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KHWPHUII (JoxkTOpJHMK qHCCEPTANNA AHHOTAIUSICH)

Juccepranusi MaB3yCHHHMHI J0J13ap0JMru Ba 3apypaTu. XO3UpPru KyHza
nyHENa OMHO Ba MHIIOOTIAP €HFUH XaB(QCU3IMIMHU TabMHUHIIAIIIA WHHOBAIIMOH
TEXHOJIOTHSUIap acOCHAAa KOMIUIEKC XOCCald SIHTHM aBJIOJ XUMOSI BOCHUTAIApHHH
APATUIN KApaEHIIApU €TaK4yd YPUHIAPHM draaiiiu. «EHFuHIap cTaTHCTHKacura
acoca JayHEna EHFUHJIAp OKHOaTuaa WHCOH Xa€TH (aosuaTu XaB(CU3INIH,
MKTHCOMMET Ba DKOJNOTHAra KaTTa MUKIOPAA 3MEH eTMOKIay» . JKamgan cyppatiap
Ow1aH puBOXIIAHAETTaH (DAH-TEXHUKA TAPAKKUETH HATHKACUA 3aMOHABUI CaHOAT
KOpXOHaJapu Ba Mypakka0d KOHCTPYKIIMOH TY3WJIHIITA 3ra WHIIOOTIAp COHUHUHT
optui cababmu ynOy Ba 00IIKa Typaard 0ObeKTIIAPHUHT EHFUH XaB()CHU3IUTHHU
cudatiaum TabMHUHJIAII J0J3ap0d Myammodiapaan Oupu xucooOmananu. by Gopana
PUBOXIIAHTaH MaMJIaKaTiap/aa OJ0B TabCUPHUIAH XUMOSJIOBYH IOKOPH camapalid Ba
KOMOMHAIMSJIAIITaH — Xoccajlapra dra KoIjlamMa MaTepuaulapHd — MHHEepall
XOMamiénap acocuaa uiad YMKUI, KypUIuil KOHCTPYKIUSIapy Ba améTapHUHT
0JIOBOAPIONUIUIIUTHHY OLIUPHII Macajlajapura ajloxuaa YbTHO0p KapaTuiraH.

V36exncron PecryGmukacuna OGMHO Ba MHIIOOTIAPHMHT EHFMHIA KapIOd
XUMOSICUTa KapaTHJITaH OJIOBAAH XHWMOSJIAHWIIHUHT 3aMOHABUH BOCHTA Ba
TU3UMJIAPUHU SIPATUII Ba TAKOMWUIAIITHPUIL OYilM4a KEHr KaMpOBIU Yopa-
TaaOupiap amanra omupuiMokaa. by Oopama Maxamnmii xomaménap acocuaa
KypPWIUII KOHCTPYKIMSUTAPH Ba MaTepHAJUTAPUHUHT OJIOBra OapAOUUIMIUTUHU
OIIUPYBYM BOCUTAJIAPHU SpaATUI, CEHFUHJIApHU Oaprapad OSTUIIHUHT TEXHHUK
BOCUTAJapyu Ba ycyJulapu cu@aTUHU sSHaJa OLUMPHINra OaruIllJIaHTaH KaTop
WIMUAU-TAIKUKOT UIILIapU 0JIU0 OOpUIIMOKA.

XKaxonna OMHO Ba WHIIOOTIAPHUHT EHFUH XaB(CHU3JIUTUHU TabMHUHIIAIIIA
«maccuWB»  TypAard KaBapuKJIaHyBYM XUMOS ~ BOCHTAJapWHU  3aMOHABHUU
TEXHOJIOTHSIJIAD aCOCHAA SPaTHIN Ba yiap OPKAIW KypPWIUII KOHCTPYKIHSIIApU
Xamja MaTepHANITAPUHUHT OJIOBra OapJOUUIMJIMTHHU  OIIUPHUINTa  aJOXHIa
axamMusaT KapaTWiMokaa. by Oopama XuMOSJIOBUM —KoIUlaMajap/ia HCCHUKJIHK
TabCUpHUAA KeUaJUTraH TeTIOPU3NK Ba TEPMOKHUMEBHM KapaCHIAPHUHT MEXaHU3M
MOJICIUIAPUHA WNUIA0 YHUKUIIHU TAKOMIUIAIITHPHUIL, OJOBAAH XUMOSJIOBUU
KOIUIAMAJIAPHUHT KYPWIHII KOHCTPYKIMSJIApH Ba MaTepUAUIAPHUHT EHFUHTA
XaBQIWIUTH KYpCaTKUWIApUra TabCHUPUHU KOMIUIEKC OaXOJAIIHWHT KOMIIAKT,
aHWK Ba TE3KOp YCYJ/UIApUHU UWNUIA0 YWKWIL;, TabuaTAaa KEHT TapKaJiraH
MUHEpa/Iap acoChJia HMCCUKIWK Ba OJIOB TahCUPHUIAH XUMOSJIOBUM FOKOPHU
camapaiy SHTU aBloJ KOIJIaMaJIapHHM SIPAaTUIN KabW WyHaIWIuIapia Makcaaiu
WIMUN  W3JaHUNUIAPHU  aMalra OIIMpUIl MyXuM Basudanapaan Oupu
XucoOJIaHaIn. IOkopuna  kenTupuiran WIMHAN-TAIKUKOT  WUyHAIUIIMIa
Oaxapuia€TraH WIMHH U3JIAaHUILIAPD MAa3Kyp JAHMcCepTalus MaB3yCUHHMHT
J0J13apOJIMTUHU U30XJIaNTH.

V36exucron PecryOmukacuHuar «EHFMH  XaBOCH3INIHM  TYFpHCHAA»TH
Kouyun (2009), V36ekucron Pecny6Gmukacu IIpesumentunmar 2009  inn
27 suBapaaru [1K-1048-con «2009 imiga caHoaT KOOIEpAIUsCH acocuaa Tanep

! World Fire Statistics. Center of Fire Statistics. Report. Ne21. 2016. — 63 p.; http://www.pozhproekt.ru/pozharnaya-
statistika.
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Maxcyioriap, OyTiaoBun Oyiomiap Ba Marepuaiap Hnuiad YUKApUIIHU
MaxaTHATAIITUPUII JaCTypu TyFpucuaa»ru Kapopu, Basupnap MaxkamacHHUHT
2013 imn 28 maptaaru 89-con «EHFMH XaB)CH3IHIH TYFpHCHIAnTH Y36EKUCTOH
PecniyOnukacu KoHyHUHU aManra OmMpHUIl 4opa-Taadupiaapu XaKUIa»TH Kapopu
XamJla Mas3Kyp coxara TEerMIUIM Oapua MeEbEpUN-XYyKYKUH XyXoKatiapiaa
OeyrmiaHrad BasvQalapHU amaira OUIMpHINTra ymoy auccepTanus TaJIKUKOTH
MyalsiH 1apakaja Xxu3maT KWJIaIu.

TaagkMKOTHUHT pecny0/auKka GaH Ba TEXHOJOTMAJIAPH PHBOKJIAHWIIN-
HHMHT YCTYBOP HYHAJMILIApUra OOFJIMKJIMIUA. Ma3kyp TaJKHKOT peciryOimka
¢an Ba TexHomorusap puBoxiIaHumMHUHT VII. «Kumé TtexHomorumsuiapum Ba
HAHOTEXHOJIOTHUSIIAP» YCTYBOP WYHAIUIIH ToMupacuaa OakapuiraH.

JAuccepranuss MaB3ycu OyMHU4Ya XOPMKMH WIMHUI-TaIKUKOTIAP mapxnz.
Typaun xun (yHKIMOHANI Xoccajapra 3ra OYiaraH OJIOBJJaH XHMOSUIOBYM SIHTU
aBJIOJ] BOCUTAJIApY Ba 3aMOHABUU CHHAIl yCYJUIAPUHU SIpATUINra NyHaITUPHUITaH
WIMUNA W3JAHULIAP >KaXOHHUHT €TaK4yd WIMHN MapKasjlapu Ba OJIMM TabJIUM
Myaccacanapu, kymiaaan, Polymer Research Institute, Polytechnic Institue of
New York University, National Institute of Standards and Technology, Texas
University, Sherwin Williams, Great Lakes Chemical, Dow Chemical (AKILII),
International Paint Ltd, BRE Global Limited (bytox bpuranus), PPG Industries
Netherlands, Akzo Nobel (Hunepnanmusi), Badische Anilin und Soda Fabrik,
Bundesanstalt fiir Materialforschung und-priifung, Institut fiir Technische Chemie
- Leibniz Universitit Hannover (I'epmanusi), Ecole Nationale Supérieure de
Chimie de Lille (®pannus), Dipartimento di Chimica Universita degli Studi di
Milano (Mramus), Universidade do Estado do Rio de Janeiro (Bpa3wius),
ByTyHpoccuss €HFMHAAH caKJalll XW3MaTH WIMHW-TaJKUKOT MHCTUTYTH, Poccus
naBnaT EHFUHAAH cakjgam  xu3Mmatu  Akagemusicu Ba  Cankrt-IlerepOypr
YHUBEPCUTETH, TOIIKEHT [aBjiaT TEXHHKAa YHHUBEPCHUTETH, TOMIKEHT KHME-
TeXHOJIOTUsS MHCTUTYTH Ba LHFMH XaB(CHM3IMIM ONMHl TEXHUK MakTabuaa
(Y36eKHCTOH) KeHT' KAMPOBIIH TAAKHKOT HIILTAPH OIHG GOPHIMOK/A.

buno Ba wuHmOOTIAp EHFUH XaBPCUBIUTUHU TabMHUHJIANI  dYopa-
TaAOUpIAPUHN TAKOMWUIAIITUPHIL, Xap XWI CHPT 03ajapura MyJDKaJllaHTaH
OJIOB Ba HCCUKJAH XHMMOSJIOBUM KOIUIaMaJapHM MIUIA0 YMKWII Ba 3aMOHABUMN
CHHAIll YCYJUIADMHU spaTHUINra OWJI >KaxOHJa OJIMO OopwiraH TaAKUKOTIIAp
HaTW)Kacuaa KaTop, OSKyMJaJaH, KyWHJard WIMHA HaTWKajlap OJIMHTaH:
HaHO3appayaigap OWIaH KOIJIaHTaH TypJu MOJUMEpPIIap acoCUa SIHTU CUH(, SHHU
HAHOCTPYKTYpaJld ~ OJIOBlaH XMMOSUJIOBUM  KOIUIaMajlap MOUIad  YUKWITaH
(Bundesanstalt fiir Materialforschung und-priifung, T'epmanus); yriaepon
HAHOTpyOKanapyu acocuaa MaTepUaNIapHUHT E€HYBUAHJIMIUHU €Tapiid Aapaxkaja
KaMalTHUpyBYM TEKHC TaKCUMJIAHTaH KarjamjapaaH uOopar KoIulamaliap
sapatunran (National Institute of Standards and Technology, AKIII); monma Ba
Marepuayiap €HFUH  XaBOCH3NMWIKM  KYpCaTKUWIApWUHU  MPOTHO3Jall  Ba
napamMeTpjlapyHy  TaxJIWJ KWIAIIHUHT MaTE€MaTUK MOJENIW, aJIrOpuTMH Ba

2 Jlucceprammsi MaB3ycu OyilMua XOPIKHIl MIMHii-TagKuKoTiap mapxu http://industrial-coatings.ru/archive,
http://www.ogneportal.ru/news/russia/, http://lwww.fire-smi.ru/arhiv, http://academygps.ru/nauka/nauchnyj-zhurnal-
pozhary-i-chs/arkhiv-nomerov/arkhiv-nomerov-za-2015-god Ba 6omika MarGagap acocuna uuuiab YMKUITaH.
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nactypiapu unuiad uukuwiran («TermmoorHesamuray WUIMUN-TAAKAKOT MapKasH,
Tomck paBnar yHuBepcuteTd, Poccus); merami, €rou Ba OolKa TypHaaru
MaTepUaJIapHU  OJIOBJAAH XUMOSUJIOBUM  TapKUOJApHUHT  camMapaJop/IUTUHU
CHHAITHUHI KOMIIAKT JIaOOpaTopusi CHMHOB yCyJulapu unuiad yumkwiran - small
scale tests (Ecole Nationale Supérieure de Chimie de Lille, ®panmus).

Jlynéna OMHO Ba WMHIIOOTJIAPHUHI E€HFUHTA KApUIM XUMOSICUTA KapaTuiraH
IOKOpY CaMapajii XMMOs BOCUTAJIapU Ba TU3UMIIAPUHU SpaTull Oyiinya Oup Katop,
KyMJlaiaH, KyHuJarda ycTyBOp HYHanmuuuiapjaa TaAKUKOTIap oiaubd OopuiIMoKia:
OJIOBJIaH XMMOSUTOBYHM TapKUOJIap aCOCHA KOMIOHCHTIAPUHUHT (PU3HUK Ba KUMEBUI
xoccajlapyuHu OOUIKAPUIII UMKOHUSITUHA OEPYBYM SIHTH YCYJI Ba TEXHOJIOTHUSIIAPHU
uniad YUKUII, OJOB Ba HCCUKIAH caMapalid XHUMOSUIOBUM SIHTU aBJIOJ
KOILJITaMaJapUHM SIPATHIL; OJOB Ba MCCUKAAH XMMOSJIOBYM KOIUIaMa MaTepHualiap
TapKUOMI KHCM Ba XOcCcallapy Opacujaru OOFIMKJIMKHUHT TaKOMUJUIAIITUPUITAH
MOJIEJI, AITOPUTM Ba KOMITBIOTEP JACTYypJIApUHU MIUIA0 YUKHUII; HaHO3appadaiap
Ba HAHOTEXHOJIOTHSUIAp acocuja IOKOpU camapalu Kyn (YHKIMUSUIA JUCIIEPC
CUCTEMaJapHU WIUIA0 YUKMIIL, OJIOB Ba MCCUKJAH XUMOSJIOBYM KOIJIaMaJapHUHT
XOCCaJlapuHU KOMIUIEKC OaxXOJAlTHUHT KOMIIaKT, T€3 Ba camMapalid yCYJUIApUHU
SApaTUIl.

MyaMMOHHMHI YPraHMJITaHJIUK Aapaxkacu. Kypuiani KOHCTpYKIUsiIapu Ba
MaTepHaiapy EHFUHTa XaBQUIMIIUK JapakaJapyuHu KamauTupuin Oyitnda Hazapuit
Ba amajavuii MYaMMOJIAQPHHUHT WJIMHH €4YMMJIapU, KOKOPHM caMmapajid OJIOB Ba
HCCUKJAH XMMOSUIOBUM BOCUTAJIAPHU SIPATHUII Ba 3aMOHABUU CHHAII YCYJUIApUHU
UIU1ad YUKW Macanajapu Owp katop ommmiap: Onsapa . Bemr (Polymer
Research Institute, Polytechnic Institue of New York University), P.HacuumenTo
(Universidade do Estado do Rio de Janeiro, bpasunus), Dnuzaber Panyuun
(Dipartimento di Chimica Universita degli Studi di Milano, Urtamus), Cepxa
bypomwxo, Cobuu [yxysn (Ecole Nationale Supérieure de Chimie de Lille,
Opannus), Jleoou Cmutr (BRE Global Limited, bytok bpurtanus), bepnapn
[Mlapren (Bundesanstalt fiir Materialforschung und-priifung), Maudpen AEpunr
(Karlsruher Institut fiir Technologie KIT Institut fiir Technische Chemie), Akcen
Kamanep (Inomat GmbH, bmuskactn, I'epmanus), B.JI.Crpaxos, A.M.Kpytos,
A.H.I'apamenko («Temmoornezamuray WIMHA HILIA0 YUKAPHUIIL OWpIIaIIMacy,
Poccus), A.S.Koponbuenko, H.B.Cmupnos, T.P.Epemuna (Poccuss ®aBkynonna
XoJIaTyiap Ba3upiauru Jlapnat €HFUHAAH cakjail xu3MaTu byTyHpoccusi €HFUHIaH
cakJjall XU3MaTH WIMHH-TaAKUKOT WHCTUTYTH), T.FO.Epemuna, A.B.CuBeHKOB,
b.b.CepxoB (Poccuss [laBnmar EnFuHAaH cakjaml Xu3Mathd  AKaJEeMUSCH)
M.B.KpamennnnukoB (Kypunnin Ba €HFMH XaBQCU3IUTH WIMHI HWHHOBAIMOH
mapkazu, Cankr-IlerepOypr), C.H.HenaxoB («Temnoxum» wuiaMuid uOuiad
yuKapuil Oupriammacd, MockBa) Ba OONIKaJapHUHT TaIKUKOTIapuaa Kypuob
YUKUJITaH.

BepMukynuT MuHEpaiau acocuzia OJOBJIaH XMMOSJIOBYM Ba OOIKa TypAaru
MaTepUaUIapHH UILIA0 YUKHII Ba KYyJjam OuiaH OOFIUK TaaKUKOTIap OUp KaTop
onmuMiap TOMOHHMAaH onud  Oopwiran, kymnangad, K.H.[yGenenxui,
C.1.XBocrenkos, ['.B.I'emmepaunr, A.A.Axtsamo, FO.M.Tuxonos, A.B.Cunopos,
A .H.lllepouna, A.IlLIloxxaun, A.W.KompmoB, A.C.Max6y3oB, A.3.Kykos,
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O.H.KpamenunnukoB, Maptun bnane3, M.C.Xumenes, A.Jlept, A.H.Hryen,
JI.Ironaxkc, A.B.IlobenuHckuii Ba Oomikanap. 3736eKI/ICT0HJ:[a BEPMUKYIIUT
muHepann  («TeOuMHOYIIOK»  BEPMHUKYJIWTH) OyiiMya WIMHA  H3JIaHMILIAP
I[L.A.ApudoB ToMOHMAAH 0JIMO OOpWITaH Ba KaTop HaTMXKaJlapra SpUILUITaH,
KYMJIaJlaH, WCCUKJAH CaKJIOBYM Ba OJIOBJAaH XHMMOSJIOBYM MaTepUAJIIAPHUHT
alipuM TypJiapu UILUIA0 YUKUJITaH.

SHru  «maccuB» TypAaru OJOBAAH XHUMOSUIOBYM BOCUTAJApPHU  SPATHIILL
xKapaCHJIapy JIOMMO aMajra omupud KenunHMoKna. byHra ca6ad ymoOy
BOCHUTAJIAPHUHT Xap OMpHIa XOCCATAPUHUHT YCTYH TOMOHJIAPHU Ba KaMYWJIHKIApU
oop. llly cababman, ymlOy HyHamuIaa oJOBAaH y30K Ba caMapaid XUMOSUIAII,
XU3MaT MYJIATHHUHT Y30K OVIMIIM Ba MaxCyJOT TaHHAPXWHUHT MUHHUMAJ
KuiiMatra sra OViauIu WYHaIuIUIapuaa TaaKUKOTIap AOWUMHN paBuIlga 00
OopunMoKaa. X03Upru KyHjaa AyHE Ba pecnyOiJuKaMu3 Kypwidil 0o30piiapujia
OJIOBJIaH XMMOSUIOBYM MaTrepuajiap eTapiid Japaxkaja Oyiuiura KapamacjaH,
OJIOBJJaH  XMMOSUIOBYM  BOCHUTAJapHU SIpAaTUIl XaMOH Jom3apd  Macana
xucobOnanaau. byHra ca0ab, pecrnmyOnukaMu3aa HIDIATWIAETTaH — OJIOBJIAaH
XUMOSUJIOBYM BOCUTAJIAP aCOCAH XOPIHKIIaH KEITHUPUITaH OYIu0, Maxainil uiiad
YUKApyBYMJIAp TOMOHMJIAH TAKIU( KUIMHAETTaH ymi0y Typ MaxcCyJoTjiap acocaH
yeT o1 (¢upMazapu TEXHOJOTHsUIapu Oyinya 4YeTAaH KeNTHpUJIaguraH
KOMITOHEHTJIap acocujia uiuiad ynkapuiaaan. OIoBaaH XUMOSUIOBUM BOCUTATAPHU
nnutad YMKUIIAA 3apapiu OyiraH KUMEBHM OupuKManapaaH (poiganaHUIMOK/IA.
by Oopama spHU KOMIUIEKC (DYHKITUSIM OJIOBIAH XHUMOSJIOBYM KOILJIaMalapHU
MUHEpasJ Xomaiménap acocuaa unuiad 4ukum OVitmda erapyiu gapakana WIMHK-
TaJKUKOT UIIIapu 010 OopuiMaras.

Juccepranusi MaB3yCHHHHI JHCCePTalUsl 0a’KapuwjraH oJHMi TabJuM
MyacCaCHHMHI WIMHI-TAJIKUKOT MULIApU OWIaH OOFIMKIMIM. Jliccepranus
TAJKUKOTH EHFUH XaBQCU3IUIM ONMIl TEXHMK MAKTAOMHUHT HJIMHH-TaJKUKOT
unuiapu pexxacuHuHT NeKA-12-001 «Kwuiiun €nyBuan €ro4 KUPUHIWIN TUTATAIap
UIUIad YHMKAPUITHUHT OKOJOTMK XaBpcu3 TexHojorusuiapu» (2012-2014),
NeA4-DA-D-152 «Maxammmii XxoMmaimé — Maiaa 3appaid BEpPMUKYJIUT acoCH]ia
Xoccajlapy OJIMHIAH OepwiraH SHTM MaTepuaiap OJIMITHUHT 3aMOHABUI
TexHosorusicuau sipatuiy (2012-2014), NedA-A4-D063 «BepMukyuT acocuaa
MCCUKJIUKIAH Ba TOBYIIJAH FOKOPH H3OJSIUSAIAII XOccallapura 3ra OYiaraH sSHTU
KypWIHII ani€JapuHu  OJIUII TEXHOJOTHsAcMHU unuiad umkumy (2015-2017)
MaB3yJapuaary Jonuxanap Joupacuaa Oakapuiras.

TagKMKOTHHHT MaKcaAu MaXaUTMi MUHEpaJ XOMaliénap acocuia EHFUHTA
KapIi XUMOSI BOCUTAJIAPUHH SIpATUIIAaH HOOpaT.

TaagKuKoTHUHT Basudaiapu:

BEPMUKYJIUT MHHEpPAIu acocuja IOKOPH IUCIEPCIH YyTra 4YhaaMid Ba
TETJIOU3O0JIAIMOH TYJIUPYBUMIIAD OJUIIHUHT caMapajid YCYJIHHH SPATHIIl Ba
OJIMHTaH BEPMUKYIIUTIIAP acOCH1a KYTT (QYHKIMSITA TApKUOJAPHH UIIA0 YUKHIIL;

Xap XWi1 JUCIEPCIMKAArd Ba MOJAU(DUKALUSAIAHTAH BEPMHUKYJIUTIAPHUHT
bu3MK X0naTH, TEPMUK Ba TEIUVIO(PU3UK XOccalapura TabCUp KWIMILI OPKAJIX yJap
acocHJiard OJIOB Ba MCCHUKJAH XHUMOSJIOBYM XaMJa YT VUUpPHUIL TapKUOIAPUHUHT
caMapaJIopJIMTMHU OIIMPHUII YCYJIMHU UIILIA0 YUKUILI,
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TallKU Maionnap (yJbTpaTOBYIl Ba HCCHUKJIWK) Ba KUMEBUU peareHTiap
OwlaH BEPMUKYJIUT MHHEPAIMHHUHT CTPYKTypacu, (DU3MK XOJaTH Ba KUMEBHUU
TapKuOJIapura TabCUp KWIHII OPKaJd BEPMHUKYIUT MUHEpAJIX Ba yjlap acoCHaaru
TapKUOJIApHUHT OENTHIIaHTaH TEPMUK Ba TEIUIO(QU3UK Xoccajlapra sra OYIUIIUHA
TapMuHIam. Winwad 4YuKuiIraH TapKUOMapHUHT EFOY Ba MeETaul  KYPHJIHII
MaTepualJIapuHU 0JIOBJIaH XUMOSIAIl MEXaHU3MJIAPUHHU UIIIJIA0 YHKHIIL,

BEPMUKYJIUT MHHEpPAJIM acocuja OJIOBJAH camMapald  XUMOSJIOBYHU
KaBAPUKJIAHAJUTaH KOIUIAMAJIapHU ApaTUIl Ba yJap acocuaa €rod Ba METall
KYpPUJIUII KOHCTPYKIUSJIApU Ba MaTEpUAJUIAPUHHUHT OJIOBra OapIONUIMIUTUHU
OIIUPHUII XaMmja YJIapHU OJIOB TabCUPHUIAH KYI OOCKHYIN XUMOSJIAIl YCYJIUHU
SIPATHIIL;

MaXaUIMM ~ MHUHEpajd  XOMall€nap AacoCHIAa HUCCHKIAH  XUMOSUIOBYM
MaTepUAIJIAPHUHT STHTU TapKUOJApUHU SAPATHUIL, YJIAPHU ACOCHUM EHFUH-TEXHUK
XOCCAJIapUHM TaxJIWil KWJIWII Ba ylap acocuja yTra uujaMid HCCUKIaH
XUMOSIJIOBYM KOITJIaMa XamJla KOHCTPYKIIMOH MaTeprualyIapHu UILTa0 YUKUII,

BEPMUKYJIUT MHUHEPAIM acoCHUIa TYpFyH JHUCIEPC CHUCTEMAaIApHU OJIMII,
IOKOpPH caMapajiopiid dra SHrd VT YYUPHII TApKUOJIAPUHHM SPaATHII Ba CYIOK
TapkuOIM YT VYIUPHUII BOCUTAJApH CaMapaJIOPJMTMHM OaXOJAITHUHT SIHTH
YCYJIMHY UILIa0 YUKHIIL.

TagkKuKOTHHHIT 00beKkTH cudaruga €Erod Ba MeETAI  KypHJIHII
Marepuaiyiapu, TeOMHOYJIOK BEPMHUKYJIUTH, AHIPEH KaoJMHM Ba CHJIMKAT
spUTManapyu TaHJIAHIU.

TagKUKOTHUHT NpeaMeTH EFoY Ba METAUT KyPUJIUII alllETapUHUHT TEPMUK,
Ter1o(U3uK Ba EHFUHTA XaBQIWIMK KYpcaTKUWIapUra stHTM caMmapaaiop TapKuoIm
XUMOSIJIOBYM BOCUTAIAp OMJIaH TabCUP KUJUII OPKAJIM OMHO Ba MHIIOOTAp EHFUH
XaB(CUBIUTUHUA TabMHUHJIAII.

TaagKuKOTHUHI ycysuiapu. Tankukor xapaéHuga HWK-cnekTpocKomuk,
muddepeHman-TepMuK  TaxIwil  KWIKMIL  yCcyJulapy, KUMEBHM Ba Macc-
CIIEKTPOCKONUK, ONTHK Ba AJIECKTPOH-MUKPOCKONMK TEKIIMPUII yCYyJUIapH
KYJUIQaHWJITaH.

TagKUKOTHUHT MJIMHUI SIHTUJIMIY KyHuaaruiapaad noopar:

BEPMUKYJIUT MHUHEpAId acoCHJa IOKOPU MAUCHEPCIH yTra 4YujgamMiu
TEIIOU30JSILUOH TYIIUPYBUMIIAD SIPATUITaH,

BEPMUKYJIUT MHHEPAJIM acocujla HucOaTaH NacT Ba IOKOpU Xapoparia
KaBapUKJIAaHYBUM BEPMUKYIUTIAP, TUAPODHOO BEPMUKYIUT, FOKOPH KaBapHUKJIAHHUIII
Japaxkacura dra OYJraH BEPMHUKYJIUT Ba SXIIM FOBAKJAOPJIMKKA 3ra OVYiran
BEPMUKYJIUT TypJapy UILIa0 YUKWITaH;

MalMH AUCHEPCIM BEPMUKYJIUT MHUHEPAJIMHU YJIBTPATOBYI TabCUPU Ba
KUMEBUM peareHT/Iap OuIaH MoauQuKaIusai OpKaJid BEpMUKYJIUTHUHT OJIOB Ba
MCCUKJIUK TabCUPUJAH XUMOSIIOBYN (DYHKIIUSICHHH OIITUPHUII YCYIIU SPATHIITaH;

JaBiaT CTaHAapiiapu Tajnabiapu OVitmda €rou KypWIUIl MaTepHaUIapUHUHT
KUMMH €HyBYaH TIypyxra YTUIIMHA TabMUHJIOBYM MAaMUH  JHCIEPCIU
MoAu(UKANMUTAHTaH BEPMUKYJIUTIIAP aCOCHIa OJIOB TahCUPHUJIAH KYTT OOCKUWIN
XUMOSUIOBYH STHTH TapKUOJIap UIIA0 YNKUITaH;

MalH IUCTIEPCIN MOAU(PUKANUIAHTAH BEPMUKYIUTIAP aCOCHIA OJIOBIIAH
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XUMOSUIOBYN CHJTHKAT OYEK MaxXCyJIOTHHU OJIMII TEXHOJOTUSACH UITa0 YNKHIITaH,

KaBapUKJIaHTaH BEPMHUKYJIMT acocujaa €HFMHIa Kapliu Tycukjap cudaruia
UIUIATUIITa MYJDKAJUIAHTaH yTra 4YuJaMild, MCCUKJAH CAKJIOBYM MaTrepuasuiap
UNUIA0 YUKUIITaH,

MalWH JHMCTEPCIN BEPMUKYJIUT Ba opTodocdaT KUCIOTadapu acocuaa yrra
YUIAMIIU, SIHTU TapKUOJIM HOOPTaHUK FOBAaKCMMOH MaTepHall SpaTUIITaH,;

MaiMH JHWCHEPCIH BEPMUKYJIUTIAD Aacocuia SHCU CYOK VT YUYHpHII
TapkuOIapu sipaTwind Ba ymOy TapkuOiap caMaJopiMruHu Oaxosamn Oyinda
KyIuM4a KypCaTKUWIAPUHU aHUKJIAI YCyJIA UITad YUKUIITaH.

TagKUKOTHUHT aMaJIMil HATHKACU KyWaaruiapjaH uoopar:

yJIBTPATOBYIl MaWJOHHU, KUMEBUI peareHTNap Ba YJIAPHUHT OUpraluKIaru
TabCUPHU OPKAIU BEPMHUKYJIUT MUHEPAIH aCOCUIA OJJIMHJIaH OeNruiaHrad Gus3nk-
KUMEBUI Ba TEIIOPU3UK Xoccajmapra d3ra Oynaran kyn (¢aszamu gucrepe
CHUCTEMaJIAPHU OJIMITHUHT SIHTM TEXHOJIOTUK YCYJUIApU UIILIA0 YUKWIIIH;

MaxaJuiui MuHepasl xoMaii€ - TeOMHOYJIOK BEpMHUKYJIUTH acoCHjia OJIOBIAH
XUMOSIJIOBYM KaBapHUKJIAHYBUM KOILJIaMaliap, YTra 4uJamiid MCCUKJAH CaKJIOBYH
Marepuaiyiap Ba YT YUupuil TapkuOiaapu KaOu OMHO Ba WMHILIOOTIAPHUHT EHFUH
XaB(CUBIIUTUHA TabMUHJIAII CaMapaJopiIUTMHU OIIUPYBYM BOCUTAIIAPHUHT SIHTU
TapKuOIapu SIpaTUIIraH;

SHTM WIUIA0 YMKWITAH OJIOBJAH XMMOS KWJIYBUM KOIUTAMAJIapHU KYyJUlalll
OpKQJIM KypWUJIUII amEIapuHUHT EHFUH XaBOIWIMIMHUA CAJIMOKJIW Japakasa
KaMaluImra >pullvirad, KXKyMjaJlaH, €HyBYaH €FO4Y Marepuaiyd KUWWH EHyBYaH
rypyxra yrumura Ba myHHHraek Mertamiapaa kputuk (500°C) Temneparypara
eTHUI BakTH 45 nakukara (3 mapTa omraH) Kajap KyImanuImra Spyiiiiras;

BEPMUKYJIUT MUHEpAIM acoCujia TapKuOuaa HaHO3appayansap TyTTaH TYPFyH
CyCNeH3UsJIap, yjlap acocuja SHrM YT VUYUpHUIN TapKUONapu ApaTUINO CYIOK
TapKUOJIM YT YIUPUI BOCUTATIAPUHUHT OJIOBHU YUUPHII XOCCACHHU OaxOJIAIIHUHT
caMapaJIOpJIMTUHUA OUTUPYBYH SHTU yCYJI UILIA0 YUKUTIIH.

TagKuKOT HATUKAJAPUHUHI MINOHWIWIUTU. TaIKUKOT HaTHKaJTapUHUHT
WIIOHWIMJIUTY  Yiryanl acOOOJIApUHUHT UIUIAll aHUKJIMTU  TEKIIUPUITAHIUTH,
TaxXpuba HaTWXKAJTApUHUHT XUCOOJIAHTAaH Ba Hazapuil MabJIyMOTiap OusiaH
TAKKOCJIAHTAHJINTH, MOJICKYJsip (U3MKa Ba WCCHKINK (U3UKACH Hazapui
acocmapugad  GONJATAHWITAHJINTH, XUMOSUIOBUYM  CHCTEMajiap  XOJATHHU
O0axoNAIHMHI ~ MaTeMaTUK ycyulapuaaH (QoiJalaHUITaHIUTM Ba  ymoy
WyHanmumgarn OOIIKa TAAKWKOTIAp HATWKajdapu OWaH COJUIITHPUITAHIUTH
OnIaH M30XJIaHaAIH.

TaagKUKOT HATHKAJAPUHUHI WIMHHA Ba aMajJMid axaMusTH. TaaKukKoTIa
HaTIKAJIADHUHT  WIMHA ~ axaMHsITH  KypWIHII  KOHCTPYKUMsUIapu  Ba
MaTepUaJJIapUHUHT  OJIOBOAPAOUUIUTMHU OLIMPUIITHUHT Ha3apuil  acocaapyuHU
PUBOKJIAHTUPHII, OJIOBJAH XMMOSUIOBUM TapKUOIap aCOCHN KOMITOHEHTJIADUHUHT
KUMEBUN TapkuOu, (PU3MK XOJaTH Ba HCCUKIMK (PU3MKAcHra TabCUp KHIIUILI
OpKaJli XMMOSJIOBYA BOCUTAJIAPHUHT CaMapaJOpivKIAPUHH OILIMPHUILI YCYJITIapHU
UIUIa0 YUKUII Ba TAbCUP KWIMII MEXaHU3MJIAPUHU TAaKOMWLIAIITHPUIL OuJlaH
U30XJIaHaIH.

TaaKuKoTAa HATHKAJAPHUHT aMaIui aXxaMHATH MAXAJUIH MUHEpa XOMallé
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— TeOuHOYI0K BEpMUKYIUTH acCOCHAA MILTA0 YMKWITAH SHIU TapKUOJIM OJIOBIAH
XUMOSIJIOBYM KaBapHUKJIAHYBUM KOIUIaMallap, YTra YWJaMiId WCCHKIAH CaKJIOBUYU
MaTepraiiap, YT VUUpUII TapKUOJapu OpKadud KypUJIUII KOHCTPYKLHUSIIApU Ba
MaTepUAUIAPUHUHT  €HFUH  XaBQIWIMIM  JapakaCMHU  camapalid  Taps3fia
KaMalTUpHUIITa SPUIIHITAHINTUIaH HOoparT.

