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To whom it may concern

Expert Review on the Education Module “Innovative Technology af Composite Materials™,
prepared for dhe “Chemical fechnology™ specialization on feachers retraming and aducagonal courses

Based on the proposed program, the Module “Innovative Technology of Composite Materials™ is effectively devoted
o the sudy of modern technolomies in the production of composites. The module studies materials for matrices and
fillers, with their properties and applications. Also the production technologies for polymer-matrix, ceramic-matrix
and metal-matrix composites are inchoded. Interstingly, I note that a special attention is paid to carbon-carbon
composites and non-traditional composite materials such as Self-FReinforced composites, Biocomposites and
Composites for Stuciral Design.

Based on the information from colleagnes, the Module consists of 3 theoretical part and practical tasks, includes the
case siudies for self-shady programs, the glossary and the list of references. I azree on the fact that the preparation of a
glossary, contaiming reviews in both Uzbek and English lanmmages, will enhamce the assimilation of the program

I think that the module “Innovative Technology of Composite Materials™ can be used for educational purposes on
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I. 1IITYN JACTYP
KHUPHUI

JlacTyp pHUBOXJIaHTaH MamilakaTiaapJard XOpWXKUN Taxpubanap acocuaa
“Kumépuit TexHosiorus” YHaIUIM OYiinya rmeaaroruk KajapiaapHu Kata Tanépari
Ba Majlaka OIIMPUII YYyH MILIA0 YMKWITaH YKyB peka Ba JacTyp Ma3MyHHJIaH
KeJnO YWKKaH XoJija Ty3uiraH Oynu0, y 3amMoHaBHMi Taynabiap acocujaa KaiTa
Tal€pran Ba Majlaka OIIMPHUII KapaCHJIAPUHUHT Ma3MyHUHHU TaKOMUJUIAIITHPUIIL
Xamja OJIMi TabJIUM Myaccacallapy Meaaror KaJpJapuHUHT OMITMMUHU Ba KacOuii
KOMITETCHTJIUTHHU MYHTa3aM OIUPUO OOPUIITHM MaKCa KUJIa Iu.

NHHOBAIIMOH TEXHOJOTUsIapra acocjiaHraH MKTUCOAUETra YTUIIHU sHaAa
KaTAJUTAIITUPHII MAaKCaIUa XOM all€Hu JacTIa0Ky UIIUIOB Oepud sipuM MaxcyJioT
KYPUHHILIUTA dMac OaJIKM YHU SKYHUW Tal€p MaxcCyJjoT Japakacura €Tkaszu0 sHTU
TypJaru OelruiaHraH XyCyCHUSITIU MaTepUaUIapHU OJIMINTa YbTUOOPHU KapaTHUIIl
JIO3UM. ByHUHT y4yH MUHEpaJl XOM alll€HU YyKyp KauTa UIUIAlra WyHAITHPUIITaH
unutad  YMKapUIUIApHU  MOJIEpHM3alMs  KWIWIL, TEXHUK  sSIHTWJIall — Ba
JquBepcuUKaIvs KWINIL, MHHOBULIMOH TEXHOJOTUSIIAPHU KEHT KOPUN STHUII 3apyp.
HanorexHomnorus sxapaénnapu, pu3uk-kuMEBUA acocnapu (paHUHUHT YKYB 1acCTypy
SHTM IIAK/UTaHUO OopaéTraH HAHOTEXHOJIOTHS PHUBOXKJIAHUIIMHUHT ~ aCOCHM
HYyHamMIuapy XxaMmJa Maxcyc MacajlajdapHy XaJl KWL coXalapuaaru OMiMMiIapHu
YyKypJAITUPUILTA BA KYHUKMaIAPp XOCKJI KWJIUIITa KapaTUiraH.

MoayaHUHI MaKcaau Ba Basudaiapu

“KuméEBuil TexHojorus” WYyHANMMUIIM OYyinuya OJIMKA TabJIMM MyaccacalapH
nejaror KaapJapuHu KaiTa Tadépiiall Ba MalaKaCHHU OIIMPUII KYpCH YKYB
JaCTYpUHMHI Maxcyc (annap Onokura xuputwirad “Kumé canoarunaru
HaHOMAaTepHaJIap” MOJYJIH MIIYU JACTYPUHUHT MAKCAOU — HAHOTEXHOJOTUSTHUHT
acoCHil TylIyHYajJapH, HAHOTEXHOJIOTHUSIHUHT TaJKUKOT OOBEKTJIapU Ba YJIapHHUHT
CUH(IIaHUIIIH, HaHOTEXHOJOTUSHUHT PUBOXKIJIAHUILI Oockuunapm,
HAaHOOOBEKTIAPHUHI ACOCHUW TypJlapy Ba yjlap acoCHJard HaHOTH3UMIAp,
YIIEpOIM HAHOTpyOKayap, (ysuiepeHnap, CynpaMmoOJeKyyslp KHUME, HOOpPraHUK
HaHOMAaTepHaJlIap; HAHOCTPYKTypaJlaHTaH MAaTepUaUIAPHUHT CHUHTE3 YCYJUIApH,
dbyHIaMeHTan acociaapy TYFPUCHAATH MabIyMOTIApHU KaMpad oyBUM OMIUMIIap
TYFpHUCcHIa Ha3apuil Ba KacOWi Tal€prapJuKHU TabMUHJIAII Ba SHTUJIAII, KacOMii
KOMIIETEHTJIUKHA PHUBOXKJIAHTUPHUII aCOCHAA TabJIUM-TapOus >KapacHIapuHU
camapaJid TalllKuI dTUII Ba OOmIKapuil Oyiinya OUiauM, KYHHKMa Ba MaJlaKaJlapHU
TaKOMUJUTAIITHPUILTA KAPATHIITAH.

“Kum€ canoatuaard HaHoMmarepuauiap”’  (GaHUHUHT  easucpacu —
HAHOTEXHOJIOOTHSJIapra  acocjaHraH  TEXHOJOTMK MU0  YMKapUILIapHU
pexanaliTMpuil  Ba  TAUKWUIAIITHPWIIHW;  HAHOTEXHOJOTHK  Kapa€Hiap
YTKa3WIUIIMIIY YYyH ONTHMaJl OMWJUIAP TaHJAlHW; HAaHOMAaTepUaJUIApHU MIILIA0
YUKApUII >KapaHIapuaard MapxXyJ A013ap0 amaluil MacajallapuH{d €4HII yYyH
SHIM TEXHOJOTHSUIAPHU KYJUlall, Maxcyc (aHiap CcOoXacHIaru YKUTUIIHUHT
WHHOBAIIMOH TEXHOJIOTHSJIAPH Ba WIFOP XOPMXKHU TaXKpUOATApHU Y3JIallTUPHILL
“KrMéBuil TexXHOJIOTHSA® WYyHaIMIIUAA KaWTa Tal€piaml Ba Majaka OLLIMPHIL
*Kapa€HJIapuHUHT (haH Ba UIUIA0 YMKApULI OMJIaH UHTErPAIMSICUHN TAbMUHIIAIIUD.
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Moy 0yiin4a TUHIJIOBYMJIAPHUHT OMJIMMH, KYHUKMACH, MAJIAKACH Ba
KOMIIeTeHUUSJIAPra KYHWIaJuran tajadJaap

“Kumé caHoarujiard HaHOMaTepuayiap” MOAyJIu OVirWuya THHIJIOBYMIAP
KyHugaru sHrd OwinM, KYHMKMa, Majlaka XamJa KOMIIeTeHIMsuIapra »sra
oynuiiapu Tanad dTUIAIN:

TunriaoBun:

- AHOTM3UMHUHT KpUCTAIUIO(PHU3MKACH, HAHOCTPYKTypajap Ba yJIapHUHT
cUMMeTpUK udogacu;

- ANEKTPOHJIAPHUHT SHEPreTUK CIEKTPU KBAHT YIUIOB CTPYKTypaiapuaa
KBaHT HyKTaJIap, TOJIaJlap, IOKOPH Jlapa)kajiu NMaHKapaHUHT axaMUSITH;

- XOJUTHUHT KBaHT 3(P(GEeKTH Ba KBAHT YIYOB CTPYKTypajdapu OITHUK
XYCYCHUSTIAPUHUHT MOXUSITH;

- HaHOKATJIAaMJIM KOMIIO3UIIMSIIIAPHU MarHuT XoccajapH, KOHJecallusJlaHTaH
MYXHUTJIap]ia SHEPTuUs Ba 3apsyiap YTKa3UIIl KapacHIapHu;

- HaHO3appayajapHu YJI40B Ba GYHKIIMOHAJ XOCCalapH;

- MOJIEKYJISIp AMHAMUKA, KOHPOpMAIIUs Ba HAHOTU3M CUMMETPHUK TaCBUPH;

- (dazanapapo yerapajapHu TepMOJMHAMHUKACH Ba KUHETHKacH, Kiacrep;

- MUILIeJIATap XOCU OYJIMIIM, TOIMMEpU3aIUsiIall, MaTpulla CUHTE3HU, Y3apo
IaKJIJTAHUIIL

- HaHOMAaTepuajiap: 30JU1ap, Teiulap, CYCIEH3UsUIap, KOJUIOWU >pUTMaiap,
MaTpUlIa-aKpaTUiraH  KJIACTEPJId  IOKOpU  Jlapakajard  CTpyKTypajiap,
dbynnepennap, yriaepoyii HaHOTpyOKamap, MOJMMEpJap, IOKOPH Japaskaiu
naHxapainap, onomeMopanaap;

- HaHOTU3MJIAPHU ANEKTP VTKa3yBYH, HCCHUKJIMKYTKA3yBUU Ba
MEXaHUKXO0CCalapu;

- HAaHOKMMEBHUIM KOMIIOHEHTAJIAP: KaTaau3zaTopiaap, COpoOeHTIap, peakTopiap;

- HAaHOKATIaMJIap CHHTE3W YCIyOnapu: aTOM-MOJICKYJISIp  SIHTAKCHS,
MOJIEKYJISIp Ba KUMEBHUI KOHCTPYKTpJIalll;

- Jleurmiop-biokeTr MOJEKyJsp  Kariamjam - ycliyOu, — MOJIMAaHUOH
MOJIEKYJSIP KOHCTPYKTpJIall;

- IOKOpY Jlapaxaja JIOKAUIAHTaH KOIUIAHUIL, QXKpaTHUIll Ba MOJJAIAPHU
MoAM(pUKALMSIIAI yCIyOnapy Xakuaa OWimmJiaapra sra OyJIuiim;.

TuHrI0BYM:

- HaHOMAaTepHAIJIApDHU ~ MaxCcyc  Xoccallap, YyJIapHU  (PU3UK-KUMEBHM
TabuaTiapu OOFIMKIMKIAPU, TAHJIOBYAHIIUTH, SHEPTUs XaKMIIMIUA Ba AJIEKTPOH
XOTUPACUHUHT MOXUSATUHU OWJIMINHM Ba yiapjaH (oiganana oIl

- HAHOCTPYKTypaJlalllraH MaTepuauiapHu (GU3UK KUMECH, KMUMK aHCaMOJUIH
MOJIEKYJIajap, MOJICKyJIapapo y3apo TabCUPH XaKua TacaBBypra 3ra Oy mir;

- KOPIYCKYJI0-(pOTOHIN Ba AIEKTPOKUMEBHI HAHOTEXHOJIOTHUsLIIAP,
HAHO30HIJIM JIOK&JI CHUHTE3 Ba MOJJIAaHU aXpaTUll, MaTepuasl H03acUHU
MOAU(pUKAUSIIANT KYHMKMA Ba MaJIaKAJAPUHU dTaJIJIAIIH.



THHIJI0BYM:
- 3aMOHABHMI WHHOBALIMOH TE€XHOJOTHSJIAPHUHT UMKOHUSITIAPUHU HAMOMUIII
KWJINII TAMOWMIJJIAPUHU aKpaTrUO KypcaTa OJIHIIL,
- TEXHOJIOTHMK ONEpalMsJIapHAHT MHHOBAIMOH TEXHOJIOTHA >Kapa€HJapuaaru
VpHUHU Ba yJIapHUHT XapaKTEepUCTUKaTapUHU (hapKJIalll;
- KEpaKkiu XycCycusTiapra sra OyjiraH HaHoMaTepuaiap TapKUOUHM TY3HUIII
Ba YHUHT (DU3UK-MEXAHUK XOCCAJIAPUHU JIOMUXATAIITUPHUII KOMIIETEHIIUSIJIAPHHU
srajijlaliiv JIO3UM.

Moay THMHI TAIIKWI 3THII Ba YTKa3uIlI Oyiin4a TaBcusijiap

“Kum€ caHoatujard HaHOMaTepuayiap’ KypcH Mabpy3a Ba aMaluid
MAaIIFyI0Taap MaKIuaa oJmb 6opuiaiu.

Kypcan §yKkuThmn sxkapa€Huga TAbIMMHHUHI 3aMOHAaBUM  METOMJIAPH,
NeJaroruk  TEXHOJOorusjgap Ba  axOOpPOT-KOMMYHHUKAIMSl  TEXHOJIOTHUsIapu
KYJUIAHWUJIMIIN Ha3ap1a TyTUJITaH:

— Mabpy3a Japciapuaa 3aMOHABUN KOMIBIOTEP TEXHOJOTHIApH EplaMHuaa
IIPE3EHTALMOH Ba AJIEKTPOH-IUAAKTUK TEXHOJIOTUSIIAP/IaH;

— YTKa3uiIaaurad aMmaaui MalFyJioTiaapaa TEXHUK BOCUTAIApAAH, DKCIpecc-
CYpoBIap, TECT CYpPOBIAPHU, aAKJIUN XYXKYM, FypyXJu (UKpJanl, KHYUK Typyxjiap
OWJiaH MIUIAll, KOJUIOKBUYM YTKa3UIll, Ba OOLIKA MHTEPAKTHB TabJIUM YCYJUIAPUHU
KYJUIall Ha3ap/ia TyTUJIa]IH.

MoayJHHHT YKYB pexajaru 001Ka MoayJiap Oujian
OOFJIMK/IMIY BA Y3BHIJIMTH

“Kum€ canoarumaru HaHomaTepuayiap” ¢GaHu YMyMMYTaXacCUCIUK
danmapy Maxkmyacura TaajUIyKJad OYiauO, oyuil TabJIUM MyaccacalapUHHHT
npodeccop-yKuTyBumiap yprauumaad. “KumEBuil TeXHOIOTHUA MYTaXacCCUCIUIU
oOyiinua xuputuiran “Kumé caHoatupaaru HWHHOBALMOH TEXHOJOTHUsUIap” Ba
“KOMNO3UIIMOH  MaTepUAIAPHUHT  WHHOBAIIMOH  TEXHOJOTUsUtapu”  OuiiaH
y3Iykcu3 OOfnuK Oynu0, ymly MOIy/UTapHU Y3JalITUPHILAA amMaiuid Epaam
oepamu.  “Kum€  caHoarumaru  HaHOMarepuaiiap’  MOIYJIMHU  TYIIHK
y3namtupuinga  Ba  aMmanuil  BasudanapHu  Oaxapumga — “MyxaHIHCIUK
TEXHOJIOTHACHUIA TU3UMIIM TaxJIMJI acocaapy (KUMEBUI TeXHONOruUs)”, “ONeKTpOH
nejjaroruka acocjiapy Ba MEJAaroTHUHT IIaXCUM, KacOui axOopoT MailJioHUHU
jJouuxanamr’, Xamaa “AMaauid  XOPWXKUM THJIHM YPraHUIIHUHT HWHTEHCUB
ycyJutapu” MoayJutapu Epaam Oepaiu.

Moay/JTHUHT 0JIMH TABJIUMIATH YPHU
“KuM€ caHoatuparu HaHOMaTepuamiap’ MOIYJIM KaiTa Tal€pnam Ba
Maiaka omupui iyHamumuHu “KumEBuit TexHonorus” MyTaxacCUCIUru Oyitnua
Maxcyc MOAyJUIapAaH gapc OepyBuu mpodeccop VKUTYyBUMIAP YUYYH MYXUM
YpuHHU HSrauiaigud. Ymly MoAyn OJMi TabiuM Myaccacaiapuaa Ttajgaba Ba
nejarorjap TOMOHHUAAH VKyB-WJIMUN HILIApUHA OJIMO OOpUII YYyH acocuid
Ha3apuil Ba amanuii OuiaumIiiapHu Oepau.



MoayJa 0yiin4ua coatyiap TAKCUMOTH

Mopaya maB3yJaapu

TUHIIIOBYHHUHT YKYB
IOKJIaMAaCH, COaT

XamMmacu

Ayautopus
VKYB HOKJIaMacu

Kamu
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Hazapwuii
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aMaJIMu

MycTakuji TabJaum

Kupum. HaHOTEXHOIOTUAHUHT acocHii
TyuryHyanapu. @aHHUHT TpeIMeT Ba Ba3zudanapu.
HaHOoTeXHONMOTMsITapHUHT PUBOKIIAHUILL
TeHaeHuuscu. Hanotexnonorusnap Tyrpucuaa
ymymuil MmabiiymoT. HaHooObekT, HaHOMaTepual,
HAaHOTEXHOJIOTUS TYIIYHYACH.

HaHooOBekTnapHUHT acOCH TypJiapu Ba yJap
acocuzaru HanocucreManap. Hanoszappadanap Ba
HaHOMAaTepHUaIap XyCyCUSTIAPUHUHT (PU3UKABUIA
cababnapu. HanooObwektnap Tacaudu.

HaHnocTpykTypasiaHran MaTepuasiapHi CHHTE3
ycyiuapu. Hanozappanap, HAaHOKyKyHJIapHU
cuHTe3 Kuui yeyiuiapu. 0-D HaHooOBekTHap. 1-
D nanooOwekTnap. Yriepoacus HaHOTpyOKaap.

2D-Hanoctpykrypananran matepuasiap Ba
yIJIEpOUIM HAaHOMAaTepHUall CUHTE3 ycyiapu. 2-D
HanooOwektnap (ronka ruienkanap). ®azanu
SMUTAKCUA. YTIIEPOAIN HAaHOMAaTepuaiap.
VYrieBoopoasii HaHOMaTepUaIap CUHTE3H.
VYrneBopoanu HaHOMaTepUAIAPHUHT
WIUIATAJIUIIIH.

Hanomarepuasniap Ba yHUHT PU3UK-KUMEBUN
Taxyui ycysuiapu. CKaHepJI0BYM TyHEIIN
Mukpockon (CTM) uuuiaim npuHIUILIApU. ATOM -
KYWIAHHIILTH MUKPOCKOT (CKaHEePJIOBYH
KyujgaHunuim Mmukpockon) ACM. HaHoTexHOIOTHK
30H]UIM MalllMHAajIap.

Kamnu:

24
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HA3APUHN MAIIFYJIOTJIAP MABMYHHA
1-maB3y: Kupum. HaHOTeXHOJTOTHSIHUHT acOCHii TYIIyHYAJIapH.
®aHHUHT nIpeAMET Ba Basudanapu. HaHOTEXHOIOTUSTIAPHUHT PUBOKIAHUIII
TeHIeHIusIcu. HanoTexHosorusiap Tyrpucuia ymymui MabiiyMoT. HaHOOOBEKT,
HAaHOMATEpUaJl, HAHOTEXHOJOrWs TymryHyacn. Kum€ Ba  marepuasap.
benrmnanran xoccand HaHOMarepuaiap oOJdMIjga WiM-(paH Ba TEXHUKa
IOTYKJIApUHU TaAO0UK KUJTHIII.

2-maB3y: HaH000beKTIApHUHT aCOCHI TYpJIapH Ba yJjap acocuaaru
HaHOCHCTEMAJIap.

Hanozappauanap Ba HaHOMarepuaiap XyCYCHUSTIAPUHUHT (U3UKABHMA
cababmapu. HanooObexktmap tacHubu. dymiepennap. Yriaepomnu TtpyOkamap.
Cympamonekynsip  kum€.  Hoopranuk  HaHomartepuaimap.  Buckepmnap.
Manraautnap. FOxopu xapoparnum yra yrrasruwiap. @DOTOH Kpucramiapw.
buokepamuka. Hanoonmocnap. ['aznu rugpumiap. ['aznmapaaru knacrepiap.

3-maB3y: HaHOCTpYKTypaJIaHraH MaTepUAJIAPHU CHHTE3 yCYyJUIapH.

Hanozappasiap, HaHOKYKyHJIapHM CHHTE3 Kuwiuil ycyiutapu. ["azdazanu
cuHte3 (OyFJIapHUHT KOHJeHcaluscH). [lnasmakumEBuil cuHTE3 — Jazepiiu
abmsmus.  Komnmoup osputManapiaH  UYyKTUpUO ONWII — 30J-Ted  JKapaéH.
Monekynap-00fiamid  dSMUTaKCUs, Ta3das3anu dSIHUTAKCUs, CYIOK (asanan
smutakcusa. 0-D  waHooOBekTnmap. 1-D  HaHoOOBeKTIap.  YTiiepoacus
HaHOTpyOKamap.

4-maB3y: 2D-HanocTpykTypajiaHran marepuajiap Ba yriiepoaiu
HAHOMATEPHAJ CUHTE3 yCYJIapH.
2-D HanooOwektnap (romka tuieHkanap). dazanum smutakcus. YTiaepomm
HaHOMaTepHayiap. YTJIEBOJOPOIN HaHOMATEepHAIIap CHHTE3U. YTIJIEBOJAOPO N
HaHOMAaTepHUAJIAPHUHT UIUIATAITUIIIN.

5-mas3y: Hanomatepuasiap Ba yHMHI QU3MK-KMMEBUI TAXJIWI yCyJLJIApH.
OnekTpoH MHUKpockon. CkaHepioBuM TyHeJun Mukpockon (CTM) wunuiamn
OPUHIUIUIApUA. ATOM - KywlaHUIUIA MHKpPOCKOIN (CKAHEpPJIOBYM KYy4YJAHUIUIA
mukpockor) ACM. HaHOTEXHOJIOTUK 30H]IM MallluHaIap.

AMAJIMA MAIIFYJIOT MA3SMYHH
1-amanuii mamryaor: Kpucraan HaHocucTeMaliap Ba yJIapHH aXaMHUSTH.
HanoTexHo/10rusi Ba 3J1eKTPOHHUKA.

3appadajlapHUHI 4Yerapacu. 3appadajiap YerapacMHUHI MUTPALUSCH.
MynTtumier ukkwiamuu 3appadanap. ducnokanus. JKodnammum nedextnapu.
VYukappanu TyryH. Xomi-Ilety konyHu. TabKUKIaHTaH YerapaHUuHT KEHIJIUTH.

Monekynsp sneKkTpoHuka. Epyrmuk amomu (LED). Maiion s¢gextiu
tpansucrop (FET). IOnka mnenkamu tpansucropaap (TFT). bup snexrponin
tpanzuctop (SET). 3apsn Oormanunum kypwima (CCD). KommiuemenTap
Metanokeum ApuM  yTkazrud (CMOS). Twrantmaraut kapuuaura (GMR).
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OnTosnekrponuka. @doromomunecuenuusa. @Doron kpucramiap. DoroHukKa.
IO3amnasmon. IIbe3opesuctuB  3pdexr. CnuHTpoHMKA (CIIMH — acOCHIAru
anekTpoHuka). Kyour. KBant kommtorepiap.

2-amanamnii MamryJaot: [losiumep HaHOMAaTepHaJ 0JIMII Ba YJIaApHU
xoccajapuu. Hanouesiono3za. buomnmeruka cucremMajapH 0JIMII Ba
YJApHH X0CCAJIAPH.
Cyrok kpuctai. akn xotupanu nonumepaap. Hanonemonosa. Tykumanu
uHxeHepus. buomocnanryBuannuk. buomumernka. DneKTpoH OypyH. DJIEKTPOH
tui. bor. Hano6ot. lopunapau makcaau erkasuii. JJHK-uum.

3-amauuii mamryJaor: HanomatepuaJs oJMil Ba yJIapHH X0CCAJIAPHH.

Tarnan-tenara Ba Tenagan nactra. byr dazacungan pusukaBuii yyKTUpUII
(PVD). Ilna3ma. byr ¢azacunan kuméuii uyktupuin (CVD). HMccuk uzoctaTk
npecinam (HIPing). [Tuponuz. Yukynnu minazmanu numupui (SPS). Tenr kanauiu
oypuakiu mnpecciam (ECAP). MexaHuk KoTUIIManaml. byF-CYIOKIHUK-KATTHK
momaa ycyimu (VLS). DOnurakcusa. Hanomutorpadusi. Fab. Asporen. Ksant
HyKTanapu. bakmuHcTep — ¢ymiepeH. Yriepoanu HaHoTpyOka. HanoTonanap.
HanoxoOukmnap. Hanocumnap. Hanomarepuan. Hanoctepxxnnap. Buckepnap.
FOnka nnenkanap. Me3oroBakiau Marepuain. MynTukasatiap.

4-amanuii mamryJaot: HanomerpoJsiorus.
ATOM-KywIaHMITM ~ MUKpockorus (AFM).  AToM  MaHUIYJISIUSCH.

Hanonutorpadus. Hanounnentudukanusar. DIEeKTpOH MHKPOCKOII.
MukpokantuiieBep. CKaHUPJIOBUM SIKMH XYAYJUIM ONTUK MuUKpockonusi (SNOM).
PentrenoTosnekTpoHCIEKTPOCKOIHS (XPS). Yr1a YKa3yB4aH

kBaHTUHTEpPepomeTp (SQUID).

S-amaymii MmamryJaoT: HanomaTepuasIapHUHT 3KOJIOTHK X0CCAJTIapH.

Exunru  osnementn. ®otokaTtanus. HaHOTeXHONOTHS Ba  KypUIMII
MaTepuaap.

VYKUTHUII IAKJIJIAPA

VKUTHITHN KYHuIary yeyIuapuHEy pexkasa TYTHIITaH:

— MHUHHM-Mabpy3ajap Ba cyxOamiap (TagKMKOTHU My’KaccaMJIAIUTHPHIL,
ypraHuiira KU3UKUIIHU Ky4alTUPHUIL);

— JUIAKTUK Ba pOJUIM YHuHIap, 0axc MyHo3apaiap (Koujanapra puos
KWINIIHY  YPraHWI, XaMKOPJIWMKHHM TabMHUHJALI, JOTHMK XyJoca KWIMIIHUA
MIaKJJTAHTUPUII );

— JIUCKyCCHUsl Ba JIUCIyTiap (OparMeHT Ba AAJWUIAPHM aHUKJAIl, KYJIOK
COJIMII Ba COJIMIUTUPUIIHN [NAKJIJIAHTUPHILI);

— TPEHUHT 3JIeMEHTIapy (MIO3UTUB MyHOCA0ATHH IAKIUTAHTUPHILI).

Tabaum Oepurnina 3aMOHaBUN MEAAroruk Ba MHGOPMaMOH-KOMMYHHKATUB
TEXHOJIOTHsUIAp YCIyOJIapiuHU KYJUTall Ky31a TyTHIITaH:

— Hazapuu Marepuauiap NpPE3CHTAlMsA IIAKJIWAa YTKA3WIIIa 3aMOHABHUU
KOMIIBIOTEP TEXHOJIOTUSJIAPHU KYJIJIAll PEeKAIAIITUPUIITaH;
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— aMalui MaTepuayiap HMHTEpPaKTUB ycnyOnap €paamuna OakapuiIuiiu
pexanamTHpuiIran (Keic-ctaan, MyaMMOJIH Ba3UsITiap, HHTEPBbIO Ba 0.).

BAXOJIALI ME3OHUA
Maxkcumain
Ne baxounam Typaapu e bammap
1 Keiic Tonmmpukiapu 1.5 Gann
2 MycTrakui Ui 2.5 1.0 a1

TONIIMPUKJIAPU

11




I1. MOJIYJHHU YKUTHIIJIA ®OUTATTAHNUIAJTUT AH UHTEP®AOJI
TABJIUM METOJIAPHA

«ARJUN Xy:)KyM» (OpeHHCTOPMUHTI) MeTOIU

MeToAHMHI MAaKCaau: aMaluid €KW WIMHUHA MYyaMMOJIADHU XaJI JTHII
buUKpiIapHU  KaMoalld  TeHepalus KWK, YKUO-Ypranum  (GaousITHHU
daomnamTUpUIL, MyaMMOHM  MYCTaKWil  TYIIYHUII ~ Ba  XaJl  JTHINra
MOTHUBJIAIITHPUIITHU PHBOKIIAHTHPHIIL.

o AKMii  Xy)KyM BakTHJa WINTUPOKYWIIAD MYypakkad MyaMMOHHU
Oupraavkaa Xaux THUINTa UHTWIKIIAAN: YIapHU Xajl dTUII Oyiinda ¥3 GuxprapuHu
ownnupanu (reHepanusi Kuiaau) Ba Oy (ukpmap TaHKHI KWIMHMACIAH yiap
opacujiaH SHI MyBO(UKH, caMapaliicu, MakOyJdu Ba Iy kaOu (ukpiap TaHiad
OJIMHUO, MyXOKama  KWIMHAJAW, PUBOXIAHTHpWUIAAM Ba YOy QukpiapHu
acocIall Ba paJ dTUII UMKOHUATIApH 0axoJiaHaau. Xap Oup Typyx u4uaa yMyMui
MYaMMOHUHT OUp KUXATH XaJl dTHUIIA]IH.

Hamyna: Xap kaHaail HaHO OMPHMKMAJIAPH KOMIIO3UTJIAP TAPKUOMHU
TY3HIIAA (PpoiigaIaHNIMIINT MYMKHH-MH?

TYrpuaan-Tyfpu skaMoajm aKJIUi Xy:KyM — WIOKH Oopuya KYHpOK
bukpnap WMFUIUIINHN TabMHUHIAWIU. byTyH VKyB rypyxu (20 KummmaH OpTHK
6yaMaran) OMTTa MyaMMOHH XaJ 3Taju. YKYB TYPyXHIArd Xap OUp THHIJIOBYH
yim0y Mmyammora aBo6 6epanu, 3 GukpuHu Ounaupuo, nanusuiap KeaTUPaIu.

Macanan:

1-tunrnoBun: Xap KaHJall HaHOMaTepuagap KOMIO3UTIApJa KYJUIaHUIIU
MYMKUH.

2-THHTIOBUM: MYK, Xap KaHmail HaHOMAaTephaIapia Ky/UIaHMIHIIN
MaKcaara TyFpu KeJIMaiam.

3-TUHTIIOBUM: ACOCaH HaHOMaTepHaUlap TapkuOuAa 2 TypJaru 3appadanap
KYJUTAaHWJIAIU.

“BeHH quarpaMMacu’ MeToau

Metoanuur Mmakcaau: by Meron rpaduKk TacBUp OpKIA YKUTHUIIHUA
TAIIKWJI TUII AKIA OYIn0, y MKKUTA y3apo KECUITaH ailllaHa TaCBUPH OPKaJIH
udponananaau. Maskyp MeETOA Typiu TyIIyHYauap, acociap, TacaBypJIapHUHT
aHAJIN3 Ba CMHTE3WHU MKKH ACTIEKT OPKAIH KYypHWO YWKHII, YIAPHUHT YMYMHH Ba
(bapKIOBUM KUXATIAPUHU aHUKJIAI, TAKKOCTIAIl IMKOHIUHHU Oepajiu.

MeToaHu amaJira OIIMpUIlN TAPTUOM:

o UIITHPOKYIUIIAP UKKHU KAMMaaH ~ ubopar  Kydriaukiapra
OupnamTHpuUIaauiIap Ba ynapra KypuO 4YWKAIaETraH TyIIyH4Ya €KW aCOCHHHT
y3ura xoc, ¢papkiv KuxaTaapuHu (EKU aKch) Joupayiap nuura €310 YuKuI Takiand
STHIIA]IH;

o HaBOaTmarn OOCKMYAA MINTHPOKYMIIAp TYPT KUIIUIAH MOOpaT KUIUK
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=

rypyxJjapra OupjaliTUpUiIagu Ba Xap Oup Ky(PTauk y3 TaxJawin OWiIaH TypyX
ab30JIAPUHU TAaHUIITUPAIUTIAD;

o KYQDTIUKIADHUHT TaxXJWJIW SIIATWITAY, yjap Oupraiamuo, xKypuo
YUKWIAETraH MyaMMO €XyJ TYIIyHYaJapHUHT yMyMHUH JKUXATJIapuHH (EKH
dapxin) u3nad Tonmaauiaap, yMyMJalITApaauiIap Ba JOUpadaJapHUHT KECHINTaH
Kucmura €3aaunap.

Hamyna 1:

“Hous-yimyaMiau MycTaxKaMJIalITUPUII KOMIIOHEHTJIapu~ Ba “‘bup-ymyamin
MyCTaxKaMJIalITUPHILI KOMIIOHEHTIapu MaB3ycH OYyitnua “BenH auarpammacu’.

Ymymui srcuxamnapu:

1. Komnosutnapja MycTaxkamyIalITUPyBUU Bazu(pacuHu Oa’kapajiu.

2. KoMmo3uTIapHUHT TePMUK 0apJOLUUIUTHHN OLIHPAIH.

3. KoMno3uTiapHUHT MyCTaXxKaMJIMTHHU OLIHPAIH.

4. KoMITO3UTIapHUHT KATTUKJIUTUHY OIIMPAIH.

Qap Ku Hon-yauaman
JHecuxamJjiapu HAHOMATEPHA
v o v
Hano- Ba Mukpo-ynuamin 3appavanap 1. Toma, i, “MyiiIoBIap” MAKTHIATH y3YH
. b b
H30oTponuk xoccaiiM KOMIIO3UT KPHCTAILIAP
xocun Oynanu
v yram . 2. AHM3O0TPOI XyCYCHUSATIU KOMIO3UT XOCHII
Ynauamu ya WyHaIMmga KAIuK 6yiran Gynam
yimyana Y
§/}II P 3. TomacuMoH TYIAMpYBYIIIAP, apMaTypa
eTaJul MaTPULIAJIA KOMIIO3UTIapia o
pun pA AJIEMEHTIIApH, KaJITa TOJIAIH TaOUuuit
MyCTaxXKaMJIaIITHPUILL MATEDHAILIAD
KOMIIOHEHTIIapU
Hamyna 2:

VYriepoa HaHOMaTepuaiapaary Tapkuou oyiinya “Benn nuarpammacu’.
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Yenepoonu

QDynneperaap
mpyoxanap.

VYIPAMONEKY-
JIAD MOOOanap

“KEMC - CTAJIN” meToau

«Keiic-ctann» wuHrIM34a cy3 - (case — aHUK Ba3uAT, Xoauca, study -
Vkutuin). By Merox aHMK Ba3MsAT, XOJMcara acocjlaHTraH YKUTHUIL METOIU
xucobnanamau. Keiic- yciny6 (Case study) — Oy pean MKTUCOAMMA €KW MXKTUMOUN
Ba3UATIAp TabpUPUHU KYJUTAWIUTaH TabJIuM OepuIll TeXHUKacuaup. bynaa Baszusr
Jeranja OMpOH aHMK XOAWCAHUHT Tabpudu Hazapaa TyTuiaau. ['ypyxra XaKuKHii
ax6opot TakauM 3TWiHO (y XaKMKHI Xoaucara acocjaHral €k yinad yumKuiIral
OyIMIIM MyMKHH), MyaMMOJIADHU MyXOKaMa KWJIHII, Ba3UATHU TaxJIMJ HTHIL,
MYaMMOHUHT MOXUSATHHU YpPraHu® YWKHIL, YJIAPHUHT TaXMHHUNA €YMMJIApUHU
Taku( Kuiuil Ba Oy eyumyap OpacHJaH SHT SIXINMCUHU TaHia® oMl TakIud
ATUIIA]IN.

«Keiic - cranm» MeToau Oyinya UIlial:

1. Sxka TapTnbaa nnwiam (ymymuii BakTHUHT 30% cn):

Bazusatr Owian Ttanumwmim (MatH OVinuya €ku cy3m1ad Oepuin OpKaiM).
MyammonapHu aHukIan. AXOOpOTHH yMyMialITUpUII. AXOOpOT TaXJIUIIH.

2. l'ypyxna unmnam (ymymuii BaktHUHT 50% cn):

MyaMMoniapHu Xamja YJApHUHT JI0J3apOiurd Oyiinda KeTMa-KEeTJIUTUHU
(uepapxusicuHu) aHukjanm. MykoOun eduM Hyninapuau umad yukunl. Xap oup
euMMHUHT ad3an Ba 3aud KuxarnapuHu Oenrunam. MyKoOWI eduMIapHU
Oaxosar.

3. SIxka TapTuOaa Ba rypyxaa unuiani (ymyMuid BakTHUHT 20% cu):

MykoOun BapHaHTIapHU KYJUIalll MMKOHHUSATIApUHU acociaml. XucoOoT
XamJia HaTvKanap TaKIUMOTHHYU Tan€pIIalll.

Keiic xapakarnapu ¥3 uumra Kywuaarwiapau kampad onaau: Kum (Who),
Kauon (When), Kaepna (Where), Huma yuyn (Why), Kannaii/ Kanaka (How),
Huma-natuxa (What).
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“Keiic MeTOIU” HM aMAJITA OLIUPHUII HOCKHUWIAPH

Wi 6ockuunapu

daoauaT MakiId Ba Ma3MYyHHU

1-6ockmu: Keiic Ba yHuHr ax00opot
TAbMHUHOTH OMJIaH TAHUIITHPHUIIT

SKKa TapTUOIaru ayIno-BU3yaJl HIII;
Ke¥ic OuaH TaHUIMI(MATHIIH,
ayauo €KY MeJiha MIaKIia);

ax00pOTHU YMYMJIAIIITHPHIIL;
axO0poT TaxJIUJIH;

MyaMMOJIApPHU aHUKJIAIT

AN

2-00cku4: KelicHM aHUKJIAIITHPHUIIT
Ba YKyB TOMIIUPUFHU OCITHIIAIT

WHAVBUIYaNT Ba TYpyXJa UIIUIAIL;
MyaMMOJIApHU J0J3apOITHK
UEePAPXUSCHHN aHUKJIAIIL,

aCOCH MyaMMOJIM Ba3UATHU
oenrunant

AN NN

3-00ckuu: Keiicmaru acocuit
MYyaMMOHH TaXJIWJI 3TUII OPKaJIH
VKYB TONIIAPUFUHUHT €YUMUHU
W3JIaIl, XaJd TUII HYJIapyuHU UIiao
YUKW

v’ UHIWBHIyall Ba TYpyXJa HIILIALL;
v’ MyKOOWII euuM HYIUIapuHu uiniab
YUKUIII,

v’ Xap OMp €YNMHUHT IMKOHUATIAPH
Ba TYCHUKJIAPHU TaX I KUJIHIIL;

v\ MyKOOWJI eyrMMJIapHU TaHJIaIl

4-0ockuu: Keiic eynMrUHN €YUMUHU
MIAKJUTAHTHPUII Ba aCOCIIAII,
TaAKIUMOT.

v\ SKKa Ba Iypyx/a HILIaI;

v\ MyKOOWJI BapHaHTJIApDHH aMaijia
KYJUIall UMKOHUSITIIAPUHU acocCalll,
v MKOOUU-TIONNXA TaKIUMOTUHU
Tanépari,

v\ AKyHHUH XyJi0ca Ba BasMsT
€YMMUHUHT aMAJIN ACTIEKTIIAPUHU
EpUTHIIT

Keiic 1. «Hanoyrnepom» Tonamapu OuiaH MyCTaxKaMJIAIITHPUIITaH
HAaHOMATEpUAIIIAD IOKOPU JJIACTUKIMK MOIYJIMIA 3ra, LIYHUHT YYyH yJap
XUMOSJIAIl BOCHTaNapuia KeHr KyJulaHuwiaau (OpoHexwneriap Taiépramiia).
AMMO OyHIali KOMIIO3UTJIAPHUHT TEPMUK OapIOILIUTH MACT KYypcaTKuwiIapra ara.
HanomarepuannapHUHT TEPMUK OapJOLUIMTMHU KaHAAl OIIKMPUILI MyMKHUH?

KeiicHu 6a:kapuii 60cKuMIapH Ba TONIIHPUKIAP:

* Keficgarnm MyaMMOHII KeNTHpUO WHKApTaH acocuii cadalmapHIT
OenrimaHT(MTHATBIY AT Ba KITIMK TYPYXIa).

* SlHTI  HAHOMATePHAIIAPHIIHT  TapPKIIOHIT
(oxy (PTHMKIAP AT I ).

Takmid)  STHUHT
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Keiic 2. Hanomarepuamiapu kuM€ caHoatiap/a WIUIA0 YMKApUIIAQ KEHT
KyImaHumamM. bBupok, ymap VY30eKHCTOHra acocaH deTJaH KeNTHPHIIAJIM.
V36ekucTonna HaHOMaTepuamIap HILIA0 YMKAPUIIHM TAIIKKI KWIAII Y4yH
UMKOHHUSTIIAPHU U3JIAHT.

 Keficgarn MyaMMOHI KeNTIpHO UIKapraH acociii cadabmapHi

Oenriar, 2apyp Ounumiap pyilxaTHHI Ty3HHT (ITHIBIIY al Ba
KITUIIK TY Py XJa ).

