOAOMBITHBIX )KUBOTHBIX.

BeiBoabl. IlpoBeneHHBIE KOMIUIEKCHBIE HMCCIENOBaHMS MOKa3alH, 4TO Xa-
pakTep cofepkKamuxca B 0TX0/1aX HEPTETPOYKTOB OTJIMYAETCS IPYT OT Ipyra —
B 3aMa3yu4€HHOM I'PDYHTE OHHU IIPEICTABIECHBI B BUJE CIOKHBIX AL€THJICHOBBIX
YTIEBOJOPOIOB, & B HEUTPAIM30BAHHOM I'PYHTE BBISBIIAIOTCA B OCHOBHOM Iapa-
(mHO-HadTEeHOBBIE (paKIuK, cCMOJB, OMTYMbI W acdambTeHsl. [lokazaHo, 4To
3aMa3yueHHbIH M HEHTPaJM30BaHHBIN TPYHT TAaKXKE OTIMYAIOTCS MO (DPaKIMOH-
HOMY COCTaBY. Y CTaHOBJIEHO, YTO 3aMa3y4Y€HHBIN I'PyHT OTHOCUTCS K BELECTBAM
3 knacca onacHocTH. OCHOBHYIO ONACHOCTh B 3aMa3y4€HHOM I'PYHTE IpPEICTaB-
JSIFOT alleTHIICHOBBIE (hpaKIHUK HEPTENPOAYKTOB, 38 CYET KOTOPHIX B OCHOBHOM
¢dopMupyeTCcS TOKCHYHOCTh 0TX0a. HelTpann3oBaHHBIA TPYHT CTal MEHEE TOK-
CHYHBIM M MO CyMMapHOMY HMHJIEKCY TOKCHYHOCTH OTHECEH K 4 Kilaccy omac-
HocTH (ManoomnacHble). CHIKEHHE TOKCHYHOCTH HEHTPaIM30BaHHOTO TPYHTA 10
CPaBHEHHUIO C UCXOJHBIM (3aMa3y4eHHbIM) IPYHTOM IPOHU3OLLIO 3a CYET Mepe-
BOJIa HU3KOKHUILIIIUX aleTHJICHOBBIX (pakuuil HEQTH B BBICOKOKHUIISIIUE, UYTO
nmoaTBepkaaeT 3 PpeKTHBHOCTD MPEIOKEHHOW TEXHOJIOTHH. TOKCHIHOCTD HEOP-
FaHUYECKOM 4YacTH 3aMa3y4eHHOIO M HEHUTPaIM30BaHHOIO TI'PYHTOB OKa3ajlach
MPaKTUYECKH HICHTUYHOW. DTO CBHICTEIBCTBYET O TOM, YTO OOE3BpPEKMBAHHE
IpyHTa IPOUCXOIUT 3a CUET MPeoOpa3oBaHUs COAEpKAIIMXCs B HEM Hedrenpo-
oykToB. Ompenenenne paInoakKTUBHOCTH 3aMa3ydeHHOTO W HEWTPaTN30BaHHOTO
TPYHTOB II0Ka3aJI0, YTO UCCIIEJOBAaHHBIE OTXO/bl HE OTHOCATCS K PaAHOaKTHBHBIM
1 MOTYT UCIIOJIb30BaThCs B XO35IMCTBEHHOM eSITENbHOCTH 0€3 OrpaHnYeHuil.

JIUTEPATYPA

[1] Jafarinejad S. Petroleum waste treatment and pollution control. Elsevier Inc., 2016. 378 p.

[2] Mar. 2210439 Poccus. Crioco6 HeHTpanu3anuy 3arps3HeHUH Mo4YBbl He(ThI0 Wim Hedre-
npoayktamu / MockeuueBa E.B., BunnukoB A.JL., Mopomxkun FO.I'., BensBuesa O.H.; omy0Om.
20.08.03. — bron. Ne 12. -2 c.

[3] Badrul 1. Petroleum sludge, its treatment and disposal: a review // Int. J. Chem. Sci. 2015.
13(4). P. 1584-1602.

[4] Kpxmx J1., Pesnuk JI. TeXHOIOTHS OYMCTKU T€OJIOTHYECKOM Cpebl OT 3arps3HEHUs Hed-
Tenpoxykramu // Dxonorus npoussoacTsa. — 2007. — Ne 10. — C. 54.

[5] Nocentini M., Pinelli D., Fava F. Bioremediation of soil contaminated by hydrocarbon
mixtures: the residual concentration problem // Chemosphere. 2000. N 41. P. 1115-1123.

[6] Konceiicao A.A. Pa3paboTka HOBBIX COpPOEHTOB M aJre3MOHHBIX HE(TECOOPIINKOB s
cOopa aBapHiHBIX PAa3IMBOB YIIeBOAOPOAOB: JIuC. ... JOKT. TeXH. Hayk. — ¥ da, 2008. — 240 c.

[7] 3emuyxoBa JI.A., Ulkopuna E.Jl., ®ununmosa U.A. M3y4enne cOpOIIMOHHBIX CBOMCTB Iiie-
JIyXH pUca U TPEYNXH 110 OTHOIIEHHIO K HedTenpoaykTaM // XuMHS pacTUTENBHOTO ChIpbs. — 2005.
—Ne2.-C.51-54.

[8] Teas Ch., Kalligeros S., Zanikos F., Stournas S. Investigation of the effectiveness of absor-
bent materials in oil spill clean up // Desalination. 2001. N 140. P. 259-264.

[9] darypoB A.B. BnusiHuEe T'yMaTOB Ha TOKCHYHOCTH yIJIeBOJIOPOaOB HedTH: Jluc. ... KaH/.
6uon. Hayk: 03.00.16. — Upkytck: Hayu.-uccnen. unc-t 6uon. npu Upkyrckom roc. yH-te, 2004. —
137c.

46



ISSN 1813-1107 Ne'l 2019

[10] UBanoB A.A., IOauaa H.B., Manenesa E. B., Matuc E.fl. HccnenoBanue OuoctiumyIu-
PYIOIIHUX M AETOKCHIIUPYIOIINX CBOWCTB 'yMUHOBBIX KHCJIOT PA3IMYHOTO IPOUCXOXKICHUS B YCIIOB-
HsIX HedTe3arps3HEeHHOH oUBH / XUMUS pacTUTENBHOTO ChIpbs. — 2007. — Ne 1. — C. 99-103.

[11] ITaT. 2486166 Poccusi. Criocod o6e3BpexxnBanust HedTe3arpsi3HEHHBIX TPYHTOB, CIOCO0
00e3BpeKrBaHuUsI OTPaboTaHHBIX OypoBbIX utamMoB / Kymu B.B.; omy6im. 27.06.13. — Bron. Ne 2. — 2 c.

[12] Kombacos I'.A. OneHka BO3MOKHOCTH WCIIOJIB30BAHHUS NMPOMBIIIJICHHBIX TYMAaTOB IIPH
OHMOJIOTHYECKOH pPEeKyJIbTUBAIIMN HEe(Te3arpsA3HEHHBIX TOPQSHBIX MOYB: ABTOped. AWC. ... KaHA.
6uon. Hayk: 03.02.13. —M.: MI'Y um. M.B. JlomonocoBa, 2011.-25 c.

[13] dxycumbexos Y. K., Hypramesa I'.O., Kyrrym6eroB M.A., Xymacun E., yiicen6ait /1.,
CyneiimeHoBa O.51. OIBITHO-TIPOMBIIUICHHBIE UCIBITAHMS TIpoIiecca mepepaboTKi HedTe3arpsi3HeH-
Horo rpyHTa // Xumudeckuil xypHan Kazaxcrana. —2015. — Ne 3. — C. 234-240.

[14] Jxycunbexos ¥Y.2K., Hypramuesa I".O., Kyrrym6eroB M.A., XKymacun E. Heitrpanu3a-
1Ms1 HeyTe3arpsA3HEeHHOro IPyHTa ¢ IPUMEHEHHEM YHEeProakKyMyJIHPYIOIIEro BElIeCTBa Ha OCHOBE
rymara // Mar. Beepoc. Hayuno-npakt. kou¢. — Hmxnekamck, 2015. — T. 1. — C. 88-89.

[15] LIB 5.18.19.01-2005. Metonuka BBINOJHEHUS M3MEPEHHH COAEp)KaHMS 3JIEMEHTOB B
TBEPABIX 00BEKTAaX METOIAMHU CIIEKTPOMETPHH C HHAYKTUBHO-CBSI3aHHOM I1a3Moi. — M., 2005. — 23 c.

[16] ITHA $16.1:2.2:2.3:3.36-2002. MeTonnka U3MEpEeHHI BaJOBOTO COAEPKAHHS KaJIMUSL,
KobaJsibTa, Maprasiia, Mey, HUKeJIsI, CBUHIIA, XpOMa ¥ I[HKA B 0YBaX, JOHHBIX OTIOKEHUSX, OCall-
KaxX CTOYHBIX BOJ M OTXOAaX METOJOM IJIAMEHHOI aTOMHO-a0COPOLMOHHON CIIEKTpOMeTpuH. — M.,
2002. - 22 c.

[17] TIHA @ 16.1.21-98. MeTtoanka BBIIOJHEHHS U3MEPEHUI MacCOBO 107K HEPTENPOIyK-
TOB B mpobax (uryopuMeTpHueckuM METOJOM Ha aHaimu3arope xuakoctu «Pmoopar-02». — M.,
1998. - 21 c.

[18] ITHA @ 16.1.41-04. MeToauka BEHIIOTHEHUS U3MEPEHUI MACCOBOW KOHIIEHTpAUU Hed-
TENPOIYKTOB B IIP00ax IMOYB rpaBUMETpHIECKAM MeTozoM. — M., 2004. — 12 c.

[19] TIHA @ 16.1.38-02. MeTroanka BBIIOJHEHHS HW3MEPEHWH MacCOBOW JONH HE(TErpo-
IYKTOB B MP0o0ax IMOYBBI METOAOM KalMJULIPHOW ra30-KHUAKOCTHOH xpomarorpadun. — M., 2002. —
87 c.

[20] ITHJ] @ 16.1.42-04. MeTonuka BBITIONHEHHUS M3MEPEHUII MaccoBOM NOJIM METAIIOB U
OKCHJIOB METAJIOB B MOPOIIKOBBIX MPOOaxX MOYB METOAOM PEHTIeHO(IIyOPECLEHTHOTO aHalnu3a. —
M., 2004. -21 c.

[21] TOCT 30774-2001. Pecypcocoepexxerne. Obpamienue ¢ otxogamu. [lacopt omacHocTH
otxon0B. OcHoBHEBIE TpeboBanus. — Been. 200-07-01. — Munck: UIIK: U3a-Bo cranmapros, 2002. —
20 c.

[22] [IpaBuiia OTHECEHHS OMACHBIX OTXOJI0B, 00Pa3YIOIIUXCS B MPOIECCE IESITENEHOCTH (HU3U-
YECKUX U IOpPUANYECKUX JIUL, K KOHKPETHOMY KJlacCy omacHocTu. — Actana, 2005. — 13 c.

REFERENCES

[1] Jafarinejad S. Petroleum waste treatment and pollution control. Elsevier Inc., 2016. 378 p.

[2] Pat. 2210439 Rossija. Sposob nejtralizacii zagrjaznenij pochvy neft'ju ili nefteproduktami /
Moskvicheva E.V., Vinnikov A.L., Morosh-kin Ju.G., Beljavceva O.N.; opubl. 20.08.03. Bjul. # 12.
2p.

[3] Badrul 1. Petroleum sludge, its treatment and disposal: a review // Int. J. Chem. Sci. 2015.
13(4). P. 1584-1602.

[4] Krzhizh L., Reznik D. Tehnologija ochistki geologicheskoj sredy ot zagrjaznenija nefte-
produktami // Jekologija proizvodstva. 2007. N 10. P. 54.

[5] Nocentini M., Pinelli D., Fava F. Bioremediation of soil contaminated by hydrocarbon
mixtures: the residual concentration problem // Chemosphere. 2000. — N 41. P. 1115-1123.

[6] Konsejsao A.A. Razrabotka novyh sorbentov i adgezionnyh neftesborshhikov dlja sbora
avarijnyh razlivov uglevodorodov: Dis. ... dokt. tehn. nauk. Ufa, 2008. 240 p.

[7] Zemnuhova L.A., Shkorina E.D., Filippova [.A. Izuchenie sorbci-onnyh svojstv sheluhi
risa i grechihi po otnosheniju k nefteproduktam // Himija rastitel'nogo syr'ja. 2005. N 2. P. 51-54.

47



XUMWYECKHH )KYPHAJI KA3AXCTAHA

[8] Teas Ch., Kalligeros S., Zanikos F., Stournas S. Investigation of the ef-fectiveness of
absorbent materials in oil spill clean up // Desalination. 2001. N 140. P. 259-264.

[9] Dagurov A.V. Vlijanie gumatov na toksichnost' uglevodorodov nefti: Dis. ... kand. biol.
nauk: 03.00.16. Irkutsk: Nauch.-issled. ins-t biol. pri Irkutskom gos. un-te, 2004. 137 p.

[10] Ivanov A.A., Judina N.V., Mal'ceva E. V., Matis E.Ja. Issledova-nie biostimulirujushhih i
detoksicirujushhih svojstv guminovyh kislot razlichnogo proishozhdenija v uslovijah neftezagrjaz-
nennoj pochvy // Himija rastitel'nogo syr'ja. 2007. N 1. P. 99-103.

[11] Pat. 2486166 Rossija. Sposob obezvrezhivanija neftezagrjaznennyh gruntov, sposob
obezvrezhivanija otrabotannyh burovyh shlamov / Kumi V.V.; opubl. 27.06.13. Bjul. # 2. 2 p.

[12] Kolbasov G.A. Ocenka vozmozhnosti ispol'zovanija promyshlennyh gumatov pri biolo-
gicheskoj rekul'tivacii neftezagrjaznennyh torfjanyh pochv: Avtoref. dis. ... kand. biol. nauk:
03.02.13. M.: MGU im. M.V. Lo-monosova, 2011. 25 p.

[13] Dzhusipbekov U.Zh., Nurgalieva G.O., Kuttumbetov M.A., Zhumasil E., Dujsenbaj D.,
Sulejmenova O.Ja. Opytno-promyshlennye ispytanija processa pererabotki neftezagrjaznennogo
grunta // Himicheskij zhurnal Kazahstana. 2015. N 3. P. 234-240.

[14] Dzhusipbekov U.Zh., Nurgalieva G.O., Kuttumbetov M.A., Zhumasil E. Nejtralizacija
neftezagrjaznennogo grunta s primeneniem jenergoakku-mulirujushhego veshhestva na osnove
gumata // Mat. Vseros. nauchno-prakt. konf. Nizhnekamsk, 2015. Vol. 1. P. 88-89.

[15] CV 5.18.19.01-2005. Metodika vypolnenija izmerenij soderzhanija jelementov v tverdyh
ob#ektah metodami spektrometrii s induktivno-svjazannoj plazmoj. M., 2005. 23 p.

[16] PND F16.1:2.2:2.3:3.36-2002. Metodika izmerenij valovogo so-derzhanija kadmija,
kobal'ta, marganca, medi, nikelja, svinca, hroma i cin-ka v pochvah, donnyh otlozhenijah, osadkah
stochnyh vod i othodah metodom plamennoj atomno-absorbcionnoj spektrometrii. M., 2002. 22 p.

[17] PND F 16.1.21-98. Metodika vypolnenija izmerenij massovoj do-li nefteproduktov v
probah fluorimetricheskim metodom na analizatore zhidkosti «Fljuorat-02». M., 1998. 21 p.

[18] PND F 16.1.41-04. Metodika vypolnenija izmerenij massovoj koncentracii neftepro-
duktov v probah pochv gravimetricheskim metodom. M., 2004. 12 p.

[19] PND F 16.1.38-02. Metodika vypolnenija izmerenij massovoj do-li nefteproduktov v
probah pochvy metodom kapilljarnoj gazo-zhidkostnoj hromatografii. M., 2002. 87 p.

[20] PND F 16.1.42-04. Metodika vypolnenija izmerenij massovoj do-li metallov i oksidov
metallov v poroshkovyh probah pochv metodom rentgenofluorescentnogo analiza. M., 2004. 21 p.

[21] GOST 30774-2001. Resursosberezhenie. Obrashhenie s othodami. Pasport opasnosti
othodov. Osnovnye trebovanija. Vved. 200-07-01. Minsk: IPK: Izd-vo standartov, 2002. 20 p.

[22] Pravila otnesenija opasnyh othodov, obrazujushhihsja v processe dejatel'nosti fizicheskih
i juridicheskih lic, k konkretnomu klassu opas-nosti. Astana, 2005. 13 p.

Pe3rome
O. JK. XKycinbexos, I'. O. Hypeanuesa, 3. K. basxmemosa, JL.I. Aiizeepm

MYHAUMEH JIACTAHFAH KOHE BEMTAPAIITAJIFAH
TOIBIPAKTBIH KAVIIITUIIK KJIACBIH AHBIKTAY

Makanaga KypamblHIa MyHail Oap KaJABIKTapIbl 3aJIJICBI3NAHABIPY Maceneci
kapanraH. KypambiHoa MyHail 0ap KaiIbIKTap/bl T'yMaTTap Heri3iHJeri JHeproakky-
MUpJICHIeH 3aTThl KOJIJJaHy apKbUIbI Malalbl OHIMIepre aifHAIABIPY TEXHOJIOTHSICHI YChI-
HBULIBL. «O3eHMyHaira3» AK MyHaliMeH jacTaHFaH oHe OeWTapanTtaliFaH TOINBIPAFbl-
HBIH XUMMSUIBIK KypaMbl MEH KacHeTTepi 3epTrenai. MyHaliMeH JlacTaHFaH TONBIPaKTHIH
KayinTiriri 3 kiacc OoJaThlH 3aTTapFa jKaTaThIHIBIFBI aHBIKTAN/Ibl. MyHaiiMeH JlacTaHFaH
TOIIBIPAKTa HETI3T1 KayiNTUTKTI aneTwieHIiK (pakuusuiap kepcerexni. beitapanTanran
TOTBIPAKTHIH YIBUIBIFBI a3aibIT, KayINTLTIKTIH KaJIbl HHICKCI OOWBIHIIA 4 KIace Kayill-
TUTIKKe (a3 KayinTi) >KaTKbI3BUINBL. TeMeHTri TeMiiepaTypana KalHAWTBIH aleTHICHIIK
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(dpakuusIap/bIH JKOFapbl TeMIlepaTypajibl KaiHaWThIHFAa aliHaJTyblHaH OeifrapanranraH
TOIBIPAKTBIH YJIBUIBIFBI a3asTHIHIBIFBI alKbIHIANbl. MyHallMEH JacTaHFaH >KoHE Oei-
TapanTaJFaH TONBIPAKTHIH KYpaMbIHIAFbl MaKpO- XXOHE MHKPOAJIEMEHTTEPAIH MeIepi
onapabH TonblpakTarsl [IIPK a3 apThIK Hemece Kilapk AeHreHiHze KoHe KaJIbIKTapAblH
KayINTLUIITiHE aca KeIl dcep CTIEHTIHIIr aHbIKTaIIel. MYHalHMeH JTacTaHFaH XKoHE OciTa-
panTanFaH TONBIPAKTHIH PAIHOAKTUBTIIITIH aHBIKTAY, 3€PTTEITEeH KaIIbIKTapAbIH paauo-
aKTHBTITE XKATHAWTHIHIBIFBIH JKOHE IIapyallblIbIKTa IIEKTEYCi3 KOoJAaHyFa OOJIaThIHAbI-
FBIH KepceTTi. JKypriziareH 3epTxaHaiblK ToxipuOenep Ke3iHIe TIHKIpHOSTIK xKaHyap-
JIAp/BIH KBIPBUTYbI OaiKaiMaIbl.

Tyiiin ce3aep: MyHaii, MyHaiiMeH JlacTaHFaH TOMBIPAK, OelTapanTtaiFaH TONBIPAK,
rymMarTap Heri3iHJeri SHeproakKyMHUpJICHTeH 3aT, YJIBUIBIK, PaIMOaKTUBTLIIK, KayiNTiIiK
KJIaChl.

Summary
U. Zh. Zhusipbekov, G. O. Nurgalieva, Z. K. Bayakhmetova, L. G. Aizvert

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

In this article was studied recycling problem of oil contented waste. there is a pro-
cessing technology is proposed for oily waste to useful products by using energy storage
substance based on humates. Investigated the chemical composition and properties of
polluted and neutralized soils of JSC "Ozenmunaygaz". In the laboratory experiments, the
death of experimental animals was not observed. It has been established that the conta-
minated soil belongs to substances third classes of danger. The main danger in polluted
soil is cetylene fractions. Neutralized soil has become less toxic and according to the total
toxicity index, it is classified as 4™ hazard class (low hazard). It was revealed that the de-
crease in toxicity of the neutralized soil occurs due to the conversion of low-boiling
acetylene into high-boiling oil fractions. It is shown that the content of macronutrients and
microelements in oil-oiled and neutralized soil significantly exceeds their MPC in the soil
or they are located at the clarke level and have no particular effect on the formation of
toxic waste. Determination of the radioactivity of contaminated and neutralized soils
showed that the studied wastes are not radioactive and can be used in the household
activities without restrictions

Key words: oil, contaminated soil, neutralized soil, energy storage substance based
on humates, toxicity, radioactivity, hazard class.
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VK 541.132/.132.4:541.49
T. K. [DKYMAJITHJIOB, P. I. KOHJJAYPOB, A. M. UMAHF A3bI

AO «MHcTuTyT XNMHI4Yeckux Hayk UM. A.B. BexrypoBay», AnMatsl, Pecry6nuka Kasaxcran

CPABHEHHUE COPBIIMOHHBIX CBOMCTB MHAUBUYAJIBHBIX
MOJIMMEPHBIX I'IJIPOT'EJIEM MOJIUAKPUJIOBOH U
MOJUMETAKPUJIOBOM KUCJIOT IO OTHOIIEHUIO

K HOHAM PEJKO3EMEJIBHBIX METAJLJIOB

AnHoTauus. VccienoBaHo copOIMOHHOE U3BJICUEHHE HOHOB PEAKO3EMENIbHBIX Me-
tannoB (P3M) uHAMBHIya bHBIMH MTOTUMEPHBIMHU TuAporensMu nonuakpuiosoil (ITAK)
u nosmMerakpuioBoit (IIMAK) kucnor. U3ydeHsl 3aBUCMMOCTH CTENEHH W3BIICUCHHUS,
CTCTICHHU CBSI3BIBAHUS MOJIMMEPHBIX IICTICH M 3aBHCUMOCTH 3()()EKTUBHOW JMHAMHUYCCKOM
0OMEHHOI €MKOCTH O OTHOIICHUIO K MOHAM JIaHTaHa, Iepys, HeOIMMa, caMapusl MMOJu-
MepHbiMu ruaporensmu ITAK u IIMAK ot Bpemenu.

Y CTaHOBIIEHO, YUTO CTEIICHh COPOIIMH MOHOB JIAHTAaHA, [ICPHUs, HEOAUMA, CaMapHsl UH-
muBHyanbHBIM ruaporeneM [TAK mocturma makcuManbHBIX 3HadeHwWid (67.71, 63.33,
61.60, 66.28% COOTBETCTBEHHO) MO UCTeUCHUH 48 U B3aUMOJICHCTBUSI.

Crenenp copOumu mHANBHAYaNbHEIM THAporenem IIMAK moHOB naHTaHa, 1epus,
HEOIMMa, caMapusl JOCTHINIa MaKCHMalbHBIX 3HaueHu# (66.28, 60.33, 57.90, 64.79%,
COOTBETCTBEHHO) M0 UCTEUCHNH 48 4 B3aNMOACHUCTBHSL.

Uccnenyemsie tuaporenu [TAK u IIMAK nokasanu HanOonbIIyio COpOIHMOHHYIO
CIOCOOHOCTH B OTHOIIEHUH MOHA JaHTaHa (67.71 u 66.28%, COOTBETCTBEHHO).

Taxke mokazaHo, YTO, HECMOTPS Ha TO, YTO IOJUMEPHBIC THUIAPOTENU SIBISIOTCS
CTa0BIMU 3JICKTPOJUTAMH, JAHHBIC MAKPOMOJICKYJBI BCTYMAIOT BO B3aUMOJICHCTBUE C
MPHUCYTCTBYIOIIUMH HOHAMH B pacTBopax. CopOIus TaHHBIX HOHOB MPOUCXOAUT MyTEM
WX MIPUCOCTUHECHUS K TIPOTHUBOIIOIOKHO 3apsKEHHOMY KapOOKCHIIAT aHHOHY.

KuroueBble ciioBa: TUapOreny, NOJIMAKpPUIIOBas KACIOTA, OJUMETAKPUIIOBAsT KUC-
JI0Ta, COPOIHS, MOHBI, PEAKO3EMEIBHBIC METAJLITBL.

B mocrmegrme ToApl BO BCEM MHpPE BO3pOC CIPOC HA PeIKO3EMEThHBIE
metaiibl (P3M). B mepByro odepenb 3TO 00YCIOBJICHO MX TMOCTOSHHO YCHIIH-
BAIOLIEHCS pOJIBI0O B BEAYIIMX OTPACiAX MPOU3BOJCTBA, OT KOTOPHIX 3aBHUCAT
9KOHOMMYECKass 1 000poHHasE 0€30MacHOCTh JII000ro rocynapcrsa. B gactHocTn,
KaK TIOKa3bIBaeT 3apyOeKHBIM OMBIT, IPUMEHEHHE BHICOKOKAYECTBEHHBIX HU3KO-
JICTUPOBAHHBIX HUOOMEBBIX U JPYTUX PEAKO3EMENIBHBIX CTalled JaeT HanOOoNbIIHH
3¢ eKT B TPaHCHOPTHOM MAIIMHOCTPOEHHH, Ta30He()TeT0OBIBAIOLINX OTPACIIAX U
CBSI3aHHBIX C HUMH TPYOONPOBOIHBIX CHCTEMAaX, MPHU CTPOUTEIBCTBE KPYITHBIX
WH)KEHEPHBIX COOPYKEHHH, 0OBEKTOB SACPHON JSHEPreTUKH M APYTHX Ba)KHEH-
LOIMX OTPACisIX MPOMBIIUIEHHOCTH. Kaxkias ToHHa HMOOWsS, BBEJACHHOIO B Ma-
JIOYTJIEPOANCTHIE CTAl JJIsl W3AEIMA TPAHCIOPTHOTO MAIIMHOCTPOSHUS W
CTPOUTENHCTBA, MO3BOJUT CIKOHOMHUTH 200-300 T cTamm W CHU3HUTH BEC KOH-
crpykuuu Ha 30-40 %. IIpu 3TOM CpOK Ciry>KOBI COOTBETCTBYIOIIEH MPOIYKINU
yBenmuuuBaetrca B 1,5-2 paza. OcHOBHOe MOTpeONieHHE PEeIKO3eMENbHOW Ipo-
IOYKIIMH CBSI3aHO C €€ IPUMEHEHHEM B 000pOHHOHN, a9POKOCMHUYECKOW M aTOMHON
otpacisix [1].
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B Pecny6nuke Kazaxcranmpoussoactso P3M ocyrecTisieTcss Ha crienya-
JU3UPOBAHHBIX TPEANPUATHAX, Takke P3M BBIMyCKaroTCAd B KauecTBE COIYT-
CTBYIOIIEH MPOAYKIMH HA MPENNPHUATHAX LBETHOM Meramryprud. OmHako Ha
CETOMHAIIHUI JEHb CHUTyallds ¢ TMpow3BoaAcTBOM P3M u ux coemuHeHWUU B
Kazaxcrane xapakrepusyercs Kak HeCTaOMIIbHAsA, NAJIEKO HE COOTBETCTBYIOIIAS
ero moteHuuanry. Ha MHOrMX 3aBOAax COKpAaTHIOCh, @ Ha HEKOTOPBIX Mpen-
HMPUATHSIX AK€ IPUOCTAHOBUIIOCH IPOU3BOJICTBO 3TUX METAILIOB.

Mexay TeM ¢ y4eTOM COBPEMEHHBIX U MEPCHEKTHBHBIX TPEOOBaHUI pa3BH-
TUS HayKM M TEXHUKH B MHUpPE CIIPOC HA PEIKO3EMENIbHYIO MPOAYKIHIO TOBBI-
maercs €XeAHEBHO, NpPHUYeM BBICOKOPEHTAOEIbHBIM SBIISIETCS IPOMU3BOACTBO
yucThix P3M u ux coenauHeHuil. Pa3Buthie cTpaHbl, KOTOPBIC O0JIATAIOT BBICO-
KUMH TEXHOJIOTHSIMH Pa(UHUPOBAHUS METAJIOB TEXHHYECKOW YHCTOTHI, MOJTY-
YalOT W3 HUX M3AEIHs JUId DJIEKTPOHHOW, paJHOTEXHHUYECKOH, 3IIEKTPOTEX-
HUYECKON U JAPYTUX HAYKOEMKHX OTPACIEH NMPOMBIIIICHHOCTH, IPUMEHSIEMBIX B
KOCMHYECKO} aBHallMOHHOM, MPHOOPOCTPOUTENBHON TeXHUKE [2].

Kak m3BecTHO, B pacTBOpax COJEH CYIIECTBYET JJIEKTPOXHMMUYECKOE paB-
HOBecHe. J[1000e BMemaTenbCcTBO B pacTBOP BEeNET K M3MEHEHUIO 3TOTO OanaHca.
[MonuMepHbIe THAPOTENN SIBISIOTCS CIA0BIMU dIeKTpoiuTaMu. OHAKO, HECMOT-
Ps Ha 3TO, MAaKPOMOJIEKYJIbl BCTYAIOT BO B3aUMOJEHCTBUE C MPHUCYTCTBYIOLUIUMHU
HOHAMH METaJUIOB B pacTBOpax. IIOMMKUCIOTBHI CKIOHHBI K JHCCOLMALAN
KapOOKCHIIBHBIX TpyMIl, COpPOIMH HOHOB pPEIKo3eMelbHbIX MeTamioB (P3M)
MyTeM UX MPHUCOCAWHEHHUs] K MPOTHBOIOJIOXKHO 3apsHKEHHBIM KapOOKcHiIaT
aHHOHaM.

OKCITEPUMEHTAIJIBHAA YACTb

Obopyodosanue. JIia M3MEpEHUST YICIBHON 3JIEKTPOIPOBOJTHOCTH OBLT WC-
none3oBaH KoHaykromerp MAPK 603 (Poccus), pH pactBopoB ompenemnsin Ha
pH—metpe Metrohm 827 pH-Lab (Illeeitmapus). Maccy HaOyxmmx o0Opa3ioB
THIpOresied AJsl TOCIEAYIOIIEro pacueTa cTeneHrn HalOyxaHus (o) orpenesnsn
B3BEIIMBAaHWEM Ha OJIIEKTPOHHBIX aHaimuTHdecknx Becax SHIMADZUAY?220
(Anonwus). OnpeneneHue ONTHYECKON INIOTHOCTH PacTBOPOB HUTPATOB JIaHTAHA,
Lepusi, HeoAuMa M caMapus Ul MOCJIEAYIOLIEro pacyeTa KOHIEHTPAMH HOHOB
JIaHTaHa ¥ MOHOB LEpHs NMPOBOIMIN Ha criekTpodoromerpe Jenway-6305 (CK) u
Ha aToMHO-3MuccHOHHOM crekTpomerpe ARCOS Simultaneous ICP Spectro-
meter (ICP-AES) (I'epmanus).

JKcnepUMeHT. DKCIIEPUMEHTHI OBUIM MPOBEACHBI MPHU KOMHATHOM TeMIe-
patype. M3ydeHue 3JEKTPOXUMHUYECKHX, O0OBEMHO-TPAaBUMETPUUYECKUX M COpO-
LUOHHBIX CBOWCTB WHIMBUAYaJbHBIX IOJMMEPHBIX THIAPOTENICH MPOBOIUIOCH
CJICAYIOIINM 00pa3oM:

1) PacdyeTHOE KOJIMYECTBO Ka)XAOTO THUAPOTENs (MOJHAKPHUIOBON KHCIIOTEHI,
MTOJIMMETaKPUIIOBOM KUCIIOTHI) B CyXOM BHJIE TIOMEIIAJIOCh B CTEKJISIHHBIN CTaKaH.

2) Ha mpoTspkeHMn 2 CyT NPOBOIWINCH M3MEPEHUS 3JIEKTPOXUMHUYECKUX
CBOMCTB (yJllenbHAasi AJIEKTPOIPOBOAHOCTh, PH) BOAHBIX PacTBOPOB W MaccChl
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00pasIoB MOIMMEPHBIX 00pa3oB ruaporeneii. MizMepeHne 31eKTpOnpOBOTHOCTH
u pH ObulO TIpOBelleHO B OTCYTCTBHE TWjporeieid B BoaHoW cpene. CrTemneHb
HaOyxaHHs ObLIa paccyrTaHa 1o GopMmyIie:
o =T W
my
rJIe m; — BEC CyXOro THAPOTeIls, M, — BeC Ha0yXIIero THAPOTes.

3) Copbmust MOHOB JIaHTaHA, IEPHs], HEOANMA, CaMapusl MHAUBHUIYaTbHBIMA
ruaporensmu I[TAK u [IMAK npoBoaunace B TedeHHE 2 CyT U3 COOTBETCTBYIO-
mux pactBopoB HuTparoB (koHmeHtpamus 0,005 monbe/m). B Tedenwe sTOTO
BpeMeHH oTOupanuck anmukBoThL. [locienyromee Goromerpudeckoe onpeaeIcHne
MPOBOJAMIOCE MYTEM TNPUMEHEHHS OPraHUYecKOro KOMIUIEKCOOOpas3yIomero
pearenta Apcenaso II1.

Memoouka onpedenenus UOHOE PEOKO3EMENbHBIX Memaanoe. Metonuka
oIpeesieHHs HOHOB JIaHTaHa, LIepHsl, HEOANMa, caMapus B pacTBOpe OCHOBaHa Ha
00pa30BaHNWU OKPAIIEHHOTO KOMIUIEKCHOTO COEIWHEHHUS OPTraHWYeCKOTO aHaJH-
THYECKOTO peareHTa apcenaso Il ¢ moramMu peako3eMenbHbIX MeTauioB [3].

Crenenb usBiiedeHus (copOuumn) Oblia paccunuTana mo Gopmye:

CHalt - Cocm
=% 100%, (2)

n CHCZ'—!

rae Cy,y — HadaJbHAS KOHIIEHTPAIUS MeTaiyia B pacTBope, 1/t Co.r — OCTaTO9HAs
KOHIIGHTpAIMs MeTajiia B pacTBOpe, T/71.

CyMMapHasi CTENEHb CBSI3bIBAHUS MEXY3JIOBBIX 3BEHBEB NOJIMMEPHOHN LENH
OIIpeessIach MyTeM pacueTa 1o cieayomeil popmyie:

0 = 22 4 100%, 3)
v

TIE Veops — KOTMYECTBO COPOMPOBAHHOIO METAIIA, MOJIb; V — KOJTMYECTBO HABECKU
monmMepa (ecim B pacTBOpe MPHUCYTCTBYIOT 2 THUAPOTENS, TO CUMTAeTCS Kak
CyMMa KOJINYeCTBA Ka)KAO0T0 U3 HUX), MOJIb.

D¢ ¢exTrBHAsS TUHAMUYECKas COpPOLMOHHAS €MKOCTh Oblla paccuMTaHa II0

thopmye:
vcopé

Q=—"—, )
mcop6el-tma
TJIE Veops — KOJIMYECTBO COPOMPOBAHHOIO METAId, MOJIb, Meopsenra — MACCa
copOeHTa (eciu B pacTBOPE MPUCYTCTBYIOT 2 THAPOTEIIs, TO CUATACTCS KaK CyMMa
MaccChl KaX/I0TO U3 HUX), T.

H3yuenue copouuonnslx ceoiicme unousudyanvnozo cuopozensn INAK. Ha
pucyHke 1 mpeacraBiieHa 3aBUCHMOCTBH CTENEHEH W3BJICUCHHS HOHOB JIAHTAaHA,
uepusi, Heoguma u camapus ruaporenem IIAK ot Bpemenu. Kak BugHO u3
pucyHKa 1, co BpeMEHEeM IPOUCXOINUT YBEIWICHHUE CTCTICHU W3BJICUCHUS JAHHBIX
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MOHOB PEAKO3EMENbHBIX METAJJIOB THUAPOTeJIeM IOJHMAKPUIOBON KHCIIOTHI.
OcHoBHOE KoymyecTBO HOHOB P3M (41,43; 39,00, 37,80; 40,55% coorBeT-
ctBeHHo s La, Ce, Nd, Sm) copOupyeTcss MOTMMEpPHBIM THAPOTEIEM ITOJIH-
aKpPUIJIOBOW KHCJIOTHI Ha TPOTSKEHUH 6 9 B3aWMOJCHCTBHUS IOJHMMEpa C pac-
TBOpaMu coiyieil. Kak BUIHO M3 MOJyYeHHBIX PE3yJibTaTOB, MO0 UCTEYEHUH ITOTO
BPEMEHH CTEIIEHb W3BIEYEHUS HOHOB JIAHTAHA YBEIMYUBACTCS HE CTOJb HH-
TeHCHBHO. [IpHumHON A3TOTO SBISETCS TO, YTO AUCCOLMAIMS KapOOKCHIIBHBIX
Tpynn co BpeMeHeM yMmeHbluaeTcs. Janpuelmee B3aumoneiictsue rIIAK ¢ Hu-
tpatamu P3M mpHBOAMT K TOMY, YTO CTENEHb COPOLMH JOCTUTACT MAaKCH-
ManbHBIX 3HadeHuit (67,71; 63,33; 61,60; 66,28% coorBercTtBenno mis La, Ce,
Nd, Sm) o ucreyennu 48 4 B3auMoaercTBus [4].

n, %
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40+

30

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

PucyHok 1 — 3aBHCHMOCTB CTENEHEH H3BICUCHNs HOHOB JaHTaHa, LlepHsl, HeOAuMa,
camapus ruaporens [IAK ot BpemeHun

Ha pucynke 2 npencraBieHa 3aBUCHUMOCTb CTETICHHM CBSI3BIBAHMS MOJIUMEP-
HOM e (110 OTHOIICHUIO K MOHAM JIaHTaHa, [eprs, HeoIuMa, caMapusi) THAPO-
rens ITAK ot BpemeHu.

W3 pucynka 2 BUAHO, YTO HamboJee WHTEHCUBHO CBSI3LIBAHUE BBIIICYKa-
3anHbIX P3M ruaporenem [TAK nmpoucxonut B TeueHue 6 4, 0 UCTEYEHUH ITOrO
BpPEMCHH CTENEeHb CBsI3pIBaHMUA pocturaeT 34.49, 32.34, 30,37, 33.40% mo
otHoieHuto k woHam La, Ce, Nd, Sm, coorBercTtBenHo. [locnenyroiee B3aumo-
JIEHCTBUE TMOJIUMEpPA C PacTBOPOM COJIM MPUBOAUT K AalIbHEUIIEMY pPOCTY CTe-
mmeHu cBs3biBaHWsA. [lociie 3TOro BpeMeHH YBEIWYEHHWE CTENEHH CBS3BIBAaHUS
MIPOUCXOJUT OYCHb CJa00, KOHEUHBIC 3HAYCHHS CTCIICHU CBS3BIBAHUS I1OJIH-
MepHo# nenu (56.49, 52.53, 50.15, 53.50% mno otHomenwuro k noHam La, Ce, Nd,
Sm) mocturatorcs gepes 48 4.

Ha pucynke 3 mpencrasieHa 3aBUCUMOCTh 3P PEeKTHBHONH AMHAMUYIECKON 00-
MEHHON eMKOCTH (II0 OTHOIIEHHUIO K HOHAM JIaHTaHa, epHsl, HEOUMa, CaMapus)
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PucyHok 2 — 3aBHCHMOCTb CTENEHH CBS3bIBaHUS MOJIUMEPHOH LeH
(0 OTHOILEHMIO K HOHAM JIaHTaHa, 1iepHs, Heoxuma, camapusi) ruaporens [IAK ot Bpemenun

Q, MMOJIB/T
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Pucynok 3 — 3aBucuMocTs 3P HeKTHBHOH AUHAMHIYIECKONH 0OMEHHOH EMKOCTH
(II0 OTHOILIEHMIO K MOHAM JIaHTaHa, liepus, Heoxuma, camapusi) ruaporens [TIAK ot Bpemenu

ruaporenst IIAK or Bpemenu. Co BpeMEHEM [aHHBI MapaMeTp BO3pacTacT.
Koneunsie 3nauenust (5.08; 4.22; 4.13; 4.56 MMOJIB/T 110 OTHOIICHHIO K HOHAM La,
Ce, Nd, Sm) mocturatorcst npu 48 4 B3aMOJEHCTBUS MOJIMMEPA C PACTBOPAMHU
COJIEH.

H3yuenue nekmpoxumuueckux ceoitcme zuopozenn INAK. Ha pucynke 4
MIpeJICTaBIeHa 3aBUCUMOCTh U3MEHEHHSI YAETbHON JIEKTPOIIPOBOAHOCTH BOJHOTO
pacTBopa M pacTBOpa HUTpara JaHTaHa B npucyTcTBuM rupporens [TAK kuciaotst
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PucyHnok 4 — 3aBUCHMOCTb YAEIbHOM AIIEKTPOIIPOBOIHOCTH BOAHOM Cpeabl U
pacTBOpa HUTpaTa JlaHTaHa B pucyTcTBUH Tuaporens [TAK ot Bpemenn

BO BpPEMEHM. OJEKTPONPOBOJHOCTh BOABI BO3pPACTAET CO BPEMEHEM, MPHUYEM
PE3KUil POCT MPOUCXOTUT B TeUeHHME 6 4 ¢ Hadana B3amMmojeicTeus TIIAK ¢
BOJIOM.

Pe3koe yBenuueHne 371€KTPONPOBOJHOCTH YKa3bIBaeT HA TO, YTO B Hadallb-
HBII MOMEHT BPEMEHH KapOOKCHIIAT aHMOHBI B PACTBOPE OTCYTCTBYIOT, OJTHAKO C
TE€YEHHEM BpPEMEHHM HX CTAHOBHUTCA OOJIbIIE, NMPU ITOM CTENEHb AMCCOIMALNU
KapOOKCHJIBHBIX TPYII NPUOIIKaeTCs K Mpefeny ITUCCOLMAlUH. YUHTHIBas
HEeOOJIBIION POCT yAENbHON 3JIEKTPONPOBOAHOCTH B MPOMEXKYTKE BPEMEHH OT 24
1o 48 9, MOXKHO CJeNlaTh BBIBOJ, YTO IO MpOIIecTBHH 48 4 B BOIHOM pPacTBOpPE
YCTaHABIIUBAETCA NIEKTPOXUMHUECKOE paBHOBECHUE.

Kax BunHO W3 pucyHKa 4, 3JI€KTPONPOBOJHOCTh HUTpAaTa JaHTaHA YMEHb-
maetcs co BpemeHeM B mpucytctBun TIIAK. Ilo Mepe muccommanmm KapOOK-
cunpHBIX Tpymm TIIAK copOupyeT MOHBI JaHTaHa W3 pacTBopa. B pesynbrare
3TOr0 MPOMCXOJUT CHIKEHUE 3HAYEHHH 3JEKTPONpPOBOJHOCTH. Peskoe mageHue
nmpoucxoanuT B TedeHue 30 MHH, TOCIE 3TOTO MPOAOIKAETCS JalbHEHIIee CHU-
JKEHHE 3JIEKTPONPOBOJHOCTH. MUHUMAaIbHBIE 3HAYEHHUS 3JIEKTPONPOBOIHOCTH
pacTBopa cosin HabmoAaloTes nocie 48 .

H3yuenue copoyuonnwix ceoiicme cuopozena IIMAK. Ha pucyske 5 npen-
CTaBJICHA 3aBUCUMOCTb CTEICHH M3BJICYEHUS] HOHOB JaHTaHa rugporeineM [IMAK
OT BPEMEHHU.

Kak BugHO 13 pucynka 5, 6ombinas yacTh HOHOB JAaHHEIX P3M (okomo 40%)
u3Biekaetcs rugporeneM [IMAK mo ucredennu 6 4. J[ampHelee yBeTUICHHE
(mocne 24 1) cTeneHu U3BJICUEHUS MPOUCXOAUT MEHEEe HHTEHCHBHO, YTO YKa3bl-
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PucyHok 5 — 3aBHCHMOCTD CTeTIeHel U3BJICUEHHs HOHOB JIaHTaHa, Lepysi, HEOAUMa,
camapus rugporens [IMAK ot Bpemenu

BaeT Ha NMPHONMKECHUE CHCTEMBl K COCTOSIHHIO paBHOBECHA. MakCHMalbHOE W3-
Bieuenne P3M mpoucxonut npu 48 4 B3auMOJeICTBHS NOJIMMeEpa ¢ pacTBOpaMHU
COJIEH, cTeneHb M3BJIECUCHHUS HOHOB JIAHTaHa, LEpHs, HEOoJuMa, caMapus paBHa
66.28, 60.33, 57.90, 64.79%, COOTBETCTBEHHO.

Ha pucynke 6 mpuBeneHa 3aBHCHMOCTH CTETIEHH CBA3BIBAHHUS IMTOJMMEPHOMN
1end (1o OTHOLIEHWIO K MOHAM JIaHTaHa, LepHs, HeoIuMa, caMapusi) THIPOTens
[IMAK ot BpemeHu.
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Pucynox 6 — 3aBHCHMOCTB CTENEHH CBSI3BIBAHUS TTOMMMEPHOIT IeTTH
(TT0 OTHOIIEHWIO K MOHAM JIAHTaHa, [IepHsl, HeoxuMa, camapust) ruaporens [IMAK ot BpemeHH
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Haunbonee WHTEHCHBHO CBsI3bIBAaHHME BbINICyKa3aHHBIX P3M rumporenem
[IMAK mnpoucxoaut B Te4eHHEe 6 4 TOCJIEe Hayaia KOHTAKTa MaKPOMOJICKYJBI C
COOTBETCTYIOIIMMH PACTBOPAMH PEIKO3MEJBHBIX COJIEH, MO0 HCTEUYEHUH 3TOTO
BPEMCHH CTETICHb CBS3BIBAHMSI TTOJIMMEpHOU 1ienu gocturaeT 33.50, 29.03, 26.80,
28.40%, cooTBeTcTBeHHO. Jlanee HaONIONAeTCs YBEIUYCHUE CTCTIICHU CBSI3bIBA-
Hus, yepe3 24 4 csasbiBaetca 50,67% nanTtana, 46.18% nepus, 43.80% Heoauma,
48.10% camapus. B manpHeiieM yBeTWYCHHE CBSI3BIBAHUS MPOUCXOIUT OYCHD
cnabo, KOHEYHbIE 3HAa4YeHMs CTENEHH CBA3BIBAHUS MMoauMepHoil nemm (55.17,
50.05, 47.30, 52.90% cOOTBETCTEHHO JIsl MOHOB JIAHTAaHA, IepUsi, HEOOUMA U
camapmsi) rugporenst IIMAK gocturatorcs gepes 48 4 mocie Hadana B3aUMO-
JIEHCTBUS MOJIUMEPA C COJISIMHU PEIIKO3EMENTbHBIX METAJUIOB.

3aBucumocTh 3(PPeKTUBHONH TUHAMUYECKOW OOMEHHOH eMmKocTH (10
OTHOIIIEHUIO K MOHaM JIaHTaHa, liepus, HeonnuMma, camapusi) ruaporens [IMAK ot
BpPEMEHU MpeJICTaBlieHa Ha pUcyHKe 7. [IpouMcCXOoIUT pocT mapameTpa co Bpeme-
HeM, MprYeM HanOoJiee MHTEHCHBHOE BO3pacTaHHe HaOIIoJaeTcs B TeUeHue 6 4.
MakcumaltbHbBIe 3HaYeHUsT 00OMeHHON eMkocTH (4.97; 4.02; 3.86; 4.41 MMOIIB/T 110
OTHOIICHUIO K WOHAaM JIaHTaHa, IEpHs, HEOJWMa, camapwisi) JOCTHUTAIOTCS TpPH
48 4 B3aMMOJEHCTBHS.
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PucyHnok 7 — 3aBucuMocTh 3pHEeKTHBHON THHAMHYECKOH 0OMEHHOW €MKOCTH
(TI0 OTHOIIICHHUIO K MOHAM JIaHTaHa, Iiepus, Heoauma, camapusi) tuaporens [IMAK ot Bpemenn

H3yuenue nekmpoxumuueckux ceovicme cuopozenn IIMAK. Ha pucyn-
Ke § MpeACTaBlIeHa 3aBUCUMOCTh YJIEIbHOM AIEKTPONPOBOIHOCTH BOJAHOM CpEbl
1 pacTBOpa HUTpaTa JaHTaHa OT BpPeMEHH B npucytcrBuu ruzaporenss [IMAK.
CunpHOE BO3pacTaHHE NMPOUCXOIUT B mepBble 6 u B3anMmoneicTBus rIIMAK c
BOZIOH. DTOMY CIIOCOOCTBYET AMCCOIMANUS (PYHKIMOHAIBHBIX TPYMI Ha MEX-
Y3JI0BBIX 3BEHBSIX MAaKpPOMOJEKYINbl. B pe3ynpTare 4ero B pacTBOp BBIACISIOTCS
HOHBI BOJIOPOJIa, B TO BPEMsI TaKKe 00pa3yroTCs KapOOKCUIIAT aHUOHBI. JlanbHel-
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PucyHnok 8 — 3aBUCHMOCTB YAEIbHOM AIEKTPOIIPOBOIHOCTH BOAHOM Cpeabl U
pacTBOpa HUTpaTa JaHTaHa B npucyTcTBuM ruaporesns [IMAK ot Bpemenn

Ui pocT 10 24 4 MpOUCXOAUT He Tak uHTeHCUBHO. [locie atoro go 48 u
MPAKTHYECKH HE HAOIIOJaeTCs YBEIMYCHUS yIEIbHOM 3JIEKTPOTPOBOTHOCTH, YTO
YKa3bIBaA€T Ha JOCTUKCHUEC DJICKTPOXUMUUYCCKOI'O paBHOBECH .

B pactBOope HuTpara nantaHa [5] mpoucxomut muccormarus rIIMAK,
OJTHOBPEMEHHO C 3THUM MPOTEKaeT COpPOIMs MOHOB JIaHTaHA. Pe3ynbraToM SBIIS-
eTCsl YMEHBIIEHHE 3JIEKTPONpPOBOTHOCTH. CyYIIECTBEHHO 3JIEKTPOIPOBOJHOCTH
CHIDKAETCS B TeUCHHE 2 4. DTO MO3BOJISIET MPEANOI0KHUTh, YTO MEXaHU3M COpO-
IIUU IPEUMYIIECTBEHHO KOOPIUHAIIMOHHBIN. B ciyuae 4rcToro moHHOTO oOMeHa
mpou3oIen Obl POCT 3JIEKTPONPOBOTHOCTH, TaK KaK IMOABIKHOCTh HOHOB BOJIO-
poda 3HAYUTECIIbHO BbIIIEC, YEM Y MOHOB, o6pa3y10u11/1xcs{ Impu auccouaiuv HUT-
pata JaHTaHa.

PE3VJIBTATBI U X OBCYXJIEHUE

B pactBope mutparoB P3M mpoucxoaut muccormarus TIIAK u rIIMAK,
OJIHOBPEMEHHO C 3TUM MpOTeKaeT copOuus noHoB P3M. Mkl nonaraem, 4to me-
XaHW3M COpOIUH TMPEUMYIIECTBEHHO KOOPIUHAIMOHHBIN. B cimyuae uuctoro
MOHHOTO OOMEHa Mpowm3omIesl ObI POCT AIEKTPONPOBOIHOCTH, TaK KaK MOIBHK-
HOCTh MOHOB BOJIOPOJIa 3HAYUTEIHHO BBIIIC, YEM y MOHOB, OOPa3yIOIIUXCS MPU
JIUccolauy HUTpaToB P3M.

MaxkcuManbHbIe 3HAUYEHUsI CTENIeHeW COpOIMY MOHOB JIaHTaHa, IepHs, Heo-
IMa, caMmapus WHANBUAyansHBIM TuaporeneM [IAK gocrturamm 67.71, 63.33,
61.60, 66.28%, COOTBETCTBEHHO, I10 HCTCYCHHH 48 U B3aUMOICHCTBHUS.
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CrerneHb copOIMHU HCCIEAYEMBIX HOHOB JIaHTaHA, IIEpHsi, HEOIMMa, caMapus
uHAuBUAyalbHBIM rHaporenieM [IMAK 1mocTuriio MakCUMallbHBIX 3HAYCHHU
66.28, 60.33, 57.90, 64.79%, COOTBETCTBEHHO, II0 HCTeYeHHMH 48 Y B3aUMO-
JIEUCTBUSL.

Uccnenyembie tuaporenu [TAK u [IMAK mnokasanun nHamOomnbinyo copO-
[IMOHHYIO CIIOCOOHOCTh B OTHOIIIEHWHM WOHA JaHTaHa (67.71 um 66.28%, coot-
BETCTBEHHO).

3akaouenue. [lomydeHHbie pe3ynbTaThl yKa3blBalOT Ha BO3MOXKHOCTH CO-
3/1aHUSI BBICOKOCEICKTUBHBIX IMOJUMEPHBIX WHTEPreieBbIE€ CHUCTEM IUISl BBICOKO-
3 PEeKTUBHBIX COPOIMOHHBIX TEXHOIOTHH. VCIOIh30BaHNe WHTEPTEICBBIX CHC-
TEM TO3BOJIUT TAKXKE PEIIUTH HKOJIOTHYECCKHE BOMPOCH! yAaJNCHUS TOKCUYHBIX U
HEXeNaTeNbHbIX HOHOB U3 BOJHBIX CUCTEM.

Paboma evinoanena npu gunancogou noodepoicke Komumema nayxku Mu-
Hucmepcmea obpazosanus u Hayku Pecnyonuxu Kasaxcman no npoexmam
AP05131302 u AP05131451 6 pamxax epanmosoco (UHAHCUPOBAHUSL HAYUYHLIX
uccnedosanuti Ha 2018-2020 ee.
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Pe3rome
T. K. ’Kymaoinos, P. I'. Konoaypos, A. M. Umanza3zei

TTOJIMAKPWII/II J)KOHE TTOJIMMETAKPWIII KBIITKBUIIAPIBIH
WEKE TTOJIMMEPJII TUIPOTEJIBAEPIHIH CUPEK YKEP METAJIJIAPBI
MOHIAPBI KATBICBIHIA COPBIIMSIITBIK KACUETTEPIH CAJILICTBIPY

[Momuakpuimi »oHE MOJUMETAKPHIIIl KBIIIKBUIIAPIBIH KEKE THAPOTEIbICPIMCH
CHUPCK ep MeTalIapbl MOHJAPHIHBIH (JIAHTAH, IICPUI, HEOINM, CaMapHii) COPOIHSITBIK
TIPOTIECi aHBIKTATBIH/IBL.

[Momuakprini KBIIKBUIIBIH KEKEe THAPOTEIIMEH JIAHTaH, [EpUi, HEOAUM, caMapHid
noHmapkel 48 caraT OOHBI ©3apa OpEKETTECKEHHEH KEHiH oNapblH COPONMSIIBIK JEHTeHl
MaKCHUMaJIJBI MOHTE XeTTi (cofikecinme 67.71, 63.33, 61.60, 66.28%).

[MomumeTakpunai KBIIKBUIABIH JKEKe THAPOTENIMEH JIaHTaH, [epHid, HEOInM,
camapuii HoHIapel 48 carar OOIBI ©3apa OpEKETTECKEHHEH KEeWiH OJapAbIH COPOIHSITBIK,
JICHreil MakCHMaIIbl MOHTE KeTTi (colikecinme 66.28, 60.33, 57.90, 64.79%).

IMomumepmi  THAPOTENBACPIIH OJICI3 DJIEKTPONIUTTEP EKCHIINHE KapamacTaH,
epITIHIIIe MaKpOMOJeKyanap KaTbICTBl HMOHAApMeH Oipre e3apa opeKeTTeceTiHMIri
kepcerinmi. JlaHTaH, Iepuil, HEOAWM, CaMapuil HOHAAPBIHBIH COPOIMSACHI OJAPIBIH
KepiciHIle 3apsAATaIraH KapOOKCHIIAT aHUOHIAPFa KOCBUTY JKOJIBI apPKBUTBI ©TE/I.

Tyiin ce3mep: ruaporenbaep, MOTHAKPUI KBIIIKBLI, MOJMMETAKPHII KBIIIKbLI,
copOmus, HOHIap, CUPEK JKep MEeTaIaphl.

Summary
T. K. Jumadilov, R. G. Kondaurov, A. M. Imangazy

COMPARISON OF THE SORPTION PROPERTIES OF THE INDIVIDUAL
POLYMER HYDROGELS OF POLY(ACRYLIC) AND
POLY(METHACRYLIC) ACIDS IN RELATION TO RARE EARTH METALS IONS

The process of rare earth elements ions sorption (lanthanum, cerium, neodymium,
samarium) by individual hydrogels of poly(acrylic) and poly(methacrylic) acids was
studied.

The degree of lanthanum, cerium, neodymium, samariumions sorption by individual
PAA hydrogel reached maximum values (67.71, 63.33, 61.60, 66.28%, respectively) after
48 hours of interaction.

The degree of lanthanum, cerium, neodymium, samarium ions sorption by individual
PMAA hydrogel reached maximum values (66.28, 60.33, 57.90, 64.79%, respectively)
after 48 hours of interaction.

It is shown that despite the fact that polymer hydrogels are weak electrolytes,
macromolecules interact with the ions present in solutions. Sorption of lanthanum, cerium,
neodymium and samarium ions occurs by attaching them to oppositely charged
carboxylate anion.

Key words: hydrogels, polyacrylic acid, polymethacrylic acid, sorption, ions, rare
earth metals.
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BECKHUCJIOTHBI CUHTE3 U U3YUYEHUE
MUKPOBUOJOTNYECKHUX XAPAKTEPUCTHUK
YJIOBPUTEJBHBIX KOMITO3UIIUA HA OCHOBE
®OCOOPUTHOM MYKU KAPATAY, AMMHAYHOM CEJIUTPHI
N ®PUTOCOEJAMHEHMUSA KEJE3A

AHnHoTanmsi. B craThe MccienoBana qUHAMHKa 00pa3oBaHUs BOJIO-, IUTPATHO-pac-
TBOPUMBIX (popM meHTaokcuaa pocdopa B BOZHOM PaCTBOPE aMMHAYHON CENTUTPHI U (oc-
¢doputHOit Mykn mectopoxaerns Kok-Jxon (P,Os — 28%), npu N:P,Os, paBroe 1:0,7;
1:0,5; 1:0,3, npu Temneparype 25 u 50 °C. VCTaHOBJIEHO, YTO PAaBHOBECHE ¢ 00pa3o-
BaHueM ycBosieMbix Gopm P,Os na 70,4-79,9 u 74,6-81,2% wnacrynaer npu 25°C 3a 3 4 u
50 °C — 2,5 4, COOTBETCTBEHHO. YHIOOpPHUTEIbHBIE KOMIIOZULUM COAEp)KAT OT 25,7-
22,3 macc.% azora u 16,1-7,5 macc.% nenraokcuaa gocdopa.

MI/IKpO6I/IOHOFI/I‘ICCKI/IMH HUCCIICAOBAHUSIMHN Ha MOIACIBHBIX ITOYBCHHBIX o6pa3uax
OIIPEJIETICHO, YTO YIOOpUTEbHAas KOMIIO3UIMS, CojepKaiias (PUTOCOeTUHEHHE IKeje3a
pactutenbHOro 3kcTpakra Juniperus — 0,5% OT Macchl KOMIIO3UITUH, YBEIMYUBACT YHC-
JICHHOCTh CBOOOJHOXHMBYIINX, (hOchHaTMOOMIM3UPYIOIUX W MHUHEPATU3YIOMINX pPacTH-
TENIBbHBIE OCTAaTKH Oakrepuu B 1,5-3,2 pasa, CHWXKAIOT YHCICHHOCTH OJUTOTPO(OB U Jie-
HUTPHU(UKATOPOB, pa3iaralolinX I'yMyc U HUTpaTHBIH a30T mouskH - 0,9-1,6 paza.

KuaroueBsie cinoBa: hocdopurHast myka Kaparay, ammuagHast cenurpa, purocoenu-
HEHHE XKeJie3a, MUKPOOPTaHU3MBI TIOYBHL.

Beenenne. ®ocdop, SBIAACH KOMIOHEHTOM KIIIOUEBBIX MOJIEKYJI - HYKJICH-
HOBBIX KHCIIOT, (OC(ONIMINIOB, CBI3aH CO BCEMH CHUCTEMaMM IpeoOpa3oBaHMUs
SHEpPTrUu B XUBOW KieTke. OH NMPUHUMAET y4yacTHe B KOHTPOJIC M PETYISIHH
TTIaBHBIX (PEPMEHTATHBHBIX pEakUUii U MeTabONUYECKUX MyTel Kak Ha ypOBHE
pacTUTENbHBIX KJIETOK, TaK M Ha OpraHu3MeHHOM. Bo MHOrMx Tumax IouB
thocdop HaxomuTcs B c1abOAOCTYITHBIX MHUHEPAIBHON M opraHndeckoi (opmax
[1, 2-9]. Ero xoHIleHTpalus B IOYBEHHOM pacTBOpe 00bIuHO HM3Kas [3, 7, 9, 10],
MOTOMY OH SIBJISIETCSl OJHUM W3 HanOosee TPYIHOAOCTYIHBIX MOYBEHHBIX MaK-
PO3JIEMEHTOB, UTO YaCTO OFPaHUYUBAET ypOsKalHOCTh pacteHuid [11].

Koaddumment mnonesnoro amedctBus PocHOpHBIX yHOOpEHHH COCTaBISET
15-20% [12]. D10 BemeT K HepalMOHAJIBHOMY HCIIOJIB30BAHUIO CBIPbS JEHCT-
BYIOILETO TEXHOJIOTHYECKOro 000pYyIOBaHUs, CIIOCOOCTBYET 3arpsi3HEHUIO OKpY-
YKAIOIIeW CpeJbl, MPUBOIUT K TIOTEPSAM yPOKAHHOCTH C/X KyIBTYP.

B aT0li cBsi3u mpobnema pa3paboTku HOBBIX (opM (ocdopcoaepKammx
ynoOpeHuil ¢ TOBBIIEHHBIM KO3(PQHUINEHTOM MOJE3HOT0 ACHCTBHS SIBISETCS
OJIHOM M3 BAXKHEUIINX HAPOJHOXO3SIUCTBEHHBIX 3a/1a4.
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Panee B AO «MHCTHTYT XUMHYecKuX Hayk nMeHHu A.B. bextyposa» B 2009-
2011 rr. ObuTH TIpOBeACHBI UcchenoBanus [13] mo mepepaboTke HU3KOCOPTHOTO
¢ochaTHOTO CHIPBsSI C HCIOIB30BAHUEM DHEPrUM aMMOHHUHMHBIX coieil. Jlanee B
2012-2014 rr. 6bUTM TPOBEICHBI MCCICIOBAHUS TCOPETHUECKHX OCHOB M paspa-
0oTaHa OECKHCIOTHAsT 0S30TXO/[HAsI TEXHOJIOTHS IMOJIyYCHUS U M3YUYCHBI MUKPO-
OMOJIOTHUECKHUE, arpOXUMHUYECKHE M SKOHOMHYECKHE XapaKTEPUCTHKA HOBBIX
dhopm pochopconepkamux 610y moOpeHNi 1 KOMITO3UITHI Ha OCHOBE HU3KOCOPT-
HBIX (pochopuToB MW OmMompemnaparoB, cojepxamux GocharMoOnIH3UpyIOIIHe
MHUKpOOpraHu3msl [ 14]. OTu pa3paboTku He OTBEYAIOT TPEOOBAHUAM MPAKTHKH.

Henocrarok pa3paboranHbIx TexHOorHi 110 [13, 14] 3akimoyaercs B HU3KOM
COJICp)KaHUM IMUTATEILHBIX JJIEMEHTOB U CHIDKCHHH arpoOXUMHYECKoil d¢¢ek-
THBHOCTH yIOOpEeHUH IpHu XpaHeHUH Ooiree 4 Mec.

OKCIIEPUMEHTAIJIBHAA YACTD

HcxonHpIMU TaHHBIMU JIJISI CHHTE3a M MCCIIEIOBAHHUS MUKPOOUOIOTHIECKAX
WICCIIEIOBAHNN SABHIIUCH CIIEAYIONINE CHIPhEBBIE MaTepHaibl - (hocOpUTHAS MyKa
MectopokaeHus: Kok-J[»koH, amMmuadHasi cenuTpa, (UTOCOCIUHEHHE Kele3a
PacTHTENBHOTO dKCTpakTa Juniperus.

dochoputHas myka mectopoxaenuss Kok-xon umeer cocras, %: P,Os —
28,00, CaO — 43,37, MgO — 1,9, Fe,0; — 0,42, ALL,O; — 0,90, F — 1,97, CO, — 8,6,
H.0. — 8,30, H,O — 5,82, ammuaunas cenurpa conepxut 34% azora.

Jns uccnenoBaHusi B3auMoJeHCTBUs (POCHOPUTHON MyKH C aMMHUAYHON
CEeJINTPOI OBUIM BBIOPAHBI CIEAYIONINE BXOJHBIE W BBIXOJHBIE MAapaMeTphl U UX
000CHOBaHHE.

Bxoousie napamempoi: maccoBoe otaomenne N:P,Os, paBroe 1:0,7; 1:0,5;
1:0,3, xomuuecTBO (uTocoequHeHus xeneza 0,5% oT Macchl KOHEYHOTO IIPO-
aykra, Temreparypa 25 u 50 °C, mpoIo/KUTeIbHOCTD peakimu 1,5-3,5 4.

ObocHogaHue 6X00HbIX NAPAMEMPOS:

- maccoBoe otHomenue N:P,Os, pasHoe 1:0,7; 1:0,5; 1:0,3, oOycioBiaeHO
HEOOXOUMBIM COOTHOIICHUEM MTUTATEIBLHBIX a30Ta U NeHTaokcuaa Gocdopa npu
(hopMUPOBaHUU TKaHH PACTCHUI;

- Konmu4ecTBO ¢utocoequHenus xemneza 0,5% OT Macchl MUTATENBHON KOM-
MO3ULIMNA ONPENEICHO €ro ONTUMAJIbHOW 1030 IS IMOJIOKUTEIBHOIO BIIUSHUS
ynoOpeHuil Ha YMCIEHHOCTh MOJIE3HOW MUKPOQIIOPHI TOYBHI X HAKOIIEHHE B HEH
JIOTIOJTHUTENTHHBIX MTUTATEIBHBIX JIEMEHTOB;

- BBIOOp Temmeparypsl 25 U 50 °C HCKIFOYEHHE JOTOIHUTEIHLHOTO TETI0-
HOCHUTENS I TOyYeHHs MUTAaTeTbHOW KOMIIO3HUIIMY B YCIIOBUSX CENa;

- TIPOJIOJDKUTENLHOCT peakiuu 1,5-3,5 4 ompenensier TUHAMUKY U MaKCH-
MaJIbHYIO CTETICHh 00pa30BaHUs yCBOSIEMBIX opM meHTaokcuaa pocdopa.

Buvixoonvlie napamempwi: BOIOpacTBOpUMas, LWUTPATHO-pacTBOpUMas U
ycBosiemas popma nenraokcuaa pocgopa.

Omnpenenenne pocdaros mposoamiu mo 'OCT 20851.2-75.
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durocoeTMHEHUE Kelle3a MOoTydall MyTeM pacTBOPEHHUS CyJb(ara jxkenesa B
BOJIHOM PacTBOpPE PKCTpaKTa ceMeicTBa Juniperus mpy KOMHATHON TeMIieparype.

s MUKpOOMONOTHYECKHX WCCIENOBAaHUA yAOOPUTETFHOW KOMIIO3HUIINN
ObUTH BBIOpAHBI CIIEAYIONINE BXOIHBIC U BBIXOAHbIC TApaMETPBhI.

Bxoonvie napamemput 0ns uccredoganusi:

- TIOYBA M3-TIOJI TOCeBa Jiyka, coxepxkamias N — 21,5 mr/kr moussl, P,Os —
14,2 mr/kr mouBsl, Tymyca — 1,4%;

- CMecb aMMMA4YHOM cenuTpel M ammodoca (MaccoBO€ OTHOLICHHE
N:P,05=1:0,5, xonmmuectBo N — 100 xr/ra, P,Os— 50 xr/ra);

- ynoOpuTenbHas KOMIO3UIUS, TOyYeHHAs] HA OCHOBE aMMHAaYHOMN CEeTUTPHI
u ¢ochoputHoit Mykm MecTtopokmeHns Kok-/[DKoH (MaccoBoe OTHOIICHHE
N:P,05=1:0,5, xommuectBo N — 100 xr/ra, P,Os— 50 xr/ra);

- yooOpHTeIbHAS KOMIIO3UIMSA, MOJyUYeHHas: Ha OCHOBE aMMHMAa4YHOM CeJHT-
pel, QocdoputHOit Myku MectopoxkaeHus Kok-J[oH (MaccoBoe OTHOILCHHE
N:P,05=1:0,5, xomugectBo N — 100 xr/ra, P,Os — 50 kr/ra) u ¢urocoenmHeHMU
XKeJie3a pacTUTEIbHOro IKcTpakTa Juniperus — 0,5% OT Macchbl KOMIIO3ULHH.

Bvixoonvie napamempwvi — YHCICHHOCTh MOYBEHHBIX MHKPOOPIaHHU3MOB,
o0ecreunBalONIMX a30THOE U (pocdopHOE MUTaHWE, MUHEPATH3YIOMIUX TYMYC U
pasyararouiux HUTpaTHbINA a30T MOYB.

Yenosus nposeoenus onvima:

- IOYBY BBICYIIMBAIH, Aajiee yBIaKHAIM 10 16,8%);

- B TIOYBY BHOCHIJIM YJOOpEHHE M yAOOPHUTENbHYI0 KOMIIO3HIIMIO, TIepeMe-
IUBAJIM ¥ BMEMIAIH B TEPMOCTAT M BBIAEpKUBaMH B TedeHue 30 cyT mpu TeM-
neparype 25 °C;

- yepe3 kaxaele 10 gHEN onpenensny 4YMcIeHHOCTh MUKPOOPTaHU3MOB T0Y-
BbI, 00€CIIEYHBAIOIINX a30THOE U (HOCHOpPHOE MUTAHKHE, MUHEPATH3YIOIIUX TYMYC
Y pa3fararonmx HUTPATHBIN a30T MOYBHI.

Memoosr  mukpobuonozuyeckux ucciredoganui. KonMUeCcTBEeHHBIH yueT
OTACTBHBIX (U3UOIOTUUECKUX TPYII MHKPOOPTaHU3MOB MPOBOAMIM METOAOM
pa3BeeHMI ¢ TOCIETyIOIINM BHICEBOM Ha pa3UYHbIe MUTATENbHbIE JIEKTHBHBIC
cpens! [15, 16]. UncneHHOCTh OMUTOTPOGHBIX MHKPOOPTaHM3MOB YUHTHIBAJIACh
Ha TIOYBEHHOM arape [ 16], IeHuTpuuKaTopoB — Ha KHUIKOH cpene [ uinbTast; onm-
TOHUTPOQWIIIOB — Ha TBEPAOH cpene Duiou.

KonnuecTBeHHBIN yueT MUKPOOPTaHU3MOB Ha JKHUJKUX MUTATENbHBIX CPElax
(meruTprdUKATOPORB) TIPOBOIMIH C TIOMOIIBIO TabmuIel Mak-Kpemnu, coctarieH-
HOM Ha OCHOBaHMM METOJOB BapHAlMOHHOM cTaTHUCTUKU [15]. YucineHHOCTH
MUKpPOOPraHU3MOB BbIpaxkasnack B MiIH. uiH Teic. KOE Ha 1 r cyxoif mo4BslI.

Memoouxa onpeoenenus uuciennocmu  @ocpammobunusupyrowux Oax-
mepuii. 1 T oOpasma BHOCAT B 10 MIT CTEpHIIEHON TUCTUIUTMPOBAHHON BOJIBI, TIepe-
MEIIMBAIOT 0 MONy4YeHUs mynbnbl. [Tyneny BeiaepkuBaoT B TeueHue 10-15 mun
U C OCBETJICHHOHM MOBEPXHOCTH aKKypaTHO NMUIETKOH OepyT 1 mi pacTBOpa 1uis
rccnenoBanus. JJaHHBI pacTBOp pa30aBIsIOT B 5-7 pa3 M 3aceBalOT Ha MOBEPX-
HOCTh TOPOXOBOT'O arapa ¥ BBIICPKMBAIOT B TeueHue 5 ameir mpu 25-28 °C.
[IpousBonsT ompeneneHue 4yUCICHHOCTH (HochaTMOOMIN3UPYIOMNX OaKTEPHd,
KOTOpbIe BhlpakatoTcsa B MitH. uiu Teic. KOE Ha 1 r cyxoro o0Opasua.
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PE3VJIbTATBI U UX OBCYXJIEHUNE

B Tabmuue 1 mpuBenena auHamuika oOpa3oBaHHS BOJOPACTBOPUMOM, LIUT-
paTHO-PacTBOPUMOM M ycBosieMo# (opM neHTaokcuaa ¢pocdopa BO BpeMeHHU MpH
temneparype 25 °C.

VcraHoBiieHo, uto npu temieparype 25°C U BpeMeHH BBIXOJa Ha pPaBHO-
Becue 3 4, maccoBoMm otHomernu N:P,0s=1:0,7 BeIxom BomopacTBopuMoii (op-
mbl P,Os cocraBnsier 31,3%, mmurparHo-pactBopuMoit — 39,1%, ycBosemoit —
70,4%; maccoBom otHomeHnn N:P,Os=1:0,5 BbIX0J BomopacTBOpUMON (HOPMBI
P,Os cocraBnsier 35,0%, uurpatHo-pacTBopumMoit — 42,4%, ycosiemoit — 77,4%;
npu N:P,0s5=1:0,3 Be1xon P,Osyom. — 36,5%, P2Osyp, — 43,4%, P2O0syes. — 79,9%.

Tabmuna 1 — /luHamuika 06pa3oBaHus BOJOPACTBOPUMOIL, IUTPATHO-PACTBOPUMOIL
U ycBOsieMoii popM menTaokcuaa Gocdopa Bo BpeMeHu npu Temmepatype 25 °C

Brxon ycBosiemsix ¢popm P,Os
o ——. Conepanue B 3aBHCHMOCTH OT BpeMeHH, %
N:P,Os5 P,O;s MPOJODKUTEIBHOCTD PEaKIUH, U
1,5 2,0 3,0 3,5
1:0,7 P2O0s350.. 15,6 20,4 31,3 31,2
N=11,9%
P,0s=8.3% P05y, 21,8 27,5 39,1 38,8
KoHII. 64,9% P,Osycs. 37,4 47,9 70,4 70,0
1:0,5 Py0550m. 19,3 23,6 35,0 35,1
N=13,1%
P,0s=6.5% P05y, 24,3 30,7 42,4 423
KoHII. 61,6% P20sycs. 43,6 54,3 77,4 77,4
1:0,3 Py0550m. 20,2 24,1 36,5 36,4
N=14,7%
P,05=4.3% P05y, 25,6 31,0 43,4 433
KoHIIL. 57,1% P05y, 45,8 55,1 79,9 79,7

B Tabmmue 2 mpuBeneHa AuHaAMHKa OOpa3oBaHMS BOIOPACTBOPUMOM, LIUT-
paTHO-pacTBOPUMON U ycBosieMoit Gpopm P,Os npu temmneparype 50 °C B 3aBucH-
mocTH oT oTHoueHust N:P,Os u BpeMeHu.

13 tabuuisl 2 BUAHO, 4To HpH Temreparype 50°C npu npoaoJKUTETBHOC-
TH 2,5 4 HaONIOaeTcsl HACTYIJICHHE PAaBHOBECHUS M YBEIMUYEHHE MPOAOIKUTENb-
HOCTH B3aMMOJICHCTBUS HE BIMSET Ha BbIXOA. Tak, MpH MaccoOBOM OTHOIICHHUU
N:P,0s, pasaom 1:0,7, Beixox BonopactBopumoit popmel P,Os cocrasisier 33,5%,
nutpaTHo-pacTBopuMoit — 41,1%, ycBosemoit — 74,6%; MaccoBOM OTHOIIIE-
Hun N:P,Os=1:0,5 BbIX0a BogopactBopuMoi ¢opmbel P,Os cocraBmser 33,4%,
LuTpaTHo-pacTBopuMoit — 44,8%, ycBosemoir — 78,2%; mpu OTHOLIEHHUH
N:P,05=1:0,3 BrIxox BonopacTBopumoit ¢popmsl P,Os coctasmnsier 35,4%, untpar-
HO-pacTBOpuMOi — 45,8%, ycBosiemoit — 81,2%.
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Tabmymna 2 — [lunamuka obpazoBaHus ycBosieMbix Gpopm P,Os Bo BpemeHH

npu Temmepatype 50°C
Boixon ycBosiembix (opm nenraokcuza pochopa
B 3aBUCHMOCTH OT BpeMeHH, %o
OTHOWEHNE Copnepxanue
N:P,0Os P,0O5 MIPOIOJDKUTENFHOCTD PEaKIH, 9
1,5 2 2,5 3,0
1:0,7 P2O0s50. 25,2 28,4 33,5 33,6
N=11,9%
P,05=8.3% P05y, 28,4 34,9 41,1 41,3
KoHII. 64,9% P0sycs. 53,6 63,3 74,6 74,9
1:0,5 P20ss0m. 26,6 29,3 33,4 333
N=13,1%
P,0=6.5% P,0s,p. 29,5 35,8 44.8 44,9
KoHIL. 61,6% P,0sycs. 56,1 65,1 78,2 78,2
1:0,3 P205s50m. 27,5 30,3 35,4 35,4
N=14,7%
P,05=4.3% P05y, 29,7 36,4 45,8 45,7
KoHIIL. 57,1% P20sycs. 57,2 66,7 81,2 81,1

W3 monydeHHBIX HaHHBIX CIEIYET, YTO MOBBIIIEHHE TEMIIEPATyphl OT 25 10
50 °C cokpamiaetr BpeMs IOJHOTO B3aUMOJICHCTBHS aMMUAYHOW CEIUTPBI C
thocdopurom Ha 30 MHH, TIPU ITOM BEIXOJl ycBOsieMBIX ¢opMm P,Os moBbImaeTcs
Ha 1,0-7,7%.

[lony4yennast ynoOpuTenbHas KOMIO3WLMS C BiIaxHOCThIO 1,4% mpu
temneparype 25 °C: maccoBom otHomennu N:P,Os, pasuoe 1:0,7, comepxur
aszorta — 22,5 macc.% u meHTaokcuaa docdopa — 15,9 macc.%; KoMmo3uIms npu
1:0,5 comepxwut azora — 23,0 macc.% u P,Os — 11,7 macc.%; xoMmmo3unus npu
1:0,3 conmepsxur azota — 25,7 macc.% u P,Os— 7,5 macc.%.

KoMmosunus, monydennas ¢ BIaxHocTeio 1,2% mnpu 50 °C: npu MaccoBoM
otHomenun N:P,Os paBaom 1:0,7, comepxkut azora — 22,3 macc.% u TeHTa-
okcuna Qochopa — 16,1 macc.%; xommosuius npu 1:0,5 comepkut: azora —
22,7 macc.% u nenraokcuaa ¢ochopa — 12,1 macc.%; komnosunus npu 1:0,3 —
aszota — 25,1 macc.% u nmenraokcuaa dhocdopa — 8,1 macc.%.

B MozenbHBIX TOYBEHHBIX 00pa3nax ONpelesieHO BIMSHUE CMECH aMMHad-
Hoit cenmutpsl (AC) n ammodoca (AD), ynoOpuTenb-HONH KOMITO3UIIMU Ha OCHOBE
aMMHadHON ceHuTpsl U hocoputHOit Mmykn (PM) mectopoxnenus Kok-JxoH, a
TaKXKe yIOOPUTEIbHONW KOMITO3UIIMM HAa OCHOBE aMMHA4YHOU ceauTphl, (ocdo-
putHOI Myku MectopoxaeHusi Kok-/xon n ¢urocoeannenus xenesa (PCXK)
PacTUTENBHOTO JKCTpakTa Juniperus Ha YHUCIEHHOCTh HOYBEHHBIX MHUKPOOpra-
HU3MOB, 00€CTIEYHBAIONINX YTIIEPOIO- U TyMyco0o0pa3oBaHHe, TUTAHHE PaCTCHHUI
1 pa3lIo’KEHUE a30Ta MOYB.

B tabmune 3 npuBenens! nanHbie o BuusHUO cMecd AC u AD, xommo3n-
MM Ha OCHOBE aMMHAYHOW CEeNUTPbl U (POCHOPUTHOW MYKH MECTOPOXKICHUS
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Tabnuna 3 — Biusiaue ynoOpeHuit, y100pUTENbHON KOMIO3UIMH U KOMITO3HUIIHH,
conepxameit PCXK, Ha YMCIEHHOCTh NOYBEHHBIX MUKPOOPTaHU3MOB

YHCIeHHOCTh MOYBEHHBIX MUKPOOPTaHU3MOB,
miH. KOE B 1,0 T mouBsI

Bapuantsl CBO- docdar- | rereporpodHsle |OmMro- | JIEHH-
6omgHO- | MOOWIH- Oakrepuw, Tpodsl | TprdHU-
JKUBY- 3UPYIO- IIPOKKEBEIE KaTopsl
mue ue TpUObI

KonTpons — nousa 0,42 0,60 0,75 8,30 6,50

Otanon —mousa + AC + AD

N:P,Os = 1:0.5 0,45 0,70 0,85 12,50 | 16,50

Y aobpurensHas KOMIIO3HULINS,

nosyuyenHas Ha ocHoBe AC u ®M, 0,47 0,72 0,83 11,6 16,80

N:P,O5=1:0,5

VY nobpurenbHask KOMIO3ULINS,

noiy4eHHas Ha ocHoBe AC, ®M u 1,52 2,11 1,22 5,28 6,73

qDC)K, N:P205 = 1:0,5

Koxk-/I»xo0H 1 ynoOopuTeasHOM KOMIO3UITNH Ha ocHOBe @M mecTopoxaenus Kok-
Jxon pu maccoBoM otHomeHun N:P,0s=1:0,5, ®CXK pacTuTenpbHOT0 3KCTPaK-
Ta Juniperus Ha YUCIEHHOCTh MOYBCHHBIX MUKPOOPTaHU3MOB, 00ECIICUNBAIOIIUX
a3oTHOe M ¢ochopHOE THTaHHE, MHHEPATU3YIOMHMX TyMyC W pas3iararolinx
HUTPATHBINA a30T IIOYB.

Y CTaHOBJIEHO, YTO €CJIH CMECh aMMHAYHOW CEIUTPHI U amMmModoca, KOMIIO-
3WNWAS HA OCHOBE aMMHAYHOH celnuTpbl B (HOCPOPUTHON MYKH MECTOPOKICHUS
Kok-/[>xoH B CpaBHEHUH C KOHTPOJIEM He Glusent HAa YUCICHHOCTHh a30T()HUKCHU-
pyroumx, ¢GocharMOOMIN3UPYIOMUX OakTepuid, TeTepoTpodHBIX OakTepui U
TIPOXOKEBBIX TPUOOB, TO yIO0OpHUTEIbHAS KOMITO3HUIIHS, colepkamias purocoeman-
HEHHE JKeJie3a PacTUTEIBHOro 3KcTpakTa Juniperus — 0,5% OT Macchl KOMIO3H-
LAY, y8eudusaem uxX YUCICHHOCTH B 1,5-3,2 pasa.

[lokazaHo, 4TO eciu cMech aMMHUA4YHOH CenuTphl U ammodoca, yaoOpu-
TeNbHAs KOMITO3WIUS Ha OCHOBE aMMHAYHOW CEeNUTpbl U (PochHOpUTHOH MYyKH
mectopoxacans Kok-J[>KoH B CpaBHEHHH C KOHTPOJIEM YBEIMYUBACT UHCIICH-
HOCTBb OJIUTOTPO(OB U JACHUTPU(PHUKATOPOB pa3araroliuXx T'yMyC U HUTPATHBIN
a3oT mouBHl B 1,5-2,6 u 1,6-2,1 paza, To yaoOpuTeNbHas KOMITO3UIUS, COIepKa-
mas 0,5% durocoemuHeHNs Keye3a, CHIKAST MX YUCIeHHOCTh Ha 0,9-1,6 paza.

[MomydeHHbIe pe3ysbTaThl UMEIOT OOJIBIIOE TEOPETUUYCCKOE U MPAKTUUESCKOE
3HAUYEHHE TSl CO3JaHusl HOBOTO Kiacca (hocdopcoaepxamux yaoopeHuii, ooec-
TIEYNBAIONINX COXPAHCHHUE TOYBCHHOTO TIIIOIOPOIHS.

BriBoabI.

1. UccnenoBana nuHamuka 00Opa3oBaHHsS BOJNO-, IIMTPATHO-PACTBOPHMBIX
thopm meHTaokcuma ¢ochopa B BOMHOM pacTBOpe aMMHUAYHON CEMHTPHI U (oc-
¢doputHoit Myku Mectopoxaenus Kok-/Ixon (P,Os — 28%), npu N:P,Os paBHOe
1:0,7; 1:0,5; 1:0,3, mpu temneparype 25 10 50 °C. YcTaHOBIEHO, YTO PaBHOBECHE
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¢ oOpa3oBanueM ycBosieMbix ¢opm P,Os Ha 70,4-79,9% u 74,6-81,2% nHactymnaet
npu 25°C 3a 3 uu 50 °C — 2,5 4, COOTBETCTBEHHO. Y JOOPHUTEIILHBIE KOMITO3UIHH
cogepxart ot 25,7-22,3 macc.% azora u 16,1-7,5 macc.% nenraokcuga docdopa.

2. MUKpOOHOIOTHUECKIMH HCCIICOBAaHUSAMH Ha MOJICIBHBIX IMOYBEHHBIX
o0paslax oInpenesneHo, YTo YIAOOpHUTENbHAs KOMIO3MLMS, coiepxamas (uTo-
COEIMHEHHME JKeJle3a pacTUTeNbHOro 3KcTpakra Juniperus — 0,5% oT Macchl KOM-
TIO3UINH, Veeauuugaent HHCICHHOCTh CBOOOAHOXHMBYIIHMX, (ochaTrmoOmmm-
3UPYIOIIKX U MUHEPAIU3YIOINX PacTUTENIbHbBIE OCTaTKU OakTepuu B 1,5-3,2 paza,
CHHMYKAeT YHCICHHOCTh OJIMTOTPO(OB U JEHUTPUPUKATOPOB pas3iiararoinx ryMyc
Y HUTPATHBIN a30T mo4BHI - 0,9-1,6 paza.
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KAPATAY ®OCOOPUT ¥HBI, AMMUMAK CEJIMTPACHI KOHE
TEMIPIH ®UTOKOCKIJIbICTAPBI HETI3IHJIETT TRIHAWTKBILLI
KOMITO3NIUAIIAPAbIH MUKPOBUOJIOT'MAJIBIK
CUITATTAMAIJIAPBIH 3EPTTEY XXOHE KbIIIKBIJICBI3 CUHTE3/IEY
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Maxkanana Kex-/Ixxon (P,Os — 28%) xen opubiHaars! Kaparay ¢pochopuTTi YHBIHBIH,
aMMHAaK CEeITUTPACchl MEH TEMip/IiH (PUTOKOCBHUIBICHIHBIH HETi31HJCTI THIHAUTKBIII KOMIIO-
SUIUSUTAPABIH MUKPOOHOJIOTHSIIBIK CHIIATTAMANIAPBIH 3ePTTEY JKOHE KBIIMIKBUICHI3 CHHTE3
3epTTENreH.

N : P,Os maccansIk KatbiHactaps! 1:0,7; 1:0,5; 1:0,3 sxone 25, 50 °C temmeparypa-
narel, P,Os ciHeTin ¢opmanapeiabe 70,4-79,9 xone 74,6-81,2%-Fa Teme-TeHIIK TY31yi-
MeH 3 JKoHe 2,5 caF apalbIFbIHIA TeH eKeHIT1 aHBIKTAIIBL. THHAWTKBII KOMITO3UIHSIIAp-
na 25,7-22,3 macc.% azot xeoHe 16,1-7,5 mace.% docdop nmenraokcnzi 6ap.

Mogenb/ii TONBIPAKTHIK YATLIEpiHe KYPri3iireH MUKPOOHOJIOTHSUIIBIK 3epTTeyJIep/e,
KypambIHIa Juniperus eciMIiK CBHIFBIHJBICHIHBIH TEMIp (PUTOKOCHUIBICH 0ap THIHAWTKBIII
KOMITO3MIUS OaKTepusulapIblH epKiH eMip cyperiH, (ochaTMoOHIH3aMIIANTBIH JKOHE
MUHEPAIAHBIPATEIH OCIMIIK KaIIBIKTapbiH 1,5-3,2 ece yIFalTaThiHBI, TYMYC IICH
TOMBIPAKTHIH HUTPATTHI a30ThI BIIBIPANTHIH OJUTOTPOdTap MCH ACHUTPUPHUKATOPIAPIBIH
canbid 0,9-1,6 ece TOMEHIETETIHI KOPCETIIITCH.

Tyiiin ce3nep: Kaparay pocdopurti yHBI, aMMHAKTBHI CENMUTPa, TEMIPJIiH (UTOKOCHI-
JIBICHI, TOMTBIPAK MUKPOOPTaHU3M/IEPI.

