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Ma3szkyp yKye-ycayouit maxcmya Onuii 6a ypma maxcyc maviaum 6a3uUpaucUHUHe
2017 stun 18 aszcycmoazu 4-connu o6yiipyzu ounan macoukianHzan yKye pexca 6d

Ty3yBuniap:

dacmypu acocuoa maiépianou.

3.4. KoampoBa — TOMmKEHT KUME-TEXHOJIOTUS HHCTUTYTH,
“CunuMkar  Marepuaiap Ba  HOaup, KamM€O — merauiap
TexHoJoTusIcH”’ Kadeapacu TONEHTH, T.].1I.;

M.X. ApunoBa — TOmKEHT KUME-TEXHOJIOTUS WHCTUTYTH,
“CunMkar  Marepuaiap Ba  HOaup, KamM€éO  merauiap
TexHojoruscu” kadeapacu myaupu, T.¢. 1., mpodeccop;

A.A. A0ycanomoB — TOWKEHT KUME-TEXHOJOTUS WHCTUTYTH,
“Cunukar  maTepuajiap Ba  HOOUp, KaM€0 — MeTaiiap
TexHoJoTusicH’ Kadeapacu T01EHTH, T.¢.H.

Yer 34 3xcnepru: Enrico Bernardo — Ilagys YamBepcuteTH, “UHayctpuan

UHXeHepus” (akyIbTeTH Npodeccopu.

Yrye-ycayouit masicemya Touwkenm kumé-mexunoncua uncmumymu Kenzawunune
2017 diun 4 uronoazu 10-connu Kapopu 6unan Hawpza magcus KUIUH2AH.



Lisiversrri
FECLT STURE
[ Parca

DIFARTIMENTO DI INGEGMERIA. INDUSTRIALE

Prof Emrico Bemando Adminkiraiive Ofice
Ceramics and wia Gradenigo B/a

(Gasses group 35131 Padova
Via 9 wancll ik
35131 Padova

il +30 049 B277500
tel +30 049 B275510 3 +39 049 B277509
fax +30 040 E275505 segreteragdl unipd it
enfco.bemandoggunipd. it

1
PUIA D074 30283
To whom it may concern

Expert Review on the Education Module “Fnnovative Technology of Composite Materials®,
Prepared for the “Chemical techmology™ specialization on teachers refraining and educationa] courses

Based on the proposed program, the Module “Tonovative Technology of Composite Materials™ is effectively devoted
o the study of modemn technologies in the production of composites. The module studies materials for mairices and
fillers, with their properties and applications_ Also the production technologies for polymer-matrix, ceramic-matrix
and metal-mairix composites are inchnded. Interstingly, I note that a special attention is paid to carbon-carbon
composites and non-traditional composite materisls soch as Self-Feinforced composites, Biocomposites and
Composites for Structural Desizn

Based on the information from colleagues, the Module comsists of a theoretical part and practical tasks, includes the
case studies for self-sidy programs, the glossary and the list of references. I agres on the fact that the preparation of a
glossary, containing reviews in both Uzbek and English langmapges, will enhance the assimdlation of the program.

I think that the module “Innovative Technology of Composite Materials™ can be used for educational purposes on
Youwrs sincerely,
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I. UIIIYU JACTYP
KHNPHUI

JlacTyp pHBOXJIaHTaH MamilakaTiapJard XOpHKUM Taxpubaiap acocuia
“KuméBuii TexHoJorus” YHAIUIIK Oyinda mearoruk KajapjapHu KaiTa Tanépiai
Ba MaJlaka OIIMPUII y4yH MIUIa0 YMKWITaH YKyB peka Ba JacTyp Ma3MyHMJIaH
Kenud YMKKaH Xoyijga Ty3wiaraH OynauO, y 3aMOHaBMH Tanabnap acocuaa Kairta
Tal€pIiaml Ba Majlaka OUIMPHII KapaCHIAPUHUHTI MAa3MyHUHHU TaKOMUJUIAILTUPUILL
Xamia OJIui TabJINM Myaccacajapy NeAaror KaJApJapuHUHT OMIIMMUHU Ba KacOui
KOMIETEHTIUTMHA MyHTa3aM OMIMPUO OOPUIITHU MaKcal KUJIaIu.

NHHOBaMOH TEXHOJOrMsjIapra acocjaHraH HMKTHCOAMETra YTHUINHU sSHaja
XKaJaTAIITHPUII MaKCaauaa XOM alll€Hu JacTiIa0Ky UIUIOB Oepud sipuM MaxcysioT
KYPHUHHILUTA 3Mac OaJIKM YHU SIKYHUH Tal€p MaxcyJjoT Japa)kacura €Tkazuo sHIU
TypAaru OelruiaHraH XyCyCHUATIM MaTepuaulapHU OJUIIra YbTUOOPHU KapaTHUIIl
J03UM. ByHUHT ydyH MHUHEpaJl XOM allIEHU YyKyp KaiTa HIUIalra HyHaITUPWIraH
unad  YMKapUUOUIAPDHW — MOJEpPHM3AlMs  KWIMIL, TEXHUK  SHIWIAll — Ba
IUBepcUUKALUS KWINII, THHOBULIMOH TEXHOJIOTUSIIAPHU KEHT JKOPUH 3TUII 3apyp.
Hanorexnonorus xapaéunapu, Gpu3UK-KUMEBUHN acociapu (aHUHUHT YKYB JacTypu
SHIM IIAKJUIaHUO Oopa€TraH HAHOTEXHOJOTHSl PHUBOXJIAHUIIMHUHT  acOCHM
HYHaIMIUIapy XaM1a Maxcyc MacalajapHu Xall KWIMIL coxXallapuaaru OUIMMIIapHu
YyKypJIALITUPULITA Ba KYHUKMaJlap XOCHJI KWINIITa KapaTHIIraH.

Moy THUHT MaKcaau Ba Basudasiapu

“KumEBuil TexHOJOrUsA WYHANIMUIIM OYiH4Ya OJIMK TabJIUM Myaccacajlapu
IeJaror KaApJIapuHA KauTa Tah€pianml Ba MaJIAKACMHHU OLIMPHUII KypCH YKYB
JAaCTypUHUHT Maxcyc ¢annap Onokura xkuputuiran “Kumé canoarumaru
HaHOMAaTepHUaJIap” MOAYJIA UIIYH JACTYPUHHUHT MAKCAOU — HAHOTEXHOJIOTUSHUHT
acocuil TylyHYanapu, HAHOTEXHOJIOTUSIHUHT TaJKUKOT OOBEKTIapHU Ba YJIapHUHT
CUH(IJIaHUIIIH, HAHOTEXHOJIOTUSTHUHT PUBOXKIIAHHILI O6ockuuapu,
HAaHOOOBEKTIAPHUHI acOCUM TypJlapy Ba Yyjap acocuaard HaHOTHU3UMIIAp,
yIIAepoAn HaHOTpyOKanap, (yiiepeHiap, CynpaMmojieKyssp KUME, HOOpTraHUK
HaHOMAaTepHaAJlIap; HAHOCTPYKTYpaJaHTaH MAaTEpUAJUIAPHUHI CUHTE3 YCYJUIapH,
dbyHIaMEeHTaANI acociapy TYFPUCHUIATH MabIyMOTIapHA KaMpal OTyBUM OMIIMMIIAD
TYFpUCHIA Ha3apui Ba KacOWW Tal€prapiWKHH TAbMHUHJIAII Ba SHTHIIAII, KacOUn
KOMIIETEHTJIMKHU PHUBOKJIAHTUPHIL aCOCHJIa TabJIMM-TapOus >KapacHIapuHU
camapaJid TalllKWJI THII Ba OOMIKapuIl Oyiinya OuianM, KYHHKMa Ba MajakajlapHU
TaKOMWJUTAIITHPHUILTA KAPATHIITAH.

“Kum€ canoatuaard HaHoMmarepuauiap”  (GaHUHUHT  easugpacu  —
HAHOTEXHOJIOOTHSIapra  acocjaHraH  TEXHOJOTMK  MIUa0d  YUKapHUILUIapHU
peXxanaliTHpUIl  Ba  TAUKWUIAIITHPUIIHW;  HAHOTEXHOJIOTHK  YKapacHiiap
YTKa3WIMIINILIK Y9yH ONTHMaj OMIJUIAp TaHJIAIIHKM, HaHOMaTepuallJIapHU HILIA0
YUKapUIl Kapa€HIapuaard MaBxkyl J073ap0 aMaluii MacajlalapiHU €4HII y4yH
SHIM TEXHOJOTHSUIAPHU KYJUlall, Maxcyc (aHiap COXacHIard YKUTUIIHUHT
MHHOBAIlMOH TEXHOJOTHUIApU Ba WJIFOP XOPWXKHUM TakpuOanmapHU Y3IalITHPUILL
“KuMé€Buil TexHOJIOTWA® WYyHAIMIIMAA KakTa Tal€pnaml Ba Majaka OLLIMPHIL
*apaéHIapuHUHT (DaH Ba UIUTA0 YMKAPUII OMJIaH MHTErPAIMSICUHN TAbMUHIIAIITUD.
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Moaya 0yiin4a TUHIJIOBYMJIAPHUHT OMJIMMH, KYHUKMACH, MAJIAKACH Ba
KOMIIeTeHUUAJIAPra KYHWIaJuran tajadJaap

“Kumé€ caHoatujard HaHOMatepuaijaap’ MOAYJIW OYyindya TUHTJIOBUMIIAD
KyHugaru sHrd OwinM, KYHHMKMA, Majlaka XamJa KOMIIeTeHIMsuIapra »sra
oynuuiapu Tanad dTUIAIN:

TunriaoBun:

- AHOTH3UMHUHT KpHUCTAUIO(PU3UKACH, HAHOCTPYKTypajap Ba yJIapHUHT
CUMMETpUK nupoaacu;

- AIEKTPOHJIAPHUHT SHEPreTUK CIEKTPU KBAaHT VIIUIOB CTPYKTypallapujia
KBaHT HyKTaJIap, TOJIaJIap, FOKOPH JIapakajiu MaHKapaHUHT aXxaMUSITH;

- XOJUTHUHT KBaHT d(¢eKTH Ba KBaHT YIUOB CTPYKTypajlapu OITHUK
XYCYCUSITIAPUHUHT MOXUSITH;

- HAHOKATJIaMJIM KOMITO3MIIMSUIADHU MAarHUT XOoccallap, KOHJEecalusIaHTaH
MYyXUTIIAp/a SHEPTHsI Ba 3apsiJiap YTKA3HUII KapacHIIapH;

- HaHO3appayajgapHu YI40B Ba (PyHKIIMOHAI XOCcalapu;

- MOJIEKYJISIp IMHAMUKA, KOH(OpMAaIis Ba HAHOTU3M CUMMETPHUK TaCBUPH;

- dazanapapo yerapajsapHu TEPMOJIMHAMUKACH Ba KMHEeTUKacH, Kiactep;
MHUIIEIUIaNIap XOCHJT OVIIHINY, MOTUMEpHU3allsiIall, MaTpulla CHHTE3H, ¥3apo
HIaKJIJTAHUIIL

- HaHOMaTepHaJljap: 30JuUlap, rejulap, CYCHEH3UsuIap, KOJUJIOMJ 3pUTMaliap,
MaTpulla-aKpaTuiraH  KJIacTepiid  IOKOpUM  Jlapaxkajgard  CTpyKTypaiap,
bynnepennap, yriaepo;yii HaHOTpyOKamap, MOJMMeEpap, HOKOPU Japakaiiu
naHxapanap, OuoMmemMopanaiap;

- HaHOTU3MJIAPHU AIEKTP YTKa3yBYH, UCCUKJIMKYTKa3yBUU Ba
MEXaHUKXOCCaJlapHu;

- HAHOKMMEBHMI KOMIIOHEHTAJIAP: KaTaau3aTtopiiap, COpOeHTIap, peakTopiiap;

- HAHOKATJIamMJiap CHUHTE3U  yCIyOJlapu: aTOM-MOJIEKYJISIp  DIUTaKCHS,
MOJIEKYJISIP Ba KUMEBUN KOHCTPYKTpJIaI;

- Jlearmiop-biomxeTrr  Monekynap — KaTiamuiaml - yciayOu, — MOJHAHUOH
MOJIEKYJISIP KOHCTPYKTpJIAIT,

- IOKOpU J1apaxkaja JIOKaJUIAaHTaH KOIUIAHUII, aXPAaTHUIl Ba MOJJAJIApHU
Mo udUKaUsIIAII YCIyOaapu Xakuia OuaMmiiapra 3ra OViiuiiu;.

THHIJII0BYM:

- HaHOMAaTepUaJyIapHU  MaxCyc  Xoccajapu, VyJapHH  (UBUK-KUMEBUHN
Tabuatiapu OOFJIUKJIUKIApH, TAHJIOBUYAHJIUTH, DHEPTUsl XaKMJIUTH Ba DJEKTPOH
XOTUPACUHUHT MOXHUSATHHU OWJIUIIM Ba yiapaad ¢oiiganaHa oI,

- HAHOCTPYKTypaJlalliraH MaTepuajijiapHu (U3UK KUMECH, KUYMK aHCaMOJIIu
MOJIEKYJIajap, MOJIEKyJIapapo y3apo TabCUPH XaKua TacaBBypra 3ra Oy ui;

- KOPIYCKYJI0-(OTOHITN Ba AIEKTPOKUMEBUIA HaHOTEXHOJIOTHUsLIIAP,
HAHO30HIIJIM JIOK&J CHUHTE€3 Ba MOJUIAHU aXpaTull, MaTepual H3aCHUHU
MoAr(UKAMSIIANT KYHMKMA Ba MaJIaKaJIapUHU dTaJUIaIIH.



THHIJI0BYM:
- 3aMOHABH WHHOBALIMOH TE€XHOJOTHSJIAPHUHT WMKOHMSATIADUHU HAMOWHIII
KWJIMII TAMOMMIJIAPUHU aKpaTuO Kypcara OJIHIII;
- TEXHOJIOTUK ONEpalysUIapHUHT WHHOBALIMOH TEXHOJOTHS >KapaCHIapujard
VpHUHU Ba yJIapHUHT XapaKTePUCTUKATApUHU (hapKJIalll;
- KepaKkjiu XyCycHsTJapra sra OyJraH HaHoMarepuajap TapKUOWHHM TY3HIII
Ba YHHUHT (hU3UK-MEXaHUK XOCCAJIAPUHU JIOMUXAJTAITHPHUII KOMIETEHIIUAJIAPHU
srajjiamiy J031M.

Moay/ THMHI TAIIKWI 3THII Ba YTKAa3HII Oyiin4a TaBcusjiap

“Kum€ caHoaTuaarn HaHoOMaTepuaiap” KypcH Mabpy3a Ba aMalldid
MaIIFyJIOTIap MAKIuAa 0JIu0 OopuiaIy.

Kypcan ykuTnm skapa€Huaa TAabJIIMMHUHI 3aMOHAaBUM  METOJJIapH,
NEeAaroruk  TEXHOJIOTHSAJAp Ba  axOOpPOT-KOMMYHHUKALMS — TEXHOJIOTUSIIApU
KYJUIAaHWINIIY Ha3apAa TYyTHUITaH:

— Mabpy3a Japciapra 3aMOHAaBHI KOMIIBIOTEp TEXHOJOTUSIApH €paamMuia
IIPE3EHTALMOH Ba 3JIEKTPOH-AUIAKTUK TEXHOJOTHIIApAaH;

— YTKa3UIaJUrad aMajiuii MalFyJI0TiIapia TEXHUK BOCUTANIAP/IAH, SKCIIPECcC-
CYpoBIIap, TECT CYPOBIApH, AKJIUNA XYXKYM, TYPYyXJu (QUKpJall, KUUUK TypyxJiap
OuJaH MILIAll, KOJUIOKBUYM YTKa3ulll, Ba OOIIKa MHTEPAKTUB TabJIUM yCYJUIAPUHU
KYJUTall Ha3ap/ia TYTHIAH.

Moy THUHT YKYB pexagaru 001mKa MoayJiap Onjian
OOFJIMKJIMIHY BA Y3BUIJIUTH

“Kum€ caHoatumaru HaHomaTepuayiap” ¢GaHu yMyMMYTaXacCHUCIUK
danapy MaxkMmyacura TaaUTyKiau OYiauO, Oaud TabiauM MyaccacajJapuHUHT
npodeccop-ykutyBumnap ypranumaad. “KumMEBuit TeXHOJIOTHS MyTaxacCHCIUTH
Oyiinua xuputwiran “Kum€ canoaTumaru WHHOBAIMOH TEXHOJOTUsAJIAp” Ba
“KoMIO3UIIMOH ~ MaTepUaJUIAPHUHT  WHHOBAIIMOH  TEXHOJOTUsIapu”  Ouiad
y3IyKcu3 OOFMMK OYynu0, ymoly MOAY/UTApHU Y3NAIITUPHUINIA aMaiuid Epaam
oepanam. “Kumeé caHoaTujgaru HaHOMAaTepuajjmap’  MOIYJIMHU  TYIIUK
y3mamrTupuiiga  Ba  aManuid  BasudamapHu  Oaxkapumina  “MyxXaHIUCITHK
TEXHOJIOTUACUIA TU3UMIIA TaXJIUJI acocyiapu (KUMEBHUM TEXHOJIOTHS)”, “DNEKTPOH
neJaroruka acocjapv Ba TMEAarorHUHT IIaxXcHil, KacOui axOopoT MalJOHWHU
Joumxanamr’, xamaa “AMaluii  XOPW)KMH TWJIHW YPraHUWIIHWHT WHTEHCHUB
ycyJiapu”’ MOIyJiiapu €paam Oepaiu.

Moay/IHMHT 0JIMH TAbJIMM/IArd YPHU
“KuMm€ caHoatumarn HaHOMAaTepuamiap’ MOIYJIM KalTa Tal€piaml Ba
Mayaka ommpui WyHanumuHu “KumEBuil TexHonorus” MyTaxaccuciauru Oyitnua
Maxcyc MOAyJUIapAaH aapc OepyBuu mpodeccop YKUTYBUMIAp YUYH MYXUM
YpUHHU HSrauiaiayd. YmlOy MoAyn OnMid TabiuM Myaccacajapuaa Tajgaba Ba
nejarorjap TOMOHHUAAH YKyB-WJIMUN HIIJIApUHA OJIMO OOpWII Y4yH acocui
Ha3apHil Ba aMmanuii OuiaumiIapHu Oepaju.
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Kupui. HaHOTEXHOIOTUSHUHT acoCcHid
TymyH4yanapu. @aHHUHT peIMeT Ba Bazudanapu.
HanoTexHONOrussIapHUHT pUBOKIIAHUILL
TeHaeHIMscu. HaHoTexHonorusmap Tyrpucuia
ymMymuil MabiiymoT. HaHooObekT, HaHOMaTepua,
HAaHOTEXHOJIOTH TYLIYHYACH.

HanooObekTnapHUHT acoCHil Typiapu Ba yap
acocuiaru Hanocucremanap. Harnozappadanap Ba
HAaHOMAaTEPHAIUIAP XyCYCUATIAPUHUHT (U3UKABHIA
cababnapu. HanooObekTnap TacHUGU.

Hanoctpykrypananran MaTepuasiapHu CUHTE3
ycyiuapu. Hano3appanap, HAaHOKyKyHJIapHH
cuHTe3 Kuini ycysiapu. 0-D HanooObexTiap. 1-
D HaHooOwekTIap. Yriepoacu3 HaHOTpyOKamap.

2D-HaHocTpyKTypanaHrad MaTepuaiiap Ba
YIJIIEpOAIN HaHOMaTepuall CUHTE3 ycyiapu. 2-D
HanooOwektnap (ronka renkanap). ®azanu
AMUTAKCHS. YTIIEpOoUId HaHOMaTepuasuiap.
VYrneBonopoanu HaHOMaTepUaiap CUHTE3H.
VYrneBopoanu HaHOMaTepUATIAPHUHT
WIUTATHIIAIIH.

Hanomatepuaniap Ba yHUHT PU3UK-KUMEBUI
TaxJina ycysuiapu. CKaHepIOBUU TyHEITU
Mukpockon (CTM) uinam npuHuumiapu. ATom -
KYWIAHHIILTH MUKPOCKOT (CKaHEPJIOBYH
Kywianuiui mukpockon) ACM. HanotexHomoruk
30H]JIM MalllMHajIap.

Kamm:
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HA3APUHN MAIIFYJIOTJIAP MASMYHHA
1-maB3y: Kupuim. HaHOTEeXHOTOTHSIHUHT ACOCHI TYyIIyHYAJIAPH.
®aHHUHT TIpeaAMeT Ba Basudanapu. HaHOTEeXHONOTUSITApHUHT PUBOKITAHUIII
TeHaeHusicu. HanotexHomorusap Tyrpucuga yMmyMu MabiyMoT. HaHoOOBeKT,
HaHOMAaTepuall, HAHOTEXHOJOrus  TymryHuacu. Kumé Ba  marepuasuiap.
benrmnanran xoccand HaHOMarepuaiap oOJMIga WiM-(aH Ba TEXHUKa
IOTYKJIAPUHU TaI0WK KUJIHIIL

2-maB3y. HaH000beKTIApHUHT aCOCHIl TYpJIapu Ba yJap acocuaaru
HAHOCHCTEMAJIap.

Hano3zappauanap Ba HaHOMaTepHalap XYCYCHSTIAPUHHUHT (DU3UKABUN
cababmapu. HanooOnektnap tacHudu. dymnepennap. Yriaepoaiu TpyOkaap.
Cympamonekynssp  kum€.  Hoopranmk  HanHomarepuaiumiap.  Buckepunap.
Manranutnap. IOkopu xapopatiu yrta yrkazruunap. POTOH KpHUCTaIapH.
buokepamuka. Hanoonmocnap. ['aznu ruapuanap. ['aznapaaru kiacrepiap.

3-maB3y: HaHocTpyKTypajJaHraH MaTepuaJIapHU CMHTE3 YCYJJIapH.

Hanozappaiiap, HaHOKYKyHJIapHU CHHTE3 Kwiuil ycyiutapu. ["azdazanu
cuHTe3 (OyFIapHUHT KoHJeHcanuscu). [lmasmakumEBuil CcUHTE3 — Ja3epiu
abmanus. Kommona spuTManapiaH  4YyKTAPUO OJWII — 30J-Ted  KapaéH.
Monekynsip-00fnamian  dNUTaKcus, Ta3daszanu snuTakcus, CcyrokK (asanan
snutakcua. 0-D  waHooOBekTnap. 1-D  HaHOoOOBEKTHap.  YTriepoacus
HaHOTpyOKanap.

4-maB3y: 2D-HaHocTpyKkTypajiaHran MaTepuajjiap Ba yriaepoaiu
HAHOMATEPHAJI CHHTE3 YCYJLIapH.
2-D HanooOwektnap (ronka ruieHkanap). dazanu snurtakcus. YTIepoaiu
HaHOMAaTepuayyiap. YTJIEBOJOPOJIM HAaHOMATEepUasiap CUHTE3U. YTIIEBOJOPOMIIN
HAaHOMATEPUAIIAPHUHT UIUTATHIIUIIIHN.

5-maB3y: HanomaTepuaJ/iap Ba yHMHT (PM3UK-KMMEBHI TAXJIWI yCYyJLIApH.
DnekTpoH MHUKpockon. CkaHepioBuM TyHeuin mukpockon (CTM) wunuiamn
NPUHUUIUIAPU. ATOM - Ky4dJaHUIIM MHKpPOCKON (CKaHEPJIOBUM KYWIAHUIILIN
Mukpockor) ACM. HaHOTEeXHOJIOTUK 30HIJTM MallIMHAIap.

AMAJINA MAIIFYJIOT MA3SMYHHA
1-amanuii MmamryaoT: Kpucrasaa HaHocHcTeMAIap Ba YJIAPHU aXaMUSITH.
HaHoTexHo/10rus Ba 3JIEKTPOHHMKA.

3appadajlapHUHI 4Yerapacu. 3appadajiap 4YerapacMHUHT MUTPalUsICH.
Myntunner wukkuiamum 3appadanap. Jucnokamws. JKoinmammm nedexTiapu.
VYukappanu TyryH. Xomi-Ilery KonHyHu. TabKUKIaHTaH YerapaHUHT KEHTJIUTH.

Monekynsp snekTpoHuka. Epyrmuk auomu (LED). Maiinon s¢dextiu
tpan3zucrop (FET). IOnka mnenkanu tpansucropaap (TFT). bup snexkrponiu
tpanszucrop (SET). 3apsn Oornmanmnum kKypuwiMa (CCD). KommuemeHTap
Metanokeumu apuM  yTkazrud (CMOS). T'urantmaraut kapuunura (GMR).
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OnTosnekrponuka. doromomunecuenuusa. @Doron kpucramiap. DoToHHKA.
IO3amnasmon.  IIse3opesuctuB  3¢pdexr. CnuHTpoHHMKa (COMH — acocuaaru
anekTponuka). Kyour. KBant kommtorepinap.

2-amanamnii MmamryJaot: [lommep HaHOMAaTEepHAJ OJIMII BAa YJIAPHHU
xoccanapuu. Hanouesuirso3a. buomumeruka cucreMajiapHu OJIMII Ba
YJApHH X0CCAJIAPH.
Cyrok kpuctain. llakn xotupanu noaumepinap. Hanonemnonosa. Tykumanu
uHxeHepusi. buomocnanryBuaniuk. buomumeTuka. DJIEKTpOH OypyH. DIEKTPOH
tui. bot. Hano6ot. Jlopunapau makcannu erkasuii. JJHK-yum.

3-amanuii mamryaotT: HanomaTrepuaJs oJ1ui Ba yJIapHU X0CCAJIAPHHU.

Tarnan-tenara Ba Tenagan nactra. byr dasacugan pusukaBuil 4yKTHPUII
(PVD). Ilnasma. byr ¢dazacunan xkumésuii uykrupuin (CVD). Mccuk uzocratuk
npeciam (HIPing). [Tuponus. Yukynnu mnasmanu mumupuii (SPS). Tenr kananm
Oypuaknu mnpeccnam (ECAP). Mexanuk KoTumMaiail. ByF-CYIOKIHMK-KATTHK
momna yeymu (VLS). Dnurakcus. Hanomurtorpadus. Fab. Asporen. Ksant
HyKTanapu. bakmuHcTep — ¢ymiepen. Yriepomiu HaHoTpyOka. HanoTomamnap.
HanokoOuknap. Hanocummap. Hanomarepuan. Hanocrepxknmap. Buckepnap.
FOnka nnenkanap. Me3oroBakiin MmaTepuall. MynTukaBaTiap.

4-amasmii mawryJor: HanomerpoJiorus.
Atom-kyunanunuii - Mukpockonuss  (AFM).  AtoM  MaHUNYJSLUSCH.

Hanonurorpadus. HanounaeHTHuKaysIarI. DIIEKTPOH MMKPOCKOII.
Mukpokantunesep. CKaHUPJIOBUM SIKUH XYAYUIM ONTHK MHUKpockonus (SNOM).
PeHTren(hoTo31eKTPOHCIEKTPOCKOIHS (XPS). VYra YKa3yBUYaH

kBaHTuHTEpPepometp (SQUID).

S-amaamii mamryJor: HanomaTepuajuIapHUHT IKOJIOTHK X0CCAJIaApH.

Exunru  onementn. @DoTokaranus. HaHoTexHoNmorus Ba  KypHJIMII
Marepuasiap.

YKATHII ITAKJJIAPHA

SJTKI/ITI/IIHHI/I KyUUJaru yCyJUIapuHU PEXKala TyTUJITaH:

— MUHHU-Mabpy3ajap Ba cyxOarnap (TaIKMKOTHH MY>KacCaMJIAIITHPHILL,
Yypranuura KU3UKUIIHA Ky4alTHPUIL);

— JUAAKTUK Ba poJuid VHuHIap, 0axc MyHo3apaiap (Koujajgapra puos
KWIMIIIHA ~ YPraHuIl, XaMKOPJMKHUA TabMUHJIAI, JIOTHK XYyJoca KWIWIIHU
HIaKJUTAHTUPUIN);

— JHMCKyCCHsSl Ba AMCHYTiap (OparMeHT Ba JalWJJIApHU aHMKJIAII, KYJIOK
COJIMIII Ba COJIMIUTUPUIITHU AKIJIAHTUPHIN );

— TPEHUHT JJIEMEHTJIApH (MMO3UTHB MYHOCA0ATHH IIAKJUITAHTAPHIII).

Tabnmum Oepurniga 3aMOHABUIN MEIArOTUK Ba WH(POPMAIMOH-KOMMYHUKATHB
TEXHOJIOTHUSIIAP YCIyOIaprHy KYJIIaIl Ky3/a TYTHJITaH:

— Ha3apuil Marepuajuiap NpPEe3eHTalMs [MaKIuAa YTKa3ullga 3aMOHAaBUU
KOMIIBIOTEP TEXHOJOTUSJIAPHU KYJUIall peKalalliTUPUIITaH;
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— aMalui MaTepuayiap HMHTEpPaKTUB ychnyOnap €pramuaa Oa)kapuiIuild
pexanamTHpuIran (Keic-cTaau, MyaMMOJIH Ba3UsTiIap, HHTEPBbIO Ba 0.).

BAXOJIALI ME3OHUA
Maxkcumain
No baxouaw typnapu S bannap
1 Keiic Tonmmupukiapu 1.5 6amn
5 Mycrakui uii 2.5 1.0 6at

TONIIMPUKJIAPU
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1. MOJIYJHHU YKUTHIIJIA ®OUTATTAHNUIAIUT AH UHTEP®AOJI
TABJINUM METOJJIAPHU

«ARJUH Xy:)KyMm» (OpeidHCTOPMMHT) METOIHU

MeTOoAHMHI MAaKCAAU: aMaluid €KW WIMHH MyaMMOJIADHU XaJI JTHII
bukpnapHu  Kamoalld TeHepauus KWIuI, YKuO-ypranum  (HaoausTHHU
daommamTUpUIll, MyaMMOHHM  MYCTaKuwi  TYIIYHUII ~ Ba  XaJl  JTHINra
MOTHBIIAIITAPUIIHN PUBOKIAHTUPHULI.

o AKIMH  Xy)XKyM BakTHAa WINTUPOKYMIAD Mypakkad MyaMMOHH
Oupranukaa xaj 3TUIIra MHTWINIIAAN: yIapHA Xajl dTHII Oyitnua ¥3 GuKpiapuHu
ownnupanu (TeHepanus Kwiaad) Ba Oy (UKpiIap TaHKW] KAJIUHMAcCAaH yiap
opacuJaH SHT MYBO(UKH, camapaiucu, MakOynm Ba mry kabu Qukpmap Tanmad
OJIMHUO, MyXOKamMa  KWIMHAIW, PUBOXKIAHTUPWIAAU Ba ymoly (GuUKpiIapHU
acoclall Ba paji dTUII UMKOHUATIApH 0axosiaHaau. Xap Oup rypyx uuujia yMyMHit
MYaMMOHUHT OUp JKMXATH XaJl dTUJIA]IH.

Hamyna: Xap kaHaal HaHO OMPHKMAJIAPH KOMIO3WTJIAP TAPKUOMHH
TY3HIIAA (PoiiIaIaHMIMIIN MYMKHH-MHU?

TYFpuaan-TyFpu KaMoaaM aKJIUH Xy:KYyM — WIOKH Oopuya KYHpOK
(bukpnap WMFUIMIIMHA TabMHUHJIAHIU. ByTyH YKyB rypyxu (20 KMIIMIaH OpPTHK
6ynaMaran) GMTTa MyaMMOHH XaJl 3Tajgu. YKyB TYPyXHIard Xap OMp THHTJIOBUH
yi0y Mmyammora aBo0 0epanu, ¥3 GukpuHu OUnaupuo, Januiuiap KeaTUPAIH.

MacaJjan:

1-tunrnoBun: Xap KaHJall HaHOMaTepuagap KOMMO3UTIApAA KYJUIAHWIIU
MYMKHH.

2-TUHTJIOBYH: fI}”IK, Xap KaHJal HaHoOMaTepuauiapAa KyJUIaHWIWIINA
MakcaJra TyFpyu KeJIMauIu.

3-TUHITIOBUM: ACOCaH HaHOMaTepuaulap Tapkubuaa 2 Typaaru 3appadaiap
KYJUIAaHWIQIH.

“BeHH q1uarpaMmacu’” MeToau

MetoanuHr makcaam: by merton rpaguk TacBUp OpKaldM YKUTHIIHU
TAlIKWJI TUII AKIKW OYJIMO, Y MKKWTA Y¥3apo KECHUIraH aijiaHa TaCBUPHU OpKaJld
udonanananu. Maskyp METOA Typiu TyIIyHYalap, acociap, TacaBypJIapHHHT
aHaJli3 Ba CUHTE3MHHM MKKU acleKT OpKaJd KYpuO UMKMIL, YJIApHUHT YMyMHUI Ba
(bapKI0BYH KUXATIAPUHU aHUKJIAI, TAKKOCTIAIl IMKOHUHU Oepajiu.

MeTtoanu amMaJira olIMpuIlI TAPTHOM:

o UIITUPOKYMIIAp UKKH  KUIMJaH ~— ubopar  KypTiIMKiapra
OupnamTUpuUiIaAuIap Ba yjapra KypuO 4YMKWIa€TraH TylIyHYa €KM ACOCHUHI
y3ura xoc, ¢papkiu KuxataapuHu (€K1 akcu) Joupayiap nuura €310 YUK Takaud
TUIIAM;

o HaBOaTzaru OOCKMYAA MILITUPOKUYMIAP TYPT KUILKIAH MOOPAT KUYHUK
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=

rypyxJjapra OupiamiTupuiagn Ba Xap Oup Ky(QTiauK ¥3 TaxJwid OWiaH Typyx
ab30JIAPUHU TAaHUIITHPATUIAD;

o KYPTIUKIAPHUHT TaxJIWIU SIIUTHITAY, yiap Oupramamu0, xypud
YUKUATAETraH MyamMMmo €XyA TYIIyHYaJapHUHT YMyMUN SKUXaTiapuHu (EKU
dapkiau) u3nad Tonaguiap, yMyMIalITUpAaUiIap Ba JAOUpAYIAPHUHT KECHUIITaH
KUucMmura €zaaumiap.

Hamyna 1:

“Houn-yimyaMiau MycTaxKaMJIalITUPUII KOMIOHEHTJIapu~ Ba “‘bup-ymyamnu
MyCTaxKaMJIAIITUPHII KOMIIOHEHTIapu~ MaB3ycH Oyiinua “BenH nuarpammacu’.

Ymymui srcuxamnapu:

1. Komno3utnapjaa MycraxkaMmIalITUPyBUH BazupacuHu Oaxxapau.

2. KoMIo3uT/IapHUHT TEPMUK OapJOIIIUTUHU OLIUPAIH.

3. KoMmo3uTnapHUHT MycTaxKaMJIUTUHU OLIUPAJIH.

4. KoMITO3UTIapHUHT KATTUKJIUTHHU OIIKPA/IH.

Qap l(;/lu Hoa-yryaman
JHcuxamjiapu HAHOMAaTepuaJl
v o v
HaHno- Ba Mukpo-ynuamin 3appavanap 1. Touna, ur, “MyiIoBNap” MAKTHIATY y3YH
. b b
N3oTponuk xoccanum KOMITIO3UT KPHCTAIAD
XOCWJI Oyaaun
¢ 0y m . 2. AHH3O0TPOI XyCYCUSITII KOMITO3UT XOCHJI
Yauamu y4d WyHaIUIIIa KHYUK OYIran 6yann
yiumyania o
Ky P 3. TomacuMoH TYIAMpPYBYHIIAP, apMaTypa
Merann maTpuuanu KOMIosuTIapA AJNIEMEHTIIAPH, KaJITa TOJIAIH TaOUuit
3
MYyCTaxXKaMJIaII THPHILI MATEDHAIIAD
KOMITOHEHTJIapU
Hamymna 2:

Yraepoa HaHoMaTepualiapaaru Tapkuou oyiinda “Benn quarpammacu’.
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YVenepoonu

Q@ynneperaap
mpyoxanap.

YIpaAMOIEKy-
JIAAD MOOOanap

“KEWC - CTAIN” meToamn

«Keiic-crangn» uHrIM3ua cy3 - (case — aHUK BasuAT, Xoauca, study -
Vkutuin). by Meroxm aHMK Bas3usAT, XOJMcara acocjaHTaH VYKUTHUIIL METOJU
xucoomanaau. Ketic- ycny0 (Case study) — Oy pean MKTUCOIUNM €KW MIKTUMOUM
Ba3UATIAP TAbPUPUHH KYJUTAWIUTaH TabJIUM Oepuill TeXHUKacuaup. bynaa Bazusr
Jeranga OMpOH aHWK XOJMCAHUHT Tabpudu Hazapaa TyTwiaau. ['ypyxra Xakukui
ax00opoT TakauMm >TUINO (y XaKUKUK Xoaucara acocjaHraH €ku yiinad 4uMKuiraH
OyMMIIM MyMKHH), MyaMMOJIADHU MyXOKaMa KWJIWII, Ba3WATHU TaxJIA HTHIIL,
MyaMMOHHUHT MOXHWSATHHU YpPraHuO® YWKHWIN, YJIAPHUHT TaXMUHUN CUYMMIIAPUHU
Takiud Kuiuil Ba Oy eyumyap OpacHJiaH SHT SXIIUCUHU TaHIa0 OJIMII TakIug
ATUIIA]IN.

«Keiic - cragu» MeToau OyinJa MIIJIall:

1. SIxka TapTuOaa unwiam (ymymuit BaktHuHr 30% cn):

Bazusar Ownan tanummm (MatH OViimdya €ku cy3mad Oepuin OpKajm).
MyammonapHu aHUKIa. AXOOPOTHH yMyMIAIITUPUIIT. AXOOPOT TaxXJTUJIH.

2. l'ypyxna umnam (ymymuii BaktHUHT 50% cH):

MyaMMoniapHu Xamja YJapHUHT J0d3apOouru Oyiinya KeTMa-KEeTJIIMTUHU
(uepapxusiciHu) aHukam. MykoOWI eduM WYlapuHu unuiad yukun. Xap oup
euMMHHUHT ad3an Ba 3aud kuxaTiapuHu Oenrmwiam. MyKoOun eduMIIapHU
OaxojJiar.

3. SIxka TapTubOnaa Ba rypyx/a uuuiaim (yMmyMuid BakTHUHT 20% cu):

MykoOw1 BapHaHTJIApHU KYJIJall WMKOHUATIAPUHM acociail. XucoOoT
Xam7ia HaTrKajlap TaKAMMOTHHH Tal€pIiarl.

Keiic xapakarnapu y3 wumra Kyiugaruaapau kampad omamu: Kum (Who),
Kauon (When), Kaepna (Where), Huma yuyn (Why), Kanmait/ Kanaka (How),
Huma-natmxa (What).
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“Keiic MeTOIU” HM aMAJITA OIIUPHUIIT HOCKHUWIAPH

Wi 6ockuunapu

®aoauAT 1IaKId Ba Ma3MyHHU

1-60ockuu: Keiic Ba yHUHT ax00poT
TabMHUHOTH OUJIaH TAHUIITHPHUII

SIKKa TapTUOIaru ayauo-BU3yall ull;
Keiic OuyaH TaHUIIUI(MATHIIH,
ayuo €Ku Meaua MIaKIija);

axOOpPOTHU yMYMJIAIITHPHIIL;
ax00poT TaxXJIUJIN;

MyaMMOJIapHU aHUKJIAIT

AN

2-00cku4: KelicHM aHUKJIAIITHPHUIIT
Ba YKYB TOMNIIUPUFHU O€ITHUIIAI

WHIMBUYall Ba TYpyX/Jia UIILIAIIL;
MyaMMOJIapHU J0J13apOJIUK
HUepapXUsSICUHU aHUKJIAII;

aCOCHI1 MyaMMOJIM Ba3UATHU
Oenruai

AN N NN

3-0ockuu: Keiicnaru acocuit
MyaMMOHH TaXJIWJI 3TUII OPKAJIH
VKYB TONIIUPUFUHUHT €YUMUHH
W3JIaI, XaJl TUII HYIJIapuHU UIIIao
YUKHIII

v\ HHIUBHMIyall Ba TYpyXJa HIILJIAILL;
v’ MyKOOWII €4rM HyIIapuHH UILIa0
YHKUIII,

v’ Xap OMp €YHMMHUHT MIMKOHUATIAPH
Ba TYCUKJIAPHU TaXJIWJI KUJIHIIL;

v’ MyKOOWJI e4MMJIapHU TaHJIal

4-gockuu: Keiic eynMUHN €YUMUHUA
MIAK/UTAHTHPHUIIT Ba aCOCIIAII,
TaAKIUMOT.

v’ sKKa Ba I'ypyxJa HIILIall;

v’ MyKOOWIJ BapHaHTIapHH aMaJiia
KyJIJJall UMKOHMSTIAPUHU acOCIalll,
v VKOIUM-JIONNXA TaKIUMOTHHU
Tanépnant;

v\ SKyHHH XyJI0ca Ba Ba3HsT
CUMMUHUHT aMaJiuil acCTIeKTIapUHU
EpUTHLL

Keiic 1. «Hanoyraepon»

ToNlaJlapy OWJIaH MyCTaxKaMJIAIITUPUITaH

HaHOMaTepHAJIap FOKOPH DJJIACTUKJIIMK MOJYJIHWIa 3ra, IIyHWHT Y4YyH yJap
XUMOSJIAIl BOCUTAJIApUJa KEHT KYyJUlaHwiaau (OpoHEeXwWwIeTaap Tauépramniaa).
AMMO OyH1ali KOMITO3UTJIAPHUHT TEPMUK OapAOIUIATH MACT KypCcaTKUdIapra ara.