« Hanomarepian xoM ameécHu Ty mam Oyiida SaxapIiriaJiurad

HIIap KeTMa-KeTIUTHI OeNTIIIaHT (KY (PTIIITK/Ia MITLTaII).

= HEIHOI\-IEITGPIIEIHHEIP GO'BOPII HNCTCEMOIHUIIIIAPITHIT IT3ITaHT.
= BEI}I{ElpIIHFEIH HIUIIapHII TAKIIIMOT KITJIITHT.

“TymyH4agap TaxJuJan” MeTOAH

MeToAHHUHT MAaKCaaM: Ma3Kyp METOJ THHIJIOBUMIIAD €KUM KaTHAUTYWIIAPHU
MaB3y OyiMua TasHY TYyIIyHYaJapHU Y3JIAITHPUII Japa)KaCMHU aHUKJIAIL, V3
OMJTUMITApUHU MYCTaKHJI paBUIIIa TEKIIMPHUIL, OaxoJall, IyHUHTEK, SHTH MaB3y

Oylinua

JacTiadKu  OwyMMiIap JapaKacMHW — TalllXWC KWJIUII — Makcaauaa

KYJUTaHUJIaJu.
MeToaHu amMaJjira OMIMPUIN TAPTUOM:

UIITUPOKYUIIAP MALLIFYJIOT KOUAaIapy OujiaH TAaHUIITUPUIIAIN;
TUHIJIOBUMJIapra wmaB3yra €ku 0o0ra Tteruuuim Oyiaran —cysmiap,
TyIIyHYaJIap HOMH TYIIUPWITaH TapkKaTManap Oepuiaau (MHIUBUITyAIT
€KY TYpyXJid TapTuOaa);

TUHTJIOBUMJIAp Ma3Kyp TYyIIyHYaJIap KaHJald MabHO AHTJIATHINU, KA4YOH,
KaHJlai xoJlaTiapa Ky UIaHUIUIIN Xakuaa €3Ma MabIiyMoT Oepaauiap;
OeJrMiIaHTaH BaKT AKYHHWra €Trad YKUTYBUM O€puJIraH TyUIyHYaJlapHUHT
TYFPU Ba TYJIMK U30XUHM YKUO SIIUTTUPAAN EKH CJIA OPKAIM HAMOMHUII
ATaau;

Xap Oup MIITUPOKYU OepUiTraH TYFpH xaBoOJjap OWiIaH Y3MHUHT HIaXCUH
MyHOCA0aTHHU TaKKOCHaiau, (QapKiIapuHu aHUKIAWAuM Ba V3 OuiuM
JTapakaCUHH TEKIUPUO O6axoraiiiu.

Hamyna: “Mopaynnaru TassHd TyllyH4Yajuap TaxJIdian

Tymynyanap

CusHuHr4ya 0y TymyH4a KaHjaaii MAbHOHHU Kymmmua
anrgaraau? MabJYMOT

Komno3zummon | Mnua® ynkapuiaran, MKKA €KH KYTPOK
MaTepual buzukaBuil Ba/€xku KUMEBUN Xap Xui OyiraH,

MmaTpula (MHTepdeiic) nuuaa TapTuOIH
oWamra ¢a3ajgapJaH TalIKWiI TONTaH

MaTepHall.
Martpuiia, KoMmo3uiron MatepuaiHUHT Oup OyTYHIUTUHU
uHTepdeic TabMUHJIOBYH OOFJIOBYM KOMIIOHEHT
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M30x: MkkuHun ycTyHYara KaTHAIIYUIap TOMOHUAAH (GUKpP OMIITUPUIIAIH.
Maskyp TyuryH4yanap XakuJa KyliriM4ia MabJIyMOT TJIOCCApUAIa KENTUPHUIITAH.

“SWOT-Taxjnia” MeToau

MeTOOAHUHT MAaKCaaM: MaBXyJ Hazapud Oujgumiap Ba aMauid
TaXpuOadapHU TaxXJWd KWIWII, TaKKOCJAIl OpKaIM MYaMMOHH Xall HSTHII
UynnapHu TONHUIL, OWIMMIIAPHU MycTaxkamJjall, TakpopJjail, OaxoJjail,
MYCTaKWJI, TAHKUAUHN (GUKpIani, HoCTaHaapT TadaKKypHU MIAKJUTAHTHPUIIL.

S — (strength) * KYWIN TOMOHIIApII

= BEIII(b, KYHCII3 TOMOHIIapPII

O — (opportunity) * IIMKOHIIATIAPII

T — (threat) * TYCHKMIAp

Hamyna 1: Tomanu mycTaxkamiamTupuil KommnoHeHTiaapu yuyH SWOT
TaXJIWIMHU YIIOY KaJABaJira TYHIMPUHT.

Tonanu mycraxkamiamTupuin | MycTaxkamiIMri 3HT I0KOpU
S KOMITOHEHTJIapUHHUHT Ky4JIU KypcaTkuuiapra 3ra 0yiran
TOMOHJIAPU KOMITO3UTJIAPHU SIPATUIL UMKOHUSTIIAPH. ..

Tonanu MyCTaxKaMJIalITUPHUIIL

Tonann mycraxkaMiaalITUPUITaH
W | KOMIOHEHTIAPUHUHT KYUCHU3

KOMITIO3UTIIAPHUHT aHU3O0TPOIIJINIH...

TOMOHJIApU
Tonann mycraxkamuamTupuil | SIHrM Typaaru I0KOpU XyCyCHSITIIN ToJajiap
O | KOMIIOHEHTJIApUHUHT ApaTHIMOKJa — OOp ToJsajapy, yriepos
MMKOHUATIAPH (MUKH) TOJIaJapH...
Tosranmn KOMIOHEHTIAP MaTPULA
T Tycuxnap (Tamkm) MaTepuauiapu OusaH XyJUTAaHUITUIIN Ba

ApaJUIIA N KHﬁHHHHFH. .

Hamyna 2: FErou-enmum agresmsicu yuyn SWOT TaxJIWaMHM amanra
OIIUPUHT.

e ¢FOY 103aCUTa €IMM TEKHC TaKCUMJIaHaIu;
e eJIUM EFOY F03acura MypKalll, poJIMK OWjIaH CypKalll, IImnaTe
S Kyunu | Ounan cypkari, Kyiuin kabu Typiiu ycyiiap Ouian Oepusuim
TOMOHJIAPU | MyMKUH;
® OUMK Ba €MUK XOJaTiap/ia KOTUIIN MyMKHUH;
® 1OH OOFJIAHUIIUIAP SHT KyWIH OOFJIaHUII XHUCOOJaHAIH.
Kyscus ® OUHMK XO0JaT/Ia KOTraHaa SPUTYBUMHHN YUKApUO I000PHIIl Kepak;
W TOMOHITApH e eJIMM Ba EF0Y YpTacua MOCTAIIYBYAHIUK OYIUIIN JIO3HM;
e nucriepc OOFJIaHUILIIAP SHT KyUCH3 OOFJIaHUII XucoOalaHaIu.
VIMKOHHSAT- | ® EFOU CTPYKTYypacura OOFIINK;
O Jlapu ¢ KUMEBUH OOFIap XaM, MEXaHHUK OOFJIap XaM SIXIIU aAre3us
(nuxm)
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Oepullli MyMKHH,;
® JIMCIIEPCUOH, UKKU KyTOJIM Ba BOJIOPO OOFIapu y3uica
HAMJIMK TabCUPHUIA KaliTa TUKIAHUIIIM MyYMKHH.

® KOBAJICHT OOFJIap y3ujica KalTa TUKJIaHMAaWIu;

T Tycuknap | e nucnepcus Kyunap MoJIeKy/aaap opacuaa Oyiaragaa xyaa cyct
(Tamiku) | 6Yya;u, aromuap opacuaa OyIraHaa 5ca Kyaa KydId
XucoOJaHaIu.

“Xyaocanam” (Pesrome, Beep) meToau

Metoauunr makcaam: by meton Mypakkad, KyITapMOKIH, MyMKHH KaJap
MyaMMOJIA XapaKTepuaard MaB3yJapHU YpraHuira KapaTwiran. MeTomaHWHT
MOXMSITH IIyHJIaH UOOpaTKH, OyHJAa MaB3yHUHT TYypJId TapMOKIapu Oyiinua Oup
xun ax0opor Oepwianu Ba aHM TaWTAa, yJApHUHT Xap Oupu anoxuiaa
acmeKTiapAaa MyxokamMa »JTuwiaad. MacanadH, MyaMMo WKoOui Ba canOuit
TOMOHJIapH, ah3aiTuK, (pa3unaT Ba kKamMumiukiapu, ¢oiiga Ba 3apapiapu Oyitnda
ypranunaau. by wuHTepdaon MeTo[ TAHKUIAWHN, TaXJIWINKA, aHUK MaHTHUKUAN
¢ukpmaman  MyBadPakuATIM  PUBOKIAHTUPHUINTA XaMAa YKYBUHJIAPHHHT
MYCTaKWJI Fosmapu, GUKpIapuHU €3Ma Ba OF3aKH IIAKIAa TU3UMIM Oa€H STUII,
XUMOsI KWIMIITa MMKOHUSIT spataau. ‘“Xynocajnamr’” METOIUJAaH Mabpy3a
MAaIIFyJ0TIapuIa WHAUBUAYal Ba XKy(PTIUKIapaard WII INakiIuia, aMmaluil Ba
CEMHUHAp MAIIFyJOTIapuaa KAYUK TypyXJapaard Wil Makiuga MaB3y 03acHiaH
OWIMMIapHA MyCTaxXKamiaml, TaxJIMJId KHJIWII Ba TaKKOCIAll MaKcaauaa
¢oiiamaHuIll MyMKHH.

MeTtoann amaJjira olmIMpuiI TApTUON:

TpeHEeP-YKUTYBYH UINITHPOKIMIAPHN S5-6 KUIHUIAH HOOpAT KHIUK
rypyxJjapra axparaju;

TPEHUHT MaKCaJy, MapTiapy Ba TapTUOU OWJIaH UIITUPOKYUIAPHU
TAHUIITUPTAY, Xap OUp rypyxra yMyMuid MyaMMOHHU TaXJIUJI KATHHUIIIHA
3apyp OyJraH KucMJiapy TYIIMPUIITaH TapKaTMa MaTepUalJIapHU

xap Oup rypyx y3ura 6epuiiran MyaMMOHHU aTpodirda TaxJaui KWimo, y3
MyJIOXa3aJIapUHM TaBCUsSI THJIAETTaH cxeMa Oyiinda TapkarMara €3ma
0aéH KWiIagu,

HaBOaTaaru 6ockuuaa Oapya rypyxJjap y3 TaKIUMOTIapHUHH
VyTkazaaunap. [llyHaan CyHT, TpeHEp TOMOHUAAH TaXJIWJIap
YMYMIIAIITHPUIIAAN, 3apYPHUI axO0poTap OMIIaH TYJIAUPUIAIN Ba MaB3y
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Hamyna 1:

Komno3uimon marepuaJjuia

IHosmmmep MmaTpunaaIn MeTaju1 MAaTPULAJIA Kepamuk maTpunaau

ad3aury | kamurary | adzammuru | kamuwmry | ad3aumrya | KaMYrIMra

XyJsoca:

Hamymna 2:

AJITepHATHB éKHJIFU TYPJIapH

danepa MDF OSB

ad3ary | KaMIiry | ad3aJUTUTH | KaMYwmrd | ad3aumrd | KaM4YuIiru

XyJoca:

«®CMY» meToau

TexHOTOrMAHMHI MakKcaau: Ma3Kkyp TEXHOJOTHS HWIITUPOKYMIApIAru
yMyMUH QuKpiapaaH XyCycuil Xysiocanap YdKapHIll, TaKKOCAIll, KAUECTAI OpKaIH
axOOpOTHU Y3MAIITUPUI, XyJOcajall, IIYHUHIAEK, MyCTaKWI MoKOJIUN (puKpail
KYHUKMQJIADUHA IIAKJUIAHTUPUINra Xu3MaT KWjdaaud. Maskyp TEeXHOJIOTUsIaH
Mabpy3a MallIFyJoTiapuaa, MycTaxkamiaijaa, YTWIraH MaB3yHH cypalnijga, yura
Bazuda Oepuiga Xamja amMaldii MAIIFyJoT HaTWKaJapuHU TaxJMi S3TUIIIA
¢oiianaHuIl TaBCUS STUIIAIH.

TexHonorusHM amanra OUIMpUII TAPTHOU:

— KaTHalYWjapra Map3yra Ouj OyiraH sIKyHMH Xynoca €KH FOos Takiaud
ATUIAAM;

— xap 6oup umrupokyura ®CMY TeXHOJIOTHUSCUHUHT OOCKUUIIApU E3WIIraH
KOFO3JIapHU TapKATHIIA/IN:

* (pUKPUHTIZHII OaéH STITHT

 ¢puxpuHTIRHI OaéHIra cadad
KYpCaTIHT

* K¥pcaTral caOaOIHTI3HI
11cO0TIa0 MIICOT KeITHPITHT

* (PUKPITHTIRHITY My MITATITIPITHT

— HWIUTUPOKYMJIAPHUHT MyHOcalaTiapu HMHAMBUAYal €KU Typyxud TapTubaa
TaKAUMOT KWJIMHAIN.

OCMY TaxJuiau KaTHamuujaapAa KacOui-Hazapuil OWJIMMIIApHUA aMaliuid
MalllKJIap Ba MaBXyJ TaxpuOagap acocuaa Te3poK Ba MyBaddakuariu
V3IamTHPUIUIIUTa acoc OViaau.
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Hamymna 1.

@ukp: “IloauMep MATPpUUIAJIM KOMIIO3UTJIAP JHI OKOPH (PU3HK-
MeXaHHMK Ba KUMEBHI Xoccajapra raaup”.

Tonmmpuk: Ma3kyp ¢ukpra Hucbaran wmyHocabatuHruznu OCMY
OpKaJIM TaxJIMJI KUJIMHT.

Hamymna 2: Kyliugarun pukpan @CMY opkanu TaxJIuia KUJIUHT.

®ukp: “EJaumijaHran Marepuajja eJdM Ba EFOYHMHI Oup-Oupura
MOCJIAIYBYAHJINIY KATTa aXaMHUSATra sra”.

Ca6a6: “Exum Ba érou Oup Oupura aaresuscu rKopu Oyica, enmuMm Eroura
Moc Oymanu”.

Mucoa: “Kapbamua-popmanbaeruy eIuMIApUHUHT EFoura aare3usicu
IOKOpY O¥namu, 4yHKH yjapja METWION TypyxXJapu Ba Eroufaru THUIPOKCHII
rypyxJjapu OuiiaH Kywid Oofjap Xocui 0ynaau’”.

Ymyminammupum:  "KapOGamua-dpopmanbaerua  e1MMIIapd  acOCHUIArH
eJMMIIaHTaH E€F0Y MaTepuaiapuia METUJION rypyXJiapu Ba €Foufard TUAPOKCHII
rypyxJjiapu OujiaH Ky4dju OOFJiap XOCUJI KWIHIIK cababiv aare3us tokopu Oymaau'.

CHHKBeH MeTOoIH

“CHUHKBEWH” — THUHIJIOBUMHU WXOIUN Qaoymamrupumra, (aoausiTHU
Oaxosammra HyHaITUPWITaH TabJIUM MalliKy Xxucoomananu. CUHKBEWH-(ppaHiry3ua
Cy3maH oJMHraH OYynu0, OeunuIuk jJeraH MabHOHHM Owiaupanu. “CuHKBEHH”
METOJMHH aMalira OLIUPUII OOCKUUWIAPH:

1. ViuTyBun TanaGamapra MaB3yra oM TYIIyHUA, )apadH SKH XOLHCa
HOMUHH Oepa/iy.
2. TanaGanmapnan ymap xakuaarn (QUKpiIapuHA KHCKAa KYPUHMIIIA

ndonamaniapu cypaigaau. SpHU, mebpra Yxmarud S5 Karop MabIyMOTIAp
é3umapu Kepak Oyiaam.

VY Kyiuaara Kougara acocaH TY3WJIUIIH KEepPaK:

1-xaropma maB3y Oup cy3 Owtan (omataa ot OuinaH) udoaamaHam.

2-KaTop/aa MaB3yTa Ky/aa MOC Kellaaurad UKKUTa cudat Oepuiaiu.

3-KaTopaa MaB3y 3Ta xapakaTHu OMinupyBur Gebs Omtan (olimaraHuIaIm.

4-gaTopma Temara JIOMp ~MyXOKaMa OJTYBUMWJIAPHUHT  XHCCHETHHH
udoaanoBum Kymiia Ty3wiaaud. Y TYpT cy3aan ubopat Oyiaau.

5-KaTtopja MaB3yHM MOXUSTHHU udojasoByu OuTtra cy3 Oepwiaau. Y
MaB3yHHHI' CHHOHUMU OYIaau.

Hamymna: “Martpuna” cy3ura CMUHKBEWH TY3UHT.

1. Marpumna.

2. BOFIOBYMIIMK XyCYCHSITH.

3. Xaxxm Oyn4a TEHT TaKCUMJIaHTaH.

4. KoMITO3UTHUHT OMp KUHCIWINTHHU TAbMUHJIANIUTaH
KepaMHUK €K METaJIJT MaTepHUall.

5. KoMnoHeHT.
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“Kaacrep” MeToau

®dukprapHUHT TapMoKIaHuiM “Kiacrep” - Oy nmemparoruk crtparerust 0yiuo,
y THUHIJIOBYMJIApHU OMpOH OUp MaB3yHU UYyKyp Yypranunuiapura €paam Oepuo,
TUHIJIOBYMJIAPHU MaB3yTa TAaJUTYKJIM TyIIyHYa €KW aHUK (PUKPHU SPKUH Ba OYUK
paBHIl]a KETMa-KeTJIMK OWiIaH y3BUM OofjaraH Xojja TapMOKJalllapura
ypraraiu.

dukpsapHy TapMOKJIAIl KyWHaruia TalKuil STUIIA]IN:

1. Xaénra kenran xap Kangai ¢ukp Oup cy3 6unan udoaa 3Tud KeTMa-KeT
E3MIaau.

2. ukpiap TyramaryHda €3uijia JaBoM 3TaBEPHIIl Kepak.

3. Unoxu Gopuya (UKpIApHUHT KETMA-KETIUTH Ba y3ap0 OOFIMKIUTHHU
KYITAaUTUPULLL.

Hamyna: “Kommnosunuon wmatepuamiap” madycura “Kmacrep” rpaduk
OpPraHaN3EPUHU TY3UHT.

“AccecMeHT” MeTOaU

MeToAHMHI MAaKCagu: Ma3Kyp METOJl TabJUM OJYyBUHJIAPHUHT OWIUM
JapaxacMHW 0axoJjiall, HazopaT KWIWIL, Y3JalITHPUII KYpCaTKUYM Ba aMalldid
KYHUKMAJIAPVHH TEKIIMPHUINTa HyHANTUPpWITaH. Ma3kyp TEXHMKA OPKalu TABINM
OJIyBUWJIADHUHT  Omiuil  GaosiuaTH Typiau  WyHanuuuiap (TecT, amaluid
KYHUKMaJlap, MyaMMOJM Ba3HATJIAp MKW, KUECUU TaxJIWi, CUMIITOMIIAPHU
aHUKJIaI) OyiuJa Talrxuc KUJInHaIu Ba 0axomaHa u.

MeToaHu amMaJira OIIMPHII TAPTHOM:

“AccecMeHT” JapjaH Mabpy3a MalFyJoTiapuaa TanabaJapHUHT EKU
KaTHAlIUYWJIApPHUHT  MapXyJld  OWIMM  JapakaCMHM  YpraHuuiia,  sHTU
MabJIyMOTIapHU 0a€H KWINIA, CEMUHAP, aMaIMi MalIFyJI0T/IapAa 3¢a MaB3y €Ku
MabIYMOTJIAPHUA Y3JIAIUTUPHUII Japa)kacuHU Oaxojall, IIYHUHTACK, VY3-Y3UHU
Oaxonamr Makcaauia WHAUBUAYyal Makiaaa (oigamaHuIl TaBCUS DTUJIA/IH.
[IlyHuHraek, YKUTYBUMHUHI WXKOIWM EHAAIIYBM XaMmJa YKyB MakcaJJlapuJiaH
Kenub YMKUO, acCeCMEHTra KyIMMua TOMIIHPUKIAPHA KUPUTHUII MyMKHH.

Hamyna 1. Xap Oup kartakmaru Tyrpu xkaBo0 0,5 Oamn (tect, Kuécui

TaxJIWJI, TYIIyHYa TaxXJIWIA y4yH) €ku | (amainii KYHHKMa, Kelc y4yH) Oayrada
0axoJIaHUIIA MyMKUH.

21



g T
Z eCT
4
5. N
o Hxkn yruamiau TYaaupyBumiiap a)

Maiina 3appavanu Kymumyaiap

0) Jlentamap, maTonap, Matiap,
TYPCUMOH 3JIEMEHTJIAp

B) bup ymuamnu xymmmaanap

r) Maiina 3appadanu KyMm, MeTajiap,
dhocdataap

Kuécuit Taxjama

Jlucnepc MycTaxkamiialT-
pWJITaH Ba TOJaJIU
MyCTaxKaMJIallITUPUIOTaH
KOMITO3UTIIAPHU TAKKOCJIAHT.

2. TymyH4ya TaxJaujiu

Huxkens Ba amroMuHuN
acocuza Tau€paanral
KOMITO3UTJIAp -

AMauil KYHUKMA

Hucnepc daza kypcarkuy-
JJAPUHU KEITUPHUHT Ba
YJIAPHUHT AaHUKJIAII
ycyapuau udomaanad
OepuHT.

Hamyna 2: Xap Oup karakmaru Tyrpu >xaBo6 0,5 Oamn (tect, Kuécuit
TaxXJIWJ, TYyIIyHYa TaxXJwid yuyH) €ku 1 (amanmuil kyHMKMa, Keilc yuyH) Oayuirada

OaxoJiaHajIu.
\/‘\,v
< Tect
vl 1.Kapbamua-popmanbaerus

EJIMMJIAPUHUHT €Foura
aAre3usaCH FOKOPUMHU?
e A.Xxa

* B.iykK

Kuécuit Taxjamia

KyTt6mu Ba non
OOFJaHUIIIIAPHU Y3apo
TaKKOCJIaHT.

2. TymyH4ya TaxJaujiu

WNown Gornanwui Oy — ...

4t

K’ Ban-/lep-Banbc kyunapunu
% €roy-elMM KOMIIO3ULIUACHIA
KaHaan XoJaaTiapaa X0CHi

OYIuIIMHA acocyiab OepuHT.

AMauil KYHUKMA
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Hamymna 3.

Tect

Marpuua, uarepdeiic

Hon-ymuamnu Ba Oup-yraaMiu

Kylumyaiap

Komnozuiuon MaTepuania
MYyCTaxKaMJIAIITUPUIT  Ba3u(acUHH
baxapamu

TaOumii Matepuamiap: CysK, AapaxT
Oapru

Kuécuii Taxjamia

KyTt6mu Ba non
OOFJIaHUIITIAPHU Y3apo
TaKKOCJIaHT.

2. TymyH4ya TaxJaujiu

Komnosunmon marepuasn Oy -

AMauil KYHUKMA

Tonanu MycTaxkaMJIalITUPYBUU
KOMITOHEHT KypCaTKUWIAPUHH
KEITUPUHT Ba yJIAPHUHT
aQHUKJIAIl yCyJUIApUHU
udoaanad GepuHr.
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I11. HABAPU MATEPHAJLIIAP

1-maB3y: Kupum. HaHOTeXHOJIOTHSIHUHT acOCHil TYIIyHYAJIAPH
Pewxa:
1.1. HaHOTE€XHONOTHUITADHUHT PUBOKJIAHUII TEHACHUIHSCH.
1.2. HanoTexHonorusiiap TyFpucuia yMyMHUil MabJIyMOT.
1.3. HanHooObekT, HaHOMaTepuall, HAHOTEXHOJIOTHS TYLITyHUYACH.

Tasiny uGopajap: HAHOTEXHOJIOTHS >Kapa¢HJIapu, HaHOMaTepualiap, yriaepos
HAaHOTpPyOKajapHu.

Kupui. ®aHHMHUHT peAMeT Ba Ba3udaiapu.

Ymby ¢dan Marematuk Ba TaOMHMM-WIMUI Xamja yMyMkacOuil Qanmapra
TasHraH XoJjla HaHOMaTepHALIAPHUHT (DHU3UK-KUMEBUA MyaMMOJIADUHU XAl
K  Ba ¢daH cudatuaga MAKUIAHUIIWMHU ~ MyCTaxkKamjall —Makcaaufa:
HAHOTEXHOJIOTUSHUHT aCOCHHA TYIIyHYAJIapH, HAHOTEXHOJOTHSHUHT TaIKUKOT
OOBEKTIIapy Ba YJIAPHUHT CHH(JIAHWINN, HAHOTEXHOJOTHUSHUHT PHUBOKIAHUII
OOCKUWIapy, HAHOOOBCKTIAPHUHT AaCOCHUH TypjapW Ba ylap acoCHaard
HAaHOTH3UMJIAP, YTJEPOIJIN HaHOTpyOKamap, ¢yiepennap, CynpaMoieKyJIsp
KUME, HOOPTraHWK HaHOMAaTepuaiap; HAaHOCTPYKTypaJlaHTaH MaTepHAIIaPHUHT
CUHTE3 yCyJulapu, pyHIaMEHTaa I acociapy TYFPUCHIATH MAbIyMOTIIApHU KaMmpad
ojlaqu Ba Oy OunmumiapHu Tanabanapra €TKa3uil (aHHUHT acoCHi Makcaj Ba
Bazuanapu xucobiaHau.

“Hanomatepuaiap” GpaHUHU Y3IaITUPHUII KapaHuIa:

o AHOTU3UMHUHT KPUCTAIIO(PU3UKACH, HAHOCTPYKTYpajiap Ba yJIapHUHT
CUMMETpPHK udoaacu;
o AIEKTPOHJIAPHUHT HSHEPreTUK CHEKTPpHU KBaHT VIILIOB

CTpYKTypaJapuja KBaHT HyKTajap, ToJiajap, IOKOPH Japakaid MaHKapaHWHT
aXaMUSITH;

o XOJUTHUHT KBaHT 3((EKTH Ba KBAHT YIUOB CTPYKTypajapHh OITHK
XYCYCHSTIIAPUHUHT MOXUSTH;

. HaHOKATJIAMJIH KOMITO3UITUSITApHU MarHuT xoccajapu,
KOHJIeCallMsUTaHTaH MyXUTIIap/ia SHEPT U Ba 3apsyiap YTKA3UIIl )KapacHIIapy;

. HAHOCTPYKTypaJlallifaH MaTepHaUlapHd  (QH3UK KUMECH, KHYHMK
aHcaMOJuUTH MOJICKyJlanap, MOJISKyJIapapo y3apo TabCHPH XaKUJIa TacaBBypra sra
oy,

o HaHO3appaydajapHH YI40B Ba PYHKIIMOHAN XOCCAJIapH;

o MOJIEKYJISIp JIMHAMUKa, KOHQopmalus Ba HAHOTHU3M CHUMMETPUK
TaCBUPHU;

o (dazaapapo yerapajmapHu TEpPMOJUHAMUKACH Ba KHUHETHKACH,
Kiacrep;

o MHUILIEIUTANIap XOCHJI OYIIUINK, MOJTUMEpHU3allMsIall, MaTpUlla CUHTE3H,
y3apoIak/JIaHUII;
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o HaHOMATEpHaIIap: 30JUIap, Teliap, CYCHeH3Wsuiap, KOJUIOW
dpUTMAaap, MaTpHUIla-aXPAaTUITaH KIacTepJid IOKOPH Japa)kaaard CTpyKTypamap,
dymiepennap, yIJIEpoII HAHOTpyOKamap, TWOJUMepiap, IOKOPH Japakalu
namxapasnap, OuoMmemopananap;

o HAHOTU3UMJIAPHU DJIEKTp YTKa3yBUM, HCCUKIMK YTKa3yBUM Ba
MEXaHUK XOCCaJlapy.
o HaHOMAaTepHAJUIAPHU MaxCyc Xoccajlapy, yJapHHU (DU3HK-KUMEBUN

Ta6I/IaTJ'IapI/I oor JIMKJINKJIAPpH, TAHJIOBYAHJIIUTHU, SHCPTUA XAXKMIINIH Ba J3JICKTPOH
XOTUPACUHHUHI' MOXUATUHU OMIuIIM Ba yiaapaaH @OﬁﬂaﬂaHa OJIMIIIH,

o HAHOKMMEBUH  KOMIIOHEHTaNap: Karajam3aTopiap, copOeHTiap,
peaxTopap;

o HaHOKATJIaMJIap CUHTE3U YCIayOnapu: aTOM-MOJIEKYJSIp SIUTAKCHS,
MOJICKYJISIP Ba KUMEBUN KOHCTPYKTpJIAIT;

o Jleurmiop-baopkeTT MoNeKynasp KaTiaamiaml yYciayOu, MHOJTUaHHOH
MOJICKYJISIp KOHCTPYKTpJIal;

o IOKOPH Japakaja JOKaJUIaHTaH KOTUIAHWII, aKPaTHIIl Ba MOJIaIapHU
MOAM(UKAIMSIIAI yCITyOIapy;

o KOPIYCKYJO-(pOTOHIM Ba JJICKTPOKUMEBHA HAHOTEXHOJOTHSIAP,

HaHO30H/JIM JIOKaJl CHHTE3 Ba MOJAJAHM aXpaTHIl, MaTepual I03aCHHU
Moau(pUKaIHsIIANT KYHUKMAaJIapura sra OYIuIg Kepax.
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1.1. HaHOTEeXHOJIOTHAJTAPHUHT PUBOKIAHUII TeHICHIIUACH

. 1.
HaHoTexXHOJI0TUsIHU PUBOXIIAHUIIM KyHuaaruiapra OoFJvK

. dusuka

. Kumé

. buonorus

. AKT

. DIIEKTPOTEXHHUKA

. MamuHaco3JIuK

Hanorexnonorus reHetnka ()aHWHU PUBOXKJIAHUINIHWIAa KaTTa Tacup
KypcaTau:

. HAHOTHUOOHET

. HaHO KarcyJia

. HaAHO TeJIb

. CapaToH KaCAUIUTUHYU JaBOJIAII

. COF OVJraH Kartakjapra 3apap eTkamacaaH JaBoJiall

I

Agnculture
Chemical
Recraation/spons
Telacom
Computers/data storage
Construction
Transportation
Haalth care/pharmaceuticals
Bictechnology
Agrospace/defense
Emnargy

Verical sectors

2
Pacm 1. HanoTexHOMOTUsATApHUHT PUBOKIIAHUII TCHICHITUSCH .

Hano po6otnap.

. MUuKpoCKONUK MacmTabaard MaiiMHa Ba poOOTJIapHU SpaTUII Ba yJapaaH
yHYMIIH (O TaaHuIII.

HanorexHonorust Ba KOMHOT:

. KOMHOT aNnmnapaTIapHA sIXIIAJIALI
. aACTPOHABTJIAPTa MYXUTHH TAKOMUJUIAIITUPUILL
. KOMHOT Ca€XaTJIapHU ap30HJIAILTUPHUI

. HAaHO €p NYJIIOUUIApUHU SpaTUIL.

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

Edition, Elsevier, 2011. 35.
2G.L.Hornyak, J.J. Moore, H.F.Tibbals, J. Dutta. Fundamentals of Nanotechnology.-CRC Press, Taylor and

Fransis, 2009, 24
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Hano o3uxiagnm:

O3UKaJapHU MY3CHU3 CaKJIalll
03UK- OBKATJIApHU OaKTepHs Ba Mapa3uTiap/iaH XUMOS KAJTUII
SHTHUJI Xa3M OYJ1aiurad MoJaiapHy spaTHII

Hano Ba mynodaa:

KMYMK YJIIYaMIIM Ba TE3I0pap 3JIEKTPOH KypHJIMaIap
€HT U, KyBBAaTJIH YCKyHaap

CEHCOPJIAPHUHT SIHTH aBJIOJIAPUHU SPATHIILI
TaKOMUJUTAIITUPUIITAH KypoJuiap

Hawno Ba snektponuka (Pacm 1-2):

. AJIEKTPOH KypuMasap dKpaHIapyuHA 3aMOHABUNIAIII TUPHUIIT

. XOTHpa MHKPOCXEMaJapuHu OWp KBajgpaT JIOWMIArd  XaXKMUHTH
TepabaifTiapra eTka3uii

. WHTErpall cXeMajlap/ia WINUIATHIAAUTaH SPUM YTKa3rudiIu acOoOJapHUHT

XaKMHUHHU KaMAUTUPUILL

Wordline
) -
Drain selector, =

Upper AL 17750
selcctnrk‘?_rh‘_'-_‘-

E .
eleTtor
SLlLLK}E,\“ S

Subslr;é\\\\r.. N I
RN

Channel

FIGURE 2.3 Proposed structures for three-dimensional NAND Flash Memory. ( Data from
International Technology Roadmap for Semiconductor [ITRS] httpe/fwww.itrs.net.)

Pacum 2. Yuymaammn NAND Flash xotupacu y4yH TaXMHUHHIT TY3HITHILH

Hano Ba AKT:

. KaTOJJIU Hyp TpyOKaCHHHU yTIepoa HaHOTpyOKajgapura aaMaIITHPHII

. HAHOTEXHOJIOTHSIAp/IaH TAbMUHOT/Ia YHYMJIN (DO TaTaHHIIT

Hano Ba sHepreTuka:

. KY€l Ba UICCUKJIMK OaTapesiapuian (o JaTaHuIIr;

. IOKOPHY XapopaTiid YTKa3TUYJIapHA WITUTATHII

. TaIbBAaHUK DJIEMEHTIAD Ba AaKKyMYJSTOPJApHH, SHTH HaHOABJIOJWHU
SIPATHIII

! David Rickerby Nanotechnology for Sustainable Manufacturing, Taylor and Fransis, 2014, 21.
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Does existing
product satisfy
specifications?

specifications be
achieved more
cheaply with

anotechnology?,

Can the gap
be filled by
nanotechnology ?

No

Redesign
product

.

(End_ \/

FIGURE 1.3
Flow chart to determine whether nanotechnology should be intreduced into a praduct.

Pacm 3. HanotexHomorusi Maxcysiorra KYJUIAHWIMIIA MYMKWHJIUTHHU aHUKJIAII
[MarpaMMacy .

1)  P.Deiinman HoGenp mykodotu naypeatd. “MeHuHr (ukprumMya,
¢u3MKka MPUHLMILIAPU alOXMJa aToOMJIapAaH Y3UHUHI Iaxcuil MaHdaatiapu
nynuaa poigananuau MaH Kuiamaiinn”. 1995 .

,' ™
Richard Fillips Feynman

2) 1996 i1. P.SIur nmbe3oaBuraresiap FOSICUHM TakIu(d KUIAU, XO3UPTU
KYHJIa yJIap HAHOTEXHAJOTHs acOO0JapUHUHT Npelu3uoH xapakarianumuau 0.01
A.A=10" AHUKJIUK OWJIaH TAbMUHJIANIN.

3) Hopuo Tomurytu OupuHYM MapTa ‘“‘HAHOTEXHOJOIHs aTaMacHHHU
1974 tinnna Kymiaau.

4)  1982-1985-itmmutapna  Hemuc mpodeccopu I'Tnsiitep KaTTUK
KUCMJIAp HAHOTY3UJIMACH KOHIEMIUACUHA TaKIu(} 3T1u.

5) 1985 iunma PoGeptr Kepn, Xapenng Kpero, Puuapn Cmomnmunapnan
ubopatr osmmiap xamoacu ¢ymepernapaun kamd xumam Ba CNT (carbon
nanotubes) Hazapusicunu sipatau, ynap 1991 iiunga taxpubda iynu OuiiaH OJMH]IN.

6)  1982-iimnna I'.bununr Ba T Popep OuprHYN CKaHEp KWITYBYN TYHEIIH
mukpockot (CTM) sipatnumnap.

o

! Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 12
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7)  1986-itmna ckaHep KMIYBUM aTOM —KyUYIH MHKPOCKOII ITAiI0 OYII/IH.

8) 1987-1988-iiunnapna ajgoxuaa aTomiapAaH  Y3UHUHT — IIaXCUH
MaH(paaTaapu  Wynuaa — QoimamaHuin  MMKOHMHH — OepyBYM  OWPHHYHU
HAHOTEXHOJIOTUS KyPUIMAJIIAPUHUHT UIILJIAII MPUHIUIIIAPY HAMOMMIL KUIIMHIH.

3. Ipexciep-HaHOTEXHOIOTusIap XaKuaru Oapua OMIIMMITapHU
YyMyMJIAIITUPAY,  Y3-Y3UHM  HAMOEH  KWIYBYM  MOJIGKYJSIp  poOoTiap
KOHIICTIIUSICHHY aHWKJIQJH, yJiap WUFUII Ba EWHIN (ACKOMIIO3UIIMS)HUHT amaira
OLIMPHILIK, MABIyMOTHH aTOMap JAapakajaa XoTupara €3ull y3-y3MHH HaMOEH
KWIWII Ba yJaapaad QoiaJaHuIl 1acTypilapruHu CaKJIaIii KepaK dJIu.

9)  1990-ifimnma CTM épnamuna IBM ¢upmacu Ounan Oupranukna 3ta
xapd umsmwiau. Ymap Xe(35 atom) OWiIaH HUKEN KPUCTAJUTMHUHT SCCU TpaMHjia
ym3ui. (Pacum 4)

Pacm 4. IBM dupmacunmsr aurorpabusicu
Myp KOHYHM: KypWJIMaHUHI (03a Oupiaurura  yYpHAIITUPUITaH
TPAH3UCTOPJIAPHUHT COHU TaxMHHAaH Xap 18 oiga mkku OGapobap KymaWuIIMHU
Ha3ap/a TyTyBYM XucOoOJalll KypuiIMalapuaard Y30KMyAaTiIu TPEH.
Kpuaep KOHYHM:KATTUK JUCKIIADHUHI XOTHpPA XaXKMHU JESIpiId Xap WHIN
UKKH OapoOap KyTasiu.

! Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 302
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77| 1%: Passive nanostructures (1% generation products)
3| a. Dispersed and contact nanostructures. Ex: aerosols, colloids

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

~ 2000 % 27 Active nanostructures i
5 a. Bio-active, health effects. Ex: targeted drugs, biodevices
b. Physico-chemical aclive. Ex: 3D transistors, amplifiers,
o acluators, adaplive structures
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Ex: molecular devices ‘by design’,

|_atomic design, emerging functions,

~ 2015-
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Fig. 2.1 Generations of nanotechnology development (Roco 2011)
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Pacm 6. HAHOTEXHOMOTHSIHUHT PHBOYKIIAHAII TCHICHIHSICH
1.2. HaHoTexHOJIOTHSJIAP TYFPUCHAA YMYMHH MabJIyMOT

benrunanran xoccanu HaHOMaTepuauiap oOJiMIIAa WIM-(DaH Ba TEXHUKA
IOTYKJIApUHU TaAOUK KUiuil. bup Katop HaHOOOBEKTIIap MabIyM Ba yJjap aH4aJaH
oepu kymwtanaau. Kosowiap, Maiia aucrnepc KyKyHJIap HHTHYKA TIEHKaap
urynap xymiaacuaad (Pacwm 7).

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

? Said Salaheldeen Elnashaie, Firoozeh Danafar, Hassan Hashemipour Rafsanjani Nanotechnology for
Chemical Engineers, Springer, 2015, 95.
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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. Hanorexnomnorusinapa ontosorus. Hano npedukcu
1
(HaHOMETPOJIOTHsI, HAaHOACc000)

XO03Upru KyHra Keim0 XOHa XapopaTH IIApOUTHAA 103aJa aTOMIIAPHUHT
OMPUKUIIM Ba XaXM/Ia ATOMJIAPHUHT TYPJIM KOMOMHAIMSIApU XOCHIT OV IMIIIUHUHT
TEXHOJIOTHK YCYJUIapH UIUIA0 YHKUIMOK/IA.

VYrinepon ‘“nanotube”nmap (maHoHaitwa, HaHoTpyOkamapu) CNT (carbon
nanotubes):

. Oy TpyOKkasap MOJIEKyJIsip MacIITadaaru Marepyasiapra Kupajiu;

. TapkuOuaa rpadut yraepoau 6yaubd axxoiud xoccanapra sra.

HaHOTeXHOMOTUAITApUHUHT 2HT peasl YAKHUIIA aTOMap Ty3UIMaJIapUHUHT ¥3-
V3UHU WUFUIIN JeWnagn. 3aMOHABUN HAHOTEXHAJIOTUSIHUHT Baszudacu, aTomap
Ty3WJIMaJTapUHA WAFUIITHU TABMUHIOBYN TaOMHMH KOHYHHUSITIIADUHU TOTTHIIL.