TaagKUKOT HATHKAJTAPUHHUHI SKOPUMM KWIMHHINM. Maxamiii MuHepan
xomaménap acocujia yTra 4nJiaMmiid KorjiaMa Ba TEIIOU30JISIHMOH TYJIAUPYBUHIIAP
ApaTtvuil Oyinya OJIMHIaH HAaTHXKaJlap acoCHa:

€FOY KypWIHII MaT€pUaUIAPUHU OJIOB TABCHUPUIAH CaMapald XHMOSJIOBYH
SHIY TapKUOJIM OYEK MaTepUAIMHU MaxaJUIMid MuUHepasl XoMallé - « TeOnHOynoK»
BEPMHUKYJIHTH acocuaa uuniad gukapum «Y3-JourXKY IThuat Koy MUK kymmva
KOopxoHacuja xopuil KuiauHrat («O‘zAvtosanoaty akuusiIOpIUK KOMIIAHUSICUHUHT
2016 #mn 17 oxrtadpmarm Ne7/04-25-2340-con mabaymoTHOMacu). OuHTaH
WIMHHA HaTWXajap acocyJa MUIUIad YMKWITaH ONTHMall Xoccajapra sra OYEK
MaTepuaJii  €F0Y4  KypPWIHMII  KOHCTPYKLMSJIapW Ba  MaTepUaJUIAPUHUHT
0JI0BOAPAOUUIMIINIY OLUUIIMHYA TaAbMUHIIANIHN;

MaxaJuMid MuHepail xomaié - « TeOuHOYI0K» BEPMHUKYJIUTH acocHia UILiad
YUKWAITaH €F04 MaTepHaJUIAPUHHA OJIOB Ba MCCUKJIMK TAabCHUPUIAH CcaMapald
XUMOsSJIOBUM OYEK Marepuanu Ba Korulamaiap Kopakanmorucron PecnyOnukacu
TYpTkyn TymaHugaru sKka TapTHOJard HaMyHaBHM yil-)KoWiap KypWwIMIIHIA Ba
nnutad 4YMKApUIl KOPXOHAJIAPUHUHT Typiin OuHonapujaa Kymnanwiran (Mukum
MIIAp BasUpIMrd Enrun  xaBdcusauru Gom  GomkapmacuHuHr 2016 i
26 oktaopnaru Ne29/3-1-3456-con MmabiymoTHOMacH). Hatmkaga oObeKTIIapHUHT
¢éuruH xapbaunaurk gapaxacu 1,1-1,8 maprara, EHFUHHUHT KeIMO YMKHIII
AXTUMOJUIUTU 2—3 ¢dousra Ba EHFUH 3UEH MUKIOPUHUHT 1-2 gowusra kamaiummra
SPUILIMJIITAH;

aHTUIHMPEH XOCCalld MOJJa Ba apajammanap OuiaH MoAu(UKalusiIaHraH
IOKOpY JUCIIEPCIIM UHEPT TYJIAUPYBUHIIAP ACOCUAA OJIOB TABCUPHUIAH XUMOSJIOBYH
TapKUOJApHU SIpaTUII Ba YyJlap acocuaa KypWIMII KOHCTPYKLUMsUIapu Ba
MaTepUAIIAPUHUHT  0JIOBOApAOUUTMIIMTUHN  omupuin  ycymmapu  NeKA-14-003
«CaHoar YMKUHAWIApU acOCHUA OJMHIaH PECypCTeXaMKOp aHTUIHMpEHIap OuiaH
UIUIOB OepriiraH 0JI0BOApOIl KypUJIUII amI€IapyuHM SpaTUIl Ba TaJAKUK ITHIID)
novinxacuaa (2015-2017 #i.) SHTYM aHTUTUPEH TAPKUOJIAPHUHT EF0Y MaTEPHAIUHA
0JIOBra GapOINUIMINK CaMapajopIUIHHN OMIMpHIIIA Kyanmirad (Y36ekncTon
PecnnyOnukacu @aH Ba TEXHOJIOTHSUIAPHU PUBOXIIAHTUPUIIHU  MYBO(UK-
namtupuin  KymutacuHuHr 2016 #iun 24 oktsaopmaru  NedTK-0313/707-con
MabJIyMOTHOMAcH). MMl HaTWXKaHUHT KYJUIQHWIMIIKM E€FOY MaTepuaIapUHU
oJIoBra OapJOUUIMJIMTUHU caMapalid OLIMPYBYM KOMOMHAUMSAJIAIITaH XO0CCalu
SHTY AaHTUITMPEH TapKUOJApHU APATUIL UMKOHUHU Oepras.

TaagkMKOT HATHKAJAPMHMHI anpodamusicd. TagkKUKOT HaTWXalapu
KyMuJgard  Xajakapo  aH)XXyMmaHjapja Myxokama  KuwiuHrad:  «Kumépuit
TexHonorusmap Oyiinya Mapkazuii Ocué€ xankapo koHpepeHmmsicm» X112
(Tomkent, 2012), UYerBepras  MeXAyHapOJHAas  Hay4YHO-IpPAKTUYECKas
koH(pepenuus «lloxapoTyienue: npoOiaeMbl, TEXHOJIOTHH, HHHOBauun» (MockBa
2015), 45th World Chemistry Congress. IUPAC-2015 (Busan, Korea, 2015),
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«11"™ International Conference on Advanced Polymers via Macromolecular
Engineering» (Yokohama, Japan, 2015), «KuméBuii TexHoiorusaap COXaCUHUHT
non3zapd myammounapu» (Byxopo, 2015), «Kon-metallurgiya kompleksi: yutuglar,
muammolar va rivojlantirish istigbollari» VIII-Xalgaro ilmiy-texnikaviy anjuman
(Navoiy, 2015), 16th Asian chemical congress (16ACC) (Dhaka, Bangladesh,
2016), «ApxuTeKTypa Ba KypWIHII COXajJapuja MHHOBAIIMOH TEXHOJIOTHSJIApHH
kymiam  uctukoomwtapuy» (Camapkana-2016), 46th IUPAC World polymer
congress. MACRO 2016 (Istanbul, Turkey, 2016), Khujand Symposium on
Computational Materials and Biological Sciences, KSCMBS-2016 (Khujand,
Tajikistan, 2016), 2010-2016 iinmtapna Oup KaTop peciryOiarKa WIMHANR-TEXHUK Ba
WIMHi-aManuil aHkyManiaapuaa, myHuHraek 2016 iiun 2-4 anpenna Hamanraw,
AnnmxoH Ba @aprona maxapimapuia yTkaswiral HHOBammMoH — Fosap,
TEXHOJOTHSIIAD Ba  JIOWUXalap  pecrnyOiuka  sSpMapKaCMHUHT  pPErHOHAal
oockuuwiapuaa, 2015 wwn 19-21 maiina VIII MHHOBaNIMOH Foss1ap, TEXHOJIOTHUSIIAD
Ba JIoMWXanap pecrnyoOiuka spmapkacuaa «BepMUKyIuT MuUHepalu acocuja
KYKYHJIM apanamma» Homiau wunuianMa, 2015 iun 2 uoHga «DKOJIOTHK
xadrta - 2015» xyprasmacuaa «BepMHUKyIUT acocuaa OJOBra XaBCU3 KYKYHIIU
apaJiaiMa HOMJIM UIUIaHMaJlap TaKIUM KUJIMHTaH.

TagkMKOT HATHXKAJIAPUHHUHI bJOH KWIMHMIIM. J[Mccepraius MaB3ycH
Oyiinua xamu 3/ Ta WIMUN WII YOI STWITaH, Hiyilapaad, 1 Ta mMoHorpadus,
V36exncron PecryGmukacn Oumuii  arTecTamusi KOMHCCHUSCHHHHT —JOKTOPIHK
JUCCEPTAMSUIAPY ACOCUM WIIMUMA HATMO)KAJIADUHU 4YOM ATHUII TaBCUS ATHITAH
WiIMUK Hampiapaa 14 ta makona, KymialaH, 2 TacHM XOPMKHI Ba KOJTaHIIApU
pecryonuka KypHajiapuja Hallp KWJWHraH, Xamaa 2 tTa XM ydyH sipaTUiraH
JACTypUi BOCUTATAPHU KAl KUJIHII TYBOXHOMACH OJIMHTaH.

JluccepTanMsiHUHT XaKMHU Ba Ty3WwiIumu. Jluccepramusi TapKuOu KUPUIIL,
oemra 000, xynoca, ¢oiganaHuiaraH anabuérnap pyilxatu Ba wuioBajapJaH
noopar. JIuccepranusauar Xaxxkmu 200 OeTHU TaIIKWI 3TraH.

JTACCEPTAIIUSIHUHT ACOCUM MASMYHHA

Kupum kucmuaa yTkazuiarad TaaKUKOTIAPHUHT J0I3apOJIUTH Ba 3apypaTH
acoCllaHTaH, MakKcajay Ba Basudaiapu, 0OBEKT Ba MpeaMeTiapu TaBCcHU(IIaHTaH,
pecnyOnuka  (aH  Ba  TEXHOJOTHUSJIAPH  PUBOMIIAHWIIMHUHT  YCTYBOP
WYHUIMIUIAPUTa MOCIWTH KYpCATWITaH, TAJAKAKOTHUHI WJIMHW SIHTWIWTH Ba
amMaiuil HaTuxkanapy 0a€H KUJIMHTAH, OJJMHTaH HATHKAJIAPHUHT WIMHUHN Ba aMajuii
axaMuaTi ouyu® OepuiraH, TaJKUKOT HATIXKAJIAPUHU aMajuérra >KOPUM KHJIMIIL,
Hallp OHTWITaH WIIAp Ba JUCCEpTAlMs Ty3WIUIIKM OYyinuya MabayMoTiIap
KEJITUPUIITAH.

HMuccepranussHUHT « Kypwini KOHCTPYKUMSIJIADH Ba MaTepHAJIAPUHU
0JIOB/IaH XMMOSJIAIIHUHT 3aMoHaBui axBosiu. «[laccuB» Typaaru oJioBAaH
XUMOsJIall  BOCHTajJapw» 7e0 HoOMJIaHTaH OupuHYM OoOula KypHIIHII
KOHCTPYKIMSIJIApU Ba MaTepUA/UIADHU OJOBJAH XUMOSJIAIIHUHT 3aMOHAaBUM
XO0JIaTH Ba MEBEPHUM acoclapu TaxJIWJ KWIMHraH. Mertamn Ba €ro4 KypUJIHIL
MaTepUAINIAPUHUHT MAaXCYC XMMOS BOCUTAJIAPUCU3 EHFUHIIAPJA FOKOPU UCCUKIUK
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Ba OJIOB TabkCcupWra Jom Oepa OJIMaciWurd Ba yMYMaH KypHIHII
MaTepUAIIAPUHUHT acOCHM EHFUH-TEXHUK TacHU(IIapu Xakuaa MabIyMOTJIap
kentupwirad. buHOo Ba uHIMOOTHap EHFUH XaB(CUBJIUTUHU TabMUHIIOBYH
BOCUTAJIAPHM HWIUIA0 YMKUII Oyinya, XyCycaH MeTall Ba EFOY KypUIIUII
KOHCTPYKIIUSIJIapU Ba MaTepuaiiapy 0J10BOAPAONUIMIMTUHA OJIOBJIAaH XUMOSIIIOBYU
KaBapUKJIaHyBUM KOIUIamMalap Ba aHTUIUPEH TapkuOnapaaH ¢oigaiaHuil OpKalu
OIIMPHUII OYinda MIMUN-TEXHUK aaOUETIIap Tax M KAJIMHTaH.

Hoopranuk OofnoBunnap cudaruma cyBia SpyBYaH CHUIUKATIAp (acocaH
HATPUIUTM CYIOK INWINA) Ba KaBapWKJIAHYBYM TYIaupyBumiaap cudarmma sca
THITYIIPOK MUHEpaJUIap aCOCHIArd OJIOBJIaH XUMOSJIOBUH TapKUOJIAPHU SIpATHUIITA
OarvIUIaHTaH MCTUKOOJUTM TAaJKUKOT HATWKaIapu TaxJMia KuiduHau. Kypumuarin
MaTepualljiapu Ba alI€IapHUHT EHFUH XaBUIMUIMTUHU KaMaWTUPYBUM aHTUIIUPEH
Xoccalau TapkuOiIap, MCCUKIUK TabCHUPHUAA OJIOBIaH XUMOSUIOBUM TapKuOIap
acocHil KOMIIOHEHTIapuaa coaup OynamuraH (QU3UK-KUMEBHUM Y3rapuiuiap Ba
yiily skapaéHIapHUHT MEXaHU3MJIApU XaKUIard afadueTiap Tax,imuiapu acocuaa
TaJKUKOTIAP YYyH HHT MOC KENyBYM MaxaJUTMd MHUHEpaj XoMalénap TaHiiad
ONMHIM. YTTa YMAaMIIH TEIUION30JSIMOH TYIIUPYBUMIAP, OJNOB Ba MCCUKIHKIAH
XUMOSUIOBYM MaTepUAJUIapHU WMIUIA0 YMKHUIITa MOC THITYIPOK Ba BEPMHUKYJIHT
ka0l MUHEpAUIApHUHT KUMEBUN TapKUOJIapu, KPHUCTALT CTPYKTypajlapu Ba
UCCUKJIMK (PU3MKACH TYFPUCH]IAa MABIYMOTIap KEJITUPUIITaH.

[IyHuHTIeK, TAAKUKOT uiuaa ¢oiganaHuiIrad o0ObeKTaap Ba KyJUIaHUITaH
METOJJIAp XaKWJa MabJIymMOTJap TaKJAUM KWUJIMHTaH. bUHO Ba MHIIOOTIIAp €HFUH
XaB(CUBJIUTMHA TabMHMHJIOBUM BOCHUTaap cudartuga, OJIOBAAH XHUMOSJIOBUU
KaBApUKJAHYBYM KOIUIAMaJap, UCCUKJAH CAKJIOBYM MaTepUajliap Ba YT YUHUPHIII
TapKUOJIApUHU UNUIA0 YHMKUII YYyH MOC KeTyBYM MaXaJUIuid XoMaménap:
«TeOnHOYyIOK» BEPMHKYJIWTH, KAOJWH Ba CYIOK IIHMIIAJAPHUHT TY3WIWLIH,
yJIApHUHT KUMEBHM TapkuOW Ba acCOCHM Xoccaliapyd Xakujaru MabIyMOoTiap
kentupuirad. [lyauHrAek, TagkukoTAaa (oimalaHuIraH acocCuid METOTApHUHT
TaBcuQuIapu OepuiraH.

HMucceprauusitHUHT  «BepMHKYJUT/IM FOBAaK JHMCIEPC cUCTeMaJjiap,
yJapHUHI (U3MK X0JIaTH Ba HCCUKJIUK (u3MKacu aMajauM-Ha3apuu
acocjapw» 1c0 HOMJIAHTaH WMKKMHYM O00HMIa IOKOPH JHUCTIEPCIH BEPMUKYIIUT
MHUHEpAJIApU acoCUJa OJIMHTaH FOBAaK JMCIEPC CHUCTEMaJapHUHI Ha3apuil Ba
aMalnuii Taxxpuobanap épaaMuaa Yprauui HaTKalapu Tax IMIIapy KeJITUPUIITaH.

O70B Ba UCCUKJIMK TabCUPHUAAH camMapaiv XUMOSJIOBUM TapKUOJIaApHU HIILIA0
YUKUIIAA TYJIOIUpyBYd  cudartujga MIUIATWIYBYA aCOCUH  KOMITIOHEHTHHUHT
JUCIIEPCIUK Japa)kacCl Ba FOBAKJIMK KUWMATH Ba ylapHU OOIIKAPUIN YCYTUHUHT
MaBXYJIUTH MyXUM aMaJIMi axaMmusitra sra. Kyiuniran Macajianu camapainy €4HIll
y4yH JAacTiabd BEepMUKYJIUTIA FOBAK JUCIEPC CHUCTEMaJlapHU MaTeMaTHK
MOJICJUTAIITUPHUILl amajra OIIMPWIIA. BYHUHT y4yH BEPMHUKYJIUT acOCHAaru
FOBAKJIM MaTepuan CTPYKTypacMHU TaBcUUIalll YIyH IUHAMHK MOJEN Tayiad
KWINHAIW., YOy AWHAMUK >XKapaHliapia BEPMUKYJIUT MHHEPATu IaKeTIapu
opacuia cyB OyFIApUHHUHT XOCHJI OYIuIn OOCKUYJIapu Ba CIIOAA CTPYKTypacu
ANEMEHTJIAPUHUHT XOCWJI Oymaétran cyB OyFu OOCHMMH TabcHpWIa KalTa
OpUEHTHUPIAHUIILIAPY coaup OVmamm.

13



BepMukynuT MuHepalu ydyH MarepHajyiap KaBapUKJIAHUII KapaéHUIaru
FOBAKJIAHMIII DBOJIIOIUACUHU KyWujaard (GyHKIUS KYypuHHIIHAA udoaaiail
MYMKUH:

€1
— E —_
° 1+ exp(—t/1)
by epnma: £, - kaBapukimaHumrada OYyiraH OOIUIAaHFWY FOBAKIOPJIUK;

£4- CJIOJIA TUIACTUHKAJIAPUHUHT KaiiTa OpUEHTAIMSUIAaHUIIN Ba CUJDKUIILIAPU KaOu
XapakaTJIaHUIILJIap HATUKACUJAru FOBAKIOPIUK «peCypcu»; T - TabCUP KUIYBUH
UCCUKJUK OKUMHU WHTEHCUBIMTUAAH KEIUO YMKYBYM MHTEHCUB KaBapUKJIAHUII
BaKTH.

TaakukoTnapHUHr  HaBOaTAard  OOCKMYMIA  BEPMUKYJIUT  MHUHEpaIu
koHueHTpatu (BK) garanm Ba MailiuH MalijajmaHuIUIapra ydpaTuiraHiaH KeWuH
bpakuusanapra axparwign  (1-xkxagsan). Ym0y dpaknusuiap TaaKUKOTIAp
JaBOMUZA 3appadaiap yiadaMHIaH KelquO YMKKaH XOJJa Typiid XU MaTepuasuiap
OJIMIIAA UITATAJIIHA.

1-xanBan
JucnepcjiaHran BEepMUKYJINT (ppakuusiiapu

Ne 1 2 3 4 5 6

®pakmus, mm | 3,0-4,0 | 0,5-1,0 | 0,25-0,50 | 0,16-0,25 0,25 < 0,16 <

BepMukynuT MuHEpanuHM MaWKMH JIUCHEPCIAM XOJIaTAa yTra 4YujJamiid Ba
TEMJIOU30JIALMOH TYIIUPYBYM cU(DaTHIA UIIATUINIIA MyXUM aMaJIuid axamHsITra
sra. YUyHku MaiiMH aucnepc (Qpakuusiv TYIAUpYyBUYWIAp OOFIOBYM MaTepHall
TapkuOuga OUp TEKUC TaKCUMJAHaJAW Ba 11y cababnaH yiap acocuja roMoreH
TapKuONapHU UIIad YUKHUIL MMKOHMSTH sipaTwiagu. byHpail Tapkubiap Xumos
KWIMHYBYY [03aHU TYJIMK Ba OUp TEKHUC KOIUIAIl UMKOHUSATUHU Oepaau Ba ymily
XO0JIaT HUILIa0 YMKWIAETTaH TApKUOHUHI OJIOBAAH XUMOSUIAIl KYpCATKUWJIAPUHU
axutanuimura oau6 kemanu. [lyHu amoxuja TabKUIAI JIO3UMKH, TYPJIH XHII
OyéxymapHn unuiad YWKWUIAA MUHEpal TYJAUPYBUWIAPDHUHT MaWWH JUCHEPC
(dpakuusuIapy y30K BaKT YyKMacJaH CaKJIaHUO TYpHILU XHUCOOMTa MaxCyJIOTHUHT
cudar napaxaiapu SXIIWIAHUIINATA SPUITHIAIU. Y IOy Xonatiapaa Maiananral
BEPMUKYJIUT 3appadajapyd Y3WHHUHI KAaBAPUKJIAHUII XOCCACUHU NYKOTMACIIWTU
MyXUM aMaJiiil axaMusTra 3ra, YyHKH arap MUHEpall 3appadaliap KaBapUKJIAHUII
XOCCACMHM HYKOTCa yJap acocuja WIUIad YuKapuiaaguraH MaTepHallJIapHUHT
UCCUKJIMK (pu3MKa xoccanapu cajOuii KuiiMatra ara oynummmra oaub kenaaud. OoB
TAbCUPHUIAH  CcaMapajd  XUMOSUIOBUM  TapKUMONApHM UWNUIA0  YMKUIIAArU
TaJIKUKOTIap YuyH 3appadaiapuHuHr ymuamu 160< mxm (1-xaasan, Ne6 dpaxiiust)
OyNraH BEpMHUKYJIUT MUHEPATIMHUHT Juctiepc ppakuusiiapy TaHjia0 OJIMHIN.

Xap Xwil JUCHEPCIUKAArd BEPMHUKYJIHUT (pakuusuiapy Y4YyH ONTHUMA
MIAPOUTIAPHMA HWIUIA0 YHMKUII YYYyH YJIApPHUHT KyHUJaru TEpPMHUK XoccallapH
Ypraauwnau (1-pacwm, 2-xxanBain).

Tekmmpuin HaTwKaTapuaaH MabiayM (2-xanBai) OYIIUKH, KyTHIITaHUICK
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BEPMUKYJIUT MUHEPAIH 3appadajJapUHUHT YIdaMiIapy KaMauiy OujiaH yJIapHUHT
KaBapHKJIAHUII Jlapakajlapd KHHUMaTH KaMasjan. MacCaHMHI KaMaluIll MUKIOpH
Maiia ¢paknusiaap TOMOH omubd Oopamu. KaBapWKIIaHMII XOCCAcH 3HT KHYHK
ymaamaaru NeS-ppaknusia (2-)kaaBai) XaM CakJIaHUO KOJAW Ba YHUHT KHMaTh
1,16 ra TeHr 6ynau.

2-KaaBaJl
BK ¢paknusijiapura HCCHKJIUK TAbCUPH CHHOBHM HATHKAJIAPH

Macca ﬁuKO' VCI/IHaH.I-‘{ai VCI/IH-H CYHT) VCI/IH-H c“Hr/
Ne | @pakuus, Mm TI/IJII/IHII/I},, % M’ CM3y Vanam:a
1. 0,5-1,0 5,37 1 3,80 3,80
2. 0,25-0,50 4,87 1 3,27 3,27
3. 0,16-0,25 4,73 1 2,29 2,29
4. 0,25 < 7,35 1 1,34 1,34
5. 0,16 < 6,75 1 1,16 1,16

M3o0x: Temneparypa 700-750°C, Bakr 60 cek

BK xap xun gucnepc dpakuusiiapy yayH ONTHMAN MAPOUTIAPHU TaHJIAI Ba
TEPMHUK Xoccallapu MexaHuzmiapuHu Tynuk ypranuim yayH NETZSCH STA 409
PG/PC  nepuBatorpaduaa yiaapHUHT  JudQepeHIan-TePMUK  aHAIHU3Iapu
yTKa3wiau. TeKmupuin HaTiKalapu AuarpaMmanapu l-pacMia KeJITHPUITaH.
Texmupunuiap ounk xaBoaa S00°C na 3 rpaa/mMuH Te3IUKIa OIUO OOPHIIIH.

TG DSC Amveimg) TG Ne2 DSC Kmihmg)
- Tom tem

Mass Change: 543%

50 100 150 200 350 400 450

250 300
Tempesahse "C

3,0 - 4,0 mm dpakus

0,25 - 0,50 mm dpakuus 0,16 < mm dpaxuus
1 - pacm. BK ¢pakuusiiapuar rTepMorpaMmmasiapu

Onuuran auarpamMmanapiaad  (1-pacm) Mabiaym  OYAAuMKHM, JOucHeEpe
dpakuusuiap 3appadaiapy YaI4amIapUHUHT KaMaluiy OuiaH Kyiuaarua tTaptudaa
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Nel - (3,0-4,0) mm, Ne2 - (0,5-1,0) mm, Ne3 - (0,25-0,50) mm Ba Ne4 - 0,16 < MM,
CYBHUHT OYFJIaHUIIM XMCOOUTa MACCAaHWHI KaMaluIl MUKIOPJIApU MOC paBHILIA
5,43:4,64:4,48:3,93 xuitmaTiapra sra 0ymanu. TepMorpammaapaar 3K30TEpPMHUK
s dexTIap MHTEHCUBIUTH 3Ca aKCMHYA aHa 11y TapTubna optubd Oopamu. Ned
HaMyHaJa UKKAHYM SHI0TepMHUK >¢dekr 280-285°C Temmeparypa opanuruaa
neapiau  TYIWK HyKonaau. YmlOy Yy3rapunuiap IIyHJaH Japak OepajuKu,
BEPMUKYJIUT 3appavyajiapd MalJalaHWIId JaBOMUAA KaTJiamilapu OpaluFujar
CYBHUHI aCOCHl KHCMHMHHM HyKOoTHIIra yiarypaau. Ned HamyHaJlard HKKWUHYU
SHAOTEPMUK A(POEKTHUHT WYKONMIIM YHUHT MaiajJaHuIId JaBOMHAA CHPT
F03aCHHUHT OWp He4Ya MapTa OPTHUIIM HATWKAacHuaa (PaoJUTMTHHUHT OPTUO KETHIIH
Oowran Oormuk. [llyHMHT Yy4YyH BEpPMUKYJIUTIAPHUHT MaWWH JIHACIIEPCIH
bpaknusiapu TapkuOUIary CYBHUA KYTT MUKIOPUHU aHYa MMacT TeMIeparypaiap/aa
(90,2°C, 1- pacm, Ne4 TepmorpamMma) HyKOTHILTA YITypaIu.

Kpemnnii 1V oxcuaununr aspocun (Degussa dupmacu, ['epmanusi) Ba rokopu
JUCTIEPCIIA BEPMUKYJIUT MUHEPATMHUHT UCCUKINK YTKa3yBYAHINK KOIPUIIUEHT-
JApUHM YII4alll Ba COJIMIITUPUII OYinya Taxpubanap yTkazuinau (2 - pacm).

180 o]

160

140 - -

120 ]

©100 | R
- =) g
— oo
T, =0 - 80 | S
: 142 o
=} =]
60 |- L )
6\‘ ? o .2
Y Ke]
P P wl E.f o
/5 g0 . . .
] 0 50 . 100
t. min

2 - pacm. Kykyniu tapkuoJiap

HCCUKJIMK YTKA3yBYAHJIUTUHU

ya4am Ta:xkpuOaBuil Kypuima
cxemMacu

140 oo
120

100

1 " 1 " 1

0 50 . 100 150
t, min

3-2 - pacm. KaBapuxkianran
BEPMMKYJHUT YYYH Xapopar
Y3rapuIIMHUHT BAKTra OOFJIMKJINTH
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(O-panmycHMHT ipMHJIa, O- MapKa3za)

3-1 - pacm. llemenT (M400) Ba

KABAPUKJIAHTaH BEPMHUKYJIUT
apanammacu (3V:V) yuyH xapopar
Y3rapMimMHUHT BAKTra OOFJIMKJIUTH

180 _—

160
140
120 I
100 I
80

60

40

t. min 100 150

3-2 - pacm. Kpemunii I'V okcuau
(SiO,) yuyH xapopat y3rapumMHHHT
BAKTra 0OFJIMKJINTH



Taxpubanap AOy Paiixon bepyHwmii HOMumaru TOIIKEHT naBiiaT TEXHUKA
YHUBEPCUTETH MYyXaHIUCIHK-(hu3uKka pakynpretu «oH-m1a3ma TeXHONorusIapu
Ba Kynm ¢azaium TU3UMIIAP HCCUKIMK (U3UKAcCH» JlabopaTopusicuia sicajiraH
KypuiMaja (2-pacM) amaira OIMPUIIIN.

Taxpudaga Ry = 0,05 M - pamguycnu 1onka KaBaTiu Inuina koida - (1),
Kpemuuit IV oxcumu (Tapkocunm Ba Aspocwi) HaHO3appauajgapu OwuiiaH
TYJIMPWITaH Koji0a muura (roporuiacTiv Haiiuaga - (2) TepMomapaiap Koida
mapkaszuaan r = 0 (3) Ba 2 - r = Ry/2 (4) macodanapaa kupurwiran. Tepmonapanap
OunaH YymyanraH HaTikamap (6 u 7) MyJbTUMETpJIap OpKadM KalJ KUIUHJH.
Hlyrman CcyHr Koja0a KH3AMpHUIN Kypwimacura - (5) JKoHIamTHPHIIAIH,
KypuaMaHnuHr u4kd Xapopatu 170°C npa yuwa® typunaau. TaxpuOanapna
TapKOCHJI, a3POCHJT Ba BEpMHUKYJIUTIAP YIYH XapopaT Moc pasuiiaa 23, 27, u 25°C
KuiiMatiapra sra Oyiiu.

Osnunran rpaduknap (3-1, 3-2 Ba 3-3 - pacmiap) acocuaard xucooJaliap
HaTWKacuJa TEKIIMPWITaH KYKYHJIM apajaimmMaiap HCCUKIMK YTKa3yBUaHIIMK
koaduIMeHTIapu Kyinaaru KuiimaTiapra ara 0yiau:

Tapkocui — A= (2,67+0,03)-10° Br/m* ‘K

Aspocui — A= (3,25+0,07)-10° Br/m* K

Bepmukymut — A = (44+0,1)-10° Br/m” ‘K

AHUKJIaHTaH HWCCHUKJIMK YTKa3yBUAaHJIUK KO3PQPUUUEHTIApU KpPEMHUUN
IV oxcumnapu (Tapkocusn Ba AdSpocui) Ba BEPMHUKYJIUT YYYH OJJIMNA IIIHINA
MaTepHanra HUCOATaH KMYMK KuitmMatra sra 6yamu (630-10°Bt/m”K) Ba Gynu
XABOHMHI MCCHKIMK yTKA3yBUaHIuK koodduumentn Kuitmatu (24-10°Bt/m’ K)
OWJIaH COJMINTUPHUII MyMKHH OYiau. by aca ym0y maTepramapHIHT HCCUKITNKHA
SXIITU U30JISIIUSUTAIT XOCCACUTA ATa SKAHJIMTUAAH 1apak Oepau.

HuccepranussHuHr «OQJI0BAaH XMMOSIJIOBYM TAPKUOJAPHU MILIA0 YHKHII
Ba YJAPHUHT OJIMII TEXHOJOTMsicW» 7e0 HOMJIAHTaH Y4YuHYM O00M;a SHTU
MOJIU(PUKALUSIIAHTAH BEPMHUKYJIUTIAP, HATPUNIM CYIOK IIWIIA acocuja SIHTU
TapKUOIM OOFJIOBUMIIAPHU OJIMIN, TEKITUPHIN Ba yJjap acoCuaa SHTU TapKUOIu
OJIOBJJaH XHMMOSUIOBYM MaTepHaylap MWIIa0 YHUKUII XaKuJa MablyMOTiap
KeITUPHUJIITaH.

Xap XuI peareHTIApPHUHT BEPMHUKYJIAT MHHEPAN TYPJId (pakIysIapUHIHT
¢u3MK XO0NMaTH Ba TEPMHK XOCcajlapura TabCUpJapw ypraHu® 4ukwinud. byHna
BEPMUKYJIUTIIApTa MIIJIOB OCpHUIIAa sSTHTH UKKW XHWJT yCYyaaH (o TamaHuIIn.

bupuHun ycynma, BepMUKYJIWTIIapra WIUIOB Oepuil KyHugarm KeTMa-
KeThnuKaa amanra ommpuwiau. Taxpubanap yuyn BKuunr 160 < mxm pakuusicu
tannab osmHau. byHra ca6ab ymoy Kuyuk yimgamiau 3appadanap gppakuusiiapuia
XaM BEPMHUKYJIUT MUHEPAIN Y3UHUHI KaBapUKJIAHUII XOCCACUHU WYKOTMaWau. by
ycynna unuioB Oepurninaa kumeéBuid pearentiaapaudar 0,1%, 1%, 3%, 5%, 7%, 50%
TYyiuHTaH sputManapunan dongamanunau. BKra wumo Oepurn oaguit XoHa
mapouTuaa OWp Hedya KyH JaBoMuja amanra ommpwind. bynga BKuunr
Moaudukatop sputmacu Omnan 1/3 mucOarnaru apammacu 120 xyH gaBommia
JaBpUI PaBUIIIA apANTAMITUPUO TYPWIITaH XOJIJla UILIOB OepHIll Kapa€HU amara
OLLIUPHUIIIH.
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WNkxkuHun unuioB Oepuin ycynuaa Tannad onmunran BK ¢paxnusicn ukku
Oockuuwin Moaudukanuara yaparwiad. Jlactna® OupuHunm  O6ockuuga BK
dbpaknuscu kywn munepan kucioriaap (HNOs, H3PO,) Ba nkkunuu 6ockuyma sca
uikopuii Mmogudukaropaap (Na,SiOs, Na,CO3, NaOH éxu NH,OH) Ouian uiuios
oepunau. Ymoly xapa¢nnapga BKM-1 sa BKM-2 ne6 Homiianran mMoc paBuiija
HucOaTaH MacT xapopaTia KaBapHUKJIaHYyBUYM BEPMHUKYJIUT Ba HUCOATaH IOKOpHU
Xapopat/a KaBapuKJIaHyBUYM BEPMUKYJIUT TypiapHu OJUHIM.

Cyurpa ssaru MomuduKanysiiaHTaH BEPMUKYJIATIAPHUHT HaMyHaIapu Typiu
XHWJI IIapouTiapAa TEPMHUK TabCUpJIapra y4YpaTWiAHU. YJApHUHT KaBapUKJIAHHII
napaxanapu 600°C xapopartna 5 OakuKa JaBOMHUJA TEPMHUK HIJIOB OEpHIII
HaTXKACUa XOKMIAPUHUHT CHHAINTaYa Ba CHHAIIIAH KSMHHTH Y3rapHIlIapyuIara
HUCOaTUTa Kypa aHUKJIaHIH.

Bepmukynut MHHEPATUHA Mou(pUKalUsIIAIIIA dolinananuaran
pearedTiapHunr kam ¢ousnu (0,1%) Ba roxopu dousnu (50% Ba yHman Ky)
SpUTMaAIapyu OWiIaH WIUIOB OEpWIMIIM HATWXKACUJA OJIMHTaH HaMyHajJapuaa
KaBapUKJIaHUII Japakajapuia Ce3WIapiu V3rapuiuiap cogup OyiMaiu.
Pearentnapuunr ypra dousnu (5 u 7%) sputmanapu OwiaH UIUIOB OepuiiraH
BEPMUKYJIUT MUHEpAIM HaMyHallapuaa KaBapUKJIAHUII Japaka KuiiMaTiapu
JacTiIadKy MIUIOB OepuiMaraH BEPMHUKYJIUT MHUHEpalura KaparaHja ce3wiapiiu
tap3aa ouyi (1,16 man 1,80-2,00 raya). CuHOBIap HaTHKAcHUlla OJUHTAaH yHIOy
HaTKanap KEWWHTH OOCKWUYJAard TakpuOajgap/ia BEPMUKYJIUT MHUHEPATMHU
peareHTIapHUHT ypTaua (Qousnu sSpuTMagapu OuiaH UIUIOB OepuiraH
HaMyHaJapUHA WIUIATAIN Makcajara MyBO(MWK DSKaHIWTH aHUKJIAHAW. Yoy
MoauduKanysiarad BEepPMUKYJIHTIApD Ba ylap acocujga WNUIA0 YWKWUITaH
TapKUONMapHUHT camapaiu AuddepeHIuan-TepMUK aHalu3  TEKIIHPYBIApU
HATIKACHJIA XaM Y3 TacIuFuHu Tonau (4-pacwm).

