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MeTaJutap TeXHoJoruscu” Kadeapacu ITOIEHTH, T.(].H.;

3.4. KoampoBa — TOWIKEHT KUME-TEXHOJIOTUS HWHCTUTYTH,
“Cunukar  Marepuajjiap Ba  HOOMp, KamE€O  Meraiap
TEeXHOJOTUsACH KadeapacH JTOLUEHTH, T.].1.;

YKyB -ycayounii mazkmya TolmkeHT KUME-TeXHOJTrus MHCTUTYTH KeHrammuuur

201_ iimn __-COHJIM KapopH OMJIaH HAIIPra TaBCHSl KWJIMHIAH.
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|. AIIYU JACTYP

Kupu

Hactyp V36exucTon Pecniyonukacu  Ilpesunentununr 2015  #iun
12 urongaru “Onuii TabJIMM MyaccacallapuHUHT pax0ap Ba menaror KajpliapuHu
KaiiTa Tai€piaml Ba MaJlaKaCWHU OLIMPHUII THU3UMHUHHU SHAJA TAKOMWJUIAIITHPHIL
yopa-tagoupiapu Ttyrpucuaa’tu [1D-4732-connu, 2017 #un 7 deBpangaru
“V36exncTon Pecrny6nmMKacHHM SHAJa PHBOXKIAHTUPUIN Oyiimua Xapakatiap
ctpateruscu Tyrpucuna’tu [10-4947-connn dapmonnapu, myHuHraek 2017 iun
20 anmpempmarn  “Onuil  TabauM THU3UMUHH SHAJa PUBOXIIAHTHPUII YOpa-
tagOupnapu tyrpucuaa’tu I11K-2909-connu kapopupa OenruiaHra yCTYBOD
WyHamuuuiap Ma3MyHHJIaH KeNUO YUKKaH XOoJjaa Ty3wiradl Oynu0, y 3aMOHaBUU
Tanabiap acocuja KadTta Taliépiaml Ba Majaka OIUMPHUII JKapa&HIApUHUHT
Ma3MYHUHHM TaKOMWUIAIITUPHUII XaMmJa OJUN TabJIMM Myaccacalapu Meaaror
KaJIpJIApUHUHT KacOMM KOMIETEHTIUTMHU MYHTa3aM OIIUpUO OOpUIIHU MakKcasn
Kuiagu. Jlactyp pUBOKIIaHraH MamJlakaTiapJaru XOpWKUN Taxkpuodanap acocuja
“KuméEBuil TeXHONOTHS KalTa Tal€piiaill Ba Majaka OLIUPUIN WyHanIuImm Ooyinya
unuad 4YMKWIraH YKyB pexa Ba JacTyp Ma3MyHUJaH Keiaud YuKKaH XoJja
Ty3WwiIran Oynu0, y 3aMOHaBMi Tayiadnap acocuja KailTa Tal€pianl Ba Maljlaka
OLLIMPHII Kapa€HJIIAPUHUHT Ma3MyHUHU TAKOMUJUIAIITUPUII XamMAa OJIMI TabIuM
Myaccacallapy Meaaror KaJpjJapuHUHT OMJIMMUHU Ba KacOW KOMIIETEHTIMTHHU
MyHTa3aM OMMPUO OOpUIIHM Makcaa Kuiaau. JacTyp MasMyHH KOMITO3UIIMOH
MaTepuajyiap HWHHOBALMOH TEXHOJOTUSJApU coXacujga WIMHM Ba amanui
TaJIKUKOTIAp, TEXHOJOTMK TAPAKKUET Ba TEXHOJIOTHMK >Kapa€HIapHU TalIKHII
STUIITHUHT 3aMOHaBUH yciayOnapu OVinya CYHITH IOTYKIap OVinua sHTY OWINM,
KYHHKMa Ba MaJjlakaJapyuHU MAKJJIAHTUPUIITHYA Ha3ap/a TyTaau.

Ymby  mactypaa = KOMIIO3MIIMOH — MaTepUAJUIAPHUHT  WHHOBAIIMOH
TEXHOJIOTHsJIapH, KOMIIO3UMIIMOH MaTepuaiap TypJiapu Ba YJIAPHUHT UILIA0
YUKAPUIIl TEXHOJIOTHSJIapH, KOMIIO3UTIAPHUHT TapKUOM, CTPYKTypacu, Makpo Ba
MUKPOMEXAHUKACH, KOMIIO3UTIIAp OWUJIaH JU3ailH KUJIUII YCyJUIapy, aHbaHaBUH Ba
HOAHbAHABUN KOMIIO3UTIIAP TYypJiapyu, HAHOKOMIIO3UTIIAp, OWOKOMIIO3UTIAp Ba
yJIapHU UIUIA0 YUKAPUILIard MyaMMoJiap 0aéH dTUIITaH.

Moay/JTHUHT MaKcaau Ba Basudaaapu

KuméBnii TexHonorus Kauta tauépiam Ba Majaka OIIMPHUII WYHAUIUIITUHA
“KnMEBUI TEXHOJIOTHS® MYTAaXaCCUCIUIH YKYB pekKacula Maxcyc MOIyJuIap
Oomokura  kuputTwiran  “KoMmosumwoH  MaTepHAIAPDHUHT  WHHOBAIMOH
TEXHOJIOTHSJIApU MOJYJIU YKYB HNACTYPUHHMHI Makcaou — TIOIUMEP, MeETall,
KepaMUK-MaTpULIAIM ~ KOMIO3UTJIap  MIUIA0  YMKapuiljga  HMHHOBALIMOH
TEXHOJIOTHUSJIAp; HAHOKOMIIO3UTIAp, OWOKOMIIO3MUTIApP, JIAMHUHATIAP TypJapH,
MaTepruajIapaa Kepakiu CTPYKTypa Ba XOCCAIAPHUA TabMUHJIANIAA KOMIIO3ULIHOH

MaTepUAUIAPHUHT YpHU Ba MOXHUATH, acoCWii acO00 yCKyHaapu TYFpHCHIIA
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Ha3zapuil Ba KacOui TaW€prapiuKHM TabMUHJIAII Ba SHTWIaml Oyilmua Owimum,
KYHHUKMa Ba MajaKajapHU TaKOMWIIAIITHPHUILTA KapaTUIITaH.

“KOMIIO3MIIMOH  MaTEepUAJIADHUHT  MHHOBAIIMOH  TEXHOJOTUSIApU
MOAYJIUHUHT @a3zu¢pacu - KOMIIO3UIIMOH MaTepuauiap uIuiad YHKapuIlaa
WHHOBAIMOH  TEXHOJOTHSUIADUHUHT  aMalluii  MPUHLMIUIAPH, KOMIIO3UIIMOH
MaTepHaJIapHU 3appada, Toja Ba CTPYKTypa Japakacuaa MyCTaXKamJIalllTHPHIILL
IIMIA, OPTaHWK, KapOOH, KEepaMHK TOja Ba CHUMJIAp, MaTpulla MaTepuaap;
KOMITO3UIIMOH MAaTE€pPUAJUIAPHUHT CTPYKTypa TY3WIMILUIApU Ba XOCCAJIApUHU,
3aMOHABHI KOMITO3UIIMOH MAaTepUaUIapHU MIUIA0 YHMKApUIIJIAard YCKyHa Ba
KUXO3TAPHUHT TacHU(PH, TY3WIHIIM, XYIyAUHd MyaMMOJIAPHMHI KOMITO3UIIMOH
MaTepuaUiap Mnuiad YMKapHIlra TabCHpH, YJIapHU aMainuérra Kyiam Oyiinda
MaJjlaKaBUil KYHUKMaJapUHU MIAKJUTAHTHPHIIL.

MoayJ 0yiin4a THHIJIOBYMJIAPHUHT OMJIIMMH, KYHUKMACH, MAJIAKACH Ba
KOMIIeTEHIUSUIAPUTra Ky HHJIAUTraH TagaadJaap

“KOMNO3MIIMOH MaTE€pUaUIAPHUHT MHHOBALIMOH TEXHOJIOTUSTIApU MOAIYJIN
Oyiinya TUHIJIOBYWIAp  KyHUJaru SHTA OWJIMM, KYHUKMa, Majlaka Xamja
KOMITETeHIIUSIIapTra 3ra OVIMIIIIapy Tajnad dTUIIaIu:

THHIJIOBYM:

- KOMITO3HMITMOH MaTepHuasuiap TaCHU(GHU Ba TypiapH;

- 3appayva’jap, ToJaJIap Ba CTPYKTYypa Aapa)kacuia MyCTaXKaMJIaIITHPHILL,
- MaTpuliia NOJIMMEp, METaJI, KEpaMuKa MaTepUallIapH;

-OJIUMEp,  METaul,  KEpAMUK-MATpUIIAIM  KOMIIO3UTJIAPHU  OJIUII
JKapaéHiapu;
- HAHOKOMITO3UTJIap, OMOKOMITO3UTIIAP, JaMHUHATIIap VHHOBAILIMOH

TEXHOJIOTHSJIapU XaKKu1a OMaMmMIIapra 3ra OyJIMIIU JO3UM.

TUHIJI0BYN:

- UYHANITUpUIITAH XYCYCHUSITIIM KOMITO3MIIMOH MaTepuai MILIad 4YUKapuIlaa
MaTpuila MaTepUaINHU TaHJIalll;

- MOJIUMEP, METaJll, KepaMUK-MaTPUIAId KOMIIO3UTIAPHUHT TapKUOJapuHU
TY3HILL,

-3apyp cudaTaarn KOMIO3UIIMOH MaTepuajjiap HWILIa0 YUKApUII YYYyH
TaMOWK KWIMHAETTAaH WHHOBAIMOH TEXHOJOTUSJIAPHUHT PEKUMIAPUHU
pocTJialll KYHMKMA BA MAJAKAJIAPUHM 3TAJJIANIN 3apyP.

Tunraouu:

- 3aMOHABUN MHHOBALIMOH TEXHOJOTHUSIAPHUHT MMKOHUSTIAPUHU HAMOWHIII

KUJIUII TAaMOMMIUTAPUHU aKpaTHO KypcaTta OJHILL
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- TEXHOJIOTHK OMNEpalUsJIapHUHT MHHOBAIIMOH TEXHOJIOTHS XKapacHIapuaaru
VPHUHHM Ba YJIapHUHT XapaKTEepUCTUKATAPUHU (DapKJial;

- KEpaKjiu XycycusTiiapra sra OyJaraH KOMIO3WIIMOH MaTepuall TapKUOWHU
Ty3ulll Ba YHUHT (U3UK-MEXaHUK XOCCAJapUHMU JIOMHUXATAIITUPHUII
KOMIIEeTEeHIUSIJIAPHH 3T AJUIAIIN JIO3UM.

MoayaHM TAIIKKHJ ITHII Ba YyTKA3UII 0yiiM4a TaBcusijiap

“KoMNO3UIIMOH MaTepUa/UIAPHUHT HMHHOBAIMOH TEXHOJOTUsUIApU KypCHU
Mabpy3a Ba aMaIuil MalIFyJoT/Iap MaKiIuaa oJub Oopuiaau.

KypcHu yxutui xapa€Hugia TAbJIMMHUHT 3aMOHABHI METOIJIapH, MEaroruK
TEXHOJIOTHUSJIAp Ba axOOpPOT-KOMMYHHUKALUS TEXHOJOTHSIIApU  KYJTAaHUIHIIN
Ha3zap/a TYTUJITaH:

- Mabpy3a Japciapuaa 3aMOHAaBUN KOMIIBIOTEP TEXHOJIOTHsUIapU EpaamMuia

MIPE3EHTAMOH Ba 3JIEKTPOH-IUJAKTUK TEXHOJIOTHUSIIAP/IaH;

- YTKa3WjIaJurad amMaJluid MalFyJoTiapJa TEXHUK BOCUTajap/laH, TapKaTMma

MaTepuaap, SKCIpecc-CypoBiap, TECT CYpoBIapu, TYpyXJu QuKpianmi,

KHYMK Typyxjap OWjaH WIUIAIl, aKIMi XyXyM, KeWciap eduil, Ba OOLIKa

WHTEPAKTUB TabJIUM YCYJUIAPUHU KYJUIalll Ha3apAa TYTUIaaH.

MoayaHUHT YKYB pexxaaaru 0o1mKa MoayJiiap Onjian 00FJIMKJIUTH Ba
Y3BHIJIUTH

“KoMNO3MLIMOH MaTE€pUaUIAPHUHT MHHOBALIMOH TEXHOJIOTUSTIApU MOIYJIN
KaiTa Tal€piaml Ba Malaka oOWMpUIl HyHanumuHu “KuméBuii TexHonorus”
MyTaxaccucaurugaru  “KumM€é caHoatuparn HMHHOBALMOH TEXHOJIOTUSIAp. Ba
“Kumé caHoatuaaru HaHoMartepuaiiap”’ MOAYyJJIapu OuiiaH Y3JIyYKCU3 OOFIUK
oynmub, ymlOy MoAy/UlapHU — V3JIalTUpUIIga amanuil  épaam  Oepaju.
«KoMIO3UIIMOH MaTepuaUIApHUHT WHHOBAIIMOH TEXHOJOTHsUIApU~ MOMYJIUHU
TYIUK V3MAITUPUINIA Ba aManuid Basudamapuu Oaxapumina “MyxaHIuCIHK
TEXHOJIOTHUACHUIA TU3UMIIA TaXJUJ acocaapu (KUMEBHUI TEXHOJIOTHS)”, “DIEKTPOH
neJjaroruka acocjiapu Ba TENarOTHUHT IIAaXCUH, KacOWil axOopoT MailIOHUHU
Jouuxanamr’, Xamaa “AManuid  XOPWXKUM TUJIHU YPraHUIIHUHT HWHTEHCUB
ycyJiapu”’ MOJyJiiapu €paam Oepaiu.

Moay/IHMHT 0JIMH TABJAMMAAru yYpHU

“KoMIO3uIIMOH MaTepHaJUIAPHUHT MHHOBALIMOH TEXHOJIOTUsUIApU — MOIYJIU

KaiiTa Tali€épiaml Ba Majaka owMpuil HyHanumHa  “KuméBuid TexHonorus”

MYTaxacCUCIUTH OYyiin4a yMyMKacOWil Ba MXTHCOCIUK (haHIapu MOAYJUIapHAaH
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napc OepyBum mpodeccop YKUTYBUIIAD YUyH MYyXUM YPHUHHHU sramiaiian. Ymoy
Moaya Onuil TabjiuM Myaccacajlapujia TabluM OepyBYM Ienarorjap TOMOHMJIaH
VKyB-WJIMHI HIUIapHA o0JIMO OOpHUIl Y4yH acoCHMil Ha3zapuii Ba aMalui
omMIIapHu Oepasy.

Monya 0yiin4a coatjiap TAKCUMOTH

THHITIOBYMHHMHT YKYB
IOKJIAMACH, COAT

§ Ayauropust E
YKYB IOKJIaMacH =
No = JKYMJIAJAH,
MoayJ maB3yJaapu 2 Y =
s | = = =
= e =
= z| E| 5|2
“|£| §| 2% |E
< s = 3
= s >
= | =

Kupui. HaHOTEXHOIOTUSHUHT acoCHid
TylmryH4yasuapu. @aHHUHT peIMET Ba
Bazudamapu. HanoTexHOMOTHsITApHUHT
1. | pUBOKITAHUII TCHICHITUSCH. 4 | 4 2 2
HanorexHonorusiap TyFpucuia ymyMmun
MabIyMOT. HaHOOOBEKT, HAaHOMAaTepHua,
HAaHOTEXHOJIOTUS TYITYHYACH.

HaHnooObekTnapHUHT acocHil Typiiapu Ba
yJIap acocHJiaru HaHOCUCTEMaap.

2 | Hanosappauanap Ba Hanomarepuasiap 6 | 4 2 2 2
XyCyCHSITIApUHUHT (pr3nKaBuii cababiapi.
HanooOwektnap TacHudu.

HaHnocTpykTypananran MaTepuaiapHiA
cuHTe3 ycyiuiapu. Hanozappanap,

3. | HAHOKYKYHJIADHHM CHHTE3 KMJIMII yCyJUIapH. 6 | 4| 2 2 2
0-D nanooOwektnap. 1-D HaHOOOBEKTIAP.
VYrneponacus HaHOTpYyOKanap.

2D-HaHocTpyKTypanaHran MaTepuaiap Ba
yTIEpO I HAaHOMAaTepHUall CUHTE3 YCYJUIapHu.
2-D HanooOnekTnap (rormka TieHKamap).

4. | ®azanu snuTakcus. YTIepoan 6 | 6 2 4
HaHOMaTepHuauiap. Y JIeBOAOPOUIH
HaHOMAaTepHaJUIap CUHTE3U. Y TIICBOPOIIU
HAaHOMATEPHAJUTAPHUHT UILJIATHIIUIIIH.
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5. | KoMmno3uimon marepuasmiap Ty3WIHIIIHN. 4 |4 | 2 2
Martpunanu Ba aucnepc ¢asa. 3appadanap,
TOolajap Ba  CTPyKTypa  Japaxkacuia
MYyCTaxKaMJIaII THPHIIL.

6. |uma, opranuk, kapOoH, kepamuk Tona, | 4 | 4 | 2 2
cumJap. Marpunia ~ Marepuasiapu:
HoJMMepIIap, MeTajuiap, KepaMHKa
MaTepualIapu.

7. | Yrinepoa-yriepojiu KOMIIO3UTIIap. 4 | 4| 2 2
Komnosutnap 6unan nuzaiin. Hoanbanasuii
Kommo3uTiap. Hanokommosutiap.
buokomnosutiap.

Kamu: 34 130 14 16 4

HA3APUI MAIIFYJOTJAP MABMYHHU

1-maB3y: Kupum. HaHOTeXHOJIOTMAHUHT aCOCH TYIIyHYAJIAPH.
@daHHMHT NpeaAMET Ba Basudanapu. HaHOTEXHOJOTUSIApHUHT PUBOXKIIAHUII
teHaeHuuscu. Hanotexnonorusiap Tyrpucuaa yMmymuil Mabiiymor. HaHOOOBEKT,
HAaHOMAaTEpHaJl, HAHOTEXHOJOrus TymyHdyacn. Kumé Ba  marepuasuiap.
benrmnanran xoccaind HaHOMarepuajjiap oOJMInga WiM-(GaH Ba TEXHUKa
IOTYKJIAPUHU TaJ0UK KUJIHILL

2-maB3y: HaH000beKTJIaAPHUHT ACOCHIi TypJIapH Ba yJap acocHIaru
HAHOCHCTeMAaJap.

Hanozappauanap Ba HaHOMarepuamiap XyCYCHUATIAPUHUHT (U3UKABHIMA
cababmapu. HanooOnektnap tacHudu. dymnepennap. Yriaepoaiu TpyOkaiap.
Cympamonekynsip  kuMm€.  Hoopranumk  HaHomarepuaiap.  Buckepiap.
Manranutnap. FOxkopu xapopartnu yrta yrkazruunap. DPOTOH KpHUCTaIapH.
buokepamuka. Hanoonmocnap. I'aznu ruapuanap. I'aznapaaru kiacrepuap.

3-maB3y: HaHocTpyKTypajaHraH MaTepUuaJIAPHU CMHTE3 YCYJLJIapH.

Hanozappamap, HaHOKyKyHJIapHU CHHTe3 Kwiuiml ycyiutapu. ["azdazamm
cunte3 (OyFapHUHT KoHJeHcauusacu). I[lmasmakumEBUM CcHUHTE3 — Ja3epiu
abmsmus.  Kommoup osputManapiaH  dYyKTUpUO ONWIN  — 30J-Tel  JKapaéH.
Monekynsip-00fiamMian  dNUTaKCUs, Ta3daszaaum sSHOUTakcus, CyroK (daszanaH
snutakcua. 0-D  waHooOBekTnap. 1-D  HaHoOOBeKTHap.  YTriepoacus
HaHOTpyOKanap.

4-mas3y: 2D-HaHocTpyKTypajlaHraH MaTepuasiap Ba yriepoaiu
HAHOMAaTEepPHaJ CHHTE3 YCyJIapH.

2-D HanooOwexTinap (romka mieHkanap). dazanu snuTakcus. YTIepOIH
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HaHOMaTepHauiap. YIJIEBOAOPOUIM HaHOMAaTepHalllap CHUHTE3H. YTIEBOIOPOAJIN
HaHOMAaTEpHAJUIAPHUHT WIUTATUIHILN.

5-maB3y: Komno3uuuon Marepuauiap Ty3winimm. MaTpuuaan Ba
aucnepc ¢asa.

Kommno3unmon warepuamiap TymryHyacu. KommosunmoHn warepuasuiap
Ty3wnuimM. Matpunanu Ba aucnepc ¢asza. 3appayanap, Tojiajgap Ba CTPYKTypa
Japakacujia MycTaxkaMialTHPUII.

6-maB3y llluma, oprannk, kapooH, KepaMuK ToJia, cumiap. MarTpuna
MaTepHa/LUIapu: MOJIUMepJap, MeTalIap, KepaMUKa MaTepHaLIapu.

[[uma, opranuk, kapOoH, KEpaMHuK ToJia, cumiiap. Marpuiia MaTepuaiapu.
[Tonumepnap, MeTaiap, KepaMruka MaTepuauIapu.

7-MaB3y: Yraepoa-yriaepoaau kommno3utiaap. Kommosutnap Ounan
au3aitH. HoanbanaBuit komnosurJiiap. Hanokommnosuriaap. buokommnosuraap.

Yraepoa-yraepomm  KOMIO3UTIIAP. Komnozutnap Owian  nu3aiiH.
HoanbanaBuii kommno3utinap. Hanoxkommnosutnap. buokommnosutnap. ['mbpun
KOMIIO3UTJIap.

AMAJIUA MAIIFYJIOT MA3SMYHHA

1-amanuii MmamryaoT: Kpucrasaa HaHocHcTeMAIap Ba YJIAPHU aXaMUSITH.
HaHoTexHo/I0THS Ba 3JIEKTPOHHUKA.

3appadajlapHUHI 4Yerapacd. 3appadajiap YerapacMHUHI MUTPalUsICH.
Myntunner ukkuiamud 3appavanap. Jucnokaums. Koinmammim nedextiapu.
Yukappanu TyryH. Xosui-Ilety konynu. TabKUKIIaHTaH YerapaHWHT KEHTJIUTH.

Monekynsp snekTponuka. Epyrmuk muoam (LED). Maitnon s¢dextan
tpansuctop (FET). IOnka mnenkanu tpansucropnap (TFT). bup snexrponnu
tpanszuctop (SET). 3apsn Oormanunum xypuwima (CCD). Kommiementap
Metanokeum apuM  yTkazrud (CMOS). T'urantmaraut kapuuaura (GMR).
Onrosnexktponuka. @otomoMunecteHua. DPoToH Kpucramwiap. DPoTOHHKA.
FO3amnazmon. Ilee3opesuctuB  3ddexr. CrnuHTpoHHMKA (COUH — acOCHIaru
anekTponuka). Kyour. KBant kommrorepiap.

2-amajnii MmamryJaot: [oiumep HaHOMAaTEepHAJ OJIUII BAa YJIapPHHU
xoccajapuu. Hanouesirwmno3za. buomumeruka cucremMajlapHu 0JIMII Ba
YJIapHHU X0CCaJIapH.
Cyrok kpucrain. [llakn xotupanu nonumepiap. Hanouenmonosa. Tykumanu
umkeHepus. buomocnanryBuaniuk. buomumeTnka. DJIeKTpOH OypyH. DJIEKTPOH
tui. bor. Hano6ot. Jlopunapau makcannu erkasumi. JJHK-gum.



3-amanuii mamryaotT: HanomaTrepuaJs oMl Ba yJIapHU XOCCAJIAPHHU.

Tarnan-tenara Ba Tenagan nactra. byr ¢daszacunan pusmkaBuil 4yKTUPHUIIT
(PVD). IIna3ma. byr ¢azacugan kumésuii uyktupum (CVD). Uccuk mszoctaTuk
npeciam (HIPing). [Tuponus. Yukynnu mnasmanu mamupuin (SPS). Tenr kanammm
Ooypuakiu mnpeccinam (ECAP). Mexanuk KoTtumimanami. ByF-CyHOKJIHK-KATTHK
vonna ycynu (VLS). Onurakcus. Hawmomurtorpadus. Fab. Aosporen. Ksant
HyKTanapu. bakmuHcTep — ¢ymiepeH. Yriepomim HaHoTpyOka. HanoTomanap.
HanoxoOuknap. Hanocummnap. Hanomarepman. Hanocrtepxkunap. Buckepiap.
FOnka nnenkanap. Me3oroBakiin MaTepuai. MyntukaBatiap.

4-amaauii mamryaoT: Hanomerposorus.
AToM-KyunaHunuim  mMukpockonusi (AFM). AToM  MaHUDYJSIUSCH.

Hanonurorpadus. HanounaeHTruKanysianm. DIIEKTPOH MMKPOCKOII.
MukpokantuneBep. CKaHUPJIOBYM SIKUH XYAYIUIM ONTHK MHUKpockomus (SNOM).
PeHTren(hoTo31eKTPOHCIEKTPOCKOHS (XPS). VYra YKa3yBYaH

kBaHTuHTEpPepometp (SQUID).

S-amaJaunii MalIFyJIoT:
KoMno3uuuon MmaTepuauiap nuuiad YnKapuiaara
MYCTaXKaMJIAIITHPYBYU KOMIIOHEHT/IAP X0CCAJTAPUHHU YPTraHMIIL.

Komrmo3ummon marepuaiap unriad 4YuUKApulard ToJiajap XoccallapuHU
ypranum. KommosunuwoHn wmaTepuaijiap UWNUIA0  YUKApUIIAAru  JAUCIEpC
MyCTaXKaMJIAIITUPYBYM  KOMIIOHEHTJIAPHUHT  TPAaHYJIOMETPUK TapkuOu Ba
XOCCaJIapVHU YpraHuil.

6-amaJamnii MaIIFyJIOT:

Martpuna MmaTepuaJiapu TAapKHOU Ba X0CCAJTAPUHM YPraHMIIL.
TepmopeakTuB mnojJuMep MaTepHaiap TapkuOUW Ba acoCHUi XoccallapuHU
ypranum. TepMmomlacTUK TOJMMEp MaTepuajuiap TapKuOM Ba  acocui
XOCCAJIApUHU YpraHuIl.

7-aMaJIMid MALIFyJIOT:

KoMmno3unuon Marepuaj TApKUOUHH TY3UII BA X0CCAJIAPUHUA
JoiinxaJjani.
[Tomumep Matpuiia acocujia KOMIIO3WIIMOH MaTepuail TapKUOWHH TY3HII,
KOMIO3ULIUSIHU Tal€puialll yCcyJulapyu Ba KOTUPHUII Kapa€HUHU YPraHHUIIl.

8-amauii MalIFyJIo0T:
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HIumakoMno3uTaap MuuIad YMKAPHUII TEXHOJIOTHACHHH YPraHUIIL.

[umakomno3ut “Tpuruiekc” TapkuOH, acOCHMi Xoccajapyd Ba KyJIJIaHUJIMIL
UMKOHHUSTIAPUHU YPraHUILL
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YKUTHI INAKJUIAPHA

e Ma3skyp Moy Oyitnda KyWnaard YKUTHINI MakIapuaad GoraamaHmiam:

e Mabpy3ajap, aMaJIvi MaIFyJIOTIap (MabIyMOTIap Ba TEXHOJIOTHUIAPHU
aHry1a0 OJUII, aKJIMM KU3UKUIITHU PUBOXKIAHTUPHUIL, HA3apUil OMIIMMIIapHU
MycCTaxKamiaill);

e naBpa cyxOammapu (YpraHmwiaéTraH MyamMMO edumiiapu OVitmya Takiud
Oepuill KOOMIUSATUHU OIIMPHII, SIIUTHIN, HWAPOK KWIUII BAa MaHTHKUN
XyJiocajap YMKapuin);

e 0Oaxc Ba MyHO3apajap (MyaMMmojiap e€4uMu OYyiimya ganwuiap Ba acociu

apryMEHTJIAPHU TAKAUM KWIWII, SIIMTHILI Ba MyaMMOJIap €YUMUHU TOMUII
KOOMJIMSITUHY PUBOXIIAHTHPUL).

BAXOJIALII ME30OHU
Maxkcumain
No baxomam typnapu eI bannap
1 Keiic ronmmpukiapu 1.5 6ann
9 MycTakui ui 2.5 1.0 6a1
TONIIUPUKJIIAPU

II. MOAYJIHU YKUTHUIIIA ®OUIAJTAHNUIAIUTAH
UHTEP®AOJI TABJIUM METO/JIAPU

CAKJIHIA XY;KyM» (OpeifHCTOPMUHT) MeTOAN
MeToqHMHI MaKcaaM: amaauid €KUM WIMHUHA MyaMMOJApHM XaJI OSTHII
buKkpnapHu  KamMoald TeHepauus  KWIWI, YKUO-YpraHum  (paoausiTHHU
daomnamTUpUIl, MyaMMOHM ~ MYCTaKWil  TYIIyHUII — Ba  XaJl  JTHINTa
MOTHBJIAIITUPHUIIIHA PUBOXKJIAHTUPUILL.

e AKMuMH XyXyM BakTuJa HWIITHPOKYMWIAp Mypakkad MyaMMOHHU
Owpranvkiaa Xaa OJTHINra HWHTWIWIIAAW: YyIapHA Xall d3TUll Oyiuda ¥3
bukpnapuau  Ounaupanu (reHepauus Kujaau) Ba Oy (UKpiap TaHKHUI
KAJIMHMAcaH yjaap OpacuJaH 3HI MYyBO(QUKH, caMmapaiucy, MakOynu Ba UIy
kabu ¢ukprap Tangad onMHUO, MyXOoKama KWJIMHAIW, PUBOKJIAHTHPUIAIN Ba
ymdy pukpaapHUA acociall Ba pajl 3TUII UMKOHUATIApU OaxonaHagau. Xap Oup
TypyX Muuga yMyMUii MyaMMOHUHT OMp KUXaTH XaJl dTUJIAIH.
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Hamyna: Xap Kangad mnojaumep OMPHMKMAJIAPUIAH KOMIIO3HUTJIAP
TAPKUOMHHU Ty3uIIAA Poiga aHuIuII MyMKHH-MHU?

Tyrpugan-Tyfpu sKamMoajam akKjJIMil XY:KyM — WIOKH Oopruya KYIpOK
bukpiap WHFAIUIIMHA TabMUHIaWIu. ByTyH YKyB rypyxu (20 KummagaH OpTHUK
6yaMaraH) GMTTa MyaMMOHH XaJ 3Tajd. YKyB TYPYyXHAAard Xap OMp THHIIOBYH
ymoy MmyamMmora xaBo0 6epaau, ¥3 GUKpUHU OWiaupuo, famuiap KeITHPAIH.

P X OP KAFZGAT NOATREPITN] KOMIOTTTIAPI .

KA MYMEIH . Ty nomodeprap XYI0CA:

KOMIOSHTIAP XA COFmoB I crdariua K asm = Kommnoszutiapaa moauMepJiap
*[Toammepanp sca KIsmpIUTTan;a spind, Gotmostn GormoBun  cudaTHAa  KYIUIAHUIAIM.

XVCYCTATTAPTHN HAMOEH Tl HOJ'H/IMCpJ'Iap KH3AMpHITaHIa

OOFJIOBYMJIMK ~ XYCYCHSATHIa  STauup,
OKOpPH XapopaTaaru TabmaTura Kypa 2
Typra OyNMHamW: TEPMOIUIACTHK Ba

% ) TEPMOPEAKTHB IIOIUMEpIIap.

PILOK, Xap KAl DoHep KOMIOBITTAPL KU U I = KOMHO3I/ITJ'Iap)1a OOFIIOBYH Marpugajiap

Maccaara vErprsensmicyn yioa Sananromsepsap

MINLBIPIEITAIN JETPATILELE 3P AENLI KEIBE IR cmbamna KaTTHK OSIIOKCH, HOJ'[I/IZ-)(bI/Ip,

| Bl dn A (heHoN cMoIaIap KyTaHuIa i,
 PEY ROMIOUITUIAPHIBT FORMIINHSL OUNIPATI B MCSIHIK

YOy UATIApIB0T e I Calitup a e Temak amnal - HOJ‘II/IMep MaTpugajgap  IOKOpU

SR EULEAH RO METO SHT I0ROEL XN CY CRITAAPE 13 65718 .

Al MyCTaxKaMJIMK Ba JJIACTHK XoccaJap,
arp€CCMB Myxutiapra 6ap/:[0mnm<; SIXTITA
AaHTH(PHUKIMOH Ba (PHUKIHOH XOccaiap,
XaMJa HOKOpPY HMCCHUKIUK XHMOsJIAall Ba

aMOpPTHU3aLMOH XyCYCUSITIapUHI
P ACOCAR KOMOTTOMITAAD TOPEIOILT 2 T pAArT .
MOMIMEPTEAP K ITARITT AT TabMHHJIAN]IH.
FEOROpI xapoparaapaa Y rvimmmg Sreras Oy - Ilonmumep MaTpuianap KOTraH X0JaTiaa
£S5t o:c ol || FYPYXTAPIATT OTIMEPIap GOPRTIHADIAp Ba eTapi MyCTaxXKaMJIMKra 3ra Ba 3axapiu
TEPMOMTACTIE, XM TEPMOPEARTITE TOTIDMEpTa) -
rypyxnapIra GYmmamTap MoJialIapHi Kyl MuKIOpaa

YUKapMaiurad OyIuIy Tajad 3TUIIaIu.

“BeHH JuarpaMMacu’” MeTOau

MetoanuHr makcaau: by meTon rpaduk TaCBUpP OpPKaIu YKUTUIITHU TAIIKUIT
OTUII TIAKIM OYNnuO, y WKKUTAa ¥Y3apo KECHINTaH aijaHa TacBUPU OpKalu
uponananangu. Maskyp METOJ Typiu TyLIyHYajnap, acociap, TacaBypIapHHUHT
aHaJau3 Ba CUHTE3MHU UKKU ACHEKT OPKAIM KYPUO YMKUII, YIAPHUHT YMYMHUU Ba
(bapKJI0BYM KUXATIAPUHU aHUKJIAIL, TAKKOCTAIl MMKOHUHU Oepaju.

MeToaHU aMaJjira OIIMPUILI TAPTUOM:

® UIITUPOKYUIIAD UKKH KUIIUAaH nbopar KypTIMKIapra

OupnamTUpUIaANIIap Ba yiapra Kypuo YuKWiIaéTraH TylryH4a €Ku aCOCHUHT

¥3ura xoc, ¢hapkin xKuxaTiaapuHu (KW aKCcH) Aoupajap vuuumra €3u0 YMKHUII

TaKJIU(} dTUNAIN;

e HapOargar OOCKMYJA HWINTUPOKYMIIAD TYPT KUIIKMAAH HOOpaT KHYUK

rypyxJjapra OUpamTupuiIaag Ba Xap Oup xkydTiauK ¥3 TaxJIuim OuilaH Typyx

ab30JapUHU TAaHUILITUPATUIAD;

® KYy(QTIUKIApHUHT TaxJIWIA ODIIUTWITa4, yiuap Oupramamu0b, Kypuod

YUKWIAETTaH MyaMMO €XyJl TYIIyHYaJapHUHT YMYMUH KUXaTIapuHu (EKu

dapkiau) wu3nmad Tomamuiap, yMyMJAIITHpaauiIap Ba JOUpadaJIapHUHT
13



KECHUIITaH KUuCMuUra €3aaumiap.

Hamymna 1:
“Hon-ymyamiam MycTaxkKamMJIalITUPHUII KOMIIOHEHTHapu Ba ‘“‘bup-ymuammnum

MyCTaxKaMJIalITUPUII KOMIIOHEHTIIapu~ MaB3ycu Oyiinua “Benn nuarpammacu’.

Ymymuit srcuxamnapu:
KomMmrmo3uTtnapaa MycTaxkamIalTHPyBUX Basu(pacuHu Oakapam.
KoMmo3uTiiapHUHT TepMUK OapAONLTUTUHH OIIAPAITH.
Komno3utinapHUHT MyCTaXKaMJIMTHHH OITUPAIH.
KoMmo3uTiapHUHT KATTUKIUTUHE OIIUPAZH.

el NS -

Dapxnu
Kuxamnapu

Hoa-yruaman

MYCTaXKaMJIAIITHPH I
- \/—|

Tona, un, “myitnoBnap” makingara y3yH

1. Hano- Ba Mukpo-yiuamiu 3appavanap KpHCTAIIAD
2. HM3otpomuk xoccaau KOMIIO3HUT XOCHI
30Tpo oce OMIIOSHT XOC 2. AHHM30TPOI XYCYCHUSITIU KOMIIO3HUT XOCHJII
6ynann Oymanu
3. Yiuamu y4 WyHanmuIaa KHIuK OyaraH o
yv yauy A oy 3. Tomacumon TynnupyBumiIap, apmaTypa
TIAMY >
Ky alap 3JIEMEHTJIapH, KaJITa TOJIaTu TaOuuit
4. Mertann MaTpHUIaid KOMIO3UTIApaa MaTepHaIIap
MyCTaxKaMJIaIITHPHII KOMIIOHSHTIapH
yCTaXKaMJIallTip OMIIOHCHTIap 4. Kommo3uTiap MycTaxKamIallITUPUIITHUHT
SHT TapKaJraH TypHu.
Hamymna 2:

Enuvnanran matepuaniaparu aare3ust Ba Koresus Kywiapu Oyiinda “Benn
JrarpaMmacu’.

Eanm-xaBo

“KEWUC — CTAJIN” MeToau

«Ketic-ctanm» wuHIIM34a cy3 - (case — aHWK Ba3wsT, xoauca, Study -
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ykutum). By Meron aHMK Ba3MAT, XOJucara acoCiaHraH YKUTHII METOIU
xucobnanaau. Keiic- ycny6 (Case study) — Oy pean UKTUCOAUNM €KUM MXKTUMOUMN
B3UATIAp TabpUPUHU KYJIIaWAUraH TabJIuM Oepull TexHukacuaup. byHna
easusm JieraHia OMpOH aHWK XOJAMCAHMHT Tabpudu Hazapaa Tytwiagu. ['ypyxra
XaKUKANW axO00poT TakauM ATUInO (y XaKMKMM Xojucara acocjlaHran €ku Yiinad
YUKWITaH OYJIMIIM MyMKHUH), MyaMMOJIapHU MyXOKaMma KWJIMIIL, Ba3USITHU TaXJIMAJ
ATUII, MYaMMOHUHT MOXHUSATUHU VpPraHuO® YHKUII, YJIAQPHUHT TaxXMUHUN
eUMMJIApUHU TakIu( Kuiaum Ba Oy edumiiap OpacHJaH JHI SIXUIUCUHHU TaHIa0
OJIUIII TAaKJIU( ITUITAIH.

«Kelic - cranu» Metoau Oyiinya UIILIamI:

1. Skxa tTapTubaa umam (ymymuil BaktHUHT 30% cu):
Bazusar Ownan Tanummm (MaTH Oyinuya &€ku  cy31ab Oepuin oOpKain).
Myammonapuu aHUKIIA. AXOOPOTHU yMYMIIAIITUPHIIL. AXOOPOT Tax IUIIH.

2.T'ypyxna unuiami (ymyMuid BakTHUHT 50% ch):
MyammonapHu Xamjia yJIapHUHT J0d3apOiuru  Oyiinya KeTMa-KeTJIMTMHU
(MepapXxusiCUHM) aHuKIam. MyKoOuiI eduM WyJutapuHu UIUiad yukuil. Xap oup
CUMMHUHT ad3an Ba 3aud kuxaTiapuHu Oenruiam. MykoOWsn edumilapHU
Oaxonari.

3.51kka TapTubAa Ba rypyxjaa unuiam (ymymuil BaktHUHT 20% cn):
MykoOui BapuaHTIApHU KYJUIall UMKOHHSTIAPUHMA acociaml. Xuco0oT xamjaa
HATWKaJlap TAaKIUMOTHHH TanueépIarl.

Keiic xapakatinapu ¥3 wumra Kyhunaruiapaa xampad onamu:Kum (Who),
Kauon (When), Kaepna (Where), Huma yuyn (Why), Kannait/ Kanaka (How),
Huma-natmxa (What).

“Keiic MeTOAH” HA aMAJITa OIIMPUII OOCKUYJIAPH

N daoaudaT MaAKJINA
0oCKU4Iapu Ba MasMYHH

<

1-6ockuu: Keiic Ba yHHHT SKKa TapTUO/Iaru ayIno-BU3ya HIIL;

axOopoT TabMUHOTH Owiad | v/ Keiic OWIaH TAHUIIMII(MATHIIA, AyIHO0 EKHU
TaHUIIITUPUIIL Meaua IaKija);

v ax0OpOTHH YMYyMITAIITHPHIIL,

v’ ax0opOT TaxJIMIIH;

v\ MyaMMOJIapHH aHUKJIAIII
2-00CKHY: Keiicau | v/ mHIMBHIyal Ba TypyX/a HIILTALL;
AHUKJTAIITAPKIN ~ Ba  YKyB | v\ MyaMMmonapHu [0/13apOJIMK HepapXUsICHHH
TOMIIUPUFHU OeNTHIaIl aHUKJIaIl;

v’ acocuii MyaMMOJTH Ba3HsTHU OeJITHITALIT
3-00ckuu: Keiicmarun acocwuii | v/ MHIMBHIYyaN Ba TypyX/a HIILIALL
MyaMMOHH  TaXJWj  OTHII | v MyKOOWJ €4uM HYJTapUHU UILTa0 YHKHUIIL;
OpKaId YKyB TOMIIMPUFUHUHT [ v\ Xap OHp EYUMHHHT WMKOHHUSTIAPH Ba

CUMMHWHHU H3J1all, XaJld JTHII Tg’CI/IKJIapHI/I TaxXJIHUJI KMJIWII,
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HYnapuHu UIUiad YuKUII v MyKOOHIT €4MMITapHH TaHJIaIll

4-0ocknu: Kelic eunMuHH AKKa Ba TypyX/Jia UIIUIAILL;

ANERN

€YMMHUHU WIAaKJUIAHTUPUII Ba MYKOOWJI BapWaHTJIapHH aMajija KyJJIall
acocJjail, TaKIuMOT. MMKOHUSTIAPUHU acOCIIall;

v WKOIMN-TONNXaA TAKIUMOTHHY TalépIialr,
v/ AKyHMH Xyloca Ba Ba3HAT E€YMMMHHUHL

aMaJIMi acCIEeKTIIApUHU EPUTHUILL

Keiic 1. «KeBnap» Tonamapu OuigaH MycTaxKaMJIAIITUPWUITAH TMOJUMEp —
MaTpHUIATIM KOMIIO3UTIAp FOKOPHU AJIACTUKIMK MOJYJIMra 9ra, NIYHUHT Y4yH yiap
OyHE OyWHrdYa KypoJUIH KyWIapHW XHUMOSJIAI BOCHUTAJApHIa KEHT KYJIaHWUIaId
(OponexkmmeTnap Taiépiamma). AMMO OyHIalW KOMIIO3UTIIADHUHT TEPMHK
OapIONUIUTH MACcT KypcaTKU4jiapra ara.

Kommno3utnapHuHT TepMUK OapAONUTMTMHA KaHAai OIIUPUIL MyMKHAH?

KeiicHu 6amapui 60cKYHIapH Ba TONMIIMPHKIaP:

» Keficgarn MyaMMOHII KeIUTHPIIO YHIKapTaH acocHil cadallapHII
OenrIUTaHT{ HHANBILIY A Ba KITUIK TVPVXIa).

* SIHrm TepMIIK OapJ00I Ba FOKOPIH MACTIIK MOJAYTIra 3ra OVIraH
KOMIO3UTHIIHT TapKHONHHI Takmd »THHT  (Kv(TanrIapgarm
IIII ).

Keiic 2.JICII, danepa, MAD, ACTII matepuaniapu Erodco3nukaa MeOeb
M6 YUKAPHIIIA KeHT KyIUTaHunaad. Bupok, ynap Y36eKncToHra acocaH deTaaH
KEJITHPHIAIU. Y30eKICTO /A eIUMIIAHTaH 6FOY MaTepHasliap MIIA0 YUKAPUIIHHU
TAIIKWJI KAJTUII Y9YH UMKOHUSTIAPHU W3JIaHT.

KeiicHu 6a:kapuii 60cKYMIapy Ba TONMIMPUKIAP:

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

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

* EnnMnanrag  €Fou  MaTepHariap 0O030pH  MCTebMOTUIIIAPITHIT
I137IAHT.

 Baskapunras NMuTapHI TaKIIIMOT KITTITHT,

Keiic 3 Typin érowrapnaH OJMHIAaH €IMMIIAHTAaH  MaTepuasuiap
Typiuya (QU3UK-MEXaHUK XOCCAJlapHU HaMOEH KWJIaJu.

VY30eKHUCTOH MapouTHAA Kaiich eTuMIIanral €04 MaTepraTuHu
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unutad ynkapu xap rapadiaama doiiganm?

[ Keiicnu 0axxapuin 00CKH4WiIapH Ba TONIIUPHUKJIAP: }

t
\
/-- -

“TymyH4ajgap TaxJujan” MeTOau

MeTOAHUHT MAKCaau: Ma3Kyp METOJl TUHIJIOBUMWJIAp €KW KaTHAIIYUIAPHU
MaB3y Oyinua TasHY TYyIIyHYaJapHU Y3MAIITHPUIN AApaKaCHMHU aHHKIAII, V3
OMIMMIIAPUHU MYCTaKUJI PaBUIIJIa TEKIIUPUII, OaxoJialll, ITyHUHTACK, STHTU MaB3y
Oyiinuya pacTimaOku OwiMMiIap JapaXacHMHW TalIXWC KWWl — MaKcaauaa
KYJUTaHWUJIaIu.

MetoaHu amara OIIUPHII TApTUOU:

¢  WINTHPOKYMJIAP MAIIFYIOT KOUJadapyu OWIaH TAHUIITUPHUIAIN;

® THHDIOBYWJIApPra MaB3yra &ku OobOra Terunumm OYarad cys3mnap,
TyIIyHYajgap HOMH TYIIMPWITaH Tapkarmanap Oepwiaau ( WHAWBHIyal EKU
TypyXJid TapTUO/a);

*  THHIVIOBYWJIAP Ma3Kyp TyIIyHYajap KaHIail MabHO aHTJIATHIIH, KAuOH,
KaHJal xonatiapa KYJUIAaHWIUIIN XaKuaa €3Ma MabJIiyMOT Oepaauiap;

e QenrwiaHraH  BakT  SKyHWTa  €Trad  YKUTYBUM  OepuiraH
TYITyHYAJTAPHUHT TYFPHU Ba TYJIUK U30XHHU YKHO SIIATTUPAIN €KW CIIAi] OpKaJn
HaAMOMUII ATau;

e xap Oup HIITHPOKYM OepuiraH TYFpU >KaBoOjap OwiaH Y3UHUHT
[IAXCUM MyHOCAOAaTUHHU TakKKocHaiau, ¢GapKiIapuHU aHUKIAWIM Ba ¥3 OWIuUM

JTapakaCMHH TEKIHUPUO, Oaxomanau.
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Hamymna: “Moaynaaru TasHd TyllyHYajIap TaxJmian’

CusHuHr4ya 0y TynmryH4a KaHjaau Kymmmua
Tymynuanap by v
MabHOHHU aHIJATAaM? MabJIYMOT
Kommo3uimon marepuat Nnmab dukapuiran, WKKH €K KYIPOK

¢bu3uKaBuil Ba KUMEBUH Xap XWJ OYiraH,
MaTpuna (uHTEepdeiic) uuuga TapTUOIU
KOWamran QaszanapiaH TallKWI TONTaH

MaTcpuall.

Martpuia, uarepdeiic Komnosunmon MaTepUATHUHT oup
OYTYHJIUTMHH  TabMHUHJIOBYM  OOFJIOBUU
KOMITOHEHT

Marpuiia Matepuasiapu Mertainn, kepamuka, HoJUMEp MaTepuaiap

MN30x: VkkuHYM ycTyHUara KaTHAIIuyuilap TOMOHHAAH (DUKP OWIIUPUIAIN.
Maskyp TyuryH4Yanap xakujaa KynmmMia MabIyMOT TJIOCCapHiia KEeITUPUIITaH.

“SWOT-taxaunia” Mmeroan
MeTOAHUHT MAaKCaAM: MaBXyJ Hazapui Oujaumiap Ba aMajauid
TaXpuOadapHu TaxXJWid KWIUII, TaKKOCHAll OpKaId MYaMMOHHU Xall HSTHII
UYIapHU TOMHUIL, OMIMMIIAPHU MyCTaxKamJalll, TaKpopJiall, 6axosall, MyCTaKuI,
TaHKUUN (PUKpIIaIl, HOCTaHAAPT TaPaKkKypHH MIAKIUTAHTUPHIIL.

S — (strength) * Ky TOMOHTApII

* 3a11¢p. KyUCII3 TOMOHIAPIT

¢ IIMKOHIIATIIAPII

* TVCHKTIAp

Hamyna 1: Tonanm mycTaxxkamjamTHpuil KoMmoHeHTIapu yayH SWOT
TaxIMJIMHU yIIOy JKaJ(Bajira TYITUPHHT.

Tonanu MmycraxkaMmamTHPHIL MycraxxaMianru SHT IOKOpH
S KOMIIOHEHTJIAPUHUHT KyWIM TOMOHJIApU | KypcaTKAwiapra ara oynran
KOMIIO3UTJIApHU ApaTHIL
UMKOHUSTIIAPH. ..
Tonanm MycraxkaMialTHPHIL Tonanu MyCTaxKaMJallTHPUITaH
KOMITOHEHTJIAPUHUHT KyUCU3 TOMOHJIApU | KOMIIO3UTIAPHUHT aHU30TPOILIUTU
@) Tonann MycraxkaMialTHPHIL Slaru  Typharu  IOKOpHM  XYCYCUSATIH
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KOMIIOHEHTJIaPUHUHT UMKOHUATIIApU ToJAJIap SAPATWIMOKIAa — OOp Tojayapu,

(nukn) YIJIEPOJI TOJIAJIAPH. ..
TYycuknap (Tamku) Tonanun KOMIIOHEHTJIap Marpuiia
T MaTepuaiapy OuiiaH XYJUIAaHWIMIIU Ba

apaJIMIIiIimn KHﬁHHHHFH. -

Hamyna 2:Erou-enum aaresuscuyays SWOT TaXIMIMHU aMajira OIMPHHT.

e EroY 103acHra eJImM TEKHUC TaKCUMIJIaHAIH,

e enuM EFoY F03acHra IypKail, poJIuK OMJIaH CypKalll, [IrnaTes OuiaH
Kyunu TomoH-

S Hapi CypKaill, KyWuiI Kabu Typiu ycyiiap Oninan OepriIuIIg MyMKHH;
P e O4YMK Ba €MUK XOJaTiIap/ia KOTHIIH MyMKHH;
® 1OH OOFJIAHMIIJIAP SHT KYWIKM OOFJIaHUII XHUCOOJIaHA M.
Kywcus ® OYMK XO0JIaT[a KOTTaH/1a dPUTYBUNHHI YHUKApHO FOOOPHIII KEepak;

w TOMOHApH e enIUM Ba €F0Y ypTacuja MOCIallyBYaHIUK OYIIUIIN JO3UM;
e jucriepc OOFJIAHUIILIAP SHT KyucH3 OOFJIAaHHII XMCOOJIaHA M.

e &roy CTpyKTypacura OOFJIuK;
e KUMEBHI OOFIap XaM, MeEXaHUK OOFIap XaM SIXIIW aAre3us
NMxonusaT-
O OepHIy MYMKUH;
napu (MUKH)
® JIUCHEPCUOH, UKKU KyTOJM Ba BOAOPOA OOFJIapH y3uiica HaMIIMK
TabCUPHJIA KaliTa TUKJIAHUIIN MYMKUH.

® KOBAJICHT OOFJap y3ujica KalTa TUKIaHMaau;

T Tycukmap | e nucmepcus Kywiap MOJEKyJamap opacuaa Oyiradga xyzga CycT
(TammKm) Oymanm, aromyap opacuaa OyaraHga 5ca  KyJa  KydiH
XucobaHau.