1.3. HaH000beKT, HAaHOMATEPHAJ, HAHOTEXHOJIOT Ul TYLIYHYACH

Hamo - “10™, [lyHnait Kuaub HAHOTEXHOJIOTUSJIAPHUHT (DAOTUSAT COXACHUTA,
X0X OuTTa yiuamjaa OYJICHMH xm OWjaH yiuaHaauraH oobekTiap kupaau. Kypuo
yuKWIa€Tradi oOO0BeKTJIap KyJaMH ajloXyja aToM YiIJaMuJaH aH4ya KeHT,
KOHTrJIaMepatiaprada (tapkuouaa 1,2 €xu 3 ymuamaa 1 MM yimuamra sra 10°nan
OPTUK aTOM OpTaHHWK MOJIeKyJaanap). YmlOy oObekTinap 0.0 COH aromiapnaH
nOopaT AMACIUTU XKyla MyXuM, Oy 3ca MOJJIAHUHT JUCKPET aTOM-MOJIEKYJISIpP
Ty3WJIMAaCHHUHT Tai0 OYnIuImm €KW YHUHT KBAaHT KOHYHUSATIApWHH Oenruiad

! Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 4
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oepaau (pacm 8).

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

One or more external dimensions Nano-cbject  Graphene, fullerene
in the nanoscale

One or more geometrical features MNanomaterial A nanocompaosite
in the nanoscale
Automaton with information Nanodevice  Single electron transistor

storage and/or processing
embodiments in the nanoscale

Kanpan 1. HaHokoHuemiuss Ba yJIapHUHT TapKuOWM KUCMH Ba
KYJUIAaHWIU I !

1) HanooObexkTHr  aHukiam. Hanomerp ynuamiuu xap  KaHjal
dbuszukaBuil 00beKT 1X2x3X KoOpAMHATAIM MalaoHAa (T€3 KyHJa BaKT YIdaMujia
OV MYMKUH).

2) Xap KaHJail amTepuan O00BEKT HAHOOOBEKT JeHmiaau, yjaapia r3a
ATOMJIADHUHT COHHM XaKMJArd AaTOMJIAPHUHT COHHU OWJIaH COJIMINTUPMA EKU
IOKOPH.

3) HanooObkTHN anmkiam. HanooOwekT - 1 €k KYNpoOK KOoOpauHaTa
ymyamnu, A€ BpoHIHMHT  3NIEKTpOH  yuyH TYJIKWHU  Y3YHJUTH  OWiiaH
TaKKoCJIaHaauran o0bekT. (1924 hiunga ¢usuk onmum ae bpoins “@oTonnap yuyH
KOPIYCKYJISAp TYJIKWHIU Jyalu3M TaOWAaTHUHT HCTajTraH 3appacd ydyH Moc”
JIeTaH.

h
16 - —
p ]
Oy epma: h — Ilmank gouMucH; p — DJIEKTPOH HMITYJICH; Ag — J€ BpOHIHHHT

TYJIKAHMU.

4)  HaHOOOBEKTHH aHWKIAII. Y3WHHHT {TYOBIAPUIA XOAMCAHWHT SHT
CYHITH YJIYOBHJAH XaM KHYMK OOBEKTIapHU aliTumagu (y €ku Oy XOJIUCaHUHT
NOJIIPU3ALMOH paAuycu OwnaH Oup Xuia YyiadaMm, 3JIEKTPOHJIAPHUHT 3PKUH
XapaKaTJIaHWII Y3YHJMTH, MarHUT JOMEH YJI4aM{, KaTTUK >KHUCMHUHI Hanao
OyIuII Yyamu).

5) HanooObekTHu aHukiam. HaHOOOBEKT — Oy y4 MaioH yIT4aMUHHUHT
xeu 0ynmaca 6urracuga 100 uMm nan kam O6ynmaran ymdamin oobekt. 100 HM — 1€
BpOWITHUHT 37IEKTPOHU YUYH TYJIKWH Y3yHJIUIH.

! 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. Tunmk ymuamnm O-ymyamian HAHOTH3UMITAP Ba

1-2
HaHOMAaTepUAJUIAPHUHT HAMyHaIapu

Hanomarepuamnap Oy HaHOOOBEKTJIApHUHT Y3u (arap ynap Typiu
TEXHUKaBUU MoOCJIaMa Ba YyCKyHalap Taiépiamra Xu3MmMaT KWica, XyIIH
HAHOOOBEKTIAp ymlOy MarepHaiapa MabiyM OuUp XYCYCHAT MIAKIUTAHTUPHILN
yayH doiganannaany €Ki HAHOKOHCTPYKTOPJIAHTaH MaTepuasiap Kaou).

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

2 Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 2.
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“HaHoTexHOJOTHs ~TyHIyHYacH ‘‘HaHoOMarepuan’  TyIIyHYacu OwiaH

yambapyuac OOFIIHK.

“TexH0JIOTHA” aTAMACH Y4 TYIIYHYAHHU aHIJIATAM:

1) TeXHOJIOTHUK kapacH,

2) TEXHOJIOTHK XyAOKaTlap TYIIaMu;

3) kaiita wunulam KapaCHIAPUHUHT KOHYHHUSATIAPU Ba MaxCyJIOTHHU

YpranyBuu WIMHI (aH.

HaHoTexHoJI0rMs — HaHOMAaTepUaJUIAPHU OJIMII, KAalTa MIUIANI Ba KyJUIALl

KOHYHUSATIIAPUHU YpraHnyB4H (aH.

8.

9.

Ha3zopar caBosiapu
“Hanomarepuamnap” TymryH4acura tabpud OCpuHTr.
HanomaTtepuanmnapHUHT KaHAal TypliapuHu ouiacus?
HanomeTposorus Ba HaH0ac000 1e0 HIMara auTuaagm?
HanomaTtepuannapHUHT ajJoxXuja XyCyCUsTIIApHUHT cabadu HuMaaa’?
Myp KOHyHU HUMA?
Kpunep KOHyHH TyOIyHTUPHUHT?

ok wbdE
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2-maB3y: HaH000beKTJIapHUHT acoCHil TypJiapu Ba yJjap acocuaaru

HaHoOcHCTeMAaJIap.
Pexka:
2.1. Hanozappauamap Ba HaHOMaTepHaUlap XYyCYCHUSTIAPUHUHT (U3UKABUN

cababmnapu.
2.2. HanooObekTaap TacHU(H.

Tasnu wubopanap: dymiepennap, yraepomiu TpyOKamap, CyNpaMOJICKYJIsp
MoOJIanap, BHUCKEpJiap, MaHraHutiap, (OTOH KpucTauiapu, OHOKEepamMHuKa,
HAHOOJIMOCJIAp, Ta3JIM TUAPATIAP Ba KJIacTepiap.

2.1. Hano3zappauaJjiap Ba HAaHOMaTepUAIIAP XYCYCHUATIAPUHUHT (PU3UKABUI
cababaapu

1)  HanooOwekTiapma (o3a €KM JIOH uYerapa arOMIIAPUHUHT COHH
XaKMJIary aToMmJiap CoHM OmiaH Takkocianaau [1] (pacm 1-2).

FIBURE 2.1
Cross-section of 3 sphencal nancparicle corststing of 10 somes

1
Pacwm 1. Kecumparu 19 atomaan Tamkuia TONraH HaHo3appayda: .

Cohesion Adhesion Y12
/

— 2y,

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

2
Pacwm 2. Koresus Ba aaresus °.

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

2 Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 38
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2) IOzapma koinamran aromyiap XaM KaTTHK KHUCM  XaXMHJAard
aTomyiap/ian Qapkiu Yyiapok, VHHUK Koiyiap Ba OOCKUWIAPHUHT Yy3eJlapuja
KaMCOHJIM TyTaJUlaHraH ajokajgapra sra Oymaau. By Xosn HaHooOBEKTIap Ba
MOHOTApKHUOJAIIraH MaTepUaNIapHUHT KUMEBUHM, KATAIUTUK (DAONIUATH Typiuya
optuiura oiaubd kenaaud. byHaan Tamkapu yriiepoj aromiapJaH MUTpalus, SbHUA
mubPy3MoH MUTpalus, PEeKpUCTAIUIM3alMs, LIYHUHTEK COpOLMOH XaXM Ba
OolIKaIap TE3TUTHHUHT OPTHUIIHN 103aJIMK OYitad aHda Te3 103 Oepanu (pacum 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. Ukkura ymuamaa o0bekTHU O0Fmanumu. KO3a atomnapu (OK) WUKH
aToMIapuaaH cudar xuxataas Gapk Kamaan (Kympanr)'.

3) HanooObekTnap y4yH UYM3HMKJIM Ba [03aKM TapaHTJAlTyBHUHT
TacBHUpJall Ky4Yd HaHOOOBEKTIIAp YUyH OYiraHura Kaparaija aHda Ky4Jud HaMOEH
Oynaau, YyHKH KATTHUK >KUCM XaXKMHUJA 103a/laH y30KjaliraHja Oy Kywiap aHya
3audnamany. by KyWwIapHUHT KaTTaJIUTd HAHOOOBEKT XAKMUHUHT KPUCTAILIUK
TapKUOM KAMUYMJIMKIAPUHUHT KyWIapuJaH TO3aJlaHUIIUIa OJu0  KeJaaw.
HaHnooObeKkT HaHOOOBEKTra Kaparahja aHya MyKamMmal KpHUCTaJUIMK TapKuOWra
sra. TacBup Kyusjapu ¥3 HOMUHH 3JIEKTP MaWJOHJIApHU XUCOOnam ycyinu Oyinda
oaran (pacwm 4-6).

Lateral
shift

Inward
shift ¥l

o0 0 0O

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

Original {100} surface (2% 1) restructured { 100} surface

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

Pacm 4. 103a aToOMJIapy CUJDKHUIIKM CXEMACH Ba 103a DHCPIHUACHHUHT

. . 2
kamaiinim. KpeMHMit ;103aCHHUHT PECTPYKTYpU3aALUICH .

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

2 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. XemocopOuus HaTwXkacuaa ro3ajgapuja BOJOPOI Ba
TUAPOKCHU] TPYIIIAIN 0JIMOC Ba KDEMHUIMHUHT 103aCH

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. MoHKpHCTaUIApHUHT HaMyHaJapd — HATPUH XJIOPHIH, KyMYII,
oxruH (xapopar 1000°C)>.

4) HanooOBekTiapia TapKalull, PEKOMOMHAIUA XamAa OOBEKTIApHUHT
yerapajiapuia akc 3THII OwiaH OOFJIMK OYiaraH KaTTaluk >QQeKkTiaapu Karra
axamusiTra sra 6ynaau (ram MUKpo3appadalapHUHT XapaKkaTH yYCTUIa OOPMOKIA).

Xap KaHgal Kyuyupuil xoaucacuia (3. TOKH, UICCUKIUKHU YTKa3yBYaHIIUK,
IacTuK, JedopMaius Ba XOKa3ojap) BOCHTalapra KaHIAWaup OSpKUH
IOTYPUIITHUHT caMapalid Y3yHJIUTUTa HUCOAT Oepuill MyMKHUH, OyHJa OOBEKTHUHT

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

2 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, BOCUTAJAPHUHT TapKAJIHII Ba
XaJIOK OVIUIIM KapaéHH OOBEKTHUHT T€OMETPUSICUTA YHUYATIUK OOFIUK OYiMaiiau.
Arapna OOBEKT KaTTAIMTHHH BOCHUTAaHUHT OPKUH IOTYPHIN Y3yHIUTH OWIaH
TaKKOCTaIl MyMKUH OyJica, y xoiaa Oy skapa€Hiap aHua HMHTCHCHB K€4aIy Ba yJap
HaMYHaHUHT T€OMETPHUICUTA KyWId Japaxasa Oorauk 0Viaau (pacm 7).

A m
...czmat _________________________
m ~\ Nucleation and Growth
5 Cmin______ [ BN
2 l | '9
S C . Growth
8 Ts . I B e
3 | |
I |0 | 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).]

1 Nucleation rate
Ae ' _p¥

Formation rate of the solid phase

3 ‘Cm Conax

" min

>
05

embry nuclei

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 (1986).]

. , 1
Pacm 7. Hykneanus Ba ycuil xapa€Hiiapu cxemMaliapu .

5) Hano3appanapHUHT KaTTalury siHTY asza, JOMEH, AUCIOKAIIMOH XaJKa Ba
11y KaOuiaap MypTarMHUHI KaTTaJIWTM OWJIaH TEHI €KUM yHJaH KW4MK Oynaau. by
HAaHOOOBEKTJIAp Ba HAaHOMAaTEpHAJUIAPHUHI MarHUT Xxoccanapu (Fe nHanozappa
MarHUT XOCCacura »Jra 5Mac), JIUIEKTPUK XOCCaJapH, NHUIIMK-ITYXTaJIUK
xoccajlapu MakpooOBbEKTIapHUKUTa HUCOATaH TyO1aH Kamaitumura oinud Keaau.

6) MoOAJaHMHT KaMCOHJIM aTOMJIAPH YYyH F03aHU PEKOHCTPYKITHS KHIIHIIL,
Y3UHU y3M TalIKWAJ J3THUII BAa Y3WHM Y3U HUFUII XOCIUpP, STbHU aTOM KilacTepra
OupnamraHua TeOMETPUK TY3WIMAIAPHUHT XOCHII OYNuImM 103 Oepaju, ymapaaH
KEHMMHYAIMK TEXHHUK BasudalapHu Xall KWIKII yuyH (orananuin MyMKuH (pacum 8).

! Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 57
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Pacm 8. Atomutiap ypracuaaru y3apo TabCUp Ky4H.

7) HanooObexTnapaa Typau 3JeMEHTap 3appajap  (SJIEKTpOHIIap)
XApAKaTUHUHT KBAHT KOHYHUATIApU HaMo€H Oynanu. KBaHT MexaHMKacu HyKTau
Ha3apuJaH OJIraHAa, SJEKTPOHHW TETULUIM TYIKUH (DYHKIUSIApPUHU BYXKYyHAra
KEJITUpaJAUral TYJIKUH Ae0 TacaBBYp KWIMII MYMKHH. By TYJIKUHHUHT KaTTHK
KUCMJArM TapKaJuIIM KBaHT 4YerapajoBud OwiaH OOFIMK Oyiaran (TYJIKUH
uHTep(epeHIMsICH, TOTEHIIUAT TYCHKIAp OpKajdl TYHHEPJIAHWII MYMKHHIIUTH)
xoaucanap OWiaH Hazopar KWiIMHaau. MeTain maTepuaiap ydyyH 3JIEMEHTap
3appapyajapHUHT TYJIKAHIM TabWaTh TOMOHUJAH KYWWJIQJAWTaH dYeKIJIOBJIap
X03upua 10J13ap0 dMac, YyHKH, yaap YUyH (3IeKTpoHap yuyH) ne bpoin Tyakuau
Ae < 1 mm, coHM OMp HEYa aTOMJIM MHUKIOpPJApHH Tamkwuia sTaau. II/m ma sca
AJIEKTPOHHUHT camMapalii Maccacu Ba YHUHT XapakaT Te3JUTW [IyHIalKu, e
Bpoilnl TYAKWMHUHUHT y3yHIIATH 31eKTpoHH yuyH 10 mmaan 100 MMradyanu Tamkui
stuiii MyMkuH. Illy Ounan Oupra, makmuiaHaéTraH a T/m Ty3WIMaJapUHUHT
KaTTaIMIu ymoy Yiuamiiap OunaH 6apaBapaup. 3aMOHABUI MUKPOIIpOIeccopiap
(a1 xoTupa) koHTakTiIap ypTracugaru macoda 0.03 mxmaan 30 MmkMraua.

8) HaHOOOBEeKTHHHI Yil4aMH KHUpaiin® OopraH capu 3JICKTPOHIAp
SHEPreTUK CIEKTPUHUHT AUCKPETU3ALMSIIAIIYB Hapaxkacu opTud 6opanu. Kant
HYKTa y4yH (aliHaH Oup Heuya aToMJiaH ubopat OYiaraH oObeKT YUyH) DJICKTPOHIIAP
amManja alpum aroM OwiiaH Oup Xwi OYJIraH pyxcarT JTWITaH >SHEprusiap
criekTpura sra 6yna 6opaau.

2.2. Hanoo0beKkT1ap TACHUPH.

HaHOOOBEKTHUHI KAaTTa-KUYUKJIUTA — HAHOOOBEKTIAPHU TACHUQIIAIIHUHT
acocuaup.

Karra-knunknnkka MyBo(pUK Kyiunaruiap GapkiaHaam:

1) 0-D nHaHOOOBEKTIap — YJIApHUHT 3 Ta MAaKOH YJIYaMUHUHT XaMMacu
HaHOMETp auana3zoHuja €raau (Kymos Kuinb aiTranga: 3 YI4aMHUHT XaMMmacu <
100 uHM).

byHnait 00beKT MaKpOCKOIIMK MabHOA HYJIbMEPIU OYinanu Ba nry cabadmmu,
AJIEKTPOH XOCcallapy HYKTaW Ha3apuaaH, OyHIail 0ObEeKTIap KBaHT HyKTayIap ae0
atamaau. Yiapjaara e bpoisib TYIKMHHA Xap KaHJald MakOH MUKIOPAAH KarTa
oynagu. KBanT Hykranmapaad Jasep KypWIMINIHMIA, OINTOAJIEKTPOHUKANA,
¢doronukanga, ceHcoprkaaa Ba Oorkanapaa porgananunanu (pacm 9-11).
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(a)

']
&

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.0. Miligan and R.H. Morriss, J Am. Chem. Soc. 86, 3461 (1964).]

Pacwm 9. KaiirapyBuu cudaruaa KyJslaHUIaIurad HaTpUi [UTPaTH Ba JIUMOH
1
KHUCJIOTACHJIATH OJITUH HaHO3appavanapy .
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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).]

2
Pacm 10. DTanon-a3¢up MyxuTuaaru KpeMHE3eM HaHO3appadaaapu

Pyridine
— .
Reflux
e T overnight
g3,
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. SIpo-KoOKK HaHOKpHCTamTapHUHT cunTesn CdSe/CdS®

2) 1-D HaHOOOBEKTIAp — UKKHU YiiyaMja HAaHOMETPUK KaTTAJIMKKa, YYUHUU
ynuaMja 3ca — MaKpOCKONMMK KarTalukka i3ra Oynaau. bymap »xymuacura

HaHOCUMJIAp, HAHOTOJANap, OUp JEBOPJIM Ba KYTI IEBOPJIM HAHOKYBYpJIAp, OPraHUK

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

2 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 oskymnazaH JIHKHuHr wkku xaBatinm crnmpamiapu

kupuTriaaau (pacm 12-15).

) : (6} Diffusion of
Growth species by-products

in the bulk O
) Diffusion\ /

from the bulk .
wrface (2) Adsorption/ .
fothes O dmmiol::of (4) Irreversible ‘?r:dﬁ?rwm
growth species incorporation of Ey_Pde:;s
\ (3) Surface diffusion é";?&“;ﬁlﬁié:“" /
f th i
() SHemwhspeees e
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 peakunmsi Oyitmda 6-kKappajiud KPUCTAJUIAPHUHT YCHII

TI/IBHMPll.

ol
Stacking foult

[0110]
e

Stacking faalt

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 okcunu HanoHaivanapu yauyH SEM Ba TEM snextpon
MUKpPOTacCBUpJIapH”.

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

2nd Edition, Imperial College Press, 2010, 113
2 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, Mano Lett. 2, 1333 (2002).]

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

1
MUKpPOTaCBUpJIAPHU .
VAPOR

\l/

SILICON
VAPOR CRYSTAL

ks
3

=y

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-CyloKNIHMK-KaTTHK JKUCM YCYJIMHHMHT CXEMacH: a- OOLUIaHFHY
o o2
3appaua Xocui 0ynumm, 6- ycum”.

3) 2-D HanooObekTHap — akat OuTTa yIyamaa HAHOMETPUK KaTTAJIMKKa 3ra
Oynanu, KOJMTaH UKKHUTA yoyamja 3ca Oy KaTTaMK MakpocKonuk Oynmaau. bynnai
oOBeKTIIap JKymylacura OWp TapKUOJIM MaTEPUATHHHT 03ara SIKWH WHTHAYKa
KaTjgamyiapu:  IJIeHKanap, Koljlamanap, MeMmOpaHamap, Kym  KaTjamid
reTepoTy3uIMaNap KUPUTUIAAW. YJIAPHUHT KBa3W WUKKU YIYaMJIWJIMIU 3JIEKTPOH
Ta3HUHT  XOCCAJlapWHHU,  OJIEKTPOH  YTUHOUIApHUHT  (p-1  YTHIJIAPHUHT)
XYCYCUATIApUHU Ba 11y KaOUJIApHU Y3rapTUPHIL UMKOHUHU Oepanu. AiiHan 2-D
HAaHOOOBEKTIIAP PAIMOIIKTPOHUKAHUHT TAMOMUJIA SIHTH 3JIEMEHT 0a3acuHU uiiad

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

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

2nd Edition, Imperial College Press, 2010, 129
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YUKUII YYyH acoc yiinad TOMUII MMKOHMHU Oepaau. By sHIM HaHORIEKTPOHUKA,
HAHOOITHKA Ba 1y Kaduiap 6ymaau (pacm 16-19).

paa , dam , M4

lsland or Wolmer—Webser growth

om o, SRS, SR

Layer or Frank—wan der Merae growth

moncn, _, S, ol

Iskand-layer or Stranski-Krastorov groath

Fig. 5.1. Schematic illustrating three basic maodes of initial nuclzation in the film growth.

Island growth occurs when the growth species are more strongly bonded to each other than
tx the subsirate.

Pacm 16. FOnka nienkanmapHuHr ycuin cxemacu. Opoiyanu yeuin cyocTpat
6UIIaH MyCTaxKaM OOFIAHTaH 3appadaiap yayH 6opaan -

i
] | l

(] [] []
Film
# + T 4
| L I
Substraie |
i I |
Siatched Strained Rozlnxed

Fig- 5.3. Schematic illustrating the lattice matched homoepitaxial film and subsirate,
stramed and relaxed heteroepatacaal structures.

Pacwm 17. I'ereposnurakcuan miIeHKaIapHUHT CTPECAATr Ba pejlakcalusaIaru
TOMOBMHTAKCHAI TJICHKAa Ba CYOCTpaTHUHI KPHUCTAJUT MaH)kapacu cxemacu, Pyx
OKCHIH HaHOHaituanapu yayn SEM Ba TEM 31eKTpOH MHKPOTACBHPIAPH”.

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

2 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 diamend CVD
process: Mow of reactants into the reactorn, 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, [LE. Butler and

DG, Goodwin, in Properties, Growth and Applicanons of Digmond, eds. M H. Nazare and
A ) Meves, [NSPEC, London, p. 262, 2001.]

Pacm 18. CVD xapaéuu Oyiinua HAHOOJIMOCTAPHU OJIMIITHUHT TPUHITAITHAI
TU3UMHU: PEAreHTIIAPHUHI PEAKTOpPra OKWMHM, PEarcHTIAapHU TEPMHUK KapacH €KU
ma3Ma OuiiaH (paosimaHUINM, YCYBUM FO3ajlapra 3appavdalapHUHT Tallu0 YTHIAIIN

Ba PpEAaKIUsCH, OJIMOCIAPHUHT Ba  YIJIEPOJHUHI  OOINKAa  MIAKIUIAPUHU
o v o . 1
YYKTUPUILHUHT 1033/1aru KUMEBUH Kapa€HIapu .

3 aneese
%t% Sloleiels
0055 feess

Langmul-Blodgas Nims. (3) A manciayer; (b) 3 bilayer: {c) 3 Y-ype multiayer. The circes
represant the pokar heads and the squares the apolar talls of the amphiphiic molecue

() A micele, which can fonm spontaneously upon dispersal In water If the amphiphilic
molecules have a smaller iall than the haad (see Section 8.2.9)

Pacm 19. Jlearmiop-bnomxker mienkamapunau osmil. MoOHOKaBaT, OWKaBar,
y-MyJnThKaBaT. Arapaa «taily «headypan kuuumk Oynca mnomsp  ambudun
MOJIEKYJIAJIAp Y3-Y3UIaH MULEIUIAIAp XOCUIT KI/IJ'IaL[I/IZ

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

2 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 XaMmMMaJaH KYMPOK XUIMa-XUJl
aHTU(dpa3voH, AaHTHUKOPPO3MOH Ba XOKa30 KoIulamMaliap cudaTuaa Xu3Mar
KWIMOKJIa. YJap MOJeKyJsip GuibTpiap, COpOSHTIp Ba LIy Kabwiapaa Typiau XHil
MeMOpaHayap sSipaTHIll y9yH XaM KaTTa axaMHsTra sra.

Oyutepennap.

Yraepoam TpyOkanap.
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CynpaMonieKyisap KUME.
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1
Masnranutiap .

ore ready Magn etite nanopartides
BCOIMEs d inod. The feid onn be
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(1] 10.0 pM

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

I HM

%- !
U()/

["a3mu ruapatnap. 'aznapaaru kinacrepiap.

Hasopar caBosiapu
Hano3zappavanap Ba HaHOKIacTepiap Ae0 HUMara anTuiaaan?
0-D nanooObeKTIapra MUCOI KEJITUPHHT.
1-D HaHOOOBEKTAApra MUCOJ KENTHUPUHT .
2-D nanooObeKTiapra MUCOJ KEJITUPHHT.
Qynnepennap Ba YINIEpOUIM TpyOKaJapHUHI KaHAAW TypJapuHH
ouacus.

OO E

o

Cynpamouiekymsip MoJiianapra MUCOJI KEJITUPUHT.
7. Hoopranuk HaHOMaTepHaUIAPHUHT KaHJai TypJIapuHu Ousiacus’?

DoigaJaHIITAH agaduériaap

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

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

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

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

5. Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,
Properties, and Applications 2nd Edition, Imperial College Press, 2010, 20.
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6. Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,
Properties, and Applications 2nd Edition, Imperial College Press, 2010, 22.
7. Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,
Properties, and Applications 2nd Edition, Imperial College Press, 2010, 57.
8. Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,
Properties, and Applications 2nd Edition, Imperial College Press, 2010, 69.
9. 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.

3-maB3y: HaHocTpyKTypajJaHraH MaTepuaVIapHU CHHTE3 YCyJJIapu
Pewxa:
3.1. Hano3appanap, HAaHOKYKYHJIap HA CUHTE3 KUJIUII YCYyJIIapH
3.2. 0-D HanooObekTIap
3.3. 1-D nanoob6bekTIap
3.4. Yrnepojcus HaHOTpYOKanap
Tasinu n6opanap: CVD, PVD, nanokykyHiapu, razdasaiyd CUHTE3, OyFJIapHUHT
KOHJICHCAIUSCH, . INIA3MaKUMEBUN CUHTES, JIa3epJid a0IsIIIus.

3.1. Hano3appajnap, HAHOKYKYHJIAPHHM CHHTE3 KMJIHII yCYJIapH
Xo3upru maWTAa MablyM OyiraH HaHOMaTepualap  3aMOHAaBHA
TEXHOJIOTHsIapra (paH Ba TEXHUKAHUHT TYpJIM cOXajlapuaH KUPUO KeIraHIUTMHA
XxyucoOra onranja, OupoH-Oup acocia MakOyJs OYiran siroHa TaCHUGHUHT Y3U MYK
(pacm 1-2).

49



Nanomaterial

Nano—})bject 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)
Nanc;wne Nanotube Nal:lorod
(electrically conducting (hollow nancfiber) (rigid nanofiber)
nanofiber)
FIGURE 6.2

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

1
PacMm 1. HaHOOOBEKTIapHUHT KOHIIETITYaJl TU3UMU

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

Matrix Solid Liquid Gaseous
Solid Manccomposite? - Mancfoam?
. . - . I-
Liquid Manosuspension”  Nanoemulsion  Manofoam®
Gassous  Asrosol Aeroso -

30ther matenals faling into this category are nano-affoys, metal-matnx
composites, etc.

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

ENanofiuids are included hers (Section 6.5.4).

2
PacMm 2. HanonucnepcusisiapHUHT OHTOJIOTUACH

Haunomarepuainiap:

-KaTTa Xxa)xmiim HaHOTapKUOJIAIITaH MaTepuaiiap,

-Hanoxkmacrepnap, HaHO3appayiap, HAHOKYKYHIIAp;

-Kyn katiamim HaHOIUIEHKAIAp, KYI KaTjlaMJId HaHOTYy3WJIManap, Ky KaTJaMIn
HaHOKOIUIaMaJIap;

-OyHK1MoHan (akjIM) HaHOMaTepuasiap;

-HanoroBakiin marepuauiap;

-Dynnepennap Ba ylIapHUHT XOCUJIaiapy OYITaH HAHOKYBYpJIap;

-buonoruk Ba GuoOupiamran MmaTepuaiiap;

-Hanorapkubnu CyroKIuKiIap: KOJUIOUAJIAp, rejuiap, CyCleH3usiap, moJguMep
KOMITIO3UTJIAp;

-Hanokommosutnap.

! 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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PacMm 3. HaHOCTpYKTYpaCUHUHT Xap XU MIAKIJIapy
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ig. 2,10 Schematic diagram of sol-gel method and its nanomaterials products

. 1
Pacwm 4. “3on-ren” xapaén

JlacTmabku HaHO3appajap ojaM TOMOHHWJAH araiinad smacu, Tacoauda,
TypJU TEXHOJIOTHK >Kapa€Hiap/a spaTuiran. X03upru BaKTaa yiap sipaTuiiaguran
Ba MaxCyC WNUIA0 YMKapWiIaaWraH OYyiau, Oy 3ca HAHOTEXHOJOTHsUIapra acoc
coigu.  HaHOTEXHOJNOTHSUTADHUHT  PUBOXJIAHUINM  apuM  (PyHIaMEHTAI
NPUHIUIUIAPHUAHT TyOAaH KaiTa KypuO unkuauimura oauo keiamu. (Pacm 3-4).

“FOxopuoan-nacmea”  WYyIM  —  HAHOTEXHOJOTUSUIAPHUHT  YMYMHUU
napaaurMacu  (IpUM MaxCyJoTJaH (TaHABOpJAaH) OPTUKYA KUCMIIApD KecHuO
TalIaHa N )

HanorexHonorusuiap “nacmoan- oxopuea’ — KMUUKIAH KaTTara (aToMjaH
00beKTra) Nynuuu Takaud Kuiaaau. by HaHOTEXHOJIOTHsIap HapaaurMacuIup.

Fig. 2.8 Schemastic
iHustrations. ol the symthesis

methods of neEnomatensls
(im0 el &l 200 1)

2
Pacwm 5. “lOkopunan-nactra” Ba “Ilactnan-rokopura” MeToziap

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

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

AG

FIGURE 6.3

Sketch of the variation of free energy of a cluster containing n atoms (cf. Figure 2.2). The
maximum corresponds to the crtical 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. PacMm. n-aTomnapiaH TalmIKWJ OTYBYM KIACTEPHUHI JPKUH
DHEPTUSACUHU Y3Tapulld. SAOPOHUHT KPUTHUK YyadaMura MakCHMall paBUIIZa MOC
KeJnaau .

3.2. 0-D HaHooOBeKTIAP

Xo3upru BaKT/Ia acocaH HaHOTEXHOJIOTHsIIapa ousra
MaKpOTEXHOJOTHUSUIAP/IaH YTraH TEXHOJIOTHK yCyJUap YCTYHIHUK Kuimokaa. 0-D
Tondacura MaHCyO HaHO3appaJApHU SPATHIN YIyH XO3UPTH HAHOTEXHOJIOTHUSIIAp
JUCHEPCUsIIAN, STPHM  Maljanam  yCyJMHM  Ky/ulaMoKaa. Xap  KaHjaaun
MUKPOCKONIMK OOBEKTHU HaHOYIYamjaprada Maijanam (Iucrepcusiail) yayH
OJIMM JUCTIepCUsIIalll TYFpU KeiaMmalau. 3appaiap KaHua Mmaijga Oyica, ymap
I03aCUHUHT (haoJUTMTH LIyHYa FOKOPH OYIaau, HaTHKa/la alloXKia 3appajap Karra
XXMM  KOHIJloMmepaTiapra Oupnamanud. Iy cabGabnum  yTta  MHrauka
JTUCTIEpCUsIIAIl YYYH [03aJlar¥ TapaHTJIMK KyWIApUHU KaMmMauTupaguraH I03aku
dbaon Moamanap, UIYHMHIJIEK CTaOWIM3aTopiiap Tap3ujard MyalsH Typjaru
MYXUTHHU, TAKpOpaH KYIIWIWIIra TYCKUHJIMK KWJAIUraH COBEH Tap3ujaru
KOMITO3UIIMSUTAPHU KYJUTaHuIl Tanad KummHaau. KaTTuk sKucM uerapacuyia 103aku
DHEprus KyJa XaM IMacalraH MyausH IIapouTiapAa AUCIEPCIaHUI KapacHu y3-
y3ugaH, mMacajiaH, 3appajapHUHT MCCUKIWK XapakaTh XHCOOWIaH 03 Oepuilu
MyMKHH. AHa 11y ycy/ulp OWIaH 3appajiap Karrajauru yHiad HM Oynran Me
KYKYHJapuHH, Ym0y MeTaJUIapHUHT 3appajap Karraauru 1 HM  Oynrax
OKCHUJIJIADUHU OJIMII, IIYHUHTJEK MOJIUMEpPIap, KEpaMUKa KOMIIOHEHTIApH B Iy
KaOWJIADHUHT JUCIICPCUSIIAHUIIIMHYU aMajira OIIMPUIIT MYMKHH.

1) Maiiganam ycyiiapu: mapid TETUPMOH, TeOpaHMa TETHPMOH,
aTTPUKTOPIIAp, IMypKama TerupMomiap (pacm 5-6)

! Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 105
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Pacm 7. Boasdpam kaaObuaHuHT HaHOKYKyHIapu (50 HM). MexaHOKUMEBUMA
cunTtesa - 10 coar, D- pasmep vactun, £ — MuUKpoHamnpsikenus, t- coat

Pacm 8. Tutan kanOuaHuHr HaHOKykyHiIapu (2-100 um). MexaHokuMEBuit
CUHTE3.

2) JucnepcusuamiaH — TaluIKapu WKKUTA YEKJaHTaH TMapaJurMaHUuHT
KYIIWJIWIIMIaH ubopatr OyiraH xapa€HjaH KeHr doinananunaau. by >kapaén
KATTUK MOJUIAaHUHT  OyFjaHuO, IIyHAal KeluH Typiid  IIapouTiIapaa
KOHJIEHCAlMsJIallyBUMiaH nbopat. Macayian, COBYTWITaH MHEPT ra3 MyXHTH]A
5000 — 10000 C mapakacuravya KH3AUPHITaH MOJIa OyFHMHHM KOHJICHCAIHIIAO,
XOCHJI OYJITaH KyKyHHU KOHJIEHCAIMs 30HAaCHaH Te3na ynkapu6 tammiant. [y #yn
OusaH 3appanap KaTTaiurd 3 — 5 HM OyNraH KyKyHJIapHH OJIUII MyMKHUH.
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! 75000-10000 C

Pacm 9. HanomaTepuamiapHu OMII KypUIMacu
1 — Bbyrnanaérran mopna maH6au; 2 — unkapu6 tanviami, 3— KykyH;

4 — Kypaxkua,; 5 — Kongencarus 6apadanu

3) YunHuUM ycyn XaM aHbaHaBUH AMCIEpCHUsIIAIITA aloKaAop OO, spuThiIran
MOJIJIaHA COBYTHIITAH T'a3 €KU CYIOKJIMK OKUMUJA MypKail Ae0 aTaiaau.

TomunHM MailijanaiiiuraH OKUMHHUHI Tra3 MyXHTH cudaTthaa, CYHOKIUK
cudartuga sca CnupTiiap, CyB, alleTOH Xu3MmaT Kuiaumu MymkuH. llynnai ycyn
Oowian kartanurd 100 HMra sskuH Oyiaran 3appajiapHu OJIUII MYMKHH.

o0 OeLo o

d
(==

3 O

Tabpudnanran yCyJUIapHUHI XaMMAacH >KyAa YHYMJIM, OHMpPOK KouJa
TapuKacuJa yJlap KyKyHHUHI YJIBTPAaJUCIEPJIUTMHHA, 3aPPAIAPHUHI KATTHUIUIU
Oup  OYIMIIMHU  TabMUHJAMailaM, Xamaa  KapaéHHUHT  TO3aJIUTUHU
TabMHUHJIaMaiau. bynap HaHo3appasapHM MIAKUIAHTUPULIIHUHT MabiyMm OYiran
oupaan-6mp ycymiapu smac. 0-D HaHOOOBEKTHAap >Kymilacura yiabTpagucrepc

KyKyHJapJaH Tamkapu ymiepernapuu, yriaepomm 0-D HaHOOOBEKTIapHH XaM
KUpUTaIUIIap.
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3.3. 1-D HaHoOOBeKTIAP

AWTHO VTWITaH HAHOOOBCKTIAPHHHT Xap OWPU TEXHUKAHUHT TYPJIH
coxajmapuaa KyJulaHuiaaad. Macanad, HaHOCHMMIIapJaH CyOMHKpPOH  Ba
HAHODJIEKTPOH Yy3e/ulapja YTkazyBuwiap cudaruga dolgalaHuIIHu TakIud
Kuiaauiap. HaHoTonamap HaHOTapKUOMAIITHPWITAH HAHOKOMITO3HUIIMOH II/TIa
aneMeHT cudatuga Kyutanwiaau. OpraHuk HaHOMOJIEKyJajiap Xam THOOHETa,
KUME CaHOATH/Ia HAHOTAPKUOIAIITUPUIITAH MaTeprualiap spaTUIIa KYJTaHIa Iu.

DJEeKTpOHUKA YUyH HaHOTpyOKanap kadbu 1-D HaHooOBeKTIap Kyna Myxum
axaMmuAaT KacO ATaM. YMyMaH oJraHja XxaMMa HaHOTpyOKamnap 2 Ta karta Toudara
OyIHaIu:

1) VYruepoanu nHanorpyokanap (YHT)
2) VYraepojacu3 HAaHOTpyOKaap.

bynnan Tamkapm XamMma HaHOTpyOKajap KaTJIaMJIApHUHT COHHM OVinda
axkpaynb Typaau: Oup KaTiaMiIu, MKKW KaTJIaMJIM, KYT KaTJIaMJIu.

3.4. Yruepoacus HaHOTPyOKaiap

XaMmma yriiepojicu3 HaHOTpyOKaIap UKKU TypKyMra OYIuHaIu:

1) Tapkubura yrinepo Kupaaurad YTKUHYM HAaHOTY3WJIMalap

2) JluxanbKoreHu]; HaHOTpyOKanap. XO03UPru BakTla JUXaTbKOTCHH]I
TpyOkanapaas MoS, WS,, WSe,, MoTe, Ba Oomkamap wmabaym. bynnait
HAaHOTpyOKajap yTa rornkKa, ujaeal XoJaraa — MHOATOMIIM KaTjaamiiap, ypam Ko
ypaJiraH MaTepuaIapaup.

A

bab3u karnmamiu  maTtepuaiap KUMEBUM  alloKajap acCUMMETPHUK
oynranauru Tydaiiim OyHaal Ypamiapra MyCTaKWJl paBUIIAa aH4Ya OCOH
Vpanaau, ury Ounan Oupra OyHAal Ty3WJIMallapHU IIAKUTAHTUPUIIIAru Oup/iaH-
Oup MyaMMO - J3pKHH, X€4 Hapca OujgaH OofjaHMaraH aToM KaTTaJIUTHJIard
MoOjIa KaTjJaMHHU oJidijaH ubopat. bormka martepuamiap ¥3-Y3umaH YpanuO
KOJIMIIra Moiui OynMaiiu Ba 11y cababiu XO3Upru BaKTAa HAHOTPYOKaJlapHU
MaxOypaH MaKJJIAaHTUPUII UMKOHUHHM O€paJiuraH TEXHOJIOTHS yCYyJIJIapu HIILIa0
YUKUIMOKIA. byHmait skapaéunapHunr 3 Ta BapuaHTu Oop:

1)  Maexyx Oyiaran HaHOTpyOKa acocuia HAHOTPYOKa
SApaTMOKYHU OynaéTraHuMu3 MaTepUaTHUHT IOTIKa KaTJamMJIapuHU
rereposnuTakcuan omupud oopuir. Mucon GaN —ZnO.
By ycynHUHT acocuil KaMUYMJIMTH UIYHJAaKd, TeTepO’NUTAKCHAll OLIUpUO
OopHIll ydyH WKKUTa MaTepHAHU TaHJAIl KHIHH.
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2)  boumaHfW4 HAHOCUMHH  JJIGKTPOH Hyp OWJIaH W3YWJI pPaBHIIIA
KamMalTupuO OopuIn iyau OWJIaH OJIMHTaH OWp JAEBOPJIM HaHOTpyOKanap. Mucod:
OnTuH Ba ruiatnHa HaHOTpYOKanap. D Pt HanoTpyOkamap - 0,48 HM.

3) Kamumnmuru Oup Heya MOHOKATjiaM OyJraH IONKa, THUFU3
reTepO3NUTAKCHal TY3WJIMAHU $CCHU TarJIUKAa ETUIITHPUO, IIyHAAH KEHuH Oy
reTepoTy3WIMaHu Tarjiuk OWaH ajoKaJaH Oymiatuiura Ba ypam, TYTyH KWinO
ypauira acocnanrad. 1ML — 6utra MoHOKaTIaMm.

VYpam xapaéHu aTomiiap ypTacHIard Ky4IapHUHT THFU3 TeTEpOIUICHKaIa
XapaKaTJIaHHIIKA XUCcoOUTa 103 Oepain.