Summary

S. Usmanov, G. T. Omarova, E. N. Ramazanov, Sh. Baibachshayeva,
B. Tolkyn, R. U. Makhmudov, A. S. Usmanov, J. U. Makhmudov

ACID-FREE SYNTHESIS AND THE STUDY OF MICROBIOLOGICAL
CHARACTERISTICS OF THE FERTILIZER COMPOSITIONS BASED
ON KARATAU PHOSPHATE, AMMONIUM NITRATE
AND FERRUM PHYTO-COMPOUNDS

This paper investigated acid-free synthesis and the study of the microbiological
characteristics of the fertilizer compositions basis on phosphate rock of the Karatau fields
Kok-Djon (P,05 — 28%), ammonium nitrate and ferrum phyto-compounds.

It is established that at the mass ratio N : P,Os equal to 1:0,7; 1:0,5; 1:0,3, tem-
perature 25 °C, 50 °C, equilibrium with the formation of digestible forms of P,Os at
70.4-79.9% and 74.6-81.2% occurs within 3 hours and 2.5 hours, respectively. Fertilizer
compositions contain nitrogen from 25.7-22.3 mass.% and phosphorus pentoxide —
16,1-7,5 mass.%.

Microbiological studies on model soil samples showed that the fertilizer composition
containing the phytocomposition of iron of plant extract Juniperus-0.5% increases the
number of free-living, phosphatmobilizing and mineralizing plant residues of bacteria by
1.5-3.2 times, reduce the number of oligotrophs and denitrifiers decomposing humus and
nitrate nitrogen of the soil — 0.9-1.6 times.

Key words: Karatau phosphate, ammonium nitrate, ferrum phyto-compounds, soil
microorganisms.
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COPBIIMOHHASA CITOCOBHOCTbD XEJIATOOBPA3YIOHIET'O
KATHOHHUTA HA OCHOBE I'NIMIUIANUJIMETAKPUJIATA
O OTHOIIEHUIO K UOHAM Pb**

AuHOTAIHMS. MeTOIOM KIaCCHYECKOH MOoIsporpaduu u3ydeHa copuus HoHoB Pb>"
n3 pactBopoB Pb(NO;), HOBEIM XenaTooOpa3yIomuM KaTHOHUTOM, CHHTE3UPOBAaHHBIM Ha
OCHOBE TIMIUIMIMETaKpWIaTa, METHIMETaKpuiIaTa ¢ HETSIHBIM OUTYMOM M OKCHITH-
neHIupOocHOHOBON KUCIOTHI.

KiroueBble cioBa: xemarooOpasyromue cCOpOeHTHI, KaTHOHHUT, COPOIHsI, HOHHBIH
obOmeH, ocdopconepkamine HOHATHL, HEPTIHOW OUTYM.

B Hactosiiiee BpeMs B KadeCTBE OCHOBBI JJISI CHHTE3a XeJIaTOOOpa3yroIuX
COpPOCHTOB UCTIONB3YIOT Pa3INYHbIE COSAMHEHUS: MOIUMEPHI JIMHEHHOTO U TPO-
CTPaHCTBEHHOTO CTpPOEHHMS, MOJyYeHHBbIE IOJUKOHJIEHCAlued W MOJUMepHu3a-
e, IpUpoJHbIE OPraHN4YeCKHe TOJIMMEPB], CHHTETHYECKHE BOJIOKHA U JIpYyTHE.
B kauecTBe MONMMEPHBIX MaTpPHI] BCe OOJBIIE UCTIOIB3YIOT LEILTIOI03Y, COIO-
JUMEPBI CTUPOJa, METHIIMETaKpIiIaTa Wi aKpUIIOHUTPHIIA C TUBUHIIOCH30JIOM
U IpyTHe MaKpOMOJIEKYJIbI.

BaxxapIM oTIHUMEM XenaTooOpa3yIONIMX BBICOKOMOJICKYJISIPHBIX COEIHHE-
HUH OT JPYTHX THIOB COPOEHTOB SIBISETCS HATUYHE B CTPYKTYPE XUMHUYECKU
AKTUBHBIX TPYIII, CIIOCOOHBIX B3aMMOJIEHCTBOBATh C HAXOSIIMMUCS B pPacTBOpeE
HOHAMH METaJUIOB C OOpa30BaHMEM XENAaTHBIX KOMIUIEKCOB. Takue aKTHBHBIC
LEHTPBl MOTYT OBITH BBEIEHBI IyTEM XHMHUYECKHX IIPEBpPAlllCcHUH WM OHHU
o0pa3yrTes B mpolecce ux cuutesa [1, 2].

[Ipobnema cozmaHuss HOBBIX BBICOKOA((EKTUBHBIX COPOCHTOB Ul OYMCTKU
CTOYHBIX BOJI W W3BIIEYCHHUS HOHOB TSDKENIBIX METaJUIOB B THAPOMETAILTYpPIHH,
MEIHINHE, TUIIEBOH MPOMBIIIJICHHOCTH, BOAOMOTOTOBKE, ISl COPOIIMN M KOH-
LEHTPUPOBAHUS W30TONOB, & TAKXKE Ul pelieHus Mpo0ieM HeTSHBIX Pa3IBOB
Ha MMOBEPXHOCTH Bojbl. KOMIUIEKCHOE MCTIONB30BaHNE MIPUPOAHBIX M dHEProcoe-
peraromnimx pecypcoB M OXpaHa OKpykaromiel cpembl B Pecryomuke Kazaxcran
0CTaeTCs aKTyanbHOM [3].

PaccmoTpena BO3MOKHOCTh CHHTE3a M MCCIIEA0BAHUS MOIUAIEKTPOIUTOB Ha
OCHOBE MHOTOTOHHaXXHBIX TSIKENBIX HE(PTIHBIX OCTATKOB, SBISIONINXCS AOCTYII-
HBIM TIPUPOJHBIM OPTaHWYECKHM ChIpbeM [4]. Bricokas pagmanmoHHast yCTOM-
YUBOCTH (POCHOPHOKUCIBIX KATHOHUTOB, MO CPAaBHEHUIO C JAPYTHMH THUIAMHU
WOHHUTOB, TO3BOJSET HWCIONB30BaTh WX B pacTBOpax paJHalMOHHON aKTHB-
HOCTBIO [5].

CrouHble BOJBI THAPOMETAIITYPIHYECKUX MPOU3BOICTB 3a4acTyIO SIBISIOTCS
HUCTOYHUKOM OOJNBUIMX TMOTEPh LIEHHBIX KOMIIOHEHTOB M 3arpsi3HEHUS] BOJOEMOB.
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BoNBIIMHCTBO TakUX BOJ MPEANPHUITUNA CBHHIIOBO-IIMHKOBON MPOMBIIUIEHHOCTH
COJIep>KaT B PacTBOPEHHOM BHJIE TsDKenble nBeTHble Metamisl (Pb, Zn, Cu) [6].
[TosTOMy MX ounCTKa MMeeT OONbLIOe 3KOHOMHYECKOE M 3KOJIOTMYEeCKOe 3Hade-
Hue. MloHooOMeHHbIe MEeTOABI MO3BOJSIOT 3((EKTHBHO KOHIIEHTPUPOBATH HOHBI
METauI0B M3 OONbIIMX OOBEMOB CHJIILHO pa30aBICHHBIX PAacTBOPOB H, CIENO-
BaTeNbHO, YMCHBIIUTh SKOJIOTHYECKYIO HAarpy3ky Ha OTKDBITBIE BOJOEMBI.
Mcronk30BaHHE MOHUTOB JUIS OYMCTKM CTOYHBIX BOJ OT MOHOB Pb®" moka He
HaIIO HIMPOKOTO NMPUMEHEHHUs, HECMOTPS Ha TO, YTO CBUHEI] OTHOCUTCS K Hau-
Oosiee TOKCHYHBIM 3nemMeHTaM [7-8]. TloaToMy akTyanbHON ocTaercs mpolieMa
CO3/1aHUsl HOHOOOMEHHBIX MaTepHajoB, KOTOpPbIE JOJKHBI OBITh CEIEKTHBHBIMHU
10 OTHOIICHHIO K HOHAM TSKEJIBIX METAJUIOB, B TOM YHCIIE CBUHIIA.

Iens paboTHl — HCCIeoBaHHe copoImH HoHOB Pb®" 13 pactBopos Pb (NO3),
HOBBIM X€JIaTOOOpa3ylomMM KaTHOHUTOM Ha OCHOBE IJIMIUAMIMETaKpuiIaTa
('MA), metunmertakpuinara (MMA) ¢ HedTstaBIM OuTymMoMm (HB) n oxcuaThieH-
mdocdonoBoit kuciotsl (OO D).

OKCITEPUMEHTAIJIBHAA YACTb

XenarooOpa3yromii KaTHOHUT TONy4alid conoiuMmepusamueii ['MA u
MMA MeTonoM paauiKaTbHOU MOJMMEPU3AINH B PacTBOpPE AUMETHI()OopMaMuIa
(AM®A) B npucyrcTBuu uHHIMaropa nepokcuaa Oenzomna (I16). Ha Bropoi
CTaguM MPOBOAMIN (QOCHOPUIMPOBAHUE TOJYYECHHOTO MpoaykTa 25%-HoH
okcHTHIeHIM(OCHOHOBOI KHC10TOl npH Temnepatype 80°C B Teuenue 4 u u
P  MacCOBOM COOTHOIICHHU OUTYM:COMOJUMEP:OKCUITHIICHA(OCHOHOBAS
kuciota papaoM 1,0:1,0:3,0.

CopGumio noHoB Pb*" u3 pactBopoB Pb(NOs), CHHTE3HMPOBAHHBIM KaTHO-
HUTOM HW3y4Yajl B CTaTHYECKHUX YCIOBHUSX MPH COOTHOIICHWH HOHHUT:PAaCTBOP,
paBHoM 1: 400, Bapbupysl TPOJOIKUTENBHOCTD M3BIeueHus ot 0,5 u 1o 7 cyt, pH
pactBopoB ot 1,1 no 5.8 u comepkanne B HuX cBuHIa ot 0,207 mo 2,037 r/m.
OOMEHHYI0 €MKOCTh PAacCCUMTBHIBAJIM IO PA3HOCTH HCXOIHOW W PaBHOBECHOM
KOHIIEHTpAIlMK PacTBOPOB, KOTOPYIO OIpENesUId METOAOM KJIacCHYecKOn
nonsporpadun Ha doue 0,5M NH,Cl o Bonse Boccranoienus Pb>™ (E, =
= —0.41 B). [lonsporpamMmmbl CHUMAaIIM Ha yHHUBepcaibHOM mnossporpade [1Y-1 B
TepPMOCTATHPOBAHHOII sueiike mpu Temmepatype 25+0,5°C, ucrons3ys pryTHBIL
Kamnaromui siexkrpoa. Kuciopon U3 aHaIM3aupyeMbIX pacTBOPOB YAASUIU ITyTeM
MIPO/yBaHUsl aproHa B TeueHHE 5 MUH. B KkauecTBe 3JeKTpoja CpaBHEHMS CITy-
>KWJT HACBIIIIEHHBIN KaJIOMENbHBIN AIEKTPOI.

PE3VJIbTATBI U UX OBCYXXJAEHUE

st co3naHus MEePCIEKTUBHBIX U BHICOKOIIPOU3BOANUTENBHBIX HOHHOOMEHBIX
IIPOIIECCOB HEOOXOMUMO JIETAIbHOE HM3Y4YEHHE PAaBHOBECHBIX W KHHETHYECKHX
CBOCTB HOHHTOB. M30TepMa copbumu noroB Pb”" u3 pacreopos Pb(NOs), xerma-
ToobpazytommM katnoHuToM ' MA-MMA-HB-O31® (prucyHok 1) moka3siBaer,
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Prcymok 1 — M3otepma copbiin roHoB Pb>
13 HUTPATHBIX PaCTBOPOB XenIaroodpasyromuM katnonutom ' MA-MMA-HB-OD1d
(IpOJIOIKUTETBHOCTh KOHTaKTa 7 CyT)

YTO yBEJIHWYEHHWE KOHIICHTPAIIMA WOHOB CBHUHIIA CIIOCOOCTBYET BO3PaCTaHUIO
copoumonnoi emxoctu (CE). MakcumainbsHoe ee 3HaueHue cocrasisier 145,6 mr/r
TIpH u3BIeYeHUH HOHOB Pb®" 3 pacTBOpoB, comepxantux 2,037 /1 CBHHIIA.

U3BecTHO, YTO CcelIeKTHBHBIE HOHOOOMEHHUKH XOPOIIO COPOMPYIOT HOHBI
TSDKEIBIX U TIEPEXOAHBIX METAIUIOB [9], KoTopas 3aBucst oT pH cpensl, ¢ u3meHe-
HUEM KOTOPOH HMOHBI METAJJIOB B PAacTBOpPaX MOTYT HAaXOJUThCS B Pa3HBIX
WOHHBIX COCTOSHHSIX.

250 -
200 -
=
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=
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@)
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0 T T T T T T 1
0 1 2 3 4 5 6 7
pH

Pucynok 2 — 3aBHCHMOCTB COPOIIMOHHON EMKOCTH
xenatooGpasyromero karrornta TMA-MMA-HB-OD/I® mo nonam Pb>" ot pH cpesr
(Cpb2+: /11, IPOOJIKUTEIILHOCTD KOHTAKTa 7 CYT)
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VccneioBaHne BIMAHKS KHCIOTHOCTH Cpeibl Ha copbimm HoHoB Pb>" (pucy-
HOK 2) moKaszalo, 4To Oojiee BBICOKas M3BJIEKAIOIIAsi CIIOCOOHOCTH XElaTo-
obpasyromero katuonnta I MA-MMA-HB-O2/1® nabnromaercst B uaTepBane pH
3,7-5,8. YBenmuenne CE mpw TMOBBIIIEHUH KHCIOTHOCTH Cpelbl 00YyCIOBIEHO,
OYEBUJIHO, KOHKYPEHTHOI copbimeii mpotonos (H').

W3yueHne KMHETHKM MOHHOTO OOMEHa IO3BOJISICT BBIOMpAaTh ONTHMAJIbHBIC
YCIIOBHUS BEAEHUS TIpoLiecca U KOHTPOJIMPOBATh ero. M3 pucyHka 3 BUAHO, YTO IO
MOHAM CBHHIIA PaBHOBECHOE cocTosiHue Mexay pactBopom Pb(NOs),, comep-
xamum 2,037 1/n, umeroum pH=3,7 u xatuonntom 'MA-MMA-HB-O3/1®
ycraHaBiuBaeTcs 3a 0,5 1.

t 360 -
300 *
240 -
180 -
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0 ¢ ; ; ; ; ; .
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CE, mr/r

T, yac

Pucynok 3 — 3aBHCHMOCTB COPOLIMOHHON EMKOCTH XeIaT000pa3yIomero KaTHOHNTA
I'MA-MMA-HB-O3/I® 1o nonam Pb*" 0T mpoaomKHTeIbHOCTH KOHTAKTA
(Cpy " =1/1, pH=3,1)

Takum 00pa3oM, Ha OCHOBAaHMM HCCJIEIOBAHUI MOXKHO CAEIATh BBIBOJ, UTO
HOBBI XxemaTooOpazyromuii katnoHUT [ MA-MMA-HB-OO/I® saBnseTcss Ham-
OoJiee MepCreKTUBHBIM [T copOiuu noHoB cBuHNA (II) U mposiBiIsieT XOpouryio
MOTJIOMIAIONIYI0 cltocOOHOCTh. CHHTE3MpOBaHHBIE HOBBIE XeJIaTooOpasylolue
KaTHOHHUTBI MOTYT OBITH HCIIONB30BAaHBI B IIBETHOM W YEPHOW METALTyprHH, a
TaKXKe JUISI OYUCTKH MPOMBIIINIEHHBIX CTOKOB B @aTOMHOM MPOMBIIITIEHHOCTH.
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Pe3iome

E. E. Epzooicun, T. K. Yanos, K. X. Xakumbonramosa,
K. M. Kanmypamosa, /]. K. Toremucosa, K. A. Cadvikos

Pb’ " MIOHJAPBIHA KATBICTBI ITULUAUIMETAKPUJIAT HETI3IHJIET T
XEJTATTY3TTIO KATUOHUTTIH, COPBLIUAJIBIK MYMKIHAIKTEPI

Knaccukanbik nonsiporpadust d97ici apKblIbl DIHIUIMIMETAKPUIAT, METHIMETAKPH-
JIaTIeH MyHail OMTYMBI JKoHE OKCHATHICHAN(GOC(HOH KBIIIKBUIBI HETi3iH/e ajbIHFaH Xe-
naTTy3ymi katnouutTie Pb(NO;), epitinzicinen Pb>" nonnapen cixipyi seprreni.

Tyiiin ce3xep: xemarTy3ymi copOeHTTEp, KaTHOHUT, copOLus, HOH ainMacy, ¢oc-
(OpKypamIbl HOHUTTEP, MyHai OUTYMBI.
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Summary

E. E. Ergozhin, T. K. Chalov, K. Kh. Khakimbolatova,
K. M. Kalmuratova, D. K. Tolemisova, K. A. Sadykov

SORPTION ABILITY OF CHELATING CATION EXCHANGERS BASED
ON GLYCIDYL METHACRYLATE IN RELATION TO Pb** IONS

The method of classical polarography has been used to study the sorption of Pb* *
ions from Pb (NOjs), solutions by a new chelating cation resin synthesized on the basis of
glycidyl methacrylate, methyl methacrylate with petroleum bitumen and hydroxyethylene
diphosphonic acid.

Key words: chelating sorbents, cation exchanger, sorption, ion exchange, phospho-
rus-containing ion exchangers, petroleum bitumen.
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HOBBIE
DOOCPOPOOPT'AHUYECKHUNE COEMHEHUA
KAK IIOTEHIIUAJIBHBIE AHECTETUKH

AnHotanus. [Ipy noucke HOBBIX KJIACCOB COCAMHEHUH C BBICOKOW OMOIOTHYECKOMN
AKTUBHOCTBHIO Y HHU3KOW TOKCHYHOCTBIO AMMETHI|(4-OcH3ruapuinunepasus-1-mwi)(n-, m-
u o-propdenmn)MeTrin|GocPoHATH, CHHTEC3UPOBAHHBIC B YCIOBHAX«ONE-poty peakInu
Kabaunuka-®@unnca B3auMomeicTBueM |-OCH3THIPHUINHIIEpA3HHA, TUMETIWIPOChHUTa U
n-, M- Wik o-pTopOCH3ANBICTHA, U3YUCHBI HA JABYX MOJCISIX MECTHO aHEeCTE3UPYIOIICH
akTuBHOCTH.OKAa3aJI0Ch, YTO CHHTE3NPOBaHHBIE (TOpPCOAEpKaNme o-aMrIHO(POCHOHATH B
pa3HOI CTENeHH BBHI3BIBAIOT MH(DMIBTPAIIMOHHYIO W MIPOBOTHUKOBYIO aHECTE3HIO 1 MEHEE
TOKCHYHBI B CPaBHEHHH C 3TAIOHHBIMHU IIpenapaTaMi — TPUMEKauHOM, JTUJOKaWHOM U HO-
BokauHOM. [Toka3zaHo, uTo aMHHO(POCGHOHAT ¢ PTOPOM B O-TTOJOKCHUU OKA3AJICSI CAMbIM
AKTUBHBIM Ha MOJCIISIX HHd)HHBTpaHHOHHOﬁ u l'IpOBO)IHHKOBOﬁ AHECTC3UH, M-U30MEP —
MEHee aKTUBHBIM, /-M30Mep 3aHUMAeT IPOMEKYTOYHOE MOJI0KEHHE.

KiroueBnie cioBa: Gpropconepxkaiue o-aMuHOGoCcHOHATHI, OHOTOTHYSCKasT aKTHB-
HOCTb, MHOUIBTPAIMOHHASI M TIPOBOJHUKOBAsI aHECTE3Msl, OCTPasi TOKCUYHOCTh, MECTHBIE
AHCCTCTHKH.

Beenenne. AMuHOGMOChHOHATH SIBISIOTCS LIEHHBIMH COCJUHEHHMSIMH Kak
KaHAUIATHl i1 pa3pabOTKM HAa MX OCHOBE JICKAPCTBEHHBIX IpemaparoB [1-5].
Bonbimioit 00beM HCCICIOBaHMN IO CUHTE3Y M OHOJOTUYECKOH AKTUBHOCTHU
a-aMHHO(pOC(HOHATOB ObLT IPOBEJCH B TEUCHHE TOCIEAHUX JeT [6-20], Ho Mano
BHUMAaHUS Y/EJeHO CHHTE3y O-aMHHOpochoHATOB, Hecymmx GTop [3]. YUuThI-
Basg, 4Tto ¢GTOp OOMamaeT OCOOBIMH OMOMHUMETHYECKHMH, SJIEKTPOOTPHIIATENb-
HBIMU U JTUNOQUIEHBIME 3QQEKTaMH, BBEACHUE €T0 B MOJIEKYIIy OPTaHHYECKOTO
COCMHEHHS MOXET TPHUBECTH K TIIyOOKUM M HEOXHIAHHHIM H3MEHEHHUSM B
Omonornuecko akTHBHOCTH. llpeacraBnsieT MHTEpeC CHHTE3 HOBBIX aMWHO-
(dbocdoHaToB, copepKaUX B CBOCH CTPYKType (hTOp, U HCCICIOBAaHUE MX OHO-
JOrMYecKoil akTUBHOCTH. HaMu cuHTE3upoBaHBl HOBBIC 4-OCH3rHIPUIIIUIIC-
pasuHOBBIE O-aMHHOGOC(OHATHIB YCIOBUSX «one-pot» peakunn Kabaunmka-
dunca — KuNsUEHHEM cMecH |-0eH3ruapuinuIepasuHa, JuMetmidochuTa u n-,
M- uiHo-propOeH3anpleruia M YCTaHOBIEHO HX CTPOCHHE Ha OCHOBaHUHU
aHanm3a cnektpaibHbIX JaHHbIX (MKC n cnexrpokormu AMP) [21]:

76



ISSN 1813-1107 Ne'l 2019

AN
F

P
OCH, “OCH, “OCH;

MAB-213 MAB-214 F MAB-215

B 3amauy cooOmieHuss BXOIWJI aHANU3 pPE3yJbTaTOB OUOJOTHYECKUX
nccienoBannii  auMetwi[(4-0eHsruapunnuiepasus-1-un)(n-, m- u  o-Prop-
(denmm)mermi|pochoHara M yCTaHOBIEHHE BIUSHUS IIOJNIOKEHUS atoma (Topa
(n-, m- win 0-) B PEHUIIBHOM KOJIbIIE Ha OMOJIOTHYECKOE JICHCTBHE.

OKCIIEPUMEHTAIJIBHAA YACTb

Jumernn[(4-0en3runpuinurnepasus-1-un)(n-, m- u o-propdenmn) merun|-
thocdonatemon mabopatopHeiMu mmmdpamu MAB-213, MAB-214 u MAB-215
M3y4eHbl Ha MECTHOAHECTE3HPYIOIIyI0 aKTUBHOCTh M OCTPYIO TOKCHYHOCTh
COTJIaCHO OOLIETIPHHATBIM PEKOMEHIALMUSAM 110 JOKIMHUYECKOMY H3YUYCHHIO
JIEKAPCTBEHHBIX CPEJCTB M HOBBIX (hapMaKOJIOTHYECKUX BemlecTB [22-24].
JlaHHbBIE COTMOCTABIAINCH C TOKA3aTEeNIMH MPUMEHSIEMbIX aHECTETHKOB - JIMIO-
KanHa, HOBOKaWHa U TpUMEKarHa (TIpernapaTsl CpaBHEHUS).

OcTpas TOKCHYHOCTh M3y4eHa Ha 18 MbIIax OJHOTO BHJa, I0OJa, BO3pacTa,
BecoM 18-22 1, pa3meneHHBIX Ha CepuH MO 6 KUBOTHBIX B KaXKIIOH, HaXOIWB-
IIMXCST Ha CTaHIAPTHOM IueTe B YCIOBHSX BHBAapHs YHHBepcHTeTa (IpeaBa-
puTenbHbIA KapaHTHH 14 nHeit). KOHTposibHBIE M ONBITHBIE TPYTIIBI COAEPIKAIUCH
B UACHTHYHBIX yCIOBHAX. OCTpas TOKCHYHOCTH ONpE/AEIeHa IyTeM OIHOKpaT-
HOTO TIOAKOKHOTO BBeAeHUS 4% BOIHBIX PACTBOPOB MCCIEAYEMBIX COCAMHEHUN
U TIpenapaToB CPaBHEHHUS.

HccnenoBanusi WHGUIBTPALMOHHOM AaHECTE3WH IPOBEACHBI HA MOPCKHUX
cBuHKax-camiax, maccoi 200,0-250,0 r. B 00macTh CIMHBI Ka)KI0r0 KMBOTHOTO,
MIPEIBAPUTEIHHO yAAJINB C HETO BOJIOCSHON MOKPOB, B 4 ToYkax (IO yryiaM KBaj-
para co CTOpOHOH 3 cM) BHYTPHUKOXKHO BBOAWIN B 00beMe 0,2 MJI H30TOHHYECKHE
pacTBOpPBl M3Y4aeMbIX COCIMHEHUI M 3TAIOHHBIX IpenapaToB. MecTHoaHecTe-
3UpYIOIas aKTUBHOCTH OLIEHEHA 6-8 pa3 il KaXJoW M3 BHIOPAHHBIX KOHIICH-
Tpauuii. YyBCTBUTENBFHOCTh B MECTE BBEICHHMS OMNpeliesieHa NMPUKOCHOBEHHEM
NPUTYIUIEHHON MHBEKIMOHHOM UIVION cepusiMH MO 6 MPUKOCHOBEHHM ¢ mpome-
KYTKaMH 4epe3 Kaxkasle 5 MuH B TedeHne 30 muH. Ompenenena rimyOnHa aHec-
TE3UH, BBIPAKCHHAS B «MHJICKCAX aHEeCTe3Un» (cpelHee U3 6 ONbITOB, MAaKCHMaJlb-
HBIH HMHAEKC 36), IIUTEIbHOCTh INOJHOW aHEecTe3Wd W 00IIas MPOIOIKHTENb-
HOCTH aHecTe3upyromero dddexra.

Jnsi u3ydeHus: TPOBOJHUKOBON aHECTE3WH HCIIONB30BaH MOAH(PUHUPO-
BaHHBIA MeTOJ| oTHepruBanus xBocrta (tail—flick) Ha kpwicax. [IpuHIMN Merona
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3aKJIIOYAETCSl B PETHCTpAIMH JIATEHTHOTO TepHoJia OTAEPTUBAaHUS XBOCTa TpPHU
TEPMHUYECKOM BO3/ICHCTBUU Ha CPEHIOI0 YacTh COKYCHPOBAHHOM ITYYKOM CBETa
OT oOMnTo3JeKTpoHHOro aHambresuMerpa Td-003 no u mocne anectesun. OH
MO3BOJISIET OMNPENENIUTh NPOJODKUTEIBHOCT IIOJHOM aHECTe3MH M OOLIyIo
MIPOJIOJDKATENBHOCTh aHECTE3UPYIOMIET0 JIEHCTBHUS COEAMHEHUS. AKTHBHOCTH
COCAMHEHMH M IpenapaToB cpaBHEHUs nzydeHa B 1% pactBopax. Kaxnas cepust
OIBITOB TpOBelleHa Ha 6 XUBOTHBIX. Pe3ynbTarhl mccnenoBaHuii 0OpabOTaHBI
CTaTHCTHUYECKH.

OBCYXJEHUE PE3YJIbTATOB

Ha mozpenn nHOUIBTpAallMOHHOM aHeCTe3UH HanboIee aKTUBHBIMH SIBJISIFOTCS
MAB-213 (n-uzomep) 1 MAB-215 (o-u3omep) (tabnwma 1). OHE BBI3BIBAIOT
nIyOoKyt0 aHecte3uto (MHACKC aHecte3uu), B 0,25% pacTBOpax MPOSBISIOT
MaKCUMaJbHBIH 3¢ ¢eKT, ompenenseMblii 1o MeToauke bronsOpuHnra-Ysiina.
Wnpnexcer anectesun MAB-213 u MAB-215 paBubl 36 1 MpeBBIIIAIOT COOTBET-
CTBYIOIIIME TMOKa3aTeNu TpuMekauHa B 1,2 pa3a, nuaokanHa B 1,5 pasa u HOBO-
kanHa B 1,44 paza. MAB-214 (m-n3omep) mo MokaszaTesl0 MHICKC aHECTEe3HH
MIPEBBIIIAET HOBOKAWH U JTUI0KauH, HEMHOTO yCTynasl TPUMEKanHy.

Tabnuua 1 — AKTUBHOCTB U JuTHTeNbHOCTD AekicTBus 0,25% pactBopoB MAB-213-215 u
MpernapaToB CpaBHEHUs IPU HHPHIHTPALMOHHON aHECTe3UH

Hnpexc anecre3nu JImMTenhHOCTD TTOTHON IIponomxuTEeILHOCTH
CoequueHus .
Mzt aHECTE3WH, MHH. JICHCTBHS, MUH.

P1<0,05 P1<0,001 P1<0,001
MAB-213 36,0+0 P2<0,001 60,0+£9,95 | P2<0,002 114,16+2,13 | P2<0,001

P3<0,001 P3<0,02 P3<0,001

P1<0,05 P1<0,001 P1<0,001
MAB-214 30,0+6,02 | P2<0,05 59,1654 | P2<0,001 102,5+7,18 P2<0,001

P3<0,05 P3<0,001 P3<0,001

P1<0,05 P1<0,001 P1<0,001
MAB-215 36,0+0 P2<0,001 | 70,83+4,74 | P2<0,001 124,16+3,28 | P2<0,001

P3<0,001 P3<0,001 P3<0,001
Tpumexanx 32,1+1,5 20,0+1,7 38,3+£10,5
JInnoxanx 23,1+0,9 14,2+0,8 30,8+0,8
HoBokann 25,£1,0 10,0£1,2 29,1+1,5

Ipumeuanue: p; — KO3PPHUIUSHT KOPPEIAIHUU MO CPABHCHUIO C TPHUMEKAUHOM; P, — TIO

CPaBHEHHIO C JTUJOKaUHOM; P3 — [0 CPAaBHEHHUIO C HOBOKAWHOM.

[TonHast 4yBCTBUTEIBHOCTD KOXKH MOPCKHX CBHHOK (IIOJIHAsI aHECTE3Ms1) MpHU
ucnbeitanu MAB-213 BoccranaBnuBaetcs uepe3 60 muH, uro B 3,0; 4,2 u B 6 pa3
MeJJIEHHee COOTBETCTBEHHO, YeM IpH NMPUMEHEHWN TpUMEKauHa, JHJIOKauHa U
HoBokanHa. Coenunenre MAB-215 B 3Tol cepun OoNbITOB AEHCTBYET JUIUTENbHES
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B 3,5; 4,9 u 7,0 pa3, ueM TpuMEKawH, JUJIOKAWH W HOBOKAMH COOTBETCTBEHHO.
JnmurensHocTts aeiictBuss MAB-213 coctaBmser 114, 16 MuH, TpuMekaus,
JTUAOKAUH U HOBOKaWH IEUCTBYIOT Kopode B 2,9; 3,7; u 3,9 paza COOTBETCTBEHHO
MAB-215 cTaTHCTHYECKH AOCTOBEPHO MPEBOCXOAWT TpENaparhl CPaBHEHUS IO
3TOMY MOKa3aTento: TpUMeKauH B 3,24 pa3a, TUAOKaWH U HOBOKaWH COOTBET-
cTBeHHO B 4,0 u 4,2 pa3za. MAB-214 cratuctuyecku JOCTOBEPHO MPEBOCXOIUT IO
MTOKA3aTeINo JUTUTEIFHOCTH TIOJIHOM aHecTe3Wd TPUMEKamH NMpHUMEpHO B 3 pasa,
nunokauH B 4,16 n HOBokauH npuMepHo B 5 pa3. Coenunenne MAB-214 mpe-
BBIIIACT TAKXKE W [0 apameTpy oOLIiel MpOJOKUTEIBHOCTH ISHCTBUS BCe TMpe-
mapaTsl cpaBHeHMs. JnmuTenpHOCTh merictBust MAB-214 cocrasiser 102,5 muH.
OO01as IpoAOIKUTEIILHOCTD JCHCTBYS, BhI3biBacMas MAB-214, B 2,67, myurenb-
Hee, 4eM y TpUMeKauHa, B 3,32 pa3a, ueM y JIMJOKauHa U B 3,52, 4YeM y HOBO-
KanHa. Bce Tpu m30Mepa BBHI3BIBAIOT MOJHYI W OOMIYI0 WHQPUIETPALUOHHYIO
AHECTE3HWI0 MPOJODKATENBHOCTRIO OOJBIIYIO, YeM Y IpenapaToB CPaBHEHUS.
AmuHOpOCHOHAT ¢ PTOPOM B 0-TIOTOKEHUH OKA3AJICS CAMBIM aKTHBHBIM.

PesynbraTel n3yueHust npoBoAHUKOBOM aHecTe3un MAB-213-215 u npena-
paTOB CpaBHEHUS NIPEICTABIIECHBI B TaOHIIE 2.

Tabmmna 2 — AktuBHOCTS MAB-213-215 1 ipenapaToB cpaBHEHHMS IIPH IPOBOIHUKOBOM aHECTE3MH

CoequueHus u JIMMTEeNnbHOCTD MOJTHOM O0u1as npoIOKUTETBHOCTh
TpenapaTsl CpaBHEHHS aHeCTE3MH, MUH JIEWCTBHS, MHH
P1<0,02 P1< 0,05
MAB-213 17,5+5,57 P2<0,005 92,5+9,84 P2< 0,05
P3<0,05 P3<0,02
P1<0,05 P1<0,002
MAB-214 30,0+6,73 P2<0,05 117,5+4,62 P2<0,05
P3 <0,05 P3<0,001
P1<0,05 P1<0,001
MAB-215 50,0+10,0 P2<0,05 172,5+8,2 P2<0,001
P3<0,05 P3<0,001
Tpumekaun 47,3+8,4 56,9+£12,8
JInmokanx 65,0+18,4 90,8+18,4
HoBoxkanx 35,2+7,1 42,3+13,6
Ipumeyanus: p; — K03OUIHUEHT KOPPEISAIHUN 10 CPABHEHUIO C TPUMEKAHMHOM; P, — IO
CPaBHEHHIO C JTHJOKaUHOM; P3 — [0 CPAaBHEHUIO C HOBOKAWHOM.

[TomHyr0 TPOBOTHUKOBYIO aHECTE3HIO B PAa3HOM CTEIEHU BBI3BIBAIOT BCE TPHU
amuHodochonara. JIOBOJEHO BRIPAXKEHHYIO aKTHBHOCTH B 3TOH CEPHH OIBITOB
okaspiBaeT coeanHeHne MAB-215 (o-uzomep). Ilo qmuTensHOCTH TOTHOM aHec-
TE3WH OHO HECKOJBKO IMPEBBHIIIAET COOTBETCTBYIOIINE MTOKA3aTENH TpUMEKanHa 1
HOBOKaWHa W COOTBETCTBYET IO 3TOMY mapamerpy aumokamnHy (p<0,05). Ilo
MPOIOJDKUATEIHFHOCTA TONTHOW aHectesnn 1% pactBop MAB-214  (m-uzomep)
JEHCTBYET HECKOJILKO KOpOoYe, 4eM Bce mapameTpsl cpaBHeHus (p<0,05). Haume-
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Hee aKTUBHBIM B 3TOH CEpUH OIBITOB OKa3aloch coemuHeHne MAB-213(n-u3o-
mep). 1% pactBoper MAB-213 mo mokaszaTenro MOTHOW aHECTE3WH YCTYIAloT
TPUMEKauHy, JTUIOKauHy W HOBOKauHy. OOIIas mpoJoDKUTENFHOCTh aHECTEe3HN
MAB-215 nnutenpHee, YeM y BceX mpemnapaToB cpaBHeHHs. OOIas mpooinKu-
TeNbHOCTh jaeicTBUS MAB-215 mpeBbimaer TakoByI0 TpHMEKawmHa B 3 pasa,
muaokanHa B 1,9 pasa, a Taxoke HoBokanHa B 4 paza. MAB-214 o giurensHOCTH
AHECTEe3UPYIOLIET0 IEHCTBUS NPEBBIIAET COOTBETCTBYIOIIUE IOKAa3aTelId TpHU-
MEKanHa W HOBOKaWHa MPHUOIU3UTEIHLHO B 2,6 pa3a W COOTBETCTBYET IO ITOMY
napameTpy JIMJIOKanHy, XOTs TIOKa3aTeNln 00LIeH MPOIOIKUTEILHOCTH ICHCTBUS
y HETO BBIIIE, YEM Y JIUI0KanHa, OJJHAKO Pa3HMIA CTATUCTUYECKH HEAOCTOBEPHA.
MAB-213 peiicTByeT HECKOJBKO Ciiadee TMEepedMCIECHHBIX BHIIIE IPEerapaToB.
OO0m1as MPOAOIKUTENBHOCTE €0 JACHCTBHS COOTBETCTBYET TAKOBOW JTMIOKAWHA U
HECKOJIBKO TPEBBIIIAET COOTBETCTBYIOLIMII MOKa3zaTenb TpUMEKauHa. B pacTBo-
pax yKa3aHHOM KOHLEHTPaLUH 3TO COEIUHEHHE ACHCTBYET UIMTeNbHEe, 4eM
HOBOKaWH B 2,19 pa3za, ciiemoBaTeIbHO, BCE WCIBITAHHBIC COCAMHCHUS OKa3aJId B
pPa3HOH CTENEHU BBIPAXKEHHOE JECHCTBUE IIPU IPOBOJHUKOBOM aHECTE3UH, Hau-
OosiblIasi akTUBHOCTh OTMeueHa y MAB-215, B monekynie koToporo ¢rop Haxo-
TUTCS B O-TIOJIOKEHUH.

Oxkazanioch, 4to auMeTwi|(4-0eH3runpunnumnepasut-1-mn)(n-, m- u o- Prop-
¢dennn)mernin]pocoHaTel OTHOCIATCS K MEHEE TOKCHYHBIM BEIIECTBAM, UYEM
nperaparbl cpaBHeHus (Tabmuma 3). MAB-213 meHee TOKCHMYHee HOBOKAaWHAa B
1,3 pasa, munokanmHa — B 2,7 paza u TpuMeKkanHa - B 1,66 paza. MAB-214 B cpas-
HEHUU C HOBOKaWHOM B 1,69 pa3 MeHee TOKCHYHEE C JIUJOKauHOM - 3,54 pasa, c
TpuMeKauHoM - B 2,17 paza. MAB-215 noxka3an tokcuHocTts B 1,19 paza meHsb-
IIyI0 TAaKOBOW HOBOKaWHa, B 2,5 pa3a numokawHa u 1,53 pasa TpuMexanHa.

Ta6mmna 3 — Octpa TokcnynocTs (J1/50) MAB-213-215 u npenapatoB cpaBHEHUs B

CoenuHeHus JIs0, MT/KT P-xo3¢pdunmenT koppenaaun
P;<0,001

MAB-213 624,9+20,9 P,<0,001
P5<0,001
P 1<0,001

MAB-214 815+16,5 P,<0,001
P3<0,001
P 1<0,001

MAB-215 575+13,8 P,<0,001
P;<0,001

Tpumexann 375+3,1

JIngokaun 230+35,7

HoBokaun 480+1,0

CaMBIM TOKCHYHBIM M3 TPEX U30MEPOB OKA3aJICS 0-H30MEp, 3aTEM I10 TOMY
MOKAa3aTeNio cieayeT n-uzomep. m-M3omep (MAB-214) HUI3KOTOKCHYIHBIH.
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Takum ob6pazom, aumeTwi| (4-6eH3ruapuinunepasus-1-un)(n-, m- u o- GTop-
¢dennn)meTtni]pocdoHaThIB pasHON CTENEHH BBI3BIBAIOT MHQOUIBTPALUOHHYIO U
ITPOBOIHUKOBYIO aHECTE3WI0 M MEHee TOKCHYHBI B CPaBHEHHH C 3TaJOHHBIMHU
npenapaTaMd — TPUMEKaWHOM, JHJOKAWHOM WM HOBOKawmHOM. [loka3zaHo, 4TO
aMuHO(OCHOHAT ¢ PTOPOM B 0-TIOJOKEHUH OKa3aJICsl CaMbIM aKTHBHBIM Ha 00€HX
MOJIEJISIX — HH(HIBTPAIMOHHON U TPOBOJHUKOBOM, aHECTE3UH, M-U30MeP— MEHEe
AKTUBHBIM, 1-U30MeEp 3aHUMAET MPOMEXYTOYHOE TIOJIOKEHHE.

HUP svinoanenst 6 pamxax epanmogoeo npoekma NeAP05131025/1'D5
«Hanpaenenuviii ouszaiin npesenmusHulX Cpeocms u/uiu a0anmoz2eHos Oisi pac-
meHutl 8 paody INEMEHMOOPSAHUYECKUX CUCTHEM)» T1ADOPAMOPUL XUMUU CUHMEmU-
YeCcKux U npupooHvIX nexapcemeenuvix eewecme AO «HMucmumym Xumuueckux
Hayx umenu A.b. Bexmyposa.
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Pe3iome

B. K. IO, A. E. Manmaxosa, I1. Jayremoai, K. K. Ilipanues,
C. C. XKymaxoea, M. K. Amupxynosa, 3. M. Cambaesa, /[. M. Kaoviposa

IMOTEHIIMAJIJIbI AHECTETUKTEP PETIHJETT
KAHA ®OCDOPJIbI OPTAHNUKAJIBIK KOCBIJIBICTAP

BuonorusablK OCNCEHATIN KOFaphl JKOHE YBITTBUIBIFBI TOMEH KOCBHLIBICTAPIBIH
JKaHa KJIaCTapblH i31ecTipy Kesinae Kabaunuk-Ouinc peakipsiChIHBIH «One-poty Kar-
JarbIHaa 1-0eH3rHIPUIIHIICPa3HH, TUMETHAPOCHUT KOHE n-, M- HeMece 0-hTopOeH3aIb-
JICTUJT OPEKETTECYIMCH CHHTE3NICNITCH AuMETIUI|(4-0cH3ruapuwinunepasus-1-mwi)(n-, m-
MeH o-(ropdeHun)MeTri|pochoHATTap KEPTUTIKTI aHSCTE3UPIICYITT OCICCHIUTIKTIH €Ki
Mojeninse 3eprrenreH. CunaTe3nenreH GTop Kypamas! a-amMmuHodochoHaTTap TYpIi fope-
Kelle MHPITBTPAIMSIIBIK JKOHE OTKI3TIMITIK aHECTE3MsIFa OKEJITeH, COHBIMEH 0ipre TpuMe-
KaWH, JHJOKAaWH MEH HOBOKAWH CHSKTHI 3TAJOHABI IpErapaTTapMECH CaJbICTBRIpFaH/a
VBITTBUIBIFEL a3 OOJATHIHABIFEI aHBIKTANFaH. o-)Karmaiina ¢roper O6ap ammHOpOCHOHAT
MHOWIBTPALUSIIBIK KOHE OTKI3TIIITIK aHeCTe3Ms MOJeNbAepiHae eH OenceHni OomFaH. M-
W3omep OernceHminiri TeMeHICY, n-m30Mep OEICEHIUNIri eKi M30MepIiH apaiblK JKaF-
JAfbIHIA OONATHIHABIFBI AHBIKTAJIFAH.

Tyiiin ce3mep: dhrop Kypamasl o-aMHHOPOCGHOHATTAP, OMOIOTHSIIBIK OCICCHILTIK,
UH(UIBTPAIMSIBIK JKOHE OTKI3TIIITIK aHECTe3us, OTKIP YBITTBUIBIK, )KEPriliKTI aHecTe-
THKTEP.

Summary

V. K. Yu, A. Ye. Malmakova, P. Dauletbai, K. D. Praliyev,
S. S. Zhumakova, M. K. Amirkulova, E. M. Satbayeva, D. M. Kadyrova

NOVEL PHOSPHORUS ORGANIC COMPOUNDS AS POTENTIAL ANESTHETICS

For searching the novel classes of compounds with high biological activity and low
toxicityfluorine containing a-aminophosphonates synthesized in conditions of one-pot
Kabachnik-Fields reaction by interaction of 1-benzhydrylpiperazine, dimethylphosphite
and p-, m- or o-fluorobenzaldehyde, had been tested on two models of local anesthetic
activity and acute toxicity. It had turned out that the fluorine-containing a-aminophos-
phonates in varying degrees cause infiltration and conduction anesthesia and they are less
toxic in comparison with the medicinesas trimecain, lidocaine and novocaine.It had been
shown that aminophosphonate with fluorine in the o-position is the most active in models
of infiltration and conduction anesthesia, the m-isomer - less active, the p-isomer locates
in an intermediate position.

Key words: fluorine-containing a-aminophosphonates, biological activity, infiltra-
tion and conduction anesthesia, acute toxicity, local anesthetics.
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UCCJEJIOBAHUE MOJIYUEHMS JEVCTBYIOMIETO BEIIIECTBA
U ETO MUKPOBHOJIOTHYECKOM Y®®EKTUBHOCTH
JJIs1 TIPOTPABJIMBAHUS CEMSH XJIOITYATHUKA
HA OCHOBE MOHOMETWJIOJIMOYEBHUHBI 1
OUTOCOEJUHEHUSA KOBAJIBTA

AHHOTanusi. Bu3yajibHO-TIONUTEPMUYECKUM U U30TEPMHUYECKUM METOJAMH XUMH-
YEeCKOro aHajln3a M3Y4Y€HO XMMHYECKOE B3aHMMOJICHCTBHE B TPEXKOMIOHEHTHOH BOJHO-
COJIEBOM CHCTEME MOHOMETHJIONIMOYEBHHA — (UTOCOeNMHEHHEe KoOanbTa — BOJA.
YcraHoBneHa 00J1acTh KPUCTAIUTM3AIME HOBOTO JJBOMHOTO COETMHEHHS — JCHCTBYIOIIETO
Bemiectsa Ha ocHoBe MMM u ®CK, npu MonbHOM oTHOIIEHHH 1:1.

Ha MonenpHBIX TTOUBEHHBIX 00pa3uax ONpeeseHo, YTO ACHCTBYIOIIEE BEIIECTBO —
nBoiiHoe coequaeHne MMM-@CK Ha poHe aMMIadHON CEUTPHI B CPABHEHUH C aMMHUad-
HOW CENUTPOH yBETNYNBACT YHCICHHOCTD a30T(uKkcupytomux oakrepuii B 3,0 u 3,2 paza.

[Toxazano, yto nBoitHOe coemmaeHne MMM-®CK crmocoOcTByeT HaKOIUICHHIO B
nouBe mepBble 20 OHEH JErKOrHApOaM3yeMoro aszora n0 29,4-33,1 MI/KT MOYBBI, Ha
40 nmenp — 36,8-41,6 mr/kr u Ha 60 nenp — 42,7-48,5 mr/kr. JlaHHBIC HCCIIEIOBaHUS
XOPOIIIO COTJIACYIOTCSI C PE3yNbTaTaMH yBEJIHUYEHHS YHCICHHOCTH a30T()HUKCHPYIOIINX
Gakrepwuii.

KaioueBsbie cioBa: jeiicTByoliee BEIIECTBO, MOHOMETHIIOIMOUYEBHHA, (PUTOCOCH-
HEHHe KOOabTa, XJIOMYaTHHUK.

BBenenue. Ha noceBax xjormyaTHuKa MpoTUB 00JIe3HEH C KOPHEBOI THUIIBIO
d FOMMO30M B IPOLUIOM CTOJIETUM HCIIOJIB30BAIM MPOTPABUTENU ceMsH [1-4],
KOTOpBIE HE OTBEYAIOT TPEOOBAHNSM CETOMHSALIHETO THS M3-32 HX TOKCUIHOCTH.

B Pecnybnuke Y30ekucran pa3paboTaH NpOTPaBUTENb CEMSH XJIOMYaTHUKA
«I1-4» [5], a B Kazaxctane «CyHkap-3» — 20% BoxHas CycneH3us, 1eHCTBYIOIUM
BEIIIECTBOM KOTOPBIX SBJISCTCS MOHO-, JUMETHIIONIMOYEBUHEI [6]. DTH mpoTpa-
BUTEJIN OTHOCATCS K MAJIOTOKCUYHBIM COEIMHEHUSIM.

[Ipu monoxuTenbHOM BIMSIHUM MPOTPAaBUTENs CeMsAH xJyomuaTHHKa «CyH-
Kap-3» Ha TIOYBEHHOE TUIOIOPOANE M BBICOKOW OHMOIOTHYecKO 3((HEeKTUBHOCTH,
OH He 00ecreuuBaeT PacTCHUE JOMOIHUTEIBHBIM MTUTATEILHBIM a30TOM U COOT-
BETCTBEHHO OJYUYEHHE BBICOKHX YPOXKAEB XJIOMKA-ChIPIIA.

Hamu mnocraBnena 3ajmaya mo CO3JaHMIO JEWCTBYIOLIEIO BELIECTBA MOJH-
(hyHKIIMOHABHOTO NIEHCTBHS, IMO3BOJIIONIAS OJHOBPEMEHHO CHHM3HTH OOJIE3HU
pacTeHHi XJIOMYaTHUKA, YBEIMUNTh HAKOIUIEHHE B MOYBE JIETKOTHUIPOIN3YEMOTO
a30Ta U MOJIYYUTh BBICOKHE YPOKau XJIOIKa-ChIpLA.

85



XUMWYECKHH )KYPHAJI KA3AXCTAHA

OKCIIEPUMEHTAJIBHAA YACTb

OOBbeKTaMu HUCCIEeNOBaHUS SBISIOTCS MOHOMeTHiIonMoueBrnHa (MMM) u
¢uTocoennuenme kodansTa (OCK).

JIsT MOCTYOKEHMS 3aJaddl MCCIICOBAaHUS BBEIOPAHBI METOMBI (hHU3UKO-XUMU-
YECKOTO aHalii3a — BHU3YaJIbHO-TIOJIMTEPMHUECKUN W HM30TEPMHUUYECKHUIl; MUKPO-
OMOJIOTHUECKUI — Ui ONpenesieHHs] OTAEIBbHBIX TPYI MHUKPOOPTaHM3MOB H
aHaJIN3 JETKOTUPOIIN3YEMOTO a30Ta B MTOYBE.

Knaccuueckuii BU3yanbHO-TOJIMTEPMHYECKHN METOJ 00ecrieuuBacT ornpeze-
JeHue 00JacTh KPUCTAIUTM3AMK ABOMHBIX COSCAMHEHUH B IIMPOKOM KOHIEHTpa-
LIMOHHOM U TEMIIEpaTypHOM HHTEepBajie. MeTo[ OCHOBAH Ha OMNPEIEICHUU TEM-
repaTypbl IOSIBJICHUS IEPBBIX WIA HCYE3HOBEHUS IOCIECIHUX KpPHUCTAUIOB B
MHOTOKOMITOHEHTHBIX BOJHO-COJIEBBIX CHCTEMax. Y CTaHOBKAa BM3YalbHO-TIOJIH-
TEPMHUYECKOr0 METO/Ia COCTOUT U3 JBYX OCHOBHBIX Y3JI0B cocyna [[proapa ¢ xun-
KHM a30TOM W TPOOUPKHU YIICHTYTa, ColepKaIeii pacTBOp COJIH.

PactBopumocts TpoiiHoit cucteMbl MMM—-®CK-Boga MCCIenyOT MeCThIO
BHYTPEHHUMH paspe3amu; u3 Hux [-IV mposoxmar co croponst MMM-Bona k
BepunHe OCK, a V-VI — co ctoponst ®CK-Bona k Bepuimie MMM.

Ha ocHoBaHMM pacTBOPUMOCTH OOKOBBIX CHCTEM W BHYTPEHHHX pa3pe30B
CTPOST MOJUTEPMUYECKYIO AMAarpaMMy pacTBOpUMOcTH cucteMbl MMM-OCK-
BOJIa B IIMPOKOM HMHTEpBAJIE TEMIIEPATyp M OIPEIENIIOT 00JIACTh KPUCTAIUIH-
3a1yy HOBOTO JIBOMHOTO COETUHEHHS.

N3oTepmuyeckuii MeTOA aHaIM3a OCHOBAH Ha KOHTAKTE KUAKOW M TBEPIOH
(a3 10 HacTyIUIEHUS! paBHOBECHS IIPH ITOCTOSTHHOW TeMIiepatrype, KOTOPBIH mpo-
BOJISIT HA OCHOBAaHWW METOJIUKY, ONTUCAHHOM B [7].

Mertonuka MpoBeIeHHUsT MUKPOOHOIOTHYECKAX MCCIICIOBAHUH 3aKIF0YaeTCs
B CJICAYIOLEM: HCIOJB3YIOT MOUYBY H3-IOJ MOCEBA XJIOMUATHHUKA, COAEPKAILYIO
pacTHTeNbHBIE OCTaTKU: a3oTa — 21,3 Mr/kr mouyBbl M TeHTOKcuaa ¢ocdopa -
17,4 mr/kr nouskl, rymyca — 1,18%. MojenbHble TOYBEHHBIE 00pa3Ibl TOTOBAT
IIyTEM BBEJCHUS B NMOYBY aMMHayHOU cenuTpsl, 10 n 20% pacTBOpoB 1BOHHOIO
coequHennds MMM-®CK. [louBy nepeMemmBaroT, yBIaKHAOT 10 16,5 Macc.%
BOJBI M BhIIEPkUBaIOT B TeucHue 30 aueit npu temmneparype 20-25 °C. Kaxmubie
3 AHS TPOW3BOMAT YBIAKHECHHWE IS MOIACPXKAHUS BIarm B mouBe 16,5-
16,8 macc.%. MuUKpOOMOJIOTHYECKHE HCCICAOBAHUS TOYBHI IPOU3BOJAT I10
ncredeHuio 30 cyT.

MeTton MUKpOOHOJIOTHYECKUX HCCIEI0BAaHUM 3aKIII0YaeTCs B KOJUYECTBEH-
HOM yYeTe OTHCNbHBIX (U3UOJIOTMYECKUX TPYNN MHUKPOOPTraHM3MOB METOIOM
pa3BeCHUI C MOCIEIYIOUIMM BBICEBOM WX Ha pa3/IMYHbIE MUTATEJbHBIC AJIEK-
THUBHBIE CpenH [8, 9].

Jlerxorugponusyemslii a3oT omnpenenstor no merony M.B. Tioopuna u
M.M. Kononosoii [10].

VHHOBAaIMOHHOCTH METOAOIOTHH HAYYHBIX HCCIEIOBAHNN, NCTIOIB3yEMBIX B
JAHHON paboTe, 3aK/IIOYaeTCs B €€ KOMIUIGKCHOCTH U TPAaBHJILHOM BhIOOpE
METOAOB (PU3UKO-XHUMHUUECKUX MCCIIEIOBaHUH, 00€CIeYBAIONINX BHIIOJHEHUE €€
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B IMOJIHOM 00BEME U JOCTOBEPHOCTH IMOIYUYCHHBIX PE3yJIbTAaTOB, KOTOPHIC IMOA-
TBEPXKIAIOTCS MHUKPOOHMOJIOTMYECKUM, arpOXMMUYECKUM METOJAMU  HCCIIe-
TOBaHUH.

PE3VJIbTATBI U UX OBCYXXJAEHHNE

BusyaipHO-TIONATEPMHYECKAM METOJIOM JUIsl OTpEeJeNIeHns 00JIacTu Kpuc-
TAJUTU3AI[UH  JIBOMHBIX COCAUHEHUN OBUIM MCCICIOBAaHBl OMHAPHBIC CHUCTEMBI:
MoHoMmeTmionmMoueBnHa (MMM)-Bona; ¢dutocoeaunenne kobanpra (DOCK)-
BOJa, a Takxe TpounHsle cucteMbl: MMM—-®CK-Bosia B IIMPOKOM KOHIIEHTpa-
[IMOHHOM M TEMIICPAaTyPHOM HUHTEpBAJIE.

bunapusie cucremsr MMM-Boga 1 @CK—Boa, BXOAAIIHE B COCTAB UCCTIE-
JTyeMOU CHUCTEMBI, U3YUEHBI OT IIOJTHOTO 3aMep3aHus CHCTeMHI -3,2 mo 45,3 °C
(MMM) u -1,2 o 43,1 °C (®CK).

B Ounaphoii cucreme MMM—Boj1a onpe/ielieH COCTaB U TeMIlepaTypa Kpuc-
TaJuM3auuy 13 GUrypaTuBHBIX TOYEK CUCTEMBI (Tabiuna 1).

YcTaHOBIEH KaueCTBEHHBIH M KOJIWYECTBEHHBIM COCTaB XUAKOW (Da3pl U
COOTBETCTBYIOIINE UM PAaBHOBECHBIC TBEPABIC (ha3bl.

Tabmuna 1 — /laHHble IO pacTBOpEMOCTH B cuicteMe MMM — Bona

Cocras xunkoit ¢assl, % Temmeparypa
MMM H,0 kpucTamsanuu, °C Trepnas pasa
3,3 96,7 32 Tex
5,9 94,1 -6,3 Jlen + MMM
8,0 92,0 -0,9 MMM
2.6 204 5,1 To xe
11,7 88,3 8,9 )
14,3 85,7 13,8 «
19,5 80,5 20,4 «
21,9 78,1 23.6 «
25,4 74,6 27,3 «
29,5 70,5 30,5 «
31,9 68,1 33,5 «
35,3 64,7 39,9 «
38,4 61,6 453 «

Ha ocHOBaHWM TOJMYdYEHHBIX NAaHHBIX TIOCTPOCHA MOJUTEPMHUYECKas ITHa-
rpamMma pacTBOPHUMOCTH OMHapHOi cucteMbl MMM — Bozaa (pucyHok 1).

W3 npuBeneHHBIX AaHHBIX BUAHO, yTo MMM Xxopouio pactBopuma B BOJE.
BeTBp kpucTaUIM3aMU €¢ OYCHH IMHMpOKas W mpoctupaercs ot 5,9 mo 38,4%
KOHLIeHTpauuu MMM.

87



XUMWYECKHH )KYPHAJI KA3AXCTAHA
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Pucynok 1 — Jluarpamma pactBopuMoctu cucteMsl MMM — Boza

PactBoprmMocTs OuHaproi cuctembl ®CK — Boma wsyuena ot -1,2°C mo
43,1°C (tabmnuma 2).

OmnpeneneHsl cocTaB M TeMIepaTypa KpucTauu3auuu 12 ¢(urypaTHBHBIX
TOYEK CHUCTEMBI. Y CTAaHOBJICH KQUECTBEHHBIH W KOJIMYECTBEHHBIM COCTAB XKUIKUX
1 TBEpABIX (a3 (PUCYHOK 2, a).

Tabmuna 2 — Jlarnsie o pactBopuMocTtH B cucteme @CK — Boza

Cocras xuKoit Gpassl, % Temneparypa
OCK H,0 KpucTammsaium, °C Toepraz hasa
2,2 97,8 -1,2 Jlen
4,5 95,5 -2,8 Jlex + ®CK
6,9 93,1 2,5 ®CK
7,3 92,7 6,2 To xe
7,5 92,5 9,7 «
8,1 91,9 14,8 «
8,6 91.4 20,4 «
9,3 90,7 25,6 «
9,7 90,3 28,7 «
9,9 90,1 32,9 «
11,1 88,9 38,8 «
11,8 88,2 43,1 «
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Pucynok 2 — ITonurepmudeckas AuarpaMMa paCTBOPUMOCTH CUCTEM:
a) cucrema ®CK —Bopa, 6) cuctema MMM — ®CK — Bozia

Brinenenue npaa Ha KpUBOHW PacTBOPUMOCTH CHUCTEMBI MPOAOIIKAETCS 10
4,5% conepskanus OCK npwu (-2,8°C) (9BTeKTHKa). HaunHast ¢ 3TOi TOYKH B CHC-
teme kpuctanusyercs uncroe @CK. BeTBp kpuctauszanuu ero npoctupaercs
ot 6,9 mo 11,8% konuentparuun OCK.

Tpoiinas cuctema MMM—-®CK-Bona uccinegoBaHa BU3yalbHO-IIOJIUTEPMHU-
YecKUM MeToJoM. Ha OCHOBaHWHM pPacTBOPHMOCTH OOKOBBIX CHCTEM M BHYTPEH-
HUX Pa3pe30B MOCTPOEHA MOJIUTEPMHUUECKas AHarpaMma pacTBOPUMOCTH CHUCTE-
Mbl MMM-®CK-Boa tipu Temreparype ot -7,6 10 40,6°C (pucyHok 2, 0).

Ha ¢a3oBoii ruarpamme cOCTOSHUS CHCTEMBI pa3TpaHUYEHBI IOJISI KPUCTAal-
mm3anuu apna, MMM, @CK u HoBoro coeaunenus cocraBa MMM-®CK. Vcra-
HOBJICHO HaJM4YHeE OBYX TPOMHBIX HOHBAPHAHTHBIX TOYEK CHUCTEMBI (Tabmuma 3),
IUTS KOTOPBIX OIPENIEIeHbl TEeMIEPaTyphl KPUCTAIUIM3AIMA W COCTaBHI PaBHO-
BECHOT'O PacTBOpA.

Ha nomutepMuueckoil auarpamMMe pacTBOPUMOCTH HAHECEHBI HM30TEPMBI
yepe3 kaxasie 10°C B untepsane remnepatyp 0-40,6°C.

AHanu3 auarpaMMbl pacTBOPUMOCTH TOKa3al, 4TO OOHapy>KEHHOE COelu-
Henue MMM ®CK KOHTPYIHTHO pacTBOPHUMO B BOJE, TIOCKOJIbKY JIy4Hd COEIH-
HEHMS, CBSI3YIOLIME [TOJIOC COEIMHEHNUS C Ha4aJIOM KOOPAMHAT, IEPECEKaI0T IMOJIs
KPUCTAJUTH3AIMH B IIMPOKOM HHTEPBAJIE TEMIIEPaTyp.

Coenunennie MMM-®OCK obpasyercss B WHTEpBalle TemIiepatyp -5,2 a0
46,0°C nipu conepxanuu 3,9-37,8% MMM wu 4,5-6,4% DOCK.

[Tonmy4yeHnHble pe3yabTaThl BU3YJIBHO-TIOJMTEPMHUYECKOIO METOJa aHalu3a
MOATBEPXKICHBI H30TepMHUUYecKuM MeTozoM mpu 20°C u ycraHoBiieHa 00JacTh
KpUCTaJUIM3AIUH ABOWHOrO coenunenns MMM-OCK.
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Tabnuna 3 — /IBoiiHbIe U TpoiiHbIe TOYKH cucTeMbl MMM — ®CK — Bona

Cocras xuKoii gpassl, % Temmeparypa
MMM ®CK BOJA KpHUCTaJIM3anuy, %o Teepnas pasa

- 4,5 95,5 -2,8 Jlen + ®CK
32 4,7 92,1 -8,4 Jlen + ®CK + MMM
3,9 4,5 91,6 -5,2 Jlen + MMM-®CK
53 2,9 91,8 -4,2 Jlen + MMM-®CK + MMM
9,7 2,3 88,0 10,5 MMM ®CK + MMM
18,3 2,5 79,2 20,9 To xe
25,8 33 70,9 31,6 «
28,5 4,2 67,3 36,7 «
37,8 6,4 55,8 40,6 «

5,9 - 94,1 -6,3 Jlex + MMM

PaBHOBecue (a3 B cucTeMe yCTaHaBIMBAJIOCh NMPH HENPEPHIBHOM IepeMe-
MIMBAaHUHM U TEPMOCTATHPOBAaHUU uepe3 8,5 4. IlosydeHHBIe NaHHBIE UCIONB30-
BaJI TS OTIPENIETICHUSI COCTaBOB TBEPIbIX (pa3 mo CkpeitHeMakepcy W MOCTpoe-
HUs quarpamm pactBopumoctr mipu 25°C. JlaHHBIE IO PaCTBOPUMOCTH CHCTEMBI
MMM-O®OCK-Boza npejcTaBieHbl Ha PUCYHKE 3, U3 KOTOPBIX CIEAYET, 4TO B
M3YYCHHOM CHCTeMe MMEeT MECTO OOpa3oBaHHE HOBOTO COEIWHEHHS COCTaBa -

MMM:-®CK.

M

MM, Yo

MMM-@CK

®CK, %

Pucynok 3 — U3otepmudeckas quarpamma pacTBopuMocTr cucteMbl MMM-®CK-Bona
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Takum 00pa3oM, BHU3YaJIbHO-TIOJUTEPMHUECKUM U H30TEPMUYECKHUM METO-
JaMH XUMHYECKOTO aHajlu3a M3y4eHO XMMHYECKOE B3aUMOJEHCTBHE B TPEXKOM-
ITIOHEHTHOW BONHO-coneBoit cucteMe MMM-®CK-Boma. Ompenenena obnacts
KPUCTAJUTH3AIMA HOBOTO JBOWHOTO COENWHEHHWS — JAEWCTBYIOIIETO BEIIECTBa
MMM-®CK, xotopoe o6pazyeTcsi Ipy MOJILHOM OTHOIIEHHH 1:1.

B MoznenbHBIX MOYBEHHBIX O0paslax ONpPEAETICHO BIMSHUE ICHCTBYIOLIETO
BelecTBa — ABOWHOTO coenuHeHuss MMM -®CK Ha dhoHE aMMHAYHON CETUTPHI —
200 xr/ra (68 kr/ra N) Ha YUCIIEHHOCTH TOYBEHHBIX MHKPOOPTaHU3MOB — CBO-
001HOKUBYIIHNX, (pochopMOOHIN3YIOMINX OaKTepui, TeTepOTPOPHBIX OaKTEepHH,
TIPOXOKEBBIX TPHOOB, OMUTOTPO(OB M ACHUTPUPHUKATOPOB. Pe3yapTaTsl AeCcTBUSA
3THX COCTaBOB, pasjararollfe T'yMyC M HHUTPATHBIM a30T MOYBBI, MPHUBEICHHI B
tabnuue 4.

Tabnuua 4 — Brustaue nBoiinoro coenunenuss MMM:-®CK Ha hone aMMHagHO cenuTpBhI
Ha YUCIICHHOCTh OYBEHHBIX MUKPOOPTaHU3MOB

YHCIEHHOCTD TIOYBEHHBIX MUKPOOPTAaHU3MOB,
miaH. KOE B 1,0 r mouBsI

Haumenosanne CBO- doc- reTepoTpodHLIE | ONM- | JEHH-
BapUaHTOB 6oaHoO- | hopmo- OaKkTepuy, ro- | tpudmu-
JKUBY- onnu- JPOXOKEBBIC TpoO- | KaTo-
mye | 3yrouue TpHOBI ¢bB pHI
1. KonTposs — nousa, cogepxarias
P > COACPalt 055 | 063 0,62 540 | 5,80
pacTHTEIbHBIC OCTATKH XJIOIMYaTHHKA
2. ITouBa, coneprkaias pacTUTeNb-
HBIE OCTATKH U AMMHUAYHYIO CEJIUTPY 0,54 0,72 0,73 11,9 17,3

— 200 xr/ra (68 xr/ra N)

3. [Tousa, conepxamasi pacTUTEIb-
HBIC OCTATKH, AMMHAYHYIO CEIUTPY —
200 r/ra (68 kr/ra N) u 100 mu/ra 1,65 1,95 1,18 5,50 5,85
10% BoxHast cycneH3us ABOIHOTO
coeauHeHHsI MMM:-®CK

4. ITouBa, coneprkaias pacTUTeNb-
HBI€ OCTaTKH, aMMHAYHYIO CEIUTPY —
200 r/ra (68 kr/ra N) u 100 mu/ra 1,72 2,30 2,28 5,45 5,73
20% BoaHas cycleH3usl JBOHOIO
coeauHeHnss MMM-®CK

W3 nonmy4YeHHBIX JAaHHBIX yCTAHOBJIEHO, YTO JBOWHOE COoeqUHEHHE Ha (hoHE
aMMMAYHOM CEIUTPHI B CPAaBHEHUH C Hell 0e3 JBOWHOIO COSAMHEHHUS YBEIMYMBAET
YUCIIEHHOCTh — a30TuKcupytommx Oakrepuit B 3,0 u 3,2 pasza, ¢ochopmodu-
Tu3ylomux Oakrepuid B 2,7-3,2 paza, reTepoTpo(HBIX OaKTepHil W APONKIKEBBIX
rpuboB, 00eCIeYNBaIONINX Pa3I0KEHUE PACTUTEIBHBIX OCTATKOB M MHOTO TyMYy-
coobpazoBanus, 1,6 n 3,1 paza. Taxke omnpeneneHo, 4YTo IBOHHOE COEIMHEHUE
MMM-®CK Ha ¢poHE aMMUAYHON CETUTPHI B CPABHEHUH C aMMHAYHON CEITUTPON
0e3 JBOMHOTO COEIWHEHUS CHHXKACT YHCICHHOCTh OJHUTOTPO()OB M JICHUTPU-
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(hmkaTopoB, paznmaramux TyMyC U HUTPATHBIN a30T mo4BH B 2,1 u 2,2 pasa, 2,9
u 3,0 pa3a, COOTBETCTBEHHO.

B Tabamue 5 npexacraBiieHbl AaHHBIE 110 HAKOIUICHUIO JIETKOTHIIPOJIN3YEMO-
ro a3oTa B MOJENBHBIX IOYBEHHBIX OOpasuax Bo BpeMeHHM B TedeHue 20, 40,
60 nHei.

Tabnuna 5 — HakorieHue Jerkorupoan3yeMoro a3oTa B MOJICIBHBIX TOYBEHHBIX 00pa3iax
o ucteuenuro 20, 40 u 60 nHeH

Haxormrerne JIETKOTUAPOJIU3YyEMOI'0o a30Ta,

BapuanTst MI/KT
20 neHp 40 neHn 60 neHp
KonTpons 21,3 mr/kr 21,2 21,3
- _ 0,

Oranon - «CyHkap-3» 20% BogHas cycleH3us, 214 215 214
3 n/T cemsH (0,4 n/ra)

10% Bognas cycriensust MMM u ©CK,

1,5 n/t cems (0,2 n/ra) 294 36,8 427

0,
20% BoaHas cycnensus MMM un OCK, 331 416 48.5

1,5 1/t cemsn (0,2 n/ra)

YCTaHOBIEHO, YTO €CIM Ha KOHTPOJIBHOM M B JTaJOHHOM BapHaHTax HeE
HaOJIOJaeTC U3MEHEHHS COJICPXKAHMsSI JICTKOTUAPOIN3YEMOrO0 a30Ta M HMEET
3rauenue 21,2-21,3 mr/kr, To 10% Boanas cycniensus MMM-®CK crniocobcTByer
HaKoIUIeHUIO B miepBble 20 THEH JEerKOTHapoiIm3yeMoro asora jao 29,4 wmr/kr
nouskl, cienyromue 20 nueit — 36,8 mr/kr u Ha 60 nenp — 42,7 mr/kr. bonee
s dextuBHOM sBisierca 20% Boanas cycnensust MMM-®CK, kotopas obecne-
YUBaeT HAaKOIUIeHHE mepBbie 20 THEH JeTKOTHAPOIn3yeMoro a3oTa a0 33,1 Mr/kr
ouBkl, cienytomue 20 nueit - 41,6 mr/kr u Ha 60 f1eHb — 48,5 Mr/kr.

BriBoabI.

1. BusyabHO-TIOTUTEPMHUYECKIM B H30TEPMHUICCKAM METOJAMH XUMUYEC-
KOT0 aHajn3a H3y4YeHO XWMHUYECKOE B3aUMOJCHCTBHEC B TPEXKOMIIOHCHTHOM
BOJIHO-COJICBOH CHCTEME MOHOMETHIIOIIMOYEBHHA — (DUTOCOSIMHEHUE KOOaIbTa —
BOa. YCTaHOBIIEHA O0JACTh KPUCTAJUIM3AIMKA HOBOTO JIBOMHOTO COEIMHEHUS —
nercTByIomero BemecrBa Ha ocHoBe MMM u ®CK, npu MOIBHOM OTHOIIIE-
aun 1:1.

2. Ha MopmenpHBIX TOYBEHHBIX 00paslax OIpeNeseHo, YTO JEHCTBYIOIIEE
BemecTBO — aBoiHOe coennHeHne MMM -®CK Ha ¢oHEe aMMHadHOW CENUTPHI B
CPaBHCHHWU C aMMHAYHOU CEJMTPOMN, YBEJIUYMBACT YHCICHHOCTh a30T(OUKCH-
pyroumx Oaktepuii B 3,0 u 3,2 pasa.

3. Iloka3zaHo, 4TO JEICTByIOIIEE BELIECTBO — JIBOMHOE COEAMHEHHE
MMM-OCK, crnocoOcTByeT HAKOTUICHHUIO B TOYBE TepBbie 20 THEH JeTKOTHUAPO-
au3yeMoro azora 1o 29,4-33,1 mr/kr noussl, Ha 40 nenp — 36,8-41,6 mr/kr, U Ha
60 nenp — 42,7-48,5 mr/kr. JlaHHBIE WCCIEIOBAaHUS XOPOIIO COTJIACYIOTCS C
pe3yabTaTaM# YBEIWICHUS YUCICHHOCTH a30T(OUKCUPYIOMNX OaKTepUH.
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Pe3zrome

C. ¥emanos, I'. T. Omaposa, 3. H. Pamaszanosa, I1l. baiibawaesa,
b. Toagwin, P. V. Maxmyoos, X. C. ¥cmarnos

MOHOMETHUJIOJIMOYEBUHA XOHE KOBAJIbTTBIH ®UTOKOCBIJIBICHI
HET'IBIHAE MAKTA T¥KbIMbIH JOPIVIEYTE APHAJIFAH ©CEP ETVHII
3ATTbIH AJIBIHYBIH XXOHE OHbIH MUKPOBUOJIOTUAJIBIK
TUIMAUII'TH 3EPTTEY

Maxkamaga MOHOMETHJIOJIMOYEBHHA KOHE HETI3IHAETI ocep eTymIi 3aTThIH KOC
KOCBUIBICHI 3€pTTENAi, o1 Oip Me3ringe Makra OCIMIOIKTepiHIH aypylapblH a3aiTyra,
TOIBIPAKTA JKEHIJ THIPOJHM3ICHETIH a30TThIH JKHHAIYBIH YIFalTyra >KoHE (hH3MKAaJbIK-
XUMHUSUTBIK ~ MUKPOOMOJIOTHSUIBIK, arpOXUMHSIIBIK  3€PTTEyJiep OAICTepIMEeH  IIMTTI
MaKTaHbIH JKOFapbl OHIMIH anyra MyMKiHIIK Oepeni. 1:1 Monbaik KaTbiHackiHAa, MMM
xoHe KOK Herizinneri acep eTyiri 3aTThIH jKaHa KOC KOCBHUIBICTBI KPUCTANIIAy aiMarbl
OpHATBHUIIBL. A30ThHKCANMSIAWTHIH OaKTepUsuiap CaHBIHBIH apTybl, TONBIPAKTa KEHLI
THPOJIM3/ICHETIH a30TTHIH KUHAIYbI OaKbIJIaHA/IbL.

Tyiiin ce3mep: acep eTyIi 3aT, MOHOMETWJIOIMOYEBHHA, KOOATHT (PUTOKOCHUIBICHI,
MaKTa.

Summary

S. Usmanov, G. T. Omarova, E. N. Ramazanova, Sh. Baibachshayeva,
B. Tolkyn, R. U. Mahmudov, H. S. Usmanov

THE STUDY RECEIVING THE ACTIVE SUBSTANCE
AND ITS MICROBIOLOGICAL EFFECTIVENESS
FOR SEED TREATMENT OF COTTON
ON THE BASIS OF MONOMETILOL UREA
AND COBALT PHYTOCOMPOUND

This article studied the double compound — the active substance based on mono-
methylol urea and cobalt phytocompound, allowing at the same time, to reduce diseases of
cotton plants, increase the accumulation of easily hydrolysable nitrogen in the soil and
obtain high yields of raw cotton, methods of physico-chemical microbiological,
agrochemical studies. The area of crystallization of a new binary compound is established:
an active substance based on MMU and CPC, with a molar ratio of 1:1. An increase in the
number of nitrogen-fixing bacteria, the accumulation of easily hydrolyzed nitrogen in the
soil is observed.

Key words: Active ingredient, monomethylol urea, cobalt phytocompound, cotton.
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SEARCH FOR NEW ANTITUBERCULAR DRUGS AMONG
THE SALTS AND BASES OF O-AROYLATION PRODUCTS
OF B-(THIOMORFOLIN-1-YL)- AND
B-4-METHYLPIPERAZIN-1-YL)PROPIOAMIDOXIMES

Abstract. Tuberculosis (TB) is the leading cause of death and morbidity in more
than one third of the world's population. The incidence of tuberculosis in Kazakhstan over
the past 10 years has decreased to 52,2 per 100 thousand population (2017) against
126,4 per 100 thousand population in 2007; mortality rate — in 6 times, reaching 3,0 per
100 thousand of population (2017). In order to reduce the duration of treatment, exclude
the rapid development of drug resistance, toxic and side effects of existing anti-TB drugs
and to reduce the cost of extremely expensive treatment of TB (DS, MDR, XDR), the
world is searching for new TB drugs. We have synthesized the salts and bases of the
O-aroylation products of B-(thiomorpholin-1-yl) and B-(4-methylpiperazin-1-yl) propio-
amidoximes, containing in the -position pharmacophore fragments of 1-methylpiperazine
and thiomorpholine. In vitro anti-tuberculosis screening of B-aminopropioamidoxime
derivatives in the DS, DR and MDR strains of M. tuberculosis revealed highly active
competitive compounds which are less toxic than rifampicin and isoniazid with activity
significantly exceeding the activity of the reference preparations. It is assumed that these
compounds may be the subject of subsequent trials in the development of doses and new
treatment regimens for TB.

Key words: tuberculosis; hydrochlorides and bases of O-aroyl-B-(thiomorpholin-
1-yl) propioamidoximes; hydrochloride, iodomethylate of B-(4-methylpiperazin-1-yl) pro-
pioamidoxime; screening for DS, DR, and MDR strains of M. tuberculosis; Shkolnikova
liquid medium; the average subcutaneous toxicity of O-aroyl-f-aminopropioamidoximes.

Introduction. Tuberculosis (TB) is the leading cause of death and morbidity
in more than one third of the world's population. Of the 56,4 million deaths
worldwide due to the 10 leading causes in 2016, tuberculosis ranked 10th, from
which 1,4 million people died [1].

The incidence of tuberculosis in Kazakhstan over the past 10 years has
decreased by 2,4 times, reaching 52,2 per 100 thousand in 2017 against 126,4 per
100 thousand of the population in 2007 and the death rate by 6 times, reaching
3,0 per 100 thousand population [2].

In May 2014, the World Health Organization (WHO) approved a new global
TB control strategy «End TB». This strategy marks a critical shift from tubercu-
losis control to ending the epidemic by 2035. The «End TB» strategy emphasizes
the need for innovation to accelerate progress by optimizing existing ones in the
short term and introducing of new innovative modes in the long term [3].
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According to WHO, in 2017, 10 million people became sick with tubercu-
losis, and 1,6 million people (including 0,3 million people with HIV) died from
the disease.

Tuberculosis control in Kazakhstan is a priority and is carried out within the
framework of the State Health Development Program «Densaulyk» for 2016—
2020. In 2018, 42 billion tenge was allocated from the state budget for social
assistance, diagnosis and treatment for patients with tuberculosis [4].

Currently, there are several clinical studies on the evaluation of repurposed
and new anti-TB drugs, funded mainly by USAID, the Union Against Tuber-
culosis and Lung Diseases, the UK Medical Research Council, the non-govern-
mental organization «Partners in Healthy, etc. [5].

One of the «End TB (Expand New Drugs for TB)» projects aims to increase
access to effective and user-friendly treatment regimens for patients with MDR
(multidrug-resistant) TB and XDR (wide-drug-resistant) TB in 17 countries:
Armenia, Bangladesh, Belarus, Ethiopia, Georgia, Indonesia, Kazakhstan, Kenya,
Kyrgyzstan, Lesotho, Myanmar, Nepal, North Korea, Pakistan, Haiti, South Af-
rica and Peru. The study involved at least 2,600 patients. In Kazakhstan, the
implementation of «End TB project» began after the signing of a Memorandum of
Cooperation between the non-governmental organization «Partners in Health»
and the Ministry of Health and Social Development of the Republic of Ka-
zakhstan on October 27, 2015, which resulted in approval for treating a cohort of
600 patients with MDR TB and XDR TB during 20162019 [6].

There are more than 370 people on the treatment. Regimens including new
drugs (Bedaquiline and Delamanid) are introduce in the nine regions of Kazakh-
stan. By the results of five months, the percentage of those cured makes up almost
all 100. Bedaquiline and delamanid have been developed in the recent years.
WHO issued interim recommendations on the use of these drugs in 2013 and
2014 [7, 8].

Nﬁ,\o)de
NO. O
l Br ZQN \©\

(0]

PN
Bedaquiline (TMC207) Delamanid (ORC-67683)

A search for qualitatively new anti-tuberculosis drugs with the requirements
of reducing the duration of treatment, eliminating of the rapid drug resistance
development and toxic side effects of the existing anti-tuberculosis drugs and
reducing the cost of extremely expensive treatment of TB (DS, MDR, XDR) is
conducting in the world.

1,5-Diphenylpyrroles have been identified as a class of compounds with high
in vitro anti-tuberculosis activity. Replacing of the methylpiperazine substituent
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for thiomorpholine and replacing the chlorine atom in position 4 of the N-phenyl
moiety with the fluorine atom, as well as varying the aromatic substituents at the
C-2 atom of the pyrrole ring during the transition from para-CH; (BM221) to
para-CH;0 (BM233), and to para-CH;S (BMS579) in 1,5-(4-chlorophenyl)-2-
methyl-3-(4-methylpiperazin-1-yl)methyl-1H-pyrrole (BM212) leads to an increa-
se in in vitro anti-tuberculosis activity on M. tuberculosis H37Rv strains [9-11]:

L a O

N
7\ 7\ R [
cl N~ He N hco N HsCS
Cl F E F
BM212 BM521 BM533 BM579
MIC: 5 MkMonb MIC: 0,16 mkMonb MIC: 0,20 mkMonb MIC: 0,16 mkMornb

(0,4 mKr/mn)

Results and discussion. Taking into account the above examples [9—-11], we
synthesized compounds of the B-aminopropioamidoxime series containing in the
B-position fragments of 1-methylpiperazine and thiomorpholine (1-11) [12, 13]:

uerOerr@

—5

6- 10
CH3
|- N+ +N

11
X = p-CH30 (1, 8), p-CH3 (2, 7), H (3, 8), p-Br (4, 9), m-CI (5, 10)

In vitro anti-tuberculosis screening of a series of O-aroyl-Bf-aminopro-
pioamidoximes (1-11) on DS museum H37Rv and wild* I MTB strains and two
wild DR and MDR strains of MBT II and III on Shkolnikova liquid medium
found that compounds 1-11 in varying degree have anti-tubercular activity from >
100 to 0,01 pg/ml (table 1).

* Wild strains of M. tuberculosis I, II, III were isolated from the patients and typed in the
RSE «National Scientific Center for Phthisiopulmonology of the Republic of Kazakhstan» of the
Ministry of Health of the Republic of Kazakhstan: I — DS (drug-sensitive) to anti-TB drugs, II - DR
(drug-resistant) to rifampicin, III - MDR to rifampicin, isoniazid and ethambutol.
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Table 1 — Bactericidal activity (MBC — minimal bactericidal concentration) and
average subcutaneous toxicity (LDsg) of O-aroyl-f-(thiomorpholin-1-yl)propioamidoximes (1-10)
and double salt of O-para-toluoyl-(4-methylpiperazin-1-yl) propioamidoxime (11)
on DS and DR strains of M. tuberculosis

MBC on the M. tuberculosis strains, pg/ml
# comp.
H37Rv I I 111 LDs, mg/kg
1 >100 >100 100 100 -
2 100 100 100 100 -
3 100 100 100 100 -
4 >100 >100 100 100 -
5 100 100 100 100 -
6 100 100 100 100 -
7 >100 >100 >100 >100 -
8 0,01 0,01 100 100 325,0£17,8
9 >20 >20 100 100 -
10 100 100 100 100 -
11 0,01 0,01 0,1 0,1 1750,0 £ 35,6
Rifampicin 1 1 2 2 267,6+£7,2
Isoniazid 0,1 0,1 1 1 62,5+12,8

Thus, on the DS strains of MTB O-benzoyl-B-(thiomorpholin-1-yl)propio-
amidoxime (8) and hydrochloride, iodomethylate of O-para-toluoyl-p-(1-
methylpiperazin-1-yl)propioamidoxime (11) showed the highest activity at
0,01 pg/ml; compound 9 had an average anti-tuberculosis activity with MBC >
> 20 pg/ml; the remaining compounds 1-7, 10 had MBC from 100 to > 100 pg/ml.

The highest activity in 0,1 pg/ml on DR and MDR strains of MBT II and III
was shown by hydrochloride, iodomethylate of O-para-toluoyl-B-(1-methylpipe-
razin-1-yl) propioamidoxime (11) (table 1).

The acute toxic effect of rifampicin, isoniazid, and compounds 8 and 11
(LDsp) was determined on white mice of both sexes weighing 17-23 g when
administered subcutaneously. The toxicity of rifampicin SV is 267,6+7,2 mg/kg;
of isoniazid — 62,5+12,8 mg/kg; toxicity of compounds 8 and 11, respectively, —
325,0+17,8 and 1750,0+35,6 mg/kg [13].

Thus, O-benzoyl-p-(thiomorpholin-1-yl)propioamidoxime and hydrochlo-
ride, iodomethylate of O-para-toluoyl-p-(4-methylpiperazin-1-yl)propioamido-
xime is much more active against the DS M. tuberculosis strains than rifampicin
and isoniazid; whereas hydrochloride, iodomethylate of O-para-toluoyl-B-(4-
methylpiperazin-1-yl)propioamidoxime is by 20 times more active against DR
and MDR of M. tuberculosis strains than rifampicin SV and by 10 times more
than isoniazid. O-Benzoyl-B-(thiomorpholin-1-yl)propioamidoxime is less toxic
than rifampicin SV in 1,2 times and in 5,2 times less toxic than isoniazid;
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hydrochloride, iodomethyl O-para-toluoyl-p-(4-methylpiperazin-1-yl)propio-
amidoxime is less toxic than rifampicin SV in 6,5 times and in 28 times less toxic
than isoniazid. These data are protected by a patent and an innovative patent of
the Republic of Kazakhstan [14, 15].

Based on the high priority requirements of increasing the effectiveness and
safety of treatment in the development of new anti-tubercular drugs, it can be
argued that O-benzoyl-B- (thiomorpholin-1-yl)propioamidoxime and hydrochlo-
ride, iodomethyl of O-para-toluoyl-p-(4-methyl piperazine-1-yl)propioamidoxime
are competitive because they are less toxic and more active than the basic tuber-
culostatics used in practice — isoniazid and rifampicin.

EXPERIMENTAL CHEMICAL PART

IR spectra were taken on a NICOLET 5700 FT-IR instrument in KBr tablets.
The '"H NMR spectra are recorded in DMSO-ds on an Avance III 500 MHz spec-
trometer with an operating frequency for 'H cores — 500 MHz with an internal
standard hexamethyldisilane (HMDS; 6 0,05 ppm); measurements were carried
out at a temperature of 25 °C.

The reaction was monitored using TLC on Sorbfil plates (CJSC Sorbpo-
lymer) with a sorbent applied — a layer of CTX-1A silica gel, 5-17 pm granu-
lation, UV indicator UV-254 using an ethanol:benzene mixture — 3:1 as eluent
with the addition of concentrated ammonia. Solvents used in the synthesis, recry-
stallization of compounds and as eluents for TLC (EtOH, 2-PrOH, acetone,
chloroform, diethyl ether) were prepared by standard methods. The preparation of
compounds 1-10 is described in [12].

Synthesis of hydrochloride, iodomethylate of O-para-toluoyl-f-(4-methyl-
piperazin-1-yl) propioamidoxime (11). To 0,28 g (0,0015 mol) B-(4-methyl-
piperazin-1-yl)propioamidoxime in 30 ml of absolute ethanol at heating to 40 °C,
0,23 g (0,0015 mol) of para-toluoyl chloride was added and then 0,21 g
(0,0015 mol) of methyl iodide was added. When evaporation of ethanol in half,

Table 2 — Physical and chemical data and IR and "H NMR spectra of hydrochloride,
O-para-toluoyl-B-(4-methylpiperazin-1-yl)propioamidoxime iodomethyl (11)

Found.% 1
# Output, | M. p., Calculated, % Formula IR spectra Spectra ' H NMR,
comp. % °C C H v, cm -1 M, ppm
2,60t (7,0) (2H);
2,85 m (4H); 3,14 (3H);
16431593, 3,24 (3H); 3,31 (3H);
222 | 4508 | 6.8 2853, 2925, 13°60 1 (7.0) (2H):
R Céfne' )| 4571 | 6.52 CrrHCINO; g?gg ggég 3,89 m (4H); 6,79 (2H);
> 306 |7:50d(10) (2H);
7,94 d (10) (2H);
10,90 (1H)

99



XUMWYECKHH )KYPHAJI KA3AXCTAHA

0,41 g (69%) of a white precipitate of hydrochloride, iodomethylate of O-para-
toluoyl-B-(4-methylpiperazin-1-yl)propioamidoxime (11) were isolated with
physical and chemical characteristics and spectral data indicated in table 2.

EXPERIMENTAL BIOLOGICAL PART

In vitro anti-tuberculosis activity was assessed as bactericidal [indicator —
minimum inhibitory concentration (MIC, pg/ml)] on Shkolnikova liquid medium
on 4 strains [sensitive M. tuberculosis H37Rv strain and on three wild strains of
MTB: I -111].

