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KHPHUI (panacada noxkropu (PhD) auccepranmsicn aHHOTALMSACH)

JAuccepranmsi MAaB3yCHHMHI J0J3apOjauru Ba 3apyparu. [[yHéna
MOJIMMEPJIAp AaCOCHJAard Maxcyc IUIEHKACUMOH, IONKa KarjaMid HOTYKHMa
MaTepuajiap OJMINra Ba YIAPHUHT TallKU TabCcUpiap OCTHUJA HOYU3UKIIU
nedhopMalMsUIAaHUIIMHA MOPQOJIOTUK XOJIaTUTa OOFNUK MyXHM (PYHKIIMOHAJ Ba
AHU3O0TPOIUK XOCCAJAPUHU YpraHuilra ajoxuja bTHOOp OepunmMokna. bynma
namesiap €ku GUOPUIUISIP YCTMOJEKYISIp TY3WIMIUIM HaHO- Ba MHUKPOTOJIAIU
HOTYKMMa MaTepHaJUIApHUHT KalTap Ba KalTMmac AedopMalloH Y3rapHuiliapuHu
Oaxomnaii, yTapHu ONTHK aHU30TPONUSICU OYHWYa TaXJIMJI KWJIUII, MYCTaXKaMIJIMK
yerapacu Ba ()yHKIIMOHAJ XOCCaJapuHU aHUKJIAII Y10y MaTeprasIapHi aMaInéTaa
KyJutamaa g013apo Macananapian Oupu XxucooaaHa u.

Byrynru kyHpga jkaxoHJa TOJHUMEP MHUKPOTOJIAJIA Ba SJIEKTPOCHUHHUHT
yCYIH/JIa OJIMHTaH HAaHOTOJANM IOMKA KaTiaMJId MaTepUaJUIapHUHT MEXaHOONTHK
XOoccallapuHu KuEcuil ypranuii xamjia yiap acocujia 0nodaosi HOTYKUMa “U30Tpor-
AHU30TPOIT” MaTepualljiap OJHINra kKarra 3bTudop OepuiMokia. by Oopana, ronka
KaTJIaMJId TIOJIMMEP MaTepuaUIapHUHT CTPYKTYypaBHil Ba da3aBuil Y3rapuiuiapuHu,
nedhopMalroH, aHU30TPONHK, (PHIIBTpIIAIT Ba Maxcyc GU3UK-KUMEBUI XOCCaTapUHU
aHUKJIAI KaOu MyHanmunuiapaa Makcajid WIMHM U3JIAHUIIUTAPHU aMalira OIIHPHUII
MYXUM axaMUAT KacO 3Taju.

Pecnybnukamuszaa Maxayuivii moauMepiiap acocujia IonKa KaTiaMiu FOBAKIN
MJIEHKACUMOH, TOJAIW HOTYKMMa (yHKUMOHaN (paosl Marepuayjiap OJUIl XamJa
aManuéTra Ta0UK KWIHIITa J0Up WIMHM-aMaIuil TaIKHKOTIapra aJloxuaa Y5Tu0op
KapatuiMokaa. JKymnaaan, namemisip Ba puOpMIUIAp Ty3WIMLUIM FOBAKIU FONKA
KaTJaMJId MoJIMMEep MaTepuaiapiaH THOOU-OMOI0THK KoTutamMaiap, KOMILUIEKCIap
Ba KOMIIO3UTIIap, OMO3JEMEHTIIAp Ba JIOPUBOP BOCHTAJIAPHU TalllyBUMJIAp, XaBo,
ra3CMMOH Ba CYIOK MOJJIaJJapHH TO3ajlalllla CeNEeKTUB (puiIbTpiap cudaruaa sxopui
STHII GYiNYa MyXUM HATIKANap Ky/ira KApUTHIraH. Y36eKiucToH PecryOmmKkacHu
AHaja PUBOXJIAHTUPHIN OYyiuda “Xapakamiap crparerwscu’’na MamyIakaTHMH3
WIM-QaHUHU PUBOXKIAHTUPUIN Xamaa (yHIAMEHTAl TaJKUKOT HATWKaJapuHH
amanuérra Taa0uK Kuwinil Bazudanapu oenrunad 6epuiran. Maskyp BazudanapHu
amaJjra OmUpUIl y4yH (YHKIIMOHANI (aon rypyxJjapra sra mojuMmepiiap acocuaa
HOEO XOCcaly 0MKA KaTiaMJId MaTepuajiap OJMITHUHT ONTHUMAaN MIapOUTIIApUHU,
Tanku AedopMaliioH TabCUpIIap OCTHIA CTPYKTYypaBuil Ba (Da3zaBuil y3rapuiiapHu
TaJKUK KWIHIL, YIAPHUHT TY3WIHILIK Ba XOCCAIIAPUHU aHMKJIAI XaM/la aManuéTaa
KyJUTamra MyHaJITUPUWITaH WIMUKA-aMAJIMN TAAKUKOTIAp MyXUM aXxaMHSTIa 3ra.

V36exucron Pecny6nmkacu Ipesunentunuar 2017 jiun 7 despangarn I1D-
4947-conmn  «Y36ekncToH PecnyGnMKacHHE SHAIa PUBOMNKJIAHTHPHIN Oyiimua
xapakariap crpareruscu Tyrpucuaanru ®apmonu, 2018 inn 25 oxrsaopaaru T1K-
3983-connu «V36ekucTon PecnyGukacu KUME CaHOATMHHU  KaJai
PUBOMIIAHTUPUII Yopa-Taadupiapu tyrpucunantu, 2018 vwn 17 suBapgaru I1K-
3479 connu «MamakaT UKTUCOAMETH TApPMOKJIAPUHUHT Tayad IOKOpU OynraH

12017 #un 07 despansaaru “Y3bekucTon PecnyOnumkacuHM sHAAa PHBOKIAHTHPUIN Oyiimua Xapakariap
cTparerusicu Tyrpucuaa” Y3o0eknucton Pecybnukacu Ipesnaentuanar @apMoHH.
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MaxcCyJoT Ba XOM amé Typjapu OwiaH OGapkKapop TabMHHJAII Yopa-Taaoupiapu
Tyrpucuaayru, 2021 #un 19 maptoaru [1K-5032-connmu «®Pusmka coxacumaru
TaBJIUM CU(DATHUHHU OIIMPHUII Ba WIMHUN TAaJKUKOTIAPHU PUBOMXIAHTHPHUII 4YOpa-
Tafgoupnapu Tyrpucuaanru Kapopiapu, myHUHrAeK, Ma3kyp GhaoiusTra Teruium
0ollKa MebEPUU-XYKYKHH XyxoKaTiapAa Oenrwianrad BasudaiapHU amanra
olMpuIIra ymoy auccepranus TaAKUKOTH MyaisiH Japaka/ia Xu3MatT KWIaJIu.

TaagKUKOTHUHT pecmyOsnka daun Ba TEeXHOJIOTUSJIApPH
PHBOKJIAHMINMHUHT YCTYBOP HYHAJMIIIAPUIa OOFIMKIMIE. Ma3Kyp TaIKUKOT
pecnyOnuka (an Ba TexHosorwsutap puBoXJIAaHUMMHUHT VII.  «Kumésnii
TEXHOJOTHsUIAp Ba HAHOTEXHOJIOTHSUIAp» YCTYBOp HYHanmummra MyBO(QHUK
OaskapuIras.

MyaMMOHMHI  ypraHW/JraHjuMK  Jaapaskacd. JIlyHEHMHr  KyIruHa
MaMJlakaTjiapuaa TapKUOM TypiiMya YCTMOJIEKYJISIp TY3WIMILTa 3ra SICCH IONKa
KaTjaMJd [OJMMEp MaTephajiap OJIMII XamjJa YJIapHUHT (U3UK-KUMEBUN
XOCCaJlapuHU YpraHull Ba yinapjaH aManuéria doipaianumn Oyinya UIMUN
U3JIAHUIIUIAD SKaJaJUIMK OwiaH o0 OopriMokaa. Yom JTwiraH HampJIapHUHT
KYIMUUIIMTUIA aCOCaH I0MKa KATJIAMIIM MaTepUAJUIADHUHT MEXAHUK MYCTaXKaMJIUTH
y3UIl MalllMHacu €pAaMua TaJKUKOT KWIHII OpKalu (UMK XOCcallapuHU
aHukjamra Oarunuianrad. [loaudTuiieH TIEHKAHUHT JIAMEIUISp KaTJlamJIapuHU
nepopMaoH qy3UIIIa napyanaHuo OpUEHTAIMOH TapTUOJIAHUIITN
PEHTTEHOCTPYKTYpaBUM  TaXJWiIuW Xamja TaOuuid umak  (QUOPOMHUHUHT
OpUEHTAllMOH KPHUCTAJUIAHUIIM MEXaHU3MJIAPUHU YpraHum Oyiinya WIMHiA
nyHanumuiapau puBoxnantupumra A. Kemnep, C.fl. @penkens Ba KaTop WIMHAN
MakTabjmap karra xucca Kymmmrad. Mnak ¢uOpowHn acocuaa Tojanv HONKA
KaTJIaMJIM FOBAKJIM MaTepuauiap IIAKUIAHTUPUII XaMJa IMOJUITUIIEHOKCH,
MOJIUCTUPOJI MOJIEKYJIaTapUHUHT OyiilaMa MailIoH 1a FOKOPH Japaka OpUEHTALIMOH
TapTUOIAHUIIIMHNA ONTHK aHMU30TPOINHUIACH OViinua Oaxosamra ouj coxaigapja
W. Zhou, J. He Ba Goriika 0JIMMITApHUHT WIMHAN MIITAPHHA TAbKUIA0 YTHII 3apyp.

PeciyOnukamusna wmaskyp WyHanmum puBoxianumura C.II. Pammmosa,
C.C. Hermaros, H.P. AmypoB, A.A. XoiMyMHuHOB Ba OoIIKagap Y3JapUHUHT
U3JIAaHUTIUTApUIa Maxcyc (GU3UK-KUMEBUIN XOccanapra sra OyJaraH TaOuuit OMoJIOTHK
(paon mosmMepIiap acocua SHrM MaTepuaylapHi CUHTE3H XaM/la aMaIueéTra opui
KWJIMIITA Y3 XACCAJTApUHU KYIIUIITaH.

Ymby wu3nanunuiapra kajgap agabuérmapaa IoNKa KarjaMid [OJHMeEp
MaTepuaVIapHUHT KalWTap Ba KalWTMmac aeopManuoH Y3rapuuulapuHM Ha30patr
KWK, “U30TPOIN-aHU30TPOIN” YTUUUIAPUHU AHMUKJIAIl XaMJa YJIApHUHT (U3HK
MOXUSITHHM ONTUK aHU30TPONUsICH OViinya YpraHuiiura NpuHUUANNAAN EHAAINUITaH
WIMHUI TaAKUKOT UIUIAPU KaM 0Ju0 Oopuirad. X0o3up/ia I0NKa KaTjiaMiy MoJIuMep
MaTepUAIAPHUHT (UMK Ba HKCILTyaTAllMOH XOCCAJTApUHU TAAKUKOT KHJIHMILL,
OYHUHT TIPUHIMNHAT WIMHH €uMMIIapHU OepajuraH Maxcyc KypwiMma Ba
MOJCIJIAPUHY  SIPATUI, YOy MaTepUaUIApHUHT TUIEHKAIap, JaMUHATIap,
CEHCOopap, OYUK sSpajlapHU CUPTUHU KOTIOBYH (yHKIIMOHAT-010(dao Koriamanap
cudarraa amMmanuéTaa KyJUTAaHIINAIITN UCTUKOOJITIAPUHH sIpaTaju.


https://www.researchgate.net/profile/Weitao_Zhou2
https://www.researchgate.net/scientific-contributions/77179324_Jianxin_He

Juccepranuss MaB3yCHHUHI JHCCEPTANUsl 0a’KapuwjraH oJMid TabJauM
Myaccacacu WIMMA-TAAKMKOT HMUUIapu OwjiaH Oorjmkjauru. Jluccepranus
TAIKUKOTH Y30EKHCTOH MWUIMH YHHUBEPCHUTETH WIMHH TaJIKUKOT HILIAPH
pexxacuHuHT O-A-2018-033 “Tabuuii unak Ba naxTa YUKUHAWIAPHUIaH HAHOTOJIAIN
HAHOFOBAKJIU MaTepuaiiap OJIUIITHUHT AJEKTPOCITUHHUHT YCYJIUHU
takommniamtapuir” (2018-2020 i) maB3ycuaard aMajMid JIOHuXa JoupacHia
Oa)kapuJIraH.

TagKMKOTHHUHT MAaKCaau TONMMATUIICH, (QUOPOMH Ba AKPWIOHUTPHII
COTIOJIMMEPHU aCOCHAArd JIaMeusip Ba (pUOpWIUISp TY3WIMIUIA IONKA KaTJaMid
FOBAKJIM MaTepuauiap aAeGopMairon y3rapuiuiapu Ba QyHKIHOHAT (PAOTUTHHA
ONTHK aHU30TPOIUSICUTA OOFIMKINK XyCYCUATIAPUHYN aHUKJIAIIIaH nOopaTIup.

TaagkukoTt Basudanapu:

nmoymITUIIeH, (GuOpOWH Ba AKPUIOHUTPUI COMOJUMEPUHUHT MOJIEKYJISp Ba
YCTMOJIEKYJISIP TY3WIHIUIApU Xama aHU30TPOIUK XOCCAIADUHU aHUKJIAI,

MOJIMATUIICH aCOCUIAru JamMesuiap TY3WIUIUIN I0NKa KaTjlaMiIu MaTepuasuiap
nedhopMaIoH Y3rapulUIApUHU ONTUK aHU30TPONUICUTAa OOFIUKIUTUHU TaJKUKOT
KWK Ba GU3UK TPUHITUIUIAPUHN aHUKJIAII;

(GbuOporH Ba aKpUJIOHUTPHII COTIOTUMEPH acocuaaru GuOpUIIIAp TY3WIHIILIN
IONKA KaTJIaMJId HOTYKHMa M30TPON-aHU30TPOIl MaTepuasuiap MIaKIIaHTHPHUII
Xamja yJapHUHT AePOpMAIMOH Y3TapUIIMHU ONTHUK aHU30TPONUsAra OOFIMKINK
XYCYCUSATIAPUHHA aHHUKJIAIII,

IOMKA KaTJIAMJIA M30TPOIT-aHU30TPOIl HOTYKMMA TOJIMMEDP MaTepHaLIapHUHT
TypJid MyXUTJapia aHU30TPOI XojaTura OOFJIMK HOEO Ba MaxCyc XOCCAJIApUHU
HaMOEH OYJIUII XyCYCHSTIApUHU aHUKJIAII.

TaagkuKoT 00beKTH — OJMATHIICH, PUOPOMH Ba aKPUIIOHUTPUI COMOTUMEPH.

TaakuKoT npeaMeTn — NOJUATUIICH, GUOPOUH, AKPUIIOHUTPHUIT COTIOTUMEPH
HAMyHQJIADUHUHT MOJIEKYJISip TaBcudiIapu, ynap acocujaru ONKa KaTJiamiid
namemisp Ba  GQUOPWIISAP  YCTMOJEKYJSIp TY3WIMINUIM — MaTepHaUIapHUHT
nehopMaIlfoH Y3rapuiiuiapy Ba MEXaHUK NapyajiaHUIIY XaM/a yioy skapaéHiapHu
ONTHK AaHU3O0TPOINHUACH OujaH OOFIMKIMK TPUHIMIUIAPK Ba (QYHKIIMOHAT
(a0 TUTruHN HAMOEH KWJIMIIIMHUHT WIMHH acOCIapyHU aHMKJIAIIaH noopar.

Taakukor ycyaaapu. TagkukoTnapaa  TUAPOJWHAMUK,  PEOJIOTHK,
MOJIAPU3AIMOH-ONTHK, SJIEKTPOCHUHHUHT, PACTPJIH JJIEKTPOH MHUKPOCKOMUS,
COpOIMOH TaxJIHJI, 13€Ta-MOTEHIINAN yCy/uTapuaad (poiaanaHuiraH.

TaagKMKOTHHUHT WJIMHUI SHIWJIMIY KylH1aruiapad noopar:

WIK MapoTaba, GuOpUIUIsIp YCTMOJIEKYJISP TY3WIMIUIM MOJUMEPIIAp acocua
IOTTKA KaTJIaMJIM HOTYKHUMa U30TPOIT-aHU30TPOIT MaTepraiap MaKIJIaHTHPUIITHHHT
ONTHMAJI TTapaMeTpJIapy aHUKJIaHTaH,

WIK MapoTaba omka Kamiamiad GUOpWUIp TY3WIHILIA — TOJIUMED
MaTepUaUIApHUHT JedOPMAIOH Y3TapUITUHNA ONTHUK aHU30TPOMUSTa YU3UKJIN
OofmaHuIM KypcaTud Oepuiran xamaa opueHTaIus (GakTOPUHU HUCOUWH y3aiuiira
Oofrmanui QyHKIMSACH Ba KOADPUITMECHTH aHUKJIAHTaH;

WJIK MapoTabda, TUIEHKAaCUMOH JIaMEJUIAP TY3UIUIIUIA FOTIKA KATJIAMITH TTOJTMED
MaTepUaNIApHUHT OUp TOMOHJIAMa Ba CHUMMETPUK uy3uiiga aepopMaiuoH
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y3rapuiuiapuHid  ONTHK aHU30Tpomnusicu Oyiinua Ha30opaT KWIMIIHUHT (DU3HK
MPUHIIAILIAPU KYpcaTud Oepuiiray;

unak (GuOpPOMHU Ba aKPUIOHUTPUI COMOJIMMEPH TOJajdapyu acocuja IOMKa
KaTjaMJId MaTepuaiap OJMHTaH Xamja YJapHUHT cUpT (aoJUTMTUHU HaMOEH
KWK XYCYCUSITIAPUHUHT aHU30TPONUK 3(deKkTiapra OOFIUKIUIUA COPOIMOH,
buabTpall, 13eTa-MmoTeHIMaN yCyJapu épJaMuia aHUKJIaHTaH.

TagKUKOTHUHT aMaJIMii HATHXKAJIApM KyHuaaruiapaad noopar:

MOJNIMATHIIEH ~ aCOCHJArd  JIaMeuiap  TY3WIHMIUIM  [ONKa  KaTJIaMJH
MaTepuauIlapHid OWp TOMOHJIaMa Ba CHMMETPUK UY3WIIHH TMOJSIPU3ALMOH-ONTHK
yCyJ/a Ha3opaT KWIMII HOYM3UKIN JedopMalMoH Y3rapumuiap pyi Oepuriu
KypcaTTiwiran xamjJa YHHUHT acocuaa OpueHTauus (aKTOpHUHM  HUCOUM
naepopmarusira OoFIaHuIl GYHKIUSCHHH Ty3WITaH;

¢ubporH Ba aKpUIOHUTPUI COMOJUMEP acocuaa (GUOPUIUIAP TY3WIMIILIHA
HOTYKHMAa U30TPOIT-aHU30TPOI Ba IOMKA KATIaMJIM MaTepualiap OJIMHTaH, MUKPO-
Ba HAHOTOJIAJM MaTepUAJUIAPHUHT KUECUM TaJKUKOTJIApU acOCHAA OpUEHTAIUS
dakropuHu HHCOUN AedopManMsIra YU3UKIU OOFIaHUIl (YHKIUSICH TY3WUJITaH
Xamja CTPYKTypaBuil Ba GU3NK-KUMEBUIN XOcCcagapyu aHUKJIaHTaH.