» Aurn
(kY (PTIIIIKTAP JATTE ITI ).

KeiicHu 6a:kapuii 60cKuMIapH Ba TONIIHPUKIAP:

 Keficgarn MyaMMOHI KenTHpIO umKapraH acocuii cababmapHiu
OenTImaHT( ITHANBITY T Ba KUK TYPYXIa).
HaHOMAaTepHaIapHITHT

HanomaTtepuammapHUHT TepMUK OapAONUIMTHHA KaHIai OTIIUPUIIT MyMKHH?

TApKIOWIHIT ~ TaKINd¢  STIHT
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Keiic 2. Hanomarepuamiapy KMME caHoaT/iapAa MIUIA0 YMKApUIIAA KEHI
KyITaHUMamM. bBupok, ymap VY30eKHCTOHra acocaH deTHaH KeNTHPUIAIL.
V36ekucTonna HaHOMaTepuamIap WIUIA0 YMKAPUIIHYM TaIKH KWIHII YYyH
UMKOHUSTIIAPHU U3JIaHT.

 Keficgarn MyaMMOHI KeNTHpHO UIKApraH acoclrii cadabmapHi

Oenrumnar, 3apyp Ounummap pyxXaTiHI TY3UHT (MHIUBIIY all Ba
KITUIIK TY Py XJa ).

* Hanomarepian xoMm ameéciun TV mam oyiinaa Oaxapimalirad

IIITap KeTMa-KeTINTHHI OeNTimaHT (Ky (PTIIK/Ia MITIal).

= HEIHOI\-IEITGPIIEIHHEIP GO'BOPII HNCTCEMOIHUIIIIAPITHIT IT3ITaHT.
= BEI}I{ElpIIHFEIH HIIIApHII TAKAIIMOT KILTIITHT.

“TymyH4yajap TaxJIMau” MeToIu

MeToAHMHI MaKCaJAW: Ma3Kyp METOJl TUHIJIOBUMJIAP €KUM KaTHAIIYMJIApHU
Map3y OyiiHMya TasHY TYIIYHYAJIApHU Y3JIAIITUPHUII JApa)KaCMHU aHUKJIaAIl, Y3
OWJIMMJTAPUHU MYCTaKWJI PaBUIILAA TEKIIUPHIL, OaxoJaml, IIYHUHI/IEK, SHTH MaB3y
Oyiinya pacTiaOKu OwiMMiIap JapaXaCHMHU TallXUC KWWl — Makcaauaa
KYJUTaHWJIaau.

MeToaHu amMaJira OIIMpPUII TaApTHOM:

UIITHPOKYUIIAP MAIIFYJIOT KOUIalapy OujlaH TaHUIITUPUIIAIH;
TUHIJIOBUMJIapra MmaB3yra €ku 0o0ra Tterunuim Oyiran —cysmiap,
TylIyHYajiap HOMH TYIIUPWITaH TapkKaTManap Oepuiaau (MHAUBUIyaT
€KU TypyXJm TapTuO/a);

TUHTJIOBYWJIAp MAa3Kyp TYIIyHYajgap KaHJail MabHO aHIJIaTUIIHN, KA4yOH,
KaHJlail XoJaTiapJa KYJUTAHWIUIIH XaKu1a €3Ma MabliyMOT Oepaauiiap;
OeNTuIaHraH BaKT SKYHHUra €Trad YKUTYBUM OCpUIITaH TYIIyHYaIApPHUHT
TYFPU Ba TYJIHMK U30XUHH YKUO SIIUTTUPAAMN EKH CIIAiT OPKAJIA HAMOMHUII
STajH;

xap OUp UINTUPOKYU OepuiraH TYFpH kaBoOJiap OWJIaH Y3UHUHT IIAXCUN
MyHOCAa0aTUHU TaKKocCJHaau, ¢apkIapuHU aHUKJIAWaAM Ba ¥3 OuiIuM
JapakaCUuHU TeKIUpuoO O0axonaiiau.

Hamyna: “Monynparu tassHa TymyHJanap TaxJIuian

Tymynyaaap

CusHuHrya 0y TymyH4a KaHaail MAbHOHHM Kymumua
a”Hrjaragm? MabJIyMOT

Komnosunmon | Mnuiad yukapuiirad, MKKA €KU KYTIPOK
Marepual bu3uKaBuil Ba/€ku KUMEBUN Xap XU OYIIra,

Matpuna (uatepdeiic) nanma TapTudIN
Koumamras Qa3anapaaH TAIKWI TONTaH

MaTepUaJl.
Marpuna, Komno3uinon matepuaiHuHr Oup OyTYHIUTUHA
uHTepdeiic TabMUHJIOBYH OOFJIOBYM KOMIIOHEHT
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M30x: MkkuHuM ycTyHYara KaTHAIIYuWiIap TOMOHUAAH (GUKp OMIIUpUTIAIH.
Maskyp TymryH4yanap Xakuja KyluMia MabIyMOT IJI0CCapuiiia KEITUPUJIITaH.

“SWOT-Taxauna” meroaun

MeTOAHUHT MAaKCaAM: MaBXyJ Hazapud Oujgumiap Ba aMajauid
TaXpuOaIapHU TaxXJWd KWIUII, TaKKOCHall OpKAIM MyaMMOHHM Xaj JTHII
Wymiapau  Tomwui, OWJIMMIIApHU MyCTaxKamiiall, TaKpopJiaml, OaxoJaril,
MYCTaKWJI, TAHKUAUN (QUKpIIani, HOCTaHAapT TadaKKypHH MIaKJUTAHTHPUIIL.

S — (strength) * KYWIN TOMOHIIApII

= BEIII(b, KYHCII3 TOMOHIIapPII

O — (opportunity) * IIMKOHIIATIAPII

T — (threat) e TYCHKIAp

Hamyna 1: Tomanum mycraxxamyIalITHpUII KOMIIOHEHTJIapu ydyH SWOT
TaxJIMJIMHU yIIOY JKaJIBaJIra TYITUPHHT.

Tonanu mycraxkamiamtupuin | MycTaxkamIIMri HT IOKOpU
S KOMITOHEHTJIApUHUHT Ky4JIU KypcaTKkuuiapra sra oynran
TOMOHJIAPU KOMITO3UTIIAPHHU SIPATUII UMKOHUSTIIAPH. ..

Tonanm MycTaxkamIamTHPHUII

Tomanu MycraxkamilallTUPUITaH
W | KOMIOHEHTIAPUHUHT KyUCHU3

KOMIIO3UTIIAPHUHI aHU30TPOILINI'H. ..

TOMOHJIApU
Tonanm mycraxkamyamTupui | SIHTU TypAaru KOpU XyCyCUSTIN ToJlajap
O | KOMIIOHEHTIapUHUHT SpaTUIIMOKa — OOp ToJanapu, yriaepoy
WMKOHHUSITIIAPU (MUKH) TOJIAJIApH. ..
Tosan KOMIIOHEHTIAP MaTpPULA
T Tycukap (Tamku) MaTepuaiapy OWIaH XYIUTAaHWIHIIH Ba

aApaJUIIUIIN KHﬁHHHHFH. .

Hamyna 2: Erou-enuM anaresuscu yuyn SWOT TaxJIWIMHM amaira
OLLIPUHT.

e EFOY [03aCHTra eJIMM TEKUC TaKCUMIIaHa lu;
e e;iM €FOY F03acHuTa MypKalll, pOJIMK OWJIaH CypKalll, IImaTet
S Kyunu | Ounan cypkarti, KydHuin kabu Typiu ycyJsuiap OuiiaH OepuiIuinm
TOMOHJIApY | MyMKUH;
® OUMK Ba €MUK XoJaTiapa KOTHIIN MyMKHH;
® IOH OOFJIaHUIIUIAP SHT KYyWIH OOFJIaHMII XHUCOOJaHaIH.
Kyucns ® OUMK XOJaT/a KOTTaHAa SPUTYBUYMHHN YUKApUO F000PHIIT KEPaK;
W ToMOHIAPH e CJIMM Ba €FOY YpTacuaa MOCIallyBYaAHINK OYJIUIIN JIO3UM;
e ucriepc OOFJAHMIILIAP HT KyucHu3 OOFJIaHHII XHCcOOaTaHaIH.
VMKOHHAT- | @ EF0U cTpyKTypacura OOFIINK;
O JIapHu ® KUMEBUU 6OFJIap XaM, MEXaHUK 60Fnap XaM IXIIU aare3us
(14Km)
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OepuIlu MyMKHUH;
® TUCIEPCUOH, UKKH KyTOJIM Ba BOJOPO/ OOFIapH y3uiica
HAMJIMK TabCUPHJIA KailiTa TUKIAHUIIIA MYMKHH.

® KOBAJICHT OOFJIap y3ujica KalTa TUKJIaHMaNIu;

T Tycuknap | e nucnepcus Kyuwiap MoJIEKyJajaap opacuaa Oyarasia xyua cyct
(Tamku) | 6Ymamu, aToMiap opacKia OYJranaa 5ca xKyaa Ky
xucoOJaHaIu.

“Xyaocanam” (Pe3rome, Beep) meToau

MetoanuHr makcaau: by meton mypakkad, KyITapMOKIN, MyMKAH KaJap
MyaMMOJH XapakTepujard MaB3yJapHU YpraHuiira KapaTtuirad. MeTogHuHT
MOXHMSITH ITyHJIaH WOOpaTKH, OyH/Ia MaB3yHHHT TYpJH TapMOKJapu OVitmda Oup
xun axOopor Oepwranu Ba aHW TAlTAa, YyJapHUHT Xap Oupu amoxuaa
acmeKkTiapaa Myxokama J3Tuiaad. MacajgaH, MyaMMO WKOOWH Ba cayOuid
TOMOHJIapH, ad3ailTuK, (pa3uiaT Ba KaMuImiIvuKIapy, ¢oiiaa Ba 3apapiapu Oyinda
Yypranunaan. by wuHTepdaonm MeTo[ TaHKUIAWH, TaXJIWIAKA, aHUK MaHTHKAN
¢ukpmaman  MyBadPaKuATIM  PUBOXKIAHTUPHINTA XaMAa  YKyBUHJIAPHUHT
MYCTaKWI Fosiapu, GUKPIApUHU €3Ma Ba OF3aKH INaKI[a TU3UMIN Oa€H STHIII,
XUMOSI KWIMIITa HMMKOHHUAT spataau. “Xynocamamr’’ METOOUAAH Mabpy3a
MAaIIFyJOTIapyuIa WHIUBUAYAT Ba Ky(DTIUKIapJard Wil I[MaKIuaa, aMaiuid Ba
CEMHUHAp MaIIFyJIOTJIapua KUYUK TypyXJapJard Uil MakJIujga MaB3y 03acujaH
OWIMMIIapHU MyCTaxkKamJjall, TaxXJWiId KWIMII Ba TaKKOCHall MaKcaauaa
doinaaHnI MyMKHH.

MeTtoaHu amaJjira omIMpuIn TAPpTHON:

TPEHEP-YKUTYBYU UIITUPOKYMIIAPHUA S5-6 KUIIUJAH HOOpAT KUUUK
rypyxJjapra axparaju,

TPEHUHT MaKCaJIH, MapTIapy Ba TAPTUOU OWMIIaH UITTUPOKIMIAPHU
TaHUIITHPrad, Xap Oup rypyxra yMyMuidt MyaMMOHM TaXJIUJI KUJIMHUIINA
3apyp OyJIraH KuCMJIapH TYIIMPUITAH TapKaTMa MaTepHaJIapHU

xap Oup rypyx y3ura 6epuiarad MyaMMOHH aTpodrda Tax i KWino, ¥3
MYyJI0Xa3aJlapuHU TaBCUsI TUIAETTaH cxema Oyitnda Tapkarmara €3ma
0aén KwIaau;

HapOargaru 60ckuyaa 6apua rypyxJap y3 TaKaIuMOTIapUHU
yrkazagunap. lllynnan cyHr, TpeHEp TOMOHHIAH TaXJIMIUIAP
YMYMJIAIITUPUIIAIH, 3apyPHUil aXO0pOoTiIp OMIIaH TYJIIUPUIAAA Ba MaB3y
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Hamyna 1:

Komno3unmnon marepuajuia

Hoaumep MaTpunaIu MeTaJl1 MATPULIAIH Kepamuk marpunajim

a(1)3anm/1m KaM4UJIUTrnu a(b:;anm/lm KaM4UJIUTu a(b3aﬂnnr1/1 KaM4iuJIUTru

XyJsoca:

Hamymna 2:

AJITepHATHB éKWJIFU TYPJIapHu

danepa MDF OSB

a(l)SaJ'IJ'II/IFI/I KaM4iUJIUTu a(l)SaJ'IJII/IFI/I KaM4iUJIUTru a(psannnm KaM4iuJIUIru

XyJoca:

«®CMY» meToau

TexHOTOrMAHMHT MarKcaau: Ma3Kkyp TEXHOJOTUS HWINITUPOKYWIApIaru
yMyMH# UKpIap/iaH XyCyCcui XyJiocaiap YMKapuIll, TaKKOCalll, KAECIaIl OpKaiu
axOOpOTHHU Y3NAIITUPHUIL, XyJIOcaNalll, IIyHUHTIEK, MyCTaKWJI WKOAUM (UKpIIaII
KYHUKMQJIADUHA IIAKJJIAHTUPUINTa Xu3MaT KWiaad. MasKyp TEeXHOJIOTUsiIaH
Mabpy3a MaIIFyJIOTIapuaa, MycTaxKamilalljga, YTHITaH MaB3yHH cypanijia, yura
Bazuda Oepuiga xaMaa aMalui MAIIFyJOT HATWKAJAPWHU TaxJIHJI DTHUIIIA
dbolnanaHuI TaBCUS THIAIN.

TexHOJIOTUSIHA aMaJira OIIUPUII TApTUOU:

— KaTHaIluWjapra MaB3yra ouji OYJraH sSIKyHMM Xylioca €Ku Fosi Takiaud
STWIA/IN;

— xap Ooup umrupokyura ®CMY TEXHOIOTHUACHHUHT OOCKUWIAPU E3WIITaH
KOFO3JIapHU TapKATHIIA]IN:

* (pUKPUHTIZHII OaéH STITHT

 ¢puxpuHTIRHI OaéHIra cadad
KYpCaTIHT

* K¥pcaTral caOaOIHTI3HI
11cO0TIa0 MIICOT KeITHPITHT

* (PUKPITHTIRHITY My MITATITIPITHT

— WIOTUPOKYMJIAPHUHT MyHOcabaTliapu WHAMBHIyal €KUM TypyxXuil TapTHOaa
TaKIUMOT KHJIMHAIH.

OCMY TaxaunM KaTHaIIYWiIapAa KacOuWii-Ha3apuil OWIMMIIApHU amaiui
MalIKJIap Ba MaBXKyJd Taxpubamap acocupa Te3poK Ba MyBadhakusITIu
Y3IamTUPUITUIINITA acoc OyIaam.
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Hamymna 1.

@ukp: “IloauMep MATPpUUIAJIM KOMIIO3UTJIAP 3JHI KOKOpH (U3UK-
MeXaHMK Ba KUMEBHI Xoccajapra raaup”.

Tommupuk: Maskyp ¢ukpra  HucOaran MyHocabatunruzau DOCMY
OpKAJIA TaXJIUJ KAJTUHT.

Hamymna 2: Kyliunarun pukpau @CMY opkaim TaxJIuia KUJIUHT.

@Oukp: “EJuMiaaHran Matepuaja eJIMM Ba EFOYHHHI OMp-OmMpura
MOCJIANTYBYAHJIUTH KaTTa aXaMusITra sra”.

Ca0a6: “Enum Ba €rou Oup Ompura ajnresusicu 10Kopu Oyica, enum &rodura
Moc Oymann”.

Mucoa: “Kapbamua-gopmanbaeruj eJIUMIAPUHUHT €Foura aJare3uscu
IOKOpY OyJiaau, YyHKH yiapja METWJION TypyxXJjapu Ba EFOYJard THAPOKCHUI
rypyxjapu OuiaH Ky4jau OOfiap Xocui oyiaaaum”.

Ymymunammupum:  "KapOGamun-dbopmanbaerua  equmiIapd  acoCHUIArH
eJIMMIIaHTaH EF0Y MaTepuaiapua METUJION TypyXJapu Ba €Foufard TUIPOKCHII
rypyxJjapu OujaH Ky4ju OOFiap XOCUJ KUIUIIHN cabaliau aare3ust FoKopu Oymanu'.

CHHKBEHH MeTOoaH

“CUHKBEWH” — THUHIJIOBUMHU IXOIUN QaosamTupuira, GaoausTHA
OaxoJammra HyHanTUPUIraH TabJIMM MalIKH Xucobsanaau. CuHKBEHH-(ppaHily3ya
cy3maH oJuHradn Oynu0, OenuiMk jAeraH MabHOHU Owiaupanu. “CHHKBEWH
METOAMHH aMajira OLIHUPHII OOCKUIapH:

1. YkuTyBuM Tanabaiapra Map3yra OuJ TYIIyHYa, >kKapa€H €KU XoJuca
HOMUHU Oepaju.
2. Tanabanapnan ynap xakugaru (QUKpIapuHd KHCKAa KYpPUHMIIIA

udonananiapu cypainaau. SbpHU, mebpra yxmarud 5 KaTop MabIyMOTIap
é3unuapu Kkepak Oyiaau.

VY Ky#ujara Kougara acocaH TY3WJIMILIN KEepaK:

1-xaropma maB3y Oup cy3 Ouiian (omataa ot 6unan) udoganaHaam.

2-KaTop/a MaB3yTa Ky/1a MOC KeJlaJurad UKKUTa cudat Oepuiaiu.

3-kaTopja MaB3y 3Ta xapakaTHu OwiaupyBun (pebs Owian hongamanmiagm.

4-xaTopa Temara JOMp ~MyXOKamMa OJTYBUWJIAPHMHT  XUCCHETHHH
udoaanoBum xKymiia Ty3wiaan. Y TYpT cy3aan udopat 6yaaau.

5-KaTtopja MaB3yHM MOXUATHHU HomanoBun Outra cy3 Oepunamu. Y
MaB3yHHHT CHHOHUMU OYJIa/IH.

Hamyna: “Marpuna” cy3ura CHHKBEWH Ty3UHT.

1. Matpuua.

2. BOFJIOBYMIIMK XYCYCHUSATH.

3. Xaxxm Oynua TeHr TaKCUMJIaHTaH.

4. KoMno3uTHUHT OWp )KHHCIWIUTHHA TAabMUHJIAHIUTaH
KEpPaMHUK €KY METaJI MaTEpUAIL.

5. KoMIIOHEHT.
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“Kiacrep” MeToaH

dukpyapHUHT TapMoKJIaHuIM “Kiactep” - Oy meaaroruk crtparerus 6yiuo,
y TUHIJIOBUYMJIAPDHU OUPOH OMp MaB3yHU 4UyKyp VpraHuiuiapura Epnam Oepuo,
TUHIJIOBYMJIAPHU MaB3yTa TAaaJUTyKJW TYIIyHYa €KW aHUK (UKPHHU SPKUH Ba OUYMK
paBUIll]a KETMAa-KeTJIMK OWIaH y3BUM OofjaraHn xoJijia TapMoOKJIallapura
ypraraiu.

OuKprapHUA TapMOKJIAIl KyHuJaruda Taukuil dTHIIa]Iu:

1. Xaénra kenran xap KaHgai ¢ukp oup cy3 Omnad udoma 3THO KeTMa-KeT
é3nnaau.

2. Qukpnap TyramaryHda €3uiljia 1aBOM 3TaBEpPUII KEpak.

3. Wnoxu OGopuya (UKpIAPHUHT KETMA-KETJIUTH Ba ¥3ap0 OOFIMKIUTHHU
KYTTAUTUPUILL.

Hamyna: “Kommnosununon wmartepuaimiap” ma3ycura “‘Kmacrep” rpaduk
OpraHal3€puHU TY3UHT.

“AccecMeHT” MeTOIH

MeTOAHUHT MAaKCaaAM: Ma3Kyp METOJl TabJIUM OJYBUYWJIAPHUHT OHIUM
JapakaciHM 0axoJialll, Ha3opaT KWW, V3JIAIITHPUIN KYpcaTKUYd Ba aMajidid
KYHUKMAaJIapMHU TEKIIUPUINTA HYHAITUPWITaH. Ma3Kyp TEXHHUKA OPKAJIU TabJIUM
OJIyBUMJIAPHUHT  Ouyumn  GaodusaATd Typiad  HyHanmumnuiap (TeCT, amaiaui
KYHUKMaJlap, MyaMMOJIM Ba3usTJIap MallKy, KUECUW TaxJWJ, CHUMITOMIIAPHU
aHUKJIal) Oyilnya Talxuc KUjanHaaIu Ba 0axoinaHaIu.

MeToaHu amaJjira OIMpPUII TAPTUOU:

“AccecMeHT” JapJaH Mabpy3a MaIIFyJoTJIapujia TajabaJapHUHT EKU
KaTHAIMYWJIADHUHT ~ MaBXyJ  OWiIMM  JapaxaCMHM  YpraHullja,  sHCU
MabJIyMOTJIAapHU 0a¢H KUIIHUILA, CEMUHAP, aMaJIMi MaIIFyJoTIap/ia 5ca MaB3y €K1
MabIYMOTJIAPHUA Y3JIAITUPHUI Japa)KaCUHU Oaxojall, MIYHUHTACK, Y3-Y3WHU
Oaxojaimn Makcaauja WHIWBHAyald IHakinga (oWJamaHWII TaBCUS OSTHUJIAJIM.
[IIyHuHTAEK, YKATYBUYMHUHI WXKOJIWM €EHIAINIYBM XamJa YKyB MakcaJJjapuaaH
Kenb YuKuO, acceCMEHTra KyIMMua TONIITHPUKIAPHA KUPUTHII MYMKHH.

Hamyna 1. Xap Oup kartakmaru TYFrpu kaBoO 0,5 Oamn (Tect, Kuécwii

TaxXJIWI, TyIIyHYa TaxXJWwid yuyH) €ku 1 (amanumili kyHuKMa, Keilc yuyH) Oasuirada
0axoJaHUII MYMKHH.
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' Tect
v
Ze
7 Hxkn yruamiau TYaaupyBumiiap a)

Maiina 3appadany Kymumyanap

0) Jlenramap, maTonap, Matiap,
TYPCUMOH 3JIEMEHTIIap

B) bup ymuamnu kymmmuanap

r) Maiina 3appadanu Kym, MeTaiap,
tdocdarmap

Kuécuit Taxjima

Jncnepc MycTaxkamIialT-
pUWJITaH Ba TOJaJIU
MyCTaxXKaMJIallITUPUIIOTaH
KOMITO3UTIIAPHU TAKKOCJIaHT.

1 2. TymyHya TaxJaujiamn

Huxens Ba amroMuHun
acocuia TauépraHra
KOMITO3UTJIAp -

AMaJIuii KYHUKMa

Hucnepc ¢a3za kypcaTkuy-
JApUHY KEITUPUHT Ba
YJIApHUHT aHUKJIAII
ycyiuapuau udoaanad
OepuHT.

Hamyna 2: Xap Oup karakgaru Tyrpu xaBo0 0,5 Oamn (tect, Ku€cui
TaxJIWJI, TYIIyHYa TaxJIWIM yuyH) €ku 1 (amanuid KYHUKMa, Keic yuyH) Oanirada

OaxoJyaHaIu.
V/\>’
z TecT
P &
7 1.KapOGamua-popmanbaeru

\/

EJIMMIIAPUHUHT €Foura
aAre3usacH IKOPUMHU?
e A xa

« B.uyK

Kuécuii Taxjamnia

KyTt6nu Ba non
OOFJTaHUIITIAPHU Y3apO
TaKKOCJIaHT.

1 2. TymyHnya TaxJimimn

Hon Gornanui Oy — ...

E Ban-/lep-Banbc kywiapunu
<% E€rodY-eJIMM KOMIO3ULIMSICHIa

KaHJail Xonatmiapaa X0Cuil
OymuImuHN acocnad OepuHT.

AMaIui KYHUKMa
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Hamymna 3.

Tect

Martpuua, unrepdeiic

Hom-ymaammm  Ba  Oump-ymuamum

Kyluumyaap

Kommnozurmon Marepuaiia
MYCTaxKaMJIAIITUPUII  Ba3u(acuHH
Oaxapamn

Tabuuit mMarepuamiap: CysK, AapaxT
Gapru

Kuécuit Taxjma

KyTt6mu Ba non
OOFNIaHMIIUIAPHHU Y3apo
TAKKO CJIaHT.

2. TymyH4ya TaxJaujiu

Komnozunumon marepuain Oy -

AMaJIuii KYHUKMA

Tonamu MycTaxkamiaImTAPyBYH
KOMITIOHEHT KYpCcaTKHUJIapuHu
KEJTHPHUHT Ba YJIapHUHT
aHMKJIANI YCYJUTAPHHA
udomanad GepuHr.
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I11. HABAPU MATEPHAJLIAP

1-maB3y: Kupum. HaHOTeXHOJIOTHSIHUHT acOCHii TYIIyHYAJIaApH
Pewxa:
1.1. HaHOTE€XHONOTHUAJIADHUHT PUBOXKJIAHUII TEHACHIUSCH.
1.2. HanoTexHonorusiiap TYFpucuaa yMyMHUl MabJIyMOT.
1.3. HaHoOOBeKT, HaHOMaTepuall, HAHOTEXHOJIOTHS TYIITYHUYACH.

Tassny uOopaJsiap: HAHOTEXHOJIOTHA JKapa€HIapy, HAaHOMATepuasiap, YIrJiepon
HaHOTpyOKajapH.

Kupum. @aHHUMHMHT nIpeaMeT Ba Basudanapu.

Yy ¢an MaremaTuk Ba TaOMUNU-WIMHA Xamaa ymyMkacOuil Qaniapra
TasHraH XoJJa HaHOMaTepHAUIAPHUHT (DU3UK-KUMEBUNA MyaMMOJIAPUHU Xall
Kuidim  Ba ¢aH cudartuga MAKUIAHUIIMHE ~ MycTaxkamulaml —Makcaauja:
HAHOTEXHOJIOTUSHUHT aCOCHUU TYIIyHYalaph, HAHOTEXHOJOTUSHHUHI TaJKUKOT
OOBEKTIIapy Ba YJAPHUHT CUH(IAHWUIIN, HAHOTEXHOJIOTHUSTHUHT PUBOKJIAHUII
OocKUUJIapy, HAHOOOBEKTIAPHUHT aCOCHM Typyiapd Ba yjap acoCHUJaru
HAHOTH3UMJIAP, VYIJEPOJJIM HaHOTpyOKayap, ¢yijepeHiap, CynpamMoJIeKysip
KUME, HOOPTraHWK HaHOMaTepualiap; HAHOCTPYKTypajaHTaH MaTepuaiIapHUHT
CHHTE3 yCyJulapH, pyHIaMEHTANl acoclapy TYFPUCHIATH MabIyMOTIapHH Kampad
ojlaiy Ba Oy OwimmiiapHu Tanabajiapra eTkasuil (paHHUHT acoCUM Makcaa Ba
Bazupanapu xucobaHa M.

“Hanomatepuaiiap” (paHUHU Y3JIaIITUPUIL XKapaCHUAA:

o AHOTH3UMHUHT KpUCTAUIO(DU3UKACH, HAHOCTPYKTypaiap Ba yJIapHUHT
CUMMETpHK ndoaacu;
o AIIEKTPOHJIAPHUHT SHEPTETUK CIIEKTPHU KBaHT VIILTOB

CTpYKTypalapuga KBaHT HyKTajap, Tojlanap, IOKOPH Japakaid IaHKapaHUHT
axaMusITH;

o XOJUTHUHT KBaHT 3((eKTH Ba KBAHT YIYOB CTPYKTypajlapHh OMNTHK
XYCYCHSITIAPHHUHT MOXUSITH;

o HaHOKATJIaMJIH KOMIO3UIMSUIapHU MarHut xoccajnapu,
KOHJIecallisjIaHTaH MyXUTJIap/ia SHEPTHUs Ba 3apsiijiap YTKa3ull KapaceHIapu;

o HAaHOCTPYKTypajallllaH MaTepHaUIapHd (QU3UK KUMECH, KHYHMK
aHCcaMOJIIM MOJIeKyJajap, MOJIEKyJapapo ¥3apo TabCUPH XaKuJa TacaBBypra ira
oyumy;

o HaHO3appayajapHH YI4OB Ba (PYHKIIMOHAI XOCCalapH;

o MOJICKYJISIp JTWHAMUKa, KOH(OpMAaIus Ba HAHOTHU3M CHMMETPHUK
TacCBUPH;

o dazamapapo yerapajapH TEPMOJAMHAMUKACH Ba KHHETHKACH,
Knacrep;

o MULIeJUTAJIap XOCKII OYJIUIIM, MOJUMEpHU3alysiiall, MaTpylla CUHTE3H,
Y3apOLIaKJIJIaHHILL,
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o HAaHOMATepHUaJIap: 30JUIap, Telap, CYCHEH3WsUIap, KOJUIOW]
SpUTMaap, MaTpHUIa-aKPATUITaH KJIacTepJid IOKOPH Japa)kajard CTpyKTypamap,
bymiepennap, yIJIepoIIM HAHOTpyOKamap, TMOJuMepiap, IOKOPH Japakaiu
namxapasuap, OuomMmemMopanaap;

o HAHOTH3UMJIAPHU DJEKTp YTKa3yBUM, HCCUKIMK YTKa3yBYM Ba
MEXaHUK XOCCaJlapu.
o HaHOMAaTEpHAJUIAPHH MaxXCyC XoOccalapu, yJapHU (U3HK-KUMEBUN

Ta6I/IaTJ'IapI/I 6OFJII/IKJ'II/IKJ'IapI/I, TAHJIOBYAHJINTHU, SHCPIUA XAXKMIINIH Ba 3JICKTPOH
XOTUPACHUHHUHI' MOXUATUHU OMJIHIIM Ba YiIapaaH @ofmaﬂaﬂa OJIMIIH,

o HAHOKMMEBUI  KOMIIOHEHTaJap: Karamm3aTopiap, copOeHTiap,
peaxTopap;

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

o Jlearmiop-biaomKkeTT MOJEKynsp Kariaamiam yciayOu, TMOJHaHWUOH
MOJIEKYJISIP KOHCTPYKTpJIaIll,

o IOKOpH JIapakajia JIOKaJUTAaHTaH KOIUTaHUIII, aKPaTUIIl Ba MOJIaIapHU
MoudUKanUsIIal yeiayoaapu;

o KOPIYCKYJO-(pOTOHIM Ba AJIEKTPOKUMEBUNM HAHOTEXHOJIOTHLIIAP,

HAaHO30H/UIM JIOK&JI CHHTE3 Ba MOJJAHM aXpaTHUII, MaTepuan H3aCHHU
MoAM(pUKALMSIIAII KYHUKMaJlapura 3ra OYIUIIHN Kepak.
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1.1. HaHOTeXHOJIOTUSUIADHUHT PUBOXKJIAHUII TEHASHUUICH

HanoTtexHo0rustHu pUBOKIIAHUIIM KyHuaaruiaapra OOFInK L

. dusuka

. Kumé

. buonorus

. AKT

. DNEKTPOTEXHHUKA

. ManinHaco3JIuK

Hanorexnonorus reHetnka ()aHWHA PUBOXJIAHUINIHWTA KaTTa Tacup
KypcaTau:

. HAHOTHOOHET

. HaHO KaricyJia

. HaHO reilb

. CapaTOH KaCAJUIMTUHU JaBOJIalll

° cor 65'7J'Il"aH KaTaKJiapra 3apap €TKkasMaclaaH JaBOJIalll

—

_e_?: 2;5—
g gsggéggga
L
g" sr—ooeagg

i E‘ "g s

Vertical sectors

2
Pacm 1. HanOTEXHOMOTHSITAPHUHT PUBOKIIAHUII TSHICHITASACH .

Hano po6otnap.

. Mukpockonuk Mmacitadaard MaliiHa Ba poOOTIApHU SpaTHIL Ba ylapiaH
YHYMJIH (o jaiaHumI.

HanoTtexHonorust Ba KOMHOT:

. KOWHOT amnmnapatiapHy sXIIuIall
. aCTPOHABTJIAPTa MYXUTHH TAKOMUJUIAIITUPHIILL
. KOMHOT caéxaTiapHH ap30HJIaIITHPULIT

. HAHO €p WYJIIOUIJIApUHHU SIPATHILL.

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

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

Fransis, 2009, 24
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Hano o3uxnanui:

O3UKaJIapHU MYy3CU3 CaKJIalll
03UK- OBKATJIapHU OaKTepHsl Ba Mapa3uTiiap/iaH XUMOs KUJTHIII
EHTHUJI Xa3M OYJ1aiurad MoJIaIapHy sIpaTHIII

Hano Ba mynodaa:

KUYUK YI4aMIld Ba T€3I0pap 3JIEKTPOH Kypuiamanap
€HT'WJI, KyBBATJIM yCKyHaJIap

CEHCOPJIAPHUHT SIHTH aBJIOJIAPUHU SPATHUIILL
TaKOMWITAIITHPUIITAH KypoJuiap

Hawno Ba snekrponuka (Pacm 1-2):

. AIEKTPOH KypuMasap dKpaHIapruHU 3aMOHABUNIAIII THPHUIIT

. XOTHpa MHKPOCXEMaJapWHH OWp KBajapaT MJIOWMIArd  XaXMUHTH
TepabalTiapra eTKa3uIl

. MHTErpaJl cXeMajap/ia WIUIATUIAJUTraH sSpuM YTKa3ruuiu acOO0OJapHUHT

XaXXMHUHHU KaMaﬁTHpHm

Source selector, _¢
Wordline
. R
Drain selector =
— K

Bitling_

Upper ALY

selector— !
T -

Wordling B =

Lower 3 . LS

selcc_l(?r;:"t s
o™

O 3
Substrate ™~ 3 TSI
R %% v
"Ny \’}/
Channcl\\\)f‘

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

Pacm 2. Vaymaaman NAND Flash xotupacy yayH TaxMHHHIT Ty3HITHIIH

Hano Ba AKT:

. KaTOUTH HYyp TPyOKaCUHU yTIiepo]] HAHOTpyOKalapura aJaMaiiTHPHIIL

. HAHOTEXHOJIOTUSIIAp/IaH TABMUHOTIA YHYMIIN (DOHIaTaHHIIT

Hano Ba sHepreTuka:

. KY€l Ba UCCUKJIMK OaTapesiapuiaH (o JaTaHMIIL,

. IOKOPHY XapopaTiivd YTKa3THYIapHA UITUTATHIIT

. raJlbBaHUK DJJICMCHTIApP Ba AaKKyMYJSITOPJIApHH, SHTH HAHOABJIOIWHU
SIPaTHUII

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

specifications be
achieved more

Can the gap
be filled by
nanotechnology?

cheaply with
anotechnology?,

Redesign
product

3

<End \/‘

FIGURE 1.3
Flow chart to determine whether nanotechnology should be introduced into a product

Pacm 3. HanotexHoyorusi MaxcyyaoTra KYJUIAHWJIUIIM MYMKUHJIUTUHU aHUKJIAII
IMarpaMMacy .

1)  P.®ecitnman HoOenp mykodoTtu naypeatn. “MeHUHr (QHUKpUMYA,
¢u3nka TPUHIMITIAPYA aTOXMIa aTOMIIApAaH Y3WHHHT IIaXcuid MaHdaaTiapu
nynuna ¢poigaraHuIIHM MaH KunManau”. 1995 i.

,' ™
Richard Fillips Feynman

2) 1996 i. P.SIHr mbe3oaBuraTe/uiap FOSCHMHHM TAaKIU( KWIIH, XO3UPTH
KyHJIa yJap HAaHOTEXHAJIOTUS acOOOJapUHUHT Tperu3noH xapakarianumuau 0.01
A.A=10"y AHWKJIMK OWJIaH TAbMUHIIANHIN.

3) Hopuo Tomurytd OMpPHHYM MapTa “HAHOTEXHOJIOTHSA” aTaMacCHHH
1974 Vinnpa Kynnaau.

4) 1982-1985-itunnapna Hemuc mpodeccopu ['.I'nsafitep KaTTUK
YKUCMJIAp HAHOTY3WUJIMACH KOHIETITUSICUHA TaKJIA(] 3T au.

5) 1985 #unna Pobept Kepn, Xapenn Kpero, Puuapny Cmommnapaan
nbopar onumiiap kamoacu ¢ymiepennapan kamd kuiagu Ba CNT (carbon
nanotubes) HazapuscuHu spaTau, yiaap 1991 iwina taxxpuoba iy Ouiad oOaUHIN.

6) 1982-iiunna I'.bununr Ba T Popep OuprHYM cCkaHEp KWJIYBYU TYHEJUIH
Mukpockorn (CTM) sipataunap.

! Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 12
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7)  1986-itmina ckaHep KMIYBYM aTOM —KY9IM MHKPOCKOII a0 OYIIH.

8) 1987-1988-iiunnapna ajgoxuaa aTomiiapJaH  Y3UHMHT — ITaXCHi
MaHbpaaTaapu  Wynauaa  QoimamaHuim  MMKOHMHHM — OepyBYM  OHMPHHYHU
HAHOTEXHOJIOTHS KypHUIMAIAPHHHUHT UIIJIAII TPHHIUIIAPA HAMOWHII KUJTHH]IH.

3. Jlpekcnep-HaHOTeXHOJIOTUsIap XaKuaara Oapua OmIMMIIapHU
YMYMJAIITAPAM,  Y3-Y3MHM  HAMOEH  KWIYBYM  MOJIEKYJsp  poOoTiap
KOHIETIIVSICHHA aHWUKJIAAW, yJlap WAFUII Ba WU (ICKOMITO3UIIMS)HUHT amaira
OIIMPHINK, MABIIyMOTHM aTOMap JAapa)kala XOoTupara E3ull y3-y3UHH HaMOEH
KUJTUII Ba yrnapjaaH (oiiianaHuil JacTypiIapiHU CaKJIaIId Kepak dH.

9)  1990-fimna CTM épnamuma IBM ¢upmacu Owian Oupranmkna 3Ta
xapd umswiau. Ymap Xe(35 atom) OwiaH HUKEN KPUCTAJUIMHHWHT SICCH TpaMHUja
gusnian. (Pacm 4)

Pacm 4. IBM ¢upMacHHuHr utorpabusicu *

Myp KOHYHM: KypWJIMaHUHI (03a Oupjurura  YpHAIUTHPUIITAH
TPaH3UCTOPJIADHUHT COHM TaxMUHaAH xap 18 oiina ukku OGapobap KynmaluIuHU
HazapJa TYTyBYHM XHCOOIAI KypHIMalapuaaru Y30KMyAAaTiIu TPEH]I.

