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KNPUII

Jlactyp Y36exucron Pecriy6nukacu Ipesunentuaunr 2015 v 12 uongaru
“Onuil TapauMM MyaccacalapuHUHI pax0ap Ba menaror KaJpJapuHu KaiTta
Talépianl Ba MaJaKaCMHU OLIMPHUII TU3UMHUHHU SHAJA TAaKOMWUIAIITHUPUIL YOpa-
tagbupnapu Tyrpucuga’tu  [1dD-4732-connu, 2017 i#mn 7 deBpangaru
“V36ekncTon PecnyOnMKacMHM SHaqa PHBOXIAHTHPHMIN Oyiimua Xapakatiap
ctparerusicu Tyrpucuaa’tu [1P-4947-connun dapmonnapu, myHunraexk 2017 iun
20 ampenmarn  “OnMii TapduM THU3UMHHHM $HAJA PUBOXKJIAHTHPHUIL 4Opa-
tapoupnapu tyrpucunga’ru  [IK-2909-connmu  kapopu xamma 2019  iiun
27 aBryctaaru “Onuii TabJIUM Myaccacaiapu paxOap Ba nejaror KajapjiapUHUHT
Y3JIYKCU3 MajlaKaCUHHM OLIMPHILI TU3UMHUHH >KOpHUH st Tyrpucuaa’tu [1d-5789
— connn PapmoHuja OenruiaaHraH yCTyBOp Bazudanap Ma3MyHHMJIAaH Keluo
YUKKAH XOoJia Ty3wiran OYnu0, y OJuil TabJauM Myaccacajapu Neaaror
KaJpJIapuHUHT  KacO MaxopaTd XaMmJla MHHOBAIlMOH  KOMIIETEHTIUTMHU
PUBOXKJIAHTUPUII, COXara OWJ WIFOP XOPWXHM Taxpubanap, sSHTM OWIMM Ba
MajaKajJapHU Y3JIalITUPHUIL, ITYHUHTEK aMaaueéTra >KOpUid 3 TUIL KYHUKMaJapUHH
TAaKOMWJUTAIITUPHUIIHA MaKcaa KUJIa .

Maskyp JAacTyp pHUBOXKIAHTAH XOPWXKHUM JABIATIAPHUHT OJUN TablIuM
coxacuja SpUIlIraH ITYKJIapu XaMJa OpTTHpraH Taxpubanapu acocunaa “@usuka’
KaWTa Tauépiail Ba Majaka OIIMPHUIN UYHAIMINW YYyH TalW€pJaHraH HaMyHaBUU
YKyB pexa xamja JacTyp Ma3MyHHUAaH KeJuO YMKKaH XOoJija Ty3wiraH Oymu0, y
3aMOHaBHI Tanmabiap acocuja Kaita Tail€piam Ba Majaka  OIIMPHUII
XKapa€HIapUHUHT Ma3MYHMHM TAaKOMWJUIAIITHPUII  XamJa OJUH  TabJIUM
Myaccacajapy Meaaror KaApJapuHUHT KacOWil KOMMETEHTJIIMTMHU MYyHTa3aM
omupud OCOPHIITHU MaKcaa KUIaau.

Kamuar tapakku€tu HadakaT MamiIakaT WKTHCOAUN CAJTOXUSTUHUHT
IOKCAKJIUTH OujiaH, Oanku Oy calloXWsAT Xap OWp WHCOHHUHI KamoJI TOIMIIHA Ba
YUFYH PUBOXJIAHUIINTA KAaHYATUK WYHAITUPUWITAHINTY, THHOBAIUSUTAPHU TaI0UK
STWITAHINTA OujlaH XaMm yidaHaau. [lemak, TabiuM TU3UMHU CaMapagopiIuTrvuHU
OIIMPHIII, TIeJaTOTIAPHU 3aMOHABHI OUITUM Xam/ia aMaliuii KYHHKMa Ba MajlaKaiap
OwaH KypOJUIAaHTHPHWIN, YET dJ1 WIFOpP TaXpuOaldapuHU YpraHWIIl Ba TabIUM
amManuéTura TaAOMK ATHUII OYT'yHTM KYHHUHT J0713ap0 Bazudacumaup.

Jlactyp Ma3MyHM OJIMM TabJIMMHUHI HOPMAaTHB-XyKYKHMH acociapu Ba
KOHYHUWJIMK HOpMajapH, WIFOp TabJIUM TEXHOJOTHUIAPU Ba MEIAroruk mMaxopar,
TABIUM JKapa€Hiiapuia axO0opOT-KOMMYHHUKALMS TEXHOJOTHSUIAPUHM KYIUIAL,
aMaJiuii XOPY>KUM TUJI, TAZUMIIM TaXJIWJI Ba Kapop KaOys KWJIUII acociaapH, Maxcyc
dannap HETM3WIAa WIMHUN Ba aMaluid TAAKUKOTIAp, TEXHOJOTHUK TAapaKKUET Ba
VKyB KapaéHWHHW TAaIIKWJ OSTHINHWUHT 3aMOHABHU yciyOnapu Oyiinua cyHITH
IOTYKJap, MEAAarorHUHr KacOWil KOMNETEeHTJINTH Ba KPEaTUBIUTH, TJi00al
Nutepuer Ttapmoru, MylbTUMEAMA TU3UMIApU Ba MacodagaH YKUTHUII
yCyJUIapUHM V3JalTUpUIN OYyilmya siHTU OWIMM, KYHUKMa Ba MallaKaJapyuHU
AKUTAaHTUPUIITHU Ha3ap/a TyTaau.

Hactyp noupacuaa 6epuna€TraH MaB3yjap TabIuM coxXacu Oyiinua mejaror
KaJpiapHu KalTa Tail€piaml Ba MallakaCMHHU OIIMPUIN Ma3MyHH, cudaTd Ba



yJIQpHUHT Taléprapnurura KyWuiaaguraH yMyMHM Majaka Tajia0napu Ba YKYB
pexaliapu acocH/la IAaKUIAHTUPUITaH OYIu0, YHUHT Ma3MYyHH KaMUST PUBOKHU Ba
TaBJIUM—TapOUsl JKapaéHUHUHI MHHOBAIIMOH MacajajapH, OJIMHA TabJIUMHHUHT
HOPMAaTUB-XyKYKUH acociapy Ba KOHYHUWIMK XYXOKaTJIaph, WIFOP TablIuM
TEXHOJOTHSAJIApU Ba TMENaroruk MaxopaT, TabiuM Kapaéuiapuga ax0opot-
KOMMYHHKALHs TEXHOJOTHSIAPUHU KYyJUlall, aMajdudl XOpPWXKUWA THJ, THU3UMIIA
TaxJIWI Ba Kapop KaOys KWIMII acociapv, Maxcyc (aniap Herusuja WiIMHil Ba
aMaliui  TaJKUKOTJIAp, VYKYB JKApa€HWHU TaAIIKUJI OTUIIHUHI 3aMOHAaBUU
yciaybnapu OViinda CYHITH IOTYKJap, MEJarorHUHT KPeaTUB KOMIETEHTIUTHUHU
PUBOXJIAHTUPUII, ri0o0an VHTepHET TapMofu, MyJbTUMEIHAa THU3UMJIIApUJAH
doigananum Ba Maco@aBUMl YKUTHUUIHUHT 3aMOHABUM IIAKUIAPUHM KYJUIAII
Oyiimya Terunui OWIMM, KYHMKMa, Majlaka Ba KOMIETEHUMSIIAPHU
pUBOXKJIAHTHpUIITA WyHanTupuiarad. Kakta Ttaii€piam Ba Majaka OIIUPHIL
UYHATUMIIUHUHT Y3Ura X0C XyCyCHSTJIapu Xamja J0Ji3apd macananapuiaH Keauo
YUKKAH XOJIJa JacTypJa THUHIJIOBYMJIADHUHT Maxcyc (annap poupacuaaru
OwiIuM, KYHUMKMa, Majlaka XamjJa KOMIETEHIHsIapura Kyuunaaurad Ttaigadnap
TaKOMWUIAIITUPUIUIIN MYMKHH.

MoayaHuHr MaKkcaau Ba Basudaaapu

“3aMOHaBHI MaTEpPUAIIIYHOCIUK Ba HaHO(PU3MKA MOAYJIHMHHHI MAKCAIM:
nejaror KaApjapHM KailiTa Tai€pnaml Ba MallaKaCMHM  OIIMPHUII  KYpCH
TUHTJIOBYWIAPUHUA WIIFOP MAaTEpUANIIYHOCIUK (U3MKacu, HaHOpU3MKAa Ba
HAHOTEXHOJIOTHSJIAP COXACHJIard CYHITH SHTUWJIUKIAp, WIMHANA WYHAIUILIAPH,
TaAKUKOTIAp OOBEKTIIApU Ba YCYJJIapH, WIMHUNA H3JIaHUILIAD HaTHKalapu Ba
XOPWXKUN amabuétiap xakuaaru OWIMMIIApUHA TaKOMUJUTAIITHpHII, Oy 6opagaru
MyaMMOJIapHU aHUKJAII, TaxJIMJ OSTUII Ba Oaxonami, WIFOp TaxpuOaaapHH
VpraHvil Ba aMajja KyJulall KyHHMKMa Ba MajlaKallapuHU  IIaKJUIAH THPUIIIAH
udopataup.

MonayJ 0yiin4a THHIJIOBYMJIAPHUHT OWJIMMH, KYHHKMAaCH, MAJIaKACH Ba
KOMIIeTEHUMSIUIAPpUIa Ky HHJIaJurad Tajaadaap
“3amMOHaBHI MaTEPHAIIITYHOCIUK Ba HaHO(DU3UKA MOIYIMHH Y3IAIITAPHUII
xapa€HuJa amMalira OlMpUIIaIurad Macanainap JOUpacuaa:
TunrioBum:
- 3aMOHABHI MAaTEpPUANIIYHOCIUK Ba HAHO(DU3WKAHW aCOCUN MPUHITUILIAPH,
Y3BUIUINT U, STHTWIIMKJIApHU XaM/1a 3aMOHaBUH afabuériap;

- HAHOTEXHOJIOT HsIIap PHUBOKJIAHUIIIH, HAHOMAaTEPHUAIIITYHOCITUK Ba
HAaHO(M3WKAHU TIAK/UTAHUIIN, aCOCHUH KOHYHUSATIAp, Kam@uériap Ba WIMHM
E€HJaIIunIuIap;

- HAHOOOBEKTIIAp, HAHOTY3WJIMaJlap Ba  HaHOMAarepuauiap  coxacuja
SPUIIMITAH WIFOP WIMHK TaJAKUKOT HaTWKaJapuaaH camapaid ¢oigamaHuIn
xakuoa ounumnapea ’ea oyauuiu,

TuHrI0BYM:
- meaaroruk (HaoauAT KapaéHHHH MOTYJUIAIIITHPHIIL,
- Ha30parT XKapaéHWHH T3 Ba caMapad YTKa3a OJIUIIL;
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- HA30pATHUHT TYPJIM MIAKIUIAPUJIaH camapaiu QoilaiaHul,
- UHTEPAKTUB METOJIapHM MaKCaJJIM paBUILJA TYFPU TaHJIAIl Ba
doinananum
KVHUKMAAAPUHU 32aM1auiu,
TuHriaoBum:
- YKyB KypCUHUHI MOIYJIMHU TY3HIII,
-IOKOpU  BHEprusiap busukacu Ba actpopuszuka  MOJYJIMHU
CTPYKTYpaJallTUPHILI,
- TaJla0aJapHUHT MYCTaKWI aMaJiuii paoJIMSITUHN TAlTKWIT STHUIIL;
-Tanabanap OWIMMHHUHT HA30paTUHU TalIKWJI OTUII Ba DPUIIWITAH
HATWKATAPUHU TaXJIWJ STHIII,
- IHTEPAKTUB MeTo iIapaaH GhonamaHuIn
MANaKaiapuny 32ai1auu;
TunriaoBum:
- ¥3 coxacura ouj; axOOpOTHU MAaHTHKUI OJIOKJIapra aXXpaTHIll Ba aHUK, PaBOH
Xamjia TYIIyHapJIu paBuliga 6a€H dTUI;
- MOZYJUIM EHJIAINTYB aCOCHUJIA YKYB XKapa€HUHU TAIIKWII THIIL,
- TaXpuba TexXHoJIoOTHsapura EHJallyB acocuja TabiuM Ba TapOus
xKapaCHUHU OOIIKAPHUILL
- KOMMYHUKATUBJIMKHU Ba MYCTaKWJI (DaOTHMsTHU TAIIKWII STUII F03aCHJIaH
KOMNemeHYusaapHu 32auilauiu 103UM.
Monay/iHU TAIIKWI 3THII Ba YTKA3UII 0y iiU4a TaBCHAIAP
“3amMOHaBHIl MaTEPHAIIITYHOCIUK Ba HAHO(DHU3UKA” MOIYJIM Mabpy3a, aMaInii
Ba Ky4Ma MalIFyJIoTJIap MaKiuaa oaud oopunaam.
KypcHu yxuTuin xapaéHuga TabJIUMHUHT 3aMOHABUM METOIapH, axO00poT-
KOMMYHHKALHS TEXHOJOTHUSIIAPU KYIJUTAHUIIUILY Ha3apAa TYyTUJIraH:

- Mabpy3a Japciapuia 3aMOHAaBUN KOMIBIOTEP TEXHOJIOTHSIApU €paamuia
MIPE3EHTAIIMOH Ba JIEKTPOH-IUIAKTUK TEXHOJIOTUsIapiaH (HonjamaHuIIr;

- YTKa3WIaJurad amMalvil MallFyjnoTiaapAa TEXHUK BOCUTaJapAaH, dKCIpecc-
CYpoBiap, TeCT CYpoBIapu, Typyxjiu (UKpJaIl, KHUMK TypyXxjap OWaH HIILIIaI,
Ba OOIIIKA MHTEPAKTUB TABJIUM yCYJUIAPUHU KYJUIAIIL;

- Ky4Ma MamFyjaoTiapia 3aMOHABUU WIMHK Taxkpuba KypuiMmaniapu Ba
Ky3aTyB acOo0apy OuiaH OEBOCHTA TAHUIITHII

Ha3apoa mymunaou.

Moy JHHHT YKYB pe:kajaru 00mKa MoayJiiap OnjaaH O0FJINKJINTY Ba
Y3BUIJIUTH
“3amMOHaBHMI MaTepUAIIYHOCINK Ba HaHO(HW3WKA”® MOAYIU VKYB pekanaru
OuprHYM OJIOK Ba MyTaxacHCIWK (aHIapuHUHT Oapya coxayiapu OwWiaH y3BHM
OOFJIaHTaH XOJja TMeNaror XOJUMJIAPHUHT yYMYMHH Tal€prapiuk TapakacHHH
OIIMPUIITa XU3MaT KWIAJH.
Moy THUHT 01Nl TABJIUMIATH YPHH
MopaynHu V31alTUPUIT OpKaldW THHIJIOBUMJIAPHUHT TabJIUM >Kapa€HUHU
TAlIKWJI STUIIJA TEXHOJIOTMK EHAANIYB acociaapyuHu Ba Oy Oopajaru UIFop
TaxXpuOaHu YpraHaawiap, yJlapHU TaxJIHJI 3THII, amaija KyJuiaml Ba OaxoJaiira
JIOUp KacOMi KOMIETEHTIIMKKA Ara Oynaaunap.
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“3JamMoHaBMii MAaTEePHAJIIYHOCJIHK Ba HAHOPU3HUKA” MoAya Oyiiuya coatiap

TAKCUMOTH
Ayauropust
KYMJIAIAH
[
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en g | 2=
=
L Hanodu3zuka Ba MaTepralllllyHOCTUK 2 2
¢duznkacu acocnapu
2. | Merannap, kepamMuka Ba MojJMMepiap Xxamaa 2 2
yJiap acocujaru Ho€0 Ty3uiMalnap Ba
3aMOHABUIM MaTepUaIap
3. | Komno3utnap Ba GuomarepuaiapHu 2 2
OJIMHUIIY, TY3UJIUIIIHU, XOCCAIapu Ba
KYJUIAHULLIN
4, | 3aMOHaBHil MaTEpUAIIIYHOCIUK Ba 4
HaHO(PU3UKAAA WIMUANU-TAIKUKOT
00BEKTIapH, IPEIMETH Ba yCYILIapU
Kamnu 16 6 6 4

HA3APUI BA AMAJIMI MAIIFYJIOTJIAP MA3MYHHU

1-maB3y: Hanodusuka Ba MaTepuaJTIIYHOCJIUK (PU3NKACH aCOCTAPH.
Hanodwmsuka Ba matepuammyHocauk (usmkacu acocnapu. Kyiin Ba rokopu

MOJIEKYJISIp Maccalld MaTepHUaljiap Ba HaHOMaTEepUANIAPHUHT TY3WIHILH, TypiapH,
X0JaTiapu, Tu3uMiIapu, Mopdomorusnapu, Maxcyc pusuk xoccanapu. [lnenkanap
AHU30TPOIHUK XOCCAJAPUHU MOISPU3ALNOH-ONTHK YCYII/1a TAIKUK STHULL.

2-maB3y: MeTa/uiap, KepaMuKa Ba MOJUMepJIap acoCHIAard 3aMOHABHUIA
HOE0 MaTepHaJLIap.
Meramiap, HOMeTa/ap, MIXIIA, KEpAMHUKA, METaI-KEPaMUK KOTHIIMAajap,

OpraHMK Ba MOJUMEp OWpHKMaNap, METaJ-NoJUMep, MNOJIUMEP-KEPAMUK
Marepuauiap. Hanotonanap makimaHTUPUIIHUHT 3JIEKTPOCIMHHUHT YCYIIH.



3-maB3y: Komno3uraap, Omomarepuaniap oJTMHUIIH, TY3WINIIH,
xoccajiapu Ba KyJJIAHUIIH.
KoMnosutnap, maTpuna Ba TYIIUpyBUHIIAp, OumomaTepuasiap, YJIapHUHT
OJIMHUINM, TY3WIMIIM, XOcCCajapd Ba KYyJUIAaHUIIW. TepMoIulactiap acocuaa
KaTJIaMJI MaTepHAJIIap MIAKUIAHTUPHUIIIHY HAMOWHII STUL.

4-Mag3y: 3aMoOHaBHii MaTepPUATIIYHOCJIUK Ba HAaHO(U3MKAAa HIMUM-
TAAKUKOT 00beKTJIApH, IPeAMETH Ba YCYJ/LUIapu.
3aMOHaBUIl MaTepUANIIYHOCTMK Ba HaHODM3MKaga WIMHKA-TAAKUKOT
o0beKTIapu, TpeAMEeTH Ba ycymiapu. HaHomarepuamiap — yCTYBODJINIH,
ad3auUTy, UIMUH Ba TEXHOJIOTUK MyaMMOJIApUHUHT JOJI3apOITUTH.
HanooObexTnap, HaHOCTPYKTypajap, HAaHOTU3UMIIAp Ba HAHOKOMIIO3MTIIAp
HIAKJUIAHUIIHY, HOEO (hU3UK XOoccamapy Ba HCTUKOOJUIH.

KYUYMA MAIIFYJIOT MASMYHHA

Kyuma wmamrynotnap MoAyn coxacu OVilMda eTakyd oMM TabJIUM
kadenpanapu Ba WIMUN-TAAKUKOT Myaccacajapu J1abopaTtopusuiapy Xamjaa uiiad
YUKapHUIIl KOpXOHajdapu OYIumiapuja TaIIKWI 3THiIaad. Maskyp MaluryjaoTiap
coxara ouj A0i3ap0 MaB3ynapja TaxpuOa-CMHOB Ba JIa0OpaTOpUsi MaLIFyJIOTIaApH
XaMmJa TaHWIIYB amManuéru Imakwiapuga onud Oopunamu. LllyHunrnek,
TabKUJJIAHTaH Myaccacajgap Ba KOPXOHAJIAP €TaKYd MyTaxacCHUCIapu TOMOHUIAH
pecryOyiika Ba XOPWXKMM MIMHM Mapkasjiapia coxa HWYHaIuIIuiga amalra
OIMMPUIIAETIaH WIFOp WIMHI Ba aMallui TAAKUKOTIAp Oyinya Tax)IMJINK mapxjap
OeprIIUIIIA MacKaara MyBOQUKIUD.

Kyuma mamrynoTinap ydyH Kyduaarda MaB3yJjap TaBCUS STUIAIHU:

1 maB3y: 3aMOHaBHIl MaTEPUATIITYHOCIUK Ba HAHOPU3UKAAA UIMUAN-TATKAKOT
00BEKTIapH, MPEIMETH Ba yCYJLIapH.

YKUTUII INAKJLJIAPA
Maskyp Moayn O6yiinda Kyiuaaru YKATUII aKuiapuaad Gonananuiaim:

- Mabpy3ajlap, aMaliuii MalFyjaoTiap (3aMOHABU MaTEpPUAIIIYHOCIUK Ba
HAaHOPU3UKAHU Y3damTupuil, Oy coxXaaard OWIMMIApHU aMaluil —KYyJiam
MaJaKacCWHU Odrajijiall, HaHOATEPUAIIIYHOCTUK Ba HAHO(DU3WKAHUHT YPHUHU
aHIJIall, y3JalmlTUpWIraH OWIMMIIApHM  y3JyKCU3  paBuIlla CcuUHA0 Ba
MycTaxkamiiad 0opuii);

-amManuii  TaxkpuOanap Ba  yJapHM ~— MyXoKamalapu  (3aMOHA4YBUi
MATEPHAIITYHOCIUK Ba HaHOQU3WKara OWJ aMaluil TaxpuOamap YTKa3ul,
HaTHXKaJapHU MyXOKama 3TUII, Ha3apuil Ba aMaliuii OUIuMIIapHU YKyB Ba WIMHIA
TaJIKUKOTJIap/ia KyJuiail OJMIN MajlakaCUHU Arajuial);

- Y3NMalTupuiIrad OuiauMIapHu TaXJ Il 3TUII Ba MyCTaxKamJiaill (Mabpy3anap
Ba aMaluid Maluryilomiap Oyiimya y3namrupuirad OWIMMIIADHU 3aMOHAaBU
MaTepUaIyHOCIUK Ba HAHO(PU3MKA HYKTauW Ha3apuJiaH TaxXJuj KWIHUIL, 3apyp
Xojapaa — Kymumua — agabuériap  Mmarepuasiapy  OunaH  OoMudTuI,
YyKypJALITUPUII Ba SHaJAa MyKaMaJJTaITUPUO OOpHUIl KYHUKMACHHU 3Tajijian).
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Taiépiam Ba MajaKaCUHU OIIMPHII TU3UMHHH SHAJa TaKOMIJUIAMITHPHUII Yopa-
tapoupiapu Tyrpucuaa’’ ru [1d-4732-connu dapMoHu.

8. V36exucron Pecny6mukacu IIpesuaentunuur 2017 iiun 7 despangaru
“¥V36eKucTon PecnnyOnukacuuu sitHajja pUBOXKJIAHTHpHUIN Oyiinda Xapakatiap
cTparerusacu Tyrpucuna’tu 4947-connun @apMoHH.

9. V36ekucron Pecny6mukacu IIpesunentuaunr 2018 jimn 3 despanmaru
“XOTHUH-KU3JapHU KYJJIa0-KyBBaTjall Ba OWJIAa MHCTUTYTHHH MYCTaXKamJlall
coxacumaru  (aomuaTHH  TyOJaH — TAaKOMWUIAIITHPHIN  4YOopa-TaaOupiiapu
Tyrpucuna’’tu [1d-5325-connu dapmonu.

10. V36ekucron Pecnnyonukacu Ilpesunentununr 2019 vwn 17 uronmaru
“2019-2023 immrapaa  Mupso  YayrGek HoMHmard Y36ekucToH Muuinit
YHUBEPCHUTETHIa Tajgad OKOpH OYiraH Majakaiu Kaapiap Tai€priaml THU3UMUHU
TyOJaH TaKOMWUIAIITUPUIN Ba WIMHANA CAJIOXUSITHHU PHBOXKIAHTUPU dYopa-
tagoupnapu tyrpucuna’tu [1K-4358-connmu Kapopu.

11. V36ekucTon Pecnny6mukacu Ilpesmnentununr 2019 #iun 11 uronnmaru
«Onuii Ba ¥pTa Maxcyc TabJUM TH3UMUTA OOMIKAPYBHHUHT STHTM TaMOWWJUIAPUHU
XKopui dTHII Yopa-Tagbupnapu Tyrpucuaa »ru [1K-4391- connu Kapopwu.

12. V36exucTon Pecnyonukacu Ilpesunentununr 2019 iun 11 urongaru
«Onuil Ba ypTa Maxcyc TabJIUM coXacujaa OOIIKAPYBHU MCJIOX KWUJIUII 4Hopa-
tagoupnapu Tyrpucuganru [1D-5763-con @apmoHmu.

13. V36ekucron Pecny6mukacu ITpesunenturnar 2019 iinn 27 aBrycriard
“Onuit TapIUM Myaccacajapw pax0ap Ba TMeJaror KaJpJIapuHUHT Y3ITyKCHU3
MaJaKaCuHU OLLIMPHILI TU3UMUHU KOpUH ATUIL TYFpUCHIA’ TH
[1D-5789-connmu DapmoHw.

14. V36ekucron Pecry6imkacu Ilpesupentuauar “2019-2021 iimmapna
V36ekncTon PecryOnMKacHHY WHHOBALIMOH PHBOMKIAHTHPHUIN CTPATETHACHHH
tacaukiam Tyrpucuaa’tu 2018 iun 21 centadpaaru [1d-5544-connu Gapmonu.
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15. V36ekucTon Pecny6nukacu Ilpesuaentununr 2019 #un 27 maiinaru
“V36exncTon PecryGmukacuia KOppyHIUATa KapIli KypallMil TH3AMHHH SHAIa
TAaKOMWJUTAIITUPUIL Yopa-Tagoupiapu tyrpucuaa’ v [1d-5729-con Gapmonu.

16. V36exucron Pecry6mukacu ITpesumenturunar 2017 #iun 2 ¢peppangaru
“Koppynumsra Kaplii Kypalluil TYFpHCHAA TH Y36eKkucToH Pecry6nmkacu
KOHYHUHUHT KOMaTapyuHU amalira OLIKMPHII Yopa-Tagoupaapu Tyrpucuaa’ru 11K-
2752-connu Kapopu.

17. V36exucron Pecriy6mukacu ITpesuneHTnHEAT "ONHil TABINM TH3UMHUHH
sHa/la PUBOKJIAHTUPHUIL Yopa-Taadupnapu tyrpucuaa’tu 2017 viun 20 anpenaaru
ITK-2909-connu Kapopwu.

18. V36exucron Pecny6mukacu IlpesumeHTHHUET “Oiuil  MabIyMOTIIH
MyTaxaccuciap Tadépnaml cu(aTMHM OWIMPHILIA HUKTUCOAMET cOXalapu Ba
TAQPMOKJIAPUHUHT  MINTHPOKWHHM  sIHaJla  KEHTaWTUpUII  Yopa-Taadupiapu
tyrpucuaa’ru 2017 itun 27 urongaru 11K-3151-connu Kapopu.

19. V36ekucron Pecnybnukacu Ilpesmaentununr “HopaBnat Tabium
XU3MaTiaapu Kypcatuil (AoJUSTUHU SHAJla PUBOXIAHTUPHUII 4YOopa-Taadupiapu
tyrpucuaa’ru 2017 vun 15 cenrsadpaaru [1K-3276-connu Kapopu.

20. V36exucton  Pecny6nmkacu — IlpesupeHTHHMHr  “Onmii  TabiuM
Myaccacajapyia TabiuM CU(ATHUHHU OLIMPHUIN Ba YJIApHUHI MamJlakaTia aMmalra
OlIMpUIAETTaH KEHI KaMpOBIM HCIOXOTiapAa (paosl MIITUPOKMHU TabMMHJIALI
Oyinua KymuMua dopa-tagoupiap tyrpucuga’tu 2018 #wmnm 5 uroHgaru
[TK-3775-connu Kapopu.

21. V36exucron Pecny6imkacu Basupmap Maxkamacuauar 2012 i
26 centsabpnarn  “Onuil TapaMM Myaccacajlapd IeJaror KaJpJlapuHM KailTa
Tail€piaml  Ba  yJapHUHI  MajakaCMHM  OLIMPUII  TU3UMUHU  sHajJa
TaKOMIJIJIAITHPHUII Yopa-Tagoupiiapu Tyrpucuaa’tu 278-connu Kapopwu.

III. Maxcyc agaduériaap

22. Introduction to Materials Sciences and Engineering. Techbooks/GTS,
2005. - P.22.

23. William D. Callister Jr. Materials Sciences and Engineering. An
Introduction. John Wiley & Sons. Ins. 2010. — P. 1000.

24. Dieter Vollath  Nanoparticles-Nanocomposites-Nanomaterials.  An
introduction for beginners. — Wiley-VCH Verlag GHbH &Co.KGaA, Boschstr.
Weinheim, Germany, 2013. — P. 322.

25. Mustafa Akay. Introduction to Polymer Science and Technology &
Ventus Publishing ApS, 2012, - P.169.

26. Xolmuminov A.A. Polimerlar fizikasi. Toshkent.: Universitet. — 2015. —
252 b.
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IV. UuTepHer caiTiiap
27. V36exucron Pecriy6nukacu Onmii Ba ¥pTa Maxcyc TabIMM Ba3UPIIULHU:
www.edu.uz.
28. bou uaMui-MeTOIMK Mapka3: www.bimm.uz
29. www. Ziyonet. Uz
30. http://adsabs.harvard.edu
31. www.arxiv.org
32. http://hea.iki.rssi.ru/HEAD_RUS/links_k.htm
33. https://books.google.com/books?isbn=0226069710
34. https://books.google.com/books?isbn=0226724573
35. https// nuclphys.sinp.msu.ru/
36. http://www.knigapoisk.ru/book
37. www.natlib.uz
38. www.twirpx.com
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II. MOAYJIHU YKUTHIIJIA ®OUJATAHNIAJUTAH
UHTPE®AOJ TABJIUM METO/JIAPHU

“SWOT-Taxinia” MeToau.

MeToqHUHT MakKcaaM: MaBXyJ Hazapuil Owiaumiap Ba aMalnuid
TaXpuOadapHU TaxJWil KWIKII, TaKKocHall OpKaJIM MYaMMOHHM XaJl HSTHII
WynnapHu TomMINra, OWJIUMIAPHM MYyCTaxKamiialll, TakpopJjauml, Oaxosnaiira,
MYCTaKWJ, TaHKUIUWA (UKpJIANIHK, HOCTAHAAPT Ta(akKypHU IIAKIIAaHTUPUILTA
XU3MaT KUiIaJau.

S — (strength) * KyUIII TOMOHTIAPII
W — (weakness) * 3a1), KyUCI3 TOMOHTIAPII

O — (opportunity) * IIMKOHIIATIAPIT

T — (threat)

TYCHKIap

Hamyna: 3amonaBuii mMarepuanmyHocTukHUHT SWOT Ttaxjnunuuu ymoy
’ajJBajra TYyIIUPUHT.

s 3aMOHaBUH MaTEpUAIIYHOCIUKHUHT Kywid | MarepuanmyHocnuk — Qannapy  Ba
TOMOHJIapU MYyXaHIUCIUTUHUHT XaMKOPJIUTU

3aMOHaBUI MaTEPHAIIYHOCIMKHUHT Kydcu3 | 3aMOHaBUil MaTepuayiap spaTHILIHUHT

W TOMOHJIApU HOEO XOM-alénap Ba sIHTU TEXHOJIOTUs-
Japra SXTUEKUHUHT I0KOPHU SKAHIIUTU

0 3aMOHaBHUI MaTEepPHAIIIYHOCIUKHUHT WuHoBanmoH wmmad  YHMKAPUIIHUHT

UMKOHMATIApU (MUKH) KEHT' KYJJIaHWIIH Ba caMapaiopiauru
Tycuknap (Tamku) 3aMOHaBMI  MaTepuaUIapHM  MIUIA0
T YUKapullga  KymMMya  XapakaTiap
naiigo oy
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Xyaocanam (Pe3rome, Beep) meroau
MeToaHMHI MAaKCaaM:
Kazap,
MeTOoaHUHT MOXUSTU IIyHIAaH UOOpaTku, OyHIa MaB3YHUHI TYPJIM TapMOKJIapu

by wMerox mypakkad, Kynm TapMOKJIH, MYMKHUH

MyaMMOJIM ~ XapakTepuJard MaB3yJapHU YpraHuiira KapaTHITaH.
Oyitnua Oup xui axOopoT Oepuiiaay Ba alHU MANTAA, YIAPHUHT Xap OUpHU amoxuaa
acmeKkTyiapja MyxokaMa »JTuiagud. MacanaH, MyaMMO WKOOuUW Ba canOuit
ToMOHIapH, ad3auiuk, (a3uiaT Ba KaMuWIuKiIapu, goiiaa Ba 3apapiapu Oyiinua
Vpranwiaau. by wuHTepdaon meToa TaHKUIAUNM, TaXJIWINH, AHUK MaHTUKUN
MyBadpakuaTIu
MYCTaKWI Fosiiapu, GUKpiIapuHu €3Ma Ba OF3aKd IIAKJIAA TU3UMIIA Oa€H ITHIII,

(buKpnanHu PUBOXJIAHTHpUIITA  XamMJa YKYBUWJIAPHUHT

XUMOSI KWIMINTa WMKOHUAT sparanu. “Xyjocanamr’  METOAUJAH Mabpy3a

MaIlIFyJIOTIapyuaa UHIAUBUAYA Ba XKyQTIUKIApJard Wil MIaKIWIa, amaluil Ba
CEeMHMHap MAIFyJIoTJapyaa KUYUK TypyxJjapaard vl Iakjinjaa MaB3y l03acujiaH
OWNMMMIIApHU MyCTaxKamJjail, TaxJIWid KWJWII Ba TaKKOCJIAll Makcaaua

¢doiinanaHuI MyMKHUH.

MeTonHu amMaJjira OIUpPUII TAPTUOU:

TpeHEP-YKUTYBUM UIITUPOKYMIAPHU S5-0 KUIIKUIAH HOOpAT KHIUK
rypyxJjapra axparaiu;

TPEHUHT MaKCaJy, MapTIapy Ba TApTUON OWJIaH UIITHPOKIHIIAPHU

TaHUIITUPray, Xap Oup rypyxra yMyMuid MyaMMOHH TaxJIAJI KMJIMHUTITN
3apyp OyaraH KucMiapH TYIIMPUIITaH TapKaTMa MaTepualijiapHU

Xap Oup rypyx y3ura OepuiaraH MyaMMOHH aTpodinya Tax i KUiuo,
¥3 MyJloXa3aJIapuHHA TaBCHS dTUIAETraH cxeMa Oyiinda Tapkarmara €3ma
0aéH KuiIagu;

HaBOaTmaru 6ockuyaa 6apya rypyxJap ¥3 TakKIuMOTIapHHHA
yrkazaawiap. lllynaan cyHr, TpeHep TOMOHUAAH TaxXJusuiap
YMYMJIAIITAPUIIATIH, 3aPYPHI aX00pOTIp OWIIaH TYJIIUPUIAIA MaB3y

HamyHna:
Marepuasiap KHécuil TaXJIMJIH
Metaua Kepamuka IHonumep
apzaumury | KaMywidry | ad3amura - | KaMYMIure ad3aMrd - | KAMYUITUTH
Mycraxkawm, Orup, roxkopn | FOxopu Mypr, orup, Enrun, mact IOxopu
KaTTHUK,AJIEKTp | XapopaTaa xapopariapra | Haduc xapopamiapaa | xapopatiap
-UCCUKJINKHHN KaﬁTa quaaMIIn, KaﬁTa HIijaa- Ba Ky4JIn
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XTI nnuIaHaau, XOM-aIé Haau, 3aXypa- MEXaHHUK
S'ITKaSaI[I/I 3aHrIanau 3axyupacu CH KaTTa TabCUpJapra
KaTtTa qugaMCH3

XyJ10ca: bapua mateprauiap XxaM Y3MHHHT a(3aJUTiry Ba KAMUYKIIUTH OriTaH Oup Oupuaan
Kuui dapkiranaay. JIekuH, yrapHUHT KOMIDICKC Tap3/ia aMaliui KYJIaHHIINA KaMYIIAKIApH
Oaprapad >TrnuImmMra Ba ad3aUTMKIAPHHA SHA/IA OUTHPHUILITa UMKOH OepaIu.

“Keiic-cTaaun” MeTOaU

«Keiic-ctaam» - uHram3ua cy3 O0ynuoO, («case» — aHUK Ba3uAT, XOJMCA,
«study» — ypraHmMok, TaxJIuid KWJIMOK) aHHK Ba3USATIAPHH YPraHWII, TaXJIu
KWIKII acOoCHJIa YKUTHUIIHUA amajra OIIMPHUINTra KapaTUiIraH METO ] XUCOOJIaHaIu.
Maskyp wMeroxa gactnad 1921 imn  D'apBapa yHuUBepcuTeTHIA aMaiuil
Ba3USATIApAAH WKTUCOAUU OomkapyB (annapunu Ypranumga doiganaHul
tapTuOuaa Kymanwirad.Keiicma ouunk axOoporiapaad €KUM aHUK —BOKea-
XOJIMCalaH BazuAT cudartuga Taxawl ydyH Qoiganmanum MyMmkuH. Keiic
XapakaTinapu y3 wumra KyuuparuigapHu kampad onaau:  Kum (Who), Kauon
(When), Kaepna (Where), Huma yuyn (Why), Kangait/Kanaka (How), Huma-
Hatuxka (What).

“Keiic MeTOAM” HU aMAaJira OMUpPUII 00CKHUYJIAPH

N DA0HUAT IAKIU
0ocKuwiIapu Ba Ma3MYHH

<

1-6ockuu: Keiic Ba yHHMHT SKKa TapTUOIaru ayIM0-BU3Yyasl UIll;

ax0opoT TabMUHOTH Owiad | v Kelic Ouiad TaHMIIMII(MATHIIM, AyAHO0 EKU
TAHUTITHPHUII MeJua IIaKiia);

v/ axOOpPOTHH YMYMIIALITH PHUIIL;

v’ ax6opoT TaXJIWiIu;

v\ MyaMMOJIapHH aHHKJIAIIl
2-0ocku4: Keiicau v HHIWBHUYaJ Ba TYPyX/a HIILIALL;
AHUKJIAIITHPHUII Ba YKYB v\ MyaMMOJIapHH JI0J3apOJIUK HEPAPXUSICHHH
TOMIIUPUFHY OENTHIIAIT aHWKJIAI,

v/ acoCcHii MyaMMOJIH BasHsTHU GeJITHIIALL
3-06ockuu: Keiicmarn acocuii | v/ MHAMBHIYa Ba TYPyX/ia HIILIALL,
MyaMMOHH  TaxJWi  OTHII | v MyKOOWJI €4MM HYIJIapHHN MIUIA0 YHKHMIIL,
OpKalK YKyB TONIIUPUFUHHHT | v\ Xap OWp €YMMHHHI HWMKOHHUSATIAPH Ba

CUMMMHHU H3JIalll, XaJd OTHII TSI’CI/IKJ'IapHI/I TaXJINJI KWUJIUII,

<\

HYIlapuHy Uiad YuKUIn MYKOOUJI €4MMJIapHU TaHJIalll

<\

4-0ocknu: Keiic  eunMunmn SAKKa Ba rypyx/ia UIJIalIl;

CYMMHMHHU [NAKIUIAHTHPHUIN Ba | v/ MyKOOWJI BapuaHTIapHHA aMaija KyJUIalll
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acocailll, TaKJuMOT. MMKOHUSTIIAPUHHU ACOCIIAIl;
v WKOAUN-I0MKXa TaKAMMOTHHY TalépIall;
v/ SAKyHHMH XyJoca Ba BasUAT EYMMHUHHMHT

aMaJIMK acIIeKTIapUHU EPUTHUIL

Keiic. KoMno3ut Marepuall IaKk/UIAHTUPUILI YIYH KOMIIOHEHTJIAP TaHJIAH]IH.
VYnapau cyrok ¢azara yTkazul apaialiTUPUINIA CYIOKIAHUIIT XapopaTH XapXuiru
Oyiinya MmyaMMo kenu0O 4yukau. KoMmo3uT onuin ydyyH sSIHTUYa WIMHUN €HJIAUIUII
Tajiad dTUIMOK/IA.

KeiicHu 6a:kapuin 6ocKuMIapu Ba TONIIHPUKIAP:

 Keficgarm MyaMMOHI KeNTIHPIO UIIKAPTaH acocHii cadadmapHII
OenrmnaHT( IHIIBIAYAMI Ba KITUIK I'YPYX/Ia).

* MoOnn umoBaHI HIMra TYIMIIPUIT VIYH OaxkapiiiafariiHa Hiap
KeTMa-KeTINTITHI OeNTIIaHT (3KY (PTIITKITap AT ITIT ).
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I1l. HABAPUM MABJYMOTJIAP

1-maB3y: MaTepua/JIIyHOCIMK (PU3UKACH acOCIapH Ba 3aMOHABHIA
MaTepya/Iap IAK/IVIAHTUPUINHUHT (PU3MK OMHJLUIAPH XaM/a
YCTYBOP UyHAJIHILTIAPH

Pexa

1. MarepuaniryHOCIUK (PU3UKACUHUHT IPEIMETH, MaTepraiap TAaCHU(H,
MIAKTAHTUPUITUIIMHUHT (PU3UK OMUIUIAPU Ba UMKOHUSITIIAPH;

2. Mertain Ba KepaMHK MaTepraiap XaMm/Jaa yJapHUHT pU3UK TaBcu(apu;

3. Tlomumep Ba KOMIIO3UT MaTepuaiap XamJa yJapHUHT pu3ukacu
TaBcudIap;

4. AKJITM Ba DJIEKTPOHUK MaTepUasuiap Ba YIApHUHT KYJIaHUIIIN;

o

Hanomartepuasiap Ba yJapHUHT y3Ura Xoc HOEO xoccaiapu.

6. MatepuanmyHociIuK (U3UKACHUHT aCOCUI MYHamuIapu

Tasinu wmOopanap: 3amonaguii MamepualiyHOCIUK, MaAmMepuaruLyHOCIuK
mypaapu 6a UYHATUWAAPU, Memall, Kepamuk, NoauMep, KOMNOo3um, axuiu,

INEKMPOHUK MAMEPUALLAD, HAHOMAMEPUALLAP, MAXCYC 84 HOEO Mamepuaiiap.

1. MarepuajuryHOCJuK (GU3NKACUHUHT NPeIMeTH, MaTepUuaLiIap TacHupu,
IAKJIAHTHPUJIMIIMHUHT (PU3MK OMWILIIAPH BA HMKOHUATIAPH

MarepuanimyHocIuk - Oup Kartop ¢aH coxajgapuHu Yy3ujga OupamTHpras,
MaTepHAJUIAPHUHT XOCCATAPUHU Y3TapUIlIMHUA XaM KaTTHK, XaM CYIOK XoJiaTiap/a
Typau dakTtopiapra 6ornuk ypranagu. Ly Gomc maTepuanimyHOCIUK - METa,
HOMETAJI, KEepaMUK, OpraHWK OWpUKMarap Ba TMOJUMEpJap AacoCHIaru
MaTEepHAUIAPHUHT XOCCa Ba XYyCYCHATIApPH XaMJa yJIApHUHT  OJMHMUIIL,
CTPYKTYpaBUH IAKIUIAHUI, Y3ap0 TabCUPJANIUII, OWPHUKHUIN Ba MapyaTaHHII
KOHYHUATIApH Xakuparu (augup 1. YMymmuil xomma Maskyp (aH MaTepHaiiap
TY3WIHIIHN, XOCCAJIAPH Ba yJlapAaru >Kapa€¢HJIapHUW YpPraHMIUra WYHAITUPWITaH
Oynub, y Marepuayyiap MYyXaHIUCIWTA OunaH y3BuUW Oornmukaup. YyHKH
MaTepHuaiap MYXaHAWCIUTUHUHT acOCHHHM (yHJIaMEHTaJ Ba aMaliuii Owimmiiap
Oenrwmaiiin xamja yjaapra TasHraH XOojJa HKTUCOAHMET dXTUEKIAPU YUYH 3apyp
OyJraH MaxcyJoTiap UILiad YuKapuiaau.

ManbiayMKu, MaTepruauiap aCOCUHU €p I03Uard dJIeMEHTIap Ba OMpUKMaap

Y Introduction to Materials Sciences and Engineering. Techbooks/GTS, 2005. - P.22.
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Tamkun stagul. l-oxamBamma Oy Xxakga MabiaymoTiap OepunraH. Kenmaxkakmaa
yJIapHUHT cadu SHTU Kanid STUITaH KOCMHUK dJIeMeHTIap Ouiian OOHnuTUIaIu.

Table 1.1 The most common elameants 0 olanst gartn s onus?

and simocenhnans oY WalOnl BErcaniacss and Youame

Veight percenlage

Element al the earth’s crast
Chxvgpen (1] df.all
Silrcon (=i 2T7. 73
Alurmuniam (AL =.13
Lrom (Fal 5.0H)
Caleiurm {1Ca) 3.Aa4
Socliwm (2Ma) 2.3
Polassauarm (K] 2.7
Mlagnesiuom (Mg) 2.0

Tatal 9. T
Craas Perceni of dry air by volume

Mitrogen (M)
Checwmen (LD

Argom {AT)

Carbon duaxide {1

TELLE
20045
.93
o.o3

1-xansan. Ep koouru Ba atMocdepaaa Tapkairad sjaemeHTaap [1]

JiieMeHTIAp Ep koburugaru maccasuii ¢ponsu, %
Kucaopoa (O) 46,60

Kpemuuii (Si) 21,72

Amromunuii (Al) 8,13

Temup (Fe) 5,00

Kaabuuii (Ca) 3,63

Hatpunii (Na) 2,83

Kamnii (K) 2,70

Maruuii (Mg) 2,09

Kamu 98,70

T"aznap Kypyk xaBo xaxxmuaaru gousu, %
Asor (N2) 78,08

Kucaopox (02) 20,95

Apron (Ar) 0,93

Kap6onart anruapua (CO2) 0,03

Kamu 99,99

Yy snemeHTIap Ba OMpUKManap acocuja TypJid XWil Matepuaiap TadOunii
Ba CUHTETHK Kapa€Hyap BocUTacua MaKIaHTUpuiIaau. by coxana ssHTujan ssHru

! Introduction to Materials Sciences and Engineering. Techbooks/GTS, 2005. - P.22.
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Marepuasiap sipaTuil 0opacuaa y3ayKCH3 paBUIllia U3JIaHUIILIAP 0IU0 Oopuiiau.
XKymnaman, MammHACO3IUK COXAaCH YYyH IOKOPH XapopaTiapra 4Yuaamiu, yTa
MyCTaxKaMm MaTepuasuiap sipaTuill A0ia3ap0 Oyiica, 2IeKTPOTeXHUKaIa 3ca 11y Kabu
SIHTY MaTepHAIIApPHU SIPAaTUIIUIIKM FOKOPH Xapopatiapja caMapad HILIaiauran
AJIEKTPOHUKA KypWJIMallapu Ba acOo0sapu UILIa0 YUKApUILl HYHATTUPUITAHIUP.

ABHMAcO3NMKIa MaTepUAUIAPHUHT YTa MYCTaXKaMJIMTH Ba CHTUJUIATH
yctyBopaup. KumEBuii  TexHOMOTHS Ba  Marepuauiap  MYXaHIUCIUTHIA
YCTYBOPJIMK JKUXAT KOPPO3HSTa YMJaMIN MaxCyJOTJIApHU SPATUIITa KapaTHUITaH
O6ynmanu. Typnu caHOaT TapMOKJIApU aKJUIM MaTepHaliap Ba KypuiMmaliap Xamia
MUKPODJICKTPOH TH3UMJIAp SPATHIN Ba YJIapHH HOEO XOCcCaJlapHM aHMKJIAIIIa
CeHCOpJIap Ba akTUBaTopiap cudaruga amManuid Kymiam Oopacuga Qaonust
fopuTagu. X03upAa MaTepHaIyHOCIHUKA sTHa Oup noi3ap0 iyHanwum cudaTtuaa
HaHOMaTrepuasiap OViauo, yJapHU sSpaTUIll Ba amMalnuil Kysutam Oyinda TyHEHUHT
Oup Karop eTakud MamjakaTiapuaa WIMHAK-TAAKHKOTIAp OIUO OOpHIMOK/IA.
KuméBnii Ba MexaHMK Xoccajapu OwWilaH HaHOMaTtepuaijap Oup KaTop
ad3auMKIIapra sra SKaHIWTHHH, aiHUKCA, THOOMET Ba DJIEKTPOHHKA COXACHIa
y3ura xoc HOEO XyCycCUATIapHM HAMOEH KWIMILHM, yiapra OyiraH TtanaOHMU sHaza
omupud 1O60PMOKIA.

3aMOHaBHI MaTepuaUlapHU UNUIA0 YUKAPHUII MAaTEPUATIIYHOCIUK Ba
KOHCTPYKIIMOH MaTepuaIapHd YMYMIIAIITUPTaH COXACHHHU BY)XKYIra KeITHUpaIu
XaMmjla ylnapHU TapKUOMI MOXMATH KyHHIArd YM3Ma OPKAJIU TYLIYHTHPHIIAIH *

Muoterizls science and
Materials science Engineering Materinls enginesering

Resaliant nowladge
af the siructure,
ronerties, Processing, fe——
and performance of
engineering materiols

Basic knowladge
ol maserials

Applizd knowledge
af maierizls

MaTepManwyHocnMK Ba

MatepHanwyHocNMK KOHCTPYKUMOH MaTepMannap Marepuan nwnad “YuKapuw
MarepuannapHWHr KoHeTpYKUMOH MaTepuannapHWHI
chryHoameHTan =) | MATEpPUANNAP TYSMAMLWAK, ¢== | amanui acocnapm
acocnapm XOCCACH, KAMTa MWINaW Ba

Mwnadé YMKapyBYaHMNUK
¥aKuaa MasnymoTnap
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bynra acocan, MarepuamiapHuUHT (QyHAaMEHTal Ba aMaldid acociapu
Ma)KMyacHl KOHCTPYKIIMOH Marepuajiap TY3WIMIIM, XOCCacH, KalTa WIuIall Ba
uniad YuKapyBUYAHJIMK XaKUIard MabiyMoTiaap 0a3acUHU BYXKYIra KeITupaiu.
VYnanp acocupa Ty3wiran ymly auarpamMmaza marepuamiap (Qaniapd Ba
TeXHUKAHUHT KaHAah Kuinbd dyHmaMmeHTan (aHiapjaH MyXaHIUCIUK (aHiiapura
TOMOH OMJIMMIIAp KYIIPUTUHY MIAK/UIAHTUPUIIM HAMOWHUII >THraH’,
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JluarpamMma ydta Xajika Ba yjap opacujaa danHinap HYHaIMHUII TapTHOH
udonanoBun EHCMMOH  CcTpenkalapjaaH wubopataup. Mapkasuii  xankaja
dbynnamentan dannap, ypra xajikaga MaTEpPHAINIYHOCIUK Ba CHUPTKU XalKaaa
MYXaHJIUCIHUK UOaaIaHTaH.

MarepuaniyHoCIUK Ba MYyXaHJIHCIWKKAa OeBocuTa OOFIMK OynraH danap
MyIITA PaHTAard CEKTOp KYPUHUIINAA KeATHpWirad. by cexkTtop Ma3MyHaH
OwnmuMiap Kynpura 1ae0 9bTUpod ATWIraH.  MaTepuaniIyHOCIWK — Ba
MYyXaHJUCINKKa JHT SKUH coxaiap Oy MeTaiuiap, KepamMuKa Ba MOJUMEpPIApAMD.
Bbynra OyryHru KyHaa skajgan puBOXIaHUO KelaéTraH HaHOMaTepuaiap Kupaim.

Mamepuannap mypaapu. 3aMOHaBUN Matepuauiap V3JIapHUHT MOXHUSTHUTA
Kapab yuTa acocwil sbHM (QyHAAMEHTal CcuHOIapra axpaTuiagd: Memal
mamepuaniiap, NoauMep Mamepuaiap;, Kepamux mamepuaniap. YIApHUHT
MYXUM JKAXATJIApU MEXaHUK, AIEKTPHUK Ba (PU3HUK XOoccanapuaup. Yoy acocuit y4a
CUH(] MyXaHIUCIUKIA MyXUM OYJIraH siHa WMKKWATa amanuili cuHduap OynuHamu:
KOMRO3UM MAmMepuaiiap Ba 21eKmpoHuK mamepuaiiap. 3aMOHAaBUI MaTepHaiap
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cuH(uUra siHa UKKUTa rypyxra OujJ Marepuamiap, SbHU “aKuii’ Marepuaiap Ba
HaHOMaTepuaulap Kupaau. TapkuanaHran MaTepuaiap Xakuia TyXTanamMus.

2. MeTaJs Ba KepaMHUK MaTepuaLiap XxamM/Ja yJapHUHT ¢pusuk taBcuduiapu

a) Memann mamepuannap. Ym0y Matepualap HOOPTaHHMK MOJanap
0ynuo, ynap Oup €xku Oup HeyTa METaul JIEMEHTIap Ty3wiaraH Oyiaau Ba ynap
TapKUOUTa HOMETAJJT OMpUKMAalIap XaM KUPHIIA MYMKWHH. MeTail MaTepuasuiap
TAPKUOMHU TAITKWJI 3TYBYH aCOCHUH JIEMEHTIIAp TEMUP, MUC, ATFOMUHUH, HUKEIIb,
TUTaH Ba Iy kKaOuiap xucoOnaHagu. Homeramn snemeHTnapaaH yriepos, as3or,
KHCJIOPOJ] Ba Kabmiiap MeTal MaTepyaiap TapKuOuIa yupaniu.

Opatma, MeTtajyiap KpUCTAUT TYy3WIHMIIAA OYiIuO, yJapHHHT aToMJIapH

TapTHOIM >xounamran Oynamu. [y Gouc Meranmnap SHr acoCHMi Ba JHI SXIIU
MCCHKJIMK Ba DJIEKTP YTKa3yBUaH MaTepHauiap XxucobiaHaan. Mertamiap Ba ymap
acOCHJIary MaKJJIAaHTUPHIAIUTaH KOTUIIIMajap oJlaTia UKKU cuH(ra OVInHaIu: -
OUpHUHYM TYPYX meMepiu Memaniiap Ba yiap acocwaaru xomuwmanap OYiauo,
TapKUOMa TEMUPHUHT KaTTa POM3H, )KyMiaaaH, myjaaT €ku ayEH MaBxKy/1 Oyiaau:
- UKKUHYU TYPYX, paHeiu mMemaiap Ba ylap acocuiaru xomuwimanap 0yiauo,
yJap Tapkuouaa teMup Aespiu Oynmaiiau. Panrnu meransapra alrOMUHUANA, MUC,
PyX, TUTaH, HUKENIb KaOuyiap Kupau®.
Kotummanapuun taiépnamga KUMEBUMN EHOAIIUIN Ba TYpiAUM KOMITO3UTIIAP
MaK/UIaHUIK  yTa goia3apoaup. KommoHEHTIapHU TYFpPU TaHJIAHWIIH CYIIEP
KOTHIIMaNap Taiépiamra UMKOH Oepanu. MacanaH, HUKENb acoCi, TeMHUp-
HUKETh-KOOAJIT acociu cymnep KOTHIIMaiap IOKOpH Oocumiapaa HIIaiauran
a’pOHABTUK TypOO nBurareuiapuaa Kymuianwiaau (1-pacm). Meran Kotummanap
acocuja  Marepuayuiap  HILiad
YUKaApUIIIa MeTaJUTapHUHT
KUMEBUI TaOMaTH Ba KOMITO3HMIIMOH
CTpYKTypayap TaITKAT STHIII
KOOWIMATH  HMHOOATra  OJIMHTaH
X0J/1a, yJIapJaH Maxcyc KyKyHiap
Tai€pnannb xom-aménap cudartuaa
KYJUTAaHWJIA]IH.

1-pacwm. Metann ~ KOTHIIMaIaH
sicanraH TypOo JBUTATEIb CypaTH
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bynpait éanamum kam 3Heprus capgiarad Ba BaKTJIaH IOTraH X0JJa Maxcyc
Ba HOEO TY3WMII Ba XOCCAJIM MaTepuajyiap Ba yjap acoCHUIard MaxcyJoTiap
ApaTUIl UMKOHUSTIAPUHU Oepaiu.

0) Kepamux mamepuannap. YulOy Typyx Marepuajiapy HOOPraHUK
Marepuaiiap Toudacura KHpagud XamJa YIApPHUHT TapkuOuja MeTaml Ba
HOMETAJIJI AJIEMEHTNIap Yy3apo KUMEBMI OMpPUKKAH XOJjAa INaKJUIaHTaH Oyiaaw.
Kepamuk matepuaniap KpucTtai, amopd €ku ylTapHHUHI apajiaiiMajapd acocuja
makuianaad. Kymuunmk KepaMHMK maTepuaiiap IOKOpM MYCTaxXKamJIMKKa Jra,
IOKOPH HCCUKJIMK TabCUPHUra YMJaMiIM, aMMO CHHYBYAHJIUK TEHACHIIMSCUTA 3ra
oynagu?. KepamMuk MaTepuaniapHUHr ad3ajulury, yJAapHUHT CHTUIUIMTH, IOKOPH
MyCTaxXKaMJIMK Ba KATTUKJIMKKAa dra OVIWIIM, SXIIM MCCIWKKAa YHAaMIId Ba

eMupuuira 6apaonumru Hamo€H 6ynaau (3 Ba 4-pacm).

4-pacm. TutaH Ba KapOOHUTPHUI acoCHarv KepamuKaJaaH UIIad duKapuiraH

OKOPH CaMapaJd MapUuKIN IIOAIIUITHUK .
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KepaMuk MmaTepuasulapHUHT KYJJIAHUIIM, XaKMKaTaH, 4yeKjiaMmaraH OYnuo,
yJap a’po-KOCMaHaBTUKaJIaH TOPTUO TO OAAMN MeTal MaTepuasuiaprada, THOOMIA-
OMOJIOTMK JaH aBTOMOOWJICO3JIMKKada, OUp Karop Maxcyc Ba HOEO HMHIYCTpHUS

coxanapuia Y3 YpHHUHM TONTaH® 2,

Kepamuk mmuima marepuamiapia HKKHATA
KaMUYWIMK Ky3aTWiaaau: - OMpUHYUAAH ylap KalTa aHdya Mypakkal, UKKHHYUIAH
MYpT Ba MeTajulapra HMcOaTaH WIIKaJaHUUIAArd €MUPWIMIIKA aH4Ya KUYUKIUP.
YMymaH odranjaa, KepamMHMK MaTepHajiap XaM HIUiad YuKapulga Y3UHUHT

CaJIMOKJIM YPHU OMIIaH 3bTUPO( dTHIIAIN.

3. [losiuMep Ba KOMNIO3UT MaTepHAIIAP XaM/a YJapHUHT Gu3uKacu
TaBcupIapu

a) llonumep mamepuannap. Kymuniavk noaumepiap YU3UKIN KU TYPCUMOH
MOJIEKYJISAP TY3WIUIITa 3ra 0Yu0, ofataa opraHuk (yriepo TyTraH) OupukManap
acocujia CHHTE3 KWJIMHTAaH Oynaau. YCTMOJEKYISAp TY3WIUIIH OYyiindya TOJIUMep
MaTepuaiap amopQ-KpHCTaul XojaTaa Oyiaau Ba KPUCTAIUT KUCMIIapu aMopd
3amkupiap Ounan Owpukkaau. [lomuMep MarepHaUTapHUHT MYCTaXKaMIIMTH Ba
ANACTUKIIMTU KEHT MacmTabna y3rapaau. Kymuuivk monumep maTepuaiiapHUHT
ANEKTP YTKA3yBUAHIIUTH Ky/1a KHUUKIUP EKU YMyMaH AJIEKTP TOKHMHH YTKa3Maiu
Xama AUDJIEKTPUK XoccacuHu HaMo€H Kuutanu. [y Gouc 6up Katop moaumepiap
5JIEKTp U30naTopnap cudartuaa KeHr KyJulaHaad 2, AMMO, TIoJUMepra Xoc¢ (pu3HK
Tabuart, ynap/laH pakaMmJid BUAEO JUCKIIAp MILIA0 YUKAPUII UMKOHHATUHU Oepaan
(2-pacm).

&

2-pacM. [TonmkapOoH miacTuk Buaeo Auckiap [1].
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Xo3upa MoiIuMep MaTepHuaJapHUHT KYJUIaHWUIIA METaUlapAaH KaM 3Mac Ba
YHUHI 3aXMpacud MeTajl pecypciapura Kaparanjga aHda kartaaup. [lommmepnap
KUME, (u3MKa, OMOJIOTHS Ba TEXHOJIOTHSUIAP cOXAclapuaa KeHI KYJUITaHWIMOK/A.
AWHMKCa, ToJuMepiapra Xoc 3JacToMepiInK yTa Ho€0 xoccanapaanaup. [lomumep
apajammMmaiap acocuaa MalluHACO3IIUK, CTIOPT aHKOMJIIAPH, TYPJIH TyMaH MaHWIIUl
Ba TEXHHUKA Y4yH Xuxo3nap Taii€prananu. [lomuMepnap Tonanap KMHUM Keyak Ba
Typid TEXHUK MaTepuauiap spaTullga KeHT KymnaHwnaau. [lomumepnapnan
OyromJlap Ba OKUXO3JIap UINUIA0 YMKApHUI, YJIAPHUHT OHpUTMAIapu  EKH
CylOJITMaJlapy acocuaa amanira omupuianau. [lonmuMepnap MaccacuHU €HTMILTUTH
Ba MeTajiapra Hucbatan nact xapopatiapzaa (100 — 250 °C) cyrokiaHuUIIM yIapHUA
KaiTa HIIIall TEXHOJIOTUSIJIApU YUyH KaTTa ad3auiik 6epaau.

0) Komnozum mamepuannap. KoMno3utiap UKKU €KM YHAAH OPTUK TapKUO
matepuaiiapu (hazaBuil €kM yd4 TOMOHJIama) KYIIWIMO IIAKJIJIaHTaH, yiapiaH
Ooupu acoc (Marpuiia) OYnATaH SHIM MaTEepPUATIUP. XOCWUJ KWJIWHTAH KOMITO3UT
oJlaT/Ia TApPKUOWHU TAIIKWUJ STraH KOMIOHEHTIAp XOCCANIapUIaH y3rada SXIIHpOK
Ba MYyKaMMaJIpOK Xoccamapra sra Oynamu. KYmumimuk KOMITO3UT Martepuasuiap
TaHJIAHTAH TYJIIUPYBUM EKM apMUPIOBYM MaTepHajlap acocuaa KYIIWIyBYaH
cMoyia OOFJIaMJIOBUM BOCHTa MaxCyC Xoccalld €KM XOXJaHTaH TaBcUpIu
MaTepuaiap oMl UMKOHMHM Oepaau. Kommosutnap kyn Typiiapaa OViuHaIu.
OHTI KaTTa MUKJAOpJIapJa UIuiad YuKapuiIiaaurad KOMIIO3UTIap Typura Tojiaiu €Ku
3appadanap TYJIAUPYBYM cudaTuaa MaTpulla XaKMuaa OYnraH maTepuasuiap
kupaau. byHnaii marpunanap cudaruma MeTaiapiaH aTlOMUHHHN, KepaMUKagaH
ATIOMHUHUNA OKCHJM, TOJMMEpIapJaH S3MOKCUJ CMoJia KeHr Kyuianwiaau. Iy
OouC KOMIIO3UTIAp Typiapu KYJUIaHWJITAH MaTpuliara HucOaTtaH memasn
mampuyanu komnozum (MMK), kepamux mampuyanu komnozum (KMK), nonumep

mampuyanu xomnozum (IIMK) ne6 ropurunamy 2.