Ne 1 P 3 Ne 2 J—
o 680-714 72 ™ .. T el 3
..::' 350-384 890 350 }
H g s T -2
% H 480 _..glf,__, L1 3 a0r -
yoad R 2 L i T
. 7 202-218 510 T i F156 7 371 iae
v 323, e ¢
137 90-100 i
:.-' 356-366
e 202210, 00 460-520 ey 100 160 _ _.~"340 640680 .
105 340 640-680 ... = 250
<250 f
RO £ 105 %
1053
3 14.0‘:-1 60
140-160
o 200 400 600 800 °c O 200 400 600 800 c
1-160 < mxMm ymyamnu BK, 1-160 < mxMm ymyamnu BK,
2 - ®ocodar kucnora ounan akTuBimanrad BK, 2 - A3or kucnoracu Owian aktuBianrad BK,

3 - BKM-2 3 - BKM-1

4 - pacM. AKTHBJIAHTaH Ba MOAU(PUKANMSJIAHTAH BEPMUKYJIUTIAP
TepMOrpaMMaJiapu
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BepMmukynmur MuHepanwHM — MOAU(MDUKAIUSIANIHUHAT  CaMapaJopIuTUHHA
0axojaml y4yH yJapHHUHT TEPMHUK Xoccanapu ypranwiau (4-pacm). Teximpuii
HaTWKaJlapyu TepMOrpaMMalapujaH KyHugard XyJocaJlapHW YUKAPUII MYMKHUH:
OnoBmaH  XUMOSUIOBYUM  KOIUIAMAJapHUHI  TapkuOuja  akTUBIAHTaH  Ba
MOJAU(PUKALUSIIAHTAaH BEPMUKYJIUTIAPHUHT OYJIUIIM yJapHUHT EHFUH BakKTUIA
AHTUNIUPEHJIUK ~ XOCcaJapuHu siHaja (paojdpok OYIMIIMHM — TabMHUHJIANWIH.
Kenrupuinran tepmorpammanapgaru  100-200°C, 300-500°C Ba 600-900°C
Xapopatiiap OpaJufuJa CYBHHHT OyF IIAKIHIa YAKAO KETUIIHIAH XOCHJI
Oynamuran FroBakjap XUCOOMIa HWNUIA0 YHKWITaH TapKUONApHUHT OJIOBIAH
XUMOSIJIOBUM XOCCANAPH SIXIIHIAHTaH.

JlabGoparopus CUHOBJIApPU HaTWXalapu acocuaa TeOunOyn0K
BEPMUKYJIUTHHUHT aKTHBJIAHTAH Ba MOJM(PUKANMSIIAHTAH STHTA TYPJIAPUHU OJIHII
TEXHOJOTUSCH HuILIad 4YukKwian (9-pacMm). Maskyp TexHoyiorus EpaamMuaa
BEPMUKYJIUT MUHEPAIMHHUHT SHTM XOccallapra sra KyWuJard TypJapyuHU HILIa0
YUKApUIIl MYMKHUH: HUcCOATaH TAacT XapopaTaa KaBapUKJIaHYBYH BEPMHUKYJIUT,
HUCOaTaH IOKOPU Xapoparia KaBapUKIAHYBYM BEPMHUKYJIUT Ba TUIPOPOO
BEPMUKYIIUTIIAP.

1 -JE h 4
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——
BK
Cye &yri 3
— P
\ oHAOeHCcaT
Cys Pearesr /6
=
PN
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r ——
+ BAKYY¥M HACOC
1 {,.f - Ky P UTHULLra
- * B

oKaBa cyBnap

5- pacm. AKTHBJIAHTaH Ba MOIlI/I(l)HKaHHHJIaHFaH BCPMUKYJIUTIAPHUHT OJIMII
TEXHOJIOIuscun

Ymby (5-pacm) TexHoNOTHS KyWHUJard acoCHUi TapKuOWil KucmiiapjaH
noopar: 1- CyloOK KOMIIOHEHTJIQpHM peakTopra xahjamn Kypuimacu (Hacoc);
2 - unutoB Oepuin yuyH unuiatuiayBun peareHtiaap (HNOjz, HiPOy4 Na,SiOs)
SpUMaTapUHU Tal€piail yayH CUFUM; 3- peakTop; 4 - YiruoB aco6o0u; 5 - coByTruy;
6 - opanuk curuM; 7 - OKaBa CyBJIap Y4yH CUFUM; 8 - QUIIBTD.
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Texnonorus Oyiivya BepMUKYJIHTIApra HILJIOB OepuIl KyWHaaru KeTma-
KETJIMK/Ia aMajira ONINPUIIaIN:

Kepakmu xaxkxm Ba gousnapaaru MoaudukaTopiap 3puTManapu 2 - CUFUM/JIa
taiiépnananu. Tanépnanran wMoauduxkatop sputmacu Hacoc (1) Epmamuma
peaktopra (3) xaipamaau. lllyHman CYHr BEepMHKYJIUT MHUHEPATHMHUHT MalWH
aucnepcid  QpakuMsACHMAAH — KUYMK — X@KMAArd  [OpUMsUIap  MHUKIOPHIA
apanmamtupu® Typwiran xoijga peaktopra (3) roknaHagu. HMmuioB Oepuin
xapaéauaa peakropaaru xapopat 60-70°C Tamkun kunagu. UnioB 6epuil BakTH
12 coatnu Tamkua 3tagu. MnuioB Oepurn TyraraHjaH CYHT OJMHTaH apajiamima
pPEaKTOp/JaH NaBpUil paBUILJA apalaliTUPUO TYpWITaH XOJ1a Ba apajlaliTUPHIL
TYXTaTWITaH BaKIap OpaIUFUJa KUYUK XaKMAArd MNOpUUSUIAp MUKIOpHUAA
opanuk curuMmra (6) rokinad onuHanu Ba ymlOy apanammMa QuibTpiaHagu (8).
OunbTpaad OJIMHTAH Macca KypUTHIITA FOOOPHIIAIN.

Yoy TexHosnorust 6yinya OJIMHTaH BEPMUKYJIUTIAP TAAKUKOTHUHT KEUUHTU
Oockuwiapuaa OJIOB Ba UCCUKIWK TabCUPHUAAH CaMapaid XUMOSJIOBYU
MaTepUAILIAPHUHT SHIYM YHYMJIU TapKUOJIApHU MIUTA0 YMKUIIAA KYIJTaHUIAIH.

HMucceprauussHuHr «Kypwiuim Matepuasuiapd €HFUH XaB()CH3JIMIHUra
UILIa0 YUKWITaH OJIOBJAH XUMOSUIOBYHM TapKuOjaap TabcupJapu» 1e0
HOMJIAHTaH TYPTUHYM 000U UIIA0 YMKUITAH TAPKUOJIAPHUHT OJIOBJAH XUMOSIIAII
caMapaJIopJIMTMHUA  0axojami, yJapHUHT  €Fo4  Ba  METAUT  KYPWJIMII
MaTepUAINIAPUHUHT aCOCUM EHFUH-TEXHUK TaBcU(Iapura TabCUPUHU TaJIKUK
KWuiara OarviuIaHraH.

Enrne XaBQCH3INTH coXacu MebEpHil Xy#oKaTiapy Tamabnapura acocaH
METAJIJT KOHCTPYKUMSUIAp YUYH KPUTHK TeMIIepartypa s’ibHU METajul KOHCTPYKIIUS
V3UHUHT MYCTaXKaMJIMTMHU HykoTaguradn temneparypa 500°C rtamkwn sTagu.
Meramn KOHCTPYKUMSUIAPHUHT YHIOY XOCCACMHU XUCOOra OJraH XOJja CHHOB
Taxpubanapy YTKa3uiIu.

Aurn nnutad yukuiarad 20 mace. % momudukanusinanran BK, 20 mace. %
KaBapukjianran BepMukynut, 20 macc. % kaonuH, 30 Macc. % HaTpUIM CYIOK
muma KoHieHtpatu Ba 10 macc. % rava (aare3usi Ky4alTUPYBUM, MEXaHHUK
XOCCaJlapHU SAXIIMJIOBYM TOJACMMOH MaTepuall, COBYK Xapopar Ba arMmocdepa
TabCUPHUTa UYMJAMIIIIMKHU OIIMPYBYM KyIIUMYanap) KymuMyanapjaH wuOopar
TapKUOIM  KOIUIAMAJIAPHUHT  METaul  I03aCMHU  OJIOBJIaH  XUMOSJIAII
camapaJiopJuruiu Oaxojam Taxpubanapu ytkazunau. CuHoBiIap 6 - cxemaTHk
pacMzia KypcatuiaraH KypwiMma Oyiinda yTkasuwiaau. byHaa oioBaaH XUMOSUIOBUU
KoIlama OuJiaH KOIUIaHTaH MeTasul o3acura 150 gakuka 1aBoMuIa CTaHAAPT OJIOB
OKMMHU TabCUp KWIAMPUIAW. By Bakr ngaBoMuja MeTal IJIACTUHKAHUHT
XUMOsUTAHMaralH MKKMHYM F03aCUIard Xapopar KypcaTkuujiapu XpoMellb-aioMellb
TepMornapacu épaamua yiauad OopuiiIu.

Ymby sHru TapkuOMM KOTUIAMAJAPHUHT METAI  I03aCHHH  OJIOBIAH
XUMOSUTAIl  caMapJIOpJIMTUHU  0axoJialll CHHOBJIAPW KyWHJIard KeTMa-KeTJIMKIa
amanra ommpmind. Taxpubamapga (6-pacm) 100 cm® fosamm Ba 1,2 oM
KAJIMHITUKIaTd METaJUT IUIACTUKaaaH Goinananuian. MeTamn miiacTHHKaHUHT Oup
TOMOHHM IOKOpWJAa KEITHUPWITAaH OJIOBIaH XHMMOSJIOBYM TapkuO OwuiaH
KOIUTaHTaHIaH CyHr 2 coat BakT maBomuaa 860-900°C mapaskamard HCCHUKIIHAK
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OKUMHU TabCUP KWITUPWIAW. TaKpuOAHMHHT MOXHSITH, METa/UT TJIACTUHKAHUHT
KOoTuTaMa OWJiaH KOIJIaHTaH l03acHra HMCCUKINK OKUMHUHHU TabCUP KHIAHPUO
METaIlJT TUTACTUHKAHWHT XMUMOSJTAHMaraH MKKMHYM TOMOHUIATH XapOPaTHU YTdarl
OpKamu KOIUIJAaMaHWHT OJIOBJaH XHMOsJIAlll —camMapaJopJMTHHU  OaxoJarll.
VrTkasunran Taxpubanap 6yitnua Kyitngary (7-pacM) HATHKaIap OTHHIM:

TycHKnap 3601
= — =
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. 260 R
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ONOBHUKT Tabeup iyHanuuy  ©1OBAAH o A

XUMOANIOBYM 5 |

" | | Il
onnama
X 10 20 30 40 50 muHyT
6 - pacm. KomutaMaJJapHHHT MeTaJLI 7 - pacm. KorutaMaJIlapHUHT MeTaJLI
103aCH/IA 0JIOBJAAH XHMOSLIALI 1032CH/IA 0JIOBJIAH XHMOSLIALI
caMapaJopJIUTrHHH YIdain caMapaJoPJIUTrHHH YIdain
Ta:xKpuoda cxeMacu Ta:xKpuOaJap HATUKACH

Merann niuacTUKaHUHT XUMOsUIaHMaraH rozacuaaru xapopar 90 nmakuka Ba
VHIaH OPTHK BakT MoOaiiHuma kputuk Temmneparypa 500°C xapopartra ermaii
Typau. YmOy HaTWKa HIIa0 YUKWITAH OJIOBJAAH XHMMOSUIOBYHM TApKUOHHHT
MeTaJl1 Io3ajapuaa XaM FOKOpH CaMaJIOpJIMKKa dra dKaHJIWTHIAH Japak Oepaiu.
Pacmparu 1 - orpu 4M3WK XUMOsJIaHMaraH METaJUl TUIACTUHKAHUHT KYpPCAaTKUYH,
2 Ba 3 - orpW YM3UKIAP SHTM WIUIA0 YHKWITAH OJIOBIAH XUMOSJIOBYH TapKHOJap
acocugaru mMoc pasumiga 0,12 cm Ba 0,25 cM KaduHIUKIArd Korwiamajaap OuiiaH
KOIUTAaHTaH METaJUT IUIACTUHKAJAPHU KU3IUPHIN HATMOKaIapH KEJITHPHJITaH.
Taxpubanunr pactinabkm 15-20 makukacuga 1 Ba 2 - OIpH  YM3HKIAP
kypcarknuiapu opacumaru dapk 55-60°C xapoparnu Ba 1 Ba 3 - 3rpu 4n3HKIap
opacumaru dapk 130-135°C xapopaTHM TamKuia KWigd. YOy KypcaTKuuiap
opacugaru (dapk 150 makWka BakT JaBOMHJA y3rapMmaciaH KOJIIH. Vrrasuirad
TaxpubOamap HaTWKACcHJAa CHHAITaH KOIUIAMaJlapHUHT MeTalap F03acHUHU
XuMostTam BakTd 90 gakukarava eTuiy aHukKiIagan. IKKM coat BakT JaBOMHAru
OJIOBHUHT TabCUPH HATIIKACHA METAJUT IJIACTUHKAHWMHT XUMOSUTAHTaH KOTIJIaMaIH
103acujia Xeu KaHmai canouil y3rapuii (Epukiiap, XUMOs KaTJIAMHHUHT aKapaiio
TYIIWIIN ) X0JaTJIapu aHUKJIaHMaIH.

Ymby taxpubanapaa OJOBAaH XHUMOSJIOBYHM SHTH TapKUOJIap acocHaaru
Komiamanapuudar 0,10 cm gan 0,25 cMm raya KalWMHJIMKIArd HamyHalapu
tekmupwian. Komnamamapauar ~0,25¢M KaJWHIWKIArd HaMyHajJapuaa MeTasll
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IUTACTUHKAHUHT XapopaTH XUMOsUTAHMAaraH MeTail racTuikara Hucoaran 135°C
ra kam Oynummra spummiagyd. Taxpubanap HaTwkacuga ymlOy OJIOBIAH
XUMOSUIOBYM KOTUIAMAJIAPHUHT HUCOATaH KUYUK KAJTMHIMKIArKM KuiMaTiapuia
(0,20-0,25 cm atpoduma) XaM MeTall [O3acUra TabCHpP KUIYBYH HMCCHUKIHK
OKMMUHU CE3WJIapJid Japakaja KaMaWTUPUII XyCYCHUATHra 3ra HKaHJIUTH
AHUKJIAHH.

Keituaru  O6ockuu  Takpubanapuja  SHTM  OJIOBJAH  XUMOSJIOBUU
TapKUOJIAPHUHT JaBlAT CTaHJApTiapu Tanaljapu acocuaa €rod MaTepuasliapu
VAIyH CaMapaJWIuTH TEKIMUPWIIA. YOy TaXpuOaJapHUHT MOXHUATH OJIOBIAH
XUMOSUIOBYM TapKuOiap OuiaH KOIUIaHTaH cTaHaapT ymdamaaru (3x6x15 cM) érou
HaMyHQJIApUHUHT OJIOB TabCHPHJA CHHAINTa4Ya Ba CHHAIIIAH CYHT HaMyHajap
MAaCCACHHHUHT KaMaWuIll MHUKIOPJIAPUHU KAk KWJIHAII OPKaIM aMajra OIIAPHIIIH.
XUMOSJIOBYM TapKuOiap OwiaH KOIUIaHTaH €F0Y HaMyHAaCHHUHT Maccacu
CHHAIlTaya Ba CHUHAIIJAH CYHT KaH4a ¢ousra KaM Y3rapuiii KOIUIAMaHUHT
camapaJIopJIMTUJIaH Jaapak Oepaiu.

Kyitnmaru Tapkuomu (macc. %): 1 - BK 15%, kaBapukjIaHraH BEPMHKYIIHT
15%, xaonmun 10%, cytok muma koHuentparu 60%; 2 - BKM-1 - 15%, BKM-2 -
15%, xaBapukianrad BepMHUKYJIHT 20%, kaoauH 10%, CcyroK IuIa KOHIICHTPATH
40%; 3 - BKM-1 - 10%, BKM-2 - 10%, xaBapukjaHran BepMUKYJIUT 25%, KaOJIUH
15%, cyrok mmma koHmeHTpatu 40% KoriaManapHUHT €F04 HaMyHaJlapUHU
0JIOBJIaH XUMOSLIAIIl XOccalapy TEKITUPUIIH (3-xKaaBa).

3-saaBaj

Cy10K IIMIIIA 2C0CH/IA OJIMHIAH KOILUIAMAJIAPHUHT 0JI0BIaH XUMOSLJIALI

caMapaJOPJUKJIAPHHHU YI4am HATHKAJIAPH

Macca
Hamyna maccacu, Xapopar, .
m, rp % WYKOTHIIUIIIH,
No U Am Hzox
Cmam- |- Cunant- |- | %

raya JIaH CYHT
1 1442 134,4 202 334 9,8 6,8 EHMaIu
2 140,4 135,9 201 316 45 3,2 EHMaIu
3 142,6 134,1 201 326 8,5 5,9 EHMaIu

HM3ox: 1) OnoBHM HaMyHara TabCHp KWIWII BakTH 2 Hakuka; 2) XKaasanna xap oup Tapkuod
yuyH 10 Taman HaMyHaIapHU TEKIIHMPHUIIT HATKAIAPUHUHT YpTada KAHMaTIapu KeITHPHIITaH.

Texmupum HaTwxkanapugad (3—kaaBain) MabiyMku OVmmuku, 1, 2 Ba 3 -
pakaMiIM OJIOBJAaH XHMOSJIOBYM TapKuOJap OWiIaH MILIOB Oepriran &rou
HaMyHaJapUHUHT Oapuacuja Koriamanap | Typyx oJIOBIaH XUMOsUIalll FOKOPU
caMapalid SKaHJIMKJIApUHU Kypcartau (€rod HaMyHaJlapd MAacCaHWHI KaMaWuIl
MuKaopu 9 dousnan kam). Yoy taxpudanap HaTWXKajJapu sHTM Uu1ad YUKUITaH
KoIlamMa TapKuOmapu €rod KypWIWIl MaTepHaUIapUHU  OJIOBJIAaH CcaMapaju
XUMOSUTAIl XOCCACUra Ara SKaHIMKIApUHMU TacIUKIaau. AWHUKca, TapkuOuia
MOAU(DUKALIUSUTAHTAaH BEPMUKYJIUTIAp OYnaran 2 Ba 3 - pakaMjd OJIOBJIaH
XUMOSUJIOBYM TapKHOJap SHT KaM Macca MYKOTHI KuiMatura sra Oynau, Oy sca
ym0y  TapkuOJapHUHT  €FoY  KypWIMII — MaTepuajylapy  y4yH  IOKOpH
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camMapaJIopJIMKKa dTra SKaHJIUTUHU OWIITUPaIH.

Kettuarn Oockuuna spHH 90Xx55%25 MM ynmuamparn €rod HaMyHallapujia
unuiad YMKWITaH OJIOBJAH XHMMOSJIOBUM TAapKUOJAPHUHT caMapaJopJIMTUHU
Oaxonaml CUHOBIApU YTKazuiaau. Taxpubanap y4yH SIHTH TapKUOIU OJOBIAH
XUMOSUIOBUM OVEK HaMmyHanapu oiuHau. bymap: tapkubuaa 8-10% nan 95% raua
MUKJOpJIa KYIuM4ia TYIIUpyBIMIapy OVrad «yTra 4ugaMiid UCCUKIaH CaKJIOBUU
TYIIUPYBUM» + «OOFJIOBYM KOMIIOHEHT» + «IOJMMEpP KOMIIOHEHT» TypJaru
tapkuOnap. YmOy Tapkubiapma yTra dYugaMid — HCCHKIAH  CaKJIOBYH
tynaupyBumiap cudaruna BK aunr 40-160 mxm dpaxusicu, 40-80 MkM yaaamiu
KaBapuWKJIaHTaH BEepMUKYIUT (Qpakmusicy Ba 40-80 MKkM yiruamMiaum KaoJdH
bpakumsutapuaad GoiiraJaHuIraH.

[Tonrumep kommoHeHT cudatuaa ¢olgamaHnuITra SPOKIN aldKug OYEK
Marepuaii OWIaH SIHTYM OJIOBJAH XUMOsuloBuM TapkuOnapHu 1:1 HucOGaTiapna
apaJlallTUPWING OJIMHTaH KyWujaru, €rod HaMyHallapuja IOKOpU Xapopatiapia
(750-800°C) ku3aupuin kypunmacuaa (CHoi) cuHoBaapaan yrkasumian. CHHOBIIAp
V4yH OJIOBJAaH XHMMOSUIOBYM TapkuOmap ankua Oyeérm Owmman 1:1 HucOarnmapnaa
aparamTupwino onuuan: 1) kaoaua 10% + cyrok muma 90%; 2) KaBapuKIaHTaH
BepMUKyIuT 42 % + BK 8% + cyrok mmima 42% + kaonun 8%; 3) BK 95% + cyrok
mmmma 5%; 4) BK 75% + cyrok mmma 25%; 5) BK 50% + cyrok muira 50%; 6) BK
10% + cyrok murra 90%; 7) cyrok mmma 50% + 6enronut 40% + BK (8-pacwm).

8 - pacm. OJ1I0BIaH XUMOSIUIOBYM TAPKHOJIap OMJIaH HLUIOB OepUJIraH éroq
HAMYHaJIapH (CHHALIra4a)

CuHoBNap gaBoMHa €FOY HAMYHAJApUAa KyWHIary y3rapuiiap Ky3aTHIIu:
CHUHOB BaKTUHUHT /-8 nakuKajiapuaa UCCUKIUK EFOUYHUHT WYKA KHUCMH acoCHraya
ern0 Oopaau Ba OyHaa axpanyBud rasmap xapopatu 165-170°Cra eraw.
Tapkubuna 95% BK 6ynran tapku® (8-9 pacmiap Ne3) 750°Cnma 486 couwus
naBomuga (8 makukagaH oOpTHMK) Ba TapkuOuma 75% BK Oyaran Tapku0
(8-9 pacmmap Ned) 424 comus (7 pakukaraya) BakKT MoOOalHHMIA CaJIOMid
V3rapunuiapra ydpamanu. TaxpuOanapjaa AaBoMHUAa HaMyHajgap CHHOBHUHHUHT
1-2 nakukanapuaa KOIJIJAMAaHUHT KaBapUKJIAHMILI >Kapa€HIapu coaup Oymui
XoJaTajapu Ky3aTWwinu, KeHuHrn 2-3 JakuKalapaa 3ca HaMmyHalap Tallkd
KYPUHUIINAA  CE3WIapiM  y3rapuluiap Ky3aTWiIMaAud Ba  CHUHOBJIAPHUHT
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/-8 nakukKacuJaH KeWMHTMHA HaMyHalap TallKy KYpUHUIIMAA KyHHUII XO0JaTiapu
Ky3aTuiam (8-9 pacmiap).

9 - pacm. OJI0BIaH XUMOSUIOBYH TAPKHOJIap OWJIaH UIJIOB OepUJITaH éFou

HAMYHAJIapu (CMHAIIIAH CYHT)

Tapxkubuna 8-10%
HaMyHJIapJla CHHAIl BaKTUHUHT 3-4 nakukajgapuaad Oonuiad KyHWuIll XoJaTiapu
kysarmigd (Ne2). 550°C raua Oyiran xapoparaa 3 JakMKa BakT JaBOMMJA
tapkuOuaa (axkat kaonuH OynraH Tapkub Ownan unuioB Oepwiran (Nel) mHamyHa
Ba TapkuOW acocaH CYIOK IIuIa Ba OEHTOHMJAH ubopar OyiraH TapkuO OuiiaH
unuioB 6epuiran €rod (Ne7) HamyHanapuia KyHuI XoJaaTiapu Ky3aTUiiau.

BK rtyrran TapkuOmap OuiaH UIUIOB Oepuira

4-kanBaj

OJ10B1aH XUMOSIJIOBYM TAPKUOJIAp OWIaH KomiaHrad 90x55x25 Mm yauamiu
6éF0Y HAMYHAJIAPMHHU CUHOB HATHKAJIaApH

Hamyna maccacy, Macca Axpanu6
p. NYKOTHJIUILN YUKYyBYU CHHAIVBYH SFOY
No CuHoB Crros 0 rasyap HaMYH}; X0JIaTH
] naH Am L xapoparu
rada . 0
KEWHH C
0 106,8 89,7 17,1 16 185-188 Enumra yapagu
1 118,4 | 110,1 | 83 7,0 170-175 OuuK XaBoja SHIN
2 122,0 | 111,2 | 10,8 8,8 177-180 Varapumr kam
3 139,8 | 1370 | 2,8 2,0 150-155 V3rapum kam
4 1098 | 1043 | 55 5,0 145-157 V3rapumt kam
5 1216 | 1178 | 3,8 3,0 145-155 Varapumr kam
6 137,2 129 8,2 6,0 170-172 Vsrapum kam
7 129,4 117,8 11,6 9,0 178'180 KYﬁHmra Y‘IpaHI/I

H3o0x. Xapopar 700-750°C
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HIyHMHTICK CHMHOB HaTWXaylapuaaH (4-)KaJIBajl) MabiyM OYJIMKH WIIJIOB
Oepunmaran €rou HamyHacuja (Ne() axkpanu® 4MKYyBYM Trasjap/ia SHI OKOPH
xapopat kitmatu (185-188 °C) xysatunmu. Erounusr ymoy umios Gepuiamaran
HaMyHacuJa CUHaIl BakKTUHUHT 120 - coHusiapuaa €HuI kapa¢Hu OOIUIaHIu Ba
CUHOB SIKYHUJ]a HAMYHA OFUPJIUTMHUHT 16 donsunu Hu WykoTau. CuHairan érou
HaMyHaJIapuJaru SHr axmu Hatwkaizap Ne3, Ned Ba Neb Tapkubiapaa Ky3aTHIIH.
Yoy tapkubnap OwiaH UIUIOB OepuiiraH €rod HamyHajlapuaa 5-6 nakuka BakT
JaBOMHJIA Xpalud YHKYBYM Ta3lIapHUHT XapopaTH OJHI KaM Kuilmariapra
145-155°C sra 6ynmu Ba €rod HaMyHAacHaa KaMalTaH OFUPIIMK MHKIOPH OHT
KWYUK KuMatra ara 0ynau (2 nan 5 ¢pousraya).

HuccepranustHuar  «buHO Ba HMHIIOOTJIApP EHFUMH  XaB(CHU3IMTHHH
TAbMUHJIOBYH STHI'M BOCHUTAJAPHM MILIA0 YMKHID 1e0 HOMJIaHTaH OCIMHYN
000u OWHO Ba HHIIOOTIAP EHFUH XaB(QCU3IUTMHU TAabMUHJIOBYHM SIHTH
BOCUTAJApHU (MCCUKIAH CaKJIOBYM MaTepHaiap Ba YT YUUPHII TapKUOIapH)
UIIa0 YUKW Ba YJIAPHUHT aCOCUI XOCCalapuHU YpraHuiira OaruIlIaHraH.

VYapTpatoBym = TabCUpHAA ~ BEPMUKYJIUT  MUHEPAJIMHUHT  TYpPFYH
cycnieHsusiapu onuHaud. dous kuiiMariapia CylOK Ba KAaTTUK MYXHTIAp MOC
paBuIIIa Kylujaard HucOaTinapHu Tamkmin kuiaau: 99,522 - 98,140 % Ba 0,478 -
1,860 %. Cyrok myxutT cudatuja CyB UIUIATAIAN. YJIbTPATOBYII OWJIaH HIIJIOB
6epuin Baktu 0,4 nan 3 raya coaTHU TAIIKWI 3TAU. PH - MyXUTHUHT yJIbTpaTOBYII
OwiaH WNUIOB Oepull camMapajopiurura Tabcupiiapu Yypranwiau. bynna pH
opamuru 3-4 nan 9-10 rayanu TamKWI KWIUO KUCIOTAIM Ba WIIKOPUN MyXUTIIAp
yJIBTPATOBYIIHUHT Maiiaail caMapagopiIuriHy OMIUPULITN aHUKJTaH !,

Texkmupuiiapaa CyrK Ba KaTTUK KOMIIOHEHTJap HUCOATH, MyXUTHUHT PH
KMIIMaTH Ba yJITPATOBYIIHWHT TabCHp KHJIWII BaKTH Ba OOIIKAa MapamMmeTrpiapra
OOFJIMK paBUINA Y30K BaKT JaBOMHJA YYKMaWIUTaH BEPMHUKYIUT MHUHEPATHHUHT
TYpFYH CYCICH3USJIAPUHU OJIUII MYMKHHIIUTH aHUKIaHau. bup iwn maBomumaru
Ky3aTUIIapra Kaparagaa ymly CyCHeH3Hsuiap ¥3 TYpPFYHJIMTHHU Cakjiad KOJJIH.
TaaKuKOTIApHUHT KEMMHTY OOKUWIapuaa yiiOy CyCIeH3UsIap CYyIOK Ba KyKYHJIH
YT YYUpHII TAPKUOIAPUHU UTTUTA0 YUKHUIIAA acOC OYIMO XU3MaT KUJIIH.

Omnunaran BepMuKyIuT cycrnensusuiapu SOIVerNEXT (Poccust) Mukpockomnuaa
tagkuk Kwimaan (10-pacm). Texmupunmapma ymly CcycneH3usuiapja HaHO
yadaMmaara 3appadanap OOpJiWrd aHWKJIaHAW. BepMUKYIUT MUHEpaId acocuia
ONMHTaH ymly HaHOo3appadajap O3aCHHUHT TOmorpaduscu Ba 3appavyaJapHUHT
Yynuamnapu OYitnda TaKCUMJIaHUIIMHYA KYpcaTyBUM oTopacmiiap OJIMH]IH.

Hanozappauanap ro3acununr Tonorpadusicunan (10-pacm, yanga) MabiyMKH,
Oananuru - h 6yitnua 3appavanap ypraua 250 um ymuamra sra. Mkkunum (10 -
pacMm, VHraa) pacmiaa 3appadanapHudr Yymdamuiapu 50 man 400 HaHOMETD
OpAJINFUJA DKAHJIUTUHUA KypUIIMMHA3 MYMKUH. OHr kyn 250300 vM ymyam
OpaJuFHUIard HaHO3appavalapHU TAITKUAI KAJIH.

Ymly roKopu [ucHepciad Ba HaHO3appayald CYCHEH3USJIApHU OJMILIIaH
Makcaj, yJapHH KypWIHMII MaTepHAIApUHUHT EHYBUAHJIMTUTA TabCUPJIAPUHU
TAJAKUK KWIMII Ba ylap acocuja SHIU YT YUUPHUII TapKUOJApHUHU HILTA0
YUKUIIAaH HOopart.
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2. 1F:Height

nm

10 - pacMm. BepMUKYJIUT MIUHEPAJIH ACOCH/Ia OJTMHIaH HAHO3appavaJjiap
H03aCHHMHT Tonorpagusicu (4anaa) Ba 3appadyajiapHUHT ya4amiapu Oyin4ya
TAKCUMJIAHMIIHU (VHIIAQ)

TaakukoT MoOaliHHMIA@ CYIOK XoOJaTAard YT YYUpHUIL — TapKuOIapu
caMaJOpJUTHMHA Oaxojlallla HIUIATHII YYyH KyIIMM4a KypcaTKud Ba ymOy
KYpCaTKUYHU aHUKJIAIl ycyiau uuuiad yukwigu. Taxpubanap yuyH «Kepamuk
KyBYyp» KypunmacugaH ¢oipananungd. Cyrok YT Vuupuil —TapkuOnapu
CaMaJIOPJIMTUHM Y4Yall ydyH AacTiad oaauil cyB OWilaH MIMMAMPUITAH EFOY
HaMyHacH, KEMMH CHHAJIyBUYM TApKUOHUHI CYCNEH3UsICH OWJIaH MIJIOB OepuJIraH
érou HamyHacu «Kepamuk kyByp» na énaupunanu. CyB Ba cycHeH3usi OwWiaH
UIuIoB OepwiraH €rod HaMyHAJApUHUHT EHUIN OOLUIAaHWII BaKTJIAPUHUHT
KuiiMaTiapu y3apo conumrupuiaan. Mkkana HaMyHaHUHT €HUIN OOIUIAHUII
BakTiapu opacugaru GapKHUHT COH KUHUMaTH €KU YJIApHUHI HUCOATU CHHAYBUU
CYIOK TApKHOHUHT CaMaJIOpJIMTY KaHYaJIMK KUMaTra ara S5KaHJIMTUHY OWiIIupaiu.

Kytinma 6entonut - 387,1 rp, cyB 600 rp, HaTpuii rugpokapooHat 67,1 rp,
MaliH JUCHEPCIIA KaBapHUKIaHTaH BepMUKYIUT 36,6 rp (160< MkM) TapkuOiu Ba
BEPMUKYJIUT MUHEPAIIM HaHO3appayanapu Oop OYJraH CyCHeH3HsUIAPUHUHT CUHOB
HaTwxkanapu kentupwirad (11-pacm). Pacmaa Nel srpu uusuk onnuii cyB OuiiaH
unuioB Oepuiiran €rou HamyHacu, Ne2-1 Ba Ne2-2 srpu yu3uKiIap MOC paBHIIIA
IOKOpUJIa  KEITHUPWITaH CyCNeH3usjaap OwiaH MIUioB  OepwiraH  €roy
HaMyHaJIapUHUHT KYPCAaTKUWIAPU KEITUPUIITaH.

No2-1  Ba No2-2 é&érou wHamyHamapu (11-pacM) K¥pcaTKudiapuHU
CONUIITUPHUILIAPIAH MabAyM OYJIIUKK, HAaHO3appayald CyCIEeH3UsUIApHUHT
1,5-2,0 wmapraraya oOpajdMKIard KaM MHKIOpJapu OujaH OIIui  IOKOPH
KOHIICHTPAIUSIIN CyCIIeH3UsIapHUHT HaTvxkacu (Ne2-1 HamyHa) OwiiaH aespiv
OMp XWJ HaTW)KAcUra SpHUILIMII MyMKUH. By 5ca BepMHKYIUT MHHEpaTMHUHT
IOKOpH JUCHEpPCIM Ba HaHO3appayald CYCIEH3WsUlapu OuiaH caMapaid YT
VYUpUII TApKUOIAPUHU UTIUTA0 YHKUTIT MyMKHUHIUTUHA TACTUKJIA TN,

[IIyHUHT IEK, TAAKMKOTAa BEPMUKYJIUT MUHEPAIU aCOCUIA UKKUA XWJI TypJaru
UCCUKJIaH M30JIALMIOBYM YTra 4uJiaMiid MaTepuasuiap sSHTU TapKuOJapu uuuiad
YUKAIAM. Ma3kyp Marepuaiap KyHuaard acocuii TapkuOUidi KucMiiap/iaH TallKuil
tonran: wmaiuH gucnepcau BK, sHru Tapkubiu ruapodo0d BepMUKYIUTH,
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HATPUIUIM ~ CYIOK  IWIIA,  TOJACUMOH
MaTepuauiap (IMIOJM TIOSCHIAH OJWHTaH
QHTUNIUPECHIM  Tapku®  OWjaH  HWIUIOB
Oepwira TOJIACUMOH MaTepuan,
MUKPOKPHUCTAJUIUK  IEJUII0NI03a), FOBAKIIH
uHepT koMoHeHtaap (SiO; - cumukaren Eku
MUKPOKPEMHE3EM ) Ba optodocdar
1 cyB KUCTIOTacH. SIHTM HWCCHUKIAH  CaKJIOBYU
2. cynewsud | MaTepHAJUIAPHUHT  HaMyHaldapu  (U3HK-
| TEXHUK Ba EHFUH-TEXHHUK XOccallapu Oyiinua
§ 0 5 0 15 20 25 30 B 40 rekmmpyBAapIaH YTKA3WIAKM. TEKIIMPYB

2-1

BakT,rom. o
HATW)KACUra Kypa, OJIMHTaH HaMyHajap
11 “pacum. Asxpannod JaBjaT CTaHAapTiapu Tanabiapura 3xaBoO
THKA€TIaH rasjiap OepyBun (PU3MK-MEXaHUK Ba EHFUH-TEXHUK
XapOpaTHHHMHI BAKTIa Xocajapra 9ra OKaHJIUTH  aHUKJIAHIIH.
OOFIMKINTH 12.1.044-89 naBmatr craHmapTd Oyiinua,

UNUIa0 YUKWITaH MaTepHajiap SHI KaM TYTYH XOCWJ KWIMII Japa)kacura sra
Oynu6 E€Hmaiiuran Marepuaiap Trypyxura kKupaad. Ymoly HaTwkalap HUIUiao
YUKAJTAaH HCCUKAAH M3OJLMSIIOBYM  MaTEpHAIAPHUHT  IOKOpU  EHFUHTA
XxaB(CU3HK Japa’kacura 3ra SKaHJIUTHHH TaCIUKIaiIu.

