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Cexra IV
TexHOAOIrMA 1 MOAEAMPOBAHUE IIPOIIECCOB
IIOATOTOBKH H IIEpepaboTKn

IIPUPOAHBIX JHEPTOHOCHUTEAEH

HccienoBanue npoueccoB nepBuvHOi NOArOTOBKU He(pTH
¢ IpUMeHeHHeM MO/eJIMPYIoLIel cucTeMbl

T.A.Becmembanosa

Hayunwuii pyxogooumens — accucmenm, E.B. bewazuna
Tomckuti nonumexnuueckuu ynuesepcumem, 634050, Tomck, np. Jlenuna, 30,
toma@sibmail.com

HedrenpomMbicioBas moAroToBKa HEPTH 3aHUMAET BaXKHOE TMOJI0KCHUE
CpeIy OCHOBHBIX IMPOIIECCOB, CBA3aHHBIX C JOOBIUEH, COOpOM M TpaHCIIOp-
TUPOBaHHEM TOBapHOI HedTH moTpeduTe o — HedTenepepadaTHBAIOIINM
3aBojaM WM Ha 3Kkcropt [1]. OT kauecTBa NOATOTOBJICHHOM HEPTH 3aBHUCAT
3((HeKTUBHOCTD M HAJIC)KHOCTh PA0OTHl MarHCTPAIBHOTO TPYOOIIPOBOIHOTO
TPaHCIOPTa, CTOMMOCTh TOBapHOH He(PTH M KadeCTBO MOJYYCHHBIX M3 Hee
MIPOAYKTOB.

YBenuyeHue OOBOJHEHHOCTH J00bIBAEMOW HE(TH, KOTOpOE HabIroma-
€TCsI IPU BO3PACTAaHUHU CPOKA IKCILIyaTallud MECTOPOXKACHUH, IPUBOJIUT K
CHIDKEHHIO 3G (GEKTHBHOCTH CHUCTeM cOopa W TOJATOTOBKH CKBaKHHHOMN
MPOJYKIMH, CIIPOCKTHPOBAHHBIX M TOCTPOSHHBIX B TEPHOJ HAYaJIHLHOTO
OCBOEHHS MecTopokaeHn# [2]. Ha KoHeYHBIX cTagusx pa3paboTku HedTs-
HBIX MECTOPOXICHHUH CcoJlepKaHue BOIBI B He()TH MoxkeT pocturatb 90 % u
GoJiee, IpH 3TOM CHIPbE, IOCTYIAIONIEE HA YCTAaHOBKHM ITPOMBICIOBON MOJ-
TOTOBKM He()TH, XapaKTepU3yeTCs HE TOJBKO Pa3HOOOpazueM (H3UKO-
XUMHUYECKUX CBOICTB, HO U U3MEHEHHUEM €0 COCTaBa BO BPEMEHHU.

BonoHedTsaHBIE SMYyITBCHE B OCHOBHOM XapaKTEPU3YIOTCS TaKUMHU (HU-
3UKO-XUMHYECKUMH CBOHCTBAMHM KaK: JHCIIEPCHOCTB, HIEKTPHIECKOE CBOM-
CTBO AOMYJBCHH, BS3KOCTh, IUIOTHOCTH, YCTOMYMBOCTH M TIOBEPXHOCTHOE
HaTsokeHue [3]. [ToBepXHOCTHOE HATSDKEHUE SIBISIETCS OJTHAM M3 OCHOBHBIX
apaMeTPOB, ONPEACIAIONINX TUCTIEPTUPYEMOCTh CUCTEMBL. YeM HIDKe I0-
BEPXHOCTHOE HATSKCHUE, TEM Melbue KaIllIH SYMYJIBCHU TIPH OTIPEICICHHOM
nepeMeIIMBaHuK U TeM cTabuibHee cucrema [2, 3].
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XapakTepHbIMU YepPTaMH COBPEMEHHOTO Pa3BHUTHS SIBISICTCS MaTeMaTH-
YeCKoe OITMCaHHe W pacyeT NPOLECCOB MEPBUYHOMN MOATOTOBKH HEPTH C
WCIIONIb30BaHUEM CIICIHATM3UPOBAHHBIX Moenupytomux cucreM (MC).

MaremaTiHaecKoe MOISIUPOBAHKE SBIACTCS HEOOXOANMBIM 3TallOM MpHU
pELICHUN 3a/a4d aHAIN3a, ONTUMHU3AINHI, TOBBIIEHNS 3(PEKTUBHOCTH Neii-
CTBYIOIINX YCTaHOBOK moxarotoBku Hedtu (YIIH), paspaboTku cuctem aB-
TOMAaTH3UPOBAHHOTO TPOEKTHPOBAHUS M TEXHOJOTMYECKHX PErIaMEeHTOB
[4, 5].

OCHOBHOI1 LieIb0 paOOTHI ABIIUIOCH HCIIOIb30BaHUE MOJCIUPYIOIEeH CH-
CTEMBI JUISl UCCIIEIOBAHMS TIPOLIECCOB MEPBHYHOM MOAroTOBKK Hedtu Ha Jly-
ruHenkoM, Kynruackowm, ['epacumoBckoM 1 BomoTHOM MeCTOpOKICHHSIX.

B ocHoOBy nccienoBanus 3anoxkeHa MC 1 pacyeTa IpOLECCOB IPoO-
MBICJIOBOH MOATOTOBKK He(TH, pa3paboTaHHas Ha kadeape «XuMHYECKOM
TEXHOJIOTUHM TOIUIMBA M XUMHYECKOW KuOepHeTuku». Mcmomb3yemas cu-
cTeMa NperHa3HadeHa AJIsl ONCpaTHBHOTO aHajn3a paboThl YCTAaHOBOK B
YCIOBHAX IWHAMHUKH Pa3paboOTKH MecTOpOXAeHui HedtH m BBIOOpa 3(-
(heKTHBHBIX TEXHOJOTHYECKUX PEXKHUMOB 3Kciuryatannn YIIH mms mpose-
JCHUS TEXHOJOTHYECKHX pacuéros [5].

YCTaHOBWIIM YTO, OCHOBHBIMH IapaMeTPaMH, BIUSIONIMMHU Ha TEXHOJIO-
THYECKUE MT0KA3aTeNN yCTAaHOBOK IEPBUYHON MOATOTOBKU HE(TH, SBISIOT-
Csl: pacxofia ChIpbs W OOBOJAHEHHOCTh HEe(TH, TeMIlepaTypa W AaBJICHHE,
YHCIIO CTyNEHeW cenapanuy, (U3MKO-XMMHUYECKHX CBOWCTB CBHIPbS, KOH-
LEHTPAIMs XUMHIECKOTO peareHra.
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MOIIepHI/ISHIII/Iﬂ YCTAaHOBKHA 'MAPOOYMCTKH AU3ECJIBbHOI'0 TOIINBA
C I€JbI0 CHUIKCHUA HOTpeﬁ.ﬂeHHﬂ TEXHOJIOI'MYECCKOIo TOIJIMBA

B. JI. boiixo

Hayunvie pyxosooumenu — cm. npen. kagp. XT O.A. Peymosa,
6e0. unoc.-mexronoe A. M. J[émun
OmI'Y um @. M. [locmoesckozo, 644045, Omck, np. Mupa 55-a,
reutova@univer.omsk.su

OpHO W3 HampaBiIeHUll pa3BUTHA KOHKYpeHTHO-criocoOHbIX HII3 mpen-
noJiaraeT peaju3alyio NMPOeKTOB, HANPABJICHHBIX HA COKpAIllEHHUE IOTPed-
JICHUSI TIUIOBOW M DIIEKTPUIECKOI YHEPTUH, TOIUIHBA, CHIYKEHUE TEXHOJIO-
THYECKUX MOTEPb.

B macrosmedr pabore oOo3HaueHHas mpoOieMa HMIDTFOCTPHPYETCS Ha
mprMepe MOoJAeTHpOoBaHUA (¢ moMmompio mporpamMMm cemeiictBa HYSYS)
YCTaHOBKHM THAPOOYUCTKH IHU3eNbHOrO TormumBa JI-24/9 w omrummsanun
TEXHOJIOTHYECKOTO TpoIlecca peaKTOPHOTO OJI0Ka U OJI0Ka CTaOMIIH3an.

Llenb 1aHHOTO MPOEKTA: ONPEIEIUTh BAPHAHT IO CHIKEHHIO MOTpediie-
HUSI TEXHOJIOTMYECKOTO TOIUTHBA ycTaHOBKH JI-24/9.

[TocTpoena mMojienb yCTaHOBKM (PEAaKTOPHBIN OJIOK M OJIOK cTabmin3a-
I[H), TA€ BCE ammaparhl, KpOME PEaKTOPOB CMOJICIIMPOBAHBI C YUETOM pe-
aJbHBIX Pa3MEPOB U OCOOEHHOCTEH KOHCTPYKIMHA JAJisi pacy€ToOB TEIIONe-
pelayu ¥ TUJPaBIMYECKUX CONPOTUBJICHUH. Mojenb MO3BOJISET paccuu-
TaTh HAarPy3KH Ha TEXHOJIIOTMYECKHE MEUd JJIS pacdera TMOTPEOICHHsS TOI-
nmBa (CM. pHuC.).

B mpoekTHOW TEeXHOJIOTHYECKOW CXeME YCTAHOBKH THAPOOYUCTKH JTH-
3eJBHOTO TOIUIMBA 3aJI0KEH MPHUHIIUI TOPSYCH Cermapanyy ra30mpoayKTo-
BO# cMmecH. [lo aTomMy coco0y Am3ensHOE TOIUIMBO, COCTABIIIONIEee Ooee
90 % oT ra30chIpLEBON CMECH, OXJIAKIACTCS B TSINIOOOMEHHHKAX PEaKTOP-
Horo 6soka ¢ 338-340 °C no 135-150 °C, a 3areM MOBTOPHO HarpeBaeTcCs
Ha Onoke crabWim3amuy 3a CYET CTAaOMJIBHOTO IHM3EIBHOT0 TOIUIMBA JI0
230-260 °C.

C meipio ONTHUMH3ALNU SHEPTONOTPEOICHNS MPeIaraeTcsi BBECTH J10-
TIOJTHUTENBbHBIA TIOZOTPEB CHIPBS 3a CUET ra3oBOil (ha3pl ropsyero cema-
paropa C-1A B TemooOMEeHHHKaxX peakropHoro Oisoka. XKunakas ¢asa, ro-
psYero cemaparopa MOCTyIaeT Ha muTanue KoimoHHbI K-1, Ha 21 Tapernky.
IIpu 3TOM Bce TEIIOOOMEHHHKH OJIOKAa CTAOMIIM3AIlMH WUCIONB3YCeTCS IS
HArpeBa ChIPbs CTAOMIBHBIM JH3CIEHBIM TOILTHBOM, IIPH 3TOM HCKITFOYaeT-
csi HeOOXOJMMOCThH JIOTIOJTHUTEIFHOTO TOAOTPEBa JH3EIFHOIO TOIUIMBA,
MOCTYIMAIOIIET0 U3 TOPSYEro CernapaTopa B KOJIOHHY CTaOMIIN3aIHH.
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ENOK
CTABWMM3ALIN

L
A

2

Puc. I'paduyeckoe nzo0pakeHne KOMIBIOTEPHOI MOJETH YCTaHOBKH THAPOOUHUCT-
KU U3enbHOro ToruBa B cpene HYSYS

KoMIbroTepHBIH 3KCIIEPUMEHT MOKa3al, YTO MOcje MepeoOBsI3KH TEII0-
O0OMEHHHKOB (U151 IOTIOJTHUTENILHOTO MOJIOTPEBA CHIPbS U AJIsl peKyIepannu
teruia moroka OJIT) mpouCcXOAUT CHIDKEHHE TEIIOBOW HAarpy3Kd Ha Hedn
peaKkToOpHOTo OJ0Ka.

[IpoBeneHHBIN NHHY aHANW3 MOKA3al, YTO MOJECPHU3UPOBAHHAS CXEeMa
TpeOyeT MEHBIIEro KOJIMYEeCTBA TEIUIOHOCHUTENEeH, MO CpPaBHEHHIO C
6azoBeIM BapuaHToM Ha 40 %, BCIEACTBHM YyBEIMYEHHUS pEKyNepannu
TeIlIa Ha PeaKTOpHO-cTabmiIn3anoHHoM Osoke. KoapduuneHT usmenenus
MOTpeOIEHNs TOIUIMBHOTO Ta3a Ie4aMH PeakTOPHOro OoKa B pe3yibraTe
BHE/IpEHU IpeioxkeHus coctasui 0,92.

TeXHHUKO-DKOHOMUYECKHIA aHAJIN3 MMOKa3aJl, YTO TOI0BOM 3P heKT cocTa-
BUT 5,6 MIIH. py0., CPOK OKymaeMocTh — 9 MecsieB; BUJ JOCTHIaeMOM
9KOHOMHH — CHIDKEHHUE 3aTpaT Ha TEXHOJIOTHYECKOE TOILTUBO.

CrnMcoK JUTepaTypsbl
1. Acnens H.B. I'ngpoounictka MoTopHbIX Toruus. — JI.: Xumus, 1977.-160 c.
2. Cmur P., Knemem M. u gp. OCHOBbI HHTErpalMH TEILIOBBIX NPOLECCOB. —
XappkoB: HTY “XIIN”. 2000. — 458 c.
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Hccnenoanne rpynnosoro cocrapa Topgos Tomckoii 001acTh

M.B. bonooxonosa

Hayunwuii pyxosooumens — x.m.n., doyeum C.I. Macnog
Tomckuil nonumexnuueckuti ynusepcumem, 634050, Tomck, np. Jlenuna, 30

Topd — crmoxxHOE MpupoaHOE 00pa3oBaHKe. DTO MHOTOKOMITOHEHTHAS
MOTYKOJIOUTHO-BBICOKOMOJIEKYJIAPHAS CHCTEMA, HMEIOIAast B CBOEM COCTa-
BE pa3IM4HbIC OPraHUYECcKHe CoeANHEeHUs. VI3 BceX BHIOB TBEPABIX TOILIUB
Topdh — camoe Moooe, ClaboyriedUuIPOBAHHOE OTIOKEHHE, 00pa3yro-
mieecs B pe3ysibTaTe OTMUPAHMSI PACTUTEIBHBIX OPraHU3MOB B YCIIOBHSX
H30BITOYHOTO YBIAXHEHHS M OTPAHMICHHOTO TOCTyMma Bo3ayxa [1].

B nmanHO#1 paboTe uccienoBaiich Ba 00pasia BepxoBoro topda, oTo-
OpaHHBIC Ha ABYX KpPYNHEHWIIHX MECTOPOXKACHHSX Tomckoil obnactwy,
Ilynbceukom u JKapkoBo, 3amackl KOTOPBIX COCTaBiSAOT 192 MIIH. T. M
49 MIJIH. T. COOTBETCTBEHHO.

Ta6auua 1. Xapakrepuctrka Topdhon
O0beKT Tun Topga Crenemn, p:;s.ﬂo- W2 % AY %
skenusi, %o
288 Bepxoaoii 15 8,6 2,0
344-1 BepxoBoii 30 8,1 1,6

Ienpto paboOTHI ABNSETCSA ONpeNeNeHHe BO3MOXKHOCTH HCIIONB30BaHMS
TopdoB I XUMHUUECKOW mepepaboTku. J[ms 3Toro ObUT ompeaeneH rpyI-
MIOBOW COCTaB HCCIIEAyeMBIX 00pa3oB Top¢a 1Mo oOIEenpUHATON METOANKE,
pa3paborannoii B UuctuTyTe Topha AHBCCP, npencrasineHHbIH B Ta0I. 2.

Ta6auma 2. ['pynmnoBoii coctaB opraHndeckoii Maccel Topdos

Burymel I'K, | @K, Jluraun CyMmMapHbIii
TYMBL | BpB-+JITB,| % | % | Memmonosa, | =~ V2P
O0bekT| % Ha % Ha BbIXOJ1, % Ha
OM % Ha OM | Ha | Ha oM % Ha OM oM
OM | OM
288 4,6 47,0 16,5|14,7 8,0 9,9 100,7
344-1 4,2 50,3 14,7/16,0| 4,6 10,6 100,4

B pesynbrare mpoBeAEHHOTO HCCle0BaHUA MPoO Topda ompeneneHo,
YTO BBIXOJ] OTJEJbHBIX KOMIIOHEHTOB IPYIIIOBOTO COCTaBa JJAaHHBIX 00pa3-
OB JISKUT B MpeZeiax, XapakTepHbIX Uil TOP(POB €BPOIEHCKON YacTH
Poccun, HO mpu 3TOM HAOIIOAAETCs MOBBIIMICHHOE COJEpIKaHHE BOAOpAc-
TBOPHUMBIX U JIETKOTHPOJIM3YEMbIX BELIECTB.

Ha ocHOBaHMM NOJy4eHHBIX TaHHBIX (Ta0l. 2) U OCHOBHBIX KpPUTEPHEB
JUISL BBIJICTICHUS B 3aIIaCHOM (DOH/ MOKEM CIIEJIaTh BBIBOJIBI O IPUTOHOCTH
UCCIIEJIOBAaHHBIX TOP(HOB Kak MNOTCHIMAJIBHOTO CHIPbS JUIS Pa3jInYHBIX
HaIpaBJICHUIH XUMUUYECKOW mepepaboTku [2].
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CoryiacHO OCHOBHBIM KPUTEpHSM BbIIEICHUs Topda B 3anmacHod (oHA
JUISL TIOJTy4eHUs] OUTYMOB, OH JIOJDKEH YJIOBJETBOPSTH CIIEIYIOMIUM TpeOo-
BaHUSAM: BEpXOBOW THI Topda ¢ 3amacaMy He MeHee 4 MIIH.T. CO CTEIICHBIO
pasnoxenust He MeHee 30 %, 301pHOCTBIO HE Oornee 6 % U comepKaHUEM
6utymoB BbIIIE 5 %, OJHAKO IOIYCKAeTCsl MCIOJBb30BaHUE TOP(OB ¢ co-
JIep>xaHneM OUTyMOB 110 4 %. JlaHHBIM YCIIOBHSAM YIOBJIETBOpSET Mpoda
344-1. 3amac Topda sToro mecropoxneHus cocrasisier 49 muH. 1. Cremo-
BaTeNIbHO, Ha 0aze MecTopoxkaeH!s JKapkoBo BO3ZMO)KHA OpraHU3auys Mpo-
M3BOJICTBA TOP(SIHOTO BOCKA.

K topdy, kax chIpblo AJIsl IPOU3BOACTBA NPOJYKTOB THIPOJIH3a, MPEAb-
SBJISIIOT clienytonye TpeboBaHus: 3anackl He MeHee 40 MIIH. T. BEPXOBOTO
Topda co CTeneHbto paznoxkeHus He Bbiiie 20 %, 30JIbHOCTRIO He Ooee 5 %
U cojep)KaHueM yrieBonHoro kommuiekca or 60—70 %. Takum oGpazom,
MOXHO CA€JIaTh BBIBOJ O HEIPUTOAHOCTU JaHHBIX Hp06 JUIA CO3aaHusA po-
M3BOJICTBA JIAHHOTO THIA, T.K. poba 288 He ynoBiIeTBOpsieT TPyOOBaHHUIO
IO COJCPIKAHUIO YIJIEBOJIHOTO KOMIUIEKca, a mpoda 344-1 — mo creneHu
paznoxxenus. OHAKO, YYUTHIBAs 3amackl Topda APYTUX BHAOB TOPHSHOIO
CBIPBsl, MeCTOpOXKAeHUE [lynbcelkoe MOXKET SBUThCS CHIPbEBOM 0a30i Uit
HPOU3BOICTBA MPOJYKTOB THAPOIIHU3A.

B kavecTBe CHIPbs I MOJYYCHUS T'YMHHOBBIX KUCJIOT IPUTOIHBI BCE
TUIBI TOpda ¢ colepkaHneM TYMHHOBBIX KHCJIOT He MeHee 30 %, 30JbHO-
cthio He Gonee 10 % u crenenblo pasioxeHus 25 % u 6onee. JlaHHbIe TIpo-
061 Topha He YIOBIETBOPSIOT 3THM TPEOOBAHUSM II0 COACPIKAHUIO TYMH-
HOBBIX KHCJIOT.

Tak ke BO3MOKHO HMCIOJIb30BaHUHM TOP(OB TaHHBIX MECTOPOXKICHHUI B
KaueCTBE ChIPBS LIS IIPOU3BOJICTBA CICAYIONICH MPOILYKIHIH IS CEIbCKOrO
XO3s1HCTBa: TOp(sIHAS MOACTHIKA, MUTATENbHbIE TOP(SIHBIE OPUKETHI, TOP-
(siHBIC TOPIIOYKH H T.J.

[oxBoxas uror, nenaeM BBIBOJ O TOM, YTO MecTopoxkaeHus [Tynbcenkoe
n JXKapKoBO MOTYT SIBUTHCSI MOTEHIMAILHOW 0a301 ISl MOyYSHHs pa3ind-
HBIX BHJOB XUMHYecKol mpoaykuuu. [losTromy TpeOyercst nposeneHue se-
TaJbHOU PAa3BEAKU 3TUX MECTOPOXKICHUH.

CrnMcoK JuTepaTypsl
1. Jlmmrean U.U., Kopons H.T. OcHOBHBIE cBOICTBa TOp(a U METOIBI HX OTpee-
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2. Wuwmmesa JL.U., Apxumo B.C., Macnos C.I'., MuxautseBa JI.C. TopdsHbie
pecypesl Tomckoit o6nacTu 1 Ux ucnonb3oBanue. HoBocubupcek, 1995. 88 c.
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MopaennpoBaHue nmpoiecca ruipooInCTKH
A.HU. boukosa

Hayunvuii pyxosooumens — xk.m.H., accucmenm H.U. [locaoaesa
Tomcxuti nonumexnuueckuu ynugsepcumem, 634050, Tomck, np. Jlenuna, 30,
alenka_1122@sibmail.com

T'uapokaTamuTHyecKkue MpoIecchl B COBPEMEHHONH MHUpPOBOH Hedrere-
pepaboTKe cpeny BTOPUYHBIX MPOLECCOB MOJMYYMIN HAauOOJbIIee pactpo-
cTpaHeHue. Takue mpouecchl Kak THIPOOYUCTKA M PUPOPMHUHT SIBISIOTCS
6a30BBIMHU TpOLIECCAMU, 0053aTeIbHO BXOIAUIUMH B cocTaB moboro HII3,
0COOEHHO TIpH MepepaboTKe CEPHUCTHIX M BBICOKOCEPHUCTHIX HedTeil. D10
00YCIIOBJICHO TaKMMH TIPUYMHAMH KaK: HEIIPEPhIBHOE YBEIHUSHUE B 00IIEM
GayaHce JIOJIM CEPHUCTHIX M BHICOKOCEPHHUCTHIX HeTell; yxkecToueHne Tpe-
GoBaHUil Mo 0XpaHe MPUPOJBI M KAYECTBY TOBapHBIX HE(YTETIPOAYKTOB; pas-
BUTHE KAaTAINTHYECKUX IIPOLECCOB, TAKUX KaK KaTaluTHYeCKui pudop-
MUHT, KPEKHHT, ¢ IPUMEHECHHEM CEJICKTUBHBIX KaTaJU3aTOPOB C IIPEABAPH-
TENBHBIM TTTyOOKHM THAPOOOIaropaKMBaHUEM CHIpbs [1].

B Hacrosimmee BpeMmsi CymIeCTBYIOT IpoOieMbl BBIOOpa OTEUECTBEHHBIX
KaTaJM3aToOpoOB Ipolecca THUAPOOYUCTKH. [IpOrHO3MpOBaHMS HX CpOKa
CIIy’KOBI C Y4ETOM OTPABIICHHUS KaTAJIMTUUECKHMH SIaMH, a TAKXKE Peryyiu-
POBaHMS TEXHOJIOTUYECKUX PEKUMOB ITPOIIECCa THAPOOUHCTKH.

B cBsI3u ¢ 3THM COBMECTHO ¢ pa3paboTKOil HOBBIX CEJIEKTHBHBIX OTEeUe-
CTBEHHBIX KaTaJM3aTOPOB HEOOXOAMMO CO3[JaHUE MHTEIUIEKTYaJILHOTO MpOo-
IPaMMHOT'0 KOMIUIEKCA JJIsli MOHUTOPUHI'A, ONTUMH3ALUKA U ITPOTHO3UPOBA-
HUS pabOTHI TPOMBIIUICHHBIX YCTAHOBOK THAPOT€HU3aMOHHBIX MPOLECCOB
Ha 06a3e MaTeMaTHYeCKOT0 MOIEIHPOBAHUSI.

B kadecTBe MCXOAHBIX NAHHBIX [UISI MaTEMAaTHYECKOTO MOAEITHPOBAHUS
OBUTH B3STHI 3KCIICPUMEHTAIbHBIC JTaHHBIE, MTOJTyYEHHbIE Ha JJAOOpaTOpHOI
YCTaHOBKE NPHU T'MIPOOYUCTKE NPSIMOTOHHOM an3enbHOW (pakunu Pszan-
ckoro HII3, Temneparypa 180-350 °C, c¢ oOmum conepkaHHEM Cepbl
1,19 %.

IMocie nporiecca THAPOOYUCTKH OCTATOUHOE CO/IepXKaHue oOleil cepbl
coctasmio 0,091 % mac., crenens yaaneHus cepbl coctaBuia 95 %.

C HCMoJIb30BaHUEM METOJIa XPOMATOMACC CIIEKTPOCKOTINH ObLI OIIpesie-
JIeH TPYNIIOBOX COCTaB UCXOJHON M THAPOOUNIIEHHON AN3EIBHON (hpaKkinu
(Tabn.1), a Taxke colepkaHUE Pa3IMYHBIX IPYII CEPHUCTBIX COEJANHEHUH
OTHOCSIIHMXCS K THOGEHOBOMY psiy | cynbdunam (tadi.2).
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Ta6una 1 — V3MeHeHne rpynmnoBoro coctaBa MpoayKTOB OUHUCTKH

%, mac.

Dpakuus
HYB MoHoapeHnsl Buapens! Tpuapensl

Ucxonnas 53,8 28,2 13,8 2,2

Tocze runpo- 64,8 211 104 1,9
OYHUCTKHU

Tadmuma 2 — ConeprkaHne pa3IHIHBIX TPYIIT CEPHACTHIX COSTMHEHUH B IIPOTYK-
TaxX OYMCTKU

%, mac.
®pakuus Co— Cs— Cy— Metui— | Inmernn—
BT, BT, BT, |A-bT | ABT, |ABT, Bce- |Cyabpuabl
BCEro | Bcero | Bcero BCEro ro

Ucxonnas | 0,3418(1,1613 |1,1555(0,2979| 0,8551 | 0,7109 2,0133

ITocne runpo-

0,00460,0145|0,0182|0,0058 | 0,0728 | 0,4387 0,0290
OYHCTKH

PaccunranHOEe KOMMYECTBO BOIOPOIa HEOOXOIUMOE [T THAPHUPOBAHHS
cocrasmiio 0,1778 % mac. Konn4ecTBo MOydeHHOrO CEpPOBOAOPOA B pe-
3ynbTare rugpuposanus — 1,1677 % mac.

[Ipennoxena cnemyromas popMaan3zoBaHHas cxema mpoiecca (puc.1)

kq + H, R
Cynbdunasr > HVB H,S
A
ks | +Hy
ko + H» |
Tuodenst > ApomaTuueckue H,S

Pucynok 1. Cxema npeBpareHuit

Pa3paboTanHas cxema mporecca THAPOOYHCTKU IU3EIBHOTO TOIUIHBA
MO3BOJIUT COCTaBUTh KMHETUYECKHE ypaBHEHUS I MpoIiecca TUIPUPOBaA-
HUsl THO(HEHOB, CYJIb(DHIIOB, a TAKKE U3MEHEHUS HACBHINICHHBIX U apOMaTH-
YECKUX YTJEBOJAOPOJOB, a TIOMyYeHHBbIE OJKCIEPUMEHTAJIbHBIC JaHHBIC
OTIPEJICNIUTh KMHETHYECKUE MapaMeTphl IS MOCIEAYIOIIEeT0 CO3/IaHus Ma-
TeMaTUIeCKOW MOJICITH MPOoIIecca THIPOOIUCTKH.

CrnMcoK JUTepaTypshl
1. Kamwunckuit D.0., XaBkun B.A. I'myOokas nepepaboTka He(TH: TEXHOIOTHYE-
ckuil ¥ okostornyeckuit acnektel. M.: Texunuka. 2001. 384c.
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HccienoBanue npouecca nepeMeminBanusi HepTu u
He(TEeNpPOAYKTOB NMPH UX XPAHEHUH U TPAHCIIOPTe

E.B. Bynviuesa

Hayunwuii pyxogooumens — k.x.H., accucmenm, E.B. bewaeuna
Tomcxuii nonumexnuueckuu ynueepcumem, 634050, Tomck, np. Jlenuna, 30,
kosmal3@yandex.ru

JloOpITast Ha MECTOPOXKICHUN HE()Th MPOXOJUT HECKOIBKO ITAMOB MPO-
MBICIIOBOM MOATOTOBKH: CTaOMIM3alus, o0ecconuBaHue, 00e3BOKHMBAHUE.
IMoarorosnenHas He(Th MOAACTCS B Pe3epByaphl sl XpaneHus [1].

BakHo#i 3amadell mpu JKCILTyaTallMd PE3ePBYAPHBIX ITAPKOB SIBISCTCS
COXpaHEHHEe KavyecTBa M KonuvecTBa mpoaykra [1]. C TeueHuem BpeMeHH
MPY UTHTEIFHOW SKCIDTyaTallid B pe3epByapax HaONIOAeTCs pacciIOCHUE
o0BeMa KXUIKOCTH. B BepxHeit 4acTu pe3epByapa COOHUPAIOTCS JIETKHE KOM-
TIOHEHTHI, 2 Ha JHE HAKAIUIMBACTCS OCAJOK. DTH IPOILECCH MPUBOIAT HE
TONBKO K CHIDKCHHUIO KadecTBa HEPTH U HEPTEIMPOAYKTOB, HO M COKpPAIIAIOT
MOJIC3HYIO0 EMKOCTh U 3aTPYAHSIOT YKCILTyaTaIuio pe3eppyapoB. Ocaok mo
IUIOIIAAM PACIpEACIsIeTCS HEPaBHOMEPHO, HAUOOJIBIIIAs ero TOJIIUHA CO-
3/1aeTCs B y4acTKax, YAaJCHHBIX OT MPHEMO-Pa3IaTOYHBIX MAaTPyOKOB, 4TO
HE T03BOJIIET TOYHO 3aMepsTh (PaKTUUECKOE KOJIHMUYSCTBO HE()TH B pe3ePBY-
ape. Co BpeMeHeM 0CaJI0K YIUIOTHSETCS M B OTACIBHBIX 30HAX TPYIHO MOJ-
JaeTcst pasMmbiBy. JlJIsl HaIEKHOM IKCIUTyaTallid PE3ePByapoB UX HEOOXO-
JTIUMO TIEPHOAMYECKH OYUIIATh OT HAKOIHBIIETOCS ocaka [2].

OCHOBHOW OTJIHUYUTEIFHOH OCOOCHHOCTBIO TEXHOJOTHUYECKUX IPOIEC-
coB HeprexuMuu U HedTernmepepabOTKH SABISAETCS UCIONB30BaHUE M 00pa-
0oTKa OONBIIIX 00BEMOB KXUAKHUX cpel. Llempio OoNpIIMHCTBA U3 HUX SB-
JSeTCS MIPOBEACHNE MacCOOOMEHHBIX TPOIIECCOB. B wacTHOCTH, 11t TIPUTO-
TOBJICHUS He(PTENPOIyKTOB (OEH3UHOB, Macell, Ma3yTa, U JIp.) U3 UCXOJIHBIX
KOMIIOHCHTOB IIyTeM HX MEPEMEIINBAHUS C b0 YCPSIHCHHS XapaKTepH-
CTHK; JUIs MMPEIOTBPALICHHS pacClanBaHus HEQTAHBIX IMYIIbCUN U 00pa3o-
BaHUsS OCAIKOB NMPHU XpaHeHHH HePTH U HEDTEIPOIYKTOB B pe3epByapax
[2]. B Hacrosimiee BpeMst 4acTo ¢ LENBI0 CMELMIEHNS HEPTENPOIYKTOB B pe-
3epByapax 0OJbIIOr0 00bEMa OCYIIECTBIIIOT MUPKYJISIIHIO €r0 COACPIKH-
MOTO C MECTHBIM 0Opa3oBaHHEM TypOyieHTHoro tedeHus[3]. Meron 3a-
KIIFOYAeTCsl B TOM, YTO IIEHTPOOCKHEIN HACOC 3a0HpacT MmepeMeIInBacMbIi
MPOAYKT C HUXKHEW YacTH pe3epByapa U CHIBHOH CTPYEH BO3BpalIacT ero
MOJT YPOBECHB KHJKOCTH B Ty € EMKOCTh C IPOTHUBOIIOJIOKHOW CTOPOHEI
MOCJETHEN.

IIpu nmepememMBaHUK CBETIBIX HEPTEIPOAYKTOB ITOT TPATUIIMOHHBIN
MeToz 00ecTedrBaeT JOCTaTOYHO XOpolee nmepeMenmmBanie. OQHako JaH-
HBI METOJ CBsI3aH C OOJBIIMM PacxXxoIOM SHEPIHH M BPEMEHH, TaK KaK B
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cpenHeM TpeOyeTcs IepeKkavyaTrh 110 CXeMe pe3epByap — Hacoc — pe3epBy-

ap HECKOJbKOo ero o0bémMoB. st Gombliell 3(p(GEeKTHBHOCTH OOBIYHO BBI-

XOJHOE OTBEPCTHE HAMOPHOI TpyOs! cHabxkatoT cormioM [3]. [Toatomy 1e-

JBI0 PabOTHI SABISAETCS PAacu€T MOTOKA PA3HBIX PEKHUMOB M CIIOCOOOB TPOTE-

KaHWA IIpoIecca ISl MOydeHUs TIOJTHOH MH(OPMAIMH MIPOUCXOIAIIETO H

OTIpEZICTICHNSI HANIPABIICHUH NCCIIEJOBAaHNUH C MOBBIIIEHHEM 3(dexkTHBHOCTH

mporuecca.

IIpoBenenne pacuera ¢ momomsio 610ka FLOTRAN makera ANSYS,
paspaborannoro kommnanuei « ANSYSy» Inc. USA, coCTOUT U3 crleayronux
3TaIIOB:

— OIKCaHME pacyeTHOM 001acTH (TeOMETPUIECKON MOJIEINH); CO3aHHe
KOHEYHO-3JIEMEHTHOH (CeTOYHOI) MOJIeIy;

— 3aaHue (U3NKO-MEXaHNYECKHUX MapaMeTPOB MOTOKA (BA3KOCTb KU~
KOCTH, €€ TUIOTHOCTD U T.I1.);

— BbIOOp THIIA pacueTa (CTanoHapHOE TypOyICHTHOE TeUCHHUE ); BEIOOP
METO/a PELICHHUSI U pacdETHHIX MTapaMeTpoB (KOJNYECTBO UTEPALHH,
YCIOBUSI CXOUMOCTH);

— pelIeHue;

— HCCIIeIOBaHUE PE3yIbTATOB.

PesynpraTtsl ncnonszoBanus nakera ANSYS npencraBisioTcst B BUIE
3D pUCYHKOB, [0 KOTOPBIM HArJISIIHO MOXKHO OLIEHHUTH JIMHUHM TOKa B CITy-
Yyae HCIOJb30BaHUS TPyObl WIM pe3epByapa 0e3 JONOJHUTEIbHBIX
YCTPOMCTB WJIM C YCTAHOBKOM MOCJIETHUX.

CnMcok TuTepaTypsl
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MoaeaupoBaHue npomecca noJuMepu3auy H30IpeHa Ha
kataanTudeckoit cucreme Nd(Vers);—TUBA-JIUBAT

T.A. Bvikosa

Hayunwuii pykogooumens — k.m.H., ooyenm O.E. Moiizec”;
cmapwuti Hayuuslil compyoruk A.H. Kouneg®
Y Tomexuii noaumexnuueckuii yuugepcumem, 634050, 2. Tomck,
np. Jlenuna, 30
2 000 «HUOCT, », 2. Tomck, 634067, Ky3oenesckuu mp., 2, cmp. 270,
bidkoval@mail.ru

B nayunom wuentpe CHUBYPa nmo xumumueckum texnosoruasm OOO
«HUOCT», B mabopaTopun cHHTE3a KayIyKOB MPOBOIATCS HCCICIOBAHUS
Iporecca CHHTE3a IOJIMANCHOB HA OCHOBE Pa3IMYHBIX COCIMHCHUI HEOIH-
Ma. B nuteparype mokaszano, uto Bcero okono 6—10 % HeomuMa nepexoauT
B aKTHBHYIO (hopMy npu noiaumMepusanuu. [losTomy nerxecoodpasHo mposo-
JUTh CHCTEMAaTH4eCKOe M3y4YEeHHE CBONCTB KaTaJIM3aTOPOB HA OCHOBE NaH-
Horo Metasa [1].

B nmanHO# pa®oTe BBHIMOJHEHBI MCCICAOBAHMS IpoIlecca MOJMMEpH3a-
IIUH M30IIPEeHa Ha pa3paboTaHHOW HaMH KaTaJMTUYECKOH CHCTeMe Ha OCHO-
BE BepcaTaTa HeoiuMa.

DKcnepuMeEHTaNbHasE YCTAHOBKA MpelcTaBisieT coboi peakrop Buchi
Glas Uster tuma Polyclave ¢ o6semom uammm 2 nutpa. JlaHHBINA peakTop
ABJISIETCS PEAKTOPOM MEPHOANIECKOTO JICHCTBHS aiabaTniyecKoro TUIa.

VcxonHple KOHIGHTpPAMK PEareéHTOB W CBOWCTBA IIOJyYEHHOTO MOJH-
Mepa IpuBeJIeHb! B Ta0. 1.

Ta6auua 1 — VcxoaHble KOHIIEHTPALIMK PEareHTOB U CBOMCTBA MOJYYEHHOTO 110~
JuMepa

o Konuenrtpa- M,
e HUSI MOHOMEpa [N, T, Kongep- | - |M,/M Conepsia-
OnbI- MMOJIB/K Tn, 4 _ Hue 1,4-uuc
B IIMXTe, MacC. C cusi, % |10 n o
Ta % ron 3 3BeHbEB, %o
13,8 /1,6 80 | 4,0 98,4 |242| 4,0 96,0
13,8 /1,6 40 | 5,0 90 644| 2,6 97,4

Uenp nanHOW pabOTHI — IKCHEPUMEHTAILHOE H3YYCHHUE U MOJICIHPO-
BaHHUE Tpollecca MOJUMEpPH3alMy H30NPEeHa Ha KaTaTUTHYECKOH CHcTeMe
Nd(Vers)s-TUBA-JIBAT.

LleneBoii peakuuel npouecca MOJUMEPU3ALNH SBISIETCS MPEBpaIIeHIE
M30TIPeHA B TIOJIMU30IPEH, KOTOPas MOXKET OBITh MPE/ICTaBIICHA B BUAC:

nC;Hy S CH,),

rae Ky _ cyMMapHasi KOHCTaHTa CKOPOCTH IPOLECCa MOTUMEPU3aLHHL.
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W3BecTHO, 4TO CKOPOCTh HOJMMEPH3ALUH 3aBHCHUT OT KOHIEHTpauui
MOHOMEpa M KaTanu3aTropa, a TakKe OT YHCJa aKTHBHBIX IIEHTPOB KaTajH-
3aTopa [2], ciemoBaTeNbHO, BBIPAXKEHHUE ISl CKOPOCTH OYIET MMETh Clie-
JYIOIIMN BUL:

W, =k Cys 'mes'“l
rae W, — ckopocTh HmoiauMepusanuy, K — KoHcTaHTa ckopocTH, Cyz —
KOHIIeHTpanus u3onpeHa, Cyy — KOHLEHTpPaLUs KaTalinu3aTtopa, o — 0
AKTHUBHBIX LICHTPOB KaTAJIW3aTOPa, yYaCTBYIOIIUX B IPOLECCE MOIUMEpHU3a-
LHH.

VuureiBas, 4T0 MPOIECC peanu3yeTcsi B roMoreHHoi cpeme [3], Gbuta
NPUHATA CIIEAYIOIas CUCTEMa YpaBHEHU I MaTepUaIbHOTo OaaHca:

dCyz

i —k - Cyz - Cgr - @

AC ’
dt =k-Cyz Croe -

npu t=0 C,(0)=C,y, C,,(0)=0.

J1J1s1 OCHKM KMHETUYECKMX KOHCTAHT MOJISTH UCIIOJIb30BaHA METO/IMKA,
npeaiokeHHas B padore [4]. 3HaueHus SHEPrUil aKTUBAIMK OBLIM pacCUM-
TaHBI HA OCHOBAHWH 3KCIIEPUMEHTAITBHBIX JaHHBIX.

Pazpaboran anroputm perieHus auddepeHInanbHbIX YpaBHEHUH C HC-
MOJIB30BAHHEM YHCIICHHOTO MeToa Diijiepa U CoCTaBleHa MPOrpamMMa pac-
veTa Ha si3pike Turbo Pascal.
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Bausinue BO3MYyIEHUH HA YIIPABJIAEMOCTh CHCTEM
peKTU(PUKAIUN MHOTOKOMIIOHEHTHBIX cMecei

A. B. Boavgh, H.0. Pyonuxoeuu

Hayunuuii pyxogooumenv — x.m.H., doyenm xap. X1T, M. A. Cambopcras
Tomckuii nonumexnuueckuti ynusepcumem, 634050, Tomck, np. Jlenuna, 30

CoBpeMeHHBIE pecypcod3(h(HEeKTUBHBIC CHCTEMBI pa3feiCHUs MHOTOKOM-
MOHEHTHBIX cMecel TpeOyIoT ONTHMAIIBHBIX AJITOPUTMOB YIIPABJIEHUs, 00-
JaJaloUIMX CIIOCOOHOCThIO KOMICHCHPOBaTh BO3HHUKAIOIIME B CHCTEME
BO3MYUICHUA. BOSMyHIeHI/IHMI/I MOT'YT CJIIYXXUTb HC6OJ'HJI_HI/IC KoJieOaHus
pacxo/ia WM KOHIEHTpAIUi KOMIOHEHTOB, TEMIIEPATyphl BXOIHBIX MOTO-
KOB. JIyis1 peKTU(HUKAIUOHHBIX CXEM XapaKTepHO HATUYHUE TOJCHCTEM, CBSI-
3aHHBIX PELUKIAMH M HEeOOJBIIOE BO3MYIICHUE HA BXOJE B OJHY W3 HUX
MOXET YCHIIUTBCS Ha BBIXOJE CHCTEMBbI, WM CIIOCOOCTBOBATH PA3BUTHIO
JPYTUX BO3MYIICHUI. B CBSI3M C 3TUM, IIPU MPOCKTUPOBAHUU U SKCILTyaTa-
MK TaKHUX CHCTEM HEOOXOJMMO YYHUTHIBATH BO3MOXKHBIC BO3MYIICHUS U
CO3/1aBaTh ONITUMAJIBHBIC AJITOPUTMBI YIIPABJICHUS IJIA UX KOMIICHCAIIUH.

Hanrure MHOXECTBEHHOCTH CTallMOHAPHBIX cocTosiHuil [1] u, mpexnme
BCEro, MHOXXCCTBCHHOCTH BXOJ10B (T.e. KOorga OJHUM M TEM XK€ 3HAUYCHUAM
BBIXOJHBIX MapaME€TPOB COOTBETCTBYCT HECKOJIBKO PA3JIMYHBIX 3HAYECHUI
BXOJIHBIX TIOKa3aTeNei) co3AaeT JOMOIHUTENbHbIE CI0KHOCTH B pa3padoT-
K€ ONTUMAJIBHBIX aJITOPUTMOB YHPABJICHUA. CyIlIeCTBeHHI:IMI/I HUCTOYHHKA-
MH MHOXXECTBEHHOCTH SIBJISIIOTCS MHOTOKOMITIOHEHTHOCTh Pa3JIesieMbIX
cMecell U pa3iuvHbIe HEeNMMHEHHbIE MpeoOpa3oBaHus B IpOlEcce yIpasiie-
HUs (HATpUMep, epecuéT KoHIeHTpawmii) [2].

enbto paboThl ObUT aHANU3 OTKIOHEHWH Hpoduiedl KOJOHH MHOTO-
KOMITOHEHTHOHN peKTH(UKAIMY TPU HEOOIBINIUX BO3MYILIECHHUAX TEMIIEPATY-
PpBI 1 COCTaBa NUTaHUA.

B xoxme paboTel ObUIO WCCIENOBAHO BIHMSHHE KOJeOaHUN MapameTpoB
(pacxompl KIIIOYEBBIX KOMIIOHEHTOB B CHIPbE) HA CTAI[HOHAPHOE COCTOSHUE
peKTI/Iq)I/IKaI_H/IOHHBIX KOJIOHH C Pa3JIMYHBIMU BapUaHTaMU YIIPABJICHUA.

Konebanus cocraimsuin S % OT Ha4aJbHOTO 3HAYEHUsI BO3MYIAEMOTO
napaMerpa.

B pesynbraTe Bccie0BaHUA YCTaHOBJIEHO, YTO OTKIOHEHUs poduiieit
mapaMeTPOB IPU HAIHYMH BO3MYIICHUS OT MPOQHICH B OTCYTCTBUH BO3-
MYIICHHS HOCAT HEJTMHEHHBIH XapaKTep MO BBHICOTE KOJOHHBI, IPUYEM 3TO
CIPAaBEIIUBO IS BO3MYILIEHHHA JFOOBIX ITapaMeTpOB IIOTOKA MHTAHUS
(Puc.1-2).
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Pucynox 1 — OTkiioHeHUE TeMIepaTypbl Ha Tapeskax
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Pucynok 2 — OTKIIOHEHHE PacX0OI0B Ha TapeKax

HenunetHOCTh OTKJIIOHEHUH YyKa3bIBaeT Ha BO3MOXKHOCTh MHOECTBEH-
HBIX CTAI[OHAPHBIX COCTOSIHUIA [2].

HeoanopoaHocTn n3MeHeHus Npoduiield MOTYT MPUBOJIUTE K yXYIle-
HUIO KayecTBa OOKOBBIX OTOOPOB, YCHIICHHIO BO3MYIICHUH (32 CUET PEelUK-
JIOB) U IEPEXOJly CUCTEMBI B IPyro€ CTallMOHAPHOE COCTOSIHUE.

ABTopamu pa3pabOTaHBl MOJAETH MHOTOKOJIOHHBIX CXEM, CBSI3aHHBIX
MPOMEXYTOUHBIMHU U PEUUPKYJISLMOHHBIMU IOTOKAaMU, AJI1 KOTOPBIX TAaKXKe
BBINOJTHEH aHAIIN3 YIPABISIEMOCTH, B T.4. M aHAIIU3 KOJCOaHUI yIpaBIIsIO-
mMx napameTrpoB. PekomenmoBansl HanOosiee () (heKTUBHBIC CXEMBI YIIPaB-
JIEHUs, 00ECIIEUYMBAIOIIME MHHUMAJIbHOE H3MEHEHHE JH00 ITOCTOSHCTBO
npoduneit TeMreparyp u pacxoJ0B MO BBICOTE KOJOHH NMPH BO3MYIIICHHSIX
[IOTOKA IUTaHUs U YIPABIIIOIUX 1apaMETPOB.
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KomMno3nunoHHbIi HeTAHOI MeK VI MoJyYeHHus
AHOJHOI Macchl

AJdL.I'opoxos, A.C. Jlambunosa, I1.A. Jlobosa

Ipogpeccop, uren-xopp.PAEH O.U. [lownos
Hayuonanvnouii uccnedosamenvcxuti Upxymcexutl 2ocyoapcmeenHulii
mexnuueckuti ynugepcumem, 664074, e. Upxymcxk, ya. Jlepmonmosa 83,
amfodent_77@mail.ru

Cubupp — OypHO pPa3BUBAIOLIMHCS PETHOH C MOCTOSHHO PaCTYIIUMHU
o0BeMaMu MPOU3BOJCTBA aMfoMUHHS. C IENIBI0 MOAJEPKAHUS IKOJIOTHYE-
ckoro OajiaHca BHYTPH pPErHOHa, HauOoJiee aKkTyaslbHa MpodiieMa MOCTaBKH
KayeCTBEHHOW U HKOJIOTUYHOM YIJIEPOJHON MPOAYKLHUU AJIS METaJUlypruye-
ckux npexnpustuii Upkyrckoit o6mactu 1 Boctouno-Cubupckoro pernosa.

B Hacrosmiee BpeMs pe3KO MOBBICHINCH TPeOOBaHMS K KauyecTBY yIJle-
POIHBIX MaTepHalIOB M CAHUTAPHO-TUTHEHUYECKUM YCIIOBHUSM, CBS3aHHBIM
C TIOJlydeHHEM U NepepabOTKON MEeKO-KOKCOBBIX KOMIIO3UIIMH B BHUJIE T'pa-
(PUTOBBIX IIEKTPOJOB, aHOIHON Macchl, 000XKEHHBIX aHOIOB, KOHCTPYK-
IIMOHHBIX MaTE€PUAJIOB, 3JIEKTPOYTOJILHBIX H3EIHH.

[ITupoko ucmonb3yemsle Uil MPUTOTOBICHUS 3THUX YIIIEPOAHBIX MaTe-
pHaIoB KaMEHHOYTOJIbHBIE MEKH OTIWYAIOTCS JOBOJBHO BBICOKHM COJEP-
xaHnem Oenz(a)mupena (1,2-4 %), yem oOycioBiIeHa WX KaHIEPOTCHHAsS
akTUBHOCTH [1]. beH3(a)mupeH oTHOCUTCS K MEPBOMY KJIacCy OMAacCHOCTH U
oTtaceH Il YeloBeKa JaKe IPU MaJIof KOHIIEHTPAINH, TIOCKOJIBKY o0ama-
€T CBOWCTBOM OMOAaKKyMyJAIUH. 1103TOMy B MUPOBON NMPaKTHKE W3BECTHHI
MONBITKH TEPEeBOJIa NMPEANPUATHH Ha HCIIOJIB30BaHHE HE(TSHBIX MEKOB,
KOTOpHBIe 001a1at0T O0JIee HU3KUM CO/IEpXKAHNUEM KaHIIEPOTCHHBIX BEIIECTB.
Konnenrpamnust 6en3(a)nupena mo pesysipTatam HuccienoBanuil [1,2] co-
CTaBJIsAeT B Nekax u3 KpekuHr-ocratkos 0,04-0,1 %, B nmuponm3HBIX HeKax
— 0,03-0,08 %. MHuoroysieTHHI OMBIT HMCCICIOBAHUS PA3IMYHBIX BHIOB
CBIPbsl M KaYECTBEHHBIX NOKa3aTeJIel M0ay4aeMbIX HEQTSHBIX IEKOB MOKa-
3BIBAET, YTO AJISI X MPOU3BOJCTBA B HAMOONBIIEH CTETIEHH MPUTOJHBI BbI-
COKOapOMaTHU3UPOBAHHBIE MPOMYKTHL: CMOJIBI IHPOJIN3a 3THICHOBOTO IPO-
M3BOJICTBA U KPEKUHT-OCTaTKu [3—4]. Ho monmy4yeHHble HEe(TAHBIC TIEKU U3
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3TOTrO BHJA CBHIPHS, TI0 CPABHCHUIO ¢ KAMCHHOYTOJIbHBIMH, COJIEPKAT MCHb-
niee KOJIMYECTBO TOJIMKOHICHCHPOBAHHBIX ApOMAaTHYECKUX COCIAUHCHHIA,
nMmeroT Oonee HU3koe cootHomenue C/H u, ciemoBaTeabHO, 3HAYUTEIHHO
MEHBIINHA BBIXOJ KOKCOBOTO OCTATKA.

Taﬁ.mma — CpaBHI/ITeJ'IBHaH XapakTepUCTUKa Heq)TSIHOFO 1 KaMC€HHOYTOJIbHOT'O
TICKOB.

HaumeHoBaHHe moKa3a- BeanunHa moka3zares
TeJist mpoyKuun (pabor, Hedrsanoii nex KameHnHoyro/bHbIii ek
yeuyr) (AHXK) (Mapka A)
MaccoBas 107151 BOJIBI B
TBEpIIOM Tieke, % He Oonee Orcyretsyer 4
TemmepaTypa pasmsrde- 95106 10-80
Hust, °C
a-hpaknus, % 18-25 19-21
BbIxoJ neTyyux BEmecTs, 60-66 53.63
%
3onbHOCTE, % He OoJee 0,08 1,24
Conepxanme OTCYTCTBYET 1,2-4
6eH3(a)mupeHoB, % YICTBY '
IInotHOCTH 1,25-1,32 1,285-1,33

[MpousBonctBo HedrsiHoro meka [THJ] moxeT ObITh peann3oBaHO Ha
ycranoBke [1C-100 na HedrenepepabarsiBaromem 3aBoge OAO «Anrap-
ckast Heprexumuueckas kommnanus» HK Pocuedts ¢ yueTom ocobenHocTeit
OpraHM3aliy IPOU3BOJICTBEHHBIX MIPOLIECCOB BHYTPHU MPEIIPHSATHSL.

3aMeHa B [BETHOW METAJUTypTUH KaMEHHOYTOJBHOTO TeKa He(TSHBIM
MIEKOM I103BOJISIET:

— CHM3UTH BpeJHbIe BBIOPOCH HA IIPOU3BO/ICTBE YCTPAHEHUEM HCTOYHU-
Ka 3arps3HEHNs] — KaMEHHOYTOJIbHOTO T1eKa;

— CokpaTuth cojepxaHue KaHIeporeHoB (3,4-0eH3(a)nupeHa) B BO3ayxe
paboueii 30HbI, TEM CaMbIM YJIy4YIIUTb CAHUTAPHO-THIHEHUYECKHE
YCIIOBUsI PabOThI EPCOHAIA METAILTYPIrHYECKOTO POU3BO/ICTBA;

— Tlosy4uTh BBICOKOKa4E€CTBEHHOE YIIIEPOIHOE ChIPhE JIJIsL DIIEKTPOIHOTO
MPOU3BOJICTBA C MOCTOSHHBIMU (DU3UKO-XUMHYECKUMH CBOHCTBAMH U
TPYIIIOBBIM COCTABOM.

— Taxum obpa3zom, HedTsHOH ek [TH/] sBIsIeTCS IePCIEKTHBHBIM 3aMe-
HHUTEJIEM CYIIECTBYIOIEMY KAMEHHOYTOJIBHOMY IIEKY B IPOM3BOACTBE
AHOJ/IHOW Macchl, B CBS3U C MPEUMYILECTBOM I10 9KOJIOTHYECKUM, TEX-
HOJIOTUYECKHM M 9KOHOMHUYECKHUM ITapaMeTpam.
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Pa3paboTka HepaBHOBECHBIX MATEMATHYECKHX MoJeJiei
MHOTOKOMIIOHEHTHOM peKTH()HKATNT

H.A. I'paznosa, A.B. Bonvgh
Hayunouit pykosooumens — k.m.u., ooyenm, M.A. Cambopcras
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B mocnenHue romel aKTHBHO Pa3BUBACTCS HEPABHOBECHBIM IOAXOJ K
MOJICIIMPOBAHHIO TEIIO-, MAaCCOOOMECHHBIX MPOIECCOB: Pa3padaTHIBAIOTCS
MOJIENIH, OCHOBaHHBIC Ha pacdeTe CKOPOCTEH TeIIo-, MaccolepeHoca Wn
3¢ deKTHBHOCTEH KOMIIOHEHTOB M CTYNEHEH pa3felieHus, XOTs B JIUTepa-
TYPHBIX UCTOYHUKAX MPUBOIAATCA PE3YJIbTAThI, KaK MOATBECPKAAIOIINE, TaK
Y ONPOBEPrarolne 1eleco00pa3HOCTh UCIIOJIb30BAHMUS MOJENEH, yIUThIBA-
FOIIX CKOPOCTH MEPEXOHBIX MPOIECCOB Ha rpanuiie pasmena das (I'PD)
[1,2].

Henpro paboTel OBUIM ITOCTPOCHUE W aHAIH3 aICKBATHOCTH PaBHOBEC-
HOW W Pa3IMYHBIX BApPHAHTOB HEPABHOBECHBIX MOJIENEH I KOJIOHHEI MHO-
TOKOMIIOHCHTHOW PEeKTU(PHUKAIIMKA ¢ OOKOBEIMH OTOOpaMH Yepe3 CTPHITITHHT
Y IIPOMEKYTOYHBIM OPOIICHHEM.

B kauecTtBe 00BEKTa MCCICIOBAHUS NPUHATA PEKTU(UKAIIMOHHAS yCTa-
HOBKa, pacHolio)keHHas Ha HedrenepepabarpiBatomeM 3aBoge 00O
«TomckHedTenepepaboTKay.

PaBHOBeCHas MOjeb YCTaHOBKU paspaborana B cpexe PRO/II, paspa-
00TKa HEPaBHOBECHBIX MOJIENIEi OCYIIECTBIIEHA C UCTIOJIb30BAHUEM KOHIICTI-
1uH 3G GEKTUBHOCTH CTYNICHH pa3zieneHus u kKo3dduimentos nepeHoca.

Jnst pacuera 3¢ (hEKTHBHOCTEH MHOTOKOMITOHEHTHOW peKTH(HUKAIII
HCIIOJIB30BaHbI METOJIBI, MPEAJIOKEeHHBIe B [3, 4], paccunTaHHbIe 3HAYCHHUS
3(h(HEeKTUBHOCTH 3aT€M HCIOIB30BAHBI JUIS MMOCTPOCHUS MOJIETH KOJOHHSI,
000pYyIOBaHHOW peaIbHBIMU KJTATAHHBIMH TapEIKaAMU.

HepaBHoBecHast Mozenb ¢ y4eToM K03((GHIMEHTOB MepeHoca OCHOBaHA
Ha nonaxoae Makcpemna-Ctedana (MC). s 3T0ro OBUIM paCCYUTAHBI OU-
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HapHble Kod(dunuenTsr quddy3un KOMIOHEHTOB cMecH [5] u u3 nuHeii-
HBIX COOTHOILIEHHWH HEPaBHOBECHON TEPMOAMHAMUKU MEXIY IBIKYIIUMH
CHJIaMH W NOTOKaMHU OIpEIeeHbl IPaJdeHThl XHMHYECKHX MOTCHLIUAIOB
KOMITOHEHTOB [6]:

RT < XN —x N.

PN TR L
v, :—fZ—,jil,I:l,Z,...,c, 1)

Xi = ¢Dy

1

i1é0

rac N — MOJ'IS[pHI:Iﬁ pacxo MmOoTOoKa, 5 Ct — MOJIsIpHas IJIOTHOCTH

2

—)

i Te0 .
cMecd, —— ; Djj — OunapHblii ko3pduuuent nupdysumu, ; C — YHC-
|

S|

JI0 KOMITOHEHTOB B CMECH;

JJIs OLEHKM aJeKBaTHOCTH MOJEJCH MOJMYYCHHBIC PE3yNIbTaThl paBHO-
BECHOTO M HEPaBHOBECHOTO MOJCIHUPOBAHUS CPABHUBAIHCH C PETIIaMEHT-
HBIMHU TPeOOBaHUAMH, 3aJI0KCHHBIMH B TIPOCKTE, U pEalbHBIMU 3aBOJICKUMH
JAaHHBIMH U3 TexHIYeckor uadopmaruu (TH).

100 B
oS
g 90 —&— Pernament
< 80 i
g 70 =
§ 60 : = Pacyet
= 50 paBHOBECHbI
g 40 //
g 30 // Pacuer
;" 20 HepasHoBec,Eno
3' 10 ?’ Mapopu,w0l
L 4 == Pacyet
38 88 138 188 HepasHosec,Eno
Mapdpu,w02
Temnepatypa BbikunaHua,°C

Puc. 1. CpaBHeHHe pe3y/bTaTOB PacyeTOB C PErIaMeHTHBIMH TPEOOBaHUAMH IO
(pakIMOHHOMY COCTaBy JUlsl OCH3MHOBOM (pakiyy.

Pacuersl nokasanu, yro 6ojee mpocrasi B pa3paboTKe paBHOBECHAsI MO-
JIeNb HE YCTYNaeT B aJIEKBATHOCTH HEPABHOBECHBIM.

OT0 yKa3pIBaeT Ha BO3MOXKHOCTH BIIOJHE YCIEIIHO NMPHMEHSITH PaBHO-
BECHOE MOJETMPOBAHNE B CIydae MHOTOKOMIIOHEHTHOH pEeKTHU(UKAIINH.
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Cucrema MojieJIMpOBaHusi paGoThl PeaKTOPHOro 0J10Ka mpouecca
pudopmMuHra 6eH3MHOB C HellpepPbIBHOI pereHepanueit
KaTaJIM3aTopa ¢ y4eTOM KOKCO00pa3oBaHus

M.C. I'mnzazosa, /1./1. Yeapxuna, Txax Heyen Tuen, M.B. Koponenxo

Hayunwuii pykosooumens — 0.m.u., npog. A.B. Kpasyos
Tomcxuti nonumexnuueckuu ynusepcumem, 634050, Tomck, np. Jlenuna, 30,
maria.gyngazova@gmail.com

Karanuruueckuii puopMUHT OJWH M3 OCHOBHBIX IIPOIIECCOB Iepepa-
60TKHM He(TH, UCIIOIB3YEMbIH JUIS MIPOU3BOJICTBA BHICOKOOKTAHOBBIX KOM-
MOHEHTOB MOTOPHBIX TOIUIMB. B mocneaHne rofsl OOJIBIIMHCTBO HOBBIX
YCTaHOBOK PU(OPMHUHIa CKOHCTPYUPOBAHBI 110 TEXHOJIOTHH C HEMPEPBIBHOM
pereHeparmeii katamusatopa (okono 95 %). CyuiecTByIOIIKUE YCTAHOBKU
TaKXKe PEKOHCTPYHUPYIOT MOJ MPOIECCHI C IBIDKYIIUMCS CIIOEM KaTalln3aTo-
pa, eciii BO3MOXHOCTH 3aBOJa MO3BOJISIIOT 3TO caenath. [Iporecc pudop-
MUHTa C HEeTIpephIBHOM pereHepanueil katanmmnzatopa (KPHPK) peammsyercs
npu Oosiee BBICOKOM TeMIiepaType W HU3KOM JIaBJIICHHU W ITO3BOJISIET MOTY-
4aTh NPOIYKT C OKTAHOBBIM 4HCIOM J0 108 MyHKTOB M BBICOKUM BBIXOJOM
JKUJIKHUX YTII€BOJOPOIOB Ha ChIPBE.

Meton MaTeMaTHYECKOrO0 MOJEIUPOBAHUS MHTEHCHUBHO Pa3BHBAETCS B
MOCJIe/IHNE TO/bl, oOecneynBas MOBbINIEHHE Y(PPEKTUBHOCTH M ONTHMHU3a-
LUIO0 IIPOLECCOB YXE B YCIOBMSX 3aBOACKOM INpakTuku. JluTepaTypHbIi
MOUCK TI0Ka3aj, YTO HaJAeKHOM MaTeMaTH4YEeCKON MOJENH, yYHUThIBAIOIIEH
BIHMSHHE COCTaBa CHIPhS M HECTAIIMOHAPHBIN XapakTep Mporecca, st
KPHPK He cymecTByeT.

Lenp naHHOI pabOTHI 3aK/II0YAETCs B CO3JaHUM HECTAIIMOHAPHOM MaTte-
Matudeckoi monenu npouecca KPHPK ¢ ydyerom mexaHusma Je3akTuba-
MM KaTaJM3aTopa U CUCTEMBI MOJICIIMPOBAHMS Pa0OTHI peaKTOpHOTO OJIoKa
Ha €€ OCHOBE.

Jns mpouecca KPHPK Obutn paccuntanbl TepMOAMHAMUYECKHE Tapa-
METpbl KOMIIOHEHTOB W peakiui, GpopMani30BaHa cxeMa MEXaHH3Ma Mpe-
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BpallleHui yrieBogopono Ha Pt-Sn/Al,O; karamuszatope. ITockonbky B
npouecce pu(GOPMHUHTa UCKIIOYUTEIBHYIO POJIb UIPAET JIe3aKTHBALHs, ObI-
T TIPOAHAIU3HPOBAHBI 00PA3IIbl CBEKETO, PETCHEPUPOBAHHOTO M 3aKOKCO-
BaHHOTO Karanm3artopa mMerogamu TT'A u BOT. beina monydena madopma-
UL O KOHLEHTPAIMH U CTPYKTYype KOKCOBBIX OTIIO)KEHHH, a TAKXKE O BEJH-
YHMHE YAEIBbHON MOBEPXHOCTH AJSI Kaxkaoro u3 obpasunos. Kokc, obpasyro-
muiics Ha MOBEPXHOCTH KaTalu3aTopa MMEET aMOp(HYIO CTPYKTypy, Ha
BOCCTaHOBJIEHHOM KaTaJM3aTOpe KOHIEHTparus Kokca mopsiaka 1 % macc.,
Ha 3aKOKCOBaHHOM — 4—6 % Macc. B 3aBUCHMOCTH OT COCTaBa ChIPbs M
YCIJIOBUH 3KCIUTyaTaLUH.

Maremarnueckas monenb npouecca KPHPK nmpezacrasnena crnemyromu-
MU YPpaBHCHUAMU MATEPHUATIbHOTO U TCIIJIOBOT'O 6aHaHCOB JJI1 KOMIIOHCHTOB
coryiacHo (hOpMaM30BaHHOMY MEXaHU3MY npeBpameHHﬁ YIJIEBOJIOPO/IOB:

oN, _  oC 8C,
= u TR AR IW (Ha(hdl

CM CM aT CM CM aT KaT
PG G = PG e p G .—+ZQ jw(z)a(z)dz

npu z=0 Ci=0, T=0; npu 1=0 C;=C;, T=T, (Ha BX0Oz€ B peaKTop); nipu =0
Ci=Cio, T=Ty

e Z — 00beM mepepaboTaHHOTO CHIPBS, M°; G — PacXoJ CHIPBS, M/4; U
— JIMHE{Has CKOPOCTh MOTOKA, M/4; | — JUIHHA CIIOs KaTalnu3aTopa B peak-
TOpE, M; @ — CKOPOCTh ABHIKCHMA KaTalusaropa, M/q W; — cymmapHas
CKOOCTh NIPOTEKAHKS peaxuuit, Moms/(M3-1); p™, p**" — MIOTHOCTH cMecH
¥ KaTaqu3aTopa, Kr/M>, C™,, C*", — TeII0eMKOCTh CMECH H KaTaiu3aTopa,
Jox/(xr-K); Qj — temnoBoit addexT xumuaeckoit peakuun, Jx/mons; T —
Temmeparypa, K.

Kokc siBisieTcss OfHMM W3 MPOJYKTOB PEaKLUi, U €ro KOHUEHTpAIHs
MOXeT ObITh HalieHa, MCXOJS M3 KHHETHKH KOKCOOOpa3oBaHMs. AKTHB-
HOCTh KaTalu3aTopa B CBOIO OYepe[b 3aBHCHUT OT COJCPXKaHUS KOKca H
KPaTHOCTH LUPKYJIALMN KaTaju3aTopa CIeIyOIIM 00pa3oM:

a= A) ,e—a'céréﬁ/ha ’
rae AO — HHHeﬁHaﬂ COCTaBJIsIIOIIAd, OMpeAC/IAroIas YuCJI0 aKTUBHBIX LICH-
TpOB; o — K03(1)(1)I/IHI/I6HT OTpaBJICHUS — HeﬂHHeﬁHaﬂ CoCTaBJIsArOIIasd,

OTIpeNeSoNmasl Pa3INuHyI0 CTEICHb JEe3aKTHBALMN YIIIOBBIX M PeOCpHBIX
ATOMOB IIpH OTJIOKCHHWHW Ha HUX KOKCA. CreneHn OTpPAaBJICHUA MECTAJLINYC-
CKHUX HEHTPOB 3HAYUTCIIBHO BBIIIEC, YEM KHUCIIOTHBIX.

Ha xonmuecTBo kKoKca, oopasyromerocs B poriecce KPHPK, oka3biBaeT
BIIMSIHUE KPAaTHOCTh LUMPKYJALMU KaTanuzartopa. IIpu yBenuueHuu 3Haue-
HUSl KPaTHOCTU LIUPKYJISILIMU KaTajau3aTopa COAEP)KaHHWE KOKCa Ha BBIXOJIE
n3 peakTopa yMeHsImaeTcs. KarannzaTtop mpoxoaur peakTop ¢ 0ojee BBICO-
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KO CKOpOCTBIO, aKTHBHBIC IEHTPHI HE YCICBAIOT JIC3aKTUBUPOBATHCA U
COJlepXKaHUE IIEJICBBIX KOMIIOHCHTOB B pudopMmare Bo3pacTaeT. Tak co-
TJIACHO pacyeTaM Ha MOJENH yBEIHMYCHHE KPATHOCTH HMUPKYIALNN KaTalH-
3atopa ¢ 0,008 M*/m° 10 0,010 M*/M° npUBOZKT K yMEHBIICHHIO COEpkKa-
HUS Kokca Ha 1 % Macc. U K YBEIMYCHHIO OKTAHOBOTO YHCJIA MPOAYKTa Ha
0,9 myskTa.

T.o. coueraHmeM HAaTYpHOTO W BBIYHUCIUTEIHHOTO HKCIEPUMEHTa Oblia
pa3paborana HecTanuoHapHas Matematmdeckas moaens KPHPK, agexsat-
Hast 00BEKTY, U CHCTeMa MOJICTTUPOBAHUS Ha €€ OCHOBE.

AHaJM3 yCTOWYNBOCTH PeaKIIHOHHO-PeKTH(PUKAIITNOHHOM
KOJIOHHBbI CHHTEe3a MeTHJI-TPeT-0yTu/j10Boro 3¢gupa

M. A. /laynemébakos, O.E. Mumsanuna

Hayunwuii pyxogooumens — x.m.H., doyenm M.A. Cambopckas
Tomckuii nonumexnuueckuu ynuesepcumem, 634050, Tomck, np. Jlenuna, 30,
elvoreth@mail.ru

Permennem npoGieMbl MO TOBBIIICHUIO OKTAHOBOI'O YHCJIa TPOU3BOIU-
MBIX OCH3MHOB SBIAETCS NPHMEHEHHE KHCIOPOACOAEpKalUuX HT00aBOK,
KOTOpBIE ~ MOTYT  OBITH  IOJYYEHBI  IOCPEICTBOM  PEaKIHOHHO-
pextudukannonnsx nporeccoB (PPIT). Bompocer teopun ommcanus PPIT
HEOJHO3HAYHBL, TAaK KaK MHOTUMH HccaeaoBaTeNsaMu [1] oTMeuaeTcsa Haau-
Yyue B MHOXECTBEHHOCTH CTallMOHAapHBIX cocrosinuil PPII, mpu stom, co-
BPEMEHHBIE MOJAXOMAbI K aHAIN3y MHOXECTBEHHOCTH U yCTOWYMBOCTH CTa-
IIMOHAPHBIX COCTOSTHUN HENb3s IPEICTaBUTh 0€3 MaTeMaTHUeCKON MOJEIH
npolecca.

CrnoxHocThI0 MaTeMaTndeckoro onucanus PPII sBnsercs npucyrcTue
HEJIMHEWHBIX YJICHOB, KOTOPOE OOYCIOBICHO HEIMHEHHOH 3aBHCHMOCTBHIO
KOHCTaHTBI CKOPOCTH TPOTEKAIOUIEH XIMHUYIECKOH PEaKIUi OT TeMIIepaTy-
PBI ¥ KOHIIEHTPAIIUH, KOTOPBIE OCIOXKHSIOT pelieHne 3aa4an. B paborax [2,
3] nznararoTcst moaxoas! K GOPMHUPOBAHUIO PABHOBECHOM M HEPABHOBECHOI
mozeneld. HepaBHoBecHass Mojens o0beanHsieT Teoputo aupdysnn Makc-
Besuta-Credana, a Taxke KOd(QQUIMEHTH MaccolepeHoca U CTeneHb 3¢-
¢exTuBHOCTH Mepdpu. PaBHOBeCcHass Mozmenb OCHOBaHA Ha MPEAIOIOKe-
HUM O TOM, YTO INOKHJAIOIIUE MTOTOKU C TAPEJIOK HAXOASITCS B PAaBHOBECUM
JpYT C JPYTOM.

Lenpto manHON pabOTHI SIBISETCS BBISIBUTH BO3MOXKHBIC NCTOUHUKH HE-
JMHEHHOCTH, KOTOPBIE MOTYT NPUBOJIUTh K MHOYKECTBEHHOCTH CTal[HOHAP-
HBIX COCTOSHHUH. MOJEIMpoBaHHE IPOIECCa CHHTE3a METHI-TPeT-OyTH-


mailto:elvoreth@mail.ru

CeKuws 4. TexHonorua  MozIeNNpPOBaHIE NPOLIECCOB
2 NOATOTOBKY M NepepaboTKi NPUpOSHBIX SHEProHoCUTeNeil

noBoro 3¢upa (MTBED) nocpencrBoM peakuMOHHON peKTU(HKALMH OBbLIO
ocyliiecTBiieHO ¢ ucnons3zoBanuem Sim Sci PRO/II. UccnenoBano moseje-
HHE M3MEHEeHUs MPO(UIIs KOHICHTPALMH KOMIIOHEHTOB B 3aBHCHMOCTH OT
s¢dexTrBHOCTH Tapenku. Pe3ynbTaThl pacu€ToB MOKa3au, 4YTO NPH U3Me-
HeHnH K03 durmenToB 3¢h(HeKTHBHOCTH HCIapeHus Ha Tapelikax, KOHBep-
cus mo0yTmwieHa u Beixog MTBED He MEHSIOTCS 3HAUHTEINBHBIM 00pa3oM.
IIpodmmu xonumentparmit MTED u MeraHoma mpM pa3NUYHBIX 3HAYCHISIX
3((HeKTUBHOCTH TapeloK IpUBEACHBI Ha puc. |, 2.
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Pucynok 1. TIpoduie KOHIEHTpanXy MeTaHOIA MO TapesIKaM MPH Pa3INYHbIX 3Ha-
YeHUsX 3P HEeKTHBHOCTH TapesoK.
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Pucynok 2. IIpodmis xornertpanun MTBD no TapenkaM npu pa3nuaHBIX 3HaUe-
HUSX 3P PEKTUBHOCTH TAPETIOK.

Kak BuaHO u3 pucyHkoB | u 2, n3MeHeHne 3(QHEeKTHBHOCTH Maccoo0-
MEHHOTO yCTPOMCTBA HE NMPUBOJIUT K MEPEXOAY CUCTEMBI B IPYyroe CTaluo-
HapHOE COCTOSIHHE, CIIeI0BATENbHO, KO3(D(UIIMEHTH Macco- M Terionepe-
HOCAa HE SBIAIOTCS MNOTEHIMAAbHBIMM HMCTOYHMKAMHU MHOXKECTBEHHOCTH
CTaLlMOHAPHBIX COCTOSIHUH Ipolecca, MO3TOMY sl JalbHEHIIero aHaausa
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YCTOP‘I‘II/IBOCTPI mpounecca ueﬂecoo6pa3H0 HCIOJIb30BaTh PaBHOBCCHYIO MO-
JCJIb, KaK HanboJee IpPOCTYIO AJid BBIUHUCJICHUH.

CHHCOK JUTepaTyphl

1. Steinar Hauan, Terje Hertzberg, and Kristian M. Lien. Why methyl tert-butyl
ether production by reactive distillation may yield multiple solutions // Industry
engeneering chemical research. 1995;

2. Toor H. L. Prediction of efficiencies and mass transfer on a stage with multi-
component systems /H. L. Toor // AIChE J. — 1964. — Vol. 10, Ne 4. — P.
545-548.

3. SONG Yiming, SONG Jinrong, GONG Ming, CAO Bin, YANG Yanhong and
MA Xiaoxun. Modeling of Mass Transfer in Nonideal Multicomponent Mixture
with Maxwell-Stefan Approach // SEPARATION SCIENCE AND ENGINEER-
ING Chinese Journal of Chemical Engineering, 18(3) 362—371: 2010.

Hccaenopanue TeXHOJOIrMYECKHX PEKMMOB U ONITHMM3aLHA
PeaKLUOHHO-PeKTU(UKALNOHHOIO NPoLecca CHHTe3a MeTHI-
TPeT-0yTHII0BOTrO0 3¢upa

K.B. /lépuna
Hayunwiii pyxosooumens — k.m.u., ooyenm M.A. Cambopcras

Tomcxuti nonumexnuueckuu ynugsepcumem, 634050, Tomck, np. Jlenuna, 30,
CleoYL@gmail.com

[IpoMeInIeHHOE TIPOU3BOACTBO XUMHUECKUX BEIIECTB BKIFOYAET B ceOs
OUYHCTKY M pa3felieHHe MPOIYKTOB, HOOOYHBIX NMPOJYKTOB U HENpopearu-
poBagiero ceipbsi. Hanbosee yacto [yisi pa3neneHus MPUMEHSETCS PEKTH-
(ukamnms, B TOM 4YHUClIe, ¥ PEaKIMOHHAsl, KOTOpas Ha CETOJHAIIHUIN JIeHb
CephE3HO MOTECHUIIA TPAAUIIMOHHBIE CXEMBI. YKa3aHHBIH (QakT 0ObICHSICT-
CA 3KOHOMHYCCKHUMHU IPEUMYIICCTBAMU COBMCH_IéHHBIX IIpoueccoB (CHI/I-
’KEHHBIC KAIIMTATbHBIC M OKCIUTyaTaI[MOHHbIE 3aTpaThl) [1].

OpHa M3 IIaBHBIX 33/1a4 XMMHUECKOH TEXHOJIOTHH — OOecredyeHne cTa-
OMJIIBHOCTH M YNPaBIISIEMOCTH COBMELIEHHBIX MPOLIECCOB, OCHOBHBIM ITyTEM
pelIeHust KOTOPOH SIBIISIETCS HCCIIEJOBAaHHE TIPOIIecca.

[JanHas paboTa NOCBSIIEHA MaTEeMaTHYECKOMY MOJICIMPOBAHHIO, HC-
CJIC/IOBAHUIO U ONTHMH3ALUH MPOILECcCca PeaKMOHHO—PEKTH(HUKAINOHHOTO
CHHTE3a METWI-TpeT-OyTmiioBoro s¢upa. MartemaTudeckass MOJENb IPO-
Iecca B CTaTHUECKOM peXuMe Obuia c(hOpMHUpOBaHA C HCIOIH30BAHHEM
pacuerHoit cpeapr Hyprotech HYSYS.

B pabote paccMOTpeHO BIMSHHE TEXHOJOTHYECKUX IapaMeTpoOB Ha
TpoIIecC TONyYeHHUS METHI TPEeT-OyTHIIOBOTO 3(Hpa, ONpeneNeHBl ONTH-
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MaJIbHbI€ 3HAYEHHs MapaMeTpoOB, a TaKKe IPOBEIEHBI HUCCIIEJOBAaHHS pac-
XOJIOB TIapa M JKUJIKOCTH Ha TapelKe U UCCIICJOBAaHHUE BIIMSHUS Ha IPOLIECC
3((HeKTHBHOCTH KOHTAKTHOTO YCTPOHCTBA.

CyIIecTBYIOT JBe IEPBUYHBIC 3aa4X B YIPABICHHU U PETYJILUH pPeak-
[MOHHO-PEKTH(UKALMOHHBIX IIPOIECCOB C IBYXIOTOYHBIM ITHTAHHEM KO-
nounsl [2]. [pexne Bcero, HEOOXOIUMO MOIYIUTH HPOAYKT 3aJaHHOTO
KauecTBa, TO €CTh HEOOXOAUMOI YHCTOTHI.

B KkauecTBe perynMpyeMbIX TEXHOJOTMYECKHX IapaMeTpOB OBLIM BBI-
OpaHsI (I1erMoBO€E U MApOBOE YHCIIA, & TAKXKE COCTAB IIUTAHUS KOJIOHHBI.

HccnenoBanue mMo3BOJISET ONPEACIUTD CIEAYIONINE ONTHMAIbHBIC 3HA-
YeHHs MapaMmeTpoB: MapoBoe 4HCiIo — 9, ¢uierMmoBoe 4mucino — 6, pacxoj
MeTaHosa mopsiaka 650—750 kr/4, pacxoma u3o0yTwiacHa mopsiaka 700—
800 r/u u pacxon H-OyTeHa mopsiaka 650—750 kr/q.
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Kpome TOro ObUIO MPOBEIEHO HCCIIEOBAHUE PACXOJ0B MOTOKOB JKUJI-
KOCTH M Ilapa Ha Tapenkax (puc. 1-2), mokasasiiee, 4TO pa3HOCTb MEXAY
MOTOKAMH >KHJIKOCTH M Iapa Ha TapejKaX MOXHO IPHHSTH 33 MOCTOSHHYIO
BesinunHy. CieoBaTebHO, HAOMI0qaeTCst ABJICHUSI SKBUMOJISIPHOW KOHJICH-
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CallMU-UCIIAPCHUS, a, 3HAYUT, TCIJIOBBIM 0aTaHCOM KOJIOHHBI MPH MOCTPOEC-
HUH MOJICIIA MOXHO MPEHEOPEYb.

B xo[e BbIMOJIHEHHS JaHHOW pabOThl MPOBEACHO (GOPMUPOBAHUE MATE-
MaTHYECKON MOJIENH U HCClieoBaHKe mporiecca. [lonydeHHble B UTOTe pe-
3yJIbTAaThl TIO3BOJIMIIM OMPEJCIUTh ONTUMAIbHBIC 3HAYCHUS TEXHOJIOTHYE-
CKUX MapameTpoB. Pe3ysbrarhl, MONydYeHHbIE C MOMOILIbI0 CHOPMHUPOBaAH-
HOM MaTeMaTHYeCKOW MOJICTIH, HAXOSTCS B XOPOIIEM COOTBETCTBHH C JIaH-
HBIMH HccliefioBanus [3], cmemoBarenbHO, Moaens B HYSYS moxer wuc-
MOJIb30BATHCS I pacdeTa W MCCICIOBAHUS BIUSHHUS Ha MPOIECC OCHOB-
HBIX TEXHOJOIMYCCKHUX MapaMETPOB; aHAIW3a MOBEICHMS Mpollecca B CTa-
THUKC.

CnHcoK JTUTepaTyphl

1. Jithin Prakash K.J., Jana A.K. Process Simulation and Design of Reactive Distil-
lation Column // Chemical Product and Process Modeling. 2009. Vol. 4. Iss. 1.
P. 783-792.

2. Juneman B.B., JlorxoB B.A., I'maroneBa A.A., Kymos H.H., Kpamnun C.S1.
JluHaMyKa HecTaMOHAPHOW peKTH(UKALMK, COBMEIICHHON C peakiuei mepe-
sTepuduKanyy B XKuAKoH ¢asze // TeopeTnueckne OCHOBBI XMMHUYECKOH TEXHO-
norun. 2002. T. 36. Ne 3. ¢. 248-252.

3. Hauan S., Hertzberg T., Lien K. Why Methyl tert-Butyl Ether Production by
Reactive Distillation May Yield Multiple Solutions // Ind. Eng. Chem. Res.
1995. Ne 34 (3). P. 987-991.

AHaJIM3 pereHepalHoOHHbIX HUKJI0B ycTanoBku JIY-35-11/1000

H.M. /lonzanos, C.IO. Heanos

Hayunouii pykosooumens. 0. m. n., npog. 3./. Heanuuna
Tomckuu norumexuuyeckuti ynugepcumem, 634050, Tomcx, np. Jlenuna, 30,
JDbottle@gmail.com

Cragns pereHepanuy KaTajau3aTopoB PHUGOPMHHIA MO3BOJISIET BOCCTa-
HOBHTH JIC3aKTUBHPOBAHHYIO B XOJE CHIPHEBOTO IHKJIA MOBEPXHOCTH Pt-
KOHTaKTa M IIOBTOPHO MCIOJIB30BATH KATAIM3ATOP JUIA IOIYIEeHHUS MPOIYK-
IIUH 33JJaHHOTO KadecTBa. BeseHne peknMa pereHepariy B ONTUMAIbHBIX
YCIOBHAX MO3BOJISIET YBEIUYNTh KaK JUIUTEIBHOCTD MOCIEIYIOMIErO ChIpbe-
BOTO [IMKJIA, TAK U B II€JIOM CPOK CIY)KOBI KaTaJu3aTopa, YTO ITOJIOKHUTENb-
HO CKa3bIBaeTCs Ha U3/IepKKax Ha IOJydeHUe NPOIYKIUHN pU(pOPMHUHTa.

OCHOBHO# NPUYNHOH J1€3aKTHBAIMN KaTaJIH3aTOPOB pU(pOPMHUHTa SIBIIS-
eTCsl OTJIOKEHHE KOKCa M OJIOKHPOBKA MM aKTHUBHBIX HEeHTpoB. [1] Ha mep-
BOM CTaguu pereHepanuy IpoBOAAT yAaleHHe KOKca MOCPEACTBOM €ro BbI-
JKHUra, 1ocie ciaeayeT cTafus OKCHUXJIOPUPOBaHMs, BO BpeMsl KOTOPOH mpo-
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UCXOJUT AUCIEPTUPOBaHNE MIATUHBI HA IOBEPXHOCTH KaTaau3aTopa U BOC-
CTaHOBJICHUE €€ KaTaJIUTUYECKO aKTUBHOCTH.

Juis aHamm3a pereHepaioHHBIX IIUKIOB Ha Kadeape XUMHISCKON TeX-
HOJIOTHH TOIUTHBA ObLIa pa3paboTaHa mporpamma «PereHepariusi», mMO3BO-
JSIOIIAsl IPOBOJUTE pacdeT craauid mporiecca. OCHOBHBIMH TapamMeTpaMu
BBDKHTA KOKCa SIBJSICTCS OMpEIeNICHHE MAacChl BRITOPEBIETO KOKCa M yCTa-
HOBJICHHE €ro CTPYKTYphI o cooTHomeHmio C/H. Ha cragun oxcuxmopu-
POBaHUS pacueT IMO3BOJISIET ONPEAeIATh KIIOUEBBIC MapaMeTphl Ipoliecca
— ONTUMAJBHYIO TOAAYy XJOPOPTaHUKH B PEaKTOp, BOJHO-XJIOPHBIN Oa-
nauc. [2]

B xoze paboTel HEOOX0AMMO OBLIO IPOBECTH aHAIN3 PEreHEPAIMOHHBIX
ukioB ycranoBku JIU-35-11/1000, ompenenuTh OCHOBHBIE MapaMeTpPhI
CTaJui pereHeparyu.

B pesynbprare pacuera cramuu Bebkura kokca 3a 2010 r. Obutn moiyue-
HBI CIICAYIOIINE TaHHBIC:

Macca KOKca Ha KaTaju3aTrope coctaBmia 7676,57 kr (9,68 % macc.)
otnomenne C/H cocrasumno 2,00

Ha pucynke (Puc.l) mpencraBieHbl KpHBBIC Nepemnana TEMIIEpaTyp B

XOJIe BEDKHUTA.
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Puc.1. Tlepenan remmeparyp B peakropax JIU-35-11/1000, 2010 r.

T'openue B IepBOM U BTOPOM PeaKTOpax MPOTEKAIO MEHEe HHTEHCHBHO,
4eM B TPEThEM, O YEM CHBHJIETEILCTBYIOT MEHBIIIHME TIEPETa bl TEMIIEPATYP.
HaubGoibiiee BpeMsi ropeHuss HaOMIOIATETCS A TPETHETO PEaKTopa, 4To
yKa3bIBaeT Ha HAHOOJBIIYIO MacCy 00pa30BaBIIECrOCs B HEM KOKCa.

AHanu3upys aHaJIOTMYHbIE JaHHbIE 32 NPEbIIYLIUE pereHepaluoOHHbIe
kbl (Ta6.1) MOXKHO OTMETHTB, YTO B IIEJIOM C YBEJIMYCHUEM HOMEpa pe-
TCHEPAIMOHHOTO ITUKJIa HAONIOAeTCS TCHICHIUS K YIUIOTHEHUIO CTPYKTY-
pbl Kokca. CHIKEHHE Macchl KOKCa TOBOPUT O CTApEHUHU KaTajlu3aropa, B
X0Jie KaKJIOTO TIOCIEAYIOMIET0 CHIPHEBOT0 LHKIA YMEHBINACTCS MaKCH-
MAaJIbHO JOMYCTHUMAas Macca KOKCca Ha KaTalu3aTope.
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Ta6uuua 1. [Tapamerpsl BeiKHra Kokca Ha yeranoske JIU-35-11/1000
2001 2002 | 2003 | 2005 | 2006 | 2008 | 2009 2010

Macca

Kokca, |11686,72(12201,24|9101,54(13577,64|8568,3(7734,54|3720,53| 7676,57
KT

C/H 1,14 1,74 1,86 1,71 1,43 2 2 2

Takum o00pa3oM, NMpUMEHEHHE MOJOOHBIX MPOTPaMM B XHMHUYECKOH
TEXHOJIOTHH B HACTOSIIEE BPEMs OTHOCHUTCS K IMPOTPECCUBHBIM HampaBlie-
HUSAM Pa3BUTUSA XUMHYECKON NMPOMBINUIEHHOCTH. C MOMOILBIO KOMIIBIOTEP-
HBIX MOJICJMPYIOIIUX CUCTEM BO3MOXKHO MOBBIIIEHHE pecypcodhHeKTUBHO-
CTH COBPEMEHHBIX IIPOMBIIIICHHBIX MPEANPHATHIH HedTerazoBoit oTpaciu.

CnMcoK JTuTepaTypsl

1. Bamnos ILI. Ilpomeccsl mepepabotkn HedptH. — M.: HHUUTIHeDTEXUM,
2000. — 224 c.

2. Kpasuos A.B., Usanunna 2./, 'anymmn C.A., [Toxy6ospues [.C. CucremHbIi
aHaNM3 ¥ NMOBBIICHNE () QEKTUBHOCTH HedTenepepadaThIBAIOIINX IPOU3BOICTB
METOJIOM MaTeMaTHueckoro monenuposanus. — Tomck: Mza-so TITY, 2004. —
170c.

Pa3padoTka MeTOAUKH ONTUMAJIBHOM MOAA4H XJI0PA B PEKTOPbI
yCTaHOBKHU pu¢OpMHUHra B TeYeHHe ChIPbeBOro UKJIa Ha OCHOBE
yuyeTa akTHBHOCTH KaTajJu3aTopa

U.K. 3anun, B.B. /lepuznazoe

Hayunouii pykosooumens — 0.m.n., npogpeccop, 2./1. Heanuuna
Tomcxuti nonumexnuueckuu ynugsepcumem, 634050, Tomck, np. Jlenuna, 30,
deriglazoff@sibmail.com

B HaCTOAIIEC BPEM 6eH3HHBI SABIAKOTCA OOHHUM U3 OCHOBHBIX BUJIOB
TOPHOYCTO JJId )IBI/IFaTeJ'IeI\/’I COBpeMeHHOﬁ TCXHUKH, ITIO3TOMY HUX HIPOU3BOI-
CTBO WIpaeT BaXXHEHIYIO pOJIb B COBPEMEHHOH HedTemnepepabaTriBatomeit
MPOMBIIIJIEHHOCTH ¥ B 3HAYUTEIBHOM Mepe OmpeJessieT pa3BUTHE ATOM
OoTpaciiu. TToBBIIIEHNE OKTAHOBBIX XapaKTCPUCTHUK TOBAPHBIX aBTOMO6I/IHB-
HBIX OCH3MHOB B Poccuu oCyIIecTBIsIeTCs, B OCHOBHOM, 3a CYET Ipolecca
KaTaJIMTHYECKOT0 pU(OPMUHTA.

OnTuMu3aus KayecTBa MOTOPHBIX TOILUIUB OOYCIIOBIIEHA HEOOXOIUMO-
CTBhIO Pa3pabOTKH IKOHOMHYECKHA W TEXHHYECKA OOOCHOBAHHBEIX PELEITYP
CMCIIICHHS B COOTBETCTBUE C TPCOOBAHUSAMHE K KQ4ECTBY MOTOPHBIX TOILIHB,
obecrieynBaIIeMy MUHAMAIbHBIE HAPOIHO-XO3SHCTBEHHBIE 3aTpaThl Ha
WX TMPOU3BOJCTBO U NpUMeHeHne. D(H(HEKTUBHOCTD MPOIECca MOXKET OBITh
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BO MHOI'OM YJIy4lIEHa 3a CYET ONTHMH3aLUN TEXHOJOTHMYECKOTO PEeKHMa,
NpEeXIe BCETO 3a CUET MOJACP)KAHUS ONTUMAIBHONW aKTUBHOCTH KaTanu3a-
TOpa B X0Je ero sKciuryataiind. OCHOBHBIMH YIIPABIISIOIIMMY HapaMeTpa-
MH, C ITOMOIIBIO KOTOPBIX MOKHO BJIMATH Ha aKTMBHOCTh KaTalU3aTopa BO
BpeMs CBIPHEBOIO LIMKIIA, SBISIOTCS TEMIIEpaTypa M KOJMYESCTBO IOJaBaec-
MOTO B pEaKTOPHBIN OJIOK XJIOPOPraHMYECKOr0 KOMIIOHEHTA.

XJop, ancopOUpysACch Ha TOBEPXHOCTH KaTalM3aTopa, yBEINYMBACT aK-
THBHOCTB €T'0 KHCJIOTHBIX LICHTPOB, YTO CIIOCOOCTBYET YBEIHMUYCHHIO CKOPO-
CTH LIeJIEBBIX M MOOOYHBIX peakiuid pudopmuHra. Ilpu sToM cymiecTByer
HEKOTOpOE ONTUMAaJbHOE KOJIMYECTBO XJOpa Ha MOBEPXHOCTH KaTanu3aTo-
pa, MpH KOTOPOM JOCTHUIaeTcs HauOOoJbIIas CENEKTUBHOCTh M KauyeCTBO
HOJIy4eHHOT0 NMpoaykTa. KonuuecTBo XJ10pa Ha IIOBEPXHOCTH KaTaau3aTopa
ompeensercs TepMOJIUHAMUYECKAM PaBHOBECHEM IIpoLiecca XeMOcopOIuu
aTOMOB XJIOpa M 3aBUCUT. OT MOJILHOI'O COOTHOIICHHS BOABI U XJIOPOBOJIO-
poza B peakUMOHHOM 0oObeMe, OT TeMIepaTyphl B CJOE KaTalu3aTtopa, a
TaKKe OT CTENeHU JEe3aKTHBAIMU KaTAJIUTHYCCKOH MOBEPXHOCTH B CIEI-
CTBHE KOKCOOOpa30BaHMs, OTPABICHUS U CTapeHHs KatanuzaTtopa [1, 2].

Takum 00pa3oM, MOSABISETCS BO3MOXXHOCTH ONTHMH3AI[MU TEXHOJIOTH-
YEeCKOro pexuma paboTsl ycTaHOBKH pudopmunra JIY-35-11/1000 3a cuer
W3MEHEHHUS IT0JJaYH XJIOPOPTaHWIECKOTO pearcHTa.

& ana nepeoro peaktopa M ANA TPETLETD pEaKTOpa
1.1
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Puc. 1. KonmmaectBo XJIOpa Ha MMOBEPXHOCTH KaTajin3aTopa B 3aBUCUMOCTHU OT MOJIb-
HOI'0 COOTHOIICHUA XHOpOBOI(OpOI{/BOI{a

Hoaaqa XJIOPOPraHUYEeCKOro areHra B HepBHﬁ PEAKTOp MPUBOJAUT HE
TOJIBKO K YXYIAUICHUIO CTaOUIBLHOCTH paGOTLI KaTajau3aropa, HO U K yXya-
MICHUIO CCJICKTUBHOCTH IIpoOLEcCa B LICJIOM. HeI[OCTaTOK XJIOpa Ha MOBEPX-
HOCTH KaTaJinu3aTopa B TPECTbEM PCAKTOPEC NPHUBOAUT K CHUIKCHUIO OKTAHO-
BOTI'0O 4HcCJia.
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[IpoBeneHHble HccIeqOBaHUS TTOKa3aJId BO3MOXKHOCTD PEIICHHUS 3a/auu
ontuMu3anuu padotel ycraHoBkd JIU-35-11/1000 mpexnae Bcero 3a cyer
BO3JCHCTBYS Ha YIpaBILIOLINE MapaMeTphl Ipolecca pudopMuHra — Ko-
JIMYECTBO TI0JJaBaEMOT0 B PEAKTOPHBII OJIOK XJIOPOPTaHUYECKOTO pearcHTa.

[Noy4yeHHBIe TaHHBIE O COCTOSHUH KaTaJlM3aTopa — €ro akTUBHOM HO-
BEPXHOCTH, COACPKAHWU KOKCAa U XJIOPA, ITO3BOJISAT COBEPIICHHO HAJEKHO
KOPPEKTHPOBATh O3UPOBKY XJopa W BOXBI, obecredrBas ONTHMAaJbHOE
colepXaHHe XJopa Ha KaTtammsartope B mpenenax 0,9-1,2 % mac. Meron
MAaTEMAaTHICCKOT0O MOACINPOBAHUA MMO3BOJIACT MPOBOAUTH OLICHKY HapyIlc-
HHSI BOJHO-XJIOPHOTO OajlaHca B cucTeMe pu)OpMUHra U KOPPEKTUPOBAThH
10/lauy XJIOPA B PEaKIIMOHHYIO 30HY.

CnMcoK TuTepaTypsl
1. Tapanmn [A.U. Karamuruueckuii pudopMuHr OeH3MHOBBIX (pakuuii. — Kpac-
Homap: HITIT «Hadt», 1996. — 89 c.
2. Macnsguckmii I'.H., lammpo P.H. Kartanutuueckuiit pudopMuHT OCSH3HMHOB. —
JI.: Xumus, 1985. — 65 c.

HccaenoBanue npouecca 0TCTANBAHUSA
BOJAOHE(PTAHBIX IMYJIbCHIA

JI.B. Kanycmuna

Jloyenm xageopor XTT E.A.Kysvmenro
Tomcxuti nonumexnudeckuu ynusepcumem, 634050, Tomck, np. Jlenuna, 30,
lubal703@rambler.ru

[Tockonbky BogoHE(DTsAHAS dMYILCUS MPEACTABISET COOOM HEYCTOWYIHU-
BYIO CHCTEMY, TATOTEIOIIYI0 K 00pa30BaHHIO MHHHMAJIbHOIN MOBEPXHOCTH
pa3zena a3, BIOJHE €CTECTBEHHO OXXHIaTh HANWYHME y HEe CKIOHHOCTH K
paccioeHno. OHAKO B PEaNbHBIX YCIOBHUSAX JKCIUTyaTalluu HeTemxo0bI-
BaIOIIEro 000PYA0BaHUS BO MHOTHX CIIy4asiX 00pa3yroTcsi SMYyIbCUH, 00Ja-
JTAIOIINE BBICOKOW yCTOWYHBOCTHIO. K mpuunHaM, 00yCIIaBIMBAIONIUM ar-
PETaTHBHYIO YCTOHYUBOCTh HEQTSIHBIX 3MYIIBCHIA, OTHOCST:

— o00pa3oBaHHE CTPYKTYPHO-MEXaHUIECKOTO CJIOSI IMYJILI'AaTOPOB HA

Mesk(ha3HOH rpaHulle TI00YI;

— o0pa3oBaHue JBOWHOTO JIEKTPHUUECKOTO CJIOSI HA TOBEPXHOCTH pasjieria

B ITIPUCYTCTBUN MOHU3UPOBAHHBIX DJICKTPOJIMTOB,

— TEepMOJIMHAMUYECKHE TPOILECCH, MPOTEKAIOIINE Ha IOBEPXHOCTH TJI0-

Oyn mucTriepcHOM (asbl;

— pacKIMHMBAIONICE JaBJICHIE, BOSHUKAIOIIEE IPU COMMKEHUN TII00YTT

JUCTIEPCHOM (ha3bl, HOKPBITHIX aCOPOIIOHHO-COIBBATHBIMHU CIOSAMHU.
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B ocHoBe nporecca 00e3BOKMBAHMS JIEKHUT pazpylleHue (ecradbuinza-
11s1) He(PTSHBIX SMYJIbCUI, 00pa30BaBIINXCS B pe3y/bTare KOHTAKTa HeTH
C BOJIOH, 3aKaYMBAacMOM B IIACT YepEe3 HATHETATEIbHBIC CKBAKHIHBI.

Lenpto paboTHI SBIISETCS MCCIEIOBAaHNE BIMSHHUA Ha MPOILECC OTCTaH-
BaHMS BOJOHE(TIHBIX 3MYIbCHH HAa4aJIbHOW OOBOAHEHHOCTH, PEXHMa IIe-
pEMEIINBAHUS NPU UX MPUTOTOBICHHUH, TEMIEPATYPhl, HATUIHE JCIMYIIb-
raropa U (pU3UKO-XUMHUYECKUX CBOMCTB caMux HedTei. B manHoi pabote
MPOBOAATCS 3KCICPUMEHTAIbHBIC NCCIEIOBAHNSA 110 OTCTANBAHUIO BOJOHE-
(TSHBIX SMYJIBCHH TPUTOTOBJICHHBIX MPH ABYX PEXKHUMAaxX MEPEMEIINBaHHS C
pasnuuHO# HavanbHOU 06BomHEHHOCTRIO (10 %,20 %,30 %) npu aByX TeM-
nepatypax (20 °C u 40 °C) ¢ nesmynbpratopom u 6€3 Hero.

OMyJIbCUH, OTCTaMBaHHE KOTOPBIX HCCJIEIOBAJIOCH B JIAaHHOW pabore,
TOTOBWJIOCH JUIsl JIBYX OTJIMYAIOIIMXCSI MO cBoWcTBaM He(Tel: Bepxhe-
Canarckoit u 3amagHo-JlyruHenkoil. ®OU3HKO-XUMHUYECKHE CBOWCTBA
HeTel onpeaesuIicy SKCIepUMEHTAIBHO.

Hedtrs Bepxue-Canarckas mpu temmeparype 20 °C He oTcramBaercs,
TaK Kak M3-3a2 OOJBLIOTO coaepkaHus mapaduHOB 3acThiBacT. OnTHMaTh-
HOW TeMIlepaTypoi oTcTamBaHWs s AaHHOUW Hedtu sBisgercs 40 °C. s
3ananHo-JIyruHenkoil HedTH OBUIM TOJIyYEHBI CIEAYIONINE PE3yJbTATHI.
OMyIBCHUH, TPUTOTOBIICHHBIE HA OCHOBE 3amamHo-JIyruHenkoit HedTH, HE
MOJIBEpraBIecss 00pabOTKe edIMYyIbraTopaMu OKazajauch cToikumu. [Ipu
20 °C HHM 0/IMH M3 MPUTOTOBJICHHBIX 00pa3loB He pacciouics. CTOHKOCTh
SMYJIbCUH HMPUTOTOBICHHBIX Ha OCHOBE 3amajnHo-JIyruHerxoid HedTH, HE
nojBeprapueiics 00paboTKe AEIMYyIbraTOpaMH OKa3alHuCh CTOHKHMHU.
CTOUKOCTh SMYNbCHI MPHUTOTOBIEHHBIX HA OCHOBE 3amaaHo-JIyruHenkoi
He(TH CBSI3aHO C IOBBIIICHHBIM COJEP)KAaHWEM IUICHKOOOpa3yIoMnX KOM-
MIOHEHTOB, KOTOpble 00pa3yioT OpOHHpPYIOIIKE 000JIOYKH Ha TII00yIax BO-
JIbI TIPETISITCTBYST KOAJIECIICHIINH KaIlellb.

B xoze sKcrIepuMeHTOB OBIJIO YCTAHOBIIEHO, YTO C HOBBIIICHHEM TEMIIe-
paTypbl B 3HAUMTEIBbHON Mepe yIydIIAloTCsl YCJIOBHs OCAXKICHUS Kalelb
BOJIbI. MajioiucriepcHble AMYJIBCHHU, T€ KOTOPbIE OBLIM IPUTOTOBIIEHBI NIPH
Gonee cmaboMm pexuMe NepeMeIINBaHus, MPHU MPOYNX PABHBIX YCIIOBHSIX,
OKa3aJINCh MEHEE CTOHKHMMH IO CPaBHEHHMIO C BBICOKOAMCIIEPCHBIMHU. Jliist
HHUX OCTaTro4yHasi 00BOJHEHHOCTh Ha 1-3 % MeHbllle ueM I BBICOKOHC-
nepcHbIX.Jlo0aBieHne nedMynbraropa MPUBOAUT K TOBBIMICHHIO 3 QeK-
THUBHOCTH TIpOIIecca.

CnMcok JuTepaTypsbl
1. Tpouos B.IL, I'paiidep B.1. O6e3BoxuBanue u odbecconnBanue Heptu. — Ka-
3aHb,1974. — 184c.
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2. BinusHME XMMHMYECKHX DEareHTOB, NPHMEHSAEMbIX NpH JoOblue HedTH, Ha
YCTOHYMBOCTh BOJOHEDTAHBIX dMynbcuit/D.P. T'ybaiinynmun, O.C. TarpsnuHa,
T.®. Kocmauesa u ap.//Hedrsiroe xo3siictBo. —2008—Ne8—c.68—70.

3. Cemuxuna JLII. TlogGop 1eIaMyIbraToOpoB ¢ y4ETOM TEMIIEPATYPHOTO PEKHMa
noaroroBku Hedtn// HedrsiHoe x03s1ticTB0.—2003.—Ne9.—¢.89-91

OnTuMM3aNHs KOHCTPYKIUH PEAKTOPHOI0 6JI0KA YCTAHOBKH
JI-35-11/1000 ¢ npuMeHeHHEM MAaTEMATHYECKOI MOIeTH

A.I'. Kapaxynoes

Hayunwuii pykosooumens — 0.m.u., npogpeccop, 2. Jl. Heanuuna
Tomckutl nonumexuuyeckuii ynugepcumem, 634050, Tomck, np. Jlenuna, 30

B nHacrosmiee Bpemsi 00bIIOe BHUMAaHHUE YAEISIETCS COBEPIICHCTBOBA-
HHUIO TEXHOJIOTHH KaTalMTHIeCKOro pruopMUHTa OCH3MHOB Kak 0a30BOTO
npouecca noJiydeHust BBICOKOOKTAHOBBIX KOMIIOHEHTOB MOTOPHBIX TOILJIUB.
D¢ddekTuBHOCTE Mpolecca B 1EJIOM MOXKHO MOBBICHTH 3a CUCT Pa3pabOTKH
1 BHCAPCHUA HOBBIX KAaTaJIM3aTOPOB M COBCPHICHCTBOBAHUSA TEXHOJOTIHYC-
CKOT0 000pyIOBaHUSI.

I/ISBeCTHO, YTO B HACTOAMIICEC BPEMS OOJIBIIMHCTBO YCTaHOBOK KaTaJIUTH-
4eCKOro pu(GopMHUHIa OCHAIICHO PEaKTOpaMH C PaJHalbHBIM HalpaBlICHH-
€M IBIDKEHHS Ta30CHIPbEBOM CMecH. [ TaBHOE TIPEHMYIIIECTBO 3TUX PEaKTO-
POB TIepe]] peakTOpaMHy ¢ aKCHAJIBHBIM BBOJIOM CBIPbSI — HHU3KOE THPABIIH-
YEeCKOe COIMPOTHBIICHHUE cios Katamuzatopa [1]. DddexTuBHOCTH pabOTHI
paIuaNbEHOTO PEaKTOpa OIpEeNeNsieTCs CTENEeHBI0 HCIONIB30BaHUS 3EpHA
KaTaJln3aTopa, KOTOpas 3aBHCUT OT PABHOMEPHOCTH PacHpeIelICHHs TOTOKa
ra30ChIPHEBOIl CMECH 10 €r0 CIIOI0, B IIEPBYIO 0YEPEb, 110 BHICOTE.

Bce oredecTBeHHBIE M 3apyOEKHBIE PEAKTOPHI PagHATBFHOIO THMA IS
MpoIecca KaTATUTHIECKOTO pUGOPMUHTAa OEH3UHOB OBUTH CIIPOCKTHUPOBAHBI
C HamIpaBJICHHEM Ta30CBIPHEBOTO MOTOKA OT Hepudepun kK meHtpy. OrTMe-
TUM CIIeIyIOIIHE HEOCTATKH PEaKTOPOB 3TON KOHCTPYKIIMU:

— TIpH ABWKEHHUHU TIOTOKA OT Nepu(eprH K IEHTPY PEaKTopa KOIUIECTBO
KaTaJM3aTopa yMEHbBIIAETCS, TPU 3TOM CKOPOCTh XMMHUUECKON PEaKIIuK
Ha MOBEPXHOCTH KaTall3aTopa B 3TOM K€ HalpaBJICHUH CHIKAETCS
BCJIC/ICTBHE TOPMOXKEHHS IIPOTyKTaM1 peaKuunii;

— HaOIIoMA0TCs THAPOANHAMUYECKIE HEPABHOMEPHOCTH B TEUEHHH pea-
TEHTOB, KOTOPBIE MPUBOJAIT K TOMY, YTO Pa3JIMYHbIE CIIOM I'a30ChIphbe-
BOTO TIOTOKA UMEIOT pa3jInuHOE BpeMs IpeObIBaHNS B PEaKLIHOHHOM
30HE. DTO OTPHUIIATEIFHO CKA3BIBACTCS HA MOKA3aTe X paboTHI amra-
paToB, 0COOCHHO 11 MHOTOKOMITOHEHTHBIX CMecel B armaparax ¢ u3-
MEHSIOIIENCS aKTHBHOCTRIO KaTaiau3zaropa [2];
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— Habmozaercs Oaifrac BEpXHUX CJIOEB KaTaln3aTopa, COCTAaBISIoMMiA 9—
22 % (MepTBOE IPOCTPAHCTBO KAaTalIU3aTopa);

— HEpaBHOMEPHOE OTJI0)KEHHE KOKCa Ha MoBepXHOCcTH Pt-KoHTakTa 1O
CJIOSIM M3-32 CYIIECTBCHHOTO Pa3INdus CKOPOCTEH ITOTOKA MPH JBIKE-
HHUH B paJfaJbHOM HAIIPaBJICHUH U TEMIICPATyphl BCIECICTBHE HEU30-
TEPMHYHOCTH IIPOIIECCOB.

OmHAM U3 CTIOCOOOB YCTpaHEHHWsS NAHHBIX MPOOJIEM SBIAETCS W3MEHe-
HHE HalpaBJICHUs TIOTOKA ra30ChIPhEBON CMECH Ha OOPaTHBIA — OT IIEHTpa
K nepudepun. B 3ToM ciydae 1o Mepe IpOoABMKEHHS ra30ChIPEBOM CMECH
KaTaJIn3aTOPHBII CIION pacuIupseTcsa, U YMEHBIICHUE aKTUBHOCTH KaTajH-
3aTopa M3-3a CHMXKECHHS TEMIepaTyphl YaCTUYHO KOMIICHCHUPYETCS YBEIH-
YeHHEM BpeMEHHU KOHTakTa. HepaBHOMEpHOCTH MOJS TemIeparyp, a, cie-
JIOBaTEJIbHO, KOHBEPCHU YIJIEBOJOPOJOB TP JBIKEHUM OT IIEHTpa K Iie-
pudepun OyneT CymiecTBEHHO HMKE. YBEJIMYEHHE TeMIIepaTypHOro Iepe-
najga B BEPXHEH YaCTH PEaKTOpa CBUIETENHCTBYET 00 yMEHBIICHHUH HEpa-
6odeil 30HBI BEPXHETO CIIOS KaTaln3aTopa, MO3BOJISSA YBEIHYUTH CTCIICHD
HCIIOJIB30BaHM IUIATHHOBOI'O KOHTAKTa ¢ 86 10 95 %.

C ucrons30BaHueM pa3paboTaHHOH paHee Ha kadenpe XTT mMHOr030H-
HOHM Mozieny ObUIM MPOBEJICHBI pacueThl IToKa3arelieil paboThl peakTOpHOTO
omoka ycranosku JI-35-11/1000 Auurckoro HII3 B cirydae peKOHCTpYKIIUH
peakTopHOro OlOKa M M3MEHEHHs HAIpaBJICHHSA IOJAa4YH Ta30CHIPHEBOIO
MOTOKA OT LIEHTPA K MepuQepHu.

