OT3bIB OPUIIUAJTIBHOI'O ONIIOHEHTA
KaHIHaTa TEXHUYECKHX HayK, BEAYyIIETO HAyYHOrO COTPYJHUKA Kadeapsl

«Teopetudeckux ocHoB TermnoTexuukm» OI'BOY BO «Ka3zaHCcKuit HAIMOHATBHbIIN

HCCIIe0BATENIbCKHUH TEXHONIOTHYEeCKUH YHHBEPCHTeT» XalpyTauHoBa Benepa
PansneBnya Ha quccepranuio Llpirankosa [lasna FOpseBuya Ha TeMy: «IIpoueccer
MOTy4CHUs a3poreiell ¢ BHeIPEHHBIMH yTIEPOJHEIMU HAHOTPYOKaMHU B aIaparax

BBICOKOT'O JaBJICHHS U HX HHTEHCH(DUKAIHS», TPEACTABIEHHON Ha COUCKAHKe

Y4YEHOH CTENeHH KaHIUIaTa TEXHHYECKUX HAyK I10 CIIeHHATBHOCTH
05.17.08 — «IIpoueccs! u anmaparsl XAMHYECKUX TEXHOJIOTHID.

AKTYa/IbHOCTD

POCT npoayKuMM BBICOKOTEXHONOTMYHBIX ¥ HAyKOSMKHX OTpacieil
oKOHOMHKH Poccuiickoit ®enepanuu sBasSeTcs BaXKHON 3amaueil. Hampumep,
CO3aHHE HOBBIX KOMIIO3HUIHMOHHBIX ¥ (QYHKIMOHAIBHBIX MAaTE€PHANOB C
HCIIOJIb30BaHHEM HAaHOTEXHOJIOIHH,

ABpOTreNy SIBIISIOTCS CAaMBIMH JIETKUMH U3 H3BECTHBIX TBEPZbIX MaTepuaoB
M 001ajalOT OrPOMHBIM  MOTEHLMANOM  HCIOJNB30BAHHMS B  PasIMYHBIX
npunoxeHusx. Hanbomee nepcrnekTHBHBIMU SABIAIOTCS adpOTeNH, COCTOSIIHE W3
ABYX H 0olee pa3snMYHBIX HMCXONHBIX MAaTepHaloOB, HANpHMep, a’pOTeNH C
BHEIPEHHBIMM yriIepoAHBIMU HaHoTpyGkamu (YHT). Ucnosnb3oBanue Pa3IUYHbIX
MCXOAHBIX MaTepUalloB IO3BOJIACT COXPAHMTH yHHKalbHbIE CBOMCTBA asporeneii,
TaKkhue KaKk HHU3Kas IJIOTHOCTh, BBICOKAas MOPHUCTOCTh W IUIOWIAAb YAENbHOMN
NIOBEPXHOCTH, IIPH 3TOM NPUIATh HOBbIe (YHKLHOHAIBHBIE CBOMCTBA, TaKHe KaK
rUIPOQOOHOCTb,  3NMEKTPONPOBOAHOCT.  JIns  IONydeHws asporenel W
(DYHKLIMOHATBHBIX MAaTEPHATOB HA HX OCHOBE HEOBXOIMMO MPOBE/IEHHUE mpouecca
ceepxkputuyeckor (CK) cymkm, KOTOPBIH BO3MOYKHO OCYIIECTBHTH TOJNBKO B
arraparax BbICOKOI'O JaBJIEHHS.

Taxum 06pasoM, KOMILIEKCHOE HCCIENOBAHHME IPOIECCOB MOJTyYEeHUS
(QYHKLMOHANBHBIX MaTepPHAIOB Ha OCHOBE a’poreieil u HHTEHCUGUKAIUA ITHX
IIPOLIECCOB ABIISIETCA aKTyaJbHOU 3a7aueii.

Kax oTmevaeTcst aBTOpoM, paboTa BEINIONHAIACE B pAMKaX MeKIyHAPOIHOTO
NpOeKTa, [MOCBAILICHHOIO I€PEHOCY MpPOLECCOB MOJIydeHHs adporeieil ¢
11abOpaTOpHOro Ha IPOMBILLIEHHBIH YPOBEHb. ITO SBISETCH AOMONHHTETBHBIM
MOATBEPKACHHEM BOCTPEOOBAHHOCTH IPEICTABIEHHON TeMBI B MeXIyHapOIHOM
HAay4HOM COOOIUECTBE W €€ aKTyaJbHOCTH B PAMKax pa3BUTHS MeXIyHapOIHOM
HayKOEMKOH IIPOMBILIIEHHOCTH.