Kpuaep KOHyHM:KaTTUK JUCKIAPHUHI XOTHUpa XaXMHU JEApIH Xap HuiIH
UKKU Oapobap Kymnasiau.

! Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 302
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Pacm 5. Myp Ba Kpunep konysu ' 23

747y 13t Passive nanostructures (1% generation products)

A/

23| a. Dispersed and contact nanostructures. Ex: aerosols, colloids

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

~ 2000 % 2%: Active nanostructures i
¢85 | a. Bio-active, health effects. Ex: targeted drugs, biodevices
3 b. Physico-chemical active. Ex: 3D transistors, amplifiers,
s actuators, adaptive structures
~ o 3% Systems of nanosystems
Ex: guided assembling; 3D networking and new
hierarchical architectures, robotics, evolutionary ¢

=
>

A

Risk Governance Frame 2 —j¢— Frame 1 —}

~ 2010 ‘ 4": Molecular nanosystems

:
é

Fig. 2.1 Generations of nanotechnology development (Roco 2011)

Pacm 6. HaHOTEXHOMOTHAHUHT PHBOYIIAHUII TEHACHIIHACH”
1.2. HaHOTEeXHOJIOTMAJIAP TYFPUCHIA YMYMHUA MabJIyMOT

benrunanran xoccanu HaHOMaTepHaylap OJUINAAa HIM-()aH Ba TEXHHUKA
IOTYKJIApUHU TaJA0uK Kuiuil. bup Katop HaHOOOBEKTIIap MablyM Ba yjap aH4ya/laH
oepu kymtanagu. Komuomanap, maiiga aucrnepc KyKyHJap WHTHYKA IUIEHKaIap
rynap sxkymiacuaan (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.

Pacm 7. Hanorexnomorusinapaa onronorus. Hano npedukcu
1
(HaHOMeETpOJIOTHS, HAHO0Ac000)

XO03Upru KyHra Kenu0 XOHa XapopaTd IIapOUTHAA [03a/a aTOMIIAPHUHT
OMPUKUIIN Ba XaKM/Ia ATOMJIAPHUHT TYpJId KOMOMHAIMSIIAPU XOCUIT OY TMIITUHUHT
TEXHOJIOTUK YCYJUIApHU UIIA0 YMKUIMOKIA.

Yraepon ‘“nanotube”nap (maHoHaiiua, HaHoTpyOkamapu) CNT (carbon
nanotubes):

. Oy TpyOkanap MOJICKYJISIp MacITabaru MaTepuaiapra Kupasu;

. Tapkuouaa rpadut yriaepoau 0ynubd axxoind xoccanapra sra.

HaHOTeXHOMOTHSIIapUHUHT SHT peajl YMKHIIN aToOMap Ty3WIMaJapuHUHT ¥3-
V3UHU HUUFUILM Jednnaan. 3aMOHAaBHII HAHOTEXHAJOTHUSHHUHT Basudacu, aToMmap
Ty3WJIMaJTapUHA WAFUTIITHY TABMUHIIOBYM TaOWHIA KOHYHUSTIAPHUHY TOTIHUIII.

1.3. HaH000beKT, HAHOMATEePHAJI, HAHOTEXHOJIOTUS TYIIYHYACH

Hamo - “107”. ynaait Kuanb HAHOTEXHOJOTUSIIAPHUHT (PAOJUSAT COXACHTA,
X0X Outta ymuamaa OVicwH wv OwiaH ymyaHaauran oObekTiap kupamu. Kypubd
yuKWIAaE€TraH OOBEKTIap KyJaMu alloXWjJa aToM ViIuyaMuJiaH aH4a KeHT,
KOHTJIamepatiaprava (tapkubuna 1,2 éxu 3 ymuamma 1 MM yrmuamra ara 10°an
OpPTUK aTOM OpraHuK MoJieKynanap). YmlOy oOwekTinap 0.0 cCoH aromjapaaH
nbopaT AMaCIUTd KyJla MyxuMm, Oy 3ca MOAJAHUHT JUCKPET aTOM-MOJEKYJSIp
TYy3WJIMACHHUHT Taig0 OYIMIIM €KW YHUHT KBAaHT KOHYHUSITIApUHHU Oenruiad

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

31



oepamu (pacm 8).

Table 1.1 Some nano concepts and their intensions and extensions

Intension Concept Extension

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

One or more geometrical features  Nanomaterial A nanocomposite
in the nanoscale
Automaton with information MNanodevice  Single electron transistor

storage and/or processing
embodiments in the nanoscale

XKagsan 1. HaHokoHuenuus Ba yJapHUHT TapKUOMM KUCMHU Ba
KYJUIAaHWIAIIA !

1) HanooObexkTHn  aHumkjam. Hanomerp ymuamimu Xap  Kaujai
¢uzukaBuil 00beKT 1X2X3X KOOpAMHATAIM MalAoHAa (Te3 KyH/a BakT ya4aMmuja
OYIIUIIIN MYMKUH).

2)  Xap kaHmaii amrepuan oObEKT HAHOOOBEKT ACHUWIIANH, yiapjaa 103a
aTOMJIADHUHT COHU XaXMJard aTrOMJIApHUHI COHM OWJIaH COJMINTHPMA EKH
IOKOPH.

3)  HanooObkTHM aHukiam. HanooObekT - 1 €ku KYIIpPOK KOOpAWHATA
ymuamnu, A€ DBpoMJIHMHT  3J€KTPOH Y4YyH TYJIKWHHM Y3YHJIUTH  OWJaH
TaKKocIaHaaural o0bekT. (1924 liunga pusuk onum ne bpoiins “@oTonHnap yuyH
KOPOYCKYJISIp TYJIKUHIM Jyajlu3M TaOMaTHUHT HCTalraH 3appack y4yyH MOC™
JIeTraH.

h
A, =—
p ]
Oy epma: h — Ilmank AOUMHCH;, P — DJCKTPOH HMIYJCH;, Ag — J¢ BpOMIHUHT

TYJIKAHMU.

4)  HaHOOOBEKTHH AHWKIAII. Y3MHHHT {ITYOBIAPHIA XOAMUCAHHWHT SHT
CYHITH YITHOBHJAH XaM KWYUK OOBEKTIapHHW aiTumanu (y €ku Oy XOIUCAHWUHT
MOJIIPU3AIMOH  paAWyCu OwiaH Oup XWiI YiadaM, OSJICKTPOHJIAPHUHT SPKUH
XapaKaTlaHWIl Y3YHJIWTH, MarHUT JOMEH YI49aMH, KATTUK >KHCMHHHT ManI0
Oy yiryamu).

5)  HanooObekTHU aHukiam. HaHooOBbekT — Oy y4 Mai0H VIIYaMHHUHT
xed O0ynmaca outracuna 100 uM nan kam OyiaMaran yimgamiau o0bekT. 100 HM — f1e
BpOWIHUHT 3JEKTPOHU YUYH TYJIKUH Y3YHIJIUTH.

! 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.

M
A
c
R
o]

0.1 mm

Micro-

M electronics Applicaons of
| nanotachnology
¢ Malerial
R desigs
o]

0.1 ym . Integrated

 exploitation of

N brologic principles,
A physical laws,
N chemical properties
o]

0.1nm I 1 T 1 T

Today 2020 2040 Year

Source:  Geaph vedrams with pesmission fom VDI-Technology Cenler, Future Technologies Division—APEC Center for Technology Foresight
Thatend

Pacm. 8. Tunuk yauammn O-ymuamium HAHOTU3UMIIAP Ba

1-2
HaHOMAaTCpHUAJUIAPHUHT HAaMYHAJIapH

Hanomatepnammap Oy HaHOOOBEKTJIADHUHT Yy3u (arap yjap TypiH
TeXHUKAaBUI MoOcjamMa Ba yCKyHajap Taiépnamra Xu3Mar KWica, XyJIau
HAHOOOBEKTIAp YOy Marepuajjiapaa MabiyM OUp XYCYCHUST MIAKJUIAHTUPHUILIN
yuyH Qoigananmiaan €Ku HAHOKOHCTPYKTOpJIAHTaH MaTepuasiap Kadu).

! 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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“HanoTexHoJOTHsl ~TylIyHYacH ‘“‘HaHOMAaTepuayl’  TyIIyHYacH Oujal

yambapyiac OOFIIHK.

“TexHO0JIOTHA” aTAMACH Y4 TYIIYHYAHU aHTJIATAM:

1) TeXHOJIOTUK >KapaéH;

2) TEXHOJIOTHUK XYXOKaTiap TYIJIaMu;

3) Kaifta wunUam KapaCHJIAPUHUHT KOHYHHUATIAPU Ba MaxCyJIOTHHU

VpranyBum WIMHH (aH.

HanoTtexHosioruss — HaHOMaTepUaIapHU OJIMII, KaiTa WIIUIAI Ba KYJUIAII

KOHYHUATIIAPUHU YpraHyBUYH (aH.

8.

9.

Ha3zopar caBosiapn
“Hanomarepuaiiap” TyllyHYacura Tabpug OCpuHT.
HanomarepuaiiapHuHr kaHaail TypiaapuHu ounacus?
HanomeTpomorus Ba HaHoac000 1e6 HuMara anTuaaau?
HaHnomaTtepuaniiapHUHT ajJoxuja XyCyCUsITIIapHUHT cabadu HuMasa?
Myp KOHyHU HUMA?
Kpunep KOHyHH TYUIyHTUPHUHT?

okowdE
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2-maB3y: HaH000beKTJIapHUHT acOCHil TypJIapu Ba yJjap acocuaaru

HaHOCHCTEeMAJIap.
Pexa:
2.1. Hanozappauamap Ba HaHOMaTepHaUlap XyCYCHATIAPUHUHT (U3UKABUN

cababuapu.
2.2. HanooOnwektnap TacHudu.

Tasanu wubopanap: QysuiepeHnap, yriaepoaau TpyOkamap, CyIpamMoOJIEKysip
MoJjanap, BHCKEpiap, MaHTaHWTIap, (OTOH KpUCTAIIapu, OHOKepaMuKa,
HAaHOOJIMOCJIAp, Ta3JIM TUAPATIApP Ba KjacTepiap.

2.1. Hano3zappauaJjiap Ba HAHOMaTepUaIap XyCYCHUATIAPUHUHT (PM3UKABHIA
cabadiapu

1)  HanooOwekTiapma (03a €kM JOH 4Yerapa aTOMJIAPUHUHT COHHU
X@KMJIark aToMjiap CoHU Ominan Takkociaanamu [1] (pacm 1-2).

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

1
Pacm 1. Kecumpaaru 19 aTomian Taikui TONraH HaHO3appaya .

Cohesion Adhesion Y12
/

— 2y,

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

Pacwm 2. Koresus Ba aaresus 2

! 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) IO3ama koinamran aromyiap XaM KaTTHK KHUCM  XaXKMHJArd
atoMmiapiaad (apkiau Yiaapox, VHUK KoWigap Ba OOCKWWIAPHHWHT Yy3elulapuia
KaMCOHJIM TyTaJUlaHTaH ajiokajapra 3ra Oymamu. By Xom HaHOOOBEKTIAap Ba
MOHOTApKHUOJAIITaH MaTepUANIAPHUHT KUMEBUHN, KATAIUTUK (DAOTHUATH Typimya
opTumMra onub Kejaaau. byHnaH Tamkapy yriiepoJ aToMjapJaH MHUTPAIHS, SbHU
muhGy3noH MUTpanysi, PEeKPUCTALIN3AIMUS, IIYHHHTJAEK COpOIMOH XaxXM Ba
OoIIKaIap TE3TMTHHUHT OPTHUIIH F03aIMK OYilna0 aHua Te3 103 oepaau (pacm 3).

Environment

OOOOOO)

000000

Bulk

FIGURE 2.3

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

Pacm 3. Ukkura ymuamaa o0bekTHH OoFmanumu. KO3a aromnapu (OK) HUKH
aToMIapHaaH cudar kuxaTaan Gapk Kumaan (KyIpamr).

3) HanooObekTnap y4yH UYM3HKJIM Ba [03aKW TapaHTJANTyBHUHT
TacBHpJall Ky4Yd HaHOOOBEKTIIap yuyH OYJraHura Kaparatja aHda Ky4Jd HaMOEH
OYnmaau, YyHKH KATTHUK JKUCM X@XMHUJA [03aJIaH y30KjalraHia Oy Kywwiap aHdya
3audramanyd. by Ky4wIapHUHT KaTTaJIUTH HAHOOOBEKT XAKMHUHUHT KPHUCTAJUIHK
TapkuOM KAMUMJUKIAPUHUHT Ky4dJapuaH TO3aJaHUIIUTa OJu0  KelaJu.
HanooObekT HaHOOOBEKTra Kaparanja aH4a MyKamMMall KPUCTaUIMK TapKuOura
sra. TacBup Kywiapu ¥3 HOMUHH JJIEKTp MalJOHJIApHU XHcOOmalml ycynu Oyiinua
onraH (pacMm 4-6).

Lateral
shift

Inward
shift ¥

00 0O

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

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

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

Pacm 4. KO3a aTomiapu CHIDKUIIM CXEMacu Ba 103a YHEPTUSICUHUHT
. N 2
kamaiuiu. KpeMHuil 103aCHHUHT peCTPYKTYPHU3AIUSCH .

! 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 BOJIOPOJ Ba
TUAPOKCHUJ] TPYIIIAIN 0JIMOC Ba KDEMHUIHUHT 103aCU

Fig. 2.7. Examples of single crystals with thermodynamic equilibrium shape. (Top-left)
Sodium chloride, (top-right) silver, (bottom-left) silver, and (bottom-right) gold. Gold par-
ticles are formed at 1000°C and some facets have gone through roughening transition.
PacM 6. MOHKpUCTAJUTApHUHT HAMYyHAJIapud — HATPUN XJIOPUAM, KyMYII,
orruH (xapopar 1000°C)>.

4) HanooObexkTnapAa TapKajdull, PEeKOMOMHAIMs Xamaa OOBEKTIAPHUHT
yerapajiapujia akc ATUII OujaH OOFJuK OynraH kaTTainuk 3¢dQexTiapu Karrta
axamusTra sra 6ynaau (ran MUKpo3appadalapHUHT XapakaTu ycTuaa 00pMOK/Ia).

Xap Kanaai kyuupuin xoaucacuaa (d71. TOKH, UCCUKJIMKHU YTKa3yBUYaHIIHK,
miacTuK, jJedopmamusi Ba XOKas3ojap) BOCUTajapra KaHAAWIAp OPKUH
IOTYPHUIIIHUHT caMapail y3yHJIHUIrura Hucoatr Oepuill MyMKUH, OyHAa 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 FOTYPHUII y3YHJIWTH, BOCUTAIAPHUHT TAPKAJIWII Ba
XaJIOK OYnuIm skapaéHu OOBEKTHUHT TEOMETPHUSACUTA YHYAIUK OOFIIMK OYIMaiiiu.
Arapna OOBEKT KATTAIMTHHH BOCHUTAHWHT JPKUH IOTYPHIN Y3yHJIUTH OWJIaH
TaKKOCJaIl MyMKHH OyJca, y xonaa Oy skapa¢Hiap aHua HHTCHCHB Keuau Ba yiap
HaMYHaHHUHT T€OMETPHUSCHUTA Ky4JId Japaxasaa OoFauk O0yiaau (pacm 7).

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

>

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

Formation rate of the solid phase

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

o o 1
Pacm 7. Hyknearus Ba ycuil »apa€Hiiapu cxemaiapu .

5) Hano3appanapHUHT KaTTaIUTH SHTY (a3a, JOMEH, JUCIOKAIIMOH XaJIKa Ba
nry kaOuaap MypTaruHUHT KaTTaJuru OWjiaH TEHT €KW yHJaH KU4uK Oynanu. By
HAaHOOOBEKTNIap Ba HaHOMaTepHaJUIApHUHT MarHUT Xxoccanapu (Fe Hanoszappa
MarHuT XOCCacura Jra sMac), JUAJIEKTPUK Xoccajapd, MNHUIIHK-TYXTaJIuK
xXoccajlapyu MaKpoOoOBEKTIAPHUKUTA HUCOATaH TyO1aH Kamaiuimmra omd Kelau.

6) MoiaHMHT KaMCOHJIM aTOMJIapU YYyH F03aHM PEKOHCTPYKIIWS KHIIHIIL,
V3UHM Y34 TalKWI JTULI Ba Y3WHUA Y3U WHAFUII XOCIWpP, SBHU aTOM KiacTepra
OuprnamraHuia TeOMETPUK TY3WIMAIAPHUHT XOCWJ Oynumm 103 Oepaau, yinapaaH
KEeHMWHYAIHMK TEXHHUK BasudalapHu Xall KWIKII yuyH (oraananuin MmyMKuH (pacum 8).

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

7) HanooObekTnapma Typam DJJIeMEHTap 3appaiap  (dJIEKTpOHIap)
XapaKaTUHUHT KBaHT KOHYHUSTIapu HaMOEH Oynanau. KBaHT MexaHUWKAacH HyKTau
Ha3apuJaH OJIraHAa, SJCKTPOHHU TETULUIM TYIKUH (DYHKIUSUIAPUHU BYXKYyHra
KEJITUpaJAUral TYJIKUH 1e0 TacaBBYp KWJIUII MYMKHH. By TYIKUHHUHT KaTTHK
KUCMJATH TapKaJWIIM KBaHT 4YerapajoByd OwiaH OOFIMK Oyiran (TYIKUH
uHTEepPEPEHINACH, MOTEHIHUAN TYCUKJIAp OpPKAJIU TYyHHEPJIAHUIT MYMKHHIIUTH)
Xoaucanap OwWiiaH HazopaT KWIMHAIu. MeTamn maTepuaiap ydyH JJIeMEHTap
3appapyajapHUHI TYJIKUHJIM TaOWaTh TOMOHMIAH KyWHJIaJuUTraH YeKJIOBJAp
x03upya go0s13ap0 3mac, YyHKH, yJap yu4yH (3JEKTpoHap yuyH) Ae bpoin Tynkunu
Ae < 1 MM, coHM OUp HEUa aTOMJIM MUKIOpJIapHU Tamikui 3taau. [l/m ga sca
AJICKTPOHHUHT camapalldi Maccacd Ba YHHWHT XapakaT TE3JIMTd IIyHIAWKH, e
Bpoiis1 TYIIKUHUHUHT Y3YHIIUTH 31€KTPOHU yuyH 10 mMaan 100 MmrayaHu Tamikui
stumi MyMkuH. [Ily Oumnan Oupra, makimaHa€Tran a I/ Ty3WJIMaJapUHUHT
KaTTanury ymoy yiadamiiap Owitan OapaBapaup. 3aMOHaBUN MUKPOITpOIIECCOpIiap
(¢ xoTupa) koHTakTIIap Yypracuaaru macoda 0.03 mxmman 30 MxMraya.

8) HaHoOOBeKTHUHT Viyamu Kuupaiim® OopraH capu SJCKTPOHJIAp
HHEPTeTUK CIEKTPUHHUHT JUCKpPETH3alUAIANIYB Aapaxkacu opTubd 6opaau. KBanT
HYKTa y4yH (aiiHaH Oup Heya aToMaaH ubopat OyiaraH OOBEKT YUyH) JIEKTPOHIIAP
amanna aipum atoM OuylaH Oup Xwy OYiraH pyxcar JTHITAaH SHEPTUsiap
CrieKTpura sra 0yna 6opaju.

2.2. Hanoo0bexkT/1ap TAaCHUDH.

HaHOOOBEKTHUHI KATTa-KUYMUKJIWIA — HAHOOOBEKTIAPHU TACHU(IIAIIHUHT
acocHuIup.

Karra-knunkinmkka MmyBouK Kyiugaruiap dapkiaHaIn:

1) 0-D HaHOOOBEKTNIAp — YNApHUHT 3 Ta MAKOH YITYaMHHHMHT XaMMach
HAaHOMETp Auana3zoHuaa €raau (Kymoa Kuinbd aiTranaa: 3 YI9aMHHHT XaMMacu <
100 HMm).

Bbynnait 00beKT MaKpOCKOIIMK MabHOAA HYJIbMEpu Oynaau Ba mry cabadmim,
3JIEKTPOH XOccajapy HyKTau HazapuaaH, OyHaail oObeKTiaap KBaHT HyKTayuap 1eod
artanaav. Ymapaaru ae bpoinbs TyIKMHM Xap KaHJad MakOH MMKIOPJAH KaTTa
Oynaaun. KBaHT HyKTajmapaaH Jasep KypWIMILKIA, ONTOXJIEKTPOHUKA/A,
dboToHukaga, ceHcoprkaa Ba Oormikanapaa porgananunaau (pacm 9-11).
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Fig. 3.10. SEM micrographs of gold nanoparticles prepared with sodium citrate (a) and
citric acid (b) as reduction reagents, respectively, under otherwise similar synthesis condi-
tions. [W.O. Miligan and R.H. Morriss, J Am. Chem. Soc. 86, 3461 (1964).]

Pacwm 9. KaitrapyBuu cudaruia KyuiaHuiIaaurad HaTpui HUTpaTH Ba JTUMOH
1
KMCJIOTACHUIard OJITUH HaHO3appadayiapu .

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-3¢pup MyxuTuaaru KpeMHE3eM HaHO3appayaiapu’ .

Cd(Me),
g S{TMS)

e —
Reflux 100°C

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

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

Pacm 11. SIapo-KoOMK HAHOKPHUCTAUTAPHUHT CUHTE3H CdSe/Cds?

2) 1-D HaHOOOBEKTIap — UKKH YauaMja HAHOMETPUK KaTTaJIMKKa, YYUHUH
ymuamaa 3ca — MaKpPOCKONHUK KaTTalvkka dra Oymamu. bymap sxymmacura
HaHOCHMJIap, HAaHOTOJIajIap, OUp AEBOPJIM Ba KYI A€BOPJIM 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 okymnagaH JIHKHuHr wkxkm xaBamim cnupamiapu

xkuputiama (pacm 12-15).

) (6) Diffusion of
Growth species by-products

in the bulk -
O O

) Diffus‘son\
from the bulk .

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

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

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

Pacm 12. T'eteporen peakuust Oyitmua 6-kappajivd KPUCTAJUIAPHUHT VCHUII

TI/IBI/IMI/Il .

28 Stacking foult
-

[0110]
 ——

(.52 nn

BAMARAAMAA AR AR N0y
A

i
Stacking fault

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

Pacwm 13. Pyx okcuau mHanoHaiyanapu yayH SEM Ba TEM anekTpon
MUKpPOTACBUPJIAPHU” .

! 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
41



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

Pacm 14. Muc okcuau nHanocumiapu yuyH SEM Ba TEM »snextpon
MHKPOTaCBHPIAPH .
VAPOR

\l/

SILICON
VAPOR CRYSTAL

Mg
3

=

SILICON SUBSTRATE
(a) (b)

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

Pacm 15. I'a3-CyloKIMK-KaTTUK JKUCM YCYJMHHUHI CXE€MacH: a- OOUUIaHFUY
s ~r 2
3appayda XocuJ1 Oynuiim, 0- yeumr”,

3) 2-D nanoo6bexTnap — ¢akar ourTa yryama HAHOMETPUK KaTTaJIMKKa 3ra
Oynaau, KOJAraH UKKHUTa Yadamia 3ca 0y KaTTalluK MakpOoCKONuK Oynamau. bynaait
00BEKTIap >Kymjacura OWUp TapKUOIM MATEpPUAIIHUHT o3ara SIKUH WHTHYKa
KaTjgamyiapu: IDICHKanap, Koljlamamap, MeMOpaHajap, Kym  KaTjaamid
reTepOTy3WIMaNIap KUPUTUIIAAN. YJAPHUHT KBAa3W UKKU YITUYaMIIWJINTH AJIEKTPOH
TQ3HUHT  XOCCAJIAPWUHHU,  JJEKTPOH  YTUNIIApHUHT  (p-  YTUIUIAPHUHT)
XYCYCUATIIAPUHYU Ba N1y KaOWJApHHU Y3rapTUPUII UMKOHUHU Oepaau. AlHan 2-D
HAaHOOOBEKTIIAP PATUOPKTPOHUKAHIHT TAMOMUJIA STHTH DJIEMEHT 0a3aCcHHU UIILIa0

'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 YIyH acoc Yinad TONmMII MMKOHUHU Oepanu. By sHIu HaHO3JIEKTPOHUKA,
HAHOONTHKA Ba 11y Kadbuiap 0ymaau (pacm 16-19).

paat , dhe . M6

lskand ar Wolmer—Webser grewth

oo o, SRS ., S

Layer or Frank—van der Merae growth

oo, S, Sl

Iskand-layer or Serunski-Krastomov growth

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

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

Pacm 16. FOnka miienkanapHuHr yeuin cxemacu. Oponvanu yeuin cyocTpaT
6UIaH MycTaxKkaM GOFIAHraH 3appadaiap yayH Gopaan |

i
[

(] ] ]
Film
- + T 4
| 1] [
Subsirabe
i 1
Siatched Strained Rozlnaxed

Fig. 5.3. Schematic illestrating the lattice matched homoepitaxial film and substrate,
stramed and relaxed heterocpitaxial structures,
PacMm 17. I'ereposnuTakcualn mieHKaJapHUHT CTPECAAru Ba peflakcalusari
TOMOSIHUTAKCHANI TJICHKA Ba CyOCTpaTHUHI KPHUCTA/UT MaHXKapacu cxemacu, Pyx
OKCHIH HaHOHaityanapu yayH SEM Ba TEM 21eKTpOH 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 diamond CVD
process: flow of reactants into the reacter, activation of the reactants by the thermal and
plasma processes, reaction and transport of the specices to the growing surface, and surface
chemical processes depositing dhamond and other forms of carbon, [JLE. Butler and
D.G. Goodwin, in Propertics, Growth and Applications of Diamond, eds. M. H. Nazare and
A_J. Neves, INSPEC, London, p. 262, 2001.)

Pacm 18. CVD xapaénu Oyitnua HaHOOJIMOCIAPHU OJUIITHUHT TPUHITUITHAT
TU3UMHU: PEArCHTIAPHUHT PEAKTOpra OKMMH, PEarcHTIapHU TEPMUK Kapa€H €Ku
mia3Ma Owiia (haoJUIaHUINKM, YCYBUYM [03ajlapra 3appadajapHUHT Talluo YTHUIIHIIN

Ba pEaKUusCH, OJMOCIApPHUHI Ba YIJIEPOJHUHI  OOIIKAa  IIAKJJIAPUHU
o v o . 1
YYKTUPHUILIHUHT F03a1ard KUMEBHI JKapacHIIapy .

Q annen
E"’?ﬁ% 8a8aR
slorslolel 111

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

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

Pacm 19. Jlenrmiop-biomxer nienkaiapuau oiuil. MoHoOKaBar, OMKaBar,

y-MynaTukaBaT. Arapma «tail» «headyman kuumk Oynca momsp  ambudun
N 2
MOJIEKYJIajap y3-y3uaH MUIeuTaiap XOCHI KIUIaau

! 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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Xo3upru BakTAa 2-D HaHOOOBEKTNIAp XaMMaJaH KYIpOK XHJIMa-Xuil
aHTU(pa3uoOH, AHTUKOPPO3HMOH Ba XOKa30 KoIulamajap cudarujga Xu3zmar
KWIMOK/1a. YJap MOJEKyJsip GuibTpiaap, COPOSHTIp Ba LIy Kabwiapaa Typiau XUl
MeMOpaHaiap sSipaTHIll Y9yH XaM KaTTa axamHsTra sra.
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Cynpamonexyssip Kume.

Buckepnap.
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1
Masnranutiap.

ore ready Magnetite nanopartides

\ecomes a inoi. The fluid can be
controlled and shaped
magneticaly.

e
) _ Magn etotactioum
\ \ \ he bavariarm. Magnetic
5 in apple is bacteria can synthesise
s chains of neno-magne
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compass needle.

his fruit.
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! 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.

Ha3zopar caBoJuiapu
Hano3zappauanap Ba HaHOKJ1acTepiap 1e6 HUMara anTuiaaan?
0-D nanooObekTiIapra MUCOI KEITHPHHT.
1-D HaHOOOBEKTIApTa MUCOJ KENTHPUHT .
2-D HaHOOOBEKTIapra MUCOJ KEITHPHHT.
Qynnepennap Ba YINIEPOMIM TPYOKaTapHHHI KaHIAH TypJiapuHU
Ounacus.
Cynpamornexyssip Mogaagapra MUCOJ KEJITUPUHT.
/. Hoopranuk HaHOMaTepHaJJIAPHUHT KaHAal TypJiapuHu Ousacus?

okrhowpbdE

S

doiiasaHnIran 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: HaHocTpyKTypajaHran MaTepuauIapHU CHHTE3 YCYJJIapu
Pexa:
3.1. Hanozappanap, HaHOKYKyHJIap HA CUHTE3 KWIHII yCYJUTapu
3.2. 0-D nanoo0ObexTnap
3.3. 1-D nanooObexTnap
3.4. Yrnepoacus HaHOTpyOKasiap
Tasny udopanap: CVD, PVD, nanokykyHniapu, ra3dazanu cunres, OyrJlapHUHT
KOHJICHCAITUSICH, . TFITa3MaKUMEBUM CUHTE3, Ja3epiin aOsaIus.

3.1. Hano3appaJjiap, HAHOKYKYHJIAPHHM CHHTe3 KWIHII YCYJUIapu
Xo3upru mnaitga MabiayM  OyiaraH HaHOMaTepuaylap  3aMOHABUUI
TEXHOJOTHsUIapra (paH Ba TEXHUKAHUHT TYpJIM cOXalapHuIaH KUPUO KeNTaHIUTHHA
xyucoOra onranja, OupoH-Oup acocaa MakOys Oyiran siroHa TaCHUGHUHT Y3U UYK
(pacm 1-2).
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Nanomaterial

Nano-object 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 nanofiber) (rigid nanofiber)
nanofiber)
FIGURE 6.2

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

1
Pacm 1. HaHOOOBEKTIHApHUHT KOHLENTYaJl TU3UMHU

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

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

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

b These materials may be described with the adiective “nanoporous”
for, in French, using the nour

ENanofiuids are included here

2
PacMm 2. HanonucnepcusiiapHUHT OHTOJIOTUSACH

HanomartepuaJsiap:

-KarTa xaxmim HaHOTapKHUOJIAIITraH MaTepuaiiap;

-HaHoknacrepiap, HaHO3appaiap, HAHOKYKYHJIap;

-Kyn katiiamnm HaHOIUICHKAJIAp, Ky KaTJIaMJIM HAHOTY3UJIMaap, KyIl KaTJaMJId
HaHOKOILJIamasap;

-OyHKIMOHAN (aKJIJIM) HAHOMaTepuasap;

-HaHoroBakiin maTepuasap;

-Oynnepennap Ba ylapHUHT XOCUJlalapy OYITraH HAaHOKYBYpJIap;

-buonoruk Ba 6uoOupnaiiran MmaTepuasiap;

-HanotapkuOau CyroKIukiap: KOJUIOuaIap, reiiap, CyCcreH3usiap, nojmMep
KOMIIO3UTJIap;

-Hanokommosurnap.

! 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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Pacm 3. HaHOCTpYKTYypacHHMHT Xap XWJI [AKJJIapH
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Nanofibers
nanoparticles

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

Pacwm 4. “3on-ren” xapaéu’

Jlactnabku HaHO3appajiap OJaM TOMOHHIAH araiinad smacw, Tacomaudax,
TypJIU TEXHOJIOTHK Kapa€Hiap/a spaTUirad. X03Upru BakTAa yjap spaTuiiaJurad
Ba Maxcyc WNUIA0 uYuMKapuwiIaguran Oynau, Oy 5ca HaHOTEXHOJOTHsJIapra acoc
conau. HaHOTEXHONOTHWSUIADHUHT  PUBOXKIAHUIIM  allpuM  (yHIaMEHTal
NPUHIUILIAPHUHT TyOIaH KaiTa KypuO unkuiumura oiaub kenmu. (Pacm 3-4).

“KOxopudan-nacmea”  WyIM  —  HAHOTEXHOJOTHSUIAPHUHT  YMYMHM
napagurmMacud  (SIJpuM MaxcyJoTAaH (TaHABOpJlaH) OpPTUKYA KUCMIIAp KecuO
TallIaHa N )

Hanortexunonorusinap “nacmoawn- wxKopuea’ — KWYMKIAH KartTtara (aTomaaH
oObekTra) uynuuu Taknud kuwiaau. by HaHOTexHOJIOTHsIIap HapagurMacuIup.

Fig. 28 Schemstic
illuserations of the synthesis

methods of menomasterials
(Qizo et 2. 2011)

2
Pacwm 5. “IOkopunan-nactra” Ba “Ilactnan-rokopura” MeToiap

! 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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Nucleation
rate

e

AG

FIGURE 6.3

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

Pacm 6. PacM. n-aromnapjiaH TallKWid O3TYBUM KIACTEPHUHT OSPKUH
OSHEPTUACUHU Y3TapuIIU. SIIPOHUHT KPUTHUK YIdyaMura MaKCHUMall PaBHIIJIa MOC
KeJIaJIn .

3.2. 0-D nanoooBeKkTIAP

X034pru BaKT/a acocaH HAHOTEXHOJIOTUsIapaa ousra
MaKpOTEXHOJIOTUSTIApIaH YTraH TEXHOJOTUK YCyJiap YCTYHIUK Kuiamokaa. 0-D
Tondacura MaHcyO HaHO3appaJlapHU SIPATHIL YUyH XO3UPIHM HAaHOTEXHOJIOTHUsIap
JUCHEPCUSIIAI, SbHA  MaWJayalml  yCyJWHM  KYyJUIamMoKaa. Xap  KaHJai
MUKPOCKOIIMK OOBEKTHU HaHOYJI4amiiapraya Maijanam (Iucrepcusiiani) yuyH
OJUTUN JTUCTIEpCHsUIAIl TYFpPU KeIMalau. 3appajiap KaH4a Mmaiga Oymica, ynap
I03aCUHUHT (haoJUTUTH IITyHYa FOKOpH OYiIaau, HaTHKala aloXyjia 3appajap Karra
XQKMJIM  KOHTJIoMepamiapra Oupnamanu. Iy cababnm yra wuHrHuka
JTUCTIEPCHSUIAIl YYYyH [03a/lard TapaHTJIUuK KyWIapUHU KaMaWTUpaJuraH I03aKu
daon mommanap, IIYHUHTIEK CTaOWIM3aTOpiap Tap3uaard MyaissH TypJard
MYXHWTHH, TaKpOpaH KYIIMJWINTa TYCKWHJIWK KWJIAQIUTaH COBCH Tap3uaaru
KOMTIO3UIIMSUTAPHY KYJUTAHUIN Tanad KuinHaau. KaTTuk KUCM derapacuaa 03aku
DHEPIUs KyJa XaM IacaMral MYausH IapouTyiapAa IUCIEPCIAHUII Kapa€Hu y3-
Vy3ugaH, macaiaH, 3appajapHUHT MCCUKIUK XapakaTd XHCOOMAaH 103 Oepuinu
MyMKHH. AHa 11y ycyulp OwiaH 3appajap KaTTainurd yHinad Hm Oynran Me
KyKyHJIApUHHM, Ym0y METaUIapHUHT 3appanap KaTTaaurn 1 HM Oynran
OKCHJJIQPWHU OJIMIN, IIYHUHTJEK MOJMMEpap, KepaMuKa KOMIOHEHTIApH B Iy
KaOWJIAapHUHT AUCTICPCUSIIAHUIITNHN aMajira OIMMPHUIIT MYMKHH.

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

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

54



60|

D, um

L Dreop(t) [ SN o
1 L 1 1 1 Il 1
1-104 2-10¢4 3-10¢ 4-10¢ 5-10¢0 6-10* /.«
T T

T T T T T

0,003 //‘/ L
- I
i I
0,002 1/l

H

&, OrH

Pacm 7. Bonsdpam kagOoupHuar HaHokykyHiapu (50 uM). MexaHOKUMEBHUI
cuntesa - 10 coart, D- pazmep vactuil, € — MUKpoOHampsiKeHus, t- coar

Pacm 8. Turan kanOuaHWHT HaHOKYKyHJIapu (2-100 HM). MexaHOKUMEBUI
CUHTE3.

2) JlucmepcusuianmiiaH — TalIKapu MKKUTa YEKJaHTaH MapaJurMaHuHT
KymuMaumuaad ubopat Oynran skapaéHmaH keHr ¢oiinananunaau. by skxapaén
KAaTTUK MOJIAaHWUHT OyFiaHuO, IIyHJal KeHuH TypJid  I[IApOUTIIApaa
KOHJICHCAIMsIANTyBUMaH noopaT. MacanaH, COBYTWITaH MHEPT Ta3 MyXUTHIA
5000 — 10000 C mapakacuravya KH3AUpWITaH MOJa OyFWMHH KOHJCHCAIMIIAO,
XocuJ1 OYTaH KYKYHHHM KOHJIEHCAIIMs 30HACHU IaH Te3a ynkapuO Tanuiam. [y iy
OwtaH 3appanap KaTTaaurd 3 — 5 HM OYJran KyKYHJIApHU OJTUII MYMKHH.
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PacMm 9. HanomarepuaiuiapHu OJIMII KypUIMacu

1 — byrmanaérran momna ManOau, 2 — ynkapu6 tanuianr; 3— KykyH;
4 — Kypakua,; 5 — Konjaencanus 6apabanu

3) YuuHuM ycya Xam aHbaHaBUW JUCIIEpCUsIIAIra ajJoKazaop OYnul, sputuira
MOJIJIaHd COBYTHJITAH Ta3 €KU CYIOKJIMK OKUMUJAa TypKail e aTtamaiam.

TomumHn Malijganaligurad OKUMHHHT Tra3 MYXUTH cudaThuaa, CYHOKIHK
cudaruga dca COUPTIAp, CYB, alleTOH XuU3Mar Kuiuim MyMkuH. lyHmait ycyn
owan kartanuru 100 HMra sskuH OYIran 3appajiapHu OJIUIT MyMKHH.

QOOQO o

d
(==

2 O

Tabpudnanran ycyJUIapHUHT XaMMacHd >KyAa YHYMJIHM, OHMpOK Kouja
TapuKacuza yJiap KyKYHHUHI YJIbTPAaIUCHEPIUIHUHU, 3appajapHUHI KaTTUIIUTU
Oup  OYyIMIIMHM  TabMHUHJIAMaWIW,  Xamja  KapaCHHUHT  TO3AJIUTHHU
TabMUHJIaMaiau. bynap HaHo3appandapHU MAKUIAHTUPUIIHUHT Mabiiym Oyiran
Ooupnan-omp ycymaapu sMmac. 0-D HaHOOOBEKTIAp ’Kymiylacura yJIbTpaaHMCIIEpC

KyKyHJIapJaH Tamkapu ¢ymiepennapuu, yriaepom 0-D HaHOOOBEKTIapHU XaM
KUpUTAIUIAP.
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3.3. 1-D nanooObekTIAD

AWTHO YTUIraH HAHOOOBEKTIAPHUHI Xap OWPU TEXHUKAHUHT TYpJIU
coxajapuja KyJnaHwiaad. MacaiaH, HaHOCUMJIapJaH CyOMHMKpPOH  Ba
HAHODXJIEKTPOH Yy3euiapja YyTKasyBuuiap cudatuga (oWJaaHUIIHA —TAKIU
Kuiaguiap. HaHoTonanap HaHOTapKUOMAIITUPUITaH HAHOKOMITO3UIIMOH TI/Tia
aneMeHT cudaruna kymianunagu. OpraHvuk HaHOMOJIEKyJajnap XaM THOOuETHa,
KUME CaHOATH/Ia HAHOTAPKUOJIAIITUPUIITAH MaTepraliap spaTUilia KyJTaHUIau.

DNeKTpOHUKA YU4yH HaHOTpyOKanap kabu 1-D HaHOOOBEKTIIAp Kyaa MyXUM
axaMuaT KacO ATaM. YMyMaH OoJraHja XxaMMa HaHOTpyOkaiap 2 Ta KaTTa Toudara
OynuHanu:

1) VYruepomim HanotpyOkanap (YHT)
2) VYraepozacu3 HAaHOTpyOKaap.

bynnan Tamkapu xamMma HaHOTpyOKanap KaTJIaMJIADHUHT COHU OYiinua
axpanub Typaau: OUp KaTjaamMiM, UKKA KaTJIaMJITd, Ky KaTJaMIId.

