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KHWPHUI (IoKTOpIHK JUCCEPTALMA AHHOTAIUSACH)

Juccepranusi MaB3yCHHUHI A0J3ap0/uru Ba 3apyparu. XO3Wprua KyHJa
AyHEna OMHO Ba MHILOOTIAP CHFUH XaB(CU3IUIMHU TabMHUHJIALIAA WHHOBALIMOH
TEXHOJIOTHSJIAD aCOCHJA KOMIUIEKC XOCCAJIM SHIU aBJIOJ XUMOS BOCHUTAJAPUHU
APATHIN >KapacHIApU eTaKdd YpUHIApHM sramnaiinu. «EHFuHnap crarucrukacura
acocaH JyHCAAa CHFUHJIAP OKWOaruga HMHCOH XacTH (aonuatu XaB(cusnuriy,



MKTHCONMET Ba JKONOTHATa KaTTa MHKIOpAA 3MEH eTMoKaa»'. JKaman cypmariap
OwsiaH pUBOXKJIaHACTraH (aH-TEXHUKA TapaKKUCTH HATHXKAcUa 3aMOHABUM caHOAT
KOpXOHajapy Ba Mypakka® KOHCTPYKIIMOH TY3WJIMINTA 3ra WHIIOOTIAp COHUHHUHT
optumu cababmu ymly Ba OOIIKa TypJaaru OObEKTIApHUHT ¢HFUH XaB(CHU3IIUTHHA
cudaTii TabMUHIAII A03ap0d Myammolapaad Oupu xucoOmanaau. by Oopana
PUBOXKJIAHTaH MamJlakaTiap/a OJIOB TAbCUPHUIAH XUMOSIJIOBUM IOKOPU camapalid Ba
KOMOMHALMsUTAITaH ~ Xoccajapra J3ra KoIUlaMa MaTepuajulapHd  MHUHepal
XOMAIIENap acocuaa MIad YMKHIN, KypUIUIl KOHCTPYKIUSIApU Ba alleIapHUHT
OJIOBOAPIONIITMIUTUHA OIITUPHII MacajlajJapura aJoxuia YbTHOOP KapaTuiraH.

V36ekucron Pecy6iuikacuia GMHO Ba MHIIOOTIAPHHHT CHFMHTA KAPIIH
XUMOSICUTa KapaTUJITaH OJIOBJJaH XMMOSJIAHUITHUHT 3aMOHABUI BOCHTA Ba
TU3UMIIAPUHHU SPATHUIT Ba TAKOMUJUTAIITAPHUIN OViiNda KEHT KaMPOBIIH Yopa
Tagoupiap amaira omMpuiIMokaa. by Oopana maxamiuii xomaienap acocusaa
KYPWIHIII KOHCTPYKIUSUTAPU Ba MaTEPUAILUIAPUHUHT OJI0BTa 0apIONUIUIUTTHU
OILLIMPYBYU BOCUTAJIAPHU SIPATHUIL, CHFUHJIAPHU OapTapad STUITHUHT TEXHUK
BOCUTAJIapH Ba ycyJulapu cU(paTHUHU sTHaa OUIUPHILTa OaFUIIaHTaH KaTop
WIMHUR-TAAKAKOT UIILUTApU OJTINO OOPMIMOKIA.

Kaxonma OMHO Ba MHIIOOTIAPHUHT CHFUH XaB(CU3IUTHHU TabMUHIIAIIIA
«rmaccuB»  Typlard  KaBapUKJIaHYBYM  XUMOS  BOCHTAJIapUHHU  3aMOHaBUU
TEXHOJIOTUSAJIAD aCOCHJA SIPaTUII Ba yjap OpPKaIM KypPWIMII KOHCTPYKLHsUIapu
XamJla MaTepHAIJIAPUHUHT OJIOBTa OApAONUIMINTUHN OIIMPHILTA aIOXKUJA aXaMHUT
KapaTwiMokaa. by Oopama XWMOSJIOBYM KOTUIaMaliapia WCCUKJIUK — TabCUPHIIA
Ke4aJuran TerioQu3uk Ba  TEPMOKMMEBUU  KapacHIAPHUHT  MEXaHHU3M
MOJICJUTAPUHU UIILJIA0 YUKUIITHU TAKOMUJUTAIIITUPHUIILL, OJIOBJIaH XUMOSJIOBYN
KOIUIaMaJapHUHT KYPWIMII KOHCTPYKIMSUIApU Ba MarepuUajUIapHUHT CHFUHTA
XaBQIMIIMTH KYpCAaTKUWIApUTa TAahCUPUHU KOMIUIEKC OaXOJAIIHUHT KOMIIAKT,
aHUK Ba TE3KOp YCy/UIapUHM uWOUIad 4YMKUII, Tabuarja KEeHr TapKalraH
MUHEpalIap acoCHJa HCCUKIMWK Ba OJOB TabCUPHUJIAH XUMOSUIOBYM FOKOPHU
caMapajid SIHTM aBJIoJl KOIJIaMajlapyHM spaTHIl KaOW HyHanuIuiapaa MakcaJiiu
WIMUN  W3JaHWIDIAPHU  aMajira ONIMpWII MyXWM Basudamapman  Oupu
XucoOlaHaIu. FOkopuna KEJITUPUIITAH WIMHN-TaIKUKOT WYHaAJIUIINIA
OaxkapuiacTraH WIMHM UW3JAHULUIAPp Ma3Kyp JUCCepTalusi MaB3yCHHUHT
J0J13apOJTUTUHU U30XJIaNTH.

V36ekucron Pecrybnukacuanar « Earnn xapdemsmury TyFpucuna»ti KonyHu

(2009), V36exucron Pecrydmukacu Ipesuaentuaunr 2009 iinn 27 sHBapaaru

ITK-1048-con «2009 #iunga caHoaT KOONEpalMsICH acOCH1a Talep

1
- World Fire Statistics. Center of Fire Statistics. Report. No21. 2016. — 63 p.; http://www.pozhproekt.ru/pozharnaya
statistika.

MaxcyJoTiap, OyTIoBYM Oyromiiap Ba MaTepuasiap UIIad YMKAPUIIHUA
MaXJUIMIAIITAPHUIL TACTYPH TprI/ICI/IILa»FI/I Kapopu, Bazupnap MaXKaMaCI/IHI/IHF
2013 iinn 28 MapTaaru 89-con «EHFUH XaBQCU3IHIH TYFPUCHAANTH Y 306KHCTOH
Pecny6nukacu KoHyHHHM amaiira olupuil 4yopa-Taadupiiapu XaKkuaanTu Kapopu



Xamia Ma3Kyp coxara Teruiuim 0apua MebEepuil-XyKyKHuil Xyxokariapaa
Oenruianrad BasudanapHu amaira olMpuIIra ymoy aucceprauus TaIKUKOTH
MyaiisiH Japakaja Xu3MaT KUIau.

TanKuKOTHUHT pecny0uKa ¢paH Ba TEXHOJIOTHSIIAPU PUBOKIAHUIIH
HMHI YCTYBOP iyHAJAMILIAPUTa OOFJIUKIUTU. Ma3Kyp TaJKUKOT peciyoauka
¢dan Ba TexHonorusnap puBoxianHuuHUHT VII. «Kume Texnonorusinapu Ba
HAHOTEXHOJIOTHSIIAp» YCTYBOP HYHAIWIIN Toupacua OaxxapuiraH.

Juccepranuss MaB3ycu OyiinM4a XOPWKUH WIMHH-TAAKUKOTJIAP mapxu’.
Typau xun QyHKIHOHAN X0ccajapra 3ra OYiaraH oJ0oBJaH XUMOSUIOBUM SIHTH aBIIOJ
BOCUTAJIAPU Ba 3aMOHABUM CUHAII YCYJUIAPUHM sIpaTUIITra UyHANTUPUITaH WIMUAN
U3JIAHUIIUIAp JKAXOHHMHI €TaKuyd WIMHH Mapkaszjapd Ba OJUH  TabluM
Myaccacanapu, xymiaaaH, Polymer Research Institute, Polytechnic Institue of
New York University, National Institute of Standards and Technology, Texas
University, Sherwin Williams, Great Lakes Chemical, Dow Chemical (AKIII),
International Paint Ltd, BRE Global Limited (bytok bpurtanus), PPG Industries
Netherlands, Akzo Nobel (Hupepnanmnus), Badische Anilin und Soda Fabrik,
Bundesanstalt fiir Materialforschung und-priifung, Institut fiir Technische Chemie -
Leibniz Universitdt Hannover (I'epmanusi), Ecole Nationale Supérieure de Chimie
de Lille (®pannus), Dipartimento di Chimica Universita degli Studi di Milano
(Utanus), Universidade do Estado do Rio de Janeiro (bpasunust), Byrynpoccus
CHFUHJAH CakKjaml Xu3MaTh WIMUN-TAQAKUKOT HWHCTHTYTH, Poccust ~ maBmar
CHFMHAAH cakjam xu3marun Axangemuscu Ba Cankr-IlerepOypr yHUBEpcUTETH,
TolKeHT aBnaT TEXHUKA YHUBEPCUTETH, TOIIKEHT KUME
TEXHOJIOTUs MHCTUTYTHU Ba EHFUH XaBdcH3mMru onuii TEXHUK MakTabuia
(V36eKICTOH) KeHT KaMpOBIIH TaAKUKOT HIILTapy onb 6opuamMokaa. buno Ba
WHIIIOOTJIAp CHFUH XaB()CU3IUTHHYN TAbMHUHIIAII YOpa TaAO0UpIapHUHU
TaKOMWUTALITUPHUIILL, Xap XU CUPT 03aapura MyJDKajUlaHTaH OJIOB Ba MCCUKJIAH
XMMOSITIOBYH KOTIJIaMaJIapHU UIIad YUKW Ba 3aMOHABUI CHHAII yCYJIApUHU
SpaTUIlTa OUJ XKaxoHAa oMl OOpHUITaH TAAKUKOTIAp HATHXKAacHIa KaTop,
KymilaJaH, KyHuaaru uiMuid HaTHKanap OJIMHTaH: HaHo3appadaiap OWiaH
KOIUJIAaHTaH TYpPJIM MOJIUMEpap acoCUa SSHTU CUHQ, SbHU HAHOCTPYKTYpaJlu
OJIOB/IAH XMMOSUJIOBYM Korutamanap nnuiad yukuirad (Bundesanstalt fiir
Materialforschung und-priifung, I'epmanus); yrnepon HaHOTpyOKadapu acocusa
MaTepHAITIAPHUHT CHYBYAHJIUTUHU €Tapid Japakala KaMauTHPyBUYU TEKHC
TaKCUMJIaHTaH KariaamiapjaH noopar Kortamanap siparuirat (National Institute
of Standards and Technology, AKIII); moana Ba mMarepuasuiap EHFUH XaB)CU3IUTH
KYpCcaTKUYJIapyuHU IPOTHO3JAII Ba MapaMeTPIApUHU TaXJIMI KUITUITHIHT
MaTeMaTHK MOJICTTH, AJITOPUTMHU Ba

— Jluccepramus MaB3ycH OyiHuYa XOPWKHHA WIMHH-TAAKUKOTIap mapxu 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 Ba Oomika Man6azap acocuia UInIad YUKUITaH.
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nactypiapu unurad ynkuiarad («Termmoorne3ammray nIMANR-TaIKUKOT MapKasH,
Tomck maBnar yHuBepcuteTH, Poccust); metaiui, €Fod Ba 0OIIKa Typaaru



MaTepHUaJlJIapHU OJO0BJIaH XUMOSIIOBYHM TAPKUOJAPHUHT caMapa opIUTruHU
CUHAIIHUHT KOMIAKT Jaboparopusi CHHOB ycyJulapy UIiad yuKuira - small
scale tests (Ecole Nationale Supérieure de Chimie de Lille, ®pannus). yneaa
OMHO Ba MHIIOOTJIADHUHT CHFUHTA KapIlld XUMOSICUTa KapaTWIraH I0KOpHU caMapaiu
XUMOSI BOCUTAJIApY Ba TU3UMIIAPUHU ApaTUIl Oyitndya Oup Katop, >KymjaaaH,
KyHuJard ycTyBOp WYHAIUILIIAPpAA TAIKUKOTIAp 010 OOpUIMOK/Ia: OJIOBIAH
XUMOSJIOBYM TapKHUOIap acOCHl KOMIOHEHTIAPUHUHT (PU3KK Ba KUMEBUI
XOCCaJTapuHu OOMIKAPHII UMKOHUATUHU OEPYBUH SIHTH YCYJ Ba TEXHOJIOTHSIIAPHU
UIUIa0 YMKHUII; OJIOB Ba UCCUKIAH camapalid XUMOSUIOBYH STHTH aBIIO]T
KOIJITaMaJIapUHM SIPaTUII; OJIOB Ba UCCUKJIAaH XUMOSUIOBYM KOTUIAMa MaTepuasiap
TapkHOU KUCM Ba XOcCcajlapy opacugaru OOFJIUMKIUKHUHT TAKOMUJUTALITHPUITaH
MOJIEJ, aJITOPUTM Ba KOMIBIOTEP JACTYpJapHHH UIUTA0 YUKHIIL, HaHO3appadasap
Ba HAHOTEXHOJIOTHSIAp aCOCUA IOKOPU caMapaiiu Ky (GYHKIUSIIN AUCTIEPC
CUCTEMaJapHU UIIA0 YMKHUIIL, OJIOB Ba UCCUKIAH XMMOSJIOBUM KOIJIaMaJapHUHT
XOCCaJlapUHU KOMILIEKC 0axOJallHUHT KOMIIAKT, TE€3 Ba camapalid yCyJUIapuHu
SIPATHIILL.

MyaMMOHUHI YPraHWIraHJIMK Aapaskacu. Kypuinin KoHCTpyKuusiaapu Ba
MaTepHualliapy ¢HFUHra XaBQIWINK JapakajapyuHu KaMalTupuin Oyitnda Hazapui
Ba aMmajJui MyaMMOJIADHUHTI WJIMHM €YHMJIApU, IOKOPU caMapaiaud OJIOB Ba
MCCUKJIAaH XMMOSJIOBUM BOCHUTAJApHU SIPATHII Ba 3aMOHABUW CHMHAII YCYJUIAPUHU
unuiad YuKWII Macananapu Oup katop onumiap: Onsapa J. Bemn (Polymer
Research Institute, Polytechnic Institue of New York University), P.Hacuumento
(Universidade do Estado do Rio de Janeiro, bpaswnus), Dnuzaber Panyuum
(Dipartimento di Chimica Universita degli Studi di Milano, Wramus), Cepxa
Byp6uxo, Copun Hykysn (Ecole Nationale Supérieure de Chimie de Lille,
Opannus), He66u Cmutr (BRE Global Limited, Bbytok bBbpuranus), bepnapn
[aprten (Bundesanstalt fiir Materialforschung und-priifung), Mandpen depunr
(Karlsruher Institut fiir Technologie KIT Institut fiir Technische Chemie), Akcen
Kanmanep (Inomat GmbH, bmmskactn, I'epmanus), B.JI.Ctpaxo, A.M.KpyTtoB,
A.H.I'apamenko («Temnoornesammura»y wWiMuid unouiad YUKapuin OWpIamiMacu,
Poccust), A.S.Koponpuenko, H.B.Cmupnos, T.P.Epemuna (Poccuss ®dapkynogna
XoJjaraap Ba3upiaurd JlaBnaT €HFMHJAH cakjall Xu3Mmartu byTyHpoccusi €HFUHIaH
caKjaml Xu3MaTd WIMHA-TaAKUKOT uHCTUTYyTH), T.FHO.Epemuna, A.b.CuBeHKOB,
b.b.CepxoBr (Poccust JlaBmar €HFUMHIAH cakjaml Xu3MaTd  AKaJIEMUSICH)
M.B.KpamenunnukoB (Kypunum Ba €HFMH XaB(QCU3IWUTU WIMHUN HMHHOBALIMOH
mapkasu, Cankr-IletepOypr), C.H.Henaxos («Termmoxumy» uiaMuil uuiad 4uKapuiil
oupnammacu, MockBa) Ba OOIIKaTapHUHT TAJAKUKOTIAPHUIA KYpUO UYHUKUIITaH.

BepMmukyiauT MuHepaiu acocuia OjI0oBIaH XMMOSIJIIOBYH Ba OOIIKA TypAaru
MaTepUaJlJIapHU MIILJIA0 YUKW Ba KYJJ1am OuiiaH OOFINK TaJKUKOTIap OUp KaTtop
oJIUMJIap TOMOHUAAH o0 GopwiiraH, xkymiaaad, K.H./lybenenkui,
C.1.XBocrenkos, I.B.I'emmepnunr, d.A.Axtamos, KO.M.Tuxonos, A.B.Cunopos,
A.H.lllep6una, A.Il.Iloxxuun, A.1.Konbnos, A.C.Mak6y3oB, A.3.KykoB,
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O.H.KpamenunnukoB, Maptun bnanes, M.C. Xumenes, A.Jledpt, A.H.Hryen,



JI. Ironake, A.B.ITo6enuHCcKuii Ba Gomkazap. 3'7366KHCT0Hz[a BEPMUKYJIUT
MuHepaiau («TeOuHOynoK» BEpMUKYIUTH) OYiinya UMUK W3JIaHULLLIIAp
[1.A.ApudoB ToMmonnaan onud OOpUITaH Ba KaTOP HaTHKAIapra SPHUILINITaH,
KyMJIaJIaH, ICCUKJIaH CAaKJIOBYH Ba OJIOBJIaH XUMOSIOBYHM MaTepUAUIAPHUHT allpuM
TypJapy Uiiad YUKUITaH.

SAuru  «maccwB» TypAard OJIOBJAH XUMOSUIOBYM BOCHUTAJIAPHU  SIPATHUII
KapacHJlapy JOMMO amaira omupud KenuHMokaa. bydra caba® ymoOy
BOCUTAJIAPHUHT Xap OMpHAa XOCCaJapUHUHT YCTyH TOMOHJIApHU Ba KaMUMJIMKIapu
oop. llly cababman, ymoOy HyHaauIga OJIOBJAH y30K Ba caMapald XHMOsSUIAIII,
XU3MaT MYJJIATUHUHT Y30K OYIUIIM Ba MaxcyJoT TAaHHAPXWHUHT MHUHHUMAI
KMiiMarra sra OyiauIIM HyHaIUIIapuaa TaaKUKOTIap AOUMMI paBumiaa oJud
OopuiMoOKaa. XO3UPrH KyHAAa TyHE Ba pecHyOiMKamMu3 Kypuiauin 0o3opiapuaa
OJIOBIAaH XHUMOSJIOBUYM MaTepHajyiap eTapiu Japaxkaaa OyiauImra Kapamacia,
OJIOB/IAH XMMOSUJIOBYM BOCUTAJIAPHU SIPATUII XaMOH J10J13ap0 Macajga XucoOIaHaIu.
Bbynra ca6a0, pecny0iamkaMu3ia UIUIATUIACTIaH OJIOBAAH XUMOSUIOBYM BOCUTAIAp
acocaH XOpWXIAaH KEITUPWIraH Oynud, Maxauuid unuiad  YuKapyBYHIIap
TOMOHUJIAaH Takiau@d KUIWHASTraH ymoly Typ MaxcyloTjap acocaH 4YeT O
dbupmanapu TexHOJOTHUsUIapu OViiMya 4YeTAaH KeNTUPWIAIuraH KOMIIOHEHTIIAp
acocyaa wumad uukapwiagd. ONOBIaH XUMOSUIOBYM BOCHTAJdapHM  MOLIA0
YUKUIIAA 3apapid OyiraH KUMEBUNM OupukManapaad doigaranuiMokaa. by
Oopaga S’bHM KOMIUIEKC (YHKIMSJIA OJIOBJAH XUMOSUIOBYHM KOIUIaMaJlapHU
MUHEpasJ XOMallejap acocuaa MIuUiad yukuil OVinya eTapiiud aapaxaia WIMUN
TaJIKUKOT MILLJIApH 0110 OopuiiMaras.

JAuccepraumsi MaB3yCMHUHI JMCCEPTANUA OAKAPUJITAH OJIMI TabJIUM
MYaCCACMHMHI WIMHH-TAAKUKOT HIUIAPH OuJjaH Ooraukauru. Jluccepraums
TaAKUKOTH EHFUH XaBcH3nmuru onuili TeXHUK MaKTaOMHMHI MIMHH-TaIKUKOT
napu pexxacuHUHr NeKA-12-001 «KuniinH €HyBYaH €FO4 KUPUHIAWIN IIUTalIap
UUTad YUKAPUIITHUHT SKOJIOTHK XaBhcu3 TexHonorusuiapm» (2012-2014),
NoA4-DA-D-152 «Maxamnuii xomaiie — maija 3appajid BEPMHKYIUT acocujaa
Xoccalapu OJJUHAAH OepuiraH SHTH Marepuajiap OJUIITHUHT 3aMOHaBUH
TexHoyiorusacuHu sparuiny (2012-2014), NedA-A4-D063 «BepMHUKYIUT acocujia
MCCUKJIMKAAH Ba TOBYIIJAH FOKOPH M30JSLMsJIALI XOccajapura 3ra OyiaraH siHTd
KYPWIHIII ali¢JIApUHN  OJUII TEXHOJOTWSICMHU unuiad uwwukuny (2015-2017)
MaB3yJapuary Jonuxauap goupacuaa 6axkapuiras.

TagKUKOTHHHI MaKCaAHu MaXaJUIMi MUHEpAJl XOMallielap acocuaa CHFUHTa
KApLIU XMMOSI BOCUTAJIAPUHU SPATHILJIaH nOOparT.

TagKuKOTHUHT Ba3udasiapu:

BEPMUKYJIUT MHUHEPAIA acoCHJa IOKOPU JUCHEpPCIH yTra YuJaMid Ba
TETJION3O0JIAIIMOH  TYJNIMPYBUMJIAp OJIMIIHUHT CcaMapaid YyCYJIMHHM SIpaTHUIl Ba
OJIMHTaH BEPMUKYIUTIIAP acoCUAa Ky (PYHKIUSIN TapKUOJApHU UILIA0 YUKW,

Xap XWI JUCTIEPCIUKIATH Ba MOAU(DUKAIMSUIAHTaH BEPMUKYIUTIAPHUHT
(bu3MK X0NMaTH, TEPMUK Ba TEIIOPHU3UK XOCcagapura TabCUp KWIHII OPKAJIH yliap
acoCHUJaru 0JIOB Ba UCCUKIAH XUMOSJIOBUM XamIa YT YUUPUII TAPKUOTAPUHUHT
caMapaJIopJIMTUHU OIIUPHUII YCYJIMHU UIUTA0 YUKHUIIL



TalIK{ Maijonnap (yJIbTpaToBYIll Ba KMCCHKJIMK) Ba KUMEBHUM peareHtiap
OwiaH BEPMUKYJIUT MUHEPAIMHUHT CTPYKTypacH, (PU3MK XOJaru Ba KUMCBUH
TapKuOJiapura TabCUp KWIHII OPKAJIM BEPMUKYIUT MUHEPAIM Ba yiap acoCHAaru
TapKUOMApHUHT OeNrujaHraH TEPMUK Ba TEIIOPHU3UK XOoccajnapra sra OYIUIIHHHA
tapMunianm. Wmnad 4Yukuiarad TapKUOJTapHUHT €FOY Ba METAUT KyPHJIMII
MaTepHaJlJIApUHU OJIOB/IaH XUMOSUIAI MEXaHU3MJIAPUHU UIILIA0 YUKUIII,

BEPMUKYJIUT MUHEPAJIA aCOCUA OJIOBAAH CaMapalid XUMOSJIOBUU
KaBapuKJIaHAAUTaH KOIJIaMaJlapHU SpaTHIIl Ba yJiap aCOCHJIa €FO4 Ba METaJLI
KYPWIHII KOHCTPYKIUSUTAPY Ba MaTEPUAIUIAPUHUHT OJI0BTa 0apIOIUIHIUTTHI
OLLIMPUII XaM/JIa yJIapHH OJIOB TAbCUPUIAH KYTT OOCKUWIM XUMOSUIAII YCYITMHU
SIPATHIIL;

MaxaJuIMi MUHEpaJl XOMalleaap acoCu1a UCCUKIAH XUMOSJIOBUH
MaTepUaUIAPHUHT STHTU TapKUOJIapUHU SPaTUI, YIapHU aCOCUN CHFUH-TEXHUK
XOoccajlapyuHU TaxJ Il KWJIUII Ba yjap acocujia yTra YiuaamMiIi UICCUKAaH
XUMOSJIOBUM KOTLJIaMa Xamja KOHCTPYKIIMOH MaTepraulapHy Uiad YUKHIIL

BEPMHUKYJIUT MHUHEpaIud acocuia TYypFyH AUCHEPC CHCTEMAJapHU OJIHUIIL,
IOKOpHA CaMapaZiopji 3ra sHrd YT YYUpUIIl TapKUOIApUHU SApaTUIl Ba CYIOK
TapkuOMM YT VYYUPHUIT BOCHUTAJIAPU CaAMAPAJOPIUTUHA OaxXOJIAITHUHT  STHTH
YCYJIMHY UIIIA0 YUKUIIL.

TaakMKOTHHHI 00beKTHM cudaTuga ¢FOY Ba  METaul  KypHJIHII
Marepuasiapy, TeOMHOYJIOK BEPMHUKYJIUTH, AHIPEH KaoOJIMHM Ba CHUJIMKAT
pUTMaapu TaHJIAHIH.

TaagKMKOTHHHI NMpeAMETH ¢FOY Ba METAJLI KyPWIHII alllCTapUHUHT TEPMHUK,
TEMIO(PU3NK Ba CHFUHTA XaBQIIMIUK KYpcaTKUYJapura sSsHTH caMmapajop TapKuoiu
XUMOSIJIOBUM BOCUTAJIAp OWJIaH TahCUP KUJIHUII OpKaJIu OWHO Ba MHIIOOTIAp CHFUH
XaB(CU3IIUTUHU TabMUHJIAII.

TaaKuKOTHUHT ycyaapu. TankukoT xapacHuaa MK-crekTpockonuk,
muddepeHnnan-TepMUK Tax, I KWK yCyIapyu, KUMEBUN Ba Macc
CIEKTPOCKONUK, ONTUK Ba IEKTPOH-MUKPOCKONHMK TEKIIUPUII YCYJITIapu
KYJUTAaHWJITaH.

TaaKUKOTHUHT WIMHI SHIWINTM KyHugaruiapaad noopar:

BEPMUKYJIUT MUHEPAIIA aCOCUA IOKOPH IUCIEPCIIH YTra YuaaMiIu
TETUIOU30JSILIMOH TYJIAUPYBUMIIAD SPATUIITaH;

BEpPMUKYJIUT MHUHEPAIM acocuja HucOaraH TacT Ba IOKOPU Xapoparaa
KaBapUKJIAHYBUM BEPMUKYIUTIAP, TUAPOPOO BEPMUKYIUT, FOKOPH KaBAPUKJIAHUIII
Japakacura dra OYyiraH BEPMHUKYIUT Ba SXIIM FOBAKIOPJIHWKKA J3ra Oyiraxn
BEPMUKYJIUT Typiiapu uiuiad YuKWIraH;

MallH AUCTIEPCIIN BEPMUKYIUT MUHEPATIMHHU YIIBTPATOBYII TaAbCUPU Ba
KUMEBUH peareHTiap OuiaH MoauduKaIusiail OpKajad BEpMUKYIUTHUHT OJIOB Ba
WCCUKJIUK TabCUPHUJIAH XUMOSUTOBYH (DYHKITUSICHHU OIIUPHII YCYIU SPaTHIITaH;

JIaBJIaT CTaHAapiapy Tanabmapu Oyiinya ¢rou KypHIUII MaTepUaUIapUHUHT
KUIWH CHYBYaH IypyXra YTUIIWHA TAbMUHIOBYM MAalUH TUCIEPCIIH
Mou(pUKaLMsAIAHTaH BEPMUKYIUTIIAP aCOCUAA OJI0B TabCUPUIAH KYTT OOCKUYIH



XUMOSIJIOBUM STHTH TapKUOIap HUIILIad YUKHUITaH,
MalMH JUCTIEPCIIN MOIU(PHUKAIUAIAHTaH BEPMUKYIUTIAP aCOCHUIA OJIOBAAH
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XUMOSTOBYM CHITUKAT OYEK MaXCyJIOTHHH OJUII TEXHOJOTHUSICH HIILIA0 YUKUIITaH;
KaBapUKJIAHTaH BEPMUKYIIMT aCOCH A CHFUHTA KapIly TYCUKIap cudaruia
MIIUIATUIITA MYJHKAJUIAHTaH YTra YMJaMIId, UCCUKIAH CAKJIOBYM Marepualiiiap
nniad YMKUJIran;

MalWH JUCTIEPCIIA BEPMUKYIIUT Ba opTodocdar KucioTagapu acocuaa yra
JUaMJIH, SSHTH TapKUOJIW HOOPTaHUK FOBAKCMMOH MaTepHaJl SspaTHIral; MaliuH
JUCIIEPCIIA BEPMUKYIUTIIAP aCOCHIA STHTU CYIOK YT VUUPHUII TapKUOIapH spaTuiiind
Ba yuly TapkuOiap camMaJopiuruHu 6axosnain oyinya Kymumya
KYpPCaTKUWIAPWHA aHUKJIAII yCYIIH UIiad dukmirad. TaIKUKOTHUHT aMaIuii
HATHZKACH KyHuJarwiapaH uoopar: ylIsTpaToByIll MaiIOHU, KHMEBHI peareHTIIap
Ba YJIApHUHT OWprajukaard TabCUPU OPKAJIM BEPMUKYIUT MUHEPATIU acOCHIa
onAauHAaH Oenaruianrad GU3MK KUMEBUN Ba TEIJIOPU3UK XOccaaapra sra Oyiraxn
KyTI (Da3aay QUCTIepC CUCTEMaJIapHH OJMIIHUHT SHTU TEXHOJIOTHK YCYIUIapu
UnIad YMKWIIN; MaXallTuid MUHEpaT XoMaIle - TeOMHOYIIOK BEPMUKYIIUTH
acocuja OJIOBIaH XUMOSJIOBYM KaBAPUKJIAHYBUM KOIUIamasap, yTra YugaMiin
MCCUKJIAH CAKJIOBYM Marepuajuiap Ba YT YUUpHII TapKuOIapu kabu OWHO Ba
WHITIOOTJIADHUHT ¢HFUH XaB()CU3JIMTUHU TAbMUHJIAII caMapaopIuTruHu
OIIMPYBYH BOCUTAIAPHHUHT STHTH TapKUOIApH SIpaTUIITaH;

SHTU WNUIA0 YMKWITaH OJIOBJAaH XUMOS KWIYBYM KOIUIaMajlapHU KYyJulall
OpKajdu KYpWJIHUII alCJapUHUHT CHFUH XaBQIWIMIMHU CaJIMOKJIM Japakaja
KaMmaluIura >pUIIIrad, KymiiaJlaH, CHyBYaH ¢FOU MaTrephaiv KUHWH CHYBYaH
rypyxra yTummra Ba IIyHUHTAEK Meramiapaa kputuk (500°C) temmeparypara
eTull BakTu 45 nakukara (3 MapTa olliraH) Kagap Kynaluiinra Spuliniras;

BEPMUKYJIUT MUHEpAJIA acoCHa TapKuOuja HaHO3appadaiap TyTraH TypryH
CyCHEeH3UsIap, yJap acocujaa SHTH YT VYUPHUII TapKUOJapu sSpaTUind CYIOK
TapKUOIU YT YIUPUI BOCUTATAPUHUHT OJJOBHU YUHUPHUII XOCCACUHU OaxOJIallIHUHT
caMapaJopJIMTUHU ONIMPYBYU STHTH yCYII UIILTA0 YUKHIIITH.