GaAs J ‘
Y N
InAs ‘
v
AlAs |
InP ‘

Inga rereposnuTakcus ycyiauia y Owiad sXimu Mociamaguran AlAs
eTUILTUpUIIAAN, cyHrpa Oy Ty3unmara ['D ycynuna Asln yetupunanu. Y AlAsra
Kaparaija KyIOpoK KpHUCTal MaHXapa MapaMmeTpiiapura sra Ba 1y cababmu Oy
KatiaM ycrupwiranga y ryé cukunaau. [lyamnan kelinn ymOy kaTiamra sHa [0
ycynu Ounan GaAs katinamu ycrupunaau. Jlekun, AsInman dapximu ymapox Oy
KaTjiaM KpHUCTAT Tamkapa TmapamMeTpura KaMpoK odra (dJIeMeHTap KaTak
KaTTAINTH KaMpOK) Ba yHHM, aKcuH4Ya, uy3aau. Hatwxkana, AsAl kaTtinamuHu
Oymara OonutarannMusaa o6ymaran InAs ty3unmacu AsGa Owunan O6upra InAs
KeHraTupaaurad, GaAs KatjiaMu 3ca TOPTaJAUIraH Kywiap XucoOura ypam Ko

Vpait 6omnanau.
/-/_.-’ %
GaAs — /

INAs " ] Etching
InP
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YCyJHUHT SXIIM KUXATIAPU:

1) TpyOkanap auameTrpu xap Xujia OYiauO, rerepoTy3wiMa YUyH TETHIILIA
MaTepualJIapHu TYTUIAIl WU OMIH OCOHTMHA OeNTUIaHUIITN MyMKHH.

2)by ycyn nesipau xap KaHjnaid matepuaiuiapias (1/m, Me, AU3IeKTpUKIIap)
dbolimananuIn Xamja yJapHUHT XaMMacHMHU HaHOTpyOKamap KuiauO Ypaii
WMKOHUHU Oepaju.

3) JleBopJapuHUHT KaJdWMHIMTH Oup Xui Oyiaran  TpyOkamap cudaru
SIXITUJIATY Ba HUCOATaH KaTTa y3YHJIMKKA STAJIATH.

4) by ycyn UMC wunTterpan MUKpocxemanap TEXHOJIOTUsIapyU OWIIaH XU
MOCJIaIIaIu.

5) bynnmait HaHoTpyOKamapHMHT (U3MKaBUK Xoccajiapu  OOILIaHFUY
reTepoTy3uiMa MaTepuasiapy Ounan Oenruiaanaay (pacm 7).
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Pacwm 10. Hanonatiuanapu

Hasopar caBosuiapu
1. “IOxopu-nactra” TEXHOJIOTUSCUTA MUCOJI KEITUPHHT.
2. “IlacTnan-10KOpHUra” TeXHOJIOTUSICUTa MUCOJ KEJITUPHHT.
3. “30x-ren” xapa€HUHU TYIIYHTUPHUHT
4. Hano3zappanap, HaHOKYKyHJIap, HAHOAUCTIEPCUS HU CUHTE3 KUJIUII yCYJUIapH
5. 0-D nmanoo0bexTap Ba 1-D HaHOOOBEKTIAp 1O HIMAara auTHUIaau
6. Yrmeponacu3 HaHOTPYOKaTApHUHT KaHIal TypiiapHu Ouinacu3?
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4-mag3y. 2D-HaHocTpyKTypaJlaHTaH MATEPHAJLIIAP BA YIJIEPOIJIH
HAHOMATEPHAJ CUHTEe3 yCyJLIapHu

Pexa:

4.1. 2-D HanooObekTnap (Forka rieHKaaap)

4.2. ®azanu dNUTaAKCHSL.

4.3. Yriaepoau HaHoMaTepuasap

4.4. YrnepoJau HaHOMAaTeprauiap CUHTE3H.

4.5. Yrnepoyim HaHOMaTepUaUTAPHUHT UILTATAITUIIIN.

Tasiny ubopanapu: ronka ruieHkan€ap, dasanu snutakcus, ysuiepeH, rpadeH.

4.1. 2-D Hanoo0bekT1ap (10nka mjieHkasgap).

Texnukaga Komnama cudatuaa ¢Goigamanunagu. HOnka mieHkanu
KOIUTAMAJIAPHUHT  SPATWIMIIN  JacTIa0KW  MaTepUAHUHT XoccaJapuHu
y3rapTupuill, OyHAa XaXKMHUTa TErMacluK Ba TEOMETPUK YIT4aMIIapHU OIIUPMACITUK
uMKOHUHM Oepanu. Kammanuru 1 MmkMmaan optuk smac. Komnamanu UiaTuuiHAHT
SHT Ky TapKAJIraH Makcajlapu:

1)Typnu neramiap MaTepUaUIApUHUHT €MUPHIIAIITA YHI(pEHAMIIMIIUTUHH,
MCCHUKJIMKKA Ba KOPPO3Usira 0apKapOpIUTHHHI OUITUPHIIL

2) Mukpo, HaHOPJEKTPOHHKA, OINTOAIEKTPOHHMKA, CEHCOPUKA  Ba
OOILIKANApHUHT JJEMEHTJIApW Yy4YyH I[UIaHap, Oup KaBaTiu, Kyn KaBaTiu
reTepoTy3uIMaliap SpaTHILL

3) IO3aHuHr ONTUK  KYpCaTKUWIApUHU  Yy3rapTupuil  (XameleoH
KY30iHaKIap);

4) AxOopoTHH €3u0 OJIMIN Ba CaKJall AIEMEHTIApUAa MarHUT MyXHTIap
SApaTHIll yYyH;

5) AxGopoTHu €3u0 OJIMII Ba Cakjiall ONTHUK BocuTanapuHu sipatuin CD,
DVD nucknap;

6) FOTkuuiap, ra3 apajaliMalapuHUAHT CenapaTopilapuHu, KaTaliu3aTopiap,
KUMEBUY MOIM(PUKAIMSUIAHTAaH MeMOpaHaiap Ba Iy KaOWUJIapHH SIPATHUIIL;
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KO3aHuHT XM3MaT KYpCaTKUWIApUHU SXITIIamTa (ShHU yiapra IjeHKamap
spaTulIra) Oup-oupuiaH MyTJIaKko GpapKiIaHyBUMd MKKUATA EHIOLIYB MaBKY/I:

1)  IO3ara sKuH KaTiamaapHU Xap XWi (KUMEBHMA, UCCUKINK, MEXaHUK,
pagyuanMoH EKM yJapHUHT KOMOWHalMsIapW) WIUIOB Oepuin  €paamuia
MO U (DUKAITHSIIALLL

2)  bBoilka aTOMJIapHUHT KYIIMMYa KaTJIaMJIapHHA OCpHIIL.

Kormamanap CypTHIIHUHT XaMMa yCYJUIApWHHA UKKHUTA TypyXra
OUpIAIITUPULI MYMKHH:

1)  byr dasacunan ¢pusuk uykrupui PVD;

2)  byr daszacugan kuméBuii uyktupuin CVD.

Hkkana xomarna xam xapa¢H BaKyyM Kamepajaa amaira ONIMpUiIaau, YHAA
0ab3aH TEXHOJIOTMK Ta3HMHT YHYa KaTTa OYynMaraH OOCHMH XOCWJI KWJIMHAIU
(aucOaran kumMEBMN HerTpa raznap — Ar, N, aTHIIeH).
byr ¢azacunan ¢usuk uyktupui ycymiapuaa (PVD) sHru maTtepuanHu Tariukka
eTKa31O OCPHIIHUHT acoCaH MKKUTA ycyiuaaH Govgananuianu (pacm 1-2):

1)  Tepmuk KU3AUpHUII XHCOOMTra ImypKaml (KU3TUPHII Kyda XHIMa-XUI
ycyjulap OWJIaH: PE3UCTHUB, JJIEKTPOH-HYPJIM, HHTYKI[MOH, Jla3epiiu Ba OOIIKa
ycyJiap OuiaH);

2) Hewrtpan razmap re3namrad MOHJIApUHUHT, MACAJIAH:

Ar nonnapauar Ek kuHeTuk sHeprusicu xucoOura mypkam. Mycoatr non Ar
KaToAHU OOMOApIMMOH KWJIaIH, KaToa/a MypKaJaJuraH MaTepUATHUHT HUIIOHU
Ba T.0. yIOy MaTepuaHUHT (PU3UK MypKAIUIIN 103 Oepau.

®dapku — (pakaT MaTEpUATHU MTypKaIl yCyJUIapuaa X0Joc.
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Fig. 5.6. A typical cvaporation system consisting of an evaporation source e vaporize the
desired material and a substrate located at an appropriate distance facing the cvaporation
source, Both the source and the substrate are located in a vacuum chamber,

Pacm 1. Tummk OyfiaTyBuM TH3MMH BaKyyM Kamepacujard MaHOa Ba
1
cyOcTpaTAaH TAIIKWI TOTITaH .

! Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 183
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byr ¢pazacuman YYKTUPUIIHUHT QUMK YCYJUIapu OWJIaH FOAT XUJIMa-XUJl
KoIulamanap KOIUIaHaJH, YyHKU Oy ycyJuiap KeHT Kynamaaru (asuiatiapra ara:

1) bynnait yn OunaH KOIJIAaHUIIK MYMKHUH OYJIraH MaTepyuaUIapHUHT FOSIT
xunma-xwumry (Me. Kotummmanap, noaumepnap, 6ab3u KUMEBUM OUpUKMaap);

2) TarnMKHUHT FOSAT KEHI UCCUKJIMK JIMana3oHuia cudatiu Koriamanap
OJIUIIT MyMKHHJTUTH,

3) By ’xapa€HHHMHI XyJa XaM IOKOpH Japaxaja TO3aJuru, 0y sca sXIu
cudatian ENUIIUITHA TABMUHIANIN;

4) Jletainap KaTTaJUry KUJAUN Y3rapMaciaury.

byr ¢dazacuman kuMEBHMI UYKTHUPHIN yCyJulapuja KaTTHK MaxcysoTiap
(TUIeHKa) TarivKAa KaMEpaHWHT HINYU aTMoc(epach aroMjapu HINTUPOKHUIATH
KUMEBUN peaklus HaTWKacuja ycaau. byHman peakuus KEeUUIId Y4yH SHEPrHUs
MaHOJapu cudatuga y €ku Oy 3JeKTp 3apsaujiaH, 0ab3uja dca Jlazep HypuJiaH
dboinananaaunap. TeXHOJOTHK kapaCHIapHUHT Oy TypHu aBBaJITMCHUTa KaparaHja
XUJIMa-XWUIAT OuslaH akpanud Typaau. Y HadakaT Koruiama spaTuiija, Oalku
HAHOKYKYHJIap SpauIia XaM uiniaTmiaay (pacm 3).

By ycyn Owran yriaepommu KuMEBHM Oupukmanap-kapoumpiap, CN-
HUTpUJJIAp, OKCUAJIap Ba OOIIaIapHU OJIUIIT MyMKHH.

Bom oS oo

{11 Horzeslal resctir

|

{3y Barrel rencior {4) Pan-cake resctor

Fig. 5.12. A few common sctups of CVID reactors,

Pacum 2. CVD peakTopiapHUHT KypHIMAIapH .

! Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 194
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Fig. 2.11 Events take place in the CVD process (http://postechlocal k2web.co krfuser)
Pacm 3. CVD rerepores peaxius 6yiinua KpUCTAJUIAPHUHT YCHUIIT TH3HMH .
1. OruiyBYaHIWK Ba XWIMa-XWIUIUK, Oyjap KoIUlaMaHU TaOuaTh Ba

HIaKJIM Typyir4da OyiaraH (ToJjiajiy, KYKYHJIM Ba OOIIIKA)MOAJI0OKKaIAp CUPTHJIA SIXIIIN
TypuO KOJUIII UMKOHUHU Oepaju;

2. 3apypuil  TEXHOJIOTMK YCKYHaJJApHUHT  HUCOAaTaH  COIJAJIMTHU.
ABTOMATIAIITUPUIIUIIN OCOHJIUTH;

3. dolganaHuIIra SPoOKJIM KUMEBUU peaknusiap Ba MOJJAJAPHUHT
TaHJOBH KATTaJINTH;

4, KomnaMaHuHr Ty3WJIWIIHW, YHUHT KQJIUHJIWMTKA Ba JOH XAKMUHHHD
MOHUTOPHUHT KWJIMITMHYA Ba OOIIKAPHITHIIIN;

5. JloHnapu-sbHU SPUMKPUCTAIUT TY3UIMAIIAPH JJIEMACHTIIAPH.

IOnka nnénkanu Ty3uiaMmanap UIUad YMKApUIIa SMHUTAKCHI Kapa&Hiap
KarTa pona YyiHaiiau. Onurtakcus — Oy XyAay my €KUOOLIKa maTepuall, SbHU
NOJIOKKA CHUPTUTa MaTepHall KaTJIAMUHHM YCTHpPHUINTa KapaTHUITaH TEXHOJIOTHK
xapa€Haup. Arap TOAJO0KKAa HUHI Ba IUIEHKAHUHI MaTepuaid OMp-OupHra mMoc
Tylica, Hla Oy *kapa€H aBTOAMUTAKCHUS JACHUIaau, arap MojjloKKa Ba MIEHKAHUHT
MaTepuaiapu Oup-Oupura Moc kenmaca, yHaa Oy >Kapa€HHHM Te€TepO3NMUTAKCHUS
nevunnanu. bapua snurakcuan xkapaéniap UKKU cuHdra 0ynuHaau:

1. DITyBUM MYXUTIU >Kapaéninap: (cyok ¢azamu Ba OyF (Qazaiu
AMUTAKCHLIIAP);
2. OATYBYM MYXUTCHU3: (BaKyyMJIM SIUTaKcusiiap). Modekymnsp Ooriu

EKU MOJICKYJIAp HYPJIU dUTAKCUsIIAP.

! Said Salaheldeen Elnashaie, Firoozeh Danafar, Hassan Hashemipour Rafsanjani Nanotechnology for
Chemical Engineers, Springer, 2015, 100
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4.2. ®azaau JNIUTAKCHUA

Cywok (pa3ajau 3nuTaKkcus.

Ad3zannukinapy Ba KaMUHIMKIIApH.

Cywk ¢azamu osnurtakcus acocaHn GaAS, GdP2 kabu Kariamiu
APMYTKA3TUWIM ~ OUpPUKMAJap  OJMII  yYyH  KYJUIAHWIQAW;,  LIYHUHTJEK,
MOHOKPHUCTAJIJT KPEMHUHN OJIMIIIHUHT acocuil ycynuxucodyianaau. XKapaéH azoT Ba
BOoOopoA arMocdepacuga (KopulIMa EKM TOJJIOKKAa CHPTUAArd  OKCHJ
IUIEHKAJIApUHU TUKJIAII Y4yH) €KM Bakyymaa (dactinad OKcu[ IUIEHKaJapUHU
TUKJIA0 onrad) yTkasuiaau. KopuiiMma moajioxka CupTura CypTuiaau, OyHaa yHU
KHCMaH 3pUTad Ba YHUHT KaMUYWJIUKIAPH , UPIOCTUKIaApU HYKOTUIIAIH.

I'az ¢a3aam snurakcuss — Oy SIPUMYTKA3TUWIAPUHUHT  SIHUTAKCHUSI
KarnamiaapuHu OyF Ba ra3 (azamapujgaH 4YykMa XOCWJI KWIMII Wynmu OwiaH
OJIMHUIIMAUDP. OHI Ky ~ KPEMHUWIM, TIE€PMaHIIM, apCEeHUJ-TaJUIAIICH
SApUMYTKA3TU4IM  yCKyHanapjaa atMmocdepa OocuMHBa HMC Ja KYJUITAHWJIAIW.
XKapaén BepTHKan €KMW TOPU30HTAN THUIJArM MAaxcCyc peakTopiapia armocdepa
oocumu octuaa €ku mact Oocumia Ytkazwianu. Peakmust 750-1200 rpagycraua
KM3IUPUITaH SIPUMYTKA3rUWId IJIaCTUHKAIap CUPTUTa 00paiu.

MouJiekyJisip HypJi¥ 3ITUTAKCHS.

Ad3amnuknapy Ba KaMYWIHKIAPU.

Monexynsp nypau snutakcus (MHD) €ku monekymnsp OOFIM SnUTaKCUs yTa
IOKOPY BakKyyM MIApOMTHIArM SIUTAaKCHal Yyculaup. by rerepouerapaiapu
MOHOATOMJIM CHJUIMK OYJiraH oOJauHAaH OepwiraH KaJWHJIUKIArd TeTepo
TK3WJIMAHUEKU JIMTEPJIAHUII TPOGUIU OJIUHJAH OCNTHIAHTaHTeTePO TY3UJIMaHU
YCTUpUILI UMKOHUHU Oepaau. DNHUTAKCUS Kapa€HU YUYyH CUPTH aTomiiap CHILIUK
OVJIraH sSIXIIK TO3aJaHTaH Maxcyc Moaoxkanap 3ypyp (pacm 4).
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Pacwm 4. Monekymsip HypJid SIIUTaKCUSTHUHT CXEMAacH

UyHaaTtupuiara yerupuuml. oIauil Ky3 OwiaH Kaparanjaa xam Snajok,
KATTUK CUPT-KPUCTAILI )KUCMHU KYPHUII MyMKHH.
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Muxkpockorga: aToM Ba KUMEBUN OOFIaHUIITHY KYPHUII MyMKHUH.

a
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[Tomnokka aTOMIQPUHT CUPTIa KOWIAIIUIINIAA SPKHH aTOMIAPUHH
KOWTAIUIIUTa HyHANTHpHUITaH Tabcupu (pacm 5-8).
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FIGURE 6.9

A (fragment of a) self-assembled monolayer. The component maolecules have the general
formula LXR, where X is an apolar chain (e.g., alkyl), and B is a reactive group capable of
binding to the substratum 5. X can be functionalized at the end opposite from R with a
group L to form molecules L-XR; the nature of L can profoundly change the wetting
properties of the SAM.

Pacm 5. V3-¥3uman xocun O6ynyBYM MOHOKaBaTHUHT ¢parmeHtu. LXR. S-
cyoctpar Owinan Oornmaiiauran LX- Homossip 3aHXupHUHT R-peakimoHn rypyxu. L
ra OOFJIMK paBHIIa MATEPUATHUHT IMUMANPUIIHII XOCCATAPHU Y3TapyUIlId MyMKUH .

! Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 110
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FIGURE 6.6

Langmuir-Blodgett films. (a) A monaolayer; (b) a bilayer: () a Y-type multilayer. The circles
represent the polar heads and the squares the apolar tails of the amphiphilic molecule.
(d) A micelle, which can form spontaneously upon dispersal in water if the amphiphilic
molecules have a smaller tail than the head (see Section 8.2 .9).

Pacwm 6. JIsurmiop-bromkerT mienakanapu. A) MoOHOKaBart, 6) Oukasar, B) Y-
MYJIBTHKABAT

FIGURE 6.7
Thiz Langmui—Schaefer (L3 imchnique. (a} The paar subsirate is slowly drawn upwands
through the Langmuir Sim o depoesit a mondlayer. (G} The coated substale, now apolar, &

pushed harzontally through the: Langmuir film fo deposit 2 second monolayer (and is
caught by the receplade R This operation is eguivalent to a veny rapid vertical descent.
The= rapidity is needed in ensure that the mensicus curss dowmsards during deposition

Pacwm 7. JIaarmiop-1Iédep ycynu. a) JIsHrMIOp MOHOKAaBaTUHU XOCHUJ KHIJIUO
noJIsip  CyOCTpaTr acta CeKMH KyTapwiaau. 0) MKKMHYM MOHOKABAT YYKTUPHUIIAMH,
KOIUIaHTaH  HomoJsip  cyOctpar  JI3HrMIOp  IUIGHKacura  TOpPU3OHTAI
ﬁj’lHaHTI/IpI/maﬂHZ.

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

Edition, Elsevier, 2011, 110
2 Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
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Unper paned: deposition of a polycation onfo a negatvely charged substradée folibwed by a
polyanion. Lowsr paned: deposiSion of a polycation followed by a negatively chargsd
ranopartide onioa negatively charped substraie [112].

FISURE B.11

A palyion approaching a surfaoe already covered with its conpeners (ses temt),
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FIGURE 6.12

Owerchargng resuling from adsorbed polbyion tails (See e,

Pacm 8. Ilonukatuonmap Ba 3appadajapHu cyOcCTparra YYKTUPHII.
T[oTMHOHNAPHY aACOPOLHS BAKTHAATH OPTHKYA 3apSi/Ia

4.3. Yriepoaiu HAaHOMaTepUaJLJIap

AMepukanuk apxutekrop Dyiiep apxXuTEeKTypa KOHCTPYKLHSICUTA SIHTU
AJIIEMEHTHH KUPUTIU.
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S
1985 #mnpga  Xynou  mIyHZad  KOHCTPYKIUMSTa OHpPpPUKaH — YIIIEpo[
3appavaiiapu tomwinu. by momnmanap ¢ymnepennap ae6 aranmu. Oymiepen C-60

Edition, Elsevier, 2011, 111

! Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 103-123

67



(60 Ta C arommn), pymrepen C-70 (70 ta C atomumn), dpymnepern C-1000000 kam
OYJIUIII MYMKHH.

VYrnepon aromnapu 60 Ta aTomiiapAaH TalIKWiI TonraH Ba cdepaga 1 HM
JMaMeTp/a Koilamaral IKOpH CUMMETpUK MoJiekyia C-60 HU XOCHIT KUJIHUIIA
MyMKkuH. bynna Jleonapa Diinep Hazapusicura MyBoQHK yriiepoj atomsapu 12 ta
TYFpU bHIIbYpUakK Ba 20 Ta TYFpu ONTUOYpUYAKHHU XOCHIT KU IH.

V3 nas6atuma C-60 Monekynanapy Gyuieput 1e6 HOMIAHAIUIaH KPUCTAILT
XOCHJI KWJIMIIM MYMKHUH. By puctami rpaHnuueHTpupoBad KyOiau maHxkapa 0yiuo,
yIIApHUHT MOJEKyysip Oornmapu 3and. Dymiepennap aTtomiapra HucOaTaH aH4a
Hupuk OYIUIIMHU XucoOra oJicak, MaHXKapa yHuYa 34 jKoWiamrad Oynaau. SbpHu
XaKMIa OKTadJpWK, OYNUIMKKA dra. Terposapuk OYNIIMKKa dca €1 Kucmiap
oymuim mymkuH. Oxtosapuk Oynutnkiaapuaun Me (K, Rb, CS) wumkop wnonmap
OwaH Tynnupuica, y XoJa XOHa XapopaThiaH nact 0yiran xapopataa gysuiepex
SIHTH MaTepuaira aiianaau. by sca momumep 3aroToBKacHIaH IIAKII Scallra Xyaa
Kysutaid. TeTposapuk OYnumKIap OomKa HoHIap OuiaH Tyiaupriica, yaaa t = 40 —
20 K ra Oynran sHrU sHTM Matepwia Xocwin Oymamu. Typnau MonaganapHUHT
pacopOuusutam xycycustiapu tydaiiim Qynneputiap sHru HOE0 MaTepuaIapHU
gpatuil  ydyH acoc OymuO xucmar kuiaau. Macanan C60C2H4 kywnu
(dbeppoMarHuTuK xoccajgapura sra. Xo3upaa yiaapHuHr 10000 gaH opTuUK Typu
MabJIyM. YTIEpOAJap/iaH aToMJIap COHM XKyJaa KaTrTa OyaraH MoJeKynaiap OJHII
mymkuH. Macanan C 1000000 kynuaua Oy Oup aeBopiud €KM KYm JEBOPJIU
(uy3unran Hanomaiuanap) YHT. BVYwpaii nmanomaityuanuHr nuamerpu ~1 HM,
y3YHJIUTH »cabup Heya YH MM ra TeHr. byHnuail HaliuamapHuHT yuiapu 6 TYFpu
OemOypuak €paamuaa €muiarad. Xo3upja Oy HSHI MyCTaxkaMm MaTepuasup.
I'padpen — tyrpu ontulypuak OYnuO, siccu TEKUC Ty3ujiMara sra, OUpok rpadeH
TYFpU ONTUOYpUaKJIapHU OWPUH-KETUH ajMallyBUJIaH »sMmac S-7 Oypuakiu
KOMOMHAIMAAH XOCWJI JTWiTaH Oyica, yHIa TYJIKHHCUMOH Ty3WJIMara oira
OYIUIIM XaM MyMKHH.

4.4. YriieBoA0POAJIY HAHOMATEPHUALIAP CUHTE3U

bupunun Qynnepennap KaTTUK rpaduT HabMyHaJapHU Jla3ep HypH OCTHAA
OyFaHTUPHUIIIAH OJHMHTAaH KOHJCHCATIaHTaH rpaguT OyFnapuaaH axparud
onuHrad. 1990 iunna 6up katop omumiap (Kpemuup, Xodman) Oup Heua rpamm
Ymuamaa QyjulepeHiap OJNMIN  YCYJAWMHW WNUIA0 YHKUIIIW. Ycyn rpadwur
CTepXKCHJIApH — DJJIEKTPOJUIapHU aTMmocdepanapaa IeKkTp Einma Kydaupuiiian
nbopar. Huan mact armocdepana smac. XKapa€HUHHHT ONTUMAI TTapaMeTpiapuHA
TaHJIAI SPOKJIM (QyJIepeHap YUKAIIMHA ONTUMAIIAIITUPAn. DyiepeHIapHuHT
ONITUMAJl YUKHIIN CTEP>KEHHUHT JNacTiIabKu MaccacuaaH 3-5% aHoJ MaccacuaH.
by ¢ynnepen kuiiMatuHuHT OanaHn OynumuHu Oenrmnaiau. by Ounan SAnonnap
KU3UKUO Kojaunap. Mitsubishi ¢pupmacu yrneBoiapHu KyWaupuin wyiau Ouiaxn
SAPOKJIU (PyJUIEpAApHU OJIMIIHA CabHOAT MUKECUTA 010 yuKIuiIap. bupok OyHaait
bynnepennap ynap cod smac. Yaapunr tapkuOuna O, masxyn. Ly ca6abmu cod
dyiiepeH OJMHUIIMHUHT STOHA ycyiu 0y atmMocdepana He Ekumnup (Kyiaupuiin)
(pacm 9).
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FIGURE 26

The structura of buckminsterfullerane, Cen. Mote the presenca of both hexagors and
pentagons. Reproducad with pesmission from [9]

Pacm 9. C60 dymnepen cTpykrypacy (TeKCaroHIap Ba IMEHTATOHIAp)"

@yIiepeH OJIyBYM Ba TO3aJOBYM KypUIIMAJIAPHUHT YMYMHU COHU OpPTraHU
Tydaian yHUHT TaH Hapxu nacaiau. (ABBanura- 100008 0Vica, xo3upaa 10/158).
@dysiepeH HApXUHUHT KUMMATJIMIUTra cabad YHUHT YMKHII (DOM3H KaMIJIMTH AMac,
OaJIKK TO3aJ1alll TH3UMUHUHT MYPaKKaOIUTHAMD.

To3anallHUHT CTAaHIAPT CXEMACH: KyWIHUpraHja Kypymra yxiiaraH Hapca
Xocui OViaau, yHU DPUTYBYM OWIaH apanamrtupaguiap (ToM30J), CYHT Oy
KopuiMa (unrpnananu. Koaran TYK paHrjara uykma Typiud (ysuiepeHIapHUHT
Maiila nucnepcusiin KopuiMacuaup. by apanamivanu tapkuOura kypa Typiapra
oymum 3apyp. By kapaéH yTa 10KOpM MUKPOCKOTHSAATU CYIOK XpoMoTorpadus
épaamMua Xxamaa CKaHepJIOBYM 30H]1JTM MUKPOCKOMNHUS €pJaMuia YTKa3UiIaIu.

ABBaymlapu XyaAau InyHAad TpaduTHH dnekTp EWnu €ku J1a3epiu
OyFJIaHTUpUII, CYHTpa MHEPT ra3 MyXUTUJA KOHJAeHcarham ycynu OumaH YHT
onumapau. bupok Oy ycyn yHua camapanu 6ynu6 unkmanu. [y cabadau xo3upaa
9HT MakOyn ycyn Oy - OyFlaH KUMEBUN YyKMa XOCWJI KWIMIIIUP. ByHUHT ydyH
yriepoa TapkuOiaum OupukMa oJuHagud. MacanaH aleeTwieH, YHU KaTTHK
Ku3aupuiarad, Me katanuzarop ro3acupa mnapxkamavawiap. llyHnaH cyHr
KaTTanu3arop ro3acuaa 3ud 0ynuo YHT yca Oonutaitan. YOy pekuus ra3cuMOH
YIAEPOJIAPHUHT KaTAIUTUK Nupoau3 ned atanaau. Kynm xomnapaa tpybacumoH
newrapaa amanra omupwiand. byrma karammzatop cudartuaa Fe, Co, Ni, man
dbolinananagunap. YJIapHUHT 3appadajapu OujgaH TEOJuT OVYiakyajapuHu
tyiunTupanunap. lleonut — Tabuit Matepuai. DiaekTp €, a3epiau, €Ku I0KOpU
Xapopataard CHHTE3HHHT OoIlKa TypiapuliaH (papkiv Yiaapok KaTTaIUK MUPOJIU3
YTIEBOJOPOJIA HAHOTY3WIMaJIapHU Jabaparopust maciiraduja smac, Oalku
cabHOAT MaciTabuaa Uiiad YUKApUIl UMKOHUHU Oepaau. Yiap yHYa TO3a dMac
Ba TapkuOu xam Oup-xun Oynamaciuru mymkuH. [lyHra kapamail ynapnan
doiiganaHuIl MyMKHH.

! Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 195
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I'padpen — rpadur 3appagamapu. ['paden Tanravamapwau OKCHTaHTaH Si
103acura Kysiwiap. by rpadennn snekTpo Gu3ukaBuil YI4OBIIAp YUYH TaJIKUKOT
KWIKII WMKOHWMHU Oepanu. Macanan rpadeH OJUMIIMHUHT KUMEBUU YCYJIU:
kpuctauicumon rpadurra HCl Ba H,SO, HuM Tabcup stuppaauiap. byHuHT
HaTwkacuaa rpadeH TaHTadajapuja OKcujjaHuml pyu Oepanu. ['padeHHHHT
KapOOKCWJI TypyXu THOHHUXJIOpHJITra HIUIOB Oepulll Mynu OunaH XJopujjiapra
avinantupunanu. lllyHman cyHr sca terporuapodypyHiap, TeTpaxjJopMeTaH Ba
3UXJIOPOITAH SPUTMANIAPUIA OKTAJEUUIAMUK Tabcupuaa KamuHiauru 0.5 HuMm
Oynran rpaduHIM KaTiiam xocui oynaau (pacm 10-12).

RATAV AW A VAN N N
)

AL W L N NNy

FIGURE 9.1

Part of a graphene sheet, showing the sp® chemical bonds. There is a carbon afom at each
niersechon. The length of each bond is about 0.3 nm.

Pacm 10. I'paden. Yrnepoguunr sp? kuméuit 6ormapu (d(C-C) = 0.3 nm)*

Pacwm 11. I'paden Ba yriiepoJHUHT HaHOMAaTEepUAILIIAPU

! Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 190
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FIEURE 9.2

A =single walled carbon nanobsbs (SWCNT): a single graphena layer rolled into a seamless
tube. Reproduced with perméssion from [24].

FIGURE 9.3

A multiwalad carbon nanotube (MWCNT): concentric singla wall nanobubes of different
diameters nesied within each other. Reproduced with peemission from [24].

Pacm 12. bupkaBaTiu Ba KYIKaBaTiu yriepoasid HaHOHaiuamap, rpedex
MOHO KaBaTH'

FIGURE 9.5

A forest of carbon nanotubes produced by pisma-enhanced chemical vapor deposition
{PECNDY. The substratum must first be covered with meted (eug., Feor Ni) catalyst islands.
Hydrocarbon feedstock (zcetylens] is then passed ower the swbetratem heated to several
hamdred “C. The acetylens decomposes at the suriace of the catalyst and the carbon

nanoiubes grow up from the catalyst parbcle, or grow up baneath it {peshing it upd.
llustration courtesy of Or Ken Teo, AXTROM.

Pacm 13. PECVD épaamuzia ONMHraH HAHOHAHYaTapHUHT YPMOHH

! Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 192

2 Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 194
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Kpemuuit kapOuau ro3acuaa rpaden onum ycynu. bynaa rpadgen kpemHuit
KapOWIM r03acyIa MUPJIHK MapyaiaHuil Wy Ouinan xocwi Oynaau. TagkukoTiaap
IIYHU KypcaTajuku, Oy XoJija axpaind 4YUKKaH TpauT KarjaMu OuUp aToMIIU
KaTjaamra HucoOaTaH KaJIMHPOK oynanu. bynuaumm yerapacuaa
KOMIICHCAIMSUTAHTaH 3apsii XOCHI Oynaan. DJIEeKTPOHIAp YMKHUIINA opacuia (hapk
cabanu YyTKa3zyBYaHJIMKAA Tpa@UTHUHT OUp aToMapiid KaTJIaMUTHHA HIITUPOK
staau. SAAvHu Oy Katiaam rpadenaup.

4.5. YrieBopoajn HAaHOMATEePUATJIAPHUHT UILJIATHIAIIH

1. Onrtuk MyxXuTHU MOAM(UKANMSIIAII YUyH QyJIIepeHIap UIUIaTUIaN;
2. MyTiako SHTM KOMIIO3MIIMOH MaTepuajuiap Taiepiaml y4yH (HaHOHaiuaiap

apajammanapu Ba ¢pysuiepeniaap ounan) (pacm 13).
pebiel

Pacwm 14. Hanonaiivanapuu MHKpOTaCBI/IpJIapI/Il

3. Vra kartuk Komnamanap yuyH. AcG06-ycKyHanap CHpTIapH, MIIKAJaHyBUM
neTaiiap Ba 6omkanap. Kattukiaurura kypa oamocra TeHT KeJau;
MoiinoBuu TapkuOap Ba Mpucajkaiap yayH;

Kenrycuna kumépuit sneprust Man6au cudaruaa dhoiganaHaaurad BOJIOPO/T
EKWIFKCH KOHTeWHepapu yuyH (pacm 14);

o b

Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 194
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Pacwm 15.Hooprauuk HaHOHaigamap”

6) OusnkaBuii Ba KUMEBHU TabCUP TYpJIApUHU KaiJ ATYBYM HAaHOCEHCOPJIAp
taiténamnina. Tabcupuariuru oup €1 KUHCIM MoJieKya (pacm 15);

18°C 58°C ;294%: "' 170ec| Jasec | ] 22e¢

e

a

7) Cxanepail MUKPOCKOILIap Y4yH 30H]Iap;

Pacm 16. HaroTtepmomMeTp (rasutuii yriiepoain HaHOHaiuamapa)®

! Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd Edition,
Elsevier, 2011, 192

2 Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd Edition,
Elsevier, 2011, 194
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8) CkanepJaln MUKPOCKOIUSACH YUyH 30H1ap Talépamiia;

Pacm 17. Yrnepoanu HaHOHaWYaIapHUHT HAaHOIIECTEPEHKAIAP

10) Hanomexanuk ax0opoT Tymmarnaiap Tanépnamga. HaHoyTkasruuiap,
HAaHOPE3UCTOpJap, HAHOTPAH3UCTOPIIApP, HAHOONTHK JIEMEHTIIAp Tal€pialia;

11) DiekTp MarHUT HypJapJaH Ba IOKOPU TEMIIEPATypagaH XUMOS dKpaHJIApUHH
taiiépnamga “Creiie” TEXHOJIOTHUSCH;

12) lopu BocuTajapy y4yH HaHOKOHTEHHepJap Taiépiam MyMkuH (pacm 17).

A5} 2608
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micelles vesicules dendrimers | liquid nanccapsules nanospheres

crystals

Pacm 18. [Jopu-gapMoHIapHu KaJOKJIalll Y9yH HAHOKOHTEHHEpJIap

13) TacBUpPHHMHI AHMKJIWJIUTA Ba CPKUHIWUTH OKOpU OViraH, HHPHK SCCH
aucIieinap taiépmanaup (pacm 18).
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Pacwm 19. lucnineiinap yuyH HaHOHaiJasap

Hasopar caBoJsiapu
OnuTakcus xapaéHu KaHaai coaup 6ynanu?
CVD Ba PVD acocuii npUHUMIIUHYU TYIIYHTUPHHT.
Jlazep aGISILMSICUMHUHT ACOCUM MPUHIUINHY TYIIYHTUPUHT
IOnka nienkanapu HUMa y4yH Kepak?
Yrnepoa HaHoMaTepuai Ba rpadeH Ty3WIMIIHHUHT TyITYHTUPUHT?
HanokoHTeliHepaap Ba HAHOQUCILIEH HUMa YUYH Kepak?

ook wdrE
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5. Hanomartepua/juiap Ba yHMHI (GU3HK-KUMEBUH TAXJIWJI YCYJJIApH

Pewxa:
5.1. CkanepaoBuu TyHe i MUKpocKkor (CTM) umam npuHIUILIapH.
5.2. ATOM-Ky4JaHHUIIIA MUKPOCKOIN (CKaHEPJIOBYM KYUJAHUIILIA MHUKPOCKOIT)

ACM.
5.3. HaHOTeXHOIOTHK 30HJTH MaIllluHajap.

Tasnu noopanap: Mukpockonus, CTM, ATM, kanTunusep

5.1. CkanepsoBuu TyHe uin MuKpockon (CTM) unuiam npuHIUAILIAPH

Hkkuta aToMHE Mabiym Oup macodara sKUHJIAMITAPCAK, YHIa Oy aTomiiap
opacujia 3JIeKTPOHJIap aJIMalllMHYyBU pyil Oepuiin MyMKkuH. byHaa Oy aTommapHu
AJIEKTPOHJIAPHU KYIIMMYa dHEprusira 3ra oynmaiinunap. byHnan kenu0 4ukaaukw,
UKKA KUHCIMHU OJMO, MabliyM Oup Macodara sSKMHJIAIITUPCAK, Y XoJjaa Oy
UKKUTA XKUCMJIAp Opacuaa TYHEJUIH JIEKTP TOKH OKUO yTanu. DIEKTPOHIApPHUHT
NOTEHIMAJ TYCUKIAH 3HEprusira sra OyiMaclaH YTHUIN TyHEJUIAaHWII JeHUIaIu.
By amasira ommuimm yuyyH UKKU mapT OasKapuiIvIIy JTO3UM:

1.  KucmnapHuHr Oupuia D>pKUH BJIEKTPOHJIAD MKKHMHYKMCHIA 3ca
TYJIIMPUIIMArat 3JeKTPOH OYIUIMKIapH OYIUIIM KepaKKu, yiia Oyl xoira 3pKuH
AJIEKTPOHJIAP YTA OJICHH;

2. Ma3skyp >kuCcwmiIap opacura MOTEHIHAUIap Yypracujaard QapKHU
Kydmmmu Tanad KuiuHaau. byHma yHUHr Kartamurd ¢Ga3oBUN  THUPKUIIHU
OepkuTranra HuUCOaTaH KaMpok Oyianu;

CTM na 6ynnait >xucmitapiad Oupu 30H].

30H1ap SIKMHJIAIITaH a2 0ObeTHUHT t03acuja, TaxmuHad 0.5 HM Macodana
(Oup-Oupura SHr SIKUH TypraH aTOMJIAPUHT TYJIKHHCUMOH (YHKIUsJIapu Oup-
oupuHu €na Oommaranaa) Ba ~0.1/1 moreHumamiap dapku OepuiraHja 30H] Ba
00BEKT opacuaa TyHeJI TOKH OKHO YTa OOIuIaiam.

Ymly TyHen TOku HypuHUHT auameTpu ~0.4 HM ra TeHT 0YIrb 00BEeTHHUHT
ACCUNUTU OYinad MHKPOCKONMHUHI IOKOPH TacBUpP y3aTHII KOOWUJISITUHH
tabMUHIARIM. TyHen Toku 3 HA HU Tamkui 3taau. LlyHra aitud yTuin keppaxw,
arapaa macodacu 0.1 HM ra y3raptupuimaca TyHen Toku 10 maporaba y3rapasu.
AVWiHaH y MUKPOCKOITHUHT OOBEKT CHPTHUIATH IOKOPH KYpcaTHIl KOOWJISTUHU
TabMUHJANAN. AMalja YITYOBHM amalira OUIUPHIN KapaCHuIa OObEKTHUHT Tera
KHCMUJIA XapaKaTIaHAETraH 30H TOMMUKN OaTaHJINTUHU CaKJ1a0 KOJIau.

3ouaHUHT XVZ TU3UMUJIard KOOpJAWHATAJIApUHU Ba XOJATUHMU KAl ATHII
I03aCUHUHT NMPO(QUINHU Ky3aTHILl Ba LIYHJIaH CYHI MOHUTOP SKpaHHJA KEepaKiiu
TACBUPHU KYPCATUIIl UMKOHUHU Oepaju.

Kapaén naiituaa 3087 Ba ypranuwnaérran 03a opacunaru macoda 0.3 - 1 am
HU TAIIKWI STUIIA TyQailid, OIyHH aHUK alTUIl MYMKUHKY, YI4OB >Kapa¢HU
BaKyyMJa y3rapaau. Xasojaa - 20 HM.