K Hay4yHoli HOBH3He MOKHO OTHECTH CJIEIyIOLIHE pE3yNbTaTHI,
NOJIyYeHHBIE B JUCCEPTALIMOHHOM paboTe:
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C wucronp30BaHMEM MaTeMaTHYECKOW MOJENH HCCIEeN0BAHO BIHUSHHE
mapamMeTpoB (AaBiIeHHE, TeMIlepaTypa, pPacXxol CBEPXKPHUTHYECKOTrO AMOKCHIA
yIJIepojia) CBEpXKPUTHYECKOH CYIIKM Ha CKOpPOCTh IIpolecca. YcCTaHOBJIEHa
BO3MOYKHOCTh MHTEHCU(QUKALIUK TIPOLECCa CBEPXKPUTHIECKON CYIIKH.

IIpoBesieH KOMILIEKC SKCIEPHMEHTANBHBIX HCCIIEIOBAHUN 10 MONYYEHHIO
asporeneii ¢ BHenpéaubiMu YHT. MccnenoBaHs! BO3MOKHOCTH HHTEHCHOHUKALMU
OTACNBHBIX CTaqui IOJy4YeHHs adsporeieil. YCTaHOBIEHBI 3aKOHOMEPHOCTH,
BIMAIOIIME Ha CBoWCTBa asporeied ¢ BHeapéHHeiMH YHT. [lpeanoxens
MEeXaHHU3MBI CTPYKTYpooOpa3oBanus asporeneif ¢ BHenpéuusivu YHT. [Tposeneno
BCECTOPOHHEE  HCCIeNoBaHHe  (HU3HKO-XMMUYECKHX CBOMCTB  IOJy4YEHHBIX
asporeseu.

MccenenoBanel  COpOLMOHHBIE CBOMCTBa IMOJNyYEeHHBIX asporejnedl  mo
OTHOLIEHHK) K  MNPOMBILUIEHHBIM  ra3aM. YCTaHOBJI€Ha  BO3MOXHOCTB
HCTIOJIE30BaHUS adporejiell Ha OCHOBE AMOKCHIA KpeMHHUs ¢ BHeApEHHBIMH YHT
JUIL  CO3JaHHsi TMPOMBINIIEHHBIX TIa30BbIX JaT4UKOB. IIpoBeneHO CpaBHEHHE
COpOLIMOHHBIX CBOMCTB asporesei ¢ BHeApEHHBIME YHT ¥ KpeMHHIA-yIIepOaHEIX
asporesed. IIpeanoskeHsl MeXaHH3Mbl COPOLIMH Ia30B B a3pOreiib ¢ BHEAPEHHBIMH
YHT.

IIpakTHYecKkas NEHHOCTb QUCCEPTALH COCTOMT B CIIEAYIOILEM:

[lpoBenensl  mpoexTHele  paboTel, pa3paboTaHa  KOHCTPYKTOpCKas
JOKyMeHTauus ¥  coOpaHa  yCTaHOBKAa Ui  IIpOBEAEHHs  Ipolecca
CBEPXKPHTHYECKON CyluKy 00bEMOM 2 11 (naBiaenue no 300 at™, Temmeparypa 10
180 °C) ¢ KOMIIEKTOM KOHTPOJIbHO-HU3MEPUTEIBHBIX IPHOOPOB.

Pa3zpaboranel MeTONMKM INOJIydeHHs adporeneil ¢ BHeapéHHeiMuH YHT:
MOHOJIMTOB Ha OCHOBE AMOKCHAAa KpeMHHUs ¢ BHeApéHHeIMH YHT 305b-rens
METOIOM; MHKpPOYACTHIl Ha OCHOBE NHOKCHAA KpeMHHs ¢ BHeApéHHbIMH YHT
Mac/IsiHO-OMYJIbCHOHHBIM METOZOM; YacTHI[ Ha OCHOBe ajJblHHAaTa HAaTpUS C
BHeIpEHHBIMU Y HT kanenbHBIM MeTOIOM.

Cosnana ycraHOBKa JJI M3Y4EHHS Ipollecca aacopOLUH MPOMBIIITIEHHBIX
ra3oB M [1aPOB B a3poreiiax ¢ LEeJbi0 UCCIIeJOBaHHS BOZMOXXHOCTH UX MPUMEHEHHS
B Ka4€CTBE ITPOMBILIIJIEHHBIX [a30BbIX JaTYHKOB.

JlokaszaHa BO3MOJKHOCTb IPUMEHEHHs adporesieil Ha OCHOBe allbrHHATa
HaTpHs ¢ BHeApE€HHBIMH YHT 11d paszmeneHus ra3oBbIX cMeceil U CeleKTHBHOMN
afgcopOLMK aprosa.