TaagkuKOT HATHKAJTAPUHHUHT WINOHWIMJIMIU. Vnmuil tagkukorinap onub
Oopumiga ynuanuiap Tanad HATWIAAUTaH WIIOHWIMIIMK JOWpacujia amaira
OIIMPWJITAH Ba CTATUCTUK KalTa MIIJIAHTAH, YKCIIEPUMEHTA HAaTHXKalap MaBxXy/
Ha3zapuil Ba OOIIKA €TaK4M OJMMIIAPHUHT HATIKATApU OMJIaH TaKKOCJHAI acOCHAA
om0 Oopunrad. OIMHraH HaTWXKaJapHUHI Tacauru cudaruga pecnyOiuka Ba
XaJIKapo UIMHUI KOH(pepeHsIapaa MyxoKkaManap KIJIWHTaH.

TaaKuKOT HATHKAJTAPUHUHT MMM Ba aMaJuii aXaMUSITH.

TaaKkMKOT HaTWXKaJapHUHT WIMUN axaMUusTU IIyHAaH nuboparku, GuOpouH Ba
aAKPWJIOHUTPHUIT COMTOJIMMEPH aCOCHIa M30TPOIT-aHU30TPON HOTYKMMa MaTepuasuiap
OJIMITHUHT ONTHUMaJl TapaMmeTpiiapy Xamja YJIApHUHT MYXUM CTPYKTypaBUi
TaBcU(IIapu Ba SKCIUTyaTallMOH, aHU30TPOMHK, CHUPT (aoJIUK, (HU3UK-KUMEBUN
xoccanapy aHukiganrad. FOmka Karjamiad HaHO Ba MHKPOTOJIATM FOBAKIHU
MaTepHAIAPHUHT MEXaHUK XOcCcalapy ONTHK aHU30TpomuK > dexTinapu Ounan
OOFIMKIUTUHA TaBCUGIOBUM (PYHKIUsANIAP Takiaud HTWIraH xamaa OOFJIaHHUII
Kod(ppUIIMeHTH KUMMaTIapu aHUKJIAHTaH.

TaaKUKOT HATIKATApUHUHT aMaJMid aXaMHsITH IOTMKa KaTJIaMIid TOJUMEp
MaTepuauIapHu AeOpMAIMOH Y3TapuIIMHU MOJISIPU3AMOH-ONTHK YCYyJaa Ha30patT
KWJIUII, TAallKM MEXaHWK TabCHUpJIapra YUJaMIIMINK, MYCTaXKaMJIMK dYerapacH,
TEPMUK XYCYCHUSTIAPUHHM aHMKJIANIA KYJUTaHWIAAWTaH MEXaHOONTHK KypriMa
W10 YUKUITaHINTY Ouiiad 36Tupod sTrnaan. UiMuii TagKuKOoTIap HaTHKanapH
OKUEHTPHUK-aMJIaHYBUM DKpaH OWIaH TaKOMWUIAIITUPWITAH SJICKTPOCHTUHHUHT
ycynuaa OMoJoruK (haos XyCycHsITIapra sra FOBaKJIM HOTYKMMa MaTepuaiap
oJmuaa KyJulaHwirad. Hatwkanap romnka Karjamiii HOTYKMMa MaTepualllapHU
OUMK spajlapH OWTHUINKIA KOIUIOBUM Oumodaon BocuTa cudatuga KyJuiamn
MMKOHHUSITIIAPU MaBXKYJIJTATHHY KypcaTraH.



TaagkuKOT HATWKAJAPUHMHT skopuii KuiamHumm. IOnka KaTmamim
NOJIMMEpP MaTepUaUIAPHUHT aHU30TPONHUK Xoccaiapu OYHWHWYa OJMHTaH WIMHM
HaTHXKaJap acocuaa:

OMOMOMUIT aKPUJIOHUTPHUI COMOJUMEPH aCOCHJIard HAHOTOJAIM HOTYKHMa
MaTepualiHu acoc cudaTtuia Ba yHUHT cupTuaa ouodaosn ¢udpoun acocuaa KaTiam
MIAKJUTAHTUPUO, yIIOy HAHOTOJIAIM FOMKA KaTJIaMJIM HOTYKHMa MaTepuaiap 04K
TepUHU OUTUINKIA KOIUIOBYM Omodaon BocuTa cudaruaa V36ekucron
PecriyOnmkacu  COFMTMKHM — cakjall  BasUpJIWTM  KOWIMAArd  peciyOiamka
UXTUCOCIAITHPWITaH JACPMOTOJIOTHSI Ba BEHEPOJOTHsS WIMHN-aMainii THOOHET
MapKasuja KyJulaHuiraH (Y30eKHCTOH Pecly6nmMKacH COFIMKHH — CaKJIall
BAa3UPJIUTU CAHUTAPUSA-ANUAEMHUOJOTUK OCOWMILITAIMK Ba KamoaT CaJOMAaTIUIU
xm3MaTHHUHT 2020 ¥Hun 16 HosOpmarm Ne04-8/388 coH MabIyMOTHOMAcCH).
Hatwmxaza ronka KaTiamiid HaHOTOJIAJM HOTYKMMa MaTEPUAIIHUHT OYHK SpalapHU
JaBOJIAlll]a caMapajid BocHUTa cudaTHaa aMaliuid KyJjialml HMKOHUSITUTA 9ra
AKAHJIMTUHU KYpCcaTraH;

AKPUJIOHUTPUJ COTIOJIMMEPH Ba UIak (UOPOUHU dpUTMaIapuiaH HAaHOTOJIATU
HOTYKMMa MaTepHalliap MAKUIAHTUPHII MPUHIUIN Ba IONKA KAaTJIaMJIM MOJUMEp
MaTepUAILIAPHUHT CTPYKTYpPaBUM Y3rapUIUIAPUHU ONTUK aHU30TPOIMSICU OYiinya
TaxJIMJT KWK HaTWKallapu, JAedOopMalMoH KapaCHJIapHU TMOJIIPU3AIIMOH-ONTHK
yCy/I1a Ha30paT KM KypHIMAcH Y30eKHCTOH MUIUTHIl YHHBEPCUTETH TaJKUKOT
UIUIApU PEXKACUHUHT A-4-13 pakamiu “ONEeKTpOCIMHHHUHI ycyiauaa (uOpouH,
XUTO3aH Ba AKPWIOHUTPWI COMNOJUMMEPH AaACOCHJAa HAHOTOJAIM HOTYKUMa
MaTepuaiiap OJIMII TEXHOJOTUsICUHY niiad yukuir” (2015-2017 #it) maB3ycuaaru
aMaJTHii JToinXann 6axapumia Kyaaunras (Y36exkucton Pecy6nmkacy Onwif Ba
¥pra Maxcyc TabauM BasupiauruHuHT 2020 #mn 11 centsopaaru Ne89-03-3244 —
COHJIM MabIyMOoTHOMacH). Hatwkana HaHOTONANM MaTepUaUIApHUHT MEXAHHUK Ba
TEPMUK TabCUPJIAp OCTHA KalTap Ba KaliTMac aedpopMaliioH Y3rapuiiapu Xamaa
napyajaHUIINHN ONTHK AHU30TPONUSICH OYilMdya Ha30paT KWJIUII Ba TAaJKUKOT
KWJIMIII UIMKOHUHU OepraH.

TaagKuKOT HATHKAJTAPUMHUHT anpodaumsicu. J(uccepramnus Oyiinva oJuHTaH
acocWii HaTwkamap 3 Ta Xalkapo Ba 5 Ta pecnyOiuMKa HIMHM-aMalidi
aHKyMaHJIapuaa MyXoKaMaJaH YTKa3uIraH.

TaagkMKOT HATHXKAJIAPUHHUHI bJOH KWIMHMIIM. J[uccepranus MaB3ycu
Oyiinua sxkamu 17 Ta WIMMHA WII YOI OTHITAH, INIyJapiaH, Y30eKHCTOH
PecnyOimkacu Omuit attecranus komuccuscuHuHr ¢ancada noxropiuk (PhD)
IHACCepTAlMsIIAPY ACOCUM WIMUN HATHXKAJIAPUHU YOII ATUIL TABCUS STUITAH WIMUHA
Hampiapaa 9 Ta MakoJa, 11y KymJiaJlaH, S TacH peciyoyika Ba 4 Tacu XOpHKUH
KypHaJuIapJa Hallp STUITaH.

JuccepTalMsiHMHT TY3WJIMINKA Ba Xa:kKMH. [[uccepramus TapkuOu KUpPHIIL,
TYpTTa 600, Xynoca, hoigananuirad agadbuériap pyixartu Ba uioBajiapad uoopar.
Juccepranus xaxxmu 100 OeTHH TaITKKII STaIH.



JJACCEPTAIIUSIHUHI ACOCUM MASMYHH

Kupum xucmuma nuccepraiusi A0JA3apOUrd Ba 3apypaTH, TaJIKUKOTHUHT
pecnyOnuka ¢aH Ba TEXHOJIOTHSUIAPUHU  PUBOMIAHTUPUIIHUHT  YCTYBOP
WyHanmuuuiapura MOCIUTH  acoclaHrad. Jluccepramus wMaB3ycu — Oyiinua
MYaMMOHUHT YPraHWITAHIWK Japa)Xacu KeJITUPUITaH, TAIKUKOTHUHT MaKcaJd Ba
Bazu(amapu, 0OBEKTIAPH Ba MPEIMETH KYpCAaTUIITaH, YHUHT WJIMHH SHTHIATH Ba
amMauil HaTrxkanapyu 0a€H KWIIMHTaH, OJIMHIaH HAaTH>KAJIADHUHT HAa3apuid Ba aMalluid
axamMusATH o04nO OepwiraH, TAAKUKOT HATIKAJAPUHUHT JKOPUH KHJIWHUIIH,
auccepranusl TY3WIHIIA Ba Hamp KWIMHTAH WIMHAA UWOUIap TYFpUcHa
MabJIyMOTJIAp KEITHUPHUIITAH.

Huccepranussiuar  “IOnka moJgmMep MaTepuauiap aHU3OTPONMK
TaBcuIapu XaKuaaru yMyMmui TacaBBypJiap” n1e6 Homsianran OupuHan 6o0u1a
TYpJU YCTMOJICKYJIAp (JlaMeursip, GUOpWILIIsp) TY3WIUIIra 3ra IonKa KaTJiamiid
GyHKIIMOHAT TMOJUMEP MaTepuaiiap TaBcudiIapu, ylapaa MEXaHHWK, OITHK
aHU30TPONUK d(PdeKTnapHu HaMO€H OYnuIn npuHUUILIApU OVitmya amabuétiap
mapxu 0aéH sTuirad. Jluccepranusia Xajl KUWIMHATUTaH MyaMMOJIAPHUHT X03UPTU
3aMOH XOJaTh Ba (QoiAallaHWiTaH acocuil ycyjulap Xamjaa €EHAallyBIapHUHT
TaBCU(PU KEATUPUIITAH.

HucceprauustHUHT “TagKUKOT 00beKTIapu Ba ycysuiapu” 10 HOMJIaHTaH
MKKUHYM OO0OuJla TaHJIaHTaH MOJUMEp OOBEeKTIap TaBcudiIapu, jJaMeisp Ba
GUOPWILISP YCTMOJNEKYIISISIP TY3WIMILIIM SICCH Ba TOJIAJIApU TypJvyYa KaTUHIUKAA
OyJraH I0MKa KaTJIaMJId HOTYKMMa MaTepralljiap OJIMII, TUAPOANHAMUK, PEOJIOTHK
ycyjulapjaa Xamjaa JgedopmanmoH Ba aHU30TPONUK XOCCATAPUHU TATKUKOT
KWIHIIHUHT ~ TOJSPU3AIMOH-ONTHK,  B3JEKTPOH  MHKPOCKONHUSA  YCYJUIApH,
dbyHKIIMOHAT Ba CUPT (AOJUTMKHU aHMKJIAIIHUHT COPOIIMOH Ba J3€Ta-MOTEHIIUAT
yCyJIJIapu TYFPUCH]IA MABIIYMOT KEJITUPUJIITAH.

JlucceprauustHuHT “KOnka KaTJIaMJI1 JIaMeJJIsAp noJiuMep
MaTepUA/LUIADHUHT  JeopMamMOH Ba  aHHU30TPONMK  XOCCAJAPUHHU
OorukJurn” 1e0 HOMJIAHTAaH Y4YMHUYM OoOuja SCCU JIaMeJUIap KaTjaMiiu
MOJUATUIICH TJIEHKAHUHT OMp TOMOHJIaMa Ba CUMMETPHUK Yy3uIllaa pyil Oepaauran
nedopMalMoH y3rapuiiap Ba NapyalaHULIUIAPHA TAAKUKOT KWIIMII YYYH MaxcCyc
Wurunarad “MeXaHooONTUK’ KypwiMma ¢Epaamuia aeopMaivod Y3rapuiliapHU
ONTHK aHU30TPONUK dPdexTaap Oyitnua Ha30paT Ba TAAKUKOT KWJIMIITHUHT (PU3UK
MPUHIUIUIApU KYypcaTuO Oepuiiras.

TagkukoTHap yTKa3uIl y4yH “y3ull MAlIMHACK TPUHIUIINAIA WIILIAKAIATaH,
TAaCMacCMMOH HAMYHaHMHT OWp TOMOHJIaMa Ba CHUMMETPHUK Tap3/Ja MEXaHHK
YY3WIIHA aMalira OIIUPAJIUraH, >Xapa€HHU MOJSIPU3ALUOH-ONTUK MHUKPOCKOI
yCynuaa TaAKUKOT KWJIUII HWMKOHWUHM Oepagurad ‘“‘MEeXaHOONTHK KypHJiMa
nurunrad. KypuiMaHUHT MEXaHUK KUCM/a HAMyHa TacMa YYW/JIaH acTra BEpTUKAI
HyHanumga 6up TeKKcaa TOPTUIIAAH Ba Y3UITYHTa Kajap aedopMaIiioH 4y3uiaiu.
VY3unuin Myctakamianru (o,.) Ba HucOui y3aiui (e, ) kypcarruaiapu [OCT 14236-
81 Oyitnya aHUKJIaHAIH:

o, =FE./A, 1)
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g = All—o 100% (2)
Oy epna E. — y3wnum maituga 4ay3uim kyuinanumu, H; A, — HaMyHaHHHT
OOLLIAHFMY KYHIAIaHT KECHMM, MM?, Al,, — HAMYHAHMHT Y3WJIMII [AWTHIard
V3YHJIUTUHHA Y3TapUIlHA, MM; l, — HAMyHaHUHT OOIUIAHFUY Y3YHJIUTH, MM, O, —
MexaHuK Kywianui, MIla. Amanra ommpunaguran sxapaén l-pacmaaru umsma
opkaiiu TymyHtupuiaaau. Jlactimad A XorjaTaa TaCMaHUHT yuyjapujia MEXaHHUII
Kyuwianuin (o; = o, = 0) Oynmaiian Xampa yuuer y3ywiaurua (l;), sam (l,) Ba
kamuumra (d), ymyman TaBcudumm S; = [, - d ro3acu, xaxmu V; Ba Maccacum m;
y3rapmaiiqu. CYHr b Xomatma, 6apabaH—MOTOBWIIO OHMp XHJ dYacToTanma (W)
altmanTupunaan Ba 0y < 0, # 0 maprt Oaxapuiaau, TacMa y3yHJIUTU OYiinad
JUHAMOMETpJIaH  OapabaH-MOTOBWJIO  TOMOH  uy3ujga  Oonuiaidagu — Ba
napasuienenunecuMon (A) maknu koHnyccumoH (b) makira ainmanu® y3iykcu3s
y3aiin0, MHrHYKanamuob oopaau.

KoHycCcHMMOH TacMaHUWHT Yy3yHJIWTH

Ad s b g5 o (I;) xputuk wmukgopra I =l
%% etrauna [, - 0 Ba d — 0 mapr
Oaxkapwiamu Ba TacMa Y3WJIalu.
I %% TaBcudgau S; TyprOypuak 03a
% — I . gﬂ neGopManMoH y3rapuin TyQaiiu

{2

2
d
S,=m (E) JYMAJIOK r03ara
aiinananu. Jlehopmanron uy3uiiia
I d—0, -0  TaCMaHUHT Maccacu M; y3rapMauiu,
aMMO  TapkuOuUl  3JIEMEHTJIap

nedopMalmoH-OpHUeHTAIIMOH

1-pacm. ITapannenenuneicuMoOH TACMAHUHT TapTuOnauo, SHHTAIIHIIN
(A) eopMaLHON U 3HI OpKAIH Komycenmon  XACOOMIa HAMYHAHHHI XakKMH (Ve)
(B) maKJIra yTHIIM Ba Y3UJIAIIHHA KHUpaiumy  Kysatuingd.  OnTuk
NPHHIMITHAI YH3MACH KucMaa — HamyHa — tacma (1)
nosisipuzarop (2) Ba ananuzarop (3)
opajufyuia MOJIApU3alMOH (KyTOJIaHTaH) MOHOXPOMAaTHUK Hypra HepHeHAHKYJIsp
Vpuatunanu. Hypaunar tynkuH y3yanura A = 560 HM 6ynu6, y X3-6 dunstp
BOCUTAcHJa aXXpaTUO OJIMHAIM Ba JIMH3aIap EpJaMuja mapajuiesl Hyp Jacracura
alJTaHTUPUIITAH Tap3/ia OMp YM3UK/IA MOISPOU], HAaMyHa, 0OBEKTHB, AaHAIU3ATOP Ba
okyisap (4) opkanu yramu. Hyp monmspuonna xKyrOnaHaau, SbHU OJJIUNA Ba Faupu
onauit Hypiapra axpanaau. Onauii Hyp HaMyHaHUHT Je(QOPMAIMOH YY3WIIHIIIH,
STbHU IIAKJIM Ba TapKUOUM dJIEMEHTJIAPUHM >KOMJIAIIUII TaApTUOWHU Y3TapTUPHUILIN
TyQainum mabiiym @, Oypuakka Oypwiaaum Ba Oy ONTHUK aHM30TPONUK 3(DPexT
cudarraa oOKyJIsap OpKaJIM BU3yallb Ky3aTuiaaau (2-pacMm). AHaIU3aTop YpHATHITaH
MaxCyc HOHUYCJIH JIUMO BOCHUTACHa OJJMN Ba Falpu OJIUN Hypiap ypTacumaru
dapknap, spHU ONTUK “Kopa” ¢oH (o) Ba ONTUK aHU3O0TPOMUSHUHT MapKa3uJaaru
“Cpxun” coxa (¢1) ypracumaru dapkiaap (A@) xamaa OKyJsIpJlard MHUKpPOIITKaa
épnammia TacMaHuHT Kanuunru (d) ymganam.
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a 0

2-pacm. Ilnénka TacMaHuHT 1e)OPMAIMOH YY3HIIIA ONTHK AHU30TPONUACUHHI
HAMOEH OYJIMIIMHUHT NPUMHIMIHMAJ Yu3MacH (a) Ba mukpodgororpadusicu (0)

Hamyna TacMaHUHT JacTiaOKu KYII HypHU CHHHII KypcaTruuu

_ Mgy
Ang = 180d, (3)
Ba JiehopMaIliOH Y3rapuIiap maiTHaarn MUKIOPH
_ AA;
An; = 180d; (4)

TOIWJIIU, YJIAPHUHT HUCOaTH OYyiinya opueHTaius hakropu (), TbHU aHU30TPOIIHK
TaBcuIap aHUKJIaHIU
An;—Ang 0,5
An; ]

p =T (5)
Taxpubanap y4 xun (@) peKUMIa OJIMHTaH Ba Typiu Kaauaiaukra (d) sra Oyiaran
I0ONKa TUIEHKA TacMaliapja, yjaapHu OViinamMa Ba KYHJaJdaHT WyHamunuiapiaa

“MeXaHOONTUK KypUJIMaHUHT 0apaOaH-MOTOBWJIOCMHHU alJIaHWII YACTOTACU @ =

1 cM/cek nedopMalMoH YY3HII NPUHIMITUAA YTKA3WIAA. ByH1a HaMyHanapHUHT
(o)

MEXaHUK aHH30TPONUACH A, = — Ba ONTHUK aHU3OTPOIHUACU A, = % AHUKJIaH]H.