Tomanmu €xu 3appavanu
TYIIUpYBUMIAp XaM acocuil y4 cuHbgaH uXTUEpUN OWpHIaH TaHJIAHUIIH
MyMKUH. by cuH(uapuu yriepoa, mmuiia, apamuja, KapOuj CUIUKOHU Ba OOIIKa
nry kabu Marepuaiiap TallKWI 3Taau. 4-pacMaa yriiepoja Tojia — SMOCKU] CMOJIa
acocugaru KoMno3ut marepuaysapHuar CY-17 TpaHcnopT CaMOJETUHUHT Kalcu

L2ynrannuru  panrnM TacBMpiaHrad. Yimly KaHOMJApH

KHUCMJIapuJia KYyJUIaH
y3yraura 165 ¢yt 6ynran CY-17 camonérra 15000 ¢hyHT 3aMOHaBHIT KOMITO3UT

MaTepHraiap KyJUIAHWITaH.
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3 Yrnepopn

] Yrnepoa/apamug
] Apamupg

ma Wuwa

4-pacm. CY-17 TpaHCIOpPT CaMOJETH.

KoMmnosunmon wMarepuamiap Oup KaTop coxajnapaa, alHHKca, al’po-
KOCMaHaBTHKa, aBTOMOOUIICO3TUK, TYPMYII dXTUEKH A, CTIOPT KUX03JapH UIILIa0
YUKapHIIJIa KYT1ad MeTaml KOMIOHEHTIAp aIMAllITUPMOK/A.

3aMOHaBHI KOMMO3UT MaTepUAJUIAPHUHT MYXaHIUCIUK aMaauéTuaa KEHT
KYJUTaHAUTaH HMKKU YIYFBOp TypH €0 IIHIIATONAIN-apMUPIOBYN MaTepHal
TYJIIUPYBUX Ba MOJTUCTUPON EKHM ATIOCKU] CMOJa MaTpulia cudaTuia uuiaTuiran
KOMIIO3UT Ba IIYHUHTIIEK, YIJIEPOJA Tojanap TYIAUpYBUM cudartuma >SMOKCU]
cMoJiara KyIuirad KOMIO3UTIIap YbTHPOd STHUIIAIH.

YMymaH onranja, KOMIIO3UT MaTepuaiap 3aMOHABHI MaTEpHAIITyHOCIUK
Ba MIIIA0 YUKAPHUIILUIAp/Ia aCOCUI coXa Ba MYHAIWILIApaaH XucoOianaam. Yiapra
OynraH SXTUEKIAPD HUXOATIA FOKOpU 0YIMO, YHIa 3aMaHOBHI MaTePUAIIITYHOCITHK

¢dusnkacu 6upaamMuu BocuTa Ba acocuid han cudartuia KyuTaHIIATu.

4. AKJUIH Ba 3JIEKTPOHMK MaTepHA/JIap Ba YJIAPHUHT KYJUIAHUIIU

a) dnekmponuk mamepuannap. Yoy Typ MaTepHaIapd CAIMOFH XaXKMIOP

Marepualiap UIiad YuKapuuiga acocuilnapaan Oyiamaca, aMMO yiap 3aMOHaBUI

MyXaHJUCIUK TEXHOJOTHMAIAPH YTa MyXHM MaTepHaliap Typd XucobnaHagu 12,
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DNEKTPOHMK MaTepHalliap SpaTUla SHT MyXUM AJIEMHTIIap OMpU TO3a KPEMHUU
Oynub, YHMHI TYpJIM XWI MOJMKALMOH Y3rapuiiuiap 3JIeKTpo(HU3UK Ba
TEXHOJIOTUK TaBCcU(Iapyu Y3rapTUpUIl XaMmJa YHAAH TypaM Makcaulapiaa
¢orimananum mymkuH [1]. Macanan, yHHHT acocuja XO03HWpJAa HUXOSTAA KEHT
KYJUTaHUJIAETraH KUYMK XaKMJTM MUKpOCXeMaap uiuiad YuKapuiMoka (S-pacm).

5-pacM. 3aMOHaBHiI MUKpoOIIporieccop  6-pacMm. PoboToTexHukama 3JeKTPOHUK

YUMKU/IA SJIEKTPOHUK MaTepuasiap MaTepHraiap KyJUIaHHUIIN

bynpait marepuan Ba MaxcyJOTJIap XyJa KEHT coXalapia, XymJlaJaH,
CYHBUN WYNI0ILIaP, 3aMOHABUI KOMITBIOTEP TEXHUKACH, XHCOOJIAIl MalllMHAJIAPH,
pakaMmJii MHIUKATOpJap Ba coaTiap, poOOTOTEXHHKA KabW TapMOKJIApHU acOCUU
MIEMEHTIIapH Ba TasHY JeTauiapu EKU JKUXo3dapu XucoOmanamu (6-pacm).
Kpemuuii acocnu spuMmyTKasruujgap Xo3uplAa YMYMHIl AJIEKTPOTEXHUKA Ba
ANEKTPOHUKA, IIYHUHIIEK, 3aMOHABHI HAHOXJIEKTPOHHMKAJA aCOCUN 3JIETPOHUK
Marepuan cudaruna KyTaHWIMOKIA. AWHHUKCA, Ky€Ill AJIIEMEHTIApH SIpaTHUIa Y
aCOCHIA PJIEMEHT Ba pecypc XucoOIaHau.

0) Axnnu mamepuannap. AvipuMm MaTepuaiiap Kym Hwuiap MoOaiHHIa
amManuil KyyutanuO KeIMHaJAW Ba ylap Tallkd MYyXUT (XapopaT, MeXaHUK
Ky4WwlaHull, EPYFIUK, HAMIIUK, 3JIEKTP Ba MarHuT MailJIoOHJIap) TabCUPHUIA Y3UHUHT
MyXuUM (MEXaHUK, dJIEKTPUK Ba OOIIKA) XOCCATAPUHU, TY3WIUIIHN Ba (PYHKITUSICUHA
y3raprupumn KoOwnusTtura sra Oynmaau. byHmaih martepuwamimap ymymuil Xosiaa
“axnnu’ mamepuannap 1e6 OpUTHIAAU?. AKIIM MaTepuamiap KM TU3UMIIAP,
Ky XoJutapAa ceHcopiap €Ku akTuBaropiap cudartuaa Kymnanuwiagn. Cerncopuap
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MYXUTHUHT Y3rapuIlIMHU CE3yBUM BOCUTalap OyJica, akTUBATOpJIap 3ca Y3ura Xoc
(yHKIMOHAJI XOCCaHU €KM YHH HAMOEH KWIMILHU aMajira OLIMPHUII YYyH XU3MaT
Kuiaau. Macaas, ailpuM akJUTi MaTepualiiap Xapopar, EpyFIHK, JIEKTPp MagoH
TabCUPJIAPH Y3rapranjia paHrMHU Y3rapTupaan €K1 OOIIKa paHr XOCKJ KUJIaaH.
bup karop TexHOJIOrMK MyXMM OViraH ak/Uld MaTepuajiap akTHBaTOp
GYHKUMACUIA WAKAUHY XOMUPACUOA CAKA08YU KOMUWMA EKU Nbe3091eKMPUK
KepaMUK Kuxosnap cudaruga Kyutanwiaad. AiHHKca, O0uoTHOOMET coxacuaa
IMIAKIMHU XOTUpacuaa CakjIOoBYM KOTHIIMAalapiaH AeBopiapu OYmamubd KoJraH
apTepusiJIapHi MYCTaXKaMJIMTH OLIMPYBYM JAeBop cudaruga €ku Topailmd KoyiraH

apTepUsUIapHUA KEHTaUTUPYBYM BocuTa cudaruaa poitnananmianu (7-pacm)..

7-pacm. IllaknuHM XOTHpacuja CakKIOBUM KOTHUIIMAHUHT TOpailraH apTepusHU
KCHrauTHUpyBUYH (a) Ba apTEPUSHUHT JIEBOPJIAPUHU MyCTaXKaMJIUTH OmUpyBUH (0)
cudartra KyJIJIaHUIIIH.

bynna wHukenb-TUTaH €KUM MUC-PYX-alllOMHUHHM acocHJard KOTHUIIMaiap
KYIUTaHWJIA( Ba 3aHITIaMaiiJurad cumiiap épaMu/a apTepuara Kupurunagd 2,
[Ibe30371eKTpUK MaTepuaIapJaH sicajiraH aKBaTopjap MEXaHUK Ky4JapHUHT
TabCUPU OCTUJIA DJIEKTP MAWJOHUHU XOCHJ KUJaIu. AKCUHYA, DJJIEKTP MAWIOHU
V3rapuiiy avpum MaTepuaiapia MEXaHUK XoJaucanap €Ku y3rapuuuiapHu
By)Ky/ara keiaummura cababd Oymamau. bymap anexTp Ba MeXaHUK Kydjgap acocujia
TeOpaHyBYaH MaTepUaUIApHU SpaTHINra UMKOH Oepaau. byHmail mpuHmumiap
acocH/1a MUKPOIJIEKTpOMEXaHHK Tu3umiiap (MOM) €ku MukpomammHanap unurad

YUKAapuIl KMKOHHATH MAaBXKY

5. HanomaTepuaJuiap Ba yJIapHUHT Y3Ura Xoc HOE0 xoccajiapu.
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2 William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John Wiley &
Sons. Ins. 2010. — P. 1000.
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Hanomamepuannap. 3aMOHaBUIl MaTepUAJUIAPHUHT YOy TypU acocaH
yirdaMu, s’bHH MaclITa0MHU (3appavajiap JTUaMeTpH, KHppaltapu yiadamu, KaTiam
kamuumary) 100 am (1 mm = 10° M) nan xuuukmuru Ba GU3HK, QU3HK-KUMEBHIA
XOccaJapHU IOKOpH CaBHsl, camapa Ba KypcaTruujapia HaMOE€H KWIUIIM OWJiaH
aHbaHAaBUI MaTepuasiapAaH KeckuH (apk Kwianu. Hanomarepuammap maptin
paBuila OYynuHraH Oup KaTtop TypJlapu MaBxyja OYiauO, yJIapHUHT acocHit
BaKWJIapy HAaHOMETaJl, HAHOMOJUMEpP, HAHOKEPaMHUK, HAHORJIEKTPOHUK Ba
HAaHOKOMNO3UT €0 toputuiaau. by 6opaga ymuamu 100 HM naH KM4YMK OYiraH
KepaMUK KYyKYHJIap, METajUl 3appadajiap, HOJUMEp IUICHKalap, 3JIEKTPOHUK
VTKa3ruwiap Y3WHUHI HaHOMaTepuamuiap €Kd HAHOCTPYKTypaldud MaTepuauiap
cudatugaru TaOUaTUHN HAMOEH KHJITaH.

HaHOMaTepI/IaJIJIap ITaKJUIQaHUII IIPUHOUILIAPHU Ba yJap aCcoCuaa OJIMHaAWIaH
2,3

TypJIY MAKITKM Maxcynotiap 8-9- pacmaa ndogananran

Educts Products
e At
O .' o O o Particles
i ﬂ"-.
O ’ . I 1_! /'I I,f;\1
| )
D [] D o "\______.-‘
s .. o ® Manorods
. Manotubes
Chemical
or physical /
* !(:f b Maolecules processes
:Q :Q Manoplates
L
>89,
fo!
8-paCM. HaHOMaTepHaHHap IMaKJIJIaHTHPHII 9-paCM. Hanosappaqanap

6. MaTtepuamyHoCaTUK (PU3UKACHHUHIT aCOCUil HYHAIMILIApH

MarepuanryHocnuKk (HU3UKaCHHU TAJAKUKOT OOBEKTIAPUHUHT TaOWaTUHU
nHOOATTa OJITaH XOJIJa MAPTIN Tap3/1a KyHuaaru HyHaIHINTa aKpaTUIl MyMKHH.

23 William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John Wiley &
Sons. Ins. 2010. — P. 1000.

*Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction for beginners. —
Wiley-VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim, Germany, 2013. — P. 322.
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MATEPWANWYHOCNHUK ®HUIUKACH

|

ATOM Ba KM HONEKYNAP HOKopH HONeKyNAp DWpMKHanap HaHoyn4yaMnu {HoE0) HaTepUannap

OupMKManap acocnaarm acocuaard (Maxcyc) Marepwannap: {HaHOMaTepWannap):

(aH bAHABMI) HaTepHannap: - OHK, FHE, okcunnap; - HAHO3appadanap;

- MeTannap, - NoNMcaxapuanag; - 30Anap;

- HOMETANNAL; - CHHTETHK NONKREpnap, - HAHOCTRYETYRANAR,

- KEPaEMMKA, WKwWwanap, - TERMONAACTAAR, - HaHoofbekTap,

- KOTMWMENaf, - DNWIOMEpnap; - NaTekCNap;

- KOMAOEMTAAR. - NONMMER KOMNOZHTAAR. - HAHOKOMNO2MTNAR.
= 200 W= 50070000000 -7
Monekynanap Bupnamd i Monekynanap GUpnamum HaHoMaTepHannap cToYKTYpacK
CTRYETYPACH DIHIME TALCUPNAR BA CTPYETYRACH QIM3ME TALCHPNIAER BA puaMK TALCMPNED BA BazaEHA
PAsAEMA farapwnap nakTvoa PasaEHA fzrapuwnan nalTuaa YArapuWnap NanTMaa Hoga
farapMangy. ¥3rapagM B3 MAKCYC XDECANAPHA KOCCANAPHM HAMDEH KHMALH.

HAMOEH EMNau..

3amMoHaBU Marepuaiap HILUIA0 YMKAPUIIHUHT (Pusnkara OOFIMK KyWuaaru

PUBOXIIAIIMHUA Kylnaru aHO0aHa Ky3aTHJIMOK/A:

- Metasu (mynar) Ba KOTUIIMA MaTepHalljiap yiaylld KamManMoKaa, MmoJauMepiap,
KOMIIO3UTJIap, KepaMUK Ba OMoMaTepuaiap yayly OIIMOK/IA.

- KOCMaHOBTHKAa, CAMOJIETCO3JIUK, aBTOMOOMJICO3JIUK, THOOUET, TYKUMAYMINK Ba
€HIWJI CaHOoaT, KHIIUIOK XY’KajJurd, KOMIBIOTEp TEXHOJOTHsUIapH Ba X.K.
YCTYBOPJIMKKA 3ra OYJIMOKAa. YJIApHUHT MOXUSATH KyWHIarudaaup:

Kocmux  mamepuanwynocaux - KocMuK ¢daszofga Kyam Y4yH SPOKIH

MaTepUaUIAPHUHT IPATHIL Ba TAAKUKOT KUAJIUMI.

Hanomexnonoeus - ynmaamMu HaHOMETPJIM TapTUOAa OYiaraH maTepuaiap Ba

KOHCTPYKUHSUIAPHU APATUIL Ba TAAKAUKOT KWJIUIL.

Kpucmannoepaguss - xpucramnap (U3MKACHHH VpraHuil, KpUCTaap

nedeKTIapruHu aHUKJIAII Ba X.K.

Memannypaus (Memanuiynociuk) - METAJUTAPHUHT XOCCATIAPUHM YPraHUII.

Kepamuxa - 3onsaums, >SJIEKTPOHUKA, SPUMYTKA3TUWIAP YUYYyH KEpPaMHK
MaTreprajuiap ApaTUIl Ba TAJKUKOT KWJIWIL, IIYHUHTJIEK, KOMIO3UIMOH KEPaMHUK
MaTepHasap HILIab YUKMII Ba yIapHUHT GU3UK XOCCATapUHU Ypranum>4,

buomamepuannap - vHcoH TaHacura uMmIuIatat cudaruaa Kynnaca Oynagurad

23 William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John Wiley &
Sons. Ins. 2010. — P. 1000.

*Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction for beginners. —
Wiley-VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim, Germany, 2013. — P. 322.
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MaTepuaulapHu TaAKUKOT KHAJIMILI.

llonumep 6a xkomnosuyuon mamepuaniap - adUUl Ba CHUHTETUK IOJUMEP
aCOCHUJIArM MAaxCyC XOCCalau Marepuaiap, MOJUMeEpJap acocuaa KOMIIO3UTIapHU
ApaTUl Ba TAAKUKOT KUJIUII.

[Tonumep kKoMIo3uTIap KyHuAaru acocuil rypyxJjapra OyiaiuHaau:

- KamaMJM IUIACTUKIIAP €KY TEKCTOJIUTIIAp. bUpuHUM TYIaAUpyBUH
TOJIACUMOH MaTepUaJl KyJUIAHAIH;

- KyHMa €KHU IpecciaaHral KoMnos3utiaap. KoMmo3ur KupKuirad Toiajiap, XoM
UIUIap, TUIINK UIUIap OWIIaH TYJIIUPUIAIN;

- OpPHUEHTHpPJIAHTaH apMHUpPJIAHTaH IUIACTUKIAp. byHna mmma ki CUHTETUK
ToJlajap, UIiap, *Kryriap Oup Oupura napasien 3THO KOMIalITUPUIIATU XaM/ia
yJap ycrura O0fiamMuu Kynusiaau;

- mumariactukinap.  Kommosur mmma Tomanap €KUM KaHOI — Tojajap
(razmoJutap) acocujia macT Xapopatiap/ia Mpecciall OpKaJli MaKIUTaHT PUIIaIu.

MarepralilyHOCIUK aCOCMHU OENTHJIOBYM Ba YHHHI PUBOXKJIAHUIINAA TasHY

Oynanuran (anmap OynumIapu KyHuaaru KeTMa-KeTIUK/1a TabKUJIaHTaH:

MATEPUANLIYHOCTUK TAAHARMI AH ®AHNAP BYNMMNAPH

v TepMOZMHAMIKA — MaTepUaNNap Gapkapopnim, diasanapui yarapuin B2 Hasasiil AuarpaMManaph Tyauw kasw
GHpNaMyM Basuanap yprawunagh.

+ TepMUK TEXUM (TEPMOTPABHTOMETPIA) — MATEPUANNAY XOCCANAPHHM XAPOPAT TALCHPH OCTHAA YATaAPHUWMHM, TypAM
rasnap TabCUPHGA XaM Yarapuiwp ypranunagu.

+  KiHetika — mMogaaanapHur hasaBuitonaTii YSrapuim, CTPYKTYPACKHHM TEPMUK Napyananum 1 AYddysuACHHH
ypranunagu.

+ KarTuk ®UCMAAp KIMECH — KATTMK halafa KysaTUNaguran KMMEBIN XapaéHnap ypranunag..

v KaTTik XMCM (USHKacH — KATTMK MaTepuannapAa, Macana, ApMMYTKAsrMuNap Ba JTayTKA3YBYAH MaTepHaNNapaa
KBaHT 3qhcheKTNapMKM Fpranunag.

+ TlonHMepnap BHMKACH — MAKPOMONEKYNaNap ACOCHTArH MaTepHanNPHIKI CTRYKTYRACH Ba QMUK X0¢CanapH

v

Ypraunagm.

+ Komnosutnap husukack — MaTpHLia BA TYNAUPYEYM ACOCHAA WaKNNAKTAH MaTepUanNap TySUNMILIK Ba BU3MK
X0CCANaPH [pranunagi.

+ HaHomarepuannap husukack, KMMECH B2 TEXHONOTHACH — HAHOYNYAMNH MaTEPUANNAPHHKT OMMHMILIM, TYSHAMWLK B2
X0CCANaPH UMKA, KMME B TeXHONOTUANAPHIHI anoXuga GYMMMK CUBaTUAA JpraHunagm.
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3aMOHaBHI MaTepUAIITYHOCIMKHUHT OupiamMyn Bazudanapu Kydugarndaaup:
“MycTaxKaMJIMKHUHT (U3HK acociaapu’

“HypnaHumHUHT MaTepual €K1 MoJja OWIaH y3apo TabCUPIIAHUIIN
“KarTuk >xucmiiap paauanuos ¢pusukacu’

“MarepuanuryHOCIMKIa MOASIUIAIITUPUIT

“MarepualiyiapHi KOMIBbIOTEPIIN JOUUXATAIIHUHT (HU3UK acociapu’”

Marepuan xoccacu - Oy MaTepHATHHHT TamKH (aKTopyiap TabCUPHUTA
MabJIyM Aapakana €Kd makijga Ce3rupiuK HaMoE€H Kunil Koowmusatuaup. Omataa
Oy xoccanap 4 rypyxra OyiauHaIu:

- MexXaHuk,

- Qusuk;

- KUMésuUli,

- MExXHOJO2UK.
MatepuaniyHOCIuKIa aloxuaa ssHa oup xocca 3bptupod dTUnaau, 0y - Gu3nK—
KUMEBHUM XOCCAIapaup.

Mexanuxk  xoccarap ~ MaTepuayUlapHH  TallKM  Kywiap  (MEXaHWK,
nedopMaIlloH), HCCUKIMK Ba OOIIKAa TabCUpJapUra MaBXKyJd CTPYKTYpacUHH
napuajamaciaH KapIIMiIuK KypcaTa oIl KOOWIUATUHH Uoamaian.

Mexanux xoccanap - MIACTUK Ba MYCTaXKaMJIUK XOccallapra akpaTHIaIu.

IInacmux xocca - MaTepUAJIHMHI Maccacu y3rapMaraH XoJjiJja IIakjd Ba
VII4aMUHUHT ~ Y3rapamuad  udojaioBun  jaehopMalysiiaHuIl  KOOWIUATHHU
TaBcU(IanIu.

Hepopmayuanune acocuti mypirapu — 4y3uill, CUKUII, CUIDKUII, Oypaiaull Ba
Kapumumiaup. Yiap KaiTap Ba KadTMac xamjia KoJaauK achopmanusiiap Oyunm
mymkuH. Kalitap nedopmanus Tamku TabCcUp ONHMO TallUTAHTaHCA TYJIUKIUTHYA
Oaprapad O6ynaau.

Deunysuan degpopmayus - Oy Kaiitap nedopmarust 6Yiaub, TalIkKu TabCUP
o0 TaHIaHCca AapXoJl TYIHKIuruda Oaprapad Oynamau, anacTuk aedopMainus dca
Oaprapad OYIUIIM YIyH MabIyM BakT Tajaad 3TaJu.

IInacmux degpopmayus - Oy Kant™Mac aedopmarus 6Yauo, TAKA TabCUPIAP
Tydaiinu ByxkKy/ra Kelaau Ba TabcHpiap oMb TalgaHca XaM cakiaaHuo Konagu?>4

Mycmaxkamnuxk xoccacu - Oy MaTE€pUATHUHI MabliyM IIapOUT Ba

234 William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John Wiley &
Sons. Ins. 2010. — P. 1000.

3. Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction for beginners.
— Wiley-VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim, Germany, 2013. — P. 322.

4. Mustafa Akay. Introduction to Polymer Science and Technology & Ventus Publishing ApS,
2012, - P.169
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yerapajnapJa MEXaHUK, UCCUKIMK Ba OOUIKAa TabCUpJjap HaTUXacuia BYXKynAra
KeJlaJuraH HWYKM Ky4dlaHWIl Ba JaeopManuscura napyajiaHMacAaH KapIIMJIUK
KypcaTHill KOOMIUATUHYU Uoaananm.

MexaHuK xoccalap cTaHJapTiap Tajabiapura MyBopUK MEXaHUK CHHOBIAp
YTKa3ull OpKaIu aHUKJIAHAIU.

MexaHuK CUHOBIIAP:

- cmamuk, - OMHCZMMK,' - cydpaﬂyeqaﬂﬂuk; = UApPpHO6IUK, - eMUPUTYBUAHRTUK.

[Tnactuk pedopmalus TalmKd TabCUpiap OCTHAA Y30K BakT MoOaiHHaa
CEeKHH OImMO OopaauraH Ba KOJIUK JAeOpMalMsICUHU BYXKYAra KeJITHpMaiaurad

Oynca, y cyapanyBUaHJIMK JAeHUIaIN.
@ MarepuaniryHOCIUK MOJICIIAIITUPHUIIH
Kyhunaruya 6ynanu (10-pacm).
10-pacm. MaTepuaiiryHOCIuK/1a
MOJIEJUIAIITUPHUII aCOCIOBUU YH3Ma
@ @ MatepuaniryHociank o0beKkTra HucOaTan
MIapTiId paBUIIa y4Ta acOCHH TapMOKKa
nyHantupuiaau, sSbHU: “‘Mogens”, “Ilporpamma”, “Anroputm™. VYHAa
aNropuTMJIa MOJeNra TYFpUJAH TYFpU HYHAITUpWIraH Tap3ga €K mporpamma
OpKalm¥ HWYHAJITUPWITAaH XoJaTAa Wl IOPUTWIAAW. by MaHTHKUN OOFIaHUII
MaTepHaiap MOACIUIAIITHPHUII camapalii XUCOOIaHa .
YMymaH ofiranna MaTtepuasuIapHUHT cmpyKkmypa (structure) Ba xoccanapu
(properties) wukkuTa YyTa MYXHUM OKHXATra, SbHH MAaTEPHAIIIYHOCIHK Ba

MyXaHIHMCIIMKKA TasHraH XOoJia Kauma uwiiaul (processing) Ba KYJLIaAHULL

(performance) ra Gornuk 6ynagu®* Ba Kyihimnaruua >eTupod >tHnagu (11-pacm):

Processing _1..‘ Structure ‘—- Properties _;‘ Perfarmance

11-pacm. MartepuaniyHOCIUMK Ba MyXaHIUCIUKHUHT TYPT TAalIKWIWKM acocliapy Ba
YJIIAPHUHT y3ap0O KETMA-KETJIUTH.

24William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John Wiley &
Sons. Ins. 2010. — P. 1000.

4. Mustafa Akay. Introduction to Polymer Science and Technology & Ventus Publishing ApS,
2012, - P.169
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Keiiuary rucrorpammanapaa 2

Typau MeTajuiap, KepamHKaiap, MoJauMmepiiap
Ba KOMITO3UTIIAPHUHT XOHA XapopaTuaa 3UUJIUTH, KATTUKIWTH, MYCTaXKaMJIUTH,

Epwninra 0apKapopiauTrd Ba IEKTP YTKA3yBUAHIUTH Ku€cuil TakkociaHrad (12-

17 —pacm).
40 |- Metals ]
20 = Platinum ]
T _ " Silver Caramice
¥ AF — = Copoer -
"_-" [ — Iran/Steal _ 2['3; 3
E L |- m AlD .
= B Titaniu L ~ .
" - — 8iC, SiyN, Palymers Composites i
g = Aluminum = — Blase - SFRF
= T Magnesium "\ Conerete PIFE I%’: . _
£ } Puc CFRC
e
E 1.0 - i S _
2 0%F ~ Rubber =
;o Woode 3
& 0.4 .
0.2 |
0.1

12-pacm. Typau MaTepuaUIapHUHT XOHA XapopaTuaa 3SUWIUTHHU KypcaTrudiiapu

- Matals Ceramice

L 1000 Composites
= E | —Tungsten —8ic
E ~ |- lron/Steel = Alg, cene
= 100 Titanium — - Bigh,
=g o 'E_ — =~ Aluminum Zr0, R =
£3 = | ™= Mapnesium — Glass _~ GFRC 3
E o B — Concrate ]
=E LF Polymers im':o:.us =
& %: - = PVC =
g = B \ P8, Nylen -
=~ = 1.0 E | =
23 = — PTFE 3
28 C NpE 3
% E B -
SR 0l =5
- m = =
i - =
= 1 Rubbers =
ﬁ 0.01 E =

0.001

13-pacm. Typnu MaTepuaIapHUHT XOHA XapopaTuia KaTTUKIUTHHA
KypcaTrudjiapu

22 Dieter William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John
Wiley & Sons. Ins. 2010. — P. 1000.
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1

Metals

Composites

Caramice

Stesl 1 =
e o GFRC I

._.
fo
=
[

Cu,Ti
alloys Al,0, Sic
Alurninum

alloys )
— Gold Polymers

T T IIIII'|
I 1 IIIII]

1

100

tF‘S PYC

¢
IPE PTFEI

Woeds

IIII'I'III
IIIIJJII

Shrengl b (Tensile Senglh, nounils of
megapascals) {leganthmic scale)
I

14-pacm. Typnu MaTepualIapHUHT XOHA XapopaTujia MyCTaXKaMJIMTUHA
KypcaTradjiapu

B Matals

J.- Stea|
alloye Composites
Titanium
allays

Aluminum CFRC GFRCt
alloys

100

10 Caramics

Belymers

— Sigh, — Mylan

—sir { Polystyranes

Palyethylena
1.0 it

oo

Resislance lo Fraclure (Fracture Toughness,
in units of MPam) (oganithmic scale)

= Polyestar
= Glags -

— Concrate

0.1

15-pacm. Typnu MaTepuauIapHUHT XOHA XapopaTuaa EPUIUIIra 6apKapopIuruHu
KypcaTruaiapu
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Metals
108 — —

Semiconductors
10% |— —

"

E

g3

= = .

= 2 = -

E E

£F w0+ —

==

= L i

:—:? E 10-8 f— Ceramics Pelymars —

=

g =

= L — -

TS o

=27 10-12 f— —

=

&

L = o
10-16 f— —

10-20

16-pacm. Typnu MaTepuasuIapHUHT XOHA Xapoparujia Epuiniira 6apKapopIuruHu
KypcaTrudjiapu

MatepuanmyHOCIUKKa WIMHUN EHIAMUII Ba MYXaHAWCIUK (PU3UKACHHUHT
UMKOHHSITIApHIAaH KeHT (oiganaHum Oup XWwI MaxCyJIOTIapHU TYpJIH XU
MaTtepuasiap/iad uiuiad yukapui MyMkuH. by 17-20- pacmmapia akc sTras.

19-pacm. [Tommumep xuxo3map 20-pacM. DIIEKTPOHUK MaTeprasiap

IIyHuHIr1€K, akcuH4Ya OMp MaTepHayiJaH OolIKa TypJard mMaTepuajjiap acocuia
scajaiurad MaxcyJloTiaap UIiad YUKUII UMKOHHUATH XaM MaBxy.l 0ynu0, OyHmait
MaTepUaJJIapHU  SpaTHII 3aMOHABUM MaTEpPUAIIIYHOCIUK (U3MKACH ACOCUU
BazudanapuiaH XuCcoOIaHaIH.
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Haszopar caBoJuiap:

. MaTtepuaiyHOCIMK HUMa Xakuaara gpax?
. MarepranuryHOCIUK IpeAMETH HUMA?
. Hanomarepranmynocnuk Huma?

1

3

4

5. 3aMOHaBUH MaTEPUATITYHOCIUK HUMAJApHU Y3 UYUra ojaau?

6. Meran Ba KepaMuK MaTepraiap TapkuOura HuManapaaH noopot?

/. Mertann HaHO3appavyaiapHu OapKapopiIalliTUPHINJIa HUMA YUYH Kepak?

8. Kanpgait maTepuamiap “akyun’ MaTepuaiiap 1e0 opuTuiagu’?

9. Komno3utnap neranjja HIMaHu TYUIMHACU3 Ba yJlap HUMa Y4yH
HMIAKTaHTUPUIIAAHN?

10. ITonmumep maTepuamiap Oolika MaTepuaiap/a KaHaa skuxartiaapyu OuinaH
dapknanaau?

11. DnexTpoHUK MaTepuMasuIap KaH1ai MPUHIUMITHA KUXaTJIap 3ra OYIuim
Kepak O6ynaau?

12. Kepamuk mMarepuayiap aCOCMHU HUMaJap TAIlKWI dTaau?

doiigaaHuITraH axadbuéTaap

1. Introduction to Materials Sciences and Engineering. Techbooks/GTS, 2005. -
P.22.

2. William D. Callister Jr. Materials Sciences and Engineering. An Introduction.
John Wiley & Sons. Ins. 2010. — P. 1000.

3. Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction
for beginners. — Wiley-VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim,
Germany, 2013. — P. 322.

4. Mustafa Akay. Introduction to Polymer Science and Technology & Ventus
Publishing ApS, 2012, - P.169.
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2-maB3y: MeTtajiap, Kyl Ba I0KOPH MOJICKYJIAp OMPHKMAJsap, yJap
acocHJarv 3aMOHABHMH MaTepHaJLIap GU3MKACH, WIMHHA Ba aMaJIuil
XaM/Ja HCTHKOOJLIIAPH.

Pexa

1. Meramnap, Kydud Ba IOKOPM MOJIEKYJsAp OWUpUKManap acoCHIaru
MaTepuaiap Typjapu Ba TaCHU(IapH.

2. MarepuannapHuHr amopg-KpucTaul XonatiapH, ¢pazaBuil Auarpammaiapi,
MEXaHHUK, TEPMHK, ONTHK, AMEKTPODU3UK, PU3UK-KUMEBUN Ba OMOPU3HK
Xoccayapi.

3. 3aMoHaBuM MaTepuayuiap spaTdllfa TapKUOHU TaHJall Ba KYJUIAHUIIU
UMKOHUSTIAPH.

4. MarepuanmyHociukaa (GU3UK OMUIIJIap Ba TEXHOJIOTHsUIap — Xamja
KOMIUIEKC MIMHUI TaIKUKOTJIAp Ba YIAPHUHT UCTUKOOJIIAPH.

Tasnu ubopanap: memaniap, Homemaniap, Kyuu MOAeKYIap Oupukmanap,
I0KOpU  MOJIeKYNIAp OUpuKManap, Kpucmail 6a amopg xoaamaap, ¢azasuil
ouazpammanap, Mamepuaiiapoa Gu3uK KHeapaeuiap.

2.1. Meranmnap, Kyilu Ba IOKOpM MOJEKYJsip OupHKMaiap acocHuaaru

MaTepuaiap Typjapu Ba TacHUDIAPH.

Marepuamiap aHbaHaBUM Tap3Ja aCOCHUM y4YTa WUPUK TypyXra, S’bHU
MeTaIap, KepaMHuKaaap Ba ojuMepiapra oyauHanu .

Merann Marepuaniap MeTaul XOM-ali€napaap, KymiialaH, TUTaH, TEMUP,
MHUC, HUKEIb, AJIMIOMUHHUNA KabW €KW yIapHUHT OWp KaTop KOTHUIIMaiap,
OpoH3amap acocu/ia MaKJUIaHaIx.

Kepamuk Marepuannap mnopcuiaH, CHWIMKOH (KpEMHHUI), KapOuWT, IIMIIA Ba
CUHTETHK OMpHKMaap, KymiajaaH, IIMPKOHUN KaOWIap acocuaa makIaHaIm.

[Tonumepnap yMyMaH ojirasjaa yriepoi, BOAOPOA, KACIOPOJ Ba Iy CUHTapH
TabMaTna KEeHr TapKajiraH OWp KaTop JJIEMEHTIAp acoChaa CHUHTE3 KHJIMHTaH
MakpoMoJjekyjaa Oynu0, ymap acocuaa Typiaud Xul MaTepuamiap OJUHAJU.
Macanan, NMOJMATUIICH, MOJIUMPOMNOJICH, MOJUBUHUIXJIOPU, MOJUITUICHOKCH]I,

! Dieter William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John
Wiley & Sons. Ins. 2010. — P. 1000.
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noJivdTUIeHTepedTanar, mnonuaMu KaOu Kymiad CHUHTETHK Ba LEJUII0I03a,
nekTuH, ¢pudpouH, kepatuH, komiareH, JHK u PHK kaOu tabuuit mommumepnap
3aMOHaBUN MaTepUAIJIApHU UITa0 YMKAPUIIAA KEHT KYJIJTaHWUIaIu.

Bbynapra kymmmua, sHa HKKATa TypyX OYnub, yimap KOMIO3UTJIAp Ba
Oouomarepuamap Ae6 roputwiaad. Kommosutnap yta MyxXuM MarepuamiapiaH
O0ynu0, ymap TapkuOWra Typiau TYJIIUPYBUWIAD KUPUTHIMIIA XUCOOUTA TypJd
TyMaH XOCCaJIl MaTepuaiiap oJIull UMKOHUHU Oepanu. bynaail maTepuaniapHuHr
alipuMmiapy TapKUOWJaru KOMIIOHEHTJIAPHW TaHJAHWIIIWIa acoCiIaHUO Ba HOEO
XOccaJapH HaMO€H KWIMIIWra Kapad O0ab3uga cymep MyXaHIUCIIHUK
MaTepuajiapu xam Ae6 oputuiaau. MacanaH, muia Tojajgap IyHIal KepUMHK
MaTepuaIgup.

buomarepnannap — Tabuuil XoccajmapHd V3uja CakJaHTaH MaTepuasuiap
O0ynuo, ynap axamMuil axaMusATH Ba KYJJIAaHUIIKA Oyiinda yTa MyXuM XHCOOJIaHAH.
VYnap rypyxwura, €rod, maxra, UIak, >KyH KaOu TaOWU MIapouTAa CUHTE3 OViIraH
yIIKaH MaKpOMOJICKYJisip Oupukmanap kupanu. TaOumii moaumepiiapAaH CyHBUN
NOJIMMEp MaTepuasuiap OJUII UMKOHUATH, ylapAaH HOEO €KkM Maxcyc Xoccaiu
MaTepHasIap SpaTUIl UMKOHUATHHY Gepau 2.

ABanom 60p, MeTaJlJI, KEPAMHUK Ba MOJUMEP OMpUKMAIap YIyH MyXUM OYiraH
Oup Karop kuxariap Oop. Yiap MKKM acocuil gakrtop opkaiu udoaanaHagu: -
KUMEBUM  OOFJIap XOCWJI KWIMO OWpukuil, - KaTTuK ¢aszaga oaaui
MUKPOCTPYKTYpaBUi OMpPUKMa XOCUIT KUJIHIIL.

Keltuarucu anya mypakka® TaBcudau OYaud, Xxap OWp KOMIIOIIOHCHTHUHT
Kail Japakalla Marepuaijia >KOIamraHiurura OOFIMK Tap3fa MaTepUaTHUHT
xoccacu HaMo€H OVmaau. Kymuumiaumk KepaMHK Marepuaiap TapKuOuga MeTal
TYyTUIl WMKOHUATHTa 0dra Oynamu, MacaidaH, KepaMHK YTa YTKa3yBuaH
MaTepHaiap UIyHaai Tapkuora sra.

bup katop monmmepiap MeramapAaH OKOPU Japa)kala KYNpOK AJIEKTPOH
YTKa3yBUaHJIMKHA  HAMOEH KWJagu Xamja yinap EpyTuin OaTepusuiapyd Ba
ANEKTPOH acOo0ap Ba Kypuiamanap sicauija KyJulaHUIaau.

Memannap. YMyMaH onrasja MeTtawiap 3JEMEHTIAp JaBPUHA CUCTEMaHUHT
KaTTa KUCMUHM TallKWi 3Taau. by KyWumarn 1-xkagBaiga KypcaTHITaH.
MeTaTHAHT TaIlK{ AJIEKTPOH KOH(PUTYPAIUSICUHU Y3rapTHPHUIN OpPKAIW, SHHU
TypJu TyMmMaH KOHQUrypauuscugaH OUPUHM Y3rapTUpUIl OWilaH MeTal

2 Dieter William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John
Wiley & Sons. Ins. 2010. — P. 1000.
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CTPYKTypacu INAKJIMHA Ba JaBpuil CUCTEMaja 3bTUPO( HTHITaH XOCCACUHU
Y3rapTUII MyMKHH',

Hatmxana meranmn sjaeMEHT yd CTPYKTypaaaH OWUpUHHU srauiaiiau. Yoy
dbakTHUHT HaMOEH OYIWIIM TallKd METaUT AJIEKTPOHJIAPHUHT  KPUCTAILI
CTpyKTypacu OVilMua KY3FaTWIUIIM Ba SAPOJAA KOJAUK OYIMO KOJNMILU, yMyMaH
OJITaH/1a, TAXMUHAH KOHUHAPJIM aMajra OIla/iu.

Korummanap, sbHM UKKU Ba YHAAH OPTHUK 3JIEMEHTIap acoCHAa LIaKJUIaHTaH
Marepuan OYnuO, CTPYKTYpaHMHT TYPJIM XWJUJIUTH JPUILIUIIATA UMKOH Oepaiu.

KOTI/IH_IMaHI/IHI‘ UKKHA aCOCUM KUXATIIapUHU Ta’BKI/IIIJIa6 S’/TI/IH_I }KOI/ISI[I/IPZ.

1-xanBan. MeTrayutapHUHT JaBpUi CUCTEMaJIary XKOMIAIINII TApTUOU

Li Be B C
A2 A3
(0.3509 |2 0,2286

© 0.3585
Na |Mg Al Si
A2 A3 Al
0.4291 |0 03209 0.4050

¢ 0.5211
K Ca |5 Ti % Cr Mn |Fe Co |Ni Cu In Ga |Ge
A2 Al Al Al A2 A2 A2 Al Al A3
0.5321 | 0.5588 |0 0.3309|a 0.2951] 0.3024 | 0,2885 0.2867 0.3524 | 0.3615 |a0.2665

c 0.5268|c (.5686 ¢ 0.4947

Ro |& Y i No Mo |Tc |[Ru |[Rh |Pd |Ag |Cd | Sn

A2 Al A3 A3 A2 AZ A3 A3 Al Al Al A3 0.1663
0.5705 | 0.6084 |a0.3648|a 0,3232| 0.3300 | 0.3147 |a 0.2738(c 0.2706| 0.3803 | 0.3890 | 0.4086 |0 0.2979

c0.5732|c 0.5148 ¢0.4393|c 0.4282 c0.5620
Cs |Bo |la Hf la W Re [Os |Ir Pt Au  |Hg [Tl Pb
A2 A2 A3 A2 A2 A3 A3 Al Al Al Ad Al
0.6141 | 0.5023 003195 0.3303 | 0.3165 |a0.2761|a0.2734] 0,3839 | 0.3924 | 0.4078 a0.3457] 0.4950
¢ 0.5051 c 0.4458|c 04392 ¢ 0.5525

Tynnupwirad KoTummManap CTpyKTypacu Kyl Xouiapaa OAAuid METaJUTHUKUT A
yxmam 0ynaau, aMmmo Oup HedTa MeTay aromiapu ¢Gaos €k TaBCUGIN aTomiap

Kounmamuimm OVinda TakCcuMIIaHTaH Oynaau. Arap KoTuiMara Oup THIIIard aToM

L. William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John Wiley &
Sons. Ins. 2007. — P. 975.

2. Richard J. D. Tilley Understanding solids : the science of materials. -John Wiley & Sons Ltd,
2004. —P. 193.
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KUPUTHIICA, METaJll aTOMJIapU Oopacura >Kounamanu. Yiap Oupramukia Gpusmk
XOoccaJapHU HAMOEH Kuiiagu. AMMO MeTauiap opacura 1ug¢y3uoH Tap3a KUpral
aTomyiap Ba MeTaul (OHA) Yypracuaa ¥y3apo TabCHUPJIANIUIN aMalira OIIUIIN
myxumaup. Opatna, OyHmai Xxosuiapaa Metaiml Oofyap Xocuia OViaau, aMMmo,
BoJopoa Oofiap Ba HMOH OOFJIapHM IIAKJUIAHWUINMA TaKuKJIaHMarad. byHnaii
Martepuaiiap Oup >KMXaTAaH KOMIO3UTIapra yxmam 0ynaau.

Tapkubu cod Meramnap KpUCTaul CTPYKTypajlapAaH yuyTacuiaH OUpPHUHU
Oupunu osramnainn: Al — wmuc crpykyrypacu (kyouk); A2 — Boabhpam
CTpYKTypacH (XaXMUl MapkasjamraH KyOwk); A3 — MarHuil CTpyKTypacu
(rexcaroHanb). Xo3upjaa OyHAAW CTPYKTYpaJapHUHT KYMUWIUTHHU Typiapu
aHWKJIaHTaH, YIapHUHT alipuMu 2-)kajBania TaBcudiapura OMHOAH KeITHPUITaH.

2-xaBal, MeTalIapHUHT TYpIM XU KPUCTalI CTPyKTypaiapy *

Li Be B C
AZ Ad
03509 |n 02286

- 0.3585
Na |Mg Al S
A2 Ad Al
04291 |0 03209 {0.4050

¢ 0,521
K Co |5 Tl Y Cr Mn | Fe Co |Ni Cu |[Zn Ga |Ge
A2 Al Ad Ad A2 AZ AZ Al Al Ad
05321 | 0.5588 [0 0.3309(a 0.2951 0.3024 0.2885 0.2847 0.3524 | 0.3615 |a 0.2665

r .5258|c (1.5584 ¢ 04947

b | & ¥ i No Mo Tc |[Ru [Rh |Pd [Ag |Cd |In an

Al Al A3 Ad A2 A2 A3 A Al Al Al A3 01663
0.5705 | 0.6084 |a0.3648/00.3232| 0.3300 ' 0.3147 0.273800.2706| 0.3803 | 0.3890 | 0.4086 |c 0.2979

c0.5732|c 0.5148 _ 1c0.4393)c 0.4282 c 05620
Cs |Ba |la |Hf flt W Re |Os |[Ir Pt AU |Hg [Tl Fb
Al A2 A3 A2 A2 Ad Ad Al Al Al Ad Al
0.6141 | 0.5025 a0.3195( 0.3303 ' 0.3165 20.2761|00.2734| 0,3839 | 0.3924 | 0.4078 a 0.3457( 0.4950
c 0.5051 ¢ 0.4458(c 0.4392 5 (0.5525

MetamuutapHUHT CTPYKTypaJlapy TypJiu IIaKuiapjaa Oynuiny “amiorponus’
nevwnanu.  YiapAaa XapoOpaTHUHT OINWINKA OWIaH Ky3aTWIAJuTaH alpum

V3rapumap 3-xaaBaiga TaBcudIaHTaH.

tWilliam D. Callister Jr. Materials Sciences and Engineering. An Introduction. John Wiley &
Sons. Ins. 2007. — P. 975.
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3-xaaBai. MeTaJulapHUHT aJJIOTPONUK CTPYKTypaiapu

Room- High- Transition

temperature temperature  temperature/
Element structure structure °C
Ca Al A2 445
Sr Al A2 527
Sc A3 A2 1337
Ti A3 A2 883
Zr A3 A2 868
Hf A3 A2 1742
Y A3 A2 14581
Fe A2 Al 912
Co (A3) Al 435

Avinnkca, kymuumnuk rekcaroHanb (ABAB) €km  kyouk (ABCABC)
CTpPYKTypajlapAaH LIAaKJUIAHTaH MaTepuasuiap yTa 3ud >KOWIallraH CTpyKTypajiap
sra xucoOiiaHaau. Ymnap Oupu KoOambT MeTaumi Oynub, y Y3WHUHT FOKOpHU
3UWIMKKa 3ra Oynuiy HaMo€H »Taau. Xapopar 435 oC macTra KecKuH Tyllca,
KOOQJIBT CTPYKTypacu KpucTtal sueiikanuur A, B, C cuptiapu 6yiinad aTomiapu
TapTUOCU3 >koWnamanu. byHmai cTpykTypaBuil makmianuim A3 CTpyKTypara
MAaCcTPOK XapopaTiapja H3uui “ Ku3IupuO IOMINATHIN’, SBHU “OTKHUI OpKalu
VTKa3WIMIIM MyMKHH. byHpa wmarepumannunr ¢usuk xoccacu Al Ba A2
CTpYKTypaJlapHUKHUTa Kaparahja aHya IOKOPUPOK OVIMIIura SpUIIHIaIu.
AkcuH4a, A3 cTtpykTypagaH Al cTpykTypara XapopaTHU OIIMPHUILI OpPKaIu Xam
YTHII MyMKHH Oyaau’.

Komuwmanunz kammuk pummacu. KoTuiiMaiap MyxXuM XoccalapHiaH
Oupu, yIapHUHT KOMIIOHEHTJIApura, S’bHU cod MeTajulapura HucOaTaH IOKOpPHU
TaBcu(dIap Ba xoccanapra sra Oymumuaup. Kymamimk KoTuimanap HoOIaTHii Ba
Mypakkab CTpyKTypajapra sra Oyiaaud Ba ynapiaH WKKATA TYpUHU TabKHUIJIA0
VTHII )KOU3IUP.

bupunuricu, KoTuiMara MeTaul TYJIAUPYBUYM OYIHUO KUPUTHITAH XOJaT Ba
UKKWHYMCH METAJUl CTPYKTYPAaHHU TALIKHUII 3TTaH 3JIEMEHTIap Opacura KUpUTUITaH
xonaT. bupwHUM XonaTma KUPWTIAHTaH METAUT KOTHIIMaaard Oomika Oup

tWilliam D. Callister Jr. Materials Sciences and Engineering. An Introduction. John Wiley &
Sons. Ins. 2007. — P. 975.
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MeTaJuIra yxmamn »ouninanaad Ba XOCCaHU HAMOEH KUJIaau.

NkkvHum, XxoJlatga 93ca  yTa KUYAK METaul  aTOMJIApU  KPUCTAJI
CTPYKTypajaru aromiap opacujard OYLIIuKiIapra cMHruO Koilamaaun xamjia
Mypakkad XoccajlapHu HaMOo€H Oynummura cabald Oymanu. Ym0y HWKKH XU
CTPpYKTypaJia TamlKu aTtoMjap XyAdd TYJIJUPYBUMIAD CHHTApU  MeETayll
CTpYKTypacura KUpHUTWITaH OYnu0, MeTaul CTPYKTypa MaTpulla CHHTapH yiap
TytuO Typaau. llly Gouc xkoTumma HOEO Ba Maxcyc (pU3MK XOccajJapHU HAMOEH
KWW Ky3aTHIa Iu.

Tankukotnap myHaai >ddexTnap Ky3atunaau, yaap adpuM MIaKUIAHUIIHA

123 MacanaH, MHC-HUKEIb EKH MHUC-OJITHH

TaxXJIWI DJTUIIHKA TakKa3o »dTaau
acocujard TYJIIUPUIN TPUHIIMIN acOCHJa IAKIIAHTUPWITaH KOTHUIIIMA KATTHK
dpUTMA KYpPUHHUIIKAA OVIMIIM Kepak, amMMO, aroMjap KaTTUK JSpUTMaja
CUJDKHIITHY aMaJjira OlUpa Iy Ba STHTH TapTUOJIAHTaH KAaTTUK (a3aiu 3puTMa XOCUJI
Oynamu. by xomat nmespiu Oapya KOTHINIMA TH3UMIIApUJA, aWHUKCA, “OTKHT
xkapa€Hu HucOaTaH TACTPOM XapopaTjapjJa amajira OIIMPUITaH KaTTHK
spUTMaiapaa SKKoJI Ky3aTwiaan. MacajiaH, MUC-OJITUH KOTHIIIMAHU CYIOKIaHUIIT
xapopatu 890 °C nman 1o 410 °C rava uwHTEepBaiga KU3AUPHUO, KEWHH KaTTa
TE3JIUKJA COBHTHJICA, YHAAa MHUC Ba OJTUH aTomiapu Al cTpykTypa TyryHJIapu
Oyinua taccommuduii, SpHU TapTHOJIAHMaraH Tap3ja TaKCUMJIAHUO >Koiamiaan

(la-pacm). llynnaii 6yicana,

Cu m . @‘ AL wo m ‘ A

o8O - d “ — L
. de®m 00
(o)

(c)
1-pacm. KyOuk kpucTann cTpyktypa: a - Taprudmanmaran CUAU;

6 — raptubnanran CusAu; ¢ —taptubnanran CUAU.

1231, William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John Wiley
& Sons. Ins. 2007. — P. 975.

2. Richard J. D. Tilley Understanding solids : the science of materials. -John Wiley & Sons Ltd,
2004. —P. 193.

3. Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction for beginners.
— Wiley-VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim, Germany, 2013. — P. 322.
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kotummanu 400 °C MabiayM MyJaaT KU3IUpUiIca MUC Ba OJITHH aTOMJIapHU CHIIKHUO
AHTM To3uLMsuiapra yTuO »xkoinamand. byHna TtapTuONaHuil KOTHILIMAHUHT
TapKkuOUra OOFIMK OYNaau Ba MKKU XWJI TYMHHMILTA 3ra CTPYKTypa MIaKUIaHUIIN
ky3atwiaan: CusAu Ba CUAU. Muc Ounan tyiiuaran CusAu ctpykrypa 16 —
pacMaa TacBUpJiaHTaH. byHzIa onTHH atomiapu KyOyK AJIEMEHTap sSYEHKaHUHT
Oypuakiapuja Ba MUC aToMjapy Mapkasja >kounamrad Oynaau. bomka Oupw,
aspbH  CUAU acocujard TapTHOJIaHTaH KOTUILIMA CTPyKTypacuga Oup Xuiul
MUKJIOpJla aToMJIap MIITUPOK 3Taau (lc-pacM) Ba ynap MUC Ba OJITUH KeTMa-
KETJIUTH/]Ia XKOWTAIIUIIran 0yaau.

Memann wuwanap. Arap UCCUKJIMK TabCUpPUJIA CYIOJTUPWITAaH MeTalljap
taxmuaad 10° -10% K /c Tesnmkpma coBuTmica, MeTaliap HOKPUCTAaLl XOJIaTra
yTUIM MyMKUH. ByHIail ycynja HOKpUCTAIT METaul MaTepHaJJIApHU OJIMHUIIH
Wik Oopa AuzsSizs apanamiMacuia amajira OLIMPWITaH. ByHHHT HaTmkacuiaa
KOTUPWITAaH METaJUl IIWINa KYPUHUIIKAA OYIraH Ba MeTaUl HIWIIAjIap OJHII
UMKOHHATIapu Kkypcatub Oepran. Kyitmmaru 4-xaaBanga Oup KaTtop MeTasl

IMMINATAPHAHT TAPKUOHM Ba MYXMM XOCCaIapy XaKuaa MabIyMoT Oepuiran,

4-xansan. CHIMKAT MIAIIAIap MyXuM TaBcuduiapu [3]

Table 6.3 Some silicate glasses

Name Typical composition Important property Principal uses
Soda glass 15 % Na,y0: 85 % 510, Cheap Window glazing
Soda-lime glass 72% 8107 14 % NapO: Cheap Window glazing
14 % Ca0
Borosilicate (Pyrex™)  80% Si0y 13% B0y Low coefficient of Cooking ware, laboratory ware
7% Ng;0 expansion
Crown glass 9% NapO: 1% K0 Low refractive index ~ Optical components
5% Ca0: 75% Si0;
Flint glass 43 % Ph0: 55 % Si0; High refractive index ~ Optical components, ‘crystal’ glass
Lead glass Up to 80 % PbO: §i0, Absorbs radiation Radiation shielding
Silica 100% S0, Very low coefficient Optical components,
of thermal expansion  laboratory ware, optical fibre

L4 William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John Wiley &
Sons. Ins. 2007. — P. 975.

4 Mustafa Akay. Introduction to Polymer Science and Technology & Ventus Publishing ApS,
2012, - P.169.
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bynnan mMypakkaOpok TH3uMIiapja TaIKUKOTJIap oJub OOopuil IIMIIACUMOH
MeTall MaTepuasuiap MAK/UIAHTUPHUII MPUHIMIUIAPU OYMILIra MUMKOH OepraH Ba
Oynnait »xapa€uinap xartto coButumn tesnuru 10 K/c raya tymwmnu6 onub
Ooopwirad. bynnail ycynna onuHaguran maTepuaiiap Y3MHUHT IONKAJIUTK OujiaH
aManauid KA3UKHUII YUFOTraH, Macallad, yJIapHU aMallii KyJUIall Maxcyc Ky30WHaK
Ba ONTHK YKMUX03JIap, MATHETUK ITACTHHKAJIAD SPATULI Ky KEIran >,

GLASS 167

Figure 6.16 The random network structure of corner-
linked [Si0y4] tetrahedra in a silicate glass

2-pacM. Cunmukat mumiana (SiO4) Oypuakiin THKWJIHIIN acoCha

IIAKJUIAHTaH TETPA3APHUHT TYPCUMOH CTPYKTYpacu

Opnatna, Oapua  MaTepUANIADHUHT  XOCcajapd,  yJApHUHT  WYKH

ANIEMEHTIAPHUHT  ¥3ap0  TabCUpJAIIUII OOFIapuHU KAl Tap3ga  TalllKuiI

1. William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John Wiley &
Sons. Ins. 2007. — P. 975.

°.S. Siti Suhaily, H.P.S. Abdul Khalil, W.O. Wan Nadirah and M. Jawaid Bamboo Based
Biocomposites Material,Design and Applications Additional information is available at the
end of the chapter 2013. http://dx.doi.org/10.5772/56057
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STWITAHJIUITA Ba MHUKPOCTPYKTypajllapura Kymn KUXaTgaH OofiIuK Oymanu.
MertannapHUHT acocHil y3ura XoC XyCyCHUSTIApW YJApHUHT SIXIIU JJIEKTP Ba
UCCUKJIMK YTKa3yBUAHJMTUIUP. MeTayul Marepuamiapjia MeTaul Oofiapu
MaBXYJUIUTH, ylapa )KyJa KHYUK TalIK{d Kydjaap, sS’ibHU SJEKTP KyWIaHUIIH EKU
UCCUKJIMK TabCUPHIA DPKUH JJICKTPOHJIAPHU MeTall OVitnad xapakaTiaHUIIWTa
uMkoH Oepanu. Illynm anoxuma, TabKUAJIANl >KOW3KH, METallapAa JJIEKTP
YTKa3yBYaHIMK MHUKIOPU YJIAPHUHT MCCHUKJIUK YTKa3yBYaHIUK MYaMMOCH OWJIaH
xunauil Oornanranaup. bynnai oornmkauk Wiedemann— Franz xonyHu Oyiinda
Kyhugaruya ypTUpod ITHIIAIN:

UCCHKIMK yTKazyBuaHauk (thermal conductivity) 3Tk?
anektp yrkasyBuaniuk (electrical conductivity) Vi €2

Oy epna k- bonbiman noumuiicu; T- MyTIIOK XapopaT, € — 3JICKTPOH 3apsi/iu.

MerannapHuHT EPYFINK Ba UCCIUKIMKKA HUCOATaH IOKOPU KaWTapyBUYaHIUK
KOOWJIMATH yJapJiard 3pKUH 3JEKTpoHra Oornukaup. Mertamn cuptura €pyrimk
dotonnapu Tabcup stranaa, depmu carxu aTpodumard SPKUH IIEKTPOHIIAP
(GOTOHHU IOTHIIM MYMKHH, YYHKH yiap atpoduaa kyga Kym SHEpPreTuxk Oy
xonatiap Mapxyaaup. LIyHUHrek, 3JIeKTpOH OCOHTMHA KalTa KyHu carxra y3
oiura YTuim Ba (POTOHNIAp 3ca KailTa HypJaHUIIM MYMKUH. ByHU aHUK Tap3na
amanra omuimy PepMu CUPTUHUHT aHUK WAKIMHU Ba dDepMmu cupTtHaa sHEprus
CaTXJIApUHU COHUTA OOFIIUK OYIau.

Kepamukanap. YmbOy wMarepuamiap acOCMHU HOOPraHUK OWpHKMaap
TAlIKWJI 3TaJd Ba yJap IOKOpH XapopaTiaplia KUMEBUM peakuusiiap OpKaiu
HaKJUTaHTUpUiIaau. Kynumimk kepaMukaiap acocaH OKCUIJIAp, aMMO, KPEMHUM,
a30T, OKCUHUTPHUITIAP, TUOpHATIAp Ba OOIIKA HOOPTaHUK OMpPUKMAaap acocuaa XaM
makuianral Oymaam (S-xazasan). Kepamukanap kuMEBUN MHEPT MaTepUaiap
XucoOmananu. Ynap KaTTUK, HMCCHUKKAa YHAAMJIM Ba OJJCKTP H30JSATOPIIHMK
Xoccallapura sra Marepuajiapavp. AHbaHaBUN KepaMUK MaTepUaliap CHJIMKAT
acocumaaup. AMMO, KEHUHTH AaBpiiapa TapKUOHU MOIU(DUKAIUS KUIHIIT OPKAIA
MyXHM XOCCAJId KEpaMUKIAp SPATWIMOKIA, *XyMJIaJlaH, MEXaHUK MYCTaxXKam,
ANEKTPOKEPAMHUK MaTepUILIap, JIEKTPOHHMKA YUYyH Maxcyc KepamuKaiap, IIWIla

KepaMHKaap Ba GOLIKANapHU HUIIA0 YMKAPHILTA YbTHOOp KapaTuiaMoKaal,

t William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John Wiley &
Sons. Ins. 2010. — P. 1000.
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S-xaasan. Kepamukanap acOCMHU TallIKWII 3TauraH KpEMHUI CTPyKTypajapu

Table 6.2 A summary of silicate structures

Structure Formula Mohs Hardness ~ Examples
Isolated silicate groups:
Monomer [Si0,]* B-5 Mg, 810, forserite, (olivines)
Ca;Crai 510y ), uvarovite, (garnets)
Dimer [Si:{}r]ﬁ_ 5 8¢28120, thortveitite
Three-ring [Si_u,{_"}-;]'{‘f T4 BaTi(8i30¢), benitoite
Four-ring [$1,0,5]" -4 CazAl,(BO;)S1,0,,)0(0H), axinite
Six-ring [Si;0,5]'% 64 BeiAly(Sig04). beryl
NaMgaAlg(BO3)a(8ig0,5)(OH),, tourmaline
Chains:
Single [5503]2_ T4 Mg8i0;, enstatite, (pyroxenes)
Double 181,015 5 Ca;Mgs8ig054(0H),, tremolite, (amphiboles)
Sheets:
Single silicate laver [55305]:_ -1 Nas5i205
Double silicate layer [5101] 3-1 CaAly5120g (half Si replaced by Al)
Single silicate plus single [51505] 3-1 Aly(OH)451,05, kaolinite, (clays)
hydroxide layer plus hydroxide Mg4(OH), 5105, chrysotile, (clays)
Single silicate plus (814014 3-1 Aly(OH)281404p, pyrophyllite, (clays)
double hydroxide layer plus hvdroxide Mga(OH)2S81,0g, tale, (clays)
Single silicate [SLAIO ] 3-1 KAL(OH);S1;A10, 4, muscovite, (micas)
plus double hydroxide KMg:(OH),5i:A10,,, phlogopite, (micas)
Networks:
Silicate [510s] 8 5i0;, quartz
Aluminosilicate [(S1,AD),04] 7-5 KAISiy0g, feldspars

Muma kepamMukiap KpUCTAJIaHMaraH, s’bHH amMopd XOJTAaru Marepual

xucoOmananu. AHbaHUBUN KEpaMHK MaTepuasuiap ofaTHi Makcaiiap, HAWILIap,

JIeKapaTUB >KUX03Jap, IUIMTA-TAarJIUKIap, W30JsITOpiap cudaruia HIUIaTHIICA,

SHIM WIMHAHA acociaHu0d Ba

MYXaHJUCIHK TPHUHIMIUIApUTA TassHUO wuiabd

YUKapWIa€TraH KepaMHUK MaTepuaiiap, ailHUKCa, YIapHUHT TApKUOMHU MeTal KU

nosuMepIap ooiutriaran 6yica, HOE0 Ba MaxCcyc Xxoccalld Marepuaiap cudaruaa

IOKOpPH TEXHOJIOTUK MaTepuasuiap cudarraa KyUTaHHJIMOKIA.