CreneHb 000CHOBAHHOCTH H [J0CTOBEPHOCTH HAyY4YHBIX MOJIOKEHHH H
BbIBOJAOB. J[OCTOBEPHOCTEH IMOATBEPIKIAETCS COIVIACOBAHHOCTBIO TEOPETHYECKHX

BBIBO/IOB C peE3yJibTaTaMH, [MOJIYHYCHHBIMH BXOoOE SKCTICPUMEHTAJIBHBIX




MCCIIEIOBAHHH, HCII0Jb30BAHUEM COBPEMEHHOTO 00OPYAOBaHMS H OOIIEIPHHSATEIX
METONHK aHAIMTHYECKHX MCCIefoBaHUM. [lns MareMaTWyeckoil Momenu
NPOBEIEHO CpaBHEHUE PACYETHBIX M OSKCIEPHMEHTANBHBIX OaHHBEIX. B pabore
HCIMOJIb30BaHBl  M3BECTHBIE METOJBl MAaTEMaTHYeCKOr0 M  KOMIIBKOTEPHOIO
MOJIC/TAPOBAHMS, BBIYHCIHTEILHON TIHAPONMHAMUKH. HaydHble MOJI0XKEHHS
anpoOMpOBaHbl ~ Ha  MEXAYHApOIOHBIX M  POCCHHCKHAX  KoH(epeHLHsX,
OITyOIMKOBaHBI B PELIEH3UPYEeMbIX HAYYHBIX H3JaHHIX.

AHaJIH3 OCHOBHBIX I10JI0’KEHHH AHCCePTALHOHHON PaboThI

Jluccepranusi COCTOMT M3 BBEIEHHS, IATH IJIaB, 3aK/JIIOYEHHS M BBIBOJOB.
Pabora Bxiroyaer 163 crpanusl, 15 Tabnuw, 93 pucyHka, CIMCOK JIUTEpPaTyphl U3
147 naumenoBaHuH U 3 npunoxeHu. [ucceprauus ohopMiIeHa B COOTBETCTBUH C
TpeOOBaHHUAMHU, NTPEAbIBIISIEMBIMH K JHCCEPTAIHOHHBIM paboTaM.

Bo BBenenum oTpakeHbl H OOOCHOBaHBI aKTyallbHOCTb M Iielb paboThl,
OMHUCBIBAKOTCSA  3aJa4d  HCC/I€OBAHUS, [PUBOAUTCS  HaydHas  HOBH3HA,
npakTH4yeckas HeHHOCTh. ChopMyIHpOBaHEI OCHOBHEIE IOJIOXKEHHS, BEIHOCHMBIE
Ha 3allUTY.

B nepBoii riaBe NpoBeleH aHAIW3 HAYYHO-TEXHHYECKOM JIUTEPATYDEIL.
[IpencrapieHsl crocoObl MOTyUeHUs a3poresiedl ¥ KOMIIO3ULMOHHBIX MaTepPUaioB
Ha uX OcHOBe. IllpuBen€n psAn mnepcrneKkTUBHBIX oOnacTeld TNpPHUMEHEHHS.
PaccMoTpeHsl 3Tamnsl CBEPXKPUTHUECKOH CYIIKH, KAK OCHOBHOTO 3Tara MoJIy4eHHs]
asporeneii. IlpuBenéH aHamu3 pblHKa O0OpYHOBaHUS Ui [IPOBEIECHUS
CBEPXKPUTHYECKMX TpoueccoB. PaccMOTpeHBI MeTOIBI MaTeMaTHYECKOTO
MOJIEJIMPOBaHHMs [IPOLIECCOB, IPOTEKAOIINX B Cpe/ie CBEPXKPUTHYECKHX (IIIOHIOB.
Ha ocHoBanuu juTepaTypHOro o630pa ObUIH  CHOPMYJTHPOBAHEI 3a1ayH
JUCCEPTALIMOHHON paboThI.

Bo BTOpOH riaBe IpeicTaBleHa MaTeMaTHYeCKas MOJENb IS OMHCAHUS
CBEPXKPHTHYECKOH CYLIKM [JIaCTHH adsporens. JlaHbl peKOMEHJauud [js
MHTeHCH(UKALIMU [Ipoliecca CBEPXKPUTUYECKON CYILKH.

