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JOKTOPJIMK JTUCCEPTAIUACUAHHOTAIUACHU

Juccepranuss MaB3yCHHUHI [0J13apOJIMTM Ba 3apypusiTH. 3aMOHaBUU
TEXHUKA, MallMHa Ba MEXaHU3MJap, Iy JKyMJIaJaH [axTa CaHOaTHJa
KYJUIaHWIAUTaH TEXHOJOTUK JKMXO3/ap Tanad KWJIMHTaH MWIMYaHIUK — Ba
AKCIUTyaTallMOH HIIOHWIMIMKKA dSra Oymumum kepak. Illy Oomc mnaxtanu Kaiita
WOUTAIl  TEXHOJOTHMK  JKUXO3JAPUHUHI  SKCIUIyaTallMOH  HWINOHWIMJIMTHHU
TabMUHJIANIIA YJIAPHUHT KOHCTPYKLMSUIAPUHU TAKOMWUIAIITUPUIL OujaH Oup
KaTop/ia IOKOpH camapalid SIHTM KOMIIO3UT TMOJUMEP MaTepuajulapHA Makcaiu
KyJUlalll e4uMH KyTWiaérraH 1o3ap0d WHHOBAlMOH WJIMHM-TEXHUK MyaMMOoJap
KyMJIACUJIaH XUCOOIaHA IH.

MabiiyMKky, aHbaHaBUN KYJIJIAHWIMO Kena€TraH MeTalsl maTepuaiap HIIYu
cupTiapuaa YTKUP YYKKUIM TEXHOJIOTUK HOTEKUCIHK Ba CyOMUKPOHOTEKUCIUKIIAP
MaBxyn OVnau0O, ynmap TpuOomocialryB >kapaéHuja IaxTa TOJACUMHUHT MEXaHUK
KAPOXATIIAHUILMHN >KaJaUIAIITUPUINA  OujlaH Oupra [OKOpPH THAPOPUILIAIUK
XycycusiTd Ty(ailiin HucOaTaH KyN HIOKAJAHWII Ky4d XOCWJ KWiIHO, MallhHa Ba
MEXaHU3MJIap WII YHYMJOPJMIMHUHT KaMalWIIM Ba YJIAPHUHT SHEPTUS UCTEBMOJIU
omumura oaud kenagu. LIlyHUHr ydyH TEXHOJOTMK MalllMHA Ba MEXaHU3MJIAPHUHT
UIIYM CUPTJIApUJa camapalidi KOMIIO3UT MOJIMMEpP MaTephaiiap Ba yjap acocuia
OJIMHTaH KOIUIAMAaJIapHU MaKcaaiu Kyulaml OWJaH TEeXHOJOTUMK JKHUX03Jap
UIIOHWIMINTUHY TabMUHIALL, WII YHYMJOPJIWIM Ba SHEPrUsl TEKAMKOPIUTHHU
OIIMPUII XaMIAMaXTaHUHT MEXAHUK >KapOXATIAHUITUHU KaMaUTUPHII IBA3UTAyHUHT
Tabunii cudaTuHM cakjaml goja3ap0d Macana XUcoOIaHaTH.

Kaiing sTuiran MyamMmo euduMyapu IOKOPU CaMapald KOMIIO3UT IOJIUMEP
MaTepuajulapd Ba yJap acocHJaru KoIUlaMajapHU KarTa rabapuTid TEXHOJOTHUK
KUXO03Jap HUIYM CUPTJIApHUa UIaKUVIAHTUPUIIHUHT SIHTH DJHEPIrUst Ba pecypc
TEXAMKOpP TEXHOJOTUSIJIAPUHM UIIA0 YUKHIL OMIIaH OOFIUK.

MamuHaco3nuK  MaTepUaJUIapUHUHT  MHaxTa OwilaH y3apo  (pUKLUKUOH
TabCUPJIAHUIIYBUHUHT OYTYHTH KyHJa €Tapiuda 3bTUO0p OepuiaMaéTran y3ura xoc
KUxariapuaad Oupu OYiraH CTpyKTypaBUi MOCHAIIYB >KapaéHUWHU (yHAaMEHTal
TaJKUKOTJIAIT «IMaXTa-KOMITO3UT MOJIUMEP TpubocucreMacuaa
MaTEepUANIIYHOCIUKHU SHa/la PUBOXKJIAHTUPUIIHUHT UCTUKOOJMHM Oenruiaiau.
Kommno3ur nosuMep Marepuaiiap Ba yllap acocuja OJIMHTaH KOIJIaMaJlapHUHT
MHUKpPO- Ba CyOMHKPOHOTEKHCIMKIAPU FOKOPH IJIACTHKIINTU NaxTa OwiiaH HucOaTaH
KaM HUIKaJIaHUII Ky4d XOCHJ KWINO, MEXaHUK KapOXaTJIaHUIIHU €Tapiu Japaxana
KaMalTUpUILl MUMKOHMHHM Oepanu. byHaa TynmaupyBuu 3appadalapyHUHT TaOuaTH,
CTPYKTypaBUi TapkuOW Ba VYiIuaMmJapuHU XucoOra onu0, yJIapHH aKTHBAIlMOH-
reJIMOTEXHOJIOTUSL  YCYJIM OpKaJld  MOJUMep-MaTpulia OWjlaH HAHOKOMIUIEKC
OOFJIaHUIIIM CTPYKTYpa TAIIKHJI 3TULIAA TEXHOJIOTHK (pakTopyiap TabCUPUHU COH Ba
cudar KuXaTaH aHUKJIal Oyinya TaAKUKOTIApPHHA aMalira OUIUPHUILL 3apypaup.

V36ekucron Pecry6nukacu Basupnap Maxkxamacurusr «2007-2011 iinmnapaa
naxTa To3ajJall CAHOATH KOPXOHAJIAPUHU MOJEPHHU3AIMS Ba PEKOHCTPYKIUS KUJIHIII
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nactypu tyrpucuaa» 2007 vun 3 anpengaru  70-COHIMKapOpH, MaxXTaHW KailTa
UIUIAIl TEXHOJIOTHMK >KUXO3JapUHUHI HINYW OpraHjiapu CUPTIapH Y4YyH IOKOpPH
camMapajii KOMIIO3UT MOJIMMEp KOIUIAMaJapHUHT SIHTM TapKUOJApUHU SpaTUIl Ba
yJIapHU OJIMIIZA DHEPrusi Ba peCcypclapHH TEKaWIuraH TEXHOJIOTUSHU HIILIA0
YUKUIITa KapaTWiraH AMCCepTalldsd MaB3yCUHUHT J0J3apOJIMru Ba 3apypUSITHHU
TabKUUIANIH.

TagKuKOTHHHT Y30ekmcron Pecny6amkacm (aH Ba TeXHOJOTHsIAp
TAPAKKHETHHHHT YCTYBOP HyHAIMILIAPHra Mocauru. Maskyp um Y36eKHCTOH
PecriyOnukacu ¢an Ba TexHosorusnap TapakkuértuHuHr @-3 «Kaiita TukianyBuyaH
SHEprus MaHOalapuHU KYJUIAIIHUHT Haszapus Ba ycymiapm», D-7 «Kumé, xumé
TEXHOJIOTHSUIADUHUHT Ha3apuil acociiapu, HaHoTexHonorusmapy, UT/-15 «Canoar,
TPAHCIOPT, KHUIUIOK Ba CYB XYXKaJIWIM YUyH WIMUNA XaXKMIOP, UII YHYMHU FOKOPH
pakoOaTOapom, SKCHopTra WYHANTHPWITAH  TEXHOJOTHSIAp,  MallumHaiap,
yCcKyHaynap, acOoOiap Ba STajJOH BOCHTAlap, Yyia4all Ba Ha3opaT yCYJUIApUHU
apatuiy, UTJ[-12 «Opranuk, HOOPraHuK, MOJIMMEpP Ba OOIIKa TabuKii MaTepuaiap
OJIMIIIHMHT  SIHTH  TEXHOJOTHUSUIAPU»YCTYBOP HMYHANMIUIApUra MOC paBUIIIA
OaxkapuIras.

Juccepranus MaB3yCcH OyiHMYAXaJKAPO MJIMHI TAAKHKOTJIAp WIAPXU.
Mertann TtpubocucTemManapd Y4YyH TallKd HWUIKAJTAHUILAA SHEPreTUK Y3-Yy3ujaH
TaIKWUIAHUIT ~ OwiaH  OOFJMK  Marepuajuiap CHUPTH  CTPYKTypaJlapUHUHT
TpUOOMOCHAIIYB Xapa€HUAa MOCIaHYBYAHJIUTH TaakukoTiapu ['epmanus (Hemwuc
MaTepUANIIYHOCIUK WIMUN-TAAKUKOT UHCTUTYTH), AHIHs (JIOHZOH MyXaHIUCIUK
Mapkasu), Poccusi (Poccus ®annap axamemusick MexaHWKka MyaMMmoJiapu Ba
MammHamyHOCIUK WIMHA-TaIKUKOT UHCTUTYTAapu), YkpauHa (YkpaunHa Kunuiok
XYKaauK aKaJeMHsICH) WIMUNA MapKas3jiapyu €Takud OJIMMIIADM TOMOHHUJAH OJMO
Oopunran. Meramnonumep Tpubocucremanap OVyitmua sca Poccus, benapych
(lomens MeTanmoiMMep CUCTEMajapu WIMUN - TaJAKUKOT MHCTUTYTH, bemapych
naBnat yHuBepcutTetd) Ba JlatBus (Pura TexHWKa yHHBEPCUTETH) MaMilaKaTiapu
WIMUN MapKazjapujaa HIyFy/ulaHu® KenmuHMOKIa. [laXxTaHWHT >KapoXaTjJaHUIIHMHH
Kamaiitupuill Ba yHUHT cudarunu sixmuiam Oopacuna AKII (Heroapk kommo3ut
MaTtepuaiap UIuiad YuKapuii Jadopatopuscu, MUuural KOMIo3uT MaTeprajiap Ba
CTpyKTypasiap unmuii mapkasu), Kanama (TopoHTO yHMBEpcUTETH) Ba XHHIUCTOH
(Kanmyp TEXHOJOTHMS MHCTUTYTH) WIMHH MapKasjiapujia TaJKUKOTIap OO
OOpUIIMOKIa.

Oxupru vumnapaa I'epmanus (Hemuc maTepualllyHOCTUK WIMHI-TaAKUKOT
unctutytu), Anriausa (Jlongon myxanaucnuk mapkasu), Poccus (Poccuss dannap
akagemusick MexaHuka MyaMmosiapy Ba MAaIIMHAIIYHOCIUK UJIMHU-TAIKUKOT
UHCTUTYTIapu), YKpanHa (YkpanHa KuIIOK XyXaIMK aKaJAeMHUSACH) €TaK4Yu
OJIMMJIapU TOMOHHUJAH 0au0 OOopwiraH uuuiapja TPUOOMOCHAIIYBHU OEJTUIOBYU
dakTop cudatuga KOMIO3WIMOH MaTepual Ba KOIUIAMAJTAPHUHT MEXaHHK
XYCYCHUSITIapH, S’IbHU KATTUKJIUTH, Yy3WIKII Ba CUKWIHIIIATA MYCTaXKaMJIUTH XamMa
KOur moxynu muknopu tannanras. [y HykTan HazapaaH Keiaud YUKUO SHTH MeTasll
KOMIIO3UT MaTepuauiap Wiuiad YMKWITaH Ba MalllMHAJIap WIIOHWIM WIUIANIAHA
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TabMUHJIAIl YYYHTPUOOCHCTEMA KOHCTPYKLMSUIAPM Ba TEOMETPHUK NapameTpiiapu
ontuMautaliTupwirad. benapycs (I'omenbs MerauimonuMep cuUCTEMalapyd WIMMiA-
TaKUKOT MHCTUTYTH, I'pogHO ngaBnar yHuBepcutetu) Ba JlatBus (Pura texHuka
YHUBEPCUTETH) MamJlakaTilapy WIMHMA Mapkaziapuia oiud OopuiaraH TaakKUKOTIap
HaTWKacUJa  KOMIIO3MIIMOH  MaTepUaulap Ba  KOIUIAMAJIAPHUHI  MEXaHUK
XycycusTiapu OwiaH OMp KaTopa YJIAPHUHI CTPYKTYpaBUM Ty3WIMIUIAPU XaM
TPpUOOCUCTEMAHUHI MIIOHWIWJIMIMHA TabMHUHJIALIA MYXUM TabCUpP KYpCATHULIH
anukianrad. AKII (Heroapk KOMIO3UT MaTepHaiap HMOUiad  YUKapUIl
naboparopuscd, Mwuuuran KOMIIO3UT MaTepuayiap Ba CTPYKTypajap WIMHIA
mapkasu), Kanaga (ToponTo yHuBepcurern) Ba XuHAUCTOH (Kanmyp TexHosorus
MHCTUTYTH) WJIMHA MapKaszjiapuJa NaXTaHUHI >KapOoXaTJIAHWIIMHU KaMaWTHPHUII
MaKcaauJa CyBJa OJpyBYaH MOJMMEPJAp CHHTE3 KWIMHIAH. DyH&Ia maxTaHWHT
KapoXaTJaHWIIUTa KUMEBUW HyKTaW HazapjaH EHpammianb, cyBaa »pyBYaH
HAaHOKOMIIO3UT IIOJMMEp MaTepHajiap acocuaa KOoIulaMajlap Ba YJIApPHHM  OJIMII
TEXHOJIOTHsUIapu UILTa0 YMKUIITaH.

Tpubocucremanapaa CTPYKTYpaBuu MOCJIaIyB BaKT oyiinua
y3rapyBUaHiuKka 3ra Oynu0, KaliTMac TepMOJMHAMUK apaéHiaaH uOopataup. by
HYKTal HazapJaH NOJUMeEp-TlaxTa TpubocucTeMacu Mypakkad (U3MK-MEXaHUK Ba
MEXaHMK-KUMEBUN  Xoaucanap OuiaH Ky3aTWIaJuraH OYHMK TEpPMOJAMHAMUK
cucremara MaHcyOaup. JlyHé wmaMuza MabiyM — HaTWKaJapHU — MOJUMeEp-
NaxTaTpuOOCUCTEMACH YUYYH aJeKBaT KyJulall MMKOHCH3JIMIMIAH KOMITO3ULIMOH
MOJIMMEP KOIUIaMAaJAPHUHT MaxTa OWIaH y3apo TabCUPJIAHUIIYBHAA CTPYKTYpaBHiA
MOCJIAIIYBUHUHT y3Ura XOC KUXATJIapUHUXAp TOMOHJIaMa (yHAaMEHTaJ YpTraHMIL
aCcOCUJAYJIAPHHUHT OJIMHMII TEXHOJIOTHSCHHM SAPATHII Ba amMaiaa KyJUIAIHU TaK030
JTaIu.

MyaMMOHMHI YpraHwjiraHjimk jaapaxkacu. TpuOomocnamyB xapaéHu
Oyiinya TagKUKOTIap OSHEPreTMK HYyKTau HazapJaH MeTaimn TpubocucreManap
yayn®mnaitiiep I'., boynen @.I1., Trit6op /., Kocrenkuii b.U., bepmanckuit JI.H.,
Metaumonaumep Tpubocuctemanap yuyn MamkoB [O.K. KnementreB H.M. Ba
[Iporacos b.B. Tomonugan onub Gopusiras.

MexaHuK XycycusATIap Ba yCTMOJEKYJISP CTPYKTYPAIIAPHUHT METAIUT-TIOJINMED
cUCTeMajiap  aHTUPPUKIMOH-SHMIMIIOApAONUIMINK  XYCYCHUSTIApUra TabCUPU
oemapych onumiapu benbiit B.A., CBupunénoxk A.M., Ctpyk B.A. Ba OGomkanap
TOMOHUW/IaH TAJIKUK KUJIUHTaH.

ByryHTH KyHJa Y30CKHCTOH ONMMJIAPUIAH CHPT  CTPYKTypalapHHH
ONTHUMAJIJIAII, TEXHOJIOTUK HOTEKUCIUKIAp MapaMeTpiiapuHu OolKapuil Oyiinya
MaxkamoB P.I'., KOMHIO3UT MaTepuaUlapHU KyJulall Ba yJIapHU (UMK
Moudukanusiiam 6yiinya Hermatos C.C., TEXHOJOTUK >KUXO03JIap MIIYU OpraHjapu
KOHCTPYKUUSJIAPUHY ONTUMAJUIAIITUpHUIL OYitnua JlxypaeB A., TEpMHUK HIIIOB
OpKaJi MaTepuaulap KpPUCTAUIAHWII XOCCaJapWHU TaKOMWUIATHPUO, aOpa3uB
elmmmobapaom KOHCTPYKUMOH TynaTiap osum  Oyiinya MyxamenoB A.A.,
KOMIIO3UT MOJMMEpP MaTepuajiap Ba yjap acocujard KoIjlaMaJapHUHT aOpa3uB
eMmMmoapAONUIMANTMHY owupuin OVitnua Jlxymabaes A.b., xomnosutnoiaumep
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MarepualiiapAaH scaliraH IMaxTa MHEBMOTPAHCHOPTIApPU HUIIKA caMapaJopiUruHU
Oaxonam Oyinya AxmenxosxaeB X.T. uaMuii roTyKapra 3puiirasiap.

AMMO 1Iy KyHra KaJapHaxXTaHUHT, XYCyCaH YHHUHI TOJIACHHUHT MEXaHHK
’KapoxaThura Marepuall CTPYKTypa Ba XYCYCUSTUHHHI COHXUXATOAaH TabCUPHU
ypranuiamarad Ba XxucoOra oJdMHMarad. YHJaH TalllkapH, naxta OujiaH KOMITO3UIIMOH
noiMMep Marepuaiap GPUKUMOH y3apo  TabCUPJIAHMIIYBUJA CTPYKTypaBU
MoOcCJIalllyBura Xamjaaly coxaja sHTM MaTephajlyiap Ba TEXHOJIOTHsUIap uIiad
YUKUIIAA MaXaumid ameé Ba SHEPrus pecypciapuaad paruoHan (oimanaHuira
eTapiu bTHO0p OepuiiMaraH.

JlccepTAUMSHUHT  WJIMHA-TAAKHKOT HILIAPU  pexajnapu  OWiaH
oormmKkauru. Juccepranus nmm Y36exucton Pecry6mukacu Basupnap Maxkamacu
xy3ypunaru PaH Ba TEXHOJOTHUSIIADHU PUBONIIAHTUPHUIITHU MYBO(UKTAMITAPHUIIT
KYyMHUTacu TOMOHUJAH MOJIASUTAII TUPUIITaH ®-2.1.40-«ITaxTa-nmonumep
TpubocucTeMacu y3apo GpUKIMOH TabCUPIAHUIITYBHIA TEPMOJIUHAMUK MTapaMeTpiiap
Ba CTPYKTypaBUH-IHEPreTHK Y3rapuill KOHYHUATIApWHUA TagkukoTiam (2003-
2007#.), AUT-15-101 «Mypakka®d KOHCTPYKIMSJIU Ba KaTTa YI4aMJId TEXHOJIOTHK
MalllMHAIAp YYyH aKTUBAIlMOH-TEIIMOTEXHOJOTUA YyCyJIuJa IOKOpU camMapaiu
aHTU(PUKIMOH-EHMUINIIOAPAONUIH Ba AHTUKOPPO3UOH SIOKCH]T KOTUIaMaliap uiuiad
gukuiry  (2009-2011#.)  gaBmar  rpaHTiapu  acocuga  TOIMIKEHT — JaBjar
yauBepcutetuaa xamaa JWUTA-15-030 «KoHcTpykimoH Ba  KOMIIO3UHOH
MaTepUAIIAPHUHT  (PPUKIHUOH  ¥3apo  TabCUpJAHUIIYBUJA JepopMalusIaHUII
KOHYHUSITJIAPUHU TAJKUKOTJIAII Ba XaKUKWM TErHIIYB F03aCMHU OE€BOCHTA aHUKJIAII
yCy/UIlapd  Ba  BOCHTAJapW KOMIUIGKCHMHM unpiad  umkuiny  (2009-20111.)
CranpapTialiTUpUI, METPOJOTUsl Ba CePTUPUKATIATUPUIN UIMUN-TAIKUKOT
MHCTUTYTU1a0aKapuiITaH.

TagKUKOTHUHT MAaKCaaM KOMIIO3UIIMOH MOJUMEp KOIUIAaMaJapHUHT MaxTa
OwiiaH y3apo TabCUPJIAHUITYBUIACTPYKTYPABUN MOCHAIIYBHU XHCOOTa OJTaH XoJjaa
caMapajid MaTeprall Ba yJapHU OJIUII TEXHOJIOTUACUHU SpaTUL.

Makcaara spuimin yayH Kyduaard TAAKUKOT Ba3u@ajapu KyUWITraH:

aHTU(GPUKIIMOH KOMIIO3UT KOIIaMajap MILUIa0 YUKUIIIA TEeTEPOKOMITO3HUTIIAP
CTPYKTYpacuHu  MOAu(UKAIUSATIANI  aKTHBAIMOH-TETUOTEXHOJIOTHS  YCYJIMHUHT
Makcajara MyBOGUKJIUTHHU aCOCIIAIIL;

TabuaTaH Xap XWiI MOJIMMEP Ba KOMIO3UT KOTUTAMAJIAPHUHT MaxTa OuIaH y3apo
TabCUPJIAHUIIIYBUJIA CTPYKTYPaBUNA MOCIAIIYBHUHT aCOCHM SKCIUTyaTallMOH OMMJITa
OOFJUKJINTUHY TaJAKUKOTIIAIIL;

MaxTaHd CYBJA APUNIUTAH KOMIIO3UT MoJMMepiiap OuiaH Myxoda3zaialiHUHT
(PUKIIMOH TabCUpIAHUIITpUOONapaMeTpiiapUura Ba TaxTa TOJIACUMHUHT MEXaHUK
KApOXATJIAHUIIINTA TAbCUPUHH TAJAKAKOTIIAILL;

TaOuuii Ky©€I paauainuscd Ba MEXaHOAKTUBAIMSHU MaxXaJUIMM MUHEpall Ba
CaHOAT YMKUHIWJIAPU acCOCUJIard TeTePOKOMIIO3UT KOIUIAaMaJapHUHI CTPYKTypa Ba
XYCYCHUSITJIapUra TAbCUPUHH TAJAKUKOTIIALLL;

am€éBUil Ba PHEPrETHK pecypciapaan ¢oiinanannd, maxra ouiaH (QpUKIMOH
TabCUPJIAHUIIA ONTUMANl AHTU(PUKIMOH-SHUIUIIOAPAONUIH, FOKOPU CaMapaiu
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AaHTU(QPUKIIMOH KOMIIO3UT TOJMMEpP KOIUIAMaJapUHWHT TapKuOW Ba  OJIMII
TEXHOJIOTHSICUHU UIILIA0 YUKUILI,

KOHCTPYKIIMOH ~MaTepHajjiap TPUOOTEXHUK XYCYCUSTIAPUHU, MaXTaHUHT
MEXaHUK >KapoXaTUHU XHcoOra oJiraH XO0JiJia, SKCIPECcC aHMKIANl YCYJIWHU UIIad
YUKW Ba WIIA0 YMKWITAH SIHTM TETEPOKOMIIO3UT KOIUIaMallapHU TEXHOJIOTHK
KUX03 JIeTaJUlapy UMY CUpTJIapuia KYJJIallaH TEXHUK-UKTUCOIUNM caMapaiop-
JIMKHA 0axoJiari.

Taakukor 00beKTH aHTUQPUKIMOH Bazudadr KOMIIO3UT TIOJUMED
Marepuajylap Ba yJap AacoCHJa OJIMHTaH KOIUIAMAJIAPHUHT TOJIAJIM MaTepHal,
XyCcycaH maxta OwiaH ¥3apo TabCUPJIAHUIIYBUAA CTPYKTypaBHi MOCTAIIYB
*KapaéHugan nobopar.

TaakuKOT mNpeaMeTH — KOMIIO3UT TMOJMMEp KOIUIaMajlapHU CTPYKTypa-
JamTupuiga GU3NK-MEXaHUK Ba MEXaHUK-KUMEBUIA MOAN(DUKAIIISICH.

TaakukoT ycy/uiapu. DIEeKTpoH Ba onTuk Mukpockonus, WK-cmnexrpo-
CKOIHUSI, MACC-CIIEKTPOCKOMHUS, TUCIIEPC, PEHTICHOCTPYKTYPaBUil Ba TEPMOMEXaHUK
Tax U yCYJUIapUHU KYyJU1ain Ouan CTPYKTypaBuit TaxJInJ,
MUKpOMeTpJai,Mukpornpodmiomerpiam Ba XM nmactypiiapuHu KyJam Ouiad
MaTeMaTUK UIILIOB OepHIIL.

JMuccepranus TAAKMKOTHHUHI WJIMHUI SHTWJIMIH KyluaruiapjaaH uoopar:

TabuaTaH Xap XWI T[OJUMEp MaTepHAIapHUHT  ¥3apo  GPUKIHUOH
TabCUPJIAHUINTYBUJA TEOMETPUK Ba TEPMOJWHAMHK TMAapaMETPIId CTPYKTypaBHMA
MOCJTAITyBJIAPHUHT TAKOMUJUTAITAH MEXaHU3MHU TaKIU( dTUIITaH;

maxTa TOJIACHHU MyXo0(a3alalllHUHT CTPYKTYypaBUi MOCIAITyBra CoOH Ba cudar
KUXAT/IaH TAbCUPHU OYMO OepuIIraH;

CTPYKTYpaBUi MOCIAITYB kapa¢HUIa TYIAUPYBUYNHUHT JaMUHAP CTPYKTypacu
TyQaiian 3JIeKTp YTKAa3yBUM 3aHKUpUaJap XOCWJ OYIuIIM OKuOaThaa (QppUKIUOH
TpUOOMOCTANTYBTPUOO3apsIT 3UUIUTU,AITKATAHUIT KOI(PPUIIMEHTH Ba IMaXTaHUHT
HUCOMIN MEXaHUK KapOoXaTJIaHUIIN MUKJIOPJIApU KaMaUTUPUITUIIM aHUKJIAHTaH;

AKTUBAIIMOH-TEIMOTEXHOJIOTUSI ycynuaa reTEePOKOMITO3UT oJIuMeEp
KoIjlamajgap OJIMIIJA TOCCHUIION  CMOJIACHHMHT — CaMapajii  CTPYKTYpPajJOBYH
MOAUGUKATOP IKAHIUTH aHUKJTAHTaH;

TYJNIMPYBUM 3appadaiapHUHT KOIUlaMa KaJWuHJIWTK OYyinua OFUPIUK Kydd
Tybalan TrpaueHTIM TapKaduIuHu Oaptapad 3THO, onNTUMaN CTPYKTypajaliHu
TabMUHJIAUIUTAH STHTH yCYJI TaKIU( dTHITaH;

aKTUBAIMOH-TEIINOTEXHOJIOTUS ycynuaa OJIMHTaH reTepOKOMITO3UT
KOoIJIaMaJlapHA MEXaHUK-KUMEBUN MoauduKanusamaa HaHOKOMILIEKC OWpHUK-
Majap XOCHJI OYJIMII MEXaHU3MHU UIIK OOp Takau( STUIIraH.

TaagKUKOTHUHT aMaJIMii HATHXKAJIAPM KyHuaruiaapaad uoopar:

HUpUK YIYaMIM TEXHOJIOTMK MAalluHAIAp YyYyH KOMIIO3UIIMOH IOJIUMEP
KoIylamasiapra Tajgad KWJIMHTaH CTPYKTypa Ba aHTU(PPUKIIMOH EHIIMIIOApIOIUIN
XYCYCUSITHU, am€BUN Ba DHEPTETUK pecypciapAad panuoHan (oiinaraHuITHA
TabMUHJIAUUTAH SHTH aKTHUBAIMOH-TEITMOTEXHOJIOTHSI YCYJIM WIUIA0 YMKWITAH Ba
KYJUIAHWITaH;



WUpUK YI4aMiu TEXHOJIOTMK OKUXO3Jlap Y4YyH TIlaxta OwiaH ¥3apo
TabCUPJIAHUILYBAA  AHTU(PUKIUOH-CHUIUIIOApAOLUUIM,  MAaXTAaHUHT  MEXaHHUK
KAPOXATJIAHUIINHN KaMaWTUPAIWTaH TE€TEPOKOMIIO3UT MOJUMEDP KOIJIAMAJIAPHUHT
TapkuOJIapy Ba yJIapHU OJIMII TEXHOJOTUACH UIIA0 YUKUIITaH,

WIMUN-TAIKUKOT HWIUIAPUW  HATWKAJaApUHU  TaKKOCHalml  OWJIaHWIIOHYJIU
OaxoJaln UMKOHUHHU Oepaauran cragaapt ycya O‘zDSt 2822:2014 unuiad yukuiras.

OnMHran HATHKAJAPHUHI MINOHWIWIMIH CTaHJAApPT yCYyJUIapHU KyJUJlaml,
CTPYKTypaBUil Ba TPUOOTEXHUK IapameTpiap MUKIopiapuHu DXM mactypriapuHu
Ky1ab MaTeMaTHK HMIIOB OEpUIN, OJIMHTaH HATH>Kalap HOAHUKIWTHHHM Oaxosail Ba
YIIApHU MaB:KyJ HaTH>Kajlapra TaKKocall OMIaH TAbMUHJIAHTaH.

TagKUKOT HATHIKAJAPUMHUHI HA3APUI Ba aMaJiMid aXaMUATH. TaIKUKOT
HaTIWKAJIAPUHUHT HAa3apUi aXaMUsITH WMPUK YI4aMIIM TEXHOJOTHK JKUXO03J1ap HIIYU
CUpPTJIapy yYyH MaxXaJUIui amé Ba SHEPTUs pecypciapuiaH panroHan (oiiaamaHuil
UMKOHUSATUHHU SIpaTauraH, Tajgad KUJIMHTaH CTPYKTYpaJallTUPUII Ba aHTUDPUKIIMOH
eHMIMIIOApAONUIM  XYCYCHUSATIAPHM  TabMUHJIAWIUTAH  SHTU  AKTHBAI[MOH-
reJIMOTEXHOJIOTUS YCYJIMHUHT WIK O0p Takiaud THIAIIUIAH HOOpart.

TaakukoT HaTWxkamapu HadakaT mnaxta OwiaH  (QpUKIMOH  ¥3apo
TabCUPJIAHUIIYBJIA WIUIANINIaH IOKOPH caMapalii MAalIMHACO3JIMK MaTepuaiapu
ApaTUI COXACHUIAaru Ha3apuil OMaMmIIap KyJIaMUHU KeHTauTUpaau, OalKu MaXajuluid
améBui Ba DHEPrus pecypciapujiaH paruoHan ¢oigananud sSHrU MaTepuaiap
SIPATHIII y4yH KOMIO3HUIIUOH MaTepUAIITYHOCITUKHUHT PUBOXJIAHUIIT
HMCTUKOOJIJIAPUHU OeITUIIaiIn.

VIIHAHT aMaiuii aXaMUATH IIyHIZAH n6OpaTkH, Y36ekucToH PecryGiukacy
IAP  04645-commu Ba IAP 04774-connmm maTeHTIapu OWIaH XHMOSJIAHTaH,
TEXHOJIOTHUK JKMXO03JIap MIIYM CHUPTIApU YUYyH HIUIA0 YUKWITAH SIHTH TapKUOIN
Komuiamanap (U3UK-MEXaHUK, CTPYKTYpaBUU-TPUOOTEXHUK XYCYCHUSTIApU IaxTa
OunaH ¥3apo TabCHpiaHWIIyBAa XaM f, xam O, MHUHUMal MHUKIOPJIAPHUHU
TabMHHJIAIIMIaH HOOpaT.

TynoupyBun cudatuaa KUMEBUN TapkuOiapu SKAH Ba  CTPYKTypa
Ty3WJIUIUIapu OwiaH apkiaHaauraH Maxauliid MUHEpauiap AHTPEH KaoJMHU Ba
KoiiTom BOMIaCTOHUTHHUHI MEXaHOAKTHUBIIAI WynM OWJIaH KYJJTAHWIWIIA MOJETh
HaMyHa XW3MaTHHH VyTallld, MallWHACO3JIMK COXacuaa KOMIIO3UT MaTepuaiapra
MaxaJuInid MUHEPAJUIAPHUHT KYJJTAHUIHUIINA YIyH MOTEHITMAT UMKOH 04r0 Oepaiu.

O‘zDSt 2822:2014 JlaBnar CTaHAZAPTUHUHT MIUIA0 YUKUIUIIM Ba KOPU
STUJIUIIM  TAAKUKOT HATIXKAJIAPUHUHT KEHT KYJUIAHWIWIIKJA MaTepuaiyiapHu
TEXHOJIOTHK >kKapaéH Oyilmya onTuMmai TaHdallHU Ky31aa Tytrad «Cudar TH3UMU»HA
nuuiad yuKUO, YHU KailiTa MUUIAIIHUHT XaMm ajoxuja OOCKUWiIapuaa, XaMm OXUpPru
MaxcyJoT cupatuHu OyTyHJal HAa30paT KWIMILAA KyJulaml OujiaH TabMHUHJIAWIUTaH
MeBEPUI-yCyOuit Xy>kKaT cudaTuia aMmainuil axaMusaTra ara.

TagKUKOT HATHKAJAPUHUHI SKOpUMHM KuiauHumu. Kommnosut mnommmep
KoIJlaMajJapHu  Taxta OwiaH  y3apo  TacCUPJAHUIIYBHAA  CTPYKTypaBUU
MOCTAITyBYaHIMKHY TaJAKUKOTJIAI HATHXKAcUAa:
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V36exucron JaBmar cranmapté O‘zDSt 2822:2014 uuuial6 umkuiran Ba
V36exucton Pecrybiamkacu MebEpuil XyXoKaTiap AaBIaT (OHAWra KHPUTHIIaH
(«O‘zstandarty  arentnuruauar 2014 #mn 25  npexabpaarum  1886/09-connm
Ja0JaTHOMACH);

«O‘zpaxtasanoaty  yoIIMacu  TU3UMUAArd  KOpPXOHalap,  JKyMJajaaH
«K¥ypronrena maxra to3zanam 3aBoan» AX, « CYPUKHIIIOK MaxTa To3ajlall 3aBOIN
AX Ba «Hamanran 3-con maxra to3zanamn AX (2002-2009 iumiap) KopxoHajnapuaa
V36exucron Pecriy6mukacn  |AP04645-conmu Ba IAP04774-coHNM TaTeHTIApH
OwiaH XHMOSJIAaHTAaH KOMIIO3HUTIAp KOpWUW OSTwirad. Wnurad dYuKwIraH SHTH
TapkuOJIM KOIUIAMaJapHUHI TEXHOJIOTMK JKHUXO03Jap HINYM CHpPTIapuja KyJIaHUO
KOPHUM HSTWIMIIKM HaTWKacuja naxTta sxapoxarinanumu 0,35-0,85 ¢owusra Ba
YUTUTHUHT 33wmimn 1,5-2,0 mapTtara kamaiiran, MamuvHanap yaymaopiurua 10-15
dowusra omira, 3Heprusi ucrebMonu 3ca 8-10 ¢ousra kamaiiran. («O‘zpaxtasanoaty
ytomMacuHUHT 2014 ¥iun 28 okTa0ps 20/2242-CoHu 1a0JIaTHOMACH ).

«O‘zpaxtamash» OAXra TakauM STWITaH TEXHOJOTHK PEriiaMeHT acocuaa
TalTKWII STHWITAH WIUIa0 YMKApUII skapaéHu Oup Oatapesuin maxrta To3ajall 3aBOAua
Humura 78,8 MiH. cyMm uKTHCcOAMM camapa Oepaau («O‘zpaxtamashy OAXKuunr 2011
iui 26 okTs0pb 525/680-coHiu fanoiaTHOMACH).

Nununar anpodamusicu. J[uccepranysi MITMHUHT HATHXKAJIapU peciyOiivKa Ba
XankKapo KoHpepeHIus Ba cuMIio3uymiap, xkymianal, European Polymer Congress
2005 (Moscow, Russia, 2005), XIX Ulusal Kimya Kongresi (Ttrkiye, 2005),
«Kommnoszutet XXI Beka» (CapartoB, Poccus, 2005.), «TPAHCTPUBO-2005%»
(Cankt-IlerepOypr, 2005), «AkryanbHble NpoOJIEMbl OOECHEUYECHHsS] WHTErpaluu
HayKd, OOpa30BaHUs W TMPOM3BOACTBA» XaJIKapo WIMHUM-amManuil KOH(QEpeHIUsICH
(TomkeHT, V36exucron, 2008), «KINNOVATION — 2007» Ba «INNOVATION —
2009» (Tomkent2007, 2009) xankapo kKoH(pepeHIusIapuIa MyXxokaMa KUJIUHTaH.

Jucceprauys MIUMHUHT TYJIWK Ma3sMyHH KyWHIArd WIMUKA CEMHHapiapaa
myxokama ostunrad: TomITY «HedTs Ba ra3sHum KaiTa HILIANT TEXHOJIOTHICH
kadpenpacu (Tomkent, 2013); TomITY Hedts Ba ra3z ¢dakynbTeTH WIMHIA-TEXHUK
kerramu (Tomkent, 2013); TomTY «®an Ba Tapakkuér» YK (TomkeHT,
2007,2014); CrangapTIallITUPUIL, METPOJIOTUS Ba CEepTU(GUKATIAMTUPHUIIT WUIMUK-
TagkukoT MHCTUTYTH (Tomkent, 2014); TomkeHT gaBiIaT TEXHUKA YHUBEPCUTETH
xamaa Y36ekncTton Muumii yHuBepcuTeTH Xysypumarn 16.07.2013. T/FM02.02.
pakamiau wnmuid  keHram  kKommpgard  05.02.01-«Mammnaco3nukna martepuan-
LIYHOCIMK» MyTaxaccuciauru 0yitnua unmuid cemunap (Tomkent, 2014).

HaTtmkalapHUMHI 3bJ0OH KHJIMHTAHJIMIM. JluccepTranusa WIIUHWUHT ACOCUH
Ma3myHu 40Ta uiga y3 akcuau tonrad. XKymunanan 6utra MoHorpadus, 21 ta uimuii
MaKkona Y36ekucton Pecriy6imkacn, Mycrakun Jlapnatiap XaMIYCTIMIH Ba XOPUK
KypHaJUIlapuja Yol OTuUirad. Xajkapo Ba pecnyOiauka WIMHH aH)XyMaHJapu
MaTepuaiapuia 14 Ta Makosa Ba Te3ucIap 4oI ITHIMG, Y36ekucTon Pecry6mkacy
WNHTemnexTyan MyJIK areHTIUTHHUHT 2Ta TAaTeHTH Ba 2 Ta TacTypuil MaxcysioT YIyH
T'YBOXHOMACH OJIMHTaH.
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JluccepTaMSIHUHT TY3WIMIIN Ba Xa:KMHU. J(rccepTaius Ui KApUIIl, OJITUTA
000, xysnoca, 212ta HoMaaH ubopar dorganaHuiarad agadbuétiap pynxartu Ba 8 Ta
uioBagan ubopar 200 OGernum MarHma 6aéH stuiaran O6ynu6, 40ta pacm Ba 33Ta
KaJIBAJTHU Y3 WUUTA OJIAIH.

JIUCCEPTAIIUSIHUHT ACOCU MASMYHH

Kupum kKucmuaa nucceprauus TaJIKUKOTHHUHT J0J3apOJIMTU Ba 3apypaTw,
TaAKUKOT MakcaJq Ba Basu(amapuxamaa OOBEKTH, NPEIMETH Ba yCyJUIapH,
TaJKUKOTHUHT Y36ekucToH PecryGmukach (haH Ba TEXHONOTUANAD TAPAKKUETUHUHT
YCTYBOp MYHaIMIIIAPUTa MOCIIHIH, YTKA3WITaH TaAKUKOTHUHT WIMHUMN SIHTUJIMTH Ba
aMaJIMid HAaTWKaJapH, OJIMHIaH HATHKAJIAPHUHT UILOHAPIIUIINIY, Ha3apUM Ba aMaJINN
AXAMUSATIWIINTH, JKOPUN KWIMHUIIM, JUCCEPTAUMSHUHI anpoOalMsICchH Xakuja
MabIyMOTIJIAp, HATWKAIAPHUHT JBJIOH KWJIWHTAHJIUTH, TY3WJIUIIA Ba XaXMH
TaBcHU(IIaHTaH.