TaagKMKOT HATHXKAJIAPVMHUHT UINOHWIWJIUTHA. TaJAKUKOT HATHXKAaJIApUHUHT
WITOHWIMJINTA  yIdam  acOOOJapuHUHT MIUIANl AHUKJIMITU TEKIIHPUITAHJIUTH,
TaxpuOa HaTWKaJapUHUHT XUCOOJIAaHTaH Ba Ha3apuil MabJiyMOTNIap OuiaH
TaKKOCJIAHTAHJIUTH, MOJICKYJsAp (U3MKa Ba UCCUKIMK (PU3MKacu Hazapui
acocnapuiaH  (GoHgaNaHWITAHINIH, XUMOSJIIOBUM  CHCTEMajap  XOJATHHH
0axOJalTHUHT  MaTeMaTHK  ycy/ulapuaaH  QoWjgalaHWITaHJIuId Ba  ymHiOy
WyHanmumgary OOIKAa TaAKUKOTIIAp HaTWXKajdapu OWjaH COJUIITHPUITAHIUTH
OuJIaH U30XJIaHAIH.

TagKUKOT HATHKAJTAPUHUHI WIMHNA Ba aMajuil axamusTH. Taakukoraa
HaTWXaJapHUHT WIMHH axaMMATH  KypWIHII  KOHCTPYKIUsJIapu  Ba
MaTepuaIapUHUHT  OJIOBOAPJONUINTUHY  OIIMPUIITHUHT Ha3apuil  acocCliapyuHH
PUBOXKJIAHTUPUII, OJIOBJaH XMUMOSUIOBYM TapKHOIap acOCUi KOMIOHEHTIAPUHUHT
KUMCBUW TapKkuOW, (UMK XOJAaTH Ba HMCCUKIWK (PU3MKAcUra TabCHp KHUJIHII
OPKaJIM XUMOSJIOBYM BOCHUTAJIIAPHUHT CaMapaJOpJUKIApUHU OIIUPHUIL YCYJJIapHU



uniad YUKW Ba TAbCUP KWW MEXaHW3MIJIAPWMHU TaKOMUJUIAIITHPHIN OWIIaH
W30XJIaHAI!.
TaaKUKOT/Ia HATWXKAJIAPHUHT aMaJIuil aXxaMUATH MaXaIni MUHEpasl XoMalie

10

— TeOuHOyIOK BEpMUKYJIUTH acocua HUILIa0d YUKWITaH SHTM TapKUOJIM OJOBIaH
XUMOSJIOBYM KABAPUKJIAHYBUM KOIUIaMajlap, YTra 4YMJIaMiid UCCUKJIAH CaKJIOBYU
MaTepuaiap, YT Y4upuin TapkuOiaapu OpKadud KypHIHIl KOHCTPYKIMSUIapU Ba
MaTepUANIAPUHUHT  €HFUH  XaBQIWJIWTK  JlapakaCMHU ~ camapalid  Tap3ia
KaMalTHpUIITa SpUIIITaHIUTHIaH HOO0paT.

TagKMKOT HATH/KAJIAPUHMHI SKOPMHM KUJIMHMIIUA. Maxamuii MuHepal
XOMallenap acocua yTIra YuaamMiii KoIulama Ba TEIIOM3OJIALMOH TYJIAUPYBUHIAD
spaTuil Oyiiuda OJMMHTaH HaTHKajap acoCHIa:

CFOY KYpWIMII MaTepuaUIapUHU OJIOB TAabCUPHUAAH camapaid XUMOSJIOBUH
SHTY TapKuOIM OYEeK MaTrepuajuHu Maxauiuid MUHepall xomaimie - « TeOnHOynoK»
BEPMUKY/IUTH acocuia uuniad uukapuim «Y3-JourdKY Ihuat Koy MWK kyuma
KopxoHacuaa xopuil KminHrad («O,,zAvtosanoaty akIusIOPIUK KOMIIAHUSICUHUHT
2016 imn 17 okradpmaru Ne7/04-25-2340-con mabaymoTHOMacH). OnuHraxn
WIMUN HaTWXajlap acocuja uuuiad YMKWIraH ONTHUMal Xoccajapra sra OYyex
MaTepHaid  €F04  KypWIMII  KOHCTPYKUMSJIApM  Ba  MaTepUaJUIapUHUHT
OJIOBOAPIOTIITUINTH OIIUIIIMHA TAbMUHIIANIN;

Maxayutuii MuHepan xomamie - «TeOnHOyIOK» BEPMHUKYJIUTH acOCHAA UILIA0
YUKWAJTaH €FOY MaTepuaUlapMHUA OJOB Ba MCCHUKJIMK TabCUPUJIAH camapaliv
XUMOSIIOBUM OVEK Marepuanu Ba Kormiamanap Kopakanmorucrton PecnyOnukacu
TYpTkyn TymaHugaru sikka TapTHOZard HaMyHaBUUM yH-KoWIap KypWJIUIIMIA Ba
UnuIad YMKApUIl KOPXOHAJIAPWHUHT Typiau OuHomapuaa kymnaHwiran (Muku
WIIap Ba3sUPIWTH BHFUH XaBpcusauru Gom GomkapmacuHuur 2016 imn 26
okTsiOpmaru Ne29/3-1-3456-con MabaymoTrHoMacH). Haruxkana oOBEKTIIApHUHT
CHFUH XaBpuuiaura papaxacu 1,1-1,8 wmaprara, CHFMHHHUHT KeIHUO YMKHII
sXTUMOJUTHTY 2—3 (owusra Ba SHFUH 3UCH MUKIOPUHUHT 1-2 (owusra kamanummra
APUILNIITAH;

aHTUMHUPEH XOCCald MOJJa Ba apajammMainap OunaH MoauQUKaIUsIaHTaH
IOKOPU JTUCTIEPCIIN MHEPT TYIAUPYBUHIIAP ACOCH[IAa OJIOB TAbCUPUIAH XUMOSIIOBYN
TapkuOJIapHU SPaTUIl Ba ylap Aacocuja KypWIUII KOHCTPYKIMSUIapu Ba
MaTepUAITIAPUHUHT  oJoBOapAonUIMIIMIMHNA  omupuin - yeyitapu  NeKA-14-003
«CaHoar YMKUHIIUJIAPU aCOCHUJIa OJIMHTaH PECYpCTEXaMKOp aHTUIHMpEHJIap OuiiaH
UIUIOB OepuiraH 0JIOBOAPIONI KYPHJIUII allleIApUHU SPaTUIl Ba TAIKUK ATHUIID)
novnxacuna (2015-2017 iif.) sSsHTM aHTUTIMPEH TAPKUOJAPHUHT ¢FOY MaTepUATMHU
0JIOBra GapIONITHIMK CaMapalOpIUrHHK OIIMPHUIIAA KyJutaHuiraH (Y30eKucToH
PeciyOnukacu @®aH Ba  TEXHOJOTHSJIAPHU  PUBOXKJIAHTUPUIIHUA  MYBO(DHK
namtupuim  KymutacuHuHr 2016 #un 24 oktsaOpmaru NedTK-0313/707-con
MablyMOTHOMAcH). WIIMUI HaTWKaHUHT KYJUIAHWIMIIM €FOY MaTepUaUlapyuHU
0JI0Bra O0apAOUUTHIIUTHHU CaMapajii OIMPYBYM KOMOMHAIIMSIIAIITAH XOCCAIN SIHTU
AHTUIIUPEH TapKUOJApHU SIPATULI UMKOHUHU OepraH.

TagKukKoT HaTHKAJAPUHUHT anpolaumsicd. TagKWKOT HaTWXalapu



KyWHaaru  Xajkapo  aHXyMaHjiapaa Myxokama  KuiauHral:  «KumeBuit
TexHojorusyap Oyitmua Mapkasuit Ocue xankapo koHdepeHuusicn» X112
(TotkeHT, 2012),  UYerBepras  MEXIyHapOJHAasl  HAy4YHO-NpPAKTHYECKas
koH(pepenuus «[loxaporyuienue: npobiaemsl, TEXHOJIOTUM, MHHOBauu» (MockBa
2015), 45th World Chemistry Congress. [UPAC-2015 (Busan, Korea, 2015),
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«11™ International Conference on Advanced Polymers via Macromolecular
Engineering» (Yokohama, Japan, 2015), «KumeBuii TexHoiorusgap COXaCUHUHT
nom3apd myammonapu» (byxopo, 2015), «Kon-metallurgiya kompleksi: yutuqlar,
muammolar va rivojlantirish istigbollari» VIII-Xalqgaro ilmiy-texnikaviy anjuman
(Navoiy, 2015), 16th Asian chemical congress (16ACC) (Dhaka, Bangladesh,
2016), «ApxurekTypa Ba KypHJIHII cCOXajJapuja WHHOBAIIMOH TEXHOJIOTHSIAPHU
kyutam  uctukoomnapu»  (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 #umiapaa 6up Karop pecnyOnnka WIMHA-TEXHUK Ba
WIMHUH-aMaIMi aHXyMaHiapuaa, mwyHuHraek 2016 iun 2-4 anpenna Hamaxran,
AnnmkoH Ba @aproHa maxapnapuaa yTkaswiral VHHOBamMOH — Fosiap,
TEXHOJIOTHSIIap Ba  Joluxamap  pecnyOnuka  sSIpMapKacHHUHT  peruoHal
o6ockuwiapuaa, 2015 i 19-21 maiiga VIII MaHOBaninon rosuiap, TEXHOIOTHSLIIAD
Ba JioMuxanap pecnyOnuka spMmapkacujga «BepMUKyIuUT MUHEpaiau acocuiaa
KyKYHJIM apajamma» Homud uuutanma, 2015 iun 2 uronaa «Okonoruk xadra -
2015» xyprasmacuma «BepmukynuT acocuaa ojoBra xaBcW3  KyKYHIIU
apaJaimMa HOMJIU UIUTaHMallap TaKIuM KHJIMHTaH.

TaaKuKOT HATHKAJAPUHMHI YBJOH KWJIMHMIIM. [{uccepramus maB3ycu
Oyiinua >xamu 37 Ta WIMHNA WII YON ATWIraH, IrynapaaH, 1 Ta mMoHorpadwus,
V36ekucron Pecny6rmukacu Omuif  aTTecTamyst KOMHCCHSACHHHMHT —JOKTOPITHK
JUCCepTAIMsUIapd aCOCUW WIMHI HATWIKaJapWHW YOM OSTUI TaBCUS HTHITAH
wiMui Hampiapaa 14 ta makona, >kymjazaH, 2 Tacu XOPH)KHUM Ba KoOJIraHJIapu
pecnyonuka KypHajulapuja Hamp KWIMHTaH, xamja 2 ta OXM ydyH spaTwirad
AacTypuid BOCUTAJIApHU KAl KAJIHII TYBOXHOMACH OJIMHTaH.

JluccepTalUsIHMHT Xa:KMHU Ba Ty3WIMmM. Juccepranust TapkuOu KUPUIIL,
oemra 0600, xynoca, doigananuiarad agadueTIap pyWxaTd Ba WIOBajJapiaH
noopar. JucceprauussHuHr xaxmu 200 OeTHU TAIIKWII ATraH.

JIMCCEPTALIUSIHUHT ACOCUI MABMYHU

Kupum xucMmuna yTrazuiraH TaAKUKOTIAPHUHT TOJI3apONIMry Ba 3apyparu
acoCJlaHraH, Makcaau Ba Basu(anapu, oObEKT Ba NpeaMeTiapu TaBcU(IaHTaH,
pecmyOnuka ban Ba  TEXHOJIOTHSJIADM  PUBOXKJIAHUIIMHUHT  YCTYBOP
WYHAIMIUIAPUTa MOCJIUIM KYpPCAaTWITaH, TAJAKUKOTHUHI WJIMUN SHTAJIATH Ba
aMaJiiii HaTvKanapu 0a¢H KWIMHTAH, OJIMHTaH HATW)KAJIADHUHT UMUK Ba aMajiui
axaMuATH 04uO OepwiiraH, TaJIKUKOT HaTMKaJlapyuHU aMaueTra »XOpUM KHJIMIIL,
Halllp HJTWITaH MIUIAp Ba JUCCEpPTAlMS TY3WIHMIIH OYinda MabaymMoTiap



KEJITUPUIITaH.
Huccepranusuuar «Kypuwinm KOHCTPYKIUSUIADH Ba MaTepHaJIapUHHA
0JIOBIAH XUMOSUIAIIIHUHI 3aMoHaBHii axBouu. «[laccuB» Typaaru o/10BIaH
XuMosuiam  BocuTajapuw» ae0 HoOMIaHTaH OupuHYM Oo0uma KypHIIHII
KOHCTPYKIIMSUIApU Ba MaTepuasUIapHU OJIOBJAH XUMOSIAITHUHT 3aMOHABUN XOJIaTh
Ba MEBCpUH acoclmapW TaxJIMI KWIMHTaH. MeTtamn Ba €FO0Y  KypHIIHII
MaTepHAITIAPUHUHT MaxCyC XUMOsI BOCUTAIapUCH3 CHFUHIIAPIA FOKOPH UCCUKITUK
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Ba OJOB Tabcupura Jom Oepa OJIMaciaurd Ba yYMyMaH KYpHJIMII
MaTepUaNIApUHUHT ACOCUI CHFUH-TEXHUK TacHU(IApU Xakuga MabIyMOTIap
KeNTUpWwiraH. buHO Ba MHIIOOTHIApD C€HFUH XaB(CUBIUTUHU TabMUHIOBYU
BOCUTAJApHU HOUIA0 4YUKUII OYiinya, XycycaH MeETalsl Ba C€FOY KypPHIIHII
KOHCTPYKIMSUIapU Ba MaTepualjlapd OJIOBOApIOLUIMIMIMHU OJIOBJAH XUMOSJIOBYU
KaBapUKJIaHYBYM KoIlJlaMaJlap Ba aHTUIMPEH TapKuOnapiaH ¢oiiagaHuIl OpKalu
omypuil Oyinya WIMHA-TEXHUK aJa0ueTiIap TaXJnui KUJIMHTaH.

Hoopranuk OornoBumnap cudaruga cyBaa spyBYaH CHIMKaTiap (acocaH
HAaTpUIIM CYyIOK IIWIIa) Ba KaBapUKIaHyBUM TYJIAUpYBUMIAp cudaruga sca
TMJITYNIPOK MUHEpPAJUIAp aCOCHIArd OJOBJAH XUMOSJIOBYM TApKUOJApHM SpaTUIIra
OarvIIaHTaH UCTUKOOJUIM TAaJAKUKOT HATWXKajJapu Taxjiuil Kuiauuau. Kypunuin
MaTepuayiapy Ba alICTapHUHT CHFUH XaB(OIMIMTHHH KaMaWTUPYBYM aHTHUIHPEH
XOCCaIM TapKuOiap, HMCCUKJIMK TabCHpUIA OJOBJAH XHMOSJIOBYM TapKuOiIap
acocuil KOMIIOHEHTIapuja coaup Oynagurad (U3MK-KMMEBHMM y3rapuuuiap Ba
yly kapacHIApHUHT MEXaHU3MIIapu XaKUaaru ajadueriap TaxJuulapyu acocuaa
TaIKUKOTIAP YYyH 3HI MOC KEIyBUM MaxXaJJIMd MHUHEpAJ XOMAllenaap TaHiIao
ONMMHIM. YTra YuAaMIIM TEIUIOM3ONSIHOH TYINPYBUMIAp, OJOB Ba MCCHKIMKIAH
XMMOSUUIOBYM MaTepuajyIlapHM MILIA0 YMKUIIra MOC THITYNPOK Ba BEPMHUKYIIUT
KaOW MUHEpAUIAPHUHT KUMEBUW TapkuOnapu, KpPUCTAI CTPYKTypajlapu Ba
MCCUKIINK (DPM3UKACH TYFPUCUAA MABIyMOTIAp KEITUPUIITaH.

[IyHuHTACK, TAAKUKOT MINKMAA (GoimgaraHuiran oObeKTIap Ba KYJUIAHWITaH
METo[UIap XaKuAa MabIyMOTIap TaKAWM KWJIWMHraH. bMHO Ba MHIIOOTNIap €HFUH
XaB()CU3IMIMHU TAbMUHJIOBYM BOCUTAJap cHU(aTuaa, OJIOBJAH XHUMOSUIOBUU
KaBapHUKJIaHYBYM KOIUIaMallap, UCCUKJAH CaKJIOBUM Marepuasuiap Ba YT YUHPHUIL
TapKUOMapyHU HWNUTA0 YHKUII YYYH MOC KEIyBUM MaxXaUIMi Xomamienap:
«TeOuHOYIOK» BEPMUKYJIUTH, KAOJIMH Ba CYIOK MIHWIIAJIAPHUHT TY3WIHIIH,
yIapHUHI KHMEBMM TapkuOM Ba acocui Xoccajlapu XaKuJard MabiIyMoTiap
kentupunrad. IllyHuHrnek, Taakukoraa QoimgajaHuwiraH acocuii METOMJIAPHUHT
TaBcuIapu 6epuiraH.

HuccepranmsHuHr  «BepMHKYJIUTIM  FOBAK  JAMCIEPC  cHcTeMaJap,
VIAPHUHI (UMK X0JIaTM Ba HCCUKJIUK (uU3MKAcH aMaJuii-Ha3apuu
acocsapu» 1e0 HOMJIAHTaH MKKHUHYM O00HMAA IOKOpU AMCHEPCIN BEPMHUKYIUT
MUHEpajapy acocuJa OJIMHIaH FOBAaK [JUCIEPC CHUCTEMAJapHUHI Ha3apui Ba
amaiui Taxpubanap ¢paamMuaa YpraHull HaTHKalapy TaxJIMUIapy KeJITUPHUIITaH.

OJ10B Ba MCCUKJIUK TabCUPHUJIAH CaMapajii XUMOSUIOBUM TapKUOIApHU UIILIA0
YUKW TYJAAUpyBUM cudaThaa HUUIATWIIYBYM  ACOCUM  KOMIIOHEHTHHHT



JUCTIEPCIIMK Japa)kacl Ba FOBAKIMK KUWMaTH Ba yJIapHU OOLIKAPUII YCYJIWHUHT
MaBXYUIUTH MyXUM aMaJIMi axamusTra sra. Kyiiunran Macajnanu camapaiyd €4uin
ydyH Jacmiad BEpPMUKYIUTIM FOBAaK JUCHEPC CHUCTEMaJlapHH MaTeMaTHK
MOJEIUIAIITUPUII aMajra OIUPWIAUM. ByHUHT ydyH BEpPMHUKYIUT acOCHAAru
FOBAaKJIM Marepuall CTPYKTYpacMHHM TaBcU(]all ydyyH IOUHAMHUK MOZeN Tanad
KUIUHaAW. YmlOy AWMHAMHUK >KapacHIapAa BEPMUKYIUT MHUHEpald MaKeTIapu
opacuaa CyB OyFJIapWHUHT XOCHJ OYIuIn OOCKUWIApW Ba CIIOAA CTPYKTypacu
SNIEMEHTIIAPDUHUHT  XOCHJl OynaetraH cyB Oyfu OocMMU TabcUpuga KaiTa
OpUEHTHUPJIAHUILIAPU COTUP OYIaau.
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BepMuKynIuT MUHEpaIN YU4yH MaTtepuasiap KaBapuKIaHUII XKapacHU1aru
FOBAKJIAHUII SBOTIONUSICHHN Kyiuaaru QyHKIHs KYpHHHIINAIA UdOoTaiant
MYMKHH:
-i'-\'1
1 + exp(—t/T)

E=-E|:,

By epna: - £;kaBapukiaHuiirada 0yiran OONUIaHFUY FOBAKIOPIUK; - CITIOA

£y IJJACTUHKAJIADUHUHT KanTa OpPUEHTALMSUIAHUILIN
Ba CWJDKMIIIApU KaOM XapakaTJIaHUIIap HaTHXKacugaru T FOBaKIOPIIUK
«peCypem»; - TAbCUP KWIYBUN HCCHUKIMK OKUMH WHTECHCUBJIUTUIAH

Keu0O YMKYBYM WHTEHCUB KaBAPUKJIAHUII BAaKTH.

TankukoTmapHUHT  HaBOarmarn  OOCKMYMAA  BEPMHUKYIHT  MHUHEpaIU
koHreHTparu (BK) maran Ba MaiiuH MmaijganaHuluiapra ydpaTwiraHjaH KeWWH
bpakmusnapra  axparwian - (1-kanBam). YmlOy dpakiusnap TaaKUKOTIAp
JAaBOMHJIA 3appadajap YI9aMHIaH KeuO YWKKaH XOJJa Typiu XWJI Marepuasiap
OJTUTII/IA UIILIATHIIIIH.

1-xaaBaJa
JlucnepcaHraH BepMHUKYJIHNT (ppaknusijiapu

Ne 1 2 3 4 5 6

®pakuus, mMm | 3,0-4,0 | 0,5-1,0 | 0,25-0,50 | 0,16-0,25 | 0,25< | 0,16 <

BepMUKYyIUT MHUHEpAJIMHM MalWH AMCHEPCIM XOJaTaa yTra 4YuJaMid Ba
TEMJIOU3O0JIALIMOH TYJIIUPYBUM cU(]aTHa MIUIATUIUIIN MYyXUM aMajuil axaMusaTra
sra. UyHku MmaiimH nucnepc (Qpakuusiid TYIaupyBuniap OOFIOBYM MaTepuan
TapkuOuaa OUp TEKUC TaKCUMIIaHAaIu Ba Iy cababgaH ynap acocuja TOMOTEH
TapKUOMapHU WIUIA0 YMKHUII MUMKOHUATH sipatuianu. bynpail tapkuOmap xumos
KWIMHYBYM I03aHU TYJIUK Ba OMp TEKHC KOIUIAll UMKOHMSTHHHU Oepaau Ba yuily
X0Jar MUuiad YMKUIAETraH TapKUOHUHI OJIOBJAH XUMOSJIAl KYpCaTKUWIapUHU
axmmiaaHummra onu6 kemanu. [yHu anoxuna TabKUAJIANl JO3UMKH, TypiIH XHII
OYeknmapHM uNUIA0 YMKMIIAA MUHEpal TYJIJUPYBUMIAPHUHT MaillMH Aucrepc
bpakuusiapy y30K BaKT YyKMacAaH CAaKJIaHUO TypHILIM XMCOOUTa MaXCyJOTHHHT
cudar gapaxangapu SXIIWIAHUIINATA SpUIIIAIU. YOy Xonariapja MaigalaHran



BEPMUKYJIUT 3appadyajiapd V3UHUHT KaBAPUKJAHUII XOCCACHHU HYKOTMACIHIU
MyX{AM aMaJIiid axaMusATra 9ra, YyHKH arap MUHEpall 3appadanap KaBapUKIaHHII
XOCCAaCMHHM HYyKOTca ymap acocuja HIUIad YMKapuiaJuraH MaTepuauIapHUHT
UCCUKJIUK (pU3MKa Xoccanapu caiOuil KuiiMarra sra Oynummra onub kenaau. OnoB
TabCUpPUZAH  caMapald  XHUMOSJIOBUYM  TapKUOJApHU  WNUIA0  YUKUIIIATH
TaJIKUKOTIAp y4yH 3appadanapuHunr youamu 160< mxm (1-xansan, Ne6 dhpakims)
Oyiran BEpMHUKYJIUT MUHEPATMHUHT qucnepce Gpakuusaapu TaHiaad omTuHIH.

Xap Xuj JAWUCTIEPCIMKAArd BEPMUKYIUT (Qpaknusiapd ydyH ONTHMAl
MIAPOWTIIAPHU HIIIA0 YUKUII YYyH YJIAPHUHT KyWHJard TEPMHUK XoOccajapu
Vpranwnau (1-pacm, 2-xaaBan).

TexmupuIn HaTHXKaJapuaaH MabiayM (2-)KaaBa) OYJIIUKY, KyTUITaHUIEK
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BEPMUKYJIUT MUHEPAU 3appadyalapuHUHT YIdaMiiapy KaMauim Ouiad yJapHUHT
KaBapUKJIAHUII Japa)kajlapy KUWMaTh Kamasau. MacCaHUMHI KaMaWlWill MUKAOpHU
Maiina ¢dpaknussiap ToMOH omub Oopaau. KaBapukjaHMIII XOCCACH SHI KUYHUK
Ymaammaru NeS-dpaknusna (2-kaaBaji) xaM CakjgaHUO KOJIW Ba YHHHT KHHMaTH
1,16 ra Tenr Oynau.

2-KaaBAJ
BK ¢paknusjiapura HCCHKJIHMK TAbLCHPH CHHOBH HATHKAJIapH
Ne | @paxnmst, Mmm Macca ityxo V cmans V eiin V cusn e/
TUJTHIITH, %o as oM’ cyHr oM’ V cunam-ua
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 | 1,16 1,16

M3ox: Temmneparypa 700-750°C, Bakt 60 cex

BK xap xun nucniepc dpakuusiiiapu yu4yH ONTUMAII IAPOUTIIAPHU TaHJAIl Ba
TEPMUK XOCCAJIapu MeXaHu3MaapuHu TynuK ypranum yuyH NETZSCH STA 409
PG/PC nepuBatorpaduna ynapHuHr nuddepeHnnan-TepMuK aHaIu3aapu
yTKaszuiau. Tekmmpui HaTvKanapy 1uarpaMmanapy 1-pacMia KeNTUPHUITaH.
Texmmpumnap ounk xaBoga S00°C ga 3 rpaa/mMuH Te31UKAa 0IUO OOPUIIIH.
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3,0 - 4,0 mm Ppaxrus 0,5 - 1,0 mm dpakius
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0,25 - 0,50 mm dppakuus 0,16 < mm Ppakius 1 - pacm. BK ppakuusinapunr
TepMoOrpaMmmaJiapu

OnuHran aquarpammanapzaas (1-pacm) MabiiyM OYIJIJIUKH, JUCTIEPC
bpakumsuIap 3appadaiapy YIdaMIapUHUHT KaMaluIy OWIaH KyWnara Taptuoaa
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Nel - (3,0-4,0) mm, Ne2 - (0,5-1,0) mm, Ne3 - (0,25-0,50) mm Ba No4 - 0,16 < mm,
CYBHUHI OYFJIAaHMIIIM XUCOOWUTa MACCAaHWHT KaMaWWIll MHUKIOpPJApd MOC paBHIIJIA
5,43:4,64:4,48:3,93 kuiimaTiiapra sra Oymamgu. TepmorpamMmanapaard 3K30TEPMHK
s dexTIap WHTCHCHUBIWTH 3Ca aKCHHYa aHa mry Taptubaa optud Oopamu. Ned
HAMyHaJa WMKKHHYU SHA0TepMHK 3ddekt 280-285°C Temmeparypa opaiuruaa
Aespid  TYAUK Hykonmamu. Ym0y Y3rapunuiap UIyHAAaH Japak Oepaauku,
BEPMUKYJIUT 3appadyajiapd MalJaJaHUIIM JaBOMHUJA Karjiamjapu OpaMFUIaru
CYBHUHI aCOCHM KHCMMHM HyKoTumra yinrypaaud. Ned HaMmyHaJarn HMKKUHYHU
SHAOTEPMUK JPGEKTHUHT WYKONUINM YHUHT MaWJalaHUIIA J1aBOMUJA CHUPT
I03aCMHUHT OMp Heya MapTa OPTUINM HaTwkacuia (paoyUIMTMHUHT OpTUO KETHUIIN
Oowran Oornuk. IIyHMHr y4YyH BEpMUKYJIWTIAPHUHT MaWWH JUCHEPCIU
bpakuusutapyu TapkuOWIary CyBHM Ky MUKJIOPHUHU aHYa MacT TeMIiepaTypajiap/aa
(90,2°C, 1- pacMm, Ne4 TepmorpamMma) HYKOTHIITA YATYPAIH.