IlpuBeseHO TeOpeTHYecKoe HCCIEAOBAaHHE CBOHMCTB MHOTOKOMIIOHEHTHBIX
CHCTEM IIpH BBICOKMX JaBieHHsX. IIpoaHanusupoBaH xapakTep H3MEHEHHS
cocraBa AByX a3 (kuakas ¢aza — cMech uH3onponuiaoBelii crupT-CO2;
razoobpasHas ¢aza — cmecb CO2-H30NMPOMUIOBBIA CIHUPT), YTO IIO3BOJIMIO
YCTAaHOBUTb  BO3MOJKHOCTb  HHTEHCH(QHUKALMH U  COBEPLUCHCTBOBAHHUS
TEXHOJIOTHYECKOI0 TPOLEecca CBEPXKPUTHYECKOW CYLIKM C LENbI0 SHEPro- H
pecypcocbepexeHus.

MartemaTHueckass MOZENIb pa3BUTa [UIsl IUIACTHHBI adporeyis C LeJbIo

H3yYeHUs BIUSAHUSA I[1apaMeTpOB  CBEPXKPUTHYECKOH CyWIKH (JIaBleHHe,
TeMIlepaTypa, pacxol OMOKCHIa yrjiepoja) Ha CKOpPOCTh  Ipoliecca.

MaremaTruueckas MOOEIb OIMCBhIBACT CTAadHIO 6BICTp0I‘O BBITCCHCHHA CIIHPTa M3
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cBobogHOro oOBEMa ammapara CBEPXKPUTHYECKMM IUOKCHIOM YIJIepoda H
CTaJUI0 MeJUIeHHOTrO Au((Y3HOHHOIO 3aMelleHHs CIIUpTa B [Opax alporess Ha
CBEpXKPUTHYECKMH  AWOKcHA  yriuepoga. [l pelueHuss — ypaBHEHHH
MaTeMaTU4YecKOH MoIend ¢ IpUMEHEHHEM  METONOB  BBIYHCIIMTEILHOMH
TMIpOAMHAMHUKHU HCIOJIB30BaJICS porpaMMHbIi nakeT Ansys Fluent 17.0.

C  Hcrnonp30BaHHEM — MaTeMaTH4ecKod  MoJend  ObUTH  MOJYYEHBI
3aBUCHMOCTH COJEp)KaHHs H3O0IMPOIIMIOBOIO CHHpPTAa B IUJIACTHHE a’poress OT
BPEMEHHM IpH pa3IM4YHBIX Tapamerpax (naBieHwe, Temmepatypa, pacxox CK
IUOKCH/Ia YTJIepo/a) BeJleHHs Ipoliecca.

B Tperbeii riaBe omucaHbl CTaauH TPOEKTHPOBAHHS M H3TOTOBJIEHHUS
afnnapaTa BbICOKOIO JaB/I€HHUs] 00BEMOM 2 11 [ NIPOBENEHUS CBEPXKPUTHUECKUX
npoueccos. Dtansl chopmupoBansl B coorBeTcTBHH ¢ [[OCT 2.103-2013 «Enunas
CHUCTeMa KOHCTPYKTOpPCKOH nokymeHTauumu. Cragud paspaboTku». Paspaborka
anrapaTta BBICOKOIO [aBJeHUs BKJIIOYaeT CleAylollue cTaguu: pa3paboTka
TEXHUYECKOro IMpeIokKeHUs, pa3paboTka 9SCKU3HOrO IpoekTa, paspaboTka
TEXHHYECKOT0 IIpoeKkTa, pa3paboTka KOHCTPYKTOPCKOH JOKYMEHTalHH H
M3rOTOBJICHHE OMBITHOIO 0Opasua.

st pa3pabOTKU TEeXHUYECKOro NpeioKeHUs: ObLIH MPUHATHL CleIyIoLne
TpeboBaHus: 00BEM amnmapara — 2 Ji, pabodee [aBieHHe B ammapare JOJDKHO
BapbHpoBaThCs B AuanasoHe ot 1 atm go 300 atm, temnepatypa ot 25 go 180 °C,
cpena — cMecb CK CO2 ¢ u3onponuioBsiM criupToM. [IpennoskeHs! aBa BapUaHTa
UCIIOJIHEHHs anmapara: BepTHKaJbHOe W IOpHU30HTalbHOe. Ha OCHOBe OIEHKH
rUAPOJIMHAMUKY ITOTOKOB CBEPXKPUTUYECKOIO JUOKCHIa yriepoaa Obuta BeiOpaHa
BEPTHKAJIbHAA KOHCTPYKLIMS anmapara.