The general method for determining in vitro bactericidal anti-tuberculosis
activity (MBC) on Shkolnikova liquid medium. Into each tube with different
concentrations of the studied drugs and into the control tube (nutrient medium
without drug) 0,1 ml of mycobacterium tuberculosis suspension in 0,2 ml of phy-
siological saline were seeded. The tubes were incubated at 37 °C for 10 days.
After 10 days of the incubation in a liquid medium, the precipitates were centri-
fuged, washed with physiological saline, and the washings were seeded onto
Levenshtein-Jensen solid medium without preparations. Accounting of the growth
of cultures was carried out twice — after 1 month and after 2,5 months.
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Pe3iome

JI. A. Karokosa, K. . Ilpanues, M. A. Opasbaesa, I'. T. [{rocembaesa,
A. B. V3akoea, b. T. Toxcanbaesa, B. JI. buicminoa, JI. T. Quneucosa

B-(THOMOP®OJINH-1-UJI)- XKXOHE B-(4-METUJIITUITEPA3VH-1-
NIDITPOITMOAMUNIOKCUMAEPAIH O-APOMJIAEY ©HIMJIEPI HET'I3JEP MEH
TY¥3JAPBIHBIH APACBIHAH )KAHA TYBEPKVIJIE3T'E
KAPCBI 3ATTAP/IbIH I3AEJITHYI

TyGepkynes - anemzaeri exriM MeH aypyAbIH Herisri cedebi. 2017 xputbl KazakcTanoa
TyOepKyne30eH CHIPKAaTTaHyIIBUIBIK JeHreii 52,2 skoHe emiM-kiTiM 100 MBIH TypFBIHFa
makkauaa 3,0 Kypaael. OneMzae TyOepKyesre Kapchl jkaHa Jopulik 3arrap izgemyne. bi3
B-(tnomopdonun-1-un) xoHe P-(4-METHIMUNUPA3UH-1-UIT) NPONHOAMHIOKCUMICPIIH
O-apowuney OHIMIACPIHIH Ty3Iapbl MEH HETI3[EpPiH CHHTE3ICH aablK. In vitro TybGepKy-
JIe3re Kapchl CKPUHUHT 3-aMHHOMPOIMOAMHUIOKCUM TYBIHBUIAPLIHBIH M. tuberculosis JIC,
AT xone KT mrampapeiHaa yabulbiFbl pugaMIUIMH MEH M30HMA3UATEH TOMEHIpeK,
Oerncenii 09ceKere Tyce ajJaThliH KOCBUIBICTAP bl AHBIKTAJIbI.

Tyiiin ce3nep: Tydepkyne3, O-apomi-B-(TromMop-hoIuH-1-11)-TIponnoaMAI0KCHM-
Jiep THIPOXJIOPUITEPI MEH Heri3aepi, B-(4-MeTuimumnepas3uH- 1 -1i1)mponnoaMUuIOKCHM TH]I-
poxnopuni, Hoamerwnatel, M. tuberculosis JIC, AT >xone KT mrrampapbiHa CKPHHHHT.

Pe3zrome

JI. A. Karokosa, K. [J]. Ilpanues, M. A. Opasbaesa, I'. T. [{rocembaesa,
A. B. V3akoea, b. T. Toxcanbaesa, B. JI. bucmunoa, JI. T.Quneucosa

[MOUCK HOBBIX [TPOTUBOTYBEPKYJIE3HBIX CPEJICTB CPE/1 COJIEN
1 OCHOBAHHII TPOJYKTOB O-APOUJIMPOBAHM S
B-(THOMOP®OJINH-1-UJI)- 1
B-(4-METUJITUITEPA3WH-1-UJT)[TPOITMOAMUJIOKCMOB

TyOepkyine3 — BeAyIas MpUUMHA CMEPTHOCTH U 3a0oeBaeMocTd B mupe. B 2017 r.
3a0oneBaeMOCTh TyOepkyne3oMm B Kaszaxcrane coctaBisia 52,2 u cMepTHOCTh — 3,0 Ha
100 TeIc. HacemeHuWs. B Mupe NPOBOAUTCS MOWCK HOBBIX IPOTUBOTYOCPKYJIC3HBIX
cpenctB. Hamm cHHTE3WpPOBAaHBI COMM M OCHOBaHHUS TPOAYKTOB O-apomiimpoBaHHS
B-(tmomopdonuH-1-um)- U P-(4-MeTunmmunepazuH- 1 -1i)IpOMHOaMUIOKCHMOB. [n  Vitro
MIPOTHUBOTYOEPKYIIE3HBI CKPUHHUHT IPOU3BOAHBIX (-aMHHOMpONHOaMHIOKCHMOB Ha JIY,
JIY u MJIY mrammax M. tuberculosis BBISABHJI BBICOKOAKTHBHBIC KOHKYPEHTOCIIOCOOHBIC
COCIMHEHUS, MCHEE TOKCUYHBIC, YeM pU(DaMIHUIIUH U H30HHA3H/L.

KiroueBbie cioBa: TyOepKyJie3, THAPOXIOPHUIBI 1 ocHOBaHUs O-apoui-f-(THoMop-
(honuH- 1 -11)-pOoNUOoaMU0KCUMOB, THIPOXJUTOPU, HoaMeTwaT 3-(4- METUIUIICpa3UH-
1-nnm)nponuroamuokcuma, ckpuHuHT Ha JIY, JIY u MJTY mwtammax M. tuberculosis.

101



XUMWYECKHH )KYPHAJI KA3AXCTAHA

V]IK 541.64
M. B. VMEP34KOBA, B. Jl. KPABLJOBA, P. 5. CAPUEBA

AO «MHcTHTYT XMMHYecKUX Hayk uMeHU A.B. bexrypoBay», AnMatsl, PecryGimka Kasaxcran

APUJITAJIMIOUKINYECKHUE COINTOJIMUMUIBI U
METAJUICOAEPXKAIIIUE KOMITO3UIINN HA NX OCHOBE

AHHoTanusl. [TomydeHsl HOBbIE CONONMUMHUABI HA OCHOBE TUAHTUAPHIIOB TPUIIM-
KITOJICTIEHTETPaKapOOHOBON 1 NU(DPEHUITOKCUATETPAKapOOHOBOK KUCIOT ¢ AMaMHHOAMPE-
HUJIOBBIM 3(GUpOM NpH cooTHouieHun auanruapunoB 90:10 u 85:15 momne % cootser-
CTBEHHO, a TaKXe MEeTaJuICOZepsKale (JKeae30, KoOaIbT, HUKalb) KOMIIO3UIMU Ha WX
ocHoBe. [TogoOpaHbl oNTUMasbHBIE YCIOBUS CHHTE3a CONOJIMMEPOB M KOMIO3UIUH, U3Y-
YeHBI X OCHOBHBIE CBOWCTBa. HaiiileHO, 4TO MOyYeHHBIE COMOJIMMEpPHI PACTBOPHMBI B
aAMHIIHBIX PacTBOPHTEISX, UX pacTBOPHI (5-25 Mac. % pacTBOp B METWJIITUPPOJIUIOHE) B
HHTEpBaJIE TeMIepatyp oT — 25 1o +35 °C craOuiIbHBI B TEYEHHUE JUINTEIHHOTO BPEMEHH
(6-18 mec.). [Tnenkn Ha WX OCHOBE O0JIAAIOT NMPOYHOCTHIO HA pa3phiB 155—160 Mlla,
yumHerueM 30—37 % 1 BBICOKMMH JIMIEKTPUUECKUMH TOKa3aTensaMu. CHHTE3UpOBaH-
HBIE APWIATNIUKIMYECKAE COMOIMMEPBI U UX METAICOAEPKAIINE KOMITO3HIUH Xapak-
TepU3yIOTCsl OoJiee BHICOKOH TEPMHUYECKONH YCTOWYHBOCTHIO IO CPABHEHHUIO C ANTUIIHKIIH-
YECKUM MOJMUMHIOM, HaJH4YHe B CTPYKTYPE COIOIUMMHUIOB (parMeHTOB apoMaTuiec-
KOTO JUAHTHIpHUIA MOBBIIMIAET TEMIIEPATyphl MOTEPHU MACChl OOpPa3llOB B CpPaBHECHUM Ha
15-20 °C. YcTaHOBIEHO, YTO OHH 00J1a1af0T OOJIbIlel CTAOMILHOCTBIO K JCHCTBHIO BOJ-
HBIX PacTBOPOB MIEJOYEH MO CPAaBHEHHUIO C TOJIMMMHUAOM Ha OCHOBE apOMaTHYECKOTO
JUaHTUIPHIA.

Ki1roueBble c10Ba: CONMOIMUMH, METAIUICOEPIKAIIAS KOMITO3HIUS, BSI3KOCTb, I10-
JIMMEpHas IUIEHKa, TePMUYECKasi yCTOHYNBOCTD.

B mnocnennue roasl pazpaboTaHbl HOBBIE MOIWUMUIHBIE MaTepHallbl, 00Ja-
JIAIOIINE BBICOKOW THUIPOJIUTUYECKON CTOMKOCTHIO, YCTOMUMBBIE K JEHCTBUIO
arpecCHBHBIX CpPEJl, C BEHICOKHMM YPOBHEM 3JIEKTPOPUZNICCKUX XapPAKTEPUCTHUK Ha
OCHOBE TIOJIUTETEPOIMKIIOB aTUIIMKINYECKOTO CTPOCHUS, B TOM YHWCIIE U3 JHaH-
TUAPUIIOB TPHUITUKIIONCIICHTCTPAKAPOOHOBBIX KHCIOT W PAa3INYHBIX JTHAMHHOB
[1-5]. OmHako 3TU TONMMMEPHI XapaKTEePU3YIOTCS Oojiee HUBKOM TEPMUUIECKOM
CTOMKOCTBIO IO CPABHEHUIO C APOMATUYECKUMHU aHAJIOTaMHU.

C 1enpro yIydIeHus CBOUCTB MOJTMMEPOB MPOBOAIT MX XUMUYIECKYIO MOIH-
(bMKaLUIO U CO3JIAIOT pa3IndHbIe KoMIo3uiuu. K HacTosieMy BpeMeHu pa3pado-
TaHbl pa3Hble CHOCOOBI MOMU(UKAIMU, OJUH W3 HUX OCHOBAaH Ha BBEACHUU
JIPYTOTO MOJIMMEpPa W HU3KOMOJIEKYJIIPHON TOOABKH, YTO ITO3BOJISIET TTOJYYHUTh
HOBBIC TIOJTUMEPHBIE CHUCTEMBI ¢ 00JIee BBICOKUMH OTHOCHUTEIHHO HMCXOJIHBIX
KOMITOHEHTOB 3KCILUTYyaTallUOHHBIMHU XapaKTEPUCTUKAMU U CYLIECTBEHHO PaCIIH-
pAET MpaKTUYeCKHue BO3MOXKHOCTH U AMIUKINIECKHX, U apOMaTHYECKUX (CO)ITOo-
muumMunoB [6-9]. Kpome Ttoro, mommduxanus (CO)IOTUIMHIIOB Pa3TUIHBIMH
OpTraHUYECKUMH ¥ HEOPTaHUYECKUMHU METAIUICOMCPKAMUMU  COCTUHEHUSIMHA
CHOCOOCTBYET YCIEIIHOMY UX MPUMEHEHUIO B MUKPO- M HAHODJICKTPOHUKE, dIIEK-
TPOTEXHUKE, MHTETPATHHON ONTHKE, B KAYECTBE M3JIEINHNA C HEOOBIYHBIMH CBETO-
YyBCTBUTEIHHBIMU, MATHUTHBIMU, TETUIONPOBOASIIMME cBoMcTBamu [10-12].
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B HacTosmeit paboTe ¢ MENbI0 MOBBIMIEHUS TEPMHUUECKON YCTOWYMBOCTH
ATUMWIAYECKOr0 moauuMuna monydeHsl comosmmmuabl (CITM) Ha ocHOBe
TUAHTUAPUIOB TpHuHKn0—(4,2,2,02’5)z[eu—7—eH—3,4,9,1O—TeTpaKap60HOBoﬁ (am-
IyKT OeH3oma m MaienHoBoro anruapuna — Ab, 1) u 3,3',4,4'-mudenmmnokcu-
tetpakapoonoBoii (PO, II) kucnor ¢ 4,4'-nuamuHOAM(DEHUIOBEIM 3QUpOM, a
TaKKE METAILICO/IEpIKAIIe KOMITO3UIINU Ha UX OCHOBE.

{"',I )
ﬂ@u o—T" o
0 0 n’fl_bﬂd_‘%n
@ an

OKCIIEPUMEHTAJIBHAA YACTb

O4HCTKY UCXOJTHBIX BEIECTB ¥ PACTBOPUTEICH MPOBOAMIIHU 110 CTAHAPTHBIM
metogukaM. N-metni-2-nupponuaos (MII) u N,N'-mumetundopmamug (JJMDA)
CYLIMJIM HaJ THAPHIOM KalbllUs M MIEPETOHSUIM B TOKE aproHa, oToupas ppakuuu
¢ T. kum. 199 u 150°C/692 MM pT. CT. COOTBETCTBEHHO. 4,4 -IMaMUHOIH(PEHIIO-
BbIi dpup (JAJDD) ounmranu cyonmumanueit B Bakyyme mipu 210°C u naBineHun
2:10° MM pT. cT., T. mwi. coctaBiasuia 200-202°C. JuaHruApUasl TPULIMKIO-
(4,2,2,02’5)11eu-7-eH-3,4,9,1O-TeTpaKap60H030171 u 3,3',4,4'-mudenmmoxcuareTpa-
KapOOHOBOH KHCIIOT OUMINANIM MPOrpeBaHHeM B BakyyMme npu 2-107 MM pr. cT. 1
temnepatypax 200 u 230 °C cooTtBercTBeHHO. T. TUI. TMAHTHAPHUIOB COCTABIISIIA
350-352 1 220-221 °C cootBercTBeHHO [3, 13].

Cunte3 comonumepoB Ha ocHoBe AB+®O (0,01 momp) u JALDD
(0,01 mMonp) mpoBo MM TIpH UCXOMHOM cooTHOMeHUH Ab:[IdP0=90:10 (CIIN1) u
85:15 (CIIN2) mon% ™MeToaoM OJHOCTAAMMHONW moiuKoHAeHcarmu B MII B
MPUCYTCTBUH 6 Mac.% MUPHIUHA MPH CTYIEHYATOM IOIBEME TEMIEPATypPhl OT
90 °C (mpm 3TOi TemmepaType PEaKkIMOHHYIO CMECh BBIJICPKHBAIN B TeUECHUE
gaca) o 140 °C u peakmuio npopokany emie 4,5—5 9, o0mas KOHICHTpaIHs
MOHOMEPOB B pacTBOpe cocTapisia 25 Mac.%. Meramncoaepxaiiye KOMIO3UIUN
MIOJTy4Yall TTOJIMKOHACHCAIMOHHBIM METO/IOM TIPH NPOBEJCHHH CUHTE3a COIIOJIH-
nvuzioB B MII B mpucytcreun FeCls, CoCl, u NiCl, mpu temmepatype 140 °C B
teueHue 5,0-6,5 4 depe3 CTaAMIO MPEABAPUTEIHLHOTO TMEPEMCUINBAHUS DPEaK-
uroHHOro pacteopa mpu 90 °C B reuenue 1 u.

CreneHb UMUJU3AIMK [ B COOTBETCTBUM C METOJIMKOM, OMUCAHHOU B [6],
PACCUMTHIBAIIH 110 (hopMyJIe:

51230 = Eﬂmwhﬁ:ﬂmwln >

-1
rae (Dj3sg); — onTHUecKas IUIOTHOCTH Ha mojoce 1380 cM™ mpu mporpeBe 06-
pa3loB MpH 3aJaHHON TemIeparype M NpPOAOIDKUTENbHOCTH f, (Dj350)9 — Mak-
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CUMaJIbHasl ONTHYECKasl IIOTHOCTb, MIPH 3TOW K€ I0JOCE, IIEHOK, MPOTPETHIX
1o 275 °C. YcTaHOBIEHO, YTO IMPH ATON TEeMIlepaType MHTEHCHUBHOCTH ITOJIOCHI
1380 cm™' st o60ux CITU siBisieTcs: MakcuManbHOM. MK— crieKTpsl 3amuchiBaim
Ha oOpasmax TureHok TtonmuHOW 3-5 MM Ha WK-cmekrpomerpe “Nicolet
5700 FT-IR” mpomssoactBa Thermo Electron Corporation (CLIA) B obGmactu
4000400 cm™'.

[TpuBenenHble BA3ZKOCTH (7, #,6/C) 0,5 % pacTBOpOB (CO)IOIMMMHUIOB
usMepsii B Buckosumerpe Yo06enone B JIM®PA npu 25 °C. TepMorpaBUMeETpH-
YecKuid aHaim3 (CO)IMOJIMAMUIHBIX IUICHOK MPOBEICH Ha TEPMOAHATU3ATOPE
¢upmer Mettler Toledo (IlIBeiinapusi) co CKOPOCTBIO TMOABbEMa TEMIIEPATYPHI
8 rpax-mun"' . Temnepatypsi otepu 5, 10, 25 u 50 % Macchl 06pa3oB (Co)moJIH-
UMHUJIHBIX TUIEHOK ompeneieHsl u3 KpuBblx TI'A. MexaHndeckue cBOMCTBa —
HPOYHOCTh Ha Pa3phiB (0,,) U OTHOCUTENbHOE ynuHeHue (/), 00pa3LoB (co)monu-
HMUJHBIX IJIEHOK pazMepom 10x100 MM2, tonmuuoit 0,45-0,55 MM, ompene-
nsma Ha paspeiBHOW Mammae SGT94V, Tester Model 952 KVTI1000(USA),
ckopocTh paspsiBa 0,05 M/MUH. DIIEKTpUYECKHUE XapaKTEPUCTHKH — TAHTEHC YIJia
JOURJIEKTPUYECKUX TOTEph (1g ), yaenbHoe 00beMHOE U MOBEPXHOCTHOE COMPO-
THBJIEHHUE (p, U p;), TPOOUBHOE HaNpsiKeHUeE (E,,) N3MEPSIIM U PACCUMTBIBAIIN 110
mMeronukam [14, 15].

PE3VJIbTATBI 1 UX OBCYXXJIEHUE

ConommuMuIbl  TOMYYaIn OMHOCTAIUITHON (CO)IONMKOHICHCAIIEH IraH-
ruapunoB Ab u I®0 ¢ JAADD npu ucxoanom cootHoueHuu Ab:IDO=90:10;
85:15 mon.%. Cononumepsl, BKIIOYAIOIINE B MAaKpOMOJeKyly Oomnee 15 mMon.%
apOMAaTHYECKOTO MHUAHTHAPHIA, B paboTe HE MCCIeNOBaIN. JTO OBLTO 00YCIIOB-
JICHO HapyIIeHHWEM OJIHOPOJIHOCTH PEAKIIMOHHOI'O pacTBOpa, MOSBICHHEM MYT-
HOCTH, 4TO IPEMATCTBOBAJIO MOIYYEHUIO KaUeCTBEHHBIX IUICHOK.

Cunte3 CIIM mpoBoamnmu B pactBope MII, B KOTOpOM OOBIYHO TPOBOIST
CHHTE3 HMCXOJIHOTO AJMIHUKINYECKOT0 IMOJUUMHJIA U ero kommosunwi [16]. C
uessio noinyuenust CIIM ¢ Gonee BHICOKUMH BSI3KOCTHBIMH, (PU3MKO-MEXaHHYEC-
KHMH XapaKTepPUCTUKaMHU M CTENECHbIO MMHIM3ALMK B paboTe NPOBEICH IMOUCK
ONITHMAIBHOTO TEMITEPATyPHOTO PEXXUMa peakIrH (CO)IIOIUKOHACHCAITNH.

ComnonMKoHACHCAIMI0O MOHOMEPOB POBOAMIIM IByMsI CIIOCOOaMU: B TIEPBOM
ClIyyae peakLMOHHBIM pacTBOp MHpeaBapuTenbHO nepememnBanu npu 90 °C B
TEYeHHE Yaca, 3aTeM TemnepaTypy B teueHune 20 muH nmomanManmu no 140 °C u
MIPOAOIDKANIN PEAKIINIO B 3TOM pexxnme 3,54 4. Bo BTOpoM citydae peaklIMOHHBII
pactBop nporpeBanu npu 140 °C B TeueHue 8 4 0e3 cTaguy NpeABAPUTEILHOTO
mporpesa. B KoHIe peaknuy COMOTMKOH/IEHCAINYA B 000MX CITydasx ONpeaessuin
- Ha pucynke 1 mokasano usmenenue 3Hauenuii 7,,/C CIIM1 u CIIN2 B 3aBu-
CHUMOCTH OT crioco0a MOJydyeHHs, U3 KOTOPOro BHAHO, YTO B KOHIIE TMpoIecca,
OCYILIECTBISIEMOr0 IO TEPBOMY CHoco0y, comonumep oOpasyercs ¢ Ooiee
BBICOKMMH 3HAYEHUSMH BSI3KOCTH 10 CPAaBHEHHIO C TIOJMMEPOM, IOIyYEeHHBIM
[IPU TIPOBEJICHUU CHHTE3a M0 BTOPOMY CIIOCO0Y.
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Pucynok 1 — U3menenue Bs3koctu CIIN1 (2) u CIIN2 (1,3) B mpomecce CHHTE3a
¢ npenBapuTenbHbIM (/,2) U 6e3 nmpeaBapurenbpHoro (3) mporpesa

Creniens uMuan3anuu, onpezaenacHHas mo VMK-crektpaM B COOTBETCTBHH C
U3BEeCTHOM MeToaukoi [6], mius 06oux CIIM, monyueHHBIX TIO TIEPBOMY CIIOCO0Y,
BhIIIE U JocTturaetr 93-95 %, Bo Bropom ciyuae oHa Ha 7-10 % Hike. DTO MoO-
XKEeT OBITh OOYCIOBIEHO MPOTEKAaHHMEM JEeCTPYKTHBHBIX IPOIECCOB 3a CYET
BO3JICHCTBUSI DPACTBOPUTEINS TPH JUIUTEILHOM BBIACPKUBAHUK PEAKIIMOHHON
cmecu mipu 140 °C. [Janee Bce ucciaenoBaHUS MPOBOAMINCH C COMOIHUUMHUAAMH,
CUHTE3MPOBAHHBIMH T10 TIEPBOMY CIIOCO0Y.

N3 pactBopoB CIIM OpLM MONTydeHBI IUICHKH, UIS KOTOPBIX MOAOWPAIH
YCIIOBHUSI TEPMOOOPAOOTKU. DKCIEPUMEHTAIBHBIM yTeM OBUIO HAMIEHO, YTO BO
n30ekaHue TaKk HA3bIBAEMOTO BCIyUYMBAHHS B pe3yJsibTaTe OBICTPOrO MCHApEHHUS
pacTBOpuUTeNs, IUICHOYHBIE O0Opasllbl TPEIBAPHUTENHLHO CIEAYET CYNIMTh MpU
temrieparype 85-90 °C ma Bo3myxe B TeueHue 20 MUH, a 3aTeéM IOBBICUTH
temnepatypy 10 270-275°C u BelIepKUBATh PH 3TOM B TedeHue 1 4. BusyansHo
IUICHKH Ha OCHOBE COIOJUMEPOB HCCIENyeMBIX COOTHOIICHHH IHAHTHAPHUIOB
(AB: PO = 90:10; 85:15 mon.%) momydaymch Tpo3padHbie, TIaaKue, 0e3
ne(eKTOB, U COXPaHSUIM MPO3PaYHOCTh M LEIOCTHOCTH MOCIE TePMOOOpabOTKH.
CriekTpallbHBIMH HCCIIEIOBAaHUSIMH TUIEHOK IMOKa3aHO, YTO B Pe3yJIbTare TepMO-
00paboTkH mpu Temmeparype ~275 °C creneHb MMUAW3ALUH MTOJTUMEPOB JAOCTHU-
raeT KOJMYECTBEHHOH BenW4MHB. Ha 3TO yKas3pIBaeT OTCYTCTBHE B CIIEKTpax
COTOJIMMEPOB TOJIOCHI TMOTJIONIEHNSI BaJCHTHBIX KOJEOaHWH aMHIOKUCIOTHBIX
rpynn [6].

Jns onpeneneHuss oOmacTell NMPaKTUYECKOTO TNPUMEHEHWs OBLTH H3yde-
HBI OCHOBHBIE CBOMCTBa IJICHOK. METOJIOM TEpPMOTPaBUMETPHUECKOTO aHAIIN3a
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Tabmuna 1 — TemmepaTypsl moTepu Macchl (CO)HOJMMMHIOB B BO3IYIIHOM cpeie

IMoTepst Macchl 06pasios, Mac.%
Ne Tommep Temmneparypa, °C
oOpasna parypa,

5 10 25 50
1 CIn1 385 415 500 577
2 CIIn2 386 420 505 580
3 TN g 370 400 490 570
4 M0 390 445 525 597

onpenaeneHa Tepmuieckas cradbuiabHocTh CIIM1 u CIIN2. B Tabauune 1 npuse-
neHsl Temmnepatypsl 5, 10, 25 u 50 % nmorepu Macchl CONOIMMEPOB B CPAaBHEHHUH C
MOIMUMUIaMU U3 auaHTuapuaoB amumukindeckoro ([IMap) M apomarudeckoro
(INyeo) crpoeHus. M3 TaOMMUHBIX JAHHBIX BHIHO, YTO HAJIU4YHE B CTPYKType
COTIOJIMUMUIOB (PParMEHTOB apOMATHYECKOTO IHAHTHAPHUIA TOBBIMIACT TEMIIC-
paTypsl oTepu Macchl 00pasroB B cpaBHeHUH ¢ [IW 55 HA 15-20 °C.

[ToMmuMo TepMUYECKON CTAOMIBLHOCTH ISl TPUMEHCHHS COTOJIUAMUIIOB
00JIBIIIOE 3HAYCHUE UMEET UX TUAPOIUTHUCCKAST YCTONUNBOCTb.

[IpoBenens! uccnenosanus mno ompexaeneHuto croikoctn CIIU, I o,
MW a5 x neiictButo 0,1 u 0,5 H BogHbIx pactBopoB KOH. Ilnenxa u3 I g0 mos-
HOCTBIO DPa3pyIIacTCsS B PAacTBOpax IIEJIOYHM MPH KOMHATHOW TeMIlepaType 3a
10—12 4, nnenka u3 [IM,p coxpaHsaeT LEIOCTHOCTh MPU BO3ACHCTBUU PACTBOPOB
menoun g0 30 u, muenkn n3 CITN1 u CIIN2 — no 18 u 25 1 cooTrBeTcTBEeHHO. 13
3TOTO chexyeT, yTo ycToiunBocTs CIIU BbIme 1Mo cpaBHEHHIO ¢ TOMOIIOIMMEPOM
MWppo 1 HUXKE, YyeM y [IM 5. IlomydeHHble JaHHBIE CPAaBHUMBI C PE3YJIbTATaAMU
HCCIIEOBAHUM aHAJIOTMYHBIX CBOMCTB MOJIMMMHUOB, BKIIIOUAIOIIMX B OCHOBHYIO
CTPYKTYPY POJICTBEHHBIE AIMIIUKIMYECKAM aJaMaHTHICHOBEBIC (alaMaHTaHOBBIC)
KOMITOHEHTHI [7], WIM HECUMMETPHUYHBIN ATUIUKINICCKUN TUAHTHAPUI, pa3-
pabotanHbIil aBTOpamu [17].

OpnHuM U3 0CHOBHBIX IpeumylecTB nonydeHHsix CIIN sBrsiercst ux pacTso-
PHUMOCTB, KOTOPYIO OMPECSISUIA NMPU PA3TUYHON KOHIICHTPAIIMH COTOJIUMEPOB B
UHTEpBaJe Temneparyp or —25 1o +35 °C, u 10 3HaYE€HUAM 7],, KOHTPOJIUPOBAIIN
WX YCTOWYMBOCThH MpPHU XpaHEHHHU. VcclienoBaHus MOKA3ald, YTO CUHTE3UPOBAH-
veie CIIM o0pasyioT pacTBOpBI KOHIEHTpanuil oT 5 10 25 Mac.% B MOJSPHBIX
pacTBOPHUTENAX aMHIHOTO THIA, M-Kpe30je, KOTOphIe CTaOWIBHBI B TEUCHHUE
JUTATENBHOTO BpeMeHHu (0T 6 mec a0 1,5 met). B Tabnune 2 noka3zaHo W3MEHEHHE
11yo/C IpU XpaHEHHH PACTBOPOB CONMOIMUMHIIOB (5 1 25 mac.% B MII).

W3 nanHOl TabnuIkl ciaeayeT, YTo 00Jiee YCTOMYMBBIMU SBJISIOTCS KOHIICH-
TPUPOBAHHEIC PACTBOPHI, pPa30aBICHHBIC PAaCTBOPHI comonuMepoB (5 %) mecra-
OWITM3UPYIOTCS TP XPAaHEHHWH CBBIIIE 6 MeC — BSI3KOCTh HAYMHAET CHIKATHCS
MIpU KOMHATHOW TeMIlepaType W IS TOJYYCHHS IIJICHOK CTAHOBSITCS HEIPH-
TOJIHBIMU.

Huns cuaresnposannbix CIIW Obin ompeneneHsl MEXaHHYeCKHE CBOMCTBA U
OCHOBHBIE IMIJIEKTPUIECKHE XapakTepucTuku (Tabmmma 3). [lomydeHHbIe JaHHbBIE
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Tabnuma 2 — M3MeHeHne BSI3KOCTH PacTBOPOB (CO)IOIUIMHUJIOB TIPH XpaHEHUN

No Cpoku XpaHeHus, Mec
o6- | Hom- | C, Tps 0,5%, IMDA, 25°C, 11/
Mep Mac.% " T2 ’ >
pasua 0 1 3 6 9 12 | 15 | 18
1 CIIn1 25 1,65 1,65 1,65 1,60 1,47 | 1,30 | 1,05 | 0,62
2 -«- 5 0,83 0,74 0,50 0,35 - - - -
3 CIn2 25 1,85 1,85 1,85 1,80 1,65 | 1,45 | 1,15 | 0,70
4 -«- 5 1,00 0,90 0,68 0,50 - - - -
5 IR1% NS 25 1,32 1,32 1,28 1,25 1,18 | 1,00 | 0,98 | 0,65
6 -«- 5 0,75 0,72 0,70 0,40 - - - -
Tabnuna 3 — CBOHCTBA apUITATUIIMKIHYSCKIX COTIOTUMMUIOB
CBOWCTBO CIIN1 CITIN2
Nups 0,5%, IM®DA, 25°C, m/r 1,65 1,85
0,5, MIa 155 160
L, % 30 37
£ (25°C) 32 33
tg 0, (1 xBr) 0,001-0,003 0,001-0,003
Py, OM:M 3,4-10" 3,5-10%
Pss OM 2,6-10" 3,410
E,p,, KB/MM 150 180

CBUJETEIBCTBYIOT O TOM, YTO CHHTE3UPOBAHHBIE COMOJHUHMHIBI XapaKTEpHU3y-
FOTCSI BBICOKMMH JTUJICKTPHUCCKUMU U (QU3NKO-MEXaHUUECKUMH MMOKA3aTe/IIMU U
SIBJIIFOTCSL TICPCIICKTUBHBIM MaTEPHAJIOM B MEPBYIO OUEPE/lb B KAUECTBE TEPMO-
CTOMKOM 3JIEKTPUUECKOMN U30JISLHUN.

B nacrosmeit pabote ¢ 1enpi0 (OPMHUPOBAHUS KOMITO3UIIUNA C MEHBITIMH
3HAYCHUSIMH YJISIBHOTO OOBEMHOIO M MOBEPXHOCTHOTO CONPOTUBJICHHUNA MPOBO-
JWIACh UCCIICJIOBAHUS [0 TIONYYCHUIO METaJUICOJIEPIKAIIUX apWITATUIMKIIH-
YECKUX COMOJMUMHUIOB. M3BECTHO, UTO TaKHe KOMITO3UITUH MOTYT CTaTh OCHOBOU
JUIS CO3[aHUs IIMPOKOI0 aCCOPTHMEHTA M3JC/IMM, B TOM YHCIAC U TaK Ha3bl-
BaeMbIX Smart-MaTepHaioB, PEarupyromlux Ha BHEIIHWE BO3JCHCTBHS U H3MeE-
HSIONMUX TP 3TOM CBOM XapaKTEPUCTUKH W (YHKIIMOHAIBHYIO aKTUBHOCTH
[18-20].

Meraicoaepikaiue KOMIO3UIIMKA TOIYYalld MOJMKOHJCHCAIIMOHHBIM Me-
TOJIOM TIPHU TpoBeleHUH cuHTe3a cononuumunoB B MII B mpucyrcteum FeCls,
CoCl, m NiCl,. HccnenoBanusi mokasand, 4TO TPH TPOBEACHWHM TMpoIecca B
MPUCYTCTBUM YKa3aHHBIX cojeld, B ciydae FeCl; mponecc obpazoBanus CIIU
3aMETHO YCKOPSIETCS, YTO MOXXHO OOBSICHUTH 00Jiee CHUIBHBIMH KHUCIOTHBIMU
CBOMCTBaMU JaHHOro coeauHeHus. Ilonmydyennsle gaHHble no cuHtedy CIINI1 B
TIPUCYTCTBHUH COJICH METAIOB CBEACHBI B TaOMMITy 4. M3 maHHOW TaOIMIIEI Cre-
JyeT, YTO 10 BIUSHUIO HA IPOIECC 00pa30oBaHUs COMOIUUMHEJIA HCIIOJB3YEMbIC
COJIM METAJJIOB MOYKHO pactoyiokuTh B creaytomuii psaa: FeCl;>CoCl,=NiCl,.
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Ta6nuna 4 — [Ipusenennas Bsa3kocthb 0,5% pactBopos CIIN1,

IIOJIYyY€HHBIX B IPUCYTCTBUU cone

Ne Coib Ceoms IIpoomKUTETLHOCTD Nup, 0,5 %, IM®DA, 25 °C,
oOpasma MeTajia mac.% CHHTE3a, U i/t

1 - - 6,5 0,74

2 FeCls 2,0 5,0 1,32

3 CoCl, 3,5 6,0 1,04

4 NiCl, 4,0 6,0 0,97

JlaHHBIA ps aKTHUBHOCTH COJICW METauIoB, MONy4YeHHBIH mpu cuHTe3e CIIU,
aHAJIOTUYEH PANY aKTUBHOCTH, BBISIBJIEHHOMY HaMH paHee JUIsl Ipolecca Moiy-
YEHHS ATMIHAKINYECKOr0 TOMOIIOJIMUMU/IA.

[Tomo6ubIe pesynbTarhl momydeHsl U st CIIN2, KOTOpBId B MPUCYTCTBUHU
COJIM JKeJie3a TPH MPOJOJDKUTEIBHOCTH TpoIiecca 5,5 4 oOpa3yeTcs ¢ OobIei
BA3KOCTBIO (1,63 U1/T) B CpaBHEHUH C XJOpHAaMy KoOajbTa W Hukens. Tepmu-
YyecKkass yCTOMYMBOCTh METAJICOAEPKAIUX KOMIO3MLIHN 10 CPaBHEHHIO C HC-
xogasiMu CIIM mpakTHuecku He MEHSAETCs, TeMIlepaTypbl Hayala pas3sioKeHus
HaxonAatcd B npegenax 385 °C.

VY CTaHOBIEHO, YTO MPH MOMYYEHUH apHIATHIUKINYECKHX COMOJUUMUIOB B
npucytctBun FeCl; MeHseTcsT MUKPOCTPYKTypa MOBEPXHOCTH KOMITO3HUIIMOHHON
mwieHKkd B cpaBHeHnu ¢ ucxonubiM CIIM, kak mokaszano Ha pucynke 2. [locie
mporpeBaHusi (PUCYHOK 26, 6) Ha MOBEPXHOCTH MOJUMEPHON TNICHKH BHUICH BBI-
XoI npyroii ¢assl, Haubosee nposBsttonieiics npu 275 °C (pucyHOK 26), mpu
9TOM MOpQOJIOTHs IUIEHKH coxpaHnsieTcs. HoByto (azy MOXKHO OTHECTH K OKCHIY
xenesza, oopasyromemycst u3 FeCl;. 9To BO3MOKHO B MPUCYTCTBUU HEOOJBIINX
KOJIMYECTB BJaru, KOTOpas MPUCYTCTBYET B PACTBOpPE MOJIMUMHUAA, U3 KOTOPOTO
OTJIMBAJIACh TIJICHKA.

nmiﬂ-

nm
I

Pucynok 2 — ACM uzo6paxenue nosepxHocty mwieHok CIIN1 (a)
u komnosuuuu CIIN1 ¢ FeCl; (6, 6); 6 — muienka, nporperas npu 200, 6 — ipu 275 °C
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Takum o0Opa3oM, B pe3ysbraTe MOTU(PHUKAINK CHHTE3UPOBAHHBIX COMOJIH-
HMHIIOB COJISIMHM Kelle3a, KoOallbTa, HHKEJS IIOJIyuYeHbl HOBBIC IOJIHMEpPHBIC
KOMIIO3UIIMA C TEPMHYECKOH YCTOMYMBOCTBIO, HE YCTYMNAIOMIeH HCXOJHBIM
TOMOTIOJIMAMUIAM.

3akro4eHne. YCTaHOBJIEHO, YTO BBEACHUE B AIMLUKINYECKUN MOTMUMUL
1o 15 mMon.% nmaHruapuga apoMaTHYECKOH TeTpakapOOHOBOW KHCIOTHI IMPUBO-
IUT K OOpa3oBaHUIO COIMOIUMEPOB C OONBIIEH TEPMHUECKOW YCTOWIHBOCTHIO
(T,,. = 385 °C ) u yuydIICHHBIMH MEXaHHYECKUMH cBoMicTBamu (0,,= 160 MIla;
[ =37 %) no cpaBHEHHIO C MCXOJHBIM AIULUKIMYECKUM nonmuumuiom (7, =
= 370 °C, 0,,= 70 MIla; [ = 30 %). Ilony4eHHbIC COMOIUUMUIBI TAKKE XapaK-
TEPU3YIOTCS IOBBIIIEHHOW YCTOMYMBOCTBEO K JIEHCTBHIO BOJHBIX PAacTBOPOB
miesiouedl Mo CpaBHEHHIO C IOJMUMHUAOM Ha OCHOBE apoOMaTH4YeCcKOro IMaH-
THUApHUIA.

Y4YuThIBas TEXHOIOTUYHOCTH MOIYYCHHS W TOCTYIMHOCTh UCXOJHBIX COEIH-
HEHHUIl HOBblE TOJMMEpPHl MOTYT OBITH PEKOMEHIOBAHBI JUIA TMPAKTHYECKOTO
MIPUMEHEHUS B Ka4eCTBE TEPMOCTOWKON JIEKTPUYECKON M3OJIALMN, MAaTEpUAIOB
IUTS HaHO- M MHKPOAJIEKTPOHWKH, IONyYEHHUS JJIEKTPO- W TEIUIOMPOBOISIINX
KOMITO3MIIMH U APYTUX U3JEIUI.
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APWITAJIMIUKIIAIK COITOJIMMUATEP )KOHE
OJIAPABIH HET'T3IHAEI'T METAJIJI K¥PAMJIbI KOMITO3ULIUAIIAP

TpuukaereHTeTpakapOOKCH JKOHE  MTUGCHIJIOKCHATCTPAOOKCH — KBIIIKBLIIAP
TUAHTHIPHUITEPI MEH TUAMHHOMU(BCHHUI 3(PHUpI HETi3iHAE MTUAHTUAPUATEPIIH op TYpii
KaThIHACBIHIA JKaHAa COIOIMMHITEDP, COHAAW-aK OJapAbIH HETi3iHIE METaLTKypaMIbl
KOMIO3HUIUsUIap aibiHFaH. ConmoiamMepiiepi CHHTE3ACY IiH OHTAWIBl MapTTaphl TaHIAIl
ANBIH/IBI, ONApIBIH HETi3ri Kacuertepi 3eprrenmi. [lommmMeprepaiH METHITHPPONUIOH-
JaFbl ePITIHAUICPIIH Y3aK YaKbIT OOMBI TYpaKThl eKEH/Ir1 KOpPCeTiIai. AJBIHFAH COTIONHU-
AMHITED JKOHE ONApAbIH METALUTKYPaMIbl KOMIO3UIMSIIAPHI ATHIMIKII TOJTUUMUITICH
CAJIBICTBIPFAHIa JKOFAPhl TEPMHUSUIBIK TYPAKTBUIBIFBIMEH CHITATTAIaabl JKOHE apOMAaTThI
KYPBUIBIMIBI TIOJTMAMHUATEPMEH CaIBICTHIPFAH/IA CUITLTIK OpTaaa YIKEH TYPaKThUIBIFBIMCH
epeKIIIeIICHE I

Tyiiin ce3aep: cononumu, METaT Kypam/bl KOMIO3UIHS, TYTKBIPIBIK, TOJTUMEPIIi
KaOBIPIIIAK, TEPMHUSIIBIK TYPAKTHLUIBIK,
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Summary
M. B. Umerzakova, V. D. Kravtsova, R. B. Sarieva

ARYLALICYCLIC COPOLYIMIDES AND
METAL-CONTAINING COMPOSITIONS BASED ON THEM

New copolyimides were obtained on the basis of tricyclodecentetracarboxylic and
diphenyloxydtetracarboxylic acid dianhydrides with diaminodiphenyl ether with a diffe-
rent ratio of dianhydrides and metal compositions based on them. Optimal conditions for
synthesis of the copolymers were selected, their basic properties were studied. It is shown
that their solutions in methylpyrrolidone are stable for a long time. The copolyimides
obtained and their metal-containing compositions are characterized by higher thermal sta-
bility comparatively with alicyclic polyimide and greater stability when exposed to
alkaline media as comparatively with polyimide of aromatic structure.

Key words: copolyimide, metal-containing composition, viscosity, polymer film,
thermal stability.
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YK 66.094.37:547.821.411

I1. 5. BOPOFbBEB, T. Il. MUXAHJIOBCKAA,
O. K. IOTAH, A. I. CEPEBPSIHCKAA, P. KVPMAKBI3bI

AO «MHcTuTYyT XMMHUYecknx Hayk UM. A.B. BekrypoBay», AnMatel, Pecryonuka Kasaxcran

IHAPO®A3ZHOE OKHUCJIEHHUE 3- U 4-METUWJIIIUPUJINHOB
HA OKCUJHOBAHAJIUNEBBIX KATAJIM3ATOPAX,
MOINP®UITUPOBAHHBIX OKCUJIAMU TUTAHA U XPOMA

AHHoTanusi. M3ydeHo KatamuTmdeckoe peiictBue kommosumuit V,0s5-4TiO,,
2V,05Cr,03 u 2V,05-4Ti0,:Cr,0; B mapoda3sHOM OKHCIEHUH 3- U 4-METHWITUPUIINHOB.
yCTaHOBIIeHO, qTo HpI/I OlIHOBpeMeHHOM MO}II/I(I)I/IHI/IpOBaHI/II/I IICHTOKCH A BaHaaAUusI OKCHU-
nmamu tTutada (IV) u xpoma (I1I) HabnromaeTess CHHEPTHUECKUI Y3PQPEKT, MPOSBIISIOIIANACS
B 3BHAYUTCIIBHOM yBeHI/I'-IeHI/II/I BbIXOa I/IBOHHKOTHHOBOﬁ KHCJIOTBI U CHU)KCHHUU OIITUMAJIb-
HOW TeMmIepaTypbl ¢¢ 00pa30BaHHS B Cllydac TPEXKOMIIOHCHTHOTO KaTalHM3aTopa, I0
CPaBHCHHUIO C JBYXKOMITOHCHTHBIMH.

KiroueBbie cjI0Ba: OKUCIICHHUE, METITAPHIUHEI, KATATH3aTOPHL.

Beenenune. B AO «MHctuTyT Xumudeckux Hayk uMm. A.b. bektypoBa» B
HacTosiIee BpeMs BeAeTcsl pa3paboTKa reTeporeHHO-KaTATUTHIECKUX POLECCOB
OKHCIIEHUS] METWINHPUANHOB B COOTBETCTBYIOIINE MUPUIAMHKApOAIbIETUAB U
MUPUANHKAPOOHOBBIE KHCIIOTHI, KOTOpPbHIE IIMPOKO HPUMEHSIOTCS B CHHTE3aX
CTUMYJISITOPOB POCTa PacTEHHH W JIeKapCTBEHHBIX mpemapartoB [1, 2]. [Tapodas-
HOE KaTaJIUTHYECKOE OKHCICHHWE 3- M 4-METHINMUPHUANHOB IMO3BOJISET MONyYaTh
MUPUINHKApPOOHOBBIE KHCJIOTHl B OJHY TEXHOJOTHYECKYIO CTaJvI0, MHUHYS CTa-
IUM UX OKHCIMTEIBHOTO aMMOHOJM3a W T'MIpPOJIM3a 00pas3yIomuXcs LUAHIHPH-
muHOB [3, 4]. IlpocTelmM KaTain3aTopoM 3THX MPOIECCOB SBISETCS WHANBH-
IyaJbHBIN TIEHTOKCHU/ BaHAMs, KOTOPBINA, OJJHAKO, 007Ia/laeT psAIOM HETOCTATKOB,
TaKMX KaK CKJIOHHOCTb K CIIEKaHHIO B XOJI€ Mpoliecca MPH MOBBIIEHUH Harpy3KH,
a TaKXXe HEJOCTaTOYHO BBICOKAs CEJNEKTUBHOCTH IO LEIEBBIM NpoaykTam. Ilo
9TOW MPHUYUHE B MPOIIECCe OKUCIEHHS MCTIBITHIBAIOTCS KoMIo3unnuu V,0Os ¢ OKCH-
JlaMu TUTaHa, *Kene3a, xpoma [5-7].

Lenpto naHHOM pPabOTHI SABISETCS H3yYEHHE KaTaJIUTUYECKOTo JIEHCTBHUS
xommo3uumii V,05-4Ti0,, 2V,05Cr,03 u 2V,05:4Ti0,-Cr,O3 B okuciieHun 3- u
4-METUNNUPUINHOB U WHTEPIPETAlUs MOIYYEHHBIX PE3yJbTaTOB C IOMOIIBIO
KBAaHTOBO-XMMHUYECKUX PacyeToB [§, 9].

PE3VJIbTATBI U UX OBCYXXJAEHUE

B comoctaBUMBIX yCIOBUSAX OBUIO MTPOBEACHO OKUCIICHUE 3-METWIINAPHUINHA
Ha psage kartanm3atopoB: V,054TiO,, 2V,05Cr,0; u 2V,05-4Ti0,-Cr,0;5 (pu-
CyHOK 1). MOXHO 3aMETHTh, YTO MAaKCUMAJIHHBIA BBIXOJ HUKOTHHOBOW KHCIIOTHI
(64 %) mocturaercst Ha OMHAPHOM BaHAAUHXPOMOBOM Kataiuzarope npu 330 °C.
Ha xaramuzatope 2V,05-4Ti0,-Cr,O3 BBIX0J HUKOTHHOBOI KHUCIIOTHI COCTABIISIET
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Temmnepatypa, °C
MonbHoe oTHowenue 3-metunnupuaut:0,:H,O = 1:14:110,0:

1- V2054T102 . 2-— 2V205'Cr203, 3-— 2V205'4Ti02’Cr203.

Pucynok 1 — BnusHue TemmepaTypsl Ha KOHBEPCHIO 3-MeTHnupuanHa (A),
BBIXOJ] MUpUANH-3-Kkapbanpaeruaa (b) u HUKOTHHOBOM KUCIOTH (B)
Ha OKCUTHOBaHAIUEBBIX KaTaIH3aTOPaX Pa3IMIHOIO COCTaBA

okono 46 % mpu 330-350 °C. MHTepecHO OCOOEHHOCTBIO XapaKTepU3yeTCs
OMHApHBIA BaHATIUHUTHTAHOKCHIHBIA Karamu3atop. C OJHOW CTOPOHBI, Ha HEM
JIOCTUTaeTCsl HAUOOJIbIAs KOHBEPCHUS 3-METUIMUPUANHA U MAKCUMYMbI BBIXOI0B
MPOJYKTOB MaplUaIbHOrO OKUCIICHUS CMEIICHbI B 00J1aCTh HU3KUX TEMIIEPATYyp
(mo 280 °C), 4TO CBHIETENBCTBYET O BHICOKOM KaTaIUTUYECKOW akTHBHOCTH. C
JIPYTroi CTOPOHBI, CPEAM MPOJAYKTOB HU3KOTEMIIEPATYPHBIX OINBITOB OOHAPYIKEHBI
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3HAYHUTENIbHBIE KOJIMYECTBA MUPUAHH-3-KapOablerua, 4To CBHIACTEIbCTBYET O
TOPMOKEHUH CTaJWU MPEBPALIEHUS 3TOr0 MPOMEKYTOUHOTO NMPOAYKTa B HHUKO-
THHOBYIO KHCIOTY. OTHOCHTENbHAs KaTaIMTHYECKash AaKTUBHOCTb OMHAPHBIX
KaTanmn3aTopoB B okuciieHnn 3-metwnmupunnHa (2V,05Cr,03 < V,05:4Ti0,),
MOCTPOCHHAs! HAa OCHOBAaHUM OJKCIIEPUMEHTAIBHBIA JAHHBIX MO KOHBEPCHUH 3-
METWITTMpHUIUHA (PUCYHOK 1 A) M BBIXO/y HUIKOTHHOBOW KHCIOTHI (prcyHOK 1 B),
COTJIacyeTCs C pe3yNbTaTaMH KBAHTOBO-XMMHYECKHX PACUETOB PAa3INIHBIMHU
MeTtogamMu (Tabmuma 1, 2), mokazaBmux OoJiee BBICOKOE CPOJICTBO K MPOTOHY
(HyK11e0pHIBHOCTH) BaHAAWIBHOTO KUCIOpoa B KatanuzaTope V,054TiO,.

W3 ananm3a naHHBIX, TOIYYEHHBIX MPH Mapoda3HOM OKHCICHUH 4-MEeTHII-
nupuMHa Ha OMHapHBIX Karanuzaropax V,0s4TiO, u 2V,05Cr,0s, crenyer,
YTO W B 3TOW peakuuy OWHAPHBI BaHATUMTUTAHOKCHIHBI KOHTAKT MPOSBHII
Oosiee BBICOKYIO KaTaIUTHYECKYIO AKTHBHOCTb, Y€M BaHAAWH-XPOMOKCHIHBIN
(pucyHok 2A). OTH TaHHBIE COTIIACYIOTCA C Pe3yIbTaTaMi KBAHTOBO-XUMHUYECKHX
pacdyeToB B KiacTepHOM mpuOmmkeHuu (Tabmuia 1 w 2), mMoka3aBIIUMH, YTO
BaHAIWI-TUTAHOBBIM KJIACTEP XapaKTepu3yercsi Oojiee BBICOKHM CPOJICTBOM K
MPOTOHY (HYKJIEO(MIHPHOCTHIO) BAaHAIMIIBHOTO KHCIIOPO/Aa, OTBETCTBEHHOTO 32
JETPOTOHUPOBAHUE OKUCISIIONICHCS METHIBHOM Tpymnmbl cybctpara. O6 3TOM

Tabmuma 1 — [lomHbIe SHEPTUHN BaHAIUIICOAEPKALIUX KIIACTEPOB
1 UX IpOTOHUPOBAHHEIX (HOpM (E o), CPOACTBO K IPOTOHY BaHaamiIsHOTO Kuciopoxa (CIT),
paccuuranssle HeamnupudeckuM mMerogom (HE/STO-3G)

, ~Erom, aT. €. CIT"
caKmus HaYaIbHOE KOHEUHOe | k]l Mob
COCTOSITHHUEC COCTOsSIHHUEC
(0]
[ I
Ti Ti
VRN VRN
[0) o) +H* 0] 0
\ o/ —  \ o/ 3223,753879 | 3224,190174 | 11455
SN2 oI~ Vg
O (6] (6] Ny
H
q=0, m=1 q=1, m=1
PN /O\C
T T r\ P T
o A S
6] 0 +H 0 /O
0 — 0
\V/ >V/\ \V/ >V\ 4522,469225 | 4522,830499 |  948,5
PZ2N PZN
& o o IS
H
q=0, m=1 q=1, m=1
IHpumeuanue: a — CIl = (Epq — Eyon )2625,46.
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Tabnuna 2 — IToHbIe SHEPTUH BaHAIUHCOAEPKAIINX KIIACTEPOB M UX MPOTOHHPOBAHHBIX (HopM
(E\iomm)> CPOICTBO K MIPOTOHY KHCIOPOJA, CBA3aHHOTO ¢ HoHoM BaHanus (CII), paccuntaHHble
PACIIMPEHHBIM METOJOM XIOKKEIs, JOMOJHEHHBIM IIOTEHIINAIOM OTTAIKUBAHUS 110 AHIEPCOHY

~Eoms» aT. €. )
P CIT',
CaKIis HavyaabHOE KOHEYHOE | kK Moup
COCTOsSITHHUEC COCTOsSIHHUEC
i I
Ti Ti
VAN VRN
o o +H" o o
\ o/ — \ o/ 1103,490764 | 1106,016159 | 2438
/\/V§o 04\/\/\0
o o o N
H
q=0, m=1 =1, n=1
T Ir I'\ AT
o VA
lo) 0 +H 0 /
[6) B O
\V/ \V/ \\/ \V 1330,839615 | 1333,272658 2348
AN ANt
O (6] (0] N
H
q=0, m=1 q=1, m=1
IIpumeuanue. 1 — CII = (Eyay — Egon )23,07 - 4,184.

MOJKHO CYJHTH 10 00Jiee BRICOKOH CTETIEHW KOHBEPCHUU 4-METHIIITMPHUINHA U CMe-
LICHUI0 MaKCUMYMOB BBIXOAa NHPHIUH-4-KapOalbAeruia W HM30HUKOTHHOBOU
KHUCJIOTH B 0OJIacTh Oojiee HU3KHX TEMIIEpaTyp, MO CPAaBHEHUIO C OMHAPHBIM
BaHAIUNXPOMOKCHIHBIM KOHTAKTOM.

ComnocTaBieHne pe3ynbTaTOB MaplIUaIbHOTO OKHUCIEHHA 4-MEeTHIIMUPHINHA
Ha OMHapHBIX Katanu3aropax V,0s4Ti0,, 2V,05-Cr,0O3; 1 TpOHOM KaTanu3aTrope
2V,05-4Ti0, Cr,0; mokazano, 4To TMpH OJHOBPEMEHHOM MOIN(PHUIIMPOBAHUN
TeHToKcHaa BaHaaus okcuaamu tutana (IV) u xpoma (III) mabmromaercs curep-
radeckuid d¢exT [10], mposBISIOMMIACS B 3HAYUTEIEHOM YBEITUUYEHHH BBIXOJA
W30HUKOTHHOBOH KHCIIOTHI M CHIDKEHHM ONTUMAJIBLHOM TeMIlepaTypbl ee obOpa-
30BaHUs B CITydae TPEXKOMITOHEHTHOTO KaTtanu3aropa (pucyHok 2B).

OOLIeTTPUHSATHIM SIBJISIETCS MHEHHUE, YTO aKTUBHOCTh U CEJIEKTUBHOCTH BaHa-
JUHOKCHIHBIX KaTalu3aTOpOB OKUCIIEHUS YIJIEBOJOPOJIOB CBA3aHA C MPUCYT-
CTBHEM Ha IOBEPXHOCTH KaTaliu3aTopa pa3iIM4yHbIX (opM KHCIoponda, IMpUueM
0O0JIBIIYIO POJIb UTPAET ABOECBA3AHHBIN BaHAAWIBHBIN Knciaopo pemerkn (V=0)
[11]. OgHO#t M3 HPUYMH TPOMOTHUPYIOIIEro AeUCTBHS OkcuaoB TutaHa (IV) n
xpoma (III) Ha KaTanUTHYECKYI0 AKTUBHOCTD U3yUEHHBIX HAMH MOIUHLIN-
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CkopocTh nopauu 4-MeTwinupuauaa — 2,86 r, Bozayxa — 60 1, Boasl — 68 T B yac.
MounsHoe otHoueHue 4-mMetmnnupuant:0,:H,0=1:18,3:123. O603HaueHne KpuBbIX, %:
A — xoHBepcus 4-METHIMPHINHA, BBIXOI:

b — mupunun-4-anpaernga, B — M30HUKOTHHOBOH KHCIOTHIL.

Pucynok 2 — BiusiHue Temrneparypbl Ha OKHCIEHHE 4-MeTHIITUPUITHA
Ha karanmu3atopax V,05-4TiO; (1), 2V,05:Cr,05 (2), 2V,05-4Ti0, Cr,05 (3)

POBaHHBIX BAaHATUHOKCHIHBIX KOHTAKTOB MOXKET OBITh YBEIMYEHHE IOJ HX
BIMSHUEM HYKJICO(QHIFHOCTH (CPOACTBA K MPOTOHY) BaHAAMIBHOTO KUCIOPOAA,
YYacTBYIOIIErO B OTPBIBE IPOTOHA OT OKUCISIEMOT0 METHIIBHOTO 3aMECTUTEIS.

JUIs1 TeopeTHYecKOl OLEHKHM BIUSHUSA OKCUAOB-IIPOMOTOPOB PA3IMYHON
MPUPOABI Ha CPOJACTBO K MPOTOHY KHCIOPOJA, CBSI3aHHOTO C BaHAaIWEeM, ObUIH
MPOBEACHBl KBAaHTOBO-XMMHUYECKHE PACUETHl C MCIOIb30BAHUEM KIIACTEPHOTO
moxxoja. AKTHBHBIE IEHTPHI M3YYEHHBIX KaTajln3aTOpPOB, WTPAIOIINE POIb aK-
LIENTOPOB TMPOTOHA, OTPBIBAEMOIO OT OKHUCISAIOMIEHCS METWIBHOW T'pYMIIbI,
MOJIETTMPOBAII KIIACTEpaMH, COAEpKAIUMH (parMeHThl IEHTOKCHIA BaHAIUs U
OKCHJIOB-TIPOMOTOpPOB. JlJIsl 3THX 1esel Mchoiap30Baii MeToA ab initio [8] ¢ mMu-
HUManbHBIM OaszucHeiM HabopoMm (HF/STO-3G) (tabmuma 1), a Taxke pacmim-
pennbiit Metonr Xtokkenst (PMX), nomoHeHHbBIH MTOTEHIIMAIOM OTTAJIKUBAHUS 110
Amnpepcony (tabmuma 2) [12].
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Jisi  cpaBHEHHS PEaKIHOHHOW CIIOCOOHOCTH 3- W 4-METHIMHPUIAHOB
HaMH B YCIIOBUSX OKHCICHHS Ha TPEXKOMIIOHCHTHOM KaTaJH3aTOpE COCTaBa
2V,05:4Ti0;, Cr,0; ObUTH HPOBENCHBI ONBITHI B OJMHAKOBBIX YCIOBHSAX (pHUCY-
HOK 3). CormacHo pesyibTaTaMm SKCHEpUMEHTa, 4-MEeTHIMTUPUINH 3HAYUTEIHHO
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Temneparypa, °C

MomnbHoe otHomeHne MetmmupuanH:0,:H,0=1:15:100.
O003HaYCHUE KPUBBIX, BEIMIECTBO: | — 3-METHIIMUPUINH U TPOIYKTHI €r0 OKUCIICHUS,
2 — 4-METUIIUPUANH U TIPOJLyKThI €r0 OKUCIICHHUS.

Pucynok 3 — BrnusHue TemnepaTypsl Ha KOHBEPCHIO 3- M 4-METHIMUPHIUHOB (A),
BBIXOJ] MUpuAnHKapOanbaeruaoB (b) n mupuanakapOoHOBBIX KUCTOT (B)
Ha karanuzatope 2V,05-4Ti0, Cr,0;
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MIPEBOCXOAUT 3-U30Mep 1O CTENeHH KOoHBepcuu (A), BBIXOAY NHPHAWH-4-Kap-
oanpaeruna (b) u nzoHMKoTHHOBOW KKCIOTH (B). MakcuMalbHBIN BBIXO]] H30HH-
KOTHHOBOH Kucnotsl (67 % npu 250 °C) nocturaercs npu temneparype Ha 80 °C
HIDKE, YeM MaKCHUMYM BBIX0J1a HUKOTHHOBOU KUCIOTHI (47 % tipu 330 °C).

Jnga TeopeTMueckoll HMHTEpPHpPETAlMM Pe3yJIbTaTOB 3KCIEPHUMEHTAIBHOIO
W3YYEeHUS OTHOCUTEIFHOW PEaKIMOHHOW CITOCOOHOCTH M3YYEHHBIX METHIIIPOU3-
BOJHBIX MUPUANHA MBI HCXOJMIIM U3 TOTO, UTO BCE OHU ABIAIOTCS cnabbimu CH-
kucinoramu (AH) [13-16] u nox nedicTBueM HYKJICO(PHILHOTO KHUCIOPOAA IIO-
BEPXHOCTH BaHAIUHOKCHUIHBIX KaTaJIW3aTOPOB CIIOCOOHBI OTJaBaTh MPOTOH Me-
THJILHOM TPYIIEI ¢ oOpa3oBanueM kapOoannoHna (A ), (ypaBHeHue 1). B kadecTse
WH/IEKCA PEaKIMOHHOM CIIOCOOHOCTH METHJIBHBIX TPYMIT HCXOIHBIX COEAMHEHUI
BbIOpanu sHTaNbnUI0 ux aenporonuposanus (DPE, Deprotonation Entalpy):

AH+B — A +BH - DPE, (1)
DPE = E(A") + Ei.(BH") —Eo (AH) — Eoc(B), (2)

rae Eyr — mojiHasg sHEprusi COOTBETCTBYIOIIETO COEAMHEHUs; B — OCHOBHOM
LIEHTp, aKIenTop mporoHa. Pons akmentopa mpotona (B) MoryT urpats pazind-
Hble ()OPMBI aKTUBHOTO KHCIIOPOJIa Ha TIOBEPXHOCTH OKCHJIAa BaHaaus. B maHHOU
CTaThe B Ka4eCTBE TAKOBOT'O PACCMATPHUBAETCS BAaHAIMIIBHBIN KUCIIOPO/I.

s oHOTO ¥ TOTO K€ KaTaln3aTtopa Pa3sHOCTh Ew.(BH) — Ei(B) B ypaB-
HeHnH (2), paBHYIO SHEPTHH CBS3BIBAHUS MMPOTOHA, MOXXHO CUHTATH ITOCTOSTHHOM,
U JUIsl pacdyeTa SHTAJIBIIUU JACTPOTOHUPOBAHUS, XapaKTEPU3YIOUIEH OTHOCH-
TenbHyto cmty CH-KHCoT, UCronb30BaTh YpaBHEHUE:

DPE =Et(A) — Eio.(AH). 3)

Uem Mmenblie BennuuHa DPE; tem nerue CH-kuciaoTa oTOaeT MpoOTOH, TEM
oHa cuibHee. HaMu ¢ mOMOIIBIO HEIMIMPUUYECKUX KBAHTOBO-XUMHMYECKHX pac-
YETOB C HCIIOJIb30BAaHUEM TPEXIKCIOHEHIMANbHOTo OazucHoro Habopa Iloruia
(HF/6-311+G**) B mpubmmkennn bopra-Onmenreiimepa ObUTH MOTyYeHBI pac-
yeTHbIe aHamord CH-KHCIIOTHOCTH MOJIEKYNl MCXOAHBIX COeIWHEHHWI B BUIE DH-
tanenuu  fenpotonupoBanuss (DPE), umcxond W3 BeNWYMH TOJHBIX JHEPTUH
ucxoaubix Mosiekyn (AH) u coorBercTByromux kapOoannoHoB (A’) (ypaBHe-
Hue 3, tabmuna 3). CoriacHo pacueTam, B Ta3oBoi (haze 4-MEeTHITUPUINH SB-
nsiercst 6ornee cunpHOW CH-KHCIIOTOH, TMOCKOIBKY MMEET MEHBIIYI0 BEIHYUHY
SHTANBINK [IEHPOTOHMPOBAHHS MeTHWIbHOTO 3amectutens (1624,4 xJlx-mon.™),
1o cpaBHeHmo ¢ 3-metunmupunuaom (DPE = 1668,9 k/lx-Mon. ™). Biaroaaps
3TOMY 4-M30Mep B YCIOBHSIX PEaKLUU OKUCIEHHS JIET4Ye OTLIEIUISET MPOTOH MOJ
BO3AEHCTBHEM HYKJICO(UIBHOIO KHCIOPOAa MOBEPXHOCTH KaTainuszaropa, a oopa-
3YIOIIHUKICS TTPOMEKYTOUHBIN 4-KapOaHUOH C OoJiee BBICOKON CKOPOCTHIO MpeBpa-
maeTcsi B MPOAYKTHl MapUUAIBHOIO OKHCIEeHHs (MUpUAWH-4-KapOanbiaerus,
W30HUKOTHHOBAS KUCIIOTA).
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Ta6muua 3 — IMomasie sHepruu (Eoqy ) MONEKy 3- 1 4-METHIIMUPHUANHOB U X KapOOAHHOHOB
B ra3oBo# (hase, SHTANBINHN ETPOTOHUPOBAHHUS METHIIBHBIX 3amecTutesneld (DPE),
paccuurtannsle MeTooM ab initio (HF/6-311+G**) B npubnmkennn bopra-Onmnenreiimepa.
DPE = (Egunon — Emonexyna) ©2625,5

CrpykTypa — Eqom./ aT.€10. DPE / xJlx-Mon.”!
3-MeTunnupuaua 285,7992787 —
3-Kapbannon 285,1636244 1668,9
4-MeTunnupuauH 285,8014194 -
4-KapbaunoH 285,1827073 16244

Hamu Taxke OblIa comocTaBlieHa peakUUMOHHAasi CIOCOOHOCTD 3- U 4-MeTui-
MUPUAMHOB B YCIOBUX, MOJEIHPYIOMINX XEMOCOPOLIMOHHOE B3aUMOACHCTBHE
cyOcTpaToB ¢ aKTUBHBIMH LieHTpamu OuHapHbIX V-Ti- u V-Cr-okcuaHbIX Karta-
JIU3aTOPOB, COJEPKAIMMU KUCIOTHBIN 1IeHTp JIpfonca (KaTHOH BaHaaHA), C KOTO-
pPBIM B3aUMOJAEHCTBYET CyOCTpaT CBOMM Te€TepOaTOMOM a30Ta, M BaHAAWIBHBINA
KHCJIOpOJ — akKUenTop nportoHa (tabmuma4). [y onTrMU3alMy TeOMETPHH U

Tabnuua 4 — [ToaHble SHEPIUH CBA3aHHBIX C KJIaCTEPaMU METHIINTHPUAUHOB
U UX KapOaHUOHOB (Eoy,;), SHTAIBINM JIEIPOTOHUpOBaHus cyocTpatos (DPE)
C IIEPEHOCOM NIPOTOHA HA BAHAAUIBHBIN KHCIOPO,
paccuntansabsie MmetonoM Density Functional Theory (B3LYP/LanL2DZ)

—E o, aT. €11 DPE!
Peaknusa RS
MoOIeKyna KkapGoammon | KAKMOTb
N [ Den H
2 CHH a2
@ B N o’
: ﬁ Ly L 1015,7575962 | 1015,6732504 | 221,4 (3)
o — VeV (3) (3)
o %)/\o /7\011 °7/ o7/ o
0 /o o . o)
THI THI 1015,7602899 | 1015,7081181 | 137,0 (4)
! ! @ @
Charge= 1+ Charge= 1+
e | \jCHz' H
477N N /
} (\? n (|) 1205,3761693 | 1205,2877752 | 232,1(3)
- = : 3) 3)
_V.
0=)>o —~on o ~/ o //V\OH
0 0 o o]
O (0]
o W 120537853 | 12053250373 | 1404 (4)
No” o (4) )
Charge= 1+ Charge= 1+
Ilpumeuanue. 1 — DPE = (Eyoy — Eyaq) - 2625,46.

120




ISSN 1813-1107 Ne'l 2019

pacuera MOJTHOW 3HEPTHUH KOMIUIEKCOB CyOCTpaTOB M MX KapOOaHHMOHOB C KJlac-
TE€paMy, MOJEIUPYIOUMMH AaKTHBHBIE LEHTPHI KaTalu3aTOpPOB, HCIOIb30BAJIN
METOJI 0OMEHHO-KOppessuoHHoro ¢yHknuoHana mmmotHoctn B3LYP u nByx-
9KCIIOHEHTHBIA OasncHbId Habop Lanl2DZ ¢ 3¢ dexTuBHBIM OCTOBHBIM IMOTEH-
uuanoM (tabmuua 3) [9]. Pacuersl mpoBoaunu B npubmmxenuu bopra-Omnmnen-
reiimepa ¢ nomoupto nporpammel GAUSSIAN 09W, Bepcus D.01.

Pe3ymnprarel TEOPETHYECKHX pacueToB TOKa3alld, YTO HE TOJIBKO B Ta30BOI
¢da3e, HO U B «xeMocopOupoBaHHOMY» cocTossHUM Ha V-Ti- u V-Cr-okCHIHBIX
OMHaApHBIX KaTanu3atopax 4-METWINUPUAWH HMEET MEHBINYI0 BEIHYHHY
SHTAIBIHNK JCTPOTOHHUpOBaHUS MeTwibHOTO 3amectutens (DPE) (137,0 wm
140,4 KI[)K-MOHL'I, COOTBETCTBEHHO), YeM 3-metwimupuanH (221,4 u
232,1 kJIK-MONB', COOTBETCTBEHHO). VIHTEpPECHO OTMETHTH, UYTO PE3y/IbTAaThl
pacdeToB IMOATBEPXKIAIOT JKCIIEPHIMEHTAIbHBIE MaHHBIE O Ooyiee BHICOKOM Ka-
TAJIUTUYCCKON aKTUBHOCTU V-Ti-OKCHIHOTO KOHTAKTa, 1o cpaBHeHHIO ¢ V-Cr-ok-
cunHbM (Tabmuna 4). CeszanHbie ¢ V-Ti-OKCHIHBIM KJIACTEPOM MOJEKYJB 3- U
4-METHIIMPUANHOB UMEIOT MeHbIue 3Hauenus DPE (221,4 u 137,0 K,Z[)K-Monb'l,
COOTBETCTBEHHO), 4eM cyOcTpaThl, cBsA3aHHbIE € V-Cr-oKCHIHBIM KJIACTEPOM
(232,1 m 1404 KI[)K-MOJ'IL-I, COOTBETCTBEHHO).

Takum oOpa3om, B 1aHHOH padoTe McCIeoBaH XapaKTep KaTaIUTHUECKOTO
nevictBus kommo3urmii V,054Ti0,, 2V,05Cr,0; 1 2V,05-4Ti0,-Cr,0O5 B 1po-
1ecce OKMCIEHUs 3- U 4-METWINMPHUINHOB U OCYIIECTBIIEHA MHTEPIPETaLs 0-
JIyYEHHBIX PE3yJIbTaTOB C IIOMOIIBIO KBAHTOBO-XUMHUYECKHX PACUETOB B KJIACTEP-
HOM TIPUOIMKEHUN. Y CTAHOBJICHO, YTO TIPY OJHOBPEMEHHOM MOAN(PHUIIMPOBAHUN
neHTokcuaa BaHaaus okcugamu turaHa (IV) u xpoma (III) mabmromaercs cu-
Heprudeckuil 3QQEKT, MPOABISIONINICS B 3HAYUTEIBHOM YBEIMYCHHH BBIXOJA
W30HUKOTHHOBOH KHCJIOTHI M CHIDKEHMM ONTUMAJIbHOM TeMIlepaTypbl ee obOpa-
30BaHUS B Cilydae TPEXKOMIIOHEHTHOTO KaTaiu3aTopa, Mo CPaBHEHMIO C JIBYX-
KOMITOHEHTHBIMH.

OKCITEPUMEHTAIJIBHAA YACTD

Ucxomubie 3- v 4-METHINMUPHIMHBI MAPKH «4.» TIOCJIE CYIIKH U TIEPETOHKU
UMEJH XapaKTePHCTHKH, OTBEYAIONINE MHIMBHIYalbHBIM BEIECTBaM: 3-METHII-
OUPUIMH — T. Kum. 140 °/692 mwm, d >’ = 0,9566, ny™ = 1,5050; 4-MEeTUINHUPU-
muH — 1. kun. 141 /695 mm, d,2° =0, 9548, np™"=1,5058 [17].

Karanuzatoper u3 cmeceit V,0Os ¢ TiO, w/unmu Cr,O; Mapku «4.ja.a.» C
3aJaHHBIM MOJIFHBIM OTHOLICHHWEM OKCHIOB IOJyYali TaOJIeTUPOBAHUEM ILUXTHI
U ee mpokanuBaHueM npu temmnepatype 650 °C. YcrpoilcTBo peakTopa il Uc-
CJIEJIOBAHUS MAPIHAIHHOTO OKUCIEHUS 3- W 4-METHIMTUPHUINHOB OMICAHO paHee
[18].

Henpopearupoasime 3- u 4-METUITUPUANHBL U IPOAYKTHl PEaKIUU yiIaB-
JUBANKA BOAOW B CKpyOOepax Twma »3piudTa W aHATH3HPOBAIN METOJIOM Ta3o-
XKHUJIKOCTHOH Xpomarorpaduu. XpomarorpaduuecKuil aHau3 MPOJIYKTOB OKHC-
JIeHUs] IpoBOAMIN Ha xpomaTtorpade «LIBer-106» ¢ muamMeHHO-MOHH3aLUOHHBIM
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IETeKTOpOM. B KadecTBe raza-HOCHTENS WCHOIB30BaM aproH. CTeKIsHHAs
kononka JymHoN 1000 MM 1 nruaMeTpoM 4 MM 3aI0THEHA HETIOBKHOM KHUIKOU
¢dazoit 25 % IIOT'A + 2 % H3;PO, na nHocurene MH3-600. Temnepatypa Tepmo-
crata KoJoHku — 125 °C, ucnaputens — 200 °C. [JaBieHue raza—HOCHUTENS apro-
Ha — 4,0 krc/cM?, Bosayxa — 2,4 krc/em”. O6beM BBOAMMON mpoOsI 4 M. B Ka-
YECTBE BHYTPEHHETO CTaHAapTa UCIONB30BaIH 2,4,6-KomumanH. HUKOTHHOBYIO 1
M30HUKOTHHOBYI) KHCJIOTHI ~OMNPENENSTA  MPSIMBIM ~ TUTPOBAHHUEM  BOJHBIX
katanmn3atoB onbeIToB 0,01 N menousto o deHondraneuny.

[TpomyKThI TTyOOKOTO OKHMCICHHUS aHAIM3UPOBAIN Ha XpoMaTorpade «JIXM-
8M/I» ¢ mAeTeKkTopoM MO TeronpoBogHOCTH. KonoHkM U3 Hep)kaBeromen cTamu
MMeNH JIUHY 3,5 M ¥ BHYTpEeHHHH nuameTp 3 MM. AJcopOeHTOM IS ormpene-
neans CO CyXuIl akTUBUPOBAHHBIN yroib Mapku «Al-5» (0,25-0,50 mm), ans
CO, — momnmcop6-1 (0,16—0,20 mm). Temmeparypa Tepmocrara konoHok 40°C. Bo
BCEX ONbITaX OallaHC 110 OIpe/eNIeMbIM BelecTBaM cocTaBisit 95—100 %.
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Pe3iome

II. B. Bopoowes, T. II. Muxaiinosckas, O. K. IOzaii,
A. I1. Cepebpanckas, P. Kypmakwizel

TUTAH XSHE XPOM OKCUATEPIMEH MOJAN®UIVPJIIEHI'EH
TOTBIKTBI-BAHAJITMNJITI KATAJIM3ATOPJIAPJIA 3- )KOHE
4-METWIHINPUJUHAEPAIH BY ®A3AJIBIK TOTBIFYBI

3- oHe 4-MeTHITUPUANHACPAIH Oy (azansik ToThIFybiHa V,054Ti0,, 2V,05 Cr,04
xoHe 2V,05°4Ti0, CryO; KOMIO3UIMSIAPBIHBIH KaTATUTHKAIBIK dcepi 3epTreni. Bana-

123



XUMWYECKHH )KYPHAJI KA3AXCTAHA

nuit mentokeudin tutad (IV) xxone xpowm (III) ToTsikTapbiMeH Oip Mesrinae Moauduka-

LUsJIaFaHza CHHEPTHSUIBIK acep Oaiikanasl, OyJ1 ocep M30HUKOTUH KbIIIKBUIBIHBIH alTap-

JIBIKTall apTyblHA JKOHE OHBIH KaTajau3aTop YII KOMIIOHETTI OOJIFaH JKardaijaa, eKi KOM-

MOHEHTTIMEH CaJIBICTHIPFAaHIa OHTANIIBI XKY31Ty TeMIIEpaTypaHblH TOMEHAEYi OaiiKaia bl
TyiiiH ce3ep: TOTHIFY, METWINUPUIUHAED, KaTalu3aTopiaap.

Summary

P. B. Vorobyev, T. P. Mikhailovskaya, O. K. Yugay,
A. P. Serebryanskaya, R. Kurmakyzy

VAPOUR-PHASE OXIDATION OF 3- AND 4-METHYLPYRIDINES
ON VANADIUM OXIDE CATALYSTS MODIFIED
BY TITANIUM AND CHROMIUM OXIDES

The catalytic effect of the compositions V,054TiO,, 2V,05Cr,0; and
2V,054Ti0,-Cr,O; in vapour-phase oxidation of 3- and 4-methylpyridines has been
studied. It was found that with simultaneous modification of vanadium pentoxide with
titanium (IV) and chromium (III) oxides, a synergistic effect is observed, manifested in a
significant increase in the yield of isonicotinic acid and a decrease in the optimum tempe-
rature of its formation in the case of a three-component catalyst, compared to two-
component one.

Key words: oxidation, methylpyridines, catalysts.
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AJITOPATM NPOBEJEHUSI THTUEHUYECKHX
OBCJIEJJOBAHUM ITPU ABAPUITHOM IAJIEHUH
PAKET-HOCHUTEJIEN

AHHoTanusi. Ha ocHOBE ombITa MHOTOJIETHUX HMCCIEA0BaHUN pPailOHOB aBapUITHBIX
nageHuit paker-Hocurenei (B 2006, 2007 u 2013 rr.) pa3paboTaHbl METOAMYECKUE ITOIXO0-
JbI K TPOBCICHNUIO TUTUEHUYECKOI'O 06CHC}IOBaHI/I$[ HaCCJICHHBIX ITYHKTOB, TOABCPKCHHBIX
PUCKY aBapUHHBIX CUTYalluH IPU IIyCKaX paKkeT-HOCUTEIIEH.

KiroueBble ciioBa: aBapuifHOe MajieHHE pPaKeTHI-HOCHTENS, OKpYJKaromas cpena,
cpesa oOHTaHus, THTHEHUMYECKUE UCCIIeIOBAHMSI.

BBenenme. ABapusi npu mycke paketsl Hocutens (PH) — sto coOwithe,
KOTOpPOE MOXET NPHUBECTH K pa3pylICHUsIM OOBEKTOB CpeAbl OOMTaHUs, He3a-
IUIAHAPOBAHHOMY XMMHUYECKOMY, (PH3MUECKOMY 3arps3HEHHIO €e 0OBEKTOB KOM-
noneHtamMu paketHoro tormimBa (KPT) c mpeBblmieHHeM BENWYWH, pETIaMEH-
TUPOBAaHHBIX HOPMAaTUBHBIMU JOKYMEHTAMHU.

B cuenapusx aBapuiHBIX CHTyalUil HE HUCKJIIOYAETCS HENOCPEICTBEHHOE
BO3JICHCTBME Ha HAcCeJICHHBIA MyHKT. OJHAKO, TPOCKTUPYEMbIE TPACCHl IMOJIETa
pakeT, MpoJjeraouiye HajJ HE3acelIEHHBIMH TEPPUTOPUAMHU, U TEXHOJIOTUYECKUE
CIelMaIbHbIE MEPBI N0 OTKIIOYeHHI0O PH B ciiydasix OTKIIOHEHHS OT IpOrpaMMBbL
IITaTHOTO TOJIETa TMPEAYNPEeKTAIOT OMACHOCTh WX TONAJaHHWA B HaCEJCHHBIN
yHKT. Bece npenpinymue aBapuu, ciiyduBIINECS IPH OCYIECTBIEHUH MyckoB PH
Ha Tepputopun PK, 3akaHuMBamuce WX MaJeHHEM B CTOPOHE OT HACEIEHHBIX
IIYHKTOB.

Ha pa3BuBaronytocs aBapuilHyr0 CUTYyallMIO BIUAIOT TUI aBapuu U TEXHU-
YEeCKHE XapaKTEPUCTUKH PAKETHI, XapaKTep pa3pyLICHUI IPH NaJeHUH 00JIOMKOB,
BHU TOIUIMBA W BO3MOXXHBIC 00BEMEBI €T0 IIo1aJaHusa B OOBEKTHI Oprnca}omeﬁ
CpPeJIbl, XapaKkTep odara MopaKeHHs, CIOKHUBIINECS apXUTEKTYPHO-CTPOUTEIHHBIE
pelIeHNsT HACENCHHBIX MYHKTOB, (hopMa BeleHHS XO3SICTBa B HHUX, HaJMYHE HA
TEPPUTOPHH IPOMBIIIJICHHBIX OOBEKTOB, KOTOpBIE NPH Pa3pylIEeHUH MOTYT
HaAHECTHU ILOHOHHHTCHLHBIﬁ Bpea, U T.1.

OnsIT MpOBEJEHUS TUTMEHNYECKUX HCCIIEIOBaHUHM B HAcEJICHHBIX ITYHKTax,
npuieraronmx K paionam naaeHus PKH, npuoGperen B xoxe conuaibHO-THTHE-
HHUYECKHX UCCIIEIOBaHUI NIpH aBapuiiHbIX myckax PH ¢ kocmonpoma «baitkoHyp»
Ha teppuropun PK [1-5]. Ha ero ocaose B 2008 r. pa3paboTanbl «MeToguueckue
pexoMeHpanuu ...» [6]. Jlo HacTosmero BpeMeHHM OOCIEIOBAaHHE COCTOSIHUS
Cp€abl o0OHNTaHWs B HACEJIEHHBIX IMyHKTax, MPWICraroluxXx K MECTaM aBapuu,
MIPOBOJIUTCS C YUETOM JIaHHBIX METOAMYECKUX peKoMeHaanuii. OHaKO, OCHOBHAS
4acTh ATUX PEKOMEHJIAINI MOCBSIIEHa POBECHHUI0 MOHUTOPHUHTA MOCIEACTBUI
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aBapUIHBIX CUTYallUd, B TO BPeMs KaK METOAMYECKHUE MOAXOABI M TMOPSIAOK MPO-
BeJlcHUST paboT, HA paHHEH CTaAWM aBapUH HE MOJYYMIA JTOCTATOYHOTO OCBE-
LICHUS B HAYYHOH IUTEpaType.

[ToaTomy pa3paboTka anropuTMa rUTHEHUYECKAX HCCIIeTOBAaHMMA ITPH OI[CHKE
aBapUHOM CHUTYallMu HEMOCPEJCTBEHHO Mocie aBapuiiHoro maaenusi PH sBis-
€TCs aKTyaJIbHOM 3aJ1a4eil.

Hensb. PazpaboTka METOANYECKNX MMOAXOI0OB K MPOBENECHUIO THTHEHUIECKUX
WCCICOBAHUA Ha TEPPUTOPUSX, NPHUIIETAONINX MECTaM MaJCHHS pPaKeT-HOCH-
TeJIEM, HETIOCPEICTBEHHO NI0CIIE aBaApUU.

Martepuasl 1 MeTOIBI HccaeaoBaHU. OOBEKTOM HCCIIEIOBAaHUN SBHITUCH
cpena oOWTaHWS, TPUOPUTETHHIE (DAKTOPHI BO3MEHCTBHM, IMyTH MOCTYIUICHUS
BPEAHBIX BEIIECTB, MPUCYTCTBYIONINX B OYare aBapuyd W KPUTEPUH OICHKH HUX
MOTEHIIMAIILHON OMACHOCTH, AaJTOPUTM THUTHMEHUYECKUX HCCICAOBAHUM NIpU
aBapuiiHbix nagenusx PH.

HccnenoBanuch movsa, BOJHbIE OOBEKTHI, MPU3EMHBIN CIION aTMOC(HEPHOTO
BO3ayxa, pacteHus. OTO0p Mpod 0OBEKTOB OKPYIKAIOMICH CpeJbl MPOU3BOIUIICS
0 OOIIENPHUHSATHIM METOJIMKaM TMTHeHHYeCKuX uccienoBanuii [6]. Ilpu onenke
XUMUYIECKOTO 3arpsS3HEHUS MMOBEPXHOCTHBIX M TPYHTOBBIX BOJ C IEIBIO DKCTPEH-
HOro mnojydyenus wHpopmanuu o cojepxanuu B HUX KPT u mpomykToB ux
TpaHc(OpPMAIIUU KCIIOJIb30BATNCh COBPEMEHHBIC METOJIBI XPOMATOrpauaecKoro
OTIpe/IeTICHNs, @ Ha MEeCTax aBapHil MPUMEHITUCH dKcrpeccHbie MeToasl (I'AHK,
WHIUKATOPHBIC TPYOKH).

Hanpap/ieHne rurueHu4ecKuX uccjaeqoBaHuil. B 3a1aun TUrHeHUYECKUX
HCCIIEAOBAHUM HEMOCPEACTBEHHO MOCIE aBAPUU BXOAAT NOJYyUYEHHUE ONEPATUBHOU
U JOCTOBEPHOW MH(OPMAITUU O THIIC W BUJIEC PAKETHOW TEXHHWKH; CIICHAPHH aBa-
pUH; KIUMaTO-reorpaduveckoll XapaKTepUCTHKE PErMOHA U METEOYCIOBUSAX Ha
MOMEHT aBapHH; PAaCCTOSHUM 10 HACEJICHHBIX ITyHKTOB; OLICHKE COCTOSIHUSI OK-
py)Karomie cpeasl W cpeisl OOWTaHWs; CaHWUTAPHBIX IOTEPh B HACEICHHBIX
MyHKTaX; IPUOPUTETHHIX 3aTrPS3HUTEINAX, ICTOYHUKOM KOTOpHIX sBisgercs PH, u
caMl OOBEKTBI OKpy’Karomeil cpeapl (TPOU3BOJCTBEHHBIC);, PUCKE 3IIOPOBBIO
HAaCeJICHUS; MYTAX MOCTYIUICHNUS TOKCHYECKMX COCIWHCHUU B OPTaHHU3M OIlCHKA
BPEMEHU BO3JACHCTBHUS (PKCIO3UIIMNM) XUMHUYECKUX COCTUHCHUN Ha YeIOBEKa.
Pa3pabartbiBatoTcsl pekOMEHAAlMU IO MUHUMU3AIUN TIOCIEICTBUI aBapuHHON
CUTYALMH JJIsl UCTIOJHUTEIBHON BJIACTH HA MECTaX U BBIIICCTOSIIIUX UHCTAHIIMM.

Jlns pa3paboTKU CXeM TMTMEHUYECKUX HCCIICOBaHUMN, MPEK/IE BCEro, He00-
XOJUMO OBUIO OIICHUTH «CIICHAPHUH» aBapUHHOW CHTyallMd U BO3MOJXKHBIC II0-
cnencteus BausHus apapuu PKH Ha cpeny oOutanus u 310pOBbe HACEICHUS.

ABapus TIpU MyCKe paKeT-HOCHUTENIEH MOXKET COMPOBOXKIATHCS: B3PHIBOM B
MIPU3EMHOM CJIO€ aTMOC(EpHOTo BO3/IyXa WU IPHU yJIape Ha OBEPXHOCTH 3EMJIH;
MaJIcHHeM KOCMHMYECKOTO armapara WM J00H 4acTH BHE 30H OTUYXKICHHS B
HACEJICHHBIN IYHKT WM Ha MPUJIETAIONIYI0 TEPPUTOPUIO; Pa3pyIICHUSIMHE, IT0XKa-
pamMu 00BEKTOB cpelibl 00MTaHMs B MecTax najenus yacredi PH; Mexanndyeckum,
XUMHUYCCKUM U (PU3UUCCKUM 3arps3HCHUEM TCPPUTOPUU B MECTE MaJCHUS U T.1.

(pucyHoK).
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HenocpencreenHoe
Tun Bo3ageHcTBUS

-
e ——

OmnocpenoBanHoe
Ouenka . .
CHUTyalHH Ha3zemHblii/HABOIHBIN B3PHIB
Bo3nymHoe
(nau
paccenBaHue
ycaosus Ilepenoc 3arpsi3HeHus1 001aKOM H
aBapuHu) N0KAPAMH
YaoBiaerBopuTeIbHBIH
YpoBenn Heo0naronony4nsiii
ONACHOCTH
UYpe3BbIuaiiHbIi

Cuenapuii OLIEHKH CUTYallH ITpH aBapuitHoM najgenuu PH

Tun paketsr u uconsdyemoe B PH tommmmso (HAMI™ + tetpaokcua asora,
KEPOCHH + >KMIKUH KHCIOpPOJ) MIPAIOT BEAYIIYIO POJIb B Pa3BUTHHU aBapHIHOMN
cutyaruu. Hanbonee clioxxHbie cHTyaluy CBsi3aHbl ¢ aBapusimu PH, B KOTOpbIX
HCIIOJIb3YETCSl B KAUECTBE TOIUIMBA BBICOKOTOKCHUYHBI HECUMMETPUYHBIN AUMeE-
tunruapasud (HJMI). 3to BemecTBo, HECMOTpPS HA CYIIECTBYIONINE B HAYIHOU
auTepaType OO0OOLIeHHS IO TOKCHYHOCTH, MYTareHHbIX M KaHLEPOTE€HHBIX
a¢dekrax, eme He MOIYUHJIO JOCTATOYHO TOJHOTO aHalM3a €ro OMacHOCTH B
CBSI3M C OTCYTCTBHEM €IWHBIX METOIMYECKHUX TOJXOJ0B K PEHICHHUIO MPOOIEMBI
OLICHKU 3/I0POBbs JIOJEH, OKa3aBIIUXCS B 3arPS3HEHHON 30HE.

