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INFLUENCE OF MICROWAYVE IRRADIATION
ON THE EXTRACTION OUTPUT OF HUMIN AND BITUMINOUS
SUBSTANCES FROM BROWN COALS

Abstract. The article presents the results of the investigation of the effect of microwave treatment on the
extraction yield of humic and bituminous substances from brown coals. It is shown that preliminary microwave
irradiation of brown coal samples in an aqueous alkaline medium leads to the activation of destructural processes in
the organic mass of coal. It is established that the use of microwave treatment promotes the efficiency of extraction
of humates, bitumen, waxes and resins. At the same time, the amount and composition of products passing into
solution can vary within wide limits, depending on the irradiation power, the ratio of components, and the
concentration of alkali. The use of microwave coal activation can involve low-bituminous coals into processing, or
radically improve existing technologies for complex processing of coal products. The obtained data showed the
possibility of combining the processes of alkaline dissolution of humic substances and extraction of bitumen from
brown coals in a microwave field, which can lead to simplification of the technological process of processing of coal
products.

Key words: brown coal, microwave irradiation, bitumen, humate.
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BJIUAHUE MUKPOBOJIHOBOI'O OBJIYYEHUSA
HA S9KCTPAKIIMOHHBIN BBIXO/J I'YMHUHOBBIX
N BUTYMHNHO3HBIX BEHIECTB U3 BYPBIX YIJVIEN

AHHOTanusi. B craTbe npencTaBiIeHBbl pPe3yNbTaThl MUCCIIEIOBAHUS BIUSHUS MHKPOBOJIHOBOM 00pabOTKM Ha
SKCTPAKLIMOHHBIM BBIXOJ T'YMHHOBBIX 1 OMTYMHUHO3HBIX BelllecTB U3 OypbIx yrieil. [lokasaHo, 4To nmpeaBapuTeIbHOE
MHUKPOBOJIHOBOE 00JTyueHHe 00pa3loB Oyporo yris B BOAHO-IIEIIOYHOM cpejie IPUBOAUT K aKTUBAIMU AECTPYKTYP-
HBIX TPOLIECCOB B OPraHMYECKOM Macce yrisl. YCTaHOBJEHO, YTO HCIIOJIb30BAaHWE MHKPOBOJIHOBOI 00paboTKH
cnoco6cTByeT 3(h(hEeKTUBHOCTH M3BJICUCHUS! TYMAaToB, OMTYMOB, BOCKOB M CMOJI. IIpu 3TOM KOJIMYECTBO M COCTaB
HNepexXosIUX B PacTBOP NPOAYKTOB MOXKET H3MEHATHCS B IIMPOKHX IMPEAeNax B 3aBUCUMOCTH OT MOIIHOCTH
00JTy4eHns1, COOTHOILCHNSI KOMIIOHEHTOB, KOHLICHTPALMHX 1Ie704n. [IpiMeHeHne MUKPOBOTHOBOM akTHBAIUK yrien
MOXET BOBJICYb B NepepabOTKy HU3KOOWTYMHHO3HbIEC YIIIH, JTHOO KapAWHAIBHO YIYYIIUTh CYIIECTBYIOIINE TEXHO-

— 103 =——




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

JIOTUH KOMIUIEKCHOI IepepadoTKH yriuenponykToB. [lomydeHHbIe NaHHBIE MOKAa3ald BO3MOXKHOCTH COBMELICHHS

NPOLIECCOB IIEJIOYHOTO PACTBOPEHHSI I'YMUHOBBIX BEIECTB M SKCTPAKLIUK OMTyMa M3 OYphIX Yriedl B MHKpPOBOJ-

HOBOM II0JI€, YTO MOKET IPUBECTH K YIIPOLICHHUIO TEXHOJIOTMYECKOTO0 Ipoliecca epepaboTKH YIIenpOayKTOB.
KiroueBblie cjioBa: Oypslii yroyib, MEKPOBOIHOBOE OOIydeHHE, OUTYyM, TyMar.