XVYJIOCA

«Maxamumii MuHEpajd XOMalll€llap acocuja yTra 4YuJaMmiid KoIulama Ba
TEIUIOM30JISILIMOH TYJIIUPYBUWIAP SPATUILD) MaB3yCUAAru JOKTOPJIMK IUCCEPTALMSICH
Oyinya om0 OOpUITaH TaAKUKOTIAp HATHXKACKIa KyWHaaru XyJiocaaapra KeJIuH Iu:

1. TeOuHOYIOK BEPMUKYJIUTUHUHT Xap XU JUCHEPCIUKAArd (ppakiusuiapuHu
AKyCTUK MAaWJIOH Ba KUMEBUM pearcHTIap TabCUpJApUAard ManJaJaHMII
Kapa€Hliapy MeXaHU3MJIapH Ba yJIApHU OJMIUHUHT SHIH caMmapallid yCyJlH HILIa0
YUKWIAA. BepMUKYIUT MHUHEpaIMHUHT XOCCaJlapd Ba YHHUHT 3appadajiapu
yrgamiapura — y3BHM  OOFJIMKIMIM  acocuja  JWCIEPCIaHraH  BEPMUKYJIHT
MUHEPAJIMHUHT TEPMUK Ba TEIUIOPU3MK XOCcallapH, >KymJlaJaH KaBapUKJIaHUIII
Japakacu, UCCUKJIMK YTKa3yBUaHIIMIM XaMmJa TepMorpammaiapujiard 3HIOTEPMHUK
s deKkTIIapHUHT XOCHWIT OYIuIn Kabu >kapaCHiaap MEXaHW3MJIapu WIUIA0 YHUKWIIH.
Jlucnepciauk gapaxxacura OOFJIMK pPaBUILA BEPMUKYJIUT MUHEPATUHUHT HMCCUKJIUK
dbuzukac Ba TEPMUK >KapaCHJIapy MEXaHU3MJIAPUHM HILIA0 YUKW MUHEpas
XOMaIi€nap acoCHIard OJIOB Ba WCCUKIMK TabCUPUAAH XUMOSUIOBUM TapKUOIap
camapaJIopJIUTUHU OJIIUH/IaH 6ax01all UMKOHUSTHHH OepaIi.

2. Xap Xwl AUCTEPCIUKAATH BEPMHUKYIMTIIAp Ba ylap acOCHIArd KyKyHIIU
TApKUOJAPHUHT TEPMUK Ba OJIOB TAabCUPUIAH XUMOS KWIHII camMapagopiiuru
VIQPHUHT TepMOTpaMMajapuaard SHAOTepMHUK dddexTnapra OOFTUKIMKIAPH
aHUKIaHau. MuHepaTHUHI TepMHUK d(]dexmiapra TabCcUp KWIMIT  OpKaJIU
BEPMHUKYJIUT MUHEPATIN Ba YHUHT aCOCHUArd TApKUOIAPHUHT TEPMUK Ba TETUIO(PU3UK
XOCCaJTapUHU OOTIKAPUIIT YCYIIN UIIIA0 YAKHIIIH.

3. BepMukymuT MHUHEpAIMHUHT FOKOPW IUCIIEPCIN 3appadajapy acocujaru
FOBAKJIU AUCHIEPC CUCTEMAJIap YUyH MaTeMaTUK MOJEIH SIPATUJIIH.
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4. VIkxky OOCKUYJIH MIIJIOB OEPHINl OPKATM BEPMHUKYIUT MUHEPATUHUHT TEPMHUK
Ba TEIIOPU3UK XOCCalapura TabCUP KWIMIIHUHT SIHTH YCYJIM WIUIA0 YUK
bynnma OwpuHun Oockuuga BepMukyiautra Kywim oprodocdar (HzPO,) Ba asor
(HNOs) kwucioTamapu TabCHp KWIAMPHIAAA Ba HMKKHHYM OOCKHYIA HIIKOPHIA
peareHTyIap OWIaH MIUIOB Oepuiaau. YOy sIHTH yCysl BEPMHUKYJIUT MUHEpPAIU Ba
YHUHT ~ aCOCHJIard  OJIOBJJaH  XMMOSUIOBYM  TAapKUOJAPHUHT  KaBapUKJIAHUIII
TeMmreparypajapy KUiMaTiapura TabCup KWIMII Ba KEpakiIM TOMOHTA Y3rapTHUPHILL
MMKOHUSITUHU Oepajiu.

5. «TeOuHOYNOK» BEPMUKYJIUTH aCOCHJIA XOCCAIApPH SIXIIWJIAHTAH SIHTH
BEPMUKYJIUTIAp UIUTA0 YMKWIIU. bynap KaBapHKIaHUII TemIieparypacu HUcOaTaH
MACTPOK OYJraH BEPMUKYIIHUTIIAP, KaBAPUKJIAHUII TeMIIEpaTypacu HUCOATaH FOKOpH
BEPMUKYJIUTIAP, THUIAPO)OO BEPMUKYJIUT Ba FOBAKIMIM SXIIM  CaKJIAaHTaH
BEPMUKYIUTIApAUP. YOy XOcCcacu SIXIIWIAHTaH BEPMUKYIHUTIAP acocuja SHTU
OJIOB Ba UCCHUKJIMK TAbCUPHUIAH caMapaid XMUMOSUIOBYM MaTepraiiap Ba YT YUUPHII
TapKUOIApU UIUIA0 YUKWIIIN.

6. bupuHuM MapTa akTUBJIaHTaH Ba MOAU(DUKANIUSATIAHTAH BEPMUKYJIUTIAp EFOU
Ba METAT KypWIHII MaTepUaUIapUHU OJIOB TAbCHUPHIAH XHMOSUIOBYM TapKUOJIAp
OJIMII/IA WILIATWIAU. YOy TapkuOiap OwiaH MIUIOB OepwiraHja €HyBUaH EFou
aménapu KuiuH EHyBYAHJIMK XYCYCHSITra 3ra OVIMINM Ba METailap y4yH KPUTHK
(500°C) Temmeparypara €THIN BaKTH KMHAMATH OLIMPHJIMINMra Spuiniimd. Winmad
YHKWITaH OJIOBAH XUMOSUIOBYM KOIUIAMANapHH KYIUlall OpKajlK JaBiarT CTaHIapTd
Tanabnapu GOyiinua érou Marepuamu B4 (kywin éHysuaH)aH B, (Kydcus HyBYaH)
rypyxra YTHIIUTa 3pUIIAITAH Ba IIYHUHTIEK, MeTaiapJa KpUTHK TeMIlepaTypara
eTHIIl BaKTUHU 15 gakukanan 45 nakukara (3 MapTa) OUIMpUIll UMKOHUSTUHU Oepajiu.

7. Slaru Typmaru akTUBIAHTaH Ba MOAU(DUKAIMATIAHTAH BEPMHUKYJIUTIIAP Ba
ylIap acocuaa OJI0B TabCHPHAAH caMapaid XUMOSUIOBYM OVEK Ba KoIlama
MaTepuaJlIapy MILTa0 YNKWIIN Ba UIIUTA0 YUKAPHII TEXHOIOTHSIIApH SPATHIIIH.

8. KaBapukmaHraH BEpMUKYJIUT, HATPUWIM CYIOK IIHIIA, BEPMUKYJIHT
MUHEpAIM KOHIIEHTPAaTH Ba OpTOodocaT KUCIOTaTapu acocuja WKKH X Typaard
WCCUKJIMK M3OJBSIIUSJIOBUM EHMAaWIUTaH Marepuajuiap TypyXura KHPYBUH STHTH
FOBAaKCHMOH MaTepuaiap Uiuiad YuKUIIIH.

9. Nmnab ymkuiran MailH Iucnepeiv Moau(UKalusIaHraH BEpMUKYIIUTIAP
acocujia SHTU, CWIMKAT OYE€K MaTepUaIMHU OJIMII TEeXHOJOTUsACH «Y3-JloHrKY
IIhuat Koy OAXna nmuiad umkapuira TaTOMK KWIMHIW. SpaThiaraH TeXHOJIOTHS
Oyiinua wnurad yukwiran OVEK Marepuamn Mwumii cepTH(UKAIMS TH3UMHIA
aKKpeNUTaluanaH yTrad WYky WOouiap BasUpIMTH EHFUH  XaBQCH3IMIH  GOII
OormkapMacu EHFUH-TEXHHUK JabopaTopusicuia €ro4 KypWIHIT MaTepUAIMHU OJIOB
TAbCUPHUJIAH XUMOSUIAI CaMapaJiOpJIMrd  TEKIIMPWITaHUAA JlaBiaT CTaHIapTH
Tayiabiapura »kaBod OEpHUIlN TaCIUKIIaHTaH.

10. BepMuKkymuT MuHEparra CyBJIM MYXHUT/IA YIbTPATOBYII TAhCHP KHJTUPHIII
OpKaJIM TypFYH CYIIEH3HUSUIap OJIMII UMKOHUITA Kypcatud Oepuinu. Texkmmpuiuiap
HaTWKacHIa CYyCIICH3WsIapAa BEPMHUKYJIMT acoCHia OJMHTaH HaHo3appadajap
OOpJIUTY aHUKJIAHIU Ba YOy CYCHEH3MsUIap acoCHja SHTU, caMapajiop YT YUupHIl
TapKUOIApU HILTA0 YMKHAIAH. Y TKA3HIraH TAKPHOAIap acoCH/Ia CYIOK XOIATHarH yT
YUupHIll TapKUOIapu caMapaJopiurdHu Oaxojalla WIUIATUIAAUTraH KyIIuMmya
KYpPCAaTKUYHU aHUKJIAI YCYJIU UIUTA0 YUKUIIIH.
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PA3OBBI HAYUYHBINA COBET IO TIPUCYKJIEHWIO YYEHON
CTENEHU JOKTOPA HAYK HA BA3E HAYYHOI'O COBETA
14.07.2016.7.23.01 ITIPU TAIIKEHTCKOM UHCTUTYTE UPPUT ALITUU
N MEJIMOPAIINU, TAIIKEHTCKOM APXUTEKTYPHO-
CTPOUTEJBHOM MHCTUTYTE U TAIIKEHTCKOM MUHCTUTYTE
WHKEHEPOB KEJE3HOJOPOKHOI'O TPAHCIIOPTA

BBICIIASI TEXHUYECKAS IIKOJIA TOXKAPHOM BE3OITACHOCTH

KYPBAHBAEB IITYXPAT OPI'AIIEBUY

CO3JAHUE OTHECTOMKHNX MNOKPHITUHN
TEILION3OJSIHUOHHBIX HAIIOJIHUTEJEN HA OCHOBE
MECTHOI'O MUHEPAJIBHOI'O CBIPbHS

05.10.02 — be3zonacHoCTh B Upe3BbIYaHbIX cUTyanusax: [loxxapHas,
MIPOMBIIIJICHHAS, SIEPHAS U paJuallioHHas 0€301MacHOCTh
(TeXHUYECKHE HAyKH)

ABTOPE®EPAT JJOKTOPCKOM TUCCEPTAIINN

Tamkent — 2016



Tema nokTOpcKOii MHCCEPTAIIMU 3aperucTPUPOBaHO B Bhiciell aTTecTAlIMOHHONW KOMUCCHU
npu Kaéunere MunuctpoB Pecny6saukn Y30ekucran 3a HomepoMm 30.09.2014/B2014.3-4.7T209.

JlokTopckas quccepTalivisi BEIIOJTHEHA B BEICIIEH TEXHHUSCKOM MIKOJIE TIOXKapHOH 0€30MaCHOCTH.

ABTopedepar quccepTanuy Ha Tpex s3bIkax (y30€KCKUi, pyCCKUi, aHTIIMACKAN) pa3MeleH Ha BeO-
CTpaHuIle 1O aapecy WWW.tHM.UZ u Ha HHPOPMAMOHHO-00pA30BaTEIBHOM MHOpTalie «Ziyonety Io
azmpecy WWw.ziyonet.uz.

Hay4HbIii KOHCYJIBTAHT: Mup3aeB Cupoxuaaus 3aiiHneBHY
JOKTOp (PU3UKO-MAaTEMaTH4YECKUX HaYK

O¢unnanbabie onmoHenTbl:  TyaaranoB Aoayko0onsa AoayHaOueBu4
JOKTOp TEXHUYECKUX HayK, podeccop

unayea Ejgena BaagumupoBHa
JOKTOp TEXHUYECKUX HayK, podeccop

Hcmannos Papman UcpansioBuy
JOKTOP XMMHYECKHX HAyK, TOLICHT

Benymas opranmsanus: CamapkaHICKHii rocy1apcTBEHHBI apXHUTEKTYPHO-
CTPOUTEIbHBIIH HHCTHTYT

3ammuTa COCTOUTCS « » 2016 T. B YacoB Ha 3aceJaHHH pPaz0BOTO
HaygyHOro coBera Ha 0Oaze HaywuHoro coBeta 14.07.2016.T.23.01 npum TamkeHTCKOM WHCTHUTYTE
HppUrallid ¥ MEJIHOpAalMU, TallKeHTCKOM apXUTEKTYPHO-CTPOMTEIBHOM HHCTUTYTE M TallKeHTCKOM
HMHCTUTYTE€ WH)XCHEPOB KEJIE3HOIOPOKHOT0 TpaHcmopTa mo aapecy: 100000, r. Tamkent, yn. Kapsr —
HusizoBa, 39. Tein.: (99871) 237-22-67; daxc: (99871) 237-38-79, e-mail: admin@tiim.uz .

C JOKTOpCKOW aMCcepTalueii MOXKHO O3HAaKOMHThCS B MH(OpMaIMOHHO-PECYpCHOM IIEHTpE
TalKeHTCKOro MHCTUTYTa UPPHUTalliyd W Mejauopainuu (3aperucrpupopana No ) Aapec: 100000, r.
Tamkenr, yi. Kaper — Husizosa, 39. Tem.: (99871) 237-19-45.

ABTOpedepar AuccepTanun pa3ociaH « » 2016 roxa.

(nporokona pacceuiku  Ne oT  « » 2016 rona).

M.X.XamMunoB
[Ipencenarens pa3oBOro HAYYHOTO COBETA TIO MPHUCYKACHHUIO
YYEHOM CTEIEeHH JOKTOpa HayK, J.C.-X.H., mpodeccop

T.3.CyaranoB
VYdeHblil cekpeTapb pPa3oBOro HAy4HOTO COBETA MO MPUCYKICHHUIO
YYEHOU CTENeHH JOKTOpa HayK, 1.T.H., TOIIEHT

Bb.A.MaBasitHKapueB
[Ipencenarens pa3oBOro HayyHOro CEMUHapa MPU HAYYHOM COBETE
0 IPUCYXIEHHUIO YUYCHOH CTETIeHH TOKTOpa HayK, 1.T.H., Ipodeccop


http://www.tiim.uz/
http://www.ziyonet.uz/
mailto:admin@tiim.uz

BBEJEHUE (AHHOTAIMs TOKTOPCKOM TUCCEPTAIINH)

AKTYaJqlbHOCTH M  BOCTpPe0OBAHHOCTH TeMbl auccepranuu. Ha
CETOAHSIIHUN J€Hb B MHMPOBOW MNpakTUKe B cepe oOecredeHusl MOKapHOU
0€30MacCHOCTH 3JJaHUI U COOPYKEHHUM BEAyIlee MECTO 3aHUMAET CO3/1aHuEe HOBOTO
IIOKOJICHHsI CPEJICTB 3allUThl C KOMIUIEKCOM CBOMCTB Ha OCHOBE JIOCTH)KCHMMU
MHHOBALMOHHBIX TEXHOJIOIMH. «Ha OCHOBaHMM CTaTUCTUKH I10KapOB, B MHpPE
MOKaphl HAHOCAT 3HAYUTENBHBIN yiiepOd Oe30macHOCTH KU3HEAEATEIbHOCTU
JTIOJIeH, SKOHOMHKE U SKONOTHI» . OIHO# U3 Hanboee aKTyanbHBIX 33144 B CBSI3H
c OypHBIM pa3BUTHEM HAyKd M TEXHOJOTHH, C YBEITUYCHHEM KOJIMYECTBA
MIPOMBIIUICHHBIX OOBEKTOB M COOPYKEHUH CO CIIOKHBIMH KOHCTPYKLIMOHHBIMHU
pELICHUSIMU SIBJISIETCS. KAYECTBEHHOE OOECIEUEHHMsI MOKapHOM 0€30MacHOCTH IS
ATUX U JPYTUX TUIOB 00BEKTOB. B Bemymux cTpaHax Mupa OTAEIbHOE BHUMAHHE
ynensiercst  pa3paboTke  BBICOKOA((EKTHBHBIX  OTHE3ALUTHBIX CPEACTB U
HOKPBITHM, oO0JanaomuXx KOMOMHUPOBAHHBIMH  CBOMCTBAMHM Ha  OCHOBE
MUHEPAIbHOTO  CBIpbS  JUIA  IOBBILIEHUS  OIHECTOMKOCTH  CTPOUTEIBHBIX
KOHCTPYKIMI U MaTepUaJIoB.

B PecnyOnuke Y306ekuctaH mpoOBOAATCS MIMPOKOMACIITAOHBIE MEPONPUSITUS
no O0OeCleYeHnIo MOoXapHOM 0e30macHOCTH 3JaHUM U COOPYXKEHHHM IyTeMm
CO3JJaHUs ¥ COBEPIICHCTBOBAHMS COBPEMEHHBIX OTHE3AIUTHBIX CPEJCTB U CUCTEM.
B aT10it cdepe, B ToM yucie, Mo CO3JaHUI0 OTHE3AIUTHBIX CPEACTB 00ECIIeUEHUS
OTHECTOMKOCTU CTPOUTEIBHBIX KOHCTPYKLIMA M MaTEpHAIOB HA OCHOBE MECTHOTO
CBIPbS, MOBBIIIEHUIO KAYECTBA TEXHUUECKUX CPEICTB U METOAO0B NPEIOTBPAIICHHUS
M0XKapOB, IPOBOJUTCS PsIZl UCCIAEAOBATENIBCKUX padoOT.

B Mupe nns obecriedeHus: moKapHOM 0€30MacHOCTH 3aHUM U COOPY>KEHUI
0co00€ BHUMaHUE YAENSETCS CO3JAaHHUI0, HA OCHOBE COBPEMEHHBIX TEXHOJOTHUH,
BCIIYUMBAIOIMXCSl «IIACCHUBHBIX» CPEICTB OTHE3ALIMTHl W TOBBILIEHUIO C HX
IIOMOILBK) OTHECTOMKOCTU CTPOUTEIIbHBIX KOHCTPYKLIMI U MaTepUAIOB. B CBs3M C
3TUM, OCYILECTBICHHE LEJICHANPABICHHBIX HAyYHBIX HCCIEAOBAHMM 11O
HalpaBJEHUSIM, BKJIIOYAIOIIMM COBEPUICHCTBOBAHME pa3pabOTKu  Mojenen
MEXaHU3MOB TEIIOYU3NUECKUX U TEPMOXUMUYECKUX MPOILIECCOB, MPOUCXOASIINX
B 3aIIUTHBIX MOKPBITUAX MOJ ACHCTBHEM TeIUIa; pa3padoTKa KOMITAKTHBIX, TOUHBIX
U CKOPOCTHBIX METOJOB KOMIUIEKCHOM OLIEHKM BIMSHHUS OTHE3aIUTHBIX
HAIOJIHUTENIEH Ha MOKa3aTeNH MOKapHOM OMACHOCTH CTPOUTENbHBIX KOHCTPYKIIMMA
U MaTepuasoB; CO3/IaHUE BbICOKOI(P(PEKTUBHBIX TEMJIO- W OTHE3alIUTHBIX
NOKPBITUIA HOBOTO TMOKOJIEHHS HAa OCHOBE LIMPOKO PACIPOCTPAHEHHBIX B MPUPOJIE
MHUHEpAJOB, CUYMTAETCA OJHOM M3 BaXHbIX 3anad. IIpoBeneHne Hay4yHBIX
UCCJIeI0BAHUM o BBIIIETPHUBEICHHBIM HAy4YHO-UCCIIEI0BATEIbCKUM
HaIpaBJICHUSIM MOATBEPKIACT aKTyaJIbHOCTh TEMBI IaHHOM JAMCCEPTAaLIUU.

JluccepTallMOHHOE MCCIIEIOBAHWE B  ONPENEJIECHHOM CTENEHU CIY)KUT
BBIMOJIHEHUIO 3ajla4, NpeIyCMOTpeHHbIX B 3akoHe PecrnyOnmuku VY30ekucran
«O moxapnoit 6e3onacuocti» (2009), ITocranosnenuu Ilpesunenra PecryOmmku
V36ekucran Ne I1I1-1048 ot 27 suBapsa 2009 roga «O mporpamme JoKald3aluu

! World Fire Statistics. Center of Fire Statistics. Report. Ne21. 2016. — 63 p.; http://www.pozhproekt.ru/pozharnaya-
statistika/.
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MPOMU3BOJICTBA TOTOBOM MPOIYKIIMH, KOMIUICKTYIOUIMX U3ACJIHA U MaTepuagoB Ha
OCHOBE MpPOMBINIIEHHON Koomeparuu Ha 2009 rom», mocraHoBieHue KaOuHera
MunuctpoB Ne89 or 28 mapra 2013 roma «O Mepax Mo peanusaluu 3aKOHA
PecniyOnuku Y36ekucran «O mnoxapHOW O€30MacHOCTH» a TakkKe B APYrHX
HOPMATHUBHO-TIPABOBBIX JJOKYMEHTaX, MPUHSATHIX B cepe.

CooTBercTBHE HCCICA0BAHMS NPUOPUTETHBIM HANPABJCHUAM PA3BUTHA
HAYKH W TeXHOJOruid pecnyO0auku. J[aHHOE HCCIIEIOBAHUE BBINOJHEHO B
COOTBETCTBUM C MPUOPUTETHOTO HAMpPABICHUSI PA3BUTUS HAYKH U TEXHOJIOTHI
pecnyomukn V1. « XuMudeckrue TEXHOJIOTUN U HAHOTEXHOJIOTHI.

0630p MeKIYHAPOIHBIX HAYYHBIX HCCIEIOBAHMIA 10 TeMe AUCCEPTALMH’
HayuHble wnccnegoBaHuWs, HampaBJICHHBIE HA CO3/aHHE CPEICTB OIHE3ALIUTHI
HOBOI'O TIOKOJIEHHUS M COBPEMEHHBIX METOJOB HCIBITAHUM, OOJaJaI0IINX
pa3IMuHbIMU  (DYHKIIMOHATBLHBIMUA CBOMCTBAMH, OCYIICCTBISIOTCS B BEIYIIUX
HAYYHBIX I[IEHTPaX U BBICIIMX 00pa30BaTENIbHBIX YUPEKICHUIAX MUPA, B TOM YHCIIE,
B Polymer Research Institute, Polytechnic Institue of New York University,
National Institute of Standards and Technology, Texas University, Sherwin
Williams, Great Lakes Chemical, Dow Chemical (CILIA), International Paint Ltd,
BRE Global Limited (Bemukoopuranus), PPG Industries Netherlands, Akzo Nobel
Aerospace Coating (Hunmepnanaus), Badische Anilin und Soda Fabrik,
Bundesanstalt fiir Materialforschung und-priifung, Institut fiir Technische Chemie
- Leibniz Universitit Hannover (I'epmanust), Ecole Nationale Supérieure de
Chimie de Lille (®panuus), Dipartimento di Chimica Universita degli Studi di
Milano (Mramus), Universidade do Estado do Rio de Janeiro (Bbpa3wmus),
BcepoccuiickoM  Hay4HO-MCCIEAOBATEIBCKOM HHCTUTYTE IIOXKApPHOM OXpaHbl,
Axkanemun u  Cankr-lletepOyprckom — yHuBepcutere  ['ocyagapcTBeHHOU
MPOTUBONOXKAPHOU  caykObl  Poccum,  TalIKeHTCKOM  rocylapCTBEHHOM

TEXHUYECKOM  YHHUBEPCHUTETE, TalmKEeHTCKOM  XMMHKO-TEXHOJIOTMYECKOM
WHCTUTYTe ¥ BBICIIEl TEXHMYECKOW IIKOJe TMOKapHOW  0e30MacHOCTH
(V306ekucran).

B pe3ynbrare ucciie10BaHu, MPOBEAEHHBIX B MUPE 110 COBEPIIECHCTBOBAHUIO
MEp TI0 OOECMEYEHHUIO TMOXAapHOW OE30MaCHOCTU 3JIaHU U  COOPYKEHUH,
pa3paboTKe TeII0-U30JSIMOHHBIX U BCIYYUBAIOLINXCS OTHE3AIIUTHBIX MOKPBITHIMA
U CO3JaHUI0 COBPEMEHHBIX METOJOB MWCIBITAHWW, IOJY4Y€H P HayYHBIX
pe3ynbTaToB, B TOM YHCIE: pa3padOTaH HOBBIM KJIACC HAHOCTPYKTYMPOBAHHBIX
OTHE3AIIUTHBIX TOKPBHITUM Ha OCHOBE pAa3IUYHBIX MOJUMEPOB, MOKPBITHIX
HaHouactuuamu (Bundesanstalt fiir Materialforschung und-priifung, I'epmanus);
Ha OCHOBE YIJIEPOJHBIX HAHOTPYOOK pa3pa0dOTaHbl MOKPBHITHUS, COCTOSIIIME W3
PaBHOMEPHO pAaCIHpPEACIICHHbIX CJIOEB, CHIDKAIOMIMX B JOCTATOYHOM CTENEHU
roprouecth MaTepuasioB (National Institute of Standards and Technology (CIIA);
pa3zpaboTaHbl MaTeMaTHYecKas MOJENb, AaJrOpUTM M MPOrpaMMbl aHalu3a
rapaMeTpoB M NPOTrHO3a [OKa3aTejaeil IMO0XKApHOM ONAacHOCTH BEUIECTB U
MarepuasioB (HayuHno—uccienoBarenbckuil eHTp «Temnoornesammura», Poccus);

2 0630p 3apyGesKHBIX HAYYHBIX HCCICAOBAHMI 110 TeMe JUCCEPTAIM OCYIECTBISUICS Ha ocHoe: http://industrial-
coatings.ru/archive, http://www.ogneportal.ru/news/russia/, http://www.fire-smi.ru/arhiv, http://academygps.ru/
nauka/nauchnyj-zhurnal-pozhary-i-chs/arkhiv-nomerov/arkhiv-nomerov-za-2015-god i Apyrux uCTOYHUKAX.
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pa3paboTaHbl KOMIMAKTHBEIE JabOpaTOpHBIE METOAbl HMCIBITAHUNA OTHE3aIUTHBIX
HOKPBITUH IS METaJlla, IPEBECHHBI M MaTepuayioB npyrux tumos - small scale
tests — menkomaciiradbubie ucnbitanus (Ecole Nationale Supérieure de Chimie de
Lille, ®panius).

B Mupe no obecrnieueHuto mokapHoi 0€30MAaCHOCTU 3/IaHUM U COOPYKECHHH,
HaIpaBJICHHOM Ha CO3JaHHe BBICOKOI(P(HEKTHUBHBIX OrHE3alIUTHBIX CPEACTB U
CUCTEM, M0 PSAAY NPUOPUTETHBIX HANIPABJIECHUW MPOBOISATCA UCCIECIOBAHUS, B TOM
qrclie: pa3paboTKa HOBBIX METOJIOB M TEXHOJIOTHH yNpaBieHHs (PU3NUECKUMH U
XUMHUYECKUMU CBOMCTBAMU OCHOBHBIX KOMIIOHEHTOB OTHE3AIUTHBIX COCTABOB,;
paspaboTtka 3G(EKTUBHBIX OTHE- W TEIUIO3ANMUTHBIX IOKPBITHH HOBOTO
MOKOJICHUS;  pa3paboTKa  YCOBEPIIEHCTBEHHOW  MOJENH, alropuTMa U
KOMITBIOTEPHBIX MPOrpPaMM IO YCTAHOBJIEHHUIO 3aBUCHMOCTH MEXIY COCTaBHOM
YacThl0O M CBOMCTBAMHU OTHE- U TEIUIO3AIIMTHBIX MOKPBITHM; pa3paboTka
BBICOKO?((EKTUBHBIX MHOTO(DYHKIIMOHATBHBIX JUCIEPCHBIX CHUCTEM Ha OCHOBE
HAHOYACTUIl M HAHOTEXHOJOTUH; pa3pabOoTKa KOMMAKTHBIX, YCKOPEHHBIX U
7 (PEKTUBHBIX METOJ0B KOMIIJIEKCHON OIEHKH CBOMCTB OTHE- U TETUIO3AIIUTHBIX
IIOKPBITHUM.

Crenenr  m3y4YeHHOCTH  mpoOJjembl. Bompocam — ucciienoBaHus
TEOPETUYECKNX U MPAKTUYECKUX 3a7a4 [0 CHIKEHUIO YPOBHS TMOXKApHOU
OMAaCHOCTU  CTPOMUTENBHBIX  KOHCTPYKIIMA W MarepuajgioB,  CO3JIaHHUIO
BBICOKO(D(EKTUBHBIX CPEJCTB OTHE3AIIUThI M WX HCIHBITAHUSIM, TOCBSIICHBI
paboThI psaa yaenbix: Dasapaa Jl. Bemra (Polymer Research Institute, Polytechnic
Institue of New York University), P.Hacuumento (Universidade do Estado do Rio
de Janeiro, bpaswius), Dnuzaber Panyuun (Dipartimento di Chimica Universita
degli Studi di Milano, Uramus), Cepxa bypomwxko, Codum [ykysn (Ecole
Nationale Supé¢rieure de Chimie de Lille, ®panuwms), bepnapma Illaptena
(Bundesanstalt fiir Materialforschung und-priifung, [epmanus), Mandpena
Hépunra (Karlsruher Institut fiir Technologie KIT Institut fiir Technische Chemie,
I'epmanust), Akcena Kamanmepa (Inomat GmbH, bmmskactn, ['epmanus), JleO6u
Cmut (BRE Global Limited, BemukoOputanus), B.JI.CtpaxoBa, A.M.Kpytos,
A.H.I'apamenko (HayuHo-npousBojactBeHHOe oObeanHeHne «Temmoornesa-
umta»), A.S.Koponbuenko, A.b.CuBenkoBa, H.B.Cmupnoa, T.P.Epemuna
(Bcepoccuiickuii  HayYHO-UCCIEIOBATEIbCKUA HHCTUTYT TIOKAPHOM OXpaHbI
I'ocynapcTBeHHOW MNPOTHUBOIMOXKAPHON CiIy»KObl MuHHCTEPCTBA UYpE3BBIYANHBIX
cutyanui Poccun), T.FO.Epemuna, A.b.CuenkoBa, b.b.CepkoBa (Akamemus
INocynapcTBeHHOM npoTuBOIOXkapHOU ciyx0bl Poccun), M.B.KpameHunaukoBa
(Hayuno WunoBanmonubii [{entp CrtpoutensctBa u IloxkapHoit O0e30macHOCTH,
Cankr-IletepOypr), C.H.Henaxosa (HayuHo-uccnenoBarenbckuii neHTp «Temno-
xuM» MockBa) u Jp.

Co CTOpOHBI psAZla YYEHBIX BEIUCH UCCIEAOBAHUS, MTOCBAIICHHBIE pa3pabOTKe
U UCIOJb30BAHUIO OTHE3AIIUTHBIX W JPYTHMX THUIIOB MATEPHATIOB HAa OCHOBE
MuHepana BepMmukyiauta, B ToM uucie K.H./[yGenenkum, C.M.XBOCTEHKOBBIM,
I".B.I'emmepnunrom, M.C.Xumenezom, A.Jleptom, O.H.KpameHuHHUKOBBIM,
SA.A.AxtamoBbiM, HO.M.TuxonossiM, A.B.CumopoBeiv, A.C.Mak0y30BbIM,
A.H.llepounsim, A.3.KykoBsiM, M.bnane3zom, A.H.Hryenom, A.ILIToxxHuHBIM,
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A N.KonpuoseiM, JI.Hromakcom, A.B.IloGeauHckuM © MHOTHUMH Apyrumu. B
V30eKUCTaHe MCCIICAOBAaHUS 110 MHUHEpaly BEPMHKYIUTa (MECTOPOXKICHHUEC
TebunOynak) npoBoammuck [1.A.ApudoBBIM U TOJIYYCH P Pe3yJabTaToOB, B TOM
YHCJI€ CO3/IaHbl HEKOTOPBIE TUIIBI OTHE- U TETUIO3AIUTHBIX MATEPUAJIOB.

[Iporiecc co3maHus HOBBIX «IACCHUBHBIX» CPEICTB OTHE3ALIUTHI MPOUCXOIUT
HEMPEPHIBHO, TaK KaK KAKIOE U3 ITUX CPEACTB 00JIaaeT CBOMMHU MOJIOKUTEILHBIMU
U OTPULIATEIbHBIMUA CBOMCTBAMHU M IOKA3aTENIIMU, KOTOPBHIE COBEPIICHCTBYIOTCS U
Pa3BUBAIOTCS] B CTOPOHY OOECIICUCHUS TJIABHBIX KPUTEPUEB, TAKMX KaK JTUTEITHLHOCTD
1 3P PEKTHBHOCTH OTHE3AIIHUTHI, YBEIMUCHUE CPOKa CIYKObI OOBEKTOB B OOBIYHBIX
YCIIOBUSIX AKCIUTyaTallid 1 MUHUMU3ALIMSI CTOUMOCTH pa3padaThiBaeMOro npoaykra. B
HACTOAIEE BpPEMSi, HECMOTPS HA HUMEIONIMHCA aCCOPTUMEHT OTHE3aIlUTHBIX
MaTepUalioB, MpEJIararoluxcsa Ha CTPOUTENbHBIX PBIHKAX MUpa U PECIyOJIMKU,
co3lanie HOBBIX HJ(P(PEKTUBHBIX 3aIIUTHBIX MATEPUAIIOB C KOMIUIEKCHOM
(YHKIIMOHATBHOCTBIO SIBJISETCS aKTyalbHOM 3amadeil. [IpuunHON 3TOrO sBIsSETCS
TO, YTO B PECITyOJINKE OCHOBHAS YaCTh OTHE3AIIUTHBIX MAaTEPUATIOB, MPUMEHIEMBIX
IPU CTPOUTENHCTBE OOBEKTOB PA3IUYHOTO HA3HAYEHHs, JTUOO UMIOPTUPYETCS
MOJIHOCTBIO, JTMOO HW3TOTaBIMBACTCA M0 TEXHOJOTUSAM BEAYIIUX HHOCTPAHHBIX
bupM c peuentypoi, mnpeaycMaTpUBAIOIIEH COAEpkKaHUE IIEJIOr0 KOMILIEKCca
Pa3IUYHBIX MMIOPTHBIX J00aBOK, CTOMMOCTbh KOTOPBIX COCTABIISIET OCHOBHYIO
4acTh OT BCEX 3arpaT Ha cbipbe. M3bickaHus B cdepe co3qaHUs HOBBIX
OTHE3aIlIUTHBIX MAaTEpUAJIOB BCE €II€ OCYIIECTBISIOTCS C HCIOJIb30BAaHUEM
BpPEIHBIX XUMHUUECKUX COCIMHEHUI. BMecTe ¢ TeM, B Hay4HO-HCCIIe0BaTEIbCKUX
paboTax B  HEIOCTAaTOYHOM Mepe UCCIEJOBAaHbl  BOMPOCHl  MOJYYCHUS
OTHE3AILUTHBIX TMOKPHITUA KOMIUIEKCHON (DYHKIIMOHAJIBHOCTH Ha OCHOBE
MUHEPATBHBIX COCTABJISIONIUX.