HucceprauvsstHUHT OMpMH4YM 000M mNaxTaHUW KaillTa uWOUIAll TEXHOJIOTHK
KUX03JIapU HUIMYM OpraHjiapyd Y4yH aHTU(GPUKIMOH MaTepuaiap Uiuiad 4uKuIl
MacaJaCUHUHT 3aMOHAaBHI XoJjlaTura OarullIaHTaH. MaTepuayUIapHUHT TaxTa XOM
amécu OuaH y3apo PpUKIIMOH TAbCUPJIANTYBUHUHT Y3UTra XOCIUTH KYpUO YMKUJITaH.
[NaxTaHuHT TaOMUN XyCyCUATHHHM HadakaT MallUHAJIAP WITYM OpraHjiapu AeTallapu
Tali€piaHaurad MaTeprajyiap CUPTKH XyCYCHUSITIApUHU ONTHUMAJLIAIITUPHUIL, OAJIKH
(pPUKLMOH KOHTaKT/a 0€BOCUTA KAaTHALIYBYM TOJAa CUPTUAA CYBJA 3PYBUH MOIUMED
KOMITO3HMIIMSUTAPHU KYJUlall OWJIaH XaMm 3pUIIMII MYMKHHIIMTH TabKUJIaHTraH. by
V¥3apo (PpUKIMOH TabCUPJIAHUIIYBYM MaTE€pPUAUIAPHUHT SHT SAXIIM aHTUCTATUK Ba
aHTU(QPUKLIHMOH XYCYCUSTJIIADUHM Ba KaillTa MWIUIAHAAUTaH amIEHUHT TaOuuid
XyCYCHATUHHA MaKCHMaJl CakJall y4yH MakKCaJId CO3JIAIIHU TabMUHJIAIIN Kauz
JTUIITaH.

MabiyMk,  MaTepuaUlapHUHT  (U3UK-MEXaHUK  Ba  OKCIUTyaTalluoH
XycycusiTaapuau (Gpu3uk MoauduKaysuiail ycyyuiapu (y-HypJIaHHUII, YIbTPATOBYIII,
MarHuT Ba JJIEKTp MalJOHJapHaa UILJIOB OepuIl Ba X.K) OWIAH sIXIIWJIAIl MyMKHH,
aMMO MasKyp YyCyJUlap HWHPHUK VyiI4aMiid TEXHOJIOTMK JKMXO03Jap CHUpTIapuia
KOMITO3UT MOJMMEP KOoTUIaMajapHu MOoaudUKaIUsIall Y9yH KYJUTaHHIIa OJIMAMIH.

MamnakaTuMU31anoJIMMep KOMIIO3UIUOH MaTEPUAIIITYHOCIMKHUHT PUBOXUIA
M.A.Ackapos, C.C.Hermaros, C.II.PammoBa, A.Mbonynnaes,
3.A.Tamxuxomkaes, A.b.Ymapos, A.A.PuckynoB, O.Epmer Ba Gomkamap
TOMOHMAAH 0110 Oopuiaérran Xap Xui Bazudanu KyndyHKIHOHAN, 11y KyMJaJaH,
MAIlIMHACO3JMK YYyH BAJIIOTAXQXMIOP HUMIIOPT MaTepuajjiap YpHUTa MaxaJuIhi
al€éBUM Ba JHEPreTUK pecypciap acoCulia SHIM Marepuall Ba TEXHOJOTHSIAPHU
MIUIa0 YUKW UCTUKOOJIIIN SKAHIUTY TabKUJIJIAHTaH.

[y Tapuka, TaIKUKOT MaKcaj Ba BazudamapyuHu aHUKJIAIl UMKOHUHHU OepraH
naxTaHd KailTa wuniam Oyilmya WUpUK ViauaMiad MallMHa JeTavlapy Y4yH
aHTU(QPUKIIMOH TIOJIMMEP KOTUIAMAJIAPHUHT aKTHBAIMOH-TEITMOTEXHOJIOTHS YCYJIH/Ia
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MoAuUKAMSUTAIT MaxXaJUTMid améBUi Ba DHEPTreTUK pecypcliapiad parydoHaT
doigananuinga Makcaara MyBO(QpUKIUTYA aCOCIAHA/IH.

Nxxkun4yu 000 TaAKUKOT OOBEKTIApHU Ba SKCHEPUMEHTAN TAAKUKOT YTKA3WII
yCYJUTApUHHU TaHJAII Ba acocialira OaruiiaHTaH.

Matepuannapau MoaudUKaIUSUIAIIHUAT caMapaiu Typu cudaruia Maxamiui
ami€ Ba PHEPrus pecypciapuiaH panuoHan (GolJaTaHUIIHUHT UMKOHUHU OepaJuran
CTPYKTYpaBU{ TAIIKWIIAIITHPUIITHUHT aKTUBAIIMOH-TETEPOTEXHOJIOTUS YCYTHMHUHT
Makcaara MyBODHKINTA WIK OOp acociaHraH. TaakKuKOT OOBEKTH cudaTugaru
Komiamanap yuyH nonudtuwieH (IIOBII), nenrtammact (ITHII), »smokcua Ba
dypamnokcun (2/1-16, 3J1-20, DADJI-20 cmonanapu acocuaarv) KOMIO3UTIAp Ba
TYIIUpyBUHIAp. TpaduT, TEMUP KyKyHH, (TOPOIIACT, MEMEHT Xamaa MaXaJUIHi
aménapAaaH KaoJMH Ba BOJUIACTOHUT OJIMHAWM. Mojens Ba Ha30paT HaMyHacu
cudaTuia MaxTaHu KaWTa uiam O0yiinya MMpUK YIyamild TEXHOJIOTHK MallllHaIap
WYY OpTaHiapuia KeHT KYJUITaHUIaIUTraH HaMyHa KOHCTPYKIIMOH MaTepual - myiar
(Ct.3) onunm.

Tepmomnnact nonumepnap [I9BIT Ba ITHII acocuparu komiamanap 3pUTHIIT
yeymuna OM-16, 32J1-20, DPAD/I-20 TepMOpEaKTUB MOJHUMEPIIAP aACOCUIATH
Koramanap — miactudukatop-guoytundranar  (AbD) kymnanub, KoTHprud
nomvaTHeHnommamMud (I1911A) kymmnmb, 24 coar maBoMmaa COBYK KOTHIIHIA Ba
KeHHHJATHK 3apypar Oymranma 2 coar masommma 110-120°C xapoparma Tepmuk
WIUIOB OepHIll OMIaH KOTUPUIIUO OJTUH/IH.

KomnamanapHuHr (U3MK-MEXaHUK XYyCYCHSTIIapM Ba IMaxTa OWIaH ¥3apo
(pUKIMOH TabCUpAAllyBUAArM TPUOOTEXHUK TaBCU(IAPUHU TaJKUK OJTHUII Ba
Ta0uaTtaH Xap XWJ OpraHuK, HOOPTraHWK, METaul Ba MUHepal. (ToporuiacT, rpadur,
TEeMUp KYyKyHH, IIEMEHT Ba KaoJuH KaOW caHoaTJa uNUIA0 YMKWJIAIUTraH
TYNIUPYBUMIIAP TaHJIA0 OJMHIU.

bynapuuar wuuaa xaonuH (AHTPEHHUKHM) Maxauidid Ba cepol  amé
xucobnanaau. bynman tamkapu sHT kyn 3,88, 44,25, Ba 49,6 dhousnu dyuKuUIITa 9ra,
Moc paBumga xap xwui gucnepcean  d<0,005, d<0,05 Ba d<0,ImmKoiitomr
BOJUIACTOHUTHU Tannad ommuHau. Kypcatwiran dpakuusuiapHUHT TaHJIAHUIIN SHA 1Ty
OwraHn  OOFJIMKKM, Maiila JIUCIEepPCIM  BOJUITACTOHUT  KOHIEHTpATH  yTa
Malauciepcsii  KOHIIEHTpaTra HHUCOATaH TapKkuOuAa KYNpOK MeTauira Jra,
ounoOapuH kommo3ut nonumep marepuamiapu (KIIM) Ba ymapnan koriamanap
(KTIK) ra vccHKIMK Ba 3JIEKTp YTKa3yBUAHJIMK XYCYCHSTIApPUHM XamJa KoIllaMa
MyCTaxKaMJIMK KYpCaTKU4YJIapUHU HAHOKOMIUIEKC OOFiap XOCHJI KUJIUII UMKOHHHHU
TabMUHJIAII YYYH 3apyp.

DKcnepuMeHTIapAa KOHAUIMOH Hamiuru 8-12% Ba udmocouru 3man 12%
rada Oynran Tomkent-3, Tomkent-6 Ba C-65-24 naBnu naxra xomamécu (I1XA)gan
dholnanaHuIan.

Maxamnuit  Tabumii  mMuHepayiap: AHrpeH kaonuHu Ba  Koifromn
BOJUIACTOHUTUMHHM  OJIMHAAH Manjgananrad llypron ra3z-xkumé maxmyacu
MOJIMATUJICHU OWIIaH 3apOuii Mapyayianl Ba €HHUITHUPHIN CaMapacd COIUP dTauTaH
aktuBnamrapuman - «Kompozit-222»  gucmemOparopinu  KypuwiMaga — XaM
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3appavyalapHUHT COJNMINTAPMA CHUPTH KYMaWWIIM XUCOOWTa, XaM CHUITHPUIIUII
CUpTJIapyia TeTeporeH KyTOJamiraH IUIoJl MOMEHTJIap XOCHJI KWIHO, MEXaHUK
AKTUBJIAIITUPUINJIAH KEHUH MOMM(PYHKIUMOHAT CTPYKTypa TalIKUWIAIITAPYBYH
arent-roccunion  cMmoiacu  (I'C)  kymmb KUMEBUM  aKTUBIAIITUPHUII  OWIIaH
MEXaHOKUMEBUM aKTUBJIAIITUPYB aMaira OMIUPUIIIN.

HazopaTnananguran mapamerpiap cudarujga KoIuiamMa CUPTHHUHT OapKapop-
jamrad HoTekucnuru Oanananuru (R;), cupT a7mekTp Kapiuiuru (ps), TpuO03IeKTp
3apSAMHUHT CHPTIArd 3UWIMIH (O,), MIIKanaHuim cuptu xapoparu (T,,), acocuii
Tpubonapamerpiap cudartugarn HinKagaHum koddounuentu (f) meramn cuptra
HucOatan [IXA wMexaHwk kapoxaTiaHumu (dp) Ba KoIUlaMa  YH3UKIH
evmmummHUHrKanaurn (1) Tanmad omuHIN.

TaaKWUK KUJTUHTaH CUPTIAp HOTEKUCIUK MapaMEeTPUHU aHUKJIAII Ba TaJIKUKOT
HaTWKaJlapuHU KaiiTa wunuramjga maxcyc unpiad uyumkuwiarad DGU 01172-connm
nactypaan dhoiganaHuian.

Hucnepc Tuzumiap, MaTepualiap Ba  Komiamanap — (U3HK-MEXaHUK
XYyCyCHUSTIapHU Ba KOMIIO3UIIMOH MaTEpHAITIAPHUHT 3KCIUTYyaTallMOH XYCYCUSATIApHUHH
aHUKJIAl YYyH YMyMMAabJIyM CTaHJApT YCyJI Ba YCKyHaIap KyJUITaHUIIH.

Y3apo TabCUPJIAHUIIIYBYU MaTtepuaiap CUpPTH CTPYKTYypaBui
Varapumm«Kamuop BOW» 283 monemnmu npodunorpad-npo@uiioMerp, 3JIEKTPOH
(PBM 1002) Ba ontuk mumkpockonus (MHWH-8, MBU-6) Epmamuma ypraHwiau.
Komnama Mexanuk xycycusitu (MHKpOKaTTUKIWK) [IMT-3 Ba MD-3 yckyHanap
épaamua, KorjiaMa MaTepruaid TepMOMEXaHuK Xycycusatiapu aepuBarorpad Q-102,
KoIlJIJaMa air€3MOH MyCTaxKaMJIurH y3uill MamuHacu FO1 épaamuia Taikuk STUILIN.

OpuKIMoH y3apo Tabcupianuil TpuOoTexHuk mapamerpiapu ['OCT 23.223-
85 OVitmya nuCKIIM TpUTOMETpAa Xamaa Mexay ycynura acociaHran CTaHjapT yCyi
P54-308-90 6¥itnua MukpoTpruboMeTpaa TaAKUK KUITAHIH.

Yuunuu 600 nmomumep Marepuaiap Ba yiap KorutamanapuHuHr [TXAoOunan
TabCUPJIAHUIITYBUJA CTPYKTYpPaBUW MOCTAIIYBHM Ha3apuii Ba DKCIEPUMEHTAT
TaIKUKOTJIAIlra OarvILIaHTaH.

TpuOomocnamryB xapa€Hu Oyiinya TaIKUKOTIAp SHEPreTHK HyKTauHazapJaH
MeTaJIT TpuOocHcTeManap y4yyH 4YeT 21 TaHukiau onumiapu Kocrenkuit Bb.U.,
bepmaackuit JL.H. (Vkpauna), Knementses H.M., IlporacoB b.B. (Poccus),
Metanonumep Tpudocucremanap yuyH MamkoB O.K. (bemnapychb) ToMoHumax
0JIn0 OOpuUIIraH.

MexaHuK XyCcycHusiTIap Ba YCTMOJICKYJISIP CTPYKTypajJlapHUHT METaJUIIOIUMED
TH3UMIIAD aHTUOPUKIMOH-SHUITUIIOAPAONUIN XYCYCHUSITIIapura TabCUpU Oenapych
omumiapu bensrii B.A., Csupuaénok A.W., Ctpyk B.A. Ba Oomkamap wuiMuii
MakTabW TOMOHWJIaH €Tapiinya SXIIH YPraHujTraH.

PecnyOonukamuzna MAaIlMHACO3IUK MeTaJI TpubocucTeManapua
CTPYKTYPAaBUN-OHEPIeTUK Y3-Y3UAaH TallKWuiaHum myHammmu Maxkamos K.X. Ba
Xauatypbsia C.B. unutapu tydaiinm puBoxKIaHMOK/IA.
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AMMO Oy unuiap HaTWKaJapUHHU MOJMMEp-NaxTa TpUuOOoCHUCTEMAcura aJaeKBar
KyuupuO KyJam Ou3 TaHIaraH TaJKUKOT OOBEKTH CTPYKTYpaBUW MOCTAITYBUHUHT
MaxcCyc )KuXaTJiapu Ba )KapaCHHUHT Y3radajiuru Tydailiin MyMKHH 3Mac.

BU3HUHT TaAKUKOTIApUMU3 KYPCATIUKH, KaUTMAac TEPMOJAMHAMHUK KapacHiap
HykTamHazapujgan  naxra-noaumep  (IIII)  TpubGocucremacu  (TC)  oumk
MyBO3aHATJIaHMaraH TEPMOJUHAMHUK TH3UMIUp. OPUKIMOH ¥3apo Tabcupia-
HMIIYBJA C,, T,, Ka0U TEPMOAMHAMUK MapaMeTpiaap KMAMATIApUHHUHT Xap XUIUIUTU
Ba yJap 3HepreTuk (akrop: 60cHMHUHT (P) cHpHaHHUII Te3urd (L)ra KyrnmanTMacH
(pv) Tabcupu octupaxakukui - TeruiryB  ro3acu  (XTHO) OVitmad HOTeKuC
KOHIEHTpalMsIallyBUAa THHUMCHU3 MYBO3aHATJAIIMaraH »>HEPrus y3aTHIl Ba
muddy3us sxapaéunapu cogup Oynaau.

l-xamBanma  monmMMep — KOoIulamManap — OWilaH — MAaxTaHWHT  (PPUKIIMOH
tabcupiianumysuaa pu=0,10 MPa-m/s mukmopuaa y4 coaT JaBOMHUAArd CHHOBJIA
OapkapopJiallrad napaMeTpIapHUHT TAAKUKOT HATHKaTapy KeJIITUPUIITaH.

1- xanBan

Avipum nonuMep KorutamanapHuHr [TAGWIan UIKanaHuIu CTPYKTYpaBuH,
TEPMOJIMHAMKK Ba TprOOIMapameTpiiapu

Komnama HapaMeTpnap1

Marepuan | 6-10°, C/m? T.p, K Rz, n do f I-10™
ITHIIT 3,1 306 11,2 0,28 0,29 3,1
[19BII 5,8 324 18,5 0,57 0,43 17,5
DJIK* 43 307 75 0,41 0,32 2,2
DADJIK® 6,2 317 12,3 0,46 0,38 7,2
Usox; ‘Mmkanasuu pexumu pu = 0,1 MPa-m/s; Tp=295 K; maxtaHuHr UpI0CIUTH Ba HAMIIUTH
3,2 u 8,8% MocC paBuUIlIa; 2 O/1-16 u DAD/I-20 acocuaaru TYIIMPyBUYNCU3 KOMIIAYHIAP.

Kypunu® typubauku, OGpUKIMOH TabCHUPJIAHUIITYB TEPMOJMHAMUK Ba
TpubomapamMeTpiaapyu Koruiama mMaTepuaiura OOFJIMK XoJja aHdarvHa (apk Kujaau
Ba YMyMHUW KOHYHHUATTa dra. (PUKIMOH TahCUPJIAHUIIYB TEPMOJUHAMHK Tapa-
METpJIapy KaH4a Kym OyJica, WIKaJaHuIl KOd(PUIMEHTH IIyHYa Ky, OMHOOapHH,
KOIJIJaMa CHMITUII KaJAJJTUTH Ba MaXTaHUHT HUCOMW MEXaHUK KapoXaTJIaHTaHJIUTU
XaM KVII.

bynun TabcupiaHWIIyB Marepuayuiapu aeopManuoH XyCyCHSATIApU Ba
yIapHUHT TEPMOMEXaHUK >Kapa€H TabCHpUAA VY3rapulInra acocilaHTaH MOJUMEp
Marepuaiap repMomexaHuk taBcuduapununr AT Ba TI' ycymnapu taxyimim Ouiian
TYIIYHTAPHUII MYMKHH.

Komtama cuptiapu npoduiorpaMMacu Taxjiwid, skymtagan R, (1-xamsan)
KuilmMaTu Ba onTUK Mukpockonusi (la-d pacmiap) HaTwkanapu HOTEKHUCIUK
napameTpiapuHu HadakaT OamaHIMK, OAJIKU MaxTa TOJACUHUHT KYHIAJIAHT YIdaMu
(nnameTpur) OMIaH COJMUINTHPMA Yidamjaa, HOTEKUCIHK KaJaMH TapaMeTpIapUHUHT
XaM aH4arvuHa y3rapuIluHU KypCaTau.

TaakuKOTHUHT Oy HATHXalapu CTPYKTYypaBUM MOCHAIIyB >KapaéHuIa TEHT
MyBO3aHaTau (06apKapop) HOTEKUCIWK IIAKIJIAHUIINAA, aBBALIAPU TabKUTAHHO
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KEJIMHTaH, aCOCaH a0pa3uB KymUaMaiapJaH noopaT maxTaHUHT uocaurura 3mac,
OanKu  TONACMHUHT  KyHIamaHr  ymdamu  (0,)HUHT  KYWIMpPOK  TabCHUPH
MaBXKyJIUTUAH, 1e0 Xynoca KWW UMKOHUHU Oepajiu.

1-pacm.pv=0,1 MPa-ms 6y.iranaaru IIIBII (a,c) Ba ITHII (b,d)
KOIJIaMAaJIApUHUHT JacTJa0Ku (a,b) Ba TpudoMociamyBaan keiimaru (c,d)
MHKpocypatTiaapu (x50)

Mynnaii kuiuO, (QPUKLMOH TabCUPJIAHUIIYBHUHI HOCTALMOHAP PEXUMHAA
TEPMOMEXAHMK TabCHP IIAPOUTHIA JKAPAEHHUHI y3-Y3WJAH TaIIKWUIAHUIIN
JMHAMHMK aHU30TPOIl TPUOOCTPYKTypa coaup Oynumm OuiaH KOBYIIKOK OKHUIIHU
AKTHUBJIAIITUPYBYU SHEPTUs KAMAHUIINHU TAbMUHIIANIH.

Hocranmonap (QpuUKIMOH TabCUPJIAHUIIYBAA MAbIyM OHp KPUTHK SHEPIHs
OKMMHU KMHMAaTh — TalIKWd TabCHUP SHTPONHUSICHAA (FOKJIAHWII-OOCMM Ba CHpIAHUII,
MYXUT-HAMJIMK) SIHTU IUCCUMATUB OapKapop CTPYKTypa BYXKyAra Keiaau.

Tosmanu maTepuan HOTEKUC CHUPTIApPH, KyMJIaJaH, MOJUMEpP Ba KOMIIO3UT
KoIiamaiap Ouian y3apo (PpUKLHMOH TAbCUPIAHUIIYBHUHI Y3Ura XOCIUIY TOJTAHUHT
KOHTPKUCM HOTEKHUCIIMTUIa Mamub KOJIWIIKAaH KouuO Oynmacnuxaup. bynnpaii
mapoutaa (QPUKLUMOH Y3ap0 TabCHUPJIAHUIIYB WINKAJAHUII KYYHHUHI MEXaHUK
TAIIKWJI ATYBYUCH KYMaiuO, maxra TOJAcH >KapOXaTJIaHWUIMHM KaJlajUlallTHPaAIM.
NmkanaHuin Ky4d MEXaHUK TalllKWJI 3TyBUMCH OyHJail HIapouTiap/aa €TaKuMINKKa
SpuIK0, yHHHT MUKAOPH 0,/R, ra 6ornuk 0ymamu.

TpubGonapamerp f MUKIOPHUHHHT Y3rapuilid CTpyKTypaBuii mnapametp R,
KuiimaTura OofnuK OYnub, yHMHr OapkapopilalilfaH MUKIOPH HOTEKUCIUK
napaMeTpUHUHT OOITaHFUY KUiMaTura Kapad, MyalssH (QpUKIMOH TabCUPIAHUIILYB
PEXMMH YUyH KyNaWWIIA XaM, KAMAaWWIId XaM MYMKUHJIUTH KypCATHJITaH.

Masbiym 6up tenr mapoutiapaa KIIK ounan [IXAdpukiyon TabcupiaHuiinys
WIIKAJIAHUII KYYUHUHT XaM MOJIEKYJISIp, XaM TPUOO3JEKTP TaIlIKWJ 3TYBUYMIAPUHU
KaMalTUPUILL 3JIEKTP Ba HCCUKIMK YTKAa3yBUM TYJIAUPYBUMWIAPHU KYUIUII OWIIaH
amara OMMPUIUIIN MYMKUHIUTA MabIyM.

2-pacMJia KOMIIO3UT 3MOKCUA Koruiamanap Omnan [IXA TaakukoT HaTHXajnapu
f Ba 0o HUHT SHEPreTHK (HaKTOp PL Ba TYIAUPYBUYH Typura OOFTUKIUTY KeITHPUIITaH.

Kypuuu® TypubAuKu, PLUHUHT KEHT KuUWMaTiapu uerapacuja xam f, xam
SoMHUKIOpIIapy OViiMua SHr caMapaiucu JaMmuHap (yBajaHyBYaH) CTPYKTypad
AJIEKTP Ba MCCUKJIMK YTKA3yBYHM TYIAUPYBUMIAP — TpaduT Ba KaoauHaup. Temup Ba
BOJUTACTOHUT TYJJUPYBUMIM SHOKCUA Korulamanap f HuMHr Oapkapop Kuilmaru
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Oyiinua HUCOATaH FOKOPHM HINYaHJIMKKa 3ra Oyicama, 0, HUHT OMpPO3 FOKOPHIIUTH
OunaH dapKIaHaau.

f %
4 1,0 .
0,45 /0
2
0,40 1 0,8 -
0.351 0,6
0,30 1 0,4 -
0.25" 0,2 J
5
0,20 ' ' . ' 0 . . \ .
n 005 0,10 0,15 pv,MPa-m/s 0,05 010 0,15 Ppv,MPa-m/s

1 — t¥ynnupyBuncus; 2 - JIK+dropormnact; 3- BOU1acTOHUT; 4- KAOJIWH;
5 — rpadur; 6 — TeMuUp KyKyHU OWJIaH TYJIIUPUITaH

2-pacm. Kommo3uT 3mokcua Komaamajaapuf Ba SyMHKIOPJIAPUHUHT PUra
OOFJIUKJINTH

[TaxTaHUHT 2JIEKTp Ba MCCUKJIMK YTKa3yBUaH KATTUK TYJIIUPYBUUIIAP-TEMUP
KYKYHJIM Ba CHUH4YWIa0 MycTaxKamylaJIUraH-BOJUIACTOHUTIIA KOMITO3UT KOTUIaMmasap
OWIaH TabCUPJIAHUIIYBUJIA TOJNA/IAa YYKYp MUKPOKECHUJIUINI Ba IUIACTUK JAepopMalius
u3Napu xocui 6ynuo, (3-b pacm) yBananyBYaH JJaMHUHAp CTPYKTYpaJid KaoJuH OuiIaH
TYNIMpWITaH Iy KalOu Korulamanapia edunum u3m (3-c pacM) Xocui Oynuimm
CUPTJIADHUHT DJIEKTPOH MHUKPOCKONHUS HATWIKAJTAPUHHA TaxJIMJI OTUII  OWIaH
YpHaTiam (3-pacm).

a)TeMHUp KYKYHU TYJIIUPYBUUCUHUHT YTKUP KUPpATapUOMIaH YyKyp
MHUKPOKECHIIHIIIAP; D)BOIIACTOHUTHUHT KATTHK 3appadaiapy/iaH MIacTuK
nedopmarus; C)KaoTMHOUIAH SHUITHII U3H

3-pacm. TonaHUHT KaAPOXATIAHUIITA XOC TYPJAPUHUHT 3JIEKTPOH
MHUKpockonus cyparaapu (PIMx5000)
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Tpubonapametpnap f Ba g HUHT KuiMatiapu OVHWYa OpPraHUK TYIIHPYBYH
droporacT KyMIMIraHaa Ky3aTWIraH cajgOuil camapa HIIKQJIaHUII KapaCHHUaa
KOIUIAMAaHUHT MYCTaXKaMJIMTH Ba JAe(POpPMALMOH XYCYCHUATIAPUHUHT TMacailuiiu
Ownan OofrnuK. ByHMHT HaTwkacuaa sHepreTuk ¢daxrtoppuv kynahumm Owrad f
MUKJIOpY HadakaT WIIKATAHUAII KYYHHUHT MOJIEKYJSIp Ba TPUOOANIEKTP TAIIKHII
ATYBUMJIADUHUHT YcuIlK, Oanku jAepopManus YyKypJIMTd Kynauimmd Xamjaa
TOJIAHWHT KOIJIaMa HOTEKHUCIUIHWIa WJIAIINO MIIKAIAHWII Ky4d MEXaHUK TalIKWJl
ATYBUYUCHUHHUHI €TaK4YM Tabcupura sra Oymum Ounan Oofnmuk. Kormmama cuptu
npoduIorpaMMacy TaxXJIHJI KWJIMHTaHAAa HOTEKHCIUK mapameTpu R, maxta Tomacu
KYH/JIQJIAHT YJIIYaMHUIa COJUIITUPAPIIA KUMMATIada y3rapyily aHUKIaHIu.

OnuvHraH TaAKUKOT HATIKalapyu Mas3Kyp TpUOOCHCTEMaHUHT (PUKIHUOH
TabCUPJIAHUIIYB TaOMATH Ba CTPYKTYpaBUM MOCIAIIYBUHUHI MaxCyC >KHUXaTH
OomkanapaaH aH4a GapK KWIMIIHNHYU siHa OUp OOp UITOHWIM HAMOEH IT/IH.

[laxTa TONMACMHUHT OyHJAW KApPOXATIAHWIIKA aBBAJJAH TabKUAJIAHUO
KelMHraHpakaTruHayapyalmBa3ura eMUPWIMIIAAH —3Mac,0alIKuKoIiaMa CUPTH
HOTEKUCJIUTH YTKUP KUPpAJapyd TOJa CHUPTHUJIA MHUKPOKECHUI XOCHJ KHJIAJIUTaH,
TEeMHUp KyKyHUTa YXIIam KaTTUK 3appadajiiap OwWwiaH TYJIIUPWITaH KOMIIO3UT
KOIUIaMaJiap TabCUPJIAHUIITYBUHUHT Y3UTa XOC >KUXATUJaH KenauOd 4ukuO, abpa3uB
EMUPWIHILI MEXaHU3MHJIaH NOOpaT, AeraH MyXHM XyJIoca KHJIMIITa UMKOH Oepaju.

«ITaxTaHUHT TAaOMMI XYCYCHATHHHM CaKJIAll y4yH aHTU(QPUKLUKUOH BazH(aiu
MaTepUaNIApHUHT CUPT CTPYKTYpacu Ba XOCCAJIapUHU OOLIKApUII acociapu», 1ed
HOMJIAHTaH TYPTHH4YM 0004a maxTta ToJIaCMHU MyXxoda3zajaiml Ba TYJIAUPYBUYUHUHT
3appayvaiapu reOMETPUK YI4aMIIApUHUHT y3apo TabCUPJIAHUILYBUH
MaTEepUAIIAPHUHT CTPYKTYpPaBUN MOCTIANTyBUTa TAbCUPHU HATHUKAJIAPU KEJITUPUJIITaH.

KynmapTtanyn MeXaHMK IOKJIAHUII TabCUpPU IIAPOWUTHIIA, KYMIIAJIaH, Yy3apo
(GPUKIMOH TabCUPJAHUIIYB/IA MaXTa TOJACH MEXaHUK KapoXaTIaHUOTHWHA KOJIMaii,
OakuMaTepHraiga MaKpPO3aH)XUPHUHT JECTPYKIUSIIAHUIIKN coxup OYynuO, manOau
CyBlla JpuUNIUraH Myxoga3ajoBud KOMIIO3UTIAH HOOpaT KaHIAWAMp akKLENnTop
OwiaH ¥3apo TabCHUpJIAHUIIYBJA OapKapopiallaguraH 3pKUH paJuKaiap XOCHI
Oymau.

JlaGoparopus mapoutuga MyxodaszaiaHrad naxTa TOJACUHUHT aHTU(DPUKITUOH
noJIMMep Koruiamanap OWIaH y3apo TabCUPJIAHMUIIYBA MEXAaHU3MHHHM TAIKHUK DTHIL
yuyH tepmoruiact IIHIT Ba 3/[-16 acocumarn peaxkTOIIacT SMOKCHI KOMITAYH]
KoIiamanapjad ¢oinananunay. by nmomuMepnapHUHT TaHjga0d OMMHUIN HIapTiapH
X03UpJla yJiap acocHJiard Koruiamajiap TpUOOTEXHHMK Ba OOILIKA XYCYCHUATIAPUHUHT
AXIIM YPraHWITaHJIWTK Ba siHA yJap MOC paBHIIA Ky4CHU3 Ba Ky4lId KyTOJaHYBYH
noJimMepiap CUH(pUra MaHCyOIMry OUJIaH aCOCITaH IH.

pL GaKTOPUHUHT Xap XWJI KUHMaTIapu dKCIUTyaTallds PeXUMUIA YTKa3WITaH
TaAKUKOTJIap (2-xanBai) MIEeHTAIUIacT Ba AIIOKCHU/ KoTiaMasap
TpubomapaMeTpiapuan  Myxodaszanam y4dyH KYJUITAaHWJIAIUTaH CyBla dSpyBUH
KOMITO3UTIIAp TYypUTa aH4a OOFIMKIUTUHA KYPCATAH.

by Vpunma Tapkumram  jo3umku, OIIBK-2  kommosutu  Oumnan
MyxodazagaHraH maxTtaga H©HucbOataH tokopu f  ky3atwiMoknma. bunobGapuH,
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MyxodazajgaHran maxrta Ttojacu f MuKmIOpHW, Ha3opaTmard ToyiagaH TpUOO3apsa
3UYJIUTH MUKJIOPUHUHI OMpKaHya Nacaluimra kapamail, HUcOAaTaH Xap JOUM
oKkopu. byHuHr cababu mryku, mMyxodaszanaHrad Tojiajiap CWUIMKJIaHTaH cupt (4-
pacM)ra Ba aklentop TabuaTinm ro3a-daoamojayara dra  OYauO, MIIKaJaHUII
KYYMHUHT aJIF€3MOH TAlIKWJ 3TYBUMCUHU MOJIEKyJIalapapo y3apo TabCUPJIAHUIITYBU
xucobura xkydaitupaau. HucOuii sxapoxarinanum mukaopu 0,1 MPa-m/s sHepreTux
(dakTopaa OMp COATIMK CMHOBJAH CYHI KYyTWUJTaHHWJEK, Ha3opaTAarujgaH Oup KaHua
nact. [lly Owmman Oupra, HUCOMH KapoxaTIaHWIIHUHT HT KaM Mukgopu OINBK-1
KOMITO3HUT/Ia MyXxoda3ajaHTaH naxta OwiaH (PPUKIIMOH TabCHPJIAHUIIYBIA KYTPOK
MaKOyJl KYpUHAIH.

2- KaJjBall
Xap Xui1 pv MUKJIOPH/Ia STTOKCH/T Ba TIEHTAIIACT KOTUTAMAJIApUHUHT
Myxoa3zaraHran Ba MyxodaszajgaHmaras rmaxrta OujiaH TPHOOTEXHHK XYCYCHUATIApH

bup coat naBomuaa TpuboMocanlyBaH KEHUHTY Xap XUl pv
Tpubocucrema Typu naru (MPa-m/s) TprOOTEXHUK XyCyCHUSTIAp
0,05 0,1

o, 10°, R, p |f S |0, 10%|Rgp |f 8o

c/m? C/m?
DJIK - I[IXA 2,10 5,2 0,35 (0,24 |4,3 7,5 (0,32 041
DJIK —TTXA(OITBK-1) 184 |48 0,38 10,17 |3,5 6,8 (0,34 [0,32
DJIK —I1XA (OIIBK-2) 1,62 4,7 0,40 (0,19 |3,2 6,5 (0,35 (0,38
ITHIT —TTXA 1,42 4,3 0,28 (0,18 |3,1 11,2 |0,29 |0,34
ITHIT —TTXA(OITIBK-1) 1,36 4,2 0,30 |0,16 |2,8 93 0,31 |0,28
ITHIT —ITXA(OITBK-2) 1,32 4,2 0,31 (0,17 |2,6 91 (032 |031

a-myxodazajaHMaraH Tojia b-myxodazananran Tona

4-pacM. ToumkeHT-3 maxra ToJaCH CHPTIAPUHUHT
3JIEKTPOH-MHUKPoOcKon pertukaiapu(PIMx5000)

et - 2 e,

[llynmait kunub, OJMHTAH HATHXKAJIAp acocuia MaxTaHu Myxodaszasaril
GpUKIMOH 30HaJAa WINKAJaHWII Ky4MHH OMpO3 OLIMpraHura Kapamai, MOoJIuMep
KOMIO3UIMSUIAp OWIaH SKPaHJAIITHPWIMINN 3Ba3ura ToJlafa HAMIIMK yuuiad
MYyCTaxKaMJIUTUHUA TabMHUHJIAI OWJlaH TaOMMH XYCYCHSTHHHM Cakjalira HxXoOuii
TabCUP KypcaTaau, 1ed Xyaoca KUITUII MyMKHH.

Maskyp Tpubocucrema yuyyH TpuOomapameTpiiapra aHda TabCUP ITYBUH MY-
XMM TePMOJUHAMUK TapaMeTpiiap - XapopaT Ba TPUOOAIEKTP 3apsSAu 3ULTUTUTHUD.
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[y 6ouc, 6y ukku acocuit Gpu3nk (HaKTOPIAPHUHT CATIMOKJIN TabcUpu Oyitnua
TAIKUKOTIAp YTKa3uiaAau. ByHna XapopaTHUHT TabCUpU aHYa Ky4diu OYiauO, YHUHT
MUKJOPH TOJUMEPJIAPHUHT, allHMKCa TEpPMOIUIACTIAPHUHT IOMINAIl XapopaTH
AKUHUJA TIATOJIOTHK XoJucajiapra oiaubd kenumu Kysatuiau. Korama marepuanu
TypuJlaH KaTbui Hazap, Oapua TpuboIapameTpiap MUKJIOPUHUHT
OILIUIITM KA AT .

bapkapopnamran KIIK Hotekucnuk mapamerpiapu Ba Y3 HaBOartuna,
MaxXTaHUHT MEXaHUK JKapOXATIaHUITUHU OenTmiaiaurad 0omka oup Myxum (axtop
- KYIIWJIAAUTaH TYJIIMPYBUUIIAPHUHT T€OMETPUK YITUaMH Ba XyCYCHITIAPUIUD.

TynaupyBun 3appavanap yIYaMJIADUHUHT TAbCUPUHH YPraHUIIl YUYyH
BOJUTIACTOHUT KOHIEeHTpaTHHHUHT Xap xwr  0,05<d < 0,1 mm; 0,005<d < 0,05 mm;
d <0,005 mm aucnepcnuauruau 6up xui 50 Mac.K. Tapku0O1a TaHiab OJIHK.

DKCcIepruMEHTANl TAAKUKOTIAP IIYHH KYpPCATIUKH, G, Kamaiummra Kapamai f
Ba 0, MUKJIOPJAPUHUHT OIIMII  TEHACHIMACH TYJIAUPYBUM  3appadaiap
YI4aMJIApUHUHT KaMalUIIi TOMOHUTa MOUKIIL.

TepmomuHaMuk Ba TpuOOMapaMeTpiiapHU KaMaWTUPHI YYyH HIIKAJIAHUIIT
HaTHXacua MOCJIAIITUPUIITaH o3ara 3ra OyiaraH, yBaJlaHyBYaH XyCyCHSTIH Tpadur
OwiaH TYJIAUPWITaH »dIOKCHUJ KoIUlaMayiapia ONTUMAJUIAIITUPUIN TaIKUKOTU
VTKazunau (S-pacm).

bynna rpadgut muknopunusr 1gan 20 mMac.K. rada y3rapuiinaa G, HUHT Kaaal

KaMaluIura Kapamai p;HUHT3-5 TapTHOIN KaMaiuIy 3Ba3ura 0, Ba f HUHT YU3HKIIH
Kamaitno OOpHIlY Ky3aTHIIIH.
Tabkuianran xoaumca Iy OuiIaH W30XJIAHAWKH, TPUOOMOCHAIIMITaH KoIllaMa
CHPTHJIA, XaTTO Ky3aTyBaa XaMm ceswiapiu (5 b - pacm), rpaduTHUHT yBaJaHTaH
Maiijia 3appavaiapu nanao 6ynuo, SHTpONUs KYIPUKIAPUHU XOCUIT KUITYBUU IJIEKTP
YyTKa3yBuu 3amkupyaiap mnaigo Oymaau. bunoOGapun J, Ba f HuHr onTHMai
KUIMaTIIapy y4yH FOKOPH €HWIMIIOApAONUIMK CaKJIaHTaH XoJAa, Tpa@UTHUHT 2-5
Mac.K. MUKJOpHY OuiiaH Kudosiianca 0ynaau.

r
e
" ;;f R
"
a— JacTiaa0ku b — rpubomocariran

5- pacm. CunoB pexkumu po=0,1 MPa-m/s, t=1800s 6yaranaa 5 mac.K.
rpagur OuaaH TYJAMPUITaH 3nokcna KomiaMmanudr C - 65-24 naxra Oujian
y3apo TabcupiaHuinyBuaaru w3a gorocypariaapu (x100)
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TagkuKOTHUHT Oy HaTWKaJIapu KYI KOMIIOHEHTIIM TeTEPOKOMIIO3UT
KoIUlamManap MOCJAIIMIraH CUPTJIapuaa ONTHUMall TEPMOJAMHAMHUK Ba TPUOOTEXHUK
XyCycusiIT 0apro JTUIIM TpapUTHUHT aH4ya KaMm OYyiraH MUKIOpHaa yTa Maiina
3appadaliapiad, aBBa/VIapd MabJIyM OYyJIMaraH XoJuca, »dJEKTp YTKa3yBuaH
3aHXKUpYaIap Nainao OYIMIIMHN Naiikal oM UMKOHUHU Oep/Iu.

