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LUIIYU JACTYP

Kupum
JlacTyp pHBOXJIaHTaH MamJlakaTiapJard XOpWXKUN Taxpuodanap acocuaa
“KumEBuii TexHoJOTHs (HOOPTaHWK MOJJAIap Ba MHUHEpAT VFUTIIAP WILIA0
YUKapUI Oyinda)” KaiTa Tal€piain Ba Majlaka OUTUPHIN YHAIUITN OVruda uiiad
YUKWITaH YKYB peka Ba JacTyp Ma3MyHHUJAH KeluO YMKKaH XOJJa Ty3WJIraH
O0ynu6, y 3aMoHaBUl Tajabiap acocuaa KaWTa Tan€piiamn Ba Majaka OIIAPHUII
JKapa€HJIApUHUHT Ma3MyHUHM TaKOMWUIAIITUPUIN  XaMJa OJIMd  TabiuM
Myaccacalapy Ienaror KaJpjJapuHUHI OMJIMMUHU Ba KacOWN KOMIETEHTJIUTUHU

MyHTa3aM OIIMPUO OOPUIIHU MaKCcal KUJIaau.

Kaiita Taii€pnami Ba Majaka OWIMPUII WYHAIMIIMHUHT y3Ura XOC
XyCyCUsATIapu XamjJa A0J3ap0d macanajapuaaH KenuO YMKKaH X0JJa JacTyphaa
3aMOHaBUIl KOMIIO3UIIMOH Ba HAHOMATEpHAIUIAP TEXHOJOTHUSICH, KOMIIO3UIIMOH Ba
HaHOMATepUajIap Typjapy Ba YJIApHUHT HWIUIA0 YHKAPHUII TEXHOJOTHSIIAPH,
TapKuOMW, CTPYKTypacu, MaKpO Ba MHUKPOMEXaHMKACH, KOMIIO3UTJIap Ba
HaHOMAaTepuayiap OuilaH MW3ailH KWJIWII yCYyJUIapy, aHbaHAaBUIl Ba HOAHbaHABHM
KOMITO3UTIIAP TYpJIapy, HAHOKOMMO3UTJIApP, OMOKOMIO3UTIAP, YJIapHU HILUIA0
YUKapUIIIard MyaMmMoJap Ba y3ura Xoc XyCycHusiTiapura ouji OwinM, KYHHKMa Ba

MaJjaKkajJapuHM sSTHrujaad OopuIlra KapaTWiran MyamMmMoJiapy 0aéH 3TUJITaH.

MoayJaHMHI MaKcaau Ba Ba3zudasapu

KuméBuil TexHosorus Kanura Tai€pianl Ba Majlaka OIIMPHII WYHATMIIUHA
“KumEBuil TexHoJIOrusl (HOOpPTraHWK MOJJajiap Ba MUHEpal VFUTIAp WIILIA0
YUKApHIN OYinda)” MyTaxacCHUCIIUTH YKYB peKacHIa Maxcyc MOJayJuiap OJoKura
KUPUTWITaH ‘“‘3aMOHaBHM KOMIIO3MLIMOH Ba HAHOMAaTEpHaIAp TEXHOJOTHSICH
MOAYJIM YKYB JACTYpUHUHT MaKca0u — TOJUMEpP, METaJUl, KepaMHUK-MaTpHLIAIN
KOMIO3UTJIap Ba  HaHOMaTepualap MIUAd  YMKapuilga  HWHHOBAIMOH
TEXHOJIOTHUSIIAP; HAHOKOMIIO3UTIAP, OMOKOMIIO3MTIAp, JIAMHHATIAD TypJapH,

MaTepuaiap/a Kepakiu CTPYKTypa Ba XOCCaJapHU TabMHHJIAIIAA KOMIIO3UIIMOH



Ba HAHOMATEpUAJUIAPHUHT YPHHU Ba MOXHSTH, YIIOY COXaJard WiIFop Taxpuodanap,
3aMOHaBUI OMJIMM Ba MaJlaKaJlapHH Y3JIAIITHUPUII Ba aMaIHETra )KOPHUM ATHIILIApU
y4yH 3apyp Oynmaguran KacOui OwiamMm, KYHMKMa Ba MallaKajlapyuHU
TAaKOMWUIAIITUPHIL, [IYHUHTICK MEJaror KaJpiapHUHT WXOAuM (aomuruau
PUBOXIIAHTHpUIIAAH HOOpAT.

“3amMOHaBHII  KOMIIO3WMLKMOH Ba HAaHOMAaTEepUAUIAp  TEXHOJOTHSICU
MOJYJIMHUHT 6a3ughacu — KOMIO3UIIMOH Ba HaHOMaTEepUaIap UILIA0 YMKapUIIIa
WHHOBAIIMOH TEXHOJOTHSUIADUHUHT aMalMil  OPUHIUIUIAPH, KOMIIO3HUIIMOH
MaTepUaUIapHu 3appaya, Toja Ba CTPYKTypa Japaxachaa MyCTaXKamJIallTHPHILL
KOMIIO3MIIMOH ~Marepuauiap HIUIad YMKapHILJAard MYCTaxXKamJIallTUPYBUU
KOMIIOHEHTJIap XOCCAJIapUHU YpPraHuil Ba KOMIIO3UTJIAPHUHT TapKUOJIapUHU
Ty3Ull; TYpJH MaTpULajJd KOMIO3UTJIap; HaHOMAaTepual Ba HaHOOOBEKTIIAPHUHT
acoCHMil TypJlap; YyJlap acOCHJAard HAHOCUCTEMAap; HAHOCTPYKTypaJlaHIaH
MaTepHaUIapHU CUHTE3 YCYJUIapH, yJIapHU aManuérra Kysuiaml OViinya MajaKkaBHid

KYHUKMAJIAPUHHU [AKJUTAHTHPHILL.

MoayJ 0yii4a THHIVIOBYMIAPHUHT OMJIMMH, KYHHKMa Ba MajlaKaJlapura
KYHWIAIUTaH Tajaadaap
“3aMOHaBHIl KOMITO3UIIMOH Ba HaHOMAaTepHaIap TEXHOJOTHSCU  MOAYJHU
OyliMya THUHIJIOBUWIAp  KyHuJaru SHrd OWiuM, KYHUKMaA, Majlaka Xamja
KOMITETeHIIUSIIapTa dra Oynuiiapu tajnad dTUiaau:
TunraoBuu:
— HaHOOOBEKTIAPHUHI aCOCUM TypJiapy Ba yJiap acoCHUJard HaHOCHUCTEeMalap,
HAaHOOOBEKTIIAP TABCU(DUHU;
— TUIa3MaKUMEBUN CUHTE3 — Ja3epin aOisus yCyUIapuHU;
— 3appavaniap, TojajJap Ba CTPYKTypa Japa)kacuja MYyCTaXKamJIallTHPHII
yCyJUIapUHH;
— HAHOKOMITIO3UTJIap, OWMOKOMIIO3UTIAp Ba HOAHbAHABUNM KOMITO3UTJIAPHU

Ounuwiu Kepax.



Tunriaouu:

— ¢oToHUKA, 103aIJIa3MOH, MTbe30PE3UCTUB dPPEKTIApHU YPTraHuUIII;

— HaHOMaTepHaJl Xoccanapy aHUKJIAIIL

— 3appauaiap, Tojliajap Ba CTPYKTypa Japa)kacujia MyCcTaxKaMJIalITHPUIL,

— KOMIIO3UIIMOH MaTepralljiap Uiuiad YMKapulgard MycTaxkaMiallTUPyBYH
KOMIIOHEHTJIap XOCCaTapyUHU YPraHuIIL

— Marepuaiiap CTPYKTYpaCHHM YpraHula PEHTreHOrpapuK Ba 3JIEKTPOH
MHUKPOCKOTIIUK TaXJIWJ MabIyMOTJIAPUHH TAKKOCIIAIIL;

— HUHTEPHET TU3UMUJAH QoiialaHrad XoJa HaHOMaTephalap Ba yJIapHUHT
CUHTE3 yCysuiapu OViinua KyliuM4ua MabJIyMOTIapy U3J1a0 TOTMIIL,

— HaAHOCTPYKTypaJlapHu Oup Oupuan dapkia,

— WYHANTUPWITAH XYCYCHUSITIM KOMIIO3WIIMOH MaTepuaj MILIad 4YuKapuiga
MaTpuila MaTepUaINHU TaHJIall;

— KOMIIO3UTJIAPHUHT TapKUOJApUHU TY3UIl KYHUKMaaapuza 5>ra OYIuIn
JIO3UM.

TunraoBuu:

— 3aMOHaBHMIl MHHOBAIIMOH TEXHOJOTHUSUIAPHU TAJ0UK KWJIMII HIapOUTIAPUHU
aHUKJIAlll;

— HAHO Ba KOMIIO3UIMOH MaTepuajuiap MIUIA0 YMKapHIga KYJUlaHWJIaJAurad
XOM allé MaTepraIapHy, yJIap aCOCHIa CUHTE3 KWJIUII YCYJUIapuHH (papKiar;

— KOMIIO3UIIMOH Ba HaHOMAaTepHaIap HILIA0 YHKAPUIITHWUHT MHHOBAIIMOH
TEXHOJIOTUSIIAPUHYU 3aMOHABUHN YCYIJIApUHY KYJUTAlll Manaxkanapuza >ra 0yauim
JIO3UM.

Tunraouu:

- 3aMOHAaBHM HMHHOBAIMOH TEXHOJIOTHSJIAPHU TaxJIMJI KWIMII Ba KYJUIAIl
MMKOHUSTIAPUHN HAMOUMII KUJIUII TAMOMUIUTAPUHM aXXpaTHO KypcaTa OJIuII;

— UWHHOBAIMOH TEXHOJOTHSUIAPHU JIOWWXalam acocuja ad3aumk  Ba

KaMYMJIUKIIADUHU KypcaTrO Oepwiir;



— ¢an coxacuga KOpXoHajapJaru TaxXpuoa-u3aHuIl WIUIapUIa HUHHOBAIIMOH
TEXHOJOTHSJIAPHUHT KYPCATKUWIAPUHY aHUKJIAIIL

— HAHO Ba KOMIIO3MIIMOH MaTepHualljiap, YJIAPHUHT Typjiapy Ba KYJJIaHUJIMII
coxajapu Oyiirua TaBcUs Ba MaciaxaT Oepuill KOMIETeHIUSIJIAPUHMN 3rajulaiiv

JIO3UM

Moy THHHT YKYB pexajaru 00mKa Moay/iap OujaaH O0FJINKJINTA Ba
Y3BHIJIUTH
“3amMOHaBHIl KOMIO3UIIMOH Ba HAHOMATEpHAIUIAP TEXHOJOTUSICU MOLIYJIN
KaiiTa Taii€prail Ba Majaka OIIMPUILI HYHAIUIIMHU Oyitnya YKyB pexanaru Oomka
MyTaxacCUCIUK (aHiaapu OWslaH y3IayKcu3 OOfnuK Oynu0O, ymoOy QanmapHu
y3namwtupuiga  amanuid - €paam  Oepaau.  ‘“3aMOHaBUMI  KOMIO3MIIMOH  Ba
HaHOMAaTepHaJIap TEXHOJIOTHICH (aHMHU TYJIWK Y3JIAIITUPUII Ba aMaludid

BazuanapHu Oaxkapuiiia I0Kopu Oyokiapaaru dannap katra €paam oepaju.

Moay/IHMHI 0JIMH TAbJIMMAArU YPHU
MoaynHu y37alITUpUIl  OpKaJM  TUHIIOBUWIAp KuMEBHII TeXHOJIOTrUs
(HoopraHWk MoOjJaTap Ba MHUHEpal YFUTIAp WILIa0 4YWKapumn Oyiuva) —
KOMITO3UIIMOH Ba HaHOMAaTepuallap WIUIA0 YUKAPUIUIADUHUHT 3aMOHABUU

yCyJUIApUHM ~ YpraHuii, amajija Kyjulam Ba Oaxonamra Joup KacOuid

KOMIIETEHTIMKKA 3ra Oynaaumiap.



Mopaya 6yiinuya coatiap TAKCHMOTH:

Moaya maB3yJiapu

THHIIOBYUHHHT YKYB
IOKJIAMAaCH, CoaT

Ayauropusi

HOKJIaMacHu

YKyB

XamMmacu

Kamn

JKyMJIaJIaH

(v}

Ha3auu

=

Malry

MycTakui TabJauM

Kommnosummon MaTepuasiap, TY3WINIIIH,
Matpuia Ba aucnepc (asza. 3appauanap,
ToJIaIap Ba CTPYKTypa Japakacuja
MyCTaXKaMJIAIITUPHUIII. Komnosummon
MaTepHuaiap uIad YUKAPUIILIarud
MyCTaxXKaMJIallITUPyBYH KOMITOHEHTJIap
XOCCaJlapuHU YpraHuil Ba KOMITO3UTIAPHUHT
TapKUOIApUHU TY3UII.

Meramn wmarpunanu kommnosutiaap. Ilomumep
Marpunad kommnosutiap. Kepamuk matpunanm
komno3utiap. HoawbanBuidi  KOMIO3HWTIIAP.
buoxomnosumiap. Hanokomnosutnap.

Hanomarepuamnnap. HanooObexTnapHuHr
acocuid  Typjlapy Ba  ylap  acoCuUJaru
HaHocucTemanmap. HaHooObekTnap TaBcudwm.
Oyuiepennap. Yraepomm TpyOKanap.
Cynpamonekyinsap kuMm€. HaHocTpykTypanaHras
MaTtepuaiiapHu CUHTE3 yCyJu1apH.
ITna3makuMEBHIT CUHTE3 — Jla3epJiv a0JIsIus.

2D-HanocTpykTypanaHran MaTepuayiap
Ba YIJIEPOIJIM HAHOMAaTEpUaAJl CUHTE3 YCYJUIApH.
OnTo3JIeKTPOHUKA. DOTOIIOMHUHECIICHIIHA.
®oton kpuctaimap. Poronuka. HO3amnazmoH.
[Tee3opesuctuB shdexr. CnuHTpOoHMKA (CMUH
acocumaru  anektponuka). KyOut. Ksant
kommtoTepaap. Hanomarepuan onuin Ba yjaapHU

Xoccanapu.

Kamu:

N

26




HA3APUI MAIIFYJIOTJIAP MASMYHHA

1-maB3y: Kupum. Kommnosunmuon martepuaniap, Ty3W/IHIIH, MATPHIA Ba
aucnepc ¢asza. 3appauanap, ToJajJap Ba CTPYKTypa Japaskacujaa

MyCTaxKaMJalmTHPHUIIL.

1. ®aHHMHT NpeaIMET Ba Bazudaiapu.

2.Kommozurmon MaTepuaiap TEXHOJIOTUSICHHUHT PUBOKIIAHHUIIT
TeHAeHIUsICcH. KOMIO3UIIMOH MaTepuasiap TYFpUcHaIa YMyMUANH MabJIyMOT.

3. KommosunuoHn wmarepuamiap, TY3WIWIIH, MaTpulla Ba Jucrepc ¢asa.
3appauanap, Tonagap Ba CTPyKTypa Japakachaa MyCTaxXKaMIIaIITHUPHIIL

4. KoMIo3uIMoH MaTtepuaiap uiiad YMKapuiliard MyCTaxKaMJIalTHPYBYU
KOMITOHEHTJIAp XOCCAJIApUHU YpraHWIl Ba KOMIO3WUTIAPHHUHT TapKUOIapUHU
TY3UIIL.

2-maB3y: Metamaa marpunaiu kommosutjap. Iloaummep marTpunaamn
kommno3utaap. Kepamuk  marpumanu  kommno3utiaap. HoawbanBuii

komnosurJjap. buokomnosuriap. Hanokommnosurap.

1. MeTain maTpuLiaJid KOMIIO3UTIIAP.

2. [Tonmumep MaTpuniainym KOMIO3uTiIap.

3. Kepamuk maTpuiianu KOMIo3uTiap.

4. Typnu KOMIIO3UTJIAPHU OJIMII YCYJIApH, XOCcalapy Ba KYJTaHUJINII
coxaJiapH.

5. HoanbanBuii komno3utiap. buokomnosutiap. Hanokommnosutiap.

3-maB3y: Hanomarepuayiap. Hanoo0beKTIapHUHT acocuil TypJapu Ba

yJiap acocuJard HaHOCHCTeMAaJIap.

1. HaHOTeXHOJ'IOFI/ISIJ]apHI/IHF PHUBOKIIAHUII TCHACHIIUACH.

2. HanotexHosorusuap TyFpucuia yMyMUil MabIyMoT.
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3. HanooOBbekT, HaHOMAaTeprall, HAHOTEXHOJIOTHS TYIyHUACH.

4. HarnooObekTnap TaBcudu.

5. @ymnepennap. Yriepoum tpyokanap. CynpamMoIeKyisp KuMe.

6. HanoctpykTypasianran MaTepHuauIapHA CHHTE3 yCyIIapu.

[Tna3mMakuMEBHI CUHTE3 — Jla3epJid aOJIsAIIUs.

4-mag3y: 2D-HaHocTpyKTypajlaHran MaTepHauiap Ba  YIJIEPOLJIH

HAHOMATEepPHAaJl CHHTE3 YCYJJIapH.

1. 2D-HanocTpyKTypalaHTaH MaTepuasuiap Ba yriepo i HaHOMaTepHa

CUHTE3 yCYJUIapH.
2. OnrosnexTponuka. OOTOMOMUHECIICHITHS.
3. ®otoH kpucrtamuiap. @oronuka. KO3amnazmoH.
4. ITbe3ope3uctuB r¢dext. CIUHTPOHMKA (CTIMH aCOCHUATH SJIEKTPOHUKA).
5. Kybut. KBanT kommtoTepiiap.

6. Hanomartepuasn onuiil Ba yJiapHu XoccaaapH.

AMAJIMI MAIIFYJIOTJIAP MABMYHHA

1-amanui MALIFYJIOT: Komno3uuuon MaTepuajiap 11118 B
YUKAPUIIATH  MYCTAXKAMJIAIUTHPYBYM  KOMIIOHEHTJIAP  XOCCAJIAPUHH
YpraHuii.

1. KoMno3unnoH matepuaiiap uiiad YuKapuuaard Tojajgap XoccalapuHu
YpraHuIL.

2.Kommnozwuion Marepuasap U120 YUKApUILJIaru JUcIiepe

MYyCTaxKamJIaIITUPYBUU KOMIIOHEHTJIAPHUHT T'PaHyJOMETPUK TapKuOu Ba

XOCCAJIApUHU YpraHu1l.

2-amajauii  mamryJgor: Marpuna Martepua/uiapu  TapkuOu  Ba
X0CCAJIAPUHM YPraHMIIL.

1. TepMopeakTuB MoNMMMEpP MaTepuasiap TAPKUOW Ba aCOCHUU XOCCaJapyHH
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YPTraHMIL.

2. TepMomacTUK MOJUMEP MaTepUaiap TapKUOU Ba aCOCHIl XOccajlapuHU
Ypranuul.

3. Komno3uiuon matepuan TapKuOMHH TY3HUII Ba XOCCAJAPUHU JOWMXAJIaIl.
[lonumep MaTpuiia acocuja KOMIO3UIIMOH MaTepuad TApKUOWHM TY3HII,
KOMITO3ULMSHY Taru€pJiail yCyJUIapy Ba KOTUPHILL )KapaEHUHU YPTraHUIIL.

4. IllumakoMno3uTiap HWILIA0 YMKAPUII TEXHOJOTHSICUHU YpraHMIIL
[umakommno3ut “Tpuruiekc” TapkuOu, acocuid Xoccalapu Ba KYJUIAHHWIUII

MMKOHUSATIAPUHU YPraHHILL.

3-amaimii  mamrydaor: Kpucrann HaHocucTemManap Ba  yJapHU
axamusaTu. HaHoTexHO0/10THs1 Ba 3JIEKTPOHUKA.

1. 3appavanapHUHT Yerapacu. 3appadajiap yerapaCHHUHT MUTPAIIUSICH.

2. Myntuner ukkuiamMud  3appadanap. ducnokamms.  JKoimamuin
nedextnapu. Yukappanu TyryH. Xosui-Iletu koHyHu. TabKuK/IaHTaH 4erapaHuHT
KECHIJIUTH.

3. Monekynsap snektponuka. Epyrmuk guomm (LED). Maitnon >ddextin
tpanzuctop (FET). FOnka mnenkanu tpauszuctopnap (TFT). bup snextponnu
tpanszuctop (SET). 3apsn Oornmanunum kypuwima (CCD). Kommiementap
Metasnokeum  apuM  yTkazrud (CMOS). T'urantmaraut kapuuaura (GMR).
Onrosnexkrponuka. @OTOIOMUHECHEHIINS.

4. ®oron kpuctawap. @oronuka. FO3amnasmon. IIke3opesuctuB 3¢ dexT.

CnuHTpoHMKa (CMIUH acocujiary 3ekTponuka). Kyout. KBant kommrorepiap.

4-amaamii  mamrysaor: I[loaiuMep HaHoMaTepuaa oOJMII Ba YJapHH
xoccajapuu ypranum. Haxouesuirouo3za. buomMumeruka cucreMajapHu
OJIMII B YJIAPHH XOCCATAPH.

1. Cywk kpuctan. Ilakn xotupanu noaumepiap. HaHouemmonosa.
TyKuManu uHxeHepusl.

2. buomocnairyBuannuk. buomumeruka. D1eKTpoH OypyH. DJIEKTPOH THIL.
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bor. Hano6ot. Jlopunapau makcanmm erkasumi. JIHK-qum.

3. Hanomarepwmai onuin Ba yJIapHU XOCCaJapHH YpTaHWII. TargaH-Tenara Ba
Tenanan mactra. byr dazacunan pusukasuit uyktupui (PVD). byr dazacunan
kumeBui uyktrpum (CVD).

4. HanocTpyKTypaJlaHTaH MaTepuajlapHU CUHTE3 YCYJUIAPUHU COJIMIITUPHIILL
Ba MyKOOWJIMHM TaHJIaII.

YKUTHII HIAKJJIAPH

e  Maskyp Moayn O6yiinua KyHuaaru YKUTHUII IaKUTapyuIaH
dbornanaHuIagu:

e  Mabpys3ajap, aMaIdi MAIIFyJI0Taap (MabIyMOTIap Ba
TEXHOJIOTHSJIAPHU aHTIIA0 OJUIII, KT KU3UKUIITHY PUBOKITAHTHPHII, Ha3apuit
OMJIMMITapHU MyCTaxKamJial);

e naBpa cyxOarnapu (YpraHuwia€TtraH MyamMMoO edyumjapu Oyiinua
Takid Oepumr KOOMIUATHHU OIIWPHIN, DIIATHIN, HAPOK KHIWIIT Ba MAHTHKUAN
XyJocanap YAKapHiil);

e 0Oaxc Ba MyHO3apanap (MyamMmoJiap €uyuMH OYyiimya nanusuiap Ba
aCOCIIM apryMEHTJIAPHU TaKJIUM KWJIHUII, SIIATHII Ba MyaMMoJiap €4UMUHU TOITHUIII

KOOMJIMSITUHU PUBOXIIAHTHPUI).

1. MOAYJITHUA YKUTHUIIJA ®OMIATAHUIAJIUTAH
UHTEP®AOJI TABJIUM METO/JIAPA

CAKJIHIA XY:KyM» (OpeifHCTOPMUHT) MeTOAN

MeToAHUHI MaKCcaAu: aMalui €KUM WIMHM MyaMMOJIADHM Xaj JTHII
buKkpnapHu  KamMoalM TEeHepauus KWIdI, YKUO-Ypranum  QaoausiTUHU
daommamTHpUl,  MyaMMOHM ~ MYCTaKWwil  TYIIYHHII ~ Ba  Xajl  J3THUINra

MOTHUBJIAIITHPUIITHN PHUBOXJIAHTHUPHIII.

o AKIMI XyXKyM BakTHAAa HIITUPOKYHIIAD MYypakkad MyaMMOHH Oupramukaa Xai
STUIITA MHTWIMINATW: YJIapHU Xaj ATUII OYinua ¥3 dukpiapuHu Owinupaau (TeHeparus
Kwiaan) Ba Oy duKpiap TaHKW KWJIMHMACIAH yiap opacuaaH dHT MyBO(GUKH, caMapaliiCH,
MakOy/M Ba 11y KaOM (GHUKpiap TaHIad ONMHUO, MyXOKaMa KUIMHAH, PUBOXKIIAHTUPUIIAIN Ba
yir0y GUKpIapHU acoCiall Ba paj dTHII UMKOHUATIAPH OaxoyiaHaau. Xap Oup rypyx maujaa
YMYMHUI MyaMMOHHHT OUp JKUXATH XAl dTHIAIH.

13



Hamyna: Xap Kangad mnojaumep OMPHMKMAJIAPHIAH KOMIIO3HUTJIAP
TApKUOMHHU Ty3uIIAa GoiiganaHuIuII MYMKHH-MU?

Tyrpugan-Tyfpu sKamMoajaum akKjJAMi XY:KYyM — WIOKH Oopruya KYIpPOK
bukpnap MuFUIMIIMHU TabMuHNaiau. bytyn VkyB rypyxu (20 KummgaH OpTHUK
GynMaran) GUTTa MyaMMOHM Xall 3Tajd. YKyB T'ypyXHAard Xap OMp THHIIOBUM

yiby MyamMmora kaBo6 6epasau, ¥3 GUKpuHU OWIAUpHO, Jaausuiap KeITUPaIH.

kX ap KaHgall IoIHMepIap KOMITO3HIIAP Ja

KYIUTAHTIII MyMKIH. UVHKH ToTHMepIap XYVJIIOCA:
KOMITO3HTIIAPIa GOFITOBUH CHOaTHA KYILTAHAIIL. _ K

+IIomIMepIap Sca K3 JIPHITaRa 3PIG, SOFTOBIT OO AR ITQUTEAIEAETY
XYCyCHATIADITHI HAMOEH STa L. OornoBur  cudaruga  KyJUIAHWJIAIW.
TMommmepiap KH3IUPUITaH A
OOFJIOBUYMIIMK XycycusaTura araauvp,

FOKOPH Xapopatmard TabuaTura Kypa 2

7 N Typra OYIMHAaIM: TEPMOIUIACTUK Ba
d I"Ii"‘& Xap KaHZ Ak IoTHMep KOMIOHTITAP A KYTLTa HETIHIITH
MAKCaATa TYFPH KeTMaiTH. TyHKH Ga kb 3H MOTHMepIap TepMOpeaKTI/IB HOHHMepHap'
KH3IHPHITaHga JeTpaJalliazEap aéHHTa KeCKHH P aBHII A
T R Ht o e e A - Kommo3utnapaa 60f10BYM MaTpUIanap
r By KOMITO3HITTAa PHHHT FOBaKITHITHIL OLIHPAIH Ba MeXaHHIK
XY CV CHAATTIA PHHH K€ CKHH [T CafiTHp aIH. [TeMaK, HIIma g CHq)aTHZ[a U, ST, HOJ'II/IS(I)I/Ip,
HKAPHITTAH KOMITOHT FOKOPH XY €Y CHATIAPTA 3Ta [imt] (I)CHOJ'I CMOJ'IaJ'Iap KS"J'IJ'IaHI/IJ'IaZ[I/I.
OIIMANIH.
= IMonumep  MmaTpunanap IOKOpH
\ J MyCTaxXKaMJIMK Ba DOJaCTHK Xoccajap;
A arpeccuB MyXuTiIapra 0apIOIUINK; AXIIN

I AcocaH KOMOTIOSHTIAD TAPKHOIAa 2 TyPIari aHTI/I(i)pI/IKIII/IOH Ba (prKHHOH XoccaJnap,

TIONHIMepPIap KYVIDIAHIIIAIL. XaMJa OKOPU HCCHUKIIMK XHMOSJIAll Ba
FIOKOPH xapopaTiTapa §3HHH T SITaH &y AMODTH3AIHOH XYCVCUSTIADUHI
3 THHITIOBYH TYPYXIapaart moirnMepiaap dpapKIaHaimiap Ba P 10 yCy P
TEPMOTUTACTHE, XaMJIa TEPMOPEaKTIE MOTIMepITap TabMUHJIANIHA.

IYPYXIapHra O VIIrHammap.

TTArrres st = rorearrrra rraea vammeawy w7 A srammer o

N 2
“BeHH AUarpaMmMacu’ MeToau

MetoanuHr makcaau: by meton rpaduk TaCBUp OpPKadu YKUTUIITHHU TaIIKUIT
TUII IIAKAM OYnuMO, y HMKKUTAa y3ap0 KECHILUraH aijlaHa TacBUPU OpKAIU
udonamanangu. Maskyp MeTO[ Typiau TyIIyHYajdap, acociap, TacaBypJIapHUHT
aHaJu3 Ba CUHTE3MHHM WMKKU aCMEKT OPKAIM KYpUO YMKHII, YJIAPHUHT YMyMHUU Ba
(bapKJI0BYM KUXATIAPUHU aHUKJIAL, TAKKOCTAIl HMKOHUHU Oepaju.

MeToaHu amMaJira OIIMPUIN TAPTUOM:

® UIIITUPOKYMIIAP UKKH KUIIUJIaH nbopar Ky(TauKiapra
OuplalmTupuIaguiIap Ba yjapra KypuO UYMKWJAETraH TyIIyHYa €KH aCOCHUHT
y3ura xoc, GhapKiau Kuxataapuau (EKU aKCH) Houpayiap naura €310 YMKUII TakIud
ATUIIA]IN;

eHapOaTmarm OOCKMYJA HWINTUPOKYMIAD TYPT KHUIIKUJAAH HOOpAT KHYUK

rypyxjapra OUpJamTHpUiIagd Ba xap Oup KyQpmIHMK Y3 TaxIwid OuiaH TypyX
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ab30JapUHU TAaHUIITHpAIUIap;

® Ky(DTIUKIAPHUHT  TaXJIWIH

SIINTHUITra4q,

yimap OwupranammO, Kypud

YUKUATAETraH MyamMMmo €XyA TYIIyHYaJapHUHT YMyMUN SKUXaTiapuHu (EKU

dapkiau) u3nad Tonaguiap, yMyMIalITUPAaUiIap Ba JAOUpAdaIapHUHT KECHUIITaH

KUcMura €zaaumiap.

Hamymna 1:

“Houn-yiyaMiau MycTaxKaMJIAIITHPUII KOMIOHEHTHIapu~ Ba “bup-ymyamiu

MyCTaxKaMJIAIITUPHII KOMIOHEHTIapu MaB3ycH OYyitnua “BeHH auarpammacu’.

Dapxnu

Ymymuii ncuxamnapu:

1. Kommo3suTtnapaa MycTaxkaMmJIalITHPYBUX BasuhacuHu Oaxapaiu.

2. KOMHOBI/ITJ'IapHI/IHF TCPMHK 6apI[OHIJ'II/IFI/IHI/I omrrpanu.

3. KoMmo3uTinapHUHT MyCTaxKaMJIUTUHU OIIUPAJIH.

4, KOMHOSI/ITJIapHI/IHF KaTTUKJIMTUHA OLIHUPaIn.

Houa-yruamian
MYCTAXKaMJIALI THPHII
KOMIOHEHTJIADH

Kuxamnapu

=

Hano- Ba Mukpo-ynuamim 3appavanap
N3oTponuk xoccaiu KOMIIO3UT XOCUIT
oymaan

Vuamu yu iiyHanmmmma kuauk 6ynrax
Kylumyanap

Mertan MaTpuiaid KOMIO3UTIIapaa
MYyCTaxKaMJIAIITUPHII KOMIIOHEHTIapH
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Bup-ymuaman
MyCTaXKaMJIAIITHPHIT
KOMIOHEHTJIADA

Tona, um, “mylnoBnap” WakiIuAard y3yH
KpHUcTasiap

AHN30TPON XyCYCUSATIM KOMIIO3UT XOCHII
oynmaan

TonacuMoH TynAupyBUMIIAp, apMaTypa
JIEMEHTIIapH, KaJTa TOJaJIn TaOuuii
MaTepuaiap

Komnosutinap MycraxkamIalITUPULIIHUHT
9HT TapKaJraH TYpH.



“KEWUC — CTAJIN” MeToau

«Keiic-ctanu» wHrIM34a cy3 - (case — aHWK Ba3wsT, xojauca, Study -
Vkutum). by MeTon aHMK Ba3uAT, XOJAMcCara acocjlaHraH YKUTHII METOIU
xucobnanaau. Keiic- ycny6 (Case study) — Oy pean UKTUCOAUNA €KUM MXKTUMOUMN
Ba3UATIAp TabpuUPUHU KYIIaWAUTraH TabJIuM Oepuil TexHukacuaup. byHna
easusm JeraHaa OMpOH aHWK XOJMCAHWHT Tabpudu Hazapaa Tyrwiagu. ['ypyxra
XaKUKAH axO00poT TakauM STUInUO (y XaKMKMM Xojaucara acocjlaHraH €ku Yitnad
YUKWITaH OVIUIIN MYMKHWH), MyaMMOJIADHU MyXOKama KWJIHII, Ba3USATHU TaXJIAJI
ATUII, MYaMMOHHMHI MOXHUSITUHU VPraHu® YMKHUIL, VYJIAPHUHT TaXMUHUN
CUMMJIAPUHU TaKIU( KWIUII Ba Oy edumiiap OpacHJaH SHT SXIIUCUHU TaHJIa0
OJIMII TAKIU( ITUIIAIN.

«Ketic - cragu» MeToau OYirYa UIIIalI:

1. Sxka taptubna unuvtam (ymymuii BakTHUHT 30% cu):

Bazust Ounan Ttanumwmm (MatH Oyinua ¢Exku  cy3nmald Oepull  OpKaiu).

Myammonapuu aHUKIA. AXOOpPOTHH yMYMIIAIITUPHIIL. AXOOPOT Tax THIIH.
2.TI'ypyxna nuutam (ymyMuid BakTHUHT 50% cu):

MyammonapHu Xamjaa yJIapHUHT J0J3apOiuru  Oyiinda KeTMa-KeTJIMTUHU

(vepapxusiCHHM) aHuKIam. MyKoOuiI eduM WYJUTapuHu UIUIa0 4yukuil. Xap oup

eUMMHHUHT ad3an Ba 3aud kuxaTiapuHu Oenrmwiam. MyKoOun eduMiapHH

Oaxouraril.

3.5kka TapTubaa Ba rypyxjaa uumam (ymymuil BakTHUHT 20% cH):
MykoOusl BapUaHTIApHU KyJUlalll UMKOHUSTIAPUHU acociaml. XUcoOOT Xamja
HaTWXKalap TaKJIUMOTHHU Tal€paril.

Keiic xapakatmapu y3 numra xKyhdugaruiaapHu kampab onaau:Kum (Who),
Kagon (When), Kaepaa (Where), Huma yuyn (Why), Kangaii/ Kanaka (How),

Huma-natmxa (What).
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“Keiic MeTOAU” HM AaMAJITA OLIUPHUII DOCKHUWIAPH

OpKalau YKyB TONIIUPUFUHUHT
€YMMUHM W3JIall, XaJl JTUII

N Do UAT IAKJIN
00CKUYwIapu BAa Ma3MYHH
1-6ockuu: Keiic Ba yHuUHT | ¥ siKKa TapTUOIArd ayaHO-BU3yall HIII;
ax0opoT TaBbMHUHOTH Owuiad | v/ Kelic Ouiad TaHMIIMII(MATHIIM, ayAU0 EKU
TAHUIITHPUIL MeaMa MaKiia);

v’ ax6opOTHH YMyMJIAIIITHPHILL,

v/ ax00pOT TaxXJIMIIH;

v/ MyaMMOJIapHH aHHWKJIall
2-00CKHNY: Keiicau | v/ mHauBHayan Ba rypyx/a UIILIALLL;
AHUKJAINTAPUIT ~ Ba  YKYB [ ¥ MyaMMOJapHH JI0J13apOJIMK MEpapXUSICHHA
TONILIUPUFHU Oeruian aHMKJIAIL;

v/ acOCHii MyaMMOJTH Ba3HsITHU OEJITHIIAI
3-6ockuu: Keiicmarn acocwii | v wHAMBHIya Ba rypyX/a HIILIAIL,
MyaMMOHH  TaxJIWJI  OTHIN | v MyKOOWI €9nuM WyUTapUHA MILIa0 JHKHIIL,

v

xap 6I/Ip CUMMHHUHI' HMKOHHUATIAPKW Ba
TyCHKHapHH TaxJINJI KUJIWII,

CUMMHUHHN MaKIUDIAHTHPHUIIT Ba
acocjiama, TaKANMOT.

AN

NYIUTapUHU UILTA0 YUKHUII v MyKOOHJT €4MMITapHU TaHJIaIl
4-6ockmu: Keiic  eunMunuM | v/ siKKa Ba TypyX/Ja HILIIALL;
v\ MyKOOHWJI BapHaHTJIApHH amajjga KyJUIaml

VIMKOHHUSATIAPUHU acOCall;
VDKOJIMW-JIONNXA TAaKJAUMOTHUHH TauEpIall;
AKyHUH XyJoca Ba Ba3UAT EUUMUHUHT
aMaJIMi acTIeKTJIAPUHU EPUTULIT

Keiic 1. «Kepnap» Tonamapu OwiaH MycCTaxKamJIalITUPUITAH MOJUMEpP —

MaTpugajind KOMIIO3UTIIAp IOKOPH 3JIACTHKIIMK MOAYJIMIA 3ra, IIyHUWHI YYYH YJap

nyHE Oyinuya KypoJulM KyWwIapHU XMMOSJIAII BOCUTAJapHia KEeHT KYJJIaHWIaau

(Oponexunernap Talépnaiiia).

AMMO OyHIail KOMIO3WTJIAPHUHT TEPMHK

OapIOIITUTH MACT KYypcaTKUujiapra sra.

Kommo3utnapHuHT TepMUK OapAONUTUTHHA KaHAal OIIUPUIL MyMKHAH?

TIIIT ).

KeiicHu 6a:kapuii 60cKuMIapu Ba TONIIUPUKIAP:

 Keficgarn MyaMMOHI KeNTHpIO UIKApraH acocuii cadadmapHi
OenrimaHT(ITHANBIIY T Ba KUK TYPYXIa).

* Jlur TepMIk OapJOIN Ba FOKOPI MTAacTHK MOJYMITa »ra OYIraH
KOMIO3UTHITHT TapKHOIHI TaKII{( STUHT

(RyQTIIKIApIArII

Keiic 2./ICII, danepa, MAD, JACTII marepuamiapu €rouco3nukaa MeOelb
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UNuTa0d YMKapUIIa KeHT KyJUTaHiIau. bupok, yinap Y30ekncToHra acocaH 4eT/iaH
KEeNTUpUIIaan. Y30eKUCTOHa eTUMIIaHTaH €FoU MaTepuaiiap MIad YUKApUIIHA

TAalIKWJI KWJINII YYYH UMKOHUATIAPHW HU3JIaHT.

Keiicau 6axapuii 6ocK4YnjIapu Ba TONIHPUKIAP:

* Keffcjarn MyaMMOHI KenTHpHO UHKApraH acociii cababnapHi
Oemnriviafr, 3apyp OmmmMmap p¥ilXaTmHI Ty3IHT (ITHIBIIY Al Ba
KITUIIK TY Py X/1a).

« Brou xoM amécuHn TYIUIam OViimda OaskapIUIaJuraH IIIIap

KeTMa-KeTIITIHIT OeNTIIaHT (KY PTIIIK A NIUTAT ).

* Ennvmnanran  €érou MaTepIIamap 6030})}1 IICTECBEMOHIIIIAPITHIT
IT3IIaHT.

s Bamaplmraﬂ NOUIapHII TAKAIIMOT KITIIITHT

Keiic 3 Typnu é&rownapnaH OJNMHIAH eNMMJIAHTaH — MaTepuasuiap
Typanda (U3UK-MEXaHWK XOCCAJapHHM HaMOEH KWJIQJIH.
VY30eKHUCTOH MAapOUTHIa Kalich eTUMIIaHTaH EFrou MaTepUaTuHU

unuiad ynkapu xap rapadiaama doiiganu?

[ KeiicHu 0axxapuin 00CKH4WIapH Ba TONIIHPHUKJIAP: }

“TymyH4anap TaXJIuJIn” MeToaH

MeToaHHHI MaKcaaM: Ma3Kyp METOJ THHINIOBYWJIAD €KW KAaTHAIIYWJIAPHU
MaB3y OyilMua TasHY TYyIIyHYaJapHU Y3JMAITHPUIN Japa)XaCUHU aHUKJIall, V3

OWJIMMJTAPUHU MYCTaKWJI paBUIILAA TEKIIUPHUIL, OaxoJall, IIYHUHI/IeK, SHTH MaB3y
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Oyiinua pacTmaOku OwimMMmiIap JapaXacMHA TallXUC KWW — MakKcaauaa
KYJUTAaHWJIAIH.

MeTonHu aMainra OUIMPHUIL TAPTHOU:

®  WINTHPOKYMWIIAP MAIIFYIOT KOUJadapu OWIaH TAHUIITUPUIAIN;

* THHDIOBYWIApPra MaB3yra &kum OobOra terunum OyaTan cysmiap,
TylIyHYaJlap HOMM TYIIMPWITaH TapkarManap Oepwianu ( HMHIUBHAYyal EKU
IYpyXJu TapTuoaa);

*  THHDIOBYIJIAP Ma3Kyp TyIIyHYajap KaHIali MabHO aHIJIATHIIH, Ka9OH,
KaHJ1ail xoJaTiap/ia KyJUIaHWIKIIN XaKuaa €3Ma MabliyMoT Oepaiuiap;

e OenrwiaHraH  BaKT  SKyHUTa  eTrad  VKUTyBUM  Oepuirax
TYIIYHYTAPHUHT TYFPH Ba TYJIHUK U30XWHHU YKUO SMUATTAPAIN €KW CIIAW OpKaIH
HaMOMUII ATau;

e Xxap Oup uIMTHPOKYM OepwiraH TYFpU >kaBoOjap OwiaH Y3UHUHT
maxcuii MyHocaOaTMHU TakKociaiau, (apkiapyHu aHUKIAWIu Ba Y3 OuiauM

JapaKacCuHU TEKIIUPUO, 0axoaiiu.

Hamyna: “Moayngaru TasH4 TymyH4YaJIap TaxJIuian~

Cu3HuHr4ya 0y TynmyH4a KaHgau Kymumua

Tymyauaaa
ymy p MABLHOHM aHTJIAaTaau? MabJYMOT

Komnozuimon marepuan Nmnab 4ukapuiaran, WKKH €K KYTPOK
busukaBuil Ba KUMEBUU Xap Xui Oyiras,
MaTpuna (uHTepdeiic) wuumma TapTUOIU
JKoWnamran QaszaiapjaH TallKWid TOMNTaH
MaTepual.

Matpuua, uarepdeiic Kommnosunuon MaTE€pUATHUHT oup
OyTYHJIMTUHH  T@bMHUHJIOBYM  OOFJIOBUU
KOMIIOHEHT

Martpuiia Matepuasiapu Mertainn, kepamuka, IoJUMEp MaTepuaiap

MN30x: VkkuHYM yCcTyHUYara KaTHAIIuuiap TOMOHHIAH (UKP OWIIUPHUIAIN.
Ma3skyp TymyH4yanap XxakuJa KyluM4a MabJIyMOT [JIOCCApULAA KEITUPUITAH.
“SWOT-Tax;ini1’”’ MeToau

MeToaHMHI MaKcaaM: MaBXya Hazapuil OuimuMiap Ba aMaiui
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TaXpubalapHU TaxXJIWJ KWINIL, TaKKOCHall OpKadd MyaMMOHHM Xajl STHII
HyniapHu TONMUI, OUTMMIIApHU MyCTaxKaMJIalll, TaKpopJial, 0axoiall, MyCTaKuI,

TaHKUAUM (PUKpIail, HoCTaHAapT TadaKKypHHU MAKIUTAH TUPHILL.

S — (strength) EEKRIEVIEWIW:VEN

W — (weakness) * 2a11(, KyUCI3 TOMOHTApIL

O - (opportunity) EEERiTQ:1EINEII

T - (threat) * TVCIIKTAp

Hamyna 1: Tonanu mycraxkamialiTUpUll KoMmrnoHeHTiapu yuyH SWOT

TaXJIMJIMHU y1H6y JKaaBaJira TYIIUPHHT .

Tosanu MycTaxkaMamITHPHILLI MycTraxkaMiauru JHT IOKOpH

KOMIIOHEHTJIAPUHUHT KyWIM TOMOHJIApU | KypcaTKAwIapra ara oynran

S KOMITO3UTJIAPHA SpaTUII
UMKOHUSATIIAPH. ..

Tonanu MycTaxKamJIaIITHPHUIL Tonanu MyCTaxKaMJIallTHPHITaH

W KOMITOHEHTJIAPUHUHT KyUCU3 TOMOHJIApU | KOMIIO3UTIAPHUHT aHU30TPOILIUTH

Tosanu MycraxkaMyalITUPHLL SlHrm Typpmarm  OKOpH  XYCYCHUATIH

o KOMITOHEHTJIAPUHUHT UIMKOHUATIApH ToJIajap SPaTUIMOKAAa — Oop Tojanapw,
(uKn) YIIEpOA TOJIAJapH. ..

Tycukiap (Tamkm) Tonanmu KOMIIOHEHTIIAp maTrpuia

T MaTepuaiapyi OujiaH XYJUTAaHWIMIIY Ba

apaJIMInIm KUNWHIINTH. ..
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Hamyna 2:Erou-enum aaresuscuyays SWOT TaXIMIMHU aMajira OIUPHHT.

e {FOY 103acura eJuM TeKMC TaKCUMJIaHaau,

e enuM E€FoY F03acura ImypKaill, poJuK OMJIaH cypKalll, IIraTtes OuiaH
Kyunu TomoH-

S sapu CypKalll, KyduIn KaOu TypJIu ycyJuiap OuiaH OepHIIMITN MYMKHH;
e OYMK Ba MUK XO0JIaTJIap/ia KOTUIIIA MYMKHUH;
e 1OH OOFJIAHUIILIAP SHT KYWIM OOFIaHUII XMCOOJIaHAIM.

Kyucns ® OYHK XOJIaT/ia KOTI'aH/a SPUTYBYNHHU YUKAPUO FOOOPHII KEepak;

wW TOMORIApH e ciIMM Ba €r0Y YpTacua MOCIAIyBYAHIUK OYITUIIN JIO3KM;
e jucriepc OOFJIAaHUIIIAP YHT Ky4YCH3 OOFJIAHUII XUCOOIaHATH.
e &rod cTpyKTypacura OOFJINK;

Vsxonust | ® KUMEBUM OOFJIap XaMm, MEXaHUK OOFIap XaM SIXIIH aAre3us

O OEpUIIY MYMKHUH;
napu (MYKH) p Y ’
® JIMCICPCHOH, MKKH KyTOJIM Ba BOJAOPOZ OOFJIapH y3HJICa HaMIIMK
TabCUPHUJIA KATa TUKITAHUIITH MYMKHH.

e KOBAICHT OOFJap y3ujica KalTa TUKIaHMau;

T Tycuknap | e nucnepcus Kywiap MOJEKyJanap opacuaa Oyiradga xyjaa CycrT
(TamKm) Oymanm, aromyap opacuaa OyaraHga 5ca  Kyda Kywid
XucoOaHa .

“Xyaocanam” (Pe3rome, Beep) meToau

MeroanuHr Maxkcagu: by Meron Mypakkad, KYNTapMOKIH, MYMKHH
KaJap, MyaMMOJIM XapakTepuJard MaB3yJlaApHH YpraHullra KapaTHIITaH.
MeTOaHUHT MOXUSATU IIyHJaH UOOpaTkH, OyHJa MaB3yHHHT TYpPJIU TapMOKJIapu
Oyiinya Oup xuia axOopoT Oepuiaau Ba allHU NMalTaa, yJapHUHT Xap Oupu anoxuaa
acmeKkTiapia MyXxokama OJTwiaad. Macamnadn, MyamMMoO WKOOHW Ba canowuii
TOMOHJIapH, ad3auuK, (Ha3uiiaT Ba KaMUIMKIapH, (oiaa Ba 3apapiapu Oyiinua
Vpranmwraau. by wHTEepdaon MeToa TaHKUIWMA, TaXJWIUH, aHUK MaHTUKUN
bukpnaman  MyBaddAKUATIN  PUBOKIIAHTHUPHINTA XamJa VKyBUHUJIAPHUHT
MYCTaKWI Fosiapu, QUKpIapuHU €3Ma Ba OF3aKW IIAKJIJa TU3UMIIM O0aéH STHIIL,
XAMOSl KWJIMIITa HWMKOHUST sipaTaau. ‘“Xyrocanamr’ METOJUJIAaH Mabpy3a
MaIlIFyJIOTIapuaa UHAMBUAYaT Ba XyQDTIUKIApJard Wil MaKIWaa, amajiud Ba
CEMUHAp MAIIFYJOTIapua KUUUK TypyXJapiard Wil MIakiuga MaB3y r3acuiaH
OWIMMIIapHU MyCTaxKamJjall, TaXJWId KWIAII Ba TaKKOCIAll MaKcaauaa

doitnanaHuI MyMKHH.
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MeToaHu amaJjira OIIMpPHUII TAPTHOHU:

TpEHEP-YKUTYBUYM UIITHPOKUYMUIAPHA S5-6 KUIIUJAH HOOpAT KHUHUK
rypyxJjapra axparaiu;

TPEHUHT MaKCaJy, MapTiapyu Ba TapTH6H OWJIaH UIITUPOKYUIIAPHU

TaHI/ImTI/Ipraq Xap Oup rypyxra yMyMuid MyaMMOHH TaXJIMJT KWTHHHIINA

xap Oup rypyx y3ura Oepuiarad MyaMMOHH aTpodiirya Taxj i1 Kuiuo, ¥3
MyJoxa3ajJapyuHu TaBCHs dTUIAETTaH cxema Oyiinya Tapkarmara €3ma

o
RaRxr verrrarrre

HaBOaraaru 6ockuya 0apua rypyxJjap y3 TaKIuMOTIapUHH
yrkazagunap. [llynaan cyHr, TpeHep TOMOHHIaH TaXJIUiuIap

TA YA A TTATTIMTIATIIA TITT NAYHATITF A A AR AMTTIA ATITTATY AN TTIITIATITIA TITY ThA A fATIAYT
Hamyna 1:
Komno3uumnon marepuajuiap
IHosimmep MaTpunaIun MeTaju1 MATPULAJIHN Kepamuk maTpunaiau
ad3ayumury | kamunnuru | ag3amiru - | KaMunaura ad3aury | KaM4YIIATH
XyJoca:
Hamymna 2:
AJITepHATHB éKWJIFU TYpJapHu
danepa MDF OSB
ad3ayuUry | KaMuMiauryd | ag3amiru - | KaMYuIuru ad3a/yIUrd | KAaMYIINTH
XyJioca:

«DCMY» meToan

TexHOJOrMIHMHTI  MaKcaau: Ma3Kyp TEXHOJIOTMs HWIITHUPOKYMIIApIaru

yMyMHI pUKpIapiaH XyCycuid Xyjocaiap YMKapulll, TaKKocialll, Kuécall opKajiu

axOOpOTHM Y3MalITHPUII, XyJiocallall, IIYHUHTEK, MyCTaK/WI KOAUM (uKpain

KYHUKMAQJIApUHU [IAKIJIAHTUPUINTa Xu3MaT Kuiaau. Maskyp TEeXHOJIOTUsIaH

Mabpy3a MalIFyJI0oTJIapuaa, MyCcTaxkamiaiija, YTWIraH MaB3yHH cCypaiijia, yura

Bazuda Oepuliga XamJa aMaluil MAaIIFyJIOT HATWKAJTAPUHU TaxJWil STHUIIIA

dboianaHuI TaBCUS THIIAIN.
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TexHOJIOrMAHM aMa/Ira OIIUPHUII TAPTHOM:
- KaTHalIuuMjgapra MaB3yra ouj Oyiran sKyHUH Xyjoca €KUM Fos Takiaud

STHIIAIH;

- xap Oup wumrupokuura GCMY TEXHONOTUSICUHUHT OOCKHYIapH E3WiraH

KOFO3JIapHU TapKATHIIA]IN:

* pUKPIHTHHI GaEH STHUHT

* ¢pukpoHrI3HI GacéHNTa cabad
KYpCcaTIHr

* k¥pcaTrad ca®adIHTU3HI
11cOOTIA0 MIICOIT KEITUPIHT

* QUKPIHTH3HHI VMY MIAIITIPITHT

- UIITUPOKYMJIAPHUHI ~ MyHOcabaTlapy UHIAUBUAYal €EKU TypyXuid
TapTUO/1a TAKIUMOT KUIJIMHAIH.

OCMY  Ttaxauiam KaTHalTduiaapaa KacOuii-Hazapuil OWIMMIIApHM aMaJIui
MaIIKIap Ba MaBXKyA Taxpubamap acocuaa Te3poK Ba MyBaddakusTim
Y37alTHPUITUIINTA acoC OYIaiu.

Hamymna 1.

®ukp: “llosumep MaTpULAIM KOMIIO3UTJIAP JHI OKOPH (PHU3HK-
MEXaHUK Ba KMMEBHII Xoccanapra sraaup”.

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

Hamyna 2: “Enumnanran marepuania eauM Ba EFOUHMHT Oup-Oupura
MOCJAITyBYaHIMTH KaTTa axamusarra 3ra” Qukpuan OCMY opkamu TaxJui

KWJIWHT.
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+“EnmIMIaHraH MAaTepHaa euM Ba éFoUHIHT GHp-OHpHTa
MOCTAIY BYAHIHIH KATTa aXaMHATIa ra”,

*“EaumM Ba érou OHp OHpHra aare3macn 0KopH 0yica, elxnm
éroura Moc 6ymamn”.

