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LUIITYU JACTYP

Kupu

JlacTyp pUBOXIJIaHTaH MaMJIakaTiIapJard XOPIKUN Taxpubamap acocuia
“KuméBuil TeXHOJIOTHS KailTa Tail€piiaill Ba Majlaka OLIUPHUII HyHanumu Oyinya
unuiad 4YMKWIraH YKyB pexa Ba JacTyp Ma3MyHUZaH Keiaud YWKKaH XoJjaa
Ty3wiran O0ynub, y 3amoHaBuUi Tajabnmap acocuaa KaiTa Tailépiamn Ba Manaka
OILIUPHIII >Kapa€HIAPUHUHT MAa3MyHUHU TAKOMUJUTAIITUPUIT Xama OJUH TabIuM
Myaccacallapy Meaaror KajpjJapuHUHT OUJIMMHHU Ba KacOUM KOMIIETEHTIMTUHU
MyHTa3aM OMIMPUO OOpUIIHU MakKcaa Kuiaau. JlacTyp Ma3MyHHM KOMITO3HUIIMOH
MaTepuayiap HWHHOBAIMOH TEXHOJOTUSAJIApPU CcoXacuja WIMUM Ba amaiaui
TaJIKUKOTIAp, TEXHOJIOTUK TAapaKKUET Ba TEXHOJIOTHMK >KapaCHIapHU TaIIKUII
ATUITHUHT 3aMOHaBUI yciayOnapu Oyiinua CYHITH I0TYKIap OVinya sSHTY OMIHNM,
KYHHKMa Ba MajakaJlapuHU MIaK/UIAHTHPUIITHU Ha3ap/a TyTaIu.

Ym0y  pmactypaa — KOMIO3UIIMOH — MaTepHAUIAPHUHT  MHHOBAIMOH
TEXHOJIOTUSJIapH, KOMIIO3UMLMOH MaTepuajjlap TypJiapyd Ba YJIapHUHI HWOUIa0
YUKAPHII TEXHOJOTUSIApH, KOMIIO3UTIAPHUHT TapKUOU, CTPYKTypacH, Makpo Ba
MUKPOMEXaHUKACH, KOMITO3UTJIap OWJIaH AW3aiiH KWIWII yCyJUlapy, aHbaHaBUd Ba
HOAHBAHABUN KOMIIO3UTIIAD TypJapH, HAHOKOMIIO3HUTIAp, OMOKOMIIO3WUTIAp Ba
yJIapHU UIUIA0 YMKAPUIILIard MyammoJiap Oa€H STUIITaH.

MoayJJHHHI MaKcaau Ba Bazudasiapu

KuméBnii TexHonorus: Kaura Tamépiam Ba Majaka OLIMPUII WYHAIUILIUHA
“KumEBHII TEXHONOTHUS® MYTaXaCCUCIUTH YKyB pexacuga Maxcyc MOJyJuiap
Onmokura  kuputwiaran — “KoMmo3uinMoH  MaTepHaJUIApHUHT  MHHOBALMOH
TEXHOJIOTUsJIapU~ MOJYJIM YKYB NACTYPUHHUHT MaAKcadu — TOJUMEpP, MeETal,
KepaMUK-MaTpULIAJIM  KOMIIO3UTJIap  MIUIA0  YMKApUIJa  HMHHOBAIMOH
TEXHOJIOTHUSJIAP; HAHOKOMIIO3UTIAp, OWOKOMIIO3UTIAp, JIAMUHATIAP TYypJapH,
MaTepuaiapia Kepakiu CTPYKTypa Ba XOCCaJapHHU TabMHHJIANIAA KOMIIO3ULIMOH
MaTepUaJJIAPHUHT YPHU Ba MOXUSITHU, acocuil acOo0 yCKyHallapu TYFpUCHIA
Hazapuil Ba KacOMil Tall€prapiMKHU TabMUHJAII Ba SHrWjiam Oyilmya OWinM,
KYHHUKMa Ba MajakKajapHU TAKOMWIIAIITUPUILTA KapaTHIITaH.

“KOMMNO3MIMOH  MaTepUaUIapHUHI  WHHOBAIMOH  TEXHOJOTHsUIApU
MOJYJIIMHUHT 6a3u¢hacu - KOMIIO3UIIMOH MaTepuauiap HIUIad YHMKapuIiaa
WHHOBAallMOH  TEXHOJIOTHSUIAPUHUHI  aMaJluid  NPHUHLMIUIAPH, KOMIIO3UIMOH
MaTepHaJIapHU 3appaya, Toja Ba CTPYKTypa Japakachaa MyCTaxKaMJIAIITHUPHILL
[IMIIA, OPTaHWK, KapOOH, KepaMHK TOja Ba CHMJIAp; MaTpulla Marepuaiiap;
KOMITO3UIIMOH MAaTE€pPUAJUIAPHUHT CTPYKTypa TYy3WIMILUIApU Ba XOCCAJApUHU,
3aMOHABUM KOMIIO3UIIMOH MaTepUaUlapHU HWNuiad YMKApHIIard YyCKyHa Ba
KUXO3TAPHUHT TacCHU(PH, TY3WIHIIH, XYIyAUH MYyaMMOJIAPHMHI KOMITO3UIIMOH
MaTepuaUiap Muuiad 4YMKapuilra TabCHpH, YJIapHU aMainuérra Kyuiam Oyinua
MaJIAKaBUH KYHUKMAJIApUHU 1AKJUIAHTUPULLL.



Mopaya 0yiin4a THHIVIOBYMJIAPHUHT OWJIMMH, KYHUKMACH, MAJIAKACH Ba
KOMIIeTeHIUSIJIAPUTra KYyHWJIauran tajgadaap

“KoMIIO3UIIMOH MaTepuaUIapHUHT UHHOBAIMOH TEXHOJIOTHUSJIApU~ MOIYJIHU
Oyiiya THHTJIOBUMJIAD Kydujgard sHru OwinM, KYHHKMa, Majlaka Xamja
KOMITETeHIIUSIIapra 3ra OYiuiuiapu Tanad dTUiaaiau:

THHIJIOBYM:

- KOMIIO3UITMOH MaTepuasiap TacHu(u Ba Typiapu;

- 3appavaiiap, Tojajgap Ba CTPyKTypa Aapa)achuia MyCTaxKaMJIAIITUPUILI;
- MaTpuIia NOJIUMEP, METAJI, KEpAaMUKa MaTepHUAILIAPH;

- IOJIUMED, MeTaJll, KEpaMHUK-MaTpULAIA  KOMIIO3UTIIAPHU OJIUIII
JKapaéHiapu,

- HAHOKOMITO3UTJIAp, OMOKOMITO3HUTIIAP, JJaMUHATIIap WHHOBALIMOH
TEXHOJIOTHSJIApU XaKu/1a OMJmmMJIapra 3ra 0yJIuium JO3UM.

THHIJIOBYM:

- UWYHAITHPWITaH XYCYyCHSITIM KOMIIO3MIIMOH MaTepuall MIiad 4YMKapuIaa
MaTpHLa MaTEpUAJIMHU TaHJIAILL;

- IOJIUMEP, METallI, KepaMHUK-MaTpULaIl KOMIO3UTIAPHUHT TapKUOJIapUHU
Ty3UL;

-3apyp cudarmard KOMIO3UIMOH Marepuaiap HIuiad 4YMKapuil Y4YyH
TaAOMK KWINHAETTaH WHHOBALMOH TEXHOJOTUSJIAPHUHT  PEXUMIIAPUHU
pocTiall KYHHMKMa Ba MAJIAKAJIAPUHHA 3TaJLIAlIH 3apyp.

TunraoBuu:

- 3aMOHAaBUI MHHOBALIMOH TEXHOJIOTHSUIAPHUHT MMKOHMSITIIADUHU HaMOWHUII
KWJIMII TAMOMMIIJITAPUHM aKpaTUO KypcaTa OJIUILL;

- TEXHOJIOTMK ONEPALMSUIADHUHT MHHOBALIMOH TEXHOJIOTHS jKapaéHlapuIaru
YpHUHU Ba YJIapHUHT XapaKTepUCTUKAIaApUHU (hapKJiall;

- KepakJin XycycusTiapra 3ra OyiraH KOMIIO3UIIMOH MaTepuall TapKUOWHU
Ty3UIl Ba YHUHI (DU3MK-MEXaHUK XOCCAJApUHU  JIOMMXaJallTHPHIL
KOMIICTEHUUSIJIAPHH 3T AJUIAIIH JIO3UM.

Moay/iHM TAIIKKJI 3THII BA YTKAa3UII OyiM4Ya TaBCUsLIap

“KoMIO3uIIMOH MaTepuauIapHUHT HWHHOBAIMOH TEXHOJOTHUSIapU~ KypCcu
Mabpy3a Ba aMaliil MAIIFyJI0TJIap MaKIuaa oaubd Gopunaau.

KypcHu yxutnin xapa€éHugia TAbJIMMHUHT 3aMOHABUW METOJIAPH, TIEJArOTUK
TEXHOJIOTHUSJIAp Ba axOOpPOT-KOMMYHHMKALMS TEXHOJOTHSUIApU  KYJTaHUIHILIN
Has3apaa TYTUJITaH:

- Mabpy3a Japciaapuaa 3aMOHAaBUM KOMIIBIOTEP TEXHOJIOTHsUIApU €pAamuia

IIPE3EHTALMOH Ba JJIEKTPOH-IUIAKTUK TEXHOJIOTUsIIApaH;

- YTKasuiagurad aMajuid MallFyJoTiapAa TEXHUK BOCUTANIapAaH, TapKarma

MaTepuasiap, 3KCIpPEecc-CYpoBiap, TECT CYPOBIApH, TypyXJaH (QHUKpIall,

KWYUK Typyxjap OWwiaH MIUIall, akiauil XyXyM, KeWciap euuil, Ba OoIlKa



WHTEPAKTUB TAbJIUM yCYJUIAPUHHU KYJUJIAll Ha3apaa TyTUIaau.

MoayaHUHT YKYB pexxagaru 001mKa MoayJiiap Onjian 00FJIMKJIUTH Ba
Y3BUMJIUTH

“KoMIIO3UIIMOH MaTepuaUIapHUHT MHHOBAIMOH TEXHOJIOTHUSIApU  MOIYJIU
KaliTa TaW€piiaml Ba Majaka oumupuil HyHamumuHu “KumEBuil TexHosorusa”
Mytaxaccucauryaarn “Kumé caHoaTuparn WHHOBAallMOH TEXHOJOTHsIIAp” Ba
“Kumé caHoatuaaru HaHoMarepuamiap”’ MOAYJJIapu OuilaH Y3JIyKCU3 OOFIUK
Oymu6, ymlOy MOAyJUIapHH  Y3JamTUpHUIIIa aManuid  &paam  Oepanu.
«KoMIo3uMoH MaTepualIapHUHI WHHOBAaLlMOH TEXHOJIOTHSIapH MOAYJIUHU
TYIWK Y3MalmTUpuInaa Ba aMaiuii Basudamapau Oaxapumiga “MyxaHAUCIHK
TEXHOJIOTUSCHUIA TU3UMIIM TaXJIMJI acociiapu (KUMEBHUM TEXHOJIOTHS)”, “DNEeKTPOH
nejjaroruka acocjiapu Ba TIEJAarOTHUHT IMaxCUi, KacOuil axOoopoT MalJOHUHU
Jouuxanam’, Xamaa “AMaiuid  XOPWMXKUM THUJIHMW YPraHUIIHUHT HWHTEHCHUB
ycyJutapu” MofyJutapu Epaam Oepaiu.

Moay AHUHT OJIMH TABJIMMAATH YPHU

“KOMITO3MIIMOH MaTepUaJUIAPHUHI WHHOBALIMOH TEXHOJOTUSJIAPU  MOIYJIN
KalTa Tal€piiall Ba Majaka OmMpUIl WyHanumuHA KuméBuid TexHosorus”
MyTaxacCUCIUTU Oyiirda yMyMKacOMil Ba MXTHUCOCIHK (paHIapu MOIyJUIapHaaH
napc 0epyBuM npodeccop YKUTYBUMIAD YUYH MYXUM YPUHHU Srajmaigu. Yoy
Moaya Onuii TabjiUM Myaccacalapuja TabluM OepyBYM Ienaroriap TOMOHHJAH
VKyB-WJIMHI HIUIapHA o0 OOpHUIll Y4YyH acocuil Hazapuid Ba aMalui
OnMMIIapHu Oepaiu.
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Kamn
Ha3aun
aMaJIui

MAIIFYJIOT

MycTakui TabJauM

HaHOTeXHOIOTUSHUHT aCOCH TyIIyHYaJIapH,
peaMeT Ba Bazudaiapu.
HaHoTeXHOIOTHUTTApHUHT PUBOKIIAHUIIT
TeHaeHIMsAcH. HaHOOOBEeKT, HAaHOMAaTepHral,
HAHOTEXHOJIOTHS TYIITyHYACH.
HaHooOBbeKTIapHUHT aCOCH TypJiapu Ba
yJIap aCOCHJIar HAHOCHCTEMaJIap.

HanocTtpykTypasianran maTepuaiiapHu
cuHre3 ycyutapu. Hanozappanap,
HAHOKYKYHJIAPHU CUHTE3 KWIUII YCYIUIapH.
0-D nanooOwektnap. 1-D HaHOOOBEKTIAD.
VYrneponacus HanoTpyOKanap.

2D-HaHocTpyKTypanaHrad MaTepuaiiap Ba
yTIEpOIM HAHOMAaTEpHUall CUHTE3 YCYJUIapy.
2-D HanooOnwekTimap (forka mieHKaiap).
VYriepoanu HaHOMAaTepuaiap, yiIapHHA
CUHTE3U Ba uuuiatuinmu. KoMno3uuuon
Marepuaiap Ty3WIHIIH. MaTpuianu Ba
nucriepe (dasa.

[umra, opranuk, KapOOH, KEpaMUK TOJIa,
cumiap. Martpuiia Matepuasiapu:
noJiMMepJap, MeTasiap, KepaMmuka

MaTtepuaiapu.

Yraepoa-yriaepoim KOMIO3UTIIAP.
Kommnosutnap 6minan nu3aiin. HoanbanaBuii
koMmmo3utiap. Hanokommosutiap.
buokommnosutnap.

Kamu:
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HA3APUI MAIIFYJOTJAP MABMYHHU

1-maB3y: Kupum. HaHOTeXHOJOTHSIHUHT aCOCHIl TYIIyHYAJIAPH.
Hanoo0beKTIIAPHUHT ACOCUI TYpPJIapH Ba yJiap acoOCHIATH HAHOCHCTeMAaJIap.

daHHUHT TIpeaAMeT Ba Bazudanapu. HaHOTEeXHONIOTUSITAPHUHT PHUBOKITAHHIIT
TeHaeHuuscu. HanotexHomorusap Tyrpucuga yMyMuii MabiyMoT. HaHoOOBeKT,
HAaHOMATEepUaJl, HAHOTEXHOJOrus TymyHyacn. Kum€ Ba  marepuamiap.
benrmnanran xoccand HaHOMaTepHayiap oOJMIIga UIM-(aH Ba TEXHHKA
IOTYKJIapuHU  TaaOuK  Kuiuml.  HaHozappawamap Ba — HaHOMartepuasuiap
XyCyCUSITIIapUHUHT  (u3ukaBuii  cababmapu. HaHooObekTiap  TacHUMU.
Oymnepennap. Yriaepoanu TpyOkanap. Cymnpamonekynsap kumé. Hoopranuk
HaHomarepuaiuiap. Buckepmap. Manranutimap. HOkopu xapopatium  yTa
yrkazruwiap. @doron kpucramiapu. buokepamuka. Hanoommocmap. ['azmm
ruapuiap. ['aznapaaru knacrepiap.

2-maB3y: HaHocTpyKTypajlaHraH MaTepuaJIAPHU CHHTE3 YCYJLJIapH.

Hanozappanap, HaHOKYKYHJIApHM CHUHTE3 KwWiuil ycyimapu. [azdazamu
cuHte3 (OyFJIapHUHT KOHJeHcarusicu). IlnazmakumEBuil cUHTE3 — Ja3epiiu
abmanus. Kommona spuTManapiaH  4YyKTAPUO OJWII  — 30J-Ted  KapaéH.
Monekynsp-00fiamMiid  dSTUTaKCcHs, Ta3daszaid dSIUTaKcHus, CYIK (a3agaH
snutakcua. 0-D  HaHooOBekTnmap. 1-D  HaHoOOBeKTHap.  YTiepoacus
HaHOTpyOKamap.

3-maB3y: 2D-HaHocTpykTypanaHran Matepuajiiap Ba yrjepoain
HAHOMATepHaJ CHHTe3 ycy/uiapu. Komno3uunon marepuaiap Ty3H/IHIIH.
Marpuunauu Ba qucnepc ¢asa.

2-D HanooOwektnmap (romka ruieHKamap). Pazanmm smuTakcus. YTIESpPOIIu
HaHOMaTepHaap. YTJIEBOJOPOJIN HaHOMATEepHAIIAp CHHTE3HU. YTIEBOAOPO TN
HaHOMAaTEPHAIIAPHUHT UIUIATHIUIHN. KOMMIO3UIIMOH MaTepuaiap TYIITyHUYACH.
KoMrosunmion wmatepuamiap TY3WIHIIH. Matpuniann Ba gucmepc (¢asa.
3appauanap, Tonagap Ba CTpyKTypa Japa’kacuaa MyCTaXKaMIIaIITHPHIIIL.

AMAJIMA MAIIIFYJIOT MABMYHHU
1-amanmii mamryaor: Kpucraan HaHocHuCcTeMAJIap BA YJIapHU aXaMUATH.
HanoTexHoJ10rHs Ba 3JICKTPOHHUKA.
3appadyajJlapHUHI  4Yerapacu. 3appadajap YerapaCMHUHI MUIPALUACH.
Myntunner wkkuiamum 3appadanap. Jucnokamws. Koiimammm nedexTiapu.
Yukappanu TyryH. Xosui-lIleru KOHYHHU. TabKUKJIAHTaH YeTapaHUHT KEHTJIUTH.
Monekynsp snekTpoHuka. Epyrmuk muonm (LED). Maiinon sddextu
tpanzuctop (FET). FOnka muenkanu tpansuctopiap (TFT). bup snexrponnu
tpanszucrop (SET). 3apsn Oornmanunuim kypuima (CCD). KommuemeHntap
metanokcuu sipuM  yTkazrud (CMOS). T'urantvaraut kapumurd (GMR).
Onrosnexktponuka. @ortomomunecteHuusa. PotoH kpuctawiap. DoroHuUKa.
O3amnazmon. Ilee3opesuctuB  3ddexr. CrnuHTpoHMKA (COUH  acOCHIaru



anekTponuka). Kyout. KBant kommrorepiap.

2-amauanii mamryJot: [loumep HaHOMAaTepHas 0JIUII Ba YJIaAPHU
xoccasapuu. Hanouesirono3a. buomumeruka cucreMajiapHu OJIMII Ba
YJApHHU X0CCATAPH.
Cyrok kpucrain. [llakn xotupanu nonumepiiap. Hanonemtonosa. Tykumanu
uHxeHepus. buomocnamyBuaninuk. buomumeruka. DnekTpoH OypyH. DIEKTpOH
tui. bot. Hano6ot. Jlopunapau makcannu erkasuiil. JJHK-yum.

3-amaanii mamryJaor: HanomaTtepuaJ ouin Ba yJapHU X0CCAJTAPHU.

Tarpan-tenara Ba Tenagan mactra. byr dazacunan pusukaBuil YyKTHPUII
(PVD). Ilna3ma. byr ¢dazacuman xkumésuii ayktupuin (CVD). Mccuk nzoctatuk
npecinam (HIPing). [Tuponuz. Yukynnu miazmanu numupuiil (SPS). Tenr kanaumm
Ooypuaknu mnpeccinam (ECAP). Mexanuk KoTummManail. ByF-CyIOKIMK-KaTTHK
momaa yeymu (VLS). DOnurakcus. Hanomurtorpadms. Fab. Aosporen. Kpant
HyKTanapu. bakmuHcTep — dymiepeH. Yrmiepomiu HaHoTpyOka. HanoTtomanap.
HanokoOuknap. Hanocummap. Hanomarepuan. Hanoctepxkunap. Buckepnap.
IOnka mienkanap. Me3zoroBakin Mmatepuan. MynTukaBatiap.

4-amanuii mamryJsior: HanomerpoJiorus.
AToM-KyunaHunuim ~ mMukpockonusi (AFM).  AToM  MaHUDYJSIUSCH.

Hanonurorpadus. HaHnouHaenTruKaysian. DIIEKTPOH MHKPOCKOII.
MukpokantuneBep. CKaHUPJIOBYM SIKUH XyAy[JId ONTUK MHUKpockonus (SNOM).
PeHTren(oTo31eKTPOHCIIEKTPOCKOIHS (XPS). VYra YyKa3zyB4YaH

kBaHTUHTEpPepometp (SQUID).

S-aMaJInid MaIIFyJIoT:
KoMno3uumnon Mmatepuauiap nuuiad ynkapuiaaru
MYCTaXKaAMJIAIITHPYBYU KOMIIOHEHT/IAP X0CCAJTAPUHHU YPTraHMIIL.

Komnosumyon matepuamiap uiuiad 4YuMKapUIIard ToJiajap XOCCaJlapUHU
Vypranum. KomMnosunuoH wmarepuaiap MOuiad  YMKapUILAard — JIMCHepe
MyCTaxKaMJIallITUPYBYH  KOMIIOHEHTJIAPHUHT  TPAaHYJIOMETPUK TapkuOu Ba
XOCCaJIApUHU YpraHuil.

YKUTHII ITAKJIJIAPA

e Ma3skyp Moayn OYitnua Kyruaard YKuTUII akuiapuaad dhoiganaHuIaam:

e Mabpy3ajap, aMajaui MalFyJoTiaap (MabIiyMOT/Iap Ba TEXHOJIOTUSIIIAPHU
aHTJIa0 OJIUIII, aKJIMK KU3UKUIITHU PUBOKIAHTUPHII, HA3apuil OWIIMMIIApHU
MyCTaxKamJiall);

e naBpa cyxOarnmapu (¥praHuna€TraH MyaMMoO edumiapu OVitmda Takiaud
Oepulll KOOWJIUSATUHM OIIMPHUIN, DIIUTHUIN, HAPOK KWIMII Ba MaHTUKUN
XyJocanap YMKapHIil);

e Oaxc Ba MyHO3apaiap (MyamMmoJiap e4uMH OViuya Januiuiap Ba acociu
apryMEHTIIAPHHU TaKAUM KWJIMII, SIIUATHUII BA MyaMMOJap €4MMUHUA TOIMIII
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KOOWJTUSATUHU PUBOXKIAHTHUPUII).

BAXOJIALII ME30OHU
Makcuman
No baxomam typnapu et bannap
1 Keiic ronmmpukiapu 1.5 6amn
9 MycTakun uii 2.5 1.0 6ar
TONIIUPUKJIAPU

II. MOAYJIHU YKUTHIIIA ®OUJAJTAHUIAIUTAH
UHTEP®AOJI TABJIUM METO/JIAPU

CAKJIHIA XY:KYM» (OpeifHCTOPMUHT) MeTOAN
MeToaHMHI MaKcaaM: amaauid €KUM WIMHHA MyaMMOJApHM XaJI OSTHII
buKpnapHu  KamMoalld TeHepauus KWIUI, YKAO-ypraHum  (paoausiTHHU
daomamITHpUII,  MyaMMOHM ~ MYCTaKWwil  TYIIyHUII  Ba  XaJl  J3THUIIra
MOTHBJIAIITUPHUIIIHA PUBOXKJIAHTAPUILIL.

o AKNMHMI XyKyM BakTHJa WIITHPOKYMIAp MYypakkad MyaMMOHHU
Oupranvkaa xXaa OJTHUINra HWHTWIMIIAAW: YIapHA Xall dTUll Oyiuda ¥3
bukpnapuan Ownnupanau (TeHepanus Kujlaau) Ba Oy Qukpmap TaHKUT
KWIMHMACIAH yJiap opacuJaH SHT MYBOGHUKH, caMapajucH, MakOy/lIu Ba Iy
kabu ¢ukpnap TaHiaad oMMHUO, MyXoKama KWIMHAIHU, PUBOXKIAHTHUPUIIATN Ba
yily (UKpJIapHU acociall Ba paj dTUII UMKOHUSTIApU OaxojaHaau. Xap Oup
TYpyX HUuga YMyMUH MyaMMOHUHT OUp KUXaTH XaJ STUIA]IH.

Hamyna: Xap KanHgad mnojauMep OUPUKMAJIAPHAAH KOMIIO3UTJIAP
TAPKUOUHHU Ty3uIAa GoiiganaHuIuI MYMKUH-MHU?

Tyrpugan-Tyrpu :kamMoaau akKJIUH XY:XKyM — WIOKH Oopuya KYIpOK
bukpnap MMFUIMIIMHU TabMUHJaiau. byTyH VkyB rypyxu (20 KMIIUAaH OPTHUK
Oynmarad) OUTTa MyaMMOHH Xajl ITaJIH. VKyB TYpyXuJara Xap Oup THUHIJIOBYU
yimdy MyamMora xaBo0 6epaau, ¥3 puxpuau Ounaupuod, 1anuuiap KeaTHPaIu.
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X ap KaHTall IMoIIMepIap KOMIIO3ITIIAp1a
K YT aHIIIO My MEHH. TyHEI TTOTIMepIap
KOMIIOZHTIIAP XA GOFIOBUH CH(aTHA KYILIIaHa L.

oo [ IlommMepiap sca KH3 IHPIDITaHTa 3P0, GOETORYH

"/
A

XVCYCICATIIAPIHIT HaMO! €H ITaLIL.

3 ﬁi"fq. Xap KaHAail MoTHMep KOMITO3HITIapAa KYILUTaHHTHIITH
MaKcaATa TYFPHKeTMafATH. UyHKH §ab3H TOMHMEPTap
KH3IHPHITAHAA JerpaJalisKap a8HHa KeCKHH ) aBHIIA
XAZKMHI1 KeHT aiIHIITa YIp i

I BY KOMITO3HIIAPHHHT FOBAKIETHHI OIIHPATHBA MeXaHHK
XY Cy CHALIAPHHH KeCKHH Na caHTHp aAH. TeMaK, HILTa 0
SHKAPHITAH KOMIT03HT OKOPH XY CY CHATIAPTA 5Ta 5¥ma
OJIMAFTIHL

F AcOcaH KOMOIIO3HIIAp TapKHOHa 2 TYPIari
TIOMIMEPTIap K3 TTTaHIT AL

rFEOKOpH Xapoparaapaa V3IHI Ty I OIIan Oy
IypyXIapJari MoInMepIap GpapKIaHagimap Ba
TepPMOIITACTHE, XaM/a TePMOPeaKIHE IOIHMepIap
TypyXTapHra O yIHHAIITAp.

XYIIOCA:
= Komnosutnapga  monumepnap
OornoBuM  cudaTHaa  KyJUIAHWIAIU.
[Mommmepnap KU3IUPHIraHia
OOFJIOBUWJINK ~ XYCyCHSTHTa  3raiup,
FOKOpH XapopaTJaru Tabuatura Kypa 2
Typra OYIMHaAW: TEPMOIUIACTHUK Ba
TEpMOpPEAKTHB HOJIUMEpIIap.
- Kommo3utnapaa 60f10BYM MaTpHIanap
cudarnaa KAaTTHUK SIOKCHA, oI dup,
(heHON cMoTNanap KyTaHUITAIH.
= Ilonumep MaTpunamap IOKOpPH
MYCTaxKaMJIHK Ba 3JAaCTHK Xoccaiap;
arpeccuB MyXUTJapra 0apAOIUINK; SXIIH
AHTU(QPUKIMOH Ba (PUKLIUOH Xoccalap,
XaMZla FOKOpU HCCHUKIMK XHMOsUIall Ba
aMOPTH3aLHUOH XYCYCHSATIApUHH
TabMUHJIAU]IA.
- [lonumep MaTpuiaiap KOTraH XoJiaTaa
eTapiId MYCTaXKaMJIMKIa 3Ta Ba 3axapiid
MOJIaTapHu KyTI MUKIOpAa
YUKapMaiiIural OyIumm Tanad STHiam.

“BeHH AuarpaMMacu’ MeToau

MeTtoanuHr makcaam: by mMeTon rpauk TaCBUp OpPKajau YKUTUIITHHU TaIIKUII
TUII IIAKAM OYnuMO, y MKKUTa ¥y3apo KECHINraH aijaHa TacBHpU OpKajlu
uponanananu. Maskyp MeTOJ Typiu TyLIyHYajnap, acociap, TacaBypIapHHUHT
aHaJIM3 Ba CUHTE3WHU WMKKU aCMEKT OpKaJIM KYypuO YMKHUIL, YIApHUHT YMyMHUH Ba
(bapKJI0BYM KUXATIAPUHU aHUKJIAL, TAKKOCTAIl IMKOHUHU Oepaju.

MeToaHu amaJjira OIMpPUII TAPTHOH:

® UIITUPOKYUIIAP UKKU KHUIIUJAH

nbopar KypTIUKIapra

OupramTUpUIaAUIap Ba ynapra KypuO ynkuiaaéTrad TyllyH4a €Kd aCOCHUHT
y3ura xoc, (apkiu KuxaTiapuHu (KU akCu) Joupanap u4yura €3u0 YUKUII
TaKIuQ dTUTIATH;

e HapOargar OOCKMYJA HWINTUPOKYMIIAD TYPT KUIIKMAAH HOOpAT KHYMK
rypyxJjiapra OUpjamTUPWIaAN Ba Xap Oup xXyPpTivk ¥3 Tax, i OUiiad rypyx
ab30JapUHU TaHUILTHUpAIUIap;

¢ KYQTIMKIApHUHT TaxJIWIA OSIIMTWIra4, yjaap Oupranamubd, Kypuo
YUKWJIAETTaH MyaMMO €XyJl TyLIyHUYaJapHUHI YMYMHW >KUXATJapuHU (EKN
dapxnu) wu3nad Tomaauiap, YMyMIAUITHpPAIap Ba JOMpadalapHUHT
KECHUIITaH KUCMuUra €3aaumiap.

Hamymna 1:

“Hon-ymyamnam MycTaxkKamMJIaIITUPHUII KOMIIOHEHTIapu Ba “‘bup-ymuamiun

MyCTaxKaMJIallITUPUII KOMIIOHEHTJIapK~ MaB3ycu Oyinua “BenH nuarpammacu’.

Ymymuii ncuxamnapu:
Komnosutiapaa MyctaxkaMmaaliTipyBuu Bazudacuuu 6axxkapaiu.
KoMmo3uTmapHuHT TepMHUK OapAOIUTUTHHA OIIUPA/IH.
KoMno3uTiiapHuHT MyCTaXKaMJIMTHHHA OLIUPA]IH.
Komno3uTnapHUHT KATTUKJIUTHHA OLIUPAJIH.

NS
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Hoa-yruaman
MYCTAXKaMJIALITHPHII
KOMIOHEHTJIADH

Kuxamnapu \/—l

Dapknu
1. Hano- Ba MUKpO-YI4amin 3appadaiap 1. Tona, um, “Myia0BIap” MAKIHIATH Y3YH
2. M3oTponuk Xoccaau KOMITO3UT XOCHIT KpHUCTaIap
Oymanu 2. AHM30TPOI XyCYCHUSITIU KOMIIO3HUT XOCHJII
3. Ymuamu y4 WyHanmumiia KU4uK Oynaran 6y1aam
KylIuM4asap 3. TonacuMoH TynaupyBYMIap, apMaTypa
4. Meraun MaTpuad KOMIIO3UTIap/Ia 3J€MEHTIapH, KaJITa TOJIau TaOuuit
MyCTaxKaMJIalOTUPHUII KOMIIOHCHTJIapU marepuaiap

4. Komno3utinap MycTaxKaMjIallTUPUILIHUHT
SHI TaApKAJIraH TypH.

Hamymna 2:
Enumnanran marepuasuiapiaru aare3usi Ba Koresus Kywiapu Oyitnda “Benn

JrarpaMmacu’’.
Eanm-xaBo

“KEVC — CTAJIN” meTonn

«Keiic-craau» wWHIIM34a cy3 - (case — aHWK Bas3uAT, xojauca, sStudy -
Vkutumi). by MeTon aHMK Ba3uAT, XOJAMcCara acocllaHraH YKUTUII METOIU
xucobmanaau. Keiic- ycny0 (Case study) — Oy pean MKTUCOAUN €KU HIKTUMOUMN
Ba3UATIAp Tabpu(UHU KYJUlalIuran TabiuM OepHll TeXHuKacuaup. byHna
6azuam jAeraHaa OUPOH aHMK XOJUCAHUHT Tabpudu Hazapaa TyTwiagu. ['ypyxra
XaKUKUH axO0opoT TakauM 3TWinO (y XaKUKWAWA XOJucara acocjiaHran €ku yitnad
YUKWITaH OYIUIIM MyMKHH), MyaMMOJIADHA MyXOKama KWJIUII, Ba3UATHU TaxJIHII
OTUII, MYaMMOHUHT MOXHUATUHHA YPraHuO® YHWKHUIN, YIAPHUHT TaxXMUHUI
eUUMJIAPUHU TakiIu(] Kuiaum Ba Oy edumiap OpacHAaH JHT SXIIMCHHHU TaHa0
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OJIUIII TAaKJIU( ITUITAIH.

«Kelic - cragu» MeToau OYirya UIIIal:

1. Sxka taptu6na unutam (ymymuii BakTHUHT 30% cu):
Bazusat Ounan Ttanummm (MatH Oyinda €ku cy3mad Oepull  OpKaJH).
Myammonapuu aHuKIa. AXOOPOTHY yMYMIIAIITUPHILL. AXOOPOT Tax THIIH.

2.T'ypyxna unutam (ymyMuid BakTHUHT 50% cu):

MyammonapHu  Xamja yJIapHUHT J0j3apOonurud  Oyiinua KeTMa-KeTJIUTUHU
(MepapXxusiCUHN) aHUKIam. MyKoOWI e4uM WYJUTapyuHU UNUIad dukwiml. Xap oup
eunMHHUHT ad3an Ba 3amd >KUxaTiapuHa Oenrwnam. MyKoOOWI edrMIIapHU
Oaxounar.

3.5Ixka TapT6aa Ba rypyxaa unuiam (ymymuid BAaKTHUHT 20% cH):
MykoOui BapuaHTIApHU KYJUIall UMKOHMSTIAPUHU acociaml. XUcoO0oT xamja
HAaTWKaJlap TAaKIUMOTHHH TanuépIar.

Keiic xapakatnapu ¥3 wuura Kyhunarwiapaa xampad onagu:Kum (Who),
Kauon (When), Kaepna (Where), Huma yuyn (Why), Kannait/ Kanaka (How),
Huma-natmxa (What).

“Keiic MeTOIH’ HH aMAJITAa OIIMPHUIT HOCKUYJIAPH
40011 Da0HAT HAKIU
O0ocKHwiIapu BAa Ma3MYHH
1-6ocknu: Keiic Ba yHUHT AKKa TapTUO1aru ayJuo-BU3yal HIIL;
ax0opoT TabMHUHOTU OWJIaH Keiic OumaH TaHUIUII(MATHIIH, ayaH0 EKU
TaHUIITUPHUIILL Meua IaKiua);

AN

v’ axGOpOTHH YMYMJIAIITHPHIIL,

v’ ax00pOT TaXJIMIIH;

v\ MyaMMOJIapHH aHUKJIAIII
2-00cKHY: Keiicuu | v/ uHauBHIyaN Ba Typyx/ia HIILIALL,
AHUKJTAIITHPHIT ~ Ba  YKYB | v\ MyaMMmomapHU [0/13apOSIMK HepapXUsICHHH
TONIIMPUFHU OENTHIIaIl aHWKJIAIll;

acoCUi MyaMMOJI Ba3USTHU OeJIrual
WHJMBUAYaJ Ba TypyxJa Uluialli;
MYaMMOHHM  TaxXJIWJI  O3THII MYKOOWJI €4UM HYIITapUHH UITa0 YUKHIIL,
OpKaJld YKYB TOINIIWPUFUHUHT Xap OWp EYUMHHHT HMMKOHUATIApPH Ba
€YMMHMHU W3Jall, Xajl JTHUII TYCUKJIAPHU TaXJIWJ KUJIUIIL

WYIutapuHy UIiad YMKUII MYKOOMJI €4MMJIAPHU TaHJIalll

4-06ockmuu: Keiic eunmunM sKKa Ba rypyxJa uiuianm;

€YMMHMHU WIAKJUIAHTUPUII Ba MYKOOWJI BapUaHTIapHU aMalja KyJJiaml
acocall, TaKIuMOT. VMKOHHSTIAPUHU acOCall;
VKOIMU-TIOMMXA TAKIUMOTHHU TarEpJialir,
AKYHHM XyJoca Ba Ba3UAT ECYUMHUHUHT
aMaJIMM aCNEeKTIAPUHU EPUTHUIL

3-0ockuu: Keiicmaru acocui

AN AN

AN AN

AN

Keiic 1. «KeBnap» Tonanapu OwiiaH MycCTaxKamJIalITUPUITAH MOJUMEp —
MaTpPHULIATH KOMIIO3HUTIAp FOKOPH DJACTHKJIMK MOJYJIWTa 3Ta, IIYHUHT Y4YyH yiap
nyHé OViimda KypoJlM KywIapHH XUMOSJIAIl BOCHTANapHa KEHT KYJIaHWIAId
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(Oponexunernap Taii€pnamga). AMMO OyHAAll KOMIIO3UTJIAPHUHT TEPMHK
OapIOIUINTH MACT KYypcaTKU4Iapra ara.

KeiicHu 6a:kapuii 60cKuMIapu Ba TONIIUPUKIAP:

* Keficarn MyaMMOHI KeNTHPHO HUMKApTaH acocil cababmapHI
OenrimaHT(MTHATBIY AT Ba KITIMK TYPYXIa).

 JlaT TepMIK OapJONT Ba FOKOPI SMACTIK MOJYIIITA 3ra OYITraH
KOMITORITHITHT TapKIOIHI Takmid STHHT  (CKy(QTIMKIapIaria
TIIIT ).

Kommo3utnapHuHT TepMUK OapAOUUIMTMHA KaHAal OIIUPUILI MyMKHAH?

Keiic 2.JICII, danepa, MAD, ACTII matepuaniapu €rodcosnukaa MeOeb
MIIA6 YMKAPMINNA KEHT KyJUIaHHNamgd. BHpok, ymap VY30eKucToHra acocaH
YeTHaH KENTHPMIAAM. Y30EKHCTOHIA eNMMIIAHTaH GFodY MaTepualuiap HInad
YUKAPHUIITHU TAIIKWT KYUTHII Y9yH UMKOHUSATIAPHY W3JIaHT.

Keiic 3

KeiicHu 6a:kapuii 60cKYMIapy Ba TONMIMPUKIAP:

« Keficarnm MyaMMOHI KenTHpnO YNKapraH acociii cababmapHI
Oenrimaur, 3apyp Ommmmmap pYiXaTIHII Ty3ITHT (ITHITBITY a7T Ba
KITUIIK TY PYX/Ia ).

« Erou xoM ameécmHm Tymmam OViinda OaKapImaJuraH IIOIIap
KeTMa-KeTIUTITHI OeNTTIIaHT (JKY (PTIIIIK/Ia MIIITATI ).

* EnnMnanrag  €Fou  MaTepHariap 0O030pH  MCTebMOTUIIIAPITHIT
I137IAHT.

 Baskapunras NMTapHI TaKIIIMOT KIDTITHT,

Typnu ErownapgaH OJWHTAH  €JIUMJIAHTaH — MaTepuayap
Typauda (UBMK-MEXaHUK XOCCaJapHU HAMOEH  KUJAIH.
V36eKHCTOH MIapONTHAa KAlCH eMMMIAHTaH §F0Y MaTepHaINHU
unutad ynkapui xap rapadiaama doiganm?

[ Keiicau 0axxapum 00CKU4/JIapu Ba TOMIIMPUKJIAP: ]
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“TymyH4yajap TaxXJuan” MeTOIu

MeToaHMHI MaKcaau: Ma3Kyp METOJ THHIVIOBUMJIAP €KUM KaTHAIIYWIApHU
MaB3y OyilMua TasHY TyLIIyHYaJapHU Y3JAIITUPUII JapakaCcUHU aHMKIAI, Y3
OMITMMIIApUHU MYCTaKHWJI paBUIlJla TEKIIMPHUIL, Oaxosall, IyHUHTJEK, SHTH MaB3y
Oyiinua jacTiabku OwiMMiap JapaxaCMHU TallXMC KWIMII —~ Makcaauja
KYJUTaHWJIaIu.

MeToHu amaira OIMIMPHUII TapTHOU:

®  WIITHPOKYMJIAP MAIIFYIOT KOWajapy OWIaH TAaHUIITUPUIIAIN;

e THHDIOBYWJIApTa MaB3yra €ku 0OobOra Tterunum OYyaran cys3miap,
TylHIyHYaJIap HOMM TYIIMPWITAH TapkarManap Oepwianu ( HMHIUBUAyad EKU
TYpyXJid TapTuoaa);

®  THHDIOBYWJIAP Ma3Kyp TyIIyHYanap KaHIal MabHO aHIJIATHUIIH, KAYOH,
KaHJai xonatiap/a KyJUTaHWITUIINA XaKuaa €3Ma MabJIyMOT Oepaaumap;

e QenrwiaHraH  BakT  SKyHWTa  €Trad  YKATYBUM  Oepwurad
TYIIyHYATApHUHT TYFPHU Ba TYJIWUK W30XMHU YKUO SIIMTTUPAIN €KW CIIaii]] OpKaiu
HAMOMWMIII TaJu;

e xap Oup MIITHPOKYM OepuiraH TYFpPU >KaBoOJap OwWIaH Y3UHHHT
[IAXCUM MyHOCAOAaTHHHU TakKKocCiaiau, ¢apkKiIapuHu aHUKIaWad Ba ¥3 OUIuM
JapakaCUHM TEKIHUPUO, Oaxomanau.

Hamyna: “Monynaaru TassHy TylryH4YaIap TaxJ N

CusHuHrya 0y TymyH4a KaHaau Kymmmua
Tymynyanap 7
MabHOHH aHIJIATAM MabJYMOT
Kommo3unmon marepuan Nmuta® dukapunrad, WKKH €K KYTPOK

(dbu3ukaBuil Ba KUMEBUU Xap XMW1 OYJiraH,
Matpunia (uHTepdeiic) wuyuga TapTUOIN
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xKoinamran QaszanapJaH TalUIKWiI TOMNTaH
MaTepHall.