“XyJaocanam” (Pesrome, Beep) meroau

MertoanuHr Maxkcagu: by Meron Mypakkad, KYNTapMOKIH, MYyMKHH
KaJap, MyaMMOJIM XapakTepujard MaB3yJapHM YpraHuilra KapaTHraH.
MeTOaHUHT MOXUSTU IIyHJaH uOOopaTku, OyHJIa MaB3yHUHT TYpJu TapMOKJIapu
Oyiinya 6up xui ax0opoT Oepuiaau Ba ailHU NalTAa, YIaApHUHT Xap OupH ajioxuaa
acmeKTyiapjla MyxoKama »JTWiaad. MacanaH, MyaMMO WKOOMH Ba canouit
TOMOHJIapH, ad3auuK, (a3uiiaT Ba KaMUIMKIapH, (oiaa Ba 3apapiapu Oyiinda
yprauunaau. by wuHTepdaon MeTroj TaHKUIWHN, TaXJIWIAK, aHUK MaHTHUKUAN
bukpnaman  MyBaddAKUATIN  PUBONKIAHTHPUINTA XaMJa YKYBUWJIAPHUHT
MYCTaKWJ Fosiapu, (puKpiapuHy €3Ma Ba OF3aKd IMAKIAa TH3UMIIM OaH JTHII,
XUMOSI KWIWIITa WMKOHUAT sipaTamu. ‘‘Xynocanamr’ METOAUIAH Mabpy3a
MaIFyJI0TAapuIa WHANBUAYAT Ba KyQTIUKIApAArd Wil IIAKIWAa, aMaluid Ba
CEMUHAp MAIIFYJOTIapuia KHUMK TypyXJapAard Wil MIakiuja MaB3y r03acujaaH
OWIMMIIapHU MyCTaxKamJjall, TaXJWId KWIAII Ba TaKKOCIAll MaKcaauaa
doiinanaHuI MyMKHUH.
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MeTtoann amaJjira olmIMpuiI TApTHON:

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

TPEHUHT MaKCaJy, MAapTIapy Ba TApTUOM OMIIaH UIITUPOKYUIAPHU

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

xap Oup rypyx y3ura 6epuiaran MyaMMOHU aTpodinya Tax i1 KUiuo,
V3 MyJioxa3zajiapuHH TaBCUsI STHIIAETTaH cxeMa Oyilnya TapkarMara €3ma
0acH KuIanu:

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

Hamymna 1:
Kommno3uuuon marepuajuiap
I[Monumep maTpunain MeTtaj1 MaTpunaimn Kepamuk matpunanu
adzamury | kamuunury | ag3amuru - | KaMYnAIura ad3aury | KaMYIIATH
XyJioca:
Hamymna 2:
AJITEPHATHB €EKWJIFU TYPJIapH
danepa MDF 0SB
a(bsannnrn KaM4iUuJInTnu a(bzaﬂnnrn KaM4iHnJInTn a(bSHJ'IJ'II/II‘I/I KaMiUuJInuTrn
XyJoca:

«®CMY» meToau
TexHOTOrMSAHUHT  MaKcaau: Ma3Kyp TEXHOJIOTUSI HINTUPOKYUIIApAAru
yMyMU QuKpiapaaH XyCyCcui Xysocajiap YuKapHuill, TaKKOCaI, Kuéciail opKajiu
axOO0pOTHHU Y3MaAIITUPHUII, XyJIocaalll, ITYHUHTIEK, MYCTaKWUI WXOIUN (UKpIIall
KYHUKMaJIapUHU IAKJJIAHTUPHUINTA XW3MaT KWiaad. Maskyp TeXHOJIOTHsIIaH
Mabpy3a MaIIFyJOTIapuaa, MycTaxKamiialjga, YTHUIraH MaB3yHU cypalnijaa, yira

Bazuda Oepuiga XamJa aMaluil MAIIFyJIOT HATWKATAPUHU TaxJIMil STHUIIIA
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doiinanaHui TaBCUS STUIIAIH.
TexHOJIOrMSHM aMaJIra OIIUPHULI TAPTHOM:

- KaTHaIIuYuMjapra Mam3yra owuj Oyiran sKyHuUM xynoca €Ku Fos Takiaud
STWIA/IN;

- xap Oup wumrupokynra O®CMY TeXHONOTMSACUHUHT OOCKUUWIapU E3WIIraH
KOFO3JIapHU TapKATWIIA]IN:

* (pUKPUHTIZHII OaéH STITHT

 ¢puxpuHTIRHI OaéHITra cadad
KYpCaTIHT

* k¥pcaTral caOaOIHTI3HI
11cO0TIa0 MIICOT KeITHPITHT

* (PUKPITHTIRHITY My MITATITIPITHT

- WIUTUPOKYMJIAPHUHT  MyHocaOaTiapyu HMHIMBHAyan €K Typyxui
TapTUO/1a TAKIUMOT KUIIMHAIH.

OCMY rtaxmwm KaTHalrdwiapAa KacOuii-Hazapuili OWITUMIIAPHU aMasHi
MalIKIap Ba MaBXKyJ TaxpuOamap acocupa Te3poK Ba MyBadhakusITIn
Y3IamTHPUITUIINTA acoc OYIaam.

Hamymna 1.

®@ukp: “IlosiuMep MATpUUIAJIH KOMIO3MTJIAP 3HI WKOPH (uU3MK-
MeXaHMK Ba KUMEBHH X0cCcajgapra raaup”.

Tonmmpuk: Ma3kyp ¢ukpra Hucobaran mynocadbaruaruzuu ®CMY opkanu
TaXJIMJI KUJIMHT.

MYVH : JJUMJIAaHTaH MaTepuaiga €JIUM Ba EFOYHHUHI Oup-Ompura
Ha a 2. “E oup-6
MOCJIAITyBYAHJINTA KaTTa axamusitra dra” ¢ukpuan OCMY opkanm Taxmn

KHJIWHT.
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*“EnuMJIaHrad MaTepHajia e1iM Ba éFOUHHHT OHp-OHpHTa
MOCJIAIIYBYAHINTH KATTa aXaMHAATra 3ra”.

*“EnuM pa érov OHp OHpHTa aJre3nsacl KOPH 0¥J1ca, eJIHM
éroura Moc oViaan”.

*“RapoaMna-gopMaibieruj eTaMIAPHHEAT €F0Ura aare3nacu
HOKOPH 0V1a10, YVHKH Y/IapJa MeTH/I0/ TYPyXJdapH Ba
€FouJard rEIPOKCHI TYPYXJIApH OHJIAaH KYWIH 00F/1ap XOCHT
oynaan”.

*""RapoaMua-GopMaibJeri] e THMIAPH aCOCHIarn
EHM/IAHTaH €701 MaTepHALIapHIa MEeTII0A IVPYXJIapH Ba
€rouard riIPOKCHT TYPYXJIapH OHJIAaH KY'WIH 00F/1ap XOCHT
KIJTHINH ca0a0.IH ajAre3ns KopH oy aagn'’.

“CHHKBEeHH” MEeTOIH

“CUHKBEH” — TUHIJIOBYMHU IDKOAMNA daouamTupuira, GaoausiTHU
Oaxosnamura UYHAITUPWITaH TabJIUM MalKd XucoOnanaau. CHUHKBEWH-
bpaniy3ya cy3gaH oJuHraH OYnu0, OCNUMK JeraH MabHOHU OWJIMpAJIu.
“CHUHKBEWH METOJMHU aMaJira OIIMUPHUIIT OOCKUYIIAPH:
1. VKUTYBYM THHITIOBYMIApra MaB3yra OWJ TYIIYHYa, XapaéH EKH XOmca
HOMHUHH Oepaiy.
2. TunrmOBUMIApAaH yhaap Xakugarun (QUKpPIApUHA KUCKAa KYpUHHUIIAA
ndonamanuiapu cypanaam. SpHU, mebpra YXmaraud 5 KaTop MablyMOTIap
é3unuapu Kepak Oyiaau.

VY Ky#njara koujara acocaH Ty3WIHIIN KEpakK:
1-katopma maB3y Oup cy3 Owmian (ogaraa ot OusaH) udoaaaaHaam.
2-KaTopja MaB3yra JKyJa MOC KeJlaJuraH UKkuTa cudat 6epumaim.
3-KaTopaa MaB3y 3Ta XxapakaTHU OWIIUpyBuH (pebs OrtaH (o aamaHmIaIm.

4-katopa TemMara JOMp MyXOKaMma 3TYyBUMJIADHUHI XMCCUETUHHU HU(POIaTIOBUN
AKymila Ty3uiaaau. Y TVYpT cy3aad ubopat Oynaau.

5-kaTopaa MaB3yHU MOXUSTUHU HDoganoBun OutTa cy3 Oepwiaau. Y MaB3yHHUHT
CUHOHUMHU OYranu.

Hamymna. “Marpuna” cy3ura CHHKBEWH TY3HHT.

1. Marpuna.

2. BOFIOBYMIIUK XYCYCHSITH.

3. XaxxMm Oyu4a TeHT TaKCUMJIAHTaH.

4. KoMIIO3UTHUHT OHp KKUHCIWJINTHHU TAbMUHJIANINTaH KEPaMUK,
TOJIMMEP €KW METAIT MaTEPHAIL.

5. KoMmoHeHT.
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“Knacrep” Meroau

®ukprapHuHT TapMokTanumm “Knactep”— Oy megaroruk crparerust 0ynmo,
y TUHTJIOBYMJIAPDHH OMPOH OWp MaB3yHH YyKyp YpraHmmuiapura épaam Oepuo,
TUHTJIOBYMJIAPHA MaB3yra TAALTyKJIH TyIIyHUYa €KW aHUK (UKPHHU SPKUH Ba OUHK
paBuIIIa KEeTMa-KeTIWK OwiaH y3BUH OOFlaraH xoJjja TapMOKJIalUIapura
ypraraiu.

@uKpsapHU TapMOKJIAII KyHH1arnya TallKWI dTUIAIu:

1.Xaénra kenran xap Kanmgai puxp O6mp cy3 Omnman udomga FTHO KeTMa-KET
€3umaau.

2.@ukpiap TyramaryHuda €3miijia JaBOM 3TaBEPUII KEpaK.

3. Unoxu Oopuya (UKpIAPHUHT KETMa-KETIUTH Ba ¥3apo OOFIUKIUTUHU
KYIaUTUPHILL.

Hamyna. “Komnosunmon wmartepuamiap Typiaapu’ wmap3ycura “Kiacrep”
rpaduk opraHaii3epuHU TY3UHT.

“AccecMeHT” MeTOaH

MeToAHUHT MaKcaau: MasKyp METOJ TabJIMM OJIYBUMJIAPHUHT OHIUM
JapakacuHW  0axojiall, Ha3opaT KWIWII, Y3JIalITUPUIl KYpCaTKWUYMd Ba aMalluid
KYHUKMQJIAPUHU TEKIIMPUIITa MyHANTUPWITraH. Ma3Kyp TEXHUKaA OPKalIu TabIUM
OJyBUWJIAPHUHI  Owimil  QaonusaTd Typau  UyHanumuiap (TecT, aMmaiuid
KYHUKMaJIap, MYyaMMOJM Ba3uATIApD MAIIK{A, KHECUM TaxXJIAI, CUMIITOMIIAPHU
aHUKJIaI) Oyiinya Talxuc KUjanHaay Ba 0axoinaHaIu.

MeToaHu amaJjira OIMpPUII TAPTUOU:

“AccecMeHT” JapJlaH Mabpy3a MAIIFYJIOTIapUa TUHIJIOBUMIIADHUHT EKU
KAaTHAIMYWJIAPHUHT ~ MaBXya  OWJIMM  JapaXacMHU  YpraHuiiga,  SHTU
MabJIyMOTJIapHH Oa€H KWIMINJA, CEMUHAP, aMajuid MalIFyjioTiapia dca MaB3y
€KM MabIyMOTJIAPHU Y3JAIITUPHUII JTapaKaCUHU OaxoJjall, IyHUHTACK, YV3-Y3uHU
Oaxojamn MakcaauJa WHAWBUAyal IMakiaga  (oWgaJaHUIl TaBCHUS STUJIAIH.
[lyHuHraeK, YKUTYBUYMHUHI WXKOJIWM EHIAINYBM XaMmMJa YKyB MakcaJJlapuJiaH
KeNnnO YMKuO, acCeCMEHTTa KyIMMYa TONIIHUPUKIAPHNA KUPUTHUIIT MYMKHUH.

Hamyna 1. Xap Oup kartakmaru Tyrpu xaBo6 0,5 Gamn (Tect, Kuécuii
TaxXJIW, TyIIyHYa TaXJWwid yuayH) €ku 1 Oamiraya (amaiuii KYHHKMa, KeMC y4yH)

0axOoJIaHHUILINA MYMKHH.
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Tect

HNxku yayamiu TyJIaupyBYMIap
a) Maiina 3appayany Kymuamaaiap
0) Jlenranap, maTtonap, Matiap,
TYPCUMOH 3JIEMEHTIIAP

B) bup ymuammm kymmmaanap

r) Maiiga 3appadanu KyMm, MeTaiiap,

dhocdarnap

Kuécuit Taxjmia

Jucnepc mycTaxkamJjamTH-

puiIran Ba TOJIAIH
MyCTaxKaMJIalITUPUIIOTaH
KOMIIO3UTJIapHU

TaKKOCJIaHT.

-

TymyHnya TaxJnjimn

Huxkeinrs Ba amroMuEUN
acocuia Tau€piaaHran
KOMITO3UTJIap -

AMaJImil KYHUKMa, Keiic

Hucnepc ¢dasza kypcaTkuu-

JapWHW  KEITHPUHT  Ba
yIIapHUHT aHMKJTAII
yCyJUIapUHU udoaanad
OepuHT.

Hamyna 2. Xap Oup katakgaru Tyrpu xaBoO 0,5 Oamn (tect, Ku€cuid
TaxJIWJI, TYIIyHYa Tax 1WA yuyH) €ku 1 Oamnrada (amanuil KYHUKMa, KEHC YUyH)
0axoJaHUII MYMKHH.

Tect

Kap6amun-hopmansaerug
SJIMMIIAPUHMHT €Foura ajare3uscu
FOKOpUMH?

A) xa

B) ik

C) xap noum s3Mmac

Kuécuii Taxyui

KyTt6nu Ba non
OOFJaHMIITIAPHU Y3apO
TaKKOCJIaHT.

=

2. TymyH4a TaxJaujau

Hou 6ornanum Oy — ...

l&

{

>

AMaIui KYHUKMa

Ban [lep Banbc kywiapusu
EroY-eJIMM KOMIO3UIUsICUAA
KaHJail Xonatmiapaa X0Cuil
OymuImuHN acocnad OepuHT.
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11l. HASAPU MATEPUAJLJIAP

1-maB3y: Kupum. HaHOTEeXHOJTOTHSIHUHT aCOCHI TYIIyHYAJIAPH
Pexa:
1.1. HaHOTEXHOIOTUSIAPHUHT PUBOXKJIAHUII TCHICHIUSCH.
1.2. HaHOTEXHONOTMANIAD TYFPUCHIA YMYMUN MABIIYMOT.
1.3. HaHOOOBEKT, HAHOMATEpHaJl, HAHOTEXHOJIOTHS TYIIYHYaCH.

Tassny uOopaJsiap: HAHOTEXHOJIOTHA JKapa€Hyapy, HaHOMATepuaiap, YIrJiepon
HaHOTpyOKajapH.

Kupum. @aHHuMHMHT nIpeaMer Ba Basuganapu.

Yy ¢an MaremaTuk Ba TaOMUNU-WIMHA Xamjaa ymyMkacOuil Qaniapra
TasHraH XoJJa HaHOMaTepHAIAPHUHT (DU3UMK-KUMEBUNA MyaMMOJIAPUHU XAl
Kuwidim  Ba ¢aH cudartuga MAKUIAHUIIMHE ~ MycTaxkamuall —Makcaauja:
HAHOTEXHOJIOTUSHUHT aCOCHUW TYIIyHYaJapd, HAHOTEXHOJOTUSHUHT TaJKUKOT
OOBEKTIIapy Ba YJIAPHUHT CUH(IAHUIIN, HAHOTEXHOJIOTHUSHUHT PUBOKJIAHUII
OocKUWJIapy, HAHOOOBEKTIIAPHUHI AaCOCHM Typyiapd Ba yjlap acoCHUJaru
HAHOTH3UMJIAP, VYIJIEPOIIN HaHOTpyOKamap, ¢yiiepeHnap, CynpaMoyIeKyJsip
KUME, HOOPTaHMK HaHOMaTepHaylap; HAHOCTPYKTypajaHTaH MaTepuauIapHUHT
CHHTE3 yCyJulapH, GyHIaMEHTANI acoclapy TYFPUCHIATH MabIyMOTIapHH Kampaod
ojlaiy Ba Oy OwinmiiapHu Tanabajiapra eTkasuil (paHHUHT acoCUM Makcaa Ba
Bazupanapu xucobaHa M.

“Hanomatepuaiiap” (paHUHU Y3IaIITUPUILL KapaCHUAA:

o AaHOTH3UMHUHT KpUCTAUIO(DU3NKACH, HAHOCTPYKTypaiap Ba yJIapHUHT
CUMMETpHK ndoaacu;
o AIIEKTPOHJIAPHUHT SHEPTETUK CIIEKTPHU KBaHT VIILTOB

CTpYKTypajapuaa KBAaHT HYKTajap, TOJalap, FOKOPH Japakalld MaHKapaHUHT
axXaMHUSTH;

J XOJUTHUHT KBAaHT Y(PQEKTH Ba KBAaHT YIYOB CTPYKTypajapu OITHK
XYCYCUSATIIADUHUHT MOXHUSTH;

J HAHOKATIIAMJIH KOMITO3UITUSUTAPHA MarHuT XoccaliapH,
KOHJIeCallMsUTaHTaH MyXUTJIap/a SHEPTUsS Ba 3apsuiap YTKA3uIll )KapacHIIapy;

J HAHOCTPYKTYpaJallraH MaTepuaiiapHd  (QU3NK KUMECH, KHYHK
aHCaMOJIIM MOJIEKYyJajap, MOJIEKyJIapapo y3apo TabCUPH XaKuJa TacaBBypra ira
Oynuiu;

o HaHO3appavajapHH YI40B Ba (PYHKITMOHA XOCCaIapH;

o MOJIEKYJISIp JWHAMHUKA, KOH(oOpMaiusi Ba HAHOTH3M CHMMETPUK
TaCBUPH;

o dazamapapo yerapajapHud TEpMOJAMHAMUKACH Ba KHHETHKACH,

Kiacrep;
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o MULEIJIANap XOCHI OVIUIIN, MOJUMEpH3alUsIall, MaTpUIla CHHTE3H,
Yy3apOIIaKIUIaHUIII;

o HaHOMAaTepHayiap: 30JUlap, Trejiap, CyCIEeH3UsUIap, KOJIJIOWT
spUTMAaNap, MaTpHUIla-aXpaTUral KiIacTepiid IOKOPU JapaxkaJard CTpyKTypaiap,
bynnepennap, yrJepo[yii HaHOTpyOKanap, TMOJIUMepiap, IOKOPH Japakaiu
naHxkapanuap, OuoMmemopananap;

o HAHOTU3UMJIAPHU DJEKTp YTKa3yBUW, HCCUKIUK YTKa3yBUM Ba
MEXaHHK XOCCAJIapH.

o HaHOMAaTepHAJUIApHU MAaxXCyC Xoccalapu, yJapHU (U3HK-KUMEBUN
TabuaTiapyu OOFIMKIMKIAPH, TAHJIOBYAHJIUIH, SHEPIUs XaXMIIMTHA Ba AJIEKTPOH
XOTUPACUHUHT MOXMATUHU OWJIMIIM Ba yiapAaH (oiigaiaHa OJUILIN;

o HAHOKMMEBHUI  KOMIIOHEHTaJap: KaTajau3aropiiap, CopOeHTIap,
peakropJiap;
o HaHOKAaTjamyap CHUHTE3M YCIyOJapu: aTOM-MOJIEKYJSP JMUTAKCHUS,

MOJIEKYJISIP Ba KUMEBUM KOHCTPYKTpJIALL;

o Jlenrmiop-biaomKkeTT MONEKyNAp KaTjiamiiall yCIyOu, TOJMaHHOH
MOJIEKYJISIP KOHCTPYKTpJIall;

° IOKOpH Japakajia JIOKaJUTaHTaH KOTUTAHMIII, aKPaTHIIl Ba MOJIaIapHU
Moar(UKausIaI ycayomapu;

o KOPITYCKYJIO-(p)OTOHJIM Ba DJIGKTPOKUMEBUM  HAHOTEXHOJIOTHUSIAP,
HAHO30H/UIM JIOK&JI CHHTE3 Ba MOJJAHM QXpaTHUILl, MaTepuan H3aCHHU
MoAM(pUKALMSIIAII KYHUKMaJlapura 3ra OYIuIIH Kepak.
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1.1. HaHOTeXHOJIOTMAJIAPHUHT PUBOKJIAHUII TCHICHIMACH

HanoTtexHo0rustHu pUBOKIIAHUIIM KyHuaaruiaapra OOFInK L

. dusuka

. Kumé

. buonorus

. AKT

. DIIEKTPOTEXHHUKA

. ManinHaco3JIuK

Hanorexnonorus reHetnka ()aHWHA PUBOXJIAHUINIHWTA KaTTa Tacup
KypcaTau:

. HaHOTHOOMET

. HAHO KaricyJsa

. HaHO relb

. CapaTOH KaCAJUIMTUHU JaBOJIalll

. COF OyJIraH KaTakjiapra 3apap e€Tka3MacaaH J1aBoJjall

Fic. 1.6

|

;€;§=s§=i;
AL
i 23%33@3 £

Vertical sectors

2
Pacm 1. HaHOTeXHOJIOFI/IHJ'IapHI/IHF PHUBOKIAaHUII TCHACHIHACH .

Hano po6otnap.

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

HanoTtexHonorust Ba KOMHOT:

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

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

Edition, Elsevier, 2011. 35.
%G.L.Hornyak, J.J. Moore, H.F.Tibbals, J. Dutta. Fundamentals of Nanotechnology.-CRC Press, Taylor and
Fransis, 2009, 24
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. HaHO €p NYJIOUUIAPUHM SIPATHULL.
Hano o3ukianum:

. O3WKaJapHU MYy3CH3 CakJjall
. O3UK- OBKATJIApHU OaKTepHsl Ba Mapa3uTiIapAaH XUMOS KU

. SHTUJI Xa3M OyJaurad MOJIaIapHA SPATHII

Hano Ba mynodaa:

. KAYUK YIT9aMIId Ba Te3l0pap JIEKTPOH KypuimManap

. €HTHJI, KyBBaTJIM yCKyHAJIap

. CEHCOPJIAPHUHT SHTY aBJIOIJIAPWHHM SIPATHUIIT

. TaKOMUJUTAIITUPWIITAH KypoJuiap

Hawno Ba snekrponuka (Pacm 1-2):

. AIEKTPOH KypuMasap dKpaHIapUHHA 3aMOHaBUUIIAIITHPHUIIT

. XOTUpPa MHKPOCXEMaJlapuHH OWp  KBajgparT JIOWMIArd  XaXKMHHTH
TepabalTiIapra eTKa3uIil

. UHTETpAJI CcXeMajapja HWIUIATWIAUTaH SPUM YTKa3rHWwIkn acOoOJIapHUHT

XaXXMHUHHU KaMaﬁTHpHm

Channel

FIGURE 2.7  Proposed siractures for three-dimeasiom] NAND Flash Memuory. (Data from
Ioternatsonal Technodogy Rosdmap foe Semsconductor [ITRS) eptfwww strs act.)

Pacm 2. Vuymaamai NAND Flash xotupacy yayH TaxMHHHIT Ty3HITHII,

Hano Ba AKT:

. KaTOJUTH HYp TPyOKaCHHU yriepo]] HAHOTpyOKalapura aJaMaiiTHPHIIL

. HAHOTEXHOJIOTUsIIAp/IaH TABMUHOTIA YHYMJIH (DOHIaTaHHIIT

Hano Ba sHepreTuka:

. KY€l Ba UICCUKJIMK OaTapesapuiaH (o JaTaHuMIIL,

. IOKOPHY XapopaTiivd YTKa3THYIapHA UITUTATHIIT

. raJlbBaHUK DJJICMCHTIApP Ba AaKKyMYJSITOPJIApHH, SHTH HAHOABJIOIWHU
SIPaTHUII

® David Rickerby Nanotechnology for Sustainable Manufacturing, Taylor and Fransis, 2014, 21.
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Pacm 3. HanoTexHosoruss MaxcyyaoTra KYJUIAHWJIUIIN MYMKUHJIUTUHU aHUKJIAII
qUarpaMmacu’.

1)  P.@ecitnman HoOenp mykodoTu naypeatn. “MeHUHr (QHUKpUMYA,
¢u3nka TPUHIMITIAPYA aTOXMIa aTOMIIApAaH Y3WHHHT IIaXcuid MaHdaaTiapu
nynuna poigaaHuIIHE MaH KuiMaian”. 1995 i.

/
Richard Fillips Feynman

2) 1996 i1. P.SInr mbe3oaBuraTe/uiap FOSICHHU TaKIU( KWW, XO3UPTH
KyHJIa yJap HAaHOTEXHAJIOTUs acO0OIapuHUHT peu3noH xapakartianumuau 0.01
AA=10"y AHWKJIMK OWJIaH TAbMUHIIANHIN.

3) Hopuo Tomurytu OMpPHHYH MapTa “HAHOTEXHOJIOTHS’ aTaMaCHHH
1974 Vinnpa Kynnaau.

4) 1982-1985-itunnapna Hemuc mpodeccopu ['.I'nsafitep KaTTUK
YKHCMJIAp HAHOTY3WJIMACH KOHUETIUSCUHUA TaKIu( dT/IH.

5) 1985 hunga Pobept Kepn, Xapenn Kpero, Puuapn Cmosnmunapaan
nbopar onumiiap kamoacu ¢ymiepennapan kamd kuiagu Ba CNT (carbon
nanotubes) HazapuscuHu spaTau, yiaap 1991 iwina taxxpuoba iy Ouiiad oOaUHIN.

6) 1982-itunpa I'.bununr Ba T Popep OupuHYM cKaHep KUITYyBYM TYHEIIN
mukpockon (CTM) sipataunap.

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

8) 1987-1988-iiunnapaa ajgoxuaa aTomyiapAaH  Y3UHHHT — IIaXCHi
MaHbpaaTaapu  Wynauaa  QoimamaHuim  MMKOHMHHM — OepyBYM  OHMPHHYHU
HAHOTEXHOJIOTUS KypHJIMAJIAPUHUHT UIILJIAII MPUHIUIIAPU HAMOWHUII KUJIUHIN.

3. Ipexciep-HaHOTeXHOIOoTusap XaKuJaru Oapua OmIMMIIapHU
YMYMJIAIITUPAX,  V3-Y3MHU  HaMOEH  KWIYyBYM  MOJIEKYJIsp  poOoTiap
KOHLETIIUSICUHY aHUKJIaJU, yJiap HUFUII Ba €WMIN (IEKOMIO3UIMS)HUHT amajra
OIIMPHINK, MABIIyMOTHM aTOMap JAapa)kala XOoTupara E3ull y3-y3UHH HaMOEH
KUJTUII Ba ynapjaaH (oiinanaHuil JacTypiIapiHU CaKJIaIId Kepak dH.

9)  1990-fimna CTM épnamuma IBM ¢upmacu Owian Oupranmkna 3Ta
xapd umwian. Ymap Xe(35 atom) OWiIaH HUKEN KPUCTAUTMHWHT SCCH TpaMHjia
g3y, (Pacwm 4)

Pacm 4. IBM ¢upMacHHUHT TuTorpaduscu °
Myp KOHYHM: KypWJIMaHUHI 103a Oupiurura  YpHAIUTUPUITAH
TPaH3UCTOPJIADHUHT COHM TaxMUHaAH xap 18 oiina ukku OGapobap KynmaluIuHU
HazapJa TYTyBYM XHCOOIAI KypHIMaapuaaru Y30KMyAAaTiId TPEH]I.
Kpuaep KOHyHM:KaTTUK JUCKIAPHUHI XOTHUpa XaXMHU JEApIH Xap HuiIH
UKKU Oapobap Kymnasiau.

> Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 302
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Pacm 6. HAHOTEXHONOIMAHUHT PHBOYIIAHUII TEHACHIIHACH
1.2. HaHOTEeXHOJIOTMAJIAP TYFPUCHIA YMYMHH MAabJIyMOT

benrunanran xoccanu HaHOMaTepHaylap OJUINAAa HIM-()aH Ba TEXHHUKA
IOTYKJIApUHU TaJ0uK Kuiuil. bup Karop HaHOOOBEKTIIap MablyM Ba yjap aHYaJlaH
oepu kymtanagu. Komuomanap, maiiga aucrnepc KyKyHJap WHTHYKA IUIEHKaIap
mrynap xymnacugas (Pacum 7).

® G.L.Hornyak, J.J. Moore, H.F.Tibbals, J. Dutta. Fundamentals of Nanotechnology.-CRC Press, Taylor
and Fransis, 2009, 12
7 Said Salaheldeen Elnashaie, Firoozeh Danafar, Hassan Hashemipour Rafsanjani Nanotechnology for
Chemical Engineers, Springer, 2015, 95.
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Pacwm 7. HanotexHomorusiapaa onroiorus. Hano npedukcu
8
(HaHOMeETpOJIOTHS, HAHO0Ac000)

XO03Upru KyHra Kenm0 XOHa XapopaTdu IIApOUTHAA 103a/la aTOMJIAPHUHT
OMPUKUIIN Ba XaKM/Ia ATOMJIAPHUHT TYpJId KOMOMHAIMSIIAPU XOCUIT OY TMIITUHUHT
TEXHOJIOTUK YCYJUIApHU UIIA0 YMKUIMOKIA.

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

. Oy TpyOkanap MOJIEKYJIsIp MacIITabiaru MaTepuajiapra Kupaju;

. Tapkuouaa rpadut yriaepoau 6ynubd axxoind xoccanapra sra.

HaHoTexXHONOTHSTapUHUHT SHT peajl YHKHIIW aToMap Ty3WJIMaJapuHUHT ¥3-
V3UHU WUUFUILN Jedniaagu. 3aMOHABUI HAHOTEXHAJOTUSAHHUHI Baszudacu, aToMmap
Ty3WJIMaJTapUHA WAFUTIITHY TABMUHIIOBYM TaOWHIA KOHYHUSTIAPHUHY TOTIHUIII.

1.3. HaH000beKT, HAaHOMATepPHUAJI, HAHOTEXHOJIOIUS TYIIYHYACH

Hamo - “107”. ynaait Kuanb HAHOTEXHOJOTUSIIAPHUHT (PAOJUSAT COXACHTA,
X0X Outra yimuamaa OViacwH wm OwiaH ymyaHaauran oObekTiap kupamu. Kypubd
yuKWIAaE€TraH OOBEKTIap KyJaMu alloXWjJa aToM ViIuyaMuJiaH aH4a KeHT,
KOHIJIamepatiapraya (tapkubuna 1,2 €xu 3 ymyamma 1 MM yiuamra ara 10°man
OpPTUK aTOM OpraHuK MoJieKynanap). Ymoy oObekTiap 0.0 COH aromiiapjaH
nOopaT AMaCIUTU Kyla MyxuMm, Oy 3ca MOJAJAHUHT JUCKPET aTOM-MOJEKYJISp
TY3WIMACUHUHT Maiao OYIuIM €KW YHUHT KBAHT KOHYHMSTIApUHU Oenruiad

& Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 4
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6epamu (pacm 8).

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

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

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

storage and/or processing
embodiments in the nanoscale

XKagsan 1. HaHokoHuenuus Ba yJapHUHT TapKUOMM KUCMHU Ba
KYJUIAaHWIU U ’

1) HanooObexkTHn  aHumkjam. HanoMmerp ymuamiuu xap  KaHgal
¢uzukaBuil 00beKT 1X2X3X KOOpAMHATAIM MalAoHAa (Te3 KyH/a BakT ya4aMmuja
OYIIUIIIN MYMKUH).

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

3)  HanooObkTHM aHmkiam. HaHooObekT - 1 €ku KYIIpOK KOOpAWHATA
ymuamnu, A€ DBpoMJIHMHT  3J€KTPOH Y4YyH TYJIKWHHM Y3YHJIUTH  OWJaH
TaKKocIaHaaural o0bekT. (1924 linnaa pusuk onum ae bpoins “@oToHnap yuyH
KOPIYCKYJISIp TYJIKUHIM JIyajlu3M TaOMaTHUHT HCTalIraH 3appacd y4yyH MOC™
JIeTraH.

h
A, =—
p ]
Oy epma: h — Ilnank mommucu; p — SIEKTPOH UMMYJICH; Ag — 1€ bpoilnmHuHT

TYJIKUHU.

4)  HaHOOOBEKTHH AHMKJIAIN. Y3WHMHT YIIYOBIAPUIA XOMMCAHUHI JHT
CYHITH YITHOBHJAH XaM KWYUK OOBEKTIapHH anTumanu (y €ku Oy XOTUCAHWUHT
NOJIAPU3AIMOH  paAWyCcu OwiaH Oup Xuil YiadaMm, DSJICKTPOHJIAPHUHT SPKUH
XapakaTlaHWIl Y3YHJIWTH, MarHUT JOMEH YI49aMH, KATTUK >KHUCMHHMHT Taiao
Oy Yayamu).

5)  HanooObekTHu anukiam. HaHooObekT — Oy y4 MaiIoH YIIYaMHUHUHT
xed O0ynmaca outracuaa 100 HM naH kam OyiaMaraH yimdamiau o0bekT. 100 HM — j1e
BpOWIHUHT 3JEKTPOHU YUYH TYJIKUH Y3YHIJIUTH.

% Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 5
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Pacm. 8. Tunuxk ymuamu O-ymyamiym HAHOTU3UMIIAp Ba

10-11
HaHOMAaTCpHUAJUIAPHUHT HAaMYHAJIapH

Hanomatepnammap Oy HaHOOOBEKTJIADHUHT Yy3u (arap yjap TypiH
TEXHUKAaBUI MocjamMa Ba YyCKyHajap Tai€pnamra Xu3Mar KWica, XyIJad
HAHOOOBEKTIAp YOy Marepuajjiapaa MabiyM OUp XYCYCHUST MIAKJUIAHTUPHUILIN
yuyH Qoigananmiaau €Ki HAHOKOHCTPYKTOPJIAHTaH MaTepuasiap Kadu).

19 G.L.Hornyak, J.J. Moore, H.F.Tibbals, J. Dutta. Fundamentals of Nanotechnology.-CRC Press, Taylor
and Fransis, 2009, 8-11.
1 Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 2.
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“HanoTexHOJOTHs ~TylIyHYacH ‘“‘HaHOMAaTepuasl’  TyIIyHYacHu Oujal
yambapyiac OOFIIHK.

“TexHOJOrusA” aTaMacH y4 TYIIYHYAHU AHTJIATAM:
1) TeXHOJIOTHK >KapaéH;
2) TEXHOJIOTHK XYAOKaTiap TYIUIaMU;

3) kaiita wunutam KapaCHIAPUHUHT KOHYHHSTIAPU Ba MaxCyJIOTHH
YypranyBuu WiMui (aH.

HanoTtexHosioruss — HaHOMaTepUaJIapHU OJIMII, KailTa WIIUIAII Ba KYJUIAII
KOHYHUSITJIApUHU YpranyB4M (aH.

Ha3zopar caBosuiapu
“Hanomatepuaiiap” TylryH4acura tabpud OCpuHTr.
HanomarepuaiiapHuHr kaHaail TypiaapuHu ounacusz?
HanomeTpomnorus Ba HaH0ac000 1e0 HIMara auTuaagm?
HaHnomaTepuaiapHUHT ajJoXuja XyCyCHSTIapHUHT cabadu HumMasa’?
Myp KOHyHU HUMA?
Kpunep KOHyHH TYUIyHTUPUHT?

o0k whE

DoigaJaHWITaH agaduériap

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

9. 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, 2.
35



2-maB3y: HaH000beKTJIapHMHT aCOCHIl TypJIapu Ba yJap acocuIaru

HaHOCHCTEeMAJIap.
Pexa:
2.1. Hanozappauamap Ba HaHOMaTepHaUlap XyCYCHATIAPUHUHT (U3UKABUM

cababuapu.
2.2. HanooOnwektnap TacHudu.

Tasanu wubopanap: QysuiepeHnap, yriaepoaau TpyOkamap, CyIpamMoOJIEKysip
MoJajanap, BHCKEpiap, MaHTaHWTiap, (OTOH KpUCTaJIapu, OHOKepaMuKa,
HAHOOJIMOCJIAp, Ta3]u TUApaTiIap Ba KiIacTepiap.

2.1. Hano3zappauaJjiap Ba HAHOMaTepUAIAP XyCYCUATIAPUHUHT (PU3UKABUI
cabadiapu

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

FIGURE 2.1

Cross-secticn af a sphencal nanoparicle corsisting of 19 some

12
Pacum 1. Kecumparu 19 aTomian Taikui TONraH HaHO3appaya .

FIGURE 3.2

Cohesion and adhesion of substances 1 (white) and 2 (gray} (see lext)

13
Pacm 2. Koresusd Ba aaresus

12 jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 19
13 Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 38
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2) IO3ama koinamiran aromyiap XaM KaTTHK KHUCM  XaXMHJArd
atoMmiapiaad (apkiau Yiaapox, VHUK KoWigap Ba OOCKWWIAPHHWHT Yy3elulapuia
KaMCOHJIM TyTaJUlaHTaH ajiokajapra 3ra Oymamu. By Xonm HaHOOOBEKTIap Ba
MOHOTApKHUOJAIITaH MaTepUANIAPHUHT KUMEBUHN, KATAIUTUK (DAOTHUATH Typimya
opTHIIMTra oMub Kenaau. byHIaH Tamkapy yriiepoJ aToMjapJaH MHUTPAIUS, SHHU
muhGy3noH MUTpanysi, PEeKPUCTALIN3AIMUS, IIYHHHTJAEK COpOIMOH XaxXM Ba
OolKanap Te3TUTMHUHT OPTHUIIHN 103aIMK OViina0 aHya Te3 103 0epaau (pacm 3).

Environment

OOOOOO)

000000

Bulk

FIGURE 2.3

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

Pacm 3. Ukkura ymuamaa o0bekTHH OoFmanumy. KO3a atomapu (OK) HYKH
14
aTomJiapuaad cudat xkuxataaH papkK KHiIaau (KyJpaHr) .

3) HanooObexkTnap y4yH UYM3HKJIM Ba [03aKM TapaHTJAlTyBHUHT
TacBUpJall Ky4Yd HaHOOOBEKTIIap yuyH OViIraHura KaparaHja aHda Ky4Jud HaMOEH
OYnmaau, YyHKH KATTHUK JKUCM X@XMHUJA [03aJIaH y30KjalraHia Oy Kywwiap aHdya
3audamanyd. by Ky4wIapHUHT KaTTaJIUTH HAHOOOBEKT XAKMHUHUHT KPUCTAJUIHK
TapkuOM KAMUMJUKIAPUHUHT Ky4dJapuaH TO3aJaHUIIUTa OJu0  KelaJu.
HanooObekT HaHOOOBEKTra KaparaHja aH4a MyKaMMall KpPUCTaJUIUK TapKuOura
sra. TacBUp Kywiapu ¥3 HOMHHH DJIEKTp MalJOHJIApHU XHcoOmaml ycynu Oyitnda
onraH (pacMm 4-6).

Inward

shift 'O —a—a— shify <4 f
o0—0—00 “0—0—0 0
0—0—0—0490 0—0—0—0-790
60000 00009
Fig. 2.4, Schematic showmg surface stoms shifting enther inwardly or laterally so as 1o
reduce the surface energy.
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Fig, 2.5, Schematic llustrating the (2 X 1) restructure of sibicon | 100} surface

Pacm 4. KO3a aTomiapu CHIKHUIIM CXEMacu Ba 103a YHEPTUSICUHUHT
. N 15
kamaiuiu. KpeMHuil 103aCHHUHT peCTPYKTYpHU3AIUsACH

1 Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 22
> Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 20
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Fig. 2.6. Schematic showing the surface of diamond is covered with hydrogen and that of
silicon is covered with hydroxyl groups through chemisorption before restructuring.

Pacm 5. XemocopOuus HaTwXkacuaa ro3ajdapuja BOJIOPOJ Ba
TUAPOKCHUJ] TPYIIIAIN 0JIMOC Ba KDEMHUIHUHT 103aCU

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

4) HanooObexkTnapAa TapKajdull, PEeKOMOMHAIMs Xamaa OOBEKTIAPHUHT
yerapajiapujia akc ATUII OujaH OOFJWK OynraH kaTTanuk 3¢dQexTiapu KarTa
axamusTra sra 6ynaau (ran MUKpo3appadajlapHUHT XapakaTy yCTUa OOpMOKIa).

Xap Kanaai kyuupuin xoaucacuaa (d71. TOKH, UCCUKJIMKHU YTKa3yBUYaHIIHK,
mIacTuK, Jedopmarvsi Ba XOKa3ojap) BOCHUTalapra KaHAAWAUp OPKUH
IOTYPHUIIIHUHT caMapajid y3yHJUrura Hucoatr Gepuill MyMKUH, OyHAa OOBEKTHUHT

18 Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 20
1 Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 22
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KAaTTAJIUTH BOCUTAHWHT 3PKUH IOTYPHUI Y3YHJIUTH, BOCUTAJAPHUHT TapKAJIHII Ba
XaJIOK OYnuIm skapaéHu OOBEKTHUHT TEOMETPHUSACUTA YHYAIUK OOFIIMK OYIMaiiiu.
Arapna OOBEKT KATTAIMTHHH BOCHUTAaHUHT OPKUH IOTYPHIN Y3YHJIUTH OWJIaH
TaKKOCJaIl MyMKHH OyJca, y xonaa Oy skapa¢Hiap aHua HHTCHCHB Keuau Ba yiap
HaMYHaHHUHT T€OMETPHUSICHUTA KyWId Japaxasaa 0oriauk O0Viaau (pacm 7).

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

>

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

Formation rate of the solid phase

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

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

5) Hano3appanapHUHT KaTTaIUTH SHTY (a3a, JOMEH, TUCIIOKAIMOH XaJlKa Ba
nry kaOuaap MypTaruHUHT KaTTaJuru OWjiaH TEHT €KW yHJaH KU4uK Oynanu. By
HAHOOOBEKTNIAp Ba HaHOMaTepHaJUIapHUHT MarHUT xoccanapu (Fe nHano3zappa
MarHuT XOCCacura Jra sMac), JUAJIEKTPUK Xoccajapd, MNHUIIHK-TYXTaJIuK
Xoccallapu MaKpoOOBEKTIAPHUKUTA HUCOATaH TyO1aH Kamalummra oimub Kenau.

6) MoiaHMHT KaMCOHJIM aTOMJIapU YYyH F03aHM PEKOHCTPYKIIWS KHIIHIIL,
V3MHM Y34 TalKWI JTUII Ba Y3WHUA Y3U WHAFUII XOCIWpP, SBHU aTOM KiacTepra
OuprnamraHuia TeOMETPUK TY3WIMAIAPHUHT XOCWJ Oynumm 103 Oepaau, yinapaaH
KEeMMHYAIMK TEXHUK Basu(aliapHy Xai KWK yuyH (oiiananuin MyMKUH (pacM 8).

'8 Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 57
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PacMm 8. Atomnap ypracuaaru y3apo TabCUp KyUH.

7) HanooOwekTnapma Typam DJJIeMEHTap 3appaiap  (SJIEKTpOHIap)
XapaKaTUHUHT KBaHT KOHYHUSTIapU HaMOEH Oynanau. KBaHT MexaHUWKAacH HyKTau
Ha3apuaaH OJITaH[a, DJIEKTPOHHM TETUIUIA TYIKWH (DYHKUMSTIAPUHU BYKyAra
KEeNTUpPAIUTaH TYJIKUH 7e0 TacaBBYp KWJIUII MYMKHH. By TYJIKHHHUHT KAaTTHK
KUCMJAr TapKaJuIlIM KBAaHT 4YerapajoBud OwiaH OOFIMK Oyiaran (TYJIKUH
uHTep(epeHIICH, TOTEHIIMAT TYCHKJIAP OPKAIM TYHHEPJIAHWII MYMKWHIIUTH)
xoJucanap OWIaH Ha3zopar KWJduHaAu. MeTtamn martepuaiiap y4yH 3JIeMeHTap
3appapyajapHUHI TYJKUHIM TaOWaTh TOMOHHMAAH KYHWJIaJAWraH 4YeKJIoBIap
x03upya gos13ap0 3mac, YyHKH, yJap yu4yH (3JeKTpoHap yuyH) Ae bpoin Tynkunu
Ae < 1 MM, coHM OMp HeE4a aTOMJIM MHKIOpJapHM Tamkwi 3Taau. I[1/m ma sca
AJIEKTPOHHUHT camapalii Maccacd Ba YHHMHI XapakaT TE3JIMId IIyHJIAaWKH, e
Bpoiin TYNKUHUHUHT Y3yHJIUTH 3JIeKTpoHH YuyH 10 mmaan 100 Mmmrayanu Tanmkui
stumi MyMkuH. [Ily Oumnan Oupra, makimaHa€TraH a I/ Ty3WJIMaJapUHUHT
KaTTamury ymoy yiadamiap Owian OapaBapaup. 3aMOHABUI MUKPOTIPOIIeCccopiiap
(¢ xoTrpa) koHTakTIIap ypracuaaru macoda 0.03 mxmman 30 MmxMraya.

8) HaHOOOBEeKTHHUHT Yyi4amMu KuupaiuO® OopraH capu 3JICKTPOHIIAp
HHEPTeTUK CIEKTPUHHUHT JUCKpPETH3alUAIANIYB Aapaxkacu opTubd 6opaau. KBant
HYKTa y4yH (aiiHaH Oup He4ya aToMmziaH uoopart OYiIraHn 00OBEKT y4yH) JIEKTPOHIIAP
amanna aipum atoM OuniaH Oup Xwy OYyiraH pyxcar JTWITaH SHEPrusiap
criekTpura sra 6yia 6opaau.

2.2. Hanoo0bekT/1ap TACHUDH.

HaHOOOBEKTHUHT KaTTa-KUYUKJINTA — HAHOOOBEKTIAPHU TAaCHU(IIAITHUHT
acocuaup.

Karra-knunkinnkka MyBoQUK Kyidugaruiap gpapkiaHaau:

1) 0-D HaHOOOBEKTNIAp — YNApHUHT 3 Ta MAKOH YITYaMHHHMHT XaMMach
HAaHOMETp JAuana3zoHuaa €raau (Kymoa Kuinbd aiTranma: 3 YI4aMHUHT XaMMacu <
100 uM).

Bbynnait 00beKT MaKpOCKOIIMK MabHOAA HYJIbMEpIu Oynaau Ba 1y cabadmim,
AIIEKTPOH XOCCAIapy HyKTaW Ha3zapujaH, OyHaall oObeKTiIap KBaHT HyKTanuap 1e0

atanand. Ymapaaru Ae bpouie TYJIKMHM Xap KaHAall MAakOH MUKAOPJAH KarTa
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Oynagun. KBaHT HyKTajmapmaH Jasep KypPWIHINHIA, ONTOXJIEKTPOHUKAIA,
dboTonukanga, ceHcoprkaaa Ba Oormkanapaa poigananunaau (pacm 9-11).

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

Pacwm 9. KaitrapyBuu cudaruia KyuiaHuiIaurad HaTpui HUTpaTH Ba JTUMOH
19
KHMCJIOTACHJIard OJITUH HaHO3appadaiapu .
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Fig. 3.19. SEM mucrograph of silica spheres prepared in the ethanol-ethyl ester system
[W. Stober, A. Fink, and E. Bohn, J. Colloid Interf Sci 26, 62 (1968).)

2
Pacm 10. DTanon-3¢pup MyxXuTHaaru KpeMHE3eM HaHO3appayanapu ¢

Pyridine
—i
Reflux
e Ty overnight
g8,
TOPO capped CdSe core uncapped Core CdSe/Cds Core/shell

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

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

2) 1-D HaHOOOBEKTIAp — UKKH YIuaMJa HAHOMETPHUK KaTTaIMKKa, YUUHYH
ymuaMaa 3ca — MaKpPOCKONMK KarTalukka J3ra Oymagu. bymap >kymmacura

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

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

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

41



HAHOCHUMJIAP, HAHOTOJIAJIAP, OUP JCBOPIIM Ba KYII JIEBOPJIM HAHOKYBYpJIAp, OPraHHK
MakpoMmoJieKyanap, Iy xymiagad JIHKHUHT WKKH KaBaTiu —CHUpauiapu
kuputmiama (pacm 12-15).

i ' (6) Diffusion of
Growth species :
in the bulk by-p%ds
) Diffus‘so.\ /
from the bulk .
urfac {(2) Adsorption/ .
to the s desorption of {4) Irreversible i?ﬂrg“m

growth species incorporation of ;
ies i y-products
\ (3) Surface diffusion growth species into /

of th species crystal structures
() Stemwbhspedes ~y T

Solid Surface

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

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

TI/I3I/IMI/I22 .

®
0002
@

*

CRIAAARA AR AR AL RNy
A

Stacking faalt

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

Pacm 13. Pyx okcuau nanonaityanapu yauyH SEM Ba TEM anexktpon
MHKPOTACBUPIAPH-.

%2 Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 113
2 Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 120
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Fig. 4.8. (A) SEM and (B) TEM micrographs of CuO nanowires synthesized by heating a
copper wire (0.1 mm in diameter) in air to a temperature of 500°C for 4 hr. Each CuO
nanowire was a bicrystal as shown by its electron diffraction pattern and high-resolution
TEM characterization (C). [X. Jiang, T. Herricks, and Y. Xia, Nano Lett. 2, 1333 (2002).]

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

24
MUKpPOTacCBUpJIapH .
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(a) (b)

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

Pacm 15. I'a3-CyloKIMK-KaTTUK JKUCM YCYJMHHUHI CXE€MacH: a- OOUUIaHFUY
3appaya XocwJ1 Oynuiu, 0- ycum”.

3) 2-D nanoo6bekTnap — ¢akar 6urTa yaryama HAHOMETPUK KaTTaJIMKKa 3ra
Oynaau, KOJAraH UKKHUTa Yadamia 3ca 0y KaTTalluK MakpOoCKONuK Oynamau. bynaait
00BEKTIAp >Kymjacura OWUp TapKUOIM MATEpUAIHWHI o3ara SIKUH WHTHYKa
KaTjamyiapu: IJICHKanap, KoIljlamaiap, MeMOpaHamap, Kym  KaTjJamid
reTepOTy3WIMaNIap KUPUTUIIAAN. YJAPHUHT KBAa3W UKKU YITUYaMIIWJINTH AJIEKTPOH
TQ3HUHT  XOCCAJIAPWUHHU,  JJEKTPOH  YTUNIIApHUHT  (p-  YTUIUIAPHUHT)
XYCYCUSATIAPUHHN Ba Ty KaOWJapHHU Y3rapTUPUILI UMKOHUHU Oepaau. AiHan 2-D
HAaHOOOBEKTIIAP PATMOIPKTPOHUKAHIHT TAMOMUJIA SIHTH DJIEMEHT 0a3acuHu uiiad

#Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 123
% Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 129
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YUKUII YIyH acoc Yinad TONmMII MMKOHUHU Oepanu. By sHIu HaHO3JIEKTPOHUKA,
HAHOONTHKA Ba 11y Kadbuiap 0ymaau (pacm 16-19).

pes , gom ., &

Iskand or Yolmer-Weber growth

o oo, _, MO ., SR

Layer ar Frank-van der Mepwe growth

wonon ., S, ek

Island-layer or Strunski-Krastonov growth

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

Island growth occurs when the growth species are more strongly bonded to each other than
10 the substrate.

Pacm 16. FOnka mienkanapHuHr yeuin cxemacu. Oponvanu yeuin cyocTpaT

OwiaH MycTaxkaM OOFJIaHTaH 3appavajiap yu4yH Oopaau 2
|
i
(] ] ]
Film
- + T 4
| 11 |~
Subsirabe
i 1
Siatched Strained Rozlnaxed

Fig. 5.3. Schematic illestrating the lattice matched homoepitaxial film and substrate,
stramed and relaxed heterocpitaxial structures,
PacMm 17. I'ereposnuTakcualn mieHKaJapHUHT CTPECAAru Ba peflakcalusari
rOMORMHUTAKCHaN TIJICHKA Ba CYOCTpPaTHUHI KPHUCTA/UT TMaHXKapacu cxemacu, Pyx
oKcHIH HaHOHaituamapu yayH SEM Ba TEM 91eKTpOH MHKPOTACBHpIIApH

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

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

Pacm 18. CVD xapaéau Oyitnya HaHOOJIMOCIAPHU OJUIIHUHT MPUHITUATIAAT
TU3UMU: PEAreHTJIADHUHI PEAaKTOPra OKMMH, PEAreHTIAapHU TEPMUK Kapa€H €KU
mia3Ma OwiiaH (aoJUIaHUIKM, YCYBYH [03ajlapra 3appadajapHUHT Talub YTHIALIIN
Ba  pEaKIMsICH, OJIMOCTAPHUHT Ba  YIJEPOJHUHT  OOIIKa  IIaKJUIApUHU
YYKTUPUILIHUHT F033a1ard KUMEBH )KapaéHJIapI/IZS.

90 elatatet

le 38860
HHEEH A88e8

FIGURE 6.6

Langmubr-Blogges Mims. () A monolgyer: (b) 3 bilayer: () & Y-type muttilayes. The clrces
represent the poter heads and the squares 1ha apolar 13is of the amphiphiic molecyuse

{a} A micala, which can o spontaneously upon dispersal in water If the amphiphiic
molacules have a smader (3l than the haad (see Saction 8.2 2)

Pacm 19. Jlenrmiop-biomxer nienkanapuau oiuil. MoHoOKaBar, OMKaBar,
y-MynaTukaBaT. Arapga «tail» «headyman kuumk Oynca momsp  ambudun
N 29
MOJIEKYJIajap y3-y3ujaH MUlleutaiap XOCHI KIIaau

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

 Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 110
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Xo3upru BakTAa 2-D HaHOOOBEKTNIAp XaMMaJaH KYIpOK XHJIMa-Xuil
aHTU(PA3UOH, AHTUKOPPO3MOH Ba XOKa3o KoIulamMajgap cudaruga Xu3Mar
KWIMOK/1a. YJap MOJEKyJsip GuibTpiaap, COPOSHTIp Ba LIy Kabwiapaa Typiau XUl
MeMOpaHaiap sSipaTHIll yUyH XaM KaTTa axaMmHsTra sra.