[y Tapuka Ma3kyp 000/1a OJMHTaH TaIKUKOT HaTHXaJlapu acocuaa GpUKIUOH
TabCUPJIAHUIIYBAA (paoJIIallilaH BOJUIACTOHUT Ba KAOJMH TapKUOWUJArd MeTalll
aTomuiapu OujiaH OMp KaTopja KyTOJIaHTaH CyB MOJICKyJajapu (HaM TaxTaja) Xam
TpuOOMoOcCTaIrad CUpTIAAPHUHT 6apya KOHTypu Oyitnua GapKapop dJEKTp YTKa3zyBuu
3aHXKHpIap XOCHII OYIUIIIN MYMKHWH, IETaH TAXMUHHU OJIFa CYpHILTra acoc OYyiaau.

bemmmnyu 000 CTpyKTypa TalIKWUIAIITUPUIIHUHT TEXHOJIOTHK acoCH Ba
FETEPOKOMIIO3UT  KOIUIAaMaJlapHUHT  WHUPUK  yIYamlid  JKMXO3JIap  YYYyH
AKJJTAHTUPUITUIIUTA OAFUIILJIAHTaH.

[MaxTanum KalTa WIUIAII TEXHOJOTHK KUXO3JIADUHUHT KaTTa YI4aMIIMIUTH
Xamja ylap JeTajulapd CHUPTIAPUHUHT Mypakkad koHburypamuscu Tydaitiu
XO3UPrd KyHJIa MabiyM (u3uk Moaudukanusiam ycyUIApUHU KYJJam OuiaH
KIIKHM OJUIIMMKOHM HYK.

[y mynocabar Ownan, O6ornoBun cudaruaa moc paBumaa 10 Ba 12 mac.k
IIDITA OwuiaH COBUKJIAWMMH KOTHUII MMKOHMHHM Oepaauran JJ[-20 Ba DAD]I-20
TEPMOPEAKTUB MomMepiiapu Taninad omuaau. [Inactudukarop cudaruna anpanaBuii
KyJutanaaurad JIb® Ba ukkunamuu amél'C, moc pasumaa 10 Ba 10 mac.K Mukaopaa
OJIMH]IY.

Xap Xui1 TapKuOJIM 3MOKCHA Ba (PypaHIMOKCH] KOIJIaMaJlapHUHT KyEliaa Ba
CAJTKMHAA KOTHUII KOHYHUSITIAPU TaAKUK OSTWIAU. TaJAKUKOTIAp aBrycT ouuaa
TOLIKEHT MIAaXpH MKIAM MIAPOWTHIA,XaBO xapopaTuHuHT cankuuza 30 £ 2 °C Ba
42 + 2 °C ounk xoiina yTrazwiau. Tabuuii Ky€u paanauusacUHUHT xanammru 710-
750 W/M? By TALIKKI STIH.

TaakuKOTIAp MIYHU KYPCATAMKH, TETEPOKOMITO3UT KOIJIaMaJapHUHT TaOUUi
Ky€lml paauanusacuia IIaK/UTAaHWIIA —KOTUIN kapaéHuHu aHva (2-3 wmapra)
tesnamtupanu. [y 6unan oup karopaa [IDITA muknopu amanaa KoTHIll kapaéHuaa
Kyuwin Tabcup kypcarMaiinu, 3/1-20 Ba PAD/[-20 yuyH moc paBumiga 10 Bal2 mac.x.
ONTUMAJT XUCOOJIaHAIH.

['eTepokoMMO3UT KoIJlaMa MIAK/UTAHUINKA CTPYKTypa >KapaéHUHH cudat
KUXATAaH  TaBCU(IOBYM  OIOKCHA  Ba  (ypaHdNOKCHI  KOIJIaMaJlapHUHT
MUKPOKATTUKJIUTH XaMJa aAre3uoH MYCTaXKaMJIUTHHUHT KyE€ll paguanusicu
naBoMuinaurura OormuKIuru 6-pacmaa kypcatuwirad. KypuHu® typuOauku, Kyem
pamuanusiciHUHr 30 COaTMMK TabCUPUJAH CYHT KOIJlaMallap MHUKPOKATTUKJIWUTHU
TepMuK uiioB 6epuiran (H,,=228MPa) snokcna Ba ¢pypansnokeun (H,y=182MPa)
KOoIUTaMaJlap MUKPOKATTUKJIMIUra sSIKUHIamuo kemaau (6 a - pacm). JIb® HuHr
kucmaH (50% raga) ['C OwiaH anMaImITUPWIMIIN MEXaHUK XYCYCHSTIApUHUA OUpPO3
KamaiiTupranu Oanku sXmu Toractudukanusiiam xycycustunanaup. byan I'C
kymmnran JJIK Ba ®ADJIK aare3snon MycTaxkaMJIUTHHUHT KY€l pagualusiCUHUHT
JTABOMUMINTUIAH KaThUi Ha3ap Oup KaH4ya omuO OopuIld OWIIaH W30XJIall MyMKUH
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(606 - pacm). Iy 6mman 6up karopaa I'C 6unaH MoaupUKaNUSIAIITHPHIITAH SITOKCHT
Ba (YpaHIMOKCHJ KOIUlaMayiap 3apOHii MyCTaXKaMIIMTHMHUHT OINWIIA OWJIaH Xam
M30XJ1alll MyMKHUH OYJ1aIu.

Oan MPa
180 -

36

130 34

80

30 ; , ; >

10 20 30 40 T, coar.

30 T T T I >
10 20 30 40 T coar.

a 0
1-5/1+20 mac.x. JIb®d, 2- 3J1+10 mac.x.JIbD Ba 10 mac.x.I'C,
3-OADJ + 20 mac.x. IbD, 4-OADJI+10 mac.x./IbD Ba 10 mac.x.I'C

6-pacm. I'erepoxommno3ut 3mokcun (1,2) Ba pypansnokcusn (3,4)
KOIUIAMAJIAPHUHT MEHKPOKATTUKJINTH (2) Ba aire3n0H MyCTaXKaMJIUTHHUHT (0)
Ta0uuil IapouTaa Kyeéu TabCUpPH JaBOMUNJINTUTA OOFTUKJINTH

TagkukoTIapUMU3 OJIUN MIAPOUTAA KOIJIaMa IIaK/UIaHUIIUA KaTTa yadaMiin
TYJIIMPYBYM 3appadallapHUHT COJUINTHPMA CUPTH HHcOAaTaH Kam OViIraHauru
Tydaily, 3appadalapHUHT acocra yyKMIIMHM Kypcatnu. Komiama xaxmu OVyitnua
HOTEKUC TaKCUMIJIAHAETTaH TYJIIMPYBUMIIAP acocra YyKUO yTa TYIIaHUIIU TyQpaniau
KOIlJIJaMa-acoc yerapaBuid (azacuaa aAre3uoH MyCTaXKaMJIMKHUHT KaMaWWIIu COIUP
Oynanu. By KomiaMmaHUHT MyAIaTAaH OJAUH KYy4uO YnKuiura cabad oynaau.

bomika TOMOHJAaH, WrHACUMOH WIAK/UIM  BOJUTACTOHUTHUHI  CHMHYJIALI
caMapaJiopJIuryd 3appada yadamyiapuHUHT aHuzotponus koddduimentu K,,=1:b>2
Oynrannma sxmu amaira omaau. bu3 TaHma®d oiraH BOJUIACTOHHUT KOHIICHTPATH
50<d<100p mucnepciu 6Yn1uob, rokopu anuzorpornus kodddbunuentu (K,,=4,0+4,5)ra
sra. IrHaCMMOH IMIAKJUIA BOJJIACTOHUT BIOKCHUJ T€TEPOKOMIO3UTIAPHU CHUHYJIAIIN
9Ba3Ura CUHIMIIOAPONUIMKHA aH4Ya Oomupud, KoIjlamara Kepakid Xu3Mar
MyAAaTUHU TabMHUHJIAIIJIA KYyJAa MyXUM aXaMmHsITra ara.

TankukoTnap LIYHU KYpCaTAuKH, BOJUIACTOHUT KOHLIEHTPATH
nucmeMOpatopiu Kypuiamazaa 600 S qaBoMuga aKTUBIAIITHPHUII UITUIOBUA Oepuirania
d<20u nucmepcnu Maijanaiirad BOJUIACTOHHT xocua Oyianu. Llly Owman Oupra
K.:=1-1,2 arpodunma O6ynub, omauii TOHACUMOH CTpyKTypara sra Oyiaau Ba
CUHWIOBYH XYCYCUSTUHU TabMUHIAMANIH.

[y wmyHocabaTr OujaH BOJUIACTOHUT KOHUEHTpaTHHUHT  50<d<100pn
Vmuamnapuaa 2,5+3,0 anuzorponus kKo3PQGUUIUEHTHUHU TabMUHJIAUAUTaH (MEXaHUK
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daomram  pexumu n=2800 air/muH, wmum tapkum - A=0,5mm)  30-50s
JABOMHUIIIMIIMK MEXaHUK (haoJIIAIITUPHUIIHN TaHIaAuK (7-pacm).

d 10% m
KAH
3,0 1 = 60
AN
2
2.0 - L 30 1- anm3orponus KOI(PUIMEHTH
’ (Kan);
N 2-BOJJIACTOHUT TYJAUPYBUNCHHUHT
1 0 mucrepcauru (d)
1,0 T T T T T
0 06 12 1.8 24 30 r 102 s

7-pacm. TYaaupyBuM 3appadyajapuHUHT JucHepcauauru (d) Ba yaap
ViadaMJIapuHUHT aHu30Tponus kod¢pduunentu (K,,)HuHr
MEeXaHOAKTHBAIUs BAKTUTA GOFJIHKJINTH

Vupuk aucrepeid BOJUIACTOHUTHH KyIUIab,Kepakiii camapara SpUIIHII yayH
BOJUIACTOHUT oJiquHaaH Mainananran (0,2+0,5mm) nonustunen 6unan 50:10, 50:8,
50:6, 50:4, 50:2 nucGatnapma aucmeMOpaTop KypmiMmacuga 40-50 SmobaitHuaa
Oupraqvkaa MeXaHWK (aoJUIAITUPUIIT Maxcyc Taakukoriapu Yrkazwiau.llly
HycuHAQ OJNMHraH MUHEpaJ-OpraHuK Tabuatiu OuHAp  TYJIIUPYBUMUJIAPHU
oupranukaa ¢GaoUTAIITUPUIL TOJUATUIIEH 3appavaiapu EpaaMuaa  «maparrroT
s¢pdexTn amanra OMMPUIMIIM Ty(palaud BOJUIACTOHUT UYYKMalaW Ba KoIulama
KUIMHIUTH Oyiliad TeHr Tapkaiaaud. By xonga onTuMan CTpyKTypaiu KOoIulama
XOCWJI KUJIUII YUyH HAMYHAHU alJIaHTUPHUILTA XO0XKaT Koamainau (3->xanBain).

Kypunu6 typuOmuku, OuHap TYIAuUpyBUWIap HUCOATHAA TOJMITUIICH
MHKJIOPUHUHT KYNalHUIIH OMIaH, XaM TepMOANHAMUK (G,, T+,), Xam Tpudorexuuk (f,
l) mapamerpiap XyCycCHUSTIApHHHMHT omuO Oopuinura kapamail, O, HUHT Oup 03
KaMaWWIM  Ky3aTWIMOKJA. by monudsTWwieH KyIImwirasja KorlamMa CHPTH
MUKPOKATTUKJIUTUHUHT MacalMiii Ba MUKPOHOTEKUCIUKIIAPU BIACTUKIUTUHUHT
OIIUIIY OWJIaH TYIIYHTUPWIAIINA MyMKHH.

3- KajBal
Drnokcu 1 KorjaMaTapHUHT OMpraiuKaa MeXaHuK (aoJalITHPUITaH MUHEPa
Ba OPraHuK TYJIAUPYBUYMIAPY HUCOATIIAPUHUHT MaxTa OWiIaH PPUKITMOH Y3apo
TabCUPJIAHUIITYBUATH TPUOOIapaMeTpiiapura TabCUupu

MexaHuK aKTHBIAIITHPHIITaH TpuboTeXHUK XyCycUsITIap
TYIAUpYBUMIIAp HUCOATIApH Tap,K 6,-10%, C/m* f S0 110"
(B/I1D), mac.K
50:02 302 21.1 0.25 0.36 1.6
50:04 308 23.5 0.27 0.31 2.5
50:06 310 26.2 0.29 0.30 3.1
50:08 313 29.4 0.32 0.26 3.8
50:10 321 35.2 0.35 0.25 5.6
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[Myngait kuand wiak O60p MaTepUATUIAPHUHT STHTM XYCYCHUATH Ba SMOKCHUL
reTepPOKOMITO3UT KOIUIAMAJapHUHT CTPYKTypa TAlIKWJUTAIITUPUITHUHT MHHEpal Ba
NOJIMMEPHU  MabiIyM HHcOarna  gucMeMOpaTopia  Oupraivkia  MeEXaHHUK
daomamITUPUIL  OpPKaAM  JPUINMIAJWIaH  Maxaudid  aménapaan  ubopar
OpraHOMHHEpall TYIAUPYBUWIApAaH camapain (QoljganaHuiagural sSHTU  YCyll
TONWJIJIN.

HKrrcoauii HyKTau Ha3apJaH MyXUMJIUTH KaM OyJIMaraH KOMIIO3HUT MOJUMED
Marepuaiap yuyyH OOIIKa CTPYKTypa TalIKWUIAIITHPYBYM MAaXaJUIMd MUHEpal -
KaonuHaup. bupmamMum AHrpeH KaonMHUHU aucMeMOparopaa (aosuiamTupui S5
JnaKkuKa gaBomuaa oamd 6opuinnod, keiuH 20:10 Hucbataa I'C xymmim0, oup xuHCIN
TOMOTEH Macca XOCuil KWl yuyH sHa 10-15 makuka naBoMua mapiay TETHpMOHIA
apaJlalITUPHIIAIN.

[y Tapuka MexaHUK-KUMEBUN (DAOUTAIITUPHITaH KOMIIOHEHTIM KOMIIO3UT
Marepuaiiap HIUa0d YMKHUIIA ONTHUMal CTPYKTypa TAIIKWJUIAIITHPHUIL Y9yH HHT
MabKyJIUIUP, AETaH XyJiocara KeJIuil MyMKHUH.

Tabunii  MuHepaulapaa  MaBXyJd  MeETall  OKCHAJIApU  MEXaHHK
¢daomnamtupuiga 60fI0BYM nosmMep Ba moaudukauusiaoBun ['C €H rypyxmiapu
OujaH HaAHOKOMIUIEKC OOFJAHUIIHM o3ara KEIATHpUIIra KOJIUp TeTeporeH-
KyTOnamras Aunoia MoMeHTiapu xocun 0ynaau. Uynku ['C HuHT kY1 QyHKIMOHAI
XYCYCHSITH TE€TePOKOMITO3UTIAP CTPYKTYypaJallyBU YIyH MOWHWI IHIAPOUT SpaTaju.
AnbanaBuil ycynaa (8.1, 8.2-pacM) xamja aKTUBallMOH-TEIMOTEXHOJOTHS yCYJna
(8.3, 8.4-pacm) omumnran DJI-20 acocumaru kommosuTiapauHr HWK-cnexrpiapu
IOTWINIIMHUAHT ~ TaxXJWIA, aMMOHUH Ty3mapu JedopMalioH TeOpaHUILIapU
OOFJIAHMIIY FOTUJIMIIY IOUPAaCcH/a Y3rapuiiiap MaBKXyIIUruHu Kypcatan (8-pacm).

OnokcHuJl XaldKaHW HyKIeo(puJ peareHT TabCUPU OCTHAA OYHUII YYyH
aeKTpodusl OOFIaHMII 3apyp, SIbHU SMOKCUIHU OJAMHAAH (DAOUIAIITUPHUIT KEepak.
by TacaBBypman kenn6 uuku6, [IOTIA amuH TypyXuHUHT OWUTTa MOJIEKYyJIacu
HyKJIeO(UJ peareHT, MKKMHYUCH 3¢a IPOTOHOAO0HOP cU(aTiapyia UIITUPOK 3TAH.

bynna mMexanuk daomamtupuiga xocuwsn 6yiaran metawt uoniapu 'C HUHT
Kyl (QYHKIIMOHAT TypyxXJiapyu OwWJiaH OMprajiukia XM CTPYKTypa XOCHJ KUIYBUU
ponvHu ViHahau, ned dapa3 kuaum MyMKUH. UyHKA, MHUHEpATHUHT 3apOuii
napyanad eHWITHPHUII CcaMapaJopiUIMHA aMajra OIIMpaJuraH aucMmeMmOparopra
MEXaHWK aKTUBJAIITUpWITaHAa OOFloBuUM OuslaH TYIAUpPYBUM  (pazasiapapo
KaTjaMuaa aAre3ussHUHT OIIMPWININK Ha(akaT COJHMIITHPMA FO3aHHHT OIIUIIN
xucoOura, OaJlKM TOCCUIIOJIHMHI KapOOHWJI Ba THAPOKCHI TypyXJjapu OuiiaH
HAaHOKOMIUIEKC OOFJIaHMIIIAp XOCUJT KUJIaJIUraH MOHJAIITUPUITaH MaHOanap ycuiu
XUCOOUTa SPULITUTIAIN.

Anrna6 tormwiran y3rapum ['C kapOoHMJI Ba KapOOKCHII TypyXJapuja Ba
AMOKCHUJI TUAPOKCUI TypyXJiapuaa KUCJIOPOJ aTOMJIapu Opacuja WYKH MOJIEKYJISIp
BOJOPOJ OOFJIaHUIIAPU XOCWJI OYJIUIIM, IIYHUHTJEK WKKWIaM4Yd aMMOHUH Ty3u
Boopo aromsiapu ['C rugpokcuit rypyxu OmiiaH OOFJIaHUII XOCHII KUIMO TUKHIINII

24



TapaKaCUHUHT KYTIAaWWIITUTa Ba TE3JIANIUIINTa MOHETUK KWiaau, 1e0 ¢apa3 KAIull
MYMKUH.

172321

296355

343387

1736.10

YTKkasnw %

337095
3036.77

2927.70
%T

342289

103497
|1182.12 828.17
124866
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343477 2926.25

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400.0
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1-0/1K, 2-DAK+I"C, 3-DJAK+I'C+B, 4- 5IK+I'C+K
8-pacm.UK-cnekrpJiap

By xonga 3moKcua CMOJACHHUHT TOJMAMUHJIAp OWUJlaH KOTHUIIM THUIPOKCHUI
rypyxJjap MaBxXya Oupuxkmanap OuilaH Te3namaad Ba Boaopona atoMuHuHr HO-
TYPYX{ KHCIOPOAM aTOMUTA aJIMAIIMHUIIKA Ba KapOOHUITA TYJIIUPYBUU TapKUOUTaA
KUPYBYM METAJJI OKCHUJIAPYW HOHJAIUTUPUIITaH 3appadyalapHUHT PEAKLMSACH COLUP
Oynumy OuiiaH Ba KyWUJaru TaXMUH KWJIMHTaH cXeMa OujIaH M30XJIaHUIINA MyMKHH.

NH2 ?HZB —
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TaaKUKOT HaTWXKalapu KypcaTaauku, OMp Xuil TapkuO Ba AUCHEPCIUKIArH,
xaMm (haoamTUpuwiIral, Xam ¢aoysiamTUpuiIMarad MUHepan TYJIIUpyBUMIap/ia SHT
AXIIM MEXAaHUK XYCYCHSIT BOJUIACTOHUT KYIIWJITaHAQ Ky3aTWIIU. OTOKCHUJ
reTepOKOMITO3UT KOIUIaMalapHUHT OyHAaill ce3wnapiu (apKuHU YXmiam KUMEBUN
TapkuOan (aoamTUpwirad Ba ¢aoUlaliTUpUiIMaral KaoJuH Ba BOJUIACTOHUT
MUHEpAUIAPUHUHT  CTPYKTYpaBUM TY3WJIUIIM OWJIAH TYIIYHTUPHUII MYMKHH.
JloHacuMOoH €KM WTHAaCMMOH BOJUIACTOHUT 3appadajapyd OOFJOBUM  OWJIaH
yBaJlaHyBYaH KaoJIMH 3appadaiapuiaH ¢azamapapo KywWIMPOK OOFIaHUII XOCHI
KHJIaJIU.

Ma3kyp uWmaa  OJWMHTaH  TAAKUKOT  HaTWKalapu  aHTU(PUKIIHOH-
enuMIoap oIt Bazuamm ONTHMAJT CTPYKTYpaJIH Ba
aKTUBalMOHTeNnoTeXHoNmorussycynu ©Ounan Oup HewaKIIKsuru Tapxkubrapunu
TakIu@ STUII UMKOHUHM Oepau. XKymianaH, kyn OyiMaran MUKIOp/Ja yBajJaHyBYaH
rpaduT Kyjuiam OWiIaH Maxauidid amé acocujia reTepOKOMIIO3UT KOoIUIaMallapHUHT
SIHTY TapKuOJIapy TaBcust TUiAM (4,5-Kajs.).

Macanan, AI'KK (aHTUQpPUKIIMOH TE€TEepOKOMIIO3UT KOIUIamMa) TypUIaru
KoIJIaMajapHu 2-5 Mac.K. 2JIeKTp yTKasyBuu rpadurt, 35-37 Mac.K. KaOJMHHU MOC
paBumga 130 mac.x. 1K Ba ®ADJIK ra xymmm 6unan, AET'KK (anTudpukinon-
eluumoapaonl TeTePOKOMIIO3UT KOTUIaMa) TypHAard Koruiamanap sca 3-5 mac.K.
AMEeKTp yTka3zyB4ad rpadut, 15-17 mac.kx. kaomuH, 17-19 mac.x. Bomumactonur, 1-3
Mac.K. noaudTuiieH Moc pasuiga 130 mac.k. DJIK Ba ®EK ra xymmm OusiaH 0wl
MYMKHUH.

EI'KK  (efimmumbapaonuii  TreTepoOKOMIIO3UT  KOIUlaMa)  Typuaaru
KoIlaMajdapHu (akar BOJUIACTOHMT Ba TIpaduT acocujga OJMII MYMKHH.
TynmupyBunnapauar 40 Mac.K. YMyMHU MUKIOPHM WHPHUK YIIHaMIIM TEXHOJIOTHMK
KUX03 HINYMA CHUPTIApUra CypTUIITa MOWWI TEXHOJIOTHUSIHU TabMUHJIAUIAATH
KOMITO3UIIMSTHUHT KOBYIITKOKJIUTH Yerapacu OuJiaH mapTiaaHaIu.

4- sxanBan
Nuuna® yukuirad KoruiaMaliapHUHT TapKUOU Ba Xoccallapu
KoMnoHeHTIap TapkiuOH Mac.K. Xoccanapn”
Kz;g:lda DJIK* B:I12° I'padur:Kaonun H,, MPa 6., MPa

ATKK-1 130 - 3:37 178 32,5
ATKK-2 130 - 5:35 172 34,5
AEI'KK-1 130 19:1 3:17 205 30,5
AEI'KK-2 130 18:2 5:15 198 29,6
ETKK-1 130 35:0 5:0 276 38,2
ETKK-2 130 37:0 3:0 288 39,8
N3ox:1)A-antudpukimon, E-eiimmmbapaom, 'K-rerepoxkommosut, K-komnama; 2)3/1K:
2J1-20=100 mac.x., Ab®=10 mac.x., I'C=10 mac.x., [I9I1A=10 mac.k.; 3) B: TID -
BOJUTACTOHUT: TMOJMATWIIEH (Mac.4. coHiM Hucbarna); 4)Kyémna unuioB Oepuin BakTé
(710-750 W/m?)- 8 h., Toe =42+2 °C. (TomkeHT 1. [IIAPOUTHU]IA).
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TaakWKOTHA OJIMHTAaH HATWKAIAp TAXTaHW KaWTa WIUIAl TEXHOJOTHUK
KUX03JIapU HWITYM CHPTIApHIa MaxXaUIMd amiéBUi Ba SHEPreTHK pecypciapiaH
parmoHas ¢oimanannd, aKTHBAIMOH-TSIHOTEXHOJIOTHS YCYyJIuaa KOoIUlaMa OJIUII
SIHT TEXHOJIOTUSCHHH TAKJIH(} STHII UMKOHUHH OCpPJIH.

5-kamBai
Nira® yukuirad KoriaMajlapHUHT CTPYKTYpaBHiA TpruOomapaMeTpiapu

Konnamanap CrpyKkTypaBuil napameTpJiap: TpH60HapaMeTpﬂap*
TypH ps, Q (cyparna); R, u
JacTIIa0Ku IIWJIMHTaH TpuOOMOCTAIITaH f do I-10°

ATKK-1 [ 1,410°/35 4,6:10°/2,8 0,8:10°/6,2 0,24 | 022 | 34,3
ATKK-2 |6,4:10"/3,9 1,2:10°/2,9 0,4:10°/ 6,5 0,23 | 0,20 | 35,2
AETKK-1 |2,6:10°/3,7 6,2:10% /3,4 3,510°/5,8 028 | 0,25 | 125
AETKK-2 |1,2:10"/3,6 8,1-10°/3,5 4,2-10°/6,1 0,29 | 0,26 | 13,4
EI'KK-1 4,6:10" /6,2 0,6:10°/3,2 2,110°/5,8 0,36 | 0,38 | 3,2
ET'KK-2 8,2:10°/ 6,1 3,1:110°/3,6 2,8:10°/5,6 038 | 041 ] 26
,pU: 0,1 MPa-m/s,t,= 1,5 h. 6ynranna, koutpxucm - [IXA( C - 65-24); o,< 10'5C/m26apqa
xXoJuiapia

OaTnauyun  600xa YTKa3wiraH TaJIKUKOTJIIADHUHT aMajiuii Ba TEXHHK-
UKTUCOAMM >kabxamapu kentupwirad. Mmma6d uwkunran AKIIK O6up Oatapesuu
HamyHaBuil Kypronrena Ba Cypukunuiok (AHIMKOH BUIOATH), 3-conian Hamanran
naxTa To3anam 3aBojyiapu (Hamanran BusosiTi) Taxprba CHHOBUIAH YT/IA Ba KOPHId
STUIIIN.

AHTUQPUKIMOH — eWHIMIOApIONLIM KOMIIO3UT MOJUMEP KOIUIAMaIapHU
IMHEBMO- Ba BHUHTJIM TPAHCIOPTEP, IIHEKIM TO3ajarud Ba TaKCUMJIArud WIINYU
CUpTJIapua >KOpUM KWJMHHUIIKWIA TaxTa TOJIACH MEXaHUK KapOoXaTIaHUIITUHUHT
0,35-0,85 ¢owmsra, yurut ManWgamaHUIIMHWHAT 1,5-2 MapTa KamMaWuIM XHCOOHWTa
UKTUCOAWN caMapaJopiMKKa JSpUIIWITaH, XamMJa TEXHOJOTUK >KUXO03JIap HIIl
yaymaopiuruau 10-15 ¢gowusra ommiy TabMuUHIAHTaH. Spatunrad sHru TapKuOIu
TeTEePOKOMITO3UT KOTUIAMAJIAPHUHT WHUPUK YIYaMIIM >KUXO03Jap HWITYM CUpTIapHaa
Kyutanuwuimy ¢dakar Ourra Oup OaTapesuii HaMyHalld TaxTa To3ajlall 3aBOJuia
nunura 78,8 MuIH. ¢cyM, TapMOK OVitnya sca unmura 945 MiIH. CYMHU TallIKUi 3TaJIH.

Maskyp 006ma wmartepuasmapHuar —camapagopiuruaun  O°zDSt2822:2014
JlaBnaT cTaHgapTHaa OCNTHIAHTaH KpUTepHai-0axonoBun Kypcatkuu cudatuma oo
KYPUHUIINIATH KOMIUIEKC (PAKTOpPHHM KyJUlall OWJIAHXKOPWUM JITHIN Xama MaxXTaHH
KalTa WUl MWUPUK  yIIYaMJId  TEXHOJOTHMK JKUXO03Jap CHUPTIIApU  YUYyH
aHTU(PUKIHMOH-EHMINIIOAPAONUIM TETEPOKOMIIO3UT MOJIUMEpP KOIUIamMaap OJMII
TEXHOJIOTMK pErIAMCHTHMHH WNUIA0 YWKUII Ba JKOPUH OTHUIN HATHKAJapH
KEJITUPUJITaH.

TaaKUKOT HATW)KAIAPUHUHT KCHWUHTH  PUBOXKIIAHTUPWJIMIIKA Ba  KEHT
KYJUIAaHWJIUIIN MaTepUaUIapHU TEXHOJIOTHMK >KapaéH Oyinda OonTHMall TaHJIAIIHU
ky3na TyrraH «Cudar tu3umMu»HM unoiad 4ukuO, YHM KalTa WIUIANTHAHT Xam
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anoxuaa OOCKMUWIApUAA, XaM OXHUPrd MaxcyloT cudaruHd OyTyHJIaW Ha3opar
KWINIIIA KyJUam OuinaH TabMUHIIANIH.

XVYJO0CA

Magxxya MabIyMOTJIap TaXJWIM acoCHa Ha3zapuil Ba aMalluil TaIKUKOTIIap
o6 Oopuinl OwiaH MIIJAWIK OOp MOJUMEp MaTepuaiiap €EpaaMuja MaxTaHUHT
(PUKIMOH y3ap0o TabCUPIIAHUIITYBUIA UITKATAHUIIT KyYWHUHT TaIlIKUI 3TYBYMIAPUHA
OOImIKApuIll WMKOHM WJIMHKA acOCJaHTaH Ba TaXTa TOJACHHUHT MEXaHWK
KAPOXATJIAHUIIUHN TEXHOJOTHK KUX03Jap MallMHA Ba MEXaHU3MJIApPU YUYH
KOHCTPYKIIMOH Marepuaap CTPYKTypajlapu Ba XyCYCHUSITIapUHU
ONTHUMAJIIAIITHPHUII OPKATA MaKCaJIJTH CO3JIAIITHPHUII TAKIH(] STUIITAH.

Onuaran  HaTwkamap Hadakar maxta OwnaH  QPUKIUOH  ¥3apo
TabCUPJIAHUIIYBA WIUIAMIUTAH FOKOPH camapalld MalllMHACO3JIMK MaTepuauiapu
ApaTUI COXACHUIaru Ha3apuil OMiaMmIIap KyJIaMUHU KeHTauTUupaau, OalKku MaXajuluid
améBUi Ba SHEPTUs pecypclapuiaH panuoHan QoiiganaHud, SHrUMaITUHACO3IUK
MaTepuaiapy  SpaTUla KOMIIO3UIIMOH MAaTEPHAIITYHOCTUKHUHT PUBOKIIAHUII
HMCTUKOOJIJIAPUHN OeITHIIaiIH.

TaOunii mapoutgarn Oeocurta 710-750 W/ m? Kyém paguanuscuauar 10-20
coar JlaBoMujia Tabcupu kepakiu (95-98% Moc paBuiiia) KOTUII Japa)aid Ba axTa
OWIaH WIIKaJaHUII [IAPOUTHJA eTapiuya HIra JaéKaTId T[eTEPOKOMIIO3HUT
KOIUIaMaJIap OJUIIHUA TAbMUHIIANIN.

Acocuii xyJjocaaap cudparuga KyiuaarujaiapHi TabKUIJIAIM MYMKHH:

1. ®pukuuoH y3apo TabCUPJIAHULIYBHUHI CTPYKTYpaBU NapameTpiiapi,
KymilaJiaH KoIulamMa HOTEKUCIUKIApU MapaMEeTPUHUHT OapKapopJialraH KAWMaTH,
YHUHT JacTJIa0KU KMMMaTHUaH KaTbhUil Ha3ap, MaxTa TOJACUHUHT KYHJIAJaHT yiIyaMu
(mmamerpu) Owmran HadakaT HOTSKHCIMKIAPHUHT OalaHIIMK, OallKu KaJaamiIHd
napameTpyiapyu OuJiaH COJIMINTHPMA YI4OBra KeauO KOJIMIIK MOJMMEpPOOFIOBUMIIAD
acocHJIard KOTUIAMAJIADHUHT TACT TEPMOMEXaHUK XYCYCHSITH HaTKacu Tydaiinu,
MaxTaHUHT OSHI KWYUK MEXaHUK >KAPOXATIAHWIIM 3Ca JIAMUHAD CTPYKTYpaH
TYNIMPpYBUMIAD KYIIMITaHAQ, YIApHUA KOoIlaMaja CyOMHUKPOHOTEKHUCIUKIIAD XOCHI
KWJIYBYH 3appadajJapHUHT yBAJTAHYBUAHIUTH XUCOOUIaH COAUP OYITUIITN aHUKIIaAH/IH.

2. MarepuamuiapHuHr  (QPUKIMOH TabCUPJIAHUIIYB MEXAaHW3MHUHHU YpraHUII
acocupa mnaxta TtodacuHu NaKMII, IIBC, nomustunenrinukon, N,N-IuMeTH-
aMUHOMETAaKpUIaT OpOMJIM ATUJ Ty3japu KaOW CyBlIa 3pyBUM KOMIO3WULIMSUIAPHU
KYJ1ab, TOJIAHMHT MYCTaXKaMJIMK, aHTHUCTAaTHMK Ba OOIIKa XyCYCHSTIapUHU
AXIIWIANLIA AKLENTOPJIUK POJIMHM Oakapuil OWjlaH Oup KaTopJa ToJia MEXaHUK
KAPOXATIAHUIIIMHUHT caMapaiv KaMaluImra MOHEIMK KUY aHUKJ1a0 OepuiiraH.

3. Komno3ut mnonumep Koramanap OwiaH NaxXTaHUHT Y3apo (PpUKIMOH
TahCUPJIAHUIITYBUA, XAaTTO TpadUTHHUHT KyJda Kam 2-5 mMaccakucmzia XaM YHHUHT
JaMUHAp CTPYKTypacW »5Ba3ura,aBBAJUIApU WJIFAHMaraH, OJJIGKTP YTKa3yBYaH
3aHKUpYAIap XOCHI OVIIHIIN MyKappap dKaHIUTH TpUOOCUCTEMAIACTPYKTYpaBUil Ba
AHEPTETUK Y3UIaH-Y3U MAKIUTAHUIINA dBa3uTa COIUP OYIUIIN WIK OOp OeNTHUIaH Iu.
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BonnacToHUT Ba KaoNMMH TYIAUPYBUYWIAD TapKUOMAa MeETal OKCHAJapU
KYpUHUIIKIA MaBKy OVau0, GPUKIMOH TabCUpIaHUITYBA daoialiaaurad MeTasul
aTomyiapy  Myxo(dazajJoBUM  KOMIIO3UTJIAPHUHT EKM  CYBHUHI  KyTOJaliraH
MoJIeKyJlanapyu OuiaH MINKAJIAHWII CUPTHUHUHT Oapua KOHTypHu OVyitmua Oapkapop
MEKTP VYTKAa3yBUM 3aHXKUpYAJIap XOCWI KWIMIIKM TaxMuHiaHau. Kaij stunran
XOJlucajgap MOXMUSITUHHHI OYMJIUIIM MaTepUaUIapHUHT TaxTa OwiaH (QpUKIMOH
TabCUPJIAHUIIIYBUA Y3Ura XOC CTPYKTYpaBUU MOCHAIIYB MaBXYJJIUTHMHH SHA Oup
60p anoxuma YTUPO(d dTUIITA UMKOH OepaiH.

4. Mexanuk (aoUTaIITUPUITaH MaxaJUIMi MUHepayiap AHTPEH KaoJIMHU Ba
Ko#iTom BOJUIIAaCTOHUTHHH CaMapaiid TYJAUPYyBUMIIAp, TOCCUIOICMOJIACH 3Ca NaxTa
OwnaH aHTU(QPHUKIMOH DIMOKCHJ TETEPOKOMIIO3UT AaKTHUBAI[MOH-TEIUOTEXHOJIOTHS
yCyJMJa MIAKUIAHTUPWITaH KOoIUlaMa MIUIa0 YUKHIIA caMapalld CTPYKTYpajOBUH
SKaHIuru OenruiaHau. [eTepOKOMIIO3UT SIMOKCHJI KoIjlamMa Xakmu Oyiinad
MUKpO3appadyajJapHUHT TEHI TaKCUMJIAHUIIM BOJUIACTOHUT OuWiIaH MaijanaHraH
MOJIMATUJICHHU OUpraiukiaa, OOFJIIOBYM KOBYIIKOKJIUTHIa OOFJIMK XOJIJa MabiIyM
HucOaTAa, MaKcaii Bazudaa oMl MyXUMITUTH KYPCaTUIIIH.

5. Mexanuk (haoutalTHpUIIraH MUHEPATHUHT XOCHJT OVJIraH MeTal HOHJIapH
I'C dyskuuonan rypyxJjapu OuiaH, KypUJIMaHUHT 3apOuii-Maigaiani-uirkaniarm
camapacu yiapokK, TYJIIUPYyBYM Ba OOFJIOBYM oOpacuja aAre3ustHUHr Hadakar
MEXaHUK  (paoyutamTHpwiIraH MUHEpaJl  3appayaHUHT  COJIMIITAPMA  CHUPTHU
omumuraruia smac, Oanku ['C HuHr ¢QyskunuoHan ¢aon rypyxjapu OuiiaH
HAaHOKOMIUIEKCIU OMPUKMA XOCUJI KWJIaJUTraH MOHJIAIraH MaHOaJapHUHT KyHailum
XUcooura coaup OYIUIY aHUKIaHIH.

UK-cnekTpan Ttaxjawiap OWJIaH aKTUBAMOH-TEITMOTEXHOJIOTHS  yCyiauaa
OJIMHTaH TeTEPOKOMIIO3UT MaTepuauiapia HAHOKOMILUIEKC OOFIaHUIUIHUCTPYKTYpa
TaAIIKWJI KHJIUIT MEXaHU3MHU WK O0p TakIug STHIIN.

6. Unkbop  maxamnuit  améBUU-dHEPreTUK  pecypciiapiiaH  parroHal
dbolmanaHUIIHA ~TabMHUHJIAWMANTAH, WHPHK YIYyaMJId TIaXTaHW KakWTa HIUIan
TEXHOJIOTMK MalllMHAJapu WINYU CHUPTJIapuja KoIjlamanapra Tajnad KWJIMHTaH
CTPYKTypa TAIIKWLUIAIITUPUIL Ba aHTUDPUKIIMOH-SHUITUIIIOAPIONI XYCYCUSITIN SHTH
AKTUBAIIMOH-TEJIMOTEXHOJIOTUS YCYJIU TaKJIU(] STUIAH.

7. Maxamumii MuHepan aménapaaH  AHrpeH kaonmuHu Ba  Koiitom
BOJUIACTOHUTUHU CaHOATAa WIUIA0 YUKAPUIIl WMKOHU MAaBXKYJJIUTH, KUMEBHMA
TapkuOu Oup-Oupura SKUHIWTK Ba CTPYKTypa TY3WIHMIIM OWjiaH (apKJIaHUIINA KEHT
KyJaMiId MHUHepall aménapra MaHcyO OynuO, MalmMHACO3JIMKKa MYyJDKaJlJIaHTaH
KOMIIO3UT MAaTepuauiap y4yH TYJIAUpyBUM cudatuga KYJUIaHUII TOTEHIHAIN
MaBxXyJl OyJiraH MaxajulMi MUHEpasn aménap MoJeidb HaMyHacu cudaruia TakIud
STUIIJIN.