Beenenue

B Hacrosmee BpeMs Yroib B OCHOBHOM IIpUMEHsSETCd B KauyeCTBE MHCTOYHHKA OSHEPTUH,
NPOMBIIUICHHAs] MepepadoTKa e€ro B LIEHHbIE XMMUYECKHE NMPOAYKTHI OCTAETCSl BCE €Ille NOCTaTOYHO
Hu3Koi. KazaxcraH pacronaraeT 3HauUTEIbHBIMU 3allacaMy yriled pa3nuuHbIX Mapok [1]. B 6amancoBbIx
3anacax OoJiee MOJIOBHHBI MPHUXOIUTCS Ha KaMEHHO-KOKCOBBIE YTJIM, MEHBIIE MOJOBHUHBI — Ha Oypble
VI, KOTOPbIE COCPENOTOYCHBI, IJIaBHBIM 00pa3oM, B KpymnHeimem OypoyronsHoM MaiikyOeHCKOM
MECTOpPOKAECHNH. KOMIUIEKCHBIII XMMHKO-TEXHOIOTUYECKUH MOAXOX K OCBOGHHUIO 3THX HCKOIAEMbIX
o0ecrniedyrBaeT MOJlydeHHE HMIMPOKOTO Kiacca XMMHUYECKHUX BEIIECTB, KOTOPhIE MOTYT HCIOJIB30BaThCS B
Pa3IUYHBIX OTPACIIAX IPOMBIIUIEHHOCTH [1-4].

OnHUM K3 BaXXHBIX IPOJIYKTOB 3KCTPAKLIMOHHONW 00paOOTKH HU3KOCOPTHBIX YIJICH SIBIISIETCS TOPHBII
Bock [5-8]. Kpymnueimii mpou3BoAnTENb BOCKOB B Mupe — ['epmanus BbimyckaeT 10 50 TBIC. T BOCKOB B
roz, uto cocrasnsieT 80% mupoBoro mpousBoactsa. B bpasumuu exeronHo mpousBogurca 10 Teic. T
3TOTO MPOJYKTa, MOydaeMol U3 KapHayOckoi manbMbl [9]. B Poccun m npyrux yroimbHBIX CTpaHax, B
ToMm urcie u Kazaxcrane, BOCKH He TIPOU3BOMATCS, XOTS UX AS(PUIUT B CTpaHe, [0 SKCIEPTHBIM OL[CHKaM
COCTaBIISICT OKOJIO 5 ThIC. T B rof. CrIpoil OypoyronbHBIN BOCK, U3BJIEKAEMBIH M3 OUTYMHUHO3HBIX OYpPBIX
yIriaed myTeM OJKCTPAaKUUM OpPraHMYeCKUMH pacTBOpUTEIsIMA (O€H307, TOMYyOJ, CHUPTHL U Ip.),
TIPEICTaBIIICT COOON cMech COOCTBEHHO BOCKOBBIX KOMIIOHEHTOB M cMoi [5-8]. B 3aBucMMOCTH OT
crocoba M3BJICUEHHS Pa3nuyaroT «OUTyM Ay, M3BIEKaeMbIil XOJIOJHBIM MM KHITALIIM PAacTBOPUTEIEM
NPy HOPMaJbHOM JaBlieHUH, «OUTyM By, n3BIeKaeMblil pacTBOPUTEISMH IPH IMOBBIIIEHHON TeMIepaType
W naBlieHUH, «OUTYM C», MONYYEHHBIA U3 CBHIPBS, OCBOOOXKICHHOTO OT «OnTymMa A» m 00pabOTaHHOTO
consiHOW KucioToi. CoOCTBEHHO, OMTyMaMu OOIIETIPUHATO CYUTATh TOJBKO «OuTym A». Kommuect-
BEHHBII BBIXOJ CBIPOTO BOCKa (OMTyM A) M3 yIJs, BBIpaKEHHBIH B MPOLEHTAaX K Macce Yyris, 0003Ha-
YaeTcsl TePMUHOM «OUTYMHHO3HOCTBY». Conep:kaHHe BOCKOBBIX M CMOJISIHBIX COCTABIISIIOIIMX B OMTyMe
KoJIeOJIeTCs B IIUPOKKX MpesieNax B 3aBUCMMOCTH OT MHOTUX (PaKTOPOB — IPUMEHSEMBIX IIPU HKCTPAKLUU
pacTBOpUTENEH, yCIOBUNA SKCTPAKIIMU, BUAOB CBIPbs U Ap. [6-8].