Pazpymenne PH B mpusemHOM cioe aTMoc(epHOro BO3AyXa CBSI3aHO C
MTOCTYIUIEHHEM DPAaKETHOTO TOIIMBA B BO3MYIIHYIO CPEQy M CropaHueM (OKHC-
neHreM) ero B Hell. [Ipu 3ToM Harpetble MacChl BO3/1yXa, COAepKallnue MPOAYKThI
OKHCJICHUS TOIINBA (OKCUABI a30Ta, YIIIEPO1a U KUCIIOTHI, 00pa3yromuecs n3 HUX
B MPUCYTCTBUM BJIATH), BEIHOCAT 00pa3yroIInecs: BpeIHbIE BEIIeCTBA B BEPXHHE
cion atMocepsl, T1e MPOUCXOANUT NaJbHEHIee UX paccenBaHue, a M30BITOYHOE
COJICp)KaHUE OKMCIMTENSl - TETPAaoKCcHIa a30Ta - oOecreyrBaeT MpPaKTHUYECKH
nonHoe okucinenne HJAMI'. IToaToMy omacHOCTh 3arpsi3HEHUs IPU3EMHOIO CJI0A
atmocdepst HJIMI He cronp Benmka.

OT1nn4ne Ha3eMHBIX B3PBIBOB OT BO3AYIIHBIX COCTOUT B TOM, YTO TPH Ha3eM-
HBIX B3pBIBaX, MPU HAPYIICHUH IMOBEPXHOCTH IMOYBBI, 00pa3yeTcsi BOPOHKA WU
HaOmoqaeTcs 00pa3oBaHUe 3aMBUIEHHOTO CJIOS aTMOoc(hepsl ¢ YepHO-KOPUIHEBOH
OKpackol obJiaka BCIIEACTBUE COJEPKaHUS B HEM OOJIBIIOTO KOJMYECTBA YACTHI]
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TPyHTa, IPOIYKTOB CTOPaHUS MaTePHATBHON JaCTH PAKETHI, CAXKU U T.1. ['a3011bI-
neBoe 00JIaKO MOXKET MPENICTABISATh OMACHOCTh 3arpsI3HEHUS BO3MAYLIHOW CPEIIBI
JUTsl HaceJICHHBIX MyHKTOB. [loa HaBanoMm rpyHTa BOKPYT BOPOHKH MOXKET JIJIH-
TEJIBbHOE BpEMSI COXpaHAThCs MpoauThlii HAa mouBy HJAMI' u B mocneayrouem
SIBIIATHCSI MCTOYHUKOM 3arps3HEHHUS OKpYKalomel cpensl. B cBs3u ¢ 3TUM
MIPOBOJIUTCS OMPEICTICHUE CONCPKAHIEC XUMHUECKIX BEIIECTB B IPU3EMHOM CJIO€
atMmocdepsl, Bkimodas KPT Ha Tepputopun HaceneHHbIX myHKTOB. lIpm omenke
CUTYAIlN¥ YYUTHIBAIOTCS METEOYCIOBHS (CKOPOCTh M HAIPABIICHUE BETPA, BIAXK-
HOCTB BO3/IyXa), KOTOPBIE MOTYT yCYT'YOJISITh CAHUTAPHOE COCTOSHUE BO3AYIITHOM
cpensl. Takke HEOOXOJUMO YYHUTHIBATH OCOOCHHOCTH peibeda MECTHOCTH U
CTPOUTEJIbHBIE PELICHUS 3AAHUM, BIMSIOLIME HAa XapaKTep PacCEeMBaHUs BPEIHBIX
BEIIECTB JIAJICKO 3a MpPEJeIaMy ovara aBapuu. JDTU OOCTOSTENILCTBA BIUSIOT Ha
(hopMupoBaHue MmIaHa U 00beMa UCCIICIOBAHUH B cpejie OOUTaHMSL.

[Ipu onieHKe TUTHEHUYECKOH CUTyallui HEOOXOAMMO YUNUTHIBATH BPEMEHHBIE
TIEPUONBI Pa3BUTHS aBApUMHON CHUTyallld W pPacCMaTpUBaTh TPHU BPEMEHHBIC
(ha3bl: paHHIOIO, TIPOMEKYTOUHYIO U ITO3/HIOKO.

Pannsis (haza — 310 mepuo Havanga aBapuu, pa3pylIeHHU, OXKapoB U Gop-
MHPOBAHUS THIIETa30BOr0 00Jaka M XUMHUYECKOTO 3arps3HCHHS OKPY’KAIOIICH
cpenbl U cpeasl obutanus. [IpomoKUTEHPHOCTE €€ 3aBHCHT OT THIIA aBapHH,
Macmitaba BO3JICHCTBHA, BEIOPOCA PAKETHOTO TOIUIMBA B OKPYXKAIOIIYIO CPEy U
MIPOJYKTOB €r0 OKHCIICHHsI, OOBIYHO COCTABIISIET HECKOJNBKUX ITHEH ¥ 3aKaHYH-
BaeTCsl C MPHUHATHEM HEOTJIOXHBIX Mep Mo oOecreyeHnio 0e30MacHOCTH Hace-
JICHUSL.

OcHOBHOH 3a7jaueil THTUEHWYECKUX HCCIEAOBaHUI B STOW (paze sBIsAETCA
ONpEIEICHUE PUCKA BO3JICHCTBUS aBapUMHONW CUTyalluu — KOJMYECTBEHHBIX €0
mmapamMeTpoB. OTO JOCTHUTAETCS TMPOBEACHHUEM CAHUTAPHO-TUTHECHHUYECKOTO
o0cIieIoBaHNs TEPPUTOPUH 3arPS3HECHUS U HACCJIICHHBIX MyHKTOB. OTOMparoTCs U
AHATM3UPYIOTCSI POOBI TIOYBEI, BOJBI, BO3yXa. bepyTcsl CMBIBEI ¢ pacTCHHUM H
KOXHBIX TOKPOBOB, NpeaMeToB o0uxoma. OmnpenensieTcs XUMHUECKOE 3arpsis-
HEHUE MPOJYKTOB MUTAHUS PACTUTEIBHOTO W YKHBOTHOTO MPOUCXOXKIEHUS, OHO-
JIOTUYECKOTO MarepHuana (MOJIOKO, Moda, TKaHu). [Ipn HEoOXOIMMOCTH K ITHM
HCCIICOBAHUSIM JTO0ABIISIOTCS OIEHKA BO3MOXXKHOCTH XUMHUYCCKOTO 3arps3HCHUS
JKUIIBIX U OOIICCTBEHHBIX MOMEIICHHM, IIKOJI, JETCKUX CaJlOB, MTPOBBIX ILIOIIA-
JIOK U MecT oTneixa. B oOwbekrax oxpyxaromei cpembl ucciemytores KPT u
MIPOIYKTHI MX TpaHC(OpMAITH, ONIPEACTSIOTCS HATPAT- U HUTPUT-UOHBI B TIOUBE
1 BOJIC.

BrIABIAIOTCS  IOMOJNHUTEIBHBIE HCTOYHMKU TEXHOTCHHBIX 3arps3HEHU,
KOTOpPbIE MOTYT BO3HUKHYThH NPU Pa3pylICHUH MPOMBIIIICHHBIX 3AaHUM U CO-
opyxeHuil pu nageHun obmomkoB PH. YcramaBnuBaroTcs yaenbpHBINA BeC MpH-
OPUTETHBIX 3arpsi3HUTENCH, MyTH NOCTYIUICHUS] TOKCUYECKUX BEIIECTB U YPOBHU
HX BO3ICHCTBUS HA OPraHU3M.

OreHka 3arpsA3HCHUNA TPOWU3BOMUTCS B KpaTJaMIliie CPOKH, MPEUMYIIECT-
BEHHO, dKCIIPECCHBIMU METOIaMHU.
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B uncne xumudeckux coequHeHu Hanbomee onacHsiMH siBisitoTess HAMI u
MPOAYKTHl €ro XUMHYECKOl TpaHchopMauuu (THIpa3HH, HUTPO30JUMETHIAMUH,
TPUMETWIIAMUH, TUMETHJIAMHH, IUMETHI(GOpMaMua U 1p.). OTH XUMHYECKHE
3arpsi3HEHHUS OTHOCATCA K | M 2 Kiaccy OMacHOCTH, O0JiafaroT oOIIeToKcHYec-
KHM, KaHIIEPOTCHHBIM, MyTareHHBIM APYTUMHU BpeIHbIMU S (deKTaMu, U Ompe-
JEJSIIOT OCHOBHBIE PUCKH IIPU KOMIUIEKCHOM IOCTYIUICHUM B OPraHu3M, IO3TOMY
OIIEHKa PUCKA XMMHUYECKOTO BO3JICUCTBUA SIBISETCS aKTyalIbHOM 3ajiaued U, 4To
BaXXHO, JIOJKHA ITPOM3BOANTHCA YK€ B TIEPBBIE Yachl MIOCJIE aBapUU.

[Ipu xumMu4eckoM 3arpsa3HEHUN BO3AYITHON Cpebl TPUOPUTETHBIM SIBIISETCS
VWHTANSIUOHHBIA TyTh TMOCTYIUIEHUS BEIIECTB B OPTaHM3M, CO3AIONIMNA HaW-
OONBIINK PUCK HapYIIEHHUs 30pOBbA. B TO ke BpeMsl YUHTHIBAIOTCS U JIPyTHE
MyTH MOCTYIJICHUS (TI€POPAbHBIN, HAKOKHBIN).

B HeoOXomumMmbpIX ciydasx TpPOM3BOAWUTCS CpaBHEHHE (PAKTHUECKUX KOH-
neatparumii HIAMI' B arMochepHOM BO3ayXe HAceICHHOTO ITyHKTa ¢ HOpMa-
TUBAMM AaBAPUNHBIX IPEJIEIOB BO3JECUCTBHUSI TOKCHYECKOIrO coeauHeHus. llpu
SKCMO3ULMH B 1 4 1OMyCTUMON KOHUEHTpauuen spnsercs conepsxxkanune HAMI B
Boznyxe, pasuoe 0,06, 4 1 — 0,02, 8 w— 0,007, 24 a — 0,005 mr/m’ [7].

PaccunteiBaerca gomycrtumasi cyrounas nosa (JC/) mng pasnuuHbIX rpymnn
HaceneHus, coctasisieT 0,0003 mMr/kr Macchl Tena B CyTkH [7].

B Tabnmune mpuBenena paspaboraHHas Hamu W yTBepkaeHHas M3 PK u
denepalibHBIM MEIUKO-OMOJIOTUYECKUM areHTCTBOM P® [8] olieHka cutyaiuu B
paiionax aBapuiiHoro naaenus PH 1o ypoBHIO onacHOCTH.

O1neHKa TUTHEHNYECKOH CUTyalluy B CEMUTEOHOM TepPUTOPHH, TIPIIIETAIONIeH K pailoHy aBapuu

IToxa3zarenu 3arps3HeHus Cutyanus 1o ypoBHIO OIaCHOCTU
00BEKTOB OKpYIKAIOIIEH Cpe/Ibl Gaaromo- S —
Y U3MEHEHUH 3/10pOBbs HACEIICHUS nyuHas nosy4Has Ipe3BbIManHas
1 2 3 4

1. BoznymHas cpena

KpatrocTs npesbimenns KPT Han ypoBHeM npenenbHo-1omycTuMoi koHneHTparmu (ITJ1K)
B aTMOC(EpPHOM BO3/lyXe BEILIECTB IO KJIACCy ONaCHOCTH:

1 K;acca ONmacHOCTH B CEJTMTEOHOM 30HE 2-3 TIJIK ot 7 mo
(mpu n > 10) <K 7o 2 THIK 20 cyTok noapsn
2 KJlacca OMacHOCTH B CETUTEOHOM 30HE 4-5 1K ot 7 o
(mpu n > 10) <HAK 70 4 THIK 20 cyTok noapsin
3 KJ1acca OImacHOCTH B CEJIMTEOHOH 30HE 5-7,5 TIAK

(mpu n > 10) <THAK 7o 5 THIK 30 cyTok moapsia

4 xracca ONacHOCTH B CEJIMTEOHON 30HE 8-12 ITJIK Gonee
(mpu n > 10) <TAK 7o 8 THIK 30 cyTok nmozpsn

Yucno mpo6 ¢ mpeseimennem 11K
TPUOPHUTETHBIX 110 OIIACHOCTH BPEAHBIX <10% > 10% >20%
XHMHYECKUX BEIIECTB
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Ipooonscenue mabnuywi

1 2 3 4

2. Boaa

ypOBeHB XUMHUYECKOT'0 3arpsA3HEHUA BOABL:

OCHOBHBIC ITOKA3aTCJIN:

- KpatHOCTb npeBblimenus [1JIK

MPHOPUTETHBIX MO OMACHOCTH zo 1 10 2 2, 1-3
prop 90% 1po6 | > 10% npoG > 10% npo6

BPEIHBIX XUMHUYECKHUX BEIIECTB

- 3Hauenue M3B (1) o 1 1o 3 4-6

- 3Hauenue [1X3 (2)

JIIsL BenecTB 1-2 Kjiacca OnmacHOCTH OTC. <5 5-10

JIJIsL BEIIECTB 3-4 Kjlacca OMacHOCTH <10 <50 50-100

JIOTIOJTHUTENbHBIE TTOKA3aTEeNN:
- BIIK 5 10 2,0 Jo 5 5,1-10

- PacTBOPEHHBIN KHCIOPOI,

o > 50 >50 50 -20
% HACBIILCHUS

- HUTpAaThl <10 <10 10-20
- HUTPUTBI oTC. 1-5 5-10

3anﬂ3HeHl/le IMMOA3EMHBIX BOJ Ha YJacTKaX 30HbI BJIUSAHUS aBapuu:

- cofiep’KaHNe HUTPATOB,

He(TENpOLYKTOB <3 3-10 10-100
- KaHIIepOTeHbI oTC <1 1-3
- IUIOLIA/b 3arPSA3HEHHUs, KM <3 3-8
3. louBa

YpoBeHb 3arpsA3HEHHsT XUMUYECKIMH BEIIIECTBAMHU:
kpaTHocTh npesbimenust [1J1K o 1 1,1-2,0 2,1-3,0
BeIecTBaMH | Kitacca OmacHOCTH
hli([)ljznqecmo npo0 ¢ MpeBbIICHUEM 90% po6 | > 10% 1po6 > 10% o6
- 2-T0 KJIacca OMacHOCTH no 1 1-5 6-10
-konmyectBO mpo0 ¢ mpesbimienueM [IJIK | 90% mpo6 | > 10% mpob > 10% npo6
- 3-ro Kmacca onacHOCTH 1o 1 1- 10 10-25
- konmuecTBo 1mpod ¢ npessimerneM ITJAK | 90% mpo6 | > 10% mpo6 > 10% mpo6

B tabnuue npuBeneHbl CBeIEHHS, TOKA3bIBAIOIINE KPUTEPUN OLIEHKU I'MTHE-
HUYECKOTO PHICKa MPH 3arpsA3HEHUH OOBEKTOB CpEIbl OOWTaHUS B HACEICHHOM
IIyHKTE, IPUJIETAIOIIEM K paliloHy aBapuiiHoro najaenus PH.
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Ha ocHOBaHMM OLEHKM pHCKAa Mbl IIPEIJIAraeM OLEHUBATH CUTYyalUIO II0
CJIEYIOIUM KaTeTOpUsIM:

— OnaromosyyHas, XapaKTepPHU3YIOIIAscsl OTCYTCTBUEM pa3pyIleHUH 00beK-
TOB HH(PACTPYKTYPHI, IT0)KAPOB U XUMUIECKOTO 3arPsS3HEHUS CPEIbl OOUTAHHUS,

— HeOJIaromoyyyHasi, XapaKTepH3yIoIascs HEe3HAYHTEIbHBIMU pa3pylile-
HUSIMU JKWJIBIX M OOIIECTBEHHBIX O0OBEKTOB, HEYIOBJIECTBOPHTEIBHBIM HX CaHU-
TapHBIM COCTOSIHUEM C HE BBICOKMM YPOBHEM XMMMUYECKOTO 3arpsi3HEHUS CPelbl
o0uTaHuA;

— upe3BblYaiiHAas, XapaKTepU3yIoLasi 3HAYUTENbHBIMU Pa3pyLICHUSIMU U
OITaCHBIM XMMHYECKUM 3arpsi3HEHNEM 00bEKTOB Cpebl OOUTAHNS.

YPOBEHb OIACHOCTH aBAPUHWHON CUTyallUU XapaKTEPU3YETCS HAIUYUEM BO
BHEIIHEW Cpe/ie TUTMEHNYECKH 3HAaUMMbIX KOHIIEHTpALKi BEIIECTB, NPEXKE BCeE-
ro, 1-ro ximacca omacHocTr. OO0HapyKXeHHE UX B cpee oOuTaHus B 5 1 OoJree pas
npesbimatonux [TJIK B 20% oToOpaHHBIX P00 TOBOPUT O HEOJIATOMOIYYHOH, a
mpu OoJiee BHICOKOM 4acTOTE — O YpE3BbIYAHOM CUTyalHu.

[IpomexxyTouHast (a3a HauMHAETCS OT MOMEHTa 3aBEpIICHUS PacCEUBAHUS
o0Jaka W MPOJOIHKAETCS A0 OKOHYAHMS MPOBEACHHS CAHUTAPHO-TUTHEHUIECKUX
o0clieIoBaHMi B o4are aBapuy. JDTOT MEPHUOJ MOKET MPOJOIKATHCSA OT HECKOJIb-
KMX JTHEH O HECKOJIbKMX MecsleB nociie apapuu. OCHOBHas 3anaya - OpoBele-
HHE JeToKcuKauuu 3arpsizHeHHbIX oy KPT no yposas IT/IK.

Ha 3101 cTraguu B THTHEHUYECKOM IIJIaHE MPOAOIDKAETCS MOJTy4YeHUE 00beK-
TUBHOH WH(OPMALUK O KIMMaTO-Teorpauyeckoil XxapakTepHUCTUKE MECTHOCTH;
aHANM3UpPyeTCsa KapTa paiioHa HaJeHUs C INPUIETaloUMMU HACEJICHHBIMH ITyHK-
TaMH; CUTYallMOHHBIN MJIaH paifOHa aBapuH, a TAK)KE PACIIOIO0KEHUSI XUMUYECKH-
U TI0XXapOOMAacHBIX OOBEKTOB — (YHKIMOHAIBHOE 30HMPOBAHHE TEPPUTOPHU
HAaCEJICHHOTO IMyHKTA ¢ YY€TOM IPOMBIIIJIEHHBIX IPEANPUATUN HAPOJHO-XO3SUCT-
BEHHOTO Ha3HAYEHUS, CEIHCKOXO3SHCTBEHHBIX, TPAHCTIOPTHBIX OOBEKTOB M KOM-
MYHUKAIM{ JaHHOH TEPPUTOPUH; NAHHBIE [0 XapaKTePUCTUKE BOJHBIX 00BEKTOB;
coJiepKaHKe B PACTEHUSIX U OMOCYOCTpaTax JOMAIIHUX U CEITbCKOX03SHCTBEHHBIX
JKUBOTHBIX M HaceJeHHs (BOJIOCHI, KPOBb, MOYa, TPYAHOE MOJIOKO) TIPHOPUTETHBIX
3arpsi3HUTENEH WM UX METaboNHMTOB C YYETOM BBIIEJICHHBIX 30H 3arps3HEHUs
(«TeppuTOpHH PHCKa») AJsl AUATHOCTUKU CTETIEHH BBIPAKEHHOCTH BO3MOXHOTO
BO3JICHCTBHSL COOTBETCTBYIOIIMX HEOIArompusTHHIX (HaKTOPOB HA OPraHU3M
YeJIOBEKa B 3aBHCHUMOCTU OT 30HBI 3arps3HEHMS; MPOU3BOAMUTCS BO3MOXKHOTO
MexaHn3ma KPT k yenoBeky; olleHKa CTENIEHU HAaKOIUIEHUS BO BHELIHEH cpene u
MOTEHIIMAIIBHON OMAacHOCTU JUIsl HaceleHus U T.4. [Ipu 3ToMm, BeaeTcss KOHTPOJIb
32 BO3MOKHBIM TIOCTYTIJICHHEM TOKCHYECKHMX KOMIIOHEHTOB B OPTaHM3M C IHTHE-
BOM BOJIOH, MUIIEBBIMU MPOJYKTaMHU U BIBIXaHHEM a’p030Jiel, MOAHATHIX B BO3-
IyX B pe3yJIbTaTe BTOPUYHOIO NEPEHOCA BETPOM C MECTa aBapHH.

[o3musst paza, BOCCTaHOBUTENBHAS, IITUTCS TOJAMH H MOYKET TTPOAOIIKATHCS
JI0 TeX TIOp, MOKa OTMAAET HEOOXOIUMOCTh B MPOBEJACHUN MOHUTOPUHTA COCTOSI-
HUSL cpelbl OOMTaHUsI W 370pOBbsl HaceleHWs. Ha 3ToM 3Tame BBITOTHSIOTCS
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paboTHl 0 MOHUTOPHHTY COIHMAIHHO-TUTHEHUYECKOW CHUTYallld B HACEJECHHBIX
MYHKTax, MPHJIETAIONUX K MECTY aBapHU.

Ha BTOpOM M TpeTheM 3Tame BBHINOJHSETCS pa3paboTKa W peanu3auusi Ipo-
rpaMM COLUAIBHO-TUTHEHNYECKOI0 MOHUTOPHHTA 33 TEPPUTOPUAMHU, ITOABEPIKEH-
HBIMU aBapUMHOMY BO3IEHCTBUIO.

OnepaTuBHas U JAOCTOBEpHAsl OIIEHKA PUCKOB BBHITIOJHSETCA C ILIETBIO TPO-
THO32 aBapHITHON CUTYyallM B HACEJICHHBIX ITyHKTaX, MPUJIETAlOMNX K MECTy aBa-
puitHoro nazeHuss PH, Ha OCHOBe BBISIBJIEHUS NPUOPUTETHBIX 3arpsi3HUATENCH U
pHUCKa 370pOBBIO HACENeHUs], OLIEHKH IMyTel MOCTYIJIEHHS TOKCHYECKHX COEIU-
HEHHMI B OPraHM3M OLIEHKA M BPEMEHH BO3ACUCTBHA (DKCIO3WIMH) XUMHUYECKUX
coenvHeHMH Ha uyenoBeka. Ilo pesymbraTam HccienoBaHUil pa3padaThIBalOTCs
PEKOMEHJALIUY 110 MUHUMU3AIUU NTOCJIEACTBUIA aBapUITHON CUTYyaluu.

3akaouenne. Pe3roMupys BBIIECKA3aHHOE, METOAMYECKHE TOIXOABI K
JNEUCTBUSIM NPU HACHTH(UKALIMM OMACHOCTH HEMOCPEACTBEHHO IOCIE aBapuu
CBOJIATCS K CIICAYIOIIM MEPOIIPHSITHSM.

Ha panne#t cragum mocne aBapuM B pe3yJsibTaTe TMTMEHHYECKHX HCCIeaO0-
BaHUI JaeTcs OTBET Ha BONPOC O HAIWYMU BIUSHUS aBapUu HA CpeLy OOMTaHMS.
OcymectBnsieTcst cOOp W aHATW3 JAAHHBIX O THIIE aBApHUH, COCTaBE W YCIOBHAX
3arpsi3HEHHs. HACEJIEHHOTO ITyHKTa IpH HENOCPEICTBEHHOM BO3JEHCTBHH U
WIA TIPU yTPO3€ €ro 3arps3HEHUs] NMPU OMOCPEIOBAHHOM BO3ACHUCTBHHM; BBIOOP
MoKa3aTenel MOTEHIHMANbHOW OMAacCHOCTH BpeOHBIX (AaKTOpoB; HAEHCTBHSA
MIpH WHAWKAIWA XWMAYECKHUX COCIMHEHHH; BHIOOP MPHUOPUTETHBIX XHMHYEC-
KHX COEAMHEHUH, MPHUCYTCTBYIOLINX B BO3/AyX€, MOYBE, BOJAE M NMPOAYKTAX IH-
TaHUs.

AJNTOPUTM NEHCTBHI B NMPOMEXYTOUHOW (ha3e HaIpaBlIeH Ha YCTpaHEHHUE
XUMHUYECKOTO 3arps3HeHust 10 0e30MacHOro YpOBHS, YCTaHOBJICHNE MTOTECHIIHAb-
HOW OMACHOCTU M PUCKOB B PE3yJIbTaTe 3arpsi3HEHUsI Cpeibl OOUTAaHUs, yCTaHaB-
TUBAIOTCS (PaKTOPHI, KOTOPHIE MOTYT MOBIHATh HAa yXyHAIICHHE THTHEHHYECKON
CUTYyalluu B cpefie OOMTaHMs, pa3padaThiBalOTCS MPOrpaMMbl CONMAILHO-TUTHE-
HUYECKUX HCCIEIOBaHUN, KOTOpPBIE, B OCHOBHOM, PEaJIN3yIOTCS Ha OTAAJEHHBIX
MO3JHMX 3Tanax aBapuiHON CUTyalnH.

Bce pesynbpTarhl mccnemoBaHUS JOJDKHBI BBOAWTHCS B EAMHYIO CBOIHYIO
TabmIy.

ba30BbIil METOOIOTNYECKUI TPUHLIUAI THTHEHUYECKOW OLIEHKH W KOHTPOJIS
B ITOCJIEaBAPUITHOM TIEpHOJIe TTOCTPOEH, UCXOI U3 KapPTUHBI BO3/IEHCTBHS aBapuu
Ha cpefy OOWTaHMs, KaueCTBEHHONW M KOJMYECTBEHHOH XapaKTepUCTHKH 3arps3-
HEHHS 00BEKTOB OKPY’KAIOIIEH Cpeibl M OLIEHKU PUCKOB.

Takum o0pazom, pa3paOOTaHHBIN aNTOPUTM — TOATAIHBIN MOPSAIOK JCHCT-
BUW IIpU IPOBEJCHHHM TUTMEHUYECKUX MCCIEHOBAHUI B Cydasix aBapuil Ipu
ocymectBieHun nmyckoB PH. On mpezacraBnseT mpakTUYeCKyl0 3HAYUMOCTb IS
9KOJIOTHYECKON 0€30MacHOCTH PAKETHO-KOCMUYECKON AEATENLHOCTH B YCIOBHUSIX
PecrryOnmkxu Kazaxcran.
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Pe3rome
B. A. Kosnosckuil, A. I1. Ilo3onaxosa, M. K. Ampun, JI. M. Ackapos

3bIMBIPAH TACMAJIJIAYIIBIHBIH ATTATTBIK K¥JIAY KE3IH/IETT
I'MI'MEHAJIBIK BAKBUIAY ©TKI3Y AJITOPUTMI

3BIMBIPaH TaCMaJIayIIbLIAPABIH KOIDKBUIIBIK allaTThIK Kyyiay Toxepuoeciniyg (20006,
2007 >xene 2013 >xpuigap) Heri3iHIe, amar Kaybllbl Oap TYPFBIH ailMakTapa CBHIPTKBI
OPTaHBIH I'MI'HEHATBIK 3€PTTEY/IIH METOIOJIOTHSUTBIK KOJIaphl sKacajFaH.

Tyiiin ce3aep: 3bIMBIpaH TacMaJJAyIIBIHBIH aNaTTHIK KYJIAybl, CHIPTKBI OpTa,
TIPIILUTIK OPTaChl, TATHEHAIIBIK 3ePTTEY

Summary
V. Kozlovski, A. Pozdnyakova, M. Amrin, D. Askarov

ALGORITHM OF HYGIENIC EXAMINATIONS
IN CASE OF EMERGENCY FALL OF THE CARRIER ROCKETS

Based on the experience of years of research in regions of emergency falls in carrier
rockets (in 2006, 2007 and 2013), methodical approaches have been developed for con-
ducting hygienic surveys of settlements that are at risk of emergencies during launch
vehicle launches.

Key words: carrier rocket accident, environment, habitat, hygienic research.
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A. Bekturov Institute of Chemical Sciences, Almaty, Republic of Kazakhstan

QUANTUM CHEMICAL MODELING
OF ADSORPTION PROCESS AT FLOTATION
ON THE CLUSTER OF SPHALERITE AND WURTZITE

Abstract. A quantum-chemical calculation of the behavior of molecule on the
surface of sphalerite and wurtzite is carried out using the views of Density Functional
Theory (DFT). Energy minima are determined from the geometric coordinates of the mo-
lecule corresponding to the ground and metastable states, clusters of sulfide minerals of
sphalerite and wurtzite are constructed. An orbital analysis of the studying system has
been carried out, and the orbitals have been restructured during the interaction of this
system.

Key words: cluster, sulphide, minerals, sphalerite, wurtzite, Density Functional
Theory molecular modeling.

The models of estimation the interaction of mineral-sulfides system using
quantum-chemical methods have become widespread. The essence of such studies
is that the very difficult problem of interaction with the surface of solid reduces to
the calculation of simple models which reflect the basic properties of the comp-
lex. Well known, the two types of model approaches are most widely used: solid-
body models which take into account the "collective" properties of solid, and
molecular models that take into account only a part of the solid (cluster). At pre-
sent time the latter method have been widely used in the quantum-chemical
investigation processes. It should be noted that the role of molecular modeling in
chemistry is quite large, despite the obvious priority of experimental research in
this field of natural science. The most significant are theoretical results that are
impossible, extremely difficult or too expensive to obtain by experimental means
[1, 2]. Traditionally, modeling tasks include the definition of the structure of
individual molecules, molecular associates or fragments of solids, as well as the
description of the mechanisms of chemical reactions at the molecular level. Such
modeling is most often in recent years carried out using the methods of quantum
chemistry.

The attractiveness of molecular models to estimate the reactivity of minerals-
sulfides with respect to a certain reagent consists in the possibility of taking into
account the structural-geometric and chemical heterogeneity of the surface of
solid. In this case, the establishment of correlation with the experimental data is
great importance for evaluating the correctness of the calculations. The results of
the experimental study are also very important, when choosing the initial model
[1-3].
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For calculations, two fairly simple clusters were taken: Zn,S, for sphalerite
and ZngS, for wurtzite. The results of calculations of bond lengths and a number
of energy characteristics for less complex clusters of sulfide minerals are pre-
sented in table 1, figures 1 and 2 show geometric models of two simple clusters of
sphalerite and wurtzite.

Table 1 — Geometric, electronic characteristics and enthalpy of formation
of sphalerite and wurtzite clusters

Compound, g, units I, AH, Ionization U, Enomo, | Erumo,
composing elements | of charge | nm kJ/mol | potential, eV | D eV eV

Sphalerite -1244,36 11,04 0 -11,04 | -3,08
S -0,001
Zn +0,001
Zn-S 0,24
Waurtzite -2112,13 10,36 0,001 | -10,36 | -5,04
S -0,12
Zn +0,12
Zn-$S 0,23

Table 1 shows that in the model clusters of sphalerite and wurtzite, the Zn-S
bond length is 0.241 nm and 0.231 nm, respectively. The latter shows that an
increase in the number of atoms in the model cluster leads to a certain reduction
in the length of the Zn-S bond.

In all the models studied, the positive charge is concentrated on the metal
atoms, and the negative charge on the sulfur atoms. The electron density in all
clusters is higher for the more electronegative sulfur atom.

All clusters taken for study are thermodynamically stable, since they are
characterized by negative values of enthalpy of formation. The enthalpy of for-
mation, in addition, is the energy characteristic of bonds in clusters. Proceeding
from this, a comparison of this characteristic for clusters of the same type of zinc
sulfides indicates a large thermodynamic stability of the wurtzite cluster.

Figure 1 — Geometric model Figure 2 — Geometric model
of sphalerite cluster ZnyS, of the wurtzite cluster ZngSg
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The ionization potentials determined for all the clusters were in the range
about 12.19-10.36 eV (in absolute value). The presence of atoms identical in
electronegativity in clusters of sphalerite and wurtzite leads to approximately the
same ionization potentials. According to this the energies of the higher occupied
molecular orbitals (HOMO) for these clusters are approximately equal. The
energies of the lowest unfilled molecular orbita(LUMO) in all clusters differ
more appreciably: the LUMO energy, which is the largest in absolute value, is
characteristic for the wurtzite cluster, and the smallest for the sphalerite cluster.

The considered sphalerite clusters ZnsS4 and wurtzite ZngSs have a suffi-
ciently large difference between the energies of the boundary orbitals, i.e. upper
occupied (HOMO) and lower free (LUMO) molecular orbitals. This indicates that
in the clusters studied the polar covalentbond, and the clusters of iron and lead
sulfides are coordinating unsaturated, which indicates their potential to form
various bonds with flotation agents.

A rather interesting picture is revealed when considering the dipole moments
of the clusters studied. In particular, a comparison of this characteristic for pyrite
and sphalerite clusters containing the same number of atoms in their composition
shows that in the first of them the dipole moment is 0.011 D, while in the second
one it is absent. The dipole cluster of a wurtzite containing the same atoms as the
sphalerite cluster is insignificant and equal to 0.001 D. In general, it can be noted
that the dipole moments of the sphalerite and wurtzite clusters have relatively
small values, which indicates a high symmetry of both models. The sphalerite
cluster is completely symmetrical. Confirmation of these conclusions is the
charge characteristic in all model clusters.

Thus, as a result of approbation of the semiempirical “DFT” method, the
parameters described abovefor the clusters oftwo zinc sulfides are calculated for
the first time.

In the flotation pulp molecules and ions of different nature can exist, and
they can participate in adsorption processes on the surfaces of sulfide minerals.
Therefore, first of all we carried out a quantum chemical study of the sphalerite
and wurtzite model complexes with the neutral molecules of mineral acids, water
and hydrogen peroxide. The model complexes of sphalerite and wurtzite for study
were Zl’l4S4'HF, ZH4S4'HC1, ZIl4S4‘HBI', ZH4S4‘H20, ZH4S4‘H202, Zn484-HN02,
ZH4S4‘HCIOzal’ld Zn6$6-HF, ZH5S6'HC1, ZnGS(,-HBr, ZH5S6'H20, ZH5S5‘H202,
ZngSe-HNO,, ZngS¢-HClO,respectively.

The results of the calculation represented in tables 2 and 3.

The cluster systems:mineral-neutral molecules. In table 2 represented
models of the adsorption complex of sphalerite cluster with various molecule of
some inorganic substances. Some of the results published in [6].

The binding energy or energy of the adsorption 4,,.F can be defined as

Aach: Eadc - (ET + ZEQ’I'] 5

where E,.., Er and E, are the total energies of the adsorption complex of the
sulfide mineral cluster and the adsorbate respectively [4-6].
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Table 2 — Charge characteristics (g, charge units), bond lengths (rs.g, nm),
enthalpy of formation (AH°, kJ/mol), total energy (E, kJ/mol), dipole moment (u, D)
in model systems sphalerite-neutral molecules

Compound g, units charge I'a.g, NM AH’, kJ/mol u, D
Zn4S,-HF -1507,41 1,63
Zn (on all atoms) -0,01 Zn;-Sy 0,241
S3, S4, S +0,02 Fo-H;( 0,094
So -0,003 So-Hy 0,409
F -0,17
Zn,S,4-HCI -1343,36 2,79
Zn -0,01 Sg-Hg 0,550
Si, Ss +0,03 Hy-Cly 0,134
Ss, Sy -0,03 Clyp-Zn 0,241
Cl -0,20
Zn,S,-HBr -1272,48 4,15
7n -0,002 S;-H; 0,170
S3 +0,01 Brc)-Hlo 0,156
S4, S7, Sg +0,03 S3-Zn5 0,241
Br -0,30
Zn,S4-H,0 -1468,12 1,92
Zn -0,01 S;-Hg 0,409
S5, S, +0,01 Hy-04 0,095
S, -0,003 0O10-H;; 0,095
Sg 0,02 S7-Zn6 0,232
Oy -0,36
7Zn,S4-H,0, Sg-Zng 0,241 -1414,69 0,15
/n -0,01 Sg-Hg 0,408
S5, S4, S +0,02 Hy-O44 0,094
Sg -0,003 040-04; 0,148
Oy, Oy -0,21 0,,-H;, 0,094
7Zn,S4;-HNO, -1307,00 2,40
/n -0,01 Sg-Hg 0,757
S1, S4, Sg +0,02 Hy-04 0,285
Ss -0,01 010-Ny; 0,138
N +1,36 N;;-04, 0,117
O -0,46 Sg-Zng 0,241
O -0,55
Zn4S4-HCIO, -2255,01 1,78
Zn '0,11 Cl]'O]] 0,171
S, +0,10 O1;-Hy 0,095
S3,S6, S7 +0,12 Hi4-S¢ 0,596
O] 1 —0,32 S(,—Zl’l 0,23 1
Cl, +0,12
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In table 3 represented data about adsorption energies in sphalerite cluster
with molecules of some inorganic acids, water and hydrogen peroxide.

Table 3 — Adsorption energies in sphalerite cluster systems - reagent molecules

Adsorption system AE 4., kJ/mol
HF -142.13
HCl -156.24
HBr -157.23
H,0 -135.12
H,0, -127.26
HNO, -21.14
HCIO, -367.19

Table 3 shows that the adsorption systems of sphalerite clusters with simple
molecules have negative adsorption energies that are negative in sign and average
in absolute value. By changing the absolute values of the adsorption energy in the
case of molecules of mineral acids, water, and hydrogen peroxide, a series can be
made:

HCIOz > HBr ~ HCl > HF > Hzo > H202 > HN02

The minima energy of adsorption has HNO, which equal -21.14 kJ/mol and
maxima energy has HCIO, about -367.19 kJ/mol. The calculated adsorption
energy allows a preliminary conclusion about the strength of the interaction of
clusters and allows you to choose substances for flotation
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Pe3zrome

P. H. Aorcueynosa, P. A. Omaposa, A. A. Bamvipbaesa,
A. Apvicmanbexos, M. T. Owaxbaes

KBAHTOBO-XUMHNYECKOE MOIEJIMPOBAHMUE ITPOLIECCOB AJICOPBIINUN
B CUCTEMAX KJIACTEP COAJIEPUTA U
BIOPLIUTA-MOJIEKVYJIBI ®JIOTOPEATEHTOB

KBaHTOBO-XMMHUYECKMM pacYeTHBIM METOJOM HCCIECJOBAaHO T'E€OMETPHYECKOE U
JIEKTPOHHOE CTPOEHHE HEKOTOPBIX OKHCIHTENEH, Hanboee 4acTo MPHCYTCTBYIOIINX B
PpeaKoHHOHN cpene (GIoTAIOHHOHN MyNBIBL Y CTAHOBJIEHA 3aKOHOMEPHOCTh U3MEHEHUS
BCIIMYHMH INOTCHIMAJIa NOHU3allul, HA OCHOBAHWUH KOTOpOﬁ CJCJIaH BbIBOJ O peaKHHOHHOﬁ
CIOCOOHOCTH UCCIIE0OBAHHBIX MOJIEKYII.

KiroueBble cioBa: CyabQUIHBIC MUHEPAIbI, C(aICPUT, BIOPIHT, MOJICKYJSIPHOE
MOJIETUPOBaHHE.

Pe3iome

P. H. Aocueynosa, P. A. Omaposa, A. A. Bamweipbaesa,
A. Apvicmanbexos, M. T. Owaxbaes

COAJIEPUT XKXOHE BIOPIUT KIIACTEPI-OJIOTAPEATEHTEP/IIH
MOJIEKVYJIAJIAPHBI )KYWEJIEPIHAEI'T AJICOPBIIUAJIBIK ITPOLIECTEPAI
KBAHTTBIK-XUMUWAJIBIK MOJEJIBJIEY

@dnoTauusBIK MyJIbIafaFkl PEAKLMUIBIK OpTafa Wi Ke3JeceTiH KeHOip TOTHIK-
TBIPFBIIITAP/IBIH T€OMETPHSIIBIK KSHE DJIEKTPOH/IBIK KYPhUIBIMIAphl KBAHTTHIK XHUMUSIIBIK
ecenTey d/iciMeH 3epTrenreH. [loTeHan HOHN3anrsTHBIH aMallapbIHbIH ©3repy 3aHIbl-
JIBIKTapbl AHBIKTAJIBI, OHBIH HETI3iHJE 3epTTENreH MOJIEKYyJIaNap/blH peakuusuIblK Kali-
JMETTUTIKTEpiHE KOPBITHIH/IBI XKACATJIbL.

Tyiiin ce3nep: cynbduari MuHepangap, caiepuT, BIOPIHUT, TOTHIKTHIPFBIII, MOJIE-
KyJIaJIbIK MOZECIBACY.
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ONITUMM3BAIUA TPONECCA OYUCTKHA
HE®TE3ATPA3HEHHOM ITOYBBI
MOIAN®UITUPOBAHHBIMHU I'YMHUHOBBIMHU KUCJIOTAMUA

AnHoTanus. Ha MomenpHBIX cHCTeMax «0YBa-HE(TH» M «0YBa-OCH3WH» HCCIe-
JIOBaHBI 3aKOHOMEPHOCTHU BIMSHUS Pa3IN4YHBIX (JaKTOPOB HA IpoIecc copOmmu HepThu U
HE(PTENPOAYKTOB M3 MOYBBI MOIUPHUIIMPOBAHHBIMH I'YMUHOBBIMH KHUCIIOTaMH (TIPEIapaThl
MCTK u MATK). YcraHoBieHa 3aBUCUMOCTh CTETIEHHW OYMCTKH TIOYBBI IperapaTaMmu
MCTK u MATK ot xoHuenTpanuu Heptd u 6ensuna (5-25%), remneparypsl (20-80°C) u
Bpemenu (5-90 muH). B X071 MpOBEICHHBIX PabOT OMPEAEICHBI ONTHMAIBHEBIC YCIOBUS
IIPOIIecCca OYMCTKH TOYBBI OT HEPTH U HEPTENPOIYKTOB MOANGDHUINPOBAHHBIMHA TYMUHO-
BBIMH KHCJIOTaMH. BBISIBIIEHO, 9TO OCHOBHOE KOJINYECTBO HE()TH M HEPTENPOIYKTOB COp-
6upyercs B Teuenue 30-40 mun npu temmeparype 20-30° C. Ilpu 3TOM, CTeleHb OYUCTKH
mouBbl OT Hedtu gocturaer 99,80%, ot O6emsmra — 100,0%. Xummyeckue u (pU3HKO-
XUMHYECKHE MCCICIOBAHUS TTOKA3alIH, 94TO NMPH copOoumn HeYTH W HEYTEIPOTYKTOB W3
MTOYBEI MOTU(PHUIMPOBAHHBIMI TYMHUHOBBIMHA KHCIIOTaMH MIPOTEKAIOT PEAKIINH OKHUCICHUS
1 IECTPYKIMH YTIIEBOIOPOJIOB M CBS3BIBAHNE HOHOB TSIKEIBIX METAJUIOB B KOMIUIEKCHI C
TYMHHOBBIMH Kuciioramu. OOpa3oBaHHE KOMILIEKCHBIX COCIMHEHUH MEepPEeBOIUT WX B
0e30MacHyI0 U HEAOCTYIHYI0 (OpMy, YTO CHHIKAET OMACHOCTh 3arps3HEHUS] OKPYKaro-
el cpepl.

KnaioueBsbie ciaoBa: HedTh, OeH3MH, HEPTENIPOAYKTHI, HedTe3arps3HeHHas! T0YBa,
MO (PUIIPOBAHHBIE TYMUHOBBIE KHCIIOTBI, COPOLINS, CTETICHb OYHCTKH.

Beenenne. HecmoTpsa Ha pa3paboTKy M HCIOJB30BaHUE MPOLECCOB 0€30T-
XO/HOH TEXHOJOTUH HedTenepepadaThBaONIMX IMPOM3BOACTB, MOICPHU3AINIO
cpencTB 10ObMM HE(PTH, COBEPIICHCTBOBAHHME IPOIECCOB XPaHEHHWS U TpaHC-
NOPTUPOBKK HE(pTH, YPOBEHDb 3arpsi3HEHHS MOYBBI HEPTHIO U HEPTENPOLYKTaAMHU
OCTaeTcsl JOCTaTOYHO BBICOKMM. [lox BiusHMeM HE)TH M €€ KOMIIOHEHTOB
W3MEHSETCS YHCICHHOCTh TOJNE3HBIX IMOYBCHHBIX MHUKPOOPTraHU3MOB, YMEHb-
IaeTCsl AKTUBHOCTH OKHCIHTEIbHO-BOCCTAHOBUTENBHBIX W THAPOIUTHYECKUX
(epMeHTOB, yXyALIaloTCsl arpou3nvecKue, arpOXMMHYECKHE U OMOIOTHYeCKUe
CBOIiCTBA TIOYBBI, CHM)KACTCS OOCCHEYEHHOCTh IMOYBHI IOABMXKHBIMH (hopmMaMu
azota u Qocdopa. Hedresarpssaenne cnocoOCTBYeT Aerpaganvii U BHIBOAY U3
CENTbCKOX03AWCTBEHHOTO 000pOoTa 3HA4YMTENBbHBIX Tepputopuit [1, 2]. Ouuctka
MOYBBI OT HE(TU CONPSDKECHA C PSAOM TPYAHOCTEH, B 3aBUCIMOCTH OT KOHKPET-
HBIX YCIIOBHH HCTONB3YIOTCS COBOKYITHOCTh PasMUYHBIX MeTonoB [3-8]. Ha AO
«O3enmyHaiira3» (MaHrucrayckas o0JI.) HCIONB3YyeTCSl METOJ CKJIaIUpOBaHUS
(MexaHMYecKHi crioco0) OYMCTKU HedTe3arps3HEeHHOTO (3aMa3ydeHHOr0) TPYyHTA.
OnHako, CKJIQJIMPOBaHHE 3aMa3y4YeHHOI'O TPYHTA B IOJIMTOHAX CO3JIAeT OYard
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BTOPUYHOTO 3arpsi3sHeHHA. [0 TepMUIecKoMy METOay MTPOU3BOAAT OOKHUT 3arpsi3-
HEHHOW He(pTHIO TIOUBHI B CHENUANBHBIX Medax. [lociie TepMudeckoit 06paboTku
B OYMIICHHOW IIOYBE MOTYT OCTaThCsi HOBOOOPAa30BaHHBIE MNOJIMLMKIMYECKHE
apOMaTHUYECKUE YIIIEBOJOPOABl — UCTOYHUK KaHUEpPOreHHOW omacHocTH. [loaTo-
My pa3paboTka HOBBIX 3(()EKTHBHBIX CHOCOOOB OYHCTKHA TIOYBHI OT HEPTH U
HEPTENPOLYKTOB SIBIISETCS AKTYaIbHOM.

KomnmongHo-xuMudeckue, copOIOHHBIE, KOMILIEKCOOOpasyIoIIHe, MPOTeK-
TOpPHBIE CBOMCTBA, a TaK)Ke BBHICOKASI XHUMUYECKasi aKTUBHOCTh U CITOCOOHOCTH K
MOJIU(PHUKANNN TYMHHOBBIX KHCJIOT TO3BOJISIOT HCIONB30BaTh WX I OYUCT-
KM MOYBBI U PA3IUYHBIX CPEJl OT HEOPTAHUYECKUX M OPTaHUYECKUX TOKCUKAHTOB
[9-15]. ABtopamu [14, 15] paccMoTpeHa mpobiieMa JETOKCHKAIMK U Ouopeme-
quanud OypoBBIX NIJIAMOB, He(Te3arps3HEHHBIX MOYB M TPYHTOB C HCIIONB30-
BaHHWEM TYMHHOBBIX TmpemaparoB «l'ymmkom» u «[l'ymurens». OmnpeneneHs
ONTHMANbHbIE /103l BHECEHHS TYMHUHOBBIX IIpenapaToB Js JETOKCHUKAIIUU
MOJIEJIEHBIX 00Pa31oB MOYB.

B cBs3M ¢ BBIMIEH3IIOKCHHBIM, IETbI0 JAHHOW PabOTHI SBISETCS HCCIEIO-
BaHHE 3aKOHOMEPHOCTEH BIMSHHS Pa3IMYHBIX (AKTOPOB Ha TPOILECC OYHCTKU
MOYBHI OT HEPTH U HEPTEHPOAYKTOB MOIUDUIIUPOBAHHBIMH T'YMHUHOBBIMHU KHC-
JIOTAaMH B MOJICTBHBIX OIBITAX.

MATEPHAJI 1 METO/IbI UCCIIEAOBAHUM A

B kadecTBe MCXOMHOTO KOMIIOHEHTA HCIIOJNIB30BaIN TYMHUHOBYIO KHCIIOTY,
noy4eHHy1o u3 Oypoix yriei Oi-Kaparaiickoro mectopoxaeHus (AaMaTHHCKAS
00J1.), KOTOpasi UMEET CIEAYIOIIYI0 XapaKTepUCTUKY, Mac.%: BBIXOJ CBOOOIHBIX
rymuHoBbix kucinor (HA®) —38,42; C* - 60,17; H* — 4,20; 0% — 28,09; N —
1,43. Moaudukamuo TyMHUHOBON KHCIOTHI OCYIICCTBIISUIM MPU TEMIEpPaType
20°C B teuenue 30-60 muu mpu cootHomeHuu T:2K=1:3 ¢ ucnonpzoBanuem
0,25-1,0% pacTBOpPOB CEPHOM M a30THON KHCIOT.

UK-cnektpsl wnccnenyembix obOpasmoB cHumManmn Ha HK-®Dyppe-cnex-
tpomerpe moaenu « ThermoElectron» (pupma Nicolet 5700, CILIA) B Tabnerkax ¢
KBr B auanasone BomHOBEIX umcen 4000-400 cvm™'.OTHeceHHe MOJIOC MOTIIONIE-
aus B MK-crekTpax mpoBOAMIN B COOTBETCTBUHM C JIMTEPATYPHBIMH JaHHBIMU

[16, 17].
PE3VJIbTATBI M UX OBCYKJIEHUE

Ha MopenbHBIX cHcTeMax «HOYBa-HEPTH» M «II0YBa-OCH3WH» YCTaHOBJICHBI
3aBHCHUMOCTH CTEIEHU OYMCTKU IOYBBI OT BpeMeHH (5-90 MuH), KOHLEHTpauuu
Hedru u Gensuna (5-25%) u temmeparypsl (20-80° C). B kauectse copOenTa
ucnonb3oBanu mnpenapatsl MCI'K u MAI'K (MoaudunupoBanHble cepHOW H
A30THOM KHCIIOTaMU TYMHMHOBBIE KUCIOTHI). ONBITBI MPOBOAMINCH MPHU HOpME
copOenra — 0,3 mac.% B cTaTHYECKHUX YCIIOBHSX.
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Pucynok 1 — 3aBHCHMOCTB CTEIIEHH OYHCTKH ITOYBHI OT HeTH (a) 1 OeH3uHa (0) OT BpeMeHH:
1 — npenapatr MCI'K; 2 — mpenmapat MAT'K

AHanu3 NpeACTaBIeHHBIX Ha PUCYHKE | JaHHBIX MMOKa3bIBAeT, YTO CTENEHBb
OYHCTKU IMOYBBI OT HE()TH M HEPTENPOIYKTOB 3aBUCHT OT MPOIOIDKHTEIBHOCTH
npornecca copbunu. Hanpumep, npu koHueHtpauun HepTH B nmouse 15% c yBe-
JUTYCHUEM BpEMEHHU Tporiecca copOrmu oT 5 mo 90 MUH TIpH HCIOJIE30BAHIH
npenapata MCI'K crenens ouncTku mouBbl OT HedTu moeimaercs ¢ 53,30 no
98,50% (pucynok la, xpuBas 1), a npu npumeHenuu mnpenapata MAI'K —
cooTBeTcTBeHHO ¢ 62,70 mo 99,80% (xpuBas 2). Takue ke 3aKOHOMEPHOCTH ycC-
TAHOBJICHBI TIPU OYUCTKE TIOYBHI OT OeH3MHA (pucyHOK 1, 6). B ykazaHHbBIX ycio-
BHSIX CTEIICHh OYMCTKH MOYBHI OT OCH3HMHA C MCIOJIb30BaHueM npenapatos MCI'K
u MAT'K pocturaer 99,20 u 100,0%. Kak BunHo u3 pucyHka 1, OCHOBHOE KOJu-
4ecTBO HEPTH U He(PTEIPOMYKTOB copOupyercs B TeueHue 30-40 MuH.

[TomyuenHble TaHHBIE MTOKA3aIH (PUCYHOK 2), UTO MPH YBEIUYEHUH KOHIICH-
Tpauuu HeTH M OeH3WHA ¢ 5 10 25% cTeneHb OYMCTKH MOYBBI YMEHBIIACTCS.
Taxk, 3a 30 MuH npouecca copOLUM IPH CoAep>KaHUU HEPTH B MoUBe 5% CTENeHb
ounctku npenapatamu MCI'K u MAT'K cocrasnser 97,0 u 99,1%, a mipu coaep-
*aHuu HeptH 25% crerneHs copOUMM HEPTHU YMEHBIIAETCS COOTBETCTBEHHO 0
83,4 u 87,8% (pucyHok 2a). B 3Tux ke yclOBHAX CTENEHb OYMCTKU IOYBBI OT
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PucyHok 2— BrusiHue koHueHTpaiuu HedtH (a) v OeH3nHa (0) Ha CTerneHb OYUCTKH MOYBBIL:
1 — mpenapatr MCI'K; 2 — npenmapar MAI'K
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oemsmaa mpemapatoM MCI'K cHmxkaetrcs ¢ 98,23 mo 84,83%, a mpemaparom
MATK ot 100,0 mo 90,11% (pucynok 2, 6). Bunumo, mopsl MoaupUIHPOBaHHBIX
TYMHHOBBIX KHCJIOT 3alOJHSIOTCS HEPThIO M HX COPOLMOHHAs CIIOCOOHOCTH
YMEHBIIIAETCH.

W3 mpencraBineHHBIX B TaONHIlE SKCTIEPUMEHTAIBHBIX JTAHHBIX CIIEIYeT, YTO
poct temmeparypsl oT 20 10 80° C crocoOCTBYET HE3HAYUTEIBHOMY MTOBBIIIEHHUIO
CTEIICHH OYHMCTKU MOYBBI OT HePTH M OeH3MHA MOIUGPHUUNPOBAHHBIMU 'yMHUHO-
BeiMu kucitotamu. Taxk, npu 20° C 3a 30 MUH TIporiecca Mpu KOHIIEHTPAIMH HETH
u OcH3uHa B 1mo4Be 15% CTENeHb OYMCTKU TPU HCIOJIB30BAHUU MOIUQPUIIMPO-
BaHHBIX CEPHOM KHCIIOTOM I'YMHHOBBIX KHUCJIOT COCTABIISIET COOTBETCTBEHHO 93,20
u 95,20%, a mpu npuMEHEHUH MOIU(HUHMPOBAHHBIX a30THOM KHCIOTOW T'yMH-
HOBBIX KHCIIOT cooTBeTCTBeHHO — 97,10 u 98,50%. Ilpu moBbleHUN TeMiepa-
typsl 10 80° C cTeneHb OYUCTKH MOYBBI OT He(hTH U OeH3mHa mocTuraet 95,99 u
99,10%. ITomyueHHBIE PE3YIBTATHl CBUAETENBCTBYIOT, YTO OCHOBHOE KOJIMYECTBO
Hedru copbupyercs npu Temneparype 20-30° C. JlanbHelllee yBeIuueHne TEM-
neparypsl mporecca He MPUBOJIUT K 3aMeTHOMY pocTy 3¢ dekTuBHOCTH mporec-
ca copOIuH.

BrimsHne TemiepaTyphl Ha CTEIEHb OYMCTKHY TTOUYBHI OT He(TH 1 OeH3MHA

Temmneparypa, CreneHb ouncTKH, %

°’C npenapar MCI'K ‘ npenapatr MAT'K
Hedts

20 93,20 97,10

40 93,41 97,22

60 93,46 97,28

80 93,50 97,31
bensun

20 95,20 98,50

40 95,89 98,70

60 95,91 98,90

80 95,99 99,10

Ha ocHoBaHWMM TpPOBEICHHBIX HCCIECNIOBAHWN YCTAaHOBJIEHBI OOIIME 3aKo-
HOMEPHOCTH BIHSIHUSL pa3iu4HbIX (pakTopoB Ha mpouecc copOuuum HedpTH n
He(TEPOAYKTOB W3 MOYBBl MOJU(PHULUUPOBAHHBIMH T'YMHHOBBIMH KHCJIOTaMH
(mpenapater MCI'K u MAI'K), onpenenensl onTUMallbHBIE yCIOBHS IPOIIEcca:
HOpMa copbenta — 0,3 mac.4, T — 30-40 muH, t,, — 20-30 °C.

Ananmu3 MK-cniekTpoB ucciielyeMbix 00pa3IoB MOYBbI (PUCYHOK 3) TOKa-
3bIBAaCT OTCYTCTBHE B CIIEKTPE MOJIOC TOTJIOIICHHS, XapaKTEPHBIX IUIA HEPTH
[0CJIe OYMCTKU HedTe3arps3HeHHON NoYBbl MOIUGHINPOBAHHBIMA I'YMUHOBBIMU
kuciotamu [16, 17]. Tak, Ha UK-cniektpe 00pas3IoB mMouBHI Mocie copOnun Hed-
i npenapatoM MAT'K (kpuBas 3) OTCYTCTBYIOT MOJIOCHI MOTJIOUICHNUS apOMaTH-
4ecKHX CTPYKTYp B oGmactu 3040-3010, 1790-1780, 1620-1600 u 1460-1450 cm™,
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Pucynok 3 — UK-criekTphI ncciaeyeMbIx 00pa3IoB:
1 — mpenapat MAT'K; 2 — He(Te3arps3sHEHHAs TT0YBa; 3 — MIOYBA ITOCIE OYUCTKH

a TakKe TOJIOCHI TTOTJIONICHHUS HEOPTaHUYECKUX NOHOB 1pu 960-480 em’. Omnako
MOSABISIIOTCA  OJIOCHI  TOTJIOIICHMSI BAaJICHTHBIX KoJIeOaHUH anudaTHuecKuX
CTpYKTYp B obmactm 2940-2920 u 2870-2850 cM”', KapGOKCHIAT-MOHOB INpH
1585-1570 u 1400-1390 cM™', meopMaIMOHHBIX W BaneHTHBIX Komebanmii OH,
C-H, C-C, C-O-cesizeit B obmactu 1210-1200,1080-1060 cm™', BaeHTHBIX KOJIe-
OaHuii kapOOKCHJIOB, (DEHOJBHBIX TPYNI, XHHOHOB B KomIuiekcax mpu 800-
500 cm™', mapaduroB mpu 760-755 cv™ m GuTymMoB mpu 730-725 ev [16, 17]. Do
CBHUJIIETEIILCTBYET O TOM, YTO MpPU cOpOIMH HEPTH MOAUPHUIUPOBAHHBIMU T'yMU-
HOBBIMH KHCJIOTaMH IPOUCXOJUT H3MEHEHHE COCTaBa HE(TH, T.€. MPOTEKAIOT
peaKknuy OKHUCIIEHUS YIJIEBOAOPOAOB M KOMIIEKCOOOPa30BaHUE MOHOB TSDKENBIX
METaJUIOB C TYMHHOBBIMH KHCJIOTaMHU.

U3-3a monm@yHKINOHANEHOCTH, T€TEPOTEHHOCTH, CJIOXHOCTH TyMHUHOBBIX
KHCJIOT 1 MHOTOKOMIIOHEHTHOCTH COCTaBa He()TH TPYIAHO HPEACTaBUTH XMUMHU3M
mporiecca copdunu. OgHAaKo, HA OCHOBAHWH MOJYYEHHBIX PE3YJIbTATOB MPEIO-
jlaraem, 4To npu copOunu HedTH M3 MOYBBI MOAUDUIIMPOBAHHBIMA I'yMUHOBBIMU
KHCJIOTaMH MIPOUCXOJUT OKUCIIEHHE YTIIEBOJAOPOAOB HEPTH U CBSI3bIBAHHE HOHOB
TSDKEJIBIX METaJUVIOB B KOMIUIEKCHI ¢ T'YMHHOBBIMH KHcJOTaMH. CBS3aHHBIE B
ryMaTbl TOKCHYHBIE KAaTHOHBI METaJUIOB CTAHOBSATCS MAJIOIIOJIBM)KHBIMH, HEJIO-
CTYIHBIMH U O€30MIaCHBIMH.

BruiBoabl. Ha ocHOBaHMU NPOBEICHHBIX HA MOJENBHBIX CUCTEMaxX HCCIENO-
BaHWI YCTAaHOBJICHO BIUSHWE PAa3IMYHBIX (PAKTOPOB Ha IMPOIECC COPOITMOHHOM
OYHMCTKU TOYBBI OT HE)TH M HEPTENPOAYKTOB MOAU(PUIMPOBAHHBIMU T'yMUHO-
BBIMHU KHCJIOTAMHM, ONpPENENEHBl ONTHMalIbHBIE ycloBus mnponecca. CremneHb
OYHCTKU 1O4BbI OT Hedru mpu Temmeparype 20-30° C B teuenue 30-40 MuH
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nmocturaet 99,80%, a ot 6enzuna — 100,0%. [IpoBenennple XUMHUYECKHE U (DHU3U-
KO-XMMHUYECKHE HCCIICJOBAaHUS MOKa3aliu, YTO TOCie copOuuu HedTH npenapa-
tamu MCI'K 1 MATK B 00pa3uax OTCYyTCTBYIOT YIJI€BOAOPOABI, XapaKTEPHBIC
Uis He(DTH, TPOTEKAIOT PEaKIUH OKHCIEHHS W JECTPYKIUH YTIIEBOJOPOIOB
HEe(PTH, KOMIUIEKCOOOpAa30BaHUsI HOHOB TSDKEIBIX METANIOB € T'yMHUHOBBIMU
kucinotamu. [Ipu 3TOM 00pa3oBaHHe KOMIUIEKCHBIX COSIMHEHUH MOHOB TSIKENBIX
Y TOKCUYHBIX METAIJIOB C TYMHHOBBIMH KHCIIOTaMH IIEPEBOJNT UX B 0€30MacHYIO
1 HEJOCTYITHYIO (hopMy.
JIUTEPATYPA

[1] daBeimoa C.JI., Taraco B.M. HedTh kak TOMNHMBHBIA pecypc M 3arpsA3HUTEIb OKpY-
xKaromer cpeasl. — M.: PY/IH, 2004. — 131 c.

[2] O6pesko JI.A., ®ponosa B.A., lapumiesa A.M. Dxonorudeckue npooaeMbl U yTHIN3AIMA
0TX0I0B He(TAHOH mpombIuIeHHOCTH. — AnMaTsl: KasrocMHTU, 2002. — 120 c.

[3] Aradaposa I'.I'., JleoutseBa C.B., Cadapor A.X., Sradapos U.P. CoBpeMeHHBIE METOBI
nepepaboTku Hedrenmamo. — M.: Xumus, 2010. — 190 c.

[4] A6muGatracBa M.M., CamgyoB K.Pa3paboTka HOBBIX CHOCOOOB OYHCTKH He(Te3arpss-
HEHHBIX TPYHTOB M HEe(TEIUIaMOB C IPHUMEHEHHEM COJIHEYHOW SHEepruH // DKOJIOrnYecKHe TeXHO-
qoruu. —2012. — Ne 12. - C. 122-126.

[5] Nenkova S., NikolovaP.Treatment of oily polluted soil using lignin fibrous compositiobs //
Uniu. Chem. Technol. Andmet. —2005. — N 1. — C. 25-28.

[6] Teas Ch., Kalligeros S., Zanikos F., Stournas S. Investigation of the effectiveness of absor-
bent materials in oil spill clean up // Desalination. — 2001. — N 140. — P. 259-264.

[7] Cerqueira V.S., Peralba M.C.R., Camargo F.A.O., Bento F.M. Comparison of bioreme-
diation strategies for soil impacted with petrochemical oily sludge // International Biodeterioration&
Biodegradation. — 2014. — Vol. 95. — P. 338-345.

[8] Evdokimova G.A., GershenkopA.Sh., Mozgova N.P., Myazin V.A., Fokina N.V. Soils and
waste water purification from oil products using combined methods under the North conditions// J.
Environ. Sci. —2012. — Vol. 47(12). — P. 1733-1738.

[9] Kapmrox JI.A. ANKOKCHUJIbHBIE MPOU3BOJHBIE T'YMHHOBBIX BEIIECTB: CHHTE3, CTPOCHHE U
copOunoHHbIe cBoicTBa: luc. ... kaHa. xuMud. Hayk: 02.00.03. — M., 2008. — 187 c.

[10] U3ocumoB A.A. OU3MKO-XMMHYECKHE CBOMCTBA, OMOJIOTUYECKAs aKTHBHOCTh W JIETOK-
CHLMPYOIIAsi CIIOCOOHOCTh T'yMHHOBBIX IPENaparoB, OTIMYAOUINXCS T€HE3HCOM OPraHHYECKOro
ceipbst: [luc. ... xann. 6uoin. Hayk: 03.02.08. — M., 2016. — 148 c.

[11] Perminova I., Hatfield K. Use of humic substances to remediate polluted environments:
from theory to practice. — Springer, 2005. — P. 3-36.

[12] Tuxonos B.B., Jlucosuukast O.B. Mcnonb3oBaHne r'yMUHOBBIX KUCIIOT, COPOMPOBAHHBIX
Ha MHKPOOPraHU3Max, B JINKBHIALMK HETAHBIX 3arpsa3Henuii / Marepuanst VI Beepoc. Hayd. koH(.
¢ MexayHap. ydactieM «['yMHHOBBIE BemiecTBa B Onocdepe». — CoIkThIBKap, 2014. — C. 147-150.

[13] Sxumenko O.C., CrenanoB A.A. OueHka BO3MOKHOCTH IPUMEHEHHS TYMaTOB IS peMe-
JIMAIAH 3arps3HEHHBIX TOPOACKHX 1mouB // Matepuans! VI Beepoc. Hayd.koH(D. ¢ MexayHap. Ydac-
tieM «['ymuHOBBIE BemecTBa B 6nocepe» .— CoikTbiBKap, 2014. — C. 156-159.

[14] MoxkpoycoBa M.A., I'mymrankoBa 1.C. Pemenuarmst OypoBBIX IIIaMOB U HeTe3arpss-
HEHHBIX TPYHTOB C MCIIOJIBb30BaHHEM I'YMHUHOBBIX npenaparto // Tpancmopt. Tpancnoprasie Coopy-
keHus. Dxonorust. —2015. — Ne 2. — C. 57-72.

[15] Koznosa E.H., Crenano A.JL., JIpicak JI.B. BiausHue 6akrepuanbHO-TyMyCOBBIX IIpemna-
paToB Ha OMOJIOTMYECKYIO aKTHBHOCTH IOYB, 3arpPS3HEHHBIX HE(DTEHPOLYKTAMH M TSDKEIBIMH Me-
tayutamu // ITouBoBenenne. —2015. — Ne 4. — C. 452-461.

[16] akc N.A., Daitzynnnaa E.M. Ua}pakpacHbIe CIEKTPHI HCKOMIAEMOTO OPTaHHYECKOTO
BewectBa. — M.: Henpa, 1974. — 131 c.

[17] Opnos A.C. I'ymycoBBIe KUCIOTHI OYB U 00IIas Teopusi rymudukanuu. — M.: U3a-Bo
MI'Y, 1990. -325c.

146



ISSN 1813-1107 Ne'l 2019

REFERENCES

[1] Davydova S.L., Tagasov V.I. Neft' kak toplivnyj resurs i zagrjaznitel' okruzhajushhej
sredy. M.: RUDN, 2004. 131 p.

[2] Obrevko L.A., Frolova V.A., Darisheva A.M. Jekologicheskie problemy i utilizacija otho-
dov neftjanoj promyshlennosti. Almaty: KazgosINTI, 2002. 120 p.

[3] Jagafarova G.G., Leont'eva S.V., Safarov A.H., Jagafarov L.R. Sovremennye metody
pererabotki nefteshlamov. M.: Himija, 2010. 190 p.

[4] Abdibattaecva M.M., Saduov K. Razrabotka novyh sposobov ochistki neftezagrjaznennyh
gruntov i nefteshlamov s primeneniem solnechnoj jenergii // Jekologicheskie tehnologii. 2012. N 12.
P.122-126.

[5] Nenkova S., Nikolova P. Treatment of oily polluteds oil using lign in fibrous compositiobs
// Uniu. Chem. Technol. Andmet. 2005. N 1. P. 25-28.

[6] Teas Ch., Kalligeros S., Zanikos F., Stournas S. Investigation of the effectivenes sofabs or
bent materials in oils pill cleanup // Desalination. 2001. N 140. P. 259-264.

[71 Cerqueira V.S., Peralba M.C.R., Camargo F.A.O., Bento F.M. Comparison of bioremedia-
tion strategies for soilim pacted with petrochemical oily sludge // International_Biodeteriora-
tion&Biodegradation. 2014. Vol. 95. P. 338-345.

[8] Evdokimova G.A., Gershenkop A.Sh., Mozgova N.P., Myazin V.A., Fokina N.V. Soils
and wastewater purification from oil products using combined methods under the North conditions
//']. Environ. Sci. 2012. Vol. 47(12). P. 1733-1738.

[9] Karpjuk L.A. Alkoksil'nye proizvodnye guminovyh veshhestv: sintez, stroenie i sorbcion-
nye svojstva: Dis. ... kand. himich. nauk: 02.00.03. M., 2008. 187 p.

[10] Izosimov A.A. Fiziko-himicheskie svojstva, biologicheskaja aktivnost' i detoksiciruju-
shhaja sposobnost' guminovyh preparatov, otlichajushhihsja genezisom organicheskogo syr'ja: Dis.
... kand. biol. nauk: 03.02.08. M., 2016. 148 p.

[11] Perminova I., Hatfield K. Use of humic substances to remediate polluted environments:
from the orytopractice. Springer, 2005. P. 3-36.

[12] Tihonov V.V, Lisovickaja O.V. Ispol'zovanie guminovyh kislot, sorbirovannyh na mikro-
organizmah, v likvidacii neftjanyh zagrjaznenij // Materialy VI Vseros. nauch. konf. s mezhdunar.
uchastiem «Guminovye veshhestva v biosfere». Syktyvkar, 2014. P. 147-150.

[13] Jakimenko O.S., Stepanov A.A. Ocenka vozmozhnosti primenenija gumatov dlja reme-
diacii zagrjaznennyh gorodskih pochv // Materialy VI Vseros. nauch. konf. s mezhdunar. uchastiem
«Guminovye veshhestva v biosfere». Syktyvkar, 2014. P.156-159.

[14] Mokrousova M.A., Glushankova I.S. Remediacija burovyh shlamov i neftezagrjaznennyh
gruntov s ispol'zovaniem guminovyh preparatov // Transport. Transportnye Sooruzhenija. Jekolo-
gija. 2015. N 2. P. 57-72.

[15] Kozlova E.N., Stepanov A.L., Lysak L.V. Vlijanie bakterial'no-gumusovyh preparatov na
biologicheskuju aktivnost' pochv, zagrjaznennyh nefteproduktami i tjazhelymi metallami //
Pochvovedenie. 2015. N 4. P.452-461.

[16] Shaks I.A., Fajzullina E.M. Infrakrasnye spektry iskopaemogo organicheskogo veshhe-
stva. M.: Nedra, 1974. 131 p.

[17] Orlov D.S. Gumusovye kisloty pochv i obshhaja teorija gumifikacii. M.: Izd-vo MGU,
1990. 325 p.

Pe3rome

O. K. XKycinbexos, I'. O. Hypzanuesa, 3. K. basxmemosa,
A. K. llaxuposa, K. A. Opvinmaesa

MYHAWMEH JIACTAHFAH TOIIbIPAKTbBI TYPJIEHAIPIII'EH
I'VMUH KbIIIKBIIIZAPBIMEH TA3APTY YPAICIH OHTAUJIAH/IBIPY

«TombIpak-MyHai» 1 «TONBIPAK-OCH3MH» MOJICIIBIK XKYHeciHae MyHal )KoHe MyHai
OHIMJIEpiH TOIBIPAKTaH TYpJIEHAipinreH TyMuH KeimkbpuigapbiMeH (MCI'K xore MATK
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npernaparTapsl) copouusiay ypaicine apTypii (hakTopiapablH ocep €Ty 3aHIBUIBIKTaphI
seprrenni. Tombipaktet MCI'K sxone MAI'K npenapaTrapbIMeH Ta3zapTy IOpEKeCiHIH
MyHail MeH OEH3WHHIH KOHLEeHTpauusceina (5-25%), Temmeparypara (20-80° C) xone
yakbITKa (5-90 MuH) Toyenaimiri aHelKTanabl. JKypri3iireH 3eprreynep Ke3iHAE TOIbI-
paKThIMyHall KoHE MYHai OHIMIEpiHEH TYPJICHIIPIIreH TyMUH KBIIIKbUIJApHIMEH Ta-
3apTy YpIICiHIH OHTAWIBI >KarAaiiapbl alKeIHAANIB. MyHall )koHe MyHall @HIMIEpiHIH
Herisri Gesiri 30-40 muryTTa 20-30° CTeMIepaTypaa copOIMsIaHaTBIHBIFE aHBIKTAJIBL.
TombipakThIH MyHaiinaH Tazapy nopexeci 99,80%, 6ensunuer — 100,0% xeremi. Xumus-
JIBIK JKOHE (PM3HMKAJIBIK-XHUMUSUIBIK3EPTTEYIIEp MyHall jKoHE MyHall OHIMZIEPIH TOMBIpakK-
TaH TYPJICHAIPUITeH TYMHUH KBIIKBUITAPBIMEH COpOIMsIIaFaHia KOMipCYTeKTepHiH TO-
TBIFy MEH JICCTPYKLUS JKOHE ayblp MeTalIapblH HOHAAPBIHBIH T'YMHH KBIIKbIIIAPHIMEH
KCIIIeH TY3y peakIsUIapbIHBIH KYPETIHAITiH KepceTTi. Kemenni KoChUIbICTapAbIH TY31Tyl
OyJ1apabl Kayirci3 jkoHe KOJIKETIMCI3 Typre aybICThIPBII, KOPIIaraH OPTaHbIH JacTaHybIH
azalTajpbl.

Tyiiin ce3mep: MyHail, O6H3WH, MyHall eHIMJepi, MyHaliMEeH JIaCTaHFaH TOIBIPAK,
TYPJICHIIPUITeH TYMUH KBIIIKBUIIAPHI, COPOIHS, Ta3apTy ASpExKeci.

Summary

U. Zh. Dzhusipbekov, G. O. Nurgalieva, Z. K. Bayakhmetova,
A. K. Shakirova, J. A. Oryntaeva

OPTIMIZATION OF OIL-POLLUTED SOIL CLEANING PROCESS
BY MODIFIED HUMIN ACIDS

On model systems “soil-o0il” and “soil-gasoline” were investigated the regularities of
influence of various factors on the process of sorption of oil and oil products from the soil
by modified humic acids (drugs of MGCC and MAGK).The dependence of purification
degree of soil with drugs of MGCC and MAGK on the concentration of oil and gasoline
(5-25%), temperature (20-80 °C) and time (5-90 min) were established. In the research
carried out the optimum conditions for the cleaning process of soil from oil and oil pro-
ducts with modified humic acids were determined. It was revealed that the main amount
of oil and oil products is absorbed for 30-40 minutes at a temperature of 20-30 °C. At the
same time, the purification degree of soil from oil reached 99.80%, from gasoline -
100.0%. Chemical and physico-chemical studies have shown that during the sorption of
oil and oil products from the soil with modified humic acids occurs process of oxidation
and hydrocarbons degradation and the binding of heavy metal ions into complexes with
humic acids. The formation of complex compounds transformed them into a safe and
inaccessible form, which reduces the risk of environmental pollution.

Key words: oil, gasoline, oil products, oil-contaminated soil, modified humic acids,
sorption, degree of purification.

148



ISSN 1813-1107 Ne'l 2019

YIK 536.7+544.451+546.31:442:654:73:74:711

B. K. KACEHOB', IlIl. 5. KACEHOBA', )K. U. CATUHTAEBA’,
E. E. KVYAHBIIIBEKOB', A. A. MYXTAP', K. C. KAKEHOB’, I'. A. ECEHEAEBA®

IXI/IMI/IKO-MeTaJIJIprI/I‘{eCKHﬁ uHCTUTYT UM. XK. AGumieBa, Kaparanna, Pecrry6imka Kazaxcran,
2Kaparaqu/mc1<1/11?1 JKOHOMHUYECKUi yHUBepcuTeT Ka3noTpebcorosa, Kaparanna,
Pecniy6nuka Kazaxcran

OIIEHKA TEPMOJINHAMHWYECKHUX XAPAKTEPUCTHK
HUKEJUTO(KOBAJIBTO)-KYIIPATO-MAHI'AHUTOB
LaMe',Ni(Co)CuMnO; Y LaMe""Ni(Co)CuMnOq
(Me' — Li, Na, K; Me" — Mg, Ca, Sr, Ba)

AnHoTanusi. [IpuOMOKEHHBIME METOJaMH pacueTa BBIUMCIICHBI CTaHIAPTHEIC
TepMOAWHAMIYCCKUEC (YHKIMM TIONYYCHHBIX HAMH HHUKEIUTO-KYyIpPaTO-MaHTaHUTOB U
KOOaIIbTO-KYNIPaTO-MAaHTaHUTOB ~ COCTAaBOB LaMeIZNiCuMnOé, LaMeIQCOCuMnOG,
LaMe™iCuMnOg4 u LaMe"CoCuMnOy (MeI — Li, Na, K; Me" — Mg, Ca, Sr, Ba).
CranmapTHBIC SHTAIBIMUN 00pa30BaHUSA HUKENIUTO(KOOAIBTO)-KyIpPaTo-MaHTaHUTOB JIaH-
TaHa, IIEJIOYHBIX U MIEIIOYHO3EMETbHBIX METAIIOB PACCUUTAHKI IO pa3paboTaHHONH HaMU
METOMKE, KOTOpasi paHee MoKasana JOCTAaTOYHYH KOPPEKTHOCTh U JOCTOBEPHOCTDH IMPH
pacueTax aHAJOTHYHBIX XapPAKTCPUCTHK TPOWHBIX OKCHIOB M MAHTAHHUTOB INEIOYHBIX,
HIEJIOYHO3EMENIbHBIX M PEIKO3EMENIbHBIX METAJIJIOB. PACCUMUTAHBI CTAHAAPTHBIC JHTAJb-
MUY 00pa30BaHUS BBINICYKA3aHHBIX COCMHEHHUN U3 OKCHIIOB, YCPEIHCHHBIC 3HAUCHHS KO-
a¢¢urrentoB noa06ust ( K ), Ha OCHOBAaHMH KOTOPBIX BBIUMCIICHBI CTAHIAPTHBIC SHTAJIb-
iy 00pa30BaHUs HUKEIUTO(KOOATBTO)-KyIPaTO-MaHTaHUTOB M3 MPOCTHIX BemiecTB. [Ipu
pacueTe B Ka4eCTBE MUCXOJHBIX OMOPHBIX TOUCK KCIOJIH30BAHBI CIIPABOYHBIC NTAHHBIC IO
CTaHJAPTHBIM SHTAJBIHUAM OOpPA30BaHUS OKCUIOB JIUTHS, HATPHS, KallUs, IICIOYHO3C-
MenbHbIX MetaiutoB, Meau(Il), mukensa(Il), xobansra(ll), mapranna(Ill), manrana(Ill), a
TaK)X€ TPOWHBIX MaHTaHUTOB LaMeI3MeH3Mn4012 (MeI — menquLIe,MeH — IIEJI0YHO-
3eMeJIbHBIC METAJUTB). MeTO/IOM HOHHBIX WHKPEMEHTOB PACCUYUTAHBI CTaHIAPTHEIC TEIl-
JIOEMKOCTH ¥ CTaHAAapPTHBIC SHTPOITUHN H3YYaeMBIX coenHeHNH. [lomydeHHbIe pe3yIbTaThl
MIPECTABISIOT HHTEPEC TSI TEPMOTMHAMHYIECKOTO 00OCHOBAHUS MPOIECCOB CHHTE3a YKa-
3aHHBIX U aHAJIOTWYHBIX COSAWHEHHUU W CITy’KaT MCXOIHBIMH WH(OPMAIIMOHHBIMHA MacCH-
BaMU [Tt QyHIAMCHTAIBHBIX CIIPABOYHUKOB H OAHKOB JAHHBIX.

KiroueBble cj10Ba: IIEI0YHBIC, IIEIOYHO3EMEIbHBIC METAUIbI, HUKCIUTHI, KyIpa-
ThI, KOOAIBTUTHI, MAHTAHUTHI, TEPMOTUHAMUICCKHIE CBOUCTRA.

W3BecTHO, YTO KyINparbl, MaHTAaHUTHI, HUKEIUTHI, KOOANBTUTHI U APYrUc
OKCUJHBIE COECIMHEHUSI PEIKO3EMENIbHBIX AJIEMEHTOB, JTONUPOBAHHBIC OKCUIAMHU
MIETOYHBIX, IIEI0YHO3EMETBHBIX 3JIEMEHTOB, OO0JIAAIOT YHUKAIHHBIMHA (DHU3H-
YECKUMHU U (PU3MKO-XMMHYECKUMH CBOMCTBaMHU, TaKMMHU, KaK CBEPXIIPOBOJIH-
MOCTb, KOJIOCCAJIbHOE MAarHeTOCONPOTHUBICHUE, TUTaHTCKas IOUAJIEKTpUYECcKas
MIpOHMITAEMOCTh U ap. [1-3].

OnpeneneHHbli HAy4YHBIH M TpaKTHUYECKUH HMHTEpEC IPeJICTaBIsIeT WC-
CJIEIOBaHME HOBBIX COCIUHECHUM, Ha ocHOBe okcuaoB Hukens (I1), kobansta (II),
menu (II) m mapranma (III) xkak HUKETUTO-KYNpaTO-MaHTaHUTHI U KOOAIBTO-
KyTIpaTO-MaHTaHUTHIL.
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Hamu meTomom kepamuueckoi TexHomornu u3 Lay0;, Me',CO; (l\/leI — Li,
Na, K), Me''CO, (MCH — Mg, Ca, Sr, Ba), NiO, CoO, CuO u Mn,0O; B uHTepBaje
800-1200 °C cuHTe3upoBaHBl M B JaJbHEWIIEM H3MEJIbUCHHEM HMX Ha BUOpa-
uunonHoit menpHUIE «Retschy ('epmanmst) momydeHsl HaHOpa3MepHbIE (HAHO-
KJIACTEpHBIE) YACTHIBl HUKEIMTO-KympaTo-manranutos LaMe',NiCuMnOg,
LaMeNiCuMnOg u  koGanbro-Kymparto-manranntoB LaMe',CoCuMnOg 1
LaMe"CoCuMnOg, rne Me' — Li, Na, K; Me" — Mg, Ca, Sr, Ba. Merogom
peHTreHorpaduy yCTaHOBIEHO, YTO OHM KPHCTALTU3YIOTCS B KyOMUYECKOW CHH-
TOHHH.

Lenpro naHHOM PabOTHI SIBJIAETCS pacyeT CTAaHIAPTHBIX TEPMOJINHAMHUYCCKUX
XapaKTEePUCTUK BBINIEYKA3aHHBIX COCTUHEHHUN, KOTOPhIE MPEJCTABISIOT HHTEPEC
Ui (PU3UKO-XMMHUYECKOTO MOJICIMPOBAHUSI TPOIECCOB C HX Yy4acTHeM, s
HaIlpaBJICHHOTO CHHTE3a aHAJIOTHMYHBIX COCAMHEHHUM M MapraHIEBbIX CIUIAaBOB B
(heppocrmaBHOM IPou3BoACTBE [4, 5].

st pacdera cTaHAApTHBIX JHTAIBIHK O0Opa30BaHUS WCCICAYEMBIX HHKE-
JIUTO-KYNPaTO-MaHTaHUTOB M KOOAJIbTO-KYIIPATO-MaHTAHUTOB HaWOOJIEe MPHEM-
JEMBIM OKa3ajcs pa3pa0OTaHHBIH HAMU METOJ BBIYMCIICHUS CTaHIAPTHBIX 3H-
TaNbii OOpa30BaHUS JTBOWHBIX M TPOWHBIX MAHTAHHUTOB PEIKO3EMENbHBIX,
MIETOYHBIX U MIEJ0YHO3EMEIFHBIX METAJJIOB COCTaBa LnMeI3Me"3Mn4012 (MeI —
IICJIOYHEIE, Me' - HIeJI0YHO3eMeNbHBIC, Ln — peko3emMenbHbIe MeTallibl) [6-8].

CyTb pacueTa 3aKII0UaeTCs B CIeIYIOMIEM.

1. Haxommm ko3 durmmeHT mogodus K; n3 COOTHOIICHUS

K;= A/H(298,15) Ln(MnOy,); / AqH°(298,15) Ln(MnO,)s, (1)

rae A/H°(298,15)Ln(MnOy); — cTaHmapTHast SHTaIbIUS 00pa30BaHUs HEpPMaHIa-
HaTa peIKO3eMEIbLHOr0 MeTalia U3 IpocThiX BemecTs, Ay H’(298,15)Ln(MnQOy); —
CyMMa SHTalbIHK 00pa3oBaHMs W3 MPOCTHIX OKCHIOB WJIM YCIOBHO NPHHATAs
CTaHAAPTHAS SHTAIbIHA 00pa30BaHMs IEPMaHraHATa PEAKO3EMEIBHOTO METajlla
13 OKCH/IOB, paBHAs

AokH°(298, 1 5)Ln(MnO4)3 =
= 0,5A/H°(298,15)Ln,0; + 1,5A,;H°(298,15)Mn,0,. 2)

2. [Janee BeraucisieM ko3 dunuenT mogodus K, 10 ypaBHECHHIO
K= A;H°(298,15)Me'MnO, / A, H°(298,15)Me'MnO,, (3)

re AgH°(298,15)Me'MnO, — cranmapTHas SHTANBIIHSA 0OpPA30BAHMS HEPMaHIa-
HAaTa IIEJI0YHOro MEeTajlla U3 OKCHJOB, paBHAs

AH°(298,15) Me'MnO, =
= A/H°(298,15)Me,0 + 0,5A;H°(298,15)Mn,0;. 4)

3. Koadounuent nogobust K; HaXOAUM U3 COOTHOLICHHS
K; = A/H°(298,15)Me" (MnOy), / A H°(298,15)Me" (MnO,),, (5)
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e AgH%(298,15)Me" (MnO,), — crannapTHas SHTANBIHNSA 00pPA30BAHMS MEPMaH-
raHaTa NneJ0YHO3eMEeIbHOTO METallIa U3 OKCHJIOB, PaBHAs

Ao H°(298,15) Me"(MnO,), = A/H(298,15)MeO + A/H°(298,15)Mn,0;.  (6)

4. OmpenensieM cpeHuil kKo HUIUEHT ToI00us K:

K = (KHK24K;) /3. 7
5. Brruncasem A, H°(298,15) LnMe'sMe"sMn,045:
AsH(298,15)LnMe'sMe"sMn,0, =
0,5A/H°(298,15)Ln,05 + 1,5AH°(298,15)Me,0 +
+ 3A/H°(298,15)MeO + 2AH°(298,15)Mn,0;. ®)

6. Amnamornysao ypaBHeHHsM (1, 3, 5) MOXHO OmHCaTh COOTHOIIEHHE:

K =
= A/H°(298,15)LnMe'sMe'sMn, 01, / A, H(298,15)LnMesMe'sMn O, (9)

M3 KOTOPOTO MOTydaeM
AH°(298,15)LnMe'sMe'"sMn, Oy, =

= EAOKH°(298,15)LnMe‘3Me“3Mn4olz. (10)

B cBsi3u ¢ OTCyTCTBHEM B CrpaBo4YHHMKax HaHHbIX 1o A/H°(298,15) ma-

TaHUTOB, B IICPBOM HpI/I6HI/I)KCHI/II/I 3HA4YCHUA K , paCCUNTAHHbLIX M3 JJAHHBIX I10
A/H°(298,15) mepmanranatos, mpumeHman uist pacuera AH°(298,15) wuccie-

JIyeMBIX COCIMHCHHIT, YIHTBIBAS, UTO BeTHUMHEl K MaHraHHTOB He GyHeT 0c060

oramuathes 0 K mepmanranatos.