B pesynbrare npoBENECHHBIX HCCIENOBAHUN, PACCMOTPEHHBIH BapUaHT
PEKOHCTPYKIIMH MO3BOJISIET YBEIHMYUTH BBIXOJ CTaOMIBHOTO KaTaju3aTa Ha
3,6 %. YBenuueHue BbIX0/1a BOAOPO/IA MO3BOJISIET FTOBOPHUTH O CEJIEKTUBHOM
MPOTEKaHWU LEJNEBbIX PEaKIUi NeTUAPUPOBAHUS U ACTHIPOLMKIN3AINH.
Hapsiny co cHmkeHuneM o01ero cojep)kaHusi KOKca Ha MOBEPXHOCTH KaTa-
mm3aropa (0,8 % macc.), mpoucxoaut Oojiee paBHOMEpHas e3aKTHBALIHS
KaTaJIu3aTopa MpH U3MEHEHNH HalpaBiIeHUs ABWKEHUS IOTOKa, YeMY CBH-
JIETEJILCTBYET OoJiee BBICOKAsh aKTUBHOCTh KaTalll3aTopa Iociie IepeoOBsi3-
Kku (B cpeaHeM BoIe Ha 12 %). [ToBbIlieHNe aKTHBHOCTH TaK e CBSI3aHO C
YMEHBIIICHHEM Oaifllaca KaTann3aTopa B BepxHEH dacTh peakTopoB. CHH-
KEHHE BXOIHOM TeMIlepaTypsl B peakTopsl Ha 6 °C, mpu cOXpaHEHUH Kade-
CTBEHHBIX XapaKTEPHUCTHK IOJIy4aeMoro pudopmara, MPUBOANUT K CHIDKE-
HUIO O0IIEH KEeCTKOCTH IpoIiecca, YTO MO3BOJISET MPOUIHTE PaOOYMid UK
karanu3atopa B 1,17 pa3 (o mporHO3HBIM pacueTaM Ha MojenH). Takum
o0pa3oM, TepeoOBs3Ka MO3BONSAET CYIIECTBEHHO YBETHYUTH TNPOIYKTHB-
HOCTH JICHCTBYIOIIEH YCTAHOBKHM IIPU JIOCTATOYHO HU3KHX KallUTAIbHBIX
BIIOJKCHHUSIX.
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Hccaenopanusi BJAMSHUSA TEXHOJOrn4ecknx GakTopoB Ha
CBOMCTBA TOP(O-yroJibHBIX GOPMOBOK

A. A. Kapanoawes

Hayunvui pyxosooumens — ooyenm C. I'. Macnos
Tomckuti nonumexnuueckuu ynusepcumem, 634050, Tomck, np. Jlenuna, 30,

ITpu mpuMeHeHNH Ha IIaXTax U pa3pe3ax KOMOaiHOB, POTOPHBIX IKCKa-
BaTOpax, CKPeOKOBBIX KOHBEHEPOB, MOTPY304HO-PA3rPy30YHBIX M TpaHC-
MOPTHBIX MEXaHU3MOB 00pa3yeTcsi OOJIBIIOE KOJIMYECTBO YTrOJILHOM Meio-
uyyi. BO3HHUKAIOT TPYyIHOCTH MPU XPAHEHUH TAKOrO TOIUIUBA, €r0 TPAHCIOP-
TUPOBKE, YXYJIIAIOTCS €ro 3KOJIOTMYEeCKHE XapaKTepUCTUKHU. JlomonHu-
TeJIbHOE 00pa30BaHUE MEJIOYH ITPOMCXOAUT NP XPAHEHUH M3-32 UX CKIIOH-
HOCTH K BBIBETPHMBAHHMIO M CaMOBO3TOPaHHIO. TOIUIMBO C MOBBIIIEHHBIM
COJIEp)KaHWEM MENKHX (pakiuii, BIIOJHE MPHUIOJHOE YISl TEIUIOBBIX JJIEK-
TPOCTAHIUH C NBUICBUIHON CUCTEMOM COKUTaHUsl, HE MOXKET YIOBJIETBOPATh
KOMMYHAaJIbHO-OBITOBOE X034HCTBO M3-3a CPAaBHUTEIBHO HU3KOT'O KIIJI.

B macrosmiei pabote mpencTaBiIeHBl pe3yIbTaThl 3KCIIEPUMEHTAIBHBIX
WCCIIEIOBAaHUK 10 TIOIYYEeHHIO KYCKOBOTO TOIUIMBa W3 YA AHXepo-
CymXEeHCKOr0 MECTOPOXKACHUS C IMPUMEHEHUEM B KAueCTBE CBS3YHOLIETO
Topda, XapaKTepUCTHKA KOTOPOTO MpECTaBIeHa B TaOJIHUIIE.

Tadamuna — XapakTepucTuka 00bEKTa UCCIICIOBAHUS.

Crenenn pa3-
llugp 06- | Toppsnoe mecro-| Topda | BuaTopda NOKeHHs1
pa3ua poKIeHnEe o
R, %
902-7 XKapkosckoe-3 HHU3HMHHBIN TPaBAHo” 25
OCOKOBBIH




w
=~

Cekuma 4. TexHonorua n MoAenupoBaHne npoLeccos
noAaroToBKA U nepepa60TKV| NPUPOAHbLIX 3HEpI’0HOCVITEJ'IEI7I

[
a ~ B

00

TS

o

NPOYHOCTb Ha pasgaBnmBaHune, Kr/cm?
(=2

creneHb nepepaboTku, pa3s

1

2
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B orGopHOM 00pasiie yriist onpeaessiiu
conmepxanne Biaaru mo ['OCT-27314-91,
3ompHOCTE M0 'OCT — 27314-91. B 06-
pasmax Topda Oputa ompeneneHa pabodas
BinaxHoCcTh 1o 'OCT-27315-91.

N3 MCXOOHBIX MaTepHaloB HOJYYaIn
KyCKOBBI MaTepual MeToIoM (popMoBa-
HHA. B momy4deHHBIX GpopMOBKax MEHSIIOCH
COJICp)KaHUE YIS, HMCXOJHAs BIAXKHOCTD
Topda, cTeneHp nepepadoTKH, KOJINIECTBO
yris ¥ pasMepsl 3epeH yris. Ilonydyennsie
(hOPMOBKH BBICYIIUBAJIHMCH J0 BO3JYIIHO-
CYXOro COCTOsAHHA, U B HUX ONPECACIAIOCH
W3MEHEHHE Beca W pPa3MEpOB, a TaKkKe
MPOYHOCTH METOJIOM pa3JaBINBaHUsL.

Pesysbratel npozenaHHO paboTHl Ipa-
(hrueckn 300paKeHbI Ha pUCYHKaxX 1—4.
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Puc.2. 3aBUCHMOCTH MTPOYHOCTH (POPMOBOK OT BIAKHOCTH TOpdha



XII Bcepoccuitckasn HayuHo-NpaKkTUUeCKas KOHGEPEHLNA CTYAEHTOB U MONOABIX YUEHbIX
«Xumma n xummueckas Textonorus B XXI seke», TNY, Tomck, 2011 35

~1

- —

@

MpoYyHoCTb Ha pasgaBnMBaHue,
o kriem?

~

0 1 2 3 4 5 6 7 8 9 10 M
Pasmep 3epeH Yris Mo cuto, MM

Puc.3. 3aBHCUMOCTb IIPOYHOCTH Ha pa3aBIMBaHKE OT pa3Mepa 3epeH yIiis

%3
o

2

A%y
=

Kr/cm

b

NPOYHOCTL Ha pasfgenyBaHue,
o N O 0 O N

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Konuyecteo yrns, %
Puc.4. 3aBucuMOCTh IPOYHOCTH OT KOJIMYECTBA YTIIS

Hcxons W3 mpeAcTaBIEHHBIX PE3yJIbTATOB MCCIEIOBAHMSA, MOKHO JIaTh
PEKOMEHAAINH [T TOTy4IeHUsT (POPMOBAHHOTO MaTepHaa.

1. BrgBneHo, uro Hamboiee MPOYHBIE (POPMOBKH IOITYHAIOTCS TPH
TPEXKpaTHOHN CTeTeH: nepepaboTke cMecH B JUCIIEPTUPYIONIEM YCTPOHCTRE.

2. CregyeT OTMETUTh, YTO KYCKOBOE TOIUIMBO MOKHO IONTy4YaTh IPH
nmobaske yrist ot 30 % 1o 70 %

3. VYcranorneHo, uro npu 80 % BIaKHOCTH MCXOIHOTO TOpda HaOIIO-
JaeTcs HauOOJIbIIAas MPOYHOCTh TOP(O-YroJbHBIX MATEPHAJIOB HAa COIPO-
TUBJICHUE Pa3aBINBaHHUIO.

4. Tlpm wm3MmenpyeHUW yrias monx cuto 10MM Tonydaercs Hambomee
MPOYHBIN KyCKOBOW MaTepual.
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I[HoBbimenne pecypcodpGpeKTHBHOCTH PaGOThl PeaKTOPHOI 0
0J10Ka JernIpUpPOBaHUsI BbICIIUX NapapuHOB
npousBoacrea JIAb

M.B. Kupzuna, H.M. /lonzanos, C.B. Cemaxun

Hayunwuii pyxogooumens — 0.m.H., npogpeccop 3./]. Heanuuna
Tomcxuti nonumexnuueckuu ynueepcumem, 634050, Tomck, np. Jlenuna, 30,
IceFlame@sibmail.com

PaboTa cCOBpeMEHHOTO POMBIIIIICHHOTO TPEANPHUATHS HEBO3MOXKHA 0€3
MIMPOKOTO NPHUMEHEHHA HH()OPMAIMOHHBIX TEXHOJOTHH [UI Pa3JIMIHBIX
nenei, koMnbpioTepHble Moaenupyrome cucteMbl (KMC) ocymecTBisioT
HETIPEPhIBHBI MOHHTOPHHT ¥ aBTOMATH3MPOBAHHBIH KOHTPOJIb DPabOTHI
TEXHOJIOTMYECKUX YCTAaHOBOK. MaTeMaTndeckoe MOJCIHPOBAaHNE IPOMBIII-
JICHHBIX IIPOIIECCOB OTKPBIBAET IIMPOKHE BO3MOXKHOCTH COBEPIICHCTBOBA-
HHS CYLIECTBYIOIIMX TEXHOJOTHH 0e3 HeoOXOJMMOCTH TPOBEACHHS I0PO-
TOCTOSIIIMX U TPYIOEMKHUX HCIIBITAHUM.

OpnsuM U3 Haubolsiee AMHAMHYHO Pa3BUBAIOIIMXCS IIPOU3BOJCTB B MHpE
SIBTISIETCSl CHHTE3 JIMHEHHBIX ankuiOeH30s0B (JIAB), OCHOBHOTO ChIpbs AJist
MPOU3BOCTBA OBITOBBIX M NMPOMBIIUICHHBIX JAeTepreHToB. [loBrImeHne pecyp-
c0o3(PEKTUBHOCTH JAHHOTO IIPON3BO/ICTBA SIBIISETCS KPAHHE aKTyalIbHBIM.

IIpomeimuteHHbIH KOMITIeKe st orydeHus JIAD Brirouaet B ceOs Tpu
TEXHOJIOTUYECKH CBS3aHHBIX PEAKTOPHBIX OJIOKAa: JETHAPUPOBAHUS Mapa-
(uHOB 10 0Ne)UHOB, THAPUPOBAHHS AHOICHUHOB, M ANKIITUPOBAHUS OCH-
3oma onedpuHamu ¢ moxyueHuem JIAB [1]. B mpomecce nermppupoBanHus
MPOEKTOM IIPHHATA CPAaBHHUTEIHHO HU3Kas KOHBEpCHs MapauHOB — IO-
psanka 10 % [2]. [ns Gonee 3pekTUBHOTO MCIOIB30BaHHS CHIPHEBBIX pe-
CypPCOB BO3MO’KHA OpTaHM3alMs PEUMPKYJISAINHA HENpOpearupoBaBIINX Ia-
pacduHoB.

J1 paccMOTpeHHs pa3MUYHBIX BapHAHTOB OPTaHU3AIMH PELUKIA CHI-
pBsi ObUT pa3paboTaH AOMOIHHUTENBHBIM MOAYINE pacueTa PerupKyJISIA K
paspabortanHoii Ha kadeape Xumudeckor Texnomornn Tommuea KMC
«LAB-LABS». Co3naHHbIH IporpaMMHBIA KOMIUIEKC Oa3upyeTcs Ha puzn-
KO-XUMHYECKON CYIIHOCTU MPOTEKAIOUINX MPOLIECCOB, YUUTHIBAET MIPOLEC-
CBl JIC3aKTHUBAIlMN INPUMEHSEMBIX KaTalnu3aTOpOB M BIMSHHE Pa3INYHBIX
TEXHOJIOTHYECKHX MTapaMeTpPOB.

C nomomrsio pazpadoranroit KMC ObUIO yCTaHOBIICHO, YTO ONTHMAIh-
HOM J10JI€ll TOTOKA OTBOJMMOIrO Ha PELUKI OT OCHOBHOI'O IIOTOKAa — COOT-
HOIIICHWE PELUPKYIANNH, sBiIseTcst cooTHomenne pasHoe 0,3. Ilpu Takom
COOTHOIMICHUN PELUPKYJSIIIMU JOCTUTACTCS YBEIMUCHNE BBIXOAA OJE(HHOB
npubmmsuTensHo Ha 40 kxr Ha TOHHY ChIpbs (Ha 45 %) mpu yBenWYeHHUH
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BBIXOJIa MOOOYHOTO MpOAyKTa — auoiicpuHoB MeHee yem Ha 0,5 kr Ha
TOHHY CBIpbs (pHC. 1).
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Pucynok 1. Bnusaue cOOTHOMECHUS pEIUPKYIILIH
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Fme  omHMM  NEpCHEKTHBHBIM  HAaNpaBJICHHWEM  MOBBIIICHUS
3¢ pekTuBHOCTH PabOTHI PEaKTOPHOTO OJIOKa JETUAPHPOBAHUS SIBISCTCS
BKJIIOUCHHE PE3EPBHOTO  peakTopa B  MapaulelbHyl0 paboTy cC
neiictyromuM [3]. C HOMOIIBI0 MPOBEICHHBIX Ha MPOIpaMME pacdeToB
OBUTIO YCTAHOBJICHO 4YTO IIEPEXO] Ha ABYXPEAKTOPHYIO CXEMY ITO3BOJISIET
YBEJIMYUTH BBIXO 0JicUHOB Oosiee ueM Ha 40 %.

D¢ deKTUBHOCTD JII000r0 MPOMBILIUICHHOTO MPOIIECCa B 3HAYUTEIHHOM
CTETEeH! 3aBUCHUT OT HCIOJIB3yeMOro obopymoBaHus. [l pemieHHs mpo-
6yeMBI HEZOCTATOYHOTO HarpeBa CHIPhS Mpoliecca JeTHAPUPOBAHUS Tapa-
(hMHOB, BBI3BAHHON TEM, UTO KOXYyXOTPyOdaThI TEIUIOOOMEHHHK HE OCY-
IIECTBISIET pacyeTHBIN TeII000MeH Oblla pa3paboTaHa METOJMKa pacdera
TEIJIOOOMEHHOTO 00OpPYIOBAaHHS PEaKTOPHOIro OJIOKAa JernApHpOBaHuS,
BKJIFOYAOIIET0 B ce0s TeINI0OOMEHHBIH anmapaTr U TpyO4aTyio nedb, H Co-
3[1aH COOTBETCTBYIOIIUIA MPOTPAaMMHBIH MOJYJIb.

C noMomipio MporpaMMel OBIJIO YCTAHOBJIEHO, YTO 3aMeHa KOXKyXOoTpyO-
4aToro TEIUNIOOOMEHHUKA Ha aHAJOTMYHBIA MO XapaKTePUCTHKAM IUIaCTHH-
YaThI{ anmapar MO3BOJMT YBEIMYUTh MaKCUMAJBHYIO TeMIIepaTypy Harpe-
Ba coipbsi Ha 70 °C, 4TO TO3BOJIUT CHHU3UTH H3OBITOYHYIO TEIUIOBYIO
Harpy3Ky Ha TpyOd9aTyro me4yb W JacT BO3MOXKHOCTH HCIIOJIB30BaTh MMEIO-
IIMEeCs PECYPChI TeIUIa ISl HarpeBa JOMOTHUTEIHHOTO KOJIUYIECTBA CHIPhSI.

Takum 00pa3zoM, MaTeMaTHYECKOE MOJEIHPOBAHHE SBISAETCS YAOOHBIM
WHCTPYMEHTOM JUIS COBEPIIEHCTBOBAHIS TPOMBIIUICHHBIX TEXHOJIOTHH.

CnHcoK TuTepaTypsl
1. Kpasuos A.B., UBanunna 3./1., Kocrenko A.B., Kocrenko A.B., FOpseB E.M.,
beckos B.C. // Karanus B mpomsiiuienHocTH. 2008. Ne 6. . 41 — 46.
2. Bbannos ILI. IIponeccer nepepabotku vedtu. M.: THUNUTOHedTexnm, 2001.
3. Kpasuos A.B., UBanunna D.]1., 3yes B.A. u np. // Hedrenepepaborka u Hedre-
xumus. 2008. Ne 2.
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MartemaTu4yeckoe MOJIeJIMPOBAHUE PEAKTOPA
rujipoodeccepuBaHus Iu3eJIbHOI (ppakiun HedTH

B.A.Kouenos

Hayunwvui pyxogooumens — x.m.H., accucmenm, H.HU. I[loeaoaesa
Tomcxuii nonumexnuueckuu ynueepcumem, 634050, Tomck, np. Jlenuna, 30,
x111xx@sibmail.com

IToBceMecTHOE yKeCTOYCHUE TPEOOBAHUN K COACPIKAHHIO BPEIHBIX CO-
eZLI/IHeHI/Iﬁ B BBIXJIOIIHBIX I'a3ax aBTOMO6I/IJ'H)HI)IX I[BHFaTeHeﬁ 3aKOHOMEPHO
IMPUBEJIO K HeO6XO}11/IMOCTI/I BBCICHUA HOBBIX cneumbnxauﬂﬁ Ha MOTOPHBIC
TorumBa ', B CBSI3M ¢ 9THM POJIb MPOIECCOB THAPOOUNCTKH 3HAYHTENHHO
BO3pOCIIa ¥ KapHHAIBHO H3MEHHIIACK, YTO OIPEICIACTCS ABYMS ITIABHBIMU
TCHJCHIMSIMU: YBEIUYCHHEM [TTyOUHBI MIepepabOTKU U yKECTOUCHHEM KO-
JIOTUYECKUX HOPM MPH MOCTOSIHHOM pocTe 00hEMOB MPOU3BOJICTBA, & TAKKE
yIYYIICHHEM KauecTBa MPOAYKIIHH.

[epBast TeHACHIMS M3-32 BOBJICUCHHS B IEpepabOTKy ¥ CIIEIOBATEIBHO
THAPOOYKCTKY Bce OoJiee TSHKENOro HE(TSHOTO ChIPbs ¢ OOJIBILIUM COJEp-
JKaHUEM Cepbl, a30Ta, METAIOB, CMOJI M ac(habTeHOB NPUBOJIMT K yIKECTO-
YECHHUIO TEXHOJOTMYCCKOTO PEXKKMMa U TpeOyeT co3maHust 00Jiee YCTONUUBBIX
KaTaJIn3aTOPOB, BTOPasi — MPEBPAIIAET MPOLECCH THAPOOUNUCTKH B OJHHU M3
BEAYHINX, OMPCACIIAIOINX Ka4CCTBO U HOTp66I/ITeJ'H)CKI/Ie CBOICTBa MOTOP-
HBIX TOIIJIMB, MOCKOJIBKY aKTyaJIbHbIMU CTAHOBATCSA 60.]'[66 TOHKas1 O4YHCTKa
OT Cepbl U a30Ta, YaCTUYHOE THAPUPOBAHUE APOMATUYECKUX COCAUHECHUH U
JIETKUH THAPOKPEKUHT HOPMAITbHBIX MapaUHOB.

U3 Bcex QyHKIMOHAIBHBIX OJIOKOB YCTAHOBKH T'MPOOYUCTKH IH3EIb-
HOTO TOIUIMBA Hanbojee OTBETCTBEHHBIM IO TEXHOJOTUH SIBJISETCS peak-
TOpHBIT 610K °. BHepeHne PeakTOPHOro 060pPYIOBAHMS BEIETCS 10 JBYM
HAMpaBJICHUSIM — CO3/[aHHUE HOBOTO MPOW3BOJCTBA, JINOO PEKOHCTPYKIUS
CTapbIX YCTAHOBOK. B CBSI3M ¢ 3TMM BO3HHKAET CJIOJKHAs poOsieMa BbiOopa
n3 MHOFOO6paBI/I$I PCAKTOPHBIX CXEM M KaTaJIM3aTOPOB I KOHKPETHOTO
3aBojia.

HawnbGonee 3pPpeKTUBHO PEHIUT ATy CIONKHYIO MHOTO(GAKTOPHYIO 3a7a-
9y MOXXHO ME€TOJJOM MATEMATUYECKOIO0 MOACINPOBAHNU, KOTOpBIﬁ II03BOJIS-
€T IPOBOJUTH KOMIUIEKCHBIH pacyeT NaHHBIX 0e3 MCIIONb30BaHHS IKCIICPH-
MEHTa, TEM CaMbIM CYIICCTBCHHO oOJierdas 3ajjaqy Ipu MPOCKTHUPOBAHUH U
JKCIUTyaTallii YCTaHOBKH.

Ha ocHoBaHWMH BbINIE H3II0KEHHOTO MOXHO YTBEpXKIaTh, YTO 3a/ava
pa3pabOTKU COBPEMEHHON MAaTeMaTHYSCKOW MOJICNHU SIBISETCS aKTyalbHOU
u o0ocHOBaHHOU. EE€ pemienne mpenmonaraeT npeaBapuTeIbHOS MPOBEIe-
HHE aHajn3a OCOOCHHOCTEH MPOTEKAHUsI OTIENIbHBIX MPOILECCOB B PEAKTO-
pe, B3aMOCBSI3U TEXHOJOIMYECKUX MapaMeTPOB U MX BIIHMSHUS Ha XapakTep
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npolecca THIPOOYUCTKY, HEMOCPEICTBEHHO Pa3pabOTKy MaTeMaTHYeCKOH
MOJIEJI PEaKTOpa U ero mporpaMMHasi peanu3saius Ha DBM.

Just noBbiteHust 3pHeKTHBHOCTH MPOMBIIUICHHBIX HE()TEXHUMHUUECKUX
MPOLIECCOB C ILIENBI0 MX PEKOHCTPYKIIMU YYUTHIBACTCS PEAKIMOHHAs CIIO-
COOHOCTh YTJICBOJIOPOOB MEPepadaThiBAEMOTO ChIPhsi M AKTHBHOCThH KaTa-
nu3atopa. TOYHOCTh PACUETOB M TOJNYyYCHHE JOCTOBEPHBIX PE3yJbTATOB
OTpeIesIsieTCsl MPABUIbHOCTHIO (JOPMUPOBAHHS CXEMBI MEXaHH3Ma, arperi-
pOBaHHEM YIJICBOJOPOJOB U YYETOM HECTAIMOHAPHOCTH KHHETHYECKHUX
napamMetpoB °. VIcxo/1s U3 3T0oro, GblIa MOCTPOEHA YIPOIEHHAS CXeMa Mpo-
necca (puc.1).

CeipneBas ppaxuns AT BCT
1| xucmopoacozep | asorcomepika | cepocomepia cepo
T Karrue mue e Bono | Mera | oran | mpo | Gyran BOJIO
COCIMHCHUA COCOIUHCHUA COCIMHCHUA pO,I[ H naH
poa
BO CEPOBOJIO BOJIO PO
AMMMHMAK BEH3WH METAH | OTAH BYTAH
T | 1A PO POJI MAH

Puc.1. ®opmanuzoBaHHas cxeMa polecca TMAPOOUUCTKU AU3ENBHOTO TOILUIUBA.

Maremarnueckoe ONMHMCaHWE PEeaKTOpa TMAPOOUYHMCTKH TU3EIBHOTO TOTI-
JMBa COCTOWT M3 YpaBHEHHMH MaTepHalbHOTrO OajlaHca, TeIIOBOTO OanaHca
u OajlaHca KUHETHYECKOW dHEepruu. MoJienb M03BOISAET NPOBOJUTH HCCIIE-
JIOBAaHHSI PEXKUMOB pabOThl B 3aBUCHMOCTH OT ()PaKIHOHHOTO COCTaBa WC-
X0JHOTO CBIpbd, pacxoma BCI, maBneHHs M TeMmmepaTyphl B peakTope U
psina apyrux GpaxkTopos.

CrnMcoK JuTepaTypsl
Kapmo C.A. // Hedrenepepabotka u Hedrexumus. 2007. Ne 8. C.6-9.
2. AxwmeroB C.A. Texnomorust riayOokoil mepepabotku HedTH u raza: ydeOHOE
nocobue ais By3oB. Yda: ['mirem, 2002. 671 c.
3. Txauésa C.M. Texuomorus nepepaboTku HeTH U raza. [Iporneccs nepepadboT-
ki He(TH 1 HeTSHBIX Qpakumii: yueOHO-MeTonuueckuit komriekc. Y1. Hoso-
cubupck, 2006. 392 c.
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IMosy4yeHne BHICOKOOKTAHOBBIX KOMIIOHEHTOB OEH3MHOB ITyTeM
THAPOM30MEPH3ANMH H-TeNTaHA HA Pt/WO,*/ZrO,
KATaJIM3aTopax

E. A. Kymuxuna, A. B. Kazoanoea

Hayunuuii pyxogooumenv — 0.x.H., npogpeccop, I1. H. Ky3ueyos

Yupeocoenue Poccuiickoui akademuu Hayk MHCmumym xumuu u

xumuyecxoul mexuonozuu Cubupckozo omoenenus PAH, 660049,
2. Kpacnospcek, yn. K. Mapkca, 0. 42, lab9team@rambler.ru

ParnonansHOe HCIIOIB30BaHUE PECYPCOB JIETKOTO YIJIEBOJOPOIHOTO
CBIPBS, TIOJydaeMoro u3 He()Tel M Tra30BBIX KOHAEHCATOB, SIBISETCS AKTY-
aNBHOW TPOOIIEMON OTEUYECTBEHHOW HedTemepepadaThIBaromel MpOMBIII-
nenHocTH. [IpsmMoroHHsle OCH3MHOBBIE (PpakmMU COAEpKaT 3HAYUTEIHHOE
KOJIMYECTBO H-aJIKAHOB, MMEIONIMX HHM3KHE 3HAUCHHS OKTaHOBOI'O YHCIIA.
OnHUM U3 MEPCIEKTUBHBIX IMyTeH YJIydIIeHHUs SKCIUTyaTallMOHHBIX Xapak-
TEPUCTUK HU3KOCOPTHBIX (ppaKiuii IpSIMOTOHHBIX OSH3MHOB SIBIISIETCS] TIPO-
1ecC KaTallMTUYECKON T'MAPOU30MEpPHU3alMU C TOJIYyYSeHUEM CMECH CKeJeT-
HBIX U30MEPOB C MOBBIIICHHBIMH OKTAaHOBBIMH YHCJIAMH.

J1st m3oMepur3anuy JYIMHHOIETTHBIX aJKaHOB BCE OONBbIIMI MHTEPEC
MPE/ICTABISIIOT KaTaJIM3aTOPhl HA OCHOBE JMOKCHUIA IUPKOHUS, MOJU(DUIIH-
posanmoro aunonamu WO,” u MoO,?". HecMOTpsi Ha 3HAYHTENBHBINA 06H-
€M HCCIIeIOBAHNH, (HM3UKO-XUMHUYECKHE 3aKOHOMEPHOCTH MX (OPMHUPOBa-
HUS M3y4eHBbl Mano. YacTo pe3yibTaTbl HCCIEIOBAHMH IPOTHBOPEYUBHI,
YTO BO MHOTOM CBSI3aHO C METacTaOMIBHOCTBIO KAaTaIUTUYECKH aKTHBHOM
(dhopmbl qrokcuaa rupkonus [ 1, 2].

Llenbro HacTOsIIEH pabOTHI SIBISETCS UCCICAOBAHNE BIMSHUS COJIEpKa-
HUsL BOB(PAMAT-AHHOHOB Ha cBoiicTBa PYWO,?/ZrO, karanusaTopos B
peakLiy THAPOU30MEPHU3ALINH H-TeNTaHa.

Karanu3atopsl FTOTOBUIIM METOJIOM MPOMUTKH aMOP(GHOro T'HAPOKCHUIA
LUPKOHUS BOJAHBIM PACTBOPOM METaBOJIb()pamara aMMOHUS. TepMHUUECKYIO
ob6paboTtky mpoBommnm npu Temmepatype 700 °C. TlnatuHy HaHOCHIN W3
pacTBOpa IUIATHHOXJIOPHUCTOBOJIOPOAHONW KHCIOTBI METOZOM IPOIHUTKU
WO,*/Zr0,.

OmnbITHl 10 W30MEpU3alMU H-TENTaHa MPOBOAWINA Ha KaTaJUTHYECKOH
ycranoBke BI-CATflow 4.2(A) ¢ npoTOYHBIM peakTopoM Ipu atmochep-
HOM paBineHuH. KaranmmsaTop 3arpyxanu B peakTop B KojudecTBe 1T u
nepeJ; HayaJIOM IPOIecca ero aKTUBHPOBAJIM B TOKE aproHa W BOJOPO/IA.
Peaxuuro npoBoaunm mipu temmeparype 170 °C.

Bnusaue copepxanusi Boab(ppamMaT-aHHOHOB Ha KaTaIMTHYECKHUE CBOM-
CTBa M3ydald Ha IPEMeEpe cepun o6pasioB, ¢ coxepkarnem WO,> or 5,9
1o 21,9 mon.%, conepxkanux 0,5 mac.% Pt, mpu 00beMHON CKOpPOCTH T01a-
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air ceipbs 1 u ', MccnenoBaHue MOKA3ano, 4To, P MAIOM COACPIKAHHH
BoJb(ppamMaT-aHMOHOB (5,9 MO.%) BBIXOJ HM30MEPOB TENTaHA COCTABHII
Bcero 3,1 mac.% npu cenextuBHOCTH 86,3 Mac.%. YBenmueHHe comepixka-
HUS BOJIb()paMaT-aHHOHOB NIPUBOIUT K YBEITHMUCHUIO AKTUBHOCTH KaTaIn3a-
TOPOB, NPAKTUUECKH O3 M3MEHEHUs CEIEKTUBHOCTH. MaKCHMalbHBIA BbI-
XOJ M30MepoB renTana 62,8 mac.% mnpu cenekTuBHOCTH 87,6 Mac.% mocTH-
raercs mpu conepxannun WO,” 17,6 Mon.%. [lanbHeiilmee yBenmueHue
xormentpaun WO,” NPHBOINT K YMEHBIICHHIO aKTHBHOCTH (Tad. 1).

B cocraBe mponyKTOB peaklyd, IPUCYTCTBYIOT B OCHOBHOM MOHOME-
TUJI3aMELICHHbIE U TUMETHI3aMellIeHHbIe H30MephI relTana, ¢ npeodiaia-
HHEM MOHOMETHJI3aMELICHHBIX N30MepoB. OKTaHOBOE YHMCIIO M30MEpH3aTa
noBsimaetcst oT 0 (a1 rentaHa) 10 45 MyHKTOB (IO MCCIEAOBATETECKOMY
METOILY).

Ta6auna 1 — I[Tokasarenu npouecca H30MEPU3aLMH H-TeNTaHa Ha KAaTaln3aTope
PYYWO,*/ZrO, npu Temneparype 170°CuV =1 g

O6pazen Pt/WO,*/Zr0,
Konientpanus aHnoHOB, MO % 59 12,9 17,6 21,9
Konsepcus H-rentana, mac.% 3,6 60,9 71,7 44 3
CeJIeKTUBHOCTh n(o) M30renTaHaMm, 86.3 82.2 876 877
mac.%
Brixo n3omepoB renrana, mac.% 3,1 50,0 62,8 38,8
CootHomerne C3/Cy (MOBHOE) 0,91 0,98 1,0 0,98
OKTaHOBOE YHCIIO 2 36 45 25

B pesysbraTe mpoBEICHHOTO MCCIICIOBAHUS, YCTAHOBICHO, YTO KATaH-
satopel PYWO,?/ZrO, nposBISIIOT JOCTATOYHO BHICOKYKO AKTHBHOCTb B
peakuuy M30MepH3aluK H-TelTaHa Mpyu HU3KOoil Temneparype. [Ipu Temre-
patype 170 °C nmocTurHyT HaumOONBIIMIA BBIXOJ HW30MEPOB TeNTaHa
62,8 mac.% mpu cenextuBHOCTH 87,6 Mac.% Ha Karanm3aTtope, Colepra-
mem 17,6 mon.% Bonb(pamMaT-aHUOHOB.

CrnMcoK JuTepaTypsbl
1. Miyaji A, Okuhara T. // Catal. Today. 2003. V. 81. P. 43-49
2. Kysuenos [1.H, Kysnenosa JI.U, Ka3zbanosa A.B. // Xumus B uHTEpecax ycTo-
uymBoro pa3sutus. 2010. Nel18. C. 299-311.




CeKuws 4. TexHonorua 1 MOZIENNPOBAHME NPOLIECCOB
4 NOATOTOBKY M NepepaboTKi NPUpOSHBIX SHEProHoCUTeNeil

IIpumMeHeHHe MPpOrpaMMbl pacyeTa npouecca u3oMepu3auuu
NMPSIMOTOHHBIX 0€H3MHOBBIX QpaKIuii 115
ONTHUMM3AIUH MPOU3BOJACTBA

JI. O. J/lunamosa

Hayunwuii pyxogooumenv accucmenm H.M. JJoneanos
Tomckuil nonumexnuueckuti ynusepcumem, 634050, Tomck, np. Jlenuna, 30

HenpepbIBHBINH poCcT NOTPeOHOCTH B OEH3MHAX M M3MEHSIOLIUECS Tpe-
OoBaHUs, MPEIBABIIEMBIC K UX COCTaBy M KadyeCTBY, BO MHOTOM Ompee-
JSFOT HaYYHO-TEXHWYECKHH Iporpecc B TEXHOJIOTHH IEPEepadOTKH HE(TH.
[1]. OxHuM M3 MPOOYKTOB MEpBHYHON IepepabOTKH HedTH SBIACTCS Jer-
Kasi IPSIMOTOHHAsA OCH3MHOBAs (hPAKILHS, COCTOSIMIAst TTIaBHBIM 00pa3oM 13
yrieBoopooB Cs—Cg B OCHOBHOM HOPMAJIBHOTO HIJIH CIa00Pa3BETBICHHO-
ro CTPOEHHS, 4TO 0OyC/IaBIMBaeT HEBBHICOKOE OKTaHOBOE 4MCIO. J[nsa mo-
BBIIICHUS] OKTAHOBOTO YHCIIa (DPaKIUIO MOABEPraroT MpoLeccy U30Mepu3a-
mun. [1]

Ha xadenpe XMMu4ecKod TEXHOJOTMU TOIUIUBA U XUMHUYECKOH KHOep-
HETUKHU OBLIM CO3/IaHbl KOMIIBIOTEPHBIE MOJEIUPYIOLIHE CUCTEMBI, [T03BO-
JISFOIIKE TIPOBOAUTE PAcUeThl MPOIECCOB KAaTATUTUIECKOTO pUGOPMHUHTA U
nzomepuzarmu. Ha xagenpe XTT TIIY Oputa cozmaHa KOMIBIOTEpPHAS MO-
Jenupyromas cucreMa «lzom» B mHTEerpupoBaHHO# cpene Delphi, mo3Bo-
JSTFOIIAasl  PacCUUTHIBATh IIpoIlecc Hn3oMepu3anuu. JlaHHas mporpamma
BKJIIOYAET B Ce0sl HECKOJIBKO (DYHKIIMOHAIBHBIX MOJYJIEH, CBI3aHHBIX APYT
C IPYroM KOMIUIEKCOM TNPHKJIaJHBIX IIPOTPaMM, CTPYKTYPY KOTOPBIX MOX-
HO TPEJCTAaBUTh CXEMOM:

Monb3oBaTens

\ 4

MakeT
NpUKNagHbIX
nporpamm

Basa 3HaHuit

Ba3sa gaHHbIX |«

A\ 4
A
Y

Pucynok 1 — CtpykTypa HHTEIIEKTYaIbHONH CHCTEMBI

[TakeT mpuKIagHBIX TPOTPaMM MpPEACTaBIIET cOOOM mporpaMmy pacyet
mpolecca N30MEPU3ALUH [ICHTaH-TeKCaHOBOM (pakIyu YrieBonopooB. B
KadecTBe 0a3bl JAaHHBIX MCHOJB3YETCS IKCIIEPUMEHTAIbHbBIE NaHHBIE O TEX-
HOJIOTMYECKHUX MapaMeTpax Mpolecca, COCTaBaX ChIpbsS M MPOLYKTa, TUIE
3arpy’K€HHOTO KaTalu3aTopa, IMOJY4YEHHBIE C pealbHO IMPOMBIIUICHHOMN
ycraHoBKH. baza 3HaHMIT — pe3ynabTaT 00pabOTKH M CHCTEeMaTH3allMy MH-
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(opmaM 0 JaHHOM IIpollecce B BUAE OIbITA TEXHHMYECKOTO IEpCOHaa
MPOMBIIIJICHHON YCTAaHOBKH, CBEICHUI O HEIOJaJKaX U aBapUHHBIX CHTya-
[MSX, BO3HUKAIONIMX B IIPOILECCe IKCIUTyaTallH, a TaKkxkKe, JaHHbIe TEXHO-
JIOTMYECKOTO peryiaMeHTa IPOM3BOJICTBA. [zomer nmpencrasiser coboit nmpo-
IpaMMHBI TaKeT, NMpeAHa3HAYCHHBIH IUI1 MOJEIHPOBAaHUSA B TUHAMUYC-
CKOM peXHMe Ipolecca N30MEepH3allii, TECTHPOBAHHS M BBIOOpA KaTau-
3aTOPOB, ONTHMH3ALMH [TAPAMETPOB TEXHOJIOTMYECKHX PEXHUMOB M BHYT-
PEHHUX YCTPOMCTB PeaKTopa, KOHTPOJS MPOU3BOAUTEIEHOCTH 000pyIOBa-
HUS, TIOBBIILICHNS] YPOBHS KBUIU(QHKALMK NIepcoHana [2].

Ha puc. 2 nmpencTaBIeHO OCHOBHOE OKHO IIPOIPAMMBL.

s ¥Ycranomka: J135-11/300 fata or6opa: 03_04_2007

LEGEEEN PacueT PesyneTaTel pacdeTa  Beixog  About

MpoHMTaTE AdHHele Chr+0 I

Puc. 2. — OCHOBHOE OKHO IIPOTPaMMBI

BerpoeHHBIMI (YHKISIME ITPOTPAMMBI SIBIISTFOTCSI:

1. HccrnenoBaHus BIMSHUS COCTAaBa CHIPHS;

2. HccnenoBanne BIMSIHUS TEXHOJIOTHYECKOTO PEXHIMA,

3. BeIBoA pe3ynbpTaToOB MPOM3BOANTHCS TEKCTOBOM BHJIE;

4. Nmeercs moayns noaxmouerns k ETVD («Exnnas texHomormue-
CKasl BUTPHHA JAHHBIX)» 3aBOJIA)

Paspabotannsrit Ha kadenpe XTT TIIY nporpaMmHsIit TpoaykT “lzom”
o0BenuHseT B cebe ynoOHbI nHTepdeiic 1 MOIHBIE CPEACTBA ATl ONTHMH-
3alMU TPOLIEcca, YTO MO3BOJISET UCIIOIB30BATh MPOTPAaMMHBIH MMaKeT C MaK-
CUMaNbHON 3(EeKTHBHOCTBIO ISl IEHCTBYIOIIEro npousBoacTea. Kioue-
BBIMH OCOOCHHOCTSIMH SIBIISTIOTCSI:

CnHcoK TuTepaTypsl

1. Hamunes P. P., buk6ynaros U. X., baxonuna E. 1., Kycakun U. A., lllynaes
H.C. N3omepuzanusi OyTeHOB 1O IEHCTBHEM MHKPOBOJHOBOTO H3Iy4deHHs //
Hedrenepepaborka u Herexumus. — 2005. — Ne7. — C. 29-31.

2. UBanumna O.]J1, Yekannes H.B MonuTOpHHT 1 IpOrHO3MpOBaHKE paboTHI Mpo-
MBIIUIEHHBIX YCTAaHOBOK HM30Mepu3anuu: MeToandeckue ykaszaHus K Jabopa-
TopHOH pabote no Kypcy «KomrbpioTepHbIe MOJETHPYIONINE CUCTEMBD). TOMCK:
u3a-so TITY, 2008. — 16 ¢
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MareMaTu4eckas MoJeJib XUMUKO-TEXHOJIO0THYECKOH CHCTeMbI
npouecca M30Mepu3aluu NEeHTAH-TEKCAHOBOM (Ppakuun

E. U. /lumeak, ®an Dy

Hayunuuii pyxogooumenv — x.m.H., doyenm, H. B. Yexanyes
Tomcxuii nonumexnuueckuu ynueepcumem, 634050, Tomck, np. Jlenuna, 30,
litvak_egor@mail.ru

[Ipouecc karanuTHYECKOW N30MEPU3ALMU TIEHTaH-TEeKCAaHOBON (paKiun
3aKJIF0YaeTCsl B IPEBPAILEHUH HU3KOOKTAHOBBIX HOPMAJIBHBIX MapaduHOB B
M30aJIKaHBl — KOMITIOHEHTHl aBTOMOOWJIBHBIX OEH3MHOB, MMEIOIINE BBICO-
KOE OKTaHOBOE YHCII0. B CBSA3M C IIMPOKHMM pacrpoCTpaHEHHEM IIpoliecca B
MPOMBIIIICHHOCTH BO3HUKAaeT TNpoOieMa TNOBBIIEHUS 3(PPEKTHBHOCTH
MPOU3BOJICTBA H30MEPH3ATA.

OnTUMHU3aIUs CIOKHBIX XUMUKO-TexHoJorndeckux cucteM (XTC) sB-
JSIeTCSl MHOTOIIapaMETPUYECKON ¥ MHOTOKPHUTEPHAIBHON 3ajadeid, Tpedyer
KOMIUIEKCHOTO PEIICHHMS, TOCKOJIbKY BO3MOXHA CHUTYaIUsl, KOTJa MOBBIIIE-
HHe 3(dexTHBHOCTH pabOTHl OJHOTO OTAENBHO B3ATOIO Y4acTKa M Jlaxe
BCEX OJHOTHUIIHBIX alapaToB MPHBOANT K YXYIIISHUIO MOKa3aTesei pabo-
ToI Apyrux. KommiexkcHas Matemarndeckas moaens X1C mo3Bonser ore-
HUTh B3aMMHOE BIIMSHHE OTJENBHBIX aNllapaTOB Ha KOHEYHBIA Pe3ynbTaT
paboThI Bceit CHCTEMBI B LIEJIOM.

XTC — 3TO COBOKYITHOCTh (PM3MKO-XHMMHUYECKHX ITPOLIECCOB, POUCXO-
JSIIIUX B CUCTEME, a Takke CPeAcTB A ux peanm3anmu. XTC BKIIOYaeT B
ce0s1 coOOCTBEHHO XMMHYECKHUH MpoIlecC, anmapaTsl, B KOTOPBIX OH IIPOBO-
JIUTCSI, CPE/ICTBA ISl KOHTPOJIS M YIIPABJICHHS, a TAKXKE CBSI3U MEXIY HUMH.

Maremarnueckass MOZENb B OOLIEM cCIydae COCTOMT W3 JBYX IpyII
YpaBHEHUM:

1. Marematudeckoe omnucanue dj1eMeHToB XTC, To ecTh MpOIEeccCOB B
amnmapare B BUie (QyHKIMOHAIBHOW 3aBUCUMOCTH

Vi = F (% 2z, Uy)

JlarHas 3aBHCHMOCTH JUIA pacdera Bcex aneMenToB X 1C mpencrapmuser
co0oii cucTeMy HeNMHEHHBIX anrebpamdeckux win Au(depeHIHaTbEHBIX
YpaBHEHUH.

Fyx — nexoTopslii ¢pyHKIMOHAN (anreOpandeckuid, andpepeHInaIbHbINA
WJIY HHTETPAJIbHBIN).

2. OmnwucaHNe TEXHOJIOTUYECKHX CBS3EH

0, =L (Y|)
rae L, , mpuHuMaer 3HaueHHe 1 B TOM Cilydae, €CM CYIIECTBYET TEXHOJIO-

TUYCCKasd CBA3b MCKAY armaparaMy moa HoMepaMu Il u k, a UIMCHHO BBIXO/[I-
HbIC MMapaMeTpbl k-ro anmnapara sBJIAKOTCA BXOAHBIMU MapaMeTpaMu B I-ii
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anmapar. L, , =0 B ToM ciy4ae, eciu CBS3b MEXIYy STUMHU allapaTaMH OT-
CYTCTBYET.

Maremaruueckre MOJICIIH allapaTtoB 00ObEANHSIIOT B ce0e BCIO LIEMOUKY
MPOU3BOJICTBA M30MEpHU3aTa: OT BBIICICHUS ChIpbs ((ppakiuu H.K.—62 °C)
JI0 TIOJIy4CHHSI TOBApHOTO MPOAYKTa. MoOJEibh PEaKkTOPHOTO OJIoKa Mpej-
CTaBIIACT COOOM CUCTEMY YpaBHCHHI MaTepPHaIbHOTO M TEIIOBOTO OaaHca.
Pa3zpaboTka MoJeneil KOJIOHHOTO M TEIJIO0OMEHHOTO 00OpYIOBaHUS IMPO-
BOJIUTCSI C LIEJBI0 ONTUMU3AIMK Pa0OTHI 3THX ammaparoB. HeoOxoaumMocTh
co3/aHusl MoOJeNCeH PEeKTH()UKAIMOHHBIX KOJOHH OOYCJIOBJIEHA TEM, 4YTO
CYIIECTBYIOT OTPAaHHYCHUSI MO COCTaBY CHIPhsi B peakTOpHbId OJoK. Tak,
BBICOKOE cojepkaHne OeH3ola B chipbe (Oonee 1 %) HexenaTeIpbHO U MPH-
BOJIUT K CHUIIBHOMY Pa30rpeBy B CIIO€ KaTalU3aTopa, BCIEACTBHE DK30TEP-
MHYHOCTU peakiuu rugpupoBanni. CoaepkaHue B ChIPhE YIIIEBOJOPOJIOB
C; U BbIlIe PUBOAUT K CHU)KECHHIO KOHBEPCHU H-TICHTAHA U MAaJOPa3BETB-
JICHHBIX T€KCAHOB, YTO HETATUBHO CKA3bIBACTCS HA OKTAHOBOM YHCIIE TPO-
nykta. B ciyyae MonenupoBaHus mpolecca U30MEpU3aLUHU C PELUPKYIIs-
IUCH HEMPEeBPAIICHHBIX HOPMAIbHBIX YIJICBOJOPOIOB HEOOXOIUMOCTh
BKJIIOYCHHUS B MO/JICNIb KOJIOHHBIX ammaparoB ouyeBuaHa. COCTaB U OKTaHO-
BOE YKCJIO N30MepHU3aTa ONpeelIoIUM 00pa3oM 3aBUCAT OT paboThl pas-
JlenuTensHoro obopyaoBanus (puc. 1).

$p.C5 Nerkuin

/I\ n3omepusar

K-1 K-2 K-3
Cobipbe
-
>
> 5
>
ToBapHbIn
\i n3omepuaat
J[leneHTaHn3npoBaHHbIN
usomepusar TR
nsomepuaat
¢dp. n-C6+MP
p. i-C5

Puc. 1. Cxema c mpeBapuTeIbHON JEN30NIeHTAHN3AIIel CBIPhS M peIUPKYIISIHeit
H-TICHTaHa, H-TeKCaHa M METHIIIEeHTaHoB, rae: K-1 — nensonenrtanusarop, P-1 u P-
2 — peaxropbl n3oMepu3anun, K-2 — nenenranusarop, K-3 — nensorekcanuzarop.

Pacyeramyn Ha Mozeny MOKa3aHO, YTO M3MEHEHHE COCTaBa CHIPHS, TEX-
HOJIOTHYECKUX PEKUMOB PaOOTHI pEaKTOPHOTO OJIOKa W KOJIOHHBIX ariapa-
TOB BIHSET Ha OKTAHOBOE YUCIIO M30MEpH3aTa, OJHAKO, IpU moadope oml-
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TUMAJIBHOTO TCXHOJIOTUYECKOI'0 pEeKUMa yAACTCAd NMOAACPIKUBATH OKTAaHO-
BOC YHMCJIO MPOAYKTAa B JOIMYCTUMOM HUHTEPBAJIC.

OnTuMu3aIus Npouecca ruIPUPOBAHUS THEHOB HA
HHUKeJIbCOJAepP:KALeM KaTaJau3aTope ¢ NpuMeHeHneM
MaTeMaTH4YecKoi MoaeIn

A. B. Jlooax

Hayuunwiii pyxosooumens — ooyenm, x.m.u. E. H. Heawxuna
Tomckutl nonumexuuyeckuii ynusepcumem, 634050, Tomck, np. Jlenuna, 30

[Ipon3BoACTBO ITMHEHHOTO AJTKHIOEH301a OCHOBAHO HA MCIOJIb30BaHUHI
H-apaHOB B Ka4yeCTBE OCHOBHOTO CHIPbS M MOJYYSHHH W3 HHX H-
MoHooJieprHOB. Bricokuil cripoc Ha JMHEWHbBIE aTKUIOEH30JbI M IIPOAYK-
ThI, IOJIYy4a€MbIC U3 HETO, 06ycn03neH TEM, YTO CUHTCTUYCCKHEC MOIOIIUC
CpPeICTBa M3 3THX BELIECTB XapaKTEPU3yeTCs] BBHICOKUM COOTHOIICHHEM
«9KOJIOTMYECKOe KayeCTBO — MOIOIIasi ClIOCOOHOCTh — IieHa». bombuioe
KOJINYECTBO HEJIMHEHHBIX aJIKMIOCH30JI0B U TIONHANKIIIOSH30I0B B COCTaBe
MPOJYKTOB 3HAYUTEIBHO CHIKAIOT CIIOCOOHOCTH MOIOIIMX CPEICTB pasia-
raThCsi B BOJIOEMAax IO/ BO3JECHCTBHEM MHKPOOPTraHU3MOB. Moromue cpe-
CTBA M3 TAKOTO CHIPbsI HEIIPUMEHHUMBI B OBITY 110 COBPEMEHHBIM HKOJIOTHYe-
CKUM TpeOOBaHUSIM.

[IpomblnuleHHass YCTaHOBKA IOJIYYEHHS AIKHIOCH30JI0B BKIIIOYACT B
cebs peakTop THAPHPOBAHUSA MOOOYHBIX MPOAYKTOB. Ero pabora mpu3BaHa
MOBBICUTh B TIOTOKE MPOJYKTOB YCTAaHOBKH COJIEpXKAaHUE H-MOHOOJIE(HUHOB
Y TIOHU3UTH COJIepKaHne MOOOYHBIX MPOAYKTOB, B MEPBYIO OUepelb, TUO-
neduHOB.

Takum 00pazom, Mporecc THAPUPOBAHNS BBICIINX THOJIE(PHHOB CyIIIe-
CTBCHHBIM O6p330M BJIMACT HAa KAaY€CTBO U KOJIMYCCTBO TOBAPHBIX MPOAYK-
TOB 3aBO/Ia 0 TIPOU3BOJICTBY KOMIIOHEHTOB MOIOIINX CPEJICTB.

st moBbIimeHns 3¢ heKTHBHOCTH paO0Thl NPOMBIIIICHHON YCTAHOBKH B
YCIOBUSIX TOCTOSIHHO MEHSIIOIIMXCS COCTaBOB NOTOKOB HEOOXOIMMBI J10-
CTOBEpHbIE U HAJEXKHBIE MaTeMaTHUECKHe MOJENH, pa3paboTaHHbIE C yde-
TOM (HM3MKO-XMMHUYECKHX 3aKOHOMEPHOCTEH NPOTEKAIOUIMX MPOLECCOB
XUMHUYECKOH TEXHOJIOTHH.

Ha xadenpe xumMuueckoil TEXHOJIOTHH TOIUIMBA M XMMUYECKOIl Kubep-
HETHKH pa3zpaboTaHa TexHOJOTHYecKas monenupytomas cuctema (TMC), B
OCHOBE KOTOPOH JIeXaT MaTeMaTHYECKHE MOJENHU MPOLEccoB: 1) nerunpu-
poBanusi H-mapapuHOB Ci19—Ci3 €¢ y4eToM 3aKOKCOBBIBaHWs Pt-kaTtanm-
3aTOpa; 2) TUAPUPOBAHUS JUOJCHUHOB, YIUTHIBAIOIAS CEIIEKTUBHOE OTPAB-
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JICHHUC KaTaju3aTopa CEPHUCTHIMHU COCIUHCHUSIMMU, 3) aJKUIMPOBaHUS OCH-
30J1a H-MOHOOJIE()UHAMH.

C ucnonp3oBanreM ganHo TMC HamMu OBUIM TIPOBEICHBI MCCIEIOBA-
HUS TIpoIiecca THAPUPOBAHNS Ha HUKEIbCOAEPIKaIleM KaTaln3aTope | Ipo-
BEZICHA OIICHKA BIIMSHUS PA3JIMYHBIX TEXHOJOTHIECKUX IapaMeTpoB Ha I10-
Ka3aTelr Iporecca. ITOT MPOIECC MPOBOIUTCSA IPU HCKYCCTBEHHOM OCep-
HEHWH KaTalu3aTopa, HEOOXOOMMEIM JUIS TOBBIMICHHUS CEIEKTUBHOCTH B
OTHOIICHUAX MEXIY KOHKYPHUPYIOIMIMMHU PEaKIUAMU THAPHPOBAHUS IHO-
nepunoB u osneduHoB. HeoOOCHOBAaHHO 3aHMKCHHBIA HIIM 3aBBIIICHHBIN
pacxo cepocoaepKalIuX COSTUHEHUI B PEAKTOP, a TAaKkKe ero MOCTOSTHHOE
KosnebaHue, MPUBOIAT K:

— YXYZIIUICHUIO CBOMCTB KaTaJIu3aTopa;

— YBEIUYCHHIO BBIXOJ1a TTOOOYHBIX MPOYKTOR;

— YXYIUIICHUIO KaueCTBa TOBAPHBIX MPOAYKTOB (KakK I€JIeBOro, TaK U MO-
00YHOTO0).

IIpu sToMm Tepsiercs 1o 6,2 % oepUHOB OT MOTCHIMAIBHOTO BBIXOA, K
KOHIIy IHKJa TTOOO0YHBIC MPOIYKTHl MOIHAIKIIOCH30IBI CTAHOBATCS He-
KOHIUITMOHHBIMH, & CEIIEKTUBHOCTh KaTaIM3aTOpa MOXKET YMEHBIIATHCS 10
OTpHIATENBHBIX 3HaueHWA. [lo3ToMy 1enpro HacTosIIel paboOTHl ABISACTCS
pacdeT onTHManbHOrO pacxona amMmermiaucyinsdpuma (JMJIC), momaBae-
MOTO B PEAKTOP THAPUPOBAHUS B 3aBUCUMOCTH OT TEXHOJIOTMYECKUX Tapa-
MEpOB, COCTaBa CHIPbS U TEKYIIEr0 COCTOSHUSI KaTalln3aTopa.

3a uccieayeMblii nepuoj; paboThl MPOMBIIUIEHHOH ycTaHoBku (¢ 20
Mmapta 2010 roga no 6 ¢epains 2011 roxa) Osw10 yeranosieHo, uto AMC
B PEaKTOp THAPUPOBAHUS MOJIABaJICSl HE B ONTUMAIbLHOM KOJIMYecTBe. Tak,
Ha | mexaOpst B peakrope ruapupoBaHus korHueHTparus IMJIC B ceipbe
cocraBmia 1,5 ppm. Pacdersr Ha MOJeNN MMOKa3aJIH, YTO ONTHMAIBHBIM SIB-
msutock 1,73 ppm. 3To mo3BONMIO OBl YBETHYUTH BBIXOA OJICOUHOB IO
9,87 % wmacc. Bmecro 9,78 % Mmacc., a KOHICHTPALHIO AHOJCHUHOB CHH-
3uth ¢ 0,2 % macc. 10 0,11 % macc.

AHaJIOTHYHBIC pacyeThl OBUTH TPOBEICHBI IJIsl BCETO IUKIA PabOTHI
ycTaHoBkH. KpoMe Toro, ObIIO HcchenoBaHo BiausHUE T, MOJBHOTO COOT-
HomeHus1 Hy/auoneuHp! Ha CENEKTHBHOCTH MpPOIEcca TUAPUPOBAHUS TPH
pasznuaaoM pacxoae JIMJIC. Pe3ynbTaThl pacdera moka3aiu, 4YTO TPH yBe-
JUYeHUN KOHIeHTparuu auonepunoB ¢ 0,52 mo 0,85 % macc. B cwpbe
HeoOxonumo yBenumauBaTh nogagy AMJC c 1,16 ppm mo 1,52 ppm npu
180 °C, I=1,1. Takxe ¢ nossieHueM temmnepatypsl ¢ 180 °C o 200 °C
JUIL OJHOTO THHA ChIpbsS mojaady HeoOxoammo yBenmunth JMJIC c
1,21 ppm mo 1,9 ppm npu I=1,2. Tlpu yBenuyeHHH MOTBHOTO COOTHOIICHHS
Hy/muonedpunsr ¢ 1,1 mo 1,4 momauy JAMJIC HE0OXOIMMO YBETUYHUTH C
1,43 ppm no 1,65 ppm npu temmneparype 190 °C.
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Taxkum oOpa3zom, paspadorannas TMC no3BossieT IpOBOIUTH ONTHMH-
3alHI0 TIpoliecca THAPUPOBAHUS AHOJIE(PHUHOB, B YaCTHOCTH, OIPENEIISTH
ontuMansHON KommdectBo JJMJIM, mogaBaeMoro B peakTop. DTO MO3BOJIS-
€T MTOBBICUTH BBIXOJI IPOAYKTa B cpeaHeM Ha 2-5 %.

Pa3zpadoTka rpynmnoBoii MoJe/iu mpoiecca noJry4yeHus
JIMHEHHBIX AJKUJI0€H30J10B U HCCJIeJ0BAHHEe KMHETHKH
peakuuii npouecca

A. /I. Menewxun, B. A. ®emucosa

Hayunwuii pyxosooumens — doyenm, k.m.u. E. H. Msawxuna
Tomckuil nonumexnuueckuti ynusepcumem, 634050, Tomck, np. Jlenuna, 30

B Hacrosimiee Bpems oTMeuaercst OypHBIA pOCT HOTPEOJICHHUsI CUHTETH-
geckux Moromux cpeacts (CMC), Kk KauyecTBY KOTOPBIX IMPEIbSBISIOTCS
BBICOKHE TPEOOBAHUS, B TOM YHCIIC U dKonoruueckue [1].

OCHOBHBIM CBIpEEM JuId npou3BoacTBa CMC sBISIOTCS JIMHEHHBIE aj-
kuiben3o0is! (JIAB) u ux mpou3BoiHbIe — JHHEHHBIE aAKMIOCH30CYIb(O-
HATHI. Y CTaHOBJICHO, YTO UMEHHO cTpoeHue JIAB onpenensiommm oOpa3oM
BIIMSICT HA OMOJIOTHMYECKYIO Pa3jaraeMocTb, paCTBOPUMOCTb, MOIOIINE Xa-
pakrepuctuku nonydaembrx CMC [2].

B »T0i1 cBsA3M aKTyanmbHOM 3a/1adeil SBISCTCS MOBBIMICHUE Y(PPEKTHBHO-
CTH Tpolecca AJKWINPOBaHUs OeH30ia ojeUHAMH C HCHOIB30BaHUEM
TEXHOJIOTHYECKOH MOJICUPYIOIIEH CHCTEMBI.

B cBsa3u ¢ OonmpIIMMH MaTepHANbHBIMH 3aTpaTaMH Ha HCCIIEIOBaHHE
MIPOM3BOJICTBEHHBIX OOBEKTOB AKCIEPUMEHTAIBHBIM ITyTEM, pa3paboTka
MHTEJUIEKTYaIbHBIX CUCTEM MOJEIMPOBAaHUs HEYTEXMMUYECKUX MPOLIECCOB
MPEACTaBIsIET OJHO M3 HamboJiee MEePCIEKTUBHBIX HANpPaBJICHUH pa3BUTHS
OTEUECTBEHHOW HayKHU.

B ocHOBe TakMX HMHTEIUIEKTYaIBHBIX CHUCTEM JIeXaT (DU3UKO-
XUMHYECKHE 3aKOHOMEPHOCTH MPOLECCOB, IPOTEKAIOIINX B PEAKTOPE.

[Ipy moncke KMHETHYECKUX ITapaMeTpOB METOJIOM pelIeHHs oOpaTHOM
KMHETHYECKON 3aJ]auM HMCHOJIb30BAIUCh YKCIEPUMEHTANIbHbIE JaHHBIE, KO-
TOpble OBIIM MONy4YeHBl B XoJe paboThl ycTaHOBKM ankumiuposanus OO0
«KNHE®» 3a nepuog ¢ 10.01.2008 o 10.05.2008.

MateMaTnueckasi MOAETh MPOIEcca ANKWINPOBAHMSA B OOIIEM cCiydae
BKITIOYAeT ypaBHEHHS TEIUIOBOTO M MaTepHaibHOro OamaHca. Ilocmemnuii,
BKJTIOYAET KHHETHIECKYIO U THIPOJMHAMHIECKYIO MOJEIb PEaKTOPA.

Ha ocHoBaHMHM TOTO, YTO KaTaIM3aTOPOM B JAHHOM MPOLECCE SIBISIETCS
KUIKUH (TOPOBOROPOJ, KOTOPBII MOCTOSIHHO LHUPKYIHPYET B CHUCTEME U
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MOCTETIEHHO 3aMEHSeTCs Ha CBEXKUH, ClielaHo JOMYIIeHHe 0 HEU3MEHHOCTH
AKTUBHOCTH KaTaJl3aTopa BO BPEMEHH.

IIpennoxeHHas MaTeMaTHdecKas MOJEIb MAaKCHMAIbHO YYHTHIBACT
0COOCHHOCTH TIpoIiecca (KOJIMYECTBEHHBIE M KAaUECTBCHHBIE ITOKAa3aTENN
3((eKTUBHOCTH TPOIIECCa) U B TO K€ BpeMsI e¢ MaTeMaTHIeCKOe HUCTIOTHE-
HHUE NPUEMJIEMO IJIsI IPUMEHEHHS CTAHAAPTHBIX BBIYHCIUTEIBHBIX METO-
IoB. J{st pereHnst CHCTeMBbl YpaBHEHHH OBIT HCIOJB30BaH METOX Difnepa.
Pemenne oOpaTHOW KMHETHYECKOH 3aadd OCHOBBIBAJIOCH HA CBEICHHH K
MUHUMYMY Pa3HHULbI MEXAY PACUETHBIMU U DKCIIEPUMEHTAIbHBIMU JJAHHBI-
MU 10 KaXJIO0MY M3 SKCIEPUMEHTAIBHO ONpeeIieMbIX nmapaMeTpoB. B pe-
3ynbTaTe OBUIN MOTYy4€HBl HAOOPHI KUHETUYECKUX MapaMeTpoB s KaKIoH
nathl (Tabiuna 2):

Ta6una 2 — 3HaueHNsT KHHETHYECKUX ITapaMeTPOB

IIpea3dKkcnoHeHMAJIbHBIA MHOKHTEIb, ¢t
Hdara
kOl k02 k03 k04 k05
10.01.08 3,54x10° | 0,95x10* | 8,99x10° | 8,7x10* 0,4%10°
07.03.08 3,12x10° | 1,10x10% | 3,30x10% | 4,90x101 | 1,0x10°
10.05.08 3,12x10°% | 2,70x10* | 2,50x10° | 5,60x10' | 1,5x10°

B kadecTBe mokazarenel aneKBaTHOCTH MOZIETH PacCMaTPHBAINCH OT-
KJIOHEHUSI PACYCTHBIX 3HAYCHHUH OT HKCHEPUMEHTANBHBIX IO TaKUM Iapa-
MeTpam kak OpomHoe uucio TA u Gpomusiii unaekc JIAB, Beixon JIAD u
TA, Temneparypa BBIXOJHOTO MOTOKa (Tabimua 3).

Ta6una 3 — OTHOCHTEIBHBIEC TOTPEITHOCTH OMPEAETICHIS] OCHOBHBIX NTApaMETPOB

orpemnocTs
Jara Boixog Bpomublii | BpomHoe
JAB, % Bl;}ng[ TA, TeMlIeOBaTypa, HHJIEKC guciao TA,
Macc o Mace 0 JAB, % %
10.01.08 0,07 0,97 0,01 0,75 0
07.03.08 0,45 0,51 0,01 0 2,63
10.05.08 0,35 1,55 0,01 1,6 0,87

Takum 00pa3omM, MOJIOKEHHAS B OCHOBY MOJETH CXeMa IpeBpaIleHUH
YTIEBOAOPOAOB B JOCTATOYHOU CTEIICHU JIETAM3UPOBAHA, TO €CTh obecte-
YUBAET YYBCTBUTEIHHOCTh MOJEIH K COCTaBY IepepadaThIBAEMOTO CHIPhS,
HO, TEM HE MEHee, HEe YCIOXKHSIET PacueToB. Tak e MOJeNIb 00eCeunBacT
JIOCTaTOYHO XOPOILIYIO CXOJUMOCTb PACUYETHBIX M JKCHEPUMEHTATbHBIX
JIAHHBIX, YTO MO3BOJIUT HUCIIOJIb30BATh €€ JJIsl ONPEIesICHUs] ONTUMAaJIbHbIX
YCIIOBUM MPOBENEHUS Mpoliecca U MPOBOJUTH NPOTHO3HbIE pacuéThl. JlaH-
Has KMC mo3BOJIMT pacCUUTHIBATh M YTOYHSTH MaTepUAIBbHBIN OaslaHC
O5toKa, OTpeneNaTs BBIXOJ IEJECBBIX W MOOOYHBIX IPOTYKTOB, OICHHBATH
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kauecTBO JIAD mo TakuMm mokaszarensM Kak OpOMHBIH WHIIEKC U OLIEHUBAThH
kauecTBO TA 1o ero OpOMHOMY YHCITY.

CnHCcOK JUTepaTyphl
1. Chenier Philips J. Survey of Industrial Chemistry. — New York: Kluwer Aca-
demic, 2002. — pp. 469-470.
2. BaunoB ILT. Ilpomeccer mepepabotku Hetu. — M.: [THUUTDHebTexum,
2001. —625c.

@opMHUpOBaHNE MATEMATHYECKOH MOIEIN U HCCIIE0BAHUE
MHOKECTBEHHOCTH CTAIMOHAPHBIX COCTOSIHMI PeaKIHOHHO-
PeKTHPHKANMOHHOTO MPoIecca CHHTe3a
BbLICOKOOKTAHOBEIX J100aBOK

O.E. Mumanuna, M.A. Camobopckan

Hayunonit pykosooumens — 0.m.H., npogeccop A.B. Kpasyos
Tomcxuti nonumexnuueckuu ynusepcumem, 634050, Tomck, np. Jlenuna, 30,
oem@tpu.ru

B mocnexHue TOIB B XUMHYECKOW MPOMBIIIZICHHOCTH Bee OOoJIbIIee 3Ha-
YeHHE MPUOOPETAIOT COBMEILCHHBIE PEaKIIMOHHO-PEKTH(UKAIMOHHbIE
MPOIIECCHI, KOTOPbIE MCIOIB3YIOTCA B TaKUX OONACTAX XMUMHYECKOH Mpo-
MBIIUICHHOCTH, KaK IPOU3BOICTBO TOIUTUBHEIX JOOABOK U MPUCAOK.

OCHOBHOM 0COOEHHOCTHIO MAaTEMATHUECKOTO OMUCAHUS MOIOOHBIX MPO-
[[ECCOB SIBIAETCS MPUCYTCTBUE HETMHEHHBIX YJICHOB B YPaBHEHUSIX MaTeMa-
THUYECKOH MOJeNH, KOTOpoe OOYCIIOBICHO HEJIMHEHHOW 3aBHCHMOCTHIO
KOHCTaHT (Pa30BOTO PaBHOBECHS M CKOPOCTH MPOTEKAIOMIEH XHUMHUYECKOMH
peaKkuy OT TEeMIIepaTyphl W KOHIICHTPAlWil KOMIIOHEHTOB. HenmuHelHbIe
WIEHBl MaTeMaTHYeCKOW MOJENM MOTYT HPUBECTH K MHO)KECTBEHHOCTH
PELIeHUH cUCTeMBl YPaBHEHUH 1 MHOXKECTBEHHOCTH CTallMOHAPHBIX COCTO-
SIHMH mpoLecca.

Lenpto HacTosIIEH pabOTHI sABisieTCsl (POPMUPOBAHUE MaTEMaTHIECKON
MOJIENI TIpOIlecca, €€ aHaNW3 M OIpeaeNeHne 00JacTel TeXHOJOTHYECKIX
MapaMeTPOB, TapaHTHPYIOIINE CYIIECTBOBAHHE €INHCTBEHHOTO CTAI[HOHAP-
HOTO COCTOSHUSI.

OOBEKTOM  WCCIEAOBaHUA  SIBJSIETCS ~ KOJIOHHa  PEaKIMOHHO-
PEKTH(HHUKAIMOHHOTO CHHTE3a METHII-TpeT-0yTIiIoBoro a¢upa (MTBED).

Jus hopMupoBaHHs MOJIEITU KOJIOHHEI MPUHSTHI JIOIYIICHHUS, OITyOJINKO-
BaHHbIE B [7]. KoJOHHA COCTOUT M3 MATH OTAEIBHBIX YaCTeH: YKPEIUISIOLEH
Y OTTOHHOM CeKUMH, TapeIKH MUTAaHHs, KOHICHCATOPa U KUIIATHIILHHKA.
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MarepuanbHblii 0ajaHC YKPEIUIAIOIIE YacTH KOJIOHHBI B CTal[OHAp-
HOM PEeXHME:

D L {D} L' {D} L’ L @)
X = Xt T, Nt = Kotk X
GGk G'-kk, G G? -k, -kk? il °

rne G, L, D — monbHbBIe pacxozbl napa, )KUAKOCTH U AUCTHIUIATA COOTBET-
CTBEHHO, KMOJIb/4; Kj — KOHCTaHTa TepMOJANHAMUYECKOTO PAaBHOBECHS HA i-
oli Tapelke; Xj, Xp — MOJIbHAs OISl )KMIKOCTH Ha 1-Oi Tapeyke W B KOHICH-
caTope COOTBETCTBEHHO.

Jli peakIiMOHHON YacTHU KOJIOHHBI ypaBHEHHE (2) HE0OOXOJUMO JOIIO0JI-
HHUTb KHHETHYECKHM KOMIOHEHTOM:

1[R}°1 1[R}11 1[RT 1
= —+ . + . +
R+1|R+1] k' R+1R+1] kJk, R+1|R+1] k,-kkS

i
R 1 C X;
Foot ™t va iy T
Pk ;
i=1
3z:ech Vi, — CTEXHOMETPHIECKHI KOI(DOHIMEHT j-TO BEIECTBA B Peak-
MU C HOMEPOM p, I, — yJ€JbHas CKOPOCTh XUMHUYECKOH PEAKIIUM C HOME-
pom p Ha Tapenke i, R — dermoBoe umcio.
s ucuepnbiBaronieil 4acTH KOJIOHHBI:

0 1 2 i N+
:i[i} k§+i|:i:| -k§k1+i|:i:| 5 kkS _{ :| Hk - (3)
P+1[P+1 P+1| P+1 P+1| P+1 i1

31eck P — mapoBoe YHCIO, Xo — KOHIGHTPAIMS KOMIIOHEHTA B 1<y6e
KOJIOHHBI.

PesynbraThl pacuera 1o ypaBHeHHsM (1-3) HaxoAsTCsl B XOPOILIEM CO-
OTBETCTBHMHM C JAaHHBIMHU [2], ciieZioBaTeNbHO, JaHHAs CUCTEMa aJleKBaTHa U
MOJKET UCIONb30BaThCs Ul aHAIU3a MpoLecca.

I'maBHOI ee OCOOEHHOCTBIO SBISIETCS BO3MOXHOCTH pacueTra KOHIECH-
Tpauii KOMITOHEHTOB Ha JIO0OH CTYIEHH pa3jieieHHs 4yepe3 W3BECTHHIE
peryiupyeMsble mapaMeTphl TUTaHHs, KUISTHILHAKA U KOHAEHCATOPA.

VpaBHenus (1-3) MO3BOJIAIOT MONYYHTh BCE BO3MOXKHBIC PELICHHS, KO-
TOpBIe U OyAYT CTAMOHAPHBIMU COCTOSIHUSIMU CHCTEMBI.

Ha ocHoBe mpoBeIeHHBIX NCCIICAOBAHIN ONIPEIEICHBI TEXHOJIOTHYECKUE
KPUTEPHH, TAPAHTUPYIOMIKE PadoTy B 00JIACTH CYIIECTBOBAHUS €IMHCTBEH-
HOTO yCTOWYHBOTO CTAIMIOHAPHOTO COCTOSIHUS:

— @uermoBoe uncno (R) He BeImIE 4;

— Pacxoz[ METAHOJIa HEC HUXE COOTHOIICHUS METAHOJI . I/I306YTI/IJ'IGH —
1.2:1.

O]
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CnHCoK JTUuTepaTypshl
1. Ciric A. R., Miao P. Steady State Multiplicities in an Ethylene Glycol Reactive
Distillation Column // Industrial and Engineering Chemistry Research. 2002.
Vol. 33. P. 2738 — 2748;
2. Hauan S., Hertxberg T. Why Methyl tert-Butyl Ether Production by Reactive
Distillation May Yield Multiple Solutions // Industrial & Engineering Chemistry
Research. 1995. Vol. 34. Ne 3. P. 987 — 991.

Hccaenopanue npouecca BOCCTAHOBJICHHUS JKeJle3a B
Topdo-pyaIHBIX MaTepuaiax

M. A. Hanenos

Hayunwuii pykosooumens — x.m.u., ooyeum, C. I'. Macnos
Tomcxuti nonumexnuueckuu ynusepcumem, 634050, Tomck, np. Jlenuna, 30,
nalepov@vtomske.ru

OnmHUM W3 OCHOBHBIX YCIIOBHH YCTOWYHMBOTO Pa3BUTHUS IPEATIPHATHA
METaJUTyprH4ecKOro KOMITIEKCa SBJISIETCS HaJMYUe HAJEKHOH, MOJTOBEY-
HOW CHIphEBOH 0a3bl, yIOBIETBOPSAIONICH TpeOOBaHHEM PHIHOYHOW 3KOHO-
MHUKH. OJTa mpobjeMa BechbMa aKTyalbHa IS CHOMPCKOHW METaJUTypriH,
UCIIBITHIBAIONIEH OCTPBIA Ne(GHUUUT pyAbl U3 COOCTBEHHBIX CHIPHEBBIX HC-
TOYHUKOB U BBIHYKJICHHOM 3aBO3UTh U3 APYIUX yJaJCHHbIX paiiloHOB. Bme-
cte ¢ TeM, B Cubupu umeercst ps KPYIHBIX JKEIe30PYAHBIX MECTOPOXK/e-
HHUH, OCBOGHHE KOTOPBIX ITO3BOJMIIO OBl YAOBIETBOPUTH NMOTPEOHOCTH B
pyZAe Ha JUIMTEIbHYIO MIEPCIIEKTHBY.

TakuM MecTOpPOXXKIECHHEM C NPOTHO3HBIMU 3amacaMH pyzbl Ooiee
110 mupx T (B ToM yucie okoso 40 MIpJ T UTT OTKPBITOH JOOBIYH) SBIISACT-
csi bakuapckoe MecTOpoXkIeHHE OYpbIX JKEJIE3HSKOB, PACIOJIOKEHHOE Ha
teppuropuu Tomckoit oomactu (150 kM 3amamaee Tomcka, 200 kM ceBep-
Hee HoBocubupceka). MecTopoxkieHIe NMEET IPOCTOE CTPOSHUE M CI0KECHO
MPEUMYIIECTBEHHO CIa0BIMH OCAaJOYHBIMH IIOPOJAaMH, HE TPEeOyIOIUMHU
OYpOB3PBIBHOTO DHIXJIEHUS. PyIbl — OOJMTOBOrO THIA C COXEP)KAHHWEM
xenesa 30-46 %, ¢ npumecsio hocdopa u Baraaus [1].

BcenencTBue O1arompuATHOTO COYETAHHS HEMCUYEpPIaeMbIX 3aracoB JKe-
Je3HBIX pyn bakdapckoro MecTopokaeH!s, YHUKAIBHBIX 110 CBOEMY XUMH-
YeCKOMY COCTaBY, M PAaCIIOJIOKEHHBIX B HETOCPEICTBEHHOW OJM30CTH OT
MECTOPOXKICHUS JKEJIE3HOW py/bl OOJIBIINX pecypcoB Topda, MmosBisieTcs
BO3MOXKHOCTb OpPraHHM3allMi METallo-dHEePro-XMMHUUECKOro KOMOHMHATa, Ie
TOpd OyIEeT CIYyKHUTh METALTYPIHYECKUM TOILUTUBOM, a IIOOOYHBIE TPOIYK-
TBHI KOMOMHaTa OyyT HCIOJIB30BATHCS, KaK ChIPhE ISl XAMUYECKOTO CHHTE-
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3a, MHUHEpPAJIBHBIX yJ0OpeHuH, sJ0XUMHUKaToB U T.1. Kpome Toro, ras mo-

JKET SBUTHCS UCTOUHHKOM 3Hepruu [2].

V3BeCTHBI MHOTOYHCIIEHHBIE CIIOCOOBI BBIICTICHUS XKEJIE30COAEPKALINX
KOMITOHEHTOB M3 pyzAbl. OZHUM U3 Hambonee MEpPCIEKTHBHBIM SBISICTCS
IpsIMOE BOCCTAHOBIICHHUE kene3a. st TOro 4roObl OLEHHUTH NMEPCIEKTHUB-
HOCTh METOJa MPOBOAWINCH UCCIEJOBAaHHUA IPOYHOCTHBIX CBOMCTB TOp(O-
PyAHBIX ()OPMOBOK M POLIECCOB BOCCTAHOBIICHNUS B HHX JKEJIE3a.

[JanHas paboTa MOCBSIIECHA HCCIEIOBAaHMIO CTEIICHW BOCCTAHOBIICHUS
TOp(O-PYAHBIX MaTEPUAJIOB HA OCHOBE TOp(a U PyIbI.

OOBeKkTOM HcclieioBaHusl OblIa pyna bakyapckoro sxene3opyaHoro Me-
CTOpPOJK/IeHHsI, HOOBITasi METOJOM THApoaoOsun. Pyna u3Mmenbuanacs noa
cuto 0,5 MM U XpaHUJIACh B TEPMETUYHO 3aKphIBAEMOM Tape.

Jlnst BoccTaHOBIICHHUS JKelle3a U3 PYZbl HUCIONIB30BaINCh TOpdsl ¢ Ba-
CIOTaHCKOTO MECTOPOXKICHUS 0COKOBO-c(harHoBbiil (397-M4) co creneHsio
paznoxenus 35 % u pyckym (397-M5) co crenensio pasnoxenus 5 %.

WsrortaBnuBanuchk (JOPMOBKH C Pa3HBIM COOTHOIICHHEM TOp]a M pyabl
(c n3bpITKOM TOpda: pyast 64 % — topda 36 %, cTexnoMeTpuIecKkoe co-
otHomenue: pyast 70 % — topda 30 %, c HemocTatkoM Topda: pyasl 85 %
— topda 15 %), KOTopbIe BBICYIMINBAIUCH IO BO3IYIIHO-CYXOTO COCTOSTHHS
W TIOABEPraJliCh MCIBITAHUIO HAa TNPOYHOCTH. VccienoBanach KHHETHKA
BOCCTAHOBJICHUsI B PEKMME HarpeBa ¢ IMOCTOSHHOM CKOPOCTBIO 5 Tpaj/MuH
B HeWTpasbHOI atMocdepe. DPOPMOBKM HarpeBaliCh 0 OIPEAEICHHOM
temneparypbl (500-1100 °C ¢ marom 100 °C), 3aTeM OXJIaxJaliuch B
HeWTpaJlbHON atMocdepe 10 KOMHATHON TeMIepaTyphl, UCIIBITHIBAIUCH Ha
NpOYHOCTh. B oxnakieHHBIX (OpMOBKaxX OINpeAeNsIoch COAep)KaHue 00-
IIIEro XKeJe3a.

B xone nanHOTO HCCle10BaHMs OBUIO YCTaHOBIIEHO:

1. OnTtuManpHOE BpeMsl CYIIKH TOP(o-pyIHBIX (hopMoBOK — 96 yacos;

2. HaubGonpmiast mpoYHOCTh HAOIIOACTCS Y BO3AYIIHO-CYXUX (POPMOBOK C
n30bITKOM TOp(a, a HaMMeHbIIas — Yy (OPMOBOK C HEZOCTATKOM
Topa;

3. OO6pasupl 0COKOBO—C()arHoBOro Topda OKazaluch MPOYHEEe 00pa3IoB
(hyckymHOTO TOpha;

4. ®opMOBKHU ¢ COOTHOIIEHHEM 85 — 15 OBICTpee TepsAIOT MPOYHOCTh, YEM
hopmoBkH ¢ cootHomerussMu 70 — 30 u 64 — 36;

5. Hcxonss W3 yMEHbIIEHHs IPOYHOCTHBIX CBOMCTB TOPGHO—PYIHBIX
(hOopMOBOK B Tpoliecce HarpeBa X BOCCTAHOBJICHHUE CIICAYET MPOBOJHUTH
B arperarax, rje Tpedyercst MUHUMaJIbHas IPOYHOCTH (POPMOBOK;

6. Ilpu noseimenne remnepatypsl 10 700 °C KOIMYECTBO ABYXBaJICHTHOTO
JKeJie3a IOCTENEeHHO pacTeT, a mpu Temneparypax Beime 700 C ono
MOCTENEHHO YMEHBIIIACTCS;
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7. Haubomee WHTCHCHBHO TPOTEKAeT BOCCTAHOBJICHHE B HHTEpBaie
temnepatyp 700-1000 °C.

CnHCOK JUTepaTyphl
1. Benoyc H.X., bapemmankos O.®. I'eonorns mectopoxnenus // IlepcriekTHBbI
ocBoeHus bakdapckoro xene3opynHoro MmectopoxxaeHus.— HoBocubupcek, 1971.
— C.19-46.
2. HOcoun 10.C., Tummensdpupbd A.A., ITamkos H.®. HoBbie mporiecchbl mosyue-
HUs MeTauia. — M.: Meramnyprus, 1994. — 320 c.

Pacuert nmoka3aresisi TOUKH POCHI IO BOJI€ 11 TOBAPHOI'0 ra3a

A.C. Heuaes

Hayunvwuii pyxosooumens — x.m.H., ooyeum, E.A. Ky3vmenxo
Tomcxuti nonumexnuueckuui ynusepcumem, 634050, Tomck, np. Jlenuna, 30,

OmHAM W3 OCHOBHBIX TOKa3aTellell KauecTBAa TOBAPHOTO Ta3a SIBISCTCS
TeMIepaTypa TOYKH POCH 10 Bojae. PaHee HaMu MPOBOIUINCH HCCIIEIOBA-
HUSI KOPPEJSIIMOHHON 3aBUCHMOCTH TOYKH POCHI 10 BOJE OT BJIAroCOJEp-
JKaHHS TOBAapHOTO rasza s nasienuit 5—6 MIla [1] mo skcnepuMeHTa b-
HBIM JIaHHBIM, IIPUBEJICHHBIM B [2].

Ienbio maHHON PabOTHI SIBISETCS HCCICIOBAHHUE 3aBUCHUMOCTH TOYKH
POCHI 110 BOJIC OT BJIArOCOACPIKAHUS [T PA3JIMYHBIX AUANIA30HOB JaBJICHUS,
XapaKTePHBIX JJIs MPOBEACHUS TPETeH CTYINECHM HHU3KOTEMIICPATYPHOH ce-
naparu (HTC).

ITo naHHEIM C TIPOMBINUICHHBIX YCTAHOBOK IMOJTOTOBKH Ta3a BBISBJICH
Jnana3oH BO3MOXHbIX AaBiieHui Tpeteit ctynenn HTC — ot 3 no 5 Mlla.
JIiist oy4eHusT KOPPEISIIHOHHBIX 3aBUCHMOCTEH TeMIepaTyphl TOYKH PO-
CBI 110 BOJIC OT BJIArOCOJICPXKAHUS W JIABJICHUS HaMU BBEIOpAaHKI OoJiee y3Kue
HMHTEpBaNbl 3TOro amama3ona: 2,5-3,5 Mlla, 3-4 MIla, 3,5-4,5 MIla, 4-
5 MITa. Bug npuHsATOMH 3aBUCUIMOCTH 000CHOBaH B [1]:

T 1.p. = botby-P+b,-W+bs-In(P)+b,- In(W),
rae:
T T.p. — Temmeparypa TOYKa POCHI;
b; — KoathduitieHt B ypaBHEHHH pErpeccuu;
P — nasnenwe, klla;
W — BiaroconepxaHnue, v,

B kauecTBe 3KCIIepHMEHTAIBLHON HHGDOPMAIIMH IS OPEICICHUS 3aBU-
CUMOCTH B3SITHI JaHHBIC JICKTPOIUTUYCCKOTO M KOHICHCAIIMOHHOTO METO-
JIOB OTIPENICICHUS] TOUKH POCHI 10 Biiare [2]. [y BRIOpAaHHBIX AHANIA30HOB
JTABJICHUI, SKCIICPUMCHTAIBHBIC JAHHBIC JICKTPOIUTUYCCKOTO METO/AA J0-
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MOJIHEHbl JaHHBIMH pacyera BIAarocoep’kKaHusi MO KOHAEHCAMOHHOMY
METOZy.

IIpu 06paboTke pacmMpeHHOTO HA0Opa JAHHBIX C MMOMOIIBIO (PYHKITHH
«MHOYKECTBEHHAsI perpeccusi» B AIEKTPOHHBIX Tabimiax Excel, momydeHst
KO3 GUIMEHTH! SMIIMPHUYECKON 3aBUCHMOCTH VISl KaXIOr'0 M3 y3KUX JAua-
nma30HOB (Tabin. 1). C ucroip30BaHWEM TONTYYEHHBIX SMIHPUICCKAX YpaB-
HEHHH BBITOJHEHBI PacyeThl TEMIIEPaTyphl TOUYKH POCH B Auana3oHe oT —40
no 0°C. Tak ke ompeneneHHa MIIMPHYECKas 3aBUCHMOCTb U BBHIIIOIHEH
pacder Temrneparyp TOYKH pOCHI JJIsi LIMPOKOTO AMAIa30Ha JaBJICHUH — OT
2,5 no 6 MIla. CpaBHEHHE pacueTHBIX HKCIIEPUMEHTAIbHBIX 3HAYECHUI TOY-
KM POCBI I10 BOJIE ITOKA3aJI0, YTO MPH JIFOOOM WHTEpBaje NaBiIeHHH HanOOb-
1Iee OTKJIOHEHHUE COOTBETCTBYET KOHIIaM MHTepBaia, To ecTb —40 u 0 °C.

Crnenyer OTMETUTh, YTO MaKCUMaJIbHasl IIOTPEIIHOCTh PE3yNIbTaTOB pac-
deTa 1o (GopMmyre Ul MIHPOKOTO Auana3oHa maBieHuit (Makc. ommoOka*)
3HAYUTENHHO MPEBBIIACT MAKCHMAJIbHBIC MOTPEIIHOCTH COOTBETCTBYIOIINE
SMITUPHIECCKIM 3aBUCHMOCTSIM IS Y3KUX JHAIa30HOB JaBlIeHUM (Ta0m. 1).

Ta6auua 1. KodgduunenTsl 3Mnupnyeckoii 3aBHCHMOCTH

rc:e Maxke Makc. E,-’ﬁ
= oumﬁm; p | Ombia B ¥§
) Kospdpunuentsr HHTepBae MHTEPBATE| o
g Tt T 1.p. mo g
= .p. 1o 2
2 BJIare oT BH; ge o
= ~40100°C| T oc é
b0 bl b2 b3 b4
2,5-3,5/-81,5916(19,50337|-0,00113(11,55949|12,46450 0,713 0,465 1,538
3-4 |-80,2259(22,27225|-0,00100(11,66992|12,26764 0,647 0,467 1,155
3,5-4,5(-78,6902(24,79376|-0,00090(11,77655|12,05991 0,596 0,470 0,819
4-5 |-77,0548|27,11989|-0,00082(11,87762|11,84732 0,558 0,474 0,632
4,5-5,5(-75,3640|29,28756(-0,00075|11,97261|11,63349 0,527 0,480 0,873
5-6 |-73,6464(31,32374|-0,00068|12,06152(11,42071 0,502 0,485 1,096
2,5-6 |-76,0713(18,43112|-0,00085|12,10760(11,89480 1,538

CrenoBatesbHO, MOXKHO C/IeNIaTh 3aKIOUeHHE, YTO JUIS pacdyera TOUYKH
POCHI 110 BiIare Juis TOBAPHOT'O ra3a JIydille MOJIb30BaThCsl 3aBUCHMOCTSIMU,
COOTBETCTBYIOIIMMH y3KOMY AMAIa30Hy JaBJICHUH, BKIIOYAIONIEMY 3Haue-
Hue naBieHus Ha Tpetber cryneHu HTC. ITorpentHocTs pacueTHBIX 3HAYE-
HHU# B quamna3oHe temreparyp To9ku pocskl oT —20 g0 —10 °C (coorBeTcTBHE
KadecTBa ToBapHOTO rasza cornacHo OCT 51.40-93) nammenpmas (Tabdi. 1),
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YTO MMO3BOJISIET PEKOMEH/IOBATh BHILICIIPUBEICHHBIE IMITUPUIECKHe GopMy-
JBl JUIs pacyeTa IOKa3aTels TOBapHOrO KadecTBa rasa IO TeMmIlepaType
TOYKH pOCHI U1 Mofenupytomux cucrem HTC.

CHnHCcOK JUTepaTypshl

1. Hewaer A.C. HccrenoBanue KOppEISIIMOHHOW 3aBUCHMOCTH TOYKH POCHI IIO
BOJIC OT BJIaroco/ep>KaHusl TOBapHOT'O ra3a M JAaBJICHUS B ra30IpoBoe //XuMus
n xumundeckas texHosnorus B XXI Beke: marepuansl XI Bcepoccuiickoil Hayu-
HO-TIPaKTHYECKOM KOH(EPEeHIINH CTYAEHTOB U acupanTtoB — Tomck, TIIY, 12—
14 mast 2010. — Tomck: Uzn. TITY, 2010 — 1. 2. — ¢. 86-88 (59786102)

2. Meropl onpe/ieneHns CoIep KaHus BOISHBIX MapoB U TOYKU pockl Baaru [OCT
20060-83.

IIpexynpe:xaenne ruApaToo0pa3oBaHus B ra30NnpoBo/ie

B.B. Hopkuna

Hayunwuii pyxosooumenv — KXH, accucmenm E.B. Bewaeuna
Tomcxuti nonumexnudeckuu ynusepcumem, 634050, Tomck, np. Jlenuna, 30,
varvara@tambo.ru

[IpuponHblii Ta3, HACBHIIIEHHBIH MAPaMH BOJIBI, IIPH BHICOKOM JIABICHHU
Y TIPU OIPEJICIICHHON IOJI0KUTEIBHON TeMIiepaTrype crocoOeH oOpa3oBbI-
BaTh TBEPJbIE COSITUHEHHMS ¢ BOJONH — ruaparsl [1].

B pesynpTare 06pa3oBaHus THAPATOB B Ia30IIPOBOJIE BIAr0OCOAEPKaHHE
ra30BOTO MOTOKA HAJ| THApPATaMU CHHXAETCS COOTBETCTBEHHO CHMXEHHUIO
YIPYrOCTH HapoB BOJIbI, HAXOJSIIMXCS B PABHOBECHS C JKWAKOH (azoil u
TBepJsIM TuapaToM. Eciu B pesynbraTe 00pa3oBaHHS MEPBOI I'MIpaTHON
MPOOKH TOYKA POCHI NMAPOB BOJBI CHIKAETCS HMXE MUHUMYMa KPHUBOH U3-
MEHEHHSI TeMIIepaTyphl ra3a B Ta30MpOBOAE, TO CIEAYIOIIas THIpaTHas
npobKka MOXXeT U He oOpaszoBarbesi. Ecim B pe3ynbrate o0pa3oBaHUs TH-
paTHOI NpoOKW 3a CYET Pa3sHOCTH YNPYrocTeil mapoB BOJBI HAJA KHUIKOH
BOJIOH M HaJl THJpaTaMH TOYKa POCHI HE CHMXKAETCS HW)KE MHUHUMAaJbHOM
TEeMIIepaTyphl B ra30lpoBoAe, TO 00pasyeTcs cileaylomas TuapaTHas npoo-
Ka — B TOUYKE I€PECCUCHHNS JINHUN BIIarOCO/IEPKAHUS C KPUBOH M3MEHEHUS
TeMIIepaTyphl B Fa30IpOBOJIE.

[Ipenynpenuts 06pa3oBaHUE THAPATOB MOKHO IIyTeM BBOJIa HHTHOHUTO-
POB U TEIUIOM3OJIIHEH IIIeH(OB.

Jnst 60pb0OBI ¢ 00pa3oBaHWEM THAPATOB MPH WCCICTOBAHUHM CKBAKIH
MPUMEHSIOT CII0c00, MPEIOTBPALIAIOIINI UX IIPUINIAHNE K CTCHKaM TpYO.
C 3T0i1 1IeIBI0 B OTOK Ta3a BBOASAT MOBEPXHOCTHO — aKTHBHBIC BEILIECTBA
(ITAB), konnencar nim HedrenpoaykTsl. [Ipu 3ToM Ha creHkax Tpyo obpa-
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3yercsi TuApo(oOHas IUIEHKA, W PBIXJIbIE THAPATHI JIETKO TPAHCIIOPTUPYIOT-
csl MOTOKOM raza. [IAB, mokpeIBasi MOBEPXHOCTh XUIKOCTEH U TBEPIBIX
BEILECTB TOHYAWIIMMH CIOSIMH, CIIOCOOCTBYET PE3KOMY H3MEHEHHIO yCIO-
BHIf B3aWMO/ICHCTBHUS THAPATOB CO CTEHKOM TpyOHI [2].

B nHacrosimiee BpeMst Ha AeHCTBYIOMMX MecTopokaeHusx Kpaiirnero Ce-
Bepa Poccun B KadecTBe MHIMOMTOpA THAPAaTOOOPa30BAHUS HUCIIONIB3YETCS
MPaKTHIECKN TOJBKO METaHOJ. MeTaHON — IIHUPOKO PaclpOCTPaHEHHBIH
AQHTUTHAPATHBIM pPEareHT, BO3HUKAIOIUX 110 KaKUM-THOO MpPUYMHAM THA-
paTHBIX OTJIOKECHUI (HECIUIOUIHBIX MIPATHBIX MPo00oK). OH Takke MOCTO-
SIHHO PEKOMEHAyeTCs KaK HMHTHOMTOp THUApPAaToOoOpa3oBaHMs U Ha BHOBB
IPOCKTUPYEMBIX MECTOPOXKICHHSX [3].

3HaTh MecTa BO3MOXKHOTO T'HPaToOOpa30BaHUs OYEHb BaXKHO JUIA CBOE-
BPEMCHHOT'O UX MPEAYNPECIKACHUA.

Jlns IpaBUIIBHOTO OIpe/ieNIeHUs MecTa 00pa30BaHus THIPaToOB HEOOXO-
JIMO 3HATh COCTAaB ra3a, €ro INIOTHOCTh, MI3MEHEHUs JaBICHUS M TeMIepa-
TYpHl U BI@XXHOCTh Ta3a. 3Has BIAXHOCTh M COCTaB IOJaBAEMOro rasa, a
TaKKe 3aBUCHMOCTb 3THX MapaMeTpOB OT JAaBJICHUS U TEMIIEPATYPbI, MOXK-
HO OTpENeNUTh BpeMsl Hayajna 0Opa3oBaHMS THIPATOB, MECTO U CKOPOCTH
HaKOIUICHUS MX B TA301IPOBOJIE.

B pe3ynbTaTe MHOTOUYHMCIICHHBIX MCCIIEAOBAaHUI YCTAaHOBIICHO, YTO CKO-
pPOCTh THAPAaTOOOpa30BaHMsI B 3HAYUTENLHOW CTETICHH 3aBHCHUT U OT Pa3HO-
CTH TeMIIEpaTyp MEXAY CpPelloi, B KOTOPOH MPOUCXOJHUT MPOLIECC THAPATO-
0o0pa3oBaHMs, ¥ PAaBHOBECHOI Temmeparypoi ruapatoodpaszoBanus AT. C
yBenmueHueM AT mpu mpoumux paBHBIX YCIOBHSIX, CKOPOCTh THAPATOOOpa-
30BaHUs BO3pAcTaeT. 3HAYMTENILHO BIHUSET HA CKOPOCTh POCTa THIPATHBIX
00pa3oBaHMii IepeMeIInBaHNe CpeJibl, B KOTOPOI MpoucxoanT GpopmMupoBa-
HHE THIpaToB. 3a CYET MEepeMEIIMBaHMS IOCTOSHHO MOAJCPKUBACTCS
OostbIasi TUIONIA s KOHTAKTa THAPATOOOpa3oBaTe b — BOJa U OCYLIECTBIIS-
€TCsl MHTCHCUBHBIA OTBOJ TETUIOTHI OT ()OPMHUPYIOLINXCS THAPATOB.

[IpoBeneHHBIE HAMM DKCIIEPUMEHTAJIbHBIE MCCIIEAOBAHUS MPU Pa3Iny-
HBIX TeMIepaTypax M JaBJICHHSIX MOKa3aJld, YTO C YBEJIMYCHHUEM IABIICHUS
Y TOHWKEHHEM TEMIIePaTyphl MOBBIIIAETCSI CKOPOCTh 00pa30BaHUsI THIPaA-
TOB. O)IHaKO P HU3KUX TEMIICpaTypax MOBBIIICHUC TaBJICHUA MAJIO BJINA-
€T Ha CKOPOCTh Ipoliecca THAPaTooOpa3oBaHus, a OBBIIIEHHE TEMIIEpaTy-
PBI 3aMeATISIET TIPOIIECC.

CrnMcoK JuTepaTypsl
1. Barammu O.10., 3axapos M.IO. CoBepiieHCTBOBaHHE METOIOB pacueTa yCIOBHH
rugparoodpazosannsi. M.: BHUMOI'A3npoma, 1988.
2. Tleppu A. ®umep VccnenoBaHus ra3oBbIX THIPATOB Ipoponkarorcs // Hedre-
razoBble TexHonoruu, 2001. Ne2. c. 66—69.
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3. T'pyuBanpa A.B., Vcnonp3oBanue MeTaHoila B Tra30BOM MPOMBIIUICHHOCTH B
Ka4yecTBe MHTHOUTOPA THAPATOOOPa30BaHMA U MPOTHO3 €ro MOTpeOsICHUs B IIe-
puox mo 2030 r. M.: BHUNT'A3/Ta3mpowm, //Kypu. Hedrerazoroe neno. 2007.

B3anmocBs3bp MapaMeTpoB cOCTaBa M CBOICTB HeTH
KpanuBuHCKOro MecTOpOKIeHHA

E.A.Ocunenxo

Hayunwiii pyxosooumenvs — doyenm E. A. Ky3omenxo
Tomckuii nonumexnuueckuu ynugsepcumem, 634050, Tomck, np. Jlenuna, 30,
sister290@mail.ru

OmnpeneneHyue CBOWCTB M COCTaBa HE(PTH SIBISAETCS BAXHBIM 3TAlloM
NPEANPOCKTHBIX HCCIENOBaHUN, HEOOXOJUMBIX JUIS ONpPENENICHUS ONTH-
MaJIbHBIX TEXHOJIOTHH MX nepepaboTku. [TojgHOE 3KCIIepUMEHTaNbHOE HC-
CIIE/IOBAHUE COCTaBa M (PU3MKO-XUMHUYECKUX CBOMCTB He(dTH TpedyeT
OosbIIX (pUHAHCOBBIX W BPEMEHHBIX 3aTpaT. [103TOMy 1ebl0 TaHHOW HC-
CJIC/IOBATENILCKOM Pa0OTHI SBIAETCS HPOCIEANTh B3aUMOCBS3b 3THUX Iapa-
METPOB, W BBIIBUTH 3MIIMPHUYECKHE 3aBHCHUMOCTH JUIA pacdera (pu3MKo-
XMMHUYECKHX CBOWCTB Ha IpuMepe HeTn KpannBHHCKOr0 MECTOPOXKICHUS.

Hamu BbImosmHeHs! 1a00OpaTOpHBIE HCCIENOBAHHUS II0  OINPEAEICHHIO
TUIOTHOCTH, BSI3KOCTH, @ TaK)XX€ COJEP)KaHMs Cepbl, acaabTeHOB, CMOJ, U
napa¢uHOB B HE(TH, MO BBIOOPKE M3 PE3YyIHTATOB KOTOPBIX MOCTPOCHBI
3aBHCHMOCTH IIJIOTHOCTH OT COZEPIKaHUsI cepbl, napapuHoOB, cMoJI, achanb-
TEHOB M COOTHOLICHUs ac(aJbTeHBI/CMOJBI, U BSI3KOCTH OT TeX e Mapa-
METPOB. A TaK)ke paCCMOTPEHO BJIUSIHUE IUIOTHOCTH Ha BS3KOCTh HE(PTH.

Jist onipeiesieHust TECHOTBI CBSI3U MApaMeTPOB ObLTH PACCUYUTAHBI KOA(-
(UIMEeHTHl TIApHOW KOPPEJALMH, 3HAYEHHS KOTOPBIX MpPEACTaBICHBl B
Tabm. 1.

Taomuna 1. KosdduimenTts! napHoii koppessiuu

CaoiicTBa HeTH
IapameTpsl cocTaBa O003HaYeHHST ILnoTHOCTH Bsi3kocTh
p u
Cepa S 0,87 0,84
AcdanpTeHsI As 0,74 0,83
Acd/cm As/Sm 0,5 0,56
CMombl Sm 0,4 0,43
[Mapadunsr Par 0,01 0,08

OpueHTHPYSICh Ha 3HAYCHHs TOJYyYEHHBIX KOA((UIIMEHTOB, MOXKHO
c/ieNnaTh BBIBOJ, YTO IUIOTHOCTh HedTn KpamMBHHCKOrO MECTOPOXKICHHS
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3HAYUTEJIHHO 3aBHCHUT OT COJIEp)KaHMs Cephl B Hell, koadduimeHT koppes-
UK MEXy 3THMH napamerpamu paseH 0,87. HaOmonaercst Oosnee crnabas
3aBHCHMOCTH TUIOTHOCTH OT COAEPKaHUs ac(aabTeHOB, KOI(D(HUIIHEHT KOP-
persuu MeXAy 3TUMHU mapameTrpamu paBeH 0,74. OZHAKO TECHOTHI CBSI3H
IUIOTHOCTH CO CMOJIaMH U NapadpuHAMHU He HaOmogaeTcs. AHaJIOTHIHO, IS
BSI3KOCTH: KOPPEIALMS MEXKIY BA3KOCTBIO U COZICPIKAaHUEM CEepBl HOCTATOY-
HO BBICOKasi, MEXIy BS3KOCTBIO M COIEp)KaHUEM ac(albTeHOB ciabee, a
MEXIy BS3KOCTBIO M COJCP)KaHHEM CMOJ U MapaMHOB NPAKTHYESCKH OT-
cyTcTBYyeT. TecHast Koppessauus HaOJIr0JaeTCsl MeXy TaKUMH CBOWCTBaMH
HeTH, KaKk IUIOTHOCTh M BS3KOCTh. Kod(duumeHT mapHOH KOppensuuu
3THX CBOMCTB cooTBeTCcTBYET 0,92.

Jns mapaMeTpoB, MEXAY KOTOPBIMH HaOIIOJAeTCsl KOPPEIALHOHHAS
CB#13b, OBLTH MMOCTPOCHBI 3aBUCUMOCTH (Ta0I. 2).

Ta6/una 2. DMOuprIecKre 3aBICUMOCTH TApaMETPOB COCTaBa M CBOMCTB HEDTH

3Mnnpnqec1cne 3aBUCUMOCTH Beanuuna AOCTOBEPHOCTH ANIMMIPOKCUMALIUU

p= 0,0592-S%+ 0,0009-5+0,8121 0,7551
p=—0,0009-As?+0,0144-As+0,8209 0,6156
1= 0,4425-e34%8%S 0,7862

p= 3,6967-As’043 0,6570
u=7129,1-p>-11915-p+4983,1 0,9411

Takum 00pa3oM, MOXKHO CAETATh BBIBOJBI, YTO C YBEIUYECHHUEM COMAEP-
JKaHUsI cepbl B HE(TH MJIOTHOCTh €€ BO3PACTaET 10 MTOJIMHOMHAILHOMN 3aBH-
CHUMOCTH € 1ocToBepHOCThIO 0,7551. 3aBHCHMOCTS TUIOTHOCTH OT COZAEpKa-
HUsl acha’dbTEHOB TAKXKE OIMHCHIBAETCS TOJMHOMOM (JOCTOBEPHOCTD
0,6156). BsizkocTh BO3pacTaeT C yBEIMYEHUEM COJIEPIKAHUS CEPBI IO JKC-
MOHEHLIMAJIbHOW 3aBUCHUMOCTH, HOpPHU OSTOM JIOCTOBEPHOCTb COCTaBJISET
0,7862, a 3aBUCHIMOCTB BSI3KOCTH OT COJICpKaHHS ac(haTbTEHOB ONHCHIBACT-
csl Tyd1le cTeneHHol QyHkuuei ¢ nocroBepHoctsio 0,657.
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Bansinne MarHuTHOM 00padoTKHN HA peoIornYecKHe
cBolicTBa HedTeil

JL.B. Ileiicenux, E.Il. Ky3neyosa

Hayunwuii pyxogooumenv — c.u.c., k.x.n. FO.B. Jlockymosa
Hayuonanenuiii uccnedosamensckuil Tomckutl 2ocyoapcmeeHHblll
yuusepcumem, 634050, 2. Tomck, np. Jlenuna, 36
Tomcxuii nonumexnuueckuu ynusepcumem, 634050, Tomck, np. Jlenuna, 30
Hnemumym xumuu negpmu Cubupckoe omoenenue PAH, 634021, Poccus,
2. Tomck, np. Akademuueckuii, 4,
sweetmouse777@mail.ru

B Hacrosiiiiee BpeMsi YBEIMUYHBACTCS JOObIYA BHICOKOMAPA()UHUCTHIX U
BBICOKOBSI3KUX He(Tel, XapaKTepU3YIOIIUecs BHICOKOW TEMIIEpaTypoil 3a-
CTBIBAHUSI M aHOMAIIbHO BBICOKOH BS3KOCThIO. Takue HedTH B mporecce
JIOOBIYM, TPAHCIOPTAa M XPAHCHUS C MOHIKCHHEM TEeMIIEpaTypbl 3HAYH-
TENPHO YXYALIAIOT CBOU PEOJOTHYECKHE XapaKTEPUCTUKU. DTO TPHUBOIUT K
MOBBIIICHHOMY HM3HOCY O0OpYIOBaHUs, MOMOJHUTEIBHBIM MaTepPHaIbHBIM
3aTparam M yXyIIICHUIO SKOJIOTHICCKON CUTYaIUH.

st mpeoioneHus 3TUX npoOIieM B TIOCIIETHUE TO/Ibl YCUIIMIICS UHTEpPEC
K MaJIOIHEPreTUYECKUM BO3ICHCTBUAM. DHEPrusi MArHUTHOTO TOJIS SIBJISI-
eTCst OHON U3 cambIX 3(P(HEKTUBHBIX, IKOHOMUYHBIX U JOCTYITHBIX BHIOB
SHEPIUH, C MOMOIIBI0 KOTOPOH BO3MOXKHO PEryJIMPOBAHUE CTPYKTYPHO-
PEOJIOTHYECKUX CBOMCTB He)Tel 1 HeTenpOayKTOB.

OCHOBHOI1 11eJ1bI0 pabOTHI SIBISIETCS] U3yUYCHUE BIUSIHUAS MATHUTHON 00-
pabOTKH U OKCHTHIPATOB JKejie3a Ha PEeoJIOTHYECKHEe CBOWCTBa Hedredl ¢
Pa3UYHBIM COJEpIKAaHHEM MapadUHOB M CMOJIUCTO-AC(HabTEHOBBIX KOM-
MOHEHTOB (Tabnumna 1).

Ta0una 1.
No Hern T, °C Mac. noas B HedTu, %
acdaiabTeHOB cmosl | mapaguHOB
1 C.OCTaHMHCKast +16 1,6 2,1 16,0
2 TaliMyp3HHCKast -30 3,4 19,4 2,4

MarnutHas o6padotka (MO) ocymiecTBiIsIach C HCHONB30BAHUEM Mar-
HUTHOU cuctemsbl yctporictBa MAVYT (IIK® «Oxcu-Keii», r. Tomck), co-
3maHHOM Ha ocHoBe criaBa Ne-Fe-B u obecneunBaromeii aMImiuTy 1y Mar-
HUTHOH MHAYKINH 10 0,35 T. DT0 mMo3BONAET CO31aTh HEOJHOPOAHOE Mar-
HHUTHOE TI0JI€ BBICOKOW IUIOTHOCTH 3a CYET KOH(PUIYpaIuu MEPIEHANKYIISIP-
HBIX W TNapajjelbHBIX MarHUTHBIX Mojed. B xome paboTsl mccnemyembie
Hedty mo TedyoHOBOW TpyOke auamerpoM 3,5 MM NpOIYCKallMCh 4epe3
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MarHuTHyto cucremy npu 20 °C co ckopocTeio 7,5 eM®/MuH. H3mepenue
PEOJIOTHYECKUX XapaKTEPUCTUK MPOBOAMIN HA POTALIMOHHOM BHCKO3UMET-
pe Brookfield LVDV-II1+Ultra mpu remmeparype 20 °C.

Oxcurnapoxcunsl xkene3za (OIDK) Oblmm moirydeHBI W3 MUHEPAIbHOTO
ocazika, 0TOOPaHHOTO M3 OTCTOWHHKA C Bojo3abopa Tomckoro axkagemro-
ponxka, mocie 3-4acoBoif TepMHUUIecKoii 00paboTke IpHU Temmeparypax 25 u
250 °C (06pasust OIK-25 u OTK-250).

B Tabmurme 2 mpencTaBieHbl pe3yNbTaThl peOIOTHYECKUX UCCIIETOBAHIMA
He(Tel 10 W MOCIe MAarHUTHOW OOpabOTKH, TAe 1) — IUTACTHYECKasl Bs3-
KOCTb Tgp — MpeJIelIbHOE HAMPSDKEHNE CIBHTA.

Taoauua 2

n, mlla-c 1o, Ila

He(Th
Nel | Ne2 | Ne3 | Ned Nel Ne2 Ne3 Neq

TallMyp3HHCKAast 781 647 | 669 | 804 59 4,3 3,6 6,5

C.-OCTaHHHCKast 795 | 9,2 134 | 77,2 2,1 1,2 0,6 0,8

Nel — wucxonnas HedTh; Ne2 — marHurooOpaboTanHas HeTh, Ne3 —
HedTh ¢ godaBnenuem 0,01 %mac. OI'K-25; N4 — HedTh ¢ H00aBICHHEM
0,01 %mac. OI'XK-250

[ BeIcOKOCMONUCTOM HehTH TaliMyp3MHCKOTO MECTOPOXKICHHS ITOCTe
MO nHaGmromaeTcss CHIDKEHHE BSI3KOCTH 1) Beero Ha 17 % (oOpazer Ne2).
Beenenue B Hed1b 0,01 % OI'K-25 (Ne3) yxymmaer appextuBHOCTE MO,
IPU 3TOM BSI3KOCTh 00paboranHON HedTH yBenmuuusaercs Ha 22 mlla-c. C
nob6asnenuem 0,01 %mac. OIK-250 (Ne4) Bsazkocts HedTu mocne MO mpe-
BBIIIAET MCXOHOE 3HadyeHue Ha 19 %. ITocine MO Habmro1aeTcst CHIKEHUE
MpeebHOrO HampsDKeHus ciasura Tp B 1,5 paza (Ne2), a mpu obpaboTke
HedTH ¢ obaBiaernem OIK-25 nporcxoaut MakCUMaIbHOE CHIDKEHHUE Tg B
3 paza.