Marpuna, narepdetic Kommnosunmon MaTepUaTHUHT oup
OYTYHJIUTHMHM  TabMUHIJIOBYM  OOFJIOBUU
KOMIIOHEHT

Martpuia Marepraiiapu Mertann, kepamuka, HoJIUMEP MaTepraap

MN30x: VkkuHYM ycTyHUara KaTHall4yuiap TOMOHHWAAH (UKp OWIIUPHUIAIM.
Maskyp TylryHYanap xakujaa Kyummya MabIyMoT TJI0CCapuiiia KeITUPUIITaH.

“SWOT-traxjaun” meroau
MeTogHMHI MaKcajau: MaBXKyJ Hazapuid Owiumiap Ba amalud
TaXpuOalapHU TaXJIWJI KWIHII, TaKKOCHAll OpKAIM MYaMMOHH Xal JTHII
UYIapHU TOMUIL, OMIMMIIAPHU MyCTaxKamJalll, TaKpopJiall, 0axoiall, MyCTaKHI,
TaHKUIUN (PUKpIIAII, HOCTaHIapT TahaKKypHU IaKIIAaHTUPHILL

S — (strength) * KYWII TOMOHNAapII

W — (weakness) * 3am, KyUCH3 TOMOHIAPI

O — (opportunity) * IIMKOHITATIAPI

T — (threat) * TYCHKIap

Hamyna 1: Tonanu mycraxkaMIalITUpUII KOMIOHEHTIapu yuyH SWOT
TaxXJIWIMHU yIIOY *aJBaJira TYIIUPHUHT.

Tonanu MycTraxkaMamTHPHIL MycraxkaMiaurua SHT IOKOpH
S KOMITOHEHTJIAPUHUHT Ky4IM TOMOHJIApH | KypcaTkudiapra ora Oynran
KOMIO3UTJIAPHH SpaTUII
HMKOHUATIIAPH...
W Tomamm MycTaxKaMIIAIITHPHIIT Tonamm MyCTaXKaMJIamTHPUITaH
KOMITOHEHTJIAPUHUHT KyUCU3 TOMOHJIApU | KOMIIO3UTIAPHUHT aHU30TPOTUIUTH
Tomamm MycTaxKaMIIAIITHPHIIT SIHTM  TypAarm IOKOpPH  XYCYCHSTIIN
@) KOMITOHEHTIAPUHUHT HIMKOHHSITIIAPU ToJIajiap SPATUIMOKAa — OOp ToJalapw,
(n9Km) YTJIEPO]T TOJIATIAPH. ..
TYycuknap (Tamrkm) Tomanu KOMITOHEHTJIap MaTpuIa
T MaTepuaiapu OuiiaH XYJUIaHWIUINN Ba
APATHIIUIIY KUHHHIIATH. ..

Hamyna 2:Erou-enum aaresuscuyayd SWOT TaXIMIIMHU aMajira OIIMPHHL.
e &roY F03acHra eJMM TEKHUC TaKCHMIIaHA !,

s Kyunn ToMOH- |e enum érod r03acura ImypKalil, pOJIMK OWJIaH CypKalil, IImaTes OuinaH
Japu CypKaiil, KyWuIln Kabu Typiii yCcysutap OWIaH OepHIHIIA MyMKHH,

e OuMK Ba €MUK X0JaTiIap/a KOTHIIH MYMKHH;
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e 1OH OOFJAHMIIJIAP SHT KyWId OOFJIaHUII XHUCOOJIaHATH.
® OYHK XOJIaT/Ia KOTraH/1a SPUTYBUNHH YUKApUO FOOOPHII KEPaK;

Kyucus B N o
W TOMOHIApH e UM Ba €FoY YpTacua MOCIIAITyBYaHIMK OYITUIIH JIO3HUM,
e nucrepc OOFJIaHMIIITIAP SHT Ky4CH3 OOFIaHUII XHUCOOIaHA N,
e &rou CTpyKTypacHura OOFJIvK;
e xuMEBHUI OoFIIa aM, MeXaHuK Ooria aM SXIIA aare3us
Nmronust- P Xam, p X A

@) OCpHILI MYMKHH;
napu (MYKH) p Y ’
® JHMCIEPCUOH, UKKH KyTOJIM Ba BOJOPOJ OOFJIapH y3ujica HAMIUK
TabCUPHUAA KalTa TUKJIAHUIIN MYMKHUH.
e KOBAJICHT OOFjap y3uJica KailTa TUKIaHMalau;

T Tycuxkmap  |e nucmepcus Kywiap MOJEKyiauap opacuja Oyiradga »Kyga Cycr
(Tamxu) Oymagu, aromuap opacuja Oyiramma dca  Kylda Ky4id
XucoOIaHa .

“Xyaocanam” (Pe3rome, Beep) meToau

MetoanuHr Makcagu: by Meron Mypakkad, KYNTapMOKIH, MYyMKHH
KaJap, MyaMMOJM XapakTepuJard MaB3yJapHU Ypra"uiura KapaTUraH.
MeToMHUHT MOXMATH IIyHJAH MOOpaTKH, OyHJa MaB3YHUHT TYpJIH TapMOKJIapu
Oyiinua 6up xui axOopoT Oepuiaau Ba aifHU NMalTAa, YIApHUHT Xap OUpH aloXuaa
acmeKkTyiapjla Myxokama »JTujaad. MacanaH, MyaMMO WXOOWM Ba canouit
TOMOHJapH, ad3auuk, (Ha3uiiaT Ba KaMUWIMKIapH, (oiaa Ba 3apapiapu Oyiinda
Vpranwiaau. by wunHTepdaon MeToa TAHKUAWM, TaxXJWIUW, AHUK MaHTUKUAN
bukpnamH  MyBap(aKUATIM  PUBOAIAHTHPUINTA XaMJa  YKYBUYHJIAPHUHT
MYCTaKWI Fosiapu, (GUKpIapUHU €3Ma Ba OF3aKU IIAKIJa TU3UMIM Oa€H ATHI,
XAMOSI KWJIWILITa WMKOHHUAT spataau. ‘“Xymocanamr’ METOIMIaH Mabpy3a
MaIIFyJI0TIapuaa UHANBUAYAT Ba >KyQTIUKIApAard Wil IIaKiuaa, aMmaldid Ba
CEMUHAP MAIIFYJOTJIapua KUYUK TypyXJjap/lard Wil Makiua MaB3y 03acHIaH
OWIMMIIapHU MyCTaxKamJjall, TaxXJWiId KWIAII Ba TaKKOCHAIl MaKcaauia
doitnanaHuI MyMKHH.
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MeTtoann amaJjira olmIMpuiI TApTHON:

TpEHEP-YKUTYBYH UIITUPOKUYMUIAPHU S5-6 KUIIHMIaH HOOpAT KHYUK
rypyxJjapra axparaiu;

TPEHUHT MaKCaJH, MAPTIapy Ba TAPTUOU OUJIaH UIITUPOKIMIAPHU

TaHUIITHPray, Xap OUp Typyxra yMyMuii MyaMMOHH TaXJIMJI KUJITUHUIIN
3apvp OVIIraH KUCMJIADU TVIIUDWITAH TaDKaTMa MaTebHAJIIaDHU

xap Oup rypyx y3ura 6epuiaran MyaMMOHU aTpodinya Tax i1 KUiuo,
V3 MyJoxaszajgapyuHu TaBCUsI ATHIIAETTaH cxeMa Oyilnya TapkarMara €3ma
0acH KuIanu:

HaBOargaru 6ockuyaa Oapua rypyxJjap y3 TaKIUMOTIapUHU
yrkazagunap. [llynnan cyHr, TpeHEp TOMOHUIaH TaXJIUJUIAP
VMVMJIAIITUDUIIANN. 3aDVDHI aX00DOTID OMaH TVIIIMDUIAIN Ba MaB3V

Hamyna 1:
Komno3unmnon marepuajuiap
IHosimmep MaTpunaIn MeTaju1 MATPULAJIHN Kepamuk maTpunaiau
a(bsannnm KaM4iHnJIuru a(bsammrﬂ KaMUinJIUuru a(bSEU'IJ'II/Il"I/I KaM4iHMJIUuIru
XyJoca:
Hamymna 2:
AJITEpHATHB éKHJIFU TYpJIapH
danepa MDF OSB
ad3ayuUrd | KaMuMiuryd | ag3amumru - | KaMYdIur| ad3ayIUrd | KAaMYIINTH
XyJioca:

«®CMY» meToau

TexHOJIOTHSIHMHT  MaKcaau: MasKkyp TEXHOJOTHsS HIITUPOKYMIIapAaru
yMyMH# puKpIapaaH Xycycuil Xyaocanap YMKapHIl, TAKKOCIaIl, Kuécall OpKaiu
axOOpOTHU Y3MAIITHPHIL, XyJlOocajall, IIYHHHIACK, MyCTaKWI WXOIUN (UKpIall
KYHUKMaJapuHU MIAKJUTAHTUPUINTra XU3MaT Kuiaad. Maskyp TEeXHOJIOTHSAaH
Mabpy3a MalFyJIoTIapuia, MycTaxKamilamiia, YTUIraH MaB3yHU cypamiua, yira
Bazuda Oepuliga XamJa aMaluil MAaIIFyJIOT HaTWKaJTapUHU TaxJIMil STHUIIIA
¢oiinanaHuIl TaBCUS STUIIAIH.

TexHOJOTUSIHE aMAJITa OIIMPHUII TAPTHOM:
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- KaTHalIuuMjgapra MaB3yra ouj Oyiran sKyHUH Xynoca €Ku Fos Takiug
ITUJIAN;

- xap Oup wumrupokyura O®CMY TeXHONOTHSACUHUHT OOCKUUWIapU E3WIIraH
KOFO3JIapHU TapKaTUJIAIN:

* (pUKPUHTIZHII OaéH STITHT
 ¢puxpuHTIRHI OaéHITra cadad
KYpCaTIHT

k¥pcarran cabaOIHTTIZHIT
11cO0TIa0 MIICOT KeITHPITHT

(PUKPITHTIRHI Y My MITATITIPITHT

- UIITUPOKYMJIAPHUHI ~ MyHOcabaTlapy UHIAUBUAYal €EKU TypyXuid
TapTHOAa TAKIUMOT KWJINHAIU.

OCMY  Ttaxauiay KaTHalTduiaapaa KacOuii-Hazapuil OWMIMMIIApPHU aMaJIui
MalIKjIap Ba MaBKyJd Taxpubaiap acocupa Te3poK Ba MyBadphakusITIu
Y3IamTHPUITUIINTA acoc OYIaam.

Hamymna 1.

®ukp: “Tlommep MaTpULAIM KOMIIO3UTJIAP JHI IOKOPH (U3MK-
MeXaHMK Ba KUMEBHH X0Ccajgapra raaup”.

Tonmmpuk: Maskyp ¢ukpra Hucobaran mynocabarnuruzau ®CMY opkanu
TaxJIUJ KAJIUHT.

Hamyna 2: “Enumnanran Marepuanga enuM Ba EFOYHHMHT Oup-Oupura
MOCJIAllyBYaHJIUTH KaTrTa axamustra sra” ¢ukpuan PCMY opkanu Taxjiaui
KHWJIVHT.

+ “ENHMIAHTAH MATePHAJJA eJIHM BAa EFOUHHHT OHP-OHPHTA
MOCJIALLYBYAHIHIH KATTa aXaMHATIa ra”.

«“EaHM Ba érou OHp OHpHTa aJre3usacH HKOpH 0Y.Jica, e1nm
éroura moc 6ynagn”.

«“Kapoamug-gopManbJeru] eJTHMIAPHHIHT éF0Ura aJgre3usci
IOKOPH 0¥1a71, YYHKH YIapAa MeTIIIOJ IYPyXJdapi Ba
€rouJaru ruIPoKCII IypyXJaap 6ILUTaH Ky WIH O0Faap X0CHa
ovaagu”.

+"Kap6amna-gopmaisaeruj eTnMIapH ACOCHIATH
STHMIIAHTAH éF0Y MATepHALTAPHIA MEeTIIIOMN TYPYXJAapH Ba
éFougaru ruJPoKCII TYPYXIapH GILTAH Ky Wl G0FJ1ap X 0CHI
KILTHIIA cadad/m agre3ns wKopn oyaagn'.
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“CHHKBelH” MeTOIHu
“CuHKBEHH” — THUHIJIOBYMHHU WXOIMK Qaoamtupuiira, ¢GaoausTHA
Oaxouarmra HYHANTUPWITaH TabJUM MaIku XucoOnaHagu. CHHKBEHH-
aHIy34ya cCy3gaH OJMHraH OVinO, OelUIMK [eraH MabHOHH OWIaUpamu.
b
“CHUHKBEHH” METOJMHU aMaJira OIIUPHII OOCKUUIAPH:

1. SJ,KI/ITyBLII/I TUHTJIOBUMJIApra MaB3yra O TyIIyHYa, *kapa€H €Ku XoJuca
HOMUHH Oepa/iy.
2. TunrmoBummapaan ynap Xakugarun (QUKpPIApUHA KUCKAa KYpUHHUIIAA

ndonamanuiapu cypairaau. SpHU, mebpra YXmarud 5 KaTop MabyMOTIap
é3umapu Kepak Oymanu.

VY Kyinjara kougara acoCcaH TY3WJIUIIH KEepak:
1-xatopma MaB3y Oup cy3 Omnan (omataa ot OmnaH) ndoaanaHau.
2-KaTopja MaB3yTa JKyJa MOC KeJlaJuraH UKKuTa cudat Oepumaim.
3-KaTopAa MaB3y 3Ta xapakaTHU OWiIaupyBun (pebi ouiian hongananmiagm.
4-xaTopjia TeMara JOUp MyXoKamMa STYBUYWJIAPHUHT XUCCHUETHHH HUDOIAIOBYU
XKymila Ty3uiaaau. Y TVYpT cy3nan ubopat Oyiaau.
S5-kaTopJa MaB3yHU MOXUSITUHU M(DOJaNOBUM OUTTa cy3 Oepuiaau. Y MaB3yHUHT
CUHOHUMHM OViaau.
Hamymna. “Marpuna’” cy3ura CHHKBEWH TY3UHT.

1. Marpura.

2. BOFJIOBUMIIUK XYCYCHSITH.

3. Xaxkm Oyuua TeHT TaKCUMJIAHTaH.

4. KoMIO3UTHUHT OUp KUHCIUIUTUHU TAbMUHIAUIUTaH KEPAMUK,
MOJIMMEP EKU METAILIT MaTEepHal.

5. KoMnoHeHT.

“Kaacrep” meroau

®ukprapHuHr TapMokianuim “Knactep”— Oy memaroruk crparerust 0yiumo,
y THUHTJIOBUYMJIADHU OUpPOH OWp MaB3yHU 4UyKyp ypranuinuiapura €pnam Oepuo,
TUHTJIOBYMJIAPHU MaB3yTa TAaJUTYKJW TYIIyHYa €KW aHUK (DUKPHHU SPKHUH Ba OUMK
paBuIa KETMa-KeTJIMK OWilaH y3BUM OofjaraHn XxoJijja TapMoOKJIalliapura
ypraraau.

@ukpnapHU TapMOKIall KyWuaarunya TallKuil dTUIAIU:

1.Xaénra kenran xap Kaujaai ¢ukp Oup cy3 O6mnan udoaa 3Tud KeTMa-KeT
é3nnaau.

2.@ukpnap TyramaryHya €3uIija JaBOM 3TaBEPUI KEpak.

3. Unoxu Oopuya (PUKpIAPHUHT KETMa-KETIUTH Ba y3apo OOFIUKIUTUHU
KYIaUTUPHILL.

Hamyna. “Komnosunmon wMarepuamiap Typiapu’ Maszycura “Kmactep”

rpaduk opraHaii3epuHU Ty3UHT.
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111. HASAPUI MATEPUAJLIIAP

1-maB3y: Kupum. HaHOTEeXHOJTOTHSIHUHT aCOCHI TYIIyHYAJIAPH
Pexa:
1.1. HaHOTEXHOIOTUSAIAPHUHT PUBOKJIAHUII TEHICHIUSCH.
1.2. HaHOTEXHONOTMANIAD TYFPUCHIA YMYMUN MABIIyMOT.
1.3. HaHOoOOBEKT, HAHOMATEepHall, HAHOTEXHOJIOTHS TYLITYHYAaCH.

Taanu uébopanap: HaAHOMEXHONO2U HCAPACHIAPU, HAHOMAMEPUALLAp, Y21epoo
HanompyoKauiapu.

Kupuim. ®aHHMHUHT nIpeaMeT Ba Basudasiapu.

Ymby ¢dan Marematuk Ba TaOMMH-WIMHIA XamMja yMmMyMKacOuil Qanmapra
TasHTaH XOJJa HaHOMAaTepHAJUTAPHUHT (UUK-KUMEBUH MyaMMOJIADUHH  Xall
KW Ba (¢aH cudaruga MAKUIAHUOIMHUE — MycTaxkamiaml —MakKcaauJa:
HAHOTEXHOJIOTUSHUHT acOCHH TyIIyHYajdapu, HAHOTEXHOJIOTHSHUHT TaIKUKOT
OOBEKTJIApH Ba YyIAPHUHT CUHQIAHUIIN, HAHOTEXHOJIOTUSHUHT PUBOMIIAHUII
OOCKUWIapH, HAHOOOBEKTIAPHUHT aCOCH Typiapd Ba ylaap acOCHIard
HAHOTH3UMJIAP, YIJIEPOATN HaHOTpyOKamap, (Qymnepennap, CymnpaMoJIEKyIsip
KUME, HOOPTaHMK HaHOMaTepHaylap; HAHOCTPYKTypajaHTaH MaTepuauIapHUHT
CUHTE3 yCyJulapu, QyHIaMEHTal acociapy TYFPUCHIATH MabllyMOTIApHU KaMpao
ojlai Ba Oy OunmumiapHM Tajabanapra eTkasuil (paHHUHT acocui Makcaa Ba
Bazuanapu xucobIaHaIu.

“Hanomatepuainap” GpaHuHU Y3IaITUPUII KapaCHUIA:

o AHOTU3UMHUHT KPUCTAJUIO(U3UKACH, HAHOCTPYKTYypaiap Ba YIapHUHT
CUMMETpPUK udoaacu;
o AIEKTPOHJIAPHUHT HYHEPTeTUK CHEKTPH KBaHT VIILIOB

CTpYKTypajapuaa KBAaHT HYyKTajap, TOJaliap, FOKOPH Japakalld MaHKapaHUHT
axXaMHUSTH;

J XOJUTHUHT KBAaHT 3(PQEKTH Ba KBAaHT YIUOB CTPYKTypajapu OITHK
XYCYCUSITIIAPUHUHT MOXUSTH;

J HAHOKATIIAMJIH KOMITO3UITUSUTAPHA MarHuT XoccaliapH,
KOHJIecalMsIIaHTaH MyXHTIIap/ia SHEpTHs Ba 3apsjiap YTKA3MII KapacHIapy;

J HAHOCTPYKTypaJallraH MaTepuayiapHd  (QU3MK KUMECH, KHYHK
aHCaMOJIIH MOJIEKyJajiap, MOJIEKyJIapapo y3apo TabCUPH XaKWa TacaBBypra ara
Oynuiu;

o HaHO3appavajJapHH YI40B Ba (PYHKITMOHAT XOCCaIapH;

o MOJIEKYJISIp JWHAMHUKa, KOH(pOpMaiusi Ba HAHOTHU3M CHUMMETPUK
TAaCBUPHU,;

o dazamapapo yerapajapHd TEpMOAMHAMUKACH Ba KHHETHUKACH,
Kunacrep;

o MUIIEIUTANIAp XOCHIT OYJIUIIH, MOTUMEPH3AIUsIIAII, MaTPUIla CHHTE3H,

Y3apoIaKkIuIaHuII;
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o HAaHOMATEpHUalap: 30JUIap, Telap, CyCHeH3Wsuiap, KOJUIOWT
dpUTMAaap, MaTpPHUIlA-AKPATUITAH KIAcTepJId IOKOPH JapakaJlard CTPyKTypaiap,
bymiepennap, yIJIepoUIM HAHOTpyOKalap, IOJIUMEpiap, IOKOPH Japaskajiu
namkapasuap, OuoMmemMopanaap;

o HAHOTH3UMJIAPHU DJIEKTp YTKa3yBUM, MCCUKIUK VTKa3yBUM Ba
MEXaHUK XOccallapy.
o HaHOMAaTepHAJUIApHU MaxCyc Xoccajapu, yJapHU (U3UK-KUMEBUN

Ta6I/IaTJ'IapI/I 6OFJII/IKJ'II/IKJ'IapI/I, TAHJIOBYAHJIMTHU, SHCPIUA XAXKMIIMI'H Ba 3JICKTPOH
XOTUPACHUHHUHI' MOXUATUHU OMJIHIIM Ba Yi1apaaH (bOfI,I[aJIaHa OJIMIIH,

o HAHOKMMEBUI  KOMIIOHEHTaJap: Karamm3aTopiiap, copOeHTIap,
peaxTopap;

o HaHOKATJIaMJIap CHHTE3U YCIyOlapu: aTOM-MOJICKYJISIp SIUTAKCHS,
MOJICKYJISIp Ba KUMEBUH KOHCTPYKTPJIAI;

o Jlearmiop-biomkeTT MONEKynsp KaTiaamiaml yCiayOu, MOJHaHHOH
MOJIEKYJISIP KOHCTPYKTpJIAI;

o IOKOpH JIapakajia JIOKaJUTaHTaH KOTUTAHMIII, aKPaTUIl Ba MOJIaJIapHU
MoudUKanUsIIal yeiayoaapu;

o KOPIYCKYJO-(pOTOHIM Ba AJIEKTPOKUMEBUNA HAHOTEXHOJIOTHLIIAP,

HAaHO30H/UIM JIOK&JI CHHTE3 Ba MOJJAHM QXKPAaTHII, MaTepuanl H3aCUHU
MoAM(pUKALMSIIAII KYHUKMaJIapura 3ra OYIUIIHN Kepak.

1.1. HAaHOTEeXHOJIOTUAJIAPHUHT PUBOKJIAHUII TeHIEHIHACU

. 1.
HaHoTexHONMOTHsAHN PUBOKIIAHUIIN KyHugaruiapra OOFaukK

. duzuka

. Kumé

. buonorus

. AKT

. DJIEKTPOTEXHUKA

. MammHaco3auk

HanotexHosnoruss reHeTMKka (aHWHKM PUBOXKIIAHMIINWIA KaTTa Tacup
KypcaTau:

. HAHOTHOOMET

. HaHO KaricyJia

. HAHO reib

. capaToH KaCAJUIMTUHHU JaBOJialll

. COF OYJTaH KaTakjiapra 3apap e€Tka3MacaaH J1aBojall

' Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd

Edition, Elsevier, 2011. 35.
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Pacum 1. HaHOTEXHOIOTUSITAPHUHT PUBOKIIAHUII TEHCHUIUACH .

Hano po6otnap.

. MukpocKonuK MacmTad/iard MaligHa Ba poOOTIapHU SpaTHUIl Ba yiapjaH
YHYMJIU (hOMTaTaHMIIL.

HanoTtexHomnorus Ba KOMHOT:

. KOMHOT amnmnapatiapHy sXIIuIall
. aCTPOHABTJIAPTa MYXUTHH TAKOMUJUIAIITHPHUIIL

. KOMHOT caéxaTiapHH ap30HIAIITUPHUIIT

. HaHO €p MUYJIIONUIApUHU SIPaTUIL.

Hano o3uxianum:

. O3UKaJapHU MYy3CH3 Cakjall

. O3UK- OBKATJIApHHU OaKTepHsl Ba Mapa3uTiapaH XUMOS KHIIAIIT

. SHTUJI Xa3M Oynaaurad MO IallapHU SPATHII

Hano Ba mynodaa:

. KHYUK YIT9aMIIA Ba T€3I0pap JEKTPOH Kypuimasiap

. €HTHJI, KyBBaTJIM yCKyHaJIap

. CEHCOPJIAPHUHT STHTH aBJIOJIJIApUHU SIPATUII

. TaKOMWJUTAIITUPWIITAH KypoJuiap

Hawno Ba snektponuka (Pacm 1-2):

. AJIEKTPOH KypUMaap 3KpaHjIapUuHU 3aMOHABUHIAILI TUPUIL

. XOTUpa MHKPOCXEMalapuHA Oup KBagpaT JIOWMIArd  XaXKMHHTH
TepabalTiapra eTKa3uIl

. MHTETpaN cXxeMajapja WIUIATWIAJUTaH SPUM YTKa3rHain acOoOIapHUHT

XaKMUHU KaMauTUPUIL

%G.L.Hornyak, J.J. Moore, H.F.Tibbals, J. Dutta. Fundamentals of Nanotechnology.-CRC Press, Taylor and
Fransis, 2009, 24
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FIGURE 2.3  Proposed structures for three-dimensional NAND Flash Memory. (Data from
International Technology Roadmap for Semiconductor [ITRS] http://www.itrs.net.)

Pacm 2. Yuymaaminn NAND Flash xotupacu yays TaxMAHHH Ty3HTHIII .

Hano Ba AKT:

. KaTOJIJTK Hyp TPYOKAaCHHH YTJIepo]i HaHOTpyOKajgapura aJMarITHPHUII

. HAaHOTEXHOJIOTHsJIapAaH TAbMUHOTIA YHYMIIH (O TaTaHUIIT

Hano Ba sHepretuka:

. Ky€IIl Ba UICCUKJIUK OaTapesiapuaad ¢oiiganaHul;

. IOKOpHY XapopaTiu YTKa3ru4IapHU UILIaTHII

. rajbBaHUK JJIEMEHTIAp Ba aKKyMYJSTOPJIAPHM, SIHTM HAHOABJIOAWUHU
SpaTHUIIL

Does existing
product satisfy
specifications?

specifications be

achieved more
cheaply with

anotechnology?,

Can the gap
be filled by
nanotechnology?

No

Redesign
product

FIGURE 1.3

Flow chart to determine whether nanotechnology should be introduced into a product.

Pacm 3. HaHoTexHODOrMS MaxcysloTra KYJJIaHWJIWIIM MYMKHUHJIMTHHU aHUKJIAII
4
IarpaMMacH .

® David Rickerby Nanotechnology for Sustainable Manufacturing, Taylor and Fransis, 2014, 21.

* Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 12
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1)  P.@eitnman HoGenp mykodoTtu maypeatn. “MeHUHr QuKpUMYa,
dbu3MKa NPUHIMIUIAPY aJloXUAa aToMJIapJaH Y3UHMHT IIaxcuid MaHdaaTiapu
nynuaa goiganaHuIIHE MaH Kuiamanan”. 1995 i.

¥
Richard Fillips Feynman

2) 1996 ii. P.SIHr npe3onBuraTesiap FOSICMHU Takiau( KWW, XO3UPIH
KyHJa yJap HaHOTEXHAJIOTUs acOO0JapUHUHT Tpelu3noH xapakartiaHumuag 0.01
A.A=10""y AHUK/INK OWJIaH TabMUHJIAWIH.

3) Hopuo Tomwurytu OupuHUM MapTa “HAHOTEXHOJIOTHS aTaMaCHHH
1974 vinnna Kymnaau.

4) 1982-1985-itumnapaa  Hemuc mpodeccopu [.I'nsaiitep KaTTUK
YKUCMJIAp HAHOTY3UJIMACH KOHIEMIUSACUHU TaKIud 3T1u.

5) 1985 i#tmnna PoGept Kepn, Xapenn Kpero, Puuapn Cmomnmunapaan
uoopar onumiap kamoacu (Qyiuiepernapan kamd kwiaum Ba CNT (carbon
nanotubes) HazapusiCUHU sipatau, yaap 1991 iunaa taxxpubda iyiau OuiaH oJUHIH.

6) 1982-itunpa I'.bununr Ba T Popep Oupunum ckanep KUIyBYM TYHEIIN
mukpockot (CTM) sipataunap.

7) 1986-itmnma ckaHep KMITyBYM aTOM —KYIH MHKPOCKOIT a0 OVIu.

8) 1987-1988-iinmmapna  ajnoxuga aTomyiapiaH — Y3WHUHT — IIAXCHHA
MaH(paarnapy  HWynuoa  (GoHpamaHMIl < MMKOHMHM — OepyBuM  OMpUHYM
HAHOTEXHOJIOTUSl KypHUJIMAJIAPUHUHT UILLJIAII MPUHIUIIAPU HAMOMUII KUJIUHAM.

2. Jlpekciep-HaHOTEXHOIOTUsLIap XaKuJaaru Oapua OMITMMITApHU
YMYMJIAIITUPAH,  Y3-Y3UHU  HAMOEH  KWJIYyBYM  MOJEKYJIslp  poOoTiap
KOHLETIIUSICUHN aHUKJIQJH, yJiap WUFUII Ba €WHIN (IEKOMIO3UIMS)HUHT amajra
OLIMPUILIA, MabIyMOTHU aToMap Japaxkaja XoThpara €E3Wll Y3-Y3MHU HAMOEH
KWIWII Ba yJaapaad GoiiaaaHuIl 1acTypiJapuHu CaKJIaIli KepaK dIu.

9) 1990-itunna CTM épnamuna IBM ¢upmacu O6mman Oupranukna 3ta
xapd umsmwiau. Ymap Xe(35 atom) OwiaH HUKEN KPUCTAJUIMHHWHT SICCH TpaMuja
ym3uiau. (Pacum 4)

Pacm 4. IBM ¢upmacuHuHT JuTorpabuscu °

> Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 302
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Myp KOHYHM: KypWJIMaHUHT (032 Oupiurura  YpHaIITHPUITaH
TPaH3UCTOPJIADHUHT COHM TaxMUHaAH xap 18 oiima ukku OGapobap KynmaluIIMHU
Hazap/a TyTyBYM XucoOall KypuaMalapuaard Y30KMyAAaTiau TPEHI.

Kpugep KOHYHM:KaTTUK IJUCKIAPHUHT XOTHpA XaXXMHU JESIpid Xap WWIU
UKKHU Oapobap Kymasu.

Information processing scaling
‘oll
2 Mechanical V Discrete transistor
w0 O Blectromechanical 1 Integrated circult
@ Vacuum ube
10*

Computations/s
2

Source: Image courtesy of the IBM Corporation, With peérmission

Pacm 5. Myp Ba Kpunep konyHu ®23

750)| 1=t Passive nanostructures (1% generation products)
23|  a. Dispersed and contact nanostructures. Ex: aerosols, colloids

b. Products incorporating nanostructures Ex: coatings; nanoparticle
. reinforced composites; nanostructured metals, polymers, ceramics

>

~ 2000 ¥ 2 Active nanostructures

L a. Bio-active, health effects. Ex: targeted drugs, biodevices
£ b. Physico-chemical active. Ex: 3D transistors, amplifiers,
ot actuators, adaptive structures

~ 2005 3rd.

: Systems of nanosystems
Ex: guided assembling; 3D networking and new
hierarchical architectures, robotics, evolutionary

-
>

Risk Governance Frame 2 ——¢— Frame 1 =)}

Ex: molecular devices ‘by design’,
~2015- o

>
~ 2010 ‘ 4" Molecular nanosystems

1
'

Fig. 2.1 Generations of nanotechnology development (Roco 2011)

7
Pacm 6. HaHOTEXHOJIOTUSTHUHT PUBOXKIIAHUII TEHCHITUSCH

® G.L.Hornyak, J.J. Moore, H.F.Tibbals, J. Dutta. Fundamentals of Nanotechnology.-CRC Press, Taylor
and Fransis, 2009, 12

7 Said Salaheldeen Elnashaie, Firoozeh Danafar, Hassan Hashemipour Rafsanjani Nanotechnology for
Chemical Engineers, Springer, 2015, 95.
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1.2. HaHOTEeXHOJIOTHAJIAP TYFPUCHIA YMYMHH MAbJIyMOT

benrunanran Xxoccanu HaHOMaTepHalap OJHUINIAa WIM-(baH Ba TEXHHUKa
IOTYKJIApUHU TaJI0UK KIIUII. brp KaTop HAaHOOOBEKTIIap MablIyM Ba yjiap aHYaJlaH
oepu kymranagu. Kommomanap, maiiga aucmepc KyKyHJap WHTHYKA TUIEHKAIap
urynap skymiaacuaan (Pacm 7).

Nanotechnology

/‘ TN
Matenal \\
/ / \ \ - Biology

|

/
/ Object Nanostruclured

R ™
/’ / \ material "\ ™ Bionanotechnology
/ / | N\ \\ o’
/ /Particle| pjate Smart \
/ // Fiber material _ %
Nanofact
jno acture / g \
\ Metrology Devnce \\ 1
/ A System
Top—down A \‘- ye
Electronic \ \
Bottom-up P ; N
(self-assembly) ~ Magnetic| Fluidic ™\
Molecular Photonic Mechanical
electronics

Bottom bollom

FIGURE 1.1

A concept system (ontology) for nanotechnology. Most of the terms would normally be
prefixed by “nano” (e.g., nanometrology, nanodevice). A dashed line merely signifies that if
the superordinate concept contributes, then the prefix must indicate that (e.g.,
bionanodevice, bionanosystem). Biology may also have some input to nanomanufacture
(nanofacture), inspiring, especially, self-assembly processes. Not shown on the diagram is
what might be called “conceptual nanotechnology”, or perhaps better (since it is itself a
concept), “virtual nanotechnology”, which means the (experimental and theoretical)
scrutiny of engineering (and other, including biological) processes at the nanoscale in order
to understand them better; that is, the mindset or attitude associated with nanotechnology.

Pacwm 7. Hanotexnomnorusinapna onrosnorus. Hano npedgukcu
(HaHOMETpOJIOTHH, HaHoac606)8

X03upru KyHra Keiaud XOHa XapopaTH IIapOMTHAA [03aja aTOMJIAPHHHT
OMPUKHIIK Ba XaKM/Ia aTOMJIAPHUHT TYPJIHd KOMOMHAIMSIIAPH XOCHIT Oy THUIIMHAHT
TEXHOJIOTHK YCYJIJIApH UIUTA0 YNKHIMOK/IA.

VYrinepon ‘“nanotube’nap (HaHoHaiua, HaHoTpyOkamapu) CNT (carbon

nanotubes):
. Oy TpyOkanap MOJIEKyJsIp MaciITabaaru MaTepuaiapra Kupaju;
. TapkuOuaa rpadut yraepoau 6yaubd axxoinnd xoccanapra ara.

HanoTexHonorusmapuHUHT 3HT peaj YUKUIIM aTOMap Ty3WIMaJapUHUHT y3-
V3UHM WUFUIIN JeWnaagn. 3aMOHaBHM HAHOTEXHAJOTHUSHUHT Basudacu, aToMap
TY3WIMAJIAPUHU UUFUIITHU TABMUHIOBYM TaOUUN KOHYHUSITIAPUHU TOTIMIIL.

1.3. HaHo00beKT, HAHOMATEPHAJI, HAHOTEXHOJIOTHS TYIIYHYACH

& Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 4
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Hawo - “107”. [ysaait Kuanb HAHOTEXHOJOTUSIIAPHUHT (PAOJIUSAT COXACHTA,
X0X OuTTa ymuamaa OYJICUH Hm OWiaH yadaHaguraH oObekTiap kupaau. Kypub
YUKUAJIAETraH OOBEKTNIap KYJIaMH ajoXuJa aToM YIyaMuJaH aH4ya KeHr,
KOHTrJIaMepatiaprada (tapkuouaa 1,2 €xu 3 ymuamaa 1 MM yimuamra sra 10°nan
OPTUK aTOM OpraHuK MolleKyjanap). Ymoly oObektiap 6.0 coH aromiapiaH
nbopaT AMaCIUTd KyJla MyxXuMm, Oy 3ca MOJAJAHUHT JUCKPET aTOM-MOJEKYJISIp
TYy3WJIMACHHUHT Taig0 OYIMIIM €KW YHUHT KBaHT KOHYHUSITIApUHU Oenruiad
oepanu (pacm 8).

Table 1.1 Some nano concepts and their intensions and extensions
Intension Concept Extension

One or more external dimensions MNano-object  Graphene, fullerene

in the nanoscale

One or more geometrical features MNanomaterial A nanocomposite

in the nanoscale

Automaton with information MNanodevice  5Single electron transistor

storage and/or processing
embodiments in the nanoscale

XKansan 1. HaHokoHuenuuss Ba yJapHUHT TapKUOMl KUCMH  Ba
KYJUTAaHWUJIUIIN ’

1)  HaHooOwbexTHM aHukKiIam. HaxHomerp Vmyamun xap  KaHaa
dbuszukaBuil 00beKT 1X2x3X KOoOpAUMHATANM MaloHAa (Te3 KyHJa BaKT yadamuia
OYIUIIN MYMKHH).

2)  Xap Kanmad aMTepuall 00ObeKT HaHOOOBEKT ICHMIIaIH, yiapia 103a
ATOMJIADHUHT COHHU XaXMJaru aroOMJApPHUHT COHU OWIAH COJUINTHPMA EKH
IOKOPH.

3)  HanooObkTHH aHukiaml. HaHooObekT - 1 €ku KYNpOK KOOpAWHATA
ymuamnu, 7A€  BpOMJIHMHT  BJEKTPOH Y4YyH TYJIKUHM  Y3YHJUTH  OwiiaH
TaKKocJIaHaauran o0bekT. (1924 iiunma dusuk onum ne bpoitnp “@otonnap yuyH
KOPIYCKYJISIp TYJIKWHIN Jyalu3M TaOMaTHUHT HWCTaJraH 3appacd ydyH MOC”
JIeTraH.

h
16 - —
p H
Oy epaa: h — Ilnank gouMucH; p — DIEKTPOH UMNYJICU; Ag — 1€ BbpoilnmHuHT

TYJIKUHU.

4)  HaHOOOBEKTHH AHMKIALL Y3WHMHT VT4OBIAPHAA XOAMCAHMHI JHT
CYHITH YITHOBHJAH XaM KHWYUK OOBEKTIapHHU alThmianu (y €ku Oy XOAUCAHUHT
NOJIAPU3ALMOH paAuycH OwiaH Oup XWwi YiadaM, O3JIEKTPOHJIAPHUHT SPKUH
XapakaTJIaHWII Y3YHJIMTH, MarHUT JOMEH YidaMu, KaTTHK >KHUCMHHUHI Maino
Oynui ymuamn).

5)  HanooObekTHH aHuKiam. HaHOOOBEKT — Oy y4 MaiJ0H yIT4aMUHUHT
xeu Oynmaca 6urracuga 100 HM nan kam Oynmaran ymuamiau oobekt. 100 HM — e
BpOWIHUHT 1IEKTPOHYU YUYH TYJIKAH Y3YHJIUTH.

® Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 5
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Fig. 1.1. Examples of zero-dimensional nanostructures or nanomaterials with their typical
ranges of dimension.
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Pacwm. 8. Tunuk ymuammu O-§myamim HaHOTU3UMIIAP Ba

10-11
HaHOMATCPpHUAJIAPHUHT HAMYHaJIapn

Hanomatepnammap Oy HaHOOOBEKTJIADHUHT Yy3u (arap yjap TypiH
TeXHUKAaBUI MocjamMa Ba yCKyHajap Taiépnamra Xu3Mar KWica, XyIIu
HAHOOOBEKTIAp YOy Marepuajjapaa MabiyM OUp XYCYCHAT MIAKJIAHTUPHUILIN
yuyH Qoigananmiaau €Ki HAHOKOHCTPYKTOPJIAHTaH MaTepuasiap Kadu).

10 G.L.Hornyak, J.J. Moore, H.F.Tibbals, J. Dutta. Fundamentals of Nanotechnology.-CRC Press, Taylor
and Fransis, 2009, 8-11.

! Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 2.
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“HanoTexHoJOrHsl ~TylIyHYacH ‘“‘HaHOMAaTepuayl  TyIIyHYacH OujaH

yambapyiac OOFIIHK.

“TexHOJOrusA” aTaMaCH Y4 TYIIYHYAHU aHTJIATAM:

1) TeXHOJIOTHK >KapaéH;

2) TEXHOJIOTHK XyAOKaTIIap TYIIaMU;

3) Kaifta wumam kapa€HIAPUHUHT KOHYHUATIApPU Ba MaxXCYJIOTHHU

VpranyBum WIMHH (aH.

HanorexnoJjiorusi — HaHOMAaTCpHalJIapHU OJIWIL, KaﬁTa umjiamni Ba KSI’J'IJ'IaH_I

KOHYHUATIIAPUHU YpraHyBUYH (aH.

8.

9.

Ha3zopar caBosiapn
“Hanomartepuaiiap” TylryH4acura Tabpudg OepuHT.
HanomarepuaiiapHuHr kaHaail TypiaapuHu ounacus?
HanomeTpomorus Ba HaHoac000 1e6 HuMara anTuaaau?
HaHnomaTepuaiiapHUHT ajJoxuja XyCyCUsITIIapHUHT cabadu HumMaia?
Myp KOHyHU HUMA?
Kpunep KOHyHH TYUIyHTUPUHT?

ogkowdE
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2-maB3y: HaH000beKTJIapHMHT aCOCHIl TypJIapu Ba yJap acocuIaru
HAHOCHCTEeMAaJIap.

Pewxa:
2.1. Hanoszappawamap Ba HaHOMAaTepHaUIap XYCYCHUATIAPUHUHT (PHU3UKaBHIA
cababuapu.
2.2. HanooOnwektnap TacHudu.

Taanu wubopanap: @yniepennap, yenepoonu mpyoxaiap, CynpaAMONeKyIsap
moooanap, 6uUcKepiap, MaHeaHumaap, GOmoH Kpucmauiapu, OuoKepamuxa,
HAHOOAMOCIAp, 2a31U 2UOpamiap ea Kiacmepap.

2.1. Hano3zappauaJjiap Ba HAHOMaTepPHAJIIAP XYyCYCUATIAPUHUHT (PU3UKABUI
cabadiapu

1)  HanooOwekTiapma (03a €kM JOH 4Yerapa aTOMJIAPUHHHT COHHU
X@KMJIark aToMjiap COHU Omian Takkociaanamu [1] (pacm 1-2).

FIEURE 2.1
Cross-section of a sphenical nenoperticle corslsting of 19 soms

12
Pacum 1. Kecumparu 19 aTomian Taikui TONraH HaHO3appaya .

Cohesion Adhesion Y2
/

— 2y,

FIGURE 3.2
Cohesion and adhesion of substances 1 (white) and 2 (gray) (see text).

13
Pacm 2. Koresusd Ba aaresus

12 jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 19

13 Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 38
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2) IOzama koijamran aromyiap XaM KaTTHK KUCM  XaXKMHJArd
atoMmiapiaad (apkiau Yiaapok, VAWK Kodigap Ba OOCKUWIAPHHWHT Y3eJutapuia
KaMCOHJIM TyTaJUIaHTaH ajioKajapra ara Oymamu. By xonm HaHOOOBEKTIAp Ba
MOHOTApKHUOJIAIITaH MaTepUAUIAPHUHT KUMEBUHN, KATAIUTUK (DAOMHUATH Typiamya
optummra onub kenaau. byHIaH Tamkapy yriiepo] aToMjapaH MHUTPAIHs, ShHU
mudGy3uoH MUTpanysi, PEeKPUCTALIN3AIMS, IIYHHHTJIEK COPOIMOH XaXM Ba
OolKanap Te3TUTMHUHT OPTHUIIHN 103aIMK OViina0 aHya Te3 103 0epaau (pacm 3).