Oyutepennap.

Yriepoanu Tpyokamap.
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CynpaMomneKyssip KUMeE.

Hoopranuk HanomaTepuaiiap.

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

Ha3zopar caBoJutapu
Hano3appauanap Ba HaHOKJIacTepJiap 1e0 HUMara auTuiaaan?
0-D naHOOOBEKTIIApTa MUCOJ KEJITUPHHT.
1-D HaHOOOBEKTIApTa MUCOJT KEJITUPHHT .,
2-D HaHOOOBEKTIapra MUCOJ KEJITHPHHT.
OyrepeHyiap Ba  yIIEpOUIM  TPYOKaJapHUHT KaHIal TypJIapuHH
ouacus.

AN

o

CynpamouieKkysip Moanapra MUCOJ KEITUPHHT.
/. Hoopranuk HaHOMaTepHUAJUIAPHUHT KaHJal TypJapuHu Ouacus?

DoiigaIaHUITAH a1a0uETIap
1. Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro

and Nano Technologies) 2nd Edition, Elsevier, 2011, 19.
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2. Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro
and Nano Technologies) 2nd Edition, Elsevier, 2011, 38.
3. Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro
and Nano Technologies) 2nd Edition, Elsevier, 2011, 22.
4. Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,
Properties, and Applications 2nd Edition, Imperial College Press, 2010, 20.
5. Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,
Properties, and Applications 2nd Edition, Imperial College Press, 2010, 20.
6. Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,
Properties, and Applications 2nd Edition, Imperial College Press, 2010, 22.
7. Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,
Properties, and Applications 2nd Edition, Imperial College Press, 2010, 57.
8. Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,
Properties, and Applications 2nd Edition, Imperial College Press, 2010, 69.
9. Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,
Properties, and Applications 2nd Edition, Imperial College Press, 2010, 86.
10.Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,
Properties, and Applications 2nd Edition, Imperial College Press, 2010, 104.
11.Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,
Properties, and Applications 2nd Edition, Imperial College Press, 2010, 113.
12.Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,
Properties, and Applications 2nd Edition, Imperial College Press, 2010, 120.
13.Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,
Properties, and Applications 2nd Edition, Imperial College Press, 2010, 123.
14.Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,
Properties, and Applications 2nd Edition, Imperial College Press, 2010, 129.
15.Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,
Properties, and Applications 2nd Edition, Imperial College Press, 2010, 175.
16.Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,
Properties, and Applications 2nd Edition, Imperial College Press, 2010, 179.
17.Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis,
Properties, and Applications 2nd Edition, Imperial College Press, 2010, 198
18.Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro
and Nano Technologies) 2nd Edition, Elsevier, 2011, 110.
19.European Commission EUR 21151, Nanotechnology: Innovation for
tomorrow world, Luxembourg: Office for Official Publications of the
European Communities, 2004, 56.

3-maB3y: HaHocTpyKTypajiaHraH MaTepuaJIapHu CHHTE3 yCyJJIapu
Pexa:
3.1. Hanozappanap, HaHOKYKyHJIap HYA CUHTE3 KWIHII yCYJUTapu
3.2. 0-D nanoo0ObexTnap
3.3. 1-D nanoo0GbexTinap
3.4. Yriepoacus HaHOTpyOKaap

Tasanu uéopanap: CVD, PVD, nanokykyHnmnapu, razdazani CUHTE3, OyFIapHUHT
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KOHJICHCAITUSCH, . TUITA3MaKUMEBUIN CUHTE3, JIA3ePIn a0JIsIIIus.

3.1. Hano3appaJiap, HAHOKYKYHJIAPHHM CMHTE3 KUJIMII yCYyJJIapH
Xo3upru TaWTaa MabiayM  OyiaraH  HaHoMaTepuaulap  3aMOHaBUU
TeXHoJIoTHUsIIapra (haH Ba TEXHUKAHUHT TYPJIM COXajapHiaH KUPUO KeJraHIUTUHU

Xucobra onranja, OMpoH-OUp acocaa MakOyn OVirad siroHa TaCHU(HUHT Y31 YK
(pacm 1-2).

Nanommterial

Naro-obywct Nanosiructuned sl

FIGURE 6.1

gment of 3 concapt Bystaem for nanctechnoiogy 4ol Fgure 1.1)

Nanourichs Nawrxfihor Nancplade
13 exiemal dmensions n (2 extomal demensons in (1 extorrad dimonsion in

the nanoscale) e rorcasie) the nanoscale)

Norotube Nanorod

wling holow nanofiee (fd nanolitee

FIGURE 6.2
wcept system for rano-abjects (cf, Figures 1.1 and See loxt for further explanatr
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Pacwm 1. HaHOO6’bCKTJ'IapHI/IHT KOHICIITYyaJI TUBUMHU
Table 6.1 The ontology of nanodispersions
State of the nano-objects
Matrix Solid Liquid Gaseous
Solid Nanocomposite? - Nanofoam?
Liquid Nanosuspension® Nanoemulsion Nanofoam®

Gaseous  Aerosol Aerosol -

3Qther matenals falling into this category are nano-afloys, metal-matnix
composites, etc.

bThese matenials may be described with the adjective “nanoporous”
(or; in French, using the noun “nanoporeux”)

ENanofluids are included here (Section 6.5.4).

32
Pacwm 2. HanonucnepcusimapHUHT OHTOJIOTUSICH

HanomartepuaJsiap:

-KarTa XaxMiii HaHOTapKHOJIAITaH MaTepuaiap;

-Hanoknactepmiap, HaHO3appanap, HAaHOKYKYHJIap;

-K¥ym kaTmamnm HaHOIUJICHKAIAp, KYTI KaTJIaMId HaHOTY3HJIMaJiap, Ky KaTIaMIId
HaHOKOIUIaMasap;

-OyHKIIMoHAN (aKJIIM) HaHOMaTepuasap;

-HanoroBakiu marepuasiap;

-Dynnepennap Ba ylIapHUHT XOCUJIaiapy OYIraH HAHOKYBYpJIap;

-buonoruk Ba GmoOupamiran MmaTepuaiap;

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

%2 Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 103
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-Hanotapkubmu cyroKIHKIIap: KOJUIOUIAp, TeJuiap, CyCleH3usuIap, mojIuMep
KOMIIO3UTIIap;

-Hanokommosurnap.

} - - P T - e




W0 pm

Pacm 3. HaHOCTpYKTYypacHHMHT Xap XWJI [AKJJIapH
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Dense ceramic

\ Yeroge!
Dente thin fim \ G'mi
Nanofibers
nanoparticles
ig. 2.10 Schematic diagram of sol-gel method and its nanomaterials products

Pacwm 4. “3on-ren” >KapaéH33

Jlactnabku HaHO3appajap OJaM TOMOHHWJAH arainad smacu, Tacoauda,
TypJIU TEXHOJIOTHK Kapa€Hiap/a spaTUirad. X03Upru BakTAa yjap spaTuiiaJurad
Ba Maxcyc WNUIA0 uYuMKapuwiIaguran Oynau, Oy 5ca HaHOTEXHOJOTHsJIapra acoc
conau. HaHOTEXHOJOTHSUIADHUHT  PUBOXKJIAHUINM  ailpuM  (yHIaMEHTAal
NPUHIUILIAPHUHT TyOMaH KaiTa KypuO unkuiumura oauo kenau. (Pacm 3-4).

“KOxopudan-nacmea”  WyIM  —  HAHOTEXHOJOTHSUIAPHUHT  YMYMHM
napaaurMacu  (IpuM MaxcyJoTAaH (TaHABOpAAH) OpPTHKYa KUCMJap KecuO
TallIaHa N )

Hanortexunonorusinap “nacmoawn- wxopuea’ — KWYHKIAH KartTtara (aToMaaH
oObekTra) uynuuu Taknud Kuwiaau. by HaHoTexHOJOTUsIap Napa urMacuIup.

Fig. 28 Schematic
illuszrations of the synthesis

metixls of nenomatensls
Qo et al. 2011)

Bottom-up Mehod

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

* Said Salaheldeen Elnashaie, Firoozeh Danafar, Hassan Hashemipour Rafsanjani Nanotechnology for
Chemical Engineers, Springer, 2015, 99
% Said Salaheldeen Elnashaie, Firoozeh Danafar, Hassan Hashemipour Rafsanjani Nanotechnology for
Chemical Engineers, Springer, 2015, 95
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Nucleation
rate

AG

v

FIGURE 6.3

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

Pacm 6. PacM. n-aromnapiaH TallKWid D3TYBYM KIACTEPHUHT OSPKUH
OSHEPTUACUHM Y3TapuIIu. SIIPOHUHT KPUTHUK YiIyaMura MakKCHUMall paBHINAa MOC
KeJlau .

3.2. 0-D nanoooBeKkTIAP

Xo03upru BaKT/1a acocaH HAHOTEXHOJIOTUsIapaa ousra
MaKpOTEXHOJOTUsTIApIaH YTraH TEXHOJOTUK YCyJiap YCTYHJIUK Kuiamokaa. 0-D
Tondacura MaHcyO HaHO3appaJlapHU SIPATHIL YUYH XO3UPrHd HAHOTEXHOJIOTHSIIAP
JUCHEPCUSIIAI, SbHA  MaWJayalml  yCyJWHM  KYyJUIamMoKaa. Xap  KaHJai
MUKPOCKOIIMK OOBEKTHU HaHOYJI4amiiapraya Maijanam (Iucrepcusiiani) yuyH
OJUTUN JTUCTIEpCHsUIAIl TYFpPU KeIMalau. 3appajiap KaH4a Mmaiga Oymica, ynap
I03aCUHUHT (haoJUTMTH IITyHYa FOKOpH OYiiaau, HaTHKala alloXy/ia 3appajap Karra
XQKMJIM  KOHTJIOMepaTnapra Oupnamaau. Iy cababam  yra  wHrHYkKa
JTUCTIEPCHSUIAIl YYYyH [03a/lard TapaHTJIUuK KyWIapUHU KaMaWTUpaJuraH I03aKu
daon mommanap, IIYHUHTIEK CTaOWIM3aTOpiap Tap3uaard MyaissH TypJard
MYXUTHH, TaKpopaH KYIIWJIUINTa TYCKUHJIMK KWJIQJAWTaH COBEH Tap3uaaru
KOMITO3UIIMSUTAPHU KYJUIaHUII Tanad KuinHaau. KaTTuk >KHCcM yerapacuia 03aku
DHEPIUs KyJa XaM IacaMral MYausH IapouTyiapAa IUCIEPCIAHUII Kapa€Hu y3-
Vy3ugaH, macaiaH, 3appajapHUHT MCCUKIUK XapakaTd XHCOOMAaH 103 Oepuinu
MyMKHAH. AHa 11y ycyulp OwiaH 3appajap KaTTaiurd yHiad Hm Oynran Me
KYKYHJapyHM, YOy MeTaJUIJapHUHT 3appajap Karraaurd 1 HM  Oynirax
OKCHUJJIAPUHU OJIMII, IIYHUHTZIEK MOJIUMEpiap, KEpaMruKa KOMIOHEHTIApU B Iy
KaOWJIAapHUHT AUCTICPCUSIIAHUIITNHN aMajira OIMMPHUIIT MYMKHH.

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

% Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 105
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Pacm 7. Bonsdpam kandunHuHr HaHOKYKYHIapu (50 HM). MexaHoKnMEBUI
cunTtesa - 10 coar, D- pasmep vactui, £ — MuKpoHamnpsixenus, t- coar

500 v

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

2) JucnepcusuianiaH — TallKapu WKKUTA YEKJAHTaH TMapaJurMaHUuHT
KYIIUIUIMaaH uoopatr Oynran skapaéHaaH keHr doigananunaau. by xapaéu
KATTUK MOJUIAaHUHT  OyFjaHuO, IIyHAAal KeluH Typiu  IIapouTiIapAa
KOHJIEHCAIMsIallyBUMaH noopaT. MacanaH, COBYTWJITaH MHEPT Ta3 MyXUTHIA
5000 — 10000 C mapakacuravya KH3ZUPWITaH MOJa OyFWMHH KOHJCHCAIMIIAO,
XOCHJI OYJITaH KyKyHHU KOHJCHCAIUs 30HACHaH Te3na ynkapu6 tamviant. [y iy

OuiaH 3appanap KaTTalurd 3 — 5 HM OYIraH KyKyHJIApHH OJIMII MYMKHH.
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' '5000-10000 C

Pacm 9. Hanomartepuasuiapuu oJdil KyprJiMacH

1 — Bbyrnanaérran mojna manOau; 2 — unkapu6 Tanuianr, 3— KykyH;
4 — Kypakua; 5 — Konaencanus 6apabanu

3) YunHuM ycyn XaM aHbaHaBUM JAMCIEPCHsUIAIITA aJoKaaop OYnuo, spuTHIraH
MOJIJTaHU COBYTHJITaH ra3 €Ky CYIOKJINK OKUMUIa MypKaul 1e0 aTtajaiu.

TomuuHu MaljanaliuraH OKMMHHUHI Tra3 MYyXUTH cU(aTUIa, CYIOKJIHK
cudartuga 3ca COUpTIAp, CyB, AllETOH XU3MAT KuiauM MyMkuH. IyHmail ycyn
owian kartamury 100 HMra sskuH Oyiaran 3appajiapHu OJIUII MYMKHH.

QOOOQ o

d
(==

2 O

Tabpudanran ycylapHUHT XamMMacud >KyJa YHYMJIHM, OHPOK Kowja
TapuKacuJa yJiap KYKYHHUHT YJIbTPAJUCHEPIIUTUHH, 3appaJIapHUHT KATTHUIUTH
Oup  OYyNMMIIMHA  TabMUHJIAMaWId,  Xamaa  JKapaéHHUHT  TO3aJUTHHH
TabMUHIaMaiau. bymap HaHo3appandapHU MAKUTAHTHUPUITHUHT MabliyM OyiraHn
oupnan-oup ycymiapu smac. 0-D HaHOoOOBEKTIAp JKymjacura yibTPaaucIiepc
KyKyHJIapJaH Tamkapu ¢yiepennapuu, yriaepoui 0-D HaHOOOBEKTIapHU XaM
KUPUTAUIIAP.
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3.3. 1-D nanooObekTIAp

AUTHO YTHiATaH HAHOOOBEKTIADHUHT Xap OWPU TEXHUKAHWHT TYpIIH
coxaJiapuaa  KyJulaHuiaaad. MacamaH, HaHOCHMIIapJaH CyOMHKpOH  Ba
HAHODJICKTPOH Yy3eiapiaa YyTkazyBumwiap cudaruna (oimgamaHUIIHA Takiud
Kunaauiaap. HaHotomanmap HaHOTapKUOMAMITUPHUITAH HAHOKOMITO3WIIMOH I1/TIA
aneMeHT cudarnma Kyutanunagu. OpraHuk HaHOMOJEKyIajlap xaM THOOuéTna,
KUME CaHOATH/]a HAHOTAPKHUOJAIITHPWITAaH MaTepraliap IpaTUuiia KyJJIaHUIa Iu.

DJEeKTPOHUKA YIyH HAaHOTpyOKayap kadbu 1-D HaHOOOBEKTIap KyJda MyXUM
axaMUAT KacO ATau. YMyMaH OJiraH/a XaMMa HaHOTpyOKayiap 2 Ta KaTTa Toudara
OymHau:

1) VYrunepomiu HanotpyOkanap (YHT)
2) VYraepojacu3 HAaHOTpyOKaap.

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

3.4. Yriepoacus HaHOTPyOKaJIap

XaMMma yriepoicu3 HaHOTpyOKaiap UKKU TypKyMra OyIuHaIu:

1) TapkuOura yriaepoj KUpaJural YTKHHYN HAaHOTY3WJIMajiap

2) JluxampKoreHu]T HaHOTpyOKajmap. XO3WPTH BaKTIa IUXATbKOTCHH/
TpyOkamapaa MoS, WS,, WSe,, MoTe, Ba Oomkamap wmabiyM. bynnai
HaHOTpyOKajap yTa romKa, uaeall XoJiaTaa — MHOATOMIIH KaTjaamiiap, ypam Kuimo

(V)

ypairaH MaTepuaniapaup.

bab3u kammamnu Marepuaiap KUMEBUW  allOKajap AacCUMMETPHUK
Oynrannuru Tydainm OyHmall ypamiapra MyCTakuj paBUIla aH4Ya OCOH
Vpanaau, ury Ounan Oupra OyHAal Ty3uJIMallapHU MIAK/UTAHTUPUIIIArd OUpJaH-
Oup MyaMMO - J3pKHH, Xe4 Hapca OwiaH OofJlaHMaraH aToM KaTTaJuTHaru
MoOjla KaTJlaMMHU oJidIlaH ubopat. bomika martepuamiap y3-y3uaaH ypanuO
KOJIMIIra MOmi OynMaiau Ba mry cababiiv XO3Upry BaKTAa HAHOTpYOKallapHU
MaxOypaH MAKJUIAaHTUPUII UMKOHMHM OepajuraH TEXHOJOrHUsl yCyJulapyu HIIad
YUKWIMOKAa. byHaal xapaéunapHuHr 3 Ta BapuaHTH O60p:

1)  Masxyx Oynran HAaHOTPYOKa acocHia HAHOTPYOKa

APaTMOKYH OynaérraHumMu3 MaTEepUATHUHT IOTKA KAaTJIAMJIADUHU

reTeposnuTakcuan omupu6d 6opumr. Mucon GaN —ZnO.
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By ycynHUHT acocwil KaMUMIUTH UIYHAAKH, TETEPOINMUTAKCHAT OIIMPHUO
OOpHIIl Y4YH WKKUTA MAaTEpPUAIHA TaHJIall KUIHHUH.

2)  bomnutanFud HAHOCUMHHM  3JICKTPOH HYp OWJIaH HM34YMJI PaBHIIA
KamMalTupuO Oopu Wyau OuslaH oJuHTaH OUp JEBOPJIM HaHOTpyOKamap. Mucod:
OntuH Ba miiatTiHa HaHOTpyOKanap. D Pt HanoTpyOkanap - 0,48 HM.

3) Kamummuru Oup Heya MOHOKATJIaM OYiraH IONKa, THUFU3
reTepodNUTaKCual Ty3WJIMaHU SICCH Tarjlukia eTUIITHPUO, UIyHJIaH KEeWUH Oy
reTepoTy3WIMaHu TarjiuK OWJiaH aloKaJaH OyIaTuiira Ba ypam, TYTYH KHJIHO
Vpamra acocnanrad. 1ML — GutTta MOHOKaT/IaM.

VYpamw xapa€Hu aTomiap ypTracujard KywlapHUHT THUFU3 TeTepOIUICHKaa
XapakaTJIaHUIINA XxucoOura 103 Oepaau.

GaAs J ‘
Y N
InAs ‘
\."_3' %
AlAs |
InP |

Inga rereposmurTakcus ycyiauaa y OwiaH saxmM mocnamanuraH AlAs
eTUIITUPpUIIAAN, cyHrpa Oy Ty3uinMmara ['D ycynuaa Asln yerupunanu. ¥ AlAsra
Kaparaija KYInpoK KpUCTaUl MaHKkapa MapameTpliapura sra Ba Iy cababmu Oy
KatnaM ycrupwiranga y ryé cukuwianu. lllynnan keiiun ymoOy karnamra saa ['D
ycynu Ounan GaAs katinamu ycerupunaau. Jlekun, Aslnman dapxmm ynmapok Oy
KaTJlaM KpHCTa/Ul TaHXapa MapaMeTpura KaMmMpoK dra (dJeMEeHTap KaTak
KaTTaJlMTM KaMpoOK) Ba yHHU, akcWH4Ya, uy3aau. Hatwxkana, AsAl KariamuHH
Ooymara Oonutaranumusna 6ymaran InAs tysunmacu AsGa Ownan Oupra InAs
KeHraiTupaauran, GaAs KatjiaMu 3ca TOpPTaIUraH Kywiap xucooura ypam KUiio
Vpait 6ommanu.

/]
/)
P

™ ol o
GaAs — S
INAs ,/1 Etching

InP
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Y CYJHUHT AXIIH KUXATIAPHU:

1) TpyOkanap aumameTpu Xap Xujl OO, reTepoTy3wyiMa y4yyH TETHIUIA
MaTepHaIapHH TYIIIAI MY OUITH OCOHTMHA OCNTUIIaHUIIIA MyMKHH.

2)by ycyn nmespaum xap KaHmai matepuauiapaaH (1/m, Me, TudaeKkTpuKIiap)
doiinamanuin  xamAa yIApHUHT XaMMacHMHU HaHOTpyOkamap Kuiub Vypain
WMKOHHUHH Oepaji.

3) JleBOpiapuHHUHI KadWMHJIWTH Oup Xui Oynran  TpyOkamap cudatu
SXIIWJINTY Ba HUCOATaH KaTTa y3yHJIMKKA TaJIUTH.

4) By ycyn UMC unTerpan Mukpocxemayiap TEXHOJOTUsIapy OUJlaH SXIIH
MOCJIAIIA]IH.

5) bynHmait HaHOTpyOKamapHMHT (U3MKaBUW Xoccajmapd  OONIIaHFUY
reTepoTy3uIMa MaTepraiapu Onnad Oenrmianany (pacm 7).

K “JMIU P S ST
x xxx ,Xlxux ’) ‘ "" 1{’ - '(t'o 3 (?" )
‘ L 1 x '\.&k“U\‘.OJ\QM.":\ \'.,';
c‘ o8 ‘v&O ‘b-or Pea? '

Pacm 10. Hanonaituanapu

Ha3zopar caBoJsiapu
. “FOxopu-niactra” TeXHOJIOTHUSICUTa MUCOJI KEITUPHHT .
. “ITacTnaH-toKOpUra’” TEXHOJIOTHSCUTa MUCOJI KEITUPHHT.
. “3071-ren’ )xapa€HUHU TYLIYHTUPUHT
. Hanozappaiap, HaHOKyKyHJ1ap, HAHOJUCIIEPCHS HU CUHTE3 KUJIUII YCyJIIapH
. 0-D nanoo6bekTiap Ba 1-D HaHOOOBEKTIap Ac0 HUMara anTuIa I
VYriepoacu3 HaHOTPYOKaIApHUHT KaHJal TypiapHu Ounacu3?

oOUAWN R
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4-mas3y. 2D-HanocTpykTypajiaHran matepuajiap Ba yriepouiu
HAHOMATEpPHAJ CUHTE3 yCyJIapu

Pewxa:

4.1. 2-D HanooObekTnap (Fomka rieHKaap)

4.2. ®azanu AMUTAKCHUS.

4.3. Yrinepoyii HaHOMaTepuasuiap

4.4, YraepoJau HaHOMaTepualiap CUHTE3H.

4.5. Yraepo i HaHOMaTepuaIapHUHT UIILTATUIIUIIIH.

Tasinu nbGopanapu: ronka rieHkKanap, daszanm snuTakcus, QyiiepeH, rpadeH.

4.1. 2-D Hanoo0bekTaap (10nka mieHkaaap).

Texnukama komrama cudaruga dokgananunaau. IOnka mIeHKamu
KOIUJIAaMaJapHUHT  SIPAaTWIWIIN ~ JacTIa0KW  MaTepHATTHUHT XOccallapuHu
y3raptupuii, OyHa XaKMHUTa TETMACINK Ba TEOMETPHUK YI4aMIapHU OIIUPMACITHK
uMkoHuHM Oepaau. Kamuuanuru 1 MeMaan optuk smac. KoriaManu UiiaTUITHUHT
9HT KYT TapKaJraH MaKcaJjiapu:

1)Typau neramiap MaTepUaUIapUHUHT €MUPWIMIITA YuI(DEHAMIUITUTUHH,
MCCHUKJIMKKA Ba KOppO3usra 0apKapOpIUTHHI OLIUPHILL

2) Mukpo, HaAHO3JEKTPOHUKA, ONTOAIEKTPOHMKA, CEHCOPUKA  Ba
OOLUIKANApHUHT JJIEMEHTJIAapM Y4YyH IUIaHap, OWp KaBaTiu, KYyN KaBaTid
reTepoTy3WIMalIap SPATHIIL;

3) IO3aHuHr oONTHK KypCaTKUWIapUHU  y3rapTUpuil  (XaMeleoH
KY30iHaKIIap);

4) Ax6opoTHH €3U0 OJUII Ba cakjall AJIEMEHTIapuaa MarHUT MYyXUTIIap
SpaTUIl Y4yH,

5) AxOopoTtHH €3u0 OJUII Ba cakjall ONTUK BocuTalapuHu sipatuin CD,
DVD npucknap;

6) FOTkuuiap, ra3 apajaliMalapuHUHT CenapaTopilapuHu, KaTaiu3aTopiap,

KUMEBUI MOoAM(UKAIMsUIaHTaH MeMOpaHaiap Ba Iy KaOWIapHH SIpaTHIIL
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HO3aHuHr Xu3Mar KypcaTKUWIapUHU SIXIIWIANIra (SbHU yjaapra IJIeHKanzap
spaTuiIra) Oup-oupuIan MyTJIaKko GpapKiIaHyBUUd UKKUATA EHJIONIYB MaBXKY/I:

1)  IO3ara skuH KaTiamaapHU xap X1 (KAMEBHIMA, UCCUKINK, MEXaHUK,
paguanuoH €KW YJIAPHUHT KOMOWHAIUMsAJIapy) WILUIOB Oepuin EpaamMuaa
MOAU(UKALIMSIIALL;

2)  borika arToMJIapHUHT KYIIMMYa KaTJIaMJIapuHA OCPHIIL.

Komnamanap cypTHIIHUHT XaMMa yCyJUIapUHHU UKKUTA TypyXra
OMPIAIITHPHUIIT MyMKHH:

1)  byr ¢azacunan ¢pusuk uykrupum PVD;

2)  byr dazacunan kumésuit uyktupum CVD.

Hkkana xonarna xam >kapa€H BaKyyM Kamepaja aMajira OIIHMpUiIaan, YHIA
0ab3aH TEXHOJOTUK Ta3HMHI yHYa KaTTa OyiamaraH OOCHMH XOCHJ KHJIMHAIH
(HucOaTaH kuMEBMI HelTpan raznap — Ar, N,, aTusnen).
byr dbazacunan pusuk uykrupui ycymnapuaa (PVD) saru maTtepuainu Tarimkka
eTKa3ub OCPUIIHUHT acoCaH MKKUTA ycyiuaaH doinananunamy (pacm 1-2):

1)  TepMuK KM3IUPHII XHCOOHWTa MypKall (KU3IUPHUII KyIa XUIMa-XUT
ycyJulap OuWJiaH: PE3UCTUB, DJIEKTPOH-HYPJIH, HHTYKIIMOH, Jla3epiu Ba OOIIKa
ycyJuiap OuiaH);

2) Hetitpan raznap te3naimirad MOHJIAPUHUHT, MacaJlaH:

Ar nonnapuunr Ek kuHeTuk sHeprusicu xucooura mypkarii. Myc6aTt uoH Ar
KaToJaHU OOMOApAMMOH KWJIaa, KaToAa MypKalaJuraH MaTepUAHUHT HUIIOHU
Ba T.0. IOy MaTepHATHUHT (PM3HUK MypKAJIUILIK 103 Oepaau.

@apku — pakaT MaTEpUAIHU MypKall yCyJIapuaa XoJioc.
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Fig. 5.6. A typical cvaporation system consisting of an evaporation source to vaporze the
desired material and a substrate located at an appropriate distance facing the cvaporation
source. Both the source and the substrate are located in a vacuum chamber,

Pacm 1. Tummk Oy¥naTyBuUM TH3MMHM BaKyyM KaMmepacHujaard MaHOa Ba
CyOCTpAT/[aH TALIKAI TOIITAH"".

% Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 183
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byr ¢pazacunan YYKTUPUIIHUHT QUMK YCYJUIapU OWJIaH FOSAT XWJIMAa-XUJl
KoIlamanap KOIUIaHaJH, YyHKHU Oy ycyJulap KeHr KyJaMaaru QgasuiaTiapra ara:

1) bynnmait iy OunaH KOIJIAaHUITKM MYMKHH OYJITaH MaTepUaUIApHUHT FOSIT
xunma-xwuury (Me. KotuimmManap, noimuMepiiap, 6ab3u KUMEBUN OUpHUKMaIap);

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

3) by xapa€HHUHT XKyJna XaMm IOKOpW Japaxaaa To3ajdurd, Oy 3ca sXIu
cudatian ENUIIUAITHA TABMUHITANIN;

4) Jeramiap KaTTaaUTy KUAJJAUN Y3rapMaciuru.

byr ¢dazacuman KuMEBHWI UYKTHUPHIN yCyJUIapuia KaTTHK MaxcCysoTiap
(myeHKa) TarimMkKAa KaMepaHUHT HUINYM atMocdepacd aToMJapu HUIITHPOKHIArH
KMMEBHUM peaklMs HAaTWKACHAA ycanad. byHaal peakuus KEUMIIM YYyH SHEpPrus
MaHOmapu cudartuna y €ku Oy 2JIeKTp 3apsauaaH, 0ab3uja dca jazep HypuiaaH
doitnananagunap. TexHOIOTHK KapaCHJIApHUHT Oy TYpH aBBaJrMCUra Kaparasja
XWIMa-XWUIAT OWJIaH axkpaiaud Typaau. Y HadakaT KoIjlama spaTuiiia, Oaaku
HAHOKYKYHJIAp AParIIIa XaM HIuiaTuiaad (pacum 3).

by ycyn Ownan yriepomnu KuMEBHMM Oupukmanap-kapougiap, CN-
HUTPUIJIAP, OKCUJITIAp Ba OOIIaIapHU OJIUII MYMKHH.
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Fig. 5.12. A few common setups of CVD reactors,

Pacm 2. CVD peakTopiapHHUHT KypHIManaps -

%" Guozhong Cao, Ying Wang Nanostructures and Nanomaterials: Synthesis, Properties, and Applications
2nd Edition, Imperial College Press, 2010, 194
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Fig. 2.11 Events take place in the CVD process (http://postechlocal k2web.co.kr/user)

Pacum 3. CVD rereporen peakiusi 6yiiuya KpUCTaUIAPHUHT YCHUIIT TH3AMH .

1. OruilyBUaHJIMK Ba XWIMa-XWUIMK, Oyjap KOIUIaMaHW Tabuatu Ba
HIAKJIU Typin4da OyiraH (ToJiainu, KyKyHJIM Ba OOIIKA)MOAJOKKaIAp CUPTUAA SIXIITH
TypuO KOJIMIII UMKOHUHH Oepaiu;

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

3. QoipaaHuIIra SPOKJIM KUMEBUWA pEaKUUsUIap Ba MOJJAJAPHUHT
TaHJIOBHU KaTTaJINIH;

4, KonnamMaHUHT Ty3WIMIIM, YHUHT KaJWHJIWTKA Ba JOH XaXKMUHUHT
MOHUTOPUHT KUJIUIIMHYA Ba OONIKAPUIIMILIN;

S. Jlonnapu-srbHU SPUMKPHUCTAIUT TY3WIMAJIAPU SJIEMACHTIIAPH.

IOnka mnénkanu Ty3unmanap WNUiad YUKapHInga SMHUTAKCHI sKapagHiap
KarTa pon YyiHaiiau. Onurtakcus — Oy Xyaay mry €KuOoIIKa maTrepuall, SbHU
MO/JIOKKA CHUPTUTA MaTepHuall KaTJIAMHHHM YCTHPUINTA KapaTHITaH TEXHOJIOTHK
x)apaCHaup. Arap TOJJIOKKA HUHT Ba IJIEHKAHWHT MaTepuain Oup-Oupura moc
Tyiica, Haa Oy >kapaéH aBTOIMHUTAKCHUS JCUHUIIAH, arap MOJI0KKA Ba MIEHKAHUHT
MaTepuaiapu Oup-Oupura mMoc kenmaca, yHaa Oy jkapaéHHU TeTepOdNMUTAKCHUS
nevunanu. bapua snurakcuan xapaénnap UKKu cuH(ra OymuHaIu:

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

€KH MOJIEKYJIAp HYPJIM SIUTAKCHUsIap.

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

Cywk ¢a3zaau snurakcus.

Adzannuknapy Ba KaMUYMIHKIIAPH.

Cyrok ¢azamm osnurtakcus acocan GaAS, GdP2 kabu kariamiau
APMYTKA3TUWIM ~ OUpPUKManap  OJMII  y4YyH  KYJJIAaHWIQAW,  UIYHUHTJEK,
MOHOKPHUCTAJIJT KPDEMHUHN OJIMIITHUHT acocui ycynuxucoOiaHaau. XKapa€n azoT Ba
BoZopon arMmocdepacuga (KopuiiMa EKM  TMOJIOKKA CHUPTHAArd  OKCHUJT
IEHKAJapUHU THUKJIAIl Y4yH) €KM Bakyymaa (Iactiad oOKcuja IUIEHKAJapuHU
TUKJIA0 oarad) yTkazuwiaau. Kopuima noajioxka CUpTUra CypTuiaan, OyHaa yHU
KHCMaH 3pUTAN Ba YHUHT KaMUYWJIUKIAPH , UDIOCIUKIApU HYKOTUIIA IH.

I'a3 ¢asanum snurakcus — Oy SAPUMYTKA3TUWIAPUHUHT  SIHUTAKCHUSI
KaTJlamylapuHu OyF Ba ra3 QasajiapujilaH 4yKMa XOCWJI KWIMII WYIu OuiaH
OJIMHUIIMAWDP. ODHr Ky ~ KPEMHUWIM, TE€pMaHWId, apCeHU-TaJUIAIEh
APUMYTKA3TUWIM  yCKyHalapAa aTtmocdepa OOCMMHUBA HC J1a KYJJIAaHWIAJIU.
Kapaén BepTHKan €K TOPU3OHTAN THUIJATM MaxCyc peakTtopiapia armocdepa
O6ocumu octuaa €ku mact 6ocumaa ytkaswiaau. Peaxnums 750-1200 rpamycraua
KU3UPUWITaH SIPUMYTKA3rUWIM TJIaCTUHKAIap cupTura 0opaiu.

MoJiekyJisip HypJiM SIIUTAKCHSA.

Ad3amnuknapy Ba KaMUHIMKIIAPH.

Monexynsap nypau snutakcust (MHD) €ku monekymnsip OOFIIM SMUTaKCUs YTa
IOKOPY BakyyM [IApOUTUIArM SOUTaKcHan Yyculiaup. by rerepouerapanapu
MOHOATOMJIM CHJITMK OYNraH OJAuHAaH OepwiraH KaluHJIUKIArd TeTepo
TK3WJIMAHUEKH JIUTEPIIAHUII TPOMUIN OJIMHIAH OCNTHIAHTaHTeTePO TY3UIIMaHU
YCTUPHUIIT UMKOHUHM Oepaau. DNUTAKCUs KapaCHU YUyH CUPTU aToMJap CHUJUIUK
OYJIraH SIXIIM TO3aJaHTaH Maxcyc MO JI0KKaap 3ypyp (pacum 4).

Substrate

Atoming —-=
beams

Pacm 4. Monekynsip HypJid STIUTAKCUSIHUHT CXEMacu

WyHAITHPWITH YCTHPHIL oM Ky3 OWIAaH KaparaHga XaM SIajok,

KATTUK CUPT-KPUCTAJLI )KUCMHU KyPUII MYMKHH.
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Muxkpockorna: aToM Ba KUMEBUN OOFIIaHUIITHY KYPHUII MyMKUH.
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[Tonmosxka aToMIapUHT CUPTTa XKOWUIAIIUIINAA SPKUH aTOMIIapUHU
YKOMJIAIIMIIUTA HYHAITUPHIITaH TabCHpH (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-y3uman xocun GynyB4r MOHOKaBaTHUHT (parment. LXR. S-
cyOcTpaT Ounan OGormaiinuran LX- Homomsip 3aHXUpHUHT R-peaknuon rypyxu. L
ra OOFJIMK paBHIIa MATEPHATHUHT MIHMIAPIINAII XOCCAJapyu Y3rapuIu
MYMKHH

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

Edition, Elsevier, 2011, 110
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FIGURE 6.6

(c)

Langmuir-Blodgett films. (a) A monolayer; (b) a bilayer: (c) a Y-type multilayer. The circles
represent the polar heads and the squares the apolar tails of the amphiphilic molecule.
{d} A micelle, which can form spontaneously upon dispersal in water if the amphiphilic

molecules have a smaller tail than the head (see Section 8.2.9).

Pacwm 6. JIsurmiop-biomkeTT mieHkanapu. A) MOHOKaBar, 0) OukaBat, B) Y-

4
MyJIBTI/IKaBaT 0

n)

FIGURE 6.7

The Langrnue-Schaefer (LS) inchique. la? The polar substrate is slowly drawn upwards
through the Langmutr Bim to deposit 2 mondkyer. () The coated subsrain, now apols, &
pushed horizontally $imugh the Langmur film %o deposit & second monoleyer (and i=
caught by the receptacie R). Thes cperation is eqguvalent to a vwery rapid vertical descenl
The ragidity = needed o ensure that the mensicus curves dowmsards during deposition

Pacwm 7. JIaarmiop-1Edep ycynu. a) JISHrMIOp MOHOKaBaTUHU XOCHJ KHJIHO
nojisip cyOcTpar acta CeKWH KyTapuiaau. 0) UKKMHYM MOHOKABAT YYKTUPHUIAIH,

KOIUIAHTaH

HOmOJISIp ~ cyOcTpar

JIbHrmrop

IIJICHKacura rOpu30HTAJ

% Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 110
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FISURE 6.10 " -

Unper panel: depostion of 2 poycation onto 2 negatively charged subsirate followed by 2
polyanion. Lower panet: deposiion of a pakycation Gllowed Dy a negatrvely charped
rannpartide onto a negatvely charped substrai= (112)

FIGURE 6.11
A palyion approaching 2 surface Jdneady covered with its congonees (see bext)

oy |
o—o—oo—o—o soo g’b
FOHO-O-OO-0-0-0—
/////// S ////// Ly

FISURE 6.12
Cverchargng resuling from ad=orbed polyon tadls (see text)

Pacm 8. Ilonukatvonmap Ba 3appadaiapHu CcyOcTparra YYKTUPHII.
[Tonmuuronnapuu afcopOIKs BaKTUIATH OPTUKYA 3aPS AU

4.3. Yriepoajiu HaHOMaTepHasiap

AMepuKkauk apxutektop Dyep apXUTEKTypa KOHCTPYKLMSCUTA SIHTH

DJIIEMEHTHU KUPUT/IH.
//d

N

A

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

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

68



1985 #mnpga Xynou IIyHIAd — KOHCTPYKIMSTa OHppPHKAH — YIJIEpoJ
3appavanapu tonwiau. by monnanap dymnepennap ned arangu. @ymiepen C-60
(60 Ta C arommn), dpymepen C-70 (70 ta C atomnn), dymnepern C-1000000 xkam
OYJIUIII MYMKHH.

VYrnepon arommapu 60 Ta aTomiapiaH TalIKWi TomraH Ba cdepaga 1 HM
JTMaMeTp/a Koilamaral IKOpH cUMMETpUK moJiekyna C-60 HU XOCHI KUJIHIIA
MyMmKuH. bynaa Jleonapn Diinep Hazapuscura MyBoQuK yriaepoj atomiapu 12 ta
TYFpH bHIIbYpYaK Ba 20 Ta TYFpU OJTUOYPUYAKHU XOCHIT KUIIAIIH.

V3 naB6atima C-60 Monekynanapy GyuiepuT 1e6 HOMIAHAIUTaH KPUCTA
XOCHJI KWJIMIIK MYMKHH. By pucTamn rpaHuieHTpupoBan KyOnu naHxapa 0ymauo,
YIIApPHUHT MOJEKyJsip Oofnapu 3aud. DynnepeHnap atromijapra HucOaTaH aHya
HUpUK OYIUIIMHUA XHUCOOTa OJicak, MmaHXapa yYH4Ya 3ud >Kouaimran Oynaau. SpHu
XKMJIa OKTa’ApUK, OYmimukka sra. Terposapuk OYHIUIMKKA 3ca €1 >KHcMmiiap
oymumm mymkuH. Oxtodnpuk OVnumkiaapuau Me (K, Rb, CS) umkop monnap
OwiaH TYyJIIUMpUIIca, y X0Ja XOHa XapopaTuiaH nact oynran xapoparaa ¢yepeH
SHTY MaTepuaira ainananu. by sca momumep 3aroToBKacuaH MIAKI scallra xyja
KyJutail. Tetposapuk OVuuinkiaap Oomika HoHIap Oumnan Tynaupuica, yaaa t =40 —
20 K ra Oynaran sHru sHru Matepwia Xocui Oymagu. Typiaum monganapHUHT
pAcopOuusiiaim xycycusitiapu tydaitiu Qyuieputiap ssHrd HOEO MaTepuaiapHu
gpatull  ydyH acoc OymuO xwucmar kunaau. Macanan C60C2H4 xywin
(deppoMarHuTHK Xxoccanapura sra. Xosupzaa yinapHuar 10000 man opTHK Typu
MabJIyM. YTJIEpoUiapJaH aToMiap COHM KyJJa KaTTa OyJaraH MoJIEKyJiajgap OJIMII
myMkuH. Macaman C 1000000 xynmuaua Oy Oup aeBopiau €KU Kyd JEBOPJIU
(uy3unran Hanonavuanap) YHT. BYwpaih naHomaiiuaHuHr awametpu ~1 HM,
y3YHJIUTH dcabup Heya YH MM Ta TeHr. byHnail HalvyamapHUHT ywiapu 6 TYFpu
OoemOypuak Epaamuaa €nuiaradH. Xo3upjaa Oy HHT MyCTaxKaM MaTepuaaup.
I'paden — Tyrpu ontubypuak O0ynuO, siccM TEKHC Ty3uiaMmara sra, Oupox rpaden
TYFpU ONTUOYpYAKIaApHU OWPUH-KETHH ajMallyBUJIaH 5Mac S-7 Oypyakiu
KOMOUWHAIMAAH XOCHJI JTWITaH Oyica, yHAAa TYJIKMHCUMOH Ty3WJIMara osra
OYIUIIM XaM MyMKHH.

4.4. Yri1eBOA0POAJIY HAHOMATEPHUALIIAP CUHTE3U

bupunun Qynnepennap KaTTHK rpaduT HabMyHAJIapHU Ja3ep HypH OCTHAA
OyFJIaHTUpUIIIAH OJIMHTAaH KOHJICHCATIaHTaH Tpadut OyfiapugaH axpaTuo
onuurad. 1990 iunaa oup xarop onumuap (Kpemuup, Xodman) 6up Heua rpamMm
Vngamaa Qyiuaepennap OJUII  YCYJIMHU WINUIA0 YuKUIIIU. Ycyn rpadur
CTEp KEHJIapu — SJIEKTPOJyIapHU aTMocdepanapaa JIeKTp €Huaa KyWIupuilaaH
nbopat. Hnan nmact atmocdepana smac. 2Kapa€HUHUHT onTUMAaN MapamMeTpiiapuHu
TaHJIAI SPOKJIN (QyJIepeHIap YUKUIIMHA ONTUMAIIAITAPAd. DysuiepeHIapHIHT
ONTUMAaJ YUKUIIKA CTEP>KEHHUHT AacTiabku maccacujaH 3-5% aHoJ mMaccacuaH.
by dymnepen kuitmaTuHUHT Oanany OYnummHu Oenrwiaiau. by ownan Anonnap
KU3UKUO Kojaunap. Mitsubishi ¢upmacu yrieBomiapau KyWaupuin wynu Ounax
SAPOKJIN (PyJIEpAapHHU OJUIIHA CabHOAT MUKECUTA 0u0 ynKaunap. bupok Oynmai

bynnepennap ynap cod smac. Ynapunr tapkuouna O, masxyn. Ly cababmu cod
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¢byniepeH OMMHUIIMHUHT SITOHA ycynu 0y atMocdepana He Exuminup (Kydaupuiin)
(pacm 9).

Reglon of = electrons
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Cgyp Carton stoms position

FIGURE 8.6
The structure of buckminsterfullerene, Cs. Note the presence of both hexagons and
pentagons. Reproduced with permission from {9]

Pacm 9. C60 dymiepen cTpykTypacu (rekcaronsiap Ba HGHTaFOHJIap)43

@yIepeH OJlyBYM Ba TO3AJIOBUM KypUJIMAJapHUHT YMYMHUW COHU OPTraHU
Tydaitnu yHUHT TaH Hapxu macaiiau. (AsBaiura- 100008 6¥yica, xo3upaa 10/158).
@dymiepeH HApXUHUHT KUMMATIIMTUTa cabad YHUHT YMKHII (JOM3U KaMIJIUTH 3Mac,
OaJIK¥ TO3aJIalll TA3UMUHUHT MYPaKKaOIUTUIUD.

To3aalIHUHT CTaHAAPT CXEMacu: Kyuauprasja KypyMmra yxiiaraH Hapca
XOCWJI Oynajau, yHH SPUTYBUM OWIAH apaiamrtupagwiap (TOM307), CYHT Oy
Kopuima Quirpnanaau. Koiaran TYK paHrgaru 4ykma Typiud (ysuiepeHIapHUHT
Maiila nucnepcusiin KopuimMacuaup. by apanammManu tapkuOura Kypa Typiapra
oynmui 3apyp. by *kapaéH yTa 10KOpYM MHKPOCKOIUSIIATA CYIOK XpoMoTorpadus
épllaMuia Xam1a CKaHEPJIOBYM 30HJIM MUKPOCKOIUA €pAamMuaa YTKa3UIaIu.

ABBailapy XyaAu IuyHAal rTpaduTHH BneKkTp €M €KM  Ja3epiu
OyFJIaHTUPHUII, CYHIpa WHEPT ra3 MyXUTHJa KOHAeHcatham ycynu Ouman YHT
onumapau. bupok Oy ycyn ynua camapanu 6ynu6 unkmamu. Iy cababiu xo3upaa
SHT MakOyn ycyn Oy - OyFlaH KUMEBUM YyKMa XOCWJI KWJIMIIAUP. ByHUHT yuyH
yIraeposa TapkuOim Oupukma onuHagu. MacanaH areeTH/ieH, YHH KaTTHK
Ku3aupwirad, Me karanuzatop ro3acuga mnapxkamavaunap. ILyHman cyHr
KarTanuzaTop ro3acuaa 3ud 6ynud YHT yca Oommnaiinu. YOy pexkius ra3cuMoH
YTAEPOJIAPHUHAT KaTAIMTUK TUpoiau3 1ed atamanu. Kym xomnmapma tpyOacuMoH
newiapaa amanra omupwianu. bynna karamuzarop cudaruma Fe, Co, Ni, man
dbolinananaguiaap. YJIapHUHT 3appadajiapu OwilaH TEOoJIUT OYiakdyasapyuHu
tyiuntupaaunap. Lleonut — tabuit Matepuai. DaekTp €Wy, J1azepiu, €Ku I0KOpU
XapopaT/Aard CUHTE3HHUHI OollKa TypiapujaH (apKiu YIapoK KATTAJIUMK MUPOJIHU3
YTJIEBOJIOPOJIA HAHOTY3WIMaJIapHU Jabapatopus wacmTabuaa smac, Oaiku
cabHOAT MaclTabuaa uiuiad YMKapuil UIMKOHUHU Oepajau. Yiap yHYa To3a 3Mac

*% Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 195
70



Ba TapkuOu xam Oup-xun Oynmaciurn mymkwH. [llyHra kapamait ymapaax
doiinanaHuI MyMKHUH.

I'paden — rpadur 3appayanapu. ['paden TanravamapuHu OKCHIUIaHTaH Si
103acura Kysunap. by rpagennu anekTpo du3MKaBuil YIIHOBIAp YUYH TaAKUKOT
KWIKMII HWMKOHMHM Oepanu. Macanan rpadeH ONUIIMHUHT KUMEBUM YCYIH:
kpuctauicumon rpaputra HCl Ba H,SO, HM Tabcup stuppamunap. ByHuHT
HaTWkacuga rpadeH TaHravajgapujia OKCHJUIaHMIl Py Oepanu. ['padeHHUHT
KapOOKCHUJT TypyXd THOHUXJIOpUITra WILIOB OepuIll Wyiau OmWiaH XJopuaiapra
aitnantupunaau. llyanan cyHr sca terporunpodypyHiap, TeTpaxjopMeTaH Ba
3UXJIOPOATaH JpUTMANAPUAA OKTAJCHMWIAMHUK Tabcupuaa Kaauamura 0.5 Hum
Oynran rpaduHIM KaTiaaM Xocwi Oyiaanu (pacm 10-12).

]
vv\x\/\/\/\/\/\/?

Part of 2 graphene sheet, showing the sp” chemscal bonds. There is a carbon atom ateach
niersecton. The iength of each bond Is about 0.3 nm.

Pacm 10. Ipaden. Yrnepoauunr sp’ kumésuit 6ormapu (d(C-C) = 0.3 nm)*

o0 B

Pacwm 11. I'paden Ba yriepogHUHT HaHOMAaTepUaJIapu

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

A single walled carbon nanotuba (SWCNT): a single graphena layer ralled into 2 seamless
tube. Reproduced with permession from [24].

FIGURE 9.3

A multiwafied carbon nanotube (IMWCNT): concentnic single wall nanotubes of diferent
crameters nested within each other. Reproduced with permission from [24].

Pacm 12. bupkaBaTiu Ba KyIKaBaTiu YriepoaJid HaHOHaiuanap, rpeden
MOHO KaBaTH

FIGURE 9.5

A forest of carbon nanotubes produced by pasma-enhanced chermical vapor depasition
{PECVD). The substratum must first be covered with meta! (e.g., Fe or Ni) catalyst islands.
Hydrocarbon feedstock {zcetylene) 1s then passed over the substratum heated fo several
hundred °C. The acetylene decomposes at the suriace of the catalyst and the carbon
nanctubes grow up from the catalyst particle, or grow up baneath it {pushing it up).
lllustration courtesy of Dr Ken Tea, AIXTRON.

Pacm 13. PECVD &pnamusia OTHHIaH HAHOHARYATAPHAHT YPMOHH"

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

“® Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 194
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Kpemuuit kapOuan r03acuaa rpaden onum ycynu. bynna rpaden kpemHuit
KapOuaM ro3acuia MUPJINK NMapyalaHui Wynu ounan xocun 6ynaau. TagkukoTaap
HIYHH KypcaTaauku, Oy Xojja akpaaud 4YuKKaH rpadur karaamu OUp aToMIH
KaTiaMra  HUcOaTaH KaJIMHPOK Oynaam. bynuaunmm yerapacuaa
KOMIIEHCAIMsUIaHTaH 3apsii XOCHI Oynaau. DJIEKTPOHJIAp YMKUILK opacuja (dapk
cabanu YTKa3yBUaHIUKAA IpaUTHUHT OHp aroMapid KaTIaMHUTHHA HUIITHPOK
atanau. SIbHM Oy Katiiam rpadeHaup.

4.5. Yrj1eBOpOAIH HAHOMATEPHAJVIAPHUHT HILJIATHIM A

1. OnTtuxk MyXuTHH MOAM(UKAIMUIIAII YIYH (yIJIepenyap UIIaTUIa u;
2. MyTiako SHTH KOMITO3MIIMOH MaTepuajuiap Tadepiam y4yH (HaHOHaWJamap
apanammMaiapu Ba ¢yiuiepennap owian) (pacm 13).

Pacwm 14. Hanonaiiuanapuu MI/IKpOTaCBI/IpHapI/I47

3. VTa KaTTHK Komamanap yuyH. Ac606-yCKyHanap CHpTIapH, HIITKaJIaHyBUX

neTamiap Ba 6omkanap. KaTTukiurura kypa oamocra TeHT Kellau;

MoiinoBuun TapkuOIap Ba MpUcaaKaiap yayH;

5. Kenrycuna kumEsuii sneprust Mman6an cudaruaa doigaianagurad BOJIOPOT
EKUITFUCH KOHTEHepaapu yuyH (pacm 14);

>

“"Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd
Edition, Elsevier, 2011, 194
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. 4
Pacm 15.Hoopranuk HaHOHaiaTap

6) ®usnkaBuii Ba KUMEBUU TabCHp TYpIAPUHH Kala J3TYBYM HAHOCEHCOPJIAP
taii€nanina. Tabcupuaniuru oup €1 *KuHCIH MoJieKya (pacm 15);

1sc| | sec | zwcH 490°C 'mi 1ec | |asec | | 22°¢
| 4

Pacwm 16. HanorepmomeTtp (rajutuit yriaepouu HaHOHaﬁanIapz[a)49

e

7) CxaHepJaiil MUKPOCKOIIIAp Y4yH 30HI1ap;

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

* Jeremy Ramsden Nanotechnology, Second Edition: An Introduction (Micro and Nano Technologies) 2nd Edition,
Elsevier, 2011, 194
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Pacwm 17. Yrnepoaiu HaHOHaWYaJapHUHT HAaHOIIECTEPEHKAIAp

10) Hanomexanuk axOopoT Tymaarnwiap Taiépnamga. HanoyTkasrudiap,
HAaHOPE3UCTOpJap, HAHOTPAH3UCTOPJAp, HAHOOIITHK 3JIEMEHTIIAp Tal€pralia;

11) DrekTp MarHUT HypiapAaH Ba IOKOPH TeMIepaTypajaH XMMOS SKpaHIapUuHH
taiépnamaa “Cremie’” TEXHOJIOTHSICH;

12) lopu BocuTaiapu y4yH HaHOKOHTEHHepJap Tanépiai MyMKuH (pacm 17).