Kepamuk maTepuannap KyJulaHULI TypJiaapy KyHJarujaapHU y3 WUUra olaju:

- METAJIJT KOMIIOHEHTHUHT CUPTHUHU KOIUIAll Y4yH KaTTUK MaTepuan (TUTaH

autpu (TIN), Boasdpam kapoua (WC));

- HHEpPT IOKOpU Xapopatiapra yujaMiid KOMIIOHEHTIM Marepuan (BajIukiap,

WYKH €HYB [UIMHApPIIAP, IIIUH/EUIAp Ba X.K.);

- IOKOpH TE3JIMKJIa KEeCyBUM-YTKUP KUX03/ap, adpa3usiap (aJTlOMUHUNA OKCH]T

Al;O3, xpemuwmii kapoua SiC Ba THaMOHN).
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DneKkTpoKkepamMukanap yTa-tokopu-codp Marepuamiap OYynub, ynap HOEO
AIIEKTPOHHMK XOccanapra sra 0ynaau. Xarro, cynep yTKka3yB4aH MaTepuasiap yiaap
acocuaa TanéprnaHagu. DIEKTpoKepamMukainap (aon sJeMeHTiap MIaKiIuga Tas3
CEHCOpIIapH, XapopaT CEHCOopiiapH, Oarepusuiap Ba FOBAKIHM SYEHKalap ydyH
camMapaJii UWNUIadaurad Marepuan xucoOnanaau. Illy cuwHrapm Kepamuk
MarHuTiap MaBxys O0ynald, ynap ogariaa KYMUWINK MOTOpJapaa KeHr KyJIaHau.
Kepamukamap, mIyHuUHTACK, EpyFIMK  (IyopecleHTIap Ba  KOMITBIOTED
IUCTUIAiIapy netamuiapu cudatuaa KYJUTaHUITN OUJIaH XaM Mamxypaup.

Hluwa kepamukanap. YOy Typ matepuamiapu KaTTuk (azamu 0ynuo,
yJIQPHUHT AaCOCHHUHT KaTTa KHCMHHHU KpUCTA/UT (a3a TaIKWI ITaad. YMyMaH
OJITaH/a IIWINAa KepaMuKa KOMIIO3UT Marepuan OYauO, YHHHT KEepaMHUK acOCH
KpUCTaJT (ha3aHK Ba MIUIIA KUCMHU amopd ¢a3aHu Tanikuia 3taau. KomMnoHeHTIap
TaHJall Ba yJapHA KOMOWHAIIMOH  KOWJAIITHPUIN HATHXKACHIA FOKOPH
Xapoparjapra 4ujiaiiuraH Ba IOKOpY MEXaHUK TaBcudiap Ba KypcaTrudiapra sra
MaTepuan oMMl MyMKMH'* ByHja HIMIIAHMHT MHUKPOCTPYKTYpAacH yTa MyXUM

® = e - Glass Oynub, yHUHr Kai pJapaxkana
= L ) Qe .

* o = | Nucleus IIaKJIJIaHTaH Oy IuIIH
4 -«

-_ " -~ e KEepaMUKaHUHT  XOCCAJIApUHU
& @

IOKOpH  Kypcarruwiapia  Eku
MabBIyM ~ OWp  Makcauiapra

L' ‘..’ — Glass MY JDKAJIaHT aH Marepual

Crystalite CH(i)aTI/II[a IMaKJJIaHTHPpHUIITra

UMKOH Oepaau. Macanan, Oy

XaKjaa 3-pacmra Kapasr.

CTrystal

Glass

<)

Figure 6.19 Nucleation (part a)} and growth (parts b
and ¢} in a glass ceramic

3-pacwm. [Iuma kepaMUKaHUHT TApKUOMI TaBCUbIaApH

L4 William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John Wiley &
Sons. Ins. 2010. — P. 1000.

4. Mustafa Akay. Introduction to Polymer Science and Technology & Ventus Publishing ApS,
2012, - P.169.
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TaBcupaaru cTpyKTypaHH BY>Ky/Ara KeJIUIINU/IA MaKIAaHTHPUI )KapaEHUHIHT
Xxap Ovpu OOCKMYMHUHI POJM MYXUM OYnuO, ylnapHU >KUAJIWKA HA30paT KUJIUII
no3uM Oynmamau. byHna wKkw skapa€H aManra OIIWIIH, STbHU KOMITOHEHTJIApHUHT
CYIOK — OKyBYaH xoJiarja Ba ¢aszafgaH KaTTHK (oKMmaijuraH) daszara YTUILIH
Hazapaa TyTWIasnTH. bupuHuncu OyHAa KepaMUK KOMIIOHEHT KPHCTaJUIaHUIIH
Xpcobura amaira ouica, MKKMHYMCH muia ¢a3aHu aMmopd XxosjaT KaTTuK ¢azara
aitmanummaup. byHna koMmMmoHeHTHap CyroK (asama apamamuinyd Ba YIapHUHT
OKYBUAHJINTH, STbHU €Tapiu Japakaaa KOBYIIOKINKKA dTa OYIuim Tanad dTHIaIu.
Opmarna, KepaMUK KOMIIOHEHTHHUHT KPUCTAJUIAHUIN XapopaTh OWjaH MIMIIAHWUHT
KOTHII XapopaTH MabiyM Jnapaxkana (apknaHaau. byHra Oornmk Tapsna
MaTepUATTHUHT MAKIUTAHUIITNHY Y3TapyuITy TaOuuiaup.

SlHa wkkUTa (HaKTOp MIWIIA KEepaMHUKaIap OJMHHINUAA MYXUM CaHalaiu.
Bymap wmarepuanimHM MAK/UTAHTPUINAA CYIOITMAa Ba MHKPOCTPYKTYpalapHUHT
apanammm dakropaapuaup. Onaraa, CyroK ¢ga3aid mHaga KepaMiuK KOMIOHEHT
KpHcTauT a3acuHM IIaK/UIaHa I Ba OyHHM Ha3opaT KWiaum 3apyp Oymamu. YyHkw,
KpPUCTAJUIAaHUII Ba IIMIIAJIAHUII Xapopatiaapu Oup Oupura OofnukK Oynamu xamzia
KpPHUCTaJUIAaHUII )Kapa€HU Xa)KMHHU Y3rapuIlIy OMJIaH aMaira Olajiu.

bap3y mmma xkepaMmukamap, MacajlaH, MHUKPOCTPYKTypaiu KyliuMyaiap
acocuna Oynca, ynap yJAbTparpaHuUT MaTepHaulap XUCOOIaHagu Ba IOKOPH
XapopaTiii KBapll acocH/la aKUIaHUIIN Ba OyH/1a I0KOpH (U3UK TaBcUuapra sra
Oy MIIK Ky3aTuaaauS. MacanaH, 4-pacM/Ia yHHHT Ty3WIHIIH TaBCHPJIAHTaH.

Figure 5.30 The structure of the high-temperature
form of 5105, F-quartz, drawn as corner-shared tetrahedra
projected down the hexagonal ¢ axis (normal to the plane
of the page). This projection obscures the fact that the
tetrahedra form three-dimensional spirals, not rings

4-pacm. FOkopu xapopatra unnamian SiO2 Ba 3-kBapll acocHary MIKMIIa KepamMuKa

% Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction for beginners. —
Wiley-VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim, Germany, 2013. — P. 322.
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[lyHnuHraek, ymoy rypyxra ousi Oup Katop MaTepuauiap KeHUHTH Husuiap
aMaJira KeHr KyJsIaHMOKJ1a. Macaiiad, IEpOBCKUT acOCIU MaTepuasuiap Kyem
AJIEMEHTIIapH SpaTHUIlIa aCOCUH JIEMEHT YbTUPO(D ITUIMOKAA (5-pacm).

R -{

e pr
" i .‘_'_-"f
4 {
n c
: 7
B "
Q= — %] a

Figure 5.32 (a) The cubic ReQs structure represented
as corner-shared ReQy octahedra; (b) the idealised cubic
perovskite ABQO; structure. The framework is identical to
that in part (a) and consists of corner-shared BOg octahe-
dra, containing an A cation in the central cage site {note
B = boron)

5-pacm. [TepoBckut cTpykrypacunu udoaananrad yusma [1].

Ymby cTtpykrypanap V3uMHMHT HOEOIUTH OWiaH yiap acocuja IIaKJUIaH-
TUPWITaH MaTepuauiapja, >KyMJaJaH, IIUIIa KepaMuKanapia XaM MYXHUM
TaBcu(IapHu HOMEH KWJIaau. X03Up/a MEPOBCKUT acoCHla HAaHOKATIAMIN KyET
ANIEMEHTIApH MIAKUIAHTUPWITaH OYnuO, yIapHUHT KY€l EPYFIUTHHU DIEKTP
TOKWTa aWIAHTUPUII Kypcaruwiapd KpPEMHUW acoCIM MaTepuaUIapHUKUIAH
IOKpUPOK SKAHIIUTH aHUKJIaHTaH.

FOKopu monexkynap oupukmanap - noaumepaap. Xo3upaa UKTUCOIUETAA,
TypMyII SXUTHEKAPU Ba CaHOAT WNUIA0 YMKAPWINHIA JHT KYM KyJUTaHa€TraH
Marepuaiapian Oupu Oy IOKOpYM MOJICKYJSp OupuKManap, sS’bHH TMOJUMEpIIap
acocumaru Marepuauiapanp. [lomumepnap Tabunii Ba CHHTETHUK IIAPOUT/AA CUHTE3
oymagul? Tabumit nomumepnap rypyxura JHK, PHK, nomucaxapumiap

(memmrono3a, XUTUH, XUTO3aH, MEKTHH, KpaxMana Ba X.K.), okcuuiap (pubpowun,

t William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John Wiley &
Sons. Ins. 2010. — P. 1000.

4. Mustafa Akay. Introduction to Polymer Science and Technology & Ventus Publishing ApS,
2012, - P.169.
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KEepaTuH, KOJUIAareH, >KeJlaThH, albOyMHH, WHCYJIMH Ba X.K), Kaydykiap KaOu
OupUKManap Kupca, CHHTETUK mojumepinap rypyxura nommdtuiaeH (119),
nonusTrieHokeun (I190), nonustunentepedranar (I13TD), nmomakpunoHUTpuUI
(ITAH), momuctupon (IIC), momumnponunen (IIII), nmomuunuaxmopun (I1BX),
nonuamu (ITA) kabu Oup KaTop FOKOPH MOJISKYJISIp OupukMaiap kupaiau [4].

Tabumii monuMepnap acocaH YCUMIIMK Ba THPUK YKOH30TJIAp OpraHu3Muia
cuHTe3 Oynaau Ba OyHJal CUHTE3/Iap OpraHU3Majard Maxcyc KoJjap BOCUTacH1a
amanra omaau. bynpman #Wyn OwnaH opraHusMiap y3ura 3apypuil Oynran
OuoMarepuaNIapHUHU MIAKIIAaHTUpaaud. by skapaénnap opraHu3M TUPHUKIUTHIA
OpPraHM3MHUHT TaOMHUI XOTUpacu acocuaa OOMIKApHIL NMPUHIMNU OYiinda nespiu
JOMMHI paBullfa 1aBoM 3Taau. buomarepuamnap OupuHYM HaBOaTAa OpraHU3M
yUyH Kepakiid mMartepuasuiap Oyiica, UKKHHYM HAaBOATJa MHCOHUSAT YUYH, TypMYII
Ba caHoar, yMyMaH Oapya unuiad 4MKapuil coxajlapy Y4yH MyXUM XOM-aiié Ba
03yKa MaHOau OyJran Matepuaiapaup.

yHn TabkuAIAml *KOU3KHU, TAOMMI MOJMMEpJapHU KailTa MILIANl OPKaIH
CyHBUH MaTepuauiap ojJuHaAu. by Martepumamiap aiipum Xoccaapu Oyinda
Tabuui mojumMepiap ad3aqukka sra OVIuIIM XaM MyMKHH. MacanaH, TaOumit
OKCWJI KOJIJIaT€H/IaH 03YK-OBKAaT Ba €HIWJI CAaHOAT YUYyH yTa 3apyp OViran >keixaTuH
okcwiM onuHamu. By ¥3 xoccacura kypa >keinaTHHAAH aH4a (PapKjid Ba MyXUM
KUXaTiaapu OusaH Oup Katop ad3auMKIApHA HAMOEH KUJIAIH.

CunHTeTHK moJuMepiap OeBOCHTa KUMEBUN CHHTE3 WYIW OWJIaH OJMHAIM.
bynna xom-amé cudartuma raz Ba HeDTh MaxXCyJoTIapH, MaxcyCc OpPraHHK Ba
HOOpPTraHWK OWpHUKMalap, MHUHEpallap Ba MeTaulap KEHr KYJUIaHHWIaIu.
[Tonmumepiap KUMEBUM CUHTE3W XaM Y3 MOXMATHIA Kypa aCOCUM WKKH Typyxra
QXpaTWIand, SbHU paguKal HOAUMEPAAHUW Ba NOJIUKOHOeHcayus. AJdatTa,
HOJIMKOH ICHCAIUS] MEXaHU3MHU TaOUUI CHUHTE3/a XaM acOCUi XucoOIaHaIu.

[lonumepnap wWymaa SHT OAMM Ty3WiouINra dra Oynran Oy CHHTETHK
nonudyTIieH (I19) 6Ynca, sHT Mypakkal Ty3uinumira sra Oynraniapu 0y oKcuuiap
Ba JIHK, PHK napaup.

Ymby un3maja dTiieHaH TOTUATIIICH CUHTE3 OYIuimman nudoaiaHran

OTHIJICH ITOJINOTHUIICH
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llonucaxapuonapoa sneMeHTap 3BEHOJAp OWUPHUKUII TapTUOU Ba ylapjaru
aTOMJIAPHU KOWJIAIITaHIIMK X0JIaTUra OOFJIMK paBUILIa MAKPOMOJIEKYJIajgap TypJu
taBcudapra sra Oynaau. Oparna mnonucaxapujiap Yyeumiukiaap (kKpaxmad,
LEJUTI0NI03a, JIMTHUH, IEKTUH KaOuiiap) Ba XailBOHJIap (XUTHH, TJIFOKAMHUH Kabuiap)
OpPTaHM3MIIAPUHH TAIIKWJI 3TYBYM MaKpOMOJEKYJISAp OWpHKManap XuCOOJIaHAIH.
Macanan, o-/[-rmokonupano3a (aMuii03a) 3BEHOJAPHU MOJUMKOHIEHCALMOH

peaxcusicuaa o-(1,4)-riroko3ua 00ru Xocui Kunb oupukca kpaxman ku [-(1,4)-

TIIIOKO3ML OOFUHY XOCHII KMIICA yet0103a CunTe3 0ymanu 4°;

6

' 5

H o0 H O H g o d ) 0 H ©

! 1 g ; 0
33 0 0, [NOH

- 'O! 0 _ o- il A H *
OH l OH OH t CH
a-(1,4)-emoro3ud 6ozu - Kpaxmar F-(1,4)-2n10k03u0 602u - yeanonosa

Kpaxman cemtonozagan  ¢apkimu  o-(1,6)-rroko3un Ooru  OVitmua xam
OMPUKHUIIKM Ba TAPMOKJAHTaH 3aH)KHUPJIAp XOCWJ KWIHMIIK XaM MyMKUH. Kpaxman
MOJIEKyJIajJapyd KOMIIAKT JKOMIIaIicana, yjiap opacuaa BOJOpPOJ OOFiapu Jespiiu
Xocw1 Oymaiu Ba 1y 6ouc ocoH spuiiau. Cemtrono3a pakat Yu3uKIA 3aHKUpra
sra OViamu Ba ofaTina MOJICKYyJIajllapd WIICHMOH IIaKjila >KOMIaHTaH Ba yiap
opacuia KywIid BOJIOpoI OOFIapy MaBXKyJl OViraau XxaMm/a cyBa SpuMaiiiu.

Tlexmun ONMCaxapyuIy TATAKTYPOH KUCIIOTAJIApH acoCha CUHTE3 OYIaan Ba

SIXIIW SPUNAIA

OH COOR
C
fe]
OH
COOR OH

Oy epna P = CH3 €xu H xabu pynkcronan snmeMeHtiap.

46 Mustafa Akay. Introduction to Polymer Science and Technology & Ventus Publishing ApS,
2012, - P.1609.

®. Mustafa Akay. Introduction to Polymer Science and Technology & Ventus Publishing ApS,
2012, - P.1609.
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Xumun, SbHM XaHBOHOT OJaMHUJa OPTaHU3MHU XHUMOSJIOBUM KOOWUFU
Ba3H(pacuHU YTOBYM MOJUCAXAPUIHUHT MoJIeKynanapu H-aTceTwirirokozamMuH
3BeHoMapHu 0-(1,4)-raroko3u OOFIapy XOCHI KWJIMIIK acoCHIa CHHTE3 OYJaju.
XUTHH MOJIEKyJacHJard atomyiap Ba (YHKCHOHAN TYyPYyXJIapHUHT >KOWITAIIUIINA
yHra Gu3NK MyCTaXKaMJIMKHU Oepajy Ba 11y OOMC YHU SPUTHIL allpuM Ty3Jap Ba

KHCJIOTAJIap MyXUTHAa aMalira OMIMPUINIIN MYMKHWH:

CH g

OH © <
o NH
“t-o S
HO
NH
o =< OH

CH3;
L —In

Oxcunnap CUHTE3W Kym OOCKUWIM Mypakkad xapa€H Oymmb, Maxcyc
opraHeiia — pubocoManapaa CUHTe3 OyiIaJural OKCUJIHUHT TY3WIMIIN XaKuJaru
MaBJIYMOT aKC 3TraH TeHETHK KoJjap acocuna pyi Oepaau. byHmail mMabiymoT
aMUHOKHUCJIOTaNap KaHjaal tapTuOa OKCUI MOJIEKYJIACUHU TAlIKUI ATHUIIH, SIbHU
oupnramuu mysuruwu Xakuna Oymaaum Ba JIHK monexkymacuHuHT Mabiaym Oup
KUCMHJIA, SHHU XPOMOCOMACH Ia KOJJIAIITUPUIITran 0ynub, rex ned oputwianu. by
MabIyMOT oKcml cuHTe3 OVnummaan onauH JIHK nan m-PHK (mabsiaymorinu PHK)
ra Kyuyupuiaau Ba pudocomara ytkazunaau. Onatna aMUHOKUCIOTANAp TYFpUAaH
TYFpU CHHTE3Ta KUPHUIIUILIAPU YYyH eTapivya ¢daon OViaummManam Ba yjlapHU
daonnamrupuin yayHs agenountpudocdat (ATD) pepmentu sHeprus 6epaan™®,

Ribosoma

ot =5

ST
i it

Hatmxana masxyn 20 Xun aMUHOKUCTOTaIap Typiv XMl KOMOWHATCHOH TapTHOIa

* Mustafa Akay. Introduction to Polymer Science and Technology & Ventus Publishing ApS, 2012, -
P.1609.

¢, Mustafa Akay. Introduction to Polymer Science and Technology & Ventus Publishing ApS, 2012, -
P.1609.
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yuragaH Oynu0® OupUKaau Ba CUHTE3 y4YyH KOOWIUATAM OynraH 61 xumn Tpuruiet
xocu Kunagu. Xap oup tpuruietau T-PHK (tpancnopt-PHK) keTtma-keT paBuiiiia
pubocomara onu6 kupaau Ba M-PHK ra renutux koj Oyiinua OupHUKUIIN OJUO
O0opaau. Arap TpuUIUIeT TapkuOU F€HETUK KOATa MOC Kelica, YHAAaH OJJAUH KelraH
TpUIUIETra aMUHOKHUCIATallap OpKaJd KOHAEHCATCHUOH Tap3la, SbHU OUTTa CYyB
MOJIEKYJIacu aXpaTuO yukapuod, nenmud 602u XOCWI KUIUO KUMEBUN OUpUKaaHN Ba
yJlap OKCHJI MOJIEKYJIACHHUHT aCOCHHM TAILIKWII 3TaaH, S’IbHU:

Peptid
bog’i
o H. ] (o] R2 o
| |
+H3H—4i:|-|— é-—o £ H-—O:J—?H—-A—D' +H3u—¢|: H-—-‘g—-*- HH—éH—g- 0"
R4 H Rz R
v i H20 ' Ppeptid
Aminokislota 1 Aminokislota 2 guruhi

Acocu caxapoghocgham 3amxupiiap OYiaTaH 3JIeMEHTap 3BEHOCH pubo3a E€Ku
de3okcupuboza MOHOCAXapuJIapyusiaH uoopaT TMOJUHYKICOTHIIAP PUOOHYKIEUH
kucnromanap (PHK) éku odezoxcupubonyxneun xucromanap (JJHK) ra 6ynunamm.
[Tonmukonnencarcust peakcusicu tydaiiin PHK 3amxupuna pucobosa xonaukiapu
Ba JIHK 3amxupuna sca 2-dezokcupubosza KOIaukiapu OUpUKKaH OYyiaau Ba yiap
HYKJleomuo 3BEHOJIap XaM JeHuiaau.
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PHK wmakpomonekynacu HYKJIEOTHJ 3BEHOCH TapKUOUTA aoeHuw, 2yaHuH,
cumomun Ba ypamcun Kabu MoJekymsp Oupukmanap kupaad. JHK
MaKpOMOJIEKYJacu HYKJIEOTHJ 3BEHOCHAA ypamcul YPHUTA MUMUH WIITHPOK
sraau. JHK wMakpomonekymacu wmaccacu 50*107 raua Oymu0, acocan
XyxkaipanuHr sapocuna, PHK makpomonekynacu maccacu 10* raya 6yam0, acocan
XyKaiipanapHu pubocomanapu Ba MpoTHUBOILIazManapu Tapkuobuma o6ynamu. JJHK
Ba PHK makpomosnekynanapu oupramyu Ba ukkuiamyy Ty3uivnuiapra sra oynaiu.
JJHK Ba PHK Oupnamum Ty3unuimu 3aHXUpPJIAPHUHT HYKJICOTHU] TapKUOW Ba
HYKJICOTH]I 3BCHOJAPHUHT KeTMa-KeTauruHu anrnaranu. JJHK HuHr mkkmmaman
TY3WIUIIA 3Ca MKKWTA Mapayien (TapMOKJIaHMaraH) HYKJICOTH]l 3aHXHUPJIAPHIHT
yMyMuil YK arpoduaa ypaauiy HaTHXKaaa XOCHI OYITaH MKKH CIIUPAIHU STOHA
TU3UMH KYpPUHHUIIUAA KYTI1a0 BOAOPO OOFIapu acocua IaKJlaHTaH Oynaau.

Tabuuii Ba CHHTETHK TOJUMEpPIAP AaCOCHAArd MaTepuauiap Y3WHHHT OHp
Katop (UMK Xoccajgapu OwiaH OoIKa MarepuaiapaaH Gapk Kuiiaad Ba SIKKOJ
ad3aymukiIapra sraavp. 3aMOHAaBHM MaTEpUANIIYHOCIUKIA AHbAHUBUM KEHT

Kynamaa KyJuIaHuO KenaéTraH rmojauMepiap Kynuaara 6->xaaBaiia KeITHPHUIITaH.

6-xanBan. MaTepHalllllyHOCTUKIA KeHT KYJUIaHaIuraH oJuMepIiap

Table 14.3 A Listing of Repeat Units for 10 of the More Common
Polymeric Materials
Polymer Repeat Unit
VMSE

I e

Nl
1
5

- Polyethylene (PE) —C—C—

-

Repeat Unit Structures

"“ _° . Poly(vinyl chloride) (PVC) —C—C—
I

I

For. Polytetrafluoroethylene (PTFE) —C—C

Foo- Polypropylene (PP) —C—C—

o Polystyrene (PS)
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[lonumepnap cuHTE3W MaWTHIa TEPMOJMHAMHK cababiapra Kypa yJIapHHUHT
MOJIEKYJISIp Maccajapu Typauda OYynub Kojaau. YHUHT TepMOAMHAMHUK Ba
aHAMMTUK Yycyiapaa yprada conwnu (Mn) Ba TuapoAMHAMUK ycyiuiapia ypTa
maccanu (My) Mosekynsap Maccanapu anukinanaaun. Kyiunaru 7-8 — sxagsaiapaa

F

el
Fsg
A

ﬁt
~

..\
|
N

FF

Polv(meathy]l meathacrylave]} (FMMA)

Phenal-formaldehyde | Bakelite)

Polv(hexamethylane
adipamide) (nvlon 6,6)

Palv|ethylene terephthalata)
[PET. a palyester)

Palvearbonate (PC)

@ The Q aymbol s the backbone cham denoles
an aromaltic ring as

4,6

Oy xaKaa MabJIiyMoTIap Oepuiaran™®.

7-xanBay. YpTaua COHJIU MOJEKYJsip Maccanu (M) aHMKITaHUIINA

Table 14.4a Data Used for Number-Average Molecular

Weight Computations in Example

Problem 14.1

Maolecular Welght Mean M,

Range (g/maol) (gfmal) X, XM,
5, 0ne0—1 00 ey 7.500 0.05 375
10, (=1 5 (b 12,500 0.16 2Ly
1.5 0200, 17,500 022 3850
200, 0e0—2.5 ey 22,500 0.27 6075
25, 000=30, (0 27,500 0.20 5500
300, e e0—35 ey 32,500 .08 2600
35, 000—30, ey 37,500 .02 750

M, = 21,150

46 4 Mustafa Akay. Introduction to Polymer Science and Technology & Ventus Publishing ApS, 2012, -

P.169.

6, Mustafa Akay. Introduction to Polymer Science and Technology & Ventus Publishing ApS, 2012, - P.169.
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8-xanBan. Ypraua maccayu MoJieKyysap Maccanu (My,) aHUKTaHUTITH

Table 14.4b Data Used for Weight-Average Molecular
Weight Computations in Example
Problem 14.1

Maolecular Welght Mean M,

Range (g/mol) {glmol) wy M,

5, 00001100, o) 7.500 0.0z 150
10, 000—1.5 o) 12,500 .10 1250
1.5, 00020, 000 17,500 018 3150
20,000—25 (0 22 500 0.29 f525
2500030, (0 27,500 0.26 T150
30,000—35 (0 32,500 0.13 4225
35,000—40, (0 37,500 0.0z 750

M, =I3700

Vpraua maccamy MOJEKy/Is[p MAacCaHH ypTauya COHIH MOJEKyJsp Maccara
HUCOATH TIOJIUMEP MOJICKYJIAJapUHUHT MOJUIUCTICPCIUTUHN ndoaanaian. Yoy
xansawtapaad (My)/ (M) = 23200/21150 = 1,1 ra teuraup. By xon noaumepHu
TOp MOJUAKCIIEPC dKaHauruaan manonat oepaau. Yynku (Mw)/(Mp) =1,1-25
oynca Top mommaucnepe, arap 3 < (My)/(Mp) < 5 ypraua nmomuaucrnepc Ba 6 <
(Mw)/(My) 6¥1ca keHr nonuaucnepe xucodmanaau™®,

[TonmumepmapHUHT  MOJICKYJSIp ~ Maccalapd, KOHQUTypauusiapu  Ba
KOHpOpMaIMsICUra Tap3/la TEeOMETPUK MaKUIapy KyWaaru KypHHHILIApAa

OynuI MyMKHH (6-pacMm).

OOOOOOOOOOOOOC}O{}QOOO

Figure 14.7 Schematic representations of (a) linear, {(h) branched. (c) crosslinked, and
{d) network (three-dimensional) molecular structures. Circles designate individual
repeat units.

* Mustafa Akay. Introduction to Polymer Science and Technology & Ventus Publishing ApS, 2012, -
P.1609.

6, Mustafa Akay. Introduction to Polymer Science and Technology & Ventus Publishing ApS, 2012, -
P.1609.

56



Figure 14.6 Schematic representation
of a single polymer chain molecule that
has numerous random kinks and coils
produced by chain bond rotations. (From
L. R. G. Treloar, The Physics of Rubber
Elasticity, 2nd edition, Oxford University
Press, Oxford, 1958, p. 47.)

6-pacM. [Tonumepnap Ty3WIMIIMHUHT MIAKIUIAPU

bymapra Oormuk Tap3ga  TOTUMEpPIApHUHT  CTPYKTypanapu  Oyiinda
KJaccupuKaruscu Kyiuaaru kKypuauiiaa 6yiaaau (8-pacum).

8-pacm. IlonuMepaapHUHT CTPYKTypaBHil Kiaccuiuakusgcu’™®

Figure 14.8

Molecular
Classification characteristics
scheme for the ‘
characteristics of
polymer molecules.
Chemistry B Ehape Structure
{repeat unit {malzcular weight) [chain twisting,
composition) gnianglzment, 2l
L ngar Branched Cross irked Metwark
¥ i i
: | | |
I | | I
| I I |
[ —— J.___l____l_______l
|
somaric stete
Sterec somers Geometrical 'somers
|sotactic Syndictactic Atactic zig trars

4 Mustafa Akay. Introduction to Polymer Science and Technology & Ventus Publishing ApS, 2012, -
P.169.

6, Mustafa Akay. Introduction to Polymer Science and Technology & Ventus Publishing ApS, 2012, - P.169.
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[Tonumepnap ycTMONEKYISp Ty3WIUIIUIApU KyHuaaru makiuiapaa oynaau (9-pacm)

Figure 14.11
Electron micrograph
of a polyethylene
single crystal.
20,000%. [From
A. Keller, R. H.
Doremus, B. W.
Roberts, and

D. Turnbull
(Editors), Growih
and Perfection of
Crysials. General
Electric Company
and John Wiley &
Sons, Inc., 1958,

p. 498.]
m ~ ~ Figure 14.12 The
N ') AN ~ chain-folded
nr’:\."f‘\ ’A ’A’A ?\ ?‘ ’A % A Zi00m structure for a plate-
AQA ’A " A ':‘\ A ?\ n shaped polymer
ﬁ?\f\ h?\f\ A'Ah Jj/f crystallite.
ANAANAAANANAND '
AAN(L

Figure 14.14 A
transmission
photomicrograph
(using cross-polarized
light) showing the
spherulite structure
of polyethylene.
Linear boundaries
form between
adjacent spherulites,
and within each
spherulite appears a
Maltese cross. 525X,
(Courtesy F. P. Price,
General Electric
Company.)
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Direction of Figure 14.13 Schematic
spherulite growth representation of the detailed

Lamreilar structure of a spherulite.
chzin-folded
crystzlite

Amorphous

Tie molecule

Interspherulitic
boundary

[Tonumep MaTepHaIIApHUHT MEXaHUK XOcCcallapy YHTa OepriiaéHraH Ky4JIaHUIT Ba
VHUHT  AedOpMalMoOH  Y3rapuilli  TEPMOMEXaHWK JuarpaMMmacu  Oyinua
0axomanaau [1]. By maxcyc HamyHanap y3uin MamuHacuaa cudanaan (10-pacwm).

Figure 154 Schematic tensile
stress—strain curve for a
semicrystalline polymer. Specimen
contours at several stages of
deformation are included. (From
Jerold M. Schultz, Polvimer Marerials
Science, copyright © 1974, p. 488,
Reprinted by permission of Prentice
Hall, Inc., Englewood Cliffs, N1

1
£
w
% Srain

10-pacm. [lonmumep MaTepuamIapHUHT TEPMOMEXAaHUK THArpaMMacu

[TonmumepnapauHT HOEO UMK XOCCAIM MaTepUaiap XUCOOIaHa N,
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Haszopar caBoJsiapu
Merannap Ha HOMETEMAJLI MaTepuasuiap Typiaapu HUManapaap néopatr?
MerannapHUHT aCOCUI XyCYCUATIAPU Ba MaTEPUANIIIYHOCIUKIATA POJIA?
MarepuamapHUHT aMOp(-KpUCTAILT X0daTIapy JeraH/ia HUIMaH! TyIyHacu3?
da3zaBuii TuarpaMmanap Ba yjiap MaTepuaJllyHOCIUKIAa HUMaHu udoaanann’?
Kepamuka maTepuaslapHUHT FOTYK TOMOHJIAPA HUMAalapaa akce dTagu’?
Kepamuka Ba MeTaiut apanammanapu acoCH1a HUMaJIap MaKuiaHaan?
[Tonumepnap acocuia KaHaal Xoccalld MaTepUaiap MaKIIaHTUPUIT MyMKUH?
Mertani Ba MeTasu1 KOTHIIMaiap KaHaai ad3amukiapra sra?

©oNoak~wdPE

OnekTp YTKazyBUaHIMKIA METaJJIap, KEpaMHKa Ba MOJIMMepiap UMKOHUSTIIapu ?
10. [Iumranap Ba ynapHUHT MaTepUANIApUHK XOCcalapu KaHaa y3raptupuiaam?
11. TepmormuacTiiap HUMa Ba yiap Typura HuMmajaap Kapaau?

12. [MonumepnapHUHT TY3WIHIIHN Ba XOCCAUTAPUHUHT Y3UTa XOC )KUXaT/Iapu HUMa?

doiigagaHuITaH axadbuéTaap
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3. Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction
for beginners. — Wiley-VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim,
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3-maB3y: KoMno3numnon Mmarepuaiap, Tapkuou, Ty3WJIMIIH, TYPJIapH,
X0JIaTJIapH, TU3UMJIAPHU, MOP(do10rusiiapmu, Maxcyc (pU3UK xoccajlapu

Pexa
1. KoMno3unnon Marepraiiap Tapkuou, Typiiapu Ba aCOCHI xoccajaapy Xamia
KOMIIO3HIIMOH MaTepuaiiap SpaTHIIHUHT (PU3UK OMIJLTApU
2. MeTan, KepaMHuK, MOJIMMEP KOMITO3UTIIAp, YIapHUHT (DU3HK MapamMeTpiapy Ba
TaBcudIapu.
3. Kommno3ut tuzumnap Mopdoorusicu Ba yHra Xoc Maxcyc Ba HOE0 xoccaiapu.
4. 3amoHaBU MaTepUAIIIYHOCIHKIA KOMITIO3UTIAp (U3UKACHHUHT YPHH Ba

YCTYBOPJIMTH XaMJa aMaJiuil KyJJTAHUILIH,

Tassnu umdopanap: Komnosuyuon mamepuaiiap, KOMHNOSUMAAD, MemMAll
KOMNO3UMIAp, KepaAMUK KOMNO3UMIAp, NOIuMep KOMno3umiap, mopgonozus,

maxcyc ea Hoéb xoccanap.

Kymunnuk 3aMoHaBHil TEXHOJOTHSIAp MaxCyjloTiap HIIad 4YMKapHIIa
YHUHT XOCcajapu SXIIWJIANl Ba OP3OHJAIITHPHUIN, MKTHUCOAUNA Ba DJKOJOTHUK
tanabnapaaH, aiHMKca, HOEO Ba Maxcyc TaBcU(IM MaxcynoTriapra 3SXTHEX
Oynrannma, mryoxacus, KYyJIIaéTraH MaTepUaTHUHT XOCCAJTapUHHU MaKCaJiu
TaHJaIra, YIapHU TAPKUOWHU Y3MHUHT MaKCcaJaura MyBO(HK 3THO Y3rapTUpHINTa
xapakatr Kuinamu. [y #WyHamumpgard UHTWIMILUIAPD TapuXaH  XOM-alué
MaTepuasuiap/laH UKKH XWI Tap3aa ¢oiganaHuiira ou0 KeJral: TapKuou Oup Xui
aJIeMEHTIaH nbopar OYaraH acocuii Marepual; -TapkKuOW MKKH Ba YHAAH OPTHUK
dJIEMEHTJaH €KM KOMIIOHCHTAaH ubopar OynraH, sbHU yJapHUHT KOMOWHAIIUSICH
acocWJa TMIaK/UTAaHTaH KOMIIO3UIIMOH MaTepual, S’bHH KOMIIO3UT. Acocuid
MaTepuall, MacajaH, MeTall, KepaMuKa, moauMep Kaduiap O0yica, KOMIO3UTIap dca
YIAPHUHT apajalliMalapy acocu/a IaK/IaHraH 6ynaau’?,

YMymaH onraHja KOMIIO3UTIIAp MAaTpUIla Ba TYIIUPYBUHIAH HOOpaT Oynaay,
SbHA  KOMIIOHEHTIap Oumpum wMarpuma cudaruga Oomka  TYIAUPYBUYH
KOMITOHEHTJIApHU V3 XaKMHJIa TyTHO TypraH XoJjijga MakiulanraH Oynaau. bynma
MaTPHUIIAHUHT (U3WK XOCCalIapy TYJIMPYBYM XHUCOOWra y3rapaau Ba HATHKaIa

SIHTY XOCCAJIM MaTepuas mango Oymaau. TYnaupyBud KOMITO3UTHHHT XOCCACHUHU

! William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John Wiley & Sons. Ins.
2010- P. 1000

2 Richard J. D. Tilley Understanding solids : the science of materials. -John Wiley & Sons Ltd, 2004. —P.
193.
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XaM WKOOWIA, XaM calbOMil TOMOHra y3rapTUpHUIIM MYMKHUH. ByHra TynaupyBuu
TaHJanga anoxuaa »bTuOOp Oepuwnanu. Kommnosutnap, sSbHM KaMuja WKKU
KOMIIOHEHTJIM Marepuajjap yTa y30K Tapuxra sra OYynu0, WHOCOHUSITHUHT
Martepuasiapra 3XTUEKU naino Oyaran gaBpiapaaék yHu Kamid 3ta Oomnuiaras.

Xo3upaa sca OyHAall maTepuaiiap yjakaH Xaxmiap viouiad 4yuKapuiIMoKIa
XaMJla HUXOSTAA Ky Ba KeHr KyJnaHwiMmokaa. Kommosutinap onatna
MyJbTU(da3an MaTepuan XucoOnaHaau. YinapJaard KOMIOHEHTIApHUHT HUCOATH,
aBBaJIoM OOp, KOMIIOHEHTJIAPHUHI XYCYCHH Xoccajlapyd Ba KOMIIO3UTAA KaHaai
XOoccaJapH HaMOEH Kuja oduil Koownustura kapa® Oenrwnananu. Opatna,
TYJIUPYBUYM KOMIIOHEHTHHHT MHUKIOPU MAaTpulla MUKJIOPUIAH Y4 MapTajaH
KaMpoK 3Tu6 Tannanaaub?3,

MabnymMKH, KYTYWIMK KOMIOHEHTIAp MaTpulia €Ku TYIaupyB4Yu cudaTtuaa
TAaHJIAHWIIA MYMKUH Ba OyHJaill KOMIIOHEHTJIap CHUpacura MeTayll KOTHIIMalap,

KepaMuKaJiap Ba IoJMMepiap KUpaJau Ba MaTepUalllyHOCIUKAa MyxuM (1-pacm).

(" ™
METALS AMD
metal-filled plastics ALLOYS: metal-matrix compoaltes,
{particulate and fibre steals, ceramic-matnx composites,
i alumindum alloys, (inciuding ondinsry reinforced
copper & brasses, concrabe and steal-fibre nedn-
titanium, atc. forced concrete)
4 = =
T CERAMICS &
resine (epoxies, etc.). | GLASSES
thermoplastics,
rubbers, glass,
foams. fired ceramics,
textie fibres concrele,
fibre-reinforced plastics
{including GRP, CFRP,
pglass/PTFE coated fabrics),
FRP-reinforced concrete

M A

Figure 1.1. Relationships between classes of engineering materials,
showing the evolution of composites

1-pacm. Martepuannap TypJiiap Ba yJIapHUHT y3apo OOFIUKIUTH

1 William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John Wiley & Sons. Ins.
2010- P. 1000

3. Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction for beginners. — Wiley-
VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim, Germany, 2013. — P. 322.
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Macanan, nepauT mynatd TapkuOu Oup Oupu OmnaH y3apo TakpopiaHUO
KeJnaguran (Qepper Ba LIEMEHT acoCUAaru MUKpPOCTPYKTypanapuiaH uOopat
oynagn (2-pacm). lllynunraex, tabuataa xam kymiad OyHAall KOMIIO3HUTIAp
MaBxyJA. Macayian, €FOUHUHT MYCTaXKaMJIUTH Ba 3TMITYBUAHIUTUHU TAbMUHIOBYN
OuomojuMep -IEJUTI0JIO3a TOJNAJlapu Yy3ura HUcOaTaH KATTUK OYJraH JIMTHUH
OuomosMMepu TyraH XoJjja KOMIIO3UT XOccacMHM HamoE€H Kuianu. lllyHuHrmek,
CydK XaM KOMIIO3UT XUCOOJIaHaIu, y TAPKUOMHM IOMIIOK OKCHJI KOJUIareH Ba

KaTTUK, MypT MUHCPAJIb AlIATUT TAIOKWUJI 3Ta I 1’3.

f{é:__; ; Figure 9.27 Photomicrograph of a eutectoid
g : steel showing the pearlite microstructure
— " consisting of alternating layers of « ferrite

—ﬁ__*’r#‘a . RN (the light phase) and Fe,C (thin layers most
= g -..._—...-r

of which appear dark). 500x. (Reproduced
e — with permission from Metals Handbook,
ey o & 9th edition, Vol. 9, Metallography and

WY Microstructures, American Society for
Metals, Materials Park, OH, 1985.)

N
!

Z
S0 )\

2-pacM. [lepauT mynatu acocuaaru KOMIO3UTHUHT KYPUHHIIIH

Jlemak, KOMITO3UTHHHT Kym (a3zaau MaTepuan 3KaHIWTH HWHOOATra OJIcak,
yHJIa KOMHOHEHTJapra Xam MabJIyM Tanabnap Kyiwmiaaud. ABBajioM Oop, yiap
KUMEBUN OMp Oupura yxmam OyIMaaurd Jo3UM, aKkCUHYA yiap anoxuaa dasanap
XOCUJT KHJIMAciIuru MyMKUH. KYmumnmmk Meramn KOTHIIMa Ba KepaMuKaap
OyHmaii Tappudra MOC KEIMACIWTH Ky3aTWIaaud, YyHKH yiap TaOuataH Oup
XWITUK JKAXATIApH, SHHU HOOPTAHWK »JJIEMEHTNIAp JKAHIUTH YyJap opacuaa
KUMEBUHN pEAKIUANIAp amaira OIIMINUTa OO Kenumu cabad Oymanmu Ba YHUHT

HaTwkacuaa Qgazamapra Oynran Tanad OakapuIMaiIn.

L William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John Wiley & Sons. Ins.
2010- P. 1000

3. Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction for beginners. — Wiley-
VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim, Germany, 2013. — P. 322.
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Kommnosunuon MartepuaiiapHi MIIad YWKapUInga WIMHA TaJKAKOTYH
ONIUMIIap Ba MHIKEHEPJIAP SHTH aBJIOJ SKCTPOOPAMHAP MaTepuaiiap, SbHU HOEO Ba
Maxcyc KOMIIO3HTIap SpaTHIga MeTajiap, KepaMuKa Ba MOJUMEPIApHA aMaluii
KyJutaim Oyitnda aespyii Oup Xl TacCaBBypra 3ra dKaHJIUTru Ky3atuiaau. by Gowuc
ylap XaMKOpJIUTHa MEXaHUK TaBCU(IApU SXIIUIAHTaH, KyMIaJdaH, KaTTUKIINTH,
MYCTaXKaMJINTH OIIMPWIITAH Ba aTpod MyXUT XapopaTh Ba UCCHKJUTUK TabCUPHUTaA
YHIaMJIF KOMITO3UTJIAp SPATUI TeHACHIMSIIAPH aMall KO KeIMOKA.

Kymunnuk xommno3utiap Marepuaira OynaraH tanadaaH Kenub YMKKaH XO0Jiaa
dakat KKy dazanuanp, SPHU MaTpUIla Ba TYJIAUPYBUMAAH nOopaTaup. Marpuia
y3iykeu3 0ynn0, Ooika (GasaHUHT Y3ITyKIH dJeMeHTIapu ypad Typaau (3-pacum).

phase

Dispersed
phase
e o Var
PN FIRFER VN VA
- - - -

4@?4@

Figure 16.1 Schematic representations of the various geometrical and spatial
characteristics of particles of the dispersed phase that may influence the properties of
composites: (a) concentration, (b) size, (c) shape, (d) distribution, and (e) orientation.
(From Richard A. Flinn and Paul K. Trojan, Engineering Materials and Their Applications,
4th edition. Copyright © 1990 by John Wiley & Sons, Inc. Adapted by permission of John
Wiley & Sons, Inc.)

D
D
D
D

C
C
C
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3-pacMm. Matpuriiara KUpUTWITAH TYJIIUPYBYH, SHHU JUCTIEP TE€OMETPUK

MIAKTHUHT TYPIU KOMOWHAIUSIAp/Ia AKOWIATUIIT YA3Mach

byHna KoOMmO3WUTHUHT Xoccacw TapkuOuii Qazamap xoccamapu, HUCOUMN
MUKJIOPJIapU Ba TYJIIUPYBUH ACTEpC (a3aHUHT TEOMETPHUK MIAKINHU (YHKIUACH
cuparuna udomananaau. Jucmepc reomerpuk (aza TYIAMPYBUM 3appadaHUHT
MIaKiad Ba Yyo4amMu, TaKCHUMJIAHWIN TAapTUOM Ba OPUEHTAlMOH XOJIaTWUTa
oormukupl?

Kommosummon marepuamiap tacHU(H, SIbHU KIaCCU(DUKAIUSICUHUHT OJIHIA

yusMmacu 4-pacmaa udopananrad. byHra OuWHOaH KOMIIO3WUTIAp yuTa acoCUi

1 William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John Wiley & Sons.
4. Mustafa Akay. Introduction to Polymer Science and Technology & Ventus Publishing ApS, 2012, - P.169.
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Oynumiapaan ubopar Oynmaau: - apMUPJIOBYM 3appavanap KYJUIaHWITaH; -
apMUPJIOBYH TOJNAJIAP KYJJIAHWITAH; - CTPYKTYpaJIaHTaH.

bynnga apmupiioBum 3appavanap yiayamu Oapua reoMeTpuK HyHaaumuiap
Oyiinua Oup XwWwi, a apMHUPJIOBUM Tojajapjia 3ca TEOMETPUK YyidaM ToJja
nyHanunuiapu Oyinad xap xun Oymaau. CTpyKTypaBHil KOMIO3UTIapaa
KOMIIO3HMIIMOH MaTepuai Ba OMp JKUHCIM MaTepral KOMOMHAIMACH MIAKIUIaHAIM.
4-pacMa apMUpPIOBYM 3appadaiap HWUPHK 3appadaid Ba JIUCIEPCHOH-
MyCTaxKaMJIaHTaH KOMIO3HUTIAp KyWH rypyxjapra OynuHTaH. YJIapHUHT (apKu
apMupIai €K MycTaxKamiialll MeXaHHU3MHUTa aCOCIaHTaHInP.

Figure 16.2 A Composites
classification scheme
for the various
cnrnpusit:: types | | |

discussed in this Particle-reinforced Fiber-reinforced Structural
chapter. I_|_I I_‘_I
Large- Dispersion- Continuous Discontinuous Laminates Sandwich
particle strengthened (aligned) (short) panels
Aligned Randomly

oriented
4-pacm. KoMmo3utinap kiraccupuKanusCHHUHT YU3MacCH

Hupuk 3appavanap 6unan apMUpIaHTaHIa MAaTPULA BA 3appadanap ypTacuaa
aToM €KM MOJEKYJsp Japakala TabCUPJAIIUII SMac, Oalku Marpulia OuaH
3appada ypracuja TabCUpJaluiap Hazapaa TyTHIaad Ba OyHAal Kapamap TYJIUK
(CTLTOMIHON) MYXHUT YYyH Ypuniauawp. Ymly 3appavanap (asacu wmaTpuia
dazacunan oruppok Oynaau ByHUHT HaTHKacuaa MKKaja XOJja XaMm 3appadanap
MAaTpULIAaHU MEXaHUK XapakaTura €KM XyCyCUW CHJDKHII TYCKUHJIMK KWUJIAIU.
Bynpnait xonga KOMITO3WTTa TAIIKA KyWIAHHIN OeJica MaTpuIla KyWIAHUIITHUHT Oup
KHUCMHUH apMUPJIOBYM 3appadanapra oepann. KoMMO3UTHUHT Ky4alTHPHITAHIAK
Japaxkacu €KM MEXaHMK XOCCAaJapuHM SXIIWIAHWIIA MaTpulia Ba 3appaya
ypracugaru GOFJIapHUHT KAHYAIMK Kyd4IH SKaHIMIura OoFIuK 0ynaam °.

Nupuk 3appayanu KOMIO3WTIAP Yydyaja TUIJArd MaTtepuamuiap MeTal,

5 . S. Siti Suhaily, H.P.S. Abdul Khalil W.O. Wan Nadirah and M. Jawaid Bamboo Based Biocomposites
Material,Design and Applications Additional information is available at the end of the chapter 2013.
http://dx.doi.org/10.5772/56057
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KepaMUKa Ba MojuMmepiap OwiaH Oupra unulatuiaviud MyMkuH. Kepmernap
MeTaUI-KepaMUK KOMIIO3UTIapaaH Oupuaup. ByHmall KoMmo3wTiap »HT KyI
TapKajJraHu LEMEHTJaHraH KapOuj Oynub, y KepaMUKaHUHI yTa KUHUH CYIOK-
JaauraH 3appadanapuaan udopar 6ynanu. MacanaH, Bonbdpam kapoun (WC) Exu
Bonmbppam tutan (TIC) ¥mpuk 3appadanapu, ynap y4yH Marpuma cudaTtuua
onatga KoOanbT €KUM HUKENb KYJUIaHWIaad. by KoOMMO3UTIap KUPKYBYH
BOCUTaNap, abpasuBiap MILIA0 YMKapuuiga KymulaHuinaau. Taxjaumnap xo3upua,
Xeu Oup Marepuan MeTajUI-KepaMUKa KOMIIO3UTH KaOW IOKOpH KypcaTruuiap
HAMOEH KWIOJIMaraHu KypcaTMOKIa. byHmal Kommosumiapaa 3appadaiap
¢dazacununr ynaymu 90 % xam 1okopu OYymumm myMmkuH. Iy Toudanaru
MaTepuaIapAad OUPUHT uu3Macu 5-pacmaa udonananran’.

Figure 16.4 Photomicrograph of a WC-Co
cemented carbide. Light areas are the
cobalt matrix: dark regions, the particles
of tungsten carbide. 100 X. (Courtesy of
Carboloy Systems Department, General
Electric Company.)

5-pacwm. llementnamran kapoun WC-Co mukpodrorpadusicu: - oK panr KooanbT
MaTpHIIA; - KOpa paHT BOJIbGpamM-KapOuI.

MabiayMKH, KYMUWINK 53JacTOMEpiap Ba IDIACTHKIAp TYypiau 3appadaiap
OwiiaH apMupiaHTad Oymamu. AMMO, IIyHAAW TYJIIUPYBUHA XaM OOpPKH, Y yTJIepoa
acociu 0yuo KypyMm (caxka) ne6 roputwiaau. by TynaupyBun ra3 Ba Hedb, XaTTo
He(Th KOMAMKIAPWHHM EHIWPWITAHIA XOCHJ Oynmaauran Maijga 3appaaup. YHU

4. S. Siti Suhaily, H.P.S. Abdul Khalil, W.O. Wan Nadirah and M. Jawaid Bamboo Based Biocomposites
Material,Design and Applications Additional information is available at the end of the chapter 2013.
http://dx.doi.org/10.5772/56057
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pe3uHanapra KyIWIUIIM, XOCWUJ OYiaraH KOMIIOBUTHUHI KECKUH MEXaHHK
xoccanapu axumunaian. Macanad, aBtomo6un mumanapra 15-30 % rava caxxanu
KYUIWINIIY, IMUHAIAPHUHT Y30K MYAJAT MEXaHUK KyWIaHUII TabCUPU OCTUAA
XU3MaT KWIMIMIMHK TabMuHiaiau. Caxa 3appadanapura HucOaTaH Kyiuaaru
Tanabnap MaBxky., ylapHuUHTr auameTrpu 20-50 HM OYnuIn Ba ylapHUHU pe3uHa
MaTpHUIla XaKMHUAA TYJIMK TAKCHMJIAHIMTUTa SPUILIral Oyauiy J1o3uM (6-pacm).
Kepamuk xommno3uTnapHuHr Oup Typu Oy Oetonnapaup. beronnap impukx
3appadajap acocuja LIEMEHT Ba TOIIap acoCHaa MAaK/UIAHUIIK MabiayM. bynapaa
uKkkaia ¢aza xam oup Oupura gucrieprupiiaHaam, SHHU apaialirad oyiaam.

&;
B

Figure 16.5 Electron micrograph showing
the spherical reinforcing carbon black
particles in a synthetic rubber tire tread
compound. The areas resembling water
marks are tiny air pockets in the rubber.
80.000%. (Courtesy of Goodyear Tire &
Rubber Company.)
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6-pacm. CHHTETHK KaydyK Ba caxka (KypyM) acoCHIIard KOMIIO3UT 3JIEKTPOH
MUKPOCKOIUK TaCBUPHU.

Jucneopc-mycmaxkamnanzan  Komnosumaap. Metaur  Ba  MeTall
KOTHUIIMAJIap KyJa KaTTUK Ba MHEPT MaTepualiap 3appavyallapHUHT KyJla KAUYUK
XKMUK  Gou3ma KYIIWIWIIKA OWJIIaH HHUXO0ATIAAa IOKOPH KypcaTrmajiapiaa
Kydaitupunumu  MyMmMkuH. Jlucmepc dasza wmetamn €ku  HOMETal, OKCHJ
Marepuaiapaad Oynuimu MyMKuUH. KydalTupuin MeXxaHu3MH 3appadalapHUHT
¥3apo TabCUpJAlIMIIM Ba MaTpullaga JdUCIOKAlMACH XamJa JUCIIEPCHUOH
KOTUIIMHU ¥3 nuura onaau. Kygaiitupum sdpdexktr xapopaT 1okopu OyiaraHia xam
y30K MyJJaT cakjgaHaad. bByHMHr ydyH aucnepc ¢asza maTpuiia OuiaH
TabCUpIAlIMAUIUral OYIUIIKA JIO3UM. AWPUM KOTUIIMajapra MYyCTaXKaMJIUK
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OLIMPWITAHIUTA MCCUKIUK Tabcupuaa Hykonumaaud. byHra cab6ab, kommno3utaa
KOJIJIMK XOCHJI OYIUIIN €KU KOJAUKHU 3PULIN OYIUIIN MyMKHH.

Hukenp acocny KOTHIIMAJIAPHUHI HWCCUKJWMKKA YAIAMIIAIWATU 3 % Xakmzaa
TOPUM OKCHUJ KYIIMII OPKaIU KUAAUN olupuinanu. byHnai marepuaiiap TOpuun
—nuctiepcuoH (TD) komno3ut xam ne6 roputuiaau. bynnait a¢pdext amomMuHuii-
ATIOMHHUI OKCHJT TU3UMUJIA XaM Ky3aTUIadu.

Apmupnoeuu monanu komnozumnaap. TEXHONOTHK XUXATAAH DHI MYyXHM
KOMITO3UIIMOH MaTepuajiapiad Oupu JUCIIEpCHOH (a3za cudaTuaa apMHUPIOBUH
TojaNap KYJUIAHWITaH KOMITO3WTiapAup. byHmal KoMnosumiap oaaTia HOKOpH
MYyCTaxXKaMJIMKKa 3Tra €KUM KaTTUKJUTUKKA 3ra 0Yiau0, yJapHUHT ymoOy TaBcudiapu
KOMITOHEHTJIAPHUHT YIlyaMu Ba IIAKIM Ba MUKIopura Oornuk Oymanu. Maskyp
TaBcudrap y3ura xXoc MycTaxkaMJIMK Ba MOAYJ MapaMeTpiiapd OKajH
udonanaHagd. ApPMUPIOBYM TOJajap MILIATWITaH KOMIIO3UTIIAp ToJajap
y3yHJIUrura kapab rypyxJjapra axxparuwianu. by xakaa 4-pacmaa TabKuAJIaHTaH.

ApMUPIIOBYM TOJIAIM KOMIO3WTJIAPHUHT MEXaHUK TaBcuiapu Hadakar
TOJAHUHI Y3YHJIUTUra, OajJKu MaTpuuajard Tojlajapra Oepuiagural TallKu
Ky4WIaHUIIHUHT Kail Japakaja sKaHiurura xam Oormuxaup. Kywianum Tabcup
ATUII KO3()PUIIMEHTUHN KaHYaJIMK Japakaja ToJjlajap Ba MaTpula ypTacujaaru
Ooryapra SIKMHJIUTH XaM MYXUMJIup. UyHKM TONAHUMHI CUPTUAA YHUHI MaTpHUKa
OunaH OOFJIAHUII SHEPrUsicU MaBXyJl OYnauO, aliHaH, yIia coxara KyWwIaHUIIHUHT
TabCUPH SKKOJI HaMOEH OYnanu Ba Oy »kapaéH 7-pacmia ndojanaHraH.

- Matrix Figure 16.6 The
D \\ . deformation pattern in
VAN \ the matrix surrounding

Yoo a fiber that is subjected
— = toan applied tensile

7 /" load.
/ Fiber

io

7-paCM. ApMI/IpJ'IOB‘-II/I TOJIAJIWM KOMIIO3BUTHHUHI TallIKKW KYWIAHUII TabCUPHU A

nedopManmsUIaHUIIMAA “‘MaTpulia-ToN1a” (azaiap yerapacuaard y3rapuiiiap

lyHr TabKUAJIAII KOM3KH, MAbJIyM Japakaja TOJIAHWHT KpuTuk y3yrmurura (l.)
3bTHOOp Oepull J03uM, YyHKH Oy mapaMeTp KOMIIO3UTHUHI camMapaiu Tap3ja
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MYCTaXKaMJIMTUHU ONIMPUINTa Xu3MaT Kwiagu. YmoOy kputuk (l) mapamerp
ToJaHUHT Auamerpura (d), yHUHT aHYaluK 9y3WIraHaurura (G) Ba MaTpHIa-ToJIa

OOFJIAaHUIITUHT MyCTaXxKaMJIUrura (1) OOFINK aHUKJIaHAH.
I, =do/2t

Ymby popmynara 6MHOAH KOMIIO3UTra KyWIaHHIL O€pUIIrana, YHUHT Ky4JaHUII
— xoJyiaTu Ooryanuin rpadukiapu 8-pacMua udoaananrad. 8a-pacMa KywIaHHII
TOJAJJADHUHT YKUTa WYHAITUPWITAH XOJIATAa y3rapuil TaBCUpJaHTaH. TOJIaHUHT
Y3YHJIUTUHU y3aiuimu 8a-pacmaa udoganaHrad. 8C —pacM TOJIAHWHT Ky4JIaHMUIII
npodunura OOFJIUKIWTKA aKC OTTUPWITAH. YOy TaBcUpiapAaH TOJAHUHT

Y3I1yKCH3 OYIMIIN MyXUM DKAHJIUTH Ky3aTuiras L.

Figure 16.7 Maximum
Stress—position . applied load
profiles when fiber
length [ (a) is equal to
the critical length [,
(b) is greater than the
critical length, and (c)
is less than the critical
length for a fiber- I-‘— L —"-|-'— E; —"-| |"— %—"'I |-"— E —"'I
reinforced composite 0 Pasition { Pasition {
that is subjected to a

Stress
Stress

[

tensile strl‘ess equal Ito of ¢ D—=f O e D — of
the fiber tensile
strength (g3

l< I=1, N ! 1>, |
fer) ib)

Stress

Pasition

R — R
le— 1<t —

fc)

8-pacm. Kommo3uTaa ToJaHUHT TallKy Ky4YJaHUII TabCUpHUaa nedopmaiuon
y3rapunuiapuau upoganaHUuIIN

11 William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John Wiley & Sons. Ins. 2010 P.
1000
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TonanapHuHr >xodnamuiuy Ba Oup Oupura HucOaTaH OpPUEHTALMSIIAHTAH
OYnuIIM, TOJAHUHI KOHUEHTpAIMsICH Ba MaTpula XaXMHIa TaKCUMJIAHTaH
OYIUIIM apMUPJIOBYM TOJIAJM KOMIO3UTHUHI MYCTaXKamMJIMK Ba Ooma (U3MK
TaBcuapu >kunauid Tabcup sTaau. OpueHTauus OyHIa WKKU KUXaT OuiaH
udonananangu: 1 — ToNATApHUHT MabliyM Oup WYHaIUIIIAa mapauieln
OpUEHTAlUsIaHUIIN, 2 — UXTHEPUN €kn Tacoaauduil xoimamumu. by xonga 9-
pacmza npoaanaHraH.

TonanmapHuHr omaTuii pocrainaHumM 9a-pacMia, OpUEHTHpJAHTa X0daT 8B-
pacmMaa Ba Tacogauduil xonatu 9c-pacmaa udopamanrad. by Xonatnapnax
UKKUTacu, 9a Ba OB-pacMiapaard Xojarjap KOMIIO3UTHHUHI TOJAJIApPHUHT
TapTUOJAHUIIM Ba OPUEHTALMACH XHUCOOWra aHMU30TPONMK XOCCajJapHU HAMOEH
Kunumura cababd Oymanu. 9c-pacMmuaru xojaTnaa, s’bHU TOJAJTAPHUHT TapTHOCH3

XO0JIaTAa 9KaHJINTI'H KOMIIO3UTHUHT U30TPOIT MATCPpHUAJI SKAHJIIUTU Ta’bMI/IHJIaf/i)II/I.

Longitudinal Figure 16.8 Schematic
direction representations of
“ (a) continuous and
aligned, (b) discontinuous
and aligned, and

| — . ] )
Pl 'l V=7 Y17y () discontinuous and
I [ Il - - L .
LA o~ O randomly oriented
", kY . = .
‘ il , I, —'_ 7<) fiber-reinforced
‘ AT | J1 o1 ~| composites,
Transverse I I | i ATE N
direction L | [ - I\‘f .
| I|I I| ||I '-l_-"\"--*x*w.r"*-_
| V= =
‘ ‘ ‘ | ||| || || "y .-..‘\.l'- _\' !
| ‘ | | || ||||I \-\.__ \.: ,.-\.'\.
| ! 1 | w 4/ ..._x1| -
T N s
| | ' |, = =IN =
l AL NP
fa) ik) fe)

9-pacm. Kommno3utaa TonanapHuHT aedopmarusiaHHIII.
[Iynra 60FIMK Tap3aa ymoy KOMIO3UTIAP aHU30TPONUK (PU3HK XOCCAIAPHU

HaMOEH Kujaau. MacajiaH, KOMIIO3UTHU TOJIAJJAPHUHT OPUEHTAIMOH WYHAJIWIIN
Oyillad MeXaHMK MyCTaxKaMJiMru rokopu OVmaau. Tonanmapra opueHTanusicura
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HUcOaTaH TEPHEHIUKYJSp WYHaIUIIIa

9Ca MYCTaxKaMJIMK aH4Ya KHYHK

Kypcaruuwiapra sra O6ynaau. Tonamap tapTuOcu3 OyiraHjga KOMIIO3UT MaTepual

M30TPONUK Xoccara odra Oynaau.

bynna Ttamku Ky4 Kalicu HyHanuIga

OepunuIIIaH KaThUM Ha3ap MEXaHMK XOCCAJApHUHI TaOWaTW Ba MapameTpiapu

xunaui gpapkinanmaiiam (10-pacm).