O-K K

Harmxkamap 1-xaaBanga KeITHPUITaH.

1-xkanBan. FOnka TacMaaapHUHT Ae(OPMALMOH YY3MIIATH KYpcaTTHY/IapH

TacMaHUHT y3WIMIIAIArU KYypCcaTTUWIapy
W d, Byiinama ay3uia Kynnananr uysuma | A = % Ay = Ps
atyMuH | MKM Oy Py
og, MIla | &5, % | Bs | 0, MlIla | &,% | By
2,0 50 68 539 | 0,91 64 530 | 0,82 1,10 1,12
3,5 41 76 390 | 0,94 42 294 | 0,55 1,81 1,72
4,5 36 81 335 | 0,96 35 214 | 0,43 2,31 2,24

Harmwkamapan KH€CHM TaxXJaul KWIHIL, Wg, = 2 alI/MUH Te3IUTrHaa

MAK/UTAHTUPUITAH TUIEHKA HaMyHanapu “Oyim” Ba ‘“OHW™’ OyiiMua 4y3uiranna
Y3WIHMII MYCTaXKaMJIMTM MHUKIOpJIapu Ba HUCOMM y3aluin Kypcarruwiapu Oup
Oupura SSKMH MEXaHUK Ba ONTUK aHu3oTpornusuiapu 1,10 - 1,12 arpodunaaup. by
HaMyHaJla MaKpOMOJIEKyJap TapTUOCU3 H30TPON XOJjaTAa >KOWJAIraHuH!
kypcatanu. Keitnaru wg, = 3,5 ailsi/MUH Ba wg, = 4,5 ali/MUH pexumiapia
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OJIMHTAH MUIEHKA HamMyHanap “Oyin” Ba “sHU™ Oyiinya yy3uiarannaa, ‘“sHu’ Oyiinua
KypcaTtruwiapau “Oyin” OVinua Kypcarruwiapra HucOaTaH aH4a KUYUK OVIUIIN
aHukJanau. by xon ymly mi€HkanapHu aHU30TPOIL, S’IbHU yiap akilaHaéTranaa
MaKpOMOJIeKyJlajlap OpUEHTAIMOH TapTUOJaHTaH Xojarra  YCTMOJIEKYJISIp
CTPYKTypa XOCHJI KWITaHJIUTHIAH JlajoJiaT oepau.

Onka monumep matepuaiiap, s’bHM IUIEHKA Ba TacMaiap OUp TOMOHJIaMa
nedopMalloH Yy3Wirauja, yjaapjaa pyi Oepaauran xapa€HiiapHU MIApTIH Tap3a

MKKA THUITA QXpaTUIl MYMKHH, SbHM: - OMPHHYMCH, MaTE€pPUATHUHT
napauIesUIeTIeIUICUMOH AaKJIMHU KOHYCCHUMOH IIAKITa ailnanumm 6yiauo, OyHnai
IAKJI Y3TApUINA  aHU30TPONMK y3rapuil 53Mac; - MKKUHYUCH, MaTepuall

TapKUOHIAard MaKpOMOJEKyJanap, YCTMOJICKYJSp TY3WIUIUIM Jamelanap,
¢ubpunnanap, HaHOTOJATAPHUHT JedOPMALMOH-OPUEHTAIMOH TapTUOIaHUO,
M30TPON XOJIATAAH AHU30TPON XoJjlaTra YTUmmaup. ByHHM TaaKUKOT KHIMIIAA
HaMyHa TacMaHUHT YpTacHJaH TMOJSIPU3ANUOH HYPHH TEPIEHAUKYISAP Tap3aa
YTHINN Ba UKKW YIUJIaH CAMMETPUK Tap3aa AcPOpMAIOH TY3UITUIINA MYyXUMJIHD.
byHu amanra ommpuIn yuyH “MeXaHOONTHK ™ KypHiIMa TAKOMIIIAIITUPIIIIA. Y Ha
M30TPOIl TOJIMATHICH TacMa CHMMETPHK Tap3ia w = 1 cM/ceK  Te3nuKia
gy3uirana, HucOwid y3ainmHu (g5) Ba opueHTanus ¢akropunu (f) gy3uir
KywIaHuM (og) OOoFaaHuIM rpadukiapuaa yura TaBcudiin coxa aHUKIaHau (3-
pacMm). bynna |- Ba lll-coxanaru >¢gdextnap TacMaHUHT XaxXMui JedhopMairoH
IY3WIIMIIH aMajira OMTUIITaHInTH Oniad n3oxjaanaan. || — coxama TacMaHUHT HUKA
MOJIEKYJISIp CETMEHTAJI Y3rapulll, SbHU JehOpMaIlMOH-OPUECHTAIIMOH TapTHOIaHHIITN
Y3l KYWIAHWITHUHT HUCOATaH KaMpoK capdiaHWImu XucoOura aHW30TPOIl
XOJaTra YTUIITN aMalra OITaHIUTH OWIaH YbTHPOQ ITUIIAJIH.

80
] B 1
o, MlIa 0.8
60 -
40 .1 00000

20 A

0 ‘r T T T T T T T T T 1
0 T T T T T T T T T 1
100 200 300 400 500 0 100 200 300 400 500

=]

£, % £, n/o
3-pacm. ToaudTHIIEH IVIEHKAHUHT Yy3UII Ky4JaHUIIMHU (0) Ba opueHTanusi (paKTOPHUHI
() nucouii nedpopmanuon yzaiinmra (£) GOFIMKINTH

beBocuta ky3artwirad ymoy OnTUK aHM30Tponuk 3¢ dexTiaapHu ndoaanoBun
MukpodoTocypatiap 4-pacmaa KenaTupwirad. TaakukoTiapaa aepopMaluoH
YY3UIl UYHAIUIIUTA NEPICHAUKYISAp Tap3la IUIEHKAaHW KaTjiaMra aXKpajJuld Ba
aXpaliraH >KOWMJIaH CHUMMETPUK paBUIIA IONKAIAWO, y3aluIIM Ky3aTWIIIU.
TacmaHuHT KaTiaamra axpanauO, IoMKanamral Ko HucOaTtan Kympok 1madgdod,
OINITHK aHU30TPONHUACH EPKUHPOK IKAHJIUTH aHUKIaHIu. ByHu ymyam Hatuxanapu
acocH/ia Ty3WIraH ONTHUK aHU30TPONUSHUHT HUCOUH y3aiuiira OOFTUKINK rpaduru
IOKOpHUAaru 3-pacMjia KeATUPUITaH.
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A)B=0,3, e5=20% B)f=0,5, &5 = 90 % C)f>09, £ > 440 %

4-pacm. 11D UIEHKAHM CUMMETPHK Yy3MI/IAa ONTHK AHU30TPONMUSICHHUHT y3rapyiuu

Tacma nedopmanmon 4y3unnb, Y3WIMII 4Yerapacura sSKMHJAIITaH/la ONTHK
AHU3OTPOINUSHUHT TYpJId paHrin HBIOTOH Au(paknuoH TacBUpiapu HYKoIuoO,
€pKMH OK paHIIM Tycra yTaau Ba opueHTauus (axrtopu f > 0,9 nan omanu.
Tacmanuur y3unui momeHTuaa f > 0,95 karra 6ynaau. bynna TacmaHuHr EpKUH
OK panrra ytuimu HeroToH nmpu3zMacura xoc audpakiuuoH 3GPeKTHH Ky3aTHUiIMaii
KOJTAHJIUTH, S’bHU MAaKpPOMOJIEKYJAJIAPHUHT IOKOpU Japakaja OpPUEHTALHOH
xuncnamumuaap. byHra acocuit caba® negopmariuoH YY3UIIHUHT FOKOPHU
OOCKUWIapuaa TACMAHUHI SHUHU TOpanO OopuM Ty(dailiin MakpoMoOJeKyJaaap
3UYJIAIIUIIN XaMAUP.

I'paduknaru I1-coxanu okuIll, SHHU KaTJIaMIU CUDKUIIHUA UoanaliiHu Ba
ONTHUK AHU3OTPONUSIHU TYpPJU TYCIU HUHTEP(EPEHIIMOH TACBUPUHU acTa CEKUH
HyKommb oK Tycra YTUIIMHM MHOOATra oJyicak, Oy coxaaa f Aactiiab CeKHH, CYHT
KECKHHPOK Y3rapuInHu Kyiuaarnda nzoxjaam MyMkuH: =100 —200 % opanuruna
p = 04 — 0,5 cuHrapu CeKMH OIIMIIK, MaKpPOMOJICKYJISIp KaTilaMJapHH Y3apo
cwpkuiy Tydainu 6yinca, £= 300 —400 % opanuruaa f=0,5— 0,9 raua KECKUHPOK
OIIMIIKM aJIOXWJa OJUHraH MaKpOMOJIEKyJaJapHUHT Oup-Oupura HucOaTaH
cwpkniy Ounad O6ornmukaup. Lllynra 6uHoan Xap Oup OpanukK ydyH OpHEHTALMS
dakTopuHu HUCOMI nedopMaIMoH y3aiuiira OOFIUKIUTUHA KyHUJard UKKU XUJT
koa(dunmentra sra (k; Ba k,) byHkuusiap ounan ndoaanam MyMKAH:

B =k,e=0,001¢ (6)
f = k,e =0,004¢ (7)

Ymby ¢yskiusanap aehopMairoH 4y3uiga MaKpOMOJICKYJSIp KaTliaMHd Ba
aloxuja OJIMHTaH MAaKpPOMOJIEKYJIIAPHUHT CUJDKUIIMHY aHMUKJIAMa Xamja
MyCTaxKaMJIMK dYerapacura SIKWHJIAIIMIAETTaHINId XaKuJa MablyMOT OJIMIIIA
MYXHUM POJIb YHHANIH.

[[lynnait xkuauO, romMKa IUIEHKA TacMa CHMMETPUK Tap3ia JegpopMaiiioH
Yy3WIraHja 4y3ull KydJaHUIIUra OOFJIMK XO0JiJla TacMa TapKUOUW 3leMEeHTIapu
Kywin AedopMalioH y3rapuiliy, KaTiamiiapra axxpajviiy Ba MapyalaHuIly amanira
oMM Ba Oy »apa€HJIApHU ONTHK AHU3OTPOINHUSTra CHUHXPOH Tap3fa OOFIHK
paBUlll]a aMalira OUIMIIM AaHUKJIAHIW. By xon onTtuk aHu3oTponuk sddexTiap
Oyiinua romka Marepuaiiapaa pyd Oepamuran aeopMaiivioH Y3rapuilljiapHU
O0eBOCHUTA TAIKUKOT KNI UMKOHUSTIIAPUHU KYPCATIH.

JluccepraunstHUHT “IOnka KaTJIaMJIH HOTYKUMA moJiuMmep
MATEPHAJUIAPDHUHI aHM30TPONUK J(pdexTaapu” ned0 HOMIAHTAH TYPTHUHYU
600una gynkimonan daon omonomumepiap — ¢pudpoun (Ob) Ba akpHIOHUTPHUI
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conosimmepu (Co-AH) acocupga HaHOTONAM HOTYKMMa IOMKA KaTJamiid
MaTepuaiap OJUII, ‘“‘U30TPOI-aHU30TPON’~ XOCCAIapuHH OeBOCHUTa HOTYKUMA
CTPYKTypalap MAaK/UTAHTUPHUINAA OOIIKAPHUIN, aHW30TPONMHUK 3P EKTIAPHHUHT
GyHKIIMOHAT (aoUMK XOCCAJapHHU HaMOEH KWIMIINTAa TabCHUPUHU YPTaHUII
OyiinJa HaTHKalap MyXoKaMa dTHIITaH.

Yoy nonumepnapaa (QyHKIMOHAT HOHOTEH Typyxjap OYiauO, yJIapHHUHT
daoMry HOTYKMMa MaTepuauiapAa HaMOEH OYIUIIM NIyOXacus3aup. AMMO
GyHKIIMOHANT Xoccajmap Ky JKUXaTJaH HOHOTCH TypyxJjap MUKIOpHTa, SIbHH
MOJIMMEPHUHT MOJICKYJIIP Maccacura Ba TOJAJApPHUHT HOTYKMMa MaTepuaiia
“U30TPON-aHU30TPOIT XOJaTAa Kounamumura 0oriuK. byau nnoodarra onmd, ®b
Ba Co-AH HHMHr MONEKyJIsp Maccajapyd Ba MOJUAICKTPOJIUT SPUTMATAPUHUHT
OKYBYAHJIMK TaOMATH BUCKO3MMETPHUK Ba PEOJIOTHK yCYyJUIap/ia TaAKUKOT KIJIMHT aH.

®b + 2,5 M LiCI-IM®A Ba Co-AH + 51,5 % NaCNS sputmanapuHuHT
BHUCKO3UMETPHUK TAJAKUKOTIapU XarruHC KOHYHU OVinya YTka3zuianbd, TaBcudiu
KoBymiokaukiaapu [7#] = 0,95 a/r Ba [7] ~ 2,0 Ma/r 3KaHIUTH aHUKJIAHTaH. YJap
acocuga Mapk-Kynu-XayBUHK TeHri1amacu Oyinua M, MUKIOpIapu XUCOOIaHIH:

®b yuyn M, = ([n/1,23-1073])1/%91 = 220000
Co-AH yuyn M, = ([n/2,3-107*])*/%78 =115000

Typau xapopatria peosiorHK TaAKUKOTIap YTKazuinb, dpeHkenb-DUpUHT
Inn = InA + E,/RT teurnamacu 6yiinua (nn wunar 1/T ra OGornanui rpaduruHu
Ty3H0, OFUIII OypYaruaaH KOBYIIKOK OKUM (aoutuk sHeprusicd Mmukaopu (E, ) HUHT
MUKJIOpJIapU XUCO01a0 TOMMIIIN:

®b Y4yH E, = 24 x/lx/MoJb
Co-AH yuyH E, = 20 x/>x/MoJib

E, mMuknopnapu MakpoMOJEKyJIalapHUHT OKUMJIArd y3apo TabCHPJIAIIUIIN
BOJIOPOJI OOFJapu PHEPTUsUIapU UANa30HuJa pyu OepulllvaH Janoyat Oepasu,
STbHU OKUMJIa MTOJIMMeEpap KUMEBUN CUHTE3U Ba IECTPYKIMSACU Ky3aTUIMAMIN.

Oparma kamuanurn 100 MKM  JaH  KMYMK = HOTYKMMA — TTOJUMEpP
MaTepUAIIAPHUHT aCOCUHU (GUOPUIUISP TY3WIHMIILIA MUKPOTOJIAIap TAIIKUI dTa/IH.
MukpoTosianap ONTHK aHU30TPOIHMSICH, SSTbHU OpueHTanus gakropu S > 0,8 karra
Oyncazna, ylIapHUHT TAPTUOCU3 KOWIAITUIIA MaTeprasuiap opueHTanus (GakToOpuHu
£ <0,5 nan ormmacnura, SsbHi MaTepUaTHA U30TPOIT-aHU30TPOTT X0Cccaliy OV uimra
cabab Oynmaaun. MukpoTosanap opacujia FOBAKIMKIAPHUHT MaBXYIUINTH, YIapHH
TaIIKA TahCUPJIAP OCTHUJIa OCOHTHHA JAehOPMAIMOH y3rapuIiuiap HaMOEH KUJIHIIN
Ba HATWXKaJa W30TPOI-aHU30TPOIN XOJIATMHU Y3rapuilld Ky3aTuiaaau. byHu
MEXAHOONTUK KypwWiIMaJa HOTYKMMa MATEPUAJIHA CHMMETPUK YYy3HIIA Py
Oepaauran  AedopMallMoOH  Y3TapuIllHA  KyIIuMYya Tap3da KYJUIaHaauraH
MOJISIPU3AIMOH-ONITUK yCYJIJIla ONTHUK aHWU30TPOMUSICHHU Ha30paT KUJIUII OpKaIu
TQIKUKOT KWJIWII MyMKHMH. KeWWHru naiTaa HaHOTOJald HOTYKUMA IOJUMEp
Matepuaiap xaM MaKJIaHTUPUJIASANTH Ba YIAPHUHT MHUKpOTOJIaapiaH dhapKiv
yndyamura OOFJIMK HaHOOOBEKTIapra Xoc (YHKIMOHAT CHUPT Ba OMO(aoUIHMK
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XOccalapyuHu EPKUH HAMOEH KWIIHIIHY Ae(OPMAIIUOH Y3TapuIlliap MauTHIa KU TAN
MYypaKKaOJIMKIApHU KeATUpUO yukapanu. bynnaih Ho€0 xycycusariapHau ¢apkiiad
OJIMIIA MUKpOTONAJIap OUsiaH KMECUI TaKKOCTAIl MyXUM aXaMHsT KacO 3Tajlu.

Mukpo Ba HAaHOTOJAIM IOMKA MaTepuauiapHu AePOopMalMoOH Ba NIy Kadu
Oomka (pU3MK XoccallapuHu KUECHUN TaKKOCHAIl TaJAKUKOTIAPUHU YTKA3HIIIA,
yIIAPHUHT MaTepHaljiap/lard aHWU30TPONHK XOJATUHU H(OJATOBUM OpHUEHTAIUS
dbakTopuHUHT OMp Xwi OYaumm Yyra Myxumaup. duOpouH MHKpPOTOJaId Ba
HAHOTOJIAIM FOIIKA MaTepuauiap Ku€cuil TaKKOCJIaHaguraH Oyica, MUKPOTOJIAN
IONKA MaTepHAIHA WIMaK MWUIACHAAH aXpaTuO OJMII MyMKHH Ba  yHJAru
MUKPOTOJIAJIApHUHT opueHTarnus daktopu f = 0,5 + 0,6. byngan kenud 4uKaInuKky,
HAHOTOJIAJTM MaTepUATHUHT XaM OpUeHTAIUs (aKTOPH 1Ty MUKAOpTa Kabu Oy mmiimm
Kepak. byHnail HaHOTONAMM MaTepUATHU SJIECKTPOCTMHHUHT YCYJIU OJIUIIT MYMKUH
OYynmu0, HAHOTONIAJIAPHWHT KEPaKIM JOapaxkaaa oOpHeHTamus ¢aKkTopura osra
OYIMUIIMHYU SJIEKTPOCHUHHUHT YCYJIUJa SKCUEHTPUK-alJIaHyBYM SKpaH KyJulall
OpKaJIA SPUIIUII MyMKHH.

Taakukor ommuO Oopuimn yuyyH ¢uOpouHHuHr Mukpotonanun (MT) Ba
Hanotonanmu (HT) ronka katinamnu (kanmuanurd 50 MKM) HOTYKMMa MaTepraiapu
TaHJIaH/M Ba yJap/iaH y3yHJIUrd 4 cM Ba 3HU 1 cM Oyiiran HamyHasiap Taiépiianiu.
TagkukoTinap “MeXaHOONTHK’ KypuiaMaJla HaMYHAJIApHUHT | CM/MHUH TE3JIMKIa
CUMMETPHUK Yy3UIIJIard JeopManuoH Yy3rapuiriapd ONTHK aHU30TPOIUSICHHU
HazopaT KWIWII OpKAIM amaira Oommpuiaan. HamyHamapHuHT aedopMamnuoH
Yy3rapuiiy, ssbHi HUICOM y3aluiu (£) TO yIapHU MEXAaHUK y3UIHO KEeTryH4Ya OJIH0
oopunau. JXKapaén 6eBocUTa MOSAPU3AIUOH-ONTUK TU3UM €pAamMuaa Kyl HYpHU
cunuim Oyitnua dazanap bapkunu (Ag) xap 0,5 cM yzaiumiaa yiryan NpuHIUIIIa
onmub6 Oopwinu. HaMyHamapHUHT ONTHK AHU3OTPOINHUSICHHH  Y3TapUIINHU
udoaaoBuu MUKpOGOTOTACBUPIAP S-pacM/Ia KEITUPHUIITAH.