MO Boicokonapadunucroii HepTH CeBepo-OCTaHHHCKOTO MECTOPOXK-
JICHUS! TIPUBOJINT K MaKCUMaJIbHOMY ITOHWKEHHUIO BsizkocTH — 8,6 pas. [lpn
BBeneHuu B HePTH 0,01 % OIK-25 HabmogaeTcst 3HAUUTENBHOE YBEIHIe-
Hue BsizkocTH (Ha 68 % — Ne3). C nobGasienuem 0,01 %mac. OIK-250
(Ne4) apdexT MarHUTHOTO BO3JIEHCTBUS NpakTHUeCKH ncuesaeT. [Tocie MO
HaOoaeTcss CHWXXEHUE NMpEeAeIbHOr0 HampspKeHHs caBura tp B 1,8 pasa
(Ne2), a BBeZeHHE OKCHUTHIIPOKCHIA JKeJie3a MPUBOANT K MaKCHMalbHOMY
CHIDKEHHIO To — B 3,5 pasa.
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Onpeue.nelme XHMHUYECKOro CoCTaBa 1mjiacroBoro ra3a

A.U. Ilemyxoea, A.E. Ckpaouna

Hayunwuii pykogooumens — k.x.n. C.A. Apvicmanberosa
000 «Hayuno-uccredosamenbCKuil UHCIMUMYm NPUPOOHBIX 2306 U
eazoevix mexnonoeuit — I aznpom BHUUT'A3», 142717, Mockosckas o6u.,
Jlenuncxuil p-n, noc. Pazsunxa, S_Arystanbekova@vniigaz.gazprom.ru

IInacToBbIil Ta3 razokoHAeHcaTHbIX MecTopoxkaeHuilt (I'KM) npeacras-
JsieT co00 MPUPOIHYIO UCKOMAEMYIO Ta305KHIKOCTHYIO CMECh, COCTOSILITYIO
U3 YIIIEBOJIOPOJOB M HEYTJIEBOAOPOAHBIX KOMIOHEHTOB M HaXOJAIIYIOCS B
TUIACTOBBIX YCJIOBHUSX B Ta3000pa3HOM COCTOSIHUH. [IaHHBIE 0 XUMHYECKOM
COCTaBe IUIACTOBOTO Ia3a HMCHOJIB3YIOT B pacueTax MaTepuajbHbIX OajaH-
COB, a TAKXKe B TEXHOJOTMYECKHX PacdeTaX, BBINOJIHAEMBIX MPH MPOEKTH-
POBaHMH Pa3pabOTKH MECTOPOKACHHH, CHCTEM TPaHCIOPTa U MepepadOTKH
JOOBITOrO YTrIEBOAOPOJHOTO CHIPHSI.

BBuny croxxHocTH 0TO0pa MpEACTaBUTENBHBIX P00 IIACTOBOTO Ta3a U
MX TOCJICAYIOMIETO MPSMOT0 aHAIN3a, HA IPOMBICIIE OTOMPAIOT MPOOEI MPo-
JIYKTOB €ro IPOMBICIIOBOH mojarotoBkn — rasza cenapanuu (I'C) n Hecra-
6unpHOTO rasoBoro koHzaeHcara (KI'H). /lo HenaBHero BpeMeHM aHANM3
I'C, a taxxke raza neraszaunu KI'H mpoBoauim 1mo MeTonukam, ImpeaHa3Ha-
YeHHBIM JUI aHaJIM3a TOBAPHOTO Ta3a, KOTOPBIE HE BCEr/a IMO3BOJISIOT
OTIpeNieNATh HEKOTOPHIE KOMIIOHEHTHI B KOHLIEHTPAIUAX, XapaKTePHBIX IS
CBIPBEBBIX Ta30B. COCTaB [era3upOBAaHHOTO KOHIEHCATa ONPEAEISIN 10
METOJIMKaM, [IPpeAHa3HAYCHHBIM JUIsl aHalu3a He(Tel, WM HecTaHIapTH30-
BaHHBIMH METOJIaMH{, OOBIYHO C OIIPEAEIEHUEM TSDKEIIBIX YTIIEBOJOPOJIOB B
Buze ncesaokoMnonenTa Cs. (Cg.).

B 00O «I'azmpom BHUUI'A3» pa3paboTaHa meTomuka OIpereIeHHS
JIETaIbHOTO XUMUYECKOTO COCTaBa IUIACTOBOTO Ta3a, JIMIIECHHAs BBILIENIEpe-
YHUCIICHHBIX HEIOCTaTKOB. B coOTBETCTBUM C JaHHON METOIUKOW it pac-
YyeTa COCTaBa IUIaCTOBOIO ra3a HCHOJIb3YIOT JaHHBIE IO MOTHOMY XUMUYE-
ckomy coctaBy I'C u KI'H, momyueHHBIE METOJIOM Ta30BOH Xpomarorpa-
¢un. Ananun3 KI'H mMoxxHO mpoBOIuTh AByMS criocobamu. IlepBerif crioco6
IpeaycMaTpuBaeT IpeABapuTeabHOe pasrazupoBanue mpoost KI'H ¢ momy-
YeHHWEM Taza Jiera3alliiil U Jera3upoBaHHOTO KOHJeHcaTa. B cooTBeTcTBHHU
co BTOpBIM criocobom, ananu3 KI'H mpoBoasaT 6e3 mpenBapuTeTsHOTO pas-
ra3upoBaHMsl — IIyTEM NPSMOTo BBOJA MPOOBI B Xpomarorpad Imoj aaBie-
HueM. MnauBuayanssele yriaeBogopoasl Ci—Cs ¥ Tpynmsl yrieBoAOpOaOB
Cs, Cy, Cg+ B I'C onmpenensitoT Ha HaCaJAO4YHOM KOJIOHKE C NOJIMMEPHBIM aj-
cOpOEHTOM C HCIIOJIb30BaHHEM JeTeKkTopa 1o TeruonpoBoguoctu (ATII),
IUIaMeHHO-HOHu3amonHoro aerekropa (ITMJI), nmbo wnx komOuHAIMH.
«IToctostHabIe» Ta3sl B I'C onpeaensoT Ha HacaJOYHON KOJIOHKE C MOJIEKY-
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nspabiMu cutamu tuna CaA wiu NaX c ucnons3zoBanuem JTII. Unausu-
nyansHele yrieBojgopoasl C;—Cs B KI'H ompenensioT Ha HacafouHOH Ko-
JIOHKE C MOJMMEPHBIM ancopbeHToM ¢ ucmnonb3oBanueM [INJI. YrieBomo-
pomsr Ce—Cyq B KI'H B Buzme rpynmoBoro (Ce—Cipi) MO0 (GpaKkImoOHHOTO
(45-540 °C) cocraBa ompenessifoT METOAOM KalHUIIPHOM Ta30BOM Xpoma-
torpadun ¢ ucnonszoBanueM [1N]]. MHnnBuayamsHBIE cepocoieprKaline
COeMHEHUs (CEpOBOJIOPOA, CEPOOKCUA YIIIEPOJa, CEPOYIIEPOa, MHIUBH-
nyanpHble MepkanTabl Ci—C,, mumeTwncynbdui, AUMETHIANCYIbOU,
JUATWICYIbGUI, TUITHIANCYIbGOUI, TETPAruIPOTHOPECH U JPYTHUE MPOU3-
BoaHble THOdeHa) B npobax I'C m KI'H ompenensitor Ha KanwuisipHO# Ko-
JIOHKE c HCIIOJIB30BaHUEM CEepOCETIEKTUBHOTO ITaMEHHO-
¢doromerpuyeckoro perekropa. Meranon B I'C u KI'H onpenensitor Ha
HAcaJIouYHOM KOJIOHKE C IOJMMEPHBIM aJCOPOSHTOM C HCIIOJIb30BAaHHEM
JTII. Onucannbie Mmetoauku ananu3a ['C u KI'H npumeHums 111 aHanmmza
Kak OEcCepHHCTOro, TaK M I BBICOKOCEPHHCTOTO YTJIEBOJOPOJHOTO CHI-
jus8

CocTaB ITACTOBOTO Ta3a PACCUUTHIBAIOT METOJOM MaTEepHAIBHOTO 0a-
naHca (peKoMOMHAIMEH T'a30BBIX M JKHUAKOCTHBIX TTIOTOKOB C YY€TOM KOH-
JIeHCaTora3oBoro (hakTopa IpH YCIOBHSAX CENapalyn), pacuyeT BO3MOXEH
Tpems criocodamu. /IBa criocoba pacdyera OCHOBAaHBI Ha pe3ysbTaTax aHaJH-
3a KI'H ¢ npenBapuTtenbHBIM pa3rasupoBaHueM NpoOsl. B TpeTsem criocobe
pacueTa B KayecTBE MCXOJTHBIX JaHHBIX HCIIOJIB3YIOT PE3yJIbTaThl MPSIMOTO
onpenenenust cocraa KI'H 6e3 pasrazuposanus. CojeprkaHue BOJbI B TUIa-
CTOBOM T'a3€ PAaCCUMTHIBAIOT Ha OCHOBE JIaHHBIX Ta30XpOMaTOrpaduuecKoro
aHaM3a B MPEANONI0KEHUH CYIIECTBOBAHUS TEPMOIMHAMUYECKOTO PaBHO-
BECHsI MEX]y IJIACTOBBIM I'a30M M BOJOMETAHOJILHBIM PAacTBOpPOM. B coot-
BETCTBHM C Pa3pabOTaHHON METOAMKOW INpoaHann3upoBaHsl npoosl I'C u
KT'H Actpaxanckoro, Opendyprckoro u Ypenroiickoro 'KM. Ha ocHoBe
Pe3yJIbTATOB XMMHUYECKOTO aHaJM3a U MPOMBICIOBBIX JaHHBIX PACCUUTAHBI
JIeTalbHbIE COCTaBbI INIACTOBOTO ra3a yKa3aHHBIX MECTOPOXKICHUH.

B nactosmee Bpems Ha Teppuropun P® He cyliecTByeT €AMHOTO HOP-
MaTHBHOTO JOKYMEHTA, PErJaMEeHTHPYIOIIETO METOIBI ONPEICICHUS XUMH-
YECKOT'0 COCTaBa IIacTOBOTO Ta3a. OpUrHHANBHBIE METOIUKH XUMHYECKOTO
aHanmu3a ¥ pa3pabOTaHHBIE aTOPUTMBI pacdyeTa IMOJI0KEHBI B OCHOBY HOD-
MaTuBHBIX J0KyMeHTOB OAO «['azmpom». Mx pa3paboTka W BHeApeHUE
MO3BOJMT YHH(PHUINPOBATH MPOLUEAYPY ONPENeICHUS XUMUIECKOTO COCTaBa
TUTACTOBOTO Ta3a, MPUMEHHUMYIO K CHIPBIO JIIOOBIX poccuiickux ['KM, npu
COXpaHEHMH THOKOTO I110/1X0/1a K BBIOOPY METOJMK aHaiu3a U croco0oB
pacueTa cocTaBa IJIacTOBOIO rasa.
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IToBbieHne 3(pheKTUBHOCTH NPOLECCA THAPUPOBAHNS BBICIINX
AJIKAHCHOB B IPOM3BOACTBE CHHTETHYECKHUX MOIOIIMX CPEICTB

M.C.ITononckasn

Hayunwuii pyxogooumenv — doyenm, k.m.u. E.H. Heawkuna
Tomcxuii nonumexnuueckuu ynueepcumem, 634050, Tomck, np. Jlenuna, 30,
emyu@tpu.ru

B Hacrosiee Bpemsi Ha TeppuTopuu Poccun AeicTBYET TONBKO OAMH
3aBOJI 10 NPOU3BOJICTBY JIMHEHHBIX anKuioeH3ocyabdonatos (JIAB). Bme-
cTe ¢ TeM, moTpebHocTs B JIAB ceromHs NOCTaTOYHO BBICOKA, T.K. al-
KIJI0eH30CyNb()OHATHI SIBIITIOTCS OJHUM W3 OCHOBHBIX KOMIIOHCHTOB CO-
BPEMEHHBIX KHUIKAX CHHTETUICCKUX MOIOIIUX CPEACTB.

KauecTBO MpOW3BOAMMBIX aTKMIOCH30CYTB(GOHATOB M CHIPbS A HHUX
— JNIMHEWHBIX aJKUIOCH30JI0B — CHJIBHO 3aBHCUT OT YCJIIOBHH IPOBEICHHUS
mpoIiecca THAPUPOBAHIS BRICIIAX alTKaAHCHOB. TEXHOJIOTHS 3TOTO IpoIec-
ca IoJapa3yMeBacT CENCKTUBHOE OTpPAaBICHHE HUKEIEBOTO KaTalu3aTopa
CEePHUCTHIMH COETMHEHUSMU.

ITpu nogade paBHOBecHOro KonmuecTBa numerwinucyibduma (AMIC)
CO BpPEMEHEM MOXXHO TOBBICUThH CENEKTUBHOCTH KaTalu3atopa mo oyiedu-
HaMm. [locrostHHas nomaya JIMJIC B peakTop THIPHPOBAHUS TOJKHA OBITH
CKOPPEKTUPOBaHHA TPU M3MEHEHUHM KOHIIEHTPAIUU JUOJNEPHUHOB, MOCTY-
MAIOUIUX MOCIIE peakTopa JeTUIPUPOBAHUS.

B xadecTBe MeTo1a UCCIICAOBAHUS H KOPPEKTUPOBKHU COJCPIKAHUS CEPHI
B PEaKTOpE HCIOJIH30BaTach MaTeMaTHYeCKas MOJENb IMpolecca THIPHPO-
BaHU, peaJH30BaHHAs B BUAE KOMITBIOTEPHOH MTPOTpaMMEI.

Tax, HarpuMep, ¢ MapTa 1Mo jaekadppb 2010 T. mepexo Ha ONTHMAaTHHBIHA
pacxon cepel, 1,2—2,0 ppm, 1o cpaBHEHUIO C (UKCUPOBAHHBIM SKCIICPH-
MEHTAJIbHBIM, 1,5 ppm, mo3Boima OBl CHU3UTH BBIXOJ JIHUOJIEHUHOB IO
0,07 % u moBbICHTh BBIXOJ 0siehrHOB HA 2—8 % OT IKCIIEPUMEHTAIBHOTO B
3aBUCUMOCTH OT COCTaBa ChIpbsi. OUEBHUIHO, YTO B JAHHOM CJIydae He00XO0-
JIMMO Y4€CTh BIUSHUE YTIIEBOJOPOTHOTO COCTaBa CHIPhs, & UMEHHO KOH-
HEHTPAINIO JUOJIEPUHOB, HA TIOJATY CEPBI.

TTongaua paBHOBecHOTO KonmuecTBa JIMJIC mMO3BOJIUT YBETMUUTH BBIXOJ
MOHOO0JIC(DHHOB, a 3HAYHT, U YBeIHIUTh BeIxox JIAB, pu coxpaHeHun Ka-
YecTBa MPOAYKTA 33 CUCT MOAJCPKAHUS HU3KOTO YPOBHS MOOOYHBIX JTHO-
neduHOB.

IIpoBenenue npoiecca B ONTUMAIBHOM PEXHUME IO PACXOAy Cephl M03-
BOJIUT IOJTy4aTh MAKCHMAJIEHO BO3MOXKHBIH BBIXOJ OJI€(UHOB, a 3HAYUT U
MakcumainbHbIi Beixox JIAB. Kpome Toro cHibkeHue BhIxoja Muoie(GHUHOB
IIOJIOKUTENBHO BJIMAET HA KauecTBO noiydaemoro JIAB B ¢BsA3M ¢ TeM, 4TO
CHIDKAeTCs COJepKaHWe IPOAYKTOB pAa3BETBICHHOTO CTPOCHHS. Takxke
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CHIKaeTCss OpOMHOE YHCIIO HOJy4aeMBIX MPOAYKTOB BCJIEJICTBUE YMEHb-
HIEHUS COAEPIKaHUs B HEll HenpeaeIbHbIX COSUHEHUI.

Taxum 00pa3zoM, UCTIOIB30BAaHHE MAaTEMAaTHIECKON MOAEIH TEXHOJIOTHH
MO3BOJISIET OA00PATh ONTHMHU3HPOBATH MPOMBIIUICHHBIE IPOLECCH THAPH-
POBaHHMSA ¥ IPOTHO3UPOBATH X ITOKA3aTENN HA JUINTEIBHBIA CPOK.

M3y4yeHnune NoBepXHOCTHOIO MEXaHU3MA PeaKIHii CHHTE3a
MeTaHoaa Ha Zn—Cu-Al-kaTanuzarope ¢ MoMOIIbIO
KBaHTOBO-XMMHY€CKHX METO0B aHAJIH3a

E.B. llonok, K.A. I'pubanosa

Hayunwuii pyxogooumens — E.M. FOpves, k.m.H., OoyeHm
Tomckuii nonumexnuueckuu ynusepcumem, 634050, Tomck, np. Jlenuna, 30,
evgen-san@inbox.ru

MeraHon SBJSIETCSI OJJHAM W3 BaXKHEHIINX KPYNHOTOHHAXKHBIX IPOAYK-
TOB OPraHUYECKOI'0 CHHTE3a, Ha OCHOBE KOTOPOTrO 0a3upyercsi MPOHM3BOJI-
CTBO 1EJIOH T'aMMbl XUMHUYECKHUX COeIMHEHHH — (opmanbaeruia, ykcyc-
HOW KHCIIOTHI, TUMETHITepeTaNaTa, MeTHIMETAKPIJIATa U APYTUX BaXKHBIX
MPOLYKTOB XUMHUYECKON HHIyCTpuu [1].

Henpro maHHOW paboOTHl OBLIO WCCICIOBaHWE TOBEPXHOCTHOTO MeXa-
HU3Ma CHHTE3a METaHOJa C TOMOIIBI0 KBAaHTOBO-XHMHYECKHX METOJOB
aHaM3a W COCTABJICHHE HAa OCHOBE THX JTAaHHBIX aJ[eKBATHON MaTeMaTHde-
CKOW MOJIENH MpOIIECa.

CyliecTBYeT HECKOJIbKO NPE/ICTABICHUI 0 MEXaHU3Me CHHTE3a METaHO-
na Ha Zn—-Cu-Al-katanuzartopax. ABropamu pabot [2, 3] kak Hauboiee
TOYHBIH U OOOCHOBAHHBIA OBLT BBIOpAaH MEXaHW3M C 00pa30BaHMEM IOJIO-
KUTEIHHO 3aPSHKEHHOT0 XeMOCOPOMPOBAHHOTO KOMILJIEKCa Ha IOBEPXHOCTH
c1a00BOCCTAHOBIICHHOTO KaTajlM3aTOpa W PaCTBOPEHHUEM BOJOPOJA B MPH-
MOBEPXHOCTHOM CJIO€ KaTallu3aTOPHOH cucTeMbl. B Xone mocnemoBarelb-
HBIX cTamuil (1—4) MpPOUCXOMUT HACKHIICHHE aKTHBHBEIM BOJOPOJIOM CBSI3U
Me—CO u oTmieruieHue KOHEYHOTO MPOAYKTa — METaHOJIA.

- " .
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‘J 1 ‘1 2 1 304 4
(T\ . =5 —_ (-IfI;\Iz —- \CH: = CH:;OH
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e +H—  —H— T H—
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Puc. 1. IloBepXHOCTHBII MEXaHU3M CHHTE3a METAHOJIA O 1IeJIEBOM peakLuu
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Jnsi BBUICHEHMSI CTPYKTYPHl aKTHBHOTO IEHTpAa M BO3MOXXHOCTH al-
copOrmu Mosekyasl CO Ha MOBEPXHOCTH KaTain3aTopa ObUTH NPOBEICHEI
KBaHTOBO-XMMUYECKHE pacdeTsl. [l pacueToB OBLIM BBIOpAHBI CIELYIO-
e BEPOSITHBIE CTPYKTYPHI aKTUBHOTO IEeHTpa (puc. 2).

OCHOBHBIM KPHUTEPHEM BO3MOXKHOCTH CYIIIECTBOBAHUSI aKTHBHOTO IICH-
Tpa 3aJaHHOTO CTPOCHHUS SIBIACTCS SHEPTHUS CBSI3H MEXIy aacopOMpoBaH-
Hoi Mozekynoit CO W akTHBHBIM IEHTPOM. B pe3yipraTe pacuera ¢ mc-
noss3oBanneM metona DFT u Gasuca B3LYP/6-311G** Gbutn mosrydeHst
pe3yNnbTaThl, MPUBEACHHBIEC B Tabuuie 1.

@ G
a) 0)
@ Q&'
[ D—6—
Qi "%““— QE' g - Ad%'
%”’ —Q— *Q_n QE#”\@#"*Q"
B) T)

Puc. 2. CtpoeHue akTUBHOT'O LIEHTpa KaTaau3aTopa CHHTe3a MeTaHoJa

Ta6amma 1. DHepriy cBsi3u aicoporupoBaHHbIX MosteKy 1 CO 1 IIeHTPOB KaTaym3aropa

Buja akTUBHOI0 a 6 B r
HEeHTpa
E, ae. 0,10791 0,11747 0,00508 0,0442
E_, xJIx/Moib 283,4 308,5 13,3 116,1

Hcxons U3 momydeHHBIX pe3yabTaToOB OBUIO MIPUHSTO, YTO Hambosee Be-
POATHBIM aKTUBHBIM LICHTPOM KaTaJiM3aTopa ABJIACTCA TPEXaTOMHasA CTPYK-
Typa ¢ aacopbumeit monekynsl CO Ha aTome Menu (puc. 2, 0).

Takum oOpazoMm, B JaHHOH paboTe ¢ MOMOIIHI0 KBAHTOBO-XHUMHUYECKUX
METOJIOB pacueTa ObUT MOATBEpkIeH Mexanu3M azacopbuun CO Ha HH3KO-
TEMIEPATYPHBIX UHK-MEIb-aJFOMHHUCBBIX KaTaJIM3aTOpPaX, OCHOBAHHBIN
Ha 00pa30oBaHUM MOJOXKUTEIBHO 3apsHKEHHOTO XeMOCOPOUPOBAHHOTO KOM-
wiekca. [ToaTBepkieHa CTpyKTypa akTHBHOTO KJacTepa, COCTOSILEro M3
TPeX aToMOB. Y CTaHOBJIEHO, YTO LIEHTPOM aJcOpOLIMH Ha IMMOBEPXHOCTU Ka-
TaJIM3aTopa SIBISACTCS ME/Ib.
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AHaJM3 BIUSIHASA TEXHOJOTHYeCKHX MApaMeTPOB Ha
3¢ pexTBHOCTH Npouecca HF-ankuaupoBanust 6eH3oJia
MOHOOJIe(pUHAMHU

B.U. Ilpodan, B.A. ®emucosa

Hayunvuii pyxosooumens — x.m.n. E.H. Heawkuna
Tomcxuti nonumexnuueckuu ynusepcumem, 634050, Tomck, np. Jlenuna, 30,
r.stine@mail.ru

Ha xadenpe xumMudaeckol TEXHOJIOTHH TOIUIMBA M XUMHYECKOH KuoOep-
HETUKH TOMCKOTO MOJHMTEXHHYECKOTO YHHBEpCHUTETa pa3paboTaHa TEXHO-
JIOTHYecKasi MOJETUPYIoNas CUCTeMa, IpeAHa3HaueHHas AJI1 MOHUTOPHH-
ra, IPOrHO3MPOBAHMS U ONTHMHU3ALUH TPOM3BOCTBA JIMHEHHBIX aNKUIOCH-
30J10B. 3aKIIOUMTENBHONM cTafgued 3Toil TexHosmoruu sBisercs HF-
AIKWINpOBaHUE OeH30Ja H-MOHOOJieHHAMH, TONYYEHHBIMH B IPOIECCEe
nerunpupoBanus. OT 3pdekTHBHOCTH PaboOThl peakTopa AIKWINPOBAHUS
3aBHCUT BBIXOJ M KAayeCTBO ILIENEBOTO NMpoAykTa. IloaTomMy BakKHBIM 3iie-
MEHTOM HCCJIEJOBAaHHUH SIBIISIETCS OLICHKA BIMSHUS TEXHOJOTMYECKUX Mapa-
METpOB (TeMIlepaTypsl, pacxoaa OeH30I1a, pacxoaa KUCIOTH U Ap.) Ha Io-
Kazarenu npoiecca [1-4], 4To U ABUIOCH LIENBIO HACTOSIIECH pabOTHL.

PacueTsl MpoBOAMINCH M C UCIIOJIB30BAaHMEM MaTEeMaTHYECKOH MOJIEINH
nporecca aJKUIMPOBAHMS, YUUTHIBAIOIEH XMMHU3M IIPOIIECCa, a TAKKE KH-
HETUKY W TEPMOJMHAMUKY PEaKIHi, MPOTEeKAIOIUX B Xo/ie Hero. Pe3yrbpra-
THl pacyeTa CPaBHUBAIKCH C IKCIIEPUMEHTAJIbHBIMU JaHHBIMHU, TOJy4YeH-
HBIMU C pealbHO IEHCTBYIOIIEH IPOMBIIIIEHHON YCTAaHOBKY C LEJIBIO IIPO-
BEPKH MOJIETH Ha aJIeKBaTHOCTH. [lorpemrHocTh pacyera mo nejieBomMy mpo-
nykry (JIAB) B cpexnem coctraBmia 3 %, mo mOOOYHOMY HPOIYKTY (TsKe-
nas apomatuka) — 18 %.

[anee ObUIO MCClIEIOBAaHO BIHMSHUE TEMIIEPATYpPhl HA BBIXOJ LIEJICBOTO
(mUHEWHBIA aNKWIOEH30)1) U MOOOYHOrO (AMATIKHIOCH30J) MPOLYKTOB, a
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TaKKe BIMsSHHE pacxoja OeHzona 1 HF-kHMCIOTH Ha BBIXOABI LIEJIEBOTO U
n060YHOro mpoaykToB. Tak, mpu moBbimeHud Temmeparypbl ¢ 40°C 1o
50°C Bbixon JIAB ysenwumBaercs ¢ 165,41 t/cyr no 165,65 1/cyr, npu
JanbHelIeM yBelmueHHH Temneparypsl 10 60°C BBIXOJ YMEHBIIAETCS 10
165,34 1/cyT. BRIXO[ TSKEIOW apOMaTHKH C yBEITHMUEHHEM TEMIIEPaTyphl OT
40°C no 60°C ysenuuuaercs ¢ 5,532 t/cyt 10 6,21 1/cyT.

IIpu yBemmuernn pacxona 6ensona ¢ 328,8 t/cyT no 376,8 T/cyT BBIXOT
[IEJIEBOTO TPOIyKTa yBenmmuamuBaercs co 172,29 t/cyt mo 173,43 t/cyT, npu
aToM BbIXxoJ TA ymensiaincs ¢ 7,42 t/cyt no 6,57 t/cyt. [lpu yBenuyeHuu
pacxona kucioThl ¢ 4176 T/cyt 10 4260 T/CyT YyMEHBIIAETCS BBIXO]I 11€I€BO-
ro mpoaykra ¢ 173,25 t/cyt mo 173,22 t/cyT, Takke HaOMOMACTCS YMCHbB-
IICHUE TSHKEJION apoMaTuku ¢ 6,724 1/cyt 1o 6,721 T/cyT.

Kpome Ttoro, Obuta mpoBeieHa CpaBHUTENbHAs OLEHKa IOKa3aTelel
npolecca aJKHIMPOBaHMs IPH PaboTe Pa3IMYHBIX KaTall3aTOPOB.

Tak, B ciaydae BO3MOXHOW 3aMEHBI KaTanuzaTopa Ha (oc(hOpHOBOIb-
(pamoBeii, Berxox JIAB mpu mossrmenun temmeparypst ¢ 40 °C go 60 °C
yBenmuuBaetcs ¢ 169,83 t/cyt mo 171,14 1/cyt, Beixon TA, B ToM e HH-
TepBaje TeMIeparyp, ymeHbmaercs ¢ 9,954 t/cyt o 8,835 t/cyT.

Takum 00pa3oMm, B Ka4eCTBE ONTHMAIBHBIX YCIOBHH MPOBEINCHUS MPO-
1iecca BEIOpaH CIIEAYIONINA HHTEPBaJl TEXHOJIOTHIECKUX MapaMeTpOB:

— T, °C —45-60 °C;

— Pacxon 6en3oina, 1/cytku — 345-355 1/cyTKHM;
— CoorHourenue 6ensoin: onepunsr — 8:1.

— Coornomenne HF:JIAb — 1-1,6.

I[aBHeHI/Ie B KOJIOHHE€ HE OKa3bIBACT BJIMAHHWA HA IPOLECC U BBI6I/IpaeTC$[
C pacyeroM, 4TOOBI peaknusi MPOXoJuia B >KUIKOHW (aze. BraxnocTs He
OKa3bIBaeT BIMSHHUS HA BBIXOJ M KAa4eCTBO KOHEYHOTO MPOJYKTa, HO CO-
JiepKaHUe BOIBI B KUCIIOTE moaepkuBaercsa Ha yposae — 0,3-0,5 % mac.,
3TO CBSI3aHO C TEM, YTO KHUCIOTa 00pa3yeT ¢ BOJOIl a3e0TponHyto cMech [2].

3amena karanmzaropa Ha (GocopHOBOIB(OPAMOBBIH B JaHHOM Ciydae
He 1esiecoobpaszHa. JTo CBSI3aHO C TEM, UTO:

1. Heo0xoamMo MepecTpouTh U TIEPEBECTH PEAKTOP MpoIecca aTKUITH-
poOBaHKA HA HOBBIN THUIT KaTajauzaropa.

2. ®ochopHOBOILYPAMOBBII KaTanu3aTop SIBISETCS OoJiee JTOPOTHM,
4yeM IIpUMEHEeHHe B kauecTBe Karanuzatopa HF-kucnory.

3. OTperyaupoBaTh TEXHOJIOTUICCKUN PEKHM.

CrnMcoK JUTepaTypsl
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HccaenoBanne KMHETHKH 1IeTHAPUPOBAHUS BHICIIUX NapaduHoB
U ee cBsI3ell co CBOMCTBAMU MJIATHHOBBIX
KaTaJIM3aTOPOB erHAPUPOBAHUS

P.B. Pomanosckuu, E.H. Heawmkuna, E.B. @panyuna, H.M. /lonzanos

Hayunouit pykosooumens — 0.m.u., npogpeccop, 3./]. Heanuuna
Tomckuti nonumexnuueckuu ynuesepcumem, 634050, Tomck, np. Jlenuna, 30,
rvr@tpu.ru

JeruapupoBanue BbICIINX NapauHOB HCIIONB3YETCs B IPOU3BOJCTBE
cuHTeTHYecKuX Moromux cpeactB (CMC) Ha OCHOBE JIMHEHHBIX aNKHIOCH-
30508 (JIAB) u uMeer BaxxHOe 3HaYeHHUE ISl HEPTEXUMHYECKOH TIPOMBIII-
nerHoctd. B mupe noms CMC Ha ocHoBe JIAB cocraBisieT mpHOIM3HTENb-
Ho 1/3. TIponecc neruapupoBaHust BRICIINX MapadUHOB OCYIIECTBIISETCS B
peakTope pamuanbHOro TUma npu Temrmeparype 460-495 °C u maBneHun
0,2 MIla nHa cozepxalieM iaTuHy Katamusatope [1].

XapaKTepUCTHKH TPOIECCa CHIBHO 3aBHCAT OT THIIA HCIIOIB3YEeMOTO
KaTaJIu3aTopa, MO3TOMY BBIOOp JIyUIIEro M3 HHUX ompenessier 3QQeKTruB-
HOCTB NPOU3BO/ICTBA B IIETIOM.

[Ipo6nema BbIOOpA M TECTUPOBAHUS KATAIM3aTOPOB PEUIAETCSI METOJIOM
MaTeMaTHYECKOro MozenupoBaHus. [Ipum 3TOM BO3HHKAaeT CIOXKHOCTH C
orpe/ieJIeHHeM KHHETHYECKHUX MapaMeTpOB Peakiuii, BXOSIIUX B ypaBHE-
HHSI MaTEMaTHYECKON MOJIENIU: OTCYTCTBYIOT SKCIEPHUMEHTAIbHbBIE TAaHHBIE
quist onipeneniennst Ko u E, mpennonaraemeix peakituii. [Toatomy paspabor-
YUKH MaTeMaTHYECKUX MOJieJeld NPOMBIIUICHHBIX KaTAINTHYECKUX MpO-
[IECCOB MCIOJIb3YIOT METO/BI B KOTOPBIX ITyTE€M COIOCTaBJICHHS JIaHHBIX
MPOMBIIIICHHON SKCIUTyaTalliM KaTalu3aTOpPOB W pacyeTHHIX 3HAYCHUH
penraercs obparHast kuHetnueckas 3anada (OK3) u onpenensrorest s dex-
THBHbBIC 3HAYCHHS KHHETUYECKUX MapaMeTpoB [2].

B xone pemenus OK3 nns mpornecca aeruapupoBanus mapadyuHOB st
KaXXIOT0 KOHKPETHOTO KaTaJH3aTopa ONMpPEIeISIOTCS KHHEeTHYECKHe Iapa-
METpPBI PEaKUi, BKIIOUCHHBIX B MATEMaTHIECKYIO MOAENb. VI3BeCTHO, UTO
KMHETHYECKHE MapaMeTpPhl PEaKkIuil ONPEAESIIOTCS XUMHIECKAM COCTABOM
KaTaau3aTopa U HaOOpOM (PU3NYECKHX CBOMCTB, TAKMX KaK yAENbHAas IO-
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BEPXHOCTb, MOPO3HOCTH U Ap. [3]. [TosTOoMy naHHBIE mapaMmeTpsl, ompesae-
neHHele B xoje pemeHus OK3, MOXHO MOATBEPIUTH aHAIU30M COOTBET-
CTBYIOIIMX (PU3MYECKUX CBOWCTB 00pPA3IOB KaTann3aTOpOB. Y CTAHOBIICHHUE
CBSI3M M€y KOHKPETHBIMH CBOHCTBAMH KaTalN3aTOPOB U KHHETHIECKUMHU
napaMeTpaMH peaknuii Ha WX MOBEPXHOCTH oOecreunBaeT Oosiee BBICOKHI
YPOBEHb MOATBEPKICHNS aJeKBATHOCTH MaTEMAaTHIECKOH MOJIEIIH.

B pabote mpoBeneHa cepus aHANIN30B 00PA3IOB KaTaIN3aTOPOB, BKIIIO-
Yasi ONpe/eNICHNE KaYeCTBEHHOTO U KOJIMYECTBEHHOTO 3JIEMEHTHOTO COCTa-
Ba (c ucnonp3oBaHueM obopynoanun Hano-llentpa TIIY — pactpoBoro
AIIEKTPOHHOT0 MuKpockona JSM-7500FA), yaensHoi MoBEpXHOCTH 00pas-
110B MeTozioM BT, 00beMa u pazMepoB mop.

[MonyueHHbIE pe3yabTaThl KOJIWYECTBEHHOTO AJIEMEHTHOrO aHajiu3a 00-
pa3IoB KaTajau3aTropa MpPeroiaraloT COOTBETCTBYIOIINE M3MEHEHHs KaTa-
JUTUYECKUX CBOMCTB — AKTUBHOCTH, CEJICKTUBHOCTU U CKOPOCTH AE3aKTH-
Bauuu. [{ns pewenus OK3, ucnonabs3zoBaHa KOMIIBIOTEPHAs MOAEIUPYIOLLIAsS
cuctema [4], co3naHHas CIEHABHO IS pacyeTa IapaMeTpOB YCTAaHOBOK B
npousBogactBe CMC Ha ocHoBe JIAB. Ota cucrema y4uThIBaeT paziauyus B
CBOHMCTBaX KaTaJM3aTOPOB Yepe3 KMHETHUECKHE MapaMeTphl, COOTBETCTBY-
I0IIME KaXXJOMy KOHKPETHOMY 00pasity.

Jannsle, nosydyeHHble B pesynbrare pemeHus OK3, cpaBHeHBI ¢ pe-
3y/lbTaTaAMH 3KCIIEPUMEHTAIBHBIX aHAJIN30B 00Pa3loB KaTalau3aTopoB. BEI-
SBJICHBI B3aMMO3aBUCHMOCTH KHHETHYECKHX IapaMeTpoB peakuuii u
CBOMCTB KaTaTU3aTOPOB. BiMsgHue pa3aMyHBIX IPOMOTHPYIOIIHUX 100aBOK B
COOTBETCTBUU C XUMHUYECKON TEOpHUEH KaTainu3a, a TaKKe YACJIbHOHU IIo-
BEPXHOCTH M TIOPUCTON CTPYKTYPHI KaTaIN3aTOPOB, MIPOCIEKUBACTCS depe3
KWHETHYECKHE M HKCIUTyaTallHOHHBIC XapaKTEPUCTUKU KaTaJIn3aTOPOB.

B pesynbraTte BBITOJIHEHHBIX MCCIIEIOBAHUH CHOPMHUPOBAINCH MPEATIO-
CBUIKH ULt MIPOTHO3UPOBAHUS 9KCIUTYyaTaMOHHBIX CBOWCTB
Pt-kaTanu3aTopoB JEerHIPUPOBAHUS B 3aBUCUMOCTH OT XMMHYECKOTO CO-
CTaBa M CTPYKTYPHBIX XapaKTEPUCTHK.
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HccnenoBanue BJOUSIHUS PE€XKUMOB HA OCHOBHbBIC
TEXHOJJIOTHYCCKHUE MapaMEeTPbl YCTAHOBKU U30MEPU3aAllUU

A.A. Poiokuna

Hayunwuii pyxosooumenvs — H.B. Yexanyes, k.m.H., doyeHm
Tomcxuii nonumexnuueckuu ynueepcumem, 634050, Tomck, np. Jlenuna, 30,
med4edka@sibmail.com

C npuHATHEM HOBBIX CTaHJapTOB aBTOMOOMJIBLHOrO TorumBa «EBpo-3»
u «EBpo-4» mosiBuiach npo0ieMa yMEHBIICHHUS apOMaTHYECKUX YIIEBOO-
POZIOB B TOBapHBIX OeH3MHax. K oHOMY U3 Hanboliee NepCreKTUBHBIX CIIO-
CO0O0B yIy4IIEHHUs 3KCIUTyaTallMOHHBIX XaPAKTEPUCTUK OCH3WHA OTHOCHTCS
Ipouecc KaTaINTHYeCKOW wn3oMmepusanuu. Ilo3ToMy maHHBIM Tpoliecc
HEO0OXONMO TIIATENLHO H3ydaTh.

Lenpto naHHOHN pabOTHI ABIAETCS M3YUYEHHE MpOIecca H30MEepU3alnu 1
Hax0X/ICHUE ONTHUMAJIBHOTO TEXHOJIOTHYECKOTO PEXXHUMa MPOBEICHUS MPO-
ecca.

C nomoIp0 KOMIBIOTEPHOH Mozenupymomei cuctemsl «Izomy [1] 6b1-
JIM TIPOBEJICHBI PacyeThl Mpoliecca M30MepHU3aluu. Pe3ynbpraTel pacueToB
MpuBeIeHbI B Tabmunax 1-4.

Taoauua 1. BausHue qaBjaeHus Ha OKTAHOBOE YKCIIO

JaBaenue, aT™M Oxranosoe yncno | DPPXOA POAYKTA, OKTaHO-
TOHHBbI
20 90,31 84,91849
23 89,27 84,29766
26 88,29 83,6636
28 87,67 83,24267
31 86,8 84,05712

Ta6auua 2. BiusHue teMneparypbl Ha OKTaHOBOE YHCIIO

Temneparypa no peakropam, C BrIXox mpoaykra,
P-1 Brb P-2p b P-3 Of(pacy) OKTaHOI':‘OH}lIILI
120 130 140 81,83 80,51254
125 133 147 83,1 81,42969
136 147 157 88,29 83,6636

142 152 162 90,73 83,30829
148 158 168 93,79 79,29945

Ta6auua 3. BiusHue pacxosa ChIpbsi HA OKTAHOBOE YHCIIO

Brbixoa nmpoaykra, oKTa-
HOTOHHBI

45 93,68 80,18071

47 92,66 81,71685

Pacxon cbIpbsi, M3/4yac | OkTaHoBoe YUCJIO (pacy)
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Bbixon nmpoaykra, oKTa-
Pacxon cwipbs, M3/4ac | OkTaHOBOE YHCI0 (pacy) /I IpOaLykcTd,

HOTOHHBI
49 91,96 82,45134
52 90,86 83,22776
55 89,44 83,64429
59 88,29 83,6636
62 87,61 83,55366
65 86,64 83,2957
69 85,93 83,04275
73 84,93 82,57744

Tabsuna 4. Bmussue pacxona BCI' Ha okTaHOBOE 4HCIIO
BrIxon npoaykra, oKTa-

Pacxoa BCT', M3/4 OkTaHoBOe YucJI0 (pacy)

HOTOHHBI
25000 85,44 83,00496
30000 86,46 83,34744
35000 87,41 83,56396
40000 88,29 83,6636
45000 89,1 83,64708
50000 89,86 83,54284
55000 90,55 83,36033

OnTtuManbHEIM OyJeT peXHM IIPU KOTOPOM BBIXOJ HMPOXYKTOB OyAeT
MaKCHMAJIbHBII M 3Ha4€HHE OKTaHOBOTO YHCJIA YIOBJIETBOPIET TPEOOBAHHIM
TEXHUYECKOTOo peryiaMeHTa. Mcxoas n3 Tadmun 1-4 onpeneniiy onTuMab-
HBII peXHM TPOBEICHHS poIiecca HU3KOTEMITEpaTyPHON H30MEPH3aLIIH.

OnTuManabHbIe TEXHOJIOTHYECKUE PEKUMBI:

Pacxon ceipbs 59 M/uac

JlaBnenue 26 atm

Temmeparypa mo peakropam 136, 147, 157
Pacxon BCT 40000 m*/uac.
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O4ucTKa NponaH-0yTAHOBOH CMeCH OT CepOBOIOPOA B
0apbepHOM pa3psiae

B.A. Caywkun

Hayunwuii pyxogooumens — k.x.H., c.H.c. C.B. Kyopauwios
Yupeorcoenue Poccutickou akademuu Hayk Hncmumym xumuu He@pmu
Cubupckoeo omoenenuss PAH
2. Tomck, np. Akademuueckuii, 4, almanzor@ipc.tsc.ru

[TpucyTcTBHE cepoBOAOPOa B IPUPOAHOM U MOMYTHOM HE(TSIHOM rase
3HAYUTEJIBHO YXY/IIAET €ro Ka4eCTBO KaK ChIPbsS VISl Pa3IMYHBIX TEXHOJIO-
THYECKUX TPOIECCOB M KaK TEXHOJOTHYECKOTO TOIUIMBA, TaK KakK CO37aeT
CEpPBE3HYI0 IKOJIOTHUECKYIO OITACHOCTh, O0JIaaeT MOBBIIIEHHOW KOPPO3H-
OHHOHM aKTHBHOCTBIO, & TAKXKE CIIOCOOHOCTBIO OTPABIISATH KaTaTU3aTOPHI.

TpaauIMOHHO NPUMEHSIEMBIE B TAKUX CIIydasiX METOABI ITOJIPa3yMEBaIOT
HCIIONIb30BAaHUE JOPOTOCTOSIINX PEArcHTOB (HAIpUMeEp, aJKaHOJIaMHUHOB)
WIN KaTanu3aTopos (Hampumep, mporecc Kiayca). TexHomoTHsI O4HCTKH
rasa, OCHOBaHHas Ha IUIa3MOXMMHYECKOM BO3ACHCTBUM Ha CEPOBOAOPOI,
MOXET MUMETh PsJi MPEUMYILECTB Iepel CYIIECTBYIOINUMH TEXHOIOTUSIMHY,
TaK Kak He TpeOyeT NPHMEHEHUs CIelHalbHBIX PEarceHTOB M KaTalli3aTo-
POB, ¥ OYMCTKAa OCYIIECTBJIAETCS B OAHY CTaJUI0 B IUIA3MOXMMHYECKOM
peakTope Npy KOMHATHOM TeMIeparype U aTMOC(epHOM JaBJICHHH.

B HacrosiiieM cooOlIeHHH MPEeACTaBICHbI Pe3YJIbTaThl 110 BO3JIEHCTBHIO
OaprepHOTO pa3psiaa Ha npormaH-OyraHoByio cMech (IIBC) u cepoBomopon B
MPUCYTCTBHH BO3/yXa 1 0€3 Hero.

sl 3KCIIepUMEHTOB HCHOJIB30BAICS Ta30pa3psiIHbIA METATTHYSCKUN
PEaKTOp C OJHUM IHMAIICKTPHUECKUM 0apbepoM, paspsisi B KOTOPOM BO30YXK-
Jlalicss BBICOKOBOJIETHBIMH HMMITYJIbCAMU HANPSDKEHHS, I10JIaBaEMBIMH OT
reHeparopa. AHanu3 NPOJAYKTOB pEakiMU IPOBEIEH METOJOM TIa30BOii
xpomarorpaduu. O6beMHast CKOPOCTh MOJaYH HCXOIHOM CMECH COCTaBIIsIa
60 cm®/MuH. BenuunHa aMIUIATY/IB BHICOKOBOJIBTHBIX MMITYIbCOB HAMPSI-
’eHus cocTaBuia 9 kB, yactora noBropenus: ummnyinbcoB — 2000 I'u. Ak-
TUBHYIO MOITHOCTH Pa3psAa PacCUMTHIBAIN IO MeTonuke [1], ee BennuamHa
cocraBuia 8,7 BT.

ITokazaHo, yTO TIpH J10OABICHUH BO31yXa B MCXOJHYIO CMeCh (BO BCeX
Cily4asx NpH 3aJaHHOM cojepskaHnu Bo3ayxa U I1BC koHueHTpamus cepo-
BOJIOpOJIa ObLIa MOCTOSIHHOM — 2 00. %) BILIOTH 110 ero conepkanus 50 00.
% wouBepcust cepoBogoposa u I1BC u3mMeHsieTcs: HE3HAYUTENHHO M COCTaB-
nsiet oyt 70 mac. % ans cepoBogopona, st [IBC — no 7 mac. %. Onna-
KO Jlajiee BeJIMUMHA KOHBEpCHH cepoBoiopoaa 1 B ocobennoctu [16C pesko
Bo3pacTtaeT. Tak mpu coxepkaHWd Bo3myxa B cmecu 80 00. % koHBepcus
cepoBogopoaa nocruraer 97,7 mac. %, [IBC — 92,5 mac. %.


mailto:almanzor@ipc.tsc.ru
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WHTepecHo OBLIO HCCNEOBATH BIIHMSHUE CEPOBOJIOPOAA HAa CKOPOCTH
okucienuss komnoHeHToB [1BC. Bbul mpoBeseH SKCIEpUMEHT 0 OKHCIIe-
auro [16C Bo3qyxXoM B CpaBHHMBIX yCIOBHAX (0€3 CepoBOIOPOIaA), BEIUIH-
Ha koHBepcuu I1BC cocrasuna Beero 21,2 mac. %. DT0 MO3BOISIET HPENIIO-
JI0XXUTh, YTO, BOBMOXHO, pe3koe yBenndeHue koHBepcuu [IBC B mpucyT-
CTBHH CEPOBOAOPO/A BBI3BAHO €TO IIPOMOTHPYIOIINM JCHCTBHEM.

B cocraBe ra3oo0pa3ubix nponykroB npespameHus [1IBC orcyTcTByeT
YTJIEKUCIIBIN Ta3, 00pa3yIOMMHCs NpU TITyOOKOM OKHCICHHH YTIIEBOIOPO-
JIOB, OKCHJBI Cepbl Takke He ObUIM OOHapyxKeHbl. [lo-BUAMMOMY, OCHOB-
HBIM TIPOJYKTOM MPEBPAILEHHsT CEPOBOJOPOJA SIBISIFOTCS BBICOKOMOJIEKY-
JSIpHBIE CEepaopraHUYeCKUe COCAMHEHUS, OTKIAABIBAIOIINECS Ha CTEHKAax
peaxkTopa. B HacTosee Bpems 3TH COEAMHEHHs AETalIbHOMY aHAJINU3y He
MOJIBEPTaJTUCh.

[anee ObuM TPOBEEHBI CEPHH HKCIIEPUMEHTOB 0 YCTaHOBJICHUIO 3a-
BHUCHMOCTH KOHBEPCHH CEPOBOAOPOJA OT €ro KOHLEHTPAIMH B HUCXOIHOH
CMECH TIpH OTCYTCTBHH Bo3ayxa. I[lokazaHo, 4TO BHa9ajIe MPOMCXOAUT POCT
KOHBEPCHH CEPOBOJOPOJA O MAaKCHMyMa B TOYKE C COAEPKAHHEM €ro B
cMecH 2 00. % (kouBepcus cocrasisuia 70 Mac. %) U panbHeiiliee nageHue
1o 20 mac. % npu koHueHTparwu 10 06. %.

MuHnumanbHble 3HaueHus sHeprosarpar (3,5 KBT*I-Kl:l) Ha ynajieHue
cepoBosiopona u3 I1BC O mosrydeHs! npu GOJBIIOM H30BITKE BO3AyXa
(80 06. %). B unTepBane comepKanus BO3ayXa B HCXOAHON cMecH oT 20 110
65 mac. % — HaOmOaeTcsi HEe3HAYMTEJbHBIH POCT JHEprozarpar a0
7,5 kBr-u-kr . B ero OTCYTCTBHH YHEPro3aTpaThl COCTaBHIM 5,8 KBra-kr

B pesynbrare nponenaHHoii paboTel, ObUIa MMOKa3aHa BO3MOXKHOCTB 3(-
(hexTuBHOTO ynaneHus ceposogopoaa u3 [1IBC B ycioBusx miuasmsl 6aprep-
Horo paspsina. Hanbosee onTuManbHBIM NPEICTABISIETCS BAPHAHT OYMCTKU
IIBC ot cepoBoopoa B OTCYTCTBUH BO3AyXa MPH COJEPKAHUU CEPOBOJIO-
poxa B ra3oBoii cmecu 2 00. % Onaronapsi HU3KOW KOHBEPCHH IIEHHBIX YT-
JIeBOIOPOOB M 3(h(HhEeKTUBHOMY yJaJICHUIO CEPOBOAOPO/IA.

CHHCOK JIUTEepaTypsbl
1. Kynpsmos C.B., Ps6os A.1O., llleronesa I'.C., CaBunbix B.}O, Cycnos A.U. //
Xumust Beicokux Hepruit. 2008. T. 42. Nel. C. 56-60.
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HN3meHeHue cocTaBa v CBOICTB HE(PTU HA OTHOM U3
MecTopoxxkneHuii Tomckoii 061acTH

O.B. Cedenvnukosa®

Hayunvui pyxogooumens — doyenm, k.x.H. H.B. Viesa®,
npogheccop, 0. 2.-m. , k.x.n., U.B.Tonuapos®
YTomeruii nonumexnuveckui yuusepcumem, Tomck, np. Jlenuna, 30
2040 «Tomckuii HAYYHO-UCCTIe008AMENbCKULL U NPOEKMHBIL UHCIMUNY M
Hegpmu u easzay, 634027, e. Tomck, np. Mupa, 72
olesya_molod@mail.ru

3HaHWE KOMIIOHEHTHOTO cocTaBa HedTeld M KOHICHCATOB HEOOXOIMMO
KaK NpH BBISICHCHUH MX T€HE3Uca, TaK U IPH I00bIYe U IepepaboTke, 0co-
OCHHO, NPU CO3JAHHWH HOBBIX, IPOTPECCUBHBIX HE(PTe- U OHOXUMHUYECKUX
HPOU3BOJICTB.

Lenp naHHO# paboOTHI 3aKIII0YAIach B UCCIIEAOBAaHUN 3aKOHOMEPHOCTEH
MEXIY COJCpKAHHEM apOMaTHYCCKUX COCIMHCHUH (M30MepBl apeHOB CO-
craBa Cg) ¥ QPU3HKO-XMMHYECKUMH MApaMeTpaMu He(TH HA OTHOM H3 Me-
cropoxaeHuid ToMCKOM 001acTH.

Juist Toro 4ToOBI MPOCIEUTh, KaK U3MEHSIOTCS CBOMCTBa HE(PTH B mpe-
Jiefiax JIAaHHOTO MECTOPOXKICHUsI, ObUTH OTpeJieSieHbl TaKhue BaKHbIE (GH3U-
KO-XMMHYECKHE IT0Ka3aTeld, KaK INIOTHOCTD, BSI3KOCTb, CO/IEpIKaHue o0miei
cepslI (PUCYHOK).

CornacHo NpeACTABICHHBIM JAHHBIM, OOJBLIMHCTBO HCCIIEIOBaHHBIX
YCTBhEBBIX NMPOO HedTel MOKHO pa3fesuTh Ha jABe Ooubuine rpymmsl. [lep-
Bas IpyINa XapaKTepH3yeTCs CICHYIOIMMH MapaMeTpaMH: COACpPKAHUE
ceper ot 0,002 mo 0,04 % wmacc, mmotHOCTE — 694,0-727,5 Kr/M° (pu
20 °C), Bsskocts (kueemar.) 0,59-0,89 mm%/c (mpu 20 °C). dnsa Bropoii
rpynnel — conepxanue cepbl 0,16-0,19 % wmacc, mnorHocts 778,4—
792,2 kr/m® (ipu 20 °C), Bsi3kocTs (kuHemar.) 1,69—2,08 mm?/c (pu 20 °C).

C mensio ompeneneHus copepxanus stuiabensona (ethB) u usomepos
kcusonma (0-, M-, P-KS) 6sUT BBITIONHEH ra3oxpoMarorpaduueckuii aHain3
[1-2] ¢ ucmonb3oBanmem IMUJ] (mmaMeHHO-HOHHU3AIMOHHBINA IETEKTOP) H
OUJ] (hOTOMOHM3AIMOHHBIN AETEKTOP) HAa KamMUIApHONH KoioHke HP-
FFAP (IT21-20000, momudumpoBaHHbId 2-HUTpOTEpedTaIeBOH KHCIIO-
TOW) B peXXKMME POrpaMMHUPOBAHUS TEMIIEPATYp:

— HavaJbHas TeMIepaTypa rnporpammuposanus, °C — 50

— KOHeyHas Temneparypa nporpammuposanust, °C — 100

— CKOPOCTh NPOTpaMMHpoBaHus Temneparypsl, °C/MuH — 1

— Temmeparypa aerekropa, °C — 170

— Temmeparypa ucnaputeist, °C — 150

—  pacxoj raza-HOCHTEIs Yepe3 KOJIOHKY (remmii), cm*/mMus. — 1,5
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JnvHa KanuuIIpHOM KOJIOHKH 25 M, AuameTp 0,2 MM.

B pe3ynbTare mpoOBENCHHBIX aHAIM30B, OBUTH PACCUUTAHBI TAKUE MOKa-
3atenu Kak (o+m+p)Ks/ethB u (m+p)Ks [0-Ks [3].

OTHOCHTENBHOE COep KaHNue M30MEPOB KCHJIONA U STHIOCH30I1a, TAaKXKe
KaK U (QU3UKO-XMMHYECKHE TTapamMeTpsl He()TH, MO3BOJSET BBIOCITUTH IBE
TPYIIIEl HePTEH.

Kpowme Toro, BEIIENAroTCS 1Ba 00pasna, KOTOPHIE 3aHUMAIOT MIPOMEXY-
TOYHOE TIOJIOKEHUE MEXKITy ABYMS TpyIIaMu HedTew.
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HccnenoBanne mpoiecca 1erupupoBaHusi H-napaguHoB HA
kataau3zartope DEH-15

M. H. Cenesnesa

Hayunvui pyxosooumens ooyenm E. M. FOpves
Tomckuil nonumexnuueckuti ynusepcumem, 634050, Tomck, np. Jlenuna, 30

B nocnennee BpeMs B MUpe Pe3KO BO3POCIIU NOTPEOHOCTH B Pa3NUUYHbIX
MOIOIIMX BEIIECTBaX, KOTOPHIE HCHONB3YIOTCS JUIS OBITOBBIX HYXI U B
MPOMBIIUICHHOCTH. [loTeHnnanbHas moTpeOHOCTh OTEYECTBEHHOTO pPBIHKA
cuHTeTHdeckux Motommux cpencts (CMC) B coipbeBoii 06aze, KOTOpOH sIB-
JISIOTCS TUHEHHbBIE ankmioeH30bl (JIAB) — okoio 100 TeIc. T B Toa. Mex-
Iy TeM B Poccuu ceronss ecth Tosbko ofauH npousBoaurteis JIAb — OO0
«[10 Kupummuedreopreunresy. [1].

Kommneke no mpousoactBy JIAD npencrasiexn Ha puc.l u BKIO4aeT B
ce0s P TEXHOIOTUIECKU CBSI3aHHBIX OJIOKOB [2]:

— TpeIBapUTEIHHOTO (PPaKIHOHUPOBAHHUS CMECH H-TIApa(QUHOB C YHCIOM

— yIIepOoAHbIX aTOMOB B Hel ot 10 1o 20.;

— neruapupoBanus ppaxuuu C1o—Cy3 ¢ npuMeHeHneM npoueccos Pacol u
Define, B pe3ynbraTe 4ero mojay4aercsi CMeCh H-MOHOOJIC()UHOB U H-
AJIKaHOB,

— (TOPUCTOBOIOPOAHOTO ATKUIMPOBAHHsS OEH30J1a MOHOOJIe(hUHAMH C
MOJy4eHHUEM JIMHEHHBIX AJIKUIOCH30JI0B C YHCIIOM YIIIEPOJHBIX aTOMOB
B aJIKWiIbHOH 1tenu oT 10 mo 14

— Ccynb(pUpOBaHUS OIYIYESHHBIX B Tiporiecce ankmimpoBanus JIAB cep-
HBIM aHTHIPHUJIOM C ITOJTY4SHHEM aIKIIOCH30CYIb(OHOBOI KHCIOTHI
(ABCK) u nureitnprx ankmndenzocynbdonaros (JIABC).

Ha npomsBoactee JIAB crankuBaroTcs ¢ HEOOXOIUMOCTBIO TIOCTOSHHO-
TO HOJIEpKaHUA BBICOKOTO BBIXOJA IIETIEBBIX MPOAYKTOB, MOITOMY Tpedy-
FOTCSI METOJIBI MCCJICZIOBAHUS TPOIIECca HA MpPeIMeT MPOTHO3HPOBAHUS pa-
00THI IPOM3BO/ICTBA, OBBIMEHHS €T0 A(PEKTUBHOCTH, Ka4eCTBa BBITYCKa-
eMBIX MPOAYKTOB. MaTeMaTndeckoe MOJAEIMPOBAHHE B HACTOSINEE BpEMs
WCTIONB3YyeTCsT KaK HAYYHBIM METOJ MCCIIEOBaHMS MPOMBIIIJICHHBIX KaTa-
JUTUYECKHUX MPOIIECCOB, KaK Ha MOJIEKYJIIPHOM YpOBHE, TaK M B MaciTabe
MPOMBIIIJIEHHOTO peakTopa. Huke npuBefeHbl pe3ylbTaThl IPOBEPKU Ma-
TeMaTU4YeCKOW MOJIENU Ha aJIeKBAaTHOCTh U HCCIIE0OBaHUE COAEPIKAHUS KOK-
ca Ha KaranuzaTopax aeruapupoBanus Deh-11 u Deh-15

W3 puc.l u 2 BuaHO, uto ans katanmzatopa Deh-11 3akokcoBeiBaHUE
MPOUCXOIUT OBICTpee, YeM B cirydae kartamusaropa Deh-15 dro roBoput o
TOM, YTO KCIIOJIb30BaHHE Katanu3aTopa Deh-15 crnocoOHo yBennuuTh Bpe-
Ms IHKIa 0e3 3aMEHBI KaTaju3aTopa W COOTBETCTBEHHO 3(()EKTHBHOCTH
nporecca. Takum 06pa3oM, MOIENHPYIOIIask MPOrpaMMa TO3BOJISIET PACCUH-
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Puc. 2. 3meHenue comepikanus Kokca Ha karanuzatope Deh-15

TaTh COJEpKaHNe KOKCa KaK Ha KOHEI] IIMKJIa paboTHI KaTaan3aTopa, Tak U B
TIEPUOJT €TO HKCILTyaTaIiH.

CrnMcoK JuTepaTyphl

1. Kpasmos A.B, Xamapnes A.U., IllatoBkun A.A., Yaredykr B.K., Muxaiinosa
E.H. Pa3zpaboTka aHaJHTHYECKMX PEMICHUI IS Tpolecca IerHAPHUPOBAHUS
BBICIIINX MTapa()MHOB MPH MPOU3BOJICTBE BHICIINX MapadMHOB IPH MPOU3BOJICTBE
nuueitHoro ankmidenszona B OO0 «KUHE®» // Marepuansl 6-ro MexyHa-
poxnoro ¢opyma «TOK Poccun: permonanshble acnekts», . C.—IletepOypr,
11-13 anpens 2006. —C.126-129.

2. BaunoB ILT. Ilpomeccer mepepabotku Heptu. — M.: [THUUTDHebTexum,
2001. 625 C.




XII Bcepoccuitckasn HayuHo-NpaKkTUUeCKas KOHGEPEHLNA CTYAEHTOB U MONOABIX YUEHbIX
«Xumma n xummueckas Textonorus B XXI seke», TNY, Tomck, 2011 79

CoBepuieHcTBOBaHHME PaGoThI TENJIO00MEHHOT0 000pPy/I0BaHUS
PEaKTOPHOIO y3JIa JeruApMpoBanus napagpuHos
B npousBoacTee JIAB MeTogom
MaTeMaTH4ecKOro MoAeJJHpPOBAHMSA

C.B. Cemaxun, M.B. Kupzuna, .M. /lonzanos, 10.U. Agpanacvesa

Hayunwuii pykogooumenvs — x.m.n., ooyenm E.H. Heawkuna
Tomcxuti nonumexnuueckuu ynugsepcumem, 634050, Tomck, np. Jlenuna, 30,
semen-semakin@rambler.ru

B nocnennue necsaTHIeTHE CTPEMUTENBHOE PA3BUTHE TPOMBIIUICHHOCTH
cuHTeTHYecKnX Moromux cpeacts (CMC) mpuBeno K HEOOXOIUMOCTH
HapaluBaHUs BBITyCKa CHIPHEBBIX MPOJIYKTOB ISl 3TOW OTPaciu — JIH-
HelHbIX ankuioen3omoB (JIAB). Emkocts peinka CMC Haleil cTpaHsl co-
CTaBJIsI€T OKOJIO 1,2 MJIH. TOHH B IO, JUIsl MPOM3BOACTBA TaKMX 0OHEMOB B
Poccun HeoOxonmumo Hannuue B ceipbeBoid 6aze 100—-120 Toic. ToHH JIAD, B
TO K€ BpeMsi NPOU3BOJICTBEHHbIE MOIIHOCTH €JUHCTBEHHOTO B Poccuu
npoussoautens JIAB coctaBnsioT He 6osee 60 Thic. TOHH B Tof [1].

OnHOM W3 OCHOBHBIX KOHIEMIMH CHCTEMHOTO aHalu3a Ul CO3JaHus
HOBBIX M HOBBIIEHHUSA 3QPEKTUBHOCTH EHCTBYIOMHNX ITPOU3BOJICTB SIBIISECT-
Cs1 KOHILICMLUS ONTHMAaJIbHOTO UCIIONB30BaHus 000pynoBanus [2].

Veranoska no npousBoActsy JIAB OO0 «KMHE®» naxonurcs B mo-
CTOSIHHOM 3KcIuTyaTauuu ¢ 1996 roxa. Ilocne mycka B TedeHHE HEKOTOPOIO
BPEMEHHU CHELUUATNCTAMU MPEANPUATHS OBbLIO YCTAHOBIEHO, YTO KOXYXO-
TpyOUaThIil TEIIOOOMEHHUK KOMOMHHUPOBAHHOTO CHIPBSI HE OCYILECTBIISIET
pacyeTHblii TEMJI0OOMEH M I03TOMY TpyOdarasl medb IOJOrpeBa ChIPbS
mpolecca JeTUuapUpOBaHus apauHOB, SBISIOMIETOCS OCHOBHOW cTaaueit
npousBoacTBa JIAB, paboTaeT cO 3HAYMTENBHO YBEIMYEHHOW TETIOBOI
Harpy3Kod, 4TO NPUBOAMT K MPEBBIIICHHIO MaKCUMaJbHO JOIYCTUMOIl
TeMIIepaTypsl TPYO Ieuu.

Taxum 00pa3zoM, 1ebio pabOTHI CTajla ONTUMH3ALMS TIPoIiecca HarpeBa
CBIPbs JICTUIPUPOBAHUS 0 HEOOXOAMMOH TemrepaTypbl peakuun (480—
510 °C). Ucmnonp3oBaHne METO/a MAaTEMaTHYECKOTO MOJICTUPOBAHMS I1103-
BOJIMT ONPE/ICJINTH TEIUIOBBIE HArPY3KH HA aIlnaparsl M OLEHUTh pa3InuHbIe
THUIIBI KOHCTPYKIMH TETTIOOOMEHHHKOB 0e3 HEOOXOJIMMOCTH BOILIOIICHHS
UX B METAJLI.

B TermnooOMeHHUKe NPOUCXOTUT OOMEH TEIJIOM MEXAY KUAKHM ChIPb-
€BBbIM MOTOKOM M Ta3000pa3HbIMH MPOJYKTAaMH JIeTHApHpoBaHus. B xoje
KOTOPOTO CHIpbE HarpeBaeTcs W Hcmapsiercs npu Temmeparype 175 °C, a
MPOIYKTHI JETHUIPUPOBAHUS OXJIAKAAIOTCA ¥ KOHACHCUPYIOTCS MIPU TEMIIE-
parype 163 °C [3].

Maremariueckoe ONMcaHue TEIIO0OMEHHNKA 0a3UpyeTcsl Ha TETJIOBOM
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GanaHce anmapara:
Quprroe = Qusamoc

GCLIpb}leCMpLX (Tm:n - Tl‘lauaﬂ) + chmpbx ’Lcu + Gcmpm Cpl‘.cblpbu (Z:mueq - tucu ) = (1)

=G t Y+6G r +G _Cp

npojt pr.npoa (tuaqan " txomn TIPOJT * KOHIL npot npos (txon;l _tkoneq)'
Marematudeckas MOACIb TPY6anOﬁ neuun 6a31/1pyeTc;1 Ha onpeAcJICHUN
MOJIE3HON MOITHOCTHU TEYH:

Qnonc3 =1n- QT (2)
rie Q7 — MOIIHOCTP MEeYH Mo nacnopry, Bt; 7 — koaddurpeHT none3noro
JIEUCTBUS MIEYH.

Temneparypa CbIpbsi Ha BBIXOJE U3 II€YU PACCUUTHIBAETCS HA OCHOBA-
HHUH TEIUIOBOTO OajaHca:

TKOHC'{HM =THa‘IaJ'ILHa$I GCH Q.ng;’ (3)
pbst I.CBIPBS

Ha ocHoBe pa3paboTaHHON METOJMKH MOJAEIMPOBAHUS annapaTroB ObLI
CO3/IaH COOTBETCTBYIOIIUN MPOTPaMMHBIN MOAYJb pacyeTa TEeII00OMeHHO-
ro 000pyA0BaHMSI PEAKTOPHOTO OJIOKA JETHAPHUPOBAHUS.

C nomornrpio pa3paboTaHHOI MporpaMMbl OBUIO YCTAHOBJICHO, YTO 3a-
MeHa KOXXKyXOTpyO4yaToro TeIIoOOMEHHHKAa Ha aHAJOTHMYHBINA IO XapakTe-
PHUCTHKAM IJIACTHHYATHIN ANapar MO3BOJIUT YBEIMYHTh MAKCHMAIbHYIO
TEMIIEpaTypy HarpeBa ChIpbsi, OTHOCUTEIBHO MOTYYaeMbIX HA CETOIHSIIITHUN
nenb 355 °C, B cpexreM Ha 75 °C (Tabmn. 1), 9TO TO3BONUT CHU3UTH U30BI-
TOYHYIO TEIJIOBYIO HAIPY3KY Ha TPYOUATYIO MEUb.

Tabauna 1 — Temneparypsl HarpeBa ChIpbs Pa3IMYHOIO COCTaBa

CocTaB cbIpbsi Temnepatypa Harpesa, °C
Bricoko napaduHUCTOE CHIpHE 429,55
Huzko napaduHuCTOE CHIpHE 432,23
Bricokoe conepxxanue 1upk. JIAB 428,61
Huskoe conepxanue nupk. JJAb 431,3

Kpome Toro, mnacTuHYaThle TEIUIOOOMEHHUKH OOJAIar0T pPSIOM He-
OCTIOPUMBIX MPEUMYIIECTB [0 CPABHEHHUIO C KOXKYXOTPYOUATHIMHU, SIBIISIFOT-
cs1 6osee yIOOHBIMU B DKCIUTyaTallil U UMEIOT TOpa3io MEeHbINe radapu-
Thl. MIMeromue pecypcehl TeIuia MOTYT ObITh MCIOJB30BaHBI JIJISl HarpeBa
JIOTIOTHUTEIBHOTO KOJIMYECTBA CHIPhS, H TEM CaMbIM MOBBICHTE 3(deKTrB-
HOCTB pabOTHI YCTAHOBKHU.

CHHCOK TUTepaTypsl
1. Uurepwuer pecypc: http://www.newchemistry.ru
2. Wsanumna D.J., MBamkuna E.H., Hlaposa E.C. CucremHblil aHaIiu3 XUMUKO-
TexHoJoruyeckux npoueccos. Tomck: TITY, 2008. 95 c.
3. Banmnos ILI. IIponeccer nepepadotku Hedru. M.: THUUTOHedTexum, 2001.
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Pa3zpabdoTka MmaTeMaTH4eCKOH MOJeIH PAacYéTa OKTAHOBBIX
qyuces JJsl Hpouecca KOMIAyHAHPOBAHMUS TOBAPHbIX O0€H3HHOB

A.A. Ilemposa, F0.4. Cubiuinsesa

Hayunwvui pyxogooumens: 0.m.u., npogpeccop 3./]. Heanyuna
Tomcxuii nonumexnuueckuu ynueepcumem, 634050, Tomck, np. Jlenuna, 30,
petrova-a@sibmail.com

OKTaHOBOE YHUCIIO SIBJIACTCS MOKA3aTelIeM, XapaKTePHU3YIOIIMM JICTOHA-
IHOHHYI0 CTOMKOCTh TOIUIMBA JUIsS [IBUTATENICH BHYTPCHHEIO CrOpaHUs.
3amaun ONTHUMAJIBHOIO YIPABICHUS MPOIECCOM KOMIAYHIAUPOBAHHS IMPH-
BOJIAT K HEOOXOMMOCTH Pa3IebHO OIICHUBATh JETOHAIIMOHHYIO CTOMKOCTD
ero pa3nnyHbIX ¢paknuii. ONeHKa JEeTOHAIIMOHHOW CTOHKOCTH YTIIEBOIO-
POIIOB HA OCHOBE pacueTa SHEPTHH TUCCOIMALMH MOJICKYN IO3BOIUT pas-
paboTaTh MOJENs pacyeTa OKTAHOBBIX YHCEN IS ONTHME3AIMK IIpolecca
KOMIIAYHINPOBAHHUSA C IIETBI0 TIOJNyYEHHsS BBICOKOKAUYECTBCHHOW MPOAYK-
LIUN.

BennunHa OKTaHOBOTO YHCIIA JOJDKHA YETKO COOTBETCTBOBATH rOCyaap-
CTBCHHBIM CTaHJapTaM, CIICAOBATECIbHO, MPOU3BOJUTEIH TOJDKHBI PETyIIH-
POBAaTh KA4€CTBO TOBAPHOTO OCH3MHA [0 OKTAHOBOMY YHUCITY, & IIOCKOJIbKY B
HACTOSIIIIEC BPEMsS MaTEeMaTUYECKHE METOAWKH, HCrojib3yembie Ha HII3,
JTAf0T OOJIBIIIKE IMOTPENIHOCTH, TO pa3pabOTKa HOBOW METOAUKU OIEHKH
OKTAHOBBIX YHCEJI SABJSICTCS aKTYaIbHOM.

Cornacuo [1] craans MHUIIMUPOBAHKS LEMHON PEAKIIUU MOXET MpOTe-
KaTh B JIBYX HAIpaBJICHHUAX, CIIEAOBATEIHHO, MBI PACCUHUTHIBAIA DHEPTUU
JUCCOIMAIIMN TI0 JBYM THIIAM pacmaga MOJEKYJI, OT KOTOPBIX 3aBHCHUT
CKJIOHHOCTb K JISTOHAIIUHU YTIIEBOJIOPOJIOB WIIA YCTOWIMBOCTD K HEH:

1. Morekyna pacriagaercs Ha paaukail R’ H"R-H—- R +H";

2. Mornekyna pacnagaercs Ha aga pagukaia R R—R— R + R’

Peakuus mo tumy | mpuBoguT K 0Opa3sOBaHUIO MEPOKCHAOB, OHU CO
B3PBIBOM OKHCISIOTCS W B PE3YJIbTaTe 3TOTO MPOMCXOTUT ACTOHAIUS, a
pEeaKIys 1Mo TUITY JBa MPUBOAMT K TopeHwuto [1].

ITo 3HTAJBIIMK MOXHO ONPEACIHTL YHEPIHIO JUCCOIHAIIMU MOJICKYJI,
KOTOpasi SIBJISIETCSl TOKa3aTesieM JACTOHAIlMOHHOW CTOWKOCTH, a, CJieJoBa-
TENBHO, M KadecTBa OeH3WHA. B Xome maHHOTO mccienoBaHus ObLTH pac-
CYHTAHBI SHTAIBIINH MOJICKYJ aTOMOB YTJICBOJIOPOIOB, H3 KOTOPBIX COCTO-
UT TOBAapHBIA OCH3WH, NMPH CTAHJAPTHBIX YCIOBHSAX, HO IpPH 3TOM HE
HAOJFOIaJI0Ch YETKOW 3aBUCHMOCTH, CJIEOBATEIBEHO, TPEOOBAIIOCH pacCyu-
TaTh 3HAYCHUS YJHEPTUU TUCCOIMALIUH [IPH YCIOBUSIX CTOPAaHUS TOILTUBA.

T.o. st pacué€ra 3HaYSHHUM DHTAJIBIUIN PeaKkUil AUCCOUALMH IO IBYM
THTIaM, OblIa UCTIoNb30BaHa mporpammel Gaussian u HyperChem.
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[o pe3ynpTaTtam 3aKJIIOUNIN, YTO 3HAUEHHS SHTAIIBIIMN PEaKIHi pacma-
Ja TAI 1 A7 yriieBOAOPOJIOB OTPHLATEIBHBI 110 CPABHEHHUIO C SHTANIbIHEH
peakuuit THHa 2, CleNOBaTENBHO, U HOPMAaJbHBIX alKaHOB CYILECTBYET
OonblIas BEPOATHOCTh MPOTEKAHUS PEaKUUy 110 1My THITy, CIeZ0BaTEIEHO
y HAX Hu3Koe 3Hauerne OY.

150

- { —o— MOY=f(En)

o 50 —8— MOY=f(En)
200 100

50
DHeprus JHCCOLHaNN
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A1 H-2JIKAHOB 4715 2ro THOA pacmaza MoOJI€eKY.JIbI.

o4

ITo naHHBIM 3aBHCHUMOCTSIM MOKHO OLIEHUTbH BEJIMYUHY JETOHALMH, T.€.
4yeM JIerde pa3pbiBaeTcs MOJeKyiia, TeM MeHblue OY, ciepoBarenbHO, yrie-
BOJIOPOJIBI, IMEIOIIC HAUMCHBIINE 3HAYCHHS YHEPTrUM JAHCCOLHUAINH, 00-
JIaJIal0T HaMMEHBIIIEH JETOHAIIMOHHON CTOMKOCTBIO.

CrnMcoK JuTepaTypsbl
1. A Comprehensive Modeling Study of iso-Octane Oxidation / H. J. CURRAN, P.
GAFFURI // COMBUSTION AND FLAME, 2002.
2. Opnos 10.]1., Jle6enes 10.A., Caitpymmun WN.I. TepMoxuMus OpraHHYECKUX
cBoOoIHbIX paaukanoB. — M.: Hayka.2001. — 304 c., ui.
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MopeanpoBaHnue npouecca JeruApupoBaHusi BbICIIHNX
napaguHoB

A. B. Tpycos, F0.U. Agpanacvesa

Hayunuuii pyxogooumenv — x.m.u., doyenm xageopor XTT, E.H. Heawxkuna
Tomcxuii nonumexnuueckuu ynueepcumem, 634050, Tomck, np. Jlenuna, 30,
alexey.killjoy.trusov@gmail.com

[Tpouecc mosry4eHust IMHEWHBIX AJIKUIOEH30JI0B (ChIPBsI JJIsl TIPOU3BOJI-
CTBa CHMHTETMYECKHX MOIOIIUX CPEJCTB) BKJIIOYAET B ceOs CTaaUIO JNEeTUA-
pupoBanusi napa¢puHoB Co—C;; HOPMAIBHOTO CTPOEHHS 10 OJNIE(HHOB C
MOCTIEeIYIONNM alKIIupoBanueM umu O0ersomna [1]. Iloseicuts ero 3¢ dex-
TUBHOCTb MOKHO C IOMOIIBIO METOAAa MAaTEMAaTHYECKOTO MOJETUPOBAHHUS
[2].

B xozne pabotsl cocraBieHa popmani3oBaHHas CXeMa IpoIecca, pa3pa-
6oTaHa KMHETHYECKast U MaTeMaTHYecKasi MOZeb. B kauecTBe Moxenn pek-
TOpa UCIOJIb30BaHa MOJIENb UCAaTbHOTO BBITECHEHUS HA OCHOBAaHUHU TETLIO-
Boro u auddysuonnoro kpurepues llexie (Per=2494, Pep=2375-1663).
Pertenuem oOpaTHOM KMHETHUCCKOW 3a]aud OIpPE/ICIICHBl OCHOBHBIC Mapa-
METpBI peakIfii (KOHCTAHTBl CKOPOCTEH M SHEPTHM aKTHBALWHU) AJS IBYX
Mapok Pt karammsaropa, Tabm. 1.

Ta6auna 1. KoncranTbl ckopocTeii nejieBbIX peakuuii s Pt KOHTaKTOB Mpu
740 K u 0,2 MIIa

Peare Mpoayx ke
remTet PORYICTHL Mapxka-1 Mapxka-2
Ankan C9-C14 Anken-1 C9-C14 0,45 0,59
Anxan C9-C14 Anken-2 C9-Cl14 0,73 0,85

C ucrosp30BaHKEM pa3pabOTaHHOM MOJEIUPYIONIEH cucteMsl (puc. 4)
WCCIIEJIOBAaHO BIMSHHUE TEMIIEpaTyphl, pacxoaa ceipbs U BCI' Ha KoHUEH-
TpPALUIO LETEeBBIX KOMIIOHEHTOB (puc. 1-3).

Tak yBenuueHue TeMmepaTrypbl BEJET K YBEIHMUYEHHIO KOHIIEHTPALUH
KOHEYHBIX NPOAYKTOB. OJHAKO BBICOKHE TEMIIEpaTypbl IPOBEAEHHS IpO-
1ecca HeJOIyCTHMBI M3-32 YBEIWYEHHsS CKOPOCTH PEaKLIHH KOKCOoOpa3o-
Bauus. CieoBaTeIbHO, ONTUMAJIBHBIE SBJISETCS IOCTEIIEHHOE MOBBIIIEHUE
TemrepaTypsl cbipbs oT 741 K 1o 760 K 110 Mepe CHHUKeHHsI CENIeKTUBHOCTH
mporiecca M KOHIIEHTPAIMH IIeNIeBBIX KOMIIOHEHTOB. YBEJIHMUYEHHE pacxoja
CBIPBSI U BOJOPOJCOAEPIKAIIEr0 Ta3a MPUBOAUT K CHIDKEHHIO KOHIICHTpa-
HHﬁ LCJIEBBIX TPOIYKTOB. DTO CBI3aHHO C YMCHbIICHUEM BPEMEHU KOHTAK-
Ta CHIphs U Katanmuzaropa. [loaToMy onTtuManbHbIM cooTHOeHneM BCI :
celppe=7 : 1.

[Ipy ananuTHYECKOM CpPaBHEHHMH pa3jIMuHBIX Mapok Pt-karamusaTtopos
JIETHJIPUPOBAHUSI BBISBIICHBI CIIETYIOIINE 3aKOHOMEPHOCTH:


mailto:alexey.killjoy.trusov@gmail.com
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— MapKa-l: BBICOKas CCJICKTUB-

Pacue weTofom Jiite pa cucTe mbl wudxbe pe HusabHBIX ypasHeuui ()

HOCTh M CTaOWJIBHOCTD, HH3- P

) Mnothocre evecy, kr/v3 [
. &
Orepems fizay =
3 War prepauim 0,001
Hewmnanterreparpa K [700

KUl ypOBEHb MOOOYHBIX MPO-
JIYKTOB, MATKHH TEMIIEpaTyp-

Mpocra pacser

MMk KEHETEHT

HBII PeXHM, KOTOPBIH IT03BO- L S i
o — Packon chipes, M3l B

JTUIT TIPH BHICOKO# CETEKTHB- X i E
L5 Packon sonopoaa. Hmdd 'mi
HOCTH TIpOI[ecca 10 MOHO- e s
orneduHAM 3KCINTyaTHPOBATh D ===

Offbem
KaTanau3atop Oonee JUTUTEIb- e

Hagrpofir

Hoe Bpems (Ha 35 %).
— Mapka-2: 1o CpaBHEHHIO €
MpeAbIAYIIUM BbIXO LEJIEBO- =

(OCTansHLIe NapaMETp 3arpy kTR 13 haiina

ro npoaykra Gonbie Ha 25 %, pyc. 4. inanorosoe okro KMC
HH3Kasi KOHLIEHTpaus 1o-

0OYHOTrO MPOIYKTA, MATKUHA TEMIIEPATYPHBINA PEXKHUM, 00ECIICUNBAIO-
it BeIpabotky JIAB 190 T/cyT.

Ouwmcka (001 MakcuransHos eperda semonners (003000

Mpihiessivs pscrpeini]

Crnmcok aurepatypsl

1. Bannos IL.T. IIpoueccs! nepepadotku HepTn. — Mocksa: LIHUUTOHedTexum,
2001. — 625 c.

2. Kpasuos A.B., Meanuuna D.]1., UBamkuna E.H., FOpre E.M., ®etrcosa B.A.,
®pannuna E.B., Pomanosckuii P.B., [lonranos .M. TexHonorust u Maremaru-
YeCcKOoe MOJCIHPOBAHNE PEAKIIMOHHBIX MPOLIECCOB MepepaboTKH BBICIINX Hapa-
(uHOB B nHHEIHBIE ankmioen3onbl. — Tomck: Mzn. TITY, 2010. — c. 297

KuneTuka peakumii, NpoTeKkaomux B mpouecce aJIKUJIMPOBAHUSA
0eH30J1a BHICIIMMH 0Jie(pMHAMM

H.C. beaunckas, B.A. @emucosa

Hayunwiii pykosooumens — 0.m.u., npogpeccop 3./]. Useanuuna
Tomckuti nonumexnuueckuu ynusepcumem, 634050, Tomck, np. Jlenuna, 30,
ns_belinskaya@sibmail.com

OpmHUM U3 TEePCIEeKTUBHBIX HAIIPaBICHUN pa3BUTHS HedTenepepadaTol-
BaIOMIEH TPOMBIIUICHHOCTH SIBIISIETCS MPOU3BOJICTBO CHHTETHYECKHX MOIO-
IIUX CPEJICTB, W, CIEIO0BAaTENbHO, JMHEHHBIX ankuinoen3onoB (JIAB) kak
CBIPbs JUIl MX Npou3BoAcTBa [1]. MaTemaruueckoe MOJAETUPOBAHUE IMPO-
1ecca JIKWJIMPOBaHMS OEH30Ja NpeACTaBIsIeTCs Haubojee aKTyaJbHBIM,
TaK Kak UMeHHO crpoenue JIAD BiuseT Kak Ha OMOJIOTMYECKYIO pasiarae-
MocTh nosxydaeMbix CMC, Tak ¥ Ha UX paCTBOPUMOCTb, MOIOIIHE XapaKTe-
puctuku. B cBsI3U ¢ 3TUM aKTyalbHOH 3ajauell SBISIETCS COBEPIIEHCTBOBA-
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Puc. 2. ITorpenrHocTs no Beixoay JAB

HUE MaTeMaTHUYeCKOH MOJETU U MOCTPOCHHE MAaTeMaTH4eCKOW MO,
YUMUTBHIBAIOUIEH KUHETHMYECKHE 3aKOHOMEPHOCTH IPOTEKAHUS OCHOBHBIX
peakiuii.

B ocHoBe ucnons3yemoit [uisi pacueToB MaTeMaTHYECKOH MOJEIH Tpo-
Iecca aIKUIIMPOBAHNUS JISKAT CIICAYIOIINE PEaKIIH:

1. Benzontonepun-1=JIAB-2;
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2. TlceBnoJIAb+ncenoOnedun=J/1Ab;

3. IceBnoJIABb+nuonedhun=/1Abuenp;

4. benzon+/nonepur=JIAbuenp;

5. Bbemzon+JIAbrenp=/{DA.

Jus ompenerneHNs KUHETHYECKUX IMApaMeTpOB OBLIH HCIOIH30BAHBI
CIIEIYIOIINE NaHHBIC: TEMIIEpaTypa IMOTOKa CHIPhs Ha BXOJE B peakTop, CO-
CTaB CHIPbS, PACXOMBI BEIIECTB Ha BXOJE B PEaKTOP, XapaKTEPUCTHKH Peak-
Ui (PHEepPrus akTHBAWM, W3MEHEHHE »Heprun [ 'mOOca), MoyeKymspHas
Macca BEIECTB, KOHIICHTPAIMU U PAacXo/bl BEIIECTB HAa BBIXOJE U3 PEAKTO-
pa, OpOMHBIE MH/IEKCHI 1IEJIEBOTO MPOJAYKTa ¥ OPOMHBIE YHCIIa TTOOOYHOTO
nponykra. Jlyis aHanu3a HMCHONB30BAJHMCh IKCIIEPUMEHTANIBHBIC JIaHHBIE,
IMOJIYYCHHBIC B PEIKUME HOpMaHLHOi/II OKCIITyaTallii YCTaHOBKHU aJIKWUJIUPO-
BaHU 3a nepuof ¢ 1 suBapst 2010 r no 29 ampens 2010 .

HpOBeHH BBIYHMCIIMTEILHBIA OKCIICPUMEHT, HAIJIU KOHCTAHTBI CKOPOCTU
U KaKIOW M3 IMATH peakuui ¢ pa3IMYHBIMH HCXOJHBIMH NAHHBIMH IS
Kaxmoi u3 mat. s momcka oOrmero Habopa MCIOIb30BaM METO TIOMCKA
Mo CpeaHeMy apu(pMETHYECKOMY 3HAUCHHUIO. [IpH 3TOM MONy4HiIN Ciexy-
fome 3HaueHus: Ki=4,60-1072 v -momb ¢, kp=2,57-107* M momp ¢ Y,
ke=1,51-102m>momb 2¢?,  Kke=3,31-10" v momp 1-c 2, ks=1,00-10"
a3 moms et

st mpoBepkH MOJieN Ha aJeKBaTHOCTh OblIa OINpesesieHa IOorpem-
HOCTb pacyd€Ta 10 OTHOMICHUIO K OKCIICPUMEHTAJIbHBIM JaHHBIM JJId BbBIXO-
na ueneoro npoaykra — JIAB u mo6ounoro — JIAB, GpoMHBII MHAEKC
JIAB u 6pomHOe uncio Tsxkenoro ankmiaata (TA).
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Puc. 3. PacuerHsle 1 SkcIiepuMeHTaNbHbIe 3HaYeHHsT OpoMHoro nniekca JIAB
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BpomHoe uucno TA
"

31.03.2010 4

25.01.2010

30.01.2010 4
04.02.2010 4
09.02.2010
14.02.2010
19.02.2010
24.02.2010 4
01.03.2010 4
06.03.2010
16.03.2010
21.03.2010 4
26.03.2010 4
05.04.2010
10.04.2010
15.04.2010
20.04.2010

25.04.2010

B 11.03.2010 4
H
o

—e— BpomHoe uucrio TA, pacy  ®  BpomHoe uucno TA, aken

Puc. 4. PacueTHble 1 KCIIEpUMEHTAIBHBIE 3HAYEHHI OpoMHOT0 uncia TA

[Morpemnocts 1o pacuery Bbixoaa JIAB cocraBuser 2 %; mo pacuery
Beixoa JIAb — 2 %; no pacuery OpomHoro muzaekca JIAb u GpomHoro
yucia TA — 12 %.

Taxum 00pa3oM, pe3ynbTaThl pacdyera MoKa3alH, YTO MOAEIh 00ecIedn-
BaeT JOCTATOYHO XOPOIIYI0 CXOJUMOCTh PAaCUETHBIX M SKCIEPHMEHTAJIb-
HBIX JJAHHBIX, YTO MTO3BOJINT MCHOIB30BATh €€ JUIs ONpEeIICHNS] ONTHMAllb-
HBIX YCJIOBHH NPOBEICHHUS IIPOLIECcCa U IIPOBOJUTE MPOTHO3HBIE PACUETHI.

Crnmcok Jqurepatypsl
1. HlIaupoposa M.O., detucosa B.A., UBamkuna E.H., MBanunna 3.J[., ®yHk
A.A. Pa3paboTka KHHETHYECKOW MOJENHU Tpollecca aJKHIHPOBaHUS OcH30Ja
onepunamu — HM3Bectust TOMCKOTO MOJUTEXHHUYECKOTO YHUBEPCHTETA. —
2009. —T.314. — Ne 3

PaszpadoTtka cocoda yBennuenns pecypco3gppeKTHBHOCTH
padoThI KaTaaM3aToPa AeruApPUPOBAHUS BICIIUX NapaduHoOB

E.B. @panyuna, 10.U. Agpanacvesa

Hayunwuii pyxogooumens — 0.m.u., npogpeccop A.B. Kpasyog
Tomckuu norumexuuyeckuti ynugepcumem, 634050, Tomck, np. Jlenuna, 30,
evi86@sibmail.com

IIpouecchl KaTaIMTUYECKOTO JETHIPUPOBAHUS YIIIEBOAOPOIOB BXOAST B
YHUCIIO CaMBIX KPYITHOTOHHA)KHBIX IIPOILIECCOB B MHUPOBOW HedTeXxmMuyie-
CKOM MpOMBIIIEHHOCTH. JleruapupoBaHueM TNOJIYy4yalOT HelpeaeabHble
YTIEBOIOPOABI, KOTOPHIE SIBIISTIOTCS CHIPbEM ISl IIPOU3BOACTBA MOJIMMEPOB,
CHHTETHYECKOTO KaydyKa, INTACTMACC, MOIOIIUX CPEACTB M BEICOKOOKTAHO-
BBIX KOMIIOHCHTOB OeH3mHa. EjkeromHoe NpOW3BOACTBO HEMPEACITEHBIX
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YIJIEBOJOPOJIOB PACTET cO CKOpocThio 3,5 % st atuinena, 5,5 % aus mpo-
nmwieHa, 6 % s n-kewsona u 6onee 8 % s Beiciux onedunos[1]. Tlo
STOW IpUYHMHE BO BceM Mupe B rociennue 50 netr He ocnabeBaeT HHTEpeC K
WHTEHCU(HUKAINY METOIOB UX TIPOU3BOJICTBA.

Henpro manHOM paboTHI cTana pa3paboTka criocoba MOBBIICHHS Pecyp-
c03((heKTUBHOCTH Tporiecca AeTHAPHPOBaHUs BhIcINX mapaguHoB Cg—Cyy
U HccienoBaHUe pabOThl PeaKTOPHOrO OJOKAa IPU Pa3IMYHBIX PEKHMax
MOJa9M BOIBI C MCIOJB30BaHUEM pa3pa0OTaHHOW HECTalMOHAPHOW MaTe-
MaTUYECKOU MOJEIH.

HecrannonapHocTs mpoliecca JAErHApPHUPOBaHMS YIJIEBOJOPOAOB 00Yy-
CJIOBJICHA NBYMs (haKTOpaMH: IOCTEIIEHHBIM 3aKOKCOBBIBAHHUEM KaTaiu3a-
Topa [2], mpuBOASsIIIMM K GJIOKHPOBKE aKTHBHBIX IIEHTPOB €r0 MOBEPXHOCTH
U TIEPUOIMYECKOi Ioayei Boabl B peaktop. Oba 3T (akTopa ydTeHsI NpH
COCTaBJICHHUH MaTeMaTHYeCKOH Mojeny. 3aKOKCOBBIBAHHE KaTalu3aTropa
YYTEHO ITyTEeM BEJCHHE B CHCTEMY YpPaBHEHHH IOMOIHHUTEIHHOTO MHOXKH-
Tens 8, — Kod(uimenTa ne3aKTUBAIH, — XapaKTePU3YIOIETr0 CTEICHb
paboueil MOBEpXHOCTH Katamm3aropa. llepmoagmdeckas TUHAMHKA IOAYH
BOJIBI B PEaKTOP YUUTHIBACTCSA IMYTeM IOMOJHHUTEIBHOTO pacdeTa TePMOIH-
HAMHYECKOTO PABHOBECHS PEaKIMK 00pa30BaHUS M THIPHPOBAHUS IIPOMeE-
JKYTOYHBIX KOKCOTEHHBIX CTPYKTYp BOJIOW. B paMkax maHHOTO mccienoBa-
HUS OBUIO CIEJIaHO IPEAINOJIOKEHHE, YTO MPOMEKYTOUHbIE KOKCOTCHHBIE
CTPYKTYpBbI, 00pa3syroliuecs B X0Jie JaHHOTO Mpoliecca, UMEIOT aMOphHYIO
NPUPOJY U MOTYT OBITh OXapaKTepH30BaHbl COOTHOIIEHUEM aTOMOB yrie-
pona x Bogopoay pasHbM 1:0,5 nmu CHgs.

Janee ¢ ucnosp30BaHNEM KBAaHTOBO-XHMHMYECKHX METOJIOB OBLI IMPOBE-
JICH TePMOJINHAMHYCCKIHA aHAIIN3 PEAKIINA KOHBEPCHH KOKCOTCHHOM CTPYK-
Typbl Bogoi no peakuuu: CogHi4+28H,0=28CO+35H,. Pe3ynbTarsl aHa-
THM3a TOKAa3add, YTO TPH YBEIWYCHHWH pabodeld TeMIepaTypsl mpoliecca
KOHBEpCHs aMOP(HOTO KOKCa BOJIOM CHM)KAETCs, CIIeJOBATEIbHO, CKOPOCTh
€ro HaKOIUICHUS Ha MOBEPXHOCTH KaTaM3aTOpa YBEIWIHBACTCS, YTO MPH-
BOJIUT K YCHJICHUIO MpOIlecca Ae3aKTUBALMH. [y pemeHns 3Tol mpooaeMsl
B XOA€ PCAKIIMOHHOIO ITUKJIIa OBLITO MPEIJIOKECHO MOBBINIATE IMOJaYy BO/bI,
TEM CaMbIM MOJJIEPKUBAs KOHBEPCHIO aMOP(HOro KOKCa Ha MaKCHMAaIIbHO
BO3MOXXHOM ypoBHe. Ha OCHOBE 3TOro MoJoKeHHs1 ObliIa MpeiokeHa Me-
TOJWKA pacucTa ONTUMAJIILHON JUHAMUKHU [TOJaYU BOJBI.

C ucnonb30BaHUEM TMPEUIOKESHHON METO/IMKH, KOTOpasi Oblia 3aJI0)KeHa
B HECTAllMOHAPHYI0 MOJeNIb Mpoliecca, Oblla paccyuTaHa ONTHMAalbHas
JMUHAMUKA IOJJAaYH BOJABI B PEAKTOP JCTHAPUPOBAHKS B 3aBHCUMOCTH OT
TEeMIepaTyphl mporecca. Tak B HaYaIbHBIA MEPUO]] IKCILTyaTallMU MO[a4a
BOJIbI JIOJDKHA COCTABIATH 4i1/4ac, a K KOHIy paboyero IuKIa KOJIN4eCTBO
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MOZIaBaeMOM BOABI HEOOXOIUMO yBeNW4uBarh 10 9 n/dac. CrnenaHHble pe-
KOMEH/1allnu arpoOUpOBaHbl Ha pealbHOM yCTaHOBKE.

CpaBHHUTENBHBI aHANW3 OCHOBHBIX IOKa3aTeield paboThl peanbHOH
MPOMBIIIJICHHOH YCTaHOBKM ICTHAPHUPOBAHMA IIPU PA3IHYHBIX PEKUMAX
MOAAYH BOJBI ITOKA3aJ, YTO MPH M0Jade BOABI YBEININBAIOLIINMUCS OPIH-
MU JUTATETFHOCTH pabodero nukia Bo3pocia Ha 40 mHei, a cpexHuil TeMm
mopeMa TeMIeparypsl ObuT Ha 2 °C HHXKE TI0 CPAaBHEHUIO € ITO1a4eld BOABI
MOCTOSIHHBIMHM KOJIMYECTBAaMH. IIpM 3TOM MOBBICHJIACH CPEAHECYTOUHAS
BeIpaboTka JIAB ¢ 177,45 no 178,40 TOoHH, 4TO B mepecueTe Ha BeCh LUK
MO3BOJIMJIO TIOJTy4YHTh Ha 7402 TOHHBI 0OJIBIIE ATOTO NPOYKTA.

Bonee mmaBHBIA TeMI HoJbeMa TEMIIEPATyphl B peakTope MpH Mojaade
BOJIbl YBEJINYMBAIOLIMMHUCS TOPILMAMH CBUAETEIBCTBYET 00 OcCiabiieHuu
mpoliecca 1e3aKTUBAIMM aKTUBHBIX IIEHTPOB KaTaJaH3aTopa KOKCOM U IMOJ-
TBEPIKIACT CHENAHHOE MPEIIOJIONKEHUE O (YHKIMH [T0JaBaeMOM BOJIbI, KaK
peareHTa B peakiuy IHAPUPOBAHMS POMEKYTOYHBIX KOKCOT€HHBIX CTPYK-
Typ. CIIeICTBHEM YEro SBHJIOCH YBEINYEHHE UINTEIBHOCTH Pabouero muK-
na karanuzatopa Ha 15 %.

Paboma evinonwena 6 pamxax @LII «Hayynvie u  Hayuuo-
nedazoecuyeckue kaopwl unHogayuontou Poccuuy na 2009-2013 20061

Crnmcok urepatypsl
1. Kpswos O.B. I'ereporennsiii katanms. M.: Akagemkaura, 2004. 679 c.
2. Octposckuii HM. Kunernka ne3aktuBaipy katamsatopo. M.: Hayka, 2001. 334 c.

HccaenoBanue BIUSITHUSA PCHUMPKYJIANNA HOPMAJbHBIX
YrJiaeBoaopoaoB Ha 3(1)(1)6KTI/IBHOCTI) nmpomecca u3oMepusanuu

H.B.Yekanues, E.O. I'opoa

Hayunwiti pykogooumens 0.m.u. 2.J]. Ueanuuna
Tomckuu norumexuuyeckuii ynugepcumem, 634050, Tomck, np. Jlenuna, 30,
Domik86nik@mail.ru

K ogHomy u3 Hambosee mepCIeKTUBHBIX CIIOCO00B YIIYUIIeHUS SKCILTY-
ATAIIMOHHBIX XapaKTEPUCTUK OCH3MHA OTHOCHUTCS MPOIECC KaTaTUTHIECKOM
M30MepHU3auy H-TIapaUHOB B MPHCYTCTBHH BOJOpPOAa C OOpa3oBaHHEM
CMECH Pa3BETBICHHBIX HACBHIIEHHBIX YTJIEBOJOPOIOB C MOBBIIICHHBIM OK-
TAHOBBIM YHCIIOM [1].

Heo0xoauMmbIM yciioBHeM AajbHEHIIEro pa3sBUTHA IMpoIliecca M30MepH-
3alU SABJSIETCS NMPHMEHEHHE DPELUKIOB HENpOpPearupoBaBIIUX HOPMAJb-
HBIX YIJIEBOAOPOJOB BMECTE U JEU30NEHTaHU3ALUEH IOCTYNAIOIIETO ChIPbSL.
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B cBsi3u ¢ 3TM, B paboTe NpOBEJCHBI pacyeThl Ha MOJENN TEXHOJIOTH-
94eCcKOI CXeMbI Ipolecca H30MEpHU3allii ¢ PeLUpPKyIsIIuell Hellpopearupo-
BaBUIETO H-TIEHTAHA JIEU30MECHTaHU3ALNEN MOCTYAOMIETO ChIPBSI.

Ha xadenpe XxumMudeckoil TEXHOIOTHH TOIUIMBA W XHUMHYECKON KHOep-
HETUKHU OBIIHM CO3/aHbl KOMIIBIOTEPHBIE MOJACIUPYIOLINE CHCTEMBI, IT03BO-
JSIOIIKE MPOBOIUTH PACUEThl MPOLECCa KaTaJIUTHYECKOH W30MEpH3altu.
OCHOBY [aHHOH KOMIIBIOTEPHOH MOZIETHPYIOMEH CHCTEMBI COCTaBISACT
MaTeMaTHYecKas MOJENb, KOTopas Oazupyercss Ha (H3MKO-XHMHUYECKON
MOJIETIM MPOLECCOB MpeBpallleHHs YIIeBOAOpPOJ0B Ha Pt-karanusaropax,
KpOME€ TOro, MakCMMajJIbHO YYHUTbIBACT (baKTI/I‘I€CKI/Ie JaHHBbIC TI0 J3KCILTya-
TaIlMM Pa3IUUYHBIX IUIATHHOBBIX KaTaau3aTopoB Ha pasznmuuHbix HII3 Poc-
CHH.

JlaHHLIe KOMIBIOTEPHBIC MOJACITUPYIOIUEC CHUCTEMBI IMO3BOJIAIOT BECTU
MOHHUTOPHHT IPOILIECCOB KAaTAIUTHYECKOro pU(pOpMUHra M U30MEpHU3aLUH
6en3uHOB. brnarogapst HakoIIeHHOH 0a3e NaHHBIX 1O Pa3IUYHBIM KaTaJlH-
3aTopaM, MPOrpaMMbl MO3BOJSIOT NMPOTHO3UPOBATh M3MEHEHHUE TEKyIUen
AKTUBHOCTH KaTalIU3aTOPa M KA4ECTBO MOJIy4aeMON MPOAYKIHUH, TIPOrHO3H-
pOBaTh U ONTHMH3HPOBATH IPOLIECCH IEPEPAOOTKH YIIIEBOIOPOIHOTO CHIPhSI.

B tabmune | mpuBeneHb! pe3ynbTaThl pacdyeTa CXeMbl H30MEPH3AINH C
PELMKIOM H-TIEHTaHa.

Ta6muna 1. Pe3ynbTaThl CXeMbl H30MEPH3aNH C IPUMEHEHHEM PEelKIIa H-IeHTaTa

Jara 0.4. u3zomepuzara 6e3 | O.Y. nusomepusara ¢ | I[Ipupoct oxkTaHo-
ordopa penuKJa neHTaHa PEelHKJIOM IEeHTaHa BOTO YHCJIA

01.10.2010 85 90,31 531
05.10.2010 84,82 87,15 2,33
23.09.2010 84,44 87,03 2,59
25.09.2010 84,88 87,16 2,28

Kak BumHO M3 Tabmuis! 1, mpuMEHEHHE pelMKia MO H-TICHTaHy JaeT
YBEJIMYEHHE OKTAHOBOTO YHCNA Ha 2,2-5,3 MyHKTa B 3aBUCHMOCTH OT CO-
cTaBa ChIpbs. Takke OBUIO MPOBEAEHO HCCIIENOBAHUE TEXHOJIOTHUYECKOM
CXEMBI C IeU30TIeHTaHn3anei

Tao6auna 2. MccienoBanue cXeMbl ¢ JeU30II€HTaHU3aluEN

OKTaHOBOE YHCJIO 10 HCCJIET0BATETbCKOMY METOIY
Jara IIpoaykr
(0e3 nemoﬂeﬂianmaunu) Tponyser Hpupocr
01.10.2010 85 89,2 4,2
05.10.2010 84,8 86,9 2,1
23.09.2010 84,4 86,8 2,4
25.09.2010 84,8 87 2,2

Kak BuaHO 13 TaOMMUBI 2, TIPH EU30TICHTAHU3ALNHN ChIPbSI OKTAHOBOE
YUCJIO YBETUYMBAeTCA B mpenenax 2,2-4,2. Takum oOpa3oM, MpUMEHEHHE
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CXE€M H30MEpHU3allMM C INPEeABAPUTEIBHOM NEU30NEeHTaHU3aLUN CBIPbS U
peLuKIa HempopearupoBaBIIero H-MIEHTAaHa MO3BOJIET MOBBICUTH d(dek-
THUBHOCTb NPOIIECCA N30MEPU3AIINH.

Takum 00pa3zoM, NPUMEHEHHE METOJAa MAaTEMaTHYECKOI0 MOJEINPOBa-
HUS TI03BOJIIET BHIOMpATh Hanboliee ONTHMAIBHYIO CXEMY H30MEPH3ALUH
JUIS Pa3IIMYHOTO THMA CHIpbs. Kpome Toro, maHHBIE pacdeTsl MOTYT OBITh
MPOBECHBI HE TOJIBKO AT JAHHON YCTaHOBKH, HO M JUIS JIIOOBIX YCTAaHOBOK
M30MEpHU3aNnH.

CnHcoK TuTepaTypsl
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HccnenoBanne BIAMSAHUS TEXHOJIOTMYECKHX TapaMeTPOB Ha
npouecchl Kanjaeodpa3oBaHus NpH NPOMbICI0OBOM
NMOAroToBKe HeTH

KA. Illakuna

Hayunwuii pyxogooumenvs — x.m.n., doyenm, O. E. Motizec
Tomckuti nonumexnuueckuu ynugsepcumem, 634050, Tomck, np. Jlenuna, 30,
knopka_sha@mail.ru

YenenrHoe penieHde npoOsieMbl MMOJArOTOBKM He(pTH HA NPOMBICIAX H
HedrenepepadaThIBAIOIIMX 3aBOJJAX TECHO CBSI3aHO CO MHOTHMH aclleKTaMu
pa3pabOTKN M HKCIUTyaTallMd HEQTSHBIX MECTOPOXKICHUH, 0COOCHHOCTIMHU
MPOLIECCOB MEPEeKauKy He(TH 10 MarucTpalbHBIM TPyOONPOBOAAM W He
MOXKET PacCMaTPHBATHCS H30JIMPOBAHHO OT HUX [1].

KarureoOpa3oBanue — OJJMH M3 OCHOBHBIX ATAIOB Mpolecca 00e3BOKH-
BaHU HeTH: yeM 3(PpPeKTHBHEE TMPOIIEIT MPOIecC Kamieo0pa3oBaHus, TEM
sbdexTrBHEE OyaeT pasfencHue SMyIbCHH Ha He(Th W Bomy. [lo3aromy
BaXHO 3HATh, CIIOCOOBI MHTEHCH(HKAINK 3TOTO mporecca, U 3PpPeKTrB-
HOCTH BIMSHUS PAa3INYHBIX TEXHOJOTMYECKHX IApaMETPOB HA IMPOLECCH
KaruieoOpa3oBaHus U OTCTanBaHus [2].
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Llenbto naHHOM paboTHI siBIsieTcsl 00paboTKa M aHaIu3 IKCIIEPUMEH-
TaJIbHBIX JIAHHBIX 110 BIMSHHUIO TEXHOJOTHYECKHUX MapaMeTPOB Ha MPOIECcC
KarieoOpa3oBaHus MPU ABWKCHUH SMYJIBCUH IO TPyOOHPOBOIY U HCClle-
JOBaHUE IIpoLecca ¢ HCIIOIb30BaHNEM MaTeMaTHISCKOH MOICITH.

Brun npoaHanM3upoBaHbl SKCIIEPUMEHTAJIbHBIE JTaHHBIC [3] BIUAHMS Ha
nporecc KamwieoOpa3oBaHHs CICAYIOLIMX ITapaMeTpoOB: IHameTpa Tpyoo-
nposoaa (D), pacxona HeQTAHOH 5MyIbCHH, TOBEPXHOCTHOIO HATAKEHHUS
(0) u wruHE! TpyGOTIpOBOAa (Tabu. 1-3).

Ta6uuuna 1. Bnusaue noBepXHOCTHOTO HATSHKEHUS U pacxojia Ha AUaMeTp Tpyoo-
nposoa (=300 Mxm)

IToBepXHOCTHOE HATSIZKEHHUE, THH/CM
Pacxon, MiIH.T/TO 5 | 10 | 20 | 30
Juamerp Tpydonposoaa, M
1 0,22 0,16 0,14 0,12
2 0,30 0,23 0,19 0,17
3 0,34 0,28 0,22 0,19
4 0,42 0,33 0,27 0,24

Ta6auua 2. BiusiHue pacxoia SMyJIbCUUU MIOBEPXHOCTHOTO HATSHKEHUS HA JTUa-

metp kawm (D, = 0,20 m)

P P IToBepXHOCTHOE HATSIIKEHHE, THH/CM
acxoj, Pacxox 5 | 10 | 20 | 30
MJIH.T/TOJ
JlnameTp Kanjiu, MKM
0,5 580 2000 5200 10000
1 300 800 2000 5500
2 45 130 340 670
3 20 55 180 330

Tabéauua 3. BiausHue nuameTpa Kariii M pacxoja SMyJIbCHU Ha JUTHHY TpyOOompo-
Boja. (D, = 0,20 m)

JluaMeTp Kanjau, MKM
Pacxonx, MJIH.T/TOX 100 | 200 300 400
Jlimua TpyOonpoBoga, M
0,5 5 14 38 66
1 6 17 43 74
2 7 20 48 79
5 9 23 54 87

OpmHNM U3 OCHOBHBIX NapaMeTpOB, BIHSIONIMX Ha Mpolecc Karreobpa-
30BaHUs, SABISCTCA KOHIICHTPALUSA M THII AeIMYJbratopa. Yem BBIIIC KOH-
HEHTpanrs AeIMYJIbraTtopa, TeM 3(PQEeKTHBHEE MPOUCXOANT pa3pyIICHHE
OpOHMPYIOMHX 000JI0YEK U CHIKEHUE TIOBEPXHOCTHOTO HATSKEHHS.
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AHanu3 BIMSHHMA TIOBEPXHOCTHOTO HATSDKCHHS HA JMaMeTp Karuln
(Tabn. 2) mokasain 4YTo, IPH CHIKEHUH NOBEPXHOCTHOTO HaTsDkeHMs oT 30
1o 5 muH/cM auametp Karumi ymensmmmics ¢ 5500 mo 300 MxM.

VccnenoBanue BIHSHAS Pacxo/ia IMYIIBCUH HA JUAMETp Karuti (Tabi. 2)
MOKa3aJio, YTO C yBEIMUEHHEM pacxonaa sMmynabcun oT 0,5 mo 3 MiH.T/T ipn
6 = 5amH/cM pa3Mmep Karui yMmeHbmmaetcs ot 580 10 20 MKM.

AHanu3 BIMSAHHMA pacxola SMyIbCHHM Ha JHaMeTp TpyOomposona
(Tabum. 1) mokasai, 9To MpH yBETUYEHUH PacXo/a SMYIBCHH, HAIPAMEp, OT
1 10 4 muH.T/T 11 obecniedenus kamwiu pasmepoM 300 MkM, AUaMETp TPY-
6ompoBoja nomkeH yBenuuutbes ¢ 0, 22 10 0,42 .

BakHpIM mapamMeTpoM HpH MPOMBICIOBOM MOJArOTOBKE HE(TH SIBISETCS
JUIMHa TpyOOIIpoBOJa, B KOTOPOM IPOTEKAaeT IMpoliecc KoajecueHuuu. HMc-
CJIeIOBaHUsl MOKazanu (Tadi. 3), 4To Il yBEJIMYECHHUs TUaMeTpa Kalluld OT
100 mxm 10 400 MKM, IIpH IPOYMX PABHBIX YCIOBHSX JUIMHA TPyOOIpoBOIa
JIOJKHA BO3pacTu ¢ 7 10 79 M.

Cnmcok Jurepatypsl

1. Xyropsuckuit ®@.M., INotanoukuna M.U., Antonenko T.A., Boponnna H.A.,
Kocruna I'.B., Anekcee O.B., Cymarun [.H. D'epxynec 1603. Hosrii
HETEPaCTBOPUMBIN 1E3MYIBraTOp OTEYECTBEHHOI'O NpOM3BOACTBa// Mup
HedrenpomykroB. —2003. — Ne3. —c. 11.

2. laitmapnanos B.X., MacnennukoB E.IL.,. Jlockyroa JI.B HekoTtopsie ocoben-
HOCTH 00pabOoTKH He()TH peareHTaMu-Ie3MYJIbIaTOPaMH B WX BIMSIHAE Ha Kade-
cTBO cTouHOH Boabl// Texnomorust HeTH U raza. — 2007. — Ne2.

3. Tponor B.II. IIpomeicnoBast moarotoBka Hedt. — Kaszans: ®OH, 2000. —
416¢.

AHanu3 craduibHocTH Pt-katanuzaropa pudgopmunra ¢
HCIOJIb30BaHEM KOMNBIOTEPHOI MoJeTUupYyIolieil cucTeMbl

E.C. Illaposa, A.TI. Kapakynoe

Hayunwiii pykosooumenv — 0.m.H., npogeccop, . /. Heanuuna
Tomcxuu nonumexuuueckuil ynugepcumem, 634050, Tomck, np. Jlenuna, 30

[Ipouecc karanuTH4eckoro puOpMHHIa CO CTAMOHAPHBIM CIIOEM Ka-
TaJM3aTopa HCIOJNIb3yeTcss B MUpOBol HedTenepepaboTke G6onee 50 set. B
MHpOBOW HedrenepepabOTKe MOIIHOCTH IUIATGOPMHUHIA COCTaBISIOT
11,8 % ot nepBuuHOii neperonku vedTH, a B Poccun — 11,3 %.