ATpod Myx®T kapaHra ro3ajga ajcopOiaHTaH MoOJIeKyJajiap Xucoowra
TabCUP KypCaTaIn.

CkaHepJ0BYM TYHHEIN MUKPOCKOMHUHT TEXHUK UMKOHUSTIIAPH.
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Acocuil TeXHUKaBUI XapaKTEPUCTUKACU KyHuaaruiap:

1. Vprauumaérran oObeKT I03aCHHHHT HOPMAcH OYiinda TacBUPIIALL

2. OODBEKTHUHT 103aCH TEKUCIUTW OyilM4a, SbHU XV TEKHUCIUTUHU
TacBUpJIAIl.

CTM HUHT OOBEKT FO3aCMHUHI HOpMajii Oyiuuya TacBUpJAIIl FOKOPUIUTH
0,01 am.

OOBexkT Ba 30HJA opacuaard macodara TyHHEJ TOKH KaTTa SKCIOHENras
OOFMKINTU Ky3aTuiaaau. XV TEKHCIWKIA IOKOPU aHUKJIMKIA TaCBHPJAIl TyHHEI
TOKMA OJJICKTPOHJIAPW HYypJIapyu JuamMeTpu cababnu TabMHUHIAHAamU. Y 3ca ¥3
HaBOaTHIa 30H] HUHACUHUHT YapxjaHuiura 6orimk. 30u1 0,02 HM Kagam OwitaH
KYIl MapTa yTKa3uirasjaa XV TEeKHCIHKAA TacBUpHU Kypcatuumu 0,03 HM ra TeHr
oymau.

CTM HuHT aManjard KypcaTil KOOWJIATH Ky1iad omwuiapra OOIIHK,
YIIAPHUHT SHT aCOCHMJIapW TalllKW BHOpauusiap, akyCTHK IOBKUHJIAP, 30HAHUHT
cudaru.

MUKPOCKOITHUHT KYpcaTUIl KOOWISATUAAH TAIIKAPU YHHUHT MYXHM >KUXaTH
doitnamm ommmaup N=ar\dm.

by epma ar = 200 Mkm (KY3HMHT Kypcatuiml KoOowratn) dm =
MUKPOCKOITHUHT MakcuMai kypcatumu aapaxkacu dm = 0.03 nm

CTM yuyn 1.0 N=7*10 wMapra Takpopiaml y4yH O3HI 3yp ONTHK
MUKpOCKOIIap yayH mpoden N= 7*10/3 mapra.

CTM HuHT O601ITKa MyXUM XapaKTepUCTUKATIAPH:

— Ckaneprani MaiIoHUHT Makcumal yimyamu 1x1mkm. S = 1 Mxm?

— OZ rw3acuna (Ymyabd sxapaéHuja) 30HIHUHT MaKCHUMall XapakaTiIaHWIIHA
nesipiu 1 MKM J1aH OIIMaiIu.

3amMOHaBUN MUKpOCKOIUIap ojaTAa Oup Hewya 10371a0 MKM?> MaiJIoOHHU
CKaHepJjalll MyMKHH, JIEKUH Oy XOJ/1a YHUHT aHUKJIATK Kamasnu. FO3aHu youamn
BAa YHUHI BH3YyaJl MOJENUHU spaTtuingad tamkapu CTM maTepuanuHUHT DJIEKTp -
YTKa3yBUAHJIMTHHUHT TypH (I/T1 y4yH) Xakuga Owiumi, BajeHT 30Ha B3 HHHT
napaMeTpiapuHu OeNruial WMKOHMHU Oepaid, apajaliMaJapHUHT SHEPreTHK
XapaKTEPUCTUKACKH (SIbHM  apajaliMalap CaTXMHM aHUKIAll)  aHUKJIaiau.
yaunaraex, oObEKT [03acUaard aTomjap ypracugaru OOFIAHUIIHUHT KUMEBUN
TypUHH aHUKJIaiau. OOBEKT 1o3acujard KaTJaMHUHT KUMEBUU TapKUOWHU
AHUKJIAUIM — T.H. CTM CIIEKTPOCKOIIHS.

5.2. ATOM - KyWIAHHIILJIM MUKPOCKOI (CKAHEPJI0BYH KY4JIAHW LN
Mukpockon) ACM

Yuuar CTM  pgan  dapku UIyHJakd 30HUIapu  (KaHTUJIMBEpJap)
ypranunaéTran o3a OuiiaH >JeKTp Wynau OuiaH sMac, Oalnkyd KywIaHWII Wyiu
OuJiaH y3apo Tabcupra KUpUIIa/Iu.

WUkkn atoMiapHUHT Kyud Macodara Oornuk. Hrapwnmuin Kydd ocTuia
optaau. Mikku atoMHu Oup ¢azana KOWTAITUPUILHUHT WI0KH HYK.

KanTunusep urnacu oObEeKT r03acura Teraju Ba aroMmjap ypTacuaaru y3apo
TabcUp Macodacura erray, opKara UTapuiii0d KanTaau.

KantunuBep  30HAMHUHT  TEOpaHUIIM  Typiud  ycylapia  DJEKTp
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CUTHAJJIapUra aijgaHaau (3HT OJIUN yCyJ — ONTHK yCyi).

By curnan y3ujga KaHTUIUMBEp YITYOBHUHI MabJiyM OHp KaJaMmHra TYILITaH
OaaHIMK Xakujaard nHdopmanusaau cakianau. X V 13a 0yiinda xapakaTiaHUII
XaKuJaru MabJIyMOT YIIOy (03a Oyinad MexaHW3MJIAPHUHT XapaKaTJIaHUIIH
OpKaIy KauJa 3TUJIAIN.

V3rapummHuHr ONTHMK yCy/UIapHAaH TAIIKapHd CHFUMIM Ba TYHHEIUIX
ceHcopnapaan xaMm (organanum myMmkuH. [y 6ouc ACM Hadakar yTKazyBuu
0ObEKTIapHHU , OATTKU AUDIEKTPUK OOBEKTIAPHU XaM TAIKUKOT KUJIMIINA MYMKHH.

OObekTra Oynran Tamad — y CWUIMK OynumM kepak (OamaHn — mact
OyIMaciIuru Kepak) Ba KaTTUK OYJIWIM Kepak (ra3CMMOH Ba CYIOK OOBEKTJIApHU
yprasuiiian MabHO HYK).

ACM HuHT Kypcatub Oepuinl KOOWIMATA 3O0HIHUHT YapXJIAHTAHJIUTU
cudarura OOFIIHK.

Ma3skyp TypJaru MUKpOCKOITHUHT aCOCUH TEXHUK MypaKKaOIUKIapH:

1) bup arom VymyoBMra TEHr KWIMHUO 4YapXJaHTaH 30H]
Tal€pIalTHUHT MYyPaKKaOIUTH.

2) 0.1 A nan SAXIIUPOK OYJraH Aapakaja HUCCUKJIWK Ba BUOpaIus
OapKapOpJUTUHU TabMUHJIAITHUHT KUMMHYWIIUTH.

3) JleTekTop sipaTHIiL. Vra kuuuk XapakatJiapHU XaM ce3a OJIaJIUraH.

4) A Xyccanaru Kagamiau pasBépTka TU3UMUHHU SPATHILL

5) 30HIHUHT OOBEKT F03aCUTa acTa CEKWHJIMK OMJIaH SKWHJIAIITUIINHA
TabMUHJIAIII.

TEM ra comumtuprania ACM Oup karop ad3aummkiapra Xam ora:
1) ACM 0OBbeKT 103aCMHUHT Y4 Yidyamjard TaCBUPUHU OJHUII UMKOHUHU Oepaju,
TEM pa sca 2D TacBHUp 0JMII MyMKHH X0JIOC;
2) ACM éppamuaa TEKIIUPYB 0JIMO OOpWiTraH/ia METall KaTjiaM CYPWJIMIIU IIapT
aMac;
3) TEM HopMan xomaTja uiuialiy yuyyH BakyyMm 3apyp. ACM ydyH 3ca maprMmac;
4) ACM POM ra HucOaTaH SXIIHAPOK TACBUP y3aTa OJUII KOOMJIMSATHTA 3ra.

ACM HUHT KaMYWINKIJIAPU:

1) TEM ra Huc6aTtan ckaHepiail MailJJOHUHUT KUYUKIIUTH;

2) CkaHepramn r03acujiard BEpTHKal Yiadam OanaHA-MacTIMKIapura
HucOaTaH TanaOHUHT Kywiniaurd. TEM na sroB kypunu® typaau. ACM na iyk.

3) 30HHUHT TeoMeTpusicura OYiaraH TaJlaOHUHT KATTUKJIUTU. YHTa
OCOH 3apap €TKa3uo KYHHIIl MyMKHH.

4) TacBuparu HOCO3MMKIAPHU JAesIpiivd WYKoTHO OYiamaiinu. by sca

Yypranuiaérran 0ObEKT r03acHUJard aTOMIJIAPHUHI MCCUKJIMK XapakaTtura OOFIIHK.
by XaTronukiapHU CKaHepJall TE3JIUIW MaJEKyJIAIAPHUHI MCCUKIMK TE3JIUIMIaH
opTcarvHa MyKOTUII MyMKUH. SIbHU Xap AaKUKa TaCBUP y3rapubd Typau.

by myammonapHuHr Oapuacu YI4YOB HATHXKAJIAPUHU JACTYpUil HIILJIOB
Oepumn xucoOura KOMIECHCALMSUIAHUIIM MYMKHH. BHpPOK HIYHH YHYTMaciauK
JIO3UMKH, OM3 KOMIIBIOTEP dKpaHuAa KYypud TypraHuMus3 - peail 103a 3Mac, Oaliku
MOJEIAND.

MoeTHUHT UILIOHWIMIINTH 1apa)kacu — FyMOH.
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Aiinu maittna ckanepnoBun 30HM Mexanuzmiap (CTM Ba ACM) panauHr
Oapua coxamapuja KEHr MHUKEcAa KYJUIaHuO KenuHMokaa (dusuka, KuME,
OMOJIOTHS, MAaTEPUAIIIITYHOCIIUKIA).

Cenvantional TEM

Obj

Source \ lﬁ S Spec 1 Ap
Ffi-’- _‘:::—: — 'L | |,,,_ = “-—J
Datector l';.' T,.e"'ﬁ T

- A
"yl , 7 Lens Source

Scanning TEM

Figure 3.10. Ray diagram of A conventianal fransmission electron microscope (top path) and of
a scanning transmission electron microscope (bottom path). The selected area electron
diffraction {SAED) aperture (Ap) and the sample or specimen (Spec) are indicated, as well as
the ohjective (Obj) and prajector (Proj) or condenser (Cond) lenses. (Adapted from P. R, Buseck,
J. M. Cowley, and L. Eyring, High-Resolution Transmission Electron Microscopy, Cxford Univ,
Press, Mew York, 1988, p. 6.)

Pacwm 1. Cunru6 ytum 31ekTpoH MUKpOCKOHUHT (TEM) uiam npuHuunu
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Flgure 3.11. Positioning of signal detectors in electron microscope column. (From 0. B

Williams, Practical Analytical Electron Microscopy in Materials Science, Phillips Electronic
Imstruments, Mahwah WJ, 1984.)
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PacMm 2. CxanepnoBun 351eKTpOH MUKPOCKOTMHUHT (SEM) ninam npuanmnm

current m ard i) Lot

i
Ji -

Figure 4: Schematic representation of STM scanning over a surface: (left) overview of an STM; (right)
close-up of the tunnelling effect between the tip of the probe and the surface atoms. The intensity
of the tunnel current depends on the distance d.

Image: Michael Schmid, TU Wien, Creative Commons Artribution ShareAlike 2.0

23
Pacwm 3. CkaHepsioBYM 30H1JIM MUKPOCKOITHUHT UIILIAIT TPUHIIUIH ~~.

Fic. 1.14

Source:  Image couriesy of the Mational Renewable Energy Laboratery In Golden, Colorado. With
permission

5.3. HaHOTEeXHOJIOTHK 30H/JIA MAILIMHAJIAP

Hactna6, CTM 3onam €paaMuia aqoxuaa aTOMJIAPHUHT XapaKaTJIaHUIIIUHA

Ky3aTHIIl MMKOHU TMaimo OynraHuma, odumiap Oup MmyHua sidopusra Tymmo
KOJUIIIMA. YJIap XaTTo HaHO JyHE sMac, Oamkum Makpo IyHERA XaMm Typid
oObeKTNap WUFUII MyMKUHJIUTH Xakuaa op3y Kuwia Oomutamau. [llynra xapamait,

! L.Hornyak, J.J. Moore, H.F.Tibbals, J. Dutta. Fundamentals of Nanotechnology.-CRC Press, Taylor and
Fransis, 2009, 23.

® G.L.Hornyak, J.J. Moore, H.F.Tibbals, J. Dutta. Fundamentals of Nanotechnology.-CRC Press, Taylor
and Fransis, 2009, 23.
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CTM Mukpockomnus IOTYKJIApU OpPKadd HAHOTEXHOJOTHK 30HUIM MAalllMHAJIap
spatuia Oonutanau. Arapja oObeKT OWJiaH 30H[ ypracura yirdaHaéTraH OOBEKT
103aCU MapaMeTpiapura HucOaTaH KaTTapoK MOTEeHUUan QapkHU Kyiicak, Oy
SHEprusd XucoOWra uCTaAraH aToM I03aCHMHM KY3FaTUIl MYMKHUH (103a/1aH
axpatui). by Ky3ratuinran atom, ogama 30H1ara Enuimubd Kojaad Ba 30H7 OuiaH
Oupra SHTM >KOWra YTKa3WIUIIM MYMKHH. 30HJra Yy3aTwiaéTraH >SHEprus
Kamaiuimm OuiaH (moreHuuamuiap Gapku kamanuim OuiiaH) ¥3 sKolura KauTau.
bupoxk ymia naittnapaa abcomoT HOM €KUM aOCOIOT HOJra sIKWH OYiIraH mapouTaa
OOBEKT ro3acura €T aTOMJIAPHU YTKa3uIlll (MaXOypHil) MyaMMOCH €4iJIMaraH d7u.

VrTkasuiaran TagkukoTaap Tydaiing OM3 X03upAa TYpIH MaTepHasiap
ATOMJIADUHUHT KY3FaJUIIN SHEPTHICH Xakuaa Owinamu3 Ba aromiap razau CTM
30H/IM MIIUIAII 30H]IUra y3aTUIIl Macajlacu Xam XaJl dTUJITaH.

Ma3sMyHaH, ailHaH aToMap Ta3HU HINYMA 30HATA Y3aTUII KypUIMACUHHHT
MaB>)KYJIJTUTH 30H]JTU HaHOTeXHOoJIoruK MamurHacuau CTM nan dapxiaiiam.

Xo3upa Ky 30HUTH MalllMHAJIApHU OOMIKAPHUII MPUHIUILIAPU XaM UILiab
YUKWITaHKW, Oy Hapca yJapHUHT MIILIAIl CaMapaJOpJIMTUHU OIIUPUII UMKOHUHU
Oepanu. byHaan kenu® 4YMKaAWKH, 30H]JIM aTOMJIM TaCBUP WUFUII SIHA/la KEHTPOK
dbolinananuil MYMKHH Ba HaTWXajda ,,Tenara-nactra’ “HYHaIUIIUaa WAFUIIHUA
peHTade A TUPULLI MyMKHH.

HanortexHonorusuiap Kaucu HyHaauuaa puBOKIJIAHASITH:

1) “Ilactman Temara” #yHamWin, SbHA AaTOMJIM WHFHMIN — amajra
OIIMPHUIIMOKIA;

2)  Makpockonuk Ba  (QUMK-KUMEBUH  ycyiiap  OujlaH  SIHTH
HaHOMAaTepUaJliap sSpaTUll.

HaHoTexHOI0rHs IOTYKIAPU:

1) KoHTakT JWH3aJIapH, HAHOAJICKTPOH acOoOmap kabw OyoMiaap HIUIa0
YUKAPUIIA F03aHU HAHOMETPJIA Ha30paT KUJIUIIra tajnad roKopH;

2) AWiHn maldTAa 30HJIM  MHKPOCKOIHUS aHUKJIWTH OyiWYa TEHTH WYK
xucoOmanaay. YHUHT €pAaMua ajoxXuja aTOMJIApPHHU TOMa OJHII, YIApHH
KOMJAH-KOUTa Ky4MpHUII Ba SIHTM I'ypyX aTOMJIapU SIpaTUIl MyMKHH. bUpok,
OyHaail KOHCTPYKUHUSATIAp OMMaBUi (PONMJANAHUII YIYH TYFPH KeIManIu.

HanoTexHosorus HyKTau Ha3apuJaH Kaparasjaa SHI' UCTUKOOJUIM MaTepuall
oy C yraepoaaup. Y axoind KuMEBUN Xoccagapra ora.

1) ATOMJIapHMHT COHHM 4YeKCH3 OYynraH Mayekyjanap SpaTHIl WMKOHUSTHHU
oepanu;

2) Kpucrann manxapacu u30MOpQIUTH OWiIaH axpaiud Typaau, SbHU KPUCTAILT
naH)xapauapu Typinda OYJINIIN MyMKHH.

Xo3upaa HAHOTEXHOJOTHS COXacura >Kyla KaTTa MHUKAOpaa Malmar
AXPaTWIMOKIA.

“HanorexHonorus” TEPMHHH “MUKPO JJIEKTPOHUKA  TEpMUHHU OuiaH
JAyFaBuil OOFMUKIUP. Y 3aMOHABHUM SpUM YTKA3rMWIM 3JIEKTPOHUKAHU MUKPOH Ba
CyOMUKpOH VyiyamiapAaH HAHOMETPJIM Yio4amiid coxajapra YTUIIHH aKc
3TTUpaau. TexXHOoJIoTHS PUBOXKJIAHUIIMHUHT Oy >kapaéHu MypHHUHT SMIHUPHUK
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KOHYHHHM Y3MJa aKC JTTUPaAM. YHIa Kypa KpPUCTAULAATH TPAH3UCTOPIIAP
MUKJOpH Xap UKKHA-y4 HuiIga MKKU Oapobapra opTaiu.

SEGIYARN

Ha3zopar caBosuiapu
ATOM-KY4JIAHUIILTAMUKPOCKOITHS (AFM) EKH CKaHEPJIOBUH
3oHaMuKpockonusacu (C3M) acocuil NPUHIUIIUHA TYIIYHTUPHUHT.

ATOM MaHUTTYJISIMSCUHUHT aCOCUN TPUHITUITUHU TYITYHTHUPHHT.
HanounaeHTHGUKAIMSITAIIHUAT aCOCHIN MPUHIUITMHUAT TYITYHTHPHHT.
DNEKTPOHMUKPOCKOT MHT aCOCUM XOCCATapHUHT TYITYHTHPHHT.
MukpokaHTHIeBep HUMA y4yH Kepak?

CkaHupOBYM  SKUHXYAYJIJIM  ONTHK  MHUKPOCKOIUSHUHT  aCOCUU
MPUHIUITUHUHT TYITYHTUPUHT?

DoiigaJaHUITAH aa0uéTaap

1. G.L.Hornyak, J.J. Moore, H.F.Tibbals, J. Dutta. Fundamentals of
Nanotechnology.-CRC Press, Taylor and Fransis, 2009, 23.

82



V. AMAJIU MAILIFYJOT MATEPUAJLJIAPU

AManuii MalFyJIoT/Ia MUCOJI Ba Macaiaiap e€4aau. AMaaui MalryJjoTiaapaa
€YuJIaJMral MHUCOJI Ba Macajajap KyWujard NpUHLMIUIApra acocaH TaHJIaHAJIU:
TUMMK MHUCOJI Ba MacajajapHU €UuIlra Majlaka XOCWJ KWIAUPYBUM, (aHHUHT
MOXHUSITUHM aHTJIATyBUM Ba MaB3yJap oOpacujard OOFIUKIUKHU H(OaaTIOBUN
MabJIyM MUKIOpPJAard MUCOJI Ba Macajiaiap TaHJaaHaau. Mabpy3a MalFyioTiapuaa
oJirfaH OWwIMM Ba KYHUKMQJapHU MHCOJ Ba Macajajap e€uuil OwuJiaH
MycTaxkamjaiaunap xamuaa sHaga Ooiurtamuiap. bynra sxamoa Oynu0 Maik
KWIWIT Wynu OWJIaH Ba MYCTaKWJI HIIIANT Wynmu OwiaH spurmmiaad. MycTakun
uaUlania  JapcivkiapHu, TapKaTMa Ba Kypra3Mmaid am€napHu axXamusiTd
KaTTaJup.

1-amaunii mamryJot: Kpucraan HaHOCcHCTeMAaIap Ba yJIApHU aXaMUSITH.
HaHoTexHOoJI0rUs Ba 3JICKTPOHUKA.
Numipan makcan:

3appavyajapHUHI 4Yerapacd. 3appadajap 4YerapaCMHUHI MUTPALMSICH.
Myntunner ukkuinamuu 3appadanap. Jucnokanus. XKoinammm nedextiapu. Yu
Kappaii TyryH. XoJui-Iletu koHyHH. TakuWKJIaHraH 4YerapaHuHr KEHIJIUTH.
XOoNUIalITUPUIITaH XyAY.

Monekynsp snekTpoHuka. Epyrmuk aumomu (LED). Maiinon s¢dextu
tpanszuctop (FET). IOnka mnenkanmu tpansucropnap (TFT). bup snexkrponnu
tpanszuctop (SET). 3apsn Oormanunum kypuima (CCD). Kommiementap
Metaigokcum spuM  yTkazrud (CMOS). T'urantmaraut kapmuaura (GMR).
Onrosnexkrponuka. PortomoMuHecueHuus. PotoH kpucramwiap. POTOHHKA.
FO3amnazmon.  IIne3zopesuctuB  sddexr. CrnuHTpoHMKAa (COUH  acocHaaru
anexkTponuka). Kyour. KBant kommtorepiap.

MacajnaHuHr
Ne Nian 6a:kapui y4yH HaMmyHa e
KYHHJIMIIH
1. | Grain boundary: a 2D defect, the interface bordering 3appavaiap
two well-defined crystals YyerapacuHUHT
. acocui
T e NPHHIHIHHN
-"-.:‘1; - #;E’ ' TYUIYHTUPHHI?
. % 2 % e no Pacmpaan

é 8 doiigananunr!

oxidised «* Graphene
C Grain Boundary .

., Oxidised
Copper (Cu(OH),)

@

3appavanapHuHr yerapacu: 2D-aedexT, aHuK
AHWKJIAHTaH UKKUTA YeTapaiaHyBud KPUCTAIAPHUHT
uHTepdericu

2. | Grain boundary migration: coordinated movement of | 3appauaJiap
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grain boundaries activated either thermally or by YyerapacMHUHT
mechanical stress MUTPAIASICHHA
e T acocwHii
e e 4 NPUHIHITHHA
., < TYULYHTHUPHUHI?
3appauajiap yerapacHHUHI MUTPALUSICH: TEPMUK EKH
MEXaHUK Ky4WIaHHII My épaamuaa (haoiuiamTHpUIrad
3appadajap yerapaJapyuHUHI KEJIUIIWITaH XapaKkaTu
Multiply twinned particles (MTP): observed Myarumier
frequently with a pseudo five-fold symmetry in HKKHJIaMYH
nanocrystalline particles and thin films (deposited on 3appavyajapHUHT
crystalline substrates) of cubic face-centred metals, acocuid
diamond-type semiconductors (C, Si, Ge) and alloys X0cCaAJIapHHU
X TYULYHTHUPHUHI?
Pacmaan
¢poiinananuur!
MyaTunier ukkujaamun 3appavanap (MTP):ommoc
(C, Si, Ge) Ba KoTHIIIMAJIAp THITHIATH
ApUMYTKa3ruuiapad, KyOCUMOH
EKIapuMapKasIallTUPUITaH METAJUIAPAAH OJIMHIaH
IOTIKA IJIeHKaIap (KpUCTaUT TarjukKiIapaa YyKTUPHUIITaH )
Ba HAHOKPHUCTAJUT 3appadayiapjarid OCIMHYM TapTHOIN
ICCBAJOCUMMCTPHUAHUHI Ky3aTHUJINIIN
Dislocation: a crystallographic line defect involving JacJIoOKaMsTHUHT
irregularity in the periodic arrangement of atoms acocuid
(missing row of atoms in a plane) in a crystal X0cCaJTapHU
_—— TYILYHTHPHHI?
Pacmaan
doiinananuur!
JAuciaokaumsa: y3 Wuyura aTOMJIAPHUHI  JaBpPUHU
)KOﬁHaMYBHHHHF HOTCKHCIIMTYUHH OJIYBUM KpHCTAJIJIal'v
(TekucnuKaaru Oup KaTop AaTOMJIAPHUHT WMYKIUTH)
KpUCTAIIOrpad UK YM3UKIN JePEeKT
Stacking faults: crystallographic defects arising due to | JKoiaamumr
wrong stacking sequence of planar arrangement of atoms | nedexkTIapUHIHT
acocumn
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é NPUHIAITAHHA
B TYILYHTHUPHUHI?
Pacmaan
A ¢poiinananuur!
C
B
A
Perfect Crystal Stacking Fault
Koimammm  gedekTjaapu: aTOMIAPHUHT HOTYFPHU
KETMa-KeT IUIaHAp JKOWJIAIIYBM HATHKACHIA XOCHII
OYyBuM KpucTauiorpaduk nedexriap
Triple junction: a node at the intersection of three Yukappaiau
crystals or TYTYHHHT acOCHH
grains X0CCATapHU
o e B R TR R () TYUIYHTUPHHI?
5y 48 = Pacmaan
TN ,a-’-::'.. N 7 (doiinananuur!
' ¥
i L e " J | CRIE o
Yukappaan T)lfl"yi-li y4Ta KPUCTAINIAPHUHT EKU
3appajJapHUHT TYKHAIyBUJIaryd TYTYH
Hall—Petch relation: the effect describing the inverse Xosa-Tleru
effect of grain size on the hardness of a crystalline solid | konynuHu
that arises mainly due to grain boundary strengthening TYINYHTHPHHT?
Hall-Petch Strengthening Limit PaCM,Z[aH
doiigananunr!
. Qii "
. ~
&
#
Xosur-Ilery KOHYHM: acocaH uerapajard 3appadyaHuHT
MyCTaxKamJjallyBd  xucoOura  xocuia  OymyBuu
KPUCTaJICUMOH MOJAaHUHT KaTTUKJIUTUTa
3appadajlapHUHT  VIYaMUHU  TECKapu  TabCUPHUHU
TaBcu(p0BuU AP heKTn
Band gap: energy gap between the valence band and TabKuKJIaHraH
conduction band in a solid in which all electronic energy | yerapanunr
states are forbidden acocuit
XO0CCAJIAPUHH
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CONDUCTION BAND

TYULYHTHUPHUHI?

(Empty) Pacmaan
doiinananunr!
Energy Gap 00000
Eg i Eg
VALENCE BAND ﬂ
(Full)
Insulator Semiconductor Metal
TabKUK/JIAHTaH  YerapaHuHI  KEeHIJVIMIH: Oapua
QJICKTPOH OJBHCPICTUK XOJIAaTJIap TAbKUKJIAHIdH KAaTTHK
JKACMJIATA BAJICHT Yerapa Ba YTKa3yBUaHJIMK Yerapacu
Opacuaaru SHEPreTuK TYUHYK
9. | Depletion zone: a region at the junction of XoaWIamTHPUITa
semiconducting materials that is devoid of free charge H XYAYA KaHaaii
carriers TApPKHOUIA
KHCMJIapAaH
TAIIKUAJ TONraH?
Pacmaan
doiigananuur!
Depletion Zone
XoaWJIamTHPWITAH  XYAYA:  3apsUlapHA  dPKHUH
TallyBYWJIApUAaH  XoJIu  OYiaran  sSpuMyTKa3rud
MaTepUaJJIAPHUHT OUPJIAIINII KONU
10| Molecular electronics: the study and application of MoJiekyJisip
molecules for electronic device applications 3JIeKTPOHUKAHUHT
acocui
: NPUHIUIIMHUA
TYUIYHTUPHHI?
". Pacmpaan
doiigananunr!
—— KOHTAKTM —
MoJiekyJiip 3JIEKTPOHHMKA: 3JIEKTPOH KypuhiManapaa
KYJUIAHUJIMIIM YYyH MOJICKYJIAJIADHUHT TAJKUKU Ba
KYJUTAaHUJIU N
11| Light-emitting diode (LED): a semiconductor light CBeTOIMOTHUHT
source working on the principle of electroluminescence, | acocwmii
where the wavelength of light emitted depends on the NPUHIHITHHHA

86




band gap of semiconductors TYIIYHTHPHWHI?
Light Emitting Diode Pacmaan
| Toseeoride ¢doiinananuur!
Light emitting diede (LED) m ; o s ﬁl
RN
Crgk ymitgh
Ceetoaunoj (LED): AIEKTPOTIOMUHECIICHITUS
MPUHIMIIATA aCOCAaH HIIUIOBYM SIPUMYTKA3TUUWIM HYP
MaHOau, HypJaHYBUM EPYFIMKHUHT TYJIKUH Y3YHJIUTU
SAPUMY TKa3TUYJIAPHUHT TabKUKJIAHTaH Xynyau
KEHTJINTUra OOFJIHK.
12| Field effect transistor (FET): a transistor whose Maiizon
conductivity can be controlled by electrical field dpdexTian

Nanotube
Electrode

== Silicon Oxide

Gate Electrode

Maiinon y¢pexrauntpansucrop (FET): snextp
MaiiIoHu épaaMujia YTKa3yBYaHIUTHHA OOIIKAPHIIT
MYMKHUH OYJIraH TPaH3UCTOP

Tpansucrop (FET)
HUMA YYYH Kepak?
Pacmaan
doiinananuur!

13

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

Oeain

IOnka miienkaan tpansucropiap (TFT):
SPUMYTKA3TUYIN Ba AUDJICKTPUK MATEPUAIUIH FOTTKA
TUIEHKA KaBaTJIA TPAH3UCTOPIIAp; paguorpadusHUHT
LCD Ba pakamiu wiioBajapuia KyJUIlaHIIa I

IOnka niaenkaan
TPaH3UCTOPJIAp
KaHJAal TapKuoOui
KHCMJIapIaH
TAaIIKKWJI TOoNran?
Pacmaan
doiinananuur!

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

bup sn1exTponaIn
TPAH3UCTOPHHUHT
acocuit
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cause the on-and-off switching function of SET

AR
"luﬁ

bBup »saekrponsm Tpamsucrop (SET): uyumkyBum
3apSAOHUHT KyJa KUYUK Y3TapulUIapUHA — aHUKJIAII
KOOWJIUATHIA 3ra Mocliamanap; OUpruHa 3JIEKTPOH YUyH

xaM 3apsaiap dapku “€ku0-yuupuinr” GYHKIUSICUHU
JaKUPHUIITH MYMKHH

X0CCAJIAPHU
TYULYHTHUPHUHI?

15

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

RGB Filter
CCD-Chip |

Zapsaa 6ornanunuin kKypuiama (CCD): sapsyianran
MO3UITMOH-CE3rUp axOOpOTHW IWWFa OJNaJuraH  Ba
pakaMmIM ~ TAacBHpJApHUA  WIUIATHUIN  yY9yH  KEHT
KYJUTAHWIAUTaH MOHUMNYJSAIUSIAp YIyH paKaMId
MabJIyMOTIIapra YTKa3a OJauraH KypuiMa

3apsan
OOFJIAaHMIILIIN
KYpHJMa HUMa
YUyH Kepak?
Pacmaan
doiinananuur!

16

Complementary metal-oxide semiconductor
(CMOQS): 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

KommieMmeHTaApMeTAJIOKCHIJIN SIpUMYTKA3ru4
(CMOS): wunarerpan cxemamap (ICs) Ba ¥yTta karra
unterpan cxemanapuu (VLSI) scam  yuyn sHru
TEXHOJIOTHSI, aCOCUH ad3auThKIapu Kam 3Heprus capd
KWIWIITY Ba FOKOPH IIOBKUH Aapakacuaa O0ynuo Oy V3
HaBOaTuaa 103a OUPIUTH JOMpacHa KypHIMaApHUHT
IOKOPH 3UWINTHHHA TahMIHJIAN U

Komnuiemenrap
METAJIOKCHIJIH
SAPUMYTKA3rH4Jiap
HUMA YYYH Kepak?
Pacmaan
doiinananuur!

17

Giant magnetoresistance (GMR): quantum mechanical
effect observed in thin film structures: the electrical
resistance  decreases  significantly =~ when  the

I'urasTmMaraur
KapIHWJIMTHHAHT
acocui
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ferromagnetic layer is exposed to a magnetic field

Magnet

I'uranrmarant Kapmuiaara (GMR): ronka mieHKanu
CTpYKTypanapjia Ky3aTuIaIura KBaHT-MEXaHHUK
ahdekt: (eppoMarHuT KaBaTHUHI MAarHUT MalOHU
TabCUpPUTA YUparaHjaa dJICKTP KapUIWINTH CEe3WIapiu
Japakaaa Kamasiin

X0CCAIAPUHH
TYILYHTHUPHUHI?
Pacmaan
doiinananunr!

18

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

OnTo3/1eKTPOHNKA:
AIIEKTPOMArHUT (POTOHJIAPHUHT KYJUTAHWIMILY; ‘DIIEKTP

JJIIEKTPOH  KypWIMajapJaHH
CUTHAIMHM ONTUK CUTHaIra” €kd “ONTHK CUTHAIHU
ANIEKTp CHUTHaira” YTKa3yBUM Y3rapTruwiap Oymuim
myMkuH CdSe HaHOKOJITION

OnrodieKTpoHuKa
HHUHI aCOCHH
X0CCAJIAPUHH
TYUIYHTHPHHI?

19

Photoluminescence (PL): a process by which certain
substances absorb electromagnetic radiations of specific
wavelengths and re-radiate photons of different
wavelength
DOTOJIIOMHUHECHCHIIMS
MOJIAIADHUHTMABIYM  OUp  TYJIKUH  Y3YHJUKIAru
AJIEKTPOMAarHuT  HypjJapHu 1O0THO Ba  KaWlTaaaH
dboTOHIApHU TYpJW XUJI TYIKUH y3YHIUKIA HypJaTyBUd
JKapacH

(PL): 0an3u oup

DoTOJIIOMHUHECIIEH
HUSHUHT acocui
NPUHUUTIINHA
TYILYHTHPHHI?

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

doToHKpHCTALIAP
HHUHI aCOCHH
X0CCAJIAPUHH
TYUIYHTUPHHI?
Pacmaan
doiigananunr!
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DOTOHKPHUCTAJLIIAP.  DJIEKTPOMArHUT  TYJIKWHIIAPHU
TapKATWIMIINIA TAbCUP JTHUILTa MYJDKAJUIAHTAH JTaBPUM
JIUBJIEKTPUK Exn METAIIIAUIIIEKTPUK ONTUK
HAaHOCTPYKTypaJ1ap

21

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

doToHUKA: MabJIyMOTJIApHU OolKapuiaa

AJIEKTPOHJIAP  YpHUTa  €pyFIUKHU  ((HOTOHJIAPHM)
KYJUTOBYH DJIEKTPOHUKA

@DOTOHUKAHUHT
acocum
NPUHIMINHHA
TYULYHTHUPHUHI?

22

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

N -
Ag nanoprisms Auspheres Auspheres Agspheres Agspheres Agspheres
~100mm ~100mHM ~50HM ~120mM ~E0mm ~40nm

IO3anaazmon  (SP):  EpyFmk  OujaH  Kywid
TahCUPJIAIIUII HATHKACUIA TIOJIIPUTOHTA OO KETyBUH
103ara MOC KeJIyBYH IJIA3MOHJIAP

FO3amna3mon (SP)
TEePMUHUHU
TYUIYHTYPHHT.
Pacmaan
doiinananuur!
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23

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

IIbe30pe3ucTuB dPeKT: TamKapugIaH MEXaHUK OOCUM
TabcHpura OOFIUK paBUIIa MaTEPUATHUHT DJIEKTP
KAPIIWJIMTUHHHT Y3rapuil X0UCaACH

IIse30pe3ucTus
3P PeKTHUHT
acocuit
NPUHUUITHHHA
TYULYHTHUPHUHI?

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

CnuHTpoHMKA (CIHHH AaCOCHAATM JJIeKTPOHHKA):
ANEKTPOHJIAPHUHT UKKHUIJIAHTaH XOCCATIAPUHU, KyMJIaJaH
3aps]l Ba CIHMH XOJIATUHU KYJUIOBUM SIHTM TEXHOJIOTHS;
MaHHUTO-3JIEKTPOHUKA cudaTuia XaMm MabllyM

CnuHTpOHMKA
(cmmH acocuaaru
3JIEKTPOHHUKA)
HHMHI acocuil
X0CCAJIAPUHH
TYUIYHTHPHHI?

25

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

Bit Qubit
0 0

| .

L]

1 1
Abitcanonly  Superposition can be

bealor1 represented anywhere
on a sphere.

Kyowur: XucoOanuiapaaru OUTHUHT KBaHT
HKBUBAJICHTH; aTOMJIAPHUHT KBAaHT XOCCAJAPUHU YII4arl
KyImmmJacy OusiaH

KyouT Huma yuyH
Kepak?

26

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

KBaHTKOMIIOTEpJIAp: KHUPHII  MabIyMOTIapUAard
orepanysiapaa KBaHT-MEXaHHUK XOAHMCaTapUHH
KYJu10BUM Xucobuam acoobmapu

KBant
KOMITIOTEPJIapu
acocum
NPUHIMIINHA
TYULYHTHUPHUHI?
Pacmaan
doiinananunur!
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o

8.
9.

Hasopar caBosiapu
Kpucrann HaHO3appadasapHUHT aCOCUM XOCCATAPHUHT TYIIYHTUPHUHT?
Marepuannapaa >HEpreTUK 30Hajap KaH1ai MaKuIaHaau?
Pyxcar sTunran Ba TabKUKJIAHTaH 30HAJIAPHUHT (papKu HUMagaH ubopat?
Meramnap, JAWDJIEKTPUKIAP Ba  SPUMYTKA3rUWIapla  SHEPreTUK
30HANAPHUHT  TYyJIaupwidinugary  QyHgamentan (Qapkiap HUMaaaH
nbopar?
Kyn xarnmamim sSpuMyTKa3rduiau CTPYKTypajlapZla KBaHTIM ypajlap Ba
MOTEHITMAN TYCUKJIAp KaHAal KUaub makiaHagn?
TyHennmanum xoaucacu MOXUSITH HUMaJaH noopat?
KBannmm  ypama osHeprus carximapu  Kaiicu  cababmapra  Kkypa
JTHUCKpeTIIalaan?
KBanT ymuamnu apdext Humanan nbopat?
Mounekysip 3JIeKTpOHUKA, ONTOIEKTPOHUKA, (DOTOHHKA, CHUHTPOHUKA
ACOCUM NMPUHIMIUHUHT COJIUIIITUPHUHT.

10.CBeroanon, Maiifon ¢ dekriu Tpanzuctop (FET), romnka mieHkamn

TpaH3UCTOpJIap, OUp IEKTPOHJIM TPAH3UCTOPHUHT HUMA YUYH Kepak?

11.KyOuT Ba KBaHT KOMOIOTEPJIAPHUHT aCOCUN MPUHIUINUHUHT TYIIYHTHPHUHT.
12.I'uraHTMarHuT KapImIMTHHUHT aCOCUN XOCCAIAPHUHT TYITYHTHPUHT?
13.DoToHKpHUCTATNIAPHUHAT KaHail TapKuOMil KHCMITap/IaH TAIIKWII TOTITaH?

14 .T1se3ope3ucTtuB 3G HEKTHUHT aCOCUN MTPUHIIUITUHUHT TYITYHTUPUHT?
15.Cnun acocuaaru 3JeKTPOHUKAHUHT aCOCHIM XOCCATApPHUHT TYITYHTUPUHT?

1.

doligaJaHNIralH agadueéT
Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro
and Nano Technologies) 2nd Edition, Elsevier, 2011, 17-35.

2-amanuii mamryaot: [losimMep HaHOMaTepHAaJI 0TI BA YJIAPHU

XoccajadapHHu. Hanouesurom03a. buomnmernka CUCTEMAJIAPDHHA O0JIMII Ba

yJIapHH Xoccajapu.

HNmpan maxkcan:
Cytok kpuctain. [llakn xotupanu nonumepinap. Hanonemntonosza. Tykumanu

uKeHepus. buomocnamryBuannuk. buomuMernka. DiaeKTpoH OypyH. DJIEKTPOH
. bot. Hano6ot. Jlopunapau makcammu erkaszuii. JJHK-gum.