+“ Kapoamma-(opManbaerng eTHMIAPHHIAT €Foura aJre3usac
K0KOPH 0Y1a711, YYHKH YJI1ap/ia MeTII0J [YPyXJdapH Ba
EFOUJArH TIAPOKCILT TYPYXJIapH OIIaH KYWIH 00FIap X 0CILI
oymagn”.

«""Kapdamu-(popmaibJer i exumiIapi acocuIaru
eTHMIIAHTAH €F0Y MATEPHALTAPHAA MeTIIO [YPYXJIapH Ba
€FOUIArH THAPOKCII TYPYXJIapH OIIIAH KYWIH 00FIap X0CIT
KILTHINN cada0.Ii aJresns wKopH oy aagn''.

“CHHKBEeHH” MEeTOIH

“CUHKBEMH” — THUHIJIOBYMHHM WXoaAui (daosuiamtupuira, ¢GaousaTHA
Oaxomamura HYHANTUPWIraH TabJUM Malku XucoOnaHagu. CHHKBEHH-
bpaniy3ya cy3gaH oJuHraH OYnu0, OCNUTMK JeraH MabHOHU OWJIIMpaJIu.
“CUHKBEIH” METOAMHU aMaJra OLUIUPHUII OOCKUUIIAPH:
1. VKNTYBYM THHIJIOBYMIIAPTa MaB3yra OWJ TYLIyHdYA, )apadH KU XOJuca
HOMHUHH Oepaiy.
2. TunrmoBUMMIApAaH yraap Xakugarn (QUKpPIApUHA KUCKAa KYpUHHUIIAA
udonananviapu cypanaau. SbpHU, mebpra yxmarud 5 KaTop MabIyMOTIIAp
é3umapu Kepak Oymaau.

VY Ky#njara koujara acocaH Ty3WIHIIHN KEPakK:

1-karopma maB3y Oup cy3 Owmian (ogaraa ot OusaH) udoaamaHaam.

2-KaTopja MaB3yTra KyJa MOC KeJlaJuraH UKKuTa cudat Oepuiiaim.

3-KaTopaa MaB3y 3Ta xapakaTHU OWIaupyBun (pebi Owian hongamanmiagm.

4-katopna TeMara JOoUp MyXOKaMa d3TYBUYHJIAPHHHT XUCCUETHHU H(OIATOBYH
Kymila Ty3uinaau. Y TYpt cy3nan ubopat 6ynaau.

5-kaTopAa MaB3yHHM MOXHUSATHHU wuQomaioBun Outra cy3 Oepunmagu. Y
MaB3YHUHT CUHOHUMH OYIIau.

Hamymna. “Marpuna” cy3ura CHHKBEWH TY3UHT.
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1. Matpuua.

2. BOFIOBYMIIMK XYCYCHSITH.

3. XaxxMm Oyrua TeHT TaKCUMJIAHTaH.

4. KOMITO3UTHUHT O KUHCIWIUTHHU TABMUHIAWIUTaH KEPAMUK, TIOJTUMED
€KM MeTaJul MaTepuall.

5. KoMIIOHEHT.

“Knacrep” meroamn

®ukpnapHUHT TapMoKiIaHuiu “Knactep”— Oy nmegaroruk crparerust 0ynuo,
y THUHIJIOBYMJIADHU OHMpPOH OWp MaB3yHU 4YyKYyp Ypranumuapura €paam Oepuo,
TUHTJIOBUMJIAPHUA MaB3yra TAaaJUTyKJIM TyIIyHUYa €KUM aHUK (UKPHU SPKHUH Ba OYUK
paBHIa KETMAa-KeTJIMK OWIaH y3BUU OoOfjaraH XxoJsjga TapMOKIallapura
ypraraau.

@uKpiapHU TapMOKJIAII KyHH1arnya TallKWiI STUIaIu:

1.Xaénra kenrad xap Kanjaai ¢ukp Oup cy3 O6mnan udonaa 3Tud KeTMa-KeT
€3MIaau.

2.@ukpnap TyramaryHya €3MIia JaBOM 3TaBEPUI KEpakK.

3. Unoxu Gopuya (UKpIAPHUHT KETMa-KETIUTH Ba ¥3apo OOFIUKIUTHHU
KYNaUTUPHILL.

Hamyna. “Komnosunmon wMarepuamiap Typiapu’ Maszycura “Knacrep”

rpaduk opraHaii3epuHU Ty3UHT.
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I11. HABAPUHA MATEPUAJLIIAP

1-maB3y: Kupum. KomMnosmumon marepuasuiap, TY3WJIMIIM, MaTpuLla Ba
aucnepc ¢asza. 3appauajap, ToJAJap Ba CTPYKTypa Japakacujaa
MYyCTaXKaMJIAlITHPHUIIL

Pexa:
1.1. KoMIo3uIIMoH MaTepuasuiap TyIIyHYacH.
1.2. KoMIIo3uIIMOH MaTepuasuiap Ty3WIHIIIH.

1.3. Marpumnanu Ba aucriepc ¢aza. 3appadanap, Tojajlap Ba CTPYKTypa

dapaxaCnuaa MyCTaXKaMJIAIIITUPUIII.

1.1. KoMno3uuuoH Marepuasiap TylIyHYacH.

KoHCTpyKIIMOH MaTepuauIapHUHT MEXaHUK MYCTaXKaMJIMTWHU OIIMPHUII —
MaIlIMHACO3JIMK/Ia SHT J1013ap0 MyaMMO OViIr0 KOMOKaa. AMMO MaTepHUaIapHUHT
MyCTaXKaMJIUTU OIIWIIN YJIAPHUHT IUIACTUKIMTUHU KECKUH Tacaluiura Ba
CUHUIITa MOWWJUTUTUHYU OIIMPHUIITA OO KeIMOKa. by 3ca IOKOpH MyCTaKMIIMKTa
sra  OynraH  MaTepUAJUIADHUHT  KOHCTPYKUMOH  maTtepuan  cudaruja
KYJUTAaHUJIUIITUTA TYCKUHIMK KAJIMO KeJIMOK/Ia.

[InacTukiaukra sra MaTpuila Ba FOKOpU MyCTaXKaMJIMKra 3ra OyJraH Tojanap
(MaTpuIlalaH MyCTaxXKaMJINTH aH4a IOKOPUPOK OVYiraH maTrepuaiiap) acocujia
OJIMHTaH KOMIIO3UIMTIIAP KOHCTPYKIIMOH MaTepUaUIApHUHT ODKCILUTyaTallMoH
XOCCaJlapyuHU KECKUH KeHrautupud Oopmokna. AmbaTra, HHI 3aMOHaBUU
TypOuHanap €Kl KOCMHUK TEXHUKACH KOHCTPYKIMSICUHU YIIOYy arpecCHB MYXHTIIA
WIUIal  ONaJuraH Ba IOKOpU Japakajdd Harpy3kKajJlapHu KyTapa oJaJuraH
MaTepualJiapcu3 X03Up/ia TacaBByp 3TUO OVImaiu.

Komrmo3unmon Marepuamiap 4ykKyp Tapuxra sra Ba TaOuaTaa KEHT YUpauiu.
Mucon Tapukacuaa KOKOC MajJbMAaCHUHUHT OapriapyHU KEJITUPUITUMU3 MYMKHH:
Oapr Ty3WIUIIM apMUPOBKAa — MYCTaxXKaMJIAIMITUPYBUM TOJajap >KOWJAIraH

KOHCOJIb 71e0 TYIIyHTHpUIca XaM Oyiagu. Erou xam ¥3 HaB6aTuna Tonamu
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KOMIO3UTAUDP. LEJUII0NI03a ToJlajapyd JIMTHUH — MaTpUlacHAa  >KOMIIAIITaH.
[{emutroo3a Tonaylapu 4y3wiIdin Oylinda IOKOPH MYyCTaXKaMIIMKIra 3ra Ba FOKOpHU
Japakajaa STWIYBYAHIMKIa XaM ora (KaTTUKJIMTHU TacT), IMTHUH MaTpUIlacH 3ca ¥3
HaBOaTuaa ymly ToJlamapHu OUpiamTupuo, MaTepranra KaTTuKmK oepann. Cysk
— TaOunii KOMIIO3UIIMOH MaTepuaiira ssHa Oup HamyHa Oyrna onaau. Cysik OyTyH
TaHaJarv KUCMJIAPHUHT OFUPIUTUHU KyTapaau. CysK KUCKa Ba IOMIIOK KOJIJIareH
Tonanapuaa noopar 6ynub, ynap anmaTuT HOMJIM MUHEpaJ MaTpHIlaia >KOiIalran
Oynanu. Baitnep Ba Baruepnap (1998) cysKHUHT CTPYKTypacHHHU Ba XOCCaJapuHU
sxmm ypraarad. Dmucc (2000) Ba Yaiupaiiinap aca (1982) crpykrypa-hyHKITHs
BAd YHUHI YCHMIIMK Ba XaWBOHOT OJaMUJa TapKaJuIIM XaKuJa y3 HIUIApUHU
TaKkAUM OTramwiap. TaOumii KOMMO3WTIApAaH TallKapu  KOMITO3HIIHUSIIAp
KOHIIEMIHSICH KyJa KYI TeXHUK MaTepuayiap spaTHIIIa XaM KeHT KYJJIaHWINO
KEJITaH.

MacanaHn, kaydykaard caxa, MOPTJIAHIIEMEHTHUHT €KUM achajibTHUHT KyM
Ownan kopuimmManapu (6etoH €ku achanbT O0€TOH) ymiOy maTepuaiapra MHCOJ
oyna onaau. llynnait Kkunub TabKuJIaNl Kepak-KU, KOMIIO3UIIMOH MaTepuaiap
KOHIeNIusicH siHTH  Ae0 KaOyn KuiuHa onaMaian. AMMO KOMIIO3HUIIMOH
MaTepUAUIAPHUHT TEXHOJOTHUSICH OXUPTH 3aMOHJA KEHT PUBOXKJIAHUO, (haHHUHT
WHHOBAIIMOH MYHaNUIIUIapyIaH oupu 1e6 XucoOJaHUIITN Kepax.

XX acpuuHr oxupura Ba XXI acpHuHr Oomnuiapura TYFpU KeNraH
KOMITO3UIIMOH ~MAaTepUAUIAPHUHT HMHHOBAIIMOH TEXHOJOTUsJIApH  (aHUHUHT
PUBOXJIAHWIIIK Ba WHHOBAIIMOH FOSUIapH MAIIMHACO3JIMK, aBHUa-, KOCMUK-
TEXHUKACH, aTOM SHEPreTUKACH, JJIEKTPOHUKA MaTepHalljiapy, KOMIIBIOTEpIap Ba
OoITKa coXaqapHu PUBOKIAHUIIIATA OJIUO KETIIH.

Komno3uyuon mamepuannap — Typiu Xxoccajlapra osra

OYynraH  KOMIIOHEHTIApJaH  TAallKWJI  OTraf Mypakkad %
—=

cucremanapaup. bup  OyTyHIMK  XamMJa  MYyTaxXKaMmJIMKHU

et
Ta@bMUHJIOBYM BJACTHUK Ba KATTHK (¢azajap apajaniMacuaan

TONTaH MaTepuay KOMIIO3WIIMOH MaTepuan ned atamanu. bynna

xap 6I/Ip KOMIIOHCHT aJ1OXHJdda KOMIIOSMIHWOH MAaTCpHUaAJIJIHUHT
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XamMMma Xocca-XyCyCusiTIapura TYIMK >kaBoO Oepa onmaiiau.
OnTtuman mmapouTiapra xaBoO OepaguraH KOMIIOHEHTIApHU
TYy11ad Tamadra TYFpU KellaJuraH KOMIO3UIMOH MaTepUauIHU
SPATUIIT MYMKUH

By KOMMNO3UIIMOH MaTepHaUIApPHUHT 3HT Ky4Jd TOMOHJIApUIAH OUPHUAMD:
KEepaKJId X0cca XYCYCHSATIapH TabMHUHJIAII MaKCaAuaa Typid KOMIOHEHTIIApHU
TaHJIAIll UMKOHHUATH MaBxXyd OymmuO, Xap Oup »SKCIUTyaTalus IIapoUTiapu
(aPpOKOCMUK CTPYKTypaJiap, JOJKaaap, aBTOMOOUI E€KH JIEKTpP JBUTATEIU YUyH)
y4yH MakcuMmal 3(Q(QEeKTUBIMKra 3ra OyiaraH wmaxcyc MaTepHall SpaTHIL
UMKOHUSTHHHA MaBXYI.

Cumep Ba [Oprenc (1983) KOMMIO3WTIIApHU PEAKTUB camoJieTiapuia
KYJUIAaHUJIUIIM Ypranu0, NIyHaal Xynoca Kujaaauiap:

"Komnosutinap (KOMIIO3UIIMOH MaTepuauiap) JoWuxaiam Y4yH KEHT
UMKOHUSTIAD TYFAUPIU, MaTepuauiap Au3alHepiapu Xap Oup HyHaIuIl y4dyH
YIIAPHUHT OFUPJIMTMHU Ba HAPXWHU BTUOOPra OJTaH X0JiJ1a TypJid Xoccajlapra 3ra
OynraH sSHru MaTepuaJIapHU spaTra KaTTa Ba YeKCU3 UMKOHUATIAp Oepan’.

Oxupru Wusiapa MEeTall Ba HOMETaJllap acocHjla FOKOPH MyCTaxKaMJIMK Ba
KATTUKJIMKTa 3ra OYJIraH HOOPraHWK ToJajiap, UIICUMOH KPCHUTAIIap, HOOPTaHHUK
3appavanap OujgaH apMHUpOBKa (MycCTaxKaMJAIITUPWITAH) KUJIWHTAH CYHBUUN
KOMITO3UTIIAp KaTOpJapH SpaTUIIIN.

Tonanap cudartuma Typau KPpUCTAUIAPHUHT MIICUMOH Iakiapu, SiO;, SiC,
Al;O3 Tapkubnu WYHANTHPWITaH KpHCTALIM3AIMs €KW TapAaH IONKa CHUMTIa
YYKTUPUIL yCyJUlapu €paaMHlia XOCWUJ KWIMHTAH IONKa KBapll ToJaJalu,
KYJUTAaHWIMOKJIA.

XaMma CYHBUW KOMIIO3ULIMOH MAaTE€pUAJUIAPHUHT YMYMHU CTPYKTypacu
TypJIU KOMIIOHEHTJIAPHUHT OMp XaXMJIa KOWIAIUIIKN OMIaH OOFIHK, Oy epna oup
KOMIIOHEHT IUIACTUKIUKra 3ra (OofioBuYM), OOIIKa KOMIIOHEHT 3Ca IOKOpHU
MYCTaXKaMJIUK Ba KATTUKJIUKIa 3ra (TYJIquprid) OYIUIny MapTauIup.

Kommosummon matepuannap puBoxkiaanumu 1965 inngan Oonwiad KeCcKUH

Kagamiap  Owran  Oommangud.  1960-um  vwwiapgan Gomnwiad  rOKOpH
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MyCTaxXKaMJIMKra, KaTTUKJIWKra Jra OyJraH Ba EHTWI Marepuaiapra Typiu
coxanapia JIXTHEK Ycub Oopaum — a’pOKOCMHUK TEXHUKAaa, JHEpPreTHKaza Ba
kypuwmunina. [lly Bakrma Oy marepuamiapra KyWHJITaH sHTH Tajabiap OIyHYaId
IOKOpY Ba TypJd OYIATaHIWTH MyHOcabatwm OWIaH Xed KaHJall aHbaHaBUUN
Marepuan Oy Tamabiapra TYJIMK >XaBoO Oepa onmaau. Ba ¥3 nHaBOatuma Oy

aponuTiap KOMIIO3HUIIMOH MATCPpHUAJUIAPHUHIT KOHICIIIUACHI'A KaTTa BT)TI/I60pHI/I

Kapatu.
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Composaics

Bec Tepmuueckoe  Fecmrocms IHpounocms Yemaiocmua
PaACUIUPEHUE A HPOUHOCHTD

Pacm 1.1. Anvaumasuu monoaum mMamepuaiiapHuHe 6a KOMNO3UYUOH
MaAmMepuaiiapHule XoCcalapuru COTUWMUpuwL (0UpausY, MepMuK KeHeauuulu,
Kammukau2u, Mexanuk Mycmaykamaueu, 6axmeaa bapoounueu)t

Pacm 1.1 na MmoHONMUT MaTepuaiiap (aJIOMUHHUMA Ba IMyJaT) Ba KOMIIO3UITMOH
MaTepuaUTapHUHT Xoccaiapu cosmmrupwiran (Deutsch 1978). By pacmpaan
KYpUHUO TypuOIUKH, KOMIIO3UIIMOH MAaTepUaUIApHU KYJUIall HaTWKacuaa
KOHCTPYKITUSJIAQPHUHT OFUPJIUTHHH, TEPMUK KCHTAHWIIMHN KECKUH KaMaWTHPHUII
(4-10 maporabara), mry BaKTHUHT y3MJa KATTUKIMK Ba MEXaHHK MYCTaXKaMIIUK,
BaKTra OapJONUIMK KYpPCAaTKUWIApWHU KecKuH (2-3 Maporabara) OIIMpPHII
MYMKHH.

KoMmrmo3unmon wmatepuaiiap TEXHOJOTUSACHHU PUBOXIIAHUINN SHA OUp
TaMOWMJI OujilaH OOFIIMKIUP - WAM Ba (aH PUBOXIIAHMO, WIUIA0 YUKApHUII Ba
JoMmxanam wunulapu OwinaH Oup Bakrtaa oaubd Oopunau. SHru Marepuan
spaTHUIMIIKAaH Oonuiad YHU dKCIUTyaTalusara KUpUTHINTrada oiau0 OopuIl, UIILIall

BaKTHJa YHHMHI' XOCCa XYCYCHATIApU HA30paT KWJIWII, nIao YUKapHII

! Krishan K. Chawla. Composite Materials. Science and Engineering. Third Edition. Springer Science, New York-
London, 2012.- 4 p.
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HYKCOHJIQPUHU TEKIIMPUII HaTIKacuaa KOMIO3UIIMOH MaTepuaIapHUHT
Xoccallapy KECKUH pUBOXKJIaHUO Oopau. by Oopama EKunruHM TeXamra XaM Karrta
»THOOp Kapatuwinau. LlyHuHr yuyn xaét Ba unuiad YMKaApUIIHK XamMma
coxaJlapujia €HIuJI, aMMO MYCTaxKaM Ba KaTTUK CTPYKTypayiapra Tajnad Ba dXTHEK
Tobopa Yycub Oopau. 3amoH Tanabimapura Ba MPOTPECCUB TEXHOJIOTHUSIIAPHUHT
PUBOXIIAHMINIATA DHT ACOCUU TYpTKH OYIMO KOMIO3WIMOH MaTepHaIapHUHT
PUBOKIIAHUIITMHU KEITUPHUIIIAMHA3 MyMKHH.

[uma Tonamap OwWiaH MycTaXKaMJIAIITUPWITaH CMojallap HUTMpMaH4Yu
aCpHHMHI OONUIapUAaH KYJUTaHWIUMO kenMokaa. Illuima tonanap acocuaa OJUHTaH
KOMITO3UTIIAp €HTWJI Ba MycTaxKaMiMKra sra 0ynu6, kartukiaura (FOHr moaynn)
YHYAJIMK FOKOPH 5MAaciuru OujlaH axpaiaud Typaau. XX acpHUHT OXHUpJapuaa
SHTU ‘3aMOHaBUH (TAaKOMWUIAITUPUITAH) ToJjlajap Kamid >Twiau: 0op, yriepos,
KpeMHU kapOouau Ba amtoMuHui okcuau (Yayna 1998, 2005) acocuaa onuHrax
Oynnai TonamapHuar FOHr mMoaynu (MOJysb YIPYTrOCTH) IOKOPU KYpcaTKUujiapra
rajiurd aHukjIaHAu. by Tomamap cmoisia, MeTaml Ba KepamMHK MaTpuuaiapia

APpMHUPOBKAa KOMIIOHCHTJIApHU CI/I(baTI/II[a XO3UPpI'u BaKTIa KCHI' K?HHaHI/I6 KCIMOK/JIA.

KoMno3unuon marepuauiap Kyiuaarn mapriapra
’KaB00 OepUIlIM Kepak: %
—~

1. Marepuan wunuiadl YUKApWUIUIIK Kepak (TaOuuid
KOMIO3UIIMOH MaTepuajjiap — macajaH, €rod Oy rypyxra .
KAPMaiIn). \

2. Matepuan ukku €ku KympoK (pu3ukaBuii Ba KUMEBHIA
Xap xun OynraH, marpuna (uHTepdeiic) mumma TapTuoIU
KonamraH ¢a3aiapAaH TaIKWI TONTaH OYIUIIN Kepak.

3. KOMIIO3UTHHMHI' XOCCa-XyCYCHATIIApH Xe€4 Kaicu

Tomanm  MycTaxKamJIamITUPWITAaH  KOMIO3UTIap  OomKa  TypHaru
KOMITO3UTJIapAaH Kypa KEHI KYJUIAHWIMIIM, KYNTHHA MaTepUaUIapHUHT TOJIAIH
KYPUHUIIKIA JHT IOKOPH MYCTaxXKaMJIMKTa JTajurd OWiaH OOFIMKIUp. AMMO
TOJAJM KOMIIO3UTIApAa MYCTaXKamJIalITUPHUIL AaCOCaH TOJa WyHAJIUIIUTa
napajiesn Oymaau, JeMak XOCHJI OyJIraH KOMIIO3UT aHU30TPOIN Xoccajapra isra

Oynmaau. Arap KOMIO3WUT XaMMa HyHaIWIga Oup XWJI Xoccajapra sra OYIuimm
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Kepak Oyica (M30TpoI MOjia), JaMUHAT €KW UKKHU TypJard MaTepuaijiaH TallKui
TONTaH COHJBUY TMAaHEJUIApHM TaHJam MyMKUH. bab3u BakTiapga dca
KOMIIO3UTIIAp/ia KYJUIAHWITaH ToJjlajap MyCTaxKaMJuIrura Karra 3bTHOOD
OepwiMaiiin: MacajiaH, IOKOpM YTKasruuwiapaa YTKa3yBUM MaTpulia OujaH

OMpralvKa yabTpa MHTHYKA TONaIap KyIUIAHWIAH. 2

1.2. KoMmno3uumoH MaTepuaiiap Ty3HIHIIH.

KoMrmo3uiron marepuamHUHT Oup OYTYHJIMTMHM TabMHUHIIOBYM KOMIIOHEHT
TAIIKWI 3TyBYMra OOFJIOBYM KOMITIOHEHT (MaTpuua, uHTepdeiic) ned aTaiasiu.
bomika KOMHIOHEHTHap (APMHPOBKA, MYCTAXKAMJIAINTHPHUILN, TYJJIUPYBYHM Ba
X0Ka30) HUHT IIIy MaTpullaJia >KOUJAIIMIIM MabiIyM T'€OMETPUK KOHYHHUSTra
OylicuHUIIM €KW OYWCHHMACIUTM XaM MYMKMH. Marpuna Kymumyaiaap opacuia
Maxcyc IONKa KaTiaam Oynub, y axpanuil ro3acuHu Oenrwnaiiau (1.5-pacwm).
Kommo3uimon matepuaiapau cuHdiapra axxpaThiiia MaTpuiia EKu apMarypa Ba
KYIIMMYQJIAPHUHT TYpUTda, MUKPOTY3WJIUIIN XYCYCUSATIapU Ba MAaTEPUAIHUA OJIMILI
yCyJiura Xam bTuoop 6epunaiu.

Matpuiia MaTepualMHUHT Typura Kapad, KOMIIO3ULHMOH MaTepuasuiap
KyHugard Typjapra OYJIWHUIIM MYMKHUH: ‘“MeTajyl MaTpullaid’, OpraHuK
OynMaraH (OpraHuk OyiMaraH MmoJumepsap, MHHepalliap, yriiepoyid, KepaMuK),
OpraHUK MaTpUUAIM Ba Ky MaTpULIAJIM apajlalll KOMIO3ULMOH MaTepHralap.

bornoBun martepuamHuUHT Bazudacu MaxcyjaoTra MabliyM T€OMETPHK IIaKi
Oepub KoiMacigaH, Oalkd Yy Ky4wIlaHUIUIApHU XaxMm Oyiinya Oup Xui
TaKCUMJIAHMIIMHA ~ XaM TabMUHJAWAM Ba MabiIyM MEXaHUK XOCCAHH
MIAKJUTAHTUPAIU, Xamjaa apmarypa €Ku KYIIUMYaJdapHU TallKd MYXHTIaH
caknaiau. KoMIo3uuuoH MaTepuadHUHT MCCUK Ba KOppo3usra OapIOolUTUIIHK,
AJIEKTP Ba HUCCHUKJIMKHU CaKjIaml KOOWIMATH, KaliTa WIUIAIl TEXHOJIOTHSICH KalOu
MYyXUM Xoccajapu OOFJIOBUMHUHI XycycUSTIapura OofiuK. JIEeKuH apMHpOBKa

(MycTaxKamJIaIUTUPHIL) Ba KYHIMMYa DSJIEMEHTIApHUHI Typura kapad xamja

2 Krishan K. Chawla. Composite Materials. Science and Engineering. Third Edition. Springer Science, New York-
London, 2012.- 5 p.
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YIApHUHT MAaTpWIla[a >KOWIAIMIIM Ba TEOMETPUK yiadyamiiapura Kapao,
KOMITO3UIIMOH MaTepUAJUIAPHUHT XOCCallapu y3rapaau. Macajiad, KOMIIO3UIIHOH
MaTepuaira KymuaMyanap, SbHUA apMatypa afeMeHntiapu (ogataa, 10%man kynpok
MUKJIOpAAa KYIIWJIAgU) acoCaH, MEXAHMK XOCCAJIAapHU Ky4YauTUpHII YYyH
Kyuniaad. byHna MycTaxkaMiuK, 3WWIMK, TUIACTUKIUK OPTUO, MaTEepUaTHUHT
3UYJIUTH, JJIEKTP XOcCcallapu, UCCUKJIMK YTKA3yBUAHIIUTH Ba OOIIKA XYCYCHSTIIAp
MabJIyM HyHanuiga ki GakaT aloXua OJMMHTaH JKOMIapAaruia y3rapaiu.

KoMrmo3uiron mMatepraflapHUHT SHT MyXUM XyCycHsITIIapu Aedopmaiusra
MycTaxkamiauruaup. TynaupyBumiap cudaruna KyJUIaHWIAIUraH 3SJIEMEHTIIap
oJarna maija KykKyH €KUM KajiTa Tojia Xojathaa Oymamu. bynpal kymmmuanap
acocaH MAaTE€pUAIIHUHI TaHHAPXWHU KaMalTtupaau. JIeKuH ynap KOMIIO3UIMOH
MaTE€pUAHUHT MyCTaxkamJuruau 1,5-2,0 GapoOap omupumM XamM MYyMKHH.
Mabiym Mukgopaara (apmatypa) Kyummmyaliap MaTepuaIHUHT MyCTaXKaMJIMTUHA
2-10 OGapobapra ommpamu. KommosunmoH watepuamiapjia TYIAUPYBYM Ba
KyliMM4ya (apmaTypa) MaTepuauiap Ouprajivkia KaTHAIIWIIA Xamjaa yJIapHUHT
Yiuamiiapy Ba KOWIAIIUIIM Xap Xuil OYIWIIM MYMKUH. YI4amMu y4 WYHaIUIIIA
KHYMK OYJiraH Kymumyajiapra KyM, Maiia (KyKyH) JoHauajgapra sra OVyiras
Metasuiap, gocdatiiap, muiia Ba J0MCUMOH MUKpocdepa IMIaKiaara mMaTepuaiap
kupamu (1.2-pacm). TYAAUPrUYHUHT Ak Oyiinda yiaap 3 Typra OyauHamu (pacM
1.2): HON-YymuamiM, OUp-YadaMid, UKKH Ymdamid. bup yadamam Kymmmdanapra
TOJIACUMOH TYJJIUPYBUWIIAp, apMaTypa »DJEMEHTIapH, KaiTa ToJiali TaOuuii
MaTtepuaap (MacanaaH, acoect), YCUMIIMK MaTepuasuiapy, TOJACUMOH KpUCTasuiap
(okcuasap, aMOMUHUI HUTpUI, OepuuMid OKcuau, OOp KapOuau, KpeMHUM
HUTPUIN), Y3YH TOJIaJIM Xap XWJ OpPraHuK OWpUKMallap Ba XOKas3oJjiap KUPAJH.
Nkky ynadamiau TYIaMpyBUHIIapra JIGHTalap, MaTojlap TYpCMMOH Ba OoIIKa
apMaTypa 3JIEMEHTJIAPHHA KEATUPUII MyMKHH.

Kommo3unnon  marepuajuiap  xoccajapura  KyliMM4a  3JIEMEHTIIap
(TYnaupyBYM) HUHT TabCUPH JKyJla KaTTa OYJTraHIWrd Yy4yH KYNUHYA Iy
KOMITO3UIIMOH MAaTEPHAIIHUHT HOMH YHUHT TYJIIUPYBUYMCH HOMH OWJIaH XaMm

ailtunanu. Macanan, rpaduTomiacTiap, IIMIIA TOJAIM  KOMIIO3HLIMIIAP,
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OPTraHOIIJIACTUKIIAP BA XOKA30.

KoMrmosunmon MarepuaiapHd MakpOTY3WIWITN Oyinda Xam  ¢apKianl
mMyMkuH  (l-mumarpamma).  FOkopuma — TabKWAJaraHUMH3JaK,  MaTpHIaza
TYAAUPYBUMIIAD TAPTUOCHU3 JKOWJANIUIIN MYMKUH, JIEKHUH KYNHWHYA YJIAPHUHT
TapTUOJIN KOMJIAIIUIINIa SPUIINILITA XapakaT KWIMHAIW. Xap XWJl yiayamra sra
Oynran TYIAMpPYBUYM Ba apMmaTypaiap OuUpraiukaa KaTHaIITaHla YJIApHUHT Y3apo
TapTUOJIN KOWIAITUIIT UMKOHUSATIAPU KYTI OyJ1au.

KoMrmo3unmon martepuaulapHUHT XOoccallapy Xamma WyHanumjga Oup Xui
Oynca, OyHmail maTtepuan xoccajgapu u3oTpon Oymaau. byHmalt marepuaniapra
KYKYH XOJUZard KyliuMmyajaapu XaoTHUK >KOWIIAIraH KOMIO3UIUSIIAp KHUPAJIHU.
MartepuayiapHuHT Typad WyHanunuiapiaru xoccainapu Qapk Kuica, OyHman
KOMITO3UIMSIIAp aHU3ATPOIl Xoccanapra sra Aeuninand. byHnail kommosunusiiapaa
apmatypa cudartuma Tojanap, IUIACTUHKANAp, Marojap, Typjiaap MabiyM
HyHauIaa >KouIamTupuiIran 6ynamu.

TynaupruyHuHr Typura Kapad KOMIIO3WIIMOH MaTrepuaiap aucnepc-

mycmaxKamiauwlmupuilal, moJjidin 6a Kamjiamiu Komnosumiapa aafcpajzaOu.

() ) 6)

Pacm 1.2. Apmuposka mynoupeuunap: a- Holiv yruamiau, 6 — oup yidamiu, 6-
uxku yruamau, I, lp, Iz - mynoupeuu ynuamnapu; L — mampuya xaruniueu.
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Pacm 1.3. Tog uanzucu koncmpykyuacuoa Kyulanuiean KOMRO3Umaap mypaapu. >

3 William D.Callister, Jr., David G.Rethwisch. Materials Science And Engineering. An Introduction. Eight Edition.
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Tyagupruunap 3appavajapuHyd KypUHMIIM Oyiin4a
TOJIAJIM Ba JUCIEPC TypJapura axkpajaam (MOpoIIoKJap).
ApPMHPOBKA TYJAMPrULWIAPHUHT KOMJAIIMIIU Oyiin4ya (pacm
1.4-1.5) TonanM KOMNIO3MIUOH MaTepuauiap 3 rypyxra =
axxpasaau: OMp YKJIH, HKKH YKJIM Ba y4 VKM (¢azoBuii) "
MYCTaXKaMJIAIITHPHUII (APMHPOBKA). *
bup yxkau MycraxKaMJIAIITHPUIIAA TYJIIUPrUYHUHT
Muxkaopu 1...5%nun, ukkn ykiaum apmupoBkaga — 15...16%,
y4 Vkiau apmupoBkana —15%paan opruxk o0yaagu. Katnamian
KOMIIO3UTJIApAa Tyaauprud cudaruaa KoOro3, MaTo Eéxku
acOeCTHUHT TEKHC JUCTJIAPHU KYUIAHWUJIMIIN MYMKHH.

Marepuan XxoccaJapUHUHI KOMIUJIEKCMHM KEHraWTtupuil ¢Eku  0ab3u
XOCCACHHM KYYaWTUPHII MaKcaauJa KOMIIO3UT TapKuOuaa OWp BakTHH Yy3HIa
TypAM IIAKIJard TYJIJUPrUdiap XaMm KYJUIAaHWIMIOM MyMKUH (OuUp Ba MKKU
ynmuamnu), Oab3u BakTIapia OWp MIAKIJArM aMMoO Xap XWwl YiadaMJaru
TYAAUpraYiIap KyJUTaHWIAIN.

Nkkn Ba YyHJAH KyO TypJAarn MYCTaXKaMJIAIITUPHUIN TYJIAUPTrAWIapU

KYJUIAaHWITaH KOMIIO3UMIMOH MaTepuauiap TMOJUAPMHUPOBKA KUJIMHTaH J1e0

|||| ry

ol i) &)

aTajiaau.

Pacm 1.4. Apmuposka cxemanapu: a — oup ykau, 6 — ukku yKau,; 6 — yu YKJu.

USA, Wiley, 2010.- 626 p.

35



)0 ¢ O OVIY, £ 4
Jreiiesiexiery | A DIOIOL T e 0% 0%
-~
Dispe?sed it
phase
/,) //) L /'Z]//’ //;7
O 7 O’ D/ D/’D/D/'
(a) (b) c)
O O ) .
TASASAS et
A D~ A A
OO ] LU

(d) (e)

Pacm 1.5. Komnosumnap xoccarapuea mavcup 5myeuu oucnepc (asa
3appadanapunune mypau Xui 2eoMempux 6a (Pazosuti Kypcamkuuiapu. a —
xonyenmpayus, b - yruamnap, ¢ - waxn, d- waxi, e — 3appavanap UYHAIUUU
(opuenmayuscu). *

bu3 0y dan Moaynuna Kynugaru KOMIO3UTIAp TypJiapyuHU Ba yJIapHU UILIA0

YUKAPUII TEXHOJIOTHSCU YPraHUO YUKAMU3:

1-nuarpamma. Kommnosutnap typiapu.

Composites
I | |
Particle-reinforced Fiber-reinforced Structural
Large- Dispersion- Continuous Discontinuous Laminatas Sandwich
particle strengthened (aligned) [short) pangls
Aligned Randomly

oriented

4 William D.Callister, Jr., David G.Rethwisch. Materials Science And Engineering. An Introduction. Eight Edition.
USA, Wiley, 2010.- 629 p.
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1.3. Marpuuanu Ba aucnepc ¢asza. 3appauajap, ToJajJap Ba CTPYKTypa
JAapakacua MyCcTaXKamJIalITHPHILL

Tonanu KOMITO3UIIMOH MaTepuaiap/iaH bapxiu JcTepe
MyCTaxKaMJIAIITUPWITaH KOMIIO3UTIapa MaTpUlla OFUPJIMK Ba MYCTaxXKaMJIMKHU

TAbMUHJIOBUM aCOCHM DJIEMEHT XI/ICO6JIaHaIII/I. ]_—[I/ICHCpC 3appadaiap MCTaJliga

AUCITIOKAIIUAIIAPHUHT XdpaKaTUuHHU CCKUHJIAITUPA/IH, O,Z[I[I/Iﬁ

XapopariapAa YHUHI MyCTaXKaMJIMTUHU OIIUPAJIH.

JAucnepc-MycTaxKaMIAIITHPUITAH  KOMIIO3MIMOH  MAaTe-
PHAJUIAPHUHI JHI acocuil ad3a/uIMrH — YHHUHI XOCCAJapUHH
HU30TPOILTUTUAHUP.

Jucnepc 3appavasapuunr ymauamaapu 0,01...0,1 mMxm
OyJraHga yJjgap MAaTepHAJTHUHI OKOPH MYCTAXKAMJIMTHHHA
TabMUHJIAWIN. 3appavyajJJapHUHI MHUKIOPH YyJapHUHI ¢a3ona
JKOMTAHUIIUTA OOFIMK O0ynm0, omataa xaxxm Oyim4ua 5-10 %Hu
TALIKHWJI 3TATU.

Ba IOKOpH

MycTaxkamIamTAPUII KOMIIOHEHTIApH cudaTuaa OKOPH XapopaTiud Ba
KUWKH 3pyBYaH (azanap— okcua, HUTpua, oopun, kapoua (Al,Os, SiO,, BN, SiC
Ba O.)map kymmanwinaad. Jlucrnepc-MycTaxKamIallTUPUITaH — KOMIIO3HMIIMOH
MaTepuaiap acocaH TMOPOIIOK METAJUTyprusi ycyiapu €EKH CyIK MeTal
TapKkuOura KyHuIl OJNAWAAH TYJIAUPrUWIap KYIIUII yCyimapu €paaMuia uiiad
YUKAPUITA]IH.

OHr KyO TapKajiraH JUCIEePC-MYyCTaXKaMJIAIITUPWITaH —KOMITO3UIIUOH
Marepuasiap allOMUHAN Ba HUKEJIb aCOCUIA TAUEPIIaHaIH.

AJIIOMMHHUHA acocHIa TaHEpJaHraH Marepuaniap “HmUIIradH aJIOMHHHMA
nopomorun” (CAIIl) ne6 aramamu Ba amomunuii, xamma Al,O; (18%raua)
sappavanapuaan  uoopar Oymamu. CAIl wmarepumanm (kaaBan 1.1) roxopu
MycTaxKaMJHMKra sra Oynu0, oJI0BOApIONUINTH, KOPPO3UOH OapJOLLIUTH Ba
XOCCAJIApHUHT TEPMHK CTaOWJUTUTH OWJIaH axpanud Typaaud. ATOMUHUN OKCHUIIU
MUKJIOPH OINWIIA OWjIaH MATCPUATHMHT  MYCTaXKaMJIUTH, KATTHUKJIUTH,
0JIOBOAPIOIIIUTH OIIa/IM Ba IJIACTUKIIMTA KaMaiuO Oopau.

CAII uccuk xonma sxmm nedopmarusara MOWWI, COBYK XO0JJla KUMHHPOK,
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KUPKHIII OMJIAaH OHCOH WIIJIOB Oepriiaav, KOHTAKT Ba aproH-Ayra cBapKacu OWIaH
saxmy unuioB O6epunaan. CAllgan mmctnap, mpoduuiap, mramn ¢dopManapH,
donbra wunuiad umkapwiaau.CAIl naH mopiieHb ITOKJIAPU, KOMIIPECCOP
JoTaTKanapy, BEHTWIATOP Ba TYpPOWMHAJIAPHUHT Tappakiapu, TpaHchopMaTop
oOMoTKaIapu TainépiaHamu.

Kansain 1.1. CAIl KOMIIO3UTIAPUHUHT MEXAHUK XOCCAJIAPH.

Marepian Huxﬂagu og. MIla Gy 2. MIa o, %
ALO, %

CAII-1 6.8 300 220 7
CAII-2 9..12 350 280 3
CAII-3 13..17 400 320
CAIIl-4 18...22 450 370 1.

[

i

Huxens acocuga TaiiépiaaHran KOMIO3MTJapaa wMaTtpuna cudaruaa
HUKEJIb Ba YHUHT XpOM OWJIaH KOTUIIMAJIapyu KyJUTaHWIaau (XpOMHUHT MUKIOPH -
20%raua). MycraxxkaMiIalTUPHILI KOMIIOHEHTJIApHU: TOPUH Ba TaHUI OKCUITIAPH.
Makcuman MycTaxKamJIalITUPUII TapHUH OKCHUIAMHUHT MHKIopu 3.5...4%
oynranga Hamo€H Oynanu: og = 750...850 MIla, 6 = 8...12%. Huxens acocumaru
MaTepuajyiap IOKOpH  OJIOBOApAOLUIMK, FOKOpPH XapoparjapAa CTpPYKTypa
Oy3WIMIIMIa KApUIWIMIKA OujlaH axpaiud Typaad. AMMO MaTepUaJIapHUHT
Kyutanwumy - (akat Oy coxajmap OwiiaH dYekJIaHuO KoJMaWau. YJIapHHUHT
KYJUITAHWINIIK ~ JABUTATEUIAPHU  KYWIAHWIIK, DJHEPreTUK Ba  TPAHCIOPT
YCKYHaJIJapUHU KYWIAHUIIMHU KECKUH OMpUO Oepaau Ba yCKyHa-)KMXO3JTAPHUHT

OFUPJINTUHU KaMaTHPHUIIT UMKOHUHU OepaJiu.

Ha3zopar caBosuiapu:
1. Tabuatna yupaiaurad apMUpOBKA KWJIMHTAH KOMITO3UTIIAPHU,
YJIApHUHT CTPYKTYpa Ba XOCCATAPUHU KEITUPHUHT.
2. Voyager camMoneTh  MHUCOJIMIAa KOMIIO3ULIOH MaT€pUAILUIAPHUHT
aBUACO3JIMK/IAa KYJJTAHUIUIIN YpraHuO® YUKUHT.
3. OnaM TUPHOFU - TOJAJIW KOMIIO3UTAUP. YHUHI KOMIIOHEHTIIApH,

MUKPOCTPYKTYpacH Ba XOCCaJapyUHHU YPraHuO YMKUHT.
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4, Kommosuunon MaTepUaIapHUHT bykapo camos€Tiapuaa
KYJUTAaHWIMIIUHA Ypranu0® YMKUHT, acocuil 3pTHOOpHH Boeing 787 Ba Airbus

A380ra kapaTuHT.

DoiaJAHIITAH afa0uéTaap:

1. Krishan K. Chawla. Composite Materials. Science and Engineering.
Third Edition. Springer Science, New York-London, 2012. - 7-67 p.

2. D.R. H. Jones, Michael F. Ashby. Engineering Materials 2: An
Introduction to Microstructures and Processing. Fourth Edition. Elsevier, UK,
2012.-289-305 p.

3. William D.Callister, Jr., David G.Rethwisch. Materials Science And
Engineering. An Introduction. Eight Edition. USA, Wiley, 2010.- 629-645 p.

2'M3B3y: MeTana MaAaTpUIAJId KOMIIO3UTJIAp. HOJII/IMep MaTpHuIaJIn
KOMIIO3HUTJIAp. KepaMnK MaTpulaJJam KoOMIIo3MTJ1ap. HoanbanBui

KomnosurJjap. buokomnosuriap. Hanokommnosuriap.

Pexa:
2.1. MaTpuna marepuasiapu. [loarumepaap, merajuiap, KepaMmuka
MaTepHaLIapu.
2.2. HoanbaHBHil KOMIIO3UTJIAP.
2.3. buokommno3ur.iap.

2.4. HanokoMmo3uTJap.

2.1. Marpuna marepuasiapu. [loimumepiap, Meramiiap, kepaMmuka
MaTepuaIapu.
KoMrmo3utr maTepualHUHT KOMIOHEHTIApH TEOMETPUK KYpHHHINU OVinda
bapxnanagu.  Mampuya 1e6 OyTyH XaxMm OYHWYa Y3IyKCU3 >KOMamrax

KOMIIOHEHT atanaad. Kommno3umumon warepuanga Marpuianap cudaruaa
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METAJJIap Ba YJIAPHUHI KOTHUIIMAJIAPW, OPTaHUK Ba HOOPTaHMK IIOJMMeEpIap,

KEepaMHUK MaTepuasuiap KyJUIaHUJIAIH.

MatepuaaHUHT XOccalapy KOMIIOHEHTJIApHUHT (DHU3HK-KUMEBUN XOCcanapura
Ba yjap opacupard OOFJapHUHI MycTaxkamiurura Oormukaup. Kommnosuiuon
MaTepuanl KOMIIOHEHTJIap Xap XWJI Xoccauapra 3ra OYyiuiy Kepak. ApMHUPOBKa
(MycTaxKkamJIaLITUPUII) KOMIIOHEHTJIApU IOKOpUJA TabKUJUIAHTAaHUJIEK IOKOPHU

KAaTTHK Ba MYCTaXKaMJIMKHHA TaBMHHHaﬁHHHap.

ApMUpOBKa KOMIIOHEHTJIAQpUHM Ba MaTPUIIAHM acocuja TalépiaHraH
KoMmo3uliusi ~ HadakaT JacTia0Ku  KOMIIOHEHTJAp  XOCCAJIApUHM  Y3uja

MYyiKaCCaMJIallITUPpAaH, OajKu SIHT'H, OonIaHFUY KOMIIOHCHTIIapra Xxoc 65'/JIMaFaH

KoHCTpyKIIMOH KOMIO3UTIApAa apMHPOBKAa KOMITOHEHTIIApH
acocaH KepaKJIM MEXaHHK XYCYCHATIApHU (MyCTaXKaMJIMK, TEPMHK
OapIonuIMK, KAaTTUKJIMK Ba ©0.) TabMUHJAWIA, MaTpULa dca
apMHPOBKa 3JIEMEHTJIApWHN OWpra WIUTANIWHU, YIAPHUHT MEXaHHUK
Oy3wIMIIgaH Ba arpecCuB KUMEBHM MyXUTJIApJAAH XHMOSIIAIT
Bazupacuuu Oaxapaiu.

XyCYCUATIApHM  XaM HaMO€H KWIMIIM Imapt. MacanaH, apMUpOBKa
KOMIIOHEHTJIapyM Ba MaTpulla opacuja aXpalull yerapacu MaBxyJq Oyica, Oy

MaTCpUAJTHUHIT épHKnapra YU AaAMIIMTYUHU OIIWpPaIu.

Marpumia Marepuanu Typura Kapad KOMITO3UTIAPHH Kyuujaruya

KJ1accu(uKaIms KM MyMKUH:

noaumep MampuyaIu KOMno3umiap
Kepamuxk Mampuyaiu KOMno3umnap
Memann Mampuyaiu KOMno3umaiaap
OKCUO-0KCUO KOMNO3umap

Komrmo3unmon mMarepuamiapaa maTpuila MaTEpUATHUHT OWp KUHCIUTUHH,
MOHOJIMTJIMTUHY  TabMHUHIANAX, OyIOMHUHT  IIAKJIMHU Ba  apMHUPOBKa

KOMIIOHEHTJIADHUHI  y3ap0  JKOWIAIIMIIMHUA  CaKjJIauayd, TabCUp OTAaETraH
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KyWIaHUIUIApHU MaTepuasl XaXmu Oyilmua TakcHUMIIaiau, Toyajgapra Oup Xui
KYWIaHHMIIHA TakKCHUMJIallla XapakaT Kwiagd. byHJaH Tamkapu Marpuia
apMUpOBKa KOMIIOHEHTJIAaHM MEXaHUK Ba KHUMEBUH TabcupiapiaH XaMm
XUMOSUIaNUIH.

Moaumepaap.

[Tonmumepnap kepamuka Ba MeTajulapra HUcOaTaH Mypakkad CTpyKTypara
aragup, aMMO TOJUMEpJap ap30H Ba ylapra OCOHJMK OWIaH HILJIOB Oepuil
MYMKHUH. Xoccajlapura KeJjicak, IOJUMEpjap MYCTaXKaMJIMK Ba 3JIACTUKIIUK
MOAYJIM KypcaTKU4YJapu MacT, 3KCIUTyaTalus Xapoparjapu IOKOpH OyiMaraH
Matepuaapaup. YiapTpabuHadima, EpyriivuK Hypjapu Ba 0ab3u SPUTTHUIAPHU
y30K BaKTJa TabCUPH MOJIMMEPIIAPHUHT AETPaallusiCura Ba X0CCalapuHU KECKUH
nacaiummra oau0 kenmagu. KoBameHT Oofnap acocuja TAIIKWI STUITAHIATH
MyHOcabaTu OWjiaH TMOJMMEpJap acocaH MCCUKJIMKHM Ba DJJIEKTPHU EMOH
yTKazagwiap. AMMO KUMEBHI MojaJanap TabCUpUra MeETaulapAaH Kypa

YUTAMITUPOKIHUP.

MetaJju1 MaTpunaJap.
Meramap yHuBeEpcasm KOHCTPYKLMOH Marepuamuiapaup. Merauap Y3UHUHT
MyCTaXKaMJIUTU Ba KATTHKJIUTU OWIaH axpanul Typaau. Mertamiap TIacTHK
nedopmaliisi KWIMHUIIM Ba YJIAPHUHT XOccajapu Typiau Yycyijap OuiaH
Ky4auTUPWIKIIN MYMKWH, Oy acocaH IUCIOKanusiaap 1e0 aTalaauraH Yu3uKIu
nedexTnapHuHr xapakatu Owian OornMK Oymaau. Xamma Metaiap (MeTal
HIMIIAJIApAAH TallKApW) KPUCTAUT Ty3wiMINra sra. AcocaH Mertamwiap 3 Ta
KPUCTAJLJI CHHTOHUSIIapAa KpUCTalaHaIu:
* énnapu Mapkasnamras kyouk (I'LK)
* XxaXMu —Mapkasznamran kyouk (OIK)
* oITHOYpYaKIIK 314 yrakoBka Kuiauarad (HCP)

Metann marpunanu komno3utiaapauar (MMK) 3

TypHU MaBKyA:

 [lucnepc-mycraxkamuamrupuiarad MMK
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* KHICKa TOJIa Ba MyisoBiap Ouian apMupoBka KuinHarah MMK
* Y3IIyKCHU3 TOJIa Ba JIMCTJIAP WJIAH apMupoBka KuianHran MMK.

Kepamuk marpunasiap

Kepamuk wmatepuaminap Kartuk Ba MypT OVmanu. Kepamuk Marepuasiap
MYPTIUTUAAH TalIKapu, 0ab3W Xoccalapu Typiauda OYJIWIIM MyMKUH. PeakTuB
JBUTATE/IapAa KYJUIAaHWJAQIUraH MeETaUuIMK-  cynepkotummanap 800 °C
xapoparuraya sIXmm Xxycycustiapra sra, ammo 1100 °Cpga meramn Koriamacu
OKCHJUIaHMIIK OolUIaHaau. YHJIaH IOKOpM Xapopariapja 3ca OollKa TypJaru
KOHCTPYKIIMOH MaTepuaiiapaan ¢oitnananuim kepak o6ynaau. Iy epna kepamuk
MaTepuaap Kepakjiid XoccaJapHu HAMOEH KWJIMIIK MYMKHUH.

Kepamuka maTepuaqiapHUHT acOCHM KaMYMWJIUTH — YJIAPHUHT MYPTIUTH,
IIYHUHT YYyH yJIapHU MyCTaxKaMJIAIITUPUII 3apyp OYynaau.

[[umakepaMuk MaTepuajulap — KEpaMUK MaTepUAJIApHUHT  MaxcCyc
TYPYXWHHU TAIIKWI KUJIaJu. YJiap KOMIIO3UIIMOH MaTepral kabu Xaxm Oyitnda 95-
98 dousm kpuctamn (azagaH, KoJraH KUCMH dca mwuima (azagad udopar Oymamu.
Kpucramn ¢aza yra Ho3uk (3appauanap quamerpu 100 HMIaH KUYMK) CTPYKTypara
sra. byHmail KWYMK KpUCTAUIApHU YCTHPHUIN YYyH IIWIIA Maccacu TapKuOura
karagu3atop (omarma Ti0, Ba ZrO,) KYIIWIaad Ba OJWHTAH IIIWINA
WYHAITUPWITaH KPUCTAUIN3ALMATA YUPAUIU.

OHI' MyXUM LIUIIAKEPAMUK MaTepHUaliap:

1. Li,O-Al,03-Si0, cucTeMacuia; KAYUK TEPMUK KEHTal NIl
koddduimenTura Ba JeMak IOKOpPH TEPMUK OapAonuivkra sra. by Typnaaru
Marepuaiap «Corning ware» caBzio Oeirucu OuiiaH UIiad YMKapuiIam.

2. MgO- Al;,03-SiO; cucremacu: I0KOPH DJIEKTPUK OapAOILINKIa Ba IOKOPH
MEXaHHUK MYCTaXxKaMJIMKTa dTra.

Kepamuk matpunanu Matepuajiap Typiau KyKyH MeToJjiap OujiaH HWIIOB
OepunuImy MyMKWH (aHbaHABUWM TMOJMKPUCTAUT KEpaMHUKa OJIUIN yCYJUIapu),
XaMJla MaxCcyc 3aMOHaBHM KepaMUK MaTpUILIAJIADHUHT CUHTE3 ycyJuiap €paaMujia

OJIMHUIIN MYMKHWH.
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2.2. HoanbaHaBuii KOMIIO3UTJIAP.

HoanbaHaBuii KOMIO3UTIapra (OJMMEp, METallI, KePaMUK MaTpUIANN), V3
V3UIAaH TUKJIAHAAUTaH KOMIIO3WTIAP, VY3 y3WJaH MYyCTaxKaMJIAHAJAUTaH
KOMIIO3UTJIap, OMOKOMIIO3UTJIAp KHpaau. by KOMIIO3WTiIap XO3UPIU BakKrla

OJIMMJIap TOMOHHAH S”pFaHI/IJIMOK,I[a.