3.4. Yriepoacus HaHOTPyOKaIap

XaMMma yriepojicu3 HaHOTpyOKanap MKKU TypKyMra OyIuHaau:

1) TapkuOura yriepos Kupaaural YTKUHYM HAHOTY3WJIMaiap

2) JluxanbKoreHuJT HaHOTpyOKasnap. XO3UPTH BaKTIAa JUXaJTbKOTCHU/I
TpyOkamapaa MoS, WS,, WSe,, MoTe, Ba Oomkamap wmabiayM. bynnai
HAaHOTpyOKajap yTa ronKa, uaeai XxoJiaTja — MHOATOMIIM Katjamiap, ypam KHino
ypanraHn Matepuaaiapaup.

2

bab3u kammamnu Marepuaiap KUMEBUW  aJIOKAJap aCCHUMMETPHK
Oynarannuru Tydaitnu OyHpmaid ypamiapra MyCTakui paBHIIa aH4Ya OCOH
Vypanaau, nury Ouinad Oupra OyHIal Ty3uJIMalapHU MAKIIAHTUPHINIATH OWpIaH-
Oup MyamMMoO - JpKHMH, Xe4 Hapca OwiaH OofjaHMaraH aToM KaTTaJIUTHJard
MOJJIa KaTJIaMUHM OJIMINJAH uOopar. bomka Marepuamiap y3-y3uman ypaiud
KOJIMILTAa MOMMII OYiIMaiau Ba 1y cababiu XO3upru BaKTJa HaHOTpyOKallapHU
MaxOypaH MIAKJUIAHTHPUII UMKOHUHH O€pajuraH TEXHOJOTHUS yCyJUlapyu HIIIa0
YUKWIMOKAa. byHaai xapaéunapHuHr 3 Ta BapuaHTH O60p:

1)  Mapxyn Oyiaran HaHOTpyOKa acocHia HaHOTPYyOKa
SPaATMOKYHU OynaérraHnmMm3 MaTepUATHUHT IOTTKA KaTJIaMIIapHHA
reTeposnuTakcuan omupud 6opuni. Mucon GaN —ZnO.
By ycymHUHT acocwii KaMYMIUTH WIYHAAKH, TETEPONMUTAKCHAT OIIMPUO
OOpHIII YIyH WKKWTA MATEPUAIHA TaHJIAIl KUIHIH.
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2)  boumaHfWd HAHOCUMHH  JJIGKTPOH Hyp OWJIAH HW3YWI paBUIIIA
KamMalTupuO OopuIn Wyau OuslaH OJMHTaH OUp JEBOPJIM HaHOTpyOKkamap. Mucor:
OntuH Ba miiatTiHa HaHOTpyOKanap. D Pt HanoTpyOkanap - 0,48 HM.

3) Kamummuru Oup Heya MOHOKATJIaM OYiraH IONKa, THUFU3
reTepodNMTaKCual Ty3WJIMaHU sICCH TarjdKaa eTUINTHPUO, NIyHJAaH KeHuH Oy
reTepoTy3WIMAaHN TarjJuk OWjlaH ajokanaH Oymiatuimra Ba ypam, TYT'yH KHJIHO
ypamra acocnanrad. 1ML — Outra MoHOKaT/IaMm.

VYpam xapa€Hu atomiap ypTacuAaru Ky4JapHUHI TUFU3 TETEPOIUICHKAA
XapakaTJIaHUILIU XucoOura 103 6epaau.

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

Inga rereposmurakcus ycynuaa y OwnaH sAxmM Mociamaguran AlAs
eTUIITUpUIIAAH, cyHrpa Oy Ty3unMmara I'D ycynuna Asln yerupunagu. ¥V AlAsra
Kaparanjia KYImpoK KpHUCTa/Ul MaHXapa napaMmerpijapura sra Ba iy cababmnu Oy
KaTiiam yctupuwiraaa y ryé cukwiaau. [lyngan kelinn ymi0y katiamra siHa ['D
ycynu Ounan GaAs katnamu ycrupunaau. Jlekun, Aslnman apknu ynapok Oy
KaTjaM KpHUCTaJI TaHXapa DapamMeTpura KaMpoK odra (dJIeMeHTap KarTak
KaTTaJIUTU KaMpOK) Ba yHHU, akcuHYa, uy3aau. Hatwxkanma, AsAl karinamuHu
Oymara Oonutaranumuzna oymarad InAs tysunmacu AsGa Owian Oupra InAs
KeHraiitupaaurad, GaAs KaTiaamu 3ca TOPTaAUraH Kydjgap xucooura ypam Ko
Ypait Oonuianu.

GaAs — f,//
InNAs — Etching
InP
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Y CYJHUHT AXIIH KUXATIAPHU:

1) TpyOkanap aumameTrpu Xap Xujl OYiuO, reTepoTy3wyiMa y4yyH TETHIUIA
MaTepHaIapHU TYIIIAII MY OUITH OCOHTMHA OCNTUIIaHUIIIA MyMKHH.

2)by ycyn nespau xap KaHjai marepuauiapaas (1/m, Me, AU3JIeKTpUKIIap)
doiipananum  XaMmJa yJapHUHT XaMMacMHUM HaHOTpyOKamap Kuiub ypaiu
WMKOHUHU Oepajiu.

3) [eBopiiapuHUHT KadWMHJIUTK Oup Xuia Oynaran  TpyOkamap cudartu
SIXITUJIATY Ba HUCOATaH KaTTa y3yHJIUKKA STAJIUTH.

4) by ycyn UMC wunTerpan MUKpocxemayiap TEXHOJOTHsIapy OWIaH SIXIIU
MOCIIaIIaIH.

5) bynnmait HaHOTpyOKamapHUHT (HU3MKABUN Xoccayiapu  OONUTAHFUY
reTepoTy3uiIMa MaTepuauiapu Owian OenruinaHaau (pacum 7).
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Pacm 10. Hanonaituanapu

Ha3zopar caBosiapu
. “FOxopu-niactra” TeXHOJIOTUSICUTa MUCOJI KEJITUPHHT .
. “ITacTman-rokopura” TEXHOJOTUSICUTA MUCOJ KEJITUPHUHT.
. “3on-ren” )kapa€HUHU TYITYHTUPUHT
. Hanozappaiap, HaHOKyKyHJ1ap, HAHOJUCIIEPCHS HU CUHTE3 KUJIUII YCYyIIIapH
. 0-D nanoo6wektnap Ba 1-D nHanooObexTnap ne6 HUMara anTuiaau
Yrnepoacu3 HAaHOTPYOKaTapHUHT KaHal TypJapHu Ounacus?

oOUTAWN R
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4-mas3y. 2D-HanocTpykTypajiaHran matepuajjiap Ba yriepouiu
HAHOMATEpPHAJ CUHTE3 yCyJIapu

Pewxa:

4.1. 2-D HanooObekTnap (ronka rieHkanap)

4.2. ®azanu AMUTAKCHUS.

4.3. Yriuepoyiu HaHOMaTepuasuiap

4.4, YraepoJau HaHOMaTepualiap CUHTE3H.

4.5. Yraepo i HaHOMaTepuayIapHUHT UIILIATUIIUILIH.

Tasinu nb6opanapu: onka rieHkanap, daszanu snuTtakcus, QyiiepeH, rpadeH.

4.1. 2-D HaHoo0bekTaap (I0nKa njieHkasaap).

Texnukama komrama cudaruga dongananunaau. IOnka meHKamu
KOIUITAMAJIAPHUHT  SpaTWIMIIM  JAacTIa0KM — MaTepHaTHUHT XoccaJapruHu
y3rapTupuil, OyHAa XaKMHUra TErMAaciauK Ba T€OMETPUK YIdyaMJIapHU OLIUPMACITUK
uMKOHUHM Oepanu. Kanuunuru 1 MkMmaan opTuk smac. Koramanu HIutaTUITHUHT
9HT KYT TapKaJraH MakcaJjlapu:

1)Typnu neramnap MarepHaJIApUHUHT €MHUPWIMIITA YuAdeHaMIUIUTUHY,
UCCHUKJIMKKA Ba KOPpO3usra 0apKapOpIMTHHHA OIIUPHIIL,

2) Mukpo, HAHODIEKTPOHHMKA, ONTOXJIEKTPOHHMKA, CEHCOpHUKa Ba
OOIIKATapHUHT DJJIEMEHTJIApH YYyH I[UIaHap, OWp KaBaTid, KYm KaBaTid
reTepoTy3uIMaap spaTHIIL;

3) IOzanuHr ONTUK  KYpCAaTKUUIApWHU  Y3rapTUpHIl  (XaMelleoH
KY30iHaKIap);

4) AxOopoTHH €3u0 ONHMIN Ba CaKJall IEMEHTIApUIa MarHUT MYXHUTIIap
SpaTHIll yYyH;

5) AxGopoTHu €3u0 ONUWII Ba CakJiall ONTUK BocuTanapuuu sipatuin CD,
DVD nucknap;

6) FOTkuunap, ra3 apajaniMalapuHUHT CenapaTopilapuHu, KaTaiu3aTopiap,
KUMEBHI MOoAM(UKAIMsUIaHTaH MeMOpaHasap Ba U1y KaOMIapHU spaTULl;
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KO3aHuHT XU3MaT KYpCATKUWIAPUHU AXIIWIAIITa (IbHU yiapra IJIeHKajaap
spaTuiIra) Oup-oupuIan MyTJIaKko GpapKiIaHyBUUd UKKUATA EHJIONIYB MaBXKY/I:

1)  IO3ara sKuH KaTiamaapHU Xap X1 (KUMEBHI, UCCUKIMK, MEXaHUK,
paguanuoH €KW YJIApPHUHT KOMOWHaUuMsjIapw) WIUIOB Oepumn  €paamuia
MOAU(UKALIMSIIALL;

2)  borika aroMapHUHT KYIIUMYa KaTIaMJIapUHA OCPHIIL.

Komnamanap cypTHIIHUHT XaMMa yCyJUIapUHHU UKKUTA TypyXra
OMpJIAIITUPUII MYMKUH:

1)  byr ¢azacuaan ¢pusuk uykrupum PVD;

2)  byr dazacunan kumésuit uyktupum CVD.

Hkkana xonaraa xaMm >kapa€H BaKyyM Kamepajia amajira OMIMpUiIaigu, yHAa
0ab3aH TEXHOJIOTMK Ta3HMHI yHYa KaTTa OyiamaraH OOCHMM XOCHJI KWJIMHAIU
(aucOaran kuMEBMI HelTpain raznap — Ar, N,, aTunen).
byr dbazacunan pusuk uykrupum ycymnapuaa (PVD) saru maTtepuainu Tariukka
eTKa3ub OCPUIIHUHT acoCcaH MKKUTA ycynuaaH doinananuniany (pacm 1-2):

1)  TepMuK KM3IUPHII XHCOOHWTa MypKail (KU3IUPHUII KyIa XUIMa-XUT
ycyJulap OuWJiaH: PE3UCTUB, DJIEKTPOH-HYPJIHM, HHTYKIIMOH, Jla3epiid Ba OOIIKa
ycyJuiap OuiaH);

2) Hetitpan raznap te3naimirad MOHJIAPUHUHT, MacaJlaH:

Ar nonnapuunr Ek kuHeTuk sHeprusicu xucooura mypkani. Mycoart non Ar
KaTOAHU OOMOapIMMOH KWJIAJW, KaToAJa MypKajJaAuraH MaTepHUAIHUHT HUILIOHU
Ba T.0. IOy MaTepUATHUHT (PU3HUK MypKATIMIIN 103 Oepaau.

@apku — pakaT MaTEpUAIHU MypKall yCyJIapuaa XoJoc.

TN

Hobder \t'- Vacmem
T—————
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Fig. 5.6. A typical cvaporation system consisting of an evapomtion 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. Tunmk OyfnaTyBuM TH3MMU BaKyyM Kamepacujard MaHOa Ba
1
cyOcTpaT/AaH TallKkuil TONraH .

! Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 183
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byr ¢pazacunan YYKTUPUIIHUHT QUMK YCYJUIapU OWJIaH FOSAT XWJIMAa-XUJ
KoIlamanap KOIUIaHa/JH, YyHKHU Oy yCcyJulap KeHr Kyjaamaaru ¢asunariapra sra:

1) bynnmait iy OunaH KOIJIAaHUITKM MYMKHH OYJITaH MaTepUaUIApHUHT FOSIT
xunMma-xwuury (Me. KotummManap, nonmumepiiap, 6ab3u KUMEBUH OUpHKMaIIap);

2) TarnMKHUHT FOSIT KEHT UCCUKJIIMK Uana3oHua cudatTin KoriaManap
OJIUIII MYMKHUHJIUTH;

3) by xapaCHHUHT Kyda XaM IOKOpH Japaxaaa TO3alduru, Oy 3ca SIXIIH
cudativ ENUIUITHA TAabMUHIANHIN;

4) Jeramiap KaTTaaury *KAJAUN Y3rapMaciaury.

byr ¢dazacuman KuMEBHWI UYKTHUPHIN yCyJUIapuia KaTTHK MaxcCysoTiap
(TIeHKa) TariMKAa KaMEpaHUHI MINYM atMocepacu aTomilapyu HUIITHPOKUIATH
KMMEBHUM peaklMs HAaTWKACHAA ycanad. byHaal peakuus KEUMIIM YYyH SHEpPrus
MaHOnmapu cudaruga y €ku Oy 3JeKTp 3apsauiaH, 0ab3uja 3ca Jlazep HypHUAaH
doitnananagunap. TexHOIOTHK KapaCHJIApHUHT Oy TYpH aBBaJrMCUra Kaparasja
XWIMa-XWUIAT OWIaH axpainud typaau. Y HadakaT Koruiama sipaTHlijia, Oanku
HAHOKYKYHJIap SPauIIia XaM HIuiatuiaay (pacum 3).

by ycyn Ounan yrneponnu kuméBuii Oupukmanap-kapoumiap, CN-
HUTPUJUIAP, OKCUJUIap Ba OOIIaJapHU OJIUII MyMKHUH.

o0 oA n oo

117 Honzomial rescron

|

{3y Barrel repcior {4} Pan-cake rescior

Fig. 5.12. A few common setups of CVD reactors,

Pacm 2. CVD peakTopiapHUHT KypHIManiapH .

! 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.kr/user)
" o 1
Pacm 3. CVD rerepores peakius 6Viinda KpUCTALIAPHUHT YCHUII TU3UMH .
1. OrunyBYaHJIMK Ba XWJIMa-XWUIMK, Oyjap KoIUlaMaHW TaOuaTh Ba

IIAKIIU Typir4da OyiraH (ToJaidu, KyKyHJIA Ba OOIIKA)MOAJIOKKAIAp CUPTHAA SIXIIN
TypuO KOJIMIII UMKOHUHH Oepaiu;

2. 3apypuil  TEXHOJOTMK YCKYHAJIApHUHT HHCOAaTaH  COJJJAJINTH.
ABTOMATIAITUPUIIUIIN OCOHJINIH;

3. QoiaaHuIIra SPOKIM KAMEBHW peaKUUsIap Ba MOIJAIAPHHUHT
TaHJIOBHU KaTTaJINIH;

4, KonnamMaHUHT Ty3WIMIIM, YHUHT KaJIWHJIWTK Ba JOH XaKMUHUHT
MOHUTOPUHT KUJIUIIMHYA Ba OOIIKAPUIIMILIN;

S. Jlonnapu-srbHU SPUMKPHUCTAIUT TY3WIMAJIAPU SJIEMACHTIIAPH.

IOnka mnénkanu Ty3unmanap WNUad YUKapHIga SMUTAKCUI sKapagHiap
KaTTa poi YiHaiau. Onurtakcus — Oy Xyany Iy EkuOoIllKa maTepuan, s’bHU
NOJIJIOKKA CHUPTHra MaTepHuall KAaTJaMHUHH YCTUPHILITa KapaTWiraH TEXHOJOTHK
xKapa8Haup. Arap TMOAJIOKKA HUHT Ba IJIEHKAHUHT MaTepuanu Oup-Oupura mMoc
Tylca, Hia Oy jkapa€H aBTOSNUTAKCUA ACUNIIaaN, arap MOJI0KKA Ba MIEHKAHUHT
MaTepuajiapu Oup-Oupura mMoc kenmaca, yHaa Oy KapaéHHHU TETepOIMUTAKCHS
nevunanu. bapua snurakcuan xapaénnap UKKu cuH(ra OymuHaIu:

1. OnTyBuM MyxuTiHm skapaéunap: (cyiok daszamm Ba OyfF dazamm
AMUTAKCHLIIAP);
2. DATYBUM MYXUTCH3: (BaKyyMJIM SmUTakcusiiap). Modekymnsp Ooriu

€KU MOJIEKYJIIp HYpJIU SMUTAKCUsIIAp.

! Said Salaheldeen Elnashaie, Firoozeh Danafar, Hassan Hashemipour Rafsanjani Nanotechnology for
Chemical Engineers, Springer, 2015, 100
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4.2. ®a3aju dNUTaKCcus

Cywk ¢a3zaau snurakcus.

Ad3zannukinapy Ba KaMUMIMKIIAPH.

Cyrok d¢azamum osnurtakcus acocaHn GaAS, GdP2 xabu karimamiu
APMYTKA3TUWIM ~ OUpPUKManap  OJMIIN  y4YyH  KYJUIAaHWIA[W;  UIYHUHTIEK,
MOHOKPHUCTAJIJT KPDEMHUHN OJIMIIHUHT acocui ycynuxucoOianaau. XKapa€n azoT Ba
BOJOpOoA arMmocdepacuga (KOpUIIMa EKM  TOJJIOKKA CHPTUAArd  OKCHJ
ICHKAJApUHN THKJIAMl Y9yH) €KM Bakyymaa (mactiad OKCHA IUIEHKAIapUHU
TUKIa0 onrau) yTkasunaau. Kopuima moanoxkka cuprtura cyptuiaau, OyHaa yHU
KHCMaH 3PUTAJHN Ba YHUHT KaMYIJIMKIAPH , UPIOCTUKIAPU HYKOTUIIA N,

I'a3 ¢asanmm snurakcus — Oy SAPUMYTKA3TUWIAPUHUHT  SIHUTAKCHUSIT
KaTJiamylapuHu Oyf Ba ra3 QasajiapujiaH 4yKMa XOCWJI KWIMII WYiIu OuiiaH
OJIMHUIIMANDP. ODHr Ky ~ KPEMHWIUIM, TEpPMaHWIW,  AapCeHUM-TaJUIAIEh
APUMYTKA3TUWIM  yCKyHalapAa aTtmocdepa OOCMMUBA HC Ja KYJJIAaHWIAJIU.
Kapaén BepTuKan €KW TOPU3OHTAN THUIJATM MAaxCyc peakTopiapia arMmocdepa
O6ocumu octuaa €ku mact 6ocumaa ytkaswiaau. Peakinums 750-1200 rpamycraua
KU3UPUWITaH SIPUMYTKA3rUWIM TIaCTUHKAJIap CUPTUTa 00pajiu.

MoJsiekyasip HypJiv JNIMTAKCHS.

Ad3zannukinapy Ba KaMUHIMKIIApH.

Monekynsip nypsu snutakcus (MHD) éku Monexkynsip OOFau snuTaKCus yTa
IOKOPM BaKyyM [IApOMTHIArM DSIHUTAaKCHal YcuUIIaup. by rerepouerapanapu
MOHOATOMJIM CHJUTMK OyJraH OJAWHAAH OepwiraH KaJluHJIMKAArd TeTepo
TK3WJIMAHUEKH JIMTE€PIIAHUII TPO(UIN OJAMHIAH OENTHIAHTaHTeTePO TYy3UJIMaHU
YCTUPHILI UMKOHUHU Oepaau. DNMUTAKCUS Kapa€HU YUyH CUPTH aTOMJIApP CUJUIMK
OVJIraH sSIXIIM TO3aJaHTaH Maxcyc MOJIoXKKanap 3ypyp (pacum 4).

Substrate

\
\
\
\

Atoming —
beams

§E~-§. vé’

Cells

Pacm 4. Monekysip HypJid SIUTaKCUSIHUHT CXEMacu

NyHaaTupuiard yeTupuml. ojaui Ky3 OWslaH KaparaHja Xam SIajiok,
KaTTUK CUPT-KPUCTAILI 5KUCMHU KYPUIIl MyMKHH.
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Muxkpockorga: aToM Ba KUMEBUN OOFIaHUIITHY KYPHUII MyMKHUH.

[MTomnokka aTOMIIAPUHT CUPTTa KOWITANITUIINAA SPKHH aTOMIIAPHHA
KOWTAIUINNTA HYHATTHPWITaH Tabcupu (pacM 5-8).
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FIGURE 6.9

A (fragment of a) self-assembled monolayer. The component molecules have the general
formula LXR, where X is an apolar chain (e.g., alkyl), and R 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. ¥3-y3unman xocun 0VimyBun MoHOKaBaTHUHT (parmentu. LXR. S-
cyOcTpaT Ounan OGormaiinuran LX- HOmomsp 3aHXUpHUHT R-peaknuoH rypyxu. L
ra GOFJIMK PABHIIIA MATEPHATHIHT IIMMINPIIIHII XOCCAIAPU 3rapHIIN MyMKHH

! 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 monolayer; (b) a bilayer; (c) 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-biomkeTT mieHkanapu. A) MOHOKaBar, 0) OMkaBat, B) Y-
MYJIbTHKABAT "

T bbb

Subphass
~ _-f

FGURE 6.7

The Langmur—Schaefer (L3) inchnique. [a} The palar substate is slowty drawn upwards
through the Langmuir Sim o depesit s monalayer. (G} The coated subsrales, 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.
Thiz rapidity is needed o ensuee that the mensious curses dowmsards during deposition

Pacm 7. JIrarmrop-11I€dep ycynu. a) JIsHrMiop MOHOKaBaTHHU XOCHJ KUITHO
noJisip  cyOCTpar acta CeKHMH KyTapwiiaau. 0) MKKHHYM MOHOKABAaT YYKTUPHUIIAIH,
KOIUIaHTaH  HomoyiAp  cyOctpar  JI3HrMIOp  IUIEHKacura  rOpHU30HTAI
ﬁ}”/HaJITI/IpI/IJIaJ:[I/IZ.

! 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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FIEURE 6.10

Upper paned: depostion of a polycation onfo 2 negaively charged sulisiraée folowed by 2
poknion. Lower paned: deposison of a palycation followed by a negatively charged
ranoparticde onioa negatively charged substraie [112].

FEURE 6.11

A palyion appraaching a surface aready covered with its conpeners (ses text).
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FIGURE 6.12
Overchargng resuling from adsorbed pobyion tils (see .

Pacm 8. Ilonukatvonmap Ba 3appadaiapHu CcyOcTparra YYKTUPHII.
TToTHHOHIAPHY aACOPOLMS BAKTHAATH OPTHKYA 3apsiin .

4.3. Yriepoajiu HaHOMaTepHuasiap

AMepukainuk apxutektop Dysiep apXuUTEKTypa KOHCTPYKLHUSACHUTA SHTU

DIIEMEHTHU KUPHUT/IH.
il T
O—Oy _O——O
q 5 T/& B W?ﬁrm—wmﬁw;/'
-

1985 dunpga XyAaau IOyHAAW — KOHCTPYKUUAra OWppUKaH — yIiepon

3appavanapu tonuiaau. by momnanap ¢ynnepennap ne6 arangu. Oymiepen C-60

Edition, Elsevier, 2011, 111

! Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 103-123
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(60 Ta C arommmn), pymrepen C-70 (70 ta C atommmn), dymnepera C-1000000 xkam
OV MyMKHH.

VYrnepon arommnapu 60 Ta aTomiapAaH TalIKWI TonraH Ba cdepaga 1 HM
JUaMeTp/a Koilamaral IKOpH CUMMETpUK moJiekyna C-60 HU XOCHI KUJIMIIA
MymKkuH. bynaa Jleonapn Diinep Hazapuscura MyBoQuK yriepoj atomiapu 12 ta
TYFpU bHIIbYpYaK Ba 20 Ta TYFpU OJTUOYPUYAKHU XOCHIT KUIIAIH.

V3 HaGarnma C-60 MoseKynanapy (yJuIepuT 1e6 HOMIAHAIUTaH KPUCTAII
XOCHJI KWJIMIIM MyMKHH. By pUCTam1 rpaHulleHTpUpOBaH KyOJu maHxapa 0ynuo,
yIapHUHT MOJEKysip Oofiapu 3aud. Dymnepennap aromiapra HucbaraH aHua
Hupuk OYIUIIMHE XucoOra oJicak, MaHXapa yH4a 3ud jkoinamran 0ynaau. SsHu
XaXM/Ia OKTa’JpuK, OYIUIMKKAa sra. Terposapuk OYIIIMKKAa 3ca €1 >Kucmiiap
oy mymkuH. Oxtodapuk Oynummkiapuaun Me (K, Rb, CS) umkop wnonmap
OwiaH TyJaaupuica, y X0ja XOHa XapopaThiad nact Oyiaran xapopatia QysmiepeH
SHTY MaTepuaira ainananu. by sca momumep 3aroToBKacuaH MIAKI scallira xy/a
Kysuiaid. TeTposapuk 6ynummKiIap OoliKa HOHIap OuiaH Tyaaupuica, yaaa t = 40 —
20 K ra Oynaran siHTM SHTM MaTepuia Xocwi Oynaau. Typiau MojjalapHUHT
pacopOImsIam Xycycustiaapu Tydainm Qysieputiap sHIM HOE0 MaTepUuaiapHU
gpaTuil  ydyH acoc Oynmu0O xucmar kuiaau. Macaman C60C2H4 xyunu
dbeppoMarHuTUK Xoccaiapura sra. Xosupaa yiaapHudr 10000 man opTuk Typu
MabJIyM. YTJIEpoJyiapJiaH aToMjap COHM XyJa KaTTa OYJIraH MoJIeKyJiajgap OJIUII
mMyMkuH. Macanan C 1000000 xymuaua Oy Oup aeBopiau €KU Kyd JEBOPJIU
(uy3unran Hanomaiuanap) YHT. BYwpail nHanomailuanuHr nuamerpu ~1 HM,
y3YHJIUTU 3cabup Heya YH MM Ta TeHr. byHnail HallwamapHuHr yunapu 6 Ty¥pu
OemOypuak €paamuja €mwiraH. Xos3upjaa Oy 2HT MycTaxkaM MaTepualiiup.
I'padpen — Ty¥pu ontubypuak OYnuO, siccH TEKHC Ty3uiamara sra, OUpok rpadeH
TYFpU OJATUOYpYaKIapHU OWPUH-KETHH ajMallyBHJIaH sMac 5-7 Oypyakiu
KOMOUWHAIMAAaH XOCHJI JTWITaH OyJca, yHAa TYJIKUHCUMOH Ty3WjiMmara ojra
OYIUIIHN XaM MYyMKUH.

4.4. YriieBoA0pOIJId HAHOMATEPHUAJLIAP CHHTE3U

bupunun Qynnepennap KaTTHK rpaduT HabMyHAJIApHU J1a3ep HypU OCTH]A
OyFJIaHTUpUIIIAH OJIMHTAaH KOHJICHCATIaHTaH Tpadut OyfiapugaH axpaTuo
onmuurad. 1990 iunaa Oup karop onumiap (Kpemuup, Xodman) 6up Heua rpamm
Vngamaa Qymnepennap OJUII  YCYJIMHU WINUIA0 YUKUIIW. Ycyn rpadur
CTEp KEHJIapu — dJIEKTpojIapHU aTMocdepanapaa 3JIeKTp €iuja KyWIupuiigaH
nbopat. Hnan nmact atmocdepana smac. JKapa€HUHUHT onTUMAaN MapamMeTpiiapuHu
TaHJIAI SPOKJIN (QyJIIEpeHIIap YUKUAIIUHE ONTUMAIAIITUpaAn. DyriepeHnapHuHT
ONTUMAaJ YUKUIIKA CTEP>KEHHUHT AacTiabku maccacujaH 3-5% aHol mMaccacuaH.
By ¢ynnepen kuiiMaTuHUHT Ganann OynumuHu Oenrunaiau. by ounan Snonmap
KU3UKUO Kojaunap. Mitsubishi ¢pupmacu yrieBomiapau KyWaupuin wynu Ounax
SAPOKJIU (PyJUIEpAapHHU OJUIIHA CabHOAT MUKECUTA Ou0 ynKaunap. bupok OyHmai
bymnepensap ynap cod smac. Ymapunr tapkuouga O, masxkya. [y cababmm cod
¢byniepeH OMMHUIIMHUHT SITOHA ycynu 0y atMocdepana He Exuminup (Kyiaupuiin)
(pacm 9).
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FIGURE 8.6

Tha structura of buckminstarfullerane, Cap. Mole the presence of both hexagors and
pentagons. Reproduced with pesmission from (9]

Pacm 9. C60 dymepen cTpykTypacy (TeKCaroHIap Ba IMEHTArOHIap)”

@dynnepeH OJyBYM Ba TO3AJIOBUM KypUJIMAJapHUHT YMYMUU COHU OpPTraHU
Tydaitnu yHUHT TaH Hapxu macaiiau. (ABBaymra- 100008 6¥iica, xo3upaa 10/158).
@dyriepeH HApXUHUHT KUMMATIIUMTUTa ca0ad YHUHT YUKUII (JOM3U KaMJIUTU dMac,
OaJIK¥ TO3aJIalll TA3UMUHUHT MYPaKKAOIUTHIUDP.

To3aalIHUHT CTaHAAPT CXEMacu: Kyuauprasja KypyMmra yxiiaraH Hapca
XOoCWJI Oynajv, yHH SPUTYBUM OWIaH apanamrtupaawiap (TOM301), CYHr Oy
Kopuiima Quirprananu. Konran TyK panrgaru 4ykma Typiud (QysuiepeHIapHUHT
Maija aucnepcusuid Kopuimacuaup. by apanammanu Tapkubura kypa Typiapra
oynmui 3apyp. by *kapaéH yTa 10KOpYM MHKPOCKOIUSIIATA CYIOK XpoMmoTorpadus
épllaMu]ia Xam1a CKaHEPJIOBYM 30HJIM MUKPOCKOMUS EpAaMuIa YTKa3UIAIH.

ABBaitapy XyaAu InyHAal TpaduTHH 3neKkTp €M €KM  Ja3epiu
OyfJIaHTUpPHII, CYHIpa UHEPT Ta3 MyXUTHUJA KOHJEHcatnaml ycyiau Owinan YHT
onumapau. bupok 0y ycyn ynua camapanu 6ynu6 unkmanu. [y cababnu xo3upaa
SHT MakOyn ycyn Oy - OyFllaH KUMEBUM YyKMa XOCWJI KWIMLIAUD. ByHUHT yuyH
yraepoa TapkuOim Oupukma onuHaau. MacanaH areeTH/ieH, YHH KaTTHK
Ku3aupwirad, Me karanuzatop ro3acuga mnapxkamanaunap. ILyHman cyHr
KarTanuzaTop ro3acuaa 3ud 6ynud YHT yca Oommnaiinu. YOy pexkius ra3cuMoH
YTAEPOJIAPHUHT KaTAIMTUK TUpoiau3 ned atamanu. Kym xommapma TpyOacuMoH
newiapaa amanra omupwianu. bynna karamusarop cudaruma Fe, Co, Ni, nan
doiinananaguiap. YJIapHUHT 3appadajiapy OwiaH TEOMUT OYIaKdaaapuHH
tyiuHTHpanunap. [{eomur — tabuit matepuan. DnexTp €Wmm, Ja3zepin, KU IOKOpU
XapopaT/Aard CUHTE3HHUHI OollKa TypiapujaH (apKiu YIapoK KATTAJIMK MUPOJIHU3
YTJIEBOJIOPOJIA  HAHOTY3WJIMaJIapHU JabapaTopusi MacmTabujga sMac, Oaku
cabHOAT MaclTabuaa uiuiad YMKapuil UMKOHUHU Oepaau. Yiap yHYa To3a 3Mac
Ba TapkuOu xam Oup-xun Oynamaciurn Mymkud. IllyHra kapamail ymnapniax
doiinanaHuI MyMKHUH.

! Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 195
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I'paden — rpadut 3appauanapu. I'paden TaHradanapuHu OKCHUJJIaHTaH Si
103acura Kysaunap. by rpadgennu anekTpo duszMkaBuil YIHOBIAp YU4yH TaAKUKOT
KWIMII HWMKOHMHM Oepanu. Macanan rpadeH ONUIIMHUHT KUMEBUM YCYIH:
kpuctauicumon rpaputra HCl Ba H,SO, HM Tabcup stuppanunap. ByHuHT
HaTWXKacuaa rpadeH TaHradajgapuja OKCHUIaHuil pyih Oepamu. ['padeHHMHT
KapOOKCHJI TypyXH THOHUXJIOPHJAra HIUIOB Oepulll Mynu OunaH XJopujjapra
aitmantupunaau. lllynnan cyHr sca terporuapodypyHiIap, TETpaxJIOpMETaH Ba
3UXJIOPO3TAH JPUTMATIApUAA OKTAAEUWIAMHUK Tabcupuaa KamuHiaurd 0.5 Hum
Oynran rpaduHIM KaTtiaam xocw oyiaanu (pacm 10-12).
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FIGURE 8.1

Part of a graphene sheet, showing the sp* chemical bonds. There is a carbon atom at each
niersachon. The kngth of each bond is about 0.3 nm.

Pacwm 10. T'paden. Yrnepoxuunr Sp kumésnii 6ormapn (d(C-C) = 0.3 nm)*

Pacm 11. I'paden Ba yriaepoAHUHT HAHOMaTepUaIapH

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

A single walled carbon nanotuba (SWCNT): a single graphene layer ralled info 2 seamless
tube. Reproduced with permission from [24].

FIGURE 9.3

A multiwaliad carbon nanotube (IMWCNT): concentric single wall nanotubes of different
diameters nesied within each other. Reproduced with permission from [24].

Pacm 12. BupkaBatinu Ba KyNKaBaTiIM yriepoJjiM HaHOHaWdanap, rpedeH
MOHO KaBaTH "

FIGURE 9.5

A forest of carbon nanotubes produced by plesma-enhanced chemical vapor deposition
{PECVD). The substratum must first be covered with metal (e.g., Fe or Ni) caalyst islands.
Hydrocarbon feedstock {acetylene) is then passed over the substratum heated to several
hundred “C. The acetylene decomposes at the surface of the catalyst and the carbon
nanotubes grow up from the catalyst partcle, or grow up beneath it {pushing it up).
lllustration courtesy of Dr Ken Teo, AIXTRON.

Pacm 13. PECVD &paamusia OTHHIaH 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 kapOuan r03acuaa rpaden onum ycynu. bynna rpaden kpemHuit
KapOuaM ro3acuia MUPJINK NapyalaHuil Wynu ounan xocun 6ynaau. TagkukoTiaap
HIYHH KypcaTaauku, Oy Xojja akpaaud 4YuKKaH rpadur karaamu OUp aToMIH
KaTiaMra  HucOaTaH KaJIMHPOK Oynaam. bynuuumm yerapacunaa
KOMIIEHCAIMsUIaHTaH 3apsii XOCHI Oynaau. DJIEKTPOHJIAp YMKUILK opacuja (dapk
cabanu YTKa3yBUaHIUKAA IpaUTHUHT OHp aToMapid KaTJIaMUTHHA HMIITHPOK
atanau. SIbHM Oy Katiiam rpadeHaup.

4.5. Yrj1eBOpOAIH HAHOMATEPHAJVIAPHUHT HILJIATHIM A

1. OnTtuk MyXUTHH MOAU(PUKAIUSIIAI YIYH (yIJIepeHap UIIaTUIau;
2. MyTiako SHTH KOMITO3MIIMOH MaTepuajuiap Tadepiam y49yH (HaHOHaWJamap
apajammMaiapy Ba ¢yiuiepeniaap owmnan) (pacm 13).
—

Pacm 14. Hanonaiiuanapuu MI/IKpOTaCBI/IpJ'IapI/Il

3. VTa KaTTHK Komamanap yuyH. Ac606-yCKyHanap CUpTIapH, HINKAJaHyBUH

neTamiap Ba 6omkanap. KaTTukiaurura kypa oamocra TeHT KeJau;

MoitnoBuun TapkuOiap Ba mpucaakKaiap yayH;

5. Kenrycuna kumésuii sneprust Man6au cudatuaa dhoiigaianagurad BOJA0POT
EKUIIFMCH KOHTeWHepaapu yuayH (pacm 14);

>

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

6) ®usukaBuii Ba KUMEBHUU TabCHp TYpPIAPUHH Kala ATYBYH HAHOCEHCOPJIAp
taiénamaa. TabcupyaHauru Oup €T )KUHCIH MoJieKya (pacm 15);

18°C| | S&°C | 294°C | | 490°C g 330°C{
|

170°C '45°c; 22°C

Pacm 16. HanorepmomeTp (rayumuii yriaepoum H21H0Ha171qanapz[a)2

7) CxanepJaiil MUKPOCKOILIAp Y4yH 30HjIap;

! 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 MUKPOCKOMHUSACH YUyH 30H1ap Talépiamiia;

Pacwm 17. Yrnepoaiu HaHOHaWYaIapHUHT HAaHOIIECTEPEHKAIAP

10) Hanomexanuk axOopoT TyIiaruwiap Taiépnamga. HaHoyTkasrudiap,
HAaHOPE3UCTOpPJIap, HAHOTPAH3UCTOPJIAP, HAHOONTHUK JIEMEHTIIAp Talépnamaa,

11) DrekTp MarHUT HypJapAaH Ba IOKOPH TeMIEpaTypajaH XUMOS SKpaHIapUuHH
taépnamaa “Cremie’” TEXHOJIOTHSICH;

12) lopu BocuTanapy ydyH HaHOKOHTEWHepap Taiépam MyMKuH (pacm 17).

o ¢
ao 83 QQ m -’: oh A\
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micelles vesicules dendrimers| liquid nanocapsules nanospheres
crystals

Pacwm 18. [lopu-napmMonnapHu KaJoKIail yayH HAaHOKOHTEHHepIap

13) TacBUpPHHMHT AHUKIWINTH Ba EPKUHIMICH FOKOPH OYjraH, HUPHUK SCCH
nucruieinap Taiépnamaup (pacm 18).
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8.

9.

Pacwm 19. lucnineiinap yuyH HaHOHai4ajap

Ha3zopar caBoJuiapu
OnuTakcus xapaéHu KaHgal coaup 6ymanu?
CVD Ba PVD acocuii npUHIUIIUHU TYIIYHTHPHHT.
Jlazep aOMALMSICUHUHT aCOCUN MPUHIMIIMHYA TYITYHTUPUHT
IOnka nmienkamapu HIMa y4yH Kepak?
VYriepoa HaHoMaTepual Ba rpageH TY3WIHIIUHUHT TYITYHTUPUHT?
HanoxonTeliHepnap Ba HAHOAUCIJIEN HUMA YUyH Kepak?

ook wdE
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5. Hanomartepua/uiap Ba yHMHT (PU3HK-KUMEBUH TAXJIWJI YCYJJIApH

Pexa:
5.1. CxanepnoBuu TyHe i MUKpockorl (CTM) uiiai mpuHIUILIAPH.
5.2. ATOM-Ky4JaHMIIIA MUKPOCKOI (CKaHEPJIOBYM KYUWIAHUILIA MHKPOCKOIT)

ACM.
5.3. HaHOTEXHOJIOTUK 30HJIM MalllHAJIap.