Kpemuunii IV oxcugununr aspocun (Degussa pupmacu, ['epmanusi) Ba toKopu
JUCTIEPCIIA BEPMUKYIIUT MUHEPATTUHUHT UCCUKIIUK YTKAa3yBYaHIUK KOIPPUIIUEHT
JIApUHU YT4alll Ba COJUIITUPHUIN OYiinda Taxpubdanap yTkazuinau (2 - pacMm).
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2 - pacm. Kykynim Tapku0iaap KABAPUKJIAHTAaH BEPMHUKYJIUT
HCCUKJIMK YTKAa3yBYAHJIUTUHU apajgammacu (3V:V) yuyH xapopar
yagam Ta:xkpuOaBuili Kypuima Y3rapMumiMHUHT BaKTra
cxemMacu OOFJIMKJINTH
(O-panumycHMHT sipMUAa, O- MapKas3zia)
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3-2 - pacm. KaBapuk/ianran 3-2 - pacm. Kpemunii IV okcuau
BEPMHKYJIUT YYyH Xapopar (SiO,) y4yH xapopar y3rapuiMHHUHT
y3rapMmiMHHHI BaKTra BaKTra 0OFJIHKJIUTH
OOFIMKJIMTH
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Taxxpubanap AOy Paiixon bepyHuii HoMujgaru TOIIKEHT OaBiaT TEXHHUKA
YHUBEPCUTETH MYyXaHAUCIHUK-Pu3nKa GakyasTeTn «MoH-TuTa3mMa TeXHOIOTHsIIapu
Ba Kyn (azanm TU3MMIIAD HUCCUKIMUK (u3mkacw» JabdopaTopusicujia sicairaH
KypwiMaja (2-pacM) aMmaira OuIMpuIIu.

Taxpubana R, = 0,05 M - paguycnu ronka KaBamiv mwuina kojada - (1),
Kpemuuii IV okcuaum (Tapkocun Ba Abspocui) HaHO3appadajiapu OusaH
TYnaupuiaran kKonba uuura (TOpOIIacTIM Haiuama - (2) Tepmomapainap Kojba
Mapkazugan r = 0 (3) Ba 2 - r = Ry/2 (4) macodanapaa kuputwirad. Tepmonapanap
OwinaH ViayaHraH Hartwkanap (6 U 7) MylIbTUMETpiap OpKaIM Kala KUJIWHIU.
[llynman cyHr Kkonba Kus3aupuin Kypwimacura - (5) >KoWJIamTHpUIaIy,
KypuiaMaHuHT uuku xapopatu 170°C na ynutad typunaau. Taxxpubanapaa
TApKOCHJI, a3POCHUJI Ba BEPMUKYJIUTIAP YUYH XapopaT Mmoc paBuiiia 23, 27, u 25°C



KuiiMaTiiapra sra Oyiau.

Omnunran rpadukiap (3-1, 3-2 Ba 3-3 - pacmitap) acocuaaru xyucoonanuiap
HaTM>)KacU1a TEKIIMPUIITaH KYKYHIIU apaialiMaiap UICCUKIUK YTKa3yBYaHINK
k03 GUIUCHTIaApH KyWHIard KuiMatiapra 3ra 0yimu:

Tapkocun — A= (2,67+0,03)- 10~ Br/m*K

Aspocun — A= (3,25+0,07)- 107 Br/m*K

Bepmukyaut — A = (44+0,1)-107 Br/m*K

AHUKJTaHTaH HWCCUKJIHMK YTKa3yBUaHIUK Kodddunuentiapu kpemuuit [V
okcumnapu (Tapkocun Ba Abspocwi) Ba BEPMHUKYIUT YYYH OJAUM IIUIIa
MaTepuanura HECOATaH KHMYMK KuitmMatra sra O6ymmu (630-10°Bt/m*K) Ba GyHu
XABOHWHT HCCHKIHK YTKAa3yBUaHIHK Kod(oumuentu kuitmatu (24-10°Bt/M2K)
OwJiaH COMUIITUPUIL MYMKUH OViau. By sca ymlOy mMarepuatsiapHUHT UCCUKJIMKHU
XTI W30JISIIMSIIAIT XOCCACHUTA 3Ta KAHIUTHIAH Japak Oepaju.

HuccepraiussHuHr «OQJ10BAaH XUMOSUIOBYHM TAPKUOJAPHM MILIA0 YMKHII
Ba YJAPHMHI OJIMII TEXHOJOTHACH» 10 HOMJIaHTaH y4YuH4YM OoOuja sSHru
MonU(UKALMAIAHTaH BEPMUKYIUTIAP, HATPUNIM CYIOK IIMIIA acOCHAa SIHTU
TapkuOIM OOFJOBUMIIAPHU OJMILI, TEKIIMPUII Ba yjlap acoCuja SHCU TapKuOIu
OJIOBJAH XUMOSUIOBYM MaTepuauiap MIUIa0 YHKUII XaKuaa MabiIyMOTJIap
KEJITUPUJITaH.

Xap Xujl peareHTIapHUHT BEPMUKYIUT MUHEpATH Typiu (pakiusiIapUuHUHT
¢u3MK XoNaTh Ba TEPMHUK XOCcCajlapura TabCcupiapu ypraHuO uukuiav. byHna
BEPMHUKYIHUTIApTa UIIUIOB OEpUIIIa SHTH UKKU XU yCyaaaH (poiaananumim.

bupuHum ycynaa, BEpMUKYIUTIAPTa UIJIOB OepUIll KyHHaaru KeTMa KeTIuKaa
amanra ommpunau. Taxpubanap yuyd BKaunr 160 < Mxm dpakuusicu Tannad
onuHau. byHra ca6a6 ymoy KHuuK yidamiid 3appadaiap Qpakuusiapuaa xam
BEPMHUKYJIUT MUHEPAJIA Y3UHUHT KABaPUKJIAHMII XOCCACUHU MyKOTManau. by
ycyaaa unuios Oepuiiga kumeBuil pearentiapuusr 0,1%, 1%, 3%, 5%, 7%, 50%
TyiuHTad spuT™Manapuaan gorinananuwiau. BKra unuios 6epuin ogauit Xona
mapouTua Oup Heva KyH JaBomuja amanra ommpuian. bynna BKaunr
Moaudukarop 3putMmacu 6unan 1/3 aucOaraaru apammacu 120 KyH qaBoMuIa
JaBpUid paBUIIIa apaalITUPUO TypUJITaH X0J1/1a UIIIOB OEpHIIl KapacHU amara
OLLIMPHUIIIH.
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WNxxkuHun umoB Oepuin ycynuaa Tanna0d onunaradn BK dpakumscu ukku
Ooockuwin momudpukanusara yupatwind. Jlactma®d Oupunum  OGockuuma BK
¢bpakuusicu kywin munepan kucinoriap (HNO;, H;PO,) Ba ukkunuu 60ckuyaa sca
umkopuii moaudukaropiap (Na,Si0Os;, Na,CO;, NaOH e¢xu NH,OH) Ounan uiion
oepuiau. YOy >xapacninapaa BKM-1 sa BKM-2 n1e6 HoMiaHraH MOC paBHIIJIA
HUcOaTaH MacT Xapoparja KaBapHKJIaHYBYM BEPMUKYIUT Ba HUCOATaH HOKOPH
Xapoparja KaBapyuKJIaHyBYM BEPMUKYIUT TypJiapy OJUHIU.
Cyurpa ssHru MoauUKaIMsIaHTaH BEPMUKYIUTIAPHUHT HaMyHaJapy TypJid
XWI TIApOUTIapAa TEPMHUK TabCcUpJapra y4uparwigu. YJIApHUHT KaBapUKJIAHUII
napaxanapu 600°C xapoparna 5 [makdka JaBOMHJa TEPMHUK HIIJIOB OCPHII



HaTW)KacHIa XaXKMIJIADUHUHT CUHAIITaYa Ba CHHAIIAH KeMUHTU Y3rapulliapuiara
HUcOaTura Kypa aHUKJIaHIH.

BepMmukynur MUHEpaJIUHU Mo (pUKanMsIania doitnananunran
peareatnapauHr kam ¢ousnu (0,1%) Ba roxopu dowmsmu (50% Ba yHmaH KyI)
SpUTMAIapyi OWJIAH WILJIOB OCpPUIIMINM HATWXKACHIa OJMHTaH HaMyHalapujia
KaBapUKJIaHUII  Japakalapuja Ce3WIapid y3rapuuuiap coaup OYiIMaiu.
Pearentnapuunr ypra dousnu (5 u 7%) spurmanapu OwiaH WMIUIOB OepuiIraH
BEPMUKYJIUT MHHEpaJM HaMyHajJapuaa KaBapUKJIAHUII Japaka KUWMamIapu
JacTiabku WIUIOB OepuiMaraH BEPMUKYJIMT MHUHEpaliura KaparaHjua ce3uiapiu
tap3aa omau (1,16 man 1,80-2,00 raua). CuHOBNIap HaTWXKACHAA OJMHTAaH YIIOY
HaTWKaJap KeWMHrM OOCKUYJard Taxpubdaiapaa BEPMHUKYJIUT MHUHEPATUHU
peareHTVIapHUHT  yprada (OU3NM dSpuUTMaANapu OWiaH UIUIOB Oepuirax
HAMyHaJapUHU WIUIATAII Makcaara MyBO(GUK DSKAHJIWTA aHUKJIAHIUA. Yoy
MonuduKanuaiaraH BEePMHUKYJIUTIAp Ba yiaap acocujaa uOuiad YMKWIraH
TapkuOMapHUHT  camMapanu JAuddepeHuual-TepMUK aHaldu3 TEKIIMpYyBIapu
HaTUXKACHUJIa XaM Y3 TaCAUFUHU TOIAM (4-pacMm).
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1 — 160 < mxm ynuamiu BK, 1 — 160 < mxm ymuamiu BK,
2 - ®ocdar kucioTa OUIaH aKTUBIIAHTAH 2 - Azort kuciotacu 6wian aktuBinadradn BK,
BK, 3 - BKM-2 3 - BKM-1

4 - pacM. AKTHBJIAHTaH Ba MOAU(PUKANMSJIAHTAH BEPMUKYJIUTIAP
TepMorpamMmaJjiapu
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BepMukynmur ~ MuHepaJMHM  MOAUMUKAIMSIIAIIHUHT  caMapaJopJIuTUHU
Oaxonail y4yyH yJapHUHT TEPMHUK Xoccanapu ypranwiaud (4-pacm). Tekmmpuinn
HaTWKaJIapyu TepMOIrpaMMallapuiaH KyWHJard XyjloCaJapHU YHMKApPUII MYMKHH:
OnoBmaH  XUMOSJIOBYM  KOIUIAaMajJapHUHT  TapkuOuja  aKkTUBJIAHTaH  Ba
MonU(PUKAIMATIAHTaH BEPMUKYIUTIAPHUHT OVIMIINA yJapHUHT CHFUH BaKTH[A
AHTUNIMPEHJIMK ~ XOCCaJapuHU  siHaja  (aojipoK OYJIMIIMHU  TabMUHJIANWIU.
Kenrtupunran tepmorpammanapaaru  100-200°C, 300-500°C Ba  600-900°C
Xapopamiap Opajufuja CYBHUHI OyF IIaKJIWJa YMKAO KETUIIUIAH XOCHII



Oynmamuran FoBakjap XucoOWra WNUIA0 YWKWITAH TAapKUOJIAPHUHT OJIOBIAH
XMMOSIJIOBYM XOCCAJIapH SXIIHIAHTaH.

JlaGoparopus CUHOBJIApU HaTWXanapu acocuja TeOnnOymoK
BEPMUKYJIUTHHUHT aKTUBJIAHTaH Ba MOAW(DHKAIMSUTAHTaH STHTU TYypPJIapWHU OJIHIII
TEXHOJIOTHSICH WNUIa0 4ukWwian (5-pacm). Maskyp TEXHOJOTHS €paaMmuja
BEPMHKYJIUT MUHEPAIMHUHT SHTH XOccajlapra 3ra KyWHIard TypiapuHH HIniad
YUKApHUII MYMKHH: HHcOaTaH MacT Xapoparia KaBapWKJIaHyBUM BEPMHUKYIIUT,
HUCOaTaH IOKOpH Xapoparia KaBapHWKJIaHYBUYM BEPMHUKYIHT Ba THUIPO(oO
BEPMHUKYJIATIIAP.

J::l:-l-l.'.'l.,ﬂ-Hi: ur'

. X
Lye Fearen o
.
. - . .
B J
- -
; RO Y M RO OO
i o F | RYPMTILIE S
L il A P
L | &

CEAaRA CYRMAR

5- pacm. AKTHBJIAaHTaH Ba Mozmc])mcaummanraﬂ BCPMUKYJIMTIIAPDHUHT OJIMII
TEXHOJOTHACH

Ymioby (5-pacM) TeXHOJOTHS KyHHJard acoCHil TapKHOWil KucCMIiap/aH
noopat: 1- CyrOK KOMIIOHEHTJIADHW peaKkTopra Xaijam KypuwiMmacu (Hacoc); 2 -
unuioB  Oepumn  yuyH wunutatwiayBdu  pearenmiap (HNO;, H;PO,, Na,Si0O;)
SpUMaNIApUHU Talepiall y4yH CUFUM; 3- peakTop; 4 - ¥14oB acoo0u; 5 - COBYTIuY;
6 - OopaliuK CUFUM; 7 - OKaBa CyBJIap YUyH CUFUM; 8 - QUIBTP.
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Texnonorus Oyitnua BepMHUKYIUTIApra UIUIOB OepHUIl KyWHaru KeTMa
KETJIMK/A amara OlUpUIaIu:

Kepaknu xaxxm Ba ousnapgaru mogudukaropiaap 3puT™Maiapu 2 - CUFUMJA
Taiiepnanaau. Talepnanran wmomudukarop sputmacu Hacoc (1) epmamuaa
peakropra (3) xaipanaau. lllyHmaH CYHr BEpMUKYJIUT MHHEPAJIMHUHT MalWH
aucniepcian  (pakuusAcHIaH — KUYMK — X@KMIArd  [Oopuusiap  MHUKAOpHIA
apanamtupud Typwiran xoimga peakropra (3) roknanagu. MWnuioB Oepuin



*kapacHusa peakropaaru xapopar 60-70°C ramkun kunaay. MuioB 6epurnn BakTu
12 coarnm Tamkua »taau. MnuioB Oepuinl TyraraHjJaH CYHT OJMHTAH apajaiima
peakTOp/aH JaBpHUil paBUIAa apajalITUPUO TypuiraH XoJfa Ba apaJallTHPHUII
TYXTaTWIITaH BaKTJIap OpaliuFua KUUMK Xa)KMJIard NOpUUsiap MUKIOPUIA OPATUK
curumra (6) rokiiad onuHaaM Ba ymOy apanammMa Quistprianany (8). dunbrpnad
OJIMHTaH Macca KypHUTHILTra 1000puiau.

YOy TexHonorusi OViinda OJMHraH BEPMUKYIUTIAD TaAKUKOTHUHT KEHUHTU
OockuuIapuga OJOB Ba HMCCUKJIMK TabCUPUAAH CaMapald XHUMOSUIOBUU
MaTepUAITIAPHUHT SHTY YHYMJIA TapKUOIApHU MIUTa0 YUKHINIA KYIUTaHUIIA H.

HucceprammsHuar «Kypuiaum marepuanjapu €HFMH XaB(CH3JIUTUIa
UILIA0 YUKHJITAaH OJIOBAAH XHUMOSLIOBYM TapKuOaap Tabcupjaapuw» 1eo
HOMJIAHTaH TYPTUHYW 000M MIIIA0 YUKWITAH TAPKUOJAPHUHT OJIOBIAH XUMOSIIAIIT
caMapaJiopJIMTMHUA ~ 0axonmaimi,  yJIapHUHT  €FOY  Ba  METAUl  KypWIHUII
MaTepUAINIAPUHUHT aCOCUM CHFUH-TEXHUK TaBCHU(Iapura TabCUPUHU TaTKUK
KIJIUIITra OarvIIaHraH.

Enrun XaBQCH3IUIKM cOXacH MebEpHMil XyXoKaTaapH Tanablapura acocaH
METaJUT KOHCTPYKIUSJIAD YUYH KPUTHK TeMIlepaTypa SbHH METal KOHCTPYKIIUS
V3UHUHT MYCTaXKaMJIMTMHU WyKoTtaauran temieparypa 500°C Tamikun 3Tauu.
MeTann KOHCTPYKUUSJIAPHUHT YHIOy XOCCAaCHMHM XHUCOOTa OJraH XOjjJa CHHOB
TaXpuOaapu YTKa3WIIH.

Surn unwad yukunaran 20 mace. % moaudukanusianran BK, 20 macc. %
KaBapuKJIaHraH BepMuKynuT, 20 macc. % kaonuH, 30 macc. % HaTpuUWIU CYIOK
muma koHneHtparu Ba 10 macc. % rada (aare3us KydaWTHPYBYM, MEXAHHK
XOCCajlapHU SIXIIMJIOBYM TOJACUMOH Marepual, COBYK Xapopar Ba armocdepa
TabCUPUTA YHJAAMIWIUKHN OIIMPYBYHM KyIIMMYajgap) KylmmuMmMdyanapiaH wuoopar
TapkuOIM  KOIUIAMAJapHUHT  METAJT  FO3aCHMHHM  OJIOBJAaH  XUMOSUIAII
caMapaJiopJIMruHu Oaxonam TaxpuoOanapu yTkazwigu. CuHoBnap 6 - cxemaruk
pacMlia KypcaTuiraH Kypuima Oyiunda yTkaswiau. byHaa ojloBIaH XUMOSJIOBUU
KoIJlamMa OWjiaH KOIUIaHTaH MeTall ro3acura 150 nakuka 1aBoMuja CTaHAApT OJIOB
OKMMHM TabCUp KWIAUPWIAU. by BakT JaBoMHIAa METAI IJIACTUHKAHUHT
XUMOSITIaHMAaraH MKKMHYY F03aCHIAru Xapopar KypcaTKHU4jIapu XPOMEIb-AIIOMEIb
TepMoInapacu epaamuia yiaaad 0opuiim.

Ymly sHr# TapkuOIM KOIUIAaMaJapHUHT METall I03aCHMHHM  OJIOBIAH
XUMOSITAIT  CaMapJOPIUTUHA 0axoJyialll CHHOBJIAPW KyWHJAard KEeTMa-KeTIUKIa
amanra ommpmimd. Taxpubamapma (6-pacm) 100 cm® ro3amm Ba 1,2 oM
KAJIMHIIMKIard MEeTaJll TUIacTuKagaad Gongananmwiig. Metau miacTUHKaHUHT Oup
TOMOHU IOKOpHJA KENTUPWITaH OJIOBJaH XUMOSUIOBYM  TapkuO OujaH
KOIUIAaHTaHJaH CYHT 2 coaT BakT gaBomuaa 860-900°C napaxkanaru UCCHKIINK
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OKUMHU TabCUP KUIAUPUIIU. TaXpuOAHMHHT MOXUSTH, METAUl TUIACTHHKAHWUHT
KoIutlaMa OWjaH KOTUIAaHTaH [03acHra HWCCUKIMK OKUMHHH TabCUP KUIAHPHUO
MeTaJlI TUTACTHHKAHWHT XUMOsJTAaHMAaraH MKKHHYA TOMOHUIATH XapOPaTHH YITdar
OpKalu KOIUIJAaMaHUHT  OJIOBJAH XHUMOSUIAIl —caMapaJopiurdHU  OaxoJarl.
VTkasunran Taxpubanap 6yitnua Kyiinaaru (7-pacM) HaTHKaaap OIUH/IN:



TycHiap

| WETANR ARSLTHHI IIEWDHIHPH
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OROEHART TARCHP My HaMHEN

ONOB/AAH
{HMOANOBYM
KonNaua

6 - pacm. KonuiamasiapHuHT MeTaJLI 7 - pacMm. KonutamaJIlapHUHT MeTaJLI

103aCH/IA 0JIOBJAH XMMOSLJIalI 103aCH/1A 0JIOBJAH XMMOSLJIaII
camMapajopJIMITHHHU VI4ai camMapaJOpJIMITMHH YI4anl
TaKpuda cxemacu TaKpUOAJIAP HATHIKACH

MeTtamn NmiaacTUKaHMHT XMMOsUTaHMaraH tozacuaard xapopar 90 makuka Ba

YVHJIaH OpPTUK BakT MoOalHuma KpuTHK Temneparypa 500°C xapoparra eTmaii
Typau. Yoy HaTvka UIu1ad YUKWITaH OJI0BAaH XUMOSUIOBUYM TAPKUOHUHT MeETaJll
I03aJIapuIa XaM I0KOpH CaMaJIOpJIMKKa 3ra SKaHJIWTHAaH Japak Oepau.
Pacmparu 1 - arpu 4yn3uK XUMOsTIaHMaraH MeTaJll IJTACTUHKAHUHT KYpcaTkudu, 2
Ba 3 - 9rpv YM3UKJAp SHIY MILIA0 YMKWJITAH OJIOBAAH XMMOSJIOBUM TapKuOIap
acocunaru Moc pasumiga 0,12 cm Ba 0,25 cM KaJduMHJIMKIArd Koruiamanap OwiaH
KOIUIAaHTaH MeETaul IUIaCTUHKAJIapHU KU3IUPHUII HATWXKAJIAPU KEITUPUITaH.
Taxxpubanuar nmactnabku  15-20 makukacuga 1 Ba 2 - Srpu  YM3HKIIAp
Kypcarkuuiapu opacuaard dapk 55-60°C xapopatau Ba 1 Ba 3 - 3rpu YM3UKJIAp
opacumaru ¢apk 130-135°C xapopaTHu TalIKWI KWIAH. YOy KypcaTkadiap
opacumari Gapk 150 nakuMka BAakT JABOMHUIA y3rapMaciaH KOJIM. YTKa3HITaH
TaxpuOanap HaTWKacHJa CHUHAJIraH KOIUIAMaJapHUHT MeETajulap I03acHHHU
xuMosiam BakTu 90 makukarada €TUINM aHUKJIaHIu. MIKKY coar BakT 1aBOMUAArH
OJIOBHUHT TabCHUPHU HATMIKACHJA METAJUT MJIACTUHKAHWUHT XUMOSJIAHTaH KOTIaMalln
103acujia Xe4 KaHaa canbuil y3rapuin (€pukiap, XUMOs KaTJIaMUHUHT akapaiuo
TYIIUIIHN) X0JaTjapy aHUKJIaHMa/IH.

Yy Ttaxpubanapia OJIOBIaH XHUMOSJIOBYM SIHTH Tapkubiap acocujaru
kormamainapauar 0,10 cm manm 0,25 cM raya KaJWMHIMKIArd HaMyHalapu
tekmmpuian. Komnamanapauur ~0,25¢M KaTuHIMKIATH HAMYHAJIapuaa MeTasll
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IJIACTUHKAHUHT XapopaTd XHMMOsUIaHMaraH MeTajul IulacTHHKara HucOaran 135°C
ra kKam Oynummra H>pumuinan. TaxpuOanap HaTWxkacuia ymOy OJOBIaH
XUMOSJIOBUM KOTUTAMAaJapHUHT HUCOATaH KHYMK KaJWHJIUKIArd KUMMatiapuia



(0,20-0,25 cM arpoduma) xam MeETaI [O3acHra TabCUP KWIYBYM HMCCHUKIIUK
OKMMHHU CE3WJIApJIM Japa)kajja KaMaTHUpUIL XyCyCUSTUra 5ra JKaHJIUTH
AHUKJIAH/H.

Keliuarn  Oockuu  Taxxkpubanapujia  SHCM  OJIOBJAH  XHMMOSJIOBYU
TapKUOJTApHUHT JaBJIaT CTAHAApPTIApU Talladlapyu acocujaa €Fod Marepuauiapu
VUYH CaMapalWiurd TEeKIUPWIIU. YOy TaxpuOaJapHUHT MOXUSTH OJIOBIaH
XUMOSIJIOBUM TapKuOap OusiaH KOIUJIAaHTaH CTaHaapT ymdamaaru (3x6x15 cm) erou
HaMyHaJapUHUHI OJIOB TabCHUPHJA CHHAIIra4a Ba CHUHAIJAH CYHI HamMyHayap
MAaCCACHMHHMHT KaMalWIll MUKJIOPJIAPUHU KAl KWJIUII OPKaJd aMmalira OIIWPUIIIH.
XUMOSIZIOBYM  TapkuOiap OwuiaH KOMUJIAaHTaH CFO4 HaMyHAaCHMHHMHI Maccacu
CHMHAIraya Ba CHHAIIJAH CYHI KaH4ya (ous3ra Kam Y3rapuiiv KOIUIAMaHUHT
camapaJopIUruAaH Japak oepaiu.

Ky#tunaru tapkubnu (macc. %): 1 - BK 15%, kaBapukianran BEpMHUKYIHUT
15%, xaonuu 10%, cyrok mmiia koHueHtpatu 60%; 2 - BKM-1 - 15%, BKM-2 -
15%, kaBapuknanrad BepMUKyauT 20%, xaonun 10%, Ccyrok mmia KOHIIEHTPATH
40%:; 3 - BKM-1 - 10%, BKM-2 - 10%, xaBapuKJianraH BepMUKYIUT 25%, KaOJTUH
15%, cyrok mmma konueHTparu 40% KominamMaJapHUHT €F0Y HAMyHaJIApUHU
OJIOB/IAH XUMOSUTAIII XOCCallapu TEKIMUPMIIHU (3->KaaBan).

3-:kaaBaJ
Cy10K muma acocuaa OJMHIaH KOIUIAMAJIAPHUHT 0JIOBJIAH XUMOSJIALI
CAMAPAIOPIUKIAPUHH VYAl HATHKAJIAPH

No Hamyna maccacu, Xapopar, Macca N3o0x
m, Tp. °C WYKOTHJINII
u, Am
CuHamr Cunam TGOIH. TOXI/IprI/I. rp %
radya JIaH CYHT
1 ya 134,4 202 334 9,8 6,8 CHMa I
1442
2 yaua 135,9 201 316 4.5 3,2 CHMaIu
140,4
3 142,6 134,1 201 326 8,5 5,9 CHMaIu

H3o0x: 1) OnoBHM HaMyHara TabCUp KWIKII BaKTH 2 Aakuka; 2) XKaasanga xap Oup Tapkuod
yuyH 10 TaziaH HaMyHaJapHU TEKITUPUIL HATHKATAPUHUHT YypTadya KUHMaTIapy KeITUPUIITaH.

Texmupuin HaTxanapuaan (3—xaaBan) MabiIyMku Oynauku, 1, 2 Ba 3 -
pakamsid OJOBAAH XMMOSUIOBYM TapKuOinap OujaH HOUIOB OepuiraH €rod
HaMYyHaJJapUHUHT Oapyacujaa Komuiamaiap | rypyX OJOBOaH XUMOsJall FOKOpU
camapajiy SKaHJIUKIApUHU Kypcarau (€Fod HaMyHajlapyd MAacCCaHUHI KaMaluii
MUKA0pH 9 pousnan kam). YOy Taxkpubanap HaTHKaJIapu sSTHTM UIIA0 YMKUIITaH
KoIslaMa TapKuOjaapu €FodY KypWIMII MaTepuaslapuHd OJIOBJAH camapaiu



XUMOSJIAIl  XOCCacura dra SJKaHJIMKIApUHM TacAuKIaau. AMHUKca, TapkuOuma
MoaudUKalUsJIaHTaH BEPMUKYIUTIap Oynran 2 Ba 3 - pakaMiid OJIOBJIaH
XUMOSIJIOBUM TapKHOJap SHI KaM Macca WYKOTWIN KuiiMartura sra Oynau, Oy sca
ym0y TapKUOJAPHUHT SFOY KyPHJIUII MaTepualijiapu YIyH IOKOPH
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caMapaJIopJIMKKa 3ra KaHJIUTUHUA OWIIUpaIu.

Keiiuarun Oockuuna spHEU 90x55%25 MM Ynuamparu €rod HamyHajdapuja
uniad 4YMKWAITaH — OJIOBJAH XHUMOSUIOBYM TAPKUOIAPHUHT CcaMapaJOpJIUriHU
Oaxosaiml CUHOBNApW VTKAa3WIaW. TaxkpuOanmap y4yH SHTH TapKUOJIW OJIOBIAH
XUMOSITOBUM OYC€K HamyHanapu oiauHAu. bymap: tapkubuna 8-10% man 95% raua
MUKIOpJa KyIuMua TYJIIUpyBUMIIapy OYIITaH «yTra 4u/laMiIii UCCUKJAH CaKJIOBUU
TYAAUPYBUN» + «OOFJIOBUM KOMIIOHEHT» + «IOJMMEP KOMIIOHEHT» TypAaru
tapkuOnap. YmOy TapkuOmapga yTra 9uaamiid  HUCCHKIAH  CaKJIOBYH
tynaupyBumiap cudaruaa BK aunar 40-160 mxm dpakauscu, 40-80 MM yimuamiu
KaBapuKJIaHTaH BEepMUKYIUT (pakuusicu Ba 40-80 MKM yayamiaun KaoJUH
bpakumsutapuaas GoiiaTaHuITaH.