CBa3b TeMbI JUCCEPTANMU € HAYYHO-HCCJIEI0BATEILCKUMH pPadoTamMu
BbICHIET0 00PAa30BATEJbHOI0 YUYPEKICHUSI, I/le¢ BBINOJHEHA JHCCEPTALMS.
JluccepTalUOHHOE UCCIEJOBAHHUE BBINOJHEHO B paMKax IJlJaHA HaAy4HO-
UCCIIeIOBATENCKUX  paboT  Beicmelt  Texnuveckoil  mkonbl  [loxkapHoit
ocezomacHoctn  mo  TemaM:  NeKA-12-001  «TexHomorus  mpoW3BOICTBA
HKOJIOTUYECKHM O€30MacHBIX TPYAHOTOPIOYHMX JAPEBECHO-CTPYKEUHBIX —ILITUTY,
(2012-2014), NeA4-DA-D-152 - «Pa3paboTka COBPEMEHHOH TEXHOJIOTHH
MOJYYEHHS] HOBBIX MaTEpUalIOB C 3apaHee 3aJlaHHbIMH CBONCTBAMHU Ha OCHOBE
MECTHOTO  MHUHEPAIBHOTO CBHIPbSi —  TOHKOJIMUCHIEPCHOTO  BEPMUKYIUTAY,
(2012-2014); NeddA-A4-D063 - «Pa3paboTka TEXHOJOTMH TOJYYCHHS HOBBIX
CTPOUTENIPHBIX MaTEpPUAJIOB HAa OCHOBE BEPMHUKYJIHUTA C BBICOKUMH TEIJIO- U
3BYKOM3OJISIIIMOHHBIME CBOMCTBaMuU», (2015-2017).

Heabio ucciieoBaHusl SBISETCS CO3JaHUE MPOTHUBOMOXKAPHBIX CPEACTB Ha
OCHOBE MECTHOT'O MUHEPAJIBLHOTO CHIPhSI.

3agaum nccjie0BaHuA:

pazpabotka (G (EKTUBHOTO METOJa TOJYYCHHS  BBICOKOJAMCIIEPCHBIX
HaIOJHUTENEH C OTHEYHOPHBIMU U TETUIOU30JISIIIUOHHBIMU CBOMCTBAMHU Ha OCHOBE
MUHEpajga BEPMHUKYIHTA, a TaKkKEe MHOTO(QYHKIIMOHAIBHBIX COCTAaBOB Ha WX
OCHOBE;

pa3paboTKa MeTO/ia MOBBIIEHUS YP(HEKTUBHOCTH OTHE- U TEIUIO3AIUTHBIX, a
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TAaK)K€ OTrHETYIIAIMX COCTABOB HA OCHOBE MHHEPAJIA BEPMHUKYJINTA, ITyTEM
BJIMSIHUS Ha (DU3MUECKOE COCTOSIHME, TEPMUUYECKUE U TEIIOPU3NUYECKHE CBOMCTBA
BEPMUKYJIUTOB PA3IUYHON TUCIIEPCHOCTH U UX MOAU(PUIMPOBAHHBIX (POPM;

o0OecnieyeHne AOCTMXKEHHS 3a/laHHBIX TEPMUYECKUX U TEIIOPU3NYECKUX
[I0OKa3aTeJIed OrHE3alUTHBIX COCTAaBOB HA OCHOBE MMHEpala BEPMUKYIUTA
BO3/CICTBUEM BHEIIHUX MOJE€H (yJIbTpa3ByK W TEIUIOBBIX) M XHMHUYECKUX
peareHToB Ha (U3NYECKOE COCTOSHUE, CTPYKTYpPY M XUMHYECKHH COCTaB
MuHepana. Pa3paboTrath MeXaHHW3MBl OTHE3alIUTHl COCTaBaMHU JIPEBECHBIX U
METAUINYECKUX CTPOUTEIIBHBIX MAaTEPUAJIOB;

co3nanne 3(G(EKTUBHBIX OTHE3AIIUTHBIX BCITyUHMBAIOIIUXCS TOKPBITHA Ha
OCHOBE MUHEpaJIa BEpPMUKYJIUTA, [OBBIIIEHUE UMU OTHECTOMKOCTH JIEPEBSIHHBIX U
METaJUIMYECKUX CTPOUTEIBHBIX KOHCTPYKIIMI U MaTepUaloB, a TAKXKE pa3padoTKa
METOJIa MHOTOCTYTIEHYaTOW OTHE3AIIUTHI;

CO3[JaHHE HOBBIX COCTABOB TEIUIOM3OJIALMOHHBIX MAaTEPUAIOB HAa OCHOBE
MECTHOI'O MHHEPAIBHOIO ChIPbs, AHAJIN3 UX OCHOBHBIX IT0KAPHO-TEXHUYECKHUX
XapaKTepUCTHK M Ha MX OCHOBE pa3pabOTKa HErOpIOYMX TEIIOU30JSILMOHHBIX
IIOKPBITUN U KOHCTPYKIIUOHHBIX MATEPUAJIOB;

pa3paboTKa CTaOMJIBHBIX JUCIEPCHBIX CHUCTEM Ha OCHOBE MUHepasa
BEPMUKYJIUTA U CO3JaHME Ha MX OCHOBE BBICOKOA((EKTHBHBIX OTHETYIIAIIUX
COCTAaBOB, a Takxe pa3paboTKka MeToAa OLEHKH dS(PPEKTUBHOCTU KUIKUX
OTHETYIIAUX COCTABOB.

O0bekTamMu HCCJICI0BAHUS SBJISIOTCS CTPOUTEIBHBIE MaTepHalbl U3
JIpEBECUHBl U MeTajula, TeOMHOYJaKCKUH BEPMUKYIUT, AHTPEHCKUM KAOJWUH U
CUJIMKATHBIE PACTBOPHI.

IIpeamerom mccaex0BaHUA SIBJSIIOTCS IOBBINIEHWE YPOBHSA IOKAPHOU
0€30MacHOCTH 3AaHU M COOPYXEHUH Ha OCHOBE PETyJIUPOBAHUS TEPMUYECKUX,
TEIUVIOQU3NYECKUX U TOXKAPHO-TEXHUYECKUX XapaKTEPUCTUK JIEPEBSHHBIX U
METAINYECKUX CTPOUTEIBHBIX MATEPUAIOB C MOMOIIBI0 HOBBIX OrHE3AIMTHBIX
CPEICTB.

Metoabl ucciaenoBanusi. B nporecce nccienoBanuil ObUIM HCIOJIB30BaHBI
HK-cnekrpockonuyeckue, aAudQepeHnanbHO-TEpMUYECKUE METO/bl aHaJIn3a,
XUMHAYECKHE M  MAacC-CIEKTPOMETPUYECKHE, OINTHYECKHE U  DJIEKTPOHHO-
MHKPOCKOIIMYECKUE METObI HCCIIETOBAHUM.

Hayuynast HOBU3HA HUCCJIeIOBAHMSA 3aKJII0OYACTCSA B CIEAYIOLIEM:

pa3paboTaHbl  BBICOKOJMCIIEPCHBIE  OTHEYNOPHBIE  TEMIOU3OJSIUMOHHbIC
HAIIOJIHUTEIN Ha OCHOBE MUHEpPajla BEpMUKYJINTA;

pa3paboTaHbl BUJbI BEPMHUKYJIUTOB C HU3KOM U YBEJIIMYEHHON TeMIEpaTypou
BCITy4YMBaHUs, TUAPOPOOHBIN BEPMUKYIIUT, BEPMUKYJIUT C MOBBIIIEHHON CTENEHbIO
BCIIyYMBAEMOCTH U BEPMUKYJIUT C XOPOILIO COXPAHEHHON OPUCTOCTHIO;

pazpaboTaH MeETOJ YBEIWYEHHS OrHE- M TEeIJIO3AIIUTHBIX (YHKUIUN
BEPMUKYJIUTOB MNyTeM MOIU(MUKALUNA TOHKOAMCIIEPCHBIX BEPMHUKYIUTOB IMpPH
MOMOIIN 00pabOTKH yJIbTPa3ByKOM M XUMHUYECKHMH peareHTaMu;

pa3paboTaHbl HOBBIE COCTaBbl C MHOTOCTYIEHUYATOM OTHE3alUTHOU
(GyHKIIMeH, Ha OCHOBE MOAM(DUIMPOBAHHBIX TOHKOJMCIEPCHBIX BEPMHUKYIUTOB,
ITO3BOJISAIOINE TEPEBECTH JIEPEBSAHHBIE CTPOUTEIBHBIE MAaTepUAIbl B TPYIILY
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TPYIHOTOPIOYUX MaTEpUajoB coryiacHo rocyaapctBeHHoMy cranaapty (OCT
12.1.044);

pa3paboTaHa TEXHOJIOTHUS MOJYYEHHUS] OTHE3AIIUTHOW CUJIMKATHOW Kpacsien
IPOIYKIIMK HA OCHOBE TOHKOJUCIIEPCHBIX MOAU(PUIIUPOBAHHBIX BEPMUKYIIUTOB;

pa3paboTaH HEroproYud  TEIJIOM3OJSIIIMOHHBIA  MaTrepual Ha OCHOBE
BCIIYYEHHOTO BEPMHUKYJIUTA, MpEAHA3HAYCHHBIM JII TPUMEHEHUS B KadecTBe
IPOTHUBOIOXKAPHBIX MPErpa;

CO3/IaH  HETOpIOYMM  HEOPraHWYeCKHil  TMeHoMaTepuanl Ha  OCHOBE
TOHKOJIUCTIEPCHOTO BEPMHUKYIUTA U OpTOHOCPOPHON KUCIIOTHI;

CO3/aHbl  HOBbIE€  KUJKHE  OTHETYyNIANIMEe COCTaBbl HAa  OCHOBE
MEJIKOIUCTIEPCHBIX BEPMUKYJIUTOB U pa3paboTaH METO] OLEHKH 3(PPEeKTUBHOCTU
JOTIOJTHUTEBHBIX TTOKA3aTeNeil 3THX COCTABOB.

IIpakTnyeckue pe3yabTaThl HCCAEIOBAHUS 3aKITIOYAIOTCS B CIEAYIOLIEM:

pa3paboTaHbl HOBBIE TE€XHOJOIMYECKHE CIIOCOOBI MOIY4YEHHUsS MHOTO(a3HBIX
JUCIIEPCHBIX ~CHCTEM C 3apaHee 3aJaHHbIMU  (UBUKO-XMMUYECKHUMH U
TEMI0(PU3NYECKUMH CBOMCTBAMU Ha OCHOBE MPUMEHEHUS YIbTPa3BYKOBBIX TMOJICH,
XUMHUYECKUX PEareHTOB U X COBMECTHOTO BO3/ICHCTBUSI HA MUHEPAJl BEPMUKYJINT;

CO3/1aHbl OTHE3AIIUTHBIE BCIIYYHMBAIOIIMECS MOKPHITUS HAa OCHOBE MECTHOTO
MUHEPAIBHOTO CHIPhs - TeOMHOYIaKCKOTO BEPMUKYJIUTA, HOBBIE COCTaBbI CPE/ICTB
114 TOBbIIIEHUS 3(P(PEKTUBHOCTH OOECIIEUEHUs MOXKAPHON 0€30IacCHOCTH 3AaHUN
U COOpPYKEHHH, TaKhe KaK OTHECTOWKHE TEIUIOM3OJISIIIMOHHBIE MaTepuaibl U
OTHETYIIAINE COCTABHI;

JOCTUTHYTO 3HAYUTENIbHOE CHIIKEHHE TMOXKAPHOW OMACHOCTH CTPOUTEIHHBIX
MaTepUaJoB IyTeM WCIIOJb30BaHUA pPa3pabOTaHHBIX HOBBIX OTHE3AIIMTHBIX
MOKPBITHA, B TOM 4YHCJE, TPUMCHECHHWE OTHE3AIUTHBIX TOKPBITUHA a0
BO3MOXKHOCTh ~ TIEPEBECTH TOpPIOYME JPEBECHBIE MaTepuajgbl B  TPYIILY
TPYJHOTOPIOYMX MaTepUajioB, a TaKKe YBEIUYUTh BpeMs, HEOOXOAUMOE s
JNOCTHIKEHHST KPUTHUYECKOM Temmeparypbl MetamioB (500°C), mo 45 MuHyT
(yBemuumiioch B 3 paza);

pa3palboTaHbl CTAOMIIbHBIE CYCIIEH3UHU C COACPKaHUEM HAHOYACTHUI HA OCHOBE
MUHEpaia BEPMUKYJIUTA, HA UX OCHOBE CO3/IaHbl HOBBIE OTHETYIIAIINE COCTABHI U
pa3paboTaH HOBBIN METOJl TOBBIMICHUS (PPEKTUBHOCTA OIEHKHA OTHETYIIAIINX
CBOMCTB XHUJIKHX CPEJICTB.

JlocTOBEpHOCTh  pe3yJIbTATOB  HCCJe0BaHUsI O0OCHOBaHAa  OLIGHKOH
TOYHOCTH TIPUOOPOB U3MEPEHUs, COMOCTABICHUEM PE3YIbTATOB IKCIIEPUMEHTA C
pacyeTHBIMA M TEOPETHYCCKUMH JTAHHBIMHU, MCIIOJb30BaHHEM (PYHIaMEHTaIbHBIX
OCHOB MOJICKYJISIDHOM (QU3MKA W TeraopU3UKH, MaTeMaTUYECKUX CIOCOO0B
OIICHKH COCTOSIHMSI 3aIIMTHBIX CHCTEM, a TaKKe CpaBHEHHE C pe3yJbTaTamH
APYTUX WCCIIEAOBaHNUN B JAHHOM HalpaBIICHUH.

Hayuynass u npakruyeckasi 3HAYMMOCTH pPe3yJIbTATOB MCCJIEI0BAHUS.
Haydnast 3HauMMOCTH pPE3yJNBTaTOB HKCCICIOBAHUN 3aKIIOYACTCS B Pa3BUTUU
TEOPETUUECKUX OCHOB MOBBIIIEHUSI OTHECTOUKOCTU CTPOUTEIBHBIX KOHCTPYKIUN U
MaTepUajoB, pa3pabOTKe METOJOB MOBBIIIECHUS 3()PPEKTUBHOCTH OTHE3AIIMTHBIX
CBOMCTB COCTaBa Ha OCHOBE BIMSHHUA HAa XUMHUYECKHIl cOCTaB, (pusmueckoe
COCTOSIHME W TEIIOPHU3HKY, pa3pabOTKa METOAOB MOBBIMIECHUS 3()PEKTUBHOCTH
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3AIIUTHBIX CPEACTB U MEXAHU3MOB BIIUSHU.

[IpakTUueckass 3HAYMMOCTb PE3YJBTATOB HCCICAOBAHUM 3aKIIOYaeTcss B
pa3pabOTaHHBIX HAa OCHOBE MECTHOTO MHMHEPAJIBLHOTO ChIphsi - TeOMHOyIakCKOro
MUHEpaja BEPMHUKYJIHMTA HOBBIX BCIYYMBAIOIIMXCA OTHE3AIIUTHBIX TOKPBITUH,
HErOpIOYMX  TEIUIO3AIIUTHBIX  MaTepHuasoB, OTHETYIIAIIUX  COCTABOB,
MO3BOJISIIONIMX 3HAYUTEIBHO CHHU3HUTH TMOXKAPHYIO OIMACHOCTh CTPOUTEIbHBIX
KOHCTPYKIIMI U MaTepUasoB.

BHenpenne pe3yabraToB HcciaenoBanms. llomydeHHble pe3ynbTaThl IO
CO3JJaHUI0 OTHECTOMKHUX IIOKPBITUA M TEIUIOM3OJISIMMOHHBIX HANOJIHUTENEH Ha
OCHOBE MECTHOI'O MHUHEPAJILHOT'O ChIPhS:

HOBBIM COCTaB TMOKPACOYHOIO Marepuaia, pa3padOTaHHbIA Ha OCHOBE
MECTHOTO MHHEpaJa TebunOymakckoro BEPMHUKYJINTA, 3¢ pexTUBHO
3AIIMIIAIOMMNA OT OTHS JpEBECHbIE MaTepHUalibl, BHEAPEH B IPOU3BOJCTBO
CIT «¥3-JTorrXKY Ilsunt Koy (cnpaka ot 17 oktst6pst 2016 roma Ne7/04-25-2340
AK «O’zAvtosanoaty). Ilokpacounslii Marepuan ¢ ONTUMAIbHBIMH (UZHKO-
TEXHUYECKUMU CBOWCTBAMH, pa3pabOTaHHBIH Ha OCHOBE MOJYYEHHBIX HAYUYHBIX
pe3ynbTaTtoB, 3()QPEeKTUBHO  OOecmeuyumBaeT  INOBBILIEHHME  OTHECTOHMKOCTH
JEPEBSHHBIX CTPOUTEIBHBIX KOHCTPYKIMI U MaTEPUAIIOB;

IIOKPAaCOYHBI MaTepual U IOKPBITUS Ha OCHOBE MECTHOIO MHUHEPAIbHOIO
Coipbs TeOMHOYNaKCKOTO BepMHUKYIHTa oOecnieunBaeT A((HEKTUBHYIO OTHE- U
TEIUIO3AIIUTY JEPEBSHHBIX CTPOUTEIBHBIX KOHCTPYKUMH UM  MaTEpHUaJIOB,
MIPUMEHEHBI IPU CTPOUTENIHCTBE OOPA3LOBBIX IOMOB U 3/IaHUN MPOU3BOACTBEHHBIX
npeanpuatuii TypTkynbckoro paiiona Pecnyonuku Kapakanmakcran (crpaBka oT
26 okrsa0pep 2016 1. Ne29/3-1-3456 TI'naBHOTO ymHpaBiICHHS TOXAPHOU
O0e3zonacHOCTM MMUHHCTEpCTBAa BHYTPEHHHUX Jen). B pe3ynbrare ypoBeHb
MOKapHOW OmMacHocTH o00bekToB cHu3mwics B 1,1-1,8 pasa, BeposTHOCTH
BO3HUKHOBEHUS MOKapa - Ha 2-3 MpoIeHTa, BEJIMYMUHA yiiepOa OT mokapa - Ha 1-2
IPOLIEHTA;

METO/bl TIOBBIIIEHUS OTHECTOMKOCTH CTPOUTENBHBIX KOHCTPYKLHMH U
MaTepuasoB, CO3JaHMe MOAU(GUIMPOBAHHBIX CMeCEed  BBICOKOJIUCIEPCHBIX
WHEPTHBIX HAIIOJHUTENIECH MPHU MOMOLIM BEIIECTBA U CMECEN C aHTHIHMPEHOBBIMU
cBOMCTBaMHU, HCTIONL30BaHbI B TTpoekTe NeKA-14-003 «Co3nanue u uicciieioBaHue
00paboTaHHBIX pecypcocOeperaromumMu AaHTUTTUPECHAMH, OTHECTOMKHX
CTPOUTEIBHBIX MATEPHAIIOB, MOJYUYEHHBIX Ha OCHOBE MPOMBILIUIEHHBIX OTXOJ0B)
(2015-2017 r1r.), VI TOBBIMICHUS OTHECTOWKOCTH JCPEBSHHBIX CTPOUTEIIBHBIX
MaTepUaOB MPU TOMOLIM HOBBIX AHTUIIMPEHOBBIX cMmeced (cmpaBka oT 24
okTsa0pst 2016 roma NedTK-0313/707 Komutera mno pa3BUTHIO HayKd U
TexHoJorud PecnyOnuku Y306ekucran). Mcnonb3oBaHue pe3ynbTaTOB HayYHBIX
UCCJIeI0BAHUN TTO3BOIMINA CO31aTh 3(PGEKTUBHBIN HOBBII aHTUIIUPEHOBBIN COCTaB
C KOMOMHUPOBAHHBIMHM CBOMCTBAMU JIJIsl IEPEBSIHHBIX CTPOUTEIBHBIX MaTEPUAJIOB.

AnpoOauusi pe3yJabTAaTOB HCCJIeI0BaHUsA. Pe3ynbTaThl ucCIeq0BaHUM
anpoOupoBaHbl B pAAE€ MEXKAYHApOAHBIX KOH(pEpEeHLIUH, B TOM YHCIE!
«enTpanbHo-A3uaTckass MEXIyHapoAHas KOH(EpeHIHs MO0 XHMHYECKOM
texHosorun» XT°12 (Tamkenr, 2012), YerBepras MexAyHapOJHAs HAY4YHO-
npakTuueckass koHpepeHmus «lloxxaporymieHue: mpoOieMbl, TEXHOJIOTHH,
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uaHOBarmm» (MockBa 2015), 45th World Chemistry Congress. IUPAC-2015
(Busan, Korea, 2015), «11™ International Conference on Advanced Polymers via
Macromolecular Engineering» (Yokohama, Japan, 2015), «AxryaibHbIe
npoOjieMbl  oTpaciedt  xumuueckod TexHoiorum» (byxapa, 2015), VIII
MEXAYHapo/IHas HAay4YHO-TEeXHHUYeckass KoHpepeHIms «[ opHO-MeTaTyprudecKuit
KOMIUJIEKC: JOCTHXKEHHUS, NpoOJeMbl M COBPEMEHHBIE TEHICHIIMU Pa3BUTHUS
(HaBom, 2015), 16th Asian chemical congress (16ACC) (Dhaka, Bangladesh,
2016), «IlepcrieKTHBBI TPHMEHEHWS WHHOBAIIMOHHBIX TEXHOJNIOTHH B cdepe
apXUTEKTYphI U cTpomTenbcTBay (Camapkana-2016), 46th IUPAC World polymer
congress. MACRO 2016 (Istanbul, Turkey, 2016), Khujand Symposium on
Computational Materials and Biological Sciences, KSCMBS-2016 (Khujand,
Tajikistan, 2016), B psae pecrmyOIMKAaHCKMX HAayYHO-TEXHUYECKHX WM HAYy4HO-
npaktrndeckux koHpepenusax (2010-2016 rr.), a Takke Ha PErHOHAIBHBIX dTarax
VIII PecniyOnukaHcKoOW sipMapKu MHHOBAITMOHHBIX UJIEH, TEXHOJIOTHI U MPOEKTOB
2-4 ampens, B roponax Hamanran, Aunmxkan u deprana, rie ObUTH IPEICTABICHbI
pa3paboTku 1o aucceptanronHoi padore. Ha VIII PecnybnukaHckol spmapke
WHHOBAIIMOHHBIX MJIEH, TEXHOJOTHMH W mpoekToB, 19-21 mas 2015 roma Oblia
npenacraBiieHa pa3paboTka «Cyxas cMech Ha OCHOBE MUHEpajia BEpMUKYuTay. Ha
BBICTABKE JOCTH)KEHUN HKOJOTUYECKH YHCTBIX TEXHOJOTHN «DKOJIOTrHYecKas
Henenn-2015», 2 uions 2015 r., Kommieke «Tashkent Plaza» Obuta npeacrasiena
pa3zpabotka «Oruede3onacHas cyxas CMECh U3 BEPMUKYJIIUTAY.

Ony0JuKOBAHHOCTH pPe3yJbTATOB HMcciaeaoBanus. [lo Teme nuccepranuu
onmy0nrKoBaHO Bcero 37 HayyHbIX paboT, u3 HUX 1 MoHorpadwus, 14 HayyHbIX
cTaTbef, B TOM uucie 2 B 3apyOeKHBIX IKypHajlaX ¢ OCTaJbHbIE B
pecryOIMKaHCKUX JKypHajaX, pPEKOMEHIOBaHHBIX Briciie aTTecTalmoHHOM
koMmuccuel PecnyOnuku Y30ekuctaH uisi MyOJMKalMd OCHOBHBIX HAYYHBIX
pPE3yJIbTAaTOB TOKTOPCKUX JAUCCEPTALUH.

Crpykrypa m 00beM amccepramum. Jluccepraiusi COCTOMT U3 BBEICHUS,
ISITU TJIaB, BBIBOJIOB, CIIMCKA JIUTEpaATyphl U MpuioxeHuid. O0beM nuccepranuu
coctapisier 200 cTpaHuil.
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OCHOBHOE COIEP KAHUE IUCCEPTALINU

Bo BBemeHHM O00OCHOBBIBACTCS AaKTyaJlbHOCTh MW  BOCTPEOOBAHHOCTH
IIPOBEJICHHOTO KCCIICOBAHUS, [IeJb M 3aJa4dl HCCJICIOBAHMS, XapaKTePU3YIOTCS
00BEKT H TpPEAMET, IOKa3aHO COOTBETCTBHE WCCIICOBAHUSA IPUOPUTETHBIM
HaIPaBJICHUAM Pa3BUTHUSA HAYKU M TEXHOJOTHUH PECITyOJIMKH, U3JIaraloTCs HayJIHas
HOBHU3HA W MPAKTHYCCKUE PEe3yIbTaThl MUCCIICIOBAHUS, PACKPBIBAIOTCS HAy4dHas W
MPaKTUYECKasi 3HAYUMOCTh TOJYYCHHBIX PE3yJIbTaTOB, BHEAPCHHE B TPAKTUKY
PE3yNbTaTOB MCCIICOBAHUS, CBEJICHHUS 10 OMMyOJIMKOBAHHBIM pab0TaM B CTPYKTYpe
JTUCCEPTAIIHH.

B mepBoii rmaBe mucceptanuu «CoBpeMeHHO€ COCTOSIHME OTHe3allUThI
CTPOMTEJbHBIX KOHCTPYKIMIE M MarTepuajoB. IlaccuBHble cpeacTBa
OTHEe3aNIUThD> U3JIaracTCsl COBPEMEHHOE COCTOSIHHUE OTHE3AIUTHI CTPOUTEITHHBIX
KOHCTPYKIIMH ¥ MaTepuajoB, pacCMOTpeHa MX HOpMAaTHBHAs OCHOBa. [IpuBeneHbI
JaHHbIE 00 OCHOBHBIX IOXKAPHO-TEXHUYECKUX XapaKTEPUCTHKAX CTPOUTEIHHBIX
MaTepuajioB, TaKUX KaK CTalb U JAPEBECHHA, KOTOpPhle 0€3 COOTBETCTBYIOIIEH
00pabOTKH SBISAIOTCS HE CTOMKMMHM K BO3ACHCTBHAM IJIJAMCHM M TeIla IIpH
nokapax. [IpoBelieH aHaM3 HAYYHO-TEXHHYECKON JUTEpaTyphl MO pa3paboTkam
3 PEKTUBHBIX CpPEJCTB OOECIeueHUsl IOoXKapHOW O€30macHOCTH 3JaHUM U
COOpPYKEHHUM, B YACTHOCTH MO TIOBBIMICHUIO OTHECTOMKOCTH CTPOUTEIBHBIX
KOHCTPYKITUH M U3ACIIMN U3 METaula U IPEBECUHBI MPUMEHEHHEM OTHE3aIUTHBIX
MaTepHuasoB.

[Tpoananu3upoBaHbI PE3yNIBTAThI HCCIICIOBAHMI MEePCIICKTUBHBIX
HaIlpaBJICHUH, TMOCBAIICHHBIX pa3padOTKaM OTHE3AIUTHBIX COCTABOB HAa OCHOBE
HEOPTaHWYECKHUX CBS3YIOMUX M BCIYYHBAIOIMUXCSA HO00ABOK K HUM, B YaCTHOCTH
OTHE3AIIUTHBIX COCTABOB Ha OCHOBE BOJOPACTBOPHUMBIX CHUJIIMKATOB W TIIMHHUCTHIX
MUHEpaJIoB. B pe3ynbrare aHanu3a JUTEpaTypHBIX MaTEPHAJIOB, OIMKMCHIBAIOIIMX
MOBEJICHUE KaXKJI0I0 KOHKPETHOTO KOMIIOHEHTA TOTOBBIX OTHE3AIMTHBIX COCTABOB
Ipyd  BO3JICUCTBMM HAa HHUX TEIUIOBBIX IIOTOKOB, a TakKXe MEXaHHU3MOB
IMPOUCXOAIINX TPOIECCOB, MPHUBOIANINX K CHIDKCHHIO ITOYKApHON OMacHOCTH
CTPOMTENBHBIX MaTEPHAJIOB U WU3JICIIHMK, BEHIOpaHBI HAM0O0JIee MEPCIICKTUBHBIC THITBI
MECTHBIX MaTepHUAJIOB /ISl UCCIICIOBAHUM.

Takumu maTepuaiaMd B KauyeCTBE MOTEHIIMATBLHOTO CBHIPhS JJISl MOTYYCHUS
OTHECTOMKHUX W TEIUIOM3OJISAIIMOHHBIX HAIOJHUTEICH W TOTOBBIX K MPUMCHCHHIO
OTHETEIIO3AIUTHBIX MaTepPHaIOB, SBUJIUCh TJIMHUCTBIC W BEPMHUKYJIHTOBBIC
MUHEpaNIbHBIC MECTOPOXKACHHS, [JI1 KOTOPHIX TPHUBEACHBI CBEICHUS O
XUMHUYECKOM COCTABE M TEIUTO(U3HUIESCKUX CBOWCTBAX.

Taxoke MpUBEICHBI CBEACHUSI O CTPOCHUH, XMMHUYECKOM COCTaBE M CBOMCTBAX
TeOnHOYIaKCKOT0 BEPMUKYIUTA, KaOJIMHA W JKUJIKHX CTCKOJI KOTOPBIC SBIISIOTCS
HanOosiee JOCTYHMHBIMH U TICPCIICKTUBHBIMU MaTepuajaMu IS CO3JaHUS
3 (PEKTUBHBIX CpPEJICTB OOCCIICUCHHsI IIOKapHOH O€30macHOCTH 3JaHHA U
COOPY)KEHUI TaKWX, KaK BCIyYMBAIONIMECS OTHE3AIIUTHBIC  TOKPBITHS,
TEIJIO3AIUTHRICE MaTepuaidbl W OTHETYIIAHUe COCTaBbl. JlaHBl oOmucaHus
OCHOBHBIX METOJIOB HCCIICIOBAHHIA.
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Bo BTOpoil rnaBe auccepTanuu «IKCNEPUMEHTAJIbHO — TeOpeTH4YecKue
HCCJIeA0BAHUA  (PU3UYECKOr0 COCTOSIHMS, TeIJIO(PU3MYECKHUX CBOMCTB
NMOPHUCTHIX JMCIEPCHBIX CHCTEM C BEPMHKYJIMTOM» IPUBEICHBI IOJIYYEHHbIC
pe3yabTaThl TEOPETHUUYECKUX M HSKCIEPUMEHTAIbHBIX HCCIECIOBAHUI IOPUCTHIX
TUCIIEPCHBIX CUCTEM C BEPMUKYJIUTOM.

JIucepcHOCTh U MOPUCTOCTh KOMIIOHEHTA-HAITOJIHUTEIIS SIBIISIFOTCS. KITFOUEBBIMU
XapaKTepUCTUKAMHU, KOTOPBIX HAJ0 PEryJMpoBaTh JJIsi MONydeHHs 3PPEKTUBHBIX
OTHETEIUIO3AIIMTHBIX COCTABOB. IS pelIeHns TOCTABJICHHBIX 33a4 Ha [IEPBOM JTarle
WCCIIEIOBAHUN TIPOBEICHO MOJICTMPOBAHUE ITOPUCTBIX JUCHEPCHBIX CHCTEM C
BepMUKYJIUTOM. OmucaHue CTPYKTypbl MOPUCTOrO MaTepuajia Ha OCHOBE
BEPMUKYJIUTA TpeOyeT MNPUMEHECHHUSI ITUHAMUYECKHX MOJENeH, BKIIOYAOIINX
CTaauu MapooOpa30BaHMs B MEKIAKETHOM MPOCTPAHCTBE U MEPEOPUEHTAIIMU
CIIOASTHBIX AJIEMEHTOB IO BO3ACHCTBUEM JaBiIeHUsI 00pa3yrolerocs mnapa.

JIns BEepMHUKyIMTa BPEMEHHYIO 3BOJIIOLMIO NOPUCTOCTH MaTepHUaAIa IIPHU
BCIYYMBAHUW MOXKHO OmUcaTh QyHKIUEH TUIIA:

€1
1+ exp(—t/T)

£p

re £y - HavYallbHas TMOPUCTOCTH JIO MpoIlecca BCIYYMBAHUS; £1- «PECYPCH
MIOPUCTOCTH, OOYCJIOBJICHHBI MEPEOPHUEHTAINEH, Pa3BUKKON M KOpOOJIEeHHUEM
IUTACTUHOK CHIOABI; T - XapakTepHOE BpEeMs HHTEHCUBHOTO BCITyYMBAHUS,
OTIPEIENISIONIEECs MHTEHCUBHOCTHIO TETJIOBOTO PEKUMA.

Ha cnenyromem »dTame wHcclIenoBaHUN IOCiAe TPyOOTO U TOHKOTO
uU3MeNbueHus BepMmuKynuToBoro KoHneHtpara (BK) mpoBemeno cutoBoe
paszencHue Ha pasauuHbie ¢paknuu (Tabm. 1). B manbHeliniem 3T Qpakiyu B
3aBUCUMOCTH OT pa3Mepa 3epeH UCIOJIb30BaHbI IS MOMYyUYCHUS PA3IMYHBIX THUIIOB
MaTepHaoB.