Tasny ndopanap: Mukpockonusa, CTM, ATM, kaHnTunusep

5.1. CkanepyoBuu TyHe/uin MUKpockon (CTM) nmiam npuHOMILVIapu

HNkkuta aToMHM MabiyM Oup macodara siKuHJIamTHUpcak, yHaa Oy aTomiiap
opacuia JICKTPOHJIAp aIMAIIMHYBU Py Oepuilin MyMKHUH. byHna Oy atomiapHu
AJIEKTPOHJIAPH KYIIMMYa dHEprusira sra Oynmaiiaunap. byHaan kenud 4MKaauku,
WKKU SKMHCIIMHUA OJIMO, MablyM Oup Macodara SKUHJIAIITHPCAK, y XoJyjga Oy
MKKHUTA JKACMJIap Opacuia TYHEJUIM 3JIEKTP TOKU OKUO YTajau. DNeKTpOHJIapHUHT
MOTEHIMAJ TYCUKIAH SHEPrusira sra OyaMaciaH YTUIIW TyHEJUIAHMIN JeHHIIaau.
by amanra omming yayH UKKU HMIapT OasKapUIIUIIH JIO3UM:

1.  JKucmmapuuHr Oupuga OSpKUH OJJIEKTPOHJAP HWKKUHYUCHIA dca
TYJIIMPUIMAran 3JeKTPOH OYIUIUKIapyu OYIIUIIM KepakKH, Yiia OVl skoira spkuH
AJIEKTPOHJIAP YTA OJICHH;

2.  Ma3kyp sxucMmiap opacura TOTEHIMaiap Yypracuaard QapkKHu
Kyiumumu Ttana® KuiauHaau. byHna yHUHT Kartanmurd (a3oBUM TUPKHILHU
OepKUTranra HUCOaTaH KaMpoK Oynanu;

CTM na Oynpait :xxucMiaapaaH OUpu 30H.

30HJ1ap SIKMHJAIITaH a2 0ObETHUHT o3acuia, TaxMuHan 0.5 HM macodana
(Oup-Oupura SHT SKUH TypraH aTOMJIAPUHT TYJIKUHCUMOH (yHKIUsUIapu Oup-
Ooupunu €na 6onutaranga) Ba ~0.1/1 moteHnmamiap ¢apku Oepuiaranaa 30H7 Ba
00BEKT Opacuaa TyHeNl TOKU OKUO yTa Oomuiaiu.

Yuly TyHen TOKU HypuHUHT quametpu ~0.4 HM ra TeHT 0Yau0 0ObeTUHUHT
sccuyiurd  OVitnad  MUKpPOCKOIHMHI  IOKOPH TacBUpP y3aTUII KOOWJISAITUHU
tabMuHnanau. TyHnen Toku 3 HA Hu Tamkuia staau. lyHra ailtud ytuin keppaku,
arapna macodacu 0.1 uM ra y3raprupuimaca TyHen Toku 10 maporaba y3rapaiu.
AWHaH y MHUKPOCKONMHHUHI OOBEKT CHUPTHUJIATH IOKOPU KYpCaTHIl KOOWISTHHU
TabMHUHJIANAM. AManaa YI4OBHU aMalira OIIUPUIN kapaéHuJa OObEKTHUHI Tema
KHCMHJIa XapaKaTiaHa€TraH 30H]] JOUMHM OaaHJIMTHHU cakjIad KoJiau.

3ouaHUHT XVZ TU3UMUJIard KOOpJWHATAJIapUHU Ba XOJATUHHU Kaia ATHII
I03aCUHUHT MPOGUINHU Ky3aTUINl Ba IIYHJAH CYHT MOHUTOP dKpaHUIa Kepakiu
TaCBUPHU KYpcaTUIIl UMKOHUHU Oepai.

Kapaén naiiTuaa 30H1 Ba ypranuiaérrad 13a opacuaara Mmacoda 0.3 - 1 um
HU TalIKWJ STUIIKA Ty(dainu, IMyHHM aHUK aWTHII MYMKHHKY, VI49OB Kapa€¢Hu
BaKkyyM/Ja y3rapaau. Xasoza - 20 Hwm.

ATpod MyXxWT skapa€Hra ro3aja ajcopOiaHTaH MoJIeKyJauap Xucooura
TabCUP KypCaTaJIHy.

CkaHepJa0BYM TYHHENN MUKPOCKOITHUHT TEXHUK UMKOHUATIIAPH.
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Acocuil TeXHUKaBHI XapaKTEPUCTUKACU KyHuaaruiap:

1. Vpranumaérran oObeKT 03aCHHHHT HOPMAacH OYifnda TacBHPIIALL

2. OODBEKTHUHT 103aCH TEKUCIUTW Oyilu4a, SbHU XV TEKHCIUTUHU
TacBUPJIAILL.

CTM HMHT OOBEKT I03aCMHUHT HOpMaiu OyiiMya TacBUpJIAlll FOKOPWJIUTU
0,01 am.

OObBexkT Ba 30HJA opacupard macodara TyHHENI TOKM KaTTa SKCIIOHEUHal
OOFNIMKIUTU Ky3aTuiaaau. XV TEKHCIWKAA IOKOPU aHUKJIMKAA TaCBHpJAIl TyHHEI
TOKM DJIEKTPOHJApW HypJapu auamMeTpu cabadinu TabMHUHIaHaaAd. Y 3ca ¥3
HaBOaTH/1a 30H] HUHACUHUHT YapxyaHummra 0ofrauk. 3oua 0,02 HM Kajgam Ounan
KYII MapTa yTKa3wirasjga XV TeKuciaukaa TacBUpHU Kypcatumu 0,03 HM ra TeHr
oynanu.

CTM HuHr amMangard KypcaTHil KOOWIATH KyIjaad omuiuiapra OOIJHK,
YJIAPHUHT SHT aCOCHMJIapW TaIllKW BUOpalusiiap, akyCTUK IOBKUHIIAP, 30HIHUHT
cudaru.

MUKpPOCKOITHUHT KYpcaTUIl KOOWISTH/IAH TAallIKapu YHUHT MYXUM >KUXATH
doimamu ommmaup N=ar\dm.

by epma ar = 200 wMkm (KY3HUHT KypcaTum KoOwmath) dm =
MHUKPOCKOITHUHT MakcuMal Kypcatuiu gapaxkacu dm = 0.03 nm

CTM yuyn 1.0 N=7*10 wmapra Takpopiam y4yH OHI 3Yp OITHUK
MUKpOCKoIIap yuyH npoden N= 7*10/3 mapra.

CTM HuHT O01IKa MyXHM XapaKTepUCTUKATIAPH:

— Ckanepuain MaiiIOHMHT MakcuMan ymdamu 1xIMm. S = 1 mxm?

— OZ rw3acuga (Ymuad >xkapaéHuia) 30HIHUHT MaKCHMall XapaKaTIaHUIIH
Jesapiiv 1 MKM 1aH OIIMaiIu.

3aMOHaBH MHUKpPOCKOIUIap ojataa Oup Heda 10371a0 MKM? MaljOHHU
CKaHepJjalld MyMKHH, JICKUH Oy XO0J1/1a YHHUHT aHUKJIUTH Kamasnu. FO3anu ymyam
Ba YHUHT BU3yaJl MOJEIUHU sipaTuigad Tamkapu CTM maTepuaauHUHT 3JIEKTP -
YTKa3yBUYaAHJIMTMHUHT TypH (T/ml ydyH) Xakuaa OWIIHIN, BajeHT 30Ha B3 HuHT
napameTpiapuHu Oenruiail MMKOHWHU Oepaju, apajaniMalapHUHT SHEPreTHK
XapakTepUCTUKacH (AbHU apanalmManap CaTXMHM aHUKJAIl) aHUKJIauIu.
[IyaunrAex, 0ObEKT 03acuiard aToMjiap ypracujard OOFIAHHUIIHUHT KUMEBUN
TypuHu aHuKIanau. OOBEKT ro3acujard KaTJaMHUHT KUMEBUU TapKUOWHH
aHUKJIANUIU — T.H. CTM CIIEKTPOCKOIIHS.

5.2. ATOM - KyWIAHUILJIM MUKPOCKON (CKAHEPJIOBYM KYWIAHMIIUIN
Mukpockon) ACM

Yuuar CTM  pgan  Qapku  myHAakd 30HAJApU  (KaHTHIMBEpJap)
Vpra"nwiaétran 1o3a OwiaH 2JIEKTp HUYiau OuiaH sMac, Oaaku KywIaHWIl Hyiu
OwiaH y3apo Tabcupra KUPHUIIAJIH.

Wxkn atomimapHUHr Kyun Macodara Oornuk. Wrtapumuim kyuum ocTuaa
optanu. Mkku aromuu Oup (aszana MOUTAIITHUPUILHUHT UII0XKHU HYK.

KantunuBep urnacu oObEKT 103acura Terajd Ba aTomyiap ypTacumard y3apo
TabCUpP Macodacura erray, opkara uTapuiand Kairamu.

KantunuBep  30HAMHUHT  TeOpaHUIIM  Typad  ycyijiapaa  dJIEKTp
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CUTHaJUIapura aiyiaHajau (3HT OJJIUNA yCyJI — ONTHK YCY).

By curnan y3una KaHTUIWBEp YIYOBHUHI MabJiyM OHMp KaJaMmHra TYILTaH
OaaHIMK Xakujaard uHpopmaiusaau cakinaiaun. X V 103a 0yiinua xapakaTiaaHUIIT
XaKuJaru MablyMOT YOy o3a Oyiinad MeXaHU3MIJIAPHUHT XapakaTIaHUIINA
OpKaJu KauJl STUIaIu.

V3rapumHuHr ONTHMK yCy/IapHAaH TAIIKapHd CHUFUMIM Ba TYHHEIUIN
ceHcopiapian xam ¢oigananuim MymkuH. Iy 6ouc ACM nHadakar yTkazyBuu
OOBEKTJIApHU , OATTKH TUAJICKTPUK OOBEKTIAPHH XaM TaJAKUKOT KHJIUIITH MyMKHH.

OOnextra Oynran Tama®d — y CWUMK OYynumu Kepak (OamaHmg — TmacT
OYJIMaclIUru Kepak) Ba KaTTUK OVIMIIM Kepak (ra3CMMOH Ba CYIOK OObEKTIIapHU
YpraHumiaH MabHO WYK).

ACM HuHr Kypcatub Oepuil KOOWIMATA 3O0HJHUHI YapXJIAHTAHJIUIU
cudatura OOFIIHK.

Maskyp TypJaru MUKpOCKOTTHUHT aCOCUHM TEXHUK MYpPaKKaOIMKIapH:

1) bup arom VayoBura TEHr KWIMHHUO YapxJjaHTaH  30H]]
Ta€palTHUHT MyPaKKaOIUTH.

2) 0.1 A nanm sxmmpok OYynraH mapaxana MCCHUKIMK Ba BHOpaIms
OapKapOPpJIUTHHN TabMUHJIAITHUHT KUAWHYHIIUTH.

3) JleTeKTop spaTuiil. YTa KMYHK XapaKaTIapHH XaM ce3a OJIaJuraH.

4) A Xyccanaru Kagamiau pa3BépTKa TU3UMUHH SPATHIIL

5) 30HIHUHT OOBEKT F03aCUTa acTa CEeKWHIIMK OMIIaH SKUHIAITUIITHHA
TabMUHJIAII.

TEM ra comumtupranga ACM 6up katop ad3auidkiapra xaM sra:
1) ACM 0OBbEeKT 103aCMHUHT Y4 yayamaard TaCBUPUHU OJMII UMKOHUHHU Oepaju,
TEM na sca 2D TacBup OJMII MyMKHH XO0JIOC;
2) ACM éppamuaa TeKIMPYB 0AMO OOpMIraHja MeTaml KaTtjaM CYpPWIMILU IIapT
IMac;
3) TEM HopMan xojaTja MIUIAIIHN YYyH BakyyMm 3apyp. ACM ydyH 3ca maprMmac;
4) ACM POM ra nucbaTaH sSXIIAPOK TACBUP y3aTa OJIUIIT KOOMJIUSTUTA 3Ta.

ACM HHHT KaMYUJIMKJIApU:

1) TEM ra nuc6aTtan ckanepam MaiJOHUHUT KUIUKITUTH;

2) Ckanepramn r03acujard BepTUKaJ yiadaMm OajaHA-MacTIMKIapura
HucOaTaH TaabHuHT Kyutwiurd. TEM na sros kypunu0 typagu. ACM na iyk.

3) 30HJIHUHT TeOMeTpusicura OYyJraH TaJaOHUHT KATTUKJIMTUA. YHTa
OCOH 3apap eTkazu0 KyHUII MyMKUH.

4) TacBupmaru HOCO3JIMKJIAPHU Aesapin WYKoTuO Oynmaiinu. By aca

ypranunnaétran OObEKT F03acHJIard aTOMIIAPHUHI UCCUKJMK XapakaTura OOFJIHK.
by xaTolMKIapHU CKaHEpJall TE3JINTU MaJeKyJaJapHUHT UCCUKJIMK TE3JINTHUIaH
opTcarmHa WyKOTUIIl MyMKWH. SIbHU Xap JTaKuKa TacBHUp y3rapub Typaju.

By myaMMomapHuHTr Oapuyacu YIa4OB HaATHXKAJapUHUA JAcTypHl MIIUIOB
Oepuil xucoOura KOMIICHCALMSJIAHHUIIN MYMKHH. BHUPOK IIyHH YHYTMAaciuK
JO3UMKH, OU3 KOMIBIOTEP SKpaHUAA KYypuO TypraHUMHU3 - peall 103a 3Mac, Oaliku
MOJENHNP.

MoeTHUHT UILIOHWINIUTH 1apakach — FYMOH.
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Aiinu naittna ckanepiaoBun 3001 Mexanusmiiap (CTM Ba ACM) ¢anHuHT

Oapua coxanmapujaa KeHr Mukécaa KyuiaHuO kenuHMokaa (dusuka, KuME,
OHMOJIOTHs, MAaTEPUAIIITYHOCTUKIA).

Coventional TEM

Obj
Lens Proj
[~ Ap Ap SAED o image
Source Mpec .I. Ap %\J
L—1 25 |
I~
Datecter \
P Lens Source
AP opj
Lens
% Scanning TEM

Figure 3.10. Ray diagram of a conventional transmission 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 objective (Obj) and projector (Proj) or condenser (Cond} lenses. (Adapted from P. R. Buseck,
J. M. Cowley, and L. Eyring, High-Resolution Transmission Electron Microscopy, Oxford Univ.
Press, New York, 1988, p. 6.)

Pacwm 1. Cunru6 ytum s5mektpoH MUKpocKonmHUHT (TEM) unuiam npuHimnm
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Secondary |[ beam
electron .

detector
Backscattered
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DF EEE s DF
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film
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l energy loss
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Figure 3.11. Positioning of signal detectors in electron microscope column. (From D. B.
Williams, Practical Anafytical Electron Microscopy in Materials Science, Phillips Electronic

Instruments, Mahwah NJ, 1984.)
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Pacm 2. CkaHepIOBYH 31eKTPoH MUKpockomuuar (SEM) nrmar npuammmm

Tunnelieg Dmtance comtrol
Current amplied  aed scawing Ut

1
h

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 Attribution ShareAlike 2.0 23
Pacwm 3. CKaHepﬂOB“II/I 30HJIM MUKPOCKOITHUHI" MIILJIAII IIPUHIUIIN .

Source; Image courtesy of the National Renewable Energy Laboratory in Golden, Colorado. With
penmission

5.3. HaHOTEeXHOJIOTUK 30HAJIM MALIMHAJIAP
Hactna6, CTM 3o0H1u €paamuaa anoxujia aTOMJIApHUHT XapaKaTIaHUIINHU
Ky3aTUIIl UMKOHU Maijo OynraHuja, ojumiap Oup MyH4Ya sudopusra Tymud
KOJMILAM. YJap XaTrTo HaHO AyHE sMmac, Oalku Makpo AyHENa XaM Typiu

! 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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OObeKTIap WUFHUIL MyMKHHJIMTU XaKuaa op3y Kuia Ooouutamu. [llyHra kapamai,
CTM MHKpOCKONMS IOTYKJApH OpPKaJIuM HAHOTEXHOJIOTHMK 30HJIM MallWHAJap
spaTuiia 6ouutaHau. Arapja oObeKT OWiaH 30HA ypTacura yiadyaHaéTraH OObeKT
103aCH TapaMeTrpiiapura HucOaTaH KaTTapoK MOTeHuuand (apkHU Kyicak, Oy
BHEprusi XucoOura HUCTaIraH aToM O3aCUHU KY3FaTUIl MYMKHUH (¥03a/aH
akpatuil). by Ky3ratuiran arom, ogamza 30HAra €NUIIMO KoJIaau Ba 30H1 OuUiaH
Oupra SHIM KoWra YTKa3WIMIIM MYMKUH. 3OHJra y3aTWIaéTraH »SHEprus
KaMaiuimy OuiaH (moTeHuuamiap Gapku Kamauiny OunaH) y3 kolura Kaitaau.
bupoxk ymra naititnapna adbcoioT HOM €KUM a0COIOT HOMra SIKUH OYIIraH [IapouTaa
OOBEKT 1o3acura €T aTOMJIAPHU YTKa3uIll (MaXOypHii) MyaMMOCH €4rJIMaraH dIH.

VrTkasunran TagkukorTnap Tydaiimm Ou3 X03MpAa TYpIH MaTepHasiap
aTOMJIQPUHUHT KY3FaJIMIIM SHEPrUsicH Xakuaa Ounamu3 Ba atomutap razau CTM
30HY MIUIANI 30HAUra y3aTUll Macaaacu XaM XaJl STUJITaH.

Ma3myHaH, allHaH aroMap ra3HU MINYM 30HAra y3aTHII KypWIMACUHUHT
MaBXYJUIMTY 30HJIM HAHOTEXHOJIOTUK MammHacuH CTM nan apkiaiian.

Xo3upa Ky 30HUIM MallMHAJIApHU OOLIKAapHIll MPUHLMILIAPU XaM HILIa0
YUKWITAaHKK, Oy Hapca yJapHUHI UILIAIl caMapaJopiurMHUA OIIKUPHUII UMKOHUHU
oepaau. bynnan kenu0 YMKaAMKH, 30H]UIM aTOMJIM TaCBUP MUFUIL SHA/IA KEHTPOK
dbolimanaHuil MYMKHH Ba HaTHXKajaa ,,Ternara-nactra’ “HYHaJIWIIWIa WAFUAITHU
peHTa0euIalTHPUIT MYMKHH.

HanortexHonorusuiap Kamcu HyHaaunaa pUBOKIIAHASIITH:

1) “Ilactman Ttemara” #yHaiWmi, SbHU AaTOMJIM WHFHWIN — amaira
OLLIMPUIIMOK/A;

2)  Makpockonuk Ba  (QU3MK-KUMEBUM  ycyulap  OWJlaH  SIHTH
HaHOMAaTepHaIap ApaTuil.

HaHoTexHOI0rMsl OTYKJIApH:

1) KoHTakT JnMH3ajdapd, HAHOJJCKTPOH acOoOmap kabu Oyromiap wuiiabd
YUKAPUII/Ia F03aHU HAHOMETPJIM HA30paT KUJIHIITa Tanad I0KOpH;

2) Aiinn maidTAa 30HMIJIM  MHKPOCKONIMS AHUKIUTH OVHAHMYa TEHru HYK
xucobnaHaau. YHUHT EpaaMua ajoxuja aTOMJIAPHU TOIMA OJIUII, YJIapHU
YKOWJIAH-)KOWTa Ky4YUPUII Ba SIHTM TYPyX aTOMJIapH sIpaTUIl MYMKHUH. BHpOK,
OyHaail KOHCTPYKUHUSTIAp OMMaBUi (GONJANTaHUII YIYH TYFPHU KeIManIu.

HaHoTexHonorus HyKTau Ha3apuJlaH KaparaHja 3HI UCTUKOOJUIM MaTepual
oy C yraneponaup. Y axoitnd KuMEBUIA xoccanapra sra:
1) ATOMJIAQpHUHT COHM 4YEKCU3 OVJIraH MaJieKyJianap spaTHIl HMKOHUSTHHU
oepanu;
2) Kpucramn mamxkapacy u3oMopGuIury OWiaH axxpaiud Typaau, sibHH KPUCTAIUT
namxapanapu Typiuda OYJIUIIN MyMKHH.
Xo3upaa HAHOTEXHOJOTHS CcOXacura >KyJa KaTra MUKIopAa wmalmiar
AKPATUIMOK/A.
“HanoTexHOJOTHs” TEPMUHH “MHUKpPO DJEKTPOHUKA® TEPMHHU OWIIaH
JdyFaBuil OOFMUKIUP. Y 3aMOHABHUHl SIpUM YTKA3TMUIM JIEKTPOHUKAHU MUKPOH Ba
CyOMUKpPOH ymyamiapJaH HAHOMETPIM ViIuaMiIM coxajapra YTHUIIHU aKc
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TTUpPAIU. TEXHONOTUS PUBOXKIAHUIIMHUHT Oy >kapaéHn MypHHHT SMIIUPUK
KOHYHHHHM y3uJa akC OSTTUPAAH. YHra Kypa KpUCTaUard TPaH3UCTOpJIap
MUKJIOPH Xap UKKU-Y4 HHIIa UKKU 6apobapra opTaiu.

SEGRFREN

Ha3zopar caBosuiapu
ATOM-KY4YJIaHUIIUTMMUAKPOCKOIHS (AFM) €K1 CKaHEPJIOBYU
3oHaMuKpockonusacu (C3M) acocuil NPUHIUIIMHA TYITYHTUPHHT.

ATOM MaHUNYJISIUUSICHHUHT aCOCUW MPUHIUIUHA TYIIYHTHUPUHT .
HaHnowHaeHTHGUKAMSITAIIHUHAT ACOCHI MPUHIUITMHUAT TYITYHTHPUHT.
DJIEKTPOHMHUKPOCKOIT MHT aCOCHM XOCCaapPHUHT TYIIYHTUPHUHT.
MuUKpoKaHTUJIEBEP HUMA YUyH Kepak?

CxkaHupioBYM  SKUHXYAYIJIA ONTUK  MUKPOCKOIMSHHUHT  aCOCUH
MNPUHLIUIUHUHT TYITYHTAPUHT?

doiigaJaHUITaH a1a0uéTaap

1. 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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V. AMAJIMA MAIIFYJIOT MATEPUAJIJIAPA

AManuii MalFysa0TIa MUCOJ Ba Macajanap e4ajau. AMalluid MalFyaoTiapaa
CUMJIAIUTaH MHUCOJI Ba Macajlajap KyWuaard NpUHIMITIApra acocaH TaHJIaHAIM:
TUMMK MHUCOJI Ba MacajajapHHU €dullra Majaka XOCWI KWJIAUPYBYH, (DaHHUHT
MOXMSITUHM aHTJIaTyBUd Ba MaB3yJap opacujard OOFIMKIUKHU HOAaTOBUYH
MabJIyM MHUKIOpJAard MUCOJ Ba Macajanap TaHiaHaad. Mabpy3a MallFyJloTiapuaa
onraH OWwiIMM Ba KYHHKMaJapHH MHCOJ Ba Macajajap eduil OuiaH
MycCTaxkamyiaiiawiap xamja sHaga Oovutamwiap. byHra sxamoa Oynub wmamik
KWINIT Wynu OWJIaH Ba MYCTaKWJI WIIAII Wynmu OwuiiaH spumnmiagd. MycTakui
unUianiia  JapcivkiapHu, TapkaTMa Ba Kypra3Maid améjaapHu —aXamusiTd
KaTTagup.

1-amanuii MmamryaoT: Kpucrasaa HaHocHcTeMAIap Ba YJIAPHU aXaMUSITH.
HanoTexHoJ/i0rusl Ba 3JIEKTPOHHUKA.
HNmpan makcan:

3appavallapHUHT 4Yerapacu. 3appadajap 4YerapaCMHUHT MUTPALUSICH.
Mynturner ukkuiamyu 3appadanap. Jucnokarnus. XKonnammm nedextiapu. Yu
kappanmu TyryH. Xomi-Iletu xonyHu. TakukjiaHraH uerapaHUHI KEHIJIMIH.
XOoNMUIamTUpUIral Xyay/.

Monekynsp snekTpoHuka. Epyrmuk muoam (LED). Maitnon s¢dektan
tpanzuctop (FET). FOnka muenkanu tpansuctopiap (TFT). bup snextponiu
tpanszucrop (SET). 3apsn Oornmanunum kKypuwima (CCD). KommnemeHtap
Metanokeun  apuM  yTkazrud (CMOS). Turantmaraut kapuuaura (GMR).
Onrosnexktponuka. PoromomuHecneHuus. PoTtoH kpuctawiap. DoToOHHKA.
FO3amna3smon.  IIve3opesuctuB  addexr. CrnuHTpoHHMKA (CIUH — acocHaaru
anekTponuka). Kyout. KBant kommrorepiap.

Macaananuuar

Ne NHu 6akapui y4yyH HaMyHa oo
KYHMJTHIIT

1. | Grain boundary: a 2D defect, the interface bordering 3appavaap
two well-defined crystals YyerapacMHUHT
Oy, Hy Oy I(I;.()II' acocnﬁ

hy o B NPUHIHITUHH
A TYUIYHTHPHHI?

Pacmaan

§ 8 doiinananunr!

oxidised < ¥ Graphene
0 Grain Boundary
W
a\}x\

A
A

&

- Oxidised
Copper (Cu(OH),)

@

3appavasapuuHr yerapacu: 2D-nedexT, aHuK
aHMKJIAHTaH UKKWTA YerapajaHyBYl KpUCTAJUIAPHUHT
unrepdeiicu
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Grain boundary migration: coordinated movement of | 3appauasap
grain boundaries activated either thermally or by YyerapacMHUHT
mechanical stress MUTPAIASICHHA
£ S it acocuii
T Sy A NPUHIMITHA
i, HED: BE TyuyHTHPHAT?
3appavasap yerapaCHHUHT MUTPALMSACH: TEPMUK EKU
MEXaHUK Ky4WIaHHII Hymu épaamuia GaoutamTHPUITaH
3appadajiap 4erapajJapruHUHI KEIUIIWITaH XapaKkaTu
Multiply twinned particles (MTP): observed Myarumier
frequently with a pseudo five-fold symmetry in AKKHJIaMYH
nanocrystalline particles and thin films (deposited on 3appadyajapHUHT
crystalline substrates) of cubic face-centred metals, acocuii
diamond-type semiconductors (C, Si, Ge) and alloys X0ccaJTapHu
ARy TYUIYHTUPHUHI?
Pacmaan
doiinananunr!
MyJarumier ukkuiaamM4u 3appagaiaap (MTP):oamoc
(C, Si, Ge) Ba KoTHIIIMAJIAp THITAIATH
ApUMYTKa3ruuiapaH, KyoOCUMOH
EKJIapMMapKasIallTUPUWITad METAJUIApAaH OJMHIaH
IOTIKA TUICHKaIap (KpUCTaT TarJIuKJIapa YYKTUPUIITaH)
Ba HAHOKPHUCTAJII 3appadayiapaaru OenuHIyd TapTHOIN
IICCBAOCUMMCTPHUAHHUHI KY3aTUJINIIH
Dislocation: a crystallographic line defect involving JucaOKANMSTHUHT
irregularity in the periodic arrangement of atoms acocuii
(missing row of atoms in a plane) in a crystal XoccaJlapHu
— TYIIYHTUPHUHT?
Pacmaan
doiinananuur!
Jduciaoxkanusa: y3 Wyura aroOMJIIAPHUHI  JaBpUH
}KOI\/'IJ]aHIYBI/IHI/IHI‘ HOTCKHCIIUTUHH OJIYBUHM KpHUCTAJlgaru
(TekucIUKAaru Oup KAaTop AaTOMJIAPHUHT MYKJIUTH)
KpUCTALIOrpapuK YU3UKIN JePeKT
Stacking faults: crystallographic defects arising due to | Koiiramumn
wrong stacking sequence of planar arrangement of atoms | negexkTIapuHUHT
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-é acocui
B NPUHUUIIUHA
TYLILYHTHUPHUHI?
A Pacmpan
g doiinananuur!
A
Perfect Crystal Stacking Fault
Koimammm  gedexTiapu. aTOMIAPHUHT HOTYFPHU
KETMa-KeT IUJIaHAp >KOWJIAIIyBH HATWXKACHAA XOCHII
OYyyBuM KpucTauiorpadguk nedexriap
Triple junction: a node at the intersection of three Yukappaau
crystals or TYTYHHHT aCOCHH
grains X0ccaJapHu
e R S A I ) e TYLUIYHTHPHHI?
orA ' e A Pacmpan
g s doiinananunr!
& B D e m 2 _‘.1;1.' ¢ "
Yukappajm TYIryH: yuTa KpUCTAUITAPHUHT EKU
3appajapHUHT TYKHAITyBUJIard TyTYH
Hall-Petch relation: the effect describing the inverse XoJsur-Ileru
effect of grain size on the hardness of a crystalline solid | konynuHu
that arises mainly due to grain boundary strengthening TYIIYHTUPHUHT?
Hall-Peteh Strengthening Limit PaCMIlaH
doiinananunr!
..,\i%\%%
. ~
#F
7
Xosui-ITeTd KOHYHM: acoCaH 4yerapajarv 3appadyaHuHT
MycTaxKamjallyBd  xucoOura  Xocuia  OYiIyBuYHM
KPUCTAJICUMOH MOJIaHUHT KATTUKJIUTUTa
3appavyajapHUHT  YJIYaMMHU  TeCKapu  TabCUPUHHU
taBcudI0BUN D PeKTH
Band gap: energy gap between the valence band and TabKuKJIaHraH
conduction band in a solid in which all electronic energy | yerapaHunr
states are forbidden acocui
X0CCAJIAPUHH
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CONDUCTION BAND

TYILYHTHUPHUHI?

(Empty) Pacmpan
doiinananuur!
Energy Gap 00000
Eg i Eg
(Full)
Insulator Semiconductor Metal
Ta’bKl/IKJIaHI‘aH yerapaHnmHr KCHIJINTH: 6apqa
QJICKTPOH OJBHCPICTUK XOJIaTIap TabKHUKJ/IIAHTaAH KAaTTHK
JKUCMJIard BAJICHT 4Yerapa Ba YTKA3YBUAHJIMK 4Yerapacu
OpACUJATH JHEPTETUK TYWHYK
9. | Depletion zone: a region at the junction of XoauIamTHPHITa
semiconducting materials that is devoid of free charge H Xyaya1 KaHaau
carriers TApKUOUH
KHCMJIApIaH
TAIIKWI TONran?
Pacmaan
doiinasanuur!
Depletion Zone
XoUIAITHPUITAaH  XYAYA.  3aps/UIAPHU  3PKUH
TallyBUWJIApUAAH  XOJIM  OynraH  sSpUMYTKa3rud
MaTepHaUIApHUHT OUPIIAIINII KON
10| Molecular electronics: the study and application of MouJexyJsip
molecules for electronic device applications IJIEKTPOHUKAHUHT
acocuu
NPUHIMUITUHHA
TYUIYHTHPHHI?
‘, Pacmaan
doiinananuur!
. KOHTAKTH —
MoJiekyJasp 3JeKTPOHMKA: 1JIEKTPOH KypuiMajapa
KYJUIAHWIMIIM YYYH MOJIEKYJIUIAPHUHT TAJAKUKH Ba
KYJUIAaHWIAIIU
11| Light-emitting diode (LED): a semiconductor light CBeTOIHOTHUHT
source working on the principle of electroluminescence, | acocwuii
where the wavelength of light emitted depends on the NPUHIMITHHHA
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band gap of semiconductors TYIIYHTHPHHT?
Light Emitting Diode PaCMIlaH
Toseecehide doiinananuur!
Light emitting diode (LED) ntype | ) 3"“ =|
W i
Ceetoanon (LED): AJIEKTPOTIOMUHECIICHITUS
INpuHOUIIMra acoCaH HWIIJIIOBYH HpI/IMS'/TKaSFI/I‘{JII/I HYpD
MaHOau, HypJaHyBUYM EPYFIMKHUHT TYJIKUH Y3YHJIUTU
SAPUMYTKa3TAYJIaPHUHT TabKUKJIaHTaH Xynyau
KEHTJINTUTa OOFIIHK.
12| Field effect transistor (FET): a transistor whose Maiion
conductivity can be controlled by electrical field dpdexTiin

Nanotube
Electrode

B Silicon Oxide

Gaote Electrode

Maiinon >¢ppexranrpansucrop (FET): anextp
MaiIoHu épaaMu/ia YTKa3yBYaHIUTHHN OOIIKAPHUIIT
MYMKHH OYJITaH TPaH3UCTOP

Tpansucrop (FET)
HMMA YYyH Kepak?
Pacmaan
doiinananunr!

13

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

Orain

IOnka mienkaan tpansucropiap (TFT):
SPUMYTKA3THUIN Ba JUDJICKTPUK MaTCpUAUTH FOTIKA
IJICHKA KaBaTJIM TPAH3UCTOPJIAP; pagrorpadussHuHT
LCD Ba pakamiu uioBaiapuia KyJUlaHUIAIn

IOnka nienkaan
TPAH3UCTOPJIApP
KaHJAad TapKkuoui
KHCMJIApIAaH
TAaIKWJ TONraH?
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 s1ekTponn
TPAH3UCTOPHHUHT
acocui
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cause the on-and-off switching function of SET

P

bup saexkrponau Ttpausucrop (SET): umkyBun
3apSATHUHT KyJa KUYUK Y3TapUIUIapUHUA — aHUKJIAIl
KOOWITMSATUTA 3Ta Mocamaiap; OMpruHa dJIeKTPOH YIyH
xaM 3apsanap dapku “€ku0-yuupuinr” GYHKIUSICUHH
JAKUPUIITH MYMKHH

X0CCAJIAPHU
TYILYHTHUPHUHI?

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): sapsianrax
MO3HMIIMOH-CE3TMp axOOpOTHM #uFa oONlafWrad Ba
paKkamiId  TAaCBUPJApPHM  MIUIATHII ~ y4yH  KEHT
KYJUIaHWIaAuraH MOHHUNYJSIUSIAD YYyH — pakaMiId
MabJIyMOTJIapra yTKa3a oJiaIiraH Kypuima

3apsan
OOFIaHUIILIH
KYpWjiMa HUMa
Y4YYH Kepak?
Pacmpan
doiinananuur!

16

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

devices within unit area
CMOS

— (D ——
analo
signa
LU chain [T~
| i |

KomnuiemeHTapMeTaJ0KCHAIN SIPUMYTKA3ru4
(CMOQOS): wunrerpan cxemamap (ICs) Ba VyTta karra
unterpan cxemanapuu (VLSI) scam  yuyH sHrU
TEXHOJIOTHS, acocuil ad3amnukiapyu kam sHeprust capd
KWINIIIA Ba FOKOPU IIOBKUH Japaxkacuaa 0ynud Oy ¥3
HaBOaTUJa 1032 OUPIUTH JOMpacHlla KypHJIMaJapHUHT
IOKOpY 3UYJIUTHHYU TabMUHJIAWIU

Kommiiemenrap
METAJOKCH/IJTH
SAPUMYTKA3ru4jiap
HMMA YYyH Kepak?
Pacmaan
doiinananunr!

17

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

I'nragrMaraur
KApPIHWIUTHHUHT
acocuiu
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ferromagnetic layer is exposed to a magnetic field

& i ﬁ’ I Magnetic layer
b {ﬁ’. Non-magnetic layer

Magnet

I'aranrmarant Kapmarn (GMR): ronka mieHKanu
CTpYKTypanapia Ky3aTHJIaIuTaH KBaHT-MEXaHHUK
addekt: (eppoMarHuT KaBaTHUHI MarHuT MalJaoOHH
TabCUpPUTA YUparaHaa dJICKTp KapUIWIATH CE3WJIapiu
Japakaaa Kamasii

X0CCAJTAPUHH
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

Onro3ieKTpoHUKA: ANEKTPOH  KypuiIMajapAaHu
AJIEKTPOMArHUT (POTOHJIAPHUHT KYJUTAHWIUIIH; ‘“DIEKTP
CUTHAJIMHU ONTUK CUTHAJIra’ €KA “ONTUK CUTHAJIHU
AIIEKTp CUTHAIra” YTKa3yBUM Y3rapTrudjap OYiuiiu
MyMKHUH CdSe HaHOKOJIIIOH T

OnrodjieKTpoHrKa
HHUHI aCOCHH
XO0CcCaJIapuHHI
TYUIYHTHPHHI?

19

Photoluminescence (PL): a process by which certain
substances absorb electromagnetic radiations of specific
wavelengths and re-radiate photons of different
wavelength
DOTOJIIOMHHECHEHIU S
MO JaJJapHUHTMabIyM 6Hp TYJIKUH  Y3YHJIMKIArd
DJICKTPOMArHuT  HypJIapHHU FOTHO Ba  KaWTalaH
(bOTOHIAPHU TYPJIH XU TYJIKUH y3yHJIUK]A HypJIaTyBYU
JKapacH

(PL): 0ab3u oup

®DoTO0IIOMHHECIIEH
IUSAHUHT acOCHii
NPUHUUITHHA
TYIIYHTHPHHI?

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

DOTOHKPUCTAILIIAP
HHMHI aCOCHH
X0CCAJAPUHH
TYUIYHTHPHHI?
Pacmaan
¢doiinananunr!
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D®OTOHKPHUCTALIAP.  DJIEKTPOMArHUT  TYJIKWHJIAPHU
TapKATWIMIINIA TABCUP JTHILITAa MYJDKAJUIAHTAH JaBpUN
JIVDJIEKTPUK Exn METALIIUIIEKTPUK ONTHK
HAaHOCTPYKTypaJ1ap

21

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

doToHMKA: MabJIyMOTJIApHU Oomrkapumaa

NIEKTPOHJAp  YpHHUra  epyrukHU  (POTOHIApHMU)
KYJUJIOBYH JICKTPOHHKA

@OTOHUKAHUHT
acocui
NPUHIUTINHA
TYIIYHTHPHHI?

22

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

</

&, 4
Ag nanoprisms Auspheres Auspheres Agspheres Agspheres Agspheres
~100mm ~100mM ~50HM ~1201m ~80mM ~40nm

W
v

® ®, ©
KO3annazmon  (SP):  &pyrnmk  OwiaH — Kywid
TabCUPJIAIINII HATHKACHU/A TIOJSIPUTOHTA OJIUO KeITyBUH
103ara MOC KeJlyBYH IJIa3MOHJIap

IO3annazmon (SP)
TePMUHUHA
TYIIYHTYPHHT.
Pacmaan
doiinananuur!
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23

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

IIbe30pe3ucTuB dPeKxT: TamKapuIaH MEXaHUK O0CUM
TabCUpUTa OOFIIMK pABUIIIA MATCPUATHUHT JJICKTP
KAPIIWJIMTHHUHT Y3rapuill X0 ucacu

IIse30pe3ucTus
3¢ PeKTHUHT
acocui
NPUHUUIIUHA
TYILYHTHUPHUHI?

24

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

Ferromagnetic
Semiconductor,
(Spintronics)

CnuHTpOHUKA (CIMH ACOCHAArd JJIeKTPOHHMKA):
ANEKTPOHJIAPHUHT UKKUJIAHTaH XOCCalapuHU, KyMIIa1aH
3apsii Ba CIUH XOJATUHU KYJJIOBYM SIHTU TEXHOJIOTHS,
MaHHUTO-2JIEKTPOHUKA chdaTria XaMm MabJIiyM

CnuHTpOHMKA
(cmuu acocuaaru
3J1eKTPOHHKA)
HHUHI acOCUM
X0CCAJIAPUHH
TYIIYHTHPHHI?

25

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

Bit Qubit

0
®

®
1 1

Abitcanonly  Superposition can be
beaOor1 represented anywhere
on a sphere.

Kyowur: XucooJanapaaru OUTHUHT KBaHT
HKBUBAJIEHTH; aTOMJIAPHUHT KBAHT XOCCAJAPUHU YIdarll
KylummMyacu OusiaH

KyOur Huma yuyH
Kepak?

26

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

KBanTkoMmioTepaap: KUPUIT  MabIyMOTIApUIaru
oreparnusiapaa KBaHT-MEXaHHUK XOMCATApHHA
KYJUUIOBYM XHcoOam acoo0mapu

KBaur
KOMIIIOTEpPJIapu
acocuit
NPUHIUITHHHA
TYUIYHTHPHHI?
Pacmaan
¢poiinasanunr!
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8.
9.