Bo mHOrOM 3T0 00YCIOBICHO HHM3KOH CTENEHBIO NMPEBPAILCHHUS OPraHUYECKOro BELIECTBA TBEPIBIX
TOIUIMB B YIJIIEXMMUYECKUX TeXHOJIOrusx. ClenoBaTesbHO, HEOOXOAUMO pemaTh NpodiieMy BHEOPEHHS
MEPCIEKTUBHBIX TEXHOJIOTUH MO0 KOMILJIEKCHOH nepepaboTke yriieH, yBeInurnBasg SKOHOMUYECKYIO OTAAYY
OT NMPHUMEHEHHs YTONBHOTO ChIpbsi. [IpakTuueckoe pemieHue NaHHON MpoOIeMbl B HACTOSIEE BpeMs
JIKUT B TIOMCKAax JIETKOAOCTYNHBIX, AKTHBHBIX PEarcHTOB M KaTaJH3aTOpOB M CIIOCOO0B (HU3UKO-
XMMHYECKOTO BO3JCHCTBUSA Ha yTrOJIbHOE BEIIECTBO MPH MUHUMAIBHBIX SHEPTETHUECKUX U KalMTalIbHBIX
3arpatax [9-13].

Jns MOBBILICHWS CTENEHHM H3BICUCHHS OWUTYMHHO3HBIX BOCKOB M3 OYypBIX YIJIeH NPHUMEHSIOT
pasITUYHBIC OpPTaHWYECKHE pacTBOpUTENH M Mo0aBku K HEM [5-9]. CormacHo maHHBIX pador [10-15],
MpeaBapuTeIbHas aKTUBALUS YIJIeH MeToJaMu (U3MKO-XUMHUYECKOTO BO3JEHCTBHS (IUIa3MOXHMHA,
MEXaHOAKTHBALUS, CYHEPKPUTHUYECKass SKCTPAaKUUS M Ip.) NPUBOAMT K H3MEHEHHIO HX COCTaBa,
CTPYKTYPBI U YBEIMUYCHHIO BBIXOJA HU3KOMOJIEKYIAPHBIX IPOLYKTOB B Xone MX nepepaborku. K uuciy
3THX HOBBIX pa3fesioB COBpeMEHHON XUMUH B mnocinenaue 10-15 ner npucoeanHuaach ¥ MUKPOBOIHOBAS
(MB) xumus [16-18]. [TosToMy nccrnenoBaHue W CO3JaHME HOBBIX MPOLECCOB MOJTYYEHUS pa3iIUYHBIX
MPOLYKTOB U3 YISl ABSIFOTCS BAXKHEHIINMH 331a4aMi YTTIEXUMHUECKON HAyKH.

Ienbro paboOTHI SABISIETCS] MCCIENOBAaHHUE MIPOLIECCOB, MIPOTEKAIOIINX B OPraHUYecKoil Macce Oyporo
YTl B BOJHO-ILEIIOYHOM pPacTBOpE B YCIOBUSAX MHUKPOBOJIHOBOTO OONY4YEHHsS, YCTaHOBJICHUE BIUSHUS
JAHHBIX TIPOLIECCOB Ha TIIyOWHY SKCTPAKLIHOHHON mepepaOOTKM W MONyYEHHE W3 YTOJIBHOTO CBIPHA
TYMHUHOBBIX BELIECTB U OUTYMHUHO3HOT'O BOCKA.

IKCcNepuMeHTAJIbLHAN YaCTh

Jns uccnenoBaHusl BIUSHUS (PU3UKO-XUMUYIECKUX METOJOB Ha BBIXOA MOJyYaeMbIX OUTYMOB H3Yy4eH
obpasenr Oyporo yrist Mapku b3 MaiikyOeHCKOT0 MECTOPOXKACHHS CO CIICTYIOMIMH XapaKTEPUCTHKAMH,
%: A923, W18, V' 48.0, S 0.82, C* 34.8, H* 4.7, N 1.0, Q'; 14867 xJIx/Kr.
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st yBenmmdeHus peaKIIMOHHON CTIOCOOHOCTH TPH AKCTPAKIIMOHHOM mepepaboTke NCXOMHBIN OyphIit
YTOJIb TIOJIBEPTraidi MEXaHWYEeCKOW aKTHBAIMM B JlabopaTtopHoit MembHmMiie MJI-1. Jlms skcrpakinn
Opanacek ¢pakius yrit 10 0,2 MM B KoTudecTBe 5 T. MUKPOBOTHOBOE BO3ACHCTBHE OCYIIECTBISIOCH Ha
CBY-mmeun wmapkm LG-MS2022G  (wacrora 2.45 TITm). IlpogomkKuTenbHOCTh  BO3JACHCTBHS
AIEKTPOMAarHUTHOTO MUKPOBOJHOBOTO Bo3eiicTBrus (MBB) Ha OypbIii yrois coctaBmia 1 gac ¢ maroM B
1 MUHYTY, MOIITHOCTh MHKPOBOJTHOBOTO BO3MIEHCTBUA BapbupoBanack oT 70 mo 750 BT. DkcTpakimonHoe
BbIJIEJICHHEe OMTYMOB, W3 IOJBEPTIINXCS MHUKPOBOJHOBOMY OOIydeHHIO OOpas3IoB YIUIA, MPOBOAMIIOCH
AQHAJIOTUYHO ONMCAaHHOMY paHee.