8. Dmokcu TeTepoKOMITO3UT KOIUTAMaJapHUHT aHTH(PPUKIIMOH XYCYCHSITHHU
MUHEpald TYJIAUPYBYM KyJulaml OwiaH SXIIWIaml Ba TaxXTaHUHT MEXaHUK
KAPOXATIIAHTAHJIUTUHA KaMaWTUPHIIIA KAOJWH, CHUIMIIOAPIOIUIMKHU OIIUPHUIIIA
BOJUIACTOHUT cCaMapaii TYJJAUPYBUWIAP OKAHJIWTU aHUKIaHIu. KaoauHHUHT
JaMUHAP CTPYKTYPACHUHU ONTUMAJ aMajra OIMUPHII OUIaH 3apyp eHHITUIIIOAP 0TI
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anTUGpUKINOH Korama oy, 5-10 macca kmemma, 50-100 p dpaknusou Ba
YII9aMIIapuHUHT aHU30Tpomnus Kodddummentn 2 naH kam OyiamaraH BOJUTACTOHHT
KYJU1amn OMIaH SPUIITAIT MyMKHAHIATH aHUKJTaHTH.

9. Slpatunran suru kommosursiap Tapkubiaapu,lAP 04645-connmu Ba |AP
04774-conmnu V36ekucToH Pecry6nukacn MaTeHTIapu OMIAH XUMOSIIAHTaH 6YiIuo,
KOMIUIEKC Xoccajlapy Oyinua Y3JapuHUHT aHbaHABUU aHAJIOTIApHIaH MaxTa OWaH
y3apo TabcupiaHMIyBaa XaMm f, xam &y OMaH MUHUMAT KUAMATIapUHU TabMUHJIAII
Oyiinua ycTyH Typaau. bunoOapwH, ymapHu mry OyryHIa UCTEHMOIYU IXTUEKUHU
KOHIUPAJUTaH DSHI KaM alI¢BUH-DHEPreTHK Ba MOJIMSBUN Xapakariapaa, HII
HaTHXKAJTAPUHUA KSHT KAMPOBIIU KOPUH ITHII OMJIaH OJIHIIT MyYMKHHIIUTH KYPCATHIIIH.

10. HWnmuit - TagKUKOT HWOUIAPUHM WIK OOp HWNUIA0 YMKHWITaH
0'zDSt2822:2014 V36eKkuCTOH aBNaT CTAHAAPTH OYiua KOHCTPYKIIMOH MaTepHa-
JApHUHT TlaxTa OWiIaH (PPUKIIMOH TahCUPJIAHWIITYBIATH CaMapajOpIUTHHHA TaBCHSI
stuiral '8y KoMruieke pakTop MUHUMAaJI KHMMAaTH OMIad 6axosall acocuaa TallKuI
TuI TaaKUKOT Ba cuHOBiapaa DGU 01171- connmu BaDGU 01172-connmudDXM
JacTypiapu Xamjaa TpuOomapaMmeTpiapHU Yidall HOAHUKIUKIAPUHU OaxoJarl
METOJMHM KYJIalll OJIMHTaH HATHKaJlap UIIOHAPIWIMTUHU TabMUHJIAII OuiiaH Oupra
TAIKUKOT YTKA3UIIJIaH YHUHT HATHXKAJTApUHU KOPUN ATHUINTa KaJap BaKT Ba MEXHAT
cappuHU aHYa KaMauTUPaJIH.

30



HAYYHBINA COBET IO NPUCYKIEHUIO YUEHON CTENIEHU
JOKTOPA HAYK 16.07.2013. T/FM.02.02 TP TAIHKEHTCKOM
I'OCYJAPCTBEHHOM TEXHUYECKOM YHUBEPCUTETE U

HAIIMOHAJIBHOM YHUBEPCUTETE Y3BEKNCTAHA

TAIIKEHTCKHAHN 'OCYJIAPCTBEHHBIN TEXHUYECKWII YHUBEPCUTET

SUAMYXAME/IOBA YMUJIA AJIMZKOHOBHA

OCOBEHHOCTH CTPYKTYPHOHM NPUCITOCABJIUBAEMOCTH
KOMITO3UIIMOHHBIX MTOJIMMEPHBIX TOKPBITUI ITPU
B3AMMOJIEACTBUHU UX C XJIOIIKOM Y TEXHOJIOT WS UX
IHOJYYEHUA

05.02.01 — MarepuasnoBeenre B MAaIIMHOCTpoeHUH. JIuThé. Tepmuyeckas
o0padoTka u 00padoTKa MeTAJIOB MO/ AaBjieHneM. MeTannyprust 4épHbIX,
LHBETHBIX H IParoleHHbIX METAJJIOB
(TeXHMYeCKHe HAYKH)

ABTOPE®EPAT JJOKTOPCKOM JUCCEPTAIIUA

Tamkent-2015



Tema NOKTOpPCKOH JHMcCepTAllMM 3aperucTpupoBaHa B Beicmieidl arrecTalMOHHOM
KOMHMCCUU npu KaOunere MuHucTpOB Pecny0siuku Y30exkucran 3 Ne
30.09.2014/B2014.5.T311.

JlokTOpCcKasi auccepTaiys BBHIMOJTHEHA B HAYYHO-HCCIIENOBATENbCKUX J1abopatopusx ['YII
«®DaH Ba TapakkuéT» 1 Ha Kadeape «TexHonorus nepepadoTku HedTH U Taza» daxkynpTeTa HEDTH
u raza TamKeHTCKOro ToCyAapCTBEHHOTO TEXHHUYECKOTro yHHBepcuTera nmMeHu AOy Paiixana
bepynu.

[TosHBIM TEKCT TOKTOPCKOM uccepTalMy pa3MeEll€H Ha BeO-CTpaHUIE HAaydyHOIO COBETa
16.07.2013.T/FM.02.02 npu TamKeHTCKOM TOCYyJapCTBCHHOM TEXHHMYECKOM YHHBEPCHUTETE H
HanumonansHoM yHHBepcuTeTe Y30ekucrana no agpecy Www.tdtu.uz/tadgiqitchi/dis_matn.htm.

ABTtopedepar nuccepranuu Ha TpEX si3bIKax (y30€KCKUU, pPYCCKUM, aHTJIMICKUI) pa3MeIIéH
Ha BeO-cTpanuie mo azapecy Www.tdtu.uz/tadgigitchi/avr.matn.ntm wu MudopmanuonHo-
obpazosatensHoM moptaie «ZIYONET» o agpecy www.ziyonet.uz

Odunuanbubie MuxpuannoB Puckuana MuxpuauHoBuY
ONIMOHEHTHI: JIOKTOP TEXHUYECKUX HAYK, mpodeccop

Axmenxomxaes Xamua TypcyHoBUY
JOKTOp TEXHUYECKHUX HayK, podeccop

PuckynoB ATUMIKOH AXMA/I:KOHOBHY
IIOKTOp TCXHNYCCKHUX HaYK, JOLCHT

Benymas TalIKeHTCKU  MHCTUTYT  TeKCTWIBHOH W JIErKoH
OpraHu3anus: NPOMBIILICHHOCTH

Bammta cocromtes «14» mapra 2015r. B 14 % wacos ma sacemammu mayumoro cosera
16.07.2013.T/FM.02.02 mpu TamkeHTCKOM TOCYIapCTBEHHOM TEXHUYECKOM YHUBEPCHUTETE U
HanuonaneHoM  yHuBepcutere VY30ekucrana mo azapecy: 100095, r. TamkeHt, yi.
VYuuepcuterckasi, 2. Ten./dpaxc: (99871)227-10-32, e-mail: tadgigitchi@tdtu.uz

JlokTopckas auccepraius 3apeructpupoBata B MHdopmarmonHo-pecypcHoM 1ientpe (MPLI)
TamkeHTCKOro TOCyJapCTBEHHOTO TEXHHYECKOro yHHBepcuTeTa 3a Ne 5, ¢ KOTOpOW MOKHO
o3nakomuthest B IPL] (100095, r. TamkenT, yi1. YauBepcurerckas, 2. Ten. (99871227-10-32)

ABTopedepaT quccepranuu pazocnal «12» ¢espans 2015 roga
(mpotoxkon paccbutku NeO4 ot «10» deBpans 2015 rona)

K.A.Kapumos
IIpencenarens Hay4HOIO COBETA IO MPUCYKACHUIO
y4€HOH CTEeNeHH JOKTOpa HayK, [.T.H., Ipodeccop

H.[lx. Typaxomx:kaes
YuéHblil cCEKpeTapb HAYYHOT'O COBETA MO MPUCYKICHUIO
Y4EHOM CTENEHU JOKTOpa HAyK, K.T.H., JIOLEHT

P.M.MuxpuauHosn

[Ipencenarens HAYIHOTO CEMHUHApA MPH

HayYHOM COBETE 10 PUCYKICHUIO YIEHOU CTETICHU
JOKTOpa HayK, J.T.H., podeccop
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AHHOTALIUSI JOKTOPCKOM JUCCEPTALIUUA

AKTYaJIbHOCTh M BOCTPeOOBAHHOCTH TeMbl auccepranuu. CoBpeMEHHas
TEXHUKA, MaIllMHbl U MEXAaHU3MbI, B TOM YHUCJIE, TEXHOJIOTHYECKOe 000pyAOBaHUE,
NpPUMEHSIEMOE B XJIOMKOBOM MPOMBIIUICHHOCTH, JOJKHBI 001anath Tpedyemoun
paboTOCIIOCOOHOCTHIO M AKCILTyaTallMOHHOW Han&KHOCThIO. [1o 3TOM mpuuune, npu
o0ecreyeHnn HKCIUTyaTallMOHHOM HaAEKHOCTH MallliH 10 mepepaboTke XJIOIKa,
1[EJIEBOE TPUMEHEHUE BHICOKOI(PPEKTUBHBIX HOBBIX KOMIMO3UIIMOHHBIX MOIMMEPHBIX
MaTepuaioB Hapsjay C COBEPIICHCTBOBAHMEM KOHCTPYKUUW 00OpYyIOBaHMS,
OTHOCUTCA K YHUCIY AaKTyaJIbHbIX HAyYHO-TEXHHUYECKUX MPOOJIEM, OXUIAIOLIUX
CBOET'O PEIICHHUS.

N3BecTHO, 4YTO paldounre MOBEPXHOCTU  TPAJULMOHHO  IMPUMEHSIEMBIX
METaJUIMYECKMX MaTepuajoB HMEIOT TEXHOJOIMYECKHE IIEPOXOBATOCTH H
CyOMUKPOHEPOBHOCTH C OCTPHIMU BEPIIMHAMH, KOTOPbIE MHTEHCHUBHO MOBPEXKIAIOT
XJIOIIKOBOE BOJIOKHO B IpoOLiecce €ro nepepaboTKu, M, BMECTE C TE€M, IPUBOJAT K
CHIDKEHUIO TPOU3BOAUTEIBHOCTH M TOBBIIIEHUIO HSHEPronoTpeOseHus U3-3a
OTHOCUTEJIBHO BBICOKOM CHJIBI TPEHUS HA HMX IOBEPXHOCTSAX 3a CUYET BBICOKOU
ruapobuiabHOoCcTH. [loaTOoMy, 1eneHanpaBieHHOe mNpuUMEeHeHHe A(h()EKTUBHBIX
KOMITO3UIIMOHHBIX TTOJIMMEPHBIX MaTepUajoB U MOKPHITHI HA UX OCHOBE Ha paboymx
MOBEPXHOCTSAX TEXHOJOTMYECKUX MAIMH M MEXaHM3MOB Ui oOecreueHus
HaJEKHOCTH, TOBBIILICHUS] MPOU3BOJUTEIBHOCTH M CHHXKEHHUS DSHEProEMKOCTH
TEXHOJIOTMYECKUX MAIlIMH, M COXPAaHEHUs MPUPOJHOIO KayecTBa XJIOMKOBOIO
BOJIOKHA 32 CYET CHHYKEHUSI MEXaHUYECKOM MOBPEXKIAEMOCTH, SIBJISIETCS aKTYaJIbHBIM.

Pemienne ormedeHHO MpOOIEMbl HEMOCPEACTBEHHO CBS3aHO C pa3pabOTKOM
HOBOM PHEPro- U pecypcocOeperaronieil TeXHOJIOTu (GOpMUPOBaHUS MOKPHITUN Ha
OCHOBE A((PEKTUBHBIX MOJUMEPHBIX MAaTEpUAIOB Ha pabdOYMX IMOBEPXHOCTSX
KPYITHOTa0apUTHBIX TEXHOJIOTUYECKUX MAIIIHH.

@dyHIaMEeHTalbHBIE HCCIEIOBaHUsL Ipoliecca CTPYKTYpHOH mpucrnocalbiu-
BAa€MOCTH, SIBJISIOIIETOCS OJTHOM M3 0COOEHHOCTEW (PPUKITMOHHOTO B3aUMOJICHCTBUS B
MAalIMHOCTPOUTENIBHOM MAaTEPUAIIOBEICHUM, KOTOPOMY B HACTOSIIEE BpEMs HE
YAEJNEHO JIOCTaTOYHOTO BHHUMAaHUSA, ONPEACNSIOT JajJbHEWIINE MEpPCIEKTUBBI
Pa3BUTHSI MAaTEPUATIOBEICHUSI B TPUOOCHCTEME «XJIOTIOK —OJIMMEPHBIN KOMITO3UTY.
Bbicokass 37acTUYHOCTD MHKPO- U CYOMUKPOHEPOBHOCTEH KOMITO3UIIMOHHBIX
MOJIMMEPHBIX MAaTE€pPUalIOB W TOKPBITUA W3 HUX OOECIEeYMBAET OTHOCHUTEIBHO
MEHBIIYIO CUJTy TPEHHSI C XJIONMKOM, MO3BOJISIA B JOCTATOYHOW CTENEHH YMEHBIIHUTD
€ro MEXaHWYECKYI0 TMOBpEkKIaeMOCTh. [Ipum 3TOM, NpoBeleHHE KOMIUIEKCHBIX
UCCJIEIOBAaHUM C Yy4Y€TOM MPUPOJIbI, COCTaBa, CTPYKTYpbl U pa3MepOB YACTHUIL
HAIMOJIHUTENIEH JUJIi  OLEHKM KOJMYECTBEHHOT0O M  KAaueCTBEHHOTO  BIUSHUSA
TEXHOJIOTHUECKUX (PAKTOpOB Ha 00pa30oBaHME HAHOKOMIUIEKCHBIX COEAMHEHHH Ha
Mex(pa3zHOM CJ0€ NMPUMEHEHHEM aKTHBALMOHHO-TEIMOTEXHOJOTUYECKOTr0 METO/a,
SBJISIETCS] BOCTPEOOBAHHOM.

[Toctanosnenne Kabunera MunnctpoB PY3 «O mporpamme mMoaepHU3ANH U
PEKOHCTPYKIIUU MPEANPUATHN XJIOMKOOYMUCTUTEIBHOW MpOMbIIIIEHHOCTH Ha 2007-
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2011 romer» 3a Ne70 ot 3 ampens 2007 roga HOATBEPKAAET aKTYaJbHOCTh M
BOCTpPEOOBAHHOCTh TEMBI AUCCEPTALMH, MOCBIIIEHHON pa3pabOTKE HOBBIX COCTABOB
U DHEPro- U pecypcocOeperaronieil TeXHOJOTUHU TOJy4YeHHsI BBICOKOA((EKTUBHBIX
KOMITO3UIIMOHHBIX MOJMMEPHBIX MOKPBITUH 1J1s1 pab0YuX OPraHOB TEXHOJIOTUYECKOTO
o0opy0oBaHus IepepadOTKU XJIOMKA.

CooTrBercTBHE HMCCICI0OBAHMS NMPHOPUTETHBIM HANPABJIECHUAM Pa3BUTHS
HAYKH M TexHosoruil Pecmyosmmkn Y30ekucran. Hacrosimas pabota BhIoJHEHA B
COOTBETCTBUM C NPHUOPUTETHBIMHM HAIIPABICHUSIMU PAa3BUTHUS HAYKU U TEXHOJOTHUH
PecniyOnuku V36ekuctan: ®-3 «Teopuss 1 MEeTOAbl MPUMEHEHUS BO300OHOBIISIEMbIX
HUCTOYHUKOB 3Heprum», @D-7 «TeopeTudueckue OCHOBBI XWUMHH, XHMHYECKOU
TEXHOJIOTHH, HAHOTEXHOJIOTHUN, II11-15 «Co3manue HAYKOEMKHUX,
BBICOKOIIPOU3BOUTENBHBIX, KOHKYPEHTOCIIOCOOHBIX, 3KCHOPTOOPUEHTUPOBAHHBIX
MaIIiH, 000pYJOBaHM, MPUOOPOB M ITAJOHHBIX CPEACTB, METOJAOB M3MEPEHUU U
KOHTPOJSL JUIsl TPOMBIIIIEHHOCTH, TPAHCIIOpPTa M BOJHOTO Xo3siicBy, [II1N-12
«HoBbIE TEXHOJIOTUU TOJTYYEHHS] OPTaHUYECKUX, HEOPTaHMYECKUX, MOJIUMEPHBIX U
JOPYTUX €CTECTBEHHBIX MATEPHUATIOB).

O030p MeKIYHAPOIHBIX HAYYHBIX MCCICAOBAHUM 10 TeMe JMCCEePTALUM.
N3ydyeHneM mnpucnocabiIMBaeéMOCTH MOBEPXHOCTHBIX CTPYKTYp MaTepHalioB B
npupabOTOUYHOM TMPOLIECCE, BBI3BAHHOW HHEPreTHMUECKON caMoopraHM3aluedl mnpu
BHEIIIHEM TPEHUM JUJIi METAUIMYECKOW TPUOOCUCTEMBI, 3aHMMAIOTCA B HAyYHBIX
ueHtpax  I'epmanum  (HeMeukuil  Hay4HO-MCCIEAOBATENBCKUI  WHCTUTYT
MarepuasioBesieHus ), BenukoOputanuu (JIoHTOHCKUIT MHXKXEHEepHBIN LIeHTp), Poccun
(H1U TIpoo6nemsr mexanuku 1 HN mammHoBeaeHUs Poccuiickoli akaieMuy HayK),
VYkpaunbl  (CenbCKOXO3SIICTBEHHas:  akaaemusi  YKpaunsl). HccinemoBanuem
CTPYKTYPHOM TpPHUCIIOCAOIMBAEMOCTH [JIsl METAJUIONOJMMEPHBIX  TPUOOCHCTEM
3aHUMAarOTCA B HayuHblx 1eHTpax benopyccun (I'omensckuii HUU
METaJUIONIOJIMMEPHBIX CUCTeM, benopycckuil rocynapcTBEHHBI YHUBEPCHUTET),
JlatBun (Pwxckuit TexHudeckui yHuBepcuteT). McciaemoBaHusiMu B 00JacTH
CHIDKEHHMS MOBPEXKIAEMOCTH XJIOIIKOBOI'O BOJIOKHA M COXPAaHEHHUs €ro IPUPOIHBIX
CBOMCTB 3aHMMaroTcsi B HayuyHbix IieHTpax  CIHJA (Heroapk, mnaGopaTopus
MIPOM3BOJCTBA KOMIIO3ULIMOHHBIX MATEpPUaIoB, MUUWTraHCKUN Hay4HBIM LIEHTP -
Kommno3unronnsie Matepuansl U cTpykTyphl), Kananet (YHauepcurer TopoHTO) u
Nunuu (Kanmypckuit TEXHOJTOTUYECKUNA UHCTUTYT).

B noncnenHue roapl B HAyYHBIX HCCIEAOBAHUSX, MPOBOAMMBIX YYEHBIMHU
I'epmannu (Hemenkuii Hay4HO-HCCIENOBATENIbCKUNA MHCTUTYT MaTEpHAIOBEICHU),
Aunrnuu (Jlonnonckuil naxenepHsblil eHTp), Poccun (HWUU IlpoGnembl MexaHUKH,
HUUW MamunoBenenusi), Ykpaunbl (CelbCKOXO03IMCTBEHHAS akajeMus YKpauHbl) B
KauyecTBe ompenaensmionero (akropa mnpucrnocabiMBaeMOCTH ObUIA  BBIOpPaHBI
MEXaHMYECKME CBOWCTBAa MaTepuana, TaKue KaK TBEpPAOCTb, NPOYHOCTh Ha
pacTsDKeHUeE U cxkaThe, a Takke Moaynb FOura. Mexons u3 3Toro 611 pa3paboTaHbl
HOBBIE METAJUIOKOMIIO3UTHBIE MaTepuaidbl M ONTUMHU3UPOBAHBI KOHCTPYKLHS U
T€OMETPUYECKUE TapaMeTphl TPUOOCUCTEM, OOECIICUMBAIOIINE HAIASKHYIO pabOTy
MamvH. B uWcciienoBaHusx, MOpPOBOJMMBIX B Hay4dHbIX LeHTpax benopyccuun
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(I'omensckuii HUM MeTamionoiMMepHbIX CHCTEM, ['pOJTHEHCKUI TOCyAapCTBEHHBIN
yHuBepcuteT) U JlatBuu (PwKCKui TEXHUYECKHM YHUBEPCHUTET), BBISBICHO, 4YTO
Hapsy ¢ MEXaHWYECKUMM CBOMCTBAMHU MaTepHalOB Ha OOecleYeHUE HAJIEKHOCTH
TPUOOCHUCTEMBI, CYIIECTBEHHOE BIUSHUE OKa3blBa€T TaKKe UX CTPYKTYpHOE
cTpoeHue. B HaydyHbIX 1EHTpax CIJA (Hayuynblii 1EHTp NPOM3BOICTBA
KOMIIO3UIIMOHHBIX MaTepuanoB, Hayunslii neHTp- KoMno3unnoHHbIE MaTtepualibl U
ctpyktypbl), Kananer (YuuBepcuter Toponto) u HWuguu (Kanmypckwuit
TEXHOJIOTHYECKUI MHCTUTYT) B LIEJIAX COXPAHEHHS MPUPOJHBIX CBOMCTB XJIOMKOBOTO
BOJIOKHAa OBUIM  CHHTE3HpPOBAaHbl  IOJIUMEPHI, NPUMEHSEMbIE B  KadyeCTBE
00JlaropaxMBaroIMX BEUIECTB, I/I€ HA OCHOBE U3YUYEHUSI XMMUYECKOTO pa3pylIEHUs
BOJIOKHA OBUIM TOJIy4€HbI BOJOPACTBOPUMBIE HAHOKOMIIO3UIIMOHHBIC MaTepuajbl U
pa3pabOTaHbl TEXHOJIOTUHU UX MOTYUYEHUS.

C nmo3unuy TEpMOJMHAMHUKMA HEOOpaTHUMBIX MPOLECCOB TpubocucreMa
NOJIMMEP — XJIOMOK SIBIISIETCA OTKPBITOM TEPMOJWHAMUYECKOW CHUCTEMOM, COIpPO-
BOXKJIAEMOM  CIIOKHBIMA ~ (PU3UKO-MEXAaHUYECKUMH M MEXaHOXUMHUYECKUMHU
ABJICHUSAMHU. AJEKBAaTHBIA IMEPEHOC HW3BECTHBIX PE3YJIbTATOB MHPOBOW HAYKW IS
TpUOOCUCTEMBI TOJUMEP — XJIONOK HE TMPEACTABISAETCS BO3MOXHBIM, W,
CJIEIOBATENIbHO, HYXIACTCS BO BCECTOPOHHUX (YHIAMEHTATHHOM M MPUKIAJTHOM
HCCIIEIOBAHUSIX  TNPU  CO3JaHUM  MAIIMHOCTPOUTENBHBIX  KOMIIO3UIIMOHHBIX
MOJIUMEPHBIX ~ MATEpPUAlIOB C  33JaHHBIMU  TOBEPXHOCTHBIMU  CTPYKTYPHO-
MEXaHUYECKUMH CBOMCTBAMM.

Crenenb M3y4eHHOCTH npodJembl. VccnegoBanus mpucnocadInBaeMOCTH C
HSHEPreTUYECKOM TMO3MLIMH Ui  METAUIMYECKUX TPUOOCHUCTEM MPOBOAMIHCH
Qmaiitiepom 1., boynenom ®.I1., Tait6opom /., Kocreukum b.M., bepmanckum
JLH., ans MetammonoiuMmepHbix Tpubocuctem - MamikoBeiM O K., KiemMeHTheBbIM
H.M., IIporacoBeim b.B.

MexaHnueckue CBOMCTBA U BIMSHUE HAAMOJICKYJISPHBIX CTPYKTYp Ha
aHTU(PPUKIIMOHHO-U3HOCOCTOMKHE  CBOMCTBA  META/UIONOJIMMEPHBIX  CHCTEM
uccnenoBanm Oenopycckue ydensie benbiii B.A., Cupuaénok A.U., Ctpyk B.A. u
Ipyrue.

Ha ceromusmuuii 1eHb yu€HbIMU Y30€KUCTaHa JOCTUTHYTHI HAyYHBIE YCIIEXU
[0 ONTHMH3ALMM TOBEPXHOCTHBIX CTPYKTYp C YIPaBICHHEM [apaMeTPOB
TEXHOJIOTMYECKUX HepoBHOcTeM - P.I'.MaxkxaMOBBIM, 10 IPUMEHEHHUIO KOMIIO3U-
LMOHHBIX TMOJMMEPHBIX MATEPUATIOB M (PU3MUECKOW MOAU(PUKALMK HX CBOWCTB -
C.C.HermaroBbIM, 10 ONTHUMHU3ALUU KOHCTPYKLIHMM M MaTE€pUaJIOB TEXHOJIOTUYECKUX
obopynoBanuii - A.J[>KypaeBbIM, MO TOBBIIICHUIO a0pa3MBHONW H3HOCOCTOMKOCTH
KOHCTPYKIIMOHHBIX CTajJ€d M CIUIABOB COBEPIICHCTBOBAHMEM WX CTPYKTYpBI
TepMuyeckoi oOpaboTkoi - A.A.MyxaMeIOBbIM, IO TMOBBIIMICHHIO aOpa3UBHOM
M3HOCOCTOMKOCTH KOMITO3UIIMOHHBIX MOJMMEPHBIX MATEPUAJIOB M MOKPBITUNA HA UX
ocHoBe - A.b.J)xymabaeBbiM, 1O oOIlleHKe d(G(HEKTUBHOCTH TPaHCIOPTEPOB,
M3TOTOBJICHHBIX W3  KOMIIO3MIIMOHHBIX  MOJMMEPHBIX  MAaTepHAJIOB -
X.T.AXMenxoaKaeBbIM.
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OnaHaKo /0 HACTOSIIET0 BPEMEHH HE M3YYEHO M HE YUYTEHO KOJIMYECTBEHHOE
BIIMSIHUE CTPYKTYpPbl U CBOMCTBAa MAaTE€pPHaJIOB HA MEXaHHMUYECKYIO MOBPEKAAEMOCTb
XJIOTIKa, B YAaCTHOCTH, €ro BOJOKHA. Kpome TOro, He yJeleHO JO0CTaTOYHOTO
BHUMAaHUS CTPYKTYpPHOI IpUCIOCa0INBAEMOCTH npu (pUKLIHOHHOM
B3aUMOJICHICTBUM KOMITO3UIIMOHHBIX MOJUMEPHBIX MaTepUAIOB C XJOMKOM U
palMOHATFHOMY HCIIOJIb30BAaHUIO MECTHBIX MAaTepHUajbHBIX M JHEPreTHYECKUX
pecypcoB MpH pa3zpaboTKe HOBBIX MAaTEPUATIOB U TEXHOJIOTHH B ATOW 00JIaCTH.

CBsi3b  JUCCEPTAIMOHHOIO HCCJEJOBAHHUA € IJIAHAMHM  HAY4HO-
ucciae10BaTeJIbckux pador. JluccepranyoHHas paboTa BBINOJHEHA COTJIACHO
rpanToB LlenTpa no Hayke u TexHonoruu rnpu Kabunere Munuctpos PY3 ©-2.1.40 —
«HccnenoBanne TepMOIMHAMUYECKUX MapaMeTPOB U CTPYKTYPHO-IHEPTEeTUUECKUX
3aKOHOMEPHOCTEH (PPUKIIMOHHOTO B3aUMOJICHCTBUSL TPUOOCHCTEM TMOJUMEpP —
xyormok»  (2003-2007rr.), T'HTIT ~ 15-101  «Pa3pabotka 3¢ ¢eKTUBHBIX

aHTI/I(I)pI/IKHI/IOHHO-HBHOCOCTOI?IKHX )41 AHTHKOPPO3UOHHBIX SIMOKCUAHBIX
I'SCTCPOKOMIIO3UTOB JIIA HOKpBITI/Iﬁ CJIOKHO KOH(l)PIpraHI/IOHHBIX )51
prnHOFa6apHTHI>IX TCXHOJIOTHYCCKUX MalllMH AKTHUBAIIlMOHHO-

reJIMOTEXHOJOTHYeCKUuM  MeTtoaom»  (2009-2011  rr.) B TamkeHTCKOM
rocyJapCcTBEHHOM  TEXHUYECKOM  yHuBepcutere, a Ttake ['HTII-15-030
«MccnenoBanue  AedOpMAIIMOHHBIX ~ 3aKOHOMEPHOCTEH  Npu  (PPUKIITMOHHOM
B3aUMOJICCTBUN KOHCTPYKIIMOHHBIX U KOMITO3UIIMOHHBIX MAaTEPUAJIOB C XJIOMKOM U
pa3paboTKa KOMIUIEKCHBIX METOJAOB MW CPEACTB Uil  HEMNOCPEICTBEHHOTO
onpeneneHus ¢dakTuyeckord romaan koHTaktay (2009-2011 rr.) B Hayuno-
MCCJIEI0BATEIbCKOM HHCTUTYTE CTaHAAPTU3AIMN, METPOJIOTHH U CEPTU(DUKALIUY.

Henabro ucciaegoBanusi sBIsIeTCS co3gaHue 3(PPEKTUBHBIX KOMITO3UIIMHOH-
HBIX TOJIMMEPHBIX MOKPBITUN, C YUYETOM CTPYKTYPHOU MPHUCIOCAOIMBAEMOCTH MHPU
B3aMMO/JICHCTBUU C XJIOIIKOM M TEXHOJIOTUH UX MOTYYCHHUS.

Jnst moctuwxeHuss  1end  COPMYJIHMPOBAHBI  CIENYIONIME  3aJadyu
HCCJICIOBAHMSA:

00OCHOBaTh  LI€J€cO00pPa3HOCTh  aKTUBALMOHHO-TEIUOTEXHOJIOTHYECKOTO
MeTo[a MOJIU(DUKAIUU CTPYKTYPHI T€TEPOKOMIIO3UTOB NpH pa3paboTKe aHTU(PUK-
IIMOHHBIX KOMITO3UIIMOHHBIX MOKPBITHIA;

UCCJIEIOBATh CTPYKTYPHYIO MPHUCTOCAOIUBAEMOCTh PA3IMYHBIX IO MPUPOJIE
MOJIMMEPHBIX U KOMIIO3UIIMOHHBIX MOKPBITHH TMPU B3aUMOJEHCTBUU C XJIONKOM B
3aBUCUMOCTH OT OCHOBHBIX 3KCIUTYyaTallUOHHBIX (PHEPreTUYECKUX) (PaKTOpoOB;

BBISIBUTH BJIMSIHUE OOJAropaKUBaHUs XJIOMKA BOJOPACTBOPUMBIMH TOJIUMEP-
HBIMH KOMITO3UIIUSIMH Ha TpuOomapamMeTpsl (DPUKIIMOHHOTO B3aWMOJICHCTBUS W Ha
MEXaHUYECKYIO TOBPEXKIaEMOCTh XJIONKOBOI'O BOJIOKHA;

HCCIIEN0BATh BJIUSIHUE €CTECTBEHHOM COJIHEUHOM pagvanuun 151
MEXaHOAKTUBAIIMM Ha CTPYKTYpy M CBOHCTBAa T€TEPOKOMITIO3MTHBIX TOKPBHITUH Ha
OCHOBE MECTHBIX MUHEPAJIOB U OTXOJI0OB MPOMBIIIUICHHOCTH;

pa3paboTaTh COCTaBbl W TEXHOJOTHIO TIOJYYECHHS BBICOKOI(PHEKTHUBHBIX
aHTU(PUKIIMOHHBIX KOMITO3UITMOHHBIX TOJUMEPHBIX MOKPBHITUNA C WCIOJIH30BAHUEM
HaIOJHUTENENH U3 JOCTYIMHOIO M HEIOPOrOro MECTHOIO ChIPbSi M ASHEPreTUYECKHUX
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PECYPCOB C ONTHUMATBHBIMH AHTH(PPHUKITMOHHO-U3HOCOCTOMKUMH CBOMCTBAMHU TIPH
(PUKIIMOHHOM B3aMMOJIEUCTBUH C XJIOMKOM;

pa3paboTarhb METOAMKY IKCIPECC-OMpPEeeIeHUs] TPUOOTEXHUUYECKUX CBOWCTB
KOHCTPYKIIMOHHBIX ~MAaTepUajoB C Y4YETOM UX BIUSHUS HAa MEXaHUYECKYIO
NOBPEXKJAEMOCTh  XJIOMKA-ChIplla U OIEHUTh  TEXHUKO-KOHOMHYECKYIO
3¢ (PEeKTUBHOCT,  NPUMEHEHUS  pa3pabOTaHHBIX HOBBIX  T'€TEPOKOMITO3UTHBIX
NOKPBITUNA Ha paboyell MOBEPXHOCTU JIeTajel TEXHOJOTMUEeCKUX 000pYIOBaHUM IO
nepepadoTKe XJIOMKA.

OO0beKTOM HCCJIeT0BAHMS SIBISICTCS CTPYKTypHas MPHUCTIOCA0IMBAEMOCTh
KOMITO3UIIMOHHBIX TIOJUMEPHBIX MAaTEPUAJIOB M TOKPHITHH W3 HHUX aHTH(PPUK-
IIMOHHOTO HA3HAYCHHS TMPU B3aMMOJICHCTBHHM C BOJIOKHUCTHIMH MaTepHaaMH, B
YaCTHOCTH, C XJIOTIKOM.

IIpeamer wuccienoBaHus - (HU3UKO-MEXaHWYECKAsT M MEXaHO-XUMHUYECKas
MOAU(PUKALUA TPU  CTPYKTYpPOOOpPa30BaHUU  KOMIIO3UIIMOHHBIX  TOJMMEPHBIX
ITOKPBITHH.

Metoasl ucciaenoBanus. CTpyKTypHBIA aHalU3 C  HUCIOJIb30BAaHUEM
AJIEKTPOHHOM M ONTHYecKOM  mukpockonuu, MK-cnekrpockonuu,  macc-
CHEKTPOCKONUH, JTUCHEPCHBIA, PEHTICHOCTPYKTYPHBIH M TEPMOMEXAaHUYECKUE
METO/Ibl aHaJN3a, MUKPOMETPUPOBAHKE, MPOPUIOMETPUPOBAHUE U MaTEMaTUYECKas
00paboTKa ¢ UCTIOIH30BAHUEM KOMIIBIOTEPHBIX MTPOTPAMM.

HayuyHasi HOBH3HA AWCCEPTAMOHHON pabOTHI COCTOUT B:

TIPEIOKCHHUH YCOBEPIIICHCTBOBAHHOTO MeXaHU3Ma CTPYKTYPHOM
MPUCTIOCA0IMBAEMOCTH TE€OMETPHUICCKUX M TEPMOJAMHAMHYECKUX IMapaMEeTPOB MpHU
B3aMMOJICCTBUH PA3JIMYHBIX IO TPHUPOJIC MTOTUMEPHBIX MAaTCPUATIOB,;

PACKPBITHH KAYECTBEHHOTO M KOJIMYECTBEHHOTO BIMSHUS 00JIarOpaKUBaHUs HA
CTPYKTYPHYIO TIPUCIIOCA0TMBAEMOCTD;

YCTAaHOBJICHMM HE3aMEUEHHOTO paHee 3¢dekTa CTPYKTYypHOH mpucnocad-
JMBAEMOCTH KOMIIO3UIIMOHHBIX MAaTepUaJioB C XJIOMKOM, 3aKIJIOYaloIIerocs B
HEM30CKHOCTH 00pa30BaHUs DJICKTPONPOBOAIINX IEMOYEK, CIIOCOOCTBYIOIINX
YMEHBIICHUIO  TUJIOTHOCTH TPUOORJIEKTPUUYECKOTO 3apsiia, H, CIeJ0BaTENbHO,
BeNMYMH Kod(uImeHTa TpeHUs] W OTHOCUTEIBHOW MEXaHUYECKOW TOBPEXK-
JTAEMOCTH XJIOTKa OJlaroapsi JJAMUHAPHON CTPYKTYpE HAOJTHUTEIS;

BBISIBICHUH ~ 3(PGEKTUBHOTO  CTPYKTypooOpasyromiero  moaudukaropa
TOCCHUIIOJIOBOM  CMOJIBI  TIPH  TOJIYYECHUHW  TETEPOKOMIO3UTHBIX  TOKPBITHH
aKTUBAITMOHHO-TEIIMOTEXHOJOTHIECKUM METOIOM;

MPEVIOKCHUM  HOBOTO  METOAa  CTPYKTYPOOOpa3zoBaHUS c y4éroM
IPaMEHTHOTO PACTIPECICHIS YaCTUIl HAITOJTHUTEIIS TT0 TOJIIIMHE MTOKPHITHS;

BIICPBBIE  TPEIJIOKCHHOM MeEXaHWU3Me O00pa30BaHHMS HAHOKOMIUICKCHBIX
COCIMHCHHA MEXAaHOXUMHUYCCKUM METOJOM MOJM(PUKAIMA TIPHU TOJyYECHUU
reTePOKOMITO3UTHBIX MOKPHITHI aKTUBAIIMOHHO-TEITMOTEXHOJIOTHIECKUM METOIOM.

IIpakTH4yeckue pe3yabTaThl HCCJIET0BAHUS 3aKITIOYAIOTCS B CIICTYIOIIEM:

pa3paboTaH U TPUMEHEH HOBBIM AKTHBAIMOHHO-TEIMOTEXHOIOTUYECKHMA
METO/I, 00eCTIeUNBAIOIINI pPAIMOHATIFHOE HCIOIb30BAHNE MECTHBIX MaTepUaIbHO-
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HHEPreTHUECKUX  PECypcoB, TpeOyeMmble CTPYKTYpbl U aHTH(PPUKIIHOHHO-
U3HOCOCTOMKHE CBOMCTBA KOMIIO3UIIMOHHBIX IOJMMEPHBIX MOKPBITUH  IJIS
KPYMHOTa0apUTHBIX TEXHOJIOTMUYECKUX MAIIWH;

pa3paboTaHbl COCTaBbl M TEXHOJIOTHS TOJY4YEHHS aHTU(GPUKIHOHHO-
U3HOCOCTOMKUX, npu B3aUMOJECHCTBUU c XJIOTIKOM, MTOJIMMEPHBIX
reTePOKOMITO3UTHBIX MOKPBITUM, 1JI1 KPYMTHOTaOApUTHBIX TEXHOJOTUYECKUX MAIIIHH,
MO3BOJIAIOIINE 3HAUUTEIBHO CHU3UTh MEXaHUYECKYIO TOBPEKIAEMOCTD XJIOIKA;

pazpabotan craHgaptHeii Metonm O’zDSt 2822:2014, oOecreuynBarOIIHiA
BO3MO>XHOCTh JJOCTOBEPHOM OIICHKH PE3yJIbTaTOB HAyYHO-HCCIEAOBATEIBCKUX PadOT
CPaBHEHUEM.