PazpaboTka TexHHMYECKOro IMpOoeKTa BKIO4YaeT B cebs: pa3paboTky
KOHCTPYKTUBHBIX peIIeHUH [UIs anmnapara BBICOKOTO J[aBJIeHHs, BBITOIHEHUE
TIPOYHOCTHBIX pacuéToB. (OKoHYATeNbHAas KOHCTPYKLHMs amrmapara BBICOKOTO
JaBJIeHUs BKJIIOYAeT: KOPILyC almnapara, KpbllIKy M HaKUIHYIO raiky. s pacyéra
amnmnapara Ha NpO4YHOCTb MCIIO0Jb30BaJICs ITporpaMMHbI naketr Ansys 17.0.

Ha ocHoBaHue cTamuii pa3paboTKH amnmapaTa BBICOKOIO IaBlIeHHs! ObLI
M3IOTOBJIEH ONBITHBIM 00pasell.

PazpaboraHHas ycTaHOBKa U1 MPOBEACHUs CBEPXKPUTHYECKUX IPOLIECCOB
B anmapate o0bEMOM 2 11 Oblila BKJIIOYEHA B €IUHYIO TEXHOJIOIMYECKYK CXeMY.

OOwas mpUHLMIIUAIbHAs cxema O0OpyHoBaHHUS Ui MPOBEAEHUs IpPOLIECCOB B
cBepxkputuueckom CO, Bxkmoyaer anmnapatel o0séMom 2 51, 250 Mn u 1Ba
annapara no 60 mi.

EnvHas TeXHOJOrMYecKass cXema I[103BOJIIeT BECTH CBEPXKPHUTHYECKHE
Mpolecchl Ha BcexX TPEX YCTAaHOBKAX OJHOBPEMEHHO, IIPH 3TOM [aBIICHUE,




TEMIIEpaTypa anmnapara M pacxol [AHOKCHAA yriepoja MOryT OBITh 3aaHbl
HE3aBHCHMO Ha KaXK[0H yCTaHOBKE.

Yerpépras raaBa TMOCBSIIEHa OSKCIEPHUMEHTAIBHBIM HCCIIEIOBAHUAM
IIPOLIECCOB MOMy4YeHus asporeiei ¢ BHenpéuHbiMu Y HT. Ha ocHOBe nmpoBeaéHHBIX
SKCIIEPHMEHTAIIBHBIX MCCIIeJOBAaHUN OBUIM pa3paboTaHbl ClIemyrOIHe METOIHUKH
MOJIy4YEHHsI: MOHOJIMTOB a’poresield Ha OCHOBE JUOKCHAA KPEMHHUS ¢ BHEIPEHHBIMH
YHT 3o0nb-rens METOAOM, 4acTHI[ a’poreiiell Ha OCHOBE ajiblMHATa HATPHUS C
BHeApEHHBIME YHT KameapHbIM MeTOIOM, MHKPOUYACTHIl aj’porejiedl Ha OCHOBE
JUOKCHUIAa KpeMHHUd ¢ BHeApEHHbIMU Y HT MacIsiHO-3MyIBCHOHHBIM METO/IOM.

Iloka3aHa BaXXHOCTb TMIOJNyYeHHs OJHOPONHOHW HaHomucmepcuu. Jlns
WHTEHCH(QHKALMKA TIpollecca IIONy4YeHHs YCTOH4MBOM HaHomucnepcun YHT
npoBoAunIachk 00paboTKa yIbTPa3ByKOM.

[TomyueHHBIE a3pOreId UCCIeN0BATNCH C TOMOIIBI0 METOAOB CKaHUPYIOLIEH
3JEKTPOHHOM MHUKpockonuu (COM) 1 a30THOM MOpOMETPHH.

JlJ11 MOHOJIMTOB a’poreiis Ha OCHOBe AMOKcuaa kpeMuus ¢ YHT nomydenst
H30TepMBI ajcopbuuu u necopbuuu. [Tokazano, 4To MaTepuan obragaeT pa3BHTOM
ME30IIOPHUCTON CTPYKTypor. Merogom BJH Obulo ycTaHOBIEHO pacrpeneieHue
nop no pasmepaM (0,=(2-90)um). Ilpu 3TOM IUIOTHOCTH a’poreyis COCTaBHIA
p=(0,092-0,113) r/cM’ mpu nopucTocTd 9=95% U yIeIbHOMN IIOBEPXHOCTH Sgor =
(456-720) m%/r. Tlpu 3TOM yHenmbHas MIOUIALb HOBEPXHOCTH YMEHBILAETCS C
yBeau4YeHrueM KoHueHTpauud YHT, nockonsky nopsl guamerpom oT 20 go 80 M
sanoHsroTes HaHOTpyOkamu. YHT BeicTymaroT B KadecTBe IIEHTPOB poOCTa
CTPYKTYphl rejs. MakcuMyM IUIOLIAAW YAEIbHOM MOBEPXHOCTH COOTBETCTBYET
obpazuam ¢ HanboapIIMM 00BEMOM 10p B nuamnaszone ot 20 g0 80 HM.