Konnentpamus pactBopa menoun (NaOH) cocraBuma or 2 go 8%. Ilociae MHKPOBOIHOBOM
00pabOTKN pacTBOp IMOABEPTaaN SKCTPAKIMOHHON 00paboTke cMechbio sTaHon-Oer30m (1:1). IIpormecc
IKCTpaKIMKA OpraHnmdeckod Macchl yrias (OMY) yris mpoBomwmm B ammapare CokcieTa B TedeHUE 2
4acoB, JOBOAS pacTBOPHUTEINH IO TeMIepaTypsl Kunieans. PactBop, mocie sxcrpakiun OMY, moaBepraiu
MEeHTPU(YTUPOBAHNIO W BaKyyMHYIO (DHIBTPOBAHHMIO (BOMSHON HACOC), 3aT€M OCTATOYHBIA YTOJb
MIPOMBIBAIT BOJOH OT OCTaTKOB KaTalM3aTopa W BHICYIIMBAJIN B BaKyyMHOM IIKady IMpH TeMIlepaTrype
95+1,0°C. BBIXOIBI SKCTParHPyeMbIX BEIIECTB M3MEPSIINCH KAK [0 YMEHBIICHHIO OPTAHHYECKOH MACChI
yIoIs, TaK W TI0 MAacce BEeIeCTB, MEpemeAnnX B IKCTPAKT. 3a OKOHYATENBHBIH Pe3yJbTaT MPHHUMAIH
cpenHee apudMeTHdecKoe 3HAUYEHHE TPeX MMapaUIeNbHBIX ONpeAeNIeHHH, MOTPEIIHOCTh W3MEpEeHHN
cocraBuia +1,0%.

Brimenenaple W3 BOAHO-IIECIOYHOTO PAcTBOpa CIHPTO-OEH30J0BOM  OKCTPAKIHWEH OHTYMBI
nonBeprainy (pakIHOHIPOBAHUIO Ha BOCKH M CMOJIBI METOJIOM KOJIOHOYHOH Xpomartorpadur. Y CIOBHUS
pasmerneHus: CTEKJISHHAs KOJOHKa muaMmeTpoM 1 cM, BeicoTa cios cwmmkarens (70-230mkm) 80 oM,
MOCTIEIOBATENIFHOE DJIIOUpOBaHNe (pakmuid TeKcaHoM, S5%-HBIM PacTBOPOM AMSTHIIOBOTO 3dupa B
TeNTaHe, YETBIPEXXJIOPUCTHIM YIIEPOJAOM K OEH30JI0M, a OCTaTOYHbIE MPOAYKTHl CHUMAId CMECHIO
Oenzoma u xiopodopma (1:4). IlocTenmeHHBII POCT IMIOUPYIONTUX CBOMCTB PaCTBOPHUTENIEH CIIOCOOCTBYET
KOJIMYECTBEHHOMY Da3/IeJeHNI0 ONTYMOB Ha YTIIEBOJOPOMBI, CITUPTHI, KHCIOTH M HE XpoMarorpadupye-
MBI ocTaToK (cMoJTbI). OO 3TOM CBHUICTENBCTBYIOT pe3ynbTaThl TCX, 2IIFOCHT — cMech OCH30II.yKCyCHAas
kuciota (95:5). Xpomarto-macc-cnekrpoMmerpudeckuid (XMC) aHanmm3 WHIUBHUAYAITFHOTO COCTaBa
OMTYMHHO3HOTO DKCTpakTa ocymecTBisuin Ha mpubope Agilent Technologies 7890A ¢ wMacc-
CIIeKTpoMeTprudeckuM aetekTopoM 5975C. XpomaTtorpaMMmbl B MAacC-CHEKTPHI 00pabdaThIBAIHCH C
nomoIeto mporpammel MSD Chem Station E-02.00.493, xononka kammuisipaas HP-5MS (30m x0.25Mm
x0.25 mxMm), raz-Hocutenb — remmid (1 mu/mMuH). g waeHTH(QHWKAIIMKA BEMISCTB IO Macc-CIIEKTpaM
WCITOJIb30BaIach 0a3a maHHBIX Macc-criekTpoB NIST-8. KadecTBeHHBIM W KOJIMYECTBEHHBIN aHAINA3
CoNlepKaHUsl MHHEPaJbHBIX KOMIIOHEHTOB YTJIETIPOAYKTOB TIPOBOJWMIICS Ha JIa3epHOM aTOMHO-
OMHUCCHOHHOM crnekTpoMmerpe Matrix Continuum ¢ audpakmuonror pemérkoit 2400 mrp/mm u 5 T13C
nerexkropamu Gupmel Toshiba, nramazon mmH BoaH oT 190 1o 420 HM.