Environment

OOOOOO)

000000

Bulk

FIGURE 2.3

The boundary of an object shown as a cross-section in two dimensions. The surface atoms
(white) are qualitatively different from the bulk atoms (gray). since the latter have six
nearest neighbors (in two-dimensional cross-section) of their own kind, whereas the former
only have four.

Pacm 3. Mkkurta ynmuamaa o0bekTHH Oofmanuii. KO3a arommapu (0K) WUKA
14
aTomJiapuaad cudat xkuxataaH papkK KHiIaau (KyJpaHr) .

3) HanooObexkTnap y4yH UYM3HKJIM Ba [03aKM TapaHTJAlTyBHUHT
TacBUpJall Ky4Yd HaHOOOBEKTIIap yuyH OViIraHura KaparaHja aHda Ky4Jud HaMOEH
OYnaau, YyHKH KATTUK XKUCM XQXMHUJA 03aJlaH y30KJalraHaa Oy Kydiaap aHda
3audramany. by Ky4wIapHUHT KaTTaJIUTH HAHOOOBEKT XAKMHUHHUHT KPUCTAJUTHK
TapkuOW KAMUYMIWKIAPUHUHT Ky4JapuJaH TO3aJaHUIIUTA OJUO  Kelau.
HanooObekT HaHOOOBEKTra Kaparanja aHda MyKamMMall KPUCTaJUIMK TapKuOWra
sra. TacBUp Kywiapu ¥3 HOMHUHH DJIEKTp MalJOHJIApHU XHUCOOJIaIl yCcynu Oyiinya
onraH (pacMm 4-6).

Lateral
shift

Inward
shift Y5

00 0O

Fig. 2.4. Schematic showing surface atoms shifting either inwardly or laterally so as to
reduce the surface energy.

¥ > g

\

Original {100} surface 2x 1) restructured { 100} surface

Fig. 2.5. Schematic illustrating the (2 X 1) restructure of silicon {100} surface.

Pacm 4. KO3a aTomiiapu CHUIIKUIIM CXEMacu Ba 103a SHEPTUSCUHUHT
. N 15
kamaiuiu. KpeMHuil 103aCHHUHT peCTPYKTYpHU3AIUsACH

1 Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 22

> Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 20
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Fig. 2.6. Schematic showing the surface of diamond is covered with hydrogen and that of
silicon is covered with hydroxyl groups through chemisorption before restructuring.

Pacm 5. XemocopOnus HaTwXacuaa Io3ajlapuja BOJIOPOJ Ba
TUAPOKCHUJ] TPYIIIAIN 0JIMOC Ba KDEMHUIHUHT 103aCU

Fig. 2.7. Examples of single crystals with thermodynamic equilibrium shape. (Top-left)
Sodium chloride, (top-right) silver, (bottom-left) silver, and (bottom-right) gold. Gold par-
ticles are formed at 1000°C and some facets have gone through roughening transition.
Pacm 6. MoHKpuCTa/UIapHUHT HaAMyHAJIapu — HATPUM XJIOPHUIU, KyMYII,
oxruH (xapopar 1000°C)".

4) HanooObekTiapia TapKajduIll, PEKOMOMHALMA Xamaa OOBEKTIAPHUHT
yerapajapujia akc ATUII OujiaH OOFJIMK OYynraH karTanuk s¢dQextiapyu Karra
axamusaTra sra 6ynaau (ran MUKpo3appadalapHUHT XapakaTy yCTUa O0OpMOK/a).

Xap Kanaai kyuupuin xogucacuaa (371, TOKH, UCCUKIMKHU YTKa3yBUaHIIHK,
miacTuK, Jedopmamusi Ba XOKa3ojap) BOCUTajIapra KaHAAWIAP DPKUH
IOTYPHUIIIHUHT caMapajid y3yHJUIrura Hucoatr Gepuill MyMKUH, OyHAa OOBEKTHUHT

18 Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 20

17 Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 22
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KAaTTAJIUTH BOCUTAHWHT 3PKUH FOTYPUII Y3YHJIUTH, BOCUTATAPHUHT TAPKAIWII Ba
XaJIOK OYynuIm skapaéHu OOBEKTHUHT TEOMETPHUSACUTA YHYAIUK OOFIIMK OYIMaiiiu.
Arapna OOBEKT KATTAIMTHHH BOCHUTAHUHT JPKUH IOTYPHIN Y3YHJIUTH OWIIaH
TaKKOCJaIl MyMKHH OyJca, y xonaa Oy skapa¢Hiap aHua MHTCHCHB Keuau Ba yiap
HaMYHaHHUHT T€OMETPHUSICHUTA Ky4Id Japaxasa OoFiauk O0Viaau (pacm 7).

A m
...C_MK _________________________
- N\ Nucleation and Growth
é Coin_____ [ 505
g I | '@
3 c . Growth
g s S I I e~
3 | |
1 | I | m
| | Time

>

Fig. 3.4. Schematic illustrating the processes of nucleation and subsequent growth.
[M. Haruta and B. Delmon, J. Chim. Phys. 83, 859 (1986).]

Formation rate of the solid phase

Fig. 3.5. Schematic showing, from a slightly different point of view, the relations between
the nucleation and growth rates and the concentration of growth species. [M. Haruta and
B. Delmon, J Chim. Phys. 83, 859 (19806).]

o , 1
Pacm 7. Hykneanus Ba ycuil xapa€Hiiapu cxemaiapu 8

5) Hano3appanapHUHT KaTTaIUTH SHTY (a3a, JOMEH, TUCIOKAIMOH XaJlKa Ba
nry kaOuiaap MypTaruHUHT KaTTaJuru OWjiaH TEHT €KW yHJaH KU4YuK Oynanu. by
HAaHOOOBEKTNIap Ba HaHOMaTepuaUIapHUHT MarHUT xoccanapu (Fe nanoszappa
MarHuT XOCCacura Jra -5Mac), JUAJIEKTPUK Xoccajapd, MHUIIHUK-TTyXTaJTuK
Xoccallapu MaKpoOOBEKTIAPHUKUTA HUCOATaH TyO1aH Kamalummra oimub Kenau.

6) MojiaHMHT KaMCOHJIM aTOMJIapH YUYyH I03aHM PEKOHCTPYKIUS KHJIHIIL,
V3UHM Y34 TalKWI JTULI Ba Y3WHUA Y3U WHAFUII XOCIWpP, SBHU aTOM KiacTepra
OvpramraHuia TeOMETPUK TY3WIMAIAPHUHT XOCWJI OYIHIM 103 Oepaau, yiapaaH
KEeMMHYAIMK TEXHUK Basu(aliapHy Xai KWK yuyH (oiiananuin MyMKUH (pacM 8).

'8 Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 57
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Pacwm 8. Atomunap ypracuaaru }”lsépo TabCUP KYUHU.

7) HanooObexTnapaa Typau dJIeMEHTap 3appajap (SJIEKTPOHIAp)
XapaKaTUHUHT KBAaHT KOHYHUSTIapu HaMOE€H Oynaau. KBaHT MexaHWKacH HyKTau
Ha3apuJaH oOJIraHAa, SJCKTPOHHW TETULUIM TYIKUH (DYHKIUSUIADUHU BYXKYJra
KEJITUPaJAUral TYJIKUH J1e0 TacaBBYp KWJIMII MYMKHUH. By TYJIKUHHUHT KaTTHK
KUCMJATH TapKaJWIIM KBAaHT 4YerapajoByd OwiaH OOFIMK Oyiran (TYIKWH
uHTEepPEPEHIIUACH, MOTEHIUAN TYCHUKJIAp OpPKAJIM TYHHEPJIAHUII MYMKHHIIUIH)
Xoaucanap OWiaH HazopaT KWIMHAIu. MeTaun maTepuaiap y4yH dSJeMEeHTap
3appapyajapHUHI TYJIKUHIM TaOWaTh TOMOHHUAAH KYHWIaJWraH YeKJIOBIAP
X03Upua 10J13ap0 3Mac, YyHKH, yiap yuyH (JIEKTpOoHIap y4uyH) e bpoiln TynKkuHu
Ae < 1 MM, coHM OMp HEYa aTOMJIM MUKIOpJIApHU Tamkui stanu. II/m ma sca
AJIEKTPOHHHMHT CaMapalii MaccacH Ba YHHMHT XapakaT Te3NUTU UIyHAAWKH, e
Bpoiis1 TYIIKUHUHUHT y3YHJIUTH 31€KTPOHU yuyH 10 mMaan 100 MMrayanu Tanmkui
stumi MyMkuH. [lly Oumnan Oupra, makimaHa€TraH a I/ Ty3WJIMaJapUHUHT
KaTTanury ymoy yiadamiap Owian OapaBapaup. 3aMOHABUI MUKPOIIPOIIeccopiiap
(1 xoTHpa) kKoHTakTIIap Yypracuaaru macoda 0.03 mxmman 30 MkMmraya.

8) HaHoOOBeKTHHUHr ViyamMu Kudpaiimb OopraH capu 3JICKTPOHIIAp
HHEPreTUK CIEKTPUHHUHT JUCKPETH3aALUIANIYB Aapaxacu opTtubd 6opamau. KBant
HYKTa y4yH (aliHaH Oup He4ya aToMIaH ubopat OynaraH oOBEKT YUyH) dJIEKTPOHIIAP
amanna aipum atoM OuylaH Oup Xwy OynraH pyxcar JTWITAH SHEPrUsiiap
cCrieKTpura sra 0yna 6opaju.

2.2. Hanoo0bexkT/1ap TAaCHUDH.

HaHOOOBEKTHUHI KaTTa-KUYUKJIUTA — HAHOOOBEKTIAPHU TACHU(DIIAIIHUHT
acocHuIup.

Karra-knunkinmkka MmyBouK Kyiugaruiap dapkiaHaIn:

1) 0-D HaHOOOBEKTIAp — YJApHUHT 3 Ta MakKoOH YITYaMHUHHHT XaMMacH
HAaHOMETp Auana3zoHuaa €raau (Kymoa Kwinb aiTranaa: 3 YI4aMHUHT XaMMacH <
100 HMm).

Bynnait 00beKT MakpOCKONIMK MabHOJA HYJIbMEpNn Oynaau Ba 1y cabaduu,
AJIEKTPOH XOccajapy HyKTau HazapujaH, OyHaai oObeKTiIap KBaHT HyKTajap 1eo
atanaad. Ymappaard Ae bpouib TYIKMHU Xap KaHJailh MakOH MHUKJIOpPJAaH KaTTa
Oynaaun. KBaHT HyKTajapjiaH Jazep KypWIMIIKWIA, ONTO3JIEKTPOHUKA[A,
dboToHukanaa, ceHcoprkaa Ba oormikanapaa porgananunaau (pacm 9-11).
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Fig. 3.10. SEM micrographs of gold nanoparticles prepared with sodium citrate (a) and
citric acid (b) as reduction reagents, respectively, under otherwise similar synthesis condi-
tions. [W.O. Miligan and R.H. Morriss, J Am. Chem. Soc. 86, 3461 (1964).]

Pacwm 9. KaitrapyBuu cudatuia KyuiaHuIaurad HaTpui UTpaTH Ba JTMMOH
1
KMCJIOTACHUJIaru OJITUH HaHO3appadaiapu
3’
| SR
& o ] 9 ¢
o s 3" o8 AN
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Fig. 3.19. SEM micrograph of silica spheres prepared in the ethanol-ethyl ester system.

[W. Stober, A. Fink, and E. Bohn, J. Colloid Interf. Sci. 26, 62 (1968).]
20
Pacm 10. DTanon-3¢up MyxuTuaaru KpeMHE3eM HaHO3appayaiapu .

Cd(Me),
g S{TMS)

e —
Reflux 100°C

TOPO capped CdSe core uncapped Core CdSe/Cds Core/shell

Fig. 3.27. Schematic synthesis of CdSe/CdS core/shell nanocrystals [X. Peng,
M.C. Schlamp, A.V. Kadavanich, and A.P. Alivisatos, J Am. Chem. Sac. 119, 7019 (1997).]

Pacm 11. SInpo-KoOMK HAHOKPHUCTAUIAPHUHT CUHTE3H CdSe/Cds?

2) 1-D HaHOOOBEKTIap — UKKH YI4aMJa HAaHOMETPHUK KAaTTalIUKKa, YUUHUYH
yiyamaa sca — MaKpOCKONMK KaTTalukka dra Oymaau. Bymap xymmiacura
HaHOCHMJIap, HaHOTOJIanap, OUp AEBOPIIM Ba KYI I€BOPJIM HAHOKYBYpJIap, OpraHuK

9 Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 69

% Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 86

! Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 104
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MaKpoMmoJieKysanap, my oskymnanadH JIHKHuHr wkxkm xaBatim cnupamiapu

kuputiamy (pacm 12-15).

) (6) Diffusion of
Growth species by-products

in the bulk -
O O

) Diffus‘son\
from the bulk .

urface (2) Adsorption/ .
tothes O dcsorptio':: of (4) Irreversible ‘?rgdm?rmm

growth species incorporation of zy_ml:;s
\ (3) Surface diffusion  EFOWth species into /
of growth speci crystal structures
Q e PO
Solid Surface

Fig. 4.1. Schematic illustrating six steps in crystal growth, which can be generally considered
as a heterogeneous reaction, and a typical crystal growth proceeds following the sequences.

Pacm 12. I'ereporen peakuus Oyiinua 6-kappajiud KPUCTAJUIAPHUHT VCHUII

TI/I3I/IMI/I22 .

28 Stacking foult
-
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Stacking fault

Fig. 4.6. SEM and TEM pictures of ZnO nanobelts [Z.W. Pan, Z.R. Dai, and Z.L. Wang,
Science 291, 1947 (2001).] :

Pacm 13. Pyx okcuau nanonaituanapu yuyH SEM Ba TEM snexktpon
MUKpPOTacBUpIapu .

?2 Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications

2nd Edition, Imperial College Press, 2010, 113
% Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications

2nd Edition, Imperial College Press, 2010, 120
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Fig. 4.8. (A) SEM and (B) TEM micrographs of CuO nanowires synthesized by heating a
copper wire (0.1 mm in diameter) in air to a temperature of 500°C for 4 hr. Each CuO
nanowire was a bicrystal as shown by its electron diffraction pattern and high-resolution
TEM characterization (C). [X. Jiang, T. Herricks, and Y. Xia, Nano Lett. 2, 1333 (2002).]

Pacm 14. Muc oxcuau Hanocumiapu yuyH SEM Ba TEM »snektpon

24
MUKpPOTacCBUpJIapH .
VAPOR

\l/

SILICON
VAPOR CRYSTAL

Mg
3

=

SILICON SUBSTRATE
(a) (b)

Fig. 4.11. Schematic showing the principal steps of the vapor-liquid-solid growth
technique: (a) initial nucleation and (b) continued growth.

Pacm 15. I'a3-CyroKIMK-KaTTUK JKUCM YCYJMHHUHI CXEMacH: a- OOIUIaHFUY
. N 2
3appada XOCWI OYIIHIIH, 6- YCuI’ .

3) 2-D nanoo6bexTnap — ¢akar OuTTa yryamia HAHOMETPUK KaTTaIMKKa 3ra
OYynaau, KoJraH UKKUTa Yadamza 3ca 0y KaTTaauk MakpocKonuk OViaau. bynmait
00BeKTIap >Kymjacura OWUp TapKUOJIM MaTEpUATHUHT o3ara SIKUH WHTHYKa
KaTjamjapu: IUIGHKalap, KoIulamanap, MeMmOpaHanap, Kyn  KaTjiamiid
reTepOTy3WIMaNIap KUPUTUIIAAN. YJAPHUHT KBAa3W UKKU YITUYaMIIWJINTH AJIEKTPOH
TQ3HUHT  XOCCAJIAPWUHHU,  OJEKTPOH  YTHIIIAPHUHT  (p-  YTUIIUIAPHUHT)
XYCYCUSATIAPUHHN Ba ITy KaOWJapHHU Y3rapTUPUILI UMKOHUHU Oepanu. AitHan 2-D
HAaHOOOBEKTIIAP PATUOIPKTPOHUKAHIHT TAMOMUJIA SIHTH AJIEMEHT 0a3aCuHU UIILTa0

*Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 123

% Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 129
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YUKUII YIyH acoc yinad TOmuIl UMKOHUMHU Oepanau. By sHIu HaHO3JIEKTPOHUKA,
HAHOONTHKA Ba 11y Kadbuiap 0ymaau (pacm 16-19).

paat , ghe . &

Lskand or Wolmer—Webser growth

oo oo, SRS ., S

Layer or Frank—wvan der Merae growth

woan ., dewdh , S

Iskand-layer or Stronski-EKrastorov growth

Fig. 5.1. Schematic illustrating three basic mades of initial nucleation in the film growth.

Islansd growth ocours when the growth species are more strongly bonded to each other than
tx the subsirate.

Pacm 16. FOnka miienkanapHuHr yeuin cxemacu. Oponyanu yeuil cyocTpaT

OwsiaH MycTaxkaM OOFJIaHTaH 3appadayiap yuyH Oopaau 2
|
i
(] ] ]
Film
- + T 4
| 1] [
Subsirabe
i 1
Siatched Strained Rozlnaxed

Fig. 5.3. Schematic illestrating the lattice matched homoepitaxial film and substrate,
stramed and relaxed heterocpitaxial structures,
PacMm 17. I'ereposnurakcualn mieHKaJapHUHT CTPECAAru Ba peflakcalusiari
TOMOSIHUTAKCHAJI TUICHKA Ba CyOCTpaTHUHT KpHUCTa/Ul MaHXapacu cxemacu, Pyx
oKcHIH HaHOHaituamapu yayH SEM Ba TEM 91eKTpOH MHKPOTACBHpIIApH

% Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 175

%" Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 179
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Fig. 5.14. Schematic showing the principal elements in the complex diamond CVD
process: flow of reactants into the reacter, activation of the reactants by the thermal and
plasma processes, reaction and transport of the species to the growing surface, and surface
chemical processes depositing diamond and other forms of carbon, [JLE. Butler and
D.G. Goodwin, in Propertics, Growth and Applications of Diamond, eds. M. H. Nazare and
AJ. Neves, INSPEC, London, p. 262, 2001.)

Pacm 18. CVD xapaéuu O6yiiriua HAaHOOJIMOCIIAPHU OJUIITHUHT TPUHITUITHAI
TU3UMHU: PEATCHTIAPHUHT PEAKTOpPra OKUMH, PEAarcHTIApHU TEPMUK KApAEH E€KU
m1azMa OwiiaH (aosUIaHUIy, YCyBYH [03ajapra 3appadajapHUHT Talmu0 YTHIAIN
Ba  pEaKIMsCH, OJIMOCIAPHMHT Ba  YIJEPOJHUHT  OOMIKA  IIAKJUIAPUHU
YYKTUPUILIHUHT F033a1ard KUMEBH )KapaéHJ'IapI/IZS.

Q annen
E"’?ﬁ% 8a8aR
slorslolel 111

LangmulrBlodges M. {3) A manolayer. (b} a bilayer. {c) a ¥-type multiiayer. The cires
"II-FI"IZ-HTH fthe polar head= and the SOLEres the 3|:-:l:|r 13lls of the amph FI'I||I: oleC e

il A miceka, whilch can fomm E-FIII'IH]I'FIIJS.'!.' upon dispersal Inwaler I ihe amph Flr"t
molecules have a3 smeller 13l than the hesd (see Saction 8.2 9]

Pacm 19. Jlenrmiop-biomxer nieHkaiapuau oiunl. MoHOKaBar, OMKaBar,
y-MynTukaBaT. Arapna «taily» «headygan kwumk Oynca momnsp  amdudun
N 29
MOJIEKYJIajap y3-y3ujaH MUlleutaiap XOCHI KIIaau

% Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 198

# Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 110
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Xosupru BakTAa 2-D HaHOOOBEKTIAp XaMMaJaH KYMPOK XHIMa-Xujl
aHTU(Gpa3uoH, AaHTUKOPPO3MOH Ba XOKa30 Kormiamanap cudaruga Xu3mar
KWIMOKJIa. ¥Yaap MoJeKysip puiibTpiaap, COpOSHTIp Ba Iy Kabuiapaa TYypJid XUl
MeMOpaHaiap sSipaTHIll yUyH XaM KaTTa axaMmHsTra sra.

QyiepeHnap.
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CynpamoJieKysip KuMe.
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Hoopranuk HanomaTepuaiap.

Buckepnap.
Vapor

\J/

Vapor

Crystal
; E\lf ;Liquid
M 30 -
aHraHnuriap .
ore ready Magnetite nanopartides
inod. The fluid can be
conmEan controlled and shaped
magneticaly.

T
N L Magn etotactaum
I baveriazm. Magnetic
in appleis bacteria can synth esise
Pp chains of neno-mogne
whichhas | titesand beusedasa
compass needle.

his fruit.
FOkopuxapopatnu yrayTkarudiap.
®oton kpuctawiapu (3D cTpykTypa)

% European Commission EUR 21151, Nanotechnology : Innovation for tomorrow world, Luxembourg: Office for
Official Publications of the European Communities, 2004, 56.

43



o] _

buoxepamuxka.

Hanoonmocnap.

D .=1um

L
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Ha3zopar caBosiapu
1. Hanozappauanap Ba HaHOKJIacTepiap ae0 HuMara antuaagm?
2. 0-D nanooObexTIapra MUCOJ KEITHUPHUHT.
3. 1-D HaHoOOBEKTIIapra MUCOJ KEATHPHUHT.
4. 2-D HaHOOOBEKTIapra MUCOJ KEITHPUHT .
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8.

9.

5. Oymnepennap Ba yIIEpOMIW TPYOKaJapHUHT KaHAAW TypJlapuHU
Omtacus.

6. CymnpaMoJieKyJissp Mojijiajgapra MUCOJI KEITUPHUHT.

7. Hoopranuk HaHOMaTepHaUIAPHUHT KaHAai TypJapuHu Owtacus?

DoiaJaHIITAH agaduéTaap

Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro
and Nano Technologies) 2nd Edition, Elsevier, 2011, 19.

Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro
and Nano Technologies) 2nd Edition, Elsevier, 2011, 38.

Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro
and Nano Technologies) 2nd Edition, Elsevier, 2011, 22.

Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,
Properties, and Applications 2nd Edition, Imperial College Press, 2010, 20.
Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,
Properties, and Applications 2nd Edition, Imperial College Press, 2010, 20.
Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,
Properties, and Applications 2nd Edition, Imperial College Press, 2010, 22.
Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,
Properties, and Applications 2nd Edition, Imperial College Press, 2010, 57.
Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,
Properties, and Applications 2nd Edition, Imperial College Press, 2010, 69.
Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,
Properties, and Applications 2nd Edition, Imperial College Press, 2010, 86.

10.Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,

Properties, and Applications 2nd Edition, Imperial College Press, 2010, 104.

11.Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,

Properties, and Applications 2nd Edition, Imperial College Press, 2010, 113.

12.Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,

Properties, and Applications 2nd Edition, Imperial College Press, 2010, 120.

13.Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,

Properties, and Applications 2nd Edition, Imperial College Press, 2010, 123.

14.Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,

Properties, and Applications 2nd Edition, Imperial College Press, 2010, 129.

15.Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,

Properties, and Applications 2nd Edition, Imperial College Press, 2010, 175.

16.Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,

Properties, and Applications 2nd Edition, Imperial College Press, 2010, 179.

17.Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,

Properties, and Applications 2nd Edition, Imperial College Press, 2010, 198

18.Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro

and Nano Technologies) 2nd Edition, Elsevier, 2011, 110.

19.European Commission EUR 21151, Nanotechnology: Innovation for

tomorrow world, Luxembourg: Office for Official Publications of the
European Communities, 2004, 56.
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3-maB3y: HaHocTpyKTypajaHran MaTepuaIapHU CHHTE3 YCyJJIapu
Pewxa:
3.1. Hano3appanap, HAaHOKYKYHJIap HA CUHTE3 KUJIUII YCYIUIapH
3.2. 0-D nanoobObexTIap
3.3. 1-D nanoob6bexTinap
3.4. Yraepoacus HaHOTpyOKaap

Taanu uoopanap: CVD, PVD, nanoxykynnapu, eazgazanu cunmes, 6y2napHuHe
KOHOeHCaAyuscy, . NIa3MakuMéEégull cunmes, 1asepau aoaayusl.

3.1. Hano3appaJjiap, HAHOKYKYHJIADHU CHHTEe3 KMJIMII YCYJ/UIapH
Xo3upru nmnaitana Mabiym  OyiaraH  HaHOMaTepuauiap  3aMOHAaBUU
TeXHOoJIorus1apra aH Ba TEXHUKAHUHT TYPJIU coXalapuaaH KUPUO KeJIraHJIUTUHU

xucoOra onrasja, OupoH-Oup acocna MakOys OYnraH sSroHa TACHU(PHUHT V34U HYK
(pacm 1-2).

Nanomaterial

Nanmzybject Nanostructured material
FIGURE 6.1

Fragment of a concept system for nanotechnology (cf. Figure 1.1).

Nano-object (one or more
external dimensions in the
nanoscale)

Nanoparticle Nanofiber Nanoplate

(3 external dimensions in (2 external dimensions in (1 external dimension in
the nanoscale) the nanoscale) the nanoscale)
Nan(;wire Nanotube Nanorod
(electrically conducting (hollow nanofiber) (rigid nanofiber)
nanofiber)
FIGURE 6.2

Concept system for nano-objects (cf. Figures 1.1 and 6.1). See text for further explanation.

31
Pacm 1. HaHOOOBEKTIHApHUHT KOHIIETITYa)l TU3UMHU

Table 6.1 The ontology of nanodispersions
State of the nano-objects

Matrix Solid Liquid Gaseous
Solid Manocomposite? - Nanofoam?
o . i 5
Liquid Manosuspension®  Manoemulsion  Manofoam”
Gaseous  Aerosol Aerosal -

3(0thar matenals faling into this category are nano-alloys, metal-matimx
composites, stc.

b These materials may be described with the adjective “nanoporous”
for, in French, using the noun "nanopareux”).

ENanofiuids are included here (Section 6.5.4).

2
Pacwm 2. HanonucnepcusiiapHUHT OHTOJIOTUSICH 3

HanomartepuaJsiap:
-KarTa xaxmiim HaHOTapKUOIAITaH MaTepuaiap;

%1 Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 102

%2 Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 103
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-Hanoxkiacrepnap, HaHO3appaiap, HAHOKYKYHJIap;

-K¥y1 kaTiiamny HaHOTUIEHKaap, KyI KaTJIaMJId HAaHOTYy3WIManap, Kyl KaTJlaMin
HaHOKOILUIaManap;

-Oynkiuronan (akyuiM) HaHoOMaTepraap;

-HaHoroBakin maTepuaiap;

-Dynnepennap Ba ylIapHUHT XOCUJlanapy OYIraH HAHOKYBYpJIap;

-buonoruk Ba 6noOupaiiras MmaTepuasiap;

-HanoTtapkubau cyrokIuKIap: KoJUIOUIap, resap, CyCreH3usiap, moJmMep
KOMIIO3UTJIap;

-Hanokommno3sutiap.

SgratAninkeen  MEUHEMS
Prots be = 6200 e 20 Ape 2008

EHT = 500KV SgnelA = Intem  MSUHSMS
WD= 2mm ProfoNo » 7091 Date 4 Mar 2005 I

e W

o T = 2000%v SgreA-VPSE  MBU S - o " SowAsSE2 s
} i WO« T PhoioNe = 3270 Dste 21 Jan 2008 Mg SIS — WO« 15mm Proto e = 8118 Dete 25 Agr 2008

L B R . S ]
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Pacwm 3. HaHOCTpYKTYypacHHHUHT Xap XU MAKIJIapH
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Nanofibers
nanoparticies

ig. 2.10 Schematic diagram of sol-gel method and its nanomaterials products

Pacwm 4. “3on-ren” >KapaéH33

Jlactnabku HaHO3appajiap OJaM TOMOHHUAAH araiinad smacu, Tacoaudas,
TypJIU TEXHOJIOTHK Kapa€Hiap/a spaTUirad. X03Upru BakTAa yjap spaTuiaJurad
Ba Maxcyc WNUIA0 uYMKapuwiaguran Oynau, Oy 3ca HAaHOTEXHOJOTHUSIIapra acoc
conau. HaHOTEXHONOTHSUIApHUHT  PUBOXKJIAHUIIM  alipuM  QyHIaMEeHTal
NPUHIUILIAPHUHT TyOMaH KaiTa KypuO unkuiumura onud kenau. (Pacm 3-4).

“KOxopudan-nacmea”  WyIM  —  HAHOTEXHOJOTHSUIAPHUHT  YMYMHM
napagurMacu  (IpUM  MaxcCyJoTAaH (TaHABOPAAaH) OpPTHKYAa KUCMJAp KecuO
TallIaHa N )

Hanortexunonorusinap “nacmoaw- wxKopuea’ — KWYMKIAH KaTtTtara (aToMaaH
oObekTra) uynuuu Taknud kuwiaau. by HaHOTexHOJOTUsIap Napa urMacuIup.

Fig. 28 Schemstic
illuserations of the synthesis

methods of menomasterials
(Qizo et 2. 2011)

34
Pacm 5. “Okopunan-nactra” Ba “Ilactnan-tokopura” MeTojap

* Said Salaheldeen Elnashaie, Firoozeh Danafar, Hassan Hashemipour Rafsanjani Nanotechnology for
Chemical Engineers, Springer, 2015, 99

% Said Salaheldeen Elnashaie, Firoozeh Danafar, Hassan Hashemipour Rafsanjani Nanotechnology for
Chemical Engineers, Springer, 2015, 95
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Nucleation
rate

e

AG

FIGURE 6.3

Sketch of the variation of free energy of a cluster containing » atoms (cf. Figure 2.2). The
maximum corresponds to the critical nucleus size. Clusters that have managed through
fluctuations to climb up the free energy slope to reach the critical nucleus size have an
equal probability to shrink back and vanish, or to grow up to microscopic size.

Pacm 6. PacM. n-aromnapiaH TallKWid 53TYBYM KIACTEPHUHT OSPKUH
DHEPTUACUHM Y3TapulId. SIIPOHUHT KPUTHK YIIyaMura MakCHUMall PaBHIIJA MOC
KeJlau .

3.2. 0-D HaHooObeKTIAp

Xo03upru BaKT/1a acocaH HAHOTEXHOJIOTUsIapaa ousra
MaKpOTEXHOJOTUSTIApIaH YTraH TEXHOJOTUK YCyJiap YCTYHJIUK Kuiamokaa. 0-D
Tondacura MaHCyO HaHO3appAJAPHU SIPATUIL YUYYH XO3UPTIH HAHOTEXHOJOTHSLIIAP
JUCHEPCUSIIAI, SbHA  MaWJalaml  yCyJWHM  KYyJUIaMoKzaa. Xap  KaHjau
MUKPOCKOIIMK OOBEKTHU HaHOYJI4amiiapradya Maijanamn (Iucrepcusijiani) yuyH
OJUTMN JTUCTIepCHsUIaIl TYFpHU KeIMalau. 3appaiap KaH4a Mmaiga Oyica, ynap
I03aCUHUHT (haoJUTUTH IITyHYa FOKOpH OYiiaau, HaTHKala alloXy/ia 3appajap Karra
XQKMJIM  KOHTJIoMepamiapra Oupnamamu. Iy cababmm  yra  uHrHuka
JTUCTIEPCHSUIAI YUYH 03a/lard TapaHTJIUK KyWIApWHU KaMaWTUpaJuraH HO3aKu
daon mommanap, IIYHUHTIEK CTaOWIM3aTOpiap Tap3Waard MyaissH TypJard
MYXUTHHU, TaKpOpaH KYIIWJIWINTa TYCKUHJIUK KWJIAIuUraH COBEH Tap3ujiaru
KOMITO3UIIMSUTAPHU KYJUIaHUII Tanad KuinHaau. KaTTuk jKHCM yerapacuia 03aku
DHEPIUs KyJa XaM IacaMral MYausH IIapouTiapAa IUCIECPCIIAHUII Kapa€Hu y3-
Vy3ugaH, macaiaH, 3appajapHUHT MCCUKIUK XapakaTH XHCOOMAaH 103 Oepuiu
MyMKHH. AHa 11y ycyuip OwiaH 3appajap KaTTanurd yHinad HMm Oynran Me
KYKYHJIApUHM, Ym0y MeETaJUIapHUHT 3appajap Kartajiurd 1 HM Oyiran
OKCUJIJITAPUHU  OJIWII, ITYHUHTAEK MOJIMMEepJiap, KepaMuKka KOMIIOHEHTJIApU B Iy
KaOWJIAapHUHT AUCTICPCUSIIAHUIITNHN aMajira OIMMPHUIIT MYMKHH.

1) Maiiganam ycymnapu: IIapiad TETUPMOH, TeOpaHMa TETHPMOH,
aTTPUKTOpJIAp, IypKama TerupMoHiap (pacm 5-6)

% Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 105

50



60|

D, um

i Dreop(t) [ S
1 L

1=10% 2
T

1 >4” o gy i |
104 3-10° 4104 5-10° 6-10° 1.«
T T T T T T
0,003 //‘/l 1

T/

Ang Il
o‘ooz~1/

H

&, OrH

Pacm 7. Bonbsdpam kagbunHuar HaHoKykyHapu (50 HM). MexaHOKUMEBHIA
cuntesa - 10 coar, D- pazmep vactuil, € — MUKpOHaMpsiKeHus, t- coat

Pacm 8. Tutan kanOugHuHT HaHOKYKYHIapu (2-100 HM). MexaHOKUMEBMIA
CHHTE3.

2) JlucmepcusuianmiiaH — TamIKapu MKKUTa YEKJaHraH NapaJurMaHuHT
KYIMIumuaad ubopar OynraH skapa€HnaH keHr Qoiinananunaau. by skapaén
KAaTTUK MOJIAaHWUHT OyFiaHuO, IIyHJal KeHuH TypJid  IIapouTiIapa
KOHJIEHCAIMSAIANTYBUMIaH noopaT. MacanaH, COBYTWITaH WHEPT Ta3 MyXUTHIA
5000 — 10000 C mapaxacuradya KU3AMPUITAH MOJAa OyFUHHM KOHJIEHCAIUIA0,
XocuJ1 OYTaH KYKYHHHM KOHJIEHCAIIMs 30HACHU IaH Te3a YnkapuO Tanuiam. [y iy
OwtaH 3appanap KaTTajaurd 3 — 5 HM OYJraH KyKyHJIApHU OJUII MYMKHUH.
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PacMm 9. Hanomarepuaiutapau oJIMI KypyUiIMacu

1 — bByrnanaérran monja ManOau; 2 — ynkapu6 tanvians 3— KykyH;
4 — Kypakua; 5 — Konaencanust 6apadbanu

3) YuuHuM ycya Xam aHbaHaBUW JUCIIEpCHUsIIAIIra ajJoKajaop OYnul, sputuirad
MOJIJIaHH COBYTHJITAH Ta3 €KU CYIOKJIMK OKUMUJA MypKaill Ae0 aTtagaim.

TomumHn Malganaiigurad OKMMHHMHI Tra3 MYXUTH cHdaThIa, CYIOKIHK
cudaruga dca COUPTIAp, CYB, alleTOH XU3Mar Kuiuimm MyMkuH. lyHmait ycyn
owan kartanuru 100 HMra sskuH OYIran 3appajiapHu OJIUIT MyMKHH.

QOOQO o

d
(==

2 O

Tabpudnanran ycy/ulapHUHT XaMMacu J>KyJa YHYMJIM, OHpPOK Kouja
TapuKacuJa yJlap KyKyHHUHT YJIbTPaJWCHEPIUTAHH, 3apPPAIAPHUHT KATTHUIUTH
oup OYJIUIIIMHU TabMHUHJIAMaMIH, XamMaa KapaEHHUHT TO3aJIMTUHHU
TabMUHJIaMaiau. bynap HaHo3appanapHU MAK/UIAHTUPUIIHUHT MablyMm OVirax
Ooupnan-oup ycymiapu smac. 0-D HaHOOOBEKTNAp ’KyMmiacura yJibTpagucrepc

KyKyHJIapJaH Tamkapu ¢yiepennapuu, yriaepoui 0-D HaHOOOBEKTIapHU XaM
KUpUTAIUIAP.

3.3. 1-D HaHooOBeKT AP
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ANWTHO VYTWITaH HAHOOOBEKTJIAPHUHI Xap OUPH TEXHUKAHUHT TYypJIu
coxalapuja KyJulaHwiaad. MacajiaH, HaHOCHMIIapJiaH CyOMHKpPOH  Ba
HAHODJICKTPOH Yy3e/uiapja YTkazyBuwjap cudatuaa ¢GogataHuIIHu TakiIud
Krtaguiap. HaHoronanap HaHOTapKUOMAIITHPWITaH HAHOKOMITO3UIIMOH TI/Ija
anemMeHT cudatuaa Kywianwiaad. OpraHuk HaHOMOJIEKyJajgap XaM THOOuETHa,
KMME CaHOaTH/Ia HAaHOTAPKHUOJAITHPUIITaH MaTeprasuiap ApaTuIlia KyJIIaHuIaau.

DNeKTpOHUKA YUyH HaHOTpyOKanap kabu 1-D HaHOOOBEKTIIap Kyaa MyXUM
axaMusT KacO 3Tau. YMyMaH OJiTaHJa XaMMa HaHOTpyOKaiap 2 Ta KaTTa Toudara
OynuHaIu:

1) VYruepommm Hanotpyokanap (YHT)
2) VYraepojacu3 HAaHOTpyOKaap.

bynnan Tamkapu xamma HaHOTpyOKamap KaTJIaMJIApHUHT COHU OYiinua
axpanub Typaau: OUp KaTjaamMiM, UKKA KaTJIaMJId, KV KaTJIaMIId.

3.4. Yraepoacus HaHOTPYOKaIap

XaMMma yriiepoicu3 HaHOTpyOKaiap UKKU TypKyMra OyIuHaIu:

1) TapkuOura yriaepos KUpaJural YTKHHYH HAaHOTY3WJIMajiap

2) JIuxajapbKOTEeHU ] HAaHOTpPyOKanap. XO3UPrd BaKTIa TUXaJIbKOTCHHUT
TpyOkamapaa MoS, WS,, WSe,, MoTe, Ba Oomkamap wmabiayM. byHpmait
HaHOTpYyOKajap yTa I0IKa, Heal XoJaTia — MHOATOMIIA KaTjiamiap, ypaM Kuinio
ypanraH Matepuaaiapaup.

A

baw3u kaTmamnm Martepuanmiap KUMEBHMI  allOKalap acCUMMETPUK
Oynrannuru Tydannum OyHmall ypamiapra MYyCTakui paBUIa aH4Ya OCOH
Vpanaau, ury 6uinad Oupra OyHIal Ty3uJIMaldapHU MAKIJIAHTUPHUINIATH OUpIaH-
Oup MyamMMoO - JpKHMH, Xe4 Hapca OwiaH OofjaHMaraH aToM KaTTaJIUTUJard
MOJJIa KaTJIaMUHM OJIMINJAH uOopaT. bomka martepuammap y3-y3uman ypaiud
KOJIMILITa MOMMII OyiMaiiau Ba 11y cababiu XO03Upru BakKTaa HaHOTpyOKaldapHU
MaxOypaH MIAKJUIAHTHPUII UMKOHUHH O€pajuraH TEXHOJOTHUS yCyJUlapy HIad
YUKWIMOK/IA. byHait skapaéunapausr 3 Ta BapuaHTu Oop:

1)  Mapxyn Oynran HaHOTpyOKa acocHIa HaHOTPYyOKa
SIPaTMOKYHN OynaéTrannmMus MaTePHATHUHT IOTTKa KaTJIaMJIapUHH
reTeposnuTakcuan omupuod 6opuni. Mucon GaN —Zn0O.
By ycymHuWHT acocuii KaMYMJIMTH IIYHAAKH, TETEPOIMUTAKCHAT OIIUPHO
OopHIll y9yH WKKHTA MaTEpPHATHU TaHJIall KUAWH.
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2)  bommmaHfud HAHOCUMHHM  JJIGKTPOH Hyp OWJIaH W3YHMJI paBHIIIA
KamMauTupuO Oopu Wyau OuslaH oJuHTaH OUp JEBOPJIM HaHOTpyOKamap. Mucod:
OntuH Ba miiatTiHa HaHOTpyOKanap. D Pt HanoTpyOkanap - 0,48 HM.

3) Kamummuru Oup Heya MOHOKATJIaM OYiraH IONKa, THUFU3
reTepodNMTaKCual Ty3WJIMaHU sICCH TarlMKaa ETUINTHPUO, IIyHIaH KeHuH Oy
TeTepoTy3WIMaHU TarjJuK OWjiaH ajokanaH Oymiatuinra Ba ypam, TYT'yH KWUIHO
ypamra acocnanrad. 1ML — Outra MoHOKaT/IaMm.

VYpam xapa€Hu aTomiap ypTacuAaru KydJapHUHI TUFU3 TETEPOIUICHKAIa
XapakaTJIaHUILIU XucoOura 103 6epaau.

GaAs J
S
4 !
InAs
\_.'_;JI ﬁ"
AlAs |
InP |

Inpa rereposmuTakcus ycyiauaa y OwnaH saxmu MocnamaguradH AlAs
eTUIITUpUIIAAN, cyHrpa Oy Ty3uinMmara I'D ycynuaa Asln yerupunanu. ¥ AlAsra
Kaparanjia KYImpoK KpHUCTa/Ul MaHXapa napaMmeTpijapura sra Ba iy cababmu Oy
KaTiiam yctupuwiraaa y ryé cukwiaau. [lyngan kelinn ymi0y katiamra siHa ['D
ycynu Ounan GaAs katnamu ycerupunaau. Jlekun, Aslnman dapxmmu ynapok Oy
KaTjaM KpHUCTaJl TaHXapa [apamMeTpura KaMpoK Jra (dJeMeHTap KaTak
KaTTaJIUTU KaMpOK) Ba yHHU, aKcuHYa, uy3aau. Hatwxkanma, AsAl karinamuHu
Oymara Oonutaranumuzna Oymaran InAs tysunmacu AsGa Owunan Oupra InAs
KeHraiitupaaurad, GaAs KaTiaamMu 3ca TOPTaJAUraH Kyuiap XucoOura ypam Kuimo
Vpait Oomuiaiu.

GaAs _ /
InAs — Etching
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Y CYJHUHT AXIIH KUXATIAPHU:

1) TpyOkanap aumameTrpu Xap Xujl OO, rerepoTy3usiMa YYyH TETHIUIN
MaTepHaIapHU TYIIIAII MY OUITH OCOHTMHA OCNTUIIaHUIIIA MyMKHH.