75



AL ML J Vo"

' 0 : Y o0

( ANy v

oo, e @ AR 525

0O | (2 ) o y O

3'3'.,,;,_’,00 L AE \‘ H‘& : A

micelles vesicules dendrimers | liquid nanoccapsules nanospheres
crystals

Pacm 18. [Jopu-napMonnapHu KaJoKJIall y9yH HAHOKOHTEHHepap

13) TacBUpHUHI AHUKJIWIWIH Ba EpPKUHIUICA IOKOPH OYiaraH, HUpHUK scCH
IUCILICHIIap

D T &
- ® ¥,
‘.l. \n%"‘

Pacwm 19. Tucnneiinap yuyH HaHOHai4danap

Ha3zopar caBoJsiapu
DnuTakcus xapaéHu KaHaai conup Oymaau?
CVD Ba PVD acocwuii NpyHIUITUHA TYITYHTAPHUHT.
Jlazep aOMALMSCUHUHT aCOCUN MPUHIIMIIMHYA TYITYHTUPUHT
IOnka nuenkamapu HIMa y4yH Kepak?
VYriepoa HaHoMaTepual Ba rpageH TY3WIMIIUHUHT TYITYHTUPUHT?
HanoxoHTeliHepaap Ba HAHOAUCIIEW HUMA YYyH Kepak?

oakrwnhpE
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5-maB3y: KoMno3unuon Matepuajiap Ty3uiaumu. MaTpHIaJau Ba TUCIepPC
¢paza. 3appauanap, ToJajap Ba CTPYKTypa Aapaxacuaa
MYycCTaXKaMJIAIITHPHUIIL.

Pexa:
5.1. KoMno3unnoH Matepuasiap TyuryH4acH.
5.2. KomMno3uiimoH maTtepuaiap Ty3UIuiiu.

5.3. Marpunianu Ba nucriepc (asza. 3appavanap, Toyajgap Ba CTPYKTypa
Jnapakacujia MycTaxkaMialTHPHUII.

5.1. KoMno3unuon MaTepuauiap TyIIyH4acH.

KoHCTpyKIIMOH MaTepHaUIapHUHT MEXaHMK MYCTaXKaMJIMTUHU OLIMPUII —
MAaIIMHACO3MKIA SHT 10713ap0 MyamMmo Oyin0 KoMOKaa. AMMO MaTepUaIapHUHT
MYCTaxKaMJIUTH OIIMIIY YJIApHUHT IUIACTUKINTHHUA KECKWH TMacaluIimra Ba
CUHUIITa MOMWJUIMTUHYU OIIMPUIITa 0JU0 KeIMOKAa. by 3ca oKopr MyCTakKMIIMKIa
sra  OyiraH  MaTepUaJUIapHUHT  KOHCTPYKUHMOH  Marepuasn  cudaruaa
KYJUIAaHUJIUIIUTA TYCKUHIIMK KWJIUO KEJIMOKA.

[InacTukiaukra sra MaTpHila Ba FOKOpYU MyCTaxXKaMJIMKIa 3ra OyJraH Tojanap
(MaTpuIlalaH MyCTaXKaMJIUTH aH4ya IOKOPUPOK OYiraH marepuajiap) acocuja
OJIMHTaH KOMIIO3ULUTIAP KOHCTPYKLIMOH MAaTepUaUIApHUHT SKCIUIyaTalluOH
XOCCaJlapuHU KECKWUH KeHrautupud Oopmokma. AmnbaTra, HSHT 3aMOHABUU
TypOuHanap KM KOCMUK TEXHUKACH KOHCTPYKUMUSCHHU yIIOY arpeccuB MyXHUTAA
WIUIail  ONaJiuraH Ba IOKOpW Japakaldd Harpy3kajJapHU KyTapa OJiaJiuraH
MaTepHaIapcu3 X03Up/la TaCaBBYp 3THO OYIMaiiu.

KoMmno3unmon Marepuamiap 4yKyp Tapuxra 3ra Ba TaOuaTAa KEHT YUpaiu.
Mucon Tapukacuga KOKOC HNaJbMAaCUHUHI OapriapyuHU KEITHUPULIMMU3 MYMKHH:
Oapr Ty3WJIUIIM apMUPOBKAa — MYCTaxXKamJIAIITUPYBUM TOJalap >KOMJalliraH
KOHCOJb 710 TYIIyHTHpUICa XaM Oynaamu. Erou xaMm Y3 HaBb6aTuga ToNmanu
KOMITO3UTIIMP: LEJUII0J03a TOJaJlapyd JIMTHUH MaTpUllacHa  KOWJIAIIraH.
[emtrono3a Tonanapu 4y3widin OyiWYa IOKOPH MYyCTaxKaMJIMKIra 3ra Ba FOKOpHU
Japakajia STMITYBUAHIIUKIa XaM 9ra (KaTTUKJIMTH MACT), JIMTHUH MaTPUIAcH 3ca V3
HaBOaTua ymly TojasapHu OUpiamTupud, MaTepraira KarTukimk oepanu. Cysk
— Tabuuil KOMITO3UIIMOH MaTepuaira ssHa 6up HamyHa Oyna omaau. Cysik OyTyH
TaHA/Jaru KUCMIIAPHUHT OFUPIUTUHU KyTapaau. Cysk KHCKa Ba IOMIIOK KOJUJIareH
Toyanapuaa noopat OynuoO, yjaap anaTUT HOMJIM MUHEpaJl MaTPUIlala >KOUIaIIraH
Oynanu. Baitnep Ba Barnepnap (1998) cyskHUHT CTPYKTypacHHHU Ba XOccajdapuHU
sxmm ypraarad. Dmucc (2000) Ba Voaiinpaitiap aca (1982) crpykrypa-dhyHKIHs
BA YHHMHI YCHUMJIMK Ba XAaWBOHOT OJIaMHUJA TAPKAJIWIIA XaKu[a y3 HUIUIAPUHU
TakauM oTrannap. TaOumii KOMMO3WTIApAaH TallKapd  KOMIIO3HIIMsIIAp
KOHLETLIUSIACH Kyda KYI TEXHUK MaTepualljiap ApaTUIIIA XaM KEHT KYJJIaHUIHO
KeJITaH.

MacanaHn, KaydykIara caxa, MOPTIAHIIEMEHTHUHT €KU acQaJbTHUHT KyM

Oowran Kopuimanapu (0etoH €ku achansT OeToH) ymiOy maTepuauiapra MUCOI
77



oyna onamu. llynmaii kunub TabKUIAl Kepak-Kd, KOMIIO3UIIMOH MaTepuasuiap
KOHIenuusicu siHru  Ae0 KaOyn KuiuHa oiaMaiau. AMMO KOMIIO3UIIMOH
MaTEepUaUIAPHUHT TEXHOJIOTHSCH OXUPrY 3aMOHJAa KEHI PUBOXIIAHUO, (paHHUHT
VMHHOBAIIMOH HyHanuuuiapuaad Oupu 1ed XMCOOIaHNIIN KEpakK.

XX acpuuHr oxupura Ba XXI acpHuHr Oomnutapura TYFpPH KeJlraH
KOMIO3UIIMOH MaTepUaUIapHUHT WHHOBALIMOH TEXHOJOTUSUIApU  (aHUHHUHT
PUBOXXJIAHWINM BAa WHHOBALMOH FOSUIApM MAIIMHACO3JMK, aBHa-, KOCMUK-
TEXHUKACH, aTOM JHEPreTHUKACH, DJIEKTPOHMKA MATEpPUAILIApU, KOMIIBIOTEPJIAP Ba
OOIIKa cOXaJlapHU PUBOKIIAHUILINTA OITHO KEJ/IH.

Komnosuyuon mamepuannap — Typau Xoccajgapra osra
OynraH  KOMIIOHEHTJApAAaH  TAIIKWI  3TraH Mypakkad
cucremanapaup. bup OyTyHIMK  XamMJa  MYyTaxXKaMJIMKHU

Ta@bMUHJIOBUM 3JaCTHUK Ba KATTUK (azajmap apanaiimMacHjiaH -
TONT'aH MaTrepuan KOMIIO3MIIMOH MaTepuan ne0d atananu. byHna \ 4
Xap OMp KOMIIOHEHT aJlOXHJa KOMIIO3ULIMOH MaTepHATTHUHT

XamMMa Xocca-XyCyCusTiIapura TYIuK >kaBoO Oepa oimaiiau.
OnTtuman miapouTiapra xaBoO OepaguraH KOMIIOHEHTJIAPHU

Ty11ad Tamadra TYFpU KelaguraH KOMIIO3UIIMOH MaTepUauIHU
SApaTUIl MyMKUH

By KOMMNO3UIIMOH MaTepHaUIAPHUHT 3HT Ky4Jd TOMOHJIApUIAH OUPHUIHD:
KEpaKJId X0cCa XYCYCHATIapH TabMHUHJIAII MAaKCaAWAa TYypiud KOMIOHEHTJIApHU
TaHJalll MMKOHUSTH MaBXKyln OYnuO, xap Oup »SKCIulyaTamusi [apouTiIapu
(adpOKOCMUK CTPYKTypajap, JojaKajaap, aBTOMOOUI €K AJIEKTP JBUTATENIN YUYH)
yayH wMakcuman dJ¢GeKTUBIMKra s3ra OyiaraH Maxcyc MaTephasl sSpaTHIll
UMKOHUSITUHA MaBXY/I.

Cuuep Ba [Oprenc (1983) KOMIO3UTIApPHU PEAKTUB CaMmoJieTiapuia
KYJUIAaHWJIUIIM Ypranu0, IyHIal Xynoca Kujaaauiap:

"Kommo3utinap (KOMIIO3UIIMOH Marepuauiap) JoWMxajalml Y4yH KEHT
UMKOHUSTIIAD TYFAUPIU, MaTepuaiiiap Au3aiHepiapu xap Oup HyHamuIn y4yH
YJIApHUHT OFUPJIMTUHU Ba HAPXUHU YBTUOOPTA OJITaH X0J/1a TYPJIM XOoccanapra ara
OynraH SHrM MaTepuaJUIapHU sSpaTra KarTta Ba YeKCU3 UMKOHUSATIap Oepan’.

Oxwupru Wuiapaa MEeTajll Ba HOMETaJljIap acocH/ia FOKOPH MYCTaxKaMJIMK Ba
KATTUKJIMKTa 3ra OYJIraH HOOPTraHWK ToJajiap, UIICHMOH KPCHUTAIIAp, HOOPTaHHUK
3appavanap OujaH apMHUpPOBKa (MyCTaxXxKaMJIAIITHUPUITAH) KWJIMHTAH CYHBUN
KOMITO3UTIIAP KATOPJIapH SPATUIIIH.

Tonanap cudaruma Typiu KpUCTAJUIAPHUHT MIICUMOH makiuiapu, SiO,, SiC,
Al,O3 Tapkubnu WYHANTHPWITaH KpHCTAUTU3alUs €KW TaplaH IONKa CHMIa
YYKTUPUIL yCyJulapu EpJaMuja XOCWJI KWIMHIaH IONKa KBapl] ToJaialu,
KYJUIAaHWIMOK/A.

XamMMa CyHBUM KOMIIO3ULMOH MAaTE€pUAJUIaPHUHI YMYMHU CTPYKTypacu
TypJd KOMIIOHEHTJIAPHUHT OMp XaKM/Ia JKoimamuiiny OuiaH 0oFauk, Oy epaa Oup
KOMIIOHEHT TUIACTUKJIMKra dra (OofioBuM), OOIIKAa KOMIIOHEHT 3Ca HOKOpH
MYCTaXKaMJIUK Ba KATTUKJIUKIa 3ra (TYJIquprid) OYIUIIy [apTIUIup.

Komnosummon marepuannap puBoxianuiu 1965 iungan 6omnuiad KeckuH

Kagaminap Ounman  Oommmanad. 1960-um  Hwsapman  O6ouwiad  roKopu
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MyCTaXKaMJIMKra, KaTTUKJIWKra dsra OyiraH Ba EHTWJI Marepuaiapra Typid
coxaiapaa dIXTHEK Ycubd OopaM — a’pOKOCMUK TEXHUKaJa, SHEpreTukaga Ba
kypumunina. [y Bakrna Oy maTepuaiapra KyHWIraH sHTY Tajnabiap OIyHYaId
IOKOPH Ba Typiu OYITaHIurum MyHocabath OwiaH Xed KaHAal aHbaHaBHMA
Marepuan Oy Tamabiapra TYJIMK >kaBoO Oepa onmanau. Ba ¥3 nHaBOatuma Oy
[IAPOWTIIAP KOMITO3UIIMOH MaTepHUaUIApPHUHT KOHIICTIMICHTA KaTTa YbTHOOPHU

KapaT/u.
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Bec Tepmuueckoe  Kecmwxocms Ipounocms Ycmaaocmua
pacwiupenue A NPoUHOCIHY

Pacm 1.1. AHbaHaBuil MOHOJUT MaTEpUALIAPHUHT Ba  KOMITO3UIIUOH
MaTepUaUIApPHUHT XOCCANIAPUHHU CONMINTHPUII (OFUPJIMTH, TEPMHUK KEHTaWUIIIH,
KATTHKIIATH, MEXaHHK MYCTaXKAMJIHTH, BAKTTa GapIONIIAIH)

Pacm 1.1 na MmoHOIMT Marepuasiap (aTIOMUHUN Ba MYJaT) Ba KOMIIO3UIIMOH
MaTepuayUTapHUHT Xoccanapu cosmmrupwiran (Deutsch 1978). By pacmpaan
KYpUHUO TypUOIUKH, KOMIIO3ULIMOH MaTepuajUlapHU KYJUlall HaTHKacuaa
KOHCTPYKITUSJIAQPHUHT OFUPJIUTHHH, TEPMUK KCHTAHWIIIMHN KECKUH KaMaWTHPHII
(4-10 maporabara), mry BaKTHUHT y3MJa KATTUKIMK Ba MEXaHHK MYCTaXKaMIIUK,
BaKTra OapJONUIMK KYpPCaTKUWIApUHU KeCcKuH (2-3 wMaporabara) OUIUPHII
MYMKHH.

KoMmrmo3uimon wmatepuaiiap TEXHOJOTHUACUHM PUBOXIIAHMINN SHA OUp
TaMoOWui OuiaH OOFIMKIWD - WiIM Ba (aH pUBOXIAHMO, WUIUIad YMKApUIN Ba
JoMmxanam wunuilapu OwiaH Oup Bakraa oxmubd Oopuiaau. SHrM mMatepuan
ApaTUINIIMIAaH O00NIad YHU SKCIUTyaTalMsara KUPUTHINTa4a o0 OOpHIll, UIIIall
BaKTH/Ja VYHUHI XOcca XYCYCHATIApW Ha3opaT KWIUII, HWOUIA0 YHMKapHII
HYKCOHJIQPUHU TEKIIMPHUII HaTHXKacuaa KOMIIO3HUIIMOH ~MaTepUaIapHUHT
xoccanapyu KeCKUH puBOXKJIaHUO Oopau. by Oopana EKUIFuHM Texalra xaMm KarTa
3pTubO0p Kapatwinu. llyaunar yuyn xa€r Ba wWnuiad YMKAPUIIHA XaMMa
coxajapujia €HIruj, aMMO MyCTaxKaM Ba KaTTHK CTPYKTypajapra Tajad Ba 3XTHEK
ToOopa ycub Oopau. 3amMoH Tanabjapura Ba MPOTPECCUB TEXHOJOTHUSUIAPHUHT
PUBOXKIIAHUINIATA DHT aCOCHUH TYpPTKH OYIHO KOMITO3WUIIMOH MaTepHaIapHUHT
PUBOKIIAHUIITMHU KEITUPHUIIIUMHA3 MyMKHH.

[[uma Tomamap OwujaH MycCTaXKaMJAIITHUPWITAH CMoJajap WATUPMaHYH
ACPHHMHT OoNUIapUIaH KyuaHuauo kenMokna. Illumia Tonamap acocuaa olMHTaH
KOMITO3UTIIAp €HTHJI Ba MyCTaXxKaMiukra sra 0ynu0, kartukymru (KOHr momynn)
YHYJIMK FOKOPH SMACIUTH OujiaH axpannd Typamu. XX acpHUHT OXHpJapuaa

% Krishan K. Chawla. Composite Materials. Science and Engineering. Third Edition. Springer Science, New York-
London, 2012.- 4 p.
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SIHTY ‘“3aMOHAaBHH (TaKOMIULIAIITUPUIITAH) ToJanap Kamid >Tuingu: 6op, yriaepos,
KpeMHuH KapOuau Ba anmroMuHuil okcuau (Yayma 1998, 2005) acocuna ojJuHraH
Oynnai TonamapHuHr FOHr Moaynu (MOJyJsb YIPYTroCTH) IOKOpU KypcaTKuuiapra
STAINTU aHUWKJIaHIW. By Tonamap cmona, MeTasl Ba KEepaMHK MaTpuilanapja
apMHPOBKa KOMIIOHEHTJIapu cudaTha XO3UPTry BaKT/a KEHT KYUIaHUO KeJIMOK/Ia.

KoMno3unuon marepua/uiap KyWHIaru maprJjiapra :KaBoo0

OepMIIM Kepak: ¥

1. Marepuan nnuad YMKapuIMIIM Kepak (TaOUHMH KOMIIO3HMLIMOH [y g
MaTepualliap — MacajaH, EFodu Oy rypyxra KUpMauin). .

2. Matepuan ukku €ku KYIpoK (u3nKaBUi Ba KUMEBUHN Xap XU \d
Oynran, wmatpuna (uHTepdeiic) wuuMaa TapTUONM >KOMIAIIraH
(hazanapjaH TaKWI TONTaH OYIIMIIN Kepak.

3. KoMImo3uTHHHT XOCCa-XyCyCHSATIapd X€d KalCh YHHHT
aJIoOXMJa KOMIIOHEHTIIapUAa TYJIHK XakKMIa HaMOEH OViia oJIMaian.

Tonanu  MycTraxkaMJIAIUTUPUITaH  KOMIO3WTIAp  OOmIKa  TypJaru
KOMIIO3UTJIap/laH Kypa KEHI KYJUIAaHWIMIIM, KYNTMHA MaTepUaJUIApHUHT TOJallu
KYPUHUIIUAA 3HT FOKOPU MYCTaXKaMJIMKIa STajurd OwiaH OOFIMKIUp. AMMO
TOJIAIM KOMIIO3UTJIap/la MYCTaxKaMJIAIUTHUPUIL acocaH Tojla WYHAJIUIIUTa
napajuien Oynaau, JeMak XOCWi OYJAraH KOMIIO3UT aHM30TPOIl Xoccajlapra sra
Oynaau. Arap KOMIO3UT XaMMa HyHaluInga Oup XWJI Xoccajapra sra Oyivim
Kepak OyJica (M30Tpon MOJJA), IJAMUHAT €KW UKKHU TypJaru MaTepHalJaH TAllKHII
TONraH COHJABWY TMaHEJUIADHU TaHJAll MYyMKWH. bab3u BakTinapga oca
KOMIO3UTIApAa KYJJIaHWITaH Tojiajap MYyCTaxKaMJuTura KaTta JbTHOOp
Oepunmaiau: MacajlaH, IOKOpM YTKa3ruwiapjaa YTKa3yBuUM MaTpuia OuiaH
Oupranukaa yiabTpa UHTMYKa ToJiajap KyJTaHUIA .

5.2. KoMno3unuoH marepuasjiap Ty3WJIMIIN.

Komrmo3unron marepuaaHUHT Oup OyTYHJIMTMHM TabMHUHIJIOBYM KOMIIOHEHT
TAIIKWJI 3TyBYMra OOFJIOBYM KOMIIOHEHT (MaTrpuma, uHTepdeiic) ned aramamu.
boilka KOMMOHEHT/Iap (ApMHMPOBKA, MYCTaXKaMJIAINTHPHIN, TYJAUPYBYH Ba
X0Ka30) HUHT IIy MaTpuIlajia KOWJIAIIUIIK MabiyM T'€OMETPUK KOHYHHUSTra
OyiicuHuy €ku OYHCMHMACIUTH XaM MYMKWH. Marpuia KymumJaiap opacua
Maxcyc IONKa KarjiaMm OYynu0, y axpanuin ro3acuHu Oenrunavaud (1.5-pacwm).
KoMmno3uimon matepuaniapau cuHdiapra axxpaTHila MaTpula €Ki apMarypa Ba
KYIIMMYaJIapHUHT TypUTa, MUKPOTY3WJIUIINA XYCYCUSITIApU Ba MaTEpPUATHU OJIMIII
yCcyJiura Xxam bTuoop oepunaim.

Martpuiia MaTepuaJMHUHT Typura Kapad, KOMIIO3MIIMOH MaTepuaap
Kyduaard TypJiapra OYJIWHUIIA MYMKHH: ‘“‘MeTa/ll MaTpuliaii’, OpTraHuK
OynMaraH (opraHuk OyiMaraH MmojJumepiap, MUHepaiiap, yriepouid, KepaMuK),
OpraHUK MaTpUIAIU Ba Ky MaTPULATIU apajiail KOMIO3UIIMOH MaTepraiap.

bornoBun matepuamHuHT Baszudacu MaxcyjaoTra MabliyM T€OMETPHK IITaKi

5! Krishan K. Chawla. Composite Materials. Science and Engineering. Third Edition. Springer Science, New York-
London, 2012.- 5 p.
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Oepud KonMacgaH, Oaikd y KyWIaHUIUIApHA XaXm Oyinga Oup Xui
TaKCMMJIAHUIIMHU  XaM TabMHUHJAWAM Ba  MabiIyM MEXaHUK XOCCaHH
MIAKJUIAHTAPAaY, XaMmJa apMarypa €K KylIuMYajdapHU TallKd MYXWTIaH
cakiaiau. KoMImo3unuoH MaTepuasHUHT HCCUK Ba KOppo3usra OapolUTUIHK,
AJIEKTP Ba HUCCHUKJIMKHU Cakjaml KOOWJIMATH, KaliTa MIUIAIl TEXHOJIOTHSICH KalOu
MyXHUM XOccajapu OOFJIOBUMHUHI XycycusaTiapura OofiuK. JIEKMH apMupOBKa
(MycTaxkaMJIAIITUPHIN) Ba KyIIMMYa 3JCMCHTIAPHUHI Typura Kapad xamja
VIApHUHT MaTpHIaJa >KOWIAIIMIIM Ba TEOMETPUK yiadyamiiapura Kapao,
KOMITO3UIIMOH MaTepHaJUIApHUHT XOoccajlapu y3rapaau. MacanaH, KOMIIO3HIIMOH
MaTtepualira Kylumyaiap, sSsbHU apMatypa snemMeHtiapu (oaaraa, 10%man kynpok
MUKJIOpAA KYIIWJIAgU) acocaH, MEXAHMK XOCCAJIApHU Ky4YaUTUPHIL YYYyH
Kynmnaan. byHaa MycTaxkaMiIMK, 3WYIMK, MJIACTHKJIUK OPTHO, MaTepUaTHUHT
3UYJIUTH, JIEKTP XOCCAapH, UCCUKJIMK YTKA3yBUYAHIIUTU Ba OOIIKA XYCYCHSTIIAp
MabJIyM HyHanuiaa €Ky (pakat aJoxuaa OJMHTaH KoMmaparuaa y3rapasiu.

KoMrmo3uimon mMaTepraflapHUHT SHT MyXUM XyCycHUsITIIapu Aedopmaliusra
MycTaxkamiauruaup. TynaupyBumiap cudatuga KyJUIAaHWIQIUraH 3SJeMEHTIIap
olaTtna Maijga KyKyH €KUM KajiTa Toja Xxonarna Oynamu. bynmait kymmmmuanap
acocaH MAaTE€pUAIIHUHI TAaHHAPXWHU KaMalTtupaau. JIeKuH ynap KOMIIO3ULIMOH
MaTEepUATHUHT MYyCTaxkamJuruHu 1,5-2,0 GapoOap oOmHUpUIIM XaM MYMKHH.
Mabiym Mukgopara (apmarypa) Kymmmyaiap MaTepuaTHUHT MyCTaXKaMJIMTUHA
2-10 OGapobapra ommpanu. Kommo3uimon warepuamiapia TYJIAUPYBYH Ba
KyliMM4ya (apmaTypa) MaTepuauiap Ouprajivkia KaTHAIIWIIA Xamjaa yJIapHUHT
yauamiapy Ba XKOWIAIIMIIM Xap XWi OYJIWMIIM MyMKHUH. Y4amMu y4 HyHaaumiaa
KMYMK OyiraH Kymumyajiapra KyM, Maija (KyKyH) JoHaudajapra sra Oyirax
Metaiap, gocdariap, mmuiia Ba JOUCUMOH MUKpocdepa Makijgara MmaTepuasiap
kupamu (1.2-pacm). TYnauprudHUHT makmm Oyinyda ynap 3 Typra OyauHamym (pacM
1.2): HON-YyimuamiM, OUp-YadaMiId, UKKH ymdamid. bup yadamam kymmmdaiapra
TOJIACUMOH TYJIMPYBUYWJIAp, apMaTypa »DJIEMEHTIapH, KaiTa ToJiald TaOuuii
MaTepuaiap (MacaiaH, acoecT), YCUMIIMK MaTepualiiapy, TOJACUMOH KpUCTaJlap
(okcuanap, amOMUHUN HUTpUI, OepuuMii OKCUAM, OOp KapOumau, KpeMHUM
HUTPUIM), Y3YH TOJIaJIU Xap XWJ OpPraHuK OWpUKMallap Ba XOKas3oJjiap KUPAJH.
Nkky Vradamiau TYIIMpyBUHIIapra JIGHTalap, MaTojiap TYpPCMMOH Ba OoIKa
apMaTypa 3JIEMEHTJIAPHHA KEATUPUII MYMKHH.

Kommo3unmon  marepuajuiap  Xxoccajapura  KylimM4a  3JIEMEHTIIap
(TYnaupyBYM) HUHT TabCUPHM JKyJla KaTTa OYJTraHJWTd Yy4yH KYyNuHYa Iy
KOMIMO3UIIUOH MATEPUAIHUHT HOMU YHUHT TYJJUPYBUYMCH HOMH OWJIaH Xam
ailtunanu. Macanan, rpaduTomyacTiap, IIMINA TOJAIM  KOMIIO3HLIMIIAP,
OpraHoIUIaCTUKIIap Ba XOKa30.

KoMno3unmoH MaTtepuajlapHd MaKpOTY3WIHMIIK Oyiinda xaM ¢apkiaii
mMyMkuH  (l-numarpamma).  FOkopupa — TabKWAJaraHUMH3IaK,  MaTpUIAa
TYIAMPYBUMIIAp TApTUOCHU3 SKOWJIAIIWIIKA MYMKHUH, JEKMH KYNMUHYA YJIApPHUHT
TapTUOJN KOWJIANTUIIINTA SPUIINIITA XapaKaT KWIMHAIWA. Xap XWJl yiadamra ira
Oynran TYIAUpPYyBYM Ba apMmarypajap Ouprajivkia KaTHAIITaHAA YJIApHUHT Y3apo
TapTUOIH KOUTAIINII UMKOHUSITIIAPU KYTI Oynaau.

KoMno3ummon MarepuajlapHUHT Xoccajlapy XaMMa HyHanumiia Oup Xui
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Oynca, OyHmail Marepuan xoccajiapu u3oTpon Oynamu. byHmaii martepmannapra
KYKYH XOJMZAru KylIuM4Yajaapd XaoTHUK >KOWJIAIraH KOMIO3ULHUSUIAD KHUPAIH.
MarepuaiyiapHUHT Typiu HyHanuuuiapjaaru xoccajiapu Qapk Kuica, OyHuain
KOMITO3ULIMSUIAp aHU3aTPOIl Xoccajnapra ara acuuiaau. bynnai kommosuuusiapaa
apmatypa cudartuma Tojanap, IUIACTUHKANap, Marojap, Typjiaap MabiyM
HyHanuIaa >xonIamTupuiIrad 6ynamu.

TynauprudyHuHr Typura Kapa® KOMIIO3MLIMOH MaTepuauiap AucHepc-
MYCHAXKAMAAUWIMUPUIZAH, MONAIU 64 KAMIAAMAU KOMRO3UMIAP2A AXHCPANaou.

Pacm 1.2. ApmupoBka TYIaupruwiap: a- Hojlb yirdamiu, 0 — Oup yadamiiu; B-
UKKH Yimaamid, |y, lp, I3 - T¥naqupriy yagammapu; L — matpuia KaauHIUTH.

Top
photograph—
iStockphoto.
Bottom diagram
courtesy of
Black Diamond
Equipment,
Ltd.)
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relatively Jow glass transition yemperature and WA XOCUR KUAUIL mpopmu 60 CUHMLLZA

resists chippang
bapdow).

Towsion bax wrap.  Fibersreinforced componites that use Topcuon KORAMA - MONANKU KOMHOIUM

glass, aramid, or carb . A variely an -
weghts of reinforcens possible that are wtilized 1o (mum‘ﬂ" apa'uw eKU "'apé‘m mo-m"lu)-
vane” the flexural characseristcs of e ki Kepaxau ozupauxdazu mona man1anunadu.

Core. Foam, vertical laminates of wood,

wood-foam lammates, honeycomb, and other qupo ) K}.""“\', lemu'\'d."l i“o.u
s (e b sl nasaunamu, Eov-xfnux navunam,
' Xoexomd éxu 6. mamepuan. Kinunva
7, Fiathon-absarhing material Rubber 1 8201 - BAMOYK, Hanca KFNaHUNAOU.
& nogmally used

Bubpauusru romaduzan Mamepuan - 1C0can
Pe3UHA RFLAHUNAOU.

Relnforcoment kyery. Fibetsreinforced composies

i Hove, Ultrabigh modecular weight polycthylene Acoc - iOKOpu Mom’_t"lﬂp NOIMJMMJIGH,
) ;a: because Mlm low coeflicient of friction KUYHK WIMKQTAHUIL K03¢¢uuulﬂmluﬂ. 20
and abrason resistance
60 UIMKATAHUINZA TUOAMAN.

that normally use phass fibers. A variety of weaves )
) weights of reinforcemsent are posmble 1o provide  §

longitudsnal stfingss

.‘l}‘mn\’a.wmup}‘ﬂu Edger. Carbon steed that has boen trested 8o have » B’pm-lapu I rl’lmou
” hardness of 45 HRC. Facilitase tumming by "cuttng” ¥
KQMAAMALD - WUILAMONaT i ' " njnam, 48 HRC
KOMNOIUM. KAMMUKTUR2Q 320

Pacwm 1.3. TOF YaHFHCH KOHCTPYKIHSCHAA Ky UTAHWITAH KOMIIO3UTIAp TYpIapH.

Tynoupruunap 3appadajlapyHu KYpUHUIIK OYVinYa ToJalu
Ba JIMCIEPC Typiapura axpaiaad (MOpouIoKiap). ApMUpPOBKa
TYNIMPTUYIAPHUHT XKoimammmy O0yiinya (pacm 1.4-1.5) Tonmanu
KOMIO3UIIMOH MaTepuamiap 3 rypyxra akpajaiau: oup Vkim, —
UKKH YKIM Ba y4 VKU ((Pa3oBuil) MycTaxKamJalITHPHUII
(apmupoBka).

bup ykiam MycraxkamMJalITHPUINAA TYJIAUPTrUYHUHT
Mukaopu 1...5%Hu, ukkn yxkiau apmupoBkaga — 15...16%,
y4 ykau apmupoBkaga —15%paan opruxk 0yiaagu. Katiamuiu
KOMIIO3UTJIApPAA TYJAUPrud cudaruga KoOFo3, MaTo EKH
acOCCTHHMHI TEKHC JIUCTJIAPH KYIJIAHWJIMIIA MYMKHH.

Marepuan XOCCaJapUHUHT KOMIUIEKCMHHM  KeHTaTupuin €ku  0ab3u
XOCCACMHHU Ky4YalTHpUII Makcaauaa KOMIIO3UT TapkuOujga Oup BakKTHU Y3una
Typiu IAKJIJard TYJAUPTUWIAp XaM KYJUIAHWIWIIA MYMKUH (OMp Ba HKKHU
Vngamnu), ©0ab3d  BakIIapja Oup IIaKigard aMMmo Xap Xuwil Yiadamjaaru
TYAAUprAYiIap KyJUTaHUIAIH.

Nkkn Ba yHAAH KyI TypAard MYyCTaxXKaMJIAIITUPUII TYJIIAPTAYIapU
KYJUIAaHWITaH KOMIIO3UIIMOH MaTrepuaiiap MOJMAPMUPOBKA KWJIMHITAH J1e0
aTanaau.

52 William D.Callister, Jr., David G.Rethwisch. Materials Science And Engineering. An Introduction. Eight Edition.
USA, Wiley, 2010.- 626 p.
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) ajy i)
Pacwm 1.4. ApMupoBka cxemanapu: a — Oup YKiu; 0 — MKKU YKJIU; B — Y4 VKJIH.

oD Y aVey D00 0480 0
/,O’O’O’C ... e  oT e e | DEOLOL0
. = “phase
Dispersed
phase -
N &) L) & JASAS A
OOOOCO OO0 (O 7 e
(a) (b) fc)
SVDVD ' i
saoascA 2 o e e ]
~ ) /\117 IQ J_IOLSJQ
OLLEO A B8 EE

(d) fe)

Pacm 1.5, Kowmmosutnap xoccamapura Tabcup OTyBUM jgucnepc (Qasza
3appadajapuHUHT TYpJIU XWJI TSOMETPUK Ba (a30oBUM KypcaTKWuiapu: a —
KOHIIeHTpanus, b - ymyammap, € - maki, d- maki, € — 3appadanap HyHaIHIIH
(opuenTanusicn).

bu3z Oy dan Mogynuaa Kyiuaarn KOMIO3UTIAp TYpJIapyUHU Ba yJIapHU UIILIA0
YUKAPUII TEXHOJIOTUSICH YPraHuO YMKaMu3:

1-nuarpamma. Kommnosutnap typiapu.

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

Particle-reinforced Fiber-reinforced Structural

— =1

Large- Dispersion- Continuous Discontinuous Laminates Sandwich
particle strengthened {aligned) (short) panels

—

Aligned Randomly
orlented

5.3. Marpunasu Ba aucnepc ¢asza. 3appauyajap, ToJajJap Ba CTPYKTypa
JAapakacua MyCTaxXKaMJIAIITHPHUIIL.

Tomanmn KOMITO3HIIMOH MaTepuajiapIaH dapxiu JUCIepe
MyCTaxKaMJIAIITUPWITaH KOMIIO3UTJIApJA MaTpULa OFUPJIMK Ba MyCTaXKaMJIMKHU
TAbMHUHJIOBYM aCOCHM 3JIEMEHT XucobnaHaau. Jlucrepc 3appadanap MeTayiia
JUCIOKALMSUIAPHUHT  XApAaKaTMHU  CEKUHJIAIITHPaaAW, OAJMA Ba  IOKOpHU
XapoparyiapAa YHUHI MYCTaXKaMJINTUHU OLINPAIHN.

Jducnepc-MycTaxKaMIAIITHPUITAH  KOMIIO3MIMOH  MaTe-
PHAJLUIAPHUHI JHI acoCuil ad3a/uIMrH — YHHUHI XOCCAJapUHH
U30TPOILIUT UAHUP.

Jucnepc 3appavanapuunr yayamiaapu 0,01...0,1 mkm
Oyjaranaa yJap MATEePUAJHMHI KKOPU MYCTaXKAMJIUTHHU
TABMHUHJIAWIAU. 3appavyajJlapHUHI MHUKIOPU YyJapHUHI (a3ona
JKOMIaHUIIUra OOFJMK O0yaud, omataa xaxkm Oyimua 5-10 %Hu
TAIIKWJI 3TAaIH.

MycTraxkamialTUpUIl KOMIOHEHTIApU cudaTuia OKOPH Xapopariud Ba
KUWKH 3pyBYaH (asanap— okcua, HUTpua, oopun, kapoua (Al,Os, SiO,, BN, SiC
Ba O.)map Kymianwiaad. Jlucrmepc-MycTraxKamIallTHPUITaH — KOMITO3HMIIMOH
MaTepuajijiap acocaH IMOPOIIOK METAUTyprusi yCyJulapu €KW CYIOK MeTal
TapKuOWTa KyHUIl OJNAWAAH TYJIAUPTrUWIAp KYIIUII yCyimapu €paamuaa umiad
YUKAPUIIAJIH.

OHr Kyn TapKajiraH AUCIEepC-MyCTaxKaMJAIITHUPUITaH  KOMIIO3UIIMOH
Marepuasiap altOMUHAN Ba HUKEJIb ACOCUA Tau€piiaHaau.

AJIIOMUHHMH acocuaa TaHEpJIaHraH MaTepua/liap “IMIITaH AJIOMUHHUA
nopomorun” (CAIIl) ne6 aramamu Ba amomunuii, xamma Al,O; (18%raua)
3appavanapuaan  uoopatr Oymagu. CAIl wmarepwamu (kxamBan 1.1) roxkopu
MycTaxKaMJIMKra sra Oynu0, 0oJIOBOApIOIUIMIH, KOPPO3HOH OapAOLUIMIU Ba
XOCCAJIAPHUHT TEPMUK CTAOWJUIUTU OWJIaH axpaiud Typaaud. AJTIOMUHUN OKCHUIIU
MUKIOPU  OIIMINM  OWJaH MaTEepUATHUHI  MYCTaXKaMJIUTH, KaTTUKJIUTH,
OJIOBOAPIONUIMTH OLIAAH Ba MIIACTUKIMIY KaMaunb Gopau.

CAII uccuk xonmma sxmm nedopmarusara MOWWI, COBYK XOJaa KHUHHPOK,
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KUPKHIII OMJIAaH OHCOH WIIJIOB Oepriiaav, KOHTAKT Ba aproH-Ayra cBapKacu OWIaH
axmu ungioB Oepunaau. CAllman mmctnap, npodusuiap, mramn ¢gopMaiapi,
donbra wunuiad umkapwiaau.CAIl naH mopiieHb ITOKJIApU, KOMIIPECCOP
JonarKanapy, BEHTWISATOP Ba TYpOMHAJIApHUHT Mappakiapu, TpaHcPopMarop
oOMoTKaIapu TainépiaHamy.

Kansan 1.1. CAIl koMNO3UTIApUHUHT MEXAHUK XOCCaIapHu.

Matepita Muxdopu op. MIla | ©,. MIla 5. %
.‘\1_( ),‘ 0

CAIll-1 6.8 300 220 7

CAII-2 9..12 350 280 5

CAII-3 13...17 400 320 3

CAIl-4 18...22 450 370 1.5

Hukeap acocuaa TaiiépaaHran KoMIO3UTJapaa Matpuia cudaruaa
HUKEJIb Ba YHUHT XpOM OMJIaH KOTHIIMAIapu KyJUTaHWIa i (XpOMHUHT MUKIOPH -
20%raua). MycraxkaMJIalITHPHII KOMIIOHCHTIIApH: TOPUI Ba TaQHUN OKCHIIIApH.
Makcuman MycTaxKamMJIAIITUPUII TapHUH OKCHUIAMHMHI MUKIopu 3.5...4%
oynranga Hamo€H Oynaau: og = 750...850 MlIla, 6 = 8...12%. Huxens acocunaru
MaTepuajyiap IOKOpH OJIOBOApAOUUIMK, IOKOPH XapopaTiapia CTPYKTypa
Oy3WIMIIMIra KApUIWINTKM OujaH axpaaubd Typaad. AMMO MaTepuaUIApHUHT
KyJulaHuaumm - pakar Oy coxajmap OwiaH dYekJaHuO KoJaMaWaud. YIJIapHUHT
KYJUIAHWIWMIIM ~ JBUTATEJUIAPHU  KYWIAHWIIHM, DSHEPreTMK Ba  TPaHCHOPT
YCKYHAJIAPUHU KYUYJIaHUIIMHU KeCKUH OupuO Oepaau Ba yCKyHA-)KMXO3JapHUHT
OFUPJINTUHU KaMaUTUPUIIl UMKOHUHU OEpaJiu.

Ha3zopar caBosuiapu:

Tabuatna yypailiuraH apMHpOBKa KWJIMHTaH KOMIIO3WUTJIApHHU, YJIAPHUHT
CTPYKTYypa Ba XOCCAJIAPUHU KEATUPHHT.
Voyager caMoieTM MHCOIMAA KOMIIO3ULIOH MAaTEpUAIIAPHUHI aBHACO3JIMKIA

KYJUTAaHWIUIIN YPraHuO® YUKUHT.

OmgaMm  TUPHOFM -  TOJAdM  KOMIO3WUTIAUP. YHUHT  KOMIIOHEHTJIApH,
MUKPOCTPYKTYpacH Ba XOCCaJapUHU YPraHUO YMKUHT.

Komno3unon MarepuajuilapHuHr (Qykapo camosi€riapuia KYJUIaHWIUITHHA
yprann® 4uKuHT, acocuit ypTHOOpHU Boeing 787 Ba Airbus A380ra KapaTuHr.

DoiaJaAHWITAH aa0uéTaap:

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.
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6-map3y: llIuma, opranuk, kapooH, KepaMuK ToJa, cumiap. Martpuua
MaTepua/LuIapu: MOJUMEPJIap, METALIAP, KePAMUKA MATepHAJLIIAPH.

Pexa:
6.1. llIuma, opranuk, kKapOoH, KEpaMHUK TOJIa, CUMJIAP.

6.2. Marpuna wMarepuauiapu. Ilommmepnap, wMeTamiap, KepaMuka

MaTepHalIapH. Q\
|

Tasnu  umbopanap:  xomnosuyuow,  mampuya,  uumepgeiic,
MYCMAXKAMAQUIMUPULL (APMUPOBKA), Myaoupeuy, OUchepc, Kamiamiu,
mona, un, poeuHe, Mam, WUWA, KePaAMUK mojd, Memail Mampuyd,
OpeaHukK, epagum, yenepoo moiada, OUCnepCc-myCmaxKamiaumupuileaH,
monanu KOMNo3umiap, Kamiamiu KOMHO3UMAAp, KOMHO3UMAp,
mampuya, mepmoniacm, mepmopeaxkmus noauMep, dNOKCUO CMOId,
genon, noausup, eunun >¢Qpup, arOMuUHUU, HUKENTb, KOMUWMAiap,
WUAKePaMUKa, KPUCMATLIU3AYUS KAMAaIu3amopu, Kepamuka.

<)

N

6.1. lInma, opranuk, KapooH, KepaMHK ToJ1a, CUMJIAp.

Tonanu MycTraxkaMmJalITUPWITaH KOMIIO3UTJIaga TYnaupruwiap cudaruia
TO3a DJIEMEHTJAap Ba rOKOopu xapopatiu Oupukmaiap (B, C, Al,Os SIiC Ba 0.)
TOJIaJapy Ba UIICUMOH KPHUCTAJUIApU KYJJIaHWIAM, XaM/la METaJlJl Ba KOTUIIMAaJIap
cumitapuaan (Mo, W, Be, rokopu Myctaxkam mynatiap Ba 0.) ¢oiganaHuIaum.
ApMHUpOBKa Y4yH auaMeTpu Oup Heua MUKPOHAAH 03 MUKpPOHTaua JUaMETPIIH
Y3JIyKCH3 Ba IUCKPET Tojalap KyJUTaHUIIA/IH.

Hazapuit xucobnapra kypa, MycCTaXKamJaIITHPYBYH Tojia auaMeTpu d
KaHYaJIMK KUK OYIica, JeMaK YHUHT Y3YHJINTH AHaMETpUra Kypa KaHJ9aduK KarTa
Oynca, MIYHYAJIMK MaTepualja TapTUOIMK Aapa)kacu oKopu Oynaau. by Hazapuii
XUCcOoOIap aManuil >kuxaT/aaH XaM TaCAUKIaH IH.

Tonanu KOMITO3WUITMOH MaTepHalilap MYCTaxXKaMJIUTH acOCaH TOJIAHWHT
Xoccajapura OOFJHMK, MaTpulla 53ca apMHUPOBKa DJJIEMEHTJIApH  Opacuia
KyWIaHMIIJIAPHHU TapKATUIL Ba3u(pacuHu Oakapau.

Kartuk apMupoBka Tonanapu mMaTepuaira TyliraH KyWIaHHWITHA y3ura oymo,
KOMIO3UIIMSHUHT MYCTaXKaMJINMTUHU Ba KATTUKJIUTUHU Tojlajlap WYHaTUIIN
Oyinua Kydaiitupubd Gepau.

Martpuna Tonanapra KyWwIaHWUIITHH TYJIUK YTKa3uO OepuIl ydyH, apMHPOBKa
TOJIACH-MAaTpUlla Opacuaa MycTaxkam OofjaHuII OynumM mapt. by maptHu
Oakapulll Y4yH MaTpulla TOJAHU TYJIMK KOIUIAIlld Kepak: MaTepuaniia MaTpullaHu
Mukaopu 15-20%aan 1okopy OYIUIITHN Kepax.

Martepuan Tai€pnaHumnga Ba SKCIUTyaTalus MIAPOMTHAA MaTpHIla Ba Toja
opacuja ¥y3apo TabCUpiaHWII Oyiumu  Kepak d3mac  (¥3apo auddysus
TabKUKIAHAAW), YyHKH OyHIall auddy3us MycTaxKaMJIMKHM Hacauiura oiaud
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kenmaau. Matpuiia Ba Tona opacunaa dazanap aare3usicu HaMmoéH Oymanu. Marpura
Ba TYJIJAUPTUY Yerapacujard CUpT TapaHTJIMTH IOKOpH OYJica, TOJIa yCTUra OpaIuK
KaTjiaM XOCUJI KMITyBYM Maxcyc Koriama Oepuiaim.

Kommno3uimon mMarepuanijga Tojanap €puKiIap TapKaJull TE3JIMTMHU KECKUH
KaMalTUpaaud Ba JAespiau OyTyHJal TycarnaH MypT CHHMUIIHU OapTapad >STaau.
bup VKIM KOMIIO3WLIMOH MaTepHaiap/la MEXAHHK XYCYCHSTIAPHUHI TOJIA
UyHanmuIM Ba Kapama-Kapiiu HyHamunuiapu Oyitnad aHW30TPONUSCH HaMOEH
oynau.

Tosaau Tyagupruwiap TypJjapu Ba XoccajJapu.

MeTtaju MmycTaxKaMJIAIITAPUIN TYJIAUPrUUIAPH:

IIyaar cumu (KOpPO3HOH-0AP/IONI MMYIIAT) — ATFOMUHUIHA apMHUPOBKA KHITUIII
yUyH,

Mo, W, Ta cumiapu— 00BOApAOLI MaTpULAIAPHU MYCTaXKaMIIAIITHPUII
YUYH;

bepwinii cuMH — I0KOpU COJIMIITUPMA MYCTaXKaMJIMK Ba MAacT 3UWIMKIA
ora; allOMUHUMN, MarHui, TATAaHHU ApMHUPOBKA KWIUII YUyH KYJUIAHWIAIH.

Toaanap:

bBop Tosasapu IOKOpHM MyCTaxKamJIMK, KATTHKJIMK, FOKOPH Xapopatiaa
Oy3WIHIITa YUAAMIIWIMTH OuiaH axkpanuO Typaau; 6op tonanmapu 70...200 MxMm
JUMaMETpUra 3ra; yjiap METAJUIMK Ba MOJUMEpP MaTPHUIAIAHH APMUPOBKA KUJIMIII
YUyH KYyJUIaHWJIaaw;, Oop Tosiajapu BoJb(paM cUMU ycTura Oop OMpHKMAacCHUHU
YYKTUPUI YCYJIU OWIIaH OJIMHA/IH;

Yruepox Tosasapum — OKOpPU MyCTaxKaMJIMK Ba MEXaHUK XOCCaJapHH
TEPMHUK CTAaOWJUIMTM OWJIaH XapaKTepiiaHaJu; yjlap MHEpPT IIapOUTAAa CUHTETUK
OpPraHUK TOJAJIApHHU IOKOPH XapopaTaa UIUIOB Oepulll ycynu €paaMuia OJUHAIN
(BUCKO3a, MOJIHMAKPUWIHUTPUT); AACTIIa0KU XOM ami€ Typura Kkapad Typiu yriiepoj
TOJIAJIAp OJIMII MYMKHH: WIUIap, CUM, MAaro, JIEHTa, BOWIOK; aJIOMHUHHNA Ba
MAarHMMHHA aQpMUPOBKA KUIUII YUYH KYJUIAHWIA/IH;

Kepamuxk ToJlajiap - OKcuz, HUTpHUI, KapOujiap (KpeMHH KapOuaw,
ATFOMUHUI OKCHJIN) FOKOPH KaTTHKJIMK, MyCTaXKaMJIUK Ba TEPMUK OapKapOpIIHKra
ara; aTlOMMHUN Ba MATHUMHU apMUPOBKA KWJIWII YUYyH KyJUIaHUIAIH,;

Hunocumon kpucramiaap - candup Al,Os, kpemHuit kapOuad THTaHHH
apMUPOBKA KUJIUII YUYYH KYJUIaHUJIAIU;

lumarona - MycTaxKaMJIUK, TEPMHUK OapAOLUIMK, IUAJIEKTPUK Xoccaiap,
NacT MCCHKJIMK YTKa3yBUaHJIMKIa dra; IIWIIA MAcCACMHM Maxcyc (duibepanap
OpKaJIU TOPTUII yCyidu €pJaMuja OJMHAAM;, MCCUKJIMK H3OJISILMS Marepuasuiap,
KOHCTPYKIIMOH MaTepuasiap Iuiad YMKapuIlaa KyJTaHUIau.

bup Typmarm Tomamap OwiaH apMUpPOBKA KWIMHTAH KOMITO3ULIMOH
MaTepuasuiap TOJIAaHUHT HOMUTa Kapabd HOMJIaHAIH.

Kap0oBosiOKkHUTIAp — MyCTaxKaMJAlITHUPUIL YYyH VYTIEpOJ TOJACH
Kyanwiagu. Mycraxkamimkan 2200 °Crada Ba macT Xapopariapjia Xam
cakJiaiiin. Ynap cyB Ba kuMéuit 6apaour. Mycraxkamuuru -1000 MITa raya.

KapboBonokHuTIap mapoxoj- Ba aBTOMOOWJICO3NHKAA (CIOPT MalluHauap
KY30BJIapH, IIACCUCH, MPONeIUIepIap); MOAIIMIHUK, UCCUKIUK NaHeuapy, OBM

KUCMJIApH Tanépnamia KyJUIaHWIAIu.
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HIMmaBoJOKHUTIAP — IIWIIA TOJAJAPHUM Y3 HMYKMIA TYTTaH, KOMIIO3UT
tapkuoumga 80%raua OVnaranga yHuHT wmyctaxkamuurd 700MIlanu  Tamkumi
Kuiaau, coBykra uugamin (—196 °C raua) Ba uccukra ungamin (400 °C rauga);
IOKOpY IOKJIAIa SIXIIM MIUIAlau; yJaap ap3oH Ba jAe@uuuT OYyiMmaraH
xucobaanaau. Kamuumuru: Moayis FOHra KH4ukiuru (MOAYJb yIIPYTrOCTH).

[[InaBoIOKHUTIAP IOKOPY aHUKIUKIArd apMaTypai JeTaJIapHu OJIUIIIA
kymanunagu. Hlnma TonajapHuHr Xap Xuil Typiaapy HoJMMeEpP MaTpUIlaTapHUHT
MyCTaxKaMJIAIITUPUILJIA KEHT KYJUTAHWIAIN.

Xo3upru BakTlla apMUpOBKa KoMIlOHeHTNIap cudaruna “Kenraittupuiran
tonanap (“PaciivpeHHbie BOJIOKHA KaTTa KU3UKHUII TYFIUPMOKAA. YJap IOKOpH
MYCTaXKaMJIMKTa, FOKOPHU KaTTUKJINKIa Ba KHYUK 3UWIMKTa ATa.

Kynruna tabuuii TonanapHu IOKOpPU MEXaHMK Kywialluiap/a SKCIuTyaTalus
KWIMHMAaWIMTaH KOMMO3UTIapHU Tanépnama kymiam Mymkud (Yasmaa 1976;
UYarna Ba bactoc 1979). Ynapuunr acocuil ad3ammuru — ap3onnuruaup. Tadbuwnii
ToNaNap- YCUMIIMK OyHECHMJA KEHI TapKaJraH: ILEJUII0JI03a TojJalapu — MaxTa,
3UFUp, JKYT, KaHOI, CH3aJ Ba paMU TOJIAJIApM TEKCTHJI CAHOATUIA KEHT
KYJUTaHWJIa1, €FOY Ba COMOH 3Ca KypUJIUII Ba CAHOAT/A.