Pe3yabTaThl 1 00CyxK1eHUSA

B Hnay4Ho#l nmTepaType NOIy4YeHUIO OMTyMa, TOPHOTO BOCKA IOCBSILIEHO MHOTO paboT [5-8].
Hanmpumep, B paboTe omucan cnoco0 mepepabOTKM YIWIi B HUBKOKUILIIIUX DPACTBOPUTENSAX MpPH
MIOBBIILICHHOW TeMIepaType MoJl JaBlicHHEM B MPUCYTCTBUH KaTanuzatopa [19]. OgHako HE0OX0UMOCTh
MPOBENICHHUS SKCTPAKIUH TPH MOBBIIICHHOM JAaBJICHUH YCIOXHSIET TEXHOJOTHYECKHH Mpouecc. ABTOPHI
[20] mpennararor crnoco® mepepabOTKK OypoOro yriis, 3aKIIOYalOUIMKCS B TOM, YTO HCXOIHBIA yTrojb
HarpeBaloT B BOJHOM pacTBope eakoro Hatpa mpu 200°C B aBTOKIaBe, 3aTeM OT(UIBTPOBBIBAIOT
HEPaCTBOPUBLIYIOCS YacTh yrid. [loclenHIon cymar ¥ pacTBOPUTENIEM SKCTParupyloT U3 Hee TOPHBIN
Bock (2, mareHt ['epmanum Ned433364, xn. 12 r 3/01, onmy6m. 1924). OTu cnocoObl XapaKTepU3YIOTCS
MHOTOCTAaJMIHBIM TEXHOJOTHYECKHM IPOLIECCOM, KOT/Ia Ha Ka)KAOH CTaguM NMPH BBIOCICHUU M3 CBHIPHS
OTJIENIBHOTO KOMITOHEHTa IporcxoauT Harpes 10 200°C B TeueHue 10JIroro BpeMeHu (24).

B nanHOM coOOIIEHMM HaMH TMPHUBEICHBI PE3YJIbTAThl HCCIEAOBAHMS BIHMSHUAS MHKPOBOJHOBOTO
00y4eHHs Ha MPOILECChl N3BJICUEeHHU TYMUHOBBIX BEIECTB M OUTyMa (CBIPOro OypOYroJIbHOTO BOCKa) U3
Oyporo yrisa. Ilpu mpoBeaeHUHM >KCIIEPHMEHTOB OCHOBHOE BHHUMaHHWE yaeneHo BiusHuio MBO Ha
3 PEKTUBHOCTh H3BJICUCHUS TYMHHOBBIX COEIMHEHHWH W OUTYMHHO3HOTO BOCKa B 3aBHCUMOCTH OT
creayomux (pakTopoB: MOITHOCTH o0myueHus (BT); BpeMeHH NpoBeeHNs BBIICTAYMBAHUS B YCIOBHUIX
MBO (MHH); COOTHOIICHUIO KHUIIKOHN 1 TBEPIOH (a3.