I'mOpua KOMIO3HUT cucTEeMAasIap

KomMmno3ur tapkubOuga Oup TypAaaH Kyn Tojajap KyJUIaHWITaH XoJjaa
Matepuas TuOpu KOMIO3UT AeO atanaau. MaTepruaHUHT SHT MyXUM >KOWJ1apua
YHUHT MaKCHMaJl MyCTaXKaMJIMKra 3Tra OYJIUIIWHU TabMUHJIAII MaKcaauaa TypJiiu
XWJI ~ MYCTaxXKaMJIAIITHPUII  KOMIIOHEHTJIapW Ba  yJapHU KOMJIAIITHPHUII
WyHanunuoiapu KyJUIAaHWIMIIM MYMKUH. Macanan, 4.7.-pacmja KeJITUPUITaH
ruOpuj] KOMIIO3UTHUHT TaH HAPXMHU aH4Ya KaMaWTUPHUII MYMKHH: KUMMaTOaxo
yIJIepo TOJACUHM MUKJIOPUHU KaMaWTupuil Wynu OuiiaH. AMMo Oy ToJaHU
ONTUMAJ XOJIJIa KOMIAMITUPUIN HATWXKACKA MaTepras cudarura caaduil Tabcup

KYpCaTHJIMANIH.

Carbon Pacm 4.7. Yenepoo ea

Glass wuwia  moaacu  OunaH

Carbon MYCMaxKamaauimupuiean
2UOpUO KOMNO3Um.

.0 .o
LA L
et aa e e,

SHa Oup MHCON - pOMaH KOMIO3UT MaTepHuall, KM TOJAIU-METAILI JIAMUHAT
(pacm 4.8.).

by rubpung ~ 0,3 MM KaJMHIUKIArd QIIOMUHUN, TYIaT, TATaH, MarHuu
METaJIT JINCTU Ba mojuMep- marpunand kommo3uT (PMC) npenperu (Tonanu
MyCTaxKaMJalITUPWIraH mnojumep) JAaH wuOopar. Ilonmumep- wmarpunanu
KOMITO3UTJIard  TOJIa- IIWIIA, apamMuj €KW YIiepoJl ToJaccu OVIMIIA MYMKHUH,
MaTpula cudaThaa 3ca ofaTa AMOKCHU]T CMOJIACH MIILTATUIIAIH.

by MarepalHUHT Kyiaaru Typaapy MaBxKya:
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* Glare: muma Tosacu OWJIaH MYCTAXKAMJIAIITHPUJITAH JIJAMUHAT

e ARALL: agoMuHM#i JIAMHHATJIApP, apaMuJ ToJlacu OuWJaH
MYCTaXKaMJIAIITHPHUJITaH.

* YXO/: yriaepoa miiacTUK JaMUHATJIAP.

e TUI'P: Turan / I'padpur-3mokcua JaMuHATIAP.

Pacm 4.8. Toranu-memann ramunam mapxuou.
2.3. buoxkommo3utiap.

buokommo3utiap - OMOAKTHUB KOIUIaMaJld UMILIAHTatTiaap. buokommosutiap
UK €KUM Kynpok dazagaH Tamkwi TomnraH Oynamu. by dazamap mrynnpaii
TaHJIAaHAIUKW, KyWIaHuIuiap Qa3zajap uerapacu OYiMuYa TapKalullid 3apyp
Oynaau. buokoMmosutnap KYJIJIaHWIMIIA — TpPamMBaTOJIOTHS, OPTOIEIus,
CTOMATOJIOTHUS.

buoxommnosutiap typJsapu:

1. MoimMep-KepaMHUK OMOKOMIIO3UTJIAP.

by xommo3utnapaa HoopraHuk ¢asza (mmima Eku
Kampluii  docdarmapr) OpraHuK — OMpUKMaA
TapkuOMga TeKUc TakcumiaHaau. OpraHuk
OMpuKMa — IOKOPHM OOCHMIIM MOJIUITHIEH EKU
DIIOKCUJ CcMoOJa. byHaal KomIo3uTiap HOKOpH
MyCTaXKaMJIMKra, SJaCTUKIWKra 3ra, €HIHII,
OuMoMmoclallyBYaH Ba  aHU3OTponaup  (Cysk
xoccajgapura sikiH).
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2. MeTa/u1-KepaMHK OMOKOMIIO3HUTJIAP.

by KOMITO3UTJIAp acocaH IOKOpH
MyCTaXKaMJIMKHA ~ TabMUHJIOBYM  METaJUIaH
nbopar Oymagu. Mertamn ro3acura Kepamuk
Koriama (kampnmii  Gocdatn €k OMOAKTHB
CMOJIa) KomulaHagu. byHma kepamMuka MeTait
103acHra SIXIM ENUIIAITAHT TabMUHIAI 3apyp
oynanm.

Xeu KaHJ1aii OMOKOMIIO3UT OJIaM TYKUMAaJIApUHUHT Ba OPraHU3MUHUHT XaMma
aHaTOMUK-(DU3HOJIOTMK Ba OHMOMEXaHUK XyCycHsTJapra TYJIUK kaBoO Oepa
omMaiu. LIlyHUHT yUyH TypiH KYJUTAHUIUII COXAlTapuaa Typiau OMOKOMIIO3UTIIAp
SAPATUIINIIN 3apyp OYiaau.

BrOKOMITO3UTIIAPHUHT UCTUKOOJ HyHanumuiapu: 1) KOMIO3UT UMILIaTaTIap
spatuii, 2) THOpWI UMIUIATaTiAap sApaTuil;, 3) WHAWBUAyal OHO-THOOHIA
napamMeTrpiapra ara oynran MMILIATaTIIap TYIJIAMUAHH SApATHIILL
(“KBa3MMHTEIUIEKTYa] T WMILIATATIIAp).

2.4. HanokoMmoZuTIAD

Hanoxomnosutnap : Oy Typlaard KOMIO3HMIIMOH Marephaiap
TapkuOua yryamiapyu HaHOMETp (HM) Juana3oHua Oynran Ourra Eku
KYIIPOK KOMITOHEHTIIap MaBxKy 1l Oyaiu.

Opatna OyHaai HaHO YI4amiid MaTepual MyCcTaxKaMJIalTHPYBYU
KOMIIOHEHTUp: Oy HaHOTpyOKanap, HaHOTOJIaJap Ba HaHO3appavaap.

Marpunanap 3 typaa OYIuIIM MyMKHH, aMMO acOCHUM KHUCMU —TIOJTUMED
Matpunanu HaHokommnosuTinapaup (bappepa 2000; bappepa u apyrue, 2005;
Shofner u ap., 2003, 2006).

bynnaii marepuajulapHM KyKyH METALIYPIus €KU CYIOK YyCyjja MeETajll
MaTpULIAJIApPHU Tauépiiaml yCcyiau €pAaMHaa OJIUII — FOKOPHM MYCTAXKaMJIMKIA Ba
UIKAJAHUIITa  YUJaMJIA ~ HAHOKOMIO3UTJIAp  SPATUIIHWHT  WCTHUKOOJITU
UYHAIULUTAPUIUD.

IHonumep TYNpOK-HAHOKOMIIO3UT/IAP

HaHOKOMIO3UTHUHT siTHA OUp Typu: MOJUMEP TYNPOK-HAHOKOMIIO3UTIAp -

45



UNUIad YUKAPUIIAA Y3MHU WKTUCOAWHN >KMXATHaH CaMapaJopiuTrdHUA KYpCaTu.
Hanortynpoknap OwuiaH MycCTaxKaMJIAIITHPWITAH TIOJUMEp MaTpHIaiap Kyl
MuKaopaa unuiad ynkapuaMokaa (Ajayan 2003;. Koo 2006; Lee 2005; Okaza Ba
Usuki 2006; ITox Ba Po6con 2008).

Hanotynpoxkiaap kKuMeBMH TapkuOu Oyiimuya MarHuii
ATIOMOCHIMKATIAPUAUP. YI4aMJIapd - HAHOMETP JAUANA30HH/A.

Kanuniauru - 1 am, y3yniuru 70-150 am. X03upru BakTAa 3HI Ky

MOHTMOPWIOHHUT TYNPOFU KYJUIAHWIMOK/A.

Tanpk Ba cmiogagan (apKIUPOK, MOHTMOPUJUIOHUT aJOXHUAa
Karjamiaapra OYJIWHUINKM OHCOH — HaTWXaja Kepakiu Yyiuamjapra sra Oyirax
HaHO Katjamjap xocui 0ymaau. [loaumep maTpuiia OusiaH SXIIM apajalluiiHy Ba
MalJaTaHUIIIHA TAabMUHJIAIT MaKcaauaa TYIpoKra qactiad uiuioB Oepuiaiu.

by hynanuninaru unviap wik 6op Toyota kommanusicu Tomonunan 1990 ii.
oaxapuiran. General Motors xopropanuscu 2001 wmnga GMC Astro / Safari
bypronuga HaHO-TYNpPOK OWJaH MyCTaXxKaMJAIITUPWITaH  TEPMOIUIACTHK
oflepuHHU KYyjutaraH. XOCWi OYiAraH HaHOKOMIIO3UT aHbaHaBUU MOJIUMEP
MaTepuaUIapUJIaH EHTUJIPOK, KATTHUKPOK Ba HMKTUCOAMM camapalurd OwuiiaH
axpanmub  Typaau: Oy  aBTOMOOWJI  KaMpoOK  EKWITH UIuIaTaau.
ABTOMOOWJIIIIYHOCTHKAA MKTUCOIUI camapajopiuK KyJda MyXUM XHCOOJIaHAIH,
dakat cnopT aBTOMOOWJITApUHU MIIIIA0 YMKAPUINA UKTUCOIUN caMapaJopiiuKra
ypTHOOpP Oepunmaiiau.

HaHoTynpokiap ¢MOJaHUHT MYCTaXKaMJIMTUHU Ba CTAOWJUTUTHHH OITUPAJIH,
Ba yMyMaH OJTraHAa OJJIWNA TYJAUpPrUWwIapra Kaparanga (QyHKIIMOHAI
xucobmanagun. Hanozappawamap skyaa 03 MUKIOpAa KYIIUJIaAW — OFUPIUTH
Oyiinua 2-3%HM TamKWI Kwiaad. byHaaH Tamkapu HAHO TYNPOKJIAPHUHT
KYJUIAHWIWIIN ~ MATEPHATIHUHT JCTETHK XOCCAJNApUHHU  SXIIWJIAWIN:  TallKu

KYPUHUIIIM, PAHTH Ba 1032 CU(ATH OLIAIH.
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Pacm 4.9. Komnosuyuon mamepuannap KyiiaHuiuiu.

Xynoca KwiHO, KOMIIO3UTIAPHUHI AaCOCUM KYJUIAHWJIMII COXaJapHHH

KCIITUpAMHU3:

2.1

ABPOKOCMHK COXA.
ABTOMOOMJIIITYHOCJTHK.

DINeKTp Ba ajJoKa TapMOKJIapH.
Kypunum coxacu.

Cnoprt OyroMiapu unuiad YuKapui.
MenanuuHa.

MaimnHaco3nmk.

DNEeKTPOTEXHHUKA.
Hanorexnonorus.

Mertannyprus Ba 6oika coxanap (pacm 4.9.).

Ha3zopar caBosiapu:

Kommno3utHuHT KCpaMUK MaTpuacura HIIOB 6epI/IHI HaTHXKacuaa

MaTepUATHUHT MyCTaxKaMIuTry nacasau. CababuHu TyIIyHTUPUO OEpUHT.
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2.2. Kepamuk MaTpuiaiy KOMIIO3HUTIAP OJIMIIAA 30Jb-T€lb Ba TMOJUMEP
MUPOJIU3 YCYJUIApU KYJUTAHWINITY MyMKHH-MU? By ycynnap KaHmaid KOMIIO3UTIap
oJIMIIIa KyJiai XxucoOnaHaaun?

23. Jespnu  womra  TeHr  OynraH  HCCHKJIMKAAH  KEHTaWuII
koddduimenTura sra Oyiaran yriepox Tosia OuiIaH MyCTaxXKamJIallTUPHITaH
[IUIITIAKePAMUK KOMIIO3UT OJUIIT MyMKUH MU? CaGaOuHM TYITYHTHPUO OCpUHT.

2.4. Huma yuyH KepaMHK MaTPHUIAIA KOMITO3UTIAPHHA WIUTA0 YHKAPHIIIA
Kypa UCCUKJIMK XOccajlapra Karta ybTHOOp OepUIlinMu3 Kepak (MeTajul MaTpULiaiu
KOMMO3UTIap OujaH COJUINTUPUHT)?MHUKpO EpUKIAp TOJadud KOMIIO3UTIap/ia
HUMa cababyapaaH nan0 Oy MyMKUH?

2.5. HaHO-TynpOKHU KOMIIO3UTIIAp TapKUOWAAa KYJUIAHWIUIINIA MHCOJUIAp
KEJITUPHUHT.

2.6. Tor BeJOCUINEIMHUA KOHCTPYKIMSCU VPTaHUHT: KaHJall KOHCTPYKIHMOH
MaTepuaiap KyJTaHUITaHIUTUHY aHUKJIaHT.

2.7. “Hexcus” Ba “Maru3” aBTomMOOWIUTapua KYJUIAHWJTAH KOMIIO3UTIIAP
TypJapyuHU aHUKJIAHT.

2.8. Kypwmmnga kaHmaid KOMIO3WIIMOH MaTepHaiap KyJUTaHWIATu?
Mrucoiutap KEITUPHUHL.

2.9. V3 y3uaan TUKIaHAUTaH KOMIIO3UTIApTra MUCOJIAp KEITHUPUHT.

DoiaJIaHWITAH aa0duéTap:

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

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

3.D.R. H. Jones, Michael F. Ashby. Engineering Materials 2: An
Introduction to Microstructures and Processing. Fourth Edition. Elsevier, UK,
2012. -319-350 p.
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4. William D.Callister, Jr., David G.Rethwisch. Materials Science And
Engineering. An Introduction. Eight Edition. USA, Wiley, 2010.- 655-660 p.

5. L.Fiocco, Z.Babakhanova, E.Bernardo. Facile obtainment of luminescent

glass-ceramics by direct firing of a preceramic polymer and oxide fillers. Ceramics
International Journal. Available online 10 February 2016.
http://www.sciencedirect.com/science/article/pii/S0272884216000833

6. 3.A.babGaxanoBa, M.X.ApumnoBa. KpemHauii-opranuk OupukMmagap acocuaa
TEXHUK KepaMuKa MaTepHuayijiap CUHTe3U. Y30ek kuMé xypHaiu. 2015, Ne3, 16-21
0.

7. Enrico Bernardo, Laura Fiocco, Giulio Parcianello, Enrico Storti, Paolo
Colombo.Advanced Ceramics from Preceramic Polymers Modified at the Nano-
Scale: A Review. Materials 2014, 7, 1927-1956 p.; doi:10.3390/ma7031927.

8. Tanuua JI.H., Munaes A.M., Ilpyukun B.A. HoBble KOMIO3HUIIMOHHBIE
Matepuanbl. YueOHnoe nocooue. Tamo6os: 'OY BITIO TI'TY, 2011.-5-25 c.

9. lleBuenko A.A. OuU3UKOXUMHUS ¥ MEXaHUKA KOMITO3UIIMOHHBIX

matepuanoB. — M. : [Ipodeccus, 2010. — 140-170 c.

3-maB3y: Hanomarepuasuiap. HaHoo0beKTJIaApHUHI acocuil TypJiapu Ba
yJap acocuaard HaHOCHUCTEeMAaJap.
Pexa:
1.1. HaHOTEXHONOTUSAJIADHUHT PUBOKIAHUII TEHAEHINSACH.
1.2. HaHOoTexHONOTUANIAp TYFPUCHIA YMYMUN MabJIyMOT.

1.3. HanooOBeKT, HaHOMaTepuall, HAHOTEXHOJIOTHSI TYIITYHUYACH.

Taanu ubopanap: HaAHOMEXHONO2US HCAPAEHAAPU, HAHOMAMEPUANLAD, V2lepoo
HaHompyoKanapu.
Kupui. ®aHHMHUHT IpeAMeT Ba Ba3udaiapu.
Ymly ¢an MaremaTuk Ba TaOUMN-UIMHMIA Xamaa ymyMKacOuil Qaniapra
TasHTaH XOJJa HaHOMAaTePHAJUTAPHUHT (UHK-KUMEBUH MyaMMOJIADUHH XAl

KWJIHWII Ba (I)aH CI/I(I) aTuJia MMaKJUIAHUIOIMHKA  MYCTaxXKamMjialml MakKcaauza:
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HAHOTEXHOJIOTUSHUHT aCOCHUU TYIIyHYaJaph, HAHOTEXHOJOTHUSHUHT TaJAKUKOT
OoOBEKTIIapy Ba YIAPHUHT CHUH(IJIAHWUIIN, HAHOTEXHOJOTHUSHUHT PUBOXKIIAHHUIII
OOCKUWIapH, HAHOOOBEKTIIADHUHT aCOCHd TypJiapd Ba ylaap acoCHIaru
HAHOTU3MMJIAP, YIJIEPOATM HaHOTpyOKamap, ¢ylepeHnap, CympaMmoIeKysip
KUME, HOOPTaHWUK HaHOMaTepHwaylap; HAHOCTPYKTypajaHTaH MaTepuaUIapHUHT
CHHTE3 yCyJulapH, GyHIaMEHTAII acoclapy TYFPUCHIATH MabIyMOTJIApHU KamMpad
ojlaau Ba Oy OunmuMiIapHHM Tajabamapra eTKasuin (paHHUHT acoCHii Makcaa Ba

Bazuparapu xucooaHa M.

“Hanomatepuaiap” (paHUHM Y3JIaIITUPHIL XKapaCHUAA:

®QHOTU3UMHHUHI KPUCTAUIOPU3UKACH, HAHOCTPYKTypajlap Ba YJIAPHUHT
CUMMETpPUK Udoaacu;

®3JICKTPOHJIADHUHT JHEPreTUK CHEKTPU KBAaHT YIUIOB CTPyKTypajlapuia
KBaHT HyKTaJIap, TOJalap, IOKOPHU Aapakalu MaHKAPaHUHT aXaMHUsITH;

®XOJUIHUHI KBAaHT 3((eKTH Ba KBAHT YIUYOB CTPYKTypajapu ONTHK
XYCYCUSATIAPUHUHT MOXHSTH;

®HAHOKATJIAMJIM KOMIIO3ULUSIADHA MAarHUT XOCCAJIapH, KOHJECalUsJIaHTIaH
MYXHTIIAp/a SHEPTHS Ba 3apsiiap YTKa3ull )KapacHIapH;

®HAHOCTPYKTypaJalliradH mMaTepuajuiapHd (U3UK KHUMECH, KMUMK aHCaMOJUIH
MOJIEKyJIajiap, MOJIEKYJIapapo y3apo TabCUPH XaKuJa TacaBBypra sra OyauIly;

e HaHO3appavyaJapHU YIIYOB Ba PYHKIIMOHAI XOccalapu;

® MOJIEKYJISIp JUHAMUKA, KOHPOpMAIMs Ba HAHOTU3M CUMMETPUK TaCBUPH;

e (hasasiapapo uerapansapHu TEpMOJMHAMUKACU Ba KWHeTHKacu, Kiacrep;

eMHULIEIUIATAp XOCHJ OYIMIIM, MOJMMEpU3alusUIall, MaTpUlla CHHTE3H,
Y3apOlIaKJIJIaHHUILL;

eHaHOMaTepHajulap: 30JuUiap, Tejuiap, CYCIEeH3UsIap, KOJUIOWZ SpUTMalap,
MaTpulla-a)XpaTWIraH  KJIAcTepiu  IOKOpUM  JapaxkaJarn  CTpyKTypajiap,
¢Gymnepennap, YINIEpOUIM HAHOTpyOKayiap, MNOJIUMeEpiap, IOKOPH Japakaiu

naHxapanap, onomeMOpanaap;
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®HAHOTU3WMIIAPHU OJJICKTP YTKA3yBUYM, HCCUKIWK YTKa3yBYM Ba MEXaHUK
xoccanapu.

eHAHOMATepHANIAPHA  MaxXxCyC XoccalapH, yJIapHU  (QU3UK-KHMEBHMA
Tabuatiapu OOFIMKIWKIAPH, TAHJIOBYAHIIUTH, DHEPTHUS XKMJIUTH Ba DJIEKTPOH
XOTHUPACHHUHT MOXUSTUHH OWJIMIIHN Ba yiapjaH ¢oigaiaHa OJHIINT;

®HAHOKMMEBUI KOMIIOHEHTAIAP: KaTauu3aTopiap, COpOCHTIAp, peaKTopap;

eHAHOKATJIaMJIap CHUHTE3W  ycIyOjmapu: aTOM-MOJEKYJSp  SIHUTaKCHSI,
MOJICKYJISIp Ba KUMEBHIA KOHCTPYKTpJIAII,

o JlenrMiop-boKETT  MOJEKyNIsAp — KarTiaamiaml  yciayOu, — MOJMAaHWUOH
MOJIEKYJISIp KOHCTPYKTpJIalll,

®IOKOPH Japakaja JIOKaJJIAHTaH KOIUIAHHWII, aXpaTUIl Ba MOJJAJIApHU
MoudUKanusIai yciayonapu;

® KOPIYCKYI0-()OTOHIIH Ba  DJICKTPOKUMEBHIMA HAaHOTEXHOJIOTHUSIIAP,
HAHO30OH/JIM JIOKAaJl CHHTE3 Ba MOJJaHU aXpaTwill, Marepuaid F03aCUHU

MoAM(pUKALMSIIAII KYHUKMaJIapura 3ra OYIUIIHN Kepak.

3.1. HaHOTEeXHOJIOTUSIJIAPHUHT PUBOKIAHUII TEHIEHIUSICH

HaHOTEXHOIOTUSAHY PHBOKIIAHHUIIN Ky HHIaruiapra OOFIuK, °;

. duzuka

. Kumé

. buomnorus

. AKT

. DJIEKTPOTEXHHUKA
. ManmHaco3JIuK

Hanorexnonorus reHetnka (aHWHM PUBOXJIAHUINNWIAa KaTTa Tacup

KypcaTau:
. HAHOTUOOMET
. HAaHO KaricyJja

5> Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011. 35.

51



® HAaHO I'CJIb

. capaTOH KaCAJUIUTUHH J1aBOJIAII
. COF OynraH KaTakjapra 3apap eTKa3MacaH J1aBoJIall
— So—
— =

|

Telecom
Computers/data storage

Agnculture
Chemical
Construction
Trangportation
Hoalth care/phamacouticals
Biotechnology

Aorcapace/defense
Energy

Recreation/spors

Vertical sectors

Pacm 1. Hanomexnono2usaapHune pueoicianuut menoeHyuacu®,

Hano po6otmnap.

* MUKpOCKONIMK MacIiiTadjaru MaiirHa Ba poOOTIapHU SIpaTUIIl Ba ylapaaH
YHYMJIM (o jasiaHumI.

HanoTtexHomnorus Ba KOMHOT:

* KOMHOT anmnapaTjiapHH SXIIHIall

* ACTPOHABTJIAPra MYXUTHU TAKOMUJUTAILITUPHII

* KOMHOT caéxaTJIapHU ap30HJIAIITHPHIL

* HAHO €p UYJIAOLUIAPUHU SAPATULLL.

Hano o3uxmanum:

* O3MKaJIApPHUA MY3CH3 CaKJjall

* 03UK- OBKaTJIapHU OaKTepus Ba mapa3uTiap/aH XUMOS KUJIHIL

* GHI'WJI Xa3M OYnaiuraH MOJJJalapHy SIpaTUL

Hano Ba mynodaa:

* KHYMK YJT9aMJIM Ba Te3l0pap 3JIEKTPOH KypuiMasap

8G.L.Hornyak, J.J. Moore, H.F.Tibbals, J. Dutta. Fundamentals of Nanotechnology.-CRC Press, Taylor and
Fransis, 2009, 24
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* SHTHJI, KyBBaTJIH YCKyHAJIap

* CCHCOPJIAPHUHT STHTH aBJIOJIAPHHHU SPATHII

* TAKOMHUJUTAIITUPHITAH KypoJuiap

Hano Ba anekrponuka (Pacm 1-2):

* 3JIEKTPOH KypUMaJiap SKpaHJapyuHH 3aMOHABHIJIAII TUPHUIIT

*XOTHpa MHUKPOCXEMAJapHMHU OHWp KBajpaT JIOWMIArd  XaKMHHTH
TepabaiTiapra eTKa3uIi

* MHTETPAJ CXeMajap/a WIUIATHIAJAWTaH SPUM YTKa3TUWik acO0OIapHHHT

XaKMHAHHU KaMAUTUPUILL

Source selector,
Wordline
Drain selector,

e

Bitling_

tpoer AT
selector— =g,
-

3
| DT
Channcl\‘\/‘

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. Yuypnuamau NAND Flash xomupacu yuyn maxmunuii mysunuw’

Hano Ba AKT:

* KaTOJIA HYp TPYOKACHHH YIJIEpO HAaHOTpyOKajJapura aaMariTHPHUIIT

* HAHOTEXHOJIOTHSUTApJIaH TAbMUHOT/IA YHYMITH (O TaTaHnIIT

Hano Ba sHepreTuka:

* KyEII Ba HCCUKIIUK OaTapesutapuaaH GoiiaanaHul;

* JOKOPH XapOpaTiv YTKa3THWIAPHU UIILIATHII

* TaJlbBAaHUK DJIEMEHTJIAp Ba AaKKyMYJSTOPJApHU, SHTH HAHOABJIOJIWHU

SAPATHIL

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

specifications be

achieved more
cheaply with

anotechnology?,

Can the gap
be filled by
nanotechnology?

Redesign
product

3

<End \/‘

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

Pacm 3. Hawnomexnonocus maxcyjiomed @ﬁﬂﬂaﬂuﬂumu MYMKUHTUSUHU

AaHuKjiawu duaepajwwacus.

1)  P.@ecitnman HoOenp mykodoTn maypeat. “MeHUHT (PHUKpUMYA,
bu3MKa TPUHIMIUIAPU aJlOXMJla aTOMJIApAaH Y3MHUHT IIaxcuid MaHdaatiapu

nynuna ¢poigaraHUIIHU MaH KunManau”. 1995 i.

Richard Fillips Feynman
2) 1996 ii. P.SIHr npe3onBuraTessiap FOSICMHU Takiau( KWIIU, XO3UPIH
KyHJIa yJlap HAaHOTEXHAJIOTUs acO0OJapuHUHT Tperu3uoH xapakaraanumuau 0.01
A.A=10""v aauKMK OWITaH TAbBMUHIANTH.
3) Hopuo Tomurytu OupuHUM MapTa ‘“HAaHOTEXHOJOTUS aTaMacUHU
1974 itmnpa kynnaau.
4) 1982-1985-itunnapna Hemuc mpodeccopu ['.I'nsafitep KaTTUK

KHUCMIIap HAHOTY3UJIIMACHU KOHICTIIMUACHHA TaKJ'II/I(i) OTOU.

8 Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 12
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5) 1985 #mnma PoGept Kepn, Xapenn Kpero, Puuapny Cmomnmmnapaan
nbopatr oymmiap skamoacu ¢ymiepennapan kamd xuaam Ba CNT (carbon
nanotubes) HazapuscuHM ApaTau, yiaap 1991 iwina taxxpuba iy Ousiad OIUHIN.

6)  1982-itmnga I'.bunnnr Ba T Popep OupuHYM CKaHEp KWITYBYU TYHEIUTH
mukpockot (CTM) sipataunap.

7)  1986-itmnga ckaHep KMIYBYH aTOM —KYUId MHKPOCKOII a0 OYII/H.

8)  1987-1988-iwmnapna ajoxmjaa aToMjapjaH  Y3WHWHT — ITaXCUH
MaHbpaaTaapu  Wynauaa  QoimanaHuim  MMKOHMHH — OepyBYM  OWMPHHYHU
HAHOTEXHOJIOTHS KypPHJIMAJIAPUHUHT HIILJIAIT IPUHITATIIAPA HAMOWHII KHJTAHTH.

2. Jlpekcnep-HaHOTEXHOIOTHUsLIap XaKuJaru Oapua OmMMIapHU
YMYMIAIITUPAX,  V3-Y3UHU  HaMO€H  KWUJIYyBYM  MOJEKYJIsp  poboTiap
KOHIICTIIUSCHHN aHWKJIQJH, yJIap WUFUII Ba EWHIT (ICKOMIIO3UIUS)HUHT amajra
OLIMPUIIIM, MabIyMOTHH aToMap jJapaxkaja XoTupara €E3uil ¥3-Y3MHU HaMOEH
KHUJTUIII Ba ylapaaH (oiganaHui JacTypiIapiHA CaKJIaId Kepak dIH.

9) 1990-itunma CTM é€pmamuna IBM ¢upmacu Owran Oupranukaa 3ta
xap umsuinau. Ynap Xe(35 aroMm) OwiiaH HUKENl KPUCTAUIMHUHT SICCH TpaMujia

gusmian. (Pacm 4)

9

Pacm 4. IBM ¢upmacunune numoepaguscu
Myp KOHYHM: KypWJIMaHUHT 032 OWpJHMTUTa  YpHAIITHPUJITAH

TPaH3UCTOPJIADHUHT COHM TaxMUHaAH xap 18 oiina ukku OGapobap KynmaluIIuHU
Ha3ap/a TyTyBYM XUCOOJIall KypuiMalapuaard Y30KMyAAaTiau TPEHI.
Kpuagep KOHYHM:KAaTTHUK IJUCKIAPHUHT XOTHpPA XaXMHU JESIpIIA Xap WU

UKKHU 0apobap KyTasiu.

9 Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 302
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Pacm 5. Myp ea Kpudep konynu*° 23

~< | 1. Passive nanostructures (1% generation products)
3| a. Dispersed and contact nanostructures. Ex: aerosols, colloids

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

’-
~ 2000 % 2% Active nanostructures
g a. Bio-active, health effects. Ex: targeted drugs, biodevices
£ b. Physico-chemical active. Ex: 3D transistors, amplifiers,
i actuators, adaptive structures 4
~ 09 3% Systems of nanosystems
Ex: guided assembling; 3D networking and new
hierarchical architectures, robotics, evolutionary

Risk Governance Frame 2 ——>l¢— Frame 1 —}

Ex: molecular devices ‘by design’,
~2015- >
2020

Fig. 2.1 Generations of nanotechnology development (Roco 2011)

>
= 2010 ‘ 4™: Molecular nanosystems

=

Pacm 6. Hanomexnonozusnune pusodicianuus menoenyusacu™t

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

11 Said Salaheldeen Elnashaie, Firoozeh Danafar, Hassan Hashemipour Rafsanjani Nanotechnology for
Chemical Engineers, Springer, 2015, 95.
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3.2. HaHoTexHoJIOTHsSLJIAp TYFPUCUHAA YMYMHI MaAbJIyMOT

benrunanran xoccanu HaHOMaTepuaulap oJulAa WIM-(paH Ba TEXHHUKA
IOTYKJIApUHU TaJA0UK Kuauil. bup Katop HaHOOOBEKTIap MabJIyM Ba yjap aH4YaJ aH
Ooepu kymiananu. Kommowanap, maiina gucnepc KyKyHJap MHTUYKA IJIEHKAIap

mrynap xyminacugas (Pacum 7).

Nanotechnology

NN
/ | \\\\ NG
NN\ .
Material \ N\ T~
/ \ L - Biology
\ N

Object Nanostructured - |

/’ / material % \\ ™ Bionanotechnology
\ T
/ . \ 1 \ P
// /Particle| piate Smart \\ y
/ / Fiber malenal\r\ . \\ :
Nanofacture s S S H
J G \\\ z \\_» -
// \ Metrology Device __ N
/ \ /71 AN T~ System
\
Top—down Y e \ "\ ys
Electronic \
Bottom—up A N
(self-assembly) P Magnetic | Fluidic .
Molecular Photonic Mechanical
electronics

Bottom-bottom

FIGURE 1.1

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

Pacwm 1. Hanomexnonoeusnapoa onmonozus. Hano npeghuxcu
(nanomemponozus, Hanoac6006)'?
Xo03upru KyHra Kelmu0 XOHa XapopaTd IMapoWTHAa fo3aja aTOMIIAPHUHT
OMPUKHIIK Ba XaKMJIa aTOMJIAPHHUHT TYPJIM KOMOMHAIMSUTAPU XOCHJI OYIMITUHUHT
TEXHOJIOTHK YCYJUIapH UIIA0 YMKUIMOKIA.

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

nanotubes):
. Oy TpyOKanap MOJICKYJISIp MacITabaru MaTepuaiapra Kupasu;
. TapkuOuaa rpadut yraepoau 6yaubd axxoind xoccanapra ara.

HanoTrexHonorusmapuHUHT 3HT peaj YUKUIIU aTOMap Ty3WIMaJapUHUHT y3-

12 Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 4
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Y3UHU WUFHUIIN Jeiinnagu. 3aMOHaBU HAHOTEXHAJOTUSHUHT Baszudacu, atomap

Ty3WJIMaJIapyuHA WMFUIITHA TAbMWHJIOBYH TaOUMI KOHYHUMATIAPUHU TOIIUIII.

3.3. HaH000beKT, HAHOMATEePHAJl, HAHOTEXHOJIOTUsl TYIIYHYACH

Hano - “10°”. lllynaii Kuiub HaHOTEXHOJIOTHSIAPHUHT (DAOIMAT COXACUTA,
X0X OuTTa ynmuamaa OyiacuH v OwinaH ymyaHaguran oObekTiap xupanu. Kypubd
YUKUATAETraH OOBEKTNIap KYJIaMH ajoXuja aToM YiIYaMuJaH aH4ya KEeHr,
KOHTIamepatnaprada (tTapkuouaa 1,2 éxu 3 ymuamaa 1 Mxm Ymaamra sra 10%man
OPTUK aToOM OpraHuK MolleKyjanap). Ymoly oOwbektiap 6.0 coH aTomiapaaH
nbopaT AMACIUTU KyJla MyXuMm, Oy 3ca MOJAJAHUHT JUCKPET aTOM-MOJEKYIISIp
TY3WIMACUHUHT Maij0 OYIuIM €KW YHUHT KBAaHT KOHYHMSTIApUHU Oenruiad
oepaau (pacum 8).
Table 1.1 Some nano concepts and their intensions and extensions

Intension Concept Extension

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

One or more geometrical features MNanomaterial A nanocomposite
in the nanoscale
Automaton with information MNanodevice  5Single electron transistor

storage and/or processing
embodiments in the nanoscale

XKansan 1. HaHokoHuenuuss Ba yJapHUHT TapKMOM KUCMH Ba
Ky uIanumm 3

1) HanooObekTHn  aHumkjam. Hanomerp ymuamimum Xap  KaHjal
dbuszukaBuil 00beKT 1X2x3X KOOpAMHATAIM MaioHAa (Te3 KyHJa BakT yadamuia
OYTIUIIIN MYMKUH).

2)  Xap kaHmad amTepuall OOBEKT HAHOOOBEKT JCHWIAIM, yiapia 03a
aTOMJIADHUHT COHU XaXMJAarud arOMJIAQpHUHT COHM OWJIaH COJMINTHPMA EKU
IOKOPH.

3)  HanooObkTHM aHukiam. HanooObekT - 1 €ku KYNpOK KOOpAWHATA

ymuamnu, A€ BpoWIHMHr 3JIEKTpOH y4yH TYJIKWHU  Y3YHJUTH  OwWiiaH

TaKKoCIaHaauran o0bekT. (1924 iiunga gusuk omum ae bpoiins “@oTtonHnap yuyH

13 Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 5
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KOPITYCKYJIAp TYJKUHIW JTyaqu3M TaOMaTHUHI HCTalraH 3appacd Y4yH MocC”

JIeTaH.

Oy epaa: h — [lnank nouMmucH; p — DJEKTPOH HUMIMYJICHU; As — A€ BpoiHUHT
TYJIKAHMU.

4)  HaHOOOBEKTHH AHHMKIAII. Y3MHHHT YITYOBIAPUIA XOJAMCAHHMHT BHT
CYHITH YIUOBUIAH XaM KMYMK OOBEKTIapHU adTumanu (y €ku Oy XOJIHMCAaHUHT
NOJIIPU3AIMOH paAuyCcu OwiaH Oup Xuil YiadaM, DSJICKTPOHJIAPHUHT SPKUH
XapakaTjaHWIl Y3YHJIWTHM, MarHuT JOMEH YiI4aMH, KAaTTUK >KMCMHMHT Maiao
oOynui ymyamu).

5)  HanooObekTHU aHukiam. HaHoOOBeKT — Oy y4 MaioH YITYaMHHUHT
xeu Oynmaca ourracuga 100 HM naH kam Oynmaran ymuamian o0bekt. 100 HM — 1€

DBpOWITHUHT 37EKTPOHY YUYH TYIKHWH Y3YHJIUTH.

A
L

10% < Macro A ! Gand | Human
icl i Pollens | | hair
\ particle A i 4 &
10¢ 4 : Y | Yeast
Micro ! Bacteria 4 Red blood cells * cells A b
particle E ! l dander
al ! I A
1000 | | Paint i A
¥ P | Clay I
. Macro | pigment * | Cooking
E 100 4 molecule : + smak
8 !
@ i !*V:rus i Colloidal
Micro A ¢ silica
10 1+
molecule | Pyrogen 1 " E Micelles
Y ! i
L+ "‘ ; Sugars ¥ dot
Gas ion salts
0.1 J

A 4

Size of substance

Fig. 1.1. Examples of zero-dimensional nanostructures or nanomaterials with their typical
ranges of dimension.
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Size scale of nanoscience divisions of physics, chemistry, and biology are ¢ ded to
mmmm‘mmmwmumsm
&n—-qmquﬂumwwma&”
possible by advances in nanoscience and nanotechnotogy.

Applicatons of
nanotechnology
Material

design

uantum effects

um Integrated
og Electronic devices exploitation of
u - Functional phatonic devices. biologic principles.
A molacular design! S8nsors physical laws,
N biochips chemical properties
o] s Supramolecular]
chomistry
m | T T T T T 1 |
1880 Today 2020 2040 Year
Pacwm. 8. Tunux  yauamau O-yiwamau  manomusumaap  6a

HanoMmamepuaiapHune Hamynanapu 410

Hanomarepuamnap Oy HaHOOOBEKTJIADHUHT ¥y3u (arap yjap TypiH
TEXHUKAaBUII MocjamMa Ba yCKyHajap Talépiamra Xu3Mar KuWica, XyJIau
HAaHOOOBEKTNAp ymI0y Marepuaiapia MabiyM OHp XYCYCHST IIaKJUIAaHTHUPUIIN
yuyH Qoinanianmianu €K HAHOKOHCTPYKTOPJIAaHTaH MaTepualiap kKadu).

“HaHoTexHojiorus “TyllyHYacd ‘‘HaHOMaTepuan’  TyHIyHYacu OuiaH
yamOapuac OOFJIHK.

“TexHosorus” araMacu y4 TYLIYHYAHU AHIJIATAAM:

1) TeXHOJIOTHK >KapaéH;

2) TEXHOJIOTHK XyAOKaTIIap TYTIaMU;

3) Kaifta wunoUIam Kapa€HJIAPUHUHT KOHYHHUATIAPU Ba MaxCyJOTHU
ypranyB4YM WwiMuii gaH.

HanoTrexHoJiorusi — HaHOMaTepUaAIIAPHU OJIUIII, KailTa WILLJIAIl Ba KYJLJIaml

KOHYHUATIIAPUHU YpranyBuH QaH.

3.4. Hanoo0bekTap TaBcudu.

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

15 Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 2.
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HaHOOOBEKTHUHT KaTTa-KUYMKIUTH — HAHOOOBEKTIAPHU TaCHHU(IAUTHUHT
acocuaup.

Karra-knunknkka MyBoQUK Kyhdugaruiap dpapkiaHaau:

1) 0-D nanHoOOBEKTIap — YyJAApHUHT 3 Ta MAKOH YIYaMUHUHT XamMMacu
HAaHOMETp Auana3zoHuaa €raau (Kynoa Kuinbd aiTranaa: 3 YI4aMHUHT XaMMacu <
100 uM).

Bbynnaii 00beKT MaKpOCKOIIMK MabHOAA HYJIbMEpIN Oynaau Ba ry cabad:mm,
AJIEKTPOH XOccallapy HyKTau HazapuaaH, OyHJai oObeKTiIap KBaHT HyKTaiap ae0
atanaad. Ynapaard Ae bpoinb TYIKMHM Xap KaHIail MakOH MHKJIOpPJAH KaTTa
Oynmamu. KBanT HyKramapgaH Jasep KypWIHMINIHAIA, ONTORJIEKTPOHUKAJA,

¢doToHMKaa, CEHCOpHKaaa Ba Oomkagapaa ¢oinananumnamy (pacm 9-11).

(a) *

-
. !.t‘- L
L ]
' -
v \
Y e N
- “*
L ]
4 . ; .

Fig. 3.10. SEM micrographs of gold nanoparticles prepared with sodium citrate (a) and
citric acid (b) as reduction reagents, respectively, under otherwise similar synthesis condi-
tions. [W.0. Miligan and R.H. Morriss, J Am. Chem. Soc. 86, 3461 (1964).]

Pacm 9. Kaiimapysuu cugpamuoa xyinanunaouean Hampuii yumpamu 6d
JUMOH KUCTOMACUOG2U OJIMUH HaHo3appadanapu™®,
@ & o &ﬁ =

'5';;7 o e 4 3 |
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Fig. 3.19. SEM micrograph of silica spheres prepared in the ethanol-ethyl ester system.
[W. Stober, A. Fink, and E. Bohn, J. Colloid Interf. Sci. 26, 62 (1968).]

Pacm 10. Dmanon-s¢pup myxumuoazu Kpemuesem nanosappadanapu’’.

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

17 Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 86
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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. Aopo-xobux nanoxpucmannaprune cunmesu CdSe/CdSt®

2) 1-D HaHOOOBEKTIap — UKKH Ya4aMJa HAaHOMETPHUK KaTTalMKKa, YIUHUYU
ynuaMaa 3ca — MaKpOCKONMK KaTTajliukka »ra Oynamu. bymap sxymnacura
HaHOCHMJIap, HaHOTOJIaj1ap, OMp AEBOPJIM Ba KYII I€BOPJIM HAHOKYBYpJIAp, OpraHUK
MakpoMoJieKynanap, my okymwianaH JIHKHuHr wkkm KaBaTiu crnupamiapu

kuputmiam (pacm 12-15).

Growth species (6} Diffusion of

in the bulk by-products
() Dil‘fusiul\
from the bulk .

(23 Adsorptionf R
to the s dss«orptior:: of {4} Irreversible {Sf) D‘:St‘_"rp""“

growth species incorporation of ]O; fc:;dlmou

\ (3) Surface diffusion C'yg'“‘:m“l’ ;P“m:ﬁi;;"" /‘ o P
of growrth species ; -

---------- - ) ————»

| Solid Surface |

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

Pacm 12. I'emepocen peaxyus Oyiuua 6-kappaiu KpUCMAulapHuHe YCuul

muzumu®.

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

Pacm 13. Pyx oxcuou nanonatiuanapu yyyw SEM ea TEM snexmpon
muxpomacsupaapu®®.

18 Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 104

19 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
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Fig. 4.8. (A) SEM and (B) TEM micrographs of CuO nanowires synthesized by heating a
copper wire (0.1 mm in diameter) in air to a temperature of 500°C for 4 hr. Each CuO
nanowire was a bicrystal as shown by its electron diffraction pattern and high-resolution
TEM characterization (C). [X. Jiang, T. Herricks, and Y. Xia, Nano Lett. 2, 1333 (2002).]

Pacm 14. Muc okcuou uanocumnapu yuyn SEM ea TEM snexmpon

mukpomacsupnapu *.

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'az-cyroxnuk-kammux H#CUCM VCYIUHUHE CXeMACU. d- OOWNAHEUY
sappaua xocun 6y, 6- yeuu®,
3) 2-D HanooObekTIap — dakat OuTTa yIdamaa HAHOMETPUK KaTTaJIMKKa dra

Oynaau, KoJraH UKKUTa yadamja dca 0y KaTTaIMK MakpocKomuk OVmanu. byHmait
00BeKTIap >Kymjacura OWp TapKUOJIM MaTepUATHUHT o3ara SIKUH WHTHUYKa
KaTiamjapu: IUIEHKalap, KoIulamanap, MeMmOpaHanap, Kyn  KaTJIamiiu
reTepOTy3uIMaNap KUPUTUIAAN. YJIAPHUHT KBAa3W UKKU YITUYaMIIWJINTH AJIEKTPOH
ra3HUHT  XOCCAJIAPUHHU,  JJICKTPOH  YTUNUIAPHUHT  (p-  YTUILIAPHUHT)

XYCYCUSATIAPUHHN Ba ITy KaOWJApHHU Y3rapTHUPUILI UMKOHUHU Oepanu. Aiinan 2-D

2nd Edition, Imperial College Press, 2010, 120

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

22 Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 129
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HAHOOOBEKTIAP PAAUOIIKTPOHUKAHUHT TAMOMMJIA SIHTH 3JIEMEHT 0a3acUHU WUILIA0
YUKUII YIyH acoc Yina® TOmuIl MMKOHMHU Oepanu. By sHIu HaHO3JIEKTPOHUKA,

HAHOONTHKA Ba 11y Kadbuiap 0ymaau (pacm 16-19).

paw , doa ., &

lsland o Wolmer—Webser growth

o o, SR, S

Luwer or Frank—van der Merae growth

oo, S, el

Iskand-layer or Seranski-Krastonow growth

Fig. 5.1. Schematic illustrating three basic modes of initial nuclzation in the film growth.
Island growth ococurs when the growth species are more strongly bonded to each other than
1o the substrate.
Pacm 16. FOnka naenkanapuune ycuwt cxemacu. Oponvanu ycuut cyocmpam
bunan mycmaxkam 6oenanzan 3appavanap yuyn bopau >

]
i

Film

Subsiraie

| I
Slaiched Strained Rzlnmed

Fig. 5.3. Schematic illestrating the lattice matched homoepitaxial film and subsirate,
stramed and relaxed heterocpataxial structures.,
Pacm 17. Femepoanumakcuaﬂ NJIEHKAJlapHUHe cmpecaaeu 6d
peﬂakcauuﬂ()aeu comoonumaxKkcuan NnieHKa ed cy6cmpamHuH2 KpucmaJiin

nauacapacu cxemacu, Pyx oxcuou nanonatiuanapu yuyn SEM ea TEM snexkmpon
Mmukpomaceupaapu®®,

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

24 Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 179
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Flow and Reaction

o || O

l %__$%._%. , Diffusion .3_-3..1-1
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H

Fig. 5.14. Schematic showing the principal elements in the complex diamond CVD
process: flow of reactants into the reacter, activation of the reactants by the thermal and
plasma processes, reaction and transport of the species to the growing surface, and surface
chemical processes depositing dhiamond and other forms of carbon, [JLE. Butler and

D.G. Goodwin, in Properties, Growth and Applications of Diamond, eds. M H. Nazare and
A_J. Neves, INSPEC, London, p. 262, 2001 )

Pacm 18. CVD ocapaénu 6yiiuua HAHOOIMOCIAPHU OJUWHUHE NPUHYUNUAL
MUUMU. PeaceHMIIaPHUHE DeaKmopaa OKUMU, DedazeHmidpHU MepMUK HcapaéH
eKu niasma Oounau aoananuwy, YCysuu 103anaped 3appaianiapHuHe mawuo

Ymuaumy 8a peakyuscu, OJIMOCIAPHUHE 8ad YelepoOHUHe O0wWKa WAakKIapuHu
YPKMUPULHUHS 10300021 KUMEEULL HCapaénaapu®.

Q annen
E"’?ﬁ% 8a8aR
slorslolel 111

FIGLRE 6.6

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. Jlenemiop-bnoodacem naenxanapunu onuw. Monokasam, buxasam,
y-myamukagam. Aeapoa «taily «headyoan kuuux Oynca nonap am@ugun
MONEKYAANap V3-Y3UOaH MUYeIIanap XoCun Kunaou’®

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

% Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 110
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Xo3upru BakTAa 2-D HaHOOOBEKTNIAp XaMMaJaH KYIpOK XHJIMa-Xuil
aHTHU(pa3rOH, aHTUKOPPO3MOH Ba XOKa30 Koruiamajap cudaruga Xu3Mar
KWIMOKJIa. ¥Y1ap MoJeKysip puiibTpiaap, COpOSHTIp Ba Iy Kabuiapaa TYypJid XUl

MeMOpaHaiap SpaTUll YIyH XaM KaTTa axaMHsITra ara.

Qyepennap.
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2" European Commission EUR 21151, Nanotechnology : Innovation for tomorrow world, Luxembourg: Office for
Official Publications of the European Communities, 2004, 56.
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ore ready Magnetite nanopartides
Jecomes a in od. The fluid can be

controlled and shaped
magneticaly.
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&

o 10.0 M

Hanoonmocnap.

I'aznmu ruppatnap. I'aznapaaru kiacrtepiap.
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Hasopar caBoJsuiapu

“Hanomatepuaiiap” TylryH4acura Tabpud OepHHTr.
HanomarepuamiapHuHr kangai TypiaapuHu Ouacus?
Hanomerposorust Ba HaH0ac000 /160 HUMara auTuaTu?

HanomarepuaniapHUHT anoxuja XyCyCUsTIIapHUHT cababu HuMana?

1

2

3

4

S. Myp KOHyHU HUMA?
6 Kpunep KOHyHH TYUIyHTHUPHUHT?

7 0-D HaHoOOBEKTIapra MUCOJ KEATHUPUHT.
8 1-D HaHooOBEKTIApTra MUCON KEATHUPHUHT.
9

2-D HaHOOOBEKTIIapTra MUCOJ KEATHUPUHT.

10. dynnepeHnaap Ba Yriaepoaid TPyOKaJapHUHI KaHIal TypiapyuHU
ownacus.
11. CymnpaMonekymsip MoAaajiapra MUCOI KEITUPHUHT.

DoiigaJaHIITaH agaduéraap
1. Jeremy Ramsden Nanotechnology, Second Edition: An Introduction
(Micro and Nano Technologies) 2nd Edition, Elsevier, 2011. 35.
2. G.L.Hornyak, J.J. Moore, H.F.Tibbals, J. Dutta. Fundamentals of
Nanotechnology.-CRC Press, Taylor and Fransis, 2009, 24.

3. David Rickerby Nanotechnology for Sustainable Manufacturing,
Taylor and Fransis, 2014, 21.
4, Jeremy Ramsden Nanotechnology, Second Edition: An Introduction

(Micro and Nano Technologies) 2nd Edition, Elsevier, 2011, 12.

5. Guozhong Cao, Ying Wang Nanostructures and Nanomaterials:
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Synthesis, Properties, and Applications 2nd Edition, Imperial College Press, 302.
6. G.L.Hornyak, J.J. Moore, H.F.Tibbals, J. Dutta. Fundamentals of
Nanotechnology.-CRC Press, Taylor and Fransis, 2009, 12.
7. Said Salaheldeen Elnashaie, Firoozeh Danafar, Hassan Hashemipour

Rafsanjani Nanotechnology for Chemical Engineers, Springer, 2015, 95.

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

(Micro and Nano Technologies) 2nd Edition, Elsevier, 2011, 5.

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

11. Guozhong Cao, Ying Wang Nanostructures and Nanomaterials:

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

4-maB3y. 2D-HaHocTpyKTypajaHran MarTepuajiap Ba  yIJIepPOAJIH

HAHOMATEPHAJ CHHTE3 yCyJIapu

Pexa:
4.1. 2-D HanooOwekTnap (ronka rieHkanap)
4.2. ®azanu dMUTAKCHSL.
4.3. Yrinepojim HaHOMaTepuasuiap
4.4, YraepoJau HaHOMaTepualiap CUHTE3H.

4.5. Yraepo i HaHOMaTepruaIapHUHT UIILTIATUITULIIH.

Tasinu nb6opanapu: romnka rieHkanap, daszanm snuTakcus, QyiiepeH, rpadeH.

4.1. 2-D Hanoo0bekT1ap (10nKa mjieHkKaaap).
Texnukama Korama cudaruna Qoimgananmnagu. HOnka muieHKamu
KOIJIAMAJApHUHT  SIPATWIWIIN  JacTIa0KW  MaTepHATHUHT XOCcaJlapuHu

y3rapTupul, OyHIa XaKMHUIa TETMACIUK Ba TEOMETPUK YIuaMIapHU OLIMPMACIIHK
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uMKOHUHM Oepanu. Kanuunuru 1 MkMmaan opTuk smac. Kornamanu WuiaTuIIiHUHT
SHT Ky TapKAJIraH Makcajlapu:

1)Typnu neramiap MaTepUaUIapUHUHT €MUPWIMIITA YuI)EHAMIUITUTUHH,
MCCUKJINKKA Ba KOppo3usra 0apKapOpIUTHHU OLIUPHILL

2) Mukpo, HaAHOPJEKTPOHUKA, ONTOAIEKTPOHMKA, CEHCOPUKA  Ba
OOLIKANapHUHT JJIEMEHTJIapu Y4YyH IUJlaHap, Oup KaBaTiM, KYIm KaBaTJIH
reTepOTy3uIMaNap paTull;

3) HO3aHuHr oONTHK  KYpCcaTKUWIApUHU  Y3rapTUpUII  (XaMeJleoH
KY30iHaKIap);

4) AxO60poTHH €3U0 OJUII Ba cakjall AJIEMEHTIapuaa MarHUT MYyXUTIIap
SApaTUll Y4yH;

5) AxOopoTHH €3u0 ONUII Ba cakjall ONTHUK BocuTanapuHu sipatuin CD,
DVD npucknap;

6) IOTkuunap, ra3 apajammMantapuHUHT CelapaTOpJIapuHy, KaTaiau3aTopiiap,
KUMEBUN MOIM(UKaLUsIIaHTaH MeMOpaHasap Ba Iy KaOUIapHU SpaTUlL;

KO3aHuHTr XU3MaT KYpcaTKUWIapuHU SXIIiamra (SbHU yiiapra IjeHKanap
spaTuiIra) Oup-oupHIaH MyTJIaKo (papKiIaHyBUM MKKUTA EHAOLIYB MaBKY/I:

1)  IO3ara skuH KaTiamiaapHu xap X1 (KAMEBHM, UCCUKIUK, MEXaHUK,
panvanMoH €KUM YJIapHUHT KOMOMHAIMsUlapy) HWOUIOB Oepuil  Eépaammuia
MO U (DUKALIUSIIALL

2)  bBorika aroMIapHUHT KYIIMMYa KaTJIaMIapuHA OCpHIIL.