C yd4eToM BHIMICH3IOKEHHOTO W HA OCHOBaHMH cooTHOImeHHWH (9, 10) mis
HUKEJIUTO-KYNPaTO-MaHTAaHUTOB M KOOAJIbTO-KyIpPAaTO-MAaHTaHUTOB JIAHTaHA U
LIEJOYHBIX METAIJIOB 3aMUCATh CIEIYIOUINE YPABHCHUS:

A/H°(298,15)LnMesMe"sMnyO1; / A, H(298,15)LnMe'sMe''sMn,O,,=
= A/H°(298,15)LaMe',NiCuMnOy / A,H°(298,15)LaMe’,NiCuMnQs, (11)
AH°(298,15)LnMesMe";Mny O, / A, H(298,15)LnMe'sMe'sMn,O,,=
= A;H°(298,15)LaMe',CoCuMnOg / A, H(298,15)LaMe',CoCuMnQs.  (12)

AHaJOrMYHBIM 00pPa30M MOXKHO 3aIlucaTh IS HUKEIUTO(KOOAIbTO)-KyIpa-
TO-MaHTaHUTOB C yY4aCTHEM IIETOYHO3EMEIbHBIX METAIIJIOB:

A/H°(298,15)LnMesMe";MnyO1; / A, H(298,15)LnMe'sMe''sMn, O,,=
= A/H°(298,15)LaMe"NiCuMnOy / A, H°(298,15)LaMe"NiCuMnQs,  (13)
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AH°(298,15)LnMe'sMe";MnyO, / A, H(298,15)LnMe'sMe"sMn Oy, =
= AH°(298,15)LaMe"CoCuMnOg / A, H°(298,15)LaMe" CoCuMnQy.  (14)
B Ta6n1/1ue 1 NPUBCACHBI UCXOJHBIC NJAaHHBIC IUIA paCUCTa CTAHAAPTHBIX 3H-

TaJIBIMH 00pa30BaHMUsS HUKEIUTO- M KOOAIbTO-KYIIPAaTO-MAaHI'AHUTOB, KOTOPHIE
3aMMCTBOBaHHI U3 [6-14].

Tabnuna 1 — McxonHble TaHHBIE I pacyeTa CTaHJAPTHBIX SHTAIBIHI
00pa3oBaHUs HUKEIUTO-KYIIPATO-MaHTaHUTOB H KOOAIBTO-KYIPATO-MaHTaHUTOB

CoenuHeHHe _A‘;‘E;f/zh?f&ls)’ K _Alf( ];[133211:)’ Jlutepatypa
LaLi;Mg:Mn,O1, 55144 1,2375 6824,1 [6, 8]
LaNa3;Ca;Mn O, 5340,5 1,3084 6987,5 -//-

LaK;Sr;Mn Oy, 5127,3 1,3545 6944.8 -//-
LaRb;Ba;Mn,O 1, 4965.6 1,3703 6804,3 -
Li,0 593,04 9]
Na,0 414,84 9]

K,0 362,33 [10]

MgO 601,49 [1]

Ca0 635,09 [1]

S10 590,53 [1]

BaO 548,10 [11]
La,0, 1794,94 [12]
Cu0 162,11 [13]

NiO 239.9 [13]

CoO 239.1 [13]
Mn,0; 957,72 [14]

W3 nanubix Tabmumbl 1 paccuuthiBaeM 3HadeHus Ao, H°(298,15) nukenuto-
KyIIpaTO-MaHTaHUTOB W KOOAJIbTO-KyNpaTO-MAaHTAaHUTOB M C WCIIOIh30BAHUEM

sermnuns K BbrumcisieM ux A/H°(298,15) (Tabanua 2).
Pacuer A/H°(298,15) ucciemyeMbIx COCAMHEHHIT MOXKHO II0Ka3aTh Ha IPH-
mepe Lali,NiCuMnOg:
AocH’(298,15)LaLi;NiCuMnOgy ) =
=0,5A/H°(298,15)La,0515) + A/H(298,15)Li;,0 ) + A/H?(298,15)NiO(yy ) +
+ A/H°(298,15)CuOgy) + 0,5A/H°(298,15)MnyOs4 . (15)

IMoxncrapmsist 3HaveHnst A/H®(298,15) okcnmoB, npuBeaeHHbIX B Tabmmie |
B ypaBHenume (15), mnomyuaem A, H°(298,15)LaLi,NiCuMnQs, paBHYIO
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—2372,0 xJlx/monb. Ha ocuoBannn ypasuenus (13) u snauenns K w3 Ta6mu-
usl 1 st coBokynHoctu Lali, paBHoro 1,2375, nmoiydaem, 4To:

A/H"(298,15)LaLi,NiCuMnOg / A, H(298,15)LaLi,NiCuMnOg = 1,2375, (16)
WA
A/H°(298,15)LaLi,NiCuMnOg = 1,2375A,,H°(298,15)LaLi,NiCuMnOq.  (17)
[Moxacrasnss 3nauenue Ay, H(298,15) B (17), nonyyaem
A/H°(298,15)LaLi,NiCuMnOg = —2372,0-1,2375 = —2935,3 kJ»/M0b.
AmnanornuasiM o6paszom Beruncisiem A/H’(298,15) octanbHBIX COCAMHEHHMIN.

Kosddummenr K s LaLi u g LaMg Gymer pausiM 1,2375, wis LaNa u
LaCa — 1,3084, nua LaK u LaSr — 1,3545 u ana LaBa — 1,3703. TounoCTb
pacuera + 5,0%.

Tabmuna 2 — CtanaapTHEIE TEPMOANHAMUYECKHE XapaKTEPUCTHKH
HHKEIIMTO-KYIIPaTO-MaHTaHUTOB U KOOAIBTO-KyPAaTO-MaHTaHHUTOB

CoeanHeHme -AH°(298,15), C°,(298,15), S°(298,15),
A x/x/Monb JIx/(monb-K) JLx/(monb-K)
LaLi,NiCuMnOg 2935,3 247,6 239,4
LaNa,NiCuMnOq 2869,1 259.,8 279,6
LaK,NiCuMnOg 2899,1 262,2 304,8
LaMgNiCuMnOg 2379,1 2284 226,9
LaCaNiCuMnOg 31573 2335 2424
LaSrNiCuMnOg 3208,2 2355 253,4
LaBaNiCuMnOg 31875 234,6 264,0
LaLi,CoCuMnOQOg 2934,3 2522 2484
LaNa,CoCuMnOy 2868,1 264,4 288,6
LaK,CoCuMnOg 2898,0 266,8 3138
LaMgCoCuMnOgq 2378,7 233,0 235,9
LaCaCoCuMnOg 3156,3 238,1 2514
LaSrCoCuMnOg 3207,1 240,1 262,4
LaBaCoCuMnOg 3186,4 239,2 273,0

Pacyer craHZapTHBIX TEIUIOEMKOCTEH W JHTPOMHUI HCCIEAYEMBIX COEIH-
HEHUU BBIYHUCILIIN C UCIOJIb30BAaHUEM MOHHBIX HHKpemeHToB [13]. s pacuera
C°y(298,15) coeauHeHHI HCIONB30BAHBI CICAYIONIME 3HAYCHUS HMOHHBIX HH-
KkpeMeHTOB Temnoemkoct [Jlx/(Momb-K)]:  Li'—20,7; Na'—26,8; K'—28,0;
Mg*=22,2; Ca**—27.3; Sr’’=29,3; Ba**—28,4; La**—29,3; Ni*"—26,7; Cu*"—25,0;
Mn’*=25,0; Co*—31,3; O*—16,7; a manst Beramcienns S°(298,15) ncciemyeMpix
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(a3 TaKKe HCIOJb30BaHbl HIKCIPUBEICHHBIC 3HAYCHHUS MOHHBIX YHTPONMUHUHBIX
nukpementoB  [Jx/(mons-K)]:  Li™—14,5; Na'—34,6; K'—47,2; Mg**-16,5;
Ca’*-32,0; Sr’'—43,0; Ba’'-53,6; Ni*'-28,6; Co*'=37,6; Mn’'-34,7; 0> 11,7;
La3+—40,4; Cu2+—36,5 [13]. B Tabmumne 2 mpuBeACHBI BHIYUCICHHBIC 3HAYCHUS
C°y(298,15) 1 S°(298,15) ucciegyemMbIx COSIUHCHHI.

Takum 06pazoM, paccaUTaHBl OCHOBHEIE CTaHJAPTHBIC TEPMOJIMHAMIYCCKIE
XapaKTePUCTUKA HHUKEINTO-KyNpaTO-MaHTaHUTOB W KOOAJIbTO-KyIpaTo-MaHTa-
HHTOB JIAHTAHA, MEJIOYHBIX U MEITOTHO3EMETBHBIX METAIIIIOB.

Paboma evinonnena coenacuo dozogopa, zakatouennoeo mexcoy KH MOH
PK u Xumurxo-memannypeuueckum uncmumymam um. XK. Abuwesa no epanmam
(UPH: AP05131317, AP05131333).
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Pe3rome

b. K. Kacenos, III. b. Kacenosa, K. U. Cagvinmaesa,
E. E. Kyanviuberos, A. A. Myxmap, K. C. Koxenos, I'. A. Ecenbaesa

LaMe',Ni(Co)CuMnOg )KOHE LaMe'Ni(Co)CuMnOg (Me' — Li, Na, K;
Me" — Mg, Ca, Sr, Ba) HUKEJIUT(KOBAJIbT)-KYIIPAT-MAHT AHUTTEPIHIH,
TEPMOJIMHAMUKAIJIbIK KOPCETKILITEPIH AHBIKTAY

AnbIHFaH LaMelzNiCuMn06, LaMeIZCOCuMnOG, LaMeHNiCuMnOG JKOHE
LaMe"CoCuMnOg (Me' — Li, Na, K; Me" — Mg, Ca, Sr, Ba) Kypam/Ibl HUKeIUT-KyIpaT-
MaHTaHUTTEP MEH KOOaJbT-KyNpaT-MaHTaHUTTEPAIH CTaHIApPTTHIK TEPMOANHAMHUKAIIBIK
(GYHKIUMSIApsl KYBIKTAIFAaH o/icTepMeH ecenTeii. HukennT(koOanbT)-Kynpar-mMaHra-
HUTTEPHAIH CTaHJAPTTHIK TY3UTy DHTANBINUSIAPHl TOIAUIITT MEH HAKTBUIBIFBI YIITIK TO-
TBIKTap MEH CINTiNIK, CUITITIIK-)KEp KOHE CHpEeK-)Kep MaHTaHHUTTEPiHIH OCHIHIAH KepceT-
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KIIITEPIH ecenTeyae MOOCIACHICH O3IHIIK omicTeMe OoWblHINA ecentenni. JKorapeiga
aTal eTLIreH KOCBUIBICTAPIBIH CTAHAAPTTHIK TOTBHIKTAPIBIH TY31Ty SHTAIBIHUSIAPbI, OpTa-

JaHFaH YKCacTHIK Kodhduimentrepiniy mornepiniy ( K ), HerisiHme HUKeIHUT(KOOAIbT)-
KyIpaT-MaHTaHUTTEPIIH JKail 3aTTapaaH Ty3LIy SHTalIbNUsIaphl ecentengi. Ecenrey
OaphIChIHIA AFAIIKbl TIPEK HYKTEJCpl PETIHAC JUTHH, HATPUM, Kaaui, CUITLTIK-Kep
metangapsiabig, MeICTHIH(ID), Hukenpain(Il), kobaneTTRIH(IT), Mapraneurin(Ill), nanran-
HeIH(III) TOTHIKTAPBIHBIH AaHBIKTAMAJBIK CTAHIAPTTHIK TY3UIy JHTAIBIUSIAPHI JKOHE
LaMe'sMe'"sMn 0, (Me' — cinrinik, Me" — cinTinik-kep MeTaniapsl) YIITik MAHaHHTTe-
PIHIH TY31UTy SHTATBIHSIAPEl KOIAAHBUIIEL. VOHIBIK HHKPEMEHTTED SIICIMEH 3EPTTEINIIl
OTBIPFaH KOCBUIBICTAP/IBIH CTAHAAPTTHIK KBUTY CBHIABIMABLIBIKTAPHl MEH CTaHIAPTTHIK
SHTPOMHSIAPHI €CeNnTelNi. AJBIHFAH HOTHYKEIEP KapaCThIPBUIBIN OTBIPFAH KOHE OFaH
yKcac KOCBUIBICTApAbl CHHTE3NCYIl TEPMOIMHAMUKAIBIK HETi3[eyde JKoHe ipreii aHBIK-
TamMaiap MEH MAJiMeTTep OaHKTEpiHE CHTI3UIETIiH alFfamKbl aKmapaTTHIK MAcCHBTEp pe-
TiH/Ee MaHBI3HI Oap.

Tyiiin ce3aep: CUITUIIK, CUITITIK-)KEp METalaaphl, HUKEIUTTEP, KynpaTrap, Kooasb-
TUTTEP, MAHTAHUTTECP, TCPMOANMHAMHUKAJIBIK KACUECTTEP.

Summary

B. K. Kasenov, Sh. B. Kasenova, Zh. I. Sagintaeva,
E. E. Kuanyshbekov, A. A. Mukhtar, K. S. Kakenov, G. A. Esenbayeva

EVALUATION OF THERMODYNAMIC CHARACTERISTICS
OF NICKELITO(COBALTO)-CUPRATO-MANGANITES
LaMe',Ni(Co)CuMnOz AND LaMe"Ni(Co)CuMnOg
(Me' - Li, Na, K; Me" — Mg, Ca, Sr, Ba)

Standard thermodynamic functions of nickel-cuprate-manganites and cobalt-cup-
rate-manganites of compositions obtained by us are calculated by approximate methods
of calculation LaMe,NiCuMnOs, LaMe,CoCuMnOs, LaMe"NiCuMnOg and
LaMe"CoCuMnOq (MeI —Li, Na, K; Me" - Mg, Ca, Sr, Ba). The standard enthalpies of
formation of nickelite (cobalt) -cundratemanganites of lanthanum, alkali and alkaline
earth metals are calculated by the method developed by us, which previously showed suf-
ficient accuracy and reliability in calculating the similar characteristics of ternary oxides
and manganites of alkali, alkaline earth and rare earth metals. the standard enthalpies of
formation of the above compounds from oxides were calculated, the averaged values of

the similarity coefficients ( K ), on the basis of which the standard enthalpies of formation
of nickelite (cobalto) -crabroto-manganites from simple substances were calculated. When
calculating, reference data on the standard enthalpies of formation of oxides of lithium,
sodium, potassium, alkaline earth metals, copper (II), nickel (II), cobalt (II), manganese
(I1T), lanthanum (III), and also ternary manganites LaMe'sMe";Mn,0,, (Me' - alkali, Me"
- alkaline earth metals). The standard heat capacities and standard entropies of the studied
compounds were calculated by the ion increment method. The results obtained are of
interest for the thermodynamic substantiation of the processes of the synthesis of these
and similar compounds and serve as initial information files for fundamental reference
books and data banks.

Key words: alkali, alkaline earth metals, nickelites, cuprates, cobaltites, manganites,
thermodynamic properties.
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P. B. VOROBYEV, T. P. MIKHAILOVSKAYA, D. K. TOLEMISOVA

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

OXIDATIVE TRANSFORMATION 2-, 3- AND
4-METHYLPYRIDINES AT PRESENCE VANADIUM OXIDE
CATALYST MODIFIED BY TITANIUM AND ALUMINUM OXIDES

Abstract. Catalytic oxidative transformation of 2-, 3- and 4-methylpyridines (MP) at
presence vanadium oxide catalyst modified by additives of titanium and aluminum oxides
were studied. According to the degree of conversion in the oxidation reaction, the isomers
of methylpyridine are arranged in the following row: 4-MP> 2-MP> 3-MP. The nature of
the influence of reaction conditions on the selectivity of the process is established.

Key words: oxidation, methylpyridine, isomer, catalysts, selectivity.

Introduction. Pyridinecarboxylic acids (picolinic, nicotinic, isonicotinic)
and their derivatives are important intermediate products in organic synthesis and
are used to produce growth stimulants and chemical plant protection products,
drugs. For example, pyridine-2-carboxylic acid and pyridine-2-carbaldehyde are
used as starting materials for the synthesis of drugs, herbicides and dyes. Nico-
tinic acid and its amide are vitamin PP, which relaxes spasmodic coronary vessels
and is used for disorders of cerebral circulation, myocardial infarction, angina
pectoris. Isonicotinic acid derivatives are also important in medicine. Some sub-
stances of this series are valuable chemotherapeutic agents of tuberculosis action.

The partial catalytic oxidation of methylpyridines is the most effective me-
thod for the preparation of pyridinealdehydes and pyridinecarboxylic acids. The
main component of the catalytic systems for this process is vanadium (V) oxide.
To improve its catalytic properties, additives of promoter oxides are used.

Binary oxide systems are widely used for vapor-phase catalytic oxidation of
isomeric methylpyridines [1-7]. For example, in patent [2] described the com-
position of catalysts xV,05yTi0,-zM,0,, where x = 5-40 wt.%, y = 95-60 wt.%,
z = 1-10 wt.% and M is a metalloid additive. Silicon oxide, aluminum oxide,
silicon carbide, titanium oxide, diatomaceous earth, zeolite and their mixtures, in
particular, with inert aluminum oxide, are used as carriers. The metalloid additive
is selected from the group including boron, silicon, germanium, arsenic, antimo-
ny, tellurium, polonium, and mixtures thereof.

The authors [3], for the synthesis of pyridinecarboxylic acids, proposed a
catalyst from vanadium oxides and titanium on SiC carrier. Binary catalytic sys-
tem based on vanadium oxides and titanium showed a good efficiency in the
oxidation of 3-methylpyridine to nicotinic acid [4, 5].

In JSC «A.B. Bekturov Institute of Chemical Sciences» [6, 7] the catalytic
properties of V,0s and two-component V-Ti-oxide catalysts in the vapor-phase
oxidation of 3- and 4-methylpyridines were studied.
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Isonicotinic acid was synthesized by vapor-phase oxidation of 4-picoline at
presence V-Ti-Cr-Al-P catalyst [8]. The effect of the reaction temperature, load,
amount of water and oxide promoters on the catalytic characteristics were studied.
It was found that the acid promoter can improve the performance of the catalyst,
and alkaline oxide by contrast reduce activity.

Analysis of the literature show that oxides of aluminum and titanium are
widely used as components of catalytic systems. In this regard, in order to im-
prove the catalytic effect of the vanadium-oxide catalyst in the oxidation of iso-
meric methylpyridines, it is of interest to modify it by adding titanium and alu-
minum oxides.

The goal of this work is to study the patterns of partial oxidation of isomeric
methylpyridines on a vanadium-oxide catalyst modified with titanium and alumi-
num oxides, and to establish the relative reactivity of the starting compounds as a
function of their structure.

EXPERIMENT

The initial «pur.» mark methylpyridines, after drying and distillation, had
characteristics that correspond to an individual substance (2-methylpyridine —
boiling temperature 126-127°/694 millimeter of mercury, d° = 0.9547 and
np’’ = 1.5018; 3 -methylpyridine - boiling temperature 140°/692 millimeter of
mercury, d;”° = 0.9568, np’’ = 1.5050; 4-methylpyridine - boiling temperature
141°/695 millimeter of mercury, ds*° = 0.9547, np™ = 1.5058) [9].

Vanadium-titanium-aluminum catalyst consisting of three-components was
prepared by mixing the corresponding metal oxides of the grades «puriss.» and
«p-a.». The calcination temperature is 650 ° C.

The study of vapor-phase oxidation of methylpyridines was carried out in the
flow-reactor. In the reaction tube of stainless steel 1X18H10T with an internal
diameter of 20 mm and a length of 1000 mm were loaded 100 ml of catalyst in the
form of granules with a size of 3-5 mm. The reaction products were caught in
scrubber-type airlift, irrigated with water. Chromatographic analysis of oxidation
products was carried out by chromatograph «Color-106» with a flame ionization
detector. Argon was used as the carrier gas. A glass column with a length of
1000 mm and a diameter of 4 mm is filled with adsorbent INZ-600 containig
liquid phase of 25% PEGA + 2% H;PO,4. The column thermostat temperature is
125 °C, the evaporator temperature is 200 °C. The pressure of the carrier gas of
argon is 4.0 kgf/cm?, air - 2.4 kgf/cm’.

Pyridinecarboxylic acids were determined by titration with an alkali solution
with a known titer. The products of deep oxidation were analyzed on an LHM-
8MD chromatograph with a thermal conductivity detector. Stainless steel columns
had a length of 3.5 m and an internal diameter of 3 mm. The adsorbent for deter-
mining CO was activated carbon of the AG-5 brand (0.25-0.50 mm), for CO, —
polysorb-1 (0.16-0.20 mm). The temperature of the column thermostat is 40 °C.
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RESULTS AND DISCUSSION

The selection of catalytic systems characterized by high selectivity towards
pyridinecarboxylic acids is an important task.

Earlier we studied the catalytic activity of binary V-Ti-O and V-Al-O
catalysts in the partial oxidation of 2-methylpyridine [10]. It has been established
that the oxide vanadium-aluminum catalyst is less active in this process than the
vanadium-titanium contact. With the highest yield (35-45%), picolinic acid is
formed on a binary vanadium-aluminum catalyst at a temperature of 390-400 °C
and a molar ratio of 2-picoline: O,: H,O = 1: 33.5: 46.

The behavior of binary V,05-Me,Oy (Me — Ti, Fe, Sn, Al, Zr, Cr) catalysts in
the partial oxidation of 3-methylpyridine was studied [11].

In order to search for new active and selective catalysts for the vapor-phase
oxidation of 2-, 3-, and 4-methylpyridines, we prepared and tested a three-com-
ponent vanadium-oxide catalyst modified by titanium and aluminum oxides.

The study of the effect of temperature on the vapor-phase oxidation of 2-me-
thylpyridine on the V-Ti-Al-O catalyst showed that the catalyst is not sufficiently
active, since at 270 °C the conversion of the starting material is 27.7%. It was
established that with an increase in the amount of water supplied from 36.2 to
197 moles, the amount of pyridine-2-carbaldehyde and pyridine increases per
1 mole of 2-methylpyridine. Thus, adding 36.2 mol of water to 1 mol of 2-methyl-
pyridine at 310 °C increase the yield of pyridine-2-carbaldehyde from 16.9 to
44.5%. A further increase amount of water insignificantly influence on the con-
version of 2-methylpyridine. When apply 2-methylpyridine, air and water in a
molar ratio of 1: 14.5: 113.1 respectively at temperature 310 °C, the highest yield
of pyridine-2-carbaldehyde was reached about 53.9%. The selectivity of its
formation was up 67.7%. The conversion of 2-methylpyridine under these
conditions was about 79.6%.

The vapor-phase oxidation of 3-methylpyridine was studied on the same
catalyst. The study process was carried out with a wide variation of parameters.
Thus, the amount of water supplied to the reaction zone was changed from 36.2 to
197 mol per mole of the starting 3-methylpyridine, and the oxygen supply was
from 14.5 to 29.1 mol per mole of the starting material. The reaction temperature
was 250-350 °C. On this catalyst, when studying the effect of oxygen amount, it
was established that with an increase in oxygen supply, the conversion of the
starting methylpyridine hardly changes. With an increase in the amount of air in
the reaction mixture, a decrease in the yield of pyridine-3-carbaldehyde is obser-
ved. The maximum yield of nicotinic acid (48.8% with a selectivity of formation
of 58.3%) was achieved when 29.1 mol of atmospheric oxygen per mole of
starting 3-methylpyridine was supplied. The amount of pyridine varies little with
changes in air supply and increases slightly with increasing temperature.

The study of the effect of water additives on the oxidation of 3-methylpy-
ridine on this catalyst showed that in an anhydrous mode, the yield of nicotinic
acid does not exceed 21.7% (selectivity of formation 31.9%) at 350 °C. It was
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established that the introduction of 36.2 mol of water per mole of 3-methyl-
pyridine into the reaction zone promotes at a temperature of 350 °C an increase in
the conversion of the starting 3-methylpyridine from 68.1% to 92.8%, which is
accompanied by an increase in the yield of nicotinic acid from 28.8% up to
37.5%. An increase in the concentration of water in the contact zone to 197 mol
per mole of 3-methylpyridine causes a further increase in the yield of nicotinic
acid to 48.8% at a molar ratio of 3-methylpyridine: O,: HO = 1: 29.1: 197.

Thus, the test of V-Ti-Al-O catalyst in the oxidation of 3-methylpyridine
showed that this catalytic system is characterized by high total selectivity for
pyridine-3-carbaldehyde and nicotinic acid (95%), but the conversion of the
starting 3-methylpyridine does not exceed 92 %.

Next, on this sample, the oxidation of 4-methylpyridine was studied. The
maximum yield of pyridine-4-aldehyde (58.8%) was obtained at a temperature of
290 °C in experiments without the addition of water. It is established that the
increase in the reaction temperature contributes to the conversion of intermediate
pyridine-4-carbaldehyde to isonicotinic acid. The maximum yield of isonicotinic
acid (54.3%) was obtained at a temperature of 330 °C and 36.2 moles of H,O per
mole of 4-methylpyridine were fed to the reaction zone. A further increase in the
amount of water supplied has almost no effect on the conversion of the starting
methylpyridine. The increase in the molar ratio of water: 4-methylpyridine from
36.2 to 197 moles per 1 mole of the starting material has little effect on the yield
of pyridine-4-carbaldehyde and isonicotinic acid.

Experimental data obtained testing vanadium-oxide catalyst modified by
titanium and aluminum oxides showed that this catalyst had a less catalytic
activity in the oxidation of 3-methylpyridine. The conversion of 2- and 4-methyl-
pyridines is higher than the conversion of the 3-isomer. The degree of conversion
of the studied isomers in the oxidation reaction increases in the following row:
3-MP < 2-MP < 4-MP (figure).

It has been established that under the conditions of studying, the V-Ti-Al-O
catalyst during the oxidation of 2-methylpyridine showed high selectivity in the
formation of pyridine-2-carbaldehyde, which with the highest yield (53.9%) is
formed at a temperature of 310 °C. It is noted that this catalyst is characterized
by a high total selectivity of the formation of the corresponding pyridinaldehydes
and pyridinecarboxylic acids (nicotinic and isonicotinic) in the oxidation of 3- and
4-isomers. This indicator at a temperature of 290-310 °C for 3-methylpyridine
was 86-95%, and for 4-methylpyridine — 76.5- 80%.

When interpreting experimental data on the relative reactivity of isome-
ric methylpyridines, it was assumed that these compounds are among weak
CH-acids, and under the action of a strong base are able to split a proton from the
methyl group to form a carbanion, for example, in liquid-phase deuteroexchange
[12-15]. In a heterogeneous catalytic oxidation of methylpyridines, nucleophilic
forms of surface oxygen can play the role of proton acceptors [16]. Obviously,
the rate of the oxidation reaction of methylpyridines should be influenced by the
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Figure 1 — The effect of temperature on the conversion of methylpyridines (A),
the yield of pyridinealdehydes (B), pyridinecarboxylic acids (C) and pyridine (D)
under oxidation conditions on a V-Ti-Al-O catalyst.

Experience conditions. The feed rate of methylpyridine 36 g, air 600 1, water 788 gr. 1 liter
of catalyst per hour. The molar ratio of the original substance: O,: H,O = 1: 14.5: 113.1.
The designation of the curves: 2 - 2-picoline and products of its transformations,
3 - 3-picoline and products of its transformations, 4 - 4-picoline and products of its transformations.

proton mobility of the methyl substituent, which can be estimated by the value of
the enthalpy of deprotonation.

Reliable experimental data of the CH-acidity in the gas phase do not known
for all methylpyridines. Therefore, using the ab initio quantum chemical method
(ab initio, basis HF/6-31G*) [17], we calculated the enthalpy of deprotonation of
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methyl groups (DPE) characterizing this property of substrates, based on the total
energies of carbanions and initial molecules (table 1, 2):

AH+B &~ A" +BH - DPE, (1)
DPE = E,(A") + E(o.(BH) —E(.(AH) — Eyo(B), (2)

In catalytic oxidation reactions of methylpyridines, various forms of active
oxygen on the surface of vanadium oxide can play the role of a proton acceptor
(B). For the same proton acceptor, the difference E, (BH") E, (B) in equation
(2), equal to the proton binding energy, can be considered constant, and to calcu-
late the deprotonation enthalpy characterizing the relative strength of CH-acids,
use the equation:

DPE = Et(A") — Ei. (AH). 3)

The lone pair of carbanion electrons is located on the highest filled molecular
orbital (HFMO). The stability of the carbanion is determined by the degree of
delocalization of the negative charge [18]. The more the lone electron pair is
delocalized, the lower the energy level of the highest filled molecular orbitals and,
therefore, the more stable the carbanion. In turn, the more stable the carbanion is,
the more the equilibrium of reaction (1) is shifted to the right and the higher the
rate of further transformation of the carbanion to pyridinecarbaldehyde and
pyridinecarboxylic acid. In table 1 shows the calculated values of the energy of
higher filled molecular orbitals of intermediate carbanions (Eyrmo) for the studied
CH-acids. It can be seen that there is a correlation between the values of Eypvmo
carbanions resulting from the deprotonation of methyl substituents and the rate of
their oxidation under the conditions of the catalytic reaction (figure).

Table 1 — Total energies of molecules of acids and their anions (Egy;),
Enthalpies of deprotonation of compounds in the gas phase (DPE), energy
of higher filled molecular orbitals of anions (Eyomo),
calculated by ab initio method (basis HF / 6-31G *)

# Initial Molecule ~ B a0 D_PE l_’l _E_HOMﬂ’
molecules (AH) anions (A") kJ'mol kI'mol
1 4-Methylpyridine 285,734727 285,098174 1671 100,9
2 2-Methylpyridine 285,736485 285,087542 1703,8 65,9
3 3-Methylpyridine 285,732945 285,077944 1720 37,5
Note. 1 = DPE = B (A") — Eyo (AH) - 2625,46.

Due to the presence of a nitrogen heteroatom in the ring, the starting mate-
rials are able to interact with the Lewis acid center of the vanadium oxide catalyst
surface at the initial stages of the process. To assess the relative reactivity of the
methyl groups of the studied compounds under conditions simulating their che-
misorption on the surface of the vanadium oxide catalyst and activation of the
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oxidizing methyl substituent, we constructed complexes of substrates and
intermediate carboanions with the active center, which was simulated by a dual-
core cluster containing the vanadium cation (Lewis acid center) and vanadyl
oxygen (methyl proton acceptor) (table 2).

Table 2 — The total energies of methylpyridines and their carbanions associated

with a dual-core cluster (Eg,), the deprotonation energies of chemisorbed substrates (DPE),
calculated by the DFT method (B3LYP / LanL.2DZ). Proton acceptor - vanadyl oxygen

—E,, au.
Reacti DPE ',
caction chemisorbed | chemisorbe | kJmol’
molecule d carbanion
X
| - CH,H - (\_ CHy
N 3 - N/) 883,4948748 | 883,404028 238,5
) (6] — ‘ OH 3 3 3
TR v 3) 3) 3)
v v /V V+ 883,4968877 | 883,429740 176,3
0=/ 0~/ oH 0=/ 0~/ on ) 4(2) )
HO HO HO HO 883,497472 | 883,438186 155,7
4) (4) “
Charge= 1+ Charge= 1+
Note. 1 — DPE = (Ecnd. - Epeginning) * 2625.5.

To optimize the geometry and calculate the total energy of the complexes,
the B3LYP density exchange-correlation functional and the two-exponent basis
set Lanl2DZ with an effective core potential were used [19]. The calculations
were carried out in the Born-Oppenheimer approximation using the GAUSSIAN
09W program, version D.01.

According to the calculation results given in table 2, the enthalpy of depro-
tonation of the methyl groups of substrates associated with the cluster decreases
in the order 3-methylpyridine > 2-methylpyridine > 4-methylpyridine. In the same
sequence, according to experimental data, the reactivity of the starting compounds
increases, assessed by their conversion and the yield of partial oxidation products
(figure, A, B, C).

Conclusion. Thus, the study performed is another confirmation of the hypo-
thesis about the mechanism of the catalytic partial oxidation of methylpyridines
with a heterolytic cleavage of the C—H bond in the oxidizing substituent.

It should be noted that due to the peculiarity of the structure of 2-methyl-
pyridine, an increase in the reaction temperature contributes to an increase in the
proportion of oxidative elimination processes of the substituent in position 2,
leading to the formation of pyridine (figure, D).
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Pe3iome
II. B. Bopoowes, T. II. Muxaiinosckas, /1. K. Teremicosa

TUTAH XXOHE AJIFOMUHMI OKCUJITEPIMEH TYPJIEHIPIITEH
BAHAJIMU OKCUATI KATAJIM3ATOPBIHIA 2-, 3-, )KOHE
4- METWJITIIMPUAVHAEPAIH TOTBIFYbI

MeTunnupuIuHICpAiH U30MepIepiH Ta3 KyHiHAE TOTBHIKTHIpYIA BaHAAWN OKCHUITI
KaTaJIn3aTOPAbIH KACHETIHE THUTAH KOHE aTIOMHHHMNA OKCHUATEPIHIH ocepi TalKbLIaHAIbI.
Karanu3zarop KaTbIChIH/Ia TOTBIFY MbIHA KaTap/a TOMEHJEH: 4-MEeTHINMUPUINH > 2-Me-
THJIHPHUIMH >3-METHIIAPUANH.

TyiiiH ce3aep: TOTHIFY, METWINUPUIUHACDP, U30MEp, KaTalnu3aTropiap, CEeIeKTHB-
T

Pe3iome
II. B. Bopoowes, T. II. Muxaiinosckas, /. K. Toremucosa

OKHWCJIMTEJILHBIE IPEBPAILIEHUS 2-, 3- U 4-METWIIUPUMHOB
HA BAHAJIUMOKCHJTHOM KATAJIM3ATOPE,
MOJIU®ULIMPOBAHHOM OKCUJIAMU TUTAHA U AJTIOMUHUS

OO0cyxaeTcst BIUSHUE OKCHJOB TUTaHA M aJlFOMUHHS Ha KaTaIUTUYECKHE CBOMCTBA
BaHaMHOKCHIHOTO KaTannu3aTopa B NMapo(a3HOM OKHCICHUH H30MEPHBIX METHIITUPH-
JrHOB. ITo croCOOHOCTH OKHCIIEHHUSI M30MEpHI PACIIONIATAlOTCs B HIDKECIICTYIOMNH Psi:
4-METWINUPUANH > 2-METUINUPUINH >3-MEeTUIMUPUINH.

KuroueBnie ciioBa: OKUCICHHE, METWIMUPUINHEL, H30MEPBI, KaTalu3aTOPBbl, CEIeK-
THBHOCTb.
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E. E. EPTOKUH, C. K. )KYMAI'AJIUEB, b. A. MYXUT/IHHOBA,
M. K. TOJIEMHCOBA, K. X. XAKUMBOJIATOBA

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

MACC-CHEKTPOMETPUYECKOE UCCIIEJOBAHUE
HEKOTOPBIX 2-3AMEIINEHHBIX 1,4-HA®TOXNHOHOB

AHHOTanusi. PaccMOTpeHBI Macc-CHEKTphl JIEBSTH TPOU3BOJHBIX 2-3aMEIICHHBIX
1,4-Ha TOXMIHOHOB M MIPOBEJICH MX CPaBHUTEIbHBINH aHamu3. OXapakTepu30BaHbl M MOKa-
3aHBl 0COOEHHOCTH peakiuy (pparMeHTaluy UX MOJIEKYJSIPHBIX HOHOB B YCJIIOBHSIX HOHH-
3allMM JJIEKTPOHAMH. BBISBICHO, YTO B YCIOBHAX MAacCC-CHEKTPOMETPUH CTAOMIBHOCTD
MOJIEKYJIIPHOTO MOHA METHJI-, aMHHO-, 3THJI-, METOKCH-, alleTHI- 1 METHJITHO3aMeIICH-
HBIX 1,4-HadTOXMHOHOB (2-8) coxpaHseTcsi BBICOKOH, Kak y 1,4-HadToxmuona (1).
YcTaHOBIEHO, YTO TIPUPOJA 3aMECTUTEINS BIMAET Ha XapakTep (pparmentarun. IlokazaHo,
YTO BBEACHHUE alleTHIIOKCH- (B ciydae 9) u ¢penmna (B cxyqae 10) B ctpykrypy 1,4-HadTO-
XMHOHA NPHUBOJUT K JAECTAOMIN3AIN MOJIEKYISIPHOTO HOHA.

KunioueBble c1oBa: Macc-CrieKkTp, pparMeHTanus, MOJICKYJISIPHBIN MOH, OKCOHUEBBII
WOH, HA(QTOXUHOHBHI.

B nponomxenue uccnenopanui [1-4] mo usyueHuro 2-3aMenieHubix 1,4-0eH-
30XUHOHOB M 1,4-HAQTOXMHOHOB B JaHHOH pabOTe MPOBEICH CPAaBHUTEIBHBIN
aHaJM3 MAacC-CIIEKTPOMETPUYECKUX NaHHBIX AEBATH MAacC-CIEKTPOB HEKOTOPBIX
2-3amemeHHbIX 1,4-HadToxuHoHOB (2-10) [5], m 1,4-Hadroxmuona (1) [5] B
Ka4eCcTBE «MOJICIBHOTO», C IEJbI0 BBISBICHUS OcOOEHHOCTEW (parMeHTanun
MOJIEKYJISIpHBIX HOHOB (MI) OT mpupopl 3aMeCTUTEIS B ITOJIOKEHHH 2.

-R 1: R=—H; 2: R=—- CHjs; 3: R=—NH,;
4: R=-0OH; 5: R=—C,Hs; 6: R=—0CHj;
| 7: R=—C(O)CHj3; 8: R=— SCH;3;

9: R= — OC(O)CHj; 10: R= —C¢H
1-10

[Tomapie Macc-criekTpel (MC) wmonm3arnuu anektpoHamu (M3D) paccMoT-
peHHBIX 2-3aMenieHHbIX 1,4-HadToxuHoHOB (1-10) npuBenens! B Tadbmume 1 [5].

CrabunsHocts MU k D (Wyy) u3yuennsix HadroxunoHoB (1-10) Bapbu-
pyer B npenenax 7-29% (tabnuna 2). UHTEHCMBHOCTh OCHOBHBIX XapaKTEPHCTH-
geckux MoHOB (F-F;) oT mMoIHOTO MOHHOTO TOKA MPHUBEICHA TaKKe B Ta0wHIie 2.

2-3ameneHHble Mpou3BoHbIe HaToxwHOHA (1-10) mMerT cTaOuibHBIE
MU, nwukm koTopelx nomuHUpyoT B MC. Haumbonee xapakTepuCTHUECKUM
crmocobom peaknuu pacmana MU 1,4-nadroxmronos (1-10) sBisercs mocieno-
BaTeNbHOE IUMUHHpoBaHUMe u3 MU (M) mByx momekyn CO u B ciydae He-
3aMeIIeHHOr0 n-HadroxuHoHa (1), B3SITOro B KauecTBEe MOAEILHOTO. BBeneHue
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Tabmuma 1 — Macc-ClieKTpEIHEKOTOPBIX 2-3aMeleHHbIX HagToxnHOHOB (1-10)

HasBanne
COCIUHEHUS

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

1,4-HadroxuHoH

159(11), M 158(100), 157(3), 131(4), 130(42), 129(3), 105(4),
104(49), 103(4), 102(53), 101(4), 77(4), 76(58), 75(13), 74(4), 63(2),
54(2), 53(2), 52(3), 51(7), 50(25), 28(17), 26(3).

2-Metun-1,4-
HapTOXUHOH

173(13), M' 172(100), 145(3), 144(30), 143(4), 129(3), 117(5),
116(50), 115(53), 113(2), 105(16), 104(53), 101(3), 89(6), 88(2),
87(2), 77(9), 76(48), 75(14), 74(13), 73(2), 67(2), 66(3), 65(2),
63(70, 62(4), 58(4), 53(2), 52(3), 51(7), 50(28), 49(2), 40(2), 39(15),
38(4), 37(2), 28(3).

2-AmuHo-1,4-
HaTOXUHOH

174(13), M™ 173(100), 172(2), 147(5), 146(52), 145(12), 129(2),
118(2), 117(8), 116(2), 106(6), 105(54), 104(23), 101(2), 90(7),
89(8), 78(2), 77(10), 76(23), 75(4), 74(4), 72(3), 68(16), 63(2), 58(5),
51(3), 50(9), 40(2),28(2), 27(2).

2-T'uppoxcu-1,4-
Ha(TOXUHOH

175(10), M 174(77), 147(2), 146(19), 129(2), 118(10), 106(7),
105(100), 101(5), 90(9), 89(16), 78(3), 77(33), 76(28), 75(10),
74(12), 73(4), 69(10), 64(2), 63(9), 62(5), 61(3), 59(7), 53(4), 51(9),
50(25), 49(3), 42(5), 41(4), 39(4), 38(4), 37(3).

2-Otun-1,4-
HapTOXUHOH

187(13), M' 186(100), 185(9), 184(3), 169(3), 168(3), 159(4),
158(47), 157(22), 156(20, 155(2), 143(7), 141(4), 140(8), 139(6),
1332), 131(5), 130(21), 129(46), 128(29), 127(14), 126(3), 106(2),
105(28), 104(48), 103(6), 102(13), 101(7), 91(2), 90(2), 89(9), 88(3),
87(2), 86(2), 81(2), 79(2), 78(6), 77(32), 76(87), 75(23), T4(17),
73(2), 66(3), 65(5), 64(6), 63(10), 62(4), 61(2), 55(2), 54(3), 53(17),
52(8), 51(26), 50(45), 44(9), 43(15), 39(21).

2-Merokcu-1,4-
HaTOXUHOH

190(3), 189(16), M~ 188(100), 174(4), 173(33), 160(10), 159(30),
158(57), 133(2),132(5), 131(6), 130(8), 1292), 117(2), 112(2),
105(7), 104(10), 103(4), 102(34), 101(8), 90(5), 89(49), 88(30),
77(7), 76(22), 75(12), T4(9), 69(15), 63(7), 62(3), 61(2), 53(5), 52(3),
51(6), 50(15), 41(4), 39(5).

2-Aunerun-1,4-
Ha()TOXMHOH

202(2), 201(13), M"200(100), 186(2), 185(19), 159(4), 158(30),
157(30), 144(2), 130(12), 129(12), 115(2), 105(2), 104(10), 103(2),
102(22), 101(23), 98(2), 77(4), 76(20), 75(23), 74(10), 63(3), 62(2),
53(11), 52(2), 51(14), 50(14), 44(2), 43(88), 42(4).

2-Meruntuo-1,4-
HapTOXUHOH

206(9), 205(22), M 204(100), 203(28), 191(7), 190(15), 189(90),
176(48), 171(6), 161(7), 160(7), 159(11), 148(9), 147(13), 143(18),
136(10), 133(44), 129(11), 115(11), 105(15), 104(42), 102(15),
101(26), 89(44), 85(10), 77(14), 76(55), 75(33), 74(22), 69(6), 63(6),
57(7), 53(13), 51(15), 50(33),45(7), 39(6).

2-Auerokcu-1,4-
HaTOXUHOH

217(3), M7 216(22), 188(8), 176(6), 175(4), 174(26), 173(13),
1602), 158(2), 147(3), 146(26), 105(21), 104(2), 102(3), 101(2),
90(3), 89(16), 77(5), 76(8), 75(4), T4(2), 69(6), 63(3), 62(2), 53(2),
51(4), 50(6), 45(2), 44(2), 43(100), 42(5), 41(2).

10

2-®enm-1,4-
Ha(TOXUHOH

235(5), M’ 234(32), 233(9), 207(3), 206(24), 205(10), 179(2),
178(18), 177(4), 176(10), 152(4), 151(6), 150(2), 129(3), 107(2),
106(2), 105(8), 104(71), 102(17), 101(2), 99(2), 98(2), 89(3), 88(3),
86(2), 77(14), 76(100), 75(18), 74(14), 73(2), 69(2), 65(2), 63(7),
62(4), 55(2), 53(3), 52(6), 51(18), 50(33), 49(2), 43(4), 41(3), 40(9),
39(10), 38(5), 37(2).
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METHJIBHOTO pajifikaia B MOJIEKYJTy N-Ha()TOXWHOHA OKa3bIBa€T HE3HAYMTEIHHOE
BIMSIHUE Ha Xapaktep ¢parmeHtrauuu. Ctynenuarsiidi BeiOpoc u3 MU ayx CO
3lIeCh TaKXKe SBIISICTCS OCHOBHBIM TpoleccoM. B cinyuae 2-amuHo-1,4-HadToXM-
HOHa (3) 3Ta MOCIIeIOBaTENHHOCTh PEeaKnii B 3HAYNTEIHLHON CTEIIEHHU MO/IaBJICHA,
rockobky MU (3) moBosbHO Jierko BeiOpackiBaeT Monekyiry HCN(F,, m/z 146).

Pazpymmenne MUKINYECKON CHCTEMBI XHHOHOBOM dYacTw MOJEKyIsl (3)
NIPUBOINT K 00pa3oBaHmMio MoHa Gemsomna F; ¢ m/z 105 ([CeHs-C=0]"), muk
KOTOPOTO WMEET TaKylo e BBICOKYI0 WHTCHCHBHOCTh, KaKk W WOH F; ¢ m/z
146 ([M-HCNT") (Tabmum! 1, 2).

3amena NH, rpynm B Mmonekyie 2-amuHO-1,4-HadToxmaoHa (3) Ha OH rpyn-
bl HE OKA3bIBAET CYIIECTBEHHOTO BIMSHUS Ha XapakTep (parMeHTaluu, OJHAKO
KapTHHA Macc-CIIeKTpa M3MEHSETCS 3a CUeT pasziNyuvs WHTCHCUBHOCTEW Xapak-
TEPUCTUIECKNX (OCHOBHBIX) MUKOB (Tabmumsl 1, 2). B ornmume ot anasora 3 B

Tabmmna 2 — Crabmrsaocts MU (W) 1 xapakTepuctraeckux noHoB (F-F)
OT ITOJTHOTO HOHHOTO TOKa HEKOTOPBIX 2-3aMenieHHbIX 1,4-HadToxuHOHOB (1-10)

m/z (1. B %)
Ne WMH’ Fl F3
0, e FZ e
coel. % F; o F; F, Fs Fg F,
Fy 2 F;
1| 270 130(10) 102(13) | 104(12) | 76(14) | 506) | - _
2 22,5 144(6) 116(9,5 104(10 76(9 50(5,5
; 115(10) (9,5) (10) ) (5,5) - -
3 29,0 146(13.5) 1172 1054 104(6 89(2 76(6 50(2
, 14530y (2) 7725) (6) (2) (6) (2)
4 19,5 146(4 118(2 105(22,5) 89(3,9) | 76(6,5) | 50(5,5
, 4) (2) 7778 - (3,9) | 76(6,5) | 50(5.5)
_1586) | 130(2,5)
500 130 | 3725 | =22 | 1045) | 76(10) | 50(5) | 101(1) | 75(2.5)
Ty | 129G0)
173(6) L60(2) | 15801
6 | 230 159(6) o | B0L5) | 1042) | 89095) | T6(4) | 503)
131(1) @ | T02(635)
185(4) 158(6) | 104(2)
7 23,0 157(6) 130(2,5) | 102(4,5) | 76(4) | 50(3) |101(4,5)| 75(4,5)
13(18) | 129(25) | 101(45)
8 16,0 1895(11) 176(5.75) 133(5 104(5 89(5 76(6,5 50(4
, 161(0,8) 1281 &) (%) (5) (6,5) (4)
18825) | 1748 | 105(65)
9 8,0 173(4) 146(8 77(1,5) - 89(5) | 76(2,5) | 50(2)
1332 ® 50(D)
10 7,0 206(6 178(3,5 104(13) 76(19 50(6
, (6) (3.5) 102(3) (19) (6) - -
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MC 4 nuk uona F; ¢ m/z 105 camplii MakcuManbHbIM, a muk MU — BTOpO#i 1O
uHTeHCcHBHOCTH (M''174; Tabmuma 1).

Beenenue B mMonekyny 1,4-HadToxuHoHa (1) 3THIBHOTO paguKaia B IMOJO-
KEHUE 2 Pe3K0 MEHsET KapTHHY Macc-crekTpa 5. OCHOBHOE HalpaBJIEHHE PEak-
umu pacnana MU (5) cBsizaHO ¢ mOCiIeNOBaTENbHBIM JIMMHHAPOBAHUEM MOJIE-
kyinsl CO u pagukana C,Hs (F;, m/z 158; F,, m/z 129). BropsIM HanpasieHHeM
SIBJIIETCS] BBIOPOC C,Hs(F,, m/z 157), a 3arem CO (F,, m/z 129).

Kartnon-panukan Fy, KpoMme BBIIICYKA3aHHOTO pacriana

-C*}HS
(m/z 158 —» m/z 129), MOJKET pacmhanaThCs eme AByMs myTsmu: Beiopoc CO

(F,, m/z 130) u snumusanpoanue CoHg (F,, m/z 128).

B cmyudae 2-merokcu-1,4-nadroxuHona (6) ¢parmeHTanus MpoTeKaeT 0
TPEM HaIlPaBJICHUSIM.

[TepBoe — BeOpoc CHirpymmer (Fy, m/z 173); BTOpOoe — 3nMMHHUpOBaHUE
rpymn atomoB COH (F,, m/z 159) u TpeTbe — SIMMHHUPOBAHHE MOJIEKYJIBI (Op-
manbaeruna (CH,=0) ¢ oOpa3zoBanuem katnoH-panukaia F; c m/z 158 (cxema 3).

Oparmenramuss MU 2-anernn-1,4-madroxunona (7) maer mo AByM Ha-
npasieHusM: BeiOpoc CHjrpymmer (F;, m/z 185) m snumuHUpOBaHuE KeTeHa
(CH,=C=0) ¢ obpa3oBanuem KatuoH-panukana 1,4-nadroxunona (F,, m/z 158).
Hamee MC umerotcst muku anajgorugno MC 1,4-nadToxunony (1): m/z: 130, 104,
102, 76, 50. OgHako HApSALY C ITUMU MHUKAMUA UMEIOTCS MUKW WOHOB F, ¢ m/z
157, F, ¢ m/z 129, Fy, m/z 101 u F7, m/z 75.

B o0macTu HU3KHMX MaccOBBIX YHMCENT MMEETCS OYeHb MHTCHCHUBHBIH NHK C
m/z 43 okconmesoro noua anernia (CH;-C=0") (F, , Tabmia 2, cxema 1).

B cnyuae 2-metunrtuo-1,4-Hadroxunona (8) B oriuume ot anajoros (1-7)
npu dparmentanuun MU (8) npoucxoaut BeiGpoc aromos Bogopoxa (F,, m/z
203), ananornyno ananoram (6,7) moteps CH;(F,, m/z 189) u snmumuaNpOBanme
moutekybl CO (Fp, m/z 176).

Beenenune cnoxxHoadupHoit rpynusl (CH3;-COO-) B monekyny 1,4-Hadro-
xuHOHa (1) BHOCHT W3MEHEHHS B KapTHHY MAacC-CIIeKTpa 2-aneTHiokcu-1,4-
HadToxuuoHa (9). VIHTeHCHBHOCTL MonekynspHoro nona (M 216). Tlagaer 1o
Iom= 22%, cooTBeTcTBeHHO cTabMiIbHOCTH K D Toxke (W,,=8%, Tabmuipr 1, 2).
Campblit MakcuMalibHbIN TUK B MC OTHOCUTCSL K HIOHY F, ¢ m/z 43 (Tabmurer 1, 2;
cxeMa 1) amanmoruano 2-anetwi-1,4-nadToxuHoHy (7). OCHOBHBIE KK XapaKTe-
pucTHueckux uoHos Fi(m/z 188), F, (m/z 174) u F; (m/z 173) nabmonarorcs npu
snumuHupoBanuu CO, CH,CO u CH;CO u3z MU (9).

BBenenne QeHmnbHOH Tpynmbl B MOJIEKYJy Ha(TOXMHOHA HE OKa3blBaeT
CYIIIECTBEHHOTO BIHMSHHS Ha XapakTep (parMeHraruu, oqHaxo kapruaa MC (10)
M3MeHseTCs 3a CYET pas3/yMs HHTEHCHBHOCTeH OCHOBHBIX rmukos (M’ 234, m/z:
206, 178, 104 u 76). B ornmuue ot HadroxuHoHa (1) HaOIOAAFOTCA TMKK MOHOB
F, ¢ m/z 233 (((M-COH]") u Fo¢c m/z 176 ([M-2CO-H,]") u muku nonos F; ¢
m/z 104 — BTOpO# 1O MHTEHCUBHOCTH, a MUK noHa F4 ¢ m/z 76 — camprii MakcH-
MaJIbHBIMN.
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1,4-Hadroxunon (1). B macc-cnextpe HadToxmHOHa (1) muk MU cambiid
MakcuManbHbIH (Tabmuma 1). CtadbunsHocts MU k UD W, =27% (Tabnuua 2).

'maBHbIM HampaBieHueM (parMeHTallMM SBISIETCS —IOCJICIOBATEIBHOS
aNMUMUHUpPOBaHUe IBYX Mojekylnl CO («XMHOHOBBIH pacmajgy) ¢ oOpa3oBaHHEM
CTaOMIIBHBIX KaTHOH-pamukamoB F; ¢ m/z 130 u F,¢ m/z 102 (cxema 1). Mon F,

0
I
N\,
CO
'(') m/z 128 (5)
()-e=ei -
i g
m/z 102 (10) 0 2
I [a)]
F; m'z130(5,7) |2
1 AN
F, g
— Co|”
0
|
| ~ —R m/z 102 (1), 130 (5)
116 (2), 178 (10)
/ —io> R—I+. 2 .
! J - p-ds
+oe
M }gg(? b m/z 104 (1,2,5,7,10)
@) m/z 130 (1), 144 (2) ol Fs
186 (5) 158 (5), 206 (10)
200 (7) F, + C,H, 1+
234 (]O) [ C9H7 "lon —> C4H4
I(I) m/z 115 (2) F1 m/z 76 F, m/z 50
-CH
2 oo Co—(0
Il
R o}
CH;-C=0
3 m/z 185 (7) m/z 101(5,7) m/z 715 (5,7
m/z 43 (7) Fe E.I Fg
F Fi 3
;
- CJH;
—_—
m/z 157 (5,7) m/z 129 (5,7)
le !

F,!

Cxema 1 — Mexann3sm pparmentannun MU
HEKOTOPHBIX 2-3aMeleHHbIX 1,4-HadToxuHoHOoB (1, 2, 5, 7, 10)
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elle BBIOpAchIBACT MOJIGKYJy 3THHA € 0Opa3oBaHHEM CTaOMJIBHOTO KaTHOH-
panukana Fsc m/z 104. Ilpn notepu Mosekyisl 3TuHa MOH F, mpeBpamiaercst B
KaTHOH-paiuKal IuKiIorekcagueHnaalky ¢ m/z 76. B o01acTn HU3KHX MacCOBBIX
ypcen B MC Ha0I101a10TCs 3HaYNTENbHBIE TUKH HOHOB Fs ¢ m/z 50u Fgc m/z 28,
COOTBETCTBYIOIIME KATHOH-paJKagaM LUKIOOyTeHWHa WM JUaleTHJICHa |
OKHCH yTIIepOo/Ia.

2-Metui-1,4-nadpToxunon (2). BeeaeHne METHIEHOTO pagnuKaia B ITOJIOXKe-
HUM 2 B MOJIEKyJly | He OKa3bIBaeT BIMsSHUE Ha xapakTep ¢pparmeHTanuu MU (2)
u ux MC cxoxu (Tabmuisl 1, 2). OcHOBHBIE peakiuu pacnaga MU, npusosiue
K MHTEHCUBHBIM ITMKaM, OO0yCIIOBIIEHBI ITOCIIEAOBATEIbHBIMA BBIOPOCAMH: JBYX
mosiekynn CO («XMHOHOBBIM pacman») ¢ 00pa3oBaHMEM KaTHOH-paJUKaioB F
(m/z144), F, (m/z 116); monekyny CO u rpynn aromoB COH (F,, m/z144; F/,
m/z115); a raxxe — CO (F;, m/z144) u CH;C=CH (F3, m/z104) (cxema 1).

Cremgyer OTMETHTB, YTO KaTWoH-pamukan F; ¢ m/z 144 ma psgy ¢ MU
(M"172) BbIEyKa3aHHBIX TPOLECCOB pachana ABIAETCS KIIOUeBBIM. OTIHUM-
TENILHOW 0COOEHHOCTBIO OT 1,4-HaTOXMHOHA SBIISIETCS TOSBICHUEC WHTECHCHB-
Horo nuka uoHa Fi' ¢ m/z115 3a cuer murpaumuu aroma H MeTHIBHOM TpyIIBI K
KHCIIOpOAy KapOOHHIIA W TOCIEIYIONUM DIMMUHUPOBAHHUEM TPYIMIBI aTOMOB
COH w3 nona F(m/z144).

Cnenyer ormeruth, uto B MC (2) Habmomaercs eiie 3aMETHBIN MUK HOHA
[M-CH;]'c m/z157 n ne6onsmoii muk [M-CH;-COJ ¢ m/z129.

2-AmuHo-1,4-naproxunon (3). Monekyna (3) oGmagaer oueHb CTAOMITBHBIM
MU (M 173)W,,=29% (tabauust 1, 2). J[Ba mepBUYHBIX aKTa (pparMeHTaluu
HapToXxnHOHA (3) CBsA3aHBI ¢ mapawiensHbeIM AnmumuHHpoBaHneM HNC u CO.
Crnenyer otrmertuth, 4to BbIOpoc HNC wmzaer ¢ Oomibmioli BEpOSTHOCTBIO C
o0pa3oBaHreM MHTEHCUBHOTO NKa noHa Fjc m/z146 (cxema 2, Tabnuna 2).

Beenenne amunorpymm B Monekyny 1,4-HadroxuHoHa (1) pe3ko MeHseT Kap-
tuHy MC U1 0Ka3bIBaeT CHJILHOE BIMSHUE Ha xapaktep gparmenranuu MU (3).

Crnenmyer OTMETHTh, YTO HAIMYHE aMUHOTPYIIBI TOJABISAET «XHHOHOBBIN
Iy Th paciajga, KOTOPBIA IPOTEKaeT B HE3HAYUTEIHHOHN cTeneHH (Tabmusl 1, 2).

. -CO . - .
M* 173 I/, [M-CO l * (m/z 145)& [M-2CO| * (m/z 117)

OparmentHbiit MoH Fy' (m/z145) nanee tepsier yactuy HNC,Hc murpaumeit
atoMa H ¢ oOpa3oBanneM MHTEHCHBHOTO nOoHa OeH3omnaF; ¢ m/z 105 (cxema 2).

o
—_— ™
CO—NHz co # 7% _HNGH X
SO, O e Y
& N ~=—C=0
|

M#- 173 3) (m/z 145) (F'}) m/z 105 (F3)
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T e
CcO <—>| _ +

Q I +-
I I+ o

o CgT

= = i
M++ 173 3) M+ 174 (4)
+ e + -
lM-CNH] ‘—IM - CO] —
m/z 146 (3) m/z: 145 (3) Fl,
l F, po 1466
1

.
[M _ 2CO] S ©> +
m/z 104 (3) m/z: 117 (3)

Fy ‘ 118 (4) m/z 89 (3,4)
F, Fs

B L

m/z 76 (3,4) m/z 105 (3,4)

S
[ne=c—c=ci ®+

m/z 50 (3.4) m/z77 (3,4)
F; Flj

Cxema 2 — Mexanmsm ¢parmentauun MU 2-amuHO- 1 2-ruapokcu-1,4-HadpToxuHOHOB (3,4)

Karnon-pamukan Fic m/z146 (cxema 2) BeiOpaceiBaeT kereH (O=C=CH,),
MpUBOIAIINK K 0Opa3oBaHuio HoHa F, ¢ m/z104. Bropuunsiii katnoH-paaukan F,
¢ m/z117 manee smumuHMpyeT omHOoBpemeHnHo dactuilel HCN u H,CN ¢ oGpa-
3oBanueM Fs (m/z 90) u Fs' (m/z 89). Janpuelimmit pacnan nona Fs c m/z104 06-
yCIOBIHMBaeT o0pazoBaHue noHa Fg cm/z 76 co CTpyKTYypO#l HMKIIOTeKcaaueHIHA.
3HauMTeNbHBIA THK ¢ m/z 68 npuHamnexut umony F¢'cocrapa [HNC,HCO]
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(HN=C=CH-C=0"). Pacnanascs nanee, non Fs (m/z 76) npeBpaiiaercs B KATHOH-
panukan F; cocraBa C4H,c m/z50.

2-I'mapokcu-1,4-nadroxunon (4). 3amena -NH,na OH He oka3piBaeT Ha
xapakTep ¢parmeHTanuu 1 ux MC odeHb CXOXKH. 3aMETHBIC MUKW ¢ m/z 146 u
m/z 118 oreuator nonam Fiu F, (cxema 2). Ilpu mocnenoBaTenbHOM BhIOpoce
nByx Mosekys CO u3 MU (4) (0OBIYHBIN «XHHOHOBBII» pacman).

Cawmprii maTeHCHBHBIH TTHK B MC (4) ¢ m/z105 o0ycrnoBieH KaTHOHOM
Oenzomna F;, oOpasyrommMmcst B pe3ysbTare pa3pbiBa HUKIMYECKOH CHCTEMBI
nona F; (m/z 146) u mocieAyoomuM >IMMUHHUPOBAHHEM YAaCTHIIBI COCTaBa
0=C=CH-OC,H, a raioxe (wm1) n3 M' 174 npu 3IMMHHUPOBAHHH YACTHUIIBI
cocraBa —OC,HCO.

HanpHeitmas ¢parmMeHTalysi MOHOB W HOH-PAJIMKAJIOB TMPOTEKAET aHaJo-
TUYHO pacrany 2-amMmuHo-1,4-Hadroxunony (3) (Tabnmmst 1,2; cxema 2).

2-91ua-1,4-nagroxunon (5). Crabunpaeiii MU (5) pacmagaercs mo nBym
HanpasieHusaM. [lepsoe Hampasienue ¢pparmentannn MU npuBomut k nonam F,
(m/z 158) u F(m/z 130) 3a cyeT mociieZ0BaTENbHOTO JIUMHUHUPOBAHUS ABYX
monekysn CO («XMHOHOBEIN pacman»). Bropoe — cBs3aHO C MOCienoBaTEIHHBIM
BbIOpocoM u3 MU stunbHoro paaukana u mosiekynsl CO (Fy', m/z 157; F,',
m/z129, tTabauier 1,2; cxema 1).

Crnenyer oTmeTuTh, yTO 0oOpa3oBaHue MoHa F; ¢ m/z158 moxer mpoucxo-
IWUTh elle Omaromapst nmeperpynnupoBku Makk-Jlagdeptr uepes mectudieHHoe
MIEPEXOITHOE COCTOSIHHE O CXEME:

T+

BN o
ON/
Iy |

/ -C.,H4 N

[ —_— |
Il Il

M+- 186 m/r 158 (Fy)

B pesynbrare 3TOr0 mpouecca 3IMMUHUPYETCsl MoJieKyia 3TeHa u3 MU (5).
Hamnee stoT katuoH-pagukan F, (m/z158), mo-BuanMomy, S3IMMHUHUPYET TPYIIIBI
atomoB COH c oOpazoBanuem katuoHa F' ¢ m/z129 no cxeme:

I+
OH OH
| ) =
CO—C== ) e
™
[ (I_J)H I
O T Qi-H

(F)) (m/z158)
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0
0 I 1+-
I e -S-CH;,
I
I )
M+** 188 (6) M+ 204 (8)
0
‘ o,
- O _S ‘CH2
-COH -Cco -CH3l Y
0
. m/z 203 (8)
[M -coH| 7+
F'l w2159 (6) | ©\—
yeo oo 4 0 —=
+
[M'COH'COI m/z 160 (6) F, e 173 (6)
Y 2131 (6) 176® 189 (8) m/z 161 (§)
Y o, ‘o F, o Fy
[M-och) .
X -CH
F3 m/z 158 (6) ©j 3 CH, ©jrs—l+
-CO

m/z: 132(6)
. Fl, 148 (8\ & m/z 1F33 ®)
Fl, lM -OCH, - 3

m/z 130 (6) l ©>+
7+
\ m/z 89 (6, 8)
Fs

m/z 102 (6, 8)
F[I2

q)’

A

co | —>IHCE c-c=cHl*
\ : /
O\ c=0 m/z 76 m/z SFO (6,8)
m/z 104 (6, 8)
Fy

Cxema 3 — Mexanmm ¢parmentauun MU 2-metokcu-
u 2-metuntro- 1 ,4-HadpToXuHOHOB (6, 8)
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3nauynrtenbHblil THK ¢ M/z 128 B MC (5) oTBeuaer, Mo-BHIUMOMY, KaTHOH-
pagukanyF| B pe3ynbrare BBIOPOCA MOJEKYNbl ITMHA M3 KATHOH-pajukama F,
(m/z 158). Jlanee B MC (5) nabmomaroTcss WHTEHCHUBHBIE MKW WOHOB F3 (m/z
104), F4(m/z 76) u Fs (m/z 50), ananorugso 2-metui-1,4-madroxuHony (2).

2-Metokcu-1,4-naproxunon (6). Campiii makcuMansHbii UK B MC (6)
otBeyaer MU (6) — M"188, 1,,=100% (tabmuua 1). [IpHHIMIMATLHEIM Pa3IH-
gyueM MC 1-merokcu-1,4-HadroxuHoHa (6) OT OCTaIbHBIX MPOU3BOJHBIX
1,4-nadroxunona (1-5) sBAseTCS MOYTH OTCYTCTBME MuKOB HOoHOB [M-CO]" ¢
m/z160 u [M-2CO]" ¢ m/z132, T.e. momasnen mpouecc pacmaga MU (6) mo
«XWHOHOBOMY» CIICHApHIO [7].

IlepBbiM akTOM (parMeHTanMu SBISETCS SIMMUHUPOBAHHE METHIILHOTO
panukana u3 MeTokcH rpynmnsl MU (6), mpuBoasinee Kk 00pa3oBaHUIO (HparMeHT-
Horo nona F; cm/z173 (tabmuust 1, 2; cxema 3). OcranbHble MHTCHCUBHBIC TUKU
B oOyacTé BBICOKHX MaccoBbiX uncen MC 1-merokcu-1,4-HagToxuHOHA (6) OT-
Be4aroT (pparMeHTHBIM HOHAM, 00pa3yromuMcs B pe3yibTare BeIOpOca paankKa-
goB rpymn atomoB COH mnpu packpeITHM XWHOHOBOW YacTH MOJIEKYNBI C
ydactueM npotoHa H meTokcu rpymnmsl ¢ oopazoBanuem katroHa Fi' c m/z 159 u
norepu popmansaeruaa (CH,O) c obpazoBanmem katnoH-pannkana Fs;c m/z 158.

B cayuae F,', BeposiTHO, 3TO 0OBSCHSETCS BO3MOXKHOCTBIO M30MEpPHU3AIMN
MU npu murpanun H ¢ oOpazoBanuem crpykrypsl MU', u3 KoTopoii nanee npu
PAacKpBITUM KOJIbLIAa XMHOHOBOW YaCTH MOJIEKYJIbI IPOUCXOIUT BHIOpPOC Ipymil
atomoB COH, c¢ mocnenyromuM 3aMbIKaHHEM KOJblla C OOpa3oBaHHUEM
okconueBoro nona Fy' c m/z 159 no cxeme:

H

MU (M" 188)
OH + + CH
|- O=CH, o= 2
\-)/ - COH 4
- | ||
™

I I

O O

MH' (M" 188) m/z 159 (F')
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A B cimydae F;(m/z 158), obpazoBanmne koToporo m3 MU (6), mponucXoIuT,
[O-BUJUMOMY, 4Yepe3 IIEeCTUUWICHHOE WM YETHIPEXUWICHHOE MEPEeX0HOe
COCTOSTHHE TI0 CXEMe:

T+
H\
—|+- O-) CFZ OI‘?+'
I JOCH; N Co |
I - CH,0 @(j
e | ————— |
I [ [
0 0 0
m/z 158 (F3)
1+ at
I I
0— CH,
b O
> | —> I
Il o
m/z 158

Hanee non F;(m/z158) mocnenosarensHo Tepsier nBe monekyisl CO (F3',
m/z 130 u F5, m/z 102).

OtnnunrensHOi ocoOeHHOCThIO MC (6) sBHSETCS WHTEHCHBHBIN THK
¢ m/z 89, BO3HMKHOBEHHE KOTOPOTO CBSI3aHO C BBEJCHHEM METOKCHUTPYIIIBI
B TTOJIO’KEHU T C2 " (parmeHTanus 1o «XUHOHY»

) -co -Co
M** 188 — m/z160 5 m/z132. Dror IIyTh B ClIy4ae COCIUHEHUS

6 IPOMCXOJUT B HE3HAUMTENFHOM cTeneHu (Tadnuusl 1, 2). OxHaKo, OHIPUBOAUT
K crabunbHOMY KaTHOHY Fsc m/z 89 uepes HecTaOmibHbIH noH ¢ m/z117:

m/z 132 (F) g m/z 117 () — - m/z 89  (Fs) (cxema 3).

2-Anerui-1,4-nadproxunon (7). Beenenne B monekyny 1,4-HadTOXMHOHA
(1) amermma (-C(O)CH;3;) pesxko wmenser kapruHy MC. IlepBuuHbIi
«XWHOHOBBIHpACIIa» MOJABJICH U AOBOJIEHO cTa0mibHbI MU (M+' 200) BeIOpa-
ceiBaeT CHzpanukan ¢ oopasoBanueM noHa Fic m/z 185 aHanorudHo 2-MeToKCH-
1,4-maproxunony (6). Jlanee sToT moH F| anmumuHMpyeT mocienoBaTelbHO JBE
morekyn CO ¢ obpasoBannem katuoHoB Fi' ¢ m/z 157 u F,'c m/z 129 (taGmu-
sl 1, 2, cxema 1).

Jlpyroe BakHO€ HampaBieHue peakiuu pacrnaga MU (7) 3akirodaercs B
paspsiBe cBs3u C-C MexIy KOJBIOM HA(PTOXWHOHA WM alleTHIIa C MOCIeAyIOIeH
niotepeii rpynmel CH,=C=0, 3a cuer neperpynmupoBok 1o cxeme A, B [7]:

176



ISSN 1813-1107 Ne'l 2019

T+
H
—|+- —|+.

F ﬁ)j_CHz o)
L e~
j || —> @[}l —E — |

|
0]

M** 200 m/z 158 M™** 200 m/z 158
(F»)

B cayuae B mpoucxogut obpasoBaHue KaTHOH-paaukana l,4-HadTOXHHOHA
(1). Hanee xarnon-paaukan Fy(m/z158) anamornuno MU (1) 1,4-madroxuHoHy
(1) B pesysnbTaTe (parMeHTalMH JaeT XapaKTepucTHdeckue HOHbI [F,-COJ”
¢ m/z 130 (F,'), [F-CO-COJ" ¢ m/z 102 (F3), F5' ¢ m/z 104, F, (m/z 76) n
Fs(m/z 50) (cxema 1). Katuon F,'c m/z 129 nanee snumuanpyer monexyiy CO
(Fs, m/z 101), a 3arem monekyny asteHa (F;, m/z 75). B MC obmactn HU3KHX
MacCCOBBIX YHCEJ UMEETCS] BTOPOW MO MHTEHCMBHOCTH MUK ¢ M/Z 43, KOTOpHIH
0TBEYAET CTAOMIBLHOMY OKCOHHEeBOMY Hony F; (CH3-C=0").

Cnenyer ormetuth, uro MC (7) mMeroTcs HE3HAUWTENbHBIE TMHUKHA HOHOB
[M-CO]""'c m/z 172 u [M-CO-CO]" ¢ m/z 144 (Tabmmmua 1).

2-Metuatuo-1,4-naproxunon (8). 3amena merokcu (-OCH;) B Monekymne
2-meTokcH-1,4-HadToxuHoHa (6) Ha MeTunTHO- (S-CH3) pe3ko MeHseT KapTUHY
MC. Cawmbriii uHTeHCHBHBINH THK MU (8) B pesynbrate D pacnagaercs mo tpem
HampasneHusM: BeiOpoc aroma H (Fy, m/z 203); motepu CH; (F,', m/z 189) u smm-
munupoBanus Mosiekyiisl CO (F,, m/z 176). B o6macTu cpelHUX MacCOBBIX YUCEIT
(MY) B auamazone m/z 136+171 B MC (8) umerorcst 3aMeTHbIe KK ¢ m/z: 171,
161, 160, 159, 148, 147, 143 (tabmuma 1). Om oTHOCATCS K (PparMEHTHBIM
HoHaM, KoTopble obpasyrores u3 Fi (m/z 203), F,' (m/z 189), F,(m/z 176) u u3
MU (8) 3a cuer peakuun pacrnaga. MarencusHblii noH F; ¢ m/z 133 Bo3HuMKaeT
3a CYeT IOCJIEAOBATEIbHOTO 3JIMMUHHUPOBaHUs IBYX Moinekyn CO u3 mona F'
(m/z 189). [damee sToT XapakTepucTH4ecknid MOH F; BBIOpachIBaeT MOJIEKYITY
CS ¢ obopazoBanuem katroHa Fsc m/z 89 (cxema 3).

B muanaszone MY m/z 105+129 uMmerorcs MUK 3aMETHOH WHTEHCUBHOCTH C
m/z 129, 115, 105. Janee 8 MC (8) nmeeTcsi HHTEHCUBHBIN MK KaTHOH-PafKaia
F4c m/z104, oOpa3zoBaHue KOTOPOTO MPOUCXOAMT 33 CUET HOTEPHU TPYIIIHI aTOMOB
cocraba HC=C-SCH;(meTmntnosTnH) u3 KartuoH-pamukaira F, (m/z176). B
obactn Hu3knx MUY (MC) umerorcs naTeHcuBHbIe uku Fg ¢ m/z76 u F; ¢ m/z50
(Tabmurer 1, 2; cxema 3).

2-Auerniokcu-1,4-nagpToxuHon (9). 3ameHa BoAOpoAa TUAPOKCUIBLHOM
TpyIIBI MOJIEKYJBI 2-MeToKcH- 1,4-HadroxuHoHa (6) Ha anerun(CH;-CO-), pe3ko
MeHsieT xapakrep (pparmentarmm MU. UnTercuBHOCTh M cTaOMimbHOCTE (Wyy)
MU 2-anerunokcu-1,4-nadroxuHona (9) HaAMHOTO HIDKE, YeM BBIIIEPACCMOT-
peHHble npousBogHbe 1,4-HadToxuHOHOB (1-8) (Tabmuier 1,2). Camblii MakcH-
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MasbHBIH muk B MC (9) oTBeuaer ycroiumsomy nony okconuss CH;-C=0" ¢ m/z
43 3a cuer BHIOpPOCA N-DIEKTPOHOB Kuciopoxa (tabmumsl 1,2; cxema 4, F)).
Peaknust pacnana MU 2-anerunokcu-1,4-napToxuHona (9) B HayaJlbsHOM dTare
(parmeHTanuy npuBoaAnT K MoHaM F; (m/z 188), F, (m/z 174) u F,' (m/z 173).

[Tepsrrii kaTnoH-pagukan F; ¢ m/z 188 o0ycioBieH BEIOPOCOM MOJICKYITBI
CO, conpoBoxaaromumMcs 00pa3oBaHHEM KaTHOH-paIuKaia co CTpykTypoit MU
2-MeTokcH-1,4-HadToXHHOHA (6) 32 CUET EePerpyIMPOBOYHBIX MIPOLIECCOB.

Bropoit xatnon-pagukan F, ¢ m/z 174 oOpasyercss B pe3yibTare dIHMUHH-
poBanua Moinekynsl keteHa (CH,=C=0) no mexaHuszMy neperpynmupoBOYHOTO
Ipolecca Yepe3 UETBIPEXWIEHHOE IMEPEXOJHOE COCTOSHHE CO CTPYKTYpou
2-runpokcu-1,4-nadroxunona (4) [7].

0 cHy
I /O\II/ 3
o)
I
0
M+ 216 (9)
l l 0C,H;
4 -Co - C(O)CH, .
CH;-C=0 [M-oc - cny]
m/z 43 m/z 173
FH
1 e +e Fl
[M-co [M-coyen) |
m/z 188 m/z 174, F; -CH,
F l co
+e
- C(O)CH, [HC=cC-Cc=cH]

m/z 50

F7
4 m/z 76 Fg
E}CH -
+ +
m/z 89 -C=0 —> e [C4H3l

Fs
m/z 105 m/z 77 I;l/lz o
3

F; Fl

+e
. [M - C(O)CH, - Col
m/z 146,F,

Cxema 4 — MexanusMm ¢pparmentanu MU 2-anerokcu-1,4- HaproxmHOHA (9)
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Hown F;' ¢ m/z 173 Bo3nukaer 3a cuer oruiemieHus aneruia (CH;-CO) u3
MU, a takxke win U3 KatuoH-paaukana F; (m/z 188) nmpu BeIOpOCE METUIBHOTO
paaukana.

Hanee B MC (9) umeroTcst muku cepun noHoB (m/z: 146, 118, 105, 89, 77,
76, 50), anasoruuHo 2-TuApOKcH-1,4-HadTOXMHOHY (4), a TaKKe MUKU CEepUu
HOHOB ¢ m/z: 158, 102, 89, 76, 75, 69, 63, 50, anHanorn4y"o 2-MeTOKCH-1,4-
HadTOXHUHORHY (6).

2-®enuii-1,4-naproxunon (10). Beenenue »iIeKTPOHOAKIEHTOPHOTO (e-
HWIBHOTO pajuKkana B Moyiekyny l,4-nadroxunona (1) He Oka3bIBaeT CYIIECT-
BEHHOTO BIUSHUS Ha Xapakrep (parmenTtanmu, ogHako kaptuaa MC (10) m3me-
HSCTCSI 3a CUeT pa3IMyusl HMHTCHCHBHOCTEH OCHOBHBIX XapaKTEPUCTHUYCCKHUX
MOHOB ¥ B ToM uncie MU (M 234) (tabmuugt 1, 2).

OObnamas >MEKTPOHOAKIIETITOPHBIM CBOWCTBOM, (EHHI HE OO0EeCIeYyuBaeT
BBICOKOH CTaOMIM3alliy MOJIOKHUTEIBHOTO 3apsiga MU 10, 9To mpuBOIUT K CHU-
XKeHuio uHTeHcuBHOCTH Tka MU B MC (tabnuna 1) u crabunbHocts MU k
norm3anmu dnektpoHamu (M) mamaer mo Wyyu=7% (tabmuma 2). Cawmbiid
MaKCUMAaJbHBIA TTUK OTBeYaeT KatnoH-pamukany F, ¢ m/z 76 (I,,=100%, Tabmu-
ua 1). Bropoit mo marencuBHoctn muk B MC (10) oOycioBieH ¢gpparMeHTHBIM
noHoM F; ¢ m/z 104 (tabmuner 1, 2). Janee 8 MC HaGironaeTcss HHTCHCHBHBIN
ik (hparmeHTHOTO HOHA F5 ¢ m/z 50.

Morekynspubiii non (M'234) B HayanbHOM STale peakIHH pacrajia
¢parmenTupyercst aHajiorndHo l,4-nHaprToxuHony (1), T.e. TOCiIEeZOBaTEIbHO
anmuMuHUpYeT ABe MoJeKylnsl CO ¢ 00pa3oBaHUEM XapaKTepUCTHIECKAX KaTHOH-
pamukanoB F; ¢ m/z 206 u F, ¢ m/z 178 (tabmumest 1, 2; cxema 1).

Hapsny ¢ MHTEHCMBHBIMU MUKaMHU BBIIIEHA3BaHHBIX KaTUOH-paankanoB MU
(M" 234), F, (m/z 206) u F, (m/z 178) B MC HabmonaeTcs HeGOIbIINE ITHKH C
m/z: 233, 205 u 176, oueBumHO, oTHOCHTCA K moHam: [M-H]', [M-H-CO] " u
[M-2CO-H,]" coOTBETCTBEHHO.

Takum oOpa3zoMm, TIpH U3YYCHHUH MACC-CIICKTPOB JACBSITH 2-3aMEIICHHBIX
pon3BOAHEBIX (2-10) ycTaHOBIEHBI CieayONe 0COOCHHOCTH (parMeHTaIIH:

— BBegeane —OC(O)CH; (9), -CqHs5(10) mpuBoaut k mecrabunmzanuun MU
U yMEHbIIaeT HWHTEHCUBHOCTh NUKOB MU (9, M"216; 10, M" 234), a
takke obnerdaer paspeiB O-C cBsi3u ¢ 00pa3oBaHWEM OKCOHHUEBOTO HOHA
CH;-C=0"(9, F, , m/z 43);

— nHanmuue B nonoxenuun 2 -OCH;, -NH, (3) u-C(O)CHj; (7) rpynnsl no-
JaBiIsIeT «OCH30XWHOHOBBIH pacman», T.e. IOCIeNoBaTeIbHOE SIMMHHHPOBA-
Hue nByx monekyn CO nz MU.

— B MC 2-aMuHO-, 2-THIPOKCH M 2-alleTHJIOKCHHAPTOXWHOHOB (3.,4,9)
HaONIOAI0TCd MHTEHCHBHBIE MUKHM OKCOHMEBOro moHa OeHszomna (CeHsC=0",
m/z 105), a B cirydae 2-ruapokcu-1,4-napToxuHoHa (4) muk 3Toro nona F; cambiid
MakcuMalbHbIH B MC.
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Pe3iome

E. E. Epzooicun, C. JK. JKymazanues, b. A. Myxumounosa,
/. K. Tonemicosa, K. K. Kokimboramosa

KEUBIP 1,4-HA®TOXUHOHIAP/IbIH 2-OPbIH OPbIHBACKAH BACKAH
MACC-CIIEKTPOMETPUSJIBIK 3EPTTEYI KEMBIP 2-OPbIHBACKAH
1,4- HAOTOXMHOHAAP/IbIH MACC-CITEKTPOMETPUAJIBIK 3EPTTEVI

1,4-HaTOXMHOHHBIH 2-OpHBIH 0acKaH KeWOip TyBIHABLIAPBIHBIH MacC-CIIEKTpIepi
KapacThIPBUIBIN, OJIAPJBIH capanTaMachl KelTipiared. OnapIblH Macc-CleKTpiIepl TaIKbl-
JIaHBIN, (parMeHTalys epeKLIeTIKTepl KopceTireH. Macc-ClieKTpMEeTpHSUIIBIK JKaFnaia
OJIap/bIH MOJIEKYJAIbIK WOHAAPBIHBIH TYPAKTBUIBIFBI KOFapbl OOJIATBIHBI AHBIKTAJIFaH.
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ANETWIOKCH- JKoHE (eHWIT-OpbIHOAacymbl TonTapAbl 1,4-HaTOXMHOH KYpPBUIBIMBIHA
SHTI3UITeH/Ie MOJIEKYJIaIbIK HOHHBIH TYPaKTBUIBIFBI a3asThIHBI OaliKaJIFaH.

Tyiiin ce3mep: Macc-CrieKkTp, (parMeHTanusi, MOJEKYJIAIbIK HOH, OKCOHU/IBI HOH,
HaTOXUHOHTAP.

Summary

E. E. Ergozhin, S. Zh.Zhumagaliev, B. A.Mukhitdinova,
D. K. Tolemisova, K. Kh. Khakimbolatova

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

The mass spectra of nine derivatives of 2-substituted 1,4-naphthoquinones are
considered and their comparative analysis is carried out. The characteristics of the
reaction of the fragmentation of their molecular ions under conditions of ionization by
electrons are characterized and shown. It was revealed that under the conditions of mass
spectrometry, the stability of the molecular ion of methyl, amino, ethyl, methoxy, acetyl,
and methylthio-substituted 1,4-naphthoquinones (2-8) remains high, as in 1,4-naph-
thoquinone (1). It is established that the nature of the substituent affects the nature of
fragmentation. It was shown that the introduction of acetyloxy- (in case 9) and phenyl (in
case 10) into the structure of 1,4-naphthoquinone leads to destabilization of the molecular
ion.

Key words: mass spectrum, fragmentation, molecular ion, oxonium ion, naphtho-
quinones.
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VK 665.7.038.3
K. A. KAJIUPEEKOB, A. V. AUTYPEEB, I'. ABJJUIOCYIIOB, M. M. MOJI/JABAEB

AO «MHucTuTYyT XMMHUYecknx Hayk UM. A.B. bexrypoBa, AnMater, Pecrry6inka Kasaxcran

M3YYEHUE JEVCTBUSA KOMIIO3ULIUN
HA OCHOBE ATB3 U UBTBD
HA AHTUJIETOHAIIMOHHBIE CBOMCTBA BEH3MHOB

AnHoTanms. VccieqoBaHO BIMSHIE KOMITO3UIIMOHHBIX M00aBOK cepun BUD, U3,
33 n UBTBD-K Ha m3MeHeHHE OKTaHOBOTO 4MCia ToBapHOro OensmHa. ITokazaHo, dToO
6emsuH, comepxammii 5 u 10% kommosumu ¢ OTBD u UBTBD, no neToHannoHHON
CTOHKOCTH M IPYTUM (PU3NKO-XIMHUICCKAM XapaKTEPUCTUKAM MOTHOCTHIO YAOBICTBOPSET
TpeOOBaHUSAM, MTPEIBSIBIIEMBIM K aBTOMOOHMIFHBIM OCH3MHAM 00Jiee BBICOKHX MapoK.

KiroueBnle cioBa: mpucagku, OTBED, UBTBED, OuosTaHOi, OKTAaHOBOE YHCIIO,
OCH3HH.

Brenenue. [loBbilicHHE 3KOJOTHYECKHX TpPeOOBaHMI K BBIOpOCAM aBTO-
MOOWJIBHBIX JBHUTATENIEH W Y)KECTOUYECHHE YCIOBUH HKCIUTyaTallud COBPEMEHHBIX
neuratenel BHyTpenHero cropanmsi(/JIBC) TpebyroT ucnons30BaHusS pazHOOOpas-
HBIX IPUCAJ0K K MOTOPHOMY TOIUIMBY. B mocnemnue rojiel 3a py0exomM Ha peIHOK
BBIIYLIEH OIPOMHBIA aCCOPTUMEHT AHTUAECTOHALMOHHBIX, LI€TAHMIOBHIMIAIONINX,
MPOTUBOU3HOCHBIX, MOIOUIUX, AHTUHATAPHBIX MPHUCAIOK, a TAKXKE NEMPECCOPOB,
JUCTIepraTopoB  T.1. IIpucanku sBIAIOTCAS HEMPEMEHHBIM 3JIEMEHTOM BBICOKON
TEXHUYECKOW KYJBTYpBl NPOU3BOJACTBA M MpPHUMEHEHHUs TomiauB. WX mupoBoit
acCOpTHMEHT BKIto4yaeT Oosiee 40 THUIOB, pa3iMYAIONIMXCS MO HAa3HAUEHWIO, U
JECSITKH THICSY TOBapHBIX Mapok [ 1, 2]. Ilpucaaxu UCmoms3yIoT B ABYX OCHOBHBIX
CITyJasx:

1. Ilpyu M3roTOBIEHUHU TOIUIMBA - OJISl MOJNYYEHHs] MPOAYKTA, yIOBJIETBO-
psrotero TpeOOBaHUSIM CTaHIAPTOB;

2. Ilpu nMCnonb30BaHUM CTAaHAAPTHOTO TOIUIMBA - JUIA YIYyUIIEHHUS €ro JKC-
IUTyaTallMOHHBIX, 9KOJIOTHYECKHX U SPTOHOMUYECKUX XapaKTEPUCTHK.

[Iupokoe pacrpocTpaHeHHE MPHUCAIOK CBA3aHO C MPOOIEMON 3arps3HEHHS
OKpY’KaroIel cpenbl BBIXJIOMHBIMU Ta3aMd aBTOMOOWieH. [ CHWKEHHS TOK-
CHUYHOCTH BBIOPOCOB aBTOMOOWIJIBHBIX TpPaHCIIOPTOB MPOBOAMTCS paboTa 1o
YCOBEPIIEHCTBOBAHUIO KOHCTPYKIMHU JBUrareiei, NpUMEHEHUE HOBBIX BHIOB
toruB U Ap. Kpome BbICOKO# ¢yHKIMOHANBEHOW 3()()EKTHBHOCTH, MPHCATKN
JOJDKHBI  YZIOBJIETBOPSITH TPEOOBAHUSM, OMNPEAETSIONIMM BO3MOXHOCTh HX
BBEJICHUS B OCH3MH B YCJIOBHSX dKCIUTyaTtanuu. [Ipucaaka He HOJDKHA yXyAIIaTh
(hM3UKO-XMMUYECKHE U HKCIUTyaTallHOHHBIE CBOMCTBA OEH3WMHA, OBITH TIOJTHOCTHIO
COBMECTUMOW C JpyruMHU mpHucajgkaMu. [lo0aBkM Ha OCHOBE apOMaTHUYECKHUX
aMHUHOB SIBJISIFOTCSL XOPOLIMMH OKTaHOTNOBBIIIAIOIIMMU KOMIIOHEHTaMH aBTO-
MOOWIBHBIX OeH3nHOB. OJHAKO, W3-3a CKIOHHOCTH K OOpa30BaHHIO CMOII,
OpPraHWYEeCKNX OCaIKOB M OTJIOKEHHWH B CHUCTEME MOJA4M TOIIMBA, OHHU MOTYT
OBITh BBEJCHBI B COCTaB OCH3MHAa B OTPAaHMYCHHOM KoJIM4ecTBe. B KkadecTme
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OKTAHOIIOBBIIIAIONUX KOMIIOHCHTOB aBTOMOOMIIBHBIX O€H3WHOB IIUPOKO MCIIOJNb-
3YIOTCS OKCHTEHATBl - KHCJIOPOJCOJCpXKAIlue COSAMHCHUS, HAlPUMEp, HU3KO-
MOJIEKYJISIpHBIE CITUPTHI, MPOCThie d(hupbl U ux cmecu [2]. OKcUTreHaTsl CTan
00s13aTEIbHBIMA KOMIIOHEHTAMHY aBTOMOOMIIBHBEIX OCH3WHOB ¢ KOHIIA X X-T'0 BEKa.
HauGonee sddexTrBHBIE KHCIOpOJCOepkKamue 100aBku B «pedopmynupo-
BaHHBIE» OEH3WHBI - TMPOCTHIE Y(PUPHI, coAepKamie 5-6 aToMOB yriepojna, Ha-
puMep METHI-TPeT-0yTIioBeI 3¢up (MTB3), >THI-TpeT-OyTHIIOBBIA 3(PUp
(OTBD), merun-tper-amuioBsli d¢pup (MTAD) m AUM3ONPONMIOBEIA dup
(AUIID) (tabmuua 1) [3-8]. DTO CBsA3aHO C PAIOM MPHYUH: BBICOKOE OKTAaHOBOE
gucio (mopoxaoe OY 102 - 110), xopormras pacTBOPUMOCTh B OCH3WHE M HU3Kas
B BoJe (1-4 macc.%), yMepeHHbIE 3HAYSHHS TEMIIEPaTyphl KUIEHNS U YIIPYTOCTH
MapoB, a TAK)KE YMEHBIICHUE TOKCHYHOCTH BBIXJIOITHBIX Ta30B aBTOMOOUIICH.