MacajaHHHT
Ne NiHun 6a:kapui y4yyH HaMyHa oo
KYMHJINIITH
1. Liquid crystal (LC): a state of matter with Cywok kpucrai (CK)
properties between a liquid and solid crystal; it is | kangai TapKkuOUii
used extensively in liquid crystal displays KHCMJIapAaH
TAIKWJI TONran?
Pacmpaan
doiinananunr!
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CyIOKKpI/ICTaJI (CK): cy1oKJIUK Ba KATTUK
KPUCTAJICUMOH MOJIJIa XOCcalapu OpaluFuIara
MaTepusl; CYIOK KpUCTAJIIN AUCTUICHTIap/ia KeHT
KYJUTAaHUJIaa1

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

Hlaka xoTupaau mnoJauMepJiap: XapOpaTHUHT
y3rapuimyd KaOW TallKd Kywiap TabCHpUa
BY)XKyAra KeiaraH TallKu Kywiap TabCUpHUAA

nedopmarusigad  CYHT  Y3WHUHT  JacTIaOKu
MIaKJIura KaWTUIl KOOWIHMSTHTAa 9ra  aKJUIu
OJIMMEPIIAP

HlIaka xorupanau
MOJIMMepJiap HUMA
Y4YYyH 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

-2‘3

£ e .', — e
W oy =
]
(Generatlgn of
a gra —————
? Cul:)\érljrg%fcﬁD = .:
NS iyﬂ 2
TyKuMaJIu HHKeHepHusi: CyTOIMU3YBUWIADHUHT
acocuyd  TYKMMQJIAPUHUHI  TY3WIHIIA  Ba

GbyHKIHMOHAT acocjiapy Xamjaa (QYHKUUSIIApUHU

Tykumaau
HHKEHEePUSIHUHT
acoCHH XOCCAJIaPUHU
TYILYHTHPHUHI?
Pacmpaan
doiinananuur!
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TUKJIAI, KY1ad Typuil €KW SXIIWIAIl Y4yH
OuoMocialryByaH  YpHUHM  OOCYBUMIJIAPHUHT
KYJUIAaHWIUIIY TYFpucuaaru han

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

iy

i alrg testing
demonstrabng
biezompatidity

buoMocaamyBYaHIMK. HOXYII Y3rapuluiapHU
YaKupMail MaTepuaTHUHT OMOJIOTHK TU3UM OWJIaH
TabCUpJAIIYBUAA V3 Basu(anapuHu OaKapuIIH

buomoc/amyByaHIu
KHHMHI acocui
NPUHIUIIAHA
TYUIYHTHPHHI?
Pacmpan
doiinananunr!

Biomimetic: the science of imitating or reverse
engineering from natural systems to the study and
design of engineered systems using modern
technology

§ ] U Rat = 2
buomMumeruka: 3aMOHABUN TEXHOJIOTHSIAPHU
Kyjutaiml  OujaH  MYXaHAMCIWMK — TU3UMIIAPHU
TaJKUK KWINII Ba JIOWMXAJAWTUPUII YUYYH
TaOUMM THU3UMJIApTa VYXIaiml, WHXEHEepUs EKu
TaKJIMJ KWW TYFpUcHiaru pax

buomumeruka
aCOCHM NPUHUMIIMHU
TYILYHTHPHUHI?
Pacmaan
doiinananuur!

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

Feature

Pattern
ClassHication

&

Sensor Array

Olfactary Bulb

Microprocessor

DJIEKTPOH
OYPYHHHUHT acoCHii
X0CCAJIAPHHH
TYUIYHTHPHHI?
Pacmpaan
doiinananunr!
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DJIeKTPOH OYPYH: XU €KY TabMJIAPHU aHUKJIAII
yayH OMp Heua KUMEBUHN CEHCOpIIap/IaH TAITKUI
TOIraH KypuiMa

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

measunng
multiplexor dF\ﬁ ce
\

X '
\ %)) \

sensor
armay

)
—11 4
__ reference R

electrode ﬁ) ‘,L h;_-:' -L“
\/ “‘__ rnﬂﬂ.
analvsed solution M = = .

JJEeKTPOH THMJI. TabMIIADHM AaHUKJIAIl Ba
TaKkkKoclam  ydyH  Oup  Hedya  KUMEBHM
JIATUYUKJIAPJAAH TAIIKWJI TONTaH KypuiMa

JJIEKTPOH THIHUHT
acoCHH XOCCAJIaPUHU
TYILYHTHPHUHI?
Pacmpaan
doiinananunr!

Bot: a robot or automated intelligent machine

Bot: po0oT €k aBTOMATIIAIITHPUITAH
WHTEJUICKTYaJl MaIlTMHA

bor: Huma yuyyH
Kepak?

Nanobots: a robot (semi- or fully-automated
intelligent machine) consisting of components of
a few hundred nanometre-dimensions; they are
also referred to as nanorobots, nanoids, nanites,
nanomachines or nanomites

w»/

Hano00T: HaHOMETPIM YIuaMiapJaH TalIKuI
TOINTaH KOMIIOHEHTJIM POOOT (IpUM EKU TYIUK
ABTOMATJIAIITUPUIITAH UHTETPaJl MAIINHA); yiap
HaHOPOOOTIIAp, HAHOU IJIAP, HAHUTIIAP,

Hano0oT HUMa yuyH
kepak? Pacmaan
doiinananuur!
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HaHOMAIIMHAJIAp €KW HAHOMUTIIAp HOMJIapu
OwiaH xaMm yupaiau

10.

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

J\f‘f‘" Vesicles Soa
Micelles I /

Multifunctional

Dendritic Palymers

%

Nanospheres

Pllarm acentical carviers

Liguid Crystals

Nanocapsules

Jopuwiapau MakcaJid eTKAa3UI: Tepanusjga
JOKaJIalliTaH ~ 3apapjaHraH  xykadpamapra [
TYKUMaJiapra Kepak oynran MUKJIO0pJa
dapmareBTUK OMPUKMaHN KUPUTHII

Jdopuiapau
MaKcalJIn
€TKA3HIIHUHT
aCOCHM NPUHUMIMHU
TYUIYHTHPHHI?
Pacmaan
doiinananunr!

11.

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

eKU
Y4yH

reHJaru
UACHTU(DUKAIHSIIAIT
KyJUIAHUJIAAUIraH  SIPUMYTKAa3TUWIA ~ MHUKPOYHII

JHK-g9um:
y3rapuiuiapHu

MyTalUsJIapHA

acocugarm gaT4ymkK

JTHK-yunHuHr
aCOCHH X0cCaJTapUHU
TYILYHTHPHUHI?
Pacmaan
doiinananuur!

e

Ha3sopar caBoJuiapu

CyrokkpucTana KaHJai TapKuOUi KucMIIap/laH TAIlIKUI TONraH?
[ITakn XOTHpaIu MONIMMEPIIAp ACOCUM XOCCATAPHUHT TYIIYHTUPHUHL?

TyKuManu MH)XEHEPUSTHUHT HUMa y4yH Kepak?

bruoMumeTrka Ba OMOKEpaMUKAHUHT AaCOCHM MPUHIMITMHY TYITYHTUPUHT?
OnexkTpoH OypyH Ba 3JEKTPOH TUJ ACOCHA XOCCATAPHUHT TYIITYHTUPUHT?
Hano6oT Ba nopunapHu Makca i €TKa3UITHUHT aCOCUM MPUHITUTTUHUHT

TYLIYHTUPHUHT?

JIHK-4unHUHT acOoCHid XOCCATAPHUHT TYLIYHTUPHUHI?
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dogaaHWITaH agaduériaap

1. David Rickerby Nanotechnology for Sustainable Manufacturing, Taylor and
Fransis, 2014, 79-92.

2. David Rickerby Nanotechnology for Sustainable Manufacturing, Taylor and
Fransis, 2014, 213-226.

3-amauuii mamryJaor: HanomatepuaJs oMl Ba yJIapPHH XOCCAJIAPHH.
HNmpan makcan:

Tarnan-tenara Ba Temaman nactra. byr ¢azacunan ¢usukasuii uykrupumi (PVD).
[Tnasma. byr dazacunan kumésnii uyktupui (CVD). Uccuk nzoctaTuk mpeciari
(HIPing). IMupomus. VYukynnu mnasmanu numupuin (SPS). Tenr kanammm
oypuakiu mnpecciam (ECAP). MexaHuk KoTtuiimanami. bByF-CYHOKJIUK-KATTHK
momgna ycymu  (VLS). Onwurakcus. Hanomutorpagus. Fab.  Kommowun.
Hanomucrepenst. Y3-y3unn #iurmm. Asporen. KeanT Hykranapu. baxmurCTep —
dbymiepen. MarukcoH. Yriepoanu HaHoTpyOka. Hanoronanap. HanokoOukiap.
Hanocumiiap. Hanomarepuan. Hanocrepxknmap. Buckepnap. IOnka nnenkanap.
MesoroBaknu Marepuan. Mynrukasatiap.

Ne Ninan 6a:kapui y4yH HaMmyHa Macananu
HI

Ky MM
"

1. | Bottom-up: a strategy for synthesizing nanomaterials from | Tarman-
atomic scale fundamental units where the fundamental units link | remara Ba
up to form nanoparticles/nanostructures Tenmanan
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 NPUHIIAITH

m U HHA
COJTUIITHP
HHI?
Pacmpan
doinanan
HHTI!

:_;_ ge s 5
e
Synthetic Chemistry,
Genetic Engineering, ...
1

Tarnan-temara: acocuii OupiauKIapu HaHOo3appadamap [/
HAHOTU3MMJIAPHU XOCHJI KWJIMII OwsiaH OupriamiaguraH aTtom
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MUKECUIATK acOCH OWpIMKIapUaH HaHOMaTepHUAITIAPHUHT
CUHTE3 KWIHI CTPATErUsACH

Tenagan macTra: HAHOKPUCTAJUT MATEPUATHY OJIUII OUJIaH
MHUKPOKPHUCTAJUT MOJIJaHUHT MANJTAIAIIHA Y3 UUUTA OJadu;
HAaHOCTPYKTYPAJIAPHHU CUHTE3 KUIUIIHUHT KaTTUK MOAAAJIH
WYJUIapU 11y KaTEeropusira Kupaju

Physical vapour deposition (PVD): a variety of vacuum | Byr
deposition technique involving vaporization of atoms from | pazacunan
target material to produce a thin film on a substrate ¢pusukaBu
PVD i
RAMW MATERIAL (TARGET] SPUTTERING quTI/IpI/[]_[I
oo D
acocmii
R NPUHIATTH
I comm s HHU
TYUIYHTHP
psiol u HHI
oo cn Pacmaan
Byr dazacunan ¢usukaBuii aykrupum (PVD): tarnmukna (porinanan
IONKA IUICHKAJapHU OJIMII Y4YyH AaTOMIIAPHM  MYJDKaj HHT!
MaTepuaguial OVFIaTHII HUIITUPOKHUIA BAKyyM UYKTUPUIITHUHT
TYpJId TCXHOJOTUJIapHU
Plasma: a state of matter containing a significantly large | ILniazma
fraction of ionized matter; plasma properties differ significantly | remmepary
from those of solids, liquids or gases pacuHH Ba
| X0CCAJIapH
n
NPUHIHAITHA
HHUHTI
TYUIYHTHP
HHI'
Ilna3zma:uonnamrag MOJAAHWHT aHYAaIrvnHa KaTTa (i)paKIII/I}ICI/IHI/I
S'ISI/I,ZIa CaKJIOBUM MOJAAaHWHI XOJIaTH; ILIa3SMaHHWHI' XOcCcCajlapH
KaTTUK MOJJanap/iad, CYIOKIUKIAapJaH €KW rasjiapjiaH TyoaaH
dapk Kumaau
Chemical vapour deposition (CVD): a technique for Byr
depositing thin films on a substrate using gaseous reactants dazacunan
Chemical ‘-I'ipfr bopwuon vy KI/IMéBl/Iﬁ
) I YYKTHPUILI
"ﬁ' (CVD)UnHr
" 08 g0 tes acocHu
Sg e ﬁ € NPUHIHAITHA
HH
TYUWIYHTHP
Substral HHF?
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Byr ¢a3zacunpan kuméBuii uyykrupum (CVD): rascumon | Pacmaan

peareHTJIapHUHT KYJUIAaHWIMIIM OWJIaH IONKa IJICHKANapHUHT | doiimanan

TarJIMKAa YYKTUPUIT YCITyOu HHT!

Hot isostatic pressing (HIPing): the process of using high Hccuk

hydrostatic pressure and temperature to compress fine particles | uzocrarux

into coherent parts npecJaanH
HHI
acocui
HNPHHIIMIIH
HU
TYLIYHTHP
HHI?
Pacmpaan
doiinanan

Hccuk m3ocratuk mpecaam (HIPing):maiina 3appavanapau

SAXJUT KACMJIApTra CHKHUII YYyH IOKOPHU THIAPOCTAaTHK OOCHM Ba

XapopaTHU KYyJulall )KapacHu

Pyrolysis: Greek word denoting separation (lysis) under fire | ITuposu3

(pyr); a thermochemical method involving decomposition of | Huma yuyn

organic material at elevated temperatures in the absence of | kepax?

oxygen Pacmpan

c§/ ; + {ﬂ{; q)oﬁ');[anan
polystyrene particles  ceramic precursor HTT-1300 HHI'.
pyrolysis \m,c_m“

Iupoaus: amanra(pyr) octuaa axpatuimau (lysis) anriatyBun

rpeKda Cy3; KUCIOPOJ HINTUPOKHCHU3 KOKOpH Xapopariapaa

OpPraHMK  MOJJAHM  NapyaJAllHA Y3  WYura  OJyBYH

TEPMOKUMEBUH YCYII

Spark plasma sintering (SPS): a sintering technique using | YukyH/m

pulsed DC current that directly passes through the graphite die, | maazmasm

as well as the powder to be consolidated, in case of conductive | mumupu

samples HHHT
acocui
HNPHHIIMIIH
HUHI
TYLIYHTHP
HHI?
Pacmpan
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Spark Plasma Sintering (SPS)
mechanism

Plasma heating Joule heating

Electrical
current

Plasma
discharge

www.substech.com

Yukyniau miaasmagn numupum (SPS): rpadur marpunacu
IIYHUHTZIEK YTKa3yBYaH HaMyHalap XOJaTu]a MUIIAPHIAETIaH
KyKyHJaH OeBuCTa yTa€TraH JOMMHUHA UMIYJIC  TOKHU
KYJUTAHWIHMIIUAATH THIIAPUILI TEXHUKACH

doiinanan
vHr!

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

=
f

Die

Sample
e

Pressed sample

Tenrkanamum Oypuakam npeccaam(ECAP): makn Ba
yiyamiapuHu Y3rapTUPULICH3 KaTTa MUKJIOpIaru
nedopMalion  CWDKHUIIHM ~ KUPUTYBUM  YATpaJHCIEpC
TY3WIHIUIA 3appadyajlapHd MIUIA0 YMKApHIl YYyH IUIACTHK
nehopMalUTHUHT OFUpP TEXHUKACH; SKCTPY3Us UIUTUPOKUAATU
yxmam >kapaéHHM HaMOEH KWIYBUM TEHI KaHaulM Oypyak
skcrpysusicu (ECAE)

TeHrkana
JLJTH
Oyp4ak/u
npecciaau
HUHT
acocui
X0CCAJIapH
HHT
TYUIYHTH]P
UHT?
Pacmpaan
doinanan
HUHT!

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
MexaHI/IKKOTl/IIHMaJIaHI . HOKOpH OHCPIUsAIN mapJm
TETMPMOHJIa 3appadaJlapHUHT KalWTa aeopMalusuiaHuIIN Ba
EpuUKIapu HATWIKACUZIA  MalJajaHUIIu, KYKYHJIapHHUHT
3appadajapnu COBYK HaﬁBaHHaHa,HHFaH KaTTUuK JXUCMIaru

MexaHHUKK
OTHIIIMAJIA
IIHUHT
acocui
NPUHIUIHA
HHUHT
TYLIIYHTHP
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JKapacH

uHr?

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

Vapor
of deposited
materials

Metal
drop

o~
\ | / p
e -

o

Substrate

By¥-cyrokank-kartuk momaa ycyim (VLS): Oyr dasacuman
KUMEBUM UYKTUPHUIIAArM HAHOCHUMJIAp Kabu Oupyadamin
HAaHOCTPYKTYpAJIAPHUHT yeumm YUYH MEXaHU3M;
KPUCTAJUIADHUHT YCUIIM Ba KUHETHUKACH CcaMapaJopJIuTUHU
OILLIWIIM YU9yH KYJJIaHWIAIU, KaTAIUTUK CYIOKKOTUIIMaIu (asa
OyFnapHH YTaTYUUHTaHIIUK Jlapaxacuraya Te31a
azcopOnusIamy MyMKUH

by¥-
CYIOKJIMK-
KATTHK
MO/11a
yCYJIMHHUH
I acoCuil
NPUHIUIHA
HHUHT
TYUIYHTHP
UHT?
Pacmpaan
doiinanan
HUHT!

11.

Epitaxy: growth of a secondary phase maintaining a perfect
crystallographic registry (coherency) with the underlying
substrate

s) :
! Molecular feams
‘
i)
$ /@
# L4 L
Growing Epitaxial ¥ ¥ R _\&' 2

Layer \ Pt 2V eV Vo

Substrate Wafer

INMUTAKCUA:aCOCUI TaruK OWJaH KpucTaorpapuk TapTuOHH
(KOTE€pEeHTIMKHYU) TAbMUHIIAII YYYH UKKIJIaM4H (pa3aHUHT
YCHUIIU

InUTaKcH
1 HHT
acocui
XO0CCAJIapH
HHT
TYUIYHTH]P
UHI?
Pacmaan
doiinanan
HUHT!

12,

Fab: a microfabrication facility consisting of clean rooms and
controlled deposition process for the fabrication of
semiconductor devices and ICs

Fab:unaterpan cxemamap Ba Ba SApUMYTKa3rH4iId acOOOIapHU
UIUad  YUKapuIl Y4yH Ha30opaT KWIMHYBYA UYKTUPHIL
Kapa€Hilapy  Ba  TO3a  XOHAJIApAaH  TallKWI  TONIaH
MUKPOTEXHOJOTHK OOBEKT

Fab auma
YYyH
Kepak?
Pacmpaan
doiinanan
HHT!
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Colloid: a homogenous suspension of a dispersoid in a

13. Kouanoun
continuous medium; it may be a solid, liquid or gas KaHaai
: : TAPKUOM
KHcMJ1apa
aH
TalIKUJI
TONran?
Pacmpaan
Nang Colloid Mycelle s . o o (l)oifma.ﬂan
KoJioma: y3Iykcu3 MyXUTAArd AUCHEPCUSIAHTAH MOIAHUHT uHr!
Oup TypJard CyCIEH3UACH; KATTUK, CYIOK EKM Ta3CHUMOH
OYJIUII MYMKHH.
14. | Nanofluid: colloidal suspension of nanoparticles of metals, Hanoaucn
ceramic, carbon nanotubes, etc. epcust
KaHjaau
TapKUOUi
KHcMJ1apa
aH
TAalIKUJ
TONraH?
Hanoaucnepcus: MmeTaiap, KepaMuK, YIJIEPOINA
HaHOTpyOKajgap Ba XK3 HaHO3appaydajJapHUHT  KOJIIOHU]]
CYCHEH3UACHU
15. | Self-assembly: process in which the components interact within | ¥V3-y3uaun
themselves to form aligned or organized structures without any | imFummu
external force HI acoCHid
igins Y NPHHIHIH
. e HUHT
TYWIYHTHP
UHI?
Pacmaan
doiinanan
Substrate (metals, semiconductors, ceramics, polymers, etc.) vHr!

VY3-y3unm Wurum: Oupop OMp TamKW Kyd TabCUPUCU3 OuUp
TEKKHMC €KW TAIIKWUIAIITUPUITAH TY3WIHMII XOCHJI KWINII YYyH
KOMITOHEHTJIAPHUHT Y3 UUUJA Y3apO TabCUPJIAIILYB KapacHu
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16. | Aerogel: a porous solid formed from a gel in which the liquid is | Aaporea
replaced with a gas with gas entrapment KaHaai
<™ : TAPKUOM I
: Y KHcMJIapaQ
"""" aH
TAaIIKUJI
P . | Tonran?
/ Pacmaan
A blowtorch und ;::::\lf.;::: ::;:?.zl has no effect on (l)OﬁI[aﬂaH
AjsporeJi: CYIOKIUTH IOTUJITaH Ta3 OujIaH YypuHaIMaIirad HHT!
réjigaH OJIMHTaH FOBAKCUMOH KaTTHUK I-IS'/I(Ma
17. | Quantum dots: 0D nanostructures in which electron energy | KBanTHyK
states are confined in all three spatial dimensions; their | ramapu
electronic properties are between that of cluster*s and bulk | auma yuyn
semiconductors Kepak?
Pacmpaan
doiinanan
HHTI!
Color of CdSe - CdS colloids is a function of quantum dots sizes
KBaHnTHyKTA/IapU: 5JIEKTPOHJAPHUHT HHEPrus XOJaTJIapH
Oapua y4dra KeEHIVIMK Yyiauamiapujaa anukiaaHagurad 0D
HAHOCTPYKTYpaJsap; YJIApHUHT DJICKTPOH XOccajlapu KjiacTtepiaap
Ba SIPUMYTKa3ruujiap opacuaa 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; | ¢pynraepen
Buckminster fullerene is the first fullerene molecule to be | kannaii
discovered and is also the most common in terms of natural | TapkuGmii
occurrence, as it can be found in small quantities in soot KHCMJIap/T
L EXpOog7 w al daur . aH
8 TAIKAJI
TONran?

.g r a ” R o 9%
bakmuncrep - pyniaepen: Puuapg bakmuucrep @ymiepen
TOMOHUJIaH JJOMMXAIAIITUPUIITaH Te0Ae3UK ryMmbasra yXmamu
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Tydaiinu yauHr mapadura Homiaanrad C60 dhopmynanu
JOUpacUMOH MoJiekyna; bakmuHcTepdynnepen —
GbyIUIepeHHUHT J1acT/Ia0KU TOMMJITaH MOJIEKYJIacu
Xuco0iaHaau, 1y ominan oupra Kypymaa 03 MUKIOp/ia
TOMUJIUIITN MYMKHUH OYJITaHJIUTH YU4yH TaOUUNA XOCHIT OVIIUIITN
HYKTaW Ha3apuJaH SHT KYT TapKaJraH XucoOJaHaIu.

19. | Magic number: a critical number of atoms in a cluster size Marukcon
providing it higher structural and potential stability TYLIIYHTHP
Y UHI? ATOM
TY3WIMIIH
°§§°:° ‘ HHUHT
o:“ff;:o s a,::‘l":o doiinanan
et HHT!
MarukcoHn: aH4YarmHa IOKOpH OYyIraH CTpYKTypaBUH Ba
IIOTCHO A TYPTYHJIMKHHA TabMHWHIIOBYHA Kilactepaaru
ATOMJIAPHUHI' KPUTHUK COHH
20. | Carbon nanotube (CNT): an allotrope of carbon with | Yraepoaa
cylindrical nanostructure and having high aspect ratios; their | u
unusual electronic and magnetic properties find wide | HaHoTPYO
applications KAHHHT
s [Eianreeiibe S e cHH(pIaHH
(SWCNT) (DWCNT) IIUHUHT
TYLIYHTHP
HUHI?
Pacmaan
> doiinanan
Yraeponiau HaHoTpyoka (CNT): tacBup popMaTHHHUHT IOKOPH | HHT!
VY3rapTupuiand TYypUIUIA UIMHAPCUMOH HAHOCTPYKTYpaau
YIJIEPOAHUHT aJUIOTPONUK IIAKJIM; YJApHUHT Yy3rada OYiaraH
QJICKTPOH Ba MArdivuT XO0CCaJapu KCHI KS"JIJIaHI/IJ]a,ZII/I.
21. Nanoflbre fibres with diameter less than 100 nm Hamnoroaa
' | JAPHUHT
acocui
XxoccajaapH
HHI
TYLIYHTHP
HHI?
HaHOTO.]Ia.]Iap 100 HM naH KWYUK OYJIraH JuaMeTpiid ToJiajiap
22. | Nanoshells: a thin coating over a core object a few tens of Hanoxo0on
nanometres in diameter KJap
KaHaau
TapKUOUit
KHCMJIap[a
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an
TAIIKWJI
i o — Tonran?
ouis S8 Pacmaan
- ¢oiinanan
HHTI!
Hanoxo0ukaap: nuameTpu Oup Heda VHIMKAArd HaHOMETPAA
OynTaH 0OBEKT SAPOCH YCTHIATH FOTIKA KOOWK
23. | Nanowires: 1D nanostructures with width of nanometric | Hanocuma
dimensions and exhibiting aspect ratios of 1000 or more ap HUMa
yayH
Kepak?
Hanocumiiap: HaHOMETpP yiI4yaMiM KEHIJIMKAArd Ba FT€OMETPUK
ymuamnapuauHr HucOath 1000 Ba yHmaH rokopu Oynrax
1DnHanoCTpyKTYypasiap
24. | Nanomaterial: class of materials in which at least one of the | Hanomare
dimensions is on the nanoscale (<100 nm) pHALIApH
HHT
M e KaHaau
o (@@ GH | ce
e <o ’
micelles vesicules dendrimers | liquid nanoccapsules nanospheres
crystals
Hanomartepuan: Oupon Oup y3rapuiiu HaHo gapaxkazna (<100
HM) OYyJiraH MaTepraJlJIApHUHT CUH(U
25. | Nanorods: 3D nanostructures with aspect ratio typically in the | HanocTtep
; all thelr d1mens10ns are 1r1 the range 1-100 nm JKHJIAp
LAY H | KaHaaii
TapKUOUi
KHCMJIap/
~ i Tl ‘ aH
Hanocrepskuniap: CKJIapI/IHI/IHI‘ an6am 3 5 JAMana’oHuMR | paiKHI
Oynran 3DHaHOCTpYKTypasap; yaapHuHr Oapua ymdammiapu 1- | ponrap9
100 um auamazonuga Oynaau
26. | Whiskers: thin fibrous growth of a dislocation free crystal BuckepJua
"" p HEUMAa
YUYYH
Kepak?

678x506 / \

Tin dioxide nanowhiskers.

Bncxepnap IPKUHAUCTOKAIUAIIAHAIUTaH KPUCTAJUITHUHT
HO3HUK TOJIaJIN YCI/IIIII/I
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27. | Thin films: atomically engineered layers with film thickness | FOnka
usually in the range of nanometers to a maximum of a few | nienkaJa
microns PHUHT

acocui
e T XO0CCaJIapH
2835 HHT
| TYUIYHTHP
o AFV 9
G; Ligde IGI 2nd ocle i MHT
CulnSe2 Thin Films. Pacvaan
IOnka nmuieHkanap: atToMap KOHCTPYKIMSUIAHTaH KaBaTjiap ¢oiinanan
HAaHOMETpP/aH MAaKCUMyM OWp Heua MUKpOHTada Oyiaran uHr!
JvanasoHaa OyaraH KQIMHIMKIATY TUICHKaIap
28. | Mesoporous: porous materials with regularly arranged, uniform | Me3oroBa
mesopores (2-50 nm in diameter); their large surface areas | kam
MaTepuaJl
JIAPDHUHT
acocui
XoccajJapH
"
TYUIYHTHP
5 UHI?
Me3oroBakan. Oup Mebépia Oep TEKHUC KOMjalras PacuMz[aH
Me30FOBaKIM (ametpu 2-50 HM) FOBaKcMMOH Marepuasiap; | PoHAaIan
[032 CHPTHHMHT KATTAJIMTM  yldapHu  ancopbent  eku | MHT!
Karanusartopiap cudaruaa honganm Kuiaau

29. | Multilayers: thin films of differing chemistry or structure | MyaTukas

deposited one over the other aTiap:
W ERE : HMMA y4yH
¥ Kepak?
Pacmaan
doiinanan
HHT!
MyarukaBatjap: Oup-Oupura XoWIalITUPWITaH TYpPAH XHJ
KUMEBHM TapKUOIM €K CTPYKTYpaJIu I0MKA IJICHKaIap
Ha3zopar caBosuiapu
1. byr ¢azacunan puzukaBuit uyktupuirHuHT (PVD) Ba Oyf dazacugan
kuméEBnM uykTupui (CVD) uHr acocuii NpUHIMIUHA COTUIITUPUHT?
2. Hccuk U30CTaTUK MPECTAUTHUHT BO TEHIKaHAJUIN OypUYaKId MPECCIalllHUHT
ACOCHH MPUHIUIIMHUHAT TYITYHTHPUHT?
3. Iuponu3 Ba yUKyHJIH TUIa3MaJIH MUIIAPUIIN HAMA YIyH Kepak?
4. MexaHMK KOTHIIMAQJIAIIHUHT ACOCHI NPUHIIUIUHUHT TYIIYHTHUPHUHT?
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5. ByF-CyIOKJIHMK-KAaTTUK MOJIJIa YCYJTMHUHT aCOCUN PUHITUITHHIHT
TYUTYHTUPUHT?

6. DNUTAKCUSHUHT aCOCHUN XOCCAIAPHUHT TYIIYHTUPUHT?

7. Komnous Ba HaHOMCIIEpCUs KaHIald TapKUOMN KMCMIIapAaH TalllKHII
TOMnraH?

8. KBantHykTanapu, 60akMuHCTEp — QyIUIEPEH, YIIIEPOTH HAHOTPYOKAHUHT
CUH(MIAHUITUHUHT TYITYHTAPUHT?

9. HanoTonamapHUHT, HAHOKOOUKJIap, HAHOCUMJIAP, HAHOCTEPIKHIIAP,
BUCKEPJIAp MUCOJ KEITUPHUHT?

10.FOnka nieHKaJapHUHT Ba ME30FOBAKIIM MaTepUAUIAPHUHT HUMA YIyH
Kepak?

doiigaaHUITaH agaduéTaap
1. David Rickerby Nanotechnology for Sustainable Manufacturing, Taylor and
Fransis, 2014, 153-197

4-amaumii maryJor: HanomerpoJiorus.

Nimnan makcan:

ATOM-KyYJIaHUIILIA MUKPOCKOIUSA (AFM). Atom MaHUIYJISIIUSACH.
Hanonurorpadus. HanounaenTudukausiai. DIIEKTPOH MMKPOCKOII.
MukpokantuiieBep. CKaHUPJIOBYM SIKMH XYAYJJIH ONTUK MUKpockonusi (SNOM).
PentrenoTosnekTpoHCIEKTPOCKOTHS (XPS). Vra VKa3zyBUaH

kBantuHTephepomerp (SQUID).

MacanaHuHr
Ne Ninu 6akapuil y4yH HAMYyHAa e
KYNHJINIITH
1. | Atomic force microscopy (AFM) or scanning probe ATOM-
microscopy (SPM): a high-resolution device used to map | Ky4wiaHHILIMMH
topography or other functional properties of the surface KPOCKONHSA
atoms at atomic resolution capabilities (AFM) éxn
I i St CKAHEepPJIOBYH
} {' L 30HIMHMKPOCKOII
- \ / usicu (C3M)
Ty X acocuii
NPUHIMAIIHHHA
ATOM-KYWIAHHIILTUMHUKPOCKOMHUS (AFM) | TymryHTHpPHHT.

éKHCKaHepIoBYH 30HAMHMKpOckonusicu (C3M): arom | Pacmaan
KypcaTru4iy 03aJard aTOMJIAPDHUHI TAacBUPUHU €EKH | (poiigasaHuHT!
Oomika GYHKIIMOHAI XOCCaJapyuHU TacBUpJaAll Y4yH
KYJUITAaHWITYBYH IOKOPU KYpCaTTUWIN Kypuima

2. | Atomic manipulation: atom by atom modification of ATom
surface structure or chemistry made possible by advanced | manunyasimusicn
techniques like atomic force microscope and scanning HHUHI aCOCHH
tunnelling microscope NPUHIUTHHA
TYUTYHTHPHUHI?
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ATOoM MAHUIYJISIIHSACH: aTOM-KY4WIaHUIUIH
MUKpPOCKOITUS Ba CKAaHEPJIOBYU TYHEIUITM MUKPOCKON KaOu
WIFOp ycyimap Ty(dailii UMKOHUSTH TYFUJITaH FO3aHUHT
TY3WJIHIIUHU aTOM OPTUAAH aTOM €KU KUMEBHUM
MOAM(pUKALIHSIIAIIT

Pacmaan
doiinananuur!

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

Nanointender prints

HanounaeHTHUKaNMAIALL HAHOYIYAMIIM Xa)XXMjapra
KYJUTaHWIYBYM OOCHIIJAru KATTUKJIWK TECTH, KHYHMK
Oocumiapaa anoxuaa HaHO3appadaJapHUHT
KATTUKJIVMTMHYA aHUKJIA YY4yH

Hanounaenrud
HKAIMSJIAITHAH
I acocuil
NPUHIUTTHHUHT
TYUIYHTUPHHI?
Pacmpaan
doiinananunr!

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

Objective
lens

Detector &
Amplifier

Target
Monitor

Figure 4-1 The scanning electron microscope focuses a beam of electrons on a sample.

DJIEKTPOHMHUKPOCKOIL: Te3JIATUPHIITAaH
ANEKTPOHJIAPHUHT KOJUTUMUPJIAHTaH JAaCTaCMHU HaMyHara
dbokycnab  aroM  yayamMujard — KaTTaJdalllTUPHITaH

TACBHUPHU OJIMIO YUYH KS"JIJIaHI/IJ]a,Z[I/II‘aHMI/IKpOCKOH

JJIEeKTPOHMHUKPO
CKOIl HHT aCOCHI
XOCCAJTAPHUHT
TYILYHTHPHUHI?
Pacmaan
doiinananunr!
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Microcantilever: a cantilever beam with dimensions in
the micrometer scale that is extensively used in the field of
MEMS, sensors, resonators, etc.

MuKpOKaHTUJIeBEP: MUKPOMETP MUKECUIATH YITUAMIIU
kanTuiuBepiau Hyp,MEMS coxacuna, naruukmnapna,
pe30HaToOpIapAa Ba XK3 KEHI KyJUIAHUIIAIU

MuKpoKaHTHIIE
Bep HUMA YYYH
kepak? Pacmaan
doiinananuur!

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
CrkaHUPJIOBYH AKHUHXYAY1JIH
onTukMukpockonusi(SNOM): HaMyHaHU
VUIUIATUIAETIaH HYpPHUHT TYJIKWH Y3YHJIUTUIAH KUYHUK
Oynran yiadyamjaard TUPKUIL OpKalIu EpUTaaM, HaMyHaHU
AKUHXYIY IIA MaHOa pexuMu noupacuaa
KOWJIAIITUPUIIAIN, oI 00BEKTUB épnamua
HaAMyHaJaru avaparMaHuHr CKaHepjaml Wynu OuiaH
TAaCBUp IIAKJUIAHUILIM MYMKUH OYiaau

Microscopes

SEM

TEM

Optical SPM

1
STM SNOM

.‘
e {
%’ T
=] :
P A
l a’
b g : :
'
5 L

: AFM

<) )} 0

CxkaHupJoBYH
SAIKMHXYAYAJIU
ONTUKMHUKPOCKO
NMUSTHUHT aCOCHH
NPUHIUITAHUHT
TYUIYHTHPHHI?
Pacmaan
doiinananunr!

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

Penrrendgortodie
KTPOHCIIEKTPOCK
ONMUSTHUHT
acocuu
NPUHIUTTAHUHT
TYUIYHTHPHHI?
Pacmaan
doiinananunr!
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PenTrengoro3/1eKTpOHCIIEKTPOCKONUS (XPS):
KUMEBUA MOJJAHHUHT F03aCUHUA MUKIOPHUN aHAIU3 KUJIUII
yCilyOH, 3JIeMEHT TapKUOWHU aHUKJIaWIu; Y Cyl, peHTTeH
HypJapu OuiaH KaTTHK MOJJAHUHI HypJiam €Epaamujia
OJIMHTaH (DOTOAIIEKTPOHIAPHUHT TaBCU(DUHH VY3 HYHUTA
oJiaiu

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

r 4

"/’ AN
AN

YraykasyBuan
KBaHTUHTepGdep
ometp (SQUID)
KaHaau

TapKUOUi
o KHCMJIApIaH
__,gl}_\ TAIIKWJI
7, WLl MRS\ Tonran?
YrtaykasyBuan kBanTuHTepdepomerp (SQUID): yra | Pacmaan
Ky4CH3 MAarHuT MAauJOHJIAPUHU yI4all MUMKOHHUSTUIA 3ra doiinananunr!
Mocjaama
Nanolithography: a nanofabrication technique for | Hanosurorpadu
patterning nanoscale features; used extensively in the | suunr acocmii
fabrication of ICs and NEMS NPUHIUITMHHUHT
TYUIYHTHPHHI?
Pacmaan
doiinananunr!
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a @ light source

Lens

Photoresist
_~"_ Substrate

HaHOJmTorpa(])HH. HaHoynanHH JNEeTAJUIApHMU IIaKJIJIaLl
yUyH HaHO MIIa0 YMKAPUII TEXHUKACH; HHTETpall
cxemanap Ba NEMSnap nmnab ynkapuiiga KeHT
KYJUIAaHWJIAAN

10.

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
CyokiaaHui XapopaTHHUHT OCIMJIJISIIMSICH
3appadaIapHUHT yayamMu accoCHil MaccagaH
cyOHaHOMETpraya KamMan®  MHUKIOPUHUHT  OIIWIIN
HaTXacujaaru CYIOKJIaHMIII XapOpaTUHUOOCTUPHUII
Xxogucacu

18°C 58°C 29-1°(' 4S‘D°C 330‘°C 170°C 45°C 22°C |
I i '

Nanothermometer (Ga in Carbon nanotube)

Cyroxkaanui
XapopaTUHUHT
OCHIISALUSICH
Ba
HAHOTEPMOMETP
HUHI aCOCHH
NPUHIUTHHUHT
TYUIYHTHPHHI?
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Hasopar caBosiapu

ATtom-kyunaHunuii - Mukpockorust  (AFM), CKAHEPJIOBYU  30H]
mukpockonusicu (C3M) Ba aroM MaHUNYJISUUSICUHUHT — acOCUM
MIPUHLIHUINHU COJMIUTHPHUHT?

Hanounaentudukaius Ba HAHOJUTOTpaQUSHUHT aCOCUNA MPUHLIIMITUHUHT
TYLUTYHTUPHUHT?

MUKpOKaHTHIIEBEp HUMA yUyH Kepak?

DONEeKTpOH MHUKPOCKOIIHMS Ba CKAaHUPJIOBYM SIKMH XYAYUIM ONTHK
MUKPOCKOTIUSTHUHT aCOCUI MPUHIMITUHUHT TYITYHTUPHHT?

Vra YKa3yBYaH KBaHTUHTEpPEpOMETp (SQUID) Ba
PEHTTeH(OTOINEKTPOHCIIEKTPOCKONHS HUMA YUyH Kepak?

dDoaIaHWITAH aga0uéTiaap

. David Rickerby Nanotechnology for Sustainable Manufacturing, Taylor
and Fransis, 2014, 197-212.
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S-amaymii MmamryJjaor: Hanomatepua/uIapHUHT IKOJIOTHK X0CCAJIAPH.

HNimpan makcana:
Exuiiru snnementu. @ortokaranu3. HaHOTEXHOIOTHSA Ba KypHJIUIL MaTepralliap.

Macananu
Ne Nuiaun 0askapuin y4yH HaMyHa WHF
Kynujini
|
1. | Fuel cell: an electrochemical cell capable of producing Exuaru
electrical energy with fuel or reactant being used up from an 3JIEeMEHTH
external source HHHT
2H*+%0, H.0 Chemical Ener9y s Electical Energy acocuu
- XoccajapH
- e HHI'
o, 2h, TYLIYHTHDP
Lo HHI?
i B Pacmaan
. __ == = (oiinanan
EKI/IJIF HIJEMEHTU . TAlllKU MaHOa CKWJIFUCHU CKU PCAarcHTH uHT!
acocuia 3JICKTP SHCPIrusACHHU I/IHIJ'Ia6 YUKapUIl UMKOHHATUTA
ara 3JIEKTPOKUMEBUH sSTYEHKa
2. | Photocatalysis: phenomenon of accelerating a chemical doTokaTa
reaction rate using a photon beam in the presence of a catalyst | au3HuHT
M "Jr;" Super Oxide acocuii
-},/}?{txooz .. & NPUHIMITH
- HHI
H;0 + CO, TyHIyHTHp
P % HUHI?
. 1 insah Pacmpan
H,0 >Of “Photo Oxidation (l)OﬁHaﬂaH
Hydroxy! radical I/IHF!
doToKkaTAMN3: KATATM3aTOP UIITUPOKUAA (DOTOHIIAP OKUMUHU
KYJutam OuiiaH KUMEBHUM peakius TEe3TUTMHU Te3MAIITHPULIT
dbeHomeHun

Hasopar caBosiapu
1. HaHOTEeXHOJOTUK EKWIFU AIIEMEHTUHUHT aCOCUM XOCCaJapHUHT
TYUIYHTUPUHT?
2. DOTOKATANUTHK KYPHJIHILI MaTepHalljiap MUCOJ KEITUPHHT.

dogaaHuJIraH axaduer:

1. David Rickerby Nanotechnology for Sustainable Manufacturing, Taylor and
Fransis, 2014, 213-226.
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2. V. KEMCJIAP BAHKHA

1-keiic
HedT TyKMJIMIIK Ba HAHOMATOJIAP

Bbputumr Iletponeym (British Petroleum) tamkunorura xapamin Hedt
matdopMacuaaru nopraam tydaiinu 2010 itun 22-anpenga 6onuianran Mekcuka
kypdaszugarn Hedpt Elnnmumm AKII tapuxupmaru sHr karra HepT TYKUIUIINA
xucobnmanaau. Maii OMMHUHT ypTajmapura KeiuO JKCIepTIApHUHT Xucobiapura
kypa okeanra 60 000 OGappen Hedt okuO ymkkaH. MabiIyMKu HEPTHUHT OHp
TOHHACH CyB [03acHIa SHnmn6 12 kM 103aCHHH KOIUTaian; HedyTHHHT Gup Gappenn
136,4 xr maccara sra; Mekcuka kypha3sMHUHT YMyMHI MalJJOHH TaxMHHaH 2,5
MJTH. KM 9.