Komnamanap CypTHILIHUHT XaMMa yCyJUIapUHU UKKUTA TypyXra
OMpIAIITHUPULI MYMKHUH:

1)  byr ¢asacunan ¢pusuk uykrupum PVD;

2)  byr dazacugan kumésuii uyktupui CVD.

Nkkana xomarna xam sxapa¢H BaKyyM Kamepajia amajra OIMpUiIaan, YHIA
0ab3aH TEXHOJIOTMK Ta3HMHT yHYa KaTTa OynMaraH OOCHUMH XOCHJI KWJIMHAIH
(aucOaran kumMEBUU HelTpain raznap — Ar, No, aTunen).
byr dbazacunan pusuk uykrupum ycymapuaa (PVD) saru matepuannu Tarmmkka

eTKa3u0 OCPUIIHUHT acOCaH MKKUTA ycyiuaaH doinananmnamy (pacm 1-2):
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1)  TepMuKk KM3IUPHII XHUCOOWTA MypKaml (KA3IUPHUII KyJa XHIMA-XUIT
ycyjuiap OuiiaH: PE3UCTHB, SJEKTPOH-HYPJIM, WHTYKIMOH, Ja3epid Ba OOIIKa
ycyJiap OuiaH);

2)  HeiiTpan ra3map Te3namrad HOHJIAPUHHUHT, MacaJlaH:

Ar nonnapausr Ek kuHeTuk sHeprusicu xucooura nypkaii. MycOat non Ar
KaToJHU OOMOApAMMOH KWJIagu, KaToAja MypKajJaJuraH MAaTepUaJHUHT HUIIOHU
Ba T.0. YOy MaTepuaHUHT (PU3UK MypKATUIIN 103 Oepaiu.

®dapku — pakaT MaTepUaIHU ITypKall yCyJIapyuia Xoyuoc.

——...\_\\
Hilder \t'- Vacum
m Ycharrher

Evaporant

e

FLTETS
i

%

Elecirade ‘ l Elactrode
| T
parc

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. Tunux 6yenamysuu muzumu 6axyym Kamepacuoazu manba 6a
cybcmpamoan mawkun monaan®e.

byr ¢pazacuman 4YKTUpUIIHUHT QUMK YCYJUIapu OWJIaH FOSAT XHJIMA-XUJT
KoIlamaiap KoIlIaHaJW, YyHKH Oy yCcyJurap KeHT Kyjaamaaru (asuiatiapra ara:

1) bBynpait ityn OusiaH KOIUIaHUIIM MyMKHUH OYJIraH MaTepHaJJITapHUHT FOST
xunMa-xuumry (Me. Kotummmvanap, nonmuMepiap, 6ab3u KUMEBUN OupUKMaap);

2) TarmMKHUHT FOST KSHT UCCUKJIMK TUAIa30HuIa CU(aTIN KOoTuIaMaiap

OJINIII MYMKHWHJIUT U,

28 Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 183
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3) by xapa€HHUHT KyJda XaMm IOKOpU Japaxkaga To3aiauru, Oy sca sxiu
cudatian ENUIIUAITHA TAbMUHITANIN;

4) Jletaymap KaTTaJUry )KUIIUN Y3rapMaciaury.

byr ¢dazacuman KuMEBHWI UYKTHUPHIN YyCyJUlapuia KaTTHK MaxcCysoTiap
(TyIeHKa) TarMKAa KaMEpaHUHT MINYM atMocdepacu aTomiiapu HWIITHUPOKUIATH
KUMEBUM peaklys HAaTWKacuaa ycaau. byHnai peakuuss KEUUMIIA YYYH DHEPTUS
MaHOnmapu cudaruga y €ku Oy 3J€KTp 3apsauia, 0ab3uga dca ja3ep HypuiaaH
doitnananagunap. TexHOIOTHK KapaCHIApHUHT Oy TypU aBBaJrMCUra Kaparasja
XUIMa-XWUIAT OWjlaH axpanuO Typaau. Y HadakaT KoIlulama sipaTuiiaa, Oajaku
HAHOKYKYHJIap SpaMIija XaM uiniaTiaam (pacm 3).

by ycyn Ownan yriepomanu KuMEBHMM Oupukmanap-kapougiap, CN-

HUTPUAJIAP, OKCHJIIAp Ba OOIIAIapHU OJIMII MYMKHH.
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Fig. 5,12, A lew common setups of CVD reactors,

Pacm 2. CVD peaxmoprapnune Kypuimanapu .

2 Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
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Fig. 2.11 Events take place in the CVD process (http://postechlocal.k2web.co.kr/user)

Pacm 3. CVD cemepocen peaxyus Oytiuva  KpUcmailapHuHe YCuud

mu3uMu30.

1. OTrWIyBUaHIMK Ba XWIMa-XWUIMK, Oyjap KOIUIaMaHW Tabuatu Ba
HIaKJIA Typyinda OyiraH (ToJjiajiy, KYKYHJIM Ba OOIIKA)MOAJI0KKAJIAp CUPTU/IA SIXIIN
TypuO KOJIMIII UMKOHUHH Oepaiu;

2. 3apypuil  TEXHOJOTMK YCKYHAJIApHUHT HHCOAaTaH  COJJAJINTH.
ABTOMATIAIITUPHUIUIIIA OCOHJIUTH;

3. dolanaHuIra SpoKJIn KUMEBHH peakiusuiap Ba MOIHAJapHUHT
TaHJIOBU KaTTaJIUTH;

4, KomiamMaHuHT TY3WIMINH, YHUHT KaJIWHJIWTH Ba JOH XAKMUHUHT
MOHUTOPUHT KUJIUIIIMHYA Ba OOIITKAPUIIHIIIN;

5. JoHnapu-sibHU SPUMKPUCTAIIT Ty3UJIMAJIapy dJIeMaeHTIIapH.

Onka mnéukanu Ty3unamanap unuiad YuKapuinga SMUTAKCHI KapaéHiap
KaTTa poi YyiHaiau. Onurtakcus — Oy Xyany Iry EkuOoIllKa maTepuan, s’bHU
MOJJIOKKA CHUPTUTa MaTepuall KaTJaMHHU YCTUPHUINTa KapaTWIraH TEXHOJOTHK

x)apaCHaup. Arap TOJJIOKKAa HUHT Ba IJIEHKAHWHT MaTepuain Oup-Oupura moc

2nd Edition, Imperial College Press, 2010, 194
% Said Salaheldeen Elnashaie, Firoozeh Danafar, Hassan Hashemipour Rafsanjani Nanotechnology for
Chemical Engineers, Springer, 2015, 100
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Tyiica, Haa Oy >kapaéH aBTOAMMUTAKCUS ACHIIIaIN, arap MOII0KKA Ba INIEHKAHUHT
MaTepuauiapu Oup-Oupura mMoc kenmaca, yHjaa Oy skapaHHH TeTEepOIMUTAKCHUS

nevinnany. bapua snurakcuan xxapaéuiap UKKU cuHdra OyiuHaau:

1. OnTyBunm MyxuTiHm Okapa€unap: (cyrok ¢aszamu Ba OyF (azamm
AMUTAKCHUSIIAP);
2. DNTYBYM MYXUTCHU3: (BaKyyMJIM SmUTakcusiiap). Mosekymnsp Ooriu

€KM MOJIEKYJIAp HYPJIM IUTAKCUsIap.

4.2. ®a3ajm INUTAKCUS

Cywok (paszaau smuTakcus.

Ad3amnuknapy Ba KaMUHIMKIIAPH.

Cywk ¢aszamm »snurtakcus acocan GaAS, GdP2 kabu kaTiaamiau
APMYTKA3TUWIM  OWpUKMaNap  OJIMII  Y4YyH  KYJJITAHWIA[W, [IYHUHTJEK,
MOHOKPHUCTAIIJT KDEMHUHN OJIMIITHUHT acocui ycyiuxucoOianaau. XKapa€n a3oT Ba
BoJopon arMmocdepacuga (KopuliMa EKM  TMOJJIOKKA CHUPTHAArd  OKCHUJT
MIEHKAIApUHU THUKJIAIl Y4YyH) €KM BakyyMJa (nactiiad OKCcHJ IUIEHKaJapuHU
TUKJIA0 onrad) yTkasuinaau. KopuiiMa moasioxkka CupTura CypTuiaau, OyHaa yHu
KMCMaH SPUTAY Ba YHUHT KaMUYMJIMKJIApH , UPIOCIUKIAPU HYKOTHIIAIH.

I'az ¢asaam snurakcusas — Oy SAPUMYTKa3TUWIAPUHUHT SIUTAKCHUSII
KariamiaapuHu OyF Ba ra3 (asamapujaH 4YyKMa XOCHUJ KWIMIN Hynu OwusiaH
OJIMHUIIMAMDP. OHr Ky ~ KPEMHMIUIM, TE€PMaHWIH, apCEeHUI-TaJUIAIICH
APUMYTKA3TUWIN  yCKyHalapAa aTtmocdepa OOCMMUBA HC Ja KYJJIaHWJIAJIH.
Kapaén BepTuKan €KMW TOPU3OHTAN THUIJATH MaxCyc peakTopiapia armocdepa
Ooocumu octuaa €ku mact Oocumua yTkazuinanu. Peakums 750-1200 rpagycraua
KU3IUPWITAH SIPUMYTKA3TUWIN TIACTHHKAIAp CUPTUTa 00paIu.

MoJiekyJiip HypJIH YU TAKCHUS.

Ad3zannmukiapy Ba KaMUHIAKIIAPH.

Monexynsp nypau snutakcust (MHD) €ku Mmonekymnsp OOFIM STUTaKCus yTa
IOKOpM BaKyyM ILIAPOUTHIArM DJIMUTaKcuana ycuwgup. by rerepouerapanapu

MOHOAQTOMJIIN CHJIIIHNK 65'1J'IF3H OJIIUMHAAaH 6epI/IHFaH KAJIUMHIUKAAIn IcTCpo
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TK3WIMAaHUEKH JINTEPIaHUI MPOPMINA OJAUHIAH OENTHIIaHTaHTeTePO TY3WIMAHU
YCTUPUII UMKOHUHHM Oepaau. DNMUTAKCUS Kapa€HU YUyH CUPTH aTOMJIAp CHILIHK

OYJraH SXIIM TO3aJIaHTaH Maxcyc MoAJIoKKaIap 3ypyp (pacm 4).

Atoming —-
beams

Pacm 4. Monexynap nypau snumaxkcusinune cxemacu

NynanTupuiard ycrupum. oaauid Ky3 OuiaH KaparaHaa Xam SIajok,
KATTUK CUPT-KPUCTAILI KUCMHU KYPUII MYMKHH.

Mukpockorna: aToM Ba KUMEBUN OOFJIAHUIIIHUA KYPUIII MYMKHH.

ITomJi0kKa aTOMIIApUHT CUPTra KOMIAIIMIINAAA SPKUH aTOMIIAPUHU
KOMJIANIUIINTA HYHANTHPUITaH 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. V3-y3uoan xocun 6ynysuu monoxasamuune gpaemenmu. LXR. S-
cyocmpam ounan doanatiouean LX- nononsap 3andxcuprune R-peaxyuon 2ypyxu. L
2a 602IUK PAsULOa MAMEPUATHUNS WUMOUPUULL XOCCATAPU 32apUni MyMKUH L

0. 09000
FO: sl

15957 99998
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S

FIGURE 6.6

Langmuir-Blodgett films. (a) A monolayer: (b) a bilaver; (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 spontanecusly upon dispersal in water if the amphiphilic
molecules have a smaller tail than the head (see Section 8.2.9).

Pacm 6. JIsnemiop-bnoodacemm nienxanrapu. A) monoxasam, 6) buxaeam, 8)
V-mynomuxasam?

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

32 Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
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Pacm 7. JIsnemop-1llégep ycynu. a) JIsnemwop Monoxagamunu Xocun KUiuo
noJisp cyocmpam acma cekuH Kymapuiaou. 0) UKKUHYU MOHOKABAM
YPKMUpUIaou, Koniaueaw Honoasap cyocmpam Jlouemwop nieHkacuea 20pu3oHmail
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FISURE .10

Upper panek: deposition of a polycation onto a negatvely charged subsirate folivwed by 2
pokanion. Lowsr panel: deposiion of a polycation fallowed by a negatively chaged
nanopartice onio a negatively changed substraie [112].

FIGURE &.11
A palyion approaching a surface already covered with its congeners (see st
ses !l ; . .
=== OO 0O-0-0—0-0-0— — O OO OO 00—
Pl P
FIGURE 6.12
Owercharging resuling from adsorbed polyion tils (see e,

Pacm 8. Ionuxamuownap ea 3appauanapuu cybcmpamea wyKmMupuiu.
Tonuuonnapuu adcopbyus eaxmuoazu opmuxda 3apsaou".

Edition, Elsevier, 2011, 110

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

Edition, Elsevier, 2011, 111

3 Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 103-123
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4.3. Yriepoaju HaHOMaTepHaJLJIap

AMepukanuk apxutektop Dyep apXuUTEKTypa KOHCTPYKIUSICUTA SHTH

9JICMCHTHU KUPUTIU.

1985 i¥wmnma Xyamu [IyHAAW  KOHCTPYKIUATA OWPPUKAH — YIIIEpPO.
3appavanapu Tomwiad. by Mmonnamap ¢ymiepennap ne6d arangun. @ymiepen C-60
(60 Ta C atomn), dpymrepen C-70 (70 ta C atomnn), dymnepern C-1000000 kam
OYIUIIN MyMKHH.

VYrnepon aromnapu 60 Ta aTomiapAaH TamIKWI Tonrad Ba cdepaga 1 HM
JTMaMeTp/Ia Koilamaral IKOpH CUMMETpUK moJiekyna C-60 HU XOCHI KUJIMIIN
MyMKuH. bynaa Jleonapn Diinep Hazapuscura MyBopuk yriepos aromiapu 12 Tta
TYFpH bHIIbYpYakK Ba 20 Ta TYFpU OJTUOYPUYAKHU XOCHIT KUIIAIH.

V3 nas6atuna C-60 Monekynanapy GyuiepuT 1e6 HOMIAHAIUTaH KPUCTAIL
XOCHJI KWJIMIIM MYMKHH. By pucTann rpaHuiieHTpupoBaH KyOau naHxapa Oyiuo,
YJIIApHUHT MOJEKyJsip Oornapu 3amd. Dymnepennap aTtomiapra HucOaTaH aHua
HUpUK OYJIMIIMHU XHCcOoOra oJcak, maHXapa yHYa 3u4 >KoWjamran oynaau. SbHu
XaXKM/Ia OKTadJIpHK, OYIIIMKKA dra. Terposapuwk OYIIIMKKAa 3ca &1 >Kucmiap
oymumm mymkuH. Oxtodnpuk OVnumkmapuau Me (K, Rb, CS) umkop monnap
Owtal Tyaaupuica, y XoJ1a XOHa XapopaTuiad nact Oyiran xapopatiaa QysiepeH
SHTY MaTepuaira ainananu. by sca momumep 3aroToBKacuIaH MIAKI scallira xy/ia
KyJutail. Terposapuk OViuMkiap O6omika HoHIap OuiaH Tynaupuica, yaaa t =40 —
20 K ra Oynran sHru sHTM MaTtepwia Xocun Oymamu. Typau monamamapHUHT
pacopOmusuIam Xycycustiapu Tydaitmm QymiepuTiap SsHTH HOE0 MaTepuaiapHU
gpaTuil  ydyH acoc Oymmu0O xucmar kunaau. Macanan C60C2H4 xywin
dbeppoMarauTk xoccanapura sra. Xosupnaa ynapauar 10000 maH opTHK TypH

MabJIyM. YTJIEpouiapJaH aToMiap COHM KyJJa KaTTa OyJaraH MoJieKyJiajgap OJIMII
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mymkuH. Macanan C 1000000 xynunua Oy Oup AeBopiau €KM KO JI€BOPIU
(uy3unran Hanomaivanap) YHT. BYwpail nHaHomailvanuHr nuamerpu ~1 HM,
Y3YHJIUTH 3cabup Heuya YH MM ra TeHr. byHpal naltuanapHuHT y4uiapu 6 TYFpu
OemOypuak &Epaamuna €nuarad. Xo3upaa Oy SHT MyCTaxKaMm MaTepHaaup.
I'paden — Tyrpu onTuOypuak OVIMO, SCCHM TEKUC Ty3WJMara sra, OUpok rpadeH
TYFpU OJNTUOYpUaKIapHU OWPUH-KETUH alMallyBUJIaH »Mac 5-7 Oypuakiu
KOMOMHALMAIAH XOCWJ JTUITaH Oyica, yHAa TYJIKMHCHUMOH Ty3WJiMara ojra
OYIUIIKM XaM MYMKHH.
4.4. YriieBoaopoJid HAHOMATEPUAJLIAP CUHTE3!

bupunun ¢dymiepennap KaTTUK rpapuT HabMYyHAJIApHU Ja3ep Hypu OCTUAA
OyFJIaHTUpUIIIAH OJIMHTaH KOHJIGHCATJaHTaH Tpadut OyFiapujgaH axpaTuo
onmmHrad. 1990 iunma Oup karop onumuap (Kpemunp, Xopman) Oup Heua rpamMm
ymuamaa QyjulepeHsiap OJMII  YCYJIMHM HWOuiad 4YMKUNIM. Ycyln rpadur
CTEpKEHJIapH — JJIEKTPOJUIapHU aTMocdepanapia 3JeKTp EWuna KyHIupuIlIaH
noopat. Hoan nmact atmocgepana smac. 2Kapa€HUHUHT onTUMAaN apameTpiiapuHu
TaHJIall SIPOKJIU (PyruiepenIap YMKUIIMHA onTuMautamtupan. dymiepenaapHuHT
ONTUMAaJl YUKUIIKN CTEP>KEHHUHT AacTiabku MaccacujaH 3-5% aHol mMaccacuaH.
by dbymnnepen kuiimatTuHUHT Oanana OynummHN Oenrwiaiinu. by ownan Snonmap
K3uknO Kosauinap. Mitsubishi pupmacu yrineBoanapuu Kyaupuin wynu OumaH
ApoKJId QyJIepAapHU OJUIITHU CabHOAT MUKECHUTa 0Ju0 unukawiap. bupok OyHai
bynnepennap ynap cod smac. Ymapunr tapkuduga O, masxya. [y cababmu cod
(byinepeH OJMHUIIMHUHT SITOHa ycyau 0y atMochepana He ékuiaup (Kyiaupuin)
(pacm 9).

Reglon of & elecirons

O4nm |
0.7 rm
10nm

I
Cigp CErbaon sioms position
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Pacm 9. C60 dymiepen cTpyKTypacu (F€KCaroHiap Ba MeHTaronnap )

OymepeH oMyBYM Ba TO3AJIOBYHM KypUIMAIapHUHT YMYMHH COHU OPTraHH
Tydaiian yHUHT TaH Hapxu nacaian. (ApBaiaura- 10000$ 6yica, xo3upma 10/158).
OynnepeH HaApXUHUHT KUMMATIUTUAra cabad yHUHT YMKUII (OU3H KaMIIUTH HMac,
OaJIK¥ To3aJ1alll TA3UMUHUHT MYPAKKaOIUTUIUDP.

To3zanamHUHT CTaHIAPT CXEMacu: KylaupraHja Kypymra yxiiaraH Hapca
XOCWJI Oynaaw, yHW SPUTYBUM OWIaH apamamrtapaawiap (TOM301), CYHT Oy
KopuiiMa Quirpinananu. Koiran TYK panrgard uykma Typiud (ysuiepeHIapHUHT
Maiila nuchepcusiin KopuiMacuaup. by apanamManu tapkuOura Kypa Typiapra
oymui 3apyp. by *kapaéH yTa 10KOpYM MHKPOCKOIUSIIATA CYIOK XpoMmoTorpadus
EpllaMuia Xxama CKaHEPJIOBYM 30H1JIM MUKPOCKOIHUS €pAamMuia YTKa3uiIaau.

ABBaiytapy XyaAu IIyHAal TpaduTHH BneKkTp €M €KM  Ja3epiu
OyFJIaHTUpUII, CYHTpa UHEPT ra3 MyXuTHIa KOoHJeHcaTiam ycynu Owian YHT
onumapau. bupok Oy ycyn ynua camapanu 6ynu6 unkmanu. llly cababnu xo3upaa
SHT MakOyn ycyn Oy - OyfFllaH KUMEBUM YYKMa XOCWJ KWIHMILAUP. ByHUHT yuyH
yraepoJ TapkuOin Oupukma onuHaau. MacanaH aleeTH/ieH, YHH KaTTHK
Ku3aupuiarad, Me kartanuzarop ro3acupa mnapxkamanpumnap. I[llyngan  cyHr
Karranusarop ro3acuna 3ud 0ynuo YHT Jca Gonutaitnu. Ymly pexius ra3cuMoH
YTAEPOJIAPHUHT KaTAIUTUK TUpoau3 ne6 atamanu. Kym xomnmapma tpybacumoH
neujapaa amaira omwupwianu. bynna karanuzarop cudaruna Fe, Co, Ni, nan
doitnananaguinap. YJIapHUHT 3appadajiapy OWiaH TEONUT OYIaKdaJapuHH
tyiuntupanunap. Lleonut — tabuit Matepuai. DaekTp WM, J1azepiu, KU I0OKOpH
Xapopataard CHHTE3HUHT OOIIKa TypiapuiaH Gapkiv YIapoK KaTTaluK MUPOIU3
YTAEBOAOPOIIM HAHOTY3WIMaJIapHU Jjabaparopus macimrtabuja 3mac, Oaiaku
cabHOAT MacmTabuaa Uutad YMKApUIl IMKOHMHU Oepaiu. Yiap yH4a TO3a aMac
Ba TapkuOu xam Oup-xun Oynmaciurn mymkuH. lllynra kapamaii ynapaax
doiianaHuI MyMKHH.

I'padpen — rpadur 3appayanapu. ['paden TanravamapuHu OKCUIUIaHTaH Si

103acura Kysmuinap. by rpadgennu amekTpo du3nKaBuil YIIHOBIAp YUYH TaAKUKOT

3% Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 195
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KWJIUII MMKOHMHU Oepanu. Macanan rpadeH OJUIIMHUHT KUMEBUU YCYJIH:
kpuctauicumon rpapurra HCl Ba H,SOs HM Tabcup stuppamwnap. ByHuHT
HaTwkacuga rpadeH TaHTradamapuja OKCHIUIaHWII pyi Oepaau. ['padenHmHr
KapOOKCUJI TypyXd THOHUXJIOpUITra WILIOB OepuIll Wyiau OmWiaH XJopuajiapra
atmantupunaau. Ulyngan cyHr sca terporuapodypyHiIap, TETpaxJopMeTaH Ba
3UXJIOPO3TAH HpUTMANapyUia OKTaJelMIaMHUK Tabcupuna Kamuuiaura 0.5 Hum

Oynran rpaduHIM KaTiaaM Xocw oyiaanu (pacm 10-12).

R YAV AN A AN N .
3

A VAW N o WA N N Ny

FIGURE 9.1

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

Pacm 10. I'pagpen. Yenepoonune sp? kumésuii boenapu (d(C-C) = 0.3 nm)*

3 Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 190
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Pacm 11. I'paghen 6a yenepoonune nanomamepuaiiapu

FIGURE 9.2

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

FIGURE 9.3

A multiwaiad carbon nanotube (MWCNT): concantric single wall nanatubes of diferent
diameters nesied within each other. Reproduced with permission from [24].

Pacm 12. Bupxasamau éa Kynkasamiu yenepooiu HAHOHAuuaiap, pegen

MOHO Kagamu®’

87 Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 192
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FIGURE 9.5

A forest of carbon nanotubes produced by pesma-enhancad chemical vapor deposition
{PECVD). The substratum must first be covered with meta (e.g., Fe or Ni) catalyst tslands.
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 époamuda onunzan nanonaiuaiapHunz ypmonuse

Kpemuuit xkapOuan o3acuaa rpaden omui ycynu. byrna rpaden kpemuuit
KapOuaM r03acuaa MUPJIMK TapyajiaHuIl Wy Ouiian xocwt Oymanu. TagkukoTaap
IIYHU KypcaTaauku, Oy Xojja axpaiu0d YuKKaH rpadur katiamud OUp aTOMITU
KaTjiamra HUCcOaTaH KaJIMHPOK oynanu. bynmuaumm yerapacuaa
KOMITCHCAIIMSUTAHTAH 3apsi/i XOCHJI Oyiaau. DJIEKTPOHJIap YMKUIIK opacuaa ¢Gapk
cabanmu YTKa3yBUYAHJIWKAA TPaUTHUHT OWp aTOMapid KaTJaMUTHHA HINTHPOK

ataau. SpHU Oy Katiaam rpadeHaup.
4.5. YrieBopoaiu HAaHOMATEPHAJIAPHUHT HIIATHIHIIH
1. OnTuK MyXUTHU MOJAU(pUKaLUsIall yUyH Qyiiepeniap UluiaTuiaau;

2. MyTinako SHMM KOMIIO3UMIMOH MaTepuajap Tahepiail y4yH

(HaHOHAaUaIap apanammManapu Ba dynepernap ounan) (pacm 13).

38 Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 194
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Pacm 14. Hanonatiuanapuu muxpomaceupnapu>>

3. Vra KaTTmk Kommamamap ydyH. Ac6o0-ycKyHanap —CHpTIapH,
WIIKAJTaHyBUYM JeTauiap Ba Oomkanap. Karrtuknurura kypa oJiMocra TEHT
KeJlaju;

4, MoiinoBuun TapkuOiap Ba npucaakaiap yayH;

5. Kenrycuna xuméEBuii sHeprus manOam cudatuma QoiinanaHaauran

BOJIOPOJ1 EKWIIFUCH KOHTEHHEpIapu yuyH (pacum 14);
e - T 3 _': ‘ 6 v

Pacm 15.Hoopzanux nanonaiivanrap®

39Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 194
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6) OusnkaBuii Ba KUMEBHU TabCUP TYpPJIAPHHU KAl ITYBUYM HAHOCCHCOPJIAP
tanénamaa. Tabcupuyanauru Oup €T )KUHCIM MoJieKya (pacm 15);

18°C| | 58°C | 294°C | | 490°C g 330°C
! I

170°c | |asec | ] 22ec

Pacm 16. Hanomepmomemp (2annuii yenepoonu Hanouaiuaiapoa)*t

7) CkaHepIiam MUKPOCKOILIap YYyH 30HIap;

9) Atom ManunysTOp Taképnamaa (pacm 16);

40 Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd Edition,
Elsevier, 2011, 192
41 Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd Edition,
Elsevier, 2011, 194
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Pacm 17. Yenepoonu nanonativanapnune HanoulecmepeHkaiap

10) HanomexaHuwk ax0opoT Tyruiaruwiap Taiépnamia. HaHoyTkasrmdiap,

HaHOPE3UCTOpIIap, HAHOTPAH3UCTOPIIAP, HAHOOIITHK dJIEMEHTIIap Tal€pIamniia;

11) DnaekTp MarHuT HypJaplaH Ba IOKOpH TeMIepaTypagaH XuUMOs

SKpaHyapuHu Taépnamga “Cremie” TeXHOIOTUSICH;

12) Jlopu BocuTaIapy yudyH HaHOKOHTEHHepap Taiépiam MyMKuH (pacm 17).

23S, e = 72
7T 3y ) B
V340 w ; ~

micelles vesicules dendrimers| liquid nanocapsules nanospheres
crystals

Pacm 18. Jlopu-oapmonnapnu xaooxkiaw y4yH HaHOKOHMelHepiap

13) TacBUpPHHMHT aHUKIMJINTH Ba EPKUHIWTK FOKOPH OYJraH, WUPUK SICCH
nucrieinap Taiépnamup (pacm 18).

Pacm 19. Jucnneunap yuyn nanonatiuanap
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Hasopar caBoJsiapu
OnuTakcus xKapaéHu KaHaal conup O0ymaau?
CVD Ba PVD acocwuii NpUHIIMIUHA TYITYHTHPHHT.
Jlazep aONSALMSICUHUHT aCOCUY MPUHIUITNHY TYIIYHTUPUHT
FOmnka nneHkazapyu HUMa y9yH Kepak?

VYrnepoa HanoMatepuan Ba rpadeH Ty3WIHIIHUHUHT TYITYHTUPUHT?

o o~ w DB

HanokonTeliHepiap Ba HAHOAUCILJIEH HUMA YUYH Kepak?
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1. Guozhong Cao, Ying Wang Nanostructures and Nanomaterials:
Synthesis, Properties, and Applications 2nd Edition, Imperial College Press, 2010,
183.

2. Guozhong Cao, Ying Wang Nanostructures and Nanomaterials:
Synthesis, Properties, and Applications 2nd Edition, Imperial College Press, 2010,
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Rafsanjani Nanotechnology for Chemical Engineers, Springer, 2015, 100.
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(Micro and Nano Technologies) 2nd Edition, Elsevier, 2011, 110.

6. Jeremy Ramsden Nanotechnology, Second Edition: An Introduction
(Micro and Nano Technologies) 2nd Edition, Elsevier, 2011, 111.

88



IV. AMAJIMHA MAIIFYJIOT MATEPUAJLJIAPH

l-amaauii Mamryjgor: Kommnosuumon marepuauiap HILIA0 YHMKAPUIIAATH
MYCTAXKAMJIAIITHPYBYN KOMIIOHEHTJIAP XOCCAJAPUHM YPraHMIIL.
Pexa:

1. KoMno3unon matepuaiiap UILIa0d YMKaApUIIIard Tojiajap XOoccajJapuHH
YPTraHMILL.

2. Komnosumuon  marepuaiuiap — unuiad  YMKapUIgard — JHUCIEPC

MYyCTaxKamJIaIlITUPYBUU KOMIIOHEHTJIADHUHT TPaHyJIOMETPUK TapKuOu Ba

XOCCAJIAPUHU YpraHuIl.

HInHUMHT MaKCcaau.

Komnoszuyuon mamepuannap uwinab uuxapuwioa Kyanianaouean moaacumMon

6a 3appdcCuMoOH MyCmaxKkamjil064u KOMNOHEHNIIAPDHU XOCCaldpUHU _)7p261H1/l1/l/l.

1. KoMno3uuuoH Marepua/uiap HuLiad YMKapuumaard Toaajaap
XOCCAJIAPUHM YPraHUIL.

Hwnune makcaou: DineMeHTap TOJAJApHUHT MEXaHUK XOCCAJlapUHU
YpraHuIL.

Toma — Oy KyHAANaHT KEeCUM IO3aHMHT KHYMK KecuMmuaa Oyimama
VA4amMIapuHUHT KYHJAIaHT Yiadamiiapura HucOarad karrta kuitmatra(10-100 man
KaM 3Mac) sra Oyiran MaTepHalIup.

Kynruaa tonamap 4yswiaumaa MOKOPH MEXAHUK XOccalap Ba IOKOPH
DNACTUKIIMK MOJAYJWra Jraaupiap. byHmal KypcaTKuwiap FOKOPH MEXAHUK
xoccanapra 3ra komno3uiimod Marepuaiap (KM) onumiaa acocuit kypcaTkudiap
XHUCOOJIaHaIH.

DneMeHTap ToiaJapHu MexaHuk xoccanapuau anukiam ['OCT 6943.5-79
ra acocan onu0 Oopunagu. CHHOB YUyH 3JEMEHTap TOJa/laH KecuO OJIMHraH Ba
paMKara KOTHpWITaH HamyHanap Kyuianwiaau. Pamkamap 10 MM y3yHnukaa Ba
5-6 MM KEHIVIMKJA TEUUK KYPUHUIITUAA 3U9 KOFO37aH KUPKUO onmHamu (pacwm 1,
a, 0).

Hamynanu Oy3uiuiivrada rokjgaHuml Oepuil Maxcyc acOobma amanra
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omupmwianau (pacm 2). Makcuman toxmanum F muHamomerp mikanmacu Oyihnda
AHWMKJIAHA/IM, TOJAHUHT Y3YHJIUTH OYyinua y3rapumu Al — nedopmarms mkagacu
€KM TOpU30HTAT MUKPOCKOI (KaTETOMETP) OpKalu aHUKIaHaau. Tanad >Tuiranaa
nedopmarust guarpammacu Tysunanau ( F-Al 6ozruknux).

Kyitnma 06ab3u dmeMeHTap TOJNAIAPHUHT YY3WIHINUIATH JuameTp 0 HUHT,

6y3}IB‘-II/I Ky4JIaHUIO Gp Ba 3JIACTUKIIMK MOAYJIHN Ep HHHI KHﬁMaTHapH KCITUPpWJITaH

(xanBan 1).
Kansan 1. DnemeHTap TOMATAPHUHT KYpCaTKUYJIAPH.
Tona Typu d, MKkM | G, MIla E,, I'Tla
lumra Tonacu 6-20 | 3450 70-73
FOkopu MmycTaxkaM yriepoijii Tojia 7,5-8 | 2500-3500 |200-250
FOxopu MoayJIIn yriepoaid ToJia 7,5-8 |2000-2500 |300-700
bup TOMOHIa HYHAJITHPWITAH TOJIAJIHU TYJAUPYBYHIAPHUHT

MYCTAXKAMJIMTHHA AHUKJIALI

Hwnune makcaou. aeMeHTap Tojajlap MyCTaXKaMJIMTHUHYU UM Ba OOFUYiIap
MyCTaxKaMJIMTHAaH GapKUHU KYpCcaTHUIll.
DneMeHTap ToJIATApHUHT XOccalapyu MabJIyM Jlapaxkajaa Oomika

TypJard TOJAJapHUHI XOCCAJIApUHU  aHuKjIaWgu. bynga Oy

XOccallapHU amaJira OIIMPUIN KaiTa WILIAIl YCyJId Ba XapakTepura

oornmuk Oynagu. LlyHuHr ydyyH Oup TOMOHJaMa WYHAITHUPUITaH
TYJNIMPYBUMJIADHUHT MEXaHUK XOcCajlapy »3JEMEHTap TOJIAJAPHUHT MEXaHHUK
xXoccajapuaad nacT Oyau.

MycraxkamJ/JIOBYd TYJAUPYBYMJIAPHU ACOCHHl MEXaHUK Xoccajlapu

IJIACTUKJIUK MOAYJIM Ba YY3MIHILAATH OY3UJIMII KYy4JIAHUIIH XUCOOJIAHATU.

5-6

20

o

1is

Z 3>

Pacm 1. Dnemenmap monanapoan mexauux CuUHO8 YYYH HAMYHA Oaud. (A—0 —
mauépraw 6ockuunapu). 1 —mewuknap; 2 — recuw uuzukiapu; 3 —OyKuu
yusuxaapu;, 4 — snemenmap moaa; 3 — ke, 6 — kecux; { —Kuckuuiap.
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Pacm 2. Onemenmap monanapnu 0y3ysuu KyuiaHuwt 6a d1ACMUKIUK

MOOYIUHU aHUKIaw YYyH acbo6. 1 — ounamomemp; 2 — puuae; 3 — Kuckuunap; 4 —
mona; 5 — cmouxa, 6 —0egopmayus WKAIATU MAXOBUK.

By cunoBnapaa pamkanapra KOTUpHWJIraH KeCMa HaMyHalap KYJUIaHWUJIAIU.
Hamynara P-05 tunpmarm yHuBepcan MammHaga Oy3yaryHda 60-100mm/MuH
y3rapyBuaH Te3MUK/a IOKJIaHUII Oepuiany. bepuiran KyuilaHUIUIapHU Kyd Yidaii
nIKajgacu Oyinya ymyaHaau.

Kepak 6ynaguran ac6o0iap Ba MaTepuailjiap: IIMINA WUIT Ba MIKIIA OOFIap/iaH
KecMajap, HaMyHaJlapHH MaxkKamJjall y4yH paMKajiap, Kailuuiap, K€, CHHOBYH
MallliHa.

Nuraunr 6opum taptudbu. CuHOB 00 OOpHIN Ba HAMYHAJIApHU Taléprani
['OCT 6943.10—79 ra myBoduk onubd Gopunamm.

220 MM y3yHJIMKJArd Ui KecMajapu paMmkaiapra Kotupuiaau. EnuMianran
UIJIap HaMyHajlapra axpaTwiaid Ba CHUHOB MalllMHACM  KUCKUWJIapura
Kotupwiaad. bynaa enumianran kucMm §-10 MM Tamkapura 4YMKUO TYpPHILH,
Kuckuuiap opacuaaru macoda 100+1 MM HU TAIIKHII ATHIIN KEpaK.

Hamynamapra 60-100 MM/MUH Te37MKIa CHHOB MAalllMHACHAA KYy4JAHMUIII
Oepwinagu Ba Oy3WiaMIIl BakTUAArd OKJIaHUII Kailn KuiuHagu. OJguHraH
KuiiMaTiaap OVitnda uy3uiauimgary mMycraxkamiank o, (MlIla) kyiiugaru dopmyna
OpKaJIu XMCOOJIaHA N

F

C,=—1,
Py
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by epna F, — 6y3yBuu roknanuni, H; 4= r .10~3 — TOJaHMHI YMyMHIi F03aCH, MM,
P
T — TYAAUPYBUMHUHT YU3UKIU 3UWIMTH(MAbIyMOTHOMAJIaH OJIMHA/HN); P —
TYIIUPYBYU MAaTEPUAIU 3UIIMTH, T/CM,
DKCIEpUMEHT KaMuJa YH MapTa KalTapwiaay Ba ypTaua KUMMaTH OJMHAIH.
OnuHran HaTwkajdap XyJIJIu Iy TypJard 3J€MEHTap Toja HaTWwXKalapu OuiiaH

COJIMIITHUPpUIIaIN Bad XYJIOCAJIAp YHUKAPHUJIAaU. OnuHran HaTHXKaJ1ap Kaﬁﬂ OTUJIadU.

bup ToMOHra HYHAJITHPWITAH TOJAJIM TYJIAMPYBUYUIAPHU JIACTUKIUK
MOJYJIMHU AHUKJIAIL.

Kepak Oyaaguran ac0oOsiap Ba MaTepua/uiap: IIMIIa WO Ba
mumadorIaMiaap KecMalapy, paMmkanap, KJIe, CHHOB MallMHACH, KaTeTOMETD,
ITAHTEHIUPKYJIb.

M Tapruéu. Pamxanapra KoTupwiran HaMmyHajapra HaMyHaHUHT
MapKa3ujaH IOKOPHM Ba IMacT TOMOHra 25 MM Macodana OVEK Owman Oenru
KYWWIQ/IH.

benarunap opacunaru macoda lp (kaTeTromerp, MITAaHTCHIMPKY EpaaMua)
Oomnanruy rokianui Fo na ymuanaau. Hamynara cekun acra roxknanum AF Fq
Kyuraya Oepwianu Ba HamyHaHuHr y3yriaurd Al ymuananu. CunoB 2-3mapTta
TaKpopJaHaay Ba HAMYHAHUHT ypTaya 4y3uIraHIUury aHUKJIaHAIN.

TYnaupyBUMHUHT >naTUKINK Moxynu E, (MIla) kyiunaru ¢popmyina opkanu
XucoOJIaHa u:

Ep _ AF -1, |
Al- A4

by epna AF — ycub 6opyBun roxmanui, H; lo — 6enrunap opacumaru macoda, Mwm;

Al —ay3unran HaMyHa y3yHIIMTH, MM; A — TOJTaHUHT YMYMHUH 103aCH, MM2.
DKCNEPUMEHT KaMHUJ1a YH MapTa KauTapuiaaay Ba ypTaya KUMMaTH OJMHAIM.

OnuHran HaTwkajgap XyJIad Iy TypJard 3JIEMEHTap ToJia HaTWxKaidapu Ouiad

COJIMIITUPUIIAIN Ba XyJocanap ynkapuiaaau. OIMHraH HaTUXanap Kaa STUIau.
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Komno3unuon Marepuaiap Miouiad dYUKapumjaa  3appacuMoH
TYJIMPYBYMJIAPHM FPaHyJIaMeTPUK TAPKUOU Ba X0CCAJTAPUHM YPraHuiil.

Hwnune makcaou. TYIIAPYBUNIAPHUHT aCOCHU TEOMETPUK TaBCHU(PUHH
aHUKJIaII.

TynaupyBUnMIapHy TaHIANl aBBaJlo, YHUHT 3appajlapiHHUHT YIdamiiapu Ba
3appajlapHUHT IAKJIU Ba TaBCU(UTa OOFIHUK.

3appanu matepuaiiap TaBcuU Yiauamiapu HucOathra OOFIMK X0JiIa

makura kypa cuaduanaau (pacm 10).

T

2 0

Pacm 3. Tynoupyeuu 3appanapuu ynuamu 6a mypiapu:
a — cgepa; 6 — kYo, 6 — napaiienenuneo, e - MmoidCUMOH, O -MAH2ACUMOH.
L- ysyuaux; H — 6ananonux;, B —xenenux.
Kymruna TynaupyBYMIapHUHT 3appaIapUHUHT MIAKJIA OUp — OUpHIaH KECKUH

¢bapk kunaau. IIyHUHr y4yH yJapHUHT FO3aCHHUHI 3appacu CUH(IAHUII Y4YyH
XU3MaT Kuiaau. by Makcaama 3appanapHy yidaMuHU TaBcU(Iaiaurad TylryH4a-
skBUBaICHT cepa nuamerpu(DCJl) KupuTuITras.

Kaara Tonmamm  TYIAMPyBUMJAPHMHI  IeOMETPHK  yJ4yaM  Ba
3apPACMHMHI IAKJIMHA AaHUKJIALI

Kepak Oynaguran acOoOmap Ba wmaTepuauiap: €rod KUPUHIUCH, IO
TOJACH, JIbHOKOCTPA, MUKPOCKOII, IITAHT€HIUPKYJIb, MUKPOMETD.

N taptubu. Tekuc ro3ara MabiyM MUKIOpIAAru TYJIIUPYBUH OUp TEKUC
Sitmnamn. Y myam Y4yH LITaHTCHUUPKYJIb KM MUKPOMETP, JKyJa Manaa 3appajiap
yuyH 3ca (<0,1 MM) MHUKpPOCKOI UIIIJIATUIAIH.

3appaHUHT TETHILUIM yioyamjapu aHukiIaHaau (y3yHJIHMTH, KEHTJIUTH,
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KQJMHJINTH) Ba MaKCHUMaJl BAa MHHHMAJI YT9aMJIapHUHT HUCOATH aHUKJIAHAH .

Typnu TynaupyBumiap 3appajapUHUHI IIAKJIM aHUKJIAHAIA Ba YM3WIAIH.
OnuHran Hatuxanap 5 skaasaira €3ud Oopuiiaau.

KykyHCHMMOH TYJAMPYBYMWIAP 3apPATaPUHMHT IIAKJIHA Ba
VIYaMJIAPUHM AHUKJIAIL.

Kepak Oyaaguran acOo0jap Ba Marepuaiap. TypJid THUIJArd
KYKHCHUMOH TYJAUPYBUMIIAP, TUTIOB, MUKPOCKOII, IITUIIIA TpeAMETIap.

Numauer Taprudu. 3appanapHy IIaKJId Ba yI4amMJIapUHU aHHUKJIAl Y49yH
MabJIyM MUKJIOpPJAArd TYJIJAUPYBYM OJIJIMHJIAH HAMIIAHTAH MIWIIA MMPEIMET F03acura
JKOMIaHaau Ba YCTUJAH MKKUHYM IIWINa OwiaH €nuiagu. byHna TynaupyBUYMHU
TEKUC TAKCUMJIAHUIIM Ba 3appaJlapuHUHT OUp-OMpHIIaH ajoxXuja —aJloXuaa
Oynummra ybTHOOP Oepunaiu.

Hamyna  mukpockon — cromyacura  ypHatunaau. Kepak — Oynran
KaTTaJAIITUPUII Ba KECKUHJIMK TaHJIAHAIW. 3appajlapHUHT IIAKJIW aHUKJIAHUO

yu3ub Oopunaau. 3appaiapHuHr acocuid yuamiapu Ba DCJI xucoOnanaau.

2. KoMIo3uuuoH MaTepuaiap HIuiad YMKaApUIIAATH JUCIIEPC
MYCTAXKAMJIAIITHPYBYY KOMIIOHCHTJIAPHUHT TPAHYJIOMETPUK TAPKUOU
Ba XOCCAJIAPUHM YPraHUIl.
Hwinune maxcaou: TaxJIMITHUHT 3JaKiaap yCyJIUHHA YpraHuil.

TynaupyBUMHM TaHJalmga aBBaj0 YHUHI 3appajapMHUHI yiI4aMilapu Ba
Vndamutap Oyiinya TakCUMIJIAaHTaHJIMTYA aHUKJIAHAH.

KykyHCUMOH MaTepua/UIapHUHT TPAHYJIOMETPUK TapKUOU KYKYHJIaru TypJu
YyuaMaard 3appajapHUHT y3apo HHUCOATH Ba KaHYa MUKIOPAAH MaBXYUIUTH
TYFpUCHIA MABJIYMOT OJUIIra Epaam Oepaiu.

3appajlapHUHT YI4YaMHHM AHUKJIAIIHUHT OMpP HeuTa yCyJLIapu
MaB:Kya: 3Jakiaap épaamuaa(appanap yauamum 0,06 man 19 mm
raua), muxkpomerpuk (0,001xan 0,06 mmraua), cexuMeHTALMOH (
0,0001xan 0,06 MmMraua).

Onaknap ycyiau MaTepuall HAMyHAaCUHUHI CTaHJApT dJakiap

TYIUTAMHJIaH YTKAa3WIl OpKaiH (Gpakinusiiapra akpaTuiinra acocianrad. by ycyn
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JTUCTIEPC aHAM3HUHT acOCUi ycynu xucobnanamau. Jlekun Oy ycyn 3appanapHUHT
XaKUKUW YT4aMIIapUHU aHUKJIAA OJIMANIN.

['panynoMeTpuk TapKUOHM aHUKJIAIIIA AKPAJIHIIL Tapakacu TaKCUMJIAHUIITU
D (pacm 11, a) Ba dpakmusutapauar HEcOU# cakimanumm dD (pacm 11, 6) 3appa

Yimyamiapu O ra OOFIUKIMKIAPH Ty3UIa IH.

100 100

/
80 ] 80
d A

< 60 // s 60 l

Q40 / R 40 /
20 / 20

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

Pacm 4. Asxcpanuw oapasicacu maxcumaanuwl GyuKkyus KypuHuwiiapu (a) ea
dpaxyusnapuune 3appa yruamuea nucouiaueu (0).
Maiina qucnepc Matepuaiap yI4aMUHU aHUKJIAIlAa aCOCaH CEIMMEHTAI[MOH

yCyJ KyJUTAHWIAIH.
MUKpPOCKOTIMK yCyJI 3appaIapHUHT YA3UKIN YITYAMIIADUHU AHUKJIAIIIATH SHT
aHUK yCyJl XMcoOJIaHaau, JEKUH aHya MEXHAT Ba BaKT Tajiald 3Taju.
AMaJui MalIFyJIoT Badudanapu:

1- Ba3uda.

Kagpanma kentupwiaradH KUMMATIIAp acoCHJAa MaTepuall  yidamiapura

OOFIUK X0J1/1a PpaKIUsUIApHA MaBXYyJIUTH TUarpaMMacHHU TaCBUPJIAHT.

CapMaT KYMHHHHI ITPaHYJIOMeTPHK TAPKHOH

IIpoGa| 3appauanap DIaKAard TeMHKIap Vadamaapa  , MM
Ne MHKIODH, 0,14
Mac.% 2.5 1,25 0.63 0.3 0,14 3J1aKAaH
¥rran
94 1,6 0,6 2,1 17.3 84.4 98 1.9
95 6.8 L5 4.3 20,7 69,7 95,3 4.6
98 22,6 - 1.1 4.9 42.3 87.5 12.1
99 16,1 - - 0.6 244 83.1 16.8
100 22,7 - - 1 26,6 78.9 20,6
101 2.8 0.3 1,3 13.8 67,6 96,2 34
102 2.7 - 0.2 2.8 37,6 92,9 6.8
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2- Ba3uda.
Kentupuiran Mukpockonuk 5,6-pacmiiapaan doiigananud, aCOCH KpUCTall
dazanap ymyamiapyuHy aHUKJIaHT.

e

F i S— = pe—
Pacm 5. Kepamuk mamepuannune 31eKmpoH-MUKPOCKONUK PACMU.
(onekmponnwiii muxpockon IBM-100)

8 /e tﬁ

___ .

—om o B o
10kV X2,000 10pm 0000 09 40 SEI 30KV X3,00(ﬁ§‘; Sum

o
Pacm 6 — Bonvgppam xapdbuou 6a memup KyKyHAAPUHUHS INEKMPOH-
MUKPOCKONUK PACMAADU.
Ha3zopar caBosuiapu:
1. bup ToMoHnaMa HWyHanNraH TOJIAJNW TYJIAPYBUMUIAPHU KEITUPUHT Ba
TYIIYHTUPUHT.
2. TomacuMoH TYJIIMPyBUYMIAPHU IOKIaHUIIAATH X0JaTH HUMA MaKca/iia
Vpranwnaau?
3. Uu3uKau 3UWIMK HUMaHu TaBcu(iaiiau, HuManapra OOFJIMK Ba
KaHIal aHuKJIaHa m?
4, DyieMeHTap ToJla Ba OWp TOWOHJIamMa WVHaIraH TOJACUMOH
TYIAUPYBUMIAPHUHT YY3UIIUINTa MyCTaXKaMJIMTH HUMacu OuiaH Gapk Kuiaam?
5. Uysmwinmra MyCTaxKaMJIMKHUA —aHMUKJIAIAa HamMyHajnap KaHpgau

Tanépnananu?
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2-amanuii mamryjaor: MaTpuna MaTepuaiapu Tapkuou Ba
XOCCAJIAPUHM YPraHUILL.
Pexa:

1. TepMopeakTuB MONMMEpP MaTepuaiap TapkuOW Ba acOCHil XOCCaJapHHU

YpraHuIL.

2. TepMOIUIaCTUK MOJMMEP MaTepuaiap TApKUOM Ba acCOCUI XOCCalapuHU

YpraHuIL.

3. Kommo3unuon mMarepuan TapkuOWHM TY3HUII Ba XOCCAJIAPUHU JIOWHXAJIAIIL.

[lonumep MaTpuila acocuja KOMMIO3UIMOH MaTepuan TApKUOMHM TY3HIL,

KOMITO3ULMSIHU Tal€pJiialll yCyJulapy Ba KOTUPHII KapaEHUHU YPraHuil.

4. IumakoMno3utiap uOUiad YMKApUIL TEXHOJOTUSCUHU  YpraHWIIL

[umakomno3utr “Tpuruiekc” TapkuOU, acocuil Xoccajapd Ba KYJUITAHWIIMII

VIMKOHHUSTIAPUHU YPraHHUIII.
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1. TepmopeaKkTUB MOJIUMEpP MaTEPHAJLIAP TAPKUOU Ba aCOCHIl X0CCATAPUHH
yprauuui.
Hwinunz maxcaou:
Tepmopeakxmue 6a mepmMONIACMUK NOAUMED MAMEPUATTAPHUHS MAPKUOU 8a
XOCCanapuHu ypeanu.

KoMrmo3ur Marepuamiap oiuIiia TepMOPEAKTUB MoJuMepiIapaaH OOFIOBYU
cudaruaa dhoimanaHuIaan.

TepmopeakTuB noiumep OOFJIOBUMIIAP CUHTETUK CMoJiajap Ba KOTHUPYBYH,
KaTaJn3aTopyiapJlaH TallKWJI TONTaH HKKU €KUM KYI KOMIIOHEHTIH  CHCTEMa
XHCOOJIaHaIH.

BOFnoBYMHUHT  TapkuOM  KOTHUII  pPEAKIUSCUHUHT  OOpuIld  Ba
MaxCyJIOTHUHT MEXaHHUK Xoccajapura OOFIuK OViaau.

KM  raii€prnampga kyn  xojmapiaa — 0oauddup, DHOKCHUH  EKU
dbenondopMabaeruTi OOFIOBYIIIAD KYIITIAaHUIIATH.

[Momuspupmanennatnap  (moymdGUp  CMOJUIApP)  TapKUOW, KHUMEBHM
TY3WJIUIIN Ba MOJIEKYJISIp MaccacuJaH KeiquO YMKKaH XO0J1/1a KOBYIIKOK CYIOKJIHK
€KM KaTTUK MojjanaH ubopat. Temreparypa Ba KOTHUII TE3JIUTM MHUIIMATOP Ba
TE3JAITUPYBYN TYPUHU TaHJIAII OPKATIN aHUKIIAHAIH.

KoTMmaiiiuran smokcuj cMmonianap SpUUINITaH KOBYIIKOK CYIOKJIHMK €EKH
MYPT KaTTUK Mojdanap xucoOnaHamu. Kyiiumma Oab3u SMOKCHJ CMOJajJapHU
(bu3MK XonaTinapu KenTupuirad. (kaasan 2).

DNOKCHUJT CMOJIATAPHUHT KOTUPYBUKMCH cU(ATHIa aMUHIIap UIILIATUIIA TN,

Kotupunmaran dheHomohopmMamsaern cMosiaiap KOBYIIKOK CYIOKITUK ¢ku 60—
120°Cna cyrok xomra YTyBur KaTTuk MypT 1maddod amopd macca xucoOmaHaiu.

Kanpan 2. bab3u amokcua cMonanapHu GU3UK X0JaTIapH.