16.5 Influence of Fiber Orientation and Concentration - 637

-
' .i(
' [
. 1 .
Fiber | | I Fiber
I !
|
: Composite
E,
i I ] Failure
| .
) SR A R @ | Matrix _ =
= : ' & | -
“ ] Matrix : [ -
B -
Tm [T T A : - 4’
' |
' |
' |
' |
' |
EJ‘-‘E : I
! I
' [
1 H
> >
€ [
Strain Strain

fa)

(b

Figure 16.9 (a) Schematic stress—strain curves for brittle fiber and ductile matrix
materials. Fracture stresses and strains for both materials are noted. (b) Schematic

stress—strain curve for an aligned fiber—reinforced composite that is exposed to a umaxial
stress applied in the direction of alignment; curves for the fiber and matrix materials

shown in part (a) are also superimposed.

10-pacm. Tonanap opueHTaMSICH Ba KOHIICHTPAIMSICUHU KOMIIO3UT MEXaHHUK

Xoccacura TabCupu

Tonamap OwiaH MIAKIUTAHTUPUITAH KOMIIO3UTHUHT CTPYKTYpaBHil Ba (UMK

TaBcudmapu 1-kaaBanna KeITHPUITAH.

1-xanBain. Tonmany KOMIO3UTIIAPHUHT (HU3UK TaBcU]Iapu

Table 16.1 Typical Longitudinal and Transverse Tensile Strengths
for Three Unidirectional Fiber-Reinforced Compos-
ites. The Fiber Content for Each Is Approximately 50
Vol%
Longitudinal Transverse
Tensile Tensile
Material Strength (MFPa) Strength (MFPa)
Glass—polvester 700 20
Carbon (high modulus)—epoxy 1000 35
Kevlar-epoxy 1200 20
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ApMUpPIIOBYM TOJIaJap AMAMETpiapu Ba TaBcH(uapura OMHOAH yuyTa cuUH(ra
OynuHaAM: TyKIap, UM-Tojdajlap, CUMIIAp.

Tyxnap HucO6aTaH aH4Ya MHTUYKA SIKKa Tojanap OYiaub, KpucTaiia CTpyKTypara
sra Oynaau. Y3yHJIMIMHHM AMAMeTpura HHUcOATW >XKyAa KarTa MUKIOpiap OuiaH
TaBcudaHaau (2->xaaBain).

2-xanBai. TapkuOuaa Typiiv Xujl TOJAIu TYJIIUpyBUMIap OyaraH

MaTepHaIaPHUHT TaBcU(Iapy®

646 - Chapter 16 | Composites

Table 16.4 Characteristics of 5everal Fiber-Reinforcement Materials

Tensile Specific Modulus Specific
Strength Strength of Elasticity Maodulus
Marerial Specific Gravity  [GPa (10° psi)] (CzFa) [GPa (10° psi)] (GzPa)
Whiskers
Graphite 22 20 9.1 700 318
(3) {100}
Silicon nitride 32 5=7 1.56=2.2 350=380 108=118
(0.75=1.09 (50=55)
Aluminum oxide 4.1 10=20 2550 TO0=1500 175=375
(1-3) (100-220)
Silicon carbide 32 20 6.25 480 150
(3) (70)
Fibers
Aluminum oxide 3.95 1.38 0.335 3719 Y6
(0.2} (535)
Aramid (Kevlar 49) 1.44 3641 25=185 131 91
{0.525-0.600) (19
Carbon® 1.78=215 15=48 0.70=2.70 225=124 106=407
(0.22-0.70) (32-100)
b-glass 258 345 1.34 725 251
(0.5) (10.5)
Boron 2.57 3.6 1.40 400 136
(0.52) (60)
Silicon carbide 30 39 1.30 400 133
(0L57) (60)
UHMWPE (Spectra 900) 0.97 2.6 2.68 117 121
((L35) (17)
Metallic Wires
High-strength steel 19 2349 (.30 210 26.6
{0.35) (30
Molybdenum 10.2 2.2 0.22 324 318
(0.32) (47)
Tungsten 19.3 2.89 0.15 47 21.1
(0.42) (59)

“The term carbon instead of graphite is used to denote these fibers, because they are composed of crystalline
graphite regions, and also of noncrystalline material and areas of crystal misalignment.

3. Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction for beginners. — Wiley-VCH
Verlag GHbH &Co.KGaA, Boschstr. Weinheim, Germany, 2013. — P. 322.
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Nn-ronanap, ogataa tonanap ae6 bTUpod dTUIaAUTaH MaTepuasiap amopd-
Kkpuctain €ku amopd xonataa 6ynanu. Jluamerpu yHua karra Oynmaiau. Acocan
nojnuMepnap €KM KepaMmuKajlaplaH TauépiaHaad. MacanaH, IOJAMEpP apaMuj
ToJlaNap, MIMIIATOJaNap, yriiepoa Tonanap, Oop Tonamap, allOMHHHNA OCKH]l Ba
KpeMHHI KapOuj Tojamap OyHra mucon Oynamu. 2-kaaBanga Oynap Xakaa
MabJIyMOTap OCpUIITaH.

Nurunuka cumnap HucOaTaH KaTTa JUaMeTpra ara 0ynanu. bynapHuHr acocuit
BaKWIJIApH TYJIaT, MUC, MOJUOACH, BOJb(paM, aTFOMHHHA, HUKEITh CHUMIIAPIUD.
Kommnosutnapna cumiap, macajiaH, aBTOMOOWJ IIWHANApUAA paauaib IyjaaT
apMatypa cudaThaa KyJUIaHWIaad, NIYHUHTIIEK, pakeTanap KOOWKIapH ypaiiaa,
IJIAHTJIAHWHT FOKOPH OOCHMTIa YHJIaMHHH OIIHUPHUIN YYYH YJapHUHT TapKUOWTa
KAPUTUIIAJIA, KyMJIaJaH, FOKOPH BaKyyMulH €K OOCHUMIIM IIJaHTIapaa OyHmau
KYJIJIAaHWII amaira omupuiaad. by xaga xamaa 2-pacMa MabIyMOT OSpHIITaH.

Kedinarn 3-xajnBanjga apMUpPIOBYM ToJjlajgap OwWjaH IIaKUIAHTUPHITAH
KOMITO3UTIapHUHT (pu3uk TaBcudiapu. byHmai Tonmanap cudaTuaa IIHMIIATA Ba

Kap6OHJ'II/I TOJIAJIap TaHJIAHTaH. yJIapHI/IHF S'/3I/II“a XOC JKUXartiiapu akC 3TTUPHIITAH.

3-xanBan. Illluma Ba kapOoH acociu Tonana OWIAH IMAKIUIAHTUPUITAH
KOMIIO3UTJIAPHUHT alipuM (U3U Ba CTPYKTypBauii TaBcudIapu.

Fiber Ave. Fiber Critical

Fiber Vol. Fraction Strength Length Length

Composite Type Fibers (MPa) (mm) (mm)
A glass 0.20 5 % 10° 8 0.70

B glass 0.35 35 X 10° 12 0.75

C carbon 0.40 5.5 x 10° 8 0.40

D carbon 0.30 5.5 x 10° 8 0.50

Komno3uTnapau makmIaHTUPUILIA apaMUJIA ToJjlajap KYJUIAaHUIIH, YIApHU
IOKOpM MYCTaxXKaMJIUK Ba IOKOPM MOAYJIra 3ra MaTephajulapra aujaHHIIN acocC
oynaau. bynnait apamumiap moaumep acociu 0Ynu0, yIapHUHT alpuMIIapd HOMH
nosimmnapadenus, TepedranaMua Toanap aed opunaan. Aciuaa, yIapHAUHT HOMU
Kesnap Ba Homekc xam aranraH. YJIapHUHT TacBUPH, IbHU KUMENUN (opmynacu
11-pacmna udonmananran. Kemap yrta mycraxkam moimMep matepuan OymuoO,
YHHUHT acOoCHJa HUXOSTAa MyTaxKaMm XOCCajlyd MaTepuajiap TauépiaHaju.
Kymnagan, MoTop TacMmanapu, XalJOBUM Ba MACCAKUPIAP YUYH XUMOSIJIAHUII
TacMallapy, MapailyTjiap y4yH MaTepuajap, yJiKaH KeMajlap y4yH OOfjIaMJIOBYH

TacMaliap Ba Iy KaOu yTa MycTaxkamJiiap ToJia acOC/Id €KW TOJIalld MaTepuasap.
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Repeat unit

< Fiber direction ———=

Figure 16.10 Schematic
representation of repeat unit
and chain structures for aramid
(Kevlar) fibers. Chain alignment
with the fiber direction and
hydrogen bonds that form
between adjacent chains are also
shown. [From E R. Jones
(Editor), Handbook of Polymer-
Fibre Composites. Copyright ©
1994 by Addison-Wesley
Longman. Reprinted with
permission.]

11-pacm. Kepnap MoJeKynanapy Ba yJIapHUHT y3apo Oornanui rpaduxnapu.’

Tapkubuna muima, yriepoj, apamuj Tojanap OYiraH SMOKCHJ MaTpUIAIH

KOMITIO3UTIIAPHUHT allpuM MyXuM TaBcu@uiapu 4-xaBania KeATUPUITaH.

4-pacMm. Typnu Tona KOMIOHEHTIN KOMITO3UTIAPHUHT TaBCU(IIapu

| Composites

Table 16.5 Properties of Continuous and Aligned Glass, Carbon, and
Aramid Fiber-Reinforced Epoxy-Matrix Composites in Longitudinal
and Transverse Directions. In All Cases the Fiber Volume Fraction

Is 0.60
Glass Carbon Aramid
Property (E-glass) (High Strength) (Kevlar 49)
Specific gravity 2.1 1.6 1.4
Tensile modulus
Longitudinal [GPa (10° psi)] 45 (6.5) 145 (21) 76 (11)
Transverse [GPa (10° psi)] 12 (1.8) 10 (1.5) 5.5(0.8)
Tensile strength
Longitudinal [MPa (ksi)] 1020 (150) 1240 (180) 1380 (200)
Transverse [MPa (ksi)] 40 (5.8) 41 (6) 30 (4.3)
Ultimate tensile strain
Longitudinal 23 0.9 1.8
Transverse 0.4 04 0.5

)KaI[BaJII[aH muiia, yrjiicpoa Ba apaMua aCOCIM KOMIIO3UTIIAPHHWHIT IOKOPH

! William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John Wiley & Sons. Ins.

2010-P. 1000
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dbu3uk TaBcudIapra sra SKaHIUTU KYypuHUO TypuOau. bynap wuupa yriepoaiu
ToJlaJap MYXHUM >KMXaTiapu OwnaH QapkiaHaaud. JIeKuH KeBiap TOJAHUHT
KypcaTtruwiapu HUcOaTaH aHya MyxuM OVianb, OyHIal TONaJIApHUHT aMauil
aXaMMITH HUXOSATAA CAIMOKIUIUD.

Komnozutnap unumaa meraai-maTpUIlaId KOMIIO3UTIApPHU YpHU OEKuEcaup.
VY napHuHT allpuMIIapUHUHT QU3KK TaBcudIapu S-xaaBajijja KeITUPUIITaH.

5'}I(aIIBaH. AﬁpHM TOJIAJIN MCTAJIII-MAaTpUIAJIM KOMITIO3UTIIAPHUHT TaBCI/I(I)JIapI/I.

Table 16.9 Properties of Several Metal-Matrix Composites Reinforced with Continuous and

Aligned Fibers
Fiber Content Density Longitudinal Tensile Longitudinal Tensile
Fiber Matrix (vol%) (g/cm’) Modulus (GPa) Strength (MPa)
Carbon 661 Al 41 244 320 620
Boron 6lbl Al 48 - 207 1515
SiC 661 Al 50 293 230 1480
Alumina 380.0 Al 24 - 120 340
Carbon AZ31 Mg 38 .83 300 310
Borsic Ti 45 368 220 1270

HlyHUHTIEK, TOJAMH KepaMHUK-MaTpUIIaTd KOMIIO3UTIAp MaBXya OYmuo,
yJIapHUHT aiipuM TaBcudiapu 11l-pacmma udonananras.

Figure 16.12 Monaoclinic
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demonstration of particles
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11-pacm. Kepamuk-matpuiiaam KOMIO3UTIApHUHAT (HU3UK TaBcUDIapu

Hoé6 xoccanu matepuamiap ssHa OMp Typu YIIEpOA-Yriaepo]l KOMIO3UTIAP
0ynu0, ynap pakera MoTopiapu, GpUKIHOH MalluHaiIap, a3poKeManap Ba IOKOpH
TaBCU(IM aBTOMOOWIUIap KaOu coxallapjla KEHI KYJUIaHa[Wh. YJIApHUHT MYXUM
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Xoccajgapy Xakuaard aipuM MabliyMoTaap 6-aaBania KeJITUPUITaH.

6-xanBan. Yriepoa-yriepo]l acocid KOMIIO3UTIIAp TaBcUpIapu

Table 16.10 Room Temperature Fracture Strengths and
Fracture Toughnesses for Various 5iC Whisker
Cﬂntﬁnt‘ il'l A'lu]

Whisker Fracture Fracture Toughness
Content (vol%) Strength (MPa) (MPa“\/m)
0 — 4.5
10 455 £ 55 7.1
20 655 £+ 135 7.5-9.0
40 850 %= 130 6.0

Acocwuii xkapaHiiap OMpU TOJaIM KOMIIO3UTIAPHUHT IMIaKUIaHUUAUp. by

kapaéunap oupu Kyinnaru 12- pacMaaru unszmana ugojananras’

658 + Chapter 16 | Composites

Preforming Curing Pullers

die die
\ A»

rowings

Resin
impregnation
tank

Figure 16.13 Schematic diagram showing the pultrusion process.

12-Tonanu KOMIO3UTAP MAKIIAHTPUIITHUHT TPUHIUITHAI YU3MACH

[Tonumepap acocuaaru KOMNO3WTIIAPHU IIAKIUIAHTUPUII KaJIEHZEpJlall
yCYJIU KYJUTAHMIIY, TUICHKACUMOH MaTepuasuiap OJIMII MMKOHWHM Oepanu. bynaa
MEXaHUK Yy3HII Ba MCCUKJIMK TabCHUPHAA TEPMHUK KailTa HIUIAII NPUHUUILIAPU
KyJUlaHwiaau. byHnail ycyn apanamn KOMIIOHEHTIM MaTepualijiap, Maxcyc Xxoccaiu
KOMITO3UTIAP OJduHaau. byHUHT mpuHIIMIMaN yn3Macu 12-pacmaa udogaiaHras.

3

3. Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction for beginners. — Wiley-VCH
Verlag GHbH &Co.KGaA, Boschstr. Weinheim, Germany, 2013. — P. 322.
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Hopper containing
heated resin

Figure 16.14
Schematic diagram
illustrating the \
production of AN paper
prepreg tape using a )
thermoset polymer.

Waste release
paper

Heated calender
rolls

prepreg

12-pacm. Kananaep npuHIMIIiapyu acocuaa KOMIO3UTIIAP MIAKIUIAHUIITN

MarepuaimapHuHr sitHa OUp Typu JaMUHApP KOMIIO3UTIApAUp. YJIapHUHT
MIAKUVIAHUIIM WKKUH Ba YHJAH OPTUK CHUPTIApHH, SIbHU IUIATHHAJIApHU, EKU
NaHeJUIapHU IOKOPM MEXaHMK KYWIAaHUII OCTHUJA Mpecciall OpKadd XOCHII
KunuHaau. bynra xom-amé cudaruaa €roy iatTuHanap Ba TOJANIH IACTUHATAPHU
KyJutam MyMKuH. byHaa kaTiamiu Mmatepuan makimanagu (13-pacm).

Z

2,//////
A

-
v

Figure 16.16 The stacking of successive
oriented fiber-reinforced layers for a laminar
composite.

13-pacm. JlamuHap KOMITO3HUTIIAP MIAKIUIAHUII TTPHHIIATIH
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Karnamnu, spHUM CaHIBMY TUNMAATM KOMIO3WTJIAP INAKIIAHTPHILI OJaTAa
IIMIIA aCOCIA KOMITO3ULIMOH MaTepuajuiap OJIMII MUMKOHUHU Oepamu. CaHaBud
NaHeJJIapyu UKKU €KUM YHAAH OPTHUK JIUCT €KM IJIaCTHHAJAp acOCHJA IaK/UIaHAIu.
Bbynpaait koMmno3uTiapHUHT yMyMui Kypunuiu 14- Ba 15-pacmaa udonananras.

Figure 16.17
Transverse Schematic diagmm
e showing the cross
section of a sandwich
panel.

Faces - Cove

14-pacm. CaHIBUY KOMITO3UT YHM3MAaCH.

662 * Chapter 16 | Composites

Face sheet

Honeycomb

Adhesive

Fabricated
sandwich
panel

Face sheet

Figure 16.18 Schematic diagram showing the construction of a honeycomb core sandwich
panel. (Reprinted with permission from Engineered Materials Handbook, Vol. 1, Composites,

15-pacm. CanaBuY KOMIO3UTIIAp NMAHEIJIAPUHUHT TaBCUPIApU
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Mypakkaio KOMIIOHEHTJIM Ba KECKMH (U3MK Taxcupiara Oap Oepanuran
KHOMMO3UTAapaAaH oupu TeHHUC Tynuanp (16-pacm). YHUHT TapkuOuga OupKkatop

Vermiculite platelet

Butyl rubber

Caver

QOuter core

Pressurized
air

Nanocomposite
barrier core

Figure 16.19 Schematic diagram showing the cross-
section of a high-performance Double Core tennis
ball. The inset drawing presents a detailed view of the | Photograph of a can of Double Core tennis balls and
nanocomposite coating that acts as a barrier to air an individual ball. (Photograph courtesy of Wilson
permeation. Sporting Goods Company.)

16-paCM. Tennuc IMAPUKWHUHI TY3WJIIUIIHA Ba KOMIIO3UIINOH TapKI/IGI/I

(GyHKIIMOHAI AJIEMEHTIIAp MAPCUMOH KOOWK KWJIHO, MabIyM OUp KeTMa-KETIHKIA
MAKJUTAHTUPWITaH. MyXUM KUCMU HWYKH KOOWUFW OYnuO, y HAHOKOMITO3UT
Marepuanaup. HaHOKOMMO3WTAa BEPMUKYIHT TOJaJlapyd Ba BUHWI PE3MHACH
Mapxyaaup. Cupti KoOWK OWsIaH KOTIJIaHTaH.

Mynmait kw6 ymly MaB3y Auopacuia TypJid KOMIIO3UT MaTepUaIapHUHT
MPUHIMITHAT JKUXATIapu Kapa®d YMKWIAW Ba YJIapHUHT (U3UK Ba aMalidid
TaBcU(Iapy TaxXJWi1 KWIMHAW. 3aMOHABUW MaTepuas IIYHOCIWK Tajadiapura
OMHOAH KOMITO3UTIAPHUHT Kal Japakaja MyKaMMaJUTMK OViuId, yJapHUHT
HUXOAT/Aa KEHT Ba CAJIMOKJIM COXa DKAHIIWTH PHUBOXKIAHUIIN YIIKaH TapuUXJaH
Oomnutanu®, Xo3upaa ynapra Oyiaran 3XTUEKHUHT sSTHA FOKOPH Ba UKTUCOAUETTHUHT
Oapua coxanmapua ynapra Oynrad TaTaOHUHT KyHJIaH KyHTa OO O0opaéTranauru
TabKUO01a0 ITHIITA Ba YHTA H30XJIap Ba MUCOJUTAP KEITUPHIITAH.

79



Ha3zoapr caBosuiapu
. Komno3unuon Marepuai Ba KOMIO3UTIIap HUMA?
. Komno3utnap acocuii Typiapu Ba MyHaaunuiapyu HuMaaapaad noopatr?
. TaOuwnit koMIIO3UTIAP KaHIall MUCOJUIAp KeJITUpa oacus?
. CyHbBHI1 Ba CUHTETHK KOMITO3UIIMOH MaTepraljiap KaHJan MIaKIaHaan?
. Komno3utnap sipaTUIIHUHT KaHAal QUMK OMIILIApH MaBxy[?
. Kepamuk, meTann Ba nmoimMep KOMIIO3UTIAAPHUHT TPUHIUIHANI papKiapu?
. Kotummanap Ba komno3utiap Kangai dpapkiaHaau?

. Komnozutnap ¢azanapapo yerapajiap HUMaHU aHTJIaTagu?

O 0 1 O O B~ W N —

. Komnozutnapaa komnoHneHntiaapapo O0ofnap Kaid qapaxasna 6ynaau?
10. Komniozutiap Mopdoiiorucu Ba xoccanapy KaHjaa 00Faukka sra?
11. Komno3uTinapaa MaTpUIIaHUHT POJIM HUMaJIaH noopat?

12. ApMmupiiail HUMaHU aHTrJaTald Ba KOMIIO3UTIapaa poyiv KaHnaan?
13. Tonanu apMupJiaiiiia ToJaJapHUHT KaHaal Typjlapu MaBxy1?

14. Komno3uTnapaa HOEO xoccayiap KaHaai oomkapuiaan?

15. Apanamima Ba KOMIIO3UTIap OWpu OupuIaH KaHaai dhapkiaHagn?
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4-mas3y: Hanodusuka acocinapu, HIIMHH-TAIKHUKOT 00beKT/IapH Ba

NnpeaMeTH, HAHOMAaTepPUAJIap APATHIHIIMIATH YCTYBOPJIUTH

Pexa

1. Hanodusuka npenMeTH, HAHOOOBEKTIIap, HAHOCTPYKTYypaiap Ba HAHOJMCHEPC
TU3UMJIAP MIAKIUTAHUII TPUHITUTIIApU

2. HanomaTtepuamnlIyHOCIHMK acociapH, yHJa (QyHIaMeHTajd Ba amaiuid ¢annap
Xama TeXHOJIOTHsIap Ba MITA0 YMKAPUIITHUHT XaMXKUXATIIUTH.

3. MeTaJ'IJ'I, K€paMuKa, HOJIUMCpJap, KOMIIO3UTIAP aCOCHAa HAHOMATCpHUaJlIap
IMAKJUTAaHTUPUIT UMKOHUATIIAPU.

4. Hanopu3ukaHUHT HaHOOOBEKTJIAp Ba HaHOMAaTepHaJlIap sSpaTHILIArd POJd Ba
YCTYBOPJIUTH.

Tasnu ubopanap: Hanoobvekmaap, HaHOOUCNEPC MUSUMAAD, HAHOVIYAMIM
Mamepuaniap WaKATAHULIY, HaHoMemaniap, HaHozappa4daiap,
HAHOCMPYKMypaniap, HAaHOKOMRO3UMAAp.

1. Hano¢u3zuka npeaMeT, HAHOO0ObEKTJIAP, HAHOCTPYKTYpaJap Ba
HAHOAHUCIIEPC TU3MMJIAP IAKJIAHUII MPUHIMILIAPU

“HanoTtexHosiorusi” CY3MHMHT y3uja 2 Ta aTaMaHu “HaHO” Ba “TEXHOJIOTHUS”
TepPMUHJIAPMHM KYpaMu3. ABBaJ UKKUHYU TYIIYHUYaHU aHUKJIAII JO3UM 1,

DHIMKIIONEAUK JIYFaTaa “TEXHOJOTUS CY3HM Kyhdujaaruda TaBcU(JIaHTaH: y
IOHOHYA “TeuHe” — “caHpar”’, “maxopar’ Ba “Ounumnr’ + “moroc” — “dan” Kymma
cy3 Oymmb, Ompop Omp MaxcynoT wHNUIA0 YHKAPWINJIArd WILIOB Oepui,
Tall€pialiHy, XOJIATH XOCCACHUHHU, IIAKIWHU Y3rapTUPHIL KapacHIapUHUHT
yMyMJIAIITaH YCIyOUHU OWIITUpaIH.

TexHonmorusstHUHT Bazudacu — TadUAT KOHYHJIApUAaH UHCOH MaH(paaTu y4yH
dorgananumaup. “ManMHACO3IMK TEXHOJOTHUACH’, “CYBHH KHMEBHUU TO3aall
TEXHOJIOTHSACK ’, “axO0pOT TEXHOJOTHsIIap” Ba OOIIKAIAp MaBXKY/I.

Kypunu6d typnbanku, TexHonorusuiap OONUIAaHFUY XOM alEHUHT TabnaTtura

Kypa Oup-Oupuaan axpanud Typaau. Meran (TeMup) Ty3wiMaliap Ba

1 William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John Wiley & Sons. Ins.
2010- P. 1000
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uHopmarcus (MabIyMOT) opacujard Kywid ¢apKIaHHIUIap yiapra HWIIOB
OepHIll Ba y3rapTupunl ycayonapugaru gapkiapau 6enrunab 6epann’

TexHonorusmapuu caHa® YTranumuzga “1OKOpU TEXHOJOTHsUIap” JleraH
TYLIYHYaHHU 3Cra OJMaciuk MyMKHH sMac. KOkopu texHonorusiap ne0 HucOaTaH
SKWHJa Taigo Oynran, xamma jkoija TapkaiuO yiarypMmarad camapaid OyiraH
TEXHOJOTUSJIAPHU TYIIYHUIITa Yprauud Koiaranmui. by TexHomorusimap acocad
MUKpPOEJEKTPOHUKA coXacura ouj Oynul, ac000-yCKyHaJTapHUHT >Kyda KUYUK
yiuamu OusiaH OOFJIHK.

Munrnad #uinap aBBan oTa-00001apuMH3 TPUWIJIMOHTA aTomilapra sra
OynraH ToUUIapHU OJMO, yiapJaH MUWUIMAp], TPUUIMOHTA aTomiiapra sra Oyiaran
KaTjamJIapuHyd WYHUO, KaMOH YKJIAPUHUHT YTKUP y4lapuHM Talépramrat. Yiap
KMIMH GYIIraH MIUIAPHH Ky/a YCTAINK OHMnaH Gaxapumrad. Yina y30K BaKTIapaa
TONUIApHU OyHIal WYHUII YCYJIMHM Yis1ab TONraH ojJaM yHU FOKOPH TEXHOJOTHS
ne0 araraHjga xaTo KwiMmarad Oynapau. Macaman, 15-20 ¥Wun aBBanm ysiau
TeneoHSIapHu “XUrX-Teu’ TypHaard yckyHajap ne6 xucoOnaHran. Xosupja ica
“mo0mI1 TenedoHn” OMIaH Xe4 KUMHHU XalpoH KOJiupa ojiMaicaH.

HIyHUHT y4yH XaM KaMUSAT PUBOKIAHUINK OOCKMYMIAa yHra ouj Oapya
WIFOP TEXHOJOTUSJIAPHU “IOKOPH TeXHOJIoTusap” eb aTair »ou3 O0yica Kepak.

OHIU “HAHOTEXHOJIOTHS TYIIYHUYACHUHMHT y3ura Tabpud Oepamus.

Hano kymmmuyacu (roHOH “HaHHOC” — “MUTTH’) y €ku Oy OWPJIMKHUHT,
OM3HUHT XoyaTaa MeTpHuHT, MuumMapagad oup (107°) 6ymaruam (maHomerp-
HM)HM aHrjatagd. ATomjiap Ba XKyda Maiga woJsiekynaizap | HaHomerp
TapTUOATH yadamra Jra.

NHruuka couyHMHT YHAAH OWp KAJIWHIWTHA YaI9aMUJard TapKUOJIOBUMIIU
3aMOHABUM MHUKPOCXEMAJIAp YAKMOK TOII MYyHYBUMJIAp CTaHAApTIIApUAa KAYKUHA
ned xucoOiaHaau, aMMO TPWIIMOHIA0 aTromuiapra sra TPaH3UCTOPJIAPHHUHT Xap
Oupy Ba MUKPOYHILIAP XaMOH OJJIUN KY3 OUlaH Kypuiiaau.

Tomra xynga wunuioB OepumigaH Oomiad TO KPEMHHIIM — YUILIAP
Tai€pramradya  Ky3aTHII ~ MYMKHH  OynraH  TEXHOJOTHSJIap  aToM  Ba
MOJICKYJIAJIADHUHT  KaTTa OWpUKMalapuaaH TallKWI TONIaH XOM-allénaH
doiinanananu. by #WyHammmmm “6Oanx-mexnonocus” (MHT. “Oynk” — TYO-TY,
TYIUIaHTaH) J1e0 aTail MyMKHH.

Hanorexnonorus xap Oup arom Ba MojeKylanap OwWiiaH XyJla aHUKIUK

OuWJIaH MIILJIAIIN JIO3UM. Y AYHEHU OM3 XaéIuMu3ra KeaTHpaoIMaiIurad Japaxasa

L William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John Wiley & Sons. Ins.
2010- P. 1000
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y3rapTupu0d 0OOPUIIN MYMKHH.

Atom — (rpek. “aromoc” — “OynuHMAc”) — KUMEBUN SJIEMEHTHUHI XKyla
Maiiia 3appadacu Oynu0, Oomika artomyiap OujaH Oupriamubd Mypakkad
OMpHUKMaIapHu — MOJICKYJIaJIApHHA XOCHJI Kuuta oyiamu [2].

Ebtbop Oepcanrusz ‘“atoM” CY3MHUHT Cy3Ma-cy3 TapKuma KUIMHHUILHA
HOTYFPUIMD Ba XaKUKATAAH aTOM 3apsAjiaHTaH sSApo Ba MaH(UN 3apsasiaHTaH
ANIEKTPOHJIApP/IaH TAIKUI TONraH. AMMo Oy cy3HHM Kaaumru rpek Qaitnacydu
Jemoxput yitnad Tonrad Ba XaMMa yHAaH ¢oinananunira ypranu0 Koiras.

Hanorexnonoruss — 6y mavaym amomap mysuluuliu Maxcyl0miapHu,
VAAPHUHZ amMOM 684 MOJEKYAANAPUHYU HCOULAWMUPULL UYIU OUNAH uunab Yukapuul
yeyaapu uuUHOUCUOUP.

Hanorexnonorusra Oepunran OyHaali Tabpudra kypa Tabuuii caBoj
TYyFUJIQJM: MaTepUajUIapHA aTOM Ba MOJIEKyJanap Japaxkacujia MaHUMYJIsSTCHS-
nammmu3  (0y epla HWOUlamMMu3) MYMKHHMH? BU3HHMHT  OapMOKJIapuMu3
HaHOMAcIITa0 YYyH *KyJa XaM KaTTalluK KWiaau-Ky. by caBos 3aMOHaBUiI HaHO
dbaHuHUHT XyMO0Fu OViica kepak. by ®yMOOKHU €UUIITHUHT dHT YUPOUIN UYITUHU
spuk Jlpekciep Yy3uHuHr ““Slpatum (0aprio ATHIN, BYXYIAra KEITHPHII)
MalHaiapu” KATOOUa Takaud Kuwiau. ATomiiap OWIaH UIUIAI YYYH Y Maxcyc
HaHOMAIIIMHAJIAPHU EKU accemonepaapuu spaTiu.

VYnapHu K¥3 onguMu3ra KENTUPHII YYyH aBBajJO MOJEKyJajnap KaHjan
TY3WITAQHJIUTHHU PacM OpPKAIM KYPUIIUMHU3 JI0O3UM Oynanu. ByHwHr ydyH Ous
aTOMJIApHU MYHYOKJIAp KYPUHHINNIA YM3aMU3, MOJICKYyJIaJapHU 3Ca CHM OpPKaJIH
Oup-Oupura OOFJIaHTaH MYHUYOKJIAp TypyXu ne0 kypcaTtamus. ATomiap IOMaJIOK
mrakira sra (mapiapra yximiaii), MOJEKYJsp OOFIaHHIIIapu — cuUM Oyiaknapu
Oynmaca-ma, OW3 KY3 ONAMMHU3ra KEITUPraH Mojeln Ousra Oy OofjaHUILIAp
Y3WJIUIIN Ba KalTa TUKJIAHUIIA MYMKUH 3KaHJIUTHHHA KYpcaTaau.

Hanomammnanap arom Ba MOJEKyNaJapHU YIUIA0 OJUIIHK OWIHMIIA Ba
yJIapHU XOXJIaraH TapTudaa Oup-oupura 6ofmait onumm 1o3uM. [llynn Tapkumnamn
J03UMKH, OyHJall MammHanap tTabuataa MUHTIA0 Wuutapaan 0yéHn myBaddakusT
Ownan nnutad kenMokmaa. Mucon Tapukacuaa pudbocomManap TOMOHHUIAH OKCHITHH
CUHTE3 KWW MEXaHU3MUHU KEITUPUII MYMKUH.

HanoTtexnonorusimapnan  QoWIaJaHUITHUHT  UMKOHUSATIApH  OWTMac-
TyraHMacJIup: capaToH XyKalpajdapwHu HOOya KWIyBYH Ba 3apapiaHTaH TYKAMa
Ba ab30JIADHM TUKJOBYM OpPTraHM3Mja ‘“‘SIIOBYM’ HAHOKOMITBIOTEpIapaAaH TOPTHO,
TO aTpod MYXUTHU HUPIOCIAHTUPMAUIUTaH ABTOMOOWIIb JIBUTATEIUIapu OYIraH

ac000, KypuiMaaapHU SpaTUII KeJlakaru MaBxy/l.
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HanoHnoTexHosorusuiap Kyiinaaru NpuHIKNHAAI )KUXaTiapra sra 0ynTo, yHU
amaira omupuia 1-pacmua KeITUPUITaH KeTMa-KeTJIMK yCTBYBOpAup [1].

| Physics

I Chemistry

Manomaterials |

| Materials science

[ Biology, madicine

Figure 1.1 To understand and apply nanomaterials, besides knowledge on materials science,
a basic understanding of physics and chemistry is necessary. As many applications are
connected to biclogy and medicine; knowledge in these fields are alsoc of advantage.

Starting
material

Final
product

Mechanical ar
chemical processing

S

Figure 1.2 Conventional goods are produced by top-down processes, which start from bulk
material. Using mechanical or chemical processes, the intended product is obtained.

1-pacm. Hanotexnosorus acocnapu

Okcunnap — Oapya XyxaipanapHUHT Xa€T (PAOTUSTUHU TAbMHUHIOBYU
3apypuii TapkuOuii Kucmuaup. OKCHIUTApHUHT OpraHU3MJAard (TaHaaard) poiu
XwiIMa - Xwiaup. Tanamuszgaru Oapua xaéTtuil skapaéHiapia YHUHT YCHINHM Ba
KYIaluIHN OOIIKAPHUIIIA HINTHPOK ITAIUTaH OKCUIUIAp — TOPMOHIIAP aXpauod
Typagu. EpyFamk ce3yBuM Maxcyc, OKCHJI — POJOICHH XHCOOMIra KY3UMH3 TYp
napjacuja TacBUp Taiao Oymaau. AKTHH Ba MHUO3MH OKCHJUIApU XucoOWTa
MyIIaKJIapUMU3 KUCKapaay Ba Oymiamanan, OyHUHT HaTHXKacuaa Ou3 xapakaT Kuiia
onmamu3. Opranmszmaard Oapya KUMEBUU ‘KapaHIap MaxCyCc  OKCHUIAp —
dbepMeHTIIap HINTUPOKUAA Kedaau. YIIapcu3 OBKAT Xa3M KWW, Hadac OJuII,
MOJAIajiap aJMallyBd, KOH HMBHUINM Ba OomKkamap coaup Oymmaiinu. Oxcuiiap
XUMOS (PYHKIUSICMHM XaMm OakapulIaauw, OpraHM3MIa KacCaJUTUK KEeJITHPHUO
YUKapyBuUM Oaktepusmiap €KW 3axapiap TyIica, ylap WMMYHOTJIOOYIHH
OKCUJUTAPUHU UILIA0 YUKapaau Ba 3apapiiv TAbCUPJIAPHUA UYK KUTIAIH.

! Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction for beginners. — Wiley-
VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim, Germany, 2013. — P. 322.
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Oxkcwuiap Ba ynap (aonustd (QYHKCUSJIADUHUHT XWIMa-XWUIATH OujiaH
TAaHUIITAaHUMH3/a, YCUMIIMK Ba XalBOHOT OJAMUHUHI O0apya OKCUJUIApU — MYTJIaK
HMHEPT OKCUJIIapAaH To Ouoioruk ¢aos 6ynaran okcusiaprada — nenTuaia 0or 1ed
aTajiaguraH KuMEBMM OofnapaaH Ty3uwiaraH Oynau0, ynap sroHa craHaapt
3AHXKUPJIAD - AMUHOKUCIOMANAp 3aHXUPUAAH TAlIKWI TONTaHUHHU KYpamus.
Tamkapuian OKCHIJI MOJIEKYJIacH MIIJArd MIOJajJapHUHT KETMa-KeT >KOWIaIIUIINTra
yXmaiiau Ba yHAa 1miojajgap pojIuHU aMHUHOKHUCIIOTANap MoJieKyjanapu Oaxkapai.
Kyn okcumnap tapkubuna Oynaai “moganap” yprada 300-500 ta 6ynagu.

Tabuatna G6apua amuHokuciortanap 20 Ta Typaa Oynaau, ylapHH Maxcyc
“kumEBUM anudOe”HUHr Wurupmarta “xapdu’ ra YXmaTui MyMKUHKH, Oy “xapd”
napaan oxkcumiap -300-500 xapdaan ubopar “cyznap” ty3unaran O6ynaau. byngai
nurupma xapd Epmamuaa xyna Kym y3yH cysznap €3uin MyMKHH. Arap cy3aaru
xaphaapaan OUPruHaCMHU alMallTUpUiIca €KUM KY4UpHIIca, CY3 SHTM MabHOTa 3ra
oynanu, 500 pamznu cy3aa UMKOHUM komOuHaTcusiap conu 20500 ta 6ymanm.

Figure 3.2 Manocrystalline material. The full circles represent atoms in the crystallized phase,
whereas the ocpen circles represent atoms at the grain boundary.

0
2-pacm. OKCHUITHUHT TY3WJIUIIN () Ba HAHOKpUCTAILT MaTepua (0)
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Xap Oup OKCul 3aHwXKUpu ¢hakam wiy oxcuneazuna xoc Oynras, Qakar
MabJIyM OMp COHIArd Ba aMUHOKHUCIOTajgap KOMOMHATCUACHIIAH KypWIraH KeTMa-
KeTIUKIaru y €ku Oy OKCWiIra xapakTepiud OYiaraH aMHHOKHCIOTanap SAroHa
KOMOMHATCUSICUTHA YJIAPHUHT KUMEBUN Ba OMOJOTMK XOCCaJapuHU Oenrunad
Oepangu. bup g0OHa AaMUHOKMCIOTA 3aHXUPUHMHT YPHU  Y3rapTUPUIIUIIH,
AIMAIITUPWINIINA €KW WYKOTUIIUIIN OKCUJI MOJIEKyJajdapy XOCCATapUHUHT TyO1aH
yarapummura onu0 kenaau. bynman kenu® 4YMKWO, amoxuaa OKCUIIHU CHUHTE3
KWINIIAA YHUHT TY3WIMIIUAArd aMUHOKHCIIOTANAp 3aHKHUpJapu KEeTMa-KETIUTU
XaKuJa TYJIUK MabJyMOTra sra Oynuin kepak skaH. Tabuatna OyHaall MabliyMOT
maxcyc TtamyBun — JIHK moinekynacuna cakiiaHaau, yHAa OpPraHu3MJla MaBxkKyJ
Oynran 6apya OKCUILIAP TY3HIMIIHM XaKUaa MabiIyMoT 6ymaam .

bup okcunparn aMHHOKHUCIOTAJIAp KETMA-KETIUTU XaKUAaru MabiymMoTiiap
xoinamran [IHK monexynacununr 6up Oynaru cen ne6 aranaau. lllynunr yuayn
JJHK nmarm MabiiyMOTHM TEHETHMK MabJIyMOT JAedunagd. l'eH sca wupcui
MartepuaaHuHT oupnuru xucodbnanaau. JJHKna 6up Heya ro3rava rennap Oyiaagu.

JHK wmonekynacu (IU30KCUPUOOHYKIIEUH KHUCJIOTAa) OUPU MKKUHYHMCH
aTpodura ypairan ciupajJCUMOH UKKUTA UIJiaH ubopat. bynaail Ky cnupaaiHuHT
SHU TaXMHUHaH 2 HM OYynaau. Y3yHnuru ca yuaad 10 MuHr mapra kym — Oup Heua
103 MUHT HaHoMetpaup. Hpcuit mabnymornu tamyBun JJHK kym cnupanuuu
Tonranu yayH 1962 iunaa onumnap Yorcon Ba Kpuk Hoben mykodortura cazoBop
oynaunap. |

Optical system Laser beam  MN@noparticles

To powder
collector

e

Reaction and
carrier gas in

Precursor target Vacuum vessel

Figure 411 Schematic drawing of the material, which is ejected perpendicular to
experimental setup for nanoparticle synthesis  the target surface, expanding into the gas
applying laser ablation. The pulsed laser space above the target. The particles formed
beam is focused at the surface of the by candensation in the plume are

precursor target that may be a metal or an transported with the carrier gas to the
oxide. The high-intensity laser beam causes a  powder collector.
plume, a supersonic jet of evaporated

a 0
3-pacm. JIHK Ty3wmmmmu (a) Ba HaHO3appadaiap ouil KypuimMacu (0)

1, Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction for beginners. — Wiley-
VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim, Germany, 2013. — P. 322.
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JHK wmmapm »sca HykieoTumiap 3aH)KMpUJAH TAalIKWI TOIIaH,
HyK1eomuonap — OpraHuK Martepuaiap Oynaub, Oup-Oupu Ownan OOFnuK 3 Ta
MOJIEKYJIa: a30TJIU acoc, S5 yriepoiu makap (meHro3a) Ba dochop Kuciaoracu
KoauFuaaH moopat Oynamu. HykneoTuanapHu a30Tiu aCOCIAPHUHT TapKUOUTa
kupyBun 4 tunu (typu): adenun (A), eyanun (I'), cumoszun Ba (T) mumun HOMU
Oowian HomuanraH. Hykneorummap 4 typununr JHK 3amxupuna xoinmamuia
TapTHON KyJla MyXUMJIHP - Y OKCHJUIApAard aMHHOKHCIIOTANIap TAPTUOWHU, THHU
yIAPHUHT TY3WJINITUHU OCIITUITANIH.

JHKna okcwil TY3WIWIIN JacTypialliTHPUITAHHHKE TYITYHHUII y9yH Mop3e
anmupoOocunn scnam  kudos, yHaa anudOoHuHr Oapya xapduapu, THHUII
Oenruniapu Ba COHJIAp KHUCKa (HYKTa) Ba Y3YyH (THpPE) CUTHAJIap KOMOMHATCUACHIA
oenrunananu. JJHKga xam xynnu mynnai mudp maBxkya skaH. Xynau Mopse
amudOocuaa xap 6up xapdra HyKTaJap Ba THPEJIAPHUHT MYyalsiH KE€TMa-KETIUTU
mMoc kentupuiaranmiaek, JHK komuaa HYKJICOTHIJIADHUHT MabJiyM KeTMa-
KETJIMKIA KEJIWIIM OKCWUJI MOJIEKyJacuJaru MabiyM OWp aMHUHOKHCIOTara Moc
kenap skaH. JIHK komuam Owmmm — Oy Xap Oup amMuUHOKHCIOTara Moc OyiaraH
HYKJIEOTHIap KETMA-KETIIMTUHU OWIIUII AeMaKIup.

2. HanomaTepuajlIyHOCJHK acocjapu, yHAa ¢QyHIaMeHTaJl Ba aMaJui
(dannap xamaa TexHOJIOrUsAJIAP Ba MILIA0 YHKAPUIIHUHT XaMKUXATIUTH.

bapuya umkoHuii coH, xapd Ba TUHUII OENTMIAPUHUA KOIJAIITHPUII YIYH
Omzra 2 Ta pam3HM Owmmm Kuados Kwiap dKaH. buUTTa aMHUHOKHCIOTAaHH
KOJUTAIITUPUII YYyH 3ca Ouprajukiaa 3 HYKJICOTHa Y3u erapiu Oymamu (4 Ta
HYKJIeOTHAAaH 64 Ta KOMOMHATCHS XOCWJI KHJIMII MYMKHH, Xap Oupuaa 3 TajaaH
HyKkieoTus 6op: 4°=64). Bynpaii 6GupukManap mpuniem ki KoOon 1e0 aTanaiy.

HNHK xomu oOup xuiimamea »ea (1 Ttpummer 1 TamaH omMarax
aMUHOKHUCJIOTaHH u(praiin) Ba yHUBEpcauukka odra, (spHu Epma Oapua
AIIOBYM Ba YCYBUM — OakTepusuiap, 3amMOypy¥iap, AOHIUIAP, YyMOJIH, KypOaka,
OT, MTHCOH — aliHW OWp TpUIUIETIap aWHU OMp aMUHOKHUCIOTATApHU MH(PPIANIN).
Xoszupru Baktaa JHK xoam OyTyHmail omkopnaHrad, s’bHH Xap Oup
AMHHOKKCIIOTA YYyH KOJUIOBYM TPHILIET aHMKIA0 KyHHiTaH. YKyBuMTa sHa OHp
Mapra oaciatamuszku, JHK kerma-kemnuruma ¢akar Oup HYKICOTHUAHU
aIMalITUPUIN EKM YETIaTUII CHUHTE3JIOBYM OKCWJUIAp TY3WIMIIMHU Oy3aiu.
I'enetuk Kkox TuAra VyXIIaraHu y4yyH OyHra sIKKOJI MHCOJN Kuianb Xapdiau

TpUIUIETJIApJIaH TY3WIraH Kyluaaru HOOpaHu KEJITHUPUIL MYMKHUH:
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by ubopana tTuHuim Oenrwiapu OyiMaca XaM YHUHI MabHOCH Ba MAHTHUKHU
Ousra TymmHapau, mbopanaru OupuHuM XappHU 0nMO TamIacak Ba YHHM SIHA
TpUIUIeT/Iap OWJaH YKHUCAK, YHA Xe4 KaHaal MabHOCH3 Hapca KeJInud YuKaau:

Xyaau IIyHJIal TeHeTMK MabHOCH3 Hapca TeHJIaH OUp HYKICOTU] TYIIUO
KoJTaHaa xaMm naigo Oynanu. bynaai Oy3miran reHjaH YTraH OKCHUJI OpraHU3M/Ia
KUJIUN eeHemuK KacalIuKaapau KenTupud ynkapuin MmymkuH ([lays kacamnury,
KaHaau nuaber, mymak auctpodusicu Ba Oomkanap). JHK wundpopmarcuon
marpuTcacujgaru  OyHmalh  Xaro Iy  OKCWUJIHHM  CHHTE3Jalll  BaKTHAa
KaTapanuBepaau. XyIAud KuToO €KW rasera Hamp OTTUpUIAETraHiaa,
MaTpUTCaJaru XaTo KaTapuiaBepraHu Kadu.

bapua oxcumnap cunTe3um yuyH marpurca 6ynran JIHK monexymacuHuHT
Y31  CcHHTE3Jall >Kapa€HuJa WINTUPOK dTMaiau. Y (¢dakaTruHa TeHEeTUK
MabJIyMOTJIAPHU TalTyBUUIUDP.

Okcun cuHTe3WJa YHUHT TY3WUIIM Xakujgard mabiaymoT aBBan JIHKnan
pubocoma MolleKyJacura — OKCHJI HIIIa0 YMKapyBuu ¥y3ura xoc ¢adpukara
eTkazwiaau. byHnmail mMabiaymoTiapHu Kyuupuin mawyeuu uHdopmarcrnon PHK
(t- PHK, T- pubonykiienH KuciaoTacu) MoJieKyJacu €paamMuia amaira Onpuiagm,
y AHKHuHr 6Mp KUCMUHMHT aHUK Hyliacu, oiHagaru akcuaup. M-PHK sca JJHK
MOJIEKYyJIacu OUp UMK OMJIaH KOMIUIEMEHTap OYaran Oup 3aHKUPIIU CIIUpPAJL.

JHKman PHKra reHetuk  MabiayMOTIIApHM  HyCXajall jKapa€Hu
mpanckpuncus (JTOTUH “TpaHCCPUNITHO” — KyunpuO &3um) ned arananu. Kyunpud
é3mm xapaéHuga maxcyc depmeHt — moimmepaza JIHK 6yiinad xapakaTiaHuO
KETMa-Ke€T paBULIJA YHUHI HYKICOTUUIAPUHU VKUIUAM Ba KOMIUIEMEHTAPIIUK
npuHcunu Oyitnua M-PHK 3amwxupunm xocun xkwianu, spHu JJHK man y €ku Oy
reH ‘“9u3Ma’CUHU OJIA/IH.

Xap Oup renman xoxmaraH conmaru PHK HycxamapuHu OIuII MyMKHH.
Mynmait kunmb, okcwn cuHTe3n kapaéHuma WM-PHK mnepdoxapra pommau
Oaxkapaau, yHTa aHUK OMp OKCUJ KypWIIUIIY “macTypu’’ €3WiIran Oymau.

Ilepgpoxapma — >cxu xucobnaw mawunanrapuoa oacmyp €3unl yuyH Maviym
oup srcotnapuoa Epyeauxk Hypu Ymuwiy Y4yH meuuK4aiap Kuiuo Kyuuiean Kammux
K0203 Oynazu éKku macmacu.

N-PHK wmonekynacu yHra €3wiral pgactyp OwiaH pubocomMa TOMOH
WyHanaad, y epla OKCWJI CHUHTE3JIaHaJW. Y TOMOHTa siHa OKCWJ KypHWJaJuraH
MaTtepuamuiap — aMUHOKHUCIOTaldap OKUMH XaM WyHanaau. AMHUHOKHUCIIOTa
pubocomara MycTakui 3mac, Oanku xapakatianyBuun mpancnopm PHK (T-PHK)

épaamMuaa yraau. by mosekynanap TypJiMi aMHHOKHCIIOTalap WYWJIAH ““Y3UHUHT
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aMUHOKHCJIOTACUHU a)kpaTa oJiaJiy, y3ura Kymud pubocomara oaud 6opasu.

Pubocomanapia OKCuJI CUHTE3UHU mpaHcaamcusa (JOTUH. “TpaHCIaTHoO” -
y3aTuill) Ae0 aTanaau.

Okcun Monekynacu Kypwidiid jaaBoMuna pudbocoma u-PHK 6yiinad
“Vypmanainan” Ba my u-PHKra macrypnamrtupwiran okcwiHua cuHTe3naugun. U-
PHK 6yiina6 pubocoma KaHua y30KKa Ky4unbO Oopca, OKCHUI MOJIEKYJIAaCHHUHT
myHya karra kucmu “‘vuruiaran” O6ynmagu. U-PHK Ttacmacuna, xonBeepmarura
yxmab, OMp BaKTHUHI Yy3uaa OUp OKCHUIIHUHI Y3uHM OuUp Heua pubocomanap
TOMOHHUJIAaH HUFUIN J1aBOM 3TaBepanu (4-pacm). Pubocoma u-PHKHuHT oxupwura

CTraHnJa CUHTC3 TyI‘afII[H.

AV A0 LAl A A DA DNK
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I-RNK
l' Transktipsiva
Ribosoma Ribosoma \:
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'-- A '
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4-pacm. PubocomMa OKCUITMHUHT CUHTE3 JKapaéHu

Enan pubocoMaHMHT uIUIANI MeXaHW3MUra TyxTanuO Yraitmuk. Pacmra
Mypokaatr Kuwiamu3. Pubocoma n-PHK 6Vitnad Oup Texucaa xapakariaHManau,
TYyXTad-TyxTabd  “KajmamMma-kKajgam’™, TPUIUIET KETHUJAaH  TPHUIUIET  Tap3ja
xapakatinanaau. Pubocomanmar u-PHK Ownan Ttermmran xap Kaaamujaa yHTa
ynanran amuHokuciotanu T-PHKHuHr Monekynacu “cy3u0” kemaau. OnguH
anTwiranuaek, xap oup T-PHK dakar “y3” amMmuHOKMCIOTACMHU TaHUWIW Ba yYHH
OKCWJI KypWJIaguTaH >KOWra KEeJITHPHUIN y4dyH Oupnamtupu® onaau. by yHma
MyaisiH aMHHOKHCIIOTara MOC TPUILIET Oopiuru Tydainu coaup O6ynaau. Arap T-
PHKHuHr koamu Tpurmiet ailHu naiitaa pudocomana o6ynran u-PHK tpumnerura
KoMmIieMeHTap 0Vinub unkca, yaaa amuHokuciora T-PHKaan axpanub unkaau Ba
OKCUJIHUHT KypWiIa€TraH 3aHkupura Oupukaau (OKCHJI MOJEKyjacura siHa Oup
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“MyHUYOK” KYLIWJIA/IN).
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Ogqsil molekulasi

5-pacM. PubocomMa OKCHIIHM CUHTE3 KUIMOK/1a

Cyurpa, o3oa 1-PHK pubocomanan arpod MyxuTra uukapuO TanuiaHaiu.
By epna y aMMHOKHUCIIOTAaHUHT STHTH MOJICKYJACUHU TYyTHO OJlaAv Ba WIUIAETraH
pubocoMaIapHUHT XoxJjaraHura oinu6 Oopaau. busnunr pubGocoma sca u-PHK
Oyitnad oJiIMHra KeMUHTH “KajaM HU OWp TPHUIUIET Kajap Kysau. AcTa-CEeKUHIUK
owran pudbocoma u-PHK Tpuruier ketuman TpUILUIET XapakaTliaHaad Ba OUpUH
KETUH OKCHWJI 3aHXHUPH Kynaitud 6opaau.

N-PHKuunT OyTyH y3yHmuru 6yiinda Yytub 0ynmub, pubocoma Ta€p OKCHI
Owian yHpaH “Tymu6” komamau. CYHTpa, OKCHJI MOJEKYNIAcH Xy>KapaHUHT Iy
TypJlard OKCWJ 3apyp OyiraH ToMoHHWTa WyHalanu, pubocoMa 3ca OoIIKa
uxtuépuit u-PHK Tomon hyHamamu (pubocoma xap KaHJald OKCHUJIHU CHHTE3Jal
oylanu; okcui xapakrepu ¢akar u-PHK marpurcacura 6orauk 6Viaam).

[ynnaii kw6, pubocomamap okcun Ba PHKpanm  kypuiran
HAaHOMAIIIMHANIAD MYypakka®d MoJeKyJanap KypWIuIra JacTypiallTHPUIUIIH
MYMKWHJIUTUHHY, STBHHU YJIap XOXJAHTaH MOJIEKYJSp Ty3WJIMaslap WIUIad YUKApHUII
yuyH Tabumii accembnepiap (aTomnap HUFyBYd) OYIMIIMHYA TACAUKIAAM >3

I'en  uHXeHepnapu XO3Up Ononoruk  TabwwMiA Marepuaauiap:
amuHOKHUCHoTanap, okcwuiap, JIHK monexkymanapu Ba 6omkanapaan ¢oiinananuo,
OMpUHYM  DKCIIEPUMEHTANT CYHBUW  HaHOMAIIMHAJIAp KypHINTa  Xapakar

KWIMIIMOK/a. AMMO, OHWOJOTMKCMMOH HaHOMAIlIMHajap — Oy OpraHukaaup Ba

2. Feng Kai. In investigation on phase behavior and orientation factor of electrospun nanofibers. The
Uni. of Tennessee, Knoxville (US), 2005. —P. 106.

3. Mustafa Akay. Introduction to Polymer Science and Technology & Ventus Publishing ApS, 2012, -
P.169.
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yJIQPHUHT UMKOHHUATIAPU YerapajaHran Oynaau. Yiap rOKOpH TemIepaTrypa Ba
Oocumaa OapKapoOpiIUKHM WYKOoTaau €Exku Oy3unub KeTaau, HyplaHUIUIapJaH
TabCUpJIaHAAW, KAaTTUK MaTepuauiapra HuOUIoB Oepa onaMaiauinap, KUMEBUN
arpeccuB mMyxumiapaa unuviam oaMapaunap. LIIyHUMHr ydyH XaM HMHCOHUSATHUHT
OaJIK-TeXHOJIOTHsIAa sIpaTraH Kyrmiad HIUIaHMajdapulaH BO3 KEYUII TYFpH
Oynmaiiau. Funaupaknan koMmmioTepraya — OyJapHUHTI XaMMacHu Tabuat “yiinad
TONMaraniaapaup’’.

3. MeTaj, KepaMuKa, MOJTUMePJap, KOMIO3HTIAP aCOCHAA

HAHOMAaTepHA/IIAP IAKVIAHTHPHUII MMKOHUAT/IAPH.

buonOrukKCMMOH  Ty3wJMILIApCH3 aWpuM aToM Ba MOJIEKyJanapJaH
doitnananum kuitnd 6ynaau. [llyHuHT yayH HaHOMalIMHA — acceMOJiepiap TUPUK
Ba TEXHUK CHCTEMajap CHHTe3uZaH wubopaT Oymumu Jso3uMm. Jlpekciep
acceMOnepra Kyiugaruda tabpud o6epanu:

AccemMOJiep — 0y V3-Y3uHu penauxamcusiiaul(Kynatumupuul) xoccacuea 3ea
Oy1eaH MONEKYIAD MAWUHAOUD, Y aManoa Xap KaHoat MOAEKYIAap my3uluHu éKu
KYPUIMAHU cO00a KUMEBUL KYPUIUWL ONOKIAPUOAH KYPULU Y4YH OACMYPIaHUUU
MYMKUH.

AccemOsiepHUHT acocuii Bazudacu — Oy aTOM Ba MoJieKyJajgapHu OepuiraH
TapTHOAa OWpmamTupumaap. Y Xap KaHgald Makcajara MWYHaJITHpWUITaH
HAaHOCHCTEMAJlapHU — JIBUTaTejuiap, CTAaHOKJIApHU, XUCOONAIl YCKyHaJapwHH,
ajoka Bocutanapuuu Kypa onumu jo3uM. Y PHK éxu JIHK 3amxupura yxmami,
“nepdoneHTanu’” aaMaliagural JacTypiau YHUBEpPCcaa MOJICKYIISIp poOoT OViaau.

VUFYyBYMHUHT TAIIKM KYpUHWIIMHM OWp HeYa aToM y3YHJIHTHIArd
MaHUTYIATOP “KYJIM~ HAHOMETP YiI4aMHAard “KyTw’ Ta yXmam Je0 TacaBBYp
KAJTUII MYMKUH. MaHUmyIsTOp ydyH OOUUTaHFWY (IacTiaabKku) maTtepuan O0ymuo
aToMmJiap, MoOJeKynagap Ba KUMEBUU (aon MOJEKYNIIp KOHCTpPYKCHUsIap
(KypwiIManap) XM3MaT KWIMIIH MyMKHH. VINFYBYMHHMHT WUYHMTa MaHHITYISATOD
UIUTAMTIHA OOIIKApYBYM Ba YHHWHT Oapya XapakaTiiapu JacTypy KOWJAITaH
yCKyHanap ypHaTuiaagu. Mypakkal Ty3WIMIUIM KaTTa MOJIEKyJajap TallKUJUIAII
KaTTa >KOWJIAINTHUPHIN AaHUKJIWTHHU Tanad KWiraHu ydyH acceMOiep Oup Heda
IIYH/Iall MaHUITYJIsITOpJIapra 3ra OYIuIIM Kepak.

AcceMmOiiep HHMMacu OujaHaup VYprumyakka yxmad ketagu, y Oup
“o€kJyiapn” OuiaH cupTra €numuod Typca, KoJIraHjaapu OWIaH aTOM KETHUIaH aToM

Tap3ujia Mypakkad MOJIEKYJSIp Ty3wiManapHu vuraau. HanoaccemOnepHUHT SHT
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OMMaBHii CXeMacH pacMiaa Kypcatwirad (6-pacm). MuryBuumapHum — caHoaT
poboTnapuHu  OolIKapuiga MIUIATWIAJWTaH, KaHAaWaup ONauid  TUija
JACTYpJIAIITUPWITaH Ba WHCOH OOIIKapaJuraH oOJaTUi KOMITIOTEepra yJaHraH
HaHOKOMIIoTepnap Oomkapuiiud Jio3uM. HMHCoH — omeparop KommoTepaa
anoxujaaru MOJIEKYJISIP TY3WIUIINArd KaHJauup KOHCTPYKCHSIHU
MOJCIIAIITUPAETIAHUHN  KY3 OJAuMH3ra keiatupailiauk. Kepakiu oOBeKTHH
“gu3n6” ommub y accemOnepnapra OyHpyk Oepanu, y 3ca YHU OUPUH-KETUH
(aromMa-aTom) Kypa Oouutaiinu. bupo3 BakTaaH CYHT KOHCTpyKTOpJa Oepuira
XapaKkTepucTukaiap Oyinya, MHCOH KYI MIITHPOK dTMaraH, Tai€p OyroM Maiizo

oynaau

o ®) g .
2 »
. -
» - :
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Figure 5.3 Gold platelets. This special pattern of one gold platelet as depicted in
hexagonal shape was obtained by the Figure 5.3a. The hexagonal symmetry of the
addition of poly vinyl pyrrolidone to the diffraction pattern shows that the electron
solution used for precipitation [2]. Fig. 1a,b. beam was perpendicular to the faces of a
(a) Electron micrograph of the gold platelets.  platelet; which were (111) planes at the
The size of these hexagonal platelets is surface. (Reproduced with permission by The

around 400nm:; the thickness is in the range  American Institute of Physics.)
from 25 to 60nm. (b) Electron diffraction

6-pacm. AccemOIepHUHT
TaIIK{ KYypuHUIIK (a) Ba
HaHOCTpYyKTypamnap (0) u (B)

Figure 5.2 Secondary electron micrograph of ZnO nanorods [1]. At one end, most of these
nanorods show a bulge, which is typical for a synthesis via a gas-phase route. (Reproduced
with permission of Springer.)

Accembnepnap OOBEKTHUHT TY3WIMIIMHHM MOJEKYIsAp Japaxana ¢&3uo
OJIyBYM, YHU aTOMJIapra akxpaTa OJIaJJuraH, ouzaccemonepiap — HaHOMAIIMHAJIAP

!, Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction for beginners. — Wiley-
VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim, Germany, 2013. — P. 322.
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OwiaH OupraJvkaa MWIUIAIM MyMKHH. MacanaH, Kadcuaup OUp OOBEKTHUHT
HYILIACHUHU sicalll y4yH, AU3acceMOiep YHU aTOMMa-aToM napyanad aToM Typliapu,
yIIApHUHT XKOMIamuIy kabu 6apua MabIyMOTIapHU acceMmOiiepra y3aTaau, y 3ca
KeWHHYaNMK OOBEKT HYIIACHHM XOXJIaraHWHTU34a mMapra sicad OepuIy MyMKHH.
Hazapusiga Oynnmail Hyia XakukKuiicura xap TOMOHJIaH YXIIaiiin Ba YHU Xap Oup
aToMMraya Takpopiail onagu. JluzaccemOnepiap onumiiapra HapcajapHU Ba
yJIQPHUHT aTOM TY3WIHMIIWHU AX1IWIa0 ypranumira épaam Oepaauap.

Oxopuna aittu6 yrunaranuaek, accemOnepnap penauxayus (KyTaui)
xoccacura sra 6ynaau. ['an sBontoTcus Xakuaa OopraHja, yHaa peruimkaTtop — 0y
y3una coaup OYIuIIM MyMKUH Oyiran 6apuya y3rapumuiap Ouian Oupra y3-y3uHu
Hylanail onaaurad (reH, MUM €KUM KOMIBIOTEp BHpycHra yxmami) oOBbeKTAHp.
Accembiiep KOMIBIOTEP OyHpyFura OMHOaH EKU YHU Ypad TypraH MyXuTra OOFJIHUK
paBuIIa ¥3 HYIIACHHM TY3HII (sicai) Wynu Ounan kynasau (peruimKausiaHaim).