2)by ycyn nesipau xap Kanjaai matepuaiuiapiad (1m/m, Me, AUdIEKTpUKIIap)
doiipananum  XaMmJa yJApHUHT XaMMacHHU HaHOTpyOKajap KwiuO yparn
WMKOHUHU Oepajiu.

3) [eBopiiapuHUHT KaldWHJIUTH OWp xuia Oynaran  TpyOkamap cudaru
SIXITUJIATY Ba HUCOATaH KaTTa y3yHJIUKKA STAJIUTH.

4) by ycyn UMC unTerpan MUKpocxemayap TEeXHOJOTHUsUIapy OWaH SIXIIU
MOCIIaIIaIH.

5) bynHmait HaHOTpyOKamapHMHT (QU3MKaBUK Xoccajmapd  OONIIaHFUY
reTepoTy3uIMa MaTepraiapu Ouinad Oenruiananu (pacm 7).

g

S S 1Y Y. ';.. > g :»-—;" g ¥ ‘ .;‘_“
- Ul & o ‘21 a0yl
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SIVEVYAYT

Pacm 10. Hanonaityanapu

Ha3zopar caBosiapu
1. “IOkopu-nactra” TEXHOJIOTUSICUTA MUCOJ KEITUPUHT .
2. “ITactmaH-toKOopUTa’” TEXHOJIOTHSICUTA MUCOJT KSJITHPHHT.
3. “Son-ren” xapaCHUHU TYITYHTUPUHT
4. Hanozappanap, HAaHOKYKYHJIap, HAHOJAUCIIEPCUSI HU CUHTE3 KWIUII yCYIIapu
5. 0-D nanoo6bextnap Ba 1-D HanooObekTnap 1e0 HUMara aiTuiaau
6. Yraepoacus HaHOTpyOKaJlapHUHT KaHJal TypiapHu Ounacus?
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V. AMAJIMH MAUIFYJIOT MATEPUAJLJIAPU

1-amanuii mamryaor: Kpucrania HaHocucTemanap Ba yJIapHH axaMUsSITH.
HanoTexHoJ10THS Ba 3JIEKTPOHHUKA.
HNmpan makean:

3appadallapHUHT 4Yerapacu. 3appadajiap YerapacMHUHI MUTPALUSICH.
MynTtumier ukkuiaamuu 3appavanap. Jucnokanus. Konammm aedextinapu. Yua
kappanu TyryH. Xomi-Ilety konyHu. TaxkukiiaHraH uYerapaHUHI KEHIJIMIH.
XoNMuIamTUpUIrald Xyay.

Monekynsp snekTpoHuka. Epyrmuk aumomu (LED). Maiinon s¢dextiu
tpansuctop (FET). IOnka mnenkanu tpansucropnap (TFT). bup snexkrponnu
tpanszuctop (SET). 3apsn Oornmanunuin kypuima (CCD). KommiemeHntap
mMetanokcuma spum  ytkazrud (CMOS). T'wrantmaraut kapumwiura (GMR).
Onrosnexktponuka. PoromomuHecneHuus. PoroH kpucramwiap. POTOHHKA.
FO3amna3smon.  IIwe3opesuctuB  sddexr. CnuHTpoHHMKa (CIOHMH  acocHUjaru
anekTponuka). Kyour. KBant kommrorepiap.

MacajiaHuHr
Ne HNinu 6akapuil y4yH HAaMyHa oo
KYHHJIHIINA
1. | Grain boundary: a 2D defect, the interface bordering 3appauanaap
two well-defined crystals YyerapacCHHUHT
» acocuu
Oy, H;Om= O, OH"
by " :i:’:il:.;:undan HPHHHHHHHH
s TYUIYHTHPHHI?
Pacmpan

: i : doiinananuur!

Copper (Cu(OH),) .

3appauanapuunr yerapacu: 2D-nedext, aHuK
AHUKJIAHTaH UKKUTA YerapajlaHyBYu KPUCTAIUITAPHUHT

uHTepdericu
2. | Grain boundary migration: coordinated movement of | 3appauaap
grain boundaries activated either thermally or by YyerapacHHUHT
mechanical stress MHTPANUSACHHA
B et acocuu
e NPHHIHITHHHA
TYUIYHTHPHHI?

3appavajiap yerapaCHHUHT MUTPAIUSICH: TEPMUK EKU
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MEXaHUK KyWIaHUII Uynu épaamua paoamTupuiirad
3appavajnap dyerapajapuHUHT KEeJMIIWITaH XapaKaTu

Multiply twinned particles (MTP): observed MyJarumier
frequently with a pseudo five-fold symmetry in AKKWJIaMYH
nanocrystalline particles and thin films (deposited on 3appavyajapHUHT
crystalline substrates) of cubic face-centred metals, acocuii
diamond-type semiconductors (C, Si, Ge) and alloys XoccaJlapHu
: TYUIYHTHPHHI?
Pacmpan
doiinananunr!
MyaTunier ukkujaamun 3appadanap (MTP):oimoc
(C, Si, Ge) Ba KoTuIIIMaIap THIIHAATHA
ApUMYTKa3rUujIap/iad, KyoOCUMOH
éKJIapI/IMapKa3JIaIHTI/IpI/IJIFaH MCTaJlIapAaH OJIMHI'aH
IOTKA TUIEHKaIap (KpUCTasul TarIuKIapaa YyKTHPUIITaH )
Ba HAHOKPHUCTAJUI 3appadaiiapAaru O€nMHYM TapTHOIN
IICCBJOCUMMCTPUAHUHI KY3aTHJINIIH
Dislocation: a crystallographic line defect involving JcaOKANMSTHUHT
irregularity in the periodic arrangement of atoms acocHid
(missing row of atoms in a plane) in a crystal XoccaJapHu
o TYUIYHTUPHUHI?
Pacmaan
doiinananunr!
JAuciaokanusa: V3 Wuyura aTOMJIAPHUHI  JIaBpUU
)KOﬁHaMYBHHHHF HOTCKUCIUIMHHU OJIYBYM KpHUCTAJLdaru
(Texucnukgaru OWp KaTop aTOMJIAPHUHT WYKIIUTH)
KpUCTAUIOTpaPUK YU3UKIH TeHEKT
Stacking faults: crystallographic defects arising due to | JKoiiamumr
wrong stacking sequence of planar arrangement of atoms | negexkTIapuHUHT
g 0 é acocui
A B NPUHIUITUHYA
g TYUIYHTHPHHI?
A A Pacmaan
g doiinananuur!
A

= Wm0

Perfect Crystal Stacking Fault

Koinammm gedexTiapu. aTOMIIAPDHUHT HOTYFPH
KeTMa-KeT IUIaHap >KOWJAIIYBM HATHMXKAcUJa XOCHII
OYyyBUM KpHucTauiorpadguk nedextiap
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Triple junction: a node at the intersection of three Yukappaiu
crystals or TYTYHHHT aCOCHH
grains XoccaJapHu
B N e e (b) TYIUYHTHPHHI?
pi mAE b AL D Pacmpan
N T IR ¢oiitanaHuur!
it ‘. ; T " ’»". "_'-..‘.'.' .
thappa.]m TYI'YH. y4Ta KpUCTAJUIAPHUHT KU
3appajlapHUHT TYKHAIIyBUArd TYT'YH
Hall-Petch relation: the effect describing the inverse XoJsur-Ileru
effect of grain size on the hardness of a crystalline solid | konynuHu
that arises mainly due to grain boundary strengthening TYIIYHTHPHHT?
Hall-Petch Strengthening Limit Pacmaan
L R doiinanaHunr!
_____________________________ i
) !
&
Xour-Ilery KOHYHM: acocaH yerapajard 3appadyaHuHT
MyCTaxKkamJjalryBu  xucobura  Xocui  OYmyBuH
KPHUCTAJICUMOH MOJJJAHUHT KATTHKJIUTUTA
3appadyajapHUHI  YJIYaMUHU  TECKapu  TabCUPHUHU
taBcu(oBun 3 PexTn
Band gap: energy gap between the valence band and TabKHKJIaHTaH
conduction band in a solid in which all electronic energy | yerapanunr
states are forbidden acocuid
] XxoccajJapuHu
) TYUIYHTHPHHI?
Pacmaan
Energy Gap doiinananunr!

VALENCE BAND
(Futl)

Semiconductor

Insulator Metal

TabKUKJAHraH YerapaHuMHI  KeHIJIMTM. Oapua
AJEKTPOH HHEPreTUK XOJaTJIap TabKUKJIAHTaH KATTUK
YKUCMJIard BaJICHT Yerapa Ba YTKa3yBUAHJIMK Yerapacu
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OpacuJarv SHEPreTUK TYHHYK

9. | Depletion zone: a region at the junction of XoMWIaAITHPHITA
semiconducting materials that is devoid of free charge H XYAyA KaHaaii
carriers TapKUOMH
KHCMJIapJAaH
TAIIKWJI TONran?
Pacmaan
doiinananunr!
Depletion Zone

XOMUIAITUPUWITAH  XYAYA.  3apsUIapHU  JPKUH

TallyBUWJIApUAAH  XOJM  OyiraH  sSipUMyTKa3ru4

MaTepUAIIAPHUHT OMPJIAIIIUII KON

10| Molecular electronics: the study and application of MouJiekyJsip

molecules for electronic device applications 3JIeKTPOHUKAHUHT
acocuu
NPUHIMAIIHHHA
TYIIYHTHPHHI?
‘. Pacmpan
doiinananunr!
T KOHTAKTbI P o
MouJiekyJIip JIEKTPOHHMKA: JJIEKTPOH KypuiMaiapaa
KYJUIAHWIMIIM Y4YyH MOJIEKYJIQJAPHUHT TaJKUKUA Ba
KYJUTAaHWINIIA

11| Light-emitting diode (LED): a semiconductor light CBeTOIHOTHUHT
source working on the principle of electroluminescence, | acocmii
where the wavelength of light emitted depends on the NPHHIHITHHHA
band gap of semiconductors TYIIYHTHPHUHT?

Light Emitting Diode PaCMIlaH
! To ses or ide ¢poiinasanunr!

bound electrons,

Light emitting diode (LED) Sk LD

‘ -

CBeToanon (LED): AIEKTPOJIOMHUHECHIECHIUSA
MPUHININTA AaCOCAH MIIUIOBYM SPUMYTKA3TUUIIU HYP

n-type | v

p-type [ W I

et
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MaHOau, HypJaHyBUM EPYFIMKHUHT TYJIKUH Y3yHJIUTH
SAPUMYTKAa3TUUIAPHUHT TabKUKJTaHTaH XyJLyiu
KEHIJIUTUra OOFJIHK.

12

Field effect transistor (FET): a transistor whose
conductivity can be controlled by electrical field

Electrode

_— Silicon Oxide

Gate Electrode

Maiinon >¢ppextaurpanzucrop (FET): snektp
MaiJI0HU €pJaMuia YTKa3yBYaHIMIUHA OOIIKAPHILI
MYMKHH OYJIraH TPaH3UCTOP

MaiiaoH

3¢ dexTiin
Tpansuctop (FET)
HMMA Y4YyH Kepak?
Pacmaan
¢poiinasanunr!

13

Thin film transistors (TFT): an FET made of thin film
layers of semiconducting and dielectric materials; used
in LCD and digital radiography applications

Orain

IOnka muenkanu Tpauzucropaap (TFT):
SIPUMYTKA3THYIN Ba JUAJICKTPUK MaTepUaUIH FOTIKA
IJICHKA KaBaTJIM TPAH3HCTOPJIAP; PaaHOrpapUIHUHT
LCD Ba pakamiu uioBajgapuaa KyJUITaHIIAIHA

IOnka nienkaan
TPAH3UCTOPJIap
KaHJail TapKuOui
KHCMJIApAaH
TaIIKWJI TONTran?
Pacmaan
doiinananunr!

14

Single electron transistor (SET): devices that are
capable of detecting very small variations in the charge
of the gate; charge differences of even one electron can
cause the on-and-off switching function of SET

Wy

bup »aekrponnu Tpausucrop (SET): uukyBum
3apSAOHUHT KyJa KUYHUK Y3TapUIIapuHUA  aHUKJIAII
KOOMJIMSTUTA 3ra MocjiaManap; OMpruHa 3JeKTPOH YUyH
xam 3apsiap (apku  “€kuoO-yumpuir”’ (GyHKUUSICHUHU
YaKUPHUILIN MYMKHUH

bup s1exkTponsiu
TPAH3UCTOPHUHT
acocui
XO0CCAJIapHU
TYUIYHTHPHHI?

15

Charge-coupled device (CCD): a device that can gather

3apsan
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position-sensitive charge information and convert to
digital data for manipulation, which is used extensively
for digital imaging applications

RGB Filter

CCD-Chip

apsinx 6oraannmum Kypuwima (CCD): sapsmianran
MO3UIMOH-CE3rMp aXOOpPOTHW WWFa OJIAJWTaH  Ba
pakamJId  TAacCBUPJApPHM  MIUIATHAII ~ y4yH  KEHT
KYJUIAaHWJIQJWTaH MOHHUIYJSIUSUIAD YYyH — paKaMid
MabJIyMOTJIapra yTKa3a oJaJIuraH KypuiMa

OOFIaHUIILIHN
KypHJIMa HUMA
Y4YyH Kepak?
Pacmaan
doiinananuur!

16

Complementary metal—oxide semiconductor
(CMOS): an emerging technology for the fabrication of
ICs and VLSI, the main advantage being low power
consumption and high noise, enabling larger density of

devices within unit area
CMOS

analo
signa
chain

|
v

out S

KommiieMeHTapMeTAJIOKCUAIN SPUMYTKa3I N4
(CMOS): wunrerpan cxemamap (ICS) Ba yra karra
unrerpan cxemanapuu (VLSI) scam  yuyH sHTH
TEXHOJIOTHS, aCOCHI ad3auThKIapu Kam dHeprus capd
KWIMIIK Ba FOKOPH IMIOBKUH Japaxkacuaa O0ymubd Oy y3
HaBOaTHIa 1032 OMPIUTH JIOMpAcHlia KypHIMaJIapHUHT
FOKOPH 3UWINTHHH TAbMUHIIAN M

Kommiemenrap
MeTaJT0KCH/IJIN
SAPUMYTKA3ru4/1ap
HMMA Y4yH Kepak?
Pacmpan
doiinananuur!

17

Giant magnetoresistance (GMR): quantum mechanical
effect observed in thin film structures: the electrical
resistance  decreases  significantly  when  the
ferromagnetic layer is exposed to a magnetic field

* H F{’ I Magnetic layer
b. {ﬁ" Non-magnetic layer

Magnet

Faranmarant Kapmmaura (GMR): ronka mieHkanu
CTpyKTypajapAa  Ky3aTHIaJHWraH KBaHT-MEXaHHUK
ahdexT: ¢GeppoMarHUT KaBaTHUHT MarHUT MAaWJOHU

I'mranTmMaraur
KAPIWIMTHHUHT
acocuii
X0CCAJIAPUHH
TYUIYHTHPHHI?
Pacmaan
doiinananunr!
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TabCHUPpHUI'a YydparanJa OJICKTP KapIIWJIWTH CE3UJIapJIn

napaxkaaa Kamasan

18

Opto-electronics: an application of electromagnetic
photons for electronic device applications; they can be
either  electrical-to-optical or optical-to-electrical
transducers

Onro3ekTpoHuka: AIEKTPOH KypuiaManapaaHu
AIIEKTPOMATHUT (POTOHJIAPHUHT KYJUTAHWIUILIHT; ‘DIEKTP
CUTHAJMHU ONTUK CHUTHAJIra” €KW “ONTHK CUTHAJHU
AJNIEKTP CUTHAITA” YTKa3yBUM Y3rapTruwiap OViauiu
mymknH CdSe HaHOKOJIITON T

OnrosiekTpoHnka
HHUHI ACOCHH
XO0CCAJTAPUHHA
TYUIYHTHPHHI?

19

Photoluminescence (PL): a process by which certain
substances absorb electromagnetic radiations of specific
wavelengths and re-radiate photons of different
wavelength

DoTOoIIOMUHECTIEH IS (PL): 0ab3u onp
MOAJAIAPHUHIMABIYM OUp  TYJIKUH  y3YyHJIHUKAAru
ANIEKTPOMArHUT  HypJjapHu OTHO Ba  KaiTanaH
(GbOTOHTAPHH TYPJIH XU TYJIKUH Y3YHJIMKIA HypJIaTyBUH
KapacH

DoTOTIOMUHECLICH
HUSAHUHT aCOCHH
NPUHIUNTHHHA
TYLUIYHTHPHHI?

20

Photonic crystals: periodic dielectric or metallo-
dielectric optical nanostructures that are designed to
affect the propagation of electromagnetic waves (EM) in
the same way as the periodic potential in a
semiconductor crystal affects electron motion by
defining allowed and forbidden electronic energy bands

DOTOHKPUCTALJIAP:  JJICKTPOMArHUT  TYJIKWHIIAPHU
TAPKATWIMIIUTA TaAbCUP 3TUIITa MYJKAJUIAaHTaH TaBpUA
TUBJIEKTPUK €K1 METaJUIINIJICKTPUK OIITUK
HaHOCTPYKTypayap

DoTOHKpUCTALIIAP
HHUHI ACOCHH
X0CCAJIAPUHH
TYUIYHTHPHHI?
Pacmpan
doiinananuur!

21

Photonics: electronics using light (photons) instead of
electrons to manage data

®OOTOHUKAHUHT
acocuii
NPUHIUATIMHA
TYIIYHTHPHHI?
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dDoTOHUKA: MabIyMOTJIAPHU OomKapuIga
AJCKTPOHJIAp  YpHUTA  epYFIUKHU  ((OTOHIAPHM)
KYJUIOBUYH DJIEKTPOHUKA

22| Surface plasmon (SP): plasmons that are confined to | FO3amrazmon (SP)
surfaces and interact strongly with light resulting in a | repMuHHEI
polariton TYIIYHTYPHHI.
Pacmpan
doiinananuur!
Ag nanoprisms Auspheres Auspheres Ag;\g;neres Ag sx;heres Ag spheres
~100mm ~100mM ~50Hm ~120nM ~80mm ~40Hm
® ) ®
IO3annasmon  (SP): Epyrmk  OuinaH  KywiH
TabCUPJIALITUIIT HATHKACH/Ia TIOJIIPUTOHTA OO KeTyBUU
r03ara MOC KCJIyBYH IIJIA3MOHJIAPD
23| Piezoresistive effect: phenomenon by which electrical | IIbe3ope3ucTus
resistance of a material varies with externally applied | 3ppexTHUHT
mechanical pressure acocuid
NPUHIMAITUHHA
TYUIYHTHPHHI?

IIbe30pe3ucTuB dPdhekT: TamKapuaaH MEXaHUK OOCUM
TabCHUpHUTa 6OFJ'II/IK paBulllda MATCPUAIHHUHI SBJICKTP
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KapIHUJINTUHHUHT }"/3rap14111 Xxoaucacu

24

Spintronics (spin-based electronics): an emerging
technology, which exploits the dual property of
electrons, namely charge and spin state; also known as
magneto-electronics

Ferromagnetic
Semiconductor,
(Spintronics)

CnuHTpOHHKA (CIMH AaCOCHAArd JJIEeKTPOHHUKA):
ANEKTPOHJIAPHUHT UKKUJIAHTAH XOCCalapuHH, KyMJIa/IaH
3apsii Ba CIIUH XOJATUHU KYJIJIOBYM SIHTM TEXHOJOTHSA,;
MaHHUTO-3JIEKTPOHUKA CU(dATHIA XaM MabJIyM

CnuHTpOHMKA
(cmuu acocuaaru
IJIEKTPOHHUKA)
HHUHI acocuil
XoccajJapuHu
TYUIYHTHPHHI?

25

Qubit: a quantum-computing equivalent to a bit; with an
additional dimension of quantum properties of atoms

Bit Qubit
0 0

®
1 1
Abitcanonly  Superposition can be

beaOor1 represented anywhere
on a sphere.

KyoOur: xucoOanuapaaru OUTHUHT KBaHT
HKBUBAJICHTH; aTOMJIAPHUHT KBAHT XOCCAJIAPUHU YIIyalll
KylmuM4acu Ousian

KyOur Huma yuyH
Kepak?

26

Quantum computers: a computational device using
guantum mechanical phenomena for operations on input
data

KBanTkoMmiorepJiap:  Kupuil
olepanusuiapaa KBaHT-MEXAHHUK
KYJUI0BUM XucoOiai acoobmapu

MabJIlyMOTJIAPUIATH
XOAucanapyuHu

KBaur
KOMITIOTEPJIapH
acocui
NPUHUUITUHA
TYUIYHTHPHHI?
Pacmpan
doiinananuur!

e

Ha3zopar caBosiapu

Meramnnap,
30HaJAPHUHT
nbopar?

JAUDJICKTPHUKIIAP Ba

TYNIUPUIMIIKAIATH  QyHIAMEHTal

MOTEHIIUAJ TYCUKJIap KaHAal KWIUO MakiiaHaan?

6. TyHennaHuIll X0AUCACH MOXMATH HUMaJIaH ubopat?
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Kpucrann HaHo3appayagapHUHT aCOCUN XOCCATAPHUHT TYITYHTHUPHUHT?
Marepuannapaa 3HepreTUK 30Hajaap KaHaan makulaHaan?

Pyxcar sTuiran Ba TabKUKJIAHTaH 30HAIAPHUHT (papKu HUMagaH ubopat?
ApUMYyTKa3ru4djapaa
bapkiiap HUMAaJaH

SHEPreTUK

Kyn xarmaminm SpuMyTKazruwiv CTPYKTypajlapJla KBAaHTJIM Yypajiap Ba




8.
9.

. KBanmm  ypama osHeprus  carxjapm  Kadicu — cabaOmapra  kypa

JTUCKpeTananm?

KBant yuamnu a3¢dext Humaaad nobopat?

Mornekysp 3eKTPOHUKA, ONITOAIEKTPOHHUKA, (OTOHHKA, CITUHTPOHUKA
aCOCHY TPUHIIUITUHUHT COJUIITUPHHT.

10.Cretoauon, maitnon a¢dextiu tpanzuctop (FET), ronka miueHkamu

TpaH3UCTOPJIAp, OUp PIEKTPOHIIM TPAH3UCTOPHUHT HUMA YUYH Kepak?

11.KyOuT Ba KBaHT KOMIIOTEPJIAPHUHT aCOCUN MPUHLUIIMHUHT TYITYHTUPHUHT.
12.I'uraHTMarHuT KapUIMJIMTHHUHT aCOCUN XOCCAIAPDHUHT TYIIYHTUPHUHT?
13.DoToHKpUCTATNTAPHUHAT KaHAal TapKUOW KHCMIIapiaH TaIllKHJI TONraH?
14.T1Ise30pe3uctuB 3 HEKTHUHT aCOCUN MPUHIUIUHUHT TYUTYHTUPHHT?
15.CnuH acocugaru 3JeKTPOHUKAHUHT aCOCUN XOCCAIAPHUHT TYLIYHTUPHUHI?

doiigaJaHNITraH aga0dueT

1. Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro

and Nano Technologies) 2nd Edition, Elsevier, 2011, 17-35.

2-amaynii mamryJot: [loiumep HaHOMAaTepHUAaJ 0JIUII BA YJIAPHU

xoccanapuu. Hanouesuiromno3a. buomumernka cucreMajiapHu OJIMII Ba

yJIapHHU Xoccaaapu.

Nmpaan makcan:
Cyrok kpucran. [lakn xotupanu nonumepiap. Hanouenmronosa. Tykumanu

umkeHepus. buomocnamryBuannuk. buomumernka. DneKTpoH OypyH. DJIEKTPOH
tui. bot. Hano6ot. Jlopunapau makcannu erkasuii. JJHK-gum.

MacajanuHr
Ne NHu 6askapui y4yyH HaMyHa oo
KYNWJInm
1. Liquid crystal (LC): a state of matter with Cywk kpuctai (CK)
properties between a liquid and solid crystal; itis | kanaaii TapKuOHii
used extensively in liquid crystal displays KHCMJIapAaH
R & TAIIKWJI TONran?
Pacmaan
doiinananuur!

Cywkxkpucrai (CK): CylOKJIUK Ba KATTUK
KPHUCTAJICUMOH MOJIJIa XO0Cccajlapy Opajufujiara
MaTtepusl; CyIOK KpUCTaJUIM AUCIUIeiap/ia KEHT
KYJUIAaHWIAAN
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Shape memory polymers: smart polymers
capable of returning to their original shape after
being deformed by external forces, when
triggered by an external stimulus such as
temperature change

Ilaka xoTHpaaW MNOJUMEpPJIAp. XapOpaTHUHT
Vy3rapuiim KabW TalmKd Kydiap TabCUpHA
BYXKyJra KeJraH Tallku KydjJap TabCUPHUIA
nepopManusgaH  CYHT  Y3UHMHT  JACTIa0KH
MIAaKJIATa KAWTHUII KOOWJIWMSTHIAa Jra aKJIId
oJIMMeEpJIap

HlIaka xoTupaau
NOJIMMeEpJIap HUMA
YYyH Kepak?

Tissue engineering: science of structural and
functional fundamentals of mammalian tissues
and application of biocompatible substitutes to
restore, maintain or improve functions

Basic principles of Tissue engineering

—
/ 23] \ Monolayer
cell culture
Cells from a

biopsy

(Generatnon of )

a graft -
= ==

i

Culture on a 3D
polymeric
scaffold

Expanded
cells

Tykumaam HHKEHepHusi: CyTOMHU3YBUHJIAPHUHT
acocud  TYKMMQJIIAPUHHUHT  TYy3WJIWIOA  Ba
(GyHKUMOHAN acociapy Xamjaa (QYHKIUsSIIapUHU
TUKJAII, KYiad Typull EKM SXIIWIANl Y4yH
OwoMocrianryBuyaH  YpHUHH  OOCYBYHJIADHUHT
KYJUTAaHWIWIIHN TYFpucuaaru dhax

Tykumaan
WH/KEHEePUSIHUHT
acoCcHiH X0cCaJIapuHU
TYIIYHTHPHHI?
Pacmaan
doiinananunr!

Biocompatibility: capability of a material in
contact with a biological system to perform its
intended function without causing deleterious
changes

buomocaamysyanau
KHUHI acOCHH
NPUHIUNTHHA
TYUIYHTHPHHI?
Pacmaan
doiinananuur!
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BuomocaanmyBYaHIMK: HOXYHI Y3rapuluiapHU
yakupMai MaTepUuaTHUHT OUOJIOTUK TU3UM OuiiaH
TabCUpPJIAITYBUA V3 BazudaiapuHu OakapuIu

Biomimetic: the science of imitating or reverse BuomMumMeTnka

engineering from natural systems to the study and | acocuii npuHIHIHHI

design of engineered systems using modern TYIIYHTHPHHT?

technology Pacmpan

' doiinananunr!

buomumMeruka: 3aMOHABUN TEXHOJOTHUSJIAPHU

KyJiam — OujgaH  MYyXaHJMCIHMK — TU3UMJIAPHU

TAIKAK KWINII Ba JIOWMXAJTAIITUPHUIL Y4YYyH

TaOUMUN THU3UMIIApra VYXIIall, WHXEHEpUs EKU

TaKJINJ KWW TYyFpucuaru ¢hax

Electronic nose: a device consisting of an array | DiekTpon

of chemical sensors to detect odours or flavours | GypyHHHHT acocuii
XoccaJJapuHH
TYIIYHTHPHHI?
Pacmaan

— — (poiinasanunr!

Olfactory Bulb

&

Sensor Array

&

Microprocessor

DJIeKTPOH OYPYH: XU €KY TabMJIAPHU aHHUKJIALI
y4yH OUp Heua KUMEBUM CEHCOpJiapAaH TaIlIKUI
TOMNTraH KypuiMa

Electronic tongue: a device consisting of an
array of chemical sensors to detect and compare
tastes

JJIEKTPOH THIIHUHT
acoCcHH X0CCAJIAPUHHU
TYUIYHTHPHHI?
Pacmaan
¢doiinasanunr!
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measunng
mulliglexm device

sensor .\“ 1 Ny
sy i ‘ reference i
l | elefamde = \
L
v
analvsed solution @
DJIEKTPOH THJI. TabMJIADHU AaHUKIAIl Ba
TakkKocjam  ydyyH Oup  Heua  KUMEBUM

JAAaTUUKIIApAaH TAIIKWJII TOIII'aH KypHUJIMa

8. Bot: a robot or automated intelligent machine Bor: HuMa yuyH
% —N Kepak?
Bort: po6oT €ku aBTOMATIAITUPUIITAH
HHTCIIJICKTYAJI MalllMHA
9. Nanobots: a robot (semi- or fully-automated | Hano6oT HuMa yuyH
intelligent machine) consisting of components of | kepak? Pacmaan
a few hundred nanometre-dimensions; they are | doiinaianunr!
also referred to as nanorobots, nanoids, nanites,
nanomachines or nanomites
Hano0oT1: HaHOMETpIIM YI4amiiap/iaH TalKUI
TOTITaH KOMITOHEHTIIN pO0OT (SIpuM EKU TYIIUK
aBTOMATJIAIITUPWITAH UHTErpajl MalINHA); yiIap
HaHOPOOOTIAP, HAHOUIAP, HAHUTIIAP,
HaHOMAIIMHAIAp €KY HAHOMUTIIAp HOMJIApH
OwiaH Xxam yupaian
10. Targeted drug delivery: administration of a | lopuiapun
pharmaceutical compound in desired amount to a | makcanau
localized diseased cell/tissue for therapy eTKA3UIIHUHT
acoCHi NPUHUMIIMHU
TYUIYHTHPHHI?
Pacmaan
doiinananunr!
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/

V4 3%
Micelles
Multifunctional
Dendritic Palymers
Pharmaceutical carriers

/]

Nanospheres

Liguid Crystals

Nanocapsules

JopujapHu MaKcaaJu eTKa3HIl. Tepanusaa
JOKaIJIalliTaH ~ 3apapjaHraH  Xyaipamapra /
TYKMUMajlapra  Kepak  Oynran  MHUKIOpJa
dbapmaneBTUK OUPUKMAHU KUPUTHII

11.

DNA chip: a sensor based on a semiconductor
microchip used to identify mutations or
alterations in a gene

U

I[HK-qml: reHaru MYyTalsIIapHU EeKu
Yy3rapullLIapHU UCHTH (PUKAITUSIIAIIT Y4yH
KYJUIAaHWIQAUTaH SPUMYTKA3TAYIM  MHUKPOYMII
acocujaru JaT4ymkK

ﬁo»
.., n=;>1

w,

J

JTHK-9unHAHT
acocuil xoccaJJapuHHu
TYLUIYHTHPHHI?
Pacmpan
doiinananuur!

Uk wnE

Ha3zopar caBosiapu

CyrokkpucTana KaHJai TapKUOWi KUCMIIap/laH TAIIKUI TONran?
[ITakn XOTHpaIy MOIMMEPNIAP ACOCUNA XOCCATAPHUHT TYIIYHTHUPHWHI?

TyKuManu HHXEHEPUSHUHT HUMa YYyH Kepak?

buomumeTrka Ba OMOKEpaMUKaHUHT aCOCHM MPUHIUITUHUA TYITYHTUPUHT?
OnexkTpoH OypyH Ba 3JEKTPOH THUJ ACOCHIA XOCCATAPHUHT TYIIYHTUPUHT?
Hano6oT Ba nopunapHu Makcayii €TKa3UITHUHT aCOCUN MTPUHITUTTUHUHT

TYLIYHTUPHUHT?

JIHK-4unHUHT acocuil XOCCATAPHUHT TYITYHTHUPUHT?

dDogasaHWITaH agaduéraap

David Rickerby Nanotechnology for Sustainable Manufacturing, Taylor and

Fransis, 2014, 79-92.

David Rickerby Nanotechnology for Sustainable Manufacturing, Taylor and

Fransis, 2014, 213-226.
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3-amaunii mamryJjaor: HanomarepuaJs oM Ba yJIapHH X0CCAJIAPHH.

HNimpan makcan:

Tarnan-tenara Ba Temnanan nactra. byr ¢azacunan ¢usukapuit uykrupui (PVD).
[Inazma. byr ¢azacunan kuméBuit uyktupuil (CVD). Uccuk u3ocTaTuk mpeciaii
(HIPing). IMuponu3. VYukynnu mnasmanu numupum (SPS). Tenr kanamim
Ooypuakiu mnpecciam (ECAP). Mexanuk kKotummainail. ByF-CyIOKIUK-KaTTHK
momma ycymu  (VLS).  Onwurakcus.  Havomutorpadus. Fab.  Kommowmn.
Hanonucnepcust. Y3-y3unu imenm. Asporen. Keaut nHykramapu. bakMunCTep —
dbymnepern. Marukcon. Yriepommm HaHOTpyOka. Hanoromamap. HamokoOukiap.
Hanocummnap. Hanomatepuan. Hanoctepxkunap. Buckepmap. IOnka mnienkanap.
Me3soroBaknu Marepuan. MynrtukaBariap.

Ne Nuau 0askapui y4yH HaMyHa Macananu
HI

KY AWM I
"

1. | Bottom-up: a strategy for synthesizing nanomaterials from | Targan-
atomic scale fundamental units where the fundamental units link | remara Ba
up to form nanoparticles/nanostructures Tenagan
Top-down: involves fragmentation of a microcrystalline | macrra:
material to yield a nanocrystalline material; all solid state | acocmii
synthesis routes of nanostructures fall into this category NPUHIATTH
HHU
COJIMILITHP
HHI?
Pacmaan
douganan
HHTI!

= 7y
s BT« % i
5 »%y \‘
] o 4
Synthetic Chemistry,
Genetic Engineering, ...
1

Tarnan-temara: acocuil OupJuKIapu HaHO3appadaiap /
HAHOTH3MMIIAPHM XOCHJI KWIMIN OWiIaH Ouplamiaaurad aToM
MUKECHIATH acoCUi OWpIMKIapuaaH HaHOMaTepHaJUTAPHUHT
CHHTE3 KWJIHII CTPATETUSACH

Tenagan nacTra: HaHOKPUCTAIUT MAaTEPUATHA OJIMII OWIIaH
MUKPOKPHUCTAJT MOIJAHUHT MaidallalllHA y3 UIUTa OJIaI1;
HAHOCTPYKTYpaJlapHU CUHTE3 KUIUIIHUHT KATTHK MO AN
MYJUIApHU Iy KaTeropusira KUpajau
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Physical vapour deposition (PVD): a variety of vacuum | byr
deposition technique involving vaporization of atoms from | ¢a3zacungan
target material to produce a thin film on a substrate ¢pusukaBu
PVD i
——— SPUTTERING ‘lyKTI/IpI/IHI
i = HUHT
acocui
e NPHHIU TN
I conm s HH
TYLIYHTHP
e u HHT
o Pacmaan
byr ¢a3zacunan ¢usukaBuii uyktupum (PVD): tarnmmkna (hoiinanan
IONKA IUICHKaJapHU OJIMII yYyH AaTOMJIADHU  MYyJDKall HHT!
MaTepuaiuiad OVFIaTUIIl UIITUPOKUIA BAKyyM UYKTHUPHUIITHUHT
TYpJIH TCXHOJIOTHAJIAPH
Plasma: a state of matter containing a significantly large | ILnazma
fraction of ionized matter; plasma properties differ significantly | remnepary
from those of solids, liquids or gases pacuHH Ba
f XoccajlapH
) |
NMPUHIAIIA
HUHI
TYUIYHTHP
HHT
Ina3ma:voHIanmrad MOJAIAHUHT aHYaruHa Karta GpakiusiCUHA
y3uaa CakjJIOBYM MOJJAHWHT XOJIAaTH; TUIa3MaHUHT XOCCAJIaph
KaTTUK MOJanap/iaH, CyIOKJIUKIapJaH €KU rasjiapjaH TyOjaaH
bapk Kunagu
Chemical vapour deposition (CVD): a technique for Byr
depositing thin films on a substrate using gaseous reactants pazacunan
KUMEBUHA
YYKTHPUILI
(CVD) unr
acocui
NPpUHIMAIIHA
HH
A TYUIYHTHP
Substrat I/IHF?
Byr ¢aszacupan xkumésuii yykrupum (CVD): rascuMoH | paeppan
peareHTJIapHUHT KYJUIAHUIWIIN OWJIaH IONKAa IUICHKaJapHUHT doiinanan
TarJIMKAa YyKTUPUII YCITyOu uHr!
Hot isostatic pressing (HIPing): the process of using high Hccux
hydrostatic pressure and temperature to compress fine particles | m3ocraTuxk
into coherent parts npecJaanH
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HHI'

acocui
NMPUHIMAIINA
HHN
TYUIYHTHP
HHI?
Pacmaan
‘ doiinanan
Hccuk m3ocratuk mpeciaam (HIPing):maiina 3appavanapHu
AXIIUT KUCMIIapra CUKUII YYYH FOKOPH T'MAPOCTATHUK 6OCI/IM Ba
XapOpaTHU KYyJUlall )KapacHu
Pyrolysis: Greek word denoting separation (lysis) under fire | ITupoJu3
(pyr); a thermochemical method involving decomposition of | Huma yuyn
organic material at elevated temperatures in the absence of | kepax?
oxygen Pacmaan
@8 AR, boitnaan
— lsomc-uuo*c
Iupoaus: amanra(pyr) octuga axxparumau (lysis) anrmaryBun
rpeKda Ccy3; KHUCJIOpPOJ HINTHUPOKHMCH3 IOKOpU Xapopariapia
OpPraHMK  MOJJAHU  MApPYAJIAIIHUA Y3  HUYWTa  OJIyBUH
TEPMOKUMEBUH yCYII
Spark plasma sintering (SPS): a sintering technique using | YukyHJiu
pulsed DC current that directly passes through the graphite die, | maazmain
as well as the powder to be consolidated, in case of conductive | mumupmn
samples HUHT
Spark Plasma Sintering (SPS) acocum
mechanism
Plasma heating Joule heating NPpUHIMAIIHA
HUHI
. TYLIYHTHP
. HHI?
Pacmaan
doinanan
dichargs  emerent. uHr!

www.substech.com

Yukynin miasMaiad mamupum (SPS): rpadut marpumacu
IIYHUHTJICK YTKa3yBYaH HAMyHaJap XOJaThaa MUIMHPUIAETran
KyKyHAaH OeBuCTa yTa€TraH JOMMHHA UMIYJIC  TOKHU
KYJUTAHWJIMIITUIArH TUIIAPUII TEXHUKACH
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Equal channel angular pressing (ECAP): a severe plastic
deformation technique for producing ultrafine grain structures,
which introduces a large amount of shear strain into the
materials without changing its shape or dimensions; equichannel
angular extrusion (ECAE) is a similar process involving
extrusion

Plunger

Pressed sample

AR
A AL -
0) r . )
g S e ] "

4
Tenrkananau Oypuakim mnpeccaam(ECAP): makn Ba
yIrdaMiaapuHU Y3rapTHUPHILCU3 KarTa MUKIOPIaru
neOpPMAMOH  CWDKUIIHA  KHPUTYBYM  YJITPaJUCIIEPC
TY3WIHIILIM 3appadajapHd MIUIA0 YHKApUIN YYyH IUIACTHK
ne(OpPMaUIHUHT OFMP TEXHHKACH; DKCTPY3Hs HINTHPOKUIATU
yXmram skapaéHHA HaMOEH KWIyBYM TEHI KaHAIM Oypdak
skcrpysusicu (ECAE)

Tenrkana
JIJIH
OypuyakJIu
npeccJjanm
HMHT
acocum
XO0CCaJIapH
HHT
TYUIYHTHP
HHT?
Pacmaan
(poiinanan
uHr!

Mechanical alloying: a solid state process in which grain
refinement occurs by repeated deformation, fracturing and cold
welding of powder particles in a high-energy ball mill
MexXaHUKKOTHIIMAJIALIL: IOKOpH DHEPTUAIN HIapan
TETUPMOHJIA 3appadajapHUHT KaiTa aedopManusiaHUIIN Ba
EpUKIIapu HaTmxacuaa MaiiJaJIaHuIIIH, KYKYHJIaQpHHUHT
3appadajiapy  COBYK TNalBaHJIAHAJAUTAaH KATTUK SKHCMJIAru
JKapacH

MexaHUKK
OTHIIMAJIAa
IIHUHT
acocuu
NPUHIMITT
HHUHT
TYLIYHTHP
UHI?

10.

Vapour-liquid-solid method (VLS): a mechanism for the
growth of one-dimensional nanostructures, such as nanowires,
from chemical vapour deposition; to enhance the efficiency and
kinetics for the growth of crystals, a catalytic liquid alloy phase
which can rapidly adsorb a vapour to supersaturation levels is
used

byr-
CYIOKJIMK-
KATTHK
MO/11a
YCYJUHUH
I acocuu
NPUHIMITHT
HHUHT
TYUIYHTHP
HHI?
Pacmpan
(doiinanan
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Vapor
of deposited
materials .

Metal
drop

oy

Substrate

Byr-cyrokank-katTuk moaaa ycyiam (VLS): Oyr dazacuman
KUMEBUN UYKTUPHUINIATH HAHOCUMIJIAD KaOW Oupyimaamin
HAaHOCTPYKTYpaJIApHUHT yeummm YIyH MEXaHU3M;
KPUCTAJUIADHUHT VCUIIM Ba KHHETHKACH camapaiopJIMruHU
OIIMIIY YYyH KYJUIAaHUJIAU, KaTATUTUK CYIOKKOTHIIMAaNIU (paza
OyfiapHu YTaTyUUHTaHJIUK Jlapakacuraya Te31a
aJIcopOIMsIIald MyMKUH

uHr!