2 2*
5-pacmM. ®UOPOUHHUHT MUKPO- BA HAHOTOJIAJIH KONKA MaTepHAUIAPUHUHT AaHU30TPONUK
dpdextaapu: 1 — MTM £=0%; 1* - MTM ¢ = 100%; 2— HTM
€ =0%; 2* - HTM ¢ =100%;

HucOwuii yzaitum £> 100 % nan omrasgad CYHT MUKPOTOJIAM Ba HAHOTOIAIN
I0MKa MaTepraiapaa yy3umary y3mwiumi 3¢ dexta kyzatuian. AMmo 0 < £< 100
% opanuK auamnazoHja ymyaHTaH (A@) HUHT MHUKIOpPJApH acoCHia OpUEHTAITUs
dakropu (f) xucoOmanmu. Hartmxkamap acocuaa HaMyHAJIAPHUHT OPHUCHTAIIMS
dakropunu (f) HUCOMIT y3aituira (&) OoFmaHuI rpagury Ty3uwiau (6-pacm).
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6-pacm. Opuentanus paxkropunu (f) HucOuUii y3aiinmra (&) OOFTUKIUTH:
a — @b muxporouaaan marepuas; 6 — @b HaHOTOIAIM MaTepHaJl.

['paduxnap TYFpu YU3UKIN KYypuHULITA 3ra 0Yi1u0, yiap HUCOUN y3alHUIIHA
opueHTanus (aKTOpH, SBHH ONTHK aHW30TPOMUATa MPOMOPIMOHAT Tap3zia
V3rapum udonpanaiau. bynaalt uyusukiaum Oofnanumn rpadpuru f = k& kabu
ubomananumugad K 6ormanuin K03(GpPUIHEHTHHUHT MUKIOPH TOIMIIIH,

- hubponH Mukporonanu marepuan - f§ = ke =0,0112¢ (8)
- (pMOPOVH HAHOTOJIATU MaTEPHAJ - B = ke =0,0084¢ 9)

Yoy koaddunrent Ba Oornanumn rpadura GUOPOMH acociy IONKa
KATJIaMJIM MaT€pUAJUIAPHUHT Ae()OPMALIMOH Y3rapuluIapy ONTUK aHU30TPOIUSICHTa
YU3UKJIM OOFJIAaHTAHJIMTUHU KypcaTtaaud Ba Oy ONTHK aHU30TPOIHUS OPKAIH FOMKA
KaTJIaMJIM MaTepUAITHUHT JIe(POpMAaIIMOH XOJaTUHH 0axXoJ1ail UMKOHUSTUHH Oepaiu.

Ymby mukpotonanu opuentanus dpaktopu S = 0,5 Ba f = 0,8 Oynran ronka
MaTepHAIIAPHUHT CYB OYyFJIapUHM copOIusiamm Oyinya YTKa3wiIraH TaJKUKOT
HaTWXXaJapu /-pacmia Kenatupuiran. bynaa opuentamnus ¢akropunu S = 0,8 ra
nesipiu 30 % kyrapwiuinu cyB OyrnapuHu copOumsuianumu aespiaud 30 % raua
nacauIMHu KypcaTras. /lemMak, opuenTtainus GakTopuHu AeOpMAIIMOH YY3HIIIA
OPTUIIN MHKPOTOJIAJIAPDHU OPHEHTAIMOH 3WWIANIMIIUTA OJMO KelIraH Ba yJap
opacuaaru FOBaKJIMK KECKMH KaMmairaH.

HamyHnanapuu Typau TapkuOiu Mojanap OWIaH CEIEKTUB TabCUPJIAlIMHU
Oaxonam GuibTpaam acocuaa yrkasuwigu. byaununr yuyn @by, f < 0,5 Ba ©by, f
< 0,8 xamga Co-AH;, pf < 0,5, Ba Co-AH,;, f < 0,8 TaBcudau HOTYKHMA
Matepuaiapaan mp=100 M YMKUHAM MallMHa MOWM HopMan OocuMmpaa
(GunbTpIaHIu Ba TYIMK CU3UO YTHIL yUyH KeTraH BakTu (1) Yimuanau.

OubTpaH YTraH MallliHa MOMMHUHT paHTUHU maddodrammimmm Ky3aTuiI
xamaa waccacu (M,) Ya4aaau. AHu3oTpon (QUIBTPHUHT MAaIlMHA MOWH
TapKUOuAaru 3appadajiapHud  ynuiad KOJUIN KOOWIWATH, SBHU (UIbTpIIAII

o m;
Kypcatruyu m,,, = — * 100% udoaara OnHOAH aHUKTAH/IH.
yiu = g
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7-pacm. @PUOPOMH MUKPOTOJIAJIN HOTYKHUMA MATEPHAJUIAPUHUHT CYyB OyFIapuHHU
copouusiiamu: 1 —-Mmukporoaanu, f = 0,5; 2 -mukporoaanu, f=0,8.
Hotyknma MatepraiiapHUHT aHU30TPOITUK KypCcaTTu4Iapy, SbHA OPUEHTALIMS
dakTopu (f), To3a MammMHA MOWMHM (GUIBTpAAH TYNIWMK OKHO yTum Baktu (1),
YUKWUHIYA MalliHa MOWHMHW (QWIbTpIAH TYJIWK OKuO yrum Bakté (1*) dunbrpma
TyTHO KOJIMHIAH MaccacH (My,,) MUKIOPJIApHU 2-XKa/IBAJI/IA KEJITHPHUIITaH.

2-3ka1Bajl. AHH30TPONl HOTYKMMA MATePHAJUIAPHUHT QUIbTPJIAII KYpcaTrH4Japu

Hamyna B t,, MUH t*, MuH My, %
®b, 0,5 30 33 2,65
Ob; 0,8 85 90 3,96

Co-AH; 0,5 22 25 2,97

Co-AH; 0,8 72 /8 3,88

bynna () HUHT MUKIOPHHU OIIMIIM TO3a Ba YUKWHAM MAaIlMHA MOMJIAPUHU
duabTpiall  BaKTH OLIMPHUINM Ba YHHHT TapKUOWJArd KAYUK YIIdaMiu
3appavaliapHu yniad KOJHII KYPCATTUYUH OLITUIINTA OO0 KEIUIIMHU KypcaTau.
bynnait »sddexTmapuu  Ky3aTwiMind, OUPHHYMIAH, HOTYKMMAa MaTepHAIHU
TYFPUAAH-TYFPU YITYaMUHU V3rapuili, WKKWUHYWAJAH, QuibTpnam sxapaéHu
opueHTanus ¢pakTopura 6oriuk tapsaa 30-90 MuH 7aBOM ATUIIHM OMITaH OOFITHKIHP.

®b Ba Co-AH acocujmarn HOTYKMMa MaTepUaUIApHUHT Aucnepc ¢asa
cudarua qucrnepc MyXUTaa dJIEKTPOKMHETHK A3eTa (&) NOTEHIMAIMHY aHUKJIalll Ba
YHUHT aCOCH/Ia HAMYHAJIAPHUHT TAIlIK MYXHT 3JIEMEHTIApH OUIaH TabCUPIAIIUIIN
UMKOHMATIapH Yyprauwimd. bynama wmmc kymopacu (CuSO4) acocumaru
ANEKTPOTUTAAH KYMHUP CTEPIKEHb DJIEKTPOIapra JOUMHUMA deKTp KyurnaHumm 0 —
100 MB ¥yTkaszunam Ba HOTYKMMa MeMOpaHa KaTJIaMJIaH MOHJIAp YTHUINN Tydaiiam
BY)KYJIra KeJITaH 3JI€KTPOOCMOC HATHKACUIA KA pJIapua CyIOKIUKHU XaKMUN
(V) cumkuim BakT (t) maBoMua Ha30paT KWIMHIK. [[3eTa moTeHnman [ enbMrobIi-
Cmonyxosckuii &= 4mknQ /el dopmynacu Oyiinua xucoOmaHau Xamaa &-
noteHIanTHUHr KoHieHTpanusara (C) Oormanuin rpaduru Ty3winn (8-pacm).
I'paduxnan &> 30 MB nan karTa SKaHIUTH aHUKJIAHIN.
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8-pacm. HoTykumMa aHH30TpON MAaTePUATIAPHUHT JJIEKTPOKUHETHK
¢ -norennuannn Konuentpanusra (C) 60rIMKINIA

I'padmkiaH KOHLIEHTpALMS OIIUIIN OUaH & - MOTEHIUATHUHT MUKIOPH XaM
omuoO OopuIM Kypuil MyMKHUH. byHra cabad aHM30Tpon HOTYKMMa HaMyHaJlapHUHT
Ba CuSO4 opacuaaru y3apo TabCUPJIAIIMII ACOCAH TOJIAJIAPHUHT CUPT (HAOJIIUTH,
aiinaH, ¢ubpouH Ba Co-AH HuUHT (QyHKUMOHaAN rypyxJapu KapOOKCHJI Ba aMUH
XamJa METHJ TYyPyXJIApUHUHI TOJIa CUPTHIA MyKaMMajl J>KOMJIAITaHJIWIK Ba
AJIEKTPOJIUT MOHJIApU OWJIaH y3apo TabCHUpJIALIMIIAPY HBa3Ura amajra OILIraH Ba
YHUHT HaTW)KacuJa aHU30TPOIl TOJIa Ba HMOH TabCHpJAIIMILIAPH FOKOPHU
KOHIIEHTpaLUsIap coxacuaa siHajaa 6apkapopiairaiamp.

Myngait kuaub, Typau Jdapaxajard aHU30TPOIN TaBCUIM “HOTYKUMA
MaTepuanl - WOH~ TabCUPJAIIMIIMHUHT 3JIEKTPOKMHETHK Kypcarruuiap OuiiaH
TaBCU(IAHMILIK, yJap YpTacuaa y3ura Xoc THU3UM IIAKJUIAHTAHJIMTUIAH AaJIonat
Oepaau xamja Oy TH3UM CYBJIM MYXHUTIIa Ba AJIEKTP MaWIOHU Tabcupuaa (Pu3nk
KypcaTkauiapu Oyiirua 6Gapkapop 3KaHIUTU aHUKJIAH]IH.

XVYJIO0CA

«lOnka Kartmamiy moIMMEp MaTepHAIAPHUHT aHU30TPOIUK Xoccajapu»
MaB3ycuna (ancada ngoxkropu (PhD) muccepraumsicu Oyiimua onub® Oopuiiran
TaJAKUKOTIIAp HaTHXKAcKIa KyHUaaru Xynocauap TaKIuM dTHIIH:

1. TunponUHAMHK TaIKUKOTIIAp aCOCHIa MOJIMATUIIEHHN MOJIEKYJISIp Maccacu
M = 280000, dpubpoun yuyn M = 220000 Ba akpUIOHHUTPHUI COTIOIUMEPH YIYH
M=115000 sxannuru anukiaanrad. [lonspuzanuoH — ONTUK yCyJi/la HAMYHAJapHUHT
YCTMOJICKYJISIp TY3WJIUIIN YPraHWTaH XaM/ia TOJUATHICH TIEHKAHU JIAaMEIIJIsip Ba
¢ubpouH TomacuHU GUOPHILISAP TY3WIHINTA XOC ONTUK aHU30TPOMHK dPdeKkTiap
HaAMOEH KUJIUIITN aHUKJIAHTaH.

2. MexaHUK 4y3MIll HaTWXKacuJa MOJMATUJIEH IUIEHKAHUHT —JIaMesip
YCTMOJIEKYJISIP TY3WJIUIIN Je(OpPMAIMOH MapyajanuO, FOKOPH SIACTUKIIUK XO0JIaTra
YTUIIA, HUCOWH y3alMINM Ba Y3WIMIIMHWHT KPUTHK TapaMeTpJIapUHUHT OINTHK
aHU30TPONUK P deKTiapra mponopuroHan OOFINK YKAHIUTY aHUKIaHTaH. ONTHK
aHu30Tponus Oyiindya opueHTarnms ¢Gakropunu (f) HucOui aedopmarmsra (&)
Oofmanum GyHKOUSICH cerMeHTan Vyirapumniap yayH f = ke = 0,001le Ba
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MOJIEKYJISIp cuipkunuiap yuyH ff = ky,e = 0,004¢ xypunumnina tyswirad. Hucouit
y3aiui &> 430 % karra coxaaa Typiau TyClIu ONTUK-aHU30TPONUK 3P deKTiap oK
Tycra YTHUIIIH Ba IJIEHKAHU Y3UJIUIIN aHUKJIAHTaH.

3. ®UOPOUHHMHT TYPJIH KaJTUHIMKIATH TOJIaJlapy aCOCHIard FOTIKA KaTJIaMIIH
HOTYKMMa MaTepHaIapHUHT JeopMalMoH y3aluM Ba ONTHK aHU30TPOMUSCU
ypTacuja Yu3uKIM OOFIaHUII MABXKY/UITUTY aHUKJIaHTaH. MUKpPOTOJIany HOTYKUMA
MaTepuall yuyH OopueHTauus (aKTOPUHUHT HUCOUU nedopmariusicura OOFIaHMII
bynknusicu f = ke = 0,0112¢ Ba HaHOTONAIM HOTYKMMa Marepual y4yH
f = ke = 0,0084¢ sxannuru xkypcatud Gepuiras.

4. GuOporH Ba AKPUJIOHUTPUI COMOJHUMEPUHUHI OpUEHTalUs (PaKTopu
S = 0,8 6ynran Typiau KaJIMHJIWKIATKd TOJAJIapyd acoCHJa OJIMHTaH OPHUEHTALIMS
dbaktopu S = 05 Ba f = 0,8 Oynran HO30TPOIN-aHU3OTPOIl HOTYKUMA
MaTepUAIAPHUHT CUPT (PAoUIMK Xoccanapu KUECHM TaIKUKOT KUJIMHTaH.
MukpoTosianu MaTepuanHuHr opueHTaus dakropunu 0,5 gan 0,8 raya omranaa
copbrmon koOunusatuau 30 % kamailuimM, YUKUHIA MalluHa MOWM (puibTpiail
KoOumusatu 2,6 % nan 3,96 % rava OMIMINM aHUKJIAHTaH. DJIEKTPOKUHETHK J3€Ta-
noteHruamun wmukaopu 30 MB manm karra Oyiaumm, HOTYKMMAa aHU30TPOI
MaTEepUATHUHT UOHJIAp OWJIaH TabCUPJIALIUIIN OapKapop dKAHIUTUHU KYpcaTraH.

5. [InénkacuMOH Ba IONKAa KaTJIaMJId HOTYKMMAa MaTepHAJJITApHUHT OHp
TOMOHJIaMa Ba CHUMMETPUK uy3uijga JaeGopMalMoH Y3rapuilljlapHU OINTHK
AHU3OTPOMNUACH OyiMYa TaJKUKOT KUJIUII Y4yH MaxCyC MEXaHOONTHK Kypuima
WUFUITaH Ba YHUHT BocuTacuaa aedopManusiiiaHyBUu MaTepuaiijia pyi Oepaérran
CEerMeHTaJI, MOJIEKYJISIp CHJDKHUII Ba Y3WIHII >KapaSHIapUHUA aMmalira OMIMIIIUHUHT
NPUHIIMIHAT XyCYCUATIApU Ba KOHYHUSITIIAPU aHUKJIAHTaH.
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BBEJIEHUE (annorauus nucceprauuu gokropa (PhD) ¢puiocodpun)

AKTYaJIbHOCTh M BOCTPe0OOBAHHOCTH TeMbI JuccepTanun. B Mupe ocodoe
BHUMAHHE YICISIETCS MOJYYCHHUIO CHEIUATbHBIX MOJMMEPHBIX TMICHKOOOpPa3HBIX,
IUIOCKUX TOHKOCJIOMHBIX HETKAHBIX MaTEpUANIOB U yIIIyOJIEHHOMY MCCIIEIOBAHUIO
3aKOHOMEPHOCTEW TMPOSIBICHUS] BaXKHBIX (YHKIMOHAIBHBIX M aHU30TPOIHBIX
CBOMCTB B 3aBHUCHUMOCTH OT MX MOP(OJOTHYECKOTO COCTOSIHUS M HEITUHEHHOTO
neOpMUPOBAHUUS TIOJ BO3/ACUCTBUEM BHEIIHUX CHJI. B 3TOM u3ydeHue
B3aMMOCBSI3U OOpaTHUMbIX W HEOOpaTuMbIX JAeQOpPMALMOHHBIX HW3MEHEHUN
MOJUMEPHBIX IUIOCKUX TOHKUX MaTepUaloB C JIAMEIUISIPHON M (UOpUILIApHON
HAJMOJICKYJIAPHOU CTPYKTYPOM C aHU30TPOIHBIMU P PeKTaMu, ONpeesieHUuE Ha NX
OCHOBE IIpenesia MPOYHOCTH U (PYHKIIMOHAIBHO-aKTUBHBIX CBOWCTB, a TaKKe
MPAKTHUEKOTO MPUMEHEHHUS CUUTACTCS aKTyaJbHOU 3a1aueil (PU3UKH MOJIMMEPOB.

Ha cerogusitinuiéi  JeHb B MUpe yAedseTcss OoJbllioe  BHHUMAaHHE
CPaBHUTEIIBHOMY H3YyYECHHI0 MEXAHOONTHUYECKUX CBOWCTB  TOHKOCIOWHBIX
MOJIMMEPHBIX MHUKPOBOJIOKOHHBIX W TOJTYYEHHBIX METOAOM DSJIEKTPOCIHUHHHUHIA
HAHOBOJIOKOHHBIX MaT€pUajiOB MAaTEpUANIOB, a TAKXKE MOJYUYEHUI0 HAa UX OCHOBE
OMOAKTUBHBIX “U30TPOMTHO-AHU3OTPOIHBIX ~ HETKAHBIX MaTepHaNIOB. B ¢Bsi3u ¢ 7TUM
BAXHO MPOBEACHUE IICJIEBBIX M HAYYHBIX HCCJEIOBAaHUN B TaKUX OOJNACTAX, KaK
CTPYKTypHbIE U (pa3oBbIe MpeBpalieHus, nedopmariusi, aHu30TPONus, PUIIbTpaIis
U OmNpelnesieHHe OCOObIX  (PUBUKO-XMMHUUYECKUX  CBOMCTB  TOHKOCIOMHBIX
MOJINMEPHBIX MaTEPHUAJIOB.