Cwmouna typu T, °C ®dusuk xomar 20°Craa
O]J1-22 -10 Cy1ok

2]1-20 0 Cyrok

DJ1-16 10 KoBy1ikoxk

D/1-10 50 KarTuk

D/1-8 70 Mypr
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Kepakmn ac6o0map Ba Marepuamiap: cMmMonamap — MOMMAGHP, SMOKCUT,
dbenonmoopmanpieru;,  KOTUpyBuUWwiap —  nommTwieHnomnamud  (I1511A),
TpurTaHonamuHotutaHar (TOAT), wmaneun anrvgpua  (MA), THIPONEPOKCH]T
W30IPONIOSH30 (TUTIepH3); Te3naTyBun: kooansT HadreHatn (HK).

N taptubu. Ilomumep OofmoBumiap TaW€piaml y4yH Typid THUIIArH
cMoJIajiap Ba KOMIIOHEHTJIAPHU BU3Yyasl YPTraHMIIL

Anabuérnap Taxymnu €paamuaa  xap OWp KOMIIOHEHTHUHI allOXHJa
Oenrmwnapu Oyiinua €3unaau, SbHA XWJW, PAHTH, arperar XoJiaTd, 3WYINUTH.
Hatwxanap 3- xanBanira €3u6 6opunaau.

JKansain 3

bomka

Komnionentnap | Panr Xuau du3uk xomaTu
XyCyCHUATIIAp

TepMopeakTHB oJIUrOMepJIap acocuaa OOFI0BYMIAP TaAHEPIIALI

NiHuHT Makcaau: Typau OOFJIOBUMIIApHU Tal€pialll yayH Kepak Oyiaauraxn
KOMITOHEHTJIAPHU XUCOOIAIIHUA YPTraHuIIl.

[Tonumep OofnoBuYMIap OUp HEUYTAa KOMIIOHEHTJIApJaH TAaIIKUI TOTAJIH:
cMoJianap, KOTUPYBUMJIAp, TE3NAIITUPYBUM, KaTaau3arop, IIacTUGUKATOp Ba
oomkanap.

Mabnym MuKAOpAaru OOFJIOBYMHHU TalEpiamiga Kepakian KOMITOHEHTIAp
MacCacMHU aHWKJWK OWJIaH TaHJIAII JIO3UM OViaau. AHUK TaHJIaHTaH TapKuO Ba
KymmnManap cudarid MaxcyJoT OJIMII y4yH 3amMuH Oynanu. KommoHeHTiap
TapKUOW IMIUPHUK €K1 XUCOO WYM OniiaH aHUKJIaHAIH.

Kepak Oynaauran macca MyKOTHMIIHHM XUCOOra oJIraH XoJiaa
(raxmunan 10%) Oapuya KOMIOHEHTJIap Macca  YJIYIIMHH
WMFUHIMCUTA TEHT 1e0 KadyJl KMJIMHAIHU.

Bo¥/10BUM KOMIIOHEHTJIAPH CMOJIara 00CKHYMAa 00CKHY KylIud
Oopwiagun  Ba  axmmiad  apanamrupuwiagu.  Korupysumwnap P==2
JKAPAEHHUHT OXHPHUIA KYIIUJIAIH.

FOkopu KoBymKoK cmosayniap wunuiatuiigad oiaauH 80°Craua

-

KU3IUPUIIAIU Ba Iy XOJUAa MmiacTu(PuKaTop €KU apajaliTUPyBUU KYIIHIIA M.

Kepaxmu ac6o0map Ba marepuasiap: 3MOKCH Ba MOIUAPHUP OOFIOBUMIAPHU
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Tai€panira Kepakiii KOMIIOHEHTIIap, TapO3H, IIUIIa TaéK4a, UIUIIL, TepMOoIITKad.

WNumauar taptibu. Onokenpa cmona acocuaa 100 r© GofoBum Taiéprantau
xucoou. DJ1-20 — 100 mac. 4, [TH-1 — 20 mac. u., IIDITA — 10 mac. .

KomnoHneHnTap MaccacuHu HYKOTHIIIAPHU XMCOOTa OJIraH XOJ/1a aHUKJIaIl.
bormoBumnap maccacu 110 r, 130 mac. k. bormoBunra moc kenaau (100+20+10).

VY xonma 110 r (6ormoBun) — 130 mac. k, X; (3/1-20) — 100 mac. k., X (ITH-1) —
10 Mmac. k., Xz (II2TTA) — 20 mac. k. By nponopuusiiapay euran xosiaa Kyluaaruiapra
ara Oymamms: 84,6 T —D]1-20; 8,4 r—I[TH-1; 16,9 r - IIDI1A.

OnuHran HaTWXKanap KyHujaaru sxaasanra €3u0 Oopuiau.

Kansan 4
No pe Cmona ITnactuduxatop Kotupysun TeznamtupyBun
PPl Mac k. [T Mac.K. |T Mac. K. |T Mac.K. |T
1
Bo¥1I0BUMHHUHT 3MYJINTMHHA AHUKJIaIl
WmHuHr  Makcaaud:  TypJad — TEpMOPEaKTMB  MOJUMEpNiap  acocuaaru

60FJ’IOBLIHJIapHI/IHF SUYJIMT'MHHA Ha3apI/II>’I Ba OKCIICPUMCHTAJI aHUKJIAIITHH S'lpl“aHHIH.

KoMno3unuon MarepuamiapHd  TapkuOuMHUM — xucoOnamaa Oup Heya
KOMITOHEHT/aH uoopat Oyiran OOFIOBUMHUHT 3UMIUTHHY YPTaHUII Kepak Oyiau.

byHnpaii 60FTOBUYMHUHT 3UUINTMHU AaCTIA0KH KOMIIOHEHTIAp 3UWINTHHA Ba
KOMIIO3UTAArd Macca yIyIIMHU OWTaH XOJjaa, apajaliMa KOWJachra acocaH
Ha3apui KUXaTIaH aHUKJIAll MyMKUH.

OnuHran KAWMaTHU OHKCIEPUMEHTald TEKIIMPUII YYyH Macca Ba XaxkM
ycyauaaH QoijganaHuil MyMKUH. ByHJa 3UMYIMK KOMIIO3UT MAacCacMHU YHHUHT
Xa)XMHUTa HUCOATH OPKAJIM XUCOOIaHa M.

Kepaknu ac6o6iap Ba Marepualiap: 3MOKCUI Ba MoaudGup OOFIOBUMHHU
Taiépnam y4yyH Kepak OVymaguran kommnoHeHTiap, 0,1 © rada aHUKIUKIAru
nabopaTopus TapO3UCH, IINIIA TAEKYa, AN, TEPMOIIKAP, YITUOB LUITUHP.

N taptubu. 50 r gaH Typau TapkuOiu OornoBumiiap Tanépiananu.(2-

UIIOBA).
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Xap Oup KOMIO3UTHHMHI Ha3apuil 3WWIMTH KyHugaru ¢opmyia OpKalu
XucoOIaHaIu:

_P1-Ci+py-Cot...4pn-Cy ’
C,+C,+...C,

Pecs

by epna p1, p2, pn —KoMrtoHeHTIap 3uwinryd (3-miosa); Ci,Ca,Cy — TETHILH
KOMITOHCHTJIADHUHT MACCa YJIYIIIH.

3UWIMKHA SKCIIEPUMEHTAN aHMKJIANl yYyH YI4OB UWIMHIPU Jlaboparopus
Tapo3ucuaa yimyaHaau. KeWnH Via4oB MWIMHApPWTAa KOMIIO3WT >KOMIaHAAW Ba
rajularal  XaXMH aHUKJIaHaJW. byHJa KOMITO3UTHM UWIMHADP JEBOpJIapUra
TapKaJuIIM Ba mydakiap maigo Oynummra iyn kyimacnuk kepak. [llyngan keiinn
KOMITO3UT >KOWJIaHTaH UWIMHAP SHA Tapo3uja YirdaHaad Ba KyWuuaru ¢opmylia

OPKaJIM aHUKJIaHAIH:

By epga m, m; — ¥140B HMJIMHAPUHU OOFIOBUM OWJIaH Ba OYII XOJIMJArH Maccacw,
r; V — GOFJIOBUH Srajularal Xaxkm, CM-.

DKCHEepUMEHT KaMHJa Y4 MapTa TakpopjaHagud Ba ypTadya apudMeTHk
KHUMAaT TONWJIAIN.

2. TepmoniacTuk NoJiMMep MaTepUaLIap TAPKUOU Ba acoCHil
XOCCAJIAPUHHM YPraHMIIL.

Nmauer  makcagu: Typiaud — Tabwarra oJra  TpaHy/UIaHTaH — TMOJIMMEP
MaTepUaTapHUHT aCOCUH TaBCU(PU XyCyCUSTIIAPUHU YPraHUIIL

Tali€p Maxcynornard MOJMMEpP MaTepUATHUHI TaOMAaTMHU AHUKJIAl Y4YyH
TU3UMITU Tap37a cudar Ba MUKAOP aHAIM3IAp YTKA3WIaad Ba MabiIyM IOJUMEpIIap
OWJIaH CONMIITUPUIAIN.

[Tomumep MaTepuall HAMyHacH KyHuaaru cxema oyitnia aHuKJ1aHa Iy

— HAMYHAHU TAIIKHU Ky3aTHIII;

— IOMIIAII TEMIIEPATYPACHHU AHUKJIAII,;

— HAMYHAHU AJIAaHTa/1a Y3UHU TYTHIIN;

— HAMYHAHUHT 3PUIINHUA AHUKJIAII;

— MOJIUMEP/IA PAHT PeaKUMUSJIAPHHA 0110 OopuIl.
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ABBaJI0, HAMYHAHWHT TaIllKd KYPWHHINWA, YHUHT (UMK XOJATH, PAHTH,
xuau, maddoduru, KaTTUKIUTH, JIACTUKIIATH, 3UYINTHA Ba TpaHyJa yrdamiaapu
OenruiIaHaIn.

KelnH yHUHI 3pYBUAHJIMTHA TEKIIMPWIAAU. DyHUHI ydyH HaMyHa HMCCHUK
XaBora €K1 MeTaJll €K1 acOeCT TarjJuKaa KU3AUpUIaan.

V3unu kaHmail TyTHmmMra Kapab IutacTMacca TepMO SKM PeaKTOILIacTra
aXpartuiaaau. Arap HojJuMep TEpPMOIUIAaCT MaTepualra Taalykiau Oyica, yHOa
MOJIMMEPHUHT IOMIIIAII TEMIIEpaTypacu aHUKJIaHA]IH.

MatepuanHu  CONMINTUPHIN  MAaKCaaAWga yHH  aJaHrajiard  XoJaTH
Yypranunagy. ByHWHT y4yH MabliyM MUKIOpJAru MaTepuajl dSXTHETKOPIUK OWIaH
alaHrara TyTwiaad. byHaa EHMIIHUHT TaBcudiaapu Oenrunad Oopuiaau:
E¢HYBUYQHJINTH, STUIHILY, PUIIHA, XUIW, aTaHTa PAHTH, TYTYH Mango Oymumm, y3-
Y3uIaH YUHIIU, KyJI XOCHJI OYJIMIIH, PaHTd Ba Oomikaiap (4-ujioBa).

Marepuaniu sputmanapia dpuiid y €kd Oy moimmepiiap CUH(pHra OWIJIUIH
OwtaH amaira ommpriIaay (5-miosa).

Kymuunuk cmonanap cupka aHTUAPUIN Ba CyldaT KUCIOTACH KYIIUITraHaa
TypJiu paHriu Oupukmanap xocun kKuiaau. Jlubepman— Illtopx — MopaBckuii
peaKIusCcH IIyHra acocianra (6-uiaosa).

IMoumep MaTepUaAIAPHUHT IPYBYAHIUTUHU AHUKJIAII

Kepaknu acOobmap Ba wmarepuauiap: Typiau TaOuatid  MOJUMEP
MaTepuasiap; SpUTyBUM — OEH3MH, alleTOH, CyB, 3THJI CIIMUPTH, YKCYC KHUCIIOTAa,
XJIOpUJ KUCIIOTA.

N taptriOu. OpyBUaHIMKHM aHUKJam yuyH 0,5 r MaiiianaHran HaMyHaHH
npobupkara conuHagu. 5-10 M1 3puTyBUM KYIIMIaAu Ba yalKaTuinO, Oup Heda
coatra THK xoJlaTaa Kongupuinaan. Keitn spuin qapaxaciHu aHUKJTaHA U -TYITHK,
KHCMaH, OYKKaH, S)puMaras.

Arap HamMyHa KUCMaH »JpuraH Oyiica, SPYBUAHIUK KU3IUPHUII OPKaJIU
aHWKJTaHATH.

MaTepuajTHUHT AJIAHTAJard X0JAATHHH AHUKJIAIT

Kepakmm ac6o6map Ba Marepraiuiap: Typiu TabMaTid TOJMMEp MaTepuasuiap;
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EHIMPruY, 1IAaTeIb, TUHIET.

Nt TaptriOu. Mabinym MUKIOpAAru MaTepyan IaTes €paMuia SXTUETKOPIIUK
OWJIaH aJlTaHTaHUHT I0KOPY TeMIIepaTypaiy 30HaCH 1A TyTHO TypUsIa iu.

AnNaHrajad OJMHTaHJAH CYHI YHUHI €HMINM Ky3arwiaaud. byHna €HUIHHMHT
taBcuduiapy Oenrwiad Oopuinamu. byHaa €EnumHuHr TaBcudiapu Oenruinabd
Oopwinanu: EHYBUAHIIUTH, STWIUIIHN, IPUILU, XUAM, aJaHra PaHTH, TYTyH a0
OymuIm, Y¥3-Y3uaan YIuIm, KyJI XOCHIT OYITUIIH, paHTH Ba OOIITKaIap.

IMosmmepaa paHriiv peakuust

Kepakmu ac6o0map Ba Matepuaiiap: Typiau TaOWaTIM MOJUMEpP MaTepuasuiap;
YMHHU IJIACTUHA, CUPKAa aHTUIPUAN, KOHIEHTPJIaHTaH CylI(ar KUCIO0Ta, MUIETKA.

N taptbu. YnHHUM M1acTUHKAra noymmep Oyiakyacu >KOMIalTUpUiIaad Ba
yHra OWp Heya TOMYM CHUpPKA AHTMAPUIM TOMHU3WIANW, KelMH cynadar KuciaoTa
ToMr3wiagu. 30 MUHYT JaBOMHUZA CYIOKIMK Ba CMOJIA FO3aCH PaHTU Y3TapHIlU
Ky3atwiaau. Hatwkanap 6-unoBara COMMIITUPHIAO TIOIMMED TypPH aHUKJIaHA TH.

IOMiam remMneparypacuHy aHUKJIAIT

Kepakmu acOobnap Ba marepuaiuiap: Typiu TaOMaT/Id MOJIMMEp MaTepuaiap,
METaIl1 €KUM YMHHH TUTEN, TEPMOMETP, KBapI] KyMU, METAILT €KU acOECT TarjuK.

N taptiibu. Dpuin yuyH HamyHa. ONMHraH HaMyHa HCCHK XaBO OKMMHTA
Tytinaau. Harkara kapab yHU TepMO €KUM pEaKTOIIaC SKAHIUTH aHUKJIAHAIH.

FOmmam remmneparypacu. 5-10 cM y3yHIMKAary Ba 1 M KEHITIMKIArd HaMmyHa
KypyK KyM OWIaH TYJIUpWITaH TEMHUp TUTelIra YpHATWiaaud. TUren acrta CeKuH
KM3IMPUIAI Ba HAMYHA STWIMIIY BaKTUIAry TeMiiepaTypa oenrwianagd. by romimar
TeMIepaTypacu XucoOIaHa Iu.

OkyBUaH/IMK TeMmepatypacu. XyIIU FOKOpHIard ycya OWjaH HaMyHaHUHT
OKYBYAHJIMTMHU XaM aHUK/Ialll MyMKHH, sSTbHU HAMyHAaHUHT MablIyM TeMIlepaTypaaar
OKYBUQHJIUTH YHUHT OKYBYAHJIMK KMIMaTH XUCOOIaHATH.

AMaJsmii MamryJ0T Basudanapu:
1-Ba3uda.
Anabuétnap pyiixatuaa Ba nioBanap oynmuMuaa kenrtupuiarad E.Bernardo, J-

F. Carlotti u ap. “Novel akermanite-based bioceramics from preceramic polymers
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and oxide fillers” unmwuii makonacuaan doitnanann6 (7-UmoBa) GnoxoMIio3uTiiap
CUHTE3HMJIa KaHJal IMOJUMMEpP Ba TYJIAUPTUWIAP KYJUIAHWITAHWHU AHHUKJIAHT.
Kymmmmua masiiymotiap 1-6- MiioBasapaa KenTupuiras.

2-Bazuda.

WUuTepHeT-MabiiymoTiapuaad  (QolganaHwiran  Xojija  KOMITO3UIIMOH
MAaTEpUATHUHT AaCOCHIM Xoccajapy Ba YJApHHU YJHall YCYJUIADUHHU AHUKJIAHT.
TaaKUKOT HATHKAJIAPH >KaJBAJT IAKIUJA KENTUPUIIUILIN KEPaK.

Ha3sopar caBosuiapu:
1. Tlonumep OOFIOBYM TapKUOUTA KaHIal KOMIIOHEHTIAp KUupaau?
2. Dmnokcua OOFJIOBYMIIAP YIYH KOTHPYBUYMIAPHN aHUKJIAHT.
3. Tommadup cMomamap ydyH MHHUIMATOP Ba KOTHILIHU TE3JATyBUWJIAPHU
KEJITUPHHT.

4. TepmopeakTHB IoJIMMepiaap acocuaa OOFIOBUMIAp Tak€piialll yuyH Macca
KOMITOHEHTJIApY XUCOOU KaH1al aMajra OIIupuiiagm?

5. DBorioBUMIApHUHAT 3UYJINTH KaHIal aHUKTaHAIHA ?

6. DBorloBUMIApHUHT CHUPT TapaHIJIMTUTa KaHJal MapaMerpiap TabCup
Kypcaraau?

7. TepmopeakTHB MOJUMEPJIIAPHU CUPT TAPAHTIMTUHU AHUKJIOBYM ACOCUUN

yCYJIJIAPHU KEITHUPHHT.

8. DBoFIoBUMIApPHUHAT aCOCHI TEXHOJIOTHK TaBCU(IIApUHU KSITUPHHT.

9. Tlomumep MaTepUaNIAPHUHT KOBYIIKOKJIUTUHU aHUKJIANTHUHT acOCUM

YCYJUIaPUHU KEJITUPUHT.
10. TTomuMepmapHUHT KOBYIIKOKJIWK KYpCAaTKUYHWra TeMIlepaTypa KaHaau
TabCUp Kypcataau?
doiigajaHUITraH agaduéraap:

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

2. E.Bernardo, J-F. Carlotti and oth. “Novel akermanite-based bioceramics
from preceramic polymers and oxide fillers”// Ceramics International.- 40 (2014).-

1029-1035 p. Available at www.sciencedirect.com.
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3. D.R. H. Jones, Michael F. Ashby. Engineering Materials 2: An Introduction
to Microstructures and Processing. Fourth Edition. Elsevier, UK, 2012. -319-350
p-

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

5. HocoB B.B. MexaHuka KOMITO3UITMOHHBIX MaTepuanoB.- M.: Jlaup, 2013.-

240 c.

3. KoMmo3uumoH Marepuaj] TAPKUOMHU TY3HII Ba XOCCAJIAPUHH
Joimxanam. Ilosmmep Marpupma acocuaa KOMIO3MIIMOH  MaTepHAas
TAPKMOMHU TY3UII, KOMIIO3MIUAHM TaWép/am ycy/JIapu Ba KOTHPHII

JKapa¢HUHM YPraHuIi.

NmHuHr Makcagm: TOJMMEP MaTpUla acocuja KOMIIO3WIIMOH MaTepuai
Tail€prani, KOMIIO3UT Tal€piaml yCyJIMHM AaHUKIAIl Ba KOTHUII KapaéHUHU
yprauumi. TepmopeakThB OOFJIOBYMIIAD Ba MYCTaXKaMJIOBYM TYJIJIUPYyBUUIIAp

acoCrua KOMIIO3UIINOH MaTCpHrajl Taﬁépnam.

[TonmumepnapHu TYJIOUMPHUIT aMAIMM KUXATAAH MATEPUAIIHU TEXHOJIOTHMK Ba
HKCIUTyaTallMOH XOCCaJapyuHU OollKapuilira HMMKOH Oepaau. KoHCTpyKIMOH
TYWWMHTaH TOJIMMEP MAaTEPUAJUIAPHUHT XOCCAIAPH, OJIMII YCYJUIapu IOJIUMED
MaTpHIla Ba TYJIIUPYBUH, YIAPHUHT XQKMHUH HUCOATIapura OOFIIHK.

KM nan Oyromnap taii€piamiia mnoauMep OOFJIOBUMIAPHUHT KOBYIIKOKJIHK. ['en
XOCUJT OYTTUII BaKTH KaOU TEXHOJIOTUK XOCCATapUHU aHUKJIAII JIO3UM.
'en xocwn OynuIm BakTUHM aHUKJIAII AacoCH TapaMmeTpiapaaH Oupu
xucoOmanaau. Y TYHMHraH MaTepUaIHUHT CaKJIaHUIIM JaBOMUMJIUTUHU Ba
MaTepuanaHn OyrooMm Taiépmam TemneparypacuHu TaBcudmaian. KM  omwm
BAKTUHUHT JAaBOMUMIUTH OOFJIOBYM apajlalliMAaCHU XOHA XapopaTuja Tauépiaii
BaKTHJIaH OIMINO KETMACIIUTH KEepakK.

Bepuinran koMmoHeHTJIap acocuaa OeJrWIaHraH CTPYKTypa Ba

KOMIIOHeHTJ1ap HucOaTura 3ra KM raiépaam.
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MycraxkaM MIaCTHUKJIAPHUHT aCOCUl KOMIIOHEHTIapuaaH Oupu Oy OOFIOBUH
xucoOmanagy. bBofnoBuM  MycTaxkamJIOBYM — TOJaId  TYJIAUPYBUYM  OWIIaH
TYUMHTUPWIIAAU. DOFIIOBUM KOTraHJaH KEHHUH Toja €KW TYJIIUPYBUYUIIAD
KaTJaMHUHH Y¥3apo OUpIIaITupaIu. .

MycTraxkaM IUJIaCTUKIJIAP OJMIIAA MOIUA(UP, SMOKCHII Ba MOAU(PUIMPIIAHTaH
dbeHonodopmaniern; cMmosaigap acocuaard OOFJIOBUMJIAp KEHT KYJTaHWJIaJIu.
TynmupyBumnap cudaruga Typaum MaTepuaiap: JCHTalap, MaTrojiap, WIUIap

WIUIATUIIA]TN.
Komuno3utiapau raiépiiam xkapaéau Kyiuaaru 00CKu4wiapaan uoopar:
— OOFJIOBYM Ba TYJIIUPYBUYN TYPHUHN aHUKJIAIIT,
— KOMITO3UT KOMITOHEHTIAPUHU HUCOATUHU XUCOOJIaI;
—OOFJIOBUMHU TaWépiai, OepwiraH MpOINopIMsIIapAa KOMIIOHEHTIapHU
apanalTHPUIL;
— TYJIAUPYBUYMIIAPHU Tanuéprani;
— OOFJIOBUMHM TYJUPYBUM KaBaTJiapura CypKaill, Ba TYWHWHTaH KaBaTJIapHU
OUpIAIITHPHIIL,
— OCNTHJIaHTaH PEeKUMIA MAaTePHATHA KOTUIIIMHU aMaJira OIITHPHIIL

Komno3unuon MaTEePHAIIATId KOMIIOHCHT/IAp MaCCaCHHHA xncoﬁnam

ABBano KMpan Ttaii€piianran mjiacTUHAHUHT KEePaKiu XKMUHU Vi (M3)

aHMKJIAHAJIH.
Vi =1-b-h,

by epna I, b, h — KM mjacTHHaHUHT Y3YHJIMTH, KCHIJIMIH, Kaauuiaurd. KM
KaJUHJINTH CHHOB CTaHapTHaaH Keiau0 unku6 taminanamu (h = 2-8 mwm).

Marepuan xa)XMUHU OWIITaH X0J1/1a YHUHT MaCCACUHH aHUKJTaHAIA: My, KT

Migem =P~ Viem

By epna pxm — 3uwmk KM, kr/me,

Marepuan 3udamuru pxv (Kr/°) KOMIOHEHTIap HUCOATHHM OWIITaH XOJijia

ypTayacu OJIMHAJIH .

pKM:pa'Pa+pc'Pc’
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By epyia p. — apMaTypa 3U4JIUTH, KI/M>; P — OOFIOBYM 3UUIIMIHY, KT/M® |
P., P. — apMarypa Ba OOFJIOBUMHUHT XQKMUH MUKIOPH.

Tynoupuin gapakacu TEXHOJIOTMK JKapaCHllap Y4YyH Macca yiylnuiapaa,
XUCOOJIAI YIyH XaXMUN yiaynuiapaa oivHaau. KommoneHTnapauar maccapuii C Ba

XakMuii P MuKmopmapu ypracupard OOFIMKIMK KyWHJard TEHIJIMKIAp OpKaJd

ndoamaHaIn:
c,—— faPa  C =1-C,;
Pa-pa +F-pe
Ca P
a — .
Ca-pc+Cepa

bynna marepuan tapkuOuja roBakiap HMYK ne0 XucoOliaHaau, sSbHU HOJTa
TEHT.
KomnonenTnapau maccacu (T) yJIapHUHT Macca HUCOATJIapyiaH TOMUIIA N
My =My -Gy 0 Me =My -Ce
By epna m,, m. — TynaupyBun Ba OOFJIOBYM MaccacH, Kr;
Ca, Cc — TynaupyBun Ba OOFIIOBYMHUHT MAacCaBUN MUKIIOPH.
KM rait€pnam yuyH kepak OyiaguraH TYAAUPyBUM KaBaTiapu COHU N,

aHUKJIAaHAIH .

by epna m, — apmartypa Maccacu, T; m;, =Yy, -|-b— Oup kaBaT apmarypa maccacy,

I, XUCO0 Hynu €xu Yyad ONUILI OPKAIU aHUKJIAHAIU; Yo — ApMaTypa MaTepUAIMHU
1032 3UWINTH, T/M2.

XucobOnamaaH KeWHH TEXHOJOTUK YMKUHIWIAP XUcoOra ONMHAIU, STHbHH
20% OOFI0BYM KYIIUIAIH.

bomka Typmarm KM yuyH xaM Xyaau UryHaad Xuco0 uIuUiapu oiaud
oopwnanu. OnunHran Hatwxanap KM ONMIIHUHT TEXHOJOTMK KapTracura €3u0
oopunaau (Kaasai d).

Komno3uuuon marepuaJj mJIaCTUHAJIAPUHU TAHEpJIaLl

Kepaknu acOobmap Ba Marepuaimap: OOFJIOBYM  TaW€piaml  ydyH
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KOMIIOHEHTJIap, MaTolM TYIAUPYBYM, KaWuyd, Tapo3H, KATTUK IUIACTUHKAJap,
mMyden nedu.

Nm taptubu. Kowmmnonentnapman 250x250 MM yrmyampa KaBaT-KaBat
yCyJina TUIuTa TanépaaHaiu.

Kecunran tynaupyBun OOFjoBUM OWNaH TYWMHTUPHUO, TIACTHHA YCTHTA
KaBaT-KaBaT KWJINO, XaBOCU3JIAHTUPUO TaXJIaHA M.

MabiyM MHKIOpTa SPUIIIIITAHAaH KeWWH KATTUK IJIACTHMHA KyWWIaau Ba
KOTHII peKUMUTA MyBOMUK KOTHpHIAIn. (2-HjIoBa).

Kansan 5. KM TaiiépnalitHUHT TEXHOJIOTHK KapTacu

Hamyna
Marepuain Sl’nannap, MM XaxmM, Muxknopu
Vaywiuru | Kearnurun | Kanmmnnuru cm®
KommoneHTap Hopmatus ?OHaTH’ MHKIf)OpH’ Muknopu , r
yinuamiap Mmacc.%
TynnupyBun
bornoBun

AMaJani MALIFyJ0T Basudaiapu:

Anabuétnap pyixaruna Ba wioBajap OyauMuia 7-wWioBaja KeITHUPUITaH
E.Bernardo, J-F. Carlotti u ap. “Novel akermanite-based bioceramics from
preceramic polymers and oxide fillers” wamuit makonacupgan QoiinanaHuo,
KOMITO3UIIMOH MATEPUATHUHT HIIa0 YUKAPUII TEXHOJOTUSICHHHU YPTraHUHT.
KepamMuk maTpunamm KOMIIO3UTIAPHUHI KaHJAd CHUHTE3 YCYJIW KYJUITAaHWJITaH?

YHUHT TEXHOJIOTHUK IMapaMeTpIapuHU aHUKJIAHT.

Haszopar caBoJsiapu:
1. lluma Ttona OwiaH MycCTaXKamJIaHTaH KOMIIO3MIIMOH MaTepUaTHUHT
TapKuOU Ba XOCCAJIAPUHU aHUKJIAHT.
2. bup tomonnama wyHanTupmiran KM MUKpOCTpyKTypa TaxXJIWIu KaHmau
o6 6opunaau?
3. bup Tomonnama iyHantupuiran KM MUKpOCTPYKTypacHHHM aHMKJIAIIa

KaHJ1aif acOCUil mapaMeTpiap aHUKJIaHA N ?
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4. TyhuHum napakacu HUIMa Ba y KaHAal aHUKJIaHaIu?
5. bup toMonnama KyHantupunaran KM JnapHUHT CTPYKTypacHHHUHI OHWp

’KUHCJIA YMACIIMTMHU KaHJai mapaMeTpiiap aHUuKJIauin?

doiigajaHUITran agaduéraap:

1. E.Bernardo, J-F. Carlotti and oth. “Novel akermanite-based

bioceramics from preceramic polymers and oxide fillers”// Ceramics International.-
40 (2014).-1029-1035 p. Available at www.sciencedirect.com.

2. Krishan K. Chawla. Composite Materials. Science and Engineering.
Third Edition. Springer Science, New York-London, 2012. - 98-101, 249-306 p.
3. Morgan P. Carbon fibers and their composites.- Boca Raton: Taylor &

Francis, 2005. Materials engineering; vol.27. - ISBN 0-8247-0983-7. 1153 p.

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

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

6. b.B. I'yceB, B.. Konapamenko, b.I. Macnos, A.C. ®aiiBycoBHU.
@opMHUpOBaHUE CTPYKTYPbl KOMIO3UIMOHHBIX MATEPHAJIOB U X CBOMCTBA.— M. :
Hayunsiit mup, 2006. — 560 c.

7. A.A. baraeB, B.A. barae. Kowmno3uimonnsie marepuaibl. Cep.
HoBas yauBepcuterckas oudnuoreka.— M. : Jloroc, 2006. —400 c.

4. IIMmakoMno3uTJap HULIA0 YMKAPMII TEXHOJOTHWSICHHU YPraHHIlL.
HInmakommno3ur “Tpumiexke” Tapkudu, acocuil Xoccaaapu Ba KyJIJIAHUIHLIL
UMKOHHUSATIAPUHH YPraHuIl.

Hwinunz makcaou:

Hluwaxomnosum mamepuan — “Tpunnexc’nune mapxubu, xoccanapu,

mauépaaus mexHoa02usCU 8a KyIIaAHUUUHU YP2aAHUUL.

Ky kaBaTiu muma 6yromiiap 6up €ku Oup HeYTa HEOPTaHWK IIHIIIA JIUCTH Ba
yIIapHHU eTUMIIaiIUTaH OJMMED TIJICHKA KU CYIOKJIUKIaH HOopaT MaTepHaaup.
“Tpurutexc” TepmuHu (motuHua triplex - yukaBar) WKKWATA INWIIA

IUIACTUHACUHU IIOJJHUMCP MaATCpual OWJaH eJMMJIaHTaH KS"H KaBaTJIKd IIHIIa
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MaTepuaira KyJIaHWIAIu.
I'OCT 30826-200lra wmyBodUWK, KyNKaBaTiud INHINIA KyHUJarmiapra
OynuHamu;
* OJIOBJIaH XUMOSJIOBYH,
* [IIOBKWHJIaH XUMOSIJIOBYH;
* COBYKOap/ 101,
* MaxCyc Xoccajapra Jra.
KynkaBaTiu mmmanap MEXaHUK Xoccalapu Oyinua Oup Heda TypJjapra

oynuHanu (xaasai 6).

Kansan 6. KynkaBaTiy muinanap MEXaHUK XOccallapu

[nma typu Hopmatus xyxoxar Mapxkacu
Jluctim mumma Iocr 111 MO, M1, M2
Y3o0pau I'OCT 5533 Y
Apmarypanu I'OCT 7481 A
ApwmaTtypanu Ba | H/] An
callKaJlJIaHTaH

bysinran HJT T
MycTraxkamiaHraH

KuméBuit mycraxkam H/L K
Tobnanran I'OCT 30698 T
XUMOSITIOBUH HJ X
DHEpPruscakioBYU I'OCT 30733 C)

Kyn kaBarinu mmimasap IOMIIOK MpeaMeryiap 3apbacura OapIoNUTHIIUTH
oyiinua xKyitmgaru CM1 - CM4 xumost cuHbaapura Kupaau, KaTTHK TpeaMeTiiap
3apbacura Oapaonumnuru oyitnua P1A - PSA, temm6 ytumm 6yitnua P6B - P§B
XUMOSs cuH(Iapura KUpUTUIIA]IN.

3apba Ttynkuuura Oapmouumwiuru Oyimua Kl - K14, ykman xumosutama
oyiinya I11 - [16a xumos cuHdapura KUpUTHIAIH.

[HoBkuuaan xumosinam 6yinga 'OCT 23166ra myBoduk A-/| cundmapra

KHpUTWIAaN.
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Tpuniekc TapkuoOn.

KyiiMa Tpuriekc muina IulacTHHAIApHU Oupu-Oupu OwiaH OyTyH [O3acH
Oyiinya Maxcyc eTUMIIOBUM CYIOKJIMK OwiiaH KorutaHaau Ba Y@ nypnap €pnamuna
ITOJIMMEPIIAHAIH.

[IneHkanu TpUIUIEKC MIMIIAJIAPHU NOJHMMEDP IUIEHKAHW HOKOpU TeMIepaTypa
Ba 00CHM TabCcHpHUJA €IMMIIAIITa acociaHrad. byHna ninenka cudartuaa nmoaumep

IUIEHKa, MacajaH, HOJIMBUHWIOYTHpA IIEHKaAaH (oialaHIIaaH.

Tpunnekc

ACKOPATHBHAR

EKOPATHBHBIA
n P / nnexxa

Tpunnexkc

EVA-nnenxa

Y/

crexno

B //

ML

[uma mnactuakanap cudatuga MOMI1,M2 wmapkanu JUCTIU  y30pJiH,

Crekno

apMHpJiaHTaH, Oysnrad, ToOJaHraH, Ky€IIJaH XWUMOSJIOBYM, SHEPIrHUSICAKIOBUM
mumanapaad GpoiganaHUIl MyMKUH.

Kypunuin TpuriekcuHu Tai€piaiija OpraHvk IHIagaH XaM (oigaaHuIil
MYMKHH.

[[uima nuacTuHaIap MaKiIu Typiarda Oynuimu MyMkuH. [InacTunanap maxmm
eNMMIIAIIAAH OJIIUH Tal€pIIaHau.

[Mvmia nucTnapHyd  eMMMIIAll  TPUIUIEKCHU  TAIIKW  OTYBUYMJIAPHUHT
MYCTaxKaMJIUTUHU OIIKMpMaiiiy, OaJIku KaBaT/IM CTPYKTYpaHH IIAKIUTAHUIIN Talép
OyroMHHHT Oy3wiumra Gaprouumuruauommpanu. ( 60-89%ra omanu). bynaan
TalIKapyu TPUILIEKC XaB(CU3 Ba XUMOSUIOBUM IIHUIIA TYPKYMUTa KHUPAIU, YYHKH Y
CUHIUpPWITaHAa Mapyajapy yduO KeTMaiau, akCMH4Ya MOJMMEpP KaBaTra EnuilraHl
X0JI71a KOJIAIH.

Tpumnnekc panHrcus Ba KopaThpwiral OYmumu MyMKdUH. ByHUHT yuyH
XQKMHAW ~ KOPaWTUPWITaH, KOpPaWTHpWITraH IUIEHKAa Ba  [OJUMMeEpJapaaH

doitnananum MymMkuH. ByHNIaH Tamkapu TpUIUIEKC yiaTpabunHadina Hypiapura
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gyunaman Oymumm kepak. Illy Ownan Oupra €numTupyBuUM IJIeHKAa 2 coart
KallHaTHWJITaH/Aa aXXKpajud KeTMACIUTH Kepak.

Tpuriekec xvupa Ba paHrJiM TaWEpJIAHUIIM XaM MYMKHH. byroMra MKKuTa
TYypJAH yCyijaa paHr Oepuill MyMKUH. BupuHum ycynaa Tpuriekc Tai€p Oysiiran
1WA TUIACTUHAIApAAH Ta€pnaHaau. KKUHYM yCyJiia Tau€p TPUIUIEKC F03acura
KEPAKJIM PAHTIary IJICHKA ENUIITUPUIIAIN.

Kypuwinin TpHIUIeKCH — KEHI HUMKOHHUSTIapra osra Oyiaran axonuo
KOHCTPYKIIMOH MaTepuaaaup. by mMaTepualny MIUIATWIMIIN KyHIaH KyHTa OIIHO
OopMoOKIa.

buHomapHn ropu3aHTam KHCMJIApPUHHU, TOMJIAPHH, 3WHAJIApPHU MOJUIAPHHU

Taiépraniaa TPUIUIEKC KSHT KYJUITaHHJIMOK/A.

Tpumiexke TanépJiall TEXHOJIOTHACH.
Tpumiekc TalépramiHUHT OUp HEYa YCYJIM MaBXKyJ: KyhdMa TEXHOJOTHUS,

IUICHKAJIW TEXHOJIOTHS Ba aBTOKJIABCHU3 IJIEHKAIHN TEXHOJIOTHS.

TpumiekcHu Kyima ycyJiia Taiépiiam TeXHOJIOT HsICH
OocKu4Iapu:

IIMINAJAPHU Talépanl Ba IOBUIIL;

HKKH TOMOH/IAaMa TAaCMAJIAPHU KOILJIALIL; 0

UKKMHYY M IIAHU OMPUKTHPHUIIL; l

TalépJIaHraH KOHCTPYKUUSIHU MPeCcc/Ial;

IIMINAJIAP OPAJTMFUHM TYJIIMPHIIL /ﬁ
CMOJIAHM KOTHPHILI. L1

TpumiekcH KyliMa ycyiaaa Tal€piaml TEXHOJOTHSCH - Oy YCYJIHHHT
aQ3TUTH  TYpJIM KAJIWMHJIMKAArd Ba paHTIArd IIHAMIAJapHA  OWPIAIITHPHUII
MYMKHH.

[Tumanapuu roBuil. [nmanap vBUITaHIaH KEVMUH yIIApHU KYPYK, EFJIapIaH
xonu Oymummra 3bTrbop Oepuin kepak. [llumanap opacumaa Mabiaym OYNIIITMKHA
XOCHJI KWJIMII Makcaauja deTiiapura MKKH TOMOHJaMa &numanurad maddod
TacMajap ENWINTHPWIAAA Ba CMOJia KyHUI Y4yH TEIIMKYa KOJIUPHUIATU Ba

KOHCTpYyKIusi mnpeccrnananu. CyHrpa Tai€piadnraH cmojia OwWiaH OpajuK
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Tynaupunaau. TYnaupuin BakTuaa cMoiana myaxiapHu naigo Oyiaummra UMKOH
Kamap uyn kyuwmimaiian. CMoJIaHu KOTHIN Kapa€Huaa yHH 103a Oyimad Oup Xui
TaKCUMJIAHMIIIUTA YbTUOO0p Oepuiiaau.

Tpumieke TaiépJialliHU MJICHKAJIUA TEXHOJIOTUSICH.

by TexHonorusHuHTr ad3auryd, Oy ycyiaaa Tal€piiaHraH Kyn KaBatTid
HIMIIajap OKOPU ONTHK Xycycuarra sra Oymanu. By ycynpa mmmma auctiap
opacura nonuBuHUIOyTHpan mmiueHka ([IBB) kyiinnub, keiimH KosutaHaepaa
nacTiabKu  TMpecciaHaad, CYHrpa aBTOKJIABAa SKYHUH ENUINTHUPHUINL amaira
OLLIMPHJIIA]IN.

Kommannep WHUFMITaH TPUIUIEKC MAKETHH JAcTIaOKu BaKyymJlall Y4yH
unuiatTuiagu. by yckyHa Maxcyc KamepajgaH uoOopar OYnu0O, yHIa WUFWITaH
tpumieke 110 — 115 Crauwa xusgupuiaau, MWIIa Ba TUIGHKA OpacuUIard XaBo
pe3uHa Banukiap épaamuna yukapuiaau. Kommannepaan naket maddod xonataa
YUKW Ba SIKYHHI Ipecciall YYyH aBTOKJABra OillallTHpuiiagd. ABTOKJIaBIa

npeccnam +150 C Ba 12,5 bap 6ocum octuaa onubd Oopunaau.

ABTOKJIABCH3 IUIEHKA TEXHOJOTHSICH

ABTOKJIABCH3 IJIEHKA TEXHOJIOTHSICH OOCKHUYJIAPH:

" IIMIAJAPHM TalépJiall Ba I0OBUII;

" M2 BA MUIEHKAIaH KOMOMHUPJIAHTAH MaKeT
TauépJian;

" BAKYYM XOCHJI KHJIUIII,

" BAKYYM/Ia KOHBEKIIMOH KaMepaa KU3IHPHIIL;

» 20-40 naxkuka napomuga 130-140 °C na ymiad typuu,;
* BAKYYM/Ia COBYTHIIL.

by TexHonmorusHuHT ad3aIUTUTH Maxcyc TUICHKAJapHH KYJIJIAIl OpKajiu O0IIKa
KJIACCUK TPUIUIEKCIIApJaH TEXHUK MapameTpliapura Kypa IOKOpH Xoccajapra sra

oynaau. Kamuninru sca FoKOpY TaHHApXTa 3ra Oynaau.
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AMaJIMi MaLIFyJa0T Basudajiapu:
1-Ba3uda.

Anabuetnap Ba MHTepHeT-mabiiymoTiapAaH (GoipalaHuiaraH  Xojaa
TOOJIAHTaH JIUCTIW IIMIIA acoCUAa TPUIUIEKC MIIA0 YMKAPUIIHUHT TEXHOJIOTHK
TU3UMUHH TY3UHT.

2-Bazuda.

Anabuetnmap Ba HMHTepHeT-MabiayMoTiapjaaH —(odgamaHwiIraH — XoJjaa
TOOJIaHTaH JUCTJIM WIMIIA acOCHJa aBTOMOOWJ YYYH HCUTHIIAJITaH TPUILIEKC
OHacH MILIA0 YUKAPUIITHUHT TEXHOJIOTMK TU3UMHUHH TY3UHT.

Ha30paT caBoJiIapm:

1. Tpumiekc Ta€pnam y4yH WIUIATWIAJWTAH IIMIIA MapKaJlapuHU
KEJITUPHUHT.

2. Tpumekc Ta€pnaniia KaHaa OOFIOBYMIAD UILIATUIAIN?

3. [IneHkanu TEXHOJIOTUS aBTOKJIABCU3 TEXHOJOTHUSJAH HUMAacHu OuJiaH
dapk Krraan?

4, TYpt Ba Genr KaBaTIM MIUIMIAKOMITO3UT Tal€paail MyMKUHME ?

DoiigaJaHIITaH agaduéTaap:

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

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

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

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

5. TOCT  30826-2001. MexrocyaapctBeHHbI  cTraHmapT.  CTekyo
MHOTOCJIOMHOE CTpOUTEIhHOTO Ha3HaueHus. Jlata sBegenus 2003-01-01.

6. TOCT 111-2001 Crekio nuctoBoe. TexHuueckue ycaoBus
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http://files.stroyinf.ru/Data1/10/10113/index.htm

7.TOCT 30698-2000 Creksio 3akaJIeHHOE CTPOUTEIbHOE. TeXHUYEeCKue

YCIIOBHSI.

8. 'OCT 30733-2000 Ctexyno ¢ HU3KOAMUCCHOHHBIM TBEPJBIM TOKPHITHEM.

TexHu4ecKkue yCcuoBus.

9. T'OCT 30779-2001 CreknonakeTbl CTPOUTEIBHOTO Ha3zHaueHHs. MeToj

ONpEEICHUs]  CONPOTUBICHUS  aTMOC(EpHBIM  BO3JACUCTBUSIM U OLICHKH
JOJITOBEYHOCTH.
10. Tanuna JI.H., Munaes A.M., Ilpyukun B.A. HoBble KOMITO3UITMOHHBIC

MaTepuanbl. YaeoHnoe mocooue. Tam6os: 'OY BIIO TI'TY, , 2011.- 82 c.

3-amaumii MmamryJaot: Kpucrain Hanocucremasiap Ba yjlapHu axaMHUsITH.
HanoTexHoJ10THS Ba 3JIEKTPOHHUKA.
Pewxa:

1. 3appavanapHUHT yerapacu. 3appaydajiap yerapaCHHUHT MUTPALIUSICH.

2. Myntunner wukkuinamud  3appadanap. Juciokamms.  YKomammumm
nedextinapu. Yukappanu tyryH. Xosui-Iletu koHyHu. TabKUKIaHTaH dyerapaHUHT
KEHIJIUTH.

3. Monekynsap snektponuka. Epyrmuk nuomu (LED). Maiinon >ddextiu
tpansuctop (FET). IOnka mnenkanu tpansucropnap (TFT). bup snexrponnu
tpanszucrop (SET). 3apsn Oornmanunum kKypuwima (CCD). KommuemeHTap
metaiokcuma spuM  yTkazrud (CMOS). T'wrantmaraut kapumwmra (GMR).
OnrosniekTpoHrka. GOTOTIOMUHECIECHIIUS.

4. ®oron kpuctamap. @oronuka. HOzamnasmon. Ilbe3opesuctuB 3¢ eExT.

CrnuHaTpoHMKa (CITUH acocuiaru 3ekTponuka). Kyout. KBant kommrorepiap.

Nmpan maxkcan:

3appadyaJlapHUHI  4Yerapacu. 3appadajap 4YerapacCMHUHI MUIPALUsCH.
Myntunner ukkuiaamuu 3appavanap. Jucnokarus. XKonnammim nedextinapu. Yu
Kappanu TyryH. Xoiur-Iletdy KoHyHu. TakuKiIaHraH derapaHWHI KEHIJIATH.

XOJWIAIITUPUITAH XYY/,
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Monekynsp snekTpoHuka. Epyrmuk amomu (LED). Maiinon sddextnu
tpanzuctop (FET). FOnka muenkanu tpansuctopiap (TFT). bBup snexrponnu
tpanszucrop (SET). 3apsn Oornmanunuin kypuima (CCD). KommiemenTap
Metanokeumu apuMm  yTkazrud (CMOS). T'urantmaraut kapuuaura (GMR).
OnToanekrponuka. doromomunecuenuus. @Doron kpucramiap. DoToHHUKA.
FO3amnazmon. IIne3opesuctuB  sddexr. CrnuHTpoHMKa (COUH  acoCHaru

anektponuka). Kyour. KBant kommiorepnap.

MacajaHuHr
Ne NiHu 6akapuin y4yH HAMYHA oo
KYHHJIHIINT
1. | Grain boundary: a 2D defect, the interface bordering 3appauanap
two well-defined crystals YerapacMHUHT
w acocui
Oy, HyOm= O, O
Gt Beawiics NPUHIMITHHHA
K = TYUIyHTHPHHI?
€ ‘ ¢ '; . :"-'.' ® HO PaCMuaH

Grain Boundary

@‘M 30 ki : § : doiinanmanunr!

Copper (Cu(OH),) .

3appauajapuunr yerapacu: 2D-nedext, anuk
aHUKJIAHTaH UKKUTA YerapajlaHyBUd KPUCTAJNIADHUHT

uHTEepdencu
2. | Grain boundary migration: coordinated movement of | 3appauaap
grain boundaries activated either thermally or by YyerapacCHHUHT
mechanical stress MHUTPAIASICHHA
0 N e acocwii
) mg”“ifrem” g5 NPUHIMITHHHA
: 5 , TYUIYHTHPUHI?
“clean” migration
3appavanap yerapaCHHUHT MUTPALMSACH: TEPMUK EKU
MEXaHUK KyWwIaHuI Wy épaamuaa GpaouialiTUpUiITrad
3appadajap yerapaJapyuHUHI KEJIUIIWITaH XapaKkaTu
3. | Multiply twinned particles (MTP): observed MyaTumnier
frequently with a pseudo five-fold symmetry in UKKUJIAMYH
nanocrystalline particles and thin films (deposited on 3appavajJapHUHT
crystalline substrates) of cubic face-centred metals, acocmii
diamond-type semiconductors (C, Si, Ge) and alloys XoccaJapHu
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TYILYHTHUPHUHI?

Pacmaan
doiinananuur!
MyaTunier ukkuiamuu 3appavanap (MTP):ommoc
(C, Si, Ge) Ba KoTHIIIMAJIAp THITAIATH
SIPUMYTKAa3rH4jIapaad, KyOCUMOH
EKJIapuMapKa3IallTUPUIITaH MeTajlap/iad OJIMHTaH
IOMKA IJICHKaIap (KpUCTAUT TarjuKIapaa YYKTUPUIITaH)
Ba HAHOKPHUCTAJLI 3appadayiapaaru OSIuHIA TapTHOIN
MICEBJOCUMMETPHUSHUHT Ky3aTUJIUIIN
Dislocation: a crystallographic line defect involving Juca0KANMSTHUHT
irregularity in the periodic arrangement of atoms acocuii
(missing row of atoms in a plane) in a crystal X0ccaJlapHu
L TYLUIyHTHPHHI?
Pacmpan
doiinananuur!
JAuciokanusa: Y3 UYUra aroOMIIQPHUHT  JTaBpUU
YKOMJIAITYBUHUHT HOTEKUCIUTUHU OJYBUM KpHUCTaJaru
(Texkucaukgaru OWp KaTop aTOMIIAPHUHT HYKIUTH)
KpUCTAJUIOTPAPUK YU3UKIU Je(DEKT
Stacking faults: crystallographic defects arising due to | Koiisramumm
wrong stacking sequence of planar arrangement of atoms | negexkTIapuHHHT
g -é acocuii
A B NPUHUUIIAHA
g TYIIYHTHPHHI?
A A Pacmpan
g g doiinananunr!
A A
Perfect Crystal Stacking Fault
Kownammm gedexrTiapu. aTOMIIAPHUHT HOTYFpPH
KeTMa-KeT IUJJaHAp JKOWJIAIlyBU HATWXKACHAA XOCHII
O6ynmyBun kpuctamorpaduk nedextiap
Triple junction: a node at the intersection of three Yukappaau
crystals or TYTYHHHT acoCHii
grains XoccaJlapHu
TYUIYHTHPHHI?
Pacmpan
doiigananuur!
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Yukappaan Tyryi{: yuTa KpUCTAJJIAPHUHT EKU
3appajapHUHT TYKHAITYBHUJIard TYT'YH

Hall—Petch relation: the effect describing the inverse Xoaa-Tleru
effect of grain size on the hardness of a crystalline solid | konynuHu
that arises mainly due to grain boundary strengthening TYIIYHTUPHHT?
Hall-Petch Strengthening Limit PaCM TaH
- doiinananuur!
e .
7 |
Xousu-Ilery KOHYHHM: acocaH yerapajarvd 3appadyaHuHT
MyCTaxKamjallyBd  XucoOura  XOocuia  OYiIyBuYHM
KPHUCTAJICUMOH MOIJAaHUHT KATTUKJIUTUra
3appavyajapHUHI  yIIYaMUHU  TE€CKAapU  TabCUPUHU
taBcu(ioBun Y PexTn
Band gap: energy gap between the valence band and TabKuKJIaHraH
conduction band in a solid in which all electronic energy | yerapaHunr
states are forbidden acocuid
] XxoccajJapuHu
e TYUIYHTHPHHI?
Pacmpan
Energy Gap doiinananuur!

Semiconductor

Insulator Metal

TabKuKJIaHraH YerapaHuHr  KeHIVIMru: Oapua
QJIIEKTPOH JHEPTETHK XOJIATJIAp TAabKUKJIAHTAH KATTUK
JKACMJIATA BAJICHT Yerapa Ba YTKa3yBUaHJIMK Yerapacu
OpacHUIaru SHEPreTUK TYHHYK
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9. | Depletion zone: a region at the junction of XoTHIamTHPHITA
semiconducting materials that is devoid of free charge H XYAyA KaHaai
carriers TapKUOMH

'_*::"S f:;“‘::) KUCMJIApPAAaH
+» L=l SO TAIKWI TONran?
"'T"’;E;. Ry Pacmaan
. ¢poiinasanunr!
Depletion Zone
XoaWJIalTHPWJITAH  XYAYA:  3apsjJlapHA  dpPKHUH
TallyBYHIIapUIaH XO0JIH oynran APUMYTKa3rU4
MaTepHaUIApHUHT OUPIIAIIUIIT KON

10| Molecular electronics: the study and application of MouJiekyJsip

molecules for electronic device applications 3JIeKTPOHUKAHUHT
acocuu
NPUHINITUHHA
TYLUIYHTHPHHI?

: Pacmpan
doiinanmanunr!
T KOHTAKTbI =

MouiekyJiip 3JIEKTPOHMKA: JJIEKTPOH Kypuwimanapaa

KYJUIAaHWIMIIM YYyH MOJIEKYJIaJapHUHT TaJKUKU Ba

KYJUTAaHWIA TN

11| Light-emitting diode (LED): a semiconductor light CBeTOAMOTHUHT
source working on the principle of electroluminescence, | acocwuii
where the wavelength of light emitted depends on the NPUHIUITHHHA
band gap of semiconductors TYIIYHTHPHHT?