Tadanna 1.
@pakuuu TUCEPrHPOBAHHBIX BEPMHUKYJIUTOB

Ne 1 2 3 4 3) 6

dpakmus, mm | 3,0-4,0 | 0,5-1,0 | 0,25-0,50 | 0,16-0,25 | 0,25< | 0,16 <

[TomydyeHue BEpMHUKYJIHTA B TOHKOAUCIEPCHON (hOpMe KaK OTHECTOMKOTO U
TEIUIOU30JISILMOHHOTO HAMOJHUTENS IPEACTABISACTCS KPAlHE BaXKHBIM, IIOCKOJIBKY
TOHKOAMCTIEpCHAasT (pakiys 0oyiee pPaBHOMEPHO PpAaCIpPECNIeTCs] B CBI3YIOIIEH
KOMITOHEHTE, TEM CaMbIM ITO3BOJISIA NIOJIy4aTh TOMOT€HHBIE COCTaBbl HA UX OCHOBE.
Takue coCTaBbl TO3BOJISIFOT IMOJHOCTBD M PABHOMEPHO IIOKPBITH  BCHO
3aIIMIIAEMYI0 TTOBEPXHOCTh W O3TO OOCTOSITENIbCTBO 3aMETHO YBEIUYMBAET
OTHE3aIMTHBIE KAYECTBAa COCTaBOB. He MaloBaXHBIM MPEACTaBIsAETCS U TOT (PaKT,
YTO MPHU U3TFOTOBJICHUU PAa3IMYHBIX KPacok OoJjiee Meskasi MUHepaibHas (pakuus
HAMHOTO JOJIBIIIE COXPAHSAETCS BO B3BELICHHOM COCTOSIHUM, TapaHTUPYs
COXPAaHHOCTh TOBAPHBIX KauyeCTB MaTepHala B TEUECHUE JIMTEIBHOIO BPEMEHHU.
[Ipy »>TOM wYacTHLBl AUCHEPTHPOBAHHBIX 3€pPEH MHUHEpalla BEPMUKYJIUTA HE
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JOJKHBI TEPATh CBOMCTBA BCIYYMBAHMSI, TaK KaK 3TO MPUBOAUT K YXYALICHUIO
TEMI0PU3NYECKUX KAadeCTB IMOJIYy4yaeMOTo maTepualia Ha ero ocHome. Jljis 3THX
uccieloBaHui BbIOpaHa nucriepcHas ¢pakuus Ne6 (Ttabn. 1) BepMmuKynIuTa C
pa3Mepamu 3epeH 160< MxM, noxydeHHass MEXaHUYECKUM CIIOCOOOM.

JIJist yCTaHOBJICHUS! ONTUMAJIBHBIX PEXUMOB JJII MUHEpaja BEPMHUKYIHUTA C
pa3IMYHBIMKU pa3MepaMu 3epeH ObUIM UCCIIEIOBAaHbl MX TEPMHUUYECKHE CBOMCTBA
(Tabn. 2 u Puc. 1).

Taouauna 2.
Pe3yibTaThl HCNILITAHUI TENJIOBOI0 BO3/€lCTBUS HA Pa3/iMYHbIe
AUCIIePCHBIEC (PPAKLUM BEPMHUKYJIUTOBOr0 KoHueHTpara (BK)

No | ®dpaknus, mm | [Toteps maccer, % |V, oM V hocnes oM Vioere/ Vo
1 0,5-1,0 5,37 1 3,80 3,80
2 0,25-0,50 4,87 1 3,27 3,27
3 0,16-0,25 4,73 1 2,29 2,29
4 0,25 < 7,35 1 1,34 1,34
5 0,16 < 6,75 1 1,16 1,16

Ipumeuanne: Temnepatypa, 700-750°C u Bpemst BbiaepkkH, 60 cex

N3 nmaHHBIX Taba. 2 BUOHO, YTO C YMCHBIICHHUEM pPa3MEPOB YaCTHIL
BEPMUKYJUTOB, 3HAYCHHUS CTEIICHEH BCIYYMBAHUS WX, KaK W OXHIAJIOCH,
YMEHBIAIOTCS. 3HAYCHUS TTOTEPHU MacChl B OCHOBHOM YBEIUYHMBAIOTCS B CTOPOHY
6onee menkux (pakuuii. CBONCTBO BCIYYHBAHUS COXpPAHACTCS W s (Ppakiuu C
HaUMEHBIUMU pazMepamu 3epeH (dpaxims Ne 5) u umeet 3Hauenue 1,16.

104 Ne1

Mass Change: 543%

350 400 450 50 100 150 200 350 00 450

250 300
Temperalure FC

Opakius 3,0 - 4,0 mm ®pakius 0,5 - 1,0 mm

TG DSC Hkving)
Texo

250 300
Temperahae "C

350 400 450 =0 100 50 500

250 300
Temperawe FC

250 300 350 400 450
Temperaure FC

Opaxknus 0,25 - 0,50 mm ®paknus 0,16 < mm
Puc. 1. Tepmorpammsl pa3judHbIX aucnepcHbix ppakuuii BK
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Jlinst Gonee neTanpbHOTO TIPEACTABICHHUS TepMudeckux cBoiictB BK B
Pa3IUYHBIX JUCHEPCHBIX COCTOSHUSIX, MpOBEACHBI UX AuddepeHuaIbLHo-
TepMHUYeCKHe uccienoBanus Ha aepuBarorpade NETZSCH STA 409 PG/PC
(Puc. 1.). Harpes npoBoamics B Bozayxe 10 500°C co ckopoCThio 3 Ipajl/MUH.

N3 mnonydennsix Ttepmorpamm (Puc. 1.) BHIHO, YTO C yBeJIMYEHUEM
aucriepcHoct oT ¢pakmuu Nel - (3,0-4,0) mm, k ¢pakmusam Ne2 - (0,5-1,0) mwm,
Ne3 - (0,25-0,50) MM u Ne4 - 0,16 < MM, KOJMYECTBO MOTEPH MACChI, KOTOPOE
MIPOMCXOUT, B OCHOBHOM, 32 CUET UCIAPEHUS BOJbI, YMEHBIIIAETCS B CICAYIOIINX
KOJIMYECTBEHHBIX BBIpaXeHUSIX 5,43:4,64:4,48:3,93 COOTBETCTBEHHO, a TaKXKe
Ha0JII0/TAeTCs MOBBIIICHHE HHTEHCUBHOCTH SHIOTEPMUUECKUX 3()(PEKTOB B TOM Ke
nopsinke oopasoB. B oOpasie Ned Bropoii sHporepmuyeckuii dpdext B odmactu
temrepatyp 280-285°C mMOUYTH MOJHOCTBIO MCUE3aET. DTH U3MEHEHHUS CBS3AHBI C
TEM 4YTO, B MPOLIECCE M3MENbUYCHUS 3€pPHAa BEPMUKYIHTA YK€ YCIEIOT MOTEPATH
HEKOTOPYIO 4YacTb BOJbl COJEpXKAIECs 10 3TOr0 B €ro MEXCJIOEBbIX
npocTtpaHcTBax. McyesHoBeHne B TepMorpamme oOpasma Ned, BTOpoOro
HHAOTEPMUUYECKOTO d(PeKTa CBSI3aHO C TEM, UYTO C YBEIUYEHHUEM AMCIIEPCHOCTU
MOBEPXHOCTHAs TUIONIA/Ib MaTepuaia yBEIMYMBACTCS MHOTOKPATHO M BMECTE C
ATUM YBEJIMYMBAETCS UX aKTUBHOCTb. [l0aTOMY O0JI€€ TOHKOANCTIEPCHBIE YaCTHUIIhI
BEPMUKYJIUTA TOYTH TOJHOCTBHIO TEPSIIOT COJEPXKAIYIOCs B HEW BOIy, MpH
OTHOCHTEIBHO HHU3KHX Temreparypax, To ecth mpu 90,2°C (3HIOTEpMUYECKHI
a¢ ekt odpasa Ne4 B puc. 1.).

[IpoBoUIUCE CpaBHUTENIBbHBIE H3MEpPEHUs KOA(D(PHUIIMESHTOB TEIIOMPOBO/-
HOCTH HIMPOKO MPUMEHSIEMOTO 3a pPyOeKOM HAHOIOPOIIKAa TUOKCHAA KPEMHUS
Aspocun (pupma Degussa, I['epmanHus) U BBICOKOJUCIEPCHBIX MOPOIIKOB
BEPMUKYJIUTA.

Cxema co3ganHoM B Jsabopatopur «VIOHHO-IJIA3MEHHBIX TEXHOJOTHI U
TEMI0(PU3NKN MHOTO(A3HBIX CHUCTEM» HHXXEHEpHO-(pu3nueckoro (axynprera
TamkeHTCKOro  rocyJapCTBEHHOTO  TEXHUYECKOTO  YHUBEPCUTETA  MMEHHU
AOGy Paiixan bepyHnu, skcriepuMeHTaIbHON YCTAHOBKH MPEAICTABIICHA HA pUC. 2.

B skcrnepuMeHTe HCHOIB30BaaCh TOHKOCTEHHAsl CTEKIsSHHas koiba - (1)
paanyca Ry=0,05 M - (1). BHyTph KOJIOBI, 3aTI0JITHEHHON HAHOTIOPOIIIKOM JTHOKCH/IA
KpeMHHUsI, ObLITM BBEACHBI TEPMOIIAphl B TpyOKe n3 Proporuiacta - (2) ¢ 3a1aHHBIM
otHocutenbHo TieHTpa I = 0 (3) r = Ry/2 (4) nonoxeHueM, MmokaszaHHs KOTOPBIX
CHUMAJIUCh MyJIbTUMETpaMu - (6 u 7). 3areMm kojba momemianach B meus - (5), B
KOTOPOM NOAJEpXKUBAIACH IOCTOsIHHAas Temmeparypa 170°C.  3HaueHus
KOMHATHOM TeMIIepaTypbl ISl DKCHEPUMEHTOB € TapKocwioM, A3pOCUIOM U
BEPMHUKYJIUTOM NpUHUMAIUCh 23, 27, u 25°C cOOTBETCTBEHHO.

N3 pesynbratroB rpaduxkoB (Puc. 3-1+3-3.) ciuemyer, uto K03h UIIUEHT
TETUTONIPOBOHOCTH Majl0 MEHSETCS BO BpeMs OIKCIIEPHMEHTa, CIeAO0BaTEIbHO,
MO>KHO HaWTH €ro cpejHee 3HaueHue:

s Tapkocna — A= (2,67+0,03)-10° Br/m’ -K
st Aspocria — A= (3,25+0,07)-10° Br/m’ ‘K
st Bepmukymara — A = (44+0,1)-10° Br/m* -K
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Puc. 2. YciaoBHas cxeMa
IKCNEPUMEHTAJIbHOH YCTAHOBKH JIJISI
U3MepeHHs TEMJIONPOBOTHOCTH
NMOPOIIKOBBIX MATEPHUAJIOB
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1 1

0 50 . 100
t. min

(O-Ha noJIOBHHE pajuyca, O- B LIEHTPE)
Puc. 3 - 1. 3aBucumoctnb
TeMIlepaTypbl OT BpeMeHH sl
MOPOIIKA JJIAA CMEeCH lleMeHTA
(M400) u TTB (npu 3V:V)

" C

180

t. min 100 150

Puc. 3 - 3. 3aBucumocrnb
TeMIepaTypbl OT BpeMeHH JIJIsi
nopomka s SiO,

BEPMUKYJIUTA

[Tomy4yenusie 3HaUeHUST KOIPDUITMEHTOB TETUIOMPOBOIHOCTH HAHOMIOPOIITKOB
muokcuaa kpemHus (Tapkocuna u  Aspocuiia) M BEPMUKYJIUTA MaJbl 110
cpaBHeHHIO co crekiaoM (630-10° Br/m’K) u cpaBHUMBI C BO31yXOM
(24107 Br/m* K ), 4T0 [€/MaeT NX XOPOLIHNMH TEILIOH30 S TOPAMH.

Tpethbs 11aBa «Pa3paboTka BCIyUYMBAKIIMXCSH OTHE3AINMTHBLIX COCTABOB
M TEXHOJIOTHsI HMX MOJYYEeHHsD» JIUCCEPTAIlMU TIOCBAIICHA IOJY4YCHUI0 U
UCCIICIOBAHUIO MOAU(PUIIMPOBAHHBIX BEPMHUKYJIMTOB M  HOBBIX COCTaBOB,
CBA3YIOIIMX HAa OCHOBE HATPHEBOTO >KHJKOTO CTEKJa, a TaKKe HOBBIX COCTABOB
OTHE3aIUTHBIX MAaTEPUATIOB.

N3yuyeHbl BIUSHUS PA3TUYHBIX PEAreHTOB HAa (DU3UYECKOE COCTOSIHHE U
TEPMUYECKUE CBOWCTBA BEPMUKYJIHUTOB NPU HUX PaA3IUYHOM AucriepcHOCTH. [Ipu
9TOM TMPUMEHSIIUCh JBa BHJA pa3pabOTaHHBIX HaMH crocoba 00paboTKu
BEPMUKYJIUTOB.

B nepBom crioco6e 06paboTKH, B Ka4€CTBE HCXOAHOTO CHIPhS MCTIOIb30BAICS
BK ¢ pa3mepamu 3epen 160 < MxmMm, B KauecTBe MOAU(PUKATOPOB MPUMEHEHBI B
OCHOBHOM Heopranuueckue coiqu B Buue 0,1%, 1%, 3%, 5%, 7% u 50%-HbIX
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BOJIHBIX PAaCTBOPOB, a TAKXE MX HACHIIEHHBIE pacTBOpbl. Haceimenue nmpod BK
MOAU(PUKATOPAMH MPOBOAWINCH B HOPMAJIbHBIX KOMHATHBIX YCJIOBHSX B TEUEHUE
Heckobkux cyTok. [locne mepememmuBanus BK ¢ pactBopom Moaudukaropa, B
OOBEMHBIX COOTHOHIEHUSIX 1:3 COOTBETCTBEHHO, OOpA30BABIIYIOCS CMECh
BbIiepKuBanu 120 nHei, mepruoIMyecKky nepeMenInBas 3a 3T0 BpeMsi.

Bo BropoMm cmocobe mnpousBoauTcs JAByXcTaauiiHas o60padotka BK ¢
muHepaabHbiMU KuciaotaMu HNOs; u H3PO4 u nanee moaudukatopamu (NapSiOs,
Na,COz;, NaOH wmmu NH,OH). B pesymbraTte 3THX 3KCIECPHMEHTOB IOJYYEHBI
BEPMUKYJUTHI CJICIYIONIUX THIIOB. BEPMUKYJIUT C TMOHWKCHHOW TeMIEpaTypou
BcrmyuuBanusa - BKM-1, BepMUKYJIHUT C pacTSHYTON B CTOPOHY BBICOKMX 3HAUYEHUU
TeMIeparypoit BcnyuuBanus - BKM-2.

Hanee momydeHHble  00pasiubl  MOAU(PHUIIMPOBAHHBIX  BEPMHUKYJIUTOB
MOIBEPTIINCH TEPMHUECKOMY BO3JIEHCTBHUIO B Pa3IMYHBIX yCIOBHsX. [IpoBemneHbI
u3MepeHus K03 (UIMEHTOB BCIyuuMBaHui, npu temmeparype 600°C B TeueHue
5 MHUHYT, a TaK)X€ CHITBI TEPMOTPaMMBbI IMOJTYyYEHHBIX 00pa3IloB.

VY 00pa3ioB BEpMHUKYIUTOB MoJydeHHBIX MpH Maibix (0,1%) v MOBBINICHHBIX
(50% u GoJsiee) KOHIICHTPAIIMSX PEAreHTOB, MO0 CPABHEHHUIO C UCXOJIHBIM 00pa3IioM
BEPMUKYJIUTA, B 3HAYCHUSAX KOIP(DUIIMEHTOB BCIYYHMBAHUN 3aMETHBIX UMEHUN HE
HaOromaercs. I[lpu cpeHMX 3HAYCHUSX KOHICHTpamuid pactBopoB (5 u 7%)
peareHTOoB y o0OpabOTaHHBIX HMH 00pa3lax BEPMHUKYJIUTOB, HAOIIOJAINCH
3aMETHBIC TTOBHIICHHS B 3HAUCHUSIX KOI(DPHUITUESHTOB BCITyIHBAHUS 110 CPABHEHHUIO
¢ ucxoaHbIM BepmukyiuroMm (ot 1,16 mo 1,80-2,00). Takum oOpa3oM, UCXOAS U3
3HAYCHUH KOA(PPUIIMCHTOB BCIYYHMBAHMS, a TAK)KE U3 PACXOAYEMOT0 KOJIMYECTBA
MOAUQUITUPYIONIETO peareHTa MOXXHO 3aKII0YUTh, UYTO JJI TPAKTHIECKOTO
MIPUMEHEHUsI 1EJIECO00pa3HO HCIMOIb30BaTh BEPMUKYJIUTHI, 00pabOTaHHBIE C
pacTBOpaMH CO CPEITHUMH MPOIICHTHBIMHA 3HAYCHHSIMHU.

st oneHkn 3G (PEKTUBHOCTH TOMYUYEHHBIX 00pa3IoB MOIUGUIIUPOBAHHBIX
BEPMUKYJIMTOB HCCIIEIOBAIINCH UX TepMudeckue cBoiictpa (Puc. 4.).

Ne 1 - """-.“_,r'---‘.- ..-§‘ Ne 2 RS ..."..-....
o 680-714 735"™ . T 3
F 350-384 890 556 T
i & s ...
E Fy .2
:.. .4.,.-: R -.'...".. 2 .'; :'_.;: e .:..- -._‘. .:. e,
i 202-218 510 T A156  F 3¥1 4
i 323, S /
137 90-100
._.-' 356-366
’: e T ‘;60'520"»»* 1
e 202-210,. .7 460-520 v 100 160 _ 340 640-680 -,
105 .-'"'.- 340 640-680 "'-.._.- s 250
250
JREse i 105 %
105% H :
s 14?.6:-1 60
140-160
0 zolo 460 5:)0 Bolo “c 0 200 400 600 800 "c
1 - BK ¢ pazmepom 3epen 160 < MxM, 1 - BK ¢ pa3mepom 3epen 160 < MxMm,
2 - BK aktuBupoBanHbiii opTohochopHOit 2 - BK akTuBUpOBaHHBINA a30THON KUCIIOTOH,
KHCI0TOH, 3 - BKM-2; 3 - BKM-1

Puc. 4. TepmorpaMmmbl AKTUBHPOBAHHBIX M MOAN(PUIUPOBAHHBIX
TeOuHOy1aKCKHX BEPMUKYJIUTOB
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AHaJIU3BI ¥ PaCUEThI MO PUC. 4. TIO3BOJIAIOT CENATh CIEIYIONMNA BEIBOI: MPH
HaJIMYUM B OTHE3AIIUTHON CMECH aKTHBUPOBAHHOIO U Jajiee MOAU(DUIIUPOBAHHOIO
BEPMUKYJINTA, Ha INPOTSHKEHMH BCEr0 BPEMEHU BO3TOpaHMs, Takas CMECh
5()(EKTUBHO MPOSBISET AHTUIUPEHOBLIE KAYECTBA, aKTHBHO IPOTHBOIOCTABIIASA
OrHEBOMY  (DPOHTY BO3AYIIHbIE IPOCIONKM U3 IapoB  BOABL.  Takue
IIOCJIEN0BATENBHO 00Pa3yIOIUECs BO3MYIIHBIE IPOCIONKH, NPOSBIAIOIIMECS B
obmactu 100-200°C, 300-500°C u 600-900°C 3aMeTHO MOHMKAIOT TEMIIEPATYPY
OrHEBOTO (DpOHTA, 3aJepP)KMBas Ha ONpPEIEIEHHOE BpPEMS PacIpPOCTPAHEHHE
OTKPBITOTO TJIAMEHH W 3aMeJUIAs Hayasio (passl akTHBHOTO TOPEHHUSL.

Ha ocHOBe NpOBEJEHHBIX JAa0OPATOPHBIX BKCIEPUMEHTOB pa3paboTaHa
TEXHOJIOTHS TIOJyYEHHs] aKTHBUPOBAHHBIX W MOAU(PHIMPOBAHUX BEPMHUKYJIHTOB
TeounOynakckoro MecropoxzaeHus (Puc. 5.). JlaHHas TEXHOJOTHS MO3BOJISET,
T0JIy9aT BEPMHUKYJIHUTHI C Pa3IMYHBIMU 3aJaHHBIMU CBOUCTBAMHU. ITO, BEPMHUKYJIHT
c Goylec HHU3KOM TeMIIEpaTypoil BCIyYHBAHHsS, BEPMHUKYIUT C OTHOCHTEIIHHO
OOJIBIIINM MHTEPBAIOM TEMIIEPATYpOll BCIyYMBAHMUS, THAPODMOOHBIA BEPMUKYIIUT

" Ipyruc.
w
E 4 5
BE
I1ap 3
KopgeHacar
BPoaga FPearedar

a8
+ fr K BAKYY R HACOCOY
/ [a joymmca
B

CTOIYHBIC BROABIL

Puc. 5. TexHosioruueckasi cxema noJgy4eHusi AKTUBUPOBAHHBIX U
MOAM(PUIIUPOBAHHBIX BEPMUKYJIUTOB

Pa3paboTaHHas TEXHOJOTHYECKAs! CXEMa COCTOUT U3 CIEAYIOIIUX OCHOBHBIX
gacteil: 1 - Hacoc; 2 - eMKOCTh JiJIsl IPUTOTOBJIEHUS] BOAHOIO pacTBOpa pearecHTa
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(HNO3z;, H3PO4 NaySiOz); 3 - peakrop; 4 - MEpHHK; 5 - XOJOIWIBHHK;
6 - MPOMEKYTOUHBIN €EMKOCTb; 7 - EMKOCTb JJIsl CTOYHBIX BOJ; 8 - QUIBTP.

IIpouecc 00pabOTKM BEPMUKYJIMTOB OCYLIECTBISIETCS B  CIEAYIOLIEM
nopsake (Puc. 5.):

B emkoctu (2) rotoBuTcs pacTBOp MOAM(UKATOPA B HY)KHOM ITPOLIEHTHOM
cooTHomieHuH. Ilocie »TOro roTOBBIM pacTBOp ¢ momoulbto Hacoca (1)
3akauuBaerca B peakTtop (3). Jlamee pacueTHOE KOJMYECTBO TOHKOAHUCIIEPCHOIO
BK 3arpyxaercs no nopuusiM B peakTop (3) B MOCTOSHHOM IEPEMEIIMBAHUM. 3a
BpeMs 100aBJIeHUSI M MEPEMEIIMBAHUS PACTBOpPA peareHTa U TOHKOIMCIEPCHOTO
BK peaktop (3) nHarpeBaercs mo 60-70°C. OOmiass Bpemsi i BCEro Ipoiiecca
cocraBisieT 10 12 4acoB. ['oToBasg cMech, U3 peakropa (3), pu NepemMelInBaHuy,
MOPLMSIMHU BBUIMBAETCS B MPOMEKYTOUHBIN €MKOCTh (6) M Janee BbUIMBaeMas M3
peakTopa cMmech (cycneHsus) nopuusiMu uibtpyerca yepe3 Guiabtp (8). Janee
[OJIyYEeHHAs! Macca CyLIUTCS.

[lo pa3paboTaHHON MAAHHOM TEXHOJOIMM TOJYYEHBbl pA3JIMYHBIE BHJIbI
MOJIM(ULIMPOBAHHBIX BEPMUKYJIUTOB, KOTOPBIE 3aTEM MPUMEHEHBI ITPHU MOTYYECHUU
3¢ (HEeKTUBHBIX HOBBIX COCTABOB OTHE- U TEIUIO3aLIUTHBIX MaTEPHUAJIOB

B uyerBeproii miaBe auccepranuu «BiaumsiHue Ha MOXKapo0e30MaCHOCTH
CTPOMTEJBHBIX MATEPHAJIOB IMOJYYEHHBIX OrHE3AIIUTHBIX COCTABOB)
IPUBEJICHBI PE3YJIbTAThl SKCIIEPUMEHTOB IO OLIEHKE 3(PPEKTUBHOCTH MOTYyYEHHBIX
OTHE3AIUTHBIX TMOKPBITUH, a TAKXKE MCCIECJOBAHUIO BIMSHHUS MX Ha IMOXKapHO-
TEXHUYECKUE XAPAKTEPUCTUKHU CTPOUTENBHBIX MAaTEPUAIIOB (IPEBECUHA U METAJLN).

CornacHO HOPMAaTUBHBIM JIOKYMEHTaM 3(P(QEKTUBHOCTb OTHE3AIIUTHBIX
CPEICTB /JI1 CTAJbHBIX KOHCTPYKLMH OMNpEeneNnsieTcsi BPEMEHEM JIOCTHUKEHUS
kputuueckod  temmepatypbl  (500°C) crampmaptHOro oOpasuma  CTanM  C
OTHE3aIUTHBIM MOKPBITUEM MPHU TEIIIOBOM BO3/ICHCTBHH.

[IpoBeneH SKCIEPUMEHT IO BBISBICHUIO OTrHE3AIIUTHON 3(P(PEKTUBHOCTH
IOJIyYEHHOTO TOKPBITHUS CO  CIEAYIOLIEro cocraBa Uil METAJUIMYECKHUX
noBepxHocTeH: 20 macc. % momudunmpoBannbie BK, 20 macc. % mnopormika
BCITydyeHHOT0 BepMuKyiuTta, 30 macc. % kaomuHoBoro mopormika u 30 macc. %
CyXOr0 KOHLIEHTpaTa HaTPUEBOIO CTEKIJIA.

CocTaBHbIE MOJYJH IMPOBEIEHHOTO 3KCIIEPUMEHTAa MpHUBENEHbI Ha puc. 6..
Bpemsi, B TeueHuMe KOTOPOro HarpeBajlach METAJUIMYECKas IUIaCTMHA |
¢uKkcrpoBanace TeMriepaTypa ¢ MpOTHBOIOJIOKHON €€ CTOPOHBI, cocTaBisiio 150
MUHYT. Temmeparypa METAJUIMYECKON TIUJIACTUHBI OMNpENeNslach € IMOMOIIbIO
TEpMOIapbl XpoMemb-antomenb. [locne AByX 4YacoB HarpeBaHUWs IUIACTUHBI C
MNOKPBITUEM BH3yaJIbHO HE ObUIO OOHAPYKEHO KaKUX-JIMOO 3aMETHBIX HapylIeHUMN
HOKPBITHUS.

Ha puc. 7. nokazansl TemmnepaTypbl METaUIMUECKON (cTalib ¥Y-3) IMJIaCTUHBI
mormansio 100 cM” U TONmEHOM 1,2 ¢M IPH HATPEBAHHH OJHON €€ CTOPOHBI B
TeueHHWe ABYX yacoB npu Temmeparype 860-900°C: 1-6e3 oOrHe3ammTHOTO
MOKPBITHS, 2 - C OrHE3AalMTHBIM MOKpbITUEM ToamuHo 0,12 cM, 3 - ¢
OTHE3aIUTHBIM TOKpbeITHEM ToiammHOM 0,25 cm. IlokasaHbel TemmepaTypHbIe
KpUBBIE 3a MEPBBII yac HarpeBaHus miacTUHbI. M3 3Toro BuaHo, uto nociue 15 - 20
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Puc. 6. Cxema 3xcnepuMeHTa 1o Puc. 7. Pe3yabTaThl 3KCIIEpUMEHTA
U3MEPEHUIO OrHe3alUTHBIX 110 OLICHKE OrHe3aIMTHOM
Ka4eCTB NOKPbITUI HA 3¢ PeKTUBHOCTH NOKPHITUA HA
METAJJINYECKON MOBEPXHOCTH MeTAJVIHYECKO NOBEPXHOCTH

MHHYT HarpeBaHHs pa3HHUIIA B TEMIIEpAType Ha KpuBbIX 1 u 2 cocrasiseT 55-60°C,
a pasHUIla TeMIeparypsl Mexay KpuBeiMd 1 u 3 cocraBuser 130-135°C wu
COXpaHsieTCsl 10 KOHIa 3KkcnepuMeHTta B TeueHuu 150 munyt. Ilo pe3ynbratam
ATUX HCCIEAOBaHUN OBbUIO YCTAHOBIEHO, YTO JUISl TOJYYEHHOTO TOKPBITHS
3HaYeHUue BpeMeHU HSPGEKTUBHOM 3alUTBl OT BO3JAEHCTBUN OTrHS ISt
METAJUIMYECKUX U3EIHNI COCTaBUI0 90 MUHYT.

TonmmHa orHe3ammTHOro0 MOKpeITHS M3MeHsuiack ot 0,10 cm mo 0,25 cwm.
IIpu makcuManbHOW TonmMHE TOKphITUA (=0,25 cM) MOXHO OBLJIO MOHU3UTH
Temrepatypy IutacTHbl Ha 135°C (OTHOCHTENBHO IUIACTUHBI 0€3 MOKPBITHS).
Pazmepnl 3epeH BceX BEPMHMKYJIMTOBBIX TMOPOIIKOB cocTaBisier 160 MkM u
MmeHbiie. Takum o0pa3oMm, paccMaTpuBaeMblii cocrtaB, coxaepxkammii  20%
moauduiupoBanubix  BK, 20% mopomka BcmydeHHOro Bepmukynuta, 30%
KaoJMHOBOro mopomka u 30% cyxoro HaTpUEBOIO CTEKJIA, MO3BOJSET 3aMETHO
CHU3UTh TEMIEPATYPY TOPEHUS, UMESl HU3KHE TEIUIONPOBOJSAIIME CBOMCTBA YXKE
IIPH OTHOCUTEIHLHO HEOOJBIINX TONIMMHAX 3anuTHoro cios (mopsiaka 0,20-0,25
cM). OTO OOCTOSITENBCTBO B psANAE CIy4aeB MOXKET OKa3aTbCAd PeHIaroiuM
¢dakTopoMm B 3ajaue BHIOOpA THIMA OTHE3AIMUTHOTO TMOKPBITUS VIS JEPEBSIHHBIX H
METAJTHYECKUX KOHCTPYKITUN U MaTepUasioB.

[IpoBeneHbl HCHBITAHWE OTHE3AMUTHON S(OPEKTUBHOCTA MOKPHITUH IS
npeBecusbl, corsiacHo ¢ ycnoBusiMu ['OCT 16363-98 «CpenctBa orsesamuTHbIC
Uit ipeBecuHb. CyIIHOCTh METO/A 3aKiiovaiach B ONPEACNICHUH MOTEpU MAaCChl
oOpa3iia ApeBecuHbl, 00paOOTAHHOW HCIBITHIBAEMBIM TOKPBITHEM, TIPU OTHEBOM
BO3/ICHCTBUU B YCIIOBUSIX, OJIArONMPUSITCTBYIOIIUX aKKyMYJISIIAU TEILIA.

HccnenoBanbl MOKPBITHSA CIEAYIONMX cocTaBoB (Mmacc. %): 1 - BK 15%,
BCITy4YeHHBIN BepMUKYIUT 15%, kaomuu 10%, koHmeHTpaT xuakoro crexina 60%;
2 - BKM-1 - 20%, BKM-2 - 10%, Bcriyuennbiii BepMukyaut 20%, xaomma 10%,
KOHIIeHTpaT kuakoro crexia 40%; 3 - BKM-1 - 15%, BKM-2 - 10%, Bcriy4eHHBIN
BepMUKYJIUT 25%, kaomun 10%, cyxoil koHueHTpat xxuakoro crekiia 40%.
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Tadanna 3.
Pe3yabTaThl HCIBITAHUM 10 OLEHKE OTHE3AIUTHON 3(P(PeKTUBHOCTH
NOKPBITHI HA OCHOBE KUJAKOI'0 CTEKJIA

Macca oOpasiia, Temneparypa, IToteps
Ne m, F[f). OI()j P MaCCBI,pAm Ipune-
Jlo Mocte | Tuw | Tewew | Tp | % | 0HHC
1 144,2 134,4 202 334 9,8 6,8 He ropur
2 140,4 135,9 201 316 4,5 3,2 He ropur
3 142,6 134,1 201 326 8,5 59 He roput

Ipumeuanusi: 1) Bpems BozneiicTBus OrHs ABe MHHYTHL, 2) B Talnuie npuBeneHs
yCpeIHEHHbIE BEJIMYMHBI T10 TOTEPE MACCHI 110 pe3ysbTaTaM cepuil ucnbITaHuil Ha oopasuax (10
00pas3IoB B KAXKIOH Cepun).

PesynbraTel Tabauipl 3. Moka3bpiBaloT, 4To corjacHo TpedoBanusim ['OCT
16363-98 Bce mokpeiTus ¢ cocraBamu Nel, No2 m Ne3 otnocsitcs x | rpymme
orHezauuTHOM 3¢ dexTuBHOCTU. Takum 00pa3oM, TMOIY4YEHHbIE PE3YJIbTaThl
MOKa3bIBalOT OTHE3AIMUTHYIO 3((EKTUBHOCTh MOJYUYEHHBIX cOCTaBOB. OCOOEHHO
3TO 3aMETHO B MOKPHITHAX ¢ cocraBamu Ne2 u Ne3, conepkaliux B COCTaBax
HOBBIE MOJU(DUIIMPOBAHHBIE BEPMUKYJIUTHI, KOTOPHIE HUMEIOT Cambl€ HHU3KHE
NOTEPU MACChl U TEM CAMbIM ITOKA3bIBAIOT BBICOKWE 3HAUYEHUS OTHE3al[UTHOU
3¢ (HEKTUBHOCTH /17151 IPEBECHBIX MaTEPUAIOB.

Jlanee muist uccneoBaHU OTHE3AIUTHBIX CBOMCTB Ha JIEPEBSIHHBIX OpycKax-
obpasznax ¢ pasmepoMm 90x55x25 MM 1Jii UCHBITAHUN TMOATOTOBJIEHBI COCTaBbI
OTHE3AIIUTHBIX KPACOK CIICIYIOIIEr0 THMA: «OTHECTOMKHUN TEMIOU30JALMOHHBIN
HaIlOJIHUTENIb» + «BSKYIIAas KOMIIOHEHTa» + «IOJMMEpPHas KOMIIOHEHTa» C
cogepkanneM HanonHutens oT 8% npo 95%. B cocraBe oOrHe3ammTHON
KOMIIO3HMIIMM B KAyeCTBE OTHECTOMKOIO TEIUIOM3OISIMOHHOIO HAMOJHUTENSA
MCIIOJIb30BAJIMCh HE BCIYYEHHBIM BEPMHKYJIUT - MOPOILIOK C pa3MepoM 3epeH 40-
160 mMKM, BCIy4eHHBIH BEPMUKYIHUT C pazmepoM 3epeH mnopsaka 40-80 MkM u
KAOJIMHOBBIN MOPOIIOK € pazMepoM 3epeH 40-80 MKM.

C ucnonp30BaHMEM B KQUECTBE MOJIMMEPHON KOMIIOHEHTHI AJIKUIHON KPacKu
OBLIIO MOJTOTOBJIEHO CEMb OTHE3AIIUTHBIX COCTABOB, KOTOPBIE MOJAMEIIUBAINCH K
Kpacke B COOTHOUIeHHH 1:1 1 0Opa30BBIBAIM I[BETHOE OTHE3AIUTHOE MOKPHITHE.
HcnbiTaHO ceMb CIEAYIONIMX OrHE3AIUTHBIX COCTABOB, NPUMENIMBAEMBIX K
ankuaHon kpacke: 1) kaommH 10% + skumakoe crtekino 90%; 2) BCIy4eHHBIH
BepMUKYJUT 42 % + cbipoil BepMUKyIUT 8% + xuakoe crekino 42% + xaonun 8§%;
3) He BCIy4eHHBIN BepMUKYIUT 95% + xkuakoe ctekino 5%; 4) He BCIyUYCHHBIH
BEpMUKYIUT 75% + xxuakoe ctekio 25%; 5) He BcrydeHHbIH BepMUKyIuT 50% +
xuakoe cTekio 50%; 6) He BcrydueHHbIN BepMUKYIUT 10% + xuakoe cteksio 90%;
7) sxuakoe ctekino 50% + 6enronut 40% + He BeryueHHbIH BepMuKyauT (Puc. 8).