B pecnyOnuke oco0oe BHUMaHHUE YIJIENSIETCS HAyYHO-IPAKTUUYECKUM
UCCJIEIOBAaHUAM TMOJIYYEHUSI W MPAKTUYECKOTO MPUMEHEHHS (PYHKIIMOHAIBHO
AKTUBHBIX TOHKOCJIOMHBIX TMOPHUCTHIX IJICHKOOOPA3HBIX, BOJOKOHHBIX HETKAHBIX
MaTepHaioB Ha OCHOBE MECTHBIX MOJIMMEPOB. B 4aCTHOCTH, JOCTUTHYTHI BaKHbIE
pe3yapTarhl MO pa3pabOTKe MEAUKO-OMOOTUYECKUX TOKPBITUN, KOMIUIEKCOB,
KOMITO3UTOB, HOCUTENEH OMOAIEMEHTOB U JIEKAPCTBEHHBIX CPEACTB, CEIEKTUBHBIX
(GUIBTPOB OYMCTKHM BO3/yXa, Ta3000pa3HbIX U KUIKOCTHBIX BEIIECTB HA OCHOBE
JAMEJUIAPHBIX U (QUOPWUIAPHBIX TMOPUCTBIX TOHKOCIOWHBIX TMOJUMEPHBIX
matepuaioB. B ykaze “Crpareruu nefictBuus’” gajibHeuIero pa3sutus PecryOnmku
VY30ekucTan ompeeseHbl BaKHBbIC 3aJaud MO Pa3BUTUIO HAyKW U OOpa30oBaHUS,
BHEJPCHUIO PE3yJIbTaTaToB (PyHAaMEHTAIBHBIX HCCIEIOBAaHUN Ha mpaktuke. [ys
peanu3aluyd JaHHBIX 3aJlad HMMEIOT BAXKHBIE 3HAYEHHS] HAYyYHO-NPAKTUYECKHE
WCCJIEIOBAaHUS, HANpPaBICHHbBIE HAa OIpPEAEJICHUE ONTHUMAaJbHBIX IapaMeTpPOB
MOJTyYEeHUsI TOHCIOMHBIX MaTEpHAJIOB C YHUKAJIbHBIMU CBOWCTBAMH Ha OCHOBE
MOJIUMEPOB € (PYHKIIOHAJILHO AKTUBHBIMHM TPYMNIIAMH, U3YYEHUE CTPYKTYPHBIX M
(da30BbIX TpEBpalllCHU TMOJ JEHCTBUEM BHEUIHBIX J1e(POPMAIMOHHBIX CHUJI,
BBISIBJIEHUE CTPYKTYPBI M CBOMCTB, a TAK)KE€ BOBMOKHOCTH MPUMEHEHHS.

JlaHHO€E AMCCEPTALMOHHOE UCCIEN0BAHUE B ONPEAEIEHHON CTENEHU CITYKUT
BBITMOJIHEHHUIO 3a/1a4, TOCTaBleHHBIX Yka3zoM [Ipesunenta Pecnybnuku Y30ekucrtan
Ne VI1-4947 ot 7 depans 2017 roga «O cTpareruu ASUCTBUMN MO JadbHEHIIEMY
pasButuio Pecrybnmuku  V30ekucran» u  [locranoBnenusimu  [Ipesunenta
Peciyomuku  V36ekucran Nelll1-3479 ot 17 smBaps 2018 roma «O wmepax
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YCTOWYMBOTO 00ECredeHHs BHICOKO BOCTPEOOBAaHHOW MPOAYKLIHEH M CHIPHEBBIMU
pecypcamu octpacieit 3koHoMuku ctpanbl”’, NelllI-3983 ot 25 oktsa6pst 2018 roga
«O Mepax MO YCWIEHHOMY pAa3BUTHI0 XHUMHUYECKOW MPOMBIIIJIEHHOCTH B
PecniyOonuke Y36exkuctan», Nelll1-5032 ot 19 mapra 2021 roma «O mepax 1o
NOBBIIICHUIO  KayecTBa O0Opa3oBaHUS M  COBEPIICHCTBOBAHUIO  HAYYHBIX
UCCJIeIOBaHU B 00JIacTU (U3MKU» a TaKKe APYTMMH HOPMATHUBHO-TIPABOBBIMHU
JOKyMEHTaMu, IPUHATHIMU B JaHHOU cepe.

CoorBercTBHE  HMCCJIEIOBAHWS TNPUHOPUTETHBIMH  HANPABJICHUSIMH
Pa3BUTHSI HAYKH W TEXHOJOruu B pecnyOuauke. JlaHHOE uccIen0BaHUE
BBIIIOJIHEHO B COOTBETCTBUU C IPHUOPUTETHBIMU HANPABICHUSIMU PA3BUTHSI HAYKU U
texHonoruii B pecnyonuke: VII. “Xumudeckne TEXHOIOTUN U HAHOTEXHOJIOTUH .

Crenenb M3y4eHHOCTH mNpoOaemMbl. Ha cerogHsmHblii 1€Hb BO MHOI'HMX

CTpaHax MHUpa BEAYTCS IIUPOKOMACIITAOHBIE WCCIEAOBAHUSA IO TMOIYYCHHIO
IUIOCKUX TOHKOCJIOWHBIX IOJMMEPHBIX MaTepUajIoB PA3IMYHON HAIMOJIEKYIIPHOU
CTPYKTYpPbl U ONPEACIICHUI0 UX (PUIUKO-XUMHUUYECKUX CBONCTB U BO3MOXHOCTHU
IPaKTUYECKOTO MPUMEHHs. BONbIIMHCTBO OMyOINKOBaHHBIX paOOT, MOCBSILEHBI B
OCHOBHOM BBISIBJICHUIO (PU3NYECKUX CBOMCTB TOHKOCIJIOMHBIX MaTEpUajioB MyTEM
U3MEPEHUSI MEXaHUYECKON ITPOYHOCTH C UCIIONIB30BAHUEM Pa3pPbIBHON MAIIMHBI.
A. Kennep, C.5l. ®penkenb U NpeCcTaBUTENN PsiJl HAYUHBIX IIKOJI BHECTU OOJIBLION
BKJIaJl B Pa3BUTHE HAYYHOI'O HANPABICHHUS [0 H3YYCHUID OPHUEHTALMOHHOTIO
VIOOPAIOUEHUS ~ pacHaBLIUMXCAd  JaMEJUIIPHBIX  CJIOEB  MOJHMATUIIEHA  MpHU
ne(OpMALIMOHHOM PAacTSDKEHHUM W PEHTTCHOCTPYKTYPHOTO aHajiu3a, a TakkKe
MEXaHU3MOB OPHEHTALIMOHHON KpUCTAIIM3alMK (UOPOMHA HAaTypadbHOTIO IIEJIKA.
Taxoke ciegyer orMeTuth, padothl yuerbix W. Zhou, J. He u npyrux, nocBsiieHHbIe
(OpMHPOBAaHUIO BOJIOKOHHBIX MOPUCTBIX TOHKOCIIOMHBIX MAaTe€pHaloB Ha OCHOBE
(¢ubporHa, NpoBeACHHS OIIEHKU MO ONTUYECKON aHW30TPONHMH BBICOKOM CTENEHU
OPUEHTALIMOHHOTO YIIOPSIIOYEHHSI MOJIEKYI MOJUITHICHOKCHIA U TIOJTUCTUPOIIA.

B narmeii pecryOnvke BHECTU OMPEICICHHBIN HAyYHbBIN BKJIAJT JJIS1 PA3BUTHS
nanHoro Hampasienusi C.III. Pammposa, C.C. Hermaros, H.P. Amypos, A.A.
XonMyMHHOB U apyrue. CUHTE3MpOBaHbl HOBBIE MATEpHalbl CO CIEHHAIBHBIMU
(U3UKO-XMMUYECKUMH CBOMCTBAMH Ha OCHOBE IHPUPOAHBIX OHOJIOTHYECKH
AKTHUBHBIX ITOJIMMEPOB.

Jlo HacTosIMX HCCleAOBauil B JIMTEpaType BCTpedaeTcs Majno pabor o0
UCCJIEIOBAaHUAX OOpaTUMBIX M HEOOPATUMBIX JIE€OPMALIMOHHBIX HW3MEHEHUU B
TOHKOCJIOMHBIX Marepuajax, Iepexoaax “m30TPONHO-aHU30TPONHOE™ COCTOSHUM, a
TAaK)KE€ TPAKTUYECKH OTCYTCTBYeT HHpoOpManus O (U3NUECKOM CYIIHOCTU
KOHTPOJIMPOBAHUS MPOLIECCOB MO ONTHYECKOW aHU30TPONHUHU. XOTA B HACTOSILEE
BpEMsi  CUMTAETCsl  MEpPCHEKTHBHBIM  HCCIEAOBaHME  (PU3WYECKUX U
AKCILTyaTallMOHHBIX CBOMCTB TOHKOCJIOMHBIX MOJIMMEPHBIX MaTEepHaJIOB, CO3aHUE
CHEUUAJbHBIX YCTPONUCTB U MOJEJEH, MO3BOSAIOIIMNX MOIYYUTh MPUHIMIHAIBHBIE
HAy4YHO-MCCIIEIOBAaTeNIbCKUE  PE3ylbTarbl O  jAedopMaliu  IJICHKOOpPa3HbIX,
TOHKO CJIOMHBIX MaTepuasoB, JAMHHATOB, CEHCOPOB, (PYHKIIMOHAIHHO
OMOJIOrMYECKH aKTUBHBIX MOKPBITUI OTKPBITHIX PaH U T.II.
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CBfi3b  JAUCCEPTAIMOHHOTO WCCJIEIOBAHUS € IJIAHAMH  HAy4YHO-
HCCJIeI0BaTeIbCKUX PadoT BbICHIET0 00pP03aBaTeIbHOI0 Y4Ype:KIeHUusi, Ijae
BbINIOJIHEHA JuccepTanuia. JluccepTallmOHHOE WCCIEOBAHUE BBHIMIOJIHEHO B
paMKax Hay4dHO - npukiaaHoro mnpoekra P-A-2018-033 “YcomepieHcTBOBaHME
METOJ]a  BJIEKTPOCHUHHUHTA TMOJY4YEHUS! HAHOBOJOKHUCTBIX HAHOMOPHUCTHIX
MaTepHalioB M3 HATypajJbHOro miejka u oTxomoB xionka” (2018-2020 rr.)
BBITIOJIHEHHOTO B HanuonansHOM yHHBepcuTeTe Y30ekucraHa WMeHH Mup3o
VYnyroexa.

Heap  wucciaenoBaHusi  SBISIETCS B ONPEACICHUH  B3aUMOCBSI3U
n1e(OPMAIMOHHOTO M3MEHEHUs U (YHKIIMOHAJIHHOW AaKTHBHOCTU C ONTHYECKON
AHU30TPONMENH TOHKOCIOMHBIX TIOPUCTBIX MAaTepUANOB JAMEIUIIPHOTO |
(GUOPUILIAPHOTO CTPOSHUS HA OCHOBE MOJMATHIIEHA, PUOpPOMHA U COMOIMMEpPA
aKpWIOHUTpUIIA.

3agaum uccjie10BaHUA:

OIpE/IeJICHUE MOJIEKYJSIPHOTO U HaJMOJIEKYJSIPHOTO CTPOEHHUS, a TaKxkKe
aHU30TPOITHBIX CBOWCTB MOJIMATUIICHA, PUOPOUHA U COMIOJIMMEPA AaKPUIIOHUTPHUIIA;

UCCIIEJIOBAaHUE B3aMMOCBS3U J1€(DOPMALIMOHHBIX M3MEHEHUN C ONTHYECKOH
aHU30TPONMEW  NpPU  OJHOCTOPOHHEM M  CHMMETPUYHOM  PacCTSKEHUU
TOHKOCJIOMHOTO MaTepuaia JaMeJUIIPHOIO CTPOCHHUS Ha OCHOBE IOJIMATUIICHA U
orpesiesieHue UX GU3NYECKUX MPUHIUIIOB

dbopMupoBaHHE  TOHKOCIOMHBIX  HETKAaHBIX  IMOPUCTBIX  H30TPOII-
aHU3OTPOIHBIX MaTEpPHaJIOB HA OCHOBE (PHOPOMHA U COTIOIMMEpa aKPUIIOHUTPHIIA,
a TaKKe ompeziesieHne 0COOCHHOCTEW B3aMMOCBSI3HU 1e(DOPMAIIMOHHOTO U3MEHEHUS
C ONTHUYECKOW aHU3O0TPOIHEN TP CUMMETPUYHOM PACTSKEHUH;

OTpe/ieNieHNe OCOOCHHOCTEH TMPOSIBICHUS YHUKAIBHBIX M CIEHUATBHBIX
CBOMCTB TOHKOCJIOWHBIX HETKAaHBIX M30TPOIHO-AaHU30TPOIHBIX MaTEpHaIoB B
3aBHCHUMOCTH OT aHM30TPOITHOTO COCTOSIHMSI B Pa3JIMUHBIX Cpellax

O0bext wuccaeaoBanus. IlomudTmiieH, ¢GuOpPOMH U COMOIUMED
aKpUJIOHUTPUIIA.

IIpenmeTroM mHccile10BaHUSI SBIIAECTCA  ONPEICIICHUE MOJIEKYJSPHBIX
XapaKTEPUCTUK TOJUATHIICHA, (GUOpOMHA ¢  COMOJMMEpa aKPHJIOHUTPUIIA,
Ae(pOPMAIIMOHHBIX M3MEHEHMM M MEXaHWYECKOTO pa3pyLIeHHUs TOHCIOMHBIX
MaTepuasIoB JIaMEISPHOTO U (UOPUIUISIPHOTO CTPOEHMS, B3aMMOCBSI3U JIaHHBIX
IPOLIECCOB C ONTHYECKOM AHHU30TPONHMEN M HAy4YHBIX OCHOB HPOSBICHUS
(YHKIIMOHAJIBHO-aKTUBHBIX CBOMCTB

MeToabI uccJieJ0BaHMA. Hcnonb30BaHEbI THIPOIUHAMHYECKHE,
PEOJIOTHYECKHUE, TOJMSPU3AIMOHHO-ONTUYECKUE METOMbI,  AJIEKTPOCTTHHHUHT,
pacTpoBasi JIEKTPOHHAS. MUKPOCKOTIHS, COPOITMOHHBIN aHAJN3, 13€Ta- TOTCHIHA.

HayuyHasi HOBM3HA JUCCEPTAIMOHHOI0 MCCJIEI0OBAHUS 3aKITIOYACTCA B
CJIETYIOIIUX

BIICPBBIE  OMpEEICHbl  ONTUMAJbHBIE  TapaMmeTpbl  (HOPMHUPOBAHUS
MOJIMMEPHBIX TOHKOCIIOMHBIX HETKAHBIX «H30TPOIMHO-aHU30TPOITHBIX» MaTEPHAIOB
GuOPWIIIPHON HAMOJIEKYIIIPHON CTPYKTYPHI;
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BIIEPBBIC TMOKA3aHA JHHEWHAas 3aBUCHUMOCThH JAEPOPMAIMOHHBIX U3MEHEHUIN
TOHKOCJIOMHBIX ~ MaTepuanoB  (GUOPWUIPHOTO CTPOEHHS OT  ONTUYECKOU
AHU30TPOIUU, a TaXKe OINpeAeseHbl (YHKUUU U KOIPPUIUEHTH 3aBUCUMOCTH
(dakTopa OpueHTAIIUU OT OTHOCUTEILHOTO YIJTMHEHUS.

BIIEPBbIE TOKa3aHbl (U3UYECKUE TMPUHIUIBI KOHTPOJIUPOBAHUS IO
ONTHUYECKOW  aHU30TpONUHU  Je()OPMAIIMOHHBIX  M3MEHEHUW  IUICHOYHBIX
TOHKOCJIOMHBIX  TOJIUMEPHBIX MATEPHAIOB  JIAMEISPHOTO  CTPOEHUS MpH
CUMMETPUYECKOM U OTHOCTOPOHHEM PACTIKCHUSAX.

MOJly4YeHbl TOHKOCJOWHBIE MaTepuanbl Ha OCHOBe (UOpoOMHA IIIeIKa,
CONOJIMMEPA  AKPWJIOHWUTPUIA W  ONPEACIECHbl NPUHIMUIIBI BBIABICHUS HX
MOBEPXHOCTHOM aKTUBHOCTH C TIOMOIIIbIO METOOB COpOIMH, HAHO(DUIBTPOBAHUS,
13eTa —MIOTeHIInaja, UCCIeI0BaHbl POJIM AaHU30TPONUYECKUX (D (HEKTOB.

IIpakTHyeckue pe3yabTaTbl HCCAECA0BAHMUS 3AKIIOYAOTCSA B CIECIYIOLIEM:

ITonspu3anmOHHO-ONTUYECKUNA KOHTPOJIb OAHOCTOPOHHEIO U CUMMETPUYHOIO
PaCTsKEHUSI TOHKOCJIIOMHOIO MATepHUalla Ha OCHOBE IIOJMITUIICHA JIAMEIUIAPHOU
CTPYKTYphl TOKa3al HeJIuHeiHoe nae(hopMallMOHHOE W3MEHEHHsT Ha OCHOBE
KOTOPOTO IOCTPOEHAa (PYHKIMS 3aBUCUMOCTH  (pakTopa OpHEHTAUUU OT
OTHOCHUTENIbHOM JieopMaliuu MaTepuaa;

Ha ocHoBe ¢uOporHa u conoaumepa aKpUJIOHUTPUIA MOIY4YEHbl HETKaHbIE
U30TPONHO-aHU30TPONHBIE W TOHKOCJIOHHBIE MaTepuanbl ¢  (UOPUILIIpHON
CTPYKTYpOii, B pe3yJbTaTe€ CPAaBHHUTEJbHBIX HCCIEIOBAHUA MOCTpOEHA (PYHKIUS
JUHEHHON 3aBHCHUMOCTU (PaKTOpa OpHEHTALMH OT OTHOCHTEJIbHOH Ae(pOopMalnH,
TaK)K€ ONPEJIETEHBI CTPYKTYPHBIE U (PUZUKO-XUMUYECKHE XapaKTEPUCTHKHU.

JlocToBepHOCTL  pe3yJbTAaTOB  HccjaeaoBaHuil. 3mepenus  npu
MPOBEICHUHM HAYYHBIX HCCIEAOBAHUI BBIMOJHEHbI B paMKax TpeOyembIX
JOCTOBEPHOCTEN U CTATUCTUYECKU OTpabOTaHbl, SIKCIIEPUMEHTAIbHBIE PE3YIIBTATHI
COINOCTABJIEHBI C U3BECTHBIMU TEOPETUYECKUMHU JAHHBIMU U PE3YyJIbTaTaMU JIPYTUX
BeAyuux uccienonareneil. [lomyueHnHslie pe3yabTaThl IPEICTaBIECHbI U 00CYKICHbI
Ha PECIyOJIMKAHCKUX U MEXIYHAPOIHBIX KOH(PEPECHITUSX.

Hayynass u nmpakTuyeckasi 3HAYMMOCTb Pe3yJIbTaTOB HCCJIEI0BAHMS.
Hayynasg 3HauuMOCTh pe3yJbTaTOB 3aKJIOYAeTCd B TOM, YTO Ha OCHOBE
IIPOBOJEHHBIX MCCIIEAOBAHUN ONpPENENIEHbl ONTHUMAJIbHBIE ITAPAMETPBI MOJIYyYEHHUS
U30TPOMHO-aHU30TPONHBIX HETKAaHBIX MaTepualioB (uOponHa M comoiuMepa
AKpWIOHWUTPUJA, TAKXKE€ WX BaXHBIE CTPYKTYpPHBIE XapaKTEPUCTUKH U
AKCIUTyaTallAOHHbIE,  AHU30TPOIHBIE,  MOBEPXHOCTHO-AaKTUBHBIC,  (PU3HKO-
xumuyeckue cBorctpa. [Ipennoxkensl GyHKINU, XapaKTEPU3YIOIIUE 3aBUCUMOCTH
MEXaHUYECKUX CBOMCTB C 3((deKTaMu ONTUYECKON aHU3O0TPONMHUHU TOHKOCIOMHBIX
HAaHO- 1 MUKPOBOJIOKOHHBIX MOPUCTBIX MATEPHUAIIOB, TAKKE ONPENAECICHbI 3HAYECHUS
K02 (PPUIIMEHTOB 3aBUCUMOCTH.