11. | Epitaxy: growth of a secondary phase maintaining a perfect | Onurakcn
crystallographic registry (coherency) with the underlying | s mar
substrate acocuid

/" Molecular Beams XxoccajgdapH
i T HHI
o o @peoboobador TYLIYHTHP
SR nHr?
20,7 :‘:';'.':‘. Pacmaan
: douganan
HHI!
Substrate Wafer
INMUTAKCUA:ACOCUH TarJIMK OWJIaH KpucTauiorpaduk TapTuOHU
(KOTepeHTIMKHY) TAbMHUHJIAII YUyH UKKIJIaM4ud (ha3aHUHT
yCHIm

12. | Fab: a microfabrication facility consisting of clean rooms and | Fab uuma
controlled deposition process for the fabrication of | yuyn
semiconductor devices and ICs Kepak?
Fab:unaterpan cxemamap Ba Ba sApuUMyTKa3ruwin acOoOyapHu | Pacmaan
unuiad  4YMKapuIl y4YyH Ha30paT KWIMHYBYM UYYKTUpUII | polaasiaH
Kapa€Hiapd Ba  TO3a  XOHAJIApJaH  TalIKWI  TOINIaH | MHr!
MUKPOTEXHOJOTUK OOBEKT

r ——a
g \u

13. | Colloid: a homogenous suspension of a dispersoid in a Kostoun

continuous medium; it may be a solid, liquid or gas KaHIa
TAPKUOMH
KHCMJIap]A
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aH

TallIKUJ
TONran?
Pacmaan
& doiinanan
L | HHI!
|
Nano Colloid Mycelle " 20m 5nm 50nm 100nm 200nm
KoJstona: y3iykcu3 MyxXuTaard AUCIEPCHUSIIIAHTaH MOJAAHUHT
Oup Typlaru CyCICH3UACH; KATTHK, CYIOK €KM Ta3CHUMOH
Oy MYMKHH.
14. | Nanofluid: colloidal suspension of nanoparticles of metals, Hanoaucn
ceramic, carbon nanotubes, etc. epcus
- - KaHaaii
TapKuOuit
KACMJIAp]A
aH
TAalIKUJI
TONran?
Hanoaucnepcus: Merajiap, KEpaMHUK, YIIIEPOITIA
HAaHOTpyOKajzap Ba XK3 HaHO3appayaJlapHUHT  KOJUIOUJ
CYCIICH3USACHU
15. | Self-assembly: process in which the components interact within | V3-y3unn
themselves to form aligned or organized structures without any | itmrumsn
external force HI' acocHii
sy TP NPUHIKIT
T e HUHT
, / o1t os afs of TYUIYHTHP
S <10 o1b o1b o6 o HHI?
Cramica Pacmpan
Y doiigaaan
Substrate (metals, semiconductors, ceramics, polymers, etc.) I/IHF!
V3-y3unn iiurum: 6upop OMp TAUIKH Kyd TabCHPUCH3 OUP
TEKKHC EKU TAIIKUJJTAIITUPUIITad TySHJINII XOCWUJI KMJINIIT YIYH
KOMITIOHEHTJIADHUHT Y3 UYKJIA Y3apO TabCUPJIALLYB JKapacHU
16. | Aerogel: a porous solid formed from a gel in which the liquid is | Aaporea
replaced with a gas with gas entrapment KaH/ai
TapKuOuit
P KHCMJIap/
@5 nm) aH
Nanopores TalIKUJI
. | Tonran?
/ Pacmpan
A blowtorch und; :ht:i:r:::i::so: :te;;gel has no effect on q)Oﬁ)l aHaH
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AjdporeJi: CYIOKJIUTY I0OTUJITaH ra3 OujiaH ypuHaIMalirad UHTI!
reéjgaH OJIMHTaH FOBAKCUMOH KAaTTHUK quMa
17. | Quantum dots: 0D nanostructures in which electron energy | KBantnyk
states are confined in all three spatial dimensions; their | Tamapu
electronic properties are between that of cluster*s and bulk | numa yuyn
semiconductors Kepak?
Pacmaan
doiinanan
HHTI!
Color of CdSe - CdS colloids is a function of quantum dots sizes
KBanTHyKTa1apu: DIEKTPOHJAPHUHI DHEPIUs  XOJATIapH
Oapua y4yTa KEHIVIMK Yymdamuiapuaa anukiaanaguran 0D
HAHOCTPYKTYypaJiap; yJIapHUHI JJIEKTPOH XOccallapu KilacTepJiap
Ba SIpPUMYTKa3ru4ujiap opacujaa oyiaau
18. | Buckminster fullerene: a spherical molecule with the formula | Bakmunct
C60, named in homage to Richard Buckminster Fuller, due to | ep —
its resemblance to the geodesic dome designed by him; | pyaaepen
Buckminster fullerene is the first fullerene molecule to be | kangaii
discovered and is also the most common in terms of natural | Tapku6mii
occurrence, as it can be found in small quantities in soot KHCMJIAPT
LE€XPOop7 , - i daets aH
-3 TAIIKHJI
TONran?
s K- ) b R QUY - v
4 L\ . - b . S
bakmuHcrep - pyiepen: Puuapn bakmuncrep @Oyiuiepen
TOMOHU/IAH JJOMMXATAIITUPUIITAH T€0JIe3UK rymoOasra yXImariu
Tydaiinu yHuHr mapadura Homunanrad C60 ¢popmynanu
JIOUPacUMOH MoJiekynia; bakmuncTepdyieper —
GbyInepeHHUHT JacTIa0Ku TOMUIITaH MOJIEKYJIacH
XucobiaHaau, 1y Omiad oupra Kypymaa 03 MUKIOp/ia
TOMMWJIMIIA MyMKWH OYITaHINTY YUYH TaOUUA XOCH Oy IUIIH
HYKTau Ha3apuIaH dHT KYT TapKaJiraH XucoOJIaHaIu.
19. | Magic number: a critical number of atoms in a cluster size Marukcos
providing it higher structural and potential stability TYIIYHTHP

HHI? ATOM
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TYSHJIHIIH
HHUHI

0 doixanan
°°:°§§,§ N E:;?:% HHTI!
MarukcoH. aHuYardHa OKOpU OYJraH CTpPYKTypaBUW Ba
IIOTCHIONAaJl TYPYYHIUKHHA TabMHUHJIIOBYHAN KJIaCTCpaaru
ATOMJIAPHUHI' KPUTHUK COHH
20. | Carbon nanotube (CNT): an allotrope of carbon with | Yriuepoan
cylindrical nanostructure and having high aspect ratios; their | u
unusual electronic and magnetic properties find wide | HaHoTpy0
applications KAHUHT
Sk hnEiEs  Eatoh bt calton ot cHH(IaHH
(SWCNT) (DWCNT) IIMHUHD
TYLIYHTHP
HHI?
Pacmaan
e SR doiinanan
Yraepoaaun HaHoTpyOka (CNT): TacBup GpopMaTHHHHT FOKOPH | muT!
Y3rapTUpuiand TYpPUIIUIA [HJIMHIPCUMOH HAHOCTPYKTYpaJlu
YIAEPOJHUHT QJJIOTPONUK IHAKIW; YJapHUHT Yy3radya OyiraH
9JICKTPOH Ba MAarHiT XOCCaJIapHu KCHI' KS'/J'IJ'IaHI/IJ'IaI[I/I.

21. | Nanofibre: fibres with diameter less than 100 nm Hanoroaa
JJAPHUHT
acocuii
xoccaJlapH
HHI
TYUWIYHTHP
HHI?

/ LR ' i W
Hanoroaanap: 100 M naH Ku4uk Oyirad quaMeTpiid ToJiajiap
22. | Nanoshells: a thin coating over a core object a few tens of Hanoxoou
nanometres in diameter KJap
Nanoshells KaHjai

TapKuOuit
KHCMJIAp/
aH
TalIKUJI
TONran?

HanoxoOuKaap: nnamerpu OMp Hedya YHIIMKIArM HAaHOMETPAA | PacmuaH

Oynran 0ObEKT SIPOCH YCTUIATH FOITKA KOOUK doiinanan
HHTI!

23. | Nanowires: 1D nanostructures with width of nanometric | Hanocumua

dimensions and exhibiting aspect ratios of 1000 or more ap HUMa
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YIyH

Kepak?
Hanocumuiap: HaHOMETp YIYaMJIM KEHIJIUMKIArd Ba T€OMETPUK
ymuammapuHuar Hucbatn 1000 Ba yHmaH rokopu OynraH
1DnanocTpyKTypanap
24. | Nanomaterial: class of materials in which at least one of the | Hanomare
dimensions is on the nanoscale (<100 nm) pUaIapH
HHT
228s e oz Kanai
o248 A /i 0 00 CUH(JIAHU
%'Sé A W " 22 I 00p:
micelles vesicules dendrimers | liquid nanocapsules nanospheres
crystals
Hanomarepuan: Oupon Oup y3rapumi HaHo aapaxazna (<100
HM) OVJITaH MaTepuaNIapHUHT CUH(PU
25. | Nanorods: 3D nanostructures with aspect ratio typically in the | Hanocrep
; all their dimensions are in the range 1-100 nm JKHJIAp
AINIYR]S ,,}';‘ﬁ KaHaaii
| eI TApKUOUIi
I i KHCMJIap/
& = N LS RN 1. aH
Hanocrtep:knaap: ¢ExmapuHUHT HUcCOATH 3-5 Juama3oHHaa TANIKH
Oynran 3DHaHOCTPYKTYpanap; yIapHUHT Oapua ymdamuapu 1- | poooo00
100 uM nuamazoHuga 6ynaau
26. | Whiskers: thin fibrous growth of a dislocation free crystal BuckepJa
p HUMA
YUYYH
| Kepak?
-y
Tin dioxide nanowhiskers.
Buckepaap: 3pkuHIMCIOKAUSIaHAUTaH KPUCTAJTHUHT
HO3MK TOJIAJIA YCUILIN
27. | Thin films: atomically engineered layers with film thickness | FOnka
usually in the range of nanometers to a maximum of a few | mienkana
microns PHHUHT
acocui
=) XoccajJapH
o HHT
\\% TYUIYHTHP
[ l(jl = MHI?
CulnSe2 Thin Films. Pacmaan
doiranan
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IOnka nuieHkanap: aroMap KOHCTPYKIMSUIAHTaH KaBaTjiap
HAHOMETPJIaH MaKCUMYM OUp Heuya MUKpOHTava OyyiraH
JManazoHja OyiaraH KaJIMHIMKIAry TUICHKanap

uHr!

28.

Mesoporous: porous materials with regularly arranged, uniform
mesopores (2-50 nm in diameter); their large surface areas
make them useful as adsorbents or catalysts

Me3oroBakau: Oup MebEpna Oep TEKUC >KOWJalraH
Me30roBakiu (auamerpu 2-50 HM) FOBaKCMMOH MaTepualliap;
1034 CHUPTUHUHT  KAaTTallUuTu  yJlapHU  aJACOpPOEHT  eKu
Katanuzaropyap cudaruia Gonganu Kuiaau

Me3o¥roBa
KJIH
MaTepuaJl
JIAPHUHT
acocuu
X0CCaJIapH
"
TYUIYHTHP
UHI?
Pacmaan
douganan
HUHT!

29.

Multilayers: thin films of differing chemistry or structure
deposﬂed one over the other

MyarukaBatjap: Oup-Oupura >KOWIAIITUPWITAH TYPIH XUJ
KUMEBUHM TapKUOJIM €KUM CTPYKTYPAJIU OTIKA TUICHKaIap

MyJarukas
atTyap:
HUMA YYYH
Kepak?
Pacmaan
doiinanan
MHT!

B~ w

o1

~

Ha3zopar caBosiapu

byr pazacunan pusukasuit uykrupumHuHT (PVD) Ba Oyr dazacunan
kumEBui uykTupuill (CVD) uHr acocuii MpUHIUMIIUHU COJMIITUPUHT?
Hccrk n30cTaTUK MPECHIAIHUHAT BO TEHTKaHAITM OYpYaKIN MpeCcCIallHUHT

aCOCHI MPUHUMIIMHUHT TYUIYHTHUPUHI?

[Trposn3 Ba yUYKYHIIM IUIa3MaId NUIIAPUIIN HUMA YUyH Kepak?

MexaHUK KOTHIIMAJIaIlIHUHT acocui IMPUHOUITUHUHT TYHIYHTI/IpI/IHF?

ByF-CyIOKJIMK-KaTTUK MOJIJIa YCYJIMHUHT aCOCUMA MPUHIUITUHUHT

TYLIYHTUPHUHT?
ONUTAKCUSHUHT aCOCHHA XOCCAIADHUHT TYLIYHTUPHUHI?

Konnouna Ba HaHOAUCTIEpCHS KaHal TapKUOW KUCMITap/iaH TallKuI

TOTrad?

KBanTnykranapu, 6akMuHcTep — QyJuiepeH, yriepoii HAaHOTPYOKaHUHT

CUH(MDJIAHUIIUHUHT TYIIYHTUPUHT?
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ATOM-Ky4JIaHUIIUIA
Hanonurorpadusi.

BHUCKEpJap MUCOJ KEATUPUHT?
Kepak?
DoiaJaHIITAH aga0uéTaap
Fransis, 2014, 153-197
4-amanuii mamryJsaor: HanomerpoJiorus.
Nmpan makcan:

MHUKPOCKOIIHS (AFM).
Hanounnentudukanusia.

AToM

DIIEKTPOH

9. HanortonanapHUHT, HAHOKOOHKJIap, HAHOCUMIIAP, HAHOCTEPIKHIIAP,

10.FOmnka rieHKaJapHUHT Ba ME30FOBAKIIA MaTepUAUIAPHUHT HUMa YUyH

1. David Rickerby Nanotechnology for Sustainable Manufacturing, Taylor and

MaHUNYJISIUSCH.
MHKPOCKOTI.

MukpokantuiieBep. CKaHUPJIOBUM SKUH XYAYJUTH ONTHK MHUKpockonus (SNOM).

PentrenoTosnekTpoHCIEKTPOCKOIHS (XPS). Yrta YKa3yBUaH
kBanTuHTEpPepometp (SQUID).
MacajnaHuHr
Ne NimHm 6akapum y4yH HAMYHA o
KYNWJINIIHU
1. | Atomic force microscopy (AFM) or scanning probe ATOM-
microscopy (SPM): a high-resolution device used to map | KywIaHMILJIHMHA
topography or other functional properties of the surface KPOCKOIHUS
atoms at atomic resolution capabilities (AFM) éxu
oo G ety ) oo rmcany CKAHEPJIOBYH
E Im 3OHAMHUKPOCKOII
- \/ HACH (UC3M)
| acocumn
NPUHIMIITNHHA
ATOM-KYWIAHUIIIJIMMHUKPOCKOIIMSI (AFM) | TymryHTHpHHT.
éKUCKaHepoBYH 30HAMHMKpPOcKonusicu (C3M): arom | Pacmaan
KypCaTTu4ad 03afJard aTOMJIAPHUHI TacBUPUHHU €EKH | droiimaaHuHT!
Oomka (YHKIMOHAT XOCCAJIAPUHU TacBUpPJALl YUYYH
KYJUJIAHWIYBYU IOKOPU KYPCATIU4JIU KypHiIMa
2. | Atomic manipulation: atom by atom modification of AToM
surface structure or chemistry made possible by advanced | manunyasiusicu
techniques like atomic force microscope and scanning HHMHT aCOCHIA
tunnelling microscope MPUHIUTTHHA
TYUIYHTUPHHI?
Pacmaan
doiinananunr!
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ATom MAHUITYJISAHACH: aTOM-KY4YJIaHUIILTA
MUKpPOCKOITMS Ba CKAaHEPJIOBYU TYHEIUIM MUKPOCKON KaOu
WIFOp ycyJmap Ty(dailii MMKOHMSITH TYFWITAH FO3aHUHT
Ty3WIUIIMHA aTOM OPTHJAH aToM €KH KUMEBUU
MO AU (pUKALIHSIIAIT

Nanoindentation: an indentation hardness test applied to
nanoscale volumes at small loads to obtain the hardness of
individual nanoparticles

Nanointender prints

HanounnaeHTHUKANMSJIALL, HAHOYIYAMIIM Xa)XMJlapra
KYJUIAaHUIYBYM OOCUIIAAr KATTUKJIUK TECTH, KHUYHUK
oocumiapaa anoxuja HaHO3appadaJapHUHT
KATTUKJIWTMHU aHUKJIAl YYyH

Hanounaenrud
HKANMSJIANTHAH
I acocuu
NPUHIUTHHUHT
TYUIYHTUPHHI?
Pacmaan
doiiganmanunr!

Electron microscope: a microscope that focusses a
collimated accelerated electron beam on the specimen to
produce a magnified image at atomic resolution

Electron —

)

beam source’

Detector &
Amplifier

Figure 41 The scanning el croscope focuses a beam of electrons on a sample.

DJIeKTPOHMHUKPOCKOIIL: Te3JalITUPUIITaH
JICKTPOHJIAPHUHT KOJUTMMHPJIAHTaH JaCTaCHHU HaMyHara
dbokycmab  arom  ymyamuaard — KaTTaJalITHPHWITaH
TACBUPHH OJIUII YIYH KYJUTAHWIATUTaHMHAKPOCKOTT

JJIeKTPOHMHUKPO
CKOIl MHI aCOCUM
XOCCAJIAPHUHT
TYIIYHTHPHHI?
Pacmaan
doiinananuur!

Microcantilever: a cantilever beam with dimensions in
the micrometer scale that is extensively used in the field of
MEMS, sensors, resonators, etc.

MuxkpoxkaHTHIeBep: MUKPOMETP MUKECUIATH YITHaMITN
kanTuiuBepau Hyp,MEMS coxacuna, naruukmnapna,
pe3oHaTopiapAa Ba XK3 KEHI' KYJUIAaHUIa 1

MukpokanTuie
Bep HUMA YUYYH
kepak? Pacmaan
doiinananuur!
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Scanning near-field optical microscopy (SNOM):
illuminates a specimen through an aperture of a size
smaller than the wavelength of light used and with the
specimen positioned within the near-field regime of the
source; by scanning the aperture across the sample through
a conventional objective, an image can be formed
CxaHMpJI0BYH AKMHXYAY 1IN
onTukMHUKpockonusi(SNOM): HaMyHaHU
WIUIATUIAETIaH HYPHHUHT TYJNKWH Y3YHJWTUIAH KHYHK
Oynran yia4yamaard TUPKULI OpKalId EpUTav, HaMyHAaHH
AKUHXYIY 1A ManOa pexKUMUu Joupacuja
YKOMJTAIITUPUIIAIN; (0319105171 0OBEKTHUB épnamua
HaMyHaJaru avaparMaHuHr CKaHepjam Wynu OwusaH
TaCBHp HIAKJUIAHWIIKA MYMKHH OY1aau

Microscopes

SEM

TEM

Optical

e
e

SPM
f 1
AFM STM SNO

= 0}

CxaHupJioB4u
SAIKUHXY YN
ONTUKMHMKPOCKO
MUSTHUHT 2COCH U
NPUHIHITHHUHT
TYIIYHTHPHHI?
Pacmaan
¢doiinananuur!

X-ray photoelectron spectroscopy (XPS): a quantitative
surface chemical analysis technique that measures the
elemental composition; the technique involves
characterization of photoelectrons produced by irradiating
a solid ma

Top 20 stomic layers =

PenTrendoro3/1eKTPOHCIIEKTPOCKONUS (XPS):
KUMEBUW MOJJAHUHT F03aCHHU MUKIOPHUM aHAIU3 KHJIHIII
yCIIyOH, DIEMEHT TapKUOWHU aHWKJIAiau; YCyl, peHTTeH

Pentrendgorosie
KTPOHCIEKTPOCK
ONMSIHUHT
acocuu
NPUHIUNTHHUHT
TYUIYHTUPHHI?
Pacmaan
¢doiinananuur!

83




HypJlapy OuWjaH KaTTUK MOJJIAaHMHT HypJaml €paamujia
OJIMHTaH (DOTOANCKTPOHJIADHUHT TaBCU(PUHU Y3 HUWTa
oJIaau

Superconducting quantum interference device
(SQUID): a device capable of measuring extremely weak
magnetic fields

YraykazyBuan
KBaHTUHTep(ep
ometp (SQUID)

v/ // ¥ KaHaai
N .
/1 QI//‘ | MM\ TapKUOU i
” --..-‘,‘ - KHCMJIApAaH
,{ﬂ‘}_\ TAIIKHJI
v RS, SN Tonran?
VraykasyBuan ksanTunTepdepomerp (SQUID): ¥ra | Pacmaan
Ky4CH3 MArHHT MaifJIOHIapHHH YyIT9all MMKOHHATHTA sra | ponaaIaHuHT!
Mocaama
Nanolithography: a nanofabrication technique for | Hanomurorpadu
patterning nanoscale features; used extensively in the | aumar acocmii
fabrication of ICs and NEMS NPUHIHITHHHUHT
a @ Light source TYWIYHTHPHHI?
Pacmaan
kens doiinananunr!

Mask

. ® \ Photoresist
_~ . Substrate

Hanosmrorpagusi: HaHOYTYaAMIIM IETALUIAPHU IAKIIIAIT
yUyH HaHO MIIIa0 YMKApUII TEXHUKACH; HHTEerpall
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cxemanap Ba NEMSnap uiinad ynkapuiiga KeHr
KYJUIAaHWIAAN

10.| Melting point oscillation: the phenomenon of | Cylokaanum
suppression of melting point followed by elevation as the | xapopaTusunr
particle size is reduced from bulk to sub-nanometre size OCHUJLISAIIASICH
CyIOK.]IaHI/I]]I XapopaTuHHUHI OCIUJIAIUACH: | Ba
3appadaiapHUHT yayaMu accocui MaccaJaH | HAHOTePpMOMETP
cyOHaHOMETpraya KamMan® MHUKIOPUHUHT  OIIWIIH | HHHT ACOCHH
HaTnXKacugaru CYIOKJIaHHII XapopaTI/IHI/I6OCTI/IpI/IH_I NPUHIAIINHUHT
xoaucacu TYUIYHTUPHHI?

o S i ‘{ | 490°c | 330oCH 170°Cc | | 45°C 22°C |
f
’ ' '
| i

Nanothermometer (Ga in Carbon nanotube)

Ha3zopar caBoJuiapu

1. AtoM-kyunanunuid —Mukpockonus (AFM), CKaHEpJIOBYUA  30H]I
Mukpockonugacn (C3M) Ba aroM MaHUNYJISUUACHHUHT — aCOCUU
MPUHIUIUHU COJUIITUPUHT?

2. Hanounaentudukamms Ba HAHOJIUTOTpaQUSHUHT acocui

MPUHIUIUHUHT TYITYHTAPUHT?

3. MukpokaHTHJIEBEp HUMA YUyH Kepak?

4. DIEeKTpOH MHKPOCKOIUS Ba CKAaHUPJOBUM SIKUH XYAYIUIM OITHK
MUKPOCKOIUSIHUHT aCOCUM MPUHUUIIUHAHT TYUIyHTHPUHT?

5. Vra VKa3zyBUaH KBaHTUHTEpPEepoMeTp (SQUID) Ba
PEHTTeH(OTOINEKTPOHCIIEKTPOCKONHSI HUMa yUyH Kepak?

doxasaHWITaH agaduériaap
1. David Rickerby Nanotechnology for Sustainable Manufacturing, Taylor
and Fransis, 2014, 197-212.

5- amaJaMii MalIFyJIoT:
KoMmmno3unmon matepuajuiap uuuiad YnKapumjaa
MYCTaXKaMJIAIITHPYBYH KOMIIOHEHTJIAPHH X0CCAJAPUHH YPraHuin

HNimHuHr MaxKcaam:
Komnosuyuon mamepuannap uwinab wuxkapuuwioa Kyiianaoueas moadcumMoH

684 3appaACUMOH MYCMAXKAMIO6HYU KOMNOHEHNMIAPHU XOCCAIAPURU )?peaHuw.

DJieMeHTap TOJIAJAPHUHT ACOCH MeXaHMK X0ccaJapu.
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Hwnune makcaou: DneMeHTap TOJNAJAPHUHT MEXaHHK XOCCAJapUHU
Ypranuui.

Tosa — Oy KYHIaJlaHT KECUM FO3aHUHT KHYMK KecuMua Oyiinama
VIuaMJIapuHUHT  KYHAAJNAHT  yioyamsapura — HuUcOaTaH — Karrta
kuitmatra(10-100 nan kaM sMac) sra 6yaraH MaTepUaIup.

Kynruna tonmanap 4y3miMIia OKOPM MEXAaHHMK Xoccajap Ba
FOKOpY DJIaCTHKIIMK MOAyIHra —osramupriap. byHnmail kypcatkuumap P==z
IOKOPY MEXaHMK Xoccajapra sra kommnosunuoH Marepuainap (KM) K
OJIUIIIJIa ACOCUI KypcaTKuuiap XucooiaHaau.

DneMeHTap TolalapHu MexaHuK xoccanmapuau anukmam ['OCT 6943.5-79
ra acocan onm0 Oopunanu. CHHOB y4yH dJ€MEHTap TOJNaJaH KeCHO OJIMHTaH Ba
pamMKara KOTUPWITaH HaMyHajap Kyuianunaau. Pamkamap 10 mm y3yHimkzaa Ba

5—6 MM KEHIJIMK/Ia TeIMK KYPUHUIIN/IA 314 KOFO3/1aH KUPKUO onmHaau (pacM 1,
a, 6).

Hamynanu Oy3unuimurada rokJIaHuIl Oepulnl Maxcyc ac6obma amanra
omupmwiaau (pacm 2). Makcuman roxkmanuml F nuHamomerp mikanmacu Oyinua
aHMKJIAaHA/IM, TOJAHWHT Y3YHJIMTH Oyitnmua y3rapumm Al — nedopmarius mmkagacu
€KH TOPU30HTAT MUKPOCKOII (KaTETOMETP) OpKAJIM aHUKJIaHaau. Tanad sTuiranjga
nedopmarus guarpammacu Tysunanau ( F-Al 6ozruxnux).

Kyitnma 0ab3u 3jeMeHTap TOJAJIAPHUHT YY3WIMIIMIATH AuaMeTp 0 HUHT,
Oy3yBYM Ky4JIaHHII G, Ba JIACTUKIMK MOAYIHU £, HUHI KUIMAaTIapyu KEITHPHUITaH
(xamBan 1).

Kansan 1. DiiemeHTap TOJATapHUHT KYPCATKUYJIAPH.

Tona Typu d, MM | G, MIla E,, I'Tla
[Iuma Tomacu 6-20 | 3450 7073
KOxopu MycTaxkaMm yriepoJ iy Tojia 7,5-8 | 2500-3500 |200-250
FOkopu MoayJ K yriepo i ToJia 7,5-8 | 2000-2500 |300-700
56
: N
0.0 0:0
e el 40 10 20
0:.040:0 2
15 ]
2 @/M 5 15
a 7] €

4

IS =
L]
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Pacm 1. DnemeHTap TonanapiaH MEXaHWK CHHOB y4yH HamyHa oymm. (a—0 —
taiiépnam Oockuuiaapu). 1 —Temmkiaap; 2 — KECHII YH3MKIApH, 3 —OYyKHIII
YU3HKJIApHU; 4 — d7IeMeHTap Toia; 5 — Kie; 6 — Kecuk; 7 —KuCKudap.

D= .

[ 1 H]M_I
Pacm 2. DiemeHTap TonayapHU Oy3yBUM KYWIAHHIN Ba AJIACTUKIUK MOJYJTUHHU

aHUKJa y4yH ac600. 1 — nuHamomerp; 2 — puyar; 3 — KUCKuwiap; 4 — tona; 5 —
CTOMKa,; 6 —aedopmalius mKaxaId MaxoBHK.

bup TOMOHIa HYHAJITHPWITAH TOJIAJIH TYJAUPYBYUIAPHUHT
MYCTAXKAMJIMTHHA AHMKJIAL

Hwnune makcaou. neMeHTap Tojlajlap MyCTaxXKaMJIMTHUHU UI Ba OOoFu4sIap
MyCTaxKaMJIUTUIaH (apKUHU KYpCaTHUIL.

DneMeHTap TOJIATApHUHT XOccajapu MabliyM Japaxana Oolika Typaaru
TOJIAIADHUHT XOcCcajlapuHu aHukiIaWau. bynma Oy XoccamapHu amanra
OLIMPUII KaWTa WIUIANl YCyJIUd Ba Xapakrtepura 0ornuk Oymamu. Illynunr
y4yH OMp TOMOHJIAaMa WYHaNTUPWITaH TYIAUPYBUMIAPHUHT MEXaHUK
Xoccaliapy 3JIEMEHTap TOJAJapHUHT MEXaHUK XOCCallapyuIaH rnact 0ynaau.

MycTaxkaMJIOBYM  TYJAMPYBUYMJIAPHM  aCOCHM  MEXaHUK
X0CCAJIAPH  JJIACTHKJIMK MOAYJH Ba YY3WIMIIAArd Oy3WIuIl
KYYWIAHMIIN XUCOOJIaHAIH.

By cunoBnapna pamkanapra KOTUpWIraH KeCMa HaMyHalap KYJUIaHWUJIAAM.
Hamynara P-05 tunpmarm yHuBepcan MamumHaga Oy3yiarynuda 60-100mm/MuH
y3rapyBuaH Te3JIMK/Aa IOKJIaHUII Oepuiaau. bepunran KyuygaHUIUIApHU Kyd YiJaii
nIKajacu Oyiuua yirdanaau.

Kepak 6ynaauran ac6o6yap Ba Marepuajiiap: IIUIIA WIT Ba IIHIIA OOFIapAaH
KecMajap, HaMyHaJlapHH MaxkKamJjall y4yH paMKaiap, Kailuunap, KJeill, CHHOBYH
MalInHa.

Niauar 6opum taptubu. CuHOB 010 OOpHIT Ba HAMYHAJIApHU Taréprar
['OCT 6943.10—79 ra myBoduk onub Gopunaa.

220 MM y3yHJIMKJArd UM KecMajapy paMkanapra Kotupuiaau. Enumiaanran
UIUIap HaMyHajapra axpaTwiagd Ba CHHOB MAalllMHACH KUCKHYIapura
Kotupwiaau. bynaa emumianrad kucM 8-10 MM Tamkapura 4ukKuO TypHILH,
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Kuckuuiap opacuaaru macoda 100+1 MM HU TAIIKHUIT ATUILIU KEpaK.

Hamynanapra 60-100 MM/MHUH Te3/IMKIa CHHOB MAIllMHACHAA Ky4JIaHMII
Oepwinagu Ba Oy3WiMII BaKTUAArd IOKIAHWII Kan KuinHagu. OJIuHraH
KuiiMaTinap Oyiinda 4y3mnuiigaru Mycraxkamiavk o, (MIla) Kyimnarun gopmyna
OpKaJu XucoOiaHa u:

F
c,=—1,
Py

by epna F, — Oy3yBun roxnanum, H; 4= r 11073 — TOJNIAHUHT yMyMHIl 103aCH, MM’
p
T — TYNOUPYBUMHUHT YHM3UKIU 3UWIMTH(MAbIyMOTHOMAJaH OJUHAIW), P —
TYIANPYBYN MATEPHAIN 3ULITHTH, T/CM
DKCIIEpUMEHT KaMHUJa YH MapTa KauTapwiaay Ba ypTaya KUMMaTH OJMHAIH.
OnuvHran Hatwxkaigap XyJIaud Iy TypJard 3JIEMEHTap TOJIa HaTWKajapu OuiaH
COJIMIUTUPHWIIATN Ba Xyjocajap ynkapuiaaau. OJIMHraH HaTWKanap Kaua STUIAIH.

bup ToMOHra HyHAJITHPWITaH TOJAJIH TYJAUPYBUYNIAPHHU IACTUKIUK
MOJAYJIMHHM AHMKJIALL

Kepak Oyaaguran ac0o0sap Ba MaTepHa/ulap: IIuIia W Ba
muImadoriaMaap KecMmallapy, pamkaiap, Kied, CMHOB MalllMHAacH, KaTeTOMETD,
HITAaHT€HIIUPKYJIb.

M TapruOu. Pamkanapra KoTUpwiIraH HaMmyHajapra HaMyHaHUHT
MapKa3uJaH IOKOpU Ba MacT TOMOHra 25 MM Macodana OYEk Owian Oenru
KYWWIa/Iu.

benrunap opacumaru macoda |y (kareromerp, IMITaHICHIMPKYI EpaamMua)
Oouutanfuy rokjnaHu Fo na ymuanagun. Hamynara cekun acra roknanuim AF Fp
Kyuraya Oepuiaaud Ba HamyHaHuHr y3yHiaurd Al ymuanamgu. CunoB 2-3mapTta
TaKpopJlaHaM Ba HAMyHAHUHT ypTaya Yy3WITaHJIuTry aHUKIaHaIH.

TynopupyBurHMHT s5maTHKIMK Moayiu £, (Mlla) xylingaru ¢opmyna opkanu
XucoOIaHaIu:

Ep ,
Al- 4
by epna AF — ycub 6opyBun roxmanui, H; |y — 6enrunap opacumaru macoda, Mwm;
Al —a¥3unran HamyHa y3yHJIUTH, MM; A — TOJIAaHHHT YMYMHH F03aCH, MM,
DKCIEpUMEHT KamMua YH MapTa KauTapuiaau Ba ypraya KMIMaTy OJIUHAIH.
OnuHran Hatwxkajgap XyJIaud Iy TypJard 3JIEMEHTap ToJla HaTWXkanapu Ouiad
COJIMIITUPUIIATH Ba XyJocanap ynkapuiaaau. OJIMHraH HaTUXanap Kaia STUIaiu.

Komno3nuuon  marepuasiap uouiad  4YMKapumjga 3appacuMOH

TYJIMPYBYHJIAPHHA FPaHyJIaMeTPUK TAPKHOM Ba X0CCAJIAPUHM YPraHuUIIl.
Hwinunz makcaou. TYIIAPYBUMIAPHUHT aCOCHIl T€OMETPUK TaBCU(PUHU
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aHUKJIaII.
TynaupyBunIapHy TaHIAINl aBBAJlO, YHUHT 3appajlapHHUHT YTdamiaph Ba
3appajlapHUHT IAKJIU Ba TaBCU(UTa OOFIHUK.
3appanu matepuaiiap TaBcubuUU Yiuamiapu HUcOaThra OOFJIMK XOJiaa
makura kypa cuaduanagu (pacm 10).

2 0

Pacm 3. Tynoupyesuu 3appanapuu ynuamu éa mypiapu.
a— cgepa; 6 — kYo, 6 — napaiienenuneo, 2 - MmoJACUMOH, O ~MAH2ACUMOH.
L- ysyuaux; H — 6ananonux;, B —xenenux.

Kynruna TynaupyBUYMIapHUHT 3appaIapUHUHT IAKJIA OUp — OUpHIaH KECKUH
dapk kunaau. UlyHUHT y4yH yJapHUHT FO3aCHUHHUHT 3appacu CUHGIAHUII Y4YyH
XU3Mar Kwiaau. by makcanna 3appaiapHu YI4aMUHM TaBCU(UIaaura TyluryH4a-
skBUBaICHT cepa nuamerpu(DCJl) kKupuTuITras.

Kanra Tonaaum  TYIAMPYBYMJIAPHMHI  TeOMETPUK  yja4yamM  Ba
3apPACHHMHI IIAKJIUHHA aHUKJIAII

Kepak Oynaguran acOoOmap Ba wmaTepuaiap: €ro4 KUPUHIUCH, IIOS
TOJIacH, JIbHOKOCTPa, MUKPOCKOII, IITAHT€HIIUPKYJb, MUKPOMETD.

N taptubu. Texkuc ro3ara MabiyM MUKIOpPJArd TYJIAUPYBUU OUpP TEKHUC
Siimmaau. Yodam ydyH IITAHTEHIMPKY/Ib KM MEKPOMETD, JKyIa Maiiia 3appaiap
yuayH 3ca (<0,1 MM) MUKpPOCKON UIIATUIIA/IH.

3appaHMHI TETHMILIM Yyirdamiapu aHukiaaHaau (Y3YHJIMTH, KCHIJIHIH,
KaJMHJIMIY) Ba MAaKCUMaJl Ba MUHAMAJT YT4aMJIapHUHT HUCOATH aHUKJTaHA/IH.

Typnu TynaupyBUWiiap 3appajlapyHUHT IIAKJIM aHUKJIAHAJAW Ba 4YHA3WIAAU.
OnuHran HaTWKamap S5 kaaBaira €3u0 OopuIaIm.

KykyHCHMMOH TYJIMPYBYMWIAP 3apPATAPUHHUHT IHAKJIHN Ba
yI4aMJIapUHHU AaHUKJIALI.

Kepak Oynaguran ac0o0sap Ba Marepuasiap: TypJid THIIArd
KYKHCHUMOH TYJIAUPYBUMIIAP, TUTIOB, MUKPOCKOII, IITUIIIA TIpeAMETIap.

NmHuHr TapTudu. 3appaiapHu MIaKId Ba YI4amyIapyuHU aHUKJIAIl Y49YyH
MabJIyM MUKJIOpAArd TYJIJAUPYBUM OJIIMHJIaH HaMJIaHTaH IIUIIa MpeaIMeT F03acura
JKOMJIaHaIM Ba yCTHJIaH MKKWMHYM Iuia Ownad €nuiaau. byHna TynaupyBunMHU
TEKUC TAKCUMJIAHUIIM Ba 3appaJlapuHUHT OUp-OMpHIIaH ajoxXuja —ajloXujaa
oynuiira YbTHOOp OepuIaan.
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Hamyna  mukpockonm — ctomuacura  ypHatwinagu.  Kepak — Oynran
KaTTAJIAIITUPUII Ba KECKHMHJIMK TaHJIAHAIU. 3appaJlapHUHI ILAKJIW aHUKJIAHUO
yn3ub Oopunanu. 3appaisapHuHT acocui yimuamnapu Ba OC/I xucobnanaau.

TyaaupyBYHIAPHUHT TPAHYJIOMETPUK TAPKUOMHHU YPraHUIIL.
Hwnune maxcaou. TaxXJIWTHUAHT dJIaKIap YCYJIUHU YPTaHUII,

TynaupyBUYMHM TaHJAlIJa aBBAJIO YHUHI 3appajlapuHUHT YiyaMjiapud Ba
Yymaamiap Oyitnda TaKCUMIIaHTaHIUTH aHUKJIaHAIH .

KykyHCUMOH MaTepuaUIApHUHT TPAHYJIOMETPUK TApKUOM KYKYHIAru TypJiu
ymgaMaara 3appajapHUHT y3apo HUCOATH Ba KaHYa MUKIOPAAH MaBXKYIJIUTH
TYFpUCUIA MABJIYMOT OJUIIra €paam Oepaiu.

3appajJlJapHUHI VJIYAMMHU AHUKJIANIHUHT OMP He4YTa yCy/ulapu
MaBKYA: dJakjaap épaamuaa(zappaJaap yauyamu 0,06 1an 19 mm raua),
mukpomeTpuk (0,0011an 0,06 mmraya), cenumentaunon ( 0,0001xan
0,06 mmraua).

Dnakiap ycyiad Marepuall HaMyHAaCMHUHI CTaHAAPT 3JIaKkiap TYIUIAMHIAH
YTKa3ull opKajdu ¢pakuusiapra axpaTullra acociaHrad. by ycyn aucnepc
aHAJIM3HUHT acocuil ycynu xucobnaHaau. JIekun Oy ycys 3appajapHUHT XaKUKHIMA
yiyamilapvHU aHUKJIal OJIManIn.

['panynoMeTpuk TapkHMOHM aHUKJIAIIIA AKPATHIIL 1apakacy TaKCUMJIAHUIITN
D (pacm 11, a) Ba dpakmusutapauar HucOuii cakimanumm dD (pacm 11, 6) 3appa
Yyimuamiapu O ra OOFIMKIIMKIIAPU TY3WIA/IH.

100 100
/

80 // 80 /\
o 60 / - 60 l
4/ 40

dD %

S 40 / : /
20 20
O S—
0 0
0 02 04 06 08 0 02 04 006 08
P‘a'BI\-I":‘-D TACTIII, MM Pﬂ'BI\-I":‘-D JacCTII, MM
a b

Pacwm 4. Axcpanuw oapasxcacu maxcumnanuw Gpyukyus kypunuwinapu (a) éa
@paxyuanaprune 3appa yruamuea Hucoutiiueu (0).
Maitna qucnepc Marepuaiap yJIMaMUHA aHUKJIAIIAa aCOCaH CEIUMEHTAOH
yCyJI KyJJTAaHWJIA N,
MUKpPOCKONIUK yCy 3appalapHUHT YU3UKIN YI9aMIIapUHU aHUKJIAIIard YHT
aHUK yCyJl XMCcOOJIaHaIu, JJEKWH aH4a MEXHAT Ba BaKT Tanabd dTaju.

AMayuii MAIIFyJI0T Badudanapu:

1- Ba3zuda.
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Kagpanma kenTupwiaran KUMMATIAp acoCHAAa MaTepuall yidamiapura
OOFIMK X011 (PpaKIUsIapHA MaBXKYUIMTY JUarpaMMacUHUA TaCBUPJIAHT.

CapMaTt KYMHHHHI I'PAHYJIOMETPHK TAPKHOH

Tpoda| 3appawatap IIaKIATH TeMHKIAp VadaMaapu | MM
No MHKIOPH, 0.14
Mac.% 2.5 1.25 0,63 0,3 0,14 3IaKaaH
yrran
94 1.6 0,6 2.1 17,3 84.4 98 1.9
95 6.8 1.5 43 20,7 69,7 95.3 4.6
98 22.6 - 1.1 4,9 42.3 87.5 12,1
99 16,1 - - 0,6 24.4 83.1 16,8
100 22,7 - - 1 26,6 78.9 20,6
101 2.8 0.3 1.3 13,8 67.6 96,2 34
102 2,7 - 0,2 2.8 37.6 92,9 6.8
2- pa3uda.

Kentupunran mukpockonuk 5,6-pacminapaan Qoiigananubd, acocuil KpucTasl
dazanap ymyamiapyuHy aHUKJIaHT.

Ao

ks X .
1200MIla b——— 2 ym —i

Pacm 5. Kepamuk MaTepuaHUHT 3JICKTPOH-MUKPOCKOIUK PacMU. (3J1€KTPOHHBIH
mukpockon 9BM-100)
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10kV  X2,000 10pm 0000 09 40 SEI

Pacm 6 — Bonbdpam kapOuau Ba TeMHUp KyKyHJIAPHHHUHT 3JIEKTPOH-MUKPOCKOIIHK
pacmuiapi.

Ha3sopar caBoJuiapu:
1. bup TOMOHIama WyHaIraH TOJAMU TYJNJIUPYBUWJIAPDHU KEJITHPUHT Ba

TYITYHTHPUHT.
2. TonacuMOH TYNIMPYBUMJIAPHU IOKJIAHUIIAATM XOJaTH HUMa Makcajia
ypranwiaau?
3. Unsukiu 3UWIMK HUMaHM TaBcudaiau, HUMalapra OOFIMK Ba KaHiai
aHUKIaHaIn?

4. DnemeHTap Tola Ba OMp  TOWOHJAMa  WYHaJIraH  TOJACUMOH
TYJIIUPYBUMIIAPHUHT UY3UITUINTa MyCTaXKaMJIUTU HUMAcH OujiaH Gpapk Kujaau?
5. YUyzunuiira MYCTaXKaMJIMKHU aHMUKJIaII1a HaMyHaJap KaHaan
Tanépnanaan?

doiigajaHUITaH agaduéTaap:

1. Krishan K. Chawla. Composite Materials. Science and Engineering. Third
Edition. Springer Science, New York-London, 2012. -98-101, 249-306 p.

2. Morgan P. Carbon fibers and their composites / Morgan P. - Boca Raton: Taylor
& Francis, 2005. (Materials engineering; vol.27). - ISBN 0-8247-0983-7. 1153
p-

3. D.R. H. Jones, Michael F. Ashby. Engineering Materials 2: An Introduction to
Microstructures and Processing. Fourth Edition. Elsevier, UK, 2012. -319-350
p-

4. William D.Callister, Jr., David G.Rethwisch. Materials Science And
Engineering. An Introduction. Eight Edition. USA, Wiley, 2010. -655-660 p.