TToBbIIIeHNE YPOBHS 3KCIUTyaTallMd dTOTO IpoIecca BiedeT 3a coboit
CHIMKEHHE ce0ECTOMMOCTH MPOIYKIMH, BBITYCKaeMON Ha MPOMBIIIICHHBIX
ycTaHOBKax. PelieHue 3Toi 3aadm OCyIIECTBIACTCS 3a CUET pa3pabOTKu U
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BHEJPEHHS] HOBBIX KaTaJlM3aTOPOB, a TAKXKE 3a CUET COBEPIICHCTBOBAHUS
PEaKTOPHBIX U TEIUIOOOMEHHBIX amNapaToB, PEKOHCTPYKIMU CYLIECTBYIO-
mux cxem [1]. IIpu stom ocraercs mpobiema Ae3aKTHBALMH KATaIU3aTO-
POB, KOTOpasi MOXET OBbITh PEIIeHa B OCHOBHOM 3a CUET YBEJIMUYCHHS CTa-
OmITBPHOCTH MX PabOTHI TpH dKCIuTyaTarii. OOBEKTHBHAS OIIEHKA CTaOWIIb-
HOCTH pabOTHI INTATHHOBOTO KOHTAKTa MPEAIOoaraeT HepepbIBHbIH MOHH-
TOPHHT pabOTHI YCTAaHOBKH B MEPHOA MEXPETCHEPAIMOHHOTO IUKIA. B 1mo-
CJIE[IHUE TOJBI IJISI PEIICHMs IOCTABICHHBIX 3aJad HCIIOJIB3YETCS METOX
MaTeMaTHYecKoro mMojaenupoBanus. [IporpamMmmHo-peann3oBaHHass METOAM-
Ka KOMIBIOTEPHOTO MOHHUTOPUHra M MPOTHO3UPOBaHHs PabOTHl YCTaHOBOK
KaTaJIUTHYECKOTO pU(POPMHUHTa O3BOJISIET IPOBECTH MCCIIEAOBAHUSI OCHOB-
HBIX TOKazaTeJed pabdoThl YCTAHOBOK C YYETOM THUIIA CBHIPbS, MapKH HC-
MOJIB3yEMOT0 KaTalu3aTopa U TEXHOJOTHYECKUX 0COOEHHOCTEH NMPOU3BOA-
cTBa. BMecTe ¢ TeM yunThIBaeTCS BIHMSIHUE <OKECTKOCTH» IPOBEACHHS MPO-
necca pu()OpMHUHTA Ha aKTUBHOCTb, CEIEKTUBHOCTh M CTAOMIBHOCTH pado-
TBI 9KCILTYaTHPYEMBIX KaTalu3aTopoB [2].

YcraHoBKka Katanutndeckoro pupopmunra JI-35-11/1000 sBnsetcs on-
HUM CaMbIX 3HaYNMBIX 00bekToB Ha AunHckoM HIT3. CrabumsHOCTB pabo-
Tl JJAHHOW YCT@HOBKHM OTIpEJEIISieT MPOU3BOJUTEIFHOCTh YCTAHOBOK H30-
MepH3aluH, THAPOOUUCTKH AU3EIBHOTO TommBa, [ PY.

HecrannonapHasi kMuHeTHUECKass MOJIEIb, OTpaKamollas KHMHETHYECKHEe
3aBUCHMOCTH CIIEKaHUs, CTAPEHUS], 3aKOKCOBBIBAHHS U OTPABJICHHS KaTallu-
3aTopa MO3BOJISIET YYECTh MPAKTUUECKH BCe (PAKTOPbI, BIUSIONINE Ha Je3aK-
TUBALIMIO KaTaln3aTopa B HECTAI[MOHAPHBIX YCIOBUSX IPOMBIIUICHHON
IKCILTyaTalHy.

Jnis oneHKn CTAaOMIBHOCTHM KaTajlu3aTopa IPOBENECH aHaln3 paboThl
Tpex pabounmx nukioB ycraHoBku JI-35-11/1000 Auwmackoro HII3, mpwm
COIIOCTaBUMOM 00BbEMe NepepaboTaHHOTO CHIPHSI.

VYcranoska JI-35-11/1000 Oblna 3amymieHa B 3KCIUTyaTaluio HOCHe pe-
reHepanuu karanusaropa B utone 2010 roga (3 pabounii 1uki). HauanbHast
aKTMBHOCTb Karanu3aTtopa coctaBwia 0,97 OTH.ell., YTO TOBOPHUT O Kade-
CTBEHHO ITPOBEJACHHON pereHepariy KaTaian3aTtopa ¢ MOCIeAYIOIINM OKCH-
XJIOPUPOBAHUEM, BOCCTAHOBJIEHHEM U OCEPHEHHEM.

Karanuszarop B mepuoj Tpex paboyux IHUKIOB COXPaHIET JOCTATOYHO
BBICOKYIO aKTHBHOCTb. BTOpO LMK pabOThI SBISETCS CaMbIM KOPOTKUM
(9 MecsieB), 3T0 OOBSICHSETCS HEYJAYHO MPOBEACHHON pereHeparmei Ka-
tanu3atopa B aBrycte 2009 rona. B gannbIii nepuos paboTsl HAOIIOAATOCH
3HAYUTENbHOE YMEHBIICHHE TEMIIEPATYypHBIX NEPEenajioB 10 pPeakTopam,
CHIYKEHUE METANIMYECKUX U yBEIMYEHHE N30MEPU3YIOIINX (YHKINI KaTa-
JM3aTOpa 3a CYET IOBBIMICHHS IOJAYM XJIOPOPraHMYECKUX COCITUHEHHUH B
PEaKLUHOHHYIO 30HY; IOBBIIICHHOE KOKCOOOpa3oBaHWE Ha ITOBEPXHOCTH
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KaTaiauzaTopa. Tak jke BO BTOPOM LIMKJIE MPOUCXOJUT MaJIeHUE CEJIEKTHUB-
HoctH mpouecca 1o 81-82 % macc. (84-85 % macc. B mepBOM U TpeTbeM
pabounx nukiax). Hambosee BrICOKast aKTUBHOCTD XapaKTepHA IS TPETbe-
ro pabouero nukia. Ilonnepkanne BBHICOKOH aKTHBHOCTH KaTalU3aTopa B
TpeTheM IHKJIE paboThl KaTaau3aTopa IOOUBAIOTCS 3a CYET BBICOKOH TeM-
nepaTypsl BXoJa B peakTopbl. Huskoe comeprkaHne BoIOpoIa B LUPKYJIH-
pyIoLIeM rase He MO3BOJISICT 3KCIUIyaTHPOBAaTh KATAJIUTHYECKYIO CHCTEMY
pudOpMUHTa IPU HOHWKSHHOM AaBlieHUH. B TpeTbeM pabodeM LUKIE Uit
YaCTHMYHOTO T'MIPUPOBAHUS MPOMEKYTOUHBIX IPOAYKTOB YIUIOTHEHHS, SIB-
JSIFOLIMXCS TPEALIECTBEHHUKAMHU KOKCa, TaBJICHUE B CUCTEME MOICPIKIBa-
eTcs B MHTepBajue ot 2,5 no 2,7 MIla npu coaepxanuu Bogopona B BCT ot
80 1o 75 % 06. OnHaKo MpH MOBHIILICHHOM JIaBJICHUH B TPEThEM padoueMm,
KaTalu3aTop o0JagaeT DOCTATOYHO BBICOKOI CENEeKTHBHOCTHIO. Mcciemo-
BaHME M aHaiIu3 padboThl ycraHoBku JI-35-11/1000 Aumnckoro HII3 moka-
3aJIM, YTO KaTaJIM3aTOP COXPAHSAET BBICOKYIO aKTHBHOCTb M CEICKTHBHOCTb.
OnHako B TPEThEM LUKIIE COXPAHEHHE BHICOKOH aKTHUBHOCTH U CEJICKTUBHO-
CTH KaTaJli3aTopa JOOHMBAIOTCS 3a CYCT MOBBIICHHBIX TEMIIEpaTyp M IaB-
JICHHS B PEAKTOPAX, YTO SBISICTCS CIICICTBUSIMH CIICKaHHs U CTApCHUS IlIa-
THHOBOTO KOHTAKTa.

Crnmcok urepatypsl

1. Kpasmos A.B., UBanuuna D./]. KommbioTepHOE TPOTHO3UPOBAHUE W ONITUMH32-
1Sl POU3BOJICTBAa OEH3MHOB. DU3NKO-XMMHYECKHE U TEXHOJIOTHYECKUE OCHO-
Bel. — Tomck: STT, 2000. — 92 c.

2. Kocrenko A.B., Momoros K.B., Kpasios A.B., UBanuuna D3./1., fcrokeBud
O.M. Monuropunr ycranoBku JIH-35-11/1000 ¢ ucnons30BaHHEM KOMITBIOTEP-
HOU CHCTEMBI KOHTPOJISI pabOTHI KaTtanu3aTopoB pudopmunra / Hepremepepa-
6oTka m HepTexumus. HaydHo-TeXHIUECKHE JOCTIKEHHS U TIEPEROBOH OIIBIT,
2007. — 1. — Ne 4. —c. 13-16.

MOHUTOPHHT NPOMBINLIEHHONH YCTAHOBKH KATATHTHYECKOT0
pudopmunra 6ensunos JI-35-11/450K Komcomoibekoro HIT3

E. C. lllemepankuna, E. C. Illapoea

Hayunvui pyxosodumens — o.m.u., npogheccop, 3. J]. Ueanuuna
Tomcxuti nonumexnuueckuu ynusepcumem, 634050, Tomck, np. Jlenuna, 30

Karanutuueckuit pruOpMUHT ABISIETCS OJHUM W3 TIIaBHEHIINX TpoIec-
COB B COCTaBE COBPEMEHHOTO HedTenepepadaThIBaloIIETo 3aB0/a, CIEI0Ba-
TENBHO, HEOOXOAMMO TIIATENBHO IOAXOAWTH K BONPOCAM MOHHTOPHHIA
JIAHHOTO IIPOLIECCa, TAK KAK MOHUTOPHHI II03BOJIET HE TOJIBKO KOHTPOIU-
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poBaTh MapaMeTphl MPOLECCHl, HO M BBISBIATH HEKOTOpPBIE 3aBHCHUMOCTHU
MEXJy MapaMeTpaMH, Ha OCHOBE KOTOPBIX MOXKHO NPOU3BECTH ONTUMHU3A-
MO TIpoLecca.

Pa3BuTre 11000T0 TEXHOIOTHYECKOTO MPOIIECCa, a B YACTHOCTH KaTajH-
THYECKOTO pU(POPMUHTA, 3aBUCUT OT ONTHMH3ALNH, TaK KaK BHIOOpP ONTH-
MaJbHBIX [TapaMETPOB MO3BOJISAET YBEIUUUTH BBIXOJ M KadyecTBO pudopma-
Ta, a TAKKe JUINTEIBHOCTh PAa00YEro NMKIA KaTalInu3aTopa.

ITosToMy 1eBI0 TaHHOH PaboTHI SBISIETCS MOHUTOPHHT IpOIiecca KaTa-
auTHdeckoro pudopmunra npsimoronsor ¢pakuun HK-160 °C Ha ycraHOB-
ke Komcomonnckooro HIT3 JI-35-11/450K ¢ npenBapuTeIbHOM THAPOOIHCT-
KOM C MOMOITBI0 KOMITBIOTEPHOM MOAETUPYIOIEeil CHCTEMbI « AKTUBHOCTBY.

Jlo HacroAIIero BpeMEHH COINOCTaBHMAas OLCHKAa AaKTUBHOCTH, CENeK-
TUBHOCTH Y CTAaOMJIBHOCTH KaTallM3aToOpOB PHU(OPMHHTA OCYLIECTBIISIACH C
NPUMEHEHHEM JIA00paTOPHBIX KMHETHYECKHX METOJOB, ceifiuac jke HCIIOJb-
30BaHNE METOIUKH KOMITBIOTEPHOTO MOJAEIMPOBAHHS IO3BOJISIET MTOBBICHTD
3¢ GEeKTUBHOCTH JAHHOTO IpoIecca 3a CYET TOT0, YTO MaTeMaTHIecKas MO-
JIeTb TIOCTPOCHA Ha (PU3NKO-XMMHUYECKHX 3aKOHOMEPHOCTSX IpOIecca pH-
(hopmuHra.

Ha xadenpe xumuueckodl TeXHOJOTMH TOIUIMBA OblTa paspaboTaHa
KOMITBIOTE€PHAs] MOJICIUPYIONIas cucTeMa «AKTHBHOCTBY» JJIsl MOHUTOPHHTa
Y TIPOTHO3MPOBAHUS PaObOThI MPOMBIIUIEHHBIX YCTAHOBOK KAaTAJIMTHYECKOTO
pudopmuHTa

C moMoupl0 JTaHHOM KOMIBIOTEPHONH MOAETHPYIONIEH CHUCTEMBI OBLI
MPOM3BE/ICH pacueT TeKyIlell M ONTHMAaJbHON aKTHBHOCTH KaTalM3aropa,
CKOPOCTH JIe3aKTHBAIMM KaTalan3aTopa, a Takke ObUIO MCCIIEAOBAHO BIIMS-
HHE COCTaBa ChIPbS Ha aKTHBHOCTH KaTaju3aTropa. Pacuers! ObUTH BBINOIN-
HEHBI 32 6 UK paboTHI INIATHHOBOTO KAaTaJlM3aTopa Ha YCTAaHOBKE KaTaJlH-
tnaeckoro pudopmunra JI-35-11/450K Komcomonbckoro HII3, To ecth ¢
07.04.2009 o 16.11.2010r.

BrInonaHeHHBIN pacyeT mokasali, YTO M3MEHEHHME TeKyIlell aKTHBHOCTH
HOCHT KOJIeOaTeNbHBIH XapakTep, YTO MOXET ObITh BBI3BAHO M3MEHEHHEM
cocraBa M pacxoja ceipbs. OIHAKO 3HAUYEHHUS] aKTUBHOCTH JOBOJIBHO BBICO-
KH, 9TO CBHJECTEIHCTBYET O KAUECTBEHHO BBHIITOJTHEHHOW pereHepaliy KaTa-
JIM3aTopa.

IIpu cpaBHeHMM TeKyleld M ONTHUMAJIBHOM aKTUBHOCTH KaTaJlU3aTopa
HaAO0JIIOTAETCS TO, YTO B IEJIOM 3HAYECHUS TEKYIIEH W ONMTUMAaIbHOW aKTHUB-
HOCTH JOCTAaTOYHO OJM3KH, CJEIOBATENbHO, 3aJaHHBIA PEXUM BEIACHUS
nporecca KaTaJUTHYECKOro pH(OpMHUHIa CrocOOCTBYET ONTOCPOYHOM
paboTe Karanu3aTropa M YBEJIMYEHHIO MEKpPEreHEepallMOHHOTO IepHOAa.
OpxHako Ha NMPOTSKEHUU M3YUYEHHOrO MEpHOJa MPOMCXOJUT CHUXKEHUE Te-
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KyLeW akTHBHOCTH KaTallU3aTopa, YTO MOKET ObITh BBI3BAHO JIE3aKTHUBALIH-
el GIOKNPOBKOH NMOBEPXHOCTH KOKCOT'€HHBIMH CTPYKTYPaMH.

W3yunB nuHaAMHKYy KOKCOHAKOIUIEHHMsA Ha IUIATHHOBOM KaTalHM3aTope,
MOJKHO CJIENIaTh BBIBOJ, YTO KOHIIEHTPalUs KOKCa CTPEMUTEIbHEE YBENH-
YMBAeTCA NPU TEKYIIEM peXHMe pabOThl KaTanan3aTopa, 4eM IpH ONTH-
MaJIbHOM, CIIeIOBaTeIbHO, Oosiee Hanboee BBITOAHO C TOYKH 3PEHUSI KOK-
COHAKOIIEHHs IPOBOJUTH MPOLIECC IIPU ONTHMAIBHON aKTUBHOCTH.

Pabora npu onTIManbHON aKTUBHOCTH 00ECTICYUT MAKCHMAIIBHYIO ITIHHY
paboyero nuKiIa JUiss JAHHOTO KaTalu3aTopa, a TAKKe OOCCIICYUT MAaKCH-
MaJIbHYIO CEJISKTUBHOCTH IPOIIECCa M YBETIMYUT CyMMApHBIIl BBIXO] IPOYKTA.

Takum 00pazoM, NprMeHEeHHE KOMIBIOTEPHONW MOJEIUPYIOLICH CHCTEMbI
MO3BOJISIET PellaTh 3aJa4d MOHUTOPHHIA M ONTHMH3alMHU Ipolecca pudop-
MHHIA, a TaKKe IO3BOJIIET HMPOU3BOIUTH INPOTHOZUPYIOIIUE pacdeTsl Ha
MPOMBIIIUICHHBIX YCTAHOBKAX JUIA MOBBIIEHHS YPOBHS UX 3KCIUTyaTalllH.

Crnmcok Jurepatypsl
1. Kpasnos A. B., Usanuuna 3. /., Fanymmn C. A., [Tony6ospres /. C. Cucrem-
HBIA aHaNM3 W NOBBILeHUE d(deKTHBHOCTH HedTenepepabaThIBAIONIUX MPOU3-
BOJACTB METOJOM MaTeMaTHueckoro mozenupoBanus. Tomck: Mzn-so TIIY,
2004. 170 c.
2. bannos II. I'. IIponeccrr nepepadotku Hedpru. M.: HHUUTIHEeDTexUM, 2000.
224 c.

Biansine akTHBHOCTH KaTaJau3aTopa Ha mpouecc
AJKMIUPOBAHNS 0€H30/1a BHICIIMMH 0Jie(pUHAMM

10.A. llepoaxosa, B.A. @emucosa

Hayunwiii pykogooumenv — x.m.u. E.H. Heawxuna
Tomckuu norumexuuyeckuti ynugepcumem, 634050, Tomck, np. Jlenuna, 30,
iylia.tomsk@mail.ru

OnHOM W3 OCHOBHBIX CTaIWi MPOU3BOACTBA CHHTETHYECKUX MOIOIIUX
cpencts (CMC) sBnsietcst ankunupoBaHue Oenzona onepuHamMu Cio—Cig.
3amada TOBBIMIEHUS 3(PGEKTHBHOCTH HCCIIEIYEMOTO TIPOIECcca SBIISIETCS
aKTyaJIbHOH B cuity yBenmdeHus cpoca Ha CMC ¢ KaKIbIM TOJIOM.

Lenpto naHHOW pabOTHI SIBISUIOCH BBISBICHHE BIMSHHUS N3MEHEHHS aK-
THUBHOCTH Katanu3atopa — HF Ha BBIXOJ IPOAYKTOB M IOKa3aTeNn Kade-
CTBa, aHAIN3 IIAPaMETPOB, BIUSIONIMX HA U3MEHEHHWE aKTUBHOCTU KaTajH-
3aTOpa, COBEPIICHCTBOBAaHKNE Pa3pabOTaHHOW paHee CTAI[MOHAPHOW MOJIENN
peakTopa aJIKWJINPOBAHUSL.
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Ha aKkTMBHOCTH KHCIIOTHBIX KaTaJlM3aTOpPOB, KaK W3BECTHO, BIIUSET
HaJIMYKe BOJIBI B ChIPbE [2] M B3aMMOJICHCTBHIE KaTalu3aTopa ¢ MoOOYHBIMU
MPOAYKTAMH — TSDKEIIBIMUA KUCIIOTOPACTBOPUMBIMU COSAUHEHISIMA [2, 3].

CormnacHo pa3paboTaHHOH paHee cxeme npeBpamenuii ([1], puc.1), npu-
MECH IHOJNC(GUHOB B CBHIphE NMPUBOIAT K O0Pa30BaHHUIO IH3aMELICHHBIX aJl-
KHJIOEH30JI0B ¢ HenpenenbHol 00koBoi Henbio (JAADB enpexemmsii IO CXEME) MO
aHAJIOTUH C peaKnuei 00pa30BaHI JUAIKWIOCH30JIOB U3 OJIC(IHOB:

[

Oaednn

Puc. 1. ®opmannzoBaHHas cxeMa IPEBpaIeHUH B IpoLiecce aTKWINPOBaHUs OeH-
30J1a BEICIIMMH OJieHAMH

CoriacHO NPOBEICHHOMY aHAIM3Y SKCIEPUMEHTAJBHBIX M JINTEpaTyp-
HBIX JIaHHBIX, PACTBOPEHHE HETpeleNbHBIX Auankmioen3onoB B HF camxa-
eT KOHIIEHTPAIMIO YUCTOTO KaTalu3aTopa, TakXKe NMPH 3TOM INPOUCXOAUT
YMEHBIIEHHE OPOMHBIX YHCET MPOTYKTOB 3a CUET yMEHBIIECHHs COJIepiKa-
HUS HETIPEIeNTbHBIX COSMHEHUH B TPOAYKTaX.

Taxkum 00pazoM, MaTeMaTHYECKYIO MOJIENb AKHIMPOBAHUS JOTIOIHIIIHN
(yHKIMSAMU, IPUBEICHHBIMHU HIDKE.

@OyHKIHMS, OMUCHIBAIONIAs CKOPOCTh PEaKIMH AJKWINPOBAHUS OEH3011a
onerHAMU B 3aBUCHMOCTH OT KOHIIEHTPALIMK YACTOTO KaTainuzaropa [4]:

=k - . . o¥ G
Wl - kl Cune(bm-l C6eﬂ30n e ’ (1)
rac Wl — CKOPOCTb XUMHUYECKOU peakuuu, MOJ'II)/MS'C; kl — KOHCTaHTa
3 .
ckopocti peakuuu, M /Mob C; Cops Copon » Cup — KOHIEHTpAIMK OJe-

dumoB, Gensona u uncToro HF, COOTBETCTBEHHO, MOIB/M®; & — K03 -
LHEHT, 3aBUCAIINI OT KaTajan3aTopa 1 THIIA PEaKI|H.

OyYHKIUIO CKOPOCTH M3MEHEHMs KOHLEHTPAL[MK HeNpe/elbHbIX Jn3a-
MEIEHHBIX ATKWIOEH30JI0B, MOYKHO IIPEACTaBUTh KaK:

dCpus
erp
- 4~ k4 'CJTAB Coueqmu - k4 'CHAB -b- CHF ) (2)
dr enp enp
e CHABWp — KOHIICHTPAIHS JUAIKHIOSH30JI0B ¢ HEMpeaeIbHbIMU OOKO-

BBIMH LICIISIMH, MOJIB/M™; b — KOX((PUIUEHT; 7 — BpeMs KOHTAKTa, C.
OYHKINIO, OTIMCHIBAIONIYI0 W3MEHEHNE KOHIICHTPAIIMHA YUCTOTO (PTOPOBO-
JI0OpO/ia, MOKHO MPEACTaBUTh B BUJIE:
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_ O
Cir =Cie —7-b-Cyye, @)
0 .
rae Cle — KOHIEHTpAIHs YHCTOl KHCIOTHI Ha BXOJIE B PEAKTOP, MOJIB/M°.

MaremaTtudeckas MOJEIb TIIpOoIEeCcCa AJIKWINPOBAHWA, YYHUTBIBAIOIIAss
JAaHHBIE 3aKOHOMEPHOCTH, IMO3BOJINT IMPOTHO3UPOBATH N3MEHEHUE aKTUBHO-
cru HF B 3aBucumMocTH OT KOHIICHTpAllU HENPECACIbHBIX Z[I/IaJ'IKI/IJl6eH30-
JIOB, @ TAK)KE€ MNOBBICUTH TOYHOCTH pacu€Ta TaKUX BBIXOJHBIX noka3zaTejen
KakK 6pOMHLI€ qyurciia MpoagyKTOB.
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XUMHUYECKAA TEXHOAOIAA PEAKHNX DAEMEHTOB

HepepaﬁoTRa METAJNINICCKUX PATHOAKTUBHBIX 0TX010B

A. U. Abpocvkun, A. A. Yepnovtmos, /. I'. Poiorcux

0.m.H., npoeccop B. B. I'ysees
Cegepckuti mexHudecKull UHCIMUmym HAyUOHAIbHO20 UCCLE008AMENbCKO20
s0epHo2o yHusepcumema « MUDHy», 636036, Tomckas obracme,
2. Cesepck, np. Kommynucmuueckuii, 65, abroskin@list.ru

3a mepuoa HOYTH CEMUAECATH JIETHEH HCTOpUU pPa3BUTHA aTOMHOM
MIPOMBIIIJICHHOCTH HapaboTaHO 3HAUYUTEIHFHOE KOJNYECTBO PaJlOAaKTUBHBIX
otxonoB (PAO), u npobrnema uX yTHWIM3alMU Ha JAaHHBIH MOMEHT BCTaeT
Bce 6onee octpo. CIOXKHOCTH pelieHHs] MPOOJIEMBbl COCTOUT B TOM, YTO OT-
XOMBI Pa3IM4HbI 110 THITy, XUMUYECKOMY COCTaBy M cBoicTBaM. Iloxamyi,
camoit Gosbmioil mpobiemoit nmepepadotku PAO sBisieTcst upe3BbIluaiiHas
CJIOKHOCTB U, KaK CJIEACTBHE, JOPOTOBH3HA IPEIaraeMbIX TEXHOJOTHYE-
CKHX PELICHUH.

OnHUM 3 BHAOB OTXO/OB SIBIAIOTCS METAUIMYECKHE PaIMOAKTUBHBIC
orxonsl (MPAO). [ OYHUCTKH TaKUX OTXOMOB, Ha OOJNBIIMHCTBE TpEa-
npusituii Pocatoma, Mcronb3yercss METO OTMBIBKM MOBepXHOCTH. CyTb
nporecca 3aKIoYaeTcs B TOM, 4TO 3arpsisHEHHas JeTayb oOpadaThiBaeTcs
Pa3NUYHBIMHA aKTUBHBIMU areHTaMH, TAKMMH KaK KHCJIOTHI, Imenoun, [TAB
[3]. HonoaHMTENBHO TaK K€ MCIONB3YIOT aKTHBAIHIO IOBEPXHOCTH 32 CHET
MEXaHHUYECKOTO BO3ACHCTBHA aOpa3sMBHBIMH MPHUCIOCOOIEHUSIMI U MHOTHE
apyrue [1, 2].

K HactosmeMy MOMEHTY Ha MPEANPHUATHSAX HAKOIUICH 3HAYUTEIHHBIN
OMBIT B MPOBEIEHUM IPOLECCa OTMBIBKH, OJHAKO OCTA€TCA HEPEIIECHHBIM
psiz mpobieM:

— JIaHHBIH IpollecC NPaKTHUECKU OYEHb CIIOXkKeH mpu Hannuuu MPAO
60JIbIINX Ta0APUTHBIX Pa3MepOB, PA3IMYHBIX (POpM MeTaIoIoMa.
— TIpOIECC MAJIOTIPOU3BOAMTEIICH, @ TaK e MOKa3bIBAeT JOBOJIBLHO HU3-

Kue Ko3((HUIIMEHTHI OYMCTKY.

— B CiIydyae JOCTH)KEHHS HU3KHX ITOKa3aTeNel 0 aKTUBHOCTH, MTO3BOJIS-

IOIINX MCIIOIB30BaTh IOIyYCHHBIN METAT B HAPOJHOM XO03siiicTBE O€3
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orpaHuyeHui [5], ocTaercss HEOOXOUMOIT TOTIOTHUTENbHAS CTAIHS TIe-

PEIUIaBKHU ISl MOBTOPHOTO HCIONB30BAHUSL.

— 00pa3yloTcs 3HAYUTENbHBIE KOJIMYECTBA KUIKUX PaJHOAKTHBHBIX OT-
xonoB (PKPO).

IIpemmaraemsrii crioco6 mepepadorkn MPAO meTomoMm meperiaBa He
TOJIbKO M30aBIICH OT BBILICOMHUCAHHBIX HEJOCTATKOB, HO TaK K€ MO3BOJISET
3HAYUTEIBHO YBEJIMYUTh TEXHHKO-DKOHOMHYECKHE IMOKa3aTeau Mpolecca
YTUIN3AIMY YTEM [TOBTOPHOTO MCIONB30BaHusl cBbiiie 90 % ouunaemoro
METaJlI0JIOMa.

MerayunuecKkuii JIoM pa3auyHoi (GOpMBI NIpeABaApUTENbHO (PparMeHTH-
pyerces, a 3aTeM 3arpykaercsi B UHAYKIHUOHHYIO I1€4b, IJI€ PACILIABIISIETCS.

AKTHBHOCTh JIOMa COCTaBisieT: 1o anbda aKTUBHOCTH  JIO
100 wactuy/em?, o Geta aktuHOCTH 10 20000 yacTHI/cM?.

CyTb TEXHOJIOTHUECKOT'O TpoLiecca 3aKII0YaeTcsl B epepacipeesieHnu
BEILIECTB, OTBETCTBEHHBIX 32 PAJIMOAKTHBHOE 3arpsi3HEHHE, U UX MEPEX0/e
u3 00beMa PACIUIABICHHOTO METa/lla K MOBEpXHOCTH. TakuM oOpa3om, pa-
JIMOaKTHBHBIC KOMIIOHEHTBI IIEPEXOSAT B BEPXHIOIO 30HY.

Janee nuiak OTAENIETCS OT PACIUIABICHHOTO METANa, a METalll KpH-
CTAJUTM3YETCs C MOJYy4YEeHHEM IOTOBBIX H3JeNuil. B Xxo/e mpakTHueckoii pe-
aNu3alry Tpolecca BCe MOJMYUYECHHbBIC CIUTKU MMENH CIeIyoHe MoKa3a-
Tenu: 1o anb(a akTUBHOCTH MeHee | lIaCTI/IHH/CMZ, no 6era aKTUBHOCTH
menee 20 gacTui/cm’. OGbeMHAs aKTHBHOCTD HE npesbimana 300 Br/kr.

[Ipu uccnenoBaHWM HUIaKa OBUIM MOJYYEHBI CIEAYIOLIME IOKa3aTelH
aktuBHOCTH: 110 15002000 wactuiy/cm? muH, 06bemuast 10 35-60 KBK/KT.

HOJ’Iy‘IeHHLIe PE3YIbTAThl MOATBEPKIAAOT NEPEXOH, BCUICCTB OTBCT-
CTBEHHBIX 3a PAJMOAKTHBHOE 3arps3HEHHE, B COCTAB IIIaka. 3a BpeMs pa-
0OTBI YCTAHOBKM OTKIJIOHEHHH MO MOKAa3aTelsiM BBUIBICHO HE ObLIO, BCE
MOJTyYSHHBIE CJIUTKU COOTBETCTBOBAIU TPeOYeMbIM HOpMaM, a 3HAYHUT, T10-
JY4SHHBIH METaILT SIBJSETCS TOAHBIM ISl IPUMEHEHHUS] B HAPOJAHOM XO35Iid-
cTBe Oe3 orpaHuyeHui [4].
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CopOuns ypaHa yriiepoIHbIM cOPOEHTOM

A.B. Abynxkacumos

K.X.H., Ooyeum, H.B. Ecopog
Tomcxuti nonumexnuueckuu ynugsepcumem, 634050, Tomck, np. Jlenuna, 30,
abaianeka@sibmail.com

OpmHnM, U3 Haclenus SACpHON APHI, Koraa HeoOXoauMo OBLIO CO3JaTh
SAJIEPHOE OpYXKHeE JII000H LIEHOH, SBJIAIOTCS paguoakTHBHBIE 0TX0a6!I (PAO),
NPE/ICTABISIONINE MOTEHINAIBHYIO yIpo3y Ul YEJOBEUeCTBa U MPHUPOJIBI
Ha COTHM U Thicsuu JeT. K 3Toit mpobiieme Temeph no0aBmiachk npobdiema
KOHBEPCHUH SIZIEPHO-KOCMUUYECKOTO KOMIUIeKca. B HacTosimee Bpemsi mpo-
6rnema PAO sBrseTcst «axwIIecoBOH MATOI Bcell aTOMHOM 3HEPTeTHKH.

[Ipobnema nepepaboTKH, 1€3aKTHBALIMN U 3aXOPOHEHHS KHUIKHX Paguo-
akTuBHBIX 0TX0M0B (JKPO) sBNSeTCS MCKITIOUMTENHHO aKkTyaiabHOH. [lomck
HOBEIX, OoJiee A((PEKTUBHBIX COPOCHTOB, MMPONU3BOICTBO KOTOPHIX HE OBLIO
OBI JINMUTHPOBAHO CHIPHEBOI 0a30i (KOIMIECTBOM M CE30HHOCTHIO) U OBLIO
061 CBOOOZHO OT HENOCTATKOB, HPHCYIINX HEOPTaHHYECKHM COpPOEHTaM,
ABJISIETCS aKTyaJbHEHIIeH 3anadelt Ui BceX AIEpPHBIX JeprKaB.

B nanHo# pabote uccienoBanach COpOIMOHHAs CIIOCOOHOCTh YIIIEPO/I-
HOro copbOeHrta. MccnenoBanue copOUMU MPOBOIWIM B JUHAMHYECKHX H
CTaTHYECKUX yCIIOBHSX.

Konnenrparmo UO,(NQO3), omnpemensin  cnekKTpohOTOMETPHIECKAM
metogoMm ¢ deppounanugom kamust (K4[Fe(CN)e]). s noctpoerus xamu6-
pOBOYHOrO rpad)rka W3 PacTBOpa C COACPKAHHMEM ypaHa 3 I/ oTOHpain
npo6s1 0,2; 0,4;0,6; 0,8; 1,0 Mt B MepHBIe K010 Ha 50 M. [TpunuBamm mo
1wmn 3 %-noro pactBopa Ky[Fe(CN)g], n00aBisinu AUCTHILTUPOBAHHYIO
BOJIy JI0 METKH, TIIATEJIFHO MEPeMEINBAIN 1 OCTABISUIN CTOSTh B TEUEHHUE
5 munyt. Ha cniekrpodoromerpe Evolution 600 monydanu criekTp u u3Me-
PSUIH ONITUYECKYIO MIOTHOCTH NpH 400 HM B KIOBETE € TONIUHON ciod 1 cM
OTHOCHTEJIFHO TUCTHIUTNPOBAHHOMN BOJIBL.

st onpeneneHus JUHAMMYECKOH €MKOCTH PacTBOpP C COAEPIKAHUEM
3 r/m UO,(NO3), poryckaiii uepe3 HEMOABHKHBIN CII0H YIIepoaHOro cop-
Genra obbemom V=2cm®. OT6Hpamn M3 KammblX 25 MJI IPOITyCKAaeMOTo
pactBopa 1o 1 M. K nemy nobasmsim 1 Mt 3 % Ky[Fe(CN)g] u moBoamnu
Bozo# 1o mMeTku 50 mi. CopOuio MpOBOAMIN IIPU KOMHATHOW TeMIepaTy-
pe. Konnentpauuo UO,(NO3), onpeaensii o ypaBHEHHIO TPagyupOBOY-
Hoit npsimoit D = 189,14C+0,004.

st onpenenenus cratiuyeckoit emxoctr 50 Mil pacTBopa ¢ coJep KaHH-
em 3 /1 UO»(NO3), nepemeninBai ¢ pa3inyHOR Maccoil copOeHTa B Teue-
Hue yaca. CopOLuio MpoBOAMIN NPH KOMHATHOM TeMIlepaType M CKOpO-
CTbIO nepemMernnBanus 260 06/MuH.
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Pesymsrats cop6umn UO,”" npu pasnuuneix 3nauenusx pH B qunaMu-
YECKUX YCJIOBUSIX NPE/ICTaBIEHBI Ha puc. 1.

-
pH=L5

pH=2,0

KOHUEHTPaLNA, Mrin

50 75 100 125 150 175 200 1s

V,un
Puc. 1. Kpussie cop6urn UO,(NOs), pu paznuunom pH pactsopa

Kaxk BumHO W3 pHCcyHKa ¢ YMeHbIIeHHeM PH pacTBopa KOJIHUYECTBO COp-
OupyemMoro moHa uo,?* ymeHbIiaercs. JluHamuueckas eMKocTh ipyu PH B
2
unTepBasie 3-3,5 cocrapiser 205 mr UO,” /1 r copbenra.

100 vr copbenta

200 vr copbenta

300 mr copbenta

] 10 0 a0 40 50 &0
b, mAMH EapELpA
Puc. 2. Kpussie copoiu UO,(NO3), pasinuHbIM KOJIHYECTBOM COpOEHTA

B crarnueckux ycinoBuaX eMKOCTb cocTaBisgeT 500 mr Uo M r cop-
OenTa (puc. 2).
Takum oGpasom, B paGore mcciegoana copbuus UO,%" yriepoassim
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copbenroMm. 3yuyeno BiausHue pH pacTBOpoB, MmosydeHbl H30TEPMBI COpO-
MM ypaHa, OLCHEHbl KMHETHKa cOpOIMU U OOMEHHasi eMKOCTb YTJIEBOJIO-
pomHoro copbenra. Ha mpmmepe U(VI), uccnenoBana copOiust B THHAMHE-
YECKHX yCIIOBHSX.

Pa3paboTka HU3K03aTPATHOMH TEXHOJIOTHH H0000T AIIEHUS
MOHOHU30TOIOB, HE HMMEKIINX JIETY4YnX (PpTopuIoB

/.B. Akumos

Hayunwiii pyxosooumenv — k.x.H., doyenm, H.b. Ecopos
Tomcxuti nonumexnudeckuu ynusepcumem, 634050, Tomck, np. Jlenuna, 30,
tpu_akimov@sibmail.com

B mHacrosimee BpeMsi BO3poc MHTEpEC K W30TOMHOYHCTHIM MaTepHalaM
CBOMCTBa KOTOPBIX OTJIMYAIOTCSA OT CBONCTB MaTepHaJIOB, UMEIOIIHUX MpPH-
POIHBIM H30TONHBIM cocTaB. Tak, HampuMep, MaKCHUMAaJlbHblE 3HAYCHMS
TEIUIONIPOBOHOCTH KPUCTAJUIOB KPEMHHUS, TepMaHHs U alnMasa CYIIEeCTBEeH-
HO BO3pacTalT C YMEHBIIEHHEM H30TOmHYeckoro Gecrmopsiaka [1,2]. Oto
CYIIECTBEHHO YBEJIMYMBAET CTAOMIILHOCTH PabOTHl MHKPOIIPOIIECCOPOB U
3HAYUTEIbHO YBEIMYHBAET IUIOTHOCTH JIEMEHTOB B MHKPOCXEMax 3a CYeT
Oonee ObicTporo 0TBOMA Teruta. KpoMe mcciaeoBaHUi H30TOMHBIX CBOHCTB
MOHOATOMHEIX TOJYIPOBOJHUKOB, MPOBOISATCS HCCICOBAHUS CBOWCTB
MOHOHM30TOIHBIX MOJMATOMHBIX MOJTYIPOBOIHUKOBBIX MarepuanoB — PhS
[3], ZnO [4], CdS [5], uto B mepByO OYepe/ib CBA3aHO C MX MPAKTUYECKUM
UCIIOJIb30BaHueM [6].

OpmHaKo, HECMOTPS Ha TO, YTO B HACTOSIIEE BpEMsi, TEXHOJOTHH pa3fie-
JICHHUs CTaOMJIBHBIX M30TONOB JOCTATOYHO XOPOIIO OTPabOTaHHBI M MO3BO-
JISIOT TIOJTyYaTh BBICOKOYHCTBIE MaTepuaibl mpakTideckud co 100 %-HeM
OJTHOPOJHBIM TI0 PA3IMYHBIM H30TOIAaM COCTABOM HHTEPEC K M30TOIMHOYH-
CTBIM MaTepHajiaM HOCHUT IOKa OOJbIIe UCCIeI0BATEIbCKUH XapakTep. JTo
B TIEPBYIO OUYEpPEIb CBA3AHO C BHICOKOM CTOMMOCTBHIO KOHEYHOI'O BBICOKO-
000rammeHHoro MPOAYKTa, YTO ONPEAEIIETCS. BEICOKUM YHEPTONOTPEOIeHH-
€M HCTIONIB3YIOLINXCS JUIS €T0 Pa3esIeHns CIIoCO0OB.

B Hacrosmiee Bpemsl CyIIECTBYET MHOXKECTBO CIIOCOOOB pasJelieHUs
M30TONOB: ra3oau((}y3MOHHBIN, [IEHTPOOEIKHBIH, IEKTPOMAarHUTHBIN, OII-
TUYECKUH, Ta3epHBIA U T.J1. KaxIplif 13 HUX XOPOIIO 3apeKOMEHIOBAN ceOs
B IUIAHE pa3JIeJICeHNs] CBOETO OIpEeNIeHHOro Kiacca coeauHeHuid. Tak,
HaIpUMep, 3JIEMEHTHI, NMEIOIIHE JIETYyIne COSANHEHHSI MOTYT OBITh TOTY-
YEHBI C MOMOIIBIO Ta30BhIX eHTpr(yT. Ha ceronusmamii neHp, a u B mep-
CIIEKTUBE IIJISl TAaKUX DJIEMEHTOB HET OoJiee 3((HEKTHBHOTO METOZa pasje-
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nenust. OHAKO, HECMOTPSI Ha BCE JOCTH)KEHHS B Pa3JieNICHMHU HN30TOIOB C
MOMOIIBIO Ta30BBIX HEHTPU(YT, B ITOM METOJIE €CTh CBOM HEJIOCTATKH.

Kpome 1cnosib30BaHus CII0XKHOTO, TOPOTOro U TEXHUYECKH He Ge3omac-
HOTO 00OpYIOBaHUS JUIS pa3eleHHusi U30TOIOB TpeOyeTcs KOJOCCaIbHbIH
Pacxol PHEPTUH, KOTOPHIl yBEIMYMBACTCS, B CIIy4ae €CIIU UL MOTyYCSHUS
TOBapHOTO M30TOIa HEOOXOAUMO HECKOIIBKO CTAIUIL.

Takasg HEOOXOIUMOCTh BO3HUKAET, SCIIM NPH Pa3IeIeHUH H30TOIOB HC-
nonb3yercsi pabodee BEIIECTBO, IUIsI KOTOPOTO XapaKTepPHO INPUCYTCTBHE,
KpOMeE MOJIMM30TOITMH OCHOBHOTO 3JIEMEHTA, ITOJIMU30TOIHS APYTUX dJIEMEH-
TOB, BXOJSIIMX B COCTaB padouero BewiecTBa. [1oiMU30TOMMS 3JIEMEHTOB,
BXOJUIIIIMX B COCTaB pabOYero BElEeCTBa, MPUBOIUT K U30TOIHBIM HEPEKpPbI-
THSIM M30TOIIOB, KOTOPbIE TIPH TPAIMIMOHHOM Pa3ZeleHUH Ha KacKaje IIeH-
TpUQYr OrpaHUYMBAIOT MAKCUMAJIBHO JOCTH)KUMBIE KOHIIEHTPAIMH 1IEIEBBIX
M30TOIIOB 32 OJIHY CTaauto LeHTprdyrupoBanus Ha yposHe 70-90 %.

Jnsa noctmxenus oboramenus 6onee 98-99 % TpeOyeMbIX 3aKa3duKy
HE0OXOAMMO MOCIEIOBATEILHO HEOJHOKPATHO HOBTOPSATH ONEpPALlUK LICH-
TPOOEKHOTO PA3IEICHHs U CTATUCTHYCSCKOTO MepepaclpeaeIeHs] METHIIb-
HBIX TPYII B pabodyeM BemecTBe. YHCIO TAKHX MOBTOPEHUI MOXKET JOCTH-
rath IATH B 3aBHCHMOCTH OT M30TOIA, YTO MPUBOAUT K BBICOKOMY 3HEpPro-
HNOTPEOJCHUI0O U COOTBETCTBEHHO K YBEJIMYCHHIO CTOMMOCTH TOBapHOTO
n3oromna. Tak, HanmpuMmep, CTOUMOCTh | TpaMma 28ph 10c1e 0BoOraIeHNs 10
95-96 % cocraBisier He Oosiee IMOJOBHHBI €r0 KOHEYHOH CTOMMOCTH OT
MOHOM30TOIIa C U30TOIHOM YnucTOTOM 99 %.

YroObl U30€XkKaTh MOCACAYIOUIMX CTaAdil HMEHTPU(YTUPOBAHUS VIS I10-
BBIIICHHUS] KOHIIEHTPAIMHK 1[EJIEBOr0 W30TOIa B IAHHOM padoTe mpezyiaraeTces
UCIONIb30BaTh IIPOLECC 30HHOW MEPEKPHUCTAIUIM3ALMH IPH KOTOPOM 30HA
TUTABJICHUS CITY)KUT MECTOM, TJIe C OJJHOW CTOPOHBI MOCTOSHHO HAKAIUTHBACT-
Csl MI30TOITHOE OOOTAICHHE, a C IPYroil CTOPOHBI PPOHTOM KPUCTAJUIH3ALUH
(buKCHpyeTCsl TOCTUTHYTOE IPH JAHHOM YHCJIe TIPOXOI0B 00OrallleHHe MaTe-
puana. JlaHHBIH MeTo] JOOOOTalleH ST MOXKET OBbITh UCIIONB30BaH ISl METaJl-
JIOB, IPH LICHTPU(YKHOM pa3IeJICHUH KOTOPBIX HCIOJB3YIOTCS HX METAILIO-
opranuueckue coemunenuss — Pb(CHs)s, Sn(CHs)s, Cd(CHaj),, Zn(CHa)s,
Ga(CHy)z. /laHHble MeTaTBl SBISFOTCS TPEKYPCOPAME METATHYECKHX, OK-
CHUIHBIX U XaJIbKOTCHUIHBIX MTOJTYIIPOBOIHNUKOBBIX MAaTCPHUAIIOB.
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®otosmm3 Ky[Cd(S,03)3] B BomHO-H30NPONMIOBOIi cpee

/A.A. Bynamos

Hayunwuii pyxosooumens — k.x.1., doyeum, H.b. Ezopos
Tomcxuti nonumexnuueckuu ynugsepcumem, 634050, Tomck, np. Jlenuna, 30,
bulacom@sibmail.com

B paborax [1, 2] moka3aHo, 4To Tipu (HOTONIHN3E BOTHBIX PACTBOPOB THO-
Cynb(aToB KaaMHs BO3MOXHO MOJYy4YCHHE HAHOYACTHUIl Cynabduma KaaMmus
(CdS). B Hacrosieit paboTe mpecTaBiIeHbl pe3yabTaThl (HOTONH3A TPUTHO-
cynbhartokaamara kanus (K4 Cd(S;03)3]) B BOAHO-M30IPOITUIOBOMA Cpee.

Jus cunresa Ky[Cd(S,03)3] ucnonbzosamu K,S,05 (Aldrich) u CdCl,
(uma). Just hoTonm3a UCOIB30BATIN BOIHO-H30MPONUIOBEIE CMECH C 00B-
eMHBIM cooTHomieHueM ot 24:1 po 1:1, coxepxaiue 1072 Monb/1
K4[Cd(S;03)z]. YBenuueHnue coaepkanusi H30MPOIIIOBOTO CIUPTa B CMECH
BbIIIIE OOBEMHOTO COOTHOIICHHs 1:1 TPHUBOAMIO K BBHICATMBAHUIO
K4[Cd(S;03)s].

B kauyectBe wuCTOYHMKA Y®-H3IydeHUS] KCIONB30BAIM  PTYTHO-
kBapueByto  jammy  JPT-350. HTEHCHBHOCTb  aKTUBHOTO  JJIA
K4[Cd(S,03)3] nmoToka uznyueHus, onpeaeaeHHas ¢ MOMOIIBIO (epprHoKca-
JATHOTO aKTHHOMETPA, COCTABIIIIA 1,38-1017 cM 2-MuH . DOTONH3 U 3aIIKiCh
AIIEKTPOHHBIX CIIEKTPOB MPOBOIMIIH B KBAPIIEBOM KIOBETE C TOJIIHHON CIIOSI
1 cm. 3anuce npoBoxuinu Ha crnekrpodoromerpe EVOLUTION UV600 B
obnactu ot 190-900 HM™.

Ha pucyHke npencraBieHsl 3JeKTpoHHbIe criekTpsl CdS, 06pasyromiero-
cst mpu  (GOTONM3Ee BOAHBIX W  BOJHO-H3OMPOIIIOBBIX  PAaCTBOPOB
K4[Cd(S;03)z]. Kak BuaHO M3 prcyHKa J00aBKa M30MPOIMIOBOrO CIHUPTA
NPUBOAKUT K 3aMETHOMY YBEJIMYEHHIO ONTHYECKOH MIOTHOCTH (hoToNHTA,
YTO yKa3blBaeT Ha O0ubIyr0 cBeTouyBcTBUTENRHOCTE Ky[Cd(S,03)3] B nipu-
CyTCTBUH crupTa. [Ipu 3TOM CBETOYYBCTBHTEIHHOCTh HAPACTAET C MOBBI-
[ICHHEM KOHLICHTPALUH W30MPOMMIOBOTO CIUPTa B CMECH. TarKe CTOMT
OTMETHUTB, YTO B OTCYTCTBHU H3OMPOIHUIOBOIO CHHPTA WM B MPUCYTCTBUH
ero HeOOIBIIMX KOJIMIECTB MAKCUMYMBI M Kpast MOJIOC TIOTJIONICHUH ocTa-
FOTCS TIPEXKHIMHU, a B IPUCYTCTBUH 3HAYNTEIHHBIX KOJIHMYECTB H30MPOIIHIO-
BOTO CITUPTa HAOIIOAAeTCs MX 0aTaxpoOMHOE CMeIleHHe. DTO YKa3bIBaeT,
YTO C yBENMYECHHEM KOHICHTPAIMH H3OIMPOIMIOBOTO CIHMPTAa B BOTHO-
nzonponminoBoit cmecu poronmus K,[Cd(S,03)3] npuBoauT Kk 06pa3oBaHUO
Gostee KpynHbIX yactui CdS.
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Puc. DnekTponHsle criektpsr CdS, oGpasyrowmerocs mpu dotomuse 1072 MO/ BOx-
HBIX U BOAHO-U30IpOnuioBbix pactBopoB Ky[Cd(S,03);] B TeueHne 2 mun: 1 — 6e3
u3onpormmiosoro crupra; 2 — 7,3:1; 3 —4:1; 4 —2:1;5 —1:1

Just onieHkn pa3mepoB oOpasyromuxcs npu ¢doronuse yactul CdS wmc-
MOJIB30BAIM 3aBUCHMOCTh MEXIy uX auamerpom d (HM) U MakCHMyMOM
norjomieHus A (HM), MoJy4eHHyro B padore [3].

D = (-6,6521x10 ®)A3+(1,9557x10 )A%(9,2352x10 ?)A+13,29
PesynbraThel pacuetoB pazmepos dactui] CdS mpezcraBiieHb! B Ta0IHIIE.

Ta6muna. Paccunrannsie pasmepsl yactur CdS

O0beMHOE OTHOLICHUE Makcumym Juametp yacTuu,
BO/I2:H30NPONUJIOBbIH CIUPT NOTJIOIEHHS], HM HM
ot 24:1 no 4:1 350 2,07
ot 2:1 no 1:1 430 >4,45

Takum oOpa3om, B paboTe OOHAPYKEHO BIMSHUE HW30IPOIMIOBOIO
cnupTa Ha BbIXoA u pasmep CdS, obpasyromierocs mpu (OTOXHMHUYECKON
peakuuu pasnoxenus Ky[Cd(S;03)s].
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Macc-cneKTpoMeTPUYeCKUil aHAIU3 ra30BbIX NPOAYKTOB
BCKpbITHS nIpoTxoa0B P3IIM

B.A. Boesooa, I1.B. Coxun

Hayunwuii pyxogooumens — accucmenm xkagp. XTPD, A.H. Cmpauiko
Tomcxuii nonumexnuueckuu ynueepcumem, 634050, Tomck, np. Jlenuna, 30,
kruger61@sibmail.com

[Mpeanpustus B Poccuu Bece Oonplie HYXKJIAOTCS B MPOILYKTaX, IPOU3-
BOJUMBIX U3 PEAKHUX 3JIEMEHTOB, B TOM YHCJE XECTKUX AMCKOB U CBEpX-
MarauToB. Ha ceronusinHuii neHs B Poccuu nmeetcst 6onee JecsITH TaKUX
TPEINPHUATHH, KOTOPBIE BBITYCKAIOT PEAKO3EMENbHBIC TIOCTOSHHBIC MarHH-
TbL. [IpH IPOKM3BOICTBE MAarHUTOB, 3HAYUTENbHAsI YacTh Heoauma (10 40 %)
yXoIuT B OTX0Abl. OCHOBHBIC KOMIIOHEHTHI IITH(POTXOIOB: OpraHUIECcKas
(aza, yacT MarHUTHBIX 3aroToBOK, comepxkamux Nb, Fe, B, uwactuipt
OUTHQOBAIBHOTO KaMHS, a TaKXKe CMa309YHO-OXJaKIAromas >XHAIKOCTh
(COX) cocrosmast u3 MUHEPAIBHBIX Macell H BOJBL.

B pa6ore [1, 2] npuBoauTcs COcO0 MalIOOTXOHOM TUAPOMETAIUTypPru-
94ecKoil nepepaboTKH JaHHOTO BHa OTXOJI0B, OCHOBHOH CTaauel KOTOPOro,
SBJISICTCS KUCJIOTHOE Pa3sIo’KeHHE.

B pabore cienano npeamnonoxenue o paznoxernnn COX c BeieneHneM
Pa3NIUYHBIX YIJIEPOTHBIX COEIMHEHHMH B KHCIBIX CPElax, BCIEACTBHE YETO
BO3HHKJIA IIpo0IeMa U3y4YEeHHUs JaHHOTO IIpolecca.

Henpro manHON pabOTHI SBISLIOCH MACC-CIIEKTPOMETPHIECKOE M3YICHHUE
ra3000pa3HBIX MPOAYKTOB B3aMMOICHCTBHS NDIH(POTXOIOB B Pa3IUIHBIX
MUHEpaIbHBIX KHCIOTaX.

C noMomuipio KBaIpyIoJibHOro Macc-cuektpomerpa ProLAB, uzyuens! ra-
3000pa3HbIe MPOIYKTHl B3aMMOJCUCTBHS MITH()OTXOMAOB C CHIIHHBIMH MUHE-
pasbHBIMHU KHCIOTaMu. [lomyueHHbIe pe3ynbTaThl IpUBEICHHI B Ta0mume 1.

Ta6aunal. [IpoxgykTsl B3anMoaecTBHS NUTH(OTXOI0B C Pa3THYHBIMA MHHEPAITb-
HBIMU KHCJIOTaMH.

Kuciora IIpoayKThI pa3/ioKeHus
H,SO, H,, CO,, CO
HNO; H,, CO,;,NO,,NO,N,O

HCI H,,CO,

W3 Tabnuupl BUIHO, YTO OCHOBHBIM MPOAYKTOM BBIICICHHS SIBIISCTCS:
BOJOPOJ U YIJIEKHCIBINA ra3. MOHOOKCH/T yriiepo/ia BhIAEISETCS TOJAbKO NpU
B3aUMOJICHICTBAN HUTU(POTXOAOB C CEpHOU KuUciIoToW. OmpenencHo, 4ro
crenens okuciennss COX B cepHoit kucnore nipu 20 °C pasna 10 %.

UccnenoBano BiusiHME TemmepaTypel Ha crerneHb okucieHne COX,
CepHOM KuCnoToi. Pe3ynpTaTsl noka3zaHsl Ha pUcCyHKe 1.
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Pucynok 1. 3aBucumocts crenenu okucienuss COXK ot remmneparypsl IpH BCKPbI-
tun mutdorxoaoB HySO,.

W3 pucyHka BHIHO, YTO INPH MOBBILIEHUH TEMIIEPATYpPbl MPOUCXOIUT
MHTEHCU(UKALUs pa3lioxkeHust oprannueckor cocrasisitomeit COX. Ilpu
temneparype 80 °C crenens okucienuss COX nocturaer 98 %.

B pesynbraTte paboThl yCTAaHOBICHO, YTO B IPOILIECCE PA3JIOKEHUS IITH-
(otxonoB cepHoii kuciotoit, COX oxucnsercs mo CO u CO,. [ToBrimenne
TEeMIIEpaTypbl NPUBOAUT K yBenauueHuro creneHu okucienus COX. Ilpu
temneparype 80 °C crenens okucienuss COX nocruraer 98 %.

Crnmcok urepatypsl
1. BopmgakuH A.1O., Ctpamko A.H. M3Bnedenne Heoanma n3 MUTU(POTXOAOB MPO-
W3BOZICTBA MOCTOSTHHBIX MarHuToB // C6. Te3ucos VII Bcepoccuiickoii cTyneHue-
ckoit HITK«Xumus u xumudeckast Texnosorus B 21 Beke» Tomck: U3a-so TITY,
2006. 48 c.
2. Bopsukun A.1O., XKepun N.1., Ctpamko A.H. OcaxaeHue okcanara HeoauMa
U3 CEPHO-KHUCIBIX pacTBOpoB// XuMudeckas texnonorus. 2010. Ne7. 437-443 c.

HccaenoBanue BO3MOKHOCTH M3BJI€UEHHUS LIEHHBIX
KOMIIOHEHTOB U 0J10Ba U3 CYJIb(UIHBIX XBOCTOB
HoBocuOupCcKOro 0JI0BIHHOT0 KOMOMHATA

M IO. Boiimenko

Hayunwiii pykosooumens — accucmenm, B.A. Bopucos
Tomckuu norumexuuyeckuti ynugepcumem, 634050, Tomck, np. Jlenuna, 30,
borisovtiger86@mail.ru

B HaCToOAIICC BpEMA np06neMa )_Ie(l)I/IIII/ITa MUHCEPAJIBHOT'O ChIPpbA ACJIACT
AKTYyaJIbHBIM IMOUCK €ro JOMOJHUTCIbHbIX UCTOYHUKOB. bonpmine NEePCIICK-
THUBBI B PCUICHUU JTOH HpO6HeMBI KPOIOTCA B BO3MOKHOCTHU BOBJICYCHUSA B



XII Beepoceuiickaa HayuHO-NpaKkTUUeCKas KOHGEPEHLNA CTYAEHTOB U MONOABIX YUEHbIX
«Xumma n xummueckas Textonorus B XXI seke», TNY, Tomck, 2011 m

pa3paboTKy TEXHOTCHHBIX MECTOPOXKICHUN — CKOIUICHHI MHHEpPaTbHBIX
BEIIIECTB Ha MoBepxHOCTH 3emiin. K HacTosmieMy BpeMEHH Ha 3eMHOU I10-
BEPXHOCTH HAKOIUICHBI TPUUTHOHBI KYOMYECKUX METPOB TEXHOTCHHBIX OT-
xo0B. B Poccuu U3 Heip M3BIEUSHO M HAXOJUTCS B OTBAJIAX M XBOCTOXpa-
HUIHIIAX 0KOJIO 80 MHJLITMAPIOB TOHH TOPHBIX MOPOJ U OTXOJOB Iepepa-
OOTKH ITOJIE3HBIX UCKOIIAEMBIX.

OO0BEKTOM HAIIMX WCCIEAOBAHIN SABISUINCH Cyb(uIHbe XBoCcTh HoBo-
CHOMPCKOTO OJOBSHHOTO KOMOMHATa (Tabmmma 1).

Ta6uuna 1. CoctaB cynbQuIHBIX XBOCTOB HOBOCHOMPCKOTO OJIOBIHHOTO KOMOHHA-
Ta, B Macc.%:
Sn | Cu | Sb | Fe |[Pb| As | S |Al| Zn |CaO |SiO, | WO; | H,O

0,7411,030,01|282|14/10,7/224|1,2{121]1,07| 11 |0,093 | 10

IIpu BCKpHITHH B ONTHUMANBHBIX, U1 APYTrUX pyxd ycmoBusx: 385 °C,
40 munyT, M30BITOK XJopuaa aMMoHHuA 20 % OT CTEXHOMETPHUIECKOTO —
Mmacca ocratka cocraBuia 41 %. J{nst 6onee 3h(HeKTHBHOTO BCKPBITUS PYIbI
OBUTO M3Y4EHO BIMSIHHME Ha Maccy HE IMpOpearupoBaBIIEro OCTaTka BpeMe-
HH 00pabOTKH U TEeMIEpaTyphl C MOMOIIBI0 OPTOrOHAIBHOI'O IIEHTPAIEHOTO
kommosuimonHoro iada (OLIKIT). YpoBHu BapbupoBaHUS (PAKTOPOB
IpecTaBieHsl B Tabimie 2. Macca XjIopuaa aMMOHHS Obljla TIOCTOSTHHOM
10r Ha 10 r pyasl, 4TO COOTBETCTBOBAIO M30BITKY paBHOMYy 20 % oT cre-
XHOMETPUYECKOTO.

Ta6auna 2. YpoBHH BapbHpOBaHHs (HaKTOPOB.

X1, BpeMsi, MUH X, t,°C
LlenTp ruiana 50 395
VuTepBaibl BapbHpOBaHU 10 10
Yposens X = +1 60 405
Yposenp X = -1 40 385
3Bé3mHas Touka o = +1,215 37,84 407
3Bé3nHas Touka o = —1,215 62,16 383

Marpuna riaHupOBaHUs U PE3yIbTaTh IPEICTaBIICHbI B Tabuuie 3.

Ta6amua 3. OLIKIT 2 ju1st HcclienoBaHus BIMSHAS Ha Maccy He IpopearupoBasBliie-
r'0 OCTAaTKa BPEeMEHU 00pabOTKU U TEMIICPATYPHI.

No X, X, m, %
1 N _ 346
2 + - 348
3 - + 336
4 + + 336
5 ~1,215 0 345
6 +1,215 0 34,1
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Ne X1 X, m, %
7 0 -1,215 37,1
8 0 +1,215 35,5
9 0 0 36,5
10 0 0 37

11 0 0 37

12 0 0 355

Kak BHIHO M3 TaOJUIBI JIydIInil pe3ysbTaT ObLT JOCTUTHYT NPU Macce
xnmopuna ammonus 101, Temmeparype 395°C u BpemeHH 00paOOTKH
50 munyT. VCcxXoas U3 SKCIEpPUMEHTANBHBIX JaHHBIX PAaCCUMTBHIBAEM YpaB-
HEHHE PErpecCcHH:

M, %=36,8-0,6-X,-1,9-X;*-0,54-X,”

He Gompmme k03¢ ¢GUIMEHTH YpaBHEHUS MO3BOJIIIOT IPEIIOJIOKHUTS,
YTO JajbHEHIee YMEHBIIEHHE MACChl HE MIPOPEarnpoBaBIIeTro OCTaTKa Ba-
pPBUPOBaHMEM TOJBKO TEMIIEpaTypbl M BpeMeHH He sddekrusno. s
YMEHBIIICHNSI MacChl HE NMPOPEarupoBaBIIer0 OCTaTKa IMPOBEPWIN BIIHSHHE
CTENICHN M3MENBbUEHHS PYyIbl W TONMIUHEI cios. [Ipn mcmone3oBaHuM TOH
ke ¢pakuuy, yTo U paseire (MeHbuie 0,16 MM), HO yMEHBIIEHUH HACBIITHO-
ro ciost ¢ 2 cM 110 0,5 cM Macca He TPOpearupoBaBIIeTro OCTATKA YMEHBIIIH-
nack 10 30 %. Ipu TommHe HachimHOro cios 0,5 CM U HCIOJB30BAHHUU
¢paxmmu mensire 0,04 MM yganock YMEHBIINTh Maccy He IIpOpearupoBaB-
nrero ocratka 0 20 %. CoxeprkaHue 0j10Ba Bo3pactaer 0 3,5 %.

Bouy BEIIETICHBI KEIe3HO-CBUHIOBBINH ¥ METHO-IIMHKOBBIN KOHIIEHTpAT.
W3 80r cymepumaoro xBocta HoBOCHOMPCKOTO OJOBSHHOTO KOMOHWHATa
YJIaJIOCh BBIJICNUTH 25 T 5KeJIe3HO-CBUHIIOBOTO KOHLIEHTPATa, C COEPKAHU-
eMm Fe — 60 %, Pb — 2,7 %, Zn — 2 % u 1,5 r MEIHO-IIUHKOBOI'O0 KOHIIEH-
Tpara, ¢ coxepxkanueM Cu — 42,6 %, Zn — 13 %. OnoBo u3BIeKaeTcs U3
xBocta HoBocuOupckoro onoBstHHOro KoMOuHata Ha 90 % 1 KOHIEHTPUPY-
eTcs B JKeJIe3HO-CBHHIIOBOM KOHIIEHTpaTe. Macca He IpopearnpoBaBIero
ocraTka coctaBmma 31 r.
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[Monyyenune MmaprasencoaepKalux NPpoagyKToB U3
Mapraselncoaep anieii pyabl npu
XJIOPAMMOHUITHOI MepepadoTKe

C.U. E¢ppemos

Hayunwuii pyxogooumenv — accucmenm, B.A. Fopucos
Tomckuii nonumexnuueckuu ynueepcumem, 634050, Tomck, np. Jlenuna, 30,
borisovtiger86@mail.ru

Maprasen sBisieTcs Ba)KHbIM JIETUPYIOLUIUM 3JEMEHTOM, ONPEIEINIIO-
IIMM Ka4eCcTBO KOHCTPYKLMOHHBIX cTajed. J[MoKcua MapraHua sBisSeTcs
OJIHUM M3 KJIFOUEBBIX MAaTEpUaIOB COBPEMEHHBIX BBICOKMX TexHoJorui. Ha
€r0 OCHOBE MPOM3BOJAATCS XUMHUYECKHE MCTOYHHUKH TOKAa Ppa3IU4YHOIO
Ha3HAYCHIs, B TOM YHCIIE MOIIHBIC JTUTHEBBIC OaTapeH, HCIIOMB3YIOIUECs B
BOCHHOM M KOCMHMYECKON TexHHKe. B Meramiypruu u sl Opou3BOJACTBA
XUMHUYECKUX HCTOYHUKOB TOKAa HCTOJB3YIOT TUOKCHJ MapraHiia, OKCHI
maprasia (I11).

IIpousBoncTBo auokcuna mapranua B Poccuiickoit denepanyu oTcyT-
CTBYET, COOTBETCTBEHHO HET BakKHEHIIEro KOMIIOHEHTa JUIsl IPOU3BOJICTBA
KaTo/1a MapraHIleBO-IIMHKOBBIX XUMUIECKIX UCTOUYHIUKOB TOKA.

OTcyTCTBHE POMBIIIIEHHOIO OCBOEHHSI MECTOPOXKICHUNH MapraHLEeBbIX
pyZl Ha Teppuropun Poccum cTaBUT B 3aBUCUMOCTH OT€UECTBEHHBIE MpeEJI-
MPUATHUS pAa OTPACICH MPOMBIIUICHHOCTH OT 3apyOeKHBIX MOCTABOK Map-
TaHIIEBOr'O CHIPbsSI U MPOJYKTOB HAa OCHOBE MapraHua. B cBs3u ¢ u3noxeH-
HBIM, OpraHU3alMsl OTE€YECTBEHHOIO IPOU3BOACTBA MAapraHUEBbIX COEANHE-
HUA, B TOM 4HCJIE AUOKCHIa Maprania u okcuia maprauna (1), ssusercs
aKTyaJIbHOH 3a7aueil.

[Tpu OTCYTCTBMU 3amacoB BHICOKOCOPTHBIX OKWUCHBIX P/, SBISIOUTUXCS
OCHOBHBIM CHIPb€M B MHUPOBOH MPaKTHUKE MPOU3BOACTBA TUOKCHIA MapraH-
na u oxkcuma maprauna (I11), 6Gonsiyro posis B Poccun u Ypansckom Peru-
OHE, B YaCTHOCTH, MPHOOpETAIOT OelIHbIe TPYIHOOOOTAaTHMbBIE OKHUCHO-
KapOoHaTHBIE W KapOOHATHBIE MapraHieBble pynabl. IS MaJOTOHHAXKHBIX
MPOU3BOJICTB TUOKCH 1A Mapraniia u okcujaa mapranna (I11) nenecoobpasuo
UCIIOJIB30BaTh MapraHIEBbIe PyIbl HEOOJBIIUX Y PATBCKUX MECTOPOXKIIEC-
HUH.

IlepcrieKTHBHBIM  SIBIISICTCS  XJIOPAMMOHHMUHBIA CIIOCO0 mepepaboTKu
TPYAHOOOOTaTUMBIX MAapTaHIEBBIX PYI. XJIOPaMMOHUIHBIN CIOCO0 3aKITFO-
YaeTcsl B XJOpHpoBaHUH pyabl mpu 260 °C XJI0puaoM aMMOHHS C Jajib-
HEUIIMM BOJHBIM BBINIETAYMBAHUEM XJIOPUAA MapraHila, aMMHAUHbIA THI-
pomm3 ¢ JadbHEHIINM (QUIBTPAMOHHBIM OTIEICHHUS THAPOKCHIAa MapraHIa
(MaTOUYHBIN PacTBOP BBHITAPUBAETCS JJIS MOTYICHUS XJIIOPUPYIOIIETO areHTa
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NH,Cl); npokanuBaHue rHApOKCHAA MapraHia sl MOJy4eHHs AMOKCHAA
Maprasua i okcuzaa maprasua (II1).

Lenpto paboTHI ABIATIOCH MOMYYEHHE NUOKCHIA MapraHila WIN OKCHIA
mapranta (I11). DToro MoXHO TOOMTHCS METOIAMH BIICKTPOIIH3a PacTBOpa
xmopuaa mapranmna (l1) u meroqoM mpokanMBaHHS THAPOKCHIA MapraHIa
(1) Ha BO3MYXEe O3HAKOMIICHHE C DIICKTPOXUMHUIECCKHM TIPOIIECCOM TOITyde-
HUs OJIM M C BIMSHHEM YCJIOBHI 3JEKTPOJIH3a Ha BBIXOJ HPOIYKTA IO
TOKY M YAETBHBIN Pacxo] 3JCKTPOIHEPTHH. Y CIOBHS IEKTPOIIN3a 3a1af0T-
Csl IpernoAaBaTeeM.

DJIeKTPOIUTUYECKOE TOyYeHHEe AMOKCHAA MapraHiia MpOBOIWIM U3
pacTBOopa XJOpHIa MapraHila B YCTAHOBKE, COCTOSAILIEH W3 CTEKJITHHOIO
cTakaHa, rpaduTOBOrO aHoja, KaToja M3 MEOH M T'ajbBaHOCTaTUYECKOIO
MCTOYHMKA TOKa. Y CJIOBHS ObUIM 1OJ00paHbl B COOTBETCTBUU C YCIOBHSIMH
JUISL TIpOIiecca DIIEKTPOXUMHYECKOTO MOJYyYCHHUS! JUOKCHIA MapraHua us3
pactBopa cynbdara mapranna (Hanpspkenwe 3—4 B, aHomHas MIOTHOCTH
Toka 100-175 A/Mz, KaTtonHasg IroTHocTs Toka 300-1000 A/Mz, IUIOIIAAb
katoma 0,002 Mz, cmia Toka Ha karome 0,6 A) [1]. U3 pactBopa xiopuna
MapraHIa II0JyIUTh JTUOKCH] MapraHiia He y1aJoch.

[omyuenne nrokcuaa mapranma wim okcuaa mapranna (111) mposoawmm
MeTOAOM OKHchuTenpHOTo oOkmra mpu 700 °C B Bo3mymHOW cpenme. U3
pacTBOopa XJIOpHJa MaprasHiila aMMHaKOM OCaJWIM THAPOOKCH] Maprasia
(1), ocamok ordhIapTpOBATH MPOMBUTH U Tpokanuau B neun mpu 700 °C B
Teuenne 3 yacos. [Iposenu UK crniektpockonuueckuii U1 peHTreHo(pa3oBbIit
ananmu3 mpoObl. [lanHble mony4yeHHBIe ¢ momombio MK crnektpockonuu u
PEHTreHO(a30BOr0 aHaJM3a XOPOLIO COINIACOBAHBI — E€IMHCTBEHHBIM MPO-
nykroM siBisercs Mn,Os. Ilponecc MOXXHO onmcaTh ClIeqyOMNMH ypaBHe-
HUSIMU PEaKIIHi:

MnCl, + 2NH,OH = Mn(OH),| + 2NH,CI
4Mn(OH)2 + 02 = 2Mn203 + 4H20

Takum o0pazom momyduts Mn,O; MOXKHO U3 pacTBOpa, COJEPHKAIIETO
xnopun Mapranna (l1), ocaxnast rugpookcuy mapranna (I1) u nmpoxanusas
ero B Bo3ayiHo# cpene npu 700 °C B Teyenue 3 4acos.

CrnMcoK JuTepaTypsbl
1. S.C.Rao//Journal of Electrochemical Science (India), 1966, 15, Ne 4, p. 105.
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Hccnenopanne TepMUYecKOil yCTOHYMBOCTH
TeTpadgTopodpoMaToOB 1IEJOYHBIX METAJIJIOB

C. U. Henees

Hayunuuii pyxogooumenv — k.x.H., doyenm, P. B. Ocmeanvo
Tomcxuii nonumexnuueckuu ynueepcumem, 634050, Tomck, np. Jlenuna, 30,
ivlev@tpu.ru

TerpadTopoOpoMaTHI IIETOYHBIX METAJIOB SBJISIOTCSI BECbMa MEpCIeK-
TUBHBIMU (DTOPOKHUCIHUTENISIMH B TEXHOJIOTHMH PEIKUX W OJIarOPOAHBIX Me-
tamoB. Tak, llapn u Omeneyc emé B 1948 rogy monydminu coeauHEHHE
KBrF, [1], koTopoe MHOTMME aBTOpaMH PACCMATPHBATIOCh KaK IPEKPACHBIN
BBICOKOTEMIIEpATYpHbIN (GTopupyromuii areHt [2]. OcraibHble MeETaIUIbI
MEepBOi TPyNIBl (KPOME JINTHS) TAaKXKE CIIOCOOHBI 00pa3OBHIBATH COCIHHE-
HUA coctaBa MeBrF,, mposBisiomue cuibHbIE OKHCIUTEIbHBIE CBOHCTBA
IpH TEPMHYIECKOM pas3ioxkeHuH. [103ToMy I NMPUHATHS ONTHMAlbHOTO
pELICHHUsI 0 BO3MOXKHOCTH IIPIMEHEHUsI TOTO WJIM HHOTO TeTpadTopodpoma-
Ta B TEXHOJIOTHH, OJJHUM U3 MEPBOCTEIICHHBIX BOMPOCOB SBISECTCS U3y4de-
HUE UX TEPMUUYECKON YCTOMYUBOCTH.

B nmannoii pa6ore cunres NaBrF,, KBrF,;, RbBrF, u CsBrF, npooaui-
Csl IO METOJIMKE, OTMcanHoi B [3]. B KauecTBe MCXOIHBIX BEIIECTB MPHMe-
wsuch ¢ropunsr NaF, KF u xmopuasr RbCl u CsCl cootBercTBeHHO,
npeaBapuTenbHo npokanenusie npu 200 °C miist yaaneHus: copOupoBaHHON
Biary. [lo okOHYaHMN peaknuy Al TOCTHKEHUS! PABHOBECHS TTOTydEeHHbIE
TeTpadTopoOpoMaThl BEIAEPKUBAIHCH 110]] cJI0eM (peoHa B TEUEHUE CYTOK.

CocraB IPOJYKTOB OIPEJEIISUICS C MOMOIIBIO PEHTreHo(}a30BOTro aHa-
JM3a W TOCIIEAYIOIET0 CPABHEHMS MOIYYCHHBIX PEHTI€HOI'PaMM CO CTaH-
napramu u3 Mexayrapoanoro Lenrpa Judpakunonusix Janueix (ICDD).
[To pe3ysnbraTam aHaiu3a ObUIO YCTAHOBIEHO, YTO IOJYYEHHBIE IPOAYKTHI
COCTOSUTM TIPEUMYIIECTBEHHO M3 TeTpadTopoOpoMaTa COOTBETCTBYIOIIETO
MeTaiuia U Henpopearuposasiiero ¢propuaa. Cienyer OTMETHTh, YTO B CITy-
yae pyOouausi v 1ie3ust B peHtrenorpammax npoaykros muku ROCl u CsCl
0oOHapyKeHBI HE OBLIH.

HaBecku mosryueHHBIX TeTpadgTopoOpOMaTOB OBUTH MOIBEPTHYTH TEP-
MOTPaBUMETPHYECKOMY aHAIIU3y, PE3yJbTaThl KOTOPOTO JUIsS COEJAWHEHUH
pyOuaus u 1e3us npenacrasieHsl Ha pucyske 1. JlepuBarorpammsr NaBrF, u
KBrF, 6bt ony0inkoBaHsl panee [4].

[To Hamuumio TErIOBHIX 3((EKTOB HA KPUBBIX Pa3HOCTU TEMIIEPATyp U
10 BU3yaJbHOMY KOHTPOJIIO COCTOSIHHSI HABECOK OBUIM OIpelIeIeHbl TeMIIe-
parypsl 1aBneHus: TerpagpropoobpomaroB. Tak, OHM 3aKOHOMEPHO YOBIBa-
10T IIpU Tiepexone oT Kanusa K nesuro: 317 °C (KBrF,), 219 °C (RbBrF,) u
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207 °C (CsBrF,). TerpabTopobpoMaT HATpusl MOTHOCTBIO pa3iaraercs emg
JIO TIJIaBJICHUSL.

=]

TIme (min)

Weight (%)
B

TIme (min)

Weight (%)
3

S

o 100 Temperature (°C) 600 700 0 100 Temperature ("C) 600 700
Puc. 1. [lepuatorpammsl pasioxkenus RbBrF, (ciesa) u CsBrF, (cripasa)

Kpusas pasHoctu remnepatyp
— — — — Kpusas notepu mMaccs
————— Kpusas quddepennmana TemnepaTypsl 1o Macce

Taxxe K3 nmepuBaTOrpaMM OBUIM OINpEneieHbl TeMIlepaTyphl Hauania
Pa3IOKEeHUs. HABECOK, MPEICTaBILIONIINEe COO0I 00paTHYIO 3aBUCUMOCTh OT
Temneparypsl iaBieHus: KBrF, pasmaraercss mpu MHKOHTPYIHTOM ILIaB-
nennn, RbBrF, HaunHaer unteHcuBHO pasmarathes npu 363 °C, a CsBrF,
Kak Hauboyee TEPMHUYECKH YCTOWYMBBIM, HAaYMHAET pasarathCs IpH
410 °C.

Taxum 00pa3zoM, U3 MONYyYEHHBIX PE3YIBTATOB MOXKHO CAENATh IPEIIIO-
JOXXeHHe 00 ONTHMAIBHBIX TEMIepaTypax IMPOBEICHUS OKHUCIUTEIHLHOTO
(TopupoBaHUs ¢ IPUMEHEHHEM COOTBETCTBYIOIIEro TeTpadropodbpomara.
OTH IaHHBIE SABISIIOTCS MCXOIHBIMHM TapaMeTpaMy sl CPaBHUTEIHHOTO
aHanu3a TeTpadTOpoOPOMATOB IIETOYHBIX METAJIOB, YTO OYAET CHeNaHo
aBTOPaMH B NOCIIEIYIOINX padboTax.

CrnMcoK JuTepaTypsbl
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HccaenoBanue copouuu penuss monurom Ambersep 920U ans
KOMILJIEKCHOI nepepaGoTKuH pacTBOPOB MOJA3eMHOT0
BbIIIIEJIAYMBAHHUS ypaHa

A.JO. Kanunun, I.I'. Anopees

0.m.H., npogpeccop kagh.XTPI, I'.T". Anopees
Tomckuii nonumexnuueckuu ynueepcumem, 634050, Tomck, np. Jlenuna, 30,
ampiko@mail.ru

bnaromapst mpuCYTCTBHIO pEHHSI B MeCTOpPOXIeHMsX ypaHa Ily-
Cappicyiickoil, CblpIapbHHCKOM PYIOHOCHBIX MPOBMHIMI, B pacTBOpax
MOA3EMHOTO CEPHOKMCIOTHOTO BBIIIETAYMBAHHUA ypaHa, JOOBIBAEMBIX Ha
JAHHBIX MECTOPOXKACHUSIX, COAEPXKATCS 3HAUUTENbHBIC KOJINYECTBA PEHHMS.
B mporiecce noa3eMHOro BBILIETAYNBAHUS ypaHa, pEHNI MEPEXOINT B pac-
TBOpP B BHJC TeppeHaT aHuoHa [1], KOHIEHTpaIlHs 3TOr0 MeTalia B MOJy-
YEeHHBIX MPOJYKTUBHBIX PACTBOPAX HU3KAsl, HO YUUTHIBAast OTPOMHBIE 00BEMBI
nepepadaThIBaeMOro Marepuana (JecsTKH MHJUIMOHOB KyOOMETPOB B Troj)
JTAaHHBIN UCTOYHUK CUUTAIOT MEePCTIEKTUBHBIM JIJIS TOJTydeHus! perus [1].

[TepepaboTKy BBIICYOMSHYTBIX MECTOPOXICHUI BEAET KPYIHEHILIUA
B Mupe omnepaTtop no6sran ypana HAK «Kazatommpom», koTopsiit Oomnee
30 % mpoxmykTa HoJydaeT NPUMEHSS, Ul BeIeHHUs1 cOpOIMM ypaHa, CHIIb-
HOOCHOBHbIN noHUT Mapku Ambersep 920U. Penuii HaxoAuTCS B HPOIYK-
TUBHOM pAacTBOpe B BHAE IEPpEHAT AaHMOHA, OH COpPOMpYyeTcs HOHHTOM
COBMECTHO C ypaHOM, 00Jajast BRICOKHM CPOACTBOM K CHIBHOOCHOBHBIM
annoHuTaM [2]. Ilpu necopOuum ypaHa, peHHI ci1abo IIHOUPYETCs ¢ cop-
OeHTa M HaKarIMBaeTCsi B 0OOPOTHBIX pacTBOPAX.

Hamu OpIn mpoBeneH CpaBHHUTENBHBIM aHAIN3 COJEPXKaHWS PEHHS B
MPOAYKTHBHBIX PAcTBOpax M HAa COpPOCHTE HAa HEKOTOPBIX MPEANPHUITHIX
HAK «Kazarommnpom» (tabm. 1).

Ta6muna 1. ConeprxaHue peHUs B pacTBOpax M B HOHHUTE Ha npennpusatusx Hly-
Capsicyiickol 1 ChIpAapbHHCKON YPaHOBOPYIHBIX IIPOBHHITHIA.

Conepxanue Re Coaep:xanue Re B HOHUTE, I/T
MecTtopo:knenue B pacTBopax . .
1B, mr/a Hacbimennsiii | PerenepupoBaHHbIN
Xopacan-1 0,1 16 7
3amaaHbIii MBIH- 03 77 39
KYAYK
HenpabHbiii 1,9 205 290
MBIHKY YK
FOxuenii MaKai 0,8 183 168




118 Cekuna 5. Xummyeckas TEXHONOIMA PeAKMX S1EMEHTOB

st nu3ydeHus: copOIMy peHusl MOHUTOM M3 ero pa30aBiIeHHBIX PacTBO-
pos (2,7-20,3) - 107 MMOHL/}JM3 OBUTH TIPOBEIICHBI MCCIICOBAHUS B CTATH-
YECKUX ¥ JTUHAMHIECKUX YCIIOBHSX.

W30TepMBl HOHHOTO OOMEHa NEppeHAaT aHHWOHA B NPHUCYTCTBHU CYIIb-
(haTHBIX KOMIUICKCOB YpaHMJIA MOIYYaId U3 CEPHOKHCIOTHBIX PACTBOPOB C
pH 2, B obmacTi paBHOBECHBIX KOHIEHTpanuii peHus B pactBope (1,6—
16,9) - 10 Mmons/M°. VCTaHOBIIEHO, UTO YBETHYCHHE COMCPIKAHMS YpaHa
B pactBope 10 0,5 MMOIB/IM° IPAKTHUECKH HE OKA3bIBACT BIMSHHS HA CM-
KOCTh HOHHT4, NIPH COAEPXKAHHH peHus B pactBope 1,6 - 107" mmoms/mv®,
3HAYEHHE EMKOCTH COCTaBUiIO 6,4 - 10 mmounb/r. Cratnueckast 0OMeHHAs
€MKOCTh MOHHTA B PAacCTBOpax C KOHLEHTpauuen penus 1,55 Mmoib/ e
cepHoii kuciotel pH 2 coctaBmia 2,3 MMOJIB/T.

Nzydeno BausiHME KOHUEHTpaluu cepHoit kucnothl (pH 0,5-5) u cymnb-
(dhat-uonoB (5—40 1/71) Ha COpOIUIO PSHHS U3 PACTBOPOB C €r0 COJACPIKAHH-
em 2,6 - 10" Mmomn/nv’. VCTaHOBIEHO, UTO TPH YBEIHUECHHH KOHIICHTPA-
UM CEePHOM KWCIOTH, HaumHas ¢ pH 2.5, koagduuueHT pacrpeneneHus
peHusl moHmKaeTcs. MakcuManbHoe 3Hauenue (6,4—8,3) - 10° em’/r oH nme-
eT B MHTepBaje 3HaueHuil pH 3-5, cratnueckas oOMeHHas EMKOCTh IO pe-
H1o cocraBmia 0,8 Mmons/r. IIpu copObumm peHHs n3 CEpHOKUCIOTO pac-
TBOpa ¢ pH 2, moBBIIIIEHNE KOHIEHTPANUU CcynbhaT-uoHOB ¢ 5 10 40 r/n
MPUBEJIO K MOHMKEHHIO Koa( duLMeHTa pactpeaenenus B 2,5 pasa.

HccrenoBansl IHHAMUYECKIE XapakTepucTHKY HoHnTa Ambersep 920U
npu copOUMM pEeHHs M3 pacTBOPOB C KOHIeHTparued penus 3,1 - 107
! mmoms/nv® i ceproit KucnoThl pH 2 TIpH pasTHYHBIX CKOPOCTSAX MOTOKA,
MOJTy4eHbl BBIXOHBIE KpUBBIE copOuuu. [Ipu ckopocTu mpomnyckaHusi pac-
TBOpa 10 cM®/mun yepe3 kosoHky (@ 0,8 cm, h — 6,5cm) monHas quHAME-
yeckasi 0OMEHHasi EMKOCTh 10 PEHHIO cocTaBmiia 1,28 MMOIIB/T.

[lo pe3ynbraram MHOJYYEHHBIX AAHHBIX, MOXKHO 3aKJIIOYUTH O 3HAYH-
TENBHBIX COPOIMOHHBIX criocoOHOCTel nonuta Ambersep 920U ast usBie-
YeHUs] peHHs. B nanbHeimeM IDIaHUpyeTcs MPOBECTH HCCIIETOBAHUS 10
JilecopOLM peHHs C JaHHOTO MOHHUTA C MOCJIEAYIONEeH 3KCTpakIuen moiy-
YEHHBIX 3JII0ATOB M BbLICIICHHE PEHUS] B BHJE COJIM-TIEPPEHATa BBICOKOTO
Ka4ecTBa.

CrnMcoK JUTepaTypsbl
1. TlomzemHOe BBINIENaunBaHKe monmaneMeHTHBIX pya / H.II. JlaBepos, N.I'. AG-
nynemanoB, K.I'. bpoBun u np.; Ilog pen.H.II. JlaBepoBa. M.: U3n-Bo
Axkaz.ropH.Hayk, 1998. 446 c.
2. KoobxacoB A.A., IManant A.A. Metamnyprust peHusi: Y4eOHUK Ui By30B. AJl-
Mma-Arta, 1992. 161 c.
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IlepepadoTka oTBaNbHOrO rekcadgropuaa ypana
HU.C. Kanmaes

Hayunvuii pyxosooumens — k.x.H., doyenm, P.U. Kpaiidenko
Tomcxuti nonumexnuueckuu ynugsepcumem, 634050, Tomck, np. Jlenuna, 30,
Kantaev@tpu.ru

I'ekcadropun ypana sIBASETCS OTXOZOM IPOU3BOACTBA MOIYyUCHUS TOTI-
JMBa JUIsl aTOMHBIX CTaHIMH. M3-3a HEBO3MOXKHOCTH LIMPOKOTO KOMMEpUe-
CKOT'0 MPUMEHEHHUsI OTBAIbHOTO Trekcadropuna ypana (OI'®Y) cymectByer
HeoOXonuMocTh ero ckiagupoBanus. Hanpumep, B CLIA HakomieHo
740 Teicsd TorH OT'®YVY [1], B Poccun obee konuuectBo OI' DY ucuucis-
€TCsl COTHAMH ThICSY TOHH [2]. OOBEeMbI OTBAIBLHOIO rekcad)Topuaa ypaHa
MIOCTOSIHHO PAacTyT.

Jlo cux mop B Mupe He pa3paboTaHa MPOMBIIUICHHAs CXEMa ITOJHOM
YTHIN3AIMK OTBAIBHOTO Tekcadropuna ypaHa. C TOUKH 3pEHHUS 3KOJIOTH-
yeckoll Oe3omacHocTH HeoOxommMm mepeBong OI'DY B dopmy Goxee ymob-
HYIO JUI JUINTEIBHOTO XPAaHEHHWs, HAIpPHMeEp, 3aKHCh-OKHCh YypaHa; HpH
3TOM pereHepupyercs GTop-HOH.

CymiecTByIOT ciieayromiue crnocobbl nepepaborku orBaibHoro UFg: 1)
BoccTanoBneHne OI'@Y BogopoaoM ¢ modydeHneM 0e3BOJHOTO (HTOPOBO-
noponaa u terpadrtopuna ypana (OAO «ADXKy», ycranoBka «Kempy), He-
JIOCTAaTKOM CIIOCO0A SIBJISIETCS HEMOJHOE W3BJIeUeHue (TOp-HoHa; 2) BOC-
cta"oBneHue OI'DY B BoAIHON HU3KOTEMIIEPAaTYPHOI! MIa3Me ¢ MOIydEeHH-
em Ge3BosHOTrO TopoBogopoaa U okcuaoB ypana (OAO «2X3», ycTaHOB-
ka «W-3X3»), HeoctaTkoM criocoda sIBIsIeTCsl 00pa3oBaHHe CIaOOKHCIBIX
pactBopoB; 3) BoccTanoBieHue OI'DY oOpraHUYECKHMHU COCTUHEHHUSIMH C
HoJIy4eHHeM (GTOPOPraHUYeCKUX CoeNHeHu (030HOOe30macHbIe (PPEOHBI)
u terpadropun ypaHa (3AO «lleHTp mepenadu TEXHOJIOTHII»), HEIOCTAT-
KOM CI110c00a SIBJISIETCSI BBICOKasi CTOMMOCTD BCIIOMOTaTeNIbHBIX PEareHTOB.

[Ipennaraem paccMoTpeTh cocob nepepaboTKu OTBaJIBHOTO TekcadTo-
pHIa ypaHa ¢ MoJy4eHHeM B KauecTBe TOBapHOH oniuu GTopuaa aMMOHHUS
u U30g 00earenHOro0 1m0 235 u30Tomy ypaHa.

CyTth crniocoba 3akimouaetcsi B pactBopeHnn UFg B Bozie ¢ MOTydeHHEM
pactBopa HF u UO,F;:

UF5 + 2H20 = U02F2 + 4HF

PacTBOop 0OpabaThiBaeTCsi aMMHA4YHON BOJIOW C ITIOJNydEHHUEM TBEPJOTO

(NH4),U,07 u pactopa NH,4F.
2UO,F; + 6NH,OH = (NH,),U,0; + 4NH,F + 3H,0;
HF + NH,OH = NH,F + H,0

[onuypanat aMMOHHMSI OTHEJISIETCS OT pacTBopa (TopuIa aMMOHHS

¢unbTpanmeil U NMpokKaJMBaeTcs IO 3aKUCU-OKWCH ypaHa. Jlanee pactBop
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yIapuBaeTcsi 1O TOJY4YEeHUs! TBep- U 10
jgoro ¢topuna ammonusi. Cxema
nepepadotkn OI'®Y mpencrasneHa \\\ /
Ha puc. 1.
PacuetHoe »HepromortpebieHue paccmboperue
nepepabotku 1 T UFg, ¢ monydenn- et
em 0,63 T NH4F (B mepecuere Ha F, MNLOH HF
0,63 $/xr) u 0,797 T U304, cocra- — OraXaoHe
Bwio 1250 xBt. B kauyectBe BCmo-
MOTaTeJIbHOTO PeareHTa HCIOJNb3Y- /A%i,[/ﬁ[}
€TCA aMMHadyHasa Boda.
Quabmpayua
CHnHCOK JTUTepaTypshl
1. "Costs and Risks of Depleted Ura- N LEOr N1
nium from Proposed Enrichment 0

Facility" Science for Democratic
Action, volume 13, #2, June 2005.
2. Komnwms nucema Munucrpa Poccwmii-
ckoii ®depepanyu MO  ATOMHOM
sHepruu Ne01-4114 ot 25.07.2003.

npoKaGanLe unapubare

Uik NHF

Pucynok 1.

Cnoco0 nosryuyenus Tpugropuaa Kaaus

A. /. Kucenés

Hayunwuii pyxogooumens — 0.m.u., npogeccop, A. H. /[vsiuenko
Tomckuti nonumexnuueckuu ynugsepcumem, 634050, Tomck, np. Jlenuna, 30,
hassem@mail.ru

W3BecTHO, 4TO moJrydeHue (Gropa B NPOMBIIIIIEHHOCTH OCYIIECTBIISIOT
MIOCPE/ICTBOM DJIEKTPOJIUTHYECKOTO PA3JIOKEHUsT TpUPTOpUAa Kaiaus TpH
temrniepatrype 70—-100 °C. [lomydeHre UCXOIHOTO TPUPTOPUAA KATHS SBIIS-
€TCsl JOCTAaTOUHO CJIOXKHOM 3a7aueil.

B mpombluteHHOCTH TS TTONy4eHHs (TOPUIOB KajHs HCIIOJIBb3YIOT
TEXHOJIOTHSI CMEIIMBAHUSI METAUIMYECKOT0 Kalusi C PacTBOpoM (hTOPHAOB
ammonus [1]. TIpon3BOACTBO YHUCTOTO METAJUTMIECKOTO KalWs AIEKTPOIH-
30M M3 paciulaBa XJOPHIA KaJus CONMPSKEHO C BBICOKHMH HEPTeTHUECKH-
MH 3aTpaTaMH, 9YTO SIBIISIETCS TJIABHBIM HEJOCTATKOM JAAHHOIO CIIOco0a.
Taxoke M3BECTEH CIOoco0 MmoJiydeHus Tpudropuga Kaius MeTonoM OapOo-
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Ta)KHOTO HAaCHIIEHHsT (HTOpUIa KU ra3000pa3HbIM (TOPUCTHIM BOIOPO-
oM [2]. Hemocratok 3TOro crocoba 3akiroyaetcs B HEOOXOAUMOCTH HC-
MONTB30BaHUS (PTOPUCTOTO BOAOPOIA, KOTOPBIM SBISETCS Ta3000pa3HbIM
BBICOKOTOKCHYHBIM COCTUHEHHEM.

Hanbonee mepcrieKTHBHBIM HaNpaBlICHUEM B IPOU3BOIACTBE (hTOpA SAB-
JsieTcs pa3pabdoTKa TEXHOJIOTHH ITONyUeHHU TpU(TOPHUI Kalus 6e3 UCIIONb-
30BaHusA (PTOPHCTOrO BOAOPOIA.

B Hacrosmeit paboTe mpemiokeHa 1 UccieoBaHa KOHKYPEHTOCIIOCO0-
Has MHHOBAIIMOHHAs TEXHOJIOTHSl MPOM3BOJACTBA TPU(DTOpHIA KalHs IO
HOBOIl pecypcocOeperaroniell TeXHOJIOTUH C HCIOJb30BaHUE TOCTYITHOTO
CBIPBSL.

B ocHOBE TeXHOJIOTHHU JISKUT cxema (TOPUPOBaHUS KaluiicoaepxKarie-
ro chipbsl B paciuiaBe ¢ropuaa win ruapodropuna ammonus. VcxomHoe
KanuiicosepKaiiue chlpbe U GTOPUIbI AMMOHHS CMEIIMBAIOT B CTEXHOMET-
PHYECKOH TPONOPLIUH U MOTYYEHHYIO CMECh HarpeBaloT B MHTEPBAJIC TEM-
nepatyp 75-240 °C.

W3BecTHO, 9TO TemIieparypa IiaBieHus Gropuga ammoHus — 126 °C.
C NOBBILICHHEM TEMIEpaTyphl paciuiaB (pTopuaa aMMOHHUS TEpSET aMMHUAK
u npu temneparype 240 °C mpeBpamaercs B runpoandTOpua aMMOHHS.
[Ipn nanpHEWIIeM IMOBBIMIEHUH TEMIIEPATyphl TUAPOAUGTOPUA aMMOHUS
UcrapsieTcs C pa3jokeHHEM Ha aMMHaK U (TOPHUCTBIIT BOJOPO.

IIpu B3ammopeiicTBUM (PTOPUAOB aMMOHHS C COEAMHEHHSIMH Kalus
(HammpuMep THAPOKCHIOM Kalus) MPOUCXOTUT UX (PTOpHpOBAHHE M MOTY-
4yeHne GTopuia Kaus 0 pPeaKiyu:

KOH+NH F=KF+NH3+H,0.

IIpu remnepatype Boime 100 °C Boga U aMMHaK UCTIAPSIFOTCS, OCTASTCS
yncThlil Gpropua Kanus. Ecim ¢ropuasl aMMoHMS B3STEI ¢ W30BITKOM, TO
MOy4eHHBIH (QTopuy Kanus OyaeT pacTBOPATHCS B paciuiaBe (pTopuaa am-
MoHUs ¢ oOpazoBaHueM Jserkoruiaskoi sBTekTnku KF-2HF no peakunu:

KF+2NH,F=KF-2HF+2NHj3

Takum 00pa3oM, MOXKHO 3aIKcaTh CyMMapHYIO peakiuio oOpa3oBaHUs

TpudTOpUAa Kanusi U3 THAPOKCHIA KTl ¥ (TOPHIa aMMOHUS:
KOH+3NHF=KF-2HF+3NH3+H,0

CrnenoBarenbHO, CIIOCOO BKIIOYAET OMEPALHy IMOIydeHUs GpTopruaa Ka-
JUSl U HACBIIMEHUS ero M30bITOYHBIM (propoBomoposoM. C TexHOJIOTHYE-
CKOM CTOPOHBI yIOOCTBO 3aKIIFOYAETCS] B CIIOCO0E HACHIIICHHS, TIOCKOJIBKY
WCTIONb3yEMBIE B HACTOSAIIEEe BPEMs B IPOMBINUIEHHOCTH CIIOCOOBI HACHI-
IIEHUs TPEAINOJaraloT MCIOIb30BaHWEe ra3o00pa3HOro (TopHUCcTOro BOIO-
poJa, 4TO COMPSXKEHO € PAJOM TEXHUUYECKUX TPYJHOCTEH.

Hcnons3oBanue TpuTOopuaa Kaius B KAUeCTBE IEKTPOJIUTA IS TTOITY-
yeHus Gropa NperbsBsieT K HEMY KECTKHE TpeOOBaHMs 1Mo npumMecsiM. He
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JIOIyCKaeTcsl N30BITOYHOE coJiepKaHie (PTOpUIAa aMMOHHS B JIEKTPOJIHTE,
MOCKOJIBKY 3TO HPUBOIMT K 3arps3HeHHI0 (ropa TpUPTOPHIOM a3oTa.
dropuasl aMMOHHUS HEOOXOIMMO BHOCUTh B KJIMHCOAEPIKAILEe BEIECTBO C
HEKOTOPBIM HEeOCTATKOM. B mporecce amexTponusa TpuTopH Kaaus mo-
CTEIEHHO TepsieT (TOPOBOAOPOA W IpeBpainactcs B IUGTOPUI Kamus U
¢ropun xamus. VcTomeHHBIH 1m0 (TOpUAY BOZOponda (TOPUA Kalisl BO3-
MOJKHO pereHepupoBaTh, NOOABIISA B HETO HOBBIC MOPIMHU (hTOPUIA AMMOHUSL.

CnHCcoK JUTepaTypshl
1. Pricc U.T'., Xumus ¢propa u ero HeopraHudeckux coeguaeHnid. M.: ['ocxumus-
nar, 1956, 718 c.
2. Tankun H.II., Kpytukos A.B. TexHomnorus ¢propa. M.: Aromuznar, 1968, 188 c.

HcciienoBanne noBepxXHOCTH TUTAHA MPH XUMUYECKOM
TpaBJIeHHH BO ()TOPCOAEPKAIIUX Cpeaax

A.C. Kpuxkyuenko, JI.A. Jleonosa

Hayunwuii pyxosooumens — 0.m.n. npogheccop T.HU. I'yzeesa
Tomcxuti nonumexnudeckuu ynusepcumem, 634050, Tomck, np. Jlenuna, 30,
krikunenko_anna@mail.ru

Tutan U ero CIUIaBHI OIMPOKO HCIIONB3YIOTCS B METUIIMHCKON TEXHUKE
Omaromapst CBOEW BBICOKOW MEXaHHYECKOW MPOYHOCTH, KOPPO3HMOHHOM
CTOMKOCTHU, HU3KOW INIOTHOCTHU U IIPOYUM IOJIE3HBIM CBOMCTBAaM, B 4aCTHO-
CTH, B BOCCTAaHOBHUTEIHHOI MEIUIITHE — B KAa4eCTBE MMIUIAHTHPYEMOIO
Marepuasa, JJIUTENLHOr0 paboTaloUIero B )XKMBOM OpraHu3Me.

®DopMHUpOBaHUE U KU3HEIESITEIBHOCTh TKaHEH OpraHM3Ma Ha I'paHHIe
pa3zena ¢ MHOPOIHBIM MaTEPHUaIOM 3aBHCHT OT psizia (aKTOpPOB, B TOM UHC-
Jie ¥ OT MOBEPXHOCTH UMILIAaHTUPYEMOro Marepuana [1].

OOBEKTOM HalIero MCCIEA0BaHUS SIBIISIIACH TOBEPXHOCTh 00pa3loB M3
tutana BT1-0 npumensemoro B MeauiuHe. Llenpio paboThl ABISIETCS H3Y-
YEHHE Mpolecca XMMUYECKOTO TPABJICHUs TUTAHA, U UCCIEAOBaHHUE CENEK-
TUBHBIX TPAaBUTENEH C HEBBICOKOH CKOPOCTBIO TPABIEHHUS, MO3BOJIIOLIMX
PeryiupoBaTh TONIIMHY CTpPaBJICHHOTO ciosi M (GopMupoBaTh penbed Ha
MOBEPXHOCTH TUTAHA C TPEOYyEMBIMH CBOHCTBAMH.

s 9ero aHANMM3MPOBAIMCH MapaMeTPhl TPABICHHS, MUKPOpETsed mmo-
BEPXHOCTH IOCJIE XUMHUIECKOH 00pabOTKH M COCTaB ITOBEPXHOCTHOTO CIIOS
nocie TpaBieHUA. /i1 HOCTMXEHHS TOCTAaBICHHOHN Iieny ObUTH BBIOpaHBI
TpaBUTENIX HA OCHOBE MUHEPAIBHBIX (CEPHOH, costHON U pochopHOit) Kuc-
J0T U GTOpUAA AMMOHHUS.
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[IpenBapuTenbHbI Ka4eCTBEHHBIH W KOJIMYECTBEHHBIN aHAJIU3 TOBEPX-
HOCTH 00pa3loB TEXHWYECKH YHCTOTO THTaHA ITOKAa3all, YTO KOJINYECTBO
nprMecei He TPEBBINIACT MECATBHIX—COTHIX HOJIeH TPOICHTa, OCHOBHBIE
npumecn amomunnit (< 0,7 %), xkpemauit (< 0,1 %) u xenezo (< 0,18 %),
KOTOpbIe HE MOJDKHBI OKa3bIBAaTh CYIIECTBCHHOTO BO3ACHUCTBHS Ha IIPOIECC
TpaBIICHHUS METaJIA.

ITapameTpsl TpaBiIeHHS (CKOPOCTH, CTEIIEHb TPABIICHUS, CHEM METaJlIA)
HCCIIEIOBAIIN TPABUMETPUIECKIM METOJIOM II0 ITOTEepPe MacChl 00pasia 110, 1
nocje TpaBlIeHHA. DKCIEpUMEHTAIbHO Obljla OIpeseieHa CTeNeHb TpaBiie-
HHS THTaHa B PA3JIMYHBIX KHUCIIOTHBIX TPABHUTENSX B 3aBHCUMOCTH OT HX
KoHIeHTparuit u koHueHtparmuun NHyF. C yBennueHunem KoHIEHTpanuu
KHUCIIOT (HE 3aBUCUMO OT €€ aKTUBHOCTH), MaKCUMAaJIbHOE 3HAYE€HHS PacTBO-
peHust caBUraeTcst B cTopoHy Oonbinx konnentpauuii NH,F. Hanbonpmiee
TpaBJICHHs, OYEBUIHO, MPUXOANUTCS HA MOMEHT IIOJIHOTO BBHITECHEHHS IUIa-
BUKOBOM KHUCIIOTHI W3 (ropuna amMmmoHus. [lameHne CKOpOCTH pacTBOpPEHHUS
MOCJIe MAaKCUMYMa MOYKHO OOBSCHHUTH HAIMYHEM U30BITKA COJIM TUTAaHA B pac-
TBOpE, a BO3MOKHO, U 00pPa30BaHUEM COJIEBOM IUICHKH MIPOAYKTOB PEAKIINH.

B o0xacti HU3KHX KOHIICHTpanuil (Topuna aMMOHHS B PacTBOpax MU-
HEepAIBHBIX KHCJIOT HAONIOJaeTcs JIHHEHHas 3aBHUCHMOCTH CKOPOCTH pac-
TBOpeHMs (TpaBieHus) TUTaHa OT KoHIeHTpauuu NH,F. B mannoMm ciywae
KOHLEHTPAIMHA KHUCJIOT 8 MOJIB/J SIBISIOTCS ONTHMAJbHBIMU JUIsl TPABUIIb-
HBIX PacTBOPOB, U ¢ yBenudeHueM KoHueHTpanmuu NHyF ctemens Tpasie-
HUS TUTaHa JITHEHHO BO3pacTaeT JI0 Mpe/ebHOT0 3HAYCHUSI.

C momoImIpi0 MHKpOaHAJIH3a yCTAaHOBJIEHO, YTO IIyOMHA SMOK TpaBJe-
HUS TUTaHa B HcTonb3yeMbIx cMmecax (¢ NH4F) Bapsupyetcs ot 4 10 6 MkMm.
OpmHako pa3Mepsl (IMamMeTpsl) SIMOK TPABICHHUSA B 3aBUCHMOCTH OT OCHOB-
Horo kKomroHeHTa TpaButens (HzPO,, H,SO,, HCI) pasusaTes u mocturator
20-40 mxM. Tax ke CymecTBeHHOE OTIIMYHE HaOIF0JaeTCs B ChEMe MeTal-
Jla 0 Macce, KOTOpOe YCTAaHOBWIIM I'PaBUMETPHUYECKUM METOIOM M C HC-
MOJIb30BAaHNEM KOJIMYECTBEHHOTO aTOMHO-3MHCCHOHHOrO aHanmuza. OTme-
YaeTcs 3HAYUTEIFHOE CTPABIIMBAHKE TUTAHA B COJITHOW M CEPHOM KHUCIOTAX:
Mo Macce — Ha MOPSAAOK Ooubine, yeM B ¢GochopHOH, XOTS MO TIyOuHe
TpaBJIeHHs HPOSBISAETCS HEOOBIIOE OTINYHE.

C HOMOIIBIO TOJNYYEHHBIX KMHETHYECKHX 3aKOHOMEPHOCTEH yCTaHOB-
neHo, uto npu Temneparype Ao 30 °C Turan TpaButcs B QochopHO-
KHCJIOTHOM PAacTBOPE CENEKTHBHO, a C YBEIWYCHHEM TeMIeparypsl (Ooiee
30 °C) nporcxoauT CMeHa MEXaHHW3Ma XMMHUYECKOH peakiii — OHa CMe-
mraercst B aupy3noHHYIO 00JIACTh pearupoBaHUs M TPABICHHE IPH 3TOM
nonupyrouee. B TpaBuTenasx Ha OCHOBE COJISIHOW M CEPHOM KHCIIOT CKO-
POCTb XUMHUYECKOW PEaKklnK BHICOKA M OHH SIBJISIOTCS] MOJHMPYIOLIMMHU, T.€.
JICHCTBYS Ha BBIMTYKIIOCTH, CIIIAXKHUBAIOT peibed.
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B pesysnbrare uccienoBaHuii ¢ ucronb3oBaHueM OKe-CIIEKTPOCKOIINU
ObUT MOATBEP)KAEH TOT (PAaKT, YTO Ha MOBEPXHOCTH MeETaiia IOCIE €ro
TPaBJIEHHUS MPUCYTCTBYIOT (DYHKIIMOHAIBHBIC TPYIIIBI BEIIECTB, BXOIAIINX
B cocTaB Tpasuteist. Tak Ha moBepxHocTH BT1-0 mocie TpaBmenus B pac-
TBOpe Ha ocHoBe H,SO, 0O0HapykeHO MPUCYTCTBHE CEpHI, a B PacTBOpE Ha
ocHoBe H3PO, — docdopa, omnaxo B HCI, B criry pacTBOpUMOCTH XIIOPH-
JIOB THTaHa B BOJHOM PacTBOPE, XJIOpa HE HAWJECHO.

TpaBsamas cmecs coctaBa NH,F : H3P0,=8:0,4 mons/n mo3Bossier co-
3/aBaTh MUKpopenbed M ocTaTouHblil (hochaTHBIN CIIOH Ha MOBEPXHOCTH
TUTAQHOBBIX H3JIENIUH, CHOCOOCTBYIOIINIT CPOACTBY € KajbLuii-hochaTHBIM
TMOKPBITUAM, U J'Iy‘-lH.IefI HUHTErpanyu B KOCTHYIO TKaHb.

CnHcoK TuTepaTypsl
1. VYcos B.B., IInotauxosa T.H., Kymakesuu C.A. TpaBieHue TUTaHa U €rO CILIa-
BOB. — M.: Meramnyprus, 1984. — 128 c.

TepmoguHaMnyeckne HCCIETOBAHUSA MPOLECCOB YAATEHUSA
¢rTopa U3 KOMIIEKCHOT0 OepULI-0epTPAHANT-(PeHAKHUT-
(¢1100puUTOBOTO CHIPHA.

H. U. Jlumeunos, A. C. Toncmuxosa, C. I0. Toncmuxoe

Hayunvui pyxosooumens — 0.x.H., npogheccop U. U. Kepun

bepunnuil 3aHMMaeT Ba)KHOE MECTO B COBPEMEHHOW IIPOMBIIUIEHHOCTH.
bnarogapst cBOMM YHHKaJIbHBIM CBOWCTBaM, OH Hallel NPUMEHEHHE B
ANEPHOM, KOCMHUYECKOH M aBUAIIMOHHON TEXHUKE, B IIPOM3BOJICTBE KEpaMu-
KU ¥ CTICIHAIbHBIX CIIABOB.

[IpucyrcrBue ¢ropa npu OcakAeHUH THApPOKCHIa Oeprmiuins oOycias-
JMBaeT BBICOKHE IMOTEpU OEpPWUIMS C MAaTOYHBIMHM PacTBOPaMH B BUJE
MPOYHBIX XOPOIIO PACTBOPUMBIX OepHIIHH-()TOPUIHBIX KOMIUIEKCOB, B
CBSI3M C YEeM BaXHOH 3amaueil sBisieTcs yaajaeHne (Topa W3 JaHHBIX KOH-
HEHTPATOB JI0 OCAXKAECHUS THAPOKCHAA OSPIILIHSL.

Haubonee mepcrneKTHBHBIMH METOJaMH yAaJeHHs (TOpa MpeaCTaBIsA-
IOTCS METOJBI, OCHOBAaHHBIE HAa YNAJICHWH JIETy4YHMX cOoeIWHEeHHH ¢ropa
(SiF4, HF), koTopsie B qanbHeiieM MOTYT ObITH TiepepaboTanst 10 NH4F mis
nocnenytomuero noiayuenust (NH4F),BeF,; u merammuueckoro 6epuiusi.

Lenpto naHHOW pPabOTHI SIBIASETCS TEPMOJMHAMHMYECKHI aHaAU3 BO3-
MOXHBIX PaBHOBECHBIX COCTOSHMH CHCTEM, 00pa3yIOIUXCS MPH TUIpOMeE-
TAJUTyprU4ecKod  mepepadOTKe  KOMIUIEKCHOro  Oepuui-OepTpaHanT-
(heHaknT-(IIIOOPUTOBOTO CHIPHSI, C LEJbIO OLEHKU MOBeAeHHs (Topa B rui-
pomeTautypruu Oepuuims.