Apamua  Tosamap - 1960-um  Wwimapna kamd  3TWITaH,  yhap
mIMIIaToyiajiapra KaparaHja KAaTTHKPOK Ba EHTWIPOKIWP. ApaMmMuj ToJajlapu:
Kesnap - Du Pont ¢upmacunuku, Twaron - Teijin Aramid ¢upmacuaa uriuiad
yukKapwiaad. ['en  TyKUMadwiMK —yCyJidJia FOKOPM MYCTaxKamiyIMKra 9ra
nonudTHIIeH Tojlacu 1980-um iinsutapaa Takiaud STUIIH.

FOkopu sddexkTuBnukra sra Oyiran kepamukK Tojiagap — XXYU aCPHUHT
oxupuaa Kamd TWian: 00p, KpEMHUM KapOWIU, YIJIepoJ Ba aJlOMUHUNA OKCUIU
acocuja Taii€pnanrad. bab3u kepaMHK ToJlajap SHIM MIIA0 YUKApHILI yCYyJIapH
épnamuna wnuiad YMKWIAM: Oy  30Jb-Te€lb TEXHOJOTHSJIap Ba Hazopar
KWINHAJAUTaH OPTraHuK NpeKypcopiaap NUPOJIU3U yCYyIapuaup.

Tomanmap rwokopu 3hPEeKTUB KOHCTPYKIIMOH MaTepuamiap cudaruia
KYJUTAaHWJIWIIY 3 acocuii Tamormiiapra acociananu (Apemrep, 1969):

1. 3appaya ékm Oomka TapkuOMili KHCM YadamJjapura
Kaparaijia aH4a KM4YMK AuaMeTpu. By xa:xkm OupJiuruaa anda
IOKOPH Ha3apuil MYCTAaXKAMJIMKHU TabMHHJAIITa épaam

oepamun. By s3¢pdexr - yauammanap s3¢dexTn aed arananm: \/-
KAaHYAJIMK 3appadajiap yjadaMiapd KU4YUK 0yJjca, IYHYAJIUK \ 4
Marepuaiga AedekrTiaap XocuJ OYJIMII DJIXTUMOJU KHYHUK

oysnaau.

2. YauaMmiIapHEHT §32p0 HHCHATH IOKOPH KYPCATKHYTA 3ra
(y3ynsuk/nuamerp, |/d), marepuanara OGepmiraH Ky4JaHHIIHH
KATTHK Ba MYCTaxXKaM ToJiara y3aTuiura épaam jJepaau.

3. OruIyBYaAHJINIH IOKOPHU Aapaxana, 0y kuuuk FOHr Moay/im Ba KHYUK
AUaMeTp OMJIaH y3JIyKCcH3 OOFJIHMK XyCycHATAHP. ByHaail 3ruiIyBYNK TOJIAIH
KOMIIO3UTJIAPHM Talépjam y4yH TYpPJad XWJI YCYJUIAPHH KyJuJlamra
HMKOHUAT Oepaau.

Pacm 1.6. nma yrmepon TONACHMHWHT YHUHT JHAMETPU OIIMINKA OWJIaH

MyCTaXKaMJIUTH Kamaiuman Kypuinmus MyMkuH (e Jlamot u [eppu, 1970).
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BopoBooOKHUTIAp — MyCTaXKaMJIAIITUPYBYM KOMIIOHEHT — OOp TOJaiapu;
MaTpulla — 3MOKCHJA Ba monvamuja cMonanap. CUKWIMIITa, STUIUIITa OKOpU
MYCTaXKaMJIMKIa, KWK CHJDKUIITa MOWWIIJIUTH, FOKOPU KAaTTUKJIUK Ba AJIACTUKIH
MOJyJIA, UICCUKJIMK Ba AJIEKTP YTKa3yBUaHJIMKIa 3ra. bBOpOBOJOKHUTIAP paauanus,
CYB, OpPraHUK 3pUTrUWIAp Ba EKUIIFU MaTepraliap TabCcUpura 0apAouuInru OuiaH
axpanub Typaau.

BbopoBonokHuTIapaaH npoduiuiap, HaHewiap, poTopiaap Ba KOMIIpeccopiap
KHCMJIApW, BUHTJIAPHUHI Tappakiiapy Ba BEpPTOJETIAp TPAHCMHCCHS Bajulapu
ta€prnanann. JKagsam Ne 1.2 nma 8 Typmarnm KepamMuK MaTepuall TOJIAJAPUHU
KATTUKJIMTY KEJITUPUIITaH.

YKazsan 1.2. 8 Typaaru KepaMuK MaTepHa TONAIAPUHN KATTHKIATH .

Table 12.6 Vickers (and Knoop) Hardnesses for Eight Ceramic Materials

Vickers Hardness Knoop Hardness

Material (Gla) (Gla) Comments
Diamond (carbon) 124) i3 Single erystal, {110} face
Boron carbide {B4C) 442 —~ Polycrvstalline, sintered
Aluminum oxide (ALO:) 263 - olyervstalline, sintered, 99.7% pure
Silicon carbide (SiC) 254 19.8 Polycrvstalline, reaction bonded, sintered
Tungsten carbide (WC) 21 - Fused
Silicon nitride (Si;Ny) 16.0 172 “olyervstalline, hot pressed
Zirconia (Zr0),) (partially 1.7 Polycrystalling, ¥ mal's Y0

stabilized)
Soda-hme glass 6.1

OpraBoJIOKHUTIAP TOJUMEP OOFJIOBYM Ba CUHTETHK TOJaJlapHU TapKuOuja
TyTTaH KOMIO3UTIApAUp. YJap KUYUK OFUPJIUTH, TYpiad KywIaHHIILJIapra
OapIOLIIUIM Ba XapOpaTHHM KECKMH y3rapummra Oapkapopidra OujaH
dapknanagmiap. KamMunnukiapu: CUKWIMILTA MyCTaXKaMJIUTH KHYUKIIUTH, IOKOPU
CWDKHII XycycusaTH. OpraBOJIOKHHUTIIAP arpecCHB MYXHTJApra Ba UCCUK HKJIUM
nrapoutiapura OapAOLUIMTH  OWJIaH  XapakTepiaHaauwiap, Xamjaa IOKOpHU
JTUAJIEKTPHK XOccagapra Ba KHYMK UCCUKIUK YTKa3yBUaJIMKra Jra.

OpraBoJIOKHUTIAp HW3OJSIMOH Ba KOHCTPYKIIMOH Martepualn cudaruga
3JIEKTP- Ba paJiiOcaHoOaTAa, aBTOMOOMIIIIYHOCITUK/A, aBUACO3NIUKIA KYJUTaHUIIAIH.
OpraBosioKHUT/IapAaH TpyOanap, pPEakTHB Cakjiall pe3epByapiiap, I[apoxXoj
KOpIyclapy KoIuIaMajlapy Tai€piaaHaam.

1.7-PacMpa mumma  TOJAJIAPHUHT  AHbAHABUN  TEXHOJOTHMK  THU3UMHU

> Krishan K. Chawla. Composite Materials. Science and Engineering. Third Edition. Springer Science, New York-
London, 2012.- 8 p.
> William D.Callister, Jr., David G.Rethwisch. Materials Science And Engineering. An Introduction. Eight Edition.
USA, Wiley, 2010.- 491 p.
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kentupuwiarad (E-mmma wmuconunpa). Xom aménap OyHKepaa SpUTUIIAH,
SPUTWIITAH IIXIIA 3JIEKTp EpAaMuJia KU3IUPWIraH IJIaTHHA BTYJIKA €KU TUresiapra
y3atuiaau; xap Oup BTylkaaa 200tava temmumkiapu 6op (puibepa). DpuUTUITaH
MIMIIA Y3 OFUPJIUTH TabCUpUJA YOy TEMIMKIApAAH YTHO, y3yH Y3IyKCH3 ToJa
XOCWJI KWJIaau, yjaap U xojatujaa OapabaHra Tepuiaau. TOJAHUHT JUaMETpU
BTYJIKA TEIUUTMHUHT JAMAMETpUra OOFJIMK, MAacCCAaHUHI KOBYIIKOKJIWIHM TapKuO Ba
Temneparypa QyHKIUACUANP.
Hluma ToJanap Ba yJIapHUHT X0CCaJIapHu.

Xo3upru BakTAa Typid KUMEBUH  TapkuOiapia IMIMIIa  Tojajiap
yrkapwiMokaa. [llumra TonanapHuHT KUMEBUH TapkuOu: KpemHui oxcuan (~ 50-
60% SiO,;), konranu - Kaublui, 00p, HATPUH, ATFOMHUHHNA, TEMUP OKCHJIJIApH.

XKansan 1.3 ma Oab3u KEHTI TapKairaH IIWIIA Tojladap KUMEBUN TapKUOU
KEeNTUPHUJIITaH.

Kanpan 1.3. KeHr Tapkairan muiia ToJiajapHid KUMEBHUM TapKUOU.

Composition E glass C glass S glass

Si0; 552 65.0 65.0
AlLO, 8.0 4.0 25.0
Ca0O 18.7 14.0 —
MgzO 4.6 3.0 10.0
N0 0.3 8.3 0.3
K>O (2 = =
B.0; 73 5.0

“E —glass” (E-mmma) - 1e6 s7exTpuk Tojanap oenrwianaau, E-
IIUIIA SXIIH 3JEKTP HU30JATOp, OyHAAH TalllKapH SXIIM MEXaHUK Ba
AIIACTHKJIMK MOJTYJIUTA JTa;

“C —glass” (C-mmma) — ne® Koppo3us TypAard Tojanap
oenrunanaau, C-mmma OollKa IIMIIA Typjiapura Kaparasja HOKOpHU
KUMEBUHM KOppo3usira 6apIonuiury OuiiaH TaBcugIaHaam;

“S —glass” (S-muma) — >HT IOKOPU TEPMUK Ba OJIOBOAPIOIUIUKTA
aTa MUIIATapanp.

[[uma TomanapHUHT acocuit KucMu E-mmumianan taiépianany, aMmmMo unuiad
yuKapuwiran E-mumanuHr  Kyma KaM o KACMH - JJIEKTp  coXacu — Oyiinda
. 56
KYJUTAaHWIQIH.

%6 Krishan K. Chawla. Composite Materials. Science and Engineering. Third Edition. Springer Science, New York-

London, 2012.- 12 p.
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LTuxmanu eparawmupui HMewza wuxmanu ysamui

Batch mixing Batch hopper
at fumace ITenrunz spumu
30HACH
—
Fumace
melting area |
=
Platinum — Hn mepu sa fanam
bushing QNRAUKAMOPU
Mramuna Filament collecting
SHYTIKACHU and size applicator
Cukuw smynxacu

Strand traverse
motion

Winding head
unit
Vpawu mexanusmu

Collet

1.7.-Pacm. E-mmima TOJMacCMHUHI aHbaHAaBUN MILIA0 YMKAPUII TEXHOJOTHUK
TH3IMA.

Wnrapu 3aBoanapia mIMia TOJACH TYFPU IPUTMAZaH 3Mac, OalKu OMpHHYU
Oockuuga muma Oymakiaapu (rnmba) wnurad yukapuiaap 3au. luma 6ynaknapu
SpUTUINO, YHIAH TOJia Yy3Wiap 51d. 3aMOHAaBUU WILIA0 YMKapUILIap[a IIHIIa
TOJIACH DPUTHIITAH IIUIIAa MaCCACUAAH TYFPHUIaH - TYFPU UILIA0 YUKAPHIMOKIA.

[[Iuma  TonmamapHWHT  wWHIIad  YWUKapummarda  Typaapu  1.8-pacmma
KEJITUPUIITaH.

5 N~ DR AR,

Pacm 1.8, Hmmab uyukapuiagurax
myIa ToJjlajap Typiapu: a — KUYKa

Tojla, D — y3UmykcW3 mMmiarona, c-

posunr, d — muma mart.”

Myctaxkamiauk, FOHr momynu — ypra kypcarkuwiapra sra. Iluma Tonmanap
nosmddup, osmokcua, QeHonm cmonamap OwiaH Ouprajvkaa  apMUPOBKa
KOMITIOHEHTH cudartuga Kymwranwnagu. [lumaroma anya ap30oH Ba Typiu
Kypunuia unuad unkapuiamy (pacm 1.8): y3iaykcu3 um ajoxuaa TojajiapiaaH

> Krishan K. Chawla. Composite Materials. Science and Engineering. Third Edition. Springer Science, New York-
London, 2012.- 13 p.

%8 Krishan K. Chawla. Composite Materials. Science and Engineering. Third Edition. Springer Science, New York-
London, 2012.- 13 p.
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nOopaT; POBHUHT 3Ca Mapajulesl WIUTapJaH TAIIKWI TONTaH; KUCKAa TOoJja — WIJIaH
¢xu 5-50 MMITM KHCKa poBHUIaAaH nOopar, OyHJaH TalllKapy IIUIIATONA TYKUMa
MaTo €KUM TYKUJIMaraH Matiap KYpUHUJIa XaM UILUIa0 YuKapuiiaau.

Hamunk M IIATOJACHHUHT MYCTaXKAMJIMTHHU
nacadrupaad. byHaaH Tamkapu mmina ToJia BaKT 1aBOMH/IA
yapyamra y4paiam: y30K BakT JaBOMH/IA JOUMMI Ky4JIAHUII
TABCUP ITraH X0JaTJAa MIHIIA ToJAa TApKUOUAAa EépuKjIap Te3
yCeHIIM HAMOEH J3THIIM MYMKHMH. LIIyHMHI y4yH BaKT yTHII
OWJIaH WA TOJAHUHT MEXAaHMK X0CCAJAPH KECKHH macaimnod
0opaau, aMMO KHCKAa BaKT JaBOMHMIQ MYCTAXKAMJIMIH SIXIIH
XUCOOJIaHAIH.

[[IumaTona 6uinaH apMUpPOBKA KUJIMHTAH cMoOJjanap KypwWIHWIa Ba CaHOATIa
KeHT KyJlaHwiaad. Yiap mmmamiactuk éku GRP ne6 nommanamm: Oomika
KOHCTPYKIIMOH MaTepuajiap Koruiamanapu cudaruaa, €Kd IOK TalluMaiIuraHd
JIEBOp TaHEJIapH, CTPYKTYpPAJIAPHUHT TapKUOWN KUCMIIapH, Jiepaza pamMaliapi,
ucTepHaNap, Tpyoa Ba TpybonpoBoiap cudaruna KeHr Kyutanmwiaaa. 1960-uu
Husutapaad Oonuiad joaKanap KOpImyciaapy MIUIIAIUIACTUKAAH UITa0 YMKapUIIJIH.
KumE canoatupa XaM MIMIIATUIACTUKIIAP KEHT KYJUIAaHWJIAAW — pe3epByapiap,
TpyOOnpoBOJT €KMW TEXHOJOTUK TaHkiIap cudarua. bynnan Tamkapu
mumamaacTukiaap (GRP)  Temup itynnapw, aBTOMOOUJT  TPAHCIIOPTH,
a’POKOCMUK CaHOATHAA Y3 YPHUHH TONTAH.

Yriepona Tosianap Ba yIAPpHUHT KYJIJIAHWIUIIHA.

Yriepoa — HTWI, KUYUK 3UWIMKra 3ra JIEMEHTANp. YHUHT 3UWinru 2,268

r/em’. Yrepon Typim kprctamt dopManapaa yupaiind. Karra kusukumn rpadut
CTpYKTypacura KapaTwiMoKla, TpaduTaa yriepol aromyiapd TeKcaroHal
KaTJIamyiap KypuHUImaa skounamrad. OamMoc XxaMm y3 YpHUJa MyXUMIAP: YIIIEPOT
aTOMJIapU Y4 YIdamiii KOH(PUTYpalus MIaKiInaa xoinamrad 0Yiuo, xKyaa KUIuK
CTPYKTypa OSTWUJyBYAHJIMTUTA dra. SIHrU yriaepoj KypuHUIUIapuga Oupu —
dbymnepennap, mosekyysip Tapkuou C60 €xu C70; HaHOTpyOKamap — 4y3HWK
bymiepennapaup.

['padut mwaknugaru yriepoa aHM30TPOIl XyCycusiTiapra sra: Karjiam opacuja
FOur monynununr Hazapuit kuiimatu 1000 I'Tla, C yxu arpoduna sca moaynpb 35
['Tla ra tenr. I'padut cTpykrypacu 3uu ynmakoBka KunuHrat (1.9.-pacm). Yriuepon
TOJIaHM WIIa0 YWKAPHUIIIA acOCUN MaKcaJl — Toja TeKcaroHajd TEKUCIHKIIap
WyHamumuaa skoimamran Oymumu kepak. FOkopu IOHT Momymmm yraepon
Tojajapu WIUIA0 YHUKAPHUIT Y4YyH OWpJiaMud OpPraHUK TOJIAJIADHUHT OUPUHYU
Oocknuuaa KapOoHW3alus KWJIMHAIW, KeMMHTH Oockuyaa 3ca rpadurusamus
kapaéHnapu ¢Epramuaa ungiad uukapuiaau. bupmamum opraHuk Tona — Oy
KapOOHM3alMs Kapa€HHUla dpUMANIUTaH MaxcyC TEKCTWJ MOJMMEp Tojiaaup. by
OpraHUK TOJIa Y3yH 3aHKHUPJIM MoJjekynanapaad uodopar tonrad (0,1-1 MM- 9y3uk
XoJatnard y3yHiauru). By Tonmamap acocaH mact MeXaHUK Xoccallapra srajaup.

Opranuk Ttomanap cudarnna nomuakpunonutpun (ITAH) xenr xymnmanumanw.
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YHAaH TalKapyu CYHbUM MIIAK Ba CMOJIA, MOJMBHHWI CIHUPTH, NOJUUMHIIIAD Ba
dbeHoap acocua OJIMHraH Tojlajap XxaM KapOOHMU3aIusl KUJIMHUIIN MyMKHH.

VYraepo/1 TOJTaHUHT aCOCHM MIUTa0 YUKapHIll OOCKUYJIapy Kyhuaaruya:

1. Toma xocua KUIUIl OOCKUYU. XYJ €KM KypyK ycyiaa OupiiaMud OpraHuK
tonaaaH, macanan [IAHnan Tonma topTunaau, €ku 3pUTMACUIaH TOPTHUIL YCYIJIH
épaamua.

2. Crabummzanust 0ockuun. KelnHru 1oKkopy Xxapopatian 00CKu4iIap/ia ToJaHH!
SPUIIJAH CaKJIAll YUYyH YTKa3WIaau.

3. Tepmuk uiioB 6epuill - KapOOHHU3AIMs, HOKAPOOHAT dJIEMEHTIApIaH X0JIn
KWINII YYyH

4. OnuuoHan TePMUK HILIOB Oepuil 00CKWYM - rpaduTuzanus, 0y xapacH
yTJIepO TOJJACUHU XOCCAlIlapUHU SAXIITUJIAIITa UMKOHUST Oepaiu.

Pacm 1.9. I'padur
A cTpyKTypacw.

A - TIpadur

aTOMJTAPUHHHT

A BT A //// //'?

LU ol o8  JKOMJIAIIMIIIM;

0 — rpa@uTHUHT
reKcaroHa

LRI e
11 1 f'/,/ff///'//w

A KpHUCTAJUIUK

CTpYKTypacH.”

Yriaepoa Tosacu MILIA0 YUKAPUIIHUHT aCOCHIA 00CKMWIApH KyHuaarnya:

1. Tona xocun kuaum OoCKMYM. XyJ €KM KYPYyK ycyJaaa OupjaamMyiu
opraHuk TtoJiagaH, macajian ITAHaan Tona TtoprHiagu, ékM 3pUTMACHIAH
TOPTHUIL YCYJIHU épAamMuaa.

2. Craomwiu3anus 0ockuuu. KelilmHru rKopu xapopariu 00CKHWwiIapaa
TOJIAHM IPUILIAAH CAKIAL YYYH YTKA3HIAAU.

3. TepMuk unuioB 0epuiln - KApOOHU3AIUA, HOKAPOOHAT 3JIeMEeHTJ/JIapaaH
XO0JIM KHJTMII YYYH

4. OnuuoHaj TePMHUK HMUILIOB Oepuil OOCKHYM - rpaduruzanus, Oy
JKaApaéH yrjepoja TOJACHHU XOCCAJIAPUHM AXITHIAIITA UMKOHUAT Oepaau.

1.10.-pacmna  nonuakpuinonutpuil (ITAH)gan yrnepox TtonmacuHu wuiuiad
YUKApUII COAAANAIITUPUITAH TEXHOJIOTUK TH3UMH KEITUPUITaH.

? Krishan K. Chawla. Composite Materials. Science and Engineering. Third Edition. Springer Science,

New York-London, 2012.- 25 p.
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Multistage High-temperoture
Gas seal furnace furnace

| N2  Ar
Waste products
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precursor
fiber
(10* filaments)

TF___J

Oxidation Carbonization Graophitization
up to 250°C 250...1500°C 1500...2500°C

Pacm 1.10. [Ilommakpunonutpun ([IAH)man yrmepox Tomacuau unuiad
YNKAPHIIHIHT COTATAIITHPUITAH TEXHOIOTHK TH3UMH.

VYrinepoa Ttonanap TEXHUKaNa KEHI KYJUIAHUJAAW: a’pOKOCMHUK CaHOAT/a,
ciopt Maxcyinoriaapuuau wunutad uukapumga. SHATTLE (AKII) — pakera-
TaITyBUMHHUHT JIITUTH Ba KOPITYCH YTIEPOI TOJIATN/IMOKCH] CMOJIa KOMITO3UTH/IaH
taii€prnanran. 3aMoHaBWi camoiieTiiap, MacajgaH Boeing 787 (Dreamliner)
¢drozemspkM Ba  KaHOTIApW  yriepoA Toiach / DJMOKCHI KOMIO3UTIIApAaH
Tail€paaHuO KeIMOKAa. YJApHUHT HapXu JOUMHUN paBUILIAM macaiin® O0pMoOKIa,
IIYHUHT YYyH KYJUIAHWIMII COXaJIapy XaM KeHrainbd 0opmokzaa. Yrieposa Tonaliu
KOMITO3UTIIAD TEXHOJOTHK JKAXO037ap - TypOWMHA, KOMIIpECCop, IIamoJl
TETUPMOHJIAPW KAHOTJIApHW, MaxXxOBHWKJIAp TalEpramga, MeTuIliHaza »dca —
YKUX03JIap Ba UMITIaHTATIIAp (TU33a CyCTaBlIapH) Taképamiaa Ky UIlaHUuIMOKIA.

OpraHuk T0J1aJ1apH Ba YJIAPHUHT KYJ1JIAHUJIUIIN.

Opranuk TOaIap, MacajaH apaMHJIHbIE Ba TOJHMATUJIIEH  IOKOpHU
MyCTaXKaMJIMKTa Ba JJIAKTUKIN MOJIYJIMTa ATaIup.

[Tomuatunen toma (renp-uruiap, copt CBMIID) rtapkubuma  90-95%
KPHCTAILTHK (a3a TyTyraH 6yau6, yaunr suwtura 0,97 v/ ev’,

[Tonmmep TomamapHUHT MEXaHUK XOcCcalapy cxemazaa
KEJITUPHUIITaH:

Polvimer Fihers
(Properties)

Molecnlar welght

. Degree of crvstallininy
Deformation mechanisms Factors thut influence the ik X :
Y % —— cchumicul o Predeformmtion
Mechanical (semicrystulline polywers) mechanicul properties by drawing
Mechanica . i b
Sress-stealis Heat-treating

ln-hqnur —  hohirior
(definithons)

Macroscopic delormation
(necking phenvinenon)

[ToruMep ToOMaHWUHT UWNLIA0 YUKAPUII TEXHOJOTHSICH Ba HWIUIATHIIMII
WMKOHUSTIIAPU YJAPHUHT HPUII XapopaTura OOFIMKIup, Oy OOFIUKIUKHU

% Krishan K. Chawla. Composite Materials. Science and Engineering. Third Edition. Springer
Science, New York-London, 2012.- 27 p.
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- o 61.
KYWHMJIAard CX€MaJlaH KypUIIMMU3 MYMKHH

Molecular welght

Meclting Melting Factors that affect the

) sr Fibe
l()l)l.llt.r Fibe TS phenomenon temperature melting temperature
(Properties/Processing)

Degree of branching
(polymer structure)

Chain stiffness
(polymer chemisiry)

Apamun Tomacu yTa eHruia OYynuO, IOKOpH KATTHUKIMK Ba UY3WIIMINTA
MycTaxKamJIuKkra sra. OHr Mamxyp copmiapu: KeBaap -49 Ba 29. Kesnap -29
COPTHUHHMHT SJACTHKJIUK MOJYJIH UWKKH Oapobap macTpok, amMMo Oy3WIUII
nepopmanmsicu  kodbduimeHTn  KeBiap-49ra  KaparaHjga HMKKH - O0apoOap
karrapokaup. Llyaunr yayn Kenap-29 kyposra Kapim XuMOsIIall XKUIeTIapHA
Taiépnamga Kyuianuiaaad. AMMO apaMu]l Tojlacu OOIIKa OpraHUK Tojanap Kadu
CUKUJIUIITa MYCTaXKaMJIMTU TAacCT (STWIMINTa MyCTaxXxKaMJuruHu 1/9 KucmMuHu
TallKUJ 9Taau), Oy TOJAHWUHT aHU3OTPOIUIUTH OujaH Oornukaup. by
XycycusiTiaapra Kypa apamuj ToJjlajJjapu CUKWIMII OujgaH OOFJIMK XoJulapia
KYJUTAaHWUJIMAK 1.

Kenap- apamu1 TOTaCHHUHAT KYJIJAHIIUII COXAJIApH:

1. Kesnap- mmHanapjard pe3WHAHW apMUPOBKA KHIIUIII
(peMeHb, EHTWJI Ba OFUP aBTOMOOWUIADHHMHT  pagual
IIMHATAPH), YMYMaH pe3WHATeXHWKA MAaxCyJoTjap HILad
YUKAPHIIIA.

2. Kesnap-29. Kanatnap, kabemaap, KomiaMaad MaTonap, g
apXUTEKTypa MaTojapy Ba OAUIMCTHK XUMOSI MaTOJIApU MIILIa0 n
gyukapumnaa. Kemap-29 nan Taii€pnaHraH KWieTiap Ky \4
MaMJIaKaTJIADHUHT XYKYKHH Myxodas3a KHIWII OpraHjiapu
XOJUMIIAPH TOMOHHJIAH UIILIATHIIAIH.

3. Keenap-49 - snoxcun, nomudgup Ba OOIIKa CMOTAIapHU
apMUPOBKA KWIHII yYyH, adPOKOCMUK, JACHTU3, aBTOMOOWI Ba
CIIOPT MaxCyJIOTJIAPHHH UIUIA0 YMKAPHUIIIA KYITTaHIIAIH.

Pacm 1.11. Kesnap-29 apamug TollacM acOCHJard  KOMITO3HIIMOH
Maxcyraotiap.

o1 William D.Callister, Jr., David G.Rethwisch. Materials Science And Engineering. An Introduction.
Eight Edition. USA, Wiley, 2010.- 619 p.
82 William D.Callister, Jr., David G.Rethwisch. Materials Science And Engineering. An Introduction. Eight Edition.
USA, Wiley, 2010.- 649-650 p.
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Apamu] Tojacu SXIIM aHTUBHOpALMOH XyCycHsTiIapra ara. bomka noaumep
Toyanap KaOu, apaMu]i Tojlajapu yiapTpabuHadIia Hypjara YWJaMJIMIATU MacT.
VYappabunadiua Hypliapu TabCUpUA apamMuj ToJajlap CapuK Ba KUTap paHTura
yTaau, Y3 MexaHuk XxoccanapuHu unykoraau. [lynunr yuyn Kenap-tonanap
JIOMHUHECLIEHT JIamnanap €ku aepasa oiiHanapaad 0,3 M y30KpoKJa CakJIaHUIIU Ba
KYJUIAHUJIUIIN KEpPaK.

Kepamuk Tos1ajiap Ba yJapHMHI KYJJIAHUIHIIHN.

Kepamuk Tonanap rOKOpH MyCTaxKaMJIMK, 3JIACTUKIMK MOAYJIUIa 3ra, Xamjaa
yJlap IOKOPH Xapopatrjiap Ba arpecCuB MyXHTIapra OapAOLUIMId OWJIaH akpaiand
Typaau. IIyHUHT ydyH KepamMuK TOJlajdap IOKOPU Xapopariii KOHCTPYKIMOH
MaTepuasuiap uiniad YMKapuIiga KeHr KYJTaHUIa i,

Kepamuk Tonamap umad YMKapUIIHUHT 3 acOCHMM yCynu MaBxXynd: OyFaaH
KUMEBUN YyKMa XOCWJI KWJIUII; TTOJMMEPJIAP MUPOJIM3U Ba 30JIb-TE€IIb YCYJIU.

30Jib-r€b METOJJIap KPEMHHMI OKCHIM Ba aJIIOMUHUNA OKCHUAM acocuia
OKCHJUIA ToJIajlap MIIad YuKapuil y4yH KyJuiaHwianu. [lonmuMepnap muponusu
XaM SIHTY YCyJIIapaH OUpUIIUpP: KPEeMHHUH, yraepo | €Ku a30T TyTraH MojJumepiiap
(KpeMHUN OpraHuk OupHKMajap) KepaMHK IOKOPH Xapoparid ToJiajapra
alIaHTUPUINIIN MYMKHH. by ycyn 1.7.-pacmaa KeATUpWIraH yriepoj Tojajiap
uniad yukapuira yxmam 0yiano, nuponaus Hatmwkacuaa SiC, SizN4, B4C, Ba BN
TapKUOIM KEpaMUK TOJIa, KYTIUK €KU KOIUTaMaliap XOCUJT KAJTUIIT MyMKHH.

6.2. MaTpuna matepuasiapu. [lonrumepiap, Merajiap, KepaMuka
MaTepHuaIapu.

KoMmo3utr maTepuaJlHUHI KOMIOHEHTIAapH T€OMETPUK KYpHHMIIA Oyinya
bapknanagn. Mampuya ne6 OyTyH XaxM OViiuda y37IyKCU3 >KOWJIAIIraH
KOMIOHEHT aTanagu. Kommo3unumoH warepuanjga wmaTpuuaizap cudaTtuaa
METajulap Ba YJAPHUHI KOTUIIMAalapy, OPraHUK Ba HOOPTraHHWK IOJIMMEpJap,
KEepaMUK MaTeprauiap KyJUIaHWIa U,

MarepuaHUHT Xoccaaapy KOMIOHEHTIAPHUHT (PU3UK-KUMEBHM XOccalapura
Ba yJlap opacuaard OOFJapHUHT MyCTaxKamjurura Oormukaup. Kommosuimon
MaTepuay KOMIIOHEHTIIAp Xap XWJ Xoccajapra sra OViumm Kepak. ApMUPOBKa
(MycTaxKkamMJIAIIITUPHIN) KOMIIOHCHTJIApU OKOPHJA TabKUIJAHTAaHUICK FOKOPH
KaTTUK Ba MyCTaXKaMJIMKHUA TabMUHJIAAUIAP.

ApMHpOBKa KOMIIOHEHTJIAPUHM Ba MaTPULUAHHU AacOCHAA TauépiiaHTaH
KoMmro3uius  HadakaT JacTiaa0Kd  KOMIIOHEHTJIAp — XOCCajlapuHu  y3uzaa
My>KaccaMJIalTUPaIu, OaJIKu STHTU, OOIUIAaHFUY KOMIIOHEHT/Iapra Xxoc 0yamaran

KOHCTpYKITMOH KOMITO3UTIApAa apMHPOBKA KOMIIOHEHTIApH
aCOCaH KEpaKJId MEXaHUK XYCYCHSTIApHU (MYCTaXxKaMJIUK, TEPMUK
OapomIuK, KaTTUKIMK Ba ©0.) TabMUHJIAWAW, MATpPHIa 3ca
apMHPOBKa 3JIEMEHTJIApWHN OWpra WIUIANIWHU, YIAPHHUHT MEXaHHUK
Oy3wIMIIgaH Ba arpecCUB KUMEBHM MYyXUTJIApJaH XHMOSIIAII
BasupacuHu Oaxapaiu.

97



XyCYCUATIApHM  XaM HaMO€H KWIMIIM ImapT. Macanad, apMHUpOBKa
KOMITIOHEHTJIapd Ba MaTpHUlla Opacuja aXpalull Yerapacu MaBxyjn Oyica, Oy
MaTEepUATHUHT EPUKJIApra YUAAMIUTUHU OLIUPA]IH.

Matpuna Marepuand Typura Kapa® KOMITO3UTIApHH KyWuaarnda
KJIaCCU(pUKALUS KAITUII MyMKHUH:

noauMep MampuyaIu KOMno3umiap
Kepamux Mampuyaiu KOMno3umiap
Memann Mampuyaiu KOMno3umaap
OKCUO-0KCUO KOMNO3umap

Komrmo3uimon Marepuamiapia mMaTpuila MaTepUATHUHT OUp KUHCIUTUHU,
MOHOJIUTJMTMHA  TabMHUHJIAWIM, OyIOMHHUHI  IIAKJIMHA Ba  apMHUpPOBKa
KOMITIOHEHTJIADHUHT ~ ¥3ap0  JKOWJAIIMIIMHUA  CaKJIald, TabCcup ITaéTraH
KyWIaHHUIIIJIAPHU MaTepuasl XaXKMu OViinda TakCUMJIAlWIu, Tojlajapra Oup Xwuil
KyWIaHUIIHA TaKCHMJIAITa XapakaT KWiaaw. byHmaH Tamkapu wMaTpuia
apMHpPOBKa KOMIIOHCHTJIAaHW MEXaHUK Ba KHAMEBUU TabCHpJapIaH XaM
XUMOSIIaNU/IH.

Hosmmepaap.

[lonumepnap KepamHMka Ba MeTajlapra HUCOATaH Mypakkad CTpyKTypara
ATajlup, aMMoO MOJMMEpJiap ap30H Ba ylapra OCOHJMK OWJiaH HIILIOB OepuIl
MyMKHH. XOCcaJlapura KeJICaK, TMOJUMEpPSIap MYCTaxXKaMJIMK Ba 3JACTHUKIIUK
MOAYJIM KYpcaTKU4YJapy TMacT, JKCIUTyaTalus XapopaTiapyd IOKOpH Oyimaran
Matepuaiapaup. YibrpaduHadiia, EpyFiauk Hypjapud Ba 0ab3u SPUTTUUIAPHU
y30K BaKTJa TabCUPHU MOJIMMEPJIAPHUHT AETrpadalusicura Ba XOCCalapuHU KECKUH
nacaiummra onau0 kenagu. KoBameHT Oofnap acocuja TAIUIKWI STUITAHIIATH
MyHOcCa0aTu OujaH TOJUMEpIap acoCaH MCCUKJIUKHUA Ba DJIEKTPHU EMOH
VTKazagunap. AMMO KHMEBHMM Monjanap TabCUpUIra METaUIapJaH Kypa
YUAAMITHPOKIUD.

Mertana maTpuuagap.
Meramiap yHuBepcan KOHCTPYKLHMOH Marepuamiapaup. Merauap Y3WHHHT
MyCTaXKaMJIUTH Ba KATTHKJIUTH OWIaH axpaiu0 Typaau. Mertamiap TIacTHK
nedopmalsi KWIMHUIIM Ba YJIAPHUHT XOccajlapu Typiud ycyiap OwuiiaH
Ky4aTUpWIMIIN MYMKHWH, Oy acocaH IUCIOKauusiaap 1e0 aTalaguraH 4u3uKIu
nedexTnapHuHr xapakatu OwiaH OornuK OViaau. Xamma Metaap (MeTrasl
HIMIIAJIAPAAH TAIIKAPW) KPUCTAUT Ty3WiIMIUra sra. AcocaH Mmertawiap 3 Ta

KpuUCTalll CHHI'OHUAJIApJa KpUCTalJIaHaan:
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* éanmapu Mapkasznamran kyouk (I'T[K)

* XaxMu —Mapkasznamras kyouk (OLIK)

* OITHOYpUaKyIM 314 yrakoBka Kunuaran (HCP)

Mertann matpunanu komnodutiaapauar (MMK) 3 Typu maBxyn:

e Iucnepc-mycraxkamiaamrupuwiran MMK

* KHCKAa TOJIa Ba MYVIlUIOBJap OMJIaH ApMUPOBKA KHJIMHIaH
MMK

MMK.

Kepamuk marpunasiap

Kepamuk matepuamiap Kartuk Ba MypT Oynamu. Kepamuk marepuaiiap
MYPTIUTHAAH TalIKapu, 0ab3W Xoccanapu Typiauda OYJIWIIM MYMKUH. PeakTuB
JBUTATEIapAa KyJUIAaHWJIAQIWraH METauIMK-  cynepkotummanap 800 °C
Xxapoparuraya siXxmu xycycusariapra sra, ammo 1100 °Cpa meramn komiamacu
OKCHUJUTAHUIIM OONUIaHaIM. YHJaH IOKOpU Xapopariapaa sca Oollka Typlaru
KOHCTPYKIIMOH MaTepuaiiapaan ¢oitnananui kepak o6ynaau. Iy epna kepamuk
MaTepuaiap Kepakiid XOCcaJapHu HAMOEH KWIHIIN MyMKHH.

Kepamuka maTepuaslapHUHT aCOCUM KaMUWJIWTU — YJAPHUHT MYPTJIUTH,
IIYHUHT YYyH YJIapHU MYCTaxXKaMJIAIITUPUIL 3apyp OYiaau.

[MumakepaMuk MaTepuaiap — KEpaMHK MaTepUAUIAPHUHT  MaxXcyc
TYPYXWMHHU TAIIKWI KUJIaJu. YJiap KOMIIO3UIIMOH MaTepual kabu Xaxxm Oyiinya 95-
98 dousu kpucramn (azagaH, KoJraH KMcMU dca mmmia (azagad udopar 0ynaau.
Kpucramn ¢aza yta Ho3uk (3appauyanap quamerpu 100 HMIaH KMYMK) CTPYKTypara
sra. byHnail KWYMK KpUCTAJUIapHU YCTHPUIN Y4YyH IIMIIA Maccacu TapKuOura
karaguzatop (omarma Ti0, Ba Zr0O,) KYIIWIaad Ba OJMHTAH IIWIIA
NYHANTUPWITaH KPUCTAIUIM3ALNATA YUpauau.

OHI MyXUM HIUIIAKEpaMUK MaTepuaiap:

1. Li,O-Al,05-SiO, CHCTEMACH/Ia: KHYUK  TEPMHK  KCHIaWHII
kodddurmenTura Ba JeMak IOKOpPH TEPMUK Oapaonuivkra sra. by Typmaru
Matepuaiap «Corning ware» caBio Oeirvcu OuiiaH UIIad YMKapUIaIu.

2. MgO- Al,05-SiO; cuctemacu: 10KOpH DJICKTPUK OapAOILIMKra Ba IOKOPH
MEXaHUK MyCTaXKaMJIMKra 3ra.

Kepamuk matpuiianu martepuaiiap Typiau KyKyH METOJyiap OWiaH WIIUIOB
OepunuImy MyMKWH (aHbaHABUWM TMOJMKPUCTAUT KEpaMHUKa OJIUIN yCYJUIapH),
XaMJla Maxcyc 3aMOHAaBHI KepaMUK MATPULIAIIAPHUHI CUHTE3 yCyJap €paaMuiaa
OJIMHUIIIK MYMKUH.
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Ha30paT caBoJuiapu:

KoMmo3uTHUHr KepaMUK MaTpullacura WIUIOB Oepulll  HaTHXKacuaa
MaTepUATHUHT MycTaxkaMiauru nacasad. CababuHu TyuryHTUpuO OCpUHT.

Kepamuk maTpunanm KOMIO3UTIAP OJIMIIIA 30JIb-TEIb BA MOJUMED IMUPOIU3
yCyJulapyu KYJUIAHWIMIIM MYMKUH-MU? By ycymnap KaHzail KOMIO3UTIIAp
OJIUIIJIA KyJIail XHucoOmaHaau?

Hesipiii HONTa TEHT OYIraH MCCUKIMKIAH KeHTaluil Kod(PQUIUEeHTUra sra
Oynran yriepoj Toja OwilaH MyCTaXKaMJAIITUPWITaH IIUIIaKepaMUK
KOMIMO3UT OJIUII MyMKUH MU? CabaOuHM TYITyHTUPUO OCpUHT.

Huma y4uyH kepamMuKk MaTpullaid KOMIO3UTIApHU MIUTA0 YUKapulaa Kypa
UCCUKJMK Xoccajlapra Karra 3bTHOOp OepullluMu3 Kepak (MeTasul
MaTpPUIIAIA KOMITO3UTIIAp OWJIaH COJIUIITUPHUHT)?

DoiifaaHWITaH agaduériaap:

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

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

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

Tsanuuna JIL.H., Munaes A.M., Ilpyukunn B.A. HoBble KOMNO3WLIHOHHBIE
martepuaisl. Tam6os: 'OY BIIO TI'TY, 2011.-5-35 c.

[IleBuenko A.A. ®DusuxkoxuMusgs ¢ MeEXaHHMKa KOMIIO3HUIIMOHHBIX
MarepuanoB. — M. : [Ipodeccus, 2010. — 120-150 c.
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7-maB3y:. Yriepoa-yrJjepoaiu kommno3utriaap. Komnozuriaap ouiian
au3aH. HoanbanaBuit komnosutiiap. Hanokomnosuriap. buokommnosutiap.

Pexa:

7.1. KepaMuk MaTpuliagyd KOMIIO3UTIAPHU OJIHII YCYJUIAPH.
7.2. Yraepoa-yriepoaiv KOMIIO3UTIap.

7.3. Komno3utnap Ounan nu3aiH.

7.5.HoanbanaBuii KOMIO3UTIIAP.

7.6.Hanoxommno3utnap. buokommosurnap, Onokepamuka.
7.7. I'nOpu KOMIIO3HUTIIAP.

4

Tasitnu wmbopanap. xepamuxa, KOMNO3um, CO8YK NPeCClaud, UCCUK
npecciaut, KpeMHUll Op2aHUK OUPUKMA, Kepamuk mojia, NpeKypcop,
Kepamuzayus, — zpaumuzayus, — MexHux — Kepamuxka,  HAHO-Mynpok,
HAHOKOMRO3Um, OuoKomnosum, 2ubpud cucmemanap, Ou3auH, yenepoo,
epachum.

o)

7.1. KepaMuk MAaTpHLAJIM KOMIIO3UTJIAPHU OJIMII YCYJJIApPH.

KepamMuk Matpuiiaaym KOMITO3WTIAPHU OJIMIN YCYJUIAapH KEPaMHK KyKyHJIap
acocusia Marepuaiap MIUIad YUKApUIT TEXHOJIOTHSCUTAa acociaHu® (COBYK Ba
UCCUK TIpEecClalll, H30CTaTHK TMpecciani) Talu€pianumm, €K 3aMOHaBUUN
HabaHABUN yCyJuIap €pAamMuaa XaM OJIMHHIIYA MyMKHH.

CoByK npecciaam Ba KyiJupHuiil.

Martpwuiia Ba TOJNIAJJApHUHT COBYK Ipecciall Ba YHH KyWIUPHUII — KEepaMHUK
MaTepuaiap MIUiad YMKApUIIIa KeHT KyJUIaHWIaJAuTral yeyaaup. AmMmo OyHaai
yCyJija MAMIAPHUII JaBOMHUIAa MATPUIa KUcKapaau (ycaaka) Ba MaTeprasl HYUAa
épukaap naino 6ynaau. Komnosutnapaa sHa Oup MyaMMo - Y3yH
TOJIaJlap MaTpHila MaTepHaliuja Typjap XOCWJ KWwinb, MaTpuiiaaa
TEKUC TaKCUMJIAHMACIUTH MYMKWH. ByHIaH Tamkapu KepaMuK
MATPUIIA Ba ApMHPOBKA KOMIOHEHTHUHHMHI TEPMHMK KeHTraiuin
ko3 dunueHTH XaM KaTTa IbTHOOPra 3ra. YIApPHUHT Opacuiaru
dapk kyma Karra OynraH xojlapJa KOMIIO3UT  MaTepual
COBYTUJTUTITN/KU3AUPUITUIIN BaKTH/1a KOMIIOHEHTIIap Xap XU TE3JUK/a
KEHTasIM Ba MaTepHai Oy3minin HaMoéH 6ynanu (Bordia Ba Raj 1988; De Monre
Ba 0. 1986; Cakc Ba 6.,1987; Rahaman Ba Jle Wownre 1987; Prewo 1986).

Hccuk npeccaam
Kepamuk maTpuirasym KOMIIO3UTIIAP UILIA0 YUKAPHUIIAA HCCUK MTPECCIIall KeHT

Kyutannau. byHna Oup BakTma FOKOpPH XapopaT Ba OOCHMHH TabCHp ITHUIN 3UY
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CTPYKTypajiH, FOBAaKCH3 Ba Maiija 3appadajid MaTepuaj OJUIIra HWMKOHUSAT
oepanau.

Macanan, cycneHs3us ycynuJa y3JIyKCH3 UIMIIA Tojla OWIaH apMHUpPOBKa
KWIMHTaH muiia komno3utiap (Sambell Ba 6. 1974;. @umnurc 1983; Cornie 1986
u 1p.; Prewo Ba bpennan 1980; bpennan Ba Prewo 1982; Yasna Ba 6. 1993a, 6)
OJIMII MYMKHH.

Cycnensuss kapaéHuJa KepaMHK MaTpULAIM KOMIIO3UT OJIMII  YCYJIH
Kyiuaaru Taptudaa 6axkapuiaam:

1. Marpunara apmupoBka (pa3acuHU KOUITAII TUPHUILL.

2. Uccuk mpeccraii HaTHKacuaa MaTpUIIaH| KOTHUPHILL.

4.1.-pacmia ymOy kapa€HHUHT CXEMACH KEITHPUJIITAH.

Matrix impregnated Stack of matrix
fiber tape impregnated
Matrix slurry fiber tapes

Fibers tank Pressure

Binder burnout

. 500°C
Hot pressing ™ Graphite die
800-925°C

Compoasite

Pacm 4.1. Kepamuk maTpuliaid KOMIO3UTHU CYCIIEH3USl OMJIaH XYJIIall Ba UCCUK

63
npeccianl yCYJIUHUHT TEXHOJIOTHK CXeMacHu .

buprHyn 60CKUY/la TOJIAHU TEKUCIAIITHPHUII JKapa€HU XaM HaMOEH Oynaau.
CycrieH3ust TapkuOujaa MaTpuiia KyKyHH, 3pUTTUY (CyB €KM CIHUPT) Ba OPTraHUK
oornoBun Oynanu. OpraHuk OOFJOBUM KOTHUIIAAH aBBaj KyWuO keragu. bab3u
BaKTJIapa TOJIAHM SIXIIH XYJUIAHUIIWHA TabMHUHJIALI MaKCaauaa Maxcyc areHTJiap
XaM Kymmiagud. XYJ/UTaHTaH ToJiajiap Ba Kryriap OapabaHra TOpTWIaad Ba
KypUTWIaaAd. YHAAH KEHUH sIpUM MaxcyJjoT (Ipernperyiap) KUpKuiaan Ba rpadur
dopMacuaa OKOWIAIITHUpUIAAU. YHra IOKOpH OOCHM Ba XapopaT TabCHP
sTTUpUiaau. HaTmkana iyHanTUpUITaH CTpyKTypara sra OyJarad KOMIO3UT XOCHIT
oynau.

%3 Krishan K. Chawla. Composite Materials. Science and Engineering. Third Edition. Springer Science, New York-
London, 2012.- 251p.
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Kepamuk maTepuaymiapHUHT ToNajliap OWJIAH MYCTaxXKaMIIAIMITHPHII FOKOPH
MyCTaxKaMJIMKra 3ra OyJiraH KOMIIO3UTJIApPHHU OJUIIra UMKOHHUAT Oepajau, aMMo
KYJUIaHWJIQIUTaH MYCTaxKamJIAIITUPYBUM ToJiajmap kyn smac. KynuHua merasnn
TOoJNajlapy  KyJUlaHwiaad. byHaa MaTpuiaHd Ba — MycCTaXKamulalITUPYBYH
KOMIIOHEHTHU TEPMHUK KEHTaluil KOd(PPUIMEHTUHU IBTUOOpPra OJUII 3apyp

oynasnu.
Mertamn 3appadanap OWIaH MyCTaxKaMJIAIITHPHITaH KepaMuKa —
kepmemnaap 1ne6 aranaan. Kepmersiap — WOKOPH MeXaHHK

MYCTaXKaMJIHK, HCCUKJINK 3ap0ra 0apaouiiuri, I0KOPH HCCHKJINK
yTkazyBuanaukra isra. FOKopu XapopaTiin KepMeTiap acocuia Ta3 .
TypOWHaIap AeTauIapy, JICKTP Newiap apMaTypacH, pakeTa Ba pEakTHB 'l
TEXHHKa JeTaJiapu Tanépranaau. KaTTWK HIIKaJaHWIITa YUIaMITd
KepMeTJIap 3ca KUPKHII MHCTPYMEHTJIapW Ba JeTalapu Taiépariia /ﬁ
KeHI' KyJUIaHWIaau. ByHmaH Tamkapyu KepMeTiap Maxcyc coxajiapjia
XaM V3 OJKOWMHM TONraH — YpaH OKCHUIM AacOCOCHIAr aroM
PEaKTOPIAPUHUHT UCCUKINK YUKAPHII JIEMEHTIIAPHHU Tal€épIiamiaa Ba X0Ka3o.

Kepamuk KOMITO3UITMOH MaTepraiap UCCHK Tpecciainl ycyinu (Iakuian Ba
00CUM OCTH/Ia MMUITUPHII KapaSHIapH), NUTUKep KyHUIl yCyJd (TojiajJap MaTpuia
MaTepuaal CYCIEH3UACH OWIaH XYJUIaHWIATH, KypUTHWITAHAaH CYHT, TEPMHK
UIIIOB OCpHIIain).

PeakuiuoH KyMaupuil ;xapaéHiaapu.

MoHOMUT KepamMuK MaTepuayiap HUulad YMKapullga KYyJUIaHWJIaAUraH
pEaKkIMOH KyWIUPHUII >KapaHJIapu KOMIIO3UIIMOH  MaTepuajiap  HIuiad
guKapuiaa xam doigananuinany. by xkapaén kyinnaru ad3amimkiapra ara:

* MaTpUIla KUCKAPUIIMHY (yCaaKa) OJAMHHI OJIUIII,

* apMHUPOBKA TOJIAJIAPHU KaTTa XAKM/JIa KYJIalll MyMKHWH;

* TApTUOCHU3 WYHAITUPUIITAH, Y3ITYKCH3 TOJIaJIApHU KYJIJIall MyMKHH;

e cuctemMajapHu Oup Oupura OHPUKHII PEAKIUS XapopaTh KyHJAUPHUII
XapopaTuaa nacTpok oynaau, Oy TonalapHu Aerpajalusgad CaKIaiau.

MartepruaqHUHT FOBAKJIMIU IOKOPU KypcaTKuWujiapra Jrajurd peakunuoH
KYMIMPHULI KAPAE¢HIAPUHM JHI KATTA KAMYMJIMTHIUP.

Hccuk mpeccnain Ba peaklMOH KyWIUPHUIN >KapaCHiIapd OWpraaukaa xam
KYJUIaHWJIMIIM MyMKHH — TuOpua xapaén (bxarr, bxarr, 1986, 1990). Kpemuuii
MaTOCH KPEMHUU KYKyHHU, TOJIUMEp OOFJIOBYM Ba OPraHUK SPUTTHY aCOCHIA
Tanépnanaau. TanépiaaHrad Macca Kepakiv KaJWHIMKAA MAaTO OJIMII KWJIUII YYyH
npeccianaad. Martnap Kepakiiy TapTHO1a >KOWIamTUpUIaan Ba OOFIOBYMHH OJINO
TaluIanl y9yH TepMuK unuioB 6epunanu (debinderized-60frnoBunnu 01ub Tamant
*)apa¢Hu) Ba a30T arMmocepacuna (€ku Bakyymaa) nmpecciaaHaau. Temmeparypa Ba
00CHMM 3aroToBKara KEWHWHTH WIUIOB Oepuill yuyyH TakcumiaHaau. by Oockuma
KpEeMHUI maTpuiiacu KpeMHui Hutpuaura aimanamu (1100-1400 °© Cna azotim
neyma omub Oopunaam). Kpemumit Hutpuam acocuparum wmatpuna 30%raua
FOBAKJIMKTa 3ra 0yiaau.