[Torumep koMmmoHeHT cudaruga dolgagaHuIra SPOKIU aJKUa OVEK
MaTepuaid OWaH SIHTU OJIOBIAAH XHMMOSJIOBUM TapkuOmapuu 1:1 HucOarTiapna
apalamTUpwiinO OJIMHraH KyHMuJard, €rod HaMyHalapuja IOKOpPH Xapopariapia
(750-800°C) ku3aupum kypuiMacuaa (CHoi) cuHOBNIapaaH yTkaswian. CHHOBIAp
VUyH OJIOBJAH XUMOSUIOBUM TapkuOnap ankuj Oyeru Ownan 1:1 HucOatnapnaa
apanmamtupwmb omuaan: 1) kaomua 10% + cyrok muma 90%; 2) KaBapuKTaHTaH
BepMukynut 42 % + BK 8% + cyrok mumma 42% + xaonun 8%:; 3) BK 95% + cyrok
muia 5%; 4) BK 75% + cytok mumma 25%; 5) BK 50% + cytok mmma 50%; 6) BK
10% + cytok mumia 90%; 7) cyrok muma 50% + 6enronut 40% + BK (8-pacm).

A

123
4567

8 - pacm. OJ10BIaH XUMOAJIOBYH TAPKUOJIAp OMJIAH HILJIOB OepHUJIraH eFo4
HAMYHaJIapHu (CMHAIITa4a)

CuHOBIap JaBOMHJIA ¢FOY HaMyHaJIapuaa KyHuaara y3rapuiuiap Ky3aTuiu:
CHUHOB BakTHHUHT 7-8 MaKMKajapuaa UCCUKIMK SFOUHMHT MYKU KUCMHU acocuravya
et®0 Oopamu Ba OyHIa axpaiayBud rasjgap xapopatd 165-170°Cra eraaw.



Tapkuouna 95% BK 6yaran tapkud (8-9 pacmiap Ne3) 750°Cma 486 conus
naBomuga (8 makukamaH OpTHK) Ba Tapkubuma 75% BK O6Varan tapxkub (8-9
pacmiap Ne4) 424 conus (7 gakukarada) BakT MoOailHuAa canOuil y3rapuuuiapra
yapamaau. Taxkpubanapna JaBoMua HaMyHallap CHHOBUHUHT -2 makukanapuaa
KOIJITAMAHWHT KaBapUKJIAHUII >KapacHIapu COTUpP OYIUIT XojaTalapu Ky3aTHIIIH,
KeWHHru 2-3 [Jakukajapia 3ca HaMyHalap Tallkd — KYPUHUIINAA CEe3Wapiiu
y3rapumuiap Ky3aTujaMaad Ba CHHOBIAPHUHT
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7-8 maKMKacUIaH KEMMHIMHA HAMYHAJIap TallKy KYPUHUIINAA KyWHII X0JaTiaapy
Ky3arunau (8-9 pacmiap).

A
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9 - pacM. OJI0BIaH XUMOSIJIOBYM TAPKUO/Iap OMJIaH MILJIOB 0epHJIraH €Fo4
HAMYHAJIapH (CMHALIJAAH CYHI)

Tapkuobuna 8-10% BK Ttyrran tapkubnap OunaH WUIUIOB Oepuirad
HaMyHJIapJa CHHaIll BaKTUHHUHT 3-4 nakukanapujaH Oonuiad KyWHIl XoJiaTiapu
ky3atwiga  (Ne2). 550°C raua Oymran xapoparga 3 JakuKa BaKT JaBOMHIIA
TapkuOuaa akar kaonuH Oyiaran Tapkubd Omnan unuioB 6epuiran (Nel) HamyHa

Ba TapKUOMW acoCaH CYIOK IuIa Ba OEHTOHUAaH nbopar Oyiran Tapkub Ouian

unuioB 6epuiiran erou (Ne7) HamyHanmapuaa KyWuil Xoaariaapy Ky3aTHiiIu.
4-xanBaj
OJs0BaaH XMMOSIIOBYHM TapKUO/Iap OuIaH Komianrad 90x55x25 mm yauamuiu
€F0Y HAMYHAJIADUHU CUMHOB HATH:KAJIapH

No Hamyna Macca Asxxpanub CuHanyBuu €Fou
Maccacu, Tp. HYKOTHUIIUIITN YUKYBUU HaMyHa X0JIaTu
rasJap
CunoB | CuHOB | Am % Xapopary
rada JaH oC
KeHHH
0 106,8 89,7 17,1 16 185-188 Ennmra yupaau




1 118.,4 110,1 8,3 7,0 170-175 Ouwnk xaBoga SHIU
2 122,0 111,2 | 10,8 8,8 177-180 V3rapum kam
3 139,8 | 137,0 | 2,8 2,0 150-155 V3rapum kam
4 109,8 104,3 5.5 5,0 145-157 S"Srapnm KaMm
5 121,6 117,8 3,8 3,0 145-155 V3rapum kam
6 137,2 129 8,2 6,0 170-172 V3rapum kam
7 129.4 117,8 11,6 9,0 178-180 Ky#iumira yupaau

M3ox. Xapopar 700-750 °C
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[IyHuHTOEK CHUHOB HaTwKajmapuaan (4-xaaBai) MabiyM OYIAMKUA HIUIOB
Oepunmaradn erou HamyHacuzaa (Ne() axpanmd 4MKyBUM Trazjapja SHI HOKOPHU
xapopar kitmatu (185-188 °C) kysarummu. ErouHuHr ymoOy UHuioB OGepuaMaran
HaMyHacuja cCUHaI BaKTHHUHT 120 - coHusmapuma ¢HHII KapacHU OOILIaHIN Ba
CUHOB SIKYHU]Ia HaMyHa OFUPIUTUHHUHT 16 doumsunu HU ykorau. CuHAITaH ¢Fo4
HaMyHaJIapuary SHr sxmu Hatwkamnap Ne3, No4 Ba Ne5 tapkubnapaa Ky3aTHIIH.
Yy tapkuOnap OwiaH WIUIOB OepuiiraH €rod HaMmyHalapuaa 5-6 Jakuka BakT
JAaBOMHMJIA QXpaJIu0 YMKYBUM Ta3IApHUHT XApOpaTh »SHI KaM Kuilmariapra
145-155°C osra Oymau Ba €FOY HaMyHAacHJa KaMaWraH OFUPIMK MHKIOPH OSHT
KMYUK KuiMatra sra oynau (2 nan 5 ¢ousraya).

HucceprauussHuHr «BMHO Ba HMHIIOOTIAPp C€HFUH XaB(CH3JIUTHMHH
TAbMHUHJIOBYM SIHTH BOCHTAJIAPDHM MILIA0 YMKHUID) 70 HOMJIAHTaH OCIIMHYU
000 OWHO Ba WHIOIOOTIAp CHFUH XaBPCU3IUTHUHU TabMUHJIOBYU STHTH
BOCUTANIapHU (MCCUKJAH CaKJIOBYM MaTepHaiap Ba YT YUUPHUII TapKuOmapu)
UIU1a0 YMKHUII Ba YIAPHUHT aCOCUM XOCCaJlapUHU YpraHUIlra OaruiljiaHTaH.

VYnbrpaToBy TabCUpHUAA BEPMUKYJIUT MUHEPAJTUHUHT TYpFYH
cycnieHsusiapu onuHau. dowus KuilMarTiapaa CyrOK Ba KaTTUK MYyXHTIap MOC
paBuIa Kyluaard HucOatmapHu Tamkwn Kwiaa: 99,522 - 98,140 % Ba 0,478 -
1,860 %. Cyrok MyxuT cudaruja CyB HUIUIATWIAU. YIBTPATOBYII OWUJIaH HIILIOB
o6epumn Bakti 0,4 naH 3 raya coaTHH TalIKWi 3TAU. pH - MyXUTHUHT yIBTPaTOBYIII
OuJiaH MIUIOB OEpHIll camapaJopiaurura Tabcupiapu ypranwiau. bynna pH
opanuru 3-4 nan 9-10 rayaHu TaKWI KAJIUO KUCIOTAIN Ba UIIKOPHUI MyXHUTIAp
YABTPATOBYITHUHT Maiiaiai caMapagopIuTuHN OIIUPUIITN aHUKJIaH]IH.
Texmmpuiiapaa CyroK Ba KAaTTUK KOMIIOHEHTJIap HUCOATH, MyXuTHUHT pH
KUIIMaTH Ba yJATPATOBYIIHUHT TAhCUP KWJIUII BaKTH Ba OOILIKa MapaMeTpiapra
OOFJIMK PaBUIIIIA Y30K BaKT JABOMHJIA YYKMaWIUTaH BEPMHUKYITUT MUHEPATHHIHT
TYpFYH CYCIIEH3USUTAPUHM OJIMII MyMKHWHIIUTH aHUKJIAHIU. bup iiun naBomugaru
Ky3aTuluiapra Kaparaijaa yuoy cycreH3usuiap ¥3 TypFyHIUTHHU CaKJ1ad KOJJIH.



TanKuKOTIapHUHT KeHMHTH OOKU4Iapu/ia yily CyCleH3UsIap CYIOK Ba KYKYHITU
VT Yuupuil TapkuOIapuHy UIIad YuKUIIa acoc 0ynuo6 xusmar Kuwiad. OJauHrad
Bepmukynut cycneHsusuiapu SolverNEXT (Poccus) Mukpockonuaa TaaKuk
ke (10-pacm). Texmupunuiapaa ymoly cycreH3usuiapJa HaHO YirdaMiaru
3appauanap OOpJUTH aHUKJIAHAU. BepMUKYIUT MUHEpaIu acocuia OJIMHTaH Yoy
HaHO3appayaiap F03aCUHUHT TOMOrpaUsICH Ba 3appadajapHUHT YiidaMiiapu
Oyiinua TaKCHMIIAHHMIIIMHA KypcaTyBuu (oTopacmiap omuHan. Hanozappadanap
103acuHUHT Tonorpadusicuaan (10-pacM, yamnma) MabIyMKH, OanaHAIuru - h
oyitnua 3appauanap yprada 250 am ymaamra sra. Ukkuaum (10 - pacm, YHrma)
pacmaa 3appadanapauHr yimdamiapu S0 nan 400 HaHOMETp OpaluFuIa SKaHJIUTUHU
KYpUIIMMU3 MyMKHH. OHT Kyn 2507300 HM yiryam opanuruaaru
HaHO3appavyajiapHu TAIKWI KUJIIH.

Ymly [okopu [OuCHepcid Ba HaHO3appavyald CYyCIECH3USUIAPHU OJNHIIAH
Makcaj, YJIapHU KypWIMII MaTepUAJTIApUHUHT CHYBYAHIIUTUTA TabCUPJIAPUHU
TaJKUK KWIMII Ba yjgap acocuaa SHrU YT YYUpUIl TapKUOIapUHU MILIa0
YUKUIIIaH 1OOopar.
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A A

10 - pacm. BepMuKy/ IMT MUHEpPaJIM aCOCHAA OJIMHIaH HAHO3appaYaJjap
I03ACHHUHT Tonorpadusicu (4amnjaa) Ba 3appadajapHUHT yadamiiapu 0yiinda
TaKCcUMJIaHuIIM (YHIIA)

TaakukoTr MoOaliHMAA CYIOK XojJaraard VT  YuupuIil — TapKuOmapu
caMaJIOpIUTrMHU Oaxojaliga HWIUIATHII YYyH KyIIMM4Ya KYpcaTKu4 Ba YOy
KYpPCaTKUYHU aHUKJIam ycynu unuiad umkwian. Taxpubamap yuyH «Kepamuk
KyByp» KypuiMacujgan doinananungu. Cyok YT yuupum — TapkuOnapu
CaMaJIOPJIMTUHMU YyJiyalill y4yH jJacmiad ofaui cyB OujIaH IMMUMIUPWITaH CFo4
HAMYHAcH, KeWHH CHHATyBYM TAPKUOHUHT CYCIEH3HSICH OWJIaH HMIILJIOB OepuiraH
¢rou HamyHacu «Kepamuk KyByp» ma eumupwmianu. CyB Ba CycrleH3usl OuiaH
UIUIOB OepwiraH ¢ro4 HaMyHAJIApPUHUHT CHUII OONLIAHWII BaKTJIAPUHUHT
KuiiMariapu y3apo conuimutupuiaan. Mkkana HaMyHaHUHT €HUIN OOILJTaHWII
BaKTJIapu opacuaard (papKHUHT COH KUHMaTH €KH YIapHUHT HUCOATH CHHAITyBUYU
CYIOK TapKMOHUHT CaMaJIOPIUTH KaHYAIMK KMIMAaTra 3ra SKaHJIUTUHU OWIITUpaIn.

Kyiinna 6entonut - 387,1 rp, cyB 600 rp, Hatpuii ruapokapbonar 67,1 rp,



MaluH AUCHEPCIN KaBapUKJIaHraH BepMUKymut 36,6 rp (160< mxm) Tapkubiau Ba
BEPMUKYJIUT MUHEpAJIU HaHO3appayajiapu 0op OYiran CyCrneH3UsUIapUHUHT CHUHOB
HaTwkamapu kentupuirad (11-pacm). Pacmma Nel srpu umsuk omauii cyB OwiaH
unuioB Oepuiran ¢rod HamyHacw, Ne2-1 Ba No2-2 srpu 4M3UKJIap MOC paBHIIIA
IOKOpUJIa  KENTUPWIraH CyCleH3usjiap OwiaH uOouioB  Oepwiran  €rod
HaMYHQIAPUHUHT KYpCaTKUYJIapu KeJITUPUIITaH.

No2-1  Ba No2-2 ¢rou wHamyHamapu (l1-pacMm) KypcaTKUuJIapuHU
COJMINTUPHUILIAPAAH MabiIyM OVJIAWKH, HaHO3appayajidl CyCHEH3UsJIAPHUHT
1,5-2,0 wmapraraya opaJMKIard Kam MHUKIOpJapu OujlaH OAIui  IOKOPHU
KOHIICHTPALMSUIM CyCHEeH3UsIapHUHT HaTwxkacu (Ne2-1 Hamyna) OunaH aesipiiu
OMp XWJ HATWXKACUTa DJPUILIHII MYMKHUH. By 3ca BEpPMUKYIUT MUHEPATUHUHT
IOKOpH JMCHEpPCIM Ba HaHO3appayalid CyCHEH3usulapu OuiaH camapaid YT
VUUpUII TAPKUOIapUHU UIUTA0 YUKUIIT MYMKAHIUTHUHYI TaCaUKIAiIn.

[IIyHUHTAEK, TANKUKOTA BEPMHUKYJIUT MUHEPAIN aCOCUJA UKKH XUJI TypJaru
MCCUKJIaH U30JSIUMSAIIOBYM YTra YuJaMiIl MaTepuasuiap SsHrM TapKuOiapu uiuiad
YUKUIAU. Ma3kyp Marepuasuiap Kylnuaard acocuil TapKuOMil KUCMITapIaH TAIKUII
TonraH: MaitnH nucnepcenn BK, saru tapkubnu ruapodo6 BepMUKyIuTH,
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AHTUTIMPEHJIN TapKUO OMIIaH UIILIOB
OepuiraH TOJIaCHMOH MarepHall,
MUKPOKPHUCTAJUTUK LEJUTI0JI03a), FOBAKIH
uHepT koMroHeHTaap (Si0, - cunukaren
¢KM MHKpOKpeMHe3eM) Ba opTodocdar
A KHCJIOTACH. SIHTM NCCUKIAH CaKJIOBYU
MaTepuasIapHUHT HaMyHajapu Gu3nk
TEXHUK Ba CHFMH-TEXHUK Xoccanapu
Oyiinya TEKIIMPYBJIApAaH YTKa3UIIH.
TexmupyB HaTHXKacura Kypa, OJIMHIaH
HaMyHajiap JaBiaT CTaHAapTiapu
Tanabnapura ;kaBoo OepyBuu
(U3MK-MEXaHHUK Ba CHFUH-TEXHUK
Xocajapra 3ra 3KaHJIUTH aHUKJIaHIH.
12.1.044-89 naBnar ctanmaptu Oyiinya,

11
-pacM. Axpaaud 4YUKaeTraH rasjiap
XaAPOPATHHHMHI BAKTITa OOFJIMKJIUTH
HaTPUIIM CYIOK IIHUIIA, TOJTACUMOH
Marepuaiap (10 MOSICUAAH OJIMHTaH
UNUIad YUKWITaH MaTeprajiap 2HI KaM TYTYH XOCWJI KWIMII Japakacura sra
Oynu0 CHMaliuraH marepuauiap rypyxura kupaau. YmoOy HaTwKajiap HIad
YUKWAJITAaH MCCUKIAH HW3OJSIUSJIOBYM  MaTepUaUIADHUHT  IOKOPU  CHFUHTA
XaB(CHU3IHK Japakacura 3ra SKaHJIUTHHH TaCIUKIaNIH.

XVJIOCA

«Maxanmmuii MuHEpasl XoMmalejap acocuia YyTra 4YMIaMiId Kollama Ba
TEIUIOM3OJISIIIMOH  TYJNIUPYBUWIAD  SApATUIDy  MaB3yCHAAard  JIOKTOPJIMK
auccepranuscu  Oyiimya onub OopwiraH TaJKUKOTIap HaTWXKacuaa KyWuaaru
XyJocanapra KeIuHIu:



1. TeOuHOYTOK BEPMUKYIUTHHUHT Xap XU TUCTICPCIUKIATHA (QPAKIHSIIAPUHA
aKyCTMK MaiJloH Ba KWUMCBHUW pearcHTIap TabCHpIApUAArd MaiIaJaHuIIl
)KapacHJIapU MEXaHM3MJIApU Ba YJIApHHU OJUIIHUHT SHTU caMmapalid yCyJiIu HIUIa0
YUKWIAA. BEpMUKYIHT MHHEpATUHHHT XOcCcajapd Ba YHHUHT 3appadaiapu
ymgammapura  y3BUH  OOFJUKJIIMIK  acOCHIA  JUCIEPCIAHTaH  BEPMHKYIUT
MUHEPAIMHUHT TEPMHUK Ba TETUIOQU3UK XOcCcajapd, KymijaZaH KaBapUKIAHHUII
Japakacu, HCCUKIUK YTKAa3yBUAHJIUTH XaMmJia TEPMOTpaMMaiapuaarid dHIOTEPMUK
s deKTIapHUHT XO0CHT Oynui Kabu kapacHiIap MEXaHWU3MIIAPU WIUTA0 YUKHIIIH.
Jlucriepcuk aapaxkacura OOFIUK PaBHINAA BEPMHUKYJIUT MUHEPATHHUHT HCCHKJIAK
du3uKacu Ba TEPMHK >KapacHIapyd MeEXaHW3MIIAPWHHM HWIUTA0 YUKW MUHEpa
XOMalieaap acoCUJard OJIOB Ba HMCCHUKJUK TabCUPHUJIAH XUMOSJIOBUM TapKuOiap
camapaJIopINTuHY OJIIMH/IAH 0aXoJiall UIMKOHUSTUHH OepajIH.

2. Xap XWI IUCTEPCIUKIArH BEPMUKYIUTIAD Ba yjap aCOCHIArd KyKyHJIH
TapKUOJAPHUHT TEPMHUK Ba OJIOB TAbCHUPUIAAH XUMOS KWJIHII CamMapagopJIurd
VIQpHUHT TepMOIrpaMMallapuiaru HHAOTEPMHUK Hd(deKTnapra OOFIHKINKIaApH
aHUKJIaHAun. MUHEpaJTHUHT TepMuK d¢ddekniapra TabCHp KU OPKAIH
BEPMHKYJIUT MHUHEpad Ba YHHHT AacOCHIArW TapKUONApHUHT TEPMHK Ba
TEIIO(MU3UK XOCCATAPUHU OOIIKAPHUII YCYITH UIIUTA0 YHKUIIIH.

3. BepMUKyIUT MUHEPAIMHUHT FOKOPH JUCTIEPCIIH 3appadaiapy acoCHIaru
FOBAKJIM JUCIIEPC CUCTEMAJIap YUyH MAaTEeMaTHK MOJICITH SPATHIIIH.
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4. Wxkku OOCKUWIM HWUUIOB OEpHIll OpKalIX BEPMUKYJIUT MUHEPATUHUHT
TEPMUK Ba TEINIOPU3MK XOCCaJapura TabCUP KWIWITHUHT SHTH YCYJIW HIILIA0
yuKuiaau. byHma OupuHum 60ckuyaa BepMuKyautra Kyuiau oprodocdar (H;PO,)
Ba a30T (HNO;) xucnmoramapu TabCup KWIIUPWIAAM Ba WKKUHYM OOCKUYIA
UIIKOPUI  peareHTNap OwiaH WOUIOB Oepuiaiu. YmiOy SHTH yCYJI BEPMHKYIUT
MUHEpaIl Ba YHUHT aCOCHJAaru OJIOBJaH XHUMOSJIOBUYM TapKUOIapHUHT
KaBapUKJIaHUII  TeMIeparypajapyd KuiMariapura TabCUp KWIMII Ba KEpakiu
TOMOHTA Y3rapTUPHUII UMKOHUSTHHH Oepam.

5. «TeOuHOyNOK» BEPMUKYJIMTH acoCHAa XOCCaJlapu SXIIWIAHTAH SHTH
BEPMUKYJIUTIIAp UILIA0 YUKWIIK. bynap KaBapukiIaHUIl TeMrepaTrypacu HucOaran
MacTPOK OVJIraH BEPMUKYIUTIAP, KABAPUKIIAHUII TEMIIEpaTypacu HUCOATaH IOKOPH
BEPMUKYIUTIAP, THAPOGOO BEPMHUKYIUT Ba FOBAKIUTH SXIIH CaKJaHTaH
BEPMUKYIUTIAPANP. YIIOy XOCCACH SIXIMWIAHTAH BEPMHUKYIUTIAP aCOCUAA STHTU
OJIOB Ba WCCHUKJIWK TabCUPHUIAH CaMapajyd XHUMOSJIOBUM MaTepuaijgap Ba VT
VUUpHUIl TapKUOJIapu UILUIA0 YUKUIIIH.

6. bupuHuM MapTa aKTHUBIAHTaH Ba MOAU(UKAIMSAIAHTAH BEPMUKYIUTIAD
¢FOUY  Ba METaUT KypWIWII MaTepHaJIApUHU OJIOB TabCHPUIAH XHUMOSIIOBUU
TapkuOnIap OJUIIAA WIOUIATWIAW. YOy TapkuOnap OwiaH WIIIOB OepuiraHia
CHYBUAH CFOY aIlle/iapyu KUWWUH CHYBYAHJIMK XyCYCHUATTa 3ra OVJIMIIN Ba METaliap
yuyH kputuk (500°C) Temmneparypara €TWII BakKTH KHWMAaTH ONIUPWIIMIIUTA
spumniaay. Mnuia®  yukuiraH oJOBAAH XMMOSJIOBUM KOIUIaMajlapHU KYJulall
OpKanu JaBlaT CTaHAApTH  Tanabmapu Oyiimua érou Mmarepuann E, (kydmu



¢HyBuYaH)Iad |, (Kyucus ¢HyBYaH) TIypyXra YTHIIMIa SPULIMITAH Ba IIYHUHIJEK,
MeTajlap/ia KpUTUK TeMIeparypara eTuIl BaKTUHU 15 nakukanad 45 gakukara (3
MapTa) OUIMPUIL UIMKOHUSTUHU Oepaiu.

7. Slaru Typaaru akTHBIAHTaH Ba MOAM(HKAIMUIAHTaH BEPMUKYIUTIAp Ba
yJaap acocuaa OJIOB TabCHUPUAAH caMapaid XUMOsUIOBUM OYEeK Ba KoIjiama
Marepuaiapy UIU1ad YMKWIIK Ba UIIA0 YUKAPHIL TEXHOJIOTUSIIApH SPATHIIIH.

8. KaBapuknaHraH BEpMHKYJIMT, HaTpUWIM CYHOK IIWIIA, BEPMUKYIUT
MUHEpAJIN KOHIEHTPATH Ba OpTodocar KUCIOTATapu acoCuia MKKWA XWJ TypAaru
UCCUKJIMK HW3OJAIMIIOBUM CHMAWAWTaH Marepuajjiap TypyXura KUPYBYM SIHTU
FOBAaKCHMOH MaTepHaijiap UIIa0 YHKUIIH.

9. Nmnab 4ukuirad MailvH JUCTIEPCIIH MOAU(DUKAIHMSIIaHTaH BEPMUKYIUTIAD
acocuJia SIHI'M, CHWJIMKAaT OYEK MaTepuajuHU OJNMII TexXHojorusicu «Y3-JoHrKY
[Ibunt Ko» OAXKna umnad yukapuiira TaTOMK KWIMHAM. SpaTuirad TEXHOIOTUS
Oyinuya umad yukwiran OYex Martepuanu Mwuwumuil cepTUUKAuUsS THU3UMUIA
aKKpemuTalusnaH YTraH WYKd WOoulap BasUpIUrd BHFMH XaBCHM3IMIH OOII
OomKapMacu €HFUH-TEXHUK J1a00paTOpUsCUAA €FOUY KypUJIUII MaTEpUAIUHU OJIOB
TabCUPUJAH XUMOSUIAIl CaMapaJopiiury TEKIIUPWITAaHUAA JaBlar CTaHIapTU
Tanabnapura >kaBo0 OepHUIITN TaCAUKIAHTaH.

10. BepMHKyIHT MUHEpaqura CyBIM MYXHUTIA YIBTPATOBYII TabCHP
KWJIAMPUII OpKAJIM TYypFYH CyNEH3UsJIap OJMII MMKOHMSITH Kypcarub Oepuiiu.
Tekmumpumap  HaTWwKacuAa CyCICH3MsUIapAa BEPMHKYJIUT acOCHIA OJHMHTaH
HaHO3appayajgap OOpIWTH aHUKJIAHAW Ba ymIOy CyCHEeH3UsUIap acocuia sHTH,
caMapajiop YT YUUpHII TApKUONApH HIUIA0 YMKHIAH. YTKa3HIraH Taxpubamap
acocujia CyIOK XoJlaTaard yT Y4YUpHUII TapKuOiapu camapaJopiMruHu Oaxonaiga
UIUIATHIAIUTaH KyIInMYa KYpCaTKUIHHU aHUKJIAI YCYITH UIIUTa0 YHKUIIIH.
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PA3OBBIA HAYYHBIN COBET IO IMTPUCYKJIEHUIO YYEHOHN
CTEIEHU JOKTOPA HAYK HA BA3E HAYYHOI'O COBETA
14.07.2016.T.23.01 TP TAIIKEHTCKOM UHCTUTYTE UPPUTALIUA
U MEJIMOPALIUU, TAIIKEHTCKOM APXUTEKTYPHO
CTPOUTEJBHOM MHCTUTYTE U TAHIKEHTCKOM UHCTUTYTE
HNHXEHEPOB KEJIE3BHOJOPOKHOI'O TPAHCIIOPTA BBICHIAS
TEXHUYECKAS LIKOJIA ITOKAPHOM BE3OITACHOCTH

KYPBAHBAEB HIYXPAT DPTAIIEBUY

CO3JAHUE OTHECTOMKUX MOKPHITUI



TEILIOU3OJSAIMOHHBIX HATIOJHUTEJENA HA OCHOBE
MECTHOTI'O MUHEPAJIBHOI'O CbIPbA

05.10.02 — be3zonacHOCTh B Upe3BbIYaliHbIX cuTyanusax: [loxapHas,
NPOMBIIICHHAS, SJIepHas U paJualoHHas 6€3011acHOCTh
(TexHUUYECKHE HAYKH)

ABTOPE®EPAT JIOKTOPCKOI1 TMCCEPTALIUHA

Tamxent — 2016
TeMa JOKTOPCKOH qHCCEPTALIMM 3aPEerUCTPUPOBaHO B Bricuieil aTTecTAIMOHHOI KOMUCCHH
npu Ka6unere Munucrpos Pecnny0inkm Y30exkucran 3a Homepom 30.09.2014/B2014.3-4.T209.

JlokTopckas auccepTalys BHIIOTHEHa B Briciiel TeXHU4eCcKo! IKOoJIe MOKapHOH 0e3011acHOCTH.
ABTopedepar nuccepranny Ha Tpex si3bikax (y30eKCKHi, pyCCKUM, aHTIMACKHI) pa3MelieH Ha BeO

CTpaHHMIIE TI0 apecy Www.tiim.uz u Ha HH(POPMAITMOHHO-00PA30BATEILHOM MopTalie «Ziyonety 1o
aapecy www.ziyonet.uz.

Hayunblii koHcy1bTanT: Mup3aes Cupoxuiana 3aiiHueBHY
JIOKTOp (PU3HKO-MaTeMaTUIeCKUX HayK

OdunuanbHbie onmoHeHThI: Tynaranos A0ayko0ua AoxyHaoneBuY
JIOKTOp TEXHUYECKUX HayK, mpogeccop

HlunayeBa Egena BaragumupoBna
JIOKTOP TEXHUYECKUX HayK, podeccop

Hcemannor Papman UcpansioBuy
JOKTOp XUMHUYECKUX HAYK, JTOLEHT

Benymas opranmsanusi: CamapkaHICKHii rocylapcTBEHHBI apXUTEKTYPHO
CTPOUTEJbHbIf HHCTHTYT

3amuTa COCTOUTCS « » 2016 . B YacoB Ha 3acelaHuU pPazoBOTO




HAy4YHOTO coBeTa Ha 06aze HayuHoro coBera 14.07.2016.T.23.01 mpu TamkeHTCKOM UHCTHTYTE HPPHUTAIIUN
U Menropanuy, TalIKeHTCKOM apXHTEKTYPHO-CTPOMTENBHOM HHCTHUTYTE M TallKeHTCKOM HHCTUTYTE
MHXEHEPOB KEJIEe3HOJOPOKHOrO TpaHcmopTa mo azapecy: 100000, r. Tamkent, yn. Kaper — Huszosa, 39.
Ten.: (99871) 237-22-67; dakc: (99871) 237-38-79, e-mail: admin@tiim.uz .