XII Beepoceuiickaa HayuHO-NpaKkTUUeCKas KOHGEPEHLNA CTYAEHTOB U MONOABIX YUEHbIX
«Xumma n xummueckas Textonorus B XXI seke», TNY, Tomck, 2011 125

Jnisi paccMOTpPEHHBIX peakluil ObUTM MPOBENEHbI pacyeThl W3MEHEHHMS
sHeprun I'nb6ca u IgK, peakuuii mpu criemyromux temmeparypax: 298;
333; 353; 373; 423; 473; 523 u 573 K. J{nst pacueToB OBLT IPUMEHEH METO]
VYnuxa [1], ocHOBaHHBIA Ha BTOPOM NPHOIIKEHUN SHTPOIHHHOTO METO/A.
IIpu 5TOM monararoT, 4T0 Cp=CONSt, a C, 7=Cp,2g8, TOTAA

o T 298
-ﬁGr = -ﬁHzogs - TMEDQS - C:J,EQST[]‘HE + T B 1].

B kauecTBe HCXOAHBIX 3HAYCHHUI OBUIM HCIOJIb30BAHBI 3HAYCHUS IH-
TaNIBIIMN, SHTPONHUI U TEIJIOEMKOCTH BEIIECTB, B3SIThIC U3 CIPABOYHOMN JIH-
Tepatypsr [2, 3]. s BeliecTs, SHTPONHUS WIH TEIIOEMKOCTh KOTOPBIX He-
W3BECTHA, 3HAUYCHHs ObIJIM PACCUMTAHBI aJIMTUBHBIM METOJIOM. B cityyasix,
KOT/1a 3HAYCHHMsI DHTAIBIIMK 00pa30BaHMs BEIECTBA HE OBUIM JIOCTYIHBI B
CIPaBOYHOM JINTEPATYpEe, OHU PACCUUTHIBAINCH CYMMHPOBAaHHEM COOTBET-
CTBYIOILIMX 3HAYEHUH JJIsl HIOHOB, COCTABIISIIOIINX JIaHHBIE COSTUHEHHSL.

ITo pe3ynpraTam pacyeToB OBLTH COCTABJICHBI CXEMBI M TpPadUKH H3Me-
HeHnit 3Heprun ['m66ca u morapupma Kp mis 6omee yem 200 peaknmii cu-
JIMKATOB, OKCUIOB U (TOPUIOB HATPUS, KaIbIIMs, Keje3a, ATIOMHHUS U
OepHILTHS C CepHOI KHCIOTOM.

TpaJuIMOHHOE CEPHOKKCIOTHOE BCKPBITHE, MPOTEKAIONIEE MPU TEMIIe-
parypax mo 373K, He mo3BosieT yaaiuTh GTop, MOCKOIbKY B MPHUCYTCTBUU
BOJIbI OH CBSI3BIBACTCSI B BHUJIC MPOYHBIX (PTOPUAHBIX U (HTOPUIHO-
cynb(haTHBIX KOMIUIEKCOB ajlOMUHMS W Oepwius. JlanpHeililiee nmpokaiu-
BaHHe 00pPa30BAaBIIMXCSl COCAMHEHUIl MPHUBEJET JIMIIb K YaCTUYHOMY y/a-
neHuro Gropa M3 pacTBOpa, HO He B razoBylo (dasy, a B TBepay B Gopme
KpeMHe(TOPHIOB aJFOMUHHS U YaCTHYHO — OEPUILIHS.

[TpoBenenue mporecca BCKPBITHS B PeXKUME CyJib(paTu3anuu npu dosee
BBICOKHX TeMrmepaTtypax (1o 523K) nmpuBomut k 0Opa3oBaHHIO ra3oodpas-
HbIx mpoaykToB: SiF; HF, HSOsF. Tlpu 3ToM omnpenensionmm acneKkToMm
SIBIISICTCS. OTCYTCTBHC BOJBI B XKHIKOM COCTOSHHH, T.C. MPEIOTBPAIICHHE
00pa3oBaHys TUIABUKOBOH M KPEMHE(DTOPHCTOBOJOPOIHOMN KHCIIOT.

SiF, MoxeT 00pa30BBIBATHCS B pe3yJbTaTe PeakiMii B3aUMOJEHCTBHS
(hTOpUIOB METAIIOB, colepariuxcs B cucreme, ¢ H,SO,4 u SiO,. Ou Gyaer
MOKUaTh 30HY PEaKIUH BMECTE C HENpOpeardpoBaBIIUM (TOPOBOIOPO-
qom. ObpaszoBanne HSO3F BO3MOXHO B pe3ysbTaTe B3aMMOJACHCTBHS CEp-
HOM KHCJIOTBI ¥ (PTOPOBOJOPOJIA, & TaK K& B pe3yjIbTaTe B3auMOJEHCTBUs
cepHoro amrmapuaa ¢ ¢ropoogoposom. Omuako moBemxenue HSOzF
JIOJDKHO OBITH M3YYEHO OTJIENIBHO.

CrenoBarenbsHO, yaaneHue gropa OylneT MpouCXOoAuTh B BHUIE Ta3000-
pasubix SiF4, HF u, Bo3moxuo, HSO3F.

CxeMbl MpeBpalleHUi COCAMHCHUH OCpIUIHS W AIFOMUHUS, YYUTHIBA-
IOIIHME HAINPABICHUE PEAaKIIHii, MIOKA3bIBACT, YTO B COCTOSHHU PABHOBECHUS
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0o0a smeMeHTa OyAyT CTaOWIM3UPOBAaThCS B BHJIE KHCIBIX CYIb()aToB
Be(HSO,); u Al(HSO,)3, T.c. He OyayT yBsi3biBaTh HTOP.

TepMOOMHAMMYECKUN AHAIU3 BO3MOXHBIX COCTOSIHUM CHCTEMBI IOKa-
3aJ1, 9To0 HanboJjee MoHOe yaaneHne (propa BOZMOXKHO B Cllydae IpUMEHE-
HUS Cynb(haTH3alNN, 9TO TPEOyeT IKCIIEPUMEHTAIbHON IPOBEPKHU.

CnHCOK JUTepaTyphl

1. MopaueBckuit A. I'., CragkoB U. b. TepmoanHamudeckue pacdeTsl B MeTal-
nypruu: Crpas. n3g. — 2-e u3[l., nepepad. u nom. / — M.: Meramtyprus, 1993.
— 304 c.

2. Yokokawa Marumi Tables of thermodynamic properties of inorganic com-
pounds // The National Chemical Laboratory for Industry. — 1989

3. Psabun B.A., Ocrpoymo M.A., Ceudt T.®d. TepmoanHaMHUYECKHEe CBOWCTBA
BemecTB. CripaBounuk. — JI.: Xumus, 1977. — 392 c.

Omnpenesienne cofep:kaHnusA 0opa HA Pa3HbIX CTATUAX
TEXHOJIOTHH MepepadoTKH 0TX010B
BBICOKOIHEPTreTHYEeCKHX MAarHHTOB

E. C. JIanynosa

Hayunvui pyxosooumens — accucmenm kagp. XTPD, A. H. Cmpauixo
Tomckuti nonumexnuueckuu ynusepcumem, 634050, Tomck, np. Jlenuna, 30,
e-lyapunova@yandex.ru.

B TexHONMOrMM NPOM3BOACTBA JBHUIaTeNICii MOCTOSHHOTO TOKa, TeHepa-
TOPOB, CEMapaTopoB U APYIHX M3JEIHH BAXXHOE 3HAYEHHE NMEIOT MOCTOSH-
HbIE MarHUTHI, CPEAN KOTOPBIX BCe OOJIbIIee MPEANIOYTEHHE OTIAETCs Mar-
HUTHBIM cucteMaM Ha ocHoBe Nd,Fe4B.

IIpn nmpousBoacTBe MarHuToB 110 40 % MarHUTHOrO MaTepHaia TepseT-
Csl C OTXOZaMH, 3HAYUTENIBHYIO YacTh KOTOPHIX COCTABISIIOT IUIH(OTXOIB,
comepxamie 10 25 % Heomauma. B HacTosiee Bpemsi OTXOZBI MMPOU3BOJI-
CTBa MarHWTOB Ha OCHOBE HeoanMa B Poccum He mepepabaThIBAalOTCS, YTO
MPHUBOJUT K UX €XKETOJHOMY HaKOIICHHIO. Pa3paboTka TEXHOJIOTHH Tepe-
paboTky mII(OTXOIOB MO3BOJIHUT PEIIUTH MPOOIIEMY YTHIIM3AIINH TEXHO-
TeHHBIX OTXOJIOB, COKPATHThH 3aTpaThl Ha NMPHOOPETEHHE JOPOTOCTOSIIETO
MMITIOPTHOTO CBHIPbSl M BEPHYTH 3HAUMTEJIBHYIO €r0 4acTh B IPOU3BOICTBO.
Crnenyer ydecTs, 4to nonutuka Kuras, ocHoBHOro nocrasmuka P33, opu-
€HTHPOBaHAa Ha yBEJIMUYEHHE MHUPOBBIX IieH Ha P3D mponykrtel. B cBs3u ¢
9THM NpodieMa nepepadoTKH NUIH(OTX0A0B, OOTaThIX HEOJUMOM, IIPHOO-
peraer Bce OOJIBIIYIO aKTYaJIbHOCTb.
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B paborax [1-3] Obu1 mpemIoKeH CIOCO0 MaIOOTXOAHOM THIpOMETAa-
Jyprudeckor nepepaboTku MIH(POTXOI0B, BKIIOYAONIINNA pa3ebHOE BbI-
BEZICHHE HEOANMa U jkere3a. MeToapl ynaueHus 0opa U3 CHCTEMBI H3y4YeHBI
HE OBLITH.

Henpro maHHO#N pabOTH SBISUIOCH M3YYCHHE paclpeneiicHus Oopa Imo
CTaIusIM TIpoliecca rmepepadoTku NUTH(POTXOAOB U ONpPEeTICHHE BO3ZMOKHO-
CTH €r0 YIaJCHUS U3 CHCTEMBI.

MertomoM aTOMHO-3MHCCHOHHOTO aHalM3a C WHAYKTHBHO-CBSI3aHHON
TUIA3MOM OTIPE/ICNICHO coJieprkaHne O0opa Ha passIMYHbIX CTaIUSIX TEXHOJIOTH-
geckoro mnpotiecca. [lonydeHHbie pe3ynbTaThl IpUBeIeHb! B Tabmunax 1 u 2.

Tab6..1. Conepxanne B u Fe Ha Ha"yanbHBIX CTaIMSIX MpOIecca.

audorxoasl, | Hemarnurnas PactBop nocie BbI-
Ne n/n
MI/KT ¢pakuus, MI/Kr | meJaYuBaHs, 1/J1
1 B 7375 203,29 0,65
2 Fe 57821,81 13973,64 52,25

W3 tabaums! 1 BUIHO, 4TO HA CTaJUM MAarHUTHOHW cemaparuu 6op mepe-
XOJUT B MAarHUTHYIO (ppakiuro, Tak Kak coaepkaHue Oopa B abpasuBe (He-
MarHuTHO# wactu) He npesbimaet 203,29 mr/kr. B HemarnutHoi (pakunu
M OCaJIKe IT0CJIe OKCAJIATHOTO OCaKAEHHS OOp NMPUCYTCTBYET B KauecTBeE
MHKPOIIPUMECH.

Taoua.2. CO}IGp)KaHI/IC B u Fe na OTACJIBHBIX CTaAUAX MPOLECCa MMOCJIE OKCAJIATHOI'O
OCaKJICHU.

Ocaaok nmocie
PacTBOp nociie
0KCaJIaTHOI'0 OcaxxaeHHoe Kejie30,
Ne n/m FON— OKCAJIATHOTO MI/KE
::cf/” ’ OCaKIEeHMSs, I/J1
1 B 97,95 0,34 2129,10
2 Fe 1144,02 24,61 130590,2

AHanu3 OCaXKICHHOI0 OKcajaTa HeOJUMa CBUIETENILCTBYET O MPaKTH-
YECKH MTOJTHOM OTCYTCTBHH B HEM Oopa.

IToka3aHo, 4TO OCHOBHOE KOJHMYECTBO OOpa COAEPKUTCS B CHILHOKHUC-
JIBIX pacTBOpax, 00pa3ymoIMXCs Ha CTaJANU OKCAJaTHOTO OCAX/ICHUSI.

OmnpenenenHo, 9To 00p BBEIBOJIUTCS M3 CUCTEMBI C OCAKISHHBIM KEJIE30M.

ITonyuyeHHBIC pe3yIbTaThl MO3BOJIIOT YCOBEPIICHCTBOBATH TEXHOJIOTHIO
nepepadoTKU HMUTU(POTXOAOB 332 CYET COOCAKICHHS OOpa C THAPOKCHIOM
xKeresa.
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Hcnonb3oBanue XJ10puaa aMMOHUS VI BCKPBITHS CYJIb()HIHBIX
xBocTOB HoBOCHOMPCKOTO 0J10BSIHHOT0 KOMOMHATA

JI.LH. Manromun

Hayunwuii pyxogooumenvs — accucmenm, B.A. Fopucos
Tomckuii nonumexnuueckuu ynugsepcumem, 634050, Tomck, np. Jlenuna, 30,
borisovtiger86@mail.ru

B nocneanee BpeMsi 04€Hb OCTPO CTOUT BOMPOC 00 yTUIU3ALMU OTOPO-
COB, IUIAKOB, Iepepab0TaHHOW pYIbl, OCTAIOLIMXCS IOCIE H3BJICYCHUs
LOCHHBIX JJICMCHTOB B XUMHYECKOH MMPOMBINIICHHOCTH. AKTyaJ'H)HOCTI) 9TOU
npobieMbl 00YCIIOBIICHA HECKOJIBKMMHU acrleKTaMu. Bo-TepBbIX, XBOCTHI,
OCTAOIIHMECS] B XOJI€ MPOM3BOCTBA PA3TMUYHBIX MATEPHAIOB, HE PEIKO CO-
JiepykaT OOJBIIOE KOJMYECTBO MOJIC3HBIX BKIIOYCHUM, COSJUHEHHIA MeTa-
JIOB, KOTOPbIE MOXHO BTOPHYHO HCIIOJIb30BaTh B MPOM3BOJICTBE MaTepHa-
JIOB, YUTO CHIDKACT 3aTPaThl HA NOOBIBAHUE PY/IBI, €€ ICPBUYHYIO 00pabOTKY,
M3MeNbUYeHHe U oboramieHne, a TakkKe JenaeT BO3MOXKHBIM Oojee 3¢ dek-
THUBHO HCIOJIB30BATh CHIPHEBLIC 3aIIaCHI. BO-BTOpI:.IX, 6OJ'IBHIaH 4qacTb OTpa-
00TaHHOM PyIBl BCEX XMMHYECKHX HMPOM3BOJICTB CKIAANPYETCS HAa OTKPHI-
TOW MECTHOCTH WIIM 3apbIBaeTCs B 3eMJII0. B OOJNBLIMHCTBE CilydaeB LUIAKH
COICpIKAT BECUICCTBA, KOTOPBIC ABJIAIOTCA AdaMH JIJIA PACTHUTCIIBHOTO, KU-
BOTHOT'O MUPA U YEJIOBEKA.

OOBEKTOM HAIIMX UCCIICAOBAHUN SBISUTUCH CYb(uIHBIC XBOCTH HoBO-
CHOMPCKOTO OJIOBSTHHOr0 KoMOuHaTa. COCTaB JaHHBIX KOHIIEHTPATOB MPE-
cTaBlicH B Tabmwuie 1.
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Ta6uuna 1. CoctaB cynbpUIHBIX XBOCTOB HOBOCHOMPCKOTO OJOBIHHOTO KOMOHHA-
Ta, B Macc.%:

sn|culsb|Fe|Pb|As| S |Al| zn |cao]sio,| wo, |H,0
0,74]1,03[0,01]282]1,4]10,7[22,4]1,2[1,21]1,07 | 11 0,093 ] 10

Lenbto uccnenoBaHUN SBISIIOCH BCKPBITHE PYIBI C 3aJlaHHBIM COCTa-
BOM XJIOPaMMOHHHHBIM CIIOCOOOM M H3BJICUCHHE W3 PYIBI CIETYIOMINX
sneMeHToB: Fe, Pb, Cu, Zn, W.

3amaun uccnenoBanuii: 1) pa3paboTaTh METOIMKY BBIJICICHUS KOHIICH-
TPaTOB YKa3aHHBIX JJIEMEHTOB M3 PY/bI C 3aJaHHBIM COCTaBOM XJIOPAMMO-
HUWHBIM CIIOCOOOM M amnpoOupoBaTh ee B J1aOOpaTOPHBIX YCIOBUSX; 2)
MPE/JIOKUTh ONTHMAJBHBIC YCIOBHS BCKPBITHSA PYZbl (YCTAHOBHTH OITH-
MaJIbHBIA TEMIICPATYPHBIH PEKUM ISl BCKPBITUS PYIbI XJIOPHUIAOM aMMO-
HUS, YCTAaHOBUTH BpeMsi, HEOOXOIMMOE JIJIsl HanOoJjiee MOTHOTO W3BIICUCHS
YKa3aHHBIX 3JIEMEHTOB W3 PYIBI IPH ONTHMAIEHOM TEMIIEPATyPHOM PEKH-
Me CIIEKaHUs e C XJIOPUIOM aMMOHHS).

XI0paMMOHHHHBIN METOJ] BCKPHITHS PYIBI COCTOUT B CIICAYIOIIEM: PY-
Jla CIEKaeTcs C XJIOPUAOM aMMOHHS IIPH OMNpENCNICHHON TemImeparype
(TIpOHCXOANT XIIOPUPOBAHHE KOMIIOHEHTOB PYIBI), 3aTeM 00pa3yromasics
Macca MPOMBIBAETCSI MOJAKUCICHHON COJITHOM KUCIIOTOM BOJOH, QHIBTPYyeET-
cs1, octaTok BeicymmBaercsi npu temneparype 150 °C. ITo macce ocratka,
00pa3yIoIIerocss MOCie BhINEIAYMBAHUS, AHATU3UPYETCS MOJHOTA H3BJIC-
YCHUS MOJIC3HBIX 3JICMEHTOB W3 PY[Abl. DJIEMCHTBI, U3BJICUYCHHE KOTOPBIX
HEOOXOIUMO MPOU3BECTH, HAXOIATCS B PYy/IC B BUIC OKCH/IOB U CYJIb(MHIOB.
CrenoBatenbHO, MX B3aUMOJICHCTBHIE C XJIOPUIOM aMMOHHUSI OyJIET UJTH I10
YpaBHCHHSIM:

Fe,03+6NH,Cl=2FeCl;+6NH;3+3H,0 (1)
FeS+2NH,Cl=FeCl,+H,S+2NH; (2)
PbS+2NH,CI=PbCl,+H,S+2NHj; (3)
CuS+2NH,CI=CuCl,+H,S+2NH; (4)
ZnS+2NH,Cl=ZnCl,+H,S+2NH; (5)

WO3+2NH4C|=WOZC|2+H20+2NH3 (6)

PactBop, conepskamuii xopuasl Fe, Pb, Cu, Zn, W oGpabaTsiBanu am-
MHA4YHOM BOJOW U BBIAEISIM KOHIIEHTPAT, coaepkamuii Fe, Pb u W u kon-
HeHTpar, cogepsxarmii Cu u Zn.

MertonoM peHTreHo(}ha30BOr0 aHAIM3a ObUTA WCCIECTOBAHBI HMCXOIHAS
pyJa H OCTaTOK IOCIIE BBIICIAYNBAHUS MPOXJIOPUPOBAHON Pyabl. AHAIH3
PEHTTCHOTrPaMMBI UCXOJHOM PyABI MOKa3all, YTO UCXOJHAs PyJa B OCHOB-
HOM COCTOMT W3 MHPHTA, MBbIIIbika, okcuaa mbimbsika (1) u anokcuma
KPCMHUSL.

AHau3 PEeHTreHOIPaMMBbl OCTaTKa IMOCJE BBIMICIAYMBAHUS POXJIOPH-
POBaHOW PYIbl MOJYYHBIIETOCS IIOCIE XJIOPAMMOHHUHOW 00pabOTKH HC-
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x07HOH pysl ipu 395 °C U NpOJOKUTETFHOCTH crickaHus 50 MUHYT TO-
Ka3aJl, 4YTO KOHIIEHTPAT COCTOUT B OCHOBHOM M3 okcuaa xenesa (1), n qu-
OKCH/a KPEMHHS.

B xoz1e nccnenoBaHust ¢ MOMOIIBIO XJIOPaMMOHUITHOTO cIIoco0a BCKPBI-
TSI PyZAbI OBUTH BBIJEIICHBI JKEIE€3HO-CBUHIIOBBIH M MEJHO-IIMHKOBBIN KOH-
HeHTpaT. B xozxe crekanust 0OpasyroTces ra3000pa3HbIe MPOLYKTHL: aMMHAK,
CEpOBOJIOPOA M XJIOPUA MBIIIbSIKA, KOTOPHIC YJIAaBIMBAIOCS HMOTIOTHTENIEM
(rumpoxcugom ammonus). Uz 80 r cympduaroro xsocra HoBocubupckoro
OJIOBSHHOTO KOMOWHATa YJajJoch BBLACIUTH 25T JKEJIe3HO-CBHHIIOBOTO
KOHIIEHTpaTa, ¢ cojep:kanuem Fe — 68 %, Pb — 2,7 % u 1,5 r meano-
IIMHKOBOTO KOHIICHTpaTa, ¢ coaepxkanuem Cu — 47 %, Zn — 33 %. Macca
He TIpopearupoBaBIIero ocTaTka cocrtaBuia 31 r.

BriBoa: Takum obpa3zoMm Obuta pazpaboTaHa METOJMKA BCKPBITHUS XBO-
cToB HOBOCHOMPCKOro OJIOBSIHHOTO KOMOWHATa XJIOPAaMMOHHUITHBIM CIIOCO-
O0M C BBIAEICHUEM XKEJIE3HO-CBUHIIOBOTO M MEJHO-IIHHKOBOTO KOHIIEHTPA-
TOB; OBUIM YCTAHOBJICHBI ONTUMAIIBHBIC YCJIIOBHSI BCKPBITHS XBOCTOB: TEM-
nepatypa — 395 °C, BpeMs IpoKaTUBaHUA COCTaBUIO 50 MUH.

II'mapokcHanaTuT Kak HeOpraHudeckuii copoeHT ypaHna

H.A. Hukumeesa, A.B. Ilacvinkosa, J1.A. Jleonosa, O.A. Jleniok

Hayunwuii pyxogooumens — k.m.H., accucmenm JIL.A. Jleonosa
Tomcxuti nonumexnuveckuul ynusepcumem, 634050, Tomck, np. Jlenuna, 30,
nadianik77@gmail.com

B HacTosmiee Bpems pa3paboTka 3(h(HEeKTUBHBIX COPOLMHUOHHBIX MaTepHU-
QJIOB JUISl N3BJIEUCHUS PAJHOHYKINAOB U3 BOJHBIX PAacTBOPOB aKTyalbHa B
CBSI3M C BXXHOCTBIO PaJHO3KOJIOTHYECKHX NPOOJIEM, BHI3BAHHBIX HaKOILIE-
HHEM M 3aXOPOHEHHEM JKUJIKHX OTXOJIOB YPaHOBBIX MPOM3BOACTB. JlJist m3-
BJICUCHHS JKUJIKHX, PAIHOAKTHBHBIX OTXOJOB, B TOM YHCJIEe ypaHa M TpaHC-
YPaHOBBIX JJIEMEHTOB B OCHOBHOM HCIIOJIB3YIOTCSI Pa3iIMUHBIE OpTraHUYe-
CKHe ¥ HEOpPTaHUYECKHE COPOSHTHI: ATFOMOCHIUKATEI, (POCHOPHUTHI, IIEOTH-
TBI, HA OCHOBE XHTO3aH4, LEIJII0JI030COAEPIKaIINe, Ha OCHOBE THIAPATHPO-
BaHHOTO JMOKCHA TUTaHA W UPKOHUS [1].

[IpencraBnenHble cOPOEHTHI UMEIOT DSl HEJOCTAaTKOB: HEBBICOKAs M3-
OMpaTenTbHOCTh, OCOOEHHO IPH BBICOKOM COJIEpP)KaHUU COJIEH JAPYIUX diie-
MEHTOB; HU3Kasi MEXaHHYeCKasi MPOYHOCTh, HU3Kasl TOPHCTOCTD; MOBBIIICH-
Has CEJICKTMBHOCTb B OTHOIICHHWH JIMIIb HU3KOAKTHBHBIX BOIHBIX (a3;
MHOTHE U3 COPOEHTOB — JOPOTOCTOSIIHE; CIOXKHBI B ITOJYYE€HHH, pereHe-
pauuu u xpaHenuu [1].
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B nuTeparype BcTpedaroTcst pabOTHI 110 HCHONB30BAHNIO CHHTETHYECKO-
ro runpokcuanarura (I'A) B kauyecTBe HEOPraHUUECKOTO COpOEHTa JUIsl M3-
BJICUCHUS WJIN CBsI3bIBaHUs pamuoHyKIHIOB [2]. TA Cajp(PO4)s(OH),, oc-
HOBHOH (ocdaT KanpIusd, IMEIOIMHUKA CIOCOOHOCTh K M30MOPPHOMY 3aMe-
MIEHHUIO U 001aaomuii COPOIIMOHHBIMH CBOMCTBAMH K LIEJIOMY PsIy KaTH-
OHOB M aHHMOHOB, B TOM YHCIE K TSDKEIBIM METaUIaM M PaJHOHYKINAAM
MPECTABISIET HAYYHBIH MHTEPEC, MMCEIOMNH XOPOIINE IMEPCIEKTUBBI IS
MPOMBIIIICHHOTO HCIIONIB30BAaHUA W PEMICHHUS SKOJOTMYECKHX IpoOiIeM.
[TosTomy uccienoBanus B odaacTu cuHte3a ['A 1 pa3paboTKK TEXHOJIOTUH
MOJy4eHHsI COPOCHTOB Ha €r0 OCHOBE, SIBIISIOTCS aKTyaJbHBIMH 3a/la4aMH.

Llenbro JaHHOM paboOTHI SABISIIOCH HCCIIEA0BaHUE COPOIIMOHHBIX CBOHCTB
I'A 1o oTHOIIEHHIO K ypaHy U BBISBICHHE BO3MOKHOCTH HCIIOJIB30BaHUS
€ro B KauecTBe COpOCHTA.

Bruto npoBeneHO Hccaeq0BaHne COPOIMOHHBIX cBOiicTB I'A B cTaTtude-
CKHUX YCJIOBHSIX ITO OTHOLICHHIO K ypaHy. i1 n3ydeHuns nporecca coponuu
ypaHa k cycnen3un ['A (mocie sxcnpecc-cuaTe3a I'A [3]) mobaBisiim HUT-
patHbeIe pacTBOpHI, coaepxkamue U(VI). Cmech mepeMenmBaid U BBIIEP-
JKUBAIM TIPH KOMHATHOHM TeMIepaTrype A0 yCTaHOBJICHHS HOHOOOMEHHOTO
paBHOBeCHsI, Aajee XXUAKYIo a3y OTAENAIM OT HOHUTA LEHTPU(YTHpOBa-
HHEM U aHAJIM3UPOBAIHU ITOIEMEHTHBIH COCTaB C UCIIOJIb30BAHNEM aTOMHO-
SMHICCHOHHOTO aHAJIM3a M C MOMOIIBI0 CTAaHAAPTHON METOAMKU Ha COJEp-
JKaHUE ypaHWI-MOHOB. KoJHMYecTBEHHbII aHaiM3 KuAKo# ¢asbl, mocie
MpOBEJICHHs Mpolecca cOpOLMH, MOKaskiBaeT, uTo comepxkanne Ca’’ yBe-
JMYUBAETCA, 110 CPABHEHHUIO C HAYAJIBHBIM COAEP)KaHHEM HMOHOB KaJblUA B
pactBope. TBepayto ¢asy Ha cojepikaHHMe Kallblusi/ypaHa Tociie oOMeHa
WOHaMH C HUTPATOM YpaHWia HCCIEAOBAIN 3JICKTPOHHO-MUKPOCKOIH-
YECKUM aHaJIM30M C 3HEPTrOANCIIEPCHOHHON PUCTABKOM.

Jus onpenenenns GppaknHoOHHOTO (TpaHyJIOMeTpryeckoro) cocraa ['A
JI0 ¥ TT0CIe COpOIMH ypaHa ObUT OCYIIECTBIICH CEIMMEHTAMOHHBINA aHaIN3.
Ha ocHOBaHNM J@HHBIX CEIUMEHTAIMM YCTAaHOBIICHO, YTO 10 COPOIUH ypa-
HWI-WOHOB ocanku ['A mommancnepcHsl. OCHOBHYIO MacCy OCakKAaeMoro
T'A cocraBmsiroT yacTuipl auamMerpoM 10 0,6 MKM, TO €CTh MPEICTaBisIeT
coboii HaHOTHApOKCcHanaTuT. Ilocie copbunm mMoHOB ypaHwia Ha [A —
MPOMCXOIUT 3aKOHOMEPHOE YBEIIMYEHNE YACTHIl, YTO OBUIO MOKa3aHO MY-
TEM HOCTPOCHHUS WHTETPATBHBIX KPUBBIX PacpeieCHNs pa3MepOB YaCTHIIL.
OcHoBHyto Maccy ['A ¢ copOMpOBaHHBIM ypaHOM COCTABJIIOT YaCTHIIBI
JraMeTpom 1o 1,2 MKm.

OKCHEepUMEHTHI 110 HMCCIJICIOBAHUIO TIpoliecca COpOLMHU ypaHHI-HOHOB
Ha TUAPOKCHAIIATUTE TO3BOJIMIIM ClIeNaTh BHIBOA 00 M30MOpQHOM 3amMele-
ann Ca®* Ha UO,%". YCTaHOBIEHO, YTO MpPOLECC COPOLMHM JIydlie BCEro
NpoUCXOIUT Ha HaHO-I'A. PoCT 4yacTuI B JaHHOM Cilydae OCYIIECTBISIETCS
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3a CYCT BHEAPCHHUS U022+ B MOJICKYJTy THIPOKCHATIATUTA, O Y€M CBUJICTCIIb-
CTBYET JaHHBIC CCIUMCHTAI[MOHHOTO aHaiau3a mociie copbuuu. Hanorua-
pOKCHANaTUT 00J1aJaeT MOBBIIICHHOH COPOIHOHHON EMKOCTBIO 10 OTHOIIIE-
HHUIO K U3BJICKACMBbIM W3 HUTPATHBIX PACTBOPOB MOHOB ypaHWIIA B Juaria-
30HE KOHIEHTpanui 1-3 I/ 1 MOXKET MCIOJIB30BATHCS B KA4eCTBE KOMIIO-
HEHTA MPOTHBOMUIPAIIMOHHBIX 0aphEpPOB B MECTAX 3aXOPOHCHUS paguoaK-
THBHBIX OTXOOB.
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CuHTe3 KOMIO3UIMOHHBIX MATEPHAJIOB HA OCHOBE
NOJIUTETPAPTOPITHICHA U TMOKCHAA TUTAHA

.C. Ilaxomos

Hayunwiii pyxosooumens — accucmenm A.C. Kaumaeg
Tomckuti nonumexnuueckuu ynusepcumem, 634050, Tomck, np. Jlenuna, 30,
pakhomov@tpu.ru

droprionumeps! (PpropomaacTel) — YHHKaJIbHBIE CHHTETHYECKHE MpO-
IyKTBI. BBICOKas MPOYHOCTH CBSA3M aTOMOB (TOpa M YyIiepoja B MaKpoOMO-
JIeKyJax oOyCIOBIUBAIOT COYETAaHUE IICHHBIX CBOMCTB, OTIMYAIOMINX UX OT
BCEX JPYTUX ITOJUMEPOB. YHHUKAJIbHBIE CBOWCTBA (PTOPIIOTUMEPOB BBIIBH-
HYJIH WX B YHUCIO BEIYIIMX MOJMMEPHBIX MaTepuaioB. [Ipow3BOACTBO U
notpedieHue GropcoepKaIlux MOJIMMEPOB M M3JIENUI Ha UX OCHOBE I10-
CTOSIHHO PACHIMPSIOTCS B CBS3H C BO3pacTaHHEM MOTPEOHOCTH B 3TUX MaTe-
pHuanax B TEXHUKE, Hayke U ObITY. [10 yIIydnIeHu o CBOMCTB (hTOPOILIACTOB,
MPOBOJIUTHCS OOJIBIIOE KOJMUYECTBO HCCIIEIOBAaHM, HO BaKHOH IpOOIeMoi
oCTaeTcs CO3JaHWe KOMIIO3HIIMOHHBIX (DTOPIIOIMMEPHBIX MAaTEpHAIOB Ha
OCHOBE JMICTIEPCHOTO HATIOJTHUTEIS.

OOBEKTOM HCCIICIOBAHWM SIBIIIETCS pa3pabOTKa METOJa KOJMYECTBEH-
HOTO BHEIPECHHS TUOKCHIA THUTaHA B MOJUMEpPHYIO MaTpuily u3 IIT®D u
TEXHOJIOTHS [OyYEHHs MOJIEKYIspHOTro Kommosuta [IT®D u TiO,.
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[IpenBapuTenbHO NPOBEJCHHBIE UCCIIEA0BAHNUS TIOKA3bIBAIOT, YTO CMECh
nopoikooopasseix [ITOD u (NH,),TiFs KomuyecTBEHHO MeperoHsieTcs ¢
obpazoBanmeM (ropnoiamMepHoro nopomka. Meromom UK cnexrpomerpun
B CHHTE3UPOBAHHOM IIOPOIIKEe OOHAapyXeHbl cBs3u Ti—F mpm obGpaboTke
aMMHa4HOH BOJI0# TiposBisiforest csizu Ti—O [1].

Omsitel 1o Tiepekoraencanuu [T u (NH,4),TiFs ocymecTisuics B
TpyO4aTOi me4yn, BHYTPh KOTOPOH NMOMEIICHa HHUKEJIEBash PETOpTa, COCIou-
HEHHAs ¢ TEPMETUYHON E€MKOCTbIO, B HIDKHEH 4acTH KOTOPOW HaXOAMJICS
pacTBOp aMMHUaKa.

BayTps petoptel momemianuchk otxonsl [ITDD, mpencrasmisionue co-
6oif cTpyxKy 1 dacTtuipl pasmepom 3—7 mm u (NH,),TiFs. HaBecka IITDD
¢ moctosiHHOM Maccod 200 r, mMXToBanach C OMpeNeseHHONW T00aBKOH
(NH,),TiFs u BapbupoBanach B 3aBHCHMOCTH OT YCJIOBHIl DKCIICPHMEHTA.
BuyTpp emxoct HanuBaetcs 1600 mut muctuiumpoBanHo# Boasl u 400 miu
pactBOpa ammmaka 25 % macc. B pacTBOp MHTEHCHBHO NEpEMEIINBACTCH.
EMKOCTB repMeTHsupyeTcsi KpBIIKOH. PeakTop HarpeBaeM OT KOMHATHOM
Temneparypsl, 1o 575 °C. Bpems sxcniepumenta — 270 MuH.

3a Bpems skcnepumenta 270 mun, cmech [ITDD u (NH,),TiFg komude-
CTBEHHO IEPEroHAETCS B EMKOCTh ¢ aMMHayHOU Bojioi. IITDD He B3aumo-
neiictyert, a (NH,),TiFg konuuectBenno nepexoaut B T10,.

Kommosut cocrostuii u3 [IT®D u TiO, omkumarcs Ha GUIbTPE, Cy-
HIMJICSL M TIO/IBEPrajics UCCIEAOBAHUSIM METOJIOM TEPMHUUECKOTO aHaIu3a M
P®A- u UK ciektpockomnuei.

Cepuro onbITOB o TepMoaecTpykimu [ITOD npooannu mpu pasnny-
HBIX KOHIIEHTpaIusix rekcadroporuranarta ammonus (1, 5, 10, 15, 20,
30 %) macc. CieacTBueM MPOBEICHHOTO SKCIICPUMEHTA SIBISAETCS 3aBHCH-
MOCTb BbIX0j1a OT KoHIeHTpauu BBoguMoro (NH,),TiFs. (puc. 1).
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Puc. 1 3aBucumocts Beixoga OOIT oT KOHIEHTpaLMK TeKkcaGTOPOTUTAHATa AMMOHHS
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C yBenMyeHHWEM KOHIEHTpPAWU BBOJMMOTO TreKca)TOpOTHTaHATa aM-
monus ¢ 1 % 1o 30 % yBennumBaeTcsi BEIXO (PTOPHOIMMEPHOTO MOPOIIKA
(PIIIT) ¢ 10 % no 44 %, npu 3TOM Macca TBEPAOTO OCTaTKa yMEHBIIIAETCS C
12 % no 10 %, 1o cpaBHEHHUIO C COJIEpPXKAHHEM TBEPAOTO OCTATKAa B OJHO
nporieaTHOM @IIII. OnTHManibHBEIM KOJHYECTBOM J00aBISIEMOTO TeKca-
(ropoTuTaHaTa aMMOHHS BEIOpaHO BBeneHHe ero B konmmdectse 30 % macc.
IIpu stom BeIxOm PIIIT cocraBmser 44 %, TBepHBIid OCTATOK B peakTope
cocraBmsier 10 %, motepu B OKpyXaromyro cpeay coctaBmwin 46 % B yka-
3aHHBIX PEKUMAaX CHHTE3a.

JlanpHeHmM 00beKTOM HalllMX MCCIIEOBAHUI SBISETCS M3TOTOBICHHUE
W3 CUHTE3UPOBAHHOTO MPOJYKTa Pa3IMYHBIX W3AEIHH MPECCOBAaHUEM C TO-
MOMIBIO TIpecc GOpM M THAPABIMYECKOTO Tpecca.

CnMcoK JTuTepaTypsl
1. Hakomoto K. UK cmektpsr 1 ciektpsl KP HeopraHnueckux u KOOpAMHAIMOHHBIX
coemunenuit. — M.: Mup, 1991. — 536 c.

Crioco0 nmosryuyenus ¢propuaa aTIOMUHHSA C HCIIO0JIb30BAHHEM
rekca)TopKpeMHHEBOIl KUCJIOThI

HU. B. llemnun

Hayunwuii pyxogooumenv — 0.m.u., 3as. kagpeopou XTPD, A. H. [{vauenxo
Tomckuii nonumexnuueckuu ynugsepcumem, 634050, Tomck, np. Jlenuna, 30,
ilya-petlin@yandex.ru

DTOpUI ATIOMHMHHUS HCIOIB3YeTCs] KaK KOMIIOHEHT JJIEKTPOJIMTA IPH
3JIEKTPOIM3HOM MOJyYEeHUH amoMUHUs [1].

IIponsBoacTBO Qropraa amOMUHHS OCYIIECTBISIETCS MO TaK Ha3bIBae-
MO «MOKpOF» cXeMe, OCHOBaHHOH Ha B3amMopaeicTBun 24—27 % TexHuve-
CKO# (hTOPUCTOBOIOPOIHOM KHCIOTHI C THAPOKCUAOM aFOMUHHS [2]:

AIl(OH); + 3HF = AlF; + 3H,0

TeXHONOTHYECKHA UK MPOM3BOJCTBA (PTOPHUIA ATIOMUHHS BKIFOYACT

CIIEYIOIIE OCHOBHBIE CTa/INN:
1. CepHOKHCIOTHOE pa3iokeHue GIIOOPUTOBOTO KOHIIEHTpaTa.
2. AGcopOrus IpoayHUPYEMBIX Ta30B C 00pa30BaHHEM TEXHUYECKOH (GTo-

PUCTOBOAOPOAHON KUCIIOTHI.

3. Ouuctka GTOPUCTOBOIOPOAHON KHCIOTHI OT HPUMECH T'eKcadTOpKpeM-
HUEBOM KUCIIOTBHI.

Ipouece moay4eHus: KPUCTAIUIOB (PTOPUIA ATFOMHHUS.

OupTpanysi, CyIIKa ¥ IPOKAIMBAHHE KPUCTAIUIOB (pTOpUaa amOMUHHS
1o AlFs;.

ok
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KadecTBo McHonb3yeMoro (GuioopuTOBOIO KOHIIEHTpaTa HE IMO3BOJISIET
MOJYYUTh (PTOPUCTOBOJOPOJHYIO KHUCIOTY HEOOXOAMMOHN YHCTOTHI, KOTO-
past 3arps3HAeTCS MPUMECHI0 reKcap TOPKPEMHHUEBOH KUCIIOTEL

OcHOBHOW TIPOOIEMOil TEXHOJIOTHH SBIISETCS HEOOXOAUMOCTh OYHCTKH
(TOPHCTOBOIOPOIHOM KUCIOTHI OT reKcaTOPKPEMHUEBOH KHCIIOTHI.

Henpro maHHO# pabOTH ABISUIIACH pa3paboTKa crocoda moydeHus Gpro-
pHIa aJIOMHHUSA C UCIIOJNB30BaHHEM IeKCa()TOPKPEMHHEBOW KHCIIOTHI, Ha
OCHOBE CIIEIYIOIIEH PEAKIIU:

stiFe + 2A|(OH)3 = 2A|F3 + S|02 + 4H20

JlaHHbIi crIOCOO OCHOBaH Ha CBOWCTBE (hTOpUIA ATFOMUHHS 00pa3OBbI-
BaTh YCTOWYMBBIE MEPECHIILICHHBIE PACTBOPHI. B BoIHBIX pacTBOpax ¢propua
AJITIOMUHHUA o6pa3yeT MeTaCTa6I/IJ'II>HI)IC TUApAaThI. OTO MO3BOJISIET ycnemHo
pasnenate Gropun amoMuHuS u Kpemuerens (SiOp) mytem (GHIbTpanuu
o0pa3yomieicst CyCclieH3un U JalbHEHIIeld POMBIBKH OCallka KpeMHeres
Booii [3].

[puHIMIManeEHas cxeMa mHpolecca IONydeHus (QTopuna AIOMHUHHS C
UCIIOJIb30BAaHUEM TeKCa TOPKPEMHHEBOI KUCIIOTHI IIpeicTaBleHa Ha puc. 1.

PacTtBop H2SiFs Mynena Al(OH)3

| HzSiF6+2AI(OH)3=2AIFa+SiOz+4HzOI

A 4

| d)wnb'rpa@l—» Ocapok SiO2

| KpucTannusaums AIF3|

MaTouUHbIi pac-raop4_| dunbTpauua KpUcTannos AIF3|

|CyUJKa 1 Npokanka Kpuctannos AIFal

AlF3

Puc.1. IpuniunuaneHas cxema nonyuenus AlF; ¢ icnonb3oBanneM rexkcadptop-
KPEMHUEBOI KHCIIOTBI

Ipennaraemslii criocod mosy4yeHust Gropuia aTOMHUHUS TO3BOJIHUT OT-
Ka3aTbCsl OT CTAaIUU OYUCTKH (PTOPHCTOBOJOPOAHOW KHCIOTHI OT TeKca-
(bTOpKpEMHUEBOH KUCIIOTHI, 4TO JeaeT ce0ecTOMMOCTh (hTOpuIa alFOMUHHMS
HE3aBHCHUMOM OT KaueCTBa HCIOJIB3YyEMOTO (DIFOOPUTOBOTO KOHIIEHTpATA.
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CpaBHeHUe KHHETHYECKMX 3aKOHOMEPHOCTel
PacTBOpeHHUS 30JI0TAa

E.B. Casouxuna, JI1.C. Macnosa

Hayunwuii pykosooumens — B.B. [llazanos, accucmenm xagh. XTPD ©TU
Tomcxuti nonumexnuueckuu ynusepcumem, 634050, Tomck, np. Jlenuna, 30,
Ekaterina_._89@mail.com

OmHAM W3 TEpBBIX [ParoleHHBIX METaUIOB, M3BECTHBIX YEJIOBEKY C
JPEBHUX BpeMEH OBIIO 30JI0TO, KOTOPOE U IO Ceil JeHb 30JI0TO HAXOAWUT
camoe IUPOKOe MPUMEHEHHE.

OCHOBHBIM CBOWCTBOM OJIArOPOJIHBIX METAJUIOB, B TOM YHCIIE U 30JI0Ta,
SIBIIIETCSL UX XUMUYECKasi HHEPTHOCTh, OCOOEHHO B OTHOIIIEHUU 00pa3oBa-
HUS KUCIIOPOAHBIX COSJMHEHMA. TeM He MeHee BO MHOTUX MCTOYHHUKAX MBI
MO>KEeM HalWTH MHPOPMAIUIO M0 pacTBOPEHUIO 30j10Ta. Llenpto Hamel pabdo-
THI SIBJISETCS CpPaBHEHUE KHHETHUYCCKUX 3aKOHOMEPHOCTEH pacTBOPEHUS
30JI0Ta B IIAPCKOW BOJIKE U B pacTBOpe TeTpadTopOpoMaTa Kajwsl.

OmHAM W3 TIEPBBIX METOJOB, KOTOPBIA IOKOJEeOANT YBEPEHHOCTH B
WHEPTHOCTH 30JI0Ta, OBLT METOJT PACTBOPCHUS B IIAPCKON BOJIKE.

JIs uccneoBaHUN MCIONIB30BANACH «LAPCKAs BOJKA», MPEICTABISIO-
1mast coboi cMech KOHIIEHTPUPOBAHHBIX KUCIOT — couisitHoi HCI u a3oTHO#I
HNO;3; (3: 1 mo 06bémy). XKuakocTh jKEITOTO 1BETA, MAXHYIIAs XJIOPOM U
OKHCITIAMH a30Ta.

Cwmech kucinot HCI u HNO; nocratouno ObicTpo u 6e3 0co0bIX ycuiunit
pactBopseT 3070T0. IIporecc pacTBOpeHNST MPOTEKALT 1O CIEAYIOMEH XH-
MHUYECKOU peaKivu:

Au+HNO;3;+4HCI=H[AuCI4]+NO+2H,0;

OkucnuTeNeM B 3TOW CUCTEME SIBJISETCS XJIOP CO CTaHJAPTHBIM IOTEH-
uuanom 1,36 B, T.e. ero noTeHuuan MeHblle, 4eM NoTeHuan 30j0ta. Ho B
cuiry 00pa3oBaHUS KOMIUICKCA CHMIKACTCS AKTUBHOCTH 30JI0TA, MO3ITOMY
MIPOUCXOAUT €r0 OKUCIICHHUE.

Jiss  pacTBOpeHMs HCIIOJB30BAUCh TPAHYNBI 30JI0Ta CHEPUICCKOI
dhopmpbl, Maccoit 1o 1 rpamma.
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IIpu mpoBeaeHUN OMBITOB 30JI0TO MOMeIIAN B LAPCKYI0 BOJAKY U HU3Me-
pSUIM CKOPOCTH €r0 PAacTBOPEHMS B 3aBUCUMOCTH OT TeMmepaTypsl. Jlis
ucclefoBaHul OBIT BBIOpaH TemnepaTypHblid mHTepBan ot 20 1o 60 °C u
BpEMs IPOBECHNUS SKcIIepuMenTa 10 30 MUHYT.

Maremarndeckas 06pabOTKa IOTydIEeHHBIX JaHHBIX C IETBI0 ONpeere-
HUS JUMUTHPYIOIIEH CTaguM PEakUUH MPOBOAWIM MO COKpAIIAOIIEHCs
cepsr 1-(1-a)"® = k.

[ocne wero ompenensan 3HEPTHIO AKTUBAIWH, IJISI YETO MCHOIb30BAIIH
ypasuenue Appennyca: InK, = InK—E, /RT;

Bruto nmoiy4yeHo 3HadeHHe SHEpruM akTuBauuu pasHoe 60,8 x/[x. JlaH-
HOE 3Ha4YeHUE BXOJMT B O0JIACTh XUMHYECKOW PEaKIMH, YTO CBHUJIETENb-
CTBYET O TOM, YTO JUMUTHUPYIOIIEH CTaJUEH SABIIAETCSA CTaJusl XUMUYECKOU
peaxuuu.

Kak anprepHaTHBY METOy pacTBOPEHMs B I[apCKOW BOJIKE MBI Ipeia-
raeM METOJl pacCTBOPEHHS 30JI0Ta B pacTBope TeTpadTopdpomara kamms. OH
ABJISIETCS TBEPABIM M CPABHUTEIBHO OC30IACHBIM B aHAIUTHYECKOW IpaK-
THKE pEAarcHTOM, MpOSBISIOINM CHJIBHBIE OKHCIHUTENBHBIE CBOM-
crBa.TerpadTopodpomaT Kanus HanboIee MOIXOIUT TSI OJHOBPEMEHHOTO
KOJIMYECTBEHHOT'O OKHMCJIMTENIHLHOTO (PTOPHIHOTO pas3sIoKEeHUs! Bcex Oiaro-
POIHBIX METAJUIOB B JTFOOBIX OKCHIHBIX MJIH CYJIb(QHUIHBIX MAaTPHLAX B T€O-
JIOTHYECKUX ¥ TEXHOJIOTHYECKUX 00pa3IoB.

Jis mpoBeneHUs SKCIEPUMEHTOB HCIOJIB30BAIN IUIACTHHKH 30JI0Ta
maccoii 0,01 r; pactBop TerpadropodpomaTa Kaus B TpudTpuae opoma.

OKCIIepUMEHTHI NMPOBOAWINCH B TeMIIEpaTypHOM auamnasoHe ot 20 1o
80 °C.

[lo aHanmornm ¢ METOOM PACTBOPEHMS B IIAPCKOI BOJKE HAITH BEJTH-
YUHY 3HEPIUM aKTUBALUH, 3HadeHHe KOoTopoi coctaBmio 46,1 kx. Ilpo-
[ecC IPOTeKaeT B KWHETHYECKOI 00IacTH pearupoBaHus, T.€. JUMUTHPYET-
csl XMMHUUecKoi peakiuei. J{ns nHTEHCH(UKAINU MPOLEcca OKUCIUTENb-
HOTO (pTOPHPOBaHMS 30JI0Ta MPEIIOYTHTEIHHO TOBBIILICHUE TEMIIEPATYPHI.

BrIBOIEL:

B pabote Obmm ompeneneHbl KMHETHYECKHE OCOOEHHOCTH Ipoliecca
pacTBOpeHHsI 30JI0Ta B IIApCKOW BOJKE M B pacTBope TeTpadTopOpomara
KaJusg. Y CTaHOBJICHO, YTO JIMMHUTHPYIOIIMMHU CTaJANUSIMH MPOIIECCOB SBISAET-
cs cTamus XUMHYecKod peakuuu. [Ipw cpaBHEHHM MOJIYYCHHBIX TaHHBIX
000X METOMOB OBUIO yCTAaHOBJICHO, YTO CKOPOCTh PACTBOPEHHUS 30JI0Ta B
pactBope KBrF4Bcpeanem B 7 pa3 Gosblie.
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Cunre3 TeTpadTopoGPOMATOB MIEJTOYHO3EMETbHBIX METAIIOB
B.U. Cobones

Hayunwuii pykosooumens — k.x.H., doyenm, P.B. Ocmeanvo
Tomcxuti nonumexnuueckuu ynusepcumem, 634050, Tomck, np. Jlenuna, 30,
sobolev1989@gmail.com

OnuuM 13 HanboJee MUPOKO TPUMEHSFOLINXCS METOI0B BCKPBITHS PYA
TEXHOJIOTUYECKHX MAaTE€pPHaJIOB B ATOMHOW NPOMBIIIJICHHOCTH SIBIISETCS
okuciuTenbHoe (ropupoBanue. Ocoboe MECTO CpPEAM OKHCIHTEIBHBIX
¢dropupyronux areHtoB 3anumaeT ¢propun 6poma (I11) xak oguH n3 Hanbo-
Jjee ynoOHBIX B NPUMEHEHHH, YTO OOBSCHSETCS €ro MEHbIIeH aKTHBHO-
CTBIO, @ TAK)KE TEM, UTO NPU HOPMaJbHBIX ycloBusix BrF; Haxonutes B BU-
JIe XKUJKOCTH. DTUM OOBSICHSETCS, HAIPUMep, ero IPUMEHEHUE B YPaHOBOM
MPOMBIIIICHHOCTH, TA€ OH HCHOJb3YyeTcsl JUIl (TOPUPOBAHUS KaK ypaHa,
TaK M CONMYTCTBYIOIIMX €My PEIKO3eMeNbHBIX deMeHToB [1]. OnHako, He
BO BCEX CIIy4asx BO3MOXKHO €ro MPUMEHEHHE, BBULY BBICOKOH KOPPO3HOH-
HOHM aKTUBHOCTH U B3PBIBOOIIACHOCTH.

Lenpro maHHON PabOTHI SBISUIOCH anpoOMPOBaHUE JKUIKO(A3HOTO METO-
Jla CHHTe3a TeTpad)TopoOpOMAaTOB IIEIOYHO3EMENBHBIX METalIOB, ¢ pHMe-
HeHueM xuakoro BrF;. ITo aHanoruu ¢ KOMIUIEKCHBIMU COSAMHEHHUSMH 11ie-
JIOYHBIX MeTaoB [2], u3ydanuch tetpadtopodbpomarel Maraus MY(BIF,),,
kanbits Ca(BrF,),, crpounus Sr(BrF,), u Gapus Ba(BrF,),. Tak xe Gbuia
MPOBEJIeHa aHAJMTHYECKAasl TUArHOCTHKA NPOAYKTOB Peakinii CHHTE3a.

Jiist cuHTe3a BBILICTIEPEUUCICHHBIX COSUHEHHN HCIIOJIB30BAJICs KU~
Koda3HBII METO CHHTE3a, C IPUMEHEHHEM JKHUIKOro TpudToprma Gpoma u
MOPOIIKOB (PTOPUI0B METAIIIOB. Peakiuy cuHTe3a MoKa3aHbl HAXKeE:

MgF,+2BrF;—Mg(BrF,), 1)
CaF2+ZBrF3—>08(BrF4)2 (2)
SrF2+ZBrF3—>8r(BrF4)2 (3)
BaF2+ZBrF3—>Ba(BI’F4)2 (4)

MertoKa IPOBEACHHs YKCIIEPUMEHTA COCTOSUIA B CJIEIYIOLIEM: HaBEC-
ka (ropuma Merauia npokanusaigack B meun npu 150 °C s ymaneHwus
OCTaTOYHOH BIaru B TeueHue 30 MUHYT, 3aTEM BBICHIIAJIACH B MPOOUPKY U
3aJMBaNach WHEPTHOW JKUIKOCTBIO JUIsl MPEJOTBPAILEHUST BHIOPOCOB Belle-
CTBa TpH JanbHedmeM mobaBieHUW TpudpTopuaa Opoma. Bce BemecTBa
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YYacTBYIOLIME B XMMHUUYECKON peaknuH NO0OaBISINCh CTPOTO B CTEXHOMET-
PHUECKHUX KOJIMUECTBAX IS MPEAOTBpalieHUs] 00pa3oBaHus TpeThel (a3bl
ocratoyHoro konmdecTBa BrF;. Bce momydeHHBIE coequHEHHS, C IETBIO
MEPBHYHOTO BU3YaJTbHOIO AaHANM3a, OBUIM PAacCMOTPEHBl HA NH(POBOM
MHKPOCKOIIE, PE3yJIbTaThl MCCIIEAOBAHMUS MpeAcTaBieHsl Ha puc.l. B pam-
KaxX TPOBEICHHOTO HCCIEAOBAHUII OBLT NMPOBEIEH TAKKE TEPMOTPABHMET-
pHUUeCKUil aHaIN3, a TaK K& HCCIIEIOBAHHE MPOIYKTOB PEAKIMH C IIPHIMEHE-
HHEM PEHTIeHO(a30BOr0 aHAIN3A.

‘-
T
1 3 | IS
1000um a ‘°°°“'“h 6 1000um

Puc. 1. Mukpodororpapuu obpasiuos. (a) — Mg(BrF,),; (6) — Ca(BrF,),; (8) —
Sr(BrFy),; (r) — Ba(BrFy),

B xoze npoBeneHHBIX SKCIIEPUMEHTOB OBLIO 3aMe4YeHO, 4To peakuuu (1)
u (4) mpoTexaroT ¢ OypHBIM BBIJCICHHEM TEIUIa, COMPOBOXKAAIOLUIMMCS KH-
MEHUEM DPEaKIIMOHHOW MacChl, OCTaJbHBIC )K€ PEaKIHH MPOXOaiT 0e3 Ka-
KHAX-THOO0 BEIPAXKEHHBIX A(P(PEKTOB.

Tak e MHTEpecHO OTMETHTH peakuuio (4), B XoJe KOTOPOH IOYTH
MTHOBEHHO 00pa3yroTcs KpymHbie kpuctamisl Ba(BrF,),, yero ne Habmto-
JlaeTcsl B X0/ OCTalbHBIX peakuuii. OOpa3oBaHne KPYIHBIX arjioMepaToB
BUJIHO 13 MUKpodoTorpadun Ha puc.l. OOpasipl, MOIyYeHHbIE 110 PeaKiy-
sM (1) u (3) mposBISIOT TOpa3mo Oosiee c1abylo CKIOHHOCTH B arperaro-
00pa3oBaHMIO, MPUCYTCTBYET TpeTbsi (Daza Hempopearuposasiiero BrFs.
OOpazoBaHue IEPBBIX arjoMepaTroB NPOSBIAETCS Ha 7-€ CYTKM KOHTaKTa
MgF, u SrF, ¢ BrF;. OOpasen, nonydeHHbId 1m0 peakimu (2), B TCUCHHE
CeMHU CYTOK He TPOSIBUJI CKIIOHHOCTH K O0Opa30BaHMIO arJioMepaToB, OTMe-
YeHO MPHUCYTCTBHE (a3sl HEIPOPearnpoBaBmero TpupTopuaa opoma.

Taxum 00pa3oM, MOYKHO MPE/IIOJIONKHUTE, YTO HAUOOJIEe MOIHO MTPOTEKa-
eT peakuus ¢ ydactueMm ¢Qropuna Oapus, TOrza Kak OCTaJbHBIE MPOLECCHI
MPOTEKAIOT Topa3zio Oosee MeUIEHHO.
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B03MOKHOCTH HCIO0JIb30BAHMS FA30THAPATHOM TEXHOJIOTHHU JIJIsT
yiaaBiuBaHus pajona (Rn)

M.H.Cokonoe

Hayunuuii pykogooumenv — 0.m.H., 3asedyrowuti kagpeopoui B.B. I'ysees
Cegepckuil mexrnonozuyeckuii uncmumym «Hayuonansvhoiii
uccreoogamenvckuil i0epuwiti ynusepcumem « MUDPH» 636036, Poccus,
Tomckas obaracme, e. Cesepck, np. Kommynucmuueckuii, 65,
boneslord@mail.ru

CoenuHsISICh ¢ BOIO MPH ONPEACICHHBIX TEPMOJUHAMUYCCKHUX YCIOBU-
SX, Ta3bl U JICTKOJIETYYHE JKUAKOCTH O00pa3yIOT TaK Ha3bIBacMbIC T'a30BBIC
THIIPATHI, BEIIECTBA, HATIOMHUHAIOMINE JeJ. MHOTHEe (U3NIEeCKHue CBOWMCTBA
ra30BbBIX THAPATOB OJNM3KH K COOTBETCTBYIOUINM XapaKTepHCTHKaM Jbaa. C
ra3oruapaTaMy UCCIeIoBaTeIn mo3HakoMmirch B 1811 roxy, xorma I'amd-
pu [I3BU OTKPBLT HOBOE COSAWHEHIE — THUAPAT XJIopa.

PafdH — 37eMeHT r1aBHO# NOArpyMIibl BOCBMOMW TPYIIIIBI, HIECTOTO Tie-
pHO/a IEPUOTUUCCKON CHCTEMBI XUMHAYECKUX 3JEMEH-
toB [I. . MenneneeBa, ¢ atomHbiM HOMepom 86. I[IpocToe BemecTtBO pa-
JIOH B HOPMaJIbHBIX YCIIOBHSX — OECI[BETHBIH HHEPTHBIN T'a3; PaIHOaKTH-
BEH, MOXET MPEACTABISATh ONACHOCTh JJIS 3J0POBbS U  JKHU3HU.
ITpu KOMHATHON TeMIIEpaType SIBISETCS OJHUM U3 CaMbIX TSIKEIBIX Ta30B.
Haubonee cTaOWIbHBIA HW30TOM (222Rn) HMeEeT Mepuoi  MoJrypacra-
na 3,8 cyTok.

3amadeii WCCIieIOBaHUS SBISETCS BO3MOXKHOCTH 0Opa30BaHUS Ta30BBIX
THIIPaTOB HHEPTHBIX T'a30B.

[Ipemmaraercss n3y4nTh 00pa3oBaHUE Ta30BBIX THAPATOB IS yIABIABa-
HUS pajioHa C [ENBI0 ero MMMOOWIM3aliN Ha YPAHOBEIX, YTOIBHBIX U JAPY-
roro poja MeCTOPOXKACHUSIX. Ero yiaBiMBaHHE MOXKET ChITpaTh HEMaJo-
BaXHYIO POJIb IS 3M0POBbS MEPCOHANA, paOOTAOMICT0 B MIaXTaxX M BhIpa-
0OTKax.

IIpu mepuoae noiypacnana B 8,6 CYTOK pagoH NPEACTaBISICT OMACHOCTh
NPOAYKTaAMH CBOEro pacmaga. KOHEYHBIM MPOIYKTOM pachaia sBIsSCTCS
PangMOaKTUBHBIA CBUHEN. [IpM MMMOOWIM3AaMK PagOHA Ta30THAPATHBIM
METOZOM TIOSBJISIETCS. BO3MOXKHOCTh KOHIICHTPHPOBaTh M 3aXOPAaHUBATh
paZMOaKTUBHBIC 3JIEMEHTHL. M TeM caMbIM KOHTPOJMPOBATH BEIOPOCHI B
OKpYXXaromiyro cpexny. IIpm 3TOM BBIOPOCHI PaTUOAKTUBHBIX DIIEMCHTOB
BIIHSFOIUX Ha PaIUaIlMOHHEIA (POH MOKHO OYET CYIIECTBEHHO CHU3UTb.
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IATA i HeOPraHU4ecKoro CHHTE3a

C. B. Yeoomapéea, U.A. Kanvizcuna

Hayunwuii pykogooumeno — x.m.u., accucmenm, J1. A. Jleonosa
Tomcxuti nonumexnuueckuu ynugsepcumem, 634050, Tomck, np. Jlenuna, 30,
sfedorova@freemail.ru

B mpakTHKe HEOPraHHMYECKOTO aHalM3a YK€ MHOTHE TOJbI BEIymias
pOJib TPHHAICKHUT ITUICHANAMUHTEeTpaauerary Hatpus (DTA, Ttpu-
nou B), npumensiemomy Gosee uem B 95 % Bcex ciyuaeB KOMILUICKCOHOMET-
puyeckoro TutpoBanus. Hauunas ¢ 50-b1x ronoB mpouutoro Beka DJTA
HCIOJIB3YCTCSA B TEXHUKE, MCIUIIUHE, HI/ILL[CBOﬁ U XUMHYECKOH IMPpOMBIII-
nernoctd. DJITA XOpoIno 3apeKOMEHI0BaN ce0sl B TEXHOJOTHH PEIKHX,
paccesHHBIX, paI0aKTHBHBIX dJIeMeHTOB [1], Oiaronaps cBolicTBy 06paso-
BBIBaTh OUCHb YCTOWYMBBIE KOMIUIEKCHBIC COCAMHEHHS C OOJBIIMHCTBOM
KaTHOHOB [2], memas HepacTBOPHMBIC COJHM METAJJIOB PacTBOPHMBIMH.
Cxema JeiicTBHS €ro OCHOBaHA Ha M3BJICUCHNH MOHOB METajula M3 Hepac-
TBOPHMBIX COJIEH METaJUIOB M 3aMEIICHHS MX Ha MOHBI HaTpHs, MOYTH BCE
COJIM KOTOPOTO PacTBOPHMBI B BOJIE NMPHYEM HE3aBHCHMO OT BAaJICHTHOCTH
Metaia | monekyna tpuioHa b pearupyer ¢ 1 monexynoit metamia. 1o
[IEHHOE CBOWCTBO HAIIIJIO OTPOMHOE PUMEHEHHE B aHanuTuke [1].

B Espomneiickom Coro3e B Teu€HHE MHOTHX JIET MPOBOANUIHCH HCCIEI0-
BaHust [1], 1e7Ibl0 KOTOpPBIX OblTa OIEHKa CTEIEHH PHCKa, CBA3AHHOTO C
ucnons3oBanueM D/[TA. [lo pesynpTataM 3THX HCCIeIOBaHUI ObUI CAETIaH
BBIBOJ O ToM, uTo DJITA He mpencTaBisieT Al OKpYyKaroleld cpeapl abco-
JIOTHO HUKAKO# yrpo3sl. Kpome Toro, 3T0 BemmecTBo Ge30macHo s Jitoei
1 kUBOTHBIX [1]. [lepeuncieHHble TOCTOMHCTBA TpHIOHa b mo3BoIMIN HC-
MOJIB30BATh €T0 JUIs CHHTE3a XUMHYECKH YHCTOTO MaTepHrajia MEIUIIMHCKO-
TO Ha3HAYCHHUS.

Lenpto naHHON pabOTHI SIBISUIOCH MCCIIEIOBAaHNE BO3MOXKHOCTH IIpUMeE-
HeHust DJITA Ui HEeOpraHWYEecKOro CHHTE3a THIPOKCHAIATHTA KaJbIHs
(I'A), ncriosre3yemMoro B METUIMHE.

M3Becten crocob MOMy4eHUs THAPOKCHAIIATHTA U3 BOJHBIX PacTBOPOB,
ucnonp3yromuii Ca(NO3), B KauecTBe MCTOYHHKA KAlIbIMsA U OCHOBAHHBIN
Ha peaknun [3]:
10Ca(NO3),+6(NH,),HPO4+8NH,OH=Ca;,(PO4)s(OH),+20NH;NO3s+6H,0

Ilo manHOMYy Meromy oOpa3syrorcsi aMOp(U3MpPOBAaHHBIE TPYIHOPHIIb-
TPpyeMBbIE OCaJIKM I'MJPOKCHAIIaTHTa, KOTOPHIE B IPOIECCEe CYIIKH arjiome-
PHUPYIOTCSI, CIEKAIOTCS M, KaK CIIEICTBHE, TPEOYIOT JOMOIHUTENEHOTO U3-
MEIbUCHHSI.

Junst ycTpaHeHus! TaHHBIX HEOCTaTKOB ObUI MCIIOJIB30BaH METOJ T'OMO-
TeHHOro ocaxkaeHus ['A n3 pacTBOpOB C BBEJEHHEM KOMILIEKCOOOpa3oBa-
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Tens [3] ¥ pa3ioXKeHHeM XeJaTHOro KOMIUIeKca KaibIus. MeToabl roMo-
TCHHOTO OCQXICHHS TMPUMCHSIOT JUIS HANpaBICHHOTO (HOPMHUPOBAHUS
ocamkoB ompezeieHHoi Mopdonoruu [4-5]. OcoGeHHOCTh STHX METOIOB
3aKIIFOYAETCS B TOM, YTO OCAIHTENb HE TMPHIMBAIOT K PacTBOPY, COAEpxKa-
IIeMy OcakIacMble HOHEI, 2 OH 00pa3yeTcsi HEIOCPEICTBEHHO B XOJIE MPO-
mecca, 3a CUeT PasJIoKEHHs HEUTPaJhbHOTO BEIIECTBA, KOMIUIEKCHOTO CO-
eAWHEHNS, MEIJICHHOH OKHCIHTEIbHO-BOCCTAHOBUTEIBHON pPEaKIuy WU
3aMeHBI pacTBOpUTENA. [ OMOTEeHHOE OCaKICHHE MO3BOJSIET M30eraTh Jo-
KaJlbHBIX TEPECHIIEHUH PacTBOpa, BOSHUKAIONIMX B MECTaxX BBOJIa OJHOTO
U3 pEarcHTOB U O00ECIeYrBacT I03MPOBAHHOE MOCTYIICHHE OJHOTO W3
KOMITOHEHTOB B pacTBOP.

B xoJie 3KCIepUMEeHTOB O TUTPUMETPHUECKOMY OTPE/IEICHUIO KabIIUs
C TPUWIOHOM b B MpHCYyTCTBUU MypeKcHIa, ObUIH YCTAHOBICHBI ONTHMAb-
HBIC KOHIICHTpAIUU pacTBOpoB conu Kanbims U IATA miast obpasoBaHus
MPOYHOTO BHYTPUKOMIUIEKCHOTO COCTMHCHUS:

Na,H,Y + Ca(NO3)2 = 2HNO; + Na,CaY, rme Y=C;9H14OgN,

IIpu ompeneneHHBIX yCIOBUAX (Temmeparypa, pH) xoMmriuieke pasmnara-
eTCsI, ¥ KaIbIIMi TO3MPOBAHO IOCTYIAET B PACTBOP, U NP HATHINH OCAIH-
TeJIs, TIPU COONIOICHIH CTEXHOMETPHH, TIPOUCXOAUT 00pa30oBaHUE THIPOK-
CHAIlaTHUTA:
10Na,CaY+6(NH,4),HPO,+8NH,OH=Ca;((PO,4)s(OH),+10Na,(NH,), Y+ 6H,0.

Takum 00pa3oM, B pe3ynbTaTre HCCICJOBAaHUI YCTaHOBICHO, YTO MPH-
MeHeHne D/ITA npu cuHTE3¢ MPUBOAUT K 00PA30BAHUIO MUKPOKPUCTAILIH-
geckoro ['A ¢ TyqmmMu TeXHOJIOTHYSCKUMH CBOWCTBAM.
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DJIeKTPOJIUTHYECKOE BOCCTAHOBJIEHHE
rekca)TopoTuTaHaATa AMMOHUSA

A. A. Illaxos, /I.C. ITaxomos

Hayunuuii pyxogooumens — k. m. H, ooyenm, A. A. Anopeeg
Tomcxuii nonumexnuueckuu ynueepcumem, 634050, Tomck, np. Jlenuna, 30,
antshakv@gmail.com

TuTan 1o pacnpocTpaHeHHOCTH B 3eMHO# Kope 3aHuMaer 10 mecto. bia-
rozapsi CBOMM YHUKaJIbHBIM CBOWCTBaM 3TOT METa/ul Hallel NpUMEHEHHEe B
ABHMAIIMOHHOW M PAKETHOM TEXHUKE, MEJUIIMHE I M3TOTOBJICHHS ITPUOOPOB
Y UMILIAHTATOB, XUMHUYECKOW U 3IIEKTPOHHON NPOMBIILIIIEHHOCTH [1].

B HacTosmiee BpeMs CYIIECTBYIOT pas3iHYHBIE CIIOCOOBI IMOyYCHHS TH-
TaHa. BBICOKWE 3aTpaThl, CBA3aHHBIC C MPOU3BOACTBOM THTAaHA, SBIAIOTCS
OCHOBHOH MPUYHHOM, BIUSIOMICH HA ero cTouMocTh. [loaTOMy cymecTByeT
HEOOXOIMMOCTh B pa3padoTke Ooyiee 3KOHOMHUYHOTO CIoco0a TOIydeHHUS
TUTaHA.

Ha xadenpe XTPD Tomckoro IToauTEeXHUYECKOTO YHUBEPCHTETA Pas-
pabaThIBaeTCsl METO] MOJTYYCHHUS METAJUTHYECKOTO THTaHa u3 ¢propumos [2].
B Hacrosiiee BpeMsi IPOBOISTCS UCCIIEIOBAHMUS O MOJTYUYEHHIO TpUPTOPH-
na turana u3 pacteopa (NH,),TiFg nporieccoM anekrponusa.

HUccnenosanus 3akmouarorcs B pactBopennn (NH,),TiFg ¢ koHmeHTpa-
et 150 r ma 1300 mut. Tlocne yero u3 pacrBopa oromparor 100 mu st
OTIpeNieNIeHUs] KOJIMYECTBA THTaHa B PAacCTBOpPE, OCTAIFHYIO YacTh pacTBOpa
HAIIPABJIAIOT B 3JICKTPOITU3ED.

Omnpenenenne tutana B pactBope (NH,),TiFs, 3akmodaercs B ocaxe-
HUM aMMHaKoOM JO0 o0pa3oBaHHs ocanka. [lomyuuBrmiicss ocamok (uiib-
TPYIOT, U poKauBarT rpu Temnepatype 700 °C. B pe3ynprare momydaror
JIMOKCH]] TUTaHa Maccoi 1,62 r., mpu nepecuere Ha METAUIMYECKUH TUTaH
0,972 r., ko3 ¢unment nepecuera 0,6.

DNEeKTpONU3ep MPEACTaBIsET COOOH €MKOCTh, pa3felieHHYI0 HOHO00-
MEHHOM MeMOpaHHOH, 3amonHerHoi pactBopom NH,Cl, ¢ koHmeHTpanmeit
70 T Ha 400Mi1. DJIEKTPOIM3 OCYIIECTBIICTCS MPH MOCTOSHHOM TOKe 1 A,
JUTATCS B TE€UYEHHUH 3...6 4acos.

DJIeKTPOSIN3 MPOBOIUTCS B DIEKTposin3epe o0beMoM 2 JHUTpa, 00beM
aHoyMTHOW Kameps! 400 M1, B Iporiecce UCHONb3yeTcs TpaduToBBIi KaTox,
pa3mepsl KoToporo 15x6x2,5¢cm ero miomiams 285 oM u CBUHIIOBBIN aHO,
pasmepsl koToporo 17x9x0,1cm u mromazs 311,2 cm.
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Pucynok 1 — DjexTposusep, ucnoib3yeMslii B nporecce aekrponusa (NH,),TiFg

B snexTpomsepe (pucyHok 1) mpuMmeHsieTcss aHHOHOOOMEHHast MeMOpa-

Ha. Ha snekTposax uayT cienyromye peakium:
Awnon (+) Karon (-)
H,0 = 0,50, + 2H" + 2e 2Ti" + 20 =Ti™

Pesynprarom aTux peakimii siBiusiercs moinydenue (NH,4),HTiFg BoccTa-
HosyteHreM (NH),TiFg.

(NH4)2T|F6 +e= (NH4)2HT|F6
(NH)HTiFg + NH,OH = (NH,);TiFg + H,O pH = 6

Ipu ocaxaenun (NH,),HTiFs ammuakom, nocne duipTpanuu nomyda-
ercst GHOJICTOBBII 0CanoOK, KOTOPBIH MpocymuBaercs. B pesynbrate momy-
YyaeTcst YepPHO-CUHHUH OPOIIOK.

PacTBOp mociie 3neKTponm3epa NpoBEPSIOT Ha KOJINYECTBO BOCCTAHOB-
JeHHoro tutaHa TurpoBanueM KMnO,.

Takum 00pazom, Ha JaHHOM 3Tare paboThl ObLTO OOHAPYKEHO, UTO BOC-
CTaHOBJIGHHE THTaHa MPOUCXOIUT Ha 65,27 %. BoccraHoBIeHHe TPOUCXO-
qut nipu PH=1 u cumnoit Toxa 1 A. KommuectBo turana B 1000 mi pactBopa
(NH,),TiFg cocrasmsier 9,72 .
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Cexnua VI
Oxpana OKpy>KaroImen CpeAbl

u sxororua Homo Sapiens

HccnenoBanus mo co31aHUIO TEXHOJIOTHH Pa3/ieeHus
0yTaHOJIbHO-TOJIY0JILHOM CMeCH B IPOU3BO/ICTBE
KPeMHHIiOpraHnyecKHX 3MaJtei

A.H. banobanosa, M.H. Kneiimenosa, 10.C. J/lazymkuna

Hayunwuii pykosodumens — 0.m.H., npogeccop, JI.@. Komaposa
Anmatickuii 20cyoapcmeentblii mexHu4ecKUll yHusepcumen
um. U .U Ilonzynosa, 656038, 2. Bapnayn, np-m Jlenuna, 46, kagh. XTHUD,
marnica@list.ru

[IpombIleHHBIN nporpecc SBISIETCS OCHOBOW SKOHOMUYECKOIO pa3BHU-
THS U TOJIBEMa COIMATBHO-3KOHOMHYECKOTO YPOBHS XH3HH OOIIECTBA.
Poct cpencts u MacmrTaboB BIMSHHSA Ha IMPUPOAY BBI3BIBACT CTPEMUTEINb-
HYIO JETpajalliio NPHPOTHON Cpelbl 3a CYeT BO3PACTAHUS BO3ACHUCTBU
XMMUYECKHUX BEIIECTB, IPUMEHEHHUS 3KOJOTMYECKH TPA3HBIX TEXHOJOTHUH,
ycTapeBIero 000pyIoBaHus U JIp.

Ha onHoit w3 craauii mpou3BOACTBA KPEMHUHOPraHMYECKHX SMajeil
MPOUCXOJUT OTTOHKA CMECH PAaCTBOPHTEIIEH, IMOIyYHBIIEH B TPOU3BOICTBE
HarMeHOBaHHe OyTaHoIbHO-TOoNMyonsHas cmech (BCT). B ee coctaB BXOAUT
MSTh KOMITIOHEHTOB (Macc. %): ataHon — 72,4; Boma — 6,6; Tomyon — 6,8;
Oyranon — 9,7; xmopbenzon — 4,5. B HacTosmiee BpeMs TaKue CMECH Ha
NPEANPHUATHAX 00e3BPEKUBAIOTCS ITyTEM TEPMUIECKOil necTpykimu. OxHa-
KO IIPH C)KMTaHWU XJIOPOPTaHUYECKUX PACTBOPUTEINICH Ha OTKPBHITOM BO3AY-
X€ BBLICIISIFOTCS JBIMOBBIE Ta3bl, COJEPIKAIINE XJIOPUCTHIH BOAOPOI, XJIOP, a
NPU ONpeJieNieHHbIX yenoBusx (Temneparypa Bbiie 1200 °C, koadduiment
n30bITKa Bo3ayxa Oojee 1,5) n ocreH — BBICOKOTOKCHYHBIA XJIOPOKCHT
yriepona, Wi Xjopauruapua yrousHoi kucnotsl (COCl,). OnacuHas st
KH3HH KOHIEHTDAIMsS 9TOr0 BEUIECTBA COCTAaBIseT Bcero 450 mr ma 1 M°
Bozayxa [1].

Lenpto Hameil paboThl sABIISETCS pa3padOTKa MAJIOOTXOAHOW, SKOJIOTH-
yeckn Oe3onacHoi TexHosoruu paszaenenus cmecu bCT, koTopas mo3BoIUT
YMEHBUIUTh HArpy3Ky Ha OKPYXKAaOILIYI0 CPedy, BEpHYTb B IMPOH3BOJACTBO
JOTIOTHUTENbHBIE KOJTHYIECTBA ChIPHEBBIX BELIECTB M MOIYYHTh SKOHOMUIE-
CKYIO TIPHOBLITb.
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OCHOBHBIM CIIOCOOOM pa3/iesIeHHs] TAKMX MHOTOKOMIIOHEHTHBIX Opra-
HUYECKUX CMECEH SBISIETCS Mpolece peKTU(hUKAUUK. AHAIU3 JUTEpaTyp-
HBIX JIaHHBIX TI0Ka3aJ, YTO B UCXOJHOH MATHKOMIOHEHTHOH crcTeMe o0pa-
3ytoTcsi 7 OMHApHBIX W 5 TPOWHBIX azeoTporoB [2]. OHH CyIIecTBEHHO
YCIOXKHSIOT Tiporiece paszaeneHuss bCT Ha WHIWBUAYaIbHBIE KOMIIOHEHTHI.
OTCyTCTBYIOIINE JaHHBIE TI0 a3€0TPOIUH IJISI CHCTEM 3TaHOI—XJIOPOCH30I,
TONYOJ—XJIOPOEH30,  3TAaHOI—OyTaHON-TOIYON W  JTaHOJI—TOIYOJ—
XJIOpOCH30JI HAXOIWJIN SKCIIEPUMEHTAJbHO B IHPKYISIIHOHHOM IIpubOope
Joxunecnu. IIpoBeneHHBIN 3KCIEPUMEHT IOKa3ajl, YTO paccMaTpUBacMble
CHUCTEMBI 3€0TPOIHBI, ¥ UX pa3/ieJIeHHe He TPeCTaBIsIeT 3aTpyaHeHU [3].

Jnst pa3paboTKu BO3MOXKHBIX BapHaHTOB pas3felieHHs HCCIIeTyeMoi
cMecH OBUIO M3YYEHO pPAaCIpee/iCHHEe KOMIIOHCHTOB MO (hpakiusiM, st
Yero MpPOBOJAWIIN PEeKTH()UKAIIMOHHBIN aHAIM3 Ha J1a0OpaTOPHOW Hacalo4-
HOW KOJIOHHE MEPHOANYECKOT0 AEHCTBHS C YUCIOM TEOPETHUECKIX Tapeslok
30 mo cMecu OEH30I—AUXIOPATaH. AHATMTUIECKUNA KOHTPOIb MOTYIaeMbIX
(pakmmit ocymecTBisTd Ha xpomarorpade «Xpomaron I'X-1000» ¢ ma-
MEHHO-HOHH3AaIMOHHBIM JIETEKTOPOM H HCIIOJIF30BAaHUEM B KadeCTBE HEIO-
kO paser CHROMATON N-AW ¢ mo6askoit 15 % mo Becy FFAP,
ras-HOCHTeIb — BOJOPOJ cO ckopocThio 30 M/c. TeMmeparypy B KOJIOHKE
m3Mmensu ot 70 °C o 130 °C. B muctmiare moiaydaiu B Ka4ecTBE ITEPBOH
(hpakIMy a3e0TPOIl ITAHOJI—TOIYOJI—BOJA, a Aajee CMECh a3e0TPOIOB, KH-
ISIMX ¢ pa3Huneid B Temneparypax Becero ot 0,3 °C mo 1,5 °C, B xy0Oe ko-
JIOHHBI OCTaBaJICs OyTaHOII.

Takum o6pa3oM, Ha JaHHOM JTalle MCCIIEIOBAaHUI Mpe/iaraeTcsi NpuH-
IUMHaJIbHAs TEXHOJIOTrn4eckas cxema paszneneHus cmecu bCT Ha yncTeie
KOMIIOHCHTHI Ha KOMIUIEKCE PEKTH()HKAIMOHHBIX KOJIOHH H (pasopasmen-
teneil. Ha nepBoii KoJIOHHE B TUCTWILIAT, coryiacHo pasronke no UTK, BbI-
JIEIIETCS a3€0TPOI ITAHOI—TOIYOJ—BOa, KOTOPHIH 3aTeM PacCIIauBacTCs C
MOJIy4YeHHEM YHCTOro Tojyoja. B KyOe ocraercsi cMech 3TaHOI—BOJa—
OyTaHOI—XJIOpOEH30J1, KOTOpas Jajee HarpaBisieTcs BO BTOPYIO KOJOHHY
JuIsl OTAeNneHus OyTaHoia B KadecTBe KyOOBOro mpoaykra. B amcrwmiart
IPH 3TOM BBLAEISIETCA CMECh 3TaHON—BOJa—XxJopbeH3on. Pasmemuts 31y
CHCTEMY Ha YHCTHIE KOMIOHEHTHI 0Ka3aJI0Ch BO3MOYKHBIM TOJIBKO C HUCIIOJIb-
30BaHUEM a3€0TPOMHON N00aBKM — OEH30Ja I OTTOHKH BOJBI B JUCTHII-
JaT B BHAE TPOWHOTO a3e0TpOma ATaHOJI—BOAA OEH30JI C MOCIIEAYIOIINM
BaKyyMHUPOBaHHEM IPOTYKTOB PEKTU(DUKAIIHH.
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Hcnoab3oBaHue CHIIMKATOB IIEJI0YHbIX METAJJIOB ISl OUHMCTKH
CTOYHBIX BOJA OT HOHOB JK€JjI€3a

H.P. bukmumeposa, A.E. Ocunosa, E.C. Bpioxanosa

Hayunvuii pyxogooumens — x.m.H., ooyeum xag. XTTTuD I'.B. Ywaxos
Kysbacckuil eocyoapcmeennviti mexnuyeckuil ynusepcumem, 650000,
Poccus, 2. Kemeposo, yn. Becennsis, 28, elliat@mail.ru

OuncTka BOABI OT jKelie3a — IIMPOKO paclpocTpaHEHHas mpobiema,
aKTyaJbHOCTh KOTOPOW HE BbI3bIBaeT coMHeHMs. HecMoTps Ha Oosbloe
KOJIMYECTBO MPUMEHIEMBIX METOJIOB U CIIOCOOOB, MHOTHE W3 HHUX HMEIOT
CyIICCTBEHHBIC HENOCTaTKH. [lepCHeKTHBHBIM SABISETCA Oe3pearcHTHOE
yIaJeHue jkeJe3a COBMECTHBIMA MeToAaMu (GMIIBTpalliy U oKucieHus. Ho-
BbIe (DMIBTPYIOIIME MaTepHalbl ¢ IOCTATOYHOW MEXaHHMYECKOW MpPOYHO-
CTBIO, co3faroIue HeoOxomumyto pH cpensl m obnamaromme KaTaauTHae-
CKHMH CBOICTBaMH Ype3BRIYafHO BOCTPEOOBAHBI HA CETOAHSIITHUN ICHB.

Iesnp paGoThI: M3ydeHHE MPOIEcCa OUYMCTKH MOJIENBHBIX CTOYHBIX BOJ C
UCIIONIb30BaHHEM (UIIBTPYIOIIEr0 Marepuajia Ha OCHOBE CHIIMKATOB Ie-
JIOUHBIX METAJIJIOB.

Ha ocHOBaHUM mOCTaBICHHOW Lienu C(OPMYIHPOBAHBI CIEIYIOLINE 3a-
a4y UCCJICJOBAaHUH:

1. TlpoaHanu3upoBaTh BO3MOXKHOCTb HCIIOJb30BaHHUS HOBOTO (DHJIb-
TPYIOLEro Marepuaja Ha OCHOBE CHJIMKATOB MIEJIOYHBIX METAIOB MJIs
yAaJIeHUs] HOHOB KeJie3a U3 BOABI.

2. Ompenenuth 3QPEKTHBHOCTh OYHCTKU BOJBI OT MOHOB JKeJie3a MpH
UCIIOJIE30BAHUH HOBOTO (PHIIBTPYIOMIET0 MaTepHaia.

3. Ouenutp Hammuue 3QQeKTa aBTOKaTaIN3a HA TOBEPXHOCTH MaTepH-
aya ¥ CrocoObI €ro pereHeparum.

Jlnst mpoBeneHus 1ab0OpaTOPHBIX HCCIIEJOBAHWIA B KauyeCTBE TBEPIOM
(ha3pl OBLT BHIOPAHBI TEPMOOOPAOOTAHHBIE TPAHYJIBI CHIIMKATOB MIETOYHBIX
MeTaJuIoB (CM. pUCYHOK). Iy M3y4eHus mporecca HCIoIb30BaHbl MOJIEIb-
HBIE PacTBOPHI C PA3IMIHON KOHIIEHTPAIMEH CONH XKeJe3a. DKCIIEPUMEHTHI
MPOBOAWIIM Ha CO3JaHHOW J1ab0paTOPHON YCTaHOBKE, BKIIIOUAIONIEH TpHU
MOCJIEIOBATEIEHO COCIMHEHHBIX (DMIIBTPA, HAYAIBHYIO M MIPUEMHYIO €MKO-
ctu. [logaua ouniaeMoil BOAbI HA OUYKUCTKY OCYIIECTBISIIIACH IEPUCTATBTH-
YECKUM HACOCOM.

HWccnenoBanust BKITIOYATH 2 3Tara:
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1. Omnpenenenne 3¢ PEeKTUBHOCTH MPOIIECCa OYUCTKY BOJIBI OT HOHOB XKeJe3a.
2. BwIO0Op MeTOa pereHepanuu 3arpy3Ku 1 myTei ee mepepadboTKH.

OKCIIepUMEHT NPOBOIMIN METOIOM NPOKAYMBaHHS MOJCIBHOW CMECH C
3alaHHOM KOHIIEHTpAIed coym xene3a depe3 GuibTp (WM (GIIBTPH B
3aBHCHUMOCTH OT YCJIOBHUIT SKCIIepUMeHTa). Boxy Ha BBIXOAE U3 IOCIEHHETO
¢unpTpa aHanmmupoBamy. Omnpenensiy KOJMYECTBO IHKIOB U BpEMs
HACBIIIEHUs 3arpy3kd. OTpaOOoTaHHBIE TPAHYNbl AOCTaBaIH W3 (QHUIbTpa U
MOMeIaId B My(eIbHYIO TIe4b 1 IPOKaTHBAIIH.

Scop s,

PP[CyHOK —_— TepM006p360TaHHBIe rpaHyJibl CUJIMKATOB HICJIOYHBIX METAIIIOB

Pe3ynpTaThl HcceOBaHUMN:

[IprMeHeHHe paccMaTpUBAEMOTO MaTepHala CIOCOOCTBYET CHIDKCHHIO
COJIepKaHUsI HOHOB XKeJie3a B BOJIC.

YCTaHOBIJICHO SIBJICHHE aBTOKATaJIN3a, KOTAA MEPBBIC MOPIUH JTUCIIEPC-
HOTO JKele3a, BRICIMBIINECS Ha TIOBEPXHOCTH TPAaHYJI 3arpy3KH, 00pa3yroT
KaTAINTHYECKYIO TUICHKY, YCKOPSIOMIYIO MIPOIECC OKUCIICHHS M BBIICICHUS
kene3a u3 Bojabl. [lociie 00pa3oBaHUs MEPBOTO CIIOS MPOIECC BBIACICHUS
JKene3a He MpeKpamaeTcs, a Ha000poT, YCHINBAETCS, YTO MPUBOIHUT K 00-
Pa30BaHHUIO aICOPOIIMOHHOTO CIIOS.

Takum 00pa3om, TpaHyIIbl 3arpy3Kd IPHOOPETAIOT CBOMCTBA COpOCHTA U
karanuzaropa. OOHOBIICHHE KATATUTHYCCKOW IUICHKH MPOHMCXOIHT HEIpe-
PBHIBHO HEMOCPECTBEHHO IpH paboTe GriapTpa

BrIBOIEL:

1. HUcnonp3oBaHUE HOBOTO (DHIBTPYIOMIETO MaTepHala IMO3BOJSICTCS
CHI3UTH COJepKaHNE MOHOB jkene3a B Boze Ha 15 % u Goiee mo mepe mo-
SABIICHHUA d(PPEKTa aBTOKATAIH3A.

2. Tepmudeckasi 00pab0TKa OTPAaOOTAHHBIX IPaHyJ 3arpy3KH CIIOCO0-
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CTBYET 3aKpEIUICHUIO YacTHIl XKejle3a Ha IOBEPXHOCTH MaTepuara,
3TO TO3BOJMT MOJYYaTh IPAHYNIbl ¢ MUHUMAJIBHBIM NIEPUOIOM «pa3pa-
0aThIBaHUAY», B TEUCHHUE KOTOPOTO 3arpy3Ka MajaodpPeKTHBHA.

Hogble npenaparbl N01M(YHKIMOHAIBHOIO ACHCTBUS JJIA
MOBBINIEHUS YPOKAHHOCTH U MHIIEBOI HEeHHOCTH
CeJIbCKOXO03SIHCTBEHHOM NPOAYKIHHU

A.JI. Boopoeckas, A.B. Kpagey

dokm. buon. Hayk, 3as. iabopamopuei H.H. Tepewenxo
T'HY Cu6HUHUCXuT Poccenvxozaxaoemuu, Poccus, Tomckasn o6i.,
2. Tomcxk, yn. Iaeapuna, 3; podarokl@inbox.ru

B Hacrosiiiee BpeMsi 0CTpo CTOUT mpoOiieMa TMOBBIIIECHHST YPOKaHHOCTH
W yJIy4lICHUs] KauecTBa MUILEBON MPOIYKIUH, a TAKXKe CHH)KECHHSI OTpHLIA-
TENILHOTO ACHCTBUS XMMHUUYECKHX (YHTUIMIOB Ha OKPYXKAIOUIYIO CPEeay H
gyenoBeka. OJHUM W3 MyTEeH pEIIeHHs 3TOW MPOOJIEMBI MOXET OBITH HC-
MOJIb30BaHUE OHOIpenapaToB Mojau(yHKIMOHAILHOTO ASHCTBUSI.

Lenp — wuccienoBath BIUsSHHE TOP(SHBIX NpenapaToB Ha Pa3BUTHE
IPUOHBIX MHPEKLHUH, YPOXKAIHOCTD U Ka4eCTBO 3€pHA APOBOM MIICHHUIIBL.

OOBeKTaMH HCCICIOBAHUH SBIAIOTCS MpENapaTthl, MOTyYSHHbIE MyTeM
riryOoKkod mepepaboTku Topda (Tymar, OKCHIAT, OKCUTYMaT) U aKTHBHBIC
OakTepuanbHbIC KyIbTyphl pona Pseudomonas.

PesysnbraThl NpeaBapUTENFHOTO TECTHPOBAHUSI JIMHEWKH TOP(SHBIX
NpPenaparoB BBISBUIN WX HHIMOMPYIOIIYIO aKTUBHOCTh B IIUPOKOM HHTEP-
Basie koHueHTpauuii (0,005-0,10 %) no OTHOIIEHHIO K YUCTOW KyJbType
Fusarium oxisporium, oGecrieuuBiinyio B cpeadem 17,8-41,0 %-e nonxasie-
HHUE CKOPOCTH pocTa rpubda (Tabmuma 1).

Ta6auna 1 — OyHrrcratnyeckas akTHBHOCTh TOP(SIHBIX ITpenapaToB

IMonaBaenue ckopoctu pocta Fusarium oxisporium, %
Konuenrpauus Topdsnoii npena- | Toppsinoii npena- | TopdsHoii npena-
npenapata, %I'K

pat-1 pat-2 pat-3

0,005 31,2 32,4 40,2
0,0075 355 26,4 29,2

0,01 21,7 22,2 32,9

0,05 21,6 41,0 36,4

0,075 29,2 31,5 33,3

0,10 17,8 32,0 40,7

B yClIOBHSIX MMOJIEBBIX MCIIBITAHWIA HCCICIyeMbIe TOPGSHBIC MPEmapaThl
crabunbpHo obecnieunBanu 6,1 — 14,4 %-e u 14,9 — 35,4 %-e cHmwkeHue
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3200JIeBaCMOCTH TIICHUIIBI T'€IbMUHTOCIOPHO30M U allbTEPHAPUO30M TI0
CpaBHEHUIO ¢ KOHTposieM. DyHrucTaTHyeckasi akTHBHOCTb MCIIOJIb30BaHHO-
ro B Ka4eCTBE BapUaHTa CPABHEHUS XHMHYECKOTO MPOTpaBuTeNs uBHIeHN
PEenKo MpeBHIIIaja MoKa3aTeIn TOpQSHBIX IpenapaTos, odecneunsas 11,9 u
25,9 %-e¢ mopmaBieHHE TETPMHHTOCIIOPHO3a W albTEpHAPHO3a COOTBET-
cTBeHHO. [Ipm 3TOM cnenyer OTMETHTh, YTO HCIIONB30BaHHE TOP(IHBIX
npenaparoB 00J1a1aeT 3HAYUTEIEHO MEHBIIMMH YKOJIOTHYECKHUMH PUCKAMH.

INomumo ¢QyHrUCTaTHUECKOW AaKTHBHOCTH, HCCIEIOBaHHbIC TOPQsHbBIC
npenaparsl 00J1aJal0T POCTOCTUMYJIUPYIOLUIUM JISHCTBHEM, CIOCOOCTBYIOT
MOBBILICHHUIO YPOXKaWHOCTH M yJIYYIICHUIO Ka4ecTBa 3epHa. Tak, Harpumep,
B IIOJIEBOM OIIBITE MpENOceBHas 00paboTKa 3epHa sIpOBOM MIIEHUIIBI Ipe-
naparoM-1 obecneunna 13,6 %-e yBenmuenue ypoxaiiHoctn u 4,8 %-e
CHIDKEHHE 3a00JI€Ba€MOCTH pacTeHHUIl BO30yIUTENIMH KOPHEBBIX THHIIEH
o CpaBHEHHIO ¢ KOHTposeM (12,4 % ypoBeHb 3a00J1eBaEMOCTH).

ViydieHre NMHUIIEBOH NEHHOCTH 3epHa IMOJ BO3ACHCTBHEM TOPQSIHBIX
IpenapaToB BEIPA3WIOCh B YBEIUUCHUH COICPKaHUs Oelika M KICHKOBUHEI
Ha 0,24-1,14 % u 0,77-3,45 % 1o cpaBHEHHUIO ¢ KOHTPOJIEM COOTBETCTBCH-
HO. B 30He pucKOBaHHOTrO 3eMilenienus MoJ00Has mpubaBKa Oenka u Kieii-
KOBHHBI B HEKOTOPBIX CIy4asix MOXKET CIIOCOOCTBOBATH MOBBILICHUIO Kiacca
3epHa OT (HypakxHOTo J0 HPOITOBOJIBLCTBEHHOTO.

Kak mu3BectHO B HaCTOAIIEC BPEMS B IIPAKTUKE 6I/IOMeTOI[a TpaaulnruoH-
HO HCIOJIB3YIOTCS OHOMpenapaTtsl Ha OCHOBe OGakTepwmii poma Pseudomonas
[1]. UccnenoBanne KOMIUIEKCHOTO MpPUMEHEHUs TOPQSHBIX MpEnaparoB H
AKTMBHBIX MUKPOOHBIX KyJbTYp poaa Pseudomonas Ha ceMeHax MIEHUI[BI
MOKa3aJlo Hajuuue cuHepruyeckoro 3¢ ¢exra. KoMruiekcHoe nmprUMeHEHUe
npenaparoB 00ECIeUUio NPHOABKY 3€JICHOW MacChl IIICHHIBI, KOTOpas
Oonee yeM B J[Ba pa3a NPEBBICHIIA CYMMY IOKa3aTeleld NMpHOaBKH 3eIeHON
Macchl B BapHaHTaX C pa3leNbHBIM IPUMEHEHHEM HCCIICOBaHHbBIX Mperna-
paros (tabauua 2).

Tadmuma 2 — D eKTUBHOCTH COBMECTHOTO U pa3/ieNIbHOTO MPUMEHEHHS pera-
pATOB HA CEMEHAX MIICHUIIBI

IIpudaBka 3eneHoit IIpudaBka maccsl

Bapuaut onbiTa Macchl K KOHTPOJII0, | KOpPHel K KOHTPO-
% 110,%
Topdstaoit Ipenapar 9,04 4,84
Pseudomonas 8,33 10,60

Topdsuoii npenapar +

Pseudomonas 37,54 31,97

Takum 00pa3oM, pe3ynbTaThl JIAOOPATOPHBIX M IIOJICBBIX HCHBITAHUH
CBHJIETEJILCTBYIOT O NMEPCHEKTUBHOCTH Pa3pabOTKM KOMIUIEKCHOTO Tpera-
para nonnpyHKIHMOHAIBHOIO JIEHCTBHS HAa OCHOBE IPOIYKTOB TIyOOKOM
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nepepaboTKH Topda ¥ aKTUBHBIX MHKPOOHBIX KYJBTYpP, CIOCOOCTBYIOIINX
MOBBIIIEHUIO YPOXKaHOCTH, NMHUIIEBON IIEHHOCTH CEIbCKOXO3SIHCTBEHHOM
MPOIYKIUH W CHIDKEHHIO COJEPXKAHHSI B HEH MUKOTOKCHHOB, IIPOXYIIUPYE-
MBIX BO3OYIUTEIIMH KOPHEBBIX THIJICH.

CHnHCcOK JUTepaTypshl
1. Epmomaesa H.I1., Banosa H.1.//3amuTa pactennii.1992. Ne 8. C.24-25.

Moaupuxanus HedTenoJIuMepHbIX CMOJI OJY4YEeHbIX HA OCHOBE
(ppakumii JKMAKUX NPOAYKTOB NMPOIU3A

JI.C. bozoanosa

Hayunwuii pykosooumens k.x.n. 0oyenm B.I". Bondanremos
Tomcxuti nonumexnuueckuu ynusepcumem, 634050, Tomck, np. Jlenuna, 30,
lukreciya@sibmail.com

[Ipn muponuse HEPTIHOTO CHIPHS HAPSLY C LEIEBBIMH Ta3000pa3HBIMU
YIJIEBOJOPOIaMH  00pa3yloTcsi MOOOYHBIE KHUAKHE HPOLYKTH MHPOJIN3a
(OKTIII). Onuum u3 HanpasneHuit nepepadotku XKIIII sBnsercs nomydenue
Hedrenonmumepusix cmon (HIIC). HIIC B Hacrosiiiee BpeMsi HCHOJB3YIOT
KaK 3aMEHHUTENH Ae(UIIMTHOTO HATYpalbHOTO CHIPhS B JIAKOKPACOYHOM,
PE3UHOBOM, IETUTIOJI03HO-0YMaXXHOI OTpacisfX MPOMBIIIJICHHOCTH.

OcnoBHo# Henoctatok HIIC — HM3Kas aare3mss U BBICOKasl OKHCIsE-
MOCTb MOKPBITHH, 4TO OOYCJIOBIICHO BBICOKOW HENPENEIbHOCTBIO CMOJ M
OTCYTCTBHMEM (DYHKIHOHAIBHBIX IPYNI B UX CTpyKType. OmHMM n3 mep-
CIIEKTUBHBIX HampaBieHud ynydiieHus xapaktepuctuk HIIC u nokpeituit
Ha UX OCHOBE SIBJISIETCS] BBEICHHUE MOJISIPHBIX TPYII B CTPYKTYPY MOJEKYIIBL.
Hawubornee 1ocTynmHBIM METOJIOM XUMHYECKOTO TIPEBPAICHNUS SBISIETCS 030-
HUpoBaHue [2]. Peakuust npoTekaeT B MATKUX yCIOBUSIX, HE TPEOYIOT NpH-
MEHEHHS KaTaJIN3aTOPOB M HE COIPOBOXKIAETCS 00pa30BaHUEM OTXO/IOB.

Takum ob6pazom, ozoHupoBanre HIIC nmpuBOAUT K CYIIECTBEHHOMY H3-
MEHEHHIO UX (PyHKIIMOHAJIFHOTO COCTaBa, YTO ITO3BOJIIET UCIOIB30BaTh UX
JUT JajmbHEeUIed Mogu(UKauy ¥ pacuIMpeHns aCCOPTUMEHTA CMOJL.

Lenpro maHHOM PabOTHI ABIAETCS M3y4eHHE 3aKOHOMEPHOCTEH B3amMO-
nevictBust HIIC ¢ 030HOM M BO3MOXHOCTH BTOPUYHOH MOIU(MUKAIIMUA 030-
HUPOBAaHHBIX CMOJI 3TaHOJIaMuHamu [1, 3].

O6nexroM nccnenoBaunus sisisercss HIIC, noxydeHHas KaTannTHYeCKOH
nojuMepu3anuei HenpenesnbHbIx coequnernit ¢ppakmun Co (HITCqy) JKIIIT
B npucytctBuu cuctemsl TiCl,—AI(C,Hs),Cl.

CBolicTBa UCXOAHOW CMOJIBI TIpEJICTaBICHHI B Tabuie 1.
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Ta6una 1 — Xapaxrepuctuku HIIC 9 1 HOKPBITHH, TOTY4EHHBIX HA UX OCHOBE

XapakTepHcTHKA HIICC9

BpomHuoe ywmcio, r Bry/100 r 50,0
Temnepatypa pasmsirdaenus (mo Kulll), °C 67

MornekyispHas Macca, y. €. 450

IIer 50 %-ro pactBopa B keunode, Mr 1,/100 mix 900
Anresus, 6amn 4

ITpoyHOCTH NPH yIape, CM <3
TIpouHocTs mpu u3rubde, MM 20

Hnsa uccnenoanus coctaBa HIIC, 1.e. XxapakTepa U coueTaHus MPEeIib-
HBIX, HETPENIETbHBIX ¥ apOMAaTHIECKHX (DParMeHTOB, UCIIOIb30BAIN METObI
SIMP 1H-cne1<1pocxom/m u HUK-cnexrpockonuu. I1o cOBOKYITHOCTH AaHHBIX
UK- u SIMP lH-Cl‘IeKTpOCKOHI/II/I yctaHoBiieHO, uto B cTpykType HIIC co-
JIEpPIKUTCS OOJIBIIOE KOJMYECTBO NPOTOHOB apOMAaTHYECKHX (DparMeHTOB,
HE3HaYMTeNbHAs Pa3BETBICHHOCTh OCHOBHOM Napa)MHOBOM 1IETH.

Ha ocHoBaHHU TOJNy4YeHHBIX pPe3yJbTATOB MOXHO CJeNaTh BBIBOA, YTO
HIIC npencraiser coOoll OJIMTOMEpHBIE MPOIYKTHL. XapaKTEPUCTHKU I10-
KpbITuil nonydeHHbIX Ha ocHoBe HIIC uMEIOT HU3KME MOKa3aHHs, 4TO HE
MO3BOJISIET UCTIONIB30BATh UX B KAUECTBE KOMIIOHEHTOB JIJAKOKPACOYHBIX MaTe-
puasnoB 0e3 IONOIHUTENBHOI MoupUKaU. B 1aHHOM citydyae 030HMpOBaHUE
MO3BOJMT BBECTU B COCTaB CMOIIbI Pa3/IMUHbIE MOJISIPHBIE PYIIBL, a B3aUMO-
nevicteue o3oHUpoBanHOI HIIC ¢ aTaHONaMHHaMu TIpEBEeT K 00pa30BaHMUIO B
CTPYKTYpE CMOJIBI JOTIOTHUATENEHBIX (DYHKIIMOHAIBHEIX Tpy [4, 5].
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Hcnoan3oBanne MoauGpuIUpPOBAHHBIX BUHWIOYTHI0BbIM
3¢upoM HedTEmOJIMMEPHBIX CMOJI JJIS NOJTYYEeHUS
MAaCJASHO-CMOJISTHBIX KOMIIO3HIIUIA

10.b. Bapakuna

Hayunwuii pyxogooumens — k.x.H., doyenm JIL.U. Bonoanemosa
Tomckuii nonumexnuueckuu ynueepcumem, 634050, Tomck, np. Jlenuna, 30,
VarakinaYB@mail.ru

PazBuTre He(TEXMMUUECKOH IIPOMBIIIIIEHHOCTH TPEOYET MONCKA HOBBIX
MyTel KBaMM(UIIMPOBAHHOTO MCHONB30BAHUS KHUIKHX MPOIYKTOB ITHPOJIH-
3a (KIIII), oOpasyromuxcst mpyu MPOM3BOJACTBE HIBIIUX ONePUHOB. OqHIM
W3 HampaBJIeHWH pannoHaidbHOH mepepaboTku JXKIIII sBmsercs moxydeHue
HedrenmomumepHbIx cMon (HIIC). HedremommmepHble CMONBI IPEICTaBIISI-
10T 3HAYUTENNbHBI WHTEpEC B KayecTBE NEPCIEKTHBHBIX ILIEHKOOOpa3ylo-
KX, TO3BOJISIOIINX 3HAYUTEIIBHO CHU3UTh PAcX0f AS(HUIUTHOTO CHHTETH-
YEeCKOT0 U MPUPOJHOTO (PACTHTENBHBIE Maciia) ChIPbs MPU WX HU3TOTOBIIE-
Hu. Moaudukarus HIIC peakiinOHHOCITOCOOHBIMHU MOJIAPHBIME COSIHHE-
HUSAMH (0L, 3-HEHACHIICHHBIC ATN(PATHIECKUE WIN apOMATHIECKUE KHCIOTHI
W UX aHTHAPHIBL: MajenHoBas, GymapoBasi, raneBasi, akpuioBas, MeTaK-
pUJIOBasl KUCIIOTHI, aKpPUJIOHUTPHI W MAJCMHOBBIM aHTHUAPHI) MO3BOJISIET
YIYYIIUTh (HU3UKO-XUMUYECKUE M MEXaHWYECKUE XapaKTEPUCTUKU HETo-
JSIPHBIX CMOJL.

Lenpto manHON pabOTHI SBJISETCS MOTy4YEeHHE MOIU(PUIIMPOBAHHBIX
He(TeOIIMMEpHBIX CMOJI C TIOJIIPHOM TPYIIION COMOIMMepHU3anue KOM-
NoHEeHTOB (pakinu Cg XUAKAX TPOAYKTOB MUPOJIH3a U BUHHIOYTHIOBOTO
a¢upa nox neicteuem katanuruueckoit cucremsr TiCl—Al(C,Hs),Cl u mo-
JIy4eHHEe MAaCJISTHO-CMOJISTHBIX KOMITO3HMILIMI HA X OCHOBE.

Cononumepuzanuio ¢ppaxiuu Co u 10 % BB npoBoawm noa neicTBu-
em karanuzaropos: TiCl,—AI(C,Hs),Cl B cooTHomennn 1:1 mpu temmepa-
type 80 °C B teuenne 180 mun. KoHuentpauus terpaxiopuna turana S5 %.
Jle3akTUBALIMIO KaTaln3aTopa OCYHIECTBISUIM OKCHIIOM HpoIuiieHa. Beiae-
JICHUE CMOJI M3 PEaKIMOHHOM MacChl MPOBOIIIM yAAJIEHHEM Herpopearu-
POBABILIMX YIIIEBOAOPOJOB. TeXHIUECKHE CBOICTBA IJIEHOK ONpPE/eNIsu 110
CTaH/ApTHBIM MeETOAMKaM. MacisiHO-CMOJISTHbIE KOMIIO3UIMU  TI0JTyYallu
cmemrenneM 50 %-x pactBopoB B Xxiopodopme MOAMPHUIMPOBAHHOM
HedrenosmMepHoi cMoitbl U nojcosHeyHoro macia (OIIM), okuciaeHHOTO
KUCJIOPOZOM Bo3ayxa B mpucyrcTBuu 0,5 % TpHITHIAMIOMHUHHMA W coyeit
kobanbTa (Co®"), mpu KoMHaTHOI Temmeparype. COOTHOIICHHE KOMIOHEH-
toB kKommo3unuu OIIM-HIIC Bapsuposanu B uatepsane 100 : 0-0 : 100.
TexHn4eckue CBOMCTBA IJIIEHOK ONPEAEISIN 10 CTAHAAPTHBIM METOUKAM.
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B pesynbrare nmonmumepusanuu Moaudunuposannoir BED ¢pakuuu Cy
nox aeiicteueM karamutideckoi cuctemsl TiCl,—Al(CyHs),Cl cunrtesupy-
ercst 36...38 % cmombl. [osiBieHHE MOJIOC MOTIIOLIEHUS POCTOH IUPHOH
C-O—C rpymmsr (1090 cm ) B MK-criekTpe MpOAYKTa COMOTMMEPH3AIIHI
HeTpeieIbHBIX KOMIIOHEHTOB (hpakimu Cq m BBD nokassiBaeT oOpa3zoBanne
MOU(UIMPOBAHHON CMOJIBI.

CBolicTBa MacIIsTHO-CMOJISTHBIX KOMIIO3HIIUH, TOJy9€HHBIX HA OCHOBE MO-
muuimpoBaHHEIX BUHIIOYTHIOBEIM 3¢rpoM HIIC 1 OIIM npu pa3nmaaoM
COOTHOLIEHHY KOMIIOHEHTOB KOMIIO3HUIINH, MIPE/ICTABIICHBI B TAOIHILIE.

Taoiauua. CBoiicTBa MaCISIHO-CMOJISTHBIX KOMITO3UIIUIM

IBet, Mr IIpounocts | IlpounocTs
oo 31106 ou| 4™ g e, ape, | B2
MM cM
100:0 500 2 2 3 36
80:20 400 1 1 3 92
60 : 40 300 1 1 3 144
40: 60 200 1 1 4 192
20:80 150 1 1 4 216
0:100 50 1 1 4 240

Komnozuimn Mogu(UIIUPOBAHHBIX CMOJ C OKHUCIICHHBIM PACTHTEIEHBIM
MAacIlIOM JTAIOT POBHEIC, MPO3payHbIe TUICHKH. [IOKPHITHS HA OCHOBE MOJH-
(DUIIPOBAHHBIX CMOJ W OKHCIIEHHOTO ITOJICOJHEYHOTO Macia, 00JamaroT
YIIyYIIEHHBIMA TPUKJIATHBIMA XapaKTEPUCTUKaMH (aare3us, MPOYHOCTD,
TBEPJIOCTh) 10 CPABHEHMIO C KOMIIO3UIIMSIMH, B COCTaB KOTOPBIX BXOAMT
HemoauduimpoBaHHas cMmona. YBennueHue conepxkanus HIIC B cocraBe
KOMITO3MIMH MPHUBOJIUT K 3HAYUTEIBHOMY YIJIyOJEHHUIO I[BETa UX PacTBO-
POB U COKpamaeT BpeMsI BHICBIXaHUS ITUICHOK, IPOYHOCTHBIE U a[Ir€3NOHHBIE
CBOMCTBA MOKPHITUH MPHU 3TOM MNPAKTHUYECKH HE M3MEHs0TCs. CpaBHEHHE
CBOMCTB NOJyYEHHBIX KOMIIO3UIMI TMOKa3bpIBa€T, YTO BO3MOXKHA 3aMe€Ha
40...60 % OKHUCICHHOTO TOJCOJHEYHOr0 Macia Ha He(TeHnoIMMEepHYIO
cMoJy 0e3 yXyIIICHUS OCHOBHBIX XapaKTEPHUCTUK MTOKPBITHS.