IIpakTHyeckass 3HAYMMOCTb pE3YyJbTATOB MCCIEAOBAHUN 3aKJIIOYAETCs B
pa3paboTKe MEXaHOONTUYECKON YCTAaHOBKM, MPUMEHSIEMONW [UIsi KOHTPOJIS
Ae(OpPMAIIMOHHBIX ~ M3MEHEHUN  MOJSPU3ALMOHHO-ONTHYECKUM  METOJOM,
ONPENEIICHUS] YCTOMYMBOCTH K BHEIIIHUM MEXaHMYECKHMM BO3IEHUCTBUSAM, IIPEeEIIa
IIPOYHOCTH, TEPMUUYECKUX XaPAKTEPUCTUK MaTEpUaIOB. Pe3ysbTaTsl nccae0BaHuN
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WCIMOJB30BaHbl B TOJIYYEHMU HETKAHBIX TIOPUCTBIX MATEPHATIOB, HMEIOIINX
OMOJIOTUYECKU AKTUBHBIE CBOMCTBA, MOJTYYEHHBIX METOJOM AJIEKTPOCIHMHHUHTA,
YCOBEPIIEHCTBOBAHHOTO € HKCIIEHTPUYHO-BpaIAloUM 3KpaHoM. [loka3aHa
BO3MOXHOCTh HCIIOJIb30BaHUSI JAHHBIX TOHKOCJOWHBIX HETKAHBIX MaTEPHUAJIOB B
KauecTBEe OMOAKTUBHBIX MOKPBITUHN JJI 38KUBJICHHUS OTKPBITHIX PaH.

BHenpenne pe3yiabTatoB ucciaenoBanus. Ha ocCHOBaHMM MOJyYEHHBIX
HAYYHBIX PE3yJbTAaTOB MO AHU3OTPOIHBIX CBONCTB TOHKOCJIOWHBIX MOJUMEPHBIX
MaTepHUaoB:

TOHKOCJIOUCTBIII MaTrepuas (OPMHUPOBAHHBII Ha OCHOBE COMNOJUMEpPA
AKpWJIOHUTPUJIA B BUJE OMOCOBMECTUMOW OCHOBHU U (pOpOMHA MOBEPXHOCTHOTO
OMOAKTUBHOTO CJIOSI HMCIOJB30BaH B KaueCTBE OWOAKTUBHOTO TMOKPBITUS IS
3a)KUBJICHUS] OTKPBITHIX paH B PecrnyOnukaHCKOM clieluain3upoOBaHHOM Hay4dHO-
MPAaKTUYECKOM IIEHTPE JEpPMAaTOJIOTMM W BEHEPOJOoruu npu MUHUCTEpCTBE
3npaBooxpaHeHusi PecnyOnuku Y30ekuctan (crpaBka CiIyXObl CaHUTApHO-
AIUIEMUOJIOTMYECKOTO OECHOKOCTBA M OOILECTBEHHOTO 3/IPOBOXPAHEHUS IMpHU
MunucrtepctBe 3apoBoxpaHeHus PecnyOnmuken Y3o6exkuctan Ne 04-8/388 ot 16
HOsiOpss 2020 r1.). B pe3ymbrare mokazaHa BO3MOXXHOCTb MPAKTHYECKOTO
NPUMEHEHUSI TOHCJIOMHBIX HETKAHBIX HAHOBOJIOKHHBIX MAaTEpUAJIOB B KadyeCTBE
3¢ (PEeKTUBHOTO CpeICTBA MPU JICUCHUH OTKPBITHIX PaH.

OPUHIUIBL  (POPMUPOBAHUS  HAHOBOJIOKOHHBIX  CIIOMCTBIX  HETKAaHBIX
MaTepHuaioB COMOJIUMEPA aKPUIOHUTPUIIA U PUOPOUHA HIETKA, TAKKE PE3YJIbTAaThI
aHaju3a CTPYKTYPHBIX U3MEHEHUU TOHKOCJIOWHBIX MOJMMEPHBIX MATEPHUAIOB IO
ONTHYECKOW aHMU30TPONHI M YCTAHOBKA MOJISIPU3AMOHHO-ONTUYECKOTO KOHTPOJIS
ne(OpMallMOHHBIX TPOLIECCOB HCIOIb30BAaHbI MPU BHINOJHEHUH MPAKTUYECKOTO
npoekta A-4-13 Ha Temy “Pa3paboTka TEXHOJOTUM MOJYYCHUS HAHOBOJOKHUCTBIX
HETKAaHHBIX MaTepuajoB Ha OCHOBe  (UOpOMHA, XUTO3aHA M COIMOJUMEpa
aKPUJIOHUTPUIIA MEeTOIOM 3jiekTpocnuuuHrra” (2015-2017 rr.) B HanumoHansHOM
yHUBEpcUTeTe Y30ekuctaHa uMeHH Mwup3o Yiyroeka (cnpaBka MUHHCTEPCTBO
BBICIIIETO U CPEAHETO CIelnanbHoro oopazoBanus Pecryonuku ¥Y30ekuctan No§9-
03-3244 ot 11 cenrsa6ps 2020 roma). B pesynpTare mosiBUIach BO3MOXKHOCTD
IPOBEAECHUS MCCIIEIOBAHUS U KOHTPOJIS IO ONTHYECKON aHW30TPOIHUU MPOLECCHI
0o0paTUMBIX U HEOOPATUMBIX Je(POPMAIMOHHBIX U3MEHEHHH, TaKKe pa3pylIeHUS
HAHOBOJIOKOHHBIX MaT€PHUAaJIOB MO/l MEXaHUYECKUX U TEPMUUYECKUX BO3JCHCTBUM.

AnpobGauusi pe3yabTAaTOB HCCJIeA0BaHMsA. Pe3ynbTarsl HCCIEI0BaHUA
00CyX/IeHbl Ha 3 MEXIYHAapOJIHUX U 5 pecrnyOIMKAaHCKUX HAYyYHO-TIPAKTHUYECKHX
KOH(epeHUHUsIX.

Ony0MKOBAHHOCTH Pe3yJbTATOB UccaenoBanms. [lo TemMe aucceprauuu
onmy0irKoBaHbl 17 HAyYHBIX paboT, U3 HUX 5 B peciyOJIMKaHCKUX U 4 B 3apyOexKHBIX
KypHajax, peKOMEHJI0BAHHbIX Briciiel aTTecTaimoHHON KoMuccuen PecryOmnmku
V30ekuctan s myOJUKAaIMM OCHOBHBIX HAYYHBIX PE3YyIbTaTOB AMCCEPTAlAN
nokropa ¢unocodpuu (PhD).

Crpykrypa m o0bem auccepranmu. /luccepranus COCTOMT U3 BBEICHUS,
YeThIpeX TIJjaB, OOIUX BBIBOJIOB W CIIMCKA WCIOJIB30BAHHOW JIUTEPATYPhl U
npunoxeruit. O0beM auccepranuu coaepkuT 100 meyaTHBIX CTpaHMII.
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OCHOBHOE COJAEPXAHUE PABOTBI

Bo BeneHum 000OCHOBaHAa AaKTyaJbHOCTb M BOCTPEOOBAHHOCTH  TEMBI
JUCCEPTALMM, 1IeJIM U 337a4d, OOBEKThl M MPEIMEThl HAyYHBIX HCCIIEIOBAHUM,
COBMECTUMOCTh TEMBI AUCCEPTALUU C IPUOPUTETIBIMH HANPABICHUAMH PA3BUTHS
HAyKW M TEXHOJIOTUM Y30eKHCTaHa, N3JI0KeHbl HayyHass HOBM3HA U MPaKTHYECKas
3HAYUMOCTb, MPUBEJCHBI BBIBOJBI MO BO3MOXKHOCTSAM amnpoOaiuu pe3ybTaToB,
CBEJICHUS IO OIyOJIMKOBAaHHBIM pPa00TaM U CTPOCHHUH JTUCCEPTAIMOHHON PaOOTHI.

B mepBoi rmaBe nuccepranuv “AHM30TPONMYECKHE CBOMCTBA TOHKHUX
NMOJIMMEPHBIX MaTepuaoB” maercs 0030p paboT Mo Teme auccepranuu. B Hem
W3JI0KCHBI  XapPAKTEPUCTHUKHA TOHKOCIOHUCTHIX (YHKIMOHATHHBIX IOJUMEPOB
MMCIONINX pa3jIMYHbIe HAAMOJEKYJSpHBIe (JTaMelsipHble, (HUOPHILIIPHBIC)
CTPOCHHUS, TIPUHIIMITBl BBISIBJICHUS ONTHYCKUX aHU30TPOMHBIX  A(D(PEKTOB.
[Ipoananu3upoBaHbl BO3MOXXHOCTH HCIIOJIB30BAaHUS METOJOB JI3€Ta-MOTEHINANA U
copOIuu Mpu OleHKE (DYHKIIMOHATHON aKTUBHOCTH HAHOBOJIOKHHCTBIX TOHKHUX
MaTepuasioB. Ha OCHOBe NMpUBENECHHBIX AHAIU30B OOOCHOBAHBI IETU U 3aJa4d
HAY4YHOT'O UCCJIE0BaHUs padOThHI AUCCEPTALIUU.

Bo BTOpoii rinaBe “O0beKThl M METOAbI HCCJEI0BAHMS” AUCCEPTAIIUU
JaHBl XapAKTEPUCTHKU BOJIOKOH BBIOPAHHBIX OOBEKTOB - IUICHKH IMOJUAITHIICHA
(I13), pudbpouna menka (Ob) u cononumepa akpunonutpuia (Co-AH), cBenenus
M0 TOJYYEHUI0O Ha WX OCHOBE IUIOCKMX TOHKO CIIOMCTBIX OOpasioB, MPO HX
MOJIEKYJISIPHBIE MAcCChl, MPO TUJIPOJAMHAMUYECKHUE U PEOJOTHUYECKUE METOIbI
OTPENICNICHUS] CTPYKTYPHBIX U (ha30BBIX U3MEHEHUH, (POPMUPOBAHUS BOJIOKHUCTHIX
HETKAHHBIX TOHKOCJIOMCTBIX MaTepualioB, TaKXke MpPO MOJSIPU3ALMOHHO-
ONTUYECKHE, MUKPOCKOTTUYECKHE MOTO/IbI UCCIIEOBAHUS CBA3U Je(POpMAIIMOHHBIX
Y aHU30TPONMNYECKUX CBOUCTB, TPO COPOIMOHHBIE U JI3€Ta-TOTCHI[UATHBIE METO/IbI
onpenesieHuss (GYHKIIMOHAIBHBIX U TOBEPXHOCTHBIX aKTUBHOCTEH.

B Tperbeii rinaBe “/lepopManuOHHbIE W AHU3OTPONHBbIE W3MEHEHMS
TOHKOCJIOHHBIXIIOJIMMEPHBIX MaTrepuajioB” qUccepTaluu MOKa3aHbl
nedopMallMOHHbIE  W3MEHEHHUs  pealu30BaHHBICE TMPU  OJHOCTOPOHHEM U
CUMMETPUYHOM  PACTSDKEHUM  IUIEHKH — IUIOCKOTO  JIAMEJUISIPHO-CIIOMCTOTO
NOJIMATUIIEHA U TMPUHIMUIBI MPAKTUYECKOrO0 NMPUMEHEHUS ‘‘MEXaHOONTUYECKOro”
YCTPOMCTBA, CIEIHAIBHO COOPAHHOTO I MCCIIENOBAHUS PA3JIOKEHUS U HA UX
OCHOBE MPUHLHUIBI KOHTPOJISI M UCCIEAOBAHUSA ONTUYECKOTO aHU30TPOMUYECKOTO
addekTa nedopMamOHHOTO U3MEHEHHUS.

Jns  mpoBeneHUs UCCIAEIOBAaHUSI BbIOpaHbl TUICHKUA JIAMEJUIIPHOTO
MOJIMATUIJICHA TJIOCKAs TOJIIIMHA KOoTopas cocTaBiisgeT ~50 MkM. Brigenena miockas
000J104YKa C TONIIUHON 5 MKM , KOTOpasi UMEET IMUPUHY | CM U JJIUHY 5 cM, OTpe3aB
MIeNK IIEJIKONpsiIa 10 TOMEPEeYHOMY CEYeHHI0. JTOT olpaseln sBIsSeTCS
HETKAHEBOM, B COCTaBE KOTOPHIX MMEIOTCS BOJOKHA (pubOpmmisspHoro ¢pudpouHa
(tommmuON 10 MKM) M 00070YKH TJHOOYISApHOTO cepunuHa. s KOHTpos
nehOpMaIMOHHBIX CBOMCTB MO ONTHYECKOW aHU30TPOMHH, JIEHTOYHBIN 00pa3ely
MEXaHUYECKH  PACTATUBAIIA  OJHOCTOpPOHHE U  cumMMeTpuuHo. CoOpaHbl
“MeXaHOONTHYECKHUE” YCTPOUCTBA, MTO3BOJISIFOIINE MOJISIPU3AIIMOHHBIM
MHUKPOCKOTTUYECKUM METOJ0M HCCJIEA0BaTh MPOIIECC PACTIKEHUS.
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YCTpoiCTBO MEXaHOONTHYECKOTO HCCIEAOBAaHUA COOpaHO IO MPUHLHUITY
“pa3ppiBHOM MamHbl”. Ha mMexaHnyeckoil 4acTu yCTpoHCTBa oOpasel JEeHTa OT
KOHYMKA TPOTATUBAETCS BEPTUKAIbHO BHU3 PABHOMEPHO M Je(POPMALMOHHO
pacTsaruBaercs a0 paspeiBa. [lokazatenn mnpodyHocTH paspeiBa  (or) H
OTHOCUTEIBHOTO ymnHEeHUs (&) onpenensitores mo [[OCT 14236-81:

or = E./Ag 1)

Al
& =~ 100% (2)

0
rie Fr — HanpsbkeHusa pacTskeHuss npu paspeiBe, H; A, —mepBoHauyanbHOE
IIONEpPEYHOE ceueHue 00pasna, Mm%, Aly — M3MeHeHne IIMHEL IpH pa3phiBe 00pasia,
mM; |, —iepBoHavanbHas auuHa oOpasia, M. B cucreme CU enuHUIa MPOYHOCTH

m3mepsiercs B Mlla. Peanuzyronuiicst mpouecc 00bSICHSIETCS IO cXeMe Ha puc. 1.

A 5 CHaJaJio B COCTOSIHUM A Ha KOHYMKAX
Se d S o0 JCHTBl ~ MEXaHUYECKOE HaIpPsHKCHHE
%% (01 = 02 = 0) OTCYTCTBYET, U €€ JJIMHA
., % (I1), mmpuna (l2) m Tommmua (d), B
%% o0mieM xapakrepuctuueckas S; = lp x

{1

I
=0 ! o= 0 ﬂ d wiomans, 00beM Vi U mMacca My He

U3MEHSIETCS.

[lotom, B coctosuuu b OGapaban—
MOTOBWJIO BpAI[a€TCs C OJUHAKOBOM
gacTtoTol (Vo) ¥ BBINOJHSIETCS

Puc.-1. [IpyHuunuanbHas cxema nepexoaa ycioBue 01 < o # 0, 0 JUIMHE JIEHTHI

Ikr dﬁo, f}—)O

U paspbiBa 1o Ae(opManHOHHOMY B JWHAMOMETpE B CTOpOHY OapabaH-
PACTSIZKEHU IO MAPAJLIeIeNHUIIEHO MOTOBHJIO nehopMaIiOHHO
00pa3HOii JIEHTHI (A) B KOHYCOOPA3HYI0  pACTATHUBACTCA M  IapaUICIUIONHUIIEN0

obpaznas (A) ¢opma mnpeoOpasyercs
KoHycoobpa3znyio (b) popmy, HEeNIpepsIBHO yIIUHSISA, YTOHYASTCS.

[lpy JIOCTHXKEHWHU OMNPEICICHHOTO KPUTHYECKOro 3HadueHus i = i,
BeIMoJIHseTcs ycnoBue |, — 0 m d — 0 w yeHra paspeiBaetcs. I3-3a
nedopMalMOHHOTO W3MEHEHUS XapaKTEePUCTUUECKOU IUIOIIATH St

YEeTBIPEXYTOJIHUKA Mpeodpasyercs B Kpyriaywo miomanb. [Ipu gedopmarimonHoM
pacTsSOKEHUM Macca JIeHThlI My HE U3MEHSEeTCs, HO TMpu JaedopMarmoHHO-
OpPUEHTAIlMOHHOM  YIOPSIIOYEHUH  COCTABHBIX 3JIEMEHTOB W3-3a YIUIOTHEHUS
Ha0Ir0aeTCsl YMEHbIIIeHHe 00bema oopasia V .

Ha ontuyeckoit wactu oOpazery nenta (1) npuxkpumuisiercss Mexmy
noisipuzaropom  (2) u  aHammzatopoM  (3)  NEPHNEHIUKYISAPHO K
MOHOXPOMaTUYECKOMY cBeTy (puc-2). JiauHa BonHbl cBeta paBHas k A = 0,56*10
cM, Bbiaensercs ¢ nomoiunpio JK3-6 punpTpa u npeoOpa3ysi ¢ MOMOIIBIO JTUH3 B
MApAJUICIIBHBI CBETOBOM ITY4YOK, MPOXOJUT B OJHOW JIMHHUM Ye€pe3 MOJISIPOUI,
oOpas3elr, 00bEKTUB, aHATN3ATOP, OKYJISIP.
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v a o

Puc.2. llpuanunuanbHas cxema (a) 1 Mmukpogororpadus (0) BbIpokIeHUus: ONTHYECKOH
AHU30TPONHUH NPH Ae(POPMALMOHHOM PACTKEHUH JIEHTHI INIEHKH

Jlydy monsipu3yroTcs B MOJISIPOUIE, T.€. pa3feiiseTcss Ha OOBIKHOBEHHBIE U
HEOOBIKHOBeHHBIC Jydd. OOBIKHOBEHHBIH JIyd, u3-3a JAehOPMAIMIOHHOTO
pacTshkeHus: oOpasiia, T.€. M3-3a M3MEHEHHsI (DOPMBI U TOPSAKA PACIIOIOKEHUS
COCTaBHBIX JIEMEHTOB, BpaIlacTCs Ha YTOJl (1 U 3TO HAOMIOAAeTCs BU3YAIbHO Kak
ONTUYECKUI aHU30TponuYeckuit 3P ekt uepes okyisip.C mOMOIIBI0 CHeIMATbHBIX
HAaHWYCHOTO JJMMOa PacIOI0KEHHOT0 Ha aHAIM3ATOPE U3MEPSIIOTCS OTIMYHUE MEXKTY
OOBIKHOBEHHBIM W HCEOOBIKHOBEHHBIM JIydaMH, T.€., OTIHUHe (A@) MEXIy
ONTHYECKUM ‘“‘UepHbIM” (OHOM U “‘CBETVION” 00JacTIO ILEHTpa ONTHYECKOU
aHU30TpONHH( (1), TAK)KE TOJIMHA JICHTHI (d) ¢ TOMOIIBIO MUKpOIIIKaJI OKyJspa. Ha
OCHOBE JTOT0, IOKa3aTeldb IEPBOHAYAIBHOTO JBYIYYEIpEIOMIICHUSI oOpasia-
JICHTHI:

AA
Ano == o (3)
180d,
nu HaﬁﬂeHO KOJIMYCCTBO BO BPEMI I[e(I)OpMaHI/IOHHOFO N3MCHCHUA
AA@;
Ani = Lo (4)
180d;

M0 MX OTHOUICHWIO HailieH Qaktop opueHtauuu (f), T.e. aHU3OTPONUYECKUE
XapaKTEPUCTHKHU

(5)

DKCNEepUMEHTHI MPOBEJIEHBI B 00pa3lax, MOJIyYeHHBIX B TpeX (w) pexumax
M B TOHKO IUICHOYHBIX JIEHTaX PAa3HOM TOJIIMHBI IPU HX MPOJOJIBHOM U
MOTNIEPEYHOM Je(hOPMAITMIOHHOM PACTSKEHUH B ““MEXaHOONTHYECKOM ™ yCTPOMCTRBE,
mpu dYacToTe BpameHus w = 1 cM/c ero Oapabana-moroBuia. I[Iposemu
UCCIe0BaHUM B 00pa3iiax BbIPE3aHHMX M0 AJIMHE () U 1o mupuHe (0) U3 MIeHKU
¢ rtomumHOM d = 50 MKM, TOJydeHHBIC TIPU PEXUME POPMHUPOBAHUSA 5y = 2
0o0/MuH. HaOmroneHbl OJMHAKbIE BBISABICHUS ONTHUYECKUX aHU30TPONMUYECKHUX
3¢ }exToB B IBYX 3TUX HanpapieHusAx. OnpeeneHbl 3HaY€HU MEXaHUYECKOU A, =

_ Bs

% U ONTHYECKON A, = 5, AHU30TPOIHH. IlonydeHHbIE pe3ynbTaThl MPUBEACHBI B

tabnure-1.