C [IOKTOpCKO#M nauccepranyeii MOXHO O3HAaKOMHUTHCS B MHGMDOPMarmOHHO-pECYpCHOM IIEHTpE
TalmKeHTCKOro MHCTHTYTa UPPHUTallid U MeJIHopauuu (3aperucrpupoBaHa No ) Anpec: 100000, r.
TamkenT, yn. Kaper — Husizosa, 39. Ten.: (99871) 237-19-45.

ABropedepar auccepTanun pa3ociaaH « » 2016 roga.

(mpotoxoma pacceutku Ne OT « » 2016 roma).

M.X.XamuaoB
IIpencenarens pa30BOTO HAYYHOTO COBETA IO MPHUCYKICHHUIO
YYEHOI CTeleH! IOKTOpa HayK, J.C.-X.H., Ipodeccop

T.3.CyaTanoB
Y4eHblli ceKpeTaph pa30BOr0 HaAy4YHOTO COBETA IO MPHUCYKICHUIO
YUEHOU CTENIeHH JIOKTOpa HayK, JI.T.H., IOIIEHT

b.A.MaBjasiHkapuesn
[Ipencenarens pa3oBOro HayyHOro CEMHHApa MPU HAYYHOM COBETE
0 TIPUCYKJICHHUIO YUYEHOH CTENIeHH JIOKTOpa HayK, JI.T.H., mpodeccop
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BBEJIEHUE (AHHOTanMsi JOKTOPCKOM JUCCEPTAIMHI)

AKTYaJIbHOCTH M BOCTPeOOBAaHHOCTHL TeMbl Jauccepramuu. Ha
CETONHSIIHUM JeHbh B MHUPOBOM MpakTUKe B cdepe obecneueHusl MoKapHON
0€30MacHOCTH 3[JaHUM U COOPYKEHUI BeaylIee MECTO 3aHMMAET CO3/IaHHE HOBOTO
MOKOJIEHUSI CPEACTB 3alUThl C KOMIUIEKCOM CBOMCTB Ha OCHOBE JOCTH)KEHUU
WHHOBALlMOHHBIX TEXHOJOTrWi. «Ha OCHOBaHMM CTAaTUCTUKHU MOXAapoB, B MHpPE
MOXKapbl HAHOCAT 3HAYUTENIbHBIA yIIepOd Oe30MacHOCTH KU3HEAEATEIbHOCTH
nrofieit, PKOHOMHUKE ¥ dKonorum»'. OHOM n3 Hanbonee aKTyalbHBIX 33714 B CBSA3HU
¢ OypHBIM pa3BUTHEM HAyKU U TEXHOJOTUH, C YBEIIMUEHUEM KOJIMYECTBA
IIPOMBIIIEHHBIX OOBEKTOB W COOPYKEHUU CO CIOXHBIMH KOHCTPYKLIMOHHBIMU
pEIICHUSIMU SIBIIETCA KauyeCTBEHHOE OOECIEeueHHUs MOXKapHOM 0e30macHOCTH AJis
TUX W JAPYTUX TUMNOB 00BEKTOB. B Beaymmx crpaHax Mupa OTAEIbHOE BHUMaHUE
yaensieTcsi  pa3paboTke  BBICOKOA((EKTUBHBIX  OTHE3AIIUTHBIX  CPEACTB U
MNOKPBITHM,  00JagarolMXx  KOMOMHUPOBAaHHBIMM ~ CBOMCTBAMH Ha  OCHOBE
MUHEPAJIbHOTO  ChIpbS  JUIsl  TOBBIIIEHHUS  OTHECTOMKOCTH  CTPOUTEIBHBIX
KOHCTPYKLHW U MaT€pUAJIOB.

B PecnyOnuke Y30exkucTaH TPOBOASTCS IMIMPOKOMACIITAOHBICE MEPOMPUSTHUS



Mo O00eCHeueHUI0 TMOXApHOW O€30MaCHOCTH 3JaHUA M COOPYXEHUH IyTeMm
CO3/IaHMS U COBEPILIEHCTBOBAHUSI COBPEMEHHBIX OTHE3AIIUTHBIX CPEJICTB U CUCTEM.
B atoit cdepe, B TOM yucie, Mo CO3MAHUIO OTHE3AMUTHBIX CPEICTB 00CCIICUCHUS
OTHECTOMKOCTH CTPOUTENBHBIX KOHCTPYKIIMI M MarephajioB HA OCHOBE MECTHOTO
CBIPbsi, TOBBIIIEHNUIO KAaYECTBA TEXHUUYECKUX CPEJICTB U METOIOB MPEAOTBPAICHUS
MOKapOB, MPOBOAUTCS PAJT UCCIEN0BATEIBCKUX PAOOT.

B Mupe mis obecriedeHuss MoKapHOW OE30MACHOCTH 37IaHUM U COOPYKEHUU
0co00e BHHMMAaHHE YACNSAETCS CO3JaHHIO, HA OCHOBE COBPEMEHHBIX TEXHOJIOTHIA,
BCIYUMBAIOIIUXCS «IACCUBHBIX» CPEIACTB OTHE3AIIUTHl M TMOBBIILIEHHID C HX
MTOMOIIIBI0 OTHECTOMKOCTH CTPOUTEIBHBIX KOHCTPYKUMA M MarepuaioB. B cBsA3u C
ATUM, OCYIIECTBICHHE  LEJICHANPABICHHBIX HAYYHBIX  HCCIIEJOBAaHUN IO
HANpaBICHUSAM, BKIIOYAIOIIMM COBEPUICHCTBOBAHHWE pa3pabOTKU  Mojenen
MEXaHU3MOB TETUIOPU3NYECKUX U TEPMOXUMHUYECKUX MPOIECCOB, TMPOUCXOISIINX
B 3AIIUTHBIX MOKPBITUSAX MOJ ACUCTBUEM TeIlIa; pa3pabOoTKa KOMITAKTHBIX, TOUYHBIX
U CKOPOCTHBIX METOJOB KOMIUICKCHOM OIIEHKHM BIIMSIHUS ~ OTHE3aI[UTHBIX
HaIOJIHUTEJIEH Ha MOKAa3aTely MOKAPHON OMACHOCTU CTPOUTEIbHBIX KOHCTPYKLUN
M MarepuajioB; CO37aHUE BBICOKOd(P(PEKTUBHBIX TEIUIO- M OrHE3alUTHBIX
MOKPBITUI HOBOTO IOKOJICHHS HA OCHOBE IIMPOKO PACHPOCTPAHEHHBIX B MPUPOJE
MUHEpAJOB, CYUTAETCA OJHOM M3 BaXHBIX 3agad. lIpoBeneHHe HayyHBIX
UCCJIEI0BAHUM 1o BBIIIEPUBEICHHBIM HAy4YHO-HUCCIIEA0BATEIbCKUM
HaIIPaBJICHUIM MTOATBEPKAAET aKTyalbHOCTh TEMbI JAHHOW IUCCEPTAIUU.

JluccepTallMOHHOE UCCJEIOBAaHUE B  OINPEACICHHOW CTENEeHH CIY>KUT
BBITIOJIHEHUIO 3a/1a4, MpeayCMOTpeHHbIX B 3akoHe PecmyOnuku Y3oekucran «O
noxapHo Oe3omacuoctu» (2009), IlocranoBnenun IIpesumenta PecmyOnuku

1
V36ekuctan Ne T1I1-1048 ot 27 suBapst 2009 roga «O nmporpaMme JOKaJIU3aIuu -
World Fire Statistics. Center of Fire Statistics. Report. Ne21. 2016. — 63 p.; http://www.pozhproekt.ru/pozharnaya

statistika/.
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MIPOU3BOJICTBA T'OTOBOM MPOAYKIIMH, KOMIUIEKTYIOIIMX U3JEIUI U MaTepHalioB Ha
OCHOBE MPOMBINIIEHHON Koomeparuu Ha 2009 rom», moctanoBneHne KaOuHeta
MunuctpoB Ne®9 or 28 mapra 2013 roga «O Mepax mo peanu3alnui 3aKOHA
Pecny6nuku Y36ekucran «O noxkapHoil 0€30MacHOCTHY a TaKKe B IPYTUX
HOPMAaTUBHO-IIPABOBBIX JOKYMEHTAaX, IPUHATHIX B cepe.

CooTBeTCTBHE MCCJIENOBAHNSI MPUOPUTETHBIM HANPABJIEHUSIM Pa3BUTHUA
HAYKH W TeXHOJOrui pecnyOauku. [[aHHOE WHCClIENOBaHUE BBIIIOJIHEHO B
COOTBETCTBUM C MPUOPUTETHOTO HAIPABICHUS Pa3BUTUS HAYKU U TEXHOJOTHM
pecnyonuku VII. « XuMudeckue TEXHOIOTHUH U HAHOTEXHOJIOTHI.

0030p MeKAYHAPOAHBIX HAYYHBIX MCCJII0BAHMIA 10 TeMe auccepTaun’
HayuHnble wucciienoBaHusi, HalpaBICHHbIE HA CO3JAAHUE CPENCTB OTHE3AIIUTHI
HOBOTO TIOKOJICHMSI M COBPEMEHHBIX METOJOB HCHBITaHWH, 00JIadaroninx
pa3sNUYHBIMK  (PYHKIIMOHAJIbHBIMH CBOWCTBAMH, OCYIIECTBJISIIOTCS B BEIYIIMX
HAy4YHBIX IIEHTPaX W BBICHIUX 00pa30BaTEIbHBIX YUPEKIACHUSX MHUpPA, B TOM YUCIIE,
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 (Benukoopurtanusi), PPG Industries Netherlands, Akzo Nobel
Aerospace Coating (Hunepmanausi), Badische Anilin und Soda Fabrik,
Bundesanstalt fiir Materialforschung und-priifung, Institut fiir Technische Chemie -
Leibniz Universitdt Hannover (I'epmanus), Ecole Nationale Supérieure de Chimie
de Lille (®pannus), Dipartimento di Chimica Universita degli Studi di Milano
(Uranus), Universidade do Estado do Rio de Janeiro (bpasunus), Bcepoccuiickom
HAy4YHO-UCCIIEAOBATENBCKOM HMHCTUTYTE IIOKAPHOW OXPAaHBI, AxkagemMnn u
Cankr-IletepOyprckom  yHHBepcuTeTe [OCymapcTBEHHOM MIPOTUBOIIOKAPHOU
ciyx0b1 Poccun, TanmkeHTCKOM TOCYJapCTBEHHOM TEXHUYECKOM YHHUBEPCHUTETE,
TalKEHTCKOM XHUMHUKO-TEXHOJIOTMYECKOM HMHCTUTYTE M BpICHIEN TEXHUYECKON
IITKOJIE TIOXKapHOU Oe3omacHoCTH (Y30eKHUCTaH).

B pesynbrare mcciaenoBaHuid, MPOBEACHHBIX B MHUPE IO COBEPIICHCTBOBAHHIO
Mep Mo o0oOecrleueHn0 TMOoKapHOW O€30MacHOCTH 3JaHHM M COOPYXKEHUH,
pa3paboTKe TEIIO-U30JIAIIMOHHBIX M BCIYYHBAIOLIUXCS OTHE3AIIUTHBIX TOKPBITUN
U CO3MaHHWIO COBPEMEHHBIX METOAOB WCIBITAHWM, TOJIYYEH PsAI HAyYHBIX
pe3yabTaToOB, B TOM 4YHCJE: pa3pabOoTaH HOBBIM KJIacC HAHOCTPYKTYHPOBAHHBIX
OTHE3AIIUTHBIX TOKPHITUA HA OCHOBE pPAa3IUYHBIX T[OJMMEPOB, MOKPBITHIX
Hanovyactuiiamu (Bundesanstalt fiir Materialforschung und-priifung, I'epmanus);
Ha OCHOBE YIVICPOAHBIX HAHOTPYOOK pa3pabOTaHbl TOKPBITHS, COCTOSIIHE U3
PaBHOMEPHO paCHpeNeCHHBIX CJOCB, CHIDKAIONIMX B JOCTAaTOYHOW CTETICHH
roprouecth MarepuasioB (National Institute of Standards and Technology (CIIIA);
pa3paboTaHbl MaremMaruyeckass MoJelb, aJrOPUTM M MPOrpaMMbl aHalu3a
nmapamMeTpoB M TIPOTHO3a TIOKaszarejed TOXKapHOW OMacHOCTH BEIIECTB U
MarepuanoB (Hayuno—uccnenoBarenbckuil HeHTp « Temnoornesammuray, Poccus);

2 . .
= O030p 3apy0eKHBIX HAYYHBIX HCCICAOBAHHUU 10 TEME AMCCEPTAIMU OCYIICCTBIUICS Ha ocHOBe: 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 u apyrux uCTOYHHKAX.
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pa3paboTaHbl KOMITAKTHBIC JTA0OPATOPHBIC METOBI MCITBITAHUN OTHE3AITUTHBIX
MOKPBITHH JIJIs1 METaJUIa, TPEBECUHBI M MaTeprasioB APyTrux TUIOB - small scale
tests — menkomaciurabusie ucneitanus (Ecole Nationale Supérieure de Chimie de
Lille, ®panius).

B mupe mo obecredeHnto moxapHoi 0€30MaCHOCTH 3[AaHUN U COOPYKEHUH,
HAIPaBJICHHOW Ha CO3/JaHHE BBICOKOI(P(HEKTUBHBIX OTHE3AIIMTHBIX CPEACTB M
CUCTEM, MO PsiIy MPUOPUTETHHIX HAMPABICHUN MPOBOIATCS MCCIECIOBAHUSA, B TOM
yucie: pa3paboTka HOBBIX METOJIOB M TEXHOJIOTHH yIpaBieHUs: GU3MUYECKUMU U
XUMUYCCKHUMH CBOMCTBAMHU OCHOBHBIX KOMITOHEHTOB OTHE3aIIUTHBIX COCTABOB;
pazpaboTtka d(G(EKTUBHBIX OTHE- W  TEIUIO3ANIUTHBIX TIOKPBITUNA  HOBOTO
MOKOJICHUS;  pa3pabOTKa  YCOBEPIICHCTBEHHOW  MOJENH,  ajIropurMa u
KOMITBIOTEPHBIX MPOTPAMM MO YCTAHOBJICHHUIO 3aBUCHUMOCTH MEXKIY COCTAaBHOU
JacThl0O W CBOMCTBAMH OTHE- | TEIUIO3ANIUTHBIX TOKPBITHHA, pa3paboTka
BBICOKOA(D(PEKTUBHBIX MHOTO(DYHKIIMOHATBHBIX JHUCIIEPCHBIX CHCTEM Ha OCHOBE
HAHOYACTUI] W HAHOTEXHOJIOTHH; pa3pad0TKa KOMIIAKTHBIX, YCKOPEHHBIX U
(G (HEKTUBHBIX METOJOB KOMIUIEKCHOW OLIEHKH CBOMCTB OTHE- U TEIIO3AIIMTHBIX



MTOKPBITHM.

Crenennb U3YYCHHOCTH npooJieMbl. Bonpocam UCCIIEOBAHUS
TEOPETUYECKUX U TMPAKTUYECKUX 3a7ad IO CHIKCHUIO YPOBHS TMOXKApPHOU
OMacCHOCTH  CTPOUTENBbHBIX  KOHCTPYKIMM W MarepualioB,  CO3JaHUIO
BBICOKO(D(PEKTUBHBIX CPEJCTB OTHE3AlIUThIl M WX HCIBITAHUSM, TOCBSIICHBI
pabotsl psaa yuenbix: Dnpapaa J. Bemna (Polymer Research Institute, Polytechnic
Institue of New York University), PHacuumento (Universidade do Estado do Rio
de Janeiro, bpasunus), Onuzaber Panyuum (Dipartimento di Chimica Universita
degli Studi di Milano, Wranus), Cepxa bypouxo, Coduu [ykysn (Ecole
Nationale Supérieure de Chimie de Lille, ®panuus), bepnapma Ilaprena
(Bundesanstalt fiir Materialforschung und-priifung, I'epmanusi), Maudpena
Hepunra (Karlsruher Institut fiir Technologie KIT Institut fiir Technische Chemie,
I'epmanust), Axcena Kamagepa (Inomat GmbH, bnuskactn, I'epmanwus), Jle60u
Cmut (BRE Global Limited, Benuxko6purtanus), B.JI.CtpaxoBa, A.M.KpyTos,
A.H.I'apamenko  (Hayuno-mpousBoactBeHHoe  oObenuHeHue  «Temnoornesa
umta»), A.S.Koponsuenko, A.b.CuBenkoBa, H.B.CmupnoBa, T.P.Epemuna
(Bcepoccuiickuii  Hay4YHO-MCCIIENOBATEIBCKUM HMHCTUTYT TIOKAPHOM  OXPaHbI
locymapcTBeHHON MPOTUBOIIOXKAPHOU CIIy)KObl MUHHCTEPCTBA YPE3BBIUANHBIX
cutyaruit  Poccun), T.FO.Epemuna, A.b.CuBenkoBa, b.b.CepkoBa (Akanemus
[ocymapcTBeHHO# TpoTHMBOMOXKApHOUM Ciyxk0b1 Poccun), M.B.Kpamennnnnkosa
(Hayuno WMunomarmmonnsiii [lentp CrpoutenbctBa u IloxkapHoi 0e30macHOCTH,
Cankr-IlerepOypr), C.H.Henaxoa (HayuHo-uccnemoBaTenbCkuii meHTp «Temio
xuM» MockBa) u Jp.

Co CTOpOHBI psAZla YUCHBIX BEIUCH MCCIICIOBAHUS, MOCBIIICHHBIC pa3paboTKe
M WCHOJIb30BAHUIO OTHE3AlIUTHBIX W JPYTMX THUIIOB MaTepUajoB Ha OCHOBE
MuHepaia Bepmukynuta, B ToM uucie K.H.Jly6eneuxum, C.N.XBOCTEHKOBBIM,
I'B.I'emmepnuarom, M.C.Xumenesom, A.Jledprom, O.H.KpameHUHHUKOBBIM,
SA.AxtamoBbiM, FO.M.TuxonoBeiM, A.B.CumopoBbsiM, A.C.MakOy30BbIM,
A .H.Illep6uneim, A.3.KykoBbim, M.bnane3zom, A.H.Hryenom, A I1.IToxxauHBIM,
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AN .KonsnossiM, JI.ronakcom, A.B.IloGenunckuM u MHOrumMu apyrumu. B
V30ekucTaHe UCCIEeNOBaHMS IO MMHEpaly BEpMHUKYIUTa (MECTOPOXKIECHUE
TebunOynak) npoBoaunuchk I1.A.ApudoBbiM 1 moiydeH psia pe3ylbTaroB, B TOM
YHCIIe CO3/IaHbl HEKOTOPBIE THUITBI OTHE- U TETUIO3aIIUTHBIX MaTEPHUAaIIOB.

[Tporiecc co3maHusi HOBBIX «IACCHUBHBIX» CPEICTB OTHE3AITUTHI MPOUCXOAHT
HENpPEphIBHO, TaK KaK KakJI0€ M3 JTUX CpPEIACTB OONaJaeT CBOUMHU
MOJIOKUTEJIbHBIMU U OTPULATEJIbHBIMM CBOMCTBAMHU M T0Ka3aTeIsIMH, KOTOpbIE
COBEPIIICHCTBYIOTCSI I Pa3BUBAIOTCS B CTOPOHY OOECIIEUCHUS TJIaBHBIX KPUTEPUEB,
TaKUX KaK JUIUTETbHOCTh M 3(PPEKTUBHOCTh OTHE3AIIMTHI, YBEIHMUEHHE CPOKa
CIIy’)kObl OOBEKTOB B OOBIYHBIX  YCIOBUSAX OKCIUIyaTallud M MHUHUMH3ALUSA
CTOMMOCTH pa3palaTbiBaeMOro mnpoaykra. B Hacrosiuee BpeMms, HECMOTps Ha
UMEIOIIUICS aCCOPTHUMEHT OTHE3AIUTHBIX  MaTepuajoB, MpEAJIararolIuxcs Ha
CTPOUTENIbHBIX PBIHKAX MHUpPAa M PECHyONMKH, CO3/laHue HOBBIX 3()(PEKTHBHBIX
3alIUTHBIX MaTepualoB C KOMIUIEKCHOM (YHKIIMOHAJIBLHOCTBIO  SIBJISIETCS



aKkTyaJlbHOM 3amadeil. [IpuunHON 3TOTO SIBNSIETCS TO, YTO B PECIyOJIMKE OCHOBHAS
YacTh OTHE3AIIUTHBIX MaTepHaoB, MPUMEHSEMbIX IPHU CTPOUTEIHCTBE OOBEKTOB
pa3IMYHOrO0  Ha3HA4YeHWs, JUOO0  UMIIOPTHPYETCS NOJIHOCThIO,  JTMOO
M3TOTABJIMBACTCS [0 TEXHOJOTUSAM BEIYIIUX MHOCTPAHHBIX (GUPM C pPEelenTypoH,
npeaycMaTpuBaloleld colepKaHue IIeJIOr0 KOMIUIEKCA  Pa3IMYHBIX MUMIIOPTHBIX
100aBOK, CTOMMOCTb KOTOPBIX COCTAaBJISET OCHOBHYIO YacTh OT BCEX 3aTpar Ha
celpbe. M3pickanus B cpepe co3qaHusi HOBbIX OTHE3ALIUTHBIX MaTEPHUAIOB BCE €IIE
OCYILECTBIISIFOTCS C UCIIOJIb30BAHUEM BPEIHBIX XMMUYECKUX COeIMHEHMI. BmecTte
C TEeM, B Hay4YHO-HCCIIEOBATEIbCKUX paboTax B HEIOCTaTOYHOM Mepe
UCCJIEIOBaHbl BOMPOCHI TMOJTYYEHUS  OTHE3AIIMTHBIX TOKPBITUH KOMILJIEKCHOMN
(YHKIIMOHATHFHOCTH HA OCHOBE MUHEPATBHBIX COCTABIISIONINX.

CBsi3b TeMBbI JUCCEPTAIUM C HAYYHO-HCCJIeA0BATEILCKUMH padoTaMu
BBICILIET0 00Pa30BaTEeILHOIO YYPEKACHHS, I1¢ BHINOJHEHA IUCCePTALHS.
JluccepTalMoOHHOE UCCIE0BAHKE BHIMTOIHEHO B paMKax IJlaHa HAyqHO
uccleoBaTeIbCKUX padoT Briciel TexHuuecko mkosbl [ToxapHoit
6e3omacHoctH o Temam: NeKA-12-001 «TexHonmorust mponu3BOACTBA HKOJIOTHUECKU
0€30MacHBIX TPYIHOTOPIOUUX APEBECHO-CTPYKEUHBIX TUUT», (2012-2014),
NoA4-DA-D-152 - «Pa3paboTka COBpEMEHHON TEXHOJIOTHUU TTOJTYUYSHHS] HOBBIX
MaTepHaJIOB C 3apaHee 3aJaHHbIMUA CBOMCTBAMH Ha OCHOBE MECTHOIO
MUHEPAJIBHOTO ChIPbSl — TOHKOJUCIIEPCHOTO BEPMUKYIUTaY, (2012-2014);
No®DA-A4-D063 - «PazpaboTka TEXHOJIOTHH MOTYUYEHUS HOBBIX CTPOUTEIBHBIX
MaTepHaJioB Ha OCHOBE BEPMUKYJUTA C BHICOKUMU TEIJIO- U 3BYKOM3OJISLIUOHHBIMU
cBoiicTBaMmy, (2015-2017).

Heabio nccjieqoBaHus SIBISIETCS CO3/IaHUE MPOTUBONOXKAPHBIX CPEJICTB HA
OCHOBE MECTHOT'O MUHEPAIBHOTO CHIPbSI.

3ajgaum uccjaeT0BaHuA:

pazpabotrka 3((PEeKTUBHOTO  MeToAa TMOJYYEHUS  BBICOKOJMCIIEPCHBIX
HaIOJIHUTENIEH C OTHEYNOPHBIMU U TEIJIOM3O0JIALIMOHHBIMU CBOMCTBAMHU Ha OCHOBE
MUHEpajia BEPMHUKYIHUTA, a Takke MHOTO(QYHKIIMOHAJbHBIX COCTaBOB Ha WUX
OCHOBE;

pa3paboTka MeTo/1a MOBBIIEHUS YPPEKTUBHOCTH OrHE- U TEIUIO3AIIUTHBIX, a
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TaK>K€ OIHETYIIAIMX COCTaBOB HA OCHOBE MHUHEpaja BEPMUKYJIUTA, IIyTEM
BJIUSIHUA HA (PU3NYECKOE COCTOSIHUE, TEPMUUECKUE U TEIIIOPU3NUECKUE CBOMCTBRA
BEPMHUKYJIUTOB PA3INYHON JUCTIEPCHOCTH U X MOAU(DHUIIMPOBAHHBIX POPM;

oOecrieueHrne JOCTIDKEHUS 3alaHHBIX TEPMHUECKHX M TerIo(pU3nUecKux
IIOKa3arejaed OrHE3allUTHBIX COCTaBOB HA OCHOBE MHHEpajga BEPMHUKYIHUTA
BO3JCHCTBUEM BHEIIHUX TMoJed (ylIbTpa3ByK M TEIUIOBBIX) M XUMHYECKHUX
peareHToB Ha (PU3HYECKOE COCTOSIHUE, CTPYKTYpY M XHUMHUYECKHMH COCTaB
muHepana. Pa3paborate MexaHM3MBI OTHE3AIIUTHI COCTABaMHU JPEBECHBIX U
METAJUIMYECKUX CTPOUTEIBHBIX MaTEpPHaIIOB;

co3naHue 3(PPEKTUBHBIX OrHE3aUIUTHBIX BCIYUYHMBAIOIIMXCS MOKPBITUN Ha
OCHOBE MHHEpaJia BEpPMUKYIIUTA, MOBBIIIEHUE UMU OTHECTOMKOCTH JIEPEBSIHHBIX U
METANINYECKUX CTPOUTEIBHBIX KOHCTPYKIIMH U MaTepuasoB, a TakXKe pa3paboTka



METO/1a MHOTOCTYIIEHYaTON OTHE3alUThI;

CO37IJaHME HOBBIX COCTABOB TEIUIOM3OJISIIIUOHHBIX MATE€pUAIOB Ha OCHOBE
MECTHOTO MMHEPAIHHOTO ChIPbS, AHAINU3 MX OCHOBHBIX MOXKAPHO-TEXHUYECKUX
XapaKTepUCTUK W Ha WX OCHOBE pa3padOTKa HETOPIOYHMX TETUIOM3OJISIIMOHHBIX
MOKPBITUN U KOHCTPYKIIMOHHBIX MAaTE€pUaJIOB;

pa3paboTka CTaOWIBHBIX JUCIEPCHBIX CHCTEM Ha OCHOBE MHUHEpaia
BEPMUKYJIUTA M CO3JJaHUE€ Ha HMX OCHOBE BBICOKOA((PEKTUBHBIX OTHETYIIAIIUX
COCTaBOB, a TakXke pa3paboTka MeTona OIEHKH J(P(EKTUBHOCTU KUIKUX
OTHETYIIAIUX COCTABOB.

O0bekTaMH HMCCJIEI0OBAHMS SIBJISIIOTCS CTPOUTENIbBHBIE MaTepUalibl U3
JIpEeBECUHbl U MeTaiia, TeOMHOYTaKCKUil BEPMUKYIUT, AHTPEHCKUN KAOJIWUH U
CUJIUKATHBIC PACTBOPHI.

IIpeameToM mMcc/ieI0BAHMSA SIBIIIOTCA IOBBIIIEHHE YPOBHS IMOXKApPHOU
0€30MacHOCTH 37aHUN W COOPYKCHHI Ha OCHOBE PETyIHPOBAHUS TEPMHUECKUX,
TEIJIOPUZUUECKUX UM TOXKAPHO-TEXHUYECKUX XaPAKTEPUCTHK JEPEBSHHBIX U
METAUIMYECKUX CTPOUTENIBHBIX MaTePHalOB C MOMOIIbI) HOBBIX OTHE3aITUTHBIX
CPEJICTB.

MeTtonsb! ucciienoBanmsi. B mpoiiecce ucciieioBanuil ObLIN UCTIOIB30BaHBI
HK-cnexkTpockonuueckue, nuddepeHmaribHO-TePMUIECKIE METOIbI aHATTN3A,
XUMHYECKHUE U MACC-CIIEKTPOMETPUUECKHE, ONITUYECKHUE U DJIEKTPOHHO
MUKPOCKOTTUYECKUE METObI UCCIICIOBAHUIA.