Mynpait kunub, Y3MHUHT HYIIACUHU sfcail onaauraH OuUp JOHA yHHMBEpcCal
accemOnep sicab onub, Ou3 Oup HeEwya coarJaH CYHT, XaéTUMU3HU TyOnaH
y3raptupu6d ro0opaauraH, IIyHaKa Maijga acceMOJIepIapHUHT OyTYH KYIIMHUTA
sra Oynamu3. AcceMmOJiepIapHUHT JHI KaTTa MYaMMOCH, YJIapHHUHT JacTiIa0Ku
KOHCTpyKcusicuHu  sca® omumaup. Illynra kapamait, naynénarm Oapua
naBiaTiapaaru jJabopatopusiiap OyHH amalira OIIMpHINIa OUpUHYMIAP KaTopuaa
Oynuira xapakaTt KUJIMOKaaap.

Xo3upru kKyHaa Dopecurxt HMHCTUTYTE — HAHOTEXHOJIOTHSJIAP SPATHII
WIFOpJapuIaH OUpU — MOJIEKYJSIp Japakaja ormeparcusiap Oaxkapa oJaguraf
HAaHO-MAHUITYJATOpP — “Kyn’ Ba TomoHmapu 50 HaHoMerp Oynran kyOuara
KoWnamaaurad 8§ OUTIM CYMMATOPHH SIpaTHINJIA XapaKaT KWIMOK/A.

OnTumucTiapHuHr ¢GUKpUYa, aMalluidi HAHOTEXHOJOTHSJIAPHUHT TYJUIAIl
naBpu acpumu3HuHr W woparmmmp. [leccumuctnap OyHHM acpHUHT Ypramapura
Oopub 03 Oepamm Ae06 xucoOmamMOKaa. XO3Hp Kelakakaa KalcH
MYTaxaCCUCIMKHM  TaHJAIIHU  peXxajJalmTupaéTraniap HAHOPOOOTIAPHH
JACTYpJIAIITAPYBYA €KUM MOJICKYJIAP KOMIIBIOTEPJIAp KOHCTPYKTOPU OYIIHIIN
XaKuaa yinab kypuiica sxmu Oynca kepak. UyHku Oup Heuwa Wwuiapaad CYHT
OyHaal MyTaxaccuciap Mamxyp 0ynuo keraguiap.

4. Hanopu3anKkaHUHT HAHOOObEKTJIAaP BAa HAHOMATepHAJLIap
SIpAaTULIIATH POJIM BA YCTYBOPJIUTH

Hanorexnonorusmapuuar 0o6ocu 1e0 rpek (aitnacypu IeMokputHu
xucobnam MyMkuH. Y 2400 Wi ONJMH MOJAJIAHUHT SHT Maifla 3appayacuHu
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Tabpudiall yuyH OupuH4YM 0Yau0 “atroM” cy3uaaH QoiianaHra.

[IBeitcapusinuk puszuk Andept itHITeNH 3ca 1905 Hunga Halp KUJIMHTaH
ummuaa KaHa (1akap) MOJEKYJaCHMHHUHT yidyaMu TaXMHUHaH 1 HaHOMeTpra TEHT
AKAHJIUTUHU UcO0TIa0 Oeprax.

1931 iunpga vemuc ¢usukiaapu Make Knomn Ba spHer Pyckanap Oupunyumn
MapTa HaHOOOBEKTIApHU YpraHUIl MYMKHH OYIraH 3JIEGKTPOH MHUKPOCKOI
apaTauIap.

1959 iimnpma amepukanuk ¢usuk Puuapn @eiinman MHHHATIOpaall
KeJakarnHu 0axosail oiraH MILIApUHU BJIOH Kuiau. HaHoTexHOJIOrusgapHUHT
acocuit xonarnapu, yHuHTr Kamudopuus Texnomorux Wuctutyruna yxunran (Y
epaa — nactnaa >xounap kym) (“Txepe’c Ilnentit op poom atr txe borrom™) ned
HOMJIAHTaH Malxyp Mabpy3acuaa oenrunad Oepunranau. OeiiHMan GU3UKAHUHT
acocHil KOHYHJIapu HYKTau Ha3apuaaH HapcallapHU TYFpPUIAH-TYFpU aTOMIIApJaH
XOCHJI KWJIUIIT MYMKUHJIUTHHA WJIMHA TOMOHJIaH TacAUKIa0 Oepiu.

Vua Baktaa yHuar Oy cysmapu dakat 6up cab6ab Guman daHTacTHKara
yxmab kerap 3au: aifpum aromiap OuiiaH oneparcusiiap YTKa3uill MyMKHH OYiran
TEXHOJIOTUSIAP (IbHU aTOMHHM aHHMKJIA0 OJUIN, YHH OJIMO OOIIKa >KOMra KYWHII)
Xy YK 314, by coxara KU3UKUIIHY KydalTupuin yayH DeiiHMaH, KUM OUpUHYH
0ynmu6 kuTOOHMHT Oup OeTrHU WUrHa yuura €3mb Oepca y 1000 mommap O6epuiiHu
BabJa KWiau. by Hapca 1964 iinnna€k amanra omupuian.

1968 i#innna AmepukaHuHT bemm KOMMAaHUSCMHUHT WIMHA  OYIUMU
xonumiiapu Andpen Yo Ba JKon Aprypnap CUpPTHH HaHO-KalTa HIUIAITHUHT
Ha3apui acocIapyuHU UIILIA0 YUKHUIIIH.

1974 #iunpna smonmsmk ¢u3uk Hopwo Tanuryunm  wiamuii atamanap
Karopura ‘‘HAaHOTEXHUKA  CY3WMHH KUpPUTAH, y Oy cy3 Owmnan ymauammapu 1
MUKPOH/IaH KUYHUK OYNTaH MeXaHu3MIIapHU (YCKyHAJIapHU) aTalllHU TaKIu@ STAH.

1981 wmnna repmanmsumk usukinap ['epn bunnur Ba I'enpux Popepmap
CKaHEpJIOBUM TYHHEJ MHUKPOCKONHWHH SpaTUIIIH, Oy YCKyHa maTepuaira aTomap
Iapaxana TabCUp Kypcata onaau. Yinap 4 uunman cyHr HoGem mykodotunm
oJIiumap.

1985 innna Amepuka dusuknapu Podept Kepin, Xepona Kpoto Ba Puuapa
Cmonnunap auamerpu 1 HaHoMmeTpra TeHr OyiaraH OyIOMIIApHU aHUK Yirdaid
OJIaJIUTaH TEXHOJIOTUSIHU SIpaTInUIap.

1986 iinnga TyHHENn MUKpOCKONUAaH (apKiau paBuiijia Obapya Matepuasiap
OwiaH y3apo MIlIaid oJaguraH aTOMU- Kyd MUKPOCKOII SIPATHIIIN.

1986 1#nnma HAHOTEXHOJOTHSIJAaH KEHI oMMa XxXaM xabap Tomawu.
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AMepukanuk (Qytyposior spuk Jlpekciaep HAHOTEXHOJOTHsIAp SIKUH BakTiap
W4uja Te3 PUBOXKIAHUO KETUIIMHYU OalopaTt 3TraH KUTOOMHU HAIIP KUJIJIH.

1989 #tunna UBM kommnanuscu xonumu [onann siirnep y3 GpupMacuHUHT
HOMUHHU KCEHOH aTomiiapu OuiiaH €3u0 Oepu.

1998 #iunaa romnangusink ¢pusnk Cee3 Jlekkep HAaHOTPAH3UCTOPHU SIPAT/IH.

2000 wumnma AKII xykymatun “Musuinii HAHOTEXHOJOTHK Tamiad0yc”MHU
apa0H Kuinau (Harwmoman Hanorteunomoriét MuutmaTtuge). Vura Baktoa AKIII
denepan 6rokeruaan S00 miH. noswtap axapatwinu. 2002 Hiunga Oy mabnar 604
MJIH. gojutapraya ommpwiau. 2003 iura 710 mus. gomnap cypanau, 2004 itunga
AKII xykymatu Oy coxamaru onu® Oopunaérran wusjnaHunuiapra 4 wuira
MYIDKalIaHrad 3,7 MIIpJ. JoJulap axpaTau. YMyMuid paBuiiga OyTyH nyHéna Oy
COXaHM YpraHullra KHpUTUITaH Mabiar 12 Miapa. JoJiapHu TalTKWI ST !

2004 itmnna AKLI xykymaty 3HAM “Musumii HaHOTUOOUET” Tanmab0ycuHU
“Munnuit HanoTexHojoruk TamaOO0ycu”’HUHT OuUp KUCMU XHCO0Jab Kyiiad
KyBBaTJIQIH.

HanoTtexHnonorusimapuu OyHIall Te3 pPHUBOXKJIAHWUIIM OMMAHUHT KarTa
MUKJIOpJIard ax00pOTHU KaMpabd oJuIra Oynarad 3XTUEKHUIaH KeJI0 YMKKaH.

3aMOHaBHIM KpeMHHH uMIUiap (MHTETrpal cxemanap) Typiau TEeXHUK
3apypatiap HaTwkacuja siHa tTaxmuHad 2012 iiunravya kuyukiammud GopaBepasu.
AMmo #ynmakgacuHuHr SHH 40-50 HaHOMeTp OVynraHma KBaHT MEXaHUK
Oy3mwnmumuiap omub Oopaau: JJIEKTpOHNap TyHHeNl dddextu xucodura
TpaH3UCTOpJapAaru YTuil HynakimapuHu temud yrta Oomwakau. By sca Kucka
TyTallyB JeraHd. byHu eHru0 yTuim ydyH KpeMHUM YpHUTA Yadamiaapu Oup Heda
HAHOMETp OYynraH yriaepo] OMpUKMAaId HAHOUHUILIAP KYJI KEIWIIA MYMKHH DIH.
Xo03upru BakTAa Oy WyHaIUIIAa KaTTa U3JaHUILIIAp 0Ju0 OOPHIMOK/IA.

Hanomexnonozua yckynanapu. Matepuaniapra Makpo-, MUKpO €KH HaHO-
Japakaga WIUIOB Oepa ojaawraH Oapya TEXHOJOTHsUIAp MOC KaTTaTHKIApHH
ya4ail OJaJuraH BOCUTaJapCcu3 uuUIad oiaMmauawinap. Typiam Xun  yioyamn
yCKyHQJIapu HUYWJa KaTTa Ba KUYHK MacoalapHd Ya4aidl oJlaquraH MaxcCyc
yCKyHajap MaBxy/l.

102 M (MuIMMETp) TapTHOUraya OyIraH KMYUK Macodanap oJuil Yu3Fud
épaamuaa ynuanaau. Y OuiaH MacallaH KaJluH KapTOH KOFO3 KAIMHJIMTUHY YIIdalll
MyMKUH. KOFO3HMHI Baparu KaJuHJIUTH XaM YHJall Bapak Kym Oyica ymuain

KuiinH Oynamaiinn ' Y03 BapakHu Oup Ty Kuiub, uu3rud OMjIaH yir4ab, YUKKaH

! Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction for beginners. — Wiley-VCH Verlag
GHbH &Co.KGaA, Boschstr. Weinheim, Germany, 2013. — P. 322.
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kattasiukau 100 ra 6ynunr. by Ounan 6u3 xap Oup Bapak KaJIUMHIWTK OUp Xui Aeo
xuco0J1a0, yHUHT OUp Baparu KaJIMHJIUTHHY YiyaraH Oyiamus.

AMMoO, ynapiaH XaMm Maiiia ymyamuiapra 4M3rud spamaiau. Yusruu Ounan
COYHUHI OMp TYKM KaJUHJIWTMHU Yioyamira xapakar Kuiaud Kypcak, ¢akat Oup
HapCaHW SBbHU Yy KyJa MHIMYKA Ba YIYOBU MYK DKaH JEraH Xyjocara KeJlaMus.
yHuHT y4yH XaMm IIyHAail Ba OyHAaH XaM KUYMK OYiraH yiyamiaapHd Yiadamd
YUyH KaTTaJalITUPYBYM YCKyHanap JI0o3uM Oynaau, OyHAall ycKkyHanmapaaH Ousra
MabJIyM OYITaHU ONTHUK MUKPOCKOTIIUP.

OnTtuk Mukpockon Owusra OyromMHuHT 0,25 MKM rada Oynaran Maiiga
KUCMJIAQDUHU  KYypuIll ~ UMKOHWHU  Oepaau. ONTUK  Tap3iaa  MILJIOBYHU
MUKPOCKOIUIApHU SIXIIWJIAII, TAaKOMWUIAIITUPUIN HynunaHn Oopubd VYmuammiapu
HAaHOMETp TapTHOIard OyIOMIIApHU KypcaTa OJIaJUuraH 3JIEKTPOH MHUKPOCKOILIAp
ApaTWIINA. DIEKTPOH MUKPOCKOT aTOMJIap NMaHXapalapyuHHU aXKpaTuo, Kypuo OJIuII
UMKOHHMHH Oepajii, aMMO YHJIard HyKCOHJIapHU aHWKJ1a0 O6epa onmaiau. [llynnai
kuau6 XX - acpHUHT OolIMa, MAaTEpPUAIHUHI CHUPTHHU Kypa OJIMII Japa)kana
KaTTajalliTUpMacaH Terud TypuIl Hyau OWiIaH YpraHuil Xakuaa aHTUKa (UKD
kenau. bynaa O6usra yma Bakrra kenuO TyHHen >Qdektu EpaaMra Kelau, YHUHT
acocuzaa 1981 ¥mnm OupuHYM aHUKJIOBYM TyHHEN MuUKpockonu (CTM) spaTunam.

CTM Ba tyHHen »ddexkTnHr YpraHuim OujaH KEeHWHPOK, MyKaMMapoK
HIYFYJUTAaHAMM3, X03Up 3Ca YHU YMYMIIAIITUPUO KYpUO YUKaAMU3.

Tynnen 3¢pgpexmu — xnaccuk Qu3vkaga yHra yxXmamu OYyJIMaraH SHTU
KBAaHT MEXaHMK S()PeKTaup, HIYHUHT YYyH XaM HU3JIaHyBUWJIapJa KU3UKHUII
YUFOTIU. Y ayieMeHTap 3appada Tabuatura Xoc OyiaraH KOPIYCKYJISP-TYJIKAH
IyaJIu3MUTra acoCJIaHTaH.

Knaccuk mexaHumka HyKTaum HaszapuzaH MabiyMku, E<Bo sHeprusra sra
OynraH xe4 KaHaal Moaaui KucM Bo OanmaHuIMKIard moTeHcHal TYCHKIAAH yTa
olMaiau. MacajaH, KOITOKHH MOJIJIUH KHCM 1e0 XucoOmacak, MOTEHCHANT TYCUK
— Oy xyma Oamana neBop OyJca, KOMTOKHU JIEBOP TOMOHTA €Tapiid Japakana
OaylaH] TanuTaHMaca, YHUHT SHEPTHSICH OJIIMHIA TypraH JIEBOpAaH OmuO yTHO
KETUIITUTA €TMalIi Ba y TYCUKKA ypUIUO opKara KautuO Tymiaau.

AMMO Mommmii kucM cudaThaa dSIEKTPOH KYpwWica, yHAA TOTEHCHAl
TYCUKHUHT OalaHJJINIY, JIEKTPOHHUHT XYCYCUM SHEPrUsACHIAH IOKOpH OYIica Xam
aHUK 3XTUMOJUIUK OWUJIaH Xyaau “naeBopnaa’” oupop Oup “remuk’” €k “TyHHen Oop
OYNraHuJeK, SJIEKTPOH Y3 AHEPrUsICMHM OWpO3 y3rapTupraH Xojaa, TYCUKHUHT
Oolika ToMOHH1a OYIMO KOMUIIIN MYMKHH.

By Oup kapamnga TymyHTHpUO OynMaauran TyHHEUTaHUII 3(dexTu
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ANEKTPOHHUHT XaM KOPIYCKYJISP, XaM TYJKUHCUMOH XOCCAlIW KaHJIWTUIAHIUDP.
OnextpoH E sHeprudra sra OyiraH Kjiaccuk 3appa Oynranna, y ¥3 Wynuna eHruo
(omm0) YTUII y4yH KaTTa SHEPrUsSHU Tajad KWIaJAWraH TYCHUKHU y4upaTuO Oy
TYCUKAAH KaWTUO KETULIM JIO3UM Oyiap 34u. AMMO y Oup BaKTHHUHT y3uja TYJIKUH
XaMm OYiranu yuyH, y Oy TYCUKJaH XyJJd PEHTIeH TYJIKUHIApU MOJIUN Oyromiap
WUYMJIaH OCOHTMHA YTraHuJeK YTuO Kera oJjiau.

| —
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|
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7-pacm. Tynunen adpdexru

Mynpait kunub, xap KaHaal YTkasrud €Ku SpuMyTKa3Tud CUPTUAA JOUMHUN
paBUILIla YHUHI 4YerapajapulaH TEPMOEJIEKTPOH SMHCCHS HaTHXKacuja >Mmac,
Oasiku TyHHEN 3P dekTr 3Ba3ura ‘“UuKu0”’ KETraH SpKUH AIEKTPOHIAPHUHT MabIyM
MUKJOPUHU Ky3aTHII MyMKHH.

Arap uWKKuTa YTKa3yBYd MmaTepuain oiaud ynapHu Oup-Oupuman 0,5 HM
Macodana KOMIAMTAPUO, yJIapHU TOTCHCHAJUIAPHUHT HHUCOATaH KUYUK (GapKu
(0,1-1 B) Owmman kymmb Kyiicak, yHma yaap Vypracuaa TyHHen 3ddextu
HATWYKAcHJa maijgo OynaraH Ba TyHHEN TOKH Ae0 arajaguraH 3JEKTpP TOKH TMaiIo
Oymanu.

Xynnu my TaxpuOaHu dHIW OW3HH KU3UKTUPAETIaH >KHUCM CUPTHra YTKHUP
IpeAMETHU, MacallaH, Y4d aTOM KaJWHJIWTUIArd WTHAHU SKWHIIAIITAPCAK Ba YHH
yprana€tran Oyoomaad YyTka3uO OYIOMHUHT aToM Japakajard Ty3WJIHUIIH
XaKUJard MabJIyMOTIAPHU OJicak Oynasau.

1981 #iunpa MUBM kommnanusicu xonumiapu [.bununr Ba I'.Popepnap Oy
X0Jlica acocuaa OUpuHUU ckanepnosuu mynnen mukpockon(CTM)uu spatuiau
Ba 1982 iinnna yHuHT €pramMuna Tapuxia OupuHUM 0YIruO aToMap aXpaTuil OWIaH
aBBaJI OJITUHHUHT, CYHTPa KPEMHUMHUHT CUPTH TACBUPUHU OJIUIIIN.

by uxtuponapu yuyn onummuap 1985 #iunum Hoben mykodoTtura noituk ned
tonuirad. Takaup Tako3ocu OwnaHn CTMHUHT yJaKaH WUMKOHHMSTIAPUHHM JappoB
TymryHuO erMaran Oab3u Oup Hamupérnap bununr Ba PopepnapHuHr
MAaKOJIACUHU, MXTUpoOJapura Oepwiral Tabpu(PHU yHUA KH3UKUII YHFOTMaWIu
neraH 0axoHa OWJIaH Hallp 3TUII YYYH KaOyJl KujaMarasiap.
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8-pacm. CTMa MOHOKpHUCTAT KPEMHUMHUHT YCTKU KYPUHUIIH

CTMHUHT WIOTYM OpraHW — 30HA — Oy TOK YTKa3yBYM MeETaj WTHAIHP.
Vpranunaérran cupTra 30H1 Kyaa SKuH Macodara (~ 0,5 HM) SKMHIAIITHPHIAIN
Ba YHTa JOMMHUU Ky4JIaHHII OepuiraHaa ypracuaa TyHHET TOKM XOCWI Oynanu, y
aca AKCMOHEHCHAN pPaBHIAA 30HA OWiaH HaAMyHa opacujgaru macodara OOFIHMK
Oynmanu: opagarum macoda dakarrura 0,1 HM Kajgap KarTajalmTUpUiIca TYyHHE
Toku nespiu 10 maprara macaiim® ketamu. Xyoau Iy XOJAWCa MUKPOCKOITHUHT
IOKOPH JJapakaia aKpaTuIl KOOMITHSATHHY TabMHUHIIAN/IH.

Kysatum tm3umu €pnamuiga TOK Ba MacodaHu JouMuid Oupnaid ymmad
Typu6, 3ouaHn X Ba U yKmapu 6yiinad xapakartiantupub, peredra Moc paBUIIia
rox Kytapuiau0, rox nacaiin6 CTM cupthu yprana douuiaiau.

By xapakaTt xakumaru axOOpOTHH KOMITIOTEP Ky3aTaJu Ba TEKUIIUPHIYBYU
OyIOM TacBUPHU SKpaHJa 3apypuil aHUKJIUKAA KYpHUII YYYH JacTypiaHaIu.
Hamynanapuu texmupui taptuoura acocsianrad CTM KOHCTPYKCHSICUHUHT 2 Ta
BapUaHTH MaBXKY/I.

Zond z

9-pacm. CTMHUHT HIIJIAIT CXeMacH

Urna yuu noumuil Oananonux mapmubuoa HaMyHa yCTUAA TOPU30HTAI
TEKUCITUK OVilmad xapakartinaHaau, TyHHen Tok dca Yy3rapamu (1.10a pacwm).
CuptHuHr Oapya HyKTacuja Yi4YaHraH TyHHEN TOK KaTTallurd XaKuaaru
MabIyMOTJIapJaH Keaub 4uKuO HaMyHa KuEhacu KYPUHUIIU KypUIaiu.

CTMHuHT Ooumuil mox mapmubuda TecKapu OOFJIAHWII THU3UMHU HIITa
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Tympuiaad. byHna noumMuil TyHHEN TOKHHM TEKIIMPYBYM YCKyHa OaslaHJIUTUHU
CUPTHHHT Xap OUp HyKTacura MOCJIAUITUPHILI Hyau Ouian Kyinnub typuiaau (10,
0 pacm).

Wkkana taptubaa xam IOTYK Ba KamMuwiukiap Oop. Jloumuii Gananamuk
TapTUOU TE3pOK, YyHKM Oy THU3UM TEKIIMPYBYM MOCJIAMaHU IOKOpHUra-mactra
KWiaupManau, ammo OyHaa ¢oipaim MabIyMOTHHM HHMCOAaTaH CHIUIUMK
HaMyHaJIapAaHTUHA OJMII MYMKHUH. Jloumuil Tok TapTHOuja 3ca I0KOPU aHUKIUK
OunJlaH Mypakkal CUPTIApHU YpraHUII MYMKHH, aMMO BakT KYI KeTaJu.

CTMHUHT 3HT 3apyp KUCMU Oy MEXaHUK MaHUNYJIATOPIAUpP, Y 30HIHU
HAHOMETPHUHI  MUHTAaH Oup Oynaknapy  aHMKIMIUAAA  CHPT  yCTHAA
XapakaTIaHUIIMHUA TabMUHIAIM Jio3uM. Ojarga MeXaHUK MAaHUMYJISTOPHH
NEe30KepaMUK MaTepuaaad TanépaaHaau.

ByHnaii MatepuamHUHT KU3UK XYCYCUSATH YHUHT ne3oedghekmuoup. Y HUHT
MabHOCH KyHHAarujgaH ubopar: nezomMaTepHaliaH TYFpu Oypyakiiu TYCUH KecuO
onu0, Kapama-KapIld TOMOHJIApUra MeTajul 3JEKTpoiJlap CypKajca Ba yiapra
noreHcuaap ¢apku Kyiwica, yHIa TOK TaAbCUPU OCTUJA TYCHUHHUHI F€OMETPUK
Yymgamnapu y3rapuimu 103 O6epaau. Ba yHMHr Teckapucu: TYCHMHAA KMYKMHAaruHa
Oyncana nedopmarcus 103 Oepca, YHUHI Kapama-Kaplid TOMOHJApHja
noreHcuaap Qapku xocun Oymaau. Illyngait kw0, TOKAarm KUYHUK
y3rapunuiapau Oolikapa TypuO, 30HAHMHT XKyJa KMUYMK Macodanapra CUIDKUALINTa

SPULIKII MYMKHH. byH/1a TAAKMKOT MUKPOCKONY HIILJIAIINA KEPaK.

Tunnel toki B Tunnel toki

Igna uchi pulsi

P O LN
[T LN

- ——

10-pacm. CTMHuMHT unuiam TapTuou (pexumMn)

Amanuii Kypunamanapja ojaTaa Oup HedTa aXpaTUiTaH JJICKTPOIUIA FOTKA
J€BOPIU Haiya KYpHUHULIJAru ME30KEPAMUK MaHUITYJISATOpAapAaH
doiinananunaan. bomkapyBuum  KyujnaHuIl —OyHAAl  MaHUMYJISATOPJIAPHUHT
YY3WIUIINHN EKU STWINIIMHU KeNTUPUO YuKapaau Ba 11y OwiaH Oupra 30HAHUHT
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Oapua y4 ¢aszoBuil koopauHaTaimap X, Y Ba Z Yyknapu Oyiinua XapakaTUHU
TabMUHIANUIU.

3aMOHaBHM MaHMMOYJSTOpJAp Kypuiamacu 30HAHUHT Tekuciukaa 100-200
MKM Ta, OajmaHmyuk Oyinya sca 5-12 MKM ra xapakaTJIaHMII JUara30HUHU
TabMUHJIANUIN.

TyHHENT MUKPOCKONMHUHI Kall(p STUIMIIM CUPTIApPHH aToOM Japa)kacuia
ypranumira uMKoH Oepau. AMMo Oy ac000 Oup Kartop YeKIaHUILIapra xam ora.
Tynnen »sddexrtura acocmaHraHgurd y4dyH y (axkaT dJ€KTp TOKHUHHM SXIIU
YyTKazaJuraH MaTepuaUIapHU YpraHulgaruia KyJuIlaHUII MyMKHH.

Pyveroskaner XY

11-pacM. IlezoMaHUTTYJIATOPHUHT CXEMACH

AMMO, PHUBOXJIAHHII, YCUII OUp >KoWma TypuO Koimaiiaum Ba 1986 immm
NBbMuunr Cropux O0ynumu jnabopatopuscuia KEHUHTH aBJIOJ MHUKPOCKOIUIApPH —
amomuii - Kyu muxpockonaap(AKM) sapatungu. AKM xaM cupTiiapHu aToM
AHUKJIUTHIa YpraHulra WMKOH Oepaau, aMMO DHIMU DJJIEKTp YTKa3yBuMiIap
OynuIM mapT 3Mac. XO03UPTru KyH/Ia aifHaH NIyHJald MUKPOCKOI TaIKUKOTYUIIap
KM3MKHIIHY yifFoTMOK1a®,

AToMHUI - Kyd Ba TYHHEJI MHUKPOCKOIUIAPHUHI XapakaT KOHYHUATIIapu
amanma Oup xui, ¢akarT TyHHENT MHKPOCKONMHHUKUAAH (GapKiId paBHIIIA
AKMHUHT wuWnuramy —atomiiapapo OofiaHWNUIApD KydujaH (oigaaHuITa
acocnmanrad. Kwumk wmacodanmapma (0,1 HM ra sSKWH) HKKA SKHCM aTOMJIApH
Vpracuaa urapumuim kKyunapu (12a pacm), karra Macodanapia 3ca TOPTHUILHIL
Kyuiapu Xxapakatra kenaau (126 pacm).

3. Mustafa Akay. Introduction to Polymer Science and Technology & Ventus Publishing ApS, 2012, -
P.1609.
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F mrarmowauna

v F Tortilish

F nmmanvnoauna

\ F Itarilish
d>R, d<R;

12-pacm. AKMHMHT niuiam npuHCUIN
TagkukoT/Iap y4yH sSIpaTWiraH aTOMHUN- Kyd MHKPOCKOIJa OyHJIall HMKKH
KUCM YpraHujiaéTraH CUPT Ba YHUHI YCTHJA CHUpINaHaéTTaH WTrHa y4du Oyiamu.
AKMpa 30Hn cudatuna onMoc urHagad doungananunagu. Cupt Ba WrHa yuu
ypracugaru @ kyuu ¥y3rapraHja yHra OWUPHUKTUpWITAH NPYKUHA OFagud Ba Yy
JAaTYUK TOMOHUJAH Kala KWIMHAIU. DJACTUK 3JIEMEHTHUHT (MPYXUHKA) OFHUII
KaTTaJIUTU CUPTHUHT penedu XaKuaru MabJiyMoTra ara Oyiaiu.
13-pacmaa aromiapapo Ky4YHHWHI WrHa Yy4¥ Ba HaMyHa Ypracujaru
Macodara OOFIIMKIUTH 3TPU YM3UFU KYpCATUJITaH.

13-pacm. Hamyna Ba 30H1 y4uaara aToM ypTacuaard TabCUp KydnHU
ynap opacuaaru Mmacodara OOFITHKIUTA

Urna cuptra sKMHJIAIITaHU Capyu YHUHT aTOMJIADUHUHT HaMyHa atomjapura
TOPTWIHILKA Ky4arind OopaBepaau. MrHa Ba CHPTHUHT TOPTUIIMII Ky4d TO
VIApHUHT 3JEKTPOH “Oynymiapu” SIEKTPOCTATUK paBuliga Oup-Oupuian
WTapUIIUII XOJIaTUTa KeJryH4ya J1aBOM A3TaBepaau, sHA XaM SKUHJIAIIUIITaHa
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ANEKTPOCTATUK MTAPUII Ky4yd OKCIIOHEHCHANl Tap3Ja TOPTUIIUII Ky4YHHH
kamaiitupagu. by kywiap atommnap opacuaaru macoda 0,2 HM ra sikuH OynraHaa
MyBO3aHaTJIAIIA]H.

AKMpa xam CTMra yxmald CHpPTHM TEKIIMPUII HMKKU yCyjja amaira
OLUIMIIM MYMKHH: Kaumuiegep (30HI) OpKaau MeKuupuwl 6a maziuk Ounaw
mexkwupuwi. bupuHuM Xonna TeKmupuiaa€TraH cupTt Oyinad KaHTHIIEBEp
XapakaTiiaHau, UKKHHYUCHAA 3Ca XapaKaTCU3 HaMyHara HucOaTaH TarJIMKHUHT
Y31 XapakaTiiaHaJu.

30HJ Ba CUPTHHUHI ¥3ap0O TabCUPJAIIWII KYWIAPUHUA KAl STUII YUyH
oJlaT]a 30H] yYuJaH KalTraH ja3ep HypUMHUHT OFUIIMHU KAl 3TUIITa acOCIaHTaH
yciyonan dovinananunand. Hyp maxcyc aTtoMUHUIIN KY3TYCUMOH KOTUTaM OWIaH
KOIUTAHTaH KaHTWUJIEBEPHUHI y4d TOMOH HYHanaau, IIYHAAH CYHI Maxcyc TYpT
CeKCUsUTUK poToauoara yTasu.

Mynpait Kunmb, KAHTUIEBEPHUHT O3TMHA OFMINM XaM Jla3ep HYPUHU
doTtoguon cexkcusilapura HucOaTaH CWDKMIIWTa oJau0 Kemanud, Oy sca 3
HaBOAaTHJa KAHTUJIEBEPHUHI y €KU Oy TOMOHra CHWDKHUUIMHM KYypcaTyBUH
(doronnon curHanuuu y3raptupanu. bynnait cucrema HypHuHr 0,1 Oypuak octuna
OFUIIIMHU YI9ail UMKOHUHM Oepajiu.

4 Sektsillik fotodiod

Lazer

Kantilever

14-pacwM. Jlazep HypuHUHT OOLIJIAHFUY XOJIaTAaH OFUIITMHM KA KUJIUHHUIINA

AKMHUHT 37eKTp HaMyHaiap YTKa3yBYaH OYIWIIMHHM Tanald KuJIMaraHu
yuyn y JJHK Ba 0Oomika fOMIIIOK MaTepUaUIAPHUHT MOJIEKYJSIp YTKa3ruwikd Ba
M30JISITOPIIUK XOCCAIAPUHY TEKIIMPUIITa UMKOH SpaTaiu.

30HIIM MUKPOCKONHUSHUHT PUBOXKJIAHUIIKN Tabpu(dIaHraH KOHYHUSTIAP

amaljia 30H]l YYUHUHT CUPT OWJIaH Y¥3apo TabCUPIANIUMIIMHUHT Xap KaHJa Typuaa
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XaM KYJUIAHWIUIIM MYMKUHJIUTHMHA KypcaTtu® Oepau. by sca ymymwuii HOMH
TEKIUPYBUM 30HA MHUKpockomiapu (T3M) ned araiyBud MHUKPOCKOILIAPHUHT
KMYMK-KHYMK HaMyHalapMHU XaM SpaTUIMIIMIa onu0 kenmu?. ByryHru kyHaa
yIAPHUHT KyHHJlaru Typiaapyu MabiayM:

- TYHHEJ 30H/JIap;

- aTOMMM- KyY 30HJIAD;

- SIKMH MaWJIOH ONTHUK 30HJap;

- MarHMTUK-KYy4 30HJyIap;

- @JIEKTPOCTATHK KyY 30H/JIap Ba OOLIKaap.

T3Muunr Oomika 6ab3u Typjiapu OuiaH KeluHru OoOnapaaH Oupuaa

TYJIUKPOK TaHUIIAMU3, XO3UPYa YIAPHUHT YMYMUM YU3MacH OujiaH TaHUIIAMM3.

Skanerlovchi qurilmaning

vertikal harakatini nazorat qiluvchi
teskari bog'lanish tizimi
e Zond harakatining datchigi

=
Skanerlovchi qurilma 2

harakatini nazorat giluvchi Zondning pozitsiyalasha

s qo’pol yaqinlashtirish
kompyuter \ . / tizimi
S

kanerlovchi igna
Namuna

Igna ostidagi namunani siljituvchi
piezaelektrik skanerlovchi qurilma

15-pacm. T3M unammmHUHT yMyMHR Tabpudu

Xap Ouwp TEKMUPYBYH 30H]I MHUKPOCKOIMMHHHT MaxCyc Xoccamapu O0op.
AMMO, yJTapHMHT yMyMHd 4u3Macu y €ku Oy Japakajga IOKOpUAa alTUiITaH
KOHYHHUSTIApra SKAHJIWTHYa Koiaran. 13M  Tapkubura MUKPOCKOITHHHT
AIEKTPOMEXaHUK KUCMUHUHT WIUIANIMHU OOIIKapaguTraH 30HI, KalJl JTraf
MabIyMOTJIApHU KaOysl KWJIaJuraH Ba €310 oJaJuran, Xxamaa yjiaap acocuaa TaCBUP
KYpPUHUIIMHA Ty3aJWraH KACMiap Kupaau. byHIaH Tamkapu, Maxcyc JacTyp

2 Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction for beginners. — Wiley-VCH Verlag
GHbH &Co.KGaA, Boschstr. Weinheim, Germany, 2013. — P. 322.
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U3JIaHyBUMIa OJIMHIaH TacBUp OwWjiaH XoXxXJaraH Tap3ja MIUam  y4yH
(MacIITaOMAITUPUIL, AMTAHTUPUIL, KECUMIIAP KypHILl) CHPTHUHT KYpUHHUO Typrax
PAaCMUHU TaxJui KWIMO YUKUIL YUyH UMKOH sipaTa/iu.

TexmupyBuM 30HJ MHMKPOCKONMsICHAA KalOysl KWIMHTAH TEPMHUHOJOTHUS
UHIJIM3 TWIMAAH KenuO YMKKAHJIMTUHM KYpCaTyBUM M3JapHU  KOJJHUPraH.

13

Macanan, KynuHYa TEKIIUPYBYM WMTHAHUHT YYUHU “‘TUT’ (TUM), KOHCOJI —
«KaHTUJIeBep» (caHTUIeBEp) neb aTanagu.

byryurn xyHma T3M HaHOTEXHOJIOTHMSUIAQPHUHT ACOCUM  KYpOIUIUP.
TakomMunnamTupuiIap HaTWXKacuaa yiap YpraHwiaérraH HaMyHaJlapHUHT
HadakaT TOMOJOTUACUHU (TEOMETPUK XYCYCHUATIApUHU), Oanku Kyrad Ooika
XapaKTePUCTUKATAPUHU: MArHUTUK Ba JJIEKTPUK XOCCAJapUHU, KATTUKIUTHHHU,
TapKUOHUHT OUp KUHCIWIMTUHU Ba OOIIKAJIApHU, HAHOMETDp VYIYaMIIMKJIApU
Japa)kacuja aHUKIWK OWjIaH YpraHuil MMKOHUHU Oepaiu.

Typau mnapameTpiapHM aHUKIAIIAH —Tallkapu 3aMmoHaBuii  T3Muap
HAHOOOBEKTIAPHU MAHUNYIAMCUALAW, AUPUM aTOMJIAPHU TYTHUII Ba yIIapHU SIHTH
Ba3UATra KYYUPUIIHKM TabMHUHJIAWIW, OSHU OUp aToMra TeHr Oyirad
YTKa3yBUMJIAPHU aToMap Tap3/ia HAFUII UMKOHUHH Oepas.

CTM wrHacu €pmamuga aTomyiap YpUHJIAPUHU aIMAlITUPUIIHUHT 2 Ta
acocWii ycymu 6op: zopum3onman Ba Gepmukan. YPUHIAPHA BEPTHKAI
ANIMAaIITAPUIIIa KePaKid aToM TYTWJITAHIaH CYHT 30HJHU OUp Heya aHTCTpeMra
KyTapud TypuO aTOMHH CUPTIAH y3UO OJWHAAM. ATOMHUHT CUPTIAH y3WIUIIUHU
TOKHHUHT CaKpally Ha3opar Kwinbd Typaau. by xonma aromHm y3ub onmbd Oornka
XKoMra KyuyupuO KYHHUII KYyn MeXHAT Tajnald Kuiaaad. JIGKWH, aTOMHH TOPH30HTAJ
KYYUPHII CHPTHHHT Fagup-OyaupiukiaapiaH oju0 YTumjgaH kypa ad3aipok.
benrunanran xoira om0 OOpuiTaH aTOM HHHA YYWUHU CUPTTa SKUHJIAMITUPHUO,
KyWIaHUII KaiTa ynaml OWjiaH 030]1 TUJIAU Ba KOWUTa TYILIUPUIIAIN.

Xo3upru KyHna ayHEma kym typaard T3M Ba yHHHT KHCMIIApU HIILIA0
YUKAPWIMOK/AA. YJIapHU WNUIa0 4YWKapraH (GupMaiapHUHT Homuapu: Jlururan
Nuctpymente, Ilapk Ccuentuduc HWuctpymente, Owmmcpon, Tomomerpux,
Bypneurx Ba Oowkamnapaup.

Ha3zoapr caBosiapu
1. Hano — xymumyacu KaH1aii MAbHOHM aHTJIaTaan?
2. bank — TexHomorus HuMa?
3. HanortexHonmorus tabpuduHN alTHHT.
4. Accembaep Huma?
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OKcul CUHTE3IaHUII KAPAEHWHU TYIIYHTUPHUHT.
N-PHK Ba 1- PHKnap numa Bazudanu 6axkapaau?
buprHYM HAHOTPAH3UCTOP KAYOH SpaTUIITaH?
CTM Huma Ba y KaHIail unutann?

© ©o N g

AKM unnunamvHg TyIyHTUPUHT.

10.V3 — §3uHu fiuFum qerasaa HUIMaHy| TYLIyHACH3?

11.®ynnepen Ka4oH Kaid STUiran?

12.Hanonaitua kanaait Ty3unaran?

13.Hanonaiiua KyJUIaHWJIMIIKTA MUCOJIIAP KEJITUPHUHT.
14.HanoTexHonorusiiap KaHaai xatapiaap KeITUpUO YMKAPUILIH MyMKUH ?
15.PuBoaHran qaBiaTiiapAa HAHOTEXHOJIOTHsUIapra Kanjaai abTuoop

oepriMokaa?

doiigagaHuIral axadbuéraap

. Dieter VVollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction

for beginners. — Wiley-VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim,
Germany, 2013. — P. 322.

. Feng Kai. In investigation on phase behavior and orientation factor of

electrospun nanofibers. The Uni. of Tennessee, Knoxville (US), 2005. —P. 106.

. Mustafa Akay. Introduction to Polymer Science and Technology & Ventus

Publishing ApS, 2012, - P.169.

. William D. Callister Jr. Materials Sciences and Engineering. An Introduction.

John Wiley & Sons. Ins. 2007. — P. 975.

. www.mitht.ru/e-library

. WWW.Crism-prometey.ru

. www.nanowerk.com/nanotechnoloqgy/labs/Tech. Uni. Berlin

. WWW.nanonewsnet.ru

. WwWw.nanobot.ru
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S5-maB3y: HaHocTpyKTypasap, HAHOTH3MMJIAP BA HAHOKOMIIO3UTJIAP

IIAKJIAHUIIH, HOE0 (PM3HUK Xoccajlapy Ba aMaJIdil HCTHKOO/LJIapu

Pexa

1. Hanodusuka Ba HAHOTEXHOJIOTHSUIAp Y3BUMIMIM XaMJa YCTYBOp WJIMHUNA-
TAIKUKOT COXAJIAPU Ba MYHAITUIIJIAPH.

2. Hanonucnepc Tuzumiap, HaHOMEXaHUKa, HAHOAJIEKTPOHMKA, HAHOMETAl Ba
SAPUMYTKA3rA4YJIM HAHOKUX03J1ap Ba HAaHOMaTepurasap.

3. Onrtuk HaHOCEHCOpJap, HAHOKATIAMIIM KY€l AJeMeHTIapu

4. HanomieHkanap, HaHOToJIajap, HAHOCOPOEHTIap, HAHOTpyOKanap, HaHOTreJIap,
HAaHOKOMILJIEKCIIap, HAHOKOMIIO3UTJIap Ba YJIAPHUHI aMAJIMM KYJUJIaHULINA

Tasgnu noopanap: Hanoguszuxa, Hanomexnono2us, HaAaHOOUCnep musuMIap,
HAHOME3aHUKA, HAHO2IEeKMPOHUKA, HAHOJICUX031ap, HaHoceHcopaap,

HAHoOKanmJjamaiu mamepuaiildap, HaHomoaauiap, HClHOCOp6€HWlJZClp,

1. Hanodusuka Ba HAHOTEXHOJIOTUSJIAP Y3BHIJIMTH XaMaa
YCTYBOP WIMMH-TAAKUKOT COXAaJIapH¥ Ba HYHAJIUIILIAPU

Marepuannap cudatu KOpHU OYIUIIN yUyH yjap aToMJIap Ba MOJIeKyJanap
napakacuja MyKaMMall Oynunuiapw jJo3uM. byHmal Ty3uiaMmaiapHU TY3UITHUHT
HAHOTEXHOJIOTUK YCYJUIapuaaH Oupu — Oy V3u-Y3UHU HAFUTILIUD.

373-}"131/1H1/1 WUFUIl TUPUK TaOHWaTHa KEHT TapKairaH. bapua TykumanapHUHT
TY3WJIUIIN YJAAPHUHT XyKalpalapjaH ¥3-Y3UHM WUFUIIN OwWiiaH TabpudiaHaIu,
Xy>KalpaJapHUHT Y3 Ty3WIHIIN 3Ca aWpUM MOJICKYJIAIAPHUHT Y3-Y3WHU WUFULLINA
owunan kadonarianaan’,

Tabuatnarm HAHOCHCTEMANAPHUHT  V3-Y3WMHM WHUFUNI  MEXaHU3MJApH
V3JIAHYBYMJIADHU YHUHI KOHYHMSTIAPUIAH CYHBUW HAHOCTPYKTypaldapHU KypHIL
y4yH “‘Hyma KydyupuO’ onumra yHaaad. XO3Uprd BakKTAa TaOuuUid CyAK
TYKUMaCHHM  TAaKpOPJIOBYM  HAHOMATEpHAUIAp  Tauépnampga  Ce3Wiapiau
myBadakusTIapra SpUNIIIIA. ByHMHT y4yH KOJUIOT€HHUHT TaOWHI TOJACUHU
TAKPOPJIOBYH, TUAMETPH 8 HM Ta SIKMH OYJIraH TOJAHWHT Y3-Y3WHW WUFHUIIHAIAH
doiinananunaan. OnuHran Marepuaira TaOuUUi CysSIK XyKailpamapu sXIIH

! Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction for beginners. — Wiley-
VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim, Germany, 2013. — P. 322.
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YpHamaau, Oy yHU CydK TYKMMacud Y4yH “‘enuM” €kd “mmatiéBka’ cudaTtuaa
UILIATUII UMKOHUHY Oepanu [2].

DIEKTPOCTATHK Y3-Y3UHU WAFUII XaM XO3UPI'¥ NauTAa Ky4ad PUBOKIAHTaH.
Y Marepuan TY3WIHMIIHHM OJAaTHW IIAPOUTIApAA Y3TapTUPUII HWMKOHUSTHHU
Oepanu. ByHUHT yuyH wumuja HaHo3appayaigap OViran marepuaira KyWuiran
noteHyamiap GapkuHu OoIKapuin acoc 0yinub xu3mar Kuiaau [4].

Tabuamoazu nanospgexmnap: 2apoiiudé6 nanxcanap. “YHUHT y3yHIUTH 8
naH 30 cMm rava. bommMm aH4ya KEHI Ba KyWIH SICCUJIAIITaH, Ky3Japu KOBOKCH3
TUPKUIICUMOH KOPAayuKJW, OYHM KanTa, TAHACH aH4ya WYFOH, CUHYBYaH. TaHacu
Maiila OYpTMacMMOH Ba JOHAJOp TaHTadaylap OWIaH KOIUIaHTaH. DCKU Ba SIHTH
OJIAMHUHT MCCUK MamJlakatjiapuja simaMainau.” .

By epna ranm rekkoH — uyupoiliid, XaBpcu3 OYnraH, Y3UHUHT Xap KaHlau
KOMJla Xap KaHaKacura ropa OJHII XYyCYCHSTH OWJIaH OJMMIIAPHUHT JAUKKATHUHH
TOPTraH KaJITakecak Xakuaa O6opmokaa. ['ekkonnap HadakaT TUK KHUSUIMKIApra,
JieBOpJiapra yuka onaauiap, Oanku mudT Ba Jepaza oWHajIapuia xam Oemanodn
10pa oJIainiap.

Onumiap y30K BakTJiap MOoOalHUa TeKKOH KaHaal KMo Kyaa CUJUIUK Ba
BepTUKaN oWHa OVinad, MUKWIMAcaaH Ba CHUpIIAaHMail IOPUIIMHU, XapaKaTjiaHa
OJIMIIMHYU TYIIyHa ofiMac »auiap. bynaail Tabuuit MaBXyJAOTHU TYUIYHHII Y4yH
KYT1a0 ypUHHUIILIAP OYIIIu.

ABBasidra, ram XallBoH maHxanapugaru HoEO cypruunapaa ned TaxMuH
KWIMHIaH. AMMO, aHUKJAHMIINYA, TEKKOH MaHKajapuja Xed KaHJal cypruura
yximiaraH Hapcajap WVK 2kaH. ['ekkoH oifHa OViinad MMUIMKKypTra yxmad xap
KaHJal mpeaMeTa XaM yIUIaHuO Typuinura épaaM 6epaaurad ENUIIKOK CYIOKIUK
€époamMulia XapakariiaHaIW JIeTaH TaxXMHWH XaM VY3WHH OKJaMmajau. byHpnain
CYIOKJIMKIAH OMHA/IA U3 KOJUIIN KE€PaK 31U, YHIAAH TAllIKapyu F'€KKOH NaHXanapuaa
OyH/ail CyIOKIUK YMKapuO Oepa ojaaurad xed Kanjaai o6es3nap XaM TOMMIMAIH.

By xonmatra tomumiran >xaBoO OyTyH OMMaHHM XalpaTra COJJAH: TE€KKOH
XapakaTiaHaéTraHaa MOJIKYJsap ¢u3nKa KOHYHJIapuaaH (Qoijgamanap 5SKaH.
Onumitap TEKKOH TMaH)XaCMHM MHKPOCKON OCTHJa JUKKAT OwiaH Ypranub
YUKIWIAp. AHUKIAHUIITNYA, YHUHT TTAHXaJapy KyJla XaM Maiiia Tykdanap OwiiaH
KOIUJIAHTaH 3KaH, Oy TyKYaJJapHUHT JUaMETPU MHCOH COUYMHUHT AHMaMETPUAaH XaM
10 mapra Maiimapok 5KaH. Xap OuUp TyKYaHHHI yuyuja caHTuMeTpHUHr 200
MUWUTHOHAAH Oup OYnarudanuk Oynrad MUHIIIA0 KyAa Maia écTUKYanap MaBKy/a
skaH. by €écTukuanap mact ToMoHUJaH TYKUMa Oapriapu OWiIaH TYCWITaH Ba aHYa

KaTTaJlalllaTUpUIITaH, Xap Oup Oaprya 103 MUHMIA0 HHIMYKa TYK4YacCHUMOH
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KWi4aiap, 1031a0 KYpakCMMOH ywiapra OYJIWHIaH, yJapHUHT Xap OWpPUHUHT
nuametpu 200 HM X0s10C dKaH!

O3 Mumnnonna® OyHpail Tykyanap CUpTAArd Xap KaHaall Maijga TeKuc
OynmaraH »xoiyapra €numuob onuil UMKOHUHU Oepaau. Kysumusra xap kaHua
CWUIMK KYpUHTaH OWHajap XaM TeKKOHJapra yHra €numu0 OJull UMKOHUHHU
Oepap »9kaH. AHuKIaHumu4a, Oy epnaa Bau-nep-Baanc kyunmapu, Oomikaua
alTraHja MoJIeKylajgapapo TabCUp Kywlapu uuuap 3KaH. Ban-nep-Baanc
Ha3apusICU KBAaHT MEXAHMKACUIa acoCJIaHrad. Martepuamiap MoJeKyjanapu Kyaa
KMcKa Macodanapia uTapuiiagy, Karrapok macodanapaa sca toprumaan (AKM
UIUIALIY [y TPUHCHUIITa aCOCIaHTaH).

['eKkkOH maHXacuMHU cUPTra KyWraHja, HAaHOKWIYaldap y4uaard Kypakdanap
yHra IIyHJal 3u4 YTUPAIUKH, XYW MaHkajap BEpTUKaJ JeBopra €ku mudrra
énumnb Konranga Oynamu. ['ekkoH OVFUHIAPUHHU Ky4JaHTHUpCa Ba MaH)KACHHU
TopTca — BaH-aep-Baasnc kywiapu Wk Oyiaau Ba y CUPTAaH CHTWITHHA aKpajiaau.

Ban-nep-paasic kyunapu JkyJda KHYUK, aMMO TEKKOH MaHXalapujaru
TyKYaJJADHUHT OKOMJIAIIWINM aH4Ya KaTTa TabCHp MaWJOHHM Kampald oJub
KaJITakecakka mudTaa Y3MHUHT Oerl 0apMOKIM MaHXaCUHUHT (pakat Oup 6GapMoru
KM TyMH yuM OMJIaH yHIJTaHUO TypUII MMKOHUHH Oepaau .

1 -pacm. ['eKKOH MaH>XKaCUHUHT SIKUHJIAIITHPUITAH CypaTH.

bynapau Gapuyacu onmmmitapHU Y351apu sipaTraH UXTUPOJaH (oimamaHuIIra
TypTKH 0y, POOOT KOMITAHMSICHHUHT XOUMIIApU aKBapUyM JAeBopiapu Oyiinad
BEpPTHKAJ paBWIIJAa XapakarjaHa OJaJuraH poOOTHW Kypumian. KeWnmHuUammk
poOOTHH CyHBUH TyKiap OwWiiaH TabMHUHIAI Ba ENUIITUPHO TypaguraH KydHU

OIIMpUII pexanamTupuirad. Mnoxu 0yiaca poboTra rekkoH AyMH yilaHca, Y Y4Id

4 William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John Wiley & Sons. Ins. 2007. — P.
975.
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TOLLLJIAp YCTHAA XaM IOrypa OJIaJIH.

Kanrakecakcumon poOoTiapuu Tail€pnam  yuyyH onaub Oopunaérran
Taxpubdanap myBadPakusaTIN YUKca, OYHU TYpiu coxanapja — 6ajana umopatiap
OMHACHHM IOBULIAAH TO Y30K ca€pallapHUHT THK Hynnapu OVitnald caiéxarra
YUKUIITaya KYJUTAaHUIITH MYMKHH.

by KOHyHMATHM €NUIIKOK JIEHTa, CKOTYra yxmam MaTepUaJUIapHU,
Taiépianga acoc KUiaud oMl MyMKHH, YHAAH KalTa-KaliTa Ba XaTToO BaKyymia
xam ¢doigananum MyMKuH (omaTuil ckoTd ¢aszona wunuviamanau). “Kypyk
erum’aap nae6 aTtalyBud, XapaKTepUCTHKalapu Juara3oHd KeHr Oyiras,
AJNIEKTPOCTATUKAara acoC/laHraH Kywid ENUIIKOKIMKHA TabMUHJIOBYM  SIHTH
MaTepHaiap aBJIOJAMHM SPAaTUl YCTHU/IA UIILIap OJMO OOPHIMOK/IA.

WNuconHn BepTHKan JeBOpAa MaxkaMm yuuiad TypyBYM OEK KUHUM Ba
KYJIKOIIap Tal€piam MYMKUH. Yap HadakaT alllMHHCTIAp Ba YYKKWAJIapaa
unuiap onud 6opajguraH MOHTaKUYMIAP XAaETHHH, OaNKU OOIIKA OJaMJIAPHUHT XaM
Xa€THHH EHTWJUTAIITUPTaH OYyap sauiap.

2. Hanoaucnepc TU3UMJIAP, HAHOMEXAHUKA, HAHOYJIEKTPOHUKA, HAHOMETAJLJI
Ba SIPUMYTKA3THY/IH HAHOKUX03J1ap Ba HAHOMAaTepHaJLIap.

JeMmokput Yy3uHUHT KOMHOTHMHI aTOMHUCTHK Kapamujaa JayHE KyIiad
“FUIITYANIAp”JJaH — Y3Ura XOC XYCYCHUATIM KHUMEBUM JJIEMEHT Ba YHUHT
OupukmanapuaH uOOpaT IKaHIUTUTA YBTUOOP KapaTraH. “OJaMHU TalIKUJIJIarad
FUINITYATAPU "HUHT XyCYCHUSITIIapu OUp Xl OYyIMaraHuAeK, YIapHUHT TapUXU XaM
Oup Xui 3Mac. bup X1 sanemMeHTIap: MUC, TEMUP, OJTHHTYTYPT, KapOOH KaOuiIap
KaauMJaH MabiyM. bomikamapuman, ynap xaiud Kamid KHJIMHMAcHuIaH TypuO
acpiap JaBoMHUIa TONWIMACIaH TypuO XaMm, HMHCOH (Qoiinamanran (MacalaH,
kucnopoa (axar XVIIl acpmaruna ouwmnran). Yumnummapu sca 100-200 ¥un
OJITUH OYMJITaH, aMMO X03Mpra KenuO OMpHHUYM Japakalld axamusTra sra 0ymumo
KOJIMIIITU. YJiapra ypaH, alfOMUHHMN, 00D, TUTHI, OepiiuTnii Ba OomKanap Kupaim.

TYpTuHUmIIapUHUHT dca Ouorpadusicu SHIU OONIITAHMOK/A. ..

1985 iunpa PobGepr Kepn, T'aponn Kporo Ba Puwapn Cwmomnunap
KyTWIMaraHjga TyOJaH SIHTM YIJIEpOJUIM OWUpUKMA — @hyaiepenHn o4auiap.
OymiepeHnapHrHT HOEO XOoccajapw yiapra >Kyna Karra KU3UKHIIHA KeITHPHO
yukapau. 1996 itunna ynapra Hoben MykopoTu TONMUPUIIIH.

dyuiepensiap Ba yrjepomiid HaHoHaWuvanap. Dymiepen Monexkynacu
acocu yriaepoaaup — Oy HOEO KMMEBHN DJIEMEHT KYMUWJIMK JJIEMEHTIap OwiaH

OupukuO Typiau TapkuO Ba KypuiUIIra 53ra MOJEKylalap XOCHJI KHJIHII
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xoccanapura 3ra. Maktab kuM€ KypcuiaH Ou3ra MabJIyMKH, YIJIEpoAa 2 Ta acOCUi
aJIIOTpON Xoaarra sra: rpadut Ba onMmoc. OyiepeH oYWK OUIaH yIriieposl siHa
Oup amwtoTpon Xosarra 3ra Oynau AeHUIIMMU3 MyMKHH. bu3 ana my rpadur,
0JIMOC Ba (yJIJIEPEH MOJIEKyIalapu Ty3WIMalapuaup.

I'padur xamaramau mysunuwea sra. YHUHT xap OUp KatjiaMu TYFpU OJTH
Oypuakiyiu Oup-O6upura KoBajaeHT OOFJIaHTaH yriepo]i aToMJapuaaH noopar.

Kymuu xatnamnap kyucus Ban-pep-Baanc kywiapu Ouiian Oup-Oupura

6ofrnanub Typanu. bynra mucon kw0 ogauil KalaMHU KYpPCaTUIIMMU3 MYMKHH —
cu3 rpaduTIIM CTEPKEHHU KOFO3 YCTH/Aa IOPrU3CaHru3, KaTjiamiiap acTa-CeKUuH Oup
OupuaH axpanaau Ba KOFO3/1a U3 KOJIUPUILIAIH.

143 nm

5 nm

oy

2-pacM. ['padUTHUHT TY3UITUIITN

OuamMoc y4d yimyamiau TeTpaepuK TY3WIMINWTA 3ra. YTIEPOJIHUHT Xap Oup
aTOMM KOJITaH TYpTTacH OWJIaH KOBaJEHT paBulga OorjaHrad. bapua atomiap
KpUCTall Tamkapanga Oup- Oupuman Oup xun macodana (154 HM) sxoiamras.
VYnap xap Oupu Oomikanapu OwWiaH TYFpU KOBAJICHT OOFJaHTaH Ba KpHUCTalaa

OuTTa HUPUK MAaKPOMOJICKYJIa XOCHJ KUJIau 6

3-pacm. OJIMOCHUHT TY3HWIUIITN
C-C koBajeHT OOFJIaHUIUIAPHUHT IOKOPU YHEPTUSICU XUCOOUTa OJIMOC KyJa
MyCTaxkaMm Ba HadakaT KUMMaT0axo TOII, OaTKh METajl KECYBYM Ba CHILIMKJIOBYHU

yYCKyHaJlap Talépiall yuyH XaMm XoM-aii€ cudaTuia nuuiaTUiaan.

s WWW.Nnanometer.ru/
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dyjuiepenyiap Y3 HOMIIAHUIIMHU apXUTeKTop bakmunctep ®Dymiep
IIabHUIa OJIMILITAaH, y OyHAall CTPYKTypaJlapHU apXUTEKTypaaa (oiljanaHuil yayH
sapaTrat (LIyHUHT Y4YyH YJIapHUHT siHa OakuOonanap neb xam artamann). OynnepeH
¢ytOon Tymura >xyaa yxmoByHu, 5-6 Oypuak MMIAKIIM “‘SIMOKJAp”’aH Ty3WIraH
kapkac mysunuwiuea sra. by kynéxnap y4uuaa yriiepoj aToMjapu >Kouamrad j1e0
TacaBBYp KWJICaK, yHa Ou3 sHT Oapkapop 6ynran Ceo (yJuIepeHUHH OJIaMU3.

Enr Ttanuknum xamaa QymiepeHnap OWIACHHUHT 3HI CUMMETPHUK OYiraH
Bakmiin Cgo MoJIeKyJacuaa odaTuOypuakiuiapHuHr coHu 20 ra tenr. bynaa xap
oup OemOypuak axkat onTuOypyakiu OuiIaH yerapajiaiirad, xap Oup ontudypyak
ontubypuakmwiap 6mwian 3 ta ymMymuil ToMoHra Ba 3 Ta OemOypuaknap Ouian
YMYMHI TOMOHTA Jra.

@OysuiepeH MOJEKyJlacu TY3WIMIIUHUHT KU3UFU IIYHAAaKW, OyHIal yriaepos
“TYmu”’HUHT WYuAa OYVIUIMK XOocuJl Oylanu, yHra Kanmwuisp XyCYCHSTIApH
xpcobura O601IKa MaTepUAJUIAPHUHT aTOM Ba MOJICKYJIAJIADUHU KUPUTHIL MYMKHH,
Oy 5ca yiapra, Macanas, yJaapHu XaB()cHu3 KYUUpHII MIMKOHUHHU Oepaau’.

4-pacm. OyIepeHHUHT TY3WIHUIIH

OyruiepeHIapHd YpraHUIl TaBOMUA YHUHT TapKUOWIa yriaepo] aToOMIIapu
coHr Typimya — 36 tagan 540 taraga OynraH MoJIeKyJandapu CUHTE3 KWIMHIA Ba

(V)

YpraHuiau.

o-pacm. @ymnepennap Bakusuiapu a) Ceo B) Crg ) Coo

! Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction for beginners. — Wiley-VCH Verlag
GHbH &Co.KGaA, Boschstr. Weinheim, Germany, 2013. — P. 322
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AMMO yriepomsiv Kapkac Ty3WiaMmaiap XWwiMa Xwuurd Oy Owuian
tyramaiau. 1991 iumna snonusuiuk npodeccop Cymuo Uuazuma y3yH yriaepoin
CWIMHJIpJIAPHU aHUKJIAU Ba yJIapHU HaHOHalvanap 1e0 HOMIIA/IH.

Hanonaiiua — Oy MWUIMOHAAH OPTHK YIJIEpOJ] aToMjapuaaH udopar
MoJieKysla Oynub y nauameTrpu | HaHOMeTpra SIKUH Ba Y3YHJIUTH Oup Heuya YH
MUKpPOH OYyJiraH Hailua kypunumuaaaup. Haltua nesopiapuaa yrieposa aromiaapu

TYFpHU ONTUOYPUAKIAPHUHT yUua >KOUJIaIlIraH.

6-pacm. HanoHaliuaHUHT TY3WIHIIN (CTPYKTYpacH)

Hanonantwanap Ty3uwnuIIMHM KyWHZarddya Ky3 OJIIMMHU3ra KEJITHPUIIL
MYMKHH: TpaQuUT TEKUCIUK onamMu3 (KOF03), YHM Yy3yH KWIUO KecamH3 Ba
cuuHApra “€numrtupamMus’’ (XaKuKaTaa HaHOHaiuyanap Oomkava ycaau). by xyma
ONIMHA DHKaH-Ky — aMMoO OyHHM HaHOHailyamap TaxpuOanap HaTWXKacuia
SpaTUITYHYA Xe4U OWp HazapusuM OJAuHIaH auTuO Oepa onmarad. lIIyHUHT ydyH
XaM oJIMMIIapra YHU YpraHull Ba YHJIaH XalpaTiaHUIIIaH OOIIKacH KOJIMA/IH.