[Ipu ucneiTanusx 00pa3OB HAOIIOJAINUCH CICAYIOIIME BHUJIOW3MEHCHHS B
oOpasuax. Ilo ucreuenun 7-8 MUHYT TEIUI0O HAaYMHAET JOCTUraTh JI€PEBSIHHOMN
OCHOBBI M TEMIIEpaTypa OTXOASmmMX Ta3oB jgocturaer 165-170 °C. Bpyckwu,
MOKpPBIThIE CcOCTaBOM C 95% He BCIYYEHHOTO BEpPMHUKYJIHUTA BBIACP>KUBAIIH
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Puc. 8. O6pa3upl 00padboTaHHBIX OTHE3AIMUTHLIMH COCTABAMU JIpeBECHH
(10 McIBITAHNH)

temmeparypy 750°C B teuenmn 486 cexynn (Gonee 8 MuHyT), a OpycKd ¢
MOKPBITHEM, COJepKaimuM 75% He BCIYYEHHOTO BEPMHKYJIWTA, BbIICPKUBAIN
temmeparypy 750°C B reuennn 424 cexynn (okoio 7 munyrt). I[locie 1-2 MuHyTax
WCIIBITAaHUSI TIOKPHITUE HA HUX HAuMWHala OOYyriIuMBaThCid W BCIyYHUBATHCS; CaMU
OpyCKHM MPHU ITOM MPAKTUUECKH COXPAHSIIA CBOIO 11eNOCTHOCTD. [locnenytonue 2-3
MUHYTBHI BUJMMAas KapTHHA BHEIIHETO BHIa OPYCKOB IMPAKTUYECKHU HE MEHSIIACH.
[Tocne 7-8 MUHYT UCTIBITaHHSI Hadajia O0yTIIMBATHCS TIOBEPXHOCTH 00pas3Iia.

Puc. 9. O6pa3upl 00padoTAaHHBIX OTHE3AIMMTHBIMH COCTABAMHU JPEBECHH
(mocJjie HCbITAHUI)

OrxesaluTHbIe MOKPBITUS, COAEpKAIIUe BEPMHUKYIUT B konudectBe §-10%
HauyWHAJIM 00yriauBaThcs Ha 3-4 MuHyTax. bpycok Nel ¢ 3alUTHBIM MOKPHITHEM Ha
OCHOBE KaOJIMHOBOTO IOPOIIKa BeIAEpKUBaI Temueparypy 550°C okoio 3 MHHYT.
A 06pycok No7 c MOKpHITUEM HAa OCHOBE KHUIKOTO CTEKJIa M OEHTOHWTA HaYyWHAI
00yTrIMBaThCS ¢ MaJIOW CTENCHBIO IeHooOpa3zoBanus (Puc. 9).

[lo pe3ynbraTaM HU3MEpPEHHI, KOTOpbIE MpHUBEACHH B Tabnuie 4. ObLIO
YCTaHOBJIEHO, YTO HaKOOJbIIAs TEMIIEpATYpa OTXOASIINX ra30B HaOI0qanach Npu
UCIBITAHUU  KOHTPOJIBHOTO  oOpa3ua (0e3  OrHe3allUTHOTO  MOKPBITHS).
KonTponbHbiii 00pasen; mpyu BHECEHHHM B MeuYb Hauajl aKTUBHO TOPETh U 4Yepe3
120 cexyna nmotepsin 16% mMacchl - ©MeI CHIIBHO OOYTJIMBIIYIOCS TIOBEPXHOCTb.
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Tao6auna 4.
Pe3ysnbTaThl OrHEBBIX HCNILITAHNUM JIEPEeBSIHHBIX OPYCKOB pa3MepoM

90x55x25 Mmm
Macca obpasua, r | IToreps maccel | Temmepa-
Ne Jlo IMocie Typa CocrosiHue
Am % i
HCII. HCIL OTXOIISII(I)IHX Opycka-o0pa3ia
razos C

Kour. | 1068 | 89,7 | 17,1 16 185-188 | llpu nocrynienuu
BO3JyXa I'OPHUTH

1 | 1184 | 1101 | 83 | 7,0 170-175 | Ilpu nmoctymienuu
BO3]lyXa FOPUTH

2 122,0 | 111,2 | 10,8 8,8 177-180 MaJtoe OTCIIOCHUE

3 139,8 | 1370 | 28 2,0 150-155 Majioe OTCI0eHue

4 109,8 | 104,3 5,9 5,0 145-157 Maitoe oTClIOeHHE

5 1216 | 1178 | 3,8 3,0 145-155 Majioe OTCIOCHHE

6 137,2 129 8,2 6,0 170-172 Manoe oTciioeHue
Hauain ropers

7 129,4 | 1178 | 11,6 9,0 178-180 OOyrnuBaHue

Ipumeuanne. Temnepatypa ucnbrranuii 700-750 °C.

CaMbIMM ~ OTHECTOMKMMM  OKa3aJUCh OpYCKH, TIOKPBITBIE COCTaBaMH,
conepxkammmu 95,0 75,0 u 50,0 macc. % He BCIYy4EeHHOTO BEPMHKYJIUTA —
oOpa3upl ¢ Homepamu 3, 4 u 5. Ilpm wucnoblTaHUSX OPYCKOB MOKPBITHIX
OTHE3alIUTHBIMU COCTaBaMHU, HaOJoJanach cieayrolas AMHAMHUYECKas KapTHhHa
MPOUCXOSAIINX MPOIECCOB, OMpeAesieMas 0 TeMIIepaType OTXOASIMINX ra3oB. B
TEYEHUH 5-6 MHHYT TeMIlepaTypa OTXOMISIIMX ra3oB cocTaBimsuia 145-155°C, uro
yKa3bIBAJIO HA MEHbIIIKME 3HAaUeHUS 3(PHEKTUBHOCTH TOpEeHUs 00pa3ua.

B nsroii rmaBe guccepranuu  «Pa3padorka cpeacrtB o0ecneudeHMs!
NMOKAPHOM 0€30lACHOCTH 3JAHUM M COOPYKeHM» NPUBEICHBI PE3YyJIbTATHI
WCCIICIOBAaHUNA IO TIOJYYCHHIO M HCCIEAOBAHUIO HOBBIX CPEICTB OOECIICUCHHS
MOKapHON O€30MaCHOCTU 3IaHUM U COOPYKEHHH, TAaKuX Kak OrHETyIIallue
COCTaBbI M OTHETEIIO3AIUTHBIEC TPETPAIBI.

VY IbTpa3ByKOBBIM METOJOM MOJY4YeHbl CTaOWJIbHBIE CYCIIEH3MHM MUHEpaja
BEPMUKYJIUTA. B MPOLEHTHOM COOTHOLIEHUH OTHOIIECHUE >KUKOCTH/TBEPIOE TEINO
COCTaBIISIO: XKUAKOCTh OT 99,522 % no 98,140 % u tBepaoe teno ot 0,478 % no
1,860 %. B kauecTBe XuUAaKOH cpeapl mpuMeHsIach Boja. MHTepBan BpeMeHH
00paboTKN CcMecH KHUAKOCTBH/TBepAoe Teno coctaBisio ot 0,4 mo 3-X 4Yacos.
UccnenoBano BaussHue pH-cpensl Ha  3((EKTUBHOCTh  YIBTPa3BYKOBOI'O
JUCIIEPrUpOBaHUs U TONy4YeHMs cycneH3uid. O6nacte uccnenoBanuil pH-cpensl
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COCTaBHJIO OT cuibHOKHCIOTHOTO (pH=3-4) no cmipHomenouHoro (pH=9-10).
BbIsIBIIEHO, YTO KHCIOTHBIE U IIEJIOYHBIE PEareHThl IMOJOKUTEIHHO BIUSIOT Ha
3¢ (PEeKTUBHOCTH AUCHEPTUPOBAHUS MUHEPAJIa BEPMUKYJIUTA TIPU YIBTPA3BYKOBOM
BO3JIEUCTBHUH.

2. 1F:Height

nm
250
ur@

nm

Puc. 10. CHumku Tonorpadguu noBepXHOCTH HAHOYACTHUI BEPMHUKYJINTA
(;1ieBast) M 3epHOBOE pacnpe/esieHue 10 pa3sMepaM 4acTHIX

HccnegoBanust mokaszajid, 4YTO B 3aBUCHUMOCTH OT  COOTHOILEHHS
KUAKOCTH/TBEpAOE Teno, PH cpenbl, BpeMeHU BO3JAEHCTBUSA, WHTEHCHUBHOCTHU
YacTOT YJbTPa3BYKOBOI'O TMOJISI MOXHO TMOJIYYUTh CTaOWIbHBIE CYCHEH3UHU
MUHEpaja BEPMHUKYJIHMTA, KOTOPbIE HE OCEJAIOT B TEYEHHE JIOJITOro Iepuona
BpeMeHH. 1o HammM HaOMIOAEHUSAM 3TOT MEPUO COCTaBUII OOJIbIIE OJHOTO roja.
[TomydyeHHBIE CyCHEH3UMM MOCTYKWJIM OCHOBOM Mpu pa3paboTke 3PGhEeKTHUBHBIX
KUJKMAX U MOPOIIKOBBIX OTHETYIIAIIUX COCTABOB.

Ha ckanupyromem 30HA0BOM  MuKpockomne  SolverNEXT  (Poccus)
ucclieioBaHa cBeTias (asza TMOMydeHHOH cycrieH3uu Bepmukyiuta (Puc. 10.).
[lonmyyeHsl CHUMKHM Tomorpauu TMOBEPXHOCTH HAHOYACTUI[ HA OCHOBE
BEPMUKYJIUTA, @ TAK)KE€ pacCCUMTaHbl MX 3€PHOBOE paclpelesieHue Mo pazMepam
YacTHll.

Tonorpadus nosepxHoctu Hanouactull (Puc. 10, neBasi) mokassiBaeT, 4YTo MO
omHomy u3 mapameTpoB (N - BbICOTAa) MaKCHMMalbHOE 3HAYCHHE HAXOAWTCS B
npeaenax 250 uM. M3 Broporo cHuMKa (IpaBas) MOKHO YBHMIIETb, 4TO
pacrpeneneHye mo pazMepaMm yactuil Haxoautcs B mpeaenax oT 50 go 400 Hw.
MakcumyM pacnpeeneHus NPUXoAUTCs Ha YacTullbl ¢ pazmepamu 250300 am.

[leapt0 MOJMyYEHHs] CYCIIEH3UH C  BBICOKOJMCIIEPCHBIMM  YacTHLAMHU
BEPMUKYJUTA SABJBSUIOCH HM3YyYEHHE WX BIHMSIHUS HAa TOPHOYECTh JPEBECHBIX
MaTepHualoB, a TAKKE OLIEHKA X OTHETACSIIUX CBOMCTB.

BriepBrie arpoOrpoBaH U MPEIOKEH HOBBIN CITOCO0 O1eHKH d(PHEeKTHBHOCTH
KUJKAX OTHETYHIAIUX COCTaBOB. D(P(HEKTUBHOCTh TMOJYYEHHBIX CYCIHEH3UN
OLICHUBAJINCh TMOCPEJCTBOM HW3MEPEHMsS] TEMIEpaTypbl OTXOIAIIMX Ta30B,
BBIICNIAIONIMXCA TpPU TOpPeHUH OOpabOTaHHBIX OOpa3lOB JIPEBECUHBI, U3
KepaMuyeckoi TpyObl Ha ycTtaHOBKe «Kepamuueckast TpyOay.
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Hwxe npuBomsTcss pe3yabTaThl HCHBITAHWA MO OIEHKE 3(PGEeKTHBHOCTH
BBICOKOKOHIICHTPUPOBAHHON CYCIICH3UHU CJICYIONIETr0 cocTaBa: OEHTOHUT - 387,1
rp, Boga 600 rp, ruapokapOoHat HaTpus 67,1 rp, TOHKOIUCIICPCHBINH BCITyYEHHBIN
BepMUKYIUT 36,6 Tp (160 < MKM), a TakKe CYCIIEH3HI coJiep KallluX HaHOYACTHUIIbI
MuHepana BepMmukynuTa. Ha puc. 11. mokazaHbl pe3ysibTaThl HCCIEIOBAHUS
BJIMSIHUS 3TUX CYCIICH3UM Ha BpeMs Ha4aJlo TOPEHUSI IPEBECUHBI.

Kak mokazano nHa puc. 11., Nol —

450f 1 9TO [IOKa3aTellb TEMIIEPATyPhI
U 00k OTXOJSIIUX Ta30B, B 3aBUCHMOCTH OT
}350_ 2-1 BPCMCHH  HarpeBaums, 00paGoTaHHOro
= OOBIYHOM BOAOW o0O0Opasua ApEeBECUHBI.
= 300f JIuaun Ne2-1 u Ne2-2 310 mokasaTenu
= 50k TEMIIEpaTyp  OTXOMAIIUX  Ta30B, B
Em_ 3aBUCHMOCTH OT BpPEMEHH HarpeBaHHS
. 1-BoAa 00paboTaHHBIX BEPMUKYJINTOBBIMU
= 150} 2-cycneHsna | cycniensuaMH  00pasLOB  JIPEBECHHEL

100 O6pazen; Ne2-1 310 mokazaTens oOpasiia

5 0 5 10 15 20 25 30 35 40
BpeMa viH.
Puc. 11. 3aBUCHMOCTD BEpPMHKYJIMTOBOM cycrneHzuei. OOpaszerr

TeMIepaTypbI BHIXOAIIET0 Ne2-2  »10  moOKazaTenb  oOpasia

TeIJI0OBOT0 MOTOKA OT BpeMenn  ADCBECUHEI, 00pabOTaHHOTO CYCICH3HEH,
IIOJYYEHHOM Ha OCHOBE HAHOYACTHI]

BepMUKyIuTOB. M3 cpaBHenuss muHMM Ne2-1 w  No2-2 BumHO, 4YTO TIpH
OTHOCUTEIBHO MaJbIX PACX0JaX BEPMHKYJIUTCOAECPKAUMX HAHO(PIIOUIOB MOXKHO
JO0CTHYb OJIM3KUX TMOKa3aTenei kak B oOpasue 2-1. bonpiias pa3Huiia BO BpeMeHU
Hayana ropeHusi oopa3uoB Nel u No2 mnokassiBaeT 3(pPEeKTUBHOCTH CYCIIEH3UH,
IOJYYEHHBIX C BBICOKOJMCIEPCHBIMU YaCTUI[AMUA BEPMHUKYJIMTOB, B KayeCTBE
KUJKUX OTHETYIIAIMNX COCTABOB.

Takxxe B paboTe MOJIy4eHBI M HUCCIENOBAHBI HOBBIE COCTaBbI JBYX THUIIOB
BEPMHUKYJIHUTCONECPKAMUX  KOHCTPYKLUMOHHO-TEIION30IAUMOHHBIX  IUIMTOYHBIX
maTepuaioB. OOpa3ubl MaTepuajoB TMOIY4YEHbl U3 CJIEAYIOIIMX OCHOBHBIX
KOMITOHEHTOB:  TOHKOJHCIEPCHBIA  BEPMHUKYJIUTOBBIM  KOHLEHTPAT, HOBBIU
ruipopOOHBIA  BCIyYEHHBIH BEPMHUKYJIUT, CTaHJAPTHOE HATPUEBOE IKUAKOE
CTEKJIO, BOJIOKHUCTBIE KOMIIOHEHTHI (TIPONUTAaHHBIE AHTUIIUPEHOBBIM COCTaBOM
pucoBas  COJOMa, MHKpPOKpHUCTammyeckas nemwnonoza — MK wmm
CTEKJIOBOJIOKHO), TOPUCTbIe W wuHepTHbie HamonHutenn (SiO, - mnopucThIit
cunukarenb wiu MK - MUKpokpeMHe3eM), a Takxke opTrodocdopHas KucioTa Kak
antunuped. [lomydeHHbie 00pa3ibl BEPMUKYJIMTOBBIX IUIUTOYHBIX MATEpUAJIOB
UCCJIEIOBAIUCh MO OCHOBHBIM (PUBMKO-TEXHUYECKUM WU TMOKAPHO-TEXHUYECKUM
napaMeTpam.

WcnbiTanust mony4eHHbIX 0OOpaslloB MO OCHOBHBIM MOKAPHO-TEXHUYECKUM
napaMeTpaM IOKa3aliH, YTO NOJIyYEHHBIE MaTepHalbl SIBISIOTCS HETOPIOUUMH U
OTHOCATCA K TpYIIE cO cjabo AbIMOOOpa3ylouiell CrnocoOOHOCThI0. DTH JaHHBIE
MOKA3bIBAIOT, YTO MOJTYYCHHbIE HOBBIE MaTepuaibl 00J1a/1al0T BHICOKOW CTEMEHBIO

JPEBECHHBI, 00PA00OTAaHHOTO OCHTOHUT —
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MOKapHOU OE30MaCHOCTH.
3AKIIOYEHHUE

Ha ocHOBe NpoBeJeHHBIX HUCCIENOBAHUN IO JOKTOPCKOM AHMcCCepTalid Ha
TeMy «Co3/1aHe OTHECTOMKUX MOKPBITUN U TETUIOM3OJISIIIUOHHBIX HAMOJHUTENEH
Ha OCHOBE MECTHOI'O MUHEPAJIBHOTO ChIPhS» MPE/ICTABIICHBI CIICTYIOIINE BBIBOIbI:

1. Pazpabotan HOBBIM 3(P(EKTUBHBIM METOA TMOJYYCHUS W MEXaHU3MBI
U3MEJIbYCHUS dpaximii TebunOynakckoro BEPMHUKYJIUTA  PA3JIUYHOU
JUCIEPCHOCTH MPU MOMOILIM aKyCTHYECKOrO MOJII U XMMUYECKUX peareHToB. Ha
OCHOBE 3aBHMCUMOCTH OCHOBHBIX CBOMCTB MHUHEpaJla BEPMHUKYJIHTA OT Pa3MEpOB
€ro  4YacTHil, pa3pabOTaHbl MEXaHHU3MBl TPOSIBICHUA TEPMUUYECKUX H
TEMI0(QU3NYECKUX CBOMCTB JUCIEPCHOTO MUHEpalla BEPMHKYJIUTA, TAaKUX Kak
CTENEHb BCIYYHBAEMOCTH, TEIUIONPOBOJHOCTh M 3HAOTEpMHUYECKHE 3PQPEKTHl B
TepMorpammax. Pa3paboTka MEXaHHW3MOB TIPOSIBJICHHS TEPMUYECKUX U
TEIUI0(U3NYECKUX MPOIIECCOB MUHEPaJla BEPMHUKYJINTA B 3aBUCUMOCTHU OT CTEIIEHU
JUCIIEPCHOCTU JacT BO3MOYKHOCTb IPEIBAPUTENIBHO OLEHUTHh 3(P(HEKTUBHOCTH
OTHE- U TEIUIO3AIUTHBIX COCTAaBOB HA MUHEPAJIIBHOM OCHOBE.

2. Ompeneneno, 4to 3G(EKTUBHOCTh TEPMUYECKUX ¢ OTHE3AIIMTHBIX
CBOWCTB BEPMHKYJIMTOB Pa3JIMYHON TUCIEPCHOCTH M MbUIEBAThIX CMECEd Ha UX
OCHOBE, B3aMMOCBSI3aHbl C SHAOTEPMHUECKUMU 3P(PEKTaMU HUX TEPMOTPAMM.
PazpaboTtanbl METOJbI YIPaBICHUS TEPMUYECKUMH M  TEIUIODU3NYECKUMU
CBOMCTBaMHM MMHEpaja BEPMUKYJIUTA U COCTABOB Ha OCHOBE BEPMHKYJIUTA ITyTEM
BO3JICHCTBUS HA TEPMUYECKHUE CBOMCTBA MUHEpaa.

3. Pazpabotana maTeMaTuyeckas MOJesIb OPUCTON TUCTIEPCHOW CUCTEMBI Ha
OCHOBE BBICOKOJMCIIEPCHBIX YAaCTULl MUHEpala BEPMUKYJIUTA.

4. Pa3paboTaH HOBBIN JBYX3TaIHbIN c1OCO0 BO3JAEHCTBUSA HA TEPMUUYECKUE U
TerIo(pU3NYeCcKre CBOMCTBA MUHEpaja BEPMHUKYJIUT. JIJis 5TOTO Ha MEPBOM dTare
Ha BEPMUKYJIHUT MPOBOJAUTCS BO3ACHCTBUE CHIIBHBIMU KHCJIOTaMu: opTodocharom
(H3PO4) u azotom (HNO;3), u Ha BTOpOM 3Tame BO3ICHCTBYIOT pa3IMYHBIMH
pearenTtamu. Pa3paGoTaHHBIN HOBBIM METOA JaéT BO3MOXXHOCTH BJIMSATH Ha
BEJIMYMHY TEMIIEpaTypbl BCIyYHMBAHHUS MHUHEpaia BEPMUKYJIUT U CO3/IaHHBIX Ha
€ro OCHOBE OTHE3AIUTHBIX COCTABOB M U3MEHSTh B HY’KHOM HaIlPaBJICHUHU.

5. Ha ocHoBe TeOuHOYNMaKCKOro BEpPMUKYJIUTA pa3pabOTaHbl HOBBIC BHJIBI
BEPMUKYJIUTA C YIYUIIEHHBIMA CBOMCTBAMHU. DTO BEPMHKYJIUTHI C OTHOCUTEIIHHO
HU3KOM  TEMIIEpATypOM  BCIYYUMBAHUS, BEPMUKYJIHWTBl C  YBEJIMYECHHOU
TEMIIEPaTypoOll HMHTEPBAJIOM BCIYYHMBaHUA, TUIAPOGOOHBIM BEPMHUKYIUT U
BEPMUKYJIUTBl C XOpOIIO COXpPaHEHHOW mopuctocThto. Ha ocHOBe 3THX
BEPMUKYJIUTOB C YJIY4YIIEHHbIMH CBOWMCTBaAaMHU CO3JaHbl HOBBIE IO COCTaBY
3¢ (pexTUBHBIE OTHE- U TEIUIO3aLUTHBIE MATepUalbl U OTHETYIIAIINE COCTABBI.

6. BniepBbie MCTIONB30BaHBl HOBBIE AaKTUBUPOBAHHBIC U MOJIUDUIIUPOBAHHBIC
BEPMHUKYJIUTHI MPU TMOIYYEHHH CMECEH, 3allUIIAIOIIMX OT OTHSI JEPEBAHHBIE U
METAJNIMYECKHE CTpPOUTENbHbIE Marepuanbl. [IpumeHenune pa3zpaOoTaHHBIX
OTHE3AIUTHBIX COCTAaBOB ITO3BOJWJIO NPHUAATH TOPIOYEMY JAPEBECHOMY CBIPBIO
CBOMCTBO TPYJHOTOPIOUECTH M YBEJIUYUTH BpEMsl JOCTHXKEHUS KPUTHYECKOU
temrepatypsl s metamioB  (500°C).  Ilpumenenwe — pa3pabOTaHHBIX
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OTHE3aIUTHBIX TMOKPBITUA TMO3BOJUIO JIEPEBSIHHBIE MaTepuaibl U3 rpynnbl [y
(cunpHO TOprOuMe) mepeBecTd B ['; (cmabo roprouyme) corjacHo TpeOOBaHHUSAM
rocyJapCTBEHHOTO CTaHjgapTa M JajJ0 BO3MOXXHOCTb  YBEJIMYUTH BpeMs
JOCTH)KEHUSI KPUTUYECKOM TeMmmepaTypsl B MeTayiax oT 15 muH 1o 45 muH (B 3
pas).

7. PazpaboTaHbl akTUBHPOBAHHbBIE U MOAU(PUIIUPOBAHHBIE BEPMUKYJIUTHI U HA
UX OCHOBE d(DPEeKTUBHBIC OTHE3ANIUTHBIC MOKPACOUYHBIE MATEPUAIbl U MOKPBITHS,
Y CO3/]aHa TEXHOJIOTUS UX MPOU3BOJCTBA.

8. Ha ocHOBe BCIy4EHHOrO BEPMHUKYJINTA, HATPUEBOIO >KUJIKOTO CTEKIA,
KOHIIEHTpaTa MUHEpajia BEPMUKYJIUTa U OpTOPOCHOPHON KHCIOTHI pa3paboTaHbI
HOBBIC  TOPUCThIE  MaTepuaiabl  JABYX BHUJAOB, BXOJSIIME B  TPYIILY
TEIJION3O0JISILIMOHHBIX HETOPIOUUX MaTEPHUAJIOB.

9. PaspaboranHass TEXHOJIOTUA TMIOJYYEHHS HOBOTO  CHIJIMKATHOTO
MOKPaCOYHOTO  MaTepuajia Ha  OCHOBE  HOBBIX  MOJU(DHUIIMPOBAHHBIX
TOHKOJUCIIEPCHBIX BEpMUKYIUTOB BHeJpeHa B OO0 «¥Y3-JlonrKY Ilhunt Koy T.
AHnmwxkad. IlonmydeHHbIE TO CO3JaHHOW TEXHOJOTHH IOKPACOYHBIM Marepual
npomén HUCHbITaHUS B aKKpeAUTOBaHHOW HarmoHanbHON cepTUudUKaMOHHON
CUCTEMOM MOKapHO-TEXHUYECKOMU JlabopaTtopuu ['J1aBHOTO ynpaBiieHUs TOKapHOM
O6e3zonacHocT ~ MuHHCTEpCTBa  BHYTpeHHUX Jnen  PVY3, mnoxarBepauBiieit
COOTBETCTBUE 3(PPEKTUBHOCTH OTHE3ALIUTHBIX JIPEBECHBIX CTPOMUTEIBHBIX
MaTepuaioB TPEOOBAHUSAM TOCYAAPCTBEHHOIO CTaHapTa.

10. BriepBbie nokazaHa BO3MOKHOCTb MOJIYY€HHS] CTAOUIIBHBIX CYCIIEH3UN Ha
OCHOBE MHUHEpaJla BEPMHKYJIUTA YJIbTPA3BYKOBBIM CIOCOOOM B BOJHOU cpele.
HccnegoBanne MOMY4YEHHBIX CYCIIEH3MM [OKa3al0 CYUIECTBOBAaHHE B HHX
BEPMUKYJIUTCOAEPKAIIMX HAHOYACTHUI] U HA OCHOBE 3THUX CYCHEH3HMH MOJyYEHBI
HOBblEe 3((EKTUBHbIE OTHETyIIalmme cocTaBbl. Ha OCHOBaHMM TNPOBEIEHHBIX
UCCIIEIOBAaHUN pa3paboTaH crnoco0 OIpeneseHHs JAOMOJHUTENBHOIO MapamMeTpa,
UCIIOJIb3YEMOr0 MpH OleHKE AP(HEKTUBHOCTH KUIKUX OTHETYIIALIUX COCTABOB.
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INTRODUCTION (Annotation of the doctoral dissertation)

The relevance and demanding of the dissertation the theme. Currently, in
the world in the field of safety of buildings and structures for various purposes it
occupies leading places on the basis of the creation of innovative ideas and
technologies of the new generation of effective means of fire safety. To the “Fire
statistics mainly in the world cause of fires to the human’s life activity safety, the
amount of damage falls to the economy and ecology”. Due to the rapid growth of
science-technics development, modern industrial facilities and increasing of the
number of buildings with complex structural solution of fire safety of these and
other types of objects to provide quality of fire safety are one of the important
problems. In this direction in the developed countries of the world, it has been paid
particularly attention to increase the issues of fire safety building constructions and
items fire safety, producing based on mineral raw materials and improvement of
highly effective and combined flame retardant materials.

In the Republic of Uzbekistan it is conducted large-scale measures to ensure
the fire safety of buildings and structures creation and improvement of modern
flame retardants and systems. In this field, including the creation of on the basis of
local raw materials, new flame retardants provide fire resistance of building
structures and materials, to improve the quality of technical means of preventing
fires, to ensure the appropriate development of flame retardants with an
accelerating pace of technology, are conducted a series of research investigations.

In the world to provide fire safety of building and constructions as “passive”
type of fire protection insulating and intumescent coatings to create them with
modern technologies and effective ways based on building constructions and
improve of fire retardants have especial place. In this direction to conduct
implementation of targeted research is one of the important aims of the following
areas such as the development of technologies and the components that form the
basis of flame retardants; improving the development of thermo physics and
thermochemical processes functioning flame retardants; minerals widespread in the
nature based on heat and fire retardant highly effective new generation cover as
well as the development of compact and efficient methods for assessing fire-
retardant and fire-extinguishing properties of the compounds used.
Abovementioned scientific-research works are commented the topicality of this
dissertation theme carrying out with the scientific investigations.

This dissertation research is to a certain extent the tasks provided for in the
Law of the Republic of Uzbekistan “About fire safety” (2009), the Decree of the
President of the Republic of Uzbekistan Ne PP—1048 on January 27, 2009 “On the
program of localization of production of finished products, components and
materials based on industrial cooperation in 2009”, the Decree of The Cabinet
Ministers Ne 89 on March 28, 2013 “About fire safety “ to implement the measures
about the Law of the Republic of Uzbekistan as well as in other legal instruments
adopted this sphere

! World Fire Statistics. Center of Fire Statistics. Report. Ne21. 2016. — 63 p.; http://www.pozhproekt.ru/pozharnaya-
statistika.
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Compliance research priority areas of science and technology of the
Republic. This investigation has been performed in accordance with the priority
directions of science and technology development of the republic: VII. “Chemical
technologies and nanotechnologies™.

Overview of the international research on the dissertation theme?,
Research investigations aimed at creating protection means having different
functional characters of a new generation modern fire protection, the materials
cover fire retardant of building constructions and design compact, faster and higher
accurate testing ways are made in the leading research centers and higher
education establishments, such as the Polymer Research Institute, Polytechnic
Institue of New York University, the National Institute of Standards and
Technology, Texas University, Sherwin Williams, Great Lakes Chemical, Dow
Chemical (USA), International Paint Ltd, BRE Global Limited (United Kingdom),
PPG Industries Netherlands, Akzo Nobel (Netherlands), Badische Anilin und
Soda Fabrik (BASF), Bundesanstalt fiir Materialforschung und-priifung), Institut
fur Technische Chimie-Leibniz Universitat Hannover (Germany), Ecole Nationale
Superieure de Chimie de Lille (France), Dipartimento di Chimica Universita degli
Studi di Milano (ltaly), Universidade do Estado do Rio Janeiro (Brazil), the
Scientific Innovative Center of Construction and Fire safety (St. Petersburg), All-
Russian fire protection service research institute, Academy and St. Petersburg
University of the State Fire Service of Russia, Tashkent State Technical
University, Tashkent Institute of chemical technology, and in the Higher technical
school of fire safety (Uzbekistan).

To develop measures of providing the fire safety of building and
constructions, to create and compact, complex and faster testing ways, different
intumescent for a variety of surfaces from heat and fire protective coatings, relating
to the work in the world, obtained the following research results, including: a new
class of nanostructured flame retardant composite coating consisting of a tiny layer
of polysaccharides coated nanoparticles substances (Bundesanstalt fiir
Bundesanstalt fiir Materialforschung und-priifung, Germany); designed uniform
multilayer coating based on carbon nanotubes, which significantly reduces the
flammability of materials (the National Institute of Standards and Technology, the
USA), developed and improved mathematical model, algorithm and parameter
analysis software and forecast fire danger of substances and materials (Scientific
and production association “Teploognezaschita” and Tomsk State University,
Russia) developed a compact laboratory test methods of fire protective coatings for
steel, wood and other types of materials, small scale tests - small-scale tests (Ecole
Nationale Supérieure de Chimie de Lille, France).

In the world with the achievements of advance idea and technologies on the
effective enforcement of building and constructions fire retardant, which is
achieved mainly by treating them with heat-insulating and intumescent coatings,
on a number of priority areas of research are carried out, including: development of

2 Review of foreign scientific research on the topic of the thesis is based on: http://industrial-coatings.ru/archive,
http://www.ogneportal.ru/news/russia/, http://lwww.fire-smi.ru/arhiv, http://academygps.ru/nauka/nauchnyj-zhurnal-
pozhary-i-chs/arkhiv-nomerov/arkhiv-nomerov-za-2015-god and other sources.
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more efficient and new classes of fire and thermal barrier coatings; the
development of models, to create fire protective contains main components of
physics and chemical characters management of opportunities new method and
technologies, model, algorithms and computer programs of calculation to evaluate
the fire and heat protection characteristics of the compositions; development of
multi-functional disperse systems with the wuse of nanoparticles and
nanotechnology with highly protective and other beneficial properties;
development of compact, efficient and accelerated test method to comprehensively
assess the fire-retardant and other properties of the coating.

The degree of knowledge of the problem. The research questions of
theoretical and practical tasks to reduce fire danger of building designs and
materials, create highly effective fire protection and testing of dedicated work
Edward D.Well (the Polymer Research Institute, Polytechnic Institue of New York
University), R.Nastsimento (Universidade do Estado do Rio Janeiro (Brazil),
Elizabeth Ranucci (Dipartimento di Chimica Universita degli Studi di Milano,
Italy), Serge Burbizho, Sofia Dukuen (Ecole Nationale Superieure de Chimie de
Lille, France), Bernard Shartel (Bundesanstalt fiir Materialforschung und-priifung,
Germany), Manfred Doring (Karlsruher Institut fur Technologie KIT Institut fur
Technische Chemie, Germany), Debbie Smith (BRE Global Limited, Great
Britain), Axel Kalader (Inomat GmbH, Blizkastl, Germany), V.L.Straxov and
others  (Private  shareholding  society = “Teploognezaschita”,  Russia),
A.Ya.Korolchenko, A.B.Sivenkov, N.V.Smirnov, T.R.Eremina (Russia emergency
situations ministry State fire safety service all Russian fire protection service
research institute), T.Yu.Eremina, A.B.Sivenkova, B.B.Serkova (Russian
Academy of State Fire Service), M.V.Krasheninnikov (Scientific innovation center
of Construction and Fire safety, St. Petersburg), S.N.Nenahov (Research
production center “Teplohim”, Moscow) and others.

The investigations on the development and implementation of a variety of
fire-retardant materials based on mineral vermiculite, reflected in the works of
including K.N.Dubenetskiy, S.lI.Hvostenkov, G.V.Gemmerling, Ya.A.Ahtyamov,
Yu.M.Tihonov, A.V.Sidorov, A.N.Scherbina, A.P.Pozhnin, A.l.Koltsov,
A.S.Makbuzov, A.Z.Zhukov, M.S.Martin Blanez, M.S.Himenez, A Left,
A.N.Nguen, L.Dyulaks, A.V.Pobedinskiy, O.N.Krasheninnikov and many others.

In Uzbekistan, one of the scientists who conducted the research on the
application of the mineral vermiculite by P.A.Arifov candidate of chemical
sciences, had some results, including findings of some types of flame and thermal
protection materials.

The processes of creating new “passive” means of fire protection happens all
the time. The reason is each of these tools has its own positive and negative
qualities and indicators. That’s why that it is improved and developed in the
direction of providing the main criteria, such as the duration and effectiveness of
fire protection, longer service life under normal operating conditions and to
minimize value of the developed product. At the present time, despite the range of
fire-retardant materials offered on the construction markets of the world and our
republic, the creation of new efficient materials with complex functionality is an

59


http://www.chimica.unimi.it/

urgent task. The reason is that the flame-retardant materials producing in our
republic mainly brought from abroad used in the construction of various facilities
or imported completely, or the majority of these materials are made on
technologies of developed foreign firms .In some research in the area of the
creation of fire-retardant new materials are used by harm chemical components. It
has not been enough investigated the scientific research works in the creation with
complex functionality fire protection coatings on the base of mineral raw materials.

Connection of the dissertation topic with research works of higher
educational institution where the thesis has been made. The dissertation
research has been carried out within the framework of the application of scientific
and technical projects on topics: NeKA-12-001 “Technology of production of
environmentally friendly slow-burning wood-shaving plates” (2012-2015),
NeA4-FA-F-152 — “Development of modern technology new materials with
predetermined properties based on local mineral raw materials - fine vermiculite “
(2012-2014); Number FA-A4-F063 — “Development of technology for new
building materials based on vermiculite with high thermal and sound insulating
properties” (2015-2017).