JIOCTOBEPHOCTh MOJIYYEHHBIX Pe3yJIbTATOB O00ECIEeYEeHa HCIIOIb30BAHUEM
OOIIEN3BECTHBIX CTAaHAAPTHBIX METO/IOB, OOpAaOOTKON MOJYyYEHHBIX PpPE3ylIbTaTOB
CTPYKTYPHOM NIPHUCIOCAOIMBAEMOCTH W  TPUOOTEXHUYECKUX IApaMETPOB €
OPUMEHEHUEM  KOMIIBIOTEPHBIX  IPOrpaMM,  OLIEHKOW  HEONpEeAEIEHHOCTH
IIOJIyYEHHBIX PE3YJIbTATOB W COINOCTABICHUEM PpE3YyJbTAaTOB HCCIEAOBAHUM C
W3BECTHBIMM JIaHHBIMHU.

Teopernyeckass M NPAKTHYECKAs 3HAYMMOCTH Pe3yJIbTATOB HCCJIEI0BAHUA.
Teopernyeckass 3HAYMMOCTB IIOJTYYEHHBIX PE3YyJbTAaTOB HCCIEIOBAaHUS COCTOUT B
TOM, 4YTO BIEPBBIE IPEIJIOKEH HOBBIM AKTUBALMOHHO-TE€IMOTEXHOJIOIMYECKUI
METOJI, 00ECIEeUnBAIOIIUN PAallMOHATIBHOE HCIIOJIb30BAHUE MECTHBIX MAaTe€pHalIbHO-
SHEPreTUYECKHUX PECYPCOB, TpeOyeMoe CTPYKTypooOpa3oBaHHe U aHTU(PUKIIMOHHO-
M3HOCOCTOMKME CBOWMCTBA KOMIIO3MIIMOHHBIX MOKPBITHUA i1 KPYNMHOrabapUTHBIX
paboyuX MOBEPXHOCTEW TEXHOJOTHUYECKUX MAIIUH 1O NepepaboTKe XJIOIKa.

Pe3ynbpTaThl MCClenoOBaHUS HE TOJBKO PACUIMPSIIOT KPyr 3HAHUWA B 00JacTH
CO37aHusl BBICOKOA((EKTUBHBIX MAIIMHOCTPOUTEIBHBIX MaTE€pPUAIOB, paOOTAIOIIMX
npyu GPUKIUOHHOM B3aMMOJEHCTBUM C XJIONKOM, HO W ONPEIEISIOT MEPCHEKTUBbI
Pa3BUTHS KOMIIO3MIIMOHHOIO MAIIMHOCTPOECHHSI C PAlMOHAIBHBIM I[PUMEHEHHEM
MECTHBIX MAaTEPUAJIbHBIX U SHEPIreTUYECKUX PECYPCOB.

[IpakTHyeckast 3HaAYMMOCTh PAaOOTHI 3aKIIIOYAETCSI B TOM, YTO pa3paOOTaHHBIE
HOBBIE€ COCTaBBI KOMITO3UIIMH, 3anuiEéHHbIe mareHTaMu PY3 Ne TAP 04645 u Ne IAP
04774, nnsa MOKPHITHM pabOUYMX MOBEPXHOCTEM TEXHOJIOTHMYECKUX O0O0O0pYIOBaHMUIA,
o0ecreuynBarOT MUHUMAJIbHOE 3HAa4YeHHe Kak f, Tak W Oy MpW B3aMMOACWCTBUU C
XJIOITKOM.

Hcnonb3oBaHue B Ka4y€CTBE HAMOJHUTENS] MECTHBIX MUHEPAIOB AHIPEHCKOTO
kaonmuHa M Ky#Tamickoro BoJilacTOHUTA, OMM3KMX MO XHMHUYECKUM COCTaBaM U
pazIMYaromuUXcsl CTPYKTYPHBIM CTPOEHHUEM, NYyTEM MEXAHOAKTHBALMU, MOKET
CIIy>)KUTb MOJEJIbHBIM 00pa3loM JUIsl IPUMEHEHUs! APYTUX MECTHBIX MHHEPAJIOB U
OTKPBIBAET TMOTEHUHUAJIBHBIE BO3MOXKHOCTH JUIsl TNPUMEHEHUS B  KadecTBE
HaITOJIHUTENIEH KOMITIO3UIIMOHHBIX MaT€pUaIOB MAIIMHOCTPOUTEILHOTO HA3HAYEHUSI.

Pazpabotka u BHeapenuwe ['ocymapctBennoro cranmapra O'zDSt 2822:2014
MMEEeT BAKHOE 3HA4YCHHE B IIMPOKOMACIITAOHOM HX NMPUMEHEHHHM C pa3paboTKOil
«CucreMbl KayecTBay, MPeAyCMaTPUBAIOIIEH ONTUMAIBHBIN BHIOOp MaTepHaioB Kak
MO OTJENBHBIM CTAJMAM TEXHOJIOTMH MEepepadOTKH, TaK W B LEJIOM JJisi KOHTPOJIS
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KauecTBa KOHEYHOM NPOAYKLIMHM B  KA4eCTBE HOPMATHBHO-METOJAMYECKOTO
JOKyMEHTa.

BHenpenne pe3yJbTaToB HccjenoBaHusa. Ha ocHoBe  pe3ynbTaToB
UCCJIEIOBAHUS CTPYKTYPHOU MPUCITIOCAOIMBAEMOCTH KOMITIO3UIIMOHHBIX MOJMMEPHBIX
MOKPBITUN MTPU B3aUMOJICHCTBUHU C XJIOITKOM:

pazpaboran ['ocymapctBenHblii cranmapt PecnyOnuku Y36ekucran O°zDSt
2822:2014, xoTOpHIi BKIIOYEH B TOCYIAPCTBEHHBIN (POH HOPMATUBHBIX JIOKYMEHTOB
PecniyOnuku Y36exkucrtan (3akmiouenue areHTcTBa «O‘zstandarty Nel886/09 ot
25.12.2014r.);

pa3pabOTaHbl KOMITO3WINK, 3amuiiéHHsie matreHTamMu PY3  Nel AP04645,
NelAP04774, xoTopble BHEIPEHBI HA NpeanpusaTHsax Accoruanuu «O‘zpaxtasanoaty,
B yacTHocTH, AO «Kypranrtenuuckuii xsonko3aBom», AO «CyQuKuIIakCKuii
xyonko3aBoa», AO «Hamanran Ne3 xiomkosaBog» — (2002-2009 rr.). Brenpenue
pa3pabOTaHHBIX HOBBIX TMOJUMEPHBIX KOMIO3UIIMOHHBIX MOKPBITHM Ha padouyux
IIOBEPXHOCTSAX  TEXHOJOTHYECKOIO o0Opy/iOBaHUSI  IO3BOJIUJIO CHU3UTH
MEXaHUYECKYIO IOBPEXAAEMOCTh XJIOMKOBOro BoJiokHa Ha 0,35-0,85 mnponenra,
IpoOIEHHOCTh ceMsH B 1,5-2 pasa, MOBBICUTH CPOK CIIy>KObI 000pyaoBanust Ha 10-15
IPOLIEHTOB, a TAK)KE€ CHU3UTH 3HepronorpediaeHue Ha 8-10 npoueHToB. (3akaoyeHune
Accormmanmu «O‘zpaxtasanoaty Ne20/2242 ot 28.10.2014 r.)

OkoHOMHUYECKUN 3((DEKT OT BHEAPEHUS pa3padOTaHHBIX T'€TEPOKOMITO3UTHBIX
MOKPBITUM HA OCHOBE TEXHOJOTHYECKOro perinamenTta, nepegaHHoro B OAO
«O‘zpaxtamash», coctaBut 78,8 mmH. cym (3axmouenne OAO «O‘zpaxtamashy
Ne525/680 ot 26.10.2011 1.).

AnpoGauuss padorbl. OCHOBHBIE TOJIOKEHHUSI JUCCEPTALIMOHHOM padOThI
JOJIO)KEHBl M OOCYXIEHbl HAa MEXKIYHapOOHBIX M PECHyOJUMKAHCKUX HAyYHbIX U
HAYYHO-TEXHUUECKUX KOH(PEPEHIMIX U CUMIIO3UyMax, B T.4., Ha European Polymer
Congress 2005 (Moscow, Russia, 2005), X1X Ulusal Kimya Kongresi (Turkiye,
2005), «Kommozuter XXI Beka» (Capartos, Poccus, 2005t.), «TPAHCTPUBO-2005%
(Cankt-IlerepOypr, 2005), MexayHapoaHOW HAyYHO-TIPAKTUYECKON KOH(]epeHuu
«AKTyallbHbIE TIpOOJIEeMBbl OOECIeYeHUs] MHTETpald HayKd, O0Opa3oBaHHUS U
npousBojacTBay (TamkeHnt, Y30ekucran, 2008), Ha MEXTYHAPOIHBIX KOHPEPEHIUIX
«INNOVATION - 2007» u «INNOVATION — 2009» (TamkenT 2007, 2009).

[TonHoe coxmepkaHuWe  AMCCEPTALMOHHOM  paboOThl  JAOKIAABIBAJIOCH U
00CyX1aJIOCh Ha Hay4YHBIX ceMuHapax: kadenapsl «TexHonorus nepepaboTku HedTH
u raza» Taml'TY (Tamkent, 2013r.); HayuHo-TrexHudyeckoro coBeTra (akyibTeTa
Hedtu u raza Taml TV (Tawmkent, 2013r.); I'VII «®an Ba tapakkuér» Taml TY
(TamkeHT, 2007, 2014rr.); Hayuno-uccnenoBareabckoro WHCTUTYTa
cTaHaapTusanuu, merpojorud u cepruukauuu (Tamkent 2014r.); Ha Hay4dHOM
cemuHape 1o cnennanbHoctu 05.02.01 — «MarepuanoBeneHue B MaIMHOCTPOEHUM
npu Hayunowm cosete 16.07.2013.T/FM.02.02 npu TaImkeHTCKOM rocyaapcTBEHHOM

TEXHUYECKOM YHHUBepcuTeTre U HanuoHanbHOM yHUBEpcuTeTe Y30eKucTaHa
(Tamxkent, 2014r.).
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Ony0/MKOBAHHOCTDH Pe3yJabTaTOB. OCHOBHOE COJIEPKAHUE JTUCCEPTALMOHHOM
pabotel oTpakeHo B 40 paboTax, U3 HUX: 0JJHa MOHOTpadus, 21 cTaThs B )XypHaJlax
Pecnnyomuku, CHI' u 3a pybOexoMm, 14 - B maTepuaiax MEXIyHapOJIHBIX MU
pecnyOMUMKAHCKUX HAy4dHbIX KOH(pepeHIuM, 2 mnareHta ¢ 2 CBUICTENIbCTBA
ATEHTCTBa MHTEIIEKTYaIbHOM cOOCTBEHHOCTH PY 3.

Crpykrypa U 00beM auccepramuu. /luccepranus COCTOUT W3 BBEACHUS, 6
IJIaB, 3aKJIOYCHMS, CIHUCKa 212 HaMMEHOBaHUN HMCIOJIb30BAHHOW JINTEPATYPhl U 8
npuiokeHut, n3noxena Ha 200 crpanunax, siarovaet 40 pucyHKoB U 33 TaOIHIIbI.

OCHOBHOE COIEP KXAHUE IUCCEPTALINU

Bo BBejgeHMH OOOCHOBBIBAIOTCS aKTYaJbHOCTh W BOCTPEOOBAHHOCTH TEMBI
nuccepranud, GOpMYITUPYIOTCS 1IETh U 3a]]a4M, a TaKKe 00BEKT, MPEAMET U METOJIbI
UCCIICOBAHUS, TNPUBOAUTCA  COOTBETCTBUE  HUCCIEHOBAHUWA  NPHUOPUTETHBIM
HalpaBJCHUSIM Pa3BUTUS HAyKhu U TexHosoruil PecryOnuku —Y30ekucrtas,
M3JIAraloTCs Hay4yHasi HOBHU3HA M MPAKTUYECKUE PpE3yJbTaThl HCCIIEIOBAHMUS,
00OCHOBBIBAETCSl  JIOCTOBEPHOCTh  TOJYYEHHBIX  PE3YyJIbTaTOB, PAaCKPBIBAIOTCS
TEOpPETUYECKash U MPAKTUYECKass 3HAYMMOCTh MOJYYEHHBIX PE3yJIbTaTOB, IPUBEICHbI
pe3ynbTaThl BHEAPEHUS] JUCCEPTAIMOHHON pabOThl B MPAKTUKY, CBEICHUS IIO
anpoOanusM U omyO0JIMKOBaHHBIM paboTaM, CTPYKTYpe U 00bEMY JUCCEPTALIUH.

IlepBasn rjaBa  TIOCBAIIEHA  COCTOSIHMIO  Bompoca  pa3paboTKu
AaHTU(PPUKIMOHHBIX ~ MaTEpPUATIOB i pabdouuxX OpPraHoB TEXHOJIOTUYECKHUX
o0opynoBaHuil XJjonkonepepadaThIBAIOIUX MAaIIUH. PaccMOTpeHbl OCOOEHHOCTH
(OPUKIIMOHHOTO B3aUMOJICUCTBUS MAaTEPHUAIOB C XJIOMKOM-CHIpLIIOM. OTMEYEHO, UYTO
COXpaHEHHUE MPUPOTHOTO KauecTBa XJIOMKA MOJKET OBITh OCYIIECTBICHO HE TOJIBKO
ONTUMU3AIMEN TOBEPXHOCTHBIX CBOMCTB MaTEPUAJIOB, U3 KOTOPHIX U3TOTABINBAIOTCS
aetanu paboyMx OpraHOB MalllMH, HO W TPUMEHEHHEM BOJOPAaCTBOPUMBIX
MOJIMMEPHBIX KOMITO3HUIIMN HAa MOBEPXHOCTU XJIOMKOBOTO BOJIOKHA, HEMOCPEICTBEHHO
YYacTBYIOIIETO BO (PUKIIMOHHOM KOHTAaKTe. OTO OO0ECrneYrMBaeT HaWIYUIIINe
AHTUCTATUYECKUE U aHTU(PDPUKITMOHHBIE CBOWCTBA B3aMMO/ICHCTBYIOIINX MaTEPHAIIOB
U 1ICJICHAPABIECHHOE PETYJIUPOBAHUE MX CBOMCTB JII MAKCUMAJIbHOIO COXPAaHEHUS
KauecTBa rnepepadaTbIBaéMOro ChIpbsl.

Ha ocHoBe aHain3a COBPEMEHHOIO COCTOSIHUSI Pa3BUTHS IOJIMMEPHOIO
KOMIO3UIIMOHHOTO  MaTepUaJiOBEICHUs] B  Hamed  cTpaHe, MPOBOAUMOTO
M.A.AcKapoBbIM, C.C.HermatoBbIM, C.II.PammgoBoi, O.ApueBsbim,
A.NbonynnaessiM, 3.A.TamxuxomkaeBbiM, A.B.YmapoBeiM, A.A.PUCKyIOBBIM, U
Ip. TO CO3JaHMI0 MOJU(PYHKIHMOHAIBHBIX  KOMIIO3UIIMOHHBIX  MaTepHaoB
pa3IMYHOTO HAa3HAYEHMsS, B TOM 4YHUCJE, JJII MAIIMHOCTPOCHMS, B3aMeH
UMIIOPTUPYEMBIX U  BAJTIOTOEMKUX MATEpHUAJIOB, OTMEYE€HAa IMEPCIEKTUBHOCTh
pa3pabOTKN HOBBIX MAaTE€pPUAIOB M TEXHOJIOTMH HAa OCHOBE MECTHBIX CHIPHEBBIX H
SHEPreTUYECKUX PECYPCOB.

N3BecTHO, 4TO dusmueckoir Moaudukanuen (y-oOaydeHUeM, YIbTPa3BYKOM,
00paboOTKOW B MAarHUTHOM M DJEKTPUYECKOM TMOJISIX U T.J.) MOXHO YIy4IIUTh
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(hM3UKO-MEXaHUUECKHE M IKCIUTyaTallMOHHBIE CBOWCTBA MaTEPUAJIOB, OJTHAKO JaHHBIC
METO/Ibl HE MPUMEHUMBI Il MOJIU(UKAIUK KOMIO3UIMOHHBIX MMOJIMMEPHBIX
MOKPBITUNA HA TOBEPXHOCTU KPYMHOTraOApUTHBIX TEXHOJIOTHUYECKUX 000PYTI0BaHUN.

Takum  oOpazoM, o00OCHOBaHa  I€JIECOOOPA3HOCTh  PAIMOHAIBHOIO
UCIIOJIb30BAaHUS MECTHBIX MATEpPUATIbHBIX W DSHEPreTUYECKUX PECYpCOB aKTHUBa-
[IUOHHO-TEJIMOTEXHOJOTUYECKUM ~ METOJIOM  MOJu(dUKAuu  aHTUDPUKIIMOHHBIX
KOMITO3UIIMOHHBIX MOJIUMEPHBIX MOKPBITHI A KPYIMHOrabApUTHBIX JeTajiel MallluH
no mnepepaboOTKe XJIOMKa, YTO TMO3BOJMIO CGHOPMYIHpPOBaTh I€lb M 3a7add
UCCJIEIOBAHMUS.

Bropas riaBa mocBsmieHa OOOCHOBAHHWIO MAaTE€pPUAIOB, BBIOPAHHBIX IS
UCCIICIOBAHUS U METOJaM MPOBEACHHUSI SKCIIEPUMEHTOB.

BnepBrie B kadecTBe 3(DPEKTUBHOTO CTPYKTypooOpa3oBaHus 000CHOBaHA
11e71IeCO00pa3HOCTh TMPUMEHEHUSI AKTHUBAIMOHHO-TEIMOTEXHOJIOTUYECKOT0 METoJa
CTPYKTYpPOOOpa30BaHusi, MO3BOJISIONIETO PAIMOHAIIBHOE HCIOJIb30BAaHUE MECTHBIX
MaTEepUAIbHO-3HEPIETUYECKUX PECYPCOB.

B kadecTBe 00BEKTOB HMCCIIENOBAHUN ISl TIOKPBHITUNA BBIOpPAHBI MOJTUMEPHBIC
Marepuaibl Ha OCHOBE MoiudTUiIeHa Bbicokoil mioTHoctu ([1DBII), menTammacra
(ITHIT), smoxcumHoro M PypaHo’MOKCUIHOTO KOMITayHA0B (Ha ocHOBe cMou DJI-16,
O-20 u ®AD/I-20) u HanomHuTeNeH: rpaduT, KeJIe3HbIH MOPOIIOK, (HTOPOILIACT,
LIEMEHT, a TaKk)X€ KAOJMHA W BOJUIACTOHWTA M3 MECTHOrO ChIphsi. B KaudecTBe
MOJEJIBHBIX M KOHTPOJIBHBIX 00pa3loB Hcnoib30BaHa cTalb (CT.3) Kak MIMPOKO
MPUMEHSIEMbI KOHCTPYKIITMOHHBIM Marepuan B KPYMHOrabapuUTHBIX pabouyux
OpraHax TEXHOJIOTMYECKUX MAalllMH MO nepepadoTke xjomnka. [IokpeITUs HA OCHOBE
tepMoractTuuHbiX nojguMepos (IIDBIT u [THIT) nonyvanu MeToAoM OIUIaBJICHUS, a
Ha ocHOBe TepMmopeakTuBHbIX (D/-16, D/1-20 u ®AD/-20) ¢ ucnonbzoBaHUEM
macTuguKaropa - nuoyTungranaTa (AbD) 17} OTBEPAUTENS -
nonvayTuieHnonnamuna (I11I9ITA), ¢ Xono0aHBIM OTBEPKICHUEM B TeUeHHUE 24 4acoB U
nocienyromel TepMoobpaboTtkoit mpu 110-120 °C B Teuenue 2 uacos.

JI71st SKCTIEpUMEHTAILHOTO HUCCIIeI0OBaHUS (DU3UKO-MEXaHUYECKUX CBOWCTB U
TPUOOTEXHUYECKUX XAPAKTEPUCTUK KOMITO3UIIMOHHBIX MOJUMEPHBIX MOKPBITHI TIPH
uX (GPUKIUOHHOM B3aMMOJIEHCTBUM C XJIOIKOM HaMH BBIOpaHBI TPATUIIMOHHBIC
OpraHUYeCcKue, HEOPraHUYEeCKHUE, METAJUIMYECKUE W MUHEPAJIbHbIC HAMOJHUTEIU:
¢droporact, rpaduT, IKEJIE3HBIM TMOPOIIOK, IIEMEHT U KAaoJMH, HWMEIOIIne
MPOMBIIUICHHBIN BBIMYCK. Cpeu HUX KaoJUH (AHTPEHCKH) SIBJISETCS MECTHBIM U
JIOCTYNHBIM  ChIpbéM. Kpome Toro, BbiOpan KoifTamickuii BOIACTOHUTOBBIM
KOHIIEHTpaT ¢ HauOoybiuM BbixoAoM 3,88; 4425 u 49,6, ¢ pa3IM4YHBIMU
aucnepcHoctssMu d<0,005; d<0,05 u d<0,1 mm, cooTBeTcTBeHHO. BBIOOp YKa3aHHBIX
¢dpakuuii oOycCOBIIEH e€mé W TEeM, YTO MEJIKOJUCIICPCHBIN BOJUIACTOHUTOBBIN
KOHIICHTPAT COICPKUT OO0JIbIIee KOTUYECTBO METAJUIOB, YeM TOHKOM3MEIIbUYEHHBIMH,
YTO B&XXHO I OOECTICUCHMs] TEIUIO- W TOBEPXHOCTHBIX DIIEKTPOMPOBOISAIINX
CBOMCTB KOMNO3UIIMOHHBIX MaTepuanoB (KIIM) u nokpeituii u3 nux (KIIII), a Takxke
JUIsT TIPOYHOCTHBIX IIOKa3aTeyiel Marepuania TMOKPBITUM W Uil  00pa3oBaHUs
HaHOKOMILIEKCHBIX COCTMHEHUH.

41



JInst SKCepuMEHTa HCIOJIb30BAH CPEIHEBOJIOKHUCTHIN xjomok-ceiper] (XC)
Tamkent-3, Tamkent-6 u C - 65-24 ¢ KOHAMIIMOHHON BIaXHOCTHIO (8-12%) u
3acOpE€HHOCTHIO OT 3 110 12%.

MexaHOXMMUYECKYI0 ~ aKTHUBAIIMIO  MECTHBIX  MPUPOJAHBIX  MHUHEPAJIOB:
AHrpeHckoro kaonuHa, Ko#Talickoro BOJUIACTOHUTAa C  MPEIBAPUTEIBHO
U3MEIIbYEHHBIM  TIOJMUATHWIIEHOM Tipou3BojacTBa lllypTaHCKOro ra3oXuMu4yecKoro
KOMILJICKCAa OCYIICCTBISUIM Ha JUCCMEeMOpaTopHON ycTaHoBke «Kompozit-222y,
peaNM3yIONINi  yIapHO-PACKAIBIBAIOMINNA W HUCTUpAONMi 3¢ ¢deKTsl, obecreyu-
BAIOIIEH MEXAaHOAKTUBALMIO KaK 3a CUYET YBEJIMYEHHS YIEIbHOW IOBEPXHOCTU
YacTUIl, TaK M 3a CYET OOpa30BaHMs T'€TEPOrCHHBIX MOJSPU3OBAHHBIX JUIOJIBHBIX
MOMEHTOB Ha MOBEPXHOCTU HMCTUPAHHS C MOCIECAYIOIEH XUMHUYECKOW aKTHUBALIUEHU
no0aBjeHHEeM MONMU(PYHKIIMOHAIBHOTO CTPYKTYpOOOpPAa3yIOIIEro areHTa — TOCCHIIO-
noBoit cmousl (I'C).

B kadyecTBe KOHTPOJUPYEMBIX TapaMeTPOB BHIOpATM YCTAaHOBUBIIMECS
3HAaY€HUs] HEPOBHOCTH MOBEPXHOCTH MOKPHITUH (R;), IOBEPXHOCTHOE ANEKTPUUECKOE
CONPOTHUBJICHUE(Ps), TTOBEPXHOCTHYIO TUIOTHOCTh TPHOOIIEKTPUIECKOTO 3apsina (G,),
temmeparypy (T.,) B 30HE TpeHH:A, a B KadeCTBE OCHOBHBIX TPHOOIIAPAMETPOB
BeIOpau k03 dunmeHT Tpenus (f), OTHOCHTENBFHYIO K METAIUTMYECKOW TOBEPXHOCTH
MEXaHUYeCKyl0 moBpexaaeMoctb (0p) XC W  HMHTEHCHUBHOCTb JIMHEHHOIO
n3HammBanus (l)) MOKpHITHIA.

OnpeneneHue MEPOXOBATOCTH HCCIEAYEMbIX MOBEPXHOCTE W 00paboTKa
pE3yNbTaTOB  HMCCJIENAOBAHMS OCYIIECTBIEHBI C HCIOJIB30BAHMEM CIIEHHAIBHO
paszpabotannoi mporpammbl NeDGU 01172,

Jisa  onpeneneHuss (U3NKO-MEXAHUYECKUX CBOMCTB JUCIEPCHBIX CHUCTEM,
MAaTepUalIOB, MOKPBITHM W  3KCIUIyaTallMOHHBIX CBOWCTB KOMIIO3UIIMOHHBIX
MaTEpUaJIOB UCIIOJIb30BAHBI OOIIEU3BECTHBIE CTAHJAPTHBIE METOIbI U IPUOOPBHI.

CTpyKTypHBIE TapaMeTpbl MOBEPXHOCTEW B3aMMOJCHCTBYIOIIMX MATEpPUAJIOB
u3ydanu npu nomoiu npodunorpad-npodunomerpa «Kamudbp BOU» monenn 283,
anektponHor (POM-1002) u ontmueckoir wmukpockonmu (MWH-8, MBU-6).
MexaHnueckrue CBOWCTBA (MUKPOTBEPAOCTh) uccienaoBaiu ¢ nomoiisio [IMT-3 u
MagTHUKOBOro mnpubopa MD-3, TepMOMEXaHMYECKHE CBOMCTBa MaTepUalioB
NOKpBITHI — Ha aepuBaTorpade Q-102, aare3noHHYI0 MPOYHOCTH — HA Pa3pHIBHOM
mamuHe FOL.

TpuOGonapameTpbl (GPUKLIUOHHOTO B3aUMOJEHCTBUS OBbUIM HCCIEIOBAHBI Ha
nuckoBoMm Tpuobomerpe mo I'OCT-23.223-85, a Takke Ha MHUKPOTpUOOMETpE, IIO
Metony Mexay, 1o ctanaaptHoit meroauke P54-308-90.

Tperbst riaBa 1DOCBALIEHA TEOPETHYECKUM M IKCIIEPUMEHTAJIBHBIM
HCCJIEIOBAaHUSM CTPYKTYPHOH MpHUCIIOCAabIMBAEMOCTH MOJMMEPHBIX MaTepHalIOB U
MOKPBITHIA U3 HUX, B3aUMOJICUCTBYIOIINX C XJIOMKOM-CBIPLIOM.

HccnenoBanus mo npupabOTOYHOMY HPOLECCY C SHEPreTUYECKOM MO3ULIUU 32
pyOeXOM JUIsI METAJUIMYECKUX TPUOOCHCTEM BEOYTCS W3BECTHBIMU YUEHBIMHU:
Kocreukum b.U., bepmanckum JI.U. (Ykpauna), KnumenteeBsiMm H.M., IIpoTacoBsim
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b.B. (Poccust), ansa wmeramnononuMepHbix TpubocucteM — MamkoBeiM [O.K.
(bemopyccus).

BinsiHue MexaHW4YeCcKHMX CBOMCTB W HAJAMOJIEKYJSIDHBIX CTPYKTYp Ha
aHTU(PUKIIMOHHO-U3HOCOCTOMKHE CBOWCTBA METAJUIONOIMMEPHBIX CHUCTEM JOCTa-
TOYHO XOPOIIIO HM3Y4YeHbl HAay4dHOH MIKOJON Oenopycckux yd€HbIX: bemoro B.A.,
Csupugenko A.N., Ctpyk B.A u np.

B nHameil pecrnyOnuke CTPYyKTypHO-dHEpreTUYecKas caMOOpraHu3anus s
METAINTHYECKUX TPUOOCHCTEM B MAIIMHOCTPOCHUU pa3BUBaeTCs Onaromaps paboram
MaxkamoBa K.X. u Xauatypssin C.B.

OpHako aJeKBaTHOE TIEPEHECEHUE pe3yNbTaTOB 3THUX pabOT HA CHUCTEMBI
MOJIMMEP-XJIONMOK HE BO3MOXKHO M3-3a CIIEMU(UIHOCTH MPOIIECCOB B3aMMOICHCTBHS U
O0COOCHHOCTH CTPYKTYpPHOM MpUCIOCAOIMBAEMOCTH BBIOPAHHOTO I MCCIEAOBAaHUS
HaMH O0BEKTA.

Hamm wuccnenoBaHus MOKa3aiM, 4YTO C MO3WLMM  TEPMOAMHAMUKHU
HeoOpaTtuMbIx TporieccoB, Tpubocuctema (TC) momumep-xnomnok (I1X) sBisercs
OTKPBITOM HEPaBHOBECHOW TepMoOJIUHaMHueckoi cucrteMmoi. [lpu dpukimonHom
B3auMoyieicTBu (PB) BO3HUKAIOT HENPEPHIBHBIE HEPABHOBECHBIE IMPOIECCHI
sHepronepenaun u qudy3un, KOTOpbie SIBISIOTCS CICACTBUEM pa3linyus B 3HaYe-
HUSAX TEPMOIAMHAMUYECKHUX IApPaMETPOB, TAKUX KaK G, Ty, MU HX HEpaBHOMEpHasd
KOHIleHTpaluss Ha (aktuueckux rmomansx koHtakta (PIIK) mox BozmelicTBuEeM
SHEPreTHUECKOro (haKkTopa: MPOU3BEICHHUS JABJICHUS HA CKOPOCTh CKOJIBKEHHS (PV).

B Tabn.l mpeacrtaBieHsl pe3yiabTaThl HCCIAEAOBAHHUS YCTAHOBUBIIUXCS
3HAUYECHUN TMapaMeTpoB (PPUKIIMOHHOTO B3aWMOJICHCTBHUS TMOJHMMEPHBIX MOKPBHITHHI C
XJIOTIKOM TIOCJI€ TPEX9YacoBOT0 HcHbITaHus mpu pu=0,10 MPa-m/s.

Tabmuma 1
CTpyKTypHBIE, TEpMOAMHAMUYECKUE U TPHOOMapaMeTpbl HEKOTOPHIX
MOJIMMEPHBIX MOKPHITUH 1TpU TpeHuu ¢ XC

Marepuan Hap%MeTle T
TOKPBITHUS 8'/#])2’ Ty, K R, 1 0o f -10
[THIT 3,1 306 11,2 0,28 0,29 3,1
[19BII 5,8 324 18,5 0,57 0,43 17,5
DJIK* 4,3 307 7,5 0,41 0,32 2,2
dADJIK® [6,2 317 12,3 0,46 0,38 7,2
IIpumeuanus: ! Pexcum tpenus pv = 0,1 MPa-m/s; Tg=295 K; 3acopeHHOCTb U BIaKHOCTh XJIOMKa
3,21 8,8% COOTBETCTBEHHO; 2 Kommaynaer Ha ocHoBe D/[-16 1 DAD]I-20 6e3 HamOITHUTES.

BunHo, 4To TepMoAMHAMHYECKHE H TpuOOmapamerpbl (GPUKIIMOHHOTO
B3aMMOJECHUCTBUS CYLIECTBEHHO OTJIMYAIOTCA B 3aBUCMMOCTH OT BHUJA WU CBOWCTB
Marepuaia MOKPHITUH U UMEIOT HEKOTOPYIO OOIIYI0 3aKOHOMEPHOCTh: YeM OOJIbIIe
3HAYCHUS TEPMOAMHAMUYECKUX TMapaMeTpoB (PPUKITMOHHOTO B3aWMOJICHCTBUS, TEM
OoJibllle cUjla TPEHUS U, CIeA0BATEIbHO, MHTCHCUBHOCTh M3HAITMBAHUS TTOKPBITHI U
MEXaHUYEeCKas MOBPEXKIAEMOCTh XJIOTKa.
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OTO yNOBIETBOPUTENHFHO MOXXHO OOBSICHUTH HCXOAS W3 JAePOpMaIMOHHBIX
CBOMCTB B3aMMOJICHCTBYIOIIMX MaTepUaiOB MU HMX H3MEHEHHEM B IIpoliecce
TEPMOMEXaHMYECKOTO BO3jeicTBU, 4To 000cHOBaHO MeToaamu T u TI' ananuzoB
Y TEPMOMEXAHUYECKUX XAPAKTEPUCTUK MOJTUMEPHBIX MAaTEPUAIIOB.

AHanu3bl PoPuUIOrpaMMbl TOBEPXHOCTEH MOKPBHITUMA, B YACTHOCTH, BETUYMHA
R, (tabm.1) m pe3ynbTaToB onTHYECKOW MuKpockomuu (puc. 1 a-d) mokasamu
CYILIECTBEHHOE HW3MEHEHHE IapaMEeTpPOB MIEPOXOBATOCTU HE TOJBKO IO BBICOTE
HEPOBHOCTH, HO W TIO MIArOBBIM TapaMeTpaM, 3HAYEHHUS KOTOPBIX CTAHOBSTCS
COM3MEPUMBIMH C MOTIEPEYHBIMU pa3MepaMu (JIHaMETPOM ) XJIOTTKOBOTO BOJIOKHA.

Puc.1 Muxkpodortorpapus (x50) ucxomanoii (a,b) m mpupadorannoii (c,d)
MOBEPXHOCTHO# cTPYKTYpHI nokpbIiTHii n3 IIIBII, (a,c) u u3 ITHII (b,d) npn
pv=0,1 MPa-m/s

OTU PE3yabTaThl HCCICAOBAHMN TMO3BOJISIIOT 3aKJIIOUUTh, YTO B IMPOIIECCE
CTPYKTYpPHOM  TPHUCIOCAOIUBACMOCTH 11 (OpPMHPOBAHUS  PaBHOBECHOM
IEPOXOBATOCTH CYIIECTBEHHOE BIIUSIHHUE HAa HEE OKA3bIBAECT HE TOJIbKO 3aCOPEHHOCTh
XJIOTIKA, COCTOSINAs, B OCHOBHOM, U3 aOpa3WBHBIX BKIIOUCHHUMN, KaK yTBEPKIAIOChH
paHblile, HO U IOMEPEUHbIH pa3Mep (auameTp - d,) XJIOIKOBOrO BOJIOKHA.

Takum o00pa3oM, MOXKHO NPEAMNOJIOKUTh, YTO B MEPUOJ HECTAIMOHAPHOTO
pexumMa (PUKITMOHHOTO B3aMMO/ICHCTBUS nporiecc caMOOpTraHU3alUU
XapakTepuzyeTcsi 0O0pa3oBaHUEM B YCIOBHUSAX TEPMOMEXAHUUYECKOTO BO3ACHCTBUS
JTUHAMHYECKUX aHU30TPOIMHBIX TPUOOCTPYKTYp, OOECHEUMBAIONIMX CYIIECTBEHHOE
CHIDKEHHME SHEPruy aKTUBU3AIlMU BSI3KOTO Te4YeHUs. B mpoliecce HEeCTallMOHAPHOTO
(OPUKIIMOHHOTO B3aWMOJICUCTBUSL TP OMPEACICHHOM KPUTUYECKOM 3HAYCHUU
MOTOKA DHEPTHM - DHTPONHUM BHEIIHErO BO3JCUCTBUSA (HArpy>KeHWs - JaBJICHUS U
CKOPOCTH CKOJIbKCHHUS, Cpelibl - BJIAXKHOCTH) BO3HUKAIOT HOBBIC, JTHCCUIIATUBHBIC
YCTOWYUBBIE CTPYKTYPHI.

Cnenuduka (QPUKIIMOHHOTO B3aUMOJICUCTBUS  BOJIOKHHCTOM  MacChl C
IEPOXOBATHIMU MOBEPXHOCTSIMU, B YACTHOCTH, C MOBEPXHOCTSIMHU IOJUMEPHBIX U
KOMIIO3UIIMOHHBIX TOKPBITHH, 3aKIF0YaeTCs B HEHM30CKHOCTHU SBJICHUS 3allCTIICHUS
BOJIOKOH O HEPOBHOCTH KOHTpTeNa. [Ipu 3TOM yclIOBHM 3HAUUTENBHO YBEIUYUBACTCS
MEXaHMUYeCKas COCTaBJISIONIAs CHUJI TPEHUs, WHTCHCU(PUIUPYS TMOBPEKIAEMOCTh
XJIOTIKOBBIX BOJIOKOH. BKJaj MeXaHWYEeCKOW COCTaBISIONIEH CUI (PPUKIIMOHHOTO
B3aMMOJICUCTBUS B OTHX YCIOBHUSAX CTAHOBUTCS JOMHHHUPYIOIIUM, BEJIMYMHA
KOTOPOT0, TJIABHBIM 00Pa30M, 3aBUCHUT OT CoOTHOMIeHUS d,/R,.
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[lokazano, 4YTO W3MEHEHWE BelIMYMHBI TpuOomapamerpa f cBsa3aHo ¢
U3MEHEHHEM 3HAUYeHM CTPYKTYpHOro mnapamerpa R, ycTaHOBUBIIAscS BeTUYHMHA,
KOTOPOM MOKET KaK YBEJIUYUTHCA, TaK M YMEHBIIAThCA B 3aBUCUMOCTH OT
HAYaJIbHOTO 3HAYEHUS IIEPOXOBATOCTEH ISl KOHKPETHOTO pexuMa (GPUKIIMOHHOTO
B3auMoJieicTBUs.  BpeMs  mpupaboTKM M COOTBETCTBYIOIIAs  BEJIMYMHA
YCTAHOBUBIIUXCS 3HAYEHUU CTPYKTYpPHBIX W TpPUOOMApaMeTpPOB pa3iUYHbl B
3aBUCUMOCTH OT BUJIa U CBOMCTB MaTepHalia MOKPBITHA.

M3BeCTHO, YTO NpH paBHBIX M MPOYUX YCIOBUSAX CHWKEHUE KaK
MOJICKYJISIPHOM, Tak M TPUOOIIEKTPUUECKON COCTaBISIOUINX (PPUKIIMOHHOTO
B3aumoierictBusi KIII ¢ XC MoxeT ObITh OCYHIECTBJICHO BBEACHUEM DJJIEKTPO- U
TEIUIONPOBOSAIIMNX HAIOJHUTEIICH.

Ha pwuc.2 mpeacraBieHbl pe3ysbTaThl HCCleAoBaHUS 3aBUcUMocTH T u O
KOMITO3UIIMOHHBIX 3MOKCHJIHBIX TMOKPBITUH OT SHEPreTUYecKoro Qgakropa pv U OT
BH/J1a HAITOJIHUTEJIS.