CpaBHUTeNIbHBIE aHATU3bI TTOKAa3aJIM, YTO 00pa3lbl INIEHOK (hOPMHUPOBAHHBIX
Ha CKOPOCTSIX gy = 2 00/MUH TIpU MNPOJOJHOM M TMONEPEYHOM PACTSKEHUU
BEJIMYMHBI “TIPOYHOCTH Ha Pa3pbiB’ U MOKA3ATEIM OTHOCHUTEIBHOIO YIAJIUHECHUS
OJMM3KM APYT-Apyry U HMX onTudeckue aHuzorpornuu oxojo 1,10 - 1,12. Dto

MOKa3bIBACT YTO MAKPOMOJIEKYNBl B MJIEHKAX MOJYYEHHBIX MPU PEKUME Wgy = 2
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00/MHH (GOPMHUPOBAHBI B HM3OTPOITHOM COCTOSHUU. HaOmromeHsl mepexoisl U3
napauiesienune o  ¢GopMbl B KOHYCOOOpasHyr (IpU3MOOOpa3Hyl0), IMpu
neOopMaAITMOHHOM PaCTsHKEHUU 00pasiia, BBISBICHUS aHU30TPOIHBIX AP (HEKTOB 13-
3a 1e(OpMaIMOHHOTO-OPUEHTAIIMOHHOTO YIIOPSA0YCHHSI MAKPOMOJIEKYIL.

Taouauna-1. [lokazarenu npu 1epopMaAIMOHHOM PACTAKEHUN TOHKUX JIEHT

[Toka3zarenu JEHTHI TP pa3phIBe
w d B nponoanom B nonepeunom Og B
06/ mun MK’M pacTsHKEHUH pacTsHKEHUH Ay = o A, = B.
og, MIla | €5, % | Bs | 0, MlIla | &,% | By
2,0 50 68 539 | 0,91 64 530 | 0,82 1,10 1,12
3,5 41 76 390 | 0,94 42 294 | 0,55 1,81 1,72
4,5 36 81 335 | 0,96 35 214 | 0,43 2,31 2,24

OnMHaKoOBbIE MMOKA3aTeNN aHU30TPONHUECKUX 3(P(EKTOB MpPU PaACTHKECHUU
oOpa3na mo JJIMHE U IO IIUPUHE I[OKa3bIBAIOT, YTO 3Ta IJICHKAa HM30TPOIIHAS.
Pe3ynbpTatel TpPOAOTHBIX M TOMEPEYHBIX PACTSIKEHHHN CIEAYIOMUX 00pa3ioB
MOJIYYCHHBIX B PEXUMAX Wg, = 3,5 00/MUH U wg,, = 4,5 00/MUH TIOKa3aJd YTO
[OKa3aTeNd MO IMONEPEYHOMY pPACTSDKEHHWIO Ha MHOTO MEHUIE 4YeM IO0Ka3aTesu
[OJyYEeHHBbIE MO MPOJOJHOMY PpACTSKEHHIO. OTO COCTOSHUE I1OKa3bIBaeT
aHU30TPOMHOCTh 3TUX IUIEHOK, T.€. MpH UX (OPMHUPOBAHUM MaKPOMOJIEKYJbl B
COCTOSIHUM  J1€(pOpPMAllMOHHO-OPUEHTAIUOHHOM  YNOPSIIOYEHUH  CO3JAI0T
Ha/JMOJIEKYJISIPHYIO CTPYKTYPY. 3HAUUT, U [IPH NOJYyUYEHUH U ITPHU AePOPMAIIIOHHOM
PacTsLKEHUU TUIEHKA ObIBA€T B @aHU30TPONMYECKOM COCTOSTHUM.

[Tpu 0onHOCTOPOHHOM J1e(hOPMALIMOHHOM PACTSKEHUH TOHKUX MOJMMEPHBIX
MaTEepUasoB, T.e. TUICHOK U JICHT, MPOUCXO/ISIINE MPOIIECCHl YCIOBHO NESATCS Ha
7IBa TUMA: -U3MEHEHHE (POPMbI MATEPHAIIOB, -U3MEHEHHE (PU3NUECKUX COCTOSTHUN
COCTaBHBIX JJIEMEHTOB MaTepuana. Bo-mepBbiX, 3T0 mpeobpazoBaHuEe Marepuaia
napajienonune100pa3Hoil (popmel B KOHYcooOpa3Hyto GopMy, U TAKOE U3MEHEHUE
(GopMBI HE SABISETCS AaHU30TPONUIECKIM U3MEHEHHEM. BO-BTOPBIX, 3TO mepexo u3

M30TPOIMTHOTO  COCTOSIHUSI B aHM30TPOMHOE  COCTOSIHHE  JIe(opMaIlMOHHO-
OPUEHTALIMOHHO YIOPSAOYEHHBIX MAaKpPOMOJICKYJ, JaMeJbl HaJIMOJIEKYJISIPHOTO
cTpoeHus, (HUOpPWUIUTBI, HAHOBOJOKHBIL. IIpM ucclmemoBaHMM  Ba)KHO, 4YTO

MOJIIPU3ALMOHHBIN JTy4 MePIEHANKYIISIPHO MPOXOIUI OT CepeIlMHbI 00pa3iia-IeHThI
U 1eOopMaIOHHBIE PACTSHKEHUSI CHMMETPUYHO OT JABYX KOHIIOB. JIJia peanu3anuu
ATOTO  YCOBEPIIEHCTBOBAHO  ‘“‘ME€XaHO-ONTHYECKOe”  ycTpolTcBO. CHIIbHBIE
nepopMaIlMOHHbIE U3MEHEHUS TPOUCXOIAIINE IPU CUMMETPUUECKOM PaCTsIKEHUN
IUICHKH HE BBIXOJAAT U3 00JacTU ONTHYECKOro HaOmoneHus. GopMupoBaHHas Ha
OTOM YCOBEpPLIEHCTBEHHOM ‘‘MEXAHOONTHYECKOM  YCTPOMCTBE HW30TPONHAs
MOJIMATUIICHOBAS JIeHTa ¢ ToimuHoW d = 50 MKM MpHU pacTsHKEHHH CUMMETPHYHO
IpU CKOPOCTSX wy= 1 cM/c ompeneneHo 4Yto B rpadukax 3aBUCUMOCTEN
OTHOCUTEITHOTO yJiIuHeHus (&), Qakropa opueHTanuu (f) W HanpsHKEHUs
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pacTsbkeHuss  (0;)  ONpPENEJCHBl  TPU  y4dacTKa  XapaKTePHUCTHUYECKUX
nedopMalMOHHBIX U3MEHEHUH (puc. 3).

80 I 9
p .
o, MlIa

60 -

11 I I 0.6 - 11
40 A 1 I

20 A

0 ‘r T T T T T T T T T 1 ]
0 T T T T T T T T T 1
100 200 300 400 500 0 100 200 300 400 500

=]

g, % e, %
Puc.3. 3apucumMocT HanpsizkeHUs1 pacTsizkeHH (o) U ¢pakTopa opuentanum (f) or
OTHOCUTEJIbHOM HedopManuu (€) A5l NOJIMITHICHOH MJICHKH

3necy adpdexter mpoucxomsamue Ha | — u Il — ydactke oOBAcCHsIOTCS
peanu3zainuen 00beMHOTro Ae(OPMAIIMOHHOTO PaCTsKEHUs JeHTHI. || — ygyacTok — 310
MOJIEKYJIIPHO CETMEHTAJIHOE M3MEHEHUE JICHTHI, T.C., Tepexo] neGopMainoHHO-
OPUEHTALMOHHOTO YIIOPSAI0UYECHHUS B AHU30TPOITHOE COCTOSIHUE, U3-32 OTHOCUTEIIHHO
MaJIOTO PacX0/1a HANPSHKEHUS PACTSKECHHUSL.

MukpodoTtorpadun ONUCHIBAIOIINE 3TH HEMOCPEICTBEHHO Ha0II0/1aeMble
ONTHYECKHE aHM30Tponuueckue dHPGeKTbl TpHUBEACHH Ha pucyHke-6. B
UCCJIEIOBAHMAX HAOMIOJAeTCs Pa3joKEHHWE Ha CJIOU IJIEHKHU MEePHEHIUKYISIPHO
HaIpapJICHUIO 1e(OPMAIMOHHOIO PACTSIKEHUS U YIJIMHEHUS TPU CUMMETPUUYECKOM
YTOHYEHUU Ha MECTE Pa3JIOKEHHUS.

A)B=03, e5=20% B) f=0,5, &5 =90 % C)$>0,9, £ > 440 %

Puc.4. U3MeHeHue onTHYECKOM AHU30TPOIIMU NPH CUMMETPUIECCKOM PACTAKCHHUH
MOJIMITHJIEHOBOM JIEHTBI

Habmoaercsi, 4ro paccioeHHOE YTOHUEHHOE MECTO JIEHThl — Oyzder
OTHOCHUTENIbHO OoJjiee TMpO3pavyHo, ONTHYECKas aHU30Tpomus Oyaer spue.
Omnpeneneno n3de3HoBeHHE HBIOTOHOBKOTO AMGPPAKIIMOHHOTO U300paKEHUS MPHU
MpUOJICKEHUH TTOpPOTa pa3phiBa JEHTHI, IEPEX0]] B ApKuii Oenblil cBet, u > 0,95,
IpU MOMEHTE pa3phiBa.

Ha Il yuacTke rpaduka npoucxoauT Te4eHHE, T.€. CMEIIEHUE TOHKOCIOHHOTO
MaTepuana, rJie OnThYecKas MHTepPEpeHIIMOHHAs KapTHHA MOCTEIIEHHO CY>KaeTCs
¥ YHCIIO TIOJIOC YMEHBIIaeTcs, oopasyeTcst Oenas mojoca U jaajiee pa3pyliaeTcs

MJIeHKa. DJTO O0BsICHSAETCA cienytoieM oopa3om: -B unrepBaie ¢ = 100 — 200 %
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HaOmrogaeTcss memieHHb poct f = 0,4 — 0,5, 00yCIOBICHHBIM CKOJBKEHUEM
MaKpOMOJIEKYJIIpHBIX cioeB, B uHTepBaie & = 300 — 400 % moBwImaercs
mMemeHHbsiid poct f = 0,5 — 0,9, rae MpPOUCXOTUT CKOKCHHE MaKpPOMOJCKYI
OTHOCHUTENFHO Jpyr napyra. Ha ocHoBe 3Toro Obuta mocpoeHa (YHKITUS
3aBHCHMOCTH KakK I IEPBOTO CIydasi, TaK U JUIsl BTOPOTO CIIydasi:

B =kie=0,001¢ (6)

B =k,e =0,004¢ (7)
Hanubie korhduimreHTs U GyHKIUNA 3aBUCUMOCTU 1€OPMAIIMOHHOTO U3MEHEHUS
TOHKOCJIOMHBIX MATEpPHAIIOB HMEIOT BAXKHOE 3HAYEHUE NIPU OINpPEACICHUU
IIPOLIECCOB CIOUCTOTO U MAKPOMOJIEKYJIIPHOTO CKOJIBKEHUS, 4 TAKXKE ONPEAECICHUS
IPaHULIBI MEXaHUYECKOTO Pa3pyLIEHUs IIIEHOYHBIX 00pa3IoB.

Takum o0pa3om, omnpenencHsl CHIbHBIE JehOPMAIMOHHBIE W3MEHEHHUS
COCTaBHBIX JJIEMEHTOB JIEHT B 3aBHCUMOCTH OT HAIPSOIKEHUs PACTSHKEHHUS IPU
CUMMETPUYHOM  Je(OpPMAIIMOHHOM  PAaCTSDKEHUM  TOHKOIUIEHOYHBIX  JICHT,
peanu3anuu pacciIOCHUS W PA3JIOKEHHWS M CUHXPOHHOW  3aBHCUMOCTH OT
ONTHYECKOW aHU30TPOIIUH PEATNU3ALMH 3THX IIPOLIECCOB. DTO SIBJICHUE TIOKA3bIBAET
BO3MOJKHOCTb  HEIIOCPEACTBEHHOI'O KOHTPOJS U HAay4YHBIX HCCIIEIOBAHUMN
MPOUCXONAIIUX J1e(POpMAIMOHHBIX HM3MEHEHMI B TOHKUX MaTepuajax IIo
ONTUYECKUM aHU3O0TPONHUUYECKUM P (HEKTaM.

B ueTBeproii ri1aBe “AHU30TPONHBIE 3(PPEKTHI TOHKOCTOMHBIX HETKAHBIX
MaTepuaoB” IuccepTaluy OOCYKIEHO IMOJTy4YeHHE HETKAHHBIX TOHKOCIOWHBIX
MaTepuajoB Ha OCHOBE (DYHKLIMOHAJIBHO AKTUBHBIX OHOINOJMMEPOB- (puOporHa
HIEJIKa W CONOJIMMEpPA AKPWIOHWUTPWIIA, YIPABICHHUS ‘‘U30TPOI-aHU30TPOIHBIX
CBOMCTB” TIpU HEMOCPEACTBEHHOM (POPMUPOBAHUM HETKAHHBIX CTPYKTYP,
pe3ynbTaThl NpPH HW3YYEHUM BIMSHHUS aHU30TpONMYEecKuX d(hPexkToB mnpu
MCIIOJIb30BAaHUU U BBISIBJICHUU (YHKIMOHAIBHO aKTUBHBIX CBOMCTB.

Hanuuue ¢QyHKIMOHAIBHBIX HOHOTEHHBIX TPYNN B JaHHBIX MOJIMMEpax
0€3yCIIOBHO MPOSIBISET aKTUBHOCTh B HETKaHBIX MaTtepuanax. OJJHaKo MpOsIBIsICHUE
AKTUBHOCTM BO MHOI'OM 3aBUCUT OT MOJIEKYJISIPHOM MAacChl M HM30TPOIIHO-
AHU30TPOITHOTO COCTOSIHMSL BOJIOKOH B HETKaHOM Mmatepuane. C yderoM 3Toro
IIPOBEJECHBI BUCKO3UMETPUUYECKHUE M PEOJOTMYECKUE MCCIEAOBAaHUsS B LEIX
ONPENEIICHUS] MOJIEKYJIIPHOW MAcCChl, MOJUIJIEKTPOIUTHBIX CBOWCTB U IPUPOIBI
TEKY4ECTH pacTBOpA.

Bucko3zumerpudeckue wuccieoBaHUS TMPOBENIM Ha pacTBopax u3 91,5 %

NaCNS-H,0 Co-AH u 2,5 M JIM®A @b u no hopmyie Xarruuca nc—g” = [n] +

Ncon

k[n]*C crpounu rpaduk 3aBHCUMOCTH ot C, u3 ycnosusi C — () HaiifieHO YTO

xosmuectBa [77] wis @b u Co-AH coorBercTBeHHO paBHBI 95 Mu/r 1 200 mil/T.
Brruncneno konnuectBo M), o ypaBHeHnto Mapka-Kynna-XayBunka:

wist OB M, = ([n/1,23-1073])*/%%1 = 220000

ms Co-AH M, = ([n/2,3-107*])/%78 = 115000
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[IpoBenensl mpu pasHbeIXx Temiepatypax (25, 40, 55 °C) peonoruueckue
MICCIIEJOBaHMsI BOJIOKHOTIOAOOHBIX pacTBOpoB 3TuX mnoimumepo (C = 15 r/mn) B
IPOJOJIHOM M TEpEeMEIIaHHOM TEUEHHH, OMpPECIICHbl HBIOTOHOBCKHE TEUYCHHMS
MOA0OHBIC 3TUM MOJMMEPHBIM crcTeMaM. [lo ypaBHenuto Openkens-Diipunra Inn
= InA + E./RT mnoctpoensl rpaduku 3aBucumocteid In; ot 1/T u BeUUCIEHBI
BEJIMYMHBI SHEPTUH akTUBAIUK (E,) BA3KO TeKy4ero TeueHus U3 yria HakJoHa

st Ob E, = 24 x/>x/MoJ1b
s Co-AH E, = 20 x/|>x/Mo0J1b

KonuuectB E, CBUACTENBCTBYIOT O TOM, YTO B3aUMOICHCTBUE MAaKPOMOJIEKYT
B TEUEHUU MPOUCXOAMUT B JUANA30HAX DHEPTrUU B3aUMOJCUCTBUS BOIOPOIHBIX
CBA3CH, T.€. B TEUCHUU HE HAONIOMACTCS XUMHUYECKUUA CHHTE3 MOJIMMEPOB U
JECTPYKIIMOHHBIE TTPOLIECCHI.

OOBIYHO OCHOBY HETKaHBIX MaTepuaioB TONMMHOW MeHee 100 Mkm
COCTABJISIIOT MUKPOBOJIOKHA (GUOPUILISIPHOTO CTpoeHus. OnTH4ecKas aHu30TpOIus,
T.€. (haKTOp OpPUEHTAIIMN MUKPOBOJIOKOH cocTaBiisiet £ >0,8, HO OHM pacrojaratorcs
HEYIOPSIJOUYCHHO B HETKAHOM Marepuaje M B pe3yJibTaTe HETKaHbId MaTepual
xapaktepuzyercsi (¢aktopoM opueHTanuu £ < 0,5, cregoBaTeabHO MaTepual
XapaKTepU3yeTcsl H30TPOIHO-aHU30TPOIHBIM  COCTOSSHUEM BOJIOKOH. Takue
(bu3UYECKHEe COCTOSTHUS HETKAHHOTO MaTepHhayia MOTYT ObITh MCCJIEIOBaHbl U HX
M3MEHEHHE MPO KOHTPOIMPOBAHO MO ONTUYECKON aHU30TPOIHH.

[Tocnennee BpeMs (HoOpMUPYIOTCSI HAHOBOJIOKOHHBIE HETKAHbIE MaTepHabl,
KOTOpPBIE OTJIMYAIOTCA OT MUKPOBOJIOKOH IO pa3MepaM U IMPOSIBICHUEM CBOMCTB,
XapaKTEPHbIM JUIsI HAHOPA3MEPHBIX OO0BEKTOB. Takue yHUKaJIbHBbIE CBOMCTBA U
pasnuyus ObUTM CPABHUTEILHO aHATM3UPOBAHBI /111 MUKPOBOJIOKOH ¥ HAHOBOJIOKOH
¢ubpounna menka. Mcxomuue oOpasiibl XapaKTepru30BaIUCh (HaKTOPOM OpUEHTAITUH
S = 0,5+ 0,6, KOTOpBIN OBUI MOJIYYEH TMOCPECTBOM IKCIEHTPUYHO-BPAIIAIONIETO
AKpaHa, UCHOJIb30BAHHOTO Ha YCTAHOBKE 3JIEKTPOCIIMHHUHTA.