The aim of the investigation is to create protective means against fire on the
base of local mineral raw materials.

To achieve the main objective must be to address the following research
objectives:

to work out prognosis ways of effectively of fire retardant characters, physics
condition of different dispersion vermiculites and modified vermiculites, through
studying of thermic and thermo physics characters and on the base of their
components to protect from fire and heat;

to work out based on mineral vermiculite high dispersion of fire-
extinguishing and to create the way of obtain heat isolated properties and on the
base of obtained vermiculite large functional components;

to provide an internal structure of vermiculite mineral retardant main
components, physics condition and external fields of chemical components (ultra
sound and heat) and through chemical reagents thermic and heat physics
characters. Through it works out mechanisms fire protection construction materials
of vermiculite mineral and on the base of their components;

to create intumescent coatings effective fire protection on the base of
vermiculite mineral and on the base of wood and metal contain building
constructions and improve materials fire retardant and work out multiple stage
protection ways;

to create new components of heat protection materials on the base of local
mineral raw materials and to analyze their main fire technic characters and on the
base of them inflammable heat protection coating and to work out construction
materials;

to obtain optimal dispersed systems of vermiculite mineral and on the base of
them to create high effective new fire retardant components and to work out new
ways of effective assessment of liquid fire retardant means.

The object of research is the building materials of wood and metal,
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Tebinbulak vermiculite, and Angren kaolin and silicate solutions.

The subject of the research is to provide fire retardant building materials of
wood and metal with thermic, heat physics and fire safety index of new effective
contained protection means with influence of building and constructions.

Research methods. In the course of research has been used IR -
spectroscopy, differential - thermal analysis method, chemical and mass -
spectrometric analysis, optical and electron microscopy research methods.

Scientific novelty of the research is as follows:

developed effective highly dispersed fillers based on mineral vermiculite with
refractory and insulating properties;

vermiculites obtained with improved physical-technical and thermal
properties, provides an effective increase in fire safety: vermiculite at a relatively
low and high temperature of swelling; vermiculite types with extended a well-
preserved porosity;

the finely dispersed of vermiculite minerals influence of ultra sound and
chemical reagents with modification ways of improvement were worked out via
vermiculite fire protection function;

worked out new components of multiple stage protection of fire retardant
onthe base of modified finely dispersed vermiculites providing wood building
materials to hard burn group according state standard (GOST 12.1.044);

worked out new fireproof silicate paints on the base of modified finely
dispersed vermiculites technology;

worked out non-flammable insulation material on the base of exfoliated
vermiculite, intended for use as fire barriers;

developed inorganic nonflammable foam developed on the base of fine
dispersed vermiculite and phosphoric acid;

Ddeveloped new liquid fire-extinguishing compositions on the base of fine
dispersed vermiculites and the method of assessing the effectiveness of extra index
and the way of definition.

Practical research results are as follows:

it elaborated the new technological ways to obtain materials having heat
physics and physics chemical ultra sound field, chemical reagents and their effect
on the base of vermiculite mineral;

it developed the new component of the effective enforcement of building and
constructions fire retardant coatings and fire protection heat safety materials based
on the local mineral raw materials - Tebinbulak vermiculite;

it achieved a significant reduction of fire danger building materials. The use
of flame retardants translates flammable wood materials in the slow-burning
materials group, the time required to effectively reduce the metal to a critical
temperature (500 °C) increased to 45 minutes (3 times);

it developed an effective method for producing highly fillers, based on local
mineral vermiculite, with fire-resistant and heat-insulating properties;

it developed and implemented in the production technology of obtaining a
new fire retardant paint silicate based fine modified vermiculites;

it developed the computer programs that enhance the evaluation of flame
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retardant and fire-extinguishing properties of the resulting compositions.

The reliability of the assessment results of the research proved the
accuracy of measurement instruments, comparing the experimental results with the
calculated and theoretical data, using the fundamentals of molecular physics and
thermal physics, mathematical proven ways to assess the state of security systems,
as well as a comparison with the results of other researchers.

Theoretical and practical significance of the study results. The scientific
significance of the results of research lies to develop the theoretical bases on
efficiency of fire resistance workout the influenceof their combined effect on the
physical condition and heat physics properties and it is commented to become
perfect the influence of mechanisms.

The practical significance of the research results is that developed on the
basis of local mineral raw material-Tebinbulak vermiculite, new products
intumescent fire retardant coating, non-combustible insulation materials and
extinguishing agents are effective in reducing fire hazard of building structures and
materials.

Implementation of the research results. On the base of obtained results by
the local mineral raw materials the flame retardant with real fire and thermo
isolation agents:

the production of new fire-proof materials on the basis of local mineral raw
material Tebinbulak vermiculite implemented in “Uz-Dong JU Paint Co” joint
venture (“UzAvtosanoat” Shareholding company’s reference from 17 October
2016, No 7/04-25-2340). Obtained research results flame-retardant paint wood
building constructions and materials are provided fire retardant affectivity;

fire-proof and fire retardant paint materials and coatings on the base of local
mineral raw material “Tebinbulak™ vermiculite were used in the constructing of
individual sample buildings in Turtkul district of the Karakalpakistan Republic and
in the different buildings of the productions of (the reference from 26 October
2016, No29/3-1-3456) the head management of Fire safety of the Ministry of
internal affairs. As a result the risk of fire level of the buildings reduced by 1,1-1,8
times ,the fire probability reduced by 2-3 %, amount of damage of the fire reduced
by 1-2 %);

on the base of antipiren substance and mixture modified high dispersed inert
agents to create fire retardant components and on the base of building materials the
methods to improve fire resistance NeKA-14-003 with the project of “Obtained
resource safe antipirens on the base of production of litters creating of fire
resistance building materials and implement them” (2015-2017) used efficiency of
fire resistance of wood materials of new antipiren components ( the reference of
the committee of the coordination of technologies and science of the Republic of
Uzbekistan from 24 October 2016 NeFTK-0313/707). To use of the research results
gave the opportunity to create new antipiren components efficiency of fire
resistance of wood materials.

Approbation of the research work. The main results were presented and
discussed in a number of international conferences, including: “Central Asian
International Conference on Chemical Engineering” HT'12 (Tashkent, 2012), the
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Fourth International Scientific and Practical Conference “Firefighting: Issues,
Technologies, Innovations” (Moscow 2015), 45" World Chemistry Congress. The
IUPAC-2015 (Busan, Korea, 2015), “11"™ International Conference on Advanced
Polymers via Macromolecular Engineering” (Yokohama, Japan, 2015)”, “Actual
problems of branches of chemical technology” (Bukhara, 2015) VIII of the
international scientific-technical conference “Mining and metallurgical complex:
achievements, problems and modern trends of development” (Navoi, 2015), 16th
Asian chemical congress (16ACC) (Dhaka, Bangladesh, 2016), “Prospects for the
use of innovative technologies in the field of architecture and construction”
(Samarkand 2016), 46™ IUPAC World polymer congress. MACRO 2016 (Istanbul,
Turkey, 2016), Khujand Symposium on Computational Materials and Biological
Sciences, KSCMBS-2016 (Khujand, Tajikistan, 2016), in a number of national
scientific and technical and scientific conferences (2010-2016.), and also in the
regional stages of the VIII Republican fair of innovative ideas, technologies and
projects on 2-4 April, in the cities of Namangan, Andijan and Ferghana, which
were presented by the development of the thesis. At the VIII Republican fair of
innovative ideas, technologies and projects, the development of “Dry mixture
based on mineral vermiculite” was presented on May 19-21, 2015. At the
exhibition of achievements of environmentally friendly technologies
“Environmental Week 2015, on the 2" June in 2015 in the complex of “Tashkent
Plaza” was represented by the development of “Fireproof dry mixture of
vermiculite”.

Publication of the research results. According to the thesis topic has been
published only 37 scientific works. Of these, 1 monograph, 14 scientific articles,
including 12 national, 2 foreign journals recommended by the Higher Attestation
Commission of the Republic of Uzbekistan for the publication of basic scientific
results of doctoral theses.

The structure and scope of the thesis. The thesis consists of an
introduction, five chapters, conclusions, bibliography and appendices. The volume
of the thesis is 200 pages.
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THE MAIN CONTENTS OF THE DISSERTATION

In the introduction of the urgency and relevance of the theme of the
dissertation, formulated the purpose and problems, identified the object and subject
of study, to determine the appropriate research priority areas of science and
technology of the Republic of Uzbekistan, presented scientific novelty and
practical results of the study justified the validity of the results disclosed
theoretical and practical importance the results obtained are shown a list of
Implementation in practice of the research results, the results of testing work,
information on published works and the thesis structure.

In the first chapter of the thesis “Current status of fire protection of
building structures and materials. Passive fire protection funds” sets out
analyzes the current state of fire protection of building structures and materials,
their regulatory framework is considered. It presents data on basic fire-technical
characteristics of the building materials such as steel and wood that without proper
treatment are not resistant to the effects of flame and heat from fires. The analysis
of scientific literature on the development of effective means to ensure the fire
safety of buildings and structures, in particular to improve the fire resistance of
building designs and products made of metal and wood using fireproof materials.

The results of research of promising trends on the development of flame
retardants based on inorganic binders and intumescent additives to them, in
particular flame retardants based on water-soluble silicates and clay minerals. As a
result of analysis of published materials that describe the behavior of each
individual component of the ready-made flame retardants when exposed to heat
fluxes, as well as the mechanisms of the processes that lead to the reduction of fire
danger building materials and products, selected the most promising types of local
materials for research.

Such materials as a potential raw material for fire-resistant and heat-
insulating fillers and ready to use fire heat protecting materials were a clay and
vermiculite mineral deposit, which provides information about the chemical
composition and thermal properties.

The following are the details of the structure, chemical composition and
properties of Tebinbulak vermiculite, kaolin and liquid glass that are the most
available and promising materials for the development of effective means to ensure
the fire safety of buildings and structures such as intumescent fire retardant
coating, thermal insulation materials and extinguishing agents. Descriptions of
basic research techniques.

In the second chapter of the thesis “Experimental - theoretical studies of
the physical condition, thermal properties of porous disperse systems with
vermiculite” analyzed the results of theoretical and experimental studies of porous
disperse systems with vermiculite.

The fineness of the porosity and the filler component are key characteristics,
which must be adjusted to obtain effective fire heat protecting compositions. To
solve the problems in the first stage of research conducted modeling porous
disperse systems with vermiculite. Description of the structure of a porous material
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based on vermiculite requires the use of dynamic models, which include inter-
packet in step vaporization space and mica elements reorientation under the
influence of pressure generated steam.

For vermiculite temporal evolution of the porosity of the material when
swelling can describe the type of function:

€1
1+ exp(—t/T)

£p

Where, £,- an initial porosity to swelling of the process; £4- “resource” of
porosity due to the reorientation, and the parting of the buckling of plates of mica;
T - characteristic time of intense swelling, determines the intensity of the thermal
regime.

Table 1.
Fractions dispersed vermiculites

Ne 1 2 3 4 5 6

Fraction, mm | 3,0-4,0 | 0,5-1,0 | 0,25-0,50 | 0,16-0,25 | 0,25< | 0,16 <

The next stage of research after the coarse and fine grinding of vermiculite
concentrate (VC) held sieve separation into the various fractions (Table 1.).
Subsequently, these fractions according to grain size are used to produce different
types of materials.

Production of vermiculite in finely divided form as a flame retardant and
heat-insulating filler is extremely important, because the fine fraction is more
evenly distributed in the binder component, thereby enabling to obtain
homogeneous preparations based thereon. Such formulations allow you to
completely and evenly cover the entire surface to be protected and this
considerably increases the quality of flame retardant formulations. Not
unimportant is represented by the fact that the manufacture of various paints a fine
mineral fraction is retained much longer in suspension, guaranteeing the safety of
the commodity qualities of the material for a long time. The particles of the
dispersed grains of the mineral vermiculite should not lose swelling properties, as
it leads to a deterioration of thermal properties of the material produced from it.
For these studies, the dispersed fraction selected Ne6 (Table 1.) with a grain size of
vermiculite 160< microns, obtained by mechanical means.

To establish optimal conditions for the mineral vermiculite grains with
different sizes of their thermal properties were studied (Table 2. and Figure 1.).

From Table 2, it shows that a decrease in the size of the particles of
vermiculite, swelling degrees of importance to them, as expected are reduced.
Mass loss values generally increasing towards finer fractions. Property swelling
persists for a fraction with the smallest grain size (fraction number 5.) and has a
value of 1.16.
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Table 2.

The test results of the thermal effects on a variety of particulate fraction

vermiculite concentrate (VC)

Ne | Fraction, mm Mass 10SS, % | V pefores M° | Vafier, e | Vatter/ Vietore
1 0.5-1.0 5 37 1 3.80 3.80
2 | 025050 487 1 3.27 3.27
3 | 0.16-0.25 473 1 2.29 2.29
2 0.25< 7.35 1 1.34 134
5 0.16 < 6.75 1 1.16 1.16

Note: The temperature of 700-750 °C and holding time 60 sec.

For a more detailed presentation of the thermal properties of the VC in
various dispersed states held their differential thermal studies derivatograph
NETZSCH STA 409 PG / PC (Figure 1.). Heating is conducted in air to 500 °C at
3°C/ min.
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Figure 1. The thermograms of various disperse fractions VC

From these thermal images (Figure 1.) shows that with the increase of
dispersion of the fraction Nel - (3.0-4.0) mm, to fractions Ne2 - (0.5-1.0) mm, Ne3 -
(0.25-0.50) mm and Ne4 - 0,16 < mm, the amount of weight loss that occurs mainly
due to the evaporation of water is reduced in the following quantitative expressions
of 5.43:4.64:4.48:3.93 respectively, and intensity increase observed endothermic
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effects in the same order of the samples. The sample Ne4 second endothermic
effect in 280-285 °C temperatures almost completely disappears. These changes
are due to the fact that, during grinding vermiculite grains already have time to lose
some of the water contained before its interlayer spaces. The disappearance of the
sample in the thermogram Ne4, the second endothermic effect due to the fact that
with the increase of dispersion increases the surface area of the material repeatedly
and at the same time their activity increases. Therefore the finer the particles of
vermiculite almost completely lose water contained therein at relatively low
temperatures, i.e. at 90.2 °C (endothermic effect No4 sample in Figure 1.).

Conducted comparative measurements of thermal conductivity is widely used
abroad nano powder silica Aerosil (manufactured by Degussa, Germany) and
finely powders vermiculite.

The scheme set up in the lab, “lon-Plasma Technologies and Thermal Physics
of multiphase systems” Engineering Physics faculty of the Tashkent State
Technical University named after Abu Rayhan Beruni, the experimental setup is
shown in figure. 2.
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experimental setup for measuring ~ Figure 3-1. Temperature versus time
the thermal conductivity of powder for a mixture of cement powder
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Figure 3-2. Temperature versus time Figure 3-3. Temperature versus time
for the powder of expanded for SiO, powder
vermiculite

The experiment used a thin-walled glass bulb - (1) the radius Ry = 0,05 m -
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(1). Inside the flask filled nanopowder silica were introduced thermocouple tube of
polytetrafluorethylene - (2) with a predetermined relative to the centerr=0 (3) r =
Ro/ 2 (4) position readings which were taken multimeters - (6 and 7). The flask was
then placed in an oven - (5), which maintained a constant temperature of 170 °C.
The values for room temperature experiments Tarkosilom, vermiculite and Aerosil
were taken 23 °C, 27 °C, and 25 °C, respectively.

From the results of the graphs (from figure 3-1. to figure 3-3.) shows that the
thermal conductivity varies little during the experiment, thus it is possible to find
the mean value:

for Tarkosil - A = (2.67 + 0,03)-10° W / m'K

for Aerosil - A =(3.25+0,07)-10° W / m'K

for vermiculite - L= (44 £ 0,1)-10° W/ m'K

Nanopowders obtained values of thermal conductivity of silicon dioxide
(Aerosil and Tarkosil) and vermiculite are small compared with the glass
(630 10° W/m'K) and can be compared with the air (24 10° W/ m-K), which
makes them good heat insulators.

The third chapter of the thesis “Development of intumescent flame
retardants and their production technology” is dedicated to the production and
research of modified vermiculites and binders based on sodium water glass, as well
as new compositions of fireproof materials.

The influence of various reagents on the physical condition and thermal
properties of vermiculite in their different dispersion. This used two types we have
developed a method of processing vermiculites.

The first processing method, as a raw material with unused VC 160 < mkm
grain size, as modifiers used mainly in the form of inorganic salts 0.1%, 1%, 3%,
5%, 7% and 50% aqueous solutions, as well as saturated solutions. Saturation VC
modifiers samples were performed in normal ambient conditions for several days.
After stirring VC modifier solution in the volume ratio 1:3, respectively, the
resulting mixture was heated to 120 days, stirring periodically during this time.

In the second method, the two-stage treatment produced VC with mineral
acids HNO; and H3;PO, and further modifiers (Na,SiO;, Na,CO;, NaOH or
NH,OH). As a result of these experiments vermiculites obtained following types:
vermiculite setback swelling - VCM-1, vermiculite with a stretched towards higher
temperature values heave - VCM-2.

Next, the samples were subjected to the modified vermiculites thermal effects
in a variety of conditions. Measurements of the expansion factor at a temperature
of 600 ° C for 5 minutes, and the withdrawn samples of the thermogram obtained.

Samples vermiculites obtained at low (0.1%) and high (50.0% or more)
concentrations of reagents, compared with the original sample of vermiculite in the
values of the coefficients estates noticeable blistering was observed. At an average
solution concentration (5.0 and 7.0 %) reagents at their vermiculites treated
samples were observed marked increase in swelling coefficient values from
baseline vermiculite (from 1.16 to 1.80-2.00). Thus, from the values of the
coefficients of swelling and the consumable amount of the modifying agent can be
concluded that it is advisable for practical application to use vermiculite treated
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with solutions with mean percentage values.
To evaluate the effectiveness of the samples modified vermiculites studied
their thermal properties (Figure 4.).
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Figure 4. Thermograms activated and modified vermiculites Tebinbulak

Analyses and calculations of Figure 4. let make the following important
conclusion: in the presence of the flame-retardant mixture of activated and further
modified vermiculite, throughout the time of fire, such a mixture effectively
exhibits flame retardant quality, actively opposing the firing front air layers of the
water vapor. These sequences form air layers are manifested in 100-200°C, 300-
500°C 600-900°C and significantly lower the temperature of fire front, delaying
for a time spread of flames and slowing down the beginning of the active phase of
combustion.

On the basis of laboratory experiments, the technology for production of
activated and modifying vermiculites Tebinbulak field (Figure 5.). This technology
allows various vermiculites get the desired properties. This vermiculite lower
temperature swelling, vermiculite with relatively large temperature interval
blistering and other hydrophobic vermiculite.

The developed technological scheme consists of the following parts: 1 - the
pump; 2 - tank for preparing an aqueous reagent solution (HNOj; H3POy,
Na,SiO3); 3 - reactor; 4 - dipstick; 5 - a refrigerator; 6 - an intermediate container;
7 - tank for sewage; 8 - filter.

The process of vermiculites processing is carried out in the following manner
(Figure 5.):

The container (2) preparing a solution of the modifier in the desired
percentage. The finished reactant solution by a pump (1) is pumped into the reactor
(3). Then the calculated amount of fine VVC is loaded into the reactor in portions (3)
In constant stirring. During the addition and mixing of the reagent solution and fine
VC reactor (3) is heated to 60-70 °C. The total time for the entire process up to
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12 hours. The finished mixture from the reactor (3), with stirring, poured portion
wise into an intermediate container (6) and then poured from the reactor mixture
(suspension) is filtered through the filter portions (8). Then the resulting mass is
dried.
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Figure 5. Technological scheme of preparation of activated and
modified vermiculites

According to this technology can be developed to receive various types of
modified vermiculites, which can then be used in the preparation of new
compounds effective fire and thermal protection materials

The fourth chapter of the thesis “Investigation of the effect on the fire
safety of building materials obtained flame retardants” is devoted to the
evaluation of flame retardant properties of the compositions, as well as their impact
on fire-technical characteristics of building materials (wood and metal).

According to the regulations the effectiveness of a flame retardant for steel
structures is determined by the achievement of critical temperature (500 °C) of the
standard sample steel with flame retardant coating during thermal exposure.

An experiment to identify the effectiveness of fire retardant coating obtained
with the following composition: 20 wt. % modified VC, 20 wt. % powder
exfoliated vermiculite, 30 wt. % kaolin powder and 30 wt. % of concentrate dry
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soda glass. Composite Modules of this experiment are shown in Figure 6. The time
during which the heated metal plate and fixed temperature on the opposite side of
it, was 150 minutes. The temperature of the metal plate was determined using a
thermocouple Chromel-alumel. After two hours of heating the coated plate was not
visually show any appreciable coating irregularities.

Figure 7. shows the metal temperature (Y-3 steel) plate 100 cm2 and a
thickness of 1.2 sm at one side heated for two hours at a temperature 860-900 °C: 1
without a flame retardant coating, 2 - a flame retardant coating thickness of 0, 12
cm 3 -. with flame retardant coating thickness of 0.25 cm showing temperature
curves for the first hour of heating plate.

From this, it is evident that after 15-20 minutes of heating the temperature
difference in the curves 1 and 2 is 55-60 °C, and the temperature difference
between the curves 1 and 3 is 130-135 °C and maintained until the end of the
experiment for 150 minutes. As a result of these studies it was found that the
coating time value of effective protection against fire effects for metal products
was 90 minutes.
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Figure 6. The circuit for measuring Figure 7. The results of the

the qualities of fireproof coatings experiment to assess the

on metallic surfaces of the effectiveness of the flame-retardant

experiment coating on the metal surface

The thickness of the fire-retardant coating was varied from 0.10 cm to
0.25 cm. With a maximum thickness of the coating (=0.25 cm) could lower the
temperature of the plate at 135°C (relative to the uncoated plate). The grain size of
vermiculite powder is 160 microns or less. Therefore this formulation containing
20% of modified VC, 20% powder exfoliated vermiculite, 30% kaolin powder and
30% dry sodium glass, allows to significantly reduce the combustion temperature,
having low heat-conducting properties even at relatively small thicknesses of the
protective layer (of the order 0.20-0.25 sm). This fact, in some cases it may be a
decisive factor in the problem of selecting the type of flame retardant coatings for
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wood and metal constructions and materials.

The tests of fire-resistance coatings for wood, according to GOST 16363-98
«mean flame retardants for wood." The essence of the method was to determine the
weight loss of the wood sample treated with the test coating when exposed to
shooting in conditions conducive to the accumulation of heat.

We studied the following coating compositions (by weight, %): 1 - 15% VC,
expanded vermiculite 15% kaolin 10% water glass 60% concentrate; 2 - VKM-1 -
20%, the VCM-2 - 10%, expanded vermiculite 20% kaolin 10% water glass 40%
concentrate; 3 - VKM-1 - 15%, the VCM-2 - 10%, 25% expanded vermiculite,
kaolin 10%, dry concentrate water glass 40%.

The results in table 3. show that, according to the requirements of GOST
16363-98 with all coating compositions Nel, Ne2 and Ne3 belong to group I of fire-
proof efficiency. Thus, these results show the effectiveness of fire-retardant
compositions obtained. This is especially noticeable in the coatings with
compositions Ne2 and Ne3, compositions containing the new modified vermiculite,
which have the lowest weight loss and thus show high values of fireproof
efficiency for wood materials.

Table 3.

The results of the test to assess the effectiveness of fire retardant on the basis
of liquid glass coating

Mass sample Temperature, Mass loss
NQ m’ gr' OC Am Note
Before After Thegin. Tend. gr %
1 144.2 134.4 202 334 9.8 | 6.8 | Itdoesnot
burn
2 140.4 135.9 201 316 45 | 3.2 | Itdoesnot
burn
3 142.6 134.1 201 326 85 |59 'tdt?esnot
urn

Notes: 1) Exposure time fire two minutes; 2) The table shows the average values of weight loss
on the results of the test series, the samples (10 samples in each series).

Further studies for flame retardant properties on wood-samples with bars
90x55x25 mm size prepared for testing fire retardant paint compositions of the
following type: “fireproof insulating filler” + “binder component” + “polymer
component” a filler content of 8% to 95%. The composition of the flame-retardant
composition as a flame resistant thermal insulation filler used not expanded
vermiculite - powder with a grain size of 40-160 microns, expanded vermiculite
with a grain size of about 40-80 microns and a kaolin powder with a grain size of
40-80 microns.

72




Figure 8. Samples of wood treated with flame retardants (before testing)

By using as the polymer components of the alkyd paint was prepared seven
flame retardants, which is admixed to the paint in a ratio of 1:1 to form a flame
retardant coating color. Tested seven following flame retardants, admixed with an
alkyd paint: 1) kaolin 10% + 90% water glass, 2) expanded vermiculite 42% crude
vermiculite + 8% + water glass + 42% kaolin, 8%; 3) is not expanded vermiculite
95% + 5% sodium silicate; 4) not expanded vermiculite 75% + 25% sodium
silicate; 5) is not expanded vermiculite 50% + 50% sodium silicate; 6) is expanded
vermiculite 10% + 90% sodium silicate; 7) liquid glass + 50% + 40% bentonite not
expanded vermiculite (Figure 8.).

Figure 9. Samples of wood treated with flame retardants (after testing)

The following modifications were observed in the samples with samples tests.
After 7-8 minutes the heat starts to reach a wooden base and flue gas temperature
reaches 165-170 °C. Bars coated with the composition 95 % expanded vermiculite
not 750 °C temperature maintained within 486 seconds (about 8 minutes) and the
bars with a coating comprising 75% not exfoliated vermiculite 750 °C temperature
was maintained within 424 seconds (approximately 7 minutes). After 1-2 minutes
the test coating on them began to swell and char; bars themselves with virtually
maintained their integrity. Follow 2-3 minutes the visible appearance of the
painting bars practically unchanged. After 7-8 minutes of the test sample surface is
beginning to char.
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Table 4.
The results of fire tests of wooden bars sizes 90x55x25 mm

Mass sample Mass |
ar. ass 10ss Temperature
No exhaust Condition bar
Before | After | Am % gas, °C sample
test | test
Stan- . )
dard | 106.8 | 89.7 | 17.1 | 16.0 185-188 At receipt of air
sample burning
1 118.4 | 110.1 | 8.3 7.0 170-175 | A small detachment
2 122.0 | 1112 | 108 | 88 177-180 | Without significant
changes
3 139.8 | 137.0 | 28 | 20 150-155 | Without significant
changes
4 109.8 | 1043 | 55 | 5.0 145-157 | Without significant
changes
5 121.6 | 117.8 | 3.8 3.0 145-155 | Without significant
changes
6 137.2 | 129.0 | 8.2 6.0 170-172 | A small detachment
7 129.4 | 1178 | 11.6 | 9.0 178-180 Charring

Note. Test temperature of 700-750 °C.

Fire retardant coating containing vermiculite in an amount of 8 to 10% began
to char for 3-4 minutes. Nel bar with a protective coating based on kaolin powder
withstanding temperature 550 °C for about 3 minutes. A bar coated Ne 7 based on
bentonite and water glass began to char with a small degree of foaming (Figure 9.).

From the measurements are shown in Table 4, it was found that the maximum
flue gas temperature observed when the test control sample (without fire retardant
coating). The control sample, if introduced into the furnace began to actively burn
and after 120 seconds has lost 16% of the weight - had strongly charred surface.
The most fireproof bars were coated with compositions containing 95.75 and
50 wt. % not expanded vermiculite - sample number 3, number 4. and number 5.
When testing the bars coated with flame retardants, was observed following a
dynamic picture of the processes defined by the temperature of exhaust gases.
Within 5-6 minutes, the exhaust gas temperature was 145-155 °C, indicating
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smaller value sample combustion efficiency.

The fifth chapter of the thesis “New means of fire safety of buildings and
structures” is dedicated to the production and research of new means of fire safety
of buildings and structures, such as extinguishing agents and fire heat protecting
obstacles.

Ultrasonic method to obtain a stable suspension of vermiculite mineral. The
percentage ratio of liquid/solid constituted from 99.522% to 98.140 % liquid and
solid from 0.478% to 1.860%. The water was used as the liquid medium. Interval
processing the mixture liquid/solid is from 0.4 to 3 hours. The influence of pH-
environment in the efficiency of producing suspensions. Area pH - environment
studies ranged from strongly acidic (pH = 3 - 4) to strongly alkaline (pH =9 - 10).

Studies have shown that depending on the ratio liquid/solid, pH environment,
exposure time, frequency of the ultrasonic field intensity can obtain stable
suspensions of vermiculite mineral, which do not settle for a long period of time.
According to our observations, this period was more than one year. The resulting
suspensions were the basis for the development of effective liquid and powder
extinguishing agents.

2. 1F:Height

nm

um

Figure 10. Images vermiculite nanoparticle surface topography (left) and
grain size distribution of the particles

In the scanning probe microscope Solver NEXT studied light phase resulting
vermiculite suspension (Figure 10.). We obtain images of the surface topography
of nanoparticles on the basis of vermiculite, and calculated their grain size
distribution of particles.

Nanoparticle surface topography (Figure 10., right) shows that one of the
parameters (h - height) of the maximum value is within 250 nm. Because the
second image (right) can be seen that the particle size distribution in the range of
50 to 400 nm. distribution peaks at particle sizes of 250 + 300 nm.

To obtain suspensions with finely divided particles of vermiculite was to
study their influence on the flammability of wood-based materials, as well as an
assessment of their extinguishing properties. For the first time we have tested and a
new method of assessing the effectiveness of the liquid extinguishing agents. The
effectiveness of the suspensions were assessed by measuring the temperature of the
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exhaust gases released during the combustion of treated wood samples of the
ceramic tube on the “ceramic pipes” in the laboratory of the scientific-research
center of the Higher technical school of fire safety.

Below are the results of tests to evaluate the effectiveness of highly
concentrated suspension of the following composition: bentonite - 387.1 grams,
water 600 grams, 67.1 grams of sodium carbonate, expanded vermiculite fine 36.6
grams (160 < mkm), as well as suspensions of nanoparticles containing the mineral
vermiculite . Figure 11 shows the results of studies of the effect of the suspension
on the flammability of wood.

As shown in Figure 11, Nel -

450F 1 an indicator of exhaust gas
O 40 temperature versus time heating
) - 2-1 conventional treated water sample

timber. Ne2-1 lines and figures it
Ne2-2 exhaust gas temperatures,
depending on the time of heating
the  treated wood  samples
1- water vermiculite suspensions. Sample
2-3USPENSION)  Ne2-1 an indicator of the sample
timber, processed bentonite -
vermiculite ~ suspension.  Ne2-2
sample is an indicator of the sample
timber, the treated slurry obtained
nanoparticles based on vermiculites.
From a comparison of lines and
Ne2-1, Ne2-2 that at relatively low cost vermiculites contain nano fluids can
achieve similar results in the sample 2-1. The big difference in the start time of the
combustion samples Nel and Ne2 shows the effectiveness of the suspensions
obtained with superfine particles of vermiculite as a liquid fire extinguishing
compositions.

Also it was obtained and investigated in the work new formulations
vermiculates contain constructive insulating tile materials. Samples of material
obtained from the following components: fine vermiculite concentrate, new
hydrophobic expanded vermiculite, standard sodium water glass, fibrous
components (treated with flame retardant rice straw, microcrystalline cellulose -
MCC or fiberglass), porous and inert fillers (of SiO, - a porous silica gel or MK -
micro silica), and orthophosphoric acid as a flame retardant. The resulting samples
of vermiculite tile materials were investigated on the basic physical, technical and
fire-technical parameters.

Testing of the samples on the basic fire-technical parameters indicated that in
accordance with GOST 12.1.044-89 “Fire and explosion hazard substances and
materials” are non-combustible and belong to the group with weak smoke-forming
ability. These data show that the new materials have received a high degree of fire
safety.

5 0 5 10 15 20 25 30 3 40
time min
Figure 11. The temperature
dependence of the heat flow leaving
the ceramic tube from time
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CONCLUSION

On the basis of studies on the doctoral dissertation on the topic “Creating a
fire-resistant coatings and heat insulation fillers based on the local mineral
resources” are presented the following conclusions:

1. It was produced that the major mechanism of the mineral vermiculite
Tebinbulak different dispersed fractions of acoustic field by the influence of
chemical reagents breaking up processes of mechanisms and obtaining their new
ways. It was worked out that vermiculite mineral characters and their particles on
the base of the volume of organic relates to dispersed vermiculite mineral thermic
and thermo physics characters, including the level swelling, heat facilitative and
accomplishing the processes of mechanisms of thermo grams endothermic
effects. Due to the tied of the dispersed level vermiculite mineral heat physics and
the mechanisms of thermic processes produce based on the mineral raw materials
fire and protecting efficiency of components from heat retardant gave the
opportunity assessment in advance.

2. It was found that the different dispersed vermiculites and on the base of
powder components thermic and protecting from fire retardant efficiency
depending on their endothermic effects. Through influence of endothermic effects
of minerals on vermiculite mineral and on the base of components of vermiculite
mineral was produced the ways of management of thermic and thermo physics
characters.

3. It was worked out the mathematical model of porous on the base of
dispersed systems with superfine particles of vermiculite mineral.

4. It was elaborated a new method of influence on the thermal properties of
the mineral vermiculite and heat physics characters. For this first stage is to be
influenced on vermiculite strong orthophosphate (HsPO,) and azote (HNOs) acids
are to be affected and on the second stage is affected with alkaline reagents. This
obtained new produced method vermiculite mineral and on the base of it gives the
opportunity of fire retardant components swelling temperatures value.

5. It was received the improved new types of characters of vermiculite
Tebinbulak. They are swelling temperature a bit lower vermiculites, swelling
temperature a bit higher vermiculites, hydrophobic vermiculite and good preserved
porosity vermiculites. On the base of these improved character vermiculites new
component fire and produced protecting efficiency from heat retardant materials
and components of fire extinguished.

6. It was used the first time to obtain activated and modified vermiculites
components designed for protection from the devastating effects of fire the surface
of various building materials. When it activates with these compositions fire wood
materials have bare inflame character and it achieved for the metals critic (500 °C)
temperature reaches time of increasing of cost. It achieved from the obtained fire
protecting materials using them according to meet state standard requirements
wood materials from E4 (flammable ) switch to E; (bare flammable) group also
reaching to critic temperature in metals from 15 minutes to 45 minutes (3 times)
increased the opportunity.
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7. It was created production technologies of new types of activated and
modified vermiculites on the base of fire retardant influence of effective protection
paint and coating materials have been produced.

8. It was worked out swelling vermiculite, nutria liquid glass, vermiculite
minerals concentrate and on the base of orthophosphate acids in two types of heat
isolation fire proof materials group of new porosity materials.

9. It was implemented for “Uz-Dong Ju Paint Co” private shareholding
society to produce new paint silicate production technology based on produced
finely dispersed medicated vermiculite. By the created technology the produced
paint material in the National certificate system passed by accreditation of the
Ministry of internal affairs of Fire safety head management in the fire technic
laboratory wood building material fire retardant effectively having examined and
confirmed to meet state standard requirements.

10. It was shown to obtain opportunity of firm suspensions via ultra sound
influence on vermiculite mineral in water environment. As the result of controlling
it was defined Nano molecules suspensions on the base of vermiculate and on the
base of these suspensions a new, effective fire retardant agents have been worked
out. On the base of conducted experiments of liquid extinguishing agents method
of assessing the effectiveness of using additional index and worked out the way of
define this index .
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