Takum o00pa3oMm, comoIMMepH3aluei HenpeaeIbHBIX KOMIIOHEHTOB
¢dpakmmu Cy KUIKAX MPOAYKTOB MUPOJIM3a C BHHWIOYTHIIOBBIM 3(QHPOM,
MOJy9eHBl MOIU(PHUINPOBAHHBIE HEPTEIOIUMEPHBIE CMOJBI, HCIIOIb30Ba-
HHE KOTOPBIX B COCTaBE MACIISTHO-CMOJISTHBIX KOMITO3UITHI TTO3BOJISIET CHKO-
HOMUTH 710 40...60 % nopororo AeUIMTHOTO PACTUTEIBHOTO CHIPHSI.
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OxucaureabHasi Moaudukanus He)TenoJIMMEPHBIX CMOJI B
peleHUH IKO0JIOrHYecKUX NpodJiemM

/. A. Bamkuna

Hayunuuii pyxogooumenv — k. x. H., doyenm kagh. TOOC u BMC,
O. C. Kykypuna
Tomcxui nonumexnuueckuu ynueepcumem, 634050, Tomck, np. Jlenuna, 30,
dove9@sibmail.com

[Tuponu3 HedTAHBIX YITIEBOJOPOJOB COMPOBOXKIAECTCS 0Opa3oBaHUEM
Kak ra3oo0pasHbIX, TaK M KHUAKHX MOOOYHBIX MPOJYKTOB, COJEpPIKAIINX
HeTIpeZieTIbHbIE M apoMaTHYecKue yrieBojoponasl. OmHuM Hamboiee mep-
CTIEKTUBHBIX W HaWMEHEE 3aTPAaTHBIX ITyTeH SIBISCTCS KOMIUIEKCHAs Iepe-
paboTKa *XUAKUX NPOLYKTOB MUPOJH3a C IMOJYyYCHHEM H3 HHX HE TOJIBKO
apoOMaTHYECKUX YIIIEBOJOPOIOB, HO M HedTenomuMmepHbaix cmon. Hedremo-
mumepHble cMoitsl (HIIC) HaxonsT mmpokoe MpUMEHEHHE B Ka4eCTBE KOM-
MOHEHTOB IUICHKOOOPAa3yIoINX MaTepHalioB, a TAKXKE 3aMEHUTEICH pacTH-
TeNnbHBIX Macell. Kpome toro okucnutenpHas monudukanys HIIC no3soss-
eT paclIupuTh 00J1aCTh MPUMEHEHHUS JaHHBIX OJIMTOMEPHBIX MPOAYKTOB [1].
Taxk, Harmpumep, BBenerne B ctpykTypy HIIC snokcuaHo#l u xapOOKCHIIb-
HOH TPYyINII MOXXHO TOBBICHUTH aAr€3HOHHYIO crlocoOHocTs cmodbl [3]. Tlo-
no6ny0 Momudukanuo HIIC BO3MOKHO OCYIIECTBUTh OKUCIICHUEM B IIPH-
CyTCTBHHM KaTaju3atopa [4], mepokcuna Bogopoaa [4] u o3oHa [5].

B Hacrosimeld paboTe mpencTaBleHbl pPe3yibTaThl 10 CENEKTHBHOMY
OKHCJICHHUIO HE(TEHOIMMEPHBIX CMOJI C IIEJbI0 YIYUIISHUS UX aJlre3U3N0H-
HBIX XapaKTePHCTHK.

Oxucnenue He(TETTOIMMEPHBIX CMOJI IPOBOAMIIOCH METOIOM HENpsIMO-
ro 3nexkTpookucieHns. CyTb AaHHOTO METOJla 3aKJII0YaeTcsl B T'eHepaluu
OKHCIIUTEIBHOTO areHTa MpU IPOIyCKaHWM 3JIEKTPHYECKOr0 TOKa depe3
pacTBOp SIEKTPOINTA, B KadeCTBE KOTOPOTO BBICTYITHIJIA CEpHAs KUCIIOTA.
Kommuieke 00pa3yrommxcsi Ipu 3JIEKTPOJIN3e OKUCIUTENECH, B CBOIO Ode-
penp, He BBIACIACTCA B YHCTOM BHJE, a BCTYNAET B PEAKIUIO C HE(TEIIOIH-
MEpHOM CMOJIOHN, HaXOSAIEHCS B pEaKIIMOHHOU cpejie.

OKcIeprMeHTaIbHbIE TaHHBIE MPEICTABICHB B BHIE 3HAYCHUH MOTIIO-
LIEHUS OCHOBHBIX XapakTepuctudyeckux noiroc MK-—cmekrpos, mpuseneH-
HBIX B TaOJIHIIE.

Jannsle MK—crnekTpoB MOKa3bIBAIOT, UTO O] ACHCTBUEM DJIEKTPOTEHE-
PHPOBAHHBIX OKHCIHTENIEH MPOUCXOIUT U3MEHEHHSI B CTPYKTYpe (pakiuu
Cy. OcobenHo 310 3ameTHO 1o obyactu mornomenus 1000-1300 uMm, Tak
KaK UMEHHO B 3TOH 00JaCTH B OCHOBHOM OTPa)KalOTCsI ITOTJIONIEHHUS KapOo-
HWIBHOW rpynnsl. HeoOX0guMO OTMETHTB, YTO OCTAIOTCS NMPAKTHYECKH
HEM3MEHHBIMH HMHTEHCHUBHOCTh IIOJIOC, XapaKTepH3YIOIIUE OEH30JbHbIE
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koibla. Takum o6pa30M, OKHUCJICHUC MPOUCXOJUT B 60KOBy10 4acThb, MpakK-
TUYCCKU HE 3aTparmBas apoMaTU4HOCTHU JIaHHOM q)paxuml.

Ta6anuna — UK-cnexrpsl HIIC no u nocne oxucnenust

VK-cnexTpr1 é-l ?C (@pascuuns HK-cnextpsl HIIC nocie okuciieHus
9
700, cp 699, cp
——  C-H (npousBoxnsie C-H
750, cp Genzona) 752, cp (mpou3sBozHbIe GeH301a)
-C-0-C-

1069, cp _C_OH

1100, cn6 | Konebanue xombua | 1170, ¢ ~C0-C-

3¢upbI

1233, ¢ Apomaruueckue 3pupbl
1294, ¢ KapOoHoBBIE KHCIOTEI

1452

> P 1500, cn Kone6anue Konbla

1500, cp | Konebanue xompia

1585, cp -C=C-

1600, cp | Konebanue konbia | 1603, ci Cc=0

KapOoHOBBIE KHCITOTHI

1702, cn c=0

2930, cx CH; 2930, ¢ CH3

3025, cp C-H 3025, ¢ C-H

[Mpumeuanne. Ci. — cnabasi, ¢. — cuibHasA, cp. — CPEIHss.

U B 3aKit0u€HUU HYKHO OTMETUTSH, yTo afre3ust HIIC, nonyuyenHas me-
TOJIOM pPENIeTYaThIX HaJPe30B IOCJIC OKHCICHHUS HE3HAYUTENbHO ITOBBICH-
nack 1o cpaBHeHHIO ¢ unctoi ¢paxumeit HIIC, B pesynbrare oOpazoBanus
KHCJIOpoAocoAepKamux rpynn B okuciaenHon HIIC.

CrnMcoK JuTepaTypsl
1. Oymckwuii }O.B. Hedremommepnsie cmomnsr. M.: Xumust, 1988. 168 c.
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MHMKpPO3J1eMeHTHbIN COCTAB MOBEPXHOCTHBIX U MOPOBBIX BOJ
HoBocuoupckoro BoqoXpaHuinina

E. 1O. /Ipronuna

K.M.H., HayyHblll compyoHuk, A.H. Diipux
Hncmumym 600nvix u 9xonozuyeckux npoonem CO PAH, 656038,
2. Bapnayn, yn. Monooescnas, 1, E-mail: alnik@iwep.asu.ru

Beenenne. [Ipn 5KONOrMYECKUX MCCIENOBAHHUSX PEYHBIX HKOCUCTEM
BO)XHBIM aCIIEKTOM SIBJISIETCS] U3y4YEHHE COJIepKaHHs PAacTBOPEHHBIX (opM
3arpsi3HAIONMX BemecTB B Boje [1]. M3ydenne pacTBOpeHHBIX (HOPM MHUK-
pO3JIeMEHTOB B Bojxe HOBOCMOMPCKOrO BOJOXpAaHMIUINA IPEACTABISAET
Gonbuioif naTepec. C OJHOW CTOPOHBI ATO JAaeT BOSMOXKHOCTB IIOHATH Me-
XaHU3MBI ()OPMHUPOBAHHS COCTABA BOJBI M MPOLIECCHI, IPOTEKAIOIIUE B BOJI-
HOI1 cpejie, ¢ APYroil CTOPOHBI, MTO3BOJISIET ONPEICTUTh YPOBCHD 3arpsI3HEH-
HOCTH BOJBI M OLECHUTH OMOJOCTYITHOCTh METAJUIOB JUISl BOJHBIX OpraHM3-
MOB. Llenb paboThl — U3y4eHHE OCOOCHHOCTEH COIep)aHHs U pacrlpere-
JICHUSI PACTBOPCHHBIX ()OPM MHUKPOIIEMEHTOB B TIOBEPXHOCTHOM M IMOPOBOM
BoJie HoBocHOMPCKOTO BOJOXpaHMUIMIIA, M YCTaHOBIEHHE (haKTOPOB, BIIH-
SIOUIMX Ha UX COJIepIKaHUE.

OOBEKTH U METOIbI UCCIIeIOBaHMMA. 1)1 U3yUueHUs CoJiep>KaHusI MUKPO-
2JIEMEHTOB B BOJIE, B IIEPBYIO O4epe/ib, Obliia BEIOpaHa cXeMa KOHTPOJIbHBIX
Touek orbopa mpob (ot r. Kamens-Ha-O6u 1o n. CocroBka). Ha mecte oT-
Oopa mpoBonwiIM M3MepeHue temmepartypel, PH u Eh Boxbl, Bce nocieny-
IOIIHE ONPENeTICHHUS U HCCIIS0BAHNS IPOBOJMIIN B 1JA0OPAaTOPHBIX YCIOBH-
X [2-3]. KoHLeHTpauuy TSOKENbIX METAUIOB ONPEAENSsIA METOIOM aTOM-
HO-a0COPOLMOHHON CIIEKTPOMETPHH € HCIIONB30BAaHUEM IIAMEHHOTO BapH-
aHTa aTOMH3ALMH (ALETHICH—BO3/YX) H JJICKTPOTEPMHICCKON aTOMHU3ALHU
(3TA) na nmpubdope SOLAAR M-6, mjst rpaagyupoBKy mpubOpa UCHOIb30-
Bany crangaptHeie pactBopsl ['CO.

O6cyxnenne pe3ynpTaToB. KOHIIEHTpariu MUKPOJIEMEHTOB B TIOBEPX-
HOCTHOU BoJie HOBOCHOMPCKOTO BOJOXPAaHWIIMILA BapbUPYIOT B CIEIYIO-
mux npegenax: As — <0,5-1,10; Cd — < 0,01-1,69; Co — <0,2; Cu —
0,29-7,84; Cr — <0,10-0,58; Fe — 4,90-882; Mn — 0,50-9,62; Ni —
< 0,20-6,10; Pb — < 0,20-7,63; Zn — <4,0-105 mxr/mnm’.

[IpocTpaHcTBEHHOE paclpenielIeHue PacTBOPEHHBIX (OPM MHKPOdJIe-
MEHTOB B BOJie 10 yiiHE HOBOCHOMPCKOTO BOJOXpaHWIMINA JIOCTATOYHO
PaBHOMEpPHO, KPOME JKeJie3a, KOHIIEHTPaNus, KOTOPOTO YBEJIMUUBAETCS OT
BEPXHETO CTBOpa K HWKHeMY. [lJIs1 OLIEHKH ypOBHSI 3arps3HEHHOCTH BOJIBI
HoBocubupckoro BOJOXpaHWIMIA MHUKPOIJIEMEHTaMU OBIJIO NPOBEACHO
CpaBHEHHUE OIpPEAENIAEMBIX KOHIEHTPALMH pPacTBOPEHHBIX (OPM MHKpO-
3JIEMEHTOB C 3aKOHOAATENBHO PErJaMEeHTHPOBAHHBIMH IIPEAENIBHO IOIY-
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ctumbivu  KoHueHTparsivu  (ITJIK,) a7 BoJ  XO3SHCTBEHHO-OBITOBOTO
HaszHaueHus u I1JIK,, 118 peiGoXo3siCTBEHHBIX BOJOEMOB. Pe3ynbTaThl
aHanmm3a TOKa3eBaloT, 4yTo mpeBsimenue [1JK, Habmromaercs mna Fe
(1,3-1,9 IIJK,). Ipespimenue IJIK,, 06110 00HApYKEHO TIOBCEMECTHO IS
Fe (1,1-5,8 ITOK,,) u Menu (1,6-2,0 ITAK,,).

Hapsimy ¢ wm3ydeHmeM mpoQMIFHOTO paclpeleNieHus pPacTBOPEHHBIX
(hopM MHUKpO3IIEeMEHTOB B Boje HOBOCHOMPCKOTO BOAOXpaHMIIMINA, TAKKE
OBLTO HCCIIEOBAHO BEPTUKAIBHOE paclpelielieHNe METAJUIOB 110 €ro TIIy-
OuHe B TPEX CErMEHTax CTBOpA W MOPOBOU BOJIE TOHHBIX OTJIOKEHUN. Mak-
CUMaJbHbIC KOHIICHTPAIMK 3JEMEHTOB (DUKCHPOBAIUCH B MOPOBOM BOJIE.
Bbuto ompeneneHo, 4To gake OTHOCHTEIBHO HEOOJBIINEC U3MEHEHHS OKHC-
JUTENbHO-BOCCTAHOBUTEIBHBIX YCIOBUH BIHUSIOT HA COJEPKaHUE MUKPO-
AJIEMEHTOB B MOPOBOH Boje. Tak, Mpu mepexojie OT YyMEPEHHBIX (IPOMEXY-
TOYHBIX) YCJIOBHI K BOCCTAHOBUTEIILHBIM, B HUX HAaOIIOMACTCS 3HAUYUTEIIb-
Hoe yBenmuueHHe conepxkanus Fe, Mn, Co u Cr B mopoBoii Boge. i As,
Cd, Cu, Ni, Pb, Zn takas 3aBHCHMOCTb HE TPOCIICIKUBACTCS, YTO CBSI3AHO C
o0Opa3oBaHMEeM TIpH aHA’POOHBIX YCIOBHAX IUIOXO PACTBOPUMBIX B BOJE
Cynb(QUIOB. AHATH3 MONYYCHHBIX NAHHBIX ITOKAa3al, YTO HAWOOJIbBIIEe CO-
JIepKaHWe MUKPOAJIEMEHTOB HAaXOIWTCS B MOPOBBIX BOJAX C BOCCTAHOBH-
TENBHBIMA YCIIOBUSMH.

BriBogbI.

1. Ormeueno mnpemsimenue ypoBHs I[IJIK, mms xenmesa (ot 1,3 1o
1,9 IAK,) u IIK,, mns sxenesa (ot 1,2 go 2,1 IJIK,,) u mexu (ot 1,6 1o
2,0 [11K,,) B Bosie HoBOCHOMPCKOTrO BOJOXPAHUITHIIA.

2. TlpomosbHOE pacmpeneieHue pacCTBOPEHHBIX (POPM MUKPOIJIEMEHTOB
B Boje Mo mmHe HOBOCHOMPCKOTO BOMOXpAaHIIIHUINA JOCTATOYHO PaBHO-
MEpHO, 32 HCKIIOUYCHUEM KeJie3a KOHIICHTPALUs, KOTOPOTO YBEIMIHBACTCS
OT BEPXHET0 CTBOPA K HIDKHEMY.

3. MakcumarnbpHble KOHIIGHTPAIlUH PACTBOPEHHBIX (OPM MHKpO3JIe-
MEHTOB OBLITH OMPE/ICICHEI B TOPOBOI BOJE JOHHBIX OTIOKCHUH.

4. Hawuboplee colep)KaHWe PAaCTBOPCHHBIX (OPM MHUKPOIICMEHTOB
HaxXOJMTCS B MOPOBBEIX BOJAX C BOCCTAHOBHUTEIbHBIMHU ycioBusivMu, a Cd u
ZN — B MOPOBBIX BOJIAX C OKUCIUTEIHHBIMH YCIOBUSMHU.

CrnMcoK JUTepaTypsbl
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1998 r. (u3nanne2004 r.)
3. TIHI @ 14.1:2:4.140-98, KonuuecTBEHHBIH XUMHUUECKUH aHann3 Boja, MocKBa
1998 .58 ¢




XII Beepoceuiickaa HayuHO-NpaKkTUUeCKas KOHGEPEHLNA CTYAEHTOB U MONOABIX YUEHbIX
«Xumma n xummueckas Textonorus B XXI seke», TNY, Tomck, 2011 159

IoayyeHne MIeHKOOOPA3YIOIIHX HA OCHOBE
HHMKJIONMEHTAANEHOBOI (paKUMy KUIKUX MPOTYKTOB MUPOTU3A

E. H. 3adoposcnasn, H. B. Bhacosa

Hayunwuii pyxogooumens — acc. A.A. Manankosa
Tomcxuii nonumexnuueckuu ynueepcumem, 634050, Tomck, np. Jlenuna, 30,
nadezhda_hope89@mail.ru

HedrenonmumepHsie cMOJIBI — HU3KOMOJIEKYJISIPHBIE TIOJIMMEPHBIE TIPO-
JYKTBI, KOTOpbIE 00pa3yloTcs B pe3yJIbTaTe NOJIUMEPU3alU HelpeIesIbHbIX
COEMHEHUH NpU KauyecTBEHHOU nepepaboTke KUIKUX MPOTYyKTOB MUPOJIH-
3a (KIII) ¢ Temmeparypoit kunenns 30-200 °C (Pppaxmust Cs—Cg). HIIC
MPUMEHSIOTCS B JIAKOKPAaCOYHOW, MeOeNbHOH, IeINTF0I03HO-0yMaKHOM,
PE3MHOTEXHIMYECKONW MPOMBIIUICHHOCTH, B MPOW3BOJICTBE IEYATHBIX Kpa-
COK, WCKYCCTBEHHBIX KOXX, aHTHKOPPO3HHHBIX ¥ 3aIIUTHBIX MOKPHITHH, B
CTPOUTENIBCTBE U PA3INYHBIX KOMIIO3ULUSAX [1, 2].

B nactosmelt paboTe B KauecTBe MCXOTHOTO CHIphs ais cuHTe3a HIIC
UCIIONIb30BANIM AMIMKIIONeHTaaueHoByo ¢pakuuio JKIIIT npsmMoroHHoTro
6ensuna ycranoBku D11-300 OO0 «TomckuehTexumy». PaHee ycTaHOBICHO
[3, 4], 9TO MpU MOJMMEpHU3ANUN HETPEEIbHBIX KOMIIOHEHTOB IUKJIO-, JIU-
UKJIOTIEHTaIMEHCOIepPKaIUX (pakiid 00pa3yroTcsi CMOJIBI C YJy4lIeH-
HBIMH 3KCIUTYaTallUOHHBIMU CBOWCTBAMH.

Ienpto paGoOTHI ABISUICSA CHHTE3 IUIEHKOOOPA3yIOIUX C MCHOIb30BAaHU-
€M KaTaUTHYECKOTO KOMILIEKCAa Ha OCHOBE MOHOAIKOKCHUTPHUXJIOPUAA TH-
tana u Al(C,Hs),Cl (1:1 moins). Ti(OC3H;)Cls mony4anu B3anMoieiicTBieM
TiCl; 1 U30npPONUIIOBOTO CHUPTA NPU MOJILHOM cooTHomenuu 1 : 1. TIpo-

Tabanna 1 — Csoiictsa nnenok Ha ocHoBe HIIC ¢ (TOMIIMAA IITIEHOK
10-15 mMkm)

Temneparypa cunresa, °C
20 40 60 80

Bpemst BBICBIXaHHSI
«OT IIBUTHY, C 20 20 25 30

XapaKkTepucTHKHU

. Marosasi, | MaroBas, | MaroBas, | Marosas,
Bremnwmii Buj

TJIaIKast TJIaIKast TJIaIKast TJ1aKast
Anresus, 6ami
Crekino — MPH / MITH 2/1 2/1 1/1 1/1
Cran, — MPH / MITH 2/1 2/1 1/1 1/1
DaCTUIHOCTh, MM <1 <1 <1 <1
[IpodHOCTH IIpH yHApE, CM 11 5 9 5
TBeprocTh, Kr
Crexio 0,2 0,6 0,8 0,8

Cranp 0,2 0,6 0,8 0,8
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1ece npoBoawn npu Temmeparypax 20, 40, 60, 80 °C B TeueHne 60 MUHYT
B CTEKJITHHOM PEaKTope, CHA0>)KEHHOM MEXaHM4YEeCKOH MelIaakoi u obpat-
HBIM XOJIOJWIGHUKOM. B pesymprate momydenst cerimbie (10-50 mr I, /
100 mux KI) HIIC ¢ Berxomom 24-30 %. HemocpeacTBeHHO M3 peaKIIMOHHBIX
pacTBOpoB (0€3 BBIOENCHHUS CMOJBI) OBUTH MOJTYYSHBI MOKPHITHS METOIOM
MOJIMBa HAa JKECTSHbIC, CTEKISIHHBIC M alfoMHHHEBbIE TutacTuHBl o [OCT
8832-76 u mcciemoBaHbl CIEIYIONINE XapaKTePUCTHKH: BPeMsI BBICHIXaHUS
«OT HBUINY», BHEIIHUH BUJ, aATre3usl, IPOYHOCTH TPH yIape, TBEPAOCTb, dJ1a-
CTMYHOCTh. B Tabnuie npencraBieHbl pe3yibTaThl HCCIEIOBAHUNA IMONY-
YEHHBIX ITOKPBITUH.

VccnenoBanus MOKa3bIBalOT, YTO IUIEHKHU Ha ocHOBe mosy4deHHsIx HIIC
TJIaJIKue, pOBHbIE, 0€3 BKIIFOUEHHH C aare3ueid 1—2 Oania, NpOYHOCTHIO TIPH
yaape 6onee 5 cM, 21aCTUIHOCTHIO < 1 MM.

B 1CJIOM, JTaHHBIC OKCIITyaTallMOHHBIC XapaKTCPUCTUKU IMO3BOJAOT UC-
MIOJTE30BATH MOJMYyYEHHBIE MOKPBITHS B TJAKOKPACOYHON MPOMBIIIIIEHHOCTH.
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Pa3pabdoTka MeTO10B MOJTyYeHHA MOJIMMEPHBIX
MeTAJVIOKOMILIEKCHBIX KATAJIH3AaTOPOB ISl 04YMCTKH BO3yXa

B.M. 3asakun

Hayunwuii pyxosooumens ooyenm, k. x. H. B.B. Boukapeg
Tomckuti nonumexnuueckuu ynusepcumem, 634050, Tomck, np. Jlenuna, 30,
Zayakin_V@sibmail.com

B nocnenane necsAtuineTus ¢ pa3BUTHEM aBTOMOOMIECTPOCHUS CHIIBHOE
3arps3HEHHEe aTMOCQEpHl MPOUCXOTUT BBIXJIOMHBIMU Ta3aMH aBTOTPAHC-
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nopra. B cocTaB BBIXJIONHBIX T'a30B BXOAMT OOJbIIas raMMa TOKCHYHBIX
BEILIECTB, MIABHBIMH U3 KOTOPBIX SIBIISIIOTCSI OKUCH YIIIEPO/ia, OKHCIIbI a30Ta,
YIIIEBOAOPO/IBI, KAHIIEPOT€HHBIC BEILECTBA.

OUHCTKY T'a30B MOXKHO OCYLIECTBIIATH Pa3HBIMH METOAAMH — TIPSIMBIM
CKHT'aHueM, abcopOuuel, KaTaIUTHYeCKUM OKHcieHHeM. Ho omHuMm u3
Hanbonee 3((PEKTUBHBIX METONOB OYHCTKH OTXOJSIIMX Ta30B SBISIETCS
riry0oKoe KaTamuTHYecKoe okucienue [1].

B Hacrosmee BpeMs KaTajdu3 Ha OCHOBE METaJUNIOKOMILIEKCOB Heopra-
HUYECKUX COCIUHEHHH SBIISIETCS OJJHUM W3 CaMbIX paclpOoCTpaHEHHBIX Me-
TOJIOB, HMCHOJIb3YEMBIX B OKHCIHMTEIILHO-BOCCTAHOBHTENIBHBIX Ipolieccax,
HO U OPraHW4ecKHUM METaJNIOKOMIUIEKCHBIM COCIMHEHMSM YIETSIOT 00JIb-
moe BHUMaHue. CymiecTByeT mpodieMa XUMHYECKOTO Pa3pylIeHHs] CTPYK-
TYp KOMIUIEKCOB, B CBSI3U C 3TUM MOSBUJIACh TEHJCHIUS K MCIOJIb30BAHUIO
MaKpOLMKJIMYECKHX METAJUIOKOMIUIEKCOB B KadyecTBe Karaiu3atopoB. Ha
ocHoBe MOIIK co3maHbBl 1 TOMOTCHHBIE M T€TEPOTrCHHbBIC KATAIUTHYCCKUE
cucteMbl. OTHAKO NMPUMEHEHHIO HAHOONIee MEPCICKTUBHBIX I'€TepOreHHbBIX
KaTAIUTUYECKUX CHCTEM ¢ Hcroiib3oBanueM MO®LIK mpemsrcTByeT ux oT-
HOCHTENIFHO HH3Kasi TepMmmuueckas ycroiumBocTh (500-700 K), a Taroke
Bozronka M®ILIK ¢ nosepxHocTu HOCUTENew [2, 3].

MakKpoLUMKINYECKUEe METATIOKOMIUIEKCHI UMEIOT PsiJi HEJJOCTaTKOB, YTO
OTKpPBIBAET TCHACHIIMIO CO3/IaHHS HOBOTO THIIA KaTalM3aTOPOB, & UMEHHO
KaTaJIn3aTOPOB MOJMMEPHOT0 THMa, nuponoiauMepsl. Paboter B.B. bouka-
peBa MOKa3bIBAIOT Psi/i IPEUMYIIECTB TAKUX KaTaln3aTOpOB, a UMEHHO BbI-
COKYI0 KaTalIATUYECKYI0 aKTHBHOCTb, TEPMHUYECKYI CTaOWILHOCTH JI0
1000 K, xuMHuueCcKyI0 YCTOHYHBOCTh, OTCYTCTBUE BO3TOHKH [4, 5].

Ha naHHBIH MOMEHT OBLIM CHHTE3MPOBAHBI KAaTalM3aTOPHI Ha OCHOBE
nuaHuaHbIX KomiutekcHbIX coenunenni Ka[Fe(CN)g], K4[Fe(CN)g] u comneii
nepexoaubix MetaiwioB Zn, Cu, Ni, Fe, Cr, nocutens — Al,03. MeTtoaunka
NPHUTOTOBICHUS reTeporeHHoro karamusartopa Mep[Fe(CN)g]ln/Al,O3 BriTtO-
YaeT CIeAYIOINe CTaIHH:

— mnpoxkanka Hocutens y-Al,Oz mpu Temneparype 350 °C;
— mnponutka Hocutenst 10 % BOIHBIM pacTBOPOM COJIM IIEPEXOIHOTO Me-

TaJlla B TCUCHUHU 2 CYTOK;

— CyIIKa MPOIHUTAHHOTO HOCUTEJISI B TEUCHUE CYTOK IPH KOMHATHOM TeM-

nepaType u aanee repmudeckas oopadorka mpu 350 °C B Teuenue 2 4
— TIPOMNHTKA MOJrOTOBICHHOTO HOCUTENs 2 % BOJHBIM PaCTBOPOM

Ks[Fe(CN)g] mmu K3[Fe(CN)g] B Teuenue Takxe 2 CyTOK;
— CyILKa MPUTOTOBJIIEHHOTO KaTajJu3aTopa MNPy KOMHATHOW TeMIIeparype

B TEUEHHUH CYTOK C AajbHeimen TepmoodpadoTkoit mpu 350 °C.

JlaHHast MeTOIMKa [TO3BOJISICT PABHOMEPHO HAHECTH aKTUBHOE BEIIECTBO
Ha MOBEPXHOCTh HOCUTEJA, 0e3 3a0MBKHM BHYTPEHHHUX TI0D.
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B xome pabotbl Obuta coOpaHa KaTaJITHYECKash yCTaHOBKA Ha OCHOBE
«yCTAQHOBKH HCIIBITAHUSI KaTaJIM3aTOPOB OYUCTKU JIBIMOBBIX Ta30B B TOMOTEH-
HBIX CHCTEMax». Y CTaHOBKa IPEAyCMaTpPUBACT JIMHUH MOAAYH BO3IyXa, a30Ta,
OKCHJa YIJIEpO/ia 1 JIOHOJHUTEIBHOIO Ta3a. Y CTAaHOBKA MOXKET paboTaTh Kak
KaTaIUTAIECKas, a/ICOPOIIIOHHO-KaTATUTHICCKAs 1 aJCOPOIIOHHAS.

[TomydeHne NUPONONMMEPHBIX KaTaIM3aTOPOB M M3YYCHHE MX CBOMCTB
SIBIIIETCS. OYEHb Ba)KHOW W HHTEPECHOM, MAJOU3YYEHHOM U aKTyaJbHOU
00JIaCTBI0 TETEPOTCHHOIO KaTanm3a. Pa3paboTka HU3KOTEMIIEPaTYPHBIX
MHUPOIIOJIMMEPHBIX KaTaJM3aTOPOB TO3BOJIUT CO3JaTh IPUPOAOOXpaHHBIE
MPOUECCHI OYUCTKH OTXOAAIINX Ira30B.
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AHAaJM3 MeTO/I0B 00ecIbIMBAHNSA HA NMPEeANPUATHAX MO
NPOM3BOACTBY KUpNMYa

1. A. Heanosa, M. C. I'agpunosa
Hayunwuii pyxogooumens — accucmenm xkag. IB)K T. A. 3adopocnas

B HacTosmee Bpems 60JbIINE YCHIINS MPUIATAIOTCS B 00IACTH 3AIIUTHI
oKpyskatomiel cpenpl. [IpobGiema BEIOpOCca 3arpsI3HIIOMINX BEIIECTB, B OCO-
OEHHOCTH, B3BEIICHHBIX, B aTMOC(epy SBIISIETCS OJHOW U3 OCHOBHBIX IPO-
0JIeM Ha CEerOHSIIHHIA JEHb, IIOTOMY YTO BBIOPOCHI MBUICBUIAHBIX YACTHUI]
MPEACTABISIOT 3HAYUTEIBHYIO OITACHOCTH JUI OKPYIKAIOIEH Cpebl U 4elo-
BeKa. DTH BHIOPOCH YXYAIIAIOT SKOJOTUYECKUE YCIOBUS PETUOHOB, BHI3BI-
BaIOT MPEKICBPEMEHHBIH N3HOC MPOMBIIIICHHOT0 000pyI0BaHUs, CIIOCO0-
CTBYIOT BO3HHKHOBCHHIO MPO(ECCHOHATHHBIX 3a00JIeBaHUI 00CITyKHBaIO-
HIEeTo MepcoHaNa. B Mpou3BoICTBE CTPOUTEIHHOTO KUPIIAYA MBLTH SBIISCTCS
OJIHUM W3 OCHOBHBIX JJIEMCHTOB 3arpsi3HEHUs aTMoc(epsl, METOIbI OOPHOBI
C KOTOPBIM B HACTOSAIIEE BpEeMs U3ydeHBI, HO Yallle BCEro JH00 He MCIIOIb-
3yI0TCS BOOOIIE, THO0 UCTIONB3YIOTCS HEdPPEKTHBHO.
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Lenbto naHHO# paboOTHI sBIsSETCS pa3paboTka HHKEHEPHO-TEXHHYECKUX
MEPOIIPUSTHI 110 CHIKCHHUIO 3aIlbUIEHHOCTH aTMOC(EPHOro BO3IyXa B pa-
6oudeil 30HE MPU MIPOU3BOACTBE CTPOUTENBHOTO KUpnHya. [ JOCTHKEHHS
Henu ObUTM TIOCTaBJICHBI CIEAYIOIINE 3afadi: MPOBECTH aHAJIN3 METO/OB
MBUICTIOAABIICHHS, TaKUX KaK T'MAPOOOECHBUINBAHKE, IOAABICHHE ITBLIH
MICHOH, MCIOJIb30BAaHUE Mapa, TyMaHa W BHIOpaTh HamOoiee IOIXOJIAIIUH
JUISL TAaHHOT'O BHJA MPOMU3BOJICTBA.

OpmHnM U3 3PPEKTUBHBIX CIOCOO0B MPEAYIPEIKICHNS BBIICICHUS BUTH
B aTMocepy sIBIsieTCsl METOJ] THAPOOOECIbUIEBaHHSI — yBIQKHEHUE MaTe-
puana, MOABEpraromerocs APOOJIEHHI0 BOAOHW C MOMOIIBIO CIENUAIbHBIX
OPOCHTENIBHBIX YCTaHOBOK. CIieqyeT OTMETHTh, YTO NPHUMEHEHUE THAPO-
obecrbUIeBaHMsl Ha ydYacTKe NPOW3BOJCTBA IAMOTa B ycioBusix Cubupu
OTpaHUYEHO OOJBIIMM MEPHOAOM OTPHLATEIBHBIX Temmeparyp. Bwicoko-
3 PEeKTUBHBIM U SIKOHOMHYHBIM CIIOCOOOM OOPBOBI C MBUIBIO B Y3/1aX mepe-
CBITIOK CHITyYNX MaTEpPHAIOB SBISIETCS CIOCOO, OCHOBAHHBIN Ha MpPUMEHE-
HHUH BO3IYIIHO-MEXaHUIECKOH MEHBI. DTOT CHOCOO MOXKET HCHOIB30BATHCS
B CITy4asiX OTPaHMYCHHBIX BOJHBIX PECYPCOB M HEJJOCTYITHOCTH MOBBIIICHUS
BII2)KHOCTH MaTepuaa.

CyIIHOCTh KOHJICHCAIIMOHHOTO METOJa COCTOUT B CO3JIaHWH HACHIIICH-
HBIM BOJITHBIM HapOM CpPE/bl B 30HE BBIICJICHUS IIBIIH. B pesymnbprate KoH-
JICHCAIMOHHO-KOAT'YJISIIIMOHHBIX TIPOIIECCOB MPOUCXOAUT OCAXKIEHHE TOHKO-
JICTIEPCHOM TBIJIM MPU CPABHUTENHHO HEOOJBINX PACcX0AaxX BOJBI U MaJIbIX
sHepro3arparax. OJHaKo, IPUMEHEHHE 3TOTO CIIOCo0a He NaeT JKeIaTeNnbHbIX
Pe3ysIbTaToB, TO €CTh 3albUIEHHOCTh BO3AyXa He OyleT CHIDKEeHa 10 Ipe-
JIETIbHO JIOMYCTUMOM KOHIIEHTPALMH 33 CYET TOT'0, YTO Map TOJBKO MOAABIISET
IBUTL B MECTax IbUIeOOpa3oOBaHus, HO HE yJasleT ee M3 NPOAYKTa, W MpU
JAJTbHEHIINX TEXHOJIOTHYECKUX OMNEpaIlMsAX 3Ta MbUIb OYIEeT BBIACISATHCS B
atmocdepy. IIpy conpuKOCHOBEHHH MBUIM ¢ TYMaHHBIM OOJIAKOM ITBUIMHKA
CTAHOBSITCSI LICHTPAMHU KOHJICHCAILIUH, TIPH 3TOM OHH YBJIAXHSIOTCS, KOATyJIH-
PYIOT 1 OBICTPO OCenaroT. ITOT crocod Hanbosee 3(PGEKTUBEH A BHICOKO-
JIMCTIEPCHOM MBI, KOTOpast sIBJsieTcsl Hanbouee cennkozoonacHol. s co-
3[@aHUsI TyMaHa HCIOJB3YIOTCS PAa3IMYHOrO THIa TyMaHooOpa3oBarenu. B
ycnoBusix CuOupm nmpUMEHEeHHe TyMaHa KaK CpeAcTBa OOpBOBI C IBUIBIO
OIpaHUYEHO OOJIBIINM MEPHOIOM OTPHULIATENBHBIX TEMIIEPATYD.

Hcnonp30BaHKe aclMPAMOHHBIX CHCTEM SIBISIETCSI OJHUM M3 Hanbouiee
MEePCIEKTHUBHBIX CHOCO0OB 3aIUThl OKPYXKAIOIIEH CPeAbl OT 3arpsi3HEHHs
OBUTBI0. D (EKTUBHOCTh ATOTO croco0a BO MHOIOM OIpEAEsieTCs TeM,
HAaCKOJIbKO IPaBHJIBHO CHPOEKTUPOBAHBI aCHHMPAalMOHHBIE YKpbITHA. [Ipu-
MEHEHHE JUIS OYMCTKH BO3/yXa OT NbUIM IbUICYJIABIMBAIOLINE alllaparsl
MOT'YT OBITH IOJIPa3/ieJIeHbl HA HECKOJIBKO I'PYIII B 3aBUCMOCTH OT IPHPO-
JIbl T€X CHJI, KOTOPBIE 0 NMPEUMYIIECTBY UCIIOIB3YIOTCS IS yJIaBIUBAHUS
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OBUTH, @ UIMEHHO: MBUICOCAIUTEIbHBIC KaMEPbI, OCAXKICHHE B KOTOPBIX MPO-
HCXOIUT TMOJ] ACHCTBHEM CHJIBI TSXKECTH, [HKJIOHBI, HHEPLUHOHHBIC MbLIe-
YIOBHUTENH, paboTa KOTOPHIX OCHOBaHA Ha WCIONB30BAHWU CHJI MHEPLUH
NpY U3MEHEHUH HalpaBJIeHHs ABM)KCHHUS BO3AYIIHOTO MOTOKA; MaTepyaThie
U CIIOKHBIE (QUIBTPBL, B KOTOPBHIX 3aIlbIIICHHBIH BO3AYX QMIBTPYETCS 4epe3
TKaHb, CJION OyMaru, 4yepe3 MEeTALINYECKHE CeTKU, B KOTOPBIX yJIaBIUBaHHE
IBUTH POUCXOIUT BCIICIACTBHE 3aCTPEBAaHMS M NPIIMIIAHHUS YACTHIL; dJICK-
TPOQUIBTPEL, B KOTOPBIX MOJ JEHCTBHEM 3JICKTPHYECKOTO OIS BHICOKOTO
HAIPSDKEHUS YacTHI[ HOJIy4aloT 3apsj, HepeMelIaloTcss ¥ OCeNaloT Ha Io-
BEPXHOCTH OCAUTEIBHOTO AIEKTPOJa.

[TpoBenen 0030p 00NaCTH HCHONB30BAHUS MBLICYJIABIUBAIOLIETO 000-
pyZllOBaHUs, C y4E€TOM KIMMAaTHYECKHUX YCIIOBUM Hallero peruoHa. B pe-
3yJIbTaTe aHajHM3a yCTAaHOBIICHO, YTO HauOosee A(PQPEKTUBHBIM M paIHo-
HaJIbHBIM CPEACTBOM 60p]:-6]:-l C IBIJIBIO B YCJIOBUAX OTPULATCIIBHBIX TEMIIC-
paTtyp SBISIETCS METOJ aclUpaliy. DTH UCCIIEIOBAHUS TTO3BOJIHIN IPOH3-
BECTH BBIOOp PaLlIOHAIBHOTO METO/a OOPBOBI C 3alBUICHHOCTHIO BO3IYII-
HOIl cpelbl, a UIMEHHO METOJ aclHpallid HCTOYHUKOB MBUICBBIICICHHS,
KOTOPBIN MO3BOJUT UCKIIOYHTH BTOPHYHBIC UCTOYHHKH MBUICHUS U yTHIIU-
31K YJIOBJICHHOH TAKUM 00pa3oM MBUIH.

Crnmcok urepatypsl
1. B.H. YxoB. OuncTka MpOMBIIIIEHHBIX Ta30B OT MbUIA. -M.: Xumus, 1981

ConoiMMepH3aus MHAEHA ¢ JHIMKIONEHTATHEHOM IO/
neiicrBueM Kartaautuueckoi cucrembl TiCl,—AlIEL,CI

E. U. Honoea, E. b. 3a066aposa

Hayunwiil pykogooumenv — Kk.X.H., 0oyenm, A. A. Jlankos
Tomckuii nonumexnuueckuu ynugsepcumem, 634050, Tomck, np. Jlenuna, 30,
evgenya_nesquik@mail.ru

OpmHNM W3 OCHOBHBIX IIPOIIECCOB HedTenepepadaThIBarOmIe TPOMBIII-
JICHHOCTH SIBJISIETCS TIMPOJIU3 YTIIEBOJOPOIHOIO CHIPhS, B PE3yJIbTaTe KOTO-
pOro MOMHUMO r'a3000pa3HbIX MPOAYKTOB — ATHJICHA M MPOIUIIeHa — 00pa-
3yeTcst OOJIBIIOE KOJIHMYSCTBO MOOOYHBIX MPOAYKTOB, HA3bIBAEMBIC YKHIKH-
MU MPOAYyKTaMH muposm3a. OJHUM U3 MEePCIEKTUBHBIX HANPABICHUN HC-
MOJIb30BAHUS JKUAKUX MPOIYKTOB MHPOIH3a SIBISIECTCS IMONydeHHE Hedre-
nonumMepHbix cmon (HIIC).

HIIC sBasroTcs 3G GEKTUBHBIME 3aMEHUTEISIMH JOPOTHX H Je(hHIUT-
HBIX TPOJIYKTOB MPHPOTHOTO MPOUCXOKACHUS, HAXOIAT BCE OoJiee MIMPO-
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KO€ NMPUMEHEHHUE B Pa3IMUHBIX OTPACHIAX IMPOMBIIIIEHHOCTH: JJAKOKPACcO-
Hasl, HeJUTI0JIO3HO-OyMakHasl, pe3MHOTeXHUYecKas, cTpouTenbpHast [1].

[lomydeHne maHHBIX O KMHETHKE XUMHUYECKHX CTaJui IIpOIecca MOTH-
MEpHU3aLUH JKUAKHX TPOAYKTOB MUPOJIH3a SBISCTCS BAKHEHIINM 3TAIloM,
MO3BOJISIIOIMM B HTOTE IMOCTPOUTH MAaTEMAaTHYECKYI0 MOJENb M BHIOPATh
ONTUMANIBHBIN peXuM 3TOro Tpouecca. Hanbomnee 3 pexTuBHEIM MeToTO0M
ABJSIETCS M3yUCHHE KHHETHUECKHX 3aKOHOMEPHOCTEH IONMMEpH3aLH U
COMOJIMMEPH3aINH MOHOMEPOB, COCTaBIISIOIINX OCHOBY (DpakIMil *KUAKHX
MPOAYKTOB MUPONH3a. MBI HCCIIEOBANM COMOJIMMEPU3AINI0 OJHOIO H3
BaXHEHIINX KOMIIOHEHTOB >KUAKHUX MPOJYKTOB MUPOJIN3a — AUIUKIONCH-
tagueHa (JALIIMA) ¢ umHACHOM, NPHCYTCTBYIOIUM IPAKTHYECKH BO BCEX
(pakIusIX KUIKUX POAYKTOB MUPOIIH3A.

Jlis penieHus MOCTaBICHHOM eI MCIOIb30BAIN MOJETUPOBAHUE MIPO-
necca noxydenuss HIIC myrem mpoBelneHUsi COMONMMEPU3AllMK WHACHA U
JULUKIOTICHTAANEHA, B3STHIX B PA3IMYHBIX COOTHOIICHHAX C KOHLEHTpa-
et 0,143...1,154 monp/n. ComonmuMepsl TOTyYaldd PacTBOPHOH KaTHOH-
HOM moNuMMepH3anuel moj AeUCTBUeM Karanutudeckoi cuctembr TiCl—
AIEt,Cl (1 : 1 momb) B aanabaTHYECKOM PEaKTOPE CMEIICHHS 00bEeMOM
100 M1 cHaOXXCHHOM MEIIATKOW U TEPMOJATYMKOM. 3ydeHHe KHHETHKH
COTOJIMMEPH3aLNH OCYIIECTBISUIN C MOMOIIBIO TEPMOMETPHUIECKOTO METO-
Jla, TIOCKOJIBKY TP MIPOBEIECHUH NpOLiecca B aAN0aTHIECKOM pPeaKkTope Mpu
HEOOJIBIIIOM TIepemnaje TeMIepaTryp TepMOMeTpudeckasi KpuBas SBISIETCS U
KUHETHUYEeCKO#l KpuBoii Toxke [2]. B pesynbraTe skcnepuMeHTa ObUIN MOJTY-
YEeHbl TEPMOMETPHUYECKHE KPUBBIE, IPeoOpa3oBaHue KOTOPHIX B IOJYJIOTa-
pudMHUYecKre KpUBBIE MO3BOJIIO PACCUMTATh HAOIIOaeMble KOHCTAHTHI
CKOPOCTH COTIOJIMMEPHU3AIMH 110 KOTOPHIM OB OIIPEAEIIeH COCTaB COOJIH-
mepa. [lo kpuBoii cocTaBa conosmMepa OBUIM pacCUMTaHBl KOHCTaHTHI CO-
nmoJMepu3anuy 3], 3Ha4eHUs KOTOPBIX MPUBEICHEI B TabmwIe 1.

Ta0auna 1 — PacueTHble 3HaYEHUS KOHCTAHT CONOJIMMEpU3alMu I (MHACH) U I

(AU

Koappuunent
Meton onpenesieHust r r P —
daiinemana — Pocca mpasblit 0,13+0,01 0,9+0,2 0,996
daiinemana — Pocca neBblii 0,08+0,05 0,79+0,02 0,999
Kenena — Trogema 0,11+0,03 0,8+0,1 0,986
E3puenera — Ep:;(I/IHOI/I — Pocku- 0.12£0,03 | 0,82+0,07 0,999

ITonyueHHble 3HaYeHUsT KOHCTAHT COMOIMMEPHU3ALUH JAl0T MPOU3BEIE-
HUE I, << 1, Takum 0Opazom, 06a MOHOMEpa BXOJSIT B COCTAB COIOJIMMeE-
pa B SKBUMOJISIPHBIX KOJUYECTBAX U MPU ITOM 3BEHbsI pacHOiararoTcs ymo-
PSA0YEHHO, YepeaysACh BAOJIb NOIUMEPHOH enu [4].



166 Cekuya 6. OxpaHa OKpyXatoLLeil cpebl v IKonorua Homo Sapiens

OKcnepuMeHTaNbHas YCTaHOBKA TTO3BOJIMJIA TAK)KE PACCUUTATh TEIJIO-
BBIJICJICHUE B CHCTEME 110 YPaBHEHHMIO TEIUIOBOTO OanaHca, MOZOOHO OIH-
caHHOMY B [2]. PaccuntanHble 3HaUEHHS MOKA3aJH, YTO TPH COTOIAMEPH-
3alMM IPOMCXOIUT CHI)KCHHE TEIUIOBBIACICHNS BO BCEM [HAla3oHEe
COCTaBa 110 CPAaBHEHHIO C TAKOBBIMH BEJIMYMHAMH U1 TOMOIIOJIMMEPH3ALIHA
IHULUKIONICHTAUCHa M WHICHA, W ONpPEAENICTCS COOTHOIICHHEM TEIUIOT
NPHCOCANHEHHUS CBOUX M YY)KUX MOHOMEPHBIX 3BCHBEB.
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BbicoKkonoBepXHOCTHBIE YIIePOAHbIe HAHOBOJIOKHA
nepucroii mopdgosornu

JI.B. Komaposa, H.A. Cmpenvyos

Hayunwuii pykogooumenv — k.x.H. doyenm U.B. Muwaxos
Hnemumym kamanuza um. I' K. Bopeckosa CO PAH, 2. Hosocubupck,
630090, 2. Hosocubupck, np. ax. Jlaspenmoesa 5, lkomarova@list.ru

OKonornyeckue npodiemMsl GOJBIINX TOPOJOB TPEOYIOT perleHus, T.K.
6e3 3TOro Mpolecc UX YCHENIHOTO COLMAIbHO-3KOHOMUYECKOTO Pa3BUTHUS
HeBO3MOXXeH. OJHON M3 BaXHEHIINX MpoOJeM SBISETCS 3arps3HEHHE aT-
Mocgepsl BbEIOpOCaMH IPOMBIIUIEHHBIX NPEANpUSATHH (OKHCh Yriepoja,
OKHCJIBI a30Ta, CEPOBOIOPOJ, (eHo, OSH30, alleTOH, COSMHEHNSI MeTall-
JIOB U IpYTHE).

CyllecTBYIOT pa3M4Hble METOAbl OYMCTKH BO3JyXa M CTOYHBIX BOJ,
HanOosiee MEepCIEeKTUBHBIM M3 KOTOPBIX SIBIISIFOTCS aJCOPOLIMOHHBIE METO-
Jbl. Marepuanisl Ha OCHOBE yIiiepojia OTHOCATCS K Haubosee pacrnpocTpa-
HEHHBIM W 3(QQEeKTHBHBIM afcopOeHTaM. Pa3paboTka HOBBIX YTIIEPOIHBIX
MaTepuajoB (yrJIepoAHbIE HAHOBOJOKHA M HAHOTPYOKH) C yIy4IIEHHOM
a7COPOIIMOHHON €MKOCTBIO 1O OTHOIICHHIO K IMapaM JIETy4HX OpraHude-
CKUX COCAMHECHUHM MPEACTaBIsACTCS aKTYaJbHBIM M TEPCHEKTUBHBIM
HAINpaBJIEHUEM HCIONb30BaHNS HAHOCTPYKTYPHPOBAHHBIX MAaTEPUAIOB TS
MPaKTUYECKUX LIENeH.
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Hawnbonee pacrpocTpaHeHHBIM CIIOCOOOM TIOJIyYEHUs  YIJIEPOIHBIX
HaHOBOJIOKOH (YHB) sBisieTcs KaTaluTHueckoe pas3sioskeHHE YIieBOJOpO-
JIOB [0 MEXaHM3MY KapOumHoro nukina. OCHOBHBIMH NapaMeTpaMH, OIpe-
JEISIONMMU CTPYKTYPY YIICPOIHBIX HAHOBOJIOKOH, TIPH 3TOM SIBIISIOTCS:
COCTaB KaTaln3aTopa, COCTaB yIIIEPOJHOTO CHIPhSI M TEMIIEpaTypa Mporecca.

JanaHBI MeTOZ mpHOOpeTaeT Bce OONBIIYIO aKTYalbHOCTH Oiaromaps
BO3MOKHOCTH HCIIOJIb30BaHMS MOMYTHOTO HE(TAHOTO ra3a B KayecTBE yT-
JIEBOIOPOAHOIO ChIpbs AJis nojyyeHus: Y HB u uucroro Bogopona.

B Hacrosiiee Bpemsi onmcaHo Oosblioe pasHooOpasue mopdosoruye-
ckux TunoB YHB, 0a30BbIMH U3 KOTOpBIX SIBISIOTCS KOAKCHAIbHO-
KOHUYECKHe, CTomuaThie U nepuctbie Hutu. Cpenu Beex tunoB YHB cneny-
€T BBIACIUTH MEPUCThIE BOJOKHA, OTIIMYUTEIBHON 0COOEHHOCTBIO KOTOPBIX
SBJISIETCS OYEeHb Ae(EeKTHas CTPYKTypa U OoJibllasi ylesibHas HOBEPXHOCTb
(0 300 M%/T) 10 CPABHEHMIO ¢ KIIACCHYECKUMH THIIAMH YITICPOAHBIX BOJIO-
KoH (50-100 M?%/r). Takum 0GPa30M, IEPUCTHIE HAHOBOJIOKHA TPEICTABIIS-
10T 3HAUNTEIbHBIH MHTEPEC U1 X HCIOJIb30BAHUS B KauecTBE I(PEKTUB-
HBIX aJICOPOCHTOB.

Hacrosmas pabota Obla HampasieHa Ha MCCIIENOBAHNE 3aKOHOMEPHO-
cTeil 00pa3oBaHusl YIIIEpOJHBIX HAHOBOJIOKOH NepucToi Mopdoiorun. Me-
TIBITAHUSI TIPOBOJIMIIM € HCIIOJIB30BAHMEM HHUKEIIb-MEAHBIX KaTalH3aTOPOB,
MOJyYeHHBIX METO/JOM MEXAaHHYECKOH aKTHBallMM OKCHAOB. B KkadecTBe
PEaKIIMOHHOTO Ta3a ObUI B3ST MPOMaH B pa3anyHOM cooTHommeHnu ¢ CHy n
H,. Meran u Bomopoj A00aBiisuld JUIsi PEryJMpOBaHHs BKJIAJa PEaklUH
METaHHPOBAHMUS U HMCCIIEIOBaHUS €€ BIUSIHUS HA MOP(OIOTHYECKUE U TEK-
CTYPHBIE XapaKTepUCTHKH MaTepHaa.

Bouo ycraHoBneHo, 4To npuyMHA (OPMUPOBAHUS TEPEKTHBIX YTIIEPO-
HBIX HAaHOCTPYKTYp 3aKJIIOUaeTCsl B NMPOTEKAHUM PEaKLUH METaHUPOBAHMSA
yrireposa. OHa MPUBOJUT K HAPYIIEHHUIO Iporiecca GopMUpPOBaHHS OpraHu-
30BaHHBIX (OPM YIJIeposia M YBEJIMYEHHIO CTENEeHH ero Je(eKTHOCTH,
BIUIOTH IO MOJIHOTO MCUYE3HOBEHUS! BOJIOKHHCTOIO XapakTepa OTIOXKEHUM.
VYnpasnss cOMyTCTBYIOIIUM HPOLIECCOM METAHUPOBAHMSA, MOKHO BIMSTH Ha
TEKCTYPY ¥ MOP(OIOTHIO BOIOKOH, 00pa3yIOIIUXCs P Pa3I0KESHUN yTIie-
BOJIOPOJIOB.
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JJ1eKTPOAMAIU3 B TEXHOJIOTHH COPOLMOHHONH OUYMCTKH CTOYHBIX
B0 0T aHnOoHHOTO0 ITAB — Hekans

O.B. Kypenkosa

Jlokmop xumuueckux nayk, npogeccop, I'.B. Crasunckas
Bopomnesicckuii 2ocyoapcmeenviii apxumexmypHo-cmpoumenvbhsiil
yHusepcumem, 2. Boponeoic, 394006, yr. 20 niem Oxmsabps, 0. 84,

kovov84@mail.ru

Hekanb siBisieTcss TOKCHUYHBIM BEIIECTBOM, KOTOpPOE MPHUMEHSETCS B
MIPOMBIIIJIEHHOM Tpou3BojAcTBe. OH MOMajaeT B BOJOHOCHBIE MMOJI3EMHBIE
TOPU30HTHI UM B BOAY OTKPBITHIX BOJIOEMOB C HEOUUIICHHBIMU MPOU3BOJI-
CTBEHHBIMH CTOYHBIMH BojaMu. OJHON M3 BaKHBIX DKOJOTUYECKUX MPO-
OJIeM sBIISIETCST 00eCIIEYeHNE HaceIeHus 0e30IMacHON MUThEBOM BonoM. I1o-
9TOMY B HACTOSIIEE BPEeMs yIeNsIeTCS MHOTO BHUMAHUS MPEIyIPEKICHUIO
nomnaganus AITAB B BooeMBl.

Cpenu MeTonoB o4uCTKH BOABI OT [TAB Hanboee 3 peKTHBHBIM SBIIS-
eTcst copOnmoHHBINA. Yarne Bcero BeIIecTBa TaKOTO Kiacca HM3BICKAIOT W3
BOAbI akTUBHBIMU yrisiMu. Ho annonssie [IAB Tuna Hekans noytu He mo-
TJIOIIAIOTCS Ha OTUX COPOEHTaX B CBSI3U C TEM, UTO OHU CYIIECTBYIOT B BOJI-
HBIX pacTBOPAax BHUJIC aHUOHOB — 3apsOKEHHBIX YACTHI], KOTOpPhIE THIIPATH-
PYIOTCSI MOJIEKYJIaMU BOJIBI, UTO MPENSATCTBYET copOruu. Hamu BBISBIEHBI
AHUOHHTHI, KOTOPHIE aKTUBHO COPOHMPYIOT HEKAhb HE3aBUCHUMO OT peaKluu
cpezibl CTOYHOM BOJIBI.

IIpu ouYMCTKE CTOYHBIX BOJ METOAAMH COpPOIMU OOBIYHO 0Opa3yrOTCS
HOBBIE€ CTOYHBIE BOJBI, TAK KaK JIJIsl BOCCTAHOBJIEHUS UCUEPIIAHHON €MKOCTH
MOTJIOUIEHHUs] aHUOHUTBI PEreHEePUPYIOT pacTBopamu uienodd. [Ipu 3Tom B
0TpabOTaHHBIX PEreHEPAIIMOHHBIX PACTBOPaX BCETIa MMEETCS HEKOTOpOe
KOJIMYECTBO HEUCIIOJIB30BAHHON MIENOYH, TaK KaK OOBIYHO HCIOIB3YeTCS
pereHepaHT ¢ M30BITOYHBIM KOJHMYECTBOM peareHra. B mpoliecce O4nCTKH
BOJBI OT HEKasd (GUIbTpanueii CTOYHOW BOJBI yepe3 cioi anmonura B Cl-
dbopme Hamu ycraHoBiieHO, uTo K3 0,25 mon/n NaOH B perenepare ocraer-
Csl IPUMEPHO TIOJIOBUHA I1eNIour. B oTpaboTaHHOM pacTBOpE COMEPIKUTCS
Tak)Ke BHITECHCHHBIH U3 aHHOHUTA HEKAb M XJIOPHUI-HOHBEI.
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Hamu ucnipiTana pabota TMIOTHOW YCTAaHOBKH IO COPOIMK HEKaJIs TPO-
n3BoauTesnbHOCTEI0 1500 Mi/u. OHa cocTosula U3 KOJIOHKH C aHUOHHTOM H
TPEXKaMEPHOTO IEKTPOJHATN3ATOPA C KATHOHOOOMEHHBIMU MeMOpaHaMHu.

pereHepat

0,01 M NaOH 0,1 M H,SO,

=]

+

| | H

1 2 3 1 - kaTogHas kamepa
2 - kamepa obecconmBaHus
3 - aHopHasa kamepa

0,15 M NaOH

—

Cxema aneKkTpoAnanusHoi s4enkv Ans BolaeneHus
uieno4un us pereHeparta

B cpenntoro kamepy (Ne 2) momaeTcs 1IeNOYHOM pereHepar, cojepixa-
muii Hekanb. OnHa kaTHnoHOooOMeHHas MemOpana (K;) Haxomutca B Na-
dopme, Bropas (K;) — B H-dopme. Monsr Hatpus u3 kamepsl Ne 2 mepe-
MermaroTcs B kamepy Ne 1 k kaTtony, Iie IPOUCXOIUT Pa3iIokKEeHUE BOJIBI 110
peaxuu:

2H,0+2¢ > H,+2 OH".

Brigensercs MoiekysspHbIi Bogopoxa u oopasyercss NaOH.

Perenepar mocne mecopOumu Hekams W3 aHWOHHTA coxepxkan 0,12—
0,13 mons/m NaOH. Ilpu mmotHOCTH TOKa 10 MA/cM? Bce KOTUIECTBO 1e-
J04H OBLIO TIEPeHECeHO B KaToAHY0 Kamepy (Ne 1) 3a 30 muH.

B anomnoit xamepe (Ne 3) mMpoOMCXOAUT peakIysl pas3yioKEHHs BOABI C
BBIJICIEHHEM MOJIEKYJISIPHOTO KHCIOPOAA IO PEaKIIUH:

H,0 -2e = 1/20,+2H".

O6pa3oBaBuInecs HOHBI Bojopoaa depe3 MeMmOpany K, n3 kamepsr Ne 3
MUTPHPYIOT B Kamepy Ne 2, rae 3aMemaroT BBIBEICHHBIE M3 HEe HOHBI
HATpHs, MO3TOMY MIENOYHOCTh pereHepara cHmkaercsa. [lo mocTmkeHun
BenuunHbl pH ~7—-8 npouecc npexpamany. IIpu 3ToM Besd HEUCIIONB30BaH-
Has 1eI0Yb OKasbiBajach B kamepe 1. PactBop NaOH c¢ xoHueHTtparnueit ~
0,15 Monb/1 TOYKPEIUISIIM CYyXHUM IOPOIIKOM IIEJ0YM M HCHOJIB30BAIIH
BTOPHUYHO.

B aToii cxeme OTCYTCTBYeT cOpOC IIENOYHBIX CTOYHBIX BOJ M HEKaJs,
TaK KaK ero HeHTpaJbHBIH pacTBop ¢ comepxkanneM NaCl MOXKHO MCIIOJIb-
30BaTh B TEXHOJIOTHH MOIYyYCHHUS IIOPUCTOrO OETOHA.
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IIpuMeHeHHe KOMIIEKCOB TEeTPAXJIOPHAA TUTAHA €
AKPUWIOHUTPUJIOM B CHHTe3e He)TernoJIuMEePHBIX CMOJI

E.A. Kycmoea

Hayunuuii pyxogooumenv — k.x.H., doyenm, JLU. Fonoaremosa
Tomckui nonumexnuueckuu ynueepcumem, 634050, e. Tomck, npocnexm
Jlenuna, 0. 30, Pichal3@sibmail.com

CuHTeTHYeCKHEe aHAJIOTH HEKOTOPBIX HAaTypaJbHBIX NMPOIYKTOB: pacTH-
TEJIBHBIX MaceJl WIN JIPEBECHBIX CMOJI NPEACTABISIOT cOO0W YTiIeBoIOpOa-
Hble He(TEeNOoIMMEpPHBIE CMOJIBI, KOTOPbIE Hapsay C JOCTOMHCTBAMH 00Jia-
JAlOT ¥ HEKOTOphIMH HemocTaTkamMu. C Ienplo  ymydmeHus (Qu3nko-
MexaHHudecKkux cBoiicTB Hedrenmommmepabix cmon (HIIC) m pacmmpenus
obyacTeil MX MCHOJNB30BaHUS MPOBOAAT HANPABICHHYIO XUMHYECKYIO MO-
JudrKanuo He(TETTOTMMEPHBIX CMOJT.

Panee Obla mokazaHa BO3MOXKHOCTH PaJUKalIbHOW CONOIMMEpPHU3AINN
KUJKUX TPOAYKTOB MHAPOJIN3a YIIIEBOJOPOAHOTO CHIPhS ¢ aKPHIIOHUTPHIIOM
(AH). Taxoke M3BECTHO O MOJY4YEHHH MOJU(UIIMPOBAHHBIX CMOJI COIOJIH-
Mepu3zanuei (Qpakuuy MUposin3a ¢ aKPUIOBHIMH MOHOMEPaMH KaTHOHHOM
COTIOJTUMEpH3AINEH, TIPH 3TOM COMOHOMEPHI YIaCTBYIOT B IPOLIECCE B BUJE
KoMIUTeKca ¢ TeTpaxyuopunom tutana (TXT).

Iesnp paboTBl — HCCNEO0BaTh KOMIUIEKCH TETpaxjopHuaa TUTaHA U aK-
PUJIOHHUTPUIIA C TOMOINBIO CIEKTPAIbHBIX METOAOB M HX BO3MOXKHOCTH
y4acTBOBaTh B cuHTE3e Monudunupoanuasrx HIIC.

[Ipn noGaBieHNH K aKPWIOHUTPUITY TETPaxXJIOpHia TUTAaHA TIPOUCXOANT
o0pa3oBaHNe OKpANICHHBIX coeAWHeHW, B SIMP lH-CHeKTpax KOTOPBIX
HaOJromaeTcsl cMeleHne B ciaboe rmoye curHanoB ojneduHoBBIX (3a, 4a)
MPOTOHOB aKpWiIoHUTpWIIA (Tadi. 1), 9To monTBepkAaeT oOpa3oBaHNUEe KOM-
riekcoB. CMeIleHne CUTHAJIOB IMPOTOHOB B ciaboe moiye JUIs KOMILIEKca
AH : TXT sxBumosnsipaOoro cocraBa (TAl) Gonee 3HAYUTENTHHO 1O CpaBHE-
HUIO ¢ KoMIuTekcoM coctaBa 2 : 1 (MosbH.) (TA2).

Jns  ompenenenuss cocTtaBa  KOMIUIEKCOB — Hcrosib3oBaiun Y D-
CIIEKTPOCKOIIMIO, METOJ «M30MOJIbHbIX cepuil». PactBopst AH u TXT
roToBWIM B XJopodopme c¢ koHmeHnrtparuein 0,0017 MONB/T U MOJBHBIM
cootHomreHreM AH : TXT pasupim 1 :4;2:3;1:1;2:1;3:2;4: 1. On-
TUYECKYIO TJIOTHOCTh MOJIy4Y€HHBIX PACTBOPOB 3aMepsUIM B AUANIO30HE JUIMH
BoiH 280-400 um (puc. 1).

3aBUCUMOCTH ONTHYECKON IUIOTHOCTH OT coaepxaHus AH B HCXOQHBIX
pacTBopax CBHIETENILCTBYIOT 00 oOpazoBannu kommuiekcoB AH : TXT cocrasa
1:1u2:1 unoxarsepxaarot pe3yasrarsl IMP 1H-CH6KTpOCKOHI/II/I (tabm. 1).

[TomydeHHbIE KOMIUICKCHI HCIIOJIB30BATM B KadeCTBE KaTalH3aTopa B
cunte3e HIIC. ITonmmepusanuto HenpeaenbHbIX coenuHeHnit ¢ppakiuu Cg
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Ta6una 1 — 3HaueHns XUMHYECKUX CIBUIOB IPOTOHOB B Mojiekysie AH u

komruiekcax AH-TXT

3HavYeHHUs] XUMHYECKUX CABUIOB 8 NPOTOHOB, M./.

H
3a
H / y \2 =
BemecTBo 4a\4/ SSH
\ |
H
4b
3a 4a
AH 5,621 6,126
Kommneke TA2 5,847 6,451
AS* 0,226 0,325
Kommmeke TA1 5,885 6,512
AS* 0,264 0,386
*Pa3HOCTh XUMHUYECKHX CABUTOB IPOTOHOB MOHOMEpPA M KOMILIEKCA
2,5 -
2
g 21
I
'6 300
2 1,5 29
= 280
& 11 o
g 350
E 05- b %w
[¢] 400
0 T T T T T

0 0,1

0,2 0,3 0,4 0,5 0,6 0,7 0,8

CopepxaHue AH, MonbH. gonu

Pucynok 1 — 3aBuCHMOCTB ONTHYECKOH INIOTHOCTH OT copepkannst AH

JKUJAKHX MPOAYKTOB MUposu3a mpooaunu npu temmepatype 80 °C mon
nercrBueM komiuiekcoB TA1 u TA2. KonanuecTBo KoMILIEKca pacCUUTaHO
B COOTBETCTBHU ¢ 3arpy3koii 10 % momupunmpyromero arenra AH. B pe-
3yIbTaTe IMOJMMEPU3AlMK ObUIM TOJyYeHBl MOAMU(HUIMPOBAHHBIE CMOJIBI,
coJieprKalliie 3BeHbs aKpWJIOHNUTPHIA, ¢ BbIxogoM 50-65 % B Teuenue 20—
25 muH. Hanmnmuue 3BenbeB AH B cocTaBe mosyueHHBIX cMoJ TokazaHo MK-
u JAMP 1H-cneKTpocxom/Iel‘/'I.

Pe3ynpTaThl Mccne0BaHus MOKa3biBaloT, 4To KoMmIuiekcsl TXT u AH
CIOCOOHBI HHUIIMHPOBATH MPOLECC MOIMMEPU3AINN HETIPEACTBHBIX COEIH-
HeHuil ¢pakuuun Cy, TPHUBOIAMIMKA K IOJYICHUIO MOIUGUITAPOBAHHBIX

HIIC.
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CuHTe3 0JTUTOMEPHBIX IVIEHK000Pa3yI0IIUX C HCI0JIb30BaAHUEM
KaTAJIMTHYECKUX CHCTEM HA OCHOBeE XJI0pHI0B
THTAHA U AJIOMHUHUS

A. B. Teimapesa

Hayunwui pyxogooumens — E. I1. Qumepep, K.X.H., cm. npenodasameib.
Tomckui nonumexnuueckuu ynueepcumem, 634050, e. Tomck, npocnexm
Jlenuna, 0. 30, E-mail: lumareva8815@mail.ru

BBenenue B KCIITyaTanyio KPYMHOTOHHAXKHBIX STHICHOBBIX YCTaHO-
BOK, TPHBENO K YBEIHMUYCHHIO BHIPAOOTKM KMAKHX MPOLYKTOB IHPOJIH3a
(ppaxmuit Cg—Cq), coneprkamue 10 50 % HepenenbHBIX YTIEBOIOPOAOB
IPU MTOJIMMEPHU3aIMN KOTOPBIX MOKHO IOJIy4aTh HE(TEHONIMMEPHbIE (0JIH-
romeparbie) cmonbl (HIIC). brarogapst xopomieii pacTBOpEMOCTH B apoMa-
TUYECKUX PAaCTBOPUTEIIAX, BBICIINX CIMPTAX, BHICOKOHM KHCIIOTO- U IIeI0de-
CTOMKOCTH, XOpOIIEH COBMECTUMOCTH C OKHCJIEHHBIMH PacTUTEIbHBIMU
MaciaMu U ankuaHbiMu cmoiamu, HIIC Hammm mpuMeHeHHE B JIaKOKpa-
COYHOMH, LIEJIJIF0I03HO-0yMaskHOM POMBIIITICHHOCTH.

B nannoii pabote npeanoxeH crnoco6 nonyuenust HIIC ¢ ucnonb3oBa-
HHEM KaTaJIUTHYECKHUX CHCTEM Ha OCHOBE UYETBIPEXXJIOPHUCTOIO THUTAHA U
TPEXXJIOPUCTOTO AITIOMHUHUS, B IPUCYTCTBUH OKCHJIA TIPOIIMIICHA.

B kagecTBe HCXOHOTO CHIPhS UCTIONB30BaH (ppakimio Co OAO «AHTap-
ckuif 3aBoj momrmMepoBy (TY 2451-321-05742746-97, ¢ mam. 1), (Tabm. 1.).

Ta6muma 1. OcHOBHbIE KaueCTBEHHBIE Mokasarenyu ¢pakiwn Cq

I10THOCTD, KT/M° 950

WNonroe uncio, r 1,/100 T, He MeHee 40,0

MonekynsipHas Macca 113
Temmepatypa xunenus, °C

HayaJio, He HIDKE 110

50 % oObEMa reperoHsiercsi, He BbILIE 175

KOHCII, HC BBIIIIC 210

[Momumepu3zamuo HETpeaeNbHBIX coeanHeHnH (pakimu Cy IPOBOIMIN
B CTEKJITHHOM PEaKTope, CHAO)KEHHOM MEXaHWYECKOH MEIIAJIKOH, B cpene
asora, npu Ttemmeparype 40+2°C mms TiCl,—CsHgO u AICl;—C3HgO,
22 + 2 °C ans TiCl—AICl;-C3HgO. Beixoa 1 cBOMCTBA MOJYYEHHBIX OJIH-
TOMEPOB OMPEEISITN COTIIACHO CTaHAAPTHBIM MeToAuKaM [1, 2], pe3ynabTa-
THI TIPEJICTABIICHBI B Tabuuie 2.
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Ta6una 2. dusuxo-xuMuueckue xapakrepuctuku HIIC

KaTtanurnyeckasi cucrema

Ti(Al) : C3HgO, TiCl, : AICI3 : C3HgO,
1:1 (moabH.) (MOJIBH.)

TiCl, | AICI; | 1,0:0,2:1,0 | 1,0:0,3:1,0 | 1,0:05:1,0

IToxa3zarennb

IBer 50 % p-pa

HIIC mo UMII, mr | > 900 500 150 300 300
1,/100 M K1
Anresus, 6amn 4 4 3 4 4
Temneparypa pa- 67 68 78 59 52

msirgenus, °C

Bpewms BrichIXaHMs
50 % p-pa HIIC no 43 49 28 32 35
CTEIEH! 3, MUH.

BbpomHoe uucio,

r Br,/100 r HIIC 28 82 81 39 49
Monexynipuaz Mac- | - aq) 420 680 480 400
ca,y.e.
Bixon HIIC, % 225 | 21,7 57,9 36,6 28,5

CpaBuuBas xapaktepuctuku HIIC MoXHO yBHUIETH, UTO CMOJIBI, IOJY-
YeHHBIE ¢ UCIOb30BanneM KaTanutudeckoi cucreMsl TiCl,—AlCl;—C3;HgO
B MoibHOM cootHomernu 1,0 :0,2:1,0 obmagarorT GonbIiei MOJEKYISIp-
HOW Maccoii, MOBBIIIEHHON aAre3sue W TeMIepaTypor pasmsrdeHus. AHa-
nmu3 nBeta nonydeHHbix HIIC mo MIIIM mo3BossieT 3aKiIOYnTh, YTO HC-
nonb3oBanne katamuruueckor cucteMbl TiCl,—~AlCl;—C3HeO npusoaut x
MOJIy4eHHIO OoJiee CBETIIBIX MPOAYKTOB. ClielyeT OTMETHTh, YTO BICYIICH-
ueie TeHkn 50 %— x pactBopoB HIIC mpospaunsie, oqHOpOaHEIE 6€3 T0-
CTOPOHHUX BKJIFOUEHUH.

IIpoBeneHHBIE HCCIEOBAHUS W IIONYYCHHBIC PE3YyJIbTAaThl CBHUICTEIb-
CTBYIOT O MEPCHCKTUBHOCTH HCIONB30BaHUS KATATUTUYECKOH CHCTEMEI
TiCl,—~AICI3—C3HO B TexHONOrHM MONYyYEeHHS OJMIOMEPHBIX MICHKOOOpa-
3YIOIINX, KaK U3 MOJIETBHBIX CMECe COMOHOMEpPOB, TaK U U3 TEXHHYECKUX
cMeceil, 00pasyronmxcs MpH BEICOKOTEMIIEpaTypHOil iepepadOTKH yriieBo-
JI0posioB HeTH U rasa.

CnMcoK JuTepaTypsl
1. Opabamstu I'.B. JIJabopaTopHBIil IPAKTHKYM IO XHMHUH U TEXHOJIOTHH OCHOBHO-
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CunTte3 HedTenoJTUMEPHBIX CMOJI HA OCHOBE
AMUMKJIONEHTAAMEeHOBOH (ppaKkuumn

A.A. Manankosa, E.B. Bonuok

Hayunuuii pykogooumenv — k.x.H., ooyenm B.I. Bondaremos
Tomcxuii nonumexnuueckuu ynueepcumem, 634050, Tomck, np. Jlenuna, 30,
volchello777@mail.ru

OnHUM M3 OCHOBHBIX IPOLIECCOB He(TenepepadaThIBAIOMIEH MPOMBIII-
JICHHOCTH SABJISICTCSA MUPOJIM3 YIJIEBOJOPOIHOIO CHIPBS, B pe3yabTaTe KOTO-
POro MOMHMO Ta3000pa3HBIX MPOJYKTOB — ITHJICHA, IPOIUIICHa — TaKXkKe
o0pasyeTcs 00JBIIOe KOMNIECTBO MOOOYHBIX JKUAKHUX IPOTYKTOB IHPOIIH3a
(OKTIII). XKIIIT pa3menstor Ha y3Kue (ppakiin, B KOTOPBHIX KOHIICHTPHPYIOT-
Csl HETpeJeNbHBIE W apOMaTHYeCKHe YrieBogoponsl. OTHUM W3 IepCIeK-
TUBHBIX HampaBieHHil B mepepabotke JXKIIII sBusercs momydeHue Hedre-
nommmMepHbix cmon (HIIC) [1].

HIIC 3ammMaioT 0coboe MeCTO Cpeau CHHTETHYSCKHX 3aMEHHUTEICH
MHUIIEBOTO CBIPbs (PACTUTENBHBIX Macesl B JIAKOKPAaCOYHBIX MaTepHaiax,
anp0yMUHa B TNIPOM3BOJCTBE JAPEBECHOBOJOKHHUCTBIX IUIUT), IIHPOKO HC-
MOJIB3YIOTCSA KaK KOMIIOHEHT JUIS NMPOM3BOJCTBA KJIEEBBIX KOMIIO3UIMH B
MPOU3BOJCTBE 00YBH, B poun3BoacTBe PTU 1 MCKYCCTBEHHBIX KOX; B Kade-
cTBe 3 PEKTUBHBIX MIACTU(PHUKATOPOB BMECTO KYMapOHO-HHACHOBBIX CMOJI
u kauudou [2].

B xadecTBe 00BeKTa HCCIIEOBaHUS BBIOpaHa PpaKIUs KUAKIX MPOIYK-
ToB muponm3a yctaHoBku DI1-300 OO0 «TomckHepTeXuM» C TTOBBIIICH-
HBIM cofiepkanueM qunukioneHTaguena (JLITI) — 6oxee 50 %.

Henpro manHOW pabOTHI SBIAETCS UCCICIOBAHHE ONUTOMEPHU3AINH JTH-
muktonenTraaneHoBoit ¢ppakmuu (AUIIAD) ¢ ncnoap3oBaHUEM MOTUPHIIH-
POBaHHBIX KaTAJIMTHMYECKUX CUCTEM Ha OCHOBE aJKOKCHAOB THUTaHA. Beibop
Karajgu3aTopa OoOyCIIOBJIEH MOUCKOM criocoboB monydenus HIIC ¢ ymyd-
IICHHBIMU JKCIUTyaTaIlMOHHBIMH CBOIICTBAMH M BO3MOXKHOCTBIO IIPOBEE-
HUSI HI3KOTEMITepaTypHOH TTOJIMMEPH3aInH.

Jlnst nocTrKeHHs ToCcTaBlIeHHOW 1enu Obuth cuHTe3upoBansl HIIC Ha
OCHOBE MOHOAJIKOKCHUTPHUXJIOPUAOB THUTaHA. MOHOAIKOKCUTPHUXIOPUIBI
TUTAHA TOJIYYAIH ITyTeM JH00aBICHHS K YCTHIPEXXJIOPUCTOMY THTAHY B OJ-
HOM ciydae (eHmrmuioBoro s¢upa (PI'3), a B xpyrom — abcomroTH-
POBaHHOTO M30MPONMIIOBOTO cupTa. COOTHOLIEHHE KOMITOHEHTOB — 1:1.

ITonumepuzauuio noxarorosieHHod puctwisiauen HITAD ocymecTs-
JSIOT B CTEKIITHHOM PEakToOpe, CHAOKCHHOM MEXaHUYECKOW MEIIAIKON U
oOpaTHBIM XOJIONWJIBHUKOM, HpH Temmeparypax 20, 40, 60, 80 °C
B TeueHue 60 MUHYT.
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PaHee yCTaHOBJIEHO, YTO MO0ABJICHHE ATIOMHHHUHOPTraHUYECKOrO CO-
€IMHEHUS B KAYEeCTBE COKATAIM3aTOPa OJUTOMEPH3AIMU TTO3BOJISET TOY-
gate HIIC Gonee Bricokoro u crabmmpHOro kKawectBa [3]. Cremyrommm
3TaroM paboTsl crao mposeaeHue cuuTe30B HIIC ¢ ucmonb3oBaHneM Ka-
TATUTHYECKOTO KOMIUIEKCA Ha OCHOBE MOHOATKOKCHTPUXIIOPHIOB THTAHA U
o Trnamomuanixmopuaa Al(CyHs),Cl mpu momsHOM cooTHOmeHMM 1:1.

[lo jaHHBIM, TIPUBEICHHBIM B TAOJIHMIE BHIHO, YTO WCIIOIb30BaHUE Ka-
tanurideckoro komiuiekca ¢ Al(C,Hs),Cl 3HaunTenbHO yBETMYHUBAET BHI-
xon HIIC. Ipu cunreze HIIC ¢ noGaBneHueM abCONMOTHPOBAHHOTO H30-
NPOMMJIOBOTO CIIMPTA BBIXOJ CMOJIBI TAKXKE YBEIMYMBAETCS 38 CUET JOMOJI-
HUTCIIBHOT'O HpOTOHI/IpOBaHI/IH OHe(bI/IHa nu I/IHI/II_[I/II/IpOBaHI/IH pOCTa CIIN.

Taoauna — Cpoiictsa HIIC

:Uf Karanusarop
[~
8, ; p
59 : Tl(OngHgCI)Cl} oo 3 TI(OC3H5)C13 +
§- TI(OQCQHgCDCh AI(C3H5) 2C1 T1(OC3H5)C1, AI(CZHs) 2C1
Q o, o, o, 0%
% ]‘?onn, HBH}?I(.)[C/? ppa 1351};0/1_. ngr;%é ppa IOBHXOH_. Hgﬂégm/‘: prpa ?sxxon, HBeTé[(.)[é’ ppa
£ | %Mac | 1100 MaKT | M2 | ar /100 ma KT | 2 M2 | v /100 mr KT | M2 | i 1,/100 M KT
20 17 50 19 30 10 40 20 10
40| 20 60 22 40 15 50 35 15
60| 23 80 25 50 18 70 45 20
80| 24 150 27 80 20 80 50 25

Brutu onpenenens! pU3NKO-XUMHUYECKHE CBOWCTBA MOTYYESHHBIX CMOJT H
IUIEHOK Ha MX OCHOBE. Vcrosib30BaHNE MOHOATIKOKCUTPHUXJIOPUIOB THTAHA
B KaueCTBE KaTaJU3aToOpa IMO3BOJIAET MOJIy4aTh IJISTHIEBBIE POBHbBIC OKPHI-
T ¢ aaresued 1 Gam, 3MaCTUYHOCTRIO < 1 MM, MPOYHOCTHIO Ha ynap
10 cm. [loGaBneHne KaTaIUTHIECKOW CHCTEMbl Ha OCHOBE MOHOQJIKOKCHT-
pPUXJIOpHIA THTaHA W IUATHIATIOMUHUUXIIOPHIA TIPUBOAUT K TIOJNYYEHHIO
MaTOBBIX IUICHOK, HO IIPH 3TOM YBEJIMUYHMBAIOTCS yIapOIPOYHOCTHBIE Xa-
PaKTepUCTUKH MOKPBITHH 110 20 cM.
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Xumuyeckue (popMbl HAX0KICHUA YPaHa B 00beKTax
okpyxkawuieii cpeabl pexu Iy

U.B. Mameeesa, I1I.H. Hazapkxynosea, b.C. Camuvioanoues

Hayunwuii pyxogooumens — 0.x.H., npogh. M.M. Bypkumbaes
Kasaxckuii nayuonanvrulii ynueepcumem um. ano-Qapadu, Anmamol,
Kaszaxcman, ano-®@apabu, 71, ilona.matveyeva@mail.ru

Beegenne

B 1942 r. ®epmu ObUT CO37aH TIEPBBIA aTOMHBIH PEaKTOP, B KOTOPOM
YAaJOCh OCYIIECTBUTH LIEITHYIO PEaKIMIO JEICHUS sA1ep ypaHa. YpaH sBIs-
eTcsl €JUHCTBEHHBIM BHJIOM TOIIIMBA JUIA aTOMHON SHEPreTHKH, MO3TOMY
CIPOC HA HETO SABJISAETCS OTHOCUTEIIFHO CTAOMIIBHBIM  ITPECKa3yeMBbIM.

Ha coBpemennom stanme B Kasaxctane ypaHOBas IPOMBIIUICHHOCTb
NpEeACTaBIsIeT Co00i  OBICTPO  Pa3BHBAIOIIYIOCS  OTPAcib  XHMHKO-
METAUTYPrHIeCKOH MPOMBIIIIEHHOCTH, AKTHBHAs JIESITEIBHOCTh KOTOPOI
MPUBOANT K N3MEHEHHIO XUMHUYECKHUX (POPM HaXOXKJICHUS ypaHa B 0OBEKTaX
OKpY’KaloIIel Cpelbl, 4TO B CBOIO OYepeib MOXKET MPUBECTU K YBEIUUCHHUIO
MUTPAILMOHHON CITIOCOOHOCTH ypaHa.

Teopernueckasi 4acThb

B nacrosiiei padbote MpoBeACHO onpeaesicHiHe GopM HAXOXKIACHUS ypa-
Ha B 00BEKTax OKpykaromed cpenasl pexu llly, Ha TeppUTOPHM TOIMHBI
KOTOPOH pacroJIoKeHO HECKOJBKO TEXHHYECKUX IJIOIIAO0K, T/Ie TPOBOIH-
Jmch 100BIYa 1 nepepaboTka ypaHoBbIX pya. Mccaemyemslit yaacTok 1oiu-
ueI peku Ly (ot r. Tokmak mo T. llly) xapakTepusyercs: OOIBIION IIIOTHO-
CTBIO HaceJIeHWS. 3HauMTeNbHas YacTh BOJBI PEKH HCIIOIB3YEeTCS Ha Opo-
IIEHWE, YTO NMPUBOJUT K 3HAYMTEIFHOMY M3MEHEHNIO XUMUYECKOTO COCTaBa
Bonbel. Tak B pabote [1] BomHble 3amackl peku llly oTHeceHsl k 3 Kiaccy
(«yMepeHHO 3arpsi3HeHHBIe»). TakuM o00pa3oM, H3ydeHHE XUMHUYECKUX
(hopM HaXOXXACHHUS ypaHa B OOBEKTAaX OKPYKAIOIIEH CPeAbl JONHUHBI PEKU
[Ty sBnsieTcs akTyaJbHOM 3aiauei.

JKcnepuMeHTATbHAsS YacTh

Onpenenenrie GopM HAXOXJEHHUS ypaHa B BOAE NMPOBOJMIOCH pacyeT-
HBIM METOJOM, HCXOSI W3 KOHIEHTPAMH KOMIUIEKCOOOPa3yIONIiX HOHOB H
o0Ieil KOHIEHTpAllMd ypaHa C Y4YeTOM KOHCTAHT YCTOHYMBOCTH KOM-
TUIEKCHBIX COEIMHEHHWH ypaHa. [J1s 3TOro 3KCHepHuMEHTAIbHO ObUT IpoBe-
JieH oOmuii XMMHMYECKW aHan3 BOJBl W alb(a-CHeKTPOMETPUUECKOe
olpejieJIeHNe N30TOIOB ypaHa ¢ TpeIBapUTEIbHON paJlMOXUMHUYECKOI 1Mo~
TOTOBKOW (coocakaeHue ypaHa Ha ruapokcuae xenesza (I11), skcrpakunio
TpubyTHndochaToM M MEKTPOOCAKICHUE HA CTAIBHOM Iuck). Onpenene-
HHe (hOpM HAXOXAEHHA ypaHa B oOpaslax MOYB NMPOBOJHMIOCH METOAOM
CEJICKTUBHOTO BBINIEIAYMBAaHNSA, OMUCAaHHBIM B pabote [2]. M3oTOomHBIM
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COCTaB ypaHa B BBITSDKKAX M3 00pa3loB MOYB ONpeAesin  aibda-
CHEKTPOMETPUYECKHM METOIOM IOCIE€ COOTBETCTBYIOLIEH pPaguHOXUMUYe-
CKOH MOATOTOBKU. M3MepeHUs MOTydeHHBIX CUETHBIX 00pa3IoB IIPOBOAH-
muck Ha 8-kamepHoM anbda-cmekrpomerpe “Alpha-analyst” ¢upmbl
Canberra.

Pe3yabTaTsl H HX 00Cy:KAeHUE

OcHoBHBIE HOHBI B BoJie peku 11y — MOHBI KanbIys U THAPOKapOOHAT-
noHbl. KoHIeHTparys ypaHa B BoJie BHU3 110 TedeHHto peku Ly Bospacraer
or 92mkr/m  go 19,1 MKI/n, 4YTO NOpEBBIIAET MEXKAYHAPOIHBIN
HOPMATUBHBIM YPOBEHb XMMMUYECKONM TOKCUYHOCTH ypaHa, pPaBHbIU
15 mkr/n. CoryiacHO pe3yibTaTaM pacueTa OCHOBHOM (hOpMON HaXOKICHHS
ypaHa B BOJAE Ha BCEM  HCCIEIyeMOM  YydYacTKe  SBJSIETCA
[UO,(COs),(H,0),]* (71,08-77,43 %), B MeHbIIEH CTENEHH NPHCYTCTBYET
[UO,(COs)5]* (20,91-27,99 %) u [UO,OH]" (0,93-1,66 %). ITomyucHHbie
(hopMBI HaXOXKICHHS ypaHa SIBIISIFOTCS XOPOIIO PacTBOPHMBIMH KOMILIEKC-
HBIMH COCTUHEHISAMH ypaHa B BOJE, YTO OOYCIIOBIMBAET WX MOBBIIICHHYIO
MHTPAIMOHHYIO CTIOCOOHOCTB.

B nouBax ypaH B OCHOBHOM HAaXOJHTCS B COCTaBE IJIMHHUCTBIX MUHEPAJIOB
(ot 37 mo 70 %), ¢ THOPATHPOBAaHHBIMU HOHAMH eje3a ¥ Mapranma (ot 11
10 29 %), a Taroke ¢ kapobonaramu (ot 19 no 22 %). boxee 40 % ypana paiio-
Ha cena KaMBIIIaHOBCKOE CBSI3aHO C OPTaHMYECKUM BEIIECTBOM, T.K. TI0YBA
JTAHHOTO paiioHa XapaKTepHU3yeTCs! BRICOKHM COAEp>KaHHEM T'yMyca.

Takum 00pa3oM, HOTy4eHHBIE PE3yJbTaThl 1O (GOpPMaM HaXOXKICHHA
ypaHa B MOYBax IOKa3aJid, YTO ypaH MPEHMYLIECTBEHHO 3a(UKCHpPOBaH B
reOXHMMHYECKH-UHEPTHBIX (PaKIHAX, YTO CBUIECTEIBCTBYIOT O HU3KOH MH-
TPalMOHHOHN CIIOCOOHOCTH.
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Baunsinue miakoBbIX 0TBAJIOB METAIYPTHYECKUX MPeAnPusTHIA
Ha 00beKThI ruApocdepbl (HA IPUMepPe METAIYPru4ecKkoro
npou3BoaAcTBa 3aBogaa FOpMain)

M.A. Menvnuuenxo, H.A. @aoeesa, E.C. Topocan

Hayunwuii pykosooumenv — k.neo.n., ooyenm B.®. Topocsn
FOpeunckuii mexunonocuueckuti uncmumym (¢unuan) Hayuonanosnozo
uccredosamenvbcko2o ToMcK020 NOIUMEXHUYECKO20 YHUgepcumemad,
2. IOpea, yn. Jlenunzpaockas, 26, torosjaneno@mail.ru

Mertamryprudeckie IUIaki — 3TO OCHOBHASI Macca OTXOJIOB METaJLTyp-
THYECKUX MporieccoB. OHU ABISIOTCS MPOAYKTAMH BEICOKOTEMIIEPATyPHOTO
B3aUMOJICHCTBHSI KOMIIOHCHTOB HMCXOJHBIX MaTepHajoB. XUMHUYECKHHA CO-
CTaB U CTPYKTYypa METAIUTYPTUUECKUX IUTAKOB U3MEHSIOTCS B 3aBHCHMOCTH
OT COCTaBa MyCTOM MOPOJIbI, 0COOCHHOCTEH METAUTyPIHISCKOTO ITPOU3BOI-
CTBA, yCIOBUM oxnaxaeHus U Ap. IInakoBelil pexuM, ONpeneIsieMblii KO-
JIMYECTBOM M COCTAaBOM IIIaKa, OKA3bIBACT BJIMSIHUE HA KAayeCTBO CTaJIH,
CTOMKOCTh (DYyTEPOBKH U MPOU3BOIUTEIBHOCTh CTAJICILIABIIBLHOTO arpera-
Ta. B mporecce BBIIUIABKH CTaldM LUIAK BBITIOJHSAET HECKOJIBKO BaXKHBIX
(yHKIIMH: CBA3BIBAET BCE OKCHIBI, 0Opa3yIONIHecs] B MPOIECCE OKUCIEHHUS
MPUMECEH; CITy’)KUT TMEepeIaTdYNKOM KHUCIOpOoJa M3 MEeYHOW aTtMocdepsl K
JKUJIKOMY METaJUTy; YU4acTBYET B Iepefadue Terla MeTallly; 3alldIlacT Me-
TaJJI OT HACHIIICHUS Ta3aMU, COJIEPKAMMUMHUCS B aTMOC]epe IeHH.

Ha metamryprudeckom mpom3BoacTBe 3aBoga FOpMarr 3a o mpou3Bo-
qutcst okojo 23000T cranu, BBIIJIABICHHOM B 3JIEKTpoOINeyax, MUIaKa
~2800T, T.e. Ha KaXxxAOro *)wurens r. FOpru npuxonutcs okono 19 kr meran-
Typrudeckoro nuraka. Hambospiee HeraTMBHOE BO3JCHCTBHE IIJIAKOBBIC
OTBaJIbl OKA3bIBAIOT HA BOJIHBIC OOBEKTHI — IMOJ3EMHBIC M MTOBEPXHOCTHBIC
BoAbl p. ToMb. C MOBEPXHOCTHBIM CTOKOM 3arpsi3HAIONIME BEIECTBa MO-
CTYMalT B MOBEPXHOCTHBIE BOJABI p. TOMb, U3MEHSISI MX XHUMHUYECKHUN CO-
CTaB, yBeIMYMBasi KOHIEGHTPALHIO cymbdar-nona 10 71, 4 Mr/mM’, sxenesa
obmero 1o 1,5 mr/am®, comepxanne Maprania B 5 pas. ATMochepHsbie
ocaKu MHQHUIBTPYIOTCS Yepe3 TENO OTBajia, HACHIIIAIOTCS BOIOPACTBOPH-
MBIMM KOMIIOHEHTaMH U 3arpsi3HSIOT IPYHTOBBIE BO/bI. BiusiHue orBana Ha
aTMocdepy U TPYHT 3aBHCUT OT 3€pHOBOTO COCTaBa CKJIAJMPOBAHHBIX OT-
XOJIOB U M3MEJIbYEHUS MPH JUIMTENbHOM XpaHeHuu. [IpuieBUaHBIE 1ITaKO-
BbIE YAaCTHULbI Pa3HOCATCS BETPOM Ha NMPUJIETAIOLINE TEPPUTOPUH, HAKATLIH-
BalOTCS B BEPXHEM CIIO€ TOYBHI. AHAIHM3BI CHETA HA TEPPUTOPUH MPOMBIIII-
JeHHO# 30HbI 3aBoa FOpMarn nmokasamu npessimenne ITJIK Mn®* (1o Bo-
ne) B 10 pa3. Bompochl BIMSHHUS IIJIAKOBBIX OTBAjIOB METALTYPIHUCCKHX
MPENNPUATHA HA 00BEKTHI THAPOCHEPBI, SMUCCHS 3aTrPA3HSIOMINX BEIIECTB
13 [IUIAKOB B BOAHBIE OOBEKTHI B HACTOSIIEE BPEMsI H3yUEHBI HETOCTATOTHO,
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OTCYTCTBYET CHCTEMHBIH MOJXOJ] K JaHHOU IpoliieMe, MO3BOJISIIOINK oLle-
HHUTb UX PEaTbHYIO 3KOJIOTHYECKYIO OTIaCHOCTb.

Llenpro JaHHOTO MCCIICAOBAHUS SIBIIICTCS. KOMIUIEKCHAS OLICHKA BO3/CH-
CTBHSI METAJUTYPTHYECKUX IIIJIAKOBBIX OTBAJIOB Ha 00BEKTHI THAPOChEpH! (Ha
prMepe METaLTyPrUIecKoro Mpou3BOACTBa 3aBoaa KOpMar).

H3BecTHO, 4TO XUMHYECKUH COCTaB HIIAKa SIBISETCS BaKHOW XapakKTe-
PHUCTHKOH U OLEHKH THIPaBINYECKONH aKTHBHOCTH HUIaka. CpaBHUTEIb-
HBIIl aHaIN3 Ka4eCTBEHHOTO M KOJIMYECTBEHHOTO COCTaBa IUIAKa OBLI BBI-
nosnHeH i ~ 370 mI1aBOK M BBISABHI B HEM CJICAYIOLIME OKCHJIbI: KUCIOT-
Hb1e(Si0,, TiO,, SOz V,0s u ap.), ocHoeusie (CaO, K,0, MgO, MnO u
ap.) u amporepubie(Al,Os, Fe,03, Cr,O3 u ap.) KoppensiuoHHbIi aHamu3
BBISIBWJI TECHYIO CBSI3b MEXIYy KOJIWYECTBEHHBIM COOTHOILCHUEM KOMIIO-
mentoB Fe,0; u Ca0; Fe,O; u Cr,053; Fe,0O3 u SO;. BrisBieHne 3MUCCHU
HOHOB TsKeNbIX MeTaios (TM) Mn?* i Fe** B MozenbHbIe BOHbIE cpenbl
BBITIOJTHSUIOCH TIO BpEeMEHH: 2 CYTOK, 4 cyTOK, 6 cyTok, 9 cyrok, 30 cyTok.
Monensable BogHbIe cpeasl — 310 300Mn H,O auctummupoBanHoit 1 150 T
m1aka. BogHast BBITSDKKA M3 Tella OTBaNA [IUIAKa XapaKTEPU3yeTCs IIenod-
HoOU peakumeit cpensl (pH = 9,5-12,5), Bricokoli 00mmIeit MIHEpaTH3auei.
AHau3 KOJTHIECTBA IMHCCHOHHBIX HoHOB Mn”* 1 Fe** B pactBope ompese-
ST MeToloM (OTOKOJIOpUMETpHU. B pesynbTate sKcmepuMeHTa ObLIO
BBISIBJICHO CHIDKeHHE aMuccui TM uepe3 6 cyTOK M MPAaKTHYECKH 3aKaH4H-
Banioch Ha 30 cytku. M3mensisi pH MoxenbHOrO pacteopa ot 7 no 4,5 (ate-
TaTHO-aMMOHMIHBIN Oy(epHBIl pacTBOp), MBI TaKXKE BBISIBISUIH IMHCCHIO
TM 13 MUIaKOB B BOAHYIO cpeay. Ilpu srom smuccus Mn?* u Fe®* yxe crn-
JKanach Ha 4 CyTKH.

KomriekcHbIit aHaM3 COCTOSHUSA METaJUTypTHYeCKUX [UIAKOBBIX OTBa-
JIOB TI03BOJIMJI YCTAHOBUTH MX HETaTHBHOE BO3JCHCTBHE HA MOBEPXHOCTHBIE
BOABI p. TOMB.
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Karanurnuyeckoe oKucJIeHHE METAHOJIA B BOJHBIX pacTrBopax
Ha YPAHOKCHIHOM KaTa/Ju3aTope

T.A. Hukumuna

Hayunuwuii pyxogooumens — cmapuwiuii npenodasamensy M.B. Bpenuyeuna
Cegepckuil mexnonozuueckui uncmumym — guauar @IOY BIIO
«Hayuonanvueiii uccnedosamenvckuii a0epHuiti ynusepcumem « MUDHy,
636036, Tomckas obracme, e. Cesepck, np. Kommynucmuueckui, 65,
n-tatyanka@mail.ru

B nacrosiee BpeMs Bce O0JIblllee BHUMaHKUE YACSICTCS MpoodaeMaM 3a-
TPSA3HEHUS OKpyXkaromeil cpensl. [Ipm pabore T000T0 MPOMBIIUICHHOTO
00BEeKTa 00pa3yrOTCS OTXOMABI, YTHIIM3AIUSA KOTOPHIX TMOPOH 00XOAHTCS
JIOPOXKeE, YeM CTOMMOCTh TOTOBOW Hponykimu. JlaHHas pabota mocBsmieHa
HCCIIeIOBaHMAM IIporiecca TIITyOOKOW OYHCTKH IPOU3BOJCTBEHHBIX BOJ Ta-
30KoHIeHcaTHBIX MecTopoxnaeHni (I'KM) oT opraHWYeckwx BemecTB, B
YaCTHOCTH, OT METaHOIA.

Llenbro gaHHOM pabOTHI SABJISAETCS MCCIEAOBAHUE Mpolecca rIyOOKoro
KaTaJTUTHYECKOTO OKHUCIEHUSI METAHOJA B BOJHBIX CMECSAX C MPUMEHEHHEM
YPaHOKCHUTHBIX KaTaJIN3aTOPOB.

J71st TOTO MIaHUPOBAIOCH PEUTUTH CIEAYIONIUE 3a/1a4H:

— H3YYUTh CYHIECTBYIOIIYIO JINTEPATYPY IO JAHHOMY BOIIPOCY;
— TMPUTOTOBUTH YPAHOKCUIHBIE KaTATH3aTOPhI HA OCHOBE OKCH/IA aJTFOMHU-

HUS;

— HCCIeA0BaTh KATAINTHYECKUE CBOMCTBA IPUTOTOBICHHBIX KaTaIH3aTo-

POB ITyTEM OKHCIICHUS METaHOJIa B BOJHBIX PaCTBOpaX.

VYHukaneHble cBoiictBa cucteMbl U—O sBIAIOTCS BechbMa IpUBJIEKa-
TeNBHBIMU I KaTanmu3a. B paGorax I'.J[x.Xatumarca [1], ucciemoBaHbl
KaTaJUTHYECKHEe CBOMCTBA OKCHJIOB YpaHa B peaKIMU HU3KOTEMIIepaTypHO-
TO KaTaJIUTHYECKOTO OKWUCIICHHS JIETYYMX OpraHHMYeCKux coeauHeHwid. [1o-
Ka3aHa BO3MOXKHOCTb MpaKTH4YeCKu MojHoi (99,9 %) KoHBepcHH JeTy4HX
OpPraHHYECKUX COCAMHEHHMHA Ha YPaHOKCHIHBIX Katanusatopax mpu 100 %
cenektuBHocTH 1o CO, mpu Ttemneparype 300-400 °C. YpaHokcuaHbie
KaTaJgnu3aTOPhl COXPAHSIOT BBICOKYIO aKTHBHOCTH B TIPUCYTCTBUH TIpUMecen
CEPHUCTHIX COCTUHECHUH U apoB Bobl. O0JIaIal0T MOBBIICHHON TepMUYE-
CKO# CTaOMIIBHOCTBIO.

AHanmu3 JTUTEpaTyphl MO3BOJIIET 3aKIFOYUTh, YTO CYIIECTBYET OOJBIIOC
YHCJIO XMMHUYECKUX MPOIECCOB, 3PPEKTUBHO MPOTEKAIOIINX C yIacTUEM Ka-
TAJIN3aTOPOB HA OCHOBE OKCHJOB ypaHa [2]. biaromaps BO3MOXXHOCTH CHHTE-
3UPOBATh CMEIIAHHBIC MHOTOKOMIIOHCHTHBIC YPAaHOKCHIIHBIC KaTaIu3aTOPEI,
OHH YCIICIITHO IPUMEHSIOTCS B IPOMBIIIUICHHBIX MIPOIIECCAaX OKUCICHUSL.
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ChIpbeM 111 IPOU3BOJICTBA KAaTAJIU3aTOPOB Ha OCHOBE OKCHJIOB ypaHa
MOXET CIIy)KHTh 00€JIHEHHBIH reKcadTOpU ypaHa, 3HaUNTeIbHbIE KOJINde-
CTBa KOTOPOTO HAKOIUICHBI Ha MPEANPHUATHAX aTOMHOH SHEPTETHUKH.

YpaHOKCHIHbBIC KaTaln3aToOpbl, HAHECCHHBIE HAa OKCHJ alFOMHHUS, T'O-
TOBAT METOJOM MPONMTKH chepudeckoro Hocutens Y-Al,Oz (pasmepom
rpanyn  1,0-1,6 MmMm), BOmHBIMH  pacTBOpaMH HHTpaTa ypaHHIa
(UO2(NO3)6H,0). Karanuzatop mocie TPONUTKA BBICYIIHBAIA PH
100 °C un npoxamuBanu mpu temneparypax 600, 800, 900 °C B teuenuu 4 u
wii nipu 1000 °C B teuennn 3 u. ConeprkaHue ypaHa B OKCHUIHBIX KaTaju-
3atopax UO,/Al,O3 paccuntbiBanm Kak Koiau4ecTBo snementa U B mMac. %
[2]. [IpuroToBnenHble katanu3aropsl coaepxanu 0,5 wiu 2 mac. % U.

HccnenoBanusi MPOBOAWIIM C HCIOJIB30BAaHUEM peajlbHBIX IPOU3BOJI-
CTBEHHBIX CTOKOB Ta30KOHJCHCATHBIX MECTOPOXKICHUH, COAEpIkKALIUX
1,5 macc.% meraHona, cepy, HEOpraHU4eCKHe COIM U HedTsHbIe (hpaKkuuu
(menee 1 mac. %).

OKCHEepUMEHTHI MPOBOJMIN HA YCTAHOBKE CO CTAIIMOHAPHBIM CIIOEM Ka-
Tanu3aropa. MeTos aHann3a KOHEUHBIX IIPOTYKTOB HA BBIXOJE U3 PEaKTOpa
— razoxpomarorpadpudueckuii. MccnenoBaHus NMPOBOAWIN Ha PEabHBIX
MPOM3BOJCTBEHHBIX pacTtBopax ['KM, comepxammx 2 mac.% MeTaHOINa,
cepy, Heoprauudeckue conu u HedrsaHble ppaxkunu (Menee 1 mac. %). [1po-
JIOJDKUTENIPHOCTh KOHTAaKTa CMECH C KaranuzaTopoM coctasistia 0,9 c.
[TpoBeneHHbIE HCCIIEAOBaHUS MOKA3aJlk, YTO B JMAla3oHE TeMIIEpaTyp OT
350 mo 450 °C meTaHOJ € MCXOJHOI KOHLEHTpaiued 2 Mac.% B BOIHOM
pactBope okucisiercs 10 [TJIK (3 MF/}IM3). [Tpu sToM HabmOomaeTcst oOpaso-
BaHUC MHTEPMEANATOB — MypaBI)I/IHOIjI KHUCJIOTBI U (bOpMaHLI[eFI/II[a.

Crnmcok urepatypsl
Hutchings G.J. Taylor S.H. // Catalysis Today. 1999. — v.49 — p.105
2. Hcmarunos 3.P., Kynaneenu C.B., Ky3nenos B.B., Illlukuna H.B., Kepxenies
M.A., PoroB B.A., Ymakos B.A. HccnenoBanue HOBBIX KaTaJM3aTOPOB Ha OC-
HOBe OKCHJIOB ypaHa // Kunetuka u karanmus, 2007. — tom 48 — c. 544-553.
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HccaenoBanusi mo MogupuKanuu JpeBecHbIX ONMUJIOK 51
NMoJIy4eHusi COPOLMOHHOr0 MaTepuaJa

B.M. Ocokun, H.Il. Paduenko, A.C.O3epckasn

Hayunuuii pykogooumenv — x.m.H., doyenm B.A. Comun
Anmaiickuii 2ocyoapcmeeHHblil mexHUuYecKuil yHugepcumen
um. 1. U. Iloazynosa

CoBpeMeHHBIE TEMIIbI Pa3BUTHS TEXHOJOTHH 00OpabOTKH MOBEPXHOCTEH
U HaHECEHMs TaJbBAaHMYECKUX IOKPHITMH 3a4acTyl0 MPHUBOAAT K 3HAUM-
TENBHOMY 3arpsi3HEHHMIO OKpYXarolledl cpeabl MOCPeAcTBOM 00pa3oBaHUs
TOKCHYHBIX CTOKOB. B CBsI3u ¢ 3THM B Hacrosiiee BpeMsi 0co00e BHIMaHHE
yzensercss mpoOiieMe 3arps3HEHHs] OKpYXKafomled Cpeabl COCIUHEHHSIMHU
TSDKEJIBIX METAJUIOB, KOTOPbIE 001aJat0T BEICOKOH TOKCHYHOCTBIO U HECIIO-
COOHOCTBIO K aKKyMYJISIIU B OKPYKaloIIeH cpeze.

W3 MeTonoB, NCTIONB3YEMbIX AUl YAAJICHHS HOHOB TSDKENIBIX METANJIOB
W3 CTOYHBIX BOJI, HAaHOOJIEe YacTO MCIONB3YETCs aACOPOIMOHHBIN, TaK Kak
OH TI03BOJISIET JOOUTHCS BBICOKOW 3(P(HEKTHBHOCTH B OYMCTKE HU3KOKOH-
LEHTPUPOBAHHBIX CTOKOB. OJTHAKO 3TOT CIOCOO SBISETCS NOCTATOYHO J0-
POTOCTOAIIMM BBHUIY BBICOKOI cTromMocTu copbeHToB. IlosTomy akTyaneH
MOMCK HOBBIX, HEJIOPOTHX COPOEHTOB, HANPUMEp, Ha OCHOBE MOoU(uUIMpO-
BaHHBIX JIPEBECHBIX OITMJIOK U OEHTOHUTOBBIX TJIMH.

Panee npoBeZieHHBIE UCCIIEIOBAHNSA 110 U3YYEHUIO COPOLIMN HOHOB MEAH
MOJIU(UIMPOBAHHBIMY OIMIIKAMH TIOKa3alld, 4TO OT BHAA MOAH(HKAaTOpa
3aBUCUT COPOIIMOHHAsI €MKOCTh OIMWIOK. [lo3TOoMy nanpHelIme uccieno-
BaHMs OBIIM HAIlpaBJIEHbl HA BBIIBJICHHE HAWIYYIIEH APEeBECHOH OCHOBBI
JUISL TIONTy4eHUst copOeHTa. [[yis 3Toro ObUIM M3yYeHbI CTENICHb BHIMBIBAHUS
OEeHTOHMTa W COPOLMOHHAs €MKOCTh MO OTHOIICHHIO K HOHAM MEIH Mare-
pHaJIOB, MPUTOTOBJICHHBIX HA OCHOBE COCHOBBIX OIIJIOK C MCIIOJIb30BaHUEM
moauduratopos: 1 H, 0,5 H pacTBOpoB consiHOH, 5 % pacTBOpamMu OpTO-
(hochopHOI KUCTOTHI ¥ TUAPOKCUAA HATPHUSL.

JL1s n3ydeHust CTeneHn BRIMBIBaHUSI OCHTOHUTA HaBECKy COpOeHTa Mac-
coit 1r B Teuenue 40 MuHyT BhigepkuBaiu B 10 MI IUCTHIUIMPOBAaHHOM
BOJBI MPH NEPHOANYECKOM BCTPAXHBAHWH, IIOCIE YEro MOJMydeHHAs CycC-
NeH3us1 OTGUIBTPOBHIBaNaCh U BICYIIMBasachk npu temieparype 90 °C no
MIOCTOSIHHOW Macchl, 3aTeM COpPOCHT B3BELIMBAIH. [loiydeHHbIE aHHbBIE
Npe/ICTaBIIeHbI B Tabue 1.

Tabauna 1 — BeIMbIBaeMOCTh OEHTOHHUTA U3 PA3IMUHBIX MaTEPUAJIOB HA OCHOBE
pa3IHYHBIX MOAN(DHKATOPOB

IHorepu maTtepuana npu GUILTPOBa-

Mopudpuxarop i
9

1 H pacTBOpP CONSTHOI KUCTOTHI 15
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Ilotepn maTepuaja npu GpuIbLTPOBa-
M a
opudpukaTop —_
0,5 H pacTBOp CONSHOMN KUCIOTHI 10
5 % pacTtBop opTodhochOpHO KHCIOTEI 17

Kak BHIHO, MakcHMajbHas BBIMBIBAEMOCTh HaOJIIOJaeTCs y MarepHa-
JIOB, IPUTOTOBJICHHBIX C HCIIOJB30BaHHEM B KauecTBe Moaudukaropa 5 %-
TO pacTBOpa opTOPOCHOPHOI KHCIOTHI.

Jnst onpeneneHus COPOUMOHHONH €MKOCTH MAaTEpHalioB B CTaTHYECKHX
YCIOBUAX ObBLIH HaBC€ICHbBI MOJICJIBHBIC PACTBOPHLI C COACPKAHUEM HOHOB
meau ot 10 mo 1000 mr/n. B kaxkaplit pacTBop 100aBisuiock mo 1 r copOeH-
ta. ConepxuMoe KoJ0 HENpPEephIBHO MEPEMENINBAIOCH B TEUEHHE HECKOIb-
KHX YacoB. 3aTeM IPOM3BOAMIOCH OTCTAaMBaHHE CYCIICH3HMH B TEUYCHHUE
10 yacoB M aHaNM3 OCBETJIIEHHOTO PAacTBOpa Ha MOHBI Menu (hOTOKOJIOPH-
METPUYECKUM METOIOM.

PesynpTaThl McclieNOBaHUI 1O M3YYCHUIO COPOLMOHHOIN €MKOCTH IO
OTHOILICHHIO K HOHaM MeIy COPOLMOHHOTO MaTepHana MpPEeACTABICHBI HA
pucyHke 1.