Jlist onpenenenust GU3MYECKON CYITHOCTH 3aBHUCHUMOCTH J1e(OpMaIMOHHBIX
M3MEHEHHU I HAHOBOJIOKHUCTBIX TOHKO CJIOMCTBIX MaTEpHAIOB Ha OCHOBE (hribponHa
OT ONTUYECKONW aHU3O0TPONHUHU MPOBEIAECHO HCCIEIOBAHUE CPAaBHEHHS UX C TOHKO
CJIOMCTBIMM MaTepuajaMy MOJyYCHHBIMU HA OCHOBE MUKPOBOJIOKOH. [[J1s1 3TOTO
BbIOpaHbl MUKpOBOJOKHUCTHIE (MB) 1 nHanoBosokoHnHbie (HB) ToHkociouctbie
(tommmuaoi 50 MKM) HETKaHHble Marepuaibl (UOpOMHA U WX HHU3 TOTOBWIH
oOpa3nel ¢ jguHOM 4 cM u mmpuHou 1 cMm. MccinenoBaHus peain30BaHbl YEKOS
ONTHYECKONW aHU30TPONHUH Je(POPMAIMOHHBIX W3MEHEHHH NpU CUMMETPUIHOM
pacTsbkeHHMH oOpaslia co CKOpoCThi0 1 cM/MHH Ha “MEXaHO ONTHYECKOM™
ycTporictBe. JlepopmanmonHoe u3MEHEHHE O0OpasIoB, T.€. OTHOCUTEIHHBIC
YJIMHEHUS MPOJO0JIKAIOCh JO UX MEXaHU4ecKoro paspbiBa. IIpoliecc nmpoBesieH
MMOMOIUIBIO MOJSPU3ALUOHHO-ONTHYECKON CUCTEMBI MO JBYIYUYETPEIOMIICHUIO MO
NPUHIUITY U3MepeHus oTnyus ha3 (Ag) depes KaKAyIo 5 ¢M YIJICHEHHS.

OnuceiBaronyue ONTHYECKH aHU30TPOINUYECKOE HW3MEHeHue olpasia
MUKpO(hOoTOU300paKEHUU PUBEICHBI Ha pUC. 5.
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2 2"
Puc.5. Aunsorponuueckue 3¢ ¢ekThl MUKPO- 1 HAHOBOJOKHUCTBHIX TOHKHX MATEPUAJIOB
¢udpouna: 1 - MTM £=0%; 1*- MTM € =100%; 2— HTM € = 0%, 2*-HTM ¢ =
100%0;

[Tocne noBeILIEHUST OTHOCUTENBHOTO yaneHeHus & > 100 % B MUKPOBOJIOKHHUCTBIX
¥ HAHOBOJOKHHCTBIX TOHKHX MaTepuanax HaoOmonaercs 3¢¢eKT paspbiBa MHpu
pacTshkeHud. BerauciieHsl pakTopsl OpueHTanuu (ff) Ha OCHOBE KOJMYECTB (Ap)
n3MepeHHbIX Ha 0> &> 100 % nuamazone. Ha ocHOBE MOTYYEHHBIX PE3yJIbTATOB
MOCTPOCH TpaduK 3aBUCHMOCTH (akropa opueHTanuu oOpasma (f) ot
OTHOCHUTENBHOTO yanuHeHus (puc.6). ['paduku UMEIOT JTMHEHHYIO 3aBUCUMOCTD U
ATO OMpEAEIseT MPOMOPIHOHATHHOE H3MEHEHHE OTHOCHUTENBHOTO Y/UIMHEHHUS OT
ONTUYECKOTO OPUEHTALMOHHOTO (PaKTOpa, T.€., OT ONTUYECKON aHU30TPOIHUH.

1 -

b T a
0.8 - 6
0.6
0.4 -

0.2 A
]
o~
0 50 100

g %
Puc.-6. 'paduk 3aBucUMOCTH OPHEHTANMOHHOTO aKkTOopa (/) OT OTHOCUTEJIBLHOTO
yuIeHeHHH (£): MUKPOBOJIOKHUTHIN MaTepuaa @b; 0 — HaHoBoOKHUCTBI MaTepuata Ob.

['paduiku Takoii TMHEHHON 3aBUCUMOCTH BBIPAKAIOTCS Yepe3 ff = k& U MOKHO HAUTH
BETUYUHY KOA(DPUITMEHTA 3aBUCUMOCTH

- Marepuai ¢ MUKpoBojiokoH @b - f =ke =0,0112¢ (7)
- Matepuai ¢ HaHOBoJIokoH @b - f = ke = 0,0084¢ (8)

O10oT KOdDPUIMEHT U TpapuK 3aBHCHMOCTU TOKAa3ajdu JUHEHHYIO 3aBUCUMOCTh
nehopMaIMOHHBIX H3MEHEHUN TOHKO CJIOUCTHIX MaTepanjioB Ha OCHOBE (pUOponHa
OT ONTHUYECKOW aHM30TPONHUH W Jald BO3MOXKHOCTH OIICHHTH JA€(POpPMAIMOHHOE
COCTOSIHME TOHKO CJIOMCTHIX MAaTE€PanJIOB M0 ONITHUYECKOW aHU30TPOITHH.

C metomom copOruu uccieaoBaHbl (PyHKIIMOHATHBIE 00pa3Ibl HETKAHHOTO
Marepuana xapaktepusyiuecs ¢aktopom opueHtammu f = 0,5 Ba f = 0,8 u
pe3yNbTaThl UCCIICAOBAHMS IPUBEICHBI Ha pUC.7.
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Puc.7. CopOuusi napoB Bojibl (uOPOMHOBHIX MUKPOBOJIOKOHHBIX HETKAHBIX MAaTEPHAJIOB:
1 — MuUKpOBOJIOKOHHBIX, f = 0,5; 2 — MUKPOBOJIOKOHHBIX, £ = 0,8.

[Ipu 3TOM noBbilIeHUE PakTopa opueHtaunu Ha S = 0,8, T.e. 30 % ymeHnpano
copbuuio mapoB BoAbl 0koyio 30 %.. OTcro/1a MOXKHO CJIeNIaTh BBIBOJ O TOM, YTO
nedopMallMOHHOE — PaCTSKEHHUE  CIOCOOCTBOBAJO  YBEJICUYEHUIO  IUIOTHOCTHU
MHUKPOBOJIOKOH B HETKAaHOM MaTepuaje U YMEHbIIaJach MOPUCTOCTh MaTepHala.

CenekTHUBHOE B3aUMOJICHCTBME HETKAHBIX MAaTEPUAIOB HCCIEAOBAIN C
pa3IMYHBIMK  BEIIECTBAMHM MPOBOJIWIM IyTeM (QuibTpauuu. Jns 3Toro
ucroiab3oBam oopasiel dby, f <0,5 u Ob,, f < 0,8, Takkea Co-AHi, £<0,5, u
Co-AH,, p <0,8. Uepes Huz nponyctusiu my=100 My oTpaboTaHHOTO Macja Mpu
HOPMaJIbHOM J1aBJICHUH M (pukcupoBaid Bpems () MOJHOro MpoTEeKaHUs Macia
yepe3 o0pasipl. Habmroganock ocBeTiieHne Maciia nocjie (GuiabTpauu U U3Mepsuin
maccy (m;). Paccumrtanmm crmocoOHOCTE (uiabTpamuu 00pasloB HETKAHOTO

_mi
Marepuana mo gopmyie my, = — 100%. B taGnume 2 npuBeneHb 3HAYCHUS

¢axTopa opueHraruu () o0Opas3IoB, BpeMs MOJHOTO MPOTEKAHUS YUCTOTO Maciia
to), oTpaboTaHHOrO Macna (t*) u yaepienHas macca (Mmy,,) Ha GHIIbTE.

Ta6auna 2. lokazaTuie puabTpanuu AaHU30TPONHBIX HETKAHBIX MATEPHAJIOB

Ob6pasen S t,, MUH t*, MUH My, %0
®b; 0,5 30 33 2,65
Db 0,8 85 90 3,96

Co-AH; 0,5 22 25 2,57

Co-AH> 0,8 72 78 3,88

[Ipu 3TOM MOBBITIIEHHE (haKTOpa OPUEHTAIMU CIIOCOOCTBOBAJIO YBEIIMUCHUIO
BpEMEHHU (UIBTPAIIMM U TOBBIIIEHUIO CIIOCOOHOCThH YACpP)KaHUS CPABHUTEIBHO
MEJIbKUX YacTHI] U3 COCTaBa OTpaboTaHHOTrO Macia. Takue 3(heKThl CBA3aHbI, BO-
MEePBBIX C HW3MEHEHHEM MOPHCTOCTH HETKAHOTO Marepuana, BO-BTOPBIX C
yBenuueHrneM BpemeHu Quibtpanuu 30 — 90 MuUH u3-3a TOBBIMICHHS (PakTopa
OpHEHTAaIlMU MaTepuala.
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HccnenoBaHo B3aUMOICHCTBUE U MTPOYHOCTh KOHTAKTa HETKAHHOI'O MaTeprasia
B BHJIC JUCIIEPCHOM (a3bl B AUCIEPCHOMN Cpeie METOIOM DJICKTPOKMHETHYECKOTO
n3eta-(&)-moTeHnMana.
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Puc.8. 3aBHCHMOCTD 3JeKTPOKHHETHYECKOI0 & - MOTEHNHAIA 0T KOHIEHTPAIMH
3JIEKTPOJIUTA /1JI5l AHU30TPONHBIX HETKAHBIX MAaTEePUAJIOB.

[Ipu 3TOM HEeTKaHble MaTepUabl yCTAHOBIIEHBI B KaU€CTBE MEMOpaHbI U Yepe3
HUX MPOXOJUI AJEKTPONUT MeaHoro kymopoca (CuSO4) mnonm neicTBueM
MOCTOSIHHOTO HampspkeHust B uHTepBate 0 — 100 mB. Mamepsumn Bpems (t)
npoxoxaeHuss oobeMa (V) 3IeKTpoauTa C ONpPENeICHHOW BSI3KOCThIO () uepes
MeMOpanbl. 3HaueHue & - MOTEHIMala paccuuTaiu no dopmyie ['enMrosnbiia-
CmonyxoBckoro & = 4mknQ /el noctponiu rpaduk 3aBUCUMOCTH & - TIOTCHIIMANA
OT KOHIIEHTPALIUK JICKTPOJIUTA (pUC.8).

W3 rpaduka BUAHO, YTO BEJIMYMHA BJIEKTPOKUHETUYECKOTO MOTEHIIMAIa
YBEJIMYMBAETCS C POCTOM KOHUEHTAallMM. OJTO CBS3aHO C IOBBIIICHUEM
B3aUMOJICMCTBUSL MEXIy HeTKaHHbIMU MarepuanamMu U CuSOs B pesyibTare
MOBEPXHOCTHOM  aKTUBHOCTH MHKPOBOJIOKOH (QuOpoMHa W  comoJiuMepa
AKpUJIOHUTPHUIIA, a TakKe AaKTUBHOTO Y4YacTUs AaMUHHOM, KapOOKCHUIIBHOW U
METHUIBHOM (DYHKIIMOHANBHBIX Tpynn nojuMepoB. [loBeimenHoe 3nauenue & > 30
MB ykaspiBaeT cTaOMIBHOCTD B3aUMOJIEMCTBUSI BOJIOKHO-MOH, YTO €MI€ OOJIbIle B
00J1acTu OOJBIINX KOHIIEHTPAIUH.

Takum o00pa3om, oOXapaKTepU30BAHHBIE TAKUMHU AJIEKTPOKHHETHUYECKUMU
[I0Ka3aTeIsIMU  CUCTEMBI “HETKaHBI MaTepUal-uOH~  CBUIAETEIBCTBYET O
dbopMupoBaHUU CBOCOOPA3HOUN CTPYKTYpbl MEXay MOHaMH diekTposiuta CuSOsu
HETKaHBIMU MaTepuajaMu, BBISBJICHO, YTO YCTOMYMBOCTH ITHUX CTPYKTYp IO
(u3MUECKUM MOKa3aTeNsIM B CPEZe DIEKTPOJIUTA U DIIEKTPUUECKOM IOJIE.
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BbBIBO/1bI

Ha ocHOBe mMpoBeAeHHBIX HCCIEIOBAHUN MO AUCCEPTALMOHHON padoTe Ha
COMCKaHHUE y4eHOU cTerneHu qokropa priocodun (PhD) Ha Temy: « AHM30TPOITHBIC
CBOMCTBA TOHKOCJIOMHBIX MOJMMEPHBIX MATEPUATIOBY:

1. Omnpenenensl MOJEKyIsIpHBIE Macchl monudTHiIeHa M = 280000, pubdponna
M =220000 u cononmmmepa akpustonutpuna M = 115000 meTonom ruipoAMHaAMUKH.
N3ydeHbl MONEKYJSPHBIE U HAJIMOJIEKYJISIPHBIE CTPYKTYpbI TJICHKH IMOJIMATHIICHA
JaMEIJISIPHOTO CTPOCHHSI, BOJIOKOH (pnOponHa GUOPHILIIPHOTO CTPOSHUSI METOIOM
MOJIIPU3ALMOHHON ONTUKU M OMpEJETICHbI ONTUYECKHE aHU30TPONHbIE 3(PPeKThI
JAHHBIX 00pa3IIoB.

2. OmnpeneneHa MTPONMOPIUOHATBHOCTh ONTHYECKOW aHU30TPONHUM  Ha
nedopMallMiOHHOE pa3pylIeHUE HAJAMOJEKYISIPHOW JaMEJUIIPHON CTPYKTYpbI
MOJIMATUJICHA B pe3ysbTaTe MEXaHUYECKOTO  pacTshKeHHs, Tepexoa B
BBICOKOAJIACTUYHOE COCTOSIHME, OTHOCHUTEIbHOE YJUIMHEHHE U KPUTUYECKUE
3HaueHUs paspbiBa. [lo onNTHUYECKOW aHM3O0TPONMUU TMOCTPOCHA  (PYHKITUS
3aBUCUMOCTH (akTopa opueHTanmu (B) OT OTHOCUTENnbHOW aedopmaiuu (&),
KOTOpasi Ha ypOBHE CETMEHTAIbHBIX M3MeHeHU umeet Bua [ = k& = 0,001 u
IpH  CKONMBXKEHHH Makpomonekyn f = k,e = 0,004¢. Ilpu oTHOCHUTETHLHOM
ymHeHue £ > 430 % wnabmromancss pasHOBUAHBIM ONTHYSCKUN aHU30TPOITHBIN
s dekT, mpuodpeTaeT OeNbld OTTEHOK U pa3pyliaeTcs MICHKA.

3. Omnpenenena nuHeHHas 3aBUCUMOCTH MEX/IY ONTHYECKON aHU30TPOTIHEH U
n1edOpMAITMOHHBIM yIJICHEHHEM TOHKOCIOWHBIX HETKaHBIX MaTEPHAIOB HA OCHOBE
BOJIOKOH (priOporHa paznuaHon TouHoli. [TokazaHo, 4To GyHKIUS 3aBUCUMOCTH
dakTopa OpHEHTAIIMM OT OTHOCUTEIBHOW nedopmaruu i MUKPOBOJIOKOHHBIX
HETKaHbIX MaTepuasioB uMeT Bua f = ke =0,0112e, a HaAHOBOJOKOHHBIX
HETKaHBIX MaTepuasioB § = ke = 0,0084e.

4. TlpoBeaeH CpaBHUTENbHBIM aHAIU3 IMOBEPXHOCTHO-aKTHBHBIX CBOMCTB
M30TPOITHO-aHU30TPOITHBIX HETKAHBIX MAaTEPHANIOB C (hakTopoM opueHTaruu f = 0,5
u f = 0,8, momydeHHBIX Ha OCHOBE BOJIOKOH (UOpOMHA U COmMoJIMMEepa
AKpUJIOHUTPpUJIA PA3IUYHON TONIMHON ¢ ¢akropom opueranuu f = 0,8. Ilpu
noBeilieHud (akropa opueHtanuu ot 0,5 mo 0,8 copOumoHHBIE MOKa3aTeNn
ymenbimmimmch Ha 30 %, cnocoOHOCTh (UIBTpAlMM MAIIMHHOTO —Macia
yBenuumiack ot 2,60 % 110 3,96 %. [1oBbilIeHHOE 3HAYEHUE DJICKTPOKMHETUYECKOTO
noteHiana Beime +30 MB mokazano cTaOMIBHOCTP W YCTOWYMBOCTH
B3aMMOJICHCTBHS HETKAHBIX aHU30TPOIHBIX MATEPHAIIOB C HOHAMH JICKTPOJIUTA.

5. Cobpana crnenuajibHas MEXaHOONTHYECKAas YCTAHOBKA JJIS MPOBEIACHUS
UCCJIEIOBAHUM 1O ONTHYECKON aHWU30TPONUU Je()OPMAIMOHHBIX W3MEHEHHH
TUICHKOOOPA3HBIX M TOHKOCJIOWHBIX HETKAaHBIX MAaTEepPHaOB MPH OJHOOCHOM H
CUMMETPUYHOM pacTsDkeHud. [locpeacTBOM MaHHOW YCTAHOBKM OMPEICIICHBI
NPUHIUTHATBHBIE OCOOCHHOCTH U 3aKOHOMEPHOCTH MPOTEKAIOIINX MPOIECCOB Ha
YPOBHE CETMEHTAJILHOTO Y/JIMHEHUS U MOJICKYJSIPHOTO CKOJBKECHHS M pa3pbhiBa B
Marepuaiax, oJIBepryThIX Pa3IMuyHOMN CTeneHH ne(opMupoBaHus.
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INTRODUCTION (abstract of doctor of philosophy (PhD) thesis)

The aim of research work is the relationship between the deformation
change and the functional activity of the optical anisotropy of thin-layer porous
materials of lamellar and fibrillar structure based on polyethylene, fibroin and
acrylonitrile copolymer.

The object of research work Polyethylene, fibroin and acrylonitrile
copolymer.

The scientific novelty of the research consists of the following:

for the first time, the optimal conditions for the formation of a thin-layer
nonwoven material based on fibroin of an isotropic-anisotropic structure have been
determined;

for the first time, the functions and coefficients of the relationship of the
relative deformation with the optical anisotropy of thin-layer polymeric materials
were determined, and the peculiarities of the relationship between the relationship
of optical anisotropy and the relative deformation were also revealed;

for the first time, the physical principles of controlling deformation changes
of film-lamellar structural thin-layer polymeric materials under symmetric and one-
sided stretching in optical anisotropy are shown;

thin-layered materials based on fibroin is obtained, acrylonitrile copolymer,
principles of revealing their surface activity using the methods of sorption, nano
filtration, zeta potential are determined, the role of anisotropic effects is investigated.

Implementation of research results. Based on the scientific results obtained
on the anisotropic properties of thin-layer polymer materials:

nanofiber thin-layered non-woven materials obtained in the framework of
scientific research have been tested in the specialized scientific-practical center of
dermatology and venereology of the republic under the Ministry of Health of the
Republic of Uzbekistan and the results obtained indicate that thin-layered nanofiber
nonwoven materials can be used as an effective means in the treatment of open
wounds. (Reference of the Sanitary-Epidemiological Peace and Public Health
Service of the Republic of Uzbekistan dated November 16, 2020 No Ne04-8/388).
As a result, the possibility of practical application of thin-layer nonwoven nanofiber
materials as an effective means in the treatment of open wounds has been shown.

the device developed within the framework of this thesis for polarization-
optical control of deformation processes was used in the implementation of the
practical project A-4-13 on the topic “Development of technology for the production
of nanofiber nonwoven materials based on fibroin, chitosan and acrylonitrile
copolymer by the electrospinning method” in 2015-2017 at the National University
of Uzbekistan named after Mirzo Ulugbek (Information No. 89-03-3244 dated
September 11, 2020, Ministry of Higher and Secondary Specialized Education of
the Republic of Uzbekistan). As a result, it became possible to study and control the
optical anisotropy of the processes of reversible and irreversible deformation
changes, as well as the destruction of nanofiber materials under mechanical and
thermal influences.
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The structure and volume of the thesis. The dissertation consists of an
introduction, 4 chapters, conclusions, a list of references and appendixes. The
volume of dissertation is 100 pages.
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