Hasopar caBoJsiapu
Kpucrann HaHO3appadalapHUHT ACOCUI XOCCAJAPHUHT TYIIYHTUPHWHI?
Marepuautapa SHEPreTHK 30Hanap KaHaai makjuiaHaau?
Pyxcat sTunran Ba TabKUKJIaHTaH 30HAJIApHUHT (apKu HUMalaH noopat?
Meramiap,  OMANEKTpUKIAp  Ba  SAPUMyTKasruwiapia  JHEPreTHK
30HAJApHUHT Tyaaupwidmmaard (QysHaamenran (Qapkiaap HUMaJaH
ndopar?
Kyn xarmamim spuMyTKa3ru4uiau CTPYKTypajlapZla KBaHTIM ypajlap Ba
MOTEHIMAN TYCUKIAp KaHAal KIUINO makiutanau?
TyHenmnaHum xoaucacu MOXUSATH HUMaAaH uoopar?
KBanmm  ypama o9Heprus carxmapu  Kaiicm — cabaOmapra  Kypa
JTACKpETIIaIaIn?
KBanT ymuamnu appext Humanan nbopat?
Mounekynsip 3JIeKTpOHHKA, ONTOAIEKTPOHUKA, POTOHUKA, CIMHTPOHUKA
ACOCHM NPUHUMUIIMHYAHT COJUIITHPUHT.

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

TpaH3UCTOPJIAp, OUp IEKTPOHJIM TPAH3UCTOPHUHT HUMA YUYH Kepak?

11.KyOuT Ba KBaHT KOMIIOTEPJIAPHUHT aCOCUN NPUHLUIIMHUHT TYIIYHTUPHUHT.
12.I'uraHTMarHUT KapUIMJIMTHHUHT ACOCUN XOCCAIIAPHUHT TYLIYHTUPHUHI?
13.DoToHKpUCTANIAPHUHT KaHAal TapKuOUi KMCMIIap/iaH TalllKKJI TONraH?

14 .ITve30pe3uctuB 3PGHEKTHUHT aCOCUN NPUHLIMIUHUHT TYIIYHTUPUHT?
15.CnuH acocuaaru 3JeKTPOHUKAHUHT aCOCHIM XOCCATAPHUHT TYLIYHTUPUHT?

1.

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

2-amanaunii MmamryJaot: [loumep HaHOMAaTepHAa OJIUII Ba YJIapHH

XoccaJIapHH. Hanouesroio3a. buomumeruka CUCTEMAJIAPHHA OJIMII Ba

yJapHHU Xoccajaapu.

Nmpan makcan:
Cyrok kpuctai. [lakn xotupanu noaumepnap. Hanonemmnonosa. Tykumanu

ukeHepus. buomocnamryBuannuk. buomuMernka. DnekTpoH OypyH. DJIEKTPOH
tuil. bot. Hano6ot. Jlopunapau makcaanu erkasuii. JJHK-gum.

MacajaHuHr
Ne Niaun 6axkapui y4yyH HaMmyHa oo
KYNHJINIITH
1. Liquid crystal (LC): a state of matter with Cymwk kpucrtai (CK)
properties between a liquid and solid crystal; itis | kanmai TapkuOwUii
used extensively in liquid crystal displays KHCMJIapAaH
TAIIKWJI TONran?
Pacmaan
doiigasanunr!

92




Cywkkpucrai (CK): CylOKJIUK Ba KATTUK
KPUCTAJICUMOH MOJIIa XOCCaTapy OpaTuFuIaru
MaTepus; CYIOK KpUCTAILIN IUCIUIeHIapia KeHT
KYJUTaHWUJIaa1

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 MOJMMeEpPJIap. XapOpaTHUHT
y3rapumu KaOu TamlKd Kywiap TabCUpUIA
BYXKyAra KeiraH Tallku Kydjlap TabCUpHUIa

nepopManusgaH  CYHT  Y3UHMHT  JAcCTJIa0KH
HIAKJIMTa KAWTUII KOOWJIMATHra »Jra aKuId
noJIMMepJIap

IHlaka xoTupaaun
MOJIUMEPJIap HUMA
YUYYH 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

I3 -

@ —.8 ~ &=
S ells from a S
J/U biopsy -
L
(Generatlgn of )
< Culture on a 3D ’?-’4’.‘:"
- Fecatio Expanded
g ~
P\
TykuManau WHKeHepHsi: CYTAMHU3YBUWJIAPHUHT
acocui  TYKUMaJapuHUHT  TY3WJIUIIA  Ba

GyHKIIMOHAT acocyapu Xamaa (QYHKIUSTIApUHH

Tykumaan
UHKEHEePUSIHUHT
acocuil xoccajJlapuHHu
TYUIYHTUPHHI?
Pacmaan
doiinananunr!
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TUKJIAII, KYyiad Typull €KUM SXIIWIan Y4YyH
OvoMocnallyB4yaH  YpHUHU  OOCYBUMJIAPHUHT
KYJUIAaHWJIUIIHN TYFpucuiara dhan

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

buoMocaamyBYaH/IMK. HOXYII Y3rapuIUIAPHU
YakupMail MaTepuagIHUHT OMOJIOTUK TU3UM OujIaH
TabCUPJIAITYBUA Y3 Bazu(alapuHu Oakapuiimn

buomocsanryB4YaHIu
KHHMHI aCOCHH
NPUHIUITHHA
TYUIYHTUPHHI?
Pacmaan
doiinananuur!

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

N\

buomumeruka: 3aMOHAaBUU TEXHOJOTHUSJIAPHU
Kyjutaimr  OujaH  MYXaHJIUCITUK  TU3UMIIAPHU
TAJAKAK KWIWII Ba JIOWMXAIAIITUPUII Y4YYH
Tabuuil TU3UMIIapra VYXIail, HWHXEHEpHUs EKu
TaKJIUJ KWW TYFpUcuiaru Gpax

buomumeTuka
aCOCHMH NPUHUMIIMHU
TYIIYHTHPHHI?
Pacmaan
doiinananunr!

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

&

Sensor Array

Olfactory Bulb

&

Microprocessor

Brain

Software

JJIeKTPOH
OYPYHHHMHI acoCHi
XO0CCAJIAPUHH
TYLIIYHTHPHHI?
Pacmaan
doiinananuur!
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DJIeKTPOH OYPYH: XU €KU TaAbMJIAPHU aHUKJIAII
y4yH OUp Heua KUMEBUM CEHCOpJiapAaH TallKU
TONTaH Kypuima

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

measunng
multiplexor device

sensor
array

_ reference " \
electrode )\

V “h ET*"'
analvsed solution @ ‘\ e -

JJIeKTPOH TWJI. TabMJIapHU AaHUKJAIl Ba
TaKkkKocjaam  ydyH Owp  Heua  KUMEBHUHM
JIATUYUKIIAPJAH TAIIKWAJ TONTaH KypuiMa

JJIeKTPOH TUIHHHT
acocuil xoccajJJapuHu
TYIIYHTHPHHI?
Pacmaan
doiigaanuur!

Bot: a robot or automated intelligent machine

Bbort: poboT €k1 aBTOMATIAIITUPUIITAH
WHTEJJICKTyaJl MallliHa

bor: Huma yuyH
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

Hano0oT1: HaHOMeTpIM Yuyamiiap/ad TallKuiI
TOTITaH KOMITOHEHTJIN pOOOT (SIpuM EKU TYIIUK
aBTOMATJIAIITUPWITaH HHTErpall MalllMHA); yiaap
HaHOPOOOTIAp, HAHOUIAP, HAHUTIIAP,

Hano0oT HuMa yuyH
kepak? Pacmaan
doiinananunr!
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HaHOMAIIMHAJIAp €KW HAHOMUTIAp HOMJIapU
OuJiaH xaMm yupaiiau

10.

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

% L oE
\[} i\.‘, Vesicles e
Micelles I /
Multifunctional
Dendritic Palymers

%

Nanospheres

Pllarm acentical carriers

Liguid Crystals

Nanocapsules

JlopujiapHu MakcaaJM eTKa3HIl. Tepanusiia
JOKaJIalliTaH  3apapiaHraH  XyKaipamapra /
TYKUMajapra  Kepak  Oyiaran  MHKAOpAa
dbapmaneBTUK OMPUKMaHU KUPHUTHII

Jdopuiapuu
MaKCcalJIu
€TKA3UIIHUHT
aCOCHMU NPUHUMITMHU
TYUIYHTUPHHI?
Pacmaan
doiinananuur!

11.

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

€Kn
Y4yH

reqaaru
UJEeHTU(PUKAIUSIIAIT
SPUMYTKA3TUUIN  MUKPOYHII

JAHK-unm:
y3rapunuiapHu
KYJUTaHWUJIaUTaH
acOCHJIaru aT4uK

MyTalusIapHA

JAHK-yunmHuHr
aCOCHH X0CCAJTAPUHU
TYIIYHTHPHHI?
Pacmaan
¢doiinananuur!

oghkowhrE

Ha3zopar caBosiapu

Cyrokkpucran KaHjai TapKuOuii KUCMIapaH TallKuil TONTaH?
[ITakn xoTUpamu MoJIMMEPIIAp ACOCUM XOCCAaTapPHUHT TYIIYHTUPHUHT?

Tyxkumanu MHXEHEPUSHUHT HUMa YYyH Kepak?

bruoMmumeTrka Ba OMOKEpaMUKAHUHT AaCOCUI MPUHLIMITMHYA TYITYHTUPUHT?
OnekTpoH OypyH Ba 3J€KTPOH THUJ aCOCHIA XOCCATAPHUHT TYIIYHTUPUHT?
Hano6oT Ba nopunapHu Makcayii €TKa3UIIHUHT aCOCUM MPUHIUITUHUHT

TYUTYHTUPUHT?

JIHK-ununHuHT acocuil XoccalapHUHT TYUTYHTUPUHT?
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dogaaHWwiIran agadbuériaap

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 XOCCAJIAPHHU.
HNimnan makcana:

Tarpan-tenara Ba Tenagan nactra. byr ¢azacugan ¢usukasuit uykrupum (PVD).
[Inazma. byr ¢gazacunan kumépuid uyktupui (CVD). Uccuk n3ocTaTuK mpeciant
(HIPing). IMupomu3. VYukynnu mnazmanu numupuin (SPS). Tenr xanamm
Oypuaknu mnpeccinam (ECAP). Mexanuk KoTummanail. bByF-CylOKIMK-KaTTHK
momna ycymu  (VLS). Onwurakcus. Hanomutorpadus. Fab.  Kommowun.
Hanonucnepcus. 3'73-}”/3HHI/I murum. Asporen. KBant nHykranapu. bakMuHcTep —
dbynneped. Marukcon. Yriepomiu HaHoTpyOka. Hanoromanmap. HanokoOukiap.
Hanocumnap. Hanomartepuan. Hanoctepxunap. Buckepnap. FOnka rmieHkanap.
Me3oroBaknu Marepuai. MynTukaBaTiap.

Ne NHu 6akapuin y4yyH HaMyHa Macananu
HI
KYHHJIHIIT
"

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

o 7
50
iy 5 %
£ ~ g
Synthetic Chemistry,
Genetic Engineering, ...
1

Tarman-temara: acocuiéi Oupimkiapu HaHo3appadanap /
HAHOTH3UMJIADHU XOCHJI KWW OwjiaH OuWpiamagurad aToM
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MUKECUIATK aCOCHM OWpIMKIApUIaH HaHOMAaTepUaUTAPHUHT
CHUHTE3 KWINIL CTPATErUsCH

Tenagan macTra: HAaHOKPUCTAJUT MaTEPUAIHH OJIUII OUIaH
MHUKPOKPHUCTAJUT MOJIJAHUHT MANTAIAIIHA Y3 UUATa ONaH;
HAaHOCTPYKTYPAJIAPHHU CUHTE3 KUIUIIHUHT KAaTTHUK MOA AN
WYJUIapU 11y KaTEeropusra Kupaju

Physical vapour deposition (PVD): a variety of vacuum | byr
deposition technique involving vaporization of atoms from | ¢a3zacunan
target material to produce a thin film on a substrate ¢pusukaBu
PVD i
AW MATCRIAL TARGET) SPSIERES YYKTHPHII
el n e
acocuu
e NPHHIHITH
I conTNG e HN
TYUIYHTHP
amens u HHT
o Pacmnan
Byr ¢a3zacunan dusukaBuii uyktupum (PVD): Tarnmmkna (ofinanan
IONKA IUICHKAJapHU OJIMII yYyH aTOMJIAPHU  MYJDKall Har!
MaTepHalniad OYFIAaTUIL UIITUPOKUIA BAKyyM UYKTUPHUILIHUHT
TYypJIM TEXHOJIOTUsJIapU
Plasma: a state of matter containing a significantly large | Iliaszma
fraction of ionized matter; plasma properties differ significantly | remmepary
from those of solids, liquids or gases pacuHM Ba
“ X0ccaJapH
. )4 |
NPUHIMAIIHA
HUHI
TYUWIYHTHP
HHI
IIna3ma:nonnamrad MOJOJaHUHT aHYarunHa KaTTa cbpaKuHﬂ(:I/IHI/I
5731/11[3 CaKJIOBYM MOAJAHHMHIT XOJIATH, INIa3MAaHHHI XOCCaJlapu
KATTUK MOJJanapaH, CYIOKIHKIapaaH €K ra3jap/aH TyOaaH
dbapk Kuaagu
Chemical vapour deposition (CVD): a technique for Byr
depositing thin films on a substrate using gaseous reactants dazacunan
SO Yoyt Depodian VD) KHMEBHH
YYKTHPUII
(CVD) unr
acocui
NPpUHIUITHA
HN
L TYLIYHTHP
- HHI?
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Byr ¢a3zacunan kumépuii yykrupum (CVD): rascumon | Pacmaan

peareHTJIapHUHT KYJUIAHWJIUIIN OWJIAaH IONKa IUICHKaJapHUHT | oiiganan

TarJIMKAa YYKTUPUI YCITyOu HHTI!

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

hydrostatic pressure and temperature to compress fine particles | uzocraTuk

into coherent parts npecjaanH
HHI
acocui
NMPUHIAIIA
HHN
TYLIYHTHP
HHI?
Pacmaan
douganan

Hcenk m3ocratuk npeciam (HIPiNng):maiina 3appavanapHu

SXJUT KUCMJIApra CUKHII YYYH IOKOPU THAPOCTATUK OOCHM Ba

XapopaTHU KYyJUIall KapacHu

Pyrolysis: Greek word denoting separation (lysis) under fire | IlupoJiu3

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

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

oxygen Pacmaan

@ % LAUAL boiinasan
polystyrene particles  ceramic precursor HTT-1800 HHI'.
pyrolysis |900‘C-1100’C

Iuposm3: ananra(pyr) octuaa axparuiinu (lysis) anrmaryBun

rpeKya Cy3; KHUCIOpOJ HINTUPOKUCHU3 IOKOPU Xapopariapiaa

OpPraHuK  MOJJAHU  IApUAIAIIHUA Y3  HWYUTa  OJIyBUHU

TEPMOKUMEBUM YCYII

Spark plasma sintering (SPS): a sintering technique using | Yukyniiu

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

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

samples HHHT
acocui
NMPUHIAIIHA
HUHI
TYUIYHTHP
HHI?
Pacmpaan
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Spark Plasma Sintering (SPS)
mechanism

Plasma heating Joule heating

Electrical
current

Plasma
discharge

www,substech.com

Yukynim miasmaiad mamupum (SPS): rpadut marpumacu
IIYHUHTJEK YTKa3yBUYaH HAMYyHajap XOJIATHJa MUIIUPHIAETTaH
KyKyHAaH OeBuCTa yTa€TraH JOMMHHA UMIYJIC  TOKHU
KYJUTAaHWIMIIUAArd MTUIIUPHILI TEXHUKACH

donxanan
uHr!

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

[ ] ]
{ |
|
|
i

Die

Sample

Pressed sample

gs o <
Tenrkananau Oypuakim mnpeccaam(ECAP): makn Ba
yayaMIlapuHu Y3rapTUPULICHU3 KaTTa MUKAOpAAru
nepopMallMoOH  CWDKHUIIHA ~ KUPUTYBUM  YATpaaucIepc
TY3WIHLUIM 3appadajapHu HIUiad YMKApUIIl YYyH IUIACTHK
neopMalUsHUHT OFUP TEXHHUKACH; SKCTPY3Hsl MIITHPOKUIATU
yxmam jxkapaHHM HAMOEH KWIyBYM TEHI KaHAJUIM Oypuak
akctpy3usicu (ECAE)

Tenrkana
JIJTH
Oypuyaxk/Iu
npeccJjan
HHUHT
acocuu
XoccajJapH
HHT
TYLIIYHTHP
HHI?
Pacmpan
doiinanan
HMHTI!

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
MexaHHKKOTl/IIHMaJIaIH: IOKOpH OHCPIUAIn mapJjan
TETUPMOHJA 3appadajapHUHT KailTa aedopMalvsiaHUuIIA Ba
€pUKIapM  HATWXKACcUJa  MauJalaHUIIM,  KyKyHJIapHUHT
3appadajiapy COBYK MaWBAHJIAHAJWIaH KATTHK  KUCMJIATH

MexaHUKK
OTHIIMAJIAa
HIHUHT
acocum
NPUHIUAIA
HHUHT
TYLIYHTHP
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JKapacH

UHT?

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

\,l,‘.
Substrate

Byr-cyrokimnk-karTuk momaa ycyyam (VLS): Oyr dasacuman
KUMEBUN UYKTUPUILIJATH HAHOCUMIIAp KaOu Oupyimuamiu
HAaHOCTPYKTYpTAPHUHT Yeuim Y4yH MEXaHU3M;
KPUCTAUIAPHUHT YCHUIIM Ba KWHETUKACH CaMapaJlOpJIUTUHU
OIIMIIK YYyH KYJUTAaHUJIAAM, KaTAIUTUK CYIOKKOTUIIIMaIH (asza
Oyfi1apHu YTaTyUUHTaHIUK Japaxacuraya Te3na
azcopOnusIaii MyMKUH

byr-
CYIOKJIMK-
KATTHK
MO/1J1a
YCYJUHUH
I acocuu
NPUHITUAITH
HHUHT
TYUIYHTHP
HHT?
Pacmaan
douganan
HUHT!

11.

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

substrate

‘
,/ Molecular Beams
’ ~ ’ -
'
/ '

' ’
Growing Epitaxial v 4 ¥ )

Substrate Wafer

INMUTAKCUA:ACOCUH TarJIMK OUJiaH KpucTamiorpadux tTapTuOHu
(KOTepEeHTIMKHHU) TAbMHUHJIAII YYyH UKKWIaM4ud (ha3aHUHT
YCHILIN

ONUTAKCH
1 HHT
acocuu
xXoccajJapH
HHT
TYIIYHTHP
UHT?
Pacmpan
doiinanan
HMHTI!

12.

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

Fab:unTterpan cxemanap Ba Ba SpUMYTKa3rH4id acOOOIapHU
Unuiad  4YMKapUIl y4YyH Ha30parT KWIMHYBYM YYKTHPHUII
JKapa€HJlapy  Ba  TO3a  XOHAJApAAH  TAIIKWJI  TOITaH
MUKPOTCXHOJIOTUK 00BEKT

Fab auma
YUYH
Kepak?
Pacmaan
doiinanan
HHTI!
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: '
Colloid: a homogenous suspension of a dispersoid in a

13. Koanoun
continuous medium; it may be a solid, liquid or gas KaHaai
' TapKuOMit
KACMIIapa
aH
TAaIIKUJ
Tonran?
Pacmpan
e 5nm 50nm 100nm 200nm (poinanan
Koasona: y31ykcu3 MyXuTaaru AUCIEPCUSIIIAHTaH MOJIAHUHT unr!
6Hp Typdaru CYCICH3HACHU, KaTTHUK, CYIOK €Kl Ta3CHUMOH
OYIIUIIIN MYMKUH.
14. | Nanofluid: colloidal suspension of nanoparticles of metals, Hanoaucn
ceramic, carbon nanotubes, etc. epcust
KaHaau
TapKUOUit
KACMJIapA
aH
TalIKUJI
TONran?
Hanoaucnepcus: MeTasiap, KEepaMHUK, YIJIEPOIIIA
HaHOpr6KaJ'Iap Ba XK3 HaHO3appadaJapHUHIT KOJJIOU
CYCIIEH3USCH
15. | Self-assembly: process in which the components interact within | V3-y3unn
themselves to form aligned or organized structures without any | itmFumsu
external force HI acocuid
aginny TP NPHHIKIT
R HUHT
TYLIYHTHP
HHI?
Pacmaan
doiinanan
Substrate (metals, semiconductors, ceramics, polymers, etc.) HHTI!

V3-y3uHu WuFum: Oupop Oup TamlKM Kyd TabCUPUCU3 Oup
TEKKUC €KW TAIIKWLIAIITUPUITaH TY3WIHII XOCUI KNI YYYH
KOMIIOHEHTJIADHUHT Y3 MYKJIA Y3ap0 TabCUPIAILYB 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 KaH/aii
- - Structure of seoge TAPKUOMH
4 », : KHCMJIAPT
aH
oooooooo TAINKHWJI
A | ronraun?
/ Pacmaan
A blowtorch undi ;:1::;:::: nA::‘gel has no effect on (])0171[1 ATaH
AjsporeJi: CYIOKIUTH IOTWJITaH Ta3 OujIaH YpUHaIMaIlrad HHT!
TreJidaH OJIMHTaH FOBAKCUMOH KATTHUK ‘-IS"KMa
17. | Quantum dots: 0D nanostructures in which electron energy | KBanTHyK
states are confined in all three spatial dimensions; their | Tamapu
electronic properties are between that of cluster*s and bulk | numa yuyn
semiconductors Kepak?
Pacmpan
douganan
HHI!
Color of CdSe - CdS colloids is a function of quantum dots sizes
KBaHTHYKTAa/IapU: 3JIEKTPOHJIADHUHI JHEPrus XOJIATIIApU
Oapua yd4Ta KEHITIMK Yyiuamiapujaa aHukiaHaguran 0D
HAHOCTPYKTypajap; yJIapHUHT JJICKTPOH XOoccajlapy KjacTepiap
Ba IPUMYTKa3ruujap opacuaa 0ynaau
18. | Buckminster fullerene: a spherical molecule with the formula | Bakmuucr
C60, named in homage to Richard Buckminster Fuller, due to | ep —
its resemblance to the geodesic dome designed by him; | ¢pyaaepen
Buckminster fullerene is the first fullerene molecule to be | kanmaii
discovered and is also the most common in terms of natural | Tapku6mii
occurrence, as it can be found in small quantities in soot KHCMJIAp/I
L1 EXPO67 = gl bt an
: ; -5 TAIIKHJI
TONraH?

baxkmuncrep - ¢pysiaepen: Puuapn bakmuncrep Oyrepen
TOMOHHJIAH JIOMMXAJAIITHPUIITAH T€0Ie3UK ryMOasra yXimamm
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Tydaiinu yauHr mapadura Homiaanrad C60 dhopmynanu
JIOMpPAacCUMOH MoJIeKyJia; bakMuHcTepdyiepeH —
byIIIepeHHUHT JacTIa0KH TOIMHIITaH MOJICKYJIaCH
XucoOIaHaau, 1y Omiad oupra Kypymaa 03 MUKIOp/ia
TONMJIMIIYA MyMKHH OYJITAaHJIUTH YIYH TaOUUI XOCHI OYIIHIIN
HYKTau Ha3apuJaH 3HT KYII TapKaJiraH XucoOaHaIu.

19. | Magic number: a critical number of atoms in a cluster size Marukcon
providing it higher structural and potential stability TYIIYHTHP
Y HHI? ATOM
TY3HJIHIIH
' HHUHT
°°:°§§;: S 5 e,;’;?:% dolinanan
W35 HHTI!
MarukcoH: aHuYardHa OKOpU OYJIraH CTPyKTypaBUW Ba
IIOTCHI AT TYPTryYHJIUKHHA TabMHWHIIOBYHN Ki1actepaaru
ATOMJIAPHUHI' KPUTHK 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 | nanoTpy6
applications KAHHHT
casrg]grier;\;/:g?jbe cg&%ﬂ?:’naglti%e ca:ggl:-nv;ar‘mletﬂbe CI/IH(l)JIaHI/I
(SWCNT) (DWCNT) (TWCNT) IMHUHD
TYUIYHTHP
HHI?
Pacmaan
e Y= doiiganan
Yraepoaan HaHoTpyoka (CNT): TacBup GpopMaTHHHHT FOKOPH | MHT!
Y3rapTupuiand TYpPUIUIA [WJIMHIPCUMOH HAHOCTPYKTYypaiu
YIAEPOJHUHT QJJIOTPONUK IIAKIW; YJapHUHT Yy3radya OyiraH
QJICKTPOH Bad MAaruuT XOCCaJlapu KCHI' KS"J'IJ'IaHI/IJ'IaI[I/I.

21. Hanotoaa
JJAPHUHT
acocui
xoccaJlapH
HHT
TYUIYHTHP
HHI?

Hanoronanap: 100 HM naH kuuuk OVIraH quaMeTpid ToJiajiap
22. | Nanoshells: a thin coating over a core object a few tens of Hanoxkoou
nanometres in diameter KJap
KaHaau
TAPKUOMH
KHCMJIap]A
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an
y \ TAIIKHJI
TONran?
Pacmaan
doixanan
HHTr!
HanoxoOukaap: quamerpu OMp Heya VHIMKIArd HaHOMETpAA
OynTaH 0OBEKT SAPOCH YCTHIATH FOTIKA KOOWK
23. | Nanowires: 1D nanostructures with width of nanometric | HanocumJa
dimensions and exhibiting aspect ratios of 1000 or more ap HuMa
YYYH
Kepak?
Hanocumuiap: HaHOMETp YI4aMJIU KEHIJIUKIArd Ba T€OMETPUK
ymuamnapuauHr HucOatu 1000 Ba yHOaH rokopu OyiraH
1DnanocTpyKTypanap
24. | Nanomaterial: class of materials in which at least one of the | Hanomare
dimensions is on the nanoscale (<100 nm) puaIapH
HHT
Y Kana
o © A 0 0 CUH(JIAHU
b y: osias i ‘3 ) Gop?
05"6660 W‘ o /4 A 00Pp:
micelles vesicules dendrimers | liquid nanocapsulés nanospheres
crystals
Hanomarepuan: Oupon Oup y3rapumui HaHo mapaxana (<100
HM) OVJITaH MaTepuaNIapHUHT CUH(PU
25. | Nanorods: 3D nanostructures with aspect ratio typically in the | Hanocrep
11 the1r dimensions are in the range 1-100 nm JKHJIAp
i A KaHaau
TapKuOuit
KHCMJIap/
- ol o aH
HaHOCTep)KHJIap eKJIapI/IHI/IHF HI/IC6aTH 3 5 Ananas’oHU | yauremil
Oynran 3DHaHOCTpYKTYpasap; ynapHuHr Oapua yadamnapu 1- | ponran?
100 uM nuamnazoHuga 6ynaau
26. | Whiskers: thin fibrous growth of a dislocation free crystal BuckepJia
p HUMA
YUYYH
Kepak?

678x506

Tin dioxide nanowhiskers. .
BuckepJiap: 3pKUHAUCIOKALMSIIAHAAUTAH KPUCTAJTHAHT
HO3MK TOJIAJIA YCUILIN
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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 | mienkama
microns PHUHT

acocuit
i X0CCaJIapH
T HHT
\\% TYUIYHTHP
CulnSe2 Thin Films.
IOnka nmueHkanap: aToMap KOHCTPYKIMSUIAHTaH KaBaTjiap doiinanan
HAaHOMETpP/aH MAaKCUMyM OWp Heua MUKpOHTada Oyiaran uHr!
Jana3oHja OyiaraH KaJIMHIMKIArY TUIeHKanap

28. | Mesoporous: porous materials with regularly arranged, uniform | Me3oroBa
mesopores (2-50 nm in diameter); their large surface areas | xiam
make them useful as adsorbents or catalysts MaTepuas

B TR BBV JIAPHUHT
acocuu
X0CcaJIapH
U
TYUIYHTHP
HHI?
Me3oroBakiu:. Oup Mebépaa 6ep TEKHC  JKOMJIAIITaH PacuMnaH
Me30FOBaKiM (ameTpu 2-50 HM) FOBaKCMMOH MaTepuasnap; | PoHAanaH
[032 CHDTHHMHT KATTAJIATH  yjlapHu ajcopGent exu | HHT!
KaTtanuzaropyap cudaruia hongany Kuiaamn

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

deposned one over the other aTiap:
2 HHMA Y4YYyH
Kepak?
Pacmaan
doixanan
HHT!
MyarukaBatjap: Oup-Oupura >XOWIAMITUPWITAH TYPIH XUJ
KUMEBUHM TapKUOJIM €KW CTPYKTYPAJIU IOTIKA TUICHKAJIap
Ha3zopar caBoJsiapu
1. byr dazacunan dusukasuii uyktupurHuHr (PVD) Ba Oyr dazacuman
kumEBui uykThpuil (CVD) uHr acocuii TpUHIMIIMHU COJUILITUPUHT?
2. Wccuk U30CTaTUK MPECTANTHUHT BO TEHTKaHAJUTH OypUYaKIId MPECCIAITHUHAT
aCOCHM MPUHIMUIIMHUHT TYUIYHTUPUHT?
3. Iuponu3s Ba yUKyHJIM IJIa3MaJId MUAIIMPUIIA HUMA YIYH Kepak?
4. MexaHUK KOTUIIMAJIAIIHUHT aCOCUI MPUHIUIIMHUHT TYUTYHTUPUHT?
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ATOM-Ky4WIaHUIIUIH
Hanonurorpadus.

5. ByF-CyIOKJIMK-KAaTTUK MOJA YCYJIMHUHT aCOCUN NPUHLIMITUHUHT

TYUTYHTUPHUHT?
6. DNUTAKCUSHUHT aCOCUN XOCCAIADHUHT TYIIYHTUPHUHT?

7. Komnmouna Ba HaHOAUCIIEpCHS KaHal TapKUOWM KUCMITapiaH TalTKIIT

Torrau?

8. KBantHykTanapu, 6akMuHCTEp — QYIUIEPEH, YIIIEPOTH HAHOTPYOKAHUHT

CUHGIAHUIIMHUHT TYITYHTUPUHT?

9. HanoronamapHUHT, HAHOKOOHMKJIap, HAHOCUMIIAP, HAHOCTEPXKHIIAP,

BUCKEPJIAp MUCOJ KEITUPHUHT?

10.¥OmKa nieHKanapHUHT Ba ME30FOBAKIIM MaTepUaNIApHUHT HUMA YIyH

Kepak?

DoiigaIaHUITaH a1a0uETIap

1. David Rickerby Nanotechnology for Sustainable Manufacturing, Taylor and

Fransis, 2014, 153-197
4-amanuii mamryJior: HanomerpoJiorus.

HNmpan makcan:
MHUKPOCKOIHUSA (AFM).
HanounaenTtudukamusiar.

AToMm

DIIEKTPOH

MaHUITYJISITUSCH.
MHKPOCKOTI.

MukpokantuneBep. CKaHUPJIOBYM SIKMH XYAYUIM ONTUK MHUKpockomus (SNOM).

PeHTren(hoTo31eKTPOHCIIEKTPOCKOIHS (XPS). Vra YyKa3zyB4YaH
kBanTuHTEeppepomerp (SQUID).
MacajaHuHr
Ne NuHu 0akapuin y4yH HaMyHa .
KYNWJinim
1. | Atomic force microscopy (AFM) or scanning probe ATOM-
microscopy (SPM): a high-resolution device used to map | KywIaHHILIHMH
topography or other functional properties of the surface KPOCKONHUS
atoms at atomic resolution capabilities (AFM) éxn
o BTy Weroory ) Oobe rmcony CKAHEPJIOBYH
} E L0 30HAMHKPOCKOI
- \/ usicu (C3M)
) acocuid
INPUHIMUITHHHA
ATOM-KYWIAHHIIVIUMHKPOCKONUA (AFM) | TymryHTHpPHHT.
éxncka”epiaoBun 3oHaMukpockonusicu (C3M): arom | Pacmaan
KypcaTTH4IM [033Jard AaTOMIIAPDHUHI TAaCBUPHUHU €EKU | poliqajlaHMHT!
Oomka (YHKIIMOHAT XOCCAJIAPUHU TAacBUPJIAIl YUYyH
KYJUIAHUITYBYH IOKOPH KYpCATTU4JIM KypUiIMa
2. | Atomic manipulation: atom by atom modification of AToM
surface structure or chemistry made possible by advanced | manunyasinusicu
techniques like atomic force microscope and scanning HHHT aCOCHIA
tunnelling microscope NPUHIUITHHA
TYIIYHTUPHUHI?
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ATom MAHUITYJIAHACH: aTOM-Ky4JIaHUIIUIN
MUKPOCKOITMS Ba CKAaHEPJIOBYU TYHEIUIM MUKPOCKON KaOu
WIFOp ycyJmap Ty(dailsii MMKOHMSITH TYFWITAH FO3aHUHT
Ty3WIUIIMHA aTOM OPTHJAAH aToOM €KH KUMEBUU
MO AU (pUKAITHSIIAIT

Pacmpaan
¢doiinananuur!

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

Nanointender prints

HanounnaeHTHUKANMSAIALL, HAHOYJIYAMIIM XaXMmJjapra
KYJUTAaHWJTYBYM OOCHIIArd KATTUKJIWK TECTH, KHUYHMK
oocumiapaa anoxuaa HaHO3appavyajJapHUHT
KATTUKJIMTUHA AaHUKJIAIl YYYH

Hanoungenrudg
HKANUAJIAIIHAH
I acocui
NPUHIHTHHUHT
TYUIYHTUPHHI?
Pacmaan
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’

Vacuum
|-— column

Condensing
—— lens

""" e

Target: Amplifier
JIEKTPOHMHUKPOCKOII: TE3TAITHPUIITAH
JICKTPOHJIAPHUHT KOJUTUMHPJIAHTaH JacTaCHHU HamMyHara
dokycmab  arom = ymyamMugard — KaTTaJAITUPHWITAH

TACBUPHH OJIMII YYYH KYJUIAHWJIAIUTAHMUKPOCKOIT

JJIeKTPOHMHUKPO
CKOIl MHI aCOCUM
XOCCAJIAPHUHT
TYUIYHTUPHHI?
Pacmaan
doiinananuur!
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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 YITUYAMIIU
kanTuuBepau Hyp, MEMS coxacuna, naruuknapna,
PE30HATOpJIapda Ba XK3 KCHI' KS'/J'IJIaHI/IJIaI[I/I

MuKpoKaHTHIIe
BE€p HUMA YYYH
kepak? Pacmaan
doiinanmanuur!

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
CraHupioBYH AKHUHXYAYJIH
ontukMukpockonusi(SNOM): HaMyHaHU
WIUIATUIAETIaH HYPHHUHT TYJKWH Y3YHJIUTUIAH KHYHK
Oynran yndamaard TUPKHUII OpKaiu EpUTaau, HAMyHAHH
SAKUHXYLY 1IN MaHOa peXKUMU Jonpacujza
JKOMJIAIITUPUIIA]IN; OJIINN 0OBEKTHUB épaamMuaa
HaAMyHaJard nauadparMaHuHr CKaHepijam Wynu OusaH
TaCBUp IIAKJUTAHUIIIM MYMKUH OYyaau

Microscopes

SEM

TEM

Optical SPM

STM

1
SNOM

‘
; g
}. iy
i +
A
! L/
b g
5 e
X3 :

I AFM

CkaHupJIoBYH
SAKUHX YLy
ONTUKMHUKPOCKO
NUSHUHT acoCHii
NPUHIUTHHUHT
TYIIYHTHPHHI?
Pacmpan
doiigaanuur!

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

Pentrendorosie
KTPOHCIEKTPOCK
ONMUSIHUHT
acocuii
NPUHUMTIUHUAHT
TYULYHTHPHUHI?
Pacmaan
doiinananuur!
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PeHTreHg0T03/1eKTPOHCIIEKTPOCKONUA (XPS):
KUMEBUM MOJJIAHUHI F03aCHHH MUKIOPUNA aHAJIA3 KHJIMII
yciyOu, 3J€MEHT TapKUOWHU aHUKJIAWaAu; YCyJ, peHTreH
Hypiapu OuiaH KATTUK MOJJAHUHI HypJjam épraMmuia
OJIMHTaH (POTOIJEKTPOHIAPHUHT TaBCU(PUHU ¥3 HUHUTa
0JIaJ 1

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

7

7

Yr1aykasyBuan
KBaHTHHTepdep
ometp (SQUID)
KaHJaau

TapKUOUit
yo o \"_ KUCMJIApPAAaH
, “}_\ TAIIKWJI
7 - PP N TONraH?
Vraykasysuan keantuatepdepomerp (SQUID): yra | Pacmaan
Ky4CH3 MarHuT MAalJOHJApUHU yI4yall UMKOHUSITUTA 3ra dorinananuur!
Mocaama
Nanolithography: a nanofabrication technique for | Hanosurorpadu
patterning nanoscale features; used extensively in the | aumur acocmii
fabrication of ICs and NEMS NPHHIUIHHUHT
TYIIYHTHPHUHI?
Pacmaan
doiinananuur!
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a @ Light source

Lens

Mask

; Photoresist

e Substrate

Hanosmrorpagusi: HAaHOYTYaAMIIM I€TAUIAPHU IAKIIJIAIT
YUyH HaHO MIJIA0 YMKAPUILI TEXHUKACH; UHTErpaj
cxemaniap Ba NEMSnap nmnad ynkapumiga KeHT
KYJUTAaHWIAIN

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

CywKkJIaHuII XapoOpaTHHHUHIT OCHUJIVIALIMSICH .
3appadyalapHUHT yiruamu accocuu MaccaaaH
cyOHaHOMeTprauya KaMau® MUKIOPUHHUHT  OILIWIIN
HaTmXacujaaru CYIOKJIaHMIII XapopaTUHUOOCTUPHII

XOoJucacu
490'C| 330‘CH 170°C 45°C ’ 22°C

Nanothermometer (Ga in Carbon nanotube)

58°C 294°C 1l

18°C

Cyokaanui
XapOpPATHHHUHT
OCHMJLISILIUSICH
Ba
HAHOTEPMOMeETP
HHUHI aCOCHH
NPUHIUITHHUHT
TYLIIYHTHPHUHI?
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Hasopar caBoJsiapu

ATtoM-KywiaHunumd  MuKpockonus  (AFM), CKaHEpPJIOBUU  30H]
mukpockonusicu (C3M) Ba aToM MaHUNYJISUUSACUHUHT  aCOCH
OPUHLUIIMHU COTUILITUPUHT?

Hanounnentugukanys Ba HAHOIUTOIPaUSHUHT aCOCUN MPUHIIMITMHUHT
TYITYHTUPUHT?

MUKpOKaHTHIIEBEp HUMA yUyH Kepak?

DONEeKTpOH MUKpPOCKOIHMS Ba CKAaHUPJIOBYM SIKMH XYAYIUIM ONTHK
MUKPOCKOTIUSIHUHT aCOCUH MPUHIMIUHUHT TYIIYHTUPHUHT?

Vra YKa3yBYaH KBaHTUHTEPPEPOMETP (SQUID) Ba
PEHTIeH(POTOINEKTPOHCIIEKTPOCKOINS HUMA YUYH Kepak?

dogaaHWITaH agaduéTiaap

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

112



S-amaymii mamryJoT: HanomaTepua/sIapHUHT IKOJOTHK X0CCAJTIApH.

HNimpan makcaa:
Exunru snementu. @otokaranus. HaHOTEXHOIOTHUS Ba KypUIIUIL MaTepuasiap.