KpevmHuii-opranmk  OMpMKMajJap acocuaa 3aMOHABHIl  TeXHHKA
KepaMUKACH HILIA0 YUKAPUII YCYJIapH.
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Kpemuuii opranuk 6upukmanap (CUIMKOHIAP) |
ymoy kuméBmid popmyinara sra: [R,SiX(2.05n)]m, Oy S —X}
epna R=H, CHj, Bunun, ¢penunn Ba 6. rpymnmnanap; X | , n
=0, N, C, Si pa/éxku B : R

KpeMHuii opranuk OupHKMamap acocujia HaHOCTPYKTYpalid KepaMuK
MaTpPHIIAIH KOMITO3UTIApHHU OJIUII Kyliuaaru oockuaiapaad noopat (Pacm 4.2.):

1) Ipexypcop Taiiépaam. CWIMKOH TaHJIANl Ba YHHU SPUTTHYAA
DPUTHLI, HAHOCTPYKTypajdu  KylIMMYajgap KyLIIMOI:  MeTauiap
oKcuuIapu Ba 0. DputTrud cudaruja 3TUICHTIMKONb, alleToH Ba O.
KYJUTaHWJIau. ApajalliTUPUII: MEXaHUK apajalllTUPTUY, YIbTPaTOBYII
BaHHACH.

2) Kepammszamusi. 300-450 °C ma 6-12 coar gaBoMmua HIILIOB
Ooepum. Hatmxana amopd crpykTypara sra KepamHMK KOMIIO3MIIMS
xocui Oymaau.

3. KepaMuk koMno3uusAHA Ky ATUPUIIL.

Typau makinam ycyuiapu €paMujia OJUHIaH KEpAMHUK KOMIO3UTIAPHUHT
TacBUpH 4.3.-pacMuia KEJITUPUITaH.

PDC-NCs: Synthetic Strategy ( as for oxycarbide-based nanocomposites)

Single-Phase Amorphous
Ceramic -
2 »
o L l

PN
e

M(OR},

| A | 1 T | H
(0 [ SR .._l._c'.)'_. — S 5|0 — Sl —— (} — & —— 3
n ] M= L1 E AL Sn, T, Zr, | [ E
HE W, MO, W M e, Co 8
Ni, Zn Fu, Gd, Lu
PDC-NC

Pacwm 4.2. SIHFOC tapkubiu kepaMuK HAHOKOMIIO3UTHHHT KPEMHHN-OPTraHUK
Ooupuxkmanap (okcukapouna Kymutanuiarad) acocuaa cuHte3 Kwmil (PDC-NCs
ycynu): TOM wmukpocypariap marepuannard (azamap TapKUOHHM Y3rapHIIAHA
Kypcatagu .

% 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.
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Pacm 4.3. Ilpexkepamuik MOIMMEpP/HAHO YIUaAMIHM TYIAUPTHY TapKUOIU
KOMITO3UIIMSUTAPHU TYpJIM YCyJUlap IIakiulaml Ba Tal€piaHTaH MaTEepPUATHUHT
MUKPOCTPYKTYPACH:

a) 3D-npunTepna Tai€épraHraH makiuiap (OpraHukK OOFJIOBYM TOMYHUJIAPU
KaJIbIIU KapOOHAT Ba CWJIMKOH KYKYHHM YCTHTa TYIIYPHII), YHTAQ - KyKYHIIA
MO/JTOKKAIaH aXKpaTUO OJMHTaH Makiiap (KyWIupuIlIaH aBBa);

0) CYIOK CHJIMKOH Ba KaJIbIIMA KapOOHATWHUHT HITPUI] OPKAINA SKCTPY3UIICH
HATWKACUa OJMHTaH MakKiap (KyWIupHIlIaH aBBa);;

c) 2 cmx2 cmx2 cm ymaamau SiC KpeMHUN KapOWIIM TIEHOOJIOKHU dar
TOMOHJIa CWJIMKOH KYIIWJIMaraH XOJJarucu, YHI TOMOHJa — CYIOK CHJIMKOH Ba
[UPKOHUI CYCIIEH3MACHIa COJMHIaH makuiap (xasoxa, 1250 °Cpa xyiaupuirad
HaMyHasap);

d) cunukoH OOFJIOBUMCH €pJaMua ENMUINTUPUITAH CHUAJIOH Ba TJIMHO3EM
(Y3yH OK um3nK) Takpu6mu 6moxnap (1550 © C qa kyiiaupuiran HamyHa) .

65 p. Colombo, E. Bernardo, G. Parcianello. Multifunctional advanced ceramics from preceramic

polymers and nano-sized active fillers. Journal of the European Ceramic Society. 33 (2013). -453-469 p.
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7.2. Yriaepoa-yriepoaiu KOMIIO3UTIap.
VYrnepoa-yriaepona Tonaliapyu yriepoAHUHT TOMOTE€H Ba rpaduTianMaiural

Typiaapuaan Tau€pnadagu. IllyHuHr yuyH OyHpaii Tojanap KyMmMup-rpadur
MaTepUaUIAPHUHT KaMUYWJIMKIApUIaH XOJuu Oyiaau: MYPTIUK, MacT MEXaHHK
MyCTaxXKaMJIMK, MEXaHUK Ba TEPMUK 3apOiapra OapJOILTUTH.

Yraepoa-yriepoiia  KOMIO3UTJIAPJIAp MATPHMUACH—  KOMIIO3UIIMOH
MaTEepUAUTHUHT TapKUOMM KUCMM, YHUHT OUpJamMud XOCCAJIAPUHU Y30K BaKT
JAaBOMUJA CAKJAHUIIMHUA TabMUHJIAWIU. YOy KOMIIO3UTIAPHUHT arpeccuB
MyXHUTIapra Ba IOKOpM Xapopamiapra OapJOIUIUTrH, 3JIEKTPUK XOoccalapu,
Apo3usra Ba paguanusra 0apJoIuIUrd MaTpuiara OOFIUKIUD.

Yraepoa-yriaepoayii KOMIIO3UTIIAPHUHT XOccalapy KYJUIAHWITaH XOM allé
Typu Ba cudaru, Toja Ba MaTPULAJIAPHUHT MIUIA0 YUKApUII KapaCHJIapu Ba
HIapouTIapy, UIUIOB OEpUIl XapopaTH, NPONUTKAHUHT MUKJIOPK, ApPMUPOBKAHUHT
CTPYKTypacH Ba OOIlKa IapT-liapouTiapra Oormmk Oynanu. by KeHr cnekTpiaru
Xoccayapra sra Oyaran MaTepuaUIapHH OJTUINTa UMKOHUAT OepaJin.

Macanan, apMupoBKa WyHalIuIUIApM OyiiMua MycTaXKamuIalITHPHII
JapakKaCUHU OIIMPUII, TOJAIA KapKaCHU MaTpulla OWJIaH TYIIUPUII Japa’kacuHU
Y3rapTupuil HaTWXKAcHUla TYPJIM XHWJI WCCUKIUK-TEXHUK Ba MYCTaXKaMJIMKra 3ra
OynraH, Xap XWj aHU30TPOMMSATa dra OYIraH, TypJiau 3UWIMKra Ba FOBAKIIMIa 3ra
OynraH Matepuasuiap OJIMIl MyMKHH.

Yriepoa-yriiepoaiu KOMIIO3HUTJIAPJIAPHHI nyJjarjiaap YpHUTra
KYUIAaHWIWJIMOKAA. MeTautyprusi Ba TepMUK >kapaéHiap Owian OOFiuK Oapua
coxajlapa  yrJIepOA-YIVIEPOIIM  KOMIO3WTIApPIApHU  KYJUIAIIHU  YEKCU3
MMKOHUSTIIApU MaBXy[. by epla Kyiingaru xoccanap MyXuM XucoOJiaHau:

e MHceukiIMK YTKa3yBYAHJIMK, UCCUKJIUK CHUFUMH, 3UYJIUKHU
NacT KypcaTKu4wiapu,

e 2800-3000 °C xapoparjapraya OKOPHM MYCTAXKaAMJIMK
xocccajapra 3ra 0yJuim;

e bapua TeMIeparypa HHTEepBAJIapUIa CWIKUIITA
MONMJIIMIHY UYKJIUTH;

e Kucisoragap rabcupura 0apIouuiuru.

Yriepoa-yriepoaiu KOMIIO3UTJIApPJIapHU uuad YHKApPH LI
ycyJiapu.

VYriepoa-yraepoanu  KOMIIO3UTIIAPJIAPHUA HILIA0 YUKAPUIIHUHT  ACOCH
yCyJulapu — KYMHUp TUIACTHKJIApra OKOPU XapopaTiu HIILIOB OepHUIl Ba YIiepo.
TONQIM  TYJAUPrAYTra  YrJIEBOJAOPOJIAp  KYHAUPHUIAAH  XOCWUJ  OViraH
NAPOYTJIEPOJHA COJMII YCYJUIApUIU. YTIVIEPOA-YIIEPOMIN KOMIIO3UTIApJIapHU

CyIOK (pazanu, Oyf ¢azann Ba KOMOMHUPOBKA YCYJIM/Ia OJIUII MYMKHH.
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Yraepoa-yriepoaiu KOMNO3MTJIApJaapHM 3 acocuil MOUIad YMKApPHII
ycyJUIapu Kyduaaraya:

1 -«HIPIC» ycyau. VYriepona TojagaH TYKWITaH MaTo-3arOTOBKAaHU
UCCUKJIUK Ba OOCHMM OCTHJAa TEpPMOIUIACTUK IMoJHuMepra (CMoja) MIMMIUPHUIIT
(MponuTKa TKaHbIX 3aroToBOK). KelnHru 00ckuyja cMoja MupoJiM3ra yupaam Ba
HaTWXKajaa yriepoara ainananu. by Oockuunap Oup Heua maporad KalTapuiuo,
KEepakJIid 3WWIMKra sra Oynran Marepuan onuHaad. CMona —Typid MOJIeKyJia
OFUPJIHKATH  YIJICBOJOPOUIAPIND. YPTa MOJEKYJISp Macca OpTHIIM OWIIaH
YTJIEPOAHUHT YAKUIIU OpTaau. JIEKWH FOKOPU MOJIEKYJIAp OFUPJIMKIATA cMoJanap
KyJ1a KOBYIIKOK OViranu, Oy Aca ToJaHu XyJulamia KHAMHYAIUKIIAD TYFIUPaIu.

2- Peakmmon Ky#daupum cKapaéujgapu  ycyJad. YIepoa — ToJia
dbenondopmanpaeru cMmoiacuaa (TEPMOPEAKTUB MOIUMEP) AXIIMIA0 XYIUTaHuO,
MHEPT aTMoc(epana Kyuanupuiam.

Carbon Fiber
—— Pitch or Rc.\inl

(PMC)
—
| ]

'
LComposite

Pacwm 4.4. Yrnepon-yriaepoanv KOMIO3UTIAAPIAPHHA PEAKIIMOH KU TUPUIILL
KapaCHiIapy yCyiuia UIiad YuKapuIl TUZUMH.

Hatmwxkana cMona nuposausra yuypaiau Ba yriepoj Xocui Oyiaau. OJuHraH
KOMIO3UT siHa Oup Oop OocuMm ocTHaa cMmojlara IMUMAUPWIAAA Ba sHa
Kyiaupmiaau. by skapaéunmap kym maportaba KaWTapwirad, 3ud Ba MyCTaxkKaM
KOMITO3UT XOCHJI OYJaju.

Peakunon kyuaupuil kapaéHiapy yCyJUaa YriiepoJ YIIIEPOAJIA KOMIIO3UT
UIUIa0d YMKapuin Tu3umMu 4.4-pacmia KeITUPUIITaH.

3 — Bbyr ¢asacuman uykrupum ycyaud. by ycya “Chemical vapor
deposition - CVD” ne6 HomiaHaau Ba OKOpH cU(aTIv, KATTUK Ba MYyCTaxKaM
MaTepHal OJHMIN y4yH HILIaThiaand. Toja Ba mpedopMaaard yriepoj] TOJACHHH
KyIIHMYa Ta3dd YIrIEBOPOMIAp HINTHPOKUAA KyHAMpuiaagd. YTIIEBOAOPOIap
>550 ° C xapoparnapaa mnapyajaHaud Ba yriepoara ainanHaau. AcocaH Oy

Kapa€Haa MEeTaH KyJUIAHWIAAW. Y KyWHAard peakius HaTHKacuaa napyaaaHaiu:
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CHy(g) — C(s) + 2Ha(g).

[Naznapuunr quddys3usacuHu sxmmiIam Makcaauaa nact 6ocum €xku Hp, Nj
¢xku Ar MHEPT ra3IapuHu KYIIUIIT MyMKHH.

byr daszacuman YYKTUPUIN YCYJIMHUHT TEXHOJOTHK TH3UMHU 4.5.-pacMja
KEJITHPUJITAH:

[ Carbon Fil)cr]
—

‘ Multiple

Cycles

Composite

Pacm 4.5. byr (dazacuman uykTUpuIl yCyau EpaaMulia YriaepoJ-yriepoain
KOMIO3UTIAPHUHT UIILIA0 YUKAPUILl TUZUMHU .

7.3. Komno3utjiap Oujian qu3aiH.

Komno3utnapau  nu3ailH  KWIMHTAHAA ~ yJIApHUHT  Maxcyc  Xocca-
XYCYCUSATIAPUHHU YBTHOOPTA OJIUII KepaK. bupuHunman, kommno3utiap y3 tabuatu
Oyiinya MUKPOCTPYKTypa HOTEKUCIUTH OujaH XapaktepiaHaau. Kommosutiap
Typiu DJACTUK XOCCAJapu, TEPMUK KeHTauum KkodhQuiumeHTn Ba OoIIka
xXoccanapra sra OyiaraH Marepuauiapia Tamkwi TonraH Oymanu. VMkkuH4mmaH,
OTMH MOHOJIUT MaTeprayiap XyCYCUSATIapW HU30TPOIUTUTH OWIaH axpaiuo
Typaau. KoMno3utiap 3ca Ky4jau aHU30TPOIUSTa 3ra.

Komnosutnap nuzaitHuga ymOy XoccanapHu Oup HyHanumaa  Kydiau
OYJraHIurUra ajloXuaa YbTHO0p OepuIl Kepak Oyiaau.

X0o3upru 3aMOHJla KOMIIO3UTJIAPHU TAPKUOWMHU Ba TY3WIUIIW VpraHUIaa,
YIApHUHT SIHTW TYpJapyuHU AU3aiH KUWJIUIIAA KOMIIBIOTED THU3UMIIAPUHUHT YPHU
yTa Myxum xucoOmaHaau. JlaMuHaTiIaHraH KOMIO3WTJIAPHUHT XYCYCUSTIApH Ba

% Krishan K. Chawla. Composite Materials. Science and Engineering. Third Edition. Springer Science, New York-
London, 2012.- 295 p.
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SELECTHOMN DESIGN

MATERIAL CDMPDNENT‘

TEMTATIVE CHOIWE OF TENTATIVE COMPOMNENT DESIGN

 MATERLAL i Definition of operating
Consider metals, ceramics, conditions

polymers, composites

[
ASSEMEBELE MATERIALS DATA APPROXIMATE STRESS AMALYSIS
Cost, Density Mean stress
Elastic properties: E. v Bending moments
¥ield strength o, Buckling lcads
Hardness H (= 3] Stress concentrations
Tensila strangth org Contact stresses
Ductility &y Farmissible deflections
Fracture toughness kg Fatigue stresses
Fatigue strength o
L 4 Thg?m.gl =X pagnsiﬂ:l coefficiant a CITI-!EH CONSTRAINTS
Thermal conductivitly K Environment
Specific heat Temperature

Thermal shock resistance AT
Creep parameters )
Oxidation and carrosion rates

! !

AMAILYSIS OF MATERIAL PERFORMANCE
IN TEMTATIVE DESIGN Iterate
Reconsider choice of matenal or -
design as necessary, leading to
matenal specifications for viable
component desigmn

DETAILED SPECIFICATION ANMD DESIGN
Choice of material, detailed stress
analysis. Detailed component design

l

CHOICE OF PRODUCTION METHODS
Forming. Heat treatment, Joining,
Surface finish, Quality control lterate
Detailed costing. Reconsider
maternal choice and design as
Necessary

PROTOTYPE TESTING

Assessment of performance; analysis
of faillures, optimisation of
performance and production.

'

ESTABLISH PRODUCTION
Moritor field failures, and
performance and cost relative
o competition

'

FURTHER DEVELOPMEMNT
Improvameants for better
iterate performance or lower costs, lterate
Innovation: new Mmaterials,
radically new design

Iterate

lterate

Pacm 4.6. Kommno3utnap nu3aiiHUHUHT METOOJIOTUSICH.

TapKUOMHMU XHCOONalia MaTpuila XucoOJapu Kynal Kenaau, LIYHUHT Y4yH

MaxCyCc KOMIBIOTEp THU3UMIIApW YIIOy XHCOOJapHH Te3 Oakapuiira UMKOHUST
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6epau (4.6.-pacMIa KOMIIO3UTIAP AU3AHHUHIHT METOIOIOTHSCH KEITHPHITaH’' ).

Kommnosutnapau TU3aHAIA FiberSIM KOMIIBIOTED TacTypuaaH
doinananmnaan. by  mactryp CAD  (cuctema — aBTOMAaTH3MPOBAHHOI'O
NPOCKTUPOBAHUS) JaCTypd acOCHIa TY3WIraH Ba KOHCTPYKIMSUIAPHU TY3HIIIA
épnam Oepanu. YHUHT ap3aluTUKIapH:

» KOMITO3UT MyXUTHHH JIOWHXAJIAII.

* [Ilabmon/yHUHT XOccaiapi. MaTepuaTHUHT KaJTUHJIUTHHA YbTHOOPTa OJIraH
X0J1J1a XUCO0JI1aIll UMKOHUSTH.

e JlaMmuHaT Xxoccamapu — TOJIAHUHT WYHanumuiapu OepuiraH XoJja
KOMITO3UTHHUHT KE€PaKJIN X0ccalapy TAbMHUHJIAHATH.

7.4. HoanbanaBuii komno3utiiap. Hanokommno3uriaap. buokommnosuraap.

HoanbanaBuii koMno3umiapra (MoJiMMep, METAII, KEpaMHK MaTpPHLAIN), Y3
V3UJaH TUKJIAHAJWITaH KOMIIO3WTIAp, Y3 Y3UJAaH MyCTaxKaMJIaHaJUIaH
KOMIIO3UTJIap, OMOKOMIIO3UTJIAp Kupaau. by KOMIIO3WTIap XO3UPIU BaKrla
OJINMJIAp TOMOHUJAH YPraHUIMOK/A.

I'mOpuag koMmo3uT cucTeMasap

Komnosur tapkubuma Oup TypaaH Kyo Tonajgap KYJUIAHWITaH XoJija
MaTepuai rTuOpua KOMIO3UT 1e0 atanaau. MaTepuaaHUHT SHT MyXUM Koiapuia
YHUHT MakCHMaJl MyCTaXKaMJIMKra 3ra OYJIMIIMHU TabMUHJIAII MaKcaauaa TypJid
XU ~ MYCTaxXKaAMJIAIITHPWII  KOMIIOHEHTJIApH Ba  YJIApHU  KOWJIAIITHPHILL
WyHamuuuiapu KYJJITAaHWIMIIA MyMKUH. Macanan, 4.7.-pacmaa KeITUPWITaH
rUOpU] KOMIO3UTHUHT TaH HAPXWHU aHYa KaMaTHUpUII MYMKHH: KUMMar0axo
yIaepoJl TOJACMHU MUKJIOPUHM KaMaWTUpHIl Wynu OunaH. AMMO Oy TOJaHU
ONTUMAaJ XO0JIJIa XKOWIAIITUPUIL HATHXKACKUJA MaTepuas cudarura caadbuil Tabcup
KypcaTUIMauau.

Carbon Pacm 4.7. Yruepon Ba

Glass IIMIIa  Tolacu  OuiaH

Carbon MyCTaxKaMJIaIITHPUIITaH
TUOpHU]] KOMIIO3UT.

SlHa Oup MHCOJI - poMaH KOMITO3UT MaTepHuaj, €KH TOJIAIM-METaJll JaMUHAT
(pacm 4.8.).

by tubpung ~ 0,3 MM KaqIuHIUKIATd QIIOMUHWW, TYyIaT, TATaH, MarHUM
METaJIT JINCTH Ba mnojuMep- marpunand komno3uT (PMC) mpenperu (Tonanu
MyCTaxKamJIalITUpWIraH TojuMmep) gaH wubopar. Ilomumep- marpunaim
KOMIO3UTJAru ToJa- IIWINA, apaMuj €Kd YIJIEpoJ TOJIACCH OVIMIIM MYMKHH,
Matpuia cudaTraa 3ca oJaTaa AMOKCU CMOJIACH UILTaTHIIaIN.

¢ D.R. H. Jones, Michael F. Ashby. Engineering Materials 2: An Introduction to Microstructures and Processing.
Fourth Edition. Elsevier, UK, 2012. - 323 p.
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by MarepasHMHT KyUUAaru Typiaapy MaBxyA:

e Glare: mmma Tomacu OMJIAH MYCTAXKAMJIAINTHPHJITAH
JIAMMHAT

* ARALL: ajnioMUHMH JJAMHUHATJIAP, APaMMJI TOJACU OWJIAH
MYCTaXKaMJIAIITHPHUJIT aAH.

* YXO/: yriaepoa mjiacTuk JaMHUHATIAP.

e TUI'P: Turan / 'padpur-3mokcuy JammHaTIap.

Pacwm 4.8. Tonanu-merasnt TaMUHAT TApPKUOU.

Hanoxkommosutiaap

Hanokommosutnap : Oy Typaard KOMIO3UIIMOH Marepuasuiap
TapkuOuIa yryamiapyu HaHOMETpP (HM) Juana3oHua Oynran Ourra Eku
KYTIPOK KOMITOHEHTJIAp MaBKy Oyiiaiu.

Opatna OyHaai HaHO YI4amiid MaTepual MyCcTaxKaMJIallTHPYBYU
KOMIOHEHTIUp: Oy HaHOTpyOKaap, HAHOTOJIajap Ba HaHO3appaydasap.

Matpunanap 3 Typaa OYiMIIM MYMKHH, aMMO acOCUM KUCMHU —TIOJHMED
Matpunanu HaHokommnosuTinapaup (bappepa 2000; bappepa u apyrue, 2005;
Shofner u ap., 2003, 2006).

bynnail MarepuailapHd KyKyYH METAJLTyprusi €K CYIOK YyCyiaa MeTaul
MaTpULAIApHU Tal€praml ycynu €plaMuia OJUIl — FOKOPU MyCTaXKaMJIMKra Ba
UIIKAJIAHUIITa  YWJaMiId  HAHOKOMIIO3UTJIAp  SPATUIIHUHT  MCTUKOOIUIN
UYHAIULUTAPUIUD.

I[Monumep TYyNpPOK-HAHOKOMIIO3UTIAP
HaHOKOMIO3UTHHUHT sTHA OWUp TypH. TOJUMEP TYNPOK-HAHOKOMIIO3UTIAp -
UIUIad YUKApUIIa Y3WHU UKTUCOAWMN KUXAT/IaH CaMapaJOpiIUTHHH KYpCaTIiu.
Hanotynpoknap OwunaH MycTaxKaMJaIITHPUITaH TOJMMEpP MaTpUIlaiap Ky
mukgopaa nnurad uynkapuiMoraa (Ajayan 2003;. Koo 2006; Lee 2005; Okazna Ba
Usuki 2006; TTon Ba Po6con 2008).
Hanorynpoxkjaap  kuMeBHii  TapkuOu  Oyidm4a  MarHuii
AMIOMOCHINKATIADHAND. YJ4aMJIapd - HAHOMeTp AMANA30HHAA.
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Kamunourn - 1 vm, ysynauru 70-150 wm. Xo3upru BakTaa JHI KyI
MOHTMOPWJIOHHUT TYNPOFU KYJUIAHWIMOK/A.

Tanbk Ba cimogagad (QapkKIMpoOK, MOHTMOPWJUIOHUT alOXHAa KaTjamjapra
OYIMHUIIM OHCOH — HATWXKajJa Kepakiiy yiyamiapra 3ra OyiraH HaHO KaTJiamiiap
xocusl 6ynaau. [oaumep marpuiia OWIaH XM apajlalldIlHA Ba MailIallaHUITHU
TabMUHJIAII MaKCaJuAa TYIPOKra qacTiad uiuioB Oepuiiaiu.

by #iynamumary unuiap wik 6op Toyota komnanusicu Tomonugan 1990 i.
oaxxapuiaran. General Motors xopmopanuscu 2001 #nnga GMC Astro / Safari
dypronnza HaHO-TYHNpOK OWJIaH MyCTaXKamJAIITUPWITaH  TEPMOILIACTHK
oneuHHM Kyyuarad. XOCHWJI OYyJIraH HAaHOKOMIIO3UT aHbaHABHHA TIOJUMED
MaTepUaUIapUIaH EHTUJIPOK, KATTHUKPOK Ba HMKTUCOAMI camapaiurd OwuiiaH
axpamb  Typaau: Oy  aBTOMOOMJI  KaMpoK  CKWITH  HIILIATaJu.
ABTOMOOWIIIYHOCIMKAA MKTUCOAUIN camapaJopiiMK >KyJda MyXUM XHCOOJaHAIH,
dakat cnopT aBTOMOOMJIUTApUHU MIILIA0 YMKAPUILA UKTUCOIUN caMapaJopiiuKra
YBTUOOp OepuIManIu.

HanoTynpokiap cMOJaHUHT MYCTaXKaMJIMTUHU Ba CTAOMJUTUTUHU OUIUPAIH,
Ba yMyMaH oOJraHja OJJIU{A TYJAUpruwiapra Kaparanga (yHKIIMOHAJ
xucobnanaau. HaHnoszappauwamap »yna 03 MHUKIOpJAa KYIIWIAAH — OFUPIUTH
oyinua 2-3%Hu Tamkwin Kuinaau. byHmaH Tamkapuw HaHO TYHPOKJIAPHUHT
KYJUIAHWIMIIM ~ MATEPUAIIHUHT ACTETHK XOCCAJNAPUHMU  SXIIWJIAWAW:  TaIlK{
KYPUHUIIM, PAHTH Ba 1032 CU(ATH OLIAIH.

buoxommosutaap.
buokommosutiap - OMOAKTHUB KOIUIaMaJld UMILIaHTatTiaap. buokommosutiap
WK €KUM Kynpok azagaH Tamkwi TomraH Oynaau. by ¢aszamap urynnai
TaHJIAaHAIUKW, KyWIaHUIUiap Qa3zajap uerapacu OYiiWuYa TapKaJulld 3apyp
Oynaau. buokoMmmosutnap KYIJIaHWIMIIA — TPamMBaTOJIOTHS, OPTOIEIus,
CTOMATOJIOTHUS.
buoxkomMmnosutaap TtypJiapu:

1. lonumep-kepaMuK OMOKOMIIO3UTJIAP.

By kommnosutTiapaa Hoopranuk ¢asa (mmumia
¢ku Kanmpuui (Qocdatiapu) OpraHuk OUpHKMa
TapkuOMga TeKUC TakcumiaHaad. OpraHuk
OMpUKMa — IOKOpPH OOCHMIIA TOJMATWICH EKU
SIOKCUJT CMOJia. byHIail KOMIO3UTIAp HOKOPHU
MyCTaxXKaMJIMKra, SJacCTUKIWKra 23ra, €HIHII,

OuomocnamnryByaH Ba  aHH30Tpomaup  (CysK

Xoccajlapura siKuH).
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2. MeTaJu1-KepaMHK OMOKOMIIO3UTJIAP.

by KOMITO3UTJIAp acocaH IOKOpH
MYyCTaxKaMJIMKHH  TabMUHJIOBUM  MeETAJUIIaH
nobopar Oymamu. Mertamn ro3acura KepammuK
Koriama (kampnmii  Gocdatn €k OMOAKTHB
cMoJla) KorulaHaiu. byHnma kepamuka MeTasl
103acHra SIXIM ENUIIMITAHN TabMUHJIAN 3apyp

oynanu.

Xed KaH/ail OMOKOMITO3UT OJIaM TYKHUMAaJJApHHUHT Ba OPTAaHU3MHHUHT XaMMa
aHaTOMUK-(DU3HOJIOTMK Ba OMOMEXaHUK XyCycHsT/apra TYJIUK kaBoO Oepa
onMaiiau. LLlyHUHT yayH Typau KYJUIAaHUIIUII cOXaJlapuia Typiau OMOKOMIIO3UTIIAp
SApaTWIMIIN 3apyp Oynanu.

BHOKOMITO3UTIIApHUHT UCTUKOON WyHanMuIIapu: 1) KOMIO3UT UMILIATATIAp
spatuni, 2) THOpWI UMIUIATaTiaap sApaTuil;, 3) WHAWBUAyal OHO-THOOHI
napamMerpiiapra ara oynran uMILIaTaTIap TYTUTAMUHU SpaTUII

(“KBa3MMHTEIUICKTYa] I MMILIATATIIAp).

g N

Pacwm 4.9. Komno3unuon Marepuamiap KyJUTaHATUIIIN.

Xynoca KwinO, KOMIIO3UTIAPHUHT AaCOCUN KYJUIAHWIIUII COXaJapUHH
KEJITUPaAMHU3:
e A5BpPOKOCMHK COXa.

e ABTOMOOWIIIYHOCIHK.
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e DJEKTp Ba aJIOKA TAPMOKJIapH.

e Kypuuir coxacu.

e Cnopt Oyromiapu UIIa0 YHKAPHIIL.
e MeaunuHa.

e MammnHaco3JHuK.

e DJIEKTPOTEXHHKA.

e HaHoTtexHoJOTHA.

e Mertamtyprus Ba 6omnika coxamap (pacm 4.9.).
Ha3zopar caBosuiapu:

4.1. Muxkpo €EpuKiap ToJIaJu KOMIIO3WTIapja HuUMa cababiapiaH maino
OYHII MyMKHUH?

4.2. HaHO-TYNPOKHH KOMIO3HUTIAp TApKUOWAa KYJUTAHWIUIIWATA MHUCOJUIAp
KEJITUPUHT.

4.3. Tor BeNOCHUNIETUHN KOHCTPYKUMSACH YPTaHUHT: KaHIall KOHCTPYKIMOH
MaTepuaiap KyJJIaHUITaHJIUTUHI aHUKJIaHT.

4.4. “Hexcus” Ba ‘“Maru3” aBromMoOWJUIapuja KYJUIAHUITAH KOMIIO3UTIIAp
TypJapyuHU aHUKJIAHT.

4.5. Kypunumiga kaHaailh KOMIIO3MIIMOH MaTepuauiap KyJUlaHWiIaan?
Mrucoiutap KEITUPHUHL.

4.6. Y3 y3ujaH TUKJIaHAJUTaH KOMIIO3UTJIapra MUCOJUIAp KEATUPHUHT.
DoiifaaHWITaH agaduériap:

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

. Morgan P. Carbon fibers and their composites / Morgan P. - Boca Raton:
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IV. AMAJIM MAIIFYJIOT MATEPUAJLJIAPHU

1-amanmii mamryaorT: Kpucrain HaHocucTeMaiap Ba yJIapHH aXaMHUATH.
HanoTexHoJ/i0rusl Ba 3JIEKTPOHHUKA.
HNmpan makcan:

3appadallapHUHT 4Yerapacu. 3appadajap YerapacMHUHI MUTPAIUsCH.
Myntumier ukkuiamuu 3appadanap. Jucnokamnus. XKonnanmin nedextiapu. Yu
kappanu TyryH. Xomi-Iletu xonyHu. TaxkukjiaHraH uerapaHWHI KEHIJIMIH.
XOoNMuIamTUpUIral Xyay.

Monekynsp snekTpoHuka. Epyrmuk amomu (LED). Maiinon sddextiu
tpansuctop (FET). IOnka mnenkanu tpansucropnap (TFT). bup snexrponnu
tpanszuctop (SET). 3apsn Oornmanunumm kKypuwima (CCD). KommiemeHtap
Metainokcuma spum  ytkazrud (CMOS). T'wrantmaraut kapumwmra (GMR).
OnToanekrponuka. doromomunecuenius. @doton kpucramiap. DoToHHKA.
FO3amnazmon.  IIne3opesuctuB  sddexr. CrnuHTpoHMKAa (COUH  acoCHIaru
anekTponuka). Kyout. KBant kommrorepiap.

MacajaHuHr
Ne Nuam 6akapuin y4yH HAMYHa oo
KYHWJIM A
1. | Grain boundary: a 2D defect, the interface bordering 3appauanap
two well-defined crystals YyerapacMHUHT
O, 1O :';.nll acocnﬁ
hy Gran Bessiry NPUHIUIINHA
N TYUIYHTHPHHI?
Pacmaan

i : doiinananunr!

( wpper (ColOllLy)

3appauajapuunr yerapacu: 2D-nedexr, aHuK
aHWKJTAHTaH UKKWTA YerapajaHyBud KPUCTAJUTAPHUHT

nHTEpdecu
2. | Grain boundary migration: coordinated movement of | 3appauaap
grain boundaries activated either thermally or by YyerapacMHUHT
mechanical stress MUTPAIASICHHA
acocuu
i 3 NPUHIUITHHA
PIIiNTe., HIIWS : ! TYIIYHTHPHHT?

3appavasap yerapaCHHUHT MUTPALIMSACH: TEPMUK EKU
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MEXaHUK Ky4IaHUII iynu épaamMuia GaosamTupuiIrad
3appadajiap yerapajapuHUHT KSJIUIIWITaH XapaKaTu

Multiply twinned particles (MTP): observed MyJarumier
frequently with a pseudo five-fold symmetry in AKKWJIaMYd
nanocrystalline particles and thin films (deposited on 3appavyajapHUHT
crystalline substrates) of cubic face-centred metals, acocui
diamond-type semiconductors (C, Si, Ge) and alloys XoccaJIapHu
G / TYUIYHTHPHHI?
\ Pacmaan
¢poiinasanunr!
MyaTumier ukkujiamun 3appadanap (MTP):onmoc
(C, Si, Ge) Ba KoTHIIMaIap THIIHIATH
ApUMYTKa3ruuiap/an, KyoOCUMOH
éKJIapI/IMapKaBJIaHITI/IpHJIFaH MCTAaJJIapAaH OJIMHI'aH
IOTIKA TUICHKaIap (KpUCTaI TarJIuKJIap/a YYKTUPUIITaH)
Ba HAHOKPHUCTAJII 3appavajiapjaru OCMHYY TapTHOIN
IICCBAOCUMMCTPHUSAHHUHI' KY3aTUJINIIHN
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 Xo0CcaJapHu
N — TYINYHTHPHHI?
I 1 Y [' | Pacmaan
M\ { ‘1 doiinananuur!
y L'.{i:}}
JAuciaokanusa: y3 WUYMra aTOMIIAPHHMHT  JTaBpHi
)KOfIHaHJyBHHI/IHF HOTCKHUCIIMTUHH OJIYBUM KpHCTAJdaru
(Texkucaukaaru OWp KaTop aTOMIJIAPHUHT HYKIUTH)
KpUCTALIOTpaQUK YU3UKIU JePEeKT
Stacking faults: crystallographic defects arising due to | JKoitramum
wrong stacking sequence of planar arrangement of atoms | negexTIapuHHHT
g -é acocui
A B NPUHIMUIIHHHA
< TYUIYHTHPHHI?
A A Pacmaan
g g doiinananunr!
A A

Perfect Crystal

Stacking Fault
Konammm  gedexrTaapu. aTOMIAPDHUHT HOTYFPH
KeTMa-KeT IUJJaHap JKOWJIaIlyBM HATHXKACHIA XOCHII
OynyBuM KpHucTtauiorpaduk nedexriap
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Triple junction: a node at the intersection of three Yukappaun
crystals or TYTYHHHT aCOCHH
grains XoccaJapHu
B T e Date A s e (b) TYLILYHTHUPHHI?
X BRI A Pacmpaan
N Dy e doiigamanunr!
¥ ¥
O] B P " By 0% AL
Yukappaau TYryH: yu4Ta KpUCTaJUIAPHUHT €KU
3appaJlApHUHT TYKHAITYBUJIArd TYTYH
Hall-Petch relation: the effect describing the inverse XoJsur-Ileru
effect of grain size on the hardness of a crystalline solid | konynuHu
that arises mainly due to grain boundary strengthening TYIIYHTUPHHT?
Hall-Petch Strengthening Limit PaCMIlaH
doiinananunr!
XoJur-IleTy KOHYHHM: acocaH 4yerapajgard 3appadyaHuHT
MycTaxKamjallyBu  xucoOura  Xocuida  OYiyBuuM
KpuUCTaJICMMOH MOIJAAHUHT KaTTUKJIUTrura
3appadaJlapHUHT  YITYaMUHUA  TE€CKapu  TabCUPUHU
TaBcudoBuU D PeKTH
Band gap: energy gap between the valence band and TabKuKJIaHraH
conduction band in a solid in which all electronic energy | yerapanunr
states are forbidden acocuid
' X0cCaJJapuHHU
e TYUIYHTHPHHI?
Pacmaan
doiinananuur!

Insulnter

TabKuKJIaHraH

Semicontucier

Melsl

YyerapaHuHIr  KeHIuuru:. Oapuya
QJICKTPOH OJBHCPICTUK XOJIaTJIap TabKHKJ/IIAHTaAH KAaTTHK
JKHUCMJIard BAJICHT 4Yerapa Ba YTKA3YBUAHJIMK 4Yerapacu
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| opacuary sHepreTUK TYMHYK

9. | Depletion zone: a region at the junction of XoMHIaITHPHITA
semiconducting materials that is devoid of free charge H XYAyA KaHaaii
carriers TapKUOMH

Holes Electrons
" ot "‘.“ f:lclll\:(.]:l?]pf(?:raﬂ?
wime Pacmaan
doiinananunr!
XOoMUIAITHPUITAaH  XYAYA:  3aps/UIADHU  3PKUH
TallyBUMJIApUAAH  XOJM  OynraH  sSpUMyTKa3ruy
MaTepHaIaPHUHT OHUPJIAIINII KOWH

10| Molecular electronics: the study and application of MouJiekyJsip

molecules for electronic device applications 3JIeKTPOHUKAHUHT
acocuu
NPUHINIIUHHA
TYIIYHTHPHHI?
Pacmaan
doiinananunr!

5 — xoumx‘ru

MouiekyJiip 3JIEKTPOHMKA: JJIEKTPOH KypuwiManapaa

KYJUIAaHWIMIIM YYyH MOJIEKYJIaJapHUHT TaJKUKU Ba

KYJUTAaHWIA A

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

Light Emitting Diode PaCMl[aH
- doiinananuur!

Light emitting diede (LED) n-type

. p-type
W
Caeronmnoj (LED): AIIEKTPOJIFOMHUHECIICHIIUS
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INPUHIIMIIMTA acOCaH WIIUIOBYM SIPUMYTKA3TUWId HYpP
MaHOau, HypJaHyBUYM EPYFIUKHUHT TYJIKUH Y3yHIIUTH
SAPUMYTKA3TUUJIAPHUHT TabKUKJTaHTaH Xyqyiu
KEHIJIUTUra OOFJIHK.

12

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

Gofe Hetirodo

Maiinon >¢ppextanrpanzucrop (FET): anektp
MaiJIoHH épaaMu/ia YTKa3yBYaHIUTHHN OOIIKAPHUIIT
MYMKHH OYJITaH TPaH3UCTOP

MaiiaoH

3¢ dexTiain
Tpansucrop (FET)
HHMA YYYH Kepak?
Pacmaan
doiinananunr!

13

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

r—

FOnka nienkanu Tpansucropaap (TFT):
SPUMYTKA3TUUIN Ba TUDJIEKTPUK MATEPUAIUIH FOTIKA
TJICHKA KaBaTJIM TPAH3UCTOPJIAP; paauorpadusTHUHT
LCD Ba pakamiu uioBajapyaa KyJUIaHHIAIN

IOnka nienkaan
TPAH3UCTOPJIAP
KaHJAail TapKkuOuii
KHCMJIApIaH
TAaIKWJ TONraH?
Pacmaan
doiinananuur!

14

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

P

bup »aekrponsm Tpausucrop (SET): uukyBum
3apSIHAHT  KyJa KHYUK Y3rapUIUIapUHU  aHUKJIAII
KOOMJIMSITATA 3Ta MOcJIaMayap; OUpriHA 3JICKTPOH y4yH
xaMm 3apsmiap dapku “€kuO-yumpuir” QYHKIHSICHHU
YaKUPUIIA MyMKHH

bup s1exkTponn
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
CCD-Chip

Bapsin ooraanumum Kypwima (CCD): s3apsianran
MO3HMIIMOH-CE3rMp axOOpOTHM ¥WFa oOJlaAWraH Ba
pakamJId ~ TAaCBUPJAPHM  MIUIATHII ~ y4yH  KEHT
KYJUIAaHWIQIUTaH MOHHUIYJSAIMJIAD YYyH —pakamMiid
MabJyMOTJIapra YTKa3a oJaJIiraH KypuiMa

3apsan
OOFJIaHUIILIHN
KypHJIMa 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

cco

i

digita:
oh 4 R
control

I
v

> out

KommniemeHTapMeTaJI0KCHJIN SIPUMYTKA3TU4
(CMOS): wunrerpan cxemanap (ICs) Ba VyTta karra
uaterpan cxemanapuu (VLSI) scamr  yuyn sHTH
TEXHOJIOTHS, acocuil ad3anmmukiapu kam sHeprust capd
KWINIIIA Ba FOKOPU IIOBKUH Japaxkacuaa 0ynub Oy ¥3
HaBOaTuJa 1032 OUPIAUTH JOMpACHIa KypHIMaJIapHUHT
IOKOPH 3UWJIMTMHU TabMHUHJIANRIH

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

17

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

19— |

NMagnet

I'uranrmarant Kapuuaura (GMR): ronka tuieHKam
CTpYKTypaiapaa Ky3aTHJIaINTaH KBaHT-MEXaHHUK

I'mranTMaraur
KAPIIMJIUTHHUHT
acocui
X0CCAJIAPUHH
TYUIYHTHPHHI?
Pacmaan
doiinananunr!
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ahdekt: (eppoMarHuT KaBaTHUHI MAarHUT MalOHH
TabCUpPUTA YUparaHaa dJICKTp KapUIWIUTH CE3WIapin
JTapakaaa Kamasiid

18

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

transducers

Onro31eKTpoOHUKA: ANEKTPOH  KypuJIMalapAaHu
AIIEKTPOMArHUT (POTOHJIAPHUHT KYJUTAHWIUIIK; ‘“DIEKTP
CUTHAJIMHU ONTUK CHUTHAJITa €KW “ONTUK CHUTHAIHU
AJIEKTP CUTHAITa” YTKa3yBUW Y3rapTruwiap OYiIuiiu
mymkuH CdSe HaHOKOJIIIOMT

OnrodiekTpoHnka
HHUHI 2COCHH
X0CCAJIAPHHH
TYUIYHTHPHHI?

19

Photoluminescence (PL): a process by which certain
substances absorb electromagnetic radiations of specific
wavelengths and re-radiate photons of different
wavelength
DOTOJIIOMHHECHEHIHS
MOJJIAJTADHUHTMABIYM OHp  TYJIKUH  Y3yHJIMKAAru
AJIEKTPOMArHUT  HypJapHu OTHO Ba  KaiTanaH
(GOTOHJIAPHU TYPIIM XHJI TYIKUH Y3YHJIUK/A HYpJIaTyBUH
JKapacH

(PL): 0ab3u oup

DoTOIIOMUHECLICH
LHMSHUHT aCOCUM
NPUHIUNTHHHA
TYLUIYHTHPHHI?

20

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

DoTOHKpUCTALIAP:

AIIEKTPOMArHuT
TapKaTWJIMIINIAa TAbCUP ATUILTA MYJDKAJUIAHTaH JaBpUid

TYJIKUHJIApHU

JIADJIEKTPUK €K1
HAaHOCTPYKTypaJ1ap

MCTAJUIAUDJICKTPHUK OIITHK

DoTOHKpUCTALIIAP
HHUHI ACOCHH
X0CCAJAPUHH
TYLUIYHTHPHHI?
Pacmpan
doiinananuur!

21

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

®OOTOHUKAHUHT
acocuu
NPUHIUIINHA
TYIIYHTHPHMHI?
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doToHUKA: MabJIyMOTJIAPHU OomKapuIga
ANEKTPOHIAp  YpHUTA  epyFIuKHU  ((OTOHIApHM)
KYJUIOBYH DJIEKTPOHHUKA

22| Surface plasmon (SP): plasmons that are confined to | FO3amaa3mon (SP)
surfaces and interact strongly with light resulting in a | repMmuHEEI
polariton TYIIYHTYPHHT.
Pacmaan
doiinasanunr!
Ag nanoprisms Auspheres Auspheres Agi;;ieres Ag.;»;;l:leres Ag spheres
~100mm ~100mM ~50mM ~120nm ~80um ~40HMm
“ © “
IO3amiasmon  (SP):  Epyriiuk  Owiman  Kywid
TAbCHUPJIAIINII HATHXKACHU A IMOJIAPUTOHT A 01110 KCIIyBUYH
r03ara MOC KE€JyBYHU ITIA3MOHJIAP
23| Piezoresistive effect: phenomenon by which electrical | IIbe3ope3ucTus
resistance of a material varies with externally applied | 3 pexTHHHT
mechanical pressure acocuid
NPUHIMUITHHHA
TYUIYHTHPHHI?

IIbe30pe3ucTuB dPdeKxT: TamKapUIaH MEXaHUK OOCUM
TabCHUPpHUT'A 6OFJ'II/IK paBuIIAa MATCPUAIIHHUHI JJICKTP
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| KAPIIMIMIHHKHT Y3rapyIn XOQHcacy

24

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

CnuHTpoHMKAa (CIMHH AaCOCHAArW JJIeKTPOHHUKA):
ANEKTPOHJIAPHUHT UKKUJIAHTAaH XOCCAIAPUHU, KyMJIAIaH
3apsi] Ba CIUH XOJATWUHU KYJUIOBUM SIHTM TEXHOJIOTHS;
MaHHMTO-3JIEKTPOHUKA cU(DATHIA XaM MabJIyM

CnuHTpOHMKA
(cmuu acocuaaru
IJ1eKTPOHHKA)
HHUHI aCOCUM
X0cCaAJTapUHU
TYUIYHTHPHHI?

25

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

Ouwt

o enly  Sagerpemion o be
WeAR TG 37 wbery

Kyowur: XucooOaniapaaru OUTHHUHT KBaHT
AKBUBAJIICHTH; aTOMJIAPHUHT KBAaHT XOCCAJIApUHM YIJall
KYIIMMYacH OWJIaH

Ky0ut Huma yuyH
Kepak?

26

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

KBanTkommioTepaap:  Kupuil
orepanusiaapaa KBaHT-MEXaHHUK
KYJUIOBUYM X#coOam acoo0mapu

MabJIyMOTJIApUIATH
XOAUCaJIapUHA

KBanr
KOMITIOTEpJIapu
acocui
NPUHITUTHHHA
TYIIYHTHPHHI?
Pacmaan
doiinananunr!

Ha3zopar caBosiiapu

o=

Merasnap, Ba
30HaJAPHUHT

nbopar?

IURJIEKTPUKIIAp

NOTEHIMAN TYCUKIAp KaHAal KO makiutanaau?

Tynennanum xoaucacu MOXHUSITH HUMaJaH nuoopart?
124

SApUMYyTKa3ru4djiapaa
TYNOUpUIMIIMIAry  QyHIaMeHTan ¢apkiap HUMaJaH

Kpucrann Hano3appayasapHUHT aCOCUN XOCCATAPHUHT TYLIYHTHUPUHT?
Marepuannapaa 3HepreTUK 30Hajap KaH1ai maKuiaHaan?
Pyxcar stunran Ba TabKUKJIAHTaH 30HAIAPHUHT (GapKu HUMaAaH ubopar?

SHEPreTUK

Kyn xarmamim spuMyTKa3ru4uiau CTPYKTypajlapJa KBaHTIM Yypajiap Ba




8.
9.

Kpanmu  ypana
TCKpeTianam?
KBant ymuamnu s¢pdext Humagan ndopat?

Mounekynsip 3IeKTpOHHUKA, ONTOAIEKTPOHUKA, (POTOHUKA, CIUHTPOHUKA
acOCUi MPUHUUITUHUHT COJUIITUPHHT.

SHEpPrus  caTxyjapu  Kaiicm  cabalOmapra

Kypa

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

TPaH3UCTOPJIAP, OHP AIEKTPOHIU TPAH3UCTOPHUHT HUMA yUyH Kepak?

11.KyOuT Ba KBaHT KOMIIOTEPJIAPHUHT aCOCUN NPUHLUIIMHUHT TYLITYHTUPHUHT.
12.I'uraHTMarHUT KapUIMJIMTHHUHT aCOCUN XOCCAIIAPHUHT TYIIYHTUPHUHI?
13.DoToHKpUCTANTAPHUHAT KaHAal TapKUOU KHCMIIap/iaH TaIllKHII TONraH?
14.11Ise30pe3uctuB 3 HEKTHUHT aCOCUN MPUHIUIUHUHT TYUTYHTUPHHT?
15.CniuH acocuaaru 3JIeKTPOHUKaHUHT aCOCUN XOCCAIIAPHUHT TYLIYHTUPHUHI?

1.

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

2-amananii MmamryJaot: [losiumep HaHOMAaTepHAas OJIMII Ba YJIaApHU

xoccanapuu. Hanouesuirmo3a. buomumeruka cucreMajapHu OJIMII Ba

yJapHH XoccajJapu.

Numipan makean:
Cyrok kpucrain. [llakn xotupanu nonumepiap. Hanouenmronosa. Tykumanu

umkeHepus. buomocnamyBuannuk. buomuMernka. DneKTpoH OypyH. DJIEKTPOH
tui. bot. Hano6ot. Jlopunapau makcamamu erkaszuii. JJHK-gum.

Ne Nuiau 0askapuin y4yH HaMyHa Mz:cuaﬂaHnHr
KYNHWJINIITHN
Liquid crystal (LC): a state of matter with Cywok kpucrai (CK)
properties between a liquid and solid crystal; itis | kanmaii TapKkuOMii
used extensively in liquid crystal displays KHCMJIApAaH
2 PHIR & TAIIKKJI Tonran?
Pacmaan
doiinananunr!

. , /o
Cywkkpucraa (CK): cyloKJIMK Ba KATTUK
KPUCTAJICUMOH MOJIJIa XOCcajlapy OpaJuruaaru
MaTtepusl; CyIOK KpUCTaJUIM AUCIUIeiap/ia KEHT
KYJUTAaHWUJIa 1
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Shape memory polymers: smart polymers
capable of returning to their original shape after
being deformed by external forces, when
triggered by an external stimulus such as
temperature change

Ilaka xoTHpaaW MNOJUMeEpPJIAp. XapOpaTHUHT
y3rapuiim  KaOW TamKd Kywilap TabCUPHIA
BYXKyJra KeJraH Tallku KydjJap TabCUPHUIA
nepopManusgaHn  CYHT  Y3MHUHT  J1acTJIaOKH
MIAaKJIATa KAWUTHUIN KOOWJIMSTHra »Jdra aKJId
oJuMepJiap

Hlaxa xoTupaau
MOJIUMeEPJIap HUMA
Y4YYH Kepak?

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

Basic principles of Tissue engineering

Monosryer
ol oultare

— 0~

Caty om a
hoosy

- )

S
a gt - —

e e NS
spanded
cen

e ona M
potymenc

TykuManu WHKEHepHUsl: CYTIMU3YBUWIAPHUHT
acocuil  TYKUMaJapuHHUHT  TY3WJIWIIHA Ba
GbyHKIIMOHAT acocliapy Xamjaa (QYHKIUSTIapUHH
TUKJIAII, KYyJUiad Typuil €KW SXIIAIanl y4yH
OwoMocnianryB4aH  YpHUHH  OOCYBUMJIAPHUHT
KYJUIAaHWJIUIIN TYFpucuiard dan

Tykumaau
WHKeHEePUSIHUHT
acocuil xoccajJJapuHu
TYIIYHTHPHHI?
Pacmaan
doiinananuur!

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

buomociaamyByanIu
KHHHI acocHil
NPUHIMITHHHA
TYUIYHTUPHHI?
Pacmaan
doiinananunr!
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BuomocaanmyBYaHIMK: HOXYHI Y3rapuiuiapHU
yaKkMpMai MaTepUuaTHUHT OUOJIOTUK TU3UM OWiIaH
TabCUPJIAITYBUA V3 BazudaiapuHu OakapuIu

Biomimetic: the science of imitating or reverse BuomnMerunka
engineering from natural systems to the study and | acocuii npuHIMIHHI
design of engineered systems using modern TYIIYHTHPHHI?
technology Pacmpan
: doiigasanunr!
buomumMeruka: 3aMOHABUN TEXHOJOTHUSJIAPHU
KyJiam — OujiaH  MYXaHAWCIHK  THU3UMIIAPHU
TAAKUK KWIMII Ba JIOWUXAJAIITUPHUIL YYyH
Tabuui TU3UMIIapra VXIail, HWHXKEHEpUs EKu
TaKJIUI KWW TYFpUcKaaru ¢han
Electronic nose: a device consisting of an array | DJiekTpon
of chemical sensors to detect odours or flavours | GypyHHHHI acocuii
XoccaIapHHU
TYIIYHTHPHHI?
Pacmaan
(poiinananmnr!