Casomnnap:

1)  Mekcuka kypdasura okud YyMKKaH He()THUHI TOHHAJArM Maccacd HHMara
TEHT?

2) Hedr mienkacn OWIaH KOIUIAHHWIIM MYMKHH OYJIraH CHPT FO3aCHHHU
aHUKJIaHT?

3) Kypdas ymymuii MaiiIoHUHHHT Heda (o3 KMCMHU He(PT IuieHKacu OWiIaH
KOIUJIAHTAHJIUTUHU aHUKJIAHT?

4) Nature Nanotechnology >xypHamumarm MakoJjiaja 3BJIOH KUJIMHUIINYA
onmumiap, ‘“‘matoHuHr”’ orupiaurugad 20 Oapobap OpTUK OFUpIMKIATH He(THU
abcopOrusiam UMKOHUATUATA dra OYJIraH HAHOTOJNAJApPAaH TYKWITaH HAaHOMATO
kamd xumumradn. Mekcuka kypdasumard HePT TYKWIUIIMHU OapTapad >THII
y4yH HeYa KI' HAHOMATOJ[aH UIIIa0 YuKapHuiil 3apyp?

2-Kkeiic
IOnka kaBaT/iu Ky€u 0arapesiJIapuHU MILIA0 YUKAPHII Y4YH MHKPOCKOI
TaHJIall.

V36ekucronna 6up fimnna Kyénum BakT mmmoia 2000 coar, skaHy6aa sca
3000 coataaH KynpoK 6yarannuru caba6mu, Y30eKHCTOHIa Ky Huapaan 6epy
KY€l PHePreTUKACH COXaCH/1a TaIKUKOTIIap 00 OOpUIMOK/Ia.

Kyém sHeprerukacu naHelIapUHU MIUIA0 YMKAPUII CU(PATHHU HaA30pat
KWJIUII 3aMOHaBHIl Ja0oparopusicura I03ajJapHUHT XaXKMHUM TaCBUPJAPUHU OJIHIL
YU4yH MHKPOCKOI Xapuj Kwiuil 3apyp. FOnka nieHKadapHUHT F03aCMHU Ba IOIKA
IUIGHKaJIM Ky€lm OaTapesulapHUHI HAHOKOIUIAMAJAPUHUHI MYCTaXKaMJIUTMHU
HA30paT KWIUIIYYYyH Xapua KWIMHAAUTaH MUKPOCKOI TYPUHH TaHIa0 OJIMHT.

Tannmanran MwuKpockon EpaamMuaa MOHOKPHUCTaUT Ba  MOJMKPUCTAILI
OatapesutapHu TaJKUK KWIAIT MyMKHHMHE?

KelcHUHT euni y4yH Kylduaruiap tanad sTUiaau:

1) xyém Oartapesanapu TypJiapd Ba HIUIANl NPUHIUIUIAPH TYFPHUCHIA
TabCypOTIa dra OVIIHII Kepak;

2) HaHOKOIUIaMajiap  MYCTaXKaMJIMTUHUHT  ONTHK  Ba  DJEKTPOH
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MUKPOCKOTIUSCHHUHT TYPJIH XWJ MablyMOTJIApUAAH OJWMHUIIN MYMKHH OViraH
ax0opoT TypiapyuHU OWJIMIII.

Kyém 0aTapestyiapiHUHT MILJIAII NPUHIUITH

®oT1o3(p(PEeKTHUHT  Ma3sMyHHM  KyE€Il  DHEPrUsICHMHM  JOUMHM  TOKra
y3rapthpuiira acociiaHradH. bab3um  Oup  MogdasapHUHT  (MHUCOJI  YYYH
KPEMHUMHHMHT)  3JEKTPOHJIAPU KY€l  HYPJAPUHUHT  SHEPTrUSACUHHU  FOTHIII
KOOWIusATUTa d9ra, ¥3 OopOMTalIapuHU Tanuiad MyHaTyBYd OKUM — (POTOTOKHHU
xocun Kwiagu. by sgdexkTHrn XOocu KUIUII y4yH Maxcyc Mojjanap — p- Ba n-
YTKA3yBUYAHJIMKIIM SIPUM YTKA3ruwiap KyJUITAHWIAAA. N-YTKa3yBUYaHJIMK MOJAAJAru
AIIEKTPOHJIAPHUHT OPTHUKYA MHUKIOPUHHM H(OJanaiy, p- 3ca TErHILIN paBUIIIA
yIapHUHT €TUIIMOBUMINTUHU Hoaanaiu. GoTorIeMEHTHH XOCUI KWIUII yUYH,
ANIEKTPOH Oarapesira YXIMAIITUKHUA XOCUJ KUJIaIUTaH, UKKUTa IPUMYTKa3rud Kepax
Oynanu, OyHIa KaToa YpHUAA N-IpUMYTKA3TU4 aHOJ YPHHUJIA dCa P-SIPUMYTKA3TU4
oynamu. Tymaérran Hypjap TabCUpUAa N-YTKa3rud (CTPYKTYpaHUHT Tema
KHUCMHJIA OKoilamran OViaaud) O3JIeKTpOHJIapU p-KaBaTrra YTaau, HaTXKazaa
AIIEKTPOHJAPHUHT WYHANTUPWIraH OKUMH BYXXKyAra kenaau. by kaOu Tu3uM,
YHUHT WOUTAIIM KUMEBUHM TabcUpiallyBra OOFJIMK OYJIIMaraHauru Ba HaTHXKaaa
MaTEepUAHUHT EeMUPWJIMIIN OYyJIMaraniauru cababiu HUXOSTAA Y30K BakT
MOOaHUIA UIITAIId MYMKHH.

Kyéu ¢orodnementiiapu

KpeMHUIHUHT KEeHI TapKaJraHJurd Ba WOUIA0 YMKApUII KapaéHH KaTTa
xapaxat Tanad 3TMaciuru cababiiv XO3UpPru KyH7a Ky€Il 3JIeMEHTIapu KPeMHUA
acocuga umad yukapuwiagu. Kpemnwiira Typnau Xui Typlaard YTKa3yBUaHIIHK
KOOWJIMATUHYU OCpUIll YUYH TYpJU XU apajaliMalapHy Kyamaan. Mucon ydyH,
AJIIEKTPOHJAPHUHT  OPTUKYAa  MHUKIOpPHM OOp  KUPUTWIMILIKM  HaTHXKacHuia,
E€TUIIMOBUYMJIMTH 3Ca MUILIAKHUHT KUPUTWIWIOMA HATUKACUIA DPUILHJIAJN.
[llynuHrnek  apceHup, rauiMi, KaaMuid Ba  OomIKajnap  KYJUIAHWJIAJIH.
VTKa3yBUaHIMKHM IIAKIUIAHTHPHMIN OWMJIaH OWp KaTopia apajaliMajapHHHT
KYUIWIMIIKA KPEeMHHUI acocuaard OaTapesulapHUHT caMapaJOopJIMTMHUA OUIUIINra
o6 kenaau, ynapauar @UK (KII) ypraua 20% ra TeHr.

Xo3upru KyHJa, IOKopucamapaaop Ba HUKTHCOAMM doiganmn Ky
OatapesulapuHH OJIMIIra WyHaITUpWIran Oy coxagaru ¢Gaosl TaIKUKOTIAp OO
OopuIMOKa.

Kyém 0aTapesiilapuHHHT TypJapu

Kpemnnii acocuaa ¢poTonaHe/UIapHUHT Y Typy UILTa0 YUKapuiIaIn:

- Monokpuctaiapaad. YJIapHU WIUIA0 YMKApHUII Y9yH Oup Typaaru
CTPYKTypali MOHOKpHcTa/iap ycrupuiaau. Hatwkana Oynpail dorosiueiikanap
Oup TEKKUC MeBEPNM o3acu OwnaH ¢apkiaHaau, OyHUHT OKuOaTujaa Kyell
HypJIapuHH sSXmMpoK rotanu, okopu DOUK (KIIJ) ra sra, Oupox Hapxu
KMMMAaTpPOK OVi1aiu.
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- [onukpucrann sdeiikanap HOTEKKHUC, MOJIMKPHUCTAUl CTPyKTypara sra
Oynu0, Hyp IOTUII KOOWJUATH MOHOsSYeWKaiapaaH Oup Hedya Oapobap macTpok
Oynaau, YyHKHM HOTEKHUC 103aCU HYPJIApPHUHT OMp KUCMUHU KalTapaau.

- KOnka xkaBatnu Ky€m Oarapesnap KpucTtaJicuMoHAup. bupok ymap
STUJIYBYAH sUYeHKagap KYPUHUINKJA WIUIA0 YUKapuiIaau. YJIapHU KUHIIUK
103aapja ypHaTUIl MyMKUH Oynaau. by OarapesnapHu unuiad yMkapuil ap30H,
KyBBaT OWpJWIura KpHUCTaUICUMOHJIapra HucOaTaH(TaxMuUHaH 2,5 MapoTtaba)
KYIIPOK FO3aHU 3TAJIANIN.

IOnkakaBatnu Ky€m Oatapescu spUMyTKazyBUaH OWPHUKMAaHU STHIIyBYaH
(omatha - mMoNMMEp) TAarjWKKa IypKall HaTmwkacuga xocwn Oymaau. JlactaBBan
apuMyTKa3rud cudaruaa GakaTruHa aMmopd KpeMHUM KyJUTaHWiIral, Oupok OyHaa
OJIMHTaH (DOTORIEMEHTIAPHUHT HIILTa0 YMKAPUII KyBBATH HUXOST/Ia KUYUK OYITraH
(aturm 4 — 5 %). Xo3upru KyHJla MHUC-TAITUMW-UHIWNA CEJICHH] acOCHUJIaru
IJIEHKajgap MCTUKOOIUM XHucoOnaHaau. Muc-uHAMM-rajiiidng OatapesiapuHUHT
OUK (KIIMT) 20%raua et MyMKUH. BUpok xo3upua Oy kabu 3jeMeHTIapHUHT
IONKa KY€l TUIeHKanapyu 0030pujiard YpHU YHUAIMK KaTTa 3Mac (TaxMuHaH 29%).
Kanmuii Temtypun acocuaaru IUleHKanap KEHrpokK TapkairaH (taxmuHaH 18%,
OUK (KIIT) 16% raya). AMopd-kpemHuiim 6atapesuiapra 0ynarad tagad IOKOpHU.
Vnapuuar @UK (KII) 10%rada ommpuin UMKOHUSATH TYyFUJITaH.

MaHTUKHI KeTMa-KETIUKHU TY3HUII KepakK:

HamyHna typu (ronka rjieHKanap) --------------=-----

Mukpockon TypH (3JEKTPOH €KH OMTHK) ===-================

MUKpPOCKOI UMKOHUSITA (MUKPO €KW HAHOMETP YErapacu?) --------------------

Hamynanu tacBupnam maptiapu (BakyyMm €KH BakyyMcu3, siccu eku 3D-
TacCBUP, ATOM MOHUIYJIATOPU €K HAHOUHTEHJIEP?) -----====-===========

AFM —--eeeemeeeeee e
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TABLE 3.1

Chart of Microscopy and Type of Information Generated

Microscopy

Light
microscopy

Fluorescent
microscopy

Confocal
microscopy

Field
emission
scanning
electron
microscopy
(FE-SEM)

Transmission
electron

microscopy
(TEM)

Scanning
tunneling

microscopy
(5TM)

Atomic force
microscopy

(AFM)

Resolution Limit

~0.2 um

~0.2 um

Micrometer level

Nanometer level

Nanometer level

Nanometer level

Nanometer level

Characteristics

Samples can be imaged in liquid or air. Resolution is
limited by the wavelength of visible light.

Samples can be imaged in liquid or air. Fluorescence
labeling is a well-developed technique that can be
used to localize molecular components.

Confocal scanning microscopy enables three-
dimensional studies of biological objects.
Resolution techniques that break the optical
resolution barrier are becoming available.

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

Image contrast depends on impeding electrons as
they pass through the sample, usually by heavy
metal staining. Operates under vacuum with
resolution depending primarily on image contrast
through staining. New advances allow imaging
samples in a liquid cell.

Allows a relatively flat surface to be imaged by
rastering a biased-atomically sharp needle point over
a conducting (or semiconducting) surface. Samples
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.

Imaging is accomplished by monitoring the position
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.
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3-Kkeiic
Hanozappauanap Ba paur 3¢ dexriaapu

Kanumuii kaToiauk YepKoBIApUAArd paHrid BUTpaxuiap Ba bpuranus
My3euaa caxjiaHaétraH Jlukypr Kagaxu HOE0 caHbaT HaMyHallapuJaH
xucobnanaau. OITHH Ba KyMYUIHUHI HAHOYJIYaMIId 3appadalapd KyKyHU
KYUIWITaH MIMIIAJaH sicalraH KaJaX KalTapuiral HypjAa sIIdji Tycra, CUHTUO
YTyBUM HyplIa 3ca KHU3WJI Tycra KHpaau. XO3upru KyHjaa Oy kabu caHbar
HaAMyHaJIapWHUA KaWTagaH sicalll MyMKWH-MHU, €KH YCTaJapHUHT CHUpJapU H3CHU3
éKoraumu?

Amepukamuk Qusukinap, [V acpHuHr Oomnurapuja puMIIMKIAp HWIUIATTAH
PaHTJIA MIWIIAHU OJIUII TEXHOJIOTUSCHHU KUMEBUHN CEHCOpJap Ba KaCAJTUKIAPHU
aHUKJAlga — JMAarHOCTHKAacHUJa KyJUlamHu Takiaud Kummmrad. Myammudiaap
TOMOHUJAH Kamd KUJUHTaH KAMEBUW CEHCOpJap TaxMHUHAH MUJUIAAP]
HAaHOYJTYaMJIM TEIIWKJIAp KWJIMHTAH IUIACTUK MJIACTUHAJAH TalIKWJI TONraH. Xap
OMp TEUIMKHUHT JeBOpYAJapH OJTHH Ba KyMYIIHUHT HaHO3appadalapuHU Y3uja
cakjiad yJapHUHI 032 BJIEKTPOHJIAPU JAETEKUUs KapaeHWJa MapKa3uid poOJIHU
VHAHA U,

KeiicHu eunm yuyyH axOopoT TypJlapuHu Ba KyHuJaru caBoJuiapra
aBoOJIapHU OMIHII Tanad STUIAIN:

Hyp sHeprusicu Ba TYTKUH y3YHJIUTH KaHAal OoFnaHraH?

Kannait HypHUHT YacTOTacH FOKOPUPOK: KU3MWJI €ku OnHadia?

Kannaii ontuk xonucanap cusra Mabiiym?

Marepuangaru panr 3¢dexkiapy Ba 3appadyallapHUHT VidyaMHu KaHaai
Oofanran?
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HNurteppepenuusi. CyB Ba cupt ¢aon MogAaJapHUHT Mmydakdagapu
CUPTHArd paHr Ny(PaKkyaHUHT KaJIMHIWATUTra OOFNUK. AHOJIAHTAaH THUTAHJaH
UIIUIAHTaH 3aprapiiuk Oyromiiapu ofaTAa TypJiM XWJl KAJIUHIUKIArd OKCUJJIaHTaH
KaBaT Tydaiau EpKUH paHIapHU HaMOEH Kuiaau — oponsa (L = 300 um), kyk (L
~400 am), capuk (L = 600 um), Bakunkuswi (L = 700 Hm).

Judppaxuuna. J(udpakioH paHr TACBUPHUHT HHT EPKUH MHCOJU OYInO
KOMIAKT-IUCK XHUCOOIaHaIH.

fior the plasmon resonance. They are, with their protecting ligand shell, around

4nm in diameter. The color is a ruby red with 4., ot ca. 520nm.

Color Due to Quantum Fluorescenge.  Semiconductor quantum dots are known
fior their intense fluorescent colors. Althouph made of exacily the same material
different colors are penerated due simply to the difference in size of the quantum
dots ((QDs) (Fig. 4.9).

TapkaTum - TapKOKIMK. Typiin XU ya4amiM 3appadajlapHUHT Ba TypJu
XWI TYJIKAH Y3YHJIMKJIApUHUHT KoMmOuHanusacu. OCMOH KYK Tycla KypuUHaIH,
YYHKHM KHMCKa TYJKHHJIAp MOJIEKyJajap OWIaH TapKOKIaHTHUpuiIaau. OCMOH KU3UII
paHrja xaMm Oyiajau, YyHKH y3yH TYJIKUHIAp (MHCOJI YU4yH KU3WIJIApH) KaTTapoK
3appauaiap OWJIaH TapKOKJIAIITUPUIIAIH.

IO3aku niaa3mMoH.bupoH Oup MOJAAHMHI TUPKUII MYKMja OOFIAHMIIMAA
HaHO3appayajJapHUHI  03acUJard  IJIa3MOHJIADHMHI  (MeTajulgaru  3pKHUH
ANEKTPOHJIADHUHI  MKKWIAHMIIMHU  KaWTapyBuM  KBaszu3appada) pE30HAHC
yacToTacH y3rapaau, Oy ¥3 HaBOaTua IUIACTUHKAJAH YTYBUYM TYJIKUH y3yHJIUTHHU
y3rapummra onubd kemaau. by ycynm 1o3aku 1utasmonsm  pe3oHancra (SPR)
yxmaiinu, Oupox yHAaH (papkiau YiaapoK, HypHUHT TYJIKUH Y3YHJIUTHHU aHYarnHa
CAIIMOKJIUPOK CHIDKUIIMra onub kemagu — TaxmuHan 200 nHanometrp. bynnaii
CHUHTHaJTa uiuia Oepuil Mypakkad yCKyHaJdapHU Tajnad 3TMaiad, HMIyHUHT YYyH
MOJJANapHUHT OOFNAHUIIMHM KypOJUIaHMaraH Ky3 OWJIaH XaM JeTeKTHpJall
MYMKHH.

AMepHKanuK OJIMMIIap TOMOHHU/IaH UIIa0 YUKWIraH CEHCOPJIAPHUHT TYpJIn
XWI MOJjajapra HUCOAaTaH CE3yBUAHJIMIMHU TEUIMKIAp O3aJIapuaa y3ura xoc
aHTUTEJAIAPHUHT HMMMOOWIM3alMsIcH OwilaH TabMuHIaHagu. OnIMMIAPHUHT
cy3ura Kypa KHAMEBUW JETEKTOPHUHI TY3WJIUIIM bputanus Mysenuga
cakjaHa€TraH pUMHMHI JIMKypr KajaxuHUHI HOEO Xoccalapu TOMOHHUIAH auTHO
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Oepwiran. Kagax muimacMHUHT TapKUOHWIArd METaul HaHO3appadalapy HYpPHHHT
Tyl Oypyarura OOFJIMK pPaBUIIJIA YHUHT TYJIKUH Y3YHJIUTHUHU Y3rapTUpaau.
[yngan kenub YMKKAH Xoyjla Myauiddiap KypwiMaHu ‘“‘HaHOYIYaMIIM JIUKYpPT
Kanaxjapu wMatpunacu” ned Homuamran (nanoscale Lycurgus cup arrays —

nanoLCA).

Detector
transmitted lght {left)
reflected light (right}

@uyopecuennusi. KBaHT HyKrajmapu XxaillpoToMy3 Xoccanapra ora:
YJIAPHUHT yiIyamMura OOfJIMK paBULIA TYypJiW XU PAaHIJIAPHU TapaTUIIUd MYMKHH.
Wanmyanap Typau — yiauamiapiard — HaHo3appaydaiap JpuUTMaiapu  OuilaH
(renTaHzary OJEMH KUCJIOTacu OWJIaH KOIUIAHTaH KaJMMH CEJIEHUIWHUHI KBaHT
HyKTaJdapu KOJUIOMJ J3pUTMACH) TYJIJAUPWITaH. by CycneH3usylapHu Ky3ra
KYpUHMaiauran ynatpaOuHadmia auana3oHUAard Hyp OWIaH HYpJIaHTUPHIL
HaTIKacuJa Hyp COYMINTra yHJAam MyMKuH. By 3appauanapnan Ttapanaérran
HYPHUHT 4aCTOTacH 3appavyajlapHUHT YadaMiapy Yculy OuiaH KaMasau.

4-keiic
Hanomarepuajuiap Ba 3K0J10rust

Hanozappauanap 1okopu kuMEBuil (paositnkka sra 0Viaud axoiud kaTanauzatopiap
xucoOsanaau. byHaal XoJaTHUHT acocuil cababu HaHO3appaydajJapHUHT F03acHaa
JKoWnamran aromisiap OuiaH Oofnuk. by artommap Oomika aromiap Ouiad
Ky4YCU3POK OOFIaHTraHIur cabaliau KyIuMua SHEpTUsra sra.

Mabnymku, aBTOMOOWIIAp aTpod MyXHTra Ba HMHCOH CAJIOMATJIMTHUTA
canbuii Tabcup kypcaramu. lllynmaii xkunmb wuku EHHIN JABUTATCIIAPHUHT
YUKUHAMU raznapuaa Kyiuaau rasz (CO), nukiuk apomaTtuk yriaeojgopoanap (CH),
a30T(Il) okcuau (NO) (TacBupra Kapa) jgap TONUJITaH.

Nukm Ennin ABUTaTEIIADHUHT YAKUHIW Tra3jiapu

co 180-300 xr

Bernzmm
CH 25-45 kr
1 Tomma ABC

NO 20-40 kr

ABTOMOOWJUTApHUHT ~ YUKWHIAM  Ta3lapuHU  KaTaIUTUK  OKCHJJIAII
Kypuimanapuaa armocdepara  YUKapwiIaéTraH  3apapid  YUKUHIWJIApHU
KaMalTUPHII MaKcaauaa IJlaTuHA KyJulaHwiiimy MyMkuH. [lnatnnaa yriepon (IT)
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okcuauau yrnepon (IV) okxcuaura aiaHTUpHMIl  MMKOHMUATUHU — Oepaiu.
Hanozappauanap kypuHummaa 6yiara riatuHa Y3MHUHT KaTaJUTHK XOCCaTapuHU
SIHaJla KyWIMPOK HAMOEH 3Ta/IH.

TiO, 1o3acura KorwlaHran 55 artomiapuu (quameTpu 1,4 HM) Y3uaa
CakJIOBYM OJTHUH HAHOKJACTEpJIApM CTUPOJHM XaBO KHUCIOpOAU OuliaH
OeH3aiaeruaraya TaHJIOBYAHJIMK AacoCHJa OKCHIUIOBYM KaTainu3aTtop cudaruia
xu3Mmat Kuaau (Nature, 2008):

CeHs—CH=CH2 + 02—> C6H5—CH=O + Hzo +C02

Kusukapnucu myHmaku, 2 HM JaH [OKOPH Yyodamjard JIUaMeTpIIu
3appadaiiap, mry OwunaH Oupra oW ONTHH XaM X€d KaHJal KaTalluTUK
(baoUTMKHI HAMOEH STMaNIH.

Casosuap:

1) Vraepon (II) oxcuamuau yriaepoxa (IV) oxkcuaura aiJaHTHPHIN TEHIJIaAMaCHUHH
Ty3uHT. By *apaéHHu amaira OIMINM Y4YyH IMJIaTHHAJaH TallKapu HUMa Kepak
oynanu?

2) Tynuxk 6utta 6ak (40 1) A-92 mapkanu 6eH3UHHUHT (O€H3UHHUHT 3u4uiuru 0,75
r/cM’) GHMIIMIAH XOCHI OYIaguraH 3apapid YUKAHAWIAPHHHT Maccanap
JTUAITa30HUHU XUCOOJIaHT.

3) 3,5 cM® MeramizaH KaHda PlyTapkuGmu HaHO3appadalapHH OJIMII MyMKHH
6ynanu? (miatuHuHr 3wamrd 21,45 r/emd).

4) Kanpaii xkuian0® wuxvyamiauk OuiaH KUMEBHUH peakTopja HaHO3appavajapHU
KOUJAIITUPHIL MyMKHUH OYrann?

Kapob6map: 1) CO — 5,4 xr nan 9 kr raua; CH — 0,75 xr gan 1,35 xr raua;NO 0,6
Kr 1ad 1,2 krrava 2) 1,16.1022
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Sowvce. R Farrauto and C. Bartholomew, Favdamendals of indosiial catafythc processas, Source: 5. Chakraborti. A K. Datys, and W J. Long, Jowmal of Cafalsis, 108, 444-451 (1087).
Jodmn ‘Wiley & Sons, (2006). With pamméssion WHR permisshn.
S-keiic
¥Y30eKHUCTOHAATH HAHOTEXHOJIOTHSJIAP ACOCHIATH TYKUMAYHIHK
MaxcyJIoT/Iapu
01.04.2014

Kynganuk wnuiatum  yuyyH OakTepulM TYKAMAYWINK — MaxCyJOTH
cepTudUKaNMsUIal BAa OMMaBUil unuiad ymkapuin Oockuumma TypuOtu. Unuiad
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YMKAPUII TEXHONOTHsACH Y30ekuctoH Pecny6rmmkacn MaHmap aKaIeMHSCHHHHT
[Tonumepnap gusnkacu Ba KUMECH UHCTUTYTHAA UIILJIA0 YHKAPUIITaH.

X03Upru KyHJia KyMYIITHUHT HaHO3appavyajlapu acocuiaru Kym MUKIOpIaru
HaHOMaTepuayyiap MuUIad YMKapWiIraH. Xo3upAa KyMmyll HaHO3appayaid THII
mieTkajgap Ba THUII TacTalapyd HILIA0 YUKAPUIMOKAA, ylap Typld XHl
uHpeknusIapaad xumos Kuiaau. KyMylmHUHT HaHO3appadalliapy 03 MUKIOpIa
KOCMETHKAa MaxcCyJjoTjapura xaM KYIIWIHO KEeIMHMOKAA, YJIApPHUHT TabCUPHJIA
STUTMKJIAHUTITHUHT OJIIM OJIMHAAM Ba SpaJlapHUHT Outuimm Tesznarmaan. Kynruna
KaTTUK Mojjaiapra (1uiia, €Fo4, KOF0o3, KepaMuKa, METaJUIaApHUHT OKCHJIapy Ba
OOIIIK.) CYpTUIIMIIMIAH CYHT XaM HaHO3appadajiap Y30K BaKT Y3UHUHT OaKTePHUIIN]T
XYCYCUATIApUHH caKj1ad Koiaau. by xomar rokopucaMmapazop Y30K BakT TabCHP
ATYBUM JI€3MHGEKIUSIIOBUM  adpO30JUIapHU  MINUIA0 YHKAPUII HMKOHUSTUHU
Oepamu. Arapma  OMHOJNApHUHT  [O3ajlapura  CypTWJIQJWraH  JIOK-OYEK
MaxcCyJoTJIapura KyMyIITHUHT HaHO3appadajapH Kyuusica Oy MaxcyloTiap Ouian
OysanraH JeBOp Ba HIMIUIAPJA MATOIe€H MHUKPOOPTaHU3MIIAPHUHT SIIAIIA MYMKHH
oynmaiiau. CyBHM To3ajmaml  QuiTpiaapujgard — Kymupjapra KyMYIIHHHT
HaHO3appavaJapUHUHT KYNIWIMIIK OyHAal (QUATpJIApHUHT XU3MAT MYJaTUHU
y3alTUpaau Ba TO3AIAHAETTaH CYBHUHT OMOJIOTHK TO3aJIUTH OPTA/IH.

Hanozappauanap Hadakar ¢oiiga 0anku 3apap xaM €TKa3UILIapUd MYMKHH.
KyMyIHUHT HaHO3appadaiapy UHbEKIU cu(daThia CHYKOHIAPHUHT OpraHU3MHUra
KUPUTUIITAHKUIa TOKCUK TabCUPH KypcaTWiIran OYnuO, 11y MUKAOpAArd KyMyIil
MOHJIApU KUPUTUJITAHU]IA 3Ca YIIUMIa OJIM0 KeJIMaraH.

V36exucronna sHru Maxcyinotau “Policotton-patrokl” MUK “SilverteX”
CaBlIO0 MapKacu OCTHJA TakAUM OJTagu. ACCOPTUMEHTAA HAHOTEXHOJIOTSUIap
KYJUTAaHWITaH XO0J1/1a KyMYyIll OWJIaH UIIJIOB O€pUiIraH — HOCKUJIap, MYKU KuumIiap,
ETOK TYKMMA4YMIIMK MaxcynoTiapu. «SilverteX» HOCKUNaApH TYIUK MaXaJlJTui XOM
aménapaaH wnoiad 4YMKapuiaran OYnauMd CHHTETHK MaxCyJNOTIApHUHT MUKIOpPH
MUHMMaN Japaxara kentupuiran (8%rava). Kymym OunaH Maxcyc HIILIOB
Oepmuiy EKMMCHU3 XHJIHU, TEpJIAlIHH, KACAUIUK KY3FaTyBUH 3aMOypyFiapHU
VCHILIMHYU OJIIUHU OJIaJH.

Huma yuyH nHaHozappauyamap OakTepUIHA TYKHMAUWIHK MaxcCyJoTiapu
yU4yH 9HT MaKOyJ xucobOnaHaan?

KeilicHu eunm yuyH axOOpOTJIapHUHT TypJapUHU Ba KyWHJIaru caBoJUIapra
»KaBoOJIapHU OMJIHUII 3apyp:

XJ0puJ KACIOTaCH KyMYyIl OMJIaH peakuusara KUpuIajanmMm?

Huma yuyyH opauii kymymn XJOpuJ KHCIOTacM OWIaH —peakiusira
KUpuImManau?

Huma yuyH Kymyln HaHo3appadaiapu XJOpUJ KUCJIOTacu OJlaH peakiusira
KUpumaan?

KymymHuHr Ags HaHo3appadajiapy Ba XJOpUJ KUCIOTacH OuiiaH ¥3apo
TabCUPJIALTYB TEHIJIAMACUHU TY3UHT?

KyMym HaHO3appayanapUuHUHT KYJUTAaHWIMIIK KaHYAJIMK Japaxazia XxaBhcus
xucoOJanaan?
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MabiyMKH KyMyIll WHCOH OpPTaHU3MH YYyH OJHT KYy4iId aHTHUCENTHK
xucobmanaan, y 700 gaH OpPTHK KacCalMK KY3FaTyBUM MUKPOOPTaHU3MIIAPHH,
3aMOypyFJIapHH, OaKTEpUSTIapHHU, BUPYCIAPHU YIITUPAIN.

AHMKJIaHTaHKM HaHO3appadajap HOKOPU PEeakIMOH Xoccajapra sra 0yiub
OJIIMI MOJIaJIap peakIyara KHpuIIMaiiurat kapa¢Hiap/a KaTHAIIUII MyMKHH.
Opouit kymymn OujlaH XJIOpHJ KHCJIOTacH peakiusra Kupuimmaigu. bupok
KYMYIIHHHT HaHO3appadaniapyd XJIOPUA KHUCIOTacH OWJIaH peaKIusara KHPHUIIHO
BOJIOPOJHUHT axkpanuiura cabad 6ynaau. HanozappavyanapHuar OyHjaail xojatu
103a b dexTu Tydainm ByKyara kenaau. ['am mryHaakyd Maiina 3appadaaa 1o3ana
JKOWJIAIITaH aTOMJIAPHUHT MUKIOPHM KUCMH opTaau. by arommnapaa y3wiran
OoFmaHMIIIap MaBXKy OynuO, ynap HucOAaTaH FOKOPH SHEprus Ba (aosuiMkra sra
oynanm.
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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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VI. MYCTAKWJI TABJUM MAB3YJIAPHU

1. MycTaKn/ TabJUMHHM TAIIKWI 3THII IHAKJIA Ba Ma3MYHH.

HanorexHnonorust sxapa€unapu, ¢GU3UMK-KUMEBUN  acociapu  (paHUHU
VpranyBun  Onuii  TabauM  MyaccacaJapyuHUHT  Ipodeccop-YKUTyBUUIaAD
ayJIMTOpUsIIa OJTraH Hazapuil OUITMMIIAPUHM MYCTaxKamilalll Ba TEXHOJIOTHSIIAru
aMaJuii MacajaJlapHU €YMIIJIa KYHUKMa XOCWJI KWIUII Y9yH MYCTaKWJI TU3UMMHIa
acocianuO, kadenpa YKUTYBUMWIApU paxOapiuruja, MyCTakKui Uil Oaxkapaauiap.
bynna ymap xymumya amabuétinapHu ypranu® Xamjaa WHTEpPHET CalTiIapuiaH
doitmanann® pedeparnap Ba WIMHN Makoianmap TaWépmaiauinap, aMmanui
MalFyJI0T MaB3ycura Joup yi BasubamapuHu Oaxapaauiap, Kyprazmaiu
KypoJuiap Ba cliaijiap Tanépianauiap.

MycTakua TabJIUMUHUHT aCOCHM MaKCaau — YKUTYBUYMHUHT paxOapiuru Ba
Ha3opaTHU/ia MyailsiH YKyB HIJIAPUHUA MYCTaKWJI paBUIla Oakapuil y4yH OUIIUM
Ba KYHUKMaJIapHU IAKUTAHTUPUII Ba PUBOMIIAHTHPHIILI.

MycTakuil ~ WIIMHA ~ TalIKWJI ~ JOTUNIAA  KyWWJard — IIakjuiapJaH
dbolnananunagu:

— JapcJIMK Ba YKYB Kyiutanmanap Oyiinua (ad MaB3yJlapuHU YpraHull,

— TapKaTMa MaTepuaiuiap Oyilmya Mabpy3anap KUICMUHU Y31allITUPHULL,

— KOMITIOTEP TEXHOJIOTUSJIAPU TU3UMUJIAPU OWIJIaH MIILIAILL

— Maxcyc agabuérnap O6yiinya pedepar Ba KOHCIIEKTIIap Tanépiani;

—  VKyB-WIMHH-TAIKHKOT HWIUIApUHU Oakapuin OuiaH OOFIuK OViran
amabuérnap, MoHoTpadus Ba WIMHNA TYTUTAMIIApHU YYKYp YpraHuil,

— Maco(aBuil TAbJIMMHH TAIIKWII STUIIIA KATHAIIIMIIL

— MakeT, MOJIeJI Ba HAaMyHajap sIpaTHlll,

— WIMHUH MaKoJa, aH)KyMaHTa Mabpy3a Talépiail Ba X.K.

2. Mycrakuj TajuM MaB3yJjiap
HanooObeKTIapHUHT acOCHi TypJIapH Ba yjap acOCHIArd TU3UMIIAp;
Yrnepoam HaHOTpYOKanap Ba Qynnepennap;
HanoctpykTypananran MatepralapHi CHHTE3 KWIHII YCYIIIapu;
Hanoxpucran KyKyHJIaQpHUHT CUHTE3 KIIUII YCYJUIapH;
[1na3mMakuMEBUM CUHTE3 KWJIUII yCYJIIapH;

TemmuianT cunres;

CVD Ba PVD xapaéunnap;

MounekynanapHUHT CHMMETPUSICH;

. KBantkuméuii xucobnap;

10 AToM-KyulaHUITUMHUKpOcKomus (AFM) €ku ckaHepsIOBYM 30H]1
Mukpockonusicu (C3M);

11.buomMocnanryBYaHJINK Ba HAHOKEPAMHUKA,;

12.bakmuHcTep - Qyiepennapu;

13.Vraepomnm HanoTpyoka (CNT);

14.byr dazacunan kuméBuii uyktupum (CVD);

15. JHK-uunnap;

16.271eKTPOHMHUKPOCKOTT;

©CooN R WDNE
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17.9Onurakcus;

18.Cyrok xpuctamiap (CK);

19.Monekymsip 2JICKTPOHHUKA;

20.DoTokaraius;

21.doToHKpUCTAIIIAD;

22.I11na3ma;

23.byr daszacunan ¢usukasuit uykrupui (PVD);
24 TTuponus,;

25.KBaHT KOoMITIOTEpIIap;

26.KBaHT HyKTanapu;

27.Pe3onanciu TyHHe ianrad Kypuima (RTD);
28.CKaHUPJIOBYH SIKUH XYIy/UTd onTUK MUKpockonus (SNOM);
29.11lakn xoTUpaiv nmojuMepiap;
30.301b-Tenpycy;

31.CkanupioBun TyHHeIU MUKpockon (CTM);
32.VTa srusyBYaHIINK BA HAHOTEXHOJIOTUS,

33. lopunapHu MaKca Tl €TKA3HIII,
34.10Onkarutenkanu Tpansucropiap (TFT);
35.Tykumaiu nHXeHepus,
36.byr-cyrokmuk-kaTTuk Moana ycyau (VLS);
37.Buckepnap;

38.Pentrendorosnexkrpon crekrpockonus (XPS);
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VII. TJIOCCAPUM

Tep

HUHraus tuangaru

Tassn4 cy3 Vi6ek TUJIMAATH IAPXU
MHH APXH
1. Adporen Adporei: CyrOKIuTu Aerogel: a porous
IOTHJITaH Ta3 OuiaH solid formed from
YpUHaJIMAIlTaH reiaH a gel in which the
OJIMHTaH FOBAKCUMOH liquid is replaced
KATTUK 9yKMa with a gas with gas
entrapment
2. ATOM- ATOM- Atomic force
KYWIAHNIIMMHKPOCKO | KyWIAHHIIJIMMHAKPOCKON | MICroscopy
mus (AFM) éxn ust (AFM) éxkn (AFM) or
CKAHEPJIOBYH 30H]I CKAHEPJIOBYH 30H]I scanning probe
Mukpockormmsicu (C3M) | mukpockonusicu (C3M): | microscopy
aTOM KypCaTTUWIN (SPM): a high-
103a/1ard aTOMJIAPHUHT resolution device
TAaCBUPUHU EKH OOIIKA used to map
byHKIIMOHAI X0ccagapuHu | topography or
TacBHpJIAII YIyH other functional
KYJUIAaHUTYBYH FOKOPH properties of the
KYpCcaTTuwin Kypuiama surface atoms at
atomic resolution
capabilities
3. ATOM MAHHUNYJSAIUSICH | ATOM MaHumyJsimusicu: | Atomic
aTOM-KYWIAHUTILTA manipulation:
MHUKPOCKOIIHS Ba atom by atom
CKaHEPJIOBYM TYHEILIH modification of
MHKPOCKOII KaOu HIIFOp surface structure or
yeyiap Tyhainm chemistry made
UMKOHUSTH TYFHJITaH possible by
I03aHUHT TY3WINIIHHA advanced
aTOM OPTHUAH aTOM KU techniques like
KUMEBUH atomic force
MO T (UKAIUSITALLT microscope and
scanning tunnelling
microscope
4. TabKkuKIaHTaH TabKuKIaHTaH Band gap: energy
YerapaHMHI KeHIJIMIM | YeTapaHUHT KeHrJiuru: | gap between the
Oapua 371eKTpoH 3HepreTuk | Valence band and
XOJaTiap TabKUKJIaHTaH conduction band in
KaTTUK )ucmaard BasieHT | a solid in which all
yerapa Ba yTkasyBdarymk | electronic energy
Jyerapacu Opacujiaru states are forbidden
DHEPIreTUK TYMHYK
5. buomocaamyBuyanink | buoMocaanmyBYaH/IMK! Biocompatibility:
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HOXYII Y3rapuiliapHu
yakupMail MaTepuaHUHT
OMOJIOTUK TU3UM OWJIaH
TabCUPJIAITYBHUA V3
BazudanapuHu OaKapUIIH

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

Buomumeruka Buomumeruka: Biomimetic: the
3aMOHaBUI science of imitating
TEXHOJIOTHSUTApHU KYJUTai | OF reverse
OMJIaH MyXaHJIUCITUK engineering from
TU3UMJIAPHU TAAKUK natural systems to
KWJIMII Ba the study and
JOWHXANAINTUPHUII YIYH design of
TaOMMI TH3UMIIApra engineered systems
yxmiam, uHxeHepus Eku | using modern
TaKJIAJ] KHJTAILI technology
TyFpucuaaru gan

bor Bor: po6ot éku Bot: a robot or
aBTOMATJIAIITUPHITAH automated
MHTEJJICKTyaJl MallIMHA intelligent machine

Tarnan-Tenara Tarman-renara. acocum Bottom-up: a
OMpIMKIapu strategy for

HaHO3appavajaap/HaHOTU3H
MJIAPHU XOCHJT KHJTUIIT
OuitaH OupJaniaIural
aToOM MMKECHUaru acocum
OupAMKIapuIaH
HaHOMAaTepHAIIAPHUHT
CHHTE3 KWIHIII

synthesizing
nanomaterials from
atomic scale
fundamental units
where the
fundamental units
link up to form

CTpaTEeTUSsCH nanoparticles/nano
structures
BakmuncTep - BakmuncTep - ¢pyinepen: | Buckminster
dyaiepen Puuapn bakmuncrep fullerene: a

@yIiepeH TOMOHUaH
JIOUUXAJIAIITUPUIITAH
reo/ie3uk rymoOasra
yxmanmm Tydaing yHuHT
mrapagura Homsnanrad C60
dbopmynaiu 1oupacuMoH
MOJIEKYJIa;
bakmuncrepdymepen —
GbynnepeHHUHT nacTiaabKu

spherical molecule
with the formula
C60, named in
homage to Richard
Buckminster
Fuller, due to its
resemblance to the
geodesic dome
designed by him;
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TONWJITaH MOJIEKYJIacH
Xuco0yiaHaau, 1y ounaH
oupra Kypymja o3
MUKI0P/Aa TONUIMILIN
MYMKHH OYJITaHJIUTH YUYyH
Tabuui Xocusa Oyauiu
HYKTau Ha3apUJaH dHT KyII
TapKaJraH XxucoOJaHa u.