[lomy4eHHBIE MOHOJIMTBI a’porejed Ha OCHOBE MOHOKCHIA KPEMHHS C
BHeApéHHBIMU YHT wHccnenoBanuce, Kak YyBCTBUTEIBHBIE JJEMEHTBI IS
IPOMBILLIJIEHHBIX Ia30BbIX JATYUKOB, IIPUHLUI MU3MEPEHHUs KOTOPBIX OCHOBAH Ha
U3MEHEHUU DJIEKTPUYECKOTrO CONpPOTUBIEHUS IpU BO3AEMCTBUM Taza. [lns
U3MEpPEeHUsl JJIEKTPUYECKOHM M[pOBOAMMOCTH pa3paborana Meroauka. Jns
MOHOJIUTOB a3porejeid Ha OCHOBE AMOKCHJIAa KpeMHHUs C BHeApEHHBIMHM YHT
HaOroaeTcss pOCT YOEIbHOH JJIEKTPUYECKOH MPOBOAMMOCTH NPH YBEITHYEHHH
koHueHTpauuu YHT, 94To roBoput 00 00pa3oBaHUH 3J1EKTPONPOBOASIIMUX ITYTEH
U3 HaHOTPYOOK.

B ciaydae MHKpoOYacTHUL] Ha OCHOBE IUOKCHAA KPEMHHS C BHEAPEHHBIMH
YHT yBenudyeHue KOHIEHTPALIMHA HAHOTPYOOK MPUBOIUT K YBEITHICHHIO yAEIBHOM
IIOIIaAW TOBEPXHOCTH M 00BEMa mop. DTo OOYCIOBIEHO OCOOEHHOCTBIO HX
nojay4eHus (reseobpasoBaHHe MNPOXOAMT IPU IOCTOSHHOM IlepeMeIIVBaHUU B

npenenax gucrnepcHod ¢asel). Takum obpazom, obpa3zyromuecs MHKPOYACTHIIBI

HMEIOT Ha CBOEH MOBEPXHOCTH GOJIBILIOE KOIMYECTBO OTKPHITBIX YHT, uTo M
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IPUBOAXT K YBEJIHYCHHIO BBIIE YINOMAHYTBIX XapaKTepuCTHK. JlanbHeHinee
yBenudyeHne KoHueHTpauun YHT NpuBOAMT K WX arjoMepanuy M yXyILIeHHEO
CTPYKTYPHBIX XapaKTEPHCTHK.

B nsaTOoH rJjaBe IpUBEIeHBl OINUCAaHMA HUCCIEAOBaHUN COPOLMOHHBIX
CBOMCTB asporeneil ¢ BHeIpEHHbIMM YHT 1O OTHOIIEHHMIO K IIPOMBILLIEHHBIM
razam. [lns asporeneil Ha OCHOBE AMOKCHAA KpeMHHs ¢ BHeApEHHeIMH YHT
YCTAHOBJEHA BO3MOXXHOCTh WX HCIOJIb30BaHHMs B Ka4yeCTBE YyBCTBHTEIBHBIX
3JIEMEHTOB MPOMBIIIJIEHHBIX Ta30BBIX HOaTYUKOB M IIPOBEJEHO CpaBHEHHE C
kpeMHUA-yriaepoaHeiMu  asporeiasmd (KYA). Heobxomumo OTMETHTH, 4YTO IIO
cBoell mpupone obpasiubl KYA M KpemHHeBble asporenu ¢ BHeApEHHbIMH YHT
ABISAIOTCS TOJYNPOBOAHMKAMH MW, B 33aBHCHMOCTH OT TOIO, SBJISETCS
ancopOUpyeMplif ra3 AOHOPOM HIM aKLENTOPOM 3JIEKTPOHOB, COIPOTHBIICHHE
MaTepuana OyIoeT Bo3pacTaTh WIH IIaJaTh, COOTBETCTBEHHO. [Is MpoBeNeHHS
JKCIIEPUMEHTOB ObUta pa3paboTaHa yCTAaHOBKA, MO3BOJAMOILAS ONPEC/ATh
H3MEHEHHE JJIEKTPHYECKOro COIIPOTUBIIEHHS MarepHala Ioj AeHCTBHEM ra3oB U
apos.

BEIBOABI OCTATOYHO IIOJHO OTPaKaloT COIEplKaHHE AMCCEPTAllMOHHOH
paboThI.