Buano, uro Hanbomnee 3pPeKTHBHBIM B HIMPOKKX Mpeaenax pv kak mno f, Tak u
no Op SBISIOTCA ODJIEKTPO- M TEIUIOTPOBOSIINE HAMOIHUTEIN C JIAMUHAPHOU
(demryituaToit) CTpykTypoil — rpadut U KaojauH. XOTS SMOKCHUIHBIE KOMITO3UI[MOH-
HblE€ TOKPBITHS, HAMNOJHEHHBIE JKEJIE3HBIM TOPOIIKOM U  BOJUIACTOHUTOM,
00€CIeynBalOT OTHOCHUTEIBHO BBICOKYIO pPabOTOCHOCOOHOCTh MO CTAaOMIBHOU
BenmunHe f, HO OTIIMYArOTCS CPaBHUTENBEHO BBICOKOH Op.

f S

0,45T 1,0 -

2
0,40 1 0,8 1

6

0,30+ 0,4 4

3
0'25 - 012 -

5

0,20 t t t 0 t

n 0,05 0,10 0,15 Ppv, MPa-m/s 0,05 0,10 0,15  pv, MPa-m/s
1 — 6e3 nanonuurens; 2 - 3IK+dropomnnact; 3- BoJ1acTOHUT; 4- KAOJUH;
5 — rpaduT; 6 — KeNe3HbIN NOPOIIOK
Puc.2. 3aBucumoctu f 1 3y KOMIO3MIMOHHBIX IMOKCHIHBIX MOKPBITHIA OT
pv
Hauxynmas paborocmocoOHocTh Kak mo f, Tak u mo Oy HaOmomaercs y
KOMIO3UIIMOHHOT'O ATIOKCHIHOTO TOKPBITHSI, HAIOJIHEHHOTO (PTOPOILIACTOM, IIUPOKO
IPUMEHSEMbIM B PA3IUYHBIX TPpUOOCHUCTEMAX ISl aHTU(PPUKIIMOHHOTO Ha3HAUYECHUS.
AHaJOrM4HbIE 3aKOHOMEPHOCTH OBUIH MOJIYYEHBI JJI1 KOMIO3UIIMOHHOTO MOKPBITHS
Ha OCHOBE TEPMOIUIACTUYHOIO NIEHTAIIacTa.
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[lo pesynbraTaM aHanu3a TOBEPXHOCTHOM  CTPYKTYpPBI  DJIEKTPOHHOMN
MUKpPOCKONUU (pUC.3) YCTAHOBJIEHO, YTO TPU B3aUMOJEHUCTBUM XJIOMKa C
KOMIO3ULIMOHHBIMA ~ TOKPBITHUSIMU,  HANOJHEHHBIMU  TBEPIBIM  BJEKTPO- U
TEIUIOMPOBOASIINM HAMOJHUTENIEM 3€PHUCTON CTPYKTYPBI — JKEJIE3HBIM MMOPOIIKOM U
YIOPOYHSIONIETO apMUPOBAaHUEM - BOJUIACTOHUTOM, OOHapyXeHbl TIIyOHMHHBIC
MHUKpOpe3bl B BOJOKHE (puc.3.h), a mpu B3aUMOJCHCTBUU C aAHAJIOTUYHBIMH
MOKPBITUSAMH, HANOJHEHHBIMU KAOJWHOM, HMEIOIIUM JIAMUHAPHYIO CTPYKTYpy H
00J1a/1al0IIUM PaCHICTUIIEMOCTBIO, BUIHBI CJIeAbl HCTHpaHUs (puc.3.C).

OTtpuniatenbHbIi 3¢ dekT mo BeauunHe kKak f, Tak u Oy, HAOIIOMaeMbIH TpH
BBEJICHUM OPraHMYECKOr0 HAMOJHUTENS (roporiacta, OOBICHSIETCS CHUKEHUEM
MIPOYHOCTHBIX CBOWMCTB U TOBBIIIEHWEM JedopMaliud maTepuana MOKpeITH. B
pe3yJbTaTe 4ero ¢ yBEJIMUCHHEM SHepreThdeckoro ¢gakrtopa pv BenmduHa f pacrer
HE TOJBKO 3a CYET MHTEHCHMBHOTO DPOCTa MOJEKYISAPHOM U TPUOOAIEKTPUUECKON
COCTABJSIIOIIMX, HO M 3a CYET JOMHHHUPYIOUIErO BIHUSHUS MEXaHUYECKOU
COCTABJISIFOLIEH BCJEICTBHE YBEIMYEHHUS TIIyOMHBI JIedopmanuu, a Takxke pocra
CHUJIBI 3aLIETVIEHUS BOJIOKOH 33 HEPOBHOCTH OKPBITUH.

[Tpu ananuze npo¢uiorpaMM MOBEPXHOCTU IOcCiEe NPUPaOOTKU OOHApYKEHO
CYLIECTBEHHOE  WM3MEHEHHE [apaMeTpOB  MHUKPOI€OMETpUU 10  3HAYECHHUH,
COM3MEPHUMBIX C ONEPEYHBIMH Pa3MEPAMH XJIOIIKOBOI'O BOJIOKHA.

a) TITyOMHHBIE MUKPOPE3bl OCTPHIMU BEPIIIMHAMH YaCTUIl HATTOJTHUTEIIS KEJIE3HOTO
noporika; b) cienpl miactnyeckoi nedopmarivu ¢ TBEPABIMH YaCTUIIAMH
BOJUJIACTOHUTA; C) CJIE/Ibl UCTUPAHUS KAOJTHMHOM.

Puc.3. DjIeKTPOHHO-MUKPOCKONMYECKNE CHUMKH PEILUINK BOJIOKHA €
XapakTepHbIMHU BuAamMu nospexaenus (PIMx5000)

[Tomy4yeHHbie pe3ynbTaThl UCCIENOBAHUN €€ pa3 yOeauTeIbHO MOKa3bhIBAIOT
CYIIECTBEHHOE OTJIMYHE MPHUPOABI (PPHUKIIMOHHOTO B3aUMOJCUCTBUS U OCOOCHHOCTH
CTPYKTYPHOM TIPHCTIOCA0IMBAEMOCTH JaHHOW TPHUOOCHUCTEMBI TIO CPaBHCHHIO C
APYTUMHU. DTO TMO3BOJSET CAENaTh BAaXXHBIM BBIBOJ O TOM, YTO ITOBPESKICHHE
XJIOMKOBOTO BOJIOKHA MPOUCXOJIUT HE TOJBKO MO YCTAJIOCTHOMY MEXaHU3MY, Kak
YTBEPKIAJIOCh paHbIlle, HO W 10 a0pa3sMBHOMY MEXaHHW3MY pa3pylIcHUs, B
OCOOCHHOCTH TPU  B3aWMOJICHCTBHM C  KOMITO3MIIMOHHBIMU  TIOKPBITHUSMH,
HAIOJIHCHHBIMU TBEPJIBIMU YACTHUI[AMHU TUIIA JKEJIE3HOTO TIOPOIIKA, OCTPHIE BEPUTUHBI
KOTOPBIX CTIOCOOHBI 00Pa30BHIBATH MUKPOPE3HI B BOJIOKHE.
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B 4erBeproii rinaBe «OCHOBBI yNpaBIICHHS MMOBEPXHOCTHON CTPYKTYpOH M
CBOMCTBAMM MAaTepHUajOoB aHTU(PUKIMOHHOIO HAa3HAYEHUsA JJI1 COXPAHEHUs
IPUPOTHOTO CBOKCTBA XJIOMKA» MPUBOAATCS PE3YJIbTAThl BIUSHUS 00JaropakuBaHus
XJIONKOBOI'O BOJIOKHA M Pa3MEpOB YACTHI[ HAIOJIHUTENI HAa CTPYKTYpPHYIO
IpUCIIOCa0IMBAEMOCTh B3aUMOAEHCTBYIOIUX MAaTEPUAIIOB.

B ycioBHAX MHOTOKpPaTHOIO BO3JEHCTBHS MEXaHUYECKOW HArpy3ku, B TOM
quciie, (QPUKIUOHHOTO B3aUMOJEWUCTBUS, XJIONIKOBOE BOJIOKHO HE TOJIBKO
MEXAaHUYECKN MOBPEXKIAECTCSI, HO W IMPOUCXOAAT PAa3IMYHOTO POJa JECTPYKLHMH
Makpouenu ¢ oOpa3oBaHMEM  CBOOOJHBIX  paJUKAIOB, KOTOPBIE  MOTYT
CTAaOMJIM3UPOBATHCS MIPU B3aUMOJEHCTBUU C KAKUM-JTMOO aKLENTOPOM, UCTOUHUKOM
KOTOPOI'O MOT'YT CIIy’KUTb 00JIaropaXMBarole BOAOPACTBOPUMbIE KOMITO3HIIMH.

Jns  uccnenoBaHMs — MEXaHU3Ma — B3aMMOJEWCTBUS  O0JIArOPOKEHHBIX B
7a00paTOPHBIX  YCJIOBUAX  XJIOMKOBBIX  BOJIOKOH C  AHTHU(QPUKIIMOHHBIMH
HOJIMMEPHBIMU MOKPBITUSAMHU OBUIM HUCIOJIb30BAaHbI MOKPBITUS U3 TEPMOILUIACTUYHOTO
nentarmiacta (ITHII) u U3 TepMOpeakTUBHOIO 3MOKCUIHOTO KOMIIAyHJa Ha OCHOBE
O/1-16. Bpibop 3THX mNonIUMEpPOB OOYCIOBJIEH TEM, 4YTO B HACTOSILEE BpeMs
JOCTaTOYHO  XOPOIIO  M3y4yeHbl TpUOOTEXHUYECKHME M  JApyrue CBOICTBa
KOMIIO3UIIMOHHBIX MOKPBITUI Ha UX OCHOBE, OTHOCAIIUECS K KJIAcCy CJIa0OMOISIPHBIX
Y TIOJIIPHBIX ITOJIMMEPOB, COOTBETCTBEHHO.

OKCHEPUMEHTHI, ITPOBOJIMBIINECA MPU PA3HBIX 3KCIUTYaTallMOHHBIX PEXUMAax
3HauYeHUl pakropa pu (Tab.2), Moka3anau, YTo TPUOOMAPaMETPhl MEHTAIIACTOBBIX H
ANOKCUJHBIX IIOKPBITUM CYIIECTBEHHO 3aBHUCIAT OT BHUJA BOJOPACTBOPUMOM
KOMIIO3ULIMH, IPUMEHSIEMOM AJIs1 00JaropaxuBaHus XJIOMKa.

Tabmauia 2

TpubotexHnueckue CBONCTBA SMOKCUIHBIX U IIEHTAIUIACTOBBIX MOKPBITUIN C
00J1arop0>KeHHBIM 1 HE00JIarOpOKEHHBIM XJIONIKOM IIPH Pa3HBIX PU

TpuboTexHrUECKrE CBOMCTBA MOCIIE TPUPAOOTKHU B

Bun tpubocucreMbl TEUEHUE OJIHOTO Yaca nmpu pv, MPa-m/s
0,05 01
0,10°|Rpn [ [8, [0,10°, [Rum|f [
C/m? C/m?
SOJIK - XC 2,10 |52 ]0,35(0,24 (43 |75 (0,32 041

SJIK - XC (ONBK-1) 1,84 |48 0,38 |0,17 |35 |68 |0,34 |0,32
SJIK - XC (OIIBK-2) |1,62 |47 0,40 0,19 [3,2 |65 |0,35 0,38
TTHIT - XC 1,42 |43 0,28 |0,18 3,1 |11,2 0,29 |0,34
TTHIT - XC (OIBK-1) |1,36 |42 0,30 |0,16 |2,8 9,3 |0,31 |0,28
TTIHIT - XC (OIBK-2) |1,32 |42 0,31 |0,17 |26 |91 |0,32 |0,31

[Ipu 3TOM CieayeT OTMETUTh, YTO CPABHHUTEIbHO BbICOKHH f HaOmrOmaeTcs ¢
XJIOTIKOM, —oOyiaroposkeHHbIM ~ komnosunuedn OIIBK-2. Ilpuuem Benuumua f
00JJaropo>KeHHBIX ~ XJIOMKOBBIX BOJIOKOH BCEr/la BBIIIE [0 CPaBHEHHUIO C
KOHTPOJIbHBIMU BOJIOKHAMH, HECMOTPSI Ha HEKOTOPOE€ CHIDIKEHHE IUIOTHOCTH
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TpUOORIEKTPUUECKOTO 3apsiia. ITO OOBICHSIETCS TEM, 4YTO O0JaropoKeHHbIE
XJIONIKOBBIE BOJIOKHA, MM€s CIJIQKEHHYIO IOBEPXHOCTh (pUC.4) U IOBEPXHOCTHO
aKTHBHBIC  BEIIECTBA  AKLENTOPHOM  INPUPOIBI, YCWIMBAKOT  AJTr€3UOHHBIC
COCTABJSIIOLIME CWJI TPEHUS, NPEUMYLIECTBEHHO, 3a CYET MEKMOJEKYIAPHOTO
B3aUMoOIeHCcTBUsA. Benmnunna &y mocie oxHoyacoBoro ucnbitanus npu 0,1 MPa-m/s,
KaK M CIIEIOBAJIO OKMJATh, HECKOJIBKO HM)KE KOHTPOJIbHOW. [Ipruem HamMeHblee
3Ha4YeHne Oy HAOMIOmaeTcss y XJomnka, oOmaropoxxeHHoro kommosuimerr OINBK-1.
[lenTaruiacToBele TMOKPBITUS OKa3bIBAIOTCS 0OJ€e NPEANOYTUTENbHBIMU  IpU
(PUKIIMOHHOM B3aUMOJIEUCTBUHU € 00JIarOpOKEHHBIM XJIOMKOM.

a - He 00JIaroOp0’>KEHHOE BOJIOKHO; b — o6naropoxeHHOE BOJIOKHO

Puc. 4. D1eKTPOHHO-MUKPOCKONUYECKHE PENJINKHA MOBEPXHOCTH XJIONKOBOI0
BoJiokHA TamkenT-3 (PIMx5000)

Takum 00pa3oM, Ha OCHOBE IOJYYEHHBIX PE3yIhTATOB MOXKHO 3aKIIIOYHTH,
4TO 00Jaropa)kxiBaHUE XJIONKA OKa3bIBAET IMOJIOKUTEILHOE BIMSHUE HA COXPAHCHHE
NPUPOJHOTO CBOMCTBA 3a CUET SKPAHUPOBAHUS IMOJUMEPHBIMH KOMIIO3UIUSIMUA U
COXpPAHEHHUEM BJIAJKHOCTH B BOJIOKHE, 00ECIICUMBAIOIIETO €ro MPOYHOCTh, HECMOTPS
Ha HEKOTOPOE YBEIMYCHUE CUJTBI TPEHUS B 30HE PPUKIIMOHHOTO B3aUMOCHCTBUS.

Jlost JTAaHHOU TPUOOCUCTEMBI BaXKHEUIITNMHU TEPMOAMHAMUYECKAMU
napaMeTpaMu, CYIIECTBEHHO BIHMSIOUIMMU Ha TpuOOMapaMeTphbl, SIBISIOTCS
TeMmrepaTrypa U II0THOCTh TPUOOIIEKTPUUECKOTO 3apsiia.

B oTOl CBSI3M TIPOBENEHBI HKCCIECAOBAaHHUS IO BIUSHUIO JOJEBBIX U
JTOMUHHUPYIOIINUX BIUSHUN 3TUX IBYX OCHOBHBIX (PM3UYECKHUX (DAKTOPOB.

Cnenyetr OTMETUTb, YTO BIMSHUE TEMIIEPATYPhl HACTOJBKO CYIIECTBEHHO, YTO
MpuOIKeHne €€ BEIIMYMHBI K TeMIIepaType pa3MArdeHus MOJUMEPOB, OCOOCHHO
TEPMOIUIACTUYHBIX, IPUBOJUT K MATOJOTHYECKUM SIBJICHUSIM. [Ipr 3TOM MHTEHCHUBHO
pacTyT Bce TpubomnapaMeTpbl (PPUKIIMOHHOTO B3aUMOICHCTBHS, HE3aBUCUMO OT BHA
Marepuasa MOKpbITUH.

Hpyrum BaxxHeHMM (HaKTOPOM, OMPEACIISIONINM BEJIMUYNHY yCTAaHOBUBIIIEHCS
mepoxoBaroctu KIIII, u, cienoBaTenbHO, MEXaHUYECKYIO MOBPEXKIAEMOCTh XJIOIKA,
SIBJISIFOTCSI TEOMETPUUYECKHE pa3MepPhl U CBOMCTBA BBOJAMMOIO HAITOJIHUTEIIS.

Jns  w3ydeHus BIMSHUSA pa3Mepa YacTHUI[ HAINOJHUTENS  BBIOpAHBI
BOJUIACTOHUTOBBIM KOHIIEHTpAT pa3iauuHoi aucnepcHoctu: 0,05<d < 0,1 mm;
0,005<d < 0,05 mm; d < 0,005 mm, npu 0aMHAKOBBIX coaepkanusax 50 mac.4.
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DKCIEpUMEHTAIbHO TOKa3aHO, 4YTO, HECMOTpPSI Ha HEKOTOPOE CHUXKEHUE OC,
HaOmomaercs yBenmdenue f u 8y, MMEIOIIero TEHCHIIMIO B CTOPOHY YMEHBIICHHS
pa3zMepa 4acTHIL] HAIIOJTHUTEIS.

JI1st CHIDKEHUSI TEPMOIMHAMUYECKUX U TPUOOMapaMeTpOB HaMU MPOBOJIUIIUCH
ONTUMH3ALMOHHBIE AKCIIEpUMEHTAJIbHBIC UCCIIeI0BaHUS BBEJICHUEM
AJEKTPOIPOBOIAIIEro rpadura, 00JAJAIOMEro pacUISIUIIeMOM CTPYKTypou Ha
MpUpaOOTaHHBIX TOBEPXHOCTSIX SMOKCUJIHBIX MOKPHITHI (puUC.S).

d — UCXOaHasA IIOBCPXHOCTDb b — mocae HpI/Ipa6OTKI/I

Puc.5. ®orocuumkn (x100) moBepxHocTH
IMOKCUIAHOI0 MOKPBITHS, HATIOJTHEHHOT0 5 Mac.Y. rpauToM, IPU pexKuMe
ucnbiTanust po=0,1 MPa-m/s, t=1800s (koHTp Tes10 - XJ0mMOK C-65-24)

VYcraHoBIEHO, YTO € yBEIMYEHHEM cojiepkanus rpadura ot 1 g0 20 mac.u.
HAOJIIOIaeTCsl HEKOTOPOE JIMHCHHOE CHIDKCHHE Op M f, HeCMOTpsSl Ha MHTECHCUBHOE
MajJicHue G, B Pe3yJbTaTe CHIKEHUS Ps Ha 3-5 TTOpsIIKa.

OTmedeHHOE sIBJIEHHUE O0BSICHSAETCS TeM, YTO Ha MPUPaOOTaHHOW MOBEPXHOCTH
MOKPBITUS TIOSIBJISIIOTCS PACHICTUIEHHBIE MEJbYalIlie 4acTHUIlbl rpauTa, BUIUMBIC
naxe BU3yalbHO (CcM. puc 5. b), KoTopsie 00pa3yrOT JACKTPONPOBOISIIIUE ICTIOUYKH
Ha JIOKAJIbHBIX 30HAX MOBEPXHOCTU TPEHMUSI, SIBISIOMINXCA MOCTUKAMU YHTPOMUHHBIX
curHayioB. [Ipuuém st obecreyeHus: ONTUMAIBLHOTO 3HaUYeHus Og u T mpu BeICOKOM
M3HOCOCTOMKOCTH TOKPBITHH OCTaTOYHO HEOOJBIOE KOJIWYECTBO 2-5 Mac. u.
yenryiyaroro rpadura.

OTU pe3ynbTaThl UCCIEAOBAHMS TO3BOJIMIN OOHAPYKUTh HEH3BECTHOE paHEe
SABJICHHE OOpa30BaHMs DJICKTPONPOBOMASIIUX IIETIOYEK M3 YIbTPAMENIKUX YaCTHII
rpaduTa, TOCTUTAEMBIX TIPU €r0 3HAYUTEIHHO MEHBIIUX COACPKAHUSIX, OOecredu-
BAIONIMX ONTUMAJIbHBIE TEPMOJMHAMHYECKHE U TPUOOTEXHUUYECKHE CBONCTBA
MpuUpabOTaHHBIM ~ TIOBEPXHOCTSIM  MHOTOKOMIIOHEHTHBIX — T€T€POKOMITIOHEHTHBIX
MTOKPBITHH.

TakuMm oOpa3oM, Ha OCHOBE aHajIM3a PE3yIbTaTOB MCCIEIOBAHUS MO JaHHOM
rJIaBe MOXXHO TPEIIOJIOKHUTh, YTO aKTUBHU3MPYEMBbIC B TpoIecce (PPUKIIMOHHOTO
B3aUMOJICHCTBUSl aTOMBI METAJIOB, HAXOJSAIIMECS B COCTaBE OKCHIIOB METAJIIOB,
BXO/SIIIIUX B COCTAaB HAIOJHUTEIS BOJUIACTOHWTa MW  KAoOJIMHA, HapsAmy ¢
MOJISIPU30BAaHHBIMA ~ MaKpPOMOJIEKYJIaMH  00JIarOpa)KMBaeMbIX  KOMITO3HMIIMN — WITH
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aTOMaMH MOJIEKYJIBI BOJIBI (BJIQXKHOCTH XJIOMKA) TAKXKE CIIOCOOCTBYIOT 00pa30BaHUIO
YCTOMYMBBIX AJIEKTPONPOBOASIIMX LEMOYEK IO BCEHM KOHTYPHOM TIOBEPXHOCTH
(PUKIIMOHHOTO B3aUMOJICUCTBHUS.

IIaras raaBa TMOCBAIIEHA TEXHOJOTHUYECKHMM OCHOBaM CTPYKTYpoOoOp-
a3oBaHusT W (OPMHUPOBAHUSA TE€TEPOKOMIIO3UTHBIX MOKPBHITUNA g KpymHorada-
PUTHBIX TEXHOJOTUYECKUX 000PYIOBAHUM.

N3-3a Oomnpliux rabapuTOB U CIOKHOW KOHMUTypaluu AeTaneit pabdoumx
OpraHoOB TEXHOJOTHYECKUX MAIIMH MO MepepabOTKe XJIONKa B HACTOAIIEE BPEMs HE
npescTasisieTcst BO3MOXHbIM moaseprath KIIIT uzBecTHbIM MeTOaM UX PU3NYECKON
MoAu(UKAIMK Ha TIOBEPXHOCTHU JETaNe pabounx OPraHOB MAIIIMH.

[TooToMy B KadecTBe TMOJMMEPHBIX CBS3YIONIMX OBUIM  BBIOpaHBI
TepMopeakTuBHble  monumepsl — OJ-20 uw  DADJI-20, oTBepKIEHHBIE
noaudTrieHnonuaMuaoM (II13ITA) B konudectBe 10 1 12 Mac. 4., COOTBETCTBEHHO,
o0ecreynBaoIIMM X0JI0JHOE OTBepXkKAeHUE. B kadecTBe miactudukaropa BeIOpaHb
TpaguUKUOHHO Hcnolib3yemblil [Ib® u Bropuunoe coippé I'C B konmuecte 10 mac. u.
KaXXJI0TO0.

HccnenoBana 3aKOHOMEPHOCTh OTBEPKIACHUS AMOKCHUIHBIX u
(GypaHOATIOKCUTHBIX KOMIIO3UIIUN PA3IMYHOTO COCTaBa, OTBEPKAEHHBIX HA COJHIIE U
B TEHU.  OKCIEPUMEHTHI MPOBOAWINCH B aBTYyCTE€ MECAILE B YCIOBHSAX Tropoja
TamkenTa pu Temreparype okpyxkaromiei cpenst (To.) B Tern 30+2 u 4242 °C nHa
OTKPBITOM MECTHOCTH. VHTEHCHBHOCTh €CTECTBEHHOW COJHEYHOW paaualuu
cocrasma 710-750 W/m?,

Uccnenosanus mokaszanu, 4To GOpMHUPOBAHUE TETEPOKOMITO3UTHBIX TOKPBITHI
M0J1 BO3JECUCTBHEM €CTECTBEHHOM COJIHEYHON pagualuy 3HAYUTENbHO (B JABa-TpH
pasza) yckopsieT oTBepxkiaeHue. Ilpu 3Tom ycrtaHoBieHo, uTo cojaepkanue [IDTIA
MPAKTUYECKU HE BIIMSIET HA MPOLIECC OTBEPKACHUS U ONTUMATbHBIM siBsieTcs 10 u
12 mac.u. gt DJ1-20 u ®AD/[-20, COOTBETCTBEHHO, YTO OBUIO BHIOpAHO HAMHU B
JNATbHEUIINX UCCIEIOBAHUSX.

Ha puc. 6 mnoka3zaHel pe3yiabTaTbl 3KCIEPUMEHTAIBHOTO MCCIEAOBAHUS
M3MEHEHHUS MHUKPOTBEPAOCTH, KAUYE€CTBEHHO XapaKTepU3YIOLIEH CTENEHU CIINBKU
AMOKCUIHBIX U (PyPaHOATIOKCUIHBIX MOKPBITHM, a TAaK)KE aIr€3UOHHON TPOYHOCTH OT
MPOJOJIKUTEIBHOCTH COTHEYHOM paIualivu.

Bunno, uyro mocine 30 YacoBOro BO3ACHCTBUS COJHEUYHOM pajualiuu
MUKPOTBEPAOCTh  MOKPBITUS  IJIOTHO  MOpUOJMKAEeTCsl K MUKPOTBEPIOCTH
TepMooOpadoTaHHbIx AMoKcUAHbIX (Hy»=228 MPa) wu dypaHosnnokcuaHbIX
(Hmeo=182 MPa) nokpeITHii, 4TO CBUAETEIBCTBYET O JOCTHXKEHHH MAaKCHUMaJbHOU
CTereHu oTBepxkaeHus (puc.6 a). Yactuunas 3amena (10 50%) JIIb® ¢ I'C Heckobko
CHIKaeT MEXaHMYECKHUE CBOMCTBAa KakK SIOKCUAHBIX, Tak M (ypaHOITMOKCHIHBIX
MOKPBITUMA, YTO, TO-BUAMMOMY, CBSI3aHO C JIydllled MilacTUGUUUPYIOIIEH
CIIOCOOHOCTBIO. OTO MOXHO OOBSCHUTH HEKOTOPHIM YBEJIMUYEHUEM 3HAUYCHUS
anresnonHoi npounocty DK u ®ADJIK, umeromux B coctaBe I'C, HE 3aBUCUMO OT
MIPOTOJIKUTEILHOCTH BpeMeHH 00padoTKu (puc.6.0).
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1-5/1+20 mac.u. IbD, 2- DJ1+10 mac.4.Ib® u 10 mac.qa.I'C,
3-OADJI + 20 mac.u. IbD, 4-OADI+10 mac.u.JIbD u 10 mac.u.I'C

Puc. 6. 3aBucumMocTb MUKPOTBEPIOCTH (2) M AAre3UOHHON NMPOYHOCTH (0)
reTepoKOMIO3UTHBIX SMOKCUAHBIX (1,2) 1 pypaHoInokcuaHbIX (3,4) MOKPBLITHIA
OT MPOJOJIKUTEJIbHOCTH BO3IEHCTBHS COJIHIIA B €CTECTBEHHBIX YCJI0BHAX

[Ipu »TOM Takxke OBUIO YCTAHOBJIEHO HEKOTOPOE YBEIMYEHUE YAApHOU

MPOYHOCTH SIOKCUJIHBIX U (YyPaHOATIOKCUIHBIX MOKPHITUH, MOIUMDUIIMPOBAHHBIX
I'C, obecnieunBaroliee ux HKCIUTyaTallMOHHYIO 10JITOBEYHOCTb.
Hamm wuccnemoBanusi mokasainu, 4TO B Tmpoiiecce (HOPMHUPOBAHMS TOKPHITHM B
OOBIUHBIX YCIOBHUSX KPYIMHBIE YaCTHIBI HAIMOJHHUTENS, 3a CYET MX CPaBHUTEIHHO
MEHBIIEN YAEIbHOM TOBEPXHOCTH, OCENAOT K MOMJIOKKE. B pesynbrare
HEPABHOMEPHOTO PACHpPEEICHUsT YACTHUI] HATIOJHUTENS M0 00BEMY MOKPBITUS M HX
Ype3MEpHOE yBEJIMYEHHE B pasfene (a3 MOKPHITUE-TIOMAJIOKKA  CHUKAET
aJre3MOHHYI0 MPOYHOCTh. OTO MPHUBOIUT K TMPEKIACBPEMEHHOMY OTCIANBAHUIO
MTOKPBITUH.

C npyroit cTOpoHBI, apMuUpymuii 3PQPEeKT BOJIACTOHUTA PEATUIUPYETCS
Omaromapsi ero uroip4yaToir dopme, npu KOIPOUIMEHTE AHUZOTPOIUU Pa3MEPOB
4acTUI] K,,= |:0>2 u Bbimie. A BBIOpaHHBI HAMHU BOJIJIACTOHMTOBBIA KOHIICHTpAT
50<d<100 p umeeT K,; =4,0-4,5, 94TO OYEHBb BaXKHO JJI peaTU3aAlUA APMUPYIOIIETO
sbdexra urompyaToi (GOpPMBI BOJUIACTOHUTA B JMOKCHIHBIX TE€TEPOKOMITO3UTAX,
INPUBOJAIIMX K CYIIECTBEHHOMY IOBBIIIEHUIO U3HOCOCTOMKOCTH, oOecneunBaromien
TpeOyeMbIii CPOK CITY>KObI TOKPBITHH.

OKCIEpUMEHTHl TIOKa3aju, 4YTO TMpu o0OpaboTKe Ha AUCMEeMOpaTOPHOI
YCTAHOBKE BOJIJJACTOHUTOBOIO KOHIIGHTpara B TeueHue 600 S oOpasyercs
M3MENbUEHHBIN BoJTacTOHUT aucnepcueil d<20 p. Ilpm 3TOM, 3HAYEHHUS K, ITUX

51



yacTull Haxonaarcs B mpenenax 1,0-1,2, 4To Mo CTPyKType CTAaHOBUTCA OOBIYHBIM
3€pHUCTHIM HAMOJHUTEIEM U He 00J1a/1aeT apMUPYIOLLEH CITIOCOOHOCTHIO.

B cBs3u ¢ sTUM BBIOpanM BpeMsi MEXaHOAKTUBAIIMM BOJUIACTOHUTOBOTO
koHeHTpara 30-50 cek., 4To o0Oecneyuso aHU30TPONMIO PA3MEPOB YACTHUIL
BOJUTACTOHUTAa paBHBIMHU 2,5-3,0 mpu paszmepax yactuil 50 < d < 100 p (pexum
MexaHnoakTtuBauu: N=2800 06/muH., pabouuii 3a30p A=0,5 mm.) puc.7.

d 1106, m.
KAH
3,0 - - 60
2,0 - 30
1 - xoadduimeHT aHU30TPOIUH
(Kaw); 2 - gucmepcHocth  (d)
1,0 | | | | | 0 HATIOJTHUTEIIS BOJIJIACTOHUTA

0 06 12 18 24 30 T102s

Puc 7. 3aBUCHMOCTD AUCIIEPCHOCTH YACTHI] HAMOJIHUTE s (d) 1
KO3 PHIHEeHTA AHU30TPONUM €r0 Pa3MepoB 0T BpeMEeHH MeXaHOAKTHBAIIUU

Jis JOCTUKECHHUS KEIAeMOro apdekra C UCII0JIb30BaHUEM
KPYIHOJUCIIEPCHOTO  BOJUIACTOHUTAa  HaMU  OPOBOJWINCH  CHELUATbHbIC
HKCIIEPUMEHTBI COBMECTHOM MEXAaHOAKTHBALlMM BOJUIACTOHUTA Ha JHCMEeMOpaTope B
teuenue 40-50 S ¢ mpenBapurensHo M3MeTbYEHHBIM (0,2-0,5 MM) MOIMATHUIICHOM B
cieayrwomux cootHomenusx: 50:10, 50:8, 50:6, 50:4, 50:2 (BO/IACTOHMT:
nonudTuieH). [lomydeHHble TakuM crnocoOOM OMHApHBIE HAMTOIHUTENIN MHUHEPAIbHO-
OpraHUYEeCKOr0 MPOUCXOXKIEHUS HE OCEHAI0T U PAaBHOMEPHO PaCIpPEACNAIOTCS IO
TOJIIMHE  MOKPBITHS  3a  CUET  peajnu3aluu  «mapamroTHoro»  3ddexra
aKTUBHPOBAHHBIMHU YaCTHUIAMH TMOJMATUICHA. B 3TOM cilyyae HET HEOOXOIMMOCTH
BpallleHHuss o0pa3loB C MOKPBITUEM [JIsi ONTUMAIBHOIO CTPYKTYpOOOpa30BaHUS
(Tabmn.3).

BuaHo, uyTo HaOMIONAeTCsl HEKOTOPOE CHMKEHUE 8y, HECMOTPS Ha yBEIIMYCHUE
KaK TEPMOANHAMHYECKUX (O,, Typ), Tak u TpuboTexuuueckux (f, 1)) mapamerpos, mpu
YBEJIMYEHUU COJEpPNKaHUsS TMOJIUITUICHA B OMHAPHBIX HAMOJHUTENSAX. DTO MOXKHO
OOBSICHUTh  CHI)KEHHEM  MHUKPOTBEPJOCTH  IOBEPXHOCTHU U  TOBBIIIEHUEM
AIIACTUYHOCTH MUKPOBBICTYIIOB MOKPBHITUN TP BBEICHUH MOJIUAITUIICHA.

Takum  oOpasom, HaWgaeH dS(PQPEeKTUBHBIA  CMOCOO  MCHOJb30BAHUS
OpraHOMHHEPAIILHOTO HAMOJHUTENS U3 MECTHOTO ChIPbs, 00ECIIEUNBAIOIIUN HOBBIE
CBOMCTBa MaTepuajaM U CTPYKTYpOOOpa3oBaHUE SMOKCHUIHBIX I'€TePOKOMIIO3UTHBIX
MOKPBITUM, JOCTUTAaEMBbIX COBMECTHBIM MEXaHOAKTUBHPOBAHUEM MHUHEpajia H
MOJIMMEpa Ha AUCMEMOPATOPHON YCTAHOBKE B ONPEIETEHHBIX COOTHOIIICHUSIX.
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Tabmumna 3
BrvsiHEEe COOTHOIIECHUST MEXaHOAKTUBUPOBAHHBIX MUHEPAIbHBIX U
OpraHUYCCKUX HATOJHUTEICH KOMIIO3UITMOHHBIX AMOKCHIHBIX TOKPBITUH Ha
TpuOOIapaMeTpbl GPUKIIMOHHOTO B3aUMOJICHCTBHS X C XJIOITKOM

CootHomieHus (B
Mac.4.) TpuOoTexHUUECKHE CBOMCTBA
MEXaHOAKTHBHPOBAH T K . 10" - 5 110
HBIX HAIOJTHUTENCH o/
(Bommacrorut/I19)

50:02 302 21.1 0.25 0.36 1.6
50:04 308 23.5 0.27 0.31 2.5
50:06 310 26.2 0.29 0.30 3.1
50:08 313 29.4 0.32 0.26 3.8
50:10 321 35.2 0.35 0.25 5.6

[pyruM, He MeHee BaXHbIM C DKOHOMHYECKOM TOYKM  3pEHHS
CTPYKTYpOOOpa3yIOIUM MUHEPAJIOM [IJII KOMITO3UITMOHHBIX MOJUMEPHBIX MaTepH-
aJoB, SIBJISIETCS KaoJMH. MeXaHOaKTHBAIUI0 AHTPEHCKOTO MEPBUYHOrO KaoJWHA
MPOU3BOAMIIA Ha JTUCMEMOpATOPHOM YCTaHOBKE B TEYCHHE 5 MHUHYT, 3aT€M B
cootHomenusix 20:10 goGapmsnmu ['C u mepememmBaiy B IIAPOBOM MEJIbHUIE B
teueHne 10-15 MuH., T.e. BpeME€HHU, AOCTATOYHOM ISl TOJYYEHHUS OJHOPOJIHOMU
TOMOT€HHOW MAacCCBhlI.

[Tomyyennsie  TakuM  0Opa3oM  MEXaHOXMMHUYECKH  AKTUBUPOBAHHBIC
KOMIIOHEHThI ~ KOMIIO3UIIMM  SIBISIIOTCSL  HaumOoJjiee  MPUEMJIEMBIMH  JIS
CTPYKTYypOOOpa30BaHUs MPU MPOU3BOACTBE KOMITIO3UIIMOHHBIX MaTepraioB. OKCHIbI
MEePEeXOIHBIX METAJUIOB, MPHUCYTCTBYIOIIME B MPUPOAHBIX MHUHEpAaX, IpHU
MEXaHOAKTUBUPOBAHUU  O0pa3ylOT TIeTepOreHHO-TIOJISIPU30BAHHBIC  JIUIOJIbHbBIC
MOMEHTBI, CIIOCOOHBIE O0pa30BbHIBATh HAHOKOMILUICKCHBIE COCAMHEHHS OOKOBBIMU
(yHKIIMOHATBLHBIMU TpynmnaMu cBs3yrouiero u moaudukaropa I'C, monudyHKIM-
OHaJIbHBIE CBOMCTBA KOTOPOTO CO3JAIOT OJIATOMPHUSATHBIC YCIOBUS ISl CTPYKTYpPO-
00pa3oBaHUs T€TEPOKOMIIO3UTOB.

Anaimm3 MK-criektpoB morjomieHuss KoMmmayHiaa Ha ocHoBe 0J[-20,
MOJYYEHHOTO TPAaJIUIIMOHHBIM MeToaoM (puc. 8.1, 8.2), u crnekTpoB MOTIOIICHUS
reTepOKOMIIO3UTOB, MOJTyYEHHBIX AKTUBALlMOHHO -T€JIMOTEXHOJIOTHYECKUM
MetogoM (puc. 8.3, 8.4), CBUIETEILCTBYET O HAJWYUM H3MEHEHUM B 00acTh
MOTJIONIEHUSI CBA3EH Me(opMaIimOHHBIX KOJIeOaHNH aMMOHHUEBBIX COJICH.

JIist  pacKphITHS DMOKCHIHOTO KOJbIA TOJ JEHCTBHEM HYKICO(MILHBIX
peareHToB HE0oOXOAUMO dJEeKTpoPriIbHOE COACHCTBHE, T.€. TMpeaBapUTEIIbHAs
akTUBauMs dmokcuja. Mcxoas w3 3TUX TPEACTaBIICHHMM, OJHa MOJEKyJa aMHUHa
[121TA BeICTYIaeT Kak HyKJI€O(PUIbHBINA peareHt, a Bropas — MPOTOHOJOHOP.

[Ipy 5TOM MOXHO TPEANOJIOKUTh, YTO MOHBI METAIOB, OOpa30BaHHBIE MPHU
MEXaHOAKTUBAIIMHU, UTPAIOT XOPOIIYI CTPYKTYPOOOpa3ymIIyl pPOjb COBMECTHO C
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noMM(yHKIMOHATBHBIMA TPYMIIAMH TOCCUIONA, MpHUCcyTcTByomuMu B I'C, mpu
MEXaHOAKTUBAllMM MHHEpaja Ha JIUCMEMOpPATOPHOM YCTAaHOBKE, peau3yIolen
yJIapHO-pacKabIBAOIUA-UCTUPAIOIUN 3D (DEKT, CIOCOOCTBYIOMIMI MOBBIIIEHUIO
aAre3ud MeEXAy HAINOJHHUTENEM U CBA3YIOUIMM HE TOJIBKO 3a CYET YBEIMYCHHS
YIEIbHON IMOBEPXHOCTU MEXAHOAKTMBMPOBAHHOI'O MHUHEpalia, HO M 3a CUET pocTa
MOHU3UPOBAHHBIX  OYaroB, CIOCOOHBIX  0Opa30BBIBATH  HAHOKOMILIEKCHBIC
COCIMHEHUSI C KapOOHUJIBHBIMH, B OPTOMNOJIOKEHUH K THAPOKCUIBLHOM, rpyrnmam
rOCCHIIOJNA.