XaifpartnaHuiira 3ca acoc Oop a1, 4YyHKH Oy Xailparra cojiraH
HaHOHaWyamap oxaM coud TonacugaH 100 MUHr MapTa HWHTHYKA OYauIura
KapamacJaH XyJa XaM MycTaxkaM Marepuan Oynud umkau. Hanonaiuamap
nynataad 50-100 mapra myctaxkaMpoK Ba 6 MapTa KMYHMK 3UWIMKKA 3ra. FOHr
MOAYIH — MAaTepHAIHUHT Jedopmarcusira KaplIWiIdK Japaxkacu — Oy
HaHOHaMYamapaa OAIUN YyTIEpoJ] Tojanapura HUCOATaH WMKKUA Oapobap IOKOpH.
Haityamap nadakat mycraxkam, 0ajaky yTa KaTTHK MyCTaxKaM pe3rHa Hanldaiapra
yxmanan. MexXxaHuK KywWwIaHWIUIap TabCUPHAA HaHOHAWYamap Y3WHU OOIIKaya,
aHTUKA TyTaawnap: ynap “y3uwiMmanau”’, “CUHMaian”, OJJUNTHHA Tap3/a
KOMIapuHu anMamTupud onumaau. HanonaiuanapHuHr OyHAal y3ura xoc
XyCyCHUSITIapUaH CYHBUI MYCKyJUIap sipaTuiiaa GpoiiaJaHuIl MyMKUH, yiap Oup
XWJI XaxmJa Ouosioruk myckymiapaan 10 Gapobap Kyuiupok OYIWIIN MYMKHH,
IOKOpH TeMIIepaTypa, BaKyyM Ba Ky1uiad KUMEBHUI peareHTIapJaH KypKUIIMANIH.

Hanonaliwanapgan §yTa e€eHrmi Ba yTa MyCTaxkaM KOMITO3UTCHOH
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Marepraiap SpaTuil MyMKHH, yJlIapJaH 3¢a XapakaTHU KHUUMHIAIITUPMAanauraH
YT YurpyBumiap Ba ¢a3orupiap yuyyH KuMuMiap TUKUII MyMKHH, Epnan Oliraua
Oynran OutTTa Hallyaiu HaHOKAOETHU KYKHOp YpYFHM yauaMuJaru rajaTakka ypari
MyMKUH. HaHoHaluanapjaH TallKWi TONraH auamMeTpu | MMM yHYa KarTa
OynmaraH Wi, Y3MHUHT MaccacHJaH 103 Muwuimapanad karra Oynran 20 T rOKHH
KyTapa oiran 0ynap 31u.

Tyrpu, X03Up HaHOHAWYAJIAPHUHI MaKCUMal Y3yHJIUTH VYH Ba 1037120
MUKpPOH — aTomJjap MacmTabuaaH KyJa Karra, IyHaai 0yiaca xaM yiap JOUMHUMA
doinananuimn  yyyH @ Kyda ~ KAYMKIMK ~ Kwilaad.  JlekuH — onuHaérraH
HaHOHAWYAJApPHUHT Y3YHJIUTH acTa-CeKMH OluO OOpMOKJIa — XO3Up OJIMMIIAp
CAaHTUMETPJM 4Yerapara SKUH Keaumad. 4 MM Y3YHJIUKKa 3ra Oynran Kyn
KaTjaMjii HaHOHaivanap oauHad. [IIyHUHT ydyH XaMm oJiuMIIap SIKMH KeJakakaa
METp B 1037120 METpJiu Y3YHJIMKAArd HaHOHAaWYaldapHU YCTUPHILNTA SPUILAIuIap
neb ymua Kujcak oyiaau.

Hanonaituanap typnu maxiuiapgaa Oynagu: Oup KaTiamiid, KYTKaTIamiIu,
TYFpU Ba COUPAJICUMOH. ByHJIaH TalllKapu yjap KyTHUJIMAaraH 3J€KTPUK, MarHUTHK,
ONTHUK XOCCAJTApUHU HAMOMHUII KWJIMIIMOKAA.

Makcanara MyBodUWK paBuIlllla Hailyamap uyura OOIIKa Marepuasiap
aTOMJIADUHU KUPUTHUII WYIM OWJIaH HaHOHAWYaJIapHUHT 3JEKTPOH XOCCaJapUHU
Y3rapTUpHIL MYMKHH.

dynnepennap Ba HaHOHAWYanap WYWJard OYHUIMKIAp aH4yagaH OyEH
oJIUMJIap MUKKATUHU TOpTap 3Au. Taxxpubanapiaan KypuHHIIYa, QyIUIIEpeH UUHUra
KaliCUIUp MAaTepUaJHUHT aTOMHU KUPUTHIICA, Oy YHHHT JJIEKTPUK XOCCaJapUHH
y3rapTupu® 00O0PHUIIM Ba XaTTOKHM HM3OJSTOPHH VyTa YTKa3rudra aniaaHTUPHUO
1000pHUIIT MYMKHH JKaH.

Mlynmait #iyn OwiaH HaHOHAWYamap XOCCAJIAPUHU XaM Y3TrapTHPHII
MyMKUHMU? Onumiaap HaHOHaWyamap HWYWra aBBaJIO TaJOJMHUKA aTOMIIAPH
KUPUTWITAH QyIJIepeHsiap 3aHXUPUHM JKoitamra sputiauiap. bynnait rapoitn6
CTPYKTYpaHHHI 3JIEKTPUK Xoccaiapu OAAWMN, OVIUIMKIM HAaHOHAYalap Xamjaa
nura Oy GpyuiepeHan HaHOHAW4YaIap XOoccalapuaaH KywWwIid paBUIIAa aXpaand
Typanu. byHpgaih OupukManap y4yH Maxcyc KUMEBUU Oelruiap HIIaHTaH.
Oxopuna Ttabpuduanran cTpykTypa Kyluaaruda OedrwiaHaau: YiaapaaH
(HaHOHalyanapnan) ¢oinananuin Jgoupacu Kyna keHr. Hanonaltuanapnas,
MacajlaH, MHUKpoacOoOiap ydyH cumiIap Tal€piaiml MYMKHH. YJIAQpHUHT
FapounOIury, TOK ynap O0yinad yMyMaH UCCUKIMK aXpaTMacJaH Ba KyJia IOKOpHU
kuitmarra — 107 A/cm? ra eragu. Opmuii yTkasruu OyHpjall Tokmapiaa JappoB
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OyfyianuO KeTraH Oynap 31u.

HanoHnaliuamapHu KOMIIOTEp HHAYCTpUSACHAA KYyJJIalml ydyyH Oup Hedrta
unuIaHManap xam unuiad yukwirad. 2006 Wunga HaHOHaMuYanmu maTpuTcaiapaa
UIUIOBYA  SCCHM  DJKpaHJIM  DOMHUCCHUOH  MOHHUTOpJAap  maijmo  Oymau.
HanonaituanapHuHr 6up yuura YpHaTUIAJUIaH KyWIaHUII TabCUpUAa OOIIKa y4H
AJIEKTPOHJIAp TapaTUIIHKM Oouuiaiau, ynap dochopeneHnusiaHaural dKpanra
TylIaJd Ba TMHKCENb EpPYFIAHUIIMHU KeATHUpUO uuKapaau. byHpmail xocun
Oynaauran TacBUp HYKTAacH KyJa XaM KUYMK: MUKPOHJIAp TapTuOuaa 0ynaau.

Slna Oup Mwucon — HaHOHaW4yaJaH TEKIIMPYBYM MHKPOCKOIN HUIHACH
cudparuna doimnanunaan. Oxarna OyHaal UrHa >Kyjaa YTKUpJalrad Bojagpamiin
uUrHa KypuHumuga Oyiaau, amMMoO aTomuiap Yi4doBuja OyHAAN WrHajiap Xynaa
Kynon OYynuO KomaBepanu. Hanonaitua sca guamerpu Oup Hewa aromsap
TapTUOMAATH DHT SXIITU UTHA KYPUHUILINA OVIaau.

HanonaiiyanapHusr Fapoitno DJIEKTPUK xoccajiapu yJlapHH
HAHOEJICKTPOHUKAHUHT aCOCUH MarepuajuiapujaH Oupu Kwinbd Kysau. Yiap
acocuZia KOMIIOTEpJap YYyH SHIM JJEMEHTIap Tai€pnaHau. by anemeHTnap
yCKyHajap yadamjaapuHU KpeMHHUIIM acOobiiapra HucOaTaH Oup Heda TapTuOra
KMYPANUIITHUA TABMUHIIANIN.

HanoenekTpoHukaga HaHOHAWYaIapHU KYJUIAIIHUHT sSHA OMp HYyHAIUIIN —
SAPUMYTKA3TUYIM TEeTEPEOTy3WIManap, SbHU “MeTall SpUMYTKa3rud THUIHJArd
Ty3UJIMaJapHU XOCHJI KUIUIILINP.

Ennun  Oynpmali KypuwiamanapHu Tal€piam ydyH MKKUTa MaTepHaTHU
ajoxXuaa-ajJoxXyjaa YCTUPHUII Ba CYHrpa ylapHu Owp Oupu OunaH “nadBanmiam’
mapt smac. HaHoHayaHWHr ycuIl Kapa€HWJa YyHIA TY3WIHII HYKCOHHU
(yrneponnu oATHOYPUYAKHUHT OMPUHU OemOypUakian OujaaH aaMamTupuO KyHuim)
XOCHJI KWJIWII, S’IbHU YHU YpTacHIaH MaxCyC paBHILJIa CUHIUPUO KyWui Wyim
Owran xocwn Kuiauim MymkuH. l[llyHnma HaHOHalyaHUHT OWUp KHCMH MeTal
xoccajgapura, OOIIKacH ca SPUMYTKA3TUY XOccalapura sra 0ymaau.

Hanonaitwanap wuku Oynumkiapuaa ra3jiapHu XaBQCU3 paBUIIAA CAKJIAII
yUyH XKW MaTepuamapanp. by OupuHum HaBOaTna BOAOPOATa TAATLTYKJIAIUD.
YHaan aBromoOwmiap yuyH Exkwiru cudaruma GoiganmaHuil MyMKHAH DJIH.
JleBopnapu KanuH, oFup Ba XaB(pcu3z ned Oynmaiinuran 6ayuioHIapu MyaMMOCHHH
XaJl ATUJICA BOJOPOJHHUHT SHT KaTTa IOTYFU —yYHHUHT Macca Oupiurura (aBTOMOOUI
500 kM XxapakaTiaHuimM y4yH xammacu Oynmu0 3 kxr Hp erapnu Oynaam)
QXpaTWIaIurad KaTTa MUKAOPJArd SHEprus capd KUIUIIHAUD.

Caitépamuznaru He(dTh 3axupayiapy OUp KyH Kenubd TyramuHu XucooOra
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0JICaK, BOJOPOA KyIiad MyaMMOJapHUHT 3(P(PEKTUB paBHILIA €UWIHIINTA Epaam
Oepran Oynap >au. SAKUH Keaaxak/a aBToOMOOMIapHU OCH3UH OWIIaH 3Mac, 0aaku
BOJOPOIN EKUJIFU OWJIaH TabMUHJIAI MyMKHUH OYau.

Hanonaituanapra HadakaT aroM Ba MOJIEKYJQJIapHH aloxXuja ‘“‘Kamari’,
OaJIKM MAaTepUaTHUHI Y3uHU OyTyHiad “kyium” wmyMmkuH. Taxpubanapnaa
AHUKJIAHUIIINYAa OYMK HAaHOHAW4Ya Kamwuiap, sS’bHU MAaTepUANHU Y3UTa TOPTHUIIMII
xycycusitura sra skad. lllynaail kunub HaHOHayanapaaH: OKCUJI, 3aXapiu rasnap,
EKWIFU KOMIOHEHTJIApW Ba JPUTUITAH MeTalap Kabu KUMEBUN Ba OMOJIOTHK
(daon MarepuayslapHM TAlllMII Ba cakjall Y4YyH MHUKPOCKONHMK KOHTEWHepiap
cudaruaa GoitgaaHUIl MyMKHH.

ATOM Ba MoOJeKyJiajap HaHOHaW4ya WYMra TyIITaHJaH CYHI HaHOHaWdaap
Oup yunJaH OuMIaAM Ba MUMJIAard MaTepUallJIapH KaTbUil OeNTHIaHraH Jo3aiapaa
gyukapu6 Oepamu. by xaénm omac, Oy Typmarm Taxpubamap Kymiad
naboparopusiiapia YTKa3WJIMOK/Ia, HaHOHaW4anap ywiapuHU “NaiBaHjyianr’ Ba
YHU “o4Mmr’ ONepaTcHsUlapu 3aMOHABHM  TEXHOJOTHSUIAp Y4YyH MYyaMMO
TyFIUpMaian. bup TOMOHM €WK HAHOHAYA XO3UP SAPATUIITaH.

10-15 #imnman cyHr Oy TEXHOJIOTHS acocuia KacaJUTMKJIApHU J1aBOJAIl
YTKa3WIMIIN MYMKUH: alTailiuk, 6eMop KOHUTAa OJIMHAAH Taiépnad KyhuiaraH
Kyna Gaon QpepMeHTIIM HaHOHaWyanap KUpUTWIagu, Oy HaHOHaivamap
OPraHM3MHUHT MabiIyM OWp KoWHaa KaHAAWAHUp MHMKPOCKOIMK MeEXaHU3MJap
Tap3uja TYIUIAHUIIAIA Ba MabJIyM BaKT/a “Ouniviiany’’. 3aMOHABUM TEXHOJOTHS
3-5 timngan cyHr OyHAal cxemajapHHU amajra OIIMUpHIITra amajia Taiuép. Acocwuii
MyaMMO OYyHJIaii MeXaHU3MJIApHU “OYuII’ Ba HUIIOH Xy)KaWpajJapHU U3Jall y4yH
OKCHJI MapKepJiapura uHTerpamnusianm 3pQpexkTuB ycayOoIapuHUHT HYKITUTHIND.

Bupycnap Ba HaHOKamcylajgapra acocliaHTaH [IOpPWIAPHH €TKa3UIIHUHT
OyHIaH XaM caMapajupoK YCY/UIApUHHU XaM sipaTull MyMKWH. HaHoHnaiiuamap
acocwIa aWpuM aToMJapHM IOKOPH TE3JIHMKIAa aHWUK Tap3ja Tamub OepyBuu

KOHBEEpJIap XaM spaTUiITaH.

3 OnTuk HAHOCEHCOPJIap, HAHOKATJIAMJIM KY€ 3JIeMEHT/IapH

Xo3up ro3ara Kena€TraH MyaMMoO Ba XarapJiiapra caHoaT/Aa BY>KyJra KeiaraH
uHKUI00Iap cababd Jecak Xed KUM MHKOp KuiiMaca Kepak. bekopra kymnad nupuk
3aMOHAaBUM  OJMUMIIAD KEJNaKakHUHT  HadakaT wxoOuil, Oanku canduit
TOMOHJIAPUHU XaM KYpHO UYMKUIIHU Takiaug Kuiumaérranu uyk. bumn koM,
Kamudpopuus mratu, Ilono Anto, CyHn MucpocucteMc acocuucu Ba €TaK4yu

OJIMMHHHWHI aﬁTHIHH‘{a, HAHOTCXHOJIOrHUAIap Ba 6OIHKa coxalapaa 010
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OopmiIa€TraH M3JAHULUIAP WHCOHMSTIAa 3apapu €TryHra Kajap TYXTaTUJIUIIH
J03UM. YHUHT (QUKpUHH sHa Oup TypyX HaHoTexHojorian"dopecurxr

n_n

I'yunenunec"-"NMuctutiit OomkapyBumiaapu” Kymwiad KyBBaTiaagwiap. Yiaap xam
Jlxoii kaOW HAHOTEXHOJIOTMSUIADHUHT OpTUO OOpUIIM Ba PUBOKIIAHUIIU
Ha3zoparaaH YukKuO OopaéTraHMHU TabKuJIamMokaanap. by coxagaru uznaHuiiap
ONIMN TabKHUKJIAll OWIaH yerapaJiaHuO® KoJMaclaH, Oajku JAaBiaT Ha30paTH
YPHATWIMIIWHA TaKIU( KUIAWIAp. YIJIApHUHT alTuiInya, OyHIal pUBOKIAHUII
KyTHWJIMaral QanokaTjapHu KeJITUpUO dYuKapuiiu MyMKuH. HanorexHomorus
xaBhu nango Oynumu 1986 innu pexciaep ToMOHHMIAH spaTwiran "SpaTyBuu
mamuHa" spHU "KynpaHr cynak MyamMmMocu" HOMHMHM OJITaH KypuiMacu OuiaH
6ornuK 3au. Kynpanr cynakHUHT XaB(UIM TOMOHHU IIYHJIA 3JUKHU, Y HAHOMETPIH
accemOyiepiapHu uIgaH 4YukapuO, OomkapyB TuU3UMHHU Oy3agu. by
TEXHOJIOTUAA V3-Y3UMHU OOLIKApUII Ba KYMaWWII XYCYCHSATH MaBxkyn OynuO, y
ifynuna yuparan Hapcanapaan xom ameé cudatuaa gpoiinanananu -3

VrTKasuiaran Taxpuba MyHH KYpcaTaaukH, acceMOnep Xap KaH4a MIIOHUIN
KUIUO SpaTUIMacuH, YHAArd XaTOJUKIAp Ba V3-Y3UHH OOIIKapHITra WHTHIUII
Oapubup ky3arunaBepanau. JlekuH €nlaH 4YMKapMaciuK Kepakku, accemOiepnaa
JacTypiialll TeppopucTiap €xu Oe3opuiap, XaTTOKH 3aMOHAaBUH KOMITIOTED
BUpYCIApUHU UIILIA0 YUKApYyBYMIAp TOMOHHIAH XaM SPATHIIUIITN MYMKHH.

Jlxot  Y3uHUHT  Kyn€3Maliapuja,  MHUKpPOMAIIMHAJTAPHUHT  WILIA0
YUKAPWINIIY Ba yJap KaMUITAA Y3 YPHUHU TOMUO yATYpPraHu XaKuaa TYXTalau.
"XaKMH MOJICKYJIaJeK OYaraH dJEKTPOH KYpHHHMIIJIArd acceMOjepiiap XO3Hp
aMaiiia KyJulaHuiIuHMoKkaa -neiaun Jxoit. KelinHuanuk sca y y3-Y3MHM THKIIAII
OMOJIOTHK >KMXATJIaH 3Mac, OalK{d TEXHOJOTHK JKMXATIaH OakapuJIUHAETTaHWHU
aHuKIaan. "MaHa HUMa y4yH HaHOTEXHOJIOTHUSIIAp XaB( TyFIMPMOKIA”, - MEHIH
Jxor. bomka omumimap rypyxw  "KyapaHT  cynak" < MeXaHU3MH  XaB(
TYFIUPMACIIUTUHU TabKuiamokaanap. "bymapaunr Gapuacura 0apMOK OCTHIIaH
KapanMokaa', - gewam bnok. MyxaHAucCIapHUHT HM3JaHUIUIAPWHU  YeKIa0
KyHWiIca, pPUBOXKIAHUIIAAH OpPTAAa KOJMMUO KETUIl Ba ¥3-Y3WHW  THUKIIAII
XyCyCHUsTIapyra 3ra MallvHajaap spaTuiaMand KOJUIIM MyMKUH. bruonoruk tusumra
KeJIcaK, OWpPUHYMIAH, YyJap HAHOMETP XaKMHJAa 5Mac, HWKKUHYMIAH, V3

L Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction for beginners. — Wiley-
VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim, Germany, 2013. — P. 322.

3. William D. Callister Jr. Materials Sciences and Engineering. An Introduction. John Wiley & Sons. Ins.
2007. - P. 975.
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Ty3uaMacuaa (GaHTaCTUK paBUIa Mypakkad xucoOsiaHaau, OyHJIaH Talikapu Oy
TU3UM/J1a ax00poTaap reHja cakjaaHaJu Ba aBIOAAAH aBIOATA YTaaH.

"XaTToKM TabuaT XaM Y3-Y3MHM THUKJAIl XyCycHsTHra osra Oynran
HAaHOMETPUK TY3WIMIINIAa KOAWP THU3UMHH sparMmarad'- neian Buosa Baren,
Cuern wmraty BamMHITOH YHUBEPCUTETM HAHOTEXHOJIOTHS MYTaXacHUCH.
Hanortexnonorusnap oTykiaapugaH €By3 Makcaiapiaa (oigasaHyBYd MyXUTIap
XaM MaBxyna. HaHoTexHonorusnap pHUBOXKJIAHUIIWIa OarullUIaHTaH HUFWIMLIAA
KyHnJaru caBojuiap ByKyAra Kejjau:

- VKUTHII TH3MMM HAHOTEXHOJOTHsS OYiMYa MyTaXacCHCIApHHM Taiépiaii
oJIaIUMHU ?

- HaHOTEeXHOMOTHSsUTApHUHT PUBOKJIAHUIIM HATHXKacuJa KYIjaad HMHCOHJIAp
UIICU3 KOJIUIIA MYMKHUHMH?

- HanotexHomorussiapHuHr OpTHO OOpHUIlIM, HAPXUHUHT Macaluilyd Ba OCOH
TOMWIWIIM  HaTWXacuaa  TEeppopuUcCTIap  XaBQuIM  MHUKPOOPTaHU3MIIAPHU
ApaTUILLIIAPU MYMKUHMU?

- HaHOTEeXHOMOTHSsUTApHUHT XaaJaH 3UEA KYmaluImu Ba TapKaJluIin Oopa-
00pa MHCOHJIAp/Ia X0X/IaMaCIUK XUCCUHH KEATHUPUO YMKapMacMUKaH?

- HaHOTEXHOJIOTMsUIApHU HMHCOH TaHACcWra YpHaTUII Ba OMMAaJAllTHPHUILI
BaKTHU KeJIHO KXUIAUN KacauMKIapHu KenTtupud unkapmacmukan? Ly Ba mrynra
yXiaraH caBoJulap X03Up MILIA0 YUKApYBUYMIIApDHU YHIAaHTHUPUO KyHMOKIa. YOy
ap30H HAHOTEXHOJIOTHSUIAp TMOWracuaa OJIMMJIAD VYIAPHUHT Oapya HWHCOHUAT
caJoOMaTJINTUTa TabCUpPW Ba Takao OymaérraH xaBduiapra >XaBOOTapJIMKHHA V3
3uMMacura onumapu mapT. FOkopuaaru cababiapra acocan TEXHOJIOTUSIIIAPHUHT

STHTM HAHOPWBOJKJIAHUIITHU STHTH YCYIT Ba yciyOiapaa oaud Oopuiln Kepak O0yau.

4. Ha"omjieHKaJIap, HAHOTOJ1AaJ1ap, HAHOCOPOeHT/Iap, HAHOTPYOKaIap,
HAHOTeJJIaP, HAHOKOMILJIEKCJIAP, HAHOKOMIIO3UTJ/IAP Ba YJIAPHUHI aMaJIuil
KYJLJIAHU I

Hanorexnonorusnap Ounan O01IKa COXalapHUHT alOKaAOPIUTH XaKuaa cy3
Oopranma KenakakJla XaTTOKA MakTad JapciuKiIapy XaM HaHOTEXHOJIOTHsIap
acocuJia YKUTWIHIIINTA Xe4 11yoxa UK.

AVWiHMKCa HAHOTEXHOJIOTHSUIAD COXACHMHHMHT (u3nka, KUME Ba OHWOIOTHSA
coxajapu OwsiaH OOFJIMKIUTH KejlaXkakla siHa xaM y3BUil Oynanu. JlekuH, myHu
alTUII Kepak-Ku, aXOOpOT TEXHOJIOTUSIJIAPU COXACUHUHT PUBOXKIAHUIIMCU3 Oapya
coxajgap y4YyH 3apyp Oynran accemMOjep Ba HaHOEJIEKTPOHHUKAIap
PUBOXJIAHUIIMHU XaM TacaBBYp KUIUO OyImaiiau.
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Apumymrkazeuynap — yTKa3ruwiap Ba JUCIEKTPUKIAD  YpTacuaaru
MoAanapaup. Yiapra kyaa Kyn KuMEBHUI Moanap (repMaHuid, KpEMHHUM, CEJIEH,
TEJUTyp, Ba OOIIK.) Ba KyJa KYN TypJard KUMEBUN OUpuKManap Kupaad. busHUHT
TeBapak - arpopumu3Hu Ypad TypraH Aespid Oapua HEOPraHUK MOJAayap
apuMyTKasruwiapaup. TaOuatga SHr KYyN TapKairal sSpUMYTKa3rdd KpPEeMHUN
0ynu0, y ep koouruHUHT 30% HE Tamkw Kuaaau [3].

SpuMyTKa3ruuIapHUHT acocuil OenrwiapuaaH OWpu IIyHIAH HOOpaTKu,
yJIapHUHT (PU3UK XOccajap TallKU TacUpra — TeMIEepaTypaHUHT Y3rapuiiu EKu
KUpHUIIIMaJIap KUPUIIUTA KY4Iu OOFJIaHTaH.

Apumymraseuunap memnepamypacunu Maxkcaoau yzeapmupub éxu yHU
necupnab (Kupuwima Kupumuob), YHuHe Gu3uk XoCcaiapuHu, HCymiaoaH, 31eKmpux
VMKA3Y8UAHAUSUHU OOUKAPULL MYMKUH.

bynnan 180 #iun unrapu omammuapra Typiau YTKa3ruuiap 3JIEKTP TOKWUHU
Typau4da YTKa3umu MabiyMm 3au. 1821 #wmnna muarnm3 kumérapu Xemppu esu
TEeMIIepaTypa OPTHUIINN OWUJIaH METATHUHT SJIEKTPUK YTKA3TUUIUTH KaMaWUIIUHU
aHWKJ1aral. YHUHT morupad Maiikn @apanaeit 1833 iinnga taxxpubansapHu J1aBOM
TTUPUO, OJTHHTYPryT Ba KyMmMyll OHpPUKMAcH OJJIEKTPUK YTKAa3yYaHIUTH
TEMIlepaTypa OpPTUIIM OWiIaH  MacalWIIMHU HMac, aKCUHYA KYTapWIWIIUHU
Ky3atrad. CyHrpa, y YTKka3yBUaHJIMIY TeMIleparypara raipuoaauii OOrjiaHTaH siHa
Oup Heua MoamanapHu Kamg Kwinu. Jlekun, yia natnapaa Oy AyHE UM axJIMHUA
ku3ukTupmanu. 1873 iiunu ceneHHUHr (Ce) Kapuiurd EpyFIIMK HypU TabCUPHUIA
y3rapuily aHUKJIaHTaHAaH CYHT, Oy HIIIapra KU3UKHII OPTIH.

Cenen (QoTokKapmuiIvMKIap Te3da TYpJAH ONTHK acOoliapja KyJiaHuia
oommamu. Opauit celeH yCTyHUJAH KWIMHTaH @omoxapuwuiuxk OWPUHYA
SAPUMYTKA3TUWIN ac000 OYiau. YHUHT 3JEKTPUK YTKA3yBUAHIIUTH EPUTHITAHIA
KOPOHFYJIUK/Iarucura HucbaTaHn Karraamiap d,14.

AsBai, 1948 iinnu HykTaBui, keitnd 1951 Wnnm siccu TpaH3ucTopiap Karid
KWIMHHIIN, SIPUMYTKA3TUUIM BJICKPOHUKAHUHT KaJaldl PHUBOKJIAHUILINATA OJHO
kenau.  TpaH3uctopiap — umuialml — KOHYHUSITMHM — TYUIYHTHPHIIL — YYYyH
SpUMYTKa3TA4YIapa Keyaaural Katop (GU3UK kapaHIaApHU KYpUO YUKHUII 3apyp
Oynmaau. Jlact aBBay ynapnaru SJIEKTPHK YTKAa3yBUAHIUK MEXaHH3MUTA TYXTaInO
yTaMus.

DJIeKTPUK YTKa3yBUAHJIMK. MabliyMKku, Oapuya mMojjanap Typiau KUMEBUM
Oofnap XOCWJI KWITaH aToMjapjAaH Ty3wirad 0ynuo, Oy Oofnap ynapHUHT KYTuiad
bu3uMK Ba KUMEBUU XOCCallapuHHU, >XyMiaJaH, SJEKTPUK YTKa3yBUAHJIUTHUHU

Oenrunaiau. Macanas, Ty3 Ba €F JUEIEKTPUKIAp TypyXura MaHcyO OViau0, 3JIeKTp
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TOKMHHM YTKa3Mailau, MeTanJaH KWIMHTaH CHM 5Ca XKyJa SXIIH YTKa3THYIUP.
MeTanHUHT IOKOPHU 3IEKTPHUK YTKAa3yBUaHIUTH cabadu HuMaaa?

MeTa/UIapHUHT JIeKTPHK YTKazyBYaHJAuru. Kpucran nanxkapajna metan
aTOMJIapH KyJa 3U4 KOWJIalraH — Xap OMp MeTan aTOMU YH MKKUTarada KYyIIHH
aToM Owman OeBocuta OofnaHraH Oynumm wMymkuH. LlyHUHT y4yH Meran
ATOMUHUHT TalllKU AJIEKTPOH KOOWUFUJArd BAJICHT DJIEKTPOHJIAp “‘epkuH”’ O0Yiuo,
MeTal u4yuaa TapTuOCU3 UCCUKIIMK XapakaTHaaru ‘‘eJIeKTpOHJAp ra3u’ HU XOCHII
kunaau. Kpucran nmankapa TyryHiaapuaard MeTajl MOHJApH 3ca, 11y 3JIEKTPOH ras
naura OOTHPWIITaHIaK >KOMIAIITaH.

MerannapHUHT KpUCTal MaH)Xapa TYTyHJapHuaa >KOWJalliral MOHIapu XaM,
OPKUH DJEKTPOHJIApU XaM OeTapTUO MCCHUKJIMK XapakaTuJa HIITUPOK 3Taju.
HNonnap kpuctan mnamxkapa TyryHjiapuaa TeOpaHMa xapakaT KWJaAu, SPKHUH
AIEKTPOHJIAp Aca KpucTan 0Viinad OerapTtud mirapuinanMa xapakariaa oymamu (1 -

3 D/ 3 3/3

\3 3 3 3\/\3 3

d - 3/3/3"3 3/
/ \

2970 @ 90

/ — pacM METaTHUHT KPHUCTAJ MaHXapacuIard 3pKUH 3JIEKTPOHIAP XapaKaTH.

pacMm)

buTTa AMEKTPOHUHT TPACKTOPHUSCH IITPUX OMIIaH KYpCcaTHIITaH

OpKUH SJIEKTPOHNIAp Y3MapUHUHT OeTapTUO MCCUKJIMK XapakaTd JaBOMUIA
KpUCTaJI TaHKapa TYTyHJIApUJard MeTajl HWOHJIapu OWaH TYKHAIUO Typaaw.
Mertan cuptura SSKHH OUpOp SJICKTPOH Iy TYKHAIIMIIIAP HATHXKACUAA METalIaH
YUKAO KETUIIM XaM MYMKHH. BYHUHT y4yH YHUHT SHEPTHSICH MOTEHCHAT TYCUK
7ne0 HOMJIAHYBUM DHEPrUsaH IOKOpW Oynumm 3apyp. MeTaqHUHT MOTEHCHAT
TYCcHUK Oamanmnuru (eHeprus OUpnwWruaa) YHUHT wyukuwl wwu 1ed atamamu. XoHa
TeMIlepatypacuiia Kyl SPKUH SJIEKTPOHJAPHUHT HCCUKIWK XapakaT SHEpPrusicu
MOTEHCHAJ TYCUKHU €HTMO YMKUII YYyH eTapiu OyaManiu.

Mertan yTka3rud yeriapura noTeHcuamiap Gapkuiu (KywIaHUIIHT ) KYHCaK,
SPKUH  DJIEKTPOHJIAPHUHT  OeTapTHO  HMCCHUKJIMK  XapakaTUJaH TalllKapH,

TapTUOIaHran (OMp TOMOHra HyHaJlraH) XapakaTu maiao Oynaau, SbHHU SJIEKTP

119



TOKM XOCWI Oynaau. AWHAH 3pKUH DIIEKTPOHJIAPHUHI METajllapJlard HOKOpH
3UYWINTH YJIAPUHT IOKOPH 3JIEKTPUK YTKa3yBUAHIUTUHU OeNruiaiam.

SApuUMYTKAa3rHYJIAPHUHT JIEKTP YTKa3syBYaHJIMIH. EHIU sApuMyTKa3ruy
KPUCTAIM TaHXapacHuHU KYpuO uukKamMu3. SIpUMyTKa3rud aToMJiapu KO8aleHm
boznanean Oymagu. Mucoa cudaTtuma TYPT BaJCHT AIeKTpoHau repManuii (Ge)
KpucTamuHu Kypub unkamui3. KoBaJeHT OOFJIapHUHT MyCTaxKaMJIUrd Tydaiiu
repMaHUM  KpUCTAIMJArd AJIEKTPOHJAp MeTanjaruwiapra HucOaTaH aHya
MycTtaxkam skoinammO onrad. LlyHuUHT yuyH oaiuil mapouTiapAa 3pKUH SIbHU
AXIIM KOWama onMaraH OOFJIaHMaraH, pKHH JJIEKTPOHJAp KaM OYIraHjiuru
YUYH YJIapHUHT YTKa3yBUAaHJIUTY METAIAPHUKUIAH KYTI MapTa KHYUKIHP.

I'epmanuii KpucTaauaa -SPKUH DJJIEKTPOHJIAp XOCUN OYIMIIM  y4yH
KaHgauaup Wyn OunaH aromiap opacujard KOBaJeHT OOFJapHM Y3UII Kepak.
Bbynra typnu iynnap OuiaH SpUILIAIT MyMKUH.

VYnapnan Oupu Oy KpUCTaIHM KU3AUPUILIUDP. YHAA OUp KHUCM BaJCHT
ANEKTPOHJIAP KYIIMMYa HCCUKJIUK JHEPTHsl TabCUpUAA KOBAJICHT OOFJIAHHUIIIAH
y3mn6 4uku6 keraau. dapa3 KWIAWINK, KU3AMPUII HATWXKAacHAA aTomiap
opacuzpard Oup OOFIaHMII Y3WIAM, ypuUO YUKAapWIraH 3JEKTPOH 3Ca 3pPKHUH
JJIEKTPOHTA AlJIaHAIN.
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8 — pacm. ['epmanmii kpuctamuaaru Kyt 37IeKTpoH OOFIapu

Harmxkana “xoBak” KYIIHW aTOMIa CHJDKUAIU. Y atoM ¥3 HaBOaTtmma Oomka
aTOMJIaH DJJIEKTPOHHH TOPTHO oylagu Ba X.K. Hatmkama OWTTa SIEKTPOHH
eTUIIMaIuran 4ana OOF Kpuctan Oyinad TapTuOCH3 JpKUH KY4uO IOPHIIH
MYMKHUH. Y3wiran OOFJapHUHI (KOBAaKJIAPHHUHT) KYy4HO IOpUIIA KYUIHU
Oofnapaaru >JIeKTPOHJIAPHU TOPTUO OJUII XUcOOUTa conup OYiaau, IIYHUHT YUyH
xap cadap OMp aTOM Y3UHUHT y3WJITHAH OOFU YUyH 3JIEKTPOH TOPTUO OJIraHjia, y
OwiaH Oupra OOFHUHI KOMIIEHCATCHUsIIIaHMaral MycOar 3apsaiu Xam KyduO ropaau.
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By XomaTHu Xyaam spuMyTKaTHyAa SIHTH MycOaT 3apsyiid 3appada Manjgo
Oynaranuaex KaOyn KWW MyMKHUH. YIIOY 3appaHHHT 3apsau JCKTPOH 3apsaura
TeHr 0ynuo, umopacu 3ca mycoatnup. bynaait kBasu 3appanap (“kBazu’ — nesipiu
JieraH MabHOHU OWIANpPAaN) “Koeak’nap 1e0 HOMIaHAIH.

Bornan y3unm0 4YMKKaH 3pKUH 3JEKTPOH Ba YHUHT YpHHAA XOCWJ OYnraH
KOBaK 4eKCH3 y30K BaKT TypaoiMaiigu. Mabiaym Oup Baktaan cyur (10712 man 1072
ceKk raua) ynap Oup Oupu OuiaH sHa ydpamuO KoJlaauiap Ba MKKAJIAcH XaMm HMYK
0ynub ketaau, OyHu pekoMOUHATCUS €0 aTanaau.

Pexombunamcusi madTHOA SHEPTUS KPATUO YHMKAAW, YHUHT KHHAMaTH
AJIEKTPOH-KOBAaK KY(PTIUTHHU XOCWJI KWIHII Y4yH capd OynaraH sHeprusra
TeHrnup. bab3aH Oy 2HEprus HYpJIAHWII KYPHHHIIUAA KPATHO YWKAIH, KYTI
XoJtapza sca Oy PHeprusi KpucTan mamxkapara 0epwinl, YHU KU3IUPAAH. SPKUH
AJICKTPOHJIAP Ba KOBAKJIAp XOCWJ KWITaH YTKA3yBUAHJIUK SPUMYTKA3TWWIAPHUHT
xycycuit ymkasyeuanauzu 10 atanaau.

KoBaknap Ba 3pkuH 2yieKTpoHJap Xy(PpT xydt Oynmmb mnaiimo Oymamu,
IIYHUHT YYYH TO3a SpUMYTKa3ruwiapja yJIapHUHT 3UUJIUTH TeHT OYIaau:

p=n.

SpumyTkazruunapaa dpKUH 3apsij TallyBUYWIAPHUA XOCHJI KWJIMIIHUHT SHA
Oup ycCynu, KpUCTalra artaiMH TYpJIM KUpHUIIMalap KUpUTUILAUp. [ epmanuit
KpucTanura oemn BajdeHTIUK apcenuit (Ac) €ku ¢pocdop (I1) atromnapu kupuTHiIran
XOJIATHU KYpHO YHUKANITHK.

Apcennii (Ac) aTOMUHHHT O€IlTa BaJICHT S3JIEKTPOHU, y OemTa KYIIHU

aTomutap OujiaH KUMEBHM OOF XOCHJT KMJIMIII MYMKHHJIUTHHA OWUJIIUPAIH.

Ge Ge Ge Ce
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9 — pacm. ['epmanwmii kprcTan mapskapacuaaru apCeHU aTOMH.

H TypJAaru ipuMyTKa3ru4

I'epmanuii kpuctanuaa gakar TYpTra KYIIHA aToM OWIaH OOF XOCHJ Kuia

121



omuml MyMKHH. IIyHUMHT y4yH apceHUMd aTOMUHHUHI (akaT TYpTTa BaJICHT
ANEKTPOHU OOF XOCWJI KWJIMILJA KaTHAIIAIu.

Mukpocxemanaru Ky4cu3 CUrHaJIap TPaH3UCTOPJIap OpKalIu KydauTUupUuiIno
MOTOpJIApHU, POOOTIApHHU, CYHBUN MylIakjIapHu Oomkapa ojagu. CkaHEpIOBYH
MHUPOCKOIJard HaHOAMIIEpJIM TYHHEN TOK XaM TpaH3ucTopiap &paamMuaa
Kydaitupunaau. TpaH3ucTopia KUYMK TOK KarTa TOKHM Oomikapaau, Oy
AIEKTPOHUKAHUHT aCOCUIUP.

Bomkapuim pgeranga xap JAOMM CUTHAJJIAPHM  Ky4YalTHpUIn —Haszapnaa
TyTUuaMaiu. ManTuKuil ax00poT TallyBYM CUTHAsUIap €paaMua XaM OOLIKapUII
MyMKUH. [lemak, onuHran wuHGOpPMATCUSHU Makcaara MyBOQUK paBHUIILIA
y3rapTupulll, S’IbHU Kauma uwiiaul MyMKUH. By unuiapau Honl Ba OupjaH ubopar
UKKWINK KOAMIA UIIJIOBYM MUPOTPOTCECCOpap aMalra OUIupaIu.

CMOC  (xoMmIUIEMEHTap  METAJ-OKCHJ  SPUMYTKA3ru4)  MaHTUKHUH
KypwiManapuaa mycOar €xku Hou KyuhmaHum ““0” HM aHriaraad, MaHwuii
Kywianuim 3ca “1” Hu Oungupaau. baza 3amxkupu KymmiamarasHja 3MUTTED
3aHXKUpUJIaH TOK YTmaiau. by xomat mantukuii “0” ra Moc kemaau. bazara
MaH(pUH KywIaHul Oepuiranaa 3aHXupaa TOK Xocui O0yinaau, Oy MaHTUKUN ‘17
ra MOC KeJau™.

UMKHILIHA TPAaH3UCTOP KOJJIEKTOpUra yiacak, ’apa€H akcuHya Kedaau. by
xonaa “0” uu “1” ra, 1 aca 0 ra aitnmantupysun. by “smac” (HE) Homim MaHTUKUT

cxemara ara Oyinamus.

+

10 — pacwm. bup Tpan3uctopiu “Imac” MaHTUKUAN KypUIMach

Bup Hewa TpansucTopnap épaamuaa Mantukuii “BA”, “EKW” Ba Gomka Mypakkad
MAHTUKANA CXeMaJapHU XOCHWJI KWJIMIIUMHA3 MYMKUAH. 3aMOHAaBUUN TEXHOJIOTHLIIAP
€pnamua yruamuapu Oup HeYa MUKPOH OYiraH TpaH3ucTopiap, ¢poToceHcopap

HAnIao YUKWINIOU MYMKHH.

! Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction for beginners. — Wiley-VCH Verlag
GHbH &Co.KGaA, Boschstr. Weinheim, Germany, 2013. — P. 322.
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11 — pacm. “BA” Ba “EKW” TpaH3MCTOPIIH cXeMasap

bupok, TEXHUKAHUHI KEMUHITY PUBOKM HAHOMETP YJIYaMIIM TPaH3UCTOpiap
SIPATUIIHUA TaK030 ATa OOIIIaIu.

Bup KaH4Ya TpaH3UCTOpIApHU  OupukTHpu6G OGapua “BA”, “EKM” Ba
“EMAC” MaHTUKHN cXeMalapHU XOCHJI KUJIUIIUMU3 MyMKUH. KoMmtorepiaapHUHT
TE3KOPJIUTH OWPIIMK F03ara »OWalrad TpaH3uCTopJiap COHUra TYFpHu OOFJIaHTaH.

HanomeTp Vymuammnm TpaH3WCTOpJap SpaTUIl Y4yH KWJIMHTaH OWPUHYH
XapakaTiap AXIIM HaTwkaimap Oepau. by xakma keduHru maparpaduapaa
O6atad e TyxTabd yTamus.

HNurerpan mukpocxema. MukpocxeMalapHUHT DJIEKTPOHUKAA KYIUIAaHU-
mumy Oy coxXala MHKWIOOMM V3rapumiiapra oiau0 Kenagd. by KOMITIOTep
caHoatuga €pKMH HaMOEH OViau. MuHrnad »JIeKTPOH Jammaiu, OyTyH OMHOHM
srajjlaral xucoOJaml MallMHaJIapy YpHUTA UX4yaM, CTOJ YCTHU[IA, XaTTO YYHTaKaa
JKOMJIaIa oJauran KOMITIOTepIiap KUpUO KeJIu.

Humezpan cxema (VIC) — Oy MUKPOCKONUK KypWJIMaJapHUHT (IHO/,
TpaH3UCTOp Ba Oomkanap) OWTTa TaryIMKAAa WUFWITAH TU3UMHIAD. YJap
KOBYpWITaH KapTolika Oyimakdanapura (MHTIM34Ya YMI) VXIIaraHu y49yH, Oab3aH
yIIapHHA YHIJIAP XaM j1e0 aranaju.

IO3acu lcm? 6ynraH uunpa MUIIMOHIA0 MHUKPOCKONHUK KypHIMasap
Kounamaau. Anbdarra OyHIal KHUYMK 103a/1a >KOMIAIraH MUJUTMOH TPaH3UCTOPHHU
Kynma Oup Oupura yma® uumku® Oynmaiinu. By XonatmaH 4YWKWIN ydyH STOHA
KyprwiMaga - HWHTETpal cxeManga Oapua SPUMYTKa3rud KUCMJIAPHH Ba yJap
opacujaru OOFJIAHUINUIAPHU OUpP TEXHOJIOTHK KapaéHra OWpUKTUPHO wumiad

YUKAPUII YCyIJapu naiao oynau.
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IHonumep HaAHOTOIAIAP IAKIJIAHTHPHUIIHUHT 3JIEKTPOCIUHHUHT YCYJIH

HanoTonamap mak/ulaHTHpUIIZA OSHC 3aMOHAaBUM  ycymiapaaH Oupu
ANEKTPOCHUHUHT OYnu0, Oy yCYJHUHI TpUHCUNMAI acocu aciauaa 1934 iwmnna
TaBCUSA OSTWITaH. YHJA 3pUTMa OKMMHM OVinad IOKOpM KyWIaHULUIM JTOUMUN
AIIEKTP MaWJOHU TabCUP ATTUPWITAHIA, IPUTYBUMHU OVFIAHUIINA XaMJa MOJIUMEp
MoJieKynananapu Oup Oupura opuentarcuéH Oupukud 10 — 30 cm macodana
TOJAJNIap MIAKIJIAHUINKA Ky3aTHiraH. AMMO MIaKJJIaHTaH Tonanap Owup-Oupura
yurajyiaimu0 KeTraH Ba HOOApKapop Ty3WIHINTA 3ra OynraH. by xkamMuMiukiapHH
Oaprapad otmm, Oapkapop Tomamap, JKymsIaJaH, HAHOYIYaAMJIM —TOJayap
maxantupuira 1990 iunnapra xenu6 bepxknunuk AKI onmumnapu sxuaauit
KUPHUIIUIITAaH. BYHWHT y4yH SIKHH MalJOHIH SJEKTPOCHUHHUHT (Heap-¢gueno
NeCMPOCNUHHUHZ Npocecc) KYIAaHWITaH Ba YHUHT CaMapaJopiurd X0o3upja
’KaJan pUBOKJIAHAETraH TMOJIMMEp HAHOTOJIAJap OJUIIHUHT STHTH JaBpu Oomuiad
OepraH.

DIEKTPOCHUHHMHT )apaéuu nurudka (0,1 + 2,0 mm) xanwuisapaan (aHoooan)
YUKAETraH IMOJIMMEpP PUTMa OKUMHUHHM XaBojaa roKopu Kywianuin (0,5 +50 kB)
TabCUPU OCTUJZIA dKpaHTa €ku OapabaHra (xamooea) SNEKTPOCTATUK TOPTHIN Ba
OKUMJIaH JPUTYBUMHH >Kajan OYriaaHTUpuO yukapu® roOopHIl Xamaa IMOJIUMEp
MOJICKYJIaJJapuHU OPUEHTATCHOH X0JIaTra yTka3subd Oup Oupura ypanraH (ewuiear)
Tap3ga HAHOYIYaMIIM TOJa KYpPUHMINKA [MAKUIAHTHPHUIITA AacOoCIaHTaHIIUp.
Opnatna aHod Ba Karoj ypracuaaru macodaHwHr xap Oup cm ra oup kB nan
JIOUMHUI  KywiaHumn Mymokamiad Oepwinamu  (l-xanmBam). DIEKTPOCHTHHHUHT

KapaéHUHMHT NPMHIUIHAI Yu3Macu 12-pacMia KelTUPHIITaH®,

n
anod katod
bosim [, >p— - __;2-&:5:-:;-“_______;. “
shrits eritma_ | elran \
erituv::hi
vyuqori kuchlanish ol
b

manbasi kv nanotola
‘o v

T
elektrospinning

a

12-pacMm. DNEKTpOCTIMHHUHT TMPUHCUIIAAT YW3Macu (a) Ba DJIEKTp MaljgoHH[a
dbunepagan YMKAETraH MOJUMEP CYIOK (ha3aiu OKUMJAH PUTYBUMHU YOIIMIIUILIH

5 Xonmymunos A. Tonmumepnap dpusukacy, TomkHenT, YHusepcuter, 2015, 252 6.
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Ba MaKpOMOJIEKYJIAJJapHU OPHEHTATCUOH SUIWIraH XoJra HaHoTojanap Oyino
MIAKJUTAHUO dKpaHra 00pud TymHIMUHUHAT GoTocypaT (6)

1-kanBasn. DNEKTPOCIMHHMHI  HAHOTOJalapu  MOp(OJIOrusicura  IMOJIUMEP
xoHcenTpanusch (C) Ba FOKOPHU SIEKTp Ky4IaHUIIMHAHT TabCUPH.>

0,50

0,75

1,00

1,25

1,50

1,75

2,00

Kywrannmun (15 + 25 xB) Ba xoncentparcusau (0,5 + 2,0 %) typnu
MUKIOpJapUAa 3JIEKTPOCIUHHUHT KapOEHUHHU aMalira OLIMPHUII OPKAJIH Xap XUl
MopdoJorusra sra Oyiran HaHOTOJANAp MIAK/UIAHTUPWIITAH Ba YJIAPHUHT ONTHMAIT
mapouiapu anukiaHrad. [y Owman Owupra HaHOTONANAp MIAKIUTAHTHPUII
MOJIMMEPJIAPHUHT Typiapu, KOH(QUTYpaTCHUSCH, KOH()OPMATCHUSICH, MOJEKYISIp
MaccaBMil TaBCU(IIapy, NOJUETIEKTPOIUT XOCCATIAPUTa XaM OOFITHKAUP.

2 Feng Kai. In investigation on phase behavior and orientation factor of electrospun nanofibers. The Uni. of
Tennessee, Knoxville (US), 2005. —P. 106.
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[Tonumep HaHOTONANAPHM Maxcyc Xoccajlapra ira OOJHIIUAa SPUTMAHH

TapkuOM Ba apajamManap TaOMaTH XaM MyXumMaup. YOy TabKUAJaHTaH

JKHUXaTIIapHU MHOOAaTra OJIraH Tap3ga HAHOTOJAJIapHU MMAaKJIaHTHPHUII KaTTa

aMaJInii axaMuAT KacO dTaIu.

O© 00 N O O1

Ha3zoapr caBosiapu
SApumMyTKa3ru4iIv HAHOANUOJ Ba HAHOTPAH3UCTOP KaHAal HIIanan?
NHuTerpan cxema erania HUIMaHU TyIIyHacHu3?
Mukpo- HaHOCXemManap KWJIMHUIIKAA KaHJal acocuit 00CcKu4iap MaBxya?
MEMC Ba HEMC TexHonOrusinapuHu TYIIYHTUPUO OEpHUHT.
HanocencopnapHuHr KaHaail Typiapyu MaBxya?
“AKJUIM yaHT” Jap KaepJyap/ja KyuiaHuiaaau?
HaHosnekTpoHrKa pUBOKIAHUIIMHUHT Y4 aCOCUN WyHanmuuuiapy Huma?
HaHno- Ba cnuHTpOHMKA HUMaA?

© o Nk~ wdE

HanoMoTopnapHuHT KaHAal TypiapyuHu Ouacus?

10. HanoctpyKTypaiu MaTeprajijiap TEXHOJIOTUSICH HUMara acocjiaHaiaun?

11. HanoTonanap mak/iJIaHUIIN KaHAald amaira omupuiaau’?

12. Joumuii Ky4JaHUII HAHOTOJIAJIAp MAKIJIAHUIINA KaHaal poib YiHaum?
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XOopm:Kuii MyTaXaccuc Mabpy3acH
(mpo¢. K. Hakamypa, SInonmust)

Magz3y:
Physical Peculiarities of Forming Nanomaterials

Cas-Phase Synthesis of Nanoparticles

The first nanoparticles were synthesized using gas-phase processes.
Significantly earlier, colloid chemistry was used to synthesize nanoparticles in
suspensions (colloids); however, separating of the particles from the liquid is
difficult; the colloidal particles form agglomerates. In gas-phase processes, a vapor
of the material condenses in a gas phase forming small particles. These particles
may be isolated particles or agglomerates.

Processes of Particle Formation
An environment containing a gas and atoms or molecules that can condensate
in a low concentration is assumed. These are the assumptions for a random process
(Poisson process) forming particles. Generally, particle formation is described by
four major steps:

* Nucleation. A nucleus is the smallest stable unit. Usually, it consists of at
least three atoms or molecules. Such nuclei are formed if three atoms collide
coincidently. This nucleus acts as a core for further

 condensation of atoms or molecules at the surface of the nucleus. Therefore,
the nucleus grows and forms a cluster and later a particle. Condensation is a
random process ruled by the dynamics of the gas species. Colliding cluster or
small particles may coagulate. During

 coagulation by exchange of surface energy, a new, larger particle is formed.
Having reached a certain size, the difference of surface energy will be so small
that further coagulation of particles is impossible. Now the process of

» agglomeration starts. Agglomerates consist of two or more individual
particles. Often, one distinguishes soft and hard agglomerates. Soft
agglomerates are bound by van der Waals bonds; hard agglomerates are
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sintered. If at all, only soft agglomerates can be separated?.

In most cases, it is nearly impossible to separate the particles from agglomer-
ates. If at all, only soft agglomerates can be separated. High temperatures during
synthesis promote the formation of hard agglomerates. Therefore, after synthesis
and particle formation, it is necessary to reduce the temperature in a quenching
step as fast as possible. This reduces the probability for agglomeration and the
formation of hard agglomerates.

The processes of condensation and coagulation are random ones; this leads to
a relatively broad distribution of particle sizes. Generally, experiments deliver
particle-size distributions with a long tail on the side of the large particles. The
theory of random process says that these size distributions are described by
Poisson distributions. However, as this distribution function is, mathematically,
quite uncomfortable to handle, generally, it is approximated with suffcient
precision by the log-normal distribution. There are possibilities to bias the process
of particle formation, and, therefore, the particle-size distribution, by quenching or
charging the particles electrically.

Distribution Functions for Particle-Size Distributions

The Poisson distribution, which is characteristic of random processes with
small probability, is described by the equation

Pu["]='”| exp(—u)with pe Rand ne M. (4.1)
n!

The quantity ji stands for the mean value, which is in this distribution equal to
the variance (=squared standard deviation, a). n is an integer number, which stands
for the size of the particles. For larger values of n, n! and (" are huge numbers,
which may create problems for calculation. Therefore, in general, the Poisson
distribution is approximated by the log-normal distribution

1 (Inx—u)
x)= expl = : . 4.2
p(x) ox(2r)™* P[ 2t ] (4.2

2 Nanoparticles — Nanocomposites — Nanomaterials: An Introduction for Beginners, First Edition. Dieter
Vollath © 2013 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2013 by Wiley-VCH Verlag GmbH & Co.
KGaA.
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In Eq. (4.2), u stands for the mean value and o for the variance.

Figure 4.1 displays a graph depicting a Poisson distribution and a ft of this
distribution using a log-normal distribution. Taking into account that experimental
data of particle-size distributions are usually afficted with signifcant scatter in the
range of small probabilities, the quality of this ft is sufficient.

To understand the probability of the collision of particles with different
diameters, it is necessary to estimate the probability to find two particles during a
short time interval in the same volume element. The size of this volume element is
assumed to be equal to the volume passed by the particles within this time interval.

Type of distribution

\
;/ \ Doeon

/ / H\\ Log-normal
\

AL

0 5 10 15 20 25

particle size [a.u.]

probability

Figure 4.1 Fit of a Poisson distribution with a log-normal distribution.

The probability to find this volume element at a special location within a
given volume, for example, of the experimental arrangement, is the quotient of
these two volumes. To find the probability for collision of two particles, one has to
calculate the probability that the volume passed by these two particles is found in
the time interval at the same spot. This combined probability is the product of the
two probabilities for the two particles under consideration. This estimation process
is valid if the particles are significantly smaller than the free path length of these
particles in their surrounding gas atmosphere. In fact, the calculations show that
this presumption is fulfilled in any experimental situation that may be used for gas-
phase synthesis.

Electrical Charges of Small Particles

To analyze the coagulation behavior of charged particles, frst it is necessary
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to calculate the electrical charges of the particles. To do this, electrically charged
particles are treated as spherical capacitors. The capacitance C of a sphere is equal
to the diameter, C = d, carrying the electrical charge Q = VC. (V-. electric
potential) The assumption that all particles are charged to the same potential, V =
Q /C = Q /d const leads to the important relationship describing the dependency
of the electrical charge of the diameter:

Q=VC =Yd. 4.8)

Small particles carry fewer electric charges than larger ones. This relationship
is experimentally well proven in aerosol physics [2]. Taking the quantized nature
of electrical charges into account, one has, according to Zieman et al. [2], to
rewrite Eq. (4.8)

d<do=>Q=Qo
d>do=>Q =Qo+k (d - do) (4.9)

(do is the limiting diameter, Qo is the electrical charge of the smallest particles, x is
the constant factor, which is not necessarily an integer number, as only mean
values over many particles are considered. This smears the quantization of the
electric charge).

4.5 Collision of Electrically Charged Particles

Two particles with diameters d; and d» at a distance r carrying electric
charges Q1 and o2 of equal sign repel each other with the force F:

F= Q1Q2 /r2 = k2/r2d1d2 4.10

This force results in an deceleration Q:Q./mr reducing speed and changing
the direction of the path of the particles. This reduces the collision volume passed
in the time interval At. To a frst approximation, the reduction of the collision
volume is given by the factor

1/Q1Q. = 1/dids
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Inserting this factor into Eq. (4.7) leads to the following modified collision

parameter:
P12 = P1P2 = constT(d:d2)*°/d1d> = constT(d:d,)?° . (4.11)

As a consequence of the introduction of a repulsion term, Eq. (4.11) now
describes a reduced collision probability with increasing particle size. This
limits particle growth by coagulation and agglomeration, especially for large
particles, as the probability for collision gets smaller with increasing particle
size. The temperature dependence remains unchanged as linear. The collision
parameter for charged (did2)°.> particle is inversely to that for neutral
particles.

Inert-Gas Condensation Process

Historically most important, the frst process for synthesizing nanoparticles in
the gas phase is the inert-gas condensation process (also called evaporation and
condensation process) [3], applying thermal evaporation of a metal within a
vacuum chamber filled with a small amount of inert gas. To produce metal
particles, for example, gold nanoparticles, gold is evaporated in a boat at
sufficiently high temperature. The atoms of the gold vapor emanated from the boat
are thermalized and lose energy by collisions with the atoms of the inert gas.
Collisions of gold atoms with others lead to nucleation and subsequently to particle
formation. The particles formed in the gas phase move by thermophoresis (this
process is also called thermo diffusion) to a cold fnger, where they are collected.
Figure 4.7 displays the general layout of such equipment.

At the end of a production cycle, the metal particles are carefully scraped from
the cold fnger. If necessary, this design allows further processing of the product
without breaking the extremely pure conditions. To obtain oxides, before scraping
the powder from the cold fingers, minor amounts of oxygen are introduced into the
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Vacuum vessel

Liquid-nitrogen-
cooled finger

Aerosol of metal
particles

Metal for
evaporation

Heated boat

To pumping system
and gas inlet

Figure 4.7 Typical setup for synthesis using energy by collision with the inert gas atoms,

the inert-gas condensation process. In a and form nanoparticles. In a temperature
vacuumn vessel, filled, at reduced pressure, gradient, the product moves to a liguid-
with an inert gas, a metal is evaporated. In nitrogen-cooled finger by thermophoresis
the gas atmosphere, the metal vapor is and is collected from the surface of the cold
thermalized. The metal atoms lose thermal finger.

system to oxidize the metal powder slowly. Careful oxidation is essential, as
otherwise the product is overheated and sintered. As the formation of the particles
is a purely random process, typically, the inert-gas evaporation process leads to a
product with broad particle-size distribution; an example is given in Figure 4.4.

Physical and Chemical Vapor Synthesis Processes

The basic principle of the inert-gas condensation process led to many variants.
These systems differ in how the metal is introduced into the system and evapo-
rated. Technical up scaling of the inert-gas condensation process needs elements to
limit particle size growth to avoid the formation of the long tail of the size
distribution function on the side of the large particles. There are two possible
measures to control particle size and particle-size distribution: (i) Reduction of the
residence time of the particles in the reaction zone and (ii) quenching, rapid
cooling of the particles after leaving the reaction zone. Both measures disrupt the
originally diffusion-controlled process. To bring these measures into action, it is
necessary to replace the transport by thermal diffusion by transport using a carrier
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gas. As heat source for mass production, an electrical arc, an electron beam, or a
laser have many advantages and are quite often applied. Figure 4.8 displays the
layout of such a system. A typical industrial product, Fe;Os, stemming from a
process similar to the one depicted in Figure 4.8 is displayed in Figure 4.9. It
shows the characteristic relatively broad particle-size distribution, which is typical
for unbiased random processes.

Vapor and Oxidized
particles

Energy input 1 ota) clusters

Metallic
precursor rod

Carrier gas

Addition of Addition of Powder
reactive gas quenching gas collector

Figure 4.8 Setup for physical vapor synthesis  reaction zone, where the metal particles are
of oxide nanoparticles. The metallic precursor  oxidized. Particle growth and agglomeration
is evaporated, for example, by an electricarc  are limited in the final quenching step.

and transported by an inert carrier gas to the

Figure 4.9 Fe,0, powder produced in a (Courtesy Nanophase Technologies
device, similar to the one sketched in Figure Corporation, 1319 Marquette Drive,
4 8. The broad particle-size distribution, in Romeoville, IL 60446, USA.

this example from 5 to 50nm, is http://www.nanophase.com.)

characteristic of this type of products.
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Besides pure metals, as rods or powders, volatile compounds are used as
precursor, too. In many instances, this is of economical advantage. Using these
modifcations, this process for synthesis is called “chemical vapor synthesis”.
Generally, it applies a tubular furnace with temperatures up to 1500 K as a source
of heat. A carrier gas, argon or nitrogen, transports the evaporated precursor
through the hot reaction zone. As precursor, one uses chlorides, carbonyls, or metal
organic compounds. The fnal selection depends on the properties, availability, and
price of these compounds. Additionally, it is important to note that these precursors
lead to typical reaction products in the off-gas and may leave some traces behind
that could be dissolved in the matrix of the particles or adsorbed at the particle’s
surface. This may be severely disturbing as, for example, chlorine or hydrochloric
acid reacts with high probability with organic materials applied for functionalizing

the surface of the particles.

To obtain the metal oxide MeQ,, starting from a chloride, a typical reaction is:
¥ X
MeCl, +-0, = MeO, +—Cl, (4.12)

Generally, this reaction is carried out at a temperature in the range from 1200
to 1500 K. To reduce the reaction temperature water is added:

2y—x

MeCl, + %Hlﬂ + 0, = MeO, + xHCL (4.13)

In many cases, the advantage of reduced reaction temperature is compensated
by the huge disadvantage of getting highly corrosive hydrochloric acid, HCl as
a byproduct in the system. If available, the use of carbonyls is recommended;
for example, the synthesis of Fe,Os:

13
2Fe(CO), + — 0z = Fe;0,+10C0,. (4.14)

For most of the carbonyls, carbonyl chlorides, or nitrosyl carbonyls, this process
works in a temperatures window between 600 and 800 K.
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Laser-Ablation Process

Instead of a tubular furnace or an electric arc, pulsed lasers are often applied
as the source of energy.

The “laser-ablation technique” has the advantage of allowing not only the
application of metals, but also the use of oxides, even mixed targets are possible,
for the synthesis of nanoparticles. From the basic idea, this makes particle
synthesis extremely universal in application. Figure 4.11 displays a typical design
of a production unit applying the laser-ablation process.

A laser-ablation system for powder production, generally, consists of the
pulsed high-power laser together with the optical focusing system and the feeding
device for the precursor. For the production of larger quantities, rotating targets
and automatic wire feeding systems were developed. High-power laser pulses are
focused onto the surface of the precursor target to evaporate material. Depending
on the thermal conductivity, at the focus point, the target is heated to temperatures
high enough to evaporate the material. Because of the fast evaporation in the high-
power laser pulse, even the stoichiometry of a complex mixed target may be
preserved in the vapor phase. During the pulse, a plume, a supersonic jet of
evaporated material, is ejected perpendicular to the surface into the surrounding
gas and expands adiabatically. Immediately after the laser pulse, the temperature in
the plume reaches values of a few thousand Kelvin [4].