Light Emitting Diode PaCMI[aH
Tosescrhide doiinananuur!
Light emitting diode (LED) m | . ’;v: 3"“ =|
- p-type al
W i
CeeToauon (LED): 3JIEKTPOJIIOMUHECIICHIIUS

NPUHITUIINTA acoCaH WILIOBYM SIPUMYTKA3TUWIA HYP
MaHOau, HypJaHyBYM EPYFIMKHUHT TYJIKUH Y3YHJIHTU
SAPUMYTKA3TUUJIAPHUHT TabKUKJIAHTaH XYy A
KEHTJINTUra OOFJIHK.
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12

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

*=lectr
mesf""’ ¢k

Electrode

B Silicon Oxide

Gate Electrode

Maiinon 3¢ dexraurpansucrop (FET): sanexrp
MaiiIoHu épaamMu/ia YTKa3yBYaHIUTHHN OOIIKAPHUIIT
MYMKHUH OYJITaH TPaH3UCTOP

MaiaoH

3¢ dexTian
Tpansucrop (FET)
HHMA YYYH Kepak?
Pacmaan
doiinananuur!

13

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

FOnka nienkanu Tpansucropaap (TFT):
SPUMYTKA3THUIN Ba JUDJICKTPUK MaTEpUAUTH FOTTIKA
TJICHKA KaBaTJIM TPAH3UCTOPJIAP; paauoTrpadusTHUHT
LCD Ba pakamiu wiioBajgapuia KyJUTaHIIA U

IOnka niaenkaan
TPaH3UCTOPJIAP
KaHJail TapKuOui
KHCMJIApIaH
TAaIKWJ TONraH?
Pacmpan
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
cause the on-and-off switching function of SET

P

bup osiaekrponnu Tpausucrop (SET): 4ukyBum
3apSAOHUHT KyJa KWUYUK Y3TapUILIapUHUA — aHUKJIAIl
KOOWIIMSTUTA 3Ta Mociamaliap; OMpruHa dJIeKTPOH YIyH
xam 3apsuiap Qapku  “€kuoO-yuupuir”® (GyHKIUSICUHU
YaKUPHILIHA MyMKHH

bup s1ekTponsiu
TPAH3UCTOPHHUHT
acocuit
XoccaJlapHHU
TYUIYHTHPHHI?
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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

CcCD-Chip

Zapsaa 6ornanunuin kKypuama (CCD): sapsyianran
MO3UIIMOH-CE3TMp aXxOOpPOTHM WWFa ONajWraH Ba
pakamMaM ~ TacBUPJApHM  MIUIATHIN ~ ydyH  KCHT
KYJUIAaHWJIQIUTaH  MOHHUIYJSAIMSIIAD YUYyH — paKamiin
MabJIyMOTJIapra yTKa3a oJaJIuraH KypuiMa

3apsan
OOFIaHUIILIHN
KYpujiMa HUMa
Y4YYyH Kepak?
Pacmaan
doiinananuur!

16

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

CMOS

e CCD —
T analo

[ 3 ixel| ,| signa
S~ H :P..,—> chain [T
| | >
—~ M EEEE [ p—
\ / _con
/

KommniemeHTapMeTaJI0KCHIJIN SIPUMYTKA3T U4
(CMOS): wunrerpan cxemanap (ICs) Ba VyTta karra
uaterpan cxemamapuu (VLSI) scamr  yuyn sHTH
TEXHOJIOTHS, acocuil ad3anmnukiapu kam sHeprust capd
KWINIIA Ba FOKOPU IIOBKUH Japaxkacuaa 0ynubd Oy V3
HaBOaTHJa 1032 OUPIUTH JOMpacHUlia KypHJIMaJapHUHT
FOKOPY 3UYJTUTHHYU TAbMUHIIANTN

—»out

Kommiemenrap
MeTaJT0KCH/IJIN
SAPUMYTKA3ru4/1ap
HMMA Y4yH Kepak?
Pacmpan
doiinananuur!
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Giant magnetoresistance (GMR): quantum mechanical
effect observed in thin film structures: the electrical
resistance  decreases  significantly = when  the
ferromagnetic layer is exposed to a magnetic field

b H Fr’ I Magnetic lnyer
b. {f(" Non-magnetic layer

Magnet

IuranTmarant Kapumura (GMR): ronka miieHkanmm
CTpyKTypanapia Ky3aTHJIaIUTaH KBaHT-MEXaHHUK
addekt: (eppoMarHuT KaBaTHUHI MarHuT MaiJoOHU
TabCHpPUTA YUparanaa dJICKTp KapUIMIUTH CE3WIapiu
Japakaza Kamasiia

I'mranTMaraur
KAPIWIATHHUHT
acocui
X0CCAJIAPUHH
TYUIYHTHPHHI?
Pacmaan
doiinananuur!
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Opto-electronics: an application of electromagnetic
photons for electronic device applications; they can be
either  electrical-to-optical or  optical-to-electrical

transducers

OnTo03/IeKTPOHHUKA! NEKTPOH  KypWIMallapAaHU
AIIEKTPOMArHUT (DOTOHJAPHUHT KYJJIAHWIUIIHN; “DIIEKTP
CUTHAJIMHA ONTHK CUTHaNra” €Ku “ONTHK CHTHAJIHHU
ANIEKTp CHUTHaira” YTKa3yBYM Y3rapTruuiap OYauimu
mymkuH CdSe HaHOKOJIIIOUT

Onro3/1eKTPOHNKA
HHUHI 2COCHU
XO0CCAJIAPUHHA
TYLILYHTHUPHHI?

19

Photoluminescence (PL): a process by which certain
substances absorb electromagnetic radiations of specific
wavelengths and re-radiate photons of different
wavelength
DOTOJIOMHUHECHEHIH S
MOJJIAJTADHUHTMABIYM OHp  TYJIKUH  Y3yHJIMKAAru
ANIEKTPOMArHUT  HypJIapHU  OTUO Ba  KalTaJaH
(OTOHJIAPHU TYPIM XHWJI TYIKUH Y3YHJIUK]A HYpJIaTyBUU
JKapacH

(PL): 0ab3u oup

DoTOJIIOMHHECIIEH
IMUSIHUHT aCOCHH
NPUHUUITAHA
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

DOTOHKPHUCTAJLIIAP.  DJIEKTPOMArHUT  TYJKWHIJIAPHU
TapKaTWIMIINIA TAbCUP JTHILITAa MYJDKAJUIAHTaH JTaBpHid
JIVRJIEKTPUK Exn METAIUIAUIIEKTPUK ONTHK

HAaHOCTPYKTypaJiap

DoTOHKpUCTALIIAD
HHUHI ACOCHH
XO0CCAJTAPUHH
TYIIYHTHPHHI?
Pacmaan
doiinananuur!
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Photonics: electronics using light (photons) instead of
electrons to manage data

Oommkapumaa
(poronnapum)

doToHMKA: MabJIyMOTJIApHU
JNEKTPOHJIAP  YpHUTA  €PYFIMKHU
KYJUTOBYH JICKTPOHUKA

@OOTOHUKAHUHT
acocui
NPUHIUTINHA
TYLILYHTHUPHHI?

22| Surface plasmon (SP): plasmons that are confined to | FOzamra3mon (SP)
surfaces and interact strongly with light resulting in a | repMmuHEEI
polariton TYIIYHTYPHHI.
Pacmaan
doiinananunr!
\L < <
Ag nanoprisms Auspheres Auspheres Agspheres Agspheres Agspheres
~100nm ~100mm ~50nM ~1201M ~80um ~40nm
N =) e )
IO3amiasmon  (SP):  Epyriuk  Ownman  Kywid
TabCHUPJIANINIT HATHU)KACHUAA ITOJIAPUTOHT A OJ'II/I6 KCIIYBYH
103ara MocC KeJayBYH IJIa3MOHJIAp
23| Piezoresistive effect: phenomenon by which electrical | IIbe3ope3ucTus
resistance of a material varies with externally applied | 3¢ppexTHHHT
mechanical pressure acocuif
NPUHIMAIIUHHA
TYUIYHTHPHHI?

IIbe3ope3ucTuB 3¢ deKT: TaIKapuIaH MEXaHUK 00CUM
TabcUpuUra OOFIMK paBUIIAAa MATEPUATTHUHT DJICKTP
KapIIWJIMTHHUAHT Y3Tapyuil XOIUCacu
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24| Spintronics (spin-based electronics): an emerging | CnUHTpOHHKA
technology, which exploits the dual property of | (cnun acocumaru
electrons, namely charge and spin state; also known as | 3;1ekTpoHunKa)
magneto-electronics HHHT aCOCHH
- ; \ X0CCAJIAPUHH
m TYILYHTHUPHHI?
(Spintronics) ~oin
..hy
CnuHTpOHUKA (CIMH ACOCHAArd JJIeKTPOHHMKA):
QJICKTPOHJIAPHUHI" UKKHJIAHI'aH XOCCAJIapHUHH, ) KyMJIaJaH
3apsaa Ba CIIMH XOJIATUHHU KS'/JIJIOB‘{H SSHT'U TCXHOJIOTHUM,
MAaHHTO-3JICKTPOHHKA CI/I(I)aTI/II[a XaM MabIIYM
25| Qubit: a quantum-computing equivalent to a bit; with an
additional dimension of quantum properties of atoms
Bit Qubit
0 0
&
Kyour auma yuyH
o Kepak?
1 1
A bit can only Superposition can be
bealor1 represented anywhere
on a sphere.
Kyowur: XucoOanapaaru OUTHHUHT KBaHT
DKBUBAJICHTH; aTOMJIADHUHI KBAaHT XOCCAIIAPUHU YIdail
KYyIMM4Jacy OuIaH
26| Quantum computers: a computational device using
guantum mechanical phenomena for operations on input
data
KBanr
KOMIIOTepJI1apu
acocui
NPUHIMUIIHHHA
TYUIYHTHPHHI?
Pacmaan
doiinananuur!

KBanTkommiorepJiap:
onepanusiapaa

KHAPHII
KBAHT-MEXAHUK
KYJUIOBUM XHcoOam acoobmapu

MabJIyMOTJIapUIaru
XOIMUCATIAPUHU
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Hasopar caBoJsiapu

1. Kpucramn HaHO3appavyajJapHUHT acocuu XOCCaJIApHUHT
TYUTYHTUPHUHT?

2. Martepuaiapia SHEPreTUK 30HaIap KaHaal MakutaHan?

3. Pyxcar sTuiran Ba TabKHKJIAHTaH 30HAJNApHUHT (DapKu HHUMaJlaH
nbopar?

4. Mertannap, IUANEKTPUKIAD Ba SPUMYTKa3TUUIapAa JHEPreTUK

30HAJIAPHUHT TYJIAMpUIMIIUAAry GyHaaMmeHTan ¢apkiap HUIMaaaH noopar?
S. Kyn katnamnm spuMyTKa3TUWId CTPYKTypalapa KBaHTIU ypajap

Ba MOTEHIIMAI TYCUKIAp KaHJal KWIKO makuiaHaan?

6. TyHennaHum XoAucac MOXUSITH HUMaJaH noopart?

7. KBannu Vpaga osHeprus carxjapu Kaiicu cababmapra Kypa
JUCKpeTiamam?

8. KBanT ymuamnu s¢pdext numanan nbopart?

Q. Monekynsip 2JIEKTPOHUKA, ONITOAIEKTPOHUKA, (POTOHHKA,

CIMHTPOHUKA aCOCUI NPUHUUIIMHUHT COJUIITUPUHT.
10. Cseroanon, Maiiion 3¢ dextiau Tpansuctop (FET), ronka rureHkamu

TpaH3UCTOPJIAp, OUP IEKTPOHIM TPAH3UCTOPHUHT HUMA YUYH Kepak?

11. Ky0OuT Ba KBaHT KOMIIOTEPIAPHUHT aCOCUM MPUHIIUTTUHUHT
TYLIYHTUPHHT.

12. ['MraHTMarHuT KapUIWJINTUHUHT ACOCUNA XOCCATAPHUHT
TYILIYHTUPHUHT?

13. DOTOHKPUCTAIUIAPHUHT KaHJal TapKUOWM KucMiIapIaH TallKui
TOMnraH?

14, [Tbe30pe3ucTuB 3PHEKTHUHT aCOCUN MPUHLIMITMHUHT TYIIYHTUPUHT?

15. CnuH acocuaary 3JIeKTPOHUKAHUHT aCOCUN XOCCaTapHUHT
TYLIYHTUPUHT?

doligaJaHNITraH aga0dueT
1. Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro
and Nano Technologies) 2nd Edition, Elsevier, 2011, 17-35.
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4-amanmit  mamrygaor: IlosmMep HaHomaTepuasa oOJMII Ba  yJIapHH
xoccajapuu. Hanounesiwso3a. buoMuMeTHKa CHCTEMAJaAapHM OJIMII Ba
YJapHH X0ccaJapu.
HNuipan maxkean:
Cyrok kpucrai. [lakn xotupanu noaumepaap. Hanonemnonosa. Tykumanu
uHxeHepus. buomocnamyBuaninuk. buomumernka. 37aeKTpoH OypyH. DIEKTPOH

tui. bot. Hano6ot. Jlopunapau makcannu erkasuii. JJHK-yum.

Ne Nimau 6akapuil y4yH HAMYHA legaﬂaHnHr
KYNHJINIITH
1. Liquid crystal (LC): a state of matter with
properties between a liquid and solid crystal; it is
used extensively in liquid crystal displays
il *{"WZ "Qi .
Cywk kpucrai (CK)
KaHAail TapkuoOni
KHCMJIApAaH

TAINKWAJI TONTran?

' WL, Pacmaan
‘ ' doiinananuur!
| | 55

Cywkkpucraa (CK): cyrok/nk Ba KaTTUK
KPUCTAJICUMOH MOJIJIa XOCccajlapy opaJuruaaru
MaTtepusl; CyIOK KpUCTaJUIU AUCIUIeIapia KEHT
KYJUTaHWJIaau

N
-~

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

(a) Original

Hlaka xoTupaau
NoJIMMepJIap HUMa
YUYH Kepak?

(b) Temporary/|

[lakna XoTHpaau NDoJaHMeEpPJIAp. XapOPAaTHUHT
y3rapumu  KaOu TallKW Ky4ilap TabCHpHIA
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By)XXyJra KcCJir'aH TallKyM Ky4Wiliap TabCUpHUIa

nepopManmsgaH  CYHT  Y3UHMHT  JaCTJIA0KH
MIAKJIATa KAWTHIN KOOWIMSTHIAa Jra axluId
noJIMMepJIap

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

@~ 8 =~ = y
e Tykumaau
) HHKEHEePUSIHUHT
(Gemm acoCHH X0CCAJIAPUHU
f’jéfm T TYUIYHTUPHHI?
\Eg'ii e ” Pacmaan
ol doiinananunr!
Tykumaam HHKEHepHusi: CyTIMU3YBUHIAPHUHT
acocud  TYKMMQJIAPWHHMHT  TYy3WJIWIOA  Ba
(yHKIHMOHAT acocjapy Xamaa (QyHKUUSIApUHU
TUKJIAM, Kymuiad Typuil €KW SIXIIWIANL YYyH
OuoMoclallyBYaH  YpHUHH  OOCYBUMJIAPHUHT
KYJUIAaHWIWMIIY TYyFpucHaaru ¢pax
Biocompatibility: capability of a material in
contact with a biological system to perform its
intended function without causing deleterious
changes E
g HOMOCJIAITY BYAHIH
KHHMHI aCOCHM
NPUHIUITHHA
TYIIYHTHPHUHI?
Pacmaan
doiinasmanuur!
buomocaamyBYaHIMK. HOXYII Y3rapullIapHU
yaKkupMaid MaTepuaTHUHT OMOJOTUK TU3UM OWJIaH
TabCUPJIANTYBHUA Y3 BazudanmapuHu Oaxapuim
Biomimetic: the science of imitating or reverse
engineering from natural systems to the study and
design of engineered systems using modern BHOMAMETHKA
teChnogy acoCuii NPUHUUITUHU
: ‘& TYILYHTHPHHI?
. , Pacmaan
doiinananunr!
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buoMumeruka: 3aMOHaBUN TEXHOJOTHSIAPHU
Kyjuiaiml  OujaH  MYXaHJIUCITUK — TU3UMIIApHU
TaJKUK KWINII Ba JIOWMXAJAIITHPUII YYYyH
TaOUUM TH3UMJIApTa YXINIall, WHXEHEpUs EKU
TaKJIWJ KU TYFpUcHiiary pax

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

Pattern

Rec: or
e Classification

&7 >

Sensor Array

Olfactory Bulb Brain

&

Microprocessor

Software

JJIEeKTPOH OYPYH: XU €KY TabMJIAPHU aHUKJIAII
y4yH OMp Heua KUMEBUM CEHCOpIap/laH TaIIKUI
TONTaH Kypuima

DJIeKTPOH
OYPYHHMHI acoCUii
XOCCAJIAPUHH
TYLIYHTHPHHI?
Pacmpan
¢doiinananuur!

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

measunng
multiplexor device

sensor
armay e

reference VA \
electrode \g \

—_— \\/

annl\se|;i solution MJ — -
DJIEKTPOH THJI: TabMJIADHU AaHUKJIAIl Ba
TaKKOCJIAIII YUYyH oup Heya KUMEBUH

JaTYUKIIapAaH TAlIKWJI TOIITaH KypHJIMa

JJIEKTPOH THIHHUHT
aCoCHH X0CCAJIAPUHU
TYIIYHTHPHHI?
Pacmaan
doiinananunr!

Bot: a robot or automated intelligent machine

Bbort: poboT €k1 aBTOMATIAIITUPUIITAH
WHTEIJICKTYyall MallliHa

bor: Huma yuyH
Kepak?
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Q. 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
Hano0oT HuMa y4uyH
kepak? Pacmaan
\ doiinananuur!
N
Hano0oT1: HaHOMETpPIM yIyamiiapIaH TAllKUII
TOINTaH KOMIIOHEHTJIH POOOT (IpUM EKU TYJIHUK
aBTOMATJIAIITUPUIITAaH MHTETpAJl MAIlIMHA); YJap
HaHOPOOOTIap, HAHOUJIAP, HAHUTIIAP,
HAaHOMAIIMHANAp KM HAHOMUTIIAp HOMJIApU
OMmJIaH xaMm yuypaiau
10. Targeted drug delivery: administration of a
pharmaceutical compound in desired amount to a
localized diseased cell/tissue for therapy
S JlopuiiapHu
“\w / R MaKCca1JIu
p..,.m, T AT . CTKA3UIINHUHTI
/ acoCHH NPUHUMIIMHU
ﬁ TYIIYHTHPHUHI?
Liawid sl Rl Pacmpan
o doiinananunr!
Jopuiapau MakcaaJd eTKa3HMII: Tepanusaaa
JOKaJUIAlliTaH ~ 3apapiiaHraH  XyKaiipamapra /
TYKUMaJiapra Kepak oynran MUKIO0paa
dbapmaneBTUK OUPUKMAHU KUPHUTHIII
11. DNA chip: a sensor based on a semiconductor

microchip used to identify mutations or

alterations in a gene

I[HK YHI: TEeHJAru  MyTauusulapHu  €KU
y3rapuiuiapHu UACHTU(PUKAIMSIIAIT YYyH
KYJUIAaHWIQAUTaH SPUMYTKA3TAYIM  MHKPOYMII

acocugaru gaT4yukK

JTHK-9uMmHUHT
acoCHH X0CCaJIapUHU
TYUIYHTUPHHI?
Pacmaan
doiinananuur!
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Ha3zopar caBosiapu

1. Cyrokkpucran KaHaai TapkuOuii KucMiapJaH TallKuil TONraH?

2. [Takn xoTHpanu noauMepaap aCOCU XOCCaJTapHUHT TYIIYHTUPUHT?

3. TyKkumanu MHKXEHEPUSHUHT HUMa YU4yH Kepak?

4, buoMumMeTnka Ba OMOKEpaMUKaHUHT aCOCUM MPUHIUITUHA
TYLIYHTUPUHT?

S. DneKkTpoH OypyH Ba 3JEKTPOH THUJI ACOCHM XOCCATIAPHUHT
TYILIYHTUPHUHT?

6. Hano0oT Ba nopuiapHu MakcaUli €TKa3UuIIHUHT aCOCU

OPUHIIUIUHUHT TYITYHTUPUHT?

7. JAHK-4unHuHT acOCUi XOCCATAPHUHT TYLIYHTHUPHUHT?

dDogasaHWITaH agaduériaap

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

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

HanomaTepuaJ oiuin Ba yJapHU X0CCAJAPHHU.

HNmpan makcan:

Tarnan-temara Ba Temanan nacrra. byr ¢da3acunan ¢usukaswuii uyktupuin (PVD).
[Tnasma. byr ¢azacugan kuméBuil uyktupuin (CVD). Uccuk n3ocTaTuk mpecai
(HIPing). Ilupomus. VYukynnu mnazmanu numupuin (SPS). Tenr kanammm
oypuakiu mnpeccinam (ECAP). Mexanuk KoTuiiMmanami. byF-CyHOKJIHK-KATTHK
momna ycymu  (VLS). Onwurakcusi. Hanomutorpadus. Fab.  Kommownn.
Hanoaucnepcus. V3-}"13HHH nurum. Asporen. KBant nHykranapu. bakMuHcTep —
dbymiepen. MarukcoH. Yriaepoanu HaHoTpyOka. Hanotonanmap. HanokoOukiap.
Hanocumnap. Hanomartepuan. Hanoctepxkunap. Buckepnap. IOnka mnnenkanap.

Me3oroBakiu MaTepuai. MynTukaBaTiap.
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Ne Nuraum 0askapuin y4yH HaMyHa MacajiaHuHr
KY AWM A
1. | Bottom-up: a strategy for synthesizing nanomaterials
from atomic scale fundamental units where the
fundamental units link up to form
nanoparticles/nanostructures
Top-down: involves fragmentation of a microcrystalline
material to yield a nanocrystalline material; all solid
state synthesis routes of nanostructures fall into this
category
Oa
s %éfeﬁé@fg&
s = Tarman-renara
Ba Tenagan
nmacTra: acocui
NPUHIMAIIHHHA
COJTMIITHPHUHI?
Top-Down PaCMIlaH
doiinananunr!
H
Tarnan-renara: acocuii OUpJIMKIapy HaHO3appayaap /
HAHOTHU3UMJIAPHU XOCHJI KWIMII OuiaH Oupiamaauras
aTom MUKECUAATU acocum OUpIUKIapUAaH
HaHOMAaTCpHUAJJIAPHUHT CUHTC3 KUJIUII CTPATCTUACHU
Tenanaﬂ macTra: HAHOKPUCTAI MAaTCpHUAJIHH OJIMII
OWIaH MUKPOKPUCTAIUT MOJJAHUHT MaiJajaliHd Y3
AYUra ojlagy, HaHOCTPYKTypaJlapHU CUHTE3 KUJIMIIHUHT
KaTTUK MOJJIAJIN NYJUIapy [y KaTerOpusira Kupaau
2. | Physical vapour deposition (PVD): a variety of | Byr ¢a3acugan

vacuum deposition technique involving vaporization of
atoms from target material to produce a thin film on a

substrate
PVD

SPUTTERING
RAW MATERIAL (TARGET)

EVAPORATED PARTICLES
l ‘COATING (FINISH)
Golden R

SUBSTRATE
Base Material I !

(pusukaBuit
YYKTHPUIIHUHT
acocuu
NPUHUUITUHA
TYIIYHTHPHHT
Pacmaan
doiinananuur!
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Amorphous silicon
on substrate (PVD)

Byr ¢a3zacupan ¢PusukaBuii uykrupum (PVD):
TarJuKAa IOMKA TUICHKAJIapHH OJIMII yYyH aTOMIJIAPHH
MYJDKaJl MaTepUaiuIaH OYFIaTUII UIITHPOKUAA BaKyyM
YYKTUPUIITHUHT TYPJIM TEXHOJIOTHSIIAPU

Plasma: a state of matter containing a significantly large
fraction of ionized matter; plasma properties differ
significantly from those of solids, liquids or gases

I[lna3ma:uoHnamraH MOJJAAaHWUHT aHYarkHa  KaTTa
bpakumsICHHA  ¥3WAa CaKJIOBYM MOJUIAHWHT XOJIATH;
MIa3MaHUHT ~ XOCcallapd  KAaTTHK  MOJJjajapjaH,
CYIOKJIMKJIapAaH €KU rasiap/iad Tyoan (hapk Kujaau

Ilna3zma
TeMIIepaTypacu
HH Ba
X0CCAJIApHU
NPUHIMIIAHAHT
TYILYHTHPHUHT

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

Chemical Vapor Deposition (CVD)

byr ¢pazacunan

-" KHMEBHUM
€ I i YYKTHPHUII
°§o (CVD) unr
acocuil
NPUHUUITUHA
TYIIYHTHPHHI?
aa— i FaCM)IaH
Byr ¢a3zacupan kuméBmii  uykrupum (CVD): (pofinananunr!
ra3CMMOH PEareHTIApPHUHT KYJUTAHWJINIIKA OWIaH FOTKA
TJICHKAJIAPHUHT TarJIMKAAa YYKTUPHUII YCITyOu
Hot isostatic pressing (HIPing): the process of using Hccuk
high hydrostatic pressure and temperature to compress H30CTATUK
fine particles into coherent parts npecJalHuHT
acocuu
NPUHUUITUHA
TYIIYHTHPHHI?
Pacmaan
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Standart steel

X Steel by powder technology
Hccuk npeciaam  (HIPing):maiiun
3appavajapHu SXJUT KUCMJIapra CHUKUII Y4YyH IOKOpPH
TUAPOCTATHK OOCUM Ba XapoOpaTHU KYJUlalll )KapaéHU

H30CTATHK

doiinananuur!

Pyrolysis: Greek word denoting separation (lysis) under
fire (pyr); a thermochemical method involving
decomposition of organic material at elevated
temperatures in the absence of oxygen

ST LA

polystyrene particles  ceramic precursor HTT-1800

structuring I 110 °C, toluene

ITuposu3 HuUMa
YUYYH Kepak?

St by Pacmpan
| snve-sine doiinananunr!
IMupoawus: amanra(pyr) ocruma axpartuiran  (lysis)
AHIJIATYBYM I'PEKYa Cy3; KUCIOPOJ UIITUPOKUCH3 IOKOPH
xapopariapaa OpraHuK MOJJAHU MApYAJIAIIHU Y3 UUura
0JIyBYH TEPMOKUMEBUH YCYII
Spark plasma sintering (SPS): a sintering technique
using pulsed DC current that directly passes through the
graphite die, as well as the powder to be consolidated, in
case of conductive samples Yuxynm
Spark Plasma Sintering (SPS) IJ1asMaJjin
Plasma hcar::;dlamjilc heating I[I/IIHI/[pI/IIHj-[I/IHF
acocmii
. NPUHIMITHHUHT
. TYULYHTHPHUHI?
Pacmpan
doiinananuur!

Electrical
current

Plasma

discharge
re www.substech.com

YukyHau miaasmaim  nummpum - (SPS):
MATpPUIIACK  [IYHHHIJIEK  YTKa3yBUaH

rpadut
HaMyHaJjap
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XoJlaTuAa NUIIUpUIaETral KyKyHaaH OeBucra yTaéTran
JOUMHI HMITYJIC TOKM KYJUIAHWIUIIMIATK THIIAPUII
TEXHUKACH

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

,[ll

Plunger

[
f

Die

Sample

Pressed sample

TeHrkaHajaiiIm
OypuakiIu
NpecCJAlHUHT
acocuu
XOCCAJIAPHUHT

b [
’ y &
¥ C A
§ DAL} \ .
| YO
< . g8
. 8 R

AP

Tenrkananiau oypuakam npeccaam(ECAP): makn Ba
VI4aMJIapUHU  y3rapTUPHUILCU3  KaTTa MUKJAOpJaru
Ae(pOpMallMOH CHDKHUIIHA KUPUTYBUYHM YITPaaUCIEPC
TY3WIUIUIA 3appadajlapHd  MOuiad YUKapull Y4YyH
MJIACTUK J1e(OPMALMSHUHT OFUP TEXHUKACH; SKCTPY3Us
UIITUPOKUIATA YyXIIall >Kapa€HHU HAMOEH KUIIyBYU
TEHT KaHaJuTh Oypuak skctpy3usicu (ECAE)

| TyluyHTHpHHI?

Pacmaan
doiinananuur!

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

MexaHUKKOTHIIMAJIANI: IOKOPU DJHEPrusid  Iapiu
TETMPMOH/IA 3appadajapHUHT KauTa

MexaHuKKOTH
IIMAaJIAIHUHT
acocuu
NPUHIMIIUHUHT
TYUIYHTHPHHI?
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nebopManMsIaHUIM ~ Ba  EpUKJIApU  HaTWXKacuia
MalJlaJlaHuIld, KyKYHJIaQpHUHT 3appadajapd  COBYK
naliBaHIaHaUTaH KaTTUK KUCMJIary xKapacH

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

U/
Substrate
Byr-cyrokiauk-katTuk moaaa ycyam (VLS): Oyr
(dazacuiaH KUMEBUN YYKTUPULIAATK HAHOCHMIIAp KaOu
Oupymyamiii  HAHOCTPYKTYPaJApHUHT YCHUIIM  Y4yH
MEXaHW3M; KPHUCTAJUIAPHUHT YCUIM Ba KHUHETUKACU
camMapaJOpJIMTUHU  OWIMIIKA  yYyH  KYJUTAaHWJIQ/IH,
KaTaJIUTUK CYIOKKOTHUIIMAJIN daza OyFiapHU

YTaTYHUHTaHINK Japa)kacurada Te3fa ajcopOlMsuIalim
MYMKHH

Byr-cyroknuk-
KATTHK MOJ/A
YCYJMHHHT
acocui
NPUHIANTAHAHT
TYLIYHTHPHUHI?
Pacmaan
doiinananunr!

11.

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

L /Molecularﬁeams

’
’ = / 2
Qy / @3;
/
, F
/

Growing Epitaxial ;I ;

Substrate Wafer

INMUTAKCHUA:ACOCUN TarJIUK OUIaH KpucTauiorpadux
TapTUOHM (KOTEPEHTIIMKHH ) TAbMUHJIAIT YIYH
WKKUJIaM4¥ (pa3aHUHT YCUIIN

ONUTAKCHA HHT
acocui
XOCCAJIAPHUHT
TYIIYHTHPHUHI?
Pacmaan
doiinananunr!

12,

Fab: a microfabrication facility consisting of clean
rooms and controlled deposition process for the
fabrication of semiconductor devices and ICs
Fab:uaTerpan cxemamap Ba Ba  SPUMYTKa3TUWIN
acO6001apHy UIUIa0 YMKApUIL YUYH Ha30paT KWIMHYBYU
YYKTUPHUII >Kapa€HIapyd Ba TO3a XOHAJIApAAH TAIKWII
TOITaH MUKPOTCXHOJIOI'NK 00BEKT

Fab auma yuyn
Kepak?
Pacmaan
doiinananunr!
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13.

Exterior negative
= polarity

Kououa
KaHjaau
TapKUOUit
KHCMJIapaaH
Nanmgo'!'dwmcelle TallKHAJI
TOoNnran?
Pacmaan
: doiinananunr!
gy
{ > 2nm S5nm 50nm 100nm 200nm
Kostona: Vy31ykcu3 MyxXuTgard JIACHEPCUSIIAHTaH
MOJJIAHUHT OMp TypJlard CYCIEH3USCU; KATTHK, CYIOK
€KM ra3CMMOH OYJIMIIIN MYMKHH.
14. | Nanofluid: colloidal suspension of nanoparticles of
metals, ceramic, carbon nanotubes, etc.
Hanogucnepcu
1 KaHgau
TapKuOuii
KHCMJIApAaH
TAIIKUJ
‘ TONraH?
Haﬁouncnepcm{: MCTaliap, KCEpaMHUK, YIJICPOIJIN
HaHOTpyOKajap Ba XK3 HaHO3appavyaJlApHUHT KOJIJIOU]
CYCHEH3UACHU
15. | Self-assembly: process in which the components V3-y3unn
interact within themselves to form aligned or organized | ¥nFAmHUHAT
structures without any external force acocuid
HNPUHIMIIHHUAHT
TYUIYHTUPHHI?
Pacmaan
doiinananuur!
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Raw molecules

Inter-molecular
interaction  Regularly arranged molecules

Substrate (metals, semiconductors, ceramics, polymers, etc.)

V3-y3unm ifimpum: 6upop GMp TAIIKU Kyd TabCHPHCU3
OMp TEKKHC €KUM TAIIKWUIAIITUPUITAH TY3WJIHMII XOCHII
KWINAII y4yH KOMIIOHEHTJIADHHMHI Y3 HWYuAa y3apo
TabCUPJIAIYB KapaCHU

16.

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

Ajspored
9 KaHaau
/ TAPKUOMH
A blowtorch undi ra thin slice of Aerogel has no effect on
the crayons on top. KI/ICMJIaleaH
TallIKUJI
TONraH?
Bl Pacmaan
T doiinananuur!
AsporeJi: CyIOKJIUTH IOTHITaH Ta3 OuiaH
YpUHAJIMAaIITraH reJiIaH OJJMHTaH FOBAKCUMOH KaTTHK
yyKMa
17. | Quantum dots: 0D nanostructures in which electron
energy states are confined in all three spatial dimensions;
their electronic properties are between that of cluster*s
and bulk semiconductors
KBanTHYKTaJM2
pH HEMMa YYyH
Kepak?
Pacmaan
doiinananuur!

Color of CdSe - CdS colloids is a function of quantum dots sizes
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KBanTnykTanapu: ANEKTPOHJIAPHUHT SHEPTHUs
xojlaTinapu Oapya yyTa KEHIJIMK  Yiadamiapuaa
anukiaHagurad 0D  HaHOCTpyKTypasap; yJapHUHT

AIEKTPOH XOCcalapy KiIacTepjap Ba SpUMYyTKa3rHdjIap
opacujaa Oyinaau

18. | Buckminster fullerene: a spherical molecule with the
formula C60, named in homage to Richard Buckminster
Fuller, due to its resemblance to the geodesic dome
designed by him; Buckminster fullerene is the first
fullerene molecule to be discovered and is also the most
common in terms of natural occurrence, as it can be
found in small quantities in soot
L1EXPog/
bakmuHcTep —
¢ynuaepen
KaHaau
TapKuOuit
KUCMJIApAAH
, TAIIKHJI
# . . ’ e e Tonrau?
bakmuncrep - ¢ynepen: Puuapn bakmuncrep
(DyJIJIepeH TOMOHUIAaH JIOﬁPIX&JIaHITHpI/IHFaH T€odE€3UK
rym0Oasra yxmamn Ty}aiti yHuHT mapadura
Homjianran C60 dopmynanu 1oMpaciMOH MOJIEKYJIa;
bakxmuncrepdymiepen — QymiepeHHUHT AacTiaOKu
TOMNUJITAH MOJIEKYJIacu XucoOJiaHaau, ury Ousian oupra
KypyM/ia 03 MUKJOPAA TONUIUIIA MyMKUH OYITraHIuru
Y4yH TaOMUI XOCu OV HYKTau Ha3apuiaH SHT Kyl
TapKaJraH XUcoOJiaHa Iu.
19. | Magic number: a critical number of atoms in a cluster
size providing it higher structural and potential stability
Marukcon
TYIIYHTHPHHI?
ATOM
TYSWINIIMHHHT
doiinananunr!
MarukcoH: aHyarnHa IOKopu OYJraH CTpyKTypaBUil Ba
IMOTCHIOUAI TYPYYHJIIMKHHM TAabMHWHJIOBYM KJIIACTCPpAAru
ATOMJIAPHHUHI KPUTHUK COHH
20. | Carbon nanotube (CNT): an allotrope of carbon with |  Vriaepoaan
cylindrical nanostructure and having high aspect ratios; | nanorpyoxkanu
their unusual electronic and magnetic properties find HI

wide applications

CMH(IaHNIIIMH

138




double-walled
carbon nanotube
(DWCNT)

single-walled
carbon nanotube

(SWCNT)

triple-walled
carbon nanotube

HHI'

(TWCNT)
7 TYULYHTHPHUHI?
Pacmaan
doiinananuur!
: .:“ —
Yraepoaau HaHoTpyoka (CNT): tacBup hopMaTHHUHT
IOKOpU  Y3rapTUpuiau®  TYpUIUIM  [WJIAHJIPCUMOH
HAaHOCTPYKTYPQJIH YIJIEPOJHUHT aJUIOTPONUK IIAKIIH;
VJIapHUHT y3rada OyiraH odJIEKTPOH Ba MarHuT
Xoccanapy KEeHT KyJUIaHWIaIH.
21. | Nanofibre: fibres with diameter less than 100 nm
Hanorosanapu
UHI acocui
XOCCAJIAPHUHT
TYIIYHTHPHHI?
Hanoronanap: 100 aM nan kuuuk OynraH IuaMeTpiu
ToJanap
22. | Nanoshells: a thin coating over a core object a few tens
of nanometres in diameter Hanoxo0uK1ap
Nanoshells KaHaai
TapKUOUit
KHCMJIApaH
TalIKUWJ
TONran?
HanoxkoOukaap: guamMerpu Oup Heda YHIMKAArH Pacmpan
HaHoOMeTpAa OynaraH OOBEKT SAIPOCH YCTHIArH IONKA | (poligaiaHMHI!
KOOUK
23. | Nanowires: 1D nanostructures with width of nanometric
dimensions and exhibiting aspect ratios of 1000 or more
— Hanocumuap
HHUMA y4YYyH
Kepak?

HaHocumuiap: Ha"HOMETp yiyamiau KEHIVIMKIAru Ba
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reoMeTpuk yadamiapuHuHr HucOatu 1000 Ba yHIaH
oKopu 6ynran 1DHaHOCTpyKTYpasiap

24. | Nanomaterial: class of materials in which at least one
of the dimensions is on the nanoscale (<100 nm)
HanomartepuaJ
S 8 AAPHHHT
3’-. g @ 3 < go:O; KaHaan
5550 A /74 cHHIAHHIIH
micelles vesicules dendrimers| liquid nanocapsules nanospheres 60[)?
crystals
HanomatepuaJs: OupoH Oup y3rapuiny HaAHO Japaxaaa
(<100 HM) 6ynraH MaTepuaNIApHUHT CHHPH
25. | Nanorods: 3D nanostructures with aspect ratio typically
in the range of 3-5; all their dimensions are in the range Hanocrepuia
[-100 nm p Kamaii
] g L TapKUOUit
0= KHCMJIap/aH
& f 1A LY __; 0 ﬂ TAIIKHJI
Hanocrep:kunJiiap: EKJIApUHUHT HUCOaTH 3-5 ToNran?
nuanaszonuga Oynran 3DHaHOCTpyKTypanap; yJIapHUHT
6apua Yuamnapu 1-100 oM nuana3zonua 6ynaau
26. | Whiskers: thin fibrous growth of a dislocation free
crystal
BuckepJap
HHMa Y4yH
i Kepak?
Tin dioxide nanowhiskers.
Buckepaap: spkuHIMCIOKALMATIAHATUTaH
KPHUCTAJUIHUHT HO3UK TOJAJIHN YCHIIN
27. | Thin films: atomically engineered layers with film
thickness usually in the range of nanometers to a fOnxka
maximum of a few microns TICHKATAPHIH
r acCOCHH
i XO0CCAJIAPHUHT
@ TYIIYHTHPHUHI?
AL Pacmaan
doiinananunr!

n-th cycle

2nd cycle l) =5
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670x617
CulnSe2 Thin Films.
IOnka mueHkagap: aroMap KOHCTPYKIUSIIaHTaH
KaBaTJIap HAHOMETPJIaH MaKCUMYyM Oup Heua
MUKpOHTaua OyJiran Auana3zoHaa Oyiran KaluHIUKIara
TJICHKAIap
28. | Mesoporous: porous materials with regularly arranged,
uniform mesopores (2-50 nm in diameter); their large
surface areas make them useful as adsorbents or
catalysts
Me3oroBakiiu
MaTepua/uIapH
HHI aCcOCHUil
X0CCAJIapHU
TYIIYHTHPHHI?
Pacmaan
- . doiinananunr!
Me3oroBakau: Oup Mewnépaa Oep TEKHUC KOMIalTraH
Me3oroBakiu  (auametpu 2-50 HM) FOBAaKCUMOH
MaTrepuajlyiap; (032 CUPTUHUHT KaTTaJIUTH  yIIApHU
aZcopOeHT eku KaTtanuzaTopiap cudartuga doiganu
KWIaI
29. | Multilayers: thin films of differing chemistry or
structure deposited one over the other
MyJarukasarJia
P: HUMA Y4YyH
Kepak?
Pacmaan
doiinananunr!
MyaTtukaBarjaap:  Oup-Oupura  >KOMJIAIITUPUIITaH
TYpiid XWJ KUMEBUU TapKUOJIU €KU CTPYKTYypasld IOTKA
TIJICHKAap
Hasopar caBoJsiapu
1. byr dazacunan puzukaBuit uyktupumHuHr (PVD) Ba Oyr dazacugan

kumEBui uykThpuil (CVD) uHr acocnii TPUHUMIIMHA COJIMIUTUPHUHT?
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2. Hccuk n30CTaTUK MPECIallHUHT BO TeHTKaHaUId OypyYaKiiv

MPECCIALIHUHT aCOCUIA MPUHUUITMHUHT TYUTYHTUPUHI?

3. [Tuponu3 Ba yUKyHIIU IUIa3Malld NUIIUPHUIINA HUMA YUyH Kepak?

4. MexaHuK KOTUIIMAJIAITHUHT aCOCUN TPUHLIUITUHUHT TYUTYHTUPUHT?

S. ByF-CyrOKIMK-KaTTUK MO/IJIa YCYJIMHUHT aCOCUM MPUHIUITMHUHT
TYUTYHTUPHUHT?

6. OMUTAKCUSHUHT aCOCHM XOCCaJapHUHT TYITYHTUPHUHT?

7. Konnonn Ba HaHOUCIEpCHs KaHall TApKUOUI KuCMIIapaH TallKul
TOIraH?

8. KBanTHykTanapu, 6akMuHcTep — (pysiepeH, yriepoaiu

HAHOTPYOKAaHWHT CUHGIAHUIIIMHUHT TYITYHTUPUHT?

Q. HanortonanapHuHT, HAHOKOOMKJIAp, HAHOCUMIIAP, HAHOCTEPIKHIIAP,
BUCKEPJIAp MUCOJ KEATUPHUHT?

10. FOnka nieHkasapHUHT Ba ME30FOBAKIIM MaTepUANIADHUHT HUMA YUYH

Kepak?

DoiigaIaHUITaH a1a0uETIap
1. David Rickerby Nanotechnology for Sustainable Manufacturing,
Taylor and Fransis, 2014, 153-197

VI KEMCJIAP BAHKH
1-keiic

HedT Tyknanmm Ba HaHOMATOJ1ap

bputum Iletponeym (British Petroleum) tamkunorura kapanuin HedT
matdopmacuaary noptriaan tydainu 2010 vun 22-anpenaa 6onuianran Mekcuka
kypbasunaru Hedt Ehmmmmm AKII Tapuxwpmarm 3HT kKatra HePT TYKUIWIIN
xucobOnmaHaau. Mali OMMHHMHT YypTajmapura KeauO SKCHEPTIApHUHT Xucobiapura
kypa okeanra 60000 OGappen HepT OKMO yuKKaH. MabiymMKu HePTHUHT OHp

TOHHACH CYB Io3acua éinmmb 12 xM? F03acHHM KOILIaiiau; He(THUHT Oup Gappenu
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136,4 xr maccara sra; Mekcuka kypha3sMHUHT YMyMHH MalJOHM TaXxMHHaH 2,5

MJIH. KM2 9ra.

Caesonnap:
1) Mekcuka kypdaszura okuO 4YMKKaH HEPTHUHT TOHHAZArM Maccacu

HUMAara Teur?

2) Hedt mmenkacu OuilaH KOTUIAHUIIM MYMKHH OYJTaH CHPT FO3aCHHU
aHUKJIAHT?
3) Kypdaz ymymuii MailjoHMHUHT Heda ¢Goiu3 KUCMHU He(T IJICHKACH

OWJIaH KOIJIAHTAHJIMTUHU aHUKJIAHT?

4) Nature Nanotechnology xypHanugaru Makosaja bJIOH KWIMHUIINYA
oJluMyIap, ‘“MaTOHUHI ofupiuruaan 20 OGapobap OpPTUK OFUPIMKAATH HEPTHU
abcopOuusiiamnl UMKOHUATUTA 3ra OYJraH HaHOTOJIajapJaH TYKWIraH HaHOMAaTo
kamd xumumradn. Mekcuka kypdaszumaru HePT TYKWIMIIMHU Oaprapad STHII
Y4yH He4a KI' HAHOMATOZaH UILIa0 YuKapuil 3apyp?

2-Keiic
IOnka kaBaT/iu Kyéu 0arapesiJlapuHu MIIA0 YHKAPHUII Y4YH MHKPOCKOI
TaHJIaIL.

V36exucronna 6up #iunma Kyéuumy Bakt mumonaa 2000 coat, xaHy6aa 3ca
3000 coaTnaH KyHOpoK OyiraHiurd caba6mu, Y36eKkucTonna Kyn Hunapaan Gepu
KyEIIl SHePreTUKACH COXacH ia TaIKUKOTIap 0JM0 OOpUIMOKIa.

Kyém sHepretukacu naHe/UlapuHu MIUIa0 4MKapull cudaTuHU HazopaT
KUJTUII 3aMOHABHI 1a0opaTopuscUTa I03aJlapHUHT XKMHUK TaCBUPJIAPUHU OJIHII
YU4yH MHKPOCKON Xapuja Kuiuil 3apyp. FOnka nieHkanapHUHT I03aCHHM Ba FOTIKA
IUIGHKAIM Ky€m OaTapesuylapHHHT HaHOKOTUIAMAJIapUHUHT MYCTaXxKaMJIUTHHU
HA30paT KWINIIYYyH Xapua KWINHAIUTaH MUKPOCKOI TYPUHH TaHIa0 OJIMHT.

Tannanran Mukpockon €EpJamMuaa MOHOKPHUCTAZT Ba  MOJUKPUCTAILI
OatapesutapHu TaJKUK KA MyMKHHMHE?

KelicHuHT ey yuyH Kyluaaruiap tanald 3TUIaau:

1) xyém Oartapesuiapu Typiapud Ba HIUIANl NPUHUUIUIAPU TYFpPUCHAA
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TabCYpOTra 3ra OYJIUII KepakK;

2) HaHOKOIUIAMaJap  MYCTaxKaMJIMTUHUHI  ONTHK  Ba  3JEKTPOH
MUKPOCKOIUACUHUHT TYPJIM XU MabIyMOTIApUAAaH OJIMHHUIIA MYMKHUH OYiraH
ax0opoT TypAapUHHU OWJIUIIIL.

Kyém 0aTapesiiapiHUHT MILJIAI TPUHIUIH

®oTor((PEeKTHUHT  Ma3MyHH  KyE€Il  DHEPrUsCUHU  JIOMMUH  TOKra
y3raptupuiira acociaHrad. bab3u  Oup MommamapHUHr  (MHCON  Y4YyH
KPEMHUWHHUHT) O3JEKTPOHJIApU KY€l HYPJIAPUHUHT  DHEPrUSICHHU  IOTHUII
KOOWIMATUIa 3ra, y3 OopOMTa/NIapuHU Tanuiad HyHaIyBYM OKHUM — (POTOTOKHU
xocusl Kunagu. by ad@exTHrn Xocua KWIMIl ydyH Maxcyc Mojjaiap — p- Ba n-
YTKa3yBUYaHJIMKIIU APUM YTKa3TUWIap KyJUIaHWIaad. N-YTKa3yBUaHIMK MOAAAaru
ANEKTPOHJIAPHUHI OPTHKYAa MUKIOPUHHM HQoJamaiau, p- 3ca TErHILIM PaBUIIIA
YJIIAPHUHT €TUIIMOBYWIMTUHU Udoaananu. GOoToIEMEHTHU XOCHIT KUIUIIT YUYH,
AJIEKTPOH OaTapesira YXIIANTUKHA XOCUJ KAJIAJUTaH, UKKUTa SPUMYTKA3rud Kepak
Oynaau, OyHJ1a KaToJ YpHUAA N-IpUMYTKA3Tu4 aHOJ YPHUJA 3ca P-SIpUMYTKA3TU4
Oynaau. Tymaérran Hypjap TabCUpUAA N-YTKa3ru4d (CTPYKTYpaHUHT Tema
KHUCMHJIA JKoilamradn OVyiaau) SJIEKTpOHJapu p-KaBarra yTaau, HaTHXKazaa
ANEKTPOHJAPHUHT WYHANTUPWITAaH OKMMH BYXyIra kenamu. by kabu Tuzum,
YHUHT WIUIAIIA KAMEBHUI TabCUpJANyBra OOFIMK OYJIMaraHJIWrd Ba HATHKAIa
MaTE€pUAHUHT EMUPUIMIIM OyJMaraniauru ca0abiaud HUXOSTAA Y30K BakT
MOOaHI/Ia UIITAII MYMKHH.

Kyéw gorodiementiiapu

KpeMHMITHMHI KEeHI' TapKajraHJWrd Ba WMUUIA0 YMKApUII Kapa€HU KaTTa
xapaxart Tajgad dTMaciauru cabadiau XO3UPru KyHAa Ky€Il JIeMEeHTIIapu KPEeMHUN
acocua unuiad uymkapwiagu. KpeMHuiira Typiau XWil TypAard YTKa3yBUAHIIMK
KOOWIHMSITUHN OCpUIIl YyIyH TYypJIK XWJI apajlalliMaiapHy Kyjiamaad. Mucoma y4ayH,
IEKTPOHJAPHUHT  OPTUKYA  MHUKIOpU OOp  KUPUTWIMIIKA  HATHXKACHIA,
CTUIIMOBUMJIUTH 5Ca MUIISAKHUHT KUPUTWJIWIIN HATHXKACUIA DSPUILUJIAIH.
[Iyaunraexk  apceHuj, Taidd, KaaMHA Ba  OomKamap  KYJUTAHHJIAH.

YTKa3yBUaHIMKHU MIAK/UIAHTUPUII OWjiaH Oup KaTopja apajaliMajapHUHT
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KYIIWIAIIA KPEeMHHUN acocuaard OaTapesulapHUHT caMapaJOpiuTUHHA OUTUIINTa
onmu6 kenaau, ynapauar @K (KIIH) ypraua 20% ra TeHr.

Xo3upru KyHjJa, IoKopucamapaJop Ba HWKTHCOAMM Qoimganimn Ky
OarapesyiapuHU OJIMINTa WYHANTHpUIATaH Oy coxagaru ($aos TaAKUKOTIAp OJu0
OOpUIMOKIA.

Kyém 0aTapesiyiapMHUHT TypJiapu

Kpemnnii acocuaa ¢poTonaHe/UTapHUHT Y TypH UILTa0 YUKapUIaIn:

- MoHokpuctaiapaad. YiapHu HIUIA0 YUKApUIl y4yH OUp TypHaaru
CTPYKTypaJli MOHOKpuUcTayuiap yctupwiaau. Hatmxana OyHnail orosueiikanap
OMp TEKKUC MEeBEPIM 03acu OwiaH QapkiaHaad, OYHUMHT oOKuOaTuaa Kyeun
HypJapuHu sSxmupok rotaau, tokopu DOUK (KIIJ) ra sra, Oupox Hapxu
KUMMATpOK OYynaau.

- Ilonmukpucrann syedkanmap HOTEKKHC, MOJMKPUCTAI CTPyKTypara sra
Oynub, Hyp IOTUII KOOWJIMSTH MOHOsSYEHKanapaaHn Oup Hedya Oapobap macTpok
Oynaau, YyHKM HOTEKUC 103aCH HYPJIAPHUHT OUp KUCMUHU KalTapaiau.

- KOnka xaBatnu Ky€m Oarapesyiap KpuUCTalcUMOHAWP. bupok ymap
STWIYyBUAH sYelKamap KYpPUHUIIKIA WILIA0 4YUKApWiIaad. YJIApHU KUMIIHK
103aapja YpHaTUIll MyMKUH OViaau. by OGatapesutapHu WIuiad 4YUKApUII ap30H,
KyBBaT OWpIUTUTa KpUCTALICUMOHJIApra HucOaTaH(TaxMuHaH 2,5 Maportada)
KYTIPOK F03aHU ATAJUTANIN.

IOnkakaBatinu Ky€m OaTapescu sSpUMYyTKa3yBYaH OWPUKMAHH ATUITyBYaH
(omatnma - mojuMep) TarjauKKa MypKall HaTwkacuga xocun OVmaau. [lactaBBan
ApUMYTKa3ruu cudatuaa pakaTruHa amopd KpeMHHI KYJUIaHUITaH, OMpoK OyHIa
oJIMHTaH (OTOIIEMEHTIIAPHUHT UIILIA0 YUKAPHII KyBBAaTH HUXOSATIA KUUUK OYyIraH
(aturm 4 — 5 %). Xo3upru KyHJia MHUC-TAUIMA-UHIAUN CEJIEHU]l acoCHIaru
IJICHKAIAp MCTUKOOJIN XHMcoOjaHaau. Muc-uHIuA-rauIuian OaTtapesyiapuHIHT
OUK (KIIMd) 20%raua etumu MyMKUH. bupok xo3upua Oy kabu 371eMeHTIIApHUHT
IONKa Ky€ll TUIeHKajapyu 0030puaaru YpHU yHYAIUK KaTTa dMac (TaxmuHaH 2%).