45
40 = —A
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Vo] ;
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25 o«
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Bun monudukaropa:
® P CpasH, M1/

A-1-NaOH ¢-2-1,0m HCI -3- 0,51 HCI -4 - HsPOs

Pucynox 1 — 3aBucuMOCTb COPOLIMOHHON eMKOCTH (A) MaTepuaia OT paBHOBEC-
HOH KoHIeHTpauuu (CpaBH) HOHOB MEIU B pacTBOpe

HauGoinpield copOLIMOHHOW €MKOCTBIO O0JIaJlaeT MaTrepuail M3 MOJH-
(bUIMPOBAHHBIX PACTBOPOM THIPOKCHIA HATPHS OMHIIOK, EMKOCTh KOTOPO-
ro cocraBisieT 41 mr/in. OgHaKo, OH CITOCOOCH 3HAYUTEIHLHO Pa3pymIaThCs B
BOIHOM Cpelie, UTO 3aTPYJHAET €r0 NPAKTUUECKOE UCIIOIb30BaHUE. Y MaTe-
pHuana, TPHUTOTOBIEHHOTO Ha OCHOBE MOIU(HUIMPOBAHHBIX PACTBOPAMHU
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COJITHOW KHCIIOTBI ONMJIOK, CXOXasi COPOIMOHHAsE €MKOCTh, JOCTHUraromast
35 mr/n. Takum 00pa3oM, B KauecTBE JPEBECHON OCHOBBI JUIS MOJY4EHHS
copbenTa 3¢ppekTnBHO MPUMEHATH OMIWIKN MoaudunupoBanusie 0,5 H pac-
TBOPOM COJITHOM KHCIIOTBI.

TOKCMYHOCTB AIbIMA U €r0 BpeHoe Bo3/1eiicTBHE Ha
OKPY:KAIOULYI0 cpeay

H.B. Ilanvwiuna, 0.0. Ilozooaesa

Hayunwuii pyxosooumens — I'.B. [Inomnukosa, K.X.H., 00yeHm Kageopovi
NOHCAPHO-MEXHUYECKOU IKCNEPMU3bL
Dedepanvroe 2ocyoapcmeentoe 06weobpaz0eamenbHoe yupelcoeHue
svlcuLe2o npogheccuonanbrozo obpasosanus Bocmouno-Cubupcxuii
uncmumym MBJ] Poccuu, Jlepmonmosa, 110, 664074,
Stepanidal2@mail.ru

IlonumepHsble MaTepuaibl HOJYyYWIM IIMPOKOE IPHUMEHEHUE B CTPOU-
TENBCTBE OJarozaps 1IeJIOMY psily HOJIOKHTENbHBIX CBOMCTB: Majoil cpel-
Hell IUIOTHOCTH, BBICOKMM IPOYHOCTHBIM XapaKTEPUCTHKAM U KO3 HLH-
€HTY KOHCTPYKTUBHOTO KauecTBa, HU3KOH TEIJIONPOBOJHOCTH, BBICOKOM
XUMHYECKOH CTOWKOCTH, COTPOTHUBISIEMOCTH HCTHPAIONINM BO3ICHCTBHAM
Y TEXHOJIOTUYHOCTH [1].

[TmactMaccoBbIe H3MIEHS MOXKHO CKIICHBATh KaK MEXIy COOOMU, TaK H C
JIPYTUMHU MaTepHaliaMu (METaIoM, IEPEBOM H T. II.), TIOATOMY U3 HUX H3-
TOTOBIISIOT pa3IMIHbIC KOMOMHHUPOBAHHEIC KIICCHBIC CTPOWTEIBHBIC H3ZIC-
TSI 1 KOHCTPYKITHH.

HpI/IMeHeHI/Ie TMOJIMMEPHBIX MATEPUAJIOB B CTPOUTECILCTBE UMEET MHOI'O-
YHCJICHHBIC TTOJIOKUTCIIbHBIE CTOPOHBI. B 1o xe BpEMSA ITPAKTUYCCKU BCE OTU
MaTepuaibl 00Jaal0T XapaKTepHONH OCOOEHHOCThIO — BBICOKOW TOKCHY-
HOCTBIO MPOAYKTOB I'OPEHUA, 3HAYUTEIILHONM CTEIIEHBIO 3aAbIMJICHUS IIOMEC-
IIeHUs, OBICTPBIM IIPHPOCTOM cpenHeoObeMHON TemmnepaTypsl. CienoBa-
TCJIbHO, YBECJIMYCHNUE TEMIIOB IIPOU3BOACTBA JaHHBIX MAaTCPUAJIOB IIPUBOJIUT
MPUPOCTY YUCICHHOCTH MOKAPOB H SKOHOMHYECKOTO yriep6a ot Hux [2].

[prunHOI GONBIIMHCTBA CMEPTEH WM MPUYUHEHUS yIepOa 3I0pOBBIO
JFO/IeH TIPW TIOXkKAape SBISCTCS BABIXaHHUE IMA, a HE 0JKOTH OT BO3JEHCTBUSA
iaMeHn. Ac(UKCHS MPECTaBIsSeT COO0H OCHOBHONH MEXaHWU3M HHTOKCH-
KalluK, KOTOpas pa3BHBACTCs 3a CYET JIUIICHHS OPraHW3Ma KUCIOpoJa, U
KaK CIIEICTBHE BIBIXaHUS YyTapHOTO Ta3a, a B HEKOTOPHIX CITydasiX, — BJIbI-
XaHUS CHHWIBHON KUCIOTHI [3]. JIpyruM OCHOBHBIM MEXaHU3MOM TOKCHYE-
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CKOT'O BO3/ICHCTBUS SIBJISCTCS BJBIXaHUE CaXXH M APYTHX MPOJYKTOB Cropa-
HUS, pa3ApaXkaroluX JAbIXaTeIbHbIE Ty TH.

Ilo cBOEMY OIpENEIEHHIO IbIM — MAapOra30a’po30JIbHbIN KoMILIeKe. B
€r0 COCTaBE HaXOJSTCS TBEPAbIC YACTUIIBI Ca’KH, )KUAKHE JaCTHIBI CMOJIBI,
BJIarH, a3p030Jied KOHACHCAIMHU BBHIIOIHIOMNX TPAHCIOPTHYIO (DYHKIUIO
JUISL TOKCHYHBIX BEIIECTB TIPHU IbIXaHuu [4].

[TonmmepHBIe MaTepHanbl, MPUMEHAEMbIC IS OTACIKH NOMEIICHHUH, Xa-
PaKTepU3yIOT 10 UX ABIMOOOPA3YIOIIEH CIOCOOHOCTH, KOTOPYIO OLICHUBAIOT
10 KO3 QHUIUEHTY ABIMOOOPAa30BaHUs, ONPEACTIEMOMY IKCIIEPUMEHTAIBHO
B JIBIMOBOM Kamepe. BelecTBa 1 MaTepHalibl B 3aBUCUMOCTH OT YHCIIEHHO-
ro 3HaueHus1 kodddumenTa 1pIM000pa30BaHus OAPA3ALISIOTCS HA TPYII-
IBI: C BBICOKOM, YMEPEHHOM U MaJIoil [bIMO0Opa3yomiel CiocOOHOCTHIO.

OObeM BBIJICTHBIIIETOCS JIbIMA, €r0 INIOTHOCTh M TOKCHYHOCTD 3aBHCST OT
CBOMCTB IropsIIero MaTepuaia U oT ycioBuil ropenus. IIpu ropenun TBepabIx
MaTepHaloB B OTHE IPOHMCXOIUT BBIJIECICHHUE JICTYIHX T'OPIOYMX MapoB, MX
BOCIJIAMEHCHHE HAJl OTHEM BBI3BIBACT IOSBICHHE CTONIOA IUITAMEHH U TOpS-
YMX IBIMOBBIX I'a30B, KOTOpBIC Oylarojapsi TOMy, YTO HMX IUIOTHOCTb HIDKE
IUIOTHOCTH XOJIOTHOTO OKPY KAIOIIET0 BO3AyXa, IIEPEeMEIAt0TCs BBEPX.

Ha 6a3e ucmeitaTensHON moxkapHoi mabopatopun (UILT) r. UpkyTcka
ObUTH TIPOBE/IEHBI MCIBITAHUS TAHEJIEeH CTEHOBBIX IOJMBHHWIXIOPHUIHBIX
Mmapku JKO-IICt-B, npenHa3HaueHHBIX IS BHYTPEHHEH OTAEIKH BCEX TH-
OB 3[aHUi. DTH U3/eNHUs U3rOTABIMBAIOTCS METOJIOM KCTPY3UH U3 TIOJIH-
BUHWJIXJIOPHIHOM HeIuacTU(HUINPOBAHHON KOMITIO3UIMH, COCTOSILEH H3
CYCINEH3UOHHOTO MNOJIMBUHWIXJIOPHIA, MOAU(PHUKATOPOB, CTaOMIN3aTOPOB,
CMa30K, IUICHOK U APYTHX TEXHOJIOTHYECKUX J00ABOK.

Ilo pe3ynpraTtam ncciaenoBaHUS ObUT CIETaH BHIBOA O TOM, YTO CTCHOBBIE
naseny nonmBHHWIXIOpHAHOH Mapku JKO-TICT-B obmagaror moka3sarenem
noxapHoi omacHoctH 'l (T.e.cmaboroproune) u ABIMOOOPa3yIOIIeH Crocoo-
HOCTRIO JI2 (C yMepeHHO# JpiMooOpa3yromiell criocoOHOCTEIO0). JlaHHbIH Ma-
TepHaJl IIPUTOJICH JUISl BHYTPEHHEH OT/EJKN BCEX THITOB 3/1aHHH.
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IToxkpbITHS HA OCHOBE HE(PTENMOJIMMEPHBIX CMOJI

A. B. Ilemyxoea, E. H. Honoea

Hayunwuii pyxosooumens — k.x.H., doyeum A. A. Jlankos
Tomcxuti nonumexnuueckuu ynugsepcumem, 634050, Tomck, np. Jlenuna, 30,
annetpet@yandex.ru

B HacrosIee BpeMs NpON3BOICTBO HU3IINX OJIE(PHHOB OCYIIECTBISETCS
MUPOJIU30M YIJIEBOJOPOJHOIO ChIpbs. BBIXOA )KUAKUX NMPOIYKTOB MUPOJIH-
3a (OKIIIT) mpu muposm3e mpsSIMOrOHHOTO OcH3MHA MOeT mocturath 20 %,
MOATOMY CYILIECTBYET HEOOXOIMMOCTh B pa3pabOTKe PEHTAOENbHBIX U Ma-
JIOOTXOJHBIX TIPOLIECCOB MX nepepadboTku [1].

OnHuM U3 myTteil kBanuduuupoBanHoro ucnons3osanus JKIIIT seiser-
Cs MX ONUIOMEpHU3alus C LENbI0 MONYyYCHHS HEPTEHNOINMEPHBIX CMOJ
(HIIC), sBnsromumxcsi TepMOIUTACTHYHBIME TTOJIMMEPAMH C TEMIIepaTypamMu
pasmsaryenus ot 60 mo 150 °C. Mutepec x HIIC obycnoBieH nocTymHO-
CTBIO CBIPHEBOIT 0a3bI M BO3MOXKHOCTBIO HMCIIOIB30BAHUS HX B KaUECTBE 3a-
MEHUTEJIEH TPUPOIHBIX IPOAYKTOB [2].

3a pyoexxom OonprrmacTB0 HIIC momy4daroT MeTooM KaTHOHHOH OJH-
TOMEpH3aLuy, AOCTOMHCTBAMHU KOTOPOHM SBISIETCA HPOBEIEHHE Mpoliecca
NPY HU3KUX TEMIIEpaTypax W aTMOC(EpHOM JaBICHHH, BHICOKHE CKOPOCTH
mporecca u 0oJiee BhICOKasi KOHBEPCHSI MOHOMEPOB [3].

Ienpto HacTOsIIEH PaOOTHI SIBIISETCS MCCIIEJOBAHNE CBONCTB TOKPBITHIHA
Ha OCHOBE IOJIY4YEHHBIX oJMromepoB u3 ¢paxumu Cg mpousBoacrea JIl-
450 OO0 «Amnrapckas Heprexumuyeckass koMmnanus». C Lelblo yiy4lie-
HUS (PU3MKO-MEXaHUUYECKHX CBOICTB M yBenuueHus: Beixona HIIC, onmro-
mepuzanuio ¢pakunu Cy NPOBOAWIN B NMPUCYTCTBHUM WHHUIMATOPA, HpEa-
CTaBJIAIONIEro cO00H CMECh OPraHMYECKOro MEepoKcHIa ¢ KuciaoToi JIpronca
TiCl,, mosToMy B KauecTBE MHUIIMATOPA OJUTOMEPH3ALMU HCIIOJIb30BAIH
TPUXJIOP(2-XJIOPIPONOKCH)TUTAH — TPOAYKT B3aMMOJACHCTBUS TETPAXJIO-
pHa TUTaHA U OKCUJA NPONUIIEHA, B3AThIE B MOJIBHOM COOTHOIIEHHH 1 : 1.

Omuromepuzanuio ppakauu Cg, 00beMoM 100 M 1 ¢ collepKkaHueM He-
npeAeabHbIX KOMIOHCHTOB Oosiee 50 %, mpoBOAMIM B H30TEPMHUYCCKOM
peaxkTope, BapbUpPys TEXHOJIOTHYECKHE YCIOBHUS IpoIecca: MOATOTOBKY
¢paxmmn Cy K CHHTE3y, KOHIIEHTPAIMIO KaTAINTHYECKOW CHCTEMBI, TeMIIe-
parypy cuHTEe3a.

W3 nosry4eHHbIX CMOJI TOTOBHJIM MOKpPBITHS TosuuHoW 10 MKM Ha moa-
JIOXKKaX PazIMYHOTO THIA, KOTOpHIE IOABEpranu aHaiumsy. llomydeHHbIE
MOKPBITUS. MMENH TIISHIEBYIO TTaJKyH0 MOBEPXHOCTb OT CBETIO—XKEITOro
JI0 IPKO—KENTOro LiBeTa. AHANN3 MOKPHITUH NPOBOAUIM 110 METOIUKaM [4].
JlaHHbIe aHaIM3a NpeJICTaBIeHb! B Ta0IuIe.
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Ta6suna. CBoiicTBa MOKPBHITHH HA OCHOBE TIOJYYEHHBIX OJINTOMEPOB

Ycii0Busl CHHTE3a CBolicTBa NOKPBITHIT*
Bpe- Ipou- Anre- duiacTuy- .
Cxart, | Temnepa- Buaarocroii-
% Typa, °C Msl, | HOCTH Ha | 3uf, HOCTh HA KoCTh, %
MHH | yaap,cMm | 6aja H3rud, Mm
Opakuus Cy, OUMIICHHAS IEPETOHKOMN 1M0]] yMEHBIICHHBIM AaBieHueM (~6,6 kIla)
0,2 35 20 10/<3 2/4 1/1 100/50
0,4 35 120 —/<3 212 11 100/70
0,8 50 120 —/<3 213 11 100/50
Dpakuust Cy, ocymennas CaCl,
1,0 20 90 20/<3 1/4 1/1 100/10
1,0 35 90 40/<3 1/4 1/1 95/80
1,0 50 90 40/<3 1/3 11 100/100
Dpakuust Cy, ocymernnas CaCly, 90 murt+a-meruncripon, 10 M
1,0 20 144 -/<3 1/2 1/1 100/90
1,0 35 120 40/<3 1/3 1/1 95/70
1,0 50 90 -/<3 213 1/1 95/50
®paxuus Cy, ocymennas CaCly, 90 m+okren, 10 mi

1,0 20 144 5/<3 1/3 11 100/50
1,0 35 120 30/<3 1/4 11 100/50
1,0 50 90 40/<3 1/4 1/1 100/50

* mo ucreuenun 24/200 4.

V3 naHHBIX, TPEACTABICHHBIX B TAOJIUIIEC, BUIHO, YTO MPOYHBIC U Jja-
CTUYHBIE, C BHICOKOH aJre3uei 1 BJIaroCTOMKOCThIO MOKPBITHS MOIYYat0TCs
npu ocyiieHHo# ¢paxuuu Cy CaCl, u ¢ qobaBKkamMu YUCTHIX MOHOMEPOB O~
METHJICTAPOJIa U OKTeHa. TakuM 00pa3oM, COCTaB CMECH, I[OJBEPracMblii
OJIUTOMEPH3AIINHY, BIUSCT Ha BBIIICOMUCAHHbBIC CBOMCTBA. [Ipu 3TOM Temrie-
patypa npoiiecca Tak»Ke BIUsSET Ha CBOMCTBA MOKPBITUM.

CnMcoK TuTepaTypsl
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¢ PeKTUBHOCTH UCTOJIb30BAHUSI AKTUBHBIX MUKPOOHBIX
KYJbTYP, 1€0JIUTOB U MPOAYKTOB IIy00Koii nepepadoTku Topda
AJIA 1eTOKCUKAIUM U OHOopeMeaualuu
He(Te3arpsi3HEHHBIX MOYB U BOJbI

AL Hucapuyx
dokm. buon. Hayk, 3as. iabopamopueit, H H.Tepewenxo
T'HY CubHUHCXuT Poccenvxozarxademuu, Tomckas oox., 2. Tomck,
ya. Faeapuna, 3; dipoil@mail.ru

HedTrs u HETEenpOAYKTHI ABISIOTCS OMHUMH U3 PACIPOCTPAHEHHBIX U
OTIaCHBIX 3arps3HHUTENCH OKpYyKalomed cpelpl. 3arpsa3HeHne HeQTHIO MOY-
Bbl COIPOBOJKIAETCSl CHIIbHBIM HETaTUBHBIM BO3JCHCTBHEM Ha PAaCTEHUS
TJIaBHBIM 00pa30M M3-3a YBEJIUUESHHUS TUIPOPOOHOCTH NOYBHI U 3aI10JTHEHUS
He(ThIO MOYBEHHBIX KANMMIUIAPOB, & TAKXKE NPSIMOr0 MHTHOUPYIOLIEro nei-
CTBHSI TOKCHYHBIX NPOJYKTOB Ouonerpananuu Hedru. B mpakruke Guope-
MeIUalui XOpOUIO 3apEKOMEH/IOBAIM ce0sl MEHOPAaHThl Ha OCHOBE MpPH-
POIHBIX [IEOaUTOB U Top(a [1], a Takxke nmpreM 00pabOTKK ceMsH OaKTepH-
ANBHBIMA KYJIBTYpaMH, YCTOWYUBEIMHA K TOKCHIHOMY JEHCTBHIO KCEHOOMO-
THUKOB [2].

Henp wccnenoBaHus — OLCHUTH BIMSHAC aKTUBHBIX OaKTepHAIBHBIX
KYJIBTYp, IICOJUTOB U TOPPSHOTO Tpernapara Ha CKOPOCTh OUHUCTKH BOJIBI M
He(Te3arps3HeHHON TTOYBHI C BEICOKUM YPOBHEM (PUTOTOKCHYHOCTH.

HccnenoBanus NpOBOAMINCH Ha JBYX THIAX TOYBHI (TOPGSHOH U3
Ycuncknii p-oHa pecn. Komu u uepHoseme 1oxHOM n3 Camapckoit 0611.) ¢
UCXOAHBIM cozaepxanueM HedrenpoaykroB (HIT) — 109,8 u 22,6 r/kr co-
OTBETCTBEHHO. LleonuT BHOCHIIH, UCXOJsl M3 JI03bl 3T/Ta, KyJIbTypy Oakre-
puii (Pseudomonas) — myTeM eXeJHEBHOTO, B TedeHue nepBhix 10 cyT.
ONBITA ONPBICKMBAaHUS MOYBBL. THUTp OakTepUalbHOW KyIbTYphl —
10" xn/mn. Cogepxanme octaTounsx HIT B mOUBE M BOJE ONPEIENISUIM MO-
clle  IKCTpakumu xijopodopmMoM Ha crektpodoromerpe CD—46, npu
A =286 um [3].

Anamu3 copepxanust HII crycts 4 Mecsiia OT Havajla OnbITa MOKasall,
YTO HaMOOJBIIYIO CTENICHb OMoJerpasauy HepTH Ha 0OOUX THIIAX MOYBHI
obecrieymio MCIOJIb30BaHWe OaKTepuaabHOro mpenapata. [Ipu odmcTKe
BOJHON TIOBEPXHOCTH MaKCHUMAaJIbHBIH 3((EKT 00ecnedmsio COBMECTHOE
WCIIOJIb30BaHUE II0NINTa U OaKTepUaNbHONW KYJIBTYPBI, 9YTO CBUAETEIBCTRY-
€T 0 MEePCHEeKTHBHOCTH HMCCIEIOBAHMUI WX KOMIUIEKCHOTO NPHMEHEHHS He
ToJIbKO 7yt ouncTku oT HIT Bozpl, HO M MO4BHI (TabMIIA).

AHanu3 ypoBHS (PUTOTOKCHYHOCTH ITOYBHI B OIBITE BRISBHII (D PEKT MH-
THOMPOBAHMA IIPOPOCTKOB IIIICHHUIIBI B BAPHAHTAX C IPUMEHEHHUEM IICOINTA
u Oaxrepuil. IIpy 3TOM OHOTECTHI C YHCTBHIMH KYJIbTypaMHu MUKPOOpPIaHU3-
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MOB, BBIJICJICHHBIX U3 ITOYBBI JaHHBIX BAPUAHTOB, IMOKA3aJIM, YTO OOJIBIIMH-
CTBO M30JHMPOBAHHBIX BHJOB OaKTEpHUH CHHXKAET BCXOXKECTh CEMSH IIICHU-
eI B cpeqHeM Ha 16—20 %. duroTokcHyeckie cBoiicTBa MUKPOOHBIX MeTa-
O0onmnToB B He(TE3arpsA3HCHHBIX II0YBAaX paHEe TakXKe OBUIM OTMEYECHBI
A.B. HazapoBrsM ¢ coasr. [2].

Ta6auna — BimsHue 11e0muTa 1 6aKTepHALHOTO MpernapaTa Ha HHTCHCHBHOCTh
Ouoierpananuy HehTH

CreneHsp Aerpagauuu

BapuanT onbiTa Conep:xanne HII, r/kr
P ep ’ HedTH, %

UYepHo3eM I0)KHBIH (HCXOIHOE coaeprkanue Heptn — 22,6 1/Kkr)

Kontpons 22,05 +5,50 2,44
Ieonur 11,94 + 2,99 47,10
Pseudomonas 9,30 £ 2,32 58,66

Topgsnas mousa (ucxoxHoe conepxanue Heptn — 109,8 r/kr)

Koutpons 83,39 +£20,85 24,03
Ileonaur 65,09 + 16,27 40,70
Pseudomonas 43,70 + 10,93 60,20
Bona (ucxoanoe conepkanue et — 23,7 /1)
Kontposns 17,60 + 0,03 25,70
Ileonur 16,00 + 0,05 32,50
Ieonut + Pseudomonas 15,42 + 0,11 35,00
Pseudomonas 16,45+0,10 30,60

Jnist cHWKEHHMsT YPOBHSI TOKCHYHOCTH IMOBEPXHOCTh TOP(SHOW MOYBBI
00paboTanu B OJJHOM clIydae CyXUM TOP(SHBIM IpenapaToM, a B APYroM —
KHUJIKOH KyIbTypol 6aKTepHii, yCTOHYNBBIX K KCEHOOMOTHKAM.

PesynbraTer 00paboTKH MMOKa3a, 9To TOP(MSIHON mpenapar u GaKTepuu
CHOCOOHBI YaCTUYHO HEHTPaIN30BaTh TOKCHYECKOE ACHCTBHE MHKPOOHBIX
MeTabosINTOB, crnocodcTBys 89 m 67 %-My yBEIMYEHHIO 3€JICHOH MacChl
MPOPOCTKOB MIIEHUIBI COOTBETCTBEHHO.

Takum 00pa3oM, HA OCHOBAHMM NPEANPHHATHIX HUCCIEIOBAaHUN MOXKHO
c/leNnaTh 3aKII0YEHHE O LeJIecO00pa3sHOCTH NMPUMEHEHHS IIE0JIUTa, a TaKXKe
WCCIIEJIOBAaHHBIX TOP(QSHOTO M OaKTEpPHAILHOTO NPErapaToB YIS MOBBIIIE-
HUA dpPexTuBHOCTH 0uncTKH 0T HII BOHBIX OBEpXHOCTEH N Onopemenu-
ary HeTe3arpsA3HeHHBIX [T0YB IyTeM CHIDKEHHS UX (PUTOTOKCHYHOCTH.

Crnncok JUTepaTypsbl
1. Ky3uenos A.E., I'panoBa H.b. Hay4nsrle ocHOBBI 3x00HOTEeXHOIOTHH. M.: Mup,
2006. 504 c.
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3. T'pysmsxosa P.A.// Turuena u canurapus. 1993. Ne 3. C. 70-74.

Hccnenopanne u pa3padoTka MeToda MOJYIeHHS KAJTHSA
HUTPATA 0c000il YMCTOTHI

O.M. Honuwyk

Hayunuwlii pyxosooumens — K.x.H., 3amecmumens OUpeKmopa no Hay4Hou
pabome A.I'. Benouno
QI'VII «<UPEA», 107076, 2. Mockea, yar. Bozopodckuti éar, 3,
kopl232@yandex.ru

Pa3BuTne HOBBIX OTpacieil MPOMBIIUICHHOCTH NPEIbIBILSIIOT Bce Ooiee
BBICOKHE TPeOOBaHMS 110 COCTaBY, COJEPKAHHUIO NMPUMECEil U TpaHyJIoOMeT-
PHYECKOMY COCTaBY MPOAYKTA.

B Poccun kanus HATpaT MPOM3BOANTCS TONBKO PEAKTHUBHBIX KBaTU(H-
Karuit (4., a.1.a., x.4.) ('OCT 4217). KnroueBbie MO3UINH B IPOU3BOJICTBE
KaJINsl HATPaTa YUCTBHIX 1 BEICOKOYHMCTHIX KBaTH(PUKAIMI 3aHUMAIOT (hHPMBI
CIIA, Ulseiitapuu u Depmanuu; ¢upmsr Merck (Iepmanus), Fluka
(ILIBefiapus) TPON3BOIAT KaJMsl HUTPAT C CO/IEPKAHUEM OOJIBIIOTO YMCIa
MpUMecel Ha YpOBHE 1-10°-5-10"" macc. % KaxIoi.

B cBsi3u ¢ 3TUM 1enbl0 JaHHON pabOoThl SBISETCS MOUCK IPOCTHIX H
HanbOounee 3 PEeKTUBHBIX METOAOB INIyOOKOM OYMCTKH KaJnsi HUTPATa.

Cpeau WM3BECTHBIX B JIUTEpAType METOJOB OYHMCTKH HEOPraHHMYECKHX
BEILIECTB, MPUMEHHUTENILHO K MOJYYEHHIO Kajlusi HUTpaTa 0COOOH YMCTOTHI,
HauOONBIINI MHTEPEC MPEACTABISIIOT KPUCTAIM3ALUS U3 BOJAHBIX PACTBO-
POB, 30HHAsI TUIaBKa, SKCTPAKINUS, KOMIIEKCOOOpa3oBaHue, HOHHBIH 0OMEH,
OCaXXJEHUE U COOCAXKIICHHE

Kanust HUTpaT JOBOJIBHO XOPOLIO PACTBOPUM B BOJIE, MMEET IOJIOKH-
TENIBHBIA TeMIlepaTypHbIil K03 UIMEHT PacCTBOPUMOCTH, U METOJ] €TI0 U30-
TEPMHYECKOH KPUCTAJUTM3aLUN U3 BOIHBIX PACTBOPOB MOXKET OBITH OJJHUM
n3 Hanbosiee NMPOCTHIX M AP(EKTUBHBIX /IS MOTYYEHHS MPOIYKTa 0CO00i
YHCTOTBHI.

CreneHb YMCTOTHI MOJY4a€MOIO MPOJAYKTA IPH ITOM 3aBUCHUT KaK OT
YCJIOBUIA ITPOBEICHHUS KPUCTAILIM3ALMH U TTOCIEYIOIINX BCIOMOTaTeIbHbBIX
onepaunii (puIbTpanny, MIPOMBIBKH), TaK M OT XapakTepa IpuUMecei, MpH-
CYTCTBYIOIIHNX B PacCTBOPE.

OCHOBHBIM TIPENSATCTBHEM, OTPAHMYUBAIOUINM TNPUMEHEHHE METoJa
KPHUCTAJUTU3ALUY JUIsl TITyOOKOH OYMCTKH BELIECTB, SBISIETCS N30MOP(HU3M
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(m3omumopdu3M), CcrocoOCTBYIOIMI 00pa30BaHUIO TBEP/BIX PAacTBOPOB
COEIMHEHUsI IPUMECH U OCHOBHOTO BemiecTBa. OOpazoBaHue TBEPAOTO pac-
TBOpPa MHKPO- W MaKpPOKOMIIOHEHTOB 3aBHCHT OT LEJOTr0o psifa (hU3HKO-
XUMHUYECKHX (DaKTOPOB, OCHOBHBIMH U3 KOTOPBIX SIBIISIIOTCA: PaglyChl U
3apsiIbl MOHOB, THI XMMUYECKOH CBSI3H M IapaMeTphl KPHCTAIUTMYECKUX
PEIIETOK.

st mporHo3upoBaHus 3P (HEKTHBHOCTH KPUCTAIUIM3AINOHHON OYHCTKH
KaJInsl HUTpaTa HaMH COIMIOCTABIICHBI JAHHBIE KPHCTAJUIMYECKOTO CTPOCHUS
€ro M CONYTCTBYIOIIMX JJIEMEHTOB M ()a30BBIX PaBHOBECHIl B BOJHO-
COJIEBBIX CUCTEMAX C MX yYaCTHEM.

Awnanus quarpamm pactBopuMocty B cuctemax KNOz~M™(NO3),—H,0,
rae M™ — Fe**, Mn?*, Pb?*, Cu®*, Ni**, Co?, Zn* ipu 25 °C ykasbiBaeT Ha
OTCYTCTBUE B3aUMOJACHCTBUS KOMIIOHEHTOB M BO3MOXKHOCTH pa3ZeieHUs
KaJusi HATpaTa W HUTPATOB NPHBEJCHHBIX BBILIE AJIEMEHTOB. B obnactu
kpuctammm3amun KNO; B paccMOTpeHHBIX cUcTeMax He HaOiromaercs 00-
pa30oBaHMS TBEPIBIX PACTBOPOB U, CIEJOBATEIbHO, COMYTCTBYIOLINE HUTPa-
THI 3JIEMEHTOB OYyAyT KOHIICHTPUPOBATHCS B MATOYHOM PacTBOPE.

AHanu3 KpHUCTAJUTMYECKUX CTPYKTYp MOKa3bpiBaeT, 4To Toibko KNO;
KPHUCTAJUTU3YeTCs B POMOMYECKOM CHHTOHMH M B BOJHBIX pacTBOpax He
MokeT o0Opa3oBbiBaTh ¢ HuTpatamu xene3a (III), xpoma (III), amromuHIS
(1), xobanpra (II), mukens (II), mapranma (II), mequ (II), ceurma (1),
ctponuus (II), Gapus, KambIUs U MarHUs JBOWHBIE COSAMHEHHS WM TBEP-
JIblE PacTBOPBI.

Tak Kak JlaHHbIE O XapaKTepe B3auMO/ICHCTBUS KaJlusl HUTpaTa ¢ HUTpa-
tamu xpoma (I11), amromuHusA, Maraus 1 6apus B BOAHBIX PAaCTBOPAxX B JIH-
TepaTtype oOHapyXUTh HE YAaloch, HaMU ObLIH u3ydeHb! cucTeMbl KNOz—
M™(NO3),—H,0 (M™ — Cr**, AI**, Mg®, Ba®") B mmpokoii 061acTi KOH-
neHTpanuii npu 25 °C. MeronaMu MOCTPOCHUS THATPAMMEI, XUMHYECKOTO
ananu3a 1 UK-cmekrpockonuu ycraHoeneHo, uro cuctemsl ¢ Cr(lll), Al,
Mg npocroro 3BroHMUYEcKOro THNA, a ¢ Ba — c oOpazoBanueM aBOIHOTO
coenunenus cocraa 2KNO; - Ba(NO3),.

C y4eToM H3JI0)KEHHOTO IKCIIEPUMEHTAJIBHO UCCIIE0BaH IPOLECC KPH-
CTAJUTM3aLMK KallUsi HUTPaTa M3 BOJHBIX PacTBOPOB. M3yueHO BIMsSHUE psi-
Jla apaMeTpoB Tpolecca KpucTamwin3anun (KOHIGHTpaNusi IPUMECH, CTe-
MEeHb KPUCTAJIM3ALUK, TIPOMBIBKA KPUCTAIUIOB M Jp.) Ha pacrpeielieHue
[IpUMECENH METaIIOB.

YcraHOoBIIEHO, YTO M3MEHEHHE cTeneHu Kpuctamumzanuu ot 0,3 g0 0,8
HE3HAYMUTENbHO BIHMAET Ha 3()(HEKTUBHOCTH MpOLEcca OYMCTKH Kalus HHUT-
para. JlonmonHUTENbHas NPOMBIBKA IO3BOJSIET YBEIWYHUTH KOI(PPHUIIMEHT
ounctky kpuctauioB KNOj3 0T BbIlIeyKa3aHHBIX IIPUMECEH.
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Ha ocHOBaHMM BBHINOJHEHHBIX UCCIIEOBaHMWN pa3paboTaHa TEXHOJIOTH-
YecKkas cxeMa Ipolecca IoJIydeHus! Kalusl HUTpaTa 0CO00H YHCTOTHI.

Ilonyyen  OpoaykKT ¢  cOAEpXKaHUEM  OTHENbHBIX  NpUMecei
10°-10 " mace. %.

Onuromepusanus ¢ppakuuu Cy B IPUCYTCTBUH KATATUTHYECKUX
CHCTEM HA OCHOBE XJIOPUIOB TUTAHA U AJTIOMUHHS

10. E. Iloxapykoea

E. I1. Qumepep — k.X.H., cmapuiutl npenooagameins
Tomcxuti nonumexnuueckuu ynusepcumem, 634050, Tomck, np. Jlenuna, 30,
belka221290@mail.ru

Hedrenmommmepusie (omuromepnsie) cmonbl (HIIC) sBisroTes ocoObM
KJIaCCOM HHM3KOMOJIEKYJSIPHBIX CHHTETHYECKHX CMOJI, 00JIaJalonX YHH-
KaIbHBIMH (DM3HKO-XMMHUYECKHMMHU CBOWCTBaMU. OHM HaXoIsiT IIUPOKOE
MPUMEHEHHE B PA3IMYHBIX OTPACIIAX MPOMBIIIJICHHOCTH U UCHOJIB3YIOTCS B
KadyecTBE 3aMEHHUTEJNIeH NUIIEBBIX U IPYTUX MPOIYKTOB MPHPOJIHOIO IMPO-
UCXOKICHUS, HampuMep KaHH(pOIM, a TakxkKe JeQUIUTHBIX WHACH-
KyMapOHOBBIX, (heHonopMabIeruaHbIX U JPYTHX CMOJL

B xauectBe ncxomHoro ceipbs st cuHTe3a HIIC wmcnoms3yroT ¢pakmmm,
BBIJICISIEMBIE M3 TIPOLYKTOB ITMPOJIM3a XKUAKOTO U Tra3000pa3sHOro He(TSHOTO
CBIPbsI, HEKOTOPBIE MPOAYKTHI KATATUTHIECKOTO M TEPMHIECKOTO KpekuHra [1].

HIIC nonyyaroT MOHHON M paJUKaJbHOW NOJMMEpHU3aLMed Herpeeib-
HBIX COEIIMHEHHI MOOOYHBIX MPOAYKTOB NMUpOiN3a. PaankansHol (Tepmuye-
CKOW ¥ MHHUIMUPOBAaHHOW) mommmMepm3anuerr HIIC momydaroT mpu Temmnepa-
type 230...280 °C, mox nasnenuem g0 20 at™. B TeueHue 4...10 gacos. Muu-
[IUMPOBaHHAS MOJIMMepH3anys (PppaKkmuil KUIKUX MPOAYKTOB MUPOIIH3a TPO-
BOJIUTHCS B IPUCYTCTBHUN MEPOKCHIHBIX COSTMHEHUH [2].

Karanutuueckas moiamMepu3anus SBISETCS OCHOBHOM IPH MPOHM3BOJ-
cTBe He(TEMOIMMEPHBIX CMOJI BO BceM Mupe. VIMeHHO 3THM crtocobom 1o-
Jy4arT Bce anudaTndeckre, apoMaTnieckie 1 KOMOMHUPOBAHHBIE CMOJIBI.
IIponecc umeer psa NpeUMyILIECTB: BEAETCS MPHU AOCTATOUYHO HU3KUX TEM-
neparypax 30...80 °C, npu atMocepHOM AaBIEeHUH B T€YEHUH 1...3 yacoB
[3]. [MaHHas TEXHOIOTHs BKIIOYAET CTAJAMIO OCYILIKU CBIPbsl, CTAAHIO €3aK-
THUBALMK U B PsJIe CIIyyaeB OTAEICHHs KaTaIu3aTopa.

B pabore npeanoxen cnoco6 nomydenus HIIC ¢ ucnonp3oBanneM Ka-
TaJINTUYECKUX CHCTEM HAa OCHOBE YETBHIPEXXJIOPHCTOTO TUTaHA M TPEXXJIO-
PHCTOTO ATIOMUHHS, B IPUCYTCTBHH 3MIOKCHOYTaHA.


http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B8%D0%BC%D0%B5%D1%80%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F
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B kauecTBe MCXOHOTO CHIPhsI UCIOIB30BaNN (hpakuuo Cg MPOU3BOA-
ctBa OAO «Anrapckuii 3aBoJ moauMepoB» [1o JaHHBIM Ta305KUIKOCTHON
xpomoTorpadun ¢pakmus comepxut 47...49 % HempeneTbHBIX COETUHE-
HHUH, TAKHX KaK CTHUPOJI, O-METHJICTHPOJI, IPON3BOJHBIC MHACHA M JUIUK-
JIOTICHTaHANCHA.

Inst axtuBanmu cuctembl TiCl,—AlCl; 1 TOBbIIIEHUS PACTBOPUMOCTH
AICl; Ha craguu UPUTOTOBICHHH Karaau3aTopa B CHCTEMY BBOIMIIH
snokcnbyran (C4HgO) ¢ pa3snuuHbIM MOJBHBEIM COOTHOUICHHWEM, CHHTE3
HIIC mpoBoaunu B Teuenun 180 munyT npu temneparype 80 °C. ITo okon-
YaHUM CHHTE3a JIe3aKTHBAIMIO KAaTaJUTHYECKOH CHCTEMbI NMPOBOAMIN OK-
CHJIOM TIPOIHJICHA B SKBUMOJISIPHOM COOTHOILIEHUH K aTOMaM XJIOpa TUTaHa
u anmromuHus. CBOWMCTBA MOJYYCHHBIX CMOJ (Tabll.) MCCIIEIOBAIM C MIOMO-
IIBIO0 CTAHJIAPTHBIX METO/OB: TEMIIEPaTypy pasMsrdeHusi — Mo npuobopy
«Kompno u mapy» (Kulll) (I'OCT 9950-83), agre3uto — MeTO0M perieTda-
TeIxX Hagpe3oB (I'OCT 15140 / UCO 2409), MoneKyIIpHYIO MacCy METOIOM
KpHOCKONHMH [4], 3HadeHne OPOMHOTO YHCIIa ONPEACISUIN € TIOMOIIBIO THT-
pumeTrpudeckoro aranmsa [5], uBet 50 %-ro pactsopa HIIC ompenensim o
HomomeTpuueckoit mrkame (MMII).

Ta6auna. PU3HKO-XMMHUYECKUE CBOWCTBA HE(PTEMOIMMEPHBIX CMOJT
MounHoe coornomenue TiCl, : AICI; : C,HgO

Croiicrea HIIC 10:02:10 | 1,0:03:10 | 1,0:05:10
Brixog HIIC, % 35,6 30,1 22,4
MorexysipHast Macca, 450 400 350
r/MOJIb

Anresust, 6abl 3 4 4

Iset 50 % p-pa mo UM 150 250 300

TeMmrnepaTypa pa3msrde-

Hus o Kulll,°C 70 65 60
bpomHoe uucio,
r Br,/100r HIIC 32 36 40
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Bansinue TemnepaTypbl Ha ponecc HEMpPSIMOT0 OKHMCJICHUSI
aHMJINHA

A. H. Pazanosa

Hayunwuii pyxogooumens — k.x.H., ooy., T. H. Boneuna
Tomckuii nonumexnuueckuti ynusepcumem, 634050, Tomcxk, np. Jlenuna, 30,
millenna@danet.in

AHMIVH, KaK OJJUH U3 HauOoJiee TOKCUYHBIX M OHOJIOTHYECKH YCTOWYH-
BBIX 3arpsi3HUTENICH, OKa3bIBAET HEraTUBHOE BO3JCHCTBHE HA OKPYKAIOIIYIO
cpeny. Tak, B pe3yibTare OCYIIECTBJICHUs Pa3JIMUHBIX TEXHOJOTHYECKUX
MPOIIECCOB, U3 OJHOTO MIUIMOHA TOHH NPOW3BOACTBA aHWIIMHA B OTXOMBI
nonagaeT OoJiee MIECTH THICSY TOHH, KOTOPhIe HEOOXOIUMO YTHIN3HPOBATb.

Henp narHO# pabOTHI COCTOSIIA B BBIABICHHN BIIHSHUS TEMIICPaTyphl Ha
nporiecc 00e3BpeKUBAHMS AHWIMHA, IO/ NEHCTBHEM KOMILICKCHOTO OKHC-
JUTEs] TEHEPUPYEeMOTo IPH IIPOITYCKAHWU 3JIEKTPHUECKOTO TOKa depes
BOJIHBIC PAaCTBOPHI CEPHOM KHCIIOTHI.

[Ipouiecc mpoBoAMIN Ha TaOOPATOPHON YCTAHOBKE, COCTOSIINMN U3 peaK-
Topa (06beMoM 30 cM®), CBHHIIOBBIX IEKTPOIOB C paboueil MIOMIambo
7 cM? M MCTOYHHMKA MOCTOSHHOTO TOKA C PAGOYMMH MTAPAMETPAMH IO TOKY
J0 7,5 A mpy MHTEHCHBHOM IepeMenInBaHuu. Uepe3 paBHbIE IPOMEXYTKU
BPEMEHHU MU3MEPSUIU TeMIEepaTypy U OTMeUYalld H3MEHEHHE OKPAacKH PacTBO-
pa BU3yaJlbHO U C TOMOIIbI0 (DOTOKOJIIOPUMETPA.

B mporecce 00e3BpekrBaHUS OTXOIOB aHWIMHOBOH MPOMBIIUICHHOCTH
o011Iee KOJMYECTBO BBIICISIONIETOCS TeIIa COCTOUT H3:

1. Temma, BELENAROIIETOCS MPpH 00pa30BaHUHM W PA3TIONKCHUH KOMIIO-
HEHTOB OKHCIIUTENbHON CHCTEMBI (Qyops)-

2. Termua, BBIAETSIOMIETOCS 32 CUET MPOTCKAHUS DIIEKTPOXUMHUYECKUX
MPOLECCOB JecTpyKuuu anuwarHa (Q, ).

3. Teruta, BBIACISIOMIETOCS 338 CYET MPOTEKAHUS PEAKIHid KHUIKOo(as-
HOTO OKHCIeHus anmwmmHa (Q,).

HpOBeI{eHHLIe OKCIICPUMEHTHI IMOKa3aJIv, YTO MPOABJIACTCA YE€TKaA 3aBU-
CHMOCTB TeMIIEpaTypbl OT IUNIOTHOCTH ToKa Tpu 3nekrponuse 40 %-ro pac-
TBOpa cepHOW KUCHOTHL. CorjacHO puc. |, 4em BBIIIE TOK, TeM OOJbIIas
pa3HUIa TeMIepaTypsl (HUKCHpYeTCs TepMOMeTpoM. BcmencrBue 3Toro
MPOUCXOJUT CHIIBHBIN Pa3orpeB JIEKTPOJINTA, YTO COOTBETCTBEHHO IPHBO-
JIUT K HEOOXOJMMOCTH HCIIOJIb30BAHMSI BHELIHErO OXJAXJICHMS peakTopa
JUISl TIOBBINIEHUS 3P (PEKTUBHOCTH CHHTE3a OKHUCIUTEIbHONW CHCTEMBI, KOTO-
pas B laJibHeHIIeM OyAeT OKUCISITh OPraHNYeCKHe KOMIOHEHTHI.
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Pucynox 1. BiusiHue cusbl TOka Ha U3MEHEHUE TEMIIEpaTyphl B IPOLECCE DIIEKTPO-

n3a 40 % cepHOW KUCTOTHI

Iocne noGaBieHNsl aHWINHA B HJICKTPOXUMHUUECKYIO STMEHKY B PE3yIlb-
TaTe OKHMCIICHHS, MPOTEKAIOMIEero Kak Ha AJIEKTPOAAX, TaK M B 00beMe peak-
TOpa, TaKKe MPOWUCXOIUT IOBBIIICHUE TEMIEPATYPhl PEAKIMOHHON CpPEebl

(Tabs. 1), omHaKO ATH JaHHBIE JIEXKAT B MPe/ieax OMNOKN H3MEPEHHUS.

Ta6auna 1. Uzmenenne temmnepatypsl (A T, °C) B peakTope pu OKUCICHUN aHU-

JMHA
Bpewmst, vun KosimyecTBo aHMJINHA, T
i 0,0017 0,0034 0,0052
5 22 32 29
10 36 45 44
15 46 53 50
20 52 60 59
25 56 64 58
30 59 63 60
35 62 65 67
40 62 67 73

CornacHo JKCIIEPUMEHTAIbHBI JaHHBIM, KKIBIH W3 TPEeX MPOIECCOB
OINUCAHHBIX BBIILIE, HAKJIAJIbIBAET OIpPE/ICIICHHOE BIMAHME Ha YBEJIHUYEHHE
TeMITEpaTypbl peakIUOHHOW Macchl. [IpoBeneHHbIE (DU3UKO-XUMUYECKUE
pacyeTsl MOKa3aJid, YTO KOJUYECTBO TEIUIa, BBIACIIAIOLICECH NMPU KUIKO-
(ha3HOM OKHCJICHMU aHWIWHA He Belnko. Clie0BaTeIbHO, OCHOBHON BKJIAT

B Harpes peaKHI/IOHHOﬁ MAacCChl BHOCAT 3JICKTPOXUMHNYCCKUE TPOLICCCHI.
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Hccnenopanne copoInOHHO CITOCOOHOCTH OTX00B B0O103a00pa

B.B. Camycenko

Hayunwie pyxosooumenu — 0.x.1., npogpeccop TI'Y E.E. Cupomkuna,
K.X.H., H.c. UXH CO PAH U.B. Pycckux
Tomckuii 2ocyoapcmeennutii yHueepcumem, 634050, Tomck,
np. Jlenuna, 36, rus@ipc.tsc.ru

Henbto manHO# pabOTHI OBUIO MCCICIOBAHUE COPOIMOHHON CITOCOOHO-
CTH OCaJIKOB, BBIICJICHHBIX Ha Bojo3abope Tomckoro AkageMropojxa, 1o
OTHOIICHHUIO K MOHaM TsDKENbIX MeTauioB M Hedrenpoaykram (HII), xak
BO3MOJKHOTO ITyTH UX yTHUIIU3ALNH.

W3 ocamka OTCTOWHHKOB CTaHIMU 00Oe3Xele3uBaHus Bomo3abopa Towm-
CKOTO AKaJleMropojka ObUIN BBIJENCHBI 1BE (hPAKIMH, KOTOPBIC HCIIOIb30-
BAJIN B KAYECTBE OOBEKTOB HCCIICIOBAHMUSL:
¢pakmust 1 — ocanok, conepXkamuii B cBoeM coctaBe 97 % xenesa, BBICY-
IICHHBIN MIpU KOMHATHOH TeMnepaTtype — OIK-25; mis yiydmenus copo-
IIMOHHBIX CBOMCTB 0CafoK (pakiuy | OB MpoKaneH IpH TeMIeparype
250 °C B teuenme 3 wacoB — OI'K-250; OI'K-25, MomndunmpoBaHHBIN
nomuakpuiamugom — OIK-25-TTAA; OI'K-25-1IBC — OI'K-25, obpa-
0OTaHHBIH MOJIMBUHUIOBBIM CIIMPTOM B KaueCTBE CBS3YIOIIETO;

(dpakuust 2 — TpaHy’Ibl, B COCTaB KOTOPbIX BXoauT 60 % KpemHusl, BbICY-
IIIEHHBIE ITPYU KOMHATHOU Temmeparype — Si0,-25; rpanyisr SiO,-25, npo-
kanennble pu 250° C B Teyenue 3 yacoB — Si0,-250.

g ucciaenoBaHus COpOIMOHHOM CIOCOOHOCTH OCAaaKOB M COPOCHTOB
Ha MX OCHOBE TOTOBHJIM BOAOHE(DTSIHBIE SMYIBCHH, PACTBOPHI COJIM HUKEJIS
W pacTBOPBI, copepskamnie coutb Hukesst 1 HIT oqHoBpemMenHo (Tabmmna 1).

Ta6anua 1 — VcxoaHble TaHHBIC YKCTIEPUMEHTOB

. Konuentpauus OoBem Mo-
OnpenesisieMblii
KOMIIOHEHT ompeeasieMoro CopoOent JeJILHOI 0 pi;c-
KOMIIOHEHTA Tsopa, M
1-10°, moms/mv® | Si0,-25, Si0,-250 0,5
Ni2* OI'K-25, O K-25-
1-10°°, mons/mm® ITAA, OTK-250, 1,0
OI'K-25-TIBC
Si0,-25, Si0,-250 0,5
3 OI'K-25, OIK-25-
HII 0.2 r/mw TTAA, OT)K-250, 1,0
OIK-25-TIBC
NI 1-10° Si0,-25, Si0,-250
o 3 3 OI'K-25, OI'XK-25-
NI+ HIT - Mj%"/zﬂf/wg TTAA, OIK-250, 05
' OIK-25-TIBC
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MopenbHble pacTBOPBI HPOITyCKaNU 4epe3 cioi copbenra. Onpenene-
HHE colepKaHus He(TEeNpOAyKTOB A0 W MOCNIE COPOLUM OCYIIECTBISUIH
MetonoMm Y @-cnextpockonmu [1]. KonTpons 3a comepikaHueM HOHOB HH-
KeJIsl, 10 ¥ 1ocje COpOIH, OMPEAEISIN C UCTIONB30BAHIEM METOa TIPOH3-
BOJHOW CIEKTPO(OTOMETPHH, IIBETHOM peakmuer ¢ HHIAKATOPOM
4-(2-Tlupununnazo)pesopuus [2].

PesynbraThl, npeacTaBicHHbIE B TaOIHUIE 2, MOKA3bIBAIOT, YTO I U3-
BJICUCHHUS HMOHOB HUKeEIsI Oonee 3(PPEeKTHBHBIMH COpPOCHTAMH SIBIISIOTCS
OI'XK-25, OI'X-25-TIBC. Ilo orHomennto k HII MakcumanbHyIO cTerneHb
usBneyenus npossisier Si0,-250. Ilpu coBmectHoM mpucytctBun HIT u
HOHOB HHUKECJIA B BOJAC HCCICAYEMbIC COp6eHTbI MPOABJIAIOT HEBBICOKYIO
COpPOLMOHHYIO CIIOCOOHOCTB.

Ta6auna 2 — I¢¢eKTUBHOCTH U3BJIeYeHUs HOHOB HuKeJis1, HII, noHoB HuKe-
Js1 1 HII npu coBMecTHOM MX NPUCYTCTBHU B pacTBoOpe

CrteneHnb M3BJIeYeHNs], 0/5)
CopOeHTbl o4 Ni** + HIT
NI Hi NiZ | HO
OI'X-25 (ocamok) 55 50 36 15
OI'K-250 (ocamok) 26 75 26 40
OI'K-25-TIBC (rpanysr) 50 70 - -
OI'K-25-TTIAA (ocamok) 20 - - -
Si0,-25 14 85 - -
Si0,-250 36 92 36 57

Takum 00pa3oM, U3ydeHne COPOLUOHHON CIIOCOOHOCTH OCAJKOB BOIO-
3a00pOB M0 OTHOIICHHIO K HOHAM METAJIOB U He()TEPOLYyKTaM OTKPhIBAET
BO3MOXHOCTU HX Oosiee 3PPEKTUBHOTO MPUMEHEHUSI B TEXHOJOTHYECKHX
npolieccax, B CO3MaHUU HOBBIX MATCPHAJIOB M PEIICHHH aKTYaJIbHBIX KO-
JIOTUYECKHUX TPOOIIEM.
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HccnenoBanne KOMIJIEKCOB TeTPAXJIOpPHIAa THTAHA C
Oy THWIIMETAKPHJIATOM

T.B. Cunsaeuna

Hayunuuii pyxogooumenv — k.x.H., doyenm, JLU. Fonoaremosa
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Hedrenomumepusie cmonsl (HIIC) Hanum npuMeHeHHE B Pa3IMYHBIX
OTpacisIX NPOMBIIIJICHHOCTH: IIMHHOM U PE3UHOBOM, JIAKOKPACOYHOH, B
MPOU3BOJICTBE OyMmaru, KieeB, JAPEBECHOBOJIOKHHUCTBIX IUIUT, a TaKKe IS
COKpAIIEHUs] pacxofa WHICH-KyMapOHOBBIX, (EHONGPOPMANbACTHIHBIX
Ipyrux cMmoin. Crnenyer orMeTuTb, uto cBoiictBa HIIC He Bcernma ymosie-
TBOPSIIOT TPEOOBaHMSAM 3aKa3uMKa. B CBS3M C 3THM aKTyaJdbHBIMH CTaHO-
BsATCs paboTs! 1o nosydenuro HIIC Ha ocHoBe MoauduIIMpOBaHHBIX Qpak-
IIMH )KUAKAX TPOJYKTOB IHPOIIN3a.

W3BecTHO, 94TO BCe MOHOMEPHI (PPAKINHU KUIKUX MPOIYKTOB IMHPOIIH3A
MOJIMMEPHU3YIOTCS 10 KATHOHHOMY MEXaHHM3MYy, TOTJa Kak Moauduuupyo-
IIMe areHThl, TaKKe KaK 3(HPbl aKPUIOBBIX KHCIIOT, aKTUBHO HOJIUMEPH3Y-
IOTCS 110 PaJUKANIbHOMY WM aHHOHHOMY MEXaHHM3MaM M He CIOCOOHBI IO-
JIMMEPHU30BaThCS 0 KATHOHHOMY MeXaHHM3My. TakiKe M3BECTHO, 4TO 3(UPHI
AKPHUJIOBBIX KHUCJIOT 00pa3yroT KOMIIIEKCHI ¢ TeTpaxiopuaoM turana (TXT),
KOTOpBIE HCIOJIb30BAIMCH B COIMOJMMEPHU3ALMU ¢ MOHOMepamH (pakumii
KUJKUX TPOAYKTOB ITHUPOIIH3A.

Lenpto nanHON pabOTHI SABIISIETCS HMCCIIETOBAHNE KOMIUIEKCOB TETPaX-
JOpUA TUTaHa—OyTHIIMETaKPWJIAT C IOMOIIBIO CIIEKTPAIBbHBIX METOJIOB.

IIpu noGasnennn k OytunMertakpwiaty (BMA) Terpaxiopuga ThTaHa
MPOUCXOJUT 00pa30BaHHE OKpAIICHHOTO KoMIiulekca. [Ipu MonbHOM cooT-
Homennn BMA : TXT pasaom | : 1 (Tbl) mabmomaercss oOpa3oBaHue
TBEpAOH, AbIMsIIeHcs Macchl; pu cooTHoennn bBMA : TXT paBaom 2 : 1
(TB2) — omHOpOAHOI Bsi3KOH. OOpazoBaHNEe KOMILIEKCOB ITOATBEPKAAETCS
SIMP 'H-ciexrpockomueit (ta6. 1). B criextpax HaG/Ir01aeTCs CMEIICHAE B
cmaboe mosie curHainoB oneuHOBHIX (1, 2) MPOTOHOB, a TaK)Ke CHUTHAJIOB
METWICHOBBIX (4) mpoToHOB BMA B 0-TTOJIOKEHHH K KUCJIOPOIY dDUPHON
rpymnnsl. bonee 3HaunTeNIEHOE CMEIIEHHE CUTHAJIOB HaOII0OAaeTes Il KOM-
miekca BMA : TXT cocraBa 1 : 1.

Taxoke ObUIH TOTyYEeHBI KOMITIEKCHI IIpU HenocTaTke u n3obiTke TXT, B
SAMP 1H-CH6KTan KOTOPBIX 3aMEUYEHO CMEIEHHE CUTHAJIOB OJEe(HUHOBBIX
NPOTOHOB B citaboe mose. AHaIM3MPYS MOJTyYEHHBIE JTaHHBIE, MOXHO 3a-
KIII0YNTh, 4T0 npu Hexoctatke TXT B OCHOBHOM 00pa3yeTcsi KOMILIEKC
TXT : BMA cocraBa 1 : 2, a npu u30biTke TXT — cocraBa 1 : 1.
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Ta6auna 1 — 3HaueHns XUMHYECKHUX CIBUIOB IIPOTOHOB B MoJieKylie BMA u xom-
wiekcax BMA-TXT

3HaYeHUs] XAMHYECKUX CAIBHIOB & IPOTOHOB, M.
1 4 4 6 &
H oy HEH H .
H” -0
BemecTBo 2 g HOH 7
H 35 5 Hy
3
1 2 3 4 5 6 7
BEMA 5,469 | 6,024 | 1,870 | 4,078 | 1,570 | 1,340 | 0,902
Kowmmnekc Th1 5981 | 6,62 | 2,069 | 4,632 | 1,780 | 1,460 | 0,976
AS* 0,512 | 0,596 | 0,199 | 0,554 | 0,210 | 0,120 | 0,098
Kommuteke TB2 5,794 | 6,459 | 1,971 | 4,501 | 1,700 | 1,383 | 0,911
AS* 0,325 | 0,435 | 0,101 | 0,423 | 0,130 | 0,043 | 0,033

*Pa3HOCTh XUMUYECKUX CBUI'OB IPOTOHOB BMA 1 KoMIutekca

Jns  ompeneneHuss cocTaBa KOMIUIEKCOB — MCIOJB30BATU  METOJ
«M30MOJBHBIX cepuit». [ns storo roroBwnu pactBopsl BMA u TXT B
xopodopme ¢ korneHTpanueid 0,0017 MOIB/T 1 MOJTBHBIM COOTHOIIICHHEM
BMA : TXT paBueim 1:4, 2:3, 1:1, 2:1, 3:2, 4:1. Onrayeckyro
IUIOTHOCTh IOJyYEHHBIX PACTBOPOB 3aMEpSUIM B JUANO30HE UIMH BOIH
280-400 um (puc. 1).
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CO,D;Ep)KaHHE EYTHJTMETBI{pHJTaTa, MOJIEH. OOTH
Pucynok 1 — 3aBUCHMOCTb ONITHYECKON TIOTHOCTH OT cojepx)anus BMA

Pesyneratel  Y®-cnekrpockonuu  (puc. 1), CBHIETENLCTBYIOT 00
obpa3zoBanmM Komruiekca coctaBa 1:1 wmw 2:1 u moATBEpXKIAOT
pe3yabsTatel SIMP 1H-CH6KTpOCKOHI/II/I.
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[{BeTHOCTH NPUPOAHBIX BOJ B 3aBUCUMOCTH OT (opMm
HAXO0KIECHUSI KOMIIOHEHTOB, ee ONpele/IAIIIUX

A.A. Ckopoxoooea

Hayunwuii pyxogooumens — 0.2.1., npogpeccop O.I'. Casuues
Tomckui nonumexnuueckuu ynueepcumem, 634050, e. Tomck, npocnexm
Jlenuna, 0. 30, E-mail:aac@mail2000.ru

OpraHoJenTHYecKUe M0Ka3aTelI — IIBETHOCTB, 3aIlax M BKYC SIBJISIOTCS
OIIPEIEIAIOUIMMHY IIPU OLICHKE KayecTBa BOJIbI TIOTpeOUTENEM.

CoryiacHO JUTEPaTYpHBIM JaHHBIM LBETHOCTb NPHPOJHON BOJBI 00Y-
CIIOBJICHA TMPUCYTCTBHEM, IJIABHBIM 00pa3oM, T'YMYCOBBIMH KHCIIOTaMH,
KOTOpBIC B ITOBEPXHOCTHBIX BOJAX MOTYT HAaXOAUTHCS B PAacTBOPEHHOM,
B3BEILICHHOM U KOJUIOMIHOM COCTOSIHUSX. Takike Ha IBETHOCTb BOJBI BIIHS-
€T NMPUCYTCTBUE COCAMHECHUH JKene3a M JPYrHX METAUIOB B BHUJIE eCTe-
CTBEHHBIX IIPHMECEH.

Lenpto paboTHI SBISUIOCH ONpPE/CNICHUE LBETHOCTH OOJIOTHHIX Box, Fe,
Mn 1 OB B UCTHHHO paCTBOPEHHOM H KOJJIOUHOM COCTOSTHUSX.

BennuuHbI 1IBETHOCTH BOA ¥ cozepkanus Fe (00mr.) onpeaensuuch ¢o-
TOKOJIOpUMeTpu4eckuM metoaoMmM, Mn — wmeromom MBA; onpenenenue
00I1Iero OpPraHuuecKoro yriepo/a MpoBOUIOCh METOJOM BBICOKOTEMIIEpa-
TYPHOTO KaTAIUTHYECKOTO OKUCIIeHus Ha aHanu3arope Vario TOC Cube.

Pa3neneHue KOIOWAOB U MOHOB MPOBOJMIIOCH MOCPEACTBOM (PHIBTpa-
Y BOJI Yepe3 MeMOpaHHbIH GuiabTp muamerpoM 0,45 mxwm (Tadm. ).

Ta6auna 1. Benuunnl nBeTnoctu, Fe, Mn, Copr. 10 u nocjie puabTpoBaHusi

LiBeTHOCTD, °uB | Fe(061m), Mr/a Mn, Mr/a Copr., Mr/a
IIpoda
0 mocjae | a0 | mocae | a0 | mocae | A0 | mocjae
6osoto 1 1050 1493 | 1,96 | 1,61 | 28,11 | 28,88 | 73,6 | 45,6
60110TO 2 725 2106 | 2,94 | 2,39 | 34,21 | 36,68 | 77,8 | 51,3
6011070 3 575 1719 | 2,06 | 1,29 | 34,69 | 3453 | 72,7 | 459
p-Kirou 120,3 29,7 (1,42 | 1,08 | 445 | 4469 | 20,9 | 111
p.I'aBpumoBka| 427,2 147 | 8,13 | 7,67 | 43,79 | 4358 | 49,8 | 20,3

W3 Tabnuipl BUTHO, YTO Mocie QMIBTPOBAHUS [IBETHOCTh BOJBI YMEHB-
mwaercs Oonbuie, yeM B 2 pasa, cozepxkanue Fe u Cg,.. TOXkE 3HAYUTENLHO
yMmeHbIiraercs. Takum 00pa3oM, IBETHOCTh BOJBI OOYCIIOBJICHA HATHYHEM
KOJUTOMIHBIX yacTuil, coctosmmx 3 Fe(OH)s, CBSI3aHHBIX ¢ OpraHUYECKH-
MH BEIlIECTBAMH.
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HccnenoBanne NOKPHITHI HA OCHOBE He(PTAHBIX OMTYMOB,
Mo (GUIHPOBAHHBIX HeTENOJIUMEPHBIMH CMOJIAMHU

O.U. Cnaszopodckas, 3.I. Illakuposa

Hayunwuii pyxogooumens — doy., k.x.H. B.I. Bonoaremos
Tomcxuii nonumexnuueckuu ynueepcumem, 634050, Tomck, np. Jlenuna, 30,
crrocodile@sibmail.com

B Hacrosimee Bpemsi OMTyMHBIE MTPOM3BOACTBa B Poccun paccmarpuBa-
I0TCS KaK BTOPOCTEIEHHbIE NpU HedTenepepadaThbBAIOMIUX U HEPTEXUMHU-
geckux npeanpuatusax [1]. OnHako Ha CETOMHAMIHUI IeHb aKTyalbHa 3a/1a-
Yya TPOU3BOACTBA OUTYMOB C YIyYIICHHBIMH SKCIUTYyaTaI[HOHHBIMH Xapak-
TEpUCTUKAMH, KOTOPBIE MOTYT OBITh JOCTHTHYTBHI IyTEM CO3IAaHUS IOTH-
Mepoutymubix kommosuiuit ([IBK). IlepcnekTHBHBIM HampaBICHHEM IS
MOIU(MUIMPOBaHUS HEPTAHBIX OMTYMOB SIBIISIETCS] NCTIOIB30BAHUE KPYITHO-
TOHHAXHBIX MOOOYHBIX NPOAYKTOB HE(PTEXUMHUECKHMX TPOM3BOACTB, B
YaCTHOCTH, Pa3nu4HbIX Hedrenommmepubix cmoi (HIIC) [2].

B Hacrosieli paboTe B KaueCTBE OCHOBHOI'O UCXOJHOTO CHIPBS AJISI T10-
nydenus [1BK ucnonp3oBanu ourym mapku BH 70/30; B kauecTBe Momudu-
nupyromei no6asku ucnons3opanu HITC mapku «ITomutepy (HIICrgumep) U
HIIC, nony4eHHyt0 OJMroMepHu3alueil HelpenesbHbIX COeqMHeHNI (pak-
mun Cg ¢ mcmonb3oBanue Katanusatopa SNCl,, me3akTuBaIiio KOTOPOTO
npoBoauau okcuaom npornuiena (HIICgyc4), a Takke OKUCIEHHBIE 00pas3-
OBl 3THX CMOJ (HHCOKHOHWP, HIIC*gyci4 cooTBeTcTBEHHO). OKHCIEHHE
MPOBOAMIIM MEpoKcuaoM Bojopoaa B cootHomenun HIIC:H,O,, paBHOM
1:0,5 B npucyrcrBumn karanuzaropa okucienus (NH,)gM0;0y, 1 kaTanmsa-
Topa mexdaszuoro neperoca N(CyHg),l.

XapakTepuCTUKH UCXOIHOTO chipbs st nonyuyenus: [IBK npencrasne-
HBI B Tabnuie 1.

Tabauna 1.
Oopa3ubl Mpounocts npu Anaresusi, 0ana | DJaCTHYHOCTH, MM
yaape, cM
BH 70/30 10 (8/5/<3)* 1 <1
HHCI’IonnTep <3 1 3
HHCOKHOHVITCU <3 4 <1
HIIC**sncia <3 4 4

*nocie 24 1 8 Bozie / 20 % KOH (Boan.) / 3 % NaCl (soan.)

TIBK roToBuiIM no «X0J0JHOW» TEXHOJOTUU: MPEIBAPUTEITHHO TOTOBU-
au 50 %-ueie pactBopsl OuTyMa HedTssHOro M HIIC B Kewmitonie, 3aTeM cMe-
IIMBAJK UX B HEOOXOIWMBIX KOJMYECTBAaX, JOBOAS KOMITO3UIIMOHHEIA CO-
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CTaB JI0 OJHOPOJHOM KoHcHucTeHIMH. KonndecTBo BBOIMMOro Momuduka-
TOpa BapsupoBaiu ot 2,5 1o 15 %.

XapakTepuCcTUKH NOKpPBITHI Ha ocHOBe nonydeHHblX [IBK npeacrasne-
HBI B Ta0HIE 2.

Ta6auma 2
Kox-go CToiiKOCTh K pacTBOpamM
MoH- ITpou- Boaa 20 % KOH (Boan.)| 3 % NaCl (Boan.)
- HOCTH IIpou- IIpou- Ipou-
KaTo- npu yaa- | Buaem- HOCTh Buem- HOCTh Buem- HOCTh
pa, % pe, M |Huii* BU/A| NpU yaa- |HUil BUJ | NPU yaa- |HUil BUJ| NpU yaa-
pe, cM pe, cM pe, cM
HHC“OJ‘[HTED /HHCOKl'loJmTeD
2,5 10/10 9/9 5/8 4/3
5,0 10/11 TK 9/11 5/8 4/5
7,5 10/15 9/12 EK 5/10 TK 5/7
10,0 10/17 10/13 9/14 5/7
12,5 11/45 EK 11/30 10/35 717
15,0 11/45 11/30 11/45 BK 11/15
HITCspcie/ HIIC™snciq
2,5 11/7 9/5 BK 10/5 5/3
5,0 12/10 TK 9/6 BK 10/5 11/4
7,5 13/13 13/10 BK 10/7 TK 12/5
10,0 14/13 14/10 BK 10/8 12/5
12,5 18/11 EK 18/10 BK 11/10 14/7
15,0 46/<3 46/<3 BK 35/<3 BK 24/<3

*TK — ToueuHast KOppo3ust
BK — 6e3 mpu3HaKkoB KOppO3uu

[Ipu ucnonp3oBaHuM B KauecTBe MoaudukaTopa Ijsi OuTyma ykazaH-
Heix HIIC mpoucxomuTt yiydilieHHE SKCILTyaTalldOHHBIX XapaKTEPUCTHK,
xots camu HIIC He 001amaroT TaKOBBIMHU. DIIACTUYHOCTH BCEX MOTyYSHHBIX
[IBK =e npessblaer 1-2 MM, a ajare3ust He npeBbimaeT 1 6amna, 3a UCKIIO-
yenueM I1BK ¢ no6asnenuem 15 % HIIC™g,cis, T€ aaresuns NOKPHITUS CO-
crapuna 4 6anna. Oxucnenue HIICjomumep MPUBOJUT K OOJIEE 3HAUUTENBHO-
My YIYUYLIEHHIO yIApOIPOYHOCTH U BOJO-, COJIe-, IiesouecTokocTu. On-
Hako npu okuciennn HIICgqci4 HaOmoaaercs ooparHelii a¢dext. [Ipenemnst
ucnonp3osanus HIIC™g,c;s coctaBnser 10-12,5%. Ilpu ucnonb3oBaHuK
HITC™ [omurep JIyHILHE PE3yNIbTAThI JOCTHIAIOTCS NPH fo6asaennn 15 %.

CrnMcoK JUTepaTypshl
1. Teuensrit b.I'. burymsr u 6utymuble kKoMnosunuu. M.: Xumust, 1990. 256 c.
2. Ourepep E.II. u np. // JlakokpacodHsle MaTepHansl U uX npuMenenne. 2011.
Nel-2. C 84-89.
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IIpumeHeHue razoBoii xpomarorpagum / Macc-ClieKTPOMeTPHH B
aHaJu3e HATYPAJTbHBIX CTEPOHI0B

JI. C. Cokonosa, E. I'. Cmpykosa

Hayunwuii pykogooumenv — 0.x.H., npog. A.A. E¢hppemos
Cubupckuii gpedepanvhuiii ynusepcumem, 660041, 2. Kpacroapck,
np. Ceoboonwiii, 79, sokolovalida@mail.ru

[TonoBble cTEepOUIBI CHHTE3UPYIOTCS U3 XOJECTEPHHA IIIaBHBIM 00pa3oM
OHJOKPUHHBIMH JKeJe3aMH, U 3aTeM TOKOM KpPOBU DPa3HOCATCS O BCEMY
opranusMy. /luarnoctuka 3a0ojeBaHHl B SHAOKPHUHOJIOTUH, THHEKOJIOTHUH
¥ OHKOJIOTHH, HEMBICIIUMA CETOIHS 0€3 OIpEeAeIeHHs CONCP)KaHNus TOpMO-
HOB B opranmusMe. lllupokoe nprMeHeHHe B aHAIN3€ TOPMOHOB HAILIH pa-
JVOMMMYHOJIOTHYECKHE W HUMMYHO(EpPMEHTHBIE METOZBl H3-3a BBICOKOH
yyBcTBUTENbHOCTH.  OmHako rasoBas  xpomarorpapms /  macc-
cunekrpometpus (I'X/MC) obnamaer Gonpmiel TOYHOCTHIO M BOCIPOH3BO-
JVMOCTBIO PE3yJbTATOB, M TAK JK€ XOPOIIO MOAXOJNUT VISl HACHTH(UKAINT
0O0JIBILIOrO YMCIIa CTEPOUIOB M X METa0OJIUTOB.

[Tpenmerom ucciieoBaHus: ObUIM TOJIOBBIE TOPMOHBI, HAaHOOJIee 3HAUH-
Mble B JAMArHoctuke ¢epruibHocTH: 3cTpaanoi (E;), tecrocrepon (T) B
Buzae tpuMeTwicwisHBIX (TMC) npousBognasix. Ananus I'X/MC npoBoau-
nu Ha ra3oBoM xpomarorpade Agilent Technologies 7890 A ¢ kBaapymoJib-
HbIM Macc-cniekTpomerpoMm Agilent Technologies 5975 C, komonka HP-
SMS 0,25mM % 0,25 um x 30 M, B pexKUME CEIEKTUBHOIO HOHHOI'O MOHHUTO-
pusra (SIM) o MOJeKyIIpHOMY HOHY.

Tak kak cTepouabl OTHOCSTCS K MAaJOJICTYYUM COEAWHEHUSIM, Tepej
MPOBEJCHUEM aHaJIM3a HEOOXOAMMO MEepeBeCTH B Ooiee JIeTydne Mpou3-
BOJHbIE C IIOMOINBIO PEaKIMU JepuBaTH3alMu. Peaknuio nepuBaTH3annu
OCYIIECTBIISUIM C TIOMOIIpI0 cuimimpytomiero areHta bBCA  (6uc-
(rpumermncnnmn)-aneramun) npu 80 °C 30 mmH. Xpomartorpadudeckne
ycnosus pasaeienuns: 80 °C (1 mun) — 40 °C / mun — 200 °C — 12,5 °C/
mud — 300 °C (10 mun).

B pesynbrare npoBeIeHHBIX SKCIIEPUMEHTOB, TTOJTYHIUIH CIEIyIONIIE JaHHbIE:!

Boenst vien- IIpenen 00-
LeneBoe npou3Bos- P yaep HApY:KeHust .
JKHBaHUA, _ MoJiekyasipHbIii HOH
HoOe (S/N=3),
MHH

HI/MJI
Ju-TMC-E, 12,26 1 416
MoHo-TMC-T 12,40 30 360

Huxe MPUBCACHBI MOJYYCHHBIC MACC-CIEKTPbl NPOU3BOAHBIX CTEPOU-
J0B U CXCMBI UX MaCC-(i)paFMCHTaIII/II/I, CM. pI/IC.l.
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Pucynok 1 — Macc-crieKTpsI Tpou3BOIHEIX cTeponioB: 1u-TMC sctpannona (A),
MoHO-TMC Ttectoctepona (b), u ux macc-pparmMenTanus

Takum o6pazom, mokazaHo npuMmeHenne [ X/MC B ananuze Guonorude-
CKUX 00BEKTOB, HA IPUMEPE HEKOTOPBIX CTEPOHIOB.

CrnMcoK JuTepaTypsl
1. KommuectBenHsiii aHamu3 crepoupoB / L. I'eper : Ilep. ¢ anrm. — M.:
Mup,1985. C.504.
2. Young Wan Ha, Ju-Yeon Moon, Hyun-Jin Jung, Bong Chul Chung, Man Ho
Choi // Journal of Chromatography B. 2009.Ne 877. P. 4125-4132
3. J. A. Bowdena, D. M. Colosia, D. C. Mora-Monteroa, T. J. Garrettb, R.A. Yosta
I/ Journal of Chromatography B. 2009. Ne 877. P. 3237-3242.
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DoTOMETPHYECKU I AHAJIM3 a3P030Jeli BO31yXa Ha
cojiep:kaHue MapraHua

3.A. Mapouesa, B. B. Mopo3oea, 3.H. @axpemounosa

Hayunwuii pykogooumenv — k.x.H., ooyenm E. B. Jlapuonosa
Tomckuil nonumexnuueckuti ynusepcumem, 634050, Tomck, np. Jlenuna, 30

[Tpouecchl cBapky, HAIUIABKH M TEIJIOBOW PE3KH METAJUIOB COIPOBOX-
JIAIOTCSl BBIJEJICHUEM CBApOYHOTO a’3po30Jisi ¥ ra30B. A3PO30IIH, BIIEIISIO-
Iyecs NpU CBapKe M Ta30BOM pe3Ke, NPEHMYIIECTBEHHO COCTOST M3 OKCH-
JIOB CBapHMBacMbIX METAJJIOB MJIM KOMIIOHEHTOB CIUIaBOB (KeJie3a, MapraH-
1, TTaHa u T.1.). [Ipn Bo3zmeiicTBHM Ha OpraHM3M YEIOBEKA adPO30JIH TH-
JKETIBIX METAJUIOB MOTYT BBI3BIBATH Psil crennduieckux 3adboneBanuii (0o-
JIE3HN JIETKUX, AJUIEPTUYECKHE PEaKIHH). TspKeNble MEeTalulbl CIIOCOOHBI
aKKyMyJHpOBaTb B OpPTraHM3ME 4YEJOBEKa, BBI3BIBASI CEPHE3HBIC MOCIE/-
CTBHS. MYyTarcHHbIC, KaHICPOTCHHBIC, TEpaTOTeHHBbIC. B CBs3M ¢ 3THUM
HEOOXO0NMO MPOBOAUTH MOHHUTOPHHI CAHHUTAPHOTO COCTOSIHHS aTMocdep-
HOTO BO3yXa pabo4ell ¥ IpON3BOJICTBEHHOH 30HBI.

CDOTOMeTpI/I‘IeCKI/Ie METOAbI aHaJIn3a BBUAY HUX 0O0JIBIIIOH YYBCTBUTECJIb-
HOCTHU U H36I/IpaTeHLHOCTI/I, OKCIIPECCHOCTU M TOYHOCTHU HALLIMW HIMPOKOC
MNPpUMEHCHUE B HpOMI)IHIHCHHO-CaHI/ITapHOf/'I AHAJIMTHYECKOM XHUMHU JJIs
KOHTPOJIA 3an$[3HeHI/II71 BO3yXa, BOJAbI U TTOYBHI.

IIpu poToMeTprudecknx HCCICTOBAHHUAX MPUMEHSIOT Pa3IMYHBIC TUIIBI
(hOTOINIEKTPHUUECKUX KOJIOPHMETPOB, BBIIYCKAaEMBIX OTEYECTBEHHOH M 3a-
pyOexxHOi mpombIinieHHOCTRI0 (Hampumep, KOK-2, KOK-3, KOK-5M u
Ip.). B ToMckoM monuTeXHMYECKOM YHHBEPCHTETE BeIeTCsl pa3paboTka
HOBBIX NMPUOOPOB /Il (POTOMETPUIECKOTO aHAJIN3a, UX METOAMYECKOTO H
MPOTPAaMMHOT0 OOECIIeUCHNUS TSI PEICHUs] YIeOHBIX M HCCIIeI0BATEIbCKUX
3aJa4, a Tak)Ke NPOU3BOJICTBEHHOTO KOHTPOJISI COCTOSIHUSI OOBEKTOB OKPY-
xarorieit cpenpl. OO0 «YHUBepcadbHBIE 00pa30BaTEIbHBIC TEXHOJIOTHI
cosmectHO ¢ TIIY mpennoxunu yuebHo-mabopaTtopHsiid komiureke (YJIK)
«OKOJIOTHYECKU MOHUTOPHHTY», KOTOPHIN MpeIHAa3HAYEH I MPOBEICHUS
a60paTOpHBIX PabOT TO MPOMBINIIEHHONW 3KOJOTHH U JKOJOTHYECKOMY
MOHHUTOPHHTY. B ero cocraB BXomsT: ()OTOKOJOPHUMETp, YHHBEPCAIBHBIN
KOHTPOJUIEP, TEPMOCTAaT-KAJIOPUMETP, MOJAYJIb JUIS JIICKTPOXMMHUYECKHX
M3MEpEHU, a Takke 0011e1ab0paTOPHBINH KOMILIEKC.

Lens paboTel — pa3paboTka METOIUKH (POTOMETPHUYECKOTO OIpesesie-
HHUS MapraHiia B BO3/yXe pabouedl 30HBI CBapOYHOW Ja0OpaTopHu U ee
anpobanust uist Monyns «Portokonopumerp» YJIK «3konorndeckuii MOHH-
TopuHr». [IpuHIun padotel Moxynst «DOTOKOIOPHUMETP» OCHOBaH Ha M3-
MEpPEHNH CBETOIOTJIONICHHUSI OKPALICHHBIX PACTBOPOB B IMOJIMXpPOMAaTHYC-
CKOM IIy4Ke CBeTa B BUAMMOM oOsactu crektpa (400-660 um). ITpubop
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BBITIOJIHEH IO OJIHOJIYYEBOW CXeMe, KOTJa MOTOK M3JIy4eHHs IPOXOIUT I10-
o4epesTHO Yepe3 KIOBETHI C paCTBOPOM CPaBHEHUS M HCCIIEAyEMbIM PacTBO-
poMm. B xauecTBe pubopa cpaBHEHHs BBIOPaH XOPOLIO M3BECTHBIH OJHOIY-
yeBoit poroxoropumerp KOK-2.

doroMeTprUecKoe OIpeNeNeHHe MapraHiia OCHOBAHO Ha OKUCIICHHH

coenuHeHunit Maprauua 1o noa MnO), . OkuciieHre IPOUCXOIUT B KUCIOH

cpeze nepcynbhaToM aMMOHHS WIH Kajus B IPUCYTCTBUH cepedpa B Kaue-
CTBE KaTalu3aTopa, IPpU 3TOM IMOSIBIIETCS PO30BOE OKpAIUBaHUE.

B nanHOI paboTe moyydeHbl rpaJyHpOBOYHBIE XapaKTEPUCTUKU (POTO-
MeTpudeckoro ompenenenus mapradna Ha KOK-2 u monyne «®Dotokoso-
pumetp» YJIK «DOxonormdeckuii MOHUTOPHHT» TIPU BHEIOpaHHOW IJIMHE
BOJIHBI ¥ TOJIIWHE KIOBETHI. s Kakaoro rpaduka MpoBOAWIN JIMHEHHBIA
perpeccnoHHbIH aHamu3. ['umnore3a o IMHEHHOCTH TPaynPOBOYHBIX Ipadu-
KOB THOATBEPXK/ICHA, OJHAKO OOHAPY)KEHO HAJIMYME 3HAYMMOHW CHCTEMaTH-
YecKOH morpemHnocTd. Ha MOJenbHBIX pacTBOpax OLEHEHBI METPOJIOTHYE-
ckue xapaxkrepuctuku Metoauku no I'OCT P MCO 5725: nokasarens mo-
BTOPSIEMOCTH, TOYHOCTH, BHYTpuiIabopaTopHO#l mperne3noHHocTu. [Ipose-
JIeHa OLIEHKA NPaBUJIBHOCTH METOAUKU (OTOMETPHUYECKOTO OIpEesIeHUs
Maprasia (Tabiuna).

Ta6auna — OueHka MpaBUIEHOCTH METOAUKH (POTOMETPHYECKOTO OTIPECTICHIUS
MapraHiia MeToJ1oM «BBegeHo—HaraeHo» P = 0,95, n =3, L = 3, t,,5, = 4,303

Monyab «@oTokoaopumerp» YJIK
K®K .
«IKog0rMUecKnii MOHUTOPHHT
Beeneno Haiineno Beeneno Haiineno
Cun'107, | Cun 107", | 1107 | Cun107 | Cunp 07 | 0,107
MOJIb IKB/JI | MOJIb KB /J1 MOJIb KB /JI| MOJIb 9KB /11
1,8 1,7+0,2 5,7 1,8 1,3+0,8 27
2,5 2,24+0,08 2,7 2,5 2,4+0,3 8
3,2 3+1 34 3,2 2,6+1,1 34

IIpu dpoToMeTprdIeckoM OTNPEAEICHNH a’pO30JIei BO3LyXa HEOOXOAMMO
MIPOBOIUTH IPEABAPUTEIHHYIO IPOOOIIOATOTOBKY. B manHOM pabore mpo-
00MOATOTOBKY HPOBOAMIN 00pabOTKONH (HHIBTP-TIPOOBI KUCIOTAMH C IO-
CIEIYIOIINM YIIapUBAHUEM J0 MOKPBIX cojiei. [y onpeneneHus Mmaprasia
B BO3ayxe paboueil 30HBI NPOOY IMPOAHAIU3UPOBAIN IO Pa3pabOTaHHOM
(oromerprueckoil mMeroauke. HaineHo, 4TO KOHHIEHTpauusi MapraHiua B
BO3IyXe cBapouHO naboparopun (4,1 +0,2)-10°r/M> He mpeBbImacT f0-
nyctumyio ITJIKy, B Bo3myxe paGoueit 30us1 3-10 * r/m°.
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Bbuoxnmuuyeckoe oKncjIeHHE BLICOKOBI3KOM He(l)Tl/I B IMO4YB¢

JI.A. @unamos', H. A. Enugpanosd’, 10. 3. Illazabuesa’

YWupeacoenue Poccuickori akademuu nayx Hncmumym xumuu negpmu,
634021, 2. Tomck, np-km Axademuuecxuii-4, Filatov@ipc.tsc.ru
2Tomckuii norumexnuueckuil yHusepcumem, 634050, e. Tomck,

npocnexm Jlenuna, 30, irendik@ro.ru

Hedts — campblil pacnpocTpaHeHHBIH HCTOUYHHK TOIIMBA B MUpPE — OT-
HOCHUTCSI K HauOoOJiee OMACHBIM 3arps3HUTENsAIM Onocdepsl. 3amachl TsHKeE-
JBIX M BBICOKOBS3KHMX Hedreil onenuBarorcsi B 800—-1000 mupn. TOHH U B
HECKOJIBKO pa3 MPEBBIIIAIOT 3a1achkl CPEAHUX U JIETKUX HeTed. DT HedTH
OyAyT OCHOBHBIM CBIpbEM 3HepreTHku XXI Beka, 10 MPOTHO3Y eXeroHast
nmobsrga mocturaer 200 muH. T. HecoBepmieHCTBO TEXHOJOTHHA TOOBIYH,
TPaHCIIOPTHPOBKH, NEPepabOTKN U XpaHEHH HE(TH NPHUBOJNT K €€ 3HAUH-
TENBHBIM HOTEPSIM.

[Ipomecchl GHOXUMHYIECKOTO OKHUCIIEHH HE(TH JIeKaT B OCHOBE MHOTHX
O6MOTeXHOJIOTHIi, B TOM 4HCIe, OnopeMeananyuy HeTe3arpsA3HeHHBIX TT0YB.
BrlcokoBsizkne HeTH TPYIXHOAOCTYNHBI JUI YTHIM3ALMH MHKPOOPTaHM3-
MaMu, MOATOMY M3y4eHHe OMOJIeCTPYKIINHU BHICOKOBSA3KHUX HE(Tel SBIseTCs
aKTyaJIbHOH 3a7aueil.

MeTtoanka 3KcrepUMeHTa

OOBeKTaMu HCCIIeIOBAHUS SABISUTACH Jierkast HeTh (Bs3kocTs 10 mlla-c,
mrotHoets 0,864 r/ev®mipr 20 °C) M BBICOKOBsi3Kask He(Th  (BS3KOCTH
5677 mIla-c, miotsocts 0,9414 r/em®npu 20 °C).  TlouBy 3arps3HSUIN
HedThio B KOHIEHTpalmu 50 r/kr. B Xoze onbiTa onpeaesnsiv YncIeHHOCTb
MOYBEHHON MUKPO(DIOPHI U aKTHBHOCTH MOYBeHHBIX (hepmeHToB [1]. IIpo-
JOJDKUTENBHOCTh 3KcnepuMeHTa 60 cyTok. B KoHIle ombiTa ompeaessu
KaueCTBEHHbIE M KOJIMUECTBEHHbIC M3MEHEHHUSI OCTATOYHON HedTH MeToxaa-
MU razoxuakoctHoi xpomarorpadun (I7KX) u UK-cnekrpomerpun [2].

Pe3yabTaTsl U UX 00Cy:KAeHUE

[Nocne 3arpsi3HeHUs MOYBHI HEPTAMHU HAOJIONACTCSl CHU)KEHHE YHCIICH-
HOCTH BCEX MCCIIEIOBAHHBIX TPYII MHUKPOOPIaHU3MOB. JTO CBSI3aHO C TH-
0€eJIbI0 HeyCTOMYMBBIX TPYIIIT MOYBEHHONH MUKPO(DIOPHL, YTO NPOUCXOINT B
pe3yJsbTaTe TOKCHYECKOTo NecTBrs HeTH. To ke caMoe MPOUCXOINT U C
AKTUBHOCTBIO MTOYBEHHBIX (pepMeHTOB. OIeHKa MPOIECCOB OHOIeTpaganun
MoKasaja, 4To yTWiau3anus Jierkoi HedTm 3a 30 cyTok cocTtaBmiia 8 I/KT
(16 %), Tsokenoit HedTH 3 T/KT (6 %). Uepes 520 nHeii mociie 3arpsa3HEHUs
MOYBBI JIETKOW W TSOKEIOW HEPTHIO MPOMCXOIUT TEPECTpOiiKa MUKPOOHO-
[IEHO3a MTOYBBI, IIPH KOTOPOH MPENMYILECTBO MOIYyYar0T YTIE€BOJOPOAOKHC-
JSTFOIIast TPYIIa MUKPOOPTaHU3MOB, CIIOCOOHAsI yCBAaMBATh YIIIEBOMOPOIBI
HeTH B KayecTBEe €IMHCTBEHHOTO MCTOYHHKA yriepona. [Ipuuem Ha mep-
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BOM JTare HauboJiee JIETKO YTUIM3UPYIOTCS (Ppakiuu jierkoi HedTH, a Ts-
Kenmasi He()Th OKa3alach HauOoJiee YCTOMYMBA K MHUKPOOHOIOTHYECKOMY
OKHCIICHHUIO. BeposTHO, 3TO CBSA3aHO C TEM, UTO TsDKeNas He(Th COACPKUT
MHOT'O BBICOKOMOIIEKYJISIPHBIX COSAWHEHHUH, OTHAKO ITOCIIE OMPEICICHHOTO
nepuoja aJanTalid MHKPOOPTAaHMU3MBI TIPHCIIOCAONHUBAIOTCS, M CKOPOCTh
OMOXHMHYECKOTO OKUCIICHHS TSDKEIOH He(hTH BO3pacTaeT.

K xoHImy »sKcmepuMeHTa BHIOBOE pa3HOOOpaszne MHUKPOOPTaHHU3MOB
CHIDKAeTCs, M JTOMUHUPYIOT MHUKPOOPTaHU3MBI-IECTPYKTOPHI YIIIEBOIOPO-
JIOB He(p)TH, YHCICHHOCTh KOTOPHIX BO3pacTaeT Ha 1—2 mopsiaka. Bo3pacra-
€T U aKTHMBHOCTH BCEX UCCJIEOBAaHHBIX (DEPMEHTOB IO CPaBHEHHUIO C UCXO/-
HOM mouBoil. MccnenoBanue nuHaMuKu yTuimu3aiuu 3a 60 CyTok mokasano,
4TO AeCTpyKIus jierkoid HepTH coctaBmwia 40 r/kr (80 %), Tsvkenoi 39 r/kr
(78 %).

[To mannbM UK-cnektpockonuu u KX B KOHIIE ONbITa B UCCIIEIOBaH-
HBIX He(PTAX yBETHMYMBACTCS COJACP)KAHHE ajbICTHIO0B, KETOHOB, CIHPTOB,
CIIOKHBIX 3(HPOB, KUCIIOT, KOTOPHIC SBIBTIOTCS MPOMEKYTOUHBIMHU TIPOIYK-
TaMH MeTaboin3Ma MpH OMOXMMHUYEeCKOM OKHCIeHHH Hedreilt. [TomHOCTRIO
anuMuHUpoBany napaduHsl ¢ umHOH nermu Co—Cig, Ha 80-95 % ymeHbIIH-
JIOCh cOofiepKaHue YriieBogopooB ¢ AnuHou uenu Cqs—Cgq, KaK JIETKOM, TaK
U TSDKEIIOW HeTel.

3akaiouyeHue

OTH JaHHBIC CBHUCTEIBCTBYIOT 00 amamrtanuud abOpureHHO#W Hedrteo-
KHCISTIONIe MUKPOQIIOPHI MOYBBI K OTHOCUTEIHLHO HEBBICOKON KOHIIEHTpa-
MU KaK JIETKOH, TaK W TsDKeJIoN HedTeld. buoaecTpykius ucciaea0BaHHBIX
Hedreit 3a 60 cyTok cocraBuia 7880 %.

ITomyueHHBIE pe3yNbTATHI IMO3BOJSAIOT 3aKIIOYUTH, YTO NPUMECHEHHE
mpenapaToB HE(PTEOKUCIAIOMIMX IITAMMOB BIIOJHE OINPABJAaHO IPH BBICO-
KAX YPOBHSX YTJICBOIOPOIHOTO 3arpsA3HCHHS ITOYB, MPU HEOOXOIUMOCTH
CKOpeHIIell OYMCTKH TEePPUTOPHU MM Korja abopuUreHHasMHKpoQIopa
pa3BuTa ci1abo, HarpuMep, B OCIHBIX TTOYBAX.

B TO ke BpeMs aKTHBH3aIUs MECTHOW MHKPOQIOPHI MOXKET OBITH JO-
CTaTo4HO 3((HEeKTUBHBIM M SKOHOMUYHBIM CII0COO0M OMOOUYMCTKH HedTe3a-
TPSI3HEHHBIX TEPPUTOPUH, KaK OT BHICOKOBSI3KHX, TaK H OT JIETKUX He(TEeH.
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The acid-resistant stonewares, are meant ones which are characterized
by the dense sintered structure with high compression strength, break, re-
sistance to abrasion, permeability to gas and chemical stability with respect
to the action of acids and gases. They are widely used in chemical, electro-
chemical, nonferrous metallurgy, food and other branches of industry.

The South Ural (Berlin) layer of the refractory clays is the largest in the
Ural region. According to the results of the diffractogram interpretation
(Figure 1), it is established that this clay according to the mineralogical
composition is kaolinite clays with the admixture of illite and quartz.

n ekaolinite
A m illite
A quartz

5 10 15 20 25 30 35 40 45 50 55 60 65
286 —

Figure 1. Diffractogram of the Berlin clay
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In magnitude of index sensitivity to drying (1,14) this clay relates to the
clay raw material which is highly sensitive to the drying while on plasticity
(17,2) — it relates to the stiff clays.

The behavior evaluation in the baking of the clay to be investigated
shows that it relates to the clays of the low-temperature sintering (table 1),
since the temperature of its complete sintering is equal to 1100 °C, the dis-
tention (overburning) temperature it composes 1300 °C, the interval of the
sintered state is equal to 200 °C.

Table 1. Baking properties of the Berlin clay

Temperature of Strength with Water absorption, | . .
baFI)dng, °C compres?sion, MPa % P Fire shrinkage, %
1000 22,2 18,0 4,1
1100 24,6 4,5 8,5
1200 23,7 2,3 10,5
1300 17,9 15 12,02
1350 21,7 1,4 9,5

For the purpose of lowering the temperature of Berlin clay sintering the
mixtures with the addition of felsite in a quantity from 10 to 30 % of mass
with a spacing of 10 % were investigated. Initial felsite is the species of
yellow-gray color with the size of pieces from 1 cm to 10 cm. Species were
preliminarily reduced to fragments in the jaw and cone crushers, then in the
porcelain pot mill to the complete transmission through the sieve of
10 000 mesh/ cm?.

The first articles were formed according to the plastic technology in cu-
be form with the edge 25 mm and plates of 50 mm X 50 mm. After drying
in natural conditions the technological properties of masses were deter-
mined. The results of determination are represented in Table 2.

Table 2. Technological properties of the masses
Quantity of felsite, % | Shrinkage on air drying, Strength with
mass. % compression, MPa

0 11,3 12,0

10 7,6 3,8

20 8,1 4,1

30 8,6 4,0
100 2,3 2,9

It is established that the introduction of felsite in quantaty 10 % of mass
decreases the air shrinkage of masses by 30 % and compression strength in
3 times. Subsequent increasing the of mass shrinkage with an increasing in
the portion of felsite in the mixture is determined by its high dispersiveness,
which causes moisture-loss in the process of the first articles drying, in
therewith case the strength in the compression changes insignificantly.
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The process of linear alkyl benzene (the raw material for synthetic de-
tergent) production is paraffins Co—Cy4 of normal structure to olefins dehy-
drogenation with the following alkylation of benzene [1]. The process effi-
ciency can be improved by using the mathematical modeling method [2].

In the course of work the formalized reaction network of process was
built, and the kinetic and mathematical models were developed. The plug-
flow reactor model on the basis of thermal and diffusion Peclet criteria
(Per = 2494, Pep = 2375-1663) was used. General kinetic quantities (rate
constants and activation energies) for two types of Pt catalyst were deter-
mined by the inverse kinetic problem solving.

Table 1. Rate constants of the target reactions for Pt contacts at 740 K and 0,2 MPa

k, sec?
Reactants Products mark-l mark-2
Alkan Cg—Cyy Olefine 1 Cg—Cyy 0,45 0,59
Alkan Cg—Cyy Olefine-2 Cg—Cyy 0,73 0,85

Influence of temperature, flow of raw materials and HCG on the concen-
tration of target components (Figure 1-3) were studied with use of devel-
oped modeling system (Figure 4).

So, the temperature increase leads to the increase in concentration of
target products. However, the high temperature of the process is unaccepta-
ble because it increases the rate of coke formation reactions. Consequently,
the optimum mode is raw materials gradual temperature increase from
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Fig. 2. The target components concentrations on temperature dependence

741 K to 760 K with decreasing both in selectivity and concentrations of

target components. The increasing expenditure of raw materials and hydro-

gen containing gas (HCG) leads to lower concentrations of target products.

This is due to decrease in contact time between raw material and catalyst.

Therefore,the optimal ratio of HCG: raw material = 7:1.

From the analytic comparison of different types of Pt-dehydrogenation
catalysts the following pattern is revealed:

— Mark-1: high selectivity and stability, low levels of by-products, mild
temperature regime, which allows catalyst life prolongation by a high
selectivity for mono-olefins (35 %).

— Mark-2: In comparison with the previous conversion yield of target
product is 25 % higher, concentration of by-product lower, temperature
conditions are milder. Ensured yield of LAB is 190 tons per day.
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The Pacol-Define unit is the component part of the LAB-LABS unit of
the limited company «Kirishinefteorgsintez». Products, that are get in the
Pacol-Define process, are used as the raw materials for benzene alkylation
with olefins stage. As a result of this stage is linear alkylbenzenes (LAB)
production. LAB are used as the parent substances for sulfonation with al-
kylbenzenes formation — basic components of the modern synthetic deter-
gents [1].

The Pacol-process, adjusted by UOP company, is the catalytic process
with the stationary layer of the Pt-comprising catalyst. It includes selective
dehydrogenation of high-pure normal paraffins for receiving appropriate
monoolefins. Define-process is intended for hydrogenation of dienes to the
olefins on nickel-alumina catalyst. In the Define block the mixture of paraf-
fins, olefins and dienes, that is received from Pacol block, is blended with
hydrogenous gas and after the preliminary heating run through the catalyst
layer in the Define-reactor. Reactionary mixture from the Define reactor is
returned to the Pacol block [2].

The process, which is realized on the Pacol-Define unit, is dangerously
explosive. The Pacol-Define process is carried out at the high temperature
and pressure. The work on the unit is possible with trig equipment and in-
struments. It is necessary to watch on the intactness of equipment, monitor-
ing and secure devices; and to repair marked rejections and bug in time. By
this reason creation of computer modeling system for diagnostics of the
rejection causes and making recommendations in emergency conditions to
the dehydrogenation unit staff is actual problem.

On the base of cumulative experience of the Pacol-Define unit exploita-
tion and technological order the knowledge base was put together for pro-
ductional-frame model of the rejection causes diagnostics in unit work
building. The basis of the frame models are well structured knowledge [3].
Thus, the systematization and structuring of large quantity of information
about the process was made.

The model consists of three slots: «rejectionsy», «causes» and «recom-
mendations».
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Pic. 1. The active window of the bompljter modeling system

The program for diagnostics of the rejections causes in the working of
unit was developed using object-aligned computer language Delphi 7.

The active window of the computer modeling system is presented on the
pic. 1.

As it can be see on the pic. 1, the interface of the program is intuitively
understandable and, hence, it isn’t necessary to instruct the staff in skills of
working with this system.

Thus, developed computer modeling system allows to determine causes
of emergency condition appearance, which was chose on technological
scheme of the Pacol-Define unit; and to define actions of staff for its elimi-
nation.
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Recent advances in nanoscience make actual the need for isotopically
pure materials [1-3]. The key role of silicon for prospective quantum com-
puters requires its isotopes first of all [4-5]. Silicon isotopes with natural
abundance ?°Si 92,23 %, #Si 4,67 %, *Si 3,10 % are now available from
the conventional gas-centrifugal separation technology. However, the pro-
duction of rare silicon isotopes °Si and *°Si by this way is very expensive.
Therefore many efforts have been devoted to development of more econom-
ical separation methods, especially laser ones [6—7]. Molecular laser iso-
topes separation (MLIS) based on infrared multiphoton dissociation (IR
MPD) is believed to be much attractive method because it allows of high
enrichment due to significant isotopic shifts in vibrational spectra of mole-
cules. Though infrared laser enables to carry out a primary dissociative pho-
toreaction with a great isotopic selectivity, secondary radical reactions es-
sentially degrade isotopic composition of the end products. Consequently
the manufacture of rare isotopes by means of IR MPD is not so feasible.

A promising silicon MLIS scheme utilizing a photoreaction of 1,2-
dichloroethyltrifluorosilane (ACETFS) was lately suggested in our group
[8]. Under infrared irradiation dCETFS undergoes the beta-elimination to
form vinylchloride and chlorotrifluorosilane. The products are stable and
can be easily isolated in the individual state. The reaction has a low dissoci-
ation threshold and occurs under mild laser fluence. High isotopic selectivi-
ty over rare silicon isotopes was shown.

It is not excluded that some other organotrifluorosilanes with a halogen
atom in the beta position of a side chain might behave similarly:
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To determine the most optimal substrate for the silicon MLIS process
we are continuing study of infrared photochemistry of halogenoalkyltri-
fluorosilanes. A potential working substrate of MLIS must satisfy certain
conditions, in particular, it must be good volatile and quite available, that is
obtainable from the basic semiproducts of organosilicon industry. Therefore
the appropriate candidates for this role remain not much, namely, it could be
only mono- or di-halogenated ethyltrifluorosilanes.
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This report presents the experimental study of infrared photodissociation
of 1,2-dibromoethyltrifluorosilane (dBETFS). dBETFS is analogous to
dCETFS and it can be prepared from industrial reagents through two stage:

5bE

ClgSiCzHg + Br, —» CIgSiC2H3Br2; C|3SiC2H3Br2 —'i; F3SiC2HgBr2.

Infrared spectrum was first recorded and it was found that the substance
has an intense absorption in a working space of a carbon dioxide laser. The
R30 laser line (982 cm ™) was chosen for photochemical experiments. It was
observed that dBETFS readily undergoes IR MPD. However, very compli-
cated composition of the reaction mixture reveals that the photoreaction has
a radical mechanism. By means of low-temperature distillation and mass-
spectrometrical analysis the following substances were identified among the
products: SiFzBr, C,H3Br, F3SiC,Hs, F3SiC,H,Br and HBr. Furthermore,
experiments with radical scavengers shown that photodetachment of
dBETFS occurs over one of the carbon-bromine bonds.

In conclusion the photodissociation of dBETFS has no the beta-
elimination nature, so the studied substance is not suitable for the silicon
MLIS technology.
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The object of the research in the given work is oil Krapivinskogo depos-
its. Further a method of oxidation is considered. We receive diesel fraction
where deleted sulphur is. The aim of this method is applications of the acti-
vated carbon in the combination of peroxide of hydrogen and formic acid.
The result of our work is desulfurization of the diesel fraction [1].

The purpose of the work consisted in conducting the experiment with
oxidative desulfurization (ODS) of diesel fuels with new extragents.

It is necessary to mention the experiment carrying out oxidative desulfu-
rization of commercial diesel oil. A mixture of a commercial diesel oil
(100 mL), 30 wt % hydrogen peroxide (3 mL), H,O (5 mL), formic acid
(4 mL), and W101 (0,7 g) was stirred at 750 rpm in a 250-mL, three-necked
flask at 60 °C for 60 min. The flask was fitted with a condenser, a mechani-
cal stirrer, and a thermometer. After the completion of the reaction, the oxi-
dized oil, which was separated from the reaction mixture, was washed with
an aqueous solution of sodium carbonate (5 wt %, 50 mL 2), and then dried
over anhydrous sodium sulfate. Adsorption of the sulfur compounds re-
mained in the oil after drying was performed in a glass flask with a stirrer.
The oxidized oil (97,8 mL) and adsorbent (1,5 g of W101, 20 g of Al,O3)
were mixed at room temperature for 12 h, and then the oil and adsorbent
were separated by filtration”[2].

Sulfur contents after oxidation of the commercial diesel oil using differ-
ent ODS systems have been summarized in the table 1:

Table 1. Sulfur contents after oxidation of commercial diesel oil using different
oxidative desulfurization systems

residual sulfur in

catalyst formic_ acid concen- the oxidized oils sulfur removal
tration (mol/L) (%)
(ppm)
formic acid 19,9 447 44,1
formic acid 8,8 626 21,8

The results in the table 1 indicate that the residual sulfur content of the
oxidized diesel oil in the reaction system that contains W101 and formic
acid is much lower than the system that has only formic acid [3].
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Picturel. Exit of a ready product after extraction at miscellaneous parity.

The exit of sulphur after extraction at three parities: one: one, two: one,
three: one. The volume extragents have always increased, and the volume of
diesel fraction has remained invariable. From the schedule it is visible that
at addition extragents the sulphur exit decreased
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Picture 2. Final maintenance of sulphur in diesel fraction after desulfurization is shown.

From the diagramme it is visible that the more extragents the less sul-
phur concentration in diesel fraction.

The removal of dibenzothiophene (DBT) from n-octane and oxidative
desulfurization (ODS) from commercial diesel oil with hydrogen peroxide
have been investigated using activated carbons such as the catalyst, and the
following results have been obtained:

1. The higher the adsorption capacity of the activated carbons for DBT,
the higher the catalytic performance in the oxidation of DBT.

2. The introduction of formic acid enhances the oxidative removal of
DBT when the activated carbons act as the catalysts.

3. Activated carbon has high catalytic activity for the oxidative treat-
ment of diesel fuels and can be used repeatedly.
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Solving problems of environmental pollution by products of vital activi-
ty and industrial waste is one of the most important objects of environmen-
tal protection. Used lubricants are the products of society’s activities and are
recognized as toxic, carcinogenic, flammable and highly explosive. There-
fore, their environmentally safe disposal should be provided. In fact, the
major amount of mineral oil is used as a fuel nowadays, although there is no
doubt that it is more reasonable to rerefine it in order to produce marketable
products. One of the areas of such regeneration is processing of mineral oils
using different sorbents.

The purpose of this study is to investigate the possibility of obtaining
granular sorbent from the waste products, which can then be used for waste
mineral oils refinery.

As the object of research work, mineral sediment after aeration of arte-
sian water is analysed. Sediment is fine-dispersed powder of red-brown
color, that presents an amorphous form of iron oxyhydrate. The method of
disc granulator was used in order to obtain spherical granules.

The granulation method of disc granulator contains the operation of
puting the sample of powdered material on a plate with a diameter of 50 cm,
plate rotates at a speed of 30 rpm, with the plate’s inclination of 60e. Granu-
lation occurs within 30 minutes. Polyvinyl alcohol (1 % PVA) is used as a
binder liquid. The mass proportion of components: binder liquid and sedi-
ment equals to 1:1,7.
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Fig. 1. Fractional composi- Fig. 2. Strength of granules: 1 — before thermal
tion of granules treatment; 2 — after thermal treatment
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Fractional composition of granules is presented in Fig. 1, which shows
that the granule distribution by fractions is mostly even, and the granules’
yield of diameter 0,5-4,5 mm is approximately 80 %.

One part of the obtained granules is dried at 100 °C for 2 hours. Granules
that are obtained before and after drying, are analyzed on the total pore volume,
strength against compression under static conditions and sorption capacity.

The strength of the sorbent before and after drying at 100 °C is shown at
Fig. 2, which presents that the strength of granules after the heat treatment
at 100 °C, increases 1,4-1,9 times. It can be explained by the fact that poly-
vinyl alcohol can be crystallized by heat treatment in the range of 80—
225 °C, creating a stronger carcass in the granule’s structure. Also, an in-
crease in granules’ strength with decreasing grain size exists.

Then, the total pore volume for adsorption of benzene vapor is deter-
mined (table 1). After drying of granules at 100 °C, total pore volume
slightly decreases as a result of binder liquid crystallization.

Table 1. Total pore volume

Granule size, mm >4 14,030 3,0-2,0 |2,0-10(1,0-0,5| <0,5

Pore volume before ther-

3 0,170 | 0,144 0,118 0,125 | 0,130 |0,159
mal treatment, cm°/g

Pore volume after thermal

3 0,133 | 0,113 0,091 0,089 | 0,118 |0,160
treatment, cm’/g

Sorption capacity of the granules by phenol and petrochemicals was de-
termined as 90 %.

Analyzing this data proves that the chosen method of granulation on a
disc is applicable to sorbents obtaining from the industrial waste products.
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Development of catalytic reforming process depends on optimization of
modes operation and prognostication possibility of industrial installation
work. Last years for the decision of this problem the method of mathemati-
cal modeling with application of computer modeling systems is used [1].

For any catalyst there is an optimum activity (activity in a condition of
balance in reaction of coke structures formation and their hydrogenations)
which increases a running cycle of the catalyst and provides the maximum
exit of commodity gasoline.

On chair of chemical technology of fuel and chemical cybernetics com-
puter modeling system “Activity” is developed for reforming process. This
program allows to realize monitoring and prediction of reforming catalyst
operation.

Industrial installation LCH-35-11/1000 “KINEF” became object of the
conducted research. Installation works by a petrol variant, the catalyst is
maintained since 1999. Using the data about technological parameters of
process, current and optimum activity of the catalyst in the beginning of a
new eighth raw cycle is defined.

Values of optimum activity as have shown the executed researches, are
according to such important parameters, as concentration of coke on the
catalyst, concentration of hydrogen, temperature drop, concentration of ole-
fins and cyclopentanes in the received gasoline [2].

The conducted researches have shown that in the beginning of the eighth
raw cycle the deviation of current activity from optimum was insignificant,
since quantity of coke on the catalyst is minimum. Calculation for
01.12.2010 has shown that flowing and optimum activity of the catalyst
coincide that speaks about full realization of catalyst potential. Maintenance
of optimum activity promotes achievement of the maximum selectivity and
term of an interreclaiming cycle at the expense of smaller coke formation,
together with to improve a quality of a target reforming product.

The dependence of current activity from volume of the processed raw
materials in different cycles of installation LCH-35-11/1000 work is result-
ed in figure 1.
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Figure 1. Current activity of the catalyst in different raw cycles (calculation on model)

From the data it is visible that activity of the catalyst after a stage of re-
generation is less, than in the beginning of the seventh raw cycle, so it is
possible to saddle a conclusion about deterioration of its mechanical struc-
ture or incomplete regeneration what in turn to be reflected in service life of
the catalyst and quality of let out production.

Application of modeling computer systems in chemical technology con-
cerns now progressive directions of development of the chemical industry.
The computer modeling systems including mathematical models on the ba-
sis of physical and chemical essence of process are the best alternative to
the models described by a principle of “a black box”. Besides such models
possess predicting ability that also is their conclusive advantage.

Prognostication of catalysts operation is significant because it promotes
optimum conducting process with reception of the maximum exit of reform-
ing products. In turn it allows to provide resource efficiency of catalytic
reforming and improve technical and economic indicators of manufacture as
a whole.
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The process of linear alkylbenzene (LAB) obtaining as the basis for syn-
thetic detergents production is a process of catalytic alkylation of benzene
with linear olefins fraction C,,—C3 in presence of hydrofluoric acid (catalyst).

Purity of acid fed to benzene alkylation reactor affects the primary indi-
cator of product quality-its bromine number, so the task of recovery column
sustainability ensuring is extremely important.

The purpose of this study was to examine the influence of alkylation
process raw material composition on acid regeneration process occurrence.

To establish the influence of column feeding flow on regeneration pro-
cess, analysis of column functioning periods before and after crash is ap-
propriate. Thus, two time slots were investigated: 1-15 March, 2010 and 1-
September 15, 2010.

Development of alkylation process mathematical model is an important
step for the goal achievement. Firstly reaction network of alkylation process
taking following major groups of reactions into account was drawn:

Benzene+olefin=LAB
LAB+olefin=DAB
Benzene+diolefin=LU
LU+olefin=DU
LAB+diolefin=DU

Here DAB — dialkylbenzene, LU — unsaturated LAB, DU — unsatu-
rated DAB.