Optical system Laser beam Nanoparticles
To powder

Reaction and collector

carrieri_c..in /

Plume
Precursor target Vacuum vessel
Figure 4.11 Schematic drawing of the material, which is ejected perpendicular to
experimental setup for nanoparticle synthesis  the target surface, expanding into the gas
applying laser ablation. The pulsed laser space above the target. The particles formed
beam is focused at the surface of the by condensation in the plume are
precursor target that may be a metal or an transported with the carrier gas to the

oxide. The high-intensity laser beam causes a  powder collector.
plume, a supersonic jet of evaporated
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During the adiabatic expansion of the plume, the temperature decreases and
particles are formed. The continuous stream of carrier gas transports the particles
to the powder collector. The carrier gas may also contain reactive gas components;
to obtain oxides, oxygen, for carbides methane, CH,4, and for nitrides ammonia,
NHs, is added. Due to the super saturation in the vapor caused by decreasing
temperature within the plume, formation of particles occurs. The duration of the
supersaturated conditions is limited by the adiabatic expansion of the plume;
therefore, the gas pressure in the reaction vessel plays a crucial role in particle
nucleation and particle growth. At low gas pressure, the plume expands very
rapidly. Therefore, the concentration of reactive species in the plume decreases
very rapidly, a process limiting particle growth. At higher gas pressure, the super-
saturation is higher. The higher the super saturation, the smaller the size of the
nuclei required for condensation. This leads to a large number of nuclei and, and as
consequence, to smaller particle sizes. This simplified description of the complex
processes in the plume is well supported by experimental results. As an example,
Figure 4.12 displays the dependency of Co30;4 particle size on the gas pressure [5].
This figure shows small particles are formed at low and at higher gas pressure, in
an intermediate range the particles are largest.
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Figure 412 Production of nanoparticles using the laser-ablation process. The figure shows
the influence of the gas pressure in the reaction chamber on the mean particle size of the
reaction product, Co,0, [5].
As the energy source, often frequency-converted Nd-YAG or excimer lasers
with pulse durations in the nanosecond range are applied. The interaction of these
nanosecond pulses leads, especially at the surface of good thermal conductors,
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prior to evaporation to the formation of a pool of melted material. In the case of
targets with complex composition, this may lead to a composition of the powder
that differs from that in the precursor. The application of a picoseconds laser
avoids this problem. During such a short high-power laser pulse, the material
evaporates instantaneously; therefore, melting at the surface is impossible.

A general problem of the laser-ablation process is the high concentration of
evaporated material in the plume. Insuffciently fast expansion leads to the for-
mation of agglomerates, a phenomenon that is often observed. These agglomerates
are, in most cases, fractal- or web-like. The formation of agglomerates is not
intended. Therefore, a huge effort went into the direction of synthesizing
individualized particles using this process. A typical example of a successful
approach was published by Wang et al. [6]. As a precursor for iron oxide, y-Fe;Os,
a wire of pure iron was used. These authors used, atypically, a YAG laser with a
wavelength of 1064 nm with a pulse width of 0.3—20 ms. The particle-size dis-
tribution of this product, as depicted in Figure 4.13, was in the range from 5 to 55
nm, only a minor amount of material was found in the size range from 50 to 90
nm.

The particle-size distribution displayed in Figure 4.13 is a non symmetric
distribution function, which is typical of a random process of particle formation.
This figure demonstrates the inherent high potential of the laser-ablation process
into the direction of non agglomerated materials. This is of some importance, as
the laser-ablation process has very few special requirements for the precursor
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Figure 4.13 v-Fe.0, powder synthesized by the laser-ablation process. The particle diameter
distribution of the preduct is nonsymmetric, typical of synthesis methods based on purely
random processes [7].
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Flame Processes

Since prehistoric times, in China, carbon black has been produced by fame
processes, as pigments for inks. The fame aerosol process is the oldest of all
processes to produce nanoparticulate powders in our time. This technology, or one
of its many variants, is applied to produce thousands of metric tons of carbon
black, fumed silica, and titania, TiO, pigments. Lastly, it is the only process
applicable for mass production in the kiloton range. Even though this process is
well established and widely applied in industry, the basis principles are not
completely understood. This is not least because these processes have been
working for decades; therefore, for a long time, there was no need for basic studies,
which are diffcult and expensive, because particle formation takes place at
extremely high temperatures in very short times. With the trend to apply this
process also for high value added products, the situation has changed signifcantly.

The aerosol fame process has a long history and broad application; therefore,
with respect to new materials, many highly specifc variants, leading to particles
with different morphology, size, and crystallinity were developed. Important
reviews on fame aerosol processes were published by Pratsinis [14] and Wooldrige
[15].

In the simplest case, a fame reactor is set up as shown in Figures 4.27a,b.
Basically, a fame reactor consists of a primary fame that is fueled with hydrogen,
methane or another hydrocarbon fuel. As far as possible, the selection of a gaseous
precursor is advised. Such a precursor may be, for example, to synthesize silica,
SiOy, silane, SiH, or silicon tetrachloride, SiCls. Generally, the gaseous fuel comes
premixed with oxygen or air in the burner. In general, the design of the burner
follows one of the two principles depicted in Figure 4.27: Figure 4.27a displays the
most conventional system, where the precursor, if necessary diluted with a carrier
gas, is blown from the side into the fame. The dilution of the precursor with a
carrier gas is also applied to adjust the particle size of the product.

The design displayed in Figure 4.27b is more advanced. Characteristic of this
design are the many small primary fames surrounding the secondary fame, where
the precursor reacts with the excess oxygen forming a secondary fame, where the
reaction for particle formation occurs

Reproducible results of the synthesis process are obtained only under
conditions where the fame is absolutely stable. A critical ingredient for a stable
fame is the correct amount of oxygen. Figure 4.28 displays the appearance of the
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fame with different additions of oxygen to the fuel, methane, CH4. This example
displays the fame in the case of silica synthesis, where hexamethyl disiloxane,
CsH150Si, was used as precursor.

Product particles
a_ ® i
.: . 'i
- L ]

Precursor, Secondary ' *
carrier gas flame Primary

| \ ‘\\ flames

| Primary
fl
e """W"W ||}|||I¥IIII{III|III
[ [
Precursor,
(a) ‘ (b) carrier gas

H; or CH,, O, ‘ H,, O, Ar mixture

Figure 427 Typical arrangements for flame synthesis of nanoparticles. (a) In this design, the
vaporized precursor is introduced from the side into the primary flame for reaction. (b) A field
of primary flames surrounds a secondary flame, in which the powder is produced.

Figure 4.28 Appearance of flames with content was unstable, fluctuated. With
methane as fuel and hexamethyl disiloxane, increasing oxygen content, the flame
C¢H,40Si, as a precursor for silica. The burns more stably and the temperature
amount of oxygen increased from (a) over increases [16). (Reproduced by permission

(b) to (c). The flame with the lowest oxygen of Elsevier.)

In Figure 4.28 the oxygen content in the fame increased from Figure 4.28a to
4.28b. At low oxygen fow rates, the fame is instable and fluctuating. With increas-
ing oxygen addition the fame is more stable and hotter. The oxygen content in the
fame infuences the average particle size; this is visible in Figures 4.29a—c. In these
electron micrographs, the oxygen content in the fame increased from Figures
4.29a—c, similar as in the case of the fames depicted in Figures 4.28a—c.
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200 nm

Figure 429 Electron micrographs of silica particles are not agglomerated. Even when the
powders produced with varying oxygen distribution of particle sizes remained broad,
content in the flame under otherwise constant the size of the largest particles is reduced.
conditions. The conditions for synthesis are (c) Oxygen addition 25Imin™". In contrast to

identical to those given in Figure 4.28 [16). the products depicted in Figures 4.29a,b,
(a) Oxygen addition 2.5Imin™. This product  this product forms fractal agglomerates. The
consists of nonagglomerated particles, size of the particles is smallest and quite

however, with a broad distribution of particle  uniform. (Reproduced by permission from
sizes. (b) Oxygen addition 8.5Imin™. Similar  Elsevier.)
as in Figure 4.29a, in this product the

The oxygen content of the gas supplying the fame has a significant influence
on the morphology of the powder, too. This has two reasons: Under otherwise
constant conditions, with increasing addition of oxygen to the fame, the tempera-
ture in the fame increases. Additionally, the flow rate increases and, as shown in
Figure 4.28, the fame gets shorter. Therefore, the residence time of the powder
particles in the fame shortens. This is the reason for the decreasing particle size
with increasing oxygen addition, as is visible in the micrographs depicted in Figure
4.29.

There have been many attempts to reduce the tendency of the fame processes to
deliver agglomerated particles of small size. In this case, the phenomena work in
opposite directions: High oxygen content in the gas results in high temperatures,
leading to small particles; however, they are agglomerated. How to modify the
process to reduce this problem? One way out of this problem may be found in the
fact that one needs high temperatures to obtain small particles; at these
temperatures a significant fraction of the particles will show thermal ionization.
(For good reasons, fames are often called “thin plasmas”.) This gives the
possibility to influence the process of particle formation and agglomeration using
external electrical fields. Figure 4.30 displays two experimental assemblies to
study these possibilities.
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As mentioned above, at high temperature, one expects thermal emission of
electrons from the particles. However, as these electrons only have thermal energy
in the range of less than 1 eV, therefore, they can also attach at the surface of the
particles. Hence, one may expect positively and negatively charged particles.
Figure 4.31 displays a proof of this assumption. The figure displays a fame in-
between two plate electrodes. The field strength was 2 kV cm™. One sees that both
electrodes are covered with particles. This indicates that the particles carry, as
assumed, electrical charges of both sign.

(a) (b)

Qe gl

Figure 430 Experimental arrangement to electrodes (a) and in-between two needle-
influence flame synthesis with an external shaped electrodes (b). In the latter case,
electrical field. The two possibilities depicted electron emission from the needles is

are an electrical field in-between two plate possible.

In the arrangement using plate electrodes (Figures 4.30a and 4.31), due to
their electrical charges, the particles are pulled out of the fame. Therefore, the time
for growing and, most importantly, for agglomeration is reduced. This improves
the chance to obtain un agglomerated products with small particles. A different
mechanism, however, also with encouraging results is observed in the
experimental setup depicted in Figure 4.30b.

At the tips of the needle electrodes, one observes corona discharge. These
electrons move across the fame. Because of their high energy, these electrons
ionize the particles, now all of them carry negative electrical charges. These
negatively charged particles, repelling each other, move to the positive electrode
and are collected. As result, one may expect that the particle size of the product
decreases with increasing field strength between the needle electrodes. These ideas
were perfectly proved. Figure 4.32 displays the mean particle size of titanium
produced from the chloride in a flame as a function of the electrical field strength
synthesized in both arrangements depicted in Figure 4.30.
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Figure 431 Flame in-between plate titania, were, according to the sign of their
electrodes with an electrical field of 2kVem™.  electrical charges, attracted by the electrode
According to the different signs of the plates and deposited [17]. (Reproduced by
electrical charges, the flame is split up by the  permission from Elsevier.)

electric field. The synthesized particles,

The graph in Figure 4.32 clearly demonstrates the effect of a transversal
electrical field. In the case of plate electrodes, the reduction of the particle size
starts already at relatively low electrical field strength and this reduction continues
further with increasing field strength. This is different with needle electrodes. In
this design, the size reduction starts at significantly higher electrical fields.
Obviously, the system needs minimum field strength until electron emission starts.
After the onset of electron emission, the reduction of the particle size is continued
with further increase of the electrical field strength. Figure 4.31 demonstrates that
there is a more or less equal number of positively and negatively charged particles
In the system. The design using needle electrodes will come to its full efficiency at
field strengths where the electron emission is so high that all particles that carried a
positive charge in the fame are negatively charged.

There is a broad variation of different designs for fame synthesis. An
important variation applies a liquid fuel, having the advantage that the precursor
can be dissolved in the liquid fuel Typical examples are a solution of water-free
chlorides in, for example, acetonitrile, CH3CN or solutions of acetylacetonates, for
example, (CsHsO2)sAl in appropriate organic solvents.
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Figure 4.32 Average particle size of TiO; ex It is essential to realize that, in the case of
TiCl; synthesized in a methane—oxygen flame  needle electrodes, the field influence starts at
as a function of the transversal electrical higher electrical fields. This is, because the
field. The different influence of the two systern needs an electrical-field strength,
experimental arrangements is clearly visible. where corona discharge starts [17, 18].

An important criterion in selecting organic liquid fuels the avoidance of soot
formation, which is often observed in the case of benzene, CsHs. On the other
hand, mixtures of benzene with ethanol have been applied successfully, too.

Synthesis of Coated Particles

Many applications of nanoparticles and nanomaterials need nanocomposites.
The required nanocomposites may be either multifunctional particles or bulk
materials. In the case of multifunctional particles, one selects materials with
different properties for the core and the coating of the particles. Looking at bulk
nanocomposites, in most cases it is necessary to obtain optimal properties such that
the particles are not touching. Both requirements can be fulfilled only with coated
particles. A series of possible applications were already explained in Chapter 2. To
synthesize coated particles, the process must fulfill a series of requirements. Most
important is the demand that the particles must not touch each other; otherwise,
one coats clusters of particles and not particles. Furthermore, in many instances,
the coating consists of organic compounds. Therefore, the temperature must be so
low that these compounds are not altered or even destroyed. The frst process
succeeding in synthesizing coated nanoparticles and, until now, the only gas-phase
process fulfilling these challenges is the microwave plasma process [19, 20].
Figure 4.33 displays such an equipment, which is lastly a doubling of the design as
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presented in Figure 4.16.
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Figure 433 Microwave plasma device for synthesizing ceramic-coated ceramic nanoparticles
in a microwave plasma according to Vollath [19, 20]. This was the first design of gas-phase
processes allowing the production of significant quantities of coated nanoparticles.

Figure 434 Zirconia, ZrO, particle coated crystallized, as is indicated by the lattice
with a second ceramic material, alumina, fringes. The alumina coating is amorphous;
Al,O;. This material was produced with the therefore, it shows no structure [19, 20].

microwave plasma device, depicted in Figure  (Reproduced with permission by Elsevier.)
4.33. The zirconia core is perfectly

The microwave plasma device to synthesize ceramically coated ceramic
nanoparticles consists essentially of two microwave plasma devices working
consecutively. It is important to ensure that the distance between these reactors is
as small as possible; otherwise, too large a number of the particles produced in the
frst step will lose their positive electrical charge stemming from the synthesis
process. The risk of losing the positive charges is relatively high, as, to maintain
electrical neutrality, there are, also outside of the plasma zone, free electrons with
low energy in the system. This increases the risk of agglomeration. Losing the
electrical charges of the particles can be minimized by using conditions with a long

144



free path length of the particles to reduce the probability of collisions. At each
collision, a free electron will lose energy in the range of 10 to 15 eV. Assuming an
energy of the free electron of approximately 1 keV, there are, at maximum, 100
collisions allowed. Electrons with low energy will neutralize the particles and
attach at the surface. As the movement of the electrons is random in all directions,
it is quite difficult to estimate the maximum allowed distance between the two
reaction zones.

A typical example of such a product is depicted in Figure 4.34. This fgure
shows a zirconia particle coated with alumina. The electron micrograph shows
crystallized zirconia, which is documented by the lattice fringes, and amorphous
alumina showing no lattice fringes at all. (Under the conditions of microwave
plasma synthesis, alumina, similar to silica, is never crystallized.) From the
nonspherical shape of the zirconia particle one may guess that this particle is a
result of the coagulation of two particles.

Certainly, one could think of coating ceramic particles with metals, for
example, platinum. For application as catalysts, this would save expensive
material. However, it is impossible to realize this idea. Because of the relations of
the surface energy, this type of coating is impossible, the metal is deposited as
clusters, a phenomenon that is very helpful in looking at applications as catalysts.
Figure 4.35 displays such a particle decorated with metallic clusters. In this case,
the ceramic core consisted of titania and the metallic clusters of platinum. For the
synthesis of this composite, the precursors were titanium chloride, TiCls and
platinum carbonyl chloride, Pt(CO).Cl..

As already mentioned in the motivation for the development of coated
particles, ceramic particles coated with an organic material are of great importance,
especially, as by appropriate selection of the constituents, the design of
multifunctional particles such particles becomes possible. This may be coating
with a polymer as the distance holder in bulk bodies or functional organic
molecule, for example, luminescent ones. In selecting the operating conditions and
the organic molecules, the temperature and the oxidizing atmosphere must be taken
into account. In particular, coating of oxide particles with organic molecules is,
with very few exceptions, only possible with the microwave plasma process.
Figure 4.36 displays the setup for synthesis of polymer coated nanoparticles.
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Figure 4.35

Ceramic particle, titania, TiO,
decorated with metallic clusters (the dark
spots), platinum, synthesized using the
two-stage microwave plasma process, as
depicted in Figure 4.33. At the surface of
ceramic particles, metals form clusters and

Reaction tube

Carrier gas and
first precursor

Figure 436 Experimental setup for the
synthesis of polymer coated ceramic
nanoparticles according to Vollath et al. [21].
The system consists of a microwave plasma

To coat, for example, oxide particles with a polymer frst, the particles are
synthesized in the microwave plasma region. After the cut-off tube, the organic
precursor is added. To obtain a polymer, the corresponding monomer or easily
evaporating oligomer is added. The temperature in the system is selected in a way
that the condensation of these organic precursor molecules at the surface of the
nanoparticle is possible. To obtain the correct temperature and to avoid particle
losses by thermophoresis, the condensation zone is heated by a tubular furnace or
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not a continuous layer. Not until the metal
layer gets quite thick (after the metal clusters
touch each other) is a continuous coating
possible. (Vollath, D., and Szabé, D.V.
(2000), Forschungszentrum Karlsruhe,
unpublished results.)
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reactor, where the ceramic particles are
produced, and subsequently a reaction zone
in a tubular furnace, where the coating
occurs.
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another heating system. Provided the compounds are selected properly, under the
infuence of temperature und the UV radiation from the microwave plasma, the
monomer at the surface of the nanoparticles starts to polymerize. Additionally, in
many cases, the organic compounds react with the oxide particle forming one huge
molecule consisting of the particle and the polymer coating. This changes the
properties of the particles and the polymer molecules dramatically. As these new
giant molecules have, for example, new optical properties, the interaction between
oxide nanoparticles and PMMA at the surface is explained in Chapter 9. As an
example, Figure 4.37 displays an iron oxide particle coated with PMMA.

The coated particle displayed in Figure 4.37 consists of a core of maghemite,
1-Fe203, and a PMMA coating. In this example, the ceramic core has a diameter of
67 nm; whereas the thickness of the coating is between 3 and 4 nm. The device,
as depicted in Figure 4.36, may be setup with more than one stage for coating. This
allows a first coating, for example, with a luminescent material and a second
polymer layer for protection.

Figure 437 lron-oxide nanoparticle coated with PMMA. This composite was produced in a
setup according to Figure 4.36. The dark core is the iron-oxide kernel [21]. (Reproduced with
permission by Elsevier.)
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5 One- and Two-Dimensional Nanoparticles

Basic Considerations

One and two-dimensional nanoparticles, generally called nanotubes and
nanorods for the one-dimensional ones and nanoplates, the two-dimensional ones,
are often observed. These entities are interesting both from the standpoint of
science and for economic reasons, as these particles have a broad range of
applications in many felds of technology. Within this group there is a very special
type of particle, the fullerenes; fullerenes based on carbon or other inorganic
compounds. As per def-nition, fullerenes are zero-dimensional particles, as they
are simply spherical entities; however, their geometry and the formation is
understood only in connection to the related nanotubes or nanoplates.

One expects the shape of nanoparticles to represent a minimum of surface
energy. Therefore, in most cases, nanoparticles are spherical in shape, at least
facetted particles, which are close to a sphere. To understand the reason for non-
spherical nanoparticles, one has to look at the crystalline structure and to the
method for synthesizing.

The surface energy depends on the crystallographic plane. For example, in
cubic structure, the planes describing a cube have the lowest surface energy. The
discussion is most important in noncubic systems. Depending on the surface
energy of the different planes, noncubic substances may have a tendency to
crystallize in rods or plates. If the surface energy is modifed by surface-active
substances, also in the case of cubic structures, rods or plates are obtainable.
Therefore, it is possible to produce rods of gold, even when gold crystallizes in a
cubic structure.

The dependency of the surface energy on the crystallographic plane has
consequences on the shape of nanoparticles: Assuming a prism with a quadratic
base with an edge length a, and a height ¢ one obtains a rod-like prism in the case
that the surface energy of the base plane is large compared to that of the side plane.
In the other case, one obtains a plate-like prism. The ratio of the sides of a
tetragonal prism is equal to the ratio of the surface energies. This is the rule for the
formation of nanorods or nanoplates that can be derived from thermodynamics?.

% Nanoparticles - Nanocomposites - Nanomaterials: An Introduction for Beginners, First Edition. Dieter
Vollath. © 2013 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2013 by Wiley-VCH Verlag GmbH & Co.
KGaA
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Box 5.1 Shape of Noncubic-Shaped Particles

Surface energy is the reason for nonspherical nanostructures in case of aniso-
tropic (noncubic) crystal structures. As an example, assuming a tetragonal body
with the sides a, ¢, and the surface energies 3, and 3. The surface energy of
such a prism is My

Uy = 4,00 + 2y .0 (3-1)

. . . . . .
The ratio — of this prism is obtained under the presumption of a constant
c

volume v
v v
V=2t =0 £ = — = lisd = 4Ya—+2ya".
a a

The minimum of surface energy is calculated by

= [T
da

=—4y, 1} +4ya=—4y,c+4ya=10,
&

leading to the important relation

Y. _2 (5.2)

Yo €
Equation (3.2) says: The ratio of the sides of a tetragonal prism is equal to
the ratio of the surface energies. This is the thermodynamic reason for the
formation of nanorods or nanoplates. As in cubic structures ¥, = 3 is valid,
Eq. (5.2) leads to a = ¢, a cube. For hexagonal structures, the same derivation
is possible.

The same mechanism is valid on combining two prisms. Two rod-like prisms
will combine in a way to extend the length, the second prism will not attach at the
side. In the other case, it is just the opposite: The second platelet will attach at the
side. This is depicted in Figure 5.1. Combinations leading to a minimum of surface
energy are those indicated as (a) and (d). The combinations (b) and (c) are
energetically not favorable, and they will be avoided. One can establish the rule:
Agglomerates of nanorods reduce their surface energy by increasing their aspect
ratio and in the case of nanoplates, surface energy is reduced by decreasing the
aspect ratio. In both cases, the tendency of formng a rod or a plate is enhanced.

It is important to mention that the mechanism described above is valid for
“clean” surfaces only, these are surfaces that are not modifed by contaminants or
functionalization. By proper selection of surface-active molecules, it is possible to
grow rods or even plates from isotropic materials. In this context it must be men-
tioned that even from gold, a cubic material, nanorods and nanoplates are well
known. The interest on these specially shaped nanoparticles is promoted by many
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interesting physical properties connected to these structures.
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Figure 5.1 Combination of prisms with different surface energy. To minimize surface energy,
combinations of two prisms will oocur in the way as indicated as (a) and [d). The two ather
combinations (b) and (c) lead to higher surface energy; therefore, they do not ocour.

Box 5.2 Formation of Rods and Plates

The configuration (a) shown in Figure 5.1 has a surface energy of

U mn = BY,0C + 2y .a’ {5.3)
and the arrangement indicated as (b)

Usuei-p = G)a0C + 47.0° (>.4)

Comparing formulae (5.3) and (5.4) and keeping in mind a < c one can compare
the surface energies of the arrangements (a) and (b); this leads to

By.,ac+2y.a* <6y,ac+ 4y.a* = Tul |

Y. @
or
]}i—‘ < g (5.5a)

Equation {5.5a) is equivalent to Eq. (5.2). For the configurations (c) and (d) one
obtains analogously:

3 (5.5b)
Yo ¢

Agglomeration of particles of a compound fulfilling condition (5.5a) will grow
as rods, those fulfilling the condition (5.5b) as platelets.

An example of a rod-like structure is depicted in Figure 5.2. These ZnO rods
with a length of the around 15 pnm and a diameter in the range from 120 to 140
nm are clearly separated. Because of their excellent luminescence properties in the
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UV, ZnO nanoparticles and nanorods are of scientific and economic interest.
(According to the defnitions of nanomaterials, these rods with linear dimensions
beyond 100 nm are, strictly speaking, no longer a nanomaterial. However, as this
micrograph is so perfect, it was selected for illustration purposes.) At one end of
most of the particles a bulb is visible, this is a structure element indicating a
synthesis process via the gas phase.

Figure 5.2 Secondary electron micrograph of ZnO nanorods [1). At one end, most of these
nanorods show a bulge, which is typical for a synthesis via a gas-phase route. (Reproduced
with permission of Springer.)
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Figure 53 Cold platelets. This special pattern of one gold platelet as depicted in
hexagonal shape was obtained by the Figure 5.3a. The hexagonal symmetry of the
addition of poly vinyl pyrrolidone to the diffraction pattern shows that the electron

solution used for precipitation [2]. Fig. 1a,b. beam was perpendicular to the faces of a

(a) Electron micrograph of the gold platelets.  platelet; which were (111) planes at the

The size of these hexagonal platelets is surface. (Reproduced with permission by The
around 400nm,; the thickness is in the range ~ American Institute of Physics.)

from 25 to 60nm. (b) Electron diffraction

By attaching surface-active molecules, it is possible to alter the surface
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energy. This technology makes it possible to synthesize even nanoplates of gold,
as is depicted in Figure 5.3 [2]. The size of these platelets is around 400 nm; the
thickness varies in the range from 25 to 60 nm. The shape of all platelets is
hexagonal, this indicated that the nanoplates have single orientation with (111)
plane at the surface. In the cubic system, the (111) plane has hexagonal
symmetry. This is perfectly visible in the electron diffraction pattern in Figure
5.3b. In this case, the surface active molecules added during synthesis led to
plates, the application of other organic agents may also lead to the formation of
nanorods. The nanoplates displayed in Figure 5.3a are nearly atomically fat.
Such gold platelets are applied in nanotechnology for manufacturing of small
devices.

Altering the habit of nanoparticles is possible not only with metals, but also
with ceramic materials. Such an example is displayed in Figure 5.5. Again a
material, CuFe,O4.crystallizing in a cubic structure (spinel structure) was forced
by surface-active substances to crystallize as platelets, again with the (111)
plane at the top. The magnetic properties of materials depend strongly on the
anisotropy of the particles; therefore, to obtain very special properties one
adjusts the shape of the particle during synthesis. Adding different amounts of
surface-active molecules changes the shape from a plate to a rod [3].

Miller Indices to Describe Crystallographic Planes and Orientation

The Miller indices, a notation system applied to characterize planes and
directions in a crystallographic lattice, are, in the simplest case, explained in a
cubic lattice. Figure 5.4 shows a cubic cell and six different lattice planes indicated
in gray and the associated Miller indices.

The Miller indices of a lattice plane are the reciprocal values of the intercept
of the lattice planes with the axes of the coordinate system. The reciprocal
intercept in the x-direction is denoted with h, in the y-direction with k, and in the z-
direction with 1. The coordinate system is normalized; it achieves the value 1 at the
lattice constant a; therefore, Miller indices are always integers. Miller indices of
planes are written in round brackets (hkl). The minus sign is denoted above the
index, for example, (112). The set of all planes with equivalent symmetry is
denoted in curved brackets {hkl}. Crystallographic directions (lattice vectors) are
written in square brackets, they designate a direction in the lattice from the origin
to a point. Important: The vector [hkl] is perpendicular to the plane (hkl). The set
of all lattice vectors perpendicular to the set of lattice planes {hkl} is written in

152



arrow brackets (hkl).

Studying the electron micrographs in Figures 5.3a and 5.5, one observes
extremely smooth surfaces. This is not surprising, as any imperfection of the faces
enlarges the surface and, therefore, the surface energy increases.
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Figure 5.4 Six cubes, within each one a lattice plane is plotted together with the Miller
indices.

Figure 5.5 Electron micrograph of a CuFe,O, platelet with the (111) plane at the top surface.
The hexagonal shape deviates from the expected cubic one. It is obtained by adding
surfactants to the solution to precipitate the ferrite [3]. (Reproduced with permission by
Elsevier.)

One- and two-dimensional features, such as nanotubes and nanoplates, are
often related to materials crystallizing in layered structures. Typical examples are
BN, WS;, MoS,, WSe;, MoSe,, and, most important, carbon as graphite. In most
cases, these are structures, where the layers are held together with van der Waals
forces. An exception are layered silicates, mica, which are based on electrostatic
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attraction between the layers and alkaline ions positioned in-between the layers.
Within the layers, the ions are bonded covalently. The general appearance of
particles crystallizing in layered structures is depicted in Figure 5.6. Such a crystal
consists of a stack of independent layers. Depending on the bonding in-between
the layers, the layers can be delaminated (singularized) by means of chemical or

physical methods.
(2) Independent (B} Dangling

N lattice planes [1]] I‘T’If ;n.ds.

\ . [ P

\K{"'"f _'__,__,--"_'--F _.-—'II Il'l
Figure 5.6 Layout of a particle that short lines, of the layer are not saturated.
crystallizes in a layered structure. {a) Setup These dangling bonds require additional
of such a particle. (b) One layer of a particle energy. Therefore, there is a strong tendency
as depicted in Figure 5.6a. The dangling to saturate these dangling bonds.

bonds at the circumference; indicated by

Looking at the boundary of a singularized plate, as depicted in Figure 5.6b,
one realizes unsaturated bonds, “dangling bonds”. The dangling bonds contribute
to the total energy of the crystal. This contribution is negligible in the case of con-
ventional particles; however, signifcant for nanoparticles. Therefore, there is a
tendency to saturate these bonds. Nature has developed a number of methods to
reduce the excess energy caused by the dangling bonds. The simplest way is just to
add charge-compensating ions at the circumference of a layer. The next possibility,
which is of extreme interest in connection to nanotechnology, is rolling up these
layers to form a tube, nanotubes or fullerenes. (This important possibility will be
discussed in a special section.) In the case of synthesis, such planes, respectively
particles, with dangling bonds may touch each other. Also, this process may lead to
a saturation of the bonds. A typical example of such a reaction product consisting
of three tungsten disulphide,WS; particles is shown in Figure 5.7.

A further, very interesting possibility to obtain nanotubes is one-dimensional
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crystallization; however, the number of compounds showing one-dimensional
crystallization is quite small. The most important class of one-dimensional
crystallizing compounds are allophanes, a special class of silicates. Allophanes are
short-range-ordered aluminosilicates existing in a broad range of compositions,

following the chemical formula Al;O3-(SiO2)x*(H:0)y, with 1.3 <x <2 and 2.5 <y
< 3. Generally, allophanes crystallize in hollow spherules with diameters in the
range between 3 and 5 nm. Under special conditions of synthesis and depending on
the composition, one obtains tubes with a diameter in the range from 2 to 5 nm.
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Figure 5.7 Three tungsten disulfide WS, nanoparticles, each one consisting only of a few
lattice planes, bonded together to saturate dangling bonds at the circumference (Szabo, D.V.,
and Vollath, D., KIT, Germany, unpublished results (1998).)

The diameter of the tubes can be adjusted by the relative aluminum content.
Additionally, some of the aluminum may be exchanged by iron ions with the same
valence. This substitution influences the diameter and color of the tubes.

Comparing the three possibilities of producing one- and two-dimensional
nanostructures, those related to layered compounds are, with respect to technical
applications, the most important ones.

Imogolite, a One-Dimensional Silicate

An important compound in the group of one-dimensional silicates is
imogolite, (Al,03)-(SiO,)..-2.5(H20). Imogolite tubes with this composition have
an inside diameter around 1 nm and outside diameters of ca. 2 nm; both can be
adjusted by the silicon / aluminum ratio. Figure 5.8 displays the atomic
arrangement in a cross section of such an imogolite tube.

This structure of imogolite is characterized by aluminum, silicon, oxygen,
and (OH)" ions arranged in rings. The (OH)~ ions at the surface allow addition of
(“functionalize”) organic molecules.
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As shown in Figure 5.9, imogolite can be synthesized in long fibers.

Figure 5.9 displays wet-chemically synthesized imogolite fiber, which are in a
diameter range from 5 to 30 nm [5]. The length of the tubes is in the micrometer
range. The surface area of imogolite is experimentally determined in the range of
1000 + 100 m? g*. The Mohs hardness in the range from 2 to 3 is quite low. Even
when the length of the fibbers suggests the application as a filler in a composite
with polymer matrix, the relatively low strength of these fibers keeps the advantage
of such composites limited.
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Figure 5.8 Atomic arrangement in an imogolite fiber with inside diameters of 1nm and
outside diameters of 2nm. The diameter of the tubes can be adjusted by changing the
silicon faluminum ratio [4]. (Reproduced with permission by The Korean Chemical Society.)

Figure 5.9 Bundle of imogolite fibers. (Koenderink et al. [5]) The fibers with diameters in
the range from 5 to 30nm are arranged in a bundle. The length of these fibers may be up

to a few micrometers. (Reproduced with permission by Elsevier.)
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Thermodynamics of Nanoparticles and Phase Transformations
Basic Considerations

The surface over volume ratio of nanoparticles is signifcantly larger as
compared to that of macroscopic parts (see Chapter 3). As a surface is always
connected to surface energy this large surface contributes significantly to the
energy of a particle. Therefore, thermodynamic considerations must take note of
this additional factor. Furthermore, one has to realize that nanoparticles are small;
therefore, all quantities depending on the size have to be analyzed*. Looking at
heat capacity, one would not expect a significant influence. However, knowing that
heat capacity is based on lattice vibrations, which depend on the atomistic nature
of the particles, one realizes that the amount and the modes of possible lattice
vibrations in a small particle are different as compared with a large particle.
Similar considerations are valid when looking at polycrystalline bodies consisting
of grains in the nanometer range. In this case, the volume fraction of grain-
boundary material is significant. As grain boundaries are less ordered as compared
to well-crystallized material, one has to expect a notable influence on the
thermodynamic quantities.

7.2
Influence of the Particle Size on Thermodynamic Properties and Phase
Transformations

The free enthalpy of one particle, Gibbs enthalpy g, is defined as
g=u—Ts+7ya. (7-1a}

In Eq. (7.1) u is the enthalpy, T the temperature, s the entropy, ¥ the surface energy,
and a the surface of one particle. If the equation is related to one mole, the quanti-
ties are written in capital letters, as

G=U-TS+yA (7.1h)

The surface energy yis independent of the quantity, however, there is a depend-
ency on the particle size, which is often observed, but until now not really

4Nanoparticles - Nanocomposites - Nanomaterials: An Introduction for Beginners, First Edition. Dieter Vollath. © 2013 Wiley-VCH Verlag GmbH & Co. KGaA.
Published 2013 by Wiley-VCH Verlag GmbH & Co. KGaA.
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quantified; therefore, in most cases, this quantity is assumed to be independent
of the particle size. To a first rough approximation, the molar quantities U and S
may also be assumed to be particle-size independent. This allows us to rewrite
prd’
6M

Egs. (7.1a) and {7.1b) as functions of the particle diameter d, using u = % =U

s=—=5 ,a=—=4A and a = md”
N oM N

E| 3
g=UE™ _rsP™ iy (7.2a)

GM oM

M M6

G=U-T5+y—a=U-1T5+y—-. 7.2b
ov pd (7.2b)

In these equations, N stands for the number of particles per mol, M for the
molecular weight and p for the density of the material. For thermodynamic con-
siderations, most important are the molar quantities as they are given in Eq. (7.2b).
To analyze phase transformations; the surface energy of the different phases, for
example, solid or liquid must be taken into account. The same is valid for the
volume change connected to phase transformations. Looking at Eq. (7.2b), one
realizes that the free enthalpy increases with decreasing particle diameter. As an
example, Figure 7.1 displays the molar surface energy of solid and liquid gold in
comparison to the molar enthalpy of melting.

1w’
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B Differemon of the surface enengles N
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enthalpy [J mal™]
surface energy [J mol™]

10’ !
1 10 100
particle diameter [rm]

Figure 7.1 Surface energy of solid and ligquid  of melting. This graph was calculated

gold in comparison with the enthalpy of assuming that the quantities U, 5, and yare
melting. One sees that the difference of the independent of the particle size.

two surface energies is close to the enthalpy

Analyzing Figure 7.1, one realizes that the surface energy in the solid and
liquid states are significantly larger than the enthalpy of melting; even the
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difference of the surface energies is, in the case of small particles in the same range
of energy as the enthalpy of melting. Therefore, one may expect a significant
influence of particle size, via the surface energy, on the melting behavior. This
statement is valid not only for the melting process, but for any other phase
transformation, too.

The question on the infuence of the particle size on the melting temperature is
quite old. The frst answers, based on strict application of equilibrium thermo-
dynamics, were given at the end of the nineteenth century. More generally, to
calculate the infuence of the particle size on phase transformations, one has to look
at the equilibrium between the parent phase, called “old” and the other phase,
called “new”. At equilibrium, the relation

Gold =Gnew (73)

Is valid. Figure 7.2 depicts this situation for the case of melting, respectively,
crystallization as phase transformation. The temperature, where the free enthalpy of
the parent phase (e.g., solid phase) Goyg is in equilibrium with the new phase (in this
example the liquid phase), Gnew is often called the “crossing temperature”. At this
temperature, the difference of the free enthalpy AGuans is nil.

doiigaaHuITaH axadbuéTaap

1. Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction
for beginners. — Wiley-VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim,
Germany, 2013. — P. 322.

. http://dx.doi.org/10.5772/56057

www.mitht.ru/e-library

. WWW.Crism-prometey.ru

. www.nhanowerk.com/nanotechnology/labs/Tech._Uni._Berlin

. WWW.hanonewsnet.ru

. Www.nhanobot.ru

N o g~ wN

159


http://dx.doi.org/10.5772/56057
http://www.mitht.ru/e-library
http://www.crism-prometey.ru/
http://www.nanowerk.com/nanotechnology/labs/Tech._Uni._Berlin
http://www.nanonewsnet.ru/
http://www.nanobot.ru/

V. AMAJIMA MAIIFYJIOTJIAP MA3SMYHH

1-amanauii MalIFyJaoT

MeTaja KOMILUICKC/IAP IAKTJIAHUITAHA THAPOAMHAMUK TAAKHKOT KHJIHWII

Nmaunr makcaau. Metanin HOHJIApUHU TOJMMEP MAaKpPOMOHJApU OWiaH
METAJUI-KOMIUJIEKCIIAp XOCWJI KWIMIIMHU, YJAPHUHT OKYBYAHJIUTUHH, SBbHU
KOBYHIOKJIMTUHU Y3rapvIIMHU TUAPOJMHAMUK YCYJJa HA30paT KWJIHII OpPKAIH
TaAKUKOT KWJIMIIHH Y3JIAIITAPULL. MablyMKH, 3pUTMA/a METAJLI-KOMILIEKCIAp
Kabu siHru Qaza xocus Oyica, yHIa MYKA UIIKAIHIL, S’TbHU KOBYIIOKJIUK Y3rapaju.
bynpaii y3rapulliHM SHr OQAUK TUAPOAMHAMMUK YCYJa, S'IbHA BUCKO3UMETPHS
éplamMmia Ha30paT KWK caMapaiuaup. Yoy MalFynoTaa ailHaH u1y yCyJTHUHT
UMKOHMATIIAPH Y3IAIITHPUIIA]IH.

Hamyna Ba pearent: Na-KMI] nonumepu, CuCly Ty3u, muctusianras cys.

Kypuama Ba xuxo3iap: YO606enone xamwuisspiaun BUCKo3uMeTpu (1-pacm),
muina Tepmoctar, nunerkanap (1 + 10 cm®), cexynmomep, pesuna rpyma.

Taakukot d6axkapum ycyan. Na-KMI] namynacuaunr Ba CUCl, Hunr cyBaa
koHueHtpauusuiapy C = 0,1 % Oynaran sputmanapu Ttanépnananu. bupunuu
oockuu. Jlactnab Buckosumetpaa 25 °C xapopaTaa TUCTHILIAHTaH CYBHUHT OKHIII
BakTH (to) ¥I4aHaIM Ba BUCKO3UMETPIAaH CYBHH TykuO Kyputwiaau. CyHr Na-
KMI] #unr (C= 0,1 %) sputmacugan 10 Ma BUCKO3UMETpPra COJIMHAIN Ba YHUHT

okum Baktu (1)) anukimananu. KelmHrm sca GeBocuTa

2o Brucko3umepaa Na-KMII sputmacura 2 mi cyB conub
4 CYIOJITUPWIAJAM Ba YHUHI OKHUII BakTu (ti) VyiadaHaau.
<g -4 bynnait ymuam sputmara Vi = 2 mi; 2 mit; 4 mi; 4 mu;

% 8 MJI CyB KYIIHMO CYIOITUPWITAH XOJa TAKPOPJIAHAIH.

YHIaH CYHT BHCKO3MMETP MUCTWJIAHTAH CyBAa FOBUO

h )) 6 Kyputuiaaau. Hatwxkanap 1-xanBanra €3m6 6opuinagu.

1-pacm. Y006enoae Kanmuuisipiiu BUCKO3UMETPHU

Hkxkunuu o6ockuu. Jlactnab Buckozumetrpma 25 °C
xapoparna CuCl, cyBmaru (C = 0,1 %) spuTMacCHHUHT OKHIII BaKTH (to) YI4aHau
Ba BUCKO3UMeTplaH cyBHH TykuO Kyputuiaaau. Cyar Na-KMII aunr (C= 0,1 %)
sputMacujad 10 M BUCKO3UMETpra COJMHAIA Ba YHUHT OKHII BakTH (ti) siHa Oup
6op ymuanaau. Keitnaru sca 6eBocuta Buckosumepaa Na-KMII sputmacura 2 mi
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CuCl; cyBmaru (C = 0,1 %) spuT™macu coim0d CYIOJITHPWIAJAA Ba YHUHT OKHII
BakTH (tj) Ymuanaau. bynnaii Ymyam sputmara ssua Vi = 2 mi; 2 ity 4 mut; 4 mot; 8
i CuCly sput™Macu Kymuo CyroaTHPWIraH Xojaa TakpopiaHaau. Hatkamap 1-
xanBanra €3ub Oopuiiaau. Bucko3umeTp AUCTUIUIAHTaH CyBAA FOBUO KypUTHIAIM.

1-xanBan

Ne to, ti, Nane Neor | Meod/C, m/r | C, r/mn
Na-KMII sputmacu
1

2

gl bW

Na

=

MII sputmacu Ba CuCl; apurmacu apanammaiapu

Ol W DN| -

Bucko3uMerpuk yiuanuiapja 3pUTMaHUHT OKUIN BakTH (1)) spuUTyBUM OKHUO
Tymmm  BakTH (L,) Ta HucOAaTH »HpUTMA KOBYIIOKIUTH (77i) HH DSPUTYBUYHU
KOBYIIOKJIUTH (7,) Ta HECOATHTa MPONOPIHUOHAIUTMK MPUHITUIIA MaBXKya OYiuo,
yHra MyBOGUK HUCOUN KOBYIIOKITHK (#,,c) KyHuAaruya TOMuaaan

ti / to = Mi Mo = Nuuc. 1)
ByHnan conumTupma KOBYIIOKIUK (Tcon) KyHHAATHMYa aHUKIAHAIN
Neon = MNime — 1 (2)
Konnenrparnusuaunr y3rapunuiapu (Ci) Kydngarnda xpcoOaaHaam
Ci=CiVi/ (V1 + Vi) (3)
OputMmanuHr xap 6up Ci napu yuyyH KEITUPUITaH KOBYIIOKIUK (Tken) AHUKJIAHAIH
Meen = MNeon /C (4)

Viyamr Ba XucoGnanuiap HaTHxanapy 1-aaBanra KUPUTHIAIH.
Na-KMII[ cysmarm Ba CuCly nmarum sputManapu y4yH NMeon /C  HH C Ta
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OofnaHuIl rpaduKIapy Ty3UIaH.

Xucobor. Taxpuba HaTHWX)ajmapu Ba XucoOJanuIap acocuaa Ty3WITraH
Oornanuin rpadukiapuga Kyatuauran Gapk Oyinda MeTaI-nmojJuMep KOMILIEKC
XOCWUJI OVJIraHu, sS’IbHU STHTU MaTepual Mak/UIaHTaHIuru 0axoiaHaau.

doiigajaHuIrad axaduéraap.

1. Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction
for beginners. — Wiley-VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim,
Germany, 2013. — P. 322.

2. Mustafa Akay. Introduction to Polymer Science and Technology & Ventus
Publishing ApS, 2012, - P.169.

3. www.nanometer.ru/

2-aMaJMii MalIFyja0T
Tepmonuactiap acocuaa KaTjiaMiiu MaTepuaiap
IAKJJIAHTHPUIIHYA HAM OMMII dTHII

NmHuHr Ma3MyH Ba MOXUATH. AMaiuil JKuUXaTlaH KEHr KYJJIaHUO
KeTMHAETraH TOJMATWIICH TpaHylajlap Ba MNOJUATHIEHTepedTasaT ToJajiap
acocuia TEPMOMEXaHMK TIpecciialll  ycyiauaa Kariamid  MaTepuaiap
IAKJUTAHTUP U MPUIUIUIAPUHA Y3MamTHPHUIL. Onunran KaTJIaMJTU
MarepuaulapHUHT  cudatuHn  ym0y — TepMoIUlacTiap  acocwjaa — uiad
YUKApUIaéTraH Ba aBTOMOOWII CO3JIMK/Ia aMaJIui KYJUTaHUO KelnrmHaETraH 1y Kaou
KaTJamMJIM MaTepuasuiap Ouiian KUECHI TaKKOCIAIIL.

Taxpuda namynanapu: [lommtunentepedranar ([I9TD) Ttomamapu Ba
nonmvdTHiieH (I19) rpanynamapu. Kypmama Ba skuxo3dnap: TepmomexaHuk
Mpeccliail J1adbopaTtopusi KypuiMacu, TepMoriapa - UHKATOPJIM TECTep, MPECCIianl
toknapu (1 - 10 kr).
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Xucodort. KypriiManu aMalinii MIIAM TPUHLIUINA TYLITyHTUPWIAAN
DoiigajsaHuIrad agaduériap.

1. Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction
for beginners. — Wiley-VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim,
Germany, 2013. — P. 322.

2. Mustafa Akay. Introduction to Polymer Science and Technology & Ventus

Publishing ApS, 2012, - P.169.

3. www.nanometer.ru/

3-amajuii MalFyJa0T
IliieHKkajsap aHM30TPONMUK XOCCAJTAPUHH
MOJSIPU3ANHOH-ONTHK YCYJIAa TAAKUK dTHII

Maddod monudTUIEH MIESHKAHUHT AePOpPMALMOH Uy3UIIga pyl OepanuraHn
MEXaHO-aHU30TPOINUK Y3TapUIUIapUHU TOJSPU3ALMOH-ONTUK yCyJaa Ha3opar
KWIMIIHY y3JamTupuil. Ky Hyp CHHMINM KYpCAaTTMYMHU KA ITUII OPKAJIU
IUICHKAHUHT JAedOpMallMOH Y3rapullliard OpHeHTalus (paKkTOpUHU aHUKJIAII.
OnTuK Ba MEXaHUK aHU30TPONUsIIAp Y3apo OOFIUKJIUTUHU TaXJIUT KUJTHIIL

Honuemunen naenxa. llladbdod monmeTnneHn mneHkamgaH 3HU [ cm ITHO
tacmMa ([]) xecunaau Ba Maxcyc MOJIAPU3ATCHOH-ONTUK KypuiMmara Kyuumaru
cxema OyinJa moJiIpru3aTCHOH HYP WYHAIMIINTa MEPIICHANKYIISIP BEPTUKAI Tap3aa
Ypaatwiaau (1-pacm). ByHma rokopuagaH Ky3raiMmac KUCKUY (@) OWIaH TUICHKA
TyTHO TypWiaad Ba KyWmmaH wmaxcyc uaum (P) ra kuckud (6) opKaiu
oupukTHpHIaan. Munna qucTuiiaHTal cyB OYiraH rmmiina uauin (/) naH kpaH (k)
oumnuiin Ounan (P) ra cyB okuO Tyima Oolniaian Ba YHUHT Xakmu (B, i)
Maxcyc mkana (c) épaamuaa ynuad oopunagu. CyBHUHT xaxwmu (B) Ba macca (M)

cu TeHrMruaad uaum (P) ma maccacu

A & OIINIIN OWJIaH TJICHKAaHW OMPIIHMK F03acH
> o
- A) (C) ra Ttascup »HTHO nmedopmarvioH
~ 5D
P ;\[vp yy3aaural MexaHuk kyd (@ = me) Ba
> kKywianuil (o = @/C) ByXy/ra Keiau.
T
B D
) A
&) PMK
F~an b y w .
. 1-pacwm. [Inenka yuyH maxcyc

MMOJIAPHU3aIMOH-OIITUK KypHUJIMa YN3MaCHU
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Ynuawnap. Taxpu6banap A = 0,56*10 cM TYIKMH y3YHIUTUIA XC1, JC2 Ba O
HUHT MUKIOpPJApUHU O HHUHT IUJICHKAHW Y3WIIrada OYiAraH MUKIOpUIapU
aUana3oHuJa yiayaml opKand aManra owmupwiaad. Hatwkanap xyduparn 1-
’KaJiBalra KaiJl STHIaau Ba XHUCOOIaHAIH.

1-xanBan. TaaKUKOT HaTHXKalapy Ba yJIAPHUHT XUCOOJIAHUIIIN

o, Ila 0, cCM orcy, © oHC, ° OH OH, 4]

Xuco6or. TanKMKOT HaTHXKajlapu acocHujia MaKpOMOJIEKyJajlap OpHUEHTAIMs
dakropu (0) HU KyunaHull (o) ra OOFIaHUIl rpadurd Ty3WIaId XaMaa Ky4IaHHII

ocTHa KOH()OPMATCUOH Y3rapuiiap MOXUSITH TaXJIUI KWJIMHAIH.

DogaJaHWITaH afaduéTaap.

1. Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction
for beginners. — Wiley-VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim,
Germany, 2013. — P. 322.

2. Mustafa Akay. Introduction to Polymer Science and Technology & Ventus
Publishing ApS, 2012, - P.169.

3. www.mitht.ru/e-library

4. www.crism-prometey.ru

4-amMaTuii MALIFYJIOT
Marepuajuiap FOBAKJIUTHHU COPOIUOH yCYJIIa AHMKJIALI NPUHIUILIAPH

CopOumoH yCyJ MPUHIMIIN CYB OyFIapuHU MaTepuan Tapkuoura auddy3nox
KAupuO OOpWINMHMA HA30paT KWIHINTA acocliaHraH OymmO, yHHWHT €pmammmaa
copOIMoH kapaéH KUHETHKACH, MaTepHaijard FOOAKIAPHUHT YIdaMiiapH,
CONMIITHPMA CHPTH Ba XaKMH KaOW KypcaTruwiap aHWKIaHAAW. AManuid
MaIlIFyJIOTAa Y0y napaMeTpiapHud aMaliiii aHUKJIAIIHUHT aCOCU MPUHUHUILIAPU
Y3IAITUPUIAAN.

Copbenmuune conuwmupma cupmunu xucoonaw. Coporus C-CUMOH
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n3otepMa Owinad TaBcudaHca, copoeHTHUHT conumTupma cuptu (Cen,) Onataa
bpynayep, smmer Ba Temiep TaBcusi 3Tran TeHrinama (kuckada BET ycymucn)
épaamua XxucoOJIaHaIN:

(pi/p1°)/a(l — pilps°) = (1/Cay)+ (C - 1)/Ca,,)](n1/n1°) (¢D)

Oy epna p1 — copOeHT aTpoduaaru 6Yr copOaTHUHI MYyBO3aHATIU OOCUMU; p1° —
TYUUHTaH oyr COpOaTHUHT oocumu; copOcusiIaHran MOJAaHUHT
KOHCEHTPATCHSICH, MO//2; d, — SXJIAT MOHOMOJEKYJSp KaTiaMIard MOJIaHHHT
KOHCEHTpaTtcusicu, mon/e; C — TOuMUM.

YcoOy tenrnamara ounoan (pi/p1°)/a(l — pilpi°) uunr(pi/pi® ra GoFIaHHIIN
TYFpU YU3HUKIM OYnuO, TaHreHc Oypuak OYyilMua OFMIIM K Ba OpAMHATA YKUHU
kecu0 yTranjga xocusl OoyiraH Kecmacu 6 JaH a, Ba C MUKIOpIapUHH XMCOOJIAIT

MYMKUWUH:

ay = 1/(xk + 6) C=(&+06)b (2)
OyHra OMHOaH COPOCHT COJMUIITUPMA CUPTU KyHHaarnia XxucooiaHaau:
Ceon = a N *107, M?/2 (3)

Oy epna Ny = 6,02*10%3 mon! - ABoragpo coHu; @ - OUTTa MOJIEKYJIa Srajularad

103a 0ynn0, y Kyiuaaru TeHriiaMma 6oinda XucooOJiaHaIu:
@ = 4%0,866(M/4(20N 4)V/?)?3 4)

Oy epna M — copOcusnaHaurad MOJIa MOJICKYJIP MAacCacu; O — YHUHT 3UYJIUTH.

Copbenm 208aKiapuHuHe YMyMUll Xaxcmuuu xucobaaw. bup XuHCIH —
IONKAaFOBaKJIM COpPOEHTIAp YMUMHUN FOBAKIAPUHU XAXKMUHU XUCOONAIl Y4YyH
JlyOunuH Ba PamymikeBrud TeHTIIaMacH KyJUTaHHIIA N |

lga = 19(W./B) — 0,435(19(p1°/p1))? (5)

Oy epna B - copbatHu 1 mon xaxmu; W, — FOBaKJIapHUHI YMYMHUH Xa)XMUTa
OYF/IlapHM CYIOKJIWMKKAa aiiaaHu® TYWWHraH XoJaTaaru Xaxkmu; a — copOar
MUKIOpH; b — 1ouMHii.

(5) Tenrmamara 6unoan lga Ba Ig(p1°/p1) 2 GornaHum TYFpH YU3HKIM OYIHO,
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opavHaTa YKWHU Kecwb yTranma xocwn Oonran kecmacu 6 = lg(W,/B) ra TeHr
6ynu0, yana W, - copOEHT FOBaKIAPUHUHT YMYMUN XaKMHU XUCOOJIaHAIH.

Fosaxnap paouycunu xucobnraw ea ouggepenyuanr maxkcumom epaghueunu
(ATT) mysuw. Arap Cgn, Ba W, Mabiiym OVyiica, FOBaKJIap ypraya pajuyCHHHU Djp,
Kyhuaaru udoaa 6yiinya xucobiam MyMKHH:

Dip = (QWo/Ce0,)10% (6)

[lynuHraek, froBakiap paauycuHu (p) aHukiamga KenBuH TeHIJIamacu
KYJUTAaHUJIAIN:
p= ZO'CB/PTlg(nl/nl") (7)

Oy epna o. — copOaTHUHT CUPT TapaHIJIMTH; P — yHUBepcan ra3 poumwuiicu; T —
Xapopar.

Fopaknap xaxxmuau nuddepencran TakCuMOT rpaduHu paguyciap OViinua
TY3UIl YYyH JecopOcus H30TepMacH acoCHJa amaira OLIUPHIMIIN MYMKHH.
Bynunr yuyn necopOcus uzoTepMacu OMp HeuTa MHTEpBaiapra OyaIuHaau Ba Xap
Oup WHTEpBaAl y4YyH JecopOCHsSIaHTaH MOJAAHUHT (Aa) MWIIMMOJIIAPU COHU
Xamjia 1y WHTEpBaJ YeTKU HyKTajJapura MocC KejiraH paguyciap dapku (M1 — r2)

Oyinua ypraua Mukaopu (Iy,) TONUIAIN, STbHU
Fip = (r1—r2)/2 (8)

JecopOcust MUKIOpH 3ca OYFHU CYIOJITHPUIITAH XaKMU AB OYyinda XxucoOnaHa u:
AB = AaB )

(8) Ba (9) acocuna AB/B — Iy, 6ornanui rpapury, sbHu 11 Ty3unaau.

[Tonmumep copOenTinap TacHubaapu Oyitnua 4 Typra OyIuHaIN:
- roBakcu3 copbentnap: C-cumon usorepmanu, W, = 0 Ba Coo, = 1 — 7 M%/2;

- MHKPOFOBAKIH, €EKU OUp KUHCIU-IONKA FOBAKJIM copOeHTiap: [-CUMOH

uszotepmany, Iy, <154 sa W, <15 cn®/z;

- ¥3rapyBuaH FoBakau copdentiap: C-cuMoH uzoTepmany, 15 < p;,< 2000 A, W,
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= 0,8 cm3/2 Ba Ceo, = 700 — 900 m?/2;
- MUKPOFOBAKJIH TIouMep copOentiap: C-cuMoH usotepmanu, 1 <y, <10000 A.

[IyHun TabKUAJIANl KOU3KH, MOJUMEPJIAPHUHT KYWHUMOJEKYJAp OUpUKMaapHU
copOcusialll MEXaHU3MHU JKyJa Mypakkad OymuO, y sxyma kym ¢akTopiapra
oyrmukaup. byHma copbaT Ba MOJMMMEPHUHT TEPMOJAWMHAMUK KUKATIAH
yxmanuura myxumanp. CopOcust skapaéHu Tydailin mojimMep Typid Japaxaja
X@KMUHU Y3rapTupuiid Ba Oy »apa€H Typau MeXaHu3mjap Oyiimda amanra
OIIIMIIIA MYMKHUH.

Xucooor. CopOUMOH mMapaMeTpiapHU aMalvil aHWKJIAIIHUHT aCOCHH
NPUHIUILIAPY Y3IaIITUPUIAAN Ba TYIIYHTUPUIIAIH.

DoiigajaHUITaH aaduérTaap

1. Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction
for beginners. — Wiley-VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim,
Germany, 2013. — P. 322.

2. Mustafa Akay. Introduction to Polymer Science and Technology & Ventus
Publishing ApS, 2012, - P.169.

3. S. Siti Suhaily, H.P.S. Abdul Khalil,W.O. Wan Nadirah and M. Jawaid Bamboo
Based Biocomposites Material,Design and Applications Additional information
is available at the end of the chapter 2013. http://dx.doi.org/10.5772/56057

4. www.crism-prometey.ru

5. www.hanobot.ru

S-aMaJIuii MAIIFYJIOT
HanodpuibTp MaTepuaJIapHUHT cCaMapaAOPJIUTMHA 0axXo/1aml

HanoTtonamum HOTYyKMMa Matepuauiap FoOaKIIapUHUHT HAHOJAMA30H7a
Oymummm, ynap acocuaa HaHOPUIBTpIAP TalEpia UMKOHUATUHA Oepaan. byrnaii
MaTepHalap MyXUM HWKKW KUXaTh OwiaH Oomka GuinsTprapaaH (apkianamu:
OWpUHYWAAH, HAHOYTYAMIIM  3appadajapHd  (UIAbTpIAWIM, WUKKAHYUIAH,
HAHOTOJNAJIADHUHT CUPTHH (daouru xucoOura froBakiap ¢uiIbTpIaHAETraH
MOJIJIaJIapHHA CEJIEKTUB Tap3/la ynurad KOJHII WMKOHHUSATHTA 3ra Oymamau. Yoy
XKapa€Hiiap MalFyJOTAa aMalui Y3IalTUPUIagn.

HaHnoronanapHuHr CyoKIMKIapHd (QUIbTpIALIJArd  camMapagopiIuruHu
aHUKJIAIll Yy4yH MHUKpoOTojajiap OujlaH KHECHMM TakKociall —TaxpuoOanap
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yTKazunarad. byHna Typau KOHIEHTpalUUsId Ty3 MOHJApH yumOy ToJjajap acocuaa
OJIMHTaH HOTYKMMa MaTepualliap OpKaiu (QuiITpiamjga TyTUO KOJMHIaH HOHJap
MUKJOpU aHuKJaHraH. Hatwxkanap ty3nap konuentpauuscu 0,1 % rauva omub
OOpryHya HMOHJapHM TYTHO KOJHMII >Kajdajl Tap3/la aMalra OLIMIIMHH, Ty3Jjap
koHceHtpatcusicu 0,1 % nan xatta OynaraH coxaaa MOHJIAPHU TYTHUO KoJUill OUpO3
CyCalHIINHU KypcaTtrad. byH1a HaHOTOJIAJIM MaTeprag MUKPOTOJIAJIA MaTepUara
HucOatad 1,5 MaprajgaH KyIpoK HOHIApPUHH TYTHO KOJTaH.

gazsimon aralashma

nanotolali filtr X
T =

2]

c 40 - —0— NaCl
> s —A— CuCI2
’ = —0— KSNC

>

= —B— NaCl

c -]

smola = 20 —a— CuClI2

IS —e— KSNC
aspirator 0 4 : : : .
0 0,25 0,5 0,75 1

lonlar konsentratsiyasi, %

1-pacm. HaroduiaeTp yckyHacu unsmacu (a), co-AH Hanoronamm (ox Oenruiu) Ba
MUKpoTOiamu (Kopa Oenrwin) QuiIbTplIapuHU HWOHJIAPHU TYTHO KOJUIITHU

KOOMIUSATHHH KOHIIEHTpAIUATa OOFIMKIUTY Ku€écuit Tax, i (0)

Xucobom. HaHODUIBTPHUHT caMaJOpIUTH CHHAIT HATHKAJIAPH TaXJIWI KHJIHHAIH

doiigaaHNITaH agaduéraap

1. Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction
for beginners. — Wiley-VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim,
Germany, 2013. — P. 322.

2. Feng Kai. In investigation on phase behavior and orientation factor of
electrospun nanofibers. The Uni. of Tennessee, Knoxville (US), 2005. —P. 106.

3. Mustafa Akay. Introduction to Polymer Science and Technology & Ventus
Publishing ApS, 2012, - P.169.

4. www.mitht.ru/e-library

5 www.nanobot.ru
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6-amajauii MalIFyJa0T
HaHokaT/1aMJIM MaTepHAVIAPHUHT YJIeKTPOPU3UK X0ccaaapu

SpUMyTKa3TU4IM METAIOKCUAJIAP aCOCHIA LMIAK/UIAHTUPWITaH HAaHOKATJIaM-
I MAaTEpUAJUIAPHUHT COJIMIITHPMA JJIEKTP YTKAa3yBUAHIMIMHU TYPT 30HIIN
yCyJ/la aHUKJIAIIHUHT TPUHLMITHAT >KUXATIaapu Yinamrtupunaau. Taxpubanap
MaxCcyc WHMFWITaH KypwiMmaZa YTKa3WiaJu Ba TaJKUKOT HaTWKajJapu acocuaa
HAaHOMATEPUATTHUHT DJIEKTP YTKAa3yBUAHIMK KOOMIUATH OaxojaHaIu.

Tasicpuba ycynu.

1234

1-pacM. ApHMITKAITHY MIACTHHACH CHPTHAA 30HITAPHHHT
SROHIAIIHINH,

Xucooom. Taxpuba yCyIWMHM aMaluii KyJUlalll Ba HATWIKATAPHU TaXJIMAJ
NPUHITUTUTAPA TYITYHTHIIA]TH.

doiigajaHuIraH agaduérTaap

1. William D. Callister Jr. Materials Sciences and Engineering. An Introduction.
John Wiley & Sons. Ins. 2007. — P. 975.

2. Richard J. D. Tilley Understanding solids : the science of materials. -John Wiley
& Sons Ltd, 2004. —P. 193.

3. Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction
for beginners. — Wiley-VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim,
Germany, 2013. — P. 322.