172321

296355

343387

1736.10

558.34
337095
3036.77

2927.70
%T

MponyckaHue %

i
558.13

342289
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1-0/1K, 2-DAK+I'C, 3-D[AK+I'C+B, 4- 5AK+I'C+K
Puc.8. UK—cnekTpsbl

OOGHapyXeHHBIC MU3MEHEHHUS 00yCJIOBIICHBI oOpa3zoBaHueM
BHYTPUMOJIEKYJISIPHBIX ~ BOJIOPOJHBIX  CBSI3eM  MEXIy AaroMaMu  KHCIIOpOja
KapOOHWJIBHOW W KapOOKCWJIBHOM TPYII TOCCUIIONOBOM CMOJBI U OOKOBBIX
THIPOKCHIIBHBIX TPYII SMOKCUAHONW CMOJIBI, a TaKXKe aroMa BOJOpOJa BTOPUYHOU
aMMOHHMEBOM COJIM C THUIPOKCWIBHOW TPYIIIOW TOCCUIOJOBOM CMOJBI, YTO
CIIOCOOCTBYET YBETMYECHHUIO M YCKOPEHUIO CTEMEHW CIIMBKU IO MPEANoaracMoun
HAMU CXeMe:
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B 3TOM ciiyyae OTBEpKAEHUE SMOKCUIHBIX CMOJI MOJUAMUHAMH YCKOPSETCS
COCAMHEHUSIMHU, COAEPKAIIMMHU THAPOKCUIbHBIE TPYNIbI U OOBACHSETCS TEM, YTO
OPOUCXOIUT PEAKLMSA 3aMElIeHUs BOAOpoaa y aroMa kuciopoma HO-rpynm, u 3a
cu€T MpUCOEANHEHUS K KapOOHUIY albJETHIHON IPYNIbl HOHU3UPOBAHHBIX YACTHUII
OKCHJIOB METAJLJIOB, BXOJSIIIIUX B COCTaB HANIOJHUTEIIEH.

Pe3ynbpTaThl HccaeIOBaHMS MTOKA3aJIM: KaK Y MEXaHOAKTUBUPOBAHHBIX, TaK U Y
UCXOJHBIX TMIPU OJIMHAKOBBIX COJIEPKAHUSIX U JUCIEPCHOCTH MHMHEPATbHBIX
HAITOJIHUTEJICH, HAWIyYIllie MEXaHUYECKHE CBOMCTBA HAOJIIOMAIOTCS MPU BBEICHHUH
BOJUIACTOHUTA. Takoe CylecTBEHHOE pa3Inyue MEXaHUYECKUX CBOMCTB AMOKCH]IHBIX
FETEPOKOMITO3UTHBIX MOKPBITHM MpPU BBEJACHUU AKTUBUPOBAHHBIX W HMCXOJHBIX
MUHEpAJIOB KA0JMHA U BOJUIACTOHHMTA, CXOAHBIX 10 XMMHUYECKOMY COCTaBY, MOKHO
OOBACHUTh UX CTPYKTYPHBIM CTPOCHHEM. 3€pHUCTbIE WJIM  WIOJIbYAThIC
BOJUJTACTOHUTOBBIE YACTHUIIBI 00pa3ytoT Ooyiee CHIbHBIE B3aHMMOCBS3H B Mex(a3zHOM
CJIO€ HAMOJHUTENb — CBS3YIOIIMHA, 4YeM KAaOJWHOBBIE YACTUIIBI, HWMEIOIINE
pacUICIUIIEMYIO CTPYKTYPY.

[TomyueHHble pe3ynbTaThl MCCIEAOBAHUS JIaHHOW pabOThl  MO3BOJIMIU
pa3paboTtath psg coctaBoB KIIII aHTHGPUKINOHHO-U3HOCOCTOMKOIO HAa3HAYEHUS C
ONTHUMAJIBHON CTPYKTYpOM M METOJOM AaKTHBAIlMOHHOM TEeNMOTEXHOJIOTHH. B
YaCTHOCTH, IPEUIOKEHBI HOBBIE COCTABBI I'€TEPOKOMITO3UTHBIX IOKPBHITHI HA OCHOBE
MECTHOTO ChIPbsI C IPUMEHEHHEM HEOOJIBIIOrO KOJMYECTBa YellyiuaToro rpagura.
Hampumep  (tabn. 4,5), mnokpeitus tuna AIKIl  (anTHdpuKUHOHHOE
TreTEPOKOMIIO3UTHOE TOKPBITUE) MOXKHO MOJYYUTh JOOABICHHEM 3JIEKTPOIPO-
BOZsLIEro rpadgura B mpeaenax 3-5 mac.4., kaonuHa 35-37 mac.u. k 130 mac.u. /K
n OOK, coorBerctBeHHO. A mokphiTus Tuna AWIKII (anTudpuxinmonHo-
M3HOCOCTOMKOE TIeTEPOKOMIIO3UTHOE TMOKPBITUE) — JI0O0ABIEHHEM SJIEKTPOIPO-
BOJIsAIIIEeTO TpaduTa B mipeaenax 3-5 mac.4., kaonuHa 15-17 mac.4., BojmactonuTa-17-
19 macc. 4., monustuiiena 1-3 mac.4. k 130 mac.4. 3JIK u1 @K cOOTBETCTBEHHO.

Tabanma 4
CocrtaB u cBOMCTBa pa3pabOTaHHBIX MOKPBITHIA
B! COI[G]Z;)K&HI/IC KOMI?:IOHeHTOB, Mac.4. Caoiicrsa’
1 OJIK B: II3° | I'pa¢put:Kaomu | H,, MPa | &, MPa
IOKPBITUU H
AT'KII-1 130 - 3:37 178 32,5
AT'KII-2 130 - 5:35 172 34,5
AUNT'KII-1 130 19:1 3:17 205 30,5
AUNT'KII-2 130 18:2 5:15 198 29,6
NI'KII-1 130 35:0 5:0 276 38,2
NT'KII-2 130 37:0 3:0 288 39,8
[Mpumeuanus: 1)A-antudpukiuonnoe, M-uznococroiikoe, I'K-rerepoxommnosutHoe, I1-
nokpsitue; 2)9/JK: 9/1-20=100 mac.u., Ab®=10 mac.u., I'C=10 mac.u., I[I9IIA=10
Mac.4.; 3)B:IID - BommacTOHUT: MOAMATUIIEH (YMCTIOBBIMU COOTHOIIEHHMSIMM B Macc.y);
4)Bpemst BbiziepsKKH Ha conHite (710-750 W/m?) — 8 h., T, =42+2 °C.

55



[TokpeiTusa Ttuma WI'KIT (M3HOCOCTOMKOE TETEPOKOMIIO3UTHOE TIOKPBITHE)
MO>KHO TOJIYYUTh TOJILKO Ha OCHOBE BOJUIACTOHUTA U rpaduta. OOIIee KOIMIECTBO
HanoyiHutened - 40 mac.4. - OOYCJIOBJIEHO MpEACIbHBIMU 3HAYEHUSIMU BSI3KOCTU
KOMITO3UIINMA, 00€CTIeUnBAIOIIEH TEXHOJIOTMYHOCTh MIPU HAHECEHUH Ha MOBEPXHOCTHU
KPYIMHOTa0apUTHBIX TEXHOJIOTMUYECKUX 000PYT10BAHUM.

Tabmuna 5
CTpyKTypHBIE U TpHOONapaMeTpsl pa3pabOTaHHbBIX TOKPHITHMA

Bunpr CTpyKTypHBIE TApAMETPHI: Tpubomapamerps
MOKPBITUI ps, (B uncnurene); R, p

UCXOoAHOM | muiudoBaHHOW | mpupaborannoit | f O | I'l 0°
ATKIT-1 [1,4-10%35 | 4,6:10°/2,8 0,8-10°/6,2 [0,24[0,22| 343
ATKII-2 [6,4-107/3,9 | 1,2-10°/2,9 0,4-10°/6,5 [0,23]/0,20| 35,2
AWTKII-1 | 2,6:10%3,7 | 6,2:10°/3,4 3,510°/58 [0,28/0,25| 12,5
AWTKII-2 | 1,2-1073,6 | 8,1-10°/3,5 42-10°/6,1 [0,29|0,26| 134
UTKIT-1 |4,6:1076,2 | 0,6:10°/3,2 2,1-10°/58 [0,36(0,38| 3,2
UTKIT-2 |8,2:10%6,1 | 3,1-10*/3,6 2,8-10°/56 [0,38[0,41| 2,6
*Hpn pv= 0,1 MPa-m/s, t,,= 1,5 h., kourpreno - XC ( C - 65-24); o, < 10° C/m? Bo Bcex CITydasx

[losydeHHbIE pe3yabTaThl MCCIECIOBAHUS TMO3BOIMIIN IPEMIOKUTH TEXHOJIOTHIO
MOJTyYCHUS TOKPHITUM aKTUBAIIMOHHO-TEIMOTEXHOJIOTUYECKUM METOJIOM Ha pabodmx
MOBEPXHOCTSX  TEXHOJIOTMYECKUX OOOPYAOBaHMM 10 TepepaboTKe XJIOMKa, C
paloOHaIbHBIM UCIIOIb30BAHHUEM MECTHBIX ChIPbEBBIX U SHEPTETUUECKHUX PECYPCOB.

B 1mecroii rjaBe TPUBOIATCS MNPUKIAAHBIE M TEXHUKO-dPKOHOMHUYECKHUE
aClieKThl  MPOBENEHHBIX HUcchenoBaHuil. [IpuBeneHbl  pe3ynbTaThl  OMBITHO-
MPOU3BOJICTBEHHBIX HCHBITAHWM U BHenpeHus: paspadoraHHbix AKIIIL B pabouunx
OpraHax TEXHOJOTMUYECKUX MAaIIMH Ha TUIIOBOM ojHoOaTapeitHom Kypranre-
nmuHckoM U CydUKUIUIAKCKOM  XJIONKO03aBojaax (AHIMKAHCKOM 00yacTH) |
Hamanranckom xsonkoourctutesbHOM 3aBojie Ne3 (Hamanranckoii o6iactu).

Buenpenue aHTU(PPUKIIMOHHO-U3HOCOCTOMKHX MOJIMMEPHBIX
KOMITO3UIIMOHHBIX TIOKPBITUNA Ha pabOYuX TMOBEPXHOCTAX IMHEBMATHYECKUX U
BHUHTOBBIX TPAHCIIOPTEPOB, IIHEKOBBIX OUHCTUTENEH U paclpeaeanuTenei M03BOIUIIO0
MOJIYYUTh  JDKOHOMHUYECKHH 3¢ddekT 3a CcYET CHIDKCHHS  MEXaHUYEeCKOM
MMOBPEKIAEMOCTH XJIONKOBOTO BojokHa Ha (,35-0,85 mporeHTta, ApoOIEHHOCTH
ceMsH B 1,5-2 pa3a, a Takke MHOBBICUTh MPOU3BOAUTEIBHOCTh TEXHOJIOTUYECKHUX
MamuH Ha 10-15 npouenTa. OkoHoMuYeckuil 3PGEKT OT BHEAPEHUS pa3padOTaHHbIX
FETEPOKOMITO3UTHBIX TMOKPHITUA HAa TMOBEPXHOCTSIX JIeTaJIel TEXHOJOTHUYECKUX
MaIllMH Ha OJHOM THUIIOBOM OJHOOATapeHOM XJIOMKO3aBOAE COCTaBUT /8,8 MIIH.
CyM, UTO B II€JIOM IO OTPACIIA COCTaBUT 945 MJIH. CyM B TO/I.

B nmanHO# TnaBe mpeacTaBieHbI PE3yNbTaThl MCCIEIOBAHUSI MO pa3paboTKe
IN'ocynapctBennoro crangapta O’z DSt 2822:2014, rae B KauecTBEe KpUTEpUATIBHO-
OIICHOYHOTO Moka3atelisi Y(PGEeKTUBHOCTU MaTEpUANIOB TPEIaraeTcsi KOMIJIEKCHBIM
daktop  fOp, @  TaKKE  TEXHOJOTHYECKOTO  perjiaMeHTa  IMOJy4YeHHUs
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BBICOKOA()(DEKTUBHBIX  aHTU(PHUKIHMOHHO-U3HOCOCTOMKHX  TeTEPOKOMIO3UTHBIX
HOKPBITUM 11 KPYNHOTaOapUTHBIX  TEXHOJOTMYECKMX  OOOpYJOBaHMH 110
nepepaboTKe XJIOTKa.

OTu pe3yibTaThl HUCCIEIOBaHMUS OOECIEUMBAIOT JalbHEWIEE pa3BUTHE U
IIUPOKOMACIITAOHOE MX MpPUMEHEHHE C pa3paboTkoil «CHUCTEMBI KauyecTBay,
peIyCMaTPUBAIOLINI ONTUMAJbHBIA BBHIOOP MaTepUaioB Kak [0 OTAEIbHBIM
CTaausM TEXHOJOIMH MepepabOTKH, TaKk M B LEJOM s KOHTPOJII KadecTBa
KOHEYHOU NMPOIYKIIHH.

3AKJIIOYEHUE

B pabGore Ha oOCHOBe aHalM3a UMEIOUIMXCA JAaHHBIX, TPOBEACHUEM
TEOPETHUECKNX MW  OKCIEPUMCHTAIBHBIX  HCCIEOBaHUM, BIIEPBBICE HAYYHO
000CHOBaHbl BO3MOXKHOCTH YIPABICHUS COCTABJISIOMIUX CHJI  (DPUKIIMOHHOTO
B3aUMOJICUCTBUS TOJMMEPHBIX MATEPUATIOB C XJIOMKOM-CBHIPIIOM U MPEJI0KEHO
I[eJICHANIPABJIICHHOE PETYJIMPOBAHUE MEXAaHUYECKOW MOBPEKIAEMOCTH XJIOMKOBOIO
BOJIOKHA TyTéM ONTHMHU3AIMU CTPYKTYPhl M CBOWMCTBA KOHCTPYKIIMOHHBIX
MaTepHasioB JIJIsl MAIIMH U MEXaHU3MOB TEXHOJIOTHYECKUX 000pyA0BaHUM.

[lomydyeHHbie  pe3ysibTaThl  HCCIENOBAHUS  HE  TOJBKO  PACHIUPSIOT
TEOPETUUYECKHE 3HAHMUS B 00JACTH CO3AaHUSI BBHICOKOA(P(HEKTUBHBIX KOMIO3UIIMOH-
HBIX MAIIMHOCTPOUTEIBHBIX MAaTEPHUATIOB, pabOTAIONTNX B YCIOBHIX (PPUKITMOHHOTO
B3aUMOJICCTBUSL C XJIOIKOM, HO ¥ OMNPEACISIIOT TEPCIICKTUBBI  Pa3BUTHSA
KOMITO3MIIMOHHOTO MaTEPHAIOBEJICHUSI TPHU CO3JMaHWM HOBBIX MAaIIHHOCTPOH-
TEJHHBIX MAaTEPUAJIOB C PAIMOHAIBHBIM HCIIOIB30BAHIEM MECTHBIX MAaTepUATbHBIX H
HHEPTETHUECKUX PECYpPCOB.

HenocpencTBenHas conHeuyHasl pagualis B €CTeCTBEHHbIX ycioBusx 710-750
Br/M®* B Teuenme 10-20 u. obecrmeumBaeT HeoOXoauMyro cremeHb (95-98%,
COOTBETCTBEHHO) OTBEPXKIICHUS Te€TEPOKOMITIO3UTHBIX AMOKCUIAHBIX TMOKPBITUA,
oOnagaronmx HEOoOXO0AUMON pabOTOCIIOCOOHOCTHI0O B YCIOBHUSX (DPUKIIMOHHOTO
B3aUMOJEUCTBUSA C XJIOIIKOM.

B kayecTBe OCHOBHBIX BHIBO/IOB MOKHO OTMETHUTH CJIeAyIOIINe:

1. [TokazaHo, 4TO YCTAaHOBUBIIHMECS 3HAYEHUSI CTPYKTYPHBIX MapamMeTpoOB
(PUKIIMOHHOTO B3aMMOJICUCTBHS, B YACTHOCTH, IIEPOXOBATOCTh IMOBEPXHOCTHU
MOKPBITHIA, HE3aBUCHMO OT €€ MCXOJHOTO 3HAYEHUS, CTAHOBATCS COM3MEPUMBIMU C
MOTIEPEYHBIM  pa3MepoM (IUAMETPOM) XJIOIIKOBOTO BOJIOKHA HE TOJBKO TIO
BBICOTHBIM, HO W TIO IIArOBBIM IapaMeTpaM HEPOBHOCTEH, HAMOOJIbIIIee YBEITHUCHUC
KOTOPBIX HAONIOAACTCS y TMOKPHITH HAa OCHOBE TEPMOILJIACTHYHBIX CBSI3YIOIIUX B
pe3ynbTaTe WX HU3KHX TEPMOMEXaHWYCCKUX CBOMCTB. Hawmmydmme mapaMerpsl
CTPYKTYPHOU MPUCTIOCA0INBAEMOCTH C HAUMEHbBIIIEN MEXAHUYECKOU
MOBPEXKIAEMOCTRIO  XJIONIKA  HAOMIOJAIOTCS TPU  BBEJACHUW  HAMOJHUTEICH
JAMUHAPHOW  CTPYKTYpbI, OOYCIOBJICHHOW paCHICIUIIEMOCTHIO WX  YacTHII,
o0pa3yromux CyOMUKPOHEPOBHOCTH MTOKPBITHA.

2. Ha ocHoBe wusydenuss mexanm3mMa GPUKIIUOHHOTO B3aWMOJIEHCTBHS
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MaTepUalioB BBISIBIICHO, YTO BOJOPACTBOPUMBIE IOJUMEPHbIE KOMIIO3HMIIMH, Ha
ocaoBe NaKMII, IIBC, nomustmneHriaukoias, coaud NiN—aumermnaMuHOITHI-
MeTakpuiaTa ¢ OpOMHUCTBIM JTWJIOM, MpPUMEHsSEMble TpU 00JaropaxMBaHUU
XJIOTIKOBOTO BOJIOKHA, HE TOJIBKO WIPAlOT pOJb aKUENTOpa, YJIyYIIaolIero
IPOYHOCTHBIC, AHTHUCTATUYECKHE W JPYTH€ CBOMCTBA XJIONMKOBBIX BOJIOKOH, HO H
croco0CTBYIOT A (PEKTUBHOMY CHMKEHUIO MEXaHUYECKOM MOBPEKIAEMOCTH XJIOTKA.

3. BnepBbie ycTaHoBieH He3aMeueHHBIH paHee d(dekT mnpupadarhl-
BAEMOCTH KOMITO3UIIMOHHBIX TOKPBITUA TPH (PPUKITMOHHOM B3aUMOJCHCTBUHU C
XJIONTKOM, 3aKJTIOYAIONUNACS B HEW30EKHOCTH OOpa30BaHUS DIICKTPOIPOBOISIITNX
IIETIOYEK, HAOMI0MaeMblid Jake MPU JOCTATOYHO HHU3KOM COACp)KaHWU 2-5 Mac.d.
rpaduTa, Omaromaps €ro JaMHUHAPHOW CTPYKType, KaK CIEICTBHE CTPYKTYpPHO-
AHEPreTUYECKON CAaMOOPTraHU3aAIMU TPUOOCUCTEMBI.

AKTUBU3HpYEMBbIE B TMporecce (PUKIMOHHOTO B3aUMOJCHCTBUS aTOMBI
METAJIJIOB, HAXOASIIUECA B COCTABE HAMOJHUTEINA BOJUIACTOHUTA U KAOJWHA B BUIE
OKCHJIOB, Hapsily C TMOJSPU30BAHHBIMU MaKpOMOJIEKYJIaMU O0JaropakuBacMbIX
KOMITO3UIIMM WM aTOMaMU MOJIEKYJbl BOJIbI, TAKXK€ CIOCOOCTBYIOT OOpa30oBaHUIO
YCTOMYMBBIX AJEKTPONPOBOMASIINX IEMOYEK IO BCEH KOHTYPHOM MOBEPXHOCTH
(PUKIIMOHHOTO B3aUMOJICUCTBUS. PacKpbhITHE OTMEUYEHHBIX SIBICHUN yOeIuTeIbHO
JI0Ka3bIBAET CBOCOOPA3HOCTh CTPYKTYPHOM MPHUCIIOCAOIMBAEMOCTH MaTEPUAIOB MpU
B3aMMO/ICHCTBUU C XJIOITKOM.

4, VYCTaHOBJIEHO, YTO MEXaHOAKTUBUPOBAHHBIE MECTHBIC MHHEpPAJIbl -
AHrpesckuid kaoiuH W KoWTamickuid BOJUIACTOHUT - SIBISAIOTCS 3(P(HEKTUBHBIMU
HaIOJHUTEISIMH, @ TOCCUIIONOBAsi cMoJIa - 3(PPEKTUBHBIM CTPYKTYpOoOOpa3zoBarTe-ieM
npu  pa3paboTke  aHTU(QPUKIMOHHBIX €  XJIOMKOM-CBHIPIIOM  3MOKCHIHBIX
TETEPOKOMITO3UTHBIX TMOKPBITUNA, (POPMHUPOBAHHBIX AKTHUBAIMOHHO-TEIMOTEXHOJO-
rudeckuM MetojoM. [lokazaHo, 4TO paBHOMEPHOE pacHpeAcsieHuEe MHHEPATbHBIX
4acTUI] MO OOBEMY TeTEPOKOMIO3UTHBIX JMOKCUAHBIX TMOKPHITUH MOXKET OBbITh
JOCTUTHYTO TPU COBMECTHOM MEXAHOAKTUBUPOBAHWUU BOJIJIACTOHUTA C IPEABApU-
TEJIbHO U3MEIBYEHHBIM MOJMATUICHOM B ONPEAEIEHHBIX COOTHOMICHUSX C LIEJIEBBIM
Ha3HAYEHUEM B 3aBUCUMOCTH OT BSI3KOCTH CBA3YIOLIETO.

5. BrisiBIIeHO, YTO MOHBI METAJIOB, OOpa30BaHHbIE MTPU MEXaHOAKTUBAIINH,
UTPAIOT XOPOUIYI0 CTPYKTYPOOOPa3yIoIIyt0 pOJib COBMECTHO C (DYHKIIMOHATHHBIMU
IpyNIIaMd  TOCCUIIOJIOBOM  CMOJIBI, TMIPM MEXAHOAKTUBAIIMM MHHEpaJla Ha
JTMCMEMOpATOPHOI YCTaHOBKE, peAU3yIONIUN yAapHO-PaCKaIbIBAIOIINIA-
uctuparonmii  3p@exr, CrmocOOCTBYIONIMN  TMOBBIIIEHUIO  QAT€3Ud  MEXKIY
HaMoOJHUTEIEM U  CBS3YIOIIMM HE TOJBKO 3a CYET YBEIWYEHUS YACIbHOU
MOBEPXHOCTH MEXaHOAKTMBHPOBAHHOIO MHHEpajda, HO U 3a CuUéT pocTa
MOHU3UPOBAHHBIX  OYaroB,  CIHOCOOHBIX  00pa30BBIBATH  HAHOKOMIUJIEKCHBIC
coeIMHEHHUs ¢ PYHKIIMOHAIBHO aKTUBHBIMU TPYMIIaMU TOCCUIIOJIOBOM CMOJIBI.

Ananuzom MK-crieKTpockonuu ycTaHOBICHO 00pa30BaHNe HAHOKOMIUIEKCHBIX
COCMHEHUN 151 MPEJIOKEH MEXaHU3M (cTpykTypHas dbopmyna)
CTPYKTYpOOOpa3oBaHUSI B  TETEPOKOMITO3UTHBIX  TOJUMEPHBIX  MaTepualax,
MOJYYEHHBIX aKTUBAIMOHHO-TEIUOTEXHOJIOTHUYECKUM METOJIOM.
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6. BriepBbrie npemsioxKeH HOBBIM AKTUBAMOHHO-TEIIMOTEXHOJIOTUYECKUAN
MeTOoJI, 00€CTeUnBAIOIINI pallMOHATBHOE HCIOIb30BAHWE MECTHBIX MaTepuaIbHO-
HYHEPreTUYECKUX PECYPCOB, TpeOyeMoe CTPYKTypooOpa3oBaHue U aHTU(DPUKIIMOHHO-
M3HOCOCTOMKHE CBOMCTBA KOMITO3UIIMOHHBIM MOKPBITUSM JUIsl KPYIMHOTaOapUTHBIX
pabouyux MOBEPXHOCTEN TEXHOJOTUYECKUX MAIIUH 10 nepepaboTKe XJIOMKa.

7. Boibop  HamonmHuTene IS MEXaHOAKTHUBAllMM M3  MECTHOIO
MUHEPAIbHOTO ChIpb AHIPEHCKOro KkaoiduHa u KyHTamckoro BOJIJIACTOHUTA
0OyCIIOBJIEH TE€M, YTO OHU HUMEIOT MPOMBIIUICHHBIA BBITYCK, O0JagaloT OJU3KUM
XUMHUYECKUM COCTaBOM M Pa3IMYalOTCsl CTPYKTYPOMl CTPOEHHUSA, YTO MPUCYILE IJIs
HIMPOKOTO KPyra MECTHBIX MUHEPAJIOB, U MOTYT CIY>KUTh MOJEIbHBIMU 00Opa3liaMmu
MECTHOTO MPHUPOJHOTO ChIPbS, MMEIOIMIMMHU TMOTECHIHAIbHBIE BO3MOXKHOCTU IS
NPUMEHEHUSI B  KAueCTBE  HAIOJHUTEIEH  KOMIIO3UIMOHHBIX  MaTepHUasioB
MaIIMHOCTPOUTEIHLHOTO Ha3HAYECHUS.

8.  VYcraHoBIE€HO, YTO [JJs YJAy4dllIEeHUS aHTU(PUKIIMOHHBIX CBOWCTB
AMOKCUJHBIX TE€TEPOKOMIIO3UTHBIX TOKPBHITUA C  HCIOJIb30BAHMEM  MECTHBIX
MUHEPAJIOB U CHIDKEHHMS MEXAaHWYECKOM MOBPEXKIAEMOCTH XJIomKa 3(PGHEKTHUBHO
BBOJIUTh KAOJMH, a JUIsl TIOBBIIICHUS W3HOCOCTOMKOCTHM — BOJUIACTOHHUT.
OnTuManpHas peanu3anus JaMUHAPHOW CTPYKTYpPhl KaoJIMHA TIpU TMOJyYEeHUU
aHTU(PUKIMOHHBIX TOKPBHITUA C HEOOXOAUMOW H3HOCOCTOMKOCTBIO MOKET OBITh
JOCTUTHYTA TIPU MCIOJIb30BAHUM BOJUIACTOHUTA ¢ (pakiuUOHHBIM coctaBoM 50-100
MKM U KO3 (ULIHUEHTOM aHU30TPOINU HE MeHee 2 B KonnuyecTse 5-10 mac.y.

Q. [Toka3aHo, 4TO BHEpBbIE pa3pabOTaHHbIC HOBBIE COCTAaBbl KOMITO3HUIIUMI,
samuménnbie [latearamu PY3 No AP 04645, IAP 04774, 3HaunTeTbHO TIPEBOCXOAAT
CBOU TPAJAUIIMOHHBIE aHAJIOTH MO KOMIUIEKCaM CBOMCTB, 00ecrneunBas MUHUMAaIbHOE
3HaueHHe Kak f, Tak U Og MpHW B3aMMOJCUCTBHM C XJOMKOM. [Ipmu€M MX MOXKHO
MOJIYYUTh HAUMEHBIIUMHU Ha CETOMHSIIHUNA JIEHb MaTepUAbHO-IHEPTeTUYECKUMH U
(MHAHCOBBIMU  3aTpaTaMH,  YJOBJIICTBOPSAIONIMMHU  HYXIbl  TMOTpeOuTENeH,
IIMPOKOMACIITAOHBIM BHEJIPEHHUEM PE3YJIHTATOB PAOOTHI.

10. Opranuzanmss ~ Hay4YHO-HCCIIEIOBATEILCKUX  pabOT  Tpw  BBIOOpE
3 PEKTUBHBIX KOHCTPYKIIMOHHBIX KOMITO3UIITMOHHBIX MaTEPUATIOB Ha OCHOBE OIIEHKH
MHUHUMAJIBLHOTO 3HAYCHMS MPEIOKEHHOTO KOMIUIEKCHOTO (hakTopa fo 1o BrepBbie
paspabotranHoMy ['ocymapcTBeHHOMY cTaHmapTy Y30ekucrana O’zDSt2822:2014, c
ucnoab3zoBaunuemM Ne DGU 01171, Ne DGU 01172, a Takke METOAUKH OIICHKH
HEOMpPEACIEHHOCTH M3MEPEHUs TPUOOMapaMeTpoB, HapALYy C oOecleueHruemM
JOCTOBEPHOCTH PE3YJIbTATOB UCCIEAOBAHUS, 3HAUUTEIIBHO COKPAIIAl0T BPEMEHHbBIE U
TPYAOBBIE 3aTPaThl OT MPOBEJCHUS UCCIIEIOBAHUI 1O BHEAPEHUS UX PE3YJIbTATOB.
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ANNOTATION OF DOCTORAL DISSERTATION

Topicality and demand of the subject of dissertation. Modern equipment,
machinery and mechanisms as well as technological equipment used in cotton
industry should have a high efficiency and reliability in the process of their
exploitation. That is why targeted application of new highly efficient composite
polymer materials in ensuring operational reliability of cotton processing machinery,
together with equipment construction improvement, is one of the topical scientific
Issues, pending to be resolved.

It is known that the working surfaces of traditionally used metallic materials
have technological roughness and sub microroughness with sharp peaks, intensively
damaging cotton fiber during the processing, and, by this, resulting in lower
productivity and higher energy consumption because of relatively high friction
forces on their surfaces due to high hydrophilicity. Therefore, targeted use of efficient
composite polymer materials and coatings based on them on the working surfaces of
technological machines and mechanisms for assuring reliability, increasing
productivity and reducing energy intensity of technological machines and
preservation of natural cotton fiber quality due to mechanical defectiveness is highly
relevant.

The decision marked the problem is directly related to the development of new
energy-saving and resource-saving technologies of coating formation on the basis of
efficient polymer materials on working surfaces of large production technologic
machines.

Fundamental studies of the structural adaptability process, which is one of the
features of frictional interaction in engineering materials science, and which is not
being paid appropriate attention, determine the prospects for further development of
materials in the “cotton — polymer composite” tribo-system. High elasticity of micro-
and submicro roughness’s of composite polymer materials and coatings from them
provides a relatively lower friction with cotton allowing sufficiently reduce its
mechanical defectiveness. Herewith conducting multidisciplinary studies with
regards to the nature, composition, structure and size of filler particles, to assess the
quantitative and qualitative impact of technological factors to the formation of nano-
complex compounds on the interphase layer using activation-helio technological
method are essential.

The Resolution of the Cabinet of Ministers of the Republic of Uzbekistan
No.70 “On the program of modernization and reconstruction of the cotton industry
plants for 2007-2011” dated 03.04.2007confirms the urgency and relevance of the
dissertation topic, which is devoted to development of new compositions and energy
and resource saving methodology for obtaining highly efficient composite polymer
coatings for the working parts of the technological cotton processing equipment.

Conformity of research to priority directions of development of science
and technologies of the Republic of Uzbekistan. Present work is accomplished in
compliance with the science and technologies development priority trends for the of
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the Republic of Uzbekistan: F-3 “Theory and application methods of renewable
power resources”, F-7 “Theoretical basics of chemistry, chemical technologies,
nanotechnologies”, PPI-15 ”Development of high technological, high productive and
competitive, export oriented machinery, equipment and devices and model tools,
methods of measurement and control for the industry, transport and water supply”,
PPI-12 “New technologies for obtaining organic and inorganic, polymeric and other
natural materials”.

International review of scientific researches on the dissertation subject.
Adjustability of the surface structure materials in the burnishing process caused by
the energy self-forming under the external friction for the metallic tribo system is
studied in the research and study centers in Germany (German Institute of Material
Research), in England (The Centre for Engineering and Manufacturing Excellence),
in Russia (Research Institute of Mechanical Engineering, Research Institute of
Machinery Engineering), in Ukraine (Academy of Agriculture of the Ukraine). The
research of the structure adjustability for metallic and polymeric tribo systems are
studied in the scientific centers of Belorussia (Gomel Research Institute for Metal and
Polymer Systems, Belorussia State University), and Latvia (Technical University of
Riga). Research on reduction of cotton fiber damage and saving of its natural features
is carried out in research centers in USA (Composite Manufacturing Science
Laboratory, Composite materials and structures Center at Michigan State University),
in Canada (University of Toronto), and India (Indian institute of Technology).

Research carried out in the mentioned research and study centers in Germany
(German Institute of Material Research), in England (The Centre for Engineering and
Manufacturing Excellence), in Russia (Research Institute of Mechanical Engineering,
Research Institute of Machinery Engineering under Russian Academy of Science), in
Ukraine (Academy of Agriculture of the Ukraine) used the mechanical properties of
materials such as firmness, hardness on tension and pressure as well as the Yung
module as the determining factor of adjustability, and hence, the construction and
geometric options of the tribo systems providing a reliable performance was chosen.
Research carried out in Belorussia (Gomel Research Institute for Metal and Polymer
Systems, Belorussia State University), and Latvia (Technical University of Riga)
revealed that together with the mechanical properties of the materials a structural
construction makes a considerable effect on the providing reliability of the tribo
systems. Research centers in USA (Newark Composite Manufacturing Science
Laboratory, Michigan State University - Composite materials and structures center),
Canada (University of Toronto), and India (Kanpur Institute of Technology)
synthesized polymers used as enriching substances in order to preserve the natural
properties of cotton fiber. Based on the study of the chemical destruction of water-
soluble fiber nanocomposite materials were obtained and technology for their
production was developed.

From the thermodynamics point of irreversible processes a polymeric-cotton
tribo system is open thermodynamic system, accompanied with the complex
physical-mechanical and mechano-chemical phenomena. The adequate transfer of the
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well-known results of the world science for the polymeric-cotton tribo systems is
impossible and therefore needs a comprehensive fundamental and applied research
when designing engineering composite polymer materials with the determined
surface structural and mechanical properties.

Degree of study of problem. The research of adjustability in terms of energy
positions for the metallic tribo systems was studied by Flaisher G, Bowden F.P,
Taybour D, Kostetskiy B.l., Bershadskiy L.N., for metallic and polymeric tribo
systems — by Mashkov Yu.K, Klementyev N.M, Protasov B.V.

The mechanical properties and the effect of over-molecular structures on the
antifriction wear resistant properties of metallic and polymeric systems was studied
by the Belorussian scientists Beliy V. A, Sviridyonok A.l, Strouk V.A, and others.

At present the scientific success by Uzbek scientists on the optimization of the
surface structures with managing technological roughness options was achieved by
the academician Mahkamov R.G., on the application of composite polymer materials
and physical modification of their properties by academician Negmatov S.S., on the
optimization of the constructions and materials of the technological equipment by
professor Djurayev A., on the increase of the abrasive wear resistance of the
constructional steel and alloys by improving their structure with thermal processing
by professor Djumabaev A.B., on the estimating the efficiency of transporters made
from the polymer materials by Professor Akhmedkhodjayev H.T.

However until the present time the quantitative effect of the structure and the
properties of the materials on the mechanical damage of cotton in particular its fiber
are not studied and considered. Besides, the structural adjustability while frictional
interaction of composite polymer materials with cotton and rational use of local raw
materials and power resources when designing new materials and technologies in this
sphere were not taken into account properly.

Connection of dissertational research with the plans of scientific-research
works. The work was accomplished in the compliance with the State scientific and
technical program of the fundamental research works F-2.1.40 — “The research of
thermodynamics options and structure and power conformity of the frictional
interaction of the polymer-cotton tribo systems” (2003-2007) and applied research
works 15-101 “The designing of the effective and antifriction and wear resistant and
anticorrosion epoxy hetero composites for coatings of the complex configuration and
large technological machines by activation helio-technological method” (2009-2011)
in TSTU also GNTP-15-030 “The research of the deformation conformity under the
frictional interaction of the construction and composite materials with cotton and
designing complex methods and means for immediate determining of the actual
contact square” (2009-2011)in the Scientific and research institute of standardization,
metrology and certification.

Purpose of research is to design the effective composite polymer coatings that
are capable adjust structurally while interaction with cotton and the technologies of
obtaining them.

The following tasks of research are formulated to achieve the aim:
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to substantiate the purposefulness of the activation and helio-technological
method of structure modification of hetero composites while designing antifriction
composite coatings;

to research the structural adjustability of different polymer and composite
coatings while interaction with cotton, depending on basic operational (power)
factors;

to discover the effect of improving cotton by water soluble polymer composites
on the tribo options of the frictional interaction and on the mechanical damage of the
cotton fiber;

to research the effect of natural solar irradiation and mechanical activation on
the structure and the properties of hetero composite coatings based on the local
minerals and industrial waste;

to design the composition and technology of getting high effective antifriction
composite polymer coating using the fillers made from locally available and cheap
raw materials and power resources with optimal antifriction and wear resistant
properties while frictional interaction with cotton;

to design an express-method for defining of tribo technical properties of the
construction materials and estimate the technical and economic efficiency of the
application of new hetero composite coatings on the working surface of the
technological cotton processing equipment details.

Object of research is the structural adjustability of the composite polymer
materials and coatings from them while interaction with fiber materials, in particular,
with cotton.

Subject of research is physical-mechanical and mechano-chemical
modifications under structure formation of composite polymer coatings.

Methods of research. The structural analysis using electronic and optical
microscopy, IR-spectroscopy, mass spectroscopy, dispersion, X-ray structure and
thermo-mechanical methods of analysis, micro metering, profile metering and
mathematical processing with computer programs.

Scientific novelty of dissertational research. The scientific novelty of the
thesis consists of:

determination of the improved mechanism of structural adjustability of the
geometric and thermodynamics options while interaction of different in nature
polymer materials as well as revealing the qualitative and quantitative effect of the
Improvement;

determination of unnoticed earlier effect of the structural adjustability of the
composite materials with cotton that makes unavoidable the formation of electro
conductive chains, ensuring the decrease of tribo electric charge density and,
therefore the quantity of friction coefficient and the relative mechanical damage of
cotton due to laminar structure of the filler;

exposing the effective structure forming modificator of gossypol epoxy while
the hetero composite coatings formation with activation-helio technological method,;
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offering a new method of structure forming with consideration of the gradient
distribution of fillers particles over the coating thickness;

offering for the first time the mechanism of the nano complex compounds
forming with mechano-chemical modification method for the obtaining of hetero
composite coatings with activation and helio-technological method.

Practical results of research include:

development and application of a new activation-heliotechnological method
that provides a rational use of the local material and energy resources, required
structures and antifriction and wear resistant properties to the composite polymer
coating for large-sized technological machinery;

design of the composition and technologies of antifriction and wear resistant
properties while interaction with cotton, polymer hetero composite coatings for large-
sized technological machinery, which helps to decrease the mechanical damage of the
cotton;

development of the State standard of Uzbekistan O’zDSt 2822:2014.

Reliability of obtained results is provided with the application of well -known
standard methods, processing of the obtained data of structural adjustability and tribo
technical options applying computer programs and estimating of uncertainties of
obtained data and comparing the research results with the available data.

Theoretical and practical value of results of research. Theoretical
importance of obtained research data is in the fact that for the first time a new
activation and helio-technological method that provides the rational use of local raw
materials and power resources, a required structure forming and antifriction and wear
resistant properties of the composite coatings for the large-sized working surfaces of
cotton processing machinery.

Research results not only widen the knowledge base in sphere of designing
highly effective machinery materials working under the frictional interaction with
cotton but also define the perspectives of the composition machinery building
development with rational using the local materials and energy resources.

Practical value of the thesis consists of the fact that a new content of
compositions was developed for the working surfaces of the technological equipment
providing the minimal value of F also &, under the interaction with cotton and
protected by patents No. AP 04645 and No. IAP 04774.

Using of local minerals as Angren kaolin and Kuytash wollastonit as fillers that
are close by their chemical composition and differing by structure construction with
the mechanical activation can be the model sample for the application of other local
minerals as the filler of the composite material of machinery building.

Design and implementation of the State standard O'zDSt 2822:2014 has a
significant importance as normative and methodical document.