Kak crnexyer 3 naHHBIX pUcyHKa |, HCIIONB30BaHUE MPEABAPUTENBHON MHUKPOBOJHOBOH 00pabOTKH
HIEJIOYHOTO pacTBOpa YTroJbHOrO 00pa3lia NPUBOIUT K COKPAIIEHHUI0 BPEMEHH BBIIIENAUYUBAHUS U
YBEIMUEHHUIO BBIXOJOB IIeNeBbIX MpoayKToB. [Ipumenenne MBO B XxMMHUYECKHX Mpolieccax CBS3aHO Ha
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€ro CITOCOOHOCTH B JECSITKH M COTHHU Pa3 yCKOPSATh CKOPOCTH XUMHYECKHUX PEAKIIMH, BHI3BIBATH OBICTPHIN
00BEMHBIN HarpeB JKUIKHX W TBepAIXx obOpasmoB [10, 11]. BemnumHa BeIXOAZA TYMaTOB CYIIECTBEHHO
3aBHCHT OT KOHIICHTPAIMX IMEJIOYHOTO PAcTBOpa B OTIMYHE OT OMTYMHHO3HOTO BOCKa. ONTHMAaTbHBIM
SBIISIETCS. WMHTEpPBaJ KOHIIEHTpAaMK pacTBopa menodn oT 4 mo 6%.Tem He MeHee, ONTHMaiIbHAS
KOHIIGHTpaIWsT JOJDKHA ONPENeNsAThCS W3 BENWYMHBl 3HAUYeHWH oOcTaidbHBIX ¢akTopoB. llpm
MaKCHUMAaJIbHBIX 3Ha4ueHUSAX OCHOBHBIX ¢aktopoB (W, X:T, t, Cye,.) HaOMIOmaeTCs CHIKEHUE Kak
TyMaToB, TaK 1 ONTyMHHO3HOTO BOCKa.

Crym, % CEHT,%
90 2.4
.—'_‘—‘——_,_\_.H 1
80 S 420
70} 02 15
T
60 - 1.0
50+ 404

I 1 1 |
70 150 300 500 70O W.Br

Pucynox 1 — 3aBucuMOCTb BEIXOOB ryMaroB (1) 1 OuTyMHHO3HOTO BOCKa (2)
ot moutHocTH obmydeHust (K:T =5:1; Cpey. = 4%; t =30 MuH)

CormacHo pe3ynbTaTOB aHajiM3a MOJYYCHHBIX HaHHBIX, HanOolee ONTUMAILHBIMH YCIOBUSMH
NpOBeNIeHUA Ipolecca SBISIOTCS MoIIHOCTh o0myuenus 150-300 Br. IIporekaromass npu MBO
JIECTPYKIUSI OPraHOMHUHEPATBHBIX CBsI3€H MPUBOAUT K JETOIMMEPHU3AIMH YTOJIBHOTO BEIECTBA M POCTY
BBIXOJIa LIEJIEBBIX MPOAYKTOB, B JAHHBIX YCIOBHSX COIEPKAHNE CMOJI B IOIY4YEeHHBIX OUTyMax CHUXKACTCS
10 MUHUMYMa. Mcrons30BaHue 3JIeKTPOMAarHUTHOTO MUKPOBOJIHOBOTO OOJIyUeHHs CIIOCOOCTBYET yBEIH-
YEHUIO BBIX0O/1a OUTYMHUHO3ZHOTO MIPOAYKTa B CpeAHeM 1.5-2 pasa, ueM mo kiaccudeckoil Texnonorun. Kak
nokazanu pesynbtatel XMC ananusa, ysenuueHue wmourHoctd MBO Bemme 500 Bt mpuBogut k
YBEIMYEHHIO CMOJIMCTBIX BEIIECTB B cOcTaBe M3BIekaeMoro outyma. Ilpm Bpicokux momHocTsix MBO
MOBBIIIAETCS TEMIIEpAaTypa PEeaKIMOHHOM Cpenbl, U, COOTBETCTBEHHO, YBEINYNBAETCA CKOPOCTH MOJIMME-
PHU3AIMOHHBIX MPOLIECCOB.

0,57
0,45
0,41
0,35
0,31 O paat

0,251 H psa2
Opaa3

0,2
0,15
0,14
0,05
0

O pansd

Fe Cr Al Ca Mg

PucyHok 2 - OTHOCHTENIBHOE COZlepKAHUE HIEMEHTOB B 00pa3Iax yriIenpoayKToB: psia 1 — yrons-npobda;
P 2 - OCTAaTOK YT MOCTIE SKCTPAKLNH; P 3 - BOCK YTOJBHBIN; psia 4 - ONTYMHHO3HAS cMOJia
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[To maHHBIM XpOMAaTO-MacC-CIIEKTPOMETPHUECKOTO aHaN3a CIIHUPTO-0CH30IbHBIN IKCTPAKT BOCKOBBIX
BEIIECTB COAEPKHUT KUCIOPOACOAEpKaIIe YTIeBOAOPOAb! (cioxkHble d3puphl) (28.3%), apoMaTHdeckne
yraeBonoponsl (37.1%) u ankansr (27.5%).