4. www.mitht.ru/e-library
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7-aMaJMii MalFyJa0T (Ky4ma)

Hanorosanap mak/UIaH THPUIIHUHT JIEKTPOCIIMHHMHT YCYJIH

Okopu kyunanuim Ttabcupuna QuiabepagaH (aHOJ) YMKAETTaH >PUTMAHU
9KpaHra (KaTol) TOPTWIMIIM Typaliau -SpUTYBUMHU OyFJIaHMO KETUILU Ba
MaKpOMOJIEKYJISIp 3aHXUPJapHU OuUp Oupura OpUEHTAIMOH Ypaiuld KaauHIUTHU
HaHOYJIUamiiapja Oyiran tojanap, sS’ibHU HaHOTOJAJIAp MIAKIUIAHTUPWIAIUA. YOy
amMaiauii MalFylnoTAa Mas3Kyp JKapa€H amaira OLUMPHUIIHUHT [PUHIUIIKAT
KUXATIIApU Y3JIAIITUPUIALN.

Taoxkuxom ycyanapu.

«— Noto'gima material

+

Taglik plastinka

L]

Xuco00T. DIEKTPOCIUHHUHT YCYJIU UIUIAII MPULIMIH TYIIYHTUPUIAIN

doiigagaHuIral agadbuéraap

1. Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction
for beginners. — Wiley-VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim,
Germany, 2013. — P. 322.

2. Feng Kai. In investigation on phase behavior and orientation factor of
electrospun nanofibers. The Uni. of Tennessee, Knoxville (US), 2005. —P. 106.

3. Mustafa Akay. Introduction to Polymer Science and Technology & Ventus
Publishing ApS, 2012, - P.169.

4. www.mitht.ru/e-library

5 www.nanobot.ru
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8-amajamii MamFyJao0T (Kyuma)

Hanoaucnepc TH3HMJIAPHUHT PEOJIOTHK X0CCATAPH

Hanonucnepc Tuszumiap, sbHM TapkuOHJla HAHOYIYaMIIM 3appadajiapu
OynraH KOHIIGHTPJIAaHTaH »JpUTMa €KW TEJIHUHT OKuIuaa JedopMairoHH
y3rapullUlapuHd, S’bHU  PEOJIOTMK  TaBcuuapu, KymiajgaH, d(QexTus
KOBYIIOKJIWUTH Ba KOBYIIOK OKYBYAHJWUTHHUHT (DAOJUIMK SHEPTUsIIApUHU
AQHUKJIAIIHUHT  TPUHIUIUIApY  Y3JalITUPWIaAn. Yoy aMaiuér TaaKUKOTH
“PeotecT-2” Kkypwimacujga €xkd Maxcyc Huruiaran ‘“‘Peomerp” Kypuimacuaa
YTKa3UIaIu.

TagkukoT Kypuimacu. Peorect-2 kypuimacu, S/S; - coakcuan CUITMHAPIIAP
TU3UMU Ba yHHU goumuiicu Z = 8,06 (1-pacm).

Vauamnap. TaxpuGanap |l 6 pexumua CHIDKUII MaiIOHHHH y HUHT 12
XojaTujaa VYTKazunaau. byHaa WHIUKATOp KYpcaTriud a HU MHUKIOPHU Kauj
ATUJIAAN Ba CHJDKUII KYWIAHUIIM O = o*Z JaH aHWKJIaHAIUW xamja l-kaaBanira

KHPpUTHIIAOU.

“Reotest-2”

1-pacm. Peotect-2 Kypuimacu

DOGEKTHB KOBYHIOKIUK epp. = Oy
xucobjlaHaM Ba HaTypan Jjorapudm

(INyepg.) Mukmopu Tonunanu. Taxpubanap
25, 40, 55, 70 °C na yTkaswiaam Ba Xap

XapopaT Y4yH Innepp. HU T ra OOFIMKIMK
rpadurn  Tysmwnagun xamma C — 0
WApPTUAAH Tepyp = 7] MUKAOpHU Tonmnanu. Hatwxkamap acocuna sWipuHr-@peHken
dopmynacu (1) ra 6unoan 7 Hu /T ra OormaHuIn rpadurd Ty3WJIaJd Ba OFHUII
Oypuarumad E, HuU MUKIOpY aHUKJTAHAIH.

Xucodor. Hartwmwkamap acocunma anwkiaanradn E, Hu Mukmopu amaduér

MabJIYMOTJIapu OWJIaH KMECUN TaKKOCTaHAIM Ba YHUHT MOXUSITH TaXJIUJI ATUJIA]IN.

DoiIaTaHUJITAH aTa0uéTiaap
1. William D. Callister Jr. Materials Sciences and Engineering. An Introduction.
John Wiley & Sons. Ins. 2007. — P. 975.
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2. Richard J. D. Tilley Understanding solids : the science of materials. -John Wiley
& Sons Ltd, 2004. —P. 193.

3. Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction
for beginners. — Wiley-VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim,
Germany, 2013. — P. 322.

4. www.mitht.ru/e-library

5 www.nanobot.ru

HA3OPAT CABOJUJIAP:
. MaTtepualiliryHOCIMK HUMa Xakujaaru gpax?
. MarepuanuyHOCIuK OIpeAMETH HUMA?
. HanoMmarepuanuyHoCIMK HUMA?

1

3

4

5. 3aMOHaBUI MaTepUAIITYHOCIUK HUMAJIApHU ¥3 UUura oJiajin?

6. Meran Ba KepaMUK MaTepuauiap TapkuOura HuUManapan uooport?

7. Mertain HaHO3appavyatapHu OapKapopialITHPUILIA HUIMA YIyH Kepak?

8. Kanpmait maTepuamiap “aku’ MaTepuaiiap 1e0 :opuTuiagu’?

9. Kommno3utnap neranja HUIMaHu TyIIyHacU3?

10. INonmumep maTepuaiap Oolika MaTepuaiiapa KaHuai gpapkianaau?

11. DnexTpoHHK MaTepHalIap KaHAal MPUHIMITHAT KUXATIap ora OYIUIIM Kepak?

12. Kepamuk maTepuamiap aCOCUHA HUMaap TalllKWI 3Tajn?

13. Merannap Ha HOMETEMaIT MaTepralliap Typjapu HUManapaap udopar?

14. MeTatapHUHT aCOCUM XyCYyCHUSITIapy Ba MaTepUAIIII YHOCIUKAATH pOIn?

15. MarepuamtapHuHT aMmopd-KpUCTaUT X0JIaTIapy JIeTaHia HUIMaHU TyITyHacu3?

16. dazaBuii quarpamMmanap MaTepUaIlIyHOCIUKIa HUMaHu udomanaian?

17. Kepamuka MaTepUalJIapHUHT I0TYK TOMOHJIApU HUMalapaa akc 31ajau?

18. Kepamuka Ba MeTasu1 apajammMaliapy acoCuia HUMasap IMaKiaHaau?

19. Tlomumeprnap acocua KaHaai Xoccaiu MaTeprajiap makIaHTHpUIaan?

20. Merain Ba MeTaJlI KOTUIIIMAaJap KaHaai ad3auikiapra sra?

21. MeTtannap, KepaMHKa Ba OJMMEpIIap/ia AISKTP YTKa3yBUAHIUKIA KaHaal
amarnra omajau?

22. lumranap Ba yTapHUHT MaTepUANIApUHU XOCcaTapy KaHAai Y3rapTupuIagm?

23. TepMorutactiap HIMa Ba yJap Typura HUMajaap Kupaiu?

24. TlomumepapHUHT TY3WINIIN Ba XOCCAJAPUHHUHT Y3UTa XOC )XUXaTiapyu HuMa?

25. KomMmo3u1inoH MaTeprain Ba KOMITO3UTIAp HAMA?

26. Kommo3uTiiap acocuii Typiiapu Ba WyHaIWIIIapy HUMaapaaH noopar?

27. Tabuwnii KOMITO3UTIIAP KaHAall MUCOJIIAp KEJITHpa oJacu3?
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28. CyHbHi1 Ba CHHTETHK KOMIIO3UIIMOH MaTepralljiap KaHaau maxkmuiaHaamn?

29. Komno3uTnap sipaTUIIHUHT KaHJal GU3UK OMUIIApU MaBXKY1?

30. Kepamuk, MeTam Ba oJMMep KOMIO3UTIAPHUHT NpUHIUNHAT GapKaapu?

31. KotummManap Ba KOMIO3UTIap KaHaau dapkianaau?

32. Komno3utnap dazanapapo dyerapaiap HUMaHU aHTIaTaau?

33. Komno3zutnapaa kommnoHeHTIapapo OoFiap Kail napaxana 6ynanu?

34. Komno3utiap MopQoJIoTHCcH Ba XOoccalapy KaHa O0FauKKa sra?

35. Komnosutnapaa MaTpUIlaHUHT POJIM HUMaAaH uoopar?

36. Apmuprail HUIMaHH aHTJIaTad Ba KOMIIO3UTIIapAa posi KaHaai?

37. Tonanu apMupaniia ToJajJapHUHT KaHJal Typjapyu MaBxy?

38. Kommnosutnapaa HoEO xoccanap KaHjai Oomkapuiaan?

39. Apanamma Ba KoMno3utiaap oupu Oupuaad KaHaa Gapkianaam?

40. DNeKTPOCHUHHUHT YCYJIHJIa HUMaap MaKUIaHTUpUiIaan?

41. Ha"o — KymuMuacu KaHjaii MabHOHU aHTJIaTaau?

42. bank — TeXHOJOTHS HUMA?

43. HanotexHonorust TabpuuUHU aUTUHT?

44, AccembOiep HUMa?

45. OKCuJI CUHTE3JIaHMII KapaEHUHU TYITYHTUPUHT?

46. u-PHK Ba 1- PHKap numa Basudanu 6axapanu?

47. bUpUHYM HAHOTPAH3UCTOP KAYOH SPATUIITaH?

48. CTM HuMma Ba y KaHjaal uiianan?

49. AKM uminamyHu TyIIYHTUPHUHT.

50. V3 — Y3uHM HUFUII HeraHIa HIMAHH TyLTyHAcCH3?

51. dynnepen KauoH kamid >trnran?

52. Hanonaiiua kaHjail Ty3uiaran?3

53. HaHoHaliya KYyJUTaHWIMIINTA MUCOJIJIAP KEJIITUPHUHT.

54. HanorexHomorusiiap KaHjai xatapiap KeITUPUO YNKAPUIITH MyMKUH?

55. PuBokaHraH jaaBiaTiapAa HAaHOTEXHOJIOTHsIIapra KaHaai ybTHoop
oeprMokaa?

56. ApuMyTKa3ru4id HAHOAMOJ Ba HAHOTPAH3UCTOP KaHai uIuiaigu?

57. WuTerpan cxeMa JieraHjla HUIMaHu TYIIyHacu3?

58. Mukpo- HaHOCXeMajap KWIMHUIINIA KaHaali acocuii 0OCKHYIap MaBKy 1 ?

59. MEMC Ba HEMC TexHonorusiiapuHu TYIIyHTUPUO OepuHT?

60. HanoceHcopiapHUHT KaHAai Typiiapu MaBKya?

61. “Axm yaHr” nap Kaepiaapaa KyJIaHuaaam?

62. HaHO3J1eKTpPOHHKA PUBOXIAHUIIWHUHT Y4 ACOCUM WYHAIHUIILIAPU HUMA?
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63. Hano- Ba cnuHTpOHHKA HUMA?

64. HanoMoTopiapHUHT KaHal TypiapuHu Ounacusz?

65. HanocTpykTypanu MaTepuasuiap TEXHOJOTUACH HUMAara acocjianaau’?

66. JlonMuil KywIaHWUII HAHOTOJAJap MAaK/UIaHUIIUAA KaHIal poiab yiHanau?
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V. KEMCJIAP BAHKH

Munu-keiic 1.

«IKcnepm KeHzawiu: UHMUIUW 64 IOKcanuu 2y

Tunrnopunnapuu OWIMMHUHU OaxoJalijia yJlapHU OWIMIIK Tanad STUITaH
MEBEP JapakacuJa CUHOB YyTKaswiaaud. MarepuaimiapHu AXIIW y3JIallTUpraH
THUHTJIOBUMIIAp OaxoJlaHTaH CYHT OJaT[a dpHUINTaH OWIMMIIapH JOMpacuaa TyXTad
KOJIa Ba KYIIMMYa OWJIMHHIIM FOKCAJITUPHINTAa MHTUIMaiau. MaTtepuaniapHu
AXIIN Y3JalTHPpMaral THHTIOBYMIIAp Oaxojall CHHOBHAAH 030/ KWIHILIAPUHU
XOXJIAaWIM Ba YHTa WHTHIAIUIAP, aMMO OMITMMU TUKJIAII HHTUJIMaiIuIap.

Heea 6ynoaii sazusm xyzamunaou? bynu bapmapagh smuwt yuyn y3uHeusHuHe
makaughuHeu3Hu bepune.

Munn-keic 2.

“Komno3uyuon mmepuannapuune cugamuza xicaeoodcap — YaapHUHZ
mapKuoOuii KOMROHEHMAAPUHUNHZ PUUK Xoccanapuoup”

3aBojaya xap Oup mapTusga unuiad YUKapuiIraH KOMITO3UIIMOH MaTepuaiap
cudaru y3rapud Typaau Ba Oy Xon gommui Hazopatna Oymamu. MCudatau
SAXIIWJIANI YYyH TEXHOJOTHK MapaMeTpiapHH KaiWTa TaHall Ba KOMIOHEHTIIIPHU
KailTa CMHOBJAH YTKa3uil Tajnad stunanu. byHmal #ynm TyTHIn 3aBOJHU MabiyM
My[IaaT Tyxratumra cabad oynaumm myMmkuH. lllyHna TeXHUK KeHramn Ba eTakdu
MyTaxaccucjap Ba3UATAaH YMKHO KETHUII YUYyH TYpiu XWiAaru ¥y3 Qukpiapu
owngupaau. OnTuman €4uM TONUINrad YHU aMalira OHIMPUII YYYyH Kapop
KAJTUHAIH.

Heea 6ynoaiti sasusm xyzamunaou? bynu oapmapagh smuw yuyn y3uneusnume
makauguneuznu oepune. Komnosum uwinab uuxapysuunrap Kamoau tya mymuuiu
Kepak?

Munu-keiic 3.

«Hanomamepuannapnunz w0Kopu camapaniu xoccanapea 32a IKAHIUSU
Maviaym, ammo OyHOaul Ky3 Ounam Kypuod Oyamaiouzan mamepuaiilaHuHe
xXoccanapu KaHoail aHukianaou”

MabnyMKH HaHOMaTepuaiap aci YIYaMWUHH SJEKTPOH MHUKPOCKOILIAp
OpKaJIM aHUKJIAIl MyYMKHH. YHUHT XOCCaJapuHU allHaH ya4amMu OOFIUK SKaHIUTH
OTIMII y9yH VyIIa OHama3oHJa XOC TaAKUKOTIap €KW TEKIIMPYBIAp YTKA3HII
no3um Oymamu. Illy OGomc maxcyc cMHOB KynMmanapu kepak Oymamu. Jlekan
HAaHOMAaTepuaiap acocuja MHUKpO- €KM YHIAH KaTTapoK MaTepHuaiuiap
HIAKJUTAHTUPUIICA YJIApPHU XOCCAJIIAPHU aHUKJIAIl MMKOHUATU omanu. bynpgan uyn
TYTWJITaH  aHWKJIAaHraH  XO0cca  HAHO  MaTephanra  TEeTUIUIMMU €K
MHKpOMAaTepHaJITaMH JIeTaH CaBOJI BYKy/ra Keiaan. byHaali MyaMMoIIn Ba3usTHH
OapTtapad >TUI XUIIUNA WIMHUE EHAANTUIITHNA TaKa30 dTaau.

Yuoy myammonu eazuamuu Oapmapagh smuwi O6ytuya 3 QUKPUHSUSHU
ounoupune. Hanomamepuannune noéb xoccanapuru myepuoan myepu aHukiad
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oynaoumu?
OBo3a kuauu - aguupIIan

Acocuii KelicHu uw1ad YyuKuw.

Xap 6up rypyx MUHHUKEHCIApHU HILIA0
YUKUIIIAA aCOCHUM KEWCHH €YMMHHU TOITHII
Oyiinya opumran OwiuMiapu  Oyiinua
y3uHuUHT  Takaupuaun  Oepaau.  ByHHHT
HaTWXkacujga y €Exku Oy Kapop KaOyin
KAJMHAAU EKU XyJlocara KeJIMHaIu.

IV 6ocknu. Pediexcus

«Pegpnexcua casamuy

Tunrnopunnap cuH(-ycTaCUHU WITUHU
Gaxonaiiin. Y3WMHMHT TAaKpHU3MHH MAaxcyc
caBaTra COJIMIIA/IH.

Keiic yTkaszum Oyitnua ymyuit Xynoca
KUJIUHT (2CCECMEHT).
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VI. MYCTAKHWJI TABJIUM MAB3VYJ/IAPU

MyCTaKI/IJ'I HIINHA TAINKWI 3TUINHUHT IHAKJIH Ba Ma3MYHHU

TUHTIIOBUM MYCTaKWI HWIMHA MYyalssH MOJYJIHHU XYCYCHSTIApUHH XucoOra
OJITaH XOJiJia Kyhu1aru makiapaas ¢onaananu0 Taiépianiv TaBCUs dTUIIAU

- MebEpull XyxoKaTiapAaH, YKyB Ba WIMHUN afgabuérnapaad QoiilamaHull
acocuia MOAYJ MaB3yJIApUHU YpraHUIll;

- TapKaTMa Matepuasuiap 0Viinya Mabpy3aiap KUCMUHU Y3IaIlITHPHIIL,

- aBTOMATJIAIITUPUIITAH YPraTyBuM Ba Ha30paT KWIyBUM JacTypliap Owiad
WA,

- Maxcyc amabuérinap Oyiunya monyn OYiaumiapu €Kd MaB3yjlapu YCTHJa
WA,

-TUHTJIOBYMHUHT KacOui Qaonusty OwunaH OOFIMK OYaraH MOy
OynuMIIapy Ba MaB3yJiapHU YyKyp YpraHHIIL.

MycTakui TabJuM MaB3yJdapu
1. 3aMoHaBHil MaTEepUAIIITYHOCIUK TacCHU(DU (KIaccuPpUKaIUICH)
MartepuaiiryHocauK (GU3nKaCHHUHT YCTYBOP Ba UCTUKOOIUTH HYHAIMIIUIAPH.

3amMOHaBUI MaTEPHANIIYHOCIUK/IA UIIFOP PUBOXJIAHUII TEHACHUIUSIIApU

A L

3aMOHaBHIl MaTEepUANIIYHOCIUKHUHT TasHY (aHiIapy Ba YJIapHUHT Oup Oupu
OwaH y3BUM OOFIMKIUTH

o1

MarepuaniyHOCIUK TapuXu: YTMHIIIH, OYTYHHU Ba dpTacHu.

6. MarepuaimapHUHT Maxcyc Ba HOEO Pu3UK Xoccanapu xama yIapHUHT HAMOEH
OYIUIII MPUHITUTUTIAPU

7. Mertamn matepuaiap GU3NKaCcCH Ba yIAPHUHT HHCOHUAT TapaKUETUIATH YPHU
8. MarepuanmyHocnuk pU3MKacH Ba MyXaHIUCITUTUHUHT y3BUUIUTH
9. Kepamuk matepuaniap Gpu3ukacu Ba yJIapHHHT aMaluil axaMHSTIApU

10. TTomumep wmatepuamiap ¢Qu3ukack Ba YHHHT TIOIUMEpiap KUMECH Ba
TeXHOJIOTUsIapu (aniapu OuiaaH OOFIUKIIUTY

11. IMonumep KOMIO3UTIIAP Ba YJIAPHUHT YCTYBOP KUXATIApU

12. MeTami-kepaMuK Ba MOJIMEP-METAIIT KOMIUIEKCIap Ba KOMIIO3HUTIIAP.
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13. Komnosutnapaa marpunanap, TYJIAUPYBUMIap Ba IUIACTU(DUKATOPIAPHUHT
pOJIK Ba yJIApHUHT (DU3UK XOCCaJapHU OOMIKAPUIIT UMKOHUSITIApU

14. Axyutu (Smart) matepuaiap Gu3Mkacu Ba yIapHUHT HOEO KuUXaTiaapu
15. Matepuaniapia XoTupa TYUIyHYacH Ba YHUHT HAMOEH OYJIMII NPUHLIMUILIAPU

16. DnexTpoHMK MaTepHalap Ba  YJIApPHUHT  3aMOHABHM KOMIIBIOTED
TEXHOJIOTUSJUTAPUAArd YPHHU.

17. HanooObexktinap Ba yhnapHUHT (GU3UK TaBcudiIapyd Ba aMaiuil KYJUTaHHII
UMKOHUSATIApH

18. Hano3zappayanap Ba HaHOCTPYKTYpaJApHUHT IIAKUIAHUII yCyJjjapu Ba
HAHOTEXHOJIOTHLIAP.

19.3aMoHaBHMII MaTepUANITYHOCIHKAA HaHO(U3WKAa Ba HAHOMATEPHAIIITYHOCIUK
YpHU Ba UCTUKOOIIIapU

20. Marepuannap MOp¢oJIOTHUSICH Ba YHUHT aMaJIMi aXaMHSITH.

21. Marepuaimap maddodauru, H30TPON Ba AHU3OTPOIUK XOccajgapu Ba
yIapHUHT HAMOEH OVIIHINY PUHITUTLIAPH

22. lOxopu »5rmacTUK MaTepHaylap Ba yJIApHUHT aMaluaATAa KyJJIaHUII
UCTUKOOITapH

23. Ha"oTonanum HOTYKMMa Marepuajiap INAKUIAHWIIA Ba YJIAPHUHT aMaJIdui
KYJUTAaHUII UMKOHUSITIIAPH.

24. KepaMHUK KOMIIO3MUTIAp, yTra 4YuJaMid MaTepuauiap Ba YJIApHUHT HILIa0
YUKAPHII MPUHITUILIAPU Ba UCTUKOOIIapU

25. Hanoymyammum Matepuaiapaa 31eKTpoPU3UK Ba MAarHUTUK XOccalapy HAMOEH
OYIUIIMHUHT y3UTa XOC )KUXATIapH.

26. Pecrybnukamusz/ia xaaan puBOKIaHAETIaH MaTEPUATIIITYHOCIIMK CoXalapu

27. Kyém »suHepruscuman ¢oijgalaHuIga MaTepUANIITYHOCTUK (daHIapu Ba
TEXHOJIOTUSTIAPHUHT UMKOHUSTIApHU. Ky€mr snemenTiapu.

28. buonapyananyBYrH MaTepuaiiap Ba YJIapHUHT TaOUATAard MyXuM YpHH
29. Slaru aBmoa MaTtepuaiap Ba yIapHH SIPATUII UMKOHUSTIAPH

30. Ho€6 matepuasuiap Ba yJIapHUHT KaiTa UIUIANTHUHT HCTUKOOJITN MY IIIapy.
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VII. JIOCCAPUM

Atama V36eKxua Ma3sMyHH WMHrnu3ya MasMyHu
AncopOrust Kartuk marepuan cuptuaa | Bonding of a thin layer of
ra3cMMOH Ba CyIOKJIHMKIap | gaseous or liquid molecules
MoJiekyajgapunu koHTakT | to the surface of a solid or
Oymummmaa GOFIaHUIITN liquid with which they are
in contact.
AJotponus Karruk dasa cuptura The ability of a substance

MOJIJIaHUHT OHpOp Oup
dazana (ra3 €ku
CYIOKJIMKHU ) YUKHIIIH

to exist in more than one
phase in the solid (or
indeed, liquid and gaseous)
state.

AJTIOMUHUI OKCH]T

AnxroMuHUI okcux ned
roputriaaau, Al,Os

Common name for
aluminium oxide, Al,O:s.

Amopd

Hoperynnsip, Taptudeus
KpUCTaJJTAHMaraH KaTTUK
X0J1aT

Without the regular,
ordered structure of
crystalline solids.

AMopd noaumep

Monekysp 3aHXUpIapu
HOPETYILISIP
KOH(opMaIusra sra
OynraH moJuMep

A polymer in which the
molecular chains exist in
the irregular conformation

AHM30TpONUS

N3otpon 6ynmaran, sbHU
TYpJY WyHaIUILIapaa
TYpJI1 XOccanap HaMOEH
KWIAJAUTraH MaTepual

Not isotropic; i.e. having
different properties in
different directions.

AKJUTM Matepuaiap

Tamku MyxuT TabCcupuaa
V3UHUHT MYXUM
XOCCAJIApUHHU, TY3WIHIIH
Ba QYHKIUSICUHH
Y3rapTUPHIIT KOOMIIHSTUTA

The ability of a materials to
exist in more than one
properties, structural and
functional change abilities
in aspects of using their

ara OynraH
MaTepHaIapInup
buomarepuannap Opranu3mra uMIiaTaT The materials are used so
cudaruaa KyuiaHaIurad implant in organism
MaTepuaiap.
buonapuananysuan | TaOGuwuii ;xapaéunap Ba A polymer which degrades
(Omomerpamamyion) | bakTepusiap TabCUPHIA over time through the
OJIUMED MabJIyM BakT JJaBOMHUA action of bacteria and
napyajiaHajuran nojumep | hatural processes.
ATomiapHu OMp OMpPUHU As applied to atoms, the
bor TyTHO TypYIITHH mechanism by which two

MEXaHu3MH OoFaup. by
MEXaHHM3M XaMMa BakT

(or more) atoms are held
together. The mechanism is
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IIEKTPOHIIAD
TabCUPJIALLINII )KapaCHUra
acocyaHranxup. bormap
KOBAJICHT, HOH, METAJIJI Ba
BaHJiepBaaJibc OOFIapu
TypJapura OyJIuHaIu.

always reliant on some
electron process. Common
types include covalent,
lonic, metallic and van der
Waals.

HecopOrus Monekynanapu oupukkan | Breaking of the bond
TH3UMJIa KaTTUK Ba CYIOK holding molecules to the
(bB3amapHU AXKPATHIIN. surface of a solid or liquid.
3aMOHaBHiA 3aMoHaBHit UIILTA0 The modern direction of
MaTePUANIITYHOCIHUK | YUKAPUIIHUHT MabIyM material sciences which
hanu HIapouTIapUIa hold the aspects of
UIILIafIurad KOHKPET production any materials
MaxCyJI0Tiap y4yH and goods by rational
Matepuauiapau pamuonan | choosing of their tasks and
tanain Basugpacuuu eunin | problems desolutions
YUYYH XH3MaT KAJIaIu
Wxxunamau MatepuaaTHHUHT MEXaHUK Mechanical deformation of
naehopmansutanunn | aeopmanuscuaa a material induces strain in
MaTepua 4y3HUIHITHHHA the material.
HaMOEH OVITHIIIH.
Kap6un Yraepos Ba OupoH oup A compound of carbon and
METaJlT aCOCUIaru one or more metals.
KaMIIOYH]T MaTepHaJ
Kepamuka Opnatuii noH OOFIIH A predominantly ionic
MaTepuaJ, MeTall bonded material made up of
aHHOHJIAp Ba METALIIMAC metallic anions and non-
KaTHOHJIAp acoCH/Ia metallic cations.
oynanu.
Kepamuk Tapkubuna metamt Ba The nonorganic materials
MaTepuaiap HOMETAJIJT DJIEMEHTIIap are formed after chemical
y3apo kumépnii Ompukkan | bonds metals and
X0J1Jja MaKIaHraH nonmetals in the volume of
HOOPTAHHUK MaTepUATIUD materials
Kommonenrt NuauBuanyan KUMEBHMA The individual chemical
(KOHIIMTEHT) cyOTaHIUA (DIIEMEHT EKH substances (elements or
KYyIIMM4a), KOTUIIIMara compounds) present in an
KYIIIaay. Y TIepoin alloy system. The
nmyJaTiap KOMIIOHEHTIapu | components in carbon steel
Fe Ba C. bponzana Cu Ba are Fe and C. In bronze
Sn. they are Cu and Sn.
Kpucramn Kpucramn taprubim A crystal consists of

Ty3uJiuuIra 3ra Oup €ku
HEeYa XWJI aToMJIap TyTraH

identical structural units,
consisting of one or more
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Oupukma, pazoBuit
acoCHUIa NyHanuuiapu
perysuIsp )KounamraH

atoms, which are regularly
arranged with respect to
each other in space

Kpucramnanum Kpucramnanum sputmanap | Crystallization occurs when
COBYTHJIMIIIUJIA aMaJIra a saturated solution is
OIIAJIH. cooled.

Kpucrannorpadus Kpucrannap ¢usukacu, Crystal’s physics, study of

KPUCTAJT CTPYKTYpaH!

yprasuii, Kpucrasiap
nedexTIapuHu aHUKJIalll Ba

X.K.

crystalline structure,
defects of crystals and other

Kpucrann Hykconu

Kpucrann nanxkapa
TY3WIHIIHA HOMYKaMMaJl
IIAKJUTAHUIITN HYKCOH
XUCOOJIaHaIH.

A defect can be any
imperfection in the lattice
structure of a crystal

Marpuna Kommnosut kommonent Ba | The component of a
YHHMHT acocuaup. Macainan, | composite material in
Tojanap yHaa sxoinamaau | Which the fibres are
embedded.
Matepuanmynocnuk | Kartuk matepuamnapaunar | The study of the properties

€KU MaTepuaiap
xakunaaru pax

xoccajapu Ba Oy xoccaiap
KaHIan Knino
KOMITO3UIIMOH MaTepHall Ba
CTPYKTPACHUHU YpraHaiu.

of solid materials and how
those properties are

determined by a material's
composition and structure.

MarepuaniyHOCIuK
npeaMeTu

MarepuamiapHuHT
TY3WIHIIH, SHTUJIAPUHU
ApaTUII TPUHIUILIAPU Ba
TEXHOJIOTUSITIAPUHU UIIa0
YUKHII XaMJ1a KYJJTaHUIT
coxXaJlapuHHU OeJTruialIan
ubopaTaup.

The subject is consist about
of structure, carried out
new principles and
technology of materials and
fount out the applications
fields of materials

MeTtai CHIINKIIAII

MeramiHy makUTaHTHPHUII
omepanuscu 6ynub, meTann
3appavanapu OuiiaH cupTra
UIIIOB OepUiIajIu.

A metal-forming operation
in which a piece of metal is
pulled through a die in
order to reduce the cross-
section.,

Meramryprus Typnu MeTamIapHUHT A study of properties of
(METaNmIIyHOCIIHK) XOCCaJApUHH YPTaHUII different materials
Hanomarepuamnap Viuamu Hanonuanazonaa | Nanosize materials with are

OynraH Ba 11y yadamra Xoc
HOEO Ba Maxcyc
XOCCAJIapHU HAMOEH
KWINJIaraH MaTepuasiap

TypHP

carrying out the original
and specifically properties
in using the materials in
different fields
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[Tomumep MakpomoIeKysip The materials are forming

MaTepuasiap TY3HWJIMIITa 3Ta on the base of
OMpHUKMaap acocuaa macromolecular structured
IHIaKJIaHraH compounds
MaTepuaIapaup.

CyIOKJIaHHII Kartuk xoiaTnaH CyroK The temperature at which a

XapopaTu X0J1aTra YTUII XapopaTu solid starts to transform to

the liquid state.

Yraepon tosanap

OHT SIXIIH yTIEepOL
ToJsanap
nosmmakpunonuTpui (ITAH)
acocuna onuHaau. by [TAH
HUHT UCCUKJIMK TabCUPU]IA
rpaduT xonaTura
YTULIUUD.

The best carbon fibres are
prepared from
polyacrylonitrile (PAN).
PAN is converted into
graphite through a
sequence of carefully
controlled heat treatment
operations.

Yysan

Tapkubuna 2-4 % yraepon
TyTTaH TEMUD.

Iron containing 2-4%
carbon.

[HIuma Toa

Iuma acocupgaru Toja
OYu0, MIIaCTUKCUMOH
Tabuartra sra

By far the most widely
used fibre reinforcement
for plastics

DnacTuk MaTepuasTHUHT TaIIK{ Change in shape of a

nedopmarius TabCHUp OCTUAA uy3miuiny | material subject to an
Ba Tabcup onub Tamanrad | applied stress in which the
nactinabku xomatura Kaira | initial shape is completely
TUKJIAHHMII jKapacHu recoverable with negligible

time delay when the stress
Is removed.

DnekTpokepamuika | KepamukanuHr A ceramic that is used for
DIIEKTPOHUKAIA an electronics application.
Kyanumuy. by marepman | The most common use is
Ky XoJapaa for the dielectric of
TURJIEKTPHUKIIAp cudaTuma | capacitors.

KYJUTAaHUJIA]IH.

[lemeHnT by atama xoTupyBuH Eku A term used to describe any
¢numTupyBYn MabHOcHTa | binding agent or adhesive.
ora. [lemeHT acnuna Cement is used as the
KOTUpYBYH cudaruga binding agent for concrete,
UnuIaTuiIaan. Y cyB and hardens as it slowly
TabCHPHUJIA YTa TE3 KOTaaM. | reacts with water.

[lemenTnamran Temup yriepon oupukma, | Iron carbide, FesC. Harder

FesC. ®epputnan
KAaTTUKPOK Ba MyCTaxKaMm,
aMMO KyMuIManu

and stronger than ferrite,
but not as malleable.
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Ky HypHu cuHnmm

Ky nHypHu cunnmm
Marepuaiiad EpyrinK
HYpH YTHUILNJA UKKUTA
axpanub cuHumuaup. by
ekt yTaétraH HypHUHT
KyTOJIaHUII XOJaTUHU
Y3rapyiu Xamaup.

A material is birefringent if
a ray of light passing
through it experiences two
refractive indices. The
effect of this is to change
the polarization state of the
transmitted light.
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ACCUCMEHT TOIIIIUPUKJIAPU

TECT CABOJUIAPH

(M30x — TyrpH kaBo01ap A BapuaHT)

Ne CABOIJ1 A b C a
MeTann, HomeTann,
OpraHuK
Hbupukmanap Ba
nonumepnap
acocuparu
MaTepuannapHuHr
xocca Ba
XycycuaTtnapm
xamga ynapHuHr
ONMHULL,
CTPYKTYypaBui MaTtepuaniwyHocnu MatepwuaniyHocnu
LaKnnaHuL, K- Oy K CaHoaT Ba KULLIFIOK
Tabcupnawmw Ba MaTepuannapHuHr XY>Kanuk
napyanaHui 3aMOHaBwui MatepuaniwyHocnu | maxcynoTnapvHu
MatepuaniwyHocnuk KOHYHUATAapu TexHornsnapm K HaHom3nkara apaTunuwm
1 | HumMa xakugarn danH? xakuaarm daHgmp. xakuagarm an? acocnaHraH caH? xakmgarn an?
MaTtepuannapHuHr
TY3UIULLMHK
ypraHuu,
SHMMNapUHA
spaTuLL MatepuannapHuHr | MaTtepuannapHudr | MatepuannapHuUHr
npuHUMNapu Ba Ty3unuwim, nwnab mwnab TabmaTuHm
TEXHONOMUANAaPUHA | YNKapUIMLLIN, Ynkapunuwnga ypraHuil, ynapHu
nwnaod YmKmLL MOHMWTOPWHIU, Tabumn nwnab Ymkapum
xamaa KynnaHuw coTUNULLIM Ba pecypcrapgaH YYyH XOM-aLlé Ba
coxanapuHu 3KONOrMACK donganaHuHmn MyTaxaccucrnapHu
oenrvnaw ypraHuL 6enrvnaw Tanépnab 6epuwl
MaTepuanwyHOCIVK | MaTepuanilyHOCIMK | MaTepuaniiyHoCny | maTtepuanilyHOCHMK
MatepuaniwyHocnuk daHNHNHI daHNHNHI K dbaHUHUHT aHNHNHI
2 | npeameTy HUMma? npeameTnamp. npeameTmuamp. npeamMeTuamp. npegmeTuaup.
dyHgameHTan
doaHNapHUHT SIHMK
oynumnapuHm 3amoHaBun
TylyHUWwra 3amoHaBui 3amoHaBun MaTepuaniyHOCnK
3amoHaBun acocnaHra, MaTepuanwyHOCNuK | MaTepuarniyHoCcnu | ep pecypcnapu
MaTepuanwyHOCIuK MaTepuanapHuHr dakaT Tabuun K UnfFop Tabuatura OoFNuK
HUMarnapHu y3 ndura CTPYKTYypaBuii draHnapHu y3 uuura | TexHonoruanapHu XapaéHnapHu y3
3 | onagn? WaKnnaHTMpuLWKn Ba | onagu Y3 ndura onagw. nyura onagm
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napyanaHuiuu,
Taxnunu Ba
AunarHocTukacu,
YHra KoMnbtoTep
MoAennalTUpULLIHA
Kynnaww kabu ynkaH
dunumnap
MacCUBMHM Y3
nyura onaaw.

HaHoTexHONOrMAHUHT
3aMUPUHN HUMa

Talwkun atagn? Tabnum TapgkukoT 3KcnepuMeHT MogennawTnpuw
HaHoTexHomnornsiHun
HF acocumn
dusumka, Kume, HaHoTexHonormaHn | HaHOTEXHONMOMMSAHU | UNAU3NHK
HaHoTexHONOrMsaHuUHr Ovonorus, amanun HI acocumn HI acocumn nKTMcoaun Ba
acocuin MnauMsnHn MaTemaTuKa, UNau3uHW Tabumi MNAN3NHU 3KOSOMMK
HUManap TawKun axbopoT pecypcnap Tawkun | pobotexHukanap Macananap TawKun
ataaun? TEXHONOrnscn aTtagu? TalKuUn aTaan 3Tagu
HaHomatepuannap,
HaHOBMOTEXHOMNOM
anap, HAaHOTUBOKMET,
HaHO3NEKTPOHUKA,
HaHO3HepreTuka,
HaHO3KoMorns, HaHoTexHonormsHm
LUYHUHTOEK, HaHoTexHonorMaHn | Hrxxagan HaHoTexHonormsHu
aBmauus, Hr >kagan pPUBOXNAHaETraH Hr XXagan
KOCMOHaBTMKa, pUBOXNaHaETrax acocumn pUBOXaHaETraH
HaHOTeXHONOrnsHUHP Mygodpa yuyH acocumn nyHanuwnapu acocun
Xapan Maxcyc nyHanvwnapu Mygodpaa u nyHanuwnapwm
puBOXNaHaéTraH HaHOTM3UMMap kabu | KoCMaHaBTUKa xaBdhCU3NuK TMOOMET
acocun nyHanuwnapu? | nyHanuwnap. coxacugmp coxacugup coxanapuaup.
3amoHaBun
WKTUCOANETHUHT FOKOPU
TEXHOSOIMK HaHo-, 6uo-, HKOkopw onepaumoH | EHrun Ba ofup
CEKTOPUHMHI aCOCUHU MHopMm- Ba WMKOHUSITIApra ara | caHOaTHUHT

HUManap TaLlKkun KOTHWUTWB (CMHOB) poboToTexHonornms | amangarn unrop KomnbloTep Ba
atagun? TexHonorusnap nap TexHonornsanapu GuoTexHomnorusnap
3amoHaBun 3amoHaBuI 3amoHaBuI 3amoHaBun
WKTUCOANETHUHT FOKOPU UKTUCOANETHUHI UKTUCOANETHUHI MKTUCOOUETHUHT
TEXHOIOMK dyHoameHTan FOKOPU TEXHOMOMMK | HOKOPY TEXHOMOIMK | HOKOPM TEXHOMOIUK
CEKTOPUHUHT daHnap, TablMM Ba | CEKTOPUHUHT CEKTOPUHUHT CEKTOPUHUHT
pUBOXNaHULLN Maopud, UHHABMOH | PUBOXMAHWULLIN PUBOXKITAHULLIN XOM- | PUBOXKNAHULLN
HUManapHu TexHonorusnap Ba Haszapwuii aweé pecypcrapura | myTtaxaccucnap
xaMxuxatnurura Oun3Hec. ounumnapra 6ofnuK | 6oFnnK xamkuxatnurura
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Oofnuk? OoFnUK
MpuHUMNUWan aHrn
TexHonorusinap,
Maxcynotnap
spaTunmLn,
3HEpPrUst Xaxmu Ba
Tabunii pecypcnap
capdnaHnLWnHKn HaHoTexHonornsiHu
KECKUH KamanuLiu; HaHoTexHonorusiin | Hr acp3annuknapm
WXTUMOWN- HaHoTexHonoruaHu | Hr acdh3annuknapum WKTUCOANETHUHT
HaHOTEXHONMOMMSHUHT | UKTUCOANIA Hr adp3annuknapmu 3KONOTMK X0NaTHM Xagan
adp3annuknapu PUBOXNMaHULLHN pecypcriapHi kam AXLWUNALWNLLIN PUBOXNaHULLIN
HUManapga HamoéH owmwmnaa HamoéH capdnaHvwmnga 6unaH HaMoéH 6unaH HaMoéH
9 | 6ynaan? 6ynagw. HaMoéH 6ynagu 6ynagn 6ynagn?
ATpod MyxuT -
SAXLLIUMAHULLN EKN HaHoTtexHonornaHn | HaHoTtexHonornsaHm
€MOoHNaLLMLLIN HF HOAHWK HI HOAHWK
MYMKWH; B1o3aTunka; | coxanapu Ba coxanapu Ba
HaHoMaTepuannapg | Mmyammonapu Myammornapu unm- | HaHotexHomnornsiHm
aH donganaHuLl HaHoTexHonornsna | ¢aH Ba HI HO@HWK coxanapu
yerapacwu, PHW TYFPU TaLLKUI TexHonorusnap Ba Myammonapm
Dapkapop 3TMacnvK Ba ypTracuaa KeCKuH acocaH UnMun
HaHOTEeXHONOMMSAHUHT pyBOXNaHWLL TYLIYHMaCIMK dapknap Byxyara MyTaxaccucnapHu
HOAHWK coxanapu Ba AXTUMOSNATH 6unaH 6ofnuK Kenuww éunaH Manakacura 6ofnuk
10 | myammonapu? aHunKmac. oynagw. 6ofnuk 6ynaawn. 6ynagu.
ConuwTtnpma
CUPTWHM KaTTanurun
Monumep Ba Maxcyc hunsmnk Buonoruk
HaHoMaTepuan ogguMn | xoccanaphm daonnurn Ba
MaTepuannapnaH HaMOEH bINNNLLIN ynyamnapu 6unaH AHM30TPONUK
Huma GunaH dapk ounaH KECKMH xoccanapv bunaH dapkuHM aHMKNab
11 | kunagn? dapknaHagu. dapknaHagu dapknaHagu 6ynmangm
AHrM gmnarHocTmka
Ba 9KCMNEPUMEHT
BOCHTanapu
(anekTpoH
MMKpOCKOM), hrank
ycnybnap Ba
mMogernnap (KBaHT-
MEXaHWUK), Ty3uInLL
Ba XoccanapHu HaHo3appayanap HaHo3zappayanap HaHo3zappayvanap
MogernnawTupumL Ba Ba Ba
HaHosappauanap Ba YYyH HaHOCTPYKTypanap | HaHOCTPyKTyparnap | HaHOCTpyKTypanap
HaHOCTPYKTypanap CynepKoOMMbIOTEP, OvnaH vwnaw yyyH | 6unaH vwnaw yyyH | 6vunaH vwmnaw yyyH
OunaH nwnaw yyyH IOKOpU Manakara dakaT aneKTpoH acocaH Hasapun acocaH KoMmnbloTep
acocaH HMMarnap Kepak | ara Mytaxaccucrnap | MUKpPOCKON Kepak ounumnap kepak TexHonoruanapu
12 | 6ynagn? Ba LL.K. Oynagn? oynagn? Kepak oynagu
Metann (nynat) Ba | 3amoHaBun 3amoHaBun 3amoHaBun
3amoHaBun KoTuIMa MaTepuannap mMaTepuannap mMaTepuannap
MaTepuannap nwnab MaTepuannap nwnab Yvkapvwgga | vwnabd uvkapvwga | vwnab ymkapuwga
ymKapuwga KkaHgam ynyum Tabummn Xe4 KaHgam siHIm éroyaaH
aHbaHa Kamanmokaa, pecypcrapgaH aHbaHa donganaHunMaant
13 | kysaTnnmokga? nonvmepnap, nesapnu Ky3aTtunMmasanTu. n.
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KoMnosutnap,
Kepamuk Ba

ovomarepuannap
ynyLu oLMoKaa.

donganaHnnmMasnT
Wn.

OOBEKTHUHT XeY
6ynmaraHga 6up

Bapya kypuHmac

KaHngaih obbektnap ynyamu Kybuk obbektnap Cdbepuk obbekTnap | obbekTnap
HaHomaTepuannap HaHoamanasoHaa HaHOMaTepuannap | HaHoMaTepvannap | HaHoMaTepuvannap
14 | cuHdura ongamp? bynca. CuHdura ongamp cuHdura ongamp. cuvHdura ongaup.
HaHosappavanap; HaHomatepuannap | HaHomartepuannap
HaHoKaTnamnap, HWUHT LWapTnu HWHT LIapTn Hon-ynyamnnm
HaHocupTnap Ba OynuHraH y4 OYnuHraH yu HaHomaTepuannap,
HaHomaTtepuannapHuH | HaHoMNMeHkanap; CcuHdUra KyéL CcvHdUra NUTUA-UOH | MeTanmn uoHnapw,
I WapTim GYnUHraH yd | XaxMui anemeHTnapw, 6atepusnap, paguaumnoH daon
CUHUra HUManap HaHOCTPYKTypanu HaHocunvkaTnap, HaHoTonanap, anemeHTnap
15 | kupagn? MaTtepwannap. OHK Ba PHK. Knacrepnap. Knpagw.
HaHomatepuannap
HaHomatepuannap | ynyamnapu 6yiuda | HaHomaTtepuannap
ynyamnapw 6yinya | 6uonoruk caon, ynyamnapwu 6yivya
HaHomaTtepuannap Hon-ynyamnu; 6up | ogavn Ba Mypakkab | Hentpan, KyouK, cdepuk,
ynyamnapu bynnya yn4yamnu; UKKu Tapkmonu BuonapyanaHyByaH | LMUIUHOPWK LLAKNN
KaHgam rypyxnapra ynyamnu; yy rypyxnapra rypyxnapra rypyxnapra
16 | axpaTtunaan? ynyamnu. axparunagm axpaTtunagw. axpaTtunagw.
Hon-ynuamnu Hon-ynuyamnu
HaHomaTepuannapr | Hon-ynyamnu HaHoMmaTtepuannapr
Hon-ynuyamnu HaHosappavanap, a acocaH KBaHT HaHomaTepuannapr | a
HaHOMaTepuannapra KBaHT HyKTanap, anemMeHTnap a dakar rnobynsap Mukpodmbpunnana
17 | Humanap kupagu? Knactepnap Knpagm okcunnap kmpagm p Kupagw.
Bup ynuamnu Bup ynuamnu Bup ynuamnu
Bup ynuamnu HaHoHawnnap HaHOMaTepuannapr | HaHomaTepuannapr | HaHomartepwannapr
HaHOMaTepuannapra (HaHOTpyOKanap), a rypyxura a rypyxura a rypyxura
rypyxura Humanap HaHoTOnanap, MupoTonanap KpucTtann rmgposonnap
18 | kupagn? Makpomorekynanap | kmpagu. AYerikanap Kmpagu. | kmpagw.
Wkkn ynyamnm HaHonneHkanap, Ukkn ynuamnm Ukkn ynuamnm Ukkn ynuamnm
HaHoMaTepuannap MyfbTUHaHOKaTNaM | HaHOMaTepuannap | HaHoMaTepuanmnap | HaHoMaTepuannap
rypyxura Humanap nap, rypyxura HaHoKyobuk | rypyxura kapboHaT | rypyxura O30H
20 | knupagu? HaHoMeMOpaHanap. | Kupagu. aHrMapva kmpagw. Knpagu.
Y4 ynyamnm
Yy ynuamnum HaHoMaTepuannap Xyxanpanap,
HaHoMaTepuannap HaHoroBaknap; rypyxura Kyé Aspo3onb, depmeHTnap,
rypyxura Humanap HaHOKOMMO3WUTNap, | anemeHTnapu rmaposonb, Mukpodpmbpunnana
21 | knpagun? HaHOCYIOKMKNap. Knpagu. rmgporesb p
MoHokpucTtann,
nonun(MMKpO )KkpucTa
nn, HaHokpuctann, | Opgown, yptada Amopd, kpuctann-
HaHomatepuannap amopd, Mypakkab, amopd, amop-
CTPYKTYpacu KaHgan HaAHOKOMMO3WNLUWMOH, | Mypakkab, yTa MeTtann, cunukar, KpucTtann,
22 | rypyxnapra 6ynuHagun? | geHgpumep. Mypakkab. nonvMMep, Kepammka | Kkpucrann.
HaHomeTapuannap
onvw Gupnamuu,
HaHomeTapuannap | vkkunamym Ba Acocui, Kymmya,
HaHomeTapuannap onuw opaun Ba yunamnm Maxcyc, HOED
onuvw TexHonoruanapu | ®dusmkasunm, FOKOPU TEXHOIOMMK | TEXHOMOIMK TEXHOJTOTUK
KaHgam rypyxnapra KUMEBUN, rypyxnapra rypyxnapra rypyxnapra
23 | 6ynuHagn? OunoknmeBni oynuHagw. 6ynuHagw. oynuHagw.
Ynuamm 6up dnsnkasun
HaHOMeETp Ba yHAaH | PusnkaBun mMaTepuaniwyHocnm
durankasmn KUYMKPOK MaTepuanwyHocnu | kga knactepnap Knactepnap
MaTepuanwyHocnvkaa | 3appadanap KOa kractepnap ynyamu 103 ynyamm MUKpo
Knactepnap kangan Knactepnap HaHOYM4YamIu HaHOMeTpAa Kam ananasoHga
24 | ynyamnapga 6ynagu? | xucobnaHagw. oynmanaw. oynmangw. oynagw.
25 | HaHomaTepumanwyHocn | AHbaHaBun HaHomatepuanwyH | HaHomatepuanwyH | Ky3 6unaH kypub
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WKHUHI acocui mMarepuaniapHuHr OCMNUKHUHI acocun OCMNUKHUHI acoCcum 6ynmavguraH
Makcaau HUManapgaaH | TaBcudniapyHmn Makcaau 603op Makcaau aHeprus coxaga TMbounéT
nbopat? axwunay; YUYYH SHIA Ba XOM-aLLENapHM Y4YyH Maxcyc Ba

HaHOTEXHomorusna | maTepuannap TexaraH xonga HOED maTepuannap

p acocuga nwnab mMaTepuannap apatvw .

NPUYHUMNMan sHru, YnKapuwgaH apaTiwanp.

HOED TaBcmdnu, nboparamp.

unrapm

KysaTunmaraH

xocca Ba

PYHKUMANN

MaTepuannap

sipaTuL.

Monekynsp- Makpomonekynsp-
MatepuaniwyHocnvkga | gucnepc, konnoua- aucnepc,
aucnepc TMaumMnap aucnepc, .1onka- Monugucnepc, KOnka ancnepc, paguaLumoH-
KaHgan rypyxnapra aucnepc, Kynor- ynbTpagucnepc, MUKpO- Ba aucnepc, onTuk-

26 | 6ynuHagn? aucnepc. MoHoZmcnepc. Makpogucnepc. aucnepc.
HaHosappavanap Matpuua, Cdpepuik,
ynuamu 6ynnya kaHgam | YneTpagucnepc, Bup dasanu, ukkn TYnaupysun, punbpunnsp,
aucnepc rypyxnapra IOKOpYM gucnepc, chaszanu Ba kyn apMupnoBYm, namennsp,

27 | axpatunagu? Kynon gucnepc. dasanu toMLIaTyBYM. POMBCUMOH.
Konnowa-gucnepc BuonapyanaHyeyaH | HaHokomnnekcnap,
TU3WUM Fypyxura kaHgam | YnbTpagucnepc Ba , Briobapkapop, MUKpoKoMIekcnap,
HaHOo3appavanap HOKOpY ancnepc daon, HenTpanb, 6uodhaon, cunpT daon

28 | kupagu? 3appavanap. Maxcyc, HOED. BuoHenTpansb. Komnnekcnap.

Monekynsap gacrta,

KaToasim CouMnuLL,

3apbanu Aspo3sonb

TYnKuHNap, Monekynsp gacra, LLIAKIaHTUPULL
HaHosappavanap aspo30sib ycynu, BMEKTPOCMINHHWHT, ycynu, MexaHoknme,
LWaKNNaHTUPULLHWUHT nacTt xapapoTtnu WOH-NMNasma, nasep | 9MeKTPOCMUHHMHT, TEPMUK OEeCTPYKUUS,
3HI MyXUM pr3unK nnasma, TEXHONOMUSACH, Kucnotanm 3NeKTponus,

29 | ycynnapw kamcm? aucneprupnaltw. OTOCHHTES. rmgponms. OGMoCKHTES.

MapyanaHuu,

apuTMaga

TUKMNaHWLL, KUMEBMUN

NNFNLL,

KPUOKUMEBWI
HaHosappavanap CUHTES, Nwikopuii rugponus, | OKcTpakums, Heauetnnnauus,
LWaKNNaHTUPULLHWUHT 3NEKTPOKUMEBMN aBTOKNas, nMponus, Koarynauus,
3HI MYXUM KUMEBUIN CUHTES, OMOKMMEBWI CMHTE3 | aBTOKaTanus, AeMuHepunauus,

30 | ycynnapv kanicu? NAasMoKUME. Ba KaTanus dpakums JeHaTtypauus.

"BYF-CYIOKIUK-

KaTTUK XXncm", HaHo3appavanapHu
HaHosappauanapHuHr | "CyloKNUK-KaTTuK HIr WaknnaHwmaa Kumésui Ba HaHo3appadanapHu
Laknnaxsmwunaa Xncm", "OyF- KaTTuK | BUpUHYKM Typ dumsnkaBsun Hr LWaknnaHuwmga
kaHgan basasunmn Xncm", "KaTTuK daszaBui ¢azaBui ¢azaBui
y3rapuvwnap XKUCM - KaTTUK yarapuvwnap y3rapuwinap y3rapuwinap

31 | kysatunagu? Xncm". Ky3atunagw. Ky3atunagu. Ky3aTub 6ynmangu.

Bakyympaa tokopu

xapopart Tabcvpuaa

MaHbagaH y4unb

yYMKaguraH aTtom Ba KOkopu xapopaTt

Morekynanap kv Bakyympaa tokopu Tabcupvga Bakyympa tokopu

yNapHWUHP xapopart Tabcupuga | maHbagaH yumob xapopart Tabcmpuaa

KnacTtepnapu MaHbagaH y4nb ymnKkaguraH mMaHbagaH yund

MaxcyC MUFUIraH yYMKaguraH atom Ba | Morekynanap YynkaguraH atomnap
HaHosappavanap Tarnukga Morekynanap TEPMUK CUHTE3 aTmocdepaga
LWaKNIaHWULVHUHT KOHOEHcauusinaHm aTmocdepara oynuwn MOJEKYNsip Knactep
MOJeKynsap gacta Wwu1 acocmga YMKULLIM BunaH HaTwkacuga Ba
yCynuv Humara HaHopasappaya Ba | HAHOCTPYKTyparnap | HaHOCTpyKTyparnap | HaHo3appadanapra

32 | acocnaHraH? CTpyKTypanap LWaKnnaHTMpaau. LaKknnaHagw. annaHagw.
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33

34

35

MeTtann
HaHo3appa4danap
onuwiaa Kamcum
ycynnap camapagop
xucobnaHaan?

MeTtann
HaHo3appavanapHu
OJTULLHUHI KUMEBUI
yCynu Humara
acocrnaHran?

HaHosappavanapHu
LaKNNaHTUPULLIHUHT
3NEKTPOKUMEBUN YCYNN
HMMara acocrnaHraH?

LaknnaHaau.

Metann
HaHo3appavanap
onuLIAa MexaHuK
Ba ynbTpaToBYLL
aucnepraums
ycynnapu
camapanuaup.
Metann
HaHo3apavanapHu
LaKnnaHuwm
KUMEBWIA yCynu
mMeTann
BupurkmanapHm
Typnu
ctabunusartopnap
époamnaa
TUKNaHWLWmra
acocnaHraH.
Oputma (ékn
cytontma)
Tapkubugaru
WOHMapHu
anekTpoanap
cupTnga
HaHo3appayanap
oynub
TUKNaHuwura
acocnaHraH.

MeTtann
HaHo3appayvanap
onuLIAa peorormk
ycynnap camapanu
xucobnaHaou.

MeTann
HaHo3apavanapHu
LaKnnaHuLwmn
KUMEBUI yCynu
meTann
BupurkmanapHm
YyKTUpPUG onuwra
acocnaHraH.
Oputma (ékn
cytontma)
Tapkmubugaru
NOHNapHU
anekTpoanap
cvpTmaa
HaHo3appavanap
oynub
okcuanaHvwmra
acocnaHraH.
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MeTtann
HaHo3appadanap
onuwpaa
MeXaHOKUMEBUMN
ycynnap
camapagop
xucobnaHaau

MeTann
HaHO3apavanapHu
LUAKIMaHWLLM
KMMEBUI yCynu
meTann
BupukmanapHu
unbTpnaLl opkanm
axpaTtnd onuwra
acocnaHraH.
putma (ékm
cytontma)
Tapkubugaru
WOHMapHH
anekTpoanap
cuptuga
HaHo3appavanap
6ynub
TaxnaHvwura
acocnaHraH.

MeTtann
HaHo3appa4anap
onvwaa TepmMuk
ycynnap
camapagop
xucobnaHaam

Metann
HaHo3apa4arnapHu
LUAKMIaHNLLK
KMMEBUI yCynu
mMeTann
BupukmanapHu
nonvmMepnap
époamnga
TUKNaHuLwmra
acocnaHraH.
putMma (éku
cyrontma)
Tapkubugaru
NOHMapHu
anekTpoanap
cuptuga
HaHo3appavanap
oynub
napyanaHuLuura
acocnaHraH.




VIII. AJABUETJIAP PYUXATH

I. Mebépuii- XyKyKHH XyxKKaT/Iap.

1. V36exnucron  PecnyGmukacu  IlpesmnenTHuMHr  «Onmii  Tabamm
MyaccacaJlapuHUHI pax0ap Ba Meaaror KaApiapyuHM KadTa Taiépiam Ba
MaJaKaCMHU OIIMPUII TU3UMUHU $AHAJAa TAaKOMWUIAIITHUPUII 4YOpa-TaaOupiapu
Tyrpucuna» 2015 iun 12 urongaru [1d-4732-con dapmonw.

2. V36exncron Pecny6nukacu ITpesumenturuar 2010 imn 2 HoAGpmaru
“Onuii Manmakany WJIMHM Ba WIMMH-TIENArOTHK KaJpiap Tal€piaml TU3UMHUHU
AHa/la TaKOMWJUIAIITUPHUIN 4opa-tandoupyapu tyrpucuaa’tu [1K-1426-connu

Kapopwu.

3. Kagpnap rtaii€pnam MWImuid nactypw. V36ekucron Pecny6nukacu Omnuii
Maxxnucuauar Ax6opotnomacu, 1997 viun. 11-12-con, 295-monna.

4. V36exucron Pecny6mukacu Ilpesupentnnuar 2012 iimn 24 wmongarn
“Onuii Manakaau WIMHANA Ba WIMHI-TIeqaror KajpJjap Tai€pian Ba aTTeCTalUsIaH
YTKa3uIill TU3WUMUHU sHaja TakoMwoiamTupum Tyrpucuna’tu [1D—-4456-con
dapMOHH.

5. V36ekucton PecnyGmukacn Basupnap Maxkamacuamar 2012 imn 28
nekabpaaru “Onuii YKyB IOpTHAH KEHWHTY TabJIUM XaMm/ia OJIMi MaJlaKaau UIMUN
Ba WIMHNA TMENAaroruK KaJpJjapHU AaTTeCTAlWAlaH YTKa3WIl TU3UMUHH
TaKOMIJIJIAITHPHUII Yopa-Tanoupiapu Tyrpucuaa’tu 365- connu Kapopw.

I1I. Maxcyc agabuéraap.

1. Introduction to Materials Sciences and Engineering. Techbooks/GTS, 2005. -
P.22.

2. William D. Callister Jr. Materials Sciences and Engineering. An Introduction.
John Wiley & Sons. Ins. 2010. — P. 1000.

3. Dieter Vollath Nanoparticles-Nanocomposites-Nanomaterials. An introduction
for beginners. — Wiley-VCH Verlag GHbH &Co.KGaA, Boschstr. Weinheim,
Germany, 2013. — P. 322.

4. Mustafa Akay. Introduction to Polymer Science and Technology & Ventus
Publishing ApS, 2012, - P.169.

5. Richard J. D. Tilley Understanding solids: the science of materials. -John Wiley
& Sons Ltd, 2004. —P. 193.

6. S. Siti Suhaily, H.P.S. Abdul Khalil, W.O. Wan Nadirah and M. Jawaid Bamboo
Based Biocomposites Material,Design and Applications Additional information
Is available at the end of the chapter 2013.

7. Rolf Klein. Material Properties of Plastics,- Wiley-VCH Verlag GHbH &Co.
KGaA, Boschstr. Weinheim, Germany, 2011. — P. 68.

8. Thomas Hanemann. Polymer-Nanoparticle composites: From Shynthesis to

190


http://www.lex.uz/pages/GetAct.aspx?lact_id=2676554

© 00 N O O &~ W N -

N NONNONNNRRRRERERRRRR R
52 WNEF O OWOWNOOUNWDNIERELRO

Modern Applications. — Materials, 2010. — P.50.
HNuTepHer pecypceiap

. WWW.nanometer.ru/

. Www.mitht.ru/e-library

. WWW.Crism-prometey.ru

. www.nanowerk.com/nanotechnology/labs/Tech. Uni._Berlin
. http://dx.doi.org/10.5772/56057

. Www.nanonewsnet.com

. www.rfreitas.com

. www.kurzweilai.net

. www.e-drexler.com

. www.foresight.org

. WWW.Nano.gov

. WWW.Sani.org.za

. WWW.Nasa.gov

. WWW.CIrnano.org

. www.darpa.mil

. www.universaldisplay.com

. WWW.memx.com

. Wwww.cmp.caltch.edu

. http://old.ej.ru/033/btw/any/

. WWW.mvis.com/nomad

. Www.intelmessages.org

. http://domino.research.ibm.com
. www.eyedesignbook.com

. http://flightprojects.msfc.nasa.gov

191


http://www.nanometer.ru/
http://www.mitht.ru/e-library
http://www.crism-prometey.ru/
http://www.nanowerk.com/nanotechnology/labs/Tech._Uni._Berlin
http://dx.doi.org/10.5772/56057
http://www.nanonewsnet.com/
http://www.rfreitas.com/
http://www.kurzweilai.net/
http://www.e-drexler.com/
http://www.foresight.org/
http://www.nano.gov/
http://www.sani.org.za/
http://www.nasa.gov/
http://www.crnano.org/
http://www.darpa.mil/
http://www.universaldisplay.com/
http://www.memx.com/
http://www.cmp.caltch.edu/
http://old.ej.ru/033/btw/any/
http://www.mvis.com/nomad
http://www.intelmessages.org/
http://domino.research.ibm.com/
http://www.eyedesignbook.com/
http://flightprojects.msfc.nasa.gov/