Kaamuii Temnypua acocuaard IJ€HKaIap KEHIPOK TapKairaH (taxmuHaH 18%,
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®UK (KIIT) 16% raga). AMopd-kpemHuuiiinm Oatapesuiapra 0yarad tagad IOKOpH.
VYnapauar GUK (KITI) 10%rada ommpunn HIMKOHUSATH TYFUIITaH.
MaHTUKUl KeTMa-KEeTJIIMKHU TY3HUII KePaK:
Hamyna Typu (fo1ka IieHKaj1ap) -------===-==--=----
MUKpOCKOI TypH (3JECKTPOH €KH ONTHK) ------==--=====--=-=
MuKpOCKOIT UMKOHUATH (MUKPO €K HAHOMETP Yerapacu?) --------------------
Hamynanu tacBupnam maptiapu (BakyyMm €KH BakyyMcu3, siccu eku 3D-

TaCBUpP, aTOM MOHUITYJIITOPU €KW HAHOUHTEHAEP?) ----==-===========-=

TABLE 2.1 Chart of Microscopy and Type of Information Generated

Microscopy Resolution Limit Characteristics

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

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

used to localize molecular components.

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

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

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

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

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

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

Atomic force
microscopy
(AFM)

Nanometer level

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 liguid or air with nanometer resolution
at atmospheric pressure enabling dynamic studies.
AFM provides three-dimensional surface
visualization and measurement of nanomechanical
properties of the sample.
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3-keiic

Hano3appauajiap Ba paur 3¢dexriiapu

Kagumunii kaTtoaumk 4YepKOBIIApWIArM paHIIM BUTpaxiap Ba bpuranus
My3enga cakigaHaétran Jlukypr Kkagaxu HOE0 caHBAT HaMyHallapuJaH
xucoOnaHaau. ONTUH Ba KyMYIIHUHT HAHOYJIYaMJIM 3appadajapd KyKyHH
KYIIWITAH TIUIIAaH scaraH KajaX KaWTapuiraH Hypjaa Sl Tycra, CHHTHO
YTyBUM HypJla 3ca KU3WJI Tycra Kupaau. XO3Wpru KyHaa Oy kaOu caHbaT
HAMYHaJapUHU KAWTaJaH sicalll MyMKHWH-MHU, €KH YCTAJApPHUHT CHUPJIAPU HW3CHU3
éxkoaranmMun’?

Amepukanuk Qusukinap, [V acpHuHr Oonuiapuaa pUMIMKIAp HILIATraH
PaHIJIY IIMIIAHW OJIUII TEXHOJIOTUSCUHA KUMEBUH CEHCOPJIAp Ba KACAIUIMKIIAPHU
aHUKJAa — JWarHoCTHKacuja KyJulamHu Takiud kuiaumrad. Myammudaap
TOMOHHMJIAaH Kaml} KWIMHTaH KUMEBUM CEHCOpJIap TaXMHMHAH MULIHAP]
HAHOYJYaMJIM TEIIMKJIAp KWIMHTAaH IJIACTHK IUIACTMHANAH TAlIKWJ TONraH. Xap
OUWp TEIMIMKHUHT J€BOpUYalapy OJITMH Ba KyMYIIHMHI HaHO3appaydajlapuHu Yy3uja
cakjad yJapHHUHI 1032 JJIEKTPOHJApH JETEKIMs >KapacHUJIa MapKa3uil pOHH
YUAHANUIU.

Keiichu eunmn y4yyH axOopoT TypJlapuHU Ba KyHUJaru caBoJuiapra
YaBOOJIApHU OMIIHII Tanal STUIAIN:

Hyp sHeprusicu Ba TYTKUH Y3YHJIUTH KaHAal OofriaHraH?

Kanpgait HypHUHT YacToTacu FOKOPUPOK: KUK Eku OnHadia?

Kannait ontuk xoaucanap cuzra Mabiaym?

Marepuangaru panr 3¢¢exkTiapu Ba 3appadallapHUHT VdaMHu KaHaau

Oorsranran?
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Scattering Rayleigh

Vibrational

Rotational

Light — Matter Interference

-

Nurepdepenumsa. CyB Ba cupT ¢aoa MOAJATAPHUHT MydaKdagapu

CUPTHJIArM paHr Ny(paKyaHUHT KAJIUHIUTUTa OOFIMK. AHOJJIAHTaH TUTaHJaH
WIUTAHTaH 3aprapiiik OyroMJIapu oJaTaa TypJd XWil KaJWHIUKIATH OKCHIJIAHTaH
KaBaT Ty(dailin EpKUH paHiapHu HaMOEH Kuiaau — Oponsa (L = 300 um), kyk (L
~400 um), capuk (L = 600 um), Bakunkuswi (L = 700 am).

Mudpakuusa. Judpakimon paHr TaCBUPHHUHT SHT EPKUH MHCOIU OYIMO

KOMIIAKT-AHUCK XI/ICOGJ'IaHaI[I/I.

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 exacly the same material,
different colors are generated due simply to the difference in size of the guantum
dots (QDs) (Fig. 4.9).
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TapkaTum - TapKOKIMK. Typiin Xun ya4amiM 3appadallapHUHT Ba TypJd
XWI TYJIKUH Y3YHJIUKIAPUHUHT KoMmOuHarmsicu. OCMOH KYK Tycla KYpHHAJH,
YYHKHM KUCKA TYJIKUHIJIAp MOJIeKyJanap OuiiaH TapKoKiIaHThupuiaaan. OCMOH KU3HII
paHrzaa xaM OYyiaau, YyHKU y3yH TYJKUHJIAp (MHCOJ YYyH KH3WJIApU) KATTapOK
3appavayiap OusiaH TapKOKJIAIITUPUIIAIHN.

I03akn naa3mon.bupon Oup MOANAHMHT THUPKHIN HYM]a OOFJIaHUIIUAA
HaHO3appayaJapHUHI  l03acuJard  IUIa3MOHJIAPHUHT  (METAJUIIard  3pKUH
ANIEKTPOHJAPHUHT  MKKWJIAHWUIIMHUA ~ KaWTapyBUM  KBaszu3zappadya) pPe30HaHC
4acTOTACH y3rapaau, Oy ¥3 HaBOATH/IA MJIACTUHKAAAH YTYBUYMU TYJIKUH y3yHJIUTUHH
Vy3rapuimura onub kenaau. by ycyn 1o3aku miasMoniau pe3oHaHcra (SPR)
yxmanau, OUpoK yHJIaH HapKiIu YIapoK, HypHUHT TYJIKUH Y3YHJIUTUHU aHYaruHa
CAIMOKJIMPOK CHJDKUIIUTa oiau0 kenaaun — TaxmuHaH 200 nHaHomertp. bynpnait
CUHTHAJITA WIIIa OepuIll Mypakka® yCKyHaJlapHU Tayiald 3TMaiau, UIyHUHT Y4YyH
MOJJIAJIApDHUHT OOFJIaHUIIMHKU KypoJUITaHMaraH Ky3 OWIaH XaM JEeTeKTHpJIall
MYMKHUH.

AMepuKaJlUK OJIMMIIap TOMOHUAAH MIUTA0 YUKUITaH CEHCOPJIAPHUHT TYPJIH
XU Mojjanapra HUcOaTaH Ce3yBUAHJIMIMHU TEIIMKIAp o3ajapuaa y3ura Xoc
aHTUTENAJIAPDHUHT UMMOOWIM3aMsAcu OwiaH TabMuHIaHaAW. OJIUMIaAPHUHT
cy3ura Kypa KUMEBUM JETEKTOPHUHI Ty3wiuMuuM bputanus wmyseuunaa
cakjiaHaéTraH pUMHHUHT JIMKypr KagaXUHUHT HOEO Xoccajlapy TOMOHHIAH alTHO
oepunran. Kagax mumacuHUHT TapKUOUIArd METall HaHO3appadajlapy HYpHUHT
TylIdi Oypyarura OOFJIIMK paBHUIJIA YHUHT TYJIKUH Y3YHJIUTHHH Y3rapTHUPAJIU.
[llynnan xenu0 YMKKaH Xoyiga Myaudiap KypuiMaHu “HaAHOYJIYaMIIA JIUKYPT

Kamaxjiapu wmatpumacu’ 1e6 HomiamraH (nanoscale Lycurgus cup arrays —

nanoLCA).

‘ J » .
{ etector
P o “le / - transmitted light (left)
- o __ P
-

reflected light (right)
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dayopecueHuusi. KBaHT HyKTamapy XaWpoTOMy3 Xoccajlapra oJra.
YJIApHUHT YyaMura OOFJIMK paBUIIAA TYypJd XUJ paHTJIAPHU TapaTUIIA MYMKHH.
Wnoumyanap Typau — yiuamjapaard — HaHo3appadajap JSpUTMaiapud  OujaH
(renTaHAarv OJICMH KUCIOTACH OWJIaH KOIUIAHTaH KaJMUN CENCHUIMHUHT KBAHT
HYKTaJdapu KOJUIOMJ JpUTMAcH) TYIAUpPWITaH. by cycneHsusimapHu Ky3ra
KYpUHMalauran yiarpabuHadia AuanazoHUAard Hyp OuilaH HypIaHTHPHUIIT
HAaTW)KacCHUJla HYp COYMIIra YHJAAIl MYMKUH. by 3appavanapaaH Tapanaérran

HYPHUHT YaCTOTACH 3appadyallapHUHT YIyaMiiapy YCUIIU OWJIaH KaMmasiiu.

4-keiic

HanomaTtepuaJiiiap Ba 3K0JI10Iust

Hanozappauanap 1okopu KUMEBUI (PaoJTMKKa dra 0YInb axkoiub katanuzaTopiap
xucoOnaHaau. byHnail xonaTHUHT acocuil cababu HaHO3appavaIapHUHT F03acuja
JKoWnamran aromisiap OuiaH Oofiuk. by arommap Oomika atomiap OwuiiaH
Ky4YCU3POK OOFJIaHTaHJIuTH cababiu KyIuM4a SYHEPTUsira Jra.

Mabnymku, aBTOMOOWIIAp arpod MyXHTIra Ba HHCOH CajJoMaTIUTHTra
canouii Tabcup kypcataau. llyngait kuam® wWuyku EHUIT JBUTATEJUIAPHUHT
YUKAHIY raznapuna kyinaam ra3 (CO), nukiuk apomatuk yraesogopoanap (CH),

a30T(Il) okcuam (NO) (TacBupra Kapa) jap TONUJITaH.

WNuku Ennin gBUTraTeINIApHUHT YNKUHW Ta3jiapu

co 180-300 xr

Bewmowm BC Z CH 25-45 xr

1 Toxma

NO 20-40 xr

ABTOMOOWJITADHUHT  YMKWHIMA  Ta3JapuHA  KaTaIUTHUK  OKCHJIJIAII
KypuiaMmanapuga  armocdepara  YMKapuiaaéTraH  3apapid  YMKUHIWIAPHU
KaMaWTUPUII MaKCaauJa MJIaTUHA KyJUlaHwiiind MyMkuH. [lnatuna yrnepon (1)

okcuauHu yruepoa (IV) okcupura aimaHTHUpUIl  MMKOHUSITUHU — Oepajiu.
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Hanozappadanap kypuHuImaa Oyirad miaTiHa Y3MHUHAT KaTATATHK XOCCAIAPUHU
sIHaJla Ky4IMPOK HaMOEH dTaju.

TiO, 1o3acura Komianran 55 aromuapau (auamerpu 1,4 HM) ¥3uma
CaKJOBYM OJTHH HAHOKJIACTEpJIapy CTHUPOJHM XaBO KHUCIOpoau Ousad
OeH3ajeruraya TaHJIOBYAHIIMK AacoCHUJa OKCHJUIOBUM KaTalu3zaTop cudaruia
xu3mat Kumaau (Nature, 2008):

CsHs—CH=CH;, + O—> C¢Hs—CH=0 + H,0 +CO,

Kusukapnucu 1myHnaku, 2 HM JaH OKOpM Yiodyamjaard JHaMeTpiu
3appavanap, Iy OwiaH Oupra OIIuiA OJTHMH XaM Xe€d KaHAall KaTaJluTHUK
(baoTMKHU HAMOEH TMaNIH.

Cagonnap:

1) VYrmepon (II) oxcumuam yraepon (IV) okcumura aimaHTHpHIT
TEHIJIAMAaCUHM TY3WHT. by jkapaéHHU aMaira OIIMIIK Y4yH TUTATHHAAAH TallKapu
HUMa Kepak Oymanu?

2) Tynuxk 6utta 6ak (40 1) A-92 mapkanu OeH3UHHUHT (OCH3UHHUHT 3UYWINTU
0,75 r/cM®) énminmMpan Xocwy OYnaguraH 3apapid YMKWHIWIADHUHT Maccaaapu
Mana30HUHHA XUCOOJIaHT.

3) 3,5 cm® meramnman kanua PtyTapku6iu HaHO3appadaiapHy OJNUII MyMKHH
6ymanu? (matuHuHr 3udamry 21,45 r/emd).

4) Kangaii KM Mx4amiIiMK OWJIaH KUMEBHI peakTopAa HaHO3appayalapHU
YKOMITAIITUPUIIT MyMKHUH OVianu?

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
RPN L -

R PR,
%, W High SA} Aumina .,
‘- . .

Masoporas {20 nm)
-

[100-200 nm)
Sowrce. R Farrauto and C. Bartholomew, Fundamentals of InJusirial catalytic processes, Source: S. Chakraborti, A. K. Datye, and N. J. Long, Journal of Cataysts, 108, 444-451 (1887)
John Wiley & Sons, (2006). With parmission With permission.
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S-Keilic
V36eKHCTOHIATH HAHOTEXHOJIOTHSIAP ACOCHAATH TYKHMAYHIHK
MaxcyJoT/Japu
01.04.2014

Kynganuk wuwnuiatuimn  yyyH — OakTepulMJl TYKUMAYWIUK  MaxcCyJOTH
cepTUdUKAIIUSIIAI Ba OMMaBHil MILIA0 4MKapuil Oockuumaa Typuotu. Mimabd
YPKAPHII TEXHOJOTHACH Y36ekucToH PecryGmukacu DaHmap akajeMHACHHHHT
[Tonumepnap pusnkacu Ba KUMECH UHCTUTYTH/IA UIILJIA0 YMKAPUIITAH.

Xo03upru KyHJa KyMYIIHUHT HaHO3appavajapyu acoCHAard Kym MUKIOpJIarui
HaHOMaTepHalap Hmiad yukapuiarad. Xo3upJa KyMyll HaHO3appadaid THII
mieTKajgap Ba THUII TNacTalapyd MWIDIA0 YUKAPWIMOKAA, yJap Typid XWil
uHbeKnuAIapaaH XxuMosl Kuiaau. KyMylmrHMHT HaHO3appaydaiapu 03 MHUKIOpIa
KOCMETHKAa MaxcCyjoTjapura xaM KyIIwimO KEeJIUMHMOKJA, YIapHUHT TabCUPHIIA
SJUTUKJIAHUIITHUHT OJIIA OJIMHAJU Ba sIpaJlapHUHT OuThInM Tesnamanud. Kynruna
KaTTUK Mojaanapra (Iuia, rod, KOFo3, KepaMHuKa, METAIJIAPHUHT OKCUJIApH Ba
OOIIK.) CYpTHUIMIIN/IAH CYHT XaM HaHO3appayajiap Y30K BaKT Y3UHUHT OaKTEPUIU
XyCyCHSTIapHHH cakiad Komaau. by xomar rokopucamapaaop y30K BakT TabCHP
ATYBUMA JI€3MHQGEKIMUIOBUM  adpO30JUIapHU  MIIIA0 YHUKApHIl HWMKOHUSTHHU
Oepamu. Arapma  OMHOJApPHMHT  [03ajlapura  CypTWJIQJWraH  JIOK-OYEK
MaxCyJIoTJiapura KyMyIIHUHT HaHO3appadajiapy Kyuiuiaca Oy MaxcyyoTiaap OusiaH
OysanraH MeBOp Ba IIMIUIAPJA MATOTeH MUKPOOPTAHW3MIIAPHUHT SIIANTA MYMKUH
oynmaiiaun. CyBHM To3anaml  (QuiTpiapugard  Kymupiapra —KyMYIIHUHD
HaHO3appaydaJapuHUHT KYMUIUIIKA OyHAal (QUITpIApHUHT XU3MaT MYAJaTUHU
y3alTHUpaaH Ba TO3ATAHAETTaH CYBHUHT OMOJIOTHK TO3AJIUTH OPTAIH.

Hanozappauanap Hadakat ¢doiiga 0anku 3apap xaM €TKa3UIUIApU MYMKHH.
KyMynrHuHT HaHO3appadaiapy HHbEKIUS cCudaTua CHIKOHIAPHUHT OPTraHN3MHUTa
KUPUTUJITAHUIA TOKCUK TabCUPHU KypcaTwiraH OYiaub, Iy MUKIOpJAArd KyMYyII
WOHJIapU KUPUTWITAHUIA dca YIUMra oJiud KeJMaraH.

V36exucronna sHrn Maxcynotau “Policotton-patrokl” MUX “SilverteX”

caBJO0 MapKaCcu OCTHAa TaKAUM OTalu. ACCOpTI/IMeHT,Z[a HaHOTCXHOJIOrAJI1ap
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KYJUTAaHWITaH XO0J1/1a KyMyIll OWJIaH UIIUTOB O€pHIITaH — HOCKUJIap, WIKA KUHUMIIap,
ETOK TYKMMAYMINK MaxcyJloTiapu. «SilverteX» HOCKWIapH TYJIUK MaXajUTHHd XOM
aménapaad unuiad yukapuiaral OYiIMO CHUHTETHK MAaXCYJIOTIAPHUHT MUKJIOPH
MUHUMAJT Japaxkara kentupwiral (8%rada). Kymym OwuiaH Maxcyc HIIIOB
Oepunuiy €KMMCH3 XWJHHU, TEpJAIlHU, KacalUIMK KY3FaTyBUd 3aMOypyFiapHH
YCUIIIMHY OJIUHU OJIa/IH.

Huma ydyH HaHO3appadanap OakTEpHLMI TYKHUMAYMIUK MaxCyJOTJIapu
Y4YH SHT MakOyJ1 XucooOanaau?

KeiicHu eunin ydyH axOOpOTJIApHUHT TypJapUHU Ba KyWHJard caBojuiapra
YKaBoOJIapHU OWJIUII 3apyp:

XJ0puJ KACTIOTAaCH KyMYIIl OMJIaH peakuara KUpuIaanmMm?

Huma yuyyH opauii Kymyml XJIOpuJ —KHCJIOTacM OWJIaH —peakiusra
KUpUIIManiau?

Huma yuyH kymyin HaHo3appadaliapu XJIOpHUJ KUCJIOTacu OJlaH peakiusra
KUpHILIAIn?

Kymymauar Ags HaHOo3appadaliapu Ba XJIOpHUJl KUCJIOTacu OuiaH ¥3apo
TabCUPJIAITYB TEHIJIAMACUHU TY3UHT?

KyMym HaHO3appavanapuHUHT KYJUTAHWJIAIIN KaHYAJIMK Japaxasa XxaBhcus
xucobmanaan?

MabiyMKH KyMyIll WHCOH OPTaHWU3MH YYyH OSHI KYy4Id aHTHUCENTHK
xucobnanaau, y 700 maH OpTUK KacCalUK KY3FaTyBYd MHKPOOPTaHWU3MIIAPHHU,
3aMOypyFiiapHud,  OakTepusylapHU,  BUpPYCIApHU  YiaAUpaau. AHUKJIAHTaHKU
HaHO3appayajap IOKOpPH pEakIMOH Xoccajapra sra Oynu0O oamuii Mopajaanap
peaknusra KUpUIIMaiIurad skapaéniap/a KaTHAMWIM MyMKAH. Oqauil KymyIn
OwJIaH XJIOpWUJ KHUCJIOTAaCH peakmusara KUPUIIMaiau. bBHUpPOK KyMyITHUHT
HaHO3appayvajapy XJOPHUJ KUCIOTacH OWJIaH peakiusra KUPUIIAO BOAOPOJIHHUHT
axpanumura cababd 6ynaau. Hanozappayamapuunr OyHgai xonaTu 1o3a 3G dextu
Tydaitnu Byxynara keinaau. ['anm myHaakd maija 3appadaja ro3ajaa sKouiaiiran
aTOMJIADHUHT MUKJOPUN KUCMU opTaau. by arommnapma y3uiran OofiaHUIILIAP

MaBxkya OYynu0, ynap HUCOATaH FOKOPU dHEPTHs Ba (aoiIuKra 3ra 0ynaau.
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6-KENC

TomkeHT maxpuga xoinamradn “KoMmo3uT” KyliMa KOpXOHAacuaa LIuiia
ToJIaJlap Typura MaHcyO Oynrad 0azanbT Tojacu uuuiad yukapuimoxaa. Muuad
yuKapwia€tran Oa3alibT TOJACH aH4ya ap30H Ba TypJd KYpUHHMIIJA HWIUTa0
YUKApUIIAJM: Y3IYKCU3 UIUIAp - aJIOXM]Ia ToJanapaaH uoopar; pOBHHT - THapayien
WIUIApJIaH TaIlIKWJI TONTaH; KHUCKA Tonanap — ungaH €xku 5-50 MMM Kucka
poBHUIIaAaH UOOpatT, OyHAaH TAlIKApH IIUIIATOJIAa TYKUMa MaTo €K TYKUJIMara
MaTJIap KYpUHUIIH/IA XaM UIUIa0 YuKapuiIaIu.

[uma Toma €ku Ga3anbT ToJacW OWIaH apMHUPOBKA KWJIMHTAH CcMoJjiajap
KYpPHJIUIIAA Ba caHOATAa KSHT Ky utaHwiIaan. Yinap mumaniaactuk éku GRP neb
HOMJIaHAIM: OOIIKa KOHCTPYKIIMOH MaTepHalljiap Korjaamanapy cudaTtuia, EK1 1K
TalTUMalUral JI€BOp TMaHeJIapu, CTPYKTYpaJapHUHT TapKUOUN KUCMIIApH,
Jepa3a paMmaliapy, LHCTepHaiap, Tpyba Ba TpyOompoBojiap cudaruga KeHr
KYJUTaHUITA TN, 1960-un ¥Wwummapman  Ooma®  JoAKanap  KOPIycCliapu
MIMIIATUIACTUKIaH UIIUTa0 YUKAPUIMOK/A.

Kumé canoaTnaa xam MIMIIAMUIACTUKIIAP KEHT KYJUIAaHWIIAIu — pe3epByapIap,
TpyOOmpoBOZT €KMW TEXHOJOTHUK TaHKIap cudaruma. bynnan Ttamkapu
mumamaactukiaap (GRP)  Temup itynnapw, aBTOMOOUJT  TPAHCIOPTH,
AdPOKOCMUK CAaHOATHU/IA XaM ¥3 YPHUHU TONTaH.

AMMO HAMJIMK TIUIIA TOJACHHUHT MYCTaXKaMJIUTHHA KECKUH TacalTHUpaIH.
byHmaH Tamkapy mdina Toda BakT JaBOMHUJA Yapyallira y4palau: y30K BakT

JaBOMUJA JOMMHUHN Ky4IaHUII TabCUpP OTTaH XoJaTAa IIWIIa TOJia TapKuOuma
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EpuKsap Te3 YCuIM HaMOEH 3Tl MyMKHH. LIIyHHHr yuyH BakT yTuim Oumal
[IMIIA TOJAHUHT MEXaHUK Xoccajapy KeCKMH macailmd 6opaan, aMMo KHCKa BakT
JTABOMUJIA MYCTaXKaMJIUTHU SIXIIIA XUCOOJIaHAIH.

KeiicHu 0axapui 00CKH4Y/1apH Ba TONUHPUKJIAPH:

“Kommo3ut” KyImiMa KOpPXOHAacHJa WILIA0 YHKAPUII MaxCyJOTIapu
TypJapyuHU KEHraWTupHIl Makcaauaa Oa3anbT (IIMIIA) TOJACH acoCHAa SIHTU
MaxcyJloT TypiapuHu Takiaud dSTuHr. bazansT (UIMIIa)KOMIO3UTIAPHUHT
KYJUIAHUJIUMII WMKOHMSTIAPUHU YEKJIAHTUPYBYM MYaMMOJIADHU AaHHUKJIAHT Ba
yJIapHU e4ul Wyiuiapuau Oenruianr. bazansT (1uina) Toiaiv KOMIIO3UTIApHUHT

KYJUIAHWUIUI coXalapuHu Takiud »TuHr. Keilc eyuMuHM >KaaBaj IIaKJIua

KEJITUPUHT:
MyammMmo Typu Kean6 unkuim XaJ 3Tuin Kyamanuaumn
cababaapu HyJ1apu HUMKOHUATIAPU
7-KEWC

SHATTLE (AKIII) pakera-TamyBUMHUHT SIIMTH Ba KOPIYCH  YIJIEPOJ
TOJIAJIA/ITIOKCU]T CMOJIa KOMIO3UTHIAH Tal€piaHTaH. 3aMOHABUW caMoJeTiap,
xkymianaan Boeing 787 (Dreamliner) ¢ro3ensiku Ba KaHOTJIApH yriiepoj Tosacu /
AMOKCHUJ KOMIIO3UTIapIaH TalépiaHnn0 KeIMOKIa.

bynpait yramepon Tonanu/OopraHuK MaTpHUIAIM KOMIO3UTIAp TaH HapXu
KUMMATIUTK OWIaH axpaiaud Typaau (yriiepoj TOJACMHU CHUHTE3 KUJIHUII FOKOpHU
xapopat Ba O0cuMIIapHH Tajad 3Tajn).

VYrinepos Tonanapu — IOKOPH MyCTaXKaMJIMK Ba MEXaHHUK XOCCATApHU TEPMUK
CTaOWJIIMTH OWlaH XapakTepiiaHaIu; yJap WHEPT MIAPOUTIAA CHHTETHK OPTaHHUK
TOJIAJIAPHU FOKOPH XapopaT/aa UIUIOB Oepulll yCcyiu €paaMuaa OJIMHAIN (BUCKO3a,
MOJIMAKPWIHUTPUI); JACTIA0KK XOM allé Typura Kapad Typiid yriepoJ Tojajiap
OJIUIIT MyMKHWH: UTIJIap, CUM, MaTo, JICHTA, BOMJIOK.

XO03Upru BakTAa YIIEpoJ] TOJATAPHUHT HAPXHW JTOWMMHUMN paBHIIA Macaind
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OOpMOKIa, IIYHWUHT YyYyH KYJUIAHWJUII COXQJIapyd XaM KeHranbd OopMOKIa.
VYriepon Tonand KOMIIO3UTIAp TEXHOJOTHK KMXO03J7ap - TypOMHA, KOMIIPECCOop,
1amMoJI TETUPMOHJIAPU KaHOTIAapH, MaxOBHUKJIAp Talépianiia; MeIuMHaga 3ca —
YKUXO03JIap Ba UMILIAHTATIIAp (TU33a CyCTaBIapH) Tal€pamga Ky UIaHUIMOK/IA.

Jemak, yriaepoja Tojajdapu OWIaH MyCTaxKamJAIITUPWITaH —YIJIEpOa
TOJIA/OPTaHUK  MaTpULIAId  KOMIIO3UT MaTepual IOKOpH  (DU3UK-KUMEBUIA
XyCycusTaapra sra.

AMMO yriepoJ; Tojajlapu OujlaH MYyCTaxXKaMJIAIITUPWITaH KOMIIO3UT Ky4Jiu
aHU30TPONUATa 3TalUurd MyHOca0aTH OWjaH YHUHT XOcCcallapu Typiu
HyHanmumuiapaa Oup Xujl 3MaciIurd KeimOd 4YMKMOKIa. by »ca KOMITO3MUTHHHT
MEIUIMHA Ba TEXHHUKAJa KYJUIAHWIUII HMKOHMSATIAPUHU KHCKAapTUPMOKJA.
HcrepMomun  TOMOHUAAH  KOMIIO3UTHHHI  aHU3O0TPOIMUACHHM  KaMaTHpPUII

KCPaKJINI'u Tanad OTUIIOH.

Keiicau 0axapui 00CKU4/JIapy Ba TONMIIMPHUKJIAP:
* Kelicnaru MyaMMOHU KeNTHpUO YMKapraH acocuii cababiapHu OenruiiaHr
(MHAMBHUAYAJ Ba KHYUK TypyX/a).
* KOMMO3UTHUHT aHU3OTPONMSICUHU KaMaWTUPHUIN y4yH OakapuiaauraH
UIUIap KeTMa-KEeTJIMTMHU Oenrunanr (KyhTiukiapaard uir). 8-9—wmnoBanapaaru

MabIyMoTaapAaH (GoiAaIaHUIIMHTU3 MYMKHH.

8-KENC

[uma TapakKUETH KAMUAT TapakKKUETH OWjlaH y3BUW OOFJIMK. YHHUHT KyI
xycycusatinapu 6op. Altnukca — maddodaurn xamaa nummkuruaup. lumanan
TYypJId XWJI Yi py3rop, 6e3ak Oyromiapu, TEXHUKa ac000J1apy, HCCUKJIUK Ba TOBYIII
M30JSIIMOH MaTepuaiiap scamanu. llumanuar kamd >TamUmmM Typiau-TyMaH
maKutapaarn  OyTwikaiap, Xap XWwl WAWNUIap, Bas3ajap, CTakaH, Kaaaxjap
KHCKACH, TYpMYIIl Y4yH 3apyp OyromyiapHH KYymuiab unuiad 4yuKapwIMIIATa OJIO
KEJH.

Tabuuii mwuIa Tapuxy OJaM30]] TapUXUJaH KaTTa. ByJIKOH OTWJIUIIH,
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3WI3WIA pyH Oepuilv, MOMaKaJIIUPOK TyMOupiamu kabu Tabuwatr Xoawcaiapu
Tabuuil mumasap-oOCUINaH Ba AMIMH MIUIIAJAPUHUHT XOCHI OYyuiura cadadun
OysnraH.

Mapxkazuit Ocué Mamiakatiapuaa XaM MIUIIAcO3IMK KaJuMIaH OOIIIaHTaH.
YHUHI Tapakkuii €TraH JaBpyd ypra acpjapra Tyrpu Kenagud. Mamxyp
sHCTUKIIOoNeaucT onumiap AOy Paiixon bepynuit, A0y Anu ubu Cuno, AOy bakp
Myxamman ubH 3akpué ap-Posmii acapimapupa KeNTHUPWITAaH MabIyMOTIap
HIMIIACO3JIMK TEeXHUKacu Oy epaa Kaaumru Mucpnaarura HucOaTaH HOKOPUPOK
caBusifia 0Jiu0 OOpUIITAaHIUTHAAH JAJI0JAT Oepaiu.

Murupmanunr acp gaBoMmiaa Y30CKHCTOHAA KAaToOp IIMIIA KOPXOHAJIAPH
Kypwin0O, umra tymupwiad. [ymap xymnacura TomkeHt «Onukey» Ba «ACJI
OMHA» wuia® uYMKapuinl OuWplalmIMacH KaGW KOPXOHAlap Kupajmd. by
KOpXOHAJapHU UINTa TYHIMPHUII PECIyOJIMKa SXTHEKIAPU YUYH Kepakiau Oyiraxn
muia Maxcyinotiapunau (PacM) ap30H Ba KeHr TapKaliraH MaxaJuluid XoM aménap

acocujia nuutad YMKapuIl UMKOHUSTUHU Oepu.

[Muma unuiad yuKapuiga Marepuamuiap UKKATa KarTa rypyxra OyiuHaIu:

muma XOCWJI KWIyBUHWJIAp - YyJIap KaTopura OJITUHTYT'YPT, CCJICH, MAaprumyll,
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docdop, yriepon kabdbu anmementinap; SiO,, FeOz, B,0s, P,0Os, AsS;O3, BeF, xabu
OKCH/I Ba OMpUKManap.

SIkka xoJi]a MUIIACUMOH XOJATHU XOCHJI KUJIA0JIMaWIUraH 3J€MEHT, OKCHUJT
Ba Oorka OupukMaiap Moaudukatopiap ned aramaan. Yiaapra TiO;, TeO,, CeO,,
MoQOs, CoOs, Bi;03, Al,O3, Fe,03, CaO, MgO, Na,O, KO kabunap kupaim.
Bbynpnait okcuj Ba OMpuKManap HIMIIA XOCHJI KHJIyBUWIAP UIITUPOKHIA OCOHTHHA
IIUITIACHMOH XOJIATHU BYXKYATa KEITUPAAU. YJap UINTUPOKHUIA MTUXTAHUHT SPHIII
TeMIiepaTypacu nacasau. Jlekun xocua 6ynaran amopd MOITAHUHT MEXaHUKaBHM
Ba KUMEBUHN XYCYCHUATIAPH XaM OUPO3 KaMasiIu.

[MluxTa  TapKkuOWUTa  KAPYBUYM  KOMIIOHCHTJIAD  COHHHHWHT  OIIHUIIH
HIAIIACO3IMKAA WKoOui pon yihHaiinu. Macanan, NaO-CaO- SiO,, CaO-Al,O3-
B203, Me, On-P205-B20s kabu cuctemaiap acocujia muiia OCOH X0CUJI Oyau.

Cunukar TapkuOim canoar mumaigapuaa SiO;, CaO Ba NayO Owmman Oup
katopnra MgO Ba Al,O; xam KaTHamiagu. MarHuil OKCHIW IIMIIAJIAPUHUAHT
KpUCTAJUTAHUIIIUTA OYJIraH JJaéKaTUHU OUPO3 CyCauTUpaIn, AJIFOMUHHUI OKCUJIU Aca
YJIAPHUHT KUMEBUU TYPFYHJIUTMHHM TaMuHIamra xu3mar kuinaau. [uma xocuin
KWIyBYM Ba Moaudukatopiap ycruna A.A. ANmeH Kyn TagkKUKOTiIap OO
Oopras.

Keiicau 0a:xxapum 00CKU4/Iapu Ba TOMIMPUKJIAP:

by keic cramu ycynuaa Kys3jJaHraH Makcaa — TYypJM OKCUIJIAPHUHT
KOMITO3HIIMOH ITUIIIA MaTeprajuiap ApaTHIIIard POJITMHH YPTaHMIIL

SiO; okcuam MmuHepan cudarvaa KaHmaii HOMJIaHagud Ba (akaT y acocuia
SIKKA TapKUOJIM IIUIIA MaTEPHAT OJIUII MyMKHH-MH?

SiO; okcuau acocua sIKKa TapKUOJIW IIKIIA MaTESpHUa MILIa0 YHKapHUIIIard
MyaMMOJIApHU aHHWKJIAHT Ba €UYMMUHM Takiaug stuHr. Keilc euymmuHU >kamBai

IIaKjmaa KSJITUPUHT:

Myammo Typu Kean6 yukuim XaJ1 3THII HYJT1apu
cababyapu
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9-KEMC

TexHMKa MMIIACUHUHT TYPH XKyJda KYyI. YHHUHI AaCOCHUW MaxcCyJoTjJapu
KATOpUra KyHWHJIarujapHu KypCaTHUIll MyMKHH:

1. KBapn mmmacu - maddod Ba 6yruk O0Viaaau. Ksapi mumacuau umiad
yukapuinga dopmyiaacu SiO; TYFpH KelnaauraH FOKOPH Japakajard To3a TOF
omwmnypu €ku KBapm xkymmapuman doigamananu. AmdaTTa, yaap OFUp TEMUPIU
MUHepaiap, Jlaja IIMnaTy, Clloja Ba TYNPOKAaH To3ajaHuiM 3apyp. Hatwxkana
OOHUTaH TOF JKUHCHUHHHI KHMEBHMHA TapkuOu SiO; doiimacura y3rapaau Ba
MalajiaHral 3appadalapHUHT TPaHYJOMETPHK TapKuOW Ty3artmwiagu. Hmurad
YMKApHUIIAa KYUIaHWIaéTraH XoM-amié Tapkubu Kyhumarnda Oymamu: SiO, 99.6-
99.7; P,03 - 0.15-0.30, my xymmagan Fe,O; 0.002-0.003; CaO 0.05-0.08; MgO
0.03-0.05; PO 0.01-0.02 Ba xm3mupmiaranmaru uykorum 0.05-0.08%. Ksapi
HIMIIACH YTa IOKOPU TEPMHUK Ba AJIEKTP OapAOLUUIUTU OuilaH axxpaiud Typajiu.

2. Onrtuka mumacy — OnTuKa acOobiapuaa KyJulaHaJuraH KpoH, (JIMHT Ba
oomkanap. Exarun kpornap - SiO, — 50-80 %, B,03; — 10%, K20 — 20% (6a3anapu
12 % ®). Kponnap — Oop-CHIIMKATIN IIUIIaiap, Orup KpoHJIap 3ca Oop-KpeMHUi
Ba Oapwuii OKCHAJIApHU aCOCUa CUHTE3 KIJIMHAH.

3. DIeKTp BaKyyM Ba DJIEKTPOHUKA IIMIIACH —PaJUOICKTPOHUKA COXACH]Ia
3aMOHaBUM acOO00-yCKyHakapAa KEeHI KYJUlaHwiaau. AcocaH altOMUHUNA-00p-
CWIMKAT CHUCTeManap acocuja unuiad uumkapwiaau. HOkopu TEXHOJIOTHK Ba
DKCINTYyTACHOH  XOccajlapura d3ra — KAMEBUH  OapIONUINTH, MEXaHHK
MyCTaXKaMJIUTH, TEPMHUK OapAONUINTHA, IOKOPU IUIJCKTPUK XOCcalapu Ba
BaKyyMrIa 4uJaMJIMrd. DIeKTpoH TexHukacuaa B,Os-PbO-Zn0O, B,0s- Al,O3-Zn0O,
As-Fe-Se cucremacuaaru mmumanap (CUTAUIOLEMEHTIIap) XaM KeHT KYJIIaHUJIaIu.

4. KuméBuii - maboparopusi MmUIIACK - IONMKA Ba €FOH IIUIIANAP,
nabopatopus Ba wunuiad YUKApUIAA KEHT KYyJUIaHWIaaW: KUME, O3UK-OBKAT,
MeIucHuHa, ¢apMaceBTHKaaa, jabopatopus Ba caHoaT acOoOiapujga Ba X. by
TypJlard IUIIanap TypJd peareHTiap TabCUpUTa KUMEBUN OApOIIIUTH, IOKOPU

TEPMUK OapAONUIUTH OUJIaH aKpaaud Typasu.
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Keiicau 0a:xxapum 00CKU4/Iapu Ba TOMIMPUKJIAP:

* KBapu mumacunu tapa Maxcynomiap (OyTuika Ba muiia 6aHkanap) uiniad
YUKAPUIIIA KYJUTAHWIAIA MyMKUH-MU? Caba0liapiHu KEeNTHPHHT.
* Keiicnaru MyamMMOHU KenTUpHO YMKapraH acocui cababiiap Ba Xaja dTHUII

HYImapuHy 5KaJ1Ball aCOCH 1A U30XJIaHT (MHAMBUYaNl Ba KUUYUK TYPYyX/Ia).

Myammo Typu Kean6 yukuim XaJu 3T nyJuiapu
cababaapu
10-KEHC
Keiic 5 Typnu é&rowilapiaH OJMMHITAH  e€IMMJIAHTaH — MaTepuasuiap

Typiuda (QU3UK-MEXaHUK XOCCAJlapHM HaMOEH  KWJIJIH.
VY30€KHUCTOH MApOUTH/Ia KaiCH eTMMIIaHTaH EF0Y MaTepHaTUHU
unutad ynkapu xap rapadiaama doiiganm?

[ Keiicnu 0axxapuin 00cKH4IapHu Ba TOMIIUPHUKJIAP: ]

»
|
o

/

N\
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VII. NMIOCCAPUN

o - HNurans THJIHAATH
TassH4 cy3 Y30ek THIMAArU WAPXH
HAPXH
WNmmab gukapwirad, ukku €xu | It IS manufactured, it
KynpoK  ¢usukaBuii  Ba/€km | consists of two or
KUMEBHMI Xap xwi  Oymran, | more physically and/or
Komnosuyuon MaTpHIIa (I/IHTep@eﬁc)v 1781701 F:) ch_emically distinct,
samepuan TapTHOJIH *oMarran | suitably o
dazanapgan  Tamkmia  Torrad | arranged or distributed
MaTepuall. phases with an
interface  separating
them.
Kommosummon ~ marepuanuusr | The binding material
Mampuua, 61b G . : :
. up OyTYHJIUTWHU TabMUHJIOBYHM | ensuring the integrity
unmepgpeic OOFJIOBYM KOMITOHEHT of the structure
Mampuua Mertasui, kepaMuKa, moJImMep Metal, ceramics,
Mamepuaniapu polymer
Maxcynorra mabiaym reometpuk | Gives the material the
mrakn  OepuO, KywIaHWIUIAPHU | Necessary  geometric
Eoznogui XaKM ~ Oyiinga  Oup Xuit shape, distributes the
Mamepuanuunz TakcuMIaHuImuH TabMmuHmangy | load evenly throughout
Ba MabJIyM MexaHuk xoccanu |the volume, keeps the
sasugpacu HIAKJUIAHTHPAIH, xamma | armature  or  fillers
apmatypa ¢Eku kymmmdanapuu | from the effects of the
TaIIK{ MYXHUTIaH CaKJIakIu. environment
Komnozumnune MycraxkaMIamTaPyBYH reinforcement material,
MYCHAXKAMIUZUH | KOMIIOHEHT, apmupoBka | reinforcement
u owwupaouzan | MaTepuai, apMaTypa
KOMNOHEeHm

VYiyamMu y4 HWyHaIMIIAA KWUYHUK
Oyiaran Kymmmuaizap - KyM,

The dimensions of the
reinforcing additive is

Mmaiiaa (KykyH) qoHadamapra sra | very small in all 3
. oynmran wmerammiap, docdariap, | directions — the
Hon-ynuamnu Y P, & (? P icles of sand |
Summuanap [IUIIa Ba JIOUCUMOH | particles of sand, meta
Ry MUKpochepa mrakiagary | powders,  phosphates,
MaTepuasap. glasses, materials with
forms of clay

microspheres
bup ynuamau | TomacumoH tynaupyBumnnap, | Fiber shaped elements,
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Kyuiumuanap apMaTtypa oaJieMeHTiapu, kanTta | fittings, short natural
ToNanu Tabumii matepuasuiap - | fiber materials-
acOecT, YCUMIIMK MaTepuasuiapH, | asbestos, plant
TOJIACUMOH kpuctaiap | materials, fiber-shaped
(amoMuHUE HUTpHI, Oepmiuuii | crystals (@aluminum
okcuau, 6op kapOumu, kpemuwuii | nitride, berilliy oxide,
HUTPUJIN), Y3yH ToJlaun Xap xwi | boron carbide, and
OpraHukK OMpHUKMaap. silicon nitride),

different length fiber
of organic compounds.
- Jlenranmap, wMmaTojap, Martiap, | Tapes, mats, fabrics,
Hkku  ynuamau |
N TYPCHUMOH JJIEMEHTIIAP. nets elements.
mynoupysuuap

H3zompon Marepuamtapauar — xoccanapu | Material properties in

KOMRO3UYUOH xamMma #WynHaimnpia Omp  xwu | all directions are the

mamepuan OyJIUIIN KEpax. same.

H3zompon Hucnepc xomnaru | Dispersed  reinforcing

Komnozumiapoaz | MyCTaxKaMJIAIITHPYBYH components:  micro-

u KOMIIOHETJIap: MUKPO- Ba | and nanopowders.

Mycmakaiawmupy | HaHo3appavamap.

64U KOMHOHEHM

Anuzompon MarepuannapHuHr Typnu | Material properties in

KOMRO3UWUOH HyHanumuiapaaru xoccanapu | all directions different

mamepuan dapk Kumaau.

Anuzompon Apmarypa cudaruga Ttomanap, | As reinforcement in a

Komnozumaapoaz | TUIACTUHKANAp, mMatonap, Typnap | particular order fibers,

u MabJIyM inynanmumna | plates, fabrics, nets are

Mycmakiawmupy | KounamTupuirad Oynaau. arranged

64U KOMNOHEHM

Wxku Ba yHmaH kym Ttypaarm | Composite materials,
Honuapmuposeka | MyTaxKamIaIITUPHUIIL reinforced by two or
KUJIUHZAH TYJIOUpPruwiapy  KyJUIAaHWITaH | more types of
Komno3umaap. KOMITO3HUIIMOH MaTepuaiap. reinforcers
Jucnepc- Marpuia OFHUPJIUK Ba | The matrix provides
Mycmaxkamaawm | MyCTaXKaMJIMKHU TabMuHiIoBuH | strength and  weight,
upuizan acocuii  amement,  aucrepc | the particle size of
KOMNO3UUUOH 3appadajapHUHT ymuamnapu | 0,01... 0,1 pm
Mamepuannap 0,01...0,1 Mxm

M3otpon  xycycustiapra ara | Isotropic material

Hucnepc-
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Mycmaxkamaawim | MaTepuan
upuIzan
KOMRO3UUUOH
Mamepuannap
Jucnepc- Kykyn wmeramnyprus ycysurapu | Powder metallurgical
mMycmaxkamaawm | €Ki CyloK Meramun Tapkubura | methods, the method
upuizan Kyium onauman tyiauprawiap | of adding additives to
KOMRO3UUUOH kymmm  ycyurapu  épmamumpa | liquid  metal  before
Mamepuaniapuu | NIDIa0 YAKAPHUIIAIH. casting
uwnad uukapuw
yeyanapu

Amomunuii  marpumacu  Ba | Consists of a matrix of
Kyioupunean 18%rava ajaroMuHEil oxcuau | aluminum with
AIIOMUHUIL 3appavanapuaan noopat 6ymaau | additions of up to 18%

Kykynu (CAII)

of particles of

aluminum oxide

Marpuna cudatuga HUKEIh Ba

As the matrix involved

Hukens  acocuda | YEAHT XpOM Owan NiCkeI_ and its
maiiépnanzan KOTHUIIIMaIapu KYJUTaHHJIA U chromu_Jm alloy
KomRo3UMAGp (XpOMHUHT MUKIOpH - | (chromium content up
20%raua), to 20%), reinforcing
MyCTaXKaMJIAIITHPHUIIT components — thorium
KOMIIOHEHTIIapu - Topui Ba | and hafnium oxides
ra)HUN OKCUJIAPH.
FOxopu MycTtaxkamiauk, | Have high strength,
KAaTTUKJIUK, FOKOpU Xapopatnda | hardness, are  not
Oyswnuiira gumamm; 70...200 | destroyed at  high
MKM JMaMmeTpura 9ra; yjap | temperature, diameter
bop monanapu
METaJIITUK Ba noumep | 70...2000 um, are used

MmaTpuIananu apmupoBka kuiui | for  reinforcement  of
yUyH KYJTaHHIAIH metal and polymer
matrix
IOxopn wmycraxkamimkra ora, | Have high strength,
MEXaHUK Xoccajlapu  TepMuk | mechanical properties
Oapkapop; ATFOMHHHN Ba | resistant to the
Yenepoo MarHMiHA apMUpoOBKa Kuiui | temperatures; used for
moaanapu YUYH KYJJIaHWJIa/IH; the reinforcement of
aluminum and
magnesium

Kepamuk

Okcupa, HUTPUI, KapOuiap

Are made of oxides,
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moaanap acocuga Tanépmanaau, I1okopw | nitrides, carbides; have
KaTTUKJIUK, MycTaxkamiauk Ba | high hardness, strength
TepMHK  Oapkapopaukra 9ra; | and heat resistance;
ATFOMUHUI Ba MarHuitHm | used for the
apMHPOBKa KHJTHIII yuyH | reinforcement of
KYJUIaHUIa 1 aluminum and
magnesium
MycTaxkaMIIuK, tepmuk | Have strength, heat
0ap0NLIHK, IURJIEKTpHK | resistance,  dielectric
Xoccajgapra Ba IacT HCCHKIMK | properties and low
yTKa3yBYaHIUKra sra; uccukiuk | thermal conductivity,
Hluwamona W3OJISIIIHST marepuasiap, | used in the
KOHCTPYKIIMOH Mmatepuaiuiap | manufacture of
nmuiad yukapuiiia | insulating and
KYJUTaHUTA TN, structural materials
DJIEKTPUK tonanap | Electric fiber, E-glass
“E —glass” Oenrmnanaan, E-mmma sxumm | is a good insulator, has
(E-muwma) SIIEKTP U30JIATOP, X1 | good mechanical
MEXaHUK Ba snacTHKIMK | elastic properties
MO/TyJIUTa 3ra
Kopposuss  typmarm  tomanap | Corrosion  fiber, C-
“C —glass” Oenrmnanaau, C-mumra rokopwu | glass has high
(C-wmuuwa) KUMEBHIA kopposwusra | chemical resistance
OapIONLTUTH Ontan
taBcudIaHam;
“S —glass” Our  wokopu  Tepmuk  Ba| Have the  highest

(S-wuwa) 0JI0OBOApIONIIMKra 3ra Imuimanap | temperature resistance
and refractoriness

Kanatiap, kabemnap, komtamanu | Used in the

MaToJap, apXuTeKTypa Marosapu | manufacture of ropes,

Keenap-29 Ba OAJJTMCTUK XUMOsI Matosapu - | cables, protection

apamuo monaacu OpOHEXKHUIIECTIIAP umiad | fabrics,  architectural

YUKapUIIJIa KyJUIAaHUIaaU

fabrics and fabrics for
ballistic protection of
body - armor

TI'emunaxc

KarmaMiau KoMIoO3uT, TapkuOuaa
KOFO3 Ba CMOJa  MaBXKy.
(benonodopmanbaerua €ku 0.).

Layered  composite,
composed of paper and
resin (phenol
formaldehyde, etc.)

Ezou-kamaamnu
NJ1ACMUKIAp

denonopopmanibaeru Ba
Kpe30J0(QopManbIerul  cMmoJja

Consists of
phenolformaldehyde
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(ICII) MaTpHIach/€rou mimoxuAaH | and cresol
udoparaup. formaldehyde
resin/veneer
Marepuamauar OytyH xaxmu | Component located
Mampuua Oyinua y3IyKcu3 Kkoiuramras | continuously
KOMITOHEHT aTaJIa/Iu. throughout the volume
of the material
Kounctpyknuon kommo3utiapaa | Provide in composite
acocaH Kepakiax  MeXxaHuk | materials the necessary
Apmuposka . :
Komnonenmaapu XYCYCHSTIApHU (MyCTaxKal\i[JmK, mechanical properties
KaTTUKJIUK Ba 0.) TabMuHiaiian | (Strength, hardness,
etc.)
[Momumep  3amxupu  xocwia | During the formation
Oynaérranma kotum peakmusicu | of the polymer chain
XxaMm  comup  Oymamu. By | occurs in the hardening
peaknusiiap Maxcyc KuMmEBHit | reaction. The
MOAJajlap  TabCUPHJA, ¢ku | hardening reaction can
Tepmopeaxmue UCCUKJIMK Ba OocuM Tabcupuia, | be initiated using the
noaumepaap ¢k MOHOMepJIapra 3JeKTpoHap | appropriate  chemicals
OKUMHUHH TabCHUP stum | OF by applying heat
HaTWKacuaa COAUp OyaIu. and pressure, or by
exposure fo d
monomer to an
electron beam.
[Monmumepmap Ttemnepatypa Ba | Polymers that flow
OocuM TabcHpuAa OKyBYaHIWK | Wwhen — exposed  to
sra Oymamuiap Ba HCCHKIWK | temperature and
TabCHpHUIa IOMIIOK EKU IUIACTHK | pressure, i.e., they
Tepmonnacmaap | Xonarra yTaguiap. Xona | soften  or  become
Xapoparuraya copyrmiranza | plastic when heated.
OyHmaii noJiumMepJiap xam | After cooling to room
KOTa/IH. temperature, the
thermoplastic
solidifies.
Taitepnamiga acocan noauddup, | For the manufacture of
STOKCH/]T ¢ku | polymer - matrix
TTonumep GeHomopopManbaeru composites most
mampuyaiu OOFIOBUMIIAD KyJuIaHunagy, | commonly used
komnosumaap Oymap KoTraH xonarga erapiu | polyester, epoxy or

MYCTaxXKaMJIMKTa ora.

phenol-formaldehyde
binder, as the most
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efficient, with
reasonably high
strength properties in
the cured state

Xapopar TabCUPHUAA

Polymers that soften or

foMmaiauran  €ku  spuiamrad | melt  when  heated,
nonuMepiap, Oy Typra mact Ba | examples include
Tepmonnacmuk IOKOPH 3WYWIMKIard moymdTwieH, | polyethylene low and
noaumepaap TOJIMCTUPOT Ba | high density,
OJIUMETHIIMETaKpHUIIaTIap polystyrene and
KHPaJIH. polymethylmethacrylat
€.
Honumeprapnunz Kytimnarnnapra oormuk Oyimamu: | Depends on the surface
0JIOB TapKaJIHII marigonw, | flame  spread and
01060apoouUY EKWIFMHU TabCHpHU Ba Kuciopos | penetration of fuel and
WHJICKCH. oxygen index.
Enum nasom stumm yays sapyp | The minimum amount
Kucnopoo Oynran kuciaopoaHuHr muauman | of  oxygen that will
unoexcu (LOI) KAUMaTUHU OeIrnIaiIn. support combustion.
[Tomumponunex, Heion, | Polypropylene, nylon,
TEPMOILJIACTHK nosmadupiap | thermoplastic
(T19T, I1BT) Ba | polyesters (PET, PBT),
Honumep
noivkapOoHnatiap,  monmamun | and  polycarbonates,
Mampunaii umun,  noiudenunencyabdhua | polyamide imide,
KoMno3UmAapOa (ITDC), nonuapuicyiasgpon | Polyphenylene sulfide
MeEpMOnIaAcuK (polyarylsulfone) Ba mommadup- | (PPS), polyarylsulfone
Mampunaiap 3UPKETOH ketonapaup | (polyarylsulfone) and
(PEEK). polyester-etherketone
ketone (PEEK).
Acocan 3 Ta  kpucramt | Most often, one of the
cuHroHusutapaa kpucrawianaau: | following three
» SéHjapu MapkasjamraH Kyouk | crystalline forms:
(T'TIK) _
Memannap * XQXKMH —MapKa3jamral KyoOuK » face-centered cubic
Kpucmanin (OLK) (FCC)
CUHZOHUAApU e ONTHOYpPYAKIIM 3WY YIAKOBKa

kunHrad (HCP)

* body-centered cubic
(BCC)

* Hexagonal close-

Packed (HCP)
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3 Typu MaBxXy/I:
«Jlucniepc-MycTaxKamJIalTUPUIL
ran MMK

* KHCKa TOJIa Ba MYWJIOBIAp

»  particle-reinforced
MMCs

e MMCs reinforced

Memann OWjaH apMHpOBKA KWJIMHIAH W't_h short fibers or
Mampuyanu MMK whiskers
KOMRO3umiapuun | .
> mypnapu Y3IYKCH3 TONa Ba JHUCTIAD |, MMCs reinforced
WilaH — apMHpOBKa  KWIMHIAH | \ith continuous fibre
MMK. or sheet reinforced
MMCs
DBTEKTHK tapkuOmm | Alloys  of  eutectic
KOMITO3HTIIAp, composition, in which
DemeKmuK MycTaxkamiamtupyBun  (asa | the reinforcing phase
KOMRO3UUUOH cudaruga Macca TapkuOuma | are oriented crystals,
Mamepuannap HyHaNTHpUITaH which are formed by
KpucTaym3anus  xapaénnapu | directional
HaTwkacuma — xocwan  Oyuras | solidification.
KpHUCTaJIap XU3MaT KUIaIu.
Xaxm Oyiinua 95-98 ¢dowusu | They form a sort of
Kkpuctail  (QasamaH, Kourad | composite material, as
kucMu  3ca mmma  (asagas | they consist by volume
uoopar Oynaau. Kpucramn daza | of 95-98% crystalline
IHumaxepamux yTa HO3UK (3appauainap phase_, and the rest
Mamepunanap muametpu 100 wmman kuuwk) | Submitted to the gla§sy
CTpYyKTypara ora. phase. Crystalline
phase is very fine
(grain size less than
100 nm in diameter).
Kepamuka I'pekua  keramike  (rononua | From ancient Greek
keramos) — Tympoxk (keramos) - clay
Tabumit Tympok ¢&ku Tynpok | The product of high
Owran  Typau — MuHepasuiap | temperature
Kepamura apajaliMacuIaH XOCHIT Ca_lcination of a
KWIMHraH JoiHM  mummutuO, | mixture of natural clay
Mamepuanu . . :
KyinO, Kyputub Ba keiiuH | and other minerals
KATTHUK KH3TUPHUO XOCHII
KAJIMHTaH MaxCyJIoT
Kumésuit Tapku6 Ba Kotumm | Amorphous solids
Hluma TeMIIepaTypacura OOFIINKCH3 Obtained_by quen_ching
paBuiga  okKopu  xapopart | the melt irrespective of
TabCUpUJA XOCHJ KWiIMHraH | the chemical
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SPUTMAHHU yTa COBUTHII OPKAJIU
OJIMHAIUTaH KATTHK
KUCMJIAPHHUHT XOCCaJlapHHH
KaOyn  KwinMHagurad  Oapua
amopd Kucmap.

composition and the
solidification
temperature.