&

Microprocessor

k]

Sensor Array

i ¢ =
DJIeKTPOH OYPYH: X1 €KU TaAbMJIAPHU aHUKJIAII
y4yH OMp Heua KUMEBUI CEHCOpIIap/IaH TaIIKUI
TONTaH Kypuima

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

JJIEKTPOH TUJIHUHT
acoCHH X0CCaJIapUHU
TYULYHTHPHUHI?
Pacmpan
(doiinananuur!
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DJIEKTPOH THJI. TabMIIADHU AaHUKJIAIl Ba
TakkKocjam  ydyyH Oup  Heua  KUMEBUM

JAATUUKIIApAaH TAIIKWJI TOIII'aH KypHUJIMa

8. Bot: a robot or automated intelligent machine Bot: HuMa yuyH
: L Kepak?
Bort: po6oT €ku aBTOMATIAITUPUIITAH
HHTCJUICKTYAJI MalllMHA
9. Nanobots: a robot (semi- or fully-automated | Hano6oT HuMa yuyH
intelligent machine) consisting of components of | kepak? Pacmaan
a few hundred nanometre-dimensions; they are | ¢oiinananunr!
also referred to as nanorobots, nanoids, nanites,
nanomachines or nanomites
Hano0o0T1: HaHOMETpIM YI4amiiapaH TallKUI
TOTITaH KOMITOHEHTIIN pO0OT (SIpUM EKU TYIIUK
aBTOMATJIAIITHPHUIITAaH UHTETpaJl MaIlIMHA); YJ1ap
HaHOPOOOTap, HAHOWJIAp, HAHUTIIAP,
HaHOMAIlIMHAIAp €KX HAHOMUTIIAp HOMJIApU
OwIaH XxaMm yupaiau
10. Targeted drug delivery: administration of a | Jopunapumu
pharmaceutical compound in desired amount to a | maxkcaau
localized diseased cell/tissue for therapy eTKa3HIIHUHT
acoCHi NPUHUMIIMHHA
TYULYHTHPHUHI?
Pacmpan
(doiinananuur!
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JopujiapHu MaKCcaaJu eTKa3MII. Tepanusga
JOKaIJIalliTaH ~ 3apapjaHraH  Xyxaipamapra /
TYKMUMajlapra  Kepak  Oynran  MHUKIOpJa
dbapmareBTUK OUPUKMAHU KUPUTHIILL

11.

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

JHK-4yun:  rengarm  MyrauusiapHu €KUM
y3rapunuiapHu uAeHTU(UKAIIIALI YUYH
KyJUIAHUJIAOUTraH  SIPUMYTKA3TUWIA  MHUKPOYHII
aCoOCUIAryu TaT4nuK

JAHK-yunmHuHr
aCoCHH X0cCCaJIapUHU
TYIIYHTHPHHI?
Pacmaan
doiinananunr!

ok wnE

~

Ha3zopar caBoJsiapu

CyrokkpucTan KaHJai TapKuOWi KUcMIIap/laH TAlIKUI TONran?
[ITakn XOoTUpaIu MOJIUMEPIIAP ACOCUN XOCCATAPHUHT TYUTYHTUPUHT?

Tyxkumanu MHXEHEPUSHUHT HUMa YYyH Kepak?

buomumeTrika Ba OMOKEpaMUKaHUHT aCOCUM MPUHLUUIUHUA TYIIYHTUPUHT?
DneKTpoH OypyH Ba 3JIEKTPOH THJI ACOCHI XOCCAJapPHUHT TYIIYHTUPUHT?
Hano6o0T Ba nopunapHu Makcayii €TKa3UuIIHUHT aCOCUNA MPUHIUITUHUHT

TYIIYHTUPHUHT?

JIHK-4rnmHUHT acocuil XOCCATAPHUHT TYITYHTHUPUHT?

doganaHWJITaH agaduéraap

David Rickerby Nanotechnology for Sustainable Manufacturing, Taylor and

Fransis, 2014, 79-92.
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2. David Rickerby Nanotechnology for Sustainable Manufacturing, Taylor and
Fransis, 2014, 213-226.

3-amaauii mamryaotT: HanomarepuaJs oJiMim Ba yJIapHHU X0CCAJIAPHH.
HNimpan makcaa:

Tarpan-tenara Ba Temnanan nactra. byr ¢azacunan ¢usukapuit uykrupui (PVD).
[Tnazma. byr dazacunan kumésuii uyktupum (CVD). Uccuk m3ocTaTuk mpeciant
(HIPing). Tuponu3. VYukynnu mnasmanu numupuin (SPS). Tenr kanammm
oypuakiu mnpeccinam (ECAP). Mexanuk koTtuiimanam. bByF-CyHOKIHK-KATTHK
momma ycymu  (VLS).  Onwurakcus.  Hawnomutorpadus. Fab.  Kommown.
Hanonucnepeust. Y3-y3unu itmemmm. Asporen. KeauT Hykramapu. bakmuHcTep —
dbymiepen. MarukcoH. Yriaepoanu HaHnoTpyOka. Hanotonanap. HanokoOukiap.
Hanocumnap. Hanomarepuan. Hanocrepxkuinap. Buckepnap. FOmnka muienkanap.

Me3oroBakiu mMaTepuai. MynTukaBaTiap.

Ne NimHm 6akapui y4yH HAMYHA Macananu
HI

KY AWM I
U

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

metal

n i s
Tarnan-temara: acocuil OupJMKIapu HaHO3appayaigap /
HAHOTH3UMJIAPHU XOCHWJI KWJIMII OWJiaH OwWpramraguraH aToMm
MUKECHIaTH aCOCHH OWpJIMKIapuIaH HaHOMAaTepHUaUIapHUHT
CHUHTE3 KHWJIUII CTPATEeTUSACH

Tenagan macTra: HAHOKPUCTAJUT MATEPUATTHY OJTUIIT OWJIaH
MHKPOKPHUCTAII MOAJAHUHT MaWTAJIAIIHYA Y3 UUNATA OJIA]IH;
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HAaHOCTPYKTYPAJIAPHHU CUHTE3 KUJIUIIHUHT KATTUK MOJJANIN
WYJUJIapU 11y KaTEropusira Kupaju

Physical vapour deposition (PVD): a variety of vacuum | Byr
deposition technique involving vaporization of atoms from | ¢pa3acunan
target material to produce a thin film on a substrate ¢pusukaBu
PVD i
e SPUTTERING YYKTHPUII
HUHI
acocui
e NPHHIHITHT
SOv—— HU
TYUIYHTHP
cspmity HHI
smapon s Pacmpan
Byr ¢a3zacunan dusmkaBuii uykrupum (PVD): Tarnmukna (pornanan
IONIKa IUICHKAJApHU OJIMII  YYYH AaTOMJApPHU  MYJDKal HHT!
MaTepHaIniaH OYFIaTUILl UIITUPOKUA BAKyyM UYKTUPHUIIHUHT
TYPJIH TCXHOJIOTHAJIAPH
Plasma: a state of matter containing a significantly large | ILnazma
fraction of ionized matter; plasma properties differ significantly | remmepary
from those of solids, liquids or gases pacuHM Ba
‘ X0ccaJapH
)7 ¢
NMPUHIAIIA
HUHI
TYUWIYHTHP
HHI
Ilna3ma:voHnamrad MOJIaHUHT aHYaruHa Karta QpakiusCuHu
y3uga CakjIOBYM MOJJIAHWHT XOJIaTH; IUJIa3MaHMHT XOoccalapu
KaTTUK MOJanap/iaH, CyIOKIUKIapJaH €KU rasjiapjaH TyOaaH
dbapk Kuaaau
Chemical vapour deposition (CVD): a technique for Byr
depositing thin films on a substrate using gaseous reactants dazacugan
Ehriouom Wper Dapostion (C40) KHMEBHIA
YYKTHPUII
(CVD) unr
acocui
NMPUHIAIIA
GENARNRRRR, HH
SESBEES
SLRALRS TYLOYHTHP
SR HHI?
Byr ¢asacunan xumésnii uykrupum (CVD): rascuMoH | paesvpan
peareHTIapHUHT KYJUIAHWJIUIIKM OWJIaH OTMKAa IJICHKATApHUHT doiinanan
TarJauKAa YYKTUPULI yCITyOu uHr!
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Hot isostatic pressing (HIPing): the process of using high Hccuk
hydrostatic pressure and temperature to compress fine particles | uzocraTuk
into coherent parts npecJaanH
HHI
acocui
NMPUHIMAIINA
HN
TYLIYHTHP
HHI?
Pacmaan
doiinanan
: B HHTI!
MccHK H30CTATHE npecnam (HIPIng) MaluH 3appavajiapHU
AXIIAT KUCMJIapra CUKHII Y4YYH OKOPpH THAPOCTATHK 0ocuM Ba
XapopaTHHU KYyJUIall KkapacHu
Pyrolysis: Greek word denoting separation (lysis) under fire | IlupoJiu3
(pyr); a thermochemical method involving decomposition of | Huma yuyn
organic material at elevated temperatures in the absence of | kepax?
oxygen Pacmaan
douganan
HHI!
IMupoaus: amanra(pyr) OCTI/I)Ia a)KpaTI/II_HHI/I (lysis) anrnaryBuu
rpeKda Cy3; KUCIOPOJ HINTUPOKHUCHU3 KOKOpU Xapopariapaa
OpPraHMK  MOJJAHW  MapyajallHA y3  WYura  OJyBYH
TEPMOKHUMEBUH YCYII
Spark plasma sintering (SPS): a sintering technique using | Yukyniiu
pulsed DC current that directly passes through the graphite die, | maazmaan
as well as the powder to be consolidated, in case of conductive | mumupmn
samples HHHT
Spark Plasma Sintering (SPS) acoc“ﬁ
mechanism
Plasina heating Joule heating NMPUHIAIIHA
HUHI
TYLIYHTHP
HHI?
Pacmaan
‘ doiiganan
¥ incoui oot o UHT!

ul

Yukynian miazmaiad numupum (SPS): ‘Fpa(l)I/IT MaTpULIACH
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IIYHUHTIEK YTKa3yBYaH HAMYHAJIAP XOJIATHAA MUIIUPHIAETTAH
KyYKyHJIaH OeBucTta YTa€TraH JOUMHH  HMITYJIC  TOKH
KYJUIAHUIMIIUAATY TUITUPHIL 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

N

Prosced sample

4
pe & R
Tenrkananau Oypuakim mnpeccaam(ECAP): makn Ba
ya4amiapuHu Y3rapTUpULICHU3 KaTTa MUKIOpAAru
nehopMalioH  CWDKHUIIHA ~ KUPUTYBYH  yIATPaauCIEpc
TY3WIHIUIA 3appadajapHy HNriad YWKapuIl Y9yH IUTaCTHK
nehOopMaIUSTHUHT OFUP TEXHHUKACH; dKCTPY3Hs MINTHPOKUIATH
yxmam s>kapaHHM HAMOEH KHJIyBYM TEHI KaHAJUTM Oypuak
akctpy3usicu (ECAE)

TeHnrkana
JIJIH
OypuyakJIu
npeccJjam
HHUHT
acocuu
X0CCaJIapH
HHT
TYUIYHTHP
MHI?
Pacmaan
douganan
HUHT!

Mechanical alloying: a solid state process in which grain
refinement occurs by repeated deformation, fracturing and cold
welding of powder particles in a high-energy ball mill
MexXaHUKKOTHIIMAJIALIL: IOKOpH DHEPTUAIN HIapau
TETUPMOHJIA 3appadajapHUHT KailTa aedopMarusiaHuIIM Ba
E€pUKIapM  HATWXKacujga  MalJaJIaHMILM, KYKYHJIQpHUHT
3appadajiapy COBYK MaWBaHJIAHAJAWIaH KATTUK >KUCMJIATH
JKapacH

MexaHUKK
OTHIIMAJIA
IIHUHT
acocuu
NPUHIMITHT
HHUHT
TYUIYHTHP
HHT?

10.

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

byr-
CYIOKJIMK-
KATTHK
MO/11a
YCYJUHUH
I acocuu
NPUHITAIH
HHUHT
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Vapor
of deposited
materials

Motal
drop

Substrate

Byr-cyrokank-katTuk mMoaaa ycyiam (VLS): Oyr dasacuman
KUMEBUN UYKTUPHUINIATH HAHOCUMIIAD KaOW Oupyiaamiu
HAaHOCTPYKTYpaJIApHUHT yeummm VIyH MEXaHU3M;
KPUCTAJUIAPHUHT VCUIIM Ba KUHETHKACH camapaiopJIMruHu
OIIMIIY YYyH KYJUIAaHUJIAIU, KaTAIUTUK CYIOKKOTHIIMaIU (pa3a
OyfiapHu YTaTyUHHTaHIUK Jlapakacuraya Te31a
aJIcopOLMsIIaIId MyYMKHH

TYULYHTHP
UHI?
Pacmpaan
doixanan
HMHT!

11.

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

@

! Molecular feams

’
’ /
’ é_a) / @_a
’
' . ’
/ /

Substrate Wafer
INMUTAKCUA:ACOCUH TaTrJIMK OWaH KpucTauorpaduk TapTuOHu
(KOTepeHTIMKHY) TAbMHUHJIAII YUyH UKKIJIaM4ud (ha3aHUHT
YCHUIIU

ONUTAKCH
1 HHT
acocuu
xXoccajJapH
HHT
TYUIYHTHUP
MHI?
Pacmpan
doiinanan
HMHTI!

12.

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

Fab:uaTerpan cxemanap Ba Ba SpUMYTKa3ruwim acOOOJIapHU
unuiad  4YMKapuIl y4YyH Ha30par KWIMHYBYM UYKTHPUII
JKapa€HJlapy  Ba  TO3a  XOHAJApAAH  TAIIKWJI  TOITaH
MUKPOTCXHOJIOTUK 00BEKT

Fab auma
YUYYH
Kepak?
Pacmaan
doiinanan
HHTI!

13.

Colloid: a homogenous suspension of a dispersoid in a
continuous medium; it may be a solid, liquid or gas

Koamonng
KaHaan
TapKuOUi
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KHCMJIap/
aH

TallIKUJ
TONran?
& Pacmaan
i doiinanan
N < 20m 5nm 50nm 100nm 200nm uHr!
KoJstona: y31ykcu3 MyXuTIard AUCIEPCHUSTIAHTaH MOJIAHUHT
Oup Typlard CyCICH3USCH; KATTHK, CYIOK €KU Ta3CHMOH
OVYJIMIII MYMKHH.
14. | Nanofluid: colloidal suspension of nanoparticles of metals, Hanoaucn
ceramic, carbon nanotubes, etc. epcust
- - KaHaii
TapKUOUit
KUCMIIapa
aH
TAaIIKUJ
TONran?
Hanoaucnepcus: MeTajiap, KEepaMHUK, YIIIEPOIIIA
HAHOTpyOKajgap Ba XK3 HaHO3appayaJIapHUHT  KOJUIOU
CYCIICH3USACHU
15. | Self-assembly: process in which the components interact within | V3-y3unn
themselves to form aligned or organized structures without any | inFummam
external force HI' acocHii
iy W NPUHIMIT
G - oo HUHT
: r D| TYLIYHTHP
f f HHI?
1* @ Pacmaan
-O-0 doiinanan
Substrote (ool sumicomdctors, caramica, glymens, #00) HHI!
V3-y3uun fiuFum: 6upop OMp TAIIKH Kyd TAbCUPHUCH3 OUp
TEKKHUC €KU TAIIKWUIAMITHPUIITAH TY3HWJIUII XOCUJI KHJINIO YHYH
KOMITOHCHTJIAPHUHT ¥3 HUKJIA Y3apO TabCHUPJIALILYB KapacéHu
16. | Aerogel: a porous solid formed from a gel in which the liquid is | Aaporea
replaced with a gas with gas entrapment KaH/aii
e ) TaAPKUOMI
) KHCMJIap/
aH
TalIKUJI
“ TONIaH?
/ Pacmpan
A blowtorch und :}:icr::'i:::::te;:?d has no effect on q)oﬁﬂ aHaH
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AjdporeJi: CYIOKJIUTY I0OTUJITaH ra3 OujiaH ypuHaIMalirad UHTI!
IéJiiaH OJJMHT'aH FOBAKCHMMOH KaTTHK quMa
17.| Quantum dots: 0D nanostructures in which electron energy | KBanTHyK
states are confined in all three spatial dimensions; their | Tamapu
electronic properties are between that of cluster*s and bulk | Huma yuyn
semiconductors Kepak?
Pacmaan
doixanan
HHI!
KBanTHyKTANIapu: »BJIEKTPOHJIAPHUHT DJHEPTHsl XOJaTiapu
Oapua ydTa KEHIVIMK Yiuamiapuaa aHukiaHagurad 0D
HAHOCTPYKTYypajap; yJIapHUHT JJICKTPOH XOccallapy KjiacTepiap
Ba SIPUMYTKa3THWIap opacuaa Oyiaau
18. | Buckminster fullerene: a spherical molecule with the formula | Bakmuncr
C60, named in homage to Richard Buckminster Fuller, due to | ep —
its resemblance to the geodesic dome designed by him; | ¢pyaaepen
Buckminster fullerene is the first fullerene molecule to be | kannaii
discovered and is also the most common in terms of natural | Tapku6mii
occurrence, as it can be found in small quantities in soot KHCMJIAPT
1 e’ aH
TalIKUJI
TONran?
bakmuHcTep - pyinepen: Puuapn bakmuncrep @Oyiuiepen
TOMOHM/IaH JJIOMMXAJAIITUPUIITaH Fe0Ie3uK ryMm0asra yXiamm
Tydaiinu yHuHr mapadura Homuanrad C60 ¢popmynanu
JIOMpAacUMOH MoJiekyJa; bakMuncrepdynneper —
bynnepeHHUHT JacTIa0Ku TOMUITaH MOJIEKYJIacH
xucobnmaHaay, mry Ounan oupra Kypymaa 03 MUKJIOpIa
TOMMWJIMIIA MyMKWH OYITaHINTY YUYH TaOUMA XOCK Oy IUIIH
HYKTau Ha3apuJaH 2HT KYT TapKaJIraH XucoOJaHaIu.
19. | Magic number: a critical number of atoms in a cluster size Marukcon
providing it higher structural and potential stability TYIIYHTHP
HHI'? ATOM
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TYSHJIHIIH
HHUHI

doixanan
HHI!
MarukcoH. aHuYardHa OKOpPH OYJIraH CTPYKTypaBUM Ba
IIOTCHIONAaJl TYPYYHIUKHHA TabMHWHIIOBYHN KiIaCcTCpaaru
ATOMJIAPHUHI' KPUTHK COHH
20. | Carbon nanotube (CNT): an allotrope of carbon with | Yruepoan
cylindrical nanostructure and having high aspect ratios; their | u
unusual electronic and magnetic properties find wide | nanoTpy6
applications KAHHHT
CHDSRTANOWOS | Chrbon ok carbon nenchbe CHHIanu
(SWCNT) (DWCNT) (TWCNT) IIUHUHT
i1/ TYILYHTHP
HHI?
Pacmpan
g doiinanan
Yraeponiau HaHoTpyoka (CNT): TacBup popMaTHHUHT IOKOPH | wHT!
Y3rapTUpuan® TYpPUIIUIA I[HJIMHIPCUMOH HAHOCTPYKTYpasiv
YIAEPOJHUHT QJJIOTPONUK IHAKIW; YJapHUHT Yy3radya OYyirax
AJIEKTPOH Ba MAarHUT XOCCAJIapy KEHI KYJUIAHWIAIU.
21. | Nanofibre: fibres with diameter less than 100 nm Hanorouia
N JIAPHUHT
acocuu
XoccajlapH
HHI
TYUWIYHTHP
HHI?
/ NN
Hanorosanap: 100 HM gaH KWYKK OYJIraH IpaMeTpJid Tojiajiap
22. | Nanoshells: a thin coating over a core object a few tens of Hanoxkoomn
nanometres in diameter KJap
Nanoshells Kanaai
TapKuOuit
KucMJ1apa
aH
TAIIKUJ
TONran?
HanokoOukiap: nuamerpu Oup Heuya YHIMKIArd HAaHOMETpIa Pacmuan
OynTaH 0OBEKT SAAPOCH YCTHUJIATH OTIKA KOOHMK doiinanan
HHI!
23. | Nanowires: 1D nanostructures with width of nanometric | Hanocumu
dimensions and exhibiting aspect ratios of 1000 or more ap HUMA
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YIyH

Kepak?
Hanocumuiap: HaHOMETp YIYaMJIM KEHIJIMKAAru Ba r€OMETPUK
YmuamnapuauHar HucOatu 1000 Ba yHmaH tokopu OyiraH
1DnaHoCTpyKTYypajiap
24. | Nanomaterial: class of materials in which at least one of the | Hanomare
dimensions is on the nanoscale (<100 nm) pHaIapH
HHT
a% 7% s A 755% ?3:;1‘;}[“
o, e AW §°°§‘ Gon?
08‘5600 W o % IHA 00p:
micelles vesicules dendrimers | liquid nanccapsules nanospheres
crystals
Hanomarepuan: OupoH Oup Yy3rapumm HaHo mapaxana (<100
HM) OVJTaH MaTepUaIApHUHT CUH(PU
25. | Nanorods: 3D nanostructures with aspect ratio typically in the | Hanocrep
range Of 3 5 all their dlmensmns are n the range 1-100 nm JKHJIAP
LR Y B et pass | KaHlIaﬁ
TapKuOuii
KHCMJIap/
4 ke L 8 aH
HaHOCTepmHnap EKJIAQPUHUHT HI/IC6aTI/I 3 5 Ananas’oHuA | yauremil
Oynran 3DHaHOCTpYKTYpanap; ylapHuHr Oapua yadammnapu 1- | onran?
100 uM nuamazoHuga 6ynaau
26. | Whiskers: thin fibrous growth of a dislocation free crystal BuckepJa
2 | p HUMA
YUYYH
Kepak?
Buckepaap: 3pkuHavcIOKaMsIaHAUTaH KPUCTAJTHUHT
HO3MK TOJIAJIU YCHIIIN
27. | Thin films: atomically engineered layers with film thickness | FOnka
usually in the range of nanometers to a maximum of a few | maenkama
microns PHUHT
acocuit
X0CCaJIapH
¥ HHT
== TYIIYHTHP
G‘ T 670x617 UHI?
§CulnSe2 Thin Films. Pacmpaan




IOnka nuieHkanap: aroMap KOHCTPYKIMsUIAHTaH KaBaTiiap
HAHOMETPJIaH MaKCUMYM OUp Heuya MUKpOHTava OyyiraH
JanazoHja Oyiaran KaJIMHIMKIAry TUIeHKazap

¢onxanan
uHr!

28.

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

Me3soroBakau: Oup Mebépaa Oep TEKUC KoMIamraH
Me3oroBakiiu (auameTrpu 2-50 HM) FOBAaKCMMOH MaTrepuaiap;
1032 CHPTUHUHT  KAaTTAJUTH  yJapHU  aJCOpOEHT €K
Karanuzatopiap cudarua honganu Kuiajau

Me3oroBa
KJIH
MaTepuaJl
JIAPHUHT
acocum
X0ccaJapH
Hu
TYULYHTHP
UHI?
Pacmaan
doiinanan
HMHTI!

29.

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

> [

MyarukaBatjap: Oup-Oupura >OWIAIITUPWITAH TYPIH XHUJI
KUMEBUHM TapKUOJIM €KUM CTPYKTYpAJIU IOTIKA TUICHKAIap

MyJarukas
atTyap:
HUMA YYYH
Kepak?
Pacmaan
douganan
HMHTI!

ok w

~

Ha3zopar caBoJsiapu

byr pazacunan pusukasuit uykrupumHuHT (PVD) Ba OyF dazacunan
kumEBui uykThpuil (CVD) uHr acocuii MpUHIUMIUHU COJMIITUPHUHT?
Hccuk n30cTaTUK NpeciallHuHT BO TEHTKAHAJUIM OYPYaKIM MPEeCCIalIHUHT

aCOCHI MPUHUMIIMHUHT TYUIYHTHUPUHI?

[Inponu3 Ba yUKyHJIM IUTa3MajIy MUIIMPUIIN HUIMA YUyH Kepak?

MexaHUK KOTHIIMAJIaIlIHUHT acocui IMPUHOUITUHUHT TYHIYHTI/IpI/IHF?

ByF-CyrOKJIMK-KaTTUK MOJJIa YCYJIMHUHT ACOCUM MPUHIIUITAHUHT

TYIIYHTUPHUHT?
ONUTAKCUSHUHT aCOCUNA XOCCAJIAPHUHT TYLIYHTUPHUHI?

Konnounsa Ba HaHOAUCTIEpCHS KaHIall TapKUOWI KUCMITap/iaH TalllKHI

Torraun?

KBanTnykranapu, 6akMuHcTep — QyJuiepeH, yriepoii HAHOTPYOKaHUHT

CUH(MDJIAHUIIUHUHT TYIIYHTUPUHT?

HanoronanapHuHT, HAHOKOOWKJIap, HAHOCHMIIAP, HAHOCTEP KHIIAP,

BHUCKEPJIAP MUCOJI KEATUPUHT?
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ATOM-KyWIaHUIUIH
Hanomurorpadus.

10.}Onka nieHKanapHUHT Ba ME30FOBAKIIM MaTepUaNIApHUHT HUMA YIyH

Kepak?

doiigaJaHUITaH a1a0uETaap

1. David Rickerby Nanotechnology for Sustainable Manufacturing, Taylor and

Fransis, 2014, 153-197

4-amaaunid mamryaoT: HanomerpoJsiorusi.

Nmpan makean:
MHUKPOCKOIHS (AFM).
Hanounnentudukanusiai.

AToM

DneKkTpoH

MaHHUITYJISIUSCH.
MUKPOCKOIL.

MukpokantuneBep. CKaHUPJIOBYM SIKUH XYAYIUIM ONTHK MHUKpockomus (SNOM).

PeHTren(hoTo31eKTPOHCIIEKTPOCKOIHS (XPS). Vra YyKa3yBYaH
kBaHTUHTEpPepometp (SQUID).
MacajnaHuHr
Ne Nau 0askapuil y4yH HaMyHa oo
KYUNJINIITHN
1. | Atomic force microscopy (AFM) or scanning probe ATOM-
microscopy (SPM): a high-resolution device used to map | KywIaHHILIHMH
topography or other functional properties of the surface KPOCKONHS
atoms at atomic resolution capabilities (AFM) éxn
[ or et M iy CKAHEpJI0BYH
i L 30HAMHUKPOCKOII
~ usicu (C3M)
T ’ aAcOCHIi
NMPUHIMAITUHHA
ATOM-KYWIAHHMIIUIHMHKPOCKONHUSA (AFM) | rymryaTHpHHT.
éxncka”epaoBun 3oHaMukpockonusicn (C3M): arom | Pacmaan
KypcaTTH4Id [03aJard AaTOMIIADHUHI TaCBUPUHU €EKU | poliaaIaHMHT!
Oomka (YHKIMOHAT XOCCAJIAPUHU TacBUpJAIl YYyH
KYJUITAaHWIYBYM FOKOPU KYPCATrU4JIu KypHjiMa
2. | Atomic manipulation: atom by atom modification of AToM
surface structure or chemistry made possible by advanced | manunyasimusicu
techniques like atomic force microscope and scanning HHUHT aCOCHIA
tunnelling microscope NPUHIHITUHA
TYUIYHTUPHHI?
Pacmaan
doiinananunr!

ATOM

MAHUITYJIAHACH:
MUKPOCKOIIHS Ba CKAHEPJIOBYHM TYHEIJIM MHUKPOCKON KaOu

ATOM-KY4JIaHWUIINA

WIFOp ycymap Tydailii MMKOHUSITH TYFWITaH FO3aHUHT
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TY3WJIUIIUHU  aTOM KUMEBUU

MO U (DUKALMSIIAIT

opTHgaH aToM CKH

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

Nanointender prints

HanonnaeHTHUKANMAIALL, HAHOYJIYAMIIM XaKMmJjapra
KYJUIAaHUITYBYM OOCHIIAard KATTUKJIUK TECTH, KUYHUK
oocumiapaa anoxuaa HaHO3appavyaJapHUHT
KATTUKJWTMHU aHUKJIAI YYYH

HanounaenTudg
HKANMSJIAITHAH
I acCoOCHM
NPUHIMITAHUHT
TYUIYHTUPHHI?
Pacmaan
doiinananuur!

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

—_— m'

JIEKTPOHMHUKPOCKOIL: Te3NAITUPHUIITAH
AIIEKTPOHJIAPHUHT KOJUTMMHUPJIAHTaH JaCTaCHHW HaMyHara
dbokycnab  aroM  yayamMugard — KaTTaJlalllTUPUITaH
TACBHPHU OJIMII YYYH KYJUIAHWJIaIUTaHMHUKPOCKOIT

DJIEKTPOHMHUKPO
CKOIl HHI aCOCHH
XO0CCAJIAPHUHT
TYIIYHTHPHUHI?
Pacmaan
doiinanmanunr!

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

MuxkpoxkaHTHIeBep: MUKPOMETP MUKECUIATH YITHaMITN
KanTuiuBepan Hyp, MEMS coxacuna, natunkiapia,
pe30oHaTopiapAa Ba XK3 KEHI' KyJUITAaHWUIAIU

MukpokaHTuie
Bep HUMA YUYYH
kepak? Pacmaan
doiinananunr!
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Scanning near-field optical microscopy (SNOM):
illuminates a specimen through an aperture of a size
smaller than the wavelength of light used and with the
specimen positioned within the near-field regime of the
source; by scanning the aperture across the sample through
a conventional objective, an image can be formed
CraHupoBYH AKUHXYAY LA
ontukMukpockonusi(SNOM): HaMyHaHU
WIUIATUIAETIaH HYPHHUHT TYJNKWH Y3YHJIUTUIAH KHYHK
Oynran ymyamaard TUPKUII OpKaiu EpUTau, HaMyHAHH
AKUHXYIY IIA MaHOa peXUMU Joupacuia
JKOWJIAIITUPUIIA]IN; Ol INN 00OBEKTUB épaamMuaa
HaAMyHajJard auadparMaHuHr CKaHepiaml uynu OusaH
TaCBUp MIAKJUTAHUIII MyMKUH OY1amu

Microscopes

Optical 'EM SEM

— —_— AFM ST™

|
- N -

'
| |8 ,
iR WY
— zs! g L A
\ Al
noH |

) S

o>

4

CxaHupJIoBYH
SAKAHXYLY A
ONTUKMHUKPOCKO
NUSHUHT acoCHuii
NPUHIUTHHUHT
TYLIYHTHPHHI?
Pacmaan
doiigaanuur!

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

Phote etetran Spwt i ses

PenTrengoT0o3/1eKTPOHCIIEKTPOCKONHUSA (XPS):
KUMEBUWA MOJJAHUHT F03aCMHU MUKIOPHMN aHAIU3 KUJIMII
yCIIyOH, DIEeMEHT TapKUOWHU aHWKJIAiaw, YCyl, PeHTTeH

Pentrendgorosie
KTPOHCIEKTPOCK
ONMUSIHUHT
acocuii
NPUHIUNTHHUHT
TYUIYHTUPHHI?
Pacmaan
doiinananunr!
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HypJlapy OWJaH KAaTTUK MOJJIAaHWHT HypJaml &paamMujia
OJIMHTaH (OTOAICKTPOHIAPHUHT TaBCU(UHU Y3 HUUTa
oJIaau

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

YTayka3yBuan
KBaHTHHTepdep
ometp (SQUID)
KaHjaam

TAPpKUOMH
KHCMJIApAaH
TALIKHJI
: TONTaH?
Vraykasypuan kpanTuntepdepomerp (SQUID): §ra | Pacmaan
Ky4CH3 MarHuT MauJOHJIApPUHU YiI4yall UMKOHHUSTUTrA Ora dorinananunr!
Mocaama
Nanolithography: a nanofabrication technique for | Hamommurorpadu
patterning nanoscale features; used extensively in the | aumar acocmii
fabrication of ICs and NEMS NPUHIUITHHAHT
a @ Light source TYWIYHTHPHHI?
Pacmaan
Lens doiinananunr!

7\ Photoresist

_~ . Substrate

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

.| Melting point oscillation: the phenomenon of | Cyrokaanum
suppression of melting point followed by elevation as the | xapopaTuHunr
particle size is reduced from bulk to sub-nanometre size OCHWLIAIHSICH
CykJaHun XapoOpaTHHHUHI OCHM/IVIAILIMACH: | BA
3appavdagapHUHT yaaamu accocun MaccalaH | HAHOTEPMOMETP
cyOHaHOMeTpraya Kamain® MUKIOPUHUHT  OILIWIIH | HHHI aCOCHIi
HaTvXKacuagaru CYIOKJIaHHII XapOpaTI/IHI/I6OCTI/IpI/IHI NPUHINIINHUHT
xoaucacu TYUIYHTUPHHI?

| | |
58°C 294°C { p 490°C 330°C 170°C 45°C 22°C |

Nanothermometer (Ga in Carbon nanotube)

18°C

Ha3zopar caBoJsiapu

1. Atom-kyunanunum — Mukpockorus (AFM), CKAHEPJIOBUU  30H]
mukpockonusicu (C3M) Ba aroM MaHUMYJSIUSACUHUHT — aCOCUH
IPUHITUITUHU COTUIITHPUHT?

2. Hanounnentudukaius Ba HaHOJIUTOTPAQUSHUHT aCOCHN MPUHIIUITUHUHT
TYIIYHTUPHUHT?

3. MuxkpokaHTHIEBEp HUMA YUYH Kepak?

4. DIEKTPOH MHUKPOCKONUS Ba CKAHUPJIIOBUM SIKUH XYAYIJIW ONTHK
MUKPOCKOMUSHUHT aCOCUI NPUHIUIIUHUHT TYITYHTUPHUHT?

5. Vra YKa3yBYaH KBaHTUHTEpPEepoMeTp (SQUID) Ba
PEHTIeH(POTOITEKTPOHCIICKTPOCKOIUS HUMA YIYH Kepak?

doganaHWITaH agaduéTiaap

1. David Rickerby Nanotechnology for Sustainable Manufacturing, Taylor
and Fransis, 2014, 197-212.
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5- amaJyIuii MaIIFyJiIoT:

Komno3unuon Mmarepuauiap vuiad YnKapuija
MYCTaXKAMJIAIITHPYBYU KOMIIOHEHTJIAPHH X0CCAJTAPUHH YPraHUII

MinHuHr MaKcaau:

Komnoszuyuon mamepuannap uwinab wuxkapuwioa Kyiianaouean moadcuMoH
84 3appPacuMOHr MyCMaxKamio84yu KOMHNOHEHMIAPHU XOCCANAPUHU YP2AHUUL.

BJIeMeHTap TOJAJTAPHHUHI acocHii MeXaHUK Xoccajaapu.

Hwnune makcaou: DineMeHTap TOJAJAPHUHT MEXaHUK XOcCCallapuHU
Ypranuui.

Tona — Oy KYHIaJlaHT KECUM FO3aHUHT KUUMK KecuMua Oyitnama
VI4amIapuHUHT  KYHJAJaHr  yagamjapura  HucOaTtaH — KaTTa
kuitmatra(10-100 nan kam sMac) sra OyaraH MaTepuaaup.

Kynruaa tomanap 4y3mwiMmiiga OKOPM MEXaHMK Xoccajap Ba
IOKOpY DJACTUKJIMK MOAYyJAra Jsraaupiaap. byHpanh kypcaTkudiap
IOKOPY MEXaHMK Xoccajapra sra Kommno3uluoH wmarepuamiap (KM)
OJIUIIIA ACOCUH KYpcaTKu4Iap XHUCOOIaHa 1.

DneMeHTap ToJallapHu MexaHukK xoccanapuHu anukiam ['OCT 6943.5-79
ra acocan onu6 Oopuinamu. CHHOB Y4YyH dJEMEHTap TOJa/laH KecuO OJIMHTaH Ba
paMKara KOTHpWJTaH HaMyHalap Kyuranwianu. Pamkanap 10 MM y3yHIukIa Ba

5—6 MM KEHTJIMK/Ia TeIIWK KYPUHUIIN/IA 319 KOFO3/1aH KUPKUO onuHamu (pacMm 1,
a, 0).

Hamynanu Oy3unummraya OKJIaHUMII Oepuil Maxcyc acbobma amanra
omupuiaau (pacMm 2). Makcuman rokinaHuml F nuHamomeTp mikanacu Oyinua
aHWKJIAaHA/IM, TOJAHUHT Y3yHJuTH Oyinua y3rapumu Al — medopmarms mkanacu
€K1 TOPU30HTAI MUKPOCKOII (KaTeTOMETP) OpKajiu aHuKIaHaau. Tamad sTunranna
nedopmanus auarpammacu ty3uiaanu ( F-Al 6oznuxnux).

Kyiinna 06ab3u 3jeMEHTap TOJAJIapHUHT Yy3WIUINAAAru auaMerp d HuHT,
Oy3yBYM Ky4JIaHHII G, Ba JIACTUKIMK MOAYIHU £, HUHI KUIMaTIapu KEATHPUITaH
(ckanmBan 1).

Kansan 1. DnemeHTap ToJaMIapHUHT KYpPCATKUYJIAPH.

| Tona Typu | d, mxv | 6, MITa__[ E,, TTHa_|
| LInma tonacu |6-20 |3450 | 70-73 |
‘ IOkopu MycTaxkaM yriepoan Tojia | 7,58 | 2500-3500 | 200-250 ’

| FOKOopH MOIYIUTH YIJIepOIIH TOJA | 7,5-8 | 2000-2500 |300-700 |
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Pacm 1. DnemeHTap TonamapjiaH MEXaHMK CHHOB Y4YyH HamMyHa onmml. (a—0 —
taii€pnam Oockuwiapu). 1 —Temmkiaap; 2 — KECHII YHU3UKIapu; 3 —OyKHII
YU3HKJIApH, 4 — dJIEMEHTap ToJa; 5 — KJIeH; 6 — KecuK; / —KUCKUA4Iap.

Pacm 2. DmemeHTap TojamapHu Oy3yBUM KYWIAHHIN Ba SJACTUKINK MOIYJIUHU
aHUKJIam yayH ac000. 1 — nuHamometp; 2 — puuar; 3 — Kuckuwiap; 4 — tona; 5 —
cToiika; 6 —aedopmarius mKajgaaIm MaXxoBHUK.

bup TOMOHIa UYHAJITHPWITAH TOJIAJIH TYJAMPYBYUIAPHUHT
MYCTAXKAMJIMTMHU AHUKJIALI

Hwnune maxcaou: DneMeHTap Tojiajnap MyCTaXKaMJIUTHHH WIT Ba OOFUYIap
MyCTaxKaMJIUTUaH (apKUHU KYPCATHIII.

DneMeHTap TOJIAJTApHUHT XOcCcajapu MabliyM Japaxkaaa OoIka Typaarud
TOJIAJIADHUHT XOCCAJIAPUHU aHUWKJaiau. byrma Oy xoccajmapHu amaira OIIAPHII

KaliTa WIJall ycylnu Ba Xapakrtepura Oornuk Oymaau. UlyHunr ydayH Owup
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TOMOHJIaMa WYHAJITUPWITAH TYJIAUPYBUWIAPHUHT MEXAHUK XOCCAIAPU DIEMEHTAP
TOJIAJTAPHUHT MEXaHUK XOCcallapuaH nacT Oyiau.

MycraxkaMJIOBYd  TYJJAUPYBYMJAPHU  aCOCHHM  MEXaHMK
X0ccajJapu  JJIACTHMKJIUK MOAYJIH Ba YV3WJIMIIAArTH  Oy3WJIMII
KYWIAHUIIU XUCOOIaHAIM.

by cuHoBnapaa pamkanapra KOTUPWITaH KecMa HaMmyHalap
kynmnanunaau. Hamynara P-05 Tungaru yHuBepcan MaiimHajaa 0y3yiaryHda
60-100MmM/MuH ~ y3rapyBYaH  Te3NWKIAa IOKJIaHUIN  Oepwiaaw.  bepunraxn
KyWIaHUILIAPHU Ky YT4aml mKanacu Oyinua yodanaiu.

Kepak G6ynaguran ac6o6yap Ba Marepuayiap: LKA WIT Ba IIUIIA OOFIapAaH
KecMasiap, HaMyHaJlapHU MaxkKamulall y4yH pamkanap, Kalduiap, Kied, CUHOBYU
MallliHa.

Nuaunar 6opuin taptudu. CUHOB 0110 OOpHUIl Ba HAMYHAJIApHU Tal€piialil
['OCT 6943.10—79 ra myBoduk onubd Gopumaam.

220 MM y3yHJIMKJArd UM KECMajapy paMKaiapra Kotupuiaau. EnuMinanran
UIJIap HaMyHajlapra axpaTwiagd Ba CHUHOB MalllMHACM  KUCKUWJIApWra
Kotupwiaau. bynaa enumianran kucMm 8-10 MM Tamikapura 4YMKUO TYpPHIIH,
Kuckuwiap opacugaru macoda 100+1 MM HU TalIKKII STUILN KEepakK.

Hamynanapra 60-100 MM/MHH Te37MK/Ia CHHOB MAaIllMHACHJA Ky4YJIaHUII
Oepunaan Ba Oy3WIMII BaKTHJIAard OKJIAHUII Kaia KwinHaau., OnuHrax
KuiMaTiap Oyiu4a 4y3mimingard Mycraxkamimk o, (MlIla) xyiiunaru gpopmyna
OpKaJIu XMCOOJaHAH:

D
GP—A

. 2.
by epna F, — 6y3yBun roknanums, H; 4 - T 103 — TONAHWHT YMyMHH F033CH, MM,
p

T — TYIAMPYBYMHUHT YHU3UKIA 3UWIMTH(MABIYMOTHOMAJAH OJUHAAN);, P —
TYIANPYBUN MATEPHAIN 3UUITHIH, T/CM

DKCIEpUMEHT KaMHUJa YH MapTa KauTapwiaay Ba ypTaya KUAMaTH OJMHAIH.
OnuHran Hatwkaizap XyJIau Iy TypJard 3JIEMEHTap ToJla HaTWxajdapu Ouiad
COJIMIUITUPWIIAU Ba XyJocanap Ynkapuiaagu. OJMHraH HaTHKalap Kaia STUIAIH.

Bup ToMOHra HyHAJITHPWJITaH TOJIAJIH TYJIAUPYBYHIAPHH JIACTUKIUK
MOIYJTUHU AHMKJIAII.

Kepak Oyaaguran ac6o0sap Ba MarTepua/uiap: IIuIia WO Ba
mumadoriaMaap KecMmallapy, pamkaiap, Kied, CMHOB MalllMHAcH, KaTETOMETD,
LITAaHT €HIIUPKYJIb.

N  tapruOu. Pamkanapra KOTUpWITaH HaMyHajapra HaMyHaHUHT
Mapka3ujaH IOKOpM Ba MacT ToMoHra 25 MM Macodana OVEk Ownan Oenru
KYMWWJIA]IN.

benrunap opacunarun macoda o (kareTomerp, mTaHTEHIMPKY EpAaMuia)
Ooouutanfuy roknaHu Fo na ymuanagu. Hamynara cekun acta roxnanum AF Fy

Kyuraya Oepwiaau Ba HamyHaHuHr y3ywiaurd Al ymuananu. CuboB 2-3mapTta
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TaKpOpJIaHaay Ba HAMYHAHUHT ypTada Yy3WUJITaHIUTY AaHUKJIAHAIN.
TynaupyBunHUHT 30aTUKIMK Moxyau E, (MIla) Kyiunaru gopmyna opkanu
XucoOaHaIun:

AF

o Al 4
by epna AF — ycub 6opyBun roximanum, H; |y — Genrunap opacumaru macoda, Mwm;
Al —a¥3pIran HaMyHa y3yHITHTH, MM; A — TONAHHHT YMyMHIT 103aCH, MM’
DKCnepuMEeHT KaMuJia YH MapTa KalTapuiaay Ba ypTaya KHAMaTH OJIUMHAIN.
OnuHran Hatwkaigap XyJIaud Iy TypJard 3JIEMEHTap ToJia HaTuxanapu Ouiad
COJIMILITUPUIIATN Ba XyJlocalap Ynkapuiaau. OJMHraH HaTWKajlap Kaa 3TUIau.

Kommno3uuuon marepuajiap uouiad 4YMKapuimja 3appacuMoOH
TYJAUPYBUYMJIAPHU TPAHYJIaMeTPUK TAPKUOHU Ba X0CCAJAPUHH YPraHuIIL.

Hwnune makcaou. TYIIUPYBUMIAPHUHT acOCUN T€OMETPUK TaBCUPUHU
aHUKJIAIIL.

TynaupyBunIapHu TaHJANl aBBAJO, YHUHT 3appajapyuHHUHT YIdyamiiapu Ba
3appaJlapHUHT IIaKJIA Ba TaBcU(UTa OOFIIUK.

3appanu matepuauiap TaBcuduil yimuamiiapu HucOaTura OOFJIMK XOJiJa
makiaura kypa cunpaananu (pacm 10).

T

2 0

Pacm 3. Tynoupysuu 3appanapuu ynuamu 6a mypiapu.
a — cghepa; 6 — kY0, 6 — napanienrenuneo, 2 - MOJIACUMOH, O ~MAH2ACUMOH.
L- y3ynaux; H — 6ananonux; B —xkenenux.

Kynruna TynaupyBUMIIapHUHT 3appaslApUHUHT IIAKIH OUp — OMpHUIaH KECKHH
dapk kwiaau. LyHWHT y4yH yJapHUHT FO3aCHHHMHI 3appacd CUHQIAHUII YYyH
Xu3Mar Kwiaau. by Makcamia 3appanapHu yor4aMuHM TaBCUQUIaiaUraH TylnIyHYa-
skBUBAICHT cepa auametpu(DCJ]) kupuTuiras.

Kaara Tonamm  TYIAMpPyBYMJIAPHMHI  IeOMETPHK  yj4yaM  Ba
3apPACHHUHT IAKJIHMHU AaHUKJIAII
Kepak Oynmaguran ac6obmap Ba Marepuauiap: €ro4 KUPHHIWCH, WIOA

TOJIACH, JIbBHOKOCTPA, MUKPOCKOII, IITAHT €HIIUPKYJIb, MUKPOMETD.
148



Nm taptrbu. Tekuc 1o3ara mMabliyM MUKAOPAArd TYIIUPYBYH OHP TEKHC
EMWIIai. Y4all y4yH IITaHMCHIUPKYJIb EKM MUKPOMETP, KyJa Manja 3appaiap
yuayH 3ca (<0,1 MM) MUKPOCKOT UILIATUIIAIH.

3appaHUHr TETMIUIM Vyidamjapud aHuKiIaHaau (y3YHJIMTH, KCEHIJIWTH,
KaJMHJIMIY) Ba MAaKCUMaJl Ba MUHUMAJT YTYaMJIapHUHT HUCOATH aHUKJTaHA/IH.

Typnu TynaupyBumiap 3appajapWHUHT MAKJIA aHUKJTAHAIA Ba YH3UJIAQJIH.
OnuHran HaTWXKanap S kaaBaira €30 OopuiIaau.

KykyHCHMOH TY1iMpyBYWIAP 3appaJapUHUHI IIAKJIU Ba
yayamiIapyMHH AHUKJIALL

Kepak Oyaaguran ac0o0siap Ba Marepua/uiap. TypJiM THUIJIArd
KYKHCUMOH TYJJAUPYBUMJIAP, TUIIOB, MUKPOCKOII, XA TPEAMETIAP.

Nmauar taprudu. 3appanapHu IIAKIM Ba Ya4amJIapUHU aHUKJIAUl YYyH
MabJIyM MUKJIOPJAru TYJAUPYBUM OJIMHJAH HaMJIAHTaH LIUIIA IPEIMET F03acura
KOWJIaHa/M Ba YCTUIAH MKKMHYM MMIIa OunaH énunaau. bynaa TynaupyBUnHU
TEKUC TaKCUMJIAHMIIM Ba 3appajapuHUHT Oup-OuMpuIaH ajoxujga —ajJoxuaa
Oynummra ypTHOOP Oepunaau.

Hamyna  mumkpockon — croiyacura  ypHatunaau. Kepak — Oynran
KaTTATAITUPUII Ba KECKHMHJIMK TaHJIAHATU. 3appallapHUHT INAKId aHUKJIAHUO
yu3ub Oopunaau. 3appatapHuHr acocuid yiuamiapu Ba DCJ] xucoOnanaau.

TyaaupyBYHIAPHUHT TPAHYJIOMETPUK TAPKUOMHYN YPraHUII.
Hwinune maxcaou: TaxXJIMTHUHT dJaKiap YCyJIUHUA YPTraHuUII.

TynaupyBUMHM TaHIalm[ga aBBaj0 YHUHI 3appajapuHUHI yiIdaMilapu Ba
Vndamuiap Oyiinya TakCUMIJIAaHTAHJIMTA aHUKJIAHAH.

KykyHCUMOH MaTepHaUIapHUHT TPAHYJOMETPUK TapKUOM KYKYHIAru TypJu
Vadamaaru 3appajlapHUHT y3apo HUCOATH Ba KaHYa MUKIOPAAH MAaBXYIUTH
TYFpUCHA MABIYMOT OJIMIITa €paaM Oepaiu.

3appajjapHUHI VJIYaMHHU AHUKJIANIHUHT OMP He4dTa ycy/ulapu
MAaBKY/A: Jakjaap épaamuaa(zappanaap yauyamu 0,06 1an 19 mm raua),
mMukpometTpuk (0,001x3an 0,06 mmraya), cenmmentauuon ( 0,00011an
0,06 mMmraua).

Dnakiap ycyiad Marepuall HaMyHaCMHUHI CTaHAApPT d3JIakjiap TYIUIaMHIaH
YTKa3um opKaiau ¢pakuusiiapra axpaTHIra acociaHraH. by ycyn amcnepc
aHAIM3HUHT acoCuil ycynu xucobnanaau. Jlekun Oy ycyn 3appajapHUHT XaKUKHI
yiyamJIapyvHU aHUKJIal OJIManIn.

['panynoMeTpuKk TapKHOHM aHHMKJIAIIIA aKPATHII Tapakach TaKCHUMJIAHUTITN
D (pacm 11, a) Ba dpakuusutapauar HucoOuii cakinanumu dD (pacm 11, 6) 3appa

Yyimuammuapu O ra OOFIUKIMKIIAPU TY3WIA/IH.
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a b
Pacm 4. Asxcpanuw oapasicacu maxcumaanuus GyHKyus KypuHUmIapu (a) 6a
dpaxyusnapuune 3appa yrwamuea nucouiaueu (0).
Maiina aucnepc Marepuasiap YI4aMUHU aHUKJIAIIA aCOCaH CEAMMEHTAIIMOH
yCyJl KYJUTaHUIIA !,
MUKpPOCKOTIUK yCYI 3appalapHUHT YM3UKJIA YI9aMIIApUHN aHUKJTAIIIArd YHT
aHWK YCyJl XMCOOIaHau, IEKMH aH9a MEXHAT Ba BaKT Tajal HTaju.

AMajnii MamryJoT Basudasapu:
1- Ba3uda.

Kagpanma kentupuwiaradH KUMMATIIAp acoCHJAa MaTepuall yidamiapura
OOFJIMK X011 (PpaKIusIapHA MaBXYUIUTH JUarpaMMacUHUA TaCBUPJIAHT.

CapmaTt KYMHHHHT I'PAHYJIOMETPHK TAPKHOH

Tpoda| 3appawatap IIaKIATH TeMHKIAp VIdaMaapu | MM
Ne MHKIOPH, 0.14
Mac.% 2.5 1.25 0,63 0.3 0,14 31aKnaH
yrran
94 1.6 0,6 2.1 17,3 84.4 98 1.9
95 6.8 1.5 43 20,7 69,7 95.3 4.6
98 22.6 - 1.1 4,9 42.3 87.5 12,1
99 16,1 - - 0,6 24.4 83.1 16,8
100 22,7 - - 1 26,6 78.9 20,6
101 2.8 0.3 1.3 13,8 67.6 96,2 34
102 2,7 - 0,2 2.8 37.6 92,9 6.8
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2- Ba3uda.
Kentupuiran mukpockonuk 5,6-pacmiiapaan ¢oigananud, acocuili Kpucrasul
dazanap yryamiapyuHy aHUKJTaHT.

Pacm 5. Kepamuk MaTepramTHUHT 3JICKTPOH-MUKPOCKOIHMK PACMH. (3JICKTPOHHBIH
mukpockorn 9BM-100)

10kV  X2,000 10pm 0000 09 40 SEI

Pacm 6 — Bonbdpam kapOuan Ba TeMUp KyKYHJIQPUHUHT 3JIEKTPOH-MUKPOCKOITUK
pacMiiapu.

Hasopar caBoJsiapu:
1. bup ToMoHnamMa WyHaNTaH TOJATU TYJIIUPYBUYWIAPHU KEITUPUHT Ba

TYIIYHTUPUHT.
2. TomacuMOH TYNIIMPYBUMWIAPHU OKJIAHMIIAArA XOJIATH HHMa MaKcaana
ypranunaan?
3. UM3uKIM 3UWIMK HUMaHU TaBcU(naiiau, HUManapra OOFJIMK Ba KaHJal
aHUKJIAaHATH?
4, DnemeHTap ToJla Ba  OWMp  TOMOHJamMa  WYHANraH  TOJACUMOH
TYJIIUPYBUMJIAPHUHT UY3UITUINTa MyCTaXKaMJIUTH HUMAcH OujiaH Gpapk Kuiaan?
5. YUyzunuiira MYCTaXKaMJIMKHU aHUKJIaNIga HaMyHaJap KaHnau
TanépnaHaan?
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— 107 c.