3ameuanus no padorte

OcHOBHBIE MOJOXKeHHsT pPadOThl AOCTATOYHO APryMEHTHPOBAHBI ¥ BHOCAT
BKJIaJl, KaK B TEOPHIO, TAK U B IIPAKTHUKY peaju3alli¥ HOBOH TEXHOJOrHH. B To xe
BpeMsi ~ IPU aHajIW3e IPeCTaBIEHHOIO MaTepuala BO3HHUKIM ClEeAyHoLHe
3aMEYaHHUsA:

l. Ou3uKo-XUMHYeCKass  NpUpPOAAa  KOMIIOHEHTOB M MEXaHHW3M
bopMHUpOBaHuUs reisi, UCIIONb30BAaHHOIO B paboTe, OCBEIeHa HeI0CTaTOYHO.

s Mexannsm CK® cyuiku u3ioxeH HeJocTaTo4Ho AeTanbHo. [1pu sToM
JUCCEPTAHT He IOoNIb3yercss (a3oBBIMH PpAaBHOBECHAMH [JI HWHTEpIIpeTalluy
rmpolecca CyIIKW. IIporiecc He JeTanu3HpoBaH C TOYKHM 3peHHs (azoBoro
COCTOsIHUS pabouux cpes.

3. Boo6me CK® TexHoNOruM, K KOTOpsIM OTHOCATCS U cylka no CK®
MyTH, OCHOBaHbl HA 3HAHWAX TUNOB asoBoro pasHoBecusa  (I-VI),
XapakTepUCTHKax (a3zoBOro paBHOBECHS M PacTBOPUMOCTH. Pa3oBoe paBHOBECHE
6uHapHOl cucTeMsl «u3onponanoi1-CO,» oTHocuTCs K 1 THIy, ¢ HENpephIBHOM
KPUTUYECKOW KpHUBOW. B 1HccepralMd OTCYTCTBYeT aHAJIW3 JOCTOWHCTB MHIIH
HEIOCTATKOB TOTO MJIM HHOTO THIA (Pa30BOr0 paBHOBECHS.

4. B pa6ore mogpobuo paccMoTpensl Takue dTanbl CK® cymku kak

IMMOoATOTOBKA ITpOoLEcca, Ha60p JIaBJICHHUS U YCTAHOBJICHHE PaBHOBECHS, BEBITECHEHHE

pacTBopa 3 anmapata, 1u(dy3uoHHOE 3aMelleHHe PaCTBOPUTENS B TIOpax rejs Ha
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CK CO, u, xaxercs, He 3aC/y)KEHHO MaJ0 BHHMaHWe yJeleHO 3Tamy cOpoca
nasineHus. M3BecTHO, 4YTO CcOpoC [aBieHUs BIHAET Kak Ha CTPYKTYpY
HCCIIEyEMOr0 MaTephana, Tak M Ha €ro BHEIIHIOI COXPaHHOCTh (peskas
IEKOMIIPECCHS] MOXET pa3pyLIUTh o0pa3sen).

3, [Ipu moxenuposanuu mnponecca CK® cylIKM NIacTHHBI a3porens
(pasmen 2.4.2) nuccepTaHT NPUHKUMAET TeMIEPaTypy JUOKCHIA YIliepoa Ha BXOJe
B anmapar pasHod 20°C, u3-3a 4Yero BO3HMKAaeT IpaJueHT IuoTHocTed. He
MOHATHO, I04YeMy BBIOHMpaeTcs TakKas HHU3Kas TeMIepaTrypa, XOTs B XOIe
3KCIIEPUMEHTAIBHBIX PabOT MCIOIb3yeTCs TEIUIOOOMEHHHK M JUOKCHJ yTiepona
MpeaBapUTEIbHO HarpeBaeTCsl 10 TeMIIepaTyphl Ipolecca.

6. 3ameuaHuss 10 OQOPMIEHHIO JuccepTalMH: Ha crp. 43 He
3aKoHueHHas (pasza «.Mcronp3oBancs...»; pucyHok 1.18. nmosunus 1- He momava
IMOKCHIA yIjepoaa, a eMKOCTh WM OalsIoH ¢ AMOKCHAOM yriepoja. Tak kak
yKazaH He TIIOTOK, a eJuHuna obopylnoBaHMs; K3  puCyHKa 2.8
«DKcIepUMeHTaTbHAS KpUBas KHHETHKH NPOLECCa CBEPXKPUTHYECKOH CYIIKH ...»
M W3 TEKCTa, OINKCHIBAIOIIET0 J3TOT PUCYHOK, HE T[IOHATHO IIPH KaKux
tTepmoarHamudeckux napamerpax (P u T) mposenen npouecc. KacaTeabHO 3TOro
)K€ pHCYHKa, ObUIo Obl ynoOHee BOCIPUHHMATh HHGOpMALMIO, €CIH II0 Oce
OpIMHAT OTJIOXUTh HE MacCy CIHMpTa B IpaMMax, a €ro MacCoByKO [OJIO B
MpOLIEHTaX, B34B cojAepxaHue cnupra B anmapate 3a 100%macc. B Havane
skcnepuMenTa; crp. 94 Bmecto «.Ilpu 30Mna» nHamo «.Ilpu 30MIla»; ctp. 22
«YacTo B MpOLIECC CBEPXKPUTHYHOW CYILIKM B Ka4eCTBE CYIIMIBHOIO areHTa ...»
MPOTIYILEHO OKOHYAHUE.