Onoesbdapoout
oyiom

Kepamuka TEXHOJIOTUSACU
Oyiinua wunuUtad YUKaApUITaH,
YTXOHa Ba TIe4wjlap Kypuuja
UIUIaTUIaAUTaH,

onoBOapaonumru  1580°C  nan
KaMm OYJMaraH kepaMmuka OyroMu.

The product obtained
by ceramic technology
and used in the
furnaces and  high
temperature  furnaces
construction, it’s fire
resistance not less than
1580°C

Texnuka
Kepamukacu
oyromu

Kepamuka TEXHOJIOTUSACU
acocuza SCaliraH yTKAa3ru4, spuM
VTKa3ru4d, M30JATOp, MaxcCyc
Xoccalm (Maruur, OIITHK,
AJIEKTPHUK) OyIOM Ba OoIIKaIap

A conductor,
semiconductor,
insulator or a product
with special properties
(magnetic, optical,
electrical) obtained by
ceramic technology.

Kepamuk
mampuuaiu
KoMnozumaap
uwnao
YuKapuuioa UCCuk
npeccaawut
Hcapaénu

bup BakTHUHT y3uJa MaTpenanra
IOKOpY XapopaT Ba OOCHMHHU
TabCUP ATHUII HATHXKACHIA 3UY
CTPYKTypaJld, = FOBAaKCM3  Ba
Maiija 3appadaid  KOMIO3ULIMS
xocui Oynaau.

The simultaneous
application of pressure
and high temperature
can accelerate the rate
of densification and
allows to obtain non-
porous and  fine-
grained structure.

Kepmemanap

Metann  3appavaniap  OwiiaH
MyCTaxXKaMJIaIITHPUIITaH

KepaMHKa  FOKOPH  MEXaHUK
MyCTaXKaMITHK, UCCUKIIUK
3apOra  OapAOLLIUTH, IOKOPH

VCCHUKJIMK YTKa3yBYaHJIMKIA 3ra.

Reinforcement of
ceramic dispersed
metal particles leads to
new materials (cermet)
with increased
resistance,  resistance
relative to thermal
shock, high thermal
conductivity.

Kepmemanap
KYJU1aHUIum
coxanapu

FOkopu xapopariu KepMmeraap
acocuaa ras TypOuHaap
JIeTaliapy,  JJNEeKTp  mewiap
apMaTypacH, pakeTra Ba PeaKTHB

High temperature
cermets used to make
parts for gas turbines,
valves furnaces, parts
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TEXHHUKA JeTaJUIapu
TanépIlaHaIu. Kartuk
HITKAJIaHHUIITa YU JAMIIA
KepMeTJiap KUPKHIII

MHCTPYMEHT-JIapy Ba JCTallJIapu
Tanépiaiiga KEHI KyJUIAaHWIAIH.

for rocket and jet
technology. Hard ware
resistant cermets are
used to manufacture
the cutting tools and
parts.

0SB Opuentupnanran  kupunawm | Oriented strand board
TUTATAIAp
Vprasa  suwimkmarn  érod | Medium Density
MDF .
TOJIAJIM IIUTAJIap Fibreboard
IIMOH KaTiamjapujaad mpecciab | the  tiled  material
OJIMHA/IMTaH IUIMTa MaTepHaIN received by pressing of
@Danepa la f interli
yers or an Interline
interval
eTUM 03aCHHHMHT acoc foza | interaction of a surface
Enuwiroxnux OWJIaH TabCUPJIAIIHIIN of glue with a basis
surface
bup-6upura Kyna sk | Communications
Hucnepc .
P KOMnatran MoJiekysanap | between very closely
Yypracuaaru OOFIaHUII located molecules
Bogopon aromumamHr wukkuta | Communication,
KyTOJIaHTaH rypyxra | formed in a
Booopoo TaKCUMJIaHUIILIHN HaTWXKacuaa | consequence of
ooznanuw XOCHJI OYaauran OOFIaHuUIIT division of atom of
hydrogen into two
polar groups
Eroumaru uy3uHuok O6ynmaran | the  wood cages
Hapenxum xymaﬁ;launap (y3ak wypnaapwu, | (beams, the pi'_[Ch
N cMoJia WyIIapy Ba X.K.) courses, etc.) which
icaltpaiapu aren't extended on
length
.- - HNurans3 THJINIATH
Tasinu cy3 Y30exk THaIMAAru Wapxu
HAPXH
Adporen: cywoxmru rotuiarad| Aerogel: a porous solid
ra3  Owman  Ypunanmariran| formed from a gel in
Asporen reajgad  oiuHraH —roakcumoH | Which the liquid s
KAaTTHK YyKMa replaced with a gas
with gas entrapment
ATOM- ATOM- Atomic force
KYYWIAHHILIMMHUK | KYWIAHMILJIMMHUKPOCKOIMS microscopy (AFM) or

pockonusi  (AFM)
€éKH CKaHepJOBYH
30H]1

(AFM) ékm ckaHepJIOBYH 30H]
mukpockonusicu (C3M): arom
KypCaTTUwIn 103aJaru

scanning probe
microscopy (SPM): a
high-resolution device
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MHUKPOCKOIINACHA
(C3M)

aTOMJIADHUHT TAaCBUPWUHU KA
Oo1ka byHKIIHOHAT
XOCCaJlapuHU TacBHpJAIl Y4YyH
KYJUTAaHHITYBYH IOKOpH
KYpCaTTHYIN KypHiMa

used to map
topography or other
functional properties of
the surface atoms at
atomic resolution
capabilities

ATOM
MAHHUITYJISIUSICH

ATOM MaHUNYJISUHUSICH. aTOM-
KYWIAHHIIIA MUKPOCKOIHUS Ba
CKaHEePJIOBUH TYHEJUIN
MHUKPOCKOI KaOu WIFOp ycCyJuiap
Tyhalan WMKOHUATA TYFWITaH
IO3aHUHT  TY3WIHIIUHU  aTOM
OpTUJaH aTOM €KU KUMEBUU
MOAU(UKALTHSIIALIT

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

TapbKHKJIaHTaH
YyerapaHuHr
KEHIJIUTH

TabKUKJIaHTraH
KEHIJIUIU: 0apya  3JIEKTPOH
SHEPreTHUK xoJyariap
TabKUKJIAHTaH KaTTHUK >KHUCMJIaru
BAJICHT Y€rapa Ba YyTKA3yBUAHIUK
yerapacu OpacHJIaru SHEPTETUK
TYHHYK

YyerapaHuHr

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

buomocaamyB4an
JIMK

buomoc/alyBYaHIMK, HOXYII
Yy3rapuiuiapHu YaKApMmau
MaTEepUATHUHT OHMOJIOTUK THU3UM
OwiaH  TabCUpJaAlIyBUAA V3

BazubamapuHu OaxKapuIlu

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

Bbuomumernka

buomumeruka: 3aMOHAaBHU
TEXHOJIOTHSUIApHU KyJulall OujiaH
MYXaHJIUCIIUK TU3UMJIAPHA
TaJKHK KHWJIALI Ba
JOUMXANAITUPUIIT YUyH TaOuui
TU3UMIIApra yXuiail, WHXEHEPUs
€KM TaKIWA KWW TYFpUCUAATU

ban

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

bor

Bor: poboTt Exku
aBTOMATJIAIITUPUIITAH

HHTCJIUICKTYyaJl MalllnHa

robot or
intelligent

Bot: a
automated
machine

Tarman-renara

Tarman-renara: acocum

Bottom-up: a strategy

170




OupIIUKIapH

for synthesizing

bakmuHcTep -
¢ynriepen

HaHO3appavajaap/HaHOTH3UMIIApH | hanomaterials from
u XOCHIT KWJIAII owan | atomic scale
Oupamaguran aroMm| fundamental units
MUKECUIIATU acocuii| where the fundamental
OMpIIHMKIIapUIaH units link up to form
HaHOMaTepUaJUTApHUHT  cuHTE3| Nanoparticles/nanostruc
KWJIAILL CTPATETUSACU tures

bakmuncrep - dyJsuiepen:| Buckminster

Puuapn bakmuucTrep @yiuiepeH
TOMOHHUJAH JIOMMXATaIITHPUITaH
reojie3uKk  rym0asra  yxmamw
Tydaitnin  yHUHT  mapadwura
Homitanran C60  dopmynanu
JIOUPACUMOH MOJIEKYJIa;
bakmuncrepdynepex —
bynnepeHHUHT JacTIIa0KH
TONWJITaH MOJIEKYJIacu
xucoOmanaau, ury OuiaH Oupra
KypyMm/a 03 MUKJIOpJa
TONWJIMIIA MYMKHWH OYJITaHIIATH
y4yH TaOWHUiA XOCWJI OYIuIIH
HYKTal HazapujaH »dHT Kym
TapKaJraH xucooOjaHaau.

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

3apan
OOFJIaHMIILIN
Kypuiama (CCD)

3apsia OoFIaHMILIM KypWjiMma
(CCD):3apsanaHrad  MO3HUIIMOH-
ce3rup ax0opoTHU nura
OJIaJIUTaH Ba pakamiiu
TaCBUPJIAPHM  MIIUIATUIL  y4YH
KEHT KyJUJIaHUJIaUuraH
MOHUNYJSILMSIIAP YYYH paKamiiu
MabJIyMOTIapra yTKaza ojlaura
Kypuima

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

Kommuiemenrapme
TAJIOKCHJIA APUM
yrkasrua (CMOYS)

KomniiemeHTap MeTaJOKCHAIH
APUM yTKa3ru4
(CMOS):unTerpan cxemasnap
(ICs) Ba ¥yra KaTra HHTErpanl
cxemanapau (VLSI) scam yuayn
SIHTH TEXHOJIOTHS, acocuu
ad3aIMKIApU KaM dHeprus capd
KWIAITA Ba IOKOPU IMOBKHH
Japaxacuna  O6ynmub6 Oy ¥3

Complementary
metal—oxide
semiconductor
(CMOS): an emerging
technology for the
fabrication of ICs and
VLSI, the main
advantage being low
power consumption
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HaBOaTua 1034 oupsuru
JToMpacuIa KypHIMaJIApHUHT
IOKOPY 3UYIUTHHY TabMHUHJIANW TN

and high noise,
enabling larger density
of devices within unit
area

Yriaepoaan
HAHOTPYOKa
(CNT)

Yriaeponau HAHOTPYOKa
(CNT): TacBup (¢dopMaTHHUHT
IOKOpU  Y3rapTUPUINO TYpULUIH
UUJIUHAPCUMOH

HAaHOCTPYKTYPJIA  yTIEPOJHUHT
AUTOTPONIUK IIAKIW; YJIApHUHT
y3raua OynraH »SJIEKTPOH Ba
MarHuT xoccanapu KEHT
KYJUIAaHWIA !,

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

Koanoug

Kounona:y3nykcus
JUCHEPCUSUIAHTaH  MOJJAHUHT
Oup  Typrarm  CyCIEH3USCH;
KATTHK, CYyHOK €KH TIa3CMMOH
OYIUIIN MYMKUH.

MyXUTOaru

Colloid: a homogenous
suspension of a
dispersoid in a
continuous medium; it
may be a solid, liquid
or gas

byr (pazacunan
KHUMEBUI
yykTupum (CVD)

byr  ¢a3acupan  KuméBuHit
yyktupum (CVD): ra3cumoH
pEareHTJIapHUHT  KYJUTAaHWINALIN
OujaH [ONKa IUIEHKaJAPHUHT

Chemical vapour
deposition (CVD): a
technique for
depositing thin films on

XouaamTupuiara
HXYY]

TarJIMKIa IYKTHPHII YCITyOu a  substrate  using
gaseous reactants
XOoMWIalTHPHITAHXYTY: Depletion zone: a

3apsIapHA SPKUH
TalllyBYMJIApUAaH XOJu OYiraH
SPUMYTKA3TUd MaTepUaUIApHUHT
OMpJIAILIUII KON

region at the junction
of semiconducting
materials that is devoid
of free charge carriers

JIacIoKaIMs: Dislocation: a
KpucTaysiorpaduaeckuii crystallographic  line
JTMHEHHBIN nedexr, | defect involving
Jucoxamus BKJTIOUAIONUH  HEPETyJIIPHOCTD irregul_arity in the
TIEpHOIMUECKOT0 pacronoxkenus | periodic — arrangement
aTOMOB (orcyrctBue  psima| of atoms (missing row
aToMoB B  Iutockoctd)  B| Of atoms in a plane) in
KPHCTaLIE a crystal
JHK-yum:renmaru DNA chip: a sensor
MyTalsUIapHA ¢ku | based on a
y3rapuIuIapHu semiconductor
JTHK-unn UCHTA(DUKAIMSIIAIT yayH| microchip used to
KYJUTaHUJIaIUTaH identify mutations or
SPUMY TKA3THYUITH mukpoyur| alterations in a gene

acocugaru gaT4ymkK
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Tenr KaHAJLJIn

Oypuakan
npeccaam(ECAP)

Tenr kaHam  OypyYakJIH
npeccaam(ECAP):maxn Ba
ViyamJIapuHU  y3rapTUPUILCU3
KaTTa MUKJOpAaru aedopmaiuon
CUJDKUIITHU KUPUTYBYH
YATPAAUCTIEPC TY3WINILIA
3appavyajapHu HIUIA0 YUKAPUIIL
YUyH IUIACTUK Je(hOopMarussHUHT
OFMp  TEXHHMKACH; IKCTPY3Hs
UIITUPOKUIAru yX1ant
JKapa€HHU HAMOEH KUIIyBYU TEHT

KaHAIM Oypyak 3KCTPY3HUACH
(ECAE)

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

DJIEKTPOH
MHKPOCKOI

DJIeKTPOH

MM KPOCKOII: Te3aIITHPUIITaH
AIIEKTPOHJIAPHUHT
KOJUTUMUPJIAHTaH JACTaCUHU
HaMyHara doxkycnabd aToM
YmgaMugard  KaTTaJallTHPHIITAH
TaCBUPHU OJIHTIT yayH
KYJUTaHAJIATUTAaHMUKPOCKOTI

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

JIEKTPOH OYpYH

JJIeKTPOH  OYpPYH:XHU]I  €KH
TabMJIAPHU AHUKJIAIl YYyH OuUp
HEYa KHUMEBUM CEHCOpJIapJaH
TaIlKWJI TONTaH KypuiMa

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

DJIEKTPOH TWI.TabMJIapHU
aHMKJIAll Ba TakKKOCHall Y4yH

Electronic tongue: a
device consisting of an

DJIEKTPOH THJI oup Heua kumépwmii| array  of  chemical
JaTYUKIApAaH TallKWJI ToNraH| Sensors to detect and
KypuJjiMa compare tastes
IMUTAKCHSA:ACOCHI tarauk | Epitaxy: growth of a
Ounan kpuctautorpaduk | secondary phase
TapTHOHU (korepeHTIMKHH)| Maintaining a perfect
ONUTAKCHS TabMUHJIAIl y4yH uKkuiamuu| crystallographic
(bazaHUHT YCUIIm registry  (coherency)
with the underlying
substrate
Fab:unrerpan cxemamap Ba Ba| Fab: a
Fab spuMyTKa3ruwikn  acOoOmapuu| microfabrication

unuiad YMKapuil y4yyH Hazopar

facility consisting of
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KWJINHYBYH YYKTUPHUIL
*apa€Hllapu Ba TO3a XOHAJIapAaH
TaITKAI TONTaH
MUKPOTEXHOJOTUK OOBEKT

clean  rooms and
controlled  deposition
process for the
fabrication of

semiconductor devices
and ICs

Maiigon
3¢ PexTiuTpansuc
Top (FET

Maiinon
TPAH3UCTOP

3 PexTiin
(FET):  »anektp
MalJOHU épaamuaa
YTKa3yBUAHIUTHHA  OOILIKAPHIII
MYMKHUH OYJIraH TpaH3UCTOP

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

EKI/IJIFI/IE)JICMCHTI/I

Exuiru 3JI€eMEHTH . TAllIK1
MaHOa EKWwIFMcH EKM pearcHTH
acocuzia DdJEKTP DHEPrUsICHHU
unuiad YMKapUIll MMKOHHUSTHTA
ara JJEKTPOKMMEBUM STYEHKa

Fuel cell: an
electrochemical cell
capable of producing
electrical energy with
fuel or reactant being
used up from an
external source

I'uragTmMaraur

KapIInJinru
(GMR)

'aranTMarauT KapIIHJIHT A
(GMR): IOIKA TJICHKATH
CTpYKTypaJlapAa Ky3aTujaJuraH
KBAaHT-MEXaHUK ahPexr:
dbeppoMarHuT KaBaTHUHT MarHUT
MaWJIOHU TabCUPHTa Yydparania
IEKTp KAPIIWIUTH CE3WJIapJIN
JTapakaaa Kamasiiu

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

3appavajapHUHT
yerapacu

3appavajJlJapHUHI  Yerapacm:
2D-nedext, aHWK aHUKIAHTaH
UKKUTA yerapajiaHyBuu
KPUCTAJUIAPHUHT UHTEpdeiicu

Grain boundary: a 2D
defect, the interface
bordering two well-
defined crystals

3appavaaap
YyerapacuHUHT
MUTPALMSACH

3appavanap YyerapacMHUHI
MUIPALMACH: TEPMUK  EKU
MEXAaHUK Ky4JIaHUII Wy
épmamuaa baomnmamTupuITaH
3appadaiap yerapajsapuHUHT
KEJIMIIWJITaH XapaKaTu

Grain boundary
migration: coordinated
movement of grain
boundaries  activated
either thermally or by
mechanical stress

Xouaa-Ileru
KOHYHHU

Xosur-ITeru KOHYHM:aCOCaH
yerapaaaru 3appavdaHuHT
MyCTaxXKamJiallyBu xucooura
XOCWJI OYIyBYM KPHUCTAJICUMOH
MO/JITAaHUHT KATTUKJIUTUTA
3appadajapHUHT YITYaMUHU

Hall-Petch relation:
the effect describing
the inverse effect of
grain  size on the
hardness of a
crystalline solid that
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TeCKapH TabCUPUHU
taBcudI0Bun D PeKTH

arises mainly due to
grain boundary
strengthening

Hccuk m3ocratuk
npecaam (HIPing)

Hccuk mM30CcTaTHK mpec/iaml
(HIPing):maiiun  3appavajiapHu
AXJIUT KUCMJIApra CHUKHII Y4yH
IOKOpY THJIPOCTATUK OOCHM Ba
XapopaTHHU KYyJUIall KkapacHu

Hot isostatic pressing
(HIPing): the process

of using high
hydrostatic ~ pressure
and temperature to

compress fine particles
into coherent parts

Kpupnep konynun

Kpunep KOHYHM :KaTTUK
JUCKIIADHUHT  XOTHpa  XaXMH
JespiId Xap WU UKKH Oapobap
Kynasiay

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

Cseroanon (LED)

Caeroauon

(LED):3nexTpoaoMAHECIICHITHS
NPHUHIAIIATA AaCcOCaH HIILIOBYH
SAPUMYTKA3THWIM HYp MaHOaw,

HYypJIaHYBYH EPYFIMKHUHT
TYJIKHAH Y3YHJIUTU
APUMY TKa3THYIJIAPHUHT

TabKUKJIaHTaH XyLyn

KEHTJIUTUTa OOFIIUK

Light-emitting diode
(LED): a
semiconductor light
source working on the
principle of
electroluminescence,

where the wavelength
of light emitted
depends on the band
gap of semiconductors

Cywk kpucran (CK):cyoxmuk
Ba KATTHK KPUCTAJCHMMOH MOJJIA

Liquid crystal (LC): a
state of matter with

Cyrokkpucras Xoccanapu opanuruaaru| properties between a
(CK) matepus;  cywk  kpucramum| liquid and solid crystal;
JTUCIUIeHIapaa keHr| it is used extensively in
KYJUTaHWIa I liquid crystal displays
MarukcoH:aH4arnHa rokopu| Magic  number: a
oynran CTPYKTYypaBuid Ba| critical  number  of
MOTEHITHA TYpFyHJIUKHH | atoms in a cluster size
Marukcon - i i
TabMUHJIOBYH kiaactepaaru| providing it higher
aTOMJIAPHUHT KPUTHK COHH structural and potential
stability
Mexanuk KoTummanam:rokopu| Mechanical alloying:
SHEeprusui Inapiam Terupmonia| a solid state process in
3appavyalapHUHT Karita| which grain refinement
MexXaHUKKOTHIIM | Te(opManusIaHUIIN Ba| occurs by repeated
ajianm EpuKnapu Hatwkacuaa| deformation, fracturing
Mmaiinananunm, — kKykymiapaumar| and cold welding of
3appavaiapu coByk | powder particles in a
naiiBaHJIaHAIUTaH katTuk | high-energy ball mill
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KUucCMaaru mapaéH

Cyokaanui
XapOPATHHUHT
OCHWLISILUSICH

CylOKJIaHUII  XaPOPATHHUHT
OCUHMJLISIMSICH :3appadaIapHUHT
yiyaMd ~ acCoCHMM  MaccajaH
cyOHaHOMeTpraua Kamaiuo
MUKJOPUHUHT OIIIUIIIH
HaTWXKACUaru CYIOKJIAHHIII
XapopaTHHU OOCTUPHII XOIUCACH

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

point

MuxpoaJiekTpome
XaHUK
cucremaiap(ME
MS)

MuUKpO03JeKTPOMEXAHUK
cucremanap (MEMS):.snekrp
SHEPTHACH OuaH
OolIKapuIaAUran
MHUKPOpaMepMEXaHHK TH3UM;
MEXaHUK KypUIMaJapHUHT
yirgamiapu HaHOMETPHUK
Jara3oHra SIKMHJTAIITaHIa
yJIapHA
HAHODJICKTPOMEXaHUKTH3UMIIAP
ne6 aramanu (NEMS)

Microelectromechanic
al systems (MEMS): a
microdimensional

mechanical system
driven by electrical
energy; when  the
dimensions  of the
mechanical devices
approach  nanometric
range they are termed
nanoelectromechanical
systems (NEMS)

Me30roBaKIn

Me3oroBakim.oup Mebépaa oep
TEKHUC KOWJIAITaH ME30FOBaKIIN
(mnametpu 2-50 HM) FOBAaKCUMOH
MaTepuauiap;, 3a CHPTUHHHT
KATTAJIMTH  yJIApHU  aJCOpPOEHT
€KM Karajuzatopyiap cudartuia
dbolinanu Kuiaau

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

MuxkpoxkaHTHiIeBe
Y

MuxkpoxkaHTHIIeBep  MUKPOMETP
MHUKECHUIaru yryamium
KaHTWJIMBEPIIU Hyp,MEMS
coxacuaa, JaT4YUKIap/a,
pe3oHaTropiapaa Ba XK3 KEHT
KYJUTaHUJIaa1

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

Mouiexkyasp
JIEKTPOHHMKA

Mouaexyasp

3JIEKTPOHMKA :DJIEKTPOH
KypuiMaiapaa KYJUIAaHWIUIIY
YYyH MOJIEKYJIAJIAPHUHT TAIKUKU
Ba KYJUIAHWJIWIIU

Molecular electronics:
the study and
application of
molecules for
electronic device
applications

Myp KOHYHH

Myp KOHYHHM:KYpHUJIMAHUHT 032

Moore’s law: a long-
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Oupnurura VpHALITUPUITaH
TPaH3UCTOPJIAPHUHT COHH
TaXMUHAaH Xap 18 oiga UKKH
Oapobap KynmalMIIMHM Ha3apja
TYyTYBUH xucoOmant
KypuiMallapuiaru
V30KMYIJIATIIH TPEH

term trend in
computing  hardware
suggesting that the

number of transistors
built in a unit area of
the device
approximately doubles
every 18 months

Myarumnier
UKKHJIaM4HU

3appayvaJap
(MTP)

Myarumier HKKWJIaMYH
3appavaaap (MTP):oimmoc (C,
Si, Ge) Ba  KOTHIIMAayap
TUTIUAATH  SPUMYTKa3THUIapIaH,
KyOCUMOH
EKIIapuMapKasIaTHPUITaH
MeTaJIapJilaH  OJIMHTaH  IOIKa
TUTCHKAJIAp (kpucTamI
TarJuKiap/a YYKTUPWITaH) Ba
HAHOKPHCTAT ~ 3appadajapiaru
OemrHYn TapTUOIU
TICEBOCUMMETPHSIHIHT
KY3aTHJIHIIN

Multiply twinned
particles (MTP):
observed frequently
with a pseudo five-fold
symmetry in
nanocrystalline

particles and thin films
(deposited on
crystalline  substrates)
of cubic face-centred
metals, diamond-type
semiconductors (C, Si,
Ge) and alloys

MyJarukaBarJap

MyJarukaBatJap:0oup-Oupura
XKOMITAIITUPWITAH TYpAH — XHWJ
KUMEBUI TapKUOIH EKH
CTPYKTYpaJIH IOTIKA IJICHKaJIap

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

Hano

Hano:xapnukau €ku OUpOH-OHP
KHYMK HapcaHu OWIIUpyBYH
rpek4a oJja Kylmmmuacu, Oup
MWIIHapAaad  Oup  KUCMUHU
ounmupanu (107°)

Nano: Greek prefix
meaning  dwarf  or
something very small;
depicts one billionth
(10-9) of a unit

Haunooot

HamnooOor: HaHOMETPJIU
yayamiiapJaH TallKWil —TONTaH
KOMIIOHEHTJIM po0OOT (sipuM EKu
TYIHK aBTOMATJIAIITUPUITaH
MHTETpAII MallllHA); ynap
HaHOPOOOTIIAp, HaHOUJJIap,
HAaHUTJIAp, HaHOMAIMHAJIAD EKU
HAaHOMUTJIAp HOMJIApU OWJIaH XaM

yupanau

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

Hanoroaanap

Hanorousanap:100
KUYUK oynran
ToNanap

HM  JaH
TUaMeTpIIu

Nanofibre: fibres with
diameter less than 100
nm

Hanoaucnepcus

Hanoaucnepcusi:meraiuiap,

Nanofluid: colloidal
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KepaMuK,
HaHOTpyOKasap
HaHO3appavaJapHUHT
CYCIICH3HSCH

yTIAEPOIH
Ba XK3
KOJUIOU]T

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

HanounaeHTudux
anMAJIaII

HanouHaeHTH(PUKAASAIALLL
HaHOYJTYaMIIH XaxmJiapra
KYJUTAHWUTYBYHU oocuIiiaru
KaTTUKJIUK KHYUK
O0ocumtapaa aloxuaa
HaHO3appavyajJapHUHT
KATTUKJIMTUHA AaHUKJIAIl YYYH

TECTH,

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

Haunoaurorpagus

Haunoaurorpadus:Hanoymyami
W JETaUIApHU IIAKIUIAll Y4YyH
HaHO uIad YUKAPHUIILI
TEXHUKACU; HUHTErpajg cxemaniap
Ba NEMSnap nnumad gyukapurina
KEHT KYJUTAHWJIAIN

Nanolithography: a
nanofabrication
technique
patterning
features; used
extensively in  the
fabrication of ICs and
NEMS

for
nanoscale

Hanomartepuanu

HanomarepuaJs:Ooupon oup
y3rapuiny HaHo Aapaxkana (<100
HM) Oyiran MarepuaIapHUHT
cuHbu

Nanomaterial: class of
materials in which at
least one of the
dimensions is on the
nanoscale (<100 nm)

HaHocrep:kuniiap

HaHocTepikHiiap:EKIapUHUHT
HucOaTH 3-5 Uana3oHuaa
oynran  3DnaHocTpyKTypanap;
ylapHUHT Oapua Vadyammiapu 1-
100 M nuana3onua 6ynaau

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

HanokoOukJ1ap

HanokoOukiap:iuamerpu Oup
HeYa YHIWKIArd HaHOMETpIa
OynraH OOBEKT SAAPOCH YCTHAATH
IOTIKa KOOUK

Nanoshells: a thin
coating over a core
object a few tens of
nanometres in diameter

HanorexnoJsiorus
Jap

HaHoTexHosiorusiiap:atom  Ba
MOJIEKYJIa Japakacuma
MO/ITaJTAPHUHT yCTHAaru
MaHuIyJsiuusiIap; oxaraa 1 max
100  naHomeTpraya  Oynran
Vadgamaaru CTpyKTypajiap OusiaH
WIIIaHAIH, xXamja oup
KypcaTTuuv Iy  yjoyamiapzaa
Oyiran MarepuayiapHd  €Ku

Nanotechnology:

study of manipulating
matter on an atomic
and molecular scale;
generally deals with
structures sized
between 1 and 100
nanometres in at least
one dimension, and

178




KypUIMajapHu UIUIad YMKUITHU
V3 ©4uura oJiaau

involves  developing
materials or devices
possessing at least one
dimension within that
size

Hanocumiiap

Hanocumiap:HanomeTp
yuamim KEHIJIMKIAru Ba
FEOMETPUK YI4amIapUHUHT
aucOatu 1000 Ba yHIaH FOKOpH
oynran 1DHaHOCTpyKTYpaiap

Nanowires: 1D
nanostructures with
width of nanometric
dimensions and
exhibiting aspect ratios
of 1000 or more

Hanosiiekrpomex

aHnYecKue
cucrembl (NEMS)

HaHo3/1eKTpoMeXaHnYeCKHe
cucrtembl (NEMS): cm MEMS

Nanoelectromechanic
al systems (NEMS):
refer MEMS

Onro31eKTpOHNK
a

OnTo03/IEeKTPOHUKAJIEKTPOH
KypuiMaaapAaHu JIEKTPOMArHUuT
(GOTOHJIAPHUHT  KYJUTAaHUJIMILIN;
“OIEKTp  CUTHAJMHU  ONTHK
CUTHAJITa” €KW “ONTHK CUTHAJHU
DNEKTp CUTHAITa’  YTKa3yBUd
y3rapTruwiap OYJIuIy MyMKUH

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

an
of

doToxkaranus

DoTOKATAIU3:KATAIIN3ATOP
UIITUPOKHIa (POTOHIAP OKUMUHH
KYJIIam OuiaaH KUMEBHUI peaKIus
TE3JIUTMHU TE3JIAIITUPHUIILL
dheHomeHun

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

doToIIOMUHECHIEH
mus (PL)

DOTOJIOMHUHECHEHIHS
(PL):06ab3u Oup MoOIaapHUHT
MabJIIyM oup TYJIKAH
Y3YHJIUKIaru AIICKTPOMArHuT
HypJapHd OTHO Ba KailTagaH
(bOTOHNIAPHU TYpIU XU TYIKUH
Y3YHJIMK/A HYpJIaTyBUH XKapacH

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

DOTOHKPUCTAILIIA
Y

DoTOHKPHCTAJLIAP DJIEKTPOMAr
HUT TYJIKUHIApHU
TapKaTUIMIINTA TabCUP STUIIra
MYJDKaJIJIAHTaH JaBpui
JIVRJIEKTPUK MeTalll
JIADJIEKTPUK ONTHUK

EKU

Photonic crystals:
periodic dielectric or
metallo-dielectric

optical nanostructures
that are designed to
affect the propagation
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HAaHOCTPYKTypaJiap

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
D oTOHNKA:MABITYMOTIAPHH Photonics: electronics
OomkapwuIIaa anektporiap | using light (photons)
doTOHMKA YypHUTa epyriukhu | instead of electrons to
(poToHmapum) KyJUI0BYM | manage data
DJICKTPOHUKA
IIbe3ope3ucTun Piezoresistive effect:
y¢dexT:Tamkapuaan  MexaHuk| phenomenon by which
IIbe3ope3ucTun oocum TabCUPHUTA oornuk | electrical resistance of
dpdekT paBUIIJIa MaTepHAHUHT 3jekTp|a Material varies with
KapIIWIATHHAHT y3rapum | externally applied
X0JIcacu mechanical pressure
IMnasma:nonwnmamrad moamauuur| Plasma: a state of
aHuarnHa Karta QpaknuscuHu| matter containing a
y3uma  cakjgoBud  MmoxamaHuHr| significantly large
X0JaTi; Iuia3MaHuHr xoccanapu| fraction  of  ionized
IMna3ma KaTTHK MoJiasiapiaH, | matter; plasma
CYIOKJUKIapAaH €Kku TasnapaaH| properties differ
TyOnaH Gapk Kriaau significantly from
those of solids, liquids
Or gases
Byr ¢a3zacupan ¢usukasuii| Physical vapour
YYKTHPHII (PVD):rarnukna| deposition (PVD): a
Byr  dasacnuan IOTIKa TUICHKAIAPHH OUII y4yH Variet)_/_ of vacuum
P ———— aTOMJIApHU MymKan gleposmon tec_hnlc_]ue
. MaTepHaiIaH oyrnatum | involving vaporization
yykrupum (PVD)
UIITHUPOKHUA Bakyym| of atoms from target
qYKTHPUIITHHHT typnu| material to produce a
TEXHOJIOTHSUIAPH thin film on a substrate

Iuposu3s

Iuposmm3:ananra(pyr)  octuma
axparuian  (lysiS) aHrmaTyBuu
rpekya Cy3; KHUCIJIOPOJT
UIITHPOKUCHU3 I0KOpH
Xapopatiapja OpraHHuK MOJJIaHH
napyajgaiiHd Y3 HYdAra OJyBYH
TEPMOKUMEBUH YCYII

Pyrolysis: Greek word
denoting separation
(lysis) under fire (pyr);
a thermochemical
method involving
decomposition of
organic material at
elevated temperatures
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in the absence of

oxygen

KBanrkommiorep
ap

KBaHnTKOMIIOTEpIAP  KUPUIII
MabJIyMOTJIAPUIATH
omeparusiaapaa KBaHT-MEXaHUK
XOJHCAJIapUHU KYJUTOBYH
xucobmarn acoobmapu

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

KBanTnykrajgapu

KBaHTHYKTaIapH 3JIEKTPOHIIAP
HUHT DHEpPrus xojaTiapu Oapua
yuTa  KEHTIMK  yIdamiiapuaa
aHWKJTaHATUTaH
ODnanocTpykTypanap; yJapHUHT
AJIEKTPOH XOCcalapu KiacTepiap
Ba SPUMYTKa3TUwiap opacujaa
oynanu

Quantum dots: 0D
nanostructures in which
electron energy states
are confined in all three
spatial dimensions;
their electronic
properties are between
that of clusters and
bulk semiconductors

Kyour

KyoOuT:xucobnanuiapgaru
OWTHUHT KBaHT JKBHUBAJICHTH;
aTOMJIQPHUHT KBaHT
XOCCaJapyHy yJIdam KylIuM4acu
Ounan

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

Pe3onanciaun
TYHHEJJIAHTaH
kypuima (RTD)

Pe3zonancin
KypHiMa
(RTD):anexTpoHiapHu
dakaTTMHa WKKJH  HyHaIumjaa
yiiad KOJIyBUM Y3YH Ba KHCKa
SAPUMYTKA3TAYIN  OpOTdAIApIaH
TaIIKUI TONTaH 2DxBanT
yCKyHaJlapu

TYHHCIJIAHTAH

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

Pe3onanc-
TYHHeJLJIN
TPaH3UCTOPJIAp
(RTT)

Pe3onaHc-TyHHeLIH
Tpansucropiaap (RTT):RTD ra
Kapa

Resonant tunnelling
transistors (RTT): see
RTD

CrkaHupPJIOBYH
SIKUHXYTY/1JIH
ONTHUKMHUKPOCKOII
ussi(SNOM)

CxkaHMpJIOBYH  AKMHXYIYJIH
onTukMUKpockonusi(SNOM):u
aMyHaHH UIUIaTUIAETraH
HYPHUHT TYJIKWAH Y3YHJIUTHIaH
KHYHK oynran yayampaarua
TUPKUIL OpKaJIu épuranu,
HAMyHaHU SIKUHXYIyAJId MaHOa
pEXKUMU Joupacua
KOWIAIITUPUITIAIN; o1 AU

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
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OOBEKTUB €plaMuia HaMyHaJaaru
nuadparMaHUHT CKaHepJIall
nynm OwtaH TacBUP
HIAKJUTAHUIITA MyMKUH OY1amu

within the near-field
regime of the source;
by scanning the
aperture across the
sample  through a
conventional objective,
an image can be
formed

¥Y3-y3uHM UUFUL

V3-y3unu iiurum: Gupop Oup
TallKd Kyd TabCUPHUCU3 OHUp
TEKKHUC €KY TAIKWUTAIITHPUITaH
TY3WIHII XOCWJI KWIMII YYyH
KOMIIOHEHTJIAPHUHT  ¥3 HWuMja
y3apo TabCcUpIallyB Kapa€Hu

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

Hlaka xorupanau
noJiuMepJiap

Hlaka XOTHPAJIH
NnoJIMMepJiap :XapoOpaTHUHT
y3rapuimm KaOu Talikd Kydjiap
TabCUPHUAA  BYXyIOra  KelraH
TaIIKU KyW€1ap TabCUPHUIA
nedopmanusgaH CYHr Y3WHUHT
macTiaOKy  IIAaKJIMra  KanTHIl
KOOWJIUSITUTA ara aAKJUTA
oJIMMeEpIIap

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

Bbupasnexkrponan
Tpan3uctop (SET)

bBupsaexkTponan  TpaH3ucTOp
(SET):umkyBun 3apsAHHHT XKyda
KWYWK Y3rapulljJapuHA aHUKJIAIl
KOOUJIUATUIAa 3ra Mocjamalap;
OWpruHa OHIEKTPOH YYyH XaM
3apsiiap papku “€xuy-yunpuir”’

Single electron
transistor (SET):
devices that are capable
of detecting very small
variations in the charge
of the gate; charge

GYHKIUSICUHA yakupuim | differences of even one
MYMKUH electron can cause the
on-and-off  switching
function of SET
30J1b-TeJIbYCYJI: keinnyamuk | Sol-gel  method: a
KOBYIIKOK TeJl Ba  KaTTHK| process that involves
MmaTepuaira YyTyBum Koyuioun| the generation of a
30JIb-TeJIbYCYJT CYCIICH3HUSHH (“30m)| colloidal  suspension
reHepauusuialiig - y3 - uumra| (‘sol’), which 1s

OJIy4H XKapacH

subsequently converted
to viscous gel and solid
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material

CnuHTpOHMKA
(cmmr  acocuparm
IJIEKTPOHHUKA)

CnuHTpOHMKA (cnuH
acocuaaru JIeKTPOHHUKA):
DJICKTPOHJIAPHUHT  MKKHUJIAHTaH
XOCCATApUHU, >KyMIIaJaH 3apsii
Ba CIHH XOJIATHHHU KYJUIOBYH
SHTH ~ TEXHOJOTHS,  MAaHHUTO-
JNIEKTpOHHMKA  cudatuaa  XaM
MabIIyM

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

YuRyHu
J1a3MaJan
numupu (SPS)

YUKyHJIN TUIa3MAJId MAITAPUII
(SPS):rpadur MaTpPHLIACH
ITYHUHTJICK YyTKa3yB4YaH
HaMyHajiap X0JIaTuIa
MUIIUPUIAETTaH KYKYHJIaH
OeBucTa yTaéTran JIOUMUH
MMIYJIC TOKH KYJUTAaHWJIUIINIArd
MUAIIUPUIIT TEXHUKACH

Spark plasma
sintering (SPS): a
sintering technique
using pulsed DC
current that directly
passes through the
graphite die, as well as
the powder to be
consolidated, in case of
conductive samples

YraykazyBuan
KBaHTUHTepPdepo
metp (SQUID)

Vraykasysuan
KBaHTHHTepGgepomeTp
(SQUID):yTa Ky4ycH3 MarHut
MalOHIapUHU yiyaii

HUMKOHMATHUI'A OIr'a MOCJIaMa

Superconducting
guantum interference

device (SQUID): a
device capable of
measuring  extremely

weak magnetic fields

Koimammm
nedexrTaapu

Koimammm
nedeKTIapu:aTOMIAPHUHT
HOTYFpU  KETMa-KeT  IUIaHap
JKOWJIAIIYBU HATHXKACUJa XOCHII
OyIyBUn Kpuctasorpaduk
nedexraap

Stacking faults:
crystallographic defects
arising due to wrong
stacking sequence of
planar arrangement of
atoms

CxaHupJIOBYH
TYHHEJIU

MM KPOCKOI
(CTM)

CkaHupJIOBYH
MHKPOCKOT (CTM):atom
Japaxacuia F03aJIAPHUHT
TaCBUpJApUHM KaWTa MIIUIAIIIa
Iy JIJTAaHUIIaIUTaH KypHiMa,
KBaHT TyHeJUIall KOHJIacH
acocuja unuianan

TYHHECJLJIA

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

YTa
ITMITYBYAHJINK

Vra
ITUITYBYAHJIMK Uy 3UTYBUAHITUK
Ka oynran TaJIKUKOTIapaa
KyTUIaéTran HOpMaJIAPHUHT
yerapajapujiaH  aHda  KaTTa

Superplasticity:

ability to deform a
material well beyond
the limits expected
from normal tensile
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Oynran MaTepPUATHUHT
nedopManusIaHuI KOOUIUATH

tests

FO3amna3mon (SP)

FO3ania3mon (SP):épyraux
OWnaH KywId  TabCHPJIAIINII
HATHKACU/IA TMOJIIPUTOHTA OJIHO
KEJIyBYM f03ara MOC KEIyBYH
TUIA3MOHJIAP

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

JlopujaapHu Makcaaau| Targeted drug
eTKA3MIII; teparmusna| delivery:

Jopurapuu JIOKA/UIAINTaH  3apapIlanran administrati_on of a

MAKCAH xy;xanpaﬂapfa/TyKHManapra pharmaceutlc_:al _

e TKASHIL Kepax Oynran Mukaopaa| compound in des_lred
dbapmareBTHK oupuxmanu| amount to a localized
KUPUTHIII diseased cell/tissue for

therapy

FOnkanjenkaau Thin film transistors
TpaH3uCTOPJIap (TFT): an FET made

IOnka miaenkaau
TPAH3UCTOPJIApP
(TFT)

(TFT):sapumyTKasrudaim Ba
TUDIIEKTPUK MaTepuaiid  IOMKa
IUICHKA KaBaTJIH TPaH3UCTOpIap;
paauorpadusuuar  LCD  Ba
paKamIH WioBaJlapua
KYJUIAaHWIAAU

of thin film layers of
semiconducting  and
dielectric materials;
used in LCD and
digital radiography
applications

IOnka mienkasnaap

Onka IUVIEHKAaJap:aTtoMap
KOHCTPYKIUSIJIAHTaH  KaBatjap
HAaHOMETPJaH MAaKCUMyM Owup
Heya MHUKpOHTaya oynran
JMana3oHaa oynrax
KaJTMHJIMKIAr TIeHKazap

Thin films: atomically
engineered layers with
film thickness usually
in the range of
nanometers to a
maximum of a few
microns

Tykumanu HHKeHEePHUS.CyT
OMU3YBUWIAPHUHT acocuu
TYKUMaJapUHUHT TY3WIHIIA Ba
GyHKIIMOHAT —acociapu  Xamja

Tissue  engineering:
science of structural
and functional

fundamentals of

Tyxkumasan GyHKIMsIIapUHA THKIIAII, Kymad| mammalian tissues and
MHKeHepHsi Typuin kv sxmgam - yayH| application of
OroMocanryB4aH ypuunn | biocompatible
OOCYBUMJIAPHUHT KYyJUTaHWIMIIM | SUbstitutes to restore,
TyFpucuaaru gpan maintain or improve
functions
Tenagan macrra:nanokpuctayui| Top-down:  involves
Tenmagan nmactra :
MaTepHUATHU OJTHIII ounan| fragmentation of a
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MUKPOKPHUCTAILIT MOJIJTAaHUHT
MauJaIallHA Y3 W4YUra OJIaJu;
HAaHOCTPYKTypajapHu CHHTE3
KWINIITHUHT  KaTTUK ~ MOJJAJIN
AyJuapu ury KaTeropusra
KUpaau

microcrystalline
material to vyield a
nanocrystalline
material; all solid state
synthesis  routes of
nanostructures fall into
this category

Yukappaju TyryH

Yukappaiau
KPUCTAJUIAPHUHT
3appaJlapHUHT

TYT'YH

TYI'yH.yuTa
eKU
TYKHAIIyBUAaru

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

Byr-cyrokinuk-
KATTHK MOA1a
yeyau (VLS)

Byf-CylOKJIHMK-KATTHK  MOJJa
yeyau  (VLS):0yr  dazacuman
KUMEBUU YYKTUPULIAATH
HaHOCUMJIap KaOu Oupymyamiiu
HAaHOCTPYKTYPAJIAPHUHT  YCUIIU
Y4yH MEXaHU3M;
KPUCTAUIADHUHT  yCUIIM  Ba
KMHETUKAcu  camMapaJopiuruHu
OIIMIIA YYyH KYJUIAHWJIAIH,
KaTaJIUTUK CYIOKKOTHUIIIMAJTN
daza OyriapHU YTaTYWUMHTAHIIUK
Japakacuravya Te3/1a
aZIcOpOIMsITAIIA MYMKHUH

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 wvapour to
supersaturation levels
is used

BuckepJap

Buckepuaap:spkuHInACIOKaUAIA
HAJWTaH KPUCTAJUTHUHT HO3HK
TOJAJIN YCHILIH

Whiskers: thin fibrous
growth of a dislocation
free crystal

Pentrengorosnex
TPOHCHEKTPOCKOII
usi (XPS)

PeHTrendoT03/1eKTPOHCIIEKTPO
CKONMs (XPS):xuméBnii
MOJJIAaHUHT FO3aCHHHU MUKIOPHMA
aHaIN3 KUJUII YCIyOu, DJIEMEHT
TapKUOWHU aHUKIAuIM; Yy,
PEHTIeH Hypjapu OWJIaH KaTTHK
MOJJIAaHUHT HypJamr épaamuza
oJIMHTaH (OTOIIEKTPOHIAPHUHT
TaBCU(UHU Y3 NUUTA OJIa]T!

X-ray photoelectron
spectroscopy (XPS): a
guantitative surface
chemical analysis
technique that
measures the elemental
composition; the
technique involves
characterization of
photoelectrons
produced by irradiating
a solid
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IX. MYTAXACCHUC TOMOHMJIAH BEPUJIT'AH TAKPU3

OT3bIB

Ha 00pa3oBaTeJIbHYIO MPOrpaMMy H Y4eOHO-MeTOAHYeCKHH KOMILIEKC 10
y4eOHOMY MOAYJII0 « COBpeMeHHble TEXHOJIOIMHH MPOH3BOACTBA HAHO H
KOMITIO3HIIHOHHBIX MaTepPHAJIOB» KYPCOB MePENnoAroTOBKH U NMOBbIIIEHHUS
KBaJIH(uUKauHu npenoaaBaTeseil HanpapJeHHss «XHUMHYECKAasi TEXHOJIOTH S
(10 NPOM3BOACTBY HEOPraHHYeCKHX BelleCTB U MHHEPAJIbHBIX y100peHHI)
TamKeHTCKOro XHMHKO-TEeXHOJIOTH4eCKOro HHCTHTYTA

OOpasoBarenbHass ~nporpaMma U y4eOHO-METOJMYECKHH  KOMILIEKC
IOATOTOBIEHBl  JJII  MNEpPeroArOTOBKM M IOBBILICHHS  KBaTH(PHUKALMH
npernoJiaBaTesiel o HalpaBIeHHI0 « XMMUYeCcKasi TEXHOJIOTUsD (110 MPOU3BOJICTBY
HEOPraHWYeCKMX BELIECTB M MHHEpalbHBIX yJnoOpeHuit) B OTpacieBOM LEHTpe
npy TalKeHTCKOM XMMHKO-TEXHOJIOTUYECKOM HUHCTUTYTE.

Y4eOHO-MEeTONMYECKUH KOMILIEKC IO y4eOHOMY MOMAYIIO «CoBpeMeHHbIe
TEXHOJIOTHH IIPOM3BOJCTBA HAHO M KOMITO3ULIMOHHBIX MATEpPHATIOBY» COCTOMUT M3
paboyeidl  mporpamMmel  MOAYJs;  MHTEPAaKTUBHBIX  METOJOB  OOYyYeHUS;
TEOPETUYECKOro U IPaKTUYECKOro MaTepHala 3aHsTHH; TeM KBaTHu(pUKAIMOHHbIX
BBIITYCKHBIX paboT; OaHka Ke#coB, TrJoccapus, CIHCKa HCIOIL30BaHHON
JIUTEPATYPHI.

Copeprxanue ydeOHOro MOJIYJsl COCTOMT M3 2-X uyacteil. IlepBast wacTh
IIOCBSIlIEHA H3YYEeHHWIO HAHOTEeXHOJIOTMH M HaHOMAaTepuajioB, B TOM 4YHCIIE
OCHOBHBIX IIOHSTUM HAHOTEXHOJIOTMM M HaHOMATEpUANIOB, METOJIOB CHHTE3a
pa3IMYHBIX THUIIOB HAHOCTPYKTYPHBIX MaTepuajoB W HAHOOOBEKTOB. Bropas
4acTh IIOCBSILIEHA TEXHOJIOTUM IIOJlyY€HHEe KOMIIO3HIIMOHHBIX MaTepHalloB;
WU3y4YEHUI0 OCHOBHBIX BUJIOB MaTPHULl U apMHUPYIOIIUX MAaTEPHUAJIOB, B TOM YHCIIE
M3y4aroTCsl HeTpaJAUI[MOHHbIE U OMOKOMITO3UTEI, a TaKXKe chepbl UX MPUMEHEHUSI.

IIpakTyeckue 3aHATHS IIOCBSILEHBl M3YyYEHHIO OCHOBHBIX METOJIOB
NOJy4YeHUs] HaHO M KOMIIO3MLMOHHBIX  MAaTEpHAJOB,  BO3MOYKHOCTEH
UCIIOJB30BaHMsl COBPEMEHHBIX METO/0B CHHTe3a. OCBOeHHE y4eOHOTO MOy
«CoBpeMeHHble TEXHOJIOTMH [TPOU3BOICTBA HAHO M KOMIIO3UIIMOHHBIX MaTepHAaJIOB
NO3BONISET TIOBBICUTH 3HAHMSA M IPAaKTUYECKHEe HaBBIKM Ipodeccopcko-
IIPEroaBaTelbCKOr0 COCTaBa BBICIIMX Y4YeOHBIX 3aBEJEHUH, CIIOCOOCTBYET
YCOBEPILIEHCTBOBAHUIO y4eOHBIX IPOrPaMM JUCLHIUIHH CIEIHATBEHOCTH.

HeKaH (i)aKyJIBTeTa TEXHOJIOTHH
HEOPraHn4e€CKux BEIIECTB U
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