5. CteknoBoJIOKHO. HUTHM KpyyeHHbIE KOMIUIEKCHbIE. TEXHUYECKUE YCIOBHS:
I'OCT 8325-93 (MCO 3598-86). — M.: UIIK M3xa-Bo cranmaptos, 2002. — 12c.

6. FO.H. Cunopenko. KoHCTpyKUHOHHBIE M (YHKUHOHAIBHBIE BOJOKHHUCTHIE
KOMIIO3UIIMOHHBIE MaTepHalibl ;. yaeoHoe nocodbue. -Tomck : Uzn-so TI'Y, 2006.
—107 c.
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V. BUTUPYB NILIJIAPU YUYH MAB3VJIAP

1. KoMno3unuoH wmartepuaiap CTPYKTypa TY3WIHMIIH, CTPYKTypa

ypranuimiaa 3aMoHaBUA (PU3UK KUMEBUN TaXJIUI yCYIUIApH.

Homeramnap acocuaa KOMIIO3UIIMOH MaTepuasiap.

3. Kykyn meramtyprusi ycynu EpaamMuaa KOMIO3HUIIMOH MaTepuaiap
UIUTa0 YUKAPHIIL.

4. [lynarnap nnuiad yukapuiga GeppuT-IEMEHT KOMIO3UIMIIAP.

N

5. Mertaim  KyKyHjap, yJApHUHI XOCCaJlapd Ba  KYJUIAHWINLI
UMKOHHUSTIIAPH.

6. Tonaiu KOMIO3UIMOH MaTepuasiap.

7. HumannacTukiap uiad YuKapuil xapacHu.

8. Iluma apmaTypacu uiuiad YMKapuul kapacHu.

9. Tpumiexkc Ty3WIHIIM, XOccajapyd Ba HWIUIA0 YUKAPHUII TEXHOJOTHK
KapacHU.

10.MycraxkamyIamTpuil ~ KOMIOHEHTJIap:  Tojlajlap  Typjlapu  Ba
xoccaJapu.

11.Yrnepon Tonanapu acocuaa 3aMOHAaBU KOMIIO3UIIMOH MaTepuaiap.

12.buoxoMmo3uTaap, yIapHUHT KYJUTAHUIIT UIMKOHHSITIIAPH.

13.Komno3ummon  marepuaiiap — wmad — YUMKapuiia — MaTpuia
MaTepHuaiapH.

14 KoMIo3unmoH Martepuaiap uinuiad 4Yukapuiaa MOIUMeEpIapHUHT
VPpHU.

15.TTonumep MaTpuaIM KOMIIO3UIIMOH MaTepuauiap WIuiad YUKapuill
TEXHOJIOTUK JKapacHMU.

16.KepamMuk MaTpuiiaid KOMIO3UIMOH MaTepHayiap HMIUIA0 YHUKAPHII
TEXHOJIOTUK JKapacHH.

17.Metayin MaTpullaid KOMMO3WIMOH MaTepuajiap uuuiad 4YuKapuiil
TEXHOJIOTUK JKapacHH.
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V1 KEMCJAP BAHKH
1-keiic
Hedr Tyknanmu Ba HaHOMAaTO1ap

bputum [letpomeym (British Petroleum) tamkunotura xapanum HedT
miatdopmacuaaru noptaam Tydaitmm 2010 finn 22-anpenna conutanrad Mekcuka
kypdazunaru Hedt Emmmmm AKII Tapuxupgarm 3HT KaTtra HEPT TYKUIUIIN
xucoOnaHaau. Mail OMMHMHT YpTanapura Keaud SKCIepTIapHUHT xucoOjapura
kypa okeanra 60000 Oappen HedT OKMO YMKKaH. MabyMKu HeDTHUHT OUp
TOHHACH CyB f03acHa &itmm6 12 kv 103aCHHI KOILTaim; HedTHHHT 6up Gappenn
136,4 xr maccara sra; Mekcuka KypQpa3suHUHT YMYMHH MaWJIOHW TaxMUHaH 2,5
MIIH. KM 9ra.

Casosutap:

1)  Mekcuka kypdasura okuO YMKKaH HE(THUHT TOHHAJArH Maccacd HHMara
TEHT?

2)  Hedr mnuenkacu OwiaH KOIUIAHWIIM MYMKHH OYJiraH CHUPT [03aCHHU
aHUKJIaHT?

3) K¥ypha3z ymymuii MaliqoOHHHUHT Heda (POHU3 KUCMH HE(T IUICHKacH OWyIaH
KOIUJIAHTAHJIMTUHU aHUKJIAHT?

4)  Nature Nanotechnology xypHaiugard Makojaaa 3bJIOH KHJIMHHIIHNYA
ouMiap, ‘“MatoHUHr’ orupiuruaan 20 Gapobap OpPTUK OFUPIMKIArd HEePTHH
abcopOnusuIal UMKOHUSITUTA dra OYIraH HaHOTOJAlapJaH TYKUITaH HAHOMATO
kamd xumumradn. Mekcuka kypdaszumaru HePT TYKuIMIMHA Oaprapad STHIIT
y4yH HeYa KI' HAHOMATOaH UIILIa0 YuKapuii 3apyp?

2-keiic
IOnka kaBaT/iu Ky€um 0arapesJlapuHU MILIA0 YUKAPHII Y4YH MUKPOCKOI
TaHJIalllL.

V36ekucTonna oup Muga Kyéuumm BakT mumosiaa 2000 coar, sxanyOaa 3ca
3000 coataH KynpoK 6yaranmuru caba6mu, Y30eKucToHaa Kyl Huuapaan 6epu
KY€l SHEPTeTUKACH COXACH 1a TAIKUKOTIAp 0JIr0 OOpUIMOKIA.

Kyém sHepretukacu mnaHeJIapuHU HILIA0 YMKAPUIN CU(PATHHU HA30paT
KUJTUII 3aMOHaBHil jabopaTopusicura I03ajlapHUHT XaKMHUM TaCBUPJIAPUHU OJTHUIII
YU4yH MHKPOCKON Xapuja Kuiuii 3apyp. FOnka nieHkanapHUHT F03aCHHM Ba FOTIKA
IUIGHKaJIM Ky€m OaTapesylapHUMHI HaHOKOIUIAMAJIAPUHUHT MYCTaXKaMJIMTUHU
HA30paT KWIUIIYYyH Xapua KUJIMHAAUTaH MUKPOCKOI TYPUHU TaHJIa0 OJIUHT.

TaHylaHraH MUKpPOCKOIl €pAaMHuaa MOHOKPUCTAUI Ba IOJUKPUCTAILI
OarapesyapH TaIKUK KWW MyMKAHMH?

KeicHUHT eunin yuyH Kyiuaaruiap tanad STuiaau:

1) xyém Oatapesuiapu Typiapyd Ba HIUIANl TPUHIUIUIAPU TYFpHUCHIA
TabCypOTIa ara OyJIuII Kepak;

2) HaHOKOIUIaMajap  MYCTaXKaMJIMTMHMHI  ONTHK  Ba  3JIEKTPOH
MUKPOCKOINUSACUHUHT TYpJiM XWI MabIyMOTIapuiaH OJIMHULIM MYMKUH OyiraxH
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ax0opoT TypaapuHU OUJTHILL

Kyém 0aTapesiiapMHUHT MILJIAI TPUHIUITH

®oTtor((PEeKTHUHT  Ma3sMyHH  KyE€Il — DHEPrUsCHUHM  JOUMUM  TOKTra
y3rapthpuiira —acociaHrad. bab3um  Oup MoggasapHUHT  (MHCOJI  YYYH
KPEMHUMHHUHT)  3JEKTPOHJIApU KY€l  HYPJIAPUHUHT  SHEPTrUSACUHH  FOTHII
KoOunuaTHra sra, ¥3 opOuTaulapvHu Tanuiad HyHaayBYM OKUM — (DOTOTOKHU
xocuna Kuwiagu. by sgdexTHrn Xocun KWMIl y4yH Maxcyc Mojjajiap — p- Ba n-
YTKA3yBUYAHJIMKIIM SIPUM YTKA3TUWIAP KyJUIaHWiIa . N-YTKa3yBUYaHINK MOJAAAaru
AIIEKTPOHJIAPHUHT OPTHUKYa MHUKIOPHHM Homanaian, p- 3ca TETHIUIM paBUIIIA
yIApHUHT €TUIIMOBUMINTUHU Hpoganaian. @OTo3IEMEHTHH XOCUIT KUJIHII YUYH,
ANIEKTPOH OaTapesra YXIalUTMKHA XOCUJI KAJIQAUTaH,UKKATA IPUMYTKAa3rH4d KEpaK
Oynaau, OyHIa Katoj YpHUAA N-IPUMYTKA3rud aHOJ YPHUAA 3Ca P-SIpUMYTKA3IH4
oynanu. Tymaérran Hypiap TabCUpPUAA N-YTKAa3rW4 (CTPYKTYpaHUHI Tema
KUCMUJa >KoWyamraH OVyiaau) OSJIeKTpOHJIapU p-KaBaTra YTaau, HaTuxkazaa
AJIEKTPOHJIAPDHUHT HYHANTHUPUITaH OKUMHU BYXyIra kenaaud. by kabu Tusmm,
YHUHI MIUIAIIM KUMEBUM TabCUpJAllyBra OOFIMK OYIMaraHjiurud Ba HaTHXKaaa
MaTEpUaTHUHT EMUPWIMIIM OyiIMaraniaura cababiau HHUXOSATAA Y30K BakT
MoOaliHuAa HIUTAII MyMKHH.

Kyéu ¢orosementiiapu

KpeMHMITHUHT KEHI' TapKaJraHJWrd Ba WIUIA0 YMKApHUIl >Kapa€HU KarTa
xapaxkat Tajgad 3TMaciauru cabadiau XO3Upru KyHJa Ky€ll 3JIEMEHTIapu KPEMHUN
acocuna unuiad uymkapwiagud. KpemHuiira Typiaud XWil TypAard YTKa3yBUAHIIUK
KOOWJIMSTUHYU OEpHUILl YUyH TYypJid XWJ apajlaliMaiapHy Kyijamaad. Mucosa yuyH,
ANEKTPOHJAPHUHT  OPTUKYA  MHUKIOpPU OOp  KUPUTWIMILM  HAaTHXKACH]A,
C€TUIIMOBYMIIUTH 3Ca MUIISAKHUHT KUPUTWIMIIM HATW)Kacuja dSPUILUIIA[IH.
IllynuHTIEK  apceHup, TauMk, KaaMuid Ba  OommIKajgap  KYJUJIAaHWJIAJIH.
VTKasyBUaHIMKHM IIAK/UTAHTHPHII OWIaH OWp KATOpAa apajaliMalapHHHT
KYIIWINIIKA KPEeMHHUM acocuaard OaTapesulapHUHT caMapaJopJIMTUHU OIIMIINATA
onu6 kenaau, ynapuuar ®UK (KILJ) ypraga 20% ra TeHr.

Xo3upru KyHJa, MOKOpHcamapaaop Ba HKTUcCOAMK ¢doiganu Kyem
OarapesyapyuHu OJIMINTa WYHANTHpUATaH Oy coxagaru ($aos TaAKUKOTIAp OJU0
OOpUIMOKIA.

Kyém 0aTapesilapuHUHT TypJiapu

Kpemuuii acocuna poronaHeIapHUHT Y TYpH UILUTA0 YUKapUIIaIN:

- MoHokpucramiapaad. YnapHu HIUIA0 YUKApHIl Y4YyH Oup TypAaru
CTPYKTypaJli MOHOKpHUcCTayuiap yctupwiaau. Hatmxkana OyHmalt ¢oTosueiikanap
Oup TEKKUC MebEpPIM ro3acu Ownad (apkimananu, OyHUHT oKubOartuga KyeEm
HypJapuau sxmupok rotaau, okopu DOUK (KII[) ra sra, Oupoxk Hapxu
KUMMAaTpPOK OVYaiu.

- Tlonmukpucramn suedkaniap HOTEKKHC, MOJUKPUCTAUI CTPYKTypara i3ra
O0ynuO, Hyp IOTHII KOOWJHMSATH MOHOsSYEHKanapAaaH Oup Heya Oapobap MacTpok
Oynanu, YyHKM HOTEKHC 103aCH HypJIapHUHT OUp KUCMUHU KalTapaiu.
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- Onka xaBatim Ky€m Oatapesnap KpucTaJicuMoHaup. bupok ymap
STWIIyBYAH sYEHKalnap KYpUHHUINMAA W10 YduKapuiagud. YJIapHU KUUIIHK
103aapja ypHaTUIll MyMKUH Oynaau. by OarapesiapHu unuiad 4yuKapuil ap30H,
KyBBaT OWpJWIura KpHUCTAJUICUMOHJIapra HucOaTaH(TaxmMuHaH 2,5 wMaporada)
KYIIPOK F03aHU drajulaiau.

FOnkakaBaTiu Ky€m OaTapescu SpUMYyTKazyBYaH OWMPUKMAaHU 3TUITyBUaH
(omaTha - monMMep) TarjvKKa IMypKall HaTwxkacuia xocus OYmanu. JlactaBBan
apuMyTKa3rud cudaruja pakarruHa amopd KpeMHUI KyJlaHWIraH, OMpok OyHaa
ONUHTaH (OTORIEMEHTIIAPHUHT UIUIA0 YHKAPUII KyBBAaTH HUXOATAA KHYHUK
oynran (aturu 4 — 5 %). Xo3upru KyHjaa MUC-TAUTMU-UHIUN CEJICHU]] aCOCHUJIaru
IUICHKAJIap MCTUKOOUIM XHcoOMaHaau. Muc-uHaui-rauiim O6atapesuiapuHIuHT
OUK (KIIT) 20%rava etumn MmyMkuH. bupok xo3upua Oy kaOu 3jeMEeHTIapHUHT
IONKa Ky€ll TUIeHKanapyu 0030puJard YpHU yHUaJuK KaTTa 3mac (TaxmMuHaH 2%).
Kanmuii Temmypun acocupard TUICHKanap KEHrpokK Tapkairad (taxmuHaH 18%,
OUK (KIIHd) 16% raua). AmMopd-kpemHuuim O6aTtapesiapra 6yiaran tanad 10KOpH.
VYnapauar GUK (KII) 10%raua omupuin MMKOHUSITH TYFUJITaH.

MaHTUKHI KeTMa-KETIUKHH TY3HUII KepakK:

Hamyna typu (ronka rjaeHkamap) --------------------

MuKpockoI TypH (JIEKTPOH €KU OMTHK) ==-=================

MUKpOCKOIT UMKOHUATH (MUKPO €K HAHOMETP Yerapacu?) --------------------

Hamynanu tacBupnam maptiapu (BakyyM €KH BaKyyMcu3, sicch exu 3D-
TacBHpP, aTOM MOHUITYJIITOPH €KW HAHOUHTEHACP?) ---------=----------

. =
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My3enn1a

TABLE 3.1 Chart of Microscopy and Type of Information Generated

Microscopy Resolution Limit Characteristics

Light ~0.2 pm Samples can be imaged in liquid or air. Resolution is
microscopy limited by the wavelength of visible light.

Fluorescent ~0.2 ym Samples can be imaged in liquid or air. Fluorescence
microscopy labeling is a well-developed technique that can be

used to localize molecular components.

Confocal Micrometer level ~ Confocal scanning microscopy enables three-
microscopy dimensional studies of biological objects.

Resolution techniques that break the optical
resolution barrier are becoming available.

Field Nanometer level ~ For FE-SEM imaging, the sample is placed in a
emission vacuum. Sample coating may be needed, as the
scanning technique generally requires an electron-
electron conductive sample. The electron beam is used to
microscopy probe the surface, and techniques for heavy metal
(FE-SEM) labeling of surface molecules are often used.

Transmission =~ Nanometer level  Image contrast depends on impeding electrons as
electron they pass through the sample, usually by heavy
microscopy metal staining. Operates under vacuum with
(TEM) resolution depending primarily on image contrast

through staining. New advances allow imaging
samples in a liquid cell.

Scanning Nanometer level  Allows a relatively flat surface to be imaged by
tunneling rastering a biased-atomically sharp needle point over
microscopy a conducting (or semiconducting) surface. Samples
(STM) can be imaged in ambient conditions and inside

various electrolytes. STM can provide images down
to atomic and molecular resolution as well as
provide 3-dimensional visualization of the surface.
Atomic manipulation of atoms and molecules can be
achieved with an STM to create novel nanostructures.

Atomic force Nanometer level  Imaging is accomplished by monitoring the position

microscopy
(AFM)

of a sharpened tip attached to a microcantilever as
it is scanned over a sample surface. Samples can be
imaged in liquid or air with nanometer resolution
at atmospheric pressure enabling dynamic studies.
AFM provides three-dimensional surface
visualization and measurement of nanomechanical
properties of the sample.

3-keiic
Hano3appauaJap Ba panr 3¢ggexriapu

Kagumunii KaTonumK 4YepKOBIIApHUIArd paHrauM BUTpaxiap Ba bpuranus

caknma"aétran  Jlukypr

Kagaxy HOEO caHbaT HaMyHaJapuaaH
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xucobnmanaau. OITHH Ba KyMYIIHHHT HAHOYIYaMIIM 3appadaliapd KyKyHU
KYUIWITaH MIMIIAJaH sicajraH KajaxX KalTapuiraHn Hypja Sl Tycra, CUHTHO
YTyBUM HypJla 3ca KU3WJI Tycra Kupaau. XO3Upru KyHaa Oy kaOu caHbaT
HaMyHaJIapUHU KailTalaH sicalll MyMKHUH-MHU, €KH YCTaJapHUHT CHUPJIAPU H3CHU3
éxkosragmu?

Amepukanuk ¢uzuknap, [V acpHuHr Oommapuaa pUMIMKIAp HILIATIaH
PaHIJIA [IWIIAHU OJIMII TEXHOJOTUACUHM KUMEBHMI CEHCOopiap Ba KacaJUIMKJIapHU
aHWKJIAa — JIWarHOCTHKAcuaa KYyJutamHu Takiud kuaumrad. Myammadaap
TOMOHHJAaH Kami}) KWJIMHTAaH KUMEBUM CEHCOpJIAp TaXMHHAH MIJLIHAPT
HAHOYJTYaMITM TEITWKIIAP KWJIMHTAH IUIACTUK TUIACTUHAJAH TAIIKWI TONTaH. Xap
OWp TEMMKHUHT J€BOpUYajapy OJITUH Ba KyMYIIHUHT HaHO3appadalapuHU Y3uaa
cakjad YJapHHWHT 032 JJICKTPOHJAPH JETEKIMS >KapacHUIa MapKa3uil pPOHH
VUAHANIW.

KeiicHu eunmn y4yyH axOopoT TypjapuHU Ba KyWHaard caBojuiapra
YKaBOOJIApHU OMIIHII Tanad STUIAIN:

Hyp sHeprusicu Ba TYTKUH Y3YHJIUTH KaHAal OOofiaHraH?

Kannait HypHUHT 4acTOTacu FOKOPUPOK: KU3UJ KK OnHada?

Kannaif ontuk xonucanap cusra Mabiym?

Marepuangaru panr 3¢¢dexkiapu Ba 3appadyallapHUHT ViadyaMHu KaHaa
Oofanran?

Nurepdepenunsa. CyB Ba cupT ¢aon MommamapHUHT mydakdagapu
CUPTHIIaTH paHT My()aKkYaHUHT KAJWHIUTHTa OOFIHMK. AHOJJIaHTaH TUTAHIAH
WIIUTAHTaH 3aprapiiik Oyromyiapu ojaTiaa TypJid Xujl KaJuHIUKIATH OKCHJIaHTaH
KaBaT Tydaiau EpKUH paHiapHu HaMoE€H Kuiaau — Oponsa (L = 300 um), kyk (L
~400 um), capuk (L = 600 um), Bakunkuswi (L = 700 Hm).
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JMudpakuus. Judpakumon paHr TaCBUPHUHT SHT EPKUH MHUCONIU OYiInO
KOMITAKT-TUCK XHCOOIaHa/IN.

S I the ). The C2) s &
read laser to the data on the

for the plasmon resonance. They are, with their protecting ligand shell, around
4nm in diameter. The color is a ruby red with A_,, at ca. 520nm.

Color Due to Quantum Fluorescence. Semiconductor quantum dots are known
for their intense fluorescent colors. Although made of exactly the same material,
different colors are generated due simply to the difference in size of the quantum
dots (QDs) (Fig. 4.9)

TapkaTum - TapkoKJIUMK. Typiid Xui ya4amiM 3appadajlapHUHT Ba TypJu
XWI TYJIKUH Y3YHJIUKIAPUHUHT KoMOuHanusacu. OCMOH KYK TycAa KypuHaJH,
YYHKHU KUCKA TYJIKUHJIAp MoJIeKyJanap OuiaH TapKoKIaHTHpuiaaau. OCMOH KU3HII
paHraa xam Oynaau, YyHKW Y3yH TYJIKUHJIAp (MHCOJ y4yH KU3WJUIapU) KaTTapoK
3appayvaniap OuiiaH TapKOKJIAIITUPUIIAIH.

FO3aku mua3mon.bupoH Oup MOJIJAHUHT TUPKUIIL HYUAa OOFJIAHUININ]IA
HaHO3appayajJapHUHT  I03acUJard  IUIa3MOHJIApPHUHT  (METaULAaru  SPKUH
ANIEKTPOHJAPHUHT  MKKWIAHWUIIMHUA ~ KaWTapyBuUM  KBaszu3zappada) pPE30HAHC
4acToTacH y3rapaau, Oy ¥3 HaBOaTHA MJIACTUHKAIAH YTYBYHM TYJIKUH y3yHJIUTHHU
Varapummra onubd kenmaau. by ycyn 1o3aku muasmonnu pe3onancra (SPR)
yxmanau, OUpoK yHIaH HapKiIu YIapoK, HypHUHT TYJIKUH Y3YHJIUTHHH aHYaruHa
CAIMOKJIUPOK CHIDKUIIUTa oyu0 kenaau — TaxmuHaH 200 wHanometp. byHpaii
CUHTHAJITA WIJIa OepuIl Mypakka® yCKyHaJapHU Tanald ATMaiau, NIYHUHT YYyH
MOJJIAJIADHUHT OOFJIAHUIIMHKM KypoJUITaHMaraH Ky3 OWJIaH XaM JIEeTeKTHpJIall
MYMKUH.

AMepuKallUK OJIMMIIap TOMOHUAAH MIUTa0 YMKUITaH CEHCOPJIAPHUHT TYPJIH
XWI Mojjanapra HUcOaTaH Ce3yBUAHJIIMTMHU TEIIMKIAp o3ajapujia y3ura Xoc
aHTUTENAJTAPDHUHT UMMOOWIM3anuMsAcH OwiaH TabMUHIAHAAU. OIMMIApHUHT
cy3ura Kypa KUMEBUM JETEKTOPHUHI TY3WIMIIM bputanus wmysennna
cakJlaHa€TraH puMHUHT JIMKYypr KaJaXUHUHT HOEO Xoccajdapu TOMOHUIAH aTHO
oepunran. Kagax mumacMHUHT TapKUOUIArd METall HaHO3appadajlapy HYpHUHT
Tymuin Oypyarura OOFJIMK PaBHINA YHWHT TYJIKUH Y3YHJIUTHHH Y3TapTHPAJIU.
[ysgan kenud YMKKAH Xoyija Myawtddiap KypwiMaHu ‘‘HaHOYIYaMIIU JUKYpPT
Kamaxjjapu wmatpuracu’ 1e06 HomiamraH (nanoscale Lycurgus cup arrays —
nanoLCA).
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reflected light (right)

®ayopecueHuusa. KBaHT HyKTajapu XaupoToMy3 Xxoccajapra Jra:
yIApHUHT YIdamMura OOFNIMK paBUIIa TypJiIH XWI paHTJIapHU TapaTUIIH MYyMKHH.
Wpoumuanap Typau — yiyamiapaard — HaHo3appadajap JSpuUTManapu  OujiaH
(renTaHzard OJEMH KHUCJIOTacH OWJaH KOIUIAHTaH KaJMUN CEJCHUJUHUHI KBaHT
HyKTaJJapy KOJUIOWJ OJpUTMAacu) TyJaupwirad. By cycneH3usiapHu Kysra
KYpUHMaluran ynatpabuHadiia guana3oHMIArd Hyp OWIaH HypJIaHTUPUII
HaTIWKAacCUJa Hyp couullra yHJIalml MyMKUH. by 3appadanapaan Ttapanaérras
HYPHUHT 4acTOTAacH 3appavyajapHUHT YIdyaMmiapy ey OusiaH KaMasiiu.

4-keiic
HanomarepuaJsuiap Ba 3K0J10rust

Hano3zappauanap 10Kopu KUMEBUI (paojuiMKKa 3ra 0Yyinub akoinbd Karaau3zaTtopiiap
xucobOnanaau. byHnnail XonaTHUHT acocuil cababu HaHO3appayajJapHUHT F03acujia
JKoWnamran aromiiap OwnaH Oofiuk. by arommap Oomika atomiap OwuiiaH
KYUYCH3POK OOFJIaHraHJIuTH cabaliu KyIuM4a SHEPTUsra ara.

MabiayMku, aBToMoOWIIap atpod MyXuUTra Ba HWHCOH CaJOMAaTJIUTUTA
canbuii Tabcup kypcataau. lllyngalt Kuam® wWuYKkM EHUIN JABUTATEIJIAPHUHT
YUKAHIY raznapuna kyiuaam ra3 (CO), nukimmk apomatuk yriaeogopoaiap (CH),
a30T(I1) okcuau (NO) (TacBupra Kapa) jgap TOMHITaH.

Nukn EHnin ABUTATEINIAPHUHT YUKUHAW Ta3jiapy

Cco 180-300 xr

Bensun
CH 25-45 xr
1 Tonna ABC

NO 20-40 xr

ABTOMOOWIJIADHUHT ~ YMKWHIM  Ta3JlapUHU  KATAIMTUK  OKCHJIJIAII
KypwiManapuaa arMmocdepara  9YuKapwia€TraH — 3apapid  YAKUHAWIAPHU
KaMalTUpHUII MaKcaau/a MiaaTHHa Kyutanuauimi MyMmkuH. [Tnatuna yrioepon (1)
okcuauau  yruepoa (IV) okcumura aiymlaHTUPUIN  MMKOHUSITHHU — Oepaju.
Hanozappauanap kypuHuimga Oyiarad miaTuHa Y3MHUHT KaTaJIUTUK XOCCajJlapyuHU
sAHAJa Ky4JIUPOK HAMOEH ITau.

TiO, o3acura Komianran 55 aromutapHu (auamerpu 1,4 HM) ¥3uma
CakJIOBYM OJTHUH HAHOKJIACTEepJapu CTUPOJHU XaBO KHUCJIOpPOAU OuiaH

100



OeH3aAeruarada TaHJIOBYAHIMK acoCHJa OKCHIJIOBYM Karauu3atop cudaruia
xu3mat Kumaau (Nature, 2008):
C6H5—CH=CH2 + 02—> C6H5—CH=O + Hzo +C02
Kuszukapiucu 1myHaakyd, 2 HM JaH IOKOpPW Yi4amJard JAaMeTpiu
3appavajap, my OwiaH Oupra OJJIUM OJTHH XaM Xed KaHJald KaTaJIuTHK
(bhaoUTMKHU HAMOEH dTMalIu.

Cagosunap:

1) Vraepon (II) okcumman yriepoxa (IV) oxcumura aiaHTHPHII TEHTJIAMACHHH
Ty3uHT. by kapa¢HHM amanra OMMINKA Y4YyH TUIATUHAJAH TallKapyd HUMa Kepak
oynanu?

2) Tynuk 6utra 6ak (40 1) A-92 mapkanu 6eH3uHHUHT (OeH3uHHUHT 3uwmry 0,75
F/CM3) CHUIIMIAH XOCWJI OynaguraH 3apapid YUKUHIWIAPHUHT Maccajiapu
JTMANa30HUHUA XUCOOJIaHT.

3) 3,5 cm® MeramnmaH KaHua Pty TapkuGim HaHO3appadYaIapHH OJIHII MyMKHH
6ymamu? (miatuauar 3uwry 21,45 r/em’).

4) Kanpaii xkunub wxdamJIMK OWIaH KUMEBUM peakTop/a HaHo3appadalapHu
YKOMITAIITUPUIL MyMKHUH OYnanu?

Kasoobmap: 1) CO — 5,4 xr nan 9 kr raga; CH — 0,75 kr gan 1,35 kr raga;NO 0,6
Kr jgad 1,2 krraya 2) 1,16.1022

: : Ammmmqqm
m mqawm-um metal nanocrystallttes on a nonporous stfica microsphere.
Pt crystalites
oPe mal L]
3 “l'. "‘IQ'ISA Aum'\a..

L.

- '0‘.‘ Z ...'. S ..-'.. A
Masoporas """;'?EE’E,‘%
[100-200 nm) -
Sowrce: R Farrauto and C. Bartholomew, Fundamenials of Indusiriaf catalylic processes, Source: S. Chakraborti, A K. Datye, and N. J. Long, Jowrnal of Cataysss, 108, 444-451 (1887)
John Wiley & Sons, (2006). With parmission. With permission,
5-keiic
Y30eKnCTOHAATH HAHOTEXHOJIOTUSJIAP ACOCHIATH TYKUMAYMINK
MaxcyJIoTJaapu
01.04.2014

Kynmanuk wnuratum  yuyyH  OakTepuima —TYKAMAYWIUK — MaxcCyJOTH
cepTuUKanUsIal Ba OMMaBUi WIUIA0 yuKapuil Oockuuuga TypuOtu. Mmiad
YUKAPUII TEXHOIOTHACH Y36ekucTon PecryGmmkacu daHiap akageMHSCHHHHT
[Tomumepnap pusnkacu Ba KUMECH UHCTUTYTH/IA UIIJIA0 YNKAPUIITaH.

X03upru KyHJa KyMYITHUHT HaHO3appadajapy acoCUaaru Kyn MUKIOpAaru
HaHOMaTepHaJlIap WNUTad YWMKApWiITraH. Xo3upaa KyMyll HaHO3appayaad THII
mieTKaJap Ba THUII TAacTalapy WINUIA0 YHMKApWUIMOKAA, yiap TYypiad XHil
uHpEKIUsAIapaaH XuMosl Kuwiaau. KyMylmHHHT HaHo3appadamsapud 03 MHKIOPIa
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KOCMETHKA MaxcyJoTJIapura Xam KYIIminO KeIMHMOK/A, YJIapHUHT TabCHUPHIA
SJUTMKJIAHUITHUHT OJIIA OJIMHAJIM Ba sIpallapHUHT OuTuinM Te3namaau. Kynruna
KATTUK MoJayapra (1mmiia, €rod, KOFo3, KepaMuKa, METaNIApHUHT OKCUJIapy Ba
OOIIK.) CYpTUJIMIINIAH CYHT XaM HaHO3appayajiap y30K BaKT Y3UHUHT OaKTEepPHUIIU]
XYCyCHUSITIapUHU cakjiabd koyiagu. by XonaT rokopucamapaaop y30K BaKT TabCUP
ATYBUM JI€3MHGEKIHUUIOBUM  ad3pO30JUIapHU  MILIA0 YHMKApHUIl HWMKOHUSTUHU
Oepamu. Arapna  OMHOJApPHMHI  [03ajlapura  CypTWJIQJWraH  JIOK-OYEK
MaxCyJOTJIapura KyMyIITHUHT HaHO3appadaiapu Kyuuica Oy Maxcynotiap OuiaH
Oysiiran JeBop Ba IIMIUIApAA MATOTeH MUKPOOPTaHWU3MIIAPHUHT SIIAIIA MYMKHH
Oynamaiinu. CyBHH Tozanaml  QUITPIApUAArd  KyMUpiapra KyMYIIHHHT
HaHO3appayvaJapuHUHT KYMUIUIIKA OyHAal (QUITPIApHUHT XU3MaT MYAJaTHHU
y3alTHpa U Ba TO3aJaHAETTaH CYBHUHT OUOJIOTHK TO3AJIUTH OPTaH.

Hanozappauanap Hadakar doiiga 6anku 3apap xaM €TKa3HIIUIApU MYMKHH.
KyMymHuHT HaHO3appadaiapy HHbEKIU cudaTuia CHYKOHIApPHUHT OpraHU3MUra
KUPUTUJITAHU]IA TOKCUK TabCUPHU KypcaTwiraH OYiub, Iy MUKIOpJAArd KyMYyII
MOHJIApU KUPUTHIITAHU]IA dCca YIIUMTIa 010 KeJMaras.

V36exucronna sHru Maxcyiaotau “Policotton-patrokl” MUXK “SilverteX”
caBlIO MapKacH OCTHJa TakAUM 3TaAu. ACCOPTUMEHTAAa HAHOTEXHOJOTsuIap
KYJUTAaHWITaH XO0J1/1a KyMyIll OWJIaH MIIUIOB OepriiraH — HOCKUJIap, MYKU KUumIiap,
ETOK TYKMMA4YWJIMK MaxcyloTiapu. «SilverteX» HOCKuiIapu TYIHUK MaXajUTHi XOM
aménapaad MIUad yuKapuiaral OYiIMO CHUHTETHK MAaXCYJOTJIAPHUHT MUKJIOPH
MUHMMaJ Japaxara kentupuiran (8%rava). Kymym OuinaH Maxcyc HIILIOB
OepunuIM €KMMCH3 XWJHHW, TEpJAIlHU, KacalUIMK Ky3FaTyBUd 3aMOypyFiapHH
VCHUILIMHYU OJIINHU OJaIu.

Huma ydyH HaHO3appayamap OakTepHLMI TYKUMAYWIMK MaxcyloTiapH
YUyH 3HT MakOyJ xucoOnaHaau?

KeiicHu eunin ydyH axOOpOTIapHUHT TypJapyuHU Ba KyWHJIard caBojuiapra
’KaBoOJIapHU OMJIHII 3apyp:

XJ0pua KACTOTaCH KyMYIIl OWJIaH peakiuara KUpuIaanmMu?

Huma yuyH opauii kymym XJIOpWJ KHUCIOTacH OWJIaH —peakiusra
KUpUIIManau?

Huma yuyH kymyin HaHo3appadaliapu XJIOPHUJ KHCJIOTacu OJaH peakiusra
KUpUIaan?

KymymHuHr Ags HaHo3appadajiapy Ba XJIOpUJl KHUCJIOTacu OujaH ¥y3apo
TabCUPJIAIIYB TCHIJIAMACHHU Ty3UHT?

KyMym HaHO3appayanapUHUHT KYJUTAHWINAIIK KaHYAJIMK Jdapaxaia XxaBhcus
xucoOnaHaaun?

MabIyMKH KyMyIl WHCOH OpPraHWU3MH YYYH OSHI KY4WIM aHTHCENTHK
xucobnanaan, y 700 gaH OpTHK KacCalMK KYy3FaTyBUM MHUKPOOPTaHM3MIIApHH,
3aMOypyFiapHu,  OakTepusUlapHHU,  BHPYCIApHU  YIIUpaan. AHUKIAHTaHKH
HaHO3appaydajap IOKOPH peakUMOH Xoccajapra sra Oynu0 oanuil momjanap
peaknusra KupUIMaiIurad skapaéniap/a KaTHAMWIM MyMKUAH. Oqauil KymyIn
OwJiaH XJIOpWJ KHUCJIOTACH peakIusara KUpUIIManaun. DBUpPOK KyMyITHUHT
HaHO3appavajapy XJOPHUJ KHUCIOTacH OWJIaH peakiusra KUPUIIAO BOAOPOIHUHT
axpanmumura cabad 6ynaan. Harnozappavanapuunr OyHaai xonaTt 103a 3G exTu
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Tydaitnu Byxkyara kemaau. l'anm myHgakd Maiija 3appadana ro3afa KOMaliran
aTOMJIAQPHUHT MUKIOpUN KUCMHU OpTaau. by arommapma y3uiraH OOFIaHUILIAP
MaBxyJ1 Ym0, yinap HEucOaTaH I0OKOpU SHEprus Ba GaoJuIuKra 3ra Oyiaam.
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Decreasing of ring to nanoscale leads to color change (left),
depletion of metal to nanopieces leads to great surface active area
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TomkeHnT maxpuaa xounamrad “KoMmo3utr” KyliMa KOpPXOHAacuJa IIuIia
ToJIaJlap Typura MaHcyO Oynran 0a3aneT Tojacu vnuiad yukapuiMmokaa. Mnurad
yuKapwia€Tran Oa3ajibT TOJIACM aH4ya ap30H Ba TYpJM KYpUHHMIIJIA HILIA0
YUKAPUIIAAM: Y3ITYKCU3 UIUIAp - aJIOXM]Ia ToJalapAaH noopar; pOBUHT - Hapaljien
UIUIapJlaH TallKWJl TOMTaH; KUCKa Tojlajap — wumaaH €ku 5-50 MMIu KHCKa
poBHMIIaIaH nOopaT, OyHIaH TalllKapy MIKIIATONa TYKHMa MaTto €KU TYKWIMaraH
MaTjap KYpUHUIINIA XaM UIUTa0 YUKAPHIIA]IH.

[Muma Toma €ku 0Ga3anbT ToJAaCM OWIAaH apMHUPOBKA KWJIMHTAH CMoJiajap
KYPHJIUIIAA Ba caHOaTAa KSHT Ky uTaHwiIaan. Yinap mumaniaactuk éku GRP neb
HOMJIaHaIM: OOIIKa KOHCTPYKIMOH MaTepraljiap Korjiamaiapu cudaTtuia, K 1K
TallUMaWuraH JeBOp TMaHeaph, CTPYKTypaJapHUHI TapKUOUN KHCMIIapH,
Jiepaza pamaliapu, IUcTepHanap, Tpyba Ba TpyOompoBojap cudaruga KEeHT
KYJUTaHUITA TN, 1960-yn ¥unnapman Ooma®  JoAKamap — KOpIyciapu
HIUIIATIACTUKIAH UIIIa0 YUKApUIMOK/IA.

Kumé canoaTuaa xam MIMIIAMUIACTUKIIAP KEHT KYJUIAaHWIIaau — pe3epByapiap,
TpyOOnpoBOJ, €KMW TEXHOJOTHMK TaHkiap cudaruia. bynnan Tamkapu
mumamaactukiaap (GRP) temup iiymnapw, aBTOMOOWJI ~ TPaHCIOPTH,
adPOKOCMUK CaHOATHAA XAM Y3 YPHUHM TOITIaH.

AMMO HaMJIMK HIMIIA TOJACHHUHT MYCTaXKaMJIMTUHU KECKUH MacaTUpaiu.
bynpgan Tamkapu mwuima Toja BaKT JaBOMHJIA yapyaiira ydpauau: y30K BakT
JaBOMHJIa JIOMMHM Ky4JaHUII TabCHUp JTraH XoJaTAa IIMIIA ToJia TapKuOuaa
EpuKJiap Te3 YCUIIM HaMOEH 3TUIIM MyMKHUH. LIIyHMHr y4uyH BakT YTy OusaH
[IMIIA TOJAHUHT MEXaHUK Xoccajapy KeCKMH nacailnd 6opaau, aMMo KHCKa BakT
JAaBOMHJIa MyCTaXKaMJIUTH XN XHUCOOJIaHAIH.

KeiicHu 0axxapui 00CKM4I1apH Ba TONIHUPUKJIAPH:

“Kommno3ut” KylmiMa KOpPXOHAacHJa WILIA0 YHKApUIl MaxCyJoTiIapu
TypJapyuHU KEHrauTUpHIl Makcaauaa Oa3anbT (LIMIIA) TOJACH acoCHUJia SIHTU
MaxcyJoT TypiaapuHu Takiaud OSTUHTr. bazanbr (WIKMIIA)KOMIO3UTIAPHUHT
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KYJUIAHWIWII WMKOHUSATIAPUHA YEKJIAHTUPYBUYM MyaMMOJIAPHU aHUKJIAHT Ba
yJIapHU euuil Hyiapunu Oenruianr. basanst (mumma) TojJanu KOMIO3UTIapHUHT
KYJUIAaHWIMII coXajapuHu Takiaug HTuHT. Kelic eynMuHU >kKaaBan IIAKINAIA
KEJITUPUHT:

MyamMmo Typu Kean6 unkum XaJ 3Tui Kyamanuaum
cababiapu HyJiapu HUMKOHUATJIAPHU
7-KENC

SHATTLE (AKIL) pakera-TamryBYMHUHT SIIATH Ba KOPIYCH  YTIIEPOT
TOJAJIN/3MOKCU]T CMOJIa KOMIO3UTHUJIAaH TallépiiaHraH. 3aMOHaBUN camMmoJieTiap,
xymiangan Boeing 787 (Dreamliner) ¢ro3ensku Ba KaHOTJIApH yriiepoj Tosacu /
AMOKCHUJ KOMIIO3UTIapIaH TalépiaHu0 KeIMOK/IA.

bynpaii yraepon Toanu/OpraHvK MaTpULAIM KOMIIO3UTJIAp TaH HapXu
KUMMATIUTY OuiaH axpaiauO Typaau (yriaepoja TOJACHHM CHUHTE3 KHJIMII IOKOPH
Xapopart Ba OOCUMJIapHU Tajgabd dTajan).

VYriepoa Tonanapy — FOKOPH MyCTaXKaMJIMK Ba MEXAHHMK XOCCAJIAPHU TEPMUK
CTaOWITMTH OWJIaH XapaKTepiiaHaau; yjap WHEPT IIapOUTAa CUHTETHUK OPTaHHK
TOJIaJJApHU FOKOPU XapopaT/aa MIJIOB Oepull ycynu €paaMuja OJIMHaIu (BUCKO3a,
MOJIMAKPWIHUTPHIT); JACTIa0KK XOM aié Typura kKapad Typiid yriaepoj Tojajiap
OJIMII MYMKHUH: UILJIap, CUM, MaTo, JIEHTA, BOWJIOK.

XO03HUpru BakTAa YIiaepoJ]l TOJAJTAPHUHI HAPXW JOMMHUN paBHILJA macaiind
OOpMOKZIa, LIYHUHI Y4YyH KYJUIAHWJIUII COXAQJIapyd XaM KeHrand OopMoOKIa.
VYriepon Tonand KOMIO3UTIIAp TEXHOJIOTHK JKHUX03J7ap - TypOMHA, KOMIIPECCOP,
1aMoJI TETMPMOHJIApU KaHOTIapH, MaXxOBHKJIAp Tall€pianiia; MeauiuHaga ca —
YKUXO03J1ap Ba UMILIAaHTATIIAp (TU33a CycTaBlapH) Ta€piamiga Ky ulaHUuIMOK/IA.