Taking the assumption of process stationarity into account, mathemati-
cal description of alkylation process can be written as follows:

£=W Meem ﬂ:+§:(—AH.)W.
dT 6.0. P p or - = j IN

Initial conditions: =0, Ci=C0i, T=TBx, where i — appropriate hydrocarbon.

Active window of alkylation process modeling system is represented on
fig.1. Structure of results containing file is shown on fig. 2.
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Fig.2. Calculation results

Thus, to regulate HA/HF in column ratio supplying of alkylation unit
with raw material of required composition is necessary. The optimal com-
position of raw materials determining and recommendations on benzene and
olefins expenditure in reactor making is possible with application of a

mathematical model of alkylation process.
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The urgency of a problem of production synthetic liquid fuels (SLF) is
caused by the possibility of natural gas recycling, gases of processing min-
erals. The research and development of catalysts based on the superdis-
persed powder (SP) metals, including iron, that possess hyperactivity be-
cause of specificity of their properties at the expense of a large supply of
superficial free energy is interesting nowadays. Superdispersed iron-based
catalysts in comparison with others are more accessible and capable to syn-
thesize olefins selectively.

The work purpose was the research of SP iron catalysts and their suita-
bility in Fischer-Tropsch synthesis (FTS).

As catalysts of FTS, the superdispersed powders Fe,Os, FesO4, Fe/CO
(Ar), Fe/CO (H,) prepared by the method of electric explosions of conduc-
tors (EEC) have been used. The last two have been mixed up with quartz in
the ratio the catalyst: quartz 3:7 and after that they have been exposed to
ancillary processing during 30 min on a rotating platform in the current of
argon and hydrogen.

The size of SP has been defined by the method of laser scanning on the
laser analyzer HORIBA LA-950. To characterize the catalysts the methods
of electron paramagnetic resonance (EPR) on the device JEOL FA-100 and
the radiographic analysis made by diffractometer SHIMADZU XRD-7000S
have been used. The data of the radiographic analysis have shown absence
of impurities and phases different from the given chemical composition.
According to an EPR, there is strong paramagnetism of the presented cata-
Iytic systems, or in other words, every second atom has not coupled elec-
trons, which is favorable for FTS. The characteristic of the samples is given
in the table below.

It is necessary to notice that in “Slurry” reactors type catalytic systems
with particle size to 50 microns are required.

According to the results of the radiographic analysis it is possible to
draw a conclusion that all presented catalysts are suitable for synthesis. The
most perspective catalytic systems are Fe/CO (Ar, H,) because they have
the phase of element iron and particles size. The catalyst Fe/CO is used in
FTS without preliminary reduction as during the EEC process in atmos-
phere of carbon oxide the phase structure, which is necessary to activate the
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Table 1. Characteristics of SP

Particle size, oh g C?cncentration
sample | G2 °f pm ozsr?;&)rr\?c | Crystallinity OneFt)iE::rngrz:ﬁ-
sP 10 % | 90 % analysis degree, % cles, spin/gr.,
: ’ EPR
Fe/CO | Carbon . ~ s
(HZ) oxide 2,20 20,41 Fe; F63O4 3 3,2:10
Fe/CO | Carbon . _ s
(Ar) oxide 2,13 | 28,38 | Fe; Fes04 4 4,8-10
Fe,O;3 | Argon | 4,71 | 37,59 Fe,03 95 ~6-10%
Fe;04 Argon 11,7 | 114,2 Fe;0, 93,6 ~6-10%3

hydrocarbons synthesis reaction from the mix CO and H,, is formed. The
given fact is confirmed by the radiographic analysis. Also it is necessary to
notice that the samples Fe/CO are amorphous, it follows from the general
view of roentgenograms and crystallinity degree.

These catalysts are prepared to be synthesized in the «Slurry» reactor
type (T=180-200 °C, P=1,5 MPa).
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The technology of the industrial nano-sized powder-based ceramics with
improved operating characteristics can be attributed to the high technolo-
gies. The high-density, durable, wear-resistant ceramic materials are the
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most promising. Such materials are based on a partially stabilized zirconium
dioxide (PSzD), aluminum oxide and the their composites — Al,O3-ZrO,,
in which ZrO, is in the tetragonal modification (the stabilizer is 3 molar
percent of Y,03)

The advantages of the ceramic materials based on the PSZD in addition to
the strength and fracture toughness are a significant toughness, the wear re-
sistance, a low friction coefficient when working with the metals, and a possi-
bility to achieve a very high purity of the surface. From such ceramics the
nozzle, core, cutting and piercing tools are made, as well as durable product
for any purpose and the products with a varied porosity and a high density.

In order to obtain the high-density ceramics a composition with different
contents of the calcined and uncalcined zirconium dioxide (partially stabi-
lized by Y,03) and aluminum oxide were used. As a sintering additive the
nano-sized powders of Al,O5; and ZrO, were used.

To obtain a uniform mixtures from the powdered materials which great-
ly differ in size of the particles is very difficult task. In this study in order to
determine the quality of the particle distribution in the mixture the colora-
tion by a burnable organic matter was used. The coloration was performed
for that part of the composition, which was injected in a minimal amount. It
was the ZrO, or nano-sized powders of Al,O5 and ZrO,.

The samples were formed by a dry pressing at a pressure of 400 MPa us-
ing a binder and a plasticizer. The average size of the tablet is 10 mm. Af-
terwards the tablets were burned for 2 hours in the air at three different tem-
peratures.

The highest true density was achieved at a temperature of burning of
1600 °C. The dependence of the true density of the composition is shown in
Table 1.

Table 1. Componental structure, real density and change of the linear sizes of
samples on a basis oxides zirconium and aluminum at roasting 1600 °C

Chemical uncalcinated ZrQO, calcinated ZrO,
composition Shrinkage,% | Prea, g/cm® |Shrinkage,%| Prear g/cm®
65 %Al,05
35 %Zr0, 10,180 4211 10,600 3,788
70 %Al,04
30 %Zr0, 10,229 3,998 10,390 3,875
75 %Al,0,
25 %Zr0, 10,188 3,933 11,125 3,779
80 %AIl,04
20 %Zr0, 10,586 3,721 10,125 4,117
64,30 %AI,04
34,70 %ZrO, 10,91 4,147 11,085 3,944
nano ZrO,
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Chemical uncalcinated ZrO, calcinated ZrO,
composition Shrinkage,% | Preat, g/cm® |Shrinkage,%| Prear, g/cm®
69,30 %Al,0,
29,70 %ZrO, 10,304 3,988 10,525 3,810

nano ZrO,

74,25 %Al,03
24,75 %ZrO, 10,453 3,877 10,405 3,796
nano ZrO,

79,20 %AIl,04
19,80 %ZrO, 10,130 3,860 10,945 4,000
nano ZrO,

64,30 %AIl,04
34,70 %ZrO, 10,586 4,176 11,475 3,998
nano Al,O4

69,30 %AIl,04
29,70 %ZrO, 10,752 4,085 11,445 3,716
nano Al,O4

74,25 %Al,03
24,75 %ZrO, 10,52 3,956 10,805 3,588
nano Al,O,

79,20 %Al,04
19,80 %ZrO, 10,569 3,869 11,475 3,788
nano Al,O4

References
1. U. M. Annenkov, V. V. Ivanov, A. S. Ivashutenko, A. A. Kondratuk, A. A. Siv-
kov// New refractory materials. 2008. 10. 72;
2. V.S. Bakunov and E. S. Lukin// Glasses and ceramics. 2008. 12. 80.

Research of influence recycling of normal hydrocarbons on the
efficiency of isomerization by mathematical modelling

E.O. Gorda

Scientific Supervisor: D.Phil.(TECH) N.V. Chekantsev
Linguistic supervisor: E.V. Andreeva
Tomsk Polytechnic University, 30 Lenina av., Tomsk, 634050, Russia,
gordaeo@sibmail.com

The main direction of development of domestic petroleum has become a
deepening and improving the quality of petroleum products. It is necessary
to reduce oil exports and low-quality petroleum products. The main task
facing the refining industry in the light of the planned in the near future of
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Russia's accession to the WTO — go to the European quality of Russian oil
through the introduction of the country's European requirements for the
environmental parameters of oil products and petrochemicals. Requirements
for environmental performance of fuels currently perceived as one of the
conditions of presence in the international oil market [1, 2].

With the adoption of new standards for automobile fuel Euro 4 and Euro-5
appeared to reduce the problem of aromatic hydrocarbons in commercial gas-
oline. This problem is complicated by the fact that the main process of pro-
duction of high octane gasoline is catalytic reforming, a process which is ob-
tained with high gasoline octane, but with a high content of aromatics. The
main condition for the production of gasoline with low aromatics and high
octane is the production of non-aromatic high octane components.

Isomerization technologies can be used across a wide spectrum of refin-
ing applications. One of today’s most widely used applications is the isom-
erization of light normal paraffins to branched paraffins. In this process, low
octane light straight-run naphtha, comprised of a mixture of pentanes and
hexanes, is isomerized to produce aflexible, high octane, blending compo-
nent that is free of sulphur, aromatics, and olefins.

In view of increasing requirements for gasoline increased commodity
demand and the technology isomerization [2]. In this regard, an urgent task
is to increase the depth of the isomerization using various schemes to the
recycling of untransformed normal paraffin hydrocarbons.

The aim is to estimate the efficacy of the isomerization with recycle of
n-pentane, methylpentane and n-hexane using a computer modeling system.

At the Department of Chemical Technology of Fuel and Chemical Cy-
bernetics computer modeling system «lzom» was designed. This program
allows to monitoring and forecasting of industrial reactors of isomerization.
The basis of this computer simulator is a mathematical model that is based
on physico-chemical model of the transformation processes of hydrocarbons
on Pt-catalysts, in addition, takes into account the actual data for operation
of various platinum catalysts at various refineries in Russia.

The computer modeling system allows to monitor the processes of cata-
Iytic reforming and isomerisation gasoline. Due to the accumulated data
base on various catalysts, the program can predict the change in the current
activity of the catalyst and the production quality, to predict and optimize
processing of hydrocarbons.

To implement the goals of the work was designed add-on to this model-
ing system, which allows calculations of various schemes of the isomeriza-
tion with recycle of various hydrocarbons

Using the above program, were held for the scheme of isomerization L-
35-11/300. The calculation results are presented in Table 1.
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Table 1 — Results of calculating the efficiency of various schemes of the isomeri-
zation (1 — recycle n-pentane, 2 — recycle n-pentane and n-hexane, 3 — recycle n-
pentane, n-hexane and methylpentane

1 2 3
Octane Rating of Source 83,93 83,93 83,93
Octane Rating after isomerisation 85,59 88,7 91,29

As can be seen from Table 1, the largest increase the octane number is
observed when using the recycling of n-pentane, n-hexane and methylpen-
tane simultaneously.

Thus, created a computer simulation system allows to determine the op-
timal technological scheme of the isomerization.

Should also be noted that these calculations can be performed for any
isomerization unit.
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One of the current uses of clay raw materials is its application as the
main raw materials to get aluminosilicate ceramic proppants as propping
agent for oil and gas by the fracturing.

Nowadays the basic problem for developing the technology of ceramic
proppants is to give such mutually competing properties to the granular ma-
terial, such as a high strength by retaining low values of bulk and apparent
density.
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The large deposits of sufficient quality refractory clay raw materials are
concentrated in the Ural-Siberian region for production aluminosilicate
ceramic materials for various applications.

The Southural (Berlin) refractory clay deposit is the largest one in the Ural
region. The mineral composition consists of kaolinite clay with small addition
of montmorillonite and hidromica. An unclay part contains quartz and small
amounts of feldspar and hydroxides of iron in the form of limonite.

The Berlin clay deposit belongs to the main clayey raw materials with
medium and high content of coloring oxides (Fe,O5 and TiO,) according to
the content of alumina in the calcined state. (Table 1)

Table 1. Chemical composition of refractory clay Berlin deposit
Oxide content, %
S|02 A|203 Fe,O, T|02 CaO MgO K,O Na,O T
49,0- | 26,44 0,1- | 0,24- | 0,99- | 0,25-
5535 | 330 |000[09°10) %9 | 10 | 130 | 030

The clay to be investigated according to GOST 9169-92 granulometric
composition is characterized by an almost complete absence of sand frac-
tion (2,69 %), low content of silt particles (6,17 %), with the dominance of
the clay fraction of less than 5 microns in an amount of 91,14 %, which
characterizes it as a highly dispersed clay raw materials and determines its
increased plasticity (with the number of plasticity by Atterberg equal to
19,7) and binding capacity.

In the firing (sinterability) the behavior evaluation of clay to be investi-
gated is demonstrated that it refers to the clays of low-temperature sintering,
since the temperature of sintering is equal to its full 1100 °C, temperature,
swelling (burnout) is 1300 °C, interval vitrified state is 200 °C.

The evaluation of process phase formation in the firing of Berlin clay
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Picture 1. Curves of sintering Betlin clay
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demonstrated that radiographic mullite synthesis is diagnosed only at the
temperature of 1200 °C, and at elevated temperature up to 1350 °C. X-ray
reflections arise simultaneously with the mullite formation in the diffraction
patterns of Berlin clay firing products, which are typical to metacristobalite,
whose formation is mainly due to the crystallization of amorphous silica
liberated during kaolinite thermal decomposition as the basic mineral clay
formation of clay to be investigated.

Thus, reasonably low compressive strength of sample sintered state (no
more than 25 MPa) may be conditioned by cristobalitisation processes of
Berlin clay siliceous component. It determines the introduction of hardening
additives of aluminous composition binding excess silica in the secondary
mullite into the ceramic mass composition in case of the abovementioned
clay usage in the technology of aluminosilicate proppant.

The program for calculating the allowable stress of vessels
elements and equipment, that works in corrosion—active medium
containing hydrogen sulfide

1.V. Grishichev, 1.V. Marchenko

Research supervisor V.M. Beljaev, docent
Linguistic advisor A.A. Syskina, senior lecturer
National Research Tomsk Polytechnic University, Tomsk, Russia,
Grishichev@sibmail.com

According to GOST P 52857.10—2007 [2] when maximum loads of el-
ements of vessels and equipment made from carbonaceous and alloyed
steels which are above 200 °C in corrosion-active environments, containing
the hydrogen sulfide working at static and repeatedly-static loads and tem-
peratures are calculated, supposed pressure in operating conditions [o] is
calculated with the formula

[ Reti Rpozit Ry
[o] = min [TTP |
where ny — is safety factor on fluidity limit;

ng — is safety factor on time resistance;

Re/t — is the minimum limit of fluidity at the given temperature, MPa;

Rp0,2/t — is the minimum conditional limit of fluidity at the rest
lengthening of 0,2 % at the given temperature, MPa;

Rm/t — is the minimum time resistance at the given temperature, MPa,;
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Coefficients of safety factor for operating conditions are defined by
group number to which the vessel or equipment belong to while working in
corrosion-active hydrogenous environments, that depend on partial pressure
of hydrogen sulfide Py,s and acidities pH according to the below-mentioned
table

Group Prss, MPa pH Safety factor coefficients
number Nt Ng
| Prps>1,0 Any 2 3
I <50 18 3
i 0.1<Pres <10 >5.0 16 26
v 0,01 <Pups<0,1 <50 1,6 2,6
\ 0,0003 < Pyps < 0,01 Any 15 2,4

Supposed pressure in test specifications and equipment which equals to
[c] 20 is calculated with the formula

, R, '
[6lp=m (R”’Zc' unn —P02/20 ]

n; n;

The correction factor n to supposed pressure should be equal to 1, ex-
cluding steel castings for which the factor n has the following values:

— 0,8 for castings, exposed to individual control by nondestructive methods;
— 0,7 for the other castings.

Safety factor coefficients on a fluidity limit according to GOST P
52857.1 are equal to:

— For conditions of hydraulic tests and assembly ny = 1,1;
— For conditions of pneumatic tests ny = 1,2.

The fluidity limit, time resistance of steels of marks 1020, 20CA and
09MSNNiZ, used for manufacturing vessels and equipments of I, Il and IV
groups, are accepted to be the same as for steels of marks 1020 and 304,
according to the tables of B. 1 and B. 2 of GOST P 52857.1 [1].

For simplification of work at designing vessels and equipment the
MathCAD program for definition of supposed pressure in operating condi-
tions and in test specifications and assembly is used. In the program the user
sets only the given temperature, mark of steel and group number to which
the vessel or equipments belongs to. According to these parameters the pro-
gram chooses values of supposed pressure and approximates them accord-
ing the requirements of GOST P 52857.1 [1] and gives out the results of
calculation to the user.
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Transition metals dichalcogenides, such as tungsten and molybdenum,
are very promising semiconductor materials for various applications such as
photovoltaic elements [1], rechargeable batteries, also they are excellent
solid lubricants in environments where fluid-based or other lubricants are
unsuitable, for example, in vacuum, in high loads or in high temperature.
They exhibit a layer-type structure in which monolayers of metal are be-
tween the monolayers of sulphur, which are held together by relatively
weak Van der Waals forces, and in a monolayer atoms are bonded by strong
ionic forces. Therefore, they are capable to reduce friction factor signifi-
cantly. Nowadays there are many methods of synthesis of tungsten and mo-
lybdenum dichalcogenides, such as hydrothermal or solvothermal methods
[2], sulphidation reactions of metals [3] or metal oxides [4], salts decompo-
sition [5].

The work is devoted to studying the conditions of preparation of tung-
sten disulfide by rapid and simple method of self-propagating high-
temperature synthesis (SHS) and investigating the structure and the proper-
ties of products by X-ray diffraction analysis (XRD), thermogravimetric
analysis (TGA), and scanning electron microscopy (SEM).

Tungsten nanopowder and elementary sulphur are used as reagents.
Tungsten nanodispered powder is produced by electrical explosion of wire
in argon and the particles have the average diameter in the range of 100-
120 nm. Overstoichiometric mixture (excess of sulphur is 15 wt%) of nano-
dispersed powder of W and elementary sulfur is prepared, and further high-
density cylindrical pellet with diameter 32 mm and height 14 mm is formed
by pressing from this mixture. This pellet is placed into the reactor and the
reaction is initiated between metal and sulfur by a nickel-chrome coil, argon
pressure is 30 atm. The combustion temperature is recorded by thermocou-
ple and oscillograph. According to the thermogram temperature is quickly
increasing from 25 °C to 1900 °C and then slowly decreasing. Product of
synthesis is easily disaggregated silvery-black cake which is a powder after
milling and cleaning the sulfur traces in hexane with simultaneous treatment
in the ultrasonic bath. After drying and sieving the synthetic products were
investigated.
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The powder was analysed by X-ray diffraction (XRD) using a Shimadzu
XRD-7000 diffractometer with Ka radiation from Cu. The scanning pitch of
0,02° was applied to record the pattern in the range of 10-120°. According
to the XRD data (002), (004), (006) and (008) peaks were indexed accord-
ing to the WS,—2H polytype. The intensity of the (002) diffraction peak
indicate that there is a strong orientation of the crystallites. Microphoto-
graphs of scanning electron microscope (SEM) show that particles have a
lamellar shape and are agglomerated in crystallites with thickness about tens
nanometers and the average width range from hundred nanometers to one
micron. The sizes of x-ray coherent scattering regions are about 30-40 nm.

For thermal research of tungsten disulphide a thermogravimetric analy-
sis (TGA) with heating rate of 10 °C per minute in air is used. In accordance
with data of DTA there is an endothermic effect under 150 °C, which is
connected with expulsion of water, under 400 °C tungsten disulphide begins
to oxidize and under 600 °C mass loss is about 1,6 wt%.

Thus, nanolamellar tungsten disulfide is obtained by self-propagating
high-temperature synthesis from nanodispered tungsten and sulphur. The
product of reaction is hexagonal WS,, particles of which have the thickness
about tens nanometers and width from 100 nm to 1 pm. According to TGA
nanolamellar tungsten disulfide is thermostable up to 400 °C.

The work was performed in the framework of the Federal Targeted Pro-
gramme ““Scientific and pedagogical cadres of the Innovative Russia in
2009-2013 (the state contract No. P1042)
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In the majority of the petroleum industry processes catalysts with noble
metals as active components are used. For the process of dehydrogenating
of the highest paraffin platinum catalysts are applied, for reforming — bi-
functional platinum-rhenium the catalysts on zeolite the carrying agent
(v-Al,03). [1]

During plant operation there is a drop of catalyst activity [2] that influ-
ences the basic parameters on quality of the released commodity. For the
purpose of restoration of Pt-contact on termination of a raw cycle, reactiva-
tion of the catalyst is made. The main objective of the reactivation process
is removal of coke and restoration of the disperse surface structure of a cata-
lyst. The process conducting in optimum conditions allows regenerating Pt-
contact in the best way, to meliorate quality of the received product and to
prolong endurance of the catalyst. [2]

The most common in the industry is reactivation of catalysts of the cata-
lytic reforming process. It includes three stages. At the first stage there is a
removal of coking by burning from a surface, at the second-oxidizing redis-
persion of the catalyst, on the third-bringing in of microquantities of sul-
phides to drop the redundant activity of the metallic centres.

In Chemical Technology of Fuels Department the modeling program al-
lowing carrying out the calculation of the regeneration stages has been de-
veloped. At the heart of the program lies the mathematical model of the
process, the input information for the process calculation are following ar-
guments from arrays:

— air consumption

— air circulating factor

— reactor and separator pressure temperature

— oxygen and carbon dioxide content on an entry and on an exit of the
reactor

— chlorine-agent discharge

— mass of catalyst

Consider the calculations on the example of the first stage of regenera-
tion. It allows determining the mass of coke and its structure with C/H ratio.
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The instance of calculation of a stage coke burning for various years on
LCh-35-11/1000 installation is resulted (Tab. 1).

Table 1. Parameters of coke burning stage for different regeneration cycles of LCh-
35-11/1000 installation

2002 | 2003 2005 2006 2008 2000|2010
Coke 112201, o101 5 | 135776 | 85683 | 77345 | 37205 |'8/6
mass 2 5
CH | 174 | 186 171 143 2 2 2

Coke structure tends to be more graphitized from one regeneration cycle
to another; mass of coke is also reducing which shows coke tightening.

Calculation of the stage of oxidative chlorination allows controlling op-
timum chlorine-agent supply in the reactor and conversion of hydrogen
chloride — main parameters allowing redispersing a surface of the catalyst
in the best way. Conversion of hydrogen chloride can be controlled with
calculated values of H,O:Cl ratio and oxygen content at regeneration gases.

Thus, for the industrial engineer it is possible to trace the process in dy-
namics and operatively control the basic technological arguments for the
purpose of the process conducting in optimum conditions.

Application and development of similar programs in chemical engineer-
ing is now concerned with progressive directions of progressing of the
chemical industry. By implementation of computer modelling systems it
becomes possible to raise efficiency of the modern industrial factories of oil
and gas branch.
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Recently in Russia sharpest deficiency of commodity manganese prod-
ucts has been felt. There are no manganese deposits exploited in industrial
scale. Current demands for iron and steel industry Russia making about
90 % of total needs of the country are estimated in 1,3-1,5 million commer-
cial manganese ore, and become covered basically owing to import [1-3].
One of the ways of the solving the given problem is involving domestic
deposits of carbonate manganese ores in industrial processing.

The object of the research was carbonate manganese ore of the Usinsk
deposit.

The main ore minerals are manganese carbonates: rhodochrosite, man-
gan calcite and manganic calcite. There are manganese silicates as the sec-
ondary elements: tephroite, pyroxmangite, bementite, friedelite, oxides —
black oxide of manganese, todorokit, vernadite, and also pyrrhotine, quartz,
talc, stilpnomelane, chlorite.

The purpose of the given work was studying of physicomechanical
characteristics of ore and its washability research.

The chemical compound of manganese ore of the Usinsk deposit defined
by the method of the chemical analysis is presented in the table 1.

Table 1.

Content of componentry in ore, mas.%
Mn Fe P S SlOZ A|203 CaOo MgO

Los. in
cal.

19,30 | 596 | 0,18 | 1,09 | 10,33 1,67 1490 | 3,17 43,40

It is obvious from the table that the investigated ore is characterized by
low concentration of manganese, and also presence of a significant amount
of harmful impurity — first of all phosphorus.

Besides, an important characteristic of ores is their granulometric com-
position. The granulometric composition of manganese ores defined by the
method of particle size analysis is presented in drawing 1.

The work provides the technological scheme of carbonate manganese
ore enrichment including washing, crushing, grating into classes, and mag-
netic separation has been given.
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Physical and mechanical characteristics of manganous ore after the en-
richment defined by standard techniques are shown in the table 2.
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Table 2. Physical and mechanical characteristics of ore

Physical and mechanical characteristics of ore
- Specific sur- Specific
Material Moisture, % face area, gravity, Vo_Iume bUIks
2 3 weight, kg/m
cm/g g/lcm
Manganous ore 15,45 512,01 2,39 1410,94

Results of the Rontgen analysis of the initial and milled ores have shown
that using the given scheme of concentrate makes it possible to increase the
manganese concentration in ore in 2, 5 times.
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Along with Portland, the production costs which remain high in the
building it is necessary to use other types of binders. These may be magne-
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Table 1. The chemical composition of diopside
Oxide content, wt %

SiO, | AlL,O; | TiO, | Fe,0; | FeO | CaO | MgO | K,0+Na,0 | Am,,
56,47 | 1,17 | 0,04 | 029 | 0,35 | 22,83 | 17,08 0,52 1,25

sium and composite magnesium binders derived from local raw materials
and industrial waste magnesium.

Particularly urgent matters develop water-resistant magnesite cement
composite materials involved in the production as a local man-made and
natural magnesium silicate. As a result of purposeful management processes
of hydration and oksohloride generated, forming water-resistant crystalliza-
tion hardening structures in the MgO-MgCl,—magnesium silicate system, it
is possible to receive the composite magnesia binders with a simultaneous
increase in strength, water resistance and other characteristics. Development
of formulations and technology of waterproof composite binding on the
basis of magnesium silicate helps address the problem of obtaining high-
quality binders and diversification of construction materials, and improve-
ment of ecological situation in the Russian Federation regions [2].

One of the ways to increase water resistance of magnesium materials is
the introduction of additives in the composition of substances mixed mag-
nesia. Use of natural supplements as a part of mixed magnesium compounds
is of practical and scientific interest, in particular for elucidating the mecha-
nism of formation of water-resistant structures.

We have studied the possibility of diopside raw material for production
of magnesia materials for decorative finishing tiles.

In carrying out this work there have been investigated both binder-
caustic magnesite, magnesite obtained firing the Note field and caustic
magnesia powder (CMP-87), and additives used in magnesium-containing
silicate (diopside), the chemical composition of which is shown in the table 1.

Diopside has been mixed with caustic magnesite or CMP-87 in ratios of
50 to 70 %. Test specimens have been prepared in the form of cubes meas-
uring 20x20x20 mm, which hardened in the air and the air-humid environ-
ment for 28 days.

Depending on the number of an input component to define the basic phys-
ical and mechanical properties of materials developed: time setting, compres-
sive strength, water absorption, bulk density, water resistance factor.

The introduction of diopside decreases setting time of samples and the
values of the crush strength increased to 27,5 MPa. Water absorption of the
samples did not exceed 7 %, bulk density is about 2 g/cm®; ratio 1,0—
1,2 water-resistant.
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Caustic magnesite fired at different temperatures and studied the activity
of caustic magnesite (m (Mg +) = 5,6:10%().

Table 2. Determination of active MgO in caustic magnesite
Firing temperature, °C
500 | 600 | 700
Curing time, min

10 20 30 10 20 30 10 20 30

4,02 6,00 | 524 | 504 | 824 | 940 | 6,20 | 1132 | 7,40 | 6,68

The analysis of the experimental data have showed that caustic calcined
magnesite has the highest activity at 700 °C for 10 minutes and caustic
magnesite powder has been used in the work to get mixed magnesia materi-
als with the desired properties.

The materials meet the requirements of Federal Standards and can be
recommended for the production of magnesia-based materials diopside.

Without
firing
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On Russian gas condensate fields the widespread method of low-
temperature separation (LTS) is used for gas and gas condensate prepara-
tion. LTS is a method of condensation of vapor and dissolved heavy hydro-
carbons in gas at low temperatures.

Analyzing the causes of low industrial LTS plants efficiency attention
was paid mainly to low productivity of separation apparatuses, and thermo-
baric conditions disturbance of the process [1]. The result of optimization of
complex gas treatment plant (CGTP) operating practices can improve the
efficiency of existing facilities and ensure the required quality and quantity
of marketable products [2,3].

The following technological parameters affected on the effectiveness of
the LTS by: the amount of raw materials consumption, temperature, pres-
sure and separation stages.
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The purpose of this study is to investigate the influence of technological
parameters on the yield of marketable gas and the development of infor-
mation and modeling system module determining the optimal operating
running regime of Myldzhinskoye gas condensate field.

In the process of research temperature and pressure were varied at dif-
ferent stages of separation concerning a given operating running regime of
separation unit (Table 1).

Table 1. The parameters of given operating running regime

Separator Parameter
Temperature, °C Pressure, MPa
1 225 5,6
2 0,5 7,1
3 -33,7 3,9

With the use of modeling systems basic parameters of the separation process
were calculated: the condensate yield, the yield of marketable gas, the content
of Cs, hydrocarbons, moisture content and dew point for hydrocarbons.

It was proved that the decrease in temperature or increase in pressure
leads to increase in the yield of marketable gas and decrease in the conden-
sate yield. The values of dew points correspond to the State Standard.

The obtained data ware analyzed by parametric sensitivity, which was cal-
culated as the ratio of change in yield of marketable gas and dew point tempera-
ture for hydrocarbons to the interval of pressure and temperature changes.

It was determined that the yield of marketable gas in the range of varia-
tion of parameters is significantly affected by temperature and pressure
changes in the third separator (Table 2), and parametric sensitivity of the
pressure is higher than the temperature.

Table 2. Parametric sensitivity of the main indicators of CGTP

- Parametric sensitivity
Key indicators S1 | 2 | 33
5 °C temperature decrease
The yield of marketable gas 0,06 0,03 0,25
The dew point for hydrocarbon 0,08 0,04 0,96
1 MPa pressure decrease
The yield of marketable gas 0,3 0,3 1,1
The dew point for hydrocarbon 0,4 0,2 0,2

Thus, parametric sensitivity analysis reveals the regularities of changes
in technological conditions which we can use in evaluating the optimal
modes of treatment plant.

As a result of this work the optimum operating conditions of CGTP are
determined, at which the increase of the marketable gas yield can be
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reached under a slight decline in its quality that is permissible and corre-
sponds to the State Standard.
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Mathematical models of gas condensate trade preparation processes
have been developed in the department of chemical technology of fuel,
TPU. The technological modeling system (TMS) for calculation of material,
thermal balances and the operative analysis of technological modes are
based on these mathematical models. Mainframes of TMS of gas conden-
sate complex preparation are modules of calculation separation, drops for-
mation, separation of liquids [1].

When the process of drops formation was calculated, some constant value
of superficial tension was accepted on border of the phases’ section, which
was reflected in accuracy of calculations of liquids separation process.

At the given stage TMS demands completion in calculation modules of
drops formation and liquid divider. To solve this problem, calculation of the
middle drops diameter presented in the following formula by Rosencvaig:

d = 52,68'D(w/pe) > - Re % - (U?Dp,/ 6), 1)
where d — diameter of drops, m; ¢ — superficial tension, N/m.; x, — vis-
cosity of a disperse phase, Pa-sec.; u — speed of a stream, km/s.; D — di-
ameter of pipeline, m; u. — viscosity of the continuous environment,
Pa-sec; p. — density of the continuous environment of kg/m; Re — criteri-
on of Reynold’s, equation Re = (uDp./ u..).

The purpose of the work is perfection of the calculation module of drops
formation process of (TMS) taking into account superficial tension varia-
tion. For achievement of the purpose two design procedures of superficial
tension have been chosen and investigated.
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From the formula (1) it is seen that before calculating the drops diameter
it is necessary to calculate superficial tension of water and methanol mix-
ture. For this purpose we have been used calculation method based on the
Broke — Brad — Miller method:
o = TQ (LT, o)
Q=0,2207-(1 + [Ty/Te In(p) 1/ (1+ T,/ T.))-0,281, (3)
where p. — critical pressure of a component; T, — critical temperature of a
component; T, — normal temperature of boiling of a component; T, = T/T,,
T — temperature of process.
This method is very convenient for use in calculations because the formulas
(2) and (3) include only constants which can be found in the reference books.
The superficial tension of water and methanol is approximated by the
expressions:
ocnson = 0,0226-0,00008 (T-293,0); 4)
o0 = 0,0732-0,000143 (T-288, 0); (5)
On the basis of Broke — Brad — Miller’s method the program for cal-
culation of superficial tension of pure components has been designed.
Checking up of this method for adequacy was done by the comparison of
some experimental and calculated data.
Also we have been used method based on calculation of hydrocarbons

superficial tension by their density. Superficial tension of oil products with

relative density o> =0.60—0.92 is calculated according to the following

formula:

0, =10 (505 —1.5) (6)
The superficial tension of oil products is the temperature function:
oy =0,—-10°E(0-0Q)), @)

where coefficient K = 0,07-0,1. Coefficient K is equal to 0,1.

On the basis of this method the program for calculation of superficial
tension of pure components has been designed too. Checking up of calcula-
tion method for adequacy was done by the comparison of some experi-
mental and calculated data.

Method based on calculation of hydrocarbons superficial tension by
their density is recommended for calculation diameter of drops and then
calculations and the analysis of technological operating modes are carried
out of complex installation of gas preparation.

The result of the work is an enclosure to already existing and function-
ing technological modeling system (TMS). It is a calculated mathematical
model of the water and methanol extraction process by commercial prepara-
tion of gas condensate.
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Economically, calculation of commercial preparation of gas condensate
will allow improving quality of gas condensate. It is known, that the higher
quality of a hydrocarbon product is, the cheaper the transportation in pipe-
lines and its specification, because it helps prevent pipes from breakages.
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To reduce carbon monoxide in the exhaust gases of combustion engines
and industrial emissions oxidation catalysts based on platinum and palladi-
um are used. The main disadvantage of such devices is their high price.

In order to find alternative materials, we studied the adsorption of gas air
mixture on the surface of dispersed materials based on complex metal ox-
ides: CoO: NiO: MnO,: CeO,, CuO: CoO: Cr,03: NiO: MnO,, CuO: Cr,03:
Co0, CuO: Cr,03 and nickel by methods of thermal desorption spectrosco-
py and simultaneous thermal analysis. Analysis of the surface of dispersed
materials was carried out by infrared spectroscopy. Previously, the samples
were outgassed in air for 4 hours at t = 20 °C, pressure P = 760 mmHg 8=
75 % and relative humidity.

Method of thermal desorption spectrometry on a mass spectrometer
MX-7203 determined the composition of gases adsorbed on metal surfaces
and complex metal oxides, which were identical for both metals, and com-
plex metal oxides. The main components are H,, O,, N, H,O, CO, CO, and
NO,. The analysis of all samples shown a pronounced selectivity for carbon
monoxide, which ranged from 4-20 % of the volume of complex metal ox-
ides and 73 % of the volume of nickel. According to [1] we calculated the
main Kinetic parameters of desorption of gases from the sample surface. The
results are shown in Table 1.

In contrast with metal oxides, carbon monoxide secretion from the sur-
face of the nickel occurs in two stages with a large activation energy of de-
sorption, while carbon dioxide showed a weak form of adsorption.
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In addition, samples of oxides observed high gas saturation with mo-
lecular oxygen.

The study of the nickel surface was carried out by infrared spectroscopy
FT-IR spectrometer Nicolet 5700.

Table 1. Kinetic parameters of desorption gases from a surface; samples: nickel,
Cu0:Co0:Cr,04:NiO:Mn0O, — 1, Cu0O:Cr,03 — 2, CuO:Cr,05:Co0 — 3,
Co0:NiO:MnO,:Ce0, — 4.

Energy of .
Samples |Gas,% volume active%on, fThe factor o,fl Reaction
Dzh/mol requency, ¢ order
67564 1,84-10° The first
Nickel CO (15 %) 87492 1,35-10% The second
CO, (73 %) 28752 3,1:10° The first
1 CO (4 %) 30223 3,18-105 The first
CO, (5%) 61784 2,25-108 The second
) CO (10 %) 26074 1,06-10° The second
CO, (67 %) 57878 9,08-10’ The second
3 CO (5 %) 29882 5,12-10° The first
CO, (21 %) 38855 9,41-10° The first
4 CO (4 %) 39895 5,93-10° The first
CO,(10 %) 53789 7,21-10° The first

The analysis of the data revealed the absorption spectra corresponding to
the stretching vibrations of carbon monoxide molecules on the surface of
nickel. Sharp bands of the spectrum with the frequencies 1692 cm™,
1651sm 1, 1553 correspond to the formation bridge between two nickel
atoms of the CO, while the lines with frequencies of 1483 cm™, 1435 cm™*
and 1331 cm™ indicates the presence of a bridging group between Ni and
CO through an oxygen atom. The broad band in the spectrum, with charac-
teristic frequencies of 2372 cm™, 2354 cm™, 2297 cm ™ indicates the pres-
ence of free atoms of CO, on the surface of nickel [2].

In the course of simultaneous thermal analysis we found that the change
in sample mass due to gas adsorption air mixture at the surface of nickel is
accompanied by heat, which amounted to 7,1 J/g.

Obtained results made possible with sufficient confidence to confirm the
presence of the selective adsorption of surface samples, followed by oxida-
tion to CO, and breaking of chemical bonds between surface atoms and
carbon dioxide.
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To study the groundwater of Beitiantang district (China, Beijing) were
used the results of chemical analysis of water samples from 19 wells. Total
mineralization varies from 0,6 to 1,8 g/L, it means, that here, both fresh and
light—salted water might be observed.

The pH value varies from 7,0 to 7,8. According to pH value, the water is
mostly neutral, although there might be alkalescent water. lonic composi-
tion of groundwater is represented mainly by ions HCO*, SO4%", NO*, CI,
Ca’, Mg? Na and K. The predominant anion of groundwater is Hydrogen-
ion varies from 0,2 to 0,6 g/L, the average— 0,3 g/L. The content of chlo-
ride-ion varies from 0,05 to 0,4 g/L, average value is 0,2 g/L. There is also
sulfate-ion, whose concentration varies from 0,08 to 0,2 g/L, average value
is 0,1 g/L. With the salinity increase, the concentration of the main ions also
increases. Calcium strongly dominates among the cations (varies from 0,
08-0, 2 g/L, its average content is — 0,1 g/L). The second-largest cation in
content is — magnesium — 0,037-0,1 g/L (average value is — 0,07 g/L).
Natrium — 0,07-0,2 g/L (average content is — 0,01 g/L). The content of
potassium is very small in comparison with calcium ions (the average con-
tent of K is 0,001-0, 01 g/L). The content of Ca? Mg? Na, as well as the
content of major anions, increases with the amount of ions [1].

According to the classification of O. Alekin, the groundwater of district
Beitiantang is predominantly hydrocarbonate calcium-magnesium.

Microcomponent composition in the results of analysis is presented very
poorly. Iron is almost absent. It was probably due to the fact that the sam-
ples with water stayed motionless for a long time, as a result the component
precipitated.

It is known, the chemical characteristics of groundwater is primarily de-
termined by its genetic type. The amount of rainfall strongly affects its
evaporation [3]. The climate of the region is hot and evaporation dominates
over precipitation, the landscape is steppe with small islands of vegetation.
Accordingly, the studied underwater, can be attributed by G. Kamensky to
groundwater of continental salinity and salinity of groundwater is due to
evaporation processes of the concentration of salts. It can be checked by
using the relationship C1/SO,*", the so—called chloride-sulphate ratio [4]. If
its value varies from 0,9 to 1,1, then the evaporation of water takes place.



Cekuma 7. XuMmna 1 XMMIUeCKas TeXHONOoms
248 (Ha aHIMUICKOM A3bIKE)

It can be concluded, if the value of this ratio is less than 0,9, then, in ad-
dition to the evaporation of water there is an additional source of sulfate.
The same thing happens with the chloride at a value of chloride and sulfate
ratio over 1,1 [4].

The chloride contamination is common in the west, northwest and
southwest of the investigated area, whereas the sulfate contamination ex-
tends from north to south district. The areas, whose values fall in the range
from 0,9 to 1,1, are located in the east, northeast and southeast of the inves-
tigated area [2].

It is also important to note that at this salinity maximum content of NO3~
is 5,78 mg/L [4]. But the results of chemical analysis of water samples,
show that nitrate content exceeds permissible values ten times more, indi-
cating significant pollution of water by this component.

If to take into consideration water pollution by manganese and fluorine,
it is negligible except for a few points: where the average content of F equal
to 0 and only at this point there was a sharp jump to 1,9 mg/L, while the
content of Mn, respectively, from 0 to 7,3 mg/L, which in nature cannot be.

In general, we can conclude that groundwater status of the area from the
point of view of ecology today is characterized as dysfunctional. There is an
additional source of components such as NO3, S0,%, CI', and F and Mn.
Such a source could be a huge waste landfill which existed on the study area
before.

In favor of anthropogenic pollution of water is the fact that the minerali-
zation with depth is not increasing, which is typical for the groundwater
forming in vivo supergene zone. Maximum depth from which water sam-
ples were taken, salinity ranges from 700 to 800 mg/L, while the lowest —
from 1200 to 1700 mg/L.
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Quantum dot solar cells are an emerging field in solar cell research that
uses quantum dots as the photovoltaic material, as opposed to better-known
bulk materials such as silicon, copper indium gallium selenide (CIGS)
or CdTe. Quantum dots have bandgaps that are tunable across a wide range
of energy levels by changing the quantum dot size. This is in contrast to
bulk materials, where the bandgap is fixed by the choice of material compo-
sition. This property makes quantum dots attractive for multi-junction solar
cells, where a variety of different energy levels are used to extract more
power from the solar spectrum.

The potential performance of the quantum dot approach has led to wide-
spread research in the field.

Current research:

1. DSSC efforts. Another modern cell design is the dye-sensitized solar
cell, or DSSC. DSSCs use a sponge-like layer of TiO, as the semiconductor
valve as well as a mechanical support structure. During construction, the
sponge is filled with an organic dye, typically ruthenium-polypyridine,
which provides the electrons. This dye is relatively expensive,
and ruthenium is a rare metal.

2. Multi-junction efforts. A colloidal suspension of these crystals is
spin-cast onto a suitable substrate, often a thin glass slide, potted in a con-
ductive polymer. These did not use quantum dots, but had a number of fea-
tures in common with them. In particular, the method of casting a thin layer
of crystals would work just as well as with quantum dots, and the use of a
thin film conductor would both be applicable with few changes

3. Hot-carrier capture. Another way to improve efficiency is to capture
the extra energy in the electron when emitted from a single-bandgap material.

4. Other issues. Although research is still at a pre-commercialization
stage, in the future quantum dot based photovoltaics may offer advantages
such as mechanical flexibility (as in quantum dot-polymer composite pho-
tovoltaics) as well as low cost, clean power generation and an efficiency of
65 %.

One concern for any QD-based approach is the buildup of heat in the
dots. A key to the dots operation is their natural isolation from the surround-
ing material, but this means that phonons are highly reflected off the inter-
face. This process would lead to heat buildup within the dots.
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At the time, the science of quantum dots, or "wells" as they were known,
was in its infancy and early production examples were just becoming avail-
able. Early examples used costly molecular beam epitaxy processes, but
alternative inexpensive fabrication methods have been developed. These
attempts rely on quantum dot synthesis using wet chemistry (colloidal quan-
tum dots — CQDs) and subsequent solution processibility of quantum dots.
CQD solar cells currently hold the performance record for quantum dot so-
lar cells. Their efficiency of 5,1 % is yet low compared to that of commer-
cial bulk silico cells (about 17 %), but it has a potential for improvement.
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In spite of the large number of water in the territory of Western Siberia
— rivers, lakes and water reservoirs — mainly groundwaters are used for
drinking water supply. It is connected with ecological vulnerability of open
water reservoirs which does not allow using them as sources for preparation
of drinking water. However, quality of underground waters on a number of
parameters does not accord to normative requirements. The basic compo-
nent of an impurity, which exceeds normative values, is iron. It is present in
all underground sources. Monitoring of underground waters of Western
Siberia had allowed to divide ferriferous underground waters into two types.

The first type is water with a high concentration of hydrocarbonate
where iron is present in the form of hydrocarbonate iron. Such waters are
characteristic for Tomsk and its region. The second type is water where iron
is present partly in the form of hydrocarbonate iron and partly as a complex
with dissolved organic substances. This water is characteristic for the north-
ern Tomsk area. The second type water has a lower pH-value and a lower
hardness. On the other hand, it shows a higher chromaticity and a higher
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permanganat index which specifies the presence of organic matter. After
aeration only hydrocarbonate iron precipitates and the iron-NOM complex-
es do not form deposits. The presence of stable iron complexes is the basic
feature of groundwaters of the Western-Siberian region. Therefore, special
water treatment technologies are required.

The basic treatment steps used in the Western Siberian are: aeration,
sedimentation and filtration. This kind of treatment allows receiving drink-
ing water only from water of the first type. However, traditional ways of
water-preparation do not always allow to provide the necessary water quali-
ty from water of the second type. This is due to special features of well wa-
ters of this type, for example, the presence of steady iron-NOM complexes.

That is why the purpose of the work is the research of properties of col-
loid systems on the basis of connections of iron, similar in structure to natu-
ral waters and studying possible ways of removal colloid particles by filtra-
tion methods.

Studying the processes of ultra- and nanofiltration are provided with the
use of the model solution containing ions of iron, silicon and natural organic
substances (NOM) which concentration corresponds to their contents in
natural waters. The basic characteristics of a model solution are shown in
the table 1.

Table 1. Initial parameters of the model solution

Cuom MGIL | Crey my/L | Co,mgiL | pi | GPORIAl
Model solution 2,43 6,92 20,14 7,5 —21-(-32)

The properties of the model solution have been investigated. Particle-
sizing iterferometry and {-potential measurements were conducted.

The application of NF and UF for a model solution similar to the
groundwater of the Tomsk region was investigated. Ryom slightly increases
for all investigated membranes. The increase in retention can possibly be
explained by a change of the membrane surface properties due to fouling.
An enhanced negative surface charge because of adsorbed NOM-molecules
might cause higher electrostatic repulsion and hence an increased retention.
Rre did not show significant changes over the experimental period. Rg; in-
creased for NF90 and GR81PP, but decreased for NF270. For Si only the
membrane NF90 shows high retention (86 %). For the other membranes Rg;
is very low, for NF270 it is about 35 % and for UF it is about 16 %. It
means that Si goes through the membrane. If Si has to be removed from the
solution, the membrane NF90 should be chosen. And we can also say that
the molecular weight of the most compounds in the model solution is more
than 100 g/mol. Organic substances, iron and silicon, were removed best
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with nanofiltration (NF90). But the permeability of that membrane is lower
than NF270 membrane.

In the end of the work, it is supposed that the NF and UF can be used for
the cleaning of the model solution which is similar to the groundwater of
the Tomsk region. For the selection of one treatment method, the elimina-
tion performance as well as the energy consumption should be taken into
account. Additionally, a combination of the processes and, hence, the order
of the separation stages could be investigated. For further evaluation of the
processes experiments in pilot scale should be performed.
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Welding processes, overlay welding and thermal cutting of metals are
accompanied by release of welding fumes and gases. Welding fumes and
aerosols emitted by the flame cutting consist mainly of welded metal oxides
or alloy components (iron, manganese, titanium, aluminum, etc.). Influenc-
ing human organism heavy metals aerosols can cause a number of specific
diseases (illness of lungs, allergic reactions, etc.). Heavy metals can be ac-
cumulated in an organism causing serious consequences, such as mutagenic,
carcinogenic, teratogenic ones. In this context the necessity of sanitary condi-
tions monitoring of air working and industrial zone does not raise any doubts.

Photometric methods are widely used in analyzing different natural en-
vironments because of their high sensitivity and selectivity, rapidity and
accuracy. Simplicity, universality and availability of photometric methods
have caused their wide application in industrially-sanitary analytical chem-
istry for controlling air, water and land pollutions.

Various types of photoelectric colorimeters are used for photometric re-
searches. They are manufactured both by Russian and foreign industries (for
example, concentrated photometric colorimeter CPC-2, CPC-3, CPC-5M,
etc.). In Tomsk Polytechnic University new instruments for photometric
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analysis, their methodological support and software for solving academic
problems and research tasks are being developed. Devices for industrial
control of the environment are also worked out. LLC «Universal education-
al technologies» and TPU proposed a training laboratory complex (TLC)
«Environmental Monitoring» which is intended for laboratory work on in-
dustrial ecology and environmental monitoring. It includes a photocolor-
imeter, a universal controller, a thermostat-calorimeter, a module for elec-
trochemical measurements and general laboratory complex.

The purpose of the work is to develop a methodology of photometric de-
termination of manganese in air working zone in the welding laboratory and
its testing for the module «photocolorimeter» TLC «Environmental Moni-
toring». The principle of work of the module «photocolorimeter is based
on the measurement of absorbance of color solutions in a polychromatic
beam of light in the visible spectrum (400-660 nm). The device is executed
on the basis of the one-beam scheme when a stream of radiation passes suc-
cessively through a dish with a blank and analysed solution. For completing
this task a well-known one-beam photocolorimeter CPC-2 was chosen.

Photometric determination of manganese is based on the oxidation of

manganese compounds to the ion MnO, . Oxidation occurs in the acidic

medium by ammonium or potassium persulfate using silver as a catalyst. As
a result, pink colouring appears.

In this work we received calibration characteristics of photometric de-
termination of manganese on CPC-2 and module «photocolorimeter» ULC
«Environmental Monitoring» at the chosen wavelength and thickness of the
dish. Linear regression analysis was carried out for each calibration charac-
teristics. The hypothesis about linearity of calibration plot is confirmed,
however, the existence of significant systematic error is revealed. Metrolog-
ical characteristics of a technique of the model solutions were estimated
according to State Standard R 1SO 5725 (index of repeatability, accuracy,
intralaboratory precision). The estimation accuracy of the photometric
method for manganese determination was carried out (table).

Table — Estimation of the accuracy of the photometric determination of manganese
by the method «put in-found» P = 0,95, n = 3, L = 3, t,,=4,303

Module «photocolorimeter» ULC
CPC - o
«Environmental Monitoring»
Putin Found Putin Found
CMn']-OAx CMn']-OAx mol | teaicul. 107 CMn'10411 CMn'1041: Leatcur. 107
mol equev/I equev/l mol equev/l | mol equev/I

18 1,7+0,2 57 1,8 1,3+0,8 27
2,5 2,24+0,08 2,7 2,5 2,440,3 8
3,2 3+1 34 3,2 2,6+1,1 34
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Preliminary sample preparation is necessary to conduct photometric de-
termination of air aerosols. In this work sample preparation was carried out
by processing the filter-test acids followed by evaporation to wet salts. For
manganese determination in the air working zone the sample was analyzed
by the developed photometry technique. It turned out that the concentration
of manganese in air welding laboratory (4,1+0,2) -10~° g/m* does not exceed
laboratory admissible TLVy, (threshold limit value) in the air working zone
—3x10*g/m®.

Research of potassium fluoride hydration-dehydration process

A.V. Matyskin

Supervisor: PhD, ass.prof. R.V. Ostvald
Linguistic adviser: PhD, ass.prof. A.S. Parnyugin

Tomsk Polytechnic University, 30 Lenina av., Tomsk, Russia, 634050,

matyskin@tpu.ru

Chemistry of inorganic hydrates is a field of science which is of major
importance for the production of fertilizers, sorbents, catalytic agents and
luminophors. Inorganic hydrates are also widely used in oil and gas indus-
try. Potassium fluoride is one of these inorganic substances which has the
ionic type of bond and which has a property of hydrolyzing under normal
conditions in the air.

The objective of this research was to carry out the hydration-dehydration
process of potassium fluoride under different temperatures, to determine the
quantity of fixed water molecules, to hypothesize the mechanism and kinet-
ics of process.

The industrial standard was chosen for hydration-dehydration research.
According to documentation, the composition of compound is KF-2H,0.

Within the research framework the thermo-gravimetric analysis (TGA)
and differential scanning calorimetry (DSC) of potassium fluoride desorp-
tion were carried out with the use of a combined TGA/DSC analyzer SDT
Q600 and TA instruments Universal V4.2E software data processing. The
heating rate was 1 °C/minute. The obtained derivatogram can be observed
in figure 1. During the experiment the sample mass was reduced from
100 % to 63,9 %. According to the law of mass action the initial sample
contained 2 molecules of water. The first thermal effect AH=178,2 J/g cor-
responds to KF phase transition at temperature 42,54 °C. This value agrees
with literature [1]. The second endothermic effect at 69,2 °C is connected
with the first water molecule evaporation and characterized by the value of
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Figure 1. Derivatogram of the KF-2H,0 decomposition

AH=281,1 J/g. The second water molecule was evaporated at 149,3 °C with
AH=336,7 J/g. As a result of the thermal effect, the system was cooled to
3 °C. Hydrates with fractional hydrate numbers were not formed.

The process of hydration was carried out in a cryostat at temperatures of
5, 10, 15, 25 °C with the constant air flow through the sample. During the
experiment at temperatures of 5, 10, 15 °C the potassium fluoride sample
was turned from solid to the liquid phase. It was calculated with the use of
the mass action law that at these temperatures KF adsorbs 4 molecules of
water. It was concluded that the mechanism of sorption is physical. Accord-
ing to classification [2] water is outside the lattice.
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This research work presents the results of the steady-state testing of an
reactionary distillation system of methanol, isobutene and n-butene.

Steady-state equilibrium and non-equilibrium models for reactive distil-
lation have been developed and validated with the experimental data from a
packed distillation unit configured at finite reflux. The approach presented
in this work linked the physically-based process dynamic model with the
control software used in the process, using HYSYS.

As an input, the results of another authors [1], [2] have been used.

As changed specification reflux ratio and steam number have been cho-
sen, because this specification helps to receive enough amount of the prod-
uct, which has the required characteristics.

Figure 1 shows the dependence of MTBE amount in vat residue flow on
the steam number. The dependence is nonlinear and the steam number in-
creasing (more than 8) causes maximum of MTBE content in flow. Figure 2
shows the dependence of
MTBE amount in vat
residue flow on reflux 1.00E+00

ratio. The figure une- /

quivocally shows that an 8,00E-01

optimal reflux ratio is 6, /

because this reflux ratio o.00801 /
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There are some optimal specifications for a reactive-distillation tower.
Usage of these optimal specifications helps to receive bigger amount of
methyl tert-butyl ether, this effect could be used in an industry. Optimum
steam number is 8, optimum reflux ratio is 6. Column heat balance can be
ignored while tower mathematical modeling.
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Nobel Prizes in chemistry
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The Nobel Prize in Chemistry is awarded annually by the Royal Swe-
dish Academy of Sciences to scientists in the various fields of chemistry. It
is one of the five Nobel Prizes established by the will of Alfred Nobel in
1895, awarded for outstanding contributions in chemistry, physics, litera-
ture, peace, and physiology or medicine. The award is presented in Stock-
holm at an annual ceremony on December 10, the anniversary of Nobel's
death. The first Nobel Prize in Chemistry was awarded in 1901 to Jacobus
Henricus van 't Hoff, of the Netherlands, "for his discovery of the laws of
chemical dynamics and osmotic pressure in solutions.” [3]

Stanford Professor Roger D. Kornberg has been awarded the Nobel
Prize in Chemistry in 2006 for determining how DNA's genetic blueprint is
read and used to direct the process for protein manufacture. Kornberg car-
ried out a significant part of the research leading to this prize at the Stanford
Synchrotron Radiation Laboratory. [1]

Kornberg was the first to create an actual picture of how transcription
works at a molecular level in the important group of organisms called eu-
karyotes (organisms whose cells have a well-defined nucleus). Humans and
other mammals are included in this group, as is ordinary yeast. Kornberg's
studies have provided an understanding at the atomic level of how the pro-
cess of transcription occurs and also how it is controlled. Because the regu-
lation of transcription underlies all aspects of cellular metabolism, Korn-
berg's research also helps explain how the process sometimes goes awry,
leading to birth defects, cancer and other diseases.

One more significant discovery has been done by Osamu Shimomura,
Martin Chalfie and Roger Tsien.

Two U.S. scientists and a U.S.-based Japanese researcher will share the
2008 Nobel Prize in chemistry for discovering and developing a glowing
green protein that has been key to improving our understanding of cell de-
velopment. [2]

Over a period of thirty years Osamu Shimomura caught at least 800 000
jellyfish. Shimomura found that in the jellyfish, Aequorea victoria, a protein
called aequorin produces blue light. However, instead of emitting blue light
the light is absorbed by green fluorescent protein (GFP) and emitted as
green light. [2]

Applying Shimomura's findings, Martin Chalfie was the first to make
use of known promoters — DNA regions that assist gene expression — to
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express GFP in Escherichia coli and in neurons of Caenorhabditis elegans.
That work led to Chalfie being awarded his share of the Nobel Prize. GFP
has developed into a tremendously useful molecule with applications in
many areas of science and medicine. [2]

Using GFP, scientists have been able to map the role of different pro-
teins in the body. Researchers also use the protein to observe previously
invisible processes, such as the growth of a nerve cell in the brain or the
spread of a cancerous tumor. [2]

The latest epoch-making discovery in chemistry is the research of Rich-
ard Heck, Ei-Ichi Negishi and Akira Suzuki.

The 2010 Nobel Prize in chemistry was awarded to three professors for
a tool to make carbon-carbon bonds in organic chemistry, the Royal Swe-
dish Academy of Sciences announced. [3]

The professors are Richard Heck of the University of Delaware, Ei-Ichi
Negishi of Purdue University and Akira Suzuki of Hokkaido University.

The tool the professors devised is called palladium-catalyzed cross-
coupling. [3]

The tool has applications in a wide range of fields, from agriculture and
pharmaceuticals to coatings for electronic components, like chips, the Nobel
committee said. [3]

"The key word here is versatility," Negishi said. "One of our dreams is
to be able to synthesize any organic compounds of importance, whether it is
medicinally important compounds ... or important from the point of view of
material science. And we believe that our technology or our chemistry will
be applicable to a very wide range of compounds, without knowing what
they might be."[3]

"Palladium-catalyzed cross coupling solved that problem and provided
chemists with a more precise and efficient tool to work with," the commit-
tee said. "In the Heck reaction, Negishi reaction and Suzuki reaction, carbon
atoms meet on a palladium atom, whereupon their proximity to one another
kick-starts the chemical reaction."[3]

The method, referred to as 'palladium-catalysed cross couplings’, works
by using metal palladium as a catalyst to make carbon atoms bond to each
other quicker and easier than previous substances used. [3]

It is being used to create new antibiotics that work on resistant bacteria
and a number of commercially available drugs, including the anti-
inflammatory Naproxen, while it is also used worldwide in the commercial
production of molecules used to make electronics. [3]

The award in chemistry requires the significance of achievements being
recognized is "tested by time." In practice it means that the lag between the
discovery and the award is typically on the order of 20 years and can be
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much longer. As a downside of this approach, not all scientists live long
enough for their work to be recognized. Some important scientific discover-
ies are never considered for a Prize, as the discoverers may have died by the
time the impact of their work is realized.
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3. www.Nobel prize.org
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With time catalyst changes its activity under the influence of complicat-
ed physical and chemical phenomena. The nonpermanent phenomena and
regimes in the reactor can be determined by both external and internal fac-
tors. The dynamic process in the contact device makes the calculation and
optimization of industrial apparatus complicated. The main objectives are
evaluation of the catalyst deactivation and definition of work of the catalyst
using the mathematical model. The dynamic character of industrial isomeri-
zation is determined by the change of catalyst activity during its work. We
used characteristics of a catalyst based on sulfated zirconium dioxide “SI-2”
in this work.

We name the main causes of catalyst deactivation.

— Sulphur and nitrogen contained in the raw material in the form of or-
ganic compounds;

— Content of hydrogen sulfide in the circulating gas;

— Water which can be brought with the hydrogenate;

— Carbon monoxide, which is adsorbed on platinum surfaces the result in
the catalyst deactivation;

— Reducing of mixture and heating of the catalyst above 300 °C in hydro-
gen gas lead to recovery of sulfate group, which implies catalyst deacti-
vation.

The technique of designing a stationary kinetic model of the isomeriza-
tion was described in [1]. A mathematical model was redesigned with the
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additional deactivation of the catalyst in this report. Under the deactivation
of the catalyst the certain set of the listed reasons was adopted. It was sug-
gested to assess the activity of the catalyst SI-2 as the output of the unit trust
product per unit of raw material. The main product was iso-pentane. Chang-
ing of this value and its substitution into the mathematical model was im-
plemented in the "Delphi 7". The Graph shows, that observations were
made for the change of catalyst activity with time.
The selection of activity by simple iterations for iso-pentane (fig. 1):
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Figure 1. The change of catalyst activity with time, Akt=f{(t)

According to the data you can see that the main component of iso-
pentane can be quite clearly traced in slowdown of catalyst activity. In No-
vember 2007 there was a dramatic increase of its activity, it is related to
changes in operating conditions at the facility, particularly to a change in
consumption of processed raw materials.

So, the complete mathematical model of the isomerization process re-
flects the dynamic process of falling activity and selectivity of industrial
catalysts with time. Thus, the using of such mathematical models can make
a prediction of operation of the catalyst, not only in the specific steady-state
conditions, in the moment of loading to the reactor block, but also predict
the dynamics of deactivation and poisoning in the operation, and therefore
the reliability of the forecast catalytic properties of the system increases
greatly.
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At the present time modern science considers superfine powders which
are based on metal oxide greatly. Their application is so broad that it covers
practically all industries, including the production of catalysts, catalyst car-
riers, sorbents, glass, ceramics, lacquers, paints, fillers, polymers, etc.

The research work is devoted to studying the behavior of tin by electrol-
ysis using an alternating current (AC). The following factors influence on
the rate of formation of metal oxides: composition and concentration of the
electrolyte, temperature and density of the electrolysis AC [1].

To study the effect of electrolyte concentration on the breakdown rate of
tin,series of experiments were carried out at constant temperature (100 °C)
and at constant current density (LA/cm?) concentration of potassium chlo-
ride varied from 3 % to 25 % wt. The obtained experimental results are
shown in Figure 1.

The graph shows that with increasing electrolyte concentration in the
range of 3-25 % wt. oxidation rate decreases. In the article “Electrochemi-
cal synthesis’s kinetics of nanopowder tin oxides on alternating current” by
Korobochkin V. V., Balmashnov M. A., Gorlushko D. A., Usol'tseva N. V.,
Bochkarev V. V. [1] a similar dependence was observed.

However, the greatest impact on the speed of the process has a density
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Figure 1. The dependence of the breakdown rate of tin on the electrolyte concen-
tration at constant temperature and current density.
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of AC [2]. Figure 2 shows the tin breakdown rate dependence on the current
density at the constant temperature (100 °C) and concentration of KCI
(10 % wt.). With increasing current density the breakdown rate increases
and reaches 0,275 g/cmz-h. Similar results were obtained in the article “Cor-
rosion resistance of copper in chloride solutions under the action of the AC”
by Bogodyazh J. E., Repina D. A [3].
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Fig.2 Dependence of the breakdown rate on the current density.

Thus, according to the data the optimum conditions for carrying out this
process can be chosen. The process is most profitable to operate with a con-
stant temperature (100 °C), current density —2,5 A/lcm2 and concentration of
potassium chloride — 3 % wt.
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Using different methods of obtaining fuel, get different results. High-
octane reformate and isomerate are not then varnam products. Preparation
of commercial gasoline realized mixing different hydrocarbon streams to
the addition of — additives and supplements. In this case, the main criterion
for determining the yield of the product is the octane number of products,
which determines the antiknock motor fuel.

Were made watching the results of the Achinsk and the Omsk Refin-
ery. After made observations and calculations, you can say for sure that by
mixing the various components of fuel should be aware that the detonation
resistance mixture is not additive property. Each component has its mixing
characteristics. After the settlement of high mixing components with other
components of gasoline octane numbers of observed deviations of binary
mixtures of octane numbers, calculated by the additivity law. Changes devi-
ations can reach 10,8 points and must be determined for each mixture, the
quantity of high octane blending component.

Calculation of the octane numbers for raw materials, stable catalysate,
lateral pursuit, fraction C5-C6.

Were calculated based on experimental data and the results of octane
numbers for the refinery, using the modeling process.

Table 1 — octane number, different threads
Achinsk Refinery

Flow ONR ONM

For raw materials 58,14 53,01

For stable catalysate 93,43 81,84

For lateral shoulder strap 77,14 74,79

Fraction Cs—Cg 88,89 79,34
Omsk Refinery

Flow ONR ONM

For raw materials 49,07 36,85

For stable catalysate 90,94 80,85

For lateral shoulder strap 77,81 75,84

Fraction C5—Cg 90,95 81,39

The highest octane numbers on the research and the motor method is
characterized, according to calculations by the program, for a stable cataly-
sate the Achinsk refineries and fractions of Cs—Cg for the Omsk Refinery.
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Variations of the ratios of additives, evaluation of their effect on the
eyes and EAR gasoline Achinsk and the Omsk oil refinery. Used additives:
MTBE, ADA, FC-4

Table 2 — Studies on the effect of additives on the octane num-
ber Achinsk Omsk

Achinsk Omsk
MTBE, %vol. ONR ONM I\;TBE, ONR ONM
ovol.

1 89,72 81,69 1 92,90 84,29

2 91,25 83,83 2 94,92 87,11

3 92,69 85,77 3 96,81 89,66
ADA, %vol ONR ONM ADA, %vol | ONR ONM
1 87,86 78,74 1 90,45 80,40

2 88,35 79,26 2 91,10 81,09

3 88,82 79,90 3 91,71 81,94

4 89,26 80,67 4 92,29 82,95

5 89,66 81,56 5 92,83 84,12
FK-4, % vol ONR ONM FK-4,% vol| ONR ONM
10 88,15 80,19 10 90,98 82,62

12 88,38 80,66 12 91,29 83,27

14 88,62 81,17 14 91,62 83,96

16 88,88 81,71 16 91,98 84,69

18 89,16 82,28 18 92,36 85,46

20 89,46 82,89 20 92,77 86,29

22 89,78 83,53 22 93,21 87,15

25 90,30 84,56 25 93,67 88,06

Based on the results, we conclude, the more added to gasoline-high-
octane additives to motor fuels — the higher the octane number of gasoline
produced. When you add a 3 % vol. MTBE octane for Research and Motor
methods will be increased to a greater number of points. Likewise, the other
two considered additive — the more additive is added, the greater the num-
ber of points will increase the octane number.
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The research is devoted to development of a dynamic model for oil mul-
ticomponent distillation control and optimization. Model construction is
based on the following assumptions [1]:

— The column has perfect plates;

— Instant mixing of the liquid on plates;

— The rates of the liquid and vapor are constant for top and lower parts of
column;

— Hydraulic delay of the liquid and vapor is negligible;

— Vapor holdups on trays are negligible;

— Plates numbering runs from bottom to top;

We consider a column consisting of n trays and a condenser. The dy-
namic behavior will be described by system of differential equations [1]:

For n-th tray:

c:j = _1:_(1'2,“_11’5,“_1 FLipXip = Vin¥im — LinXiy) (1)
For intermediate k-th tray:
:rn = l._, (Vima¥orm1 T Lo ¥een = Vie¥or — Lin¥ip) (2)
For feed tray:
:r = % Vipa¥isor T LipaaXopon =L = Vi Y, T FX ) (3)

Transition functions are the conventional (the most commonly accepted)
way to connect leaving and coming flows of each tray [2].
Transition function for for k-th plate is:

Ly 1

Ligys - 1+7:p (4)

For top tray:

(5)
For feed tray:

LJ[ = ?:_‘J—l - q'JJ_—‘l (6)



XII Beepoceuiickaa HayuHO-NpaKkTUUeCKas KOHGEPEHLNA CTYAEHTOB U MONOABIX YUEHbIX
«Xumma n xummueckas Textonorus B XXI seke», TNY, Tomck, 2011 267

This model allows esti-
mating influence of feed con-
tent and rate of feed and dis-
tillate disturbances on column
performance.

Varying of the hold time
and transition function types
allows controlling the process
more effectively.

Dyp
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Pic.1. Material balance of tray distillation
column
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One of the most critical economic issues for a petroleum refiner is se-
lecting the optimal combination of components to produce final gasoline
products. Gasoline blending is much more complicated than a simple mix-
ing of components. First, a typical refinery may have as many as 8 to 15
different hydrocarbon streams to consider as blend stocks. These may range
from butane, the most volatile component, to a heavy naphtha and include
several gasoline naphtha from crude distillation, catalytic cracking, and
thermal processing units in addition to alkylate, polymer, and reformate.
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Product blending is an important technique used in the refining industry.
It is the final stage in the conversion of crude oil into useful fuels. The
blender mixes together several streams from various process units to pro-
vide fuel that meets government, international or customer specifications.
Due to the fact that it is the final stage in a refinery process, the optimiza-
tion of this process is vital.

That’s why the developing of the new model of octane number calcula-
tion based on taking into consideration a very important factor of detonation
effect, is urgent.

Octane number definition depends on content, structure, density, absorp-
tion spectrum, dielectric permeability, compression degree, refraction de-
gree, etc. of hydrocarbons.

Developing of the mathematical model, based on calculation of binding
energy considers the detonation effect.

Detonation involves an exothermic front accelerating through a medium
that eventually drives a shock front propagating directly in front of it. A
detonation characteristic is hydrocarbons resistance to oxidation.

The stage of initiation of the chain reaction can be realized in two ways:

1. RuH"R-H->R +H";

2. RiR-R—> R +R]

The reaction according to the type 1 leads to the formation of peroxides,
then it is oxidized with the explosion and the resulting detonation occurs,
whereas the reaction according to the type 2 leads to combustion.

According to the enthalpy, we can calculate the energy of dissociation,
which is a measure of detonation resistance, and, consequently, the quality
of gasoline. In this study, we calculated the enthalpies of the hydrocarbons
molecules, from which the gasoline consists, under standard conditions.

But since clear dependence has not been observed under the standard
conditions, it was necessary to calculate the values of the dissociation ener-
gy under the conditions of fuel combustion.

It can be calculated with help of the computer programs Hyperchem and
Gaussian.

From these calculations we see that enthalpies for reactions according to
the first type for the hydrocarbons are negative in comparison with en-
thalpies for the second type of mechanism. Therefore, for the normal al-
kanes it is more likely to pass according to the first type, hence, it has low
octanes numbers.

According to these dependencies, we can estimate the detonation, i.e.,
the easier a molecule breaks, the lower octane. Hence, hydrocarbons having
the lowest values of dissociation energy have the lowest detonation re-
sistance.
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This research as a part of a mathematical model will allow raising tech-
nological efficiency of the process without excessive capital investments
and quality of fuel.

References
1. Jleddnep, Yunssim JI. Tlepepabotka HedTH : 1iep. ¢ anri. / V. JL. Jlepdmep. —
M. : Omumn-busnec, 2005.
2. Chemical Interpretation of Octane Number / Anton Perdih, Franc Perdih // Acta
Chim. Slov., 2006. — c. 306-315.

Investigation of indirect oxidation of aniline

A.N. Ryazanova

Scientific Leader — Ph.D., docent T.N. Volgin
Scientific Research Tomsk Polytechnic University, 30 Lenina av., 634050,
Tomsk, Russia, millenna@danet.in

Aniline is the most toxic and biologically stable contaminant; it has a
negative impact on the environment. More than six thousand tons of aniline
falls into the waste of one million tons of production of aniline, it should be
scrapped.

Purpose is to work out the analytical method of determining aniline and
get acquainted with the theoretical basics of the process and possible products
of liquid phase and the electrochemical oxidation and cathodic reduction of
aniline.

Oxidation of aniline in sulfuric acid was performed on the installation. It
consists of electrochemical cell with lead electrode (area of 7 cm?), DC
power supply enable (1-

5 A). Electrolysis is carried 0 d e wex,
d .. p e :

out under constant stirring AN YN —— pas6.

with a magnetic stirrer dur- i s '\ \

. . . —=*— KOHIL

ing the period of time. So- c i

lution of aniline in sulfuric at \)/ f\\

acid is poured into the cell. Iy W/

Temperature was measured /\&
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were taken for spectropho- | 199 240 290  3Wavelength nm

tometric measurements at Figure 1. Dependence of the optical density of
the same time. the sulfuric acid solution of aniline on the
wavelength
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Figure 2. Change in optical density of the sulfuric acid solution of aniline in the
indirect oxidation

Aniline in water has the following maximums: Amaksl =230 nm
(lge = 3,93) and Amaks2 =280 nm (lge = 3,16). In our conditions, the ab-
sorption maxima are displaced due to the high acidity of the the medium and
are 210 and 250 nm, respectively (Fig. 1). Amaks1 corresponds to the double
bonds of the aromatic structure, and Amaks?2 is regard, C-NH2.

Absorption intensity does not depend on the initial concentration of ani-
line at high concentration of aniline in the solution. Spectrophotometric
method of analysis cannot be used as an analytical method to monitor the
process of oxidation.

Indirect oxidation process was performed in 20 % sulfuric acid solution
with the concentration of aniline, 0,027 mol / L in non-diaphragm electro-
Iytic cell with lead cathodes. For the first time we watched the elementary
electrochemical reaction, an instant education on the anode — oxygen, and
at the cathode — hydrogen

Lead anode is oxidized to lead dioxide. Further, in the anode space of a
process of liquid-phase oxidation of aniline occur through a combination of
an oxidizer, it is obtained by electrolysis of sulfuric acid. Oxidizers are hy-
drogen peroxide, oxygen and ozone. In the first minutes of the experiment
observed the appearance of color (Fig. 2).

The growth of optical density in the visible range is from 400 to 500,
and the density reaches its maximum value (500-600 nm), after falls. Opti-
cal density at all wavelengths increases with time of the process.
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Oxidative processes in the body growing under the influence of various
unfavorable factors are the main mechanisms of the oxidative stress syn-
drome. Reactive oxygen species play a decisive role in the development of
free radical pathologies that are accompanied by lipid peroxidation, muta-
genic changes in proteins and the violation of cellular metabolism.

Biooxidizing agents create the antioxidant defense system, regulate exces-
sive levels of reactive oxygen species in the cells of living organisms. There-
fore, assessment of the antioxidant status of the organism is a highly promising
trend in the modern medical research with the aim of further diagnosis and cor-
rection of free radical pathologies. However, antioxidant properties of complex
biological fluids cannot be explained without taking into account the mecha-
nism of the antioxidant action of each component or a component group.

The antioxidant defense system of cells is represented by different en-
zymes and low molecular weight antioxidants.

Amino acids are another important class of low molecular weight organ-
ic compounds in biological systems. At present, antioxidant properties of
these substances have been studied studied cursory and their role in the pro-
cesses related to oxidative stress is not entirely clear.

The purpose of the work is to study antioxidant properties of some wa-
ter-soluble amino acids in relation to the process of electroreduction of oxy-
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gen by voltammetry.

We have used amino acids. Eight of them are proteinogenic amino acids
involved in the formation of natural proteins (glycine, aniline, valine, leu-
cine, Soren, threonine, lysine, histidine). One amino acid (ortinin) is con-
tained in the tissues of humans and animals and plays an important role in
the biosynthesis of urea. The remaining two (norleucine and Nor-
valine)acids are not found in natural objects and have been used in experi-
mental studies of the structure and function of proteins, as well as for the
synthesis of biologically active peptides.

The measurements have been performed with the help of the automated
voltaperimetritic analyzer "Antioxidant" and electrochemical cell connected to
it with an electrochemical cell consisting of background electrolyte solution.

The cathodic waves of oxygen electroreduction inhibition testifies inter-
action of the investigated materials with products of oxygen reduction.

There is a potential shift in the wavelength region of positive potentials.

To evaluate the antioxidant activity of amino acids the Kinetic criterion
reflecting the number of active oxygen radicals in reaction with anti-oxidant
per unit time has been used.

Table 1 shows the results of quantitative evaluation of the antioxidant activity of the
investigated amino acids:

Amino acids K, mmol / | min K *, (ORAC)

Histidine, 7,00 + 0,35 4,00 = 0,12

Glycine 6,24 + 0,32 4,20 £ 0,20

Ornithine 6,24 + 0,33 4,16 + 0,22

Valine 5,92 + 0,24 3,95 + 0,15

Norvaline 5,90 + 0,25 3,93 + 0,18

Threonine 5,64 + 0,26 3,76 + 0,15

Lysine 4,26 + 0,20 2,83 + 0,14

Serene 4,25+ 0,22 2,84 + 0,08

Conclusion:

Thus, use of the voltammetric method has most fully investigated the
antioxidant properties of some amino acids to identify the most active com-
pounds, to compare the results obtained using the international criteria
ORAC. In addition, suggestions about the probable mechanism of interac-
tion of amino acids with the reactive oxygen species and the active center of
the investigated amino acids in their interaction have been made.
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Petroleum resins are cheap and affordable thermoplastic oligomers hav-
ing a number of valuable properties. Petroleum resins are used as an ingre-
dient for the production of building paints, varnishes and modification of
film-forming substances as well as for the adhesive compositions in the
shoe industry. They are used as effective plasticizers instead of expensive
vegetable oils, coumarone-indene resins and rosins [1].

Nowadays, petroleum resins are obtained by catalytic, initiated and
thermal oligomerization. Among the catalysts the most widely used in prac-
tice, the Lewis acid are used for the synthesis of petroleum resins. As a rule,
they have a high activity and a low cost. In addition to Lewis acids, as cata-
lysts, Ziegler-Natta can be used in ion-coordination catalytic systems [2].

It is also known that stannous tetrachloride is one of the most active cat-
alysts for polymerization [3]. In given work the oligomerization of unsatu-
rated compounds of Cq4 fraction, using SnCl, a catalyst was investigated.
The dependence of petroleum resins yield on temperature and reaction time
was also studied.

The Cq fraction at the plant EP-450 of the Angarsk Petrochemical Com-
pany was chosen as an object of investigation. Synthesis of petroleum resins
was carried out by the catalytic oligomerization of Cg fraction at tempera-
tures of 80 and 40 °C for 300 minutes in a glass three-necked reactor
equipped with mechanical stirrer and reflux. The concentration of SnCl,
was 2 %. Catalyst complex was deactivated by propylene oxide with an
excess of 10 % according to stoichiometric.

Physico-chemical properties of coatings on the basis of these resins are
presented in this table.
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Table.
Process Yeild, | Adhesion, | Hardness, | Strength, | Elasticity,
temperature % mark kg sm mm
80 °C 34 2 0,2 <3 12
40 °C 24 1 <0,2 <3 12

Kinetic curves of the synthesis of petroleum resins are shown in Figure.
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Figure. Yeild ratio of the petroleum resins on the temperature and time of synthe-
sis:1—80°C,2—40°C

As it is evident from the plot shown in Figure, an increase of tempera-
ture of the synthesis from 40 to 80 °C leads to an increase in petroleum res-
ins yield 10 %. It is found that at the temperature of 40 °C the conversion
80 % reaches during 30 minutes while 80 °C during 5 minute.

From the results we can conclude that the use of SnCl, as an independ-
ent catalyst does not lead to desirable results, as compared to results ob-
tained with the use of AICl;. However, the results suppose searching for
homogeneous soft catalytic systems that lead to the petroleum resins with
different sets of characteristics. Thus, the relevance of research in this direc-
tion is determined, by the need to find effective and suitable for industrial
use catalytic oligomerization catalysts, as well as for the need to improve
methods of synthesis of petroleum resins [4].
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Catalytic reforming is an important process in petroleum refining used
to convert low-octane naphthas into high-octane gasoline blending compo-
nents. This is achieved mainly by conversion of straight chain paraffins in
naphtha to iso-paraffins and aromatics over a catalyst. It is necessary to
monitor this process, because catalytic reforming continues to have a signif-
icant impact on refinery profitability as it is still the key source of much of
the high-octane blendstock and hydrogen produced in the refining industry.

Improvement of each technological process depends on parameters op-
timization, because choice of temperature or pressure optimum meaning
allow increasing the outcome and quality of product. Due to loss of the ac-
tivity of a catalyst with time, the reforming process is intrinsically dynamic;
hence its optimization results in an optimal control problem.

Optimization of the process is impossible without parameters monitoring.
Therefore the aim of this project work is monitoring of the catalytic reforming
plant. This work has been done with the help of the computer system “Activ”.

Earlier activity and selectivity estimation of the reforming catalyst has
been executed by a laboratory method. Now it is made by computer sys-
tems, which are based on mathematical models. This method raises the effi-
ciency of the processes because modern computer systems for petrochemi-
cal plants are based on mathematical models, which take into account phys-
icochemical features of the processes.

The computer system “Activ” has been designed in the chemistry of fuel
and chemical cybernetics department. This program is intended for monitor-
ing and prognostication of reforming plant working. The calculation of the
current and optimum activity of a catalyst, catalyst deactivation rate have
been defined by the program; also influence of raw material composition on
the catalyst activity has been researched. This calculation has been done for
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6 platinum catalyst cycles of the reforming plant L-35-11/450K of Komso-
molsk oil refinery, namely for the period from 07.04.2009 to 15.02.2011.

The performed calculation shows that the current activity is rippling,
which is connected with raw materials composition and consumption
changes. But the meanings of the current and optimum activities are close to
each other. It means that catalyst regeneration after the 5-th cycle was quali-
tative. Also this closeness indicates the correct choice of the process condi-
tions. It contributes the increase of catalyst lifetime and period between
regenerations.

However, in the explored period the current activity is decreasing. The
reason of this is deactivation of the active catalyst surface by coke formation.

After researching coke formation dynamics (fig.1) we have made a con-
clusion about differences between the current and optimum coke concentra-
tion changes.

coke concentration, %
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Figure 1 — Current and optimum coke concentration changing with time

At the current activity, coke concentration is higher than coke concentra-
tion at the optimum activity; therefore it is profitable to apply parameters
which correspond to the optimum activity. Optimum activity allows maxim-
izing length of the working cycle for the given platinum catalyst; also it
allows maximizing selectivity of the process and the total product output.

Thereby the computer system application allows meeting the challenges
of monitoring and optimization of reforming process parameters, and also
allows making prognostic calculation of reforming plant parameters for
increasing the exploitation level.

References
1. Unmesh Mohan Taskar, B.S.Ch.E. Modeling and optimization of a catalytic
naphtha reformer. 1996




XII Beepoceuiickaa HayuHO-NpaKkTUUeCKas KOHGEPEHLNA CTYAEHTOB U MONOABIX YUEHbIX
«Xumma n xummueckas Textonorus B XXI seke», TNY, Tomck, 2011 277

Singularity of chemical composition of the Tom-Yaya
interfluve’ water

E.A. Soldatova

Research supervisor: PhD, Associate Prof., Y.G. Kopylova
Linguistic advisor: PhD, Associate Prof., L.V. Nadeina
National research Tomsk polytechnic university, 30 Lenin av., 634050,
Russia, Tomsk, 2a61@mail.ru

Studying the chemical composition of water in the Tom-Yaya interfluve
is the part of improving methods of hydrogeochemical prospecting in semi-
enclosed geological structures. The methods of hydrogeochemical prospect-
ing are particularly well in the identification of deposits in the semi-
enclosed structures, such as the Kolyvan-Tomsk folded area within the
Tom-Yaya interfluve. The experience of hydrogeochemical investigations
in Siberia in the Kolyvan-Tomsk folded zone showed that it can be used to
detect promising areas for detection of various zones of mineralization [1, 2].

The field research of the Tom-Yaya interfluve is conducted from 1992
to 2009. Hydrogeochemical sampling area included a route mainly along
the river network to research surface watercourses and water reservoirs in
low-flow period (i.e. during their groundwater feed), natural and anthropo-
genic outcrop of water. Different methods such as titration, turbidimetry,
potentiometry, photocolorimetry, inverse voltamperometry, atomic absorp-
tion, ionic chromatography, inductively coupled plasma mass spectrometry
and inductively coupled plasma atomic emission spectroscopy were used to
analyze samples. On basis of the findings the database had been created. It
includes more than one thousand samples took from rivers, streams, lakes,
ponds, springs, boreholes, wells, sewers and tanks. The sampling network is
shown in the picture 1.

Mineralization varies from 102,77 to 2753,49 mg/L, but water mainly is
fresh with salinity up to 1000 mg/L. Geochemical environment is character-
ized by pH-values from 6,3 to 8,3, water predominantly is near neutral and
alkalescent.  Total hardness changes widely, from 09 to
19,6 degree of hardness, but prevailing water with hardness from 3 to
9 degree of hardness [5].

The Tom-Yaya interfluve’ water is characterized mainly by hydrocar-
bonate calcium and hydrocarbonate magnesium calcium. Typical formulas
of macroconstituent composition are presented below:

HCO; 93.2 HCO; 91.5
Ca* 74.6 Mg*'14 Ca®*65.1 Mg**27.4

HCO;-Ca—Mg, HCO3-Na, CI-HCOs;-Ca—Na, CI-Na and other are also
presented among chemical types. There are more than 17 types of water.
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Picture 1. Map of sampling points

One more special feature of water is high concentration of ammonium,
nitrate-ion and potassium. Content of potassium reaches 180 mg/L, NO; —
565 mg/L, ammonium — 230 mg/L.

Average concentrations of microcomponents in all data array had been
calculated with using of determining distribution law. In this way it was
found that content of Ti, Cr, Sn, Br, Sc, As, Au, Sr, Li, Fe is higher than
Clark of river water [3]. Iron concentration in water of interfluve is tenfold
higher than Clark of river waters and the average content of this element in
the waters of the leaching zone [4]. Content of Cu, Sh, Al, Ni, Zn, Pb is
below than Clark of river water [3].

This study was supported by the Analytical departmental target program "Develop-
ment of Scientific Potential of Higher School"” (project ADTP —2.1.1/2490).
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Membrane technologies of clearing and division of different mixes are
widely used in various industries. These technologies have obvious advantages
and certain lacks connected with loss of productivity of membranes, decrease in
their selectivity and mechanical properties. One of ways of improvement of
these lacks is modification of ready membranes. This method results in an in-
crease of selectivity of division and productivity due to change of geometrical
characteristics of pores and an increase of mechanical properties.

This work is directed to creation of a dynamic membrane with the given
properties which combines in itself advantages of membranes and possesses
much more opportunities. For modifying we have chosen a membrane firms
"Millipore". In table 1 some characteristics of the given membranes are given.

As a modifying material the special interest represents aluminum oxo-
hydroxide with nanofibrous structure, which consist of nanofibres in diame-
ter 2-8 nanometers and with a ratio length / thickness 50-500.

The main task of modifying technology consists in change of surface

Table 1 — Characteristics of the membrane

Characteristics of the membrane

Material of a Size of Porosity, Work Type of
membrane pores, by pressure, filtered
The mem- mkm 0 MPa particles
brane of firm Shallow

""Millipore" i

P nitrocellulose 12 30-40 0,03 -0,3 SUSpenstons,

particles,
bacteria
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and volumetric properties of membranes. For placement of aluminium par-
ticles in membranes pores we created a method which consists of three
steps. The first is preparation of water solution containing a powder of alu-
minium with concentration 0,02 mg\l. The second is pulp filtering through
the membrane. The last step is putting the membranes processed into water
at 60°C for 12 hours. During this period of time the thermohydrolysis reac-
tionof alumina with formation of AIOOH takes place.

Procedure of filtering on membrane processed already was repeated sev-
eral times. The modified membranes were investigated. The basic parame-
ters such as productivity and sorption capacity of modified membranes were
investigated. At the beginning we have estimated a degree of nanofiber fas-
tening by chemical methods. The results show that there was a significant
washing away of oxohydroxide aluminium from the membranes pores not
more than 5 % and this dependence has adecreasing character. Only part of
nanofiber AIOOH which is unreliably fixed in membranes pores leaves.

Tha productivity of membranes changes from 5 % at 2 multiple and up
to 15 % at 4 multiple modifying.

Sorption characteristics of the 4 times modified membranes have been in-
vestigated by a dynamic mode on modelling solutions: diclifenac, eriochrome
black T, and the water solution containing particles Fe(OH)s. The results of
experiment of the modified membrane was calculated sorption capacity taking
into account nanofiber weight. The results can be seen in table 2.

Table 2 — Sorption capacity of the modified membranes
Model solution
Diclofenac Eriochrome black T Iron hydroxide

85,0 97,0 355,0

Sorption
container, mg/g

The obtained results allow to draw the following conclusions:

1. The opportunity to modify the membrane was shown.

2. The opportunity of use of the modified membranes as water treat-
ment from the impurity of formed true solutions according to adsorptive
mechanism, and from colloidal nanometer and micron particles according to
the mechanism of mechanical separation of particles depending on sizes.
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The catalytic reformer occupies a key position in a refinery providing
high value-added reformate for the gasoline pool, hydrogen for hydropro-
cessing operations, and, frequently, benzene, toluene, and xylene aromatics
for petrochemical uses. The main objective of catalytic reforming is to
transform paraffins and naphthenes in naphtha to aromatics-rich products
with as little ring opening or cracking as possible [1].

Improvement of catalysts for the petrochemical industry is always an ac-
tual topic, because these catalysts are inevitably deactivated by the coke
formed via the hydrocarbons used in the catalyzed process. Catalyst activi-
ty, however, is usually reversible, since it can be recovered by controlled
coke burning off. The research about deposited coke on reforming catalysts
involves not only its content and location but also its structure and nature [2].

The mechanisms of coke formation are complex and are not absolutely
clear, as it involves many processes that depend on countless parameters [3].

In the present work, we used the BET (Brunaucr—Emmett-Teller) and
TGA (thermogravimetry) analyses of fresh, regenerated and used naphtha
reforming catalysts (Pt-Sn/—Al,03) to determine the coke structure and
catalyst specific surface area.

According to TGA results the mean coke content on the surface of the
catalyst at the reactor outlet is about 5 %. The coke is supposed to be amor-
phous. The combustion of the coke of this type takes place at 450-540 °C.
At the regenerated catalyst the coke content is about 1-2 %.

Results of the study of the catalyst surface by the BET method were ana-
lyzed. It was found out that the catalyst specific surface increases after recovery,
compared with used catalyst, but it is smaller than the surface of the fresh catalyst.

Conclusions:

1. Research has shown that coke has an amorphous structure, its con-
tent in the samples Pt-Sn/Al,O5 reforming catalyst at the outlet of the reac-
tor block is 4-6 %. Coke burning on the surface of the used catalyst occurs
at 450-540 °C. Coke content on the regenerated catalyst is about 1-2 % wt.
Coke was found on the metal centers and on the support, coke burning oc-
curs at 230-240 °C and 450-550 °C respectively.

2. According to BET results the surface of the used catalyst is 22 %
less than the surface of the fresh catalyst. The surface of the recovered cata-
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lyst is 9 % less than fresh catalyst surface.

3. Regeneration increases the specific surface area, but fails to achieve
the original.

4. The results will be used for the reforming process modeling.
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Techniques of human health risk assessment at chemical contamination
of the environment components (drinking and surface water, soil, air) have
been developed and widely used [1,4]. Of all environmental components air
influences directly the human organism. At the moment in Russia a series of
projects on human health risk assessment at air pollution has been per-
formed in different cities of Russia [1], including some of them on Tomsk [3].

In this research health risk assessment is made on the basis of the data of
soil contamination. The research is performed in the territory of Tomsk, a
regional centre with the population 495 thousand people with in discomfort
natural conditional for a man (sharp continental climate). Chemical and
physical composition of soil in the territory of Tomsk accounts for the pecu-
liarities of the region located in the vicinity of industrial enterprises of nu-
clear fuel cycle and the character of industrial activity conditioned by opera-
tion of thermal stations and oil-chemical plant [4].

Assessment and analysis of spatial distribution of ecological risks has
been made on the basis of the soil composition at every sampling point [2].
The method applied in this work has a number of advantages.

Firstly, it extends the range of chemical compounds involved in risk as-
sessment significantly. Using the data of stationary observation stations the



XII Beepoceuiickaa HayuHO-NpaKkTUUeCKas KOHGEPEHLNA CTYAEHTOB U MONOABIX YUEHbIX
«Xumma n xummueckas Textonorus B XXI seke», TNY, Tomck, 2011 283

range of researched pollutants is limited by the standard set of key pollu-
tants. Modern soil analysis techniques allow for determination of up to
20 heavy metals in snow and soil samples.

Soil as a depositing environment accumulates pollutants resulting in
secondary air pollution, for instance, when dust. Contaminants from soil
enter the human organism with dust by inhalation route and, which is par-
ticularly harmful, in children’s organism in their direct contact with soil in
children’s playground etc.

Analytical information and composing computer charts as a result of its
processing are used as a basis for establishing connections, dependences
between separate indicators of impact on the city environment, its changes
and consequences for city dwellers’ health.

As applied software the following program is chosen: «Risk Assistanty.
It has found its application in risk assessment of chronic effect of pollutants.
It permits us to estimate the risk for health connected with the presence of
chemical compounds in the environment, in particular conditions.

Industrial production of various branches in the city area is a cause of
wide ranged pollutants in the environment. In Tomsk and in direct vicinity
of it there is a number of large industrial enterprises that are the main con-
taminators of soul with heavy metals.

Comparing different city regions to the level of individual carcinogenic
risk one can notice that it is an order higher for Kirovskiy and Leninskiy
regions (it is in the range 2:10°-5-10"°). The most dangerous microregions
in Leninskiy region are microregion Peski and backstreet Baranchukovskiy,
in Kirovskiy region — Krasnoarmeyskaya and Uchebnaya street, in Ok-
tyabrskiy region — the area of Match factory and Tomsk-2. Among all car-
cinogens contributed to additional individual risk one could distinguish
chromium and beryllium, the individual risks of which amounts 5-10°-—
4-10° and 5-10°-5-10"°, respectively. Hence, in some regions the general
risk is nearly equal to the risk of these substances’ impact. It shows that
these elements make significant contribution to the predicted possibility of
disease. As for the danger rate (an indicator of non-carcinogen risk), some
regions are distinguished by their value in Kirovskiy, Oktyabrskiy and So-
vetskiy regions. Thus, in the area of Match factory (Oktyabrskiy region) it
amounts 2,275, but in Kashtak (Leninskiy region) and Mokrushin (Kirovskiy
region) amounts respectively 1,923 and 1,628. The territories with high risk
level of cancer disease and high danger coefficient do not always coincide.

Application of modern geoinformation techniques gives us the possibil-
ity to systemize a large number of initial materials simpler and quicker, to
solve a lot of problems related to the revealing and analysis of ecological
risk zones within the urbanized areas.
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The pyrolysis of the hydrocarbon material is one of the main processes in
the petroleum refining industry. Such gaseous products as ethylene, propylene
and large quantities of the liquid pyrolysis product (LPP) are the result of this
process. The LPP is narrowly fractionated. Unsaturated and aromatic hydrocar-
bons are concentrated in these fractions. A preparation of polymeric petroleum
resins (PPR) is one of the promising directions in the refining of LPP [1].

The PPR have a special place among synthetic substitutes of food raw
materials (vegetable oils in paint materials, albumin in the production of
fibreboard), and it is widely used as an ingredient for the production of ad-
hesive compositions in the manufacture of footwear and in the manufacture
of rubber and artificial leather. Also it is used as effective plasticizers in-
stead of the coumarone-indene resin and the resina [2].

As a subject of this research was selected the liquid pyrolysis product of
the plant EP-300 LLC “Tomskneftekhim” with a high concentration of di-
cyclopentadiene (DCPD), more than 50 %, has been chosen.

The purpose of this study is to investigate the oligomerization of the dicy-
clopentadiene fraction (DCPDF) with the use of the modified catalytic sys-
tems based on titanium alkoxides. The choice of reaction catalyst is specified
by searching the ways of getting PPR with the improved performance charac-
teristics and the possibility of low-temperature polymerization.

The PPR based on monoalkohyterchloride titanium have been synthesized
to achieve this goal. The monoalkohyterchloride titanium was prepared by the
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addition of phenyl glycidyl ether, in one case, and dehydrated isopropyl alcohol,
in another case, to the titanium tetrachloride. Component ratio is 1:1.

Oligomerization prepared by distillation CPDF is realized in a glass re-
actor equipped by a mechanical stirrer and a reflux condenser, at 20, 40, 60,
80 °C during 60 minutes.

The addition of the organic aluminium compounds as a cocatalyst of ol-
igomerisation allows to obtain PPR of higher quality and stability [3].

The synthesis of PPR with the use of catalytic complex based on mono-
alkohyterchloride titanium and diethylaluminumchloride AI(C,Hs),Cl in a
mole ratio of 1:1 was the next stage of this work.

According to the facts, presented in the table, the use of a catalytic com-
plex with Al(C,Hs),Cl significantly increases the yield of PPR.

The yield of resin due to additional protonation of the olefin and the ini-
tiation of chain growth also increases during the synthesis of PPR with the
addition of dehydrated isopropyl alcohol.

The table — The properties of PPRCPDF

o Catalyst
oy
g . Ti(0,CsHsC)Cls + . Ti(OC3Hg)Cls +
2| Ti(0:CHLCICLs Al(CaHg) 201 Ti(OC:He)Cls ACHS 1
Q
= Color of 30 % . Color of 30 % » Color of 30 % | . Color of 30 %
5 j‘dd‘ sol. PPR, ;( ield, sol. PPR, ;{ ield, sol. PPR, ; icld, sol. PPR,
| 7°™M3S | g 1,/100mlKI | 7°™2 | me 1,/100 mI KI | 7°™2% | mg 1,/100 mI KI | 7°™% | mg 1,/100 ml KI
20 i 74 50 19 30 10 40 20 10
40 20 60 22 40 15 50 35 15
60 23 80 25 50 18 70 45 20
80 24 150 27 80 20 80 50 25

Physicochemical properties of the resins and films based on them have
been determined in this research. The use of monoalkohyterchloride titani-
um as a catalyst allows obtaining light resins, films on the base of which are
smooth, glossy. They have good technical characteristics: adhesive 1 point,
resilience <1 mm, strength 10 sm. The addition of the catalyst system on a
base of monoalkohyterchloride titanium and diethylaluminumchloride give
mat films, but their shock resistant characteristics increases.
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Soil pollution can be caused by different substances — metal trace elements,
organic pollutants, side products of sewage disposal and disinfection, crop pro-
tecting agents, hydrocarbons and radioactive substances. Mercury is accumulat-
ed in the components of natural environment as a result of domestic and indus-
trial activity. The most part of contaminated lands are located in large industrial
areas, such as Nod-par-de-calms, lle-de-France and Rona Alps.

Anthropogenic soil contamination called for development of particular
reclamation and protection methods. According to UNEP program on de-
cease of mercury release in many countries of the world there arranged ac-
tivity in revealing the problem. The policy of France in the field of soil and
residence area pollution is based on three concepts: prevention, rectification
and reclamation, and awareness. It is mostly directed to filling in the gaps in
the information on the given areas, and by 2011 the entire national land
register should be made.

The French Federal Law on Soil Protection adopted in July, 12, 1999
uses the standards for pollutant content different in categories of objects and
character of land utilization. All city soils are divided into four categories:
1) Children’s playgrounds for games (except for sand in sandpits). 2) Resi-
dential areas (including inner gardens). 3) Parks and recreation grounds,
public and private areas in particular, as well as open for people areas with
open ground. 4) Industrial objects and commercial property.

Among the most toxic elements in biosphere mercury should be men-
tioned first of all. One of the common methods for mercury analysis is the
nuclear-adsorption method of “cool vapour”. Nearly all nuclear-adsorption
methods for mercury determination in biosamples include the stage of sam-
ple decomposition by acids that increase the range of determination, analy-
sis time and is the main source of ucTOYHHKOM MOTPEUTHOCTH.

The purpose of the given research is to consider the problem of mercury
content standardization in soil of France as well as to compare the soil pol-
lution standards in foreign countries with maximum concentration limit and
approximate permissible concentration for soil in Russia. Critical levels of
pollutant concentration in France increase the maximum concentration lev-
els for soil in Russia 10 and 100 times.


http://www.multitran.ru/c/m.exe?t=3066329_1_2
http://www.multitran.ru/c/m.exe?t=4541864_1_2
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Besides, the research on mercury concentration determination in soil of
Paris has been made. The samples are selected in the course of geoecologi-
cal practice (the academic exchange program of TPU and Paris-11 Universi-
ty. 26 samples are selected on the territory of lle-de-France region, in Paris.
Mercury concentration is determined by nuclear-absorption method with the
device Mercury analyzer «RA-915+» with pyrolytic attachment «PYRO-
915+» in soil. Mercury concentration in researched samples change in the
range from 14 ng/g to 81 ng/g, the average concentration is 52 ng/g that
increase the ambient level 3,8 times. One should note that the level of mer-
cury accumulation in soil of lle-de-France region is insignificant. For in-
stance, in soil of Tomsk it accounts 250 ng/g.

For the moment we cannot state that the level of mercury concentration
is much lower than maximum concentration limit adopted in France, the
same is for Russia. To compose the international land register in accordance
with the national environmental policy it is necessary to accumulate the
detailed information on mercury concentration in soils of different types of
utilization.
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Precious metals are used in different types of industry. After extraction
of valuable minerals waste are thrown away but one of the popular origins
for obtaining precious metals is second raw material. Waste products from
enrichment factory present important value for including ores minerals. At
the first stage of development industrial production raw materials were rich-
er but degree of extraction was low than nowadays. The objective of this
work was extraction of precious metals from ashes to choose an optimum
mode of extraction of valuable minerals from ashes. Extraction of these
minerals can be realized using the method of granulisation in liquid medium.

For extraction of precious metals from ashes after burning the Kuzbass
coals, it is essenatial to choose an optimum mode of extraction of valuable
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minerals from ashes. The method of granulation in liquid environmental
with supporter was used. Supporter collected in granules consists of poly-
olefins parts. Analyzing condition of application of this process positive and
negative factor can be inferred. Positive factors are hydrophobic nature of
gold and higher density. Negative factor is a little size of gold part [3].

For definition of superficial properties of ashes it was necessary to de-
fine factor of wetting of a powder. For definition of specific sedimentation
volume liquids of different polarity were used. They are organic substance
octane and nonorganic substance water. The powder (m=1g) were placed in
two test tubes (V = 10 ml). Then in the first test tube water was filled in. In
the second test tube octane was filled in. Test tubes were stirred up and then
left at a room temperature for sedimentation. The next day specific sedi-
mentation volume was measured and the wet ability factor was defined. The
received results are presented in the table.

Table 1. Specific sedimentation volume of ashes

Material Specific sedimentation volume K(wetting
In octane In water factor)
Ashes 1,25 1,20 0,96

On the basis of the received results it is visible that the wetting factor
K<1 means a powder surface is water-wetting. On the basis of the result
polar liquids water was select as a medium.

In ashes precious minerals can be in oxidized and placer conditions. For
nonoxidized metals in a glass (V = 500 ml) cold water was poured in which
5 g ashes have been added and a granule of polypropylene in weight of
0,6940 g. The received suspension is stirring about 30 minutes. Then the
solution is passed through a sieve and left to dry the granules of polypropyl-
ene which have remained on the sieve. After drying their weight has made
0,6943g, that corresponds to increase in weight on 0,0003g. The granules of
polypropylene with taken minerals have been given to analytical laboratory
for definition of valuables components.

For the oxidized minerals in a glass with cold water in volume of 200 ml
were ashes placed in weight of 5 g. For rendering hydrophobic surfaces of
valuable minerals 3 drops of olein acid were added and stirring
about15 minutes. Then polypropylene granule was added in number of
0,8668g and stirring process continued about 30 minutes. Then granules
were separated from a solution on the sieve and left to dry up. After drying
their weight was 0,8673g what corresponds to increase in weight on
0,0005g. The granules of polypropylene with taken minerals have been giv-
en to analytical laboratory for definition of valuables components.

In this work superficial properties of ashes were investigated. The factor
of wetting of the material was found. This fact is based on relation of spe-



XII Beepoceuiickaa HayuHO-NpaKkTUUeCKas KOHGEPEHLNA CTYAEHTOB U MONOABIX YUEHbIX
«Xumma n xummueckas Textonorus B XXI seke», TNY, Tomck, 2011 289

cific sedimentation volumes of deposit in polar and nonpolar liquids. As
experiment have shown that the factor of wetting of ashes makes K=0,96. It
is less than one. It means that the surface of particles is nonpolar. On the
basis of factor of wetting for extraction of valuable minerals the method of
granulisation has been used and water has been chosen as a polar environ-
mental. The usage of polypropylene granules for sedimentation precious
minerals was effective.
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Nanotechnology (sometimes shortened to "nanotech") is the study of
manipulating matter on an atomic and molecular scale. Generally, nano-
technology deals with structures sized between 1 to 100 nanometre in at
least one dimension, and involves developing materials or devices pos-
sessing at least one dimension within that size. Quantum mechanical effects
are very important at this scale, which is in the quantum realm.

The use of nanotechnology in medicine offers some exciting possibili-
ties. Some techniques are only imagined, while others are at various stages
of testing, or actually being used today.

Nanotechnology involves manipulating properties and structures at the
nanoscale, often involving dimensions that are just tiny fractions of the
width of a human hair. Nanotechnology is already being used in products in
its passive form, such as cosmetics and sunscreens, and it is expected that in
the coming decades, new phases of products, such as better batteries and
improved electronics equipment, will be developed and have far-reaching
implications.

One area of nanotechnology application that holds the promise of
providing great benefits for society in the future is in the realm of medicine.
Nanotechnology is already being used as the basis for new, more effective
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drug delivery systems and is in early stage development as scaffolding in
nerve regeneration research. Moreover, the National Cancer Institute has
created the Alliance for Nanotechnology in Cancer in the hope that invest-
ments in this branch of nanomedicine could lead to breakthroughs in terms
of detecting, diagnosing, and treating various forms of cancer.

Nanotechnology medical developments over the coming years will have
a wide variety of uses and could potentially save a great number of lives.
Nanotechnology is already moving from being used in passive structures to
active structures, through more targeted drug therapies or “smart drugs.”
These new drug therapies have already been shown to cause fewer side ef-
fects and be more effective than traditional therapies. In the future, nano-
technology will also aid in the formation of molecular systems that may be
strikingly similar to living systems. These molecular structures could be the
basis for the regeneration or replacement of body parts that are currently
lost to infection, accident, or disease. These predictions for the future have
great significance not only in encouraging nanotechnology research and
development but also in determining a means of oversight. The number of
products approaching the FDA approval and review process is likely to
grow as time moves forward and as new nanotechnology medical applica-
tions are developed.

To better understand current and future applications of nanotechnology
in various fields of medicine, the project has developed two web-based re-
sources that track medical developments focused on cancer and drug deliv-
ery systems.

Nanotechnology in medicine involves applications of nanoparticles cur-
rently under development, as well as longer range research that involves the
use of manufactured nano-robots to make repairs at the cellular level (some-
times referred to as nanomedicine).

One application of nanotechnology in medicine currently being devel-
oped involves employing nanoparticles to deliver drugs, heat, light or other
substances to specific types of cells (such as cancer cells). Particles are en-
gineered so that they are attracted to diseased cells, which allows direct
treatment of those cells. This technique reduces damage to healthy cells in
the body and allows for earlier detection of disease.For example, nanoparti-
cles that deliver chemotherapy drugs directly to cancer cells are under de-
velopment. Tests are in progress for targeted delivery of chemotherapy
drugs and their final approval for their use with cancer patients is pending,
as explained on Cytimmune Science's website. Cytimmune has published
the preliminary results of a Phase 1 Clinical Trial of their first targeted
chemotherapy drug.
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There is much debate on the future implications of nanotechnology.
Nanotechnology may be able to create many new materials and devices
with a vast range of applications, such as in medicine, electronics, bio-
materials and energy production. On the other hand, nanotechnology raises
many of the same issues as any new technology, including concerns about
the toxicity and environmental impact of nanomaterials,[1] and their poten-
tial effects on global economics, as well as speculation about various
doomsday scenarios.
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Research of processes of dehydration is one of actual problems of field
preparation of hydrocarbon raw materials. The increase of water cut of ex-
tracted oil which is observed at increase of term of operation of deposits,
leads to decrease in efficiency of systems of gathering and preparation of
borehole production.

The most effective way of destruction of emulsions is the use of chemi-
cal reagents. Pendular configuration is one of the basic stages of process of
sedimentation, therefore it is important to know the influence of various
parameters on the size of a drop and speed of their subsidence in the process
of sedimentation.

The purpose of the research work is:

1. Processing and the analysis of experimental data of process of up-
holding of oil emulsions from deposits of Western Siberia;

2. Research of the process pendular configuration and upholding on
mathematical model.

In the work calculation of diameter of drops and speed of their sedimen-
tation by a technique based on Stokes' formula was carried out:
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where u — the deposition rate drops, m/sec; dx — diameter of the drop, m;
ps Px — density of oil and water, kg/m3; g — acceleration due to gravity,
m/sec?; p, — oil viscosity, Pa-sec.
The sedimentation rate of the drop is equal to:

V=—
T

where H :\é — the height of the water layer, m;  — the time of sedimen-

tation, sec; V — volume of water, m*; S — area of the contact tube.
The formula for calculating the radius of the drop is the following:

r=k H
T
On the basis of this technique the program on an algorithmic language
of Turbo Pascal has been developed. By means of the program diameter of
drops and speed of their subsidence have been calculated at various parame-
ters of process for emulsions of West Luginetskaya, Verhne-Salatskaya,
Snezhnaya and Typical oils.
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Fig. 1. Dependence of diameter of drops on upholding time at various water cuts for
Snezhnaya oil without demulsifier (a hashing mode — 3, T=50)

As a result of this work the technique and algorithm of calculation of the
size of drops have been studied and experimental data on process of de-
struction of water-oil emulsions were processed. Using the technique calcu-
lations of diameter of drops and speed of their subsidence for four oils of
Western Siberia deposits have been carried out. Influence of various techno-
logical parameters on upholding process has been investigated. As a result it
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Fig. 2. Dependence of speed of drops’ subsidence on upholding time at various
water cuts for Snezhnaya oil without demulsifier (a hashing mode — 3, T=50)

has been found out, that the greatest influence on process render tempera-
ture and initial water cut of oils. Influence of a mode of hashing depends on
physical and chemical properties and structure of oils, and also from mutual
influence of temperature of process and water cut of oil.
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Indene-coumarone resins, synthetic resins of low molar mass. They are
obtained by polymerization of mixtures of unsaturated compounds, primari-
ly of indene and coumarone, which are separated from by-products of cok-
ing coal. Different varieties of indene-coumarone resins are produced,
which differ in melting temperature from 60 °C to 140 °C and having a col-
or from light yellow to dark brown. Natural resources indene-coumarone
resins reach the world's 120-150 thousand tons per year.
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Indene-coumarone resins are used in the manufacture of resin floor tiles,
linoleum, adhesives, adhesive insulating tapes, artificial leather, typograph-
ical paints and inks. They are also used as plasticizers in some types of rub-
bers, the binder in the manufacture of abrasive tools and adhesives for paper
and fabrics to make them watertight [1]. Indene-coumarone resins replace
expensive natural resins in the manufacture of paints.

Raw materials are some unsaturated components of crude benzol and coal
tar to produce indene-coumarone resins. These components include high-boil-
ing unsaturated hydrocarbons: coumarone, indene, styrene and its homologues.

The composition of raw materials to produce indene-coumarone resins is a
complex task and requires the use of different methods. The composition of
raw materials to produce indene-coumarone resins is a complex task. It requi-
res using different methods. The most effective method is to study the kinetics
of polymerization of monomers, which are a part of tar-yielding components
and their influence on each other in the process of copolymerization [2].

The solution of this problem is the use of modeling the process of ob-
taining indene-coumarone resins by copolymerization of styrene with in-
dene. Substances have been used in various ratios with the concentration
0,172...1,210 mole/l. Copolymers were obtained by cationic polymerization
in the solution under influence of the catalytic system TiCl,~AIEt,Cl. The
experiment took place in an adiabatic reactor, the reactor of 100 ml volume,
with the use of stirrer and temperature sensor. The thermometric method has
been used to study the kinetics of copolymerization, because the thermo-
metric curve is a kinetic curve with a small temperature difference. The
thermometric curves were obtained in the experiment. These curves were
converted into semi-logarithmic curves, which allowed calculating the ob-
served rate constants of copolymerization. Further, the composition of co-
polymer was calculated. Copolymerization constants were computed from
the curve of the copolymer [3]. The values of these constants are listed in
the table 1.

Table 1 — Estimated values of the constants of copolymerization ry (styrene) and r,
(indene)

. Correlation

Method of determining ry r, coefficient
Faynemana Ross left 0,49+0,04 1,8+0,2 0,989
Faynemana Ross right 0,5+0,2 1,9+0,1 0,995
Kelena — Tyudesha 0,52+0,06 1,9+0,1 0,987
Ezrieleva — Brohinoy — Roskin 0,51+0,07 1,9+0,1 0,977

The constants value (r;<1, r,> 1) suggest that styrene and indene form a
random copolymer. At the same time indenter is more active monomer. The
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product of r;-r,= 1. This case is close to ideal copolymerization, when the
two growing particles have the same ability to connect both monomers [4].

The experimental setup also allowed calculating heat dissipation in the
system according to the equation of thermal balance, similar to that de-
scribed in [2]. The calculated values showed that during the copolymeriza-
tion process there is reduction in heat generation in the whole range of
composition, in comparison with the values for homopolymerization of sty-
rene and indene. This phenomenon is defined by the heat corrlelation of
joining their own and other monomers” units.
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