Macajnanu
Ne Nuraun 0askapuin y4yH HaMyHa WHF
Kynujini
) |
1. | Fuel cell: an electrochemical cell capable of producing Exniarn
electrical energy with fuel or reactant being used up from an 3JIEMEHTH
external source HHHT
2H*+ %0, H,0 Chemical ENeTSY s Electrical Energy acocui
oe- X0CCaJIapH
7 . e HHI
o, 2h, TYUIYHTHP
;,,. UHI?
il B Pacmaan
. . -l doiigaaan
EKI/IJIFI/BJICMQHTI/I: TalllK1 MmanOa CKWJIFUCHU CKH PCarcHTH uHr!
acocuia 3JICKTP OHCPIrusACHHU 150008) 210 YUKapHIl UMKOHHATHUT'A
ara 3JIEKTPOKMMEBHM STUEHKa
2. | Photocatalysis: phenomenon of accelerating a chemical dortokara
reaction rate using a photon beam in the presence of a catalyst | au3Hunr
LT T acocui
AN % X NPUHIMITH
HHI
H,0 + CO; TYUIyHTHp
9 & UHT?
: Organics PaCMIIaH
H,0 >of Photo Oxidation (l)OﬁlIaJIaH
Hydroxyl radical I/IHF!
doToKaTaNM3: KaTATU3aTOP UIITUPOKUAA POTOHIAP OKUMHUHU
KYJuam OujiaH KUMEBUHN peakius Te3JIUTUHU TE3 Al THPUIIT
dheHoMeHn

Ha3zopar caBosiiapu
1. HaHOTEXHOJOTUK EKWIFU 3JIEMEHTUHUHT aCOCUM XOCCaJapHUHT
TYLIYHTUPUHT?
2. @OTOKAaTAIUTUK KYPWIHII MaTeprajiap MUCOJ KEITHUPUHT.

dogasaHNJITraH agfadueT:

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

1-keiic
HedT TyKMJIMIIN BAa HAHOMATOJIAP

Bbputum Iletponeym (British Petroleum) tamkunorura kapamuim HedT
matdopMacuaary nopriaan Tydaiau 2010 vwn 22-anpenga 6onuianran Mekcuka
kypdaszugarn HepT Ehmmmmu AKIL tapuxuparn sHr karrta HePT TYKWIMIIU
xucoOmanaan. Mail OMMHHMHT YpTanapura Keiaul 3KCHEepTIapHUHT XHcoOlapura
kypa okeanra 60 000 Gappen HedT OkuO uYMKKaH. MabiyMKud HEQTHUHT OHUp
TOHHACH CYB f03acHa SHman6 12 kv 103aCHHE KOILTaiu; HedyTHHHT Gup Gappenn
136,4 kr maccara sra; Mekcuka Kypha3uHUHT YMYMH MailJIoOHH TaxMUHaH 2,5
MIITH. KM 9Ta.

Caosuap:

1)  Mekcuka kypdazura okuO YMKKaH HE(THUHT TOHHAJArW Maccacu HHMara
TEHI?

2) Hedr muenkacu OwiaH KOIUIAHWIIM MYMKHH OYJraH CHPT FO3aCHHHU
AHUKJIaHT?

3) Kypda3 ymymuii MaliJOHWHUHT Heda (O3 KUCMHU HE(T IJICHKAcH OWiIaH
KOTUTAHTaHJIUTUHY aHUKJIAHT?

4)  Nature Nanotechnology XypHalmmarn Makojiaga 3bJIOH KUJIHHHIINYA
oJluMiap, ‘“MatoHUHr” ofupiauruaan 20 Gapobap OpPTUK OFUPIMKAArK HEPTHU
abcopOuusIall UMKOHUSITUTA 3ra OyJIraH HaHOToJajdapJaH TYKWJITaH HaHOMAaTo
kamd xkumumradn. Mekcuka kypdaszuparu HePT TYKWIMIIMHM Oaprapad >3THII
yUyH Heua KI' HAHOMaTOJJaH MIIU1ad YuKapuil 3apyp?

2-Keiic
IOnka kaBaT/iu Kyéu 0aTapesiJIapuHU MILIA0 YHKAPHUII YYYH MUKPOCKOI
TaHJIall.

V36exucronna Gup #nnaa Kyéunm BakT mumonaa 2000 coar, xany6aa sca
3000 coataan KYIpoK 6yaranauru caba6mu, Y30eKHCTOHAa Ky HiiuIapaan Gepy
KYEIIl SHEPreTUKACH COXacH1a TAIKUKOTIap 0JIu0 OOpUIIMOK/IA.

Kyém »sHepretukacu naHe/slapuHU MOUIA0 4YMKapuil cudaTUHU Ha30pat
KWIKII 3aMOHAaBUM JJAOOpaTOpUSCHUTa H03AJIADHUHT XKMHUI TaCBUPJIAPUHU OJIMII
Y4yH MHUKPOCKOIT Xapua Kuiuil 3apyp. FOnka miieHKaJlapHUHT 103aCMHU Ba OMKA
IUIeHKaIM Ky€ml OaTapesuylapHUHT HAaHOKOIJIAMaJapUHUHT MYCTaXKaMJIMTUHU
Ha30paT KWIMIIYYYH XapHJ KWIMHAIUTaH MUKPOCKON TYPUHU TaHJ1a0 OJIUHT.

Tannanran Mukpockon €EpJamMuaa MOHOKPHUCTAZT Ba  MOJUKPUCTAILI
OatapesutapHu TaJKUK KWIAI MyMKHHMH?

KelicHuHT eyt yuyH Kyiuaaruiap tanald dTUIaau:

1) xyém Oartapesanapu TypJiapyd Ba WAl NPUHIUIUIAPH TYFpPHUCHIA
TabCYpOTra 3ra OYJIUII Kepak;

2) HaHOKOIUIaMajap  MYCTaXKaMJIMTUHUHT  ONTHK Ba  3JIEKTPOH
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MUKPOCKOIIUSCHHUHT TYPJIH XU MabIyMOTIApPUIAaH OJMHHUINA MYMKHH OYIraH
ax00opOoT TypiapyuHU OWJIMIIL.

Kyém 0aTapesiiapMHUHT MILJIAI TPUHIUIH

®oTor((PEeKTHUHT  Ma3sMyHH  KyE€Il  DHEPrUsSCUHU  JIOMMUNA  TOKra
y3rapthpuiira acociaHrad. bab3um  Oup  MoggasapHUHT  (MHUCOJI  YYYH
KPEMHUWHHUHT)  O3JEKTPOHJIApU KY€l HYPJIAPUHUHT  DHEPrUSICHHU  IOTHUII
KOOWIMsATUTa d9ra, ¥3 OpOMTAIapUHU Taluwiad MyHATyBYM OKHUM — (POTOTOKHU
xocun Kuiagu. by sQdexkTHrn Xocun KWl y4yH Maxcyc Mojjajiap — p- Ba n-
YTKA3yBUYAHJIMKIIN SIPUM YTKA3TUWIAPp KyJUIaHWIaaU. N-YTKa3yBUYaHINK MOAAAAaru
AIIEKTPOHJIAPHUHT OPTHUKYA MHUKIOPUHHM H]oJanaiu, p- 3ca TETHILIN paBUIIIA
YIIAPHUHT €TUIIMOBYWIMIMHU Upoaanaigu. GoTOIEMEHTHU XOCWI KA YUYH,
ANEKTPOH OaTapesra YXIalUTMKHA XOCUJ KAJIQAUTaH,UKKATA SPUMYTKAa3TH4d KEpaK
Oynaau, OyHz1a KaTtoj YpHUAA N-IPUMYTKA3rud aHOJ YpHHUAA dCa P-SIpUMYTKAa3rU4
Ooynanu. Tymaérran Hypiap TabCUpPUAA N-YTKAa3TW4 (CTPYKTYpaHUHI Tema
KUCMUJA JKoiyamraH OVyiaau) OSJeKTpOHJIapU p-KaBarra YTaau, HaTuxkazaa
AIIEKTPOHJIAPDHUHT HYHANTHUPUITaH OKHMMHU BYXKyAra kemaau. by kabu Tusum,
YHUHT WIUIAIIM KUMEBHUM TabCUpJAllyBra OOFIUK OYJIMaraHJIWrd Ba HATHKaJa
MaTEpUaTHUHT EMUPWIMIIM OyiaMaraniaura cababiau HHUXOSTAA Y30K BakT
MoOaliHuAa HIUTAIN MyYMKHH.

Kyéu gorosnementiiapu

KpeMHMITHUHT KEeHI TapKaJraHJWrd Ba MOUIA0 YMKApUII Kapa€HU KarTa
xapaxkat Tajgad 3TMaciauru cabadiau XO3UPru KyHAa Ky€Il AJIeMEeHTIIapu KPEeMHUN
acocuna unuiad uymkapwiagu. KpeMHuiira Typiau Xwil TypAard YTKa3yBUAHIIHUK
KOOWJIMSITUHU OEpUILl YUyH TYypJid XWJ apajlaliMaiapHy Kymiamaad. Mucos yuyH,
JIEKTPOHJAPHUHT  OPTUKYA  MHUKIOpU OOp  KUPUTWIMIIM  HATHXKACUIA,
CTUIIMOBYMIIUTH 3Ca MHUIISAKHUHT KUPUTWJIWIIM HATHXKACUIa dSPUILUTIAIN.
[llynuHTIEK  apceHup, TauMk, KaaMuid Ba  OomKajmap  KYJUIaHWJIAJIH.
VTKasyBUaHIMKHM INAK/UTAHTHPHII OWIaH OWp KATopia apajiamiMaiapHHHT
KYIIWIAIIA KPEeMHHUM acocuaard OaTapesulapHUHT caMapaJopJIMTUHU OIIMIINTA
onn6 kenaau, ynapuuar OUK (KT1J]) ypraga 20% ra TeHr.

Xo3upru KyHJa, MOKOpHcamapaaop Ba WKTUcoawi doiganmu Kyem
OaTapesiapyHU OJIUINTa WYHANTUpWITaH Oy coxaaaru (aojl TaaKUKOTIap OJuo0
OOpUIMOKIA.

Kyém 0aTrapesiiapuHUHT TypJiapu

KpemHunii acocua poTonaHeuiapHUHT y Typy HIL1ad YUKapuiIaau:

- MoHokpuctamiapaad. YinapHu HILIA0 YUKApUIl y4yH OUp TypHaaru
CTPYKTypaJli MOHOKpHUcTayuiap ycrupwianu. Hatmwxkana OyHmait ¢orosueiikanap
Oup TEeKKUMC MebEpNIM 103acu OwnaH QapkiaHagu, OYHUHT OKuOaruga Kyeun
Hyphapuau sxmupok rotaau, okopu DOUK (KIIJ) ra sra, Oupoxk Hapxu
KUMMAaTpPOK OVYaiu.

115



- [onukpucrann syeikanap HOTEKKHC, MOJUKPUCTAIT CTPYKTypara sra
O0ynn0, Hyp IOTHUII KOOWJIMSATH MOHOsSYeHKanap/aH Oup Heda OapobOap macTpok
Oynaau, YyHKUM HOTEKHUC 103aCU HYPJIAPHUHT OMp KUCMUHU KalTapaau.

- IOnka xkaBatnum Ky€m Oarapesiap KpuUCTaICUMOHAMP. bupok ymap
STWIIyBYAH sYEHKalap KYpUHHUIIMIA WIUIa0 YMKapwiagu. YJIapHU KUUIIHK
103aapja ypHaTulll MyMKUH OViaau. by OGarapesuiapHu uIuiad YUKApUII ap30H,
KyBBaT OWpJWrura KpHUCTaUICUMOHJIapra HucOaTaH(TaxMUHaH 2,5 MapoTaba)
KYTIPOK FO3aHU 3TAJIANIN.

IOnkakaBatnu Ky€mr OaTtapescu sSpuUMYyTKazyB4aH OWPHUKMAHU STHIyBYaH
(omatnma - mojuMep) TarjauKKa MypKall HaTwkacuja xocun OVmaau. [lactaBBan
apumyTKa3rud cudaruaa pakarruaa amopd KpeMHUI KyJUTaHWITaH, OMpoK OyHIa
OJUHTaH (OTOANEMEHTIAPHUHT UIIUTA0 YUKAPHUII KyBBaTH HUXOATA KHUHUK OYiIraH
(aturm 4 — 5 %). Xo3upru KyHJa MHUC-TALTUW-UHJWNA CEJICHU] acOoCHUJiaru
IUICHKaJap MCTUKOOIUIM XHMCcOoOMaHaau. Muc-uHANM-rajyiiiau OatapesiapuHUHT
OUK (KIIMd) 20%raua et MyMKUH. BUpoK xo3upya Oy Kabu 3JeMeHTIapHUHT
IONKa KY€l TUIeHKanapyu 0030puard YpHU yHUAJIUK KaTTa 3Mmac (TaxmuHaH 2%).
Kanmuii Temtypun acocuaard IUICHKanap KEHrpokK Tapkairad (taxmuHaH 18%,
OUK (KI1T) 16% raga). AMopd-kpemHuuiim 6atapesuiapra 6yiarad tagad I0KOpH.
VYnapauar GUK (KII) 10%raua omumpuin UMKOHUSITH TYFUJITaH.

MaHTUKHI KeTMa-KETIUKHU TY3HUII KepakK:

HamyHna Typwu (1o1Ka mieHKajiap) --------------------

Mukpockon Typu (3JEKTPOH €KH OMTHUK) -=--==============-=

MuUKpOCKON UMKOHUSTH (MUKPO €KUM HAHOMETP YETapacH?) --------========----

Hamynanu tacBupnam maptiapu (BakyyMm €KH BakyyMcu3, sicch exu 3D-
TaCBHpP, aTOM MOHUITYJIITOPU €KW HAHOUHTEHACP?) ---------=----------

.\ =

116



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
(8TM)

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.

117



3-Kkeiic
Hanozappauasuap Ba paur 3¢ dexriiapu

Kanumuii KaTonMk dYepKOBIApUIaru paHIJIM BUTpaxuiap Ba bpuranus
My3enga cakigaHaérraH JIukypr Kajgaxu HOE0 caHBbaT HaMyHaJlapuJaH
xucobmanagu. OnTMH Ba KYMYIIHMHI HAHOYJI4amild 3appadajlapyd KyKyHU
KYIIMIATaH HIMINAJaH scajlraH KaJaxX KaWTapwiraH HypJa sIIWi Tycra, CHUHIUO
YTyBUM HyplIa 3ca KHU3WJI Tycra KHpaau. XO3upru KyHjaa Oy kabu caHbar
HaMyHaJIapUHU KalTaJaH sicalll MyMKWH-MHU, €KH YCTaJapHUHI CHpJapU H3CHU3
€KonranmMu?

Awmepukanuk (usukiap, IV acpHunr Oommapuga pUMIMKIAP HUILIATTaH
PAHIUIA [IMIIAHU OJIUII TEXHOJOTUACUHM KUMEBHI CEHCOpJap Ba KaCaJUIMKJIAPHU
aHUKJAlla — JMarHOCTHKacuJa KYyJUlallHW Takiud kuiaumrad. Myammdiap
TOMOHUJAH Kaml KWJIMHraH KUMEBUM CEHCcOpiiap TaxMHHAH MUJUIMAP]
HAHOYJIYaMJIM TEIUWKJIAp KWIMHIAH IUIACTUK IUIACTUHAJAH TALIKWI TONTaH. Xap
OMp TEMIMKHUHT AEBOpYAJapHU OJTHH Ba KyMYLUIHHMHI HaHO3appaudajlapuHu y3uja
cakja® yJIapHUHI (03a JJIEKTPOHJIApU JETEKLHMs >KapacHUJa MapKasuil poJIHU
YHAHAUIHA.

KelicHn eunm ydyH axOo0poT TypJlapuHM Ba Kyiluzara caBosuiapra
’KaBoOJIapHU OMJIMIN Tasiald dTUIIAIH:

Hyp sHeprusicu Ba TYJIKUH Y3YHJIUTH KaHAal OOofiaHraH?

Kannait HypHUHT 4aCTOTAacH FOKOPUPOK: KU3UJ €Kkn OnHadma?

Kannait ontuk xoaucanap cuzra Mabiaym?

Marepuangaru panr 3¢¢deKkTiapy Ba 3appadyallapHUHT YIdyaMHu KaHAai
Oofnanran?

Light
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HNurteppepenuus. CyB Ba cupt ¢aon MoadallapHUHT Mydakdamapu
CUPTHUJIard paHr My(akYaHUHT KaJWHIUTUra OOFIMK. AHOJUIAHTaH TUTaHAAH
WIIUIAaHTaH 3aprapiiuk Oyromiiapu ofaTaa TypJid XWJ KaJWHIUMKIATH OKCHJIaHTaH
KaBaT Tydaiau EpKUH paHJIapHu HaMoEH Kuiaau — Oponsa (L = 300 am), k¥k (L
~400 am), capuk (L = 600 um), Bakunkuswi (L = 700 HM).

JAudpaxkuusa. J(nbpakimoH paHr TACBUPHUHT 3HT EPKUH MHUCOJU OO
KOMITaKT-/IUCK XUCOOJIaHA IH.

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

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

TapkaTum - TapKOKIMK. Typin Xui ya4amiM 3appadajlapHAHT Ba TypJv
XWI TYJIKUH Y3YHJIUKIAPUHUHT KoMOuHanusacu. OCMOH KYK TycAa KYypuHaJu,
YYHKHM KHMCKa TYJKHUHJIAp MoJieKyJsiajgap OuiaH TapKokiaHTupuiagu. OCMOH KHU3HII
paHraa xam OViaau, YyHKW Y3yH TYJKUHIAp (MHCOJ YU9yH KU3WIIapH) KaTTapok
3appauaiap OuiaH TapKOKJIAIITUPUIIAIH.

IO03akn naa3mon.bupon Oup MOANAHMHT TUPKHIN HYM]a OOFJIaHUIIUIA
HAaHO3appayajJapHUHI  l03acUJard  IUIa3MOHJIAPHUHT  (METAJUIIaru  3PKUH
AIIEKTPOHJIADHUHI ~ MKKWIAHWLIMHM ~ KaWTapyBUM  KBa3uzappaya) Ppe30HaHC
yacToTacH y3rapaau, Oy ¥3 HaBOaTuIa MIIaCTUHKAAAH YTYBUM TYJIKUH y3yHJIUTHHU
V3rapumura onaub kenaau. by ycynm 1o3aku miasMoHiau pe3oHaHcra (SPR)
yxmanau, OUpoK yHJaH (apKiIu YIapoK, HypHUHT TYJIKUH Y3YHJIUTHMHU aHYaruHa
CAJIMOKJIMPOK CHJDKHUINMTa 0oiau0 kenaaun — TaxmuHaH 200 HaHometp. bynpnai
CUHTHAJITA MIIa Oepuil Mypakka® yCKyHalapHu Tanald 3TMailau, NIYHUHT YYyH
MOJJIAJIApDHUHT OOFJIaHUIIMHKM KypoOJJIJaHMaraH Ky3 OWIaH XaM JeTeKTUpJiall
MYMKHH.

AMepHUKaIiK OJIUMIIap TOMOHUAAH MIILIa0 YUKUITaH CEHCOPJIAPHUHT TYypJn
XWJI MOAjajnapra HUCOAaTaH Ce3yBUAHJIMIMHU TEHIMKIAp l03ajlapujaa y3ura Xxoc
aHTUTENAJIAPDHUHT HMMMOOWIM3anMsIcu OunaH TabMUHIAHAAW. OIUMIapHUHT
cy3ura Kypa KUMEBUM JCTEKTOPHUHI TY3WIMIIM bpurtanua Myseuuaa
cakiaHa€éTraH pUMHUHT JIMKypr KagaxMHUHT HOEO Xoccajapu TOMOHHIAH alThO
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oepwiran. Kagax muimacuHUHT TapKuOMAAard MeTajll HaHO3appadalapy HypPHHHT
Tymuin Oypyarura OOFIMK PaBHINJA YHUHT TYJIKUH Y3YHJIUTHHH Y3rapTHUPAJIU.
[yngan kenub YMKKAH XoJyijla Myauiddiap KypwiMaHu ‘“‘HaHOYIYaMIIU JUKYpPT

Kajaxjapu Marpuiiacu” ne0 HomiamraH (nanoscale Lycurgus cup arrays —
nanoLCA).

H »,
e | Detector
L ] ® ® / o transmitted light (left)
v o reflected light (right)
= \ > !ﬂ

®ayopecueHuusi. KBaHT HyKTajapy XadpoToMy3 Xxoccajlapra ara:
yJIApHUHT ydamMura OOFJIMK paBUIIa TYypJiM XWI paHTJapHU TapaTUIIN MYMKHH.
Wanmganap Typaud — ynuamsiapiard — HaHo3appadajap —SpuUTMalapud  OwiiaH
(renTaHmard OJEUH KUCJIOTacH OWJaH KOIUIAHTaH KaJMUN CEJIEHUIUHUHI KBAaHT
HYKTaJlapd KOJUIOWJl DSpUTMAacH) TYJIAUpWIraH. by cycneH3usiiapHu Ky3ra
KYpUHMaliguran yiarpabuHada auanazoHuAard Hyp OwilaH HypJIaHTHPUII
HaTWKacuJa Hyp COUMIIra YHJAAIl MYMKUH. By 3appavanappan Tapanaérran
HYPHUHT 4aCTOTACH 3appadyajlapHUHT YIdaMiiapy YCUIIU OWIaH KaMasiau.

4-geiic
HanomarepuaJsuiap Ba 3KoJ0rust

Hanozappauanap rokopu kumMEBUi (paoyutrkka 3ra OYinub akoiubd karamuzaropiiap
xucobOnanaau. byHmail XonaTHUHT acocuii cababu HaHO3appavaJapHUHT F03acuja
Koimamrad aromiap Owuian Oornuk. by arommap Oomika artomsap Owiian
KY4YCU3POK OOFJIaHTaHJIUTH cabaliu KYIuMua SYHEPTUsAra Jra.

MabiayMku, aBToMoOWIIap aTpod MyXuTra Ba HWHCOH CajJOMaTJIUTUTA
canouit Tabcup kypcaraau. Ilyngait KuauO wWYykM EHUIN JIBUTATEJUIAPHUHT
YUKWHY raznapuaa kyinnam ra3 (CO), uukiuk apomatuk yraesogopoanap (CH),
a30T(Il) okcuau (NO) (TacBupra Kapa) jgap TONUJITaH.

Nuku €Huin ABUTATCIUIAPHUHT YUKUHAIW Ira3jiapn

co 180-300 xr

Benzun
CH 25-45 xr
1 Tonna ABC

NO 20-40 xr

ABTOMOOWJIJIApDHUHT ~ YMKWUHIM  Tra3JapuHd  KaTAIUTUK  OKCHJJIAII
KypwiManapuaa arMmocdepara  YuMKapwia€TraH — 3apapiid  YUKUHAWIAPHU
KaMaWTUPHUII MaKcaaua MIaTHHA KyJulaHwiimu MyMkuH. [lnatuna yrnepon (1)
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okcuaunu yriepon (IV) oxcuaura aimaHTHpUII WMMKOHUSTHHH — Oepaiu.
Hanozappauanap kypuHuImIa OYirad miaTuHa Y3MHUHT KaTATUTHK XOCCAJIApUHU
sHaJla KYWIMPOK HAMOEH 3Ta/IH.

TiO, o3acura Komianran 55 aromuapau (auamerpu 1,4 HM) Y3uma
CakJIOBYM OJTHUH HaAHOKJAcTepjlapy CTUPOJIHU XaBO KHUCJIOpOAM OujaH
OeH3ajeruraya TaHJIOBYAHIMK AacoCHJa OKCHIUIOBUM KaTaiu3aTop cudaruia
xu3mat Kumaau (Nature, 2008):

C6H5—CH:CH2 + 02—> C6H5—CH:O + Hzo +C02

Kusukapnucu mryHmaku, 2 HM JaH OKOpH Yiodamaard JIAaMeTpid
3appavanap, mry OwigaH Oupra OAaWii OJITHMH XaM Xe€4 KaHJal KaTaJduTHK
(haoJUTMKHY HAMOEH dTMaNIH.

Casomnnap:

1) VYruepon (II) okcuauuau yriepon (IV) okcuaura aiTaHTHUPHUIN TEHTJIAMAaCHHH
Ty3uHT. by kapa€HHM amaira ONIMINM Y4YyH IUIATUHAJAH TallKapyd HUMa Kepak
oynaau?

2) Tynuxk 6utta 6ax (40 1) A-92 mapkanu 6eH3UHHUHT (O€H3UHHUHT 3uunuru 0,75
r/cM’) GHMIIMIAH XOCWI OYIaidraH 3apapid YHKWHIMIAPHUHT Maccalapu
JTMANa30HUHUA XUCOOJIaHT.

3) 3,5 cm® MerammgaH KaH4a Pty,TapKuOIM HaHO3appadyalapHH OJIHII MyMKHH
6ynanu? (wiaTuHEHT 3wamrd 21,45 r/emd).

4) Kanpaili kunu® wxXxyamJIMK OWJIaH KUMEBUH peakTopaa HaHo3appayalapHU
KOMITAIITUPUIL MyMKHH OYanu?

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

Pt crystaliites
o o gltd mm)
ol 0y >
v, 4 Hign SA|\ Aumina ..
‘- . L

“Te ‘n ’ - ..
. fhew T8 = s

Mesopores

!"T:ISOFPE;S {20 )
Sowrcs: R Farrauto and C. Bartholomew, Fandamenials of Industrial catalytic processes, Source: S. Chakraborti, A K Datye, and N. J. Long, Jownal of Calalysss, 108, 444-451 (1887)
John Wiley & Sons, (2006). With permission With permission.
S-keiic
Y369KHCTOHI[3FI’I HAHOTCXHOJIOIHAJIap acocuaaru TyKl/lMa‘IH.ﬂlflK
MaxcyJIOTJIapu
01.04.2014

Kynmanuk wnuatam  ydyyH OakTepulu] TYKAMA4dWIMK — MaxcCyJIOTH
cepTUdUKAIIUSIIAI Ba OMMaBUil MILIA0 4MKapuil Oockuumaa Typuotu. Nmmabd
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YUKAPUII TEXHOIOTHACH Y36ekucTon PecryOmukacu daHgap akageMHSCHHHHT
[Tonumepnap gusnkacu Ba KUMECH MHCTUTYTHA UIILIA0 YUKAPUIITaH.

X03Upru KyHJa KyMyIIHUHT HaHO3appadaJlapyd acoOCUIAru Kyl MUKIOpAAru
HaHOMaTepuayiap MuUIad YMKapuwirad. Xo3upaa KyMyll HaHO3appayaid THUII
nieTKajgap Ba THUII TacTalapyd MIDIA0 YUKApUWIMOKAA, yJap Typid Xuil
uHpeKknusIapaad Xxumosi Kuiaau. KyMylnmHUHT HaHO3appadaliapd 03 MUKIOp.a
KOCMETHKa MaxcyjoTjapura xam KyIIwimO KeJIMHMOKJA, YJIapHUHT TabCUpUIA
SUUTUKJIAHUIITHUHT OJITA OJIMHAJM Ba SIpAJIApHUHT OWUTHUINM Te3namanau. Kynruxa
KATTHK Mojjayapra (Iuia, €rod, KOFo3, KepaMuKa, METaJNIApHUHT OKCUIUIApU Ba
OOLIK.) CYpTWIMIINM/IAH CYHT XaM HaHO3appadajap y30K BaKT Y3MHUHI OaKTepULIUL
XYyCYCUATIApUHM cakj1ad Koiaau. by XosaT :oKopucaMapaaop Y30K BakT TabCHP
ATYBYM JE3UMH(OEKIUSUIOBUA a’pO30JUIapHU  HUILIA0 YUKApUIl HMKOHHUSITUHU
Oepamu. Arapga  OUHOJAPHUHI  [O3ajlapura  CypTWIAQJWraH  JOK-OYEK
MaxcCyJIoTJIapura KyMyIITHUHT HaHO3appadajapu Kyuica 0y MaxcyinoTiap OuiiaH
OysanraH neBOp Ba MIMILIApJA MAaTOreH MUKPOOPTAaHU3MIIAPHUHT SIIAIIN MYMKHH
oynmaiiaun. CyBHM  To3anam  (QuiTpiapugard  Kymupiapra — KyMYITHUHT
HaHO3appavaJapUHUHT KYIIMIAIIN OyHAai (UATPIAPHUHT XH3MaT MYJIJIaTHHU
y3alTHUpaaM Ba TO3AIAHAETTaH CYBHUHT OMOJIOTHK TO3AJIUTU OPTAIH.

Hanozappauanap nHadakar ¢oiina 0agku 3apap xaM €TKa3uIIUIapd MYMKHH.
KyMymHuHT HaHO3appadaiapy HHbEKIUsS cCudaTuia CHYKOHIAPHUHT OPraHU3MuUra
KUPUTWITAHUIA TOKCUK TabCUPU KypcaTWiaraH OYiamO, 1y MUKIOpAArd KyMyIil
VOHJIapU KUPUTHITAHK]IA dCca YIIUMIa 010 KeJMaras.

V36exucronna sarn Maxcynorau “Policotton-patrokl” MUK “SilverteX”
CaBJO0 MapKacu OCTHJA TaKIuM OJTaAu. ACCOPTUMEHTAA HAHOTEXHOJIOTSIap
KYJUITAaHWITaH XO0J1/1a KyMyll OMJIaH MIUIOB O€pUIIraH — HOCKUJIap, MYKUA KUiumiap,
ETOK TYKUMAYWINK MaxcyJoTiaapu. «SilverteX» HOCKUNapu TYJIUK MaxasIuid XOM
aménapaad unriad yukKapuiarad OYiuO CHUHTETUK MAaXCYJOTIAPHUHT MUKIOPH
MUHUMAJ Japaxkara kentupwiral (8%raua). Kymym OwuiaH Maxcyc HIIIIOB
Oepunuimy EKMMCHU3 XUJHU, TEpJAlllHU, KACAJUIMK KY3FaTyBud 3aMOypyFJIapHU
VCUIIMHU OJAUHU OJIA]IH.

Huma ydyH HaHo3appadamap OakTepHIHA TYKAMAYWINK MaxCyJIoTIapH
yUyH 3HT MakOys xucoOnaHaau?

KeiicHu eunin ydyH axOOpOTIApHUHT TypJapyHU Ba KyWHJIard caBoJUIapra
YKaBoOJIapHU OMJIUII 3apyp:

XJopua KUCIOTaCH KyMYIIl OWJIaH peakiusra KupuiaaiumMu?

Huma yuyyH opauii kymyml XJIOpujJ —KHCIOTacM OWJIaH —peakiusra
KUpUIManamn?

Huma yuyH Kymyln HaHo3appadallapu XJIOpHUZ KUCJIOTacu OJaH peakiusra
KUpumaan?

Kymymauar Ags HaHO3appadaiiapu Ba XJIOpHUJ KHCJIOTacu OuiaH ¥3apo
TabCUPJAITYB TEHIJIAMACUHU TY3UHT?

KyMym HaHO3appavanapyuHUHT KYJUTAHWIAIIN KaHYAJIMK Japaxana XxaBhcus
xucobmanaan?
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MabllyMKH KyMyIl WHCOH OPTaHU3MH YYyH OHI' KYWIH aHTHCEITHK
xucobnanaan, y 700 maH OpPTHK KacCalMK KY3FaTyBYM MHUKPOOPTaHU3MIIApHHU,
3aMOypyFaapHU, OaKTepusIapHU, BUPYCIAPHU YITUPA/IH.

AHUKIIaHTaHKH HaHO3appadajap FOKOPU PEakIMOH Xoccainapra sra 0ymmo
OJUIVI MOJyIajiap peakiusara KUpUIIMaiuras xxapaéHiaapa KaTHAIIAIITA MyMKHH.
Onmmuit kymym OwujaH XIJIOpUJ KHCIOTACH peakiusara KHPUIIMaWgu. Bupok
KyMYITHUHT HaHO3appadalapy XJOPHI KHUCJIOTacH OWJIaH peakuusara KAPHIINAO
BOJIOPOJHHMHT aKpaymimura cabad 0ymamnu. Hanozappawamapauar OyHaail XojgaTh
103a 2 dexTu Tydainm ByKyara kenaaw. ['am mryHmaku Maiga 3appadana r3ana
JKOWJIAIITaH aTOMJIAPHUHT MUKAOPHM KHCMH OpTaau. by arommapaa y3wiran
OoFMaHMIIIAp MaBXKy OYnuO, yiaap HucOAaTaH IOKOpU dHEpTHs Ba (paoummkra sra
oynanu.

/ (F7 29993 38353
VY 59 3533 55
%% SEREEE

L HEC Soaaas

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 TABJIUM MAB3YJIAPHU

1. MycTakun/ TabJIMMHH TAIIKWI 3THII IIAKJIUA Ba MA3MYHH.

Hanorexnonorus skapa€unapu, GU3HMK-KUMEBUM  acocnapu  (paHUHU
ypranyBun  Onuif  TabaUM  MyaccacalapyHUHT  npodeccop-YKUTyBUMIAp
ayJIMTOpUsIIa OJTaH Hazapuil OWIMMIIAPUHUA MYCTaxKamJjiall Ba TEXHOJOTHUSIAru
aMaJui MacalaJlapHHU €YMINJIa KYHUKMA XOCWI KWW YYyH MYCTAKWJ TU3UMHUTa
acoclanu0, kadeapa YKUTYBUMIAPH paxOapivTruaa, MYCTAKWII HIII Oakapaawiap.
bynna ymap xymmmua amabuértiapHu ypraHuO® Xamja HHTEPHET calTiIapuiaH
doitnamann6 pedepartmap Ba WIMHE Makoyiamap TaWépraimuiap, amaauit
MAIIFyJOT MaB3ycura JOHp yi BasudamapuHu Oaxapaguiap, Kyprasmaiu
KypoJuiap Ba cliaiijiap Tauépianauiap.

MycTakua TabJIMMUHHUHT aCOCHI MakKcaau — YKUTYBUYMHUHT pax0apiuru Ba
Ha3zopaTHaa MyailsiH YKyB WIUIAPUHUA MYCTaKWI paBHIIa Oa)kapuill y9yH OWUIIUM
Ba KYHUKMAaJapHH IIAKIUIAHTUPUILI Ba PUBOXIAHTUPHIIL.

MycTakuin ~ WMIIMHUA  TalIKW ~ 3TUOAA  KyWHJard  [aKJuliapiaH
dbolnanaHuIa u:

— MapcauK Ba YKyB KyJulaHMmanap Oyiinua ¢haH MaB3yJlapuHU YpraHulll,

— TapKaTMa MaTepuauiap Oyiinda Mabpy3anap KUICMUHU Y31l THPHIIL

— KOMITIOTEp TEXHOJOTUSJIAPU TU3UMUJIApU OWJIaH UIILIAI;

— Maxcyc agabuétnap Oyiinua pedepar Ba KOHCIEKTIIAp Tak€pan;

—  VKYB-WJIMHUU-TAIKUKOT HWUUIAPUHU Oaxkapuil OusaH OOFNMK OyiraH
anabuérnap, MoHorpadus Ba WJIMUAN TYTUIAMJIAPHU YYKYp YPTaHMILL

— Maco(aBuii TAbJIMMHM TAILKWI STUIIIA KaTHAIIMIIL

— MakeT, MOJIeJl Ba HaMyHaJap sipaTulll;,

— WIMHMI MaKoJa, aH)KyMaHTa Mabpy3a Tau€piall Ba X.K.

2. MycTakua Tajaum MaB3yJiap
HanooObekTIapHUHT acocuil TypJiapH Ba yjap acocuJaru Tu3umiap;
VYriepoanu HaHOTpyOKaIap Ba Qysuiepenmnap;
HanoctpykTypananran MateprajulapHU CUHTE3 KWK YCYJUIapu;
HanoxpucTtan KyKyHJIapHUHT CUHTE3 KWK YCYJUIapH;
IIna3smMakuMEBUM CUHTE3 KUJIUII YCYJIIapH;

TeMIIaHT CUHTE3;

CVD Ba PVD xapaéunnap;

MounekyaTapHUHT CUMMETPUSCH;

. KBanTkuméBuii xucobmap;

lO ATtoM-kywiaHuIMMUKpockonus (AFM) €ku ckaHepIoBYM 30H]1
mukpockonusicu (C3M);

11.buomocnainryBUYaHINK Ba HAHOKEPAMUKA,;

12.bakmuHcTep - QyiepeHiapu;

13.VYraepoamu Hanotpyoka (CNT);

14.Byr dazacunan kuméBuii uykrupum (CVD);

15. JIHK-yunnap;

16.31eKTPOHMUKPOCKOIT;

oCoNOOR~LODE
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17.9nurakcud,

18.Cyrok kpuctamiap (CK);

19.Monekysip JIEKTPOHUKA;

20.DoTokaraiuns;

21.doToHKpHUCTAIIIAD;

22.I11na3ma;

23.byr (azacunan ¢pusukasuii uykrupui (PVD);
24 TTuponus,;

25.KBaHT KOoMITIOTEpIIap;

26.KBaHT HyKTanapu,

27.Pe3onancnu TyHHe manrad Kypuima (RTD);
28.CkaHUPIIOBYH SIKUH XyAy/U oniTuK MUKpockorus (SNOM);
29.111akn xoTUpaIX OJIMMeEpIIap;
30.301b-TenbycCyn;

31.CkanupioBun TyHHeUH MUKpockon (CTM);
32.VTa SruiryBUaHIIMK Ba HAHOTEXHOJIOTHS
33.JlopunapHu MakcaaJIk €TKa3uIl,
34.1Onkaruenkanu tpanzucropiap (TFT);
35.TykuManu uHXeHepHUs,
36.byr-cyrokauk-kartuk Mozaaa ycynu (VLS);
37.Buckepnap;

38.Pentrendorosnextpon cnexkrpockonus (XPS);
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VII. TJIOCCAPUN

Tep . - HNuraus tuauaaru
Tasin4 cy3 ¥Y30ek TUIIMAATH IHAPXH
MHH APXH
1. Adporen Adporei: CyroKIuTH Aerogel: a porous
IOTHJITaH Ta3 OuiaH solid formed from
YypYHaIMaIlraH reijiaH a gel in which the
OJIMHTaH FOBAaKCUMOH liquid is replaced
KAaTTHK YyKMa with a gas with gas
entrapment
2. ATOM- ATOM- Atomic force
KYWIAHHILIHMHKPOCKO | KYYWIAHHILIHMHKPOCKON | MiCroscopy
nusi (AFM) éxu ust (AFM) éxkn (AFM) or
CKAHEPJIOBYH 30H]I CKAHEePJIOBYH 30H]T scanning probe
vukpockormusicu (C3M) | mukpockonusicu (C3M): | microscopy
aTOM KYypCaTTUWIN (SPM): a high-
103a/1ard aTOMJIAPHUHT resolution device
TAaCBUPUHU EKU OOIIIKa used to map
¢dyHKIIMOHAT X0ccanapunu | topography or

TaCBUPJIALI y9yH
KYJUIAaHUJITYBYH FOKOpH
KYpCaTTUWIN KypHJIMa

other functional
properties of the
surface atoms at
atomic resolution

capabilities
3. ATOM MAHHUNYJAIUSICH | ATOM MaHUMyJsiiusicu: | Atomic
aTOM-KYWIaHUIILTA manipulation:
MUKPOCKOITHS Ba atom by atom
CKaHEPJIOBYH TYHEILTH modification of
MUKPOCKOIT KaOH WIIFOP surface structure or
ycysuiap Tydanim chemistry made
UMKOHUSTH TYFUJITaH possible by
I03aHUHT TY3HJIUIINHU advanced
aTOM OPTHIAaH aTOM EKH techniques like
KUMEBHI atomic force
MO TU(DUKATHSLIIALI microscope and
scanning tunnelling
microscope
4, TabKuUKJIaHTaH TabKUKJIAHTaH Band gap: energy
YerapaHHHI KeHIJIMIH | YerapaHUHI KeHrJiuru: | gap between the
Oapua amekTpoH sHepreTuk | Valence band and
XoJjaTiap TabKuKiIanran | conduction band in
KaTTUK )ucMmaaru BaieHt | a solid in which all
yerapa Ba yTkasyBuaHiik | electronic energy
yerapacu opacujaaru states are forbidden
DHEPTrETUK TYUHYK
5. Buomocnamysyanimk | buomocaamyBuanimk: | Biocompatibility:
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HOXYII Y3TrapuIiliapHU
JaKupMail MaTepUaTHIUHT
OMOJIOTHK TU3UM OWJIaH
TabCHUpJIAITYBUAA V3
BazudaapuHn OaxapuIn

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
TEXHOJIOTUSUTAPHM KYJLIam | Of reverse
OwsIaH MyXaH/JUCITHK engineering from
TU3UMJIIAPHU TaAKUK natural systems to
KWJIAII Ba the study and
JTOUUXANAIITHPHUIIT YIYH design of
TaOUMiA TU3UMIIapTra engineered systems
yximmam, uexeHepus ku | using modern
TAKJINJ KAJTUIII technology
TYFpucugaru pan

bor Bot: poboT éku Bot: a robot or
aBTOMATJIAIITUPHITAH automated
MHTEIJICKTyaJl MallliHa intelligent machine

Tarnan-rtenara Tarman-renara. acocui Bottom-up: a
OuMpIMKIIapu strategy for

HaHO3appavajaap/HaHOTU3H
MJIAPHU XOCHJT KUJTHIII
OwaH OupiamnaTurad
aTOM MHUKECHUIAru acoCuu
OupMKIapuaaH
HaHOMAaTepHAIIJIAPHUHT
CHHTE3 KUJINIII

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

CTpaTETHUSsICH nanoparticles/nano
structures
BakmuHcTep - Bakmuncrep - ¢pyaiepen: | Buckminster
¢yaiepen Puuapn bakmuncTep fullerene: a

@dyuiepeH TOMOHHUIaH
JIOMHMXAJAlTUPUIITAH
reojie3uk rymbasra
yxmamm Tydainm yHuHT
mapacdura Homaanrad C60
dbopmynaiu J1oMpacuMoH
MOJIEKYa;
bakmuncrepdymiepen —
byIuIepeHHUHT acTIa0Ku

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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TOMMWJITAH MOJIEKYJIaCH
XucoO1aHaau, 1y ounaH
Ooupra Kypym/a o3
MUKJIOp/1a TOMUJIMIIN
MYMKUH OYJITaHJIUTU YUYyH
TaOUUH XOCUJI OYITUIITN
HYKTau Ha3apUJIaH dHT KyII
TapKajiraH XxucoOJaHaIu.