Realization of results of research. Based on the results of research of the
structural adjustability of composite polymer materials and coatings from them while
interaction with:
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State standard of the Republic of Uzbekistan O‘zDSt 2822:2014 is designed
and included into the state fund of legislative documentations of the Republic of
Uzbekistan (confirmation of “O‘zstandart” Agency No. Nel886/09 dated
25.12.2014);

Developed compositions, protected by patents of the Republic of Uzbekistan
No. IAP04645 and No. IAP04774, and implemented in enterprises of the
“O‘zpaxtasanoat” Association, such as “Kurgantepa cotton plant” Joint-Stock
Company (JSC), “Sufikishlak cotton plant” JSC, “Namangan cotton plant No.3” JSC
(2002-2009). Implementation of newly developed polymer composite coatings on
working surfaces of technological equipment allowed to decrease the mechanical
defectiveness of cotton fiber for 0.35-0.85 percent, seeds fragmentation for 1.5-2
times, increase equipment lifetime for 10-15 percent, and also decrease energy
consumption for 8-10 percent. (Confirmation of “O‘zpaxtasanoat” Association No.
20/2242 dated 28.10.2014).

The economic efficiency by implementation of developed heterocomposite
coatings based on production schedule provided to Open Joint Stock Company
(OJSC) “O‘zpaxtamash” will make up 78.8 million soums (Confirmation of
“O°zpaxtamash” OJSC No. 525/680 dated 26.10.2011).

Approbation of work. The basic statements of the thesis were reported and
discussed on International and Republican scientific and scientific-research
conferences and symposiums, particularly in European Polymer Congress 2005
(Moscow, Russia, 2005), XIX Ulusal Kimya Kongresi (Tlrkiye, 2005), «Composites
of the 21" century» (Saratov, Russia, 2005r.), «TRANSTRIBO -2005» (Saint
Petersburg, 2005), The international scientific and practical conference «The actual
issues of ensuring science, education and production integration» (Tashkent,
Uzbekistan 2008), on international conferences “INNOVATION - 2007” and
«INNOVATION —2009» (Tashkent 2007, 2009).

Full version of the author’s abstract was reported and discussed at scientific
seminars of the department for “Technology of oil and gas processing” of Tashkent
State Technical University (Tashkent 2013); Scientific and research council of the Oil
and Gas faculty of Tashkent State Technical University (Tashkent 2013); State
Unitary Enterprise “Science and progress” of Tashkent State Technical University
(Tashkent 2007, 2014), in Scientific and research institution of standardization,
metrology and certification (Tashkent 2014); in a scientific seminar on specialty
05.02.01 — “Materials science in mechanical engineering” at the scientific Council
16.07.2013.T/FM.02.02 of TSTU and the National University of Uzbekistan
(Tashkent, 2014).

Publication of results. Main aspects of the thesis are reflected in 36
publications, including one monograph, 17 articles published in central journals, 14
papers in proceedings of the International and Republican scientific conferences, 2
patents and 2 certificates of the Agency of Intellectual property of the Republic of
Uzbekistan.
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Structure and volume of dissertation. The thesis consists of an introduction,
6 chapters, conclusion, reference of 208 titles and 8 appendixes; the thesis contains
200 pages, including 40 pictures and 33 tables.

MAIN CONTENT OF DISSERTATION

In the introduction actuality and demand of the dissertation theme are
substantiated, the objective and tasks are formulated, as well as the object, subject
and the ways of research, the compliance of research to the priority tendencies of
science and technologies development of the Republic of Uzbekistan is adduced,
scientific novelty and practical results of research are stated, the reliability of research
results is substantiated, theoretical and practical value of results is revealed, results of
introduction into practice of the dissertation, data on the approbation and earlier
published works, structure and the volume of the dissertation are presented.

The first chapter has been devoted to the issue of development of
antifrictional materials for working parts of cotton processing machines’
technological equipment. The features of the friction interaction with raw cotton were
distinguished. It is stated that keeping the natural quality of cotton can be performed
not only through optimization of materials’ surface properties of which the details of
the working parts are made but through the using of the water soluble polymer
composites on the cotton fiber surface that directly participate in the friction contact.
This provides the best antistatic and antifriction properties of interacting materials
and their features purposeful regulation for keeping the maximum quality of the
processed raw material.

On the base of the analysis of up-to-date state of the composite materials
science development in our country made by Askarov M.A, Negmatov S.S.,
Rashidova S.Sh. and Ibodullayev A., Salijanova N.S., Tadjihadjayev Z.A., Umarov
A.V., Ryskoulov A.A., Yariyev O. and others on designing polyfunctional composite
materials of different purpose including mechanical engineering instead of the
imported and currency demanding materials, the availibility of new materials and
technologies development on the base of the local raw material and energy resources
s stated.

It is known that by physical modification (y-radiation, ultra sound, treating in
magnetic and electric fields etc.) physical and mechanical and operational properties
of materials can be improved, however these methods are inapplicable for
modification of polymer composite coatings on the surface of large-size
technological equipment.

Thus there was substantiated the expediency of rational use of local material
and energy resources of activation-solar technological method of the antifriction
polymer composite coatings modification for large-size parts of cotton processing
machinery that allowed formulate the objective and tasks of the research.
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The second chapter is devoted to choice and substantiation of materials
chosen for the research and methods of experiments conducting.

For the first time as the efficient structure formation there was substantiated the
expediency of application the activation and solar-technological method of the
structure formation allowing the rational using of local material and energy resources.

As the research objects for coverings there were chosen the polymeric
materials based on high-density polyethylene (HDP), foam plastic (FP), epoxy and
furan epoxy compounds (on the base of resin ED-16, ED-20 and FEC-20) and
fillings: graphite, ferrous powder, fluoroplastic, cement, also kaolin and wollastonit
from the local raw material. As a model and test samples steel (St.3) was used as
widely using constructional material in the large-size working parts of technological
machinery of the cotton processing. The coverings based on thermoplastic polymers
(HDP and FP) had been obtained by the method through melting and based on the
thermosetting (ED-16, ED-20 and FEC-20) using plasticizer- dibutiylphtalate (DBP)
and a hardener — polyethylene polyamine (PEPA) with a cold callosity during 24
hours and following a thermal processing under 110-120 °C for 2 hours.

For experiment study of physical and mechanical properties and tribo-
engineering characteristics of composite polymer coverings in their friction
interaction with cotton we have chosen the traditional organic and inorganic, metallic
and mineral fillings like fluoroplastic, graphite, ferrous powder, cement and kaolin
which have the commercialization. Among them the kaolin (from Angren) is an
available local raw material. Besides, Koytash wollastonit concentrate with the
greatest production rate of 3,88; 44,25 and 49,6 and accordingly with a variety of
dispersion d<0,005; d<0,05 u d<0,1 mm was chosen. A choice of these fractions was
also caused by the fact that a small dispersion wollastonit concentrate contains more
amounts of metals than a fine-pounded one which is very important for providing
thermal and surface electro-conductivity properties of composite materials (CM) and
coatings (CS) made from them, also for durability indicators of the coating material
in the possibility of nano-complex compounds forming.

For the experiment a middle fiber raw cotton (RC) Tashkent-3, Tashkent-6 and
S - 65-24 with conditional moisture of 8-12 percent and the impurity from 3 to 12
percent was used.

A mechanic and chemical activation of the local natural minerals such as
Angren kaolin, Koytash wollastonit with the previously pounded polyethylene made
by Shurtan gas and chemical complex was done on the disintegrating installation
“Kompozit-222” that gives a percussive and breaking with abrasive effects, providing
mechanic activation due to increasing of specific surface of fractions, both due to
formation of heterogeneous polarized dipole moments on the abrasive surface with
following chemical activation with adding of polyfunctional structure forming agent-
gossypol resin (GR).

As controlling parameters were chosen the fixed values of the coating surface
roughness (R,), surface electric resistance (ps), surface density of tribo-electric charge
(0,), temperature (T,,) in a friction zone, as a main tribo-parameters were chosen
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coefficient of friction (f), and a relative to metallic surface mechanical damage (d,) of
RC and intensity of a linear coatings wear (l,) were chosen.

A definition of the researching surfaces’ roughness and processing of findings
were carried out with using of the special developed program No.DGU 01172.

Well-known standard methods and appliances were used to define physical and
mechanical properties of dispersion systems, materials, coatings and exploitation
characteristics of composite materials.

Structural parameters of interacting materials’ surfaces were studied by
profilograph and profilometer “Caliber VEI” of model 283, electronic (REM-1002)
and optic microscopy (MIN-8, MBI-6). Mechanical properties (microhardness) was
studied by PMT-3 and pendulum appliance ME-3, thermal and mechanical properties
of covering materials - with derivatograph Q-102, adhesive strength with the tension
testing machine FO1.

Tribo-parameters of the friction interaction were studied on the disc tribometer
according to GOST-23.223-85, as well as on the micro-tribometer according the
Mekhau method by the standard method P54-308-90.

The third chapter deals with the theoretical and experimental studies of
structure adaptability of polymeric materials and coverings made from them
interacting with raw cotton.

In foreign countries research on the burnishing process from the standpoint of
power for metallic tribo-systems are held by well-known scientists Kostetzkiy B.I.,
Bershadskiy L.I. (Ukraine), Klimentyev N.M, Protasov B.V. (Russia), for metallic
polymeric tribo-systems - Mashkov Yu. K. (Belorussia).

In our country a structural and power self-organization for metallic tribo
systems in mechanic engineering is being developed thanks to the research works
held by Mahkamov K.Kh. and Khachaturyan S.V.

The influence of mechanical properties and supramolecular structures on the
antifriction and durability properties of metallic and polymeric systems is studied by
Belorussian scientists Beliy V.A., Sviridenko A.l., Strouk V.A. and others.

However, an adequate transfer of these researches results for the systems of
polymer-cotton is not possible owing to the interaction processes specificity and
peculiarity of structure adaptability of our research chosen object.

Our research showed that from the standpoint of thermodynamics of
irreversible processes, a tribo-system (TS) polymer-cotton (PC) is an open non-
equilibrium thermodynamic system. While frictional interacting (FI), persistent non-
equilibrium processes of power transmission and diffusion occur which are the result
of the difference in the values of thermodynamics parameters, such as o,, T,, and
their uneven concentration on the actual contact surface (ACS) under the impact
energy factor : the product of the pressure on the sliding velocity (pv).

In the table 1 the studies’ results of the fixed parameters of the frictional
interaction of the polymeric coatings with cotton after three hours of testing under
pv=0.10 MPa-m/s.
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Table 1.
Structural, thermodynamics and tribo-parameters of some polymeric coatings under
friction with raw cotton

Coverin Parameters™

material |[c-10°,C/m° | T,. K R,, 1 dg F J-10™
PNP 3.1 306 11.2 0.28 0.29 3.1
PEVP 5.8 324 18.5 0.57 0.43 1/5
EDC* 4.3 307 7.5 0.41 0.32 2.2
FEC* 6.2 317 12.3 0.46 0.38 7.2
Notes: * Friction mode pv = 0.1 MPa'm/s; To=295 K; impurity and moisture of cotton 3.2 u 8.8%
accordingly;> Compounds based on ED-16 u FEC-20 without filling.

It is shown that the thermodynamics and tribo-parameters of frictional
interaction significantly differ depending on the type and properties of the material
and have some mutual regularity: the more value of thermodynamics parameters of
frictional interaction the more friction force and consequently the intensity of wear
coatings and mechanical defect of cotton.

This can be explained based on the deformation properties of interacting
materials and their change while thermal and mechanical impact which is based on
the methods DT and TG analysis and thermal and mechanical characteristics of
polymeric materials.

The analysis of profilogram of coating surfaces, particularly, value R, (Tab.1)
and optical microscopy results (Fig.1 a-d) shown a significant change of roughness
parameters not only by the unevenness height but also by the incremental parameters,
value of which are became commensurable with transverse dimensions of the cotton
fibers.

Fig.1. Micro photo (x50) of original (a,b) and burned-in (c,d) surface structure
of coatings of PEVP, (a,c) and PNP (b,d) under pv=0.1 MPa-m/s

These results of the study allow concluding that in the process of structural
adaptability for forming equilibrium roughness effects the significant influence not
only an impurity of cotton that consisting of abrasive inclusions as it was stated
before, but a transverse size (diameter - d,) of cotton fiber.

Thus we can assume that during a transient mode of frictional interaction, a
process of self-organizing is characterized by a formation in the conditions of thermal
and mechanical impact of dynamic anisotropic tribo-structures that provide
significant decrease of the viscous flow’s activation energy. In the process of
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transient mode of frictional interaction under a certain critical value of energy flow —
of the entropy of external action (loading- pressure and sliding velocity, environment-
moisture), new, dissipative stable structures are appeared.

A specificity of frictional interaction of fiber mass with rough surfaces,
particularly, with polymer and composite coating surfaces is concluded in an
inevitability of fibers’ gearing effect to the counterface roughness. With this
condition a mechanical component of friction forces is considerably increased,
intensifying the defectiveness of cotton fibers. The contribution of mechanical
component of frictional forces interaction in these conditions is became a dominating,
the value of which is depended on the correlation db/R,.

It is shown that the change of the value of tribo-parameter f is connected with
the values’ change of structural parameters R, and the fixed value of which can
increase as well as and decrease depending on the initial value of roughness for a
concrete mode of the frictional interaction. The time of burn-in and related value of
the fixed values of structural and tribo-parameters are different depending on the type
and properties of coating materials.

It is known that under equal and other conditions, a decrease of molecular as
well as a tribo-electrical component of the frictional interaction CC with raw cotton
can be made by introducing of electrical and heat-conducting fillers.

In Fig.2 are shown the study results of the dependency of f and &,
compositional epoxy coverings from the energy factor pv and the type of filler.

o
1.04

0,8"

Net
04T

N7

+ + ' ] + 0 + + T +
n no0s n1in 0.15 pv, MPa-m/s 005 n1n 0.15 pv, MPa-m/s

1 —without filler; 2 — EDC+fluoroplastic EDC; 3- wollastonite; 4- kaolin;
5 — graphite; 6 — ferrous powder
Fig.2.The dependences f and §, epoxy compositional coatings from pv

It is shown that the most effective in widely range pv as of f and as of 50 are
electrical and heat-conducting fillers with laminar (scaly) structure — graphite and
kaolin. Though epoxy compositional coating filled with ferrous powder and cement
are provided a high efficiency according to stable value f, but they are differed by
comparatively high 0. The worst efficiency according to f as well as 60 is being
observed in epoxy compositional coating, filled with fluoroplastic which is widely
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used in different tribo-systems for antifriction purpose. The analogous conformity
was obtained for compositional coating based on the thermo-plastic pentaplast.

According to the results of analysis surface structure of electronic microscopy
(Fig.3) it was ascertained that at interacting of cotton with compositional coatings
filled with hard electrical and thermal conductive filler of granular structure — ferrous
powder and strengthening by reinforcement — by wollastonite, deep micro cuts in the
fiber are found (Fig.3b.) and at interacting with analogous coatings, filled with kaolin
having a laminar structure and decomposition, the traces of abrasion we can see
(Fig.3.c).

The negative effect according to the value as f and d,, observing in introduction
of organic filler of fluoroplastic is explained by a decrease of hardness and by
increase of deformation properties of the coating materials. In the result of the
increase of energy factor pu the value f goes up for not only by intensive growth of
molecular and tribo-electrical components but also by dominating influence of
mechanical component due to increasing of deformation depth, also growing the
strength of fibers’ gearing to coating roughness.

At analysis of surfaces’ profilograms after burn-in was detected a significant
change of microgeometry parameters before values commensurable with the
transverse sizes of cotton fiber.

a) deep microcuts with sharp points of ferrous powder filler particles; b) traces
of a plastic deformation with wollastonite hard particles; c) traces of kaolin
grating
Fig.3. Electron microscopy photos of fiber replica with particular types of
the damage (RAMx5000)

The results of the studies demonstrate convincingly a significant difference of
the frictional interaction character and peculiarities of a structural adaptability of the
given tribo-system in comparison to others. It allows an important conclusion that the
damage of cotton fiber occurs due to not only weary mechanism as stated before but
of abrasive mechanism of destruction, particularly at interacting with compositional
coatings which filled with hard particles such as ferrous powder of which sharp
points can form microcuts in the fiber.

The forth chapter “The basics of control on surface structure and properties of
the antifrictional purpose materials for keeping the natural feature of cotton” are
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given the results of effect of cotton fiber refining and sizes of filler particles on the
structural adaptability of interacting materials.

In the conditions of multiple interaction of a mechanical load including of
frictional interaction, the cotton fiber is not only damaged, but there occur different
kinds of destruction of macrochain with forming free radicals, which can be
stabilized when interacting with some acceptor, source of which can be refining water
soluble compositions.

To study the interaction mechanism of cotton fibers which were refined in the
laboratories with antifriction polymeric coatings were used the coatings of thermal
plastic pentaplast (TPP) and thermosetting epoxy compound based on ED-16. The
choice of these polymers is caused by the fact that nowadays tribo-technical and other
properties of compositional coatings on their base have been properly studied and
they concern to the class of weak polarity and polarity polymers relatively.

The experiments were held under the different exploitation modes of factor pv
values (tab. 2) shown that-parameters of pentaplast and epoxy coatings considerably
depend on the type of water soluble composition applied for the cotton refining.

Table 2

Tribo-technical properties of epoxy and pentaplast coatings with refined and not

refined cotton under different pv.
Tribo-technical properties after burn-in for an hour under
Type of tribo- | pv, MPa-m/s

system 0.05 0.1
o, 10°|R,p [F [8 |o, 10°|Rup |f |&
C/m? C/m°
EDC- raw cotton 2.10 52 |0.35| 0.24 4.3 75 1032|041
EDC — raw cotton| 1.84 48 (0.38| 0.17 | 35 6.8 |0.34/0.32
with IPWC-1
EDC- raw cotton| 1.62 47 (040| 019 | 3.2 6.5 [0.35/0.38
with IPWC-2
PNP- raw cotton 1,42 43 10.28| 0.18 3.1 11.2 1 0.29|0.34
PNP- raw cotton| 1.36 42 10.30| 0.16 2.8 9.3 [0.31|0.28
with IPWC-1
PNP raw cotton| 1.32 42 (031|017 | 2.6 9.1 10.32(0.31
with IPWC-2

It should be mentioned that comparatively high f is observed in cotton that
refined by composition IPWC-2. And the value f of refined cotton fibers is always
higher in comparison with test fibers, in spite of some decrease of density of tribo-
electrical charge. It is explained by the fact that refined cotton fibers having
smoothed surface (Fig.4) and surface active substances of acceptor character increase
the adhesive components of friction force mainly due to the intermolecular
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interaction. The value , after an hour testing under 0.1 MPa.m/s as it should be
expected is less than of a testing one. And the least value J, is observed in cotton
which is refined by composition IPWC-1.

a- Not refined fiber
Fig.4. Electron microscopy replicas of the cotton fiber surface Tashkent-3
(REMx5000)

The pentaplast coatings are found to be more preferable under frictional
interaction with refined cotton.

Thus, on basis of the obtained results it can be concluded that the refining of
cotton affects positively on keeping a natural feature due to the screening with
polymer compositions and keeping the moisture in the fiber providing its strength in
spite of some increase of friction force in the frictional interaction zone.

In this tribo-system an important thermodynamics parameters that considerably
influence on the tribo-parameters are temperature and density of the tribo-electrical
charge.

In this connection the researches on the influence of longitudinal and
dominating influences of these two basic physical factors were held.

It should be mentioned that the influence of the temperature is so considerable
that its value approximation to the temperature of softening polymers, especially
thermoplastics causes to pathological phenomena. Besides, all tribo-parameters of
frictional interaction are intensively increasing irrespectively of the type of coating
materials.

The other important factor, determining the value of the fixed roughness CPC
and hence, a mechanical damage of cotton are geometrical sizes and properties of the
introducing filler.

A wollastonite concentrate of different dispersion was chosen to study the
effect of particle size of the filler: 0.05<d < 0.1 mm; 0.005<d < 0.05 mm; d < 0.005
mm, at the similar content 50 pts.wt.

It was experimentally shown that increase f and &y having a tendency of
decreasing the filler particles size is observed in spite of some decrease o,.

To reduce thermodynamics and tribo-parameters the optimization experimental
research works with introduction of electroconductive graphite that has decomposing
structure on the burn-in surfaces of epoxy coatings. (Fig.5).

It is seen that with the increase of the graphite content from 1 to 20 mas/p some
linear decrease &, and f is observed in spite of the intensive decreasing c,as result of
the decrease psfor 3-5 times.
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The noted phenomenon is explained by the fact that on burn-in surface of
coating appear decomposed tiny particles of graphite clearly visible (see Fig.5),
which form electro-conductive chains in the local zones of friction surfaces being the
links of entropy signals. To provide an optimal value &, and f at high wear of coatings
a little amount of 2-5pts.wt. of scaly graphite is sufficient.
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Fig.5. Photos (x100) of epoxy coating filled with 5 pts.wt. graphite under
the testing mode pv=0.1 MPa-m/s, t=1800s (rider is cotton C-65-24)

These results of the study were allowed detect a phenomenon unknown before
the forming of electroconductive chains from ultrafine particles of graphite which are
obtained at its considerably little content and providing optimal thermodynamics and
tribo-technical properties to burn-in surfaces of multicomponent hetero-component
coatings.

Therefore based on the analysis of study results of this part we can suppose that
activated atoms of metals which composing metal oxides included in the wollastonite
and kaolin filler composition while a friction interaction along with polarized macro
molecules of the refined compositions or with water molecule atoms (cotton
moisture) also contribute to the formation of stable electroconductive chains along
the whole contour surface of a friction interaction.

The fifth chapter considers the technological bases of structure formation and
formation of heterocomposite coatings for large-size technological equipment.

Nowadays due to the large size of working parts and complicated configuration
of the details of technological machinery for cotton processing is not possible to
expose CFC by well-known methods of their physical modification on the surface of
machine working parts formed in the condition of hot hardening and melting.

That’s why thermosetting polymers — ED-20 and FEC-20 hardened by
polyethylenepolyamine (PEPA) in the amount of 10 and 12 pts.wt. that provides cold
hardening relatively were chosen as polymeric links. A traditionally used DBP and
secondary raw material GE in the amount of 10 and 10 pts.wt. relatively were chosen
as a plasticizer.

The conformity of hardening of epoxy and furan epoxy compositions of
various compounds, hardened in the sun and in the shadow was studied. The
experiments were held in the condition of the city of Tashkent under the temperature
of the environment (T,.) in the shadow 30+2 and 42+2 °C in the open area. The
intensity of natural solar radiation made 710-750 W/m®.
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The studies have shown that the formation of hetero-composite coatings under
the effect of the natural solar radiation considerably (in two-three times) intensifies
the hardening. It has been ascertained that the content of PEPA do not influence on
the process of hardening and 10 and 12 pts.wt. for ED-20 and FEC-20 relatively is
optimal and that was chosen for our further studies.

In Fig.6 the results of the experimental study of the micro hardness changes
qualitative characterizing the degrees of cross-links of epoxy and furan epoxy
coatings also adhesion strength from the duration of solar radiation. It is seen that
after 30-hour impact of solar radiation the micro hardness of the coating approximate
to the micro hardness of heat-treated epoxy (Hy=228 MPa) and furan epoxy
(Hur=182 MPa) coatings that confirms reaching a maximum degree of hardening
(Fig.6a). A partial substitution (up to 50%) DBP with GE slightly decreases
mechanical properties of epoxy as well as furan epoxy coatings and evidently it is
connected with a better plasticization feature. This can be explained by some increase
of adhesion strength value of EDC and FEC composing in the GE irrespectively of
the durability of the treatment time (Fig.6.b.)
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1-ED+20 pts.wt. DBP-1, 2- ED+10 pts.wt. DBP and 10 pts.wt. GE 3- FEC+20
pts.wt. DBP. 4-FEC+10 pts.wt.DBP and 10 pts.wt.

Fig.6. Dependance of microhardness (a) and adhesion strength (b) of
heterocomposite epoxy (1,2) and furan and epoxy (3,4) coatings on the durability
of solar impact in natural conditions.

There was ascertained some increase of the shock strength of epoxy and furan
epoxy coatings, GE modified that provides their exploitation durability.

Our study shows that in the process of coating formation in natural conditions
the fillers’ large particles due to their relatively low density surface settle on a
substrate. In the result of uneven distribution of filler’s particles over the coating
capacity and their extreme increase in interfacial the coating-substrate decreases the
adhesion strength. This causes premature flaking coatings.
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On the other hand reinforcing effect of wollastonit occurs due to its needle-
shaped form under anisotropy coefficient of particles «,,= l:b>2and above. And
chosen wollastonit concentrate 50<d<100 p and has «,, =4-4,5, that is very important
for getting anisotropy effect of wollastonit needle-shaped form in epoxy
heterocomposite which leads to a considerable increase of wear thus providing a
required exploitation period for a coating.

The experiments have shown that during 600s treatment time on the
disintegrating installation a crumbled wollastonit with dispersion of d<20 p.
Moreover the values «,0f these particles are in limits of 1.0-1.2 and by its structure
becomes ordinary granular filler and has not any reinforcing effect.

In the connection with this we chose 30-50s. time of mechanical activation of
wollastonit concentrate that provided the anisotropy of wollastonit particles’ size that
Is equal to 2.5-3.0 with particles size 50 < d < 100 p (a mode of mechanical
activation: n=2800 rotation per minute. working clearance A=0.5 mm.) Fig.7.

d-10°
KAH
3,0 1 60
2.0 1 30 1- anisotropy coefficient(icy
2- dispersion of wollastonit
» | , filler(d)

0 (]|,6 1|,2 1.8 2,|4 3!0 T102%s
Fig.7. Dependence of the dispersion of filler particles (d) and anisotropy
coefficient of its size on the mechanical activation time

To reach a desirable effect using large dispersive wollastonit special
experiments of joint mechanical activation of wollastonit on the disintegrating
installation during 40-50s with previously crumbled (0.2-0.5 mm) polyethylene with
the correlation of wollastonit: polyethylene 50:10, 50:8, 50:6, 50:4, 50:2 were held.
Having used this way we got binary fillers — of mineral and organic origin that are
not settled and spread evenly over the coating thickness due to the “parachute” effect
made by polyethylene activated particles. In this case it is not necessary to rotate the
samples with coating for optimal structure formation (table 3).

Some decrease O, in spite of the increase of thermodynamics and tribo-
technical parameters and the increase of polyethylene content in binary fillers is
observed. This can be explained by the decrease of surface micro-hardness and by the
increase of elasticity of the coating micro lugs at introducing the polyethylene.

Thus the effective way of using the organic and mineral filler from the local
raw material providing new properties of the materials and structure formation of
composite epoxy coating which are obtained in a certain correlation by mechanical
activating of mineral and polymer on the disintegrating installation.
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Table 3.

The effect of the correlation mechanical-activated mineral and organic fillers of

composition epoxy coatings on the tribo parameters of their frictional interaction with
cotton

Correlation (pts.wt.) of the | Tribo-technical parameters

mechanical activated fillers

(wollastonit/P/E) T K o 10% |1 5 10
C/m?

50:02 302 21.1 0.25 0.36 1.6

50:04 308 23.5 0.27 0.31 2.5

50:06 310 26.2 0.29 0.30 3.1

50:08 313 29.4 0.32 0.26 3.8

50:10 321 35.2 0.35 0.25 5.6

The other structure forming mineral for composite polymer material is kaolin
which is not less important from the view of economics. The mechanical activation
for Angren’s primary kaolin was done on the disintegrating installation during 5 min
then in the correlation of 20:10 GE was added and mixed in a ball-mill during 10-15
min that is enough for getting an even homogeneous weight. Being obtained through
this method mechanical and chemical activated composite components are more
acceptable for structure formation in the production of the composite materials.

The oxides of transitive metals presented in natural minerals at mechanical
activation from the hetero-polarized dipole moments which are able to form nano-
complex compounds by the side of functional groupings of connector and modificator
GE ( polyfunctional properties of which creates good conditions for structure
formation of hetero composites). The analysis of IR specter of the compound
absorption based on ED-20 obtained by the traditional method (Fig.8.1, 8.2) and the
specters of hetero composites absorption obtained by activation and solar
technological method (Fig. 8.3, 8.4.) show the presence of changes in the links of
deformational oscillation of ammonium salts.

It is important to make a previous activation of epoxy, an electrophilic
assistance, to disclose an epoxy ring under the effect of nucleophilic reagent. Based
on these ideas a molecule of PEPA amines acts as a nucleophilic reagent, and the
other one acts as proton donor.

Yet we can assume that ions of metals formed while a mechanical activation
can be of a good structure forming feature combined with polyfunctional groups of
gossypol which are presented in GE, under the mechanical activation of the mineral
on the disintegrating installation implementing shock-splitting-abrasive effect which
promotes the increase of the adhesion between the filler and the binder by not only
increasing the specific surface area of the mechanically activated mineral but also of
ionized spots that are capable to form nano-complex compounds with carbonyl
compounds in ortho position to the hydroxyl group of gossypol.
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The detected changes are caused by the formation of hydrogen inner molecular
links between oxygen atoms of carbonyl and carboxyl groups of gossypol epoxy and
side hydroxyl groups of epoxy, of hydrogen atom of the secondary ammonium salt
with hydroxyl group of gossypol epoxy that promotes the increase and the
acceleration of the cross-linking degree according to our proposed scheme:

NHx- _ ‘O
NH, !
CUch (E:O*Me"”
2
Cr715 H
/NH 17(15)M35(33) In

-

In this case the hardening of epoxy by polyamines is accelerated by the
compounds which contain hydroxyl groups and is explained by that fact that
substitution reaction of a hydrogen atom on an oxygen atom of HO-groups takes
place and the addition of the aldehyde group of ionized particles of metals oxides
which are in the fillers composition.

The results of the studies show that as well as the mechanical activated ones as
the primary ones when adding wollastonit have the best mechanical properties at the
same content and dispersion of mineral fillers. Such a considerable difference of
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mechanical properties of epoxy hetero composite coatings when adding activated and
primary minerals of kaolin and wollastonit resembling to chemical composition can
be explained by their structural texture. A granular or needle-shaped wollastonit
particles form stronger interlinks in interphase layer the filler — the binder, than the

kaolin particles that have decomposing structure.

The results of this research work make it possible to design a number of
antifriction wear resistant KPP compositions with the optimal structure by the method
of activated solar technologies. In particular, new compositons of hetero composite
coatings based on the raw materials applying a small amount of scaly graphite. For
example, (table 4,5) coatings of a type AHC (antifriction hetero-composite coating)
can be obtained by adding electro conducive graphite in the limits of 3-5 pts.wt.,

kaolin 35-37pts.wt. to 130 pts.wt. of EDC and FEC relatively.

Table 4.
The composition and the properties of the designed coatings
Types  of Com;z)onent contents pts.wit. Properties”
> 1 EDK B: PE° Graphite: H,, MPa 6., MPa
coatings : ’
Kaolin
AHC-1 130 - 3:37 178 32.5
AHC-2 130 - 5:35 172 34.5
AWRHC-1 | 130 19:1 3:17 205 30.5
AWRHC -2 | 130 18:2 5:15 198 29.6
WRHC-1 130 35:0 5:0 276 38.2
WRHC-2 130 37:0 3:0 288 39.8
Notes: 1)A-antifriction, W-wear resistant, H- heterocomposition, C- coating; 2)EDK: ED-
20=100 pts.wt.., DBF=10 pts.wt., GE=10 pts.wt., PEPA=10 pts.wt.; 3)B: PE - wollastonit:
polyethylene (in numerical correlation in pts.wt.); 4) exposure to the Sun time (710-750
W/m?)— 8 h., To. =42+2 °C. (natural conditions of Tashkent).

And coatings of a type AWRHC (antifriction wear resistant hetero composite
coating) — by adding electro conducive graphite in the limits of 3-5pts.wt., kaolin 15-
17pts.wt., wollastonit — 17-19 pts.wt., polyethylene-1-3 pts.wt. to 130 pts.wt. of EDC

and FEC relatively.

Table 5.

The structural and tribo parameters of the designed coatings

Types  of | Structural options ps, Q (number of bodies); R, u Tribo parameters”
coatings Initial Polished burnished f & | 1110°
AHC-1 1.4-10%/3.5 4.6:10*/2.8 0.8:10°/6.2 0.24 |0.22 |34.3
AHC-2 6.4-10°/3.9 1.2:10%/2.9 0.4:10°/6.5 0.23 [ 0.20 | 35.2
AWRHC-1 | 2.6:10%3.7 6.2:10°/3.4 3.5:10°/5.8 0.28 | 0.25 [ 125
AWRHC -2 [ 1.2:107/3.6 8.1-10°/3.5 42-10°/6.1 0.29 [0.26 | 134
WRHC-1 | 4.6:107/6.2 0.6:10%/3.2 2.1:10°/5.8 0.36 | 0.38 | 3.2
WRHC-2 8.2:10%6.1 [3.1:10°/3.6 2.8:10°/5.6 0.38 | 041 |26

Under pu=0.1 MPa-m/s, t,,= 1,5 h., "rider for all types of coatings - RC ( C 65-24); 6, < 10° C/m?
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The coating of an antifriction wear resistant hetero composite coating type can
be obtained only on the basis of wollastonit and graphite. The total amount of the
fillers 40 pts.wt. is stipulated by the maximum values of the viscosity of the
compositions ensuring the manufacturability when applied to the surface of large
technological equipment.

The study results allow offer the technology of obtaining coatings by activation
and helio technological method applied on the working surfaces of technological
cotton processing equipment using rationally the local raw materials and power
resources.

In the sixth chapter the applied and the technical and economic aspects of the
research are considered. The results of pilot production testing and implementation of
the developed automatic transmission in the working bodies of technological
machines at Kurgantepa and Sufikishlak (Andijan Region) one battery cotton
processing plants and at Namangan cotton processing factory No.3 (Namangan
Region) are also considered.

Application of anti-friction-wear-resistant polymer composite coatings on
working surfaces of pneumatic and screw conveyors, screw purifiers and dispensers,
allowed to get economic effect due to decrease of mechanical defectiveness of cotton
fiber for 0.35-0.85 percent, seeds fragmentation for 1.5-2 times and increase
equipment lifetime for 10-15 percent. The economic effect of the introduction of the
developed hetero composite coatings on the surfaces of parts of the production
machines on the standard one battery cotton plant will be 78,8 min. soums and will be
945 min. soums for the industry branch.

Results of the study for development of the State standard O’zDSt 2822:2014,
where complex factor fd,, IS suggested as a criterion-performance indicator, as well
as technological schedule for development of highly efficient anti-friction-wear-
resistant hetero composite coatings for the large technological equipment for cotton
processing are presented in this chapter.

These results of the research ensure the further development and their large
scale implementation with development of “Quality system” envisioning an optimal
choice of materials by separate stages of processing technologies, as well as in
overall for monitoring the quality of the final production.

CONCLUSION

Based on the data analysis and held theoretical and experimental researches it was
firstly theoretically substantiated the possibilities of managing components of frictional
interaction forces of polymer materials with raw cotton and purposeful regulation of
mechanical damage of the cotton fiber by optimizing the structure and properties of the
construction materials for machines and mechanisms of the technological equipment
was offered.
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The results of the research not only widen the theoretical knowledge in the sphere
of the designing highly effective composite engineering materials being exploited in the
conditions of the frictional interaction with cotton but also define the prospects of
composite materials science development when designing new engineering materials
with a rational application of the local raw materials and power resources.

Direct solar irradiation in the natural conditions of 710-750 W/m? during 10-20
hours ensures the necessary degree (95-98% relatively) of hardening of hetero-
composite epoxy coatings that have enough efficiency in the frictional interaction with
cotton.

As the main conclusions can be noted the following:

1. As it is shown, the steady-state values of the structural parameters of
frictional interaction in particular of the surface roughness coatings regardless of its
initial value are commensurate with a transverse dimensions not only of cotton fibers but
also the altitude stepper roughness parameters, the most increase is observed in coatings
based on thermal and thermoplastic binder resulted from their low thermal and
mechanical properties. The best options of the structural adaptability with the least
mechanical damage of cotton is observed when the fillers with a laminate structure
stipulated by the particle decomposition that form sub and micro unevenness of the
coatings.

2. Improving the cotton fillers by water soluble compositions based on Na
KMS, PVC, polyethylene glycol using as SAS OP-10, salts N;N- demythelamin-
ethylmetacrylate with bromide ethyl was theoretically grounded on the study of the
mechanism of the frictional interaction of materials. It was found that water soluble
polymer composites applied when improving the cotton fiber not only participate as the
acceptor which improve strength, antistatic and other properties of the cotton fibers but
also ensure the effective decrease of mechanic damage of it in spite of some increase of
the molecular frictional forces interaction with the surface of the coating that can be
explained by a screening and strengthening effect.

3. For the first time earlier unnoticed effect of burnishing of the composite
coating under the frictional interaction with cotton lies in the fact of unavoidable
formation of electro conductive chains still observed while at enough low content of 2-5
pts.wt. graphite, due to laminate structure as a consequence of a structure and power
self-organization of tribo system. The activated atoms of metals present in the
wollastonit and kaolin fillers content in the kind of oxides while the frictional interaction
alongside with polarized macro molecules of the improved compositions or with atoms
of water also ensure the formation of a firm electro conductive chains over the whole
contour surface of the frictional interaction. This convincingly proves the peculiarity of
the structural adaptability while the interaction with cotton.

4, It was ascertained that mechanical activated local minerals — Angren kaolin
and Kuytash wollastonit are the effective fillers and gossypol epoxy is the effective
structure forming one while designing of antifrictional epoxy hetero composite coating
with raw cotton that were formed by activation and solar-technological method. It was
shown that an even distribution of mineral particles over the capacity of the hetero
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composite epoxy coatings with previously grated polyethylene with purpose in certain
correlations in dependence of the binder viscosity.

5. It is found that ions of metals formed while mechanical activation can have
a good structure forming property alongside with the functional groups of gossypol
epoxy, while mechanical activation of the mineral on the disintegrating installation
implementing shock-splitting-abrasive effect that ensures the increase of the adhesion
between the filler and the binder not only thanks to the increase of specific surface of the
mechanically activated mineral but also to the increase of ionized spots that can form
nano-complex compounds with the functionally activated groups of gossypol epoxy.

6. The formation of nano-complex compounds was ascertained by the
analysis of IR-specter and the mechanism (structure formula) of the structure formation
In hetero composite polymer materials obtained by activation and solar-technological
method

7. For the first time a new activation and solar-technological method ensuring
a rational use of the local raw materials and power resources, required structure
formational and antifriction wear resistant properties for the composite coatings for the
large scale working surfaces of the technological cotton processing machines was
offered. The choice of the fillers for mechanical activation from the local raw mineral
material of Angren kaolin and Kuytash wollastonit is stipulated by that fact that they
have industrial production and have got a close chemical composition and differ by a
structure of formation that is characteristic to a wide specter of local minerals and can be
served as a model sample of the local natural raw material having a potential possibilities
for the application as the fillers, composite materials for machine- building.

8. It was found out that effectively introducing kaolin to improve antifriction
properties of epoxy hetero composite coatings with the use of the local minerals and
decrease of mechanical damage of cotton, and to increase wear resistance by introducing
wollastonit. The optimal implementation of a laminar structure of kaolin while getting
antifriction coating with required wear resistant can be achieved with the application of
wollastonit with fraction content of 50-100 micron and the anisotropy coefficient not
less than 2 in the amount of 5-10 pts.wt.

9.  The designed new composition contents protected with the patents of the
Republic of Uzbekistan No. IAP 04645 and No. IAP 04774, considerably excel their
typical analogues by the combinations of properties thus ensuring the less value of F and
do While interacting with cotton. At the same time, nowadays, they can be obtained by
cutting material and energy also financial expenses that satisfy a consumer needs and
large scale implementation of the work results.

10. The organization of the research work while choosing the effective
composition construction materials based on estimation of the minimal value of the
offered complex factor 6 according to the firstly designed State Standard of Uzbekistan
O’zDSt2822:2014, with the use of No. DGU 01171, No. DGU 01172, and also to the
methodic of evaluating indefiniteness of measuring tribo parameters considerably cut
time and labor expenses from the conducting research to the implementing the results.
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