6 —amaJauii MalIFyJioT:
Marpuua MaTepuasIapy TApKUOU Ba XOCCAJTAPUHM YPraHMIIL.
NHuHr Makcaam:
Tepmopeaxmue 6a mMepMONIACMUK NOAUMED MAMEPUALIAPHUHS MAPKUOU 6a
xoccanapuru ypeanuul.

Komrmo3ur Marepuaiiap oiuiiia TepMOPEaKTHB MoJuMepiapaaH OOFIOBYN
cudaruna doimananuIaam.

TepmopeakTuB nonuMep OOFJIOBUMIIAP CHHTETHUK CMoOJIajap Ba KOTHPYBYH,
KaTtanu3aTopiiapJaH TallKWJ TONraH WKKA EKM Ky KOMIIOHEHTIM  CHUCTEeMa
XHUCOOJIaHaIH.

BOFnOBYMHUHT  TapkMOWM  KOTWII  PCAKIUSCHHUHT  OOpuIId  Ba
MaxCyJIOTHUHT MEXaHUK Xoccajgapura OOFauK Oy iaau.

KM  raiépnampga kyn  xowtapaa  noauddup, OIOKCHIIM KU
dbenondopmanbaeruiu OOFIOBYMIIAP KYJITaHUIIA U,

[Momusdupmanennarnap  (monmdup  cMoIap)  TapKUOHM,  KHUMEBHIA
TY3WJIUIIM Ba MOJICKYJISIP MaccacuJaH KenuO YMKKaH XO0J/1a KOBYIIKOK CYIOKJIHK
€KM KaTTUK MoOjjianiaH ubopar. TemrepaTypa Ba KOTHII TE3JIMTM WHUIMATOP Ba
TE3NAITUPYBYN TYPUHU TAHJIAII OPKAIN aHUKJIAHAIH.

KoTMmaiiiuran sIMoKCHJl CMOJajap SpUNWINIaH KOBYIIKOK CYIOKIHUK EKH
MYpT KarTuK Momajaidap xucooOmananu. Kyiimma 06ab3u AMOKCHI CMOJaIapHU
(bu3MK XoMaTiapu KenTupuirad. (kaasan 2).

DIMOKCHUT CMOJAIADHUHT KOTHPYBYUCH CU(aTHIAa aMUHIap WITUTATHIIATH.

Kotupunmaran denonopopmaibaeru cMoianap KOBYIIKOK CYIOKIUK €ku 60—
120°Cna cyrok xomra YTyBur KaTTuk MypT maddod amopd macca xucoOmaHaau.
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Kanpan 2. bab3u amokcua cMonanapHu GU3UK X0JIaTIapH.

Cmona Typu Ty °C ®dusuk xomar 20°Caa

D]1-22 -10 Cyrok

2]1-20 0 Cyrok

DJ1-16 10 KoBy11Kok

DJ1-10 50 KatTuk

OJ1-8 70 Mypt

Kepakmn acO60o0iap Ba Marepuauiap: cMojagap — TOMMd(pUp, SHOKCHI,
dbeHonobopManTbACTUUIM,  KOTUPYBUWIap —  nomumdTwieHnomamud — (I1911A),

tpudTaHosmamuHotutanat (TOAT), wmaneun aurugpua (MA), TUIPONEPOKCH]T
M30TMPOITMIIOCH30T (THIIepU3); Te3IaTyBun: kooansT Hagrenatu (HK).

N taptubu. Ilomumep OofnoBumiap Tal€piiall ydyH TypJid THIJIArd
cMoJIajap Ba KOMIOHEHTJIAPHU BU3yasl YPIraHMILL

Anabuérnap Taxawik EpaamMuga  Xxap OUp KOMIIOHEHTHHHI aJloXuja
Oenrmnapu Oyiinya €3unaau, SbHU XWJW, PAHTU, arperar XoJaTH, 3UYJIHIH.
Hatmxanap 3- xansanra €36 dopunaiu.

Kagsan 3

bomka

Komnionentnap | Panr Xuau du3uk xonaTu
XyCYCHSITIIAp

TepmopeakTuB osMromMepJap acocuaa 00rJI0BYMJIAP TalEpJIall

NiauHT Makcaau: Typau OOFIOBUMIIApHU Tal€piiall yayH Kepak Oyiaauraxn
KOMITOHEHTJIAPHU XUCOOIAIIHUA YPTraHuIIl.

[Tomumep OofnoBumyap OWp HeEUTa KOMIIOHEHTJIApJaH TAIIKWJI TOMAJu:
cMoJianap, KOTUPYBUMJIAP, TE3JIAITUPYBUYM, KaTaau3arop, IIacTUGUKATOp Ba
oomkanap.

Mabiaym Mukgopgaru OOFJOBUMHHM Tal€piamiga Kepakin KOMIIOHEHTIIAp
MacCaCHHU aHWKJIMK OWJIaH TaHJAIl JIO3UM Oynaau. AHUK TaHJIAHTaH TapkuO Ba
KymmiamManap cudariam MaxcyjiaoT OJHMII Y4yH 3amMuH Oynaau. KommoneHTnap
TapKUOU SMIUPUK EKU XUCOO MYIu OMIaH aHUKJIaHAIH.

Kepak 0yaaguran macca MyKOTHIIHH XMCOOra OJIraH X0Ji1a
(raxmunan 10%) Oapua KOMIOHEHTJIAp Macca YJIYLIHHHU
WMFUHIUCUTA TEHT 1e0 KadyJy KWIHHAIH.

Bor10BuUM KOMIIOHEHT/IapU cMoJIara 00CKMYMa 00CKUY Ky1IHu0
oopmiaaan Ba AxmmiIad  apajamrupwiaad.  Korupysumiap

JKAPACHHUHT OXMPHUIA KyUIUJIAIH.
FOkopu kKoBYIIKOK cMojanap unuiatumgad oiaud 80°Craua Ku3aupuiaaau
Ba ITy XOJIW/Ia TUTACTH(PUKATOP EKU apalalITUPYBUN KYITUIAIH.

Kepaxmu ac6o0map Ba marepuaiap: 3MOKCHA Ba TOIUd(Gup OOFIOBUYMIApHU
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Tai€panira Kepakiii KOMIIOHEHTIIap, TapO3H, IIUIIa TaéK4a, UIUIIL, TepMOITKad.

Nmauar Taptudu. Onokeup cmojia acocuaa 100 r OornmoBur TadépramiHu
xucoou. DJ1-20 — 100 mac. 4, [TH-1 — 20 mac. u., IIDITA — 10 mac. .

KoMrmonenTiap MaccacuHu WYKOTHUIIUIApHU XUCOOTa OJITaH XOJIJa aHUKJIAII.
BbormoBumnap maccacu 110 1, 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 mac. k., X3 (II2I1A) — 20 mac. k. By npornopiusiiiapHu edran xoijaa Kyduaaruiapra
ara Oymamms: 84,6 T —D]1-20; 8,4 r—I[TH-1; 16,9 r - IIDI1A.

OunuHran HaTHXanap Kyduaard xaasaira €3u0 6opunaau.

Kansan 4
e Cmomna ITnacTuduxarop KotupyBun TesnamrupyBuu
INSTTPTH
v Mac.K. | T Mac.K. |T Mac.K. | T Mac.K. | T
1

bBor10BYMHUHT 3UYIUTHHHA AHUKJIALIT
WMmHuHr  Makcaau:  Typad — TEPMOPEAaKTUB  IOJHMMEPJAp  acOCUAAru
OOFJIOBUMJIAPHHUHT 3UYJIMTHHYI Ha3apHil Ba SKCIIEPUMEHTA AHUKJIAIIHHA YPraHulll.

KoMmo3unmon MarepuauiapHd  TapkuOWHUA — XucoOnamiga Oup Hewa
KOMITOHEHT/aH uoopat OYiran OOFIOBUMHUHT 3UYIUTUHU YPraHuil Kepak 0ynaau.

ByHnpaaii O0FIOBUMHUHT 3UYIUTUHU JACTIA0KH KOMITIOHEHTIJIAp 3UYJIUTUHH Ba
KOMITO3UTJIard Macca YJAYIIMHM OWiraH XoJija, apajaliMa KOWJacura acocaH
Hazapuil )KUXaTaaH aHUKJIAll MyMKUH.

OnuHran KuUWMaTHU SKCIEPUMEHTAI TEKIIMPHUILL YYYH Macca Ba XaXm
ycynunan (QoiganaHuin MyMKAH. ByHIa 3WWIMK KOMIO3UT MAacCacUHM YHHHT
XaKMHUTa HUCOATH OpKAJIA XUCOOJIaHaIH.

Kepaknu ac6o6iap Ba Marepuaiap: 3MOKCUJ Ba Moiauddup OOFIOBUMHU
Tail€pnamn ydyyH Kepak OVnaauran kommoHeHtiaap, 0,1 © radya aHUKIUKAArd
nabopaTopus Tapo3UCH, IINIIA TaEKUa, UANIIL, TEPMOIIKAQ, YIIOB HUTUHIP.

N taptubu. 50 r gan Typau Tapkubiu OornoBumiiap Tanéprananu.(2-
UJIOBA).

Xap OHWp KOMIIO3UTHUHI Ha3apuil 3UWIMIH Kyluaaru ¢dopmyna OpKaiu
XHCcoOJIaHa U

p; - Cy+p, - C, +... +p,-C,
Pon = ’
c,+C,+...C

n

By epna p;1 p2, pn —kKomnoHeHTaap 3uwinry (3-unosa); Ci,Cr,C, — TETUIILIH
KOMIIOHEHTJIADHUHT Macca yJIylIu.

3UWIMKHA SKCIEPUMEHTAN aHMKJIAll yYyH YI4OB UWIMHIPU Jlaboparopus
Tapo3ucuaa YymyaHaau. KeWnH Via4oB MWIMHApPWTa KOMIIO3UT >KOMIaHaaAW Ba
Jrajularal  XakMM aHUKJIaHaau. byHJa KOMITIO3UTHM LWIMHADP JE€BOPJIApUIa
TapKaJIWIIM Ba mydakiap maigo oynummra uyn kyimacnuk kepak. [llynnan xeitnn

KOMIIO3WUT KOWJIAHTaH IWJIMHIP sHA Tapo3ua yiuaHaad Ba Kyiumaru (opmyna
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OPKaJIM aHUKJIaHA/IN:

By epaa m, m; — YI40B HMJIMHAPUHU OOFJIOBYM OMJIaH Ba OYII XOJIMIAry MaccacH,
r; V — OOFJI0BYH drajuiarad Xaxm, v’

OKCIIEpUMEHT KaMuJa yd4 MapTa TaKpopJiaHaiu Ba Yprada apudmeTuk
KUHAMAT TOIUIIAIH.

TepMomiacTUK MNOJUMEP MATEPUAJIAPHUHI TAapKUOM Ba XO0CCAJIAPUHH
yprasuui.

NmmHuHr  makcagu: Typad — Tabuarra oJra  TIpaHy/UIaHTaH — TOJIMMEp
MaTepUaNIapHUHT aCOCUI TaBCU(PUI XyCYyCHUATIIAPUHU YPraHUIIL

Tali€p MaxcynoTnard MOoJUMEp MaTepPUATHUHT TaOMAaTMHU AHUKJIANl Y4YyH
TU3UMITU Tap3fa cudar Ba MUKAOP aHAIM3IAp YTKa3WIaJud Ba MabiIyM MOJUMEpIIap
OWJIaH CONMIITUPUIAITH.

[Tommep MaTepuan HaMyHacH KyWrard cxema 0yinia aHuKJIaHa N

— HAMYHAHU TAIUIKHU Ky3aTHUIII;

— IOMILALI TeMIIEPATYPACHHU AHUKJIAL;

— HAMYHAHH AJIaHra/Ja Y3MHU TYTHLIN;

— HAMYHAHUHT 3PUIIAHUA AHUKJIAII;

— MOJIUMEP/Ia PAHT PeaKUMSJIAPHHA 0J1U0 OopuIl.

ABBaJI0, HAMyHAHWHT TallKd KYPUHUIIW, YHUHT (UMUK
XO0JIaTH, paHTH, Xuad, Imaddoduuru, KaTTUKIUTH, SIACTUKIWTH, 3UWINTH Ba
rpaHyna yiadamiiapu OeNnruianau.

KelinH yHUHI 3pyBYaHJIMITUA TEKIIUPWIAAW. DYHUMHI ydyH HaMyHa HCCHUK
xaBora €Ki MeTajul €K1 acOecT Tarjauk1a Ku3Iupuiiam.

V3unu KaHJall TyTumiura kapad IwiactMacca TepMO €KHM peaKToIllacTra
aXpatunaau. Arap mHojJuMep TEepMOIUIacT MaTepuaira Taalykiau Oyica, yHaa
MOJIMMEPHUHT IOMILIAII TEMIIEPATYPACH AHUKJIAHAIH.

MarepranHn  CONMINTHPHMIN  MAaKCaaWda yHU  ajaHrajaru  XoJaTh
yprauunaau. ByHUHT y4yH MabiyM MUKIOpAArd MaTepuall SXTUETKOPIUK OusiaH
alaHrara TyTuwiaad. byHaa €HMIIHMHT TaBcudnapu Oenrunad Oopuiagu:
E¢HYBYAHJIUTH, STUJIUIIN, SPUIIN, XUJIM, alaHTa PaHTH, TYTyH Naiao Oynuinu, ¥3-
Y3UIIaH YUUIIK, KyJl XOCHJ OYJIMIIH, paHTU Ba Oomikaiap (4-ujioBa).

Marepuaniu sputmanapaa dpuiid y €ku Oy monmmepriap CUH(pHra OWIIMIH
Owan amaira ommvpuiaau (5-miosa).

Kymuunuk cmonanap cupka aHTUAPHUIN Ba Cyl(ar KUCIOTacH KYITUITaHIa
Typiu paHriu Oupukmanap xocus Kuiaau. Jlnbepman— Iltopx — MopaBckuii
peaKIusICH IIyHra acocyianras (6-uioBa).

Ionumep MaTepuALUIAPHUHT IPYBYAHIMTMHA AHUKJIALI

Kepakimmu acOobmap Ba Marepuauiap: Typid TaOuaTiId  TOJUMED
MaTepuasiap; dpUTyBUM — OEH3MH, alleTOH, CyB, 3THJI CIIMPTH, YKCYC KHCIIOTa,
XJIOPUJ KUCIIOTA.
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Wi Taptubu. OpyBuaHIMKHHU aHUKIam yayH 0,5 T Maiiiaganran HaMyHaHU
npoOupkara coinuHaau. 5-10 M SpuTyBUM KYIIWIaau Ba YakaTuinO, Oup Heuda
coaTra TUK XoJiaraa Konaupwiaau. KeiinH spuil 1apakacCiHU aHUKJIAHAU-TYIIUK,
KHCMaH, OYKKaH, SpuMaras.

Arap HamMyHa KUCMaH 3puran O0yica, 3pyBUAHJIHUK KH3AUPUIL OpPKAJIH
AHUKJIAHAIH.

MartepraJTHUHT AJTAHTAJAr¥ X0JIATHHHA AHUKIAIT

Kepakmu ac6061ap Ba MaTepuaimiap: Typid TaOMaTIu TOJMMEp MaTepualiiap;
EHIMPryY, IIIATENb, TMHLIET.

N1 TaptriOu. Mabiiym MUKIOpAArd MaTepran IaTes €pIamMuia SXTUETKOPIIUK
OWJIaH aJlaHTaHUHT FOKOPU TEMITepaTypaiy 30HacKIa TyTUO TypUIIaiu.

AJNaHrajiaH OJIMHTaHJAaH CYHI YHUHI €HHIIM Ky3aTwiaau. byHnoa €HUIHUHT
taBcu(mapu Oemruna® Oopwiagu. bynaa EHumHMHT TaBcuduiapu Oenruiad
Oopwinanu: EHYBUAHIUTH, STWIUIIHN, DPUILIU, XUAM, aJaHTa PaHTH, TYTyH Mai0
Oymumn, ¥3-Y3uaan YUuIm, KyJl XOCHI OYITUIIHN, paHTH Ba OOLIKanap.

IHotumepaa paHIyiu peakuust

Kepakmm ac6o6map Ba Matepuaiiap: Typiad TaOWaTIv MOJUMEpP MaTepuasuiap;
YMHHU IJIACTUHA, CUPKAa aHTUIAPUAN, KOHIEHTPJIaHTaH CylI(ar KUCIOTa, MUIETKA.

N taptbu. YnHHU M1acTMHKara noimmep Oyiakdacy >KOMIaITUpuiIagd Ba
yHra OWp Heya TOMYM CHUpPKA AHTMIAPUIM TOMHU3WIAIW, KeHMH cyiadar KuciaoTra
tomuswiaay. 30 MHHYT JaBOMHJA CYIOKJIMK Ba CMOJIA 103aCH PaHTH  Y3rapHIld
Ky3atwiaay. Hatwkanap 6-unoBara COMMINTUPHIAO TIOIMMED TypPH aHUKJIaHATH.

FOMmam remMneparypacuiy aHUKJIAILI

Kepaxmm ac6o6map Ba Matepuaiap: Typiau TaOWaTIv MOJUMEpP MaTepuasuiap;
MeTaIT €KUM YMHHU TUTEJ, TEPMOMETP, KBapI] KyMU, METAIT €KU acOECT TarjuK.

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

FOmiam temneparypacu. 5-10 cMm y3yHIuknara Ba 1 M KeHITIMKIArd HaMmyHa
KypyK KyM OWiaH TYJIUpWITaH TEMHUp TUTENra YpHaTwiagu. Turen acta CeKHH
KM3IMPUIAI Ba HAMYHA STWIMIIM BaKTUIAry TeMiiepaTypa oenrunanaa. by romimar
TeMITepaTypacu XUcoOIaHa Iu.

OkyBYaHJIMK Temmeparypacu. Xy FOKOpUAAru ycya OviaH HaMyHaHUHT
OKYBYAHJINTMHU XaM aHUKJIalll MyMKHH, STbHU HAMyHaHUHT MabJIyM TeMIeparypaiaru
OKYBUAHJIUTH YHUHT OKYBYAHJIMK KUIMaTH XUCOOIaHA/TH.

AMayinid MalIFyJioT Basudaaapu:

1-Bazuda.
Anabuétnap pyiixatuaa Ba wioBanap oynmumuaa kenrupuiarad E.Bernardo, J-
F. Carlotti u ap. “Novel akermanite-based bioceramics from preceramic polymers
and oxide fillers” wimMuii Makoiacuaan ¢oinananuo (7-UimoBa) GnokoMIto3uTiap
CUHTE3UJAa KaHIal II0JUMMEp Ba TYJNAUPruwiap KyJUIAHWITAaHWHU aHUKJIAHT.

Kymmmua mabmymotiap 1-6- MnoBanapaa kentupuiras.
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2-Bazuda.
HuTepHer-mMabiymMoTnapugan  GoiiamaHuiIraH  XojJa  KOMIIO3MIIMOH
MAaTEpUATHUHT aCOCUM XOCCajapy Ba YJIAPHHU YJHalll YCYJUIADWHU AHUKJIAHT.
TanKUKOT HaTYIKAJIApy KaaBajl IIaKINIa KEITUPHUINILN KEPAK.

Ha3zopar caBosiapu:
1. Tlonmumep GoFmoOBUM TapKUOWUTA KaHAAW KOMIIOHEHTIAp KUpaau?
2. Dmnokcuja OOFJOBYMIIAD YUYH KOTUPYBUMWIAPHU aHUKJIAHT.
3. TMommdup cMomamap y4yH WHUIIMATOP Ba KOTHIIHW TE3JIaTyBUMJIAPHU
KCJIITUPHUHT.
4. TepmopeaKTHB noJIMMepap acocuaa OOFIOBUMIAp Tal€pIiall yuyH Macca
KOMIIOHEHTIIapy XMCOOM KaH1ai amaira OImipuIaan?
5. DBornmoBUMIAPHUHT 3UYINTH KaH/1al aHUKJIAHAIA?
6. BOFIOBUMIApHUHT CHPT TapaHIJINTUTAa KaHAal MapameTpiap TabCUp
Kypcaraau?
7. TepMmopeakTHB MNOJUMEPIAPHU CUPT TAPAHTIUTHMHU AHUKJIOBYM ACOCUI
yCyJUIapHU KEJITHPUHT.
8. DBorIoBUMIAPHUHT ACOCHM TEXHOJIOTUK TaBCU(IAPUHU KEITUPHHT.
9. Ilommmep MaTepHaNIAPHUHT KOBYIIKOKJIUTHHU aHUKJIAITHUHT acOCUH
yCyJUIapUHU KCIITUPUHT.
10. [TonmumepmapHUHT KOBYIIKOKJIMK KypCaTKUYUTa TeMIeparypa KaHmaan
TabCUp KypcaTaan?
doiigaJaHUJITaH agaduéTaap:
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.
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. Hocor B.B. Mexannka KOMITO3UIIMOHHBIX MaTepuainoB.- M.: Jlans, 2013.-240
C.
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7-amMaJIMii MalIFyJIoT:
Komno3uinuon marepuaj TApKUOMHH TY3HUII Ba XOCCAJTAPUHU
JiofMxaJjaul.

NmHuHr MaxkcaaM:. TIOJMMEp MaTpuila acoCuJa KOMIIO3UIMOH MaTepuall
Tal€piam, KOMIIO3UT Tauépiaml yCyJIMHM AaHUKIAIl Ba KOTUII >KapaHUHU
ypranum. TepmopeakTHB OOFJOBUMIIAD Ba MYCTaXKaMJIOBYM TYJIAUPYyBUUIAp
acocH1a KOMIIO3UILIMOH MaTepua Tau€priarl.

[TonruMepnapHu TYJNAMPUIL aMajud JKUXATIaH MaTepUajHh TEXHOJOTHK Ba
HKCIUTyaTallMOH XOccajapuHU Oolukapuiira HMKOH Oepaau. KoHcTpykinoH
TYUUHIaH IOJIMMEP MaTEpHAJUIAPHUHI XOCCaJapH, OJUUI YCYJUIapH IOJIMMEP
MaTpHlia Ba TYJIIUPYBUH, YIAPHUHT XaKXMUN HUCOATIapura OOFIHUK.

KM nan Oyromumap Taiépnamiga nojuMep OOFIOBUMIIAPHUHI KOBYIIKOKIMK. ['en
XOCHJI OYJIMII BaKTU KaOM TEXHOJIOTHK XOCCaJapUHH aHUKJIAII JIO3UM.
'en xocun OynAMII BakTUHM AaHUKJIAIl acOCHM mapaMmeTpiapiaH Oupu
xucobmanaau. Y TYHMHTaH MAaTEpHAHWHT CaKJaHWIIA JTaBOMUWUJIMTHHUA Ba
MaTepuaniaH OyioM Taiépnam TeMmmeparypacuHu TaBcuduangn. KM  omum
BaKTUHUHT JaBOMUIINTYA OOFJIOBYM apajalliIMaCMHU XOHa XapopaTuja Tauépari
BaKTHUJIaH OLIMO KETMACIUTU Kepax.

bepwiran koMmoHeHTJIap acocuaa OeJrWJIaHraH CTPYKTypa Ba
KOMITIOHeHTJIap HucOaTura 3ra KM raiépaam.

MycTaxkam MIaCTUKIAPHUHT aCOCH KOMIOHEHTJIapuaaH oupu Oy OOFJIoBUM
xucobnanaau. bBorioBYM  MycTaxkaMJIOBYM — TOJald  TYIAMPYBUM  OuWIIaH
TYWUHTUPUIIAAA. DOFIIOBUM KOTraHZaH KEWHWH TOJla €KW TYJAUpYyBUUIIAP
KaTJaMHUHH Y3apo OUpIalTupaIu. .

MycTaxkam MIacTUKIAp OJMILAA MOJUAI(UP, SMOKCHA Ba MOAUDUIMPIAHTaH
dbenonodopManaeru CcMoiaap acocuaard OOFJIOBYWIAD KEHT KYJUIaHWJIAIH.
TynnupyBumnap cudaruaa Typad MaTepuaiiap: JIEHTalap, MaTojap, WIUiap
UIUIATUIIAIH.

Komno3utiapau TaiépJiam ;xkapaéHu Kyiuaaru 00CKu4wiapaaH
udopar:

— OOFJI0BYM Ba TYJAUPYBUM TYPUHU aHUKJIAILL,

— KOMITO3UT KOMIIOHEHTJIApUHNA HUCOATUHU XUCOOIaIL,

—OOFJIOBYMHY Tai€priail, OepuiiraH Mponopuusiapia KOMIOHEHTIIApHH
apanalTHpULI,;

— TYJAAUPYBUUIIAPHU Tau€piani;

— OOFJIOBYMHM TYJJIUPYBUM KaBaTjapura Cypkail, Ba TYHUHraH
KaBaTJIapHU OMPJIAIITHPHILL,

— OenruIaHraH peKUMIa MaTepUaTHA KOTUIIMHYA aMaJira OILIAPHUIL.



KoMno3numon MaTepuajiaru KOMIOHEHTJIap MAaCCACHHHM XHC00J1a1l

" 3
ABBarmo KMpyaH TaiiépiaHraH IUIACTHHAHUHT Kepakiau XaXMHUHH Vi (M)
aHUKJIaHa M.

by epma I, b, h — KM miacTHHaHUHT Y3YHJIMTH, KCHIJIMTH, Kaauiaurd. KM
KQJIMHJIATH CHHOB CTaHapTHIaH Keau0 unku6 taminanamy (h = 2-8 mwm).
Matepuran XaXMUHH OWJITaH X0JIJ[a YHUHT MacCaCUHU aHUKJTaHAIU: My, KT

m -V

kM~ P M KM
3
by epna pym — 3uuinuk KM, kr/m”.
3
Marepuan 3uwura pgy (Kr/°) KOMIIOHCHTJIAp HUCOATHHM OWJITaH XOJia
ypTadacy OJINHAN .

P xm :pa'Pa+pc'Pc’

by epna p, — apmatypa 3uunury, KO/M; P. — OOFJIOBYM 3UYWINTH, KO/
P., P. — apmarypa Ba GOFJIOBUMHUHT XaKMUN MUKIOPH.

Tynoupuimn gapakacu TEXHOJIOTHMK Kapa€Hlap Y4YyH Macca yiyuuiapaa,
XucoOalll y9yH XaKMui ynyuuiapaa onuHaad. Komnonentnapaunr maccasuii C Ba
xakMui P muknopnapu ypracuparu OOFIMKIMK KyHHIAard TEHIJMKIAD OpKald
udonanaHaau::

Ca P

Ca'pc+Cc'pa .

bynna marepuan tapkuOuja roBakiap WyK ne0 xucobOiaHaau, SbHU HOJTA
TEHT.
KomnonenTtnapau maccacu (T') yJIapHUHT Macca HUCOATIapy/IaH TOMUIIA N

by epna m,, m; — TyaaupyBUM Ba OOFJIOBYM MaccacH, Kr;
C., C. — TynaupyBun Ba OOFJIOBUMHUHT MacCaBUil MUKJIOPH.

KM Taiiépnam ydyH kepak OViaauraH TYJIIupyBYd KaBatiapu coHU N,
AHUKJIAHAIH !
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a

m.

by epna m, — apmarypa maccacu, T; m,, =y, -|1-b— OMp KaBaT apMaTypa Maccacy,
T, XHCOO Wynmm €kn Y1dad OWIIT OpKadu aHWKJIAHAIH; YV, — apMaTypa MaTepUATHHA
103a 3UWINTH, /M°,

Xucobmamgan KeHWH TEXHOJOTWK YHKWHIWIAP XUCOOTa ONMHAIW, STHHH
20% OOFIOBYM KYIIHIIATH.

bomka Typmarm KM ydyH xaM Xyaaw IIyHIad XHCOO HWIUIapU OJUO
oopwrangu. Onuaran Hatwxkamap KM ONMIIHUHT TEXHOJOTHMK KapTracura €3u0
oopmaam (Kaasai 5).

KoMmno3uumnon Marepuaj JIACTUHAJIAPUHM TailépJiain

Kepaknu acOobmap Ba Marepuaiap: OOFJIOBYM  Tal€piamn  ydyH
KOMIOHEHTJIap, MAaTOJMu TYJIAUPYBUM, KaWyu, Tapo3W, KATTHK ILJIaCTUHKajap,
MyQen Meyu.

Nm taptubu. Kommonentmapaan 250250 MM ynuamaa KaBaT-KaBaT
yCyJIMJIa TUINTA Ta€piiaHaau.

Kecwiran tynaupyBun OOFJOBUM OuiaH TYHUHTUPHO, TUIACTUHA YCTHUTa
KaBaT-KaBaT KWINO, XaBOCU3IAHTUPUO TaXJIaHAIH.

MabiiyM MUKAOpra SpUIIITaHaH KeWHH KATTHK IUIaCTHHA KyWWiaad Ba
KOTHII pSKUMHUTa MyBOMUK KOTHpUIaIH. (2-HjI0Ba).

Kansan 5. KM Tali€pialllHUHT TEXHOJIOTUK KapTacH

HamyHna
Marepuain Vmyamap, MM XaxMm, Muxknopu
Y3yunurn | Kenrnuru | Kanunnuru cm®
Komnonentnap Hopmarus 2<°“am’ MHKIf)OpH’ Muxkopu , r
Yirgamiap Macc.%
TynaupyBun
bornosun

AMaJuii MalIFyJoT Badudanapu:

Anabuérnap pyiixaruma Ba uioBajap Oynumuaa 7-wiioBajga KEITHPUITAH
E.Bernardo, J-F. Carlotti u ap. “Novel akermanite-based bioceramics from
preceramic polymers and oxide fillers” wnimuit makonacunan ¢oiganaHuo,
KOMIO3UIIUOH MATEPUATHUHT HWINUIA0 YWUKApUII TEXHOJOTUSICUHU YpraHUHT.
Kepamuk matpuiiany KOMIO3UTIAPHUHT KaHJal CHUHTE3 YCYJW KYJJIaHWUJITaH?
YHUHT TEXHOJIOTHUK TapaMeTpIapyuHU aHUKJIAHT.
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Ha30paT CaBOJLJIAPH.

1. uma Tona OwWiIaH MyCTaxKamJIaHTaH KOMIIO3UIIMOH MaTepUaTHUHT
TapKuOU Ba XOcCcCaJapyuHU aHUKJIAHT.

2. bup Tomonnama ityHanTHprirad KM MUKpOCTpYKTypa TaxXJIviIu KaHaai om0
oopunaau?

3. bup Tomonnama #yHanTupuiaran KM MUKpPOCTPYKTYpacHMHHM aHUKJIAIIIA
KaH/Iail acOCUi TTapaMeTpiiap aHUKIaHAIH ?

4, TyiuHUII fapakacl HUMa Ba y KaHaal aHUKTaHa 1 ?

5. bup Ttomonnama #yHanTupwiran KM JapHUHT CTPYKTYpacHHHUHT OHp
YKUHCIIM SMACIIMTUHU KaHJai mapameTpiap aHuKIanam?

dDoiigaaHUITaH 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. TI'yce, B.M. Kougpamenko, b.Il. MacmoB, A.C. ®aiiBycoBuu.
@opMHUpOBaHUE CTPYKTYPhI KOMITO3UIITMOHHBIX MAaTEPUAJIOB U UX CBOWMCTBA.—
M. : Hayunsiit mup, 2006. — 560 c.

7. A.A. baraes, B.A. baraeB. Kommno3urnmonnsie matepuainnsl. Cep. Hoas
yHUBepcuTeTckas oubnuoreka.— M. : Jloroc, 2006. —400 c.

4- amajmid MALIFyJIO0T:
HInmakoMno3uTiap HILIA0 YMKAPUII TEXHOJOTUSICUHM YPraHUIllL.
HNimHuHr MaxKcaam:
Hluwaxomnosum mamepuan — “Tpunnexc’nune mapxubu, xoccanapu,
Mmauépaau mexHoL02UACU 84 KYJIIAHUUUHU YPSAHUUL.

Ky kaBaTiu muima oyromiiap 6up €ku OUp HeuTa HEOPraHUK IIUIIA JIUCTH Ba
yJIapHU EIUMIIAlIMTaH ToJMMeEp TUIeHKA €KY CYIOKJIMKIaH U00opaT MaTepuaiiup.

“Tpuruiekc” TepmuHu (notuHua triplex - yukaBar) wuKkWTa IIMIIA
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IJIaCTUHACUHU TIOJIMMCPD MaTCpuall OMjaH eJMMJIaHTaH KS”H KaBaT/Id IIHIIA
Martcpuajira KS'/JIJIaHI/IJIaI[H.

I'OCT 30826-2001ra wmyBodUK, KYyNKaBaTiu IIHIIA KyHuJaruiapra
OynuHamu;

* 0JIOBJAH XUMOSIOBYH,

* [IIOBKUHJAH XUMOSIIIOBYH,
* COBYKOap/ 101,

* MaxCyc Xoccajapra Jra.

KynkaBarnu mumanap MexXaHHK Xoccaiapu OVyiimda Owp Heda Typrapra
oynmuHanu (kaasai 6).

Kaggan 6. KynkaBatiu muianap MEXaHUK XOCCAIapU

‘ [vma Typu ‘ Hopmatus xyxoxar ‘ Mapkacu ‘
| JTucTiu mmmia |TOCT 111 | M0, M1, M2 |
| V3opmu | TOCT 5533 'y |
| Apmarypanu | TOCT 7481 A |
ApmMmarypanu Ba | H/I Ay
callKaJUIaHTaH
\ bysiran \ HJ1 \ T \
| MycTaxkamianrag | | |
‘ KuméBnii mycTaxkam ‘ H/ ‘ K ‘
| ToGnaurau | TOCT 30698 T |
‘ XHUMOSJIOBYH ‘ H/L ‘ X ‘
| DHepruscaKIoBuH | TOCT 30733 E |

Kyn kaBarinu mwuimasiap IOMIIOK MpeaMeryiap 3apbacura OapIolUTAIUTU
oyiinua kyitugaru CM1 - CM4 xumos cuH(aapura KUpaau, KaTTUK IpeaMeTiap
3apbacura Oapaonumnuru Oyitnda P1A - PSA, temu6 ytumm 6yitnua P6B - P§B
XUMOS CUH(Iapura KUPUTUIIA]IH.

3apba Ttynkuuura Oapmonummnuru Oyimdga K1 - K14, Ykman xumosiani
oyiinya I11 - [16a xumos cuHdapura KUpUTHIIATH.

[loBxkunman xumosnam Oyiinuya 'OCT 23166ra myBoduxk A-I| cundmnapra
KUPUTHIIA]IH.

Tpumiekc Tapkudu.

Kyiima Tpuriekc mwuiia TjiacTUHalapHu Oupu-Oupu OuiaH OyTyH 1o3acu
Oyiinya Maxcyc eITMMIIOBYM CYIOKJIMK OwiiaH KorutaHaau Ba Y® Hypnap €pnamuia
MOJIMMEPIJIAHAIN.

[ImeHKanu TPUIIEKC MIMINAJIAPHU MOJIMMEP IUICHKAHU FOKOPU TemIleparypa
Ba 0OCHM TabCHpHJA €IMMIIAINTA acociaHrad. byHna nnenka cudartuma moaumep

IUIEHKA, MacajaH, MOJMBUHMWIOYTHpa MIeHKaAaH (poigananuiaam.
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Tpunnekc

[Ivma mractuHKanap cudartuga MOMI,M2 mapkaim JIUCTIM  Y30PJH,
apMHpJiaHTaH, OysanraH, ToOJaHTraH, Ky€IIJaH XHMOSJIOBYM, SHEPrUsACAKIOBYU
HIMIIagapaad (organaHuIl MyMKHH.

Kypuuin TpuriekcuHu Tai€priaiija OpraHvk IMHIagaH XaM (hoigaaHuIl
MYMKUH.

[uia muacTuHanmap maKkiM Typanda Oynumu MyMkuH. [InacTunanap makiu
€JIMMJIAIIJIAH OJIIUH Tau€pIlaHa .

[MIvma 7nucTHApHU eIMMIIAll  TPUIUIEKCHU  TAIIKWI — ATYBUYMJIAPHUHT
MyCTaXKaMJIMTUHU OLIUPMaiin, OadKku KaBaTiIu CTPYKTYpPaHU MIAKJUTAHUIIN Tai€p
OytoMHHMHT Oy3uiuiira 6aprouumiuraauommpanu. ( 60-89%ra omanu). bynaan
TalIKapu TPUILIEKC XaBPCU3 Ba XMMOSJIOBUYM IIMILIA TYPKYMHUra KUPaad, YyHKH Y
CUHIMpPWITaHAa Mapyajapyu yduO KeTMaiau, akCMHYa MOJMMEpP KaBaTra EnuIlraHl
X0J1J1a KOJIa IN.

Tpumiekc paHrcu3 Ba KopalTUpwiraH OVYIHMIIA MYMKHH. BYHUHT y4yH
XQKMHAW  KOPaWTUPWITaH, KOpPAaWTHpPWITaH IUIEHKAa Ba  IOJIUMMEpJaplaH
doitnananum  MymkuH.  byHmaH — Ttamikapu

TpUIUIEKC yiTpabuHAIIA HypJapura upiamiy —AeKoparmeHsid Y

oymumm kepak. Ly Ounan Oupra €numTupyBYn e

IeHKa 2 coar KaWHaTWiIraHaa axpaimd

KETMAaCJIUTH Kepak. / f EVA-nnenxa
Tpuruiekc xupa Ba paHIVIM TaW€pJIaHUIIN / /

XaM MyMKHH. byromra wKkuTa Typiam ycyiaa

panr Oepuil MyMKHH. bupuHun ycynga o

TPUILIEKC Tal€p OYsiraH 1muiia rmiacTuHalapaaH ___/ /

Tail€pnananu. UKKUHYM yCyJijia Tal€p TPUILIEKC

103acHra KepakJu paHraaru TUICHKA

ENMUIITUPUIIAIN. L Y

Kypuaum TpUIeKcH — KEHI WMKOHUSATIapra odra OyiraH amound
KOHCTPYKITMOH MaTepuaaaup. by MaTepuaninu WIUIATWIKIN KyHIaH KyHra om0

O6opmoKa.
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buHonapHu ropuszaHTan KUCMJIADUHHW, TOMJIAPHU, 3WHAIAPHU NOJUIAPHU
Tanépiaia TPUILUIEKC KEHT KYJUIAHWIMOK/IA.

Tpuniexc Taiépaam TeXHOJIOIUICH.
Tpumniekc Ta€pialtHUHT OMp Heua yCyJId MaBXKyH: KylMa TEXHOJOTHS,
IJIEHKAJIN TEXHOJIOTHS Ba aBTOKJIABCHU3 TJIEHKAIN TEXHOJIOTHS.

TpumjiekcHu KyiMa ycyJijia Taiép/iam TeXHOJIOTHsICH
0OCKHYJIapu:

IUIIAJAPHA TAaWEPIIaLl Ba IOBHII;

HKKH TOMOHJIaMA TaCMAaJIAPHM KOILJIAIII;

UKKUHYY AIIAHA OMPUKTHPUI,

TallépJIaHraH KOHCTPYKIUSTHM TPeCC/Ianl; 27
HIUIIAJIAP OPAJIMFUHM TYJTAPHUIIL;

CMOJIAHU KOTHPHIIL.

TpumniekcHun KyliMa ycyija Tal€piialll TEXHOJOTHUICH - Oy YCYJHUHT
ad3a/Mry  Typiau KaJIWMHJIMKIArd Ba paHTAard IUIIAIAPHU OUPJIAIITAPHUIIT
MYMKUH.

[IIvmanapuu roBuml. [umanap BUITaHIaH KEHUH YIApHU KypPYK, EFllapJaH
xonu Oynuiura 3pTuoop Oepuin kepak. lllumanap opacuna mabiym OYIUTMKHU
XOCHUJT KWIMII MakKcaauja dYeTiapura UKKM TOMOHJIama éEnuinaaurad maddod
TacManap ENUIITHUPWIANA Ba CMOJa KyWHII Y4YyH TEIIMKYa KOJIIMpUIAAu Ba
KOHCTpYKIusi mnpeccrnanaau. CyHrpa TaiépnaHran cmoyia OwWIaH OpajuK
Tynaupuwiaau. TYIaupuin BakTUaa cMostaia mydakiapHu nanao OYViuimra UMKOH
Kajgap uyn kyimimaiinn. CMollaHd KOTHII Kapa€Huaa YHH 103a Oyiinad Oup xui
TaKCUMJIAHUIIIUTA YBTUOOp OepuaIu.

Tpumiekce Tanép/ialiHi MJIEHKAJIU TEXHOJIOTUSICH.

by TtexHonorusHuHr ad3amury, Oy ycyinna TaW€piiaHraH Kyn KaBaTiiv
HIMIIAJIap OKOPU ONTHK Xycycusrra sra Oymanu. by ycynga muma JucTiap
opacura nonuBuHWIOyTHpan TuieHka (IIBB) kyiinnub, keilmH KoJuiaHaepaa
JNacTia0Ku TpeccliaHalyd, CYHTpa aBTOKJIaBAa SKyHUW CENUINTUPHUIN amajra
OIIUPHUIIA]TIH.

Kommannep WuFuiaraH TpUILIEKC TAKETHH JacTIa0KM BaKyyMJjall ydyH
unuiatTuiagu. by yckyHa maxcyc KamepajgaH uoOopar OYnu0O, yHaa WUFWITaH
tpuriekc 110 — 115 Craua kusmupuiaagu, IIUINa Ba INICHKA OpacHIard XaBo
pe3uHa BanukiIap épaamuaa ynkapwiaan. Komnangepaan naket maddod xonarmaa
YUKAIM Ba SKYHHUH Mpeccianl Y4yH aBTOKJIABTa >KOMIAMITHPWIANA. ABTOKIABIA
npeccnam +150 C Ba 12,5 bap 6ocum octraa onubd Oopuiaam.

164



ABTOKJIABCH3 IJIEHKA TEXHOJIOTHSICH

ABTOKJIABCH3 IJIEHKA TEXHOJIOTUSICH 0OCKHYJIAPHU:

" IIUIIAJAPHYA TaépJianl Ba I0BMIIL;

" IIMIIA BA IVICHKAJAAH KOMOMHHMPJIAHTaH NAaKeT TaiépJiani;
" BAKYYM XOCHJI KHJIHIIL;

" BAKYYM/Ia KOHBEKIIMOH KaMepaia KU3IUPHUIIL;

= 20-40 makuka gasomuaa 130-140 °C ma yuia6 typuu;

" BAKYyM/Ia COBYTHIIL.

By TexHONMOTrUsSHUHT ad3aJTUTH MaxCyc TUICHKaJIapHU KyJulall OpKaiu OOIIKa
KJIACCHK TPUIUIEKCIap/laH TEXHHUK MapaMmeTpiapura Kypa OKOpPH Xxoccajiapra sra
oynaau. Kamuuiuru sca FOKOpH TaHHApXTa dra Oyiaau.

AMaJIMi MALUFYJI0T Badudajiapu:

1-Ba3uda.
Anabuernap Ba VHTepHeT-MabiaymotiapjaH ¢oHganaHWIraH  XoJijia
TOOJIAaHTaH JIMCTIM IIWIIA AacoCHUJa TPUIUIEKC UNUIA0 YUKAPUITHUHT
TE€XHOJIOTUK TU3UMUHU TY3UHT.

2-Bazuda.
Anabuetmap Ba HHTepHerT-MabiayMoTiapjaH —(oHgamaHwiraH — XoJja
TOOJIAHTaH JUCTJIM [IMIIA ACOCUAa aBTOMOOMJ YUYyH UCUTUJIAJNIaH TPUILIEKC
OiHacH MILIA0 YUKAPUITHUHT TEXHOJIOTMK TU3UMHUHH TY3UHT.

Ha3zopar caBosuiapu:
1. Tpumiekc  Tai€piamr  y4yH UWNUIATWIAUTAH IIUIIA  MapKajJapuHH

KEJITUPUHT.

2. Tpunnekc Tai€pnanaa Kanaai OOFIIOBYMIAD UITUTATHIIATH ?

3. [Inenkanmm TEXHOJOTHS aBTOKJIABCH3 TEXHOJOTHUSIAH HUMAcH OwiIaH (apk
KH1agn?

4. Typt Ba Oel KaBaTIH UIMIIAKOMITO3UT Tal€piamn MyMKUHMHU?

DoiIATAHUIITAH aKa0ueTaap:

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.
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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. TOCT  30826-2001.  MexrocyaapctBeHHbld  cTaHgapT.  Ctekio
MHOTOCJIOMHOE CTPOUTEILHOTO HazHaueHus. Jlata BBeaenus 2003-01-01.

6. TOCT 111-2001 Crekmno nuctoBoe. TexHHUECKHUE YCIOBUS

7.TOCT 30698-2000 Ctexyio 3akalleHHOE CTpoUTeNIbHOE. TeXxHuueckue
YCIIOBUSL.

8. 'OCT 30733-2000 Ctexno ¢ HU3KOIMUCCHUOHHBIM TBEPABIM TOKPHITHEM.
TexHu4YecKue yCIoBUSI.

9.I'OCT 30779-2001 CrekiionakeTsl CTPOUTEIBHOIO Ha3HauYeHHSI. MeToa
OTIPENICIICHUSI CONPOTHBJICHUS aTMOC(HEpPHBIM BO3JCHCTBUSIM U  OIEHKH
JIOJITOBEYHOCTH.

10. Tsimuna JILH., Munaes A.M., [lpyukun B.A. HoBble KOMMO3UIIMOHHBIE
MaTtepuaibl. YueoHoe nocooue. Tambos: 'OY BIIO TI'TY, , 2011.- 82 c.
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V. KEUCJIAP BAHKHU
1-keiic
HedT TyKMJIuIm Ba HaHOMATOJIAP

bputum Ilerponeym (British Petroleum) tamkunorura kapamuim HedT
matdopMacuaary noptriaam Tydainu 2010 vwn 22-anpenaa 6onuianran Mekcuka
kypdaszugarn HepT Ehmmmmu AKIL Tapuxuparn sHr karrta HePT TYKUIMIIU
xucoOmanaa. Maii OoMMHHUHT YpTanapura KeiauO 3KCHEepTIapHUHT XUCOOIapura
kypa okeanra 60 000 Gappen HedT OokuO uYMKKaH. MablyMKu HEQTHUHT OHUP
TOHHACH CYB f03acHa SHman6 12 kM 103aCHHE KOILTaiau; HedyTHHHT Gup Gappenn
136,4 xr maccara sra; Mekcuka Kypha3sMHUHT YMyMHH MaiJOHM TaXxMHHaH 2,5
MIITH. KM 9Ta.

Caoiuap:

1)  Mekcuka kypdasura okuO YMKKaH HEQTHUHT TOHHAQJArM Maccach HHMara
TEHI?

2) Hedr muenkacu OwiaH KOIUIAHHWIIM MYMKHH OYJraH CHPT FO3aCHHU
AHUKJIaHT?

3) K¥ypha3z ymymuii MaliJOHHHUHT Heda (Porn3 KUCMHU HedT IUICHKacH OWJiaH
KOIUJIAHTAHJIMTUHU aHUKJIAHT?

4)  Nature Nanotechnology XypHaJugarn MakoJiaga O3bJIOH KUJIHHHIINYA
oJluMiiap, ‘“MaToHUHr” ofupiauruaan 20 Gapobap OpPTUK OFUPJIMKAArd HEPTHU
abcopOuusIIall UMKOHUSITUTA 3ra OYJIraH HaHOToJajapJaH TYKWJITaH HaHOMAaTo
kamd kumumradn. Mekcuka kypdaszupard HePT TYKWIMIIMHM Oaprapad >3THII
yUyH He4a KI' HAHOMATOaH UIILIa0 YHKapHIl 3apyp?

2-keiic
IOnka kaBaT/iu Ky€m 0aTapesJlapuHU MILIA0 YUKAPHII Y4YH MUKPOCKOI
TAHJIALLL.

V36ekucTonna oup Munga Kyéuutm BakT mumodaa 2000 coart, xanyOa sca
3000 coaraaH KYnpoK 6yarannuru ca6a6mu, Y30eKHCTOHIa Ky HHLIapaaH 6epy
Ky€IIl SHEPreTUKACH COXacH1a TAIKUKOTIap 0Ju0 OOpUIMOKIa.

Kyém »sHepretukacu maHe/mlapuHu WNUIad Yukapuin cudaTHHUA Ha30pat
KWJINII 3aMOHABUH JTAOOPATOPHUSICHTA FO3ATAPHUHT XaKMHUUH TAaCBHPJIAPUHH OJIUIIT
Y49yH MHUKPOCKOIT Xapua Kuiuil 3apyp. FOnka miieHKaJapHUHT 103aCHMHHU Ba FOMKA
IJICHKAIW Ky€mr OaTapesulapHUHT HAHOKOIIaMaJapWHHHT MYCTaXKaMJIMTHHU
Ha30paT KWINITYYYH Xapw KWIMHAIATaH MUKPOCKOT TYPHUHU TaHIa0 OJIVHT.

Tannanran MHUKpOCKOIl €EpaaMuia MOHOKPHUCTAI Ba  IMOJUKPHUCTAILI
OarapesiapH TaIKUK KWJIAIT MyMKAHMHA?

KeiicHuHT eunin ydyH Kylnaaruiap tainad dTUiIaam:

1) xyém Oartapesuiapu Typiapu Ba HIUIANl NPUHIUIUIApU TYFpHUCHIA
TabCypoTra sra OYJIUII Kepak;

2) HaHOKOIJIaMaJIiap MYCTaXKaAMJIMTUHUHT OIITHK Ba QJICKTPOH
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MUKPOCKOIIUSCHHUHT TYPJIH XU MabIyMOTIApPUIAaH OJMHHUINA MYMKHH OYIraH
ax00opOoT TypiapyuHU OWJIMIIL.

Kyém 0aTapesiyiapMHUHT MILJIAI TPUHIMITA

DoTodPPEeKTHUHT  Ma3MyHH  KyEII  DHEPrHsACHHM  JIOUMHM  TOKra
y3rapthpuiira acociaHrad. bav3um  Oup  MoagasapHUHT  (MHUCOJI  YYYH
KPEMHUWHHUHT) O3JEKTPOHJIApU KY€l HYPJIAPUHUHT  DHEPrUSICHHU  OTHUII
KoOunuaTHra sra, ¥3 opOuTaulapyHu Tanuiad HyHadyBYM OKUM — (DOTOTOKHHU
xocull Kunaau. by addexTHrn Xocuia KuiHil ydyH Maxcyc Mojjaiap — p- Ba n-
VTKa3yBUAHJIUKIIA SIPUM YTKa3ruujap KyJulaHuiaad. N-YTKa3yBUaHIUK MOIIAIaru
ANEKTPOHJIAPHUHT OPTUKYA MUKIOPUHM HQoIamaiiu, p- 3ca TETHIILIUM PaBUIIIA
YJIAPHUHT €TUIIMOBYMWIMTUHU Udoaanaiu. GoTo3IEMEHTHN XOCUI KUJIHII yUyH,
ANEKTPOH OaTapesra YXIalUTMKHA XOCUJ KAJIQAUTaH,UKKATA IPUMYTKAa3TH4d KEpaK
Oynaau, OyHIa Katoj YpHUAA N-IPUMYTKA3rud aHOJ YpHUAA 3Ca P-SIpUMYTKA3rH4
Oynagu. Tymaérran Hypiap TabCUpUAA N-YTKA3rud (CTPYKTypaHHHI Tema
KHCMHMJA JKoilamrad OVynaau) SJIEKTpOHJApH p-KaBarra yTaau, HaTXKazaa
ANICKTPOHJIAPHUHT HYHANTUPWITaH OKUMHM BYXYyAra keinaad. by kabu Tuzum,
YHUHT WOUIAIIA KAMEBHUI TabCUpJALIyBra OOFJIMK OYJIMaraHIWrd Ba HATHXKaJa
MaTEepUATHUHT EeMUPUIIUIIN OYJIMaraniaurd cabadiay HUXOSTAA Y30K BakT
MOOaHI/1a WA MYMKHH.

Kyém ¢ororiementiaapu

KpeMHUWHUHT KEHT TapKaJlraHJIUTM Ba HILIA0 YMKApUIN Kapa€HU KaTTa
xapaxxar Tajgad sTMaciaurd cabadiau X03UPru KyHAa Ky€Il JIeMeHTIIapu KpEeMHUN
acocuna unuiad uumkapwiagu. KpeMHuiira Typiau Xwi TypAard YTKa3yBUAHIIUK
KOOWJIMSTHHHU OCpUIIl YUyH TYpJIK XWJI apajialiMajapHy Kyyuiamaan. Mucos yayH,
JIEKTPOHJAPHUHT  OPTUKYA  MHUKIOpU OOp  KUPUTWIMIIM  HATHXKACUIA,
CTUIIMOBYMIIUTH 3Ca MHUIISAKHUHT KUPUTWJIWIIM HATHXKACUIa dSPUILUTIAIN.
[Iyaunraexk