HayuHnasi HOBM3HA HCCJIEOBAHUSA 3aKJIIOYAECTCS B CIICIYIOIIEM:
pa3paboTaHbl BEICOKOAUCIIEPCHBIC OTHEYTIOPHBIE TETUION30ISITUOHHBIC
HaITOJIHUTEIN HA OCHOBE MUHEpaja BEPMUKYIIUTA;

pa3paboTaHbl BUJIbI BEPMUKYJIUTOB C HU3KOW U yBEIMYECHHOU TeMIEpaTypoit
BCIYUYUBaHUs, TUAPOPOOHBIN BEPMUKYIUT, BEPMUKYIIUT C TOBBIIIIEHHON CTENEHbIO
BCIIYUYHBAEMOCTH U BEPMUKYJIUT C XOPOIIO COXPAHEHHON MOPUCTOCTHIO;

pa3paboTaH MeETOJ YBEJIWYEHUS OTrHEe- U TEIUIO3AIUTHBIX (QYHKIUN
BEPMUKYJIUTOB MyTeM MOAU(GUKAIMK TOHKOAUCIEPCHBIX BEPMUKYJIUTOB TIPU
MOMOIIM 00Pa0OTKHU YIBTPA3BYKOM U XUMUUYECKUMU pPearcHTaMu,
pa3paboTaHbl HOBBIE COCTABBI C MHOTOCTYIIEHYATON OTHE3aIIMTHOW (DyHKIIMEH, Ha

OCHOBE MOJU(UIIMPOBAHHBIX TOHKOAUCTIEPCHBIX BEPMUKYIUTOB, TIO3BOJISIOIIHE

MEPEBECTHU JEPEBIHHBIE CTPOUTEIIbHBIE MATEPUAIIBI B TPYIIILY

35

TPYAHOTOPIOYMX MaTepHUalioB cOmIacHO rocyaapcrBeHHoMy ctanaapty (IOCT
12.1.044);

pazpaboTaHa TEXHOJIOTHS MOTYYSHHUSI OTHE3AIUTHON CUIIMKATHOM Kpacsiiei
MPOJIYKIIMU HA OCHOBE TOHKOAUCIIEPCHBIX MOJIU(DUITUPOBAHHBIX BEPMUKYIIUTOB;
pa3paboTaH HETOPIOUUI TETUIOU30IALIMOHHBIA MaTepual Ha OCHOBE BCITy4E€HHOTO
BEPMHUKYJIUTA, IPEAHA3ZHAYCHHBIN [ IPUMEHEHUS B KAYECTBE MPOTUBOIIOKAPHBIX
nperpanm;

CO3/IaH HETOPIOUHI HEOPraHUYECKUHM ITEHOMATEPHAIl HA OCHOBE
TOHKOAUCTIEPCHOTO BEPMUKYIIUTA U OPTOHOCHOPHON KUCTOTHI; CO3TaHBI HOBBIC
AKUJKUE OTHETYLIAIIME COCTaBbl HA OCHOBE MEJIKOJAUCIEPCHBIX BEPMUKYIIUTOB U



pa3paboTaH MeTo OIeHKH d(PPEKTUBHOCTH JTOTOJHUTEIBHBIX TTOKa3aTeIe 3THX
COCTaBOB.

IIpakTHyeckne pe3yabTaThl HCCIAEIOBAHMS 3aKIIOUAIOTCS B CIIEIYIOLIEM:
pa3paboTaHbl HOBBIE TEXHOJIOTUYECKHUE CITOCOOBI MOTy4YEeHHsI MHOTO(a3HbIX
JUCTIEPCHBIX CUCTEM C 3apaHee 3aJJaHHbIMU (PU3UKO-XUMUYECKUMU U
TEMI0(PU3NUECKUMU CBOMCTBAMH Ha OCHOBE MTPUMEHEHHUS YIBTPa3ByKOBBIX MOJIEH,
XUMUYECKHX PEareHTOB U UX COBMECTHOTO BO3JICHCTBHUS HA MUHEPa BEPMUKYIIHT,
CO3J/1aHbl OTHE3AIIUTHBIC BCIYYUBAIOUINECS TOKPHITHS HA OCHOBE MECTHOTO
MUHEPAIBHOTO ChIPhs - TeOMHOYIAKCKOTO BEPMUKYIUTA, HOBBIE COCTABBI CPE/ICTB
1St TOBBbIIEHUS () (HEKTUBHOCTU 00eCTIeUeHUs TOKapHON 0€30aCHOCTH 37JaHUM
¥ COOpPYKEHUH, TaKMe KaK OTHECTOMKHE TETUTON3O0JSIIMOHHBIE MaTePHAIIbI U
OTHETYIIAIINE COCTABBI;

JOCTUTHYTO 3HAYUTEIHHOE CHUKCHHE IMOKAPHON OMACHOCTH CTPOMTEIIBHBIX
MaTepualioB MyTeM HCHOJIb30BaHUS Pa3paOOTaHHBIX HOBBIX OTHE3AIIUTHBIX
MOKPBITHA, B TOM 4YHCJIE, TPUMCHCHHE OTHE3alIUTHBIX TOKPBITHH JaJIo
BO3MOXXHOCTh ~ TICPEBECTH  TOPIOYME JPEBECHBIE MaTepuagbl B  TPYMIY
TPYAHOTOPIOYMX MAaTepuajoB, a TakXKe YBEIUYUTh BpeMs, HEoOXOomuMoe IJis
JIOCTIDKCHHUS KpUTHYEeCKOW Temreparypbl MetamwioB (500°C), mo 45 wMuHyT
(yBenmnumioch B 3 paza);

pa3paboTaHbl CTaOMIIbHBIE CYCIIEH3UH C COJIEpKaHUEM HAaHOYACTHUIl HA OCHOBE
MUHEpaJia BEPMHUKYJINTA, HA UX OCHOBE CO3/IaHbI HOBBIE OTHETYIIAINE COCTABHI U
pa3paboTaH HOBBIM METON TOBBIMIEHUS A()PEKTUBHOCTH OIEHKH OTHETYIIAITUX
CBOMCTB XKHUJKHUX CPEJCTB.

JloCTOBEPHOCTh  Pe3yJbTATOB  HMCCJIeA0BAHMS OOOCHOBaHAa  OILICHKOU
TOYHOCTH TPUOOPOB U3MEPEHHsI, COMOCTABICHUEM PE3yJbTaTOB AKCIEPUMEHTA C
pPacCUYeTHBIMA W TCOPETUUYCCKUMH JTaHHBIMH, UCIIONh30BaHUEM (yHIaMEHTATBHBIX
OCHOB MOJCKYISIpHOU (U3UKH U TEIIOPU3UKH, MATEeMaTHUYECKUX CIOCO00B
OLICHKM COCTOSIHUSI 3alllUTHBIX CHCTEM, a TakKe CpaBHEHUE C pe3ybTaramu
JPYTHX UCCCAOBAHUMA B TAHHOM HaIlPaBJICHHH.

Hayynasi u npakTHYecKasi 3HAYMMOCTh Pe3yJibTaTOB HccaenoBanus. Hayunas
3HaYUMOCTb PE3YJIBTATOB UCCIICTOBAHUM 3aKTIOUAETCS B Pa3BUTHH TEOPETUYECKUX
OCHOB TIOBBIIIIEHUS OTHECTOMKOCTU CTPOUTENIbHBIX KOHCTPYKIIMIA U MaTepUasoB,
pa3paboTKe METOAOB MOBbIIECHUS 3 (HEKTUBHOCTH OTHE3AIIUTHBIX CBOMCTB

COCTaBa Ha OCHOBE BIUSHUS HA XUMUYECKUN COCTaB, PU3NIECKOE COCTOSTHUE U

TEMI0(PU3HKY, pa3pab0TKa METOIOB MOBHITIICHUS 3P(HEKTHBHOCTH
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3AIUTHBIX CPEACTB U MEXAHU3MOB BIHSHUS.

[IpakTnyeckass 3HAYMMOCTb PE3YIbTATOB HMCCIECAOBAHUN 3aKIIOYAETCA B
pa3paboTaHHBIX Ha OCHOBE MECTHOIO MHHEPAJIBHOIO ChIpbs - TeOMHOYIaKCKOro
MUHEpajga BEPMHUKYJIHUTAa HOBBIX BCIYYHMBAIOUIUXCA OTHE3AUIUTHBIX MOKPBITUM,
HErOpIOYHX TEII03aUUTHBIX MaTepHaJIOB, OTHETYIIAIUX  COCTABOB,
MO3BOJISIFOIIMX 3HAYUTENIBHO CHU3UTh IIOKAPHYK) ONACHOCTh CTPOUTEIBHBIX
KOHCTPYKIIMI U MaTepuasos.

BHenpenne pe3yiabTaroB mucciegoBaHusi. [lomyuyeHHble pe3ynbTaThl 110



CO3/IaHUI0 OTHECTOMKHX TOKPBITMM M TEIUIOM3OJISIMOHHBIX HAIlOJHUTENEH Ha
OCHOBE MECTHOT'O MUHEPAJILHOTO CHIPHSI:

HOBBIM COCTaB IMOKPACOYHOIO MaTepuayia, pa3padOTaHHBIA Ha OCHOBE
MecTHOro MuHepana TeOnHOyIakCKOro BEpMUKYINTA, 3Q(HEKTUBHO 3alUIIAIOIINN
OT OTHS JIPEBECHBbIC MaTepuayibl, BHeApeH B mpouszBoacTBo CII <<§73-IL0HF}KY
ITount Koy (cripaBka ot 17 oxTs16pst 2016 roma Ne7/04-25-2340
AK «O“zAvtosanoat»). [Tokpacounblii MaTepral C ONTUMAILHBIMUA (PUZHKO
TEXHUYECKUMH CBOMCTBaMH, pa3paOOTaHHBIM HA OCHOBE MOJIYYCHHBIX HAYIHBIX
pe3yabTaToB, 3 (HEKTUBHO 00ecTIeYnBaeT MOBBIIICHHE OTHECTOMKOCTH
JIEPEBSIHHBIX CTPOUTENIbHBIX KOHCTPYKIIMNA U MaTEpHUAJIOB;

MMOKPACOYHBIM MaTepranl M MOKPBITUS HAa OCHOBE MECTHOIO MHUHEPAIbHOIO
celpbid  TeOMHOyNIakCKOro BepMHUKyauTa oOecrneuuBaeT 3(P(EKTHUBHYIO OTHE- U
TEIUIO3AIIUTY  JIEPEBSHHBIX CTPOUTENbHBIX KOHCTPYKIHMM W  Marepualios,
MPUMEHEHBI TIPU CTPOUTENHCTBE 0OPA3IOBBIX JTOMOB U 3[JaHUN MTPOU3BOJICTBEHHBIX
npennpusatuil Typrkynbckoro paiiona PecmyOnuku Kapakanmakcran (crmpaBka OT
26 okTa0pr 2016 1. No29/3-1-3456 ImaBHOrO ympaBlIeHUS TOXKAPHOU
Oe3omacHOCTH MuHHCTEpPCTBA BHYTPEHHHMX Jen). B pesynprare ypoBeHb
MOKAPHOM  OMacHOCTH OO0BeKTOB cHu3micsa B 1,1-1,8 pasza, BeposSITHOCTH
BO3HMKHOBEHUS TOXapa - Ha 2-3 MpoIeHTa, BeJInuMHa yiiepda ot moxapa - Ha 1-2
MPOIIEHTA;

METO/bl TOBBIIIEHUS OTHECTOMKOCTH CTPOUTENBbHBIX KOHCTPYKIMH U
MaTepHualioB, CO3/aHHe MOAU(MUIIMPOBAHHBIX CMECEH  BBICOKOIUCIIEPCHBIX
WHEPTHBIX HAMOJIHUTENECH MPU MOMOIIM BEIIeCTBA U CMECEH C aHTUIMHPEHOBLIMU
cBolicTBaMu, Ucnoib30BaHbl B mpoekTe NoeKA-14-003 «Co3ganue u nccienoBaHue
00paboTaHHBIX pecypcocOeperarnumu AHTUTINPCHAMH, OTHECTOUKHUX
CTPOUTEIBHBIX MaTEpPUAJIOB, MOJIYYEHHBIX HA OCHOBE IMPOMBIILUICHHBIX OTXOHOBY
(2015-2017 rr.), s TOBBIMICHUS OTHECTOMKOCTH JCPEBSIHHBIX CTPOUTEIBHBIX
MaTepuasoB MPHU MTOMOIIM HOBBIX aHTUITUPEHOBBIX cMecel (crpaBka oT 24 OKTIOps
2016 Toma NedTK-0313/707 Kommurera mo pa3BUTHIO HayKd W  TEXHOJIOTUU
Pecrybnuku Y36ekucran). Mcronb3oBaHue pe3yabTaToB HAYYHBIX HCCIICIOBAHUMN
MO3BOIMIIA  co3AaTh A(G(GEKTUBHBI HOBBIM  AHTUIHUPEHOBBIA COCTaB C
KOMOMHUPOBAHHBIMU CBOMCTBAMM JIJISI IEPEBSIHHBIX CTPOUTEIIBHBIX MaTEpUaJIOB.

AnpobGanus pe3yJbTaToB UccJae0BaHus. Pe3ynbrarsl ucciieoBaHui
anpoOUPOBAHBI B PsEe MEXITYHAPOIHBIX KOH(PEPESHITUH, B TOM YHCIIC:
«llenTpanbHO-A3Huarckas MexayHapoiHas KOH(EPEHIIUS 110 XUMHYECKON
texHosorum» X112 (Tamkent, 2012), YeTBepTas MexayHapoaHAs HAYYHO
npaktuueckas konpepenuus «lloxaporyienue: npoOieMbl, TEXHOJIOTHH,
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nHHoBaruu» (MockBa 2015), 45th World Chemistry Congress. IUPAC-2015
(Busan, Korea, 2015), «11™ International Conference on Advanced Polymers via
Macromolecular Engineering»  (Yokohama, Japan, 2015), «AxkryanbHbIC
npoOnemMbl  oTpacied  xumudeckor TexHoiorum»  (byxapa, 2015), VIII
MEXIyHapOo/IHas Hay4yHO-TeXHU4Yeckass KoH(epeHuus «[opHO-MeTauyprudeckui
KOMIUICKC: JOCTH)KCHHS, MPOOJIEMbI M COBPEMEHHBIC TCHACHIIMU pPa3BUTHS



(HaBom, 2015), 16th Asian chemical congress (16ACC) (Dhaka, Bangladesh,
2016), «IlepcrnekTUBbI TNPUMEHEHHUS HWHHOBALMOHHBIX TEXHOJOTHUH B cdepe
apXUTEKTypsl U cTpouTenbcTBa» (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 psiie pecnyOIUKaHCKMX HAyYHO-TEXHUYECKUX U HAyYHO
npaktuyeckux koHpepenuusax (2010-2016 rr.), a Takxke Ha perHOHANbHBIX dTanax
VIII PecnyOnmkaHCKoM ipMapKku MHHOBAIIMOHHBIX UAEH, TEXHOJIOTUN U TPOEKTOB
2-4 amnpens, B roponax Hamanran, Aunmwxkan u deprana, rue ObUIH IPEACTaBICHbI
pa3paboTku no nucceprarmonHoi padbore. Ha VIII Pecnybnukanckoit sspmapke
WHHOBAITMOHHBIX UJIeH, TEXHOJOTUN U MPOEKTOB, 19-21 mas 2015 rona Obuta
npencTasieHa pazpadorka «Cyxas cMech Ha OCHOBE MUHEpalia BepMHUKyIuTa». Ha
BBICTABKE JIOCTHKEHHI YKOJIOTHUYECKH YACTBIX TEXHOJIOTUHN « DKOJIOTHYeCKas
Henensa-2015», 2 urons 2015 1., Kommneke «Tashkent Plaza» Obi1a npeacrasiena
pa3pabotka «Oruebe3omnacHas cyxasi CMECh U3 BEPMUKYIIUTA.

Ony0JMKOBaHHOCTH Pe3yJbTaTOB MccieaoBanus. [lo Teme nuccepranuu
ormyOnMKoBaHO Bcero 37 HayuyHbIX paboT, u3 Hux | moHorpadus, 14 HaydHBIX
cTaThbel, B TOM uyucie 2 B 3apyOekKHBIX >KypHAJlax U OCTajJbHbIE B
pecnyONIMKaHCKUX JKypHajax, pPEKOMEHJOBAaHHBIX BpIcIel arTecTaluoHHON
komuccuert PecmyOnuku Y30ekuctan Ans myONMKAMM OCHOBHBIX HAYYHBIX
PE3YNBTATOB JOKTOPCKUX JUCCEPTALUH.

Crpyktypa m o0beMm auccepraumu. Juccepranus COCTOUT U3 BBEACHUS,
MSATH TJIaB, BBIBOJAOB, CIHMCKA JIUTEparypbl U mpuiokeHuil. OO0beM IuccepTranuu
cocrasiusieT 200 cTpaHull.
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OCHOBHOE COJEP)KAHME JUCCEPTALIMU

Bo BBCJICHHNH 000CHOBBIBAETCS AKTyaJIbHOCTb H BOCTp€6OBaHHOCTI>
IMPOBCACHHOI'O HCCJICAOBAHMA, LCJIb M 3aAd4rd HCCIICAOBAHUA, XaPAKTCPUIYIOTCA
O0BCKT U npeaMeT, IIOKA3aHO COOTBCTCTBHC HCCICAOBAHUA IIPUOPUTCTHBIM



HaMpaBJICHUSM PA3BUTHUS HAyKU U TEXHOJIOTMM pecryOnuKu, U3j1aralTcs HayyHas
HOBU3HA W MPAKTUYECKUE PE3YJbTaTbl MCCIEIOBaHUS, PACKPHIBAIOTCS HAy4dHasl U
MPaKTUYECKAs] 3HAYMMOCTh IOJYYEHHBIX pPE3yJIbTaTOB, BHEIPEHUE B IPAKTHKY
pe3ybTaTOB MCCIEIOBAHUS, CBEJCHUS MO OMYOJMKOBAHHBIM paboTaM U CTPYKType
U CCEepTaLNH.

B nepoii mmaBe nuccepraunn «CoBpeMeHHOE COCTOSIHHE OTHe3AIHMThI
CTPOMTEJBHBLIX KOHCTPYKUMH # MarepuasioB. IlaccuBHble cpeacrsBa
OTHe3alIUThD» HM3J1aracTcsi COBPEMEHHOE COCTOSHHE OTHE3aIUThl CTPOUTEIIbHBIX
KOHCTPYKIIMM W MaTepHaJIOB, paCCMOTPEHA MX HOpPMAaTHWBHas OCHOBA. lIpuBeneHsI
JaHHble 00 OCHOBHBIX MOXAPHO-TEXHUYECKUX XaPaKTEPUCTHUKAX CTPOUTEIbHBIX
MaTepHaJioB, TAaKUX Kak CTallb M JIPEBECHMHA, KOTOpbIe 0€3 COOTBETCTBYHOUIEH
00paOOTKH SIBIAIOTCS HE CTOMKMMU K BO3JEHCTBUSAM IIJIAMEHH M TeIJia MpU
noxapax. [IpoBeneH aHanM3 HAyuyHO-TEXHMUYECKOH JMUTEpaTrypbl IO pa3paboTKaM
3G(DEKTUBHBIX CpPEICTB oOOecleyeHus: MOoKapHOW Oe30MacHOCTU 3JaHuld U
COOPYXEHUH, B YaCTHOCTH IO TMOBBIIIEHUIO OTHECTOMKOCTU CTPOUTEIBHBIX
KOHCTPYKLMM M U3JENIHI U3 METAJJIa U JPEBECHUHBI IPUMEHEHHEM OTHE3alUTHBIX
MaTEepHAJIOB.

[Ipoananu3upoBaHsbl pE3yIbTaThI UCCJIEI0BaHNN NEPCIEKTUBHBIX
HaIpaBJICHUH, MOCBIIIEHHBIX pa3pabOTKaM OTHE3alMTHBIX COCTABOB Ha OCHOBE
HEOPraHWYECKUX CBS3ZYIOIIMX W BCIYYMBAIOMIMXCS T00ABOK K HUM, B YAaCTHOCTHU
OTHE3AIIMTHBIX COCTABOB HA OCHOBE BOIOPACTBOPUMBIX CHJIMKATOB M TIIMHHUCTBIX
MUHEpajoB. B pe3ynsrare aHanusa JUTEpaTypHBIX MaTepHalioB, ONMCHIBAFOIIMX
MOBEACHUE KaXJOT0 KOHKPETHOIO KOMIIOHEHTA FOTOBBIX OTHE3AIUTHBIX COCTABOB
OpU BO3JECWCTBUM Ha HUX TEIUIOBBIX IIOTOKOB, a TaKXe MEXaHU3MOB
IIPOUCXOASAIIMX IPOLECCOB, MPUBOAAIINX K CHIKEHUIO MOXApHOW OINACHOCTHU
CTPOUTENIbHBIX MaTepUajioB U U3/€uil, BbIOpaHbl HarOoJiee MePCIEKTUBHbIE TUIIbI
MECTHBIX MaTepuasoB JJis UCCIEAOBAHUM.

Takumu MarepuanaMu B KauyeCTBE MOTEHIMAIBHOTO ChIPbS ISl MOJTYYEHHS
OTHECTOMKHMX M TEIUIOM30JISUMOHHBIX HAMOJIHUTEIEH M TOTOBBIX K NMPUMEHEHUIO
OTHETEIUIO3ALIUTHBIX MaTepUAJIOB, SBWINCh INIMHUCTBIE W BEPMHUKYJIMTOBBIE
MHUHEPAIbHBIE  MECTOPOXKIEHHUS, JUIsi KOTOPBIX IIPUBEICHBI CBEACHUS O
XUMHUYECKOM COCTABE U TEIUIO(U3NUECKUX CBOMCTBAX.

Taxxe npHUBEICHBI CBEJIEHUS O CTPOEHUHU, XUMUYECKOM COCTaBE U CBOMCTBAaX
TeOunOynakcKoro BEpPMHUKYINTA, KAOJMHA M YKHJKHX CTEKOJ KOTOpbIE SIBISIOTCS
HauOosiee JOCTYNHBIMM M NEPCIEKTUBHBIMU MarTepHallaMyd JJisl  CO3JaHusl
3 PEeKTUBHBIX CpPEACTB OOECHEUeHUs] TOXKApHOW Oe30MacHOCTU 3JaHUN U
COOPDYXEHUM TaKuX, KaK BCIYYHUBAIOLIMECS  OTHE3AIIUTHBIE IOKPBITHS,
TEIJIO3AlIUTHBIE MaTrepuajbl W OrHEeTylamue cocTaBbl. JlaHbl onucaHus
OCHOBHBIX METOJIOB HCCJIEIOBAHMIA.
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Bo BTOpoO# m1aBe nuccepranui « JKCMEPUMEHTAIBHO — TeOpeTHYeCKHue
HCCIEA0BAHUA (PU3UYECKOT0 COCTOSIHUSA, TENJI0PU3NIECKHX CBOHCTB
MOPHUCTHIX JMCIEPCHBIX CUCTEM € BEPMHKYJIMTOMY» IPUBEICHBI IIOJyYECHHBIE



PE3YABTAThl TCOPETUUYECKUX U SKCTIEPUMEHTAIIBHBIX HCCIIEIOBAHUN TOPUCTHIX
JTUCTIEPCHBIX CUCTEM C BEPMUKYIUTOM.

JlucnepcHOCTh W TOPUCTOCTh  KOMIIOHEHTA-HATIOJMHUTEINS  SIBIISFOTCS
KITFOYEBBIMU ~ XapaKTEPUCTUKAMH, KOTOPBIX HAJ0 PErYIMPOBAThH ISl TOTYYCHUS
3(G(}EKTUBHBIX  OTHETEIJIO3AIIMTHBIX COCTaBOB. [l pelieHus MOCTaBICHHBIX
3aJad Ha TEPBOM JTale HCCICNAOBAaHUN MPOBEACHO MOACIMPOBAHUE MOPHUCTHIX
TUCTIEPCHBIX CHCTEM C  BEpMUKYIUTOM. OMNHCAaHUE CTPYKTYPHI TMOPUCTOTO
MaTepralia Ha OCHOBE  BEPMHUKYJIUTa TpeOyeT NPUMEHEHUS JIUHAMHUYECCKHUX
MoJIeTIeH, BKITIOYAIOIINX CTauy MapooOpa30BaHMs B MEKITAKETHOM MTPOCTPAHCTBE
U TICPEOPHEHTAlMM  CIIOASHBIX DIIEMEHTOB TOA BO3JCHCTBHEM JaBIICHUS
oOpazyromierocs napa.

JI71st BEpMHKYITUTa BPEMEHHYIO BOJIIOIUIO TOPUCTOCTU MaTepHalia mpu
BCITYYMBAaHWUY MOXKHO OTIMCAaTh (PYHKITMEH TUTIA!

7€ - HaYaJbHasi MOPUCTOCTH JI0 MpOLEcca BCIIYYUBAHUS;, -  «PECYpPCH
MOPUCTOCTH, OoOyCIIOBJICHHBIM  TEpEeOpUEHTAIIMEH,  pa3IBUKKOM U
KOpOOJIeHnEM MJIACTUHOK CJIOABI, - XapaKTepHOE BpeMsl MHTEHCHBHOTO

BCITYYMBAHUS, OMPEACISIIONIEECS NHTCHCUBHOCTBIO TEIIJIOBOTO PEXUMA.

Ha cnenyromem srare ucciaenoBaHuii mocie rpyooro 1 TOHKOTO HM3METBICHUS
BepMuKynuToBoro koHreHtpara (BK) mpoBemeHo cutoBoe — paszjeneHue Ha
paznuunble (pakiuu (Tadn. 1). B manpHeimem 3Tu Gpakiuu B 3aBUCUMOCTH OT
pa3Mepa 3epeH UCITOJIb30BAHBI JIS TIOTYUYCHUS PAa3IMYHBIX TUIIOB MaTEPHAIIOB.

Ta6auua 1.
@dpakuyu JMCNepPrupoBaHHbIX BEPMUKYJIUTOB

Ne 1 2 3 4 5 6

Opaxnus, mMm | 3,0-4,0 ( 0,5-1,0 | 0,25-0,50 | 0,16-0,25 | 0,25< | 0,16 <

[Tonyuenue BEpMUKYIUTAa B TOHKOAHMCIIEPCHOM (popMe KaK OTHECTOUKOTO U
TEIUIOU30JIALIMOHHOIO HAIOJIHUTENA MPEACTABIACTCS KPalHE BaXKHBIM, IIOCKOJBKY
TOHKOJMCIIEPCHAsT (pakuust Oojiee paBHOMEPHO pAaclpeAeisieTcss B CBA3YHOLIEH
KOMIIOHEHTE, TEM CaMbIM ITO3BOJISISI OJIy4aTh TOMOT€HHBIE COCTaBbl HA UX OCHOBE.
Takme cocraBpl MO3BOJSAIOT IIOJHOCTBIO W PAaBHOMEPHO IIOKPBITH  BCIO
3alUIIAEMYI0 TIOBEPXHOCTb M 3TO OOCTOSTENHCTBO 3aMETHO YBEJIMYMBAET
OTHE3alUTHBIE KaueCcTBa COCTaBOB. He MajoBa)KHBIM MpENCTaBIsAETCS U TOT (aKT,
YTO NP M3TOTOBJICHUU PA3IUYHBIX Kpacok Ooyiee MeliKash MUHepaiabHas (pakius
HAMHOTO JIOJIbIIE COXPAHSETCA BO B3BCIICHHOM COCTOSHUHM, TapaHTUPYs
COXPAaHHOCTb TOBAapHBIX KauyeCTB Marepuana B TEYEHUE [JIMTEIBHOIO BPEMEHHU.
IIpu 3TOM YacTUIBI IMCTIEPTUPOBAHHBIX 3€PEH MUHEPAJIa BEPMUKYJIUTA HE
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JOJDKHBI TEPSATh CBOMCTBA BCIYYMBAHUS, TaK KaK 3TO MPUBOIUT K YXYIILICHHUIO
TEIUIOQU3NUECKUX KA4eCTB MOJIydaeMOro Marepualia Ha ero ocHoBe. [[ns aTux
uccienoBaHu BblOpaHa aucnepcHas ¢pakuus Ne6 (tabm. 1) BepMHKyIuTa C
pasMepamu 3epeH 160< MKM, TOJTy4eHHAsI MEXaHUYECKUM CITIOCOOOM.

s ycTaHOBIIEHUSI ONTHUMAIbHBIX PEXKUMOB JJIsI MUHEpAJIa BEPMUKYIUTA C
pPa3IMUHBIMM pa3MepaMU 3€peH OBbUIM KMCCIIEIOBaHbI MX TEPMUUYECKHUE CBOMCTBA
(Tabsn. 2 u Puc. 1).

Tabauuna 2.
Pe3ysbTarsl HCHIBITAHUN TENJIOBOI0 BO31eHCTBUSA HA Pa3IMYHbIEC
AucHepcHbIe hpakuuy BepMHUKYJIUMTOBOro KoHeHTpara (BK)

Ne | @pakuust, MM | ITotepst Macchl, %| Lo, cM | Vioeme €M Vioene! 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

Ipumeuanue: Temneparypa, 700-750°C u Bpemst BeiAepKKH, 60 cex

W3 nmanHpIX Tabn. 2 BHUAHO, YTO C YMEHBIICHHEM pPa3MEPOB YACTHUIL
BEPMHKYJIUTOB, 3HAUEHHUS CTENEHEeW BCIy4YMBaHUS MX, KaK M OXHUIAJIOCH,
YMEHbILAIOTCA. 3HaY€HHUs MOTEPH MacChl B OCHOBHOM YBEJIMYHUBAIOTCS B CTOPOHY
Oonee menkux (pakiuii. CBONCTBO BCIYUMBAHMS COXPAHSETCA U JUIS (DPAKIMU C
HAaUMEHBIIMMH pazMepamu 3epeH (ppaxius Ne 5) u umeet 3Hauenue 1,16.

A A

Opaknus 3,0 - 4,0 mm Opaknus 0,5 - 1,0 mm



A A

@pakuums 0,25 - 0,50 mm Opaknus 0,16 <mm Puc. 1. Tepmorpammsl
Pa3IMYHBIX AMcnepcHbIX ppakuuii BK
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Jlns 6osee neTabHOro MPEeACTaBICHUsI TepMUUYecKux cBocTB BK B paznuuHbIx
JTUCTIEPCHBIX COCTOSIHUSIX, TTPOBEICHBI MX MU PepeHINATBPHO TEPMUIECCKHAEC
uccinenoBanus Ha nepuarorpage NETZSCH STA 409 PG/PC (Puc. 1.). Harpes
npoBoauiics B Bozayxe 10 S00°C co ckopoCThIo 3 Tpaji/MUH.