B xone mccnemoBaHnii TpoBeneHa KOJMYECTBEHHAs OIEHKA COMEP)KaHUS HEKOTOPHIX JJIEMEHTOB B
HCXOAHOM oOpasiie Oyporo yriisi u NMpoayKTax ero mnepepabortku. Ha pucyHke 2 mpuBeneHBI NaHHBIC
aHaJIN30B YIJIE00pas3IoB, CHATHIX Ha JIa3epPHOM aTOMHO-dMHUCCHOHHOM crekTpoMmerpe Matrix Continuum.
Kak crmemyer m3 wHTepnpeTaniyi HHTEHCUBHOCTEH JIMHUW MPOSBICHHUA KaKJOTO dJEMEHTa B MCXOIHBIX,
MPOMEXKYTOUHBIX ¥ KOHEUHBIX TIPOIyKTax, 00paboTKa yriieoOpasia B yCIOBHIX MUKPOBOJTHOBOW aKTHBH-
3aliW TPUBOJNT K CHIDKEHHUIO COJNIEP)KaHUS MHUHEPATHHBIX BEIIECTB B COCTaBE MPOAYKTOB IEepepadOTKU
[21]. Bo3MOXHO, B 3THX YCIOBHAX MPOUCXOIUT pa3pylIcHUE HAIMOJCKYJISIPHOH CTPYKTYPHI yriema-
TepHuana, 4TO MPHUBOAHWT K YBEIMUYCHHUIO BBIXOJAa TYMAaTOB W JKCTPAKTUBHOTO OypOYTOJBHOTO BOCKA.
Takum 00pazoMm, B pe3ynbTaTe MPOIECCOB aKTUBAIMM METOIOM HAIPaBIEHHOTO (hPM3UKO-XHUMHUYECKOTO
BO3JIEMCTBAA Ha OpPraHWYECKHE W MHHEPAIbHBIE KOMIIOHEHTHI Oyporo yris, MPOWCXOIUT €ro
mpeoOpa3zoBaHusl B OMOJOTHYECKH U XUMHUIECKH aKTHBHBIH MaTepHaIbI.

Takum o00pa3oM, MONydeHHBbIE B pabOTe pPe3yJbTaThl IMOKAa3bIBAIOT BO3MOYKHOCTH COBMEIICHUS
MPOIECCOB MIEIOYHOTO PACTBOPEHHS TYMHHOBBIX BEIIECTB M AKCTPAKIWU OMTyMa M3 OyphIX yriieH, 4To
MOXKET MPHUBECTH K YIPOIICHUIO TEXHOJOTMYECKOTO IMpollecca MepepabOTKH YIenpoayKToB. Takas
KOMIUIEKCHAsE XUMUYecKas repepadboTKa yriiel MO3BOJIUT TONYyYaTh U3 HUX 3HAYUTENBHOEC KOJIHYECTBO
TYMaToB, OUTYMOB (CMOJ M BOCKOB), @ TaK)K€ MUHEPAIBHBIX COJIEH.

BoiBoabI

[IpoBeneHO CpaBHUTEIBHOE UCCIEAOBAHUE BIUSHUSA MUKPOBOJIHOBOIO OONYyYEHHS HAa 3KCTPAKLUOH-
HBI BBIXOJ I'YMHHOBBIX M OMTYMHHO3HBIX BellecTB U3 Oypbix yriei. IlokazaHo, 4To McCrHosib30BaHHE
MHUKPOBOJHOBOH 00paboTKH 00pa3ioB Oyporo yriisi B BOIHO-IIEIOYHON cpejie MPUBOAUT K MOBBIIICHUIO
BBIXOJ]a TYMaTOB M 3KCTParHpyeMOCTH OMTYMHHO3HOH CMOIBI. YCTaHOBJIEHO, YTO IpeaBapUTeIbHas
aKTHBAaLUS YTV B MUKPOBOJHOBOM IIOJI€ CIIOCOOCTBYET YINIyOJEHHIO IpOLEcca 3KCTPAKLUH, POCTY
W3BJICUCHHUSI TYMAaTOB, OUTYMOB, BOCKOB U CMOJI. [I[piMEeHeHHEe MUKPOBOTHOBOH aKTHBAIIUH yTJIeH B IEISAX
MOBBIIICHNS BBIXOJa WJIHM MOMYUYEHHsT 00IaroposKeHHBIX SKCTPAKIHMOHHBIX MPOLYKTOB MOXET BOBJICYb B
nepepadoTKy HU3KOOUTYMHHO3HBIE YIJIH, IN0OO KapAWHAIBHO YIYYIIUTh CYIIECTBYIOLINE TEXHOJIOTHH.