Jemak, yraepon Tojajgapu OuiaH MYCTaxKamJIAIITUPWITaH — Yriaepon
TOJIA/OPTAaHUK  MaTPULIAId  KOMIIO3UT MaTepuan KOpu  (DU3UK-KUMEBUN
XyCycusTaapra sra.

AMMO yriepoj Tonanapu OuilaH MYyCTaxXKaMJIAIITUPWITAaH KOMIO3UT Ky4JIu
aHU30TPONMSTa Orajlurd MyHocabaTh OuWilaH YHHUHT Xoccajapu TypJin
HyHanummapaa Oup Xui IMAciIurd Kenmu0 4YuKMOKIa. by sca KOMITO3UTHHUHT
MEIUIIMHA Ba TEXHHUKAJA KYJJIAHWIUII WMKOHMSTIAPUHU KUCKAPTUPMOK/IA.
HcrebMomun  TOMOHUAAH  KOMIIO3UTHHHI  aHU30TPOINMUACHUHM  KaMaTHpHUII
KEePaKJIUTH Tanad dTUIIN.

Keiicau 0axxapum 00CKU4/Iapu Ba TOMIIMPUKJIAP:
+ Keiicnaru MmyamMMOHHM KeATUpUO YMKAapraH acocuid cababiiapHu OeNruiianr
(MHIUBUIYa Ba KHYHMK TYPyX/a).
* KOMNO3UTHMHI aHU30TPONUSCMHM KaMaWTUPHUIL Yy4yH Oakapuiaaurat
UIUIap KeTMa-KeTIUruHu  Oenrunanr (kydriaukiaapaard um).  8-9—
WJIOBajaparu MabJIyMoTaapaaH (poiJamaHuIINHI U3 MyMKHH.
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8-KENC

[[Iuma TapakKUETH KaMHUAT TapaKKUETH OWIIAaH Y3BUM OOFJIWK. YHUHT KYII
XycycusiTiapu 6op. AiHukca — maddodaurn xamaa nummkauruaup. lumanan
Typau XUl yi py3rop, 0e3ak OyroMiaapu, TeXHUKa acO00Iapu, UICCUKIUK Ba TOBYIII
U30JSIIMOH MaTepuaiiap sicananu. llumanusar kamd >TUaumm Typiau-TyMaH
miaKutapaard  OyTwikaiap, Xap XWil WAMIIAp, Baszaiap, CTakaH, KaJaxJjiap
KHCKacu, TypMyll Y4yH 3apyp OyrOMJIapHU KYI1ad MIuiad YuKapuIdiIura oo
KEJIJIU.

Tabuuii mmMma Tapuxud OJaM30]] TapUXUAAaH KarTra. BynKoH oTwiMIy,
3WI3WIA pYyH OepuIlv, MOMaKaJIIUPOK TyMOupiamu kabu Tabwat Xoawcaiapu
Tabuuil MmmIasap-oOCUINaH Ba SIIMH MHUIIAJAPHHUHT XOCHJ OYmuimura cabadun
OyJraH.

Mapkaszuiit Ocué Mamiiakatiapuja xaM HIMIIACO3JIMK KaJuMaaH OOIILJIaHTaH.
YHUHI Tapakkuil €TraH JaBpd ypra acpijapra TYFpu Kenagud. Mamxyp
sHCTUKIIONeaucT onumiuap AOy Paiixon bepynuit, AOy Anu ubu Cuno, AGy bakp
Myxamman ubn 3akpué ap-Posuii acapnapupa KenTHpWITaH MabIyMOTIap
IIMIIACO3JIMK TEeXHUKacu Oy epaa Kaaumru Mucpnaarura HucOaTaH HOKOPUPOK
caBusJia 0JIMO OOPWITaHIUTHU/IAH JanojaT Oepaiu.

MurupMands acp JaBoMHAa Y30EKHCTOHIA KATOp IIMINA KOPXOHAJIapu
Kypwiu0O, umra tymupwind. [ymap xymnacura TomkeHnt «Onukce» Ba  «ACJI
OMHA» wiuia® uMKapuinl OuplamMacd KaOW KOpXOHalap Kupagu. By
KOPXOHAJIAPHU MINTa TYIIMPUII PECIyOiarKa 3XTUEKIIAPU YUYH Kepakiu Oyiran
mmia MaxcysioriapuHu (PacM) ap30H Ba KEHT TapKairaH MaXaJIuid XoMm ariénap
acocuja unuiad YuKapuIl UMKOHUSITUHU OEpIH.
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[Muma unurad YuKapuiga Marepuauiap UKKUTa KarTa Typyxra OYyJIMHaIu:
IIUIIa XOCUJ KWJIyBUWJIAp - yJap KaTropura OJTHUHTYTYpPT, CEJEH, MaprUMYIIIL,
dochop, yrinepon kadbu snementiap; SiO,, FeO,, B,0s, P,Os, As,O3, BeF, kabu
OKCHJ] Ba OMpuKManap.

Slkka xoJij]a MIUIIACUMOH XOJATHU XOCHJI KUJIAOJIMaliIuraH 3JI€MEHT, OKCHUJT
Ba Oorika ouprkmanap moaudukaropiap aeo atanaau. Ymapra TiO,, TeO,, CeO,,
MoO;, CoOs, BiyOs, Al,Os, Fe,0;, CaO, MgO, Na,O, K,O kabumap kupaim.
Bbynpnait okcuj Ba OupuKManap MIMIIAa XOCHJI KHJIYBUYMIAP UINITUPOKHIA OCOHTHHA
IIMIIIACUMOH XOJIATHU BYXKYJATa KEJITUPAAU. Yap UINTUPOKHUIA MIUXTAHUHT DPHUIILL
TeMIiepaTypacu nacasau. JIekun xocuin 0ynaran amopd MOIIAaHUHT MEXAHMKAaBUN
Ba KUMEBUH XYCYCHUATIAPH XaM OMPO3 KaMasiIu.

[MluxTa  TapKUOWMTa  KUPYBUYM  KOMIIOHCHTJAD  COHHHHWHT  OIIMIIA
IIMIIACO3JIMKAA MKOOMIA pon YiHakau. Macaman, Na,O-CaO- SiO,, CaO-Al,O;-
B,03, Me,O,-P,05-B,0s5 kabu cucremaiap acocujia muiia OCOH X0CUI Oyau.

Cunukat TapkuOmm ca”oat mmmanapuaa SiO,, CaO Ba Na,O Owian Oup
karopga MgO Ba Al,O; xam karHarragd. Marawii OKCHAM IIHINATaAPHHUHT
KpUCTaJUTAHUININTA OYITaH TaéKaTUHU OUPO3 CycalTUpaIv, aTFOMUHUAN OKCHJIU dCa
YJIAPHUHT KUMEBUW TYPFYHJIUTMHM TaMUHIamra xusMmar kuiaau. [uma xocwi
KWIyBYM Ba Mojaudukatopiap ycruna A.A. ANmeH Kym TagKUKOTIap o0
Oopras.

Keiicau 0axxapum 00CKU4/Iapu Ba TOMIMPUKJIAP:

by kelic cragm ycynuaa Kys3JaHraH Makcajg — TYypJd OKCUIJAPHUHT
KOMITO3HIIMOH IIUIIIa MaTeprajuiap ApaTHIIIard POJITMHHN YPTaHHMIIL

SiO; okcuam muHepan cudarthaa KaHaaid HOMJIaHaIuW Ba (akaT y acocuaa
SKKa TapKUOJIM MIUIIA MAaTEPHA OJIUII MyMKUH-MH?

SiO; oxcuan acocuaa sIKKa TapKUOJIU IIXIIA MAaTECpHUal MILIa0 YNKApUIIIary
MyaMMOJIapHU aHWKJIAHT Ba €YMMUHU Takiaug dstuHr. Keic euymmuHu >kaaBai
IIAKJIAJ1a KEITUPHHT

Myammo Typu Kean6 yukuim XaJ1 3THII HYJI1apH
cababyapu
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9-KEMC

TexHuMKa MMIIACUHUHT TYPHU XKyJda KYI. YHHUHI AaCOCHUUW MaxCyJoTjJapu
KAaTopura KyluJaruiapHy KYpcaTUIl MyMKHUH:

1. KBapn mmmacu - maddod Ba 6yruk OVnaau. Ksapi mumacuau unniad
yukapuinga ¢dopmyiacu SiO, TYFpH KelaauraH FOKOPH Japakajard To3a TOF
owypu €ku Ksapu kymmapunan doigananand. Andarra, yjgap OFUP TEMHUPIU
MUHEpaJUIap, Jana MIMaTd, Cloja Ba TYNpOKIaH To3ajlaHWIW 3apyp. Hatmxkana
OOWUTaH TOF JKUHCHUHMHI KHMEBHMHA TapkuOu SiO, doiimacura ysrapaaud Ba
MalJajiaHral 3appadalapHAHT TPAHYJIOMETPUK TapKuOu Ty3artwiaaud. Mnurad
YUKApHIIIa KyUTaHWIaéTraH XoM-amé TapkuOu Kyhnmarnda Oymamau: SiO, 99.6-
99.7; P,03 - 0.15-0.30, my xymmagan Fe,O; 0.002-0.003; CaO 0.05-0.08; MgO
0.03-0.05; P,O 0.01-0.02 Ba xuzmumpmnrangaru uykorum 0.05-0.08%. Ksapig
HIUIIIACH YTa IOKOPU TEPMHUK Ba AJIEKTP OapAONUIUTU OuilaH axxpaiud Typaju.

2. OnrTuka mumack — onTuka acbobnapuaa KyJjulaHaauraH KpoH, (UIMHT Ba
oomkanap. Exrun kpownnap - SiO, — 50-80 %, B,03 — 10%, K,0O — 20% (6a3anapu
12 % ®@). Kponnap — 60p-CHIIMKATIIA HIUIIAJIAP, OTUP KPOHIap 3ca OOp-KpeMHUi
Ba Oapuil OKCHAJIapU acOCUa CUHTE3 KWJIMHA Y.

3. DIeKTp BaKyyM Ba JJIEKTPOHUKA HIUIIACH —PaJIMOAJICKTPOHUKA COXAacHa
3aMOHaBHIl acO00-yCKyHakapaa KEeHT KYyJUlaHuWiaaau. AcocaH altoOMHHHI-00p-
CIJIMKAT CHUCTeManap acocuja unmad yukapuwiagu. FOKOpHM TEXHOJIOTHK Ba
OKCINTYyTACHOH  XOccajJlapura d3ra — KAMEBUH  OapIONUIATH, MEXaHHK
MyCTaXKaMJIUTH, TEPMHUK OapJOUUINTH, IOKOPHW IUIJCKTPUK XOoccalapyd Ba
BaKyyMra 9iJIaMJInurd. DJeKTPoH TexHukacuaa B,03-PbO-Zn0, B,03- Al,03-ZNn0O,
As-Fe-Se cucremacuaary munranap (CUTAIONEMEHTIAP) XaM KSHT KYyJUTaHUJIaIH.

4. KuméBuil - maGoparopusi IIMIIACK - IONKAa Ba €EFOH IIMIIANAp,
nabopaTopus Ba uIUIad YWKApUIIAA KEHT KYJUIAHWJIAAW: KUME, O3UK-OBKAT,
MeaucuHa, dapmaceBTUKana, jabopatopusi Ba caHoaT acOobOmapuga Ba X. by
TypJlard IUIIanap TYpJd peareHTiap TabCUpUTra KUMEBUN OapJOILIUTH, FOKOPU
TEPMUK OapAONUINTY OWIIaH aXXpaind Typaju.

KeiicHu 0axxapuin 00CKM4WIapH Ba TONIIHPHUKJIAP:

» Kgapn mmmacuau Tapa Mmaxcynotiap (OyTwika Ba Immia OaHKaiap) uiuiad
YUKAPUIIAA KYJITTAaHWIAIINA MyMKUH-MHU? CababiapuHu KeITUPHHT.

» Keiicnaru MmyamMMOoHM KeATHpUO YHKApTaH acocuii cababiap Ba Xajl ATHII
WY ImapuHY jKa1Ball aCOCH 1A M30XJIaHT (MHAUBUYall Ba KHYHUK TYPyX/Ia).

Myammo Typu Kean6 unkum XaJ 3Tl Hyjuiapu
cababiapu
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10-KEM1C

Keiic 5 Typiu €érownapiaH OJMHIAH €JIMMIIAHTaH  MaTepualiap
Typin4ya (QU3UK-MEXaHUK XOCCaJjapHU HaMOEH  KWJIAJIu.
V36eKNCTOH MaponTHIa KAlCH eIMMIIAHTaH SFOY MaTepHaTHHH
unuiad ynkapui xap rapadiaama doiganu?

[ Keiicnu 0axxapuin 00cKU4/1apu Ba TONIIHPUKJIAP: J

/

N
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VII. [NMIOCCAPUH

TasiH4 cy3

V36ex THoIHAATH Hapxu

NHraus tuanaaru
apxu

Ajsporen

AsporeJi: CylOKIUTU
IOTHJITAH ra3 Omjian
YpuHAJIMaIrad rejijgaH
OJIMHT'aH FOBAaKCHUMOH
KaTTUK YyKMa

Aerogel: a porous
solid formed from a
gel in which the liquid
Is replaced with a gas
with gas entrapment

ATOM-
KYWIAHMILJTMMHUKPOCKO
nust (AFM) éxu
CKAHEPJIOBYH 30H/1
Mukpockonusicu (C3M)

ATOM-
KYWIAHHIIJIMMHKPOCKOI
ust (AFM) éxn
CKaHEPJIOBYM 30H/
Mukpockonusicu (C3M):
aTOM KypCaTTHWIH
103a]1aru aTOMJIAPHUHT
TAaCBUPUHU €KH OOILIKa
(yHKIIMOHAJI X0ccaJapuHu
TacBUpJIAL Y4yH
KYJUIaHWITyBYH FOKOPH
KYpCaTTUWIN KypHJIMa

Atomic force
microscopy (AFM) or
scanning probe
microscopy (SPM): a
high-resolution device
used to map
topography or other
functional properties of
the surface atoms at
atomic resolution
capabilities

ATOoM MAaHUIIYJIAIUACH

ATOM MAHUILYJISIIUSICH:
aTOM-KYy4JIaHUIIUIN
MUKPOCKOIIHS Ba
CKaHEpJIOBYM TYHEILTU
MHUKPOCKOIT KaOu UIIFOP
ycyiap Tydannu
UMKOHUSTH TYFUJITaH
I03aHUHT TY3WJIUIINHUA
aTOM OpPTHUJAH aTOM €KH

Atomic manipulation:
atom by atom
modification of surface
structure or chemistry
made possible by
advanced techniques
like atomic force
microscope and
scanning tunnelling

KAUMEBHIA microscope
MO U (DUKAITHASITAIT
TabKUKJIAHTaH TabKUKJIAHTaH Band gap: energy gap

YerapaHMHI KCHIJIMTU

YyerapaHuHI KeHIJINIH:
Oapua dJEeKTPOH dHEPreTUK
XoJiaTiap TabKUKJIaHTaH
KATTUK >KHUCMJIard BaJeHT
yerapa Ba YTKa3yBUYaHJINK
yerapacu opacujiaru
JHEPreTUK TYWHYK

between the valence
band and conduction
band in a solid in
which all electronic
energy states are
forbidden

buoMocaamyB4YaHINK

buomocaamyBYaH/INK!
HOXYLI y3rapuluIapHU
YaKupMan MaTepUaTHUHT
OMOJIOTHK TH3UM OUJIaH
TabCUPJIAITYBUJA V3

Biocompatibility:
capability of a material
in contact with a
biological system to
perform its intended

109




BazudaapuHu OakapuIn

function without
causing deleterious
changes

BuoMuMeTHKAa BunomumeTuka: Biomimetic: the
3aMOHaBUI science of imitating or
TEXHOJIOTHSUTAPHY KYJUTal | reverse engineering
OunaH MyXaHIUCIIHK from natural systems to
TU3UMJIAPHU TaJIKUK the study and design of
KHJTUIII Ba engineered systems
JTOUMXANAIITUPHUII YUYH using modern
TaOMHIA TU3UMIIApra technology
yX1ian, HHKEHEPUs EKU
TaKJIN KUJIUIL
TyFpucugaru an

bort Bort: po6ot éku Bot: a robot or

ABTOMATJIAIITHPUIITaH
HMHTCJIJICKTYAJI MallIMHa

automated intelligent
machine

Tarman-remara

Tarman-renara. acocui
OupIUKIapu
HaHO3appayajiap/HaHOTU3U
MJIAPHH XOCHJT KUJTHIIT
OwaH OupiamniaTural
aTOM MUKECHUIArd aCOCUM
OupIUKIapUIaH
HaHOMaTepUaJJIAPHUHT
CHHTE3 KUJIUIII
CTpaTerusicu

Bottom-up: a strategy
for synthesizing
nanomaterials from
atomic scale
fundamental units
where the fundamental
units link up to form
nanoparticles/nanostru
ctures

bakmuHcTep -
dyiepen

bakmuHcTep - pysiiepen:
Puuapn bakmuncTep
@yIepeH TOMOHUaH
JONMXAIAIITHPUIITAH
reojie3uk rymoOasra
yxmamu Tydaiig yHuHT
mapadura Homnanran C60
dbopmynaiu 10upacuMOH
MOJIEKYJIa;
bakxmuncrepdymepen —
byIepeHHUHT JacTIa0Ku
TOMMJITaH MOJIEKYJIacu
Xucobyianaau, mry ounaH
oupra Kypymjaa o3
MUKJI0Op/1a TONUJIMILN
MYMKHUH OYJITaHJIUTU Y4yH
TaOWU XOCUJI OYITUIITN

Buckminster
fullerene: a spherical
molecule with the
formula C60, named in
homage to Richard
Buckminster Fuller,
due to its resemblance
to the geodesic dome
designed by him;
Buckminster fullerene
is the first fullerene
molecule to be
discovered and is also
the most common in
terms of natural
occurrence, as it can be
found in small
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HYKTau Ha3apuJaH 3HT KYTI
TapKaJraH XxucoOJaHau.

quantities in soot

3apsaa OoFrIaHUILIN
Kypuiama (CCD)

3apsaa OoryIaHUILIN
KypHWjiMa
(CCD):3apsinnanran
MTO3UIIUOH-CE3TUP
axOOpOTHU HnFa OJIaUuTaH
Ba paKaMJId TaCBUPJIAPHU
UIUTATHII YIyH KSHT
KYJUTAaHWUJIaJUTaH
MOHUTTYJISAIHASIIAD YUYH
pakaMJIM MabIyMOTIapra
YTKa3a oJlafiural Kypuiama

Charge-coupled
device (CCD): a
device that can gather
position-sensitive
charge information and
convert to digital data
for manipulation,
which is used
extensively for digital
imaging applications

KommiiemenTapmeTanok

CUUIM SIPUM YTKA3rU4
(CMOS)

Kommiemenrap
MEeTAJOKCHIJIU SIPUM
yTKa3ruy
(CMOS):unTerpan
cxemanap (ICs) Ba yra
KaTTa HHTETpal
cxemanapuu (VLSI) scam
YUYH SIHTY TEXHOJIOTHS,
acocHil a3ayMKIapyu Kam
sHeprus cap( KWIMIIU Ba
IOKOPH ILIOBKUH
napaxacuaa 6ynu6 Oy ¥3
HaBOaTHIa F03a OUPIUTH
oupacua
KypUJIMaJIApHUHT IOKOPH
SHYINTHHU TAbMUHJIAN N

Complementary
metal—oxide
semiconductor
(CMOS): an emerging
technology for the
fabrication of ICs and
VLSI, the main
advantage being low
power consumption
and high noise,
enabling larger density
of devices within unit
area

Yriepoaiun HaHOTPYOKa
(CNT)

Yriepoaan HAaHOTPYOKa
(CNT): tacBup
bopMaTUHUHT IOKOPHU
Yy3rapTUpUINO TYPUILLITH
HUIMHAPCUMOH
HAHOCTPYKTYpaJin
YIIEPOJHUHT AJTIOTPOIIUK
LIaKJIA; YIAPHUHT y3rada
OyJraH SJIEKTPOH Ba
MarHuT XOoccaaapy KeHr

Carbon nanotube
(CNT): an allotrope of
carbon with cylindrical
nanostructure and
having high aspect
ratios; their unusual
electronic and
magnetic properties
find wide applications

KYJUTAHWJIAIU.

Kouounn Komona: y3nykcus Colloid: a
MYXHUTIATu homogenous
JUCTIEpCUsITIaHTaH suspension of a

MOJIAaHUHT OUp TypJaru
CYCIEH3USICH; KATTHK,

dispersoid in a
continuous medium; it

111




CYIOK €KY Ta3CMMOH
OYJIUIII MYMKHH.

may be a solid, liquid
or gas

byr ¢a3acupan
KHMEBUI YYKTHPUII
(CVvD)

byr ¢paszacupan kuméBuii
yykrupum (CVD):
ra3CUMOH peareHTIapHUHT
KYJUTAaHUIMIIY OUJIaH IOTKa
TUTCHKAJIAPHUHT TarIuKa
YYKTUPHII YCIIyOH

Chemical vapour
deposition (CVD): a
technique for
depositing thin films
on a substrate using
gaseous reactants

XoMWIAIITHPHITAHXYLY

XOJIl/IJIaIHTHpI/IJIF AHXYAYA

Depletion zone: a

i : 3apsITIApHU SPKUH region at the junction
TaIlyBYMIAPUIAH XOJIH of semiconducting
OyJraH ss{pUMYyTKa3ruyg materials that is devoid
MaTeprauIapHUHT of free charge carriers
OMpIIAIINIIL KONH

JIHca0KAIUA JIncaoKamus: Dislocation: a
kpuctauorpaduyeckuit | crystallographic line
JTMHEHHBINA Te(deKT, defect involving
BKJTIOYATOIIHI irregularity in the
HEPETYISIPHOCTh periodic arrangement
MIePUOTTIECKOTO of atoms (missing row
PaCIOJIOKCHHS aTOMOB of atoms in a plane) in
(oTcyTcTBHE psiia aToMOB | @ Crystal
B TJIOCKOCTH) B KPUCTAJLJIE

JHK-unn JHK-unm:resnaru DNA chip: a sensor

MyTalUsIapHA EKU
Y3rapUILUIApHU
UACHTU(UKAIMSIIAIT YUyH
KYJUTaHWJIaAUTaH

SAPUMY TKA3TUYIIN
MUKPOYUIT aCOCUAATH
JATYUK

based on a
semiconductor
microchip used to
identify mutations or
alterations in a gene

TeHr KaHAJJIN
Oypuakiu
npeccaam(ECAP)

TeHr kaHa/IM OypUaAKIU
npeccaam(ECAP): makn
BA YJIYaMJIapUHU
Y3rapTUPULICU3 KaTTa
MUKIOpJaru
nedopMalroH CHIDKUIITHA
KHUPUTYBUYH YATPAAUCTIEPC
TY3WIHIILIY 3appavyajapHu
UIIa0 YMKAPUII YIYH
MJIACTUK JepOopMaIussHUHT
OFUP TEXHUKACH;
AKCTPY3HS MIUTUPOKUIATH
VXAl )kapa€HHU HAMOEH
KWJIYBUH TEHI' KAHAJUIH

Equal channel
angular pressing
(ECAP): a severe
plastic deformation
technique for
producing ultrafine
grain structures, which
introduces a large
amount of shear strain
into the materials
without changing its
shape or dimensions;
equichannel angular
extrusion (ECAE) is a
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Oypyak SKCTpy3usicU
(ECAE)

similar process
involving extrusion

DJIEKTPOH MUKPOCKOI

DJIEeKTPOH

MHKPOCKOI: TE3AIITHPUIT
raH JIEKTPOHJIAPHUHT
KOJUTHMUPJIAaHTaH
JaCTaCMHU HaMyHara
¢doxycimabd atom
ya4aMuiara
KaTTaJIaTUPWITaH
TACBUPHU OJIUII YUyH
KYJUTaHUIIAIUTaHMHKPOCKO
i

Electron microscope:
a microscope that
focusses a collimated
accelerated electron
beam on the specimen
to produce a magnified
image at atomic
resolution

DJIEKTPOH OypYyH

DJIEeKTPOH OYPYH:XUJ KU
TabMJIAPHU aHUKJIAIT YIYH
Oup Heua KUMEBUIN
CEHCOpJIap/IaH TAlTKUI
TONTaH Kypuiama

Electronic nose: a
device consisting of an
array of chemical
sensors to detect
odours or flavours

DJIEKTPOH THJI

DJIEKTPOH
TIWI.TabMJIApPHU aHUKJIAII
Ba TaKKOCJIAIll y4yH Oup
HEYa KUMEBUI
JTATYUKIApIaH TaIIKUI
TONTaH Kypujima

Electronic tongue: a
device consisting of an
array of chemical
sensors to detect and
compare tastes

ONUTAKCHS INMUTAKCHS:aCOCHUI Epitaxy: growth of a
TarJIuK OMJIaH secondary phase
KpUCTAIIOTpaduK maintaining a perfect
TapTHOHU crystallographic
(KOTEPEHTIIMKHH ) registry (coherency)
TabMHUHJIANT YIyH with the underlying
UKKAJIaM4U (a3aHUHT substrate
ycumm

Fab Fab:unrerpan cxemamap | Fab: a
Ba Ba APUMYTKA3THWIH microfabrication
ac6o00apHu UILTad facility consisting of
YUKAPHII YU4yH Ha30pat clean rooms and
KWINHYBYH 9YKTHPHIILL controlled deposition
*apaCHiapy Ba T03a process for the
XOHAaJIapAaH TAIIKHII fabrication of
TOIaH MUKPOTEXHOJIOTHK | Semiconductor devices
00BEKT and ICs

Maiinon MaiigoH 3pdexTiin Field effect transistor

y¢pdexTauTpansucrop | rpansucrop (FET): (FET): a transistor

(FET aneKkTp Maiionu Epaamuaa | whose conductivity

YTKa3yBUaHJIUTUHU

can be controlled by
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OOIIKAPUIIT MYMKUH
OYynTaH TpaH3UCTOP

electrical field

ExmirniieMmentn Exunru 2aementu:tamku | Fuel cell: an
MaHOa EKWJIFUCH EKU electrochemical cell
peareHnTu acocuza 3jaektp | capable of producing
SHEPTUSICUHY HUIILIA0 electrical energy with
guKapum uMKoHusTrra 3ra| fuel or reactant being
JIEKTpOKUMEBHH sueiika | used up from an
external source
I'mranTMaruur I'mranTMaraur Giant

kapumiarn (GMR)

Kapumura (GMR):
IOTKA TUICHKAJIH
CTpYKTypayapja
Ky3aTUJIaJIUTaH KBaHT-
MexaHUK A exT:
dbeppoMarHuT KaBaTHUHT
MarHuT MauJ0OHHU
TabCUPHUTA yUparaHja
AIEKTP KaPIIHIUTH
Ce3WIapJIH Japakaia
Kamasijiu

magnetoresistance
(GMR): quantum
mechanical effect
observed in thin film
structures: the
electrical resistance
decreases significantly
when the
ferromagnetic layer is
exposed to a magnetic
field

3appavajiapHUHT 3appavaJilapHUHT Grain boundary: a
yerapacu yerapacu: 2D-nedexkr, 2D defect, the interface
aHWK aHUKJIaHraH ukkuta | bordering two well-
qyerapajiaHyBud defined crystals
KpPHUCTaNTAPHUHT
uHTepdeicu
3appavaiap 3appavaJjap Grain boundary
YyerapacMHUHT YyerapacuHUHT migration:
MHUTPANHACH MHTrpanusicu: TepMuk éku | coordinated movement

MEXaHUK KyWIaHUII NyJIn

of grain boundaries

Epnamua activated either
(daomnamTUpUITaH thermally or by
3appauasap mechanical stress
yerapajapuHUHT
KCIINIIWJII'aH XapaKaTH

Xoua-Ilery KoHyHH XoJjuia-Ileru Hall-Petch relation:

KOHYHM:acOCaH
yerapajaru 3appa4aHuHr
MyCTaxKaMJIallyBu
xucoOura xocun OYiryBYu
KPUCTAJICUMOH MOJIJTAHUHT
KaTTHKJIUTHra
3appavyajapHUHT
YII4YaMUHU TeCKapH

the effect describing
the inverse effect of
grain size on the
hardness of a
crystalline solid that
arises mainly due to
grain boundary
strengthening
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TabCUPHUHU TaBCI/I(i)JIOB‘II/I

adhdexTu

Hccuk n3ocraTtuk
npecaam (HIPing)

Hccuxk usocraTuxk
npecaam (HIPing):maiinu
3appavajiapHu SIXJIAT
KHCMJIapra CHKHUII YIyH
FOKOPH THIPOCTATHK
6ocuM Ba XapopaTHH
KYJUIAII )KapacHu

Hot isostatic pressing
(HIPing): the process
of using high
hydrostatic pressure
and temperature to
compress fine particles
into coherent parts

Kpunep konynu

Kpuaep KOHyHH:KaTTUK
JTUCKIIAPHUHT XOTHpa
XaKMHU JIeSIpIIu Xap Huiu
UKKHU 6apobap Kymasau

Kryder’s law: the
memory storage
capacity of hard drives
doubles almost every
year

Cseroanon (LED)

Caeroauon
(LED):snexTporoMuHecI]
SHITUS TIPUHITUITUTA aCOCaH
UIUIOBYN SPUMYTKA3THUITH
Hyp MaHOau, HypJIaHyBUH
EPYFIMKHUHT TYJIKUH
Y3YHJIATH

SPUMY TKa3THIJIapHUHT
TabKUKJIAHTaH XYTyIH
KEHIJIMTUTa OOFJINK

Light-emitting diode
(LED): a
semiconductor light
source working on the
principle of
electroluminescence,
where the wavelength
of light emitted
depends on the band
gap of semiconductors

Cywkkpucraiu (CK)

CymoK kpucraj
(CK):CyroKIHK Ba KaTTHK,
KPHUCTAJICHMOH MOJIIa
xoccanapy OpajiuFuiaru
MaTepHs; CYIOK KPUCTaJLTH
IUCIUIenapaa KeHr
KYJUTAaHWJIaAn

Liquid crystal (LC): a
state of matter with
properties between a
liquid and solid crystal;
it is used extensively in
liquid crystal displays

Marukcos

MarukcoH:aH4armHa
IOKOpH OyraH
CTPYKTypaBUH Ba
MOTEHIUA TYPFYHIUKHU
TabMHHJIOBUH KJIACTEPIATU
ATOMJIAPHUHT KPUTHUK COHU

Magic number: a
critical number of
atoms in a cluster size
providing it higher
structural and potential
stability

MexaHMKKOTHIIIMAJIAall

MexaHuk
KOTHIIMAJIALIL IOKOPH
SHEPTUSUIM IIapJIn
TETUPMOHA
3appavalapHUHT KanTa
nedopManusIaHUIIT Ba
€pUKJIapU HATHXKacuaa
Mai1aJaHuIIIH,

Mechanical alloying:
a solid state process in
which grain refinement
occurs by repeated
deformation, fracturing
and cold welding of
powder particles in a
high-energy ball mill
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KYKYHJIapHUHT
3appayvaliapu COBYK
nalBaHJIaHAJUTaH KATTHK
KUCMJATH JKapacH

Cyokaanui
XapOPATHHUHT
OCHWLISILUSICH

Cyokaanui
XapOPAaTUHHUHT
OCHWLIALMSICH 3appadasa
PHUHT yII4aMH aCCOCUI
MaccajaH
cyOHaHOMeTpraya
KamMailnb MUKIOPUHUHT
OLLUIIIM HATHXKACHIaru
CYIOKJIAHMII XapOpaTHHU
OOCTUPHIN XOAUCACH

Melting point
oscillation: the
phenomenon of
suppression of melting
point followed by
elevation as the
particle size is reduced
from bulk to sub-
nanometre size

MuUKpO03IeKTPOMEXAHUK

MuKpo3JIeKTPOMEXaHUK

Microelectromechani

cucremaiaap(MEMYS) cucTemMasnap cal systems (MEMS):
(MEMS):anextp a microdimensional
SHEprusicy OusaH mechanical system
OOIIKapHIIaAUraH driven by electrical
MUKpOpaMepMEXaHUK energy; when the
THU3UM; MEXaHHUK dimensions of the
KypHJIMaJTapHUHT mechanical devices
yIryamiiapu HAaHOMETpUK | approach nanometric
JMara3oHra sIKdHjamranaa| range they are termed
yIapHH nanoelectromechanical
HaHORJIeKTpoMexaHukTusu | systems (NEMS)
Myap jaeb aramaau
(NEMS)

Me3oroBakiiu Me3oroBakau:oup Mesoporous: porous
mMebEpaa Oep TeKuc materials with
Koiamrad me3oroBakiu | regularly arranged,
(mmameTpu 2-50 HM) uniform mesopores (2—
FOBaKCMMOH MaTepuasiap; | 50 nm in diameter);
103a cuptuHUHT Kattaiury | their large surface
yJIapHH aJICOPOCHT EKH areas make them useful
Katanu3aropiap cudaruaa | as adsorbents or
doiimany Kuaau catalysts

MukpokaHTHJIEBEP MuxkpokanTuiieBep:mMukp | Microcantilever: a

OMETP MUKECUIATU
yI4aMiid KaHTHWJIMBEPIIU
Hyp,MEMS coxacuna,
JaTyvKiIapia,
pe3oHaTopiapaa Ba XK3
KEHI KYyJUIaHWJIaau

cantilever beam with
dimensions in the
micrometer scale that
IS extensively used in
the field of MEMS,
sensors, resonators,
etc.
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MoJiekyJisip MoJiekyJisip Molecular

IJIEKTPOHHKA JeKTpoHHMKa:iekTpoH | electronics: the study
KypuaMaapaa and application of
KYJUIAaHWIAIIN YIYH molecules for
MOJICKYJTaJJapHUHT electronic device
TaJKUKY Ba Kyutanunuiny | applications

Myp KoHyHH Myp Moore’s law: a long-
KOHYHU :KyPYWIMAHIHT term trend in
103a OUpJUTHra computing hardware
YpHAIITUpUITaH suggesting that the
TpaH3uCcTOpJIapHUHT coHn | humber of transistors
TaXMHHaH Xap 18 oiiga built in a unit area of
UKKH Oapobap the device
KYIaliuImMHu Ha3apa approximately doubles
TYTYBUYH XUCOOJIAII every 18 months
KypHJIMajiapuaari
V30KMYIJATIIN TPEH]T

MyJarumnier Myarunier ukkuiaamun | Multiply twinned

UKKAJIaMYA 3appavaJjap particles (MTP):

3appavanap (MTP)

(MTP):ommoc (C, Si, Ge)
Ba KOTUIIMAaJap TUIIAIATH
APUMYTKa3TA4JIapAaH,
KyOCHUMOH
EKIapuMapKasiallTUpuiIra
H MeTaJlJIap/iaH OJIMHTaH
IOTIKA IJIEHKaap
(KpucTas Taraukiapaa
YYKTUPUIITaH) Ba

observed frequently
with a pseudo five-fold
symmetry in
nanocrystalline
particles and thin films
(deposited on
crystalline substrates)
of cubic face-centred
metals, diamond-type

HaHOKPHUCTAJLT semiconductors (C, Si,
3appauanapiaru oemuaun | Ge) and alloys
TapTUOIN
TICEBIOCUMMETPUSTHUHT
Ky3aTHIUIIN

MyJaTukaBatJaap MyaTukaBatJaap:oup- Multilayers: thin films
oupwura xoinamrupwirand | of differing chemistry
TYPJIH XHJI KUMEBUIA or structure deposited
TapKUOIU KU one over the other
CTPYKTYpaJIH FOTIKa
TUICHKasIap

Hano Hamno:xapiukau €ku Nano: Greek prefix

OMpPOH-OMp KMUMK HAPCAHU
OWJIIMPYBYU IpeKYa OJI]
KYyIIuM4acu, Oup
MUJUIHAPIAH Oup
KUCMUHU OMJIMPAIH (10'9)

meaning dwarf or
something very small;
depicts one billionth
(10-9) of a unit
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Hano6oTt Hano0oT: HanoMeTpiu Nanobots: a robot
yIryamiiapiaH TallKu (semi- or fully-
TONTraH KOMIIOHEHTJIH automated intelligent
po0OT (IpuM EKH TYIIUK machine) consisting of
aBTOMATJIAIITUPHIITaH components of a few
UHTErpal MaiuHa); yaap | hundred nanometre-
HAHOPOOOTIIAP, dimensions; they are
HaHOWJIAp, HAHUTIIAP, also referred to as
HaHOMaIIUHAIAP EKU nanorobots, nanoids,
HAaHOMUTJIAP HOMJIAPH nanites, nanomachines
OWaH XxaM yupauau or nanomites

HanoTroJanap Hanorosanap:100 um gan | Nanofibre: fibres with
Ku4MK Oynran auametpiu | diameter less than 100
TOJIAJIAp nm

Hanogucnepcust Hanomucnepcusi:meranna | Nanofluid: colloidal

P, KepaMuK, yriaepoiu
HaHOTpyOKanap Ba XK3
HaHO3appaydaJapHUHT
KOJUIOUJ| CYCIIEH3USICU

suspension of
nanoparticles of
metals, ceramic,
carbon nanotubes, etc.