Tabnuua 1 — CpoiicTBa okcureHaToB- npocthix 3¢upoB Cs-Cg

[Toxazarenp MTBED OTBD MTAD JUTID
MoTOpHOE OKTaHOBOE YHCIIO 110 109 102 105
ITnotHocTh MpHt 20°C, Kr/m® 746 746 775 750
CopeprxaHue KuciIopoa, % macc. 18,2 15,7 15,7 15,7
Temrneparypa xumenus, °C 55 73 86 69
VYupyrocts napos, klla 56 28 21 35

B HacTosiee BpeMsi MHOTHE HedTenepepadaTeiBatoniie GupMbl BBITYCKAIOT
B KQ4€CTBE BHICOKOOKTAHOBBIX /I00AaBOK (MJIM OKCUTEHATOB), B OCHOBHOM, METHII-
tper-OytminoBelii (MTBED) u mermi-tper-amuiosslit 23¢upst (MTAD) [2-4]. B
Kaszaxcrane Takux BHEAPEHHBIX OTEUECTBEHHBIX TEXHOJOTMM HE CYyIIECTBYET
kpome npousBojictBa MTED B TOO «Hedrexumusn» (I[laBmomap), maxe MCIOIh-
30BaHME TAaKUX OKCHUTEHATOB IOKAa HE HAIIO JOJDKHOTO MPUMEHEHUS, MO3TOMY
pa3paboTKka W BHEIApPEHHE TEXHOJIIOTHMI MPOM3BOJACTBA IMPOCTBHIX AIKUI-TPET-
ankunoBsIX 3¢upoB (ATAD) sBnseTcS MPHOPUTETHHIM HAIPABICHUEM.

AHann3 WMEIUXCS TUTepaTypHBIX JaHHBIX 1o cuHTely ATAD mokasbl-
BaeT, YTO OHM 3aTPArMBalOT B OCHOBHOM 3aKOHOMEPHOCTH M TEXHOJOTHYECKHE
ocobenHoctr monyuennss MTBD B xunkoit daze [2, 9-11]. OnHako ero mpous-
BOJICTBO YCJIOXKHSETCA TEM, YTO B KaUeCTBE OJHOTO M3 PEareHTOB MCIOJIb3yETCs
METaHOJ, ABJISIONUINICS CUIBHBIM S70M. CBEICHHS O TEXHUYECKUX PEUICHUIX IS
Oonee TsoKenbIX mpeactaBurenei psga ATAD Becbma orpaHHMueHBl M HPOTHU-
BopeunBbl. Kpome Toro, momydeHue 4ucTeix 00pasios u3BecTHoIXx ATAD compo-
BOXK/IaeTcss 00pa3oBaHMEM IOOOYHBIX MPOAYKTOB, B OCHOBHOM JIUMEPOB U
TPUMEPOB H300JICGHUHOB B MPHCYTCTBHH NPOTOJOHOPHBIX KaTaliu3aTopoB, a
TaKke 00pa3oBaHUEM a3eTPONHBIX cMecel crupT — 3¢up — onedun. Kpome toro
HU3BECTHO, YTO CTOMMOCTS BhIZiesieHnss MTBD u3 peakiimoHHOW CMECH COCTABIISIET
50-90% OT cTOMMOCTH MOTOPHBIX TOILTUB HA €r0 OCHOBE. B 3TOi CBs3M, B Teue-
HHUE psifa JeT, B MHCcTuTyTe XuMuuecknx Hayk uM. A.b.bekrypoBa, nmpoBogsTcs
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CUCTEMHBIE MCCIIEZIOBAHUS 110 CHHTE3Y BBICOKOOKTAHOBBIX MPHUCAIOK: U3ydJatOTCs
YCIIOBUSI CHHTE3a M BBIJICIICHHE Psia TePCIEKTUBHBIX TPETUYHBIX d()UPOB € YHC-
JIOM aTOMOB yriepojaa B MoJiekyie 6-8 - atun-tper-OytunoBoro (3TBD) u uzo-
oyrun-tper-OyTtrnosoro (MBTED), co3matoTcss Ha WX OCHOBE OKTaHOMOBEHIIIIAO-
e KOMITO3WITNH, a TaKKe pa3padaThIBalOTCS HOBBIE T'eTEPOTCHHBIE KaTallH-
3atopbl i cuHTe3a ATAD ¢ BBICOKMMH BBIXOJAaMH M MaJbIMU KOJIWYECTBAMU
MOOOYHBIX TPOIYyKTOB [12].

Bri6op 00BEKTOB OOYCIIOBJICH CHEAYIONAMH (aKTOpaMH, OJIarompHusiT-
CTBYIOIIMMHU ucmionb3oBanuio ATAD B KadyecTBe KOMIIOHEHTOB OCH3MHOB:
BBICOKMMH BEJIMYMHAMHU OKTaHOBOTO ymcia >100, HU3KOH TOKCHYHOCTBIO 3(prupoB
u oTcyTcTBUEM 3(¢eKTa BBICIaUBAaHHUS BOJBI; YHUCIOM aTOMOB YIJIEpOIa B MO-
nexkyae 6-8, Tak Kak HOpMallbHbIE TEMIIepaTypbl KHIEHHUS 3THUX 3(PHUPOB HAXO-
natcs B uarepsane 90-150°C, GnaronpusTHOM Ul paGOThl GEH3MHOBBIX [BUIa-
TeJlell BHYTPEHHETO CrOpPaHMsS; JOCTYHHOCTBIO OTHOCHUTENIFHO ICLIEBOIO CHIPhS
criuptoB C,-Cs u m3ooneduaoB Cy-Cs. CremyeT OTMETHTE, 9TO B CHHTE3aX d(u-
POB MOXHO HCIIOJIb30BaTh MPOMBINUICHHY HW300yTaH-U300yTHICHOBYIO (hpak-
uuio HeremepepabOTKU, a TaKXkKe JCIIeBblii OMOITaHON OTEUYECTBEHHOTO MPOU3-
BOJCTBA. Y TrUIH3AIHs T000UHBIX poaykToB HII3 1 cenpckoro Xo3siicTBa mo3B0-
JUT YBEJIMYHUTh DKOHOMUYecKni 3¢dekT nmponsBoacTBa CIUPTOB U OJNCPUHOB H,
OJHOBPEMEHHO C 3THUM, B OyylieM, yBeaTuuuTs 00beM npoussoactsa ATED.

OKITEPUMEHTAJIbBHA S YACTD

OmnpeneneHye OKTaHOBOTO YHWCIA MPOBOAWIOCH MO MOTOPHOMY M HCCIIe-
JIOBATEIILCKOMY METOZaM TI0 CTaHAapTHON MeTomrKe Ha okTanoMerpe YUT-85. B
Ka4yecTBE KHCIIOPOJCOJAEPKAIINX KOMIIOHEHTOB KOMIIO3WIIMOHHBIX J00aBOK K
OCH3WHAM HMCIOJIBb30BAIN: TEXHHYECKUH pekTtuduuupoBannblii stanon (I'OCT
18300-87), 1 TpOMBITIIIEHHBIN W300yTaHON, CHHTE3UPOBAaHHBIE B JaOOpaTOpUu
OTBED nu UBTBED.

Crouptsl (3TaHON M M300yTaHON) PEKTU(QHULIMPOBATU M 3aTEM KHIIATHIN C
00paTHBIM XOJIOAWJIBHUKOM HaJl METAJUIMYECKUM KaJbLIEM B TedeHue 3-4 u ams
yAaJeHnus BOJBL. 3aTeM IOABEPraii NeperoHke W HaMpaBIsIN Ha CHHTE3. XpaHe-
HUE OCYILIECTBIISUIM HaJ MPOKAJICHHBIMH CHHTETHYECKMMHM IleonuTaMu. Yncrora
HCIOJB3yEMOI0 B CHHTE3€ CIIUPTA COCTaBIAeT He MeHee 99,7-99,8%.

N300yTriteH TONy9riId JeTHapaTanuei u300yTHIOBOTO criupta. s 3Toit
e CHeIUaTbHO coOpaHa yCTaHOBKa Uil JAeruaparauuu cnuprtoB. [Ipomecc
JeruapaTaiud M300yTHUIIOBOTO CIUpTa MPOBOJMIM B HHTEpBAJC TEMIIEPaTyp
360-380 °C B mpHCYTCTBHM KaTaaM3aTopa, B KAYeCTBE KOTOPOTO MCIIOIb30BAJICS
OKCH/JI aTFOMHHHS.

Jns co3nanust KOMITO3UIMH OKTaHONOBBIIIAOIINX J00aBOK B JIAOOPAaTOPHBIX
ycIoBUsX HapaboTansl onpeaeneHHble koiamdecTBa DTED u UBTHD. B xauectse
0a30BOT0 OCH3WMHA WCITOJIB30BAIM TOBapHBIC OCH3MHBI Mapku A-92 ¢ OY = 83,6
(mo MM) u OUY= 92,6 (mo M) u3 TOO «IIKOII» (r.Il1IsIMKEHT).
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AHanu3 UCXOIHBIX KOMIIOHEHTOB M KOMIIO3UIIMI HA WX OCHOBE BBITOIHSIIN
metogoM KX na xpomarorpade dupmel Xeprtonen-Ilakkapa Ha KanuuisipHON
koionke [IB-1 mmmao#t 100 M, a Takxke Ha Xpomarorpade «Xpom-5» (c mpo-
rPaMMHOW TPUCTABKOW «IDKOXPOM») C HAOMBHOW KOJIOHKOHW C HEMOIBHKHOU
¢azoit 15% Kapbosakcom -1500.

B kauecTBe 0a30BOro OeH3WHA HCIIOJIB30BaIM TOBAPHBIN OeH3WH Mapku A-92
¢ OY = 83,6 (mo MM) u OY = 92,6 (mo UM) u3 TOO «IIKOII» (r.IlIsiMKkeHT).

PE3VJIbTATBI 1 OBCYXJEHUE

Hamu co3naHbl HOBbIE OKTAHOIIOBBIIIAIONIUE KOMITO3UIIMOHHBIC JOOABKU
cepun bBUD, 33, D u UBTB3-K (tabmuua 2).

Tabnuma 2 — OKTaHOMOBHIIIAIOILIHE KOMITO3UIIMOHHBIE T00aBKH

Komrmo3unmonnas 1o0aBka DTaHon 9TBD N3zobyTanoN UBTBED
1Y716) + _ +
nus + + +
95 + + - -
UBTBED-1 - - + +

Ha pucynkax 1 u 2 nmpuBeieHb aHTH/IETAHOITMOHHBIE CBOMcTBa OeH3nHa AU-
92 B mpHCYTCTBHHM KOMIIO3MIIMOHHOHN no0aBku - BUD, mpuroroBneHHON Ha oc-
HOBe n300yTaHoMa 1 3TaHona. Kak BHIHO, OHA CIOCOOCTBYET MOBBILICHUIO OKTa-
HOBoro yncna 6eHsuHa AU-92. MccnenyeMble OKTaHIIOBBIMIAIONINE KOMIO3HIIUN
nobasis B 60a3zoBeiid 6eH3uH AM-92 ¢ OU = 83,6 (mo MM) u OY = 92,6 (o
M) B xomnuectBe 5-10 macc. %. [Ipupoct OY 3aBUCHUT KaKk OT KOJIMYECTBA J0-
0aBOK, TaK M OT COOTHOIICHHsS B HeW KOMIOHEHTOB. [lpuueMm c yBenmueHHEM
momn stanonma OY  pacter npomnopuHoHaNBHO. bonbinyto 3¢ ¢deKTHBHOCTH
MIPOSIBIISIOT KOMIIO3WIIMY, B KOTOPBIX JOJSl ATaHOJA BEIIIE JOJIM M300yTaHONIA U
JpYTUX KOMIIOHEHTOB (pUCYHKH | 1 2).

Cnemyer OTMETHTh, YTO TpH JI00aBICHHH W300yTHI-TPET-OYTHIOBOTO
a¢upa B kommyectBe 1% B OersuH Au-92, mpupoct OY OeH3MHA COCTaBISIET
7-8 MyHKTOB.

OxraHoBoe 4uncino 6a3oBoro OensmHa AM-92 yBenwuuBaeTcs emie OoJbIle
pHu 100aBIEHUH KOMITO3UINH cepuu MO, Tae TONMOTHUTEIHHBIMH KOMIIOHEHTA-
MH (Kpome 3TaHona u u3o0yranosa) sisstorcsi UBTBD m HekoTopele comyTt-
CTBYIOILIME MPOAYKTHI €ro cuHTe3a. Ha pucynke 3 npuBeaeHbl pe3yabTaThl U3Me-
uHenus OY 6azoBoro 6en3uHa AU-92 npu nobaBneHnn JaHHBIX JO0OABOK.

Kax BumHO M3 pucynka 3 (mmarpamma), mpupoct OUY cocrasisier Gombie
20 MyHKTOB.

UBTBED cymecrtBenHo moBBImaeT (pa3oByl0 CTaOWIBHOCTH AaHTHICTaHA-
IIMOHHOW KOMITO3HUIINK Ha OCHOBE dTaHoia. [1pu konnentparun UbBTED naxe me
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AHTUOETaHOLUMOHHbIe CBOMCTBA GeH3MHO-
KOMMNO3ULIMOHHbIX cMecen B npucytcTBumn 5 % (06.)
komnosuuun BUD

Mpupoct OY

—e— [MpupocT OYno MM

1 —a— lMpupoct OYno UM

10 20 30 40 50 60 70 80 90

CopepxxaHue atTaHona B Komnosuuun BU3

Pucynok 1 — AHTHIETAaHOIIMOHHBIE CBOMCTBA OCH3MHO-KOMITO3HUIIMOHHBIX CMecei
B IIPUCYTCTBHUHU 5 00. % xommo3uiu BUD

AHTUOETaHOLUMOHHbIe CBOMCTBA 6€H3UHO-
KOMMO3MLMOHHbIX cmecer B npucytcteumn 10% (06.)
komno3suuun BUJI

/

—e—[MpupocT OY no MM

Mpupoct OY
o

—a— [pupocTt OY no UM

10 20 30 40 50 60 70 80 90

CopepxaHue atTaHona B komnosuuuum BUD

PucyHok 2 — AHTHIETAaHOIIMOHHBIE CBOMCTBA OCH3MHO-KOMITO3UIIMOHHBIX CMeceit
B mpucytcTBuH 10 06.% xommosunuu BUD
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cmecen B npucytcTtBum 10% (06.) komnosuumm

MpupocT O

20

15

10

Komnosuuumn

AHTMOETaHOLUOHHbIE CBOMCTBA 6E€H3UHO-KOMMO3ULIMOHHbIX

MpupocTt OY no M
MpupocTt OY no MM

PucyHOK 3 — AHTH/ICTaHOIIMOHHBIE CBOWCTBA OEH3MHO-KOMITO3HIIMOHHBIX CMecei

B nipucytctBud 10 06.% xomnosunuu M3

6oxee 1% (00.) cTaHOBUTCS BO3MOXKHBIM yBEIMYEHHE KOHIEHTpAIlMH HanOolee
JIOCTYITHOTO KOMITIOHCHTa — 3TaHOJIA U CHIDKCHHE KOHIICHTpAIlMM M300yTaHOJA.
JlanbHeiiiee CHIKEHHE KOHICHTPAIMKM W300yTaHOIa B KOMIIO3UIIUU TPOBOIHIIN

HCKIIIOUUTEIBHO 3a cueT yBennyeHust konuentpauuu UBTHO.

Ha pucynkax 4 m 5 mpuBelneHBl aHTHIETAHOIIMOHHBIE CBOWCTBA OEH3WHA
Au-92 B NPUCYTCTBUU KOMITO3UIIMOHHOM n00aBku - UD-5 u UD-7, rie KoHIICH-

tpauus UBTH nosenenst 1o 6%.

BbicokookTaHoBasi komno3uuust UES
npupoct no UM

8
6 / —e— npupocT no M

2% 5% 10%

4 / —=— npupoct no MM
2

PucyHok 4 — AHTHICTAaHOIIMOHHBIE CBOMCTBA OCH3MHO-KOMITO3UIIMOHHBIX CMecei

B IpuCyTCTBHH 2, 5 11 10 06.% xommo3urmu 13-5
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BbicokookTaHoBasi komno3uuus UE7
Mpupoct OY
14
12
10 4
8 —e— npupocT no M
6 // —=— npupocT no MM
4
0
1 2 3

PucyHok 5 — AHTHICTAaHOIIMOHHBIC CBOMCTBA OCH3MHO-KOMITO3UIIMOHHBIX CMeceit
B ripucytcTBud 2, 5 u 1006.% xomnoszuuuu U3-7

Kak BunHO U3 pucyHkos, ysennuenue konndectsa UBTBD B komnosuium ot
2 o 10% mpuBonut x pocty OU G6ensuna AM-92 or 2,8 no 12,7 mynkros. B Tab-
nutie 3 TpUBENCHBI aHTHACTAHOITMOHHBIC CBOMcTBa OeH3mHa AM-92 B mpucyT-
CTBUM KOMITO3UITUOHHOM JT00aBkH - 9-9, B coctaBe koropoit UBTH 3amenena na
OTBD.

Tabnuna 3 — AHTHICTaHOIIIOHHBIC CBOMCTBA OCH3MHO-KOMITO3UIIMOHHBIX CMeCei B IPUCYTCTBUU
Ppa3nu4HBIX KonudecTs (00.%) komno3unuu 33-9

Jlo6aBka, 06.% O4Y o UM Ipupoct no UM O4 no MM Ipupoct no MM

2 96,0 32 86,0 23
5 99,6 6,8 89,6 5,9
10 105,7 13.1 96 12,3

[Ipupoct OY 6enzuna AU-92 mo MM u UM npucyrctun ITED He mpe-
BeImaeT mokazarteneil kommosumuu ¢ WMBTBI. I[lpuroroBieHHbIE OKTAaHIIOBBI-
maronme komnosunuii cepun MO ucneitansl Ha oktaHomerpe YUII-85 B TOO
«IKOII» ¢ wucmonp30oBaHWEM MOJAETHHOW CMECH W CTa0MIILHOTO KaTalln3ara.
Pe3ynbrarer onpeneneHns OKTaHOBOTO YHCIIa MOJAEIHHON CMECH, COCTOAIIEH M3
70% u3ooktana u 30% H-TenTaHa MOTOPHBIM METOJIOM, IPUBEICHBI B TaOUIIC 4.

Tabmuua 4 — Pe3ynpTaTsl onpeaeneHns: OKTAaHOBOTO YHCIIa MOTOPHBIM METOIOM

Ne Cocras uccnexyemMoi mpoosl, Macc.% OKTaHOBOE YHCIIO
1 70 U3ookran + 30 H-I'entan 70

2 70 U3oo0kran + 30 v-I'entan + 10M19-7 77,3

3 70 U3ookran + 30 v-I'entan + 10 32-9 77,2
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W3 tabauuel 4 BUIHO, YTO MPUPOCT OKTAHOBOTO YHMCIIA TPU J0OABICHUH
OKTaHIOBBIIIAIOMKNX 100aBoK cepuu D3 u UD cocraBiser Oosiee 7 MyHKTOB.
PesynbraTel npyroro aHanusza, nojydyeHHble Ha oktaHomepe YUT-85 uccneno-
BaTEIbLCKUM MeToa0M, mpu nobdasineann 3%-10% xommo3zuruu 23-9 n UD3-7 k
CTa0MIBHOMY KaTallu3aTy C OKTAaHOBBIM YHCIIOM I10 HCCIIEA0BATEILCKOMY METOAY
paBubIM 89,0 TIpeacTaBIIeHBI B TaOIHIIE 5.

Tabmuua 5 — OY npu nobasnenun 3%-10% nprcanok K cTaOMIBHOMY KaTalu3aTy

O.Y.UM.
Ne HawnmenoBanue
3% 10%
1 CTaOWILHEIN KaTaau3aT 89,0 —
2 CrabunbHbIi KaTaau3aT-+ipoba 33-9 89,9 91,7
CrabunbHbIH KaTanuzaT-+iupoda U3-7 90,0 94,5

3akawuenne. B rmpoliecce HCCICIOBAHUS BBISBICHO, YTO HAUOONBIIUI
MPUPOCT OKTaHOBOro uucia (7,3) momyden npu podasienun 10% npucanku NUD-
7.

[Ipu no6asnennn xommozuimu 23-9 u UE-7 B xommdectBe 3macc.% K cra-
OMJIBHOMY KaTaju3aTy OKTaHOBOE 4Huciio coctasisier 90. YBennueHue KOHIICH-
Tpauu komnozuuu 23-9 ¢ 3 go 10 macc.% k cTaOmIbHOMY KaTaiu3ary MpH-
BOAWT K pocTy okTaHoBoro gucia 10 91,78. Beenerne 10% xommozurn MD-7
MIPUBEJIO K POCTY OKTAHOBOT'O 4Kcia 7o 94,5.

Takum 00pa3oM, MOJTy4YEeHHBIE TAHHBIE MOKA3bIBAIOT yIOBICTBOPUTEIHHYIO
MIPUEMHUCTOCTh HCCIEAYyEeMBbIX 0a30BbIX OCH3MHOB K KOMIIOHEHTaM CO3JaHHBIX
KOMITO3UIIMOHHBIX J100aBOK. Mcroip3ys KOMITO3MIIMOHHBIE TOOABKH, MOXHO
MPOM3BOAUTE OCH3MH, OTBEYAIOUINI TPEOOBAHUSIM HOPMATHBHBIX JOKYMEHTOB.
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Pesome
K. A. Kaovipbexros, A. Y. Aumypees, F. A6ourocynos, M. M. Mondabaes

OTBO XOHE UBTES HEI'3IHAEI'T KOMITO3UIWAJIAPIbIH BEH3VMHHIH
AHTUJETOHALIMAJIBIK KACUETTEPIHE OCEPJIEPIH 3EPTTEY

BUD, 3, 93 xone UBTBED TypreICEIHOAFE OKTaH CaHBIH KOFApBIIATATHIH KOCIA-
JApIBIH Tayapiiel OCH3WHHIH OKTaH CaHBIHBIH ©3repyiHe ocepi 3eprrenni. Kypamer 9TBD
skoHe UBTBD typatein 5 xoHe 10%-IbIK KOMITO3UIUSIIBIK KOcHauapbsl 6ap OeH3uaep
JETOHAIMSIBIK TYPAKTBUIBIFEI KOHE 0acKa la (U3HKAJbIK XUMHSUIBIK KOpPCETKImTepi
OoMBIHIIA carackl KOFapbl OCH3MHIEpTe KOWBLIATHIH TalanTap/Abl KaHaFaTTaHABIPATHIHbI
AHBIKTAJIJIBI.

Tyiiin ce3nep: kocna, 9TED, UBTBED, OuosTaHo, OKTaH caHbl, OCH3WH.

Summary
K. Kadirbekov, A. Aytureev, G. Abdiyusupov, M. Moldabaev

STUDYING THE EFFECT OF COMPOSITIONS BASED ON ETBE AND IBTBE
ON ANTI-KNOTATION PROPERTIES OF PETROL

The effect of changing the octane number of commercial gasoline consisting com-
posite additives such as BIE, IE, EE and IBTBE-K series were studied. It was shown that
gasoline containing 5 and 10% mixture of ETBE and IBTBE by detonation resistance and
other physicochemical characteristics fully correspondent to the requirements for higher-
grade motor gasoline.

Key words: additives, ETBE, IBTBE, bioethanol, octane number, petrol.
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VK 665.622.2
C. C. CATAEBA, A. M. JDKYBAHAJIMEBA

3anangHo-KasaxcraHCKHi arpapHO-TEXHUUECKUH yHUBEpCUTET UM. JKaHrup XaHa,
VYpanbck, Pecniy6nuka Kazaxcran

PA3ZPABOTKA TEXHOJIOT'M OBECCOJINBAHUSA U
OBE3BOXNBAHUA HE®THU
KAHAXOJIBCKOI'O MECTOPOXKIAEHUA

AnHotanmus. B paGoTte paccMOTpeHBI METOIBI 00ECCONMBAHUA U 00E3BOKHUBAHUS
He(TH MecTopoxaeHus JKanaxon. [IpeanoxeHbl mapaMeTpsl TEXHOJIOTHIECKOTO PeKuMa
MPEIBAPUTEIIFHON MOATOTOBKH He(TH. PekoMeHIOBaHA KOHCTPYKIHUS JIIEKTPOACTHIIPA-
TOpA.

KiaroueBsble cioBa: HedTh, 00e3BOKHBaHUE, 00ECCONMBAHUE, EIMYIBTHPOBAHNE,
rPaBUTAIIMOHHOE Pa3/IeieHHe, FNEKTPOICTUIPATOPBI.

[Tpu noGviue HeTH HEM3OEKHBINA €€ CHYTHHK - IIacTOBas BOZAA, KOTOpasd,
JMCIEPTUPYACh B HETH, 00pasyeT ¢ Hel SMyNbCHU THIIA «Boja B HehTm». Mx
(opMHPOBaHMIO W CTAOMIM3AalUU CIIOCOOCTBYIOT MPHCYTCTBYMOIME B He(TH
NPUPOJHBIC 3MYJIBraTopbl — acaJbTeHbl, HAQTCHOBBIC KUCIOTHI, CMOJBI U -
CIIEPIHPOBAHHBIC MEXaHHYECKUE TPUMECH — YaCTHIIBI TJIMHBI, ITECKa, N3BECTHSIKA,
OKanuHbl MeTauioB. IImacToBast Boma, Kak MpPaBHJIO, B 3HAYUTEIBHOW CTEHECHU
MUHEpaTU30BaHa XJIOPUIAMH HATpHs, MarHus W Kaubius (1o 2500 mr/a coneit
naxe mpu Haaumduu B Hedtu Bcero 1 % Bogpl), a Takke cyiab(aTaMu M THIPO-
KapOOHATAMU M COJICPKHUT MEXAHUIECKUE TIPUMECH.

XpaHeHne, TPaHCIOPTUPOBKA U TeM OoJjee mepepaboTka Takoil HepTu Oe3
MpeIBapUTEIbHON €€ TOATOTOBKM HEBO3MOXKHA, TAaK KaK MPUBOIUT K HMHTEH-
CHBHOH KOppO3UHM 00OpyIOBaHHS M TpyOOIpPOBOIOB, BCIEACTBHE THAPOIN3A
XJIOPUCTBHIX COJICH IIEJIOYHO-3€MENIbHBIX METaNIOB ¢ 00pa3oBaHHEM KHCIIOT.
OTnoxeHue Ha CTEHKax aImnapaToB M TPYOOIIPOBOJOB MEXaHWYECKUX MPUMECEH,
HaKHITM, COJIeH BEJeT, KaK CIEJCTBUE, K CHIKEHHIO Kod((HUIMeHTa Terionepe-
Jlau¥ TIOBEPXHOCTEH HAarpeBa M OXJIaX]ICHHS, TIOBBIIICHHUIO JaBJICHHUS B arapaTax
W yXyIUIEHUIO YETKOCTH PEKTU(HUKAIMK, JPO3MHU BHYTPEHHEH IOBEPXHOCTH
anmaparoB, HACOCOB U TPYOONPOBOAOB, MOBBILIEHHIO 30JbHOCTH OCTATKOB He(-
TenepepabOTKH W3-3a HAKOIUICHHUS B HUX COJIEH M MeXaHMYeCKHX mpumecei [1].

Oddexrupnas TexHosorus nmoaroroku Hedru Ha DJIOY — snexkrpoodecco-
JMBaIOUIel YCTaHOBKe, 00ecreyuBaeT MakCUMalbHOE ylaJIeHHEe HEeOPraHUUECKUX
XJIOPUZOB W CHIDKAeT 10 MHHHUMyMa IIONJIaHHE MX B TEIUIOOOMEHHHKH M B
3MEEBUKH Ievei HarpeBa ChIpoil HEPTH B JPYTUX TEXHOJOTHYECKUX YCTAHOBKAX
Ha MPOMBICIIE, YTO SBIISCTCS KpailHEe Ba)KHBIM MOMEHTOM JUIS PaOOTHI CEKIHi
Npe/IBapUTEIBHOTO HAarpeBa ChIpoil HedTH.

Coun, pacTBOpeHHBIC B NPHCYTCTBYIOIIEH B He(TH BOJE, NPEICTABISIOT
co0O0H, TIIaBHBIM 00pa3oM, XJIOPH/IBI, KOTOPhIE MOTYT IOABEPTaThCsl THIPOIIU3Y C
o0pazoBaHMEM XJIOpHAA BOJOPOAa. XJIOPHUIBI IIEIOYHO-3EMETIbHBIX METaIIOB,
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TaKuX Kak KaJblMd M Mar"uii, MoJBeprarTcs TUIpOJIU3y IpU TeMIlieparypax,
HMMEIOIINX MECTO Ha yCTAHOBKAX IO MepepadoTKe HE(TH:

MgCl, + 2H,0 — Mg(OH), + 2HCl (sbime 120 °C) (1)
MgCl, + H,0 — MgOHCI + HCI )
CaCl, + 2H,0 — Ca(OH), + 2HCl (oxo110 350 °C) 3)

I'uaponus xjopuaga HaTpuUs, TPOUCXOMSAIIMH TPW 3HAYMTENBHO Oojiee BbI-
cokoit remmepatype (600-700°C), mpeacTaBisieT MEHBIITYIO yTPO3Y.

Xnopua BoJOpo/ia, KOHICHCUPYSICh BMECTE C BOJIOW B IIIAMOBBIX MOTOKaX
JUCTUIUISIIIMOHHBIX CUCTEM, 00pa3yeT COJITHYIO0 KUCIOTy. Pa30aBieHHast cossiHas
KHCJIOTa OCOOCHHO KOPPO3MOHHO aKTHBHA: MPOPEarnpoBaB C JKEJIe30M, OHA 3a-
TEM PEreHEepHpPYeTCs B TMPUCYTCTBUU BOJBI M MOXKET BBI3BaTh JAIBLHEHIIYIO
KOPPO3HIO.

Fe + 2HC1 — FeCl, + H, @)
FeCl, + 2H,0 —> Fe(OH), + 2HCI (5)

CousiHast KHCJIOTa TaKKe CIIOCOOCTBYET OTJIOKEHHIO COJICPKALIUXCSI B HEPTH
acQanbTeHOB. DTH HEPACTBOPUMBIC COCIUHEHUS BBHI3BIBAIOT 00pa30BaHUE OTIIO-
XKEeHuH B TpyOax TemnooOMeHHHUKOB U medeill. CHumxeHue oOpa3oBaHMs WM, YTO
MPENMOYTHUTEIbHEH, TOTHOE HCKIIIOYEHHE COJSHOW KHCIIOTHI, YMEHBIIAET BO3-
MOKHOCTb 00pa3oBaHUs OTJIOKEHHH B TEXHOJOTMYECKOM O0OpYIOBaHUHU YCTa-
HOBOK IleperoHku Hedtu [2]. B mpucyrcTBuu cepoBomopona MPOUCXOIAT cie-
IYIOLINE PEaKI1H:

FeCl, + H,S — FeS + 2HCI (mapoBas ¢asa) (6)
FeS +2HCI — H,S + FeCl, (kunkas daza) @)

Ob6ecconmuBanue Hedty Ha DJIOY - 0mHO U3 IIABHBIX YCJIOBHH CHUIKEHUS
KOppo3uu anmaparypsl. OnHaKo cielyeT UMETh B BUIY, YTO AaXe IPH [IyOOKOM
00ecCOoIMBaHNH KOPPO3HA TOJHOCTHIO HE yCTPAaHSETCSA, TaK KaKk B MEPBYIO OdYe-
penb yIAISIOTCSl XJIOpUABI HaTpus, a Ooliee cTaOWIIbHBIC XJIOPUIBI KalbIHA U
MAarHusi OCTaloTCs B HETH.

Taxk kak B mporecce eperoHkyn HeTH THAPOTU3yIoTCs B ocHOBHOM MgCl, n
CaCl, ¢ ob6pazoBannem HCI, ux HenoxHOe yAajeHHE NMPUBOJAUT K 0Opa30BaHUIO
OTHOCHUTEIILHO OOJIBIIOTO KOJIMYECTBA XJIOPUCTOro Bogopoaa. [ uaponus ocraroy-
HBIX XJIOPHUIOB MarHusi M KajblHs MOKET OBITh MOJABJICH ITyTEM BBEICHUS B
obeccosieHHyI0 He()Th LIETOYHBIX peareHTOB (B dacTHOcTH, NaOH), xoTopsie
MEPEBOIAT XJIOPHUIBI KaIbLIUS U MarHusi B CJIa0OTUAPOIU3YEMBIH XJIOpUI HATPHAL.

[IpucyrcTBytomuye B HeTH OpPraHUMYECKHE XJIOPUABI NMPH TPAaJULHUOHHON
TEXHOJIOTHN 3JIEKTPOOOECCOMMBAHMS MPAKTHUECKH He yaamnsiorcs. [Ipm memod-
HOW 00paboTke HedTH yacTuuHO meperoaTcs B NaCl u momaiarT B KOJOHHBI
BMECTE CO cJeJaMH HEOPraHMYeCKHX XJIOPUAOB M, TaKUM 00pa3oM, HE HCKIIIO-
gaeTcs BO3MOKHOCTh BOZHUKHOBEHHS KOPPO3UH.
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CTOMKOCTh IMYJIBCHIA «BOJAa B HE(TH» 3aBHCHT OT (PH3UKO-XMMHUYECKUX
CBOWCTB HE()TH, CTENIEHN JUCIIEPCHOCTH (pazMepa 4acTHIl), TEMIIEPaTyphl U Bpe-
MEHH CYyIIeCTBOBaHUs 3Mynbcuu. Hanbonee crolikue sMysbcuu 0OpasyroT Hed-
TH, Oorarele HaQTCHOBBIMU KHCJIOTAMH M cMoJlaMH. YeM BhIlIe IUIOTHOCTh HEd-
TH U CTETICHb JUCIIEPCHOCTH, TEM YCTOWYHBEE SMYIIHCHU.

CyIHOCTh BceX MPUMEHSEMBIX CITOCOOOB 00eCCOIMBaHUS M 00C3BOKHBAHUS
3aKIII0YaeTCs B IPOMBIBAHMM HE()TH BOAOM M pa3pyLIeHUH OOpa30BaHHON
He(TsIHON ASMyIIbcun. VI3BECTHBI Takue CITOCOOBI pa3pyIIeHUs] HEPTIHBIX IMYIIhb-
CHii, KaKk MexaHuueckue (puibrpanus, neHTpudyrupoBanue, 00padoTka yibTpa-
3BYKOM U JIp.), TepMUUECKHE (TIOAOTPEB U OTCTauBaHHUE IPH aTMOC(HEPHOM JaBie-
HUM ¥ T0J U30BITOUYHBIM JaBJICHHEM; NPOMBIBKA HE(TH ropsyei BOZIOI), 3JIeK-
Tpudeckre (00paboTKa B AJIEKTPUYECKOM TIOJIEe TMEPEMEHHOTO WM MOCTOSHHOTO
TOKa), XUMHU4Yeckue (00paboTKa SMYyJIbCHI Pa3IMYHBIMH PEareHTaMH — AEIMYJIb-
raropamu), Cpeay KOTOPBIX BJIEKTPUYECKUil MeTon sBisercs Hauboinee 3ddek-
TUBHBIM. B HacTosIee BpeMsl TaHHBIH METOJ] MPUMEHSIETCS] IPAKTHYECKH Ha BCEX
HedrenepepabaThBAIOMIMX 3aBOJax nOpu obeccomuBanuu Hedtn Ha JJIOY
(97EKTPOOUUCTUTENBHBIX YCTAHOBKAX ), @ TAK)KE NMPH OUYUCTKE HEPTEMPOLYKTOB OT
BOJHBIX PACTBOPOB IIEI0USH U KUCIIOT (JIEKTPOhaiHUHT).

OnekTpuyeckuil crmocod 00e3BOKHMBaHMS U 00ECCONIMBAHHS TAKKE HIMPOKO
MPUMEHSIETCS] Ha TIPOMBICaxX. DIEKTPUIECKUH CIOcO0 00eccONMBaHMs BKIIIOYAET
JIBE OIlepaLuu:

1) BBeeHHE B YACTUYHO 00€3BOXKEHHYIO HE(pTh ropsiiedl BOABI I PacTBO-
peHHsl colieil M TpeBpamieHuss HeTu B OMYJIbCHIO (PAcXo/ BOABI Ha TPOMBIBKY
amyiscun 10-15% ot 00bEMa HedTH);

2) paspyuieHre 0o0pa30BaBLICHCS 3MYILCHH B dJeKTpuueckom mose. [Ipu
9TOM BOJIa, BBIJICISIONIASACS U3 OMYIBCHH, YHOCHT ¢ cOo00H comu. OOBIMHO TpH
KCIIOJIb30BaHUM 3TOT'O CIIOCO0a OCTaTOYHOE cojepkanue Bojabl B Hedtu 0-2,5 %;
KOJINYECTBO yJalsieMbIX U3 Heé coneit — 95 % u Gonee.

B mpomsbliuieHHOCTH HauOojee HIMPOKOE PAaCIpOCTPAHEHHE MOIYdHI Tep-
MOJJIEKTPOXUMHYECKUI CIIOCO0 pa3pylieHus] HeQTAHBIX IMYJILCHHA, COUSTAIOLINN
B ce0e TpHM MeTola: rPaBUTALMOHHOE pa3ZeiieHHE NPH MOBBIIICHHBIX TEMIIepa-
Typax; XUMHUYECKUHN - pa3pylICHHE 3MYJIbCUI C MOMOILBIO PEAreHTOB; JJIEKTPH-
YeCKHH - pa3pyLIeHUE SMYJIBCUH ¢ TOMOLIBIO ANEKTPUIECKOTO OIS,

I'paBuTaniioHHOE pa3leNeHue - 3TO OCAKACHUE SMYJIBbCUH B Mpolecce OT-
CTOSI BCIIEJICTBHE PA3HOCTH IIOTHOCTEH HE(DTH U BOJIBI.

OnnuM 13 BakHeHmuXx (akTopoB rinyOuWHBI 00€3BOKMBaHMS U 00Oecconu-
BaHUsI HE(TH, NMPH ITOM, SBJIAIOTCS TeMIeparypa W pasmep uactul Boabl. C
MOBBIILICHUEM TEMIIEPATYPbl YMEHBIIACTCSI MPOYHOCTh aICOPOLMOHHOM IJIEHKU
Ha KamnelbKax BOJBI. BclieJicTBUE TOBBINICHUS PACTBOPHUMOCTH 3MYJbraropa B
HEe(TH 3HAYUTENBHO CHW)KAeTCS BSI3KOCTh HE(TH W yBEIMYUBACTCS Pa3HOCTH
IUIOTHOCTEH BOIBI M HE(TH, U4TO CIIOCOOCTBYEeT OoJiee OBICTPOMY OTCTOIO BOJBI.
OnrtumanpHasl TeMIeparypa mpoliecca 3aBHCUT OT COCTaBa HE(PTH.

Hedtp XKanaxoiabcKoro MecTOpoKIeHHs coaepKuT 23-46 oTH. % Mepkari-
TaHOB. B HeQTAX M IUCTWIIATHBIX (GpPaKUUsIX OOHAPYKEHBI TOMOJOTMYECKHE
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CepUM LUKIMYECKHX W alu(aTHUECKHX MEPKANTaHOB U AMCYIb(PHUIOB, yCTAHOB-
JICHO UX KOMIUIEKCHOE COJICpKaHWE M paclpelesieHHe B TUCTUILIATaX. B HedTiIX
cogepxanue MepkanrtanoB coctasiusieT 0,22-1,10 %, B OeH3UHOBBIX (GpakLusIX -
0,08-0,93 %, B muzenbHBIX Qpakmusax - 0,32-0,83 %. B 6eH3MHOBBIX AUCTHILIATAX
OOHapyeHbl MepKaNnTaHbl ¥ AUCYIbGHUIBI U30CTpOeHUs. B pasznuynbix mpodax
XKanaxonbckoil HedTH conepkaHUe LUKIMYECKUX MEpKalTaHoB cocTasisier 20-
38 %, nerkux C-C,; 4,1-15,8 %, Tsmkensix Cig 1 Boiie 13,6-60,7 otH. %, Makcu-
MyM coJiepaHusi puxonutcs Ha mepkantanbl C;,-Co. [Ipu nemapadunuzanmm
dpaxuun 240-350°C Kanaxonbckoii Hedri momyuenst 15,4 % (1a hpakiuio wimn
2,9 % na HedTh) XHAKKMX mapaduHOB. B pesympraTe Temmeparypa 3acTHIBaHHUS
camkena ot muayc 15 °C no mmmyc 59°C. Ocrartku JKanaxoinbckoil HehTH
MMEIOT BBICOKYIO KOKcyemocTb. Ocrtatku Bbime 350 u 400°C coOTBETCTBYIOT
ma3zyty mapku 100.

Pa3HocTh TUIOTHOCTEH BOABI U HEPTH MOXKHO YBEIHUYUTH HE TOJBKO ITyTEM
YMEHBIICHHSI TJIOTHOCTH HE(QTH, JOCTHTAaeMOT0 MOBBIIICHHEM TEMIIEPaTyphl, HO
TaK)Ke yBEJIMYECHHEM IUIOTHOCTH BOJBI, YTO JOCTHraercs mnojadeil ApeHaKHbIX
BOJI TTOCJIC/THEH CTYIIeHH 00ECCOIMBAaHMS Ha MIEPBYIO CTYIEHb.

BaxHyio ponb NpH TpPaBUTALIMOHHOM pa3felieHHUH WIpaeT KOHCTPYKIUS
JETUIPATOPOB. YCIIOBUS OCaXICHHS BOJBI M3 HEPTH TEM Iydlle, YeM MEHBIIIe
CKOpPOCTbH JBM)KEHUS IMYJIBCHU B HEM.

XUMHUYECKHH CIOCO0 pa3pylIeHHs] IMYJILCHIA 3aKII0YaeTCs B MPUMEHCHHU
MOBEPXHOCTHO-aKTHBHBIX BEIIECTB - NE3MYJIBraTopoB. Jeamyabratopsl, obnanas
OOJIBIION MOBEPXHOCTHOH aKTHBHOCTBIO, BBITECHSIOT C TOBEPXHOCTHOTO CIIOS
KalelqbKH BOJBI TPUPOJHBIE SMYJIBIMPYIOIINE BEHIECTBA M 00pa3yloT THAPO-
¢uIbHBIA (pacTBOPUMEBIN B BOJE) aiCOPOLMOHHBIA CIOH, B pe3yJibTaTe Yero
KamneJbKd BOJABI NPU CTOJKHOBEHHH CIUBAIOTCS B 0Oojiee KpYyMHBIC KAl M
0CearoT.

O PeKTUBHOCTS ACUCTBUS NIEAIMYJIBraTopa 3HAYUTEIBEHO BO3PACTaeT IIPH
BO3CHCTBUU 3JIEKTPUUYECKOTO ITOJIS.

Jns mHTeHCH(UKALUK Ae3IMYJIbIUPOBAHUS TPOLECC MPOBOAAT B 3JIEKTPH-
YEeCKOM TT0JIe TIEPEMEHHOT0 TOKa BBICOKOTO Hanpshkenns (16-44 kB). Kamu Bozst
MOJ| ISHCTBUEM DTOTO TOJIS 332 CYET MOIAPHU3ALNUN IPUHUMAIOT BBITSHYTYIO (GOp-
MY, OPUEHTHUPYSICh 10 HAIIPaBJICHUSIM K dJleKTpoaaM. [Ipu 5ToM Ha KOHIaX Karuim
BO3HHMKAIOT 3apsAlbl, [IPOTHBOIOJIOXKHBIC 10 3HAKY 3apsiiaM Ha 3JEKTPoAax, a
MEXAY KalUIIMHU-TIIO0YJIaMH BOJIBI BOZHHKAIOT AJIEKTPHUYECKHE CHIIBI MPUTSDKE-
HUS, CIIOCOOHBIE MPEOOJIETh CONMPOTHUBICHNUE CTAOMIM3UPYIONINX CIOEB TII00YI
Bozbl. IIpomcxomur cronkHOBeHHE TINOOYJI M paspylieHne o0pa3oBaBIINMXCA
BOKPYT HUX TUIEHOK, CIIOCOOCTBYIOIINX MX KOAJECIEHIINH (CIMAHUIO) B KPYITHBIC
KaIUIA, KOTOPBIE OTIEIISIOTCS OT HETH MO JCHCTBUEM CHIIBI TSXKECTH.

OCHOBHBIMH TIapaMeTpaMH, BIMSIOLIMMH HA MPOLECC IPU HOCTOSHHOM CO-
cTaBe HE(TH, SBISIOTCS TeMIIepaTypa, KOJHYECTBO MPOMBIBHON BOBI, HAIpS-
XKEHHOCTH JIEKTPHUECKOTO OIS, 3)(HEKTHUBHOCT MPUMEHIEMOTO AeIMYJIIbraropa
i ero pacxon [3]. YBenuueHre BBOAUMOTO B HEPTH JeIMYJIbraTopa ONpaBIaHO
JI0 ONITUMAJIBHOTO TIpefiesia, 00buHO He Oosee 60 T Ha TOHHY He()TH, JaTbHEHIIee
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YBENIMYEHHWE TOAAaYM €ro B He(Th OKa3bIBaeT HE3HAUWTENHbHOE BIHMSHHE Ha
Ka4eCcTBO MOJTOTOBKH HE(TH.

Ecnu otHecTH BblenepednciieHHbIE (aKTOPbl U MapaMeTpbl K HpOoLeccy
00e3BOKMBaHUS U oOecconrBaHus HeTu MecTopoxaeHus JKaHaxom, To ciaexyer
o0paTuTh BHHMaHHE Ha (DM3MKO-XMMHUYECKHE XapaKTepUCTHKH JKaHaKOIbCKOM
HepTH (Tabmuua 1). OU3MKO-XMMHUYECKUE XapaKTepUCTUKUA HedTH JKaHamoib-
ckoro Mmecropoxaenus ompexaenensl cormacHo 'OCT P 51858 — 2002. Hedrs.
O6mue Texamdeckue yciaoBus (¢ nameneHusmu Ne 1, 2) [4].

Tabmuma 1 — Pu3NKo-XUMHYECKHE XapaKTePUCTUKH JKaHaxonbckoi HeTr

Ne Iloka3zarenu Enununp! namepenus 3HaueHust
1 InotHocTs mipr 20°C kr/m® 829,4
Kunemarnueckas BA3KOCTh IPU
2 10°C Mm/e 7,90
50°C MM°/c 3,36
Cepa oOrmas % Macc. 0,58
4 CepoBoaopoa ppm 60
% Macc. 0,23
5 Cepa MepKanTaHOBas
ppm 530
6 Temnepatypa 3acTbIBaHUs °c MuHyC 14
7 Kucnoruocts mr KOH/r 0,021

Hnst ymoOcTBa 00CYKACHUS PACCMOTPUM 3aBUCHMOCTH IApaMETPOB TeEX-
HOJIOTHYECKOTO Tpoliecca obeccoimBaHus u 00e3BOKMBaHUs JKaHaKOIbCKOU
HedTH (Tabmuia 2).

OTneiabHO CTOWT OTMETHTh KOHCTPYKTHBHBIE OCOOEHHOCTH TPEXIJIEK-
TPOJHBIX TOPU3OHTAIBHBIX IEKTPOACTUAPATOPOB.

DJEeKTPOJECTHAPATOP — TOPHU3OHTAIBHBIM pe3epByap C ONpeIeICHHBIMH
00BEMOM W JTUAMETPOM, OOOPYAOBAaHHBIA TpEeMs DJEKTPOAAMH, OIHWUM pac-
MpeJenuTeIeM-MaTOYHIKOM H OJTHIM TpaHC(HOpMaTOpoOM.

PaGouee maBnenue 10 16 xre/cm’. MakcumanbHas paGodast TeMIepaTypa 1o
160 °C. PaccTosiHue MeX/y SJEKTPOIaMH He Peryaupyercs. DIeKTpObl MHTa-
FOTCSI TOKOM BBICOKOTO HANPSDKSHUS OT TPaHC(HOPMATOPOB.

PacripenenuTenb-MaTo4YHUK  0OECIIEUMBAET MOCTYIUICHHE AMYJIbCHOHHOM
HeTH B BHJIE TOHKOH BeepoOOpa3HOil CTPyHW IOJ CIOH BOXBI M Jajiee MEXIy
ANIEKTpOAaMH. B pesynbrare SMyJIbCHOHHAS HE(Th MOMAAACT B DICKTPUICCKOE
nosie, TAe M MPOUCXOAUT paspylICHHUE SMYJIbCUHM M CIHMsSHHE TJIo0yn B Oolee
KpYHHBIE Karuii. KpymHble Kamiy noa AeHCTBUEM CHIIBI TSDKECTH CTEKaloT BHU3, a
00e3BoXXeHHass He)Th IBUTAETCS BBEPX.

Takxe ciemnyer OTMETUTh €Il OJUH HEeMaJOBaXKHbIH (haKT — ATO OPraHu-
3anus BBOJA HE(DTH B DJICKTPOIETHAPATOp. B 3aBUCHMOCTH OT IUIOTHOCTH
1 OOBOJHEHHOCTH HE(TH Pa3IMYalOT HIDKHIOI ITOJDIEKTPOAHYIO Mojady Ui
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Tab6mmma 2 — TexHOTOTHUECKHE TapaMeTPhl 00ECCOIMBAHMS M 00€3BOKHBAHUS
Kanaxonbckoit HedTH

Pexomen-
IyeMBbIe ObocHOBaHNE
3HAUCHUS

Ne | ITapametp
mporiecca

1 2 3 4

Pabouyro Temmeparypy MOJOMpArOT IS CHIKEHHS BSI3KOCTH
He(TH, YTO YCKOpSeT KaK CTOJIKHOBEHHE W CIUSHUE, TaK U
ocaxieHHe Karenb BoAbl. C yBeIMUEHUEM TEMIIepaTyphl CHH-
JKaeTcs pacxon AesMyibraropa. OpHAaKO THpPH TOBBINICHUH
Temmepatypsi Bbime 120°C BA3KOCTh HEBTH H3MEHSETCS Mallo,
noatoMy 3(GekT neficTBUS Ae3MyJbraTopoB YBEINYHBACTCS
HE3HAUUTENbHO. TakKe NpH MOBBIIIEHHBIX TEMIEpaTypax
CHJIBHO YBEIHYHMBAETCS 3JIEKTPOIPOBOJHOCT HE(YTH M IOBHI-
Temme- MIaeTCsl PacxXof DJIEKTPOIHEPIHMU B 3JIEKTPOJETHAPATOPaX,
1 | parypa, 60-120 YXYIIMIAIOTCA YCIOBHS pPa0OTHI INPOXOAHBIX M MOABECHBIX
°C n30J1ATOpoB. Temreparypy MOBBIIAIOT JIO JOCTHIKEHHS BSI3-
KoctH 2-4 Mm/c. Onpenenus Bsizkoctd Hedtu mpu 20 U 50°C,
o HoMorpamme CeMEHHI0O MOXKHO ONPEACIUTh TeMIIEpaTypy,
TIPH KOTOPOH BA3KOCTH HeTH Gy/IeT B mpenenax 2-4 Mm2/c.
3HaueHHe BS3KOCTH, MpHBeneHHoe B Tabmuue 1, mpu 50°C
cocTaBser 3,36 MM’/c, UTO yXke YKIAABIBACTCA B 3HAYCHHS
TpeGyembix 2-4 Mm*/c. TakuM 0OpPa30M, MOXKHO 3aKIIOUHTE,
YTO TEMIIepaTypHBI MHTEPBAT MOXET OBITH HNPHUHAT B IIpeie-
nax 50-60 "C.

B npouecce obecconuBaHus JaBICHUE B NEKTPOIETUAPATOPAX
OlpeeNseTCs AaBJIeHHEM HACBIIICHHbBIX 1apoB He(TH, Iepena-
oM Ha Kaxkzaoi crymeHu DJIOY W ruapaBIUYecKUM COMPO-
THUBJICHHEM YYaCTKOB TEXHOJOTMYECKOW CXeMbI Iocie 0ioka
DJIOY. OHO He MOKHO IPEBBIATH AABJICHUS, HA KOTOpPOE
pacCUUTaHbI YIIEKTPOJETHPATOPEL.

JlaBnenue,
2 | MIla 1,6
(xre/em®)

Ilpy IBYXCTymEeHYaTOM 3JIEKTPOOOECCOTMBAHUN IPUMEHSIOT
JABE€ CXEMbI IIOJa4YH l'IpOM])IBHOI\/’I BOJIbI — ITOCJIENOBATECIIBHYIO U
npoTUBOTOYHY10. ITo mepBOi cxXeMe JacThb BOJBI MOAAETCA Ie-
pen I cTyneHbo 21eKTpo0OEeCCONUBAHMS, @ OCTAIBHOE KOJIHYe-
ctBO — nepen Il ctynensto. I1o BTopoil cxeme npombIBHas BoJa
nonaercst Toibko mepen Il crynenmto, a ApeHaXkHas BoJa
Pacxon II ctynenu nonaercs Ha I cTyneHs.

U cxema Jlns ABYXCTyINeHYaToOil CXeMBI 00ECCOIMBAHUS PACXOX BOXBI
3 | momaun - COCTaBUT:

MPOMBIB- B,=B,=B,

HOM BOJBI 2B = 2-0,5\/1(

rae By, B, — xonnuectBa nonasaemoii Boasl Ha I u Il crynenu,
% 00., K — cooTHOmeHne conepkaHusi CONEe B MCXOMHOU H
obecconenHoi HedTH, 0,5 — KOIUYIECTBO OCTaBIICHCS B HEPTH
BOJIBI, 00. %

JlaHHbIe 3HAYCHUs ONPENEISIOTCS Ha TEKYIIHMii MOMEHT obec-
COJIMBAHHUA U (baKTI/IqCCKI/I CJIOKUBIIYIOCS CUTYallUIO B LIEXY.
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Ipooonscenue mabnuywr 2

4

Tpebo-
BaHHS

K
TIPOMBIB-
HOH BOJIE

TemmepaTypa IpoMbIBHO# BosI 65-70°C.

CoiepaHne XJTOpHI0B — He Goree 300 mr/mm’.

CyMmMmapHoe cojiepikanue cyab(haToB U KapOOHATOB - HE BBIIIE
300 mr/am’.

ConepxaHue cepoBOAOpoda — OTCYTCTBHE, JHOO HE BBIIIE
20 MF/Z[M3.

CymmapHOe copepxaHue (EHOJIOB M aMMHaka — He BBIIIe
50 MF/Z[M3 .

Cpena — HelfTpanpHas, 1100 cadomienoyHast.

B mpouecce npombIBKE He(TH OONBIIOE 3HAYEHHE MMEEeT Ka-
YeCTBO NPOMBIBHOM BOJbI, OCOOEHHO Ha MOCNIEIHEH CTyNeHH
obecconuBanus. [IpoMbIBHas BoJa, IpUMEHsAeMast Ul TiTy6o-
KOTo obecconnBaHMs He(TH, HE HOJDKHA COAEPKATh BEIIECTB,
3arpsA3HAIOIUX HEPTh U CIIOCOOHBIX BBI3BIBATH KOPPO3HIO 000-
PYAOBaHUS NPH MIEPETOHKE HE(TH U MOCIEAYIONINX CTAANAX ee
nepepadoTKH.

Pacxon
JIEIMYJTh-
raTopos,
r/T

5-10

Pacxon nesmymbraropa nogoupaercs onsITHRIM myTeM. Hedre-
pacTBOPUMBIE JIeOMYJIBraTOPHI MTOJAI0T B HE()TH HAa BCACHIBAHUE
CBIPBEBOTO Hacoca. BomopacTBOpHMEIE J1edMyJBIaToOpHl I10-
JAr0T Ha KAXAYIO CTYIECHb IIEpPE CMECUTEIIBHBIM KIIAlIaHOM B
Buge 1-2 % BonHbIX pacTBOpoB. IIpuMeHeHne HedrepacTBo-
PHMBIX J1€3MYJIraTOpPOB HAMHOTO BHITOAHEE B BUJY MX MAaJoH
pPacTBOPUMOCTH B BOJI€ U COOTBETCTBEHHO MajoON HOTepen ¢
JIpEHaKHOU BOJIOM.

Pexomenmyercst mpUMeHATh HE(PTEPACTBOPHUMEBIA JIEIMYJIbIa-
top Conzmem 4310. KonuyecTBo 103UpOBaHMS OHpEAEISIETCS
TEKyIIUMH YCJIOBHSMH IIpOIecca, HO HE JOJDKHO IIPEBBIIIATH
60 1/T. B IpoTHBHOM Cclly4ae HEOOXOAUMO 3aMEHHUTh ACIMYJIIb-
ratop Ha 0ojee 3 PeKTHBHBII areHT.

Bnusane
KHCIIOT-
HOCTH
BOJTHOM
¢asbr
SMYJIbCUI
M Iojaya
IIEI0Yn
Ha
npotuecc

OnrtumansHOl pH cpemolt Boxsl, APEeHUPYEMOH U3 AIEKTPOJIE-
TUJPaTOPOB, SBIAIOTCA 3HadeHus 6,5-8,0. IIpu pH<6 BbIMBI-
BaHHE COJICH M3 TSDKENBIX He(TEell MPOMCXOIUT Xy)Ke, YeM IpH
HelTpanbHOU WM crnabomuenoynoi peakuuu. [lobimenue pH
cpenbl BOJBI BhINIE 8 CIOCOOCTBYIOT 3arpsi3HEHHIO He(Tenpo-
JyKTaMHM CTOYHOM BOJIbl U3 aneKkTpoaeruaparopa. [lonaqa mie-
JI04M HEeoOXOoAMMa I TOJABICHHUSI CEPOBOIOPOIHON KOpPpPO-
3UM U HEHTpalu3anuy HEOPraHWIECKUX KUCIOT, IOMa [AafoIINX
B He(THb NpH 00pabOTKe CKBAXKUH KUCIOTHBIMH PacTBOPAMH.
Pacxon menoun i noseiieHus pH npeHakHOI BOAbI Ha eu-
HuLy cocrasiser 10 r/t.

VuuThIBas HaJIM4YME CEPOBOAOPOJA B NOObIBaeMol HedyTH, He-
00X0ZMMO BOCIIONB30BaThCsl PEKOMEHIALUEN 110 MPHUMEHEHUIO
hies10ud, KoHTpoaupys pH npeHaxHo#l Bozabl [Jis MpEROTBpa-
MIeHHs] TOTepH HE(PTH CO CTOYHBIMH BOJAMHU. DTO KOHTPOIH-
pyeTcst ombITHEIM ITyTeM a0 aoctikenus pH=8. Cienyer oTme-
TUTB, 4T0 Npu pH>8 maer 3arpsi3HeHne HedTH.
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OxoHnuanue mabauysl 2

1 2 3 4
Harmps- INoBbllIeHNE HAIPSDKEHUs] MEXAY 3IEKTPOJAMH CBEpX JOITyC-
JKEHUE tuMoro (16-44 kBT) HexenaTrenbHO, TaK KaK 3TO BBI3bIBACT
7 | mexmy 16-44 oOpatHbIil 3¢ ekt — nuceprupoBaHie KareleKk BOABI U yBe-
IEKTPO- JMYEeHNe CTOMKOCTH 3Mynbcuu. Ha mpakTike HCIONB3YIOT Tie-
namu, kB peMeHHBIH 3eKTprudeckuit Tok yactoroi 50 I'm.

Paccrosane mexny snekrpogamu / coctaBuser 10-40 cm. Ilpu
yBenuueHHn [ o0beM 00pabaThIBaeMOM SMYIbCHH yBEINYH-
BaeTCsd, HO HAIPSHKEHHOCTb IOJIA ManaeT. PaccTosHue Mexnay
3NEKTPOAAMH MOXKET OBITh W3MEHEHO IyTeM IepeBIKEHHS
OJHOTO M3 3JIEKTPOJIOB Ha TATaX.

Hanpsbkennocts mons E (xkB/cM) B MeX3JEKTPOAHOM TMpoO-
CTPAHCTBE PaBHA:

E=U/,

rne U — Hampsbkenne, kB; / — paccTostHne MEXmy 3JIEKTpoja-

Hanps- MU, CM.
XKEHHOCTh B ciydae yBenmuueHUs HANpSHKEHHOCTH KAIUTH BOJBI BBITSTH-
g | dexTpu- 0.8-2.0 BAIOTCSI U TIPU JOCTIDKCHHUHM KPUTHYECKOTO 3HAYCHHUS MPOHC-
94eCKOro T XOIUT TUCHEPTHPOBAHUE Ha MHOXKECTBO MeENbUaMIINX Kare-
oJI, nek. B anexrponermaparope MOMKHO BBIIONHITHCS YCIOBHE
kB/cm E < Ey,. B npotuBHOM cityuae HE0OXOAUMO TUOO yMEHBIINUTH

HalpsDKEHWE Ha DJIEKTPOJAAX, JUOO0 YBEIHYHUTh PACCTOSHHE
MEX/y HUMH.

Y4uTeiBast Iporpecc B pa3BUTHH HEQTIHOTO MaTMHOCTPOCHHS
MPOTPECCHBHBIM OyAeT NMPUMEHEHHE TPEXIIEKTPOAHBIX dJICK-
TPOAETUPATOPOB VIS MCKJIIOUCHHS CAMOCTOSATENBHOIO H3Me-
HEHMS PAaCCTOSHHUA MEXIY IEKTPOJAaMH, TaK KaK IPHMEHEHHE
MOJOOHOTO POAA ammaparoB MO3BOJSAET B apHopu 0OpabaThI-
BaTh HaMOOJBIINIA U3 BOSMOKHBIX 00HEMOB HEPTSIHON 3MYJIIb-
CHH.

JIETKUX W CPEAHUX MO IUIOTHOCTH M MAalOOOBOAHEHHBIX He(TeH, MEeX3JIeK-
TPOAHYIO TIOJa4y ISl BHICOKOOOBOIHEHHBIX He(TEW CpeqHei TUIOTHOCTH H C
OBYMSI BBOJAMH B TIOJDJIEKTPOIHYIO M MEXOIJICKTPOAHYIO 00JacTH - Ui BHI-
cokoBs3KkuX HedTel. [lonaua ¢ qByMs1 BBOJAMH SIBISETCS] yHUBEPCAIBHOM.

InotHocTh JKanaxonsckoit HeTH paBHa 8294 Kr/M° COMNIACHO KIIACCH-
¢uxkammmu CT PK 1347-2005 «Hedrs. TexHuveckue yciaoBus» ITaHHYIO He(Th
MOKHO OTHECTH K HYJIEBOMY THIIY, T.€. K 0000 snerkuM HepTsM. OgHaKo y4u-
THIBas TOT aKT, YTO OOBOHEHHOCTH HE(TH HA TIPOMEICIIC MOXKET BaPhHUPOBATHCS
B IIUPOKHUX TpeAeiax, NPEANOUTHTEIbHBIM SBISCTCS BADHAHT C JABYMS BBOJaMHU
00pabaTeiBaeMOM CpeIbI.

[Ipu BEIOOpE KOHCTPYKILUH 3JIEKTPOAETUAPATOPA B 3aBUCUMOCTH OT (DOPMBI
pesepByapa — MmapooOpa3HbIil, BEPTHKAIBHBIA WM TOPH3OHTAIBHBIA, TMpea-
MIOYTEHHE CJeNyeT OTHAaTh TOPU3OHTAIBLHOMY 3JIEKTPOAETHAPATOPY BBUIY €ro
MOBBIILICHHON YCTOMYMBOCTH K [IAaBJICHUIO U TEMIIEpaType, a TakKe BBICOKOH
MIPOM3BOJIUTEIBHOCTH 10 HEPTH.
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B 3aBucumocTn ot rirybuHsl o0ecconrBaHus He(Th MOKET OBITh OTHECEHA K
onnoit u3 tpex rpynm no CT PK 1347-2005 «Hedtb. Texuudeckue ycaoBusy.

Takum o00pa3oM, B cTaTbe MPOAHATM3UPOBAHBI BO3MOXHBIC BapHAHTHI
obecconuBaHus W 00e3BOXMBaHUS HedTu MecropoxneHus KaHaxoin, peko-
MEHZOBaHBl Hamboyiee MpUeMIIeMble TapaMeTpPhl TEXHOJOTHYECKOTO pPEXHMa B
3aBUCUMOCTH OT (PH3MKO-XUMHYECKHX CBOWCTB HE()TH, PEKOMEHIOBaHAa KOH-
CTPYKLHS 3JEKTPOJETUAPATOPA.
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Pe3iome

C. C. Camaesa, A. M. [{ncybananuesa

YKAHAXOJI KEH OPHBIHJIAFbI MYHAW/IbI TY3ChI3AHIBIPY
KOHE CYCBI3JJAH/IBIPY TEXHOJIOT'UACBHIH XETUILIPY

XKympicta XKanaxon KeH OpHBIHIAFB! MYHAWBI TY3CHI3AAHABIPY KOHE CYChI3IaH/IbI-
py omictepi KapacTelppuiraH. MyHaiabl aiablH ana AadbIHAAYABIH TEXHOJIOTHSUIBIK
peXUMiHIH mapaMeTpiepi Oepimi. DNeKTpAeTuaAPaTOPABIH KYPBUTBIMBI YCHIHBUIIHL.

Tyiin ce3mep: MyHail, CyCchI3TaHIBIPY, TY3CBI3AAHIBIPY, ACIMYIBIUPICY, TPaBUTA-
USUTBIK, 0611y, AJIEKTPOAEeTHApATOPIIAp.

Summary
S. S. Satayeva, A. M. Jubanaliyeva

DEVELOPMENT OF TECHNOLOGY
OF DESALTING AND DEHYDRATION OF OIL

The article deals with methods of desalting and dehydration of oil field Zhanazhol.
The parameters of the technological mode of pretreatment of oil are proposed. The design
of the electric dehydrator is recommended.

Key words: oil, dehydration, desalting, demulsibility, gravity separation, electrode-
siccation.
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T. K. [DKYMAIUJIOB, P. I KOHJAYPOB, A. M. UMAHFA3bI

AO «MHctutyT Xummnueckux Hayk uM. A.b. bextyposa», Anmatsl, Kazaxcran

CPABHEHHUE COPBLIMOHHBIX CBOMCTB MNOJUKHUCJIOT
U IIOJUOCHOBAHMUMI, A TAK)KE HHTEPTEJIEBBIX CUCTEM
HA UX OCHOBE 110 OTHOIIEHNIO K HTOHAM HEOJIUMA

AnHoTanus. VccienmoBaHno copONMOHHOE W3BJICUCHHE MOHOB HEOIMMa KaK MHIHU-
BHYaJIbHBIMH TIONMMEPHBIMU THAPOTENsIMH ToiuakpmioBoi kuciotsl (ITAK), mommme-
takpmiioBoit kuciotel (IIMAK), monmm-4-sununmupuanaa (I14BI1) u monu-2-metni-5-su-
HumnmupuanHa (II2MSBII), Tak 1 cocTaBlIeHHBIMH Ha UX OCHOBE MHTEPreJIeBBIMU CHCTE-
Mamu: TITIAK-rT14BII; rITAK-rI12MS5BIT; rTIMAK-rTI4BIT; rIIMAK-rII2M5BII.

YcraHOBIEHO, YTO cTeneHb copOIun HOHOB Nd MHIMBHyalIbHBIMU TTOJIMMEPHBIMU
ruaporesmu rIIAK, rTIMAK, rI14BII, rII2M5BII gocturaer MakCUMalbHBIX 3HAYCHHIA
o ucreueHuu 48 4 B3ammozeicTBusa U cocrabisier 61,6; 59,9; 54,6; 51,5%, cooTBer-
cTBeHHO. HeBbicokass moHM3alMsl WHAMBUAYAIbHBIX THAPOTeNed NPUBOJUT K TOMY, UTO
copOIus HOHOB HEoMMa He TpeBhImact 62%.

B unreprenesoii cucrteme rIIAK-rI14BI1 manGonpmas copOIus HOHOB HEOANMA Ha-
omomaercss mpu cooTHomeHusx rupporenei 83%rIIAK-17%rII4BII u 50%rITAK-
50%rII4BII u paBua 74,3 u 72,5% COOTBETCTBEHHO.

B wuntepreneroit cucreme TIIAK-TII2MSBII MakcuManbHOE 3HAYEHHE CTEIICHH
copb6mu 91,9% nabmogatorcs mpu 48 4 B3aMMOJEHCTBUSI U COOTHOIIEHUHU THIIPOTENEH
50%rITAK-50%rII2MS5BIT.

B npyroit unteprenesBoii cucteme TIIMAK-rII4BII Hanbonpiiee KOJINIeCTBO HEO-
mMa (92,4%) nzBnekaercs npu cootHomieHuu rugporeneit 67%rIIMAK-33%rI14BII o
HUCTEYEeHUIO 48 4 IUCTAHIIMOHHOTO B3aUMOJCHCTBHUS.

B wunreprenesoit cucreme rIIMAK-rII2M5BII makcuManbHOe 3Hau€HHE CTEHNEHU
M3BJIEYEHUS] MOHOB Heoguma coctapiseT 90,7% mno ucreueHun 48 4 TUCTAHLHUOHHOIO
B3aMMOJAEUCTBHA U cooTHomeHuu ruaporenet 33%rIIMAK-67%rI12M5BII.

CyIIeCTBEHHBIA POCT CTENCHU COPOIMH HOHOB HEOIMMAa WHTEPTeIEBHIMUA CHCTEMa-
MU TI0 CPaBHEHHIO ¢ MHAWBUAYAIEHBIMU THAPOTEISIMHI, Ha HAII B3TJIS, CBA3aH C BRICOKOM
CTENEHbI0 MOHU3ALNY THIPOTresiel B MHTEPresIeBOM Hape.

KiroueBble ¢ji0Ba: THAPOTEIH, HHTEPTENEBEIE CHCTEMBI, COPOITHS, HOHBI, HEOIHM.

Heognm - penko3eMenbHBIA METaT CepeOpPUCTO-0EIOT0 IIBETa C 30JIOTHC-
TBIM OTTCHKOM. JIEMOHCTpUpYS, B OCHOBHOM, T€ K€ XapaKTePHCTHKH, 4TO U
Jpyrdue DIEMEHTHl TPYIMNbl JIAHTAHOWJOB, HEOJIUM MIMPOKO TPUMEHSCTCS B
W3TOTOBJICHUU JIa3€pOB, OKPACKH CTEKJa (TOHHPOBaHME), a TaKXKe B KauecTBe
IdIeKTprka. YacTo MCHoib3yeTcs Kak KOMIIOHEHT CIUIABOB C QIIOMHHHEM U
MarHdeM B CaMOJIETO- M PaKEeTOCTPOCHUH. MAarHuTHl, HM3TOTaBIMBAaEMblEe W3
CIJIAaBOB HA OCHOBE PEIKO3EMENbHBIX METAIIOB XuMuueckoro coctasa Nd,Fe 4B,
00Ja1at0T BEBICOKUMH MarHUTHBIME CBOicTBam# [1].

VHHOBaIIMOHHOCTH POBOAMMBIX HAMH HCCIICAOBAaHMUHN 3aKIII0YaeTCsl B CO3/a-
HUM TEXHOJOTHH CEJICKTUBHOTO Pa3JelicHUs U COPOLIMH HOHOB PEIKO3EMEIbHBIX
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3JIEMEHTOB M COIYTCTBYIOIINX METAIIOB ITyTEM CO3JaHHUSA WHTEPTeNIeBbIX CUCTEM,
00JIaaloNINX CYHIECTBEHHO OOJBIIMMU COPOLIMOHHBIMHU CBOMCTBaMU (II0 CpaBHE-
HUIO C CYIIECTBYIOIIMMH aHAJOraMH) M CEJNEKTHBHOCTBIO IO OTHOILICHHIO K
cOpOMpPOBaHHOMY MOHY HEOIUMA.

Bo3HrKkHOBEHHME CENEKTHBHOCTH Y (PYHKIHOHAIBHBIX MOIUMEPOB OOYCIIOB-
JICHO CpPOJICTBOM reTepoaroMa K HOHAM METAJUIOB M THOKOCTBIO TOJIMMEPHOU
LETH, TO3BOJIIIONIEH HECKOIBKUM JIMTaHAaM OJHOBPEMEHHO B3aMMOJEHCTBOBATH
¢ komriekcooOpazoBateneM [2,3]. I'erepoaromMbl B THOKHX IETIsIX MOTYT 00-
Pa30BBIBATh CIUpPANHA WM CIHPajlenono0Hble CTPYKTyphl. K TakuMm KoHQop-
MAaIMOHHBIM HpEeBpalIeHUsIM 0COOEHHO CKIJIOHHBI LIENH ¢ 0OBEMHBIMUA OOKOBBIMU
3aMecTUTeNsIMU. B citydae cooTBeTCTBUS pa3MepoB MOp CHHMpaei WM MOJOOHBIX
CTPYKTYp pa3Mepy HOoHa HaOIroaeTcss MaKCUMaJIbHOE CBSI3bIBAHME HOHA METajlia
¢ nonuMepoM. I'naparHas 000J04YKa HOHOB METANJIOB ITOJIHOCTBIO WIIM YAaCTUYHO
3aMEHSIETCs] Ha FeTepOaTOMBbI 3B€HbEB ruaporeis [3-9].

BonemmHCTBO THApOreneld oTHOcuUTCs K moimdnekrpoysmtaMm [10]. Ha
KOH(OPMAIIMOHHOE TTOBE/ICHHE MOJIUDIIEKTPOIUTOB OOJIBIIOE BIUSHIE OKA3bIBACT
CTETICHb MOHU3AIIMHA MaKpOMOJIEKYJIIPHBIX KiTyOKkoB [11-14].

WntepreneBbie cUCTEMbl — MHOTOKOMITOHEHTHBIE CHCTEMBI, COCTOSIIHE U3
IBYX U OoJiee THIPO- WIIM OpraHoresied u 00IIero pacTBOPUTEIIsL.

OcobeHHOCTB Ipolecca HOHU3ALUU B MHTEPIeIeBbIX CHCTEMAX 3aKII0YaeTcs
B OTCYTCTBHE IIPOTHBOMOHA y MOHM30BAaHHBIX IPYII. JTO SBJSIETCS CIEICTBHEM
WHTEPreJIeBbIX B3aMMOJICHCTBUH, PE3yJbTaTOM KOTOPBIX SBIISETCS B3aUMHAs
aKTHBaLUsl THIpOreled W o0pa3oBaHWE HEKOMIICHCHPOBAHHBIX 3apsioB BIOJb
MoJMMEpHOH 1enu. HekoMneHcHpoBaHHBIN 3apsin oOpasyeTcs B pe3yJsibTaTre OT-
pBIBa MPOTOHA OT KapOOKCHIIBHOW TPYMIBI MPU JTUCCOIUAIMHA KHCIOTHOTO TH/I-
porens M COeNWHEHHs] 3TOT0 MOHAa C TEeTepoaTOMOM OCHOBHOTO THIPOTENs B
BonHOW cpene. Ilpum 3TOM IUIOTHOCTH 3apsiia Y OCHOBHBIX THMAPOTETeH JMMH-
TUPYETCSl CTENeHBIO TUCCOIHUAIMHA KHCIOTHOTO THaporens. BcemeacTtBue 3toro
MOJIMKKUCIIOTa TOABEPTacTCsS HOHU3ALUK C TIOCIIEAYIOIIeH Aucconuanueii kapook-
CHJIBHOM TPYIIBI, JAajee MPOUCXOJUT accCOUUanus MPOTOHOB IeTepPoaToMOM
MOJIMOCHOBaHMA, B pe3yjbTaTe dYero oda TuAaporess HMEIT OIHOMMEHHO
3apsDKEHHBIC TPYIMITBI HA 3BEHBAX MEXKY3JIOBBIX Iieneid 0e3 MPOTHBOHOHOB.
PesynbraroM sBIsieTCSt TIOBBILICHHAS COPOLIMOHHAS CIIOCOOHOCTH 10 CPAaBHEHHUIO
C MHAMBUAYAJIBHBIMHU THIPOTEISIMU.

OKCITEPUMEHTAIJIBHAA YACTD

Obopydosanue. [Ing n3amepeHus yAeIbHOW 3IEKTPONPOBOAHOCTH U pH mpu
O4YHCTKE 00pa3oB ObUTM HCIONB30BaHBl KOHAYKTOMETp MAPK 603 (Poccus) u
pH—merp Metrohm 827 pH-Lab (Illeeiimapus). Maccy HaOyxmux o00pa3IiioB
THIpOresied AJisl TOCIEeAYIOero pacueTa cTeneHrn HaOyxaHus (o) ompenesnsn
B3BCLIMBAHUEM Ha JJIEKTPOHHBIX aHanutudyeckux Becax SHIMADZUAY?220
(SImonms). OmpeneneHnne ONTHYECKOW IIOTHOCTH PAacTBOPOB HHUTpaTa HEOIUMa
JUIA TIOCTIENYIOIIET0 pacyeTa KOHIEHTpAaIlMM HWOHOB HEOoJHMa IpPOBOAMIM Ha
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cnektpodoromerpe Jenway-6305 (CK) u Ha aTOMHO-aOCOPOLIMOHHOM CIIEKTPO-
metpe iCE 3400 (CLHA). OnpenencHue KOHIEHTPAIMH MOHOB HEOJUMaA IPOBO-
I Ha aToMHO0-abcopounonnoM crnektpomerpe iCE 3400 (CLLA) u Ha aToMHO-
smuccroHHOM crektpomerpe ARCOS Simultaneous ICP Spectrometer (ICP-
AES) (I'epmanns).

Oxcnepumenm. DKCIEPUMEHTHI OBUIA TIPOBENEHBI NMPH KOMHATHOW TeMITe-
parype cienyromuM oopa3om:

Crenenp HaOyXaHUs TUIAPOTEICH NPU OMPEICICHUU WX HCXOJHBIX KOH-
(hopMaIMOHHBIX CBOWCTB ObLIa paccuMTaHa 1o GpopmyJie:

q=T2"M™ )
my
rJie m; — BEC CyXOro THAPOTeIls, M, — BeC Ha0yXIIero THAPOTes.

H3yuenue copoyuoHubix c60licm8 UHOUBUOYAILHBIX NOJUMEPHBIX 2udpozenell
NnPOBOOUNOCH CAEOVIOUUM 00PA3OM:

1) PacueTHOE KOMMYECTBO KaKIOTO THIAPOTENS (ITOJMAKPHIOBOW KHCIIOTHI,
MOJIUMETAKPUIIOBOM KHUCJIOTBI, TOJU-4-BUHWITUPUINHA, TOJIH-2-METHII-5-BH-
HWIMHAPHUINHA) B CyXOM BHJIE TIOMEIIAJIOCh B CTCKJISTHHBIN CTaKaH.

2) Copbuuss monoB NdunmmBumyaneHeiMu ruzaporensmu [1AK, TIMAK,
[14BII, I12M5BII mpoBoamTachk Ha MPOTSHKEHUH 2 CYT. B TeueHne 3Toro BpeMeHH
OTOUPAJNCh ATMKBOTHI JJIS ITOCIEAYIONIETO ONPEISICHUs KOHIICHTPAIMH TaHHBIX
HOHOB.

N3yyeHue CcOpOLMOHHBIX CBONCTB HHTEPIeICBBIX CHCTEM IPOBOIUIOCH
CIeIyIonuM 00pa3oMm:

1) U3 cuHTE3MpOBAHHBIX TUAPOTENCH OBUIM COCTABJICHBI CICAYIOIIUE WH-
tepreneBbie cuctembl: TIIAK-TII4BIT; TtITAK-TII2MS5SBII; rIIMAK-rII4BII;
r[IMAK-rI12M5BII.

2) PacuyeTHOE KOMUYECTBO KAXKIOTO THAPOTEIIS B CYXOM BHUJIC TOMEIIAIOCH B
CHeTMaTbHBIN CTEKIITHHBINA (QUIBTP, TIOPBI KOTOPOTO MPOHUIAEMBI [T HU3KOMO-
JICKYJISPHBIX KOHOB, HO HE MPOHUIIAEMBI JJIS IUCIIEPCHU THIPOTeICH.

3) CopOrust noHoB Nd JaHHBIMH UHTEPIeJICBBIMU CHCTEMaMU MTPOBOAUIIACH
Ha MPOTSHKEHUH 2 CyT, OTOMPATHCH AIMKBOTHI JJISl TIOCIIEIYIOIIErO OIMpe/eIeHUs
KOHIICHTPAI[MH BhIIICYyKa3aHHBIX HOHOB.

Memoouxa onpedenenuss uonos Heoouma. MeToAMKa ONpEACICHUS UOHOB
HEoJlMMa B PAcCTBOPE OCHOBaHAa Ha OOPa30BaHWUU OKPAIICHHOTO KOMIUIEKCHOTO
COCMHEHHS OPTaHMYECKOT0 aHaJUTHYeCKOro peareHTa apceHaszo III ¢ monamm
peaxo3emensHBIX MeTauioB (P3M)[16-18].

Crenenp u3BiedeHus (copOuumn) Oblia paccunTana mo gopmye:

T] — CHazj_Cocm * 100% , (2)

rae C,,q — HayallbHas KOHIICHTpaIHs MeTajuia B pactBope, I/1; Cy.; — OCTaTod-
Has KOHIICHTpAITUs MeTaJlla B pacTBope, I/71.
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PE3VJIbTATBI U UX OBCYXJIEHUNE

Pucynok 1 mpencrasisier co0oif 3aBHCUMOCTh CTETNIEHEW W3BIICYEHUSI HOHOB
neonuma ruaporeneit [TAK, IIMAK, [14BII, TI2M5BII ot Bpemenu. Kak BugHO
W3 PUCYHKA, CO BPEMCHEM IPOUCXOAMT YBEIHUYCHUE CTCICHU COPOIMU HMOHOB
HeoIuMa y AaHHBIX ruzaporeneld. OcHoBHOe kKonmdectBo noHOB Nd (37.8; 31,2;
28,3; 23,6% cootBerctBenHo s TITAK, TIIMAK, rII4BII, rII2M5BII) cop6u-
pyeTcs MaKpOMOJIEKyJIaMH Ha TPOTSKEHUU 6 9 B3aUMOJICHCTBHUS C PaCTBOPOM
conu. Kak BHAHO U3 MONYYEHHBIX PE3yJbTAaTOB, IO MCTCUCHUU HTOTO BPEMEHHU
CTENICHh W3BJICUCHUS MOHOB HEOJMMA Yy BBINICYKA3aHHBIX IOJUMEPHBIX THAPO-
rejedl yBEJIMUMBAETCsl HE CTOJb MHTEHCUBHO. [IpuuuHOil 3TOrO SBIsSETCS TO, YTO
JUCCOIMAIINS KapOOKCUIIBHBIX IPYIII CO BpEMEHEM YMEHBIIACTCS.

n(Nd), %
100+
90 ]
80 ]
70-
60 ]

50
40

30
E —=—r[IAK
—eo— rl[IMAK
—a— r[14BI1
—v— rlI2MS5BII

20
10

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

Pucynok 1 — 3aBuUCUMOCTb cTeleHel N3BJIeUeHNsI HOHOB HEOAUMA THPOTEISIMHI
ITAK, IIMAK, T14BII, IT2M5BII ot Bpemenu

JanpHeiimee B3anMoIeHCTBIE MaKpOMOJIEKYT ¢ coibio P3M 1o ncredeHun
48 4 IPUBOJUT K JOCTHIKCHUIOMAKCUMAJIBHBIX 3HAYCHHI CTerieHn copoimu (61,6;
59,9; 54,6; 51,5% cootBetcTBenHO 115 TTIAK, rIIMAK, rI14BII, rTI2M5BII).

3HaueHUsT CTENEHW U3BJICUEHUSI HMOHOB Heoauma runporensmu ITAK,
IIMAK, TI4BII, I[12M5BII npencrasnensl B Tabmure 1. Pazauiia B 3HAYCHHSX
CTEICHU COPOIMH MOJIMMEPOB CBsi3aHa C Pa3HON CKOPOCTHE) MOHW3AIUU UCXOJ-
HBIX MakpoMmoJjekyn. MoHu3auus 3aTpyaHsieTcs B clydae, €Cld B CTPYKType
IoJIMMEpa MPUCYTCTBYET OOBEMHBIN 3aMeCTHTENhb (HampuMmep METHIIOBBIN). U3
Tabmmiel 1 BUAHO, uyTO Tocie 24 4 cTeneHb U3BICUCHIS NOHOB HEOJAMMa BO3pac-
TaeT He3HAYUTEIbHO, YTO YKA3hIBACT HA MPUOIINKCHHUE K COCTOSIHHIO PAaBHOBECHSL.

Ha pucyHke 2 mpencraBieHa 3aBUCHMOCTH CTEIICHH W3BJICUCHUS HOHOB
Heonuma ot cootHomeHui rITAK:rI14BII Bo Bpemenu. Kak BugHO U3 pucyHka 2,
npu auctaHuuoHHoM B3ammojnerictBuu ruaporeneit [TAK u I14BII nossisttores
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Ta6m/111a 1 — CTeHeHb HU3BJICYCHHUA HOHOB HECOOUMA I‘I/I,IIPOI‘QJISIMI/I
TTAK, TIMAK, TI4BII, [12M5BIT

T, n(Nd), %

9 IMAK IIMAK T14BI1 TI2M5BI1
0 0 0 0 0
0,5 10,7 8,3 5,8 2,9
1 16,3 12,1 9,4 6,7

25,1 18,5 16,7 11,4
6 37,8 31,2 28,3 23,6
24 56,7 51,7 492 38,6
48 61,6 59,9 54,6 51,5
n(Nd), %
100
1 —a—0u
90+ —— 0,5y
804 —A— 1y
] —¥—2y4
70 4 ——6u
1 —<—24 4
60 - —»—48 4
50 4
40 4
304
204
10 0/\/\’\\‘
0L , , , , , —

100%  83%:17% 67%:33% 50%:50% 33%:67% 17%:83%  100%
rITAK:rI14BII, mo.1.%:mMo0i1.%

PucyHOK 2 — 3aBHCHMOCTb CTEIIEHU U3BJICYEHUSI HOHOB HEOMMa
ot cootnomenuit rI1AK:rI14BII Bo BpemMeHH

00JacT MaKCUMaJIbHOH W MUHUMalbHOW copOnuii. HauMenwiine 3HaueHUsS
CTENICHU COPOIMH OTMEYAIOTCS B TPUCYTCTBUM HHIWBHIYATBHBIX THIPOTEIICH
[TAK u I14BII, napametp He npessitaer 70%. Hanbomnpmas copbuus Heoanma
HaOmogaercs mnpu  cootHomreHusix  83%rIIAK-17%rII4BITI u  50%rI1IAK-
50%rII4BII, oco0eHHO OTYETIWBO 3TO BHAHO MpH 6 dYacaX IUCTAHIIMOHHOTO
B3aMMOZCWCTBUSA, TapameTp mpu 3ToM paBeH 74,3 u 72,5% COOTBETCTBEHHO.
MakcumanbHbIE 3HAYCHUSI CTENICHU COpPOIMHM B JAHHOW WHTEPTelIeBOM CHCTEME
HaOIIIOJAIOTCS TIPU ATHX JK€ COOTHOIIEHHSX NMpU 48 4, cTerneHb COpOIMH CO-
craBisgeT 93,5 u 91,7% cOOTBETCTBEHHO.
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B Tabnuue 2 mpencTaBieHbl 3HAYEHUS CTENICHH M3BJICUEHUSI HOHOB HEOIMMaA
untepreneBoit cuctemoit TIIAK-rII4BII. BumHo, 4To B MHTEpPreieBBIX Mapax
r[TAK-rTI14BII HamMHOrO BBIIIE CTENIEHh COPOLMU MO CPABHEHHUIO C MHIUBHYajb-
HBIMH THJPOTelsIMH. OTO NMPOHUCXOJUT 32 CYET BBICOKOM CTENEHM WOHH3ALNU
HACXOIHBIX IIOJUMEPOB B HMHTEPreleBOM CHUCTEME IPU HUX JUCTAHIUOHHOM
B3aMMOJICHCTBUU B PE3yJIbTaTe B3aWMHON akTuBaiuu. HamOonbias MoHU3AIUSL
rlTAK u rII4BII npoucxomut npu cootHomeHnun §3%rIIAK-17%rlII4BII, B
pe3yabTaTe Yero CTENEHb U3BJICUYECHHS HOHOB HEOJMMA IOCTUTaeT MaKCUMAaJIbHBIX
3HaueHuii (93,5%).