Paboma evinonnena 6 pamxax mayunozo epamma Ne 0613/I'®P4 «Hccnedosanue u paspabomxa
MEXHON02UU NONYHEHU OYPOY2OAbHO20 0CKA U3 Y2nel HUsKux cmaoui memamopgusma Llenmpanvnozo
Kazaxcmana»
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"KP OpraHuKasIK CHHTE3 XoHEe KOMIpXHMISCH HHCTHTYTHL, Kaparamsy;
2E.A. ByxeroB arsianars! Kaparanas! MeMitekeTTik yHuBepenterTi, Kasakcran;
3IIereic-Kazakcran MeMIIEKeTTiK yHuBepcuTeTi, Kasakcran

KOHBIP KOMIPJIEPJAEH I'YMUH/I JKOHE IIAVBIPJIBI 3ATTAPABIH
SKCTPAKLUSLIBIK HIBIFBIMIAPBIHA MUKPOTOJIKBIH/bI
COYJIEJEHIPYITH OCEPI

AnHoTamus. Makanaza KOHBIp KOMIpJIepJeH dKCTPaKTUBTI TYPJE ANbIHATHIH TyMHUHII >KOHE IAWBIPIIBI 3aTTap-AbIH IIbI-
FBIMJIapBIHA MHUKPOTOJIKBIHJIBI OHACYIIH ocepiepiH 3epTTey HoTKenepl KenripinreH. KoHbIp keMipriepai cyJbI-CinTini oprana
MHKPOTOJIKBIH/IBI COYJICNICH IIPYMEH aJIIbIH aJjla OHJIey KOMIpIiH OPraHuKaIbIK MacCaChIHBIH KYPBUIBIMABIK OY3bLTy HPOLECTEepiH
oencenaipeni. MUKPOTONKBIHABI OHICYAI KOJJIAHYy TyMATTapiblH, OWUTYMIApIbIH KOHE NIAWBIPIAPIBIH AJbIHY THIMIUTIITIH
xorapbuiatazasl. OChl XKarnainapaa coyneseHaipy KyaTbl-HblH, KOMIIOHEHTTEpPiH KaThIHACBIHBIH, CUITIHIH KOHICHTPALUSACBIHBIH
MOJIIIEPIIK [IamanapbiHa OaiIaHBICTBI JKaF[aiiia epiTiHAire eTeTiH eHIMJASpAiH MeJIIepi MEeH Kypamaapbl KeH LieHOepie
©3Tepill OTHIPaabl. MUKPOTOI-KBIHABI OeNCEHIIPY /Il KoMipiiepre KOJIAaHy MIalbIpIbUIBIFEI TOMEH KOMIpIIepli OHAIpiCKe eHTi3yTe,
HeMece KOMip-eHIMIEPIH KeIeH i OHAeY TEXHOIOTHIIAphIH TYOCTeHIl Typae kakcapTyFa MYMKIHIIUTIKTep Kacaiapl. AJIBIHFaH
HOTIDKEJIep KOHBIP KOMIpJIepAeH MHKPOTOJKBIHIBI Opic JKaraaiblHIa TYMHHII 3aTTapAblH CUITUIIK OpTaga epity MeH OUTyM-
Japasl SKCTpaKIusuIay IMpoueccTepi OipikTipe *Kyprizyre OONATHIHBIH KOPCETTi, KOMIPOHIMAEPIH OHACY/ETl TEXHOJIOTHSIIBIK
MPOIIECCTEP I OHAMIATYFa MYMKIHIIILTIKTEp )KacaiIbl.

Tipexk ce3aep: KOHBIP KOMIpP, MUKPOTOJIKBIH/IBI CAYJIEICHIIPY, OUTYM, TyMarT.
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