OCHOBHOE COflep/KaHie IUCCePTalMy ¢ JOCTaTOYHOM MOMIHOTOH OTPaXXeHO B
15 mevaTHBIX paboT, B TOM yucie 6 paboT B BEAYIIUX PELEH3UPYEMBIX JKypHalax,
orpeneeHHbIX Bpiciiel aTTecTallHOHHON KOMUCCHEN.

3ak/0ueHUe

Juccepraunonnass pabora Ilpirankosa IlaBma IOpeeBuya «IIpomeccsr
TIOTy4eHHs adporeliel ¢ BHEAPEHHBIMU YIJIEPOJAHEIMHM HAHOTPYOKaMu B anmaparax
BBICOKOIO  JaBl€HHs ©W WX  HHTeHCU(UKALHs»  SABIAETCI  HAy4HO-
KBaT()UKALIMOHHONH paboToM, KOTOpas IO TeMaThKe, MeToJaM K oOBbexTam
MCCIIEIOBAHMM W TPeIT0KEeHHbIM HOBBIM HayYHBIM IOJIOXKEHHUSAM COOTBETCTBYET
nacriopty crneunansHocTH 05.17.08 — «IIponeccsl W amnmaparsl XHMHYECKHX
TEXHOJOTHUH», a HMEHHO, @opmyre CheyuanrbHoCmu: «...COBEPLIEHCTBOBAaHHE
annapaTrypHoro opopMIICHHs TEXHOIOIHMYECKHX MPOLIECCOB C MO3ULMK 3HEepro- u
pecypcocOepexeHus... co3gaHue dJ(QMEKTUBHBIX TEXHOJOTHYECKHM CXeM U
IIPOU3BOJCTB HAa OCHOBE MHCIOJIb30BaHHMA COBPEMEHHBIX MAaIllMH M amlapaTos;

H3y4eHHe CBOWCTB M PEKUMOB (DYHKIMOHMPOBAHHS BHOBb CO3[aBACMbIX XHMHKO-
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TEXHOJIOTMYECKUX CUCTEM» U 001acmam uccnedosaus «...CrocoObl, MpUEMBl U
METOIOJIOTUSl MCCIeNOBAaHUS TUAPOJAMHAMMKMA [JBUKEHHS JKUIKOCTH, TIa30B,
UCCIeOBaHWE  TEIUIOBBIX  IIPOLECCOB B TEXHOJOTMYECKHX  amnaparax,
HCCIIe0OBaHUsT MacCOOOMEHHBIX MPOLECCOB U ammapaToB. MeToasl HU3ydeHHs U
CO3JJaHUs peCcypco- U 3HeprocOeperamnmx NpoLeccoB U annaparoB B XUMUYECKOU
U CMEXHBIX OTPACIISAX NPOMBILIUICHHOCTHY.

HuccepranronHass paboTa COOTBETCTBYeT IyHKTaM 9-14 tpeGoBaHwmii
«ITonoxxenue o mnopsaKe NOPHUCYXIACHHUS YYEHBIX CTENEHEeH», YTBEP)KAEHHOIO
[ICTH P® Ne842 ot 24.09.2013 r, npenbsBiasieMblM K KaHIUAATCKUM
aucceprauusM, a e€ asrop LlprankoB I[laBen IOpeeBuu 3aciyxuBaer
NPUCYKICHUS €My YYEHOW CTeleHM KaHAuJaTa TEeXHUYeCKHMX HayK II0
crnequasibHOCTH 05.17.08 — «IIpoueccs! u annapatsl XUMHUYECKUX TEXHOJIOTHI.

O¢uunanbHbIi ONNOHEHT
BEAyILIMHA  HAy4YHbIH  COTPYIHHK
kadenpel «TeopeTudecKux OCHOB
TEIUIOTEXHUKH» OI'BOY BO
«Kazanckui HallMOHAJbHBIN
UCCJIEI0BaTEIbCKUMN
TE€XHOJIOTHYECKUN YHUBEPCUTET»
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