Tabmuma 2 — Crenens u3BnedeHns noHoB Nd mHTepreneBoii cucremoit rIIAK-rI14BIT

n(Nd), %

f{’ rITAK:rT14BII, moi.%:M01.%

100% 83%:17% 67%:33% 50%:50% 33%:67% 17%:83% 100%
0 0 0 0 0 0 0 0
0,5 10,7 20,5 13,0 16,8 12,6 11,4 5,8
1 16,3 33,8 21,7 27,1 18,4 16,7 9,4

25,1 51,1 29,7 46,2 28,9 25,8 16,7
6 37,8 74,3 51,6 72,5 46,7 42,1 28,3
24 56,7 86,8 74,2 80,3 70,1 66,8 49,2
48 61,6 93,5 86,7 91,7 72,3 71,4 54,6

PI/ICYHOK 3 MpeaACTaBIACT c000lf 3aBHCUMOCThL CTEIIEHU W3BJIEUEHUS HOHOB

Heoauma oT cooTHoweHuit TIIMAK:rII4BII Bo BpemeHHU.

n(Nd), %
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PucyHnok 3 — 3aBUCHMOCTb CTEIICHU U3BICUEHHS HOHOB HEOAUMA
ot cootHomeHuit rIIMAK:rI14BII Bo BpemeHu
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Kak BUIHO 13 NIOJTY4YEeHHBIX JaHHBIX, OOJIbIIAsl YaCTh HEOJMMa H3BJICKACTCS B
teueHue 6 4. [Ipu sToM HambojbIIas cOpOUUS MPOUCXOAUT IPH COOTHOIICHHUIX
83%rIIMAK-17%rII4BII u 67%rIIMAK-33%rII4BII, wu3Bmekaercs 70,8 u
73,0% meomgmma cooTBeTcTBeHHO. Hambombmiee xomudectBo (92,4%) Heommma
n3Bnekaercs npu cootHomeHuu 67%rIIMAK-33%rI14BII npu 48 u.

CpaBHeHHME CTeNeHEH W3BJICYEHUS] HOHOB HEOOMMa WHIWBHIYaTbHBIX
ruaporeneit [IMAK u [14BI1 u uHTEepreneBoil CUCTEMBI TPEICTABICHO B Ta0OIH-
ue 3. Hesbicokas wmonusammsi nHAuBHUAyalbHBIX THaporeneit [IMAK u I14BII
MPUBOIUT K TOMY, YTO OHU cOpOHMpyIoT He Oosee 60% Heoanma. VHTeprenessie
mapel copoupytor ot 70 mo 92%. Hambonbpmass mOHH3AIUS MaKPOMOJICKYJ TIPH
cootHomeHun 67%rIIMAK-33%rII4BII npuBoauT kK TOMy, YTO 3HA4Y€HUS CTe-
MeHH COpOLMM JOCTUTAIOT MAaKCHMAJIbHBIX 3HAUYEHHH Ha MPOTSKEHUH BCETO
BPEMEHH JUCTAaHIMOHHOTO B3aUMOICHCTBHSL.

Ta6nuua 3 — Ctenens n3BieueHus noHoB Nd nnrepreneBoit cucremoit rIIMAK-rI14BI1

n(Nd), %
f{’ rTIMAK:rTI4BI1, Mo %:Mon.%
100% | 83%:17% | 67%:33% | 50%:50% | 33%:67% | 17%:83% | 100%
0 0 0 0 0 0 0 0
0,5 8,3 15,7 19,8 11,7 9,6 9,1 5.8
12,1 25,6 31,4 19,8 15,1 143 94
2 18,5 42,4 47,7 27,3 23,6 23,0 16,7
31,2 70,8 73,0 46,7 38,8 38,4 28,3
24 51,7 78,1 83,9 70,2 60,1 582 492
48 59,9 90,6 92,4 84,3 70,7 69,4 54,6

3aBHCUMOCTh CTEHNEHHM MW3BJICUEHHs HOHOB HEOAMMa OT COOTHOLICHWH
rITAK:TII2M5BII Bo BpeMeHU mpeicTaBieHa Ha pUCYHKE 4.

Wntencusnass copbumss mnpoucxomut npu  83%rIIAK-17%rI12M5BII,
50%rITAK-50%rII2MSBIT u  17%rITAK-83%rII2M5BII. HeobxomuMo otme-
TUTH, YTO TPH TOCIIEIHUX BYX COOTHOIICHHSIX 3TO 0c000 3aMeTHO mpH 6 dacax
JTUCTAHITMOHHOTO B3aMMOJICHCTBUS, IpU 3TO u3BIeKkaercsa 71,5 u 67,5% neonuma
COOTBETCTBEHHO. MakcuMallbHble 3HaueHHst creneHu copbuuu (91,9%) B nan-
HOM MHTEPreyicBOM CHCTEME OTMedYalTcsi npu 48 U 1OpU COOTHOIICHHU
50%rITAK-50%rI12M5BII.

Tabmuua 4 npexacraBisieT cOO0H CpaBHUTEIBHYIO XapaKTEPHCTHKY CTeIe-
HU copOImm MOHOB Heoguma uHTepreneBorl cucremoin rIIAK-rII2M5BII. Kaxk
OBUTO yKa3aHO BhIIIE, 00JaCTAMU BBICOKOW COPOIIMU HEOMMa SBIISIOTCS COOTHO-
meHust §3%rIIAK-17%rII2MSBII, 50%rITAK-50%rII2M5SBIT u  17%rITAK-
83%rI12M5BII, npu Hux copbupyercs Ha 20% Oosiblile HEOAMMA, YEM B CIIydae C
VHAWBUIYATbHBIMA TUAPOTEISIMA TIOJTMAKPHUIOBON KHUCIOTHI W TIOJH-2-MEeTHII-5-
BUHWINMPHUANHA. Takoil NPHUPOCT CTENEeHNW H3BJIEUEHHUS HAINPSIMYIO CBA3aH C
MIEPEX0JIOM UCXOAHBIX MOJUMEPOB B BBICOKONOHU30BAHHOE COCTOSTHUE.
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nNd), %
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PucyHOK 4 — 3aBHCHMOCTb CTEIEHU U3BJICYEHUSI HOHOB HEOMMA
ot cootHoutenui rITAK:rII2M5BII Bo BpemeHu

Tab6mma 4 — Crenens u3BnedeHus: nonoB Ndunteprenesoit cuctemoit rIIAK-rI[I2M5BIT

N(Nd), %
f{’ rITAK:rTI2M5BII, Mon.%:moi1.%
100% | 83%:17% | 67%:33% | 50%:50% | 33%:67% | 17%:83% | 100%
0 0 0 0 0 0 0 0
0,5 10,7 11,2 7,9 19,1 9,0 143 2,9
1 16,3 17,2 13,2 29,9 13,8 232 6,7
2 25,1 26,5 20,4 46,0 21,7 40,7 11,4
6 37,8 42,6 33,7 71,5 35,6 67,5 23,6
24 56,7 66,4 56,8 81,8 58,3 74,8 38,6
48 61,6 82,3 65,4 91,9 68,7 88,3 51,5

Ha pucynke 5 mpencraBiieHa 3aBUCUMOCTb CTEIIEHM HM3BJICUEHUS MOHOB
Heoauma oT cootHouieHuil rIIMAK:rII2MS5BII Bo Bpemenu. Bricokas creneHb
WOHU3AIUA  PEIKOCHINTHIX  IMOJIMMEPHBIX THIPOTENCH IMOJIMMETaKpUIOBOM
KHUCJIOTBI W TIOJU-2-METWI-5-BUHIIMHUPUINHA TIPUBOJUT K CYIIECTBEHHOMY
pocty crenenu copbumu mnpu cootHomeHusX S50%rIIMAK-50%rI12MS5BII,
33%rIIMAK-67%rII2M5SBITI u  17%rIIMAK-83%rII2M5BII. Kak BumHo wus
JIAHHOTO PHUCYHKA, HAHOOJIBIIMNA POCT COPOIMU HAOIIIOIACTCS MPHU MEPBBIX JBYX
COOTHONICHUSIX TpH 6 4, IPU ITOM HMHTEPreJCBbIMHU HapaMu U3BiIeKaeTcs 63,2 u
68,7% Heomuma. MakcuMalbHBIEC 3HAYCHHS CTEIICHH HW3BJICUCHUS HWOHOB HEO-
muma (90,7%) B wWHTEprelleBoi CHUCTeMe HAOMIOMAIOTCSI TPHU COOTHOIICHHUH
33%rIIMAK-67%rII2M5BII npu 48 9 JUCTaHIIMOHHOTO B3aMMOJICHCTBUS
nonuMmepHbix ruaporeneit [IMAK u [12MSBII.
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n(Nd), %
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PucyHok 5 — 3aBUCHMOCTb CTEIIEHU U3BICUCHHS HOHOB HEOAUMA
ot coorHomenui rIIMAK:rII2M5BII Bo BpemeHH

B Tabnumie 5 mpuBeneHbI 3HAYCHUS CTENICHU W3BJICUeHUS MOHOB Nd mHTEp-
renesor cucrtemoi rIIMAK-rII2MS5BII.

Tabmuna 5 — Crenens usBnedeHns nono Nd uarepreneBoii cucremoit rIIMAK-rI12MSBIT

n(Nd), %
fl’ rTIMAK:rTI2M5BIT, mMon.%:mom.%
100% | 83%:17% | 67%:33% | 50%:50% | 33%:67% | 17%:83% | 100%

0 0 0 0 0 0 0 0
05| 83 6,7 8,2 13,7 17,3 10,3 2,9
1| 12,1 12,5 12,7 21,5 274 15,6 6,7
2 | 185 19,2 19,6 38,1 432 243 11,4
6 | 312 31,9 33,8 63,2 68,7 39,5 23,6
24 | 51,7 53,2 55.4 72,5 79,9 63,8 38,6
48 | 599 61,8 66,1 86,0 90,7 80,9 51,5

CymectBeHHbId poct (6onee yem Ha 30%) creneHU cOpOIMM HMOHOB HEO-
quma npu cooTtHomeHnu rugporeneit 33%rIIMAK-67%rII2MSBII no cpasHe-
HUTO ¢ HHANBUAYaIbHBIME THaporeasmu [IMAK u [12MSBII B nepByto ouepenb
CBSI3aH C BBICOKOM CTENEHbIO MOHHU3AIMHM TUApOTeNiell B AAHHOM HMHTEpreseBoi
nmape. Takke BBICOKHE 3HAUYEHUS CTEIIEHW W3BIICUYEHUS HOHOB HEOaMMa Ha-
omromaroTcss mpu  cooTHommeHusX ruaporeneit 5S0%rIIMAK-50%rII2M5SBIT u
17%rIIMAK-83%rI12MS5BII.
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3akaouenne. MakcuManbHBIE 3HAYSHHS CTETIEHUCOPOIIMM MOHOB HEOIMMa
naauBuayanbHeIMU TuaporesMurlIAK, rIIMAK, rlI4BII, rII2M5SBII cocra-
Buin 61,6; 59,9; 54,6; 51,5%, cCOOTBETCTBEHHO, 110 UCTeUCHUN 48 4 B3aMMOJCH-
ctBUs. HeBbicOokas MOHM3AaNMS WHAMBHIYAIBHBIX THUAPOTENEH NpHUBENa K TOMY,
9TO COpOIMS NOHOB HEOMMa HE TPEBBICHIIO0 62%.

Crenens copOumu MoHOB Heoanma Oonee 90% monyueHa B WHTEPresIeBhIX
cucrtemax TIIAK-rII2MS5BII, rIIMAK-rII4BII urlIMAK-rII2M5BII npu pas-
JIUYIHBIX COOTHOMICHUSX, COCTABIIAIONINX CHCTEMY THAPOTeINeH.

CymecTBeHHBI POCT CTENEHH COPOIMHM MOHOB HEOJWMa WHTEPrelIeBBIMU
CHCTEMaMH 10 CPaBHEHHUIO ¢ MHIUBHYaJIbHBIMU THAPOTEIISIMH CBS3aH C BBICOKOH
CTETIeHbI0 MOHM3AINH THIPOTEIIei B HHTEPTeNIeBOi mape.

[Tony4yeHHble pe3ynbTaThl YKa3bIBalOT Ha BO3MOXKHOCTH CO3/aHUSI BBICOKO-
CENICKTUBHBIX ITOJIMMEPHBIX WHTEPreJIeBBIX CUCTEM JJsl BBICOKOI()(EKTUBHOM
COpPOIIMOHHON TEXHOJIOTUM W3BJICUEHHs] MOHOB HEOJWMa M3 MPOMBIIUICHHBIX
pacTBOpOB.

Paboma ewvinonnena npu ¢unancosoi noooepxcke Komumema nayku
Munucmepcmesa obpazosanuss u nayku Pecnybnuxu Kazaxcmau no npoexmam
AP05131302 u AP05131451 6 pamxax epanmogoco uHaHCUpOBaAHUS HAYUHBIX
uccneoosanuti Ha 2018-2020 ze.
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Pe3iome

T. K. 2Kvmaoinos, P. I'. Konoaypos, A. M. manzaazvl

MMOJIMHET'I3JEP MEH TTOJIMKBIIIKbIIJIbIH COPBLIMAJIBIK
KACHUETTEPIH COHBIMEH KATAP, OJIAPJIbIH HET'T3IHJET'T
HEOAMM NOHBIHA KATBICTbI MHTEPI'EJIBAI )KYWEHI CAJIBICTBIPY

HeonM WMOHIApBIHBIH COPOIMSIIBIK AKCTPAKLUSCH! TTOJHAKPHI  KBIIIKBUIBIHBIH
(PAA), mommumerakpun KeIKeDIBIHEH ([IMAA), nonmu-4-suamnmupunuatia (P4VP) xo-
HE TOJU-2-MeTHII-5-BUHIIHpUAnHHIH (P2M5VP) jkxekenereH moamMepiti THAPOrenbaAepi
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JKOHE WHTEpreib OJaplblH HeTidiHae naWbiHaanran sxydenep: gPAA-gP4VP; gPAA-
gP2M5VP; gPMAA-gP4VP; gPMAK-gP2M5SVP.

Heonnm moHIApBIHBIH COPOLMSIIBIK ASPEKECIH THUTPEreibJepMeH CaJbICThIpFaH/Ia
JKEKE THJPOTeNIEPMEH CaJbICTBIPFaHa apajblK ACHreiile alTapibIKTail >KOFapbuIaTy
MHTEPTelbIiK JKYHele THAPOTeIbIepAiH KOFaphl IOpeKe/ie HOHAATYBIMEH OalIaHBICTHI
€KEHIT1 aHBIKTaJIIbL.

Tyiiin ce3nep: ruaporensaep, MHTEPTeNbIiK XyHenep, copOus, HOHAAP, HEOIIM.

Summary
T. K. Jumadilov, R. G. Kondaurov, A. M. Imangazy

COMPARISON OF SORPTION PROPERTIES OF POLYACIDS
AND POLYBASES AS WELL AS INTERGEL SYSTEMS ON THEIR BASIS
IN RELATION TO NEODYMIUM IONS

The sorption extraction of neodymium ions was investigated both by individual
polymeric hydrogels of polyacrylic acid (PAA), polymethacrylic acid (PMAA), poly-4-
vinylpyridine (P4VP) and poly-2-methyl-5-vinylpyridine (P2M5VP), and intergel systems
prepared on their basis: gPAA-gP4VP; gPAA-gP2M5VP; gPMAA-gP4VP; gPMAK-
gP2MS5VP.

It has been established that a substantial increase in the sorption degree of neody-
mium ions by intergel systems, as compared with individual hydrogels, is probably asso-
ciated with a high degree of ionization of hydrogels in the intergel system.

Key words: hydrogels, intergel systems, sorption, ions, neodymium.
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M. OSHAKBAYEV, O. TOREBEKOV', ZH. ALYMBEKOV
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M. Auezov South-Kazakhstan State University, Shymkent, Republic Kazakhstan,
I. Zhansugirov State University Zhetysu, Taldykurgan, Republic Kazakhstan

PREPARATION TERMOSTABLE ADSORBENT USING
BENTONITE CLAY

Abstract. Preparation inorganic adsorbents using modifying bentonite clay with iron
zol is considered. The samples of clay which undergoes acid treatment increase specific
surface areas but do not thermostable, and loose their porosity above the temperature
160°C. For prevent from unthermostability bentonite clays treated by sol solution of iron
hydroxide which give them pillar structural form. The charge of colloidial particles of sols
hydroxide iron plays important role in formation of pillar structural form. Colloidial par-
ticles having positive charge were changed with ions containing between layers of mont-
morillonite mineral of bentonite clay. After modifying bentonite it shows thermostability
until 500°C.

Key words: adsorbent, bentonite clay, pillar structure, specific surface, zol, termo-
stability.

Introduction. It is known that natural clays with a greater adsorption capa-
city are widely used as an adsorbent and for the preparation of supported cata-
lysts. One of the kind natural clay is bentonite having layered structure of alu-
minosilicate and usually was used for clearing and clarification of oil distillates
[1, 2]. Origine bentonite clay consist of montmorillonite mineral at calcinating
above the temperature 140-160°C lose their porosity and due to the thermal
instability not found wide application as adsorbent or catalyst in oil refining
[1-3].

One of the possible ways to preserve the porosity at heating of this clay, is
making them pillar structural form. It is possible including supports between layer
spaces of montmorillonite mineral, from wich basically content the bentonite clay
[2-5]. Thus, it is created new type adsorbents named "Layered silicates with sup-
port". It was an incitement to develope the methods of their synthesis and research
colloidal and chemical properties of modified clays. For obtaining pillar s truc-
tural clays often used to polyhydrocomlexes of aluminium, transitive metals or
organometallic compounds [3-9]. 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. However, methods of obtaining, pillar-
structural system using colloidal aqueous of compounds aluminium or transitive
metals in the scientific literature are in an insufficient degree. In this respect cha-
racter of formation pillar structures, preservation of porosity at influence of heats,
changes their acid centers on a surface are subjects of the profound studying.
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In this work is considered condition and structure of the bentonite clay from
the South-Kazakhstan area of the Republic Kazakhstan which was treated by sols
of iron compounds.

EXPERIMENT

The clay used as the raw material was a montmorillonite from the South
Kazakhstan region of the Repuplic Kazakhstan. It was sifted to fractions with
the certain sizes of particles and the fraction less 0.2 mm being collected. A
compositon of bentonite clay was defined by physicochemical methods. For
changing any properties of bentonite clay it was treated by various concentration
of HCl acid. Concentration acid is varied from 0.5 mol/L up to 2.0 mol/L.

For preparation modifying bentonite is prepared its suspension in water.
Suspension bentonite (~1,0 mass. %) received by intensive hashing it in water
during 3 h, pH-water extract of clay makes about 8. The obtaining colloidal
solutions of iron hydroxides were relised by peptization. After cooling the firm
mass was pounded to a powder, it was sifted in fractions with the certain sizes of
particles.

Natural bentonite clay at first was treated for 4 hour by hydrochloric acid at
temperature 80°C. After that the suspension of clay was separated from liquid
phase and dense mass was washed by aqua distillate until the Cl" concentrations
decreased to the point where the conductivity of the aqueous phase was less
30 uS. The obtained mass was dried at room temperature during 24 h, then its
heated gradually increasing the temperature up to 120°C(4h) and 160°C(4h).

Sol of iron prepared by peptization of their hydroxide in hot water. Concen-
tration of hydroxide in sols was paid off proceeding from calculation 5-30 mmole
Fe*" per gram clay. Transformation hydroxide of iron to sol is realized by adding
a few droppers of 0.1M FeCl; and subsequent dilution with conductivity water .
In avoidance coagulation of sol the powder of bentonite clay was added into sol
at stirring about pH 4. Acidity of aqueous medium supervised by means of digital
pH meter OP-208/1.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(24h), and then heated at a rate
of 5°/min up to 120°C ; 160°C and 500°C kept in eash case during the 4 hour.
Then, the samples of modifying bentonite were cooled to room temperature in the
same flow of air and were undergoed to determine physical-chemical characte-
ristics.

The textural properties of the bentonite clays were evaluated from the nitro-
gen adsorption-desorption isotherms obtained at 77K over the whole range of
relative pressures, using a Micromeritics ASAP-2000 apparattus, for samples
previously outgassed at 413K for 18h. BET surface areas were calculated from
these isothermes using the BET method. In all cases, correlation coefficients
above 0.999 were obtained. The scanning electron microscope (SEM) uses for
obtaining the signals that derive from electron-sample interactions reveal infor-
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mation about the sample including external morphology (texture) was carried out
on Carl Zeiss EVO MA1S5. X-rayograms of the studied samples were taken on a
DRON-3 using Cug,-radiation. Thermogravimetric study was performed on
derivatograph Paulik-Paulik-Erdei. Thermograms was taken under dynamic
conditions.

RESULTS AND DISCUSSION

Results of experiment chemical analysis natural samples of bentonite clay in
recalculation on oxides are represented in table 1.

Table 1 — Composition of bentonite clay in recalculation on oxides

Composition of bentonite clay depending of the layer depth (% mass.)
off)})l(li)ges I (depth-1m.) IT (depth-2m.)

test 1 test 2 test 3 test 4

Al,O4 16,0 15,6 15,0 15,0
SiO, 57,0 56,0 56.7 55,0
Fe,0; 4,0 4,6 4,2 4,3
CaO 2,9 3,0 2,8 2,7
MgO 2,0 24 22 2.4
K,O 1,0 1,1 1,6 1,7
Na,O 2,0 2,0 1,9 1.9
CO, 0,6 0,6 0,5 0,6
SO; 0,7 0,8 1,0 1,0
P,0s 0,5 0,4 0,2 0,1
H,0 10,0 11,0 11,0 13,0
The rest 33 2.5 2,9 2.3
Si0, /ALO; 3.56 3.58 3.8 3.66

Thermograms of the samples studied with three endothermic effects obser-
ved at 120-180, 560-580 and 820-850 °C are characteristic of bentonite clays
containing mainly montmorillonite mineral (figure 1). The first endothermic
effect (120-180 °C) corresponds to the release of adsorbed water, and the second
endothermic effect (560-580 °C) relates to the separation of chemically bound
water from montmorillonite lattice [1, 3]. Endothermic effect observed at 820-
890 °C can be attributed to the destruction of the crystal lattice of montmorillo-
nite [4].

At calcinating the samples of bentonite loose their porosity and decreased
specific surface area from 90 to 20 m*/g above the temperature 120°C. In order to
keep porosity and specific surface area the samples were treated by mineral acid
HCI. In Table 2 represented physicochemical characteristics of bentonite clay
which undergoes acidic treatment where total volume of pore is changed from
0.08 to 0.34 cm’/g, and total porosity from 14.0% to 23.0%. Increase con-
centration of HCI above But the samples activated by acid at heating above the
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10%100°

Figure 1 — Thermograms of bentonite clay:
a — clay (depth-1m.); b — clay (depth-2m.)

10%100°

Table 2 — Data of some characteristics of bentonite clay after treating HCI

Dencity, g/cm®
C(HCl), — - Total porosity, Total volume of pore,
mol/L original after treating % cm’/g
by acid.

— 2,76 14.0 0,08
0.25 2,66 2,00 19.0 0,14
0.50 2,74 1,86 20.0 0,20
0.75 2,75 1,60 21.0 0,26
1.00 2,75 1,56 22.4 0,28
1.25 2,76 1,50 22.6 0.29
1.50 2,77 1,48 22.8 0,29
1.75 2.75 1.44 22.8 0.33
2.00 2.74 1.40 23.0 0.34
2.50 2.75 1.38 22.4 0.31
2.75 2.76 1.40 21,0 0.29
3.0 2.76 1.44 20.0 0.28

temperature 160°C lose their porosity and type of sample is shown in scanning
electron microscope (figure 2).

At treatment bentonite by hydrochloric acid (2,0 mol/L) the relation
Si0,/Al,0; is changed from 3.5 up to 14,0. Above 2.0 mol/L the density of exam-
ples is increased. It means transformation aluminum from lattice montmorrilonite
or destruction the mineral and changes in lattice are shown in figure 2.

Analysing IR spectrogram showed characteristic value of spectral wave-
number at 400-1200 cm™ according to -Al-O- bands in lattice of bentonite. Wave-
number 400-500 sm™ are related to lattice deformatic vibration and frequency
900-1200 cm™ are corrospending valence vibrations of the Al-O-Si and Si—O-Si
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Figure 2 — IR Spectra of bentonite clay treating by hydrochloric acid:
1 — natural bentonite; 2 — bentonite was treated 0,5M HCI; 3 — the same- 1,0M HCI;
4 — the same-1,5M HCI; 5 — the same 2,0M HCI; 6 — the same 3,0M HCI

of lattice. After aciding treatment is approached frequency at 800sm™ which is
related to forming new bonds as Si—O-Si and release the Al from tetracoordinate
position at destruction of bonds Al-O-Si in lattice (figure 2).

Figure 3 — Electron microscopy of bentonite clay was treated by acid:
a— 1.0 MHCI; b-2.0 M HCI
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The effect of the time of hydrothermal treatment on the crystallization and
structure also can be clearly observed from the images of scanning electron
microscopy as shown in figure 3.

Calculation of X-ray studied bentonite sample shows the presence of charac-
teristic lines of montmorillonite as well as the chemical composition is consistent
with the data in [1, 4].

Table 3 — Structural and adsorption characteristics of modifying bentonite clay

Total The loss of

Content type of modifier Sepec*s | doot, | pore thermal stability
m/g nm | volume, | oc Sree
cm’/g m /g’
Clay without modification 60 0.90 0.08 140 20
{[Fe(OH)3 ]m -nFe**3(n-x)CIl~ }3xCl" 260 | 1.98 | 034 | 500 180
{[Fe(OH)3 ]m -n(OH)™ -(n—x)Na" }chf 100 | 1.06 | 0.18 | 160 | 60

Processing bentonite sols hydroxide leads to the distance between planes of
moving apart, as evidenced by the value of dg;, which for a natural montmoril-
lonite is 0.9 nm, and the modified clay sol hydroxides of iron are significant 1.98
and 1.06 nm, respectively. Here, it should be noted the role of the sign of the
charge of the colloidal particles has the result of modification. It is shown that the
most effective influence colloidal particles with positive charges, where the
specific surface area varies from 60 to 260 m*/g and a total pore volume from
0.08 to 0.34 cm’/g. A particle with negative charges have almost no influence on
the formation of the columnar structure of montmorillonite. Pillar structural
bentonite were used for the preparation support catalysts and in chemical pro-
cesses [1-3, 8-11]. In our opinion, this is due to the nature of the exchangeable
cations of the mineral, which give way to a more massive cation sol in their swel-

ling. When using such sols as {[Fe(OH)3]m -nFe* 3(n —x)Cl_}3xCl_ colloi-

dal particles with a positive charge displace exchangeable cations K~ Na*, Mg*",
Ca®", and others located in the interplanar space. Reduce the content of these
cations in the pillar-structural samples clearly indicates the occurrence of ion
exchange with positively charged colloidal micelles. The original sample of
bentonite clay accordingly consist the sodium, magnesium and iron components
about 2.0, 2.0-2.4 and 4.0-4.6%weight, and the modified samples by iron sols
with positively charged colloidal particles they are reduced to 0.6; 0.8 and 1.4%
weight. (calculated as oxide) respectively.

When the sample of bentonite modified by iron hydroxide sol is heated to
500 °C is a weight loss of about 17% and a further increase temperature does not
lead to a significant loss of weight. The observed exothermic endothermic effect
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at 700-750 °C, probably due to the change in the crystal lattice of montmoril-
lonite.

Dependence on a volume pore via from the effective diameter of modifying
bentonite is represented in figure 4. At the change effective diemeter from 5.0 nm
up to 30nm the volume pore is changed from 4.8-10% cm®/g to 10.0-10” cm*/g.

The maximum on the pore volume distribution curve corresponds to
d = 50A°. The total pore volume of the adsorbents was determined as the product
of the amount of a substance adsorbed upon saturation of the adsorbent with

L w10,
E

10.2 |
8.3 |
6.5 1
47+

| I | | | I 1 !

| 1 | T 1 1 I T

5.0 15.0 25.0 asp T.Mm

Figure 4 — Dependence on a volume pore via from the effective diameter of modifying bentonite

Av
7*103
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5.0 15.0 25.0 r, nm

Figure 5 — Pore volume distribution curve along their radii

220



ISSN 1813-1107 Ne'l 2019

0.45

D.15

| [ [ | [ | | | |
0.1 0.3 0.5 0.7 0 P/Ps

Figure 6 — Adsorption-desorption isotherms obtained by the BET method modified bentonite
by sols hydroxides of iron (pre-drying for 4 hours at 500 °C. The Ssp. = 180 m%/g)

liquid vapors, with P/Ps = 1 per mole volume. Preservation of the porous structure
of the modified bentonite indirectly shows the adsorption-desorption hysteresis of
nitrogen obtained using samples subjected to calcination at 500 °C with a surface
area of 180 m?/g (figure 6). By the nature of the hysteresis can be concluded that
the pores are cylindrical or tapered.

Conclusion. Thus, on the basis of experimental data it can be concluded that
the effect of massive ions sols of metal hydroxides, also contributes to the for-
mation of columnar-porous structural systems developed specific surface. Ther-
mal stability is due to the introduction of colloidal particles in the sol interplanar
space layered clay. These results extend the range of data in the synthesis of
pillar-structure of adsorbents used in refining and catalytic chemistry for catalysts.
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Pe3iome

O. XKycinbexos, b. Ymenbaes, A. Ymenoaesa,
M. Owaxpaes, O. Tepedexos, K. Anumbexos

BEHTOHUWT CA3bIHAH TEPMUSAJIBIK TYPAKTHI AICOPBEHT AJIY

BeHTOHHT ca3blH TeMip 30JBIMEH OHJIEY apKbLIbl, TEPMHSUIBIK TYPAKThl OelopraHu-
KaJIbIK aJICOPOCHT ajly JKOJIbI KapacThIpbuiraH. KplIKbUIIapMeH oHenreH OCHTOHUT ca-
3bIHBIH MEHIIIKTI ayJnaH OeTi apTKaHbIMEH, TEPMUSUIBIK TYPaKTBUIBIK KOPCETIICH I jKoHE
160°C TemmepaTypamaH KOFaphl, KEYeKTUIIiH orantaisl. blcThiKka Tesimuminik men
KCYCKTLUIITH CaKTay YIIiH, OCHTOHHUT Ca3bl TEMip THIPOOKCHII 30JIbiMEH OHJICINIi. AJBIH-
FaH 30J1b OOIIICKTEPiHiH 3aps1 TaHOACKIHBIH MaHBI3HEI 30p. KommonaTer 6enmekTepaiH ipi
OenmexTepi OEHTOHUT KYpaMBIHIAFI MOHTMOPHWJUIOHAT MHHEPAJIBIHBIH apaliapblHa Kipi-
rim, KeyekTi KypeUlbIM Ty3enmi. 3ombMeH emenren 6entonut 500°C TemmeparypachiHa
KBI3JBIPFaH/Ia ©3 KEYCeKTUTITiH CaKTaiIbI.

Tyiiin ce3aep: agcopOeHT, GEHTOHHUT ca3bl, KEYEeKTI KypbUIbIM, MEHIIIKTI ayiaH Oe-
Ti, 30JIb, TEPMOTYPAKTHUIBIK.

Pe3iome

V. Ilicycunbexos, b. Ymenoaes, A. Ymenbaesa,
M. Owaxkoaes, O. Topebexos, K. Anumbexos

IMPUTOTOBJIEHUE TEPMOCTABWJIBHOI'O AJICOPBEHTA U3 BEHTOHUTA

PaccMoTpeHO mpUTOTOBIICHHE TEPMOCTA0OMIEHOTO a1copOeHTa MOTU(BHUIIIPOBAHUEM
OCHTOHUTOBBIX TJIMH. BEHTOHUTOBBIE TMIMHBI, 00pabOTaHHBIE COJSTHON KHCIOTOM, XOTS H
nproOpeTaroT AOCTATOYHYIO IMMOPUCTOCTh, OJHAKO HE MPOSBIAIOT TEPMOCTAOMIBHOCTH H
oie 160°C tepsor mopucrocth. Jis MPHIAHHS TEPMOCTAOHIBHOCTH GEHTOHHTOBAS
IJIMHa 00pabaThIBaeTCs 30JIIMH THAPOOKCHUIA XKeJle3a, TJie 3HaK 3apsia KOJJIOWIHOW Jac-
TUIBI UMEET BakHOE 3HaudeHue. KoJlomaHble 4acTUIlBI, PACHOJIArasich MEXIY CIOSMHU
MOHTMOPHWJUIOHUTOBOTO MHHEpaJa, MPUIAIOT CTOI0YaTO-CTPYKTYpHYIO (hopMy OCSHTOHH-
TOBOII ryuHe. [ToydeHnble 06pasIbl He TEPAIOT MOPUCTOCTH pH Temmepatype 500°C.

KaroueBble ciioBa: ancopOCHT, OCHTOHUT, CTONIOYATO-CTPYKTYpHOE CTpPOCHUE,
yziesbHast HOBEPXHOCTb, 30J1b, TEPMOCTAOMIEHOCTb.
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AO « UHCcTnTyT XMMHnueckux Hayk nmeHu A.b.bekrypoBay», AnMatel, Pecry6imka Kasaxcran

AHAJIN3 MACC-CIIEKTPOMETPUYECKOI'O PACITAIA
MOJIEKYJIbBI ITYPITYPUHA

AnHoTtanms. [IpencraBieH aHanu3 Macc-CIIEKTpOMETpUYecKoro pacnaaa 1,2,.4-tpu-
ruapokcu-9,10-anTpaxuHoHa (MypIypuHa) MpH 3JIEKTPOHHOW MoHM3aru. OXapakTepu-
30BaHbl M MMOKa3aHbl 0COOCHHOCTH (pparMeHTanuy MoJieKyJssipHoro nona (MH). Ycranos-
JICHO, YTO MEPBUYHBIE aKTHI PACIaga MOJIEKYJIbl 00yCIOBICHBI HTMMUHIPOBAHUEM aTOMa
BOZI0poAa, MoJeKynnbl CO M UMEIOIIErocs B CTPYKTYpPe 3aMECTUTEIS.

KnroueBble cjioBa: Macc-CIIeKTp, MOJICKYJIAPHBIA MOH, (pparMeHTausI, HOHU3AINS
3JIEKTPOHAMH, STUMUHHUPOBAHHE, TPOU3BOAHEIE 9,10-aHTpaxuHOHA.

[IponzBognsie 9,10-aHTpaxMHOHA SBIAIOTCA OJHUMH W3 Ba)KHEHIIHMX Kirac-
COB OPraHMYEeCKHX COCIUHEHHWH, HalledMMX MPUMEHEHHE B Pa3NUyYHBIX oOiac-
TSX, B TOM YHUCIIE U B MEAMLMHE 32 CUET Pa3HOOOpa3sHOH (hapMakoIOrnuecKon
akTUBHOCTH. JlocTaTouHO GONBIIOE YHCIO COEAMHEHWH aHTPAaXWHOHOBOTO DsJia
COJIEP)KUTCSI B PACTeHMSX, >KMBOTHBIX, a TaKXe MHMKPOOpPTaHMU3Max M TMpe-
CTaBJIEHBl COEAVHEHUSMH, COJEPKAIIMMU B Ka4eCTBE 3aMECTUTENENH TUAPOKCH-,
METOKCH-, TUAPOKCUMETHUIIbHBIE TPYIIIBI, YIJeBOAHBIE 3amectutenu [1] u ap.
[ypmypun (1) mpencraBisier co0oil BakHOE OHOJOTHMYECKH AKTUBHOE IMPOM3-
BoznHoe 9,10-aHTpaxuHOHA, OOHAPYXEHHOE, HAPSLY C IPYTMMH TMAPOKCHAHTpaA-
XMHOHAMH, B Pa3JIMYHBIX pacTeHUsIX ceMelcTB Rubiaceae. OH uaeHTH(HUINPOBAH
B Rubia tinctorum [2,3], R. cordifolia [4-7], R. peregrina [8, 9] n npyrux pac-
TEHUSIX.

B mnpomomkenue paboT 1O MCCIENOBAHHIO MAacCC-CIEKTPOMETPHUECKON
(parmeHTanIiu TMPOM3BOAHBIX aHTpaxmHOHa [10-15], Hamm paccmaTpuBaeTcs
Macc-criekTp 1,2,4-tpuruapoxcu-9,10-anTpaxunona (mypmypuna) (1).

O OH
Coo
O OH

1

B rtabmmuue 1 mnpencraBneH wmacc-cnektp 1,2.4-tpuruapoxcu-9,10-aHTpa-
xuHOHa (myprypuHa) (1) u Hambosnee xapakTepHBbIE NMUKH OCKOJOYHBIX HOHOB.
CrabunsHOCT, MU K 2nexTpoHHON woHU3amu (W,,), a Tak)ke HHTEHCUBHOCTH
OCHOBHBIX (parmMeHTHBIX HOHOB (F-F7) 0T mosiHOro noHHoro Toka npeacTaBieHbI
B Ta0mIe 2.
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Ta6muna 1 — Macc-criextp 1,2,4-tpurnapokcu-9,10-anTpaxuHoHa (IypIyprHa)

Macc-cnekrp:
M", m/z (Iye B %)*

257 (13), M" 256 (100), 255 (1), 229 (4), 228
(39), 199 (1), 186 (2), 182 (2), 171 (1), 158 (1),
154 (1), 143 (1), 131 (3), 130 (9), 129 (2), 128
(5), 127 (2), 126 (14), 115 (12), 114 (2), 105
(myprypur) (8), 103 (3), 102 (14), 101 (5),100 (3), 77 (11),
76 (7), 75 (7), 74 (3), 69 (6), 66 (1), 63 (4), 53
3), 51 (4), 50 (3).

Ne HasBanue coennHEeHUS

1 1,2,4-Tpuruapokcu-9,10-aHTpaxuHOH

Ta6nuna 2 — CTabMIbHOCTE MOJIeKy IsipHOTO MoHA (W) 1
xapakTepucTuueckux HoHOB (F -Fq) (Wy) B obmactu m/z 228-102
OT MOJIHOTO HOHHOTO ToKa 1,2,4-Tpurnapokcu-9,10-anTpaxuHoHa (IypIrypHHa)

Ne | Wy, m/z (W)
% F, F, F, F, Fs Fq F, Fe F,
1 [ 37.8 | 126 | 03 0,6 0,3 0,3 0,3 2,9 39 | 45

Jnst macc-cnektpoMerpuueckoro pacnaga 9,10-antpaxuHona [16] xapak-
TEpPHO HAJMYME YETHIPEX WHTEHCHBHBIX IHKOB, KOTOpBIE COOTBETCTBYoT MU
(M™ 208), a Takxke ¢parmenTHeiM HoHam [M-CO]™ (m/z 180) u [M-CO-COJ"”
(m/z 152), oOpa3zoBaHHEe KOTOPHIX IPOMCXOOUT IOCIE IOCIEAOBATEIBHOTO
JIMMUHUAPOBAHHS JIBYX MOJIEKYJI OKCHA YIIIEpoJa, W MUKy HOHA 1,2-merujpo-
OeHzona ¢ m/z 76. Camblii HHTEHCUBHBIN MK 110 CBOEMY MacCOBOMY YHCITY COOT-
BETCTBYeT HOHY (yopeHoHa - F; [M-CO]" ¢ m/z 180, koTopslii o6pasyeTcs 3a
CUET MMOTEPH OJHON MOJIEKYJIBI OKCHA YTIIEPOAa U CONPOBOKIAAETCS 3aMbIKAaHUEM
kosblia. Jlanee u3 moHa (ryopeHoHa F| mMpoMCXOIUT 3MTUMHHUPOBaHHE BTOPOH
mosnekyisl CO, ¢ o6pasoBanueM noHa o-6udenunena F, [M-CO-CO]™ (m/z 152).
Jlpyrie MHTEHCHUBHBIC MUK B MAacC-CIIEKTPE aHTpaXWHOHA OTBEYAIOT (pparmeH-
Tam, 00pa3yIomUMCs Ha CUYeT JTUMHHUpOBaHus Tpynn atomoB C,HO, (dparment
c m/z 151) u C,H,0, (pparmenT ¢ m/z 150). B o6nacTu HU3KUX MacCOBBIX YHCEI
MMeeTCs 9YeTBEePThIil MHTEHCUBHBIN MUK MoHa F; ¢ m/z 76, mpuHamiexxammii HoHy
1,2-nernnpoOenH30iia, KOTOpEIH oOpa3yeTcss TIpH pa3pbiBe IUKIA 0-OudenrieHa
(m/z 152). Cnenyer OTMETHTB, YTO B MOJHOM Macc-CIIEKTpe aHTpaXWHOHA HMe-
10TCs TaKoke HeGombiue muku nonos [M-H]™ (m/z 207), [M-H-CO]" (m/z 179) u
[M-H-CO-CO]" (m/z 151). ®parmenranus MM 9,10-aHTpaxMHOHA BHITIISIUT
cieayromuM obpaszom [16]:

(0] . .
wm =2 oy 5 -0

Fl FZ F3

+e
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B wmacc-cniektpe 1,2,4-tpuruapoxcu-9,10-anTpaxunona (mypmypuHa) (2)
JIOMHHUPYET CTaOMIbHBIA MoOJeKyIspHb non (MH) M™ 256 (I = 100 %),
oOpasytomuiica 3a c4yeT BbIOpOCA N-3JIEKTPOHOB KHCIOPOAA, CTaOMIBHOCTH K
aeKkTpoHHON noHm3aru (D) kotoporo coctaBisteTr W, = 37,8%.

Hamuuue B ctpykrype 9,10-anTpaxuHOHa 3aMecTHTENel MPUBOIUT K M3MeE-
HEHHMIO MAacC-CIIEKTpalbHOW (parMeHTalMi M Hapsgy C IOCIeIOBaTENIbHBIM
orpsiBoM CO Tpymnm B CrieKTpax HaOIOMAIOTCS TOTIOTHUTENbHbBIE KaHAIBI pacia-
na MU c mosiBieHueM JIpYyTUX XapaKTepUCTUYHBIX MOHOB. OCHOBHAs peaxius
Macc-crekTpomerpuueckoi gpparmenranun MU 1,2,4-TpuruipokcuanTpaxuHOHA
(1) cBs3aHa ¢ pacmieruieHneM XHHOHOBOH 9acTH MOJIEKYJbI ¥ MEepBOHAYATBHBIM
3NMMMUHUPOBAHUEM MOJIEKYJIBI OKCH/IA YTIIepo/ia, Kak U B CIy4yae He3aMEIEHHOTO
9,10-aHTpaxrHOHA, B pe3yJibTare 4ero oOpasyeTcs BTOPOH MO MHTEHCHBHOCTH
HOH, KOTOPBIM COOTBETCTBYET KaTHOH-pPaJHUKally TpUruapokcuduryopeHona F,
[M-CO]"™ ¢ m/z 228, sBnsomuiics BTOPSIM 110 MHTEHCHBHOCTH. Ero o6pasoBa-
HUE MPOTEKAET IO CXEME:

+e + e
o oH | on |
Y O Co
0
O OH O OH
M 256 [M-CO]“m/z 228

Fy

Jlanee, B omyinure OT MOHO- M Ju3ameleHHbIx [10-13] anamoros 9,10-an-
TpaxuHoHa, noH F; [M-CO]" ¢ m/z 228 BwiGpackiBaeT rpymmy atomoB C,H,O ¢
06pa3zoBaHHeM MaJOMHTEHCHBHOTO KaTHOH-paamkana F; [M-CO-C,H,0]" ¢ m/z
186, koTopelii nanee mpespamiaercss B uoH Fs [M-CO-C,H,0-CO]™ ¢ m/z 158,
F; [M-CO-C,H,0-2CO]" ¢ m/z 130 u Fy [M-CO-C,H,0-3CO]" ¢ m/z 102, 3a
CYeT TOCJIEIOBATEIFHOTO JNIUMUHUPOBAHUS TpPEX MOJIEKYJ OKCHAA YTiepojia
(Tabmuma 1).

B pesynbrate Oonee rimybokoro pacmagza MU 1,2,4-tpurmapokcu-9,10-
anTpaxuHoHa (mypmypuHa) (1) B 006J1aCTH CpeTHUX W HU3KUX MAaCCOBBIX YHCEN B
Macc-cIieKTpe HabIoAaroTcs Oojiee MHTEHCHBHBIE NMHKA HOHOB. Tak, B obOxactu
m/z 140-200 MaccoBBIX YHCeI UMEIOTCS HE3HAYNTENbHBIE TUKK ¢ m/z 143, 158, 171,
186 u 199 (Tabmuma 1), oTBedarone HECTAOMIFHBIM NOHAM, BOSHUKAIOIIMM B Pe-
3yIbTaTe JadbHEHINX peakuueii pacnaga MU u pparmentaoro wona F, [M-CO]".

B cpemnemonekysIpHBEIX 00JacTAX Macc-criekTpa B obOmacth m/z  140-
200 npucyTCTBYIOT 3HaunTenbHble mukK HoHOB [CsHg] © co 3Havenmem m/z 102
(I=14 %), [C;HsO] " ¢ m/z 105 (I=8 %), [CoH7] " ¢ m/z 115 (I=12 %), [C1oHe] " ¢
m/z 126 (I=14 %) u non [CoH¢O] " ¢ m/z 130:
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—| " (jczo* ©} + —| .

m/z 102 m/z 105 m/z 115 m/z 126

B HH3KOMOJEKYISIpHOH O0O0JIACTH MacC-CIEKTpa HMMEIOT 3aMETHBIC KU
uoHoB [CeH3] ™ (m/z 77), [CeHy] ™ (m/z 76), [CeHs] ™ (m/z 75), [CsH3] " (m/z 63),
[C4H;] " (m/z 51), [C4H,] T (m/z 50) xapakTepHbie Takxke 11 Macc-criekTpa 9,10-
aaTpaxuHOHA [10] 1 HEKOTOPHIX MTPOU3BOAHBIX OerH3oma [17].

+e +e
o o | oH |
oH €O OH -COH
O™ e G = wencon
1 U dn m/z 199
F
[M-COJ"*m/z 228 ?
M** 256
Fi -CO J
“CH,0 ‘ [M-CO-COH-COT*
m/z 171

[M-CO-C,H,0]"
m/z 186 Fy

F
3 -co l
-co ‘

[M-CO-COH-CO-COJ*

m/z 143
[M-CO-C,H,0-CO]"* F
m/z 158
F -co J
5
-CO [M-CO-COH-3COT"
m/z 115
[M-CO-C,H,0-2COT** Fs
m/z 130
F;

[M-CO-C,H,0-3CO]" *
m/z 102

Fo

®parmenTtanus MoJeKyJsIpHOro noHa 1,2,4-rpuruapokcu-9,10-anTpaxuHona (1)
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Jlpyroe HarpaBJieHuE paciiajia OCHOBHOTO (PparMEHTHOTO KaTHOH-pajuKajia
F, [M-CO]" ¢ m/z 228 MPOUCXOJUT 3a CUET IMOCIEI0BATEIBHOIO TUMUHUPOBA-
uus rpynn atomoB COH F, [M-CO-COH]' co 3nauenuem m/z 199 u Tpex Mo-
nexyn CO ¢ obpazosanneM noHos F, [M-CO-COH-CO]’, Fs [M-CO-COH-2CO]"
u Fg [M-CO-COH-3COJ".

Paboma evinonnena no npoexmy «llouck HO8bIX 1eKAPCMEEHHBIX Geujecma
Ha OCHO8e OOCHMYNHBIX CUHMEMUYECKUX aHAL0208 HPUPOOHBIX NPOU3BOOHBIX
anmpaxunonay (MPH: AP05131788) (dozcoeop Ne 83 ¢ KH MOH PK om
02.03.2018 2. ( npunoxcenue 1.7)) .
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Pesome
T. B. Xapnamosa, C. K. 2Kymazanues

ITYPITYPUH MOJIEKYJIACBIHBIH
MACC-CIIEKTPOMETPUSJIBIK bIABIPAY CAPAIITAMACHI

[ypnypur (1,2,4-ymrunpokcu-9,10-anTpaxuaon) 9,10-aHTpaXWHOHBIH OHOIOTH-
HBIH O€JICeHIl TYBIHABUIAPBIHBIH KaTapbiHa xarambl. On Ribiacaea TOOBIHA KATAThIH
OPTYpI ©CIMIIKTEeIIH KypaMbliHa 0acka TMIPOKCHAHTPAXHHOHABIPMEH KaTap TaObLIFaH.
Maxkanaga 1,2,4-ymruapokcu-9,10-aHTpaxHHOHHBIH 3JCKTPOHMEH HOHH3AIMsIAY Odici-
MEH MacC-CIIEKTPOMETPHUSUTBIH BIIbIpAy CapanTaMachl KEATIPITCH XKOHE OHBIH MOJICKYJIa-
HBIH MOHHBIH (pparMeHTalusl epilliIikTepi KOpCeTireH.

Tyiiin ce3aep: Macc-CIEKTP, MOJCKYIAIBIK HOH, (hparMEeHTAIHsIIAY, HOHU3AIHSIIAY
AIEKTPOHAAPMEH, YTUMHHUPICY, 9,1 0-aHTpaXWHOH TYBIHIBUIAPHL.

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

ANALYSIS OF THE MASS SPECTROMETRIC DECAY
MOLECULES OF PURPURINE

Purpurine (1.2.4-trihydroxy-9,10-anthraquinone) is a biologically active derivative
of 9,10-anthraquinone, found, along with other hydroxyanthraquinones, in various plants
of the Rubiaceae families. The article presents an analysis of the mass spectrometric decay
of 1,2,4-trihydroxy-9,10-anthraquinone (purpurin) with electron ionization and shows the
features of the fragmentation of its molecular ion (MI).

Key words: mass spectrum, molecular ion, fragmentation, electron ionization,
elimination, derivatives of 9,10-anthraquinone.
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VK 546.267; 661.888; 546.73

P. A. KAUBIHBAEBA, A. A. ATATAEBA, K. E. EPMEKOBA,
P. M. YEPHAKOBA, V. K. JPKYCHUIIEEKOB

AO « UacTuTyT XnMudeckux Hayk nmeHN A.B.bexrypoBa», Anmartsl, Pecry6nmka Kazaxcran

MN3YUYEHME BJIUAHUA PAJA ®PAKTOPOB
HA IPOLIECC B3AUMOJIEMCTBUSA B CHCTEMAX
K3 [Fe(CN)d - VOSO4'3H20/NiSO4‘7H20 - HzO u
K3 [Fe(CN)d - VOSO4'3H20— NlSO4’7H20 - HzO
Coo0menne 1. Biusinue BpeMeHH Ha B3aUMO/eHCTBHE B CCTEMe
K;[Fe(CN)g] — VOSO43H,0 - H;O

AnHoTanusi. CriekTpohOoTOMETPHUIECKUM METOZOM HCCIIEJ0BaH MPOLECC B3aMMO-
neiictBus B axkBuMoiiekynsipHoil cucreme K;[Fe(CN)q]-VOSO,4-3H,0-H,0. Berssneno,
YTO B CIIEKTPE MCYE3aeT MHTEHCHBHAs MOJIOCa TOTJIONIEHUsT 778 HM, XapakTepHas s
VOSO43H,0. Yummpsiercs mosioca noriomenuss B obmactu 338-430 HM ¢ max mpu
361 HM, oTHOCSmMICS K YyIbTpadHONETOBOW oOyacTh, W Ooyee MIMPOKAM max TIpH
415 HM, JeXalM B BHIUMOHN 00JIACTH. BBISBICHHBIC H3MEHEHUSI B CIICKTPATbHON Kap-
THHE B MCCIIClyeMO CHCTEME yKa3bIBAIOT Ha MPOIECC B3aMMOJICHCTBHS €€ KOMIIOHCHTOB
¢ 00pa30BaHNEM KOMIUIEKCHOTO COEANHEHUs. Y CTaHOBJIEHO, YTO C POCTOM BPEMEHH OT 5
1o 180 muu pH cuctemsr camkaercs ot 3.1 mo 2.39, a mpu 1440 mun Bo3pactaet g0 2.87.
OcraTounoe cozxepxkanue rexcanuanodeppar (III) moma [Fe(CN)s]* B xmakoii dase
uccienyeMon cucreMmsl B uHTEpBaie (5-30) MUH BO3pacTaeT, a JajabHeiInee OBBIIIICHUE
BPEMEHH - YMEHbIaeTcs. TO €CTh CTENEeHb UX CBS3bIBAHUS YMEHBIIAETCS, & 3aTEM YBEIIH-
ynBaercs. B ¢punpTpate, nomydennom npu 30 MUH, OCTaTOYHOE COAEPIKAaHHE eKcalllaHo-
¢eppar (I1II) nonos yBennuuBaercs B 2,5 pasa, a npu 1440 muH - ymeHblaercs B 5,5 paza
10 CPAaBHEHHIO C PUIBTPATOM, OIYUYEHHBIM NpH 15 MUH.

Kaiouessie cioBa: rekcarmanogeppart (111) kanus, cynsdar BaHaauIa, KOMILIEKCO-
obpazosanue, MK cniekrpockonusi.

Beenenne. OTxoapl HEeTEra3oBOi MPOMBIILICHHOCTH, B TOM 4uclie Hed-
TEILTIaMBI, COJICPKAT MOJIE3HbIC KOMIIOHEHTHI — BaHaIUi, HUKENb, KOOAJIBT U JIp.,
KOTOpBbIE, B TO )K€ BPEMsl, OTHOCSTCS K TsbKesbIM MeTauiam (TM). Ilpu ckinagupo-
BaHWM WM XPAaHCHUW B OTCTOMHWKAX HePTEOoTX0m0B TM MHUTPHUPYIOT B IMOYBCH-
HBIE BOJBI, aTMOC(epy, OKa3bIBas HETaTHBHOE BO3AelcTBHE Ha Ouocdepy [1, 2].
B cBsi3u ¢ 9TH BO3HMKAaeT HEOOXOAUMOCTD B UX yTUIIH3ALUH.

Hedrsausre nuramer (HII) MoxHO paccMaTpuBaTh Kak MHOTOKOMITOHEHTHYTO
CHCTEMY, KOTOpasi IMEeT TepeMeHHbIN cocTaB. Hannuue B Takux 0TX0/Aax BaHa-
Ul U HUKEJS TO3BOJSET MCIIOJIB30BaTh MX B KAUECTBE MCXOJHOTO CBHIphS AJIA
MOJTyYeHUs, BOCTpeOOBaHHBIX B MpoMmbinuieHHocTH PK mpomykroB. Omnrako
nepepaborka HII 3aTpyaHeHa BCIIEACTBUE WX MEPEMEHHOTO COCTaBa U HAIHUUS
OCTaTKOB YIJIEBOJAOPOAHOTO CHIPbSL.

Jlo HacTosimero BpeMeHH Haubosee paclpoCTpaHEHHBIM CIIOCOOOM Iepe-
pabotkn HII u TeXHOTEHHOTO BaHAJAWKACONEPIKAIIETO CHIPHS SBISAETCS WX Tpe-
BapuTesbHas TepMoobpaborka g0 1000°C ¢ mociaeayromuM BhIIEIaYMBaHIEM
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CleKa CWIBHBIMH H CJIa0bIMH KHCJIOTaMH{, WIM aMMHadyHO-KapOOHATHBIMH
pacTtBopamu [3-5].

W3Bnevyenne BaHanmus, HUKENS M OPYTUX TIOJNE3HBIX KOMIIOHEHTOB W3 Ba-
HaJMHCOAEPKAIIMX PACTBOPOB OCYLIECTBISIETCS PA3IMYHBIMM  CHOCOOAMH.
[Mupokoe pacnpocTpaHEHHE MOIYYMJIM METOABl OCAaXIECHUS aMMHMAKOM,
pacTtBopamu THApOKcuAa HaTpusi [4], cMecbio CcIabOoIIENOYHBIX W KHUCIBIX
pactBopoB (pH 1,6-1,9) ¢ mocnemyrommm HarpeBom cmecu g0 90-95 °C [6],
IIyTEeM KHIITYEHUS C MEPEKHChI0 BOJOPOAA MM ¢ mepcysibdaToM amMmMoHus [5], a
TaKKE€ HSKCTPAKIMOHHBIA METOJl C HCIIONb30BAHMEM OPraHUYECKHX pPEarcHTOB
[7, 8]. YkazaHHbIE METOIbI UMEIOT DSIi HEJIOCTATKOB: OOpPa30BaHHME CIIMBHBIX
OparHo-coAepKaluX BOJ, HEOOXOAMMOCTh OXJIKICHUS OONBIINX O00HEMOB
pacTBOpoB, cTporoe cobmonenne pH cpens (2-3) u mp.

B mocnepHue TOABI pa3BUTHE MOJIYYMIM COPOLHMOHHBIE M CMELIaHHBIC
(xoMIuTIeKcooOpa3ytonie — copOIuoHHbIE) MeTonbl [9]. JloctaToduHO XOpOIIO
M3Y4YeHbl COPOIMOHHBIE METOABl W3BJICYCHHS BaHAgUs Ha AaHMOHOOOMEHHBIX
cmonax [7, 8, 10-12], noHnuTamMr 1 KOMIO3UIHOHHBIMU copOeHTamu [11, 13]. K
OoJsiee MEPCHEKTUBHBIM COPOCHTaM OTHOCSTCS YIIEpOJCOACPIKAIINe, aKTHBALUS
KOTOPBIX TIOBBIIIAET COPOIIMOHHYIO CIIOCOOHOCTH MO OTHOIICHHIO K BaHAIUIO
[14, 15]. K HemocTaTkaM JaHHBIX CITOCOOOB OTHOCSATCS BBEICHHE JOIMOJHUTCITh-
HOMW CTaguM pereHepaluyd HOHOOOMEHHOW CMOJIBI MJIH CTaJui OTMBIBKM COpPOEHTa
OT COCIOWHEHWH BaHaAWs, OOpa3oBaHHE OOJIBIIOTO KOJMYECTBA IMPOMBIBHOTO
pactBopa. Takke HE paccMaTPHBAIOTCS BOIPOCH YTHIIM3AIMH OTPabOTaHHBIX
COpOECHTOB.

BOBIINHCTBO KOMIUIEKCHBIX coteii ¢ annonamu [Fe' (CN)s]* u [Fe™ (CN)e]™
, IMEHYEMBIX (eppu- U QeppouraHuIaMi METAJUIOB WIN TeKcauuaHodeppaTta
(II, 1) meramioB, XapakTepH3YIOTCSI MOHOOOMEHHBIMH cBoiicTBamu [16]. B
KHCTIBIX CpeJax Mpu HU3KOM pH MpOSBISIOT MaKCHMaNbHYIO aICOPOIHNOHHYIO
CIIOCOOHOCTB, a IIPU BBICOKOM 3HaueHuH pH oGiamaror Oonee HU3KOH CTEIIEHBIO
aacop6buun [17,18]. B HayuHOIi nuTepaType UMEIOTCS AaHHBIE O MOJEKYJISIPHON
copOIMM KaTHOHOB INEJIOYHBIX MeTauioB rekcanuanodepparamu (1) Hukens u
menn [19]. @eppounanuanabie COPOSHTHI ABISAIOTCS 3((EKTUBHBIMH B IIPOIIEccax
OYHMCTK{ BOJHBIX, LIETOYHBIX OT KaTHOHOB LE3USl M IPYIUX TSKEIBIX METaJUIOB
[20-25]. Bricokue copOLMOHHBIE H KOMIIJIEKCOOOPAa3yIoIMe CBOMCTBA reKcanua-
HO(eppaToB LIETOYHBIX M TEPEXOTHBIX METaUIOB, B TOM YHWCIIE TeKcaluaHo-
tdheppara (I11) xamus u rekcanmanodeppara (II) xene3a, MOKHO HCIIOIH30BATE IS
BBIJICJICHUSI M3 JKUAKHX Cpex BaHaausa W Hukensd. CieqyeT OTMETUTb, YTO B
HAY4YHOH nuTepaType cBeAeHUs 00 X COPOLMOHHOM U3BJIEUCHUH (heppOLaHna-
HBIMH COPOEHTaMH HOCST OTpaHMYCHHBIH M MPOTHBOPEUYMBEIN Xapakrep. B cBsi3u
C 3THM HaMH{ OBLJIO WICCIIEIOBAHO BIMSHUE BPEMEHH Ha MPOIECC B3aUMOICHCTBUS
B cucteMe K3[Fe(CN)g] — VOSO,4-3H,0 — H,0.
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OKCIIEPUMEHTAJIBHAA YACTb

W3BecTHO, UYTO MpPH KHUCIOTHOM BHINIENAaUYMBAHUNA TEPMOOOpPaOOTaHHBIX
He(TEIIaMOB BaHAMl IEPEXOMUT B PACTBOP B BHJE KaTHOHA BaHamguma VO
Coenunenus Banagus (IV) obGnamaroT OOJIbIICH aKTUBHOCTHIO 110 CPABHCHHIO C
(5+) V [26]. [Ipudem B OOBIYHBIX YCIOBHSX CTETICHL OKHUCICHUS (+4) sBIseTcs
IUTA BaHanusl HamOonee xapaktepHod. I'ekcammanodeppar (I11) xamus (peppu-
mmannna) K;[Fe(CN)g] Takke mposBisieT 0OJIbIIYI0 aKTUBHOCTh 10 CPaBHEHUIO C
rekcaranogepparom (II) kamus (beppormann) Ky[Fe(CN)g].

Uccnenosanue Boano-comneBoit cucteMbl K;[Fe(CN)g] — VOSO,4+3H,0-H,0
NPOBOAMIM METOAOM MPSAMOH CHEKTPO(GOTOMEPHH C HCIOJNBb30BAaHHEM COJICH
MapKH «X.4.». I[IpuMeHeHHe CHeKTpoQOTOMETPHIECKOTO METOJIa MO3BOJISIET
YCTaHOBUTH, YTO B HCCIEIyEeMON CHUCTEME MPOTEKaeT MPOLECC B3aMMOACHCTBUS
(xomrexcooOpazoBanusi). CHeKTpoPOTOMETpHUECKOEe HCCIEAOBAHUE BBIIIE
YKa3aHHOW CHCTEMBl NMPOBOAWIM B pPacTBOpax C KOHIECHTpalUeH TeKcalraHo-
¢deppata (I11) kamus K;[Fe(CN)g] u Banaguna cyiaspata VOSO,43H,O B uHTEp-
asie (2:107— 4-10”) Monb/n. B KauecTBe JOHOBOIO MEKTPOIUTA HCIONB30BAII
pactBopsl cynbdara kammst K,SO, (0,101-0,498 Momb/11), KOTOPEIH HE B3aMO/ICH-
ctByeT ¢ rekcannanodepparom (III) kamis K;[Fe(CN)g n obecrieunBaeT HOHHYIO
cuity (I) B pactBope pasHyro 0,1-0,5. IIporiecc B3anmomeicTBUS rekcananodep-
pata (III) K5[Fe(CN)s] ¢ Banamunom cynspata VOSO43H,O uccnenoBanu Ha
cnekrpodoromerpe «P-303» ¢dupmer «JapanAPEL» B ynbrpaduoneroBoii u
BUAMMOM o0mactax ot 350-1000 nm ¢ MOMOIIBIO OTKPBITOM KIOBETHI ¢ TOJIIMHON
riorsonarotnero cios 1 cm. [27, 28].

Wzyvenne BimsHWE BpEeMEHH Ha TIpOIleCC B3aMMOJEWCTBUS B CHCTEME
K;[Fe(CN)g] —=VOSO43H,0 — H,O mpoBoamiu mpu KOMHATHOW TeMIleparype
25 °C, monsHOM cootHomennu K3[Fe(CN)g] : VOSO,43H,0 pasrom 1:1 B ycio-
BUSIX MEpEMEIINBAaHUs B KHCIOH cpele. [IpogomKiTenbHOCTh Ipolecca cocTaB-
msuta ot 5 o 1440 mun. HavansHyto kucinotrHocts cpeasl (pH 3,0) coznasanu 0,1
H cepHOi kucioTtoi. Jlo m mocne omnbiToB u3Mmepsuin pH pactBopoB. Mccnemno-
BaHHWE BIMSHUE BpEMEHH Ha rpoliecc B3anmozeicteus B cucteMe K;[Fe(CN)g] —
VOS04-3H,0-H,0 npoBonnnu cienytommmM obpasom. [locne cnuBaHus pacTBo-
pos rekcammanodeppata (I11) kamus (Ciarecny - 2-107 Momb/n) U Bamagwia
cynbdara (Cyososstzo= 2-10™ MONB/T) ¥ MOCTEAYIONICH BBIACPKKH MOTyUCHHOM
CMECH TIpU OIpEJeICHHOM BPEMCEHH, BBITIABIINE OCAJIKUA OT(UIBTPOBBIBANIHU, a B
¢dwibTpaTax ONpENENsUIM  OCTATOYHOE COJCpKaHue QeppoluaHu] HWOHA
[Fe(CN)e]™.

Benmuunny BomopomHoro mokasarens (pH) usmepsuiu Ha pH-meTpe Mapku
pH 410.

Onpenenenue  (QeppolMaHUI-UOHOB TMPOBOJWIN  OOBEMHBIM  METOOM,
TUTPOBaHHEM pACTBOPOM Cylib(aTa LIWHKAa B MPUCYTCTBHU JU(PECHWIAMHHA U
(dheppormanuga xamus [29].
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PE3VJIbTATBI U X OBCYXXJIEHUE

Hns ycraHoBIeHUS! oOjacTeil MOIJIOLIEHHS MCXOAHBIX KOMIIOHEHTOB H3Y-
YeHBI CHEKTPHI TIOTJIOMICHUS pacTBOpoB Tekcamuanodeppara (III) xamus
K;[Fe(CN)¢] n Bananuna cynbdara VOSO43H,0. Ha pucynke 1 npeacraBieHs
CHEKTpHl morjomeHus: rexcaunanogeppara (III) xamust B Bome M B pacTBOpe
tdonoBoro anexrponuta K,SO,. B BomHOM pacTBOpe IS BCeX KOHIICHTPAITHMA
K;[Fe(CN)g] mpomucsiBaeTcsi IIMpOKas HWHTEHCHBHAs I10JI0Ca TOTJIOIIEHUS B
o6nactu 390-470 HM ¢ BBIpa)KEHHBIM MakcuMyMoM Tipu 440 HM (prcyHOK 1, a).

B pactBope ¢donoBoro snexrponuta (I=0,2-0,5) momoca moryiomeHus rexca-
unanodeppara (I1I) kamas (C=2-107 Momb/i) cTaHOBHUTCS GoJee YETKOH M Mpo-
nuckIBaeTcs B Tol ke obmactu (370-480 HM) u ¢ TeM xe MakcumyMoM (440 HM),
YTO U B BOAHOM pacTBope (pucyHok 1, 6). Mcnons3oBanue B kayecTBe (HOHOBOTO
JIEKTPOJTUTA PacTBOpa Cyib(ara Kajlus HE CMENaeT MaKCHMYyM TOJIOCHI ITOTIIO0-
meHus pacteopa Ki[Fe(CN)g].
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e

CBETONOMOIWEHHE
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0.025 +
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Inauenmne abcopbumn, d
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Pucynok 2 — CriekTpbl OTJIONICHUS pacTBOPOB Banaauia cyiabdara VOSO4 3H,0:
a— B Boge, kouuentparus VOSO,-3H,0, mons/m: 3-107(1); 2-107 (2); 4107 (3); 2-107 (4);
6 — B ¢poHOBOM 3n1ekTposuTe ¢ 1 = 0,2

Ha pucynke 2 npuBeaeHbl CHEKTPHI NOTJIOLUICHUS BaHauia cyibdaTa B BOJE
u B pactBope hoHOoBoTO AekrponuTta K,SO,. Kak BunHO U3 prcyHKa 2, a, B CIleK-
Tpe MOTJIONIECHHSI BOJHOTO pacTBOpa BaHauiaa cyibdara A BCEX €ro KOHIEH-
Tpauii MMEIOTCSI WHTEHCHBHAs M MaJIOMHTEHCHBHAs IOJIOCHI TOTJIOLICHUS C
MaKCUMYMOM COOTBETCTBEHHO IpH 785 u 362 HMm.

Kak BugnO U3 pucyska 2, 6, B pactBope ¢ponosoro snexrponuta K,SO, koH-
uenTparuu 0,197 mons/n ((I=0,2) MakCUMyM MHTEHCHBHOMN MOJIOCHI TIOTJIOMICHUS
BaHa/aWiIa Cyib(dara, MponucHBaoLIascs B BOIHOM pacTBope (785 HM), cMelaeT-
cs1 B KOPOTKOBOJTHOBYIO 00JacTh Ha 7 HM (778 HM), a MAaKCUMyM CIIaOOMHTEHCHB-
Ho mosocs! nornomiernst VOSO,4-3H,0 B Boze (362 HM) cMmemaeTcst B JJIMHHO-
BOJIHOBYIO 00sacTh Ha 38 HM (400 HM).

V3meHeHne ceKTpajabHBIX CBOWCTB BaHaIWIa Cyjb(ara BEI3BAHO IPUPOIOH
pactBoputensi. Hanuune B HeM Cyib(haT-HOHOB OOYCJIOBIUBACT 0aTOXPOMHBIM
caBur Makcumyma mnornomenus. CynbdaT Kanusg HMeEeT MaJOMHTEHCHBHYIO
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[IOJIOCY TIOTJIOIIEHHUS B JaybHEH yibTpaduoiieToBoi obmactu A=210 HM, KOTO-
pas He mponucsiBaeTcs B criekrpe [30].

B cynbdate xanus Mexay HOHaMH Kalus U Cylb(paT-HOHAMH CBS3b MOHHAS,
a MEXIy KHCJIOPOJIOM M Cepoi B Cyibh(haT-MOHE — KOBAJICHTHAS TOJISpHAs, YTO
00yCJIOBIMBACT HE 3HAYUTEIBbHBIM TMICOXPOMHBIN CABUT MHTEHCHBHOM IOJOCHI
noryomeHus. [IpoBeneHHbIE HCCIIEIOBaHMS MOKA3ald, 4YTO Cyiabdar Kaius He
OKa3bIBaeT 3HAUNTEJIHHOI'O BIMSIHUS Ha U3MEHEHUS CIIEKTpa BaHaJuia CyJbdara.

IMpu cmemenun pactBopoB rekcanmanogeppara (II) xamus w BaHamwia
cyabdara, B3ITHIX B COOTHOIIEHHH 1:1, HaOronaeTcs M3MEHEHHE CIEKTpaTbHON
KapTHUHBI 110 CPaBHEHHWIO CO CHEKTPaMH HWHAWBHAYAJIbHBIX COENWHEHHWH (pH-
cyHok 3). B cmekrpe skBumonekyisipHoii cmecu K;i[Fe(CN)g]-VOSO43H,0
(xpuBas 3) He NMPOIMCHIBACTCS WHTEHCHBHAS I10JI0CA TMOTJIOUICHUS B ONMKHEH
nH(ppakpacHoi obmactu ¢ max 778 HM, xapaktepHas misi VOSOs3H,O (xpu-
Bas 2). IIpouMcXoOuT MOBBIIEHWE HHTEHCUBHOCTU W YIIMPEHHUE IIOJIOCHI IIO-
rnomednss B obnactu 338-430 HM MO CpaBHEHUIO C MOJOCAMHU IOTJIOMICHUS
pactBopoB VOSO4-3H,0 u K3[Fe(CN)g], MakcHMyMBI KOTOPBIX HaXOIATCS B 3TOM
ke obmactu (kpuskie 1, 2). Ilpu 3TOM MoI0Ca MOTIIOMICHUS SKBUMOJICKYJIIPHOM
cmecu K;[Fe(CN)g]:VOSO43H,O mmeer aBa MakCUMyMma: MalOMHTCHCHBHBIN
max npu 361 HM, OTHOCSWMICA K ynbTpadHOIeTOBOH obiactu, 1 Oojee MIH-
pokuit max tipu 415 HM, nexanuii B BUIUMon obnactu. M3 pucyHka 3 cremyer,
yro B cMecu rekcannanogeppara (III) kanus ¢ Banaamna cynshaToMm HaOIrO-
Jaetcd TOBbIMIeHHE cBeronornomenus npu 361 um 415 HM. OTO yka3bIBaeT Ha

09

02

1
/ \ \( 1= K[F(CM)]
-2

04 — VO30,
/ 3 = K[Fa(CH) ] - ¥OE0,

CBETONOTAOIEHHE

ANHHA BO/THBL, HMW

Cisrecnys =2-107%; Cyosossino = 21075 Cogy =410 1= 0,2

Pucynok 3 — CrieKTpBI IOTTIOIEHHS PACTBOPOB
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BO3MOXKHOCTh KOMIDIEKCOOOpa30BaHMUS MEXAYy BaHaAWia CyibpaToM U TeKca-
nuanodepparom (I1) kamusi. BrisBieHHbIC U3MEHEHUS B CIICKTPAJIBLHONU KapTUHE
SKBHMOJICKYJISIpHOH cMecu rekcarmanodeppara (III) kamus ¢ BaHaamna cyib-
(haToM yKa3bIBArOT Ha MPOIIECC B3aMMO/ICHCTBUS KOMIIOHEHTOB CHCTEMBI.

Pe3ynbTaThl H3y4eHUsl BIUSHHS BPEMEHH Ha OCTATOYHOE COJIEPKaHNUE HOHOB
[Fe(CN)s]” mpuesensl B Tabmuue. Kak BHIHO H3MOTYYEHHBIX NAHHBIX, OCTa-
TouHoe cozepxkanue rexcarmanodeppar (II1) noma [Fe(CN)¢]* ¢ yBenmuennem
BpeMeHH oT 5 mo 30 MuHYT Bo3pactaeT. To €CTh CTENEeHb CBS3BIBAaHUS (Geppo-
[IUAHU] - NOHOB CHIDKaeTcs oT 70,27-24,49%. JlanpHeiiee MOBHIIIICHIE BPEMEHH
YMEHBIIIAET OCTaTOuHOE cozeprkanue rexcanuanodeppar (I11) noma [Fe(CN)s]* B
xKuaKkor ¢ase cucrembl. Tak, B (umbTparte, momydeHHoM npu 1440 muHyTax
nporiecca, ocratodHoe coaepskanne noxa [Fe(CN)q]” ymenpmaercs B 5,5 pasa 1o
CPaBHEHUIO C (PUIILTPATOM IOJIyYEHHBIM TIpH 15 MUH.

BrnustHUS BpeMEHHU Ha OCTaTOYHOE COACpIKaHHe [Fe(CN)]> B sKumKoit taze
cuctembl K;[Fe(CN)g] — VOSO,4-3H,0

OcTtaTo4yHOe coJepKaHme [Fe(CN)6]3' pH

M:;H /1 K(;]_MIS. Ucx. —3.1

[Fe(CN)¢]™, % (pacu.)

5 18,9 70,27 2.85
10 342 46,20 2.84
15 55,3 13,01 2.78
20 45,1 29,05 2.56
30 48,0 24,49 2.41
45 16,7 73,73 2.45
60 19,7 69,01 2.41
90 10,9 82,85 2.38
120 24,8 60,99 2.22
180 11,6 81,75 2.17
300 13,1 79,39 2.39
1440 8,7 86,31 2.87

Ha B3anmopeiicteus kommoneHToB B cucteMe K;[Fe(CN)g] — VOSO,4-3H,0
yKa3pIBaeT yMeHbIIeHHe 3HaueHus pH (yBenmueHwe KUCIOTHOCTH) C TOBBIIIE-
HUEM BpeMeHH mporecca (Tabnuua). Tak, 3a 5 mun pH cHmxkaercs co 3HaYeHHUs
3.1 go 2.85, 3a 15 muH — co 3Hauenns 3.1 mo 2,78, 3a 60 MuH — co 3HaueHUd 3.1
1o 2.41 u t.1. Ogaako B cucteme 3a 1440 mMuH (24 9) MPOUCXOANT yBEIMICHHE
pH, T.e. cHIKeHME KUCIOTHOCTH cpeasl Ao 3HaueHus pH 2.87. [Ipu atom ocra-
TOYHOE COJEpKaHUE HOHOB [Fe(CN)¢]* sBisieTcss HAMMEHBIIAM BO BCEM HC-
ciegyemoMm uHTepBane BpemeHu (Kcpsz. = 86,31%). He uckmoueno, yto npu
JUITUTEIPHOM KOHTaKT€ HCXOJHBIX KOMIIOHEHTOB M OO0pa3yIOUIMXCS B CHCTEME
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COCIMHCHHUH TPOMCXOAUT 00pa3oBaHME THIAPOOKCHIOB JKejle3a W BaHAIMs, 4YTO
OTpaXkaeTCs Ha YMEHBIICHHU KHUCIOTHOCTH cpenbl, HauuHas ¢ 300 muH, (Tad-
nuna). [Ipu atom, BeposTHo, rekcarmanodeppat (III) woHBI coocaxaaroTcs ¢
THAPOOKCHAAMA. JTO OOYCIOBIMBAECT YMEHBIIEHHWE MX COAEP)KaHUS B KUAKOU
(haze cucreMsl (Tabnuia).

TakuM 00pa3om, Ha OCHOBAaHHH TPOBEJCHHBIX HCCIEIOBAHUN C HCIOIB30-
BaHUEM CHEKTPO()OTOMETPUIECKOTO METOJa BBISIBICHO, YTO B 3KBHUMOJICKYIISP-
soit cucteme K;[Fe(CN)g]-VOSO,43H,0-H,0 mporekaer mporiecc B3anMoIeHCT-
BHUS HMCXOJHBIX KOMIIOHEHTOB C O0pa30BaHUEM KOMILIEKCOB W THJIPOOKCHIOB
Kelesa U BaHa IHs.
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Pe3iome

P. A. Kaiieinbaesa, A. A. Azamaesa, K. E. Epmexosa,
P. M. Yepnaxosa, O. JK. JKycinbexos

K3 [FC(CN)6] — VOSO43H20/NISO47H20 — Hzo KOHC
K;[Fe(CN)] — VOSO,-3H,0— NiSO47H,0 — H,0 XXYHMEJIEPIHJIE ©3APA
OPEKETTECY YPAICTEPIHE OPTYPJII ®AKTOPJIAP KATAPBIHBIH
OCEPIH 3EPTTEY
1 xabapnama. K;[Fe(CN)s] — VOSO,43H,0 — H,O xyitecinaeri
e3apa opeKeTTeCy YpIiCiHe YaKBITTHIH dcepi

Criextpomerpusiiiblk onicnieH K;[Fe(CN)q]-VOSO,-3H,0-H,0 sxBuMOISpIB! XKYH-
eciameri e3apa opekerrecy mpomeci 3eprrengi. VOSO43H,O ToH 778 HM KapKBIHIBI
KYTBUTYy JKOJAFbl CICKTP/ACH >KOFalaThIHBl AHBIKTAIABI. AJ ynbTpadHONeT aiMarblHa
KateicTel 361 HM max Oap 338-430 HM ayMarbIHOAFBl KYTBUTY JKOJIAFBI KEHEHIN KoHE
KOPIHETIH aiiMakTa >kaTaThiH 415 HM-1e max Gap jKOJIaK aHAFYPJIBIM ayKbIMIBI KOPIHEI.
3epTTeneTiH Kyieleri CIeKTpalbAbl CypeTTeri e3repicTep OHBIH KOMIIOHEHTTEpiHIH
e3apa 9PEKETTECY MPOIECIHEH KEIICHII KOCBLIBICTAp TY3UTyiH KepceTemdi. YakbIT S-TeH
180 MuHyTKa Aeiin yiFaiiFad ke3ze xyheHid pH moni 3,1-1eH 2,39-ra neiiin ToMeH e i,
an 1440 munytta on 2,87-re IeiiH apTajbl.

3epTTeneTin KyieHiH CyHbIK (asachlHAa yakbITTBIH 5-30 MUH apalbIFbIHIA TeKca-
umandeppat (I11) nousisi Kanask Memmepi [Fe (CN) 6] * oFapbuiaiifis, a1 yaKbITThI
apel Kapail >korapbUIaTKaHJga — a3as Oacrtaiinel. SIFHM omapiplH OaiylaHbICy Aopexeci
azaiipIn, comaH KeiiH apramel. 30 MUHYTTaH KeHiH ajplHFaH CY3iHIime rekcaruandep-
puar (III) noHmapeIHBEIH KAk Medmiepi 2,5 ece apransl, an 1440 MuHYTTaH KeWiH
15 MuHYyTTaH KeifiH allbIHFaH CY3Tire KaparaHma 5,5 ece azasmpl.

Tyiiin ce3nep: xammii (I11) rekcannanodepparsl, BaHaIWIT CyIb(aThl, KSHICHTY31Y,
UK cnexTtpockomnusi.

240



ISSN 1813-1107 Ne'l 2019

Summary

R. A. Kaiynbayeva, A. A. Agatayeva, K. Ye. Yermekova,
R. M. Chernyakova, U. Zh. Jussipbekov

STUDY OF THE INFLUENCE OF SOME FACTORS ON THE INTERACTION
PROCESS IN THE SYSTEMS K;[Fe(CN)s] — VOSO,43H,0/NiSO4 7H,0 — H,O
AND K3 [FC(CN)G] - VOSO43H20— NISO47H20 - H20
Report 1. The effect of time on the interaction
in the system K3[Fe(CN)s] - VOSO,4-3H,0 — H,0

The process of interaction in the equimolecular system K;[Fe(CN)g]-VOSO,4-3H,0—
H,0 was studied spectrophotometrically. It was revealed that the intense absorption band
at 778 nm, characteristic of VOSQO4-3H,0, disappears in the spectrum. The absorption
band broadens in the area of 338-430 nm with max at 361 nm, referring to the ultraviolet
area, and wider max at 415 nm, lying in the visible area. The revealed changes in the spec-
tral pattern in the system under study indicate the process of interaction of its components
with the formation of a complex compound. It was established that with increasing time
from 5 to 180 minutes the pH of the system decreases from 3.1 to 2.39, and at 1440 mi-
nutes it increases to 2.87. The residual content of hexacyanoferrate (III) of the ion
[Fe(CN)s]* in the liquid phase of the system under study in the interval (5-30) min
increases, and a further increase in time decreases. That is, the degree of their binding
decreases and then increases. In the filtrate obtained at 30 minutes the residual content of
hexacyanoferrate (III) ions increases 2.5 times, and at 1440 minutes it decreases 5.5 times
as compared with the filtrate obtained at 15 minutes.

Keywords: potassium hexacyanoferrate (III), vanadyl sulfate, complexation, IR
spectroscopy.
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UDC 547.673
T. V. KHARLAMOVA

JCS «Institute of Chemical Sciences named A. B. Bekturov», Almaty, Republic of Kazakhstan

MICROWAVE RADIATION, ITS INFLUENCE
FOR SOLUTIONS AND USE FOR EXTRACTIONS
OF COMPONENTS OF PLANT MATERIALS

2-nd Report.
The interaction of microwave radiation with plant material and
factors affecting the process of extraction of natural compounds

Abstract. Plants produce an amazing diversity of secondary metabolites, which have
multiple functions throughout the plant’s life cycle. Extraction is one of the crucial steps
for research and development of plant secondary metabolites. The efficiency of processing
and extraction of substances is determined by the speed and completeness of the physical
and chemical processes underlying them. The analytical procedure, as a rule, consists of
two stages: the first is the preparation of a sample using various extraction procedures
(extraction in the Soxhlet apparatus, maceration, percolation, etc.), and the second stage is
associated with direct analysis of substances (spectrophotometry, chromatography,
spectrometry and others). If the analysis is usually completed after a few minutes, the
extraction is the most limiting stage of the process, a lengthy and laborious process. That
involves the use of large volumes of solvent, energy-intensive costs, especially at the con-
centration stage to extract the final extract. It also includes the risk of thermal decom-
position of thermolabile active compounds. Various modifications of extraction proce-
dures, which include the replacement of traditionally used solvents, the use of various
physical factors, including ultrasonic and microwave processing and other areas, have
been investigated and introduced.

Microwave extraction is currently one of the areas of analytical chemistry, which
quickly gained the position of one of the most effective and modern methods to increase
the efficiency of extraction of biologically active compounds from vegetable raw mate-
rials. The review considers the effect of microwave radiation on plant material. Gene-
ralized material is on the use of microwave extraction for the selection of natural com-
pounds, as well as the influence of various factors on the extraction process. The ad-
vantages and disadvantages of the presented method are considered.

Keywords: microwave radiation, natural compounds, microwave extraction.

Introduction. Currently, areas related to the perfecting of complex proces-
sing of vegetable raw materials and the creation of highly efficient methods for
isolating biologically active substances (BAS), which include improving the tech-
nical equipment of the process, replacing the conditions of the reaction and
extraction, as well as using new chemical, physical and chemical, physical and
biological approaches that will comply with the principles of "green chemistry"
[1-4]. Over the past decades, various modifications of extraction procedures have
been investigated and implemented, which include not only the replacement of
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solvents [5,6], but also the application of various physical factors, including
ultrasonic and microwave processing [7-14].

One of the modern methods of increasing the efficiency of extraction of
biologically active compounds from plant materials is microwave processing
(microwave-assisted extraction (MAE)) [15-21]. The heating effect of micro-
waves depends on both the characteristics of microwave energy and the dielectric
properties of the material to be heated. The effect of microwaves on many liquids
and solid consists of polar molecules and ions that leads to their heating. The rea-
son for this phenomenon is the interaction of the electrical component of the
electromagnetic field with the molecules of the substance. This interaction
contains several physical effects, of which mainly two mechanisms lead to heat
release, namely, dipole rotation and ionic conductivity. At the same time, the
effect of microwave exposure during extraction consists in a substantial accele-
ration of the process, as well as in an increase in the degree of extraction of the
components. A specific feature of microwave extraction is not only a significant
increase in the temperature of the extraction system by several tens of degrees,
but also selective extraction of compounds, which is achieved by selectively
heating the phase or individual components, or by selecting a solvent that selec-
tively extracts one or another component [15-21] and also in reducing the risk of
thermal decomposition of thermolabile active compounds [22].

In general, MAE systems are classified into a multimodular system and a
focused mode system (monomodule) [18-20]. A multimode system produces a
random dispersion of microwave radiation in the cavity, while a focused system
(monomod) allows microwave radiation to be focused on a limited area in the
cavity. Typically, a multi-mode system is associated with high pressure, while a
monomodular system is used at atmospheric operating pressure, although it can
also operate at high pressure. To avoid confusion in the MAE classification, to
refer to the system used, such terminology as “closed system” and “open system”
is used, which operates under pressure and at atmospheric pressure, respectively.
Over the past decades, MAE methods have been investigated and implemented to
allow the process with power, pressure, temperature control, as well as new modi-
fied microwave extraction methods that combine extraction with ultrasonic pro-
cessing, allow MAE without the use of organic solvents, and other technologies
[23-28].

The great interest of researchers in microwave analytical chemistry is
confirmed by the fact that over the past 10 years, according to [29], more than
3000 papers have been published on the use of microwave extraction by chemical
analysis, including more than 900 works on microwave extraction of plant
materials for the isolation of natural and biologically active compounds.

1. Application of microwave radiation for extraction of natural com-
pounds. Microwave radiation is used in the extraction of various low molecular
weight organic compounds from natural raw materials [15-21, 23-28, 30-127]. Its
use is described for the isolation of total groups of substances. For example,
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phenolic compounds [30, 32-64, 90, 97, 99, 100, 111, 112, 121, 127], as well
as certain groups of substances that belong to such classes as phenolic acids [46,
49, 51, 52, 54-59, 91, 108, 111, 112, 116, 121, 127], flavonoids [36, 39, 43-45,
49, 63, 101, 106, 118], isoflavones [102], anthocyanins [47, 48, 124], coumarins
[60-62], anthraquinones [65, 98], tannins [66,67], xanthonoids [68], lignans
[69], alkaloids [63,70-77], carotenes [78], stilbens [79, 80], saponins [81,
82, 107], triterpenes [83, 84], lipids [85, 86], carbohydrates [88], essential oils
[90-96], tanshinons [105], etc.

Microwave extraction was used to isolate tyrosol and its glycoside from the
genus Rhodiola [52], curcumin from Curcuma longa [53], rosmarinic acid from
Melissa officinalis [54, 55], carnosic acid [55], chlorogenic acid [56-59], coffee
[56], genepozidovoy [57], coumaric and melototic acids [59], coumarin [60] and
its derivatives: decursin from the roots of Angelica gigas [61] and isofraxidine
from Sarcandra Glabra [62], flavonoid vitexin and iovitexin from crotal sis syrin
63], quercetin and its glycosidized derivatives [64], alkaloids: senkirkine and
senestionin in Tussilago farfara [70], vazitsina, harmali on and Garmina from
Peganum harmala L. [71], camptothecin from Nothapodytes foetida [72], san-
guinarine and chelerythrine from the fruits of Macleaya cordata [73], theobromine
and caffeine from cocoa [77], B-carotene [78], saponins: diosgenin [81] and
astragaloside [82], pentacyclic triterpenoids of a number of lupane — lupeol [83],
betulin [84], glycyrrhizic acid [109], cocaine [115], caffeine [116], etc.

At the same time, in the majority of works, quantitative evaluation is carried
out both to determine the total amount of substances in the raw material under
study [31-49] and individual BAS [50-84], using high performance liquid chro-
matography (HPLC) [30-32, 38, 39, 42, 51, 58, 60, 109, 123, 124, 127], in various
hardware design, for example, with UV detection [33] or detection using a
photodiode array HPLC-PDA [40,51], HPLC-UV/DAD [54,60], RP-HPLC-DAD
[127], HPLC-MS [124], in combination with mass spectrometric analysis HPLC-
DAD-ESI-MS/MS [34], DAD/MS [55], LC-MS-MS [99], using nano-LC-ESI
mass spectrometry [59], high-speed counter-current chromatography (HSCCC)
[62], gas chromatography-mass spectrometry [115], etc.

A number of studies present the results of a comparative analysis of micro-
wave extraction with traditionally used extraction methods and ultrasonic extrac-
tion, as well as their synergistic action. Thus, a comparative analysis of extraction
methods, including microwave and ultrasonic, classical and extraction in the
Soxhlet apparatus, on the yield, composition of phenolic compounds and anti-
oxidant activity from cherry leaves and fruits (Cherry) was presented in a study
[42]. The highest yield of extractives was obtained by extraction in the Soxhlet
apparatus. However, the extracts obtained by microwave extraction contained the
greatest amount of phenolic and flavonoid compounds and showed the best
antioxidant activity. The main phenolic compound in all extracts was chlorogenic
acid, and o-coumaric acid, quercetin 3-glucoside, luteolin 7-glucoside, apigenin
7-glucoside, kempferol 3-glucoside and naringenin were first detected in the
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leaves, while the presence of vanillic acid, caffeic acid and rutin was confirmed in
all extracts.