N3 mnonydennnix Tepmorpamm (Puc. 1.) BugHO, 4YTO C yBEJIMYEHHEM
muctiepcHoctd oT ¢gpakiuu Nel - (3,0-4,0) mMm, k ppakuusm Ne2 - (0,5-1,0) mm,
No3 - (0,25-0,50) mm u Ne4 - 0,16 < MM, KOJIMYECTBO MOTEPU MAacCChl, KOTOPOE
MIPOUCXOANT, B OCHOBHOM, 32 CYET MCHApEHHS BOJIbI, YMEHBIIAECTCS B CICAYIOIINX
KOJIMYECTBEHHBIX BbIpaxeHusx 5,43:4,64:4,48:3,93 COOTBETCTBEHHO, a TaKXe
HAOJTFOIAETCS TTOBBIIIICHUE WHTEHCUBHOCTH SHIOTEPMUUYECKUX A(P(HEKTOB B TOM Ke
nopsinke o0pas3oB. B o6pasiie Ned4 BTOpoit srmorepmudeckuii 3pdext B odmactu
temmeparyp 280-285°C modTH MOJHOCTHIO HMCYE3aeT. DTH W3MEHEHHUS CBS3AaHBI C
TEM 4YTO, B MPOIIECCE H3MEIIBUCHUS 3€pHA BEPMHKYJIUTA YK€ YCICHOT MOTEPATH
HEKOTOPYIO YacTh BOJABI COIEpXKallleicsi 1O H3TOr0 B €ro  MEXKCIOEBBIX
npocTpaHcTBax. lcuesHoBeHue B TepMmorpamme oOpasna Ned, Broporo
HAOTEPMUYECKOrO 3¢ (deKTa CBSI3aHO C TEM, YTO C YBEIHMUYEHHUEM JIUCIIEPCHOCTU
MOBEPXHOCTHAS TUIONIAJh Marepuaja YBEJIMYMBAETCS MHOTOKPAaTHO U BMECTE C
ATUM YBEIMYMBAETCS UX aKTUBHOCTH. [loaTOMY O0Jiee TOHKOANCIIEPCHBIE YaCTUIIbI
BEPMUKYJIUTA TIOYTH TIOJHOCTBIO TEPSIOT COAEpXKAIIylocs B HEH Bomy, IpHU
OTHOCHUTEIIbHO HHU3KHUX Temreparypax, To ectb mnpu 90,2°C (3HIOTepMUYCCKUN
addexT obpasia Ned B puc. 1.).

[IpoBogmiKch cCpaBHUTENbHBIC U3MEPEHUS KOADPUITUEHTOB TETLIOPOBO/
HOCTH IIMPOKO MPUMEHSIEMOTO0 3a pyOeKOM HaHOMOPOIIIKa JUOKCHIA KPEMHUS
Aspocun (hupma Degussa, ['epmanus) v BBICOKOAUCTIEPCHBIX MMOPOIIIKOB
BEPMUKYJIINTA.

Cxema co3manHOM B jaboparopuu «OHHO-TIJIa3MEHHBIX TEXHOJOTUH H
TEMJIOPU3UKH MHOTO(a3HBIX CHCTEM» HWHXEHEPHO-(QU3UYeCKoro ¢akyabTeTa
TalKeHTCKOro TOCyJapCTBEHHOTO TEXHMYECKOTO YHUBEpCUTETa HMEHU A0y
Paiixan bepynu, skCriepuMeHTanbHON YCTAaHOBKM ITPEACTABIICHA HA pHUC. 2.

B »skcnepuMeHTe HCMoONab30Bajach TOHKOCTEHHAs CTEKJIsiHHas koiba - (1)
paanyca Ry=0,05 M - (1). BuyTpb K0n0BI, 3a110JIHEHHONW HAHOTIOPOIIIKOM JTUOKCHA
KpeMHHUsI, ObUTH BBEJIEHBI TepMOMaphl B TPyOKe U3 proporiacra - (2) ¢ 3a1aHHBIM



otHocuTenbHO LIeHTpa r = 0 (3) r = Ry/2 (4) nosioxkeHueM, Mmoka3zaHusi KOTOPHIX
CHUMAJIUCh MylbTUMeTpaMu - (6 u 7). 3aTem konba momeranach B nedb - (5), B
KOTOPOH MoAAepKuBajgach nocrosinHag temneparypa 170°C. 3HaueHusi KOMHaTHOM
TEMIEPATYPHl IS SKCIEPUMEHTOB ¢ TapkocuiioMm, A3pOCHIOM U BEPMHKYJIUTOM
npuHUMauch 23, 27, u 25°C COOTBETCTBEHHO.

N3 pesynsraroB rpaduxoB (Puc. 3-113-3.) crnemyer, 4to Ko3(huUIIUEHT
TEIJIONMPOBOTHOCTA MaJI0 MEHSETCS BO BpeMs SKCIIEPUMEHTa, CIIeOBATENbHO,
MOYKHO HAWTH €T0 CpEIHEE 3HAUYCHUE:

nnst Tapkocuna — A= (2,67+0,03)- 107 Br/m>K

st Aspocuna — A= (3,25+0,07)- 107 Br/m>K

ans Bepmuxynuta — A = (44+0,1)-10° Br/m>K
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Puc. 2. YciaoBHasi cxema Puc. 3 - 1. 3aBucumocthb
IKCNEPUMEHTAIbHOI YCTAHOBKHU TeMIlepaTypbl OT BpeMeHH 1JIsl
JJI1 M3MePeHusl TeNJIONPOBOIHOCTH MOPOUIKA /IJIsl CMeCH IleMeHTAa
MOPOLIKOBbIX MATEPUAJIOB (M400) u TTB (npu 3V:V)

(O-Ha MoJIOBHHE pajuyca, O- B IIEHTPE)

A A

Puc. 3 - 2. 3aBucumoctb Puc. 3 - 3. 3aBucumoctb
TeMIneparypbl OT BpeMeHH [IJIs1 TeMIneparypbl OT BpeMeHH JIJIs1
NMOPOIIKA BCIYYEHHOI0 nopomka s SiO,
BEPMMKYJINTA

[Tony4yeHHble 3HaYeHUsE KO3PPUUHUEHTOB TEIUIONPOBOJHOCTH HAHOIOPOILIKOB



avnokcuga kpemHus (Tapkocmna u Aspocusia) M BEpPMUKYJIUTa Masbl IO
cpaBHEHMIO co cTeknoM (630-107° Br/M>K) u cpaBHMMEI ¢ Bozmyxom (24-107
B1/M*K '), uT0 Aenaer ux XOpomMrMH TEIOU30ISTOPAMHU.

Tpetbs maBa «Pa3paboTka BCIyYHBaIOIIMXCH OTHE3AIMTHBIX COCTABOB M
TeXHOJIOTM WX NOJYYEeHHUs)» JIUCCEpTAallMd TOCBALIEHA MOJIYYEHUIO U
UCCIIEJOBAHUIO  MOAM(DHUIIMPOBAHHBIX BEPMHUKYJIUTOB M HOBBIX COCTaBOB,
CBSI3YIOIIMX Ha OCHOBE HATPUEBOIO >KMJKOIO CTEKJIAa, a TaKK€ HOBBIX COCTAaBOB
OTHE3aIIMTHBIX MaTepuasoB.

N3ydyeHsl BIMSHUS pa3IMYHBIX pPEAreHTOB Ha (PU3MYECKOE COCTOSHHUE U
TEPMUYECKAE CBOWCTBA BEPMUKYJIWTOB NPU KX Pa3IUYHOM aucnepcHoctu. llpum
TOM TPUMEHSUIMNCh JIBa BHJA pPa3pabOTaHHbIX HaMu crocoba o00paboTKu
BEPMUKYJIUTOB.

B nepBoM criocob6e 06paboTkH, B Ka4ECTBE UCXOAHOTO ChIpbs Hcnonb3oBaiics BK ¢
pa3zmepamu 3epeH 160 < MkM, B KadecTBE MOAU(PUKATOPOB MPUMEHEHBI B
OCHOBHOM Heopranndeckue coiu B Buje 0,1%, 1%, 3%, 5%, 7% u 50%-HbIx
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BOJHBIX PACTBOPOB, a TAKXKE€ MUX HaCHIIIEHHbIE pacTBOphL. Hacwimenune npod BK
MonuduKaTopaMu TPOBOAWINCH B HOPMAJBHBIX KOMHATHBIX YCJIOBHUSIX B TCUCHUE
Heckobkux cyTok. [locnme mepememmBanust BK ¢ pactBopom momuduxaropa, B
OOBEMHBIX COOTHOIICHHMSIX 1:3  COOTBETCTBEHHO, OOpa30BaBIIYIOCS CMECh
BbIIEpKUBaIN 120 1HEN, NEPUOANYECKH TTIEPEMEIINBAS 3a 3TO BPEMS.

Bo BropoM crmocobGe mnpousBoAUTCA JByXcTaauiiHas oOpabotka BK ¢
MuHepasbHbIMU KuciioTaMu HNO; u H;PO, n nanee momudukaropamu (Na,SiO;,
Na,CO;, NaOH wnmu NH,OH). B pesynprare 3THUX SKCIEPUMEHTOB IOTYUYEHBI
BEPMHUKYJIUTHI CIEAYIOUIUX THUIIOB: BEPMUKYIUT C MOHUKEHHOW TeMIIepaTypou
BcnyurBaHus - BKM-1, BepMUKYIUT C pacTsHYTOW B CTOPOHY BBICOKMX 3HAUECHUI
TeMneparypou Bcryuusanus - BKM-2.

Janee  monydeHHble  O0Opaslbl  MOAU(MDUIIMPOBAHHBIX  BEPMHKYJIHUTOB
MOJIBEPIIINCh TEPMUUYECKOMY BO3JICUCTBUIO B pa3fWuHbIX ycioBusix. [IpoBeneHsl
u3MepeHus kodhuimenTo BermyunBanui, npu temmneparype 600°C B teuenue 5
MUHYT, & TAKXKe CHSATHI TEPMOTPAMMBbI TTOJTYYEHHBIX 00pa31IoB.

Y 00pa3ioB BEpMUKYITUTOB MONTy4YeHHBIX MTpH ManbixX (0,1%) v MOBBIIIEHHBIX
(50% u Gosee) KOHIIEHTpALUSIX PEareHTOB, [0 CPABHEHUIO C UCXOHBIM 00pa3lioM
BEPMUKYJINTA, B 3HAYECHUAX KOI(PPUIIMEHTOB BCITyIHMBAaHUYN 3aMETHBIX HIMEHUHN HE
HaOmomaetcs. [Ipu cpeqHuX 3HaYEHUSIX KOHIICHTpAui pacTBOpoB (5 u 7%)
peareHToB y o0pabOTaHHBIX UMH 00pa3liax BEpMUKYJIUTOB, HAOIIONAINCH
3aMETHBIE TTOBBIIIEHUS B 3HAYEHUSIX KOA(DPUIIUEHTOB BCITyYUBAaHUS IO CPABHEHUIO
C UCXOTHBIM BepMHKYIUTOM (0T 1,16 10 1,80-2,00). Takum ob6pazom, ucxons us3
3HaYeHUHN K03(PPUIIMEHTOB BCIyUHBAHUS, @ TAKXKE U3 PACXOyeMOTO KOJIMYECTBa
MOJIU(DUITUPYIOIIETO PeareHTa MOKHO 3aKJIF0YUTh, UTO JIJIsl TPAKTUYECKOTO
MIPUMEHEHUS 11€J1IeCO00Pa3HO UCTIOIB30BaTh BEPMUKYIIUTHI, 00pabOTaHHBIE C
pacTBOpaMH CO CPEHUMHU MPOLIEHTHBIMU 3HAYCHUSIMU.

J1st otieHku 3 HEeKTUBHOCTH MOTYUYEHHBIX 00pa3ioB MOAUPHUITUPOBAHHBIX
BEPMUKYJIUTOB UCCIIEIOBATIUCH UX TepMudeckue cBoiicta (Puc. 4.).



A

1 - BK ¢ pazmepom 3epen 160 < mMkm, 2 - 1 - BK ¢ pazmepom 3epen 160 < mkm, 2 - BK
BK aktuBupoBanHbIi 0pTOhoCHOpHOI aKTUBUPOBAHHBIN a30THON KUCIOTOH, 3 -
kucnoroii, 3 - BKM-2; BKM-1

Puc. 4. TepmorpaMmMbl AKTUBHPOBAHHBIX U MOIN(PUIMPOBAHHBIX
TeOuHOYJJaKCKMX BEPMUKYJIUTOB
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AHanu3bl ¥ pacyeThl MO PHC. 4. MO3BOJISIOT CAEIaTh CACIYIOIINN BBIBOI: TIPH
HAJIMYMK B OTHE3AIIUTHON CMECH aKTUBHPOBAHHOTO U Jlajiee MOAU(PHIIMPOBAHHOTO
BEPMUKYJIUTA, Ha NPOTSHKCHHWH BCEr0 BpPEMEHH BO3TOpaHUs, Takas CMeCh
(G (GEKTUBHO MPOSBISCT AHTHUIIMPEHOBHIE KAaueCTBa, aKTHBHO IMPOTHUBOIIOCTABIISS
OTHEBOMY  (pOHTY  BO3AYIIHBIE IMPOCIONKKM M3 MapoB  BOABL.  Takue
MOCJICIOBATEIbHO 00pa3yIoNUecss BO3AYIIHBIC MPOCIONKH, MPOSBISIONINECS B
obmactu 100-200°C, 300-500°C u 600-900°C 3aMeTHO IMOHMKAIOT TEMIIEpPaTypy
OrHeBoro (hpoHTa, 3aJCpKUBas Ha ONPEACICHHOE BpeMsl pPaclpOCTPaAHCHUE
OTKPBITOTO TUIAMEHM U 3aMeIJIsis Hauaao (Da3bl aKTHBHOTO TOPEHUS.

Ha ocHOBe NpOBEICHHBIX J1a0OPATOPHBIX 3KCIIEPUMEHTOB pa3paboTaHa
TEXHOJIOTHS TIOJyYEeHHSI aKTUBHPOBAHHBIX M MOAM(PHIIMPOBAHUX BEPMHUKYIUTOB
TeOunOynakckoro mecropoxaenus (Puc. 5.). JlaHHas TEXHOJNOTHS TO3BOJISET,
MOJTyYaT BEPMUKYJIUTHI C PA3IMYHBIMH 3aJaHHBIMH CBOWCTBAMH. DTO, BEPMUKYJIUT
c Oomee HH3KOH TEMIIEpaTypol BCIIyYMBAaHUS, BEPMHUKYIHT C OTHOCHUTEIBHO
OOJIBIIIMM MHTEPBAIOM TEMIIEPATYPOI BCIYYMBAHUS, TUAPOPOOHBINA BEPMHUKYIIUT H
ApyTHeE.



Puc. 5. TexHosornyeckasi cxeMa noJiy4eHusi AKTUBUPOBAHHBIX U
MOAU(PUIMPOBAHHBIX BEPMHUKYJIUTOB

P33p2160TaHHa$I TCXHOJIOTHYICCKasd CXEMa COCTOUT M3 CIICAYIOINX OCHOBHBIX
yacreit: 1 - HaCocC, 2 - eMKOCTh I IIPUTOTOBJICHUA BOAHOI'O paCTBOpPA pCarcHTa
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(HNOs;, H;PO,, Na,Si105); 3 - peaktop; 4 - MEpHUK; S5 - XONOAUIBHUK; 6 -
MIPOMEKYTOUHBIA €MKOCTb; 7 - EMKOCTb JIJIsl CTOYHBIX BOJ; 8 - puuibTp. [Iponece
00pabOTKKU BEPMUKYIIUTOB OCYIIECTRISETCS B cieayromiem nopsake (Puc. 5.):

B emxoctu (2) rotoBuTcs pacTBOp MoAuGHUKATOpa B HYKHOM IMPOLIEHTHOM
cootHomieHnu. Ilocne 3Toro rotoBeI pactBOp ¢ mnomouipro Hacoca (1)
3akaunBaetrcs B peaktop (3). Janee pacueTHoe koanuecTBO TOHKoAUcepcHoro BK
3arpy’aercs 1o MNOpHusM B peakrop (3) B MOCTOSHHOM IepeMElIMBAaHUU. 3a
BpeMsi J0OABJICHHsSI M TIEPEMEIIMBAHUSI PAacTBOpa peareHTa M TOHKOAUCIIEPCHOTO
BK peaktop (3) narpeBaerca no 60-70°C. OOmas Bpemsi JJjisi BCEro mpoiiecca
cocTaBisieT 10 12 gacoB. ['oToBas cmech, U3 peakrtopa (3), Mpu nepemMenInBaHuy,
MOPLMSIMU BBUIMBAETCS B MPOMEXKYTOUHBIH eMKOCTh (6) U Jajnee BbUIMBaeMas W3
peakTopa cMmech (cycmeHsusi) nopuusmu Quiasrpyercs depes ¢unstp (8). Janee
MOJIy4eHHAasi Macca CyIINUTCS.

[Io pa3pa®oTaHHON MAHHOW TEXHOJOTWH TMOJYYEHBl pa3JIMYHbIE BUIBI
MOIU(DUITMIPOBAHHBIX BEPMHUKYJIUTOB, KOTOPHIE 3aT€M MPUMEHEHbI MIPH MOIYYECHUU



3¢ (HEKTUBHBIX HOBBIX COCTABOB OTHE- M TETIO3AIIUTHBIX MaTEpUaIOB
B detBeproii maBe auccepranuu « BiausHue Ha M0Kapo0e30NMacHOCTh
CTPOUTEJbHBIX MATEPHAJIOB MOJY4Ye€HHbIX OTHE3AIUTHBIX COCTABOB)
PUBEACHBI PE3YIBTAThl IKCIIEPUMEHTOB TI0 OIleHKe A(D(PEKTUBHOCTH MOTYIECHHBIX
OTHE3AIIUTHBIX MTOKPBITUM, & TAKKE UCCICAOBAHUIO BIUSHUS UX HA TIOKAPHO
TEXHUYECKUE XapaKTEPUCTUKU CTPOUTEIbHBIX MaTEPUAJIOB (IpeBECUHA U METAJLN).

CornacHO HOpPMAaTUBHBIM JOKyMeHTaM AS()(PEKTUBHOCTh OTHE3ALUTHBIX
CPEACTB JUIsl CTaJbHBIX KOHCTPYKLMH OMNpEeAeNsieTCS BPEMEHEM JIOCTHXKCHUS
kputnueckoit  Temmeparypsl  (500°C)  crammaptHoro oOpasma  CcTauM ¢
OTHE3AIIUTHBIM MMOKPHITUEM MIPH TETJIOBOM BO3/ICHCTBUU.

[IpoBeneH HSKCMEPUMEHT 110 BBISBICHUIO OTHE3alUTHON 3(h(EKTUBHOCTH
MOJIYYEHHOTO  MOKPBITUS €O  CIEAYIOIIEr0o COoCTaBa JUisl  METAJIMYECKHX
noBepxHocteH: 20 macc. % wmommbunupoBanusie BK, 20 macc. % mopormika
BCIIy4YeHHOro Bepmukynura, 30 macc. % kaonuHoBoro mopomka u 30 macc. %
CYXOro KOHIIEHTpaTa HaTPUEBOTO CTEKIIA.

CoctaBHbIE MOIYIH MNPOBEICHHOTO 3KCIIEPUMEHTA MPUBEIECHBI Ha puc. 6..
Bpemsi, B TeueHWe KOTOPOTO HarpeBajach MeETalUIMYecKass IUIaCTUHA U
dbuKcupoBagach TeMIeparypa ¢ MPOTHUBOIOJIOKHON €€ CTOPOHBI, cocTaBisuio 150
MuHYT. Temmeparypa MeETaUIMYECKOW TUIACTUHBI OMpENeNsjack € TOMOIIBIO
TepMONaphbl XpoMelb-alifoMenb. Ilocme AByX YacoB HarpeBaHMsl IUIACTHUHBI C
MOKPBITHEM BU3yaJIbHO HE OBUIO OOHAPYKEHO KaKMUX-THOO 3aMETHBIX HAPYIICHHMA
MOKPBITHUA.

Ha puc. 7. noka3zanbl TeMneparypbl METaLIMYeCKON (CcTayib Y-3) IIacTUHBI
wromaneio 100 M’ TONIIUHOMN 1,2 cM mpu HarpeBaHuUM OJIHOM €€ CTOPOHBI B
TEUeHHWE JBYX dYacoB mpu Ttemmeparype 860-900°C: 1-0e3 oOrsesammTHOrO
MOKPBITUSL, 2 - C OTHE3alUMTHBIM MOKpbITHEM Toimmuon 0,12 cm, 3 - ¢
OTHE3alUTHBIM NOKpeITHEM TommuHOW 0,25 cm. Ilokazansl TemIeparypHbIe
KpUBBIE 32 IEPBbIM Yac HarpeBaHus MIacTuHbl. M3 3TOro BUIHO, uto nocie 15 - 20
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A A

Puc. 6. Cxema 3xkcnepuMeHTa 1no Ka4eCTB MOKPBITHI HA
HU3MEpPEeHMI0 OTHEe3aAIMTHBIX MeTAJJIMYeCKOH MOBEPXHOCTH



Puc. 7. Pe3yabTarbl JKCIIEPUMEHTA METAVIHYEeCKOM IMOBEPXHOCTH
10 OIleHKE OTHEe3AIUTHOM
3¢ PeKTUBHOCTH NOKPHITUA HA

MUHYT HarpeBaHMs pa3HHIIA B TeMIIepaTrype Ha KpuBbIX 1 u 2 cocraiser 55-60°C,
a pasHUIlA TeMmIeparypbl Mexay KpuBbiMH 1 um 3 cocrtaBiaser 130-135°C wu
COXpaHsAETCS IO KOHIA 3KcriepuMeHTa B TedeHnn 150 munyT. [lo pe3ynpraram
ATUX MCCJIENOBAaHUN OBLJIO YCTAHOBJIEHO, YTO JJISI TOJYYEHHOTO MOKPBITHUS
3HadyeHUe BpeMeHH IPGEKTHBHON 3alMTBl OT BO3ACHCTBUN  OTHS NS
METAJUTNYECKUX U3JETUi cocTaBuiio 90 MUHYT.

TonmuHa OrHe3alMTHOTO NOKPBITUS n3MeHs1ach oT 0,10 cm 10 0,25 cm. Tlpu
MaKCUMaJIbHOW ToNIIMHE TOKpeITUS (=0,25 cM) MOXHO OBUIO TOHHU3UTH
temreparypy ImiacTuabl Ha 135°C (OTHOCHTENBHO IUIACTHHBI 0€3 TOKPBITHS).
Pa3mepsl 3epeH BceX BEPMUKYJIUTOBBIX MOPOIIKOB COCTaBIsAEeT 160 MKM I MEHBIIIE.
Takum obOpazom, paccMarprBaeMblil COCTaB, coliepxKauun 20%
monuduimpoBanubix  BK, 20% mnopomika BcmydeHHOTo BepMmuKyiauTa, 30%
KaoJIMHOBOTO mopomka U 30% Ccyxoro HarpueBOro CTEKja, MO3BOJSET 3aMETHO
CHU3UTH TEMIEpaTypy TOPEHHs, UMEs HU3KUE TEIUIONPOBOISIINE CBOMCTBA YXkKe
IIPH OTHOCUTEIBLHO HEOOJBIINX TONIIMHAX 3amuTHOro cios (mopsaka 0,20-0,25
CM). DTO 0OCTOSITEILCTBO B PSI/IE CIyYaeB MOXKET OKAa3aThCsl PEIIAOIINM (PaKTOPOM
B 3ajJaye BhIOOpa THUMA OTHE3AIIUTHOTO TIOKPHITUS [JI JEPEBSIHHBIX U
METAUTMYECKUX KOHCTPYKIIMI U MaTepHUaoB.

[IpoBeneHbl UCHBITAHUE OTHE3AIMMUTHOW S(O(PEKTUBHOCTU TMOKPHITHUI IS
npeBecunbl, cornmacHo ¢ yciuoBusamu ['OCT 16363-98 «CpenctBa OorHe3amiuTHbIC
uisl apeBecuHbl». CyIIHOCTh METOAA 3aKJII0Yaiach B ONPEICICHUH ITOTEPU MACCHI
oOpa3na JapeBecHuHbl, 00paOOTAaHHONW HMCIHBITHIBAEMBIM MOKPBITUEM, MPU OTHEBOM
BO3/ICHCTBHUH B YCJIOBUSX, ONArOMPUSTCTBYIOIINX aKKyMYJISIINH TETLIa.

HccnenoBanbl TOKPHITUS CAEAYIOMMX cOCcTaBoB (Macc. %): 1 - BK 15%,
BCIYYEHHBbIN BepMUKYIUT 15%, kaonuH 10%, koHLeHTpaT *)uakoro crekna 60%; 2
- BKM-1 - 20%, BKM-2 - 10%, BcriyueHHb1i BepMUKYIUT 20%, kaonun 10%,
KOHIIEHTpaT xKuakoro crekia 40%; 3 - BKM-1 - 15%, BKM-2 - 10%, BciyueHHbIi
BepMHUKYIUT 25%, kaonuH 10%, cyxoil koHLleHTpaT xkuakoro crexia 40%.

47
Ta6auna 3.
Pe3yjbTaThl HCHIBITAHUN 10 OLIEHKE OTHE3AINUTHON 3 (PEeKTUBHOCTH
MOKPBITHH HA OCHOBE KUJIKOI0 CTEKJIa
No Macca obpasa, Temneparypa, [Toreps [Tpume
m, Tp. °C Macchl, Am YaHUEC
I[O HOCHe THa‘{. TKOHC‘{. rp %
1 144,2 134,4 202 334 9,8 6,8 | He roput
2 140,4 135,9 201 316 4,5 3,2 | He ropur




3 142,6 134,1 201 326 8,5 5,9 | Heropur

IIpumeuanusi: 1) Bpemst Bo3zaelicTBug OrHS JBe MUHYTHI; 2) B Talnuue npuBeneHb
yCpeHEHHbIE BEJIMYMHBI 110 NTOTEPE MAcChl IO pe3yibTaTaM Cepuil ucnbTaHui Ha obpasuax (10
00pas3IoB B KAXKIOU CEPHH).

Pesynbrarel Tabmuibl 3. MOKa3bIBalOT, 4To comiacHo TpeboBanusiMm ['OCT
16363-98 Bce mokpeiTusi ¢ cocraBaMu Nel, Ne2 m Ne3 ortHocsarcs k [ rpynme
orHe3amMTHOW 3P dekTuBHOCTU. TakuMm 00pa3oM, TMOJYYEHHBIE PE3yIbTaThl
MOKA3bIBAIOT OTHE3AMIMTHYIO0 3()()EKTHBHOCTh MOITYYEHHBIX cOCTaBOB. OCOOEHHO
ATO 3aMETHO B MOKPBITHSX C cocTaBamu Ne2 m Ne3, copepkamux B COCTaBax
HOBbIE MOAM(PUIIMPOBAHHBICE BEPMUKYIUTHI, KOTOpPHIE HMMEIOT CaMble HU3KHE
MOTepU MACChl M TEM CaMbIM IMOKa3bIBAIOT BBICOKHE 3HAYEHUS OTHE3AIMTHOU
3¢ GEeKTUBHOCTH ISl APEBECHBIX MAaTEPUAIIOB.

Jlanee nyisi vicciieIOBaHUM OTHE3AIIMTHBIX CBOMCTB Ha JIEPEBSIHHBIX OpyCKax
obpasznax ¢ pasmepoM 90x55Xx25 MM 1Ji HCIBITAHWN TOATOTOBJIEHBI COCTaBBI
OTHE3AIIUTHBIX KPACOK CJEIYIOIIEro THUMA: «OTHECTOMKHM TEeIUIOM30SUOHHBIN
HalOJIHUTENb» + «BSOKYIIAass KOMIIOHEHTa» + «IOJUMMEpPHas KOMIIOHEHTa» C
comepxanuem HanoinHutenss oTr 8% nmo 95%. B cocraBe OrHe3ammuTHOU
KOMIIO3UIIUM B KauyeCTBE OTHECTOMKOIO TEIUIOM3OJISIUOHHOTO HAIOIHUTEIS
MCITOJIb30BAIMCH HE BCIIyUYE€HHbBIN BEPMUKYJIUT - MOPOILIOK ¢ pazMmepom 3epeH 40-
160 MKM, BCIy4eHHBIM BEPMUKYJINT € pa3MepoM 3epeH nopsaka 40-80 Mkm u
KAOJIMHOBBIY MOPOIIOK € pazMepoM 3epeH 40-80 MKM.

C Hcnonb30BaHUEM B Kau€CTBE MOJIMMEPHON KOMIIOHEHTHI alKUIHON KpAacKu
ObUIO MOATOTOBJIEHO CEMb OTHE3AIUTHBIX COCTABOB, KOTOPBIE MOIMEUIMBAINCH K
Kpacke B COOTHOIIEHUHU 1:1 ¥ 00pa3oBBIBaIM LIBETHOE OTHE3AIIUTHOE MOKPBITHE.
HcnbiTaHO CceMb CHENYIOIMX OTHE3alllUTHBIX COCTaBOB, MPUMEUIMBAEMBIX K
ankugHol kpacke: 1) xaomuH 10% + xuakoe crekno 90%; 2) BCIydeHHBIN
BepMUKYIUT 42 % + chipoil BepMUKYIUT 8% + xuakoe ctekiio 42% + xaonun 8%
3) He BCIy4eHHBIH BEpMHUKYIUT 95% + xuakoe crexno 5%; 4) He BCIyYEHHbIN
BepMUKYIUT 75% + xuakoe ctekio 25%; 5) He BcmyuyeHHbIM BepMUKYauT 50% +
*kunkoe cteksio 50%; 6) He BcmydeHHbIM BepMUKYIUT 10% + xuakoe ctekino 90%;
7) xuakoe creksio 50% + 6enronut 40% + He BcyueHHbIN BepMuKyauT (Puc. 8).