Hanounaenrudguxauus
Jann

HanounaenTnurkanusi
alll HAHOYT4aMIIN
Xa)KMJIapra KyJUIAaHUITyBYU
OoCHIIIaru KaTTUKINK
TECTH, KHIMK OocuMiapaa
anoxuja

Nanoindentation: an
indentation hardness
test applied to
nanoscale volumes at
small loads to obtain
the hardness of

HaHO3appaydaJapHUHT individual
KATTUKJIUTUHA aHUKJIALILI nanoparticles
yUYyH
Hanonurorpadpus Hanosmrorpadusi:nanoy | Nanolithography: a
JTYaMJIM JIeTaJJIapHA nanofabrication
IIAKJUTAIl Y9yH HAaHO technique for
UILIA0 YUKAPHIII patterning nanoscale
TEXHUKACHU; HHTETpal features; used
cxemanap Ba NEMSmap extensively in the
niiab ynkapumaa keur | fabrication of 1Cs and
KYJUTaHUJIA U NEMS
Hanomarepuai HanomarepuaJ:oupon Nanomaterial: class
Oup y3rapuinm HaHO of materials in which
napaxkana (<100 M) at least one of the
Oyaran matepuauiapHuar | dimensions is on the
cuHpH nanoscale (<100 nm)
Hanocrep:kHiap Hamnocrep:xuiaap:Exnapun | Nanorods: 3D

WHT HUcOaTu 3-5
JUanasoHua Oyiaran
3DnaHOCTpYyKTYpanap;

nanostructures with
aspect ratio typically in
the range of 3-5; all
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yJIapHUHT Oapya
Ymuamnapu 1-100 am
JManazoHua oynaau

their dimensions are in
the range 1—100 nm

Hanoxo0ukaap Hanoxko6uxnap:auamerpu| Nanoshells: a thin
Oup Heva VHIIMKIaru coating over a core
HaHOMeETpAa OynraH object a few tens of
O0O0BEKT sIpocH ycTuaara | hanometres in diameter
FONKA KOOMK

HaHoTexHosiorusiiap Hanotexnosiorusiiap:ato | Nanotechnology:
M Ba MOJIEKYJIa study of manipulating
Japakacuaa matter on an atomic
moananapHuHr yerugaru | and molecular scale;
MaHUIy/susuap; ogataa | generally deals with
1 man 100 manomerpraua | Structures sized
OynraH ymyammaru between 1 and 100
CTpYKTypaiap OwiiaH nanometres in at least
UIIUIaHAIM, Xam1a Oup one dimension, and
KYpcaTruiu 11y involves developing
yiqaMiapaa oynaran materials or devices
MaTepUaILIapHU EKH possessing at least one
KypriManaapHu UIad dimension within that
YUKHUIIIHM Y3 U9HATa OJajid | Size

HanocumJiap Hanocumuap:nanomerp | Nanowires: 1D

VI4aMJIi KEHIJIUKIard Ba
reOMETPUK
YIdaMIIapUHUHT HECOATH
1000 Ba yHaaH 10OKOpH
oynran
1DnanocTpyKTYypaiap

nanostructures with
width of nanometric
dimensions and
exhibiting aspect ratios
of 1000 or more

HaHnossiekTpoMexannue
ckue cucrembl (NEMS)

HaHnossekTpoMexannuec
kue cucrembl (NEMS):
cm MEMS

Nanoelectromechanic
al systems (NEMS):
refer MEMS

OnTo3/1eKTPOHUKA OnTodaexrponuka:iiekr | Opto-electronics: an
POH KyprJIMajapIaHu application of
AJICKTPOMArHUT electromagnetic
(OTOHJIAPHHUHT photons for electronic
KYJUTAHUJIMIIH; “DJIEKTP device applications;
CHUTHAJIMHH OITHK they can be either
curHaira” €kd “OnTHK electrical-to-optical or
CUTHAJIHU 3JICKTP optical-to-electrical
curHayra’” yTKa3yBuu transducers
y3rapTrudiap Oyaumm
MYMKHH

doTokaTaau3 doTokaTanau3:katamzaro | Photocatalysis:

p umITHpoKuaa (HOTOHIIAP

phenomenon of
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OKUMWHU KyJutain OusiaH
KUMEBHUH PEaKLIUs
TE3JIUTUHU TE3JIAIITUPUIIT
dheHoMeHH

accelerating a chemical
reaction rate using a
photon beam in the
presence of a catalyst

doToTIOMUHECHIEHIIUA
(PL)

D oTOJIIOMHUHECHIEHIMSA
(PL):6ab3u Oup
MOJJaTapHUHT MabJIyM
Oup TYJNKUH Y3YHIIUKIAaru
AJIEKTPOMArHUT HYypJIAPHU
FoTHO Ba KanuTagaH
(bOTOHIApHU TYPJIH XUJT
TYJIKUH y3YHJIUK/A
HypJIaTyBYH >KapacH

Photoluminescence
(PL): a process by
which certain
substances absorb
electromagnetic
radiations of specific
wavelengths and re-
radiate photons of
different wavelength

@ oTOHKPHUCTAIIAP ®oTonkpucTaIap ekt | Photonic crystals:
POMAarHUT TYJIKUHIAPHH periodic dielectric or
TapKaTHIUIIHATA TAbCUP metallo-dielectric
ATHINTA MYJDKaNIAaHTaH optical nanostructures
naBpuit nudnekTpuk éku | that are designed to
MeTay IudJIeKTpuk ontuk | affect the propagation
HAHOCTPYKTypajap of electromagnetic
waves (EM) in the
same way as the
periodic potential in a
semiconductor crystal
affects electron motion
by defining allowed
and forbidden
electronic energy
bands
®oTOHHKA doTonnka:mMabayMoTiIapH | Photonics: electronics

U OomIKapuIaa
3JIEKTPOHJIAp YPHUTA
epyFIMKHU ((OTOHTIAPHM)
KYJIJIOBUU DJIEKTPOHUKA

using light (photons)
instead of electrons to
manage data

IIbe3ope3ucTus 3P Pexr

IIbe30pe3ucTuB

3¢ peKT:TalIKapuIaH
MEXaHUK 00CUM TabCHUPUTA
OOFJIMK paBHIIIA
MaTepUATHUHT JJICKTP
KapIIMIATHHUHT Y3TapuIll
XOJINCacH

Piezoresistive effect:
phenomenon by which
electrical resistance of
a material varies with
externally applied
mechanical pressure

Il.1azma

Il1a3ma:nomnanirad
MOJJIAHUHT aHYaruHa
KarTa GpakuusICUHU Y3uaa

Plasma: a state of
matter containing a
significantly large
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CaKJIOBYM MOJITAHWHT
XOJIaTH; MJIa3MaHUHT
Xoccanapu KaTTHK
MOJITaJIap/IaH,
CYIOKJTHKIapJaH EKH
rasnapjaH Tyoaad gapk
KWJIAIH

fraction of ionized
matter; plasma
properties differ
significantly from
those of solids, liquids
or gases

byr ¢azacunpan
(pu3ukaBuil YYKTUPHULIL
(PVD)

byr ¢a3zacunan
(pu3uKaBUil YYKTUPULI
(PVD):tarnmkma omka
IJICHKAJIapHU OJIMII y49yH
aTOMJIAPHU MYJDKa
MaTepuaIniaH OyFiiaTuIl
UIITUPOKH]IA BAKYyM
YYKTUPHUIIHUHT TYPJIH
TEXHOJIOTUsIIApU

Physical vapour
deposition (PVD): a
variety of vacuum
deposition technique
involving vaporization
of atoms from target
material to produce a
thin film on a substrate

IMupoaus IMuposm3:ananra(pyr) Pyrolysis: Greek word
octuna axxparumnu (lysis) | denoting separation
AHTJIATYBYM TPEKUa CY3; (lysis) under fire (pyr);
KHcIopox uimtupokucu3 | a thermochemical
IOKOpH Xapopatiiapaa method involving
OpTraHHMK MOJUIaHH decomposition of
napyJajaliHy y3 WIura organic material at
OJTyBYH TEPMOKHMEBHIMA elevated temperatures
yCyaI in the absence of
oxygen
KBanTkommrorepJiap KBanTkommiorepuap:kup | Quantum computers:
UIII MabIyMOTIapUIarH a computational device
oreparusiapaa KBaHT- using quantum
MEXaHUK XOJMCaTapuHu mechanical phenomena
KYJUTOBYH XMCOOJIAIT for operations on input
acOo0Iapu data
KBanTHykTranapu KBanTaykranapu:siaektp | Quantum dots: 0D
OHJIAPHHUHT dHEPTHUs nanostructures in
XoJaTiiapu 0apua ydra which electron energy
KEHIJIHK YI4amiiapusia states are confined in
AHUKJIAHAIUTaH all three spatial
ODnaHoOCTpyKTYypaiap; dimensions; their
yJIApHUHT 3JIEKTPOH electronic properties
xoccanapu kiaactepiap Ba | are between that of
spuMmyTKasruwiap opacuzaa | clusters and bulk
Oynanu semiconductors
Kyour Kyour:xucobnanmapaaru | Qubit: a quantum-

OUTHUHT KBAaHT

computing equivalent
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SKBHUBAJIEHTH;
aTOMJIAPHUHT KBAHT
XOCCaJIapUHH YTJar
KYyIIM4yacu OusiaH

to a bit; with an
additional dimension
of quantum properties
of atoms

Pezonancan

TYHHEeJIJIAHTaH KypHJIMa
(RTD)

Pe3zonanciu
TYHHEeJJIAHTaH KypWjiIMa
(RTD):anexrponnapuu
¢dakaTrHa UKKA
HyHanmumna ynuiad
KOJIYBYH Y3YH Ba KHUCKa
APUMY TKa3TUYIIN
opoJtyanap/iad TaluTKuil
tonraH 2DKBaHT

Resonant tunnelling
devices (RTD): 2D
guantum devices that
consist of a long and
narrow semiconductor
island, with electron
confinement only in
two directions

YCKYHAJIapH

Pe3oHaHC-TyHHELTH Pe3oHaHC-TYHHEJTH Resonant tunnelling

Tpansucropiaap (RTT) | rpan3ucropsap transistors (RTT): see
(RTT):RTD ra xapa RTD

CxaHMpJIOBYH CxaHMpJIOBYH Scanning near-field

SIKHHXYTY 1T SIKHHXYYJTH optical microscopy

onTukMUKpockonusi(SN
OoM)

onTukMukpockonusi(SN
OM):HamyHaHH
HIIJIATWIAETIaH HYPHUHT
TYJIKUH y3YHJIUTUIaH
KUYUK OYJIran yimgamaarua
TUPKUIL OpPKaIu EPUTAIH,
HaMyHaHH SIKUHXYIY A
MaHOa peXUMH JIoupacuIa
YKOWJIAIITUPUIAIN; OIIUN
00BEKTUB EpllamMuia
HaMyHaJlaru
nuadparMaHuHT
CKaHepJjaml Wynau Ounax
TaCBUP IIAKUTAHUIIIH
MYMKHUH OYJaau

(SNOM): illuminates a
specimen through an
aperture of a size
smaller than the
wavelength of light
used and with the
specimen positioned
within the near-field
regime of the source;
by scanning the
aperture across the
sample through a
conventional objective,
an image can be
formed

¥Y3-y3uHM HUFULI

¥Y3-y3uHu iiurui: Gupop
Oup TaIku Ky4
TabCUPHUCHU3 OUP TEKKUC
€KM TalTKWIIAIITUPUIITAH
TY3WJITUIIT XOCHIT KUJTHIII
y4yH KOMITOHEHTJIAPHUHT
V3 nuna y3apo
TabCUPJIALLYB KapacHU

Self-assembly: process
in which the
components interact
within themselves to
form aligned or
organized structures
without any external
force

Hlaka xoTupaau
NoJIMMepJiap

Hlaxa xoTupaau
MOJIMMePJIap :XapOpaTHUH

Shape memory
polymers: smart
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T Y3rapuiiny KaOu Taliku
Ky4Jap TabCUpHUIa
BYXKY/Ira KeJIraH TalllKu
KyuJap TabCUpHUIa
nedopManusgaH CyHT
Y3UHUHT 1acTIa0Ku
[IaKJIMra KauTUIII
KOOMIHMSATHTA 3Ta aKJUIN

polymers capable of
returning to their
original shape after
being deformed by
external forces, when
triggered by an
external stimulus such
as temperature change

noJuMepIap
Bup3JiekTpoHIn BupsJiekTpoHIun Single electron
Tpan3uctop (SET) TPaAH3UCTOP transistor (SET):

(SET):uukyBun 3apsimHUHT
KyJla KHIUK
y3rapuiiapuHi aHUKJIaIll
KOOWJIMSITUTA 3Ta
MocJiamanap; OupruHa
AJIEKTPOH YUyH XaM
3apsaniap papku “€xuy-
Yunpunr” GyHKUUSACUHH
YaKUPHUIITH MyMKHH

devices that are
capable of detecting
very small variations in
the charge of the gate;
charge differences of
even one electron can
cause the on-and-off
switching function of
SET

30Jb-TeJBYCYJI

3oab-reqapycyJr:
KEMUHYAIUK KOBYIIKOK I'ell
Ba KaTTUK MaTepuaira
YTYyBUYU KOJUIOU]T
cycneHsusinu (‘301"
reHepalysIIallHA Y3 UUNUra
OJIy4HM KapacH

Sol-gel method: a
process that involves
the generation of a
colloidal suspension
(‘sol’), which is
subsequently converted
to viscous gel and solid
material

CnuHTpOHMKA (CIIUH
acocujaaru
IJIeKTPOHHKA)

CnuHTpOHMKA (CIIUH
acocuaaru
IJIEKTPOHHUKA):
AIIEKTPOHJIAPHUHT
MKKHUJIAaHTaH X0CCaJapyHH,
KyMJIa/IaH 3apsi]] Ba CIIMH
XOJIATHHU KYJUTOBYH SIHTH
TEXHOJIOTHSI; MAHUTO-
AIEKTPOHUKA cudaTuaa
XaM MabJIyM

Spintronics (spin-
based electronics): an
emerging technology,
which exploits the dual
property of electrons,
namely charge and
spin state; also known
as magneto-electronics

YuUKyH/IM IJ1a3MaJH
nummpu (SPS)

YUKyH/IM IU1a3MaJIH
nummmpum (SPS):rpadut
MAaTPUIACH IIIYHUHTICK
YTKa3yB4aH HaMyHasap
XOJIATH/IA UIIUPUIIAETTaH
KyKyHJaH OeBUCTa
YTa€Trad JOMMHUN UMITYJIC

Spark plasma
sintering (SPS): a
sintering technique
using pulsed DC
current that directly
passes through the
graphite die, as well as
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TOKH KYJUTAHWINIIUIAT|
MUIITAPHUIIT TEXHUKACH

the powder to be
consolidated, in case of
conductive samples

YrTaykazyBuaH
KBaHTHHTepGgepomeTp

(SQUID)

Yrayka3yBuan
KBaHTUHTepGgepoMeTp
(SQUID):yra kyucus
MAarHAT ManJOHJIAPUHU
yJ4an UMKOHUATHTA dra
Mociama

Superconducting
guantum interference
device (SQUID): a
device capable of
measuring extremely
weak magnetic fields

Koitaammm Koiimammmmn Stacking faults:
nedexTaapu nedextaapu:aromiapuun | crystallographic
I HOTYFpH KeTMa-KeT defects arising due to
TUTaHAp JKOMJIAITYBU wrong stacking
HATIDKACHIA XOCHIT sequence of planar
6y TyBUH arrangement of atoms
KpUCTaJIorpaguk
nedexrtiap
CxaHMpJIOBYH CxanupiaoBun TyHHe M | Scanning tunnelling

TYHHECJIJIH MUKPOCKOII
(CTM)

mukpockon (CTM):arom
Jnapa)xkacuja r03aJapHUHT
TaCBUPJIAPUHU KalTa
uluIana
YJUIAHWJIAJIUTaH KypUJiiMa;
KBaHT TyHEJUIAI KOUIACH
acocuaa uIIanau

microscope (STM):
an instrument used for
imaging surfaces at the
atomic level; it works
on the principle of
quantum tunnelling

YTa 3srunyBYaAHIMK

V1a
ATUJTYBYAHJINK . 9y 3UTyBY
aHJIMKKa OYiraxn
TaJAKUKOTIIapaa
KYTWIAETraH
HOpMaJIAPHUHT
gyerapajapuiaH aH4a KaTrTa
OynraH MaTepuaTHUHT
nehopMaIsITaHHII
KOOWJIHSITH

Superplasticity:
ability to deform a
material well beyond
the limits expected
from normal tensile
tests

IO3amna3zmon (SP)

FO3aniazmon
(SP):épyrmuk Ounan
KYWIA TabCHPJIAIINTIT
HATWKacH/Ia MOJISIPUTOHTA
0JIM0 KEeJTyBUM F03ara MocC
KeJTyBYH IJIa3MOHJIAP

Surface plasmon
(SP): plasmons that are
confined to surfaces
and interact strongly
with light resulting in a
polariton

Jlopuiapau makcaaim

Jlopuiapau makcaaiu

Targeted drug
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€TKa3nuIl

e€TKA3MII. Tepanusia
JIOKaJUIallIraH 3apapJiaHral
XyKapaiapra/TyKumanapr
a Kepak OyJiraH MUKJI0p/ia
dbapMalieBTUK OMpPUKMaHH
KHPUTHIILI

delivery:
administration of a
pharmaceutical
compound in desired
amount to a localized
diseased cell/tissue for
therapy

IOnka miaenkaau
Tpansucropaap (TFT)

Onkanienkaan
TpaH3ucTOpJIap
(TFT):sapumyTKasrudim Ba
TUDJICKTPUK MaTePHAILITN
IOTIKA TUICHKA KaBaTJn
TpaH3uCTOpIIap;
paauorpadusaunar LCD Ba

Thin film transistors
(TFT): an FET made
of thin film layers of
semiconducting and
dielectric materials;
used in LCD and
digital radiography

paKaMJIM WIIOBaJIapHIa applications
KYJUIAaHWJIAIN

IOnka mienkanap IOnka Thin films: atomically
MJIEHKAaJap .aToMap engineered layers with
KOHCTPYKIIUSJIaHraH film thickness usually

KaBaTJIap HAaHOMETpIaH
MaKCcUMyM OHp Heya
MUKpOHTaya 0yiraH
nuara3zoHaa oynraH
KaJIMHJIMKJIAT} [IJICHKaJIap

in the range of
nanometers to a
maximum of a few
microns

TykuMaau uH:KeHepust

Tykumanau
HHKEHEePHUSICYyT
SMU3YBUWJIAPHUHT aCOCHUI
TYKAMaJIapUHUHT
TY3WIHMIIH Ba PyHKIUOHA
acocliapu xamja
GyHKUMSTITApUHA THKJIAIL,
KyJ1ab Typuln €ku
SIXIIUJIAT Y9YH
OuoMocyanryBual YpHUHU
0OCYBUMITAPHUHT
KYJUTAaHWJIUIIN
TyFpucugaru an

Tissue engineering:
science of structural
and functional
fundamentals of
mammalian tissues and
application of
biocompatible
substitutes to restore,
maintain or improve
functions

Tenmagan macrra

Tenagan
NMacTra:HaHOKPUCTAILT
MaTepHUATHU OJIHII OWIIaH
MUKPOKPHUCTAILT

MO JaHUHT MalaJIalTHA
V3 ©uura oJiaau;
HAaHOCTPYKTypajapHu
CHHTE3 KMIUIITHUHT KaTTHUK

Top-down: involves
fragmentation of a
microcrystalline
material to yield a
nanocrystalline
material; all solid state
synthesis routes of
nanostructures fall into
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MOJITAIA UYJIUJIApH LIy
KATeropusra Kupajau

this category

Yukappaju TyryH

YukappaJyu TyryH:ydra
KPUCTAJIAPHUHT €KH
3appajlapHUHT

TYKHAIIYBUJIATd TYT'YH

Triple junction: a
node at the intersection
of three crystals or
grains

ByF-CYyIOKJIHK-KATTHK
moana ycyau (VLS)

ByF-cylOKJIMK-KATTHK
moaaa ycyau (VLS):oyr
dazacuman KUMEBUIA
YYKTUPHUIIIATH
HaHOCUMJIAp KaOu
oupyIuamiu
HAHOCTPYKTYpaJIApHUHT
YCHILIN YYYH MEXaHU3M;
KPUCTAJUIAPHUHT YCHUIITU Ba
KUHETUKACH
caMapaJIopJIMTUHU OIIUIIN
YUYH KYJUIAHWIA]IH,
KaTaJUTHK
CYIOKKOTHIIIMAaH (haza
OyfJIapHU YTaTyUHHTaHIUK
Japakacuraya te3ia
azcopOuMsIay MyMKUH

Vapour-liquid-solid
method (VLYS): a
mechanism for the
growth of one-
dimensional
nanostructures, such as
nanowires, from
chemical vapour
deposition; to enhance
the efficiency and
kinetics for the growth
of crystals, a catalytic
liquid alloy phase
which can rapidly
adsorb a vapour to
supersaturation levels
Is used

BuckepJap

BuckepJiap :3pkuHIUCIOK
alysUIaHaINTaH
KPHUCTAJUTHUHT HO3UK
TOJIAJIW YCUILIN

Whiskers: thin fibrous
growth of a dislocation
free crystal

PentrendgorosdiekTponc
nekTpockonusi (XPS)

PentrengorodjieKTpoHcH
eKTPOCKONNSI
(XPS):kuménnii
MOJIAHUHT F03aCUHU
MUKJIOPUN aHAIU3 KUJIUIII
yCi1yOu, SJIeMEeHT
TapKUOWHU aHUKJIANIH;
Yy, peHTreH HypJiapu
OWJIaH KaTTHK MOJJIAaHUHT
HypJjall €paaMuaa
OJIMHTaH
(OTORIEKTPOHIAPHUHT
TaBCU(UHU Y3 Huura

oJagu

X-ray photoelectron
spectroscopy (XPS): a
quantitative surface
chemical analysis
technique that
measures the elemental
composition; the
technique involves
characterization of
photoelectrons
produced by irradiating
a solid material with x-
rays

KOM”O&’I«H{H()H mamepuan

Nnura® yukapuirad, UKKH
€kl KYynpoK (u3HKaBUN
Ba/€KM KUMEBUU Xap XU

It is manufactured,
it consists of two
or more physically
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oynraH, MaTpuiia
(naTEpdEiic) nauaa
TapTHOIH YKOUJaIra
dazanapran TaIIKHIT

TOIITaH MaTcpHall.

and/or chemically
distinct, suitably
arranged or
distributed phases
with an interface
separating them.

Mampuua, unmepdgeiic Komnosurmon The binding
MaTepUATHUHT oup | material  ensuring
OyTYHJIUTHHA the integrity of the
TabMHUHJIOBUM  OofyoBuM | Structure
KOMITOHEHT

Mampuua Meramnn, kepamuka, | Metal,  ceramics,

mMamepuannapu TIOJIMEP polymer

Boznoeuu mamepuannunz | Maxcynotra Mmabsiym | Gives the material

eazugacu reoOMEeTpUK Imakia Oepuo, | the necessary
KyWIaHUILIAPHHA XakM | geometric  shape,
oyinua oup xu | distributes the load
TaKCUMJIAaHUIIINHU evenly throughout
TabMHUHIIaHAM Ba MabiayM | the volume, keeps
MEXaHUK xoccanu | the armature or
makiantupany,  xamaa | fillers  from  the
apMarypa ¢ku | effects of  the
KyIIMMYaiapHu TaIKu | environment

MYXUT/IaH CaKJIanau.

Komnozumnune
MYCHAXKAMIAUSUHU
ouUpPaOU2aH KOMHOHEHm

MycraxkaminamTupyBuu
KOMIIOHEHT,  apMHUpPOBKa
Marepuaiu, apMarypa

reinforcement
material,
reinforcement

Hon-ynuamnu

Yayamm y4 HyHanumaa

The dimensions of

Kywiumuanap KHYHK oynran | the reinforcing
KyImmMyanap - KyMm, Maiina | additive is  very
(kykyH) monadanapra sra |Small in all 3
Oyaran Mmetaiiap, | directions —  the
docharmap, mmma Ba | particles of sand,
JOMCMMOH  MHKpocdepa | metal powders,
mrakiagard marepuaap. | phosphates,
glasses, materials
with forms of clay
microspheres
Bup ynuamnu Tomnacumon Fiber shaped
Kyuwiumuanap TynaupyBumiap, apmarypa | elements,  fittings,
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AJIEMEHTIIAPH, KaJIra
TOJIAJIN TaOUuit
MaTepHaiap -acOecT,

YCUMJIMK  MaTepuasliapH,

short natural fiber
materials-asbestos,
plant materials,
fiber-shaped

TOJJACUMOH  KpucTajutap | crystals (aluminum
(amroMuHUH HUTpHU, | Nitride, berilliy
Oepwutuii - okcuam, ©Oop | OXide, boron
KapOum, kpemuuii | carbide, and silicon
HUTPUAM), Y3yH Toxamu | hitride), different
xap XU opranuk | length  fiber  of
OmpukmMaap. organic
compounds.
Hkku yauamnau | Jlenranap, Maronuap, | Tapes, mats,
mynoupyeuunap Matap, TypcumoH | fabrics, nets
DJIEMEHTIIap. elements.
H3ompon komno3uyuon | MaTtepuaiapHUHT Material properties
mMamepuan Xoccalapu xamMa | In all directions are
Wynamumpa  Oup  xwmu | the same.
OyJIMIIN KEPAK.
H3zompon Hucnepc xonmaru | Dispersed
Komnosumaapoazu MyCTaxKaMJIallITUPYBUH reinforcing
MYCHAKIAUWMUpPY 84U KOMIIOHETJIap: MHKpPO- Ba | COmponents:
KOMRnoHenm HaHO3appavaJap. micro-and
nanopowders.
Anuzompon Martepuamnapauar Typiau | Material properties
KOMRO3UYUOH Mamepuan | WyHAIUIIUTapAara in all directions
xoccanapu ¢apk kunaau. | different
Anuzompon Apmarypa cudaruga | As reinforcement
Komnozumaapoazu TojlaJIap, IUTaCTHHKamap, | ina  particular
MYCHAaKIAumupyeuu matonap, Typiap mawiym | order fibers, plates,
KOMROHEeHm HyHamuiaa fabrics, nets are
KOWaImTupuirad oymamau. | arranged
Honuapmuposka Nxkn Ba yHman kyn | Composite
KUUHZAH KOMRO3umaap. | Typaaru materials,
MyTaxKaMJIaIITHPHIII reinforced by two
TYIIUPTrULIapy or more types of
KYJUTAaHUJITaH reinforcers
KOMITO3UIIHOH

Marepuaap.
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Hucnepc- Marpunia  ofupiauk  Ba | The matrix

MYCHAXKAMAAWMUpUIZa | MyCTaxKaMINKHU provides strength

H KOMRO3UUUOH TABMHUHJIOBYU acocuii | and weight, the

Mamepuannap AIIEMEHT, aucniepe | particle  size  of
3appadayiapHUHT 0,01... 0,1 um
ymyamiapu 0,01...0,1 Mxm

Jucnepc- M3otpon  xycycusatiapra | Isotropic material

mycmaxKamiawimupuilca
H KOMRO3UUUOH

ara MaTepua

Mamepuannap

Jucnepc- KykyHn meTayprus | Powder

mycmaxkamnawmupunza | ycymiapy — €ku  cyrok | metallurgical

H Komno3uyuon | METalll TapkuOura Kyiumr | methods, the

mamepuainapuu  wwiia6 | onaunan - tynaupruwiap | method of adding

yukapuw ycyanapu KY M yeymuapu | additives to liquid
Epramuia unuiad | metal before
YHKAPHIIAIH. casting

Kyiioupunzan antomunuii | Amomunuii  marpumacu | Consists  of  a

Kykynu (CAII) Ba 18%raua ajgromMuHHUIi | matrix of
OKCHIM 3appadvaiapuaas | aluminum with

nbopar Oynaau

additions of up to
18% of particles of
aluminum oxide

Hukenw acocuoa
maiépaanzan
KOoMno3umaap

Marpuia cudaruaa
HUKEIIb Ba YHHHT XPOM
ouninan KOTHUILIMAaJIapy
KYJUIaHWJIagu  (XPOMHUHT
mukgopu - 20%raua),
MyCTaXKaMJIaIlITUPHUIIT

KOMITOHEHTJIapU - TOPUU
Ba radyHUN OKCHITAPH.

As the matrix
involved Nickel
and its chromium
alloy  (chromium
content up to 20%),
reinforcing
components —
thorium and
hafnium oxides

bop monanapu

IOkopu
KATTUKJINK,
xapoparia
YU IaMIIY;

MYyCTaXKaMITHK,
IOKOpH
Oy3uuiira
70...200 mxm
qUaMeTpura  ara; - yjiap
METaJUIMK Ba  TOJHMED
MaTpHUIlAJIaH apMHUPOBKA
KWIWII YYyH KYJTaHWIa I

Have high strength,
hardness, are not
destroyed at high
temperature,
diameter 70...2000
um, are used for
reinforcement  of
metal and polymer
matrix
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Yenepoo monanapu

Okopu mycTaxkamiukra

Have high strength,

sra, MEXaHHMK Xoccaiapu | mechanical
TEPMHK Oapkapop; | properties resistant
aJFOMMHUAM Ba MarHuiHu | to the
apMHpOBKa KHIIMII y4yH | temperatures; used
KYJUTaHUIaIu; for the
reinforcement  of
aluminum and
magnesium
Kepamuxk monanap Oxcun, autpus, | Are made of
KapOouIap acocua | oxides, nitrides,
TanépraHaiu, 10KopH | carbides; have high
KATTUKJIHK, hardness, strength
MycTaxKaMauK Ba TepMuk | and heat resistance;
OapKapopiIHKTa ara; | used for the

ATIOMUHUNA Ba MarHUUHU
apMUpOBKA KWIUII YYYyH
KYJUTaHUJIaa1

reinforcement of
aluminum and
magnesium

HlTuwiamona

MycTaxkamimk, TEpPMUK
0apAOUUINK, JUAJIEKTPUK
xoccajapra  Ba  HacT
UCCUKIIUK
YTKa3yBYaHJIUKIa ora;
UCCUKJINK U30JISIUS
MaTtepuaap,
KOHCTPYKLMOH
MaTepuaiap uiuad
YUKAPUILJIA KYJJTAHUIIA N,

Have strength, heat
resistance,
dielectric
properties and low
thermal
conductivity, used
in the manufacture
of insulating and
structural materials

“E —glass”
(E-wmuwma)

DIIEKTPUK TOJAIAp
Oenruma"aau, E-mmma
SIXIIH DJIEKTP HU30JISITOD,
SXIIIM MEXaHUK Ba
AIACTUKIIMK MOJIYJIWTA ATra

Electric fiber, E-
glass is a good
insulator, has good
mechanical elastic
properties

“C —glass”
(C-wmuuwa)

Koppo3us typaaru
Tonanap 6enrwianaau, C-
LIMIIA FOKOPU KUMEBUI
KOppo3usra 0apAoLLIuru
OwiaH TaBcU(IIaHaIn;

Corrosion fiber, C-
glass has high
chemical resistance

“S —glass”
(S-muwma)

OHI IOKOpU TEPMUK Ba
0JIOBOApIOIIIMKIA 3ra
HIMIazap

Have the highest
temperature
resistance and
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refractoriness

Keenap-29
apamuo moaacu

Kanatnap, kabemnap,
KOIJIaMaJIk MatoJjap,
apXUTEKTypa MaToJapH Ba
OQJUTUCTUK XUMOS
MaToJIapH -
OpoHexuiIeTaap uuiad
YUKapUIIJIa KyJUIAaHUIaa!

Used in the
manufacture of
ropes, cables,
protection fabrics,
architectural
fabrics and fabrics
for ballistic
protection of body
- armor

T'emunaxc

Karmamiau koMIo3ur,
TapkuOua KOFo3 Ba cMoJia

Layered composite,
composed of paper

MaBXKy/I and resin (phenol
(benomodopmanbaerun formaldehyde, etc.)
¢ku 0.).
Ezou-kamnamnu denonodopmanpaerug Ba | Consists of
naacmuknap (/CII) Kpe30710(pOpMaITbICTH/T phenolformaldehyd
CMOJIa MaTPHUIACH/EFoY e and cresol
MIMTOHUIaH HOOpaTIAHp. formaldehyde
resin/veneer
Mampuua MatepuaaHHHT OyTYH Component located
*axmu Oyinda y3inykcus | continuously
JKOMITAIITaH KOMIIOHEHT throughout the
aTanajm. volume of the
material
Apmupoeka KoncTpyknnon Provide in
KOMROHeHmaapu KOMITO3UTJIap/ia acocaH composite
KepaKiIi MEXaHUK materials the
XyCYCUSTIApHH necessary
(MycTaxkamIIuK, mechanical
KaTTUKJIUK Ba 0.) properties
TabMHUHJIAH 1 (strength, hardness,
etc.)
Tepmopeaxkmue [Tomumep 3amxupu xocwna | During the
noaumepaap oynaérranna koruir | formation of the

peaKuMsIChu Xam  COOUp
oynagu. by peakmusiiap
Maxcyc KUMEBUU
MoJanap TabCUPUAA, EKU
UCCUKJIMK  Ba  OocuMm
TabCUPHJIA, E€KH

polymer chain
occurs in the
hardening reaction.
The hardening
reaction can be
initiated using the
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MOHOMepJIapra
AIICKTPOHJIAP OKHMHHH
TabCUP STHUII HATIXKACHIA
coaup Oymaau.

appropriate
chemicals or by
applying heat and
pressure, or by
exposure to a
monomer to an
electron beam.

Tepmonnacmnaap

[Tomumepnap Temmeparypa
Ba 0OCHM TabCcHUpUJIA
OKYBYAHJIMK 3ra
Oynaauiap Ba UCCUKIIUK
TabCUPUJIA FOMIIOK EKU
IJIACTUK XOJaTra
yraguiap. XoHa
Xapoparuraya
COBYTHJITaHAa OyHal
noJMMepIIap Xam KoTaau.

Polymers that flow
when exposed to
temperature and
pressure, i.e., they
soften or become
plastic when
heated. After
cooling to room
temperature, the
thermoplastic

solidifies.
Ilonumep mampuyanu Taliepnamaa acocas | For the
Komnosumaap nonuddup, smokcug Exu | manufacture of
dbenonodopmaIbIeTru polymer - matrix
OOFIIOBUMIIAD composites most
KYJUTaHUITA]IH, oynap | commonly used
KOTraH Xomaraa ertapiu | polyester, epoxy or
MyCTaXKaMJIMKTa 3Ta. phenol-
formaldehyde
binder, as the most
efficient, with
reasonably high
strength properties
in the cured state
Tepmonnacmuk Xapopat tabcupuaa | Polymers that
noaumepaap IOMIITaTUTaH ¢xu | soften or melt
SpUMIUIraH  monmmMepiap, | when heated;
Oy Typra mact Ba tokopu | examples include
3UWIMKIard  nojmdtuwieH, | polyethylene low
HOJIUCTUPOJT Ba | and high density,
noJuMeTHIMeTakpuiatia | polystyrene and
P KHpaJIH. polymethylmethacr
ylate.
Honumepnapruunz Kytinnarmmapra  6ormumk | Depends on the

o1080apoowiiucu

Oynanu: OJOB TapKaJWMI

surface flame
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MauJI0HHU, EKWIFUHUA
TabCUPU Ba  KHUCJIOPOJ
WHJICKCH.

spread and
penetration of fuel
and oxygen index.

Kucnopoo unoexcu (LOI)

EHI/II]_I AaBOM JOTHII YYYH

The minimum

3apyp oyxran | amount of oxygen
kucinopoxauHar  MuHAMAaN | that will support
KAiMaTuHy Oenrwiaiian. | combustion.
Honumep mampuuanu [MonunpornuieH, HeisoH, | Polypropylene,
Komno3umaapoa TEPMOTLIACTUK nylon,
mepmMonaIacmuK nosudGupIIap (IT2T, | thermoplastic
mampuyanap I16T) Ba | polyesters (PET,
noyimkapOoHaTIIap, PBT), and
TIOJIMAMM T umuJ, | polycarbonates,
nonueHUICHCYIb()H polyamide imide,
(I1dC), Polyphenylene
NOJIMAPWICYITB(POH sulfide (PPS),
(polyarylsulfone) Ba | polyarylsulfone
o3 GUpP-3(UPKETOH (polyarylsulfone)
kerorsapaup (PEEK). and polyester-

etherketone ketone
(PEEK).

Memannap kpucmann

Acocan 3 Ta KpuCTal

Most often, one of

CUH2OHUANAPU CHUHTOHUUIap/a the following three

KpUCTaJUTaHAIN crystalline forms:

e CHJapuM MapKasjallraH

ky6ux (T'TIK) . fac_:e—centered

* XOKMHU —MapKasJallirad cubic (FCC)

kybux (OLK) * body-centered

*  onTHOYpYaKIH  3UY | - bic (BCC)

yITaKOBKa KUJIMHTaH

(HCP) » Hexagonal close-

Packed (HCP)

Memann mampuyanu | 3 Typyu MaBxyZa: * particle-
KOMRO3UMIAPHUHZ *Tucniepc- reinforced MMCs
mypaapu MyCTaxKaMJIAIITHPHI TaH

MMK

* KHMCKa TOJa  Ba
MY HIOBIAP Ounan
apMHpPOBKa KUAJIMHTaH
MMK

* Y3IyKCHM3 TOjJa Ba

JIMCTIIAPp WJIaH apMHPOBKaA

* MMC:s reinforced
with short fibers or
whiskers

* MMCs reinforced
with continuous
fibre or sheet
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knimHran MMK.

reinforced MMCs

Demexkmuk KOMno3uyuon | DBTEKTUK tapkuOsin | Alloys of eutectic
Mamepuannap KOMITO3UTIIAp, composition, in
MyCTaxKaMJIallITHPYBYH which the
daza cudarmma wmacca | reinforcing phase
TapkuOuaa are oriented
HyHanTHpHUITaH crystals, which are
KPHUCTaJLTU3AIHS formed by
apaénnapu Hatwkacuza | directional
xocun Oynran kpucramtap | solidification.
XHM3MAaT KUJIaJIH.
Hluwaxepamux Xaxm  Oyimua  95-98 | They form a sort of
mMamepuaanap domsu kpuctami dasagad, | CoOmposite material,
KOJIraH KUCMH 3ca Imnuiia | as they consist by
dazagan mbopar Oymamu. | volume of 95-98%
Kpucrann ¢asa yra Hosuk | crystalline phase,
(3appawanmap  jgumametpu | and the rest
100 HM/JIaH KM4uK) | submitted to the
CTpYKTypara ara. glassy phase.
Crystalline phase is
very fine (grain
size less than 100
nm in diameter).
Kepamuka I'pexua keramike (rononua | From ancient
keramos) — Tympoxk Greek (keramos) -
clay
Kepamuxa mamepuanu TaOuwnii Tynpok Exku The product of
TYNPOK OWJIaH TypJIx high temperature
MUHEpAJLIap calcination of a
apaJialMacuIaH X0CUI mixture of natural
KWINHTaH JJOWHUA clay and other
MUIATHO, KyHnO, KypuTroO | minerals
Ba KEMHH KATTUK
KU3IUPUO XOCHIT
KUAJMHTaH MaxCyJIoT
Hluwa Kuméuii Tapku0 Ba Amorphous solids

KOTHUIII TEMIIEpaTypacura
OOFJIMKCHU3 PaBHIIJIA
FOKOPH Xapopar
TabCUPUIA XOCUJ
KWJIMHTaH 3pUTMaHU yTa
COBHUTHII OPKAJIA

obtained by
quenching the melt
irrespective of the
chemical
composition and
the solidification
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OJTMHA/IUTaH KATTHK
KUCMIIAPHUHT
XOCCaapuHu KaOy
KUJIMHAIUTaH Oapua
amopd Kucmap.

temperature.

Onosodapoouw oyrwom

Kepamuka Texnosorusacu
Oyiu4a umnuiad
YUKAPWIITaH, yTXOHA Ba
neusjiap Kypuiija
UIUTATUIIAUTaH,
osioBOapaonuuru 1580°C
JlaH KaM OYJIMaras
KepaMuKa OyIOMH.

The product
obtained by
ceramic technology
and used in the
furnaces and high
temperature
furnaces
construction, it’s
fire resistance not
less than 1580°C

Texnuka kepamukacu
oyromu

Kepamuka texnonorusicu
acocHjia sicajrat
YTKa3ru4, sipuM yTKa3Tru4,
M30JIATOP, MAaXCyC XOccanu
(MarHuT, ONTHK,
AJEKTPUK) OYIOM Ba

A conductor,
semiconductor,
insulator or a
product with
special properties
(magnetic, optical,

Oormkanap electrical) obtained
by ceramic
technology.

Kepamuxk mampuyanu bup  BaktHHHT  Yy3uaa | The simultaneous
KOMRno3umaap uuinao MaTpenajra tokopu | application of
YuKapuuioa uccuk xapopar Ba  OocumHH | pressure and high

npecciawt yHcapaénu

TabCUP ATUII HATHXKacuaa
314 CTPYKTypasu,
FOBaAKCH3 Ba Maiga
3appadai  KOMITO3HUIIUS
XOocui Oynaau.

temperature can
accelerate the rate
of densification
and allows to
obtain non-porous
and fine-grained
structure.

Kepmemanap

Merasn
Owian
MyCTaxKamJIalITUPUITaH
KepaMHUKa I0KOPH MEXaHUK
MYCTaXKaMJIMK, HCCHKIIUK
3apbra OapaouLInr,
IOKOpH WCCUKJTUK
YTKA3yBYaHJIMKIA Ora.

3appavaap

Reinforcement of
ceramic dispersed
metal particles
leads to new
materials (cermet)
with increased
resistance,
resistance relative
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to thermal shock,
high thermal
conductivity.

Kepmemanap Kynnanunuw
coxanapu

Oxopu Xapopatin
KEpMETIIiap acocuja ras
TypOWHamap  JeTajiapw,
JJIEKTP neysuap
apMarypacH, pakera Ba
pEaKTUB TEXHHUKA
JIeTajulapy  Tau€praaHagu.
KarTuk HITKAJIaHUIITa
YU JaAMITA KepMeTJiap
KUPKHUIII WHCTPYMEHT-
Japu Ba JeTalapu
Tanépiana KEHT
KYJUTAaHWJIaIH.

High temperature
cermets used to
make parts for gas
turbines, valves
furnaces, parts for
rocket and jet
technology. Hard
ware resistant
cermets are used to
manufacture the
cutting tools and
parts.

0SB

OpueHTnpianran
KUPUHWIN TUIATajIap

Oriented strand
board

MDF

VYpraua 3uunukaara €rou
TOJIAJIM TUITHTAJIAP

Medium Density
Fibreboard

@Danepa

IITIOH KaTJIaMJIapy/JIaH
npeccaad oJIMHAIUTaH
IJIMTa MaTepraliy

the tiled material
received by
pressing of layers
of an interline
interval

Enuwkoxnuk

eJIUM F03aCHHMHT acoc 1032
OWJIaH TabCUPJIALIUIIH

interaction of a
surface of glue
with a basis
surface

Hucnepc 6o2nanuw

bup-6upura xyna sk
YKOMJIAIITaH MOJIEKYJ1ajiap
ypracumaru OOFIaHUII

Communications
between very
closely located

molecules
Booopoo boznanuw Boaopoa aToMUHUHT Communication,
UKKHATA KyTOJIaHTaH formed in a

rypyXra TaKCHMJIaHUTITH
HATWKACUa XOCHII
OynaguraH OOFJIAHMUIII

consequence of
division of atom of
hydrogen into two
polar groups

Iapenxum xyxncaiipanapu

Erounaru 4i3uH4oK
Oynmaras xyskaipaiap
(¥3ak Hypaapu, cMoJia
Hynnapu Ba X.K.)

the wood cages
(beams, the pitch
courses, etc.)
which aren't
extended on length
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IX. MYTAXACCUC TOMOHHUJIAH BEPUIT'AH TAKPU3

OT3bIB

Ha 00pa3oBaTeJbHYI0 IPOrPaMMy H y4eOHO-MeTOAHYeCKHH KOMILIEKC 110
yuyeOHOMY Moy 110 «MeToAbl H TeXHOJOTHH NTPOU3BOACTBA HAHO H
KOMIIO3HUHOHHBIX MATePHAJ0B» KYPCOB MEPEeNnoAroTOBKH H MOBbIIIEHHS
KBaJH(HKAIHH NIpenojaBaTesieii HanpaBJaeHUus «XHMHYeCKAs TEXHOJIOT U
(Mo mpou3BoOACTBY HEOPraHHYECKHX BelleCTB H MHHEPAJILHBIX YI00peHHI)
TamKeHTCKOro XHMHKO-TeXHOJOTHYECKOr0 HHCTHTYTA

O6paszoBarenbHas  mporpaMma M y4eOHO-METOAMYECKHH  KOMILIEKC
NOArOTOBINEHEl  JJII  [IEPENOArOTOBKM M IOBBIMIEHHWS  KBaJU(QHKAIUK
npenojaBaTesieif Mo HaNpaBIeHHI0 « XUMUYecKasi TEXHOJIOIUsh» (110 MPOU3BOACTBY
HEOPraHM4eCKHX BELIECTB M MHHEpalbHBIX YJ00peHui) B OTpacneBoM LieHTpe
npy TalmKeHTCKOM XMMUKO-TEXHOIOTUYeCKOM HHCTHTYTE.

VY4yeOHO-METONHNYECKHH KOMIIIEKC 1o y4deOHOMY Moaymw «MeTomsl u
TEXHOJIOTHH [POM3BOJCTBA HAHO M KOMIO3HIIMOHHBIX MaTEpPHANOB» COCTOMT M3
pabouell  mporpaMMbl  MOIYJs;  HHTEPAKTHBHBEIX  METOIOB  OOy4YeHHMS;
TEOPETHYECKOT0 W NMPAKTUYECKOro MaTepuaia 3aHsATHH; TeM KBaTU(DUKAIMOHHBIX
BEIYCKHEIX paboT; OaHka KeicoB, mioccapus, CIHMCKa HCIOIb30BAHHOM
JTHUTEPATYPBI.

Conepkanue y4eOHOTO MOMYNS COCTOMT W3 2-x uacted. Ilepsast vacTp
IOCBSILEHA M3Y4YEHWI0 HAHOTEXHONOIWH W HaHOMAaTepHalioB, B TOM 4YHCIe
OCHOBHBIX IIOHSITMH HAHOTEXHOJIOTHM M HaHOMATepHaloB; METOAOB CHHTe3a
PasMYHBIX THIIOB HAaHOCTPYKTYPHBIX MAarepHajloB M HaHOOOBEKTOB. Bropas
YacTh MOCBSILEHA TEXHOJOTHMUM IOJIyYyeHHe KOMIO3HIMOHHBIX MaTepualos;
M3YUYEHHUIO OCHOBHBIX BHIIOB MaTPHUL M apMHUPYIOUIMX MaTEPHUATIOB, B TOM YHCIE
M3Y4al0TCsl HeTpaAuLHOHHBIE H OHOKOMIIO3HTHL, & TakkKe chepbl UX MPUMEHEHHS.

HpaKTH‘{eCKHe 3aHATHSA  [OCBALUCHBI HU3YYCHHMIO OCHOBHBIX METOJ0B
MNOJIyueHHus HaHO u KOMITOBHUIIHOHHBIX MaTepHualloB, BO3MOYKHOCTEH
HCIIOJIB30BaHUA COBPEMEHHBIX METOJOB CHHTE3a. OcBoenne y‘{e6Horo MOLYJIisA
«MeTtonpl U TEXHOJIOTHH TIPpOMU3BOACTBA HAHO M KOMIIO3HMIIMOHHBIX MAaTE€pUaJioB»
MO3BOJISAET TOBBICHUTE 3HaHUA H TIPaKTUYECKHE  HaBBIKHA HpO(bECCOpCKO-
NpenoaaBaTeJIbCKOI0 CoCTaBa BBICIIHX y1{€6HI>IX 3aBeﬂeHHﬁ, CHOCO6CTByeT
YCOBEPUIEHCTBOBAHHIO yqe6H},1x nporpaMm JUCHHUIIITHH CIIEHATbHOCTH.

HeKaH (baK}’HbTeTa TEXHOJIOIHH
HEOpraHU4YeCKUX BEIeCTB U
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