Microwave extraction was also used to extract three alkaloids from Peganum
harmala L. - the vasicine, as well as the harmalin and harmine alkaloids [71],
camptothecin from Nothapodytes foetida [72] for sanguinarine and chelerythrine
from Macleaya cordata [73].

N —
N
N):P H,CO / HyCO a
OH B CH, N CH,
H H

Vasicine Harmalin Harmine

OCH,

\N ~ O 3
6]

Camptothecin Sanguinarine Chelerythrine

H,C

Analysis of various extraction methods (mixing, extraction in the Soxhlet
apparatus, ultrasonic and microwave extraction) for extraction showed that mic-
rowave processing showed the best results in terms of quantitative characteristics
of the final yield and time spent on extraction.

2. Impact of microwave on plant materials. Despite the fact that, in most
cases, dried plant material is used for extraction, plant cells contain the smallest
traces of moisture, which serve as a target for microwave processing and extrac-
tion. The moisture contained inside the plant cell when heated due to the micro-
wave effect evaporates and generates tremendous pressure on the cell wall [97].
The pressure pushes the cell wall from the inside, which provokes its rupture and
facilitates the release of active components from the destroyed cell wall. This
phenomenon can be even more intense if the plant matrix is impregnated with
solvents. The higher temperature achieved by the action of microwave radiation
can hydrolyze the essential bonds of cellulose, which is the main component of
the plant material. Increasing the temperature during MAE enhances the de-
hydration of cellulose and reduces its mechanical strength, and this in turn helps
the solvent to easily penetrate into the compounds inside the cell, improving
extraction.

According to Pavlin's kinetic model [13] (established for supercritical fluid
extraction), the compounds are extracted in several stages: desorption from the
matrix surface, diffusion in the porous organic layer to the solvent, and solubi-
lization in the solvent. In this case, the extraction process can be limited to one or
several steps. In the case of a well-chosen solvent, the solubility of the component
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Figure 1 — Image of a swollen plant particle surrounded
by a layer of solvent and types of diffusion [24]

is not a limiting factor, and desorption is more important to consider, since the
extraction must overcome the interactions between the analytes and the extracted
matrix.

As soon as the plant particle is surrounded by a layer of solvent, the follo-
wing processes begin to occur:

1) Type I diffusion - diffusion of plant components towards the outer layer;

2) Type Il diffusion - diffusion of plant components into a solvent;

3) Type III diffusion - diffusion from the outer layer in the direction of the
main solvent;

4) Leaching of contents from the destroyed (lost integrity) cells.

Microwave heating differs from the traditional method of high volumetric
and temporal gradient, as well as the unequal ability of the solutions and compo-
nents of the heterogeneous system is differing in composition to absorb radiation
energy [11], whereas conventional heating occurs outside and requires heat out-
side when in contact with a hot surface. In case of microwave radiation, heating
occurs from the inside throughout the entire volume of the sample. The impact on
the substance of the electromagnetic wave of the microwave range leads to a con-
tinuous reorientation of polar molecules, due to the continuously changing di-
rection of the vector of the electrical component of the radiation, which, due to
intermolecular interactions, leads to the release of heat. The water contained in the
plant cells is heated under the action of microwave irradiation and this internal
change leads to an increase in pressure inside the plant cells, which further
violates their integrity and contributes to the release of molecules. Schematically,
this process is illustrated in figure 2 for solvent-free microwave extraction
(SFME) [27].

The effect of MAE strongly depends on the dielectric susceptibility of
both the solvent and the solid plant matrix. In some cases, selective heating of the
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Figure 2 — Schematic image of the mechanism microwave extraction without solvent
(solvent-free microwave extraction (SFME)) [27]

sample matrix is created by immersion in a “clear” solvent, which can be non-polar
solvents, chloroform, used as a specific reaction medium. This approach is espe-
cially useful for thermolabile components to prevent their degradation [13, 97].

For a better understanding of the effect of microwave extraction on plant
material, the study of structural changes in samples is necessary. In order to
provide evidence to elucidate the mechanism of microwave assisted extraction of
components from plant materials, structural changes of vegetable samples after
extraction were observed by light microscopy, scanning electron microscopy,
transmission electron microscopy and atomic force microscopy [19].

Thus, in [30], a comparative analysis of Erigeron breviscapus samples
processed and untreated by microwaves was carried out with the aim of isolating
scutellarin. Scanning electron microscopy (SEM) or electron micrographs are
used for this purpose.

0 OH
~Lo
Hcl).lo OH 0
HO
OH O
Scutellarin
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It was shown that microwave treatment impaired the integrity of the E. Bre-
viscapus tissue, which contributed to the release of chemicals from cells into the
extractant. On the contrary, the structure of the samples when applying heat
treatment did not significantly differ from the parameters of the untreated
samples, and several small gaps were observed on their surface. In addition, the
particle size after microwave treatment was smaller than that of untreated samples
and samples after thermal extraction, which increased their specific surface area,
and as a result, contributed to a better flow of extraction processes.

Similar conclusions were obtained in the study using scanning electron
microscopy of the surface of tobacco samples. The MAE method has been applied
to isolate solanesol, which is the starting material for many high value bioche-
micals, such as vitamin K analogues and coenzyme Q;o. The surfaces of tobacco
samples after microwave extraction were destroyed, while on the surface of the
samples during heat treatment, only small gaps were observed [31].

CH3 CH3
Solanesol

The effect of the MW treatment is most clearly demonstrated in figure 3,
which shows the results of electron microscopy, which clearly show a difference
in the samples of fresh leaves of Epimedium koreanum, without microwave
processing and using microwave extraction to extract epimedin B [32].

R rha-(1-2)glu
R2 glC

Epimedin B

After microwave-assisted extraction Epimedium leaf samples , the number of
the chloroplasts decreased slightly and extractant turned from colorless to green.
These observations suggest that microwave assisted extraction can result in the
damage of the plant tissues and/or cells (even organelles) [19].

Scanning electron microscopy (SEM) also provided visual evidence of the
effect of microwave radiation on the destruction of natural material when sapo-
nins (diosgenin) were extracted from Dioscorea zingiberensis C.H. Wright [81]
(figure 4). The sample after microwave extraction had a highly porous structure,
which contributed to the rapid and effective release of steroids into the extraction
solvent.
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Figure 3 — Epimedium leaf samples [32]:
(A) without the use of microwave processing; (B) after applying the microwave treatment
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Figure 4 — Sample source material Dioscorea zingiberensis C.H. Wright
before (RM) and after microwave extraction (MAE) [81]

3. Experimental variables affecting the microwave-assisted extraction.
The efficiency of microwave extraction of plant secondary metabolites can be
affected by various factors, such as: type and concentration of solvent, solid-
liquid ratio, microwave power and frequency, extraction temperature, microwave
heating time, moisture content of raw materials, particle size of plant samples,
extraction pressure and the number of extraction cycles [16-20, 23, 24, 97].

3.1. Effect of solvent. Choosing the right solvent is considered to be one of
the most important parameters for microwave extraction and is fundamental for
getting an optimal result. The choice of solvent for MAE is dictated not only by
the solubility of the extractable components, but also by the interaction between
the solvent and the plant matrix, and by the microwave absorption properties of
the solvent. Preferably, the solvent should have a high selectivity with respect to
the extracted substances, so that undesirable components are excluded from the
extraction process. The dielectric properties of the solvent play a key role in mic-
rowave extraction, since both the efficiency and selectivity of MAE strongly
depend on the dielectric constant of the extracting solvent or its mixture. For
example, in the case of extraction of furanocoumarins from plant tissues Pasti-
naca sativa [98], petroleum ether is usually used, while more polar coumarins
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containing hydroxyl groups are extracted with methanol. Since the use of petro-
leum ether in MAE is ineffective, 80% methanol was used. However, the yields
of furanocoumarins when using it were significantly lower than during extraction
in the Soxhlet apparatus and in ultrasonic extraction. As a rule, when MAE in
most cases, solvents or solvent mixtures are used with good heating efficiency
under the action of microwaves (with a high tan J value).

In some cases it is effective to use a water-organic solvent, since the presence
of water can improve the penetration of the solvent into the sample matrix and,
thus, increase the heating efficiency. Another important aspect is the compati-
bility of the extracting solvent with the chromatographic analytical stage.

The use of methanol and its water-alcohol mixtures with various percenta-
ges [33, 50, 51, 56, 58, 60, 67, 70, 76, 99], ethanol and its water-alcohol mixtures
[34, 37, 38, 40, 41, 53, 57, 64, 71, 74, 75, 79, 81, 84, 99, 100, 106-108], acetone
[33, 55, 98], ethyl acetate [33, 50], acetonitrile [98] et al.

Thus, in article [33], the usual (reflux) and microwave extraction was studied
to extract phenolic substances from Rosmarinus officinalis. It was shown that the
amount of extractable phenolic substances using the traditional method decreased
with decreasing solvent polarity: 60% methanol, 60% acetone and ethyl acetate-
water (60:30, v/v), and during microwave extraction: 60% acetone, 60% metha-
nol, water, ethyl acetate-water. It has also been proven that microwave extraction
is a more effective method compared to the conventional method, by reducing the
extraction time and the amount of solvent, as well as increasing the amount of the
extracted phenolic compounds.

The type of solvent used (acetone, ethanol, methanol, and acetonitrile) during
microwave extraction of Morinda citrifolia influenced the yield of anthraquinones
[98]. It was shown that for the maceration method, the percentage of extraction of
substances decreases in the order acetone-methano-ethanol-acetonitrile, and in the
case of microwave extraction: methanol-acetone-ethanol-acetonitrile. This diffe-
rence is due to the fact that during maceration, the extractability depends mainly
on the solubility of the compound in the solvent used, the kinetics of the mass
transfer of the product, and on the strength of the interaction of the solute/matrix.

The separation efficiency and the selectivity of MAE for the isolation of
color pigments from Capsicum annum were investigated using 30 extraction
solvents and it was found that both the efficiency and selectivity of MAE depend
significantly on the dielectric constant of the extracting solvent mixture. As a rule,
in most cases solvent mixtures with good heating efficiency at MAE, such as
aqueous methanol and ethanol, showed the best extraction results [103].

The percentage of alcohol-water of the extracted solvent mixture also
influences the extraction efficiency. The methanol — water mixture (90:10) turned
out to be better with MAE of paclitaxel from Taxus baccata [104].

Among various ethanol concentrations, the use of 95% (v/v) ethanol showed
the best optimal results with MAE tanshinons (tanshinone IIA, cryptotanshinone,
tanshinone 1) from Salvia miltiorrhiza roots [105]. If MAE takes only 2 minutes,
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then extraction at room temperature, ultrasonic extraction, and Soxhlet extraction
require 24 hours, 75 minutes, and 90 minutes, respectively.

A small amount of water in the extract solvent can easily penetrate into the
cells of the plant matrix and promote better heating of the plant matrix. This in
turn increases the mass transfer of the active components to the extracting solvent.
The use of 80% aqueous methanol (v/v) was the optimal solvent extraction com-
position for the MAE extraction of chlorogenic acid and genoposidic acid from
Eucommia ulmodies Oliv. [58].
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When studying the concentration of ethanol to isolate flavonoids from Cyclo-
carya paliurus (Batal.) [106], it was shown that the yield of flavonoids increased
when the concentration of aqueous ethanol ranged from 30% to 70%, and when
the concentration of ethanol was above 70%, the yield decreased. Similar patterns
were found with MAE saponins from Panax ginseng [107], when there was an
increase in the yield of derivatives with varying ethanol concentration from 30%
to 60%, and a decrease in yield when using 75% and 90% ethanol, as with a mic-
rowave power of 88 W, and at 162 watts. In the case of extraction of phenolic
compounds from Morus alba L. [108], the highest yield of derivatives was
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achieved using 40% ethanol, while using 30%, 40%, 50% and 60% ethanol, the
quantitative yield was lower. MAE phenolic compounds from Stevia rebaudiana
[41], an increase in the yield of derivatives was observed when the ethanol con-
centration was varied from 0% to 75%, and the use of 100% ethanol decreased the
indices.

. aCOOH

HOOC\

HO —0
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HO \™—0 0
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Glycyrrhizic acid

The study of the concentration of ethanol for the separation of glycyrrhizic
acid [109] showed that an increase in the concentration of ethanol from 0 to 50-
60% leads to an increase in the degree of extraction, whereas at concentrations
from 60% to 100% the output sharply decreases. To improve the extraction, the
use of 1-2% ammonia with 50-60% ethanol was tested and it was shown that the
yield of glycyrrhizinic acid was significantly increased due to the formation of
salt having better solubility in the solvent system used.

Some more examples of the use of a high concentration of a solvent that
absorbs microwave radiation are presented for the MAE coumarin [60], safflower
yellow [110], and phenolic compounds [32, 33, 101, 111].

Solvent toxicity is also assessed when selecting a suitable solvent for MAE.
For example, methanol was used to extract phenolic compounds from grape skins
and seeds. When using it, a higher polyphenol yield was obtained compared to
using ethanol, but the latter extract had stronger antioxidant properties [112]. In
general, ethanol is by far the most used solvent for MAE, which is suitable for
extracting many active compounds from plants [34, 37, 38, 40, 41, 53, 57, 64, 71,
74,175,779, 81, 84, 99, 100, 106-109].

With MAE, the same solvent can be used as with conventional extraction
methods, however, optimal microwave extraction can not always be carried out
with the same solvent.

For example, diethyl ether, which is widely used to extract steroids of the
Saxifragaceae family, is not suitable as a solvent for MAE [113]. The way out
may be the use of a modifier that can be added to the solvent to increase its ove-
rall performance. Thus, water was added as a modifier to diethyl ether to increase
the efficiency of microwave heating during the extraction of steroids from
Rodgers aesculifolia Batal. [113].

Sometimes with MAE, solvent mixtures characterized by low and high mic-
rowave absorption are used to ensure optimal extraction results.
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A mixture of solvents consisting of ethanol and hexane, characterized by a
high and low value of the dielectric constant (¢ ') was used to isolate solanesol
(solanesol). Ethanol is a relatively good solvent that absorbs microwave energy
(e'= 25.7), but is not considered as a good extraction solvent for solanesol, and
hexane for it is a good extraction solvent, but has (¢' = 2.0). Therefore, ethanol
and hexane were mixed in different ratios for the MAE process. The ratio of
hexane to ethanol (1: 3) gives the best percentage of solanesol extraction from
tobacco leaves among the tested combinations [31].

Another example of the effect of a solvent in MAE extraction is the results of
a study presented in [114]. Thus, the use of hexane in the MAE ginger as a sol-
vent, gives smaller quantities than when extracted in the apparatus of Soxhlet. On
the other hand, the use of ethanol as an extraction solvent at MAE shows a
significantly higher yield than with ethanol in Soxhlet extraction. This difference
can be explained due to the difference in dielectric properties of the solvent.
Hexane is “transparent” to microwaves and therefore does not heat up in a micro-
wave oven, whereas ethanol has a good microwave absorption capacity and, the-
refore, heats up faster and can improve the extraction process. Thus, the dielectric
properties of the solvent plays an important role in microwave extraction.

3.2. Effect of solid to liquid ratio. Another factor affecting the efficiency of
microwave extraction is the solid to liquid ratio. In traditional extraction methods,
large volumes of solvent are commonly used, which generally affects the ability
to extract biologically active ingredients. With regard to microwave extraction, a
number of authors investigated and described the influence of the ratio of solids to
liquids on the final quantitative characteristics of the process.

Thus, in a study [30], it was shown that the yield of scutellarine during the
extraction of Erigeron breviscapus decreased with an increase in the ratio of solid
to liquid from 2.5:100 (g/ml) to 15.0:100 (g/ml). Similarly, in article [100] it was
noted that the yield of phenols in the extraction of peanut shells decreases with
increasing solid-liquid ratio from 1.5:37.5 (g/ml) to 3.5:37.5 (g/ml ) with extrac-
tion with 30% aqueous ethanol. At the same time, the influence of the microwave
power (10%, 50%, 90% of the nominal), the exposure time (30, 90, 150 s) and the
sample mass (1.5, 2.5, 3.5 g) were also studied. It was shown that the yield of
flavonoids in Radix Astragali increased from a solid to liquid ratio from 1.25:50
to 1.67:50 (g/ml), and the maximum yield of flavonoids with MAE was obtained
by double extraction using 90% ethanol 25 ml/g of material at 110 °C for 25 min
[100]. The percentage of glycyrrhizic acid extraction increased with increasing
liquid-solid ratio from 5:1 to 20:1 (ml/g) and ranged from 1.88 to 2.58% [109].

Possible reasons for a lower extract yield with a higher solid-to-liquid ratio
are the fact that, firstly, microwave energy is absorbed and dispersed by larger
particles of plant material [30], and secondly, an increase in the mass of extrac-
table material reduces surface area for penetration solvent and, as a consequence,
reduces the solubility [100]. The fact of a decrease in the yield of extraction
substances with an increase in the volume of the solvent can also be explained by
the excessive swelling of the plant material [101]. Another reason for influencing
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the extraction process may be the use of mechanical stress factors (shaking,
stirring). You should also consider the efficiency of heating the solvent at MAE,
since evaporation of the solvent or how quickly it heats up under the action of
microwaves will depend on this. Thus, the optimization of this parameter is of
paramount importance in the MAE.

As a rule, liquid/solid ratios are reported in MAE. Thus, the study [106]
showed that the yield of flavonoids tended to increase (from 14.56 + 0.22 to
15.42 + 0.45 mg/g) with an increase in the ratio of solvent to material from 10:1
to 20:1, however, the recovery percentage rapidly declined at a ratio above 20:1.
This is probably due to inadequate mixing of the solvent under microwave expo-
sure. On average, the ratio of liquid/solid ratio is in the range of 10 to 20-25 ml/g
[13].

3.3. The influence of the particle size of the plant matrix. The size of the
extractable particles of plant material and the state in which it is presented for
MAE can have a strong influence on the efficiency of the extraction process.

The volume of solvent must be sufficient to ensure that the plant matrix is
completely immersed in the solvent during the entire extraction time. In most
cases, a higher ratio of solvent volume to solid matrix can be effective with
conventional extraction methods, however, with MAE, a higher ratio can lead to
lower sample extraction, which may be due to inadequate mixing of the solvent
when exposed to microwaves. Thus, the effect of particle size in MAE tannins
showed that the material used was crushed and sieved to select a particle less than
1 mm in the range: 1-0.8; 0.8-0.4; 0.1-0.05 mm. Extraction yields and colorimet-
ric results showed that the amount of extracted substances increases with decrea-
sing particle size of crushed bark to 400 pum. Similar patterns are presented for
MAE ginseng saponins [107] and MAE for cocaine [115].

Fine powders can increase the extraction process, providing a large surface
area that provides better contact between the plant matrix and the solvent. As well
as smaller particles can improve or significantly increase the deeper penetration of
microwaves. Here the ability of the plant material to swell should also be taken
into account, which will make it difficult to mix the extracted raw materials du-
ring extraction. The disadvantage associated with the use of smaller particles is
the difficulty of separating the plant matrix from the solvent after microwave irra-
diation, as well as the subsequent processing process, especially at the filtration
stage, creating some technical problems. Particle size is usually in the range of
100 um to 2 mm [97].

3.4. Effect of the types of plant raw material. Many types of plants can be
used to extract different valuable compounds. The most important properties of
the plant submitted to extraction are:

- The cell structure which contain the valuable components. To further un-
derstand the mechanism of microwave-assisted extraction, it is essential to study
the sites of the biosynthesis, transport and accumulation of secondary metabolites
in the plant tissues, cells or organelles. Some compounds (for example essential
oils) are found in special cell structures either on the surface of the plant or in the
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plant tissues. The simplest structure is a single secretion containing cell where it
is only the actual content that distinguishes it from adjacent non-secretory cells.
However, it may be larger than the other cells or have a thick cuticularized lining.
These types of compounds are extracted more easily, since the structures are loca-
ted at the surface of vegetal material and their walls can be disrupting easy. Ano-
ther compounds, such as phenolics, are more difficult to extract because they are
stockpiled in the central vacuoles of guard cells and epidermal cells as well as
subepidermal cells of leaves and shoots [27]. Immuno-localization experiments
revealed that most of the flavonoid biosynthesis-related enzymes were loosely
bound to the cytoplasmic face of the endoplasmic reticulum, possibly in a multi-
enzyme complex [19].

- Another feature is the type of binding between the main derivatives derived
from MAE and the accompanying compounds contained in the plant material. For
example, polyphenolic compounds are rarely found in free form and most of them
found covalently linked to the plant cell wall and are found in the form of glyco-
sylated form.

- In addition to the particle size of the vegetable matrix used for extraction,
the important point is the type of raw material used, its condition, in what form,
dried or freshly harvested, it is used. Extraction typically uses dried plant mate-
rials, but plant cells contain small traces of moisture that serve as targets for mic-
rowave heating. Moisture present in the sample matrix can have a strong in-
fluence on the extraction efficiency. The presence of water, naturally contained in
the plant material or added during its pre-soaking, leads to an increase in the
polarity of the extractant, which will affect its ability to absorb microwaves, thus
facilitating heating. The presence of water can cause swelling of the plant matrix,
making the analytes more available accessible to the extractant.

Due to the microwave effect, when the moisture is heated inside the plant
cell, it evaporates and creates tremendous pressure on the cell wall from the
inside, which leads to its destruction and helps the components from the destroyed
cells to enter the surrounding solvent.

In many cases, the natural moisture content in the matrix improves the ex-
traction of extracts. This is used, for example, in MAE extraction without using a
solvent, for example in solvent-free microwave extraction (SFME) [27.90-96].
This extraction method uses microwave heating of plant material containing
natural water. However, in the case of dried raw materials, in order to use mic-
rowave heating, it must be rehydrated by adding a sufficient amount of water,
which is usually achieved by pre-soaking.

Pretreatment of the sample to MAE can provide efficient and selective
heating of the matrix. In some cases, soaking the dried plant material in an extrac-
ting solvent to MAE leads to an improved yield. Dried samples that have been
pretreated with higher microwave absorption solvents combined with extraction
solvents such as ethanol or methanol provide heating, at least using two compe-
ting mechanisms, namely direct heating from the interaction of microwaves with
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solvent and heating with diffusion excess heat resulting from the interaction of
microwaves with a pretreated matrix [97].

Increase the pre-leach time from 4 minutes to 90 minutes. The extraction of
polyphenols from green tea leaves increased by 1.53%, and the extraction of
caffeine increased by 0.49% [116]. These results indicate that raw material pre-
treatment can be a strategy for improving extraction efficiency in MAE.

3.5. Effect of microwave power and microwave efficiency. When extracting
plants, a high microwave power can lead to a decrease in yield due to the degra-
dation of heat sensitive compounds. In general, the extraction yield increases in
proportion to the increase in microwave power to the limit before the increase
becomes insignificant or decreases [43, 55-57]. The microwave power provides
localized heating in the sample and acts as the MAE driving force required to
destroy the plant matrix, so that the analyte can diffuse and dissolve in the sol-
vent. The increase in power usually improves the extraction yield and leads to a
shorter extraction time. The variables microwave power and time of exposure to
radiation have opposite effects; thus, using a high microwave power affords a
decreased exposure time, whereas using a low power requires irradiating the
sample for a longer time if the same amount of energy is used.

A higher power level does not contribute to the study of the interaction of
microwaves and extraction solvent with the sample. Thus, the extraction of sa-
ponins using the MAE method [107] took 30 seconds at a power of 250 W and
180 seconds at a power of 88 W, whereas with conventional thermal extraction at
80 °C it took 3 hours.

A combination of low or moderate power with a longer exposure may be a
more reasonable extraction approach. Thus, the number of ginsenosides extrac-
ted by the MAE method in different microwave conditions [117] was studied in
this work and it was shown that, in general, the extraction efficiency was increa-
sed by increasing the microwave power from 30 to 150 W. The difference in
ginsenosides extracted at a power of 30 to 150 W was more significant with a
shorter extraction time than with a longer extraction time. Gao M. et al. [118]
showed that varying the power from 400 W to 1200 W had no significant effect
on the release of flavonoids from Saussurea medusa [118].

High power with long exposure is always associated with the risk of thermal
degradation. Reasonable choice of power used avoids excessive temperature,
which can lead to destruction of the sample and excessive pressure inside the
vessel, especially in the case of a closed MAE system. In MAE, it should be taken
into account that exposure to microwave radiation, even at low operating power
or low temperature, can reduce the extraction yield due to the degradation of the
chemical structure of the active compounds [119, 120].

Since the power level alone does not provide sufficient information about the
absorbed microwave energy in the extraction system, Alfaro and his staff [114]
introduced the term known as energy density, power per mass for a certain unit of
time, to study the effect of microwave power at MAE. This variable represents the
microwave irradiation power for a given unit of extraction volume and is compa-
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ratively more significant than the microwave power level in optimizing MAE
conditions. However, the irradiation power for microwave heating (power den-
sity) does not reflect the actual power absorbed in the extraction system. They
reported that as soon as the plant matrix is destroyed by microwave radiation, the
active compounds will be released.

The amount of energy absorbed for localized heating in the extraction system
can be considered by using two intensityrelated MAE variables, namely: the
absorbed power density and the absorbed energy density, which reflect the
amount of microwave power absorbed and the heating energy of the extraction
system, respectively. These variables are mutually independent and were recently
successfully used to replace microwave irradiation power and extraction time in
modeling MAE of active compounds from cocoa leaves at various extraction
scales [128, 129]. Also, some extraction models were adapted on the basis of the
amount of microwave energy absorbed during extraction in order to predict MAE
extraction profiles at a variable irradiation power (100-600 W) and extractant load
(100-300 mL) [130].

Microwave efficiency is also dependent on the input microwave frequency,
which, together with the dissipation factor of the irradiated material, affects the
penetration depth of microwave energy. At a given input frequency, the greater
the dissipation factor of a sample is, the less it will be penetrated by microwave
energy. In large samples with high dissipation factors, heating beyond the
penetration depth of the microwave energy is due to thermal conduction; as a
result, temperatures are higher at or near the surface of the irradiated material.

3.6. Effect of temperature. Another parameter affecting the efficiency of
microwave extraction is temperature. The temperature and power of the micro-
wave are interrelated, since high microwave power can raise the temperature of
extraction of the system. As a rule, a higher extraction temperature is advanta-
geous for extraction due to increased solubility. The choice of extraction tempe-
rature depends on the stability and extraction of the desired active compound. The
use of low and medium microwave power with a longer exposure to the material
being extracted may be a more reasonable approach. Rapid destruction of the cell
wall occurs at a higher temperature and at higher power, as a result, along with
the desired components, the associated substances also pass into the solvent. At
low power levels, cell wall rupture can occur gradually, which makes it possible
to conduct selective MAE. On average, at MAE, the optimum temperature range
varies from 30 to 60-140°C [13].

With MAE anthraquinones from Morinda citrifolia, it was found that
increasing the temperature of the solvent from 60 to 120 °C significantly increa-
ses the efficiency of extraction, due to the fact that a higher temperature causes an
increase in the solubility of the derivatives. An increase in temperature leads to
the destruction of the cell frame, and, consequently, to the availability of anthra-
quinones for extraction. In addition, at high temperatures, the viscosity of the sol-
vent decreases and the diffusion coefficient increases, thus increasing the extrac-
tion efficiency. So, with an exposure time of 5 to 30 minutes and a extraction
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temperature of 60 °C, the percentage of anthraquinone extraction was approxi-
mately 42-60%, whereas at T = 120 °C - 81-90% [98].

Thus, the effect of microwave power (450-600-900 W) and duration of
irradiation (30-210 s) on the total concentration of phenols was studied in [121]
and showed that the effect of the ratio of solids to liquids during microwave
extraction of phenols from tea is related with the temperature of plant samples.
Tsubaki S. and colleagues [122] during the extraction of phenolic compounds
from tea showed that the phenolic content of the extract increases with the ex-
traction temperature and the optimum temperature was equal to 170 °C. A further
increase in the extraction temperature gave a lower yield. The authors of article
[101] demonstrated that with a high microwave power of 1000 W when extracting
flavonoids from the roots of Radix astragali, the yield of extractive substances
decreases if the extraction temperature is higher than 110 °C due to the instability
of flavonoids at these temperatures. They also showed that excessive exposure to
microwaves will lead to the loss of flavonoids due to their thermal degradation.

The article [106] provides data on the effect of temperature T = 40, 50, 60,
70, 80 and 90 °C, respectively, on the yield of flavonoids from Cyclocarya
paliurus (Batal.), with a fixed extraction time of 5 minutes, the ratio of solvent to
material 20:1 and using 90% ethanol as a solvent. At a solvent temperature of 40
to 80 °C, the extraction efficiency significantly increased (from 6.17+0.32 to
12.99+0.25 mg/g), which may be due to the fact that a higher temperature leads to
an increase in molecular interactions and increase solubility. However, higher
extraction temperatures T = 80-100 °C did not show a significant improvement in
extraction, and further heating may have negative effects caused by the degra-
dation or conversion of analytes.

3.7. Effect of exposure time. The power of the microwaves and the time of
exposure are two such factors that greatly influence each other. As in the case of
traditional extraction methods, microwave extraction time is another parameter
whose influence must be taken into account. In general, by increasing the ex-
traction time, the amount of extractables increases, although there is a risk of de-
struction of the derivatives. On average, according to [13], the duration of the
MAE varies from 15-30 seconds to 15-20 minutes. So, in the work [58] 40 second
microwave extraction of Eucommia ulmodies Oliv. gave an excellent result.

In [116], it was found that the amount of polyphenols and caffeine from
green tea leaves at MAE increased with extraction time up to 4 minutes, and then
decrease with increasing time. Similar observations on the effect of MAE time
from Salvia militiorrhiza [105]. Thus, a study [123] estimated the duration (5, 10,
15, and 20 min) of the extraction of capsacinoids (capsacinoids) from pepper,
which showed a clear increase in the extraction rates of capsaicinoids with an
optimal value of 5 minutes.

Thus, 15-20 minutes is sufficient for the extraction of phenolic compounds
using aqueous ethanol from Malus domestica [40], leaves of Stevia rebaudiana
Bertoni [41] and Cyclocarya paliurus (Batal.) [106], when using aq. HCl with
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MAE Dactylis glomerata, Festucarubra L., Festuca ovina L., Bromusinermis and
Bromus marginatus, Hypericum perforatum, Thymus vulgaris L., Tilia cordata,
Uncaria tomentosa [111], using 15 M HCI:95 % ethanol in the ratio (15:85) in the
extraction of anthocyanins from Zea mays L. [124], 80% ethanol to extract anthra-
quinones from the roots of Morinda citrifolia [98] and water to extract alkaloids
(corilagin, geraniin) from Geranium sibiricum Linne [66]. However, there are
studies that have demonstrated that it took 60 minutes to extract the active
ingredients from Pistacia lentiscus var [125], silymarin from Silybum marianum
L. [126] or phenolic compounds from Quercus robur L. [67].

If a longer extraction time is required, the risk of thermal decomposition can
be reduced by extraction cycles. This process can be modified by either adding
fresh solvent to the residue or repeating the extraction step to ensure that the
extraction is completed. To isolate 3-Hydroxy-4-phenylmethoxy-stilbene-2-
carboxylic acid and pinostobin from Pigeonpea leaves (Cajanus cajan (L.)
Mill sp.), 80% ethanol and 2 extraction cycles of 1 min each were used [127].
When optimizing the extraction of flavonoids from the roots of Radix astragali, it
took 2 extraction cycles with a duration of 25 min [101], and Yan et al. [82] found
that 3 extraction cycles of 15 minutes are best suited for the extraction of astra-
galosides from Radix astragali. Extraction of coumarin, o-coumaric acid and
melilotic acid from Melilotus officinalis L. was carried out 50% ethanol in
2 extraction cycles of 5 min each [60].

Optimization of extraction time is an important factor in process efficiency,
since the extraction time can vary depending on the part of the plant used and the
type of microwave extraction. The dielectric properties of the solvent also affect
the exposure time. According to Chan et al. [20] and Veggi et al. [131], thermal
degradation and oxidation of sensitive compounds are associated with microwave
exposure time. Solvents such as ethanol, methanol and water can be very hot with
longer exposure, thereby increasing the risk of destruction of the thermolabile
components. Thus, in the study of MAE compounds from Morus alba L. [108], it
was shown that when the irradiation time was extended from 1 to 7 minutes,
maximum contents of polyphenols and flavanoids were recorded, however, longer
heating reduced the yield of derivatives due to thermal decomposition of poly-
phenolic components.

Conclusions. Since microwave irradiation was used in the recovery of the
important components from plant materials, there have been numerous reports on
microwave assisted extraction of plant secondary metabolites. This technique uses
microwave radiation to cause polar molecules and ions to move and dipoles to
rotate in order to heat solvents and promote transfer of target compounds from the
sample matrix to the extractant. A lot of examples suggested that microwave-
assisted extraction has some considerable merits such as shorter extraction time,
higher extraction yield and less solvent consumption compared to conventional
extraction methods. Microwave-assisted extraction was currently regarded as a
robust alternative to traditional extraction techniques, especially in the case of the
sample preparation for analytical purpose. The main variables affecting micro-
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wave heating include nature and amount of the matrix, microwave power and
temperature, solvent properties and volume, stirring, extraction time, extraction
pressure and the number of extraction cycles. Traditional MAE usually involves
the use of toxic and hazardous organic solvents. The trend is to reduce the amount
of solvents or replace them by others of greener nature.
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Pesome
T. B. Xapramosa

MUKPOTOJIKBIH/IbI COVIJIEJIEHAIPY, OHBIH EPITIHAIJIEPTE ©CEP ETVYI
KOHE 6CIMIK MATEPUAJIJAPBI KOMIIOHEHTTEPIHIH
OKCTPAKIUMACHI YHITH KOJIJAHBIIYBI

2—ri xabapiama
MUKpPOTOIKBIHABI COYICICHAIPY/IIH 6CIMIIK MaTCPHAIBIMEH 63apa dPEKeTTeCyi
JKOHE TaOUFH KOCBUIBICTAP/IBIH ATy MPOIIECIHE 9Ccep €TETiH (aKkTopiap

Kazipri yakpITTa MHUKPOTOJIKBIH/ABI 3KCTPAKIMs AHAIUTHKAIBIK XUMUS calajapbl-
HBIH 0ipi 00BN TaOBLIA B, OYIT ETEHIMI3 OCIMIIK MIMKi3aTEIHAH OMOJIOTHSUIBIK OCTICCH/T
KOCBUIBICTAP/IBIH OHIMIUIITIH apTTHIPYABIH €H THIMIl OHE 3aMaHayH oAicTepiHiH Oipi
60JTyBI YIIIH XKbULIaM KYPECKEH 9Jlic. 3epTTey/ie MUKPOTOJIKBIHABI CayJIeNeHY IiH 6CIMIIIK
MaTepHrallbIHa 9CEpiH KapacTeIpansl. TaOMFH KOCBUIBICTAPABI OOl ary YIIiH MHKpPOTOJI-
KBIH/IBI SKCTPaKIUSHBI KOJAaHy, COHAal-aK Typii (akToprapIblH OHIIpYy YpAiciHe acepi
TYpaJIbI JKaJIIbIIaHFaH 3aTTap KapacThIPBUFaH.

Tyiiin ce31ep: MUKPOTOJIKBIHIBI COYIENEHIPY, TAOMFH KOCBUIBICTAP, MHUKPOTOJI-
KBIHZBI 9KCTPAKIIUSI.
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Pesome
T. B. Xapramosa

MHUKPOBOJIHOBOE N3JIYYEHMUE,
EI'O BJIIMAIHUE HA PACTBOPBI 1 CTIOJIb3OBAHUE
JJ OKCTPAKIIMM KOMIIOHEHTOB PACTUTEJIBHOT'O ChIPbA

Coobuienue 2.
B3aHMOHeﬁCTBHe MI/IKpOBOHHOBOFO HSquCHI/IH C paCTI/ITeHBHBIM MaTepI/IaJ'IOM
¥ (paKTOPBI, BIUAIOIINE HA MIPOLIECC IKCTPAKIIUKM MPUPOTHBIX COCTUHEHHUH

MuKpoBOJTHOBas SKCTPAKLUSA B HACTOSAIIEE BpeMs SIBJISETCSI OJHUM U3 HalpaBJICHHH
AQHAJMTHYECKON XUMHH, KOTOpasi OBICTPO 3aBOeBajia IMO3MIHMIO OJHOTO M3 Hamboiee -
(DEKTHBHBIX M COBPEMEHHBIX METOAOB MOBBIMICHHUSA d(PPEKTUBHOCTH IKCTPAKIUH OHOJIO-
TMYECKN aKTUBHBIX COCJMHEHHWH W3 PacTUTEIBHOTO CHIpbs. B 0030pe paccmaTtpuBaercs
BIMSHHE MHKPOBOJHOBOTO M3JTy4€HHs Ha PacTUTENbHBIN MaTepuan. O000mmeH MaTepran
10 HCTIOJIB30BAaHUIO MUKPOBOJIHOBOM SKCTPAKIWH JUIA BBIACICHUS TIPUPOAHBIX COCIHHE-
HUMH, a TaKxKe BIMSIHUE PA3IHYHBIX (PAKTOPOB HA MPOIIECC U3BICUCHUSI.

KiroueBble c10Ba: MUKPOBOJIIHOBOE M3Ty4EHHUE, NPUPOIHBIE COCTUHEHHUS, MUKDO-
BOJIHOBAsI HKCTPAKIIHUS.
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SYNTHESIS OF DITHIOACETYLENIC
PIPERAZINE DERIVATIVES

Abstract. The conditions for the three-component one-pot synthesis of dithioacety-
lenic piperazine derivatives was developed. As a result prop-2-yn-1-yl-4-methylpiperazin-
1-carbodithioate (73,4%) and prop-2-yin-1-yl-4-diphenylmethyl piperazine-1-carbodi-
thioate (93,6%) were synthesized. Structure of dithioacetylenic piperazine derivatives was
established based on IR and NMR('H and "*C) spectroscopic data.

Keywords: one-pot synthesis, 1-methylpiperazine, 1-diphenylmethylpiperazine, car-
bon disulfide, dithioacetylenic derivatives.

As it is known, N,N’-substituted piperazines possess a wide range of bio-
logical activity. Compounds having a piperazine ring showed antimicrobial,
neurotropic, antihemolytic, atypical antipsychotic activity and evaluated as
potential herbicides and plant growth regulators [1-6].

In order to synthesize biologically active piperazine containing compounds,
one-pot synthesis of dithioacetylenic piperazine derivatives was studied. The
reactivity of N-substituted piperazines was studied in a three-component system:
amine—carbon disulfide—alkyl halide. The conditions for the three-component
one-pot synthesis of dithioacetylenic piperazine derivatives were developed. The
reaction of the interaction of the heterocyclic amines (1-methylpiperazine, 1-
diphenylmethylpiperazine) with carbon disulfide and propargyl bromide was
carried out in acetone in the presence of sodium phosphate at room temperature
for 1,5-2 hours. As a result prop-2-yn-1-yl-4-methylpiperazin-1-carbodithioate
(3) (73,4%) and prop-2-yin-1-yl-4-diphenylmethyl piperazine-1-carbodithioate
(4) (93,6%) were synthesized.

The composition and individuality of the synthesized compounds (3,4) was
confirmed by the elemental analysis TLC and IR spectroscopy.

s CH,Br
/\ , =

S
/
_ > R—N N—cZ
RN NH acetone, Na;PO,x12H,0 N/ ~s =

34
R =CH; (1,3); (Ph),CH (2,4)

In the IR spectra of dithioacetylenic piperazine derivatives (3,4) are
found absorption bands of stretching vibrations of the C=S groupin the region
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v1146 — 1139 cm™. The absorption band of stretching vibrations of the C—S bond
is found in the regionv 705-660 cm '. The stretching vibrations of the C=CH
bond appear as a narrow intense absorption band in the region v 3250, 3291 cm .

The structure of dithioacetylenic piperazine derivatives (3,4) was established
based on the 'H and °C NMR spectra (table).

In the'HNMR spectra of compound (4) the protons of the methylene groups
of the piperazine cycle resonate in the strong field region & 2,49 ppm in the form
of a broadened singlet and for compound (3) in the form of weakly split triplet
(J =4,0 Hz) in the region 6 2,44 ppm. In the specta of compound (3) the chemical
shift of the methyl group is found as a singlet at 6 2,27 ppm. Singlet signal for the
protons of the methylene group, bound to the sulfur atom, is shifted to the weak
field region & 4,05, 4,11 ppm. The signal of the methine group protons of com-
pound (4) as a singlet is also shifted to the weak field region 6 4,27 ppm. The
chemical shift for the proton of the terminal acetylene bond is foundas a triplet in
the region o 2,21, 2,24 ppm. In the spectra of compound (4) chemical shifts for
the equivalent protons of two phenyl groups are foundin the weak fieldregion o
7,21- 7,42 ppm.

Analysis of the ?C NMR spectra of the compounds (3,4) (table) confirms the
structure of the synthesized compounds. Chemical shifts for the cyclic carbon
atoms of the piperazine cycle are found as a singlet signal in the region é 51,41,
54,41 ppm. The carbon atom of the methyl group of compound (3) resonates in
the weak field region 6 45,72 ppm. The chemical shift of the methylene group
carbon atom associated with the sulfur atom is located in the region & 26,03,
26,06 ppm. The signals in the region 6 71,80— 78,60 ppm were assigned to the
carbon atoms of the acetylene bond. The chemical shifts of the equivalent carbon
atoms of the two phenyl groups of the compound (4) are found in the form of
double signals in the weak field region 6 127,46— 141,91 ppm. The carbon atom
C=S bonds resonates in the weak field region 6 194,35, 197,57 ppm.

'H and "*C NMR (8, ppm) spectral data of the compounds (3,4)

. 'H NMR (8, ppm, J (Hz)
CH3 CH2 (plp) SCH2 =CH CH C6H5
3 2,27 2,44 (J=4.0) 4,05 2,21 (J=4.0) - -
7,21 T (J=8,0),
4 - 2,49 4,11 2,24 (J=4.0) | 4,27 7,30 T (J=8,0),
7,42 1 (J=8,0)
BC NMR (3, ppm)
# CH
CH 2 SCH =C =CH CH C=S
’ (pip) ’ e
3 4572 54,41 26,06 78,46 78,60 - 194,57
127,46 (Pho);
127,93 (Php);
4 - 51,41 26,03 71,83 71,80 128.84 (Phm): 194,35
141,91 (Phi)
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EXPERIMENTAL

Control of the reaction was carried out by TLC on Silufol UV-254 plates,
eluent ethanol - benzene (1:3). IR spectra of synthesized compounds are recorded
on a Nicolet 5700 device in KBr tablets. 'H and"?C NMR spectra were obtained
on a JNM-ECA 400 (JEOL) spectrometer in CDCl; solution.

Prop-2-yn-1-yl-4-methylpiperazine-1-carbodithioate (3). A solution of car-
bon disulfide (2,28g, 0,03mol) was added dropwise to a solution of 1-methyl-
piperazine(1,0g, 0,01 mol) and Na;PO, x 12H,0 (2,28g, 0,006 mol) in 40 ml of
acetone. Then, after 20 minutes of stirring, propargyl bromide (1,31g, 0,011 mol)
was added dropwise to the reaction mixture and was stirred for 1 hour. Then the
precipitate was filtered, the solvent was distilled off in a water jet pump vacuum.
The yield was 1,57g (73.4%). M.p. 43-45°C. R;=0,12.

Prop-2-in-1-yl-4-diphenylmethyl-piperazine-1-carbodithioate (4) was syn-
thesized by the similar procedure. The yield was 3,43g (93.6%). M.p. 82-84 °C.
R¢=10,43.

The work was carried out with financial support of the Science Committee of
the Ministry of Education and Science of the Republic of Kazakhstan within the
framework of the grant project AP05131025/F5 «Target design of the preventive
preparations and/or adaptogenes for plants in the organoelement systems
familyy.
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Pesrome
M. C. Mykanosa, E. C. Coiuesa, T. M. Ceuiinxanos, B. K. IO

IUITEPA3SWUHHIH JUTUOALETUJIEHAI
TYBIHABIIIAPBIH CUHTE3AEY

[MunepasnHHIH ANTHOALETHICHAI TYBIHABUIAPBIHBIH YIIKOMIIOHEHTTI Oip peakTop-
JIBIK CHHTE3/ICY JKaFdaiiapsl jKacalblHIRl. HoTmkeciHae mpon-2-uH-1-mi-4-MeTuimure-
pasuH-1-kapoomutnoar (73,4%) xoHe mnpon-2-uH-1-un-4-audeHnnMeTnanunepasuH-1-
kapbomutnoat (93,6%) cunTesmeninmi. I[lumepaswHHIH TUTHOANETHICHAlI TYBIHABLIA-
poIHBIH Kypbutbickl SIMP 'H xone °C cHeKTpocKONMUsIbIK MoiMeTTepi Heri3inae aHbIK-
TaJIBIH/IBI.

Tyiiin ce3mep: Oip peakTOpIBIK CHHTE31, 1-MeTUnnunepasut, 1-audeHunamMeTimnm-
nepasuH, KeMipTeri JUCyab(ul, AMTHOALETUICH I TYBIHIbLIAP.

Pe3iome
M. C. Mykanosa, E. C. Coruesa, T. M. Ceunxanos, B. K. 1O

CHHTE3 JUTUOALETUJIEHOBBIX
[MPOMN3BO/IHBIX ITUITEPA3MHOB

Pa3paboTaHbl yCI0BUS TPEXKOMIIOHEHTHOT'O OJHOPEAKTOPHOTO CHHTE3a AUTHOAIlE-
THJICHOBBIX MPOW3BOAHBIX NMUIEPA3NHOB. B pe3ynbraTe CHHTE3MpOBaHBI MIPOMN-2-UH- 1 -1iI-
4-metnnmunepasus-1-kapboaurnoar (73,4%) u npon-2-uH-1-nn-4-mueHuTmMeTHIInme-
pasuH-1-kapbomurnoar (93,6%). CTpykTypa OUTHOAICTUICHOBBIX MPOM3BOJIHBIX ITHIIC-
Pa3MHOB yCTAHOBJICHA HA OCHOBAHMHU JaHHBIX criektpockoruu SIMP 'H u C.

KnioueBble cji0Ba: 0JHOPEaKTOPHBIN CHUHTE3, |-MeTwinunepasuH, 1-mudeHmnme-
TUWINUIEPA3UH, CEPOYIIIEPOA, AUTHOALETUICHOBBIE IPOU3BOAHEIE.
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INVESTIGATION OF THE TRANSITIONAL METAL
OXIDES EFFECTS ON COMBUSTION AND THERMAL
CHARACTERISTICS OF AN/Mg/C-ACTIVATED
CARBON COMPOSITES

Abstract. Ammonium nitrate (AN)-based compositesof activated carbonwith metal-
oxide have attracted a considerable amount of attention due to the clean burning nature of
AN as an oxidizer. However, ammonium nitrate has several major problems, namely, poor
ignitability, low burning rate, low energy and high hygroscopicity. The addition of acti-
vated carbon and different transitional metal oxides proved to be effective in improving
the burning characteristics of AN-based composites. Activated carbon composites were
combusted in the atmospheric air and the burning rates were determined. The use of the
activated carbon as a fuel allowed the ignition of the AN/Mg/C composites at a lower
temperature. Thethermo-gravimetric/differential thermal analysis (TG/DTA) method for
investigation of the effect of metal oxides addition tothe AN/Mg/C- carbon based com-
posites for thermal decomposition characteristicswas used.

Keywords: ammonium nitrate, activated carbon composites, burning characteristics,
transitional metal oxides, thermal decomposition.

Introduction. Metal-organic frameworks (MOFs) - one of the interesting
directions in a wide field of application. The porous crystalline structure attracts
attention due to its high specific surface characteristics and the possibility of
changing their physicochemical properties by introducing metal centers [1].
However, the process for preparing these bulk polymers is expensive and
multistage. In this connection, it is of interest to search for alternative methods for
obtaining bulk materials, one of which are structures based on graphene oxide
frameworks (GOFs). The growing popularity of multilayer graphenes is due to the
uniqueness of their physical and chemical properties. A promising, simple and
cost effective method is the production of GOFs from plant wastes like rice husk
or walnut shell.

Metal-organic frameworks (MOFs) have attracted great attention because
of their intriguing molecular topologies and potential applications in chemi-
cal separation,gas storage, drug delivery, catalysis and chemical sensor techno-
logy [2]. Particularly, MOFs could also be potential energetic materials because
of their high densities and high heats of detonation. For example, Hope-Weeks
and co-workers recently reported two hydrazine-perchlorate 1D MOFs
[(Ni(NH,;NH,)5(ClO4),)n (NHP), and (Co(NH,NH,)5(ClO4),)n (CHP)] with linear
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polymeric structures[3] which were regarded as possibly the most powerful
metal-based energetic materials known to date, with heats of detonation com-
parable with that of hexanitrohexaazaisowutzitane (CL-20; about 1.5 kcal-g™).
Unfortunately, these coordination polymers were highly sensitive to impact
deriving from their low rigidity characteristic of such linear polymeric structures,
which makes practical use infeasible.

Understanding the thermal characteristics of AN and mixtures ofANwith
combustibles and additives is necessary for enabling its general use in potential
new applications, such as propellants and gas generators. Consequently, this study
aimed to understand the mechanism of decomposition of AN-based mixtures with
an emphasis on the analysis of the gases that evolve from AN, carbon, and metal
oxide mixtures [4-7].

EXPERIMENTAL PART

Materials and Samples. Activated carbon (these activated carbons were
obtained in the Laboratory of Functional Nanomaterials of the Institute of Com-
bustion Problems, Almaty, Kazakhstan) with metal oxides were mechanically
activated in a ball mill (45 min). Ammonium nitrate was used as an oxidizer in
the condensed mixture with a diameter of 212-250 pm. Magnesiumwas used as a
fuel, and its diameter was 200 um. The diameter of the metal oxide particles was
60-70 um, and it acted as a catalyst. Nitrate cellulose was used as a binder.

The method of determining the temperature of burning of structures. The
combustion temperature was measured by an optical pyrometer. Optical pyro-
meter brand PCE 892 is designed to measure temperature from -50 to 2200°C.
Two built-in lasers provide accurate sight of the device on the object with an
optical ratio of 50:1, which ensures the accuracy of pointing the device at the
object and carrying out non-contact measurements of the most compact
objects.The temperature measurement error depends on the measured temperature
range. When measuring temperature from 20°C to 500°C, the measurement error
is £1 %, from 500 to 1000°C, £1,5%, and at temperatures above 1000°C=£2 %.

High-speed video recording of the combustion process of pyrotechnic com-
positions. The frames of high-speed filming of the Casio Exilim Ex-flcamera
recorded the combustion processes of gas-generating compositions. A unique
feature of the camera is the possibility of high-speed photo (up to 60 frames per
second at 60 frames per series) and video (up to 1200 frames per second) shoo-
ting. The camera allows you to save pictures not only in the format 33 JPEG, but
also in DNG format, which is relatively uncommon in cameras of this class.

Measurement of Thermal Decomposition Behavior. Thermal analysis is a
quick and effective way to study thermal ignition of energetic materials. Charac-
teristics of thermal decomposition are determined and studied by using thermo
gravimetric/differential thermal analysis (TG-DTA) in the temperature range of
40-900°C. The equipment operates in atmospheric pressure in a stream of nitro-
gen (300 cm’/min). TG-DTA works with the heating rate of 10 K-min™".
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RESULTS AND DISCUSSION

Combustion characteristics. Figure 1 shows the phenomena of combustion
of AN/Mg/C-based activated carbon compositions in the atmospheric air. Activa-

NI T7
BTN
RO
| T
TLAL

Figure 1 — Burning of pyrotechnic compositions: a) AN/Mg/Nlac,
b) AN/Mg/Activated carbon(FeO-2%)/Nlac, c) AN/Mg/Activated carbon (FeO-5%)/Nlac,
d) AN/Mg/Activated carbon(NiO-2%)/Nlac, e) AN/Mg/Activated carbon(NiO-5%)/Nlac
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ted carbon has been considered as a technological additive capable of working as
a promotion agent which has a high activity, high specific surface area and good

recovery ability.

It should be noted, that the combustion system is stable and has a laminar
flame, accompanied by the release of a large amount of heat with a combustion
temperature of approximately 1200°C, and has no solid combustion products.

Analysis of the results showed an increase in the burning rate composite
compositions by adding different concentrations of activated carbons with metal
oxides (figure 2). Analysis of the linear combustion rate of this sample showed

the highest result.
1,4
—
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R% —0
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%0 0,4
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Figure 2 — Dependencies of the burning rates of AN + Mg +Nlac (FeO)

and AN + Mg + Nlac (NiO) on the concentration C+MeO,%

The combustion temperature andthe burning rate of activated carbon compositions

T, °C

No Samples Ratio, . U [mm/s]
% (combustion Burning rate
temperature)

1 | AN+ Mg + Nitrolac 80/15/5 906 0,950

2 | AN+ Mg + Act.carbon (FeO-2%) + Nlac 80/10/5/5 944 1,062

3 | AN+ Mg + Act.carbon (FeO-5%) + Nlac 80/10/5/5 1070 1,097

4 | AN+ Mg + Act.carbon (NiO-2%) + Nlac 80/10/5/5 1100 1,215

5 | AN+ Mg+ Act.carbon (NiO-5%) + Nlac 80/10/5/5 1240 1,318

Table shows the results of the combustion temperature and combustion rate

of composites based on activated carbon.
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Characteristics of thermal decomposition. Thermogravimetric analysis
(TGA) is a thermal analysis technique, which consists in measuring mass changes
of a sample at the same time with increasing temperature in a controlled atmo-
sphere. Results were recorded as weight loss — time (for isothermal analysis) or
mass loss-temperature (for analysis made with a constant heating speed). The
instrument used for Thermogravimetric analysis was TGA Q5000 IR, TA Univer-
sal Analysis, the melting crucible was made of platinum, the gas was 5.0 purity
air, the temperature range 40-900°C and the heating rate was 10°C/min (figure 3).

TG o DTA /(pV/mg)
T exo 1.500
100.00 ]
1.000
90.00 |
80.00 | 0.500
70.001 F0.000
TAES % Mass Chan@ﬂ
60.00 |
1 o r-0.500
50.00 |
L_1.000
40.00
3479 %
20.00 -1.500
20.00 | ‘  — ~J1-2.000
1000 2000 3000 4000  500.0 6000  700.0  800.0
Temnperature /°C
a)
TG 1% DTA /pVimg)
T exo
100.00 4 2.000
- T 266.1 °C
90.00 - o =
1.500
80.00 -
70.00 | L 1.000
60.00 Mass Changgiﬁ__ﬁ
0.500
50.00 |
4000 0.000
30.00
20.00 | |-0500
e —
10.00 4
100.0 200.0 3000 400.0 500.0 600.0 700.0 800.0

Temperature /°C

b)

277



XUMWYECKHH )KYPHAJI KA3AXCTAHA

TG /% DTA KuV/mg)
28039 °C T exo
100.00 | r1.500
90.00 4 L 1.000
80.00 -
70.00 0.500
Mass Change: -79.06 %
60.00 | e [ 0.000
50.00 -
F-0.500
40.00
3132 %
30.00 ] -1.000
162 %
20.00 , A
-1.500
100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0
Temnerature /°C
¢)
TG /% DTA ApV/mg)
. 2539 °C T exo
100.00 15097 {
3.000
90.00 - 2226 %
80.00 | - a0 oc 2.000
20,00 1.000
. 2421 % Mass Change: -75.03 %
60.00 ] L i 0000
50.00 1 T L-1.000
40.00 4 \\ 3119 % -2.000
30.00 - k 283;% -3.000
. o
20.00 - -4.000

100.0 2000 3000 4000 500.0 600.0 700.0 800.0

Tamnaratuira 2

Figure 3 — The results of thermogravimetric and differential thermal analysis of the composite
materials: a) AN/Mg/Nlac, b) AN/Mg/Nlac/C, c) AN/Mg/Nlac/AC(FeO), d)AN/Mg/NI/AC(NiO)

In the figure (3a), we investigated the condensed system AN/Mg/Nlac. Here,
the use of ammonium nitrate as an oxidant has affected the melting point of the
fuel. The melting point of magnesium decreased from 659 to 642 °C. Thus, it
improved the ignition system. In the figure (3b)AN/Mg/Nlac/C, adding activated
carbon (C) to this condensed system reduces the phase exchange, melting and
decomposition temperatures of ammonium nitrate. The phase exchange of
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ammonium nitrate ranges from 127 to 122°C, the melting point reduced from
169 to 160°C, and the decomposition temperature increased from 200 to 280°C.
At the same time, carbon oxidation (266°C) occurs.The figure (3c) shows
AN/Mg/NI/AC(FeO) system, in this figure, the condensed system is often used
for pyrotechnic compounds and detonation. To accelerate the operation of the
system and its stabilization, various transition metal oxides were used. The
combination of FeO with the condensed system stabilized the composition of the
system. This is very effective for pyrotechnic compounds.The figure (3d) shows
the AN/Mg/NI/AC (NiO) condensed system. The adding of NiOto this compound
reduces the melting point of ammonium nitrate from 169 to 150°C. This willspeed
up the burning system (266 — 253 °C). Consequently, nickel oxide plays an im-
portant role as a catalyst in this system.

Conclusion. Application of the activated carbon as a fuel for the pyrotechnic
compositions increases the burning rate and condensed system reduces the phase
exchange, melting and decomposition temperatures of ammonium nitrate.
Addition of metal oxides stabilizes the composition of the system and increases
the burning rate significantly. Consequently, nickel oxide can be a catalyst
inAN/Mg/C condensed system.
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Pe3iome
K. K. Enemecosa, K. Kamynyp, M. K. Amamanos, b. T. Jlecbaes, P. [llen

AKTUBTEJITEH KOMIPTEK HEI'BIHJAEI'T AN/Mg/C KOMITO3UTKE
AVYBICITAJIBI METAJIJI OKCUATEPIHIH, TEPMUAJIBIK JKOHE XKAHY
CUITATTAMAIJIAPBIHBIH ©CEPIH 3EPTTEY

AMMOHMH HHUTpATHI HETi3IHAETT MeTamI OKCHIl Oap OeJICeHIIpUIreH KeMIpAiH KOM-
MO3HUTTIK KYpambl Ta3a jkKaHy TaOWFaThlHA OailIaHBICTBI TOTHIKTHIPFBILI pETiHAE aWTap-
TBIKTal KeHin Oenexi. Amaiima, aMMOHWI HUTpaThIHIA OipHeIIe Herisri Macernenep Oap,
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0asy TYTaHFBIII, TOMEH JKaHy >KbUITAMIBIFBI, TOMEH SHEPrHs JKOHE XKOFaphbl TMIPOCKO-
MUSUTBLIBIK. BelceHaipiireH KoMip MEH SpTYpJIi aybICrajibl MeTaJll OKCHATEPIH Kocy AN
HETI31HAC KOMITO3HUIMSsUIAPBIH KaHy CHIIATTaMajJapblH JKaKCapTy VINIH THIMAI OOJIBI.
Bencennipinaren KoMipTeKTI KOMITO3UTTEpP aTMOC(epalblK ayajia KarbULAbl JKOHE KaHy
KBUITAMJIBIFBl  AHBIKTAJBIHABL. BeJNCEeHMIpUITeH KeMIpIi OTBIH pEeTiHAe Maijanany
AN/Mg/C KOMIO3UTTEpiHIH TOMEH TeMIepaTypaja TyTaHyblHa MYMKiHZIK Oepai. Tepmo-
TpaBUMETPISUIBIK/ In depennmanapl TepMusutblk, Tannay omici (TG/DTA) tepMUsIIBIK
BIIBIPAY cHIaTTaManapbl MeH KeMipreri HeriziHaeri AN/Mg/C KoMIo3nuTTepine MeTal
OKCHATEPiHIH KOCBUIYBIHBIH SCEPiH 3€pTTey YIIiH KOJIIaHBUI/IBI.

Tyiiin ce3aep: aMMOHUI HUTPATHI, KOMITO3UTTI OEJICCHIIPIITEH KOMip, KaHy CHIIaT-
TaMaJiapbl, aybICIIalibl METAJUT OKCHATEP, TEPMUSUIBIK BIIBIpAY.

Pe3zrome
K. K. Enemecosa, K. Kamynyp, M. K. Amamanos, b. T. Jlecoaes, P. Lllen

NCCIEJOBAHUE OOOEKTOB ITEPEXOJHBIX METAJJIMYECKMX OKCHUJOB
HA TOPEHUE U TEPMHWYECKVYIO XAPAKTEPUCTUKY
AKTMBUPOBAHHBIX YTI'JIEPOJIHBIX HA/Mg/C KOMIIO3UTOB

KoMno3uTHBIi cocTaB aKTHBHPOBAHHOTO YTIISL ¢ METAJUT OKCHIOM Ha OCHOBE HUTpa-
ta ammoHus (HA) nmpuBiekaeT 3HaYUTEIIFHOC BHUMAHUE HM3-32 IPUPOJIBI YHCTOTO TOPECHUS
B KadecTBe okucnutensi. OJHAaKo, HUTPAT aMMOHHS - AIMEET HECKOJIBKO OCHOBHBIX IPO0-
JIeM: MEIJICHHAs BOCILIAaMEHSEMOCTh, HU3KYIO CKOPOCTh TOPEHUS, HHU3KYIO DHEPTHIO U
BBICOKYIO THTPOCKOTIMYHOCTH. J[o0aBiieHNe aKTUBHPOBAHHOTO YIS M PAa3UYHBIX TEpe-
XOIHBIX METaZT OKCHIOB OKa3aioch J(PQMEKTHBHBIM I YIIYUIICHHS XapaKTEPUCTHK
TOpPEeHUsT KOMIIO3UIHI Ha ocHOBE HA. AKTHBHPOBaHHBIC YIIICPOIHBIC KOMITO3UTHI CIKUTA-
JIUCh B aTMOc(epHOM BO3Jyxe M ObUIM ONpeAeeHbl CKOPOCTH Tropenus.cnonb3oBanue
AKTUBUPOBAHHOTO YIS B KA4eCTBE TOIUIMBA TO3BOJIMIO BOCILIAMECHUTH KOMIIO3HTHI
HA/Mg/C npu Oonee Hu3KOW Temmeparype. Meroa TepMmorpaBuMeTpudeckoro/mudde-
penmmanproTepMIueckoro ananusa (TI'/JITA) ucnonp3oBajics JUisi HCCICIOBAHUS BIIHS-
HUS T00ABOK OKCHIIOB METaJUIOB Ha Kommo3uthl HA/Mg/C Ha ocHOBe yriiepoma s
XapaKTEPUCTHK TEPMUICCKOTO PA3I0KCHUS.

KiaroueBbie c10Ba: HUTPAT aMMOHUS, KOMIIO3UTHBIN aKTUBUPOBAHHEIA YTOJb, Xa-
PaKTEpUCTHKH TOPEHUS, IEPEXOTHBIC METAIII-OKCHIBI, TEPMIUECKOE PAa3IIOKECHHE.
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SYNTHESIS, STRUCTURE AND PASS PREDICTED BIOLOGICAL
ACTIVITY OF 4-PHENYLNAPHTHOXYBUTYNYLPIPERAZINES

Abstract. New potentially biologically active 4-phenylnaphthoxybutynylpiperazines
were synthesized. The structure of the synthesized compounds was established based
on the IR and NMR (‘H and "*C) spectroscopic data. A predicted biological activity of
4-phenylnaphthoxybutynylpiperazines was studied using the PASS program.

Keywords: 1-(prop-2-ynyloxy)naphthalene, aminomethylation, benzaldehydes,
1-methylpiperazine, 'H and °C NMR, PASS prediction.

Piperazine and its derivatives are used as antihelminthic drugs, as well as
initial reagents in the synthesis of pharmaceutically active compounds, such as
antibacterial drugs (ciproflaxin) [1], quinolone antibiotics, some tranquilizers
(baspirone and jepiron) (CINNARIZIN) [2]. A number of piperazine derivatives
are metabolites of some drugs. In addition, piperazinecontaining preparations with
a wide spectrum of biological activity are described: anticonvulsant [3], anti-
bacterial against gram-positive (S. aureus, B. subtilis) and gram-negative strains
(E. coli, P. aeruginosa) [4], anti-tuberculosis [5] and antitumor activity [6, 7].

As a task of this study, the design of potentially biologically active new pi-
perazine derivatives with a naphthyloxypropargyl fragment was determined as a
continuance of the development of aminomethylation of 1,5-di(prop-2-ynylo-
xy)naphthalene with secondary amines and aldehydes under catalysis of CuCl or
Cul [8].

2-(Prop-2-ynyloxy)naphthalene was determined as the object of aminome-
thylation, 1-methylpiperazine is the amine compound and as the aldehyde is for-
maldehyde and two aromatic aldehydes (benzaldehyde and p-fluorobenzal-
dehyde). The choice of fluorinated aldehyde was dictated by the well-known fact
that the introduction of fluorine into the quinolone drug molecule leads to
increased activity [9].

The aminomethylation reaction of 1-(prop-2-ynyloxy)naphthalene was
carried out in absolute dioxane in the presence of catalytic amounts of copper (I)
iodide at the temperature 35—40 °C for 2 h.
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As a result of separation from the reaction mixtures, 4-phenylnaphthoxy-
butynylpiperazines 1-3 were obtained in the following yields: 1-methyl-4-(4-
(naphthalen-1-yloxy)but-2-ynyl)piperazine (1) (71%), 1-methyl-4-(4-(naphthalen-
1-yloxy)-1-phenylbut-2-ynyl)piperazine (2) (82%), 1-(1-(4-fluorophenyl)-4-
(naphthalen-1-yloxy)but-2-ynyl)-4-methylpiperazine (3) (73%). It was established
that 1-(prop-2-ynyloxy)naphthalene easily reacts with formaldehyde and aromatic
aldehydes in the presence of copper (1) iodide.

The structure of the synthesized compounds 1-3 was established based on
the data of elemental analysis and on the analysis of IR, 'H and *C NMR spectro-
scopic data (tables 1, 2).

A absorption band vc=cy of the starting 2-(prop-2-ynyloxy)naphthalene at v
3309 cm ' does not present in the IR spectra of 4-phenylnaphthoxybutynylpipe-
razines 1-3. A weak band of disubstituted C=C bond at v 2120 cm™' confirms the
formation of the aminomethylation products.

Table 1 — '"H NMR (3, ppm) spectral data
for 4-phenylnaphoxybutynylpiperazines 1-3

CH,N N2
Comp. OCH, (CHN) Ph N N CH,
1 6,91-8,34 4,86 3,34 - 2,57;2,34 2,30
7,29-7,32; 2,30
2 6,93-8,35 4,87 (5,03) 7,49-7,53; 2,58; 2,46
7,59-7,62
2,30
7,13-7,17; _ ,
3 6,91-8,32 4,86 (5,02) 47751 2,57;2,62
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Table 2 — '*C NMR (8, ppm) spectral data
for 4-phenylnaphoxybutynylpiperazines 1-3

Comp.| O-CH, |-C=C-|-C=C- | =C-CH, | —N N— | CH; Ph
_/

1 5620 | 80,27 | 78,79 | 4726 | 52,08;55,03 | 46,10 -
562 | 83,17 | 78,80 | 61,62 | 55.24;56,56 | 46,05 | 128,31; 129,12; 129,86
3 56,19 | 83,43 | 78,79 | 60,54 | 55.25;56,67 | 46,13 | 116,29; 132,25; 160,13

Carbon atoms of the naphthalene ring
C! 2 3 ct cs ct c’ c? ° clo
1 |153,43]| 105,58 |125,48| 121,10 | 126,15 | 125,74 | 122,17 | 121,33 | 127,62 (134,67
2 |153,44| 105,61 |125,57| 121,32 | 126,68 | 125,76 | 122,18 | 121,51 | 127,63 |134,58
153,43| 104,58 [125,55| 121,30 | 126,66 | 125,74 | 122,17 | 122,08 | 127,62 |134,67

In the '"H NMR spectra of 4-phenylnaphthoxybutynylpiperazines 1-3 are
found the signals of the aminomethylene and aminomethine groups protons at o
3,34 ppm and 5,03-5,02 ppm. Chemical shift at 2,30 ppm was assigned to the
methyl group protons standing at the nitrogen atom of the piperazine cycle.
The signals of the piperazinemethylene groups protons are found at & 2,57 and
2,62 ppm. Chemical shifts in the region 6 4,86—4,87 ppm were assigned to the
protons of the O-methylene group. The signals of the naphthalene nucleus protons
are found at 6 6,91—8,32 ppm. The protons of the benzene nucleus resonate in the
region 6 7,13-7,17 and 7,47-7,51 ppm.

C NMR spectra of 4-phenylnaptoxybutynylpiperazines 1-3 have carbon
atoms signals of the aminomethylene and aminomethine groups at & 47,26, 61,32
and 60,54 ppm. The carbon atoms of the triple C=C bond resonate in the regions o
78,79—78,80 and 80,27-83,43 ppm. Signals in the region & 56,19-56,22 ppm
were assigned to the oxymethylene carbon. Weak field signals at & 104,58—153,44
ppm were assigned to the carbon atoms of the naphthalene ring. Signals of the
CHj5-N group are found in the region 6 46,05—46,13 ppm. The carbon atoms of the
piperazine cycle resonate in the region 6 52,08—56,67 ppm.

One of the possibilities of a comprehensive study of the biological activity of
compounds is computer prediction and further evaluation of the likely types of
activity of new substances with subsequent testing in accordance with the results
of the forecast. In order to determine the types of potential biological effects of
the synthesized compounds, a predictive assessment of the probable biological
activity was carried out using the PASS (Prediction of Activity Spectra for Sub-
stance) program [10]. This program PASS - Pharma Expert allows the selection of
substances that are likely to have a certain type of activity.

The results of the forecast with an indication of the predicted type of activity
and a calculated estimate of its probability, which ranges from 0 to 100% are
presented in the table 3.
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Analysis of the forecast shows that 4-phenylnaptoxybutynylpiperazines 1-3
are substrates of the Cytochrome CYP2C12 families with the probability above
70% and they are responsible for the metabolism of endogenous steroids in a
body. An antispasmodic activity similar to the drug papaverine for the piperazines
1-3 was forecast with the probability 16% to 39%, whereas anti-neurotic activity
was predicted with the probability of 51-73%.

It should be noted that introduction of the aromatic substituents [phenyl- (2)
and p-fluorophenyl- (3)] into the molecule imparts a high probability of neotropic
activity, which is capable of stimulate mental activity, activating cognitive func-
tions, improving memory and increasing the ability to learn.

The compound 1-methyl-4-(4-(naphthalen-1-yloxy)but-2-ynyl)piperazine (1)
has a high probability of the activity for the treatment of phobic disorders
(neuroses) (64%) and anti-neurotic action (71%).

Also, the obtained compounds can be preparations for urticariatreatment (23-
52%), phobicdisorders treatment (64%), as well as vasoprotector (37—50%) and
Musclerelaxant (31-38%).

Table 3 — Predicted biological activity of 4-phenylnaphthoxybutynylpiperazines 1-3

Probability of occurrence of predicted activity, %
|
5 = .
i = =i
— Q
z £ E
. 5 2 | 8
Chemical 2 = > g k=
s = < B 17
compounds 2 ) g - s o
< £ A 5 Q g | 3
3 L < 53 8 = ¥ = =
= [5] o 15) = < en o
S © =] = 1] B = = .2 3
) S s s 2 g 8 = kS B
O 5 | E 2 £l s | 2| B S g
S| E| 8| & | 8| 2| 3| 3| 5] %
= i S s k5]
S| E| 5| &S| 2|28 &| 2
1 71 73 52 37 50 33 36 57 64 52
2 63 51 31 39 35 31 49 66
3 28 64 23 16 37 38 71

Thus new 4-phenylnaphthoxybutynylpiperazines with potential biological
activity were synthesized. It was established that 4-phenylnaphthoxybutynyl-
piperazines with high probability can be the agents for the treatment of various
neuropathic and phobic disorders, also they could promote the metabolism of
endogenous steroids organism.

EXPERIMENTAL PART

The course of the reactions and the purity of the products were monitored by
the TLC analysis on "Silufol UV-254" plates with the appearance of substances
spots with iodine vapor. The eluent for TLC was a mixture acetone—hexane (2:1).
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Elemental analysis was performed on the CE 440 elemental analyzer. The IR
spectra were recorded on a Nicolet 5700 spectrometer in KBr tablets. The 'H and
C NMR spectra of the samples were recorded on a INM-ECA 400 (Jeol) spec-
trometer with operating frequencies 400 (‘H), 100 MHz (°C) in deuterated
chloroform CDCl;.

1-Methyl-4-(4-(naphthalen-1-yloxy)but-2-ynyl)piperazine (1). A solution
of 1-methylpiperazine 0,82 g (0,0082 mol) in 10 ml of dioxane was added
dropwise with stirring at 40 °C to the mixture of 1,5 g (0,0082 mol) 1-(prop-2-
ynyloxy)naphthalene, 0,24 g (0,0082 mol) paraform, 0,15 g (0,00078 mol) copper
(D) iodide in 20 ml of dioxane. After completion of the reaction, dioxane was
distilled off, the residue was treated with an aqueous solution of ammonia and
was extracted with benzene. The benzene extract was dried with potash, then the
solvent was evaporated. The residue was separated by column chromatography on
silica gel. The eluent was benzene. Chromatographically homogeneous fractions
were combined, benzene was distilled off under reduced pressure. 1-Methyl-4-(4-
(naphthalen-1-yloxy)but-2-ynyl)piperazine (1) was obtained in the form of an oil
in 1,7 g (71%) yield, Ry = 0,78. Found (%): C 77,52; H 7,53; N 9,52. C;4H,,N,0.
Calculated (%): C 77,92; H 7,03; N 9,25.

1-Methyl-4-(4-(naphthalen-1-yloxy)-1-phenylbut-2-ynyl)piperazine (2)
was synthesized similarly from 1,5 g (0,0082 mol) 1-(prop-2-ynyloxy)naph-
thalene, 0,87 g (0,0082 mol) benzaldehyde and 0,82 g (0,0082 mol) 1-methylpipe-
razine in the presence of 0,15 g (0,00078 mol) copper iodide (I) in dioxane at
40 °C. 1-Methyl-4-(4-(naphthalen-1-yloxy)-1-phenylbut-2-ynyl)piperazine (2)
was obtained in the form of oil in 2,5 g (82%) yield, R = 0,8. Found (%):
C 81,05; H7,07; N 7,56. C,sH,6N,0. Calculated (%): C 81,61; H 6,78; N 6,79.

1-[1-(4-Fluorophenyl)-4-(naphthalen-1-yloxy)but-2-ynyl|-4-
methylpiperazine (3) was synthesized similarly from 1,5 g (0,0082 mol) 1-(prop-
2-ynyloxy)naphthalene, 1,02 g (0,0082 mol) p-fluorobenzaldehyde and 0,82 g
(0,0082 mol) 1-methylpiperazine in the presence of 0,15 g (0,00078 mol) copper
(D iodide in dioxane at 40 °C. 1-[1-(4-Fluorophenyl)-4-(naphthalen-1-yloxy)but-
2-ynyl]-4-methylpiperazine was obtained as an oil in 2,36 g (73%) yield,
R¢=0,93. Found (%): C 77,29; H 6,49; F 4,89; N 7,21. CysHycFN,O. Calculated
(%): C77,71; H 6,02; N 6,97.

The work was carried out with financial support of the Science Committee of
the Ministry of Education and Science of the Republic of Kazakhstan within the
framework of the grant project AP05131025/F5 «Target design of the preventive
preparations and/or adaptogenes for plants in the organoelement systems
Sfamilyy.
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4-OEHNJIHA®TOKCUBY TMHUJITTNITEPA3VUHEPATH, CUHTESI,
K¥PBUIBICBI )KOHE PASS BOJDKAM/IbI BUOJIOT MAJIBIK AKTUBTLIIT T

Xana nmoreHuManpl OUONOTHSUIBIK aKTUBTI 4-QeHuTHa(GTOKCHOY THHHUIUIIEPA3HH-
nep cuHresneninal. CHHTE3/IeNTeH KOChUIbICTapAbIH KYpbUIbIChl MK-CIeKTpOCKONHSIIBIK,
SIMP 'H xone C creKTpocKOmusIIBIK MamiMeTTep Herisinae monenaeHm. PASS Garmap-
JIaMachIHBIH KeMeriMeH 4-(heHmTHadTOKCHOY THHIIIIHIIEpa3uHIepAiH OopKamIbl OHoIIo-
THSUTBIK, aKTUBTLUTIKTEP1 aHBIKTAIBIH/IEL.

Tyiiin ce3nep: 1-(mpon-2-uHMIOKCH)HA(TANH, aMUHOMETHIIICY, OCH3aIIbICTHATED,
1-mermnmumepasun, IMP 'H xone'’C, PASS Gomxkay.
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CHUHTES, CTPYKTYPA U ITPOTHO3UPYEMAS PASS BUOJIOTUYECKAA
AKTUBHOCTbD 4-OEHNJIHA®TOKCUBY TUHUJIIINITEPA3ZVTHOB

CHHTe3MpOBaHbl HOBBIC MOTEHIUAIBHO OHMOJOTMYECKH aKTHBHbIC 4-peHunHadTo-
KcnOyTuHMINUNepasuHel. CTpOCHHWE CHHTE3MPOBAHHBIX COEIMHEHHH YCTaHOBJICHO Ha
ocHoBaHMH JaHHBIX UK-criextpockomuu u cnexrpockormnu SIMP 'H u *C. C nomomsio
nporpammbl  PASS mn3yuyena nporHoszupyemas OHOJNOTHYECKas aKTHBHOCTh 4-(QeHu-
HaTOKCHOY THHIIIITUIICPA3HHOB.

KnaioueBsbie cinoBa: 1-(pon-2-nHuUiIOKCH)Ha(TaINH, aMUHOMETHINPOBAaHUE, OCH-
3anpaeruasl, 1-mernnnunepasud, AMP 'Hu " C, PASS npornozupoBanue.
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TpedoBaHus 1J1s1 0opopMIIEHHUSI CTaTel B JKypHAJIe
«XUMHUYECKHUH )KYPHAJ KA3BAXCTAHA»

Hayunblil KypHall OTKpBITOrO AocTyna «XuMmuueckuil sxypHan Kazaxcrana»
n3gaercs opaena Tpynosoro Kpacroro 3namenn MHCTHTYTOM XMMHUYECKHX HAYK NMEHH
A.B. BexTypoBa ¢ eproIuIHOCTEI0 4 HOMEpa B TOI.

Henp XKypHana — ocBelleHHe HOBBIX HAYYHBIX PE3YNbTAaTOB M MJCH, MPOOIEeMHBIX
BOIIPOCOB HAYKU M TCXHHUKH, IMOCICIHUX pa3pa60T01< n HCCHC}IOBaHﬂﬁ IO aKTyaJIbHbIM
npobyiieMaM (GyHIAaMEHTAIBHBIX W TPHUKIAIHBIX HCCIEIOBaHUNA B OOJACTH HEOpPTaHH-
YecKOH U OpPraHMYeCKOW XMMHHU, XUMHH U TEXHOJOTHM MOHOMEPOB M BBICOKOMOJEKY-
JISIPHBIX COEIMHEHHH, MOHHOrO OOMeHa, He(pTeXMMHUH MW HEe(PTEXHMMHYECKOTO CHHTE3a,
XMMHUH JIEKapPCTBEHHBIX BEUIECTB W (DU3MOIOTMYECKH aKTHBHBIX COEIMHEHHH, XHMH-
YEeCKOH IKOJIOTHH, XUMHHU YI0OPEHUH U coliel, GU3MIECKOH XMMUH JUIS ITUPOKOTO Kpyra
crnermanuctoB. B JKypHane myOmuKyroTcs HaydHbIE CTaThH M 0030pBI YUEHBIX, JTOKTO-
PaHTOB, MarkCTPAHTOB, MPOU3BOJCTBEHHUKOB, UMEIOIINE TEOPETUUECKOE U MMPAKTHUECKOE
3HAYCHHE.

Cratbu, npencTaBiIeHHbIE B penaknuio JKypHana, ZJOMKHBI yAOBICTBOPSTH CIEIYIO-
UM TPEOOBaHUSM:

Oo0mue TpedoBanus. PeqaknnoHHas KOJUIETHs MPUHUMAET CTaThbH, HaOpaHHBIC B
TeKcTOBOM penaktope MS Word B 27€KTpoOHHOM BHJE, a TaK)Ke Ha OYMaKHOM HOCHTEIIE,
npuyeM, OCIeIHSS CTPaHUIA IOANMCHIBACTCS BCEMU aBTOPAMHU C TIPOCTABJICHUEM JIaThl.

PucyHnku mpezacraBistiores ¢ paspemreauem muaumym 300 dpi, B dopmare *.bmp,
tiff. Cxemsbl, rpauky BBINOJHSIOTCS BO BCTpoeHHO# nporpamme MS Word i B MS
Excel.

S3bik crartbu. CTaThbWl MPUHUMAIOTCS Ha Ka3aXCKOM, PYCCKOM WJIM aHTJIMHCKOM
S3bIKaX, OJHAKO, B WENSIX momyispusanuu JKypHana, peJakIMOHHON KOJUIETHEH mNpu-
BETCTBYETCS MPUEM CTaTeH HA aHTJIMICKOM SI3BIKE.

MMapameTpsl crpanuubl. @opmat crpanuisl: A4 (210x297 mm).

ITonst: BepxHee — 2 cM, HIKHEE — 2 ¢cM, JieBoe — 3 cM, mpaBoe — 1,5 cM. PaccTanoBka
MEPEHOCOB He aomyckaeTcst. Do3arubii otctyn — 1,0 M.

YJIK. B nauane craTbu, B BEpXHEM JIEBOM YITy, YKa3blBaeTcsi HOMep IO YHU-
BepcabHON pecsitnaHol Kiaccupukammu (YK), cooTBeTcTBYIOMMIA 3asBICHHON TeMe.
Manee, mocne oTcTyna CTPOKH, YKa3bIBAIOTCS MHUIMANB M (pamuiiny aBropa(-oB), elme
Yyepe3 CTPOKY CIEHyIOT Ha3BaHWS OpraHuzaimu(-if), B KOTOPOH(-bIX) pabOTalOT aBTOPEI,
Ha3BaHME TOpoAa M cTpaHbl. Eme HmXe, depe3 CTPOKY YKa3bIBAacTCS Ha3BaHHE CTATHH
MPOTTUCHBIME OykBaMu. LLIpUQT - MOy KUPHBIHA.

Annortamus. [Ipemocrapnsgercs Ha s3bIKe cTaThi (00BeM He MeHee 150 coB).

KirwueBsle ciioBa. CroBa u cioBocoderanus: (6-8), obOecrneunBaromue Haubosee
MOJTHOE PACKPBITHE COJICPKAHUS CTAThH, MPEACTABIISIFOTCS Ha SI3BIKE CTAThHH.

I'apuurypa. Tekcr cratbu HaOupaercst B rapHutype Times New Roman, pasmep
Kerys 14 1T, MeXXCTPOYHBIH MHTEPBAJ - OJMHAPHBIH, (POPMATHPOBAHUE - 110 NIMPUHE.

Crpykrypa u 00béM cTaTbu. CTpyKTYpUpOBaHHE CTaTbU MPOU3BOIUTCS B
COOTBETCTBHH C OOLIENPUHATHIMU cTaHaapTamy: ""BBegenne" (10DKHO BKIIOUaTh B ceOs
MOSICHEHUE, B CBSI3U C YeM IPOBEJICHO JaHHOE UCCIeNOBaHHE, 0030p aKTyaJbHOU JUTe-
parypsl, 000CHOBaHHE BBIOOpAa METOMOJIOTHH HCCIIENOBaHUM), ""JKCIEPUMEHTATbHAS
yacTe' (OnMcaHHWEe TPOBOJMMEIX HccCienoBaHui), "Pe3yabTaThl M HX o0cy:kaenue"
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(monmy4yeHHBIC B X0JI¢ HCCIEA0BaHUS pe3yabTaThl), "BbIBoAbI" (KacaTelbHO MOJYYEHHBIX
PE3yJIbTaTOB, B TOM YHUCJIE COOTBETCTBYIOT JIM OHM OXHJIaHUSIM win HeT). O0beM cTarhy,
BKJIIOYAsi aHHOTAIIMIO M CIUCOK JUTepatypbl: oT 6 mo 10 ctpanui. O030pHBIE CTaThU
MOryT ObITh 110 20 CTpaHHII.

CcbUIKH HA MCHOJIb30BAaHHBbIC HCTOYHMKH. CCBUIKM Ha HMCIOJIb30BaHHBIE UCTOY-
HUKH TPUBOAATCS TOCHIE IUTATHl B KBaJPATHBIX CKOOKax, C yKa3aHHEM IOpPSIKOBOTO
HOMepa MCTOYHMKa nuTHpoBaHusi, B coorBerctBuM ¢ 'OCT 7.1-2003 «bubnuorpadu-
4eckas 3amuch. bubmuorpaduueckoe omucanue. O6ume TpedOBaHUSA U IpaBUla COCTAB-
JICHUSD.

Cnucoxk jaurtepatypsl. Pacronaraercs mocie Tekcrta craThbu. Hymepanus Hauyu-
HaeTcsi ¢ mepBoro Homepa, npensapsiercsi cinosoM «JIMTEPATYPA» n odopmisercs B
MOPSAKE YIIOMUHAHUS WM [ATHPOBAHUS B TEKCTE CTAThH. PEKOMEHIyeMoe KOIHYCCTBO
cchl1oK — He MeHee 20, B ToM uucie He MeHee 50% — CChUIKM Ha MEeXIyHapOAHbIE UCTOYU-
HUKU (KypHAIIbI, BXOJIIINE B MeXITyHapoaHble 0a3pl maHHbIX Clarivate Analytics, Sco-
pus, Springer Nature). /lanee B TOM e MOpSIKE MPUBOAUTCS TPAHCIUTEPAIHSI CITHCKA.
[Tox omHIM HOMEPOM yKa3BIBAETCS TONBKO OAMH UCTOYHUK. CIUCOK JUTEPaTyphl JOJDKEH
OBITH TIPEJICTABJICH HanOoJee CBEKMMHU U aKTyaTbHBIMU UCTOYHUKAMU.

Pe3rome. [locre ciiricka uTepaTypsl JODKHBI OBITH TIpeACTaBiIeHb pestome. K mpu-
Mepy, €CIH CTaThsl HallMCaHa Ha Ka3aXCKOM SI3BIKE, TO Ha PYCCKOM M aHTJIMIICKOM S3BIKaX
narotcst pestome, coctosmme u3 ®UO aBTopa (-oB), Ha3BaHusA, Tekcta ( He MeHee 150
CJIOB), KITIOUEBBIX CJIOB, OpPraHU3aIINH, TJI€ BHITOJIHSAIACh padoTa.

ConpoBoauTejbHble TOKYMEHThI, IpUJaraemble K cratbe. K cratbe mpuiara-
IOTCSI COIIPOBOAUTEIBHBIC JIOKYMEHTHI (Ha Ka3aXCKOM HJIH PYCCKOM SI3bIKE):

1. ITuceMo-HanpaBieHre B pelaklMOHHY0 Komeruto JKypHana oT opraHusanuy, B
KOTOPOH TaHHOE HCCJIEIOBAHUE BBITIOTHEHO.

2. AKT 3KCHIEpTH3BI.

3. CBenenust 06 aBTopax: PamMmins, UMsI M OTYECTBO KaXKJJOTO aBTOpPa C yKa3aHUEM
YUCHOM CTENEHM W YYCHOTO 3BaHMs, CIyKeOHble M JOMallHMEe HoMmepa Tele(oHOB,
JOMAallHHE ajapeca ¢ YKa3aHWeM IOYTOBOTO HHAEKCA, aJpec DIEKTPOHHOW MOYTHI
(B 2-X 2K3eMILIAPAX).

4. Peueusus.

5. Hayunble yupexaeHus, BBICIINE y4eOHBIC 3aBeIEHHs, MPOMBIIIJICHHBIE Mpe.-
IOPUATHS U KKl aBTOp HAay4HOH CTaTbd, UMEIOIIMM YYEHYIO CTEIEHb IOKTOpa WIH
KaHAMJaTa HayK, MPEACTaBIAIOT KCEPOKOIMIO MM CKaH-BEPCHIO KBUTAHIIUH O I'OJ0BOM
noanucke Ha «XuMmuueckui xxypHan Kazaxcrana». (ITonxnucHo# nnnexc B karanore AO
«Kazllouray wnu B nomoiHeHud Kk Hemy — 75 241). be3 3Toro nokymeHTa CTatbu HE
MIPUHUMAIOTCS.

Marepuainbl, He COOTBETCTBYIOIIME yKa3aHHBIM TPEOOBAaHMSM, BO3BpAIIAIOTCS Ha
nIopaboTKy.

Pemenne o myOGnmkanuy ctaTbu MPUHUMAET peAaknuoHHas Kosuterus JXKypraina.

DJeKTpOHHAsT BEpcUsl TPEJCTAaBISICTCS HA JJIEKTPOHHOM HOCHTENE JHOO OTIpaB-
JseTCs 1O ANEKTPOHHOM mouTe: (ics_rk@mail.ru, lena.yanevskaya47@mail.ru).

JlaToil TpHHATHS K IeYaTH CYUTACTCS JaTa IOCTYIUICHHS BEPCHH, YHOBJIETBO-
psromiei Bcem TpeboBaHmsM JKypHama. OdepeqHOCTh MyOMUKAIMHA YCTaHABIHBACTCS 110
JaTe MPUHATHA CTaTbH K II€YATH.

Peoakyuonnan konnecus Kypnana
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