[Ipn wucnpiTaHUSIX OOpa3loB HAOMIOAAINCH CIEAYIOMIUE BUIOM3MEHCHHUS B
obpaznax. [lo ucreyenun 7-8 MUHYT TEIJIO HAYMHAET JOCTUTATh JIEPEBSIHHOM
OCHOBBI W TeMIIepaTrypa OTXOASIIUX Ta3oB jpocturaer 165-170 °C. Bpyckwu,
MOKPBITBIE COCTABOM C 95% He BCIIyYEHHOI0 BEPMUKYJIUTA BbIIECPKUBATIU
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A

123
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Puc. 8. O6pa3ubl 00padoTAHHBIX OTHE3AIMUTHBIMU COCTABAMU JIPeBECUH
(10 ucnbITAHUI)

temneparypy 750°C B Teuenum 486 cexkyHn (Gonee 8 MUHYT), a OpycKH ¢
MOKPBITHEM, coAepKamuM 75% He BCIYYEHHOIO BEPMUKYJUTA, BBIIECPKUBAIU
temneparypy 750°C B Teuenun 424 cexynp (oxono 7 munyt). [Tocne 1-2 MmuHyTaXx
UCIIBITAHUSl TIOKPHITUE HA HUX HaYMHaiIa OOYIJIMBAaThCS W BCIyYHBAThCS; CaMU
OpyCKHU TpH ATOM MPAKTUUYECKU COXPAHSIIN CBOIO 1eN0CcTHOCTD. [locnenyromue 2-3
MUHYTHl BUIUMAas KapTHHA BHEIIHETO BUAA OpYyCKOB MPAKTHUYECKH HE MEHSIACh.
[Tocne 7-8 MUHYT UCTIBITAHUS Ha49aJIa 0OyTIIMBATHCS TTOBEPXHOCTH 00pasia.

A

1234
567

Puc. 9. O6pa3ubl 00padoTAHHBIX OTHE3AIMUTHBIMU COCTABAMU JIPeBECUH
(mocJsie UCIBITAHW)

OrsHe3aluTHBIE MOKPBITHS, COAEPXKAIINE BEPMHUKYIUT B KonudecTBe 8-10%
HauMHaJIM 00yruBaThesa Ha 3-4 muHyTax. bpycok Nel ¢ 3alMTHBIM OKPBITHEM Ha
OCHOBE KAaOJIMHOBOTO ITOPOIIKa BbIIepkuBasl Temmeparypy 5S50°C okono 3 MHHYT.
A Opycok Ne7 ¢ MOKpBITHEM Ha OCHOBE JKHMJIKOTO CTEKJIa U OCHTOHWTA HAUYMHAI
oOyTIIMBaThCA ¢ MaJioi cTeneHbio nenoodpaszosanus (Puc. 9).

[lo pesynbraram HU3MEpeHMi, KOTOpbIe MpHBeneHb B Tabmuie 4. ObUIO
YCTaHOBJIEHO, YTO HAMOOJbIIAs TEMIIEpaTypa OTXOIIINX Ta30B HAOMIOqaNach Ipu



HUCIIBITAHUHN

KOHTPOJIbHOTI'O

obOpasia

(6e3

OIrHC3allIMTHOI'O

MOKPBITHS).

KonTponbHbIi 00pa3en npu BHECEHUU B €4Yb Ha4aJl aKTUBHO ToOpeTh U uepe3 120
CeKyHJ norepsin 16% macchl - UMeNn CHIIbHO OOYNIIMBIIYIOCS TIOBEPXHOCTb.
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Taoauua 4.
Pe3yabTaThl OrHEBbIX UCNIBITAHUM IePEBAHHBIX OPYCKOB pa3Mepom
90x55x25 mm
No | Macca o6pasua, r | [Torepst maccel | Temmepa CocrosiHue
Typa Opycka-obpasma
o ITocne | Am % OTX}(])ELﬂm by P
WICII. HCII. X T'430B
°C
Kont. | 106,8 89,7 17,1 16 185-188 [Tpu
MOCTYIUJIEHUU
BO3/lyXa TOPUTH
1 118.4 110,1 8,3 7,0 170-175 [Tpu
MOCTYIUJICHUU
BO3/1yXa rOpUTh
2 122,0 111,2 10,8 8,8 177-180 Maioe oTclioeHue
3 139,8 137,0 2,8 2,0 150-155 Manoe oTcioeHHue
4 109,8 104,3 5,5 5,0 145-157 Maroe oTciioeHue
5 121,6 117,8 3,8 3,0 145-155 Manoe oTrcinoeHue
6 137,2 129 8,2 6,0 170-172 Mainoe
OTCIIOCHUE
Hauan ropers
7 129.4 117,8 11,6 9,0 178-180 OOyrnuBaHue
IMpumeuanue. Temneparypa ucnbiranuii 700-750 °C.
CaMbIMH  OTHECTOMKMMH  OKa3aJIMCh OPYCKH, TOKPBITBIE COCTaBaMHU,

conepsxkamumu 95,0 75,0 u 50,0 macc. % He BCIIy4eHHOTO BEPMUKYJINUTA — 00pa3Libl
¢ Homepamu 3, 4 u 5. Ilpu ucnpiTaHUsAX OPYCKOB MOKPBITHIX OTHE3AIIUTHBIMU
cocTaBamM, HaOdroanach cieayiouias AUHAMUYecKas KapTHHA IPOUCXOISIINX
IIPOLIECCOB, OIpeAesseMas MO TEMIEPAType OTXOAAIIMX ra3oB. B teuenum 5-6
MUHYT TeMIIepaTrypa OTXOISIINX ra3oB cocrapisuia 145-155°C, uro yka3wiBaio Ha



MeHbIIIMe 3HaYeHus1 3 (HEKTUBHOCTU TOpeHUs: 00pasiia.

B nmgroit mmaBe guccepranuu  «Pa3padorka cpeacTB obOecnedeHUs
MOKAPHOH 0€30IMACHOCTH 31aHMH W COOPY:KeHMiD» IPUBEICHBI PE3YJIBTATHI
UCCIICIOBAHUM 0 MOJYYEHUIO W HUCCIEAOBAHUIO HOBBIX CPEACTB OOECIEUCHUS
MOKapHOW O€30MacHOCTH 3JaHUW U COOPYXKEHUHM, TaKMX KaK OTHETYIIAIue
COCTaBbl U OTHETEIUIO3AIINTHBIE MPETPALBI.

VYibTpa3ByKOBBIM METOJIOM TOJYY€Hbl CTAOWUJIbHBIE CYCIIEH3UMM MHUHEpalia
BEPMUKYJIUTA. B MPOIEHTHOM COOTHOIICHUH OTHOIICHHE JKHUJIKOCTH/TBEPIOE TEIIO
COCTAaBJISJIO: XKUAKOCTh OT 99,522 % no 98,140 % u tBepaoe Teno ot 0,478 % no
1,860 %. B kadecTBe XUIKON cpelbl NPUMEHsUIach Boaa. MHTepBanm BpeMeHU
00pabOTKH CMECH KHUIKOCTh/TBepAoe Teno cocrarmsuio or 0,4 g0 3-X yacos.
UccnenoBano  Bnusituue pH-cpenbl Ha  3QQPEKTUBHOCTH  YABTPa3BYKOBOTO
JTUCTIEPTUPOBAHUS U TIONydeHHs cycrien3uii. Obmacts uccnenoBanuii pH-cpems
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COCTaBWJIO OT cwibHOKUCIOTHOTO (pH=3-4) no cunsHomienounoro (pH=9-10).
BreIsiBIICHO, YTO KHCIOTHBIE M IIEIOYHBIC PEarcHTHl IOJIOKUTEIHLHO BIUSIOT Ha
() (PEKTUBHOCTD TUCIIEPTUPOBAHUS MHUHEpaja BEPMHUKYIHTA MPHU YIBTPa3ByKOBOM
BO3JICUCTBHUH.

A A

Puc. 10. CaumMku Tonorpauy noBepXHOCTH HAHOYACTHUI] BEPMHUKYJIUTA
(1eBasi) U 3epHOBOE paclnpeae/eHUe M0 pa3Mepam 4YacTHIL

HccnenoBanust  mokKasajad, YTO B 3aBUCUMOCTH  OT  COOTHOIIECHUS
KUAKOCTH/TBepHoe Teno, pH cpenpl, BpeMeHU BO3ACHCTBUSA, HMHTEHCHUBHOCTHU
YacTOT yJABTPa3BYKOBOTO TIOJIE MOXHO TMOJYYUTh CTaOWUJIbHBIE CYCIEH3UHU
MHHEPAJIA BEPMHUKYJINTA, KOTOPHIE HE OCENAIT B TEYEHHE JAOJIroro Iepuoaa
BpeMeHu. [1o HammM HAOIIONEHHUSIM ATOT EPUO COCTABUII OOJIbIIIE OJTHOTO TO/Ia.
[Tony4yeHHBIE CyCTIEH3HMH MOCTYKIJIA OCHOBOM Mpu pazpadoTke YHPeKTUBHBIX
KUJKUX U TIOPOIIKOBBIX OTHETYIIANINX COCTABOB.

Ha ckanupyromem 30Hm0BoM  mukpockorne  SolverNEXT  (Poccus)
uccienoBana cBerias (asa momydeHHOW cycreH3uu Bepmukynuta (Puc. 10.).
[Tonyyensl cHUMKHA Tomorpaduu TMOBEPXHOCTHM HAHOYACTUI[ HA OCHOBE
BEPMHUKYJIUTA, & TAKXKE PACCUMTAHbl UX 3€PHOBOE PACIpPENECIEHUE MO pa3Mepam



YacTHII.

Tonorpadus noBepxHoctu HaHouyactull (Puc. 10, neBas) mokaspIBaeT, 4To MO
onHoMy u3 mapamMerpoB (h - BeIcOTa) MakcUMalabHOE 3HAUCHUE HAXOAMUTCS B
npeaenax 250 uvM. U3 Broporo cHuMKa (mpaBas) MOXKHO YBHUAETh, 4YTO
pacnpenesieHde Mo pa3MepaMm 4acTull Haxoautcs B mpeaenax oT 50 mo 400 Hw.
MakcumMyM pacrnpeaesieHus: IPUXOAUTCs Ha YacTUIlhl ¢ pazmepamu 2507300 Hwm.

[enpto moMydyeHHs CyCHEH3UM C  BBICOKOAMCIEPCHBIMU  YacTUI[AMU
BEPMUKYJIUTA SBISUIOCH M3YyYEHHWE HX BIHMSHUS Ha TOPIOYECTh JIPEBECHBIX
MaTepHaJiOB, a TAK)KE OIICHKA UX OTHETACSIINX CBONCTB.

BrniepBbie anpoOupoBaH U MPEAIOKEH HOBBIM CIOCOO OIEHKHU YPPEKTUBHOCTH
KUAKAX OTHETYIIAUX COCTaBOB. D(P(EKTUBHOCTh MOJYUYEHHBIX CYCHEH3UN
OLICHUBAJIUCh TOCPEACTBOM H3MEPEHMS] TEMIEparypbl OTXOIAIIMX Ta30B,
BBIICTISIIOIUXCA TPU  TOPEHUH O00pabOTaHHBIX OOpa3loB JPEBECUHBI, U3
KepaMu4eckoil TpyObl Ha ycTaHoBke «Kepamuueckas TpyOay.
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Hwxke npuBomsTcs pe3ynbTaTbl HCMBITAHUNA 10 OIeHKE 3(PPEKTUBHOCTH

BBICOKOKOHIIEHTPUPOBAHHON CYCIIEH3UM CIEAYIOIIero cocraBa: OeHTOHUT - 387,1

rp, Boga 600 rp, runpokapOoHat Harpust 67,1 rp, TOHKOAUCHIEPCHBIA BCITyUYEHHBIN
BepMHUKYIUT 36,6 Tp (160 < MKM), a Tak»Ke CyCIEH3UHN COIepKAIUX HAHOYACTHUIIbI

MuHepasia Bepmukynura. Ha puc. 11. moka3zansl pe3ynbTrarbl UCCAEIOBAHUS

BIIMSTHUS OTUX CYCIIEH3HI Ha BpeMs Hauajlo ropeHus apeBecunbl. Kak mokazaHo

Ha puc. 11., Nel —

ATO MOKA3aTellb TEMIIEPaTypPhI

OTXOJIAIIHNX Ta30B, B 3aBUCUMOCTH OT

BPEMEHU HarpeBaHusi, 00pabOTaHHOTO

0OBIYHOM BOAOW 00pasiia IPEeBECUHBI.

JIvaum No2-1 u Ne2-2 3710 nmokazarenu

A TEMIIEPATypP OTXOASAIIUX I'a30B, B

3aBUCUMOCTHU OT BPEMEHH HarpeBaHUS

00pabOTaHHBIX BEPMUKYITUTOBBIMU

CYCHEH3USIMU 00pa31ioB IPEBECHUHBI.

O6pa3zer; Ne2-1 310 mokazarens oOpasia

JPEBECUHBI, 00pa00TaHHOTO OCHTOHUT —

O6pazen; No2-2 370 mokaszareib

oOpasna ApeBeCcUHbI, 00PaOOTaHHOTO

TeMnepaTypbl BHIXOAALIET0 CyCIIeH3HUEH, TOTy4eHHOH Ha OCHOBE
TEINJIOBOT0 MOTOKA OT BpeMeHH HAHOYACTHII

BEPMHUKYJIUTOBOM CYCIIEH3UEH.
BepMUKYIUTOB. M3 cpaBHeHusa muHud Ne2-1 wu  Ne2-2 BujgHO, 4YTO TIpU
OTHOCHUTEJIBHO MaJIbIX Pacxo/lax BEPMHKYJIUTCOAEPKAIIUX HAHO(IIOUIOB MOXXHO
JOCTUYb OJMM3KUX MOKa3aTesei kak B oOpasie 2-1. bonblas pazHuia BoO BpeMEHU
Hayasa ropeHus o6pas3noB Nel u Ne2 moka3zpiBaeT 3(h(pEeKTUBHOCTH CyCTIEH3UIA,
MOJIYYEHHBIX C BBICOKOJUCIIEPCHBIMU YaCTHIIAMU BEPMHUKYJIUTOB, B KAUECTBE
KUJKNAX OTHETYIIAIUX COCTaBOB.

Puc. 11. 3aBucumMocTthb



Taxxe B paboTe MOIYYEHbI U MCCIEIOBAaHbI HOBBIE COCTaBbI JBYX THUIIOB
BEPMHUKYJIUTCOAECPKAMMNX  KOHCTPYKIMOHHO-TEIUIOM3O0SALMOHHBIX  IUIMTOYHBIX
MatepuasioB. OOpas3upl MarepuanoB IMOJXY4YEHbl W3 CIEIYIOIIUX OCHOBHBIX
KOMIIOHEHTOB:  TOHKOIWCIEPCHBIM  BEPMUKYJIMTOBBIM  KOHILIEHTPAaT, HOBBIU
ruipopOOHBIA  BCIIYYEHHBI BEPMUKYJIUT, CTaHAAPTHOE HATPUEBOE JKUIKOE
CTEKJIO, BOJIOKHHUCTbIE KOMIIOHEHTHI (TIPOMUTAHHbIE AHTUIIUPEHOBBIM COCTABOM
pucoBasi  cojJoMa, MHKpPOKpHUCTaIMueckas unemwmonoda — MKI[  wunm
CTEKJIOBOJIOKHO), TOPUCThIE W WHEpTHhIe HamonHuTenu (Si0, - TOPHUCTHIM
cuukarens i MK - mukpokpeMHe3em), a Takke oprodochopHas KUCIOTa KaK
antunuped. [lomyueHHble 00pa3ibl BEPMUKYJIHTOBBIX TUIMTOYHBIX MaTepUaTIOB
UCCJIEIOBANIUCh 0 OCHOBHBIM (DU3UKO-TEXHUYECKUM M MOXKAPHO-TEXHUYECKUM
napameTpam.

WcnpiTaHus TOMYYEHHBIX OOpa3lloB MO OCHOBHBIM MOXKaPHO-TEXHUYECKUM
napaMeTpaMm IOKa3alau, 4TO MOJYYEHHbIE MAaT€pUalIbl SIBIISIIOTCS HETOPIOUYMMH U
OTHOCATCS K Tpynme co ciabo JpIMO00pa3yrolie cnocoOHOCThIO. DTH JTaHHbBIC
MOKAa3bIBAIOT, YTO MOJTYUYEHHbIE HOBbIE MaTepHabl 001a/1al0T BBICOKOM CTENEHBIO
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MOKapHO# 6€30MacHOCTH.
3AKJIFOYEHUE

Ha ocHOBe mNpoBenEeHHBIX MCCIENOBAHUM MO JTOKTOPCKOM AUCCEpPTAllMM Ha
TeMy «Co31aHue OTHECTOMKHUX MOKPBITUN W TEMJIOU3OJISIIUOHHBIX HAIMOJIHUTENEH
Ha OCHOBE MECTHOTO MUHEPATIBHOTO ChIPbS» MPEACTABIEHBI CIEAYIOIIUE BHIBOBI:

1. Pa3zpabGoran HOBBIM 3(PGHEKTUBHBIN METON TMOIYYEHUS U MEXaHU3MBI
u3MenpaeHust (ppakiuuii TeOnHOyIakCKOTO BEpMUKYIUTA PA3TUYHON IHUCIIEPCHOCTH
IIPY TOMOIIM AaKyCTUYECKOrOo IIOJII M XUMHYECKHX peareHToB. Ha  ocHOBe
3aBUCHUMOCTH OCHOBHBIX CBOMCTB MUHEpAJIa BEPMHUKYIHTAa OT Pa3MEpPOB  €ro
YacTHI], pa3pad0TaHbl MEXaHU3MbI MPOSBICHUS TEPMUUECKUX U TEIUTOPU3UUECKUX
CBOMCTB JUCIIEPCHOTO MHUHEpalla BEPMHUKYJIHWTA, TAaKUX Kak CTEICHb
BCIIyYMBAa€MOCTH, TEIUIONPOBOAHOCT, M  3HAoTepMHueckue 3(pdexkTsr B
Tepmorpammax. Pa3paboTka MeXaHU3MOB  TMPOSIBICHHUS  TEPMUUYECKUX H
TEMI0(PU3NUECKUX MPOLIECCOB MUHEPAJIa BEPMUKYJIUTA B 3aBUCUMOCTU OT CTENEHU
JAUCTIEPCHOCTH JacT BO3MOXKHOCTH TPEIBAPUTENILHO OIEHUTH 3(PHEKTUBHOCTH
OTHE- U TEIUIO3AIUTHBIX COCTAaBOB HA MUHEPAJIbHON OCHOBE.

2. OmnpeneneHo, u9to 3(PGEKTUBHOCTh TEPMHUYECKUX ¢ OTHE3ANTUTHBIX
CBOMCTB BEPMUKYJIMTOB PA3JIUYHON AUCIEPCHOCTH W MBUIEBATBIX CMECEW Ha HX
OCHOBE, B3aUMOCBS3aHbl C HHAOTEPMUUYECKHUMH HP(DEKTaMU HX TEPMOTPaAMM.
Paspaboranbl MeTOApl yHpaBiICHUS TEPMHUUECKUMHU H  TEIIOQU3NUYECKUMU
CBOMCTBAMU MHHEpaja BEPMHUKYJIUTA U COCTABOB HA OCHOBE BEPMUKYJIUTA IIyTEM
BO3JICVICTBUS HA TEPMUYECKUE CBOMCTBA MUHEpAa.

3. Pa3paborana maTremarnueckasi MOJIeJIb TOPUCTOM AUCTIEPCHOM CUCTEMBI Ha
OCHOBE BBICOKOAMCIIEPCHBIX YaCTUL] MUHEPAJIa BEPMUKYJINATA.

4. Pa3paboTaH HOBBIN JBYXATAMHBIM CIIOCOO BO3ICHCTBUSI HA TEPMUUYECKUE U
Terno(u3nuecKkue CBOMCTBA MHUHEpana BEPMHKYIUT. [ 3TOro Ha MepBOM 3Tare



Ha BEPMUKYJIUT MPOBOAUTCS BO3JIEUCTBUE CHIBHBIMU KHCIOTaMu: opTodocdarom
(H;PO,) u azorom (HNO;), u Ha BTOpOM »3Tare BO3JAEHCTBYIOT pPa3IUYHBIMU
peareHTamMu. Pa3paOoTaHHBIA HOBBIH METOZA JAacT BO3MOXHOCTh BIMSATH Ha
BEJINYMHY TEMIIEPATypPbl BCIIyUYNBAHUS MUHEPAJIA BEPMUKYIIUT U CO3AAHHBIX HA €r0
OCHOBE OT'HE3AIUTHBIX COCTABOB U U3MEHSTH B HY’KHOM HaIlPaBJICHUH.

5. Ha ocnoBe TeOuHOynakcKOr0 BEPMHKYIHUTa pa3paOOTaHBl HOBBIE BH/IBI
BEPMHUKYJIUTA C YAYYIIEHHBIMU CBOMCTBAMHU. JTO BEPMUKYJIHUTHI C OTHOCUTEIBLHO
HUA3KOM  TeMIeparypod  BCIIyYMBaHMs, BEPMHUKYJIHUTBI C  YBEJIIMYECHHOU
TEMIEPATypol HMHTEPBAJIOM BCIOYYMBaHUSA, THUIAPO(YOOHBIH BEPMHUKYIUT H
BEPMUKYJIUTBl C XOpPOLIO COXPAaHEHHOM MOpUCTOCTBhIO. Ha ocHoBe 3THX
BEPMHUKYJIUTOB C YIYYIICHHBIMH CBOWCTBAMH CO3[IaHbl HOBBIE IO COCTaBY
3¢ (HEKTUBHBIE OTHE- U TEIJIO3AIUTHBIE MaTepraibl U OTHETYIAIINE COCTABBI.

6. BriepBble UCHOIb30BaHbl HOBbIE AKTUBUPOBAHHBIE U MOAU(UIIMPOBAHHBIE
BEPMHUKYJIUTHI NPHU IIOJIYYEHHM CMECEW, 3alMIIAIOIIMX OT OTHS ACPEBSHHBIE U
METAJUIMYECKUE CTPOUTENIbHbIE Marepuayibl. [IpumeHeHune pa3pabOTaHHBIX
OTHE3AIUTHBIX COCTABOB IMO3BOJWJIO NPHUAATh TOPIOYEMY IPEBECHOMY CBIPBIO
CBOMCTBO TPYIHOTOPIOYECTH M YBEIWYUTH BpEMsl JOCTHKECHHS KPUTHUYECKOU
temneparypsl st MetaiuioB (500°C). I[Ipumenenne pa3paboTaHHBIX
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OTHE3AIIMTHBIX OKPBITUI MTO3BOJIWIO AEPEBSIHHBIE MaT€pUabl U3 rpymiibl 1y
(cunbHO Toproune) neperectu B [ (c1abo roproune) coriacHO TPEOOBAHUSIM
roCyJapCTBEHHOI0 CTAHAAPTa U AAJI0 BO3MOKHOCTh YBEJTUYUTH BPEMS
JOCTH>KEHHSI KpUTUUECKOM TeMIepaTypbl B MeTauiax ot 15 muH 1o 45 muH (B 3
paz).

7. Pa3paboTaHbl akTUBUPOBAHHBIE U MOJU(DUIIMPOBAHHBIE BEPMUKYIUTHI U Ha
X OCHOBE 3((EKTHUBHBIC OIHE3AIIMTHBIE ITOKPACOYHBIE MaTepuaibl U MOKPHITHS,
Y CO3/1aHa TEXHOJIOTHS UX MPOU3BO/ICTBA.

8. Ha OCHOBE BCIIyYEHHOrO BEPMUKYJIMTA, HAaTPUEBOIO JKHUJIKOTO CTEKJIA,
KOHIICHTpaTa MHUHEpaJia BEPMHUKYIUTAa U OpTOPOCHOPHON KHUCIOTHI pa3padOTaHbI
HOBBIE  IIOPUCTBIE  Marepuajbl  JBYX  BHJAOB, BXOIAIIME B  TIPyHIy
TEIJION30JIALIMOHHBIX HETOPIOYUX MATEPUATIOB.

9. PagpaboraHHass  TEXHOJIOTHUA  TMOJIYYEHUS] HOBOTO  CHJIMKATHOIO
MOKPACOYHOTO  Marepuaja Ha  OCHOBE  HOBBIX  MOAU(DHUIIMPOBAHHBIX
TOHKOAUCIIEPCHBIX BepMUKYIUTOB BHenpeHa B OO0 «¥Y3-IlonrXY Ilhunt Ko» T
Anpyxad. [lodydeHHBI O CO34AaHHOW TEXHOJOTHH ITOKPACOYHBIM Marepuall
NpOILIET HCIHBITaHUS B aKKpeAuTOBaHHOW HanmoHanbHON cepTuduKanmoHHOM
CUCTEMOI MOKapHO-TEXHUUYECKON J1adoparopuu [TTaBHOTO ynpaBIICHHs NOKAPHOU
O0e3zomacHocTM ~ MuHHCcTepcTBa  BHYTpeHHUX gnen  PVY3, moarBepauBiien
COOTBETCTBUE  A((EKTUBHOCTH  OTHE3ALIUTHBIX JIPEBECHBIX  CTPOUTENBHBIX
MaTepHalioB TPEOOBAHUAM TOCYJapCTBEHHOIO CTAHIAPTa.

10. BriepBble moka3aHa BO3MOXXHOCTb MOJTYYEHHsI CTaOMIIBHBIX CYCIIEH3UH Ha
OCHOBE MHUHEpaJla BEPMHUKYJIUTA YIBTPAa3BYKOBBIM CIIOCOOOM B BOJHOW Cpeje.
HccnenoBaHne TOMYyYEHHBIX CYCIIEH3MM II0KAa3aj0 CYyIIECTBOBAHME B HHX
BEPMUKYJIUTCOACPKAIIMX HAHOYACTHUI] U HA OCHOBE ATUX CYCIEH3UN IOITYYEHBI



HOBbIe 3((eKTUBHBIE OTHETYyIIANIMe cocTaBbl. Ha OCHOBaHMM NPOBEIEHHBIX
UCCJIEIOBaHUN pa3paboTaH Croco0 ONpeAeseHHs] JOMOJHUTEIBHOTO MapaMmeTpa,
UCIIOJIb3yEeMOT0 TP OIeHKE () (HEKTUBHOCTH KUAKUX OTHETYIIAIINX 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 No 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

1
- World Fire Statistics. Center of Fire Statistics. Report. No21. 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 (Italy), 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://www.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 use 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.I.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. Thats 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
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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),
NoA4-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 NoKA-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
TUPAC-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™ TUPAC 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 wvalidity 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:



Where, - an initial porosity to swelling of the process; -
“resource”  of porosity due to the reorientation, and the parting of the
buckling of plates of mica; - 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, Mmm Mass loss, % V peores EM | Vasier € | Vasier/ Viefore
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

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.

A A

Fraction 3.0-4.0 mm Fraction 0.5-1.0 MM

A A

Fraction 0.25-0.50 mm Fraction 0.16 <mm

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
0f 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 Ne4 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.

A A

Figure 2. Conditional scheme of the (o-on half radius, o- center)
experimental setup for measuring  Figure 3-1. Temperature versus time
the thermal conductivity of powder for a mixture of cement powder
materials (M400) and TTV (at 3V:V)

A A

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=
Ry/ 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 - L =(3.25+0,07):10° W/ m'K

for vermiculite - A = (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 H;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.).

1 - VC 160 < mkm grain size, 2 1 - VC 160 < mkm grain size,
- VC activated phosphoric acid, 2 — VC activated nitric acid,
3-VCM-2 3-VCM-1

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 (HNO;, H;PO,,
Na,Si0;); 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 VC 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.

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 1s 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 1s 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.

Figure 6. The circuit for surfaces of the experiment
measuring the qualities of Figure 7. The results of the
fireproof coatings on metallic experiment to assess the



effectiveness of the flame-retardant 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

Ne Mass sample Temperature, Mass loss Note
m, gr. °C Am
Before After Thegin. Tena gar %
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 8.5 59 It does not
burn

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

A

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.).




A

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

No Mass sample Mass loss Temperatur Condition bar
gr. e exhaust sample
gas, °C
Befo | After [ Am %
re test
test
Stan | 106.8 | 89.7 17.1 16.0 185-188 At receipt of
dard air burning
sample
1 118.4 | 110.1 8.3 7.0 170-175 A small detachment
2 122.0 | 111.2 | 10.8 8.8 177-180 Without
significant
changes




3 139.8 | 137.0 | 2.8 2.0 150-155 Without
significant
changes

4 109.8 | 1043 | 5.5 5.0 145-157 Without
significant
changes

5 121.6 | 117.8 | 3.8 3.0 145-155 Without
significant
changes

6 1372 | 129.0 | 8.2 6.0 170-172 A small detachment

7 1294 | 117.8 | 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.

A

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 F 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 -

an indicator of exhaust gas

temperature versus time heating

conventional treated water sample

timber. Ne2-1 lines and figures it

No2-2 exhaust gas temperatures,

A depending on the time of heating

the treated wood samples
vermiculite suspensions. Sample

No2-1 an indicator of the sample

timber, processed bentonite -
vermiculite suspension. Ne2-2
timber, the treated slurry obtained
nanoparticles based on vermiculites.
From a comparison of lines and

Figure 11. The temperature
dependence of the heat flow leaving
the ceramic tube from time
sample is an indicator of the sample
Ne2-1, No2-2 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.
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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 (H;PO,) and azote (HNO;) 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 E, (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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