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. | 3apsix GOFIAHUILIA 3apsa GoFIaHMIILIH Charge-coupled
Kypuiama (CCD) KypHJIMa device (CCD): a
(CCD):3apsananran device that can
TIO3UITOH-CE3TUP gather position-
axO0OpOTHHM WuFa oyaauMrad | sensitive charge
Ba pakami TacBupiapuu | information and
UILIATHUII YI9yH KSHT convert to digital
KYJUTaHWJIaIUTaH data for
MOHHUITYJISIIHSIIAD YIyH manipulation,
pakamin MabiaymoTiiapra | which is used
yTKa3a onaauran Kypuiama | extensively for
digital imaging
applications
11. | Kommiiementapmerajok | Komniemenrap Complementary
CU/IJTH SIPUM YTKA3rH4 | METAJOKCHIJIN APUM metal-oxide
(CMOS) yTra3rny semiconductor
(CMOS):unTerpan (CMOS): an
cxemainap (ICs) Ba yta emerging
KaTTa MHTErpaj technology for the
cxemanapuau (VLSI) scam | fabrication of 1Cs
YUYH SIHTH T€XHOJIOTHS, and VLSI, the main
acocuit ad3ayuukiapu kam | advantage being
sHeprus capd kummu Ba | low power
IOKOPHY IIOBKUH consumption and
napaxcacuaa 6yau6 oy y3 | high noise,
HaBOatua 103a oupauru | enabling larger
Joupacuaa density of devices
KypHJIMaJapHUHT 1oKopy | Within unit area
SUWINTHHA TabMUHIIARIN
12. | Yraepoaiu HaHOTPYOKa | Yrjepoaau HaHoTpyOka | Carbon nanotube

(CNT)

(CNT): tacBup
(OpPMAaTHHUHT IOKOPH
Y3rapTUPUIINO TYPHIILTH
[WJITHHPCUMOH

(CNT): an
allotrope of carbon
with cylindrical
nanostructure and
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HAHOCTPYKTYpaJiv
YTIAEPOIHUHT AJTIOTPOTTUK
IIAKJIW; YIApHUHT y3raya
OynraH 3JEKTPOH Ba
MarHuT Xoccanaapy KeHr

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

KYJUTaHUJIA Iu. wide applications
13. | Koanouna Koaaouna:y3mykcus Colloid: a
MYXUTIATA homogenous
JHCTIepCUsTIaHTaH suspension of a
Mo IaHuHT Oup Typnaru | dispersoid in a
CYCITCH3HSICH; KaTTHK, continuous
CYIOK €K ra3CMMOH medium; it may be
Oy MyMKUH. a solid, liquid or
gas
14. | byr ¢a3acuaan Byr ¢azacunan kumémii | Chemical vapour
KHMEBHIT YYKTHPHUIII yykTupum (CVD): deposition (CVD):
(CVD) ra3cMMOH peareHTIapHUHT | a technique for
KYJUTaHWIMIIY OnjiaH rorka| depositing thin
rieHkanapHuHr Tarmmkaa | films on a substrate
YYKTUPHIN YCITyOn using gaseous
reactants
15. | Xoauaamrupuiaranxyny | Xoauaamrupuiaranxyaya| Depletion zone: a
hi . 3apsiITapHU SPKUH region at the
TalTyBYMIAPUIAH XOJIH junction of
OyraH SpUMYyTKa3TUd semiconducting
MaTepraUIapHUHT materials that is
OMpIaIIUIII KoMK devoid of free
charge carriers
16. Jucaokanus Jucaoxkanms: Dislocation: a
kpuctautorpadpuyeckuii | crystallographic
JIMHEHHBIN Te(eKT, line defect
BKJTFOYAIOTITHI involving
HEPETYISIPHOCTh irregularity in the
HIEPUOTUIECKOTO periodic
PaCIOJIOKEHHS aTOMOB arrangement of
(oTcyTcTBHE psiga atoMoB | atoms (missing row
B TUNTOCKOCTH) B Kprctauie | Of atoms in a
plane) in a crystal
17. | AHK-yun JHK-umnm:rengaru DNA chip: a

MYyTalUsJIApHUA EKU
y3rapuiluIapHU
UACHTU(UKALMSIIAI YYyH
KYJUTaHWIa U aH
SPUMYTKA3TUWIIN
MUKPOYUIT ACOCUAATU

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

129




aTYUK

18. | Tenr kanam Tenr kanautn 6ypuakuau | Equal channel
Oypuakiu npeccaam(ECAP):makn | angular pressing
npeccaam(ECAP) Ba YII4aMIIapuHA (ECAP): a severe

Y3rapTUPHIICU3 KaTTa plastic deformation
MUKIOPJIaru technique for
nedopmaimon cwipkuiian | producing ultrafine
KAPUTYBYH yATpaaucIiepc | grain structures,
TY3WINILTH 3appavdanapan | Which introduces a
UnUiad YMKapuIl yayH large amount of
rtactuk aedopmarustauHT | Shear strain into the
OFUP TEXHHUKACH, materials without
9KCTpy3us uiThpokuaaru | changing its shape
yx1mam sxkapaéHHi HaMmo€H | or dimensions;
KWJTYBUM TCHT KaHAJUIA equichannel
Oypuak dKCTPY3HICH angular extrusion
(ECAE) (ECAE) is a similar
process involving
extrusion
19. | DJIeKTpOH MUKPOCKON | DJIEKTPOH Electron
MHKPOCKOIL: TE3TAITHPHII | MICroScope: a
r'aH DJICKTPOHJIAPHUHT microscope that
KOJUTUMHPJIAHTaH focusses a
JaCTaCUHU HaMyHara collimated
dokycnad arom accelerated
yIrgyamMugaru electron beam on
KaTTaJIallTUPHUITaH the specimen to
TAaCBUPHH OJIUII YIYH produce a
KyJUTaHWIauranMukpocko | magnified image at
m atomic resolution
20. | DueKkTpoH OypyH daekTpoH 0ypyH:xuj eku | Electronic nose: a
TabMJIAPHU aHUKJIAII Y9yH | device consisting
Oup Heda KUMEBHIA of an array of
CCHCOpJIapAaH TaIlKUJI chemical sensors to
TONTaH KypHiIMa detect odours or
flavours
21. | DeKTPoOH THI DJIEKTPOH Electronic tongue:
THJI.TabMIIApHK aHHUKTan | a device consisting
Ba TaKKOCJAII YIyH Oup of an array of
He4ya KUMEBUH chemical sensors to
JaTYMKIAPIaH TaIlKHII detect and compare
TONTaH Kypuima tastes

22. | dnuTakcus IMUTAKCHS:ACOCHI Epitaxy: growth of
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TarJIuK OuiiaH
KpucTamorpadux
TapTUOHU
(KOTEpEHTIIMKHU )
TabMUHJIAII YIyH
UKKUIaM4u (pazaHuHT
YCHUILIHN

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

substrate
23. |Fab Fab:uaTterpan cxemanmap | Fab: a
Ba Ba SPUMYTKA3TUIIH microfabrication
acOo00JIapHu UILTa0 facility consisting
YUKAPHII YI9yH Ha30pat of clean rooms and
KAJIHHYBYU IYKTHPHIILL controlled
*Kapa&Hiapy Ba T03a deposition process
XOHAaJIapaH TAIIKHII for the fabrication
TOIraH MUKpoTexHosoruk | Of semiconductor
00BEKT devices and ICs
24. | MaiinoH MaiinoH 3pdeKTiin Field effect
yppexTaurpanszucrop | Tpansucrop (FET): transistor (FET):
(FET aJIeKTp Maiiionu Epaamua | a transistor whose
YTKa3yBYaHIUTUHU conductivity can be
OOIIKapUIII MyMKHH controlled by
OyJIraH TpaH3MCTOP electrical field
25. Exuarmnementn Exuaru iementn:tamxu | Fuel cell: an
MaHOa EKMITFUCH EKH electrochemical
pearentu acocuaa snektp | cell capable of
SHEPTUSICUHY UILTA0 producing
yrKapuIl nMKOHUsATHTA ora| electrical energy
anekTpokuMEBHM siueiika | with fuel or
reactant being used
up from an external
source
26. | I'uraHTMarHuT I'uranTMarHur Giant
kapuwnru (GMR) Kapuwaura (GMR): magnetoresistance
IOTTKA TJICHKAJIH (GMR): quantum
CTpYKTypanapaa mechanical effect
Ky3aTHJIaIUTaH KBaHT- observed in thin
MeXaHUK 3P PeKT: film structures: the
¢deppomaruut kaBatauHr | electrical resistance
MarHuT MaiI0HU decreases
TabCHpHUIa yuparanjia significantly when
AJIEKTP KAPIIHIUTH the ferromagnetic
ce3nyIapiu Japaxkaza layer is exposed to
KaMasiJiu a magnetic field
27. | 3appavaJlapHUHT 3appavajlapHUHT Grain boundary:
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yerapacu yerapacu. 2D-nedexr, a 2D defect, the
aHUK aHUKJIaHraH ukkuta | interface bordering
yerapajaHyBUH two well-defined
KpPHUCTaITAPHUHT crystals
uHrepdeiicu
28. | 3appauaaap 3appauasiap Grain boundary
YyerapacMHUHT YyerapacMHUHT migration:
MUTPAIHSICH murpamnusicu: Tepmuk €ku | coordinated
MEXaHMK KyWIaHHII iy | movement of grain
Epnamuaa boundaries
(aoyTamTHPHUITaH activated either
3appauaiap thermally or by
qyerapaJlapuHUHT mechanical stress
KEJIMIIIIITAH XapaKaTH
29. Xosa-Ilety KOHyHH Xoma-Ileru Hall-Petch
KOHYHM :aCOCaH relation: the effect
yerapasaru 3appadanunar | describing the
MyCTaXKaMJIaITyBH inverse effect of
xucobura xocwit OymyBum | grain size on the
KpuctaacuMoH MoananuHr | hardness of a
KATTUKJIUTUTA crystalline solid
3appadajapHUHT that arises mainly
YITYaMUHH TeCKapu due to grain
TabCUpHUHU TaBcudaoBun | boundary
s dekTn strengthening
30. | Mccuk u30CcTaTHK Hccenk u3o0cTaTuk Hot isostatic
npeciam (HIPing) npecaam (HIPing):maiiun | pressing (HIPing):
3appadaiapHu SXJIUT the process of
KHCMJIapTra CUKHUII YIYH using high
IOKOPH THAPOCTATHK hydrostatic
00CHM Ba XapopaTHH pressure and
KYJUIaIl XKapacHu temperature to
compress fine
particles into
coherent parts
31. | Kpuaep koHyHH Kpunep konynm:kartux | Kryder’s law: the
JUCKJIAPHUHT XOTUPA memory storage
XaKMHU JIesApiu xap dunm | capacity of hard
UKKH Oapobap kymasian drives doubles
almost every year
32. | Cseroamon (LED) CseToamnon Light-emitting

(LED):anekTpoiromMuHect
CHIIMS MPUHITUITATA ACOCaH
UIITOBYH SIPUMY TKA3THWIH
Hyp MaHOau, HypJIaHyBYH

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

SPUMY TKa3TH4JIAPHUHT
TabKUKJIAHTaH XyIyIu
KEHIJIUTUra OOFJINK

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

33. | Cywokkpucraa (CK) Cyok Kkpucrtaji Liquid crystal
(CK):cyroxmuk Ba Kartuk, | (LC): a state of
KPUCTAJICHMOH MOJIJIa matter with
Xoccajapy opaJiaruaara | properties between
Mmartepusi; cyrok Kpucraua | a liquid and solid
TUCTUIeHIapaa KeHT crystal; it is used
KYJUTaHUIa 11 extensively in
liquid crystal
displays
34. | MarukcoH MarukcoH:aHJyarnaa Magic number: a
I0OKOpH OYiran critical number of
CTPYKTYpaBHii Ba atoms in a cluster
MOTEHIIMAJ TYPFYHJIMKHE | Size providing it
TabMHUHJIOBYH Kiactepaard | higher structural
aTOMJIApHHUHT KpUTHUK coHU | and potential
stability
35. MexanuKKoTHIIMAgam | MeXxaHuk Mechanical
KOTHIIIMAJIAII FOKOPH alloying: a solid
SHEPTHUSIH AP state process in
TETUPMOH/IA which grain
3appadajapHUHT KaiTa refinement occurs
nehopMaIUsITaHUIITN Ba by repeated
EpUKIIapy HaTHXKacK1a deformation,
MaiiTaaHuIIH, fracturing and cold
KyKYHJIapHUHT welding of powder
3appadaliapu COBYK particles in a high-
naiiBanaHaguran Kartuk | energy ball mill
YKACMJArU KapacH
36. | CyrokJgaHumn CyrokJaHuIn Melting point
XapopaTUHUHT XapopaTHHUHT oscillation: the
OCIMJLISIMSICH ocuMJIsIMsicH: 3appayaina | phenomenon of

PHUHT yJI4aMH aCCOCUI
MaccagaH
cyOHaHOMeTpraya
KaMalin0 MUKAOPUHHUHT
OLLUIIIM HAaTHXKACUIaru
CYIOKJIAHMII XapOpaTUHU
OOCTUPHII XOAUCACU

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

37. | Mukposiaekrpomexanuk | Mukpoliaekrpomexanuk | Microelectromech
cucremanap(MEMS) cucTeMasap anical systems
(MEMS):anextp (MEMS): a
SHEPTrUsCU OnIaH microdimensional
OOIIKapHIaIuraH mechanical system
MUKPOpPaMepPMEXaHHUK driven by electrical
THU3UM; MEXaHHK energy; when the
KypHIMaTapHUHT dimensions of the
yiraamurapu HaHoMeTpuk | mechanical devices
JUana3oHra sKMHJIaIranaa| approach
yJIapHU nanometric range
HaHORJIeKTpoMexaHukTusu | they are termed
Mutap je0 aTamaian nanoelectromechan
(NEMS) ical systems
(NEMS)
38. | Me3oroBakiiu Me3oroBakJim:Ooup Mesoporous:
Mebépaa Oep TeKHC porous materials
*owyamral Mme3oroBakian | With regularly
(mnametpu 2-50 HM) arranged, uniform
FOBaKCMMOH MaTepuasuiap; | mesopores (2-50
10332 CUPTUHHHT KaTTaiaury | m in diameter);
yJIapHH aJICOPOCHT EKH their large surface
Kataim3aropiap cudaruaa | areas make them
doitmanu Kuau useful as
adsorbents or
catalysts
39. | MukpokaHTHJIeBep MuxkpokantuieBep:mukp | Microcantilever: a
OMETp MUKECUIArH cantilever beam
ymuamiau kaatwmBepsin | With dimensions in
Hyp,MEMS coxacuna, the micrometer
JaTYnKIap/a, scale that is
pe3oHaTopiapa Ba XK3 extensively used in
KCHT KYJUTaHWJIQ1 the field of MEMS,
Sensors, resonators,
etc.
40. | MoaekyJsip MounexyJasip Molecular
IJIEKTPOHUKA JIeKTpoHMKa: ekTpoH | electronics: the
KypHIMaiapia study and
KYJUTAaHWIAIIN YIYH application of
MOJIEKYJTaJJapHUHT molecules for
TaJKUKY Ba Kyuianwamu | electronic device
applications
41. | Myp KOHYHH Myp Moore’s law: a
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KOHYHU :KYpPWIMaHUHT
1032 OUpJIMTUTra
VPHAIITUPUITAH
TPaH3UCTOPJIAPHUHT COHU
TaxMHUHaH xap 18 oiiga
UKKU Oapobap
KyNIaMMIIMHU Ha3apaa
TYTYBUYH XUCOOJAII
KypuiIMalapujaaru
Y30KMYIJATIIA TPEH]T

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. | Myarumier Myarunier ukkuiaamun | Multiply twinned
UKKWIAMYH 3appavaJjap particles (MTP):
3appavasap (MTP) (MTP):oamoc (C, Si, Ge) | observed

Ba KotuimMaiap tunuaara | frequently with a
SPUMYTKa3rH4aIapas, pseudo five-fold
KyOCHMOH symmetry in
ExmapuMapkasnamrapuira | hanocrystalline
H MeTaJlapjaH ojauHran | particles and thin
IOTIKA IJICHKaIap films (deposited on
(KpHCTaJUT TarJaukiIapaa crystalline
YYKTUPUIITAH) Ba substrates) of cubic
HAHOKPHCTAILT face-centred
3appauanapiaru oemuaun | metals, diamond-
TapTUOIN type
TICEBJIOCUMMETPHSHUHT semiconductors (C,
Ky3aTHIHIITN Si, Ge) and alloys

43. | MyJarukaBatjap MyarukaBataap:oup- Multilayers: thin
oupwura sxoitnamrupuiaran | films of differing
TYPJIH XWJI KUMEBHUH chemistry or
TapKuOIM KN structure deposited
CTPYKTYpaJIH FOTKa one over the other
TUICHKAJIAp

44. | Hano Hano:xapiukau Eku Nano: Greek
OupoH-Oup kuuuk Hapcanu | prefix meaning
ounaupyBun rpekda ong | dwarf or something
KYIIuM4acu, Oup very small; depicts
MUJUTHAPIaH Oup one billionth (10—
xuemuan Ommupan (10°) | 9) of a unit

45. | HaHobot Hano60T: HaHOMETpIIH Nanobots: a robot

YIrgamuiap/iaH TalKu
TONTaH KOMITOHEHTJIN
po0OT (IpuUM EKHU TYIIUK
aBTOMATIAIITUPWITAH
MHTETpaJl MallliHA); yJIap

(semi- or fully-
automated
intelligent
machine)
consisting of
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HaHOpoOOTIap,
HaHOW/Tap, HAHUTIIAP,
HaHOMaIITHAIAP EKU
HaHOMUTJIIAp HOMJIApH
OuiaH XaMm yupanau

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

46. | Hanotoaasaap Hanotonamap:100 am nan | Nanofibre: fibres
kn4uK Oynran quametpau | With diameter less
TOJIAJIAp than 100 nm
47. Hanoaucnepcust Hanoancnepcusi:meramia | Nanofluid:
P, KEpaMUK, yTIepoIIn colloidal
HaHOTpyOKaap Ba XK3 suspension of
HaHO3appaydaIapHUHT nanoparticles of
KOJUIOU] CYCITCH3HUSICH metals, ceramic,
carbon nanotubes,
etc.
48. | Hanonnaentuduxanusa | Hanomnaentuduxanusan | Nanoindentation:
Janm all. HAHOYTYaMIIN an indentation
XaKmutapra KyutanwtyBur | hardness test
OocCHIIIaru KaTTUKIIAK applied to
TECTH, KHIMK Oocumitapaa | nanoscale volumes
anoxuna at small loads to
HaHO3appavaJapHUHT obtain the hardness
KATTUKJIUTUHA aHUKJIALILI of individual
yUyH nanoparticles
49. | Hanoaurtorpadus Hanosurorpadus:nanoy | Nanolithography:
JTYaMJIA IeTaJJIapHU a nanofabrication
IIAKJUTAII Y9yH HaHO technique for
UILIa0 YUKaAPHII patterning
TEXHUKACHU; HHTETPaI nanoscale features;
cxemainap Ba NEMS:ap used extensively in
niab ynkapuiaa keur | the fabrication of
KYJUTAaHWIA T ICs and NEMS
50. | Hanomartepmuan HanomaTtepuai:oupox Nanomaterial:
Oup y3rapuiiy HaHO class of materials
napaxana (<100 um) in which at least
Oyaran matepuasuiapauar | one of the
cuHbu dimensions is on
the nanoscale
(<100 nm)
51. | HaHnocTtep:xkHIap Hanocrepxuaap:éxapus | Nanorods: 3D
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uHT HUCOaTu 3-5
JuanazoHuja oyiaran
3DuaHocTpyKTypanap;
yJIapHUHT Oapya
Ymuamnapu 1-100 am
JmanazoHua oynaau

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

52. | HanoxkoOuksap Hanoxko6ukmnap:auamerpu| Nanoshells: a thin
Oup Heua YHIUKIAru coating over a core
HaHOMeETpAa OynraH object a few tens of
O0O0BEKT SAPOCH YCTHAArH | hanometres in
IOIKa KOOUK diameter
53. | HanorexHoJiorusuiap Hanorexnosorusinap:aro | Nanotechnology:
M Ba MOJICKYJIa study of
JTapaxacuia manipulating
MOJIaJTapHUHT YCTUAATH matter on an
MaHHUIYJISAUsIIap; ogaTaa | atomic and
1 nan 100 HanoMeTpraua | molecular scale;
OynraH ymdamaaru generally deals
CTpYKTypasnap OuiaH with structures
UIIJIaHAIH, XamJ1a Oup sized between 1
KYpCaTTu4u 11y and 100
yiqamiapaa oynaran nanometres in at
MaTepuauIapHu EKH least one
KypUJIMaJIapHHU UILTa0 dimension, and
YUKUIIHY Y3 nanra ojgaau | involves
developing
materials or
devices possessing
at least one
dimension within
that size
54. | Hanocumuap Hanocumuap:aanomerp | Nanowires: 1D
yIryamIIM KeHIJIMKIAard Ba | hanostructures with
TCOMETPHUK width of
yIyaMIapuHUHT HECOATH | hanometric
1000 Ba yH/1aH FOKOpH dimensions and
Oynran exhibiting aspect
1DHaHOCTpYKTYpaiap ratios of 1000 or
more
55. | Hanoaaekrpomexannde | Hanodiaekrpomexanmuec | Nanoelectromech
ckue cucreMbl (NEMS) | kue cucrembl (NEMS): anical systems
cm MEMS (NEMS): refer
MEMS
56. | ONTOYJIEKTPOHHKA OnTodnexrponuka:iekr | Opto-electronics:
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POH KypuiMajap/iaHu
AIEKTPOMATHUT
dboTOHTApHUHT
KYJUTAHWIHMIIH; “DJIEKTP
CUTHAJIMHU ONITHK
curHaira” €Kd “OnTHK
CUTHAJIHU 3JIEKTP
CUTrHaJIra” YTKa3yBYU
y3rapTruuiap 6yiauim
MYMKHH

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

57. | ®orTokaranu3 dortokaranu3:karanusaro | Photocatalysis:
p umTupokuaa potonaap | phenomenon of
OKUMUHH KYJUTall OnIaH accelerating a
KHUMEBUH peaKIus chemical reaction
TE3JIMTUHM TE3JIATHPHIN | rate using a photon
deHoMeHn beam in the
presence of a
catalyst
58. | ®oTomoMuHecneHIHA | POTOJTIOMHHECHEHITHS Photoluminescenc
(PL) (PL):06ab3u 6up e (PL): a process
MO/IJTAJTAPHUHT MabIyM by which certain
Oup TyiKMH y3yHimknaru | substances absorb
3JIEKTPOMArHuT HypJjapuu | electromagnetic
10THO Ba KalTagaH radiations of
(OTOHIAPHU TYPITU XU specific
TYJIKHH y3yHIUK]IA wavelengths and
HYpJIATyBYH JKapacH re-radiate photons
of different
wavelength
59. | doToHkpHCTALIAP doTonkpucrauiap:3iekt | Photonic crystals:

POMAarHuT TYJIKUHJIAPHU
TAPKATUJIMILINTA TAbCUP
ATHUILIa MYJDKAJUIAHTaH
JABPUN IUDJIEKTPUK EKU
METAJUT JUDJIEKTPUK ONTHUK
HAaHOCTPYKTypaiap

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:MabIymMoTIapH | Photonics:
1 OONIKapHIIIa electronics using
AJICKTPOHJIAP YPHHTA light (photons)
epyriukHE (porornapuu) | instead of electrons
KYJUTOBYH JJICKTPOHHUKA to manage data
61. | IIbe3ope3uctus 3pdexr | [Ine3ope3ucTun Piezoresistive
3 deKT:TamIKApUIAH effect:
MeXaHUK 0ocuM Tabcupura | phenomenon by
OOFJIMK paBHIIIA which electrical
MaTEePUATHHHT JIEKTP resistance of a
KapIIWIMTHHUHT y3rapuin | material varies
XOJIACacH with externally
applied mechanical
pressure
62. | Ilaa3ma Ina3ma:noHnamran Plasma: a state of
MOJJIAHMHT aHYaruHa matter containing a
katTa (paknuscunn y3una | significantly large
CAKJIOBYMA MOIAHUHT fraction of ionized
XO0JIATH; IIa3MaHUHT matter; plasma
Xoccanapu KaTTHK properties differ
MOJITaJIap/IaH, significantly from
CYIOKJIUKIapAaH ¢Ku those of solids,
ra3japaad TyoaH gpapk liquids or gases
KAJIa 11
63. | Byr ¢pazacunan Byr dazacunan Physical vapour
¢pusukaBuii yykTupum | pusukaBuii uykrupum | deposition (PVD):
(PVD) (PVD):tarnukaa romnka a variety of
TUICHKAJIApHU OJIMII YyUyH | Vacuum deposition
aTOMJIAPHH MY DK technique
Matepuaiuaan oyriaarum | involving
UIITHPOKHUJIA BaKyyM vaporization of
YYKTUPULIHUHT TYPJIU atoms from target
TEXHOJIOTHSIIAPH material to produce
a thin filmon a
substrate
64. | Iupoaus IMupoaus:ananra(pyr) Pyrolysis: Greek

octuna axxparumau (lysis)
AHTJIATYBYM IPEKYa CY3;
KUCIIOPO]] UIIITUPOKUCH3
IOKOpH Xapopariapaa
OpraHvK MOJUIaHU

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

yeyn

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

65. | KBanTkommioTepJsap KBanrkommrorepJiap:kup | Quantum
UL MabJIyMOT/Iapuaaru computers: a
oreparnusuiapaa KBaHT- computational
MeXaHUK Xoaucanapuau | device using
KYJUJIOBYM XHCOOJAIT quantum
acO00apu mechanical
phenomena for
operations on input
data
66. | KBanTHyKTaJapu KBanTHykramgapu:aiektp | Quantum dots:
OHJIAPHHHT SHEPTUs 0D nanostructures
XoJlaTiapu Oapya ydra in which electron
KEHIUIMK yIdaMmiiapuaa energy states are
aHUKJIAaHAIUTaH confined in all
ODnaHocTpyKTYypaiap; three spatial
YIIAPHUHT 3JIEKTPOH dimensions; their
xoccanapu kiactepiap Ba | electronic
SPUMYyTKa3ruuIap opacuaa | properties are
oymaau between that of
clusters and bulk
semiconductors
67. | Kyour Kyour:xucobnammapaaru | Qubit: a quantum-
OWTHUHT KBaHT computing
SKBHUBAJICHTH, equivalent to a bit;
ATOMJIAPHUHT KBAaHT with an additional
XOCCaJIApUHU YITJar dimension of
KYyIIMM4yacu OusiaH quantum properties
of atoms
68. | Pe3onancanu Pe3onanciu Resonant
TYHHEJJIAHTaH KypWIMa | TYHHeJIaHraH Kypuima | tunnelling devices
(RTD) (RTD):anexTpoHaapHu (RTD): 2D

(hakaTruHa UKKU
HyHanumiaa ynuiad
KOJYBUHU y3yH Ba KHCKa
SIPUMY TKa3THYIN
opoJTdajap/iaH TalTKu
tonraH 2DkBaHT
yCKyHaIapu

quantum devices
that consist of a
long and narrow
semiconductor
island, with
electron
confinement only
in two directions
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69.

Pe3onaHc-TyHHe UM
Tpansucropaap (RTT)

Pe3onaHc-TyHHe IIM

TPaH3HCTOPJIAP
(RTT):RTD ra xapa

Resonant
tunnelling
transistors (RTT):
see RTD

70. | CkaHMpPJIOBYH CkaHupJI0BYHT Scanning near-
SIKMHXYTY1JTH SIKMHXYTY1JTH field optical
onTukMuKpockonusi(SN | ontukmukpockonusi(SN | microscopy
OM) OM):HamyHaHH (SNOM):

nnmarunaérrad HypHuar | illuminates a
TYJIKUH Y3YHIUTHIAH specimen through
KA4KK Oyiran ymaamaara | an aperture of a
TUPKHII opKanu Epurtaau, | Size smaller than
HamyHaHu skuHxyayad | the wavelength of
MaHOa pexumu goupacuaa | light used and with
KOWIaITHpuIaau; ogaui | the specimen
00BEKTHB EpraMua positioned within
HaMyHaJaru the near-field
auapparMaHHHT regime of the
CKaHepJIall iy Ouiian source; by
TaCBUP MIAKJUIAHUIIH scanning the
MYMKUH Oynaau aperture across the
sample through a
conventional
objective, an image
can be formed
71. | V3-y3unn iinFum V3-y3unm iinrumn: 6upop | Self-assembly:
OWp TaIIKu Ky4d process in which
TabCUPUCU3 OUP TECKKHC the components
&K TalKWIIamTUpuiIrad | interact within
TY3HJIUII XOCHJT KUJIATI themselves to form
yuyH KomrnoHeHTinapuuHr | aligned or
y3 nauaa y3apo organized
TabCUPJIAIIYB JKapaéHU structures without
any external force
72. | llaka xoTHpaIu laka xoTupanau Shape memory

noJuMepJiap

MoJIMMePJIap :XapopaTHUH
T Y3rapuiiy KaOu Tamku
Kywiap TabCUpHUIA
BYKY/Ira KEeJIraH TaIlIKU
Ky4Jiap TabCUPUIA
nedopManusgaH CyHT
Y3UHUHT 1acTIa0Ku
[IaKJINTra KauTUIII
KOOMJIMATHUTA 3Ta aKJIJIN

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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IoJIMMEpPIap temperature change
73. | bupaiekTpoHJn BupaiekTpoHn Single electron
Tpansucrop (SET) TPAH3HUCTOP transistor (SET):
(SET):uukyBuu 3apsauunr | devices that are
KyJa KHIUK capable of
y3rapunuiapuHu aHukiamn | detecting very
KOOMIMsITUTA 3T small variations in
MocJiaMajap; OupruHa the charge of the
AJICKTPOH YUyH XaM gate; charge
3apsyap dapku “Exkuy- differences of even
Yyuaupuir” GyHKIUSICUHUA one electron can
YaKUPHIIH MYMKHH cause the on-and-
off switching
function of SET
74. | 3oab-reqapycyJa 30JIb-TeJIBYCYJI: Sol-gel method: a
KeHHHYaINK KOBYIIKOK rej1| process that
Ba KaTTUK MaTepHajra involves the
YTYyBYM KOJIOU generation of a
cycrieH3ustHu (<301 colloidal
reHepalusIaliig 3 uuura | suspension (‘sol’),
OJTy4H KapacH which is
subsequently
converted to
viscous gel and
solid material
75. | CnuHTpOHUKA (CITUH CnuHTpoHNKA (CIUH Spintronics (spin-
acocuaarua acocuaarua based electronics):
IJIEKTPOHHUKA) IJIEKTPOHHUKA): an emerging
AIEKTPOHJIAPHUHT technology, which
MKKWJIaHTaH xoccanapuny, | exploits the dual
»KyMJIaJIaH 3apsj Ba ciiuH | property of
XOJIaTUHY KyJutoBuu ssHru | electrons, namely
TEXHOJIOTHUS; MAHUTO- charge and spin
AJICKTPOHMKA CH(aTH 1A state; also known
XaM MabIyM as magneto-
electronics
76. | YuKyHIH mIa3MaJiu YUKyHIH NJ1a3MaJu Spark plasma

nummpu (SPS)

nummmpum (SPS):rpadut
MaTpHULIACH IIIYHUHTJEK
YTKa3yBYaH HaAMyHaJlap
XOJIATH/IA MUIIUPUIIAETTaH
KyKyHJaH OeBUCTa
YTAa€Trad JOMMHUN UMITYJIC
TOKH KYJUITAHWIAIINAIATH

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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IMHIIUPUIT TCXHUKACH

to be consolidated,
in case of
conductive samples

77. | Yraykasysuan YTaykazyBuan Superconducting
KBaHTHHTepdepoMeTp | KBaHTHHTepdepomeTp quantum
(SQUID) (SQUID):yra xyucus interference

MarHiT MaiOHIapUHU device (SQUID): a

Yirganr uMkoHusTATra ara | device capable of

Mociama measuring
extremely weak
magnetic fields

78. | Koiiaammm Koiimammmn Stacking faults:
nedexTaapu nedexTaapu:aromnapuus | crystallographic

I HOTYFpH KeTMa-KeT defects arising due
TUTaHAp JKOMIIAITYBU to wrong stacking
HATHKACUIa XOCHUII sequence of planar
Oy myBUH arrangement of
KpUCTaJIorpauk atoms

nedexTiaap

79. | CkaHMpPJIOBYH CkaHupJioBYM TYHHELJIM | Scanning
TYHHeJLUTH MHKpockon | mukpockon (CTM):arom | tunnelling
(CTM) Japa)kacuia 1o3aJlapHUHT | MICroscope

TaCBUPJIAPWHH KaiTa (STM): an
MIIUTaIIa instrument used for
yJUTaHWIaAUral Kypuiama, | imaging surfaces at
KBaHT TyHeJutam Kougacu | the atomic level; it
acocuIa MIIUIanan works on the
principle of
quantum tunnelling
80. | VTa sruaysuaniuk VTa Superplasticity:
ruJIyBYaHIIMK: ay3mnyBa | ability to deform a
aHJIMKKa OYraH material well
TaJKUKOTIapaa beyond the limits
KyTWIaETran expected from
HOpMaJIapHUHT normal tensile tests
yerapajgapuiaH aHya KaTTa
Oyaran mMaTepuaTHUHT
nedopManmsIaHUII
KOOWJIHSTH

81. | KO3amaa3mon (SP) IO3aniazmon Surface plasmon

(SP):épyrauk omnnan
KYWIN TabCHPJIAIINIIT
HATH)KACHUJIA TIOJIIPUTOHTA

(SP): plasmons
that are confined to
surfaces and
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010 KCJIYBYH 103ara MocC
KCJIYBYH IIJIa3MOHJIAP

interact strongly
with light resulting

in a polariton
82. | lopmaapHu Makcaxaiu | JlopmiaapHu MakcaaiIu Targeted drug
€TKa3UII e€TKA3MIIL: Tepanusiaa delivery:
JOKaJlIaITa” 3apapianrad | administration of a
Xykaiipanapra/Tykumanap | pharmaceutical
ra Kepak Oyiran MuKIop/a | compound in
dapmaneBTuk oupukmanu | desired amount to a
KAPHUTHUIII localized diseased
cell/tissue for
therapy
83. IOnka niieHkaun IOnkamieHkaIun Thin film
Tpansucropaap (TFT) | Tpan3ucropaap transistors (TFT):
(TFT):spumyTkasruwiu Ba | an FET made of
maaekTpuk matepuayui | thin film layers of
IOTIKA IJICHKA KaBaTJIH semiconducting
TpaH3UCTOpIIAP; and dielectric
pamuorpadusauar LCD Ba | materials; used in
pakamMJIM HIoBaJlapHia LCD and digital
KYJUTaHUJIA ! radiography
applications
84. IOnka niaenkanaap IOnka Thin films:
MJIeHKAaJap:aToMap atomically
KOHCTPYKITUSITTAaHTaH engineered layers
KaBaTJIap HAaHOMETpJIaH with film thickness
MaKCUMyM OWp Heda usually in the range
MHUKpOHTa4a OyiraH of nanometers to a
nuanasoHza Oyiaran maximum of a few
KAJIMHJIMKIArH UIeHKaIap | microns
85. | Tykumauau un:xxenepusi | Tykumasm Tissue
HHKEHEePHUsI.CyT engineering:
OIMH3YBYMIAPHHUHT acocuii | science of
TYKUMaJapUHUHT structural and
Ty3ununm Ba GyHkiponan | functional

acocliapu xamja
GyHKIUSITApUHT THKJIAIIL,
Kyu1ab Typuin Eku
SAXIIWIAII YUYH
OuoMocranryBuaH YpHUHU
00CYBUMITAPHUHT
KYJUIAaHWINIIA
Tyrpucuaaru pax

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:
NacTra:HaHOKPUCTAILT involves
maTepuaiHu oy Ounad | fragmentation of a
MHUKPOKPHCTAILI microcrystalline
MO IaHUHT Maiimanammau | material to yield a
Y3 Munra OJaau; nanocrystalline
HAHOCTPYKTypaJlapHU material; all solid
CUHTE3 KWIIMIIHUHT KaTTUK | State synthesis
MOJIJIATH WYIIIapH Ty routes of
KaTeropusra Kupaiau nanostructures fall
into this category
87. | YukappaJu TyryH Yukappaiau Tyryn.yuta | Triple junction: a
KPUCTAIIAPHUHT €KH node at the
3appajlapHUHT intersection of
TYKHAIIyBUAArd TYT'YH three crystals or
grains
88. Byr-cylOKINK-KATTHK | ByF-CyIOKJIHK-KATTHK Vapour-liquid-
moaaa ycyau (VLS) moaaa yeyau (VLS):0yr | solid method
dazacuman KUMEBUN (VLS): a
YYKTUPHIIIATH mechanism for the
HaHOCHMJIAp KaOu growth of one-
Ooupyraamin dimensional
HaHOCTPYKTypaJapHUHT nanostructures,
YCHIIN YI9yH MEXaHH3M; such as nanowires,
KpucTayuapHuHT Yeuiu Ba | from chemical
KAUHETUKACH vapour deposition;
camapaaopiauruau ommuim | to enhance the
yUyH KYJUTaHHJIAIH, efficiency and
KaTaJInTHK kinetics for the
CYIOKKOTHIIIMAJIHU (a3a growth of crystals,
OyrnapHM yTaTyiuHranauk | a catalytic liquid
Japakacurada tesja alloy phase which
ajcopOumsamy MymkuH | can rapidly adsorb
a vapour to
supersaturation
levels is used
89. | Buckepuaap Buckepaap:spkunauciok | Whiskers: thin
alUsJIaHAIUTaH fibrous growth of a
KPUCTAJUTHUHT HO3UK dislocation free
TOJIAJIA YCHUIIIH crystal
90. | Pentrendotodrnektponc | Pentrendgorodiekrponcn | X-ray
nekTpockonus (XPS) eKTPOCKOIMS photoelectron
(XPS):xkuméBnii spectroscopy
MOJAHUHT F03aCUHU (XPS): a

MUKIOPUN aHAIN3 KUJIUIII

quantitative surface
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yCi1yOu, SJIEeMEHT
TapKUOWHU aHUKJIANIH;
Ycyn, peHTreH Hypiapu
OWsIaH KaTTHUK MOJIIAaHWHT
HypJai épaamMuia
OJIMHTaH
(OTORIEKTPOHIAPHUHT
TaBCU(UHU Y3 HUnTa
oJaau

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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