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 quantities in
soot

10. | 3apsia GoFJIaAHMIILIN 3apsaa 0oFJIaHMIILIN Charge-coupled
Kypuiama (CCD) KypHJIMa device (CCD): a
(CCD):3apsnnanran device that can
HO3UIMOH-CE3THP gather position-
axOOpOTHHM HuFa ojaaurad | Sensitive charge
Ba pakamun tacBupyapau | information and
UILIATHIN YIyH KSHT convert to digital
KYJUTaHWJIaIUTaH data for
MOHUMYJISIHSIIAD YIyH manipulation,
pakamiii Mabiaymotiaapra | which is used
yTKa3a onaaurad Kypuima | extensively for
digital imaging
applications
11. | Kommiementapmeranok | Komiiemenrap Complementary
CHJTH SIPUM YTKA3ru4 | METAJOKCHIJIN APUM metal—-oxide
(CMOYS) yTKa3ru4 semiconductor
(CMOS):unTerpain (CMOS): an
cxemanap (ICs) Ba yta emerging
KaTTa UHTETpall technology for the
cxemanapuau (VLSI) scam | fabrication of 1Cs
YUyH SIHTY T€XHOJIOTHS, and VLSI, the main
acocuii ad3ayummkiTapu kam | advantage being
sHeprus cap® kummu Ba | low power
IOKOPH IIIOBKHH consumption and
napaxacuaa 6yiau6 Oy ¥3 | high noise,
HaBOaTHa 103a oupymuru | enabling larger
Joupacua density of devices
KypWIMaJapHUHT okopu | Within unit area
SUYWINTHHU TabMUHJIANIN
12. | Yriepoaiu HaHOTPYOKa | Yriepomiu HaHoTpyoka | Carbon nanotube

(CNT)

(CNT): tacBup
(hOpMaTHHUHT IOKOPH
Y3rapTupuiInb TypULLId
[IUIMHIPCUMOH

(CNT): an
allotrope of carbon
with cylindrical
nanostructure and
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HaHOCTPYKTYpaiu
YIJIEPOJTHUHT aJTIOTPOITUK
IIAKJIN; YIAPHUHT y3rada
OyJraH 3J€KTPOH Ba
MarfuT Xoccaaapu KeHT

having high aspect
ratios; their
unusual electronic
and magnetic
properties find

KYJUTaHUJIa TN, wide applications
13. | Kontona Konaouna:y3nykcus Colloid: a
MYXUTIATH homogenous
TUCTICpCUsIIIAHTaH suspension of a
Mo maHuHT Oup Typmaru | dispersoid in a
CYCIICH3USCH; KATTHK, continuous
CYIOK €KH T'a3CMMOH medium; it may be
OYJIMIIN MyMKHH. a solid, liquid or
gas
14. | Byr ¢a3acuaan Byr ¢azacunan kumépmii | Chemical vapour
KHMEBHH YYKTHPHII gykTupum (CVD): deposition (CVD):
(CVD) ra3cMMOH peareHTIapHUHT | a technique for
KYJUTaHWIAIIY OuiiaH rorka| depositing thin
rieHkanapHuHr Tarmukaa | films on a substrate
YYKTUPHIN YCITyOn using gaseous
reactants
15. | Xoauwmamrupuiaranxyay | Xoawramrupuiranxyaya| Depletion zone: a
i . 3apsAUTAPHU SPKUH region at the
TallyBYMIAPUIAH XOJIH junction of
OyJraH s{pUMYyTKa3rug semiconducting
MaTepHaUTAPHUHT materials that is
OMpJIAIIUIIT KOWH devoid of free
charge carriers
16. Jncaoxanus JIucaoKaIusA: Dislocation: a
kpucramutorpaduueckuii | crystallographic
JMHEWHBINA 1e]eKT, line defect
BKJTFOYAIOTITU I involving
HEPETYJISIPHOCTh irregularity in the
HEPUOMYCCKOTO periodic
PacIoJIOKEHHUS aTOMOB arrangement of
(oTcyrcTBHE psia aTomMoB | atoms (Missing row
B IUIOCKOCTH) B Kpuctauie | of atoms in a
plane) in a crystal
17. | JHK-umun JMHK-uum:resgaru DNA chip: a

MyTalUsJIapHU €KU
y3rapuiiapHu
uACHTU(PUKAIUSIIAI YIYH
KYJUTAaHWUJIaUTaH

APUMY TKa3TU4IIN
MHKPOYHI ACOCUAATH

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

18. | TeHnr kaHaJLUIH Tenr kanautn 0ypuakun | Equal channel
Oypuakau npeccaam(ECAP):makn | angular pressing
npeccaam(ECAP) Ba YIT4aMIIapUHA (ECAP): a severe

Y3rapTHPHILCU3 KaTTa plastic deformation
MUKJIOpJaru technique for
nedopMarmon cuipkuau | producing ultrafine
KAPHUTYBYH yATpaaucIiepc | grain structures,
TY3WIHIILIH 3appavyanapau | Which introduces a
UnIiad YMKapuil yuyH large amount of
iacTuk nedopmanusHuHT | Shear strain into the
OFUP TEXHUKACH; materials without
IKCTpy3us uimTupokunaru | changing its shape
yxmiami skapaéHHu HaMo€H | Or dimensions;
KAJTYBYM TEHT KaHAJLTH equichannel
Oypuak dKCTPY3HICH angular extrusion
(ECAE) (ECAE) is a similar
process involving
extrusion
19. | DyIeKTpOH MUKpPOCKON | DJIEKTPOH Electron
MHKPOCKOIL: TE3TAIITHPIII | MICroSCope: a
T'aH 2JICKTPOHJIAPHUHT microscope that
KOJUTIMHPJIAHTaH focusses a
JacTaCHHU HaMyHara collimated
doxyciad atom accelerated
yiyamMuaarua electron beam on
KaTTaJIAlITHPUIITaH the specimen to
TACBUPHU OJIMIN YUYH produce a
KYJUTaHWIaauranMuKpocko | magnified image at
I atomic resolution
20. | DaeKkTpoH OypyH daexTpon 0ypyH:xuz eku | Electronic nose: a
TabMJIAPHU aHUKJIAII yuyH | device consisting
Oup Heua KUMEBHIA of an array of
CCHCOpJIap/IaH TaIIKWIT chemical sensors to
TOINTraH KypHjiMa detect odours or
flavours
21. | DeKTPOH THI DJIEKTPOH Electronic tongue:
THJI:TabMJIApHM aHuKjam | a device consisting
Ba TAKKOCJIAII Y4yH OUp of an array of
Heya KUMEBUI chemical sensors to
JTaTYNKIIAPIaH TAIIKHIT detect and compare
TOIMaH KypuiMa tastes

22. | Dnurtakcus INMUTAKCHA:ACOCUN Epitaxy: growth of
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TarJvK OuiiaH
KpucTamiorpadux
TapTUOHU
(KOTepEHTIIMKHH )
TabMUHJIAII YUYH
MKKUJIaM4¥ (pa3aHUHT
YCHILN

a secondary phase
maintaining a
perfect
crystallographic
registry
(coherency) with
the underlying

substrate
23. |Fab Fab:uaTerpan cxemanap | Fab: a
Ba Ba IPUMYTKA3T N microfabrication
ac6o00apHu unuiabd facility consisting
YUKAPHII YYYH HA30pat of clean rooms and
KHJIUHYBYH 9YKTHPHIILI controlled
*apaéHiapu Ba TO3a deposition process
XOHaJIapJaH TaIlIKhI for the fabrication
Tornral MukporexHojoruk | of semiconductor
OOBEKT devices and ICs
24. | Maiinon Maiigon 3¢ dextiin Field effect
y¢pdexTanTpanzucrop | Tpansucrop (FET): transistor (FET):
(FET AIIEKTp MaiaoHU €paamuaa | a transistor whose
YTKa3yBUAHIUTHHA conductivity can be
OOLIKapHILl MyMKUH controlled by
OYynTaH TPaH3UCTOP electrical field
25. ExuiarmiaeMenTn Exnaru anementu:tamku | Fuel cell: an
MaHOa EKUIFUCH KU electrochemical
pearentu acocuma saektp | cell capable of
SHEPTUSACUHH HUIILTA0 producing
yrKapuIl UMKOHUsTHra 3ra| electrical energy
aIIeKTpOKUMEBUH staeiika | with fuel or
reactant being used
up from an external
source
26. | 'mranTMarLur I'mranTmMaraur Giant
kapumiauru (GMR) kKapumiauru (GMR): magnetoresistance
IOIKA [JICHKAJIH (GMR): quantum
CTpYKTypanapjia mechanical effect
Ky3aTuiaJurad KBaHT- observed in thin
MeXaHHK 3P PeEKT: film structures: the
dbeppomaruut kaBatuuHr | electrical resistance
MarduT ManaoHu decreases
TabCUPHUTA yuparaHja significantly when
AJIEKTP KApIIUIATH the ferromagnetic
ce3nyIapiy Japaxaza layer is exposed to
KaMasiJii a magnetic field
27. | 3appavaJlapHUHT 3appavajiapHUHT Grain boundary:
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yerapacu yerapacu. 2D-nedexr, a 2D defect, the
aHWK aHUKJIaHraH ukkuta | interface bordering
yerapajaHyBuH two well-defined
KpUCTAJJIAPHUHT crystals
uHrepdeiicu
28. | 3appauaaap 3appavanap Grain boundary
YyerapacMHUHT YyerapacMHUHT migration:
MUTPAIHSICH murpamnusicn: Tepmuk €ku | coordinated
MeXaHUK KywIaHum iymm | movement of grain
Epnamuaa boundaries
daomamTupuiIran activated either
3appavaiap thermally or by
yerapajapuHUHT mechanical stress
KEJTMIIIITaH XapaKaTH
29. Xosui-IleTy KOHYHH Xosa-Iletu Hall—Petch
KOHYHHacOCaH relation: the effect
yerapajaru 3appadananr | describing the
MyCTaXKaMJIallyBH inverse effect of
xucobura xocwi OyyBum | grain size on the
KpuctaacuMoH MoananuHr | hardness of a
KATTUKJIUTUTA crystalline solid
3appadajapHUHT that arises mainly
YIIYaMHUHHU TECKapH due to grain
TabcUpHHU TaBcudioBun | boundary
s dexTn strengthening
30. | Uccuk u3ocTaTuk Hccuk n30cTaTuK Hot isostatic
npecaam (HIPing) npecaam (HIPing):maiiun | pressing (HIPing):
3appadajapHu SIXJIUT the process of
KHCMJIapra CUKHUII Y4yH using high
FOKOPY THAPOCTATHK hydrostatic
0ocuM Ba XapopaTHH pressure and
KyJI1al sxapacHu temperature to
compress fine
particles into
coherent parts
31. | Kpuaep KonyHu Kpunep konynm:kartuk | Kryder’s law: the
JMCKIIAPHUHT XOTHPa memory storage
XaKMH JesIpId xap vuam | capacity of hard
UKKH Oapobap Kymasau drives doubles
almost every year
32. | Cseroaunona (LED) CaeTtoauona Light-emitting

(LED):3nexTponromMuHect
CHITUS MPUHITUIINTA ACOCaH
UIUTOBYH SIPUMYTKA3THUIIH
Hyp MaHOau, HypJIaHyBYH

diode (LED): a
semiconductor
light source
working on the
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EPYFIIMKHUHT TYJIKUH
Y3YHJIUTH

SAPUMY TKa3TH4JIAPHUHT
TabKUKJIAHTaH XyAyIu
KEHIJIUTUTa OOFITUK

principle of
electroluminescenc
e, where the
wavelength of light
emitted depends on
the band gap of
semiconductors

33. | Cywkkpucrai (CK) Cy1ok kpucran Liquid crystal
(CK):cyroxmuk Ba kartuk | (LC): a state of
KPUCTAJICUMOH MO/IIa matter with
Xoccallapy opalmFugara | properties between
MmaTepus; cyrok kpuctad | a liquid and solid
JAUCILICHIapaa KSHT crystal; it is used
KYJUTaHUIa 10 extensively in
liquid crystal
displays
34. | Marukcon MarukcoH:aHJyarnaa Magic number: a
IOKOpHU OYnraH critical number of
CTPYKTYpaBHIi Ba atoms in a cluster
MOTEHIIMAJ TYPFYHJIUKHH | Size providing it
TabMUHIIOBYM Kiactepaaru | higher structural
aTOMJIApHUHT KpUTHK conu | and potential
stability
35. | MexaHuKKoTHIIMAaJam | MexaHUK Mechanical
KOTHIIIMAJIAII  OKOPU alloying: a solid
DHEPIrUsIIv apIIU state process in
TErUPMOH 1A which grain
3appadyajapHUHT KaiTa refinement occurs
nehopMaIusITaHAIITN Ba by repeated
EpUKJIapy HaTHXKACH1a deformation,
MalTaJIaHUILIH, fracturing and cold
KYKYHJIAPHHHT welding of powder
3appadaiapy COBYK particles in a high-
naiiBaniaaHagurad kartuk | energy ball mill
YKUCMJIATH KapacH
36. | CyloKJaHuII CyloKJIaHuII Melting point
XapOpPaTHHUHT XapOpPATHHUHT oscillation: the
OCIIMJLISIIHSICH ocnmyLIsIMsicH:3appadana | phenomenon of

PHUHT yJI4aMHU aCCOCHUM
MaccajaH
cyOHaHOMeTpraya
KaMainb MUKIOPUHUHT
OIIIUIITY HATHKaCUaru
CYIOKJIAHMII XapOpaTHHU
OOCTHPUII XOIUCACH

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

37. | MukposiaekTpomexanuk | Mukpodiaekrpomexanuk | Microelectromech
cucremanap(MEMS) cucTeMasap anical systems
(MEMS):anextp (MEMS): a
SHEPIrUsICH OWIaH microdimensional
OOIIKapHIIaIUraH mechanical system
MUKpOpaMepMEXaHUK driven by electrical
TH3UM; MEXaHUK energy; when the
KypUIMalapHUHT dimensions of the
Yirgamnapu HaHomeTpuk | mechanical devices
JUana3oHra siKMHJaIranaa| approach
yJapHU nanometric range
HaHO?JIEKTpoMeXxaHukTu3u | they are termed
mutap ae0 aTaraiau nanoelectromechan
(NEMS) ical systems
(NEMS)
38. | Me3oroBakiiu Me3oroBakiu:Oup Mesoporous:
Mebépa Oep TeKuc porous materials
*olamrad me3oroBakiau | With regularly
(muametpu 2-50 HM) arranged, uniform
FOBAaKCHMOH MaTepHuauiap; | mesopores (2-50
1032 CHPTHHHHT KaTTaaurd | Nm in diameter);
yJIapHH aJCOPOCHT €KH their large surface
Kataju3aTopiap cudaruaa | areas make them
dboiinany Kunaau useful as
adsorbents or
catalysts
39. | MukpokaHTWIeBep MuxkpokantuieBep:mukp | Microcantilever: a
OMETp MUKECUIATH cantilever beam
Yirgamiu kantuauBepin | With dimensions in
Hyp,MEMS coxacuna, the micrometer
JaTYHKIIap/a, scale that is
pe3oHaTopiapia Ba XK3 extensively used in
KEeHT KYJUTaHWJIAU the field of MEMS,
Sensors, resonators,
etc.
40. | MoJiekyasp MouJiekyJsip Molecular
3JIEKTPOHUKA JJ1eKTpoHHKa:ekTpoH | electronics: the
KypuaMaiapaa study and
KYJUTaHUIHILIY YYYH application of
MOJIEKyJTAJIAPHUHT molecules for
TaJKWKK Ba Kyutanwmamy | electronic device
applications
41. | Myp KOHYHH Myp Moore’s law: a
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KOHYHU :KYPUIMAHUHT
103a OMpJIUTUra
VPHAIITUPUIITAH
TPAH3UCTOPJIAPHUHT COHU
TaxMUHaH xap 18 oiga
UKKH Oapobap
KYIIaMUIIMHU Ha3apaa
TYTYBYH XHCOOJaII
KypHIMaJlapuaaru
Y30KMYIJIATIIM TPEHL

long-term trend in
computing
hardware
suggesting that the
number of
transistors built in a
unit area of the
device
approximately
doubles every 18
months

42. | MyJaramier Myarumier ukkmiaamun | Multiply twinned
AKKWJIaMYH 3appavaJjap particles (MTP):
3appavaaap (MTP) (MTP):oamoc (C, Si, Ge) | observed

Ba KoTHinMaiap Tunuaaru | frequently with a
SpUMYTKa3ru4ujiapaH, pseudo five-fold
KyOCHUMOH symmetry in
Exmapumapkasnamrapuira | hanocrystalline
H MeTasuiapaad onuaran | particles and thin
IOTIKA TJICHKAJIap films (deposited on
(KpucTa TaraukKiapaa crystalline
YYKTHPHUIITAH) Ba substrates) of cubic
HAHOKPHUCTAJLT face-centred
3appavanapaaru oemuaum | metals, diamond-
TapTUOIU type
TICEBIOCMMETPHSHUHT semiconductors (C,
Ky3aTHUJIHIIN Si, Ge) and alloys

43. | MyJarukaBatjap MyarukaBatJjap:oup- Multilayers: thin
oupura xoinamrrupuirad | films of differing
TYPIAH XUJIT KUMEBHUM chemistry or
TapKuOIH EKU structure deposited
CTPYKTYpaJIH IOTIKA one over the other
TUICHKAJIAP

44. | Hano Hano:xapnukau €ku Nano: Greek
OoupoH-Oup kuunk Hapcanwm | prefix meaning
ounaupyBum rpekda ong | dwarf or something
KYIIIMYacH, Oup very small; depicts
MUJUTHAPAIaH Oup one billionth (10-
xuemuan Grmpann (107) | 9) of a unit

45. | Hano0oT Hano0oT: HaHOMeTpIIH Nanobots: a robot

yayamiapaH TaKuil
TONT'aH KOMIIOHEHTIIN
poOOT (IpuM EKH TYIIHK
aBTOMaTIAIITHPUITaH
WHTErpaj MalluHa); yaap

(semi- or fully-
automated
intelligent
machine)
consisting of
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HaHOpoOOTIap,
HaHOWJIAp, HAHUTIIAP,
HaHOMAIIMHAIAP EKU
HaHOMUTJIAp HOMJIapU
OwmiaH xam yupaiau

components of a
few hundred
nanometre-
dimensions; they
are also referred to
as nanorobots,
nanoids, nanites,
nanomachines or
nanomites

46. | Hanotoaasap Hanotonamap:100 am nan | Nanofibre: fibres
Kkn4uK Oynran auametpau | With diameter less
ToJIajIap than 100 nm
47. Hanoaucnepcust Hanoaucnepcusi:meramra | Nanofluid:
P, KepaMUK, yriaepoain colloidal
HaHOTPYyOKajap Ba XK3 suspension of
HaHO3appavaJapHUHT nanoparticles of
KOJUTOHJT CYyCIICH3HUSCH metals, ceramic,
carbon nanotubes,
etc.
48. | Hanoumnaentuduxkanusa | Hanomnaentuduxanusan | Nanoindentation:
Jam alll; HAHOYTYaMIIn an indentation
XaKmutapra KyyutanwtyBun | hardness test
OOCHUILIATU KATTUKIIUK applied to
TECTH, KWIMK Oocumiapaa | hanoscale volumes
anoxuaa at small loads to
HaHO3appavaJapHUHT obtain the hardness
KATTUKJIMTUHA AaHUKJIAL of individual
YUyH nanoparticles
49. | Hanoaurtorpadgus Hanonurorpadgusi:nanoy | Nanolithography:
JTYaMITH AeTauIapHU a nanofabrication
HIAKJUIAI Y9yH HAHO technique for
UIUTa0 YUKAPUIIT patterning
TEXHUKACH; UHTETPall nanoscale features;
cxemainap Ba NEMSmap used extensively in
UIILJIA0 YUKAPHILIA KSHT the fabrication of
KYJUTaHUIIa 1 ICs and NEMS
50. | Hamomartepuana HanomaTepuai:oupon Nanomaterial:
Oup Y3rapuily HaHO class of materials
napaxana (<100 am) in which at least
Oynran matepuaapuuar | one of the
cuH(H dimensions is on
the nanoscale
(<100 nm)
51. | HaHocTepxHIap Hanocrepaxuaap:éxmapun | Nanorods: 3D
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VHT HHCcOaTH 3-5
nyaria3oHuga oyiaraxn
3DHaHOCTpYyKTypaiap;
yJIapHUHT Oapua
Ymuamiiapu 1-100 am
nuaria3oHuaa oynaau

nanostructures with
aspect ratio
typically in the
range of 3-5; all
their dimensions
are in the range
1-100 nm

52. | HanoxkoOuksap Hanoko0ukmnap:aunamerpu| Nanoshells: a thin
Oup Heya YHIMKIAru coating over a core
HaHOMeTpAa OynraHn object a few tens of
OOBEKT SAPOCH yCTHAArH | hanometres in
FOITKA KOOUK diameter
53. | HaHoTexHosorusjap Hanorexnosiorusiiap:ato | Nanotechnology:
M Ba MOJICKYJIa study of
Japacacuia manipulating
MOJJAJIAPHUHT YCTUIATU Mmatter on an
MaHUNyJUsIap; onataa | atomic and
1 nan 100 HanOMeTpraua | molecular scale;
OynraH yirgamaarua generally deals
CTpYyKTypasnap Ouian with structures
UIIUTAHAIU, Xam/a Oup sized between 1
KYpCcaTruyu ury and 100
yirgamiapaa Oynran nanometres in at
MaTepUaIUIapHU EKU least one
KypWIMaJapHU HIILTa0 dimension, and
YUKUIIHK Y3 namra ojaau | involves
developing
materials or
devices possessing
at least one
dimension within
that size
54. | Hanocumuap Hanocumuap:aanomerp | Nanowires: 1D
YiraamiTi KeHIJTMKIAard Ba | hanostructures with
T€OMETPHUK width of
yIyaMaapuHUHT HECOaTH | hanometric
1000 Ba yHIaH IOKOPH dimensions and
Oyiaran exhibiting aspect
1DHaHOCTpYyKTYypaiap ratios of 1000 or
more
55. | Hanoajexktpomexannye | Hanodnexrpomexanumdec | Nanoelectromech
ckme cucteMbl (NEMS) | kue cuctemnl (NEMS): anical systems
cm MEMS (NEMS): refer
MEMS
56. | OnTOo2JIEKTPOHUKA OnTodiexkTponuka:dnekt | Opto-electronics:
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POH KypuJiMasap/laHu
ANEKTPOMATHUT
(hoTOHIAPHUHT
KYJUTAHWJIUIIK; “DJICKTP
CUTHAJIMHU ONTHK
curHajira” €ku “OnTuK
CUTHAJIHU DJIEKTP
CUTHaJIra” YTKa3yBYU
y3rapTruunap Oy nuimm
MYMKHH

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

57. | ®orTokaranus doTokaranu3:karanusaro | Photocatalysis:
p umtupokuaa ¢orornap | phenomenon of
OKMMHHH KyJutam Ouad | accelerating a
KHUMEBHH peaKIus chemical reaction
TE3JUIMHHM Te3namTupuir | rate using a photon
beHoMeHH beam in the
presence of a
catalyst
58. | ®oromomunecuenuuss | PoToIIOMUHECHEHIIUSA Photoluminescenc
(PL) (PL):6ab3u 6up e (PL): a process
MOJTAJIAPHUHT MabIyM by which certain
Oup TynKkuH y3yHiuknara | substances absorb
aJIEKTpOMarHuT Hypiapuu | electromagnetic
FOTUO Ba KalTamad radiations of
(bOTOHIAPHU TYPJIN XHJI specific
TYJIKWAH Y3YHIIUKIA wavelengths and
HYPJIATYBYH JKapaéH re-radiate photons
of different
wavelength
59. | ®oTonkpucTaLIap doTonkpucramiap:saekt | Photonic crystals:

POMAarHuT TYJKUHIIAPHU
TapKaTUIUIIUTA TAbCUD
ATHUIITA MYJDKAJJIAHTaH
TABPUN THUDJIEKTPUK EKU
METaJUI JUIJIEKTPUK OITUK
HAaHOCTPYKTypaJyiap

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
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defining allowed
and forbidden
electronic energy
bands

60. | ®oToHHKA doToHuKa:MabTyMoTIapH| Photonics:
1 OomIKapHIIIa electronics using
AIIEKTPOHJIAp YpHHUTA light (photons)
epyrimukau (porommapau) | instead of electrons
KYJIJIOBYM JJICKTPOHUKA to manage data
61. |IIbe3ope3uctus 3pdexr | [Ibe3ope3ucTun Piezoresistive
3 deKT:TaIKAPUIAH effect:
MeXaHHUK OocuM Tabcupura | phenomenon by
OOFJIMK paBHUIIIA which electrical
MaTEePUATHHHT 3JICKTP resistance of a
KapIIMJIMTHHAHT y3rapuin | material varies
XOJICacH with externally
applied mechanical
pressure
62. |Ilna3zma Ina3ma:uoHnamrad Plasma: a state of
MOJITAaHWHT aHYaTruHa matter containing a
karta (pakusacunu y3una | significantly large
CaKJIOBYM MOJITAHUHT fraction of ionized
XO0JIaTH; IUIA3MAaHUHT matter; plasma
Xoccanapu KaTTHK properties differ
MOJIIaIapaaH, significantly from
CYIOKJIMKJIapaH EKH those of solids,
ra3napaaH TyoaH gpapk liquids or gases
KWJIa 1
63. | byr ¢pazacunan Byr ¢a3zacunan Physical vapour
¢pusukaBuii yykTupum | pusukaBuii uyykrupum | deposition (PVD):
(PVD) (PVD):rarnmkna omka a variety of
TUICHKAJIApHY OJIMI YYyH | Vacuum deposition
aTOMJIAPHU MYIDKaI technique
Mmarepuanuian oyriarum | involving
UIITHPOKHUIA BaAKYyM vaporization of
YYKTUPULIHUHT TYPJIU atoms from target
TEXHOJIOTUSIAPH material to produce
a thin filmon a
substrate
64. | Ilupoau3 IMupoaus:ananra(pyr) Pyrolysis: Greek

octuna axxparumsu (lysis)
AHIJIATYBYM I'PEKYa Cy3;
KHCJIOPOJ UIITHPOKHUCH3
IOKOpH Xapopatiiapaa
OpraHuK MOJJIAHU

word denoting
separation (lysis)
under fire (pyr); a
thermochemical
method involving
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napyaiallHi y3 nuura
OJIyBYHA TEPMOKUMEBUU

yeyn

decomposition of
organic material at
elevated
temperatures in the
absence of oxygen

65. | KBanTkommiwoTepJiap KBanTkommiorepaap:kup | Quantum
HUII MabJIyMOTJIapUaaru computers: a
omepanusiapaa KBaHT- computational
MEXaHHK XOIUCaJIapuHU device using
KYJUTOBUM XMCOOJIAIT guantum
acOo0apu mechanical
phenomena for
operations on input
data
66. | KBanTHyKTaJ1apu KBantnykragapu:siaextp | Quantum dots:
OHJIAPHUHT SHEPTUs 0D nanostructures
XoJjatnapu Oapua yuTa in which electron
KEHIVIMK yIdaMilapuaa energy states are
aHWKJIaHATUTaH confined in all
ODnanocTpyKTypanap; three spatial
YJIAPHUHT JICKTPOH dimensions; their
Xoccanapu kiaactepiap Ba | electronic
SPUMYTKa3rH4uIap opacuaa | properties are
oynanu between that of
clusters and bulk
semiconductors
67. | Kyour Kyour:xucobnaumapaaru | Qubit: a quantum-
OUTHUHT KBAaHT computing
SDKBUBAJIEHTH; equivalent to a bit;
ATOMJIAPHUHT KBAaHT with an additional
XOCCaJapUHU Y9I dimension of
KyIIMYacy OusaH quantum properties
of atoms
68. | Pesonancian Pe3onanciu Resonant
TYHHeJIJIAHTaH KypHJIMa | TYHHeJIJIaHraH Kypuama | tunnelling devices
(RTD) (RTD):anexTponiapHu (RTD): 2D

(hakaTruHa UKKH
nyHamumaa ymmiad
KOJIYBUH Y3YH Ba KHCKa
APUMY TKa3TU4IIN
opoJTdanap/iaH TalTKuil
tonran 2DxBaHT
yCKyHaJapu

quantum devices
that consist of a
long and narrow
semiconductor
island, with
electron
confinement only
in two directions
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69. | Pe3oHaHC-TyHHe/UIH Pe3oHaHC-TyHHe/TH Resonant
Tpansucropiaap (RTT) | Tpan3ucropaap tunnelling
(RTT):RTD ra kapa transistors (RTT):
see RTD
70. | CkaHMpPJIOBYH CKaHHPJIOBYH Scanning near-
SIKMHXYTY1JTH SIKUHXYAYJIH field optical
onTukMukpockonusi(SN | ontukmukpockomusi(SN | microscopy
OoM) OM):HamyHaHH (SNOM):
unarunaérrad Hypauar | illuminates a
TYIKWAH Y3YHJIUTHIAH specimen through
Kn4KK Oynran ymaamaaru | an aperture of a
TUPKUII opKau éputany, | Size smaller than
HaMyHaHM sKuHXYynyum | the wavelength of
MaHOa pexxumu qoupacuaa | light used and with
KoWnamrupuiaaau; ogaui | the specimen
00BeKTHB EpraMua positioned within
HaMyHaJIaru the near-field
auadparMaHuHT regime of the
CKaHepJIall Wy OWIaH source; by
TaCBUP MAKJUTAHUIITH scanning the
MYMKHH OYyaau aperture across the
sample through a
conventional
objective, an image
can be formed
71. | V3-y3unn iinram V3-y3unm iinrunn; 6upop | Self-assembly:
OMp TalKy Kyd process in which
TabCUPUCHU3 OUP TEKKHUC the components
¢k TalmKwLIamTapuiaran | interact within
TY3WIHII XOCHJT KHJTUIII themselves to form
yayH KomnoneHTinapaunr | aligned or
¥3 numa y3apo organized
TabCUPJIAITYB KapacHH structures without
any external force
72. | Hlaka xoTHpain IIakJ xoTupaiau Shape memory

noJumMepJiap

NMoJIMMepJiap:XxapopaTHUH
T Y3rapuiiy KaOu Taliku
Kyujap TabcupHuaa
BYXY/ra KeJIraH TallKu
KywIap TabCUPH/IA
nedopmanusgad CYHT
V3MHUHT JacTIa0KH
MaKJINTa KaUuTHIII
KOOMIMSATHTA 3Ta aKJUIN

polymers: smart
polymers capable
of returning to their
original shape after
being deformed by
external forces,
when triggered by
an external
stimulus such as
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IoJIMMEpIap temperature change
73. | bupajaekTpoHIn BupiiaekTpoHn Single electron
Tpansucrop (SET) TPaH3UCTOP transistor (SET):
(SET):uukyBuu 3apsauunr | devices that are
Kyaa KHIUK capable of
y3rapunurapuHu anukiian | detecting very
KOOMIHSTUTA dTa small variations in
MociaMmaiap; OupruHa the charge of the
AIIEKTPOH Y4YYH XaM gate; charge
3apsiuiap Gapku “EKuy- differences of even
Vurpuil” QyHKIUSICUHU one electron can
YaKUPHUIIIA MyMKHH cause the on-and-
off switching
function of SET
74. | 3oab-reapycyJa 30J1b-TeJIbYCYJI: Sol-gel method: a
KeHHHYaIMK KOBYIIIKOK Tej1| process that
Ba KaTTUK MaTepHalra involves the
YTYBYH KOJIOU] generation of a
cycrieH3usiau (<301 colloidal
reHepaIysUIalTHg ¥3 naura | suspension (‘sol’),
OJTy4H >KapaéH which is
subsequently
converted to
viscous gel and
solid material
75. | CnuHTpOHHUKA (CITUH CnuHTpOHHUKA (CITHH Spintronics (spin-
acocuaarua acocuaaru based electronics):
IJIEKTPOHHUKA) IJIEKTPOHHUKA): an emerging
AIEKTPOHJIAPHUHT technology, which
UKKHJIaHTaH xoccanapunw, | exploits the dual
KyMJIaJIaH 3apsy Ba ciimH | property of
XOJIATHHU KyJutoBuM siuru | electrons, namely
TEXHOJIOTHS; MAHUTO- charge and spin
3JICKTPOHKKA CH(aThaa state; also known
XaM MabJIyM as magneto-
electronics
76. | YUKYHJIH IU1a3MaJIn YUYKYHJIH I1a3MaJIH Spark plasma

mumuapui (SPS)

mumapu (SPS):rpadgut
MaTpULIACHU IIYHUHTIEK
YTKa3yBYaH HAMYHAJIap
X0JlaTuAa NUIIHPUIAETTaH
KyKyH/JaH OeBucTa
YTaéTrad JOMMUN UMITYJIC
TOKH KYJUIAaHWIAIIUJATH

sintering (SPS): a
sintering technique
using pulsed DC
current that directly
passes through the
graphite die, as
well as the powder
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IMUIIUPUIT TCXHUKACH

to be consolidated,
in case of
conductive samples

77. | YraykasyBuan YraykasyBuan Superconducting
KBaHTHHTepdepoMeTp | KBaHTHHTepgepomerp quantum
(SQUID) (SQUID):yra xyucus interference

MarHiT MaiOHIapUHA device (SQUID): a

Yigam uMkoHusitira sra | device capable of

Mociama measuring
extremely weak
magnetic fields

78. | Koiiaammm Koiimammm Stacking faults:
nedexTaapu nedextaapu:aromnapuun | crystallographic

I' HOTYFpH KeTMa-KeT defects arising due
IJIaHAp JKOMIIAITyBH to wrong stacking
HATHKaCUIa XOCHUII sequence of planar
Oy1yBUn arrangement of
KpUCTaIIOTpaduK atoms

nedexTiap

79. | CkaHMpPJIOBYH CkaHupJIoBYH TYHHE/UIH | Scanning
TYHHeJLUTH MHKpockon | mukpockon (CTM):arom | tunnelling
(CTM) JAapakacuaa I03ajJapHUHT | MICroscope

TaCBUPJIAPUHM KaiTa (STM): an
UIUIAIa instrument used for
IyJUTaHWIaAUral Kypuima, | imaging surfaces at
KBaHT TyHesutam Kougacu | the atomic level; it
acocuja uiianam works on the
principle of
quantum tunnelling
80. | VTa srmayBuaniuk VTa Superplasticity:
yruJiyBYaniIMK ay3mnyBa | ability to deform a
aHJIMKKa OynraH material well
TaIKUKOTIapa beyond the limits
KyTHJIaETraH expected from
HOpMaJIapHUHT normal tensile tests
yerapajgapuiaH aHya KaTTa
OynraH MaTepuagTHUHT
nedopManusIaHUIII
KOOMJIUSTH

81. | KO3anaa3mon (SP) IO3anaa3mon Surface plasmon

(SP):épyrnuk Ounan
KYWIH TabCHPJIAIIHII
HATIKACH]IA TIOJISIPUTOHTA

(SP): plasmons
that are confined to
surfaces and
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00 KCJIYyBYH r03ara MocC
KCJIYyBYH IIJIa3MOHJIAp

interact strongly
with light resulting

in a polariton
82. | lopmaapuHu Makcaxiu | JlopuiaapHu Makcaaiu Targeted drug
€TKA3HII eTKA3MIIL: Tepanusiga delivery:
JOKaJuTanirad 3apapiadrad | administration of a
XyXaipanapra/Tykumanap | pharmaceutical
ra Kepak Oynran MuKIopa | compound in
dapmaneBTuk Oupukmanu | desired amount to a
KAPHUTHUIII localized diseased
cell/tissue for
therapy
83. | IOnka nieHkaau IOnkanieHkaau Thin film
Tpansucropaap (TFT) | Tpan3ucropaap transistors (TFT):
(TFT):apumytkasruwiu Ba | an FET made of
auanekTpuk mMatepuaid | thin film layers of
IOTTKA TJICHKA KaBaTIIH semiconducting
TpaH3HUCTOPIIAD; and dielectric
pamguorpadusauaT LCD Ba | materials; used in
paKamMJIM HIIOBaJIapHIa LCD and digital
KYJTaHUIa 1 radiography
applications
84. | FOnka mieHkajiap IOnka Thin films:
IJIeHKaJap:aTromMap atomically
KOHCTPYKIIUSJIaHTaH engineered layers
KaBatTjap HaHOMETPAaH with film thickness
MaKCHMyM OHp Heua usually in the range
MUKpOHTraua 0yiaran of nanometers to a
uanasoHja oynaran maximum of a few
KAJIMHJIUKIAry TUICHKamap | Microns
85. | Tykumaau unxkenepuss | Tykumanu Tissue
HMHKEHEePHUsi:CyT engineering:
SMU3YBUYMJIAPHHMHT acocuii | science of
TYKAMaJTapUHUHT structural and
Ty3WIHIIY Ba ¢pyHkironan | functional

acociapu xamja
GyHKIUSITApUHT THKJIAI,
KyJu1al Typuil €Ku
SXIIWIANT YIyH
OroMocnantyByaH YpHUHH
0O0CYyBUYMITAPHUHT
KYJUTaHWJIUIIA
TyFpucuaaru gan

fundamentals of
mammalian tissues
and application of
biocompatible
substitutes to
restore, maintain or
improve functions
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86. TenmagaH nmacrra Tenaaan Top-down:
MacTra:HaHOKPUCTAILT involves
MaTepuaiHu oy Ouaad | fragmentation of a
MHUKPOKPHCTAILI microcrystalline
MOJJaHUHT Maianamau | material to yield a
¥3 MUuTa OJIaIu; nanocrystalline
HaHOCTPYKTYpaJlapHU material; all solid
CHHTE3 KWJIMIIHUHT KaTTHK | State synthesis
MOJIIAITN HYIIIapH 1Ty routes of
KaTeropusra Kupaau nanostructures fall
into this category
87. | YukappaJm TyryH Yukappaau Tyryn:yuta | Triple junction: a
KPUCTAJIAPHUHT €KH node at the
3appajlapHUHT intersection of
TYKHAIIYBUJArd TyTyH three crystals or
grains
88. | ByF-CYIOKJIMK-KATTHK | ByF-CYIOKJIHK-KATTHK Vapour-liquid-
moaaa ycyau (VLS) moaaa ycyau (VLS):0yr | solid method
dazacuman KUMEBUI (VLS): a
YYKTUPHUIIJIATH mechanism for the
HaHOCHUMJIAp KaOu growth of one-
oupyraamim dimensional
HAHOCTPYKTYpaJJApHUHT nanostructures,
YCHIIY YIyH MEXaHH3M; such as nanowires,
KpUcTaUIapHuHTr yeuiu Ba | from chemical
KHHETUKACH vapour deposition;
camapajopiuruau oy | to enhance the
YUyH KYJUIaHUIAIH, efficiency and
KaTaJUTUK Kinetics for the
CYIOKKOTHIIIMAJH (ha3a growth of crystals,
Oyrmapuu yratyitmarannuk | a catalytic liquid
Japakacurada Te3ja alloy phase which
agcopoumsiamy Mmymkus | can rapidly adsorb
a vapour to
supersaturation
levels is used
89. | Buckepuap Buckepaap:spkunauciok | Whiskers: thin
alMsUIaHAUT Al fibrous growth of a
KPUCTAJLTHUHT HO3UK dislocation free
TOJIAJIM YCHUIIIN crystal
90. | Pentrendorodnexkrponc | Penrrendorosrnexkrponcn | X-ray
nekTpockonus (XPS) eKTPOCKONHS photoelectron
(XPS):xkuméBuii spectroscopy
MOJUTAHUHT F03aCHHHU (XPS): a

MUKJIOPUN aHATIU3 KAJIHII

quantitative surface

145




yCi1yOu, DJIeMEeHT
TapKUOWHM aHUKJIANIHN;
Ycyn, peHTreH Hypiapu
OWsIaH KaTTUK MOJITAHIHT
HypJiam €paaMmuaa
OJIUHTaH

(G OTORIEKTPOHIAPHUHT
TaBCU(UHU Y3 Uuura
onanu

chemical analysis
technique that
measures the
elemental
composition; the
technique involves
characterization of
photoelectrons
produced by
irradiating a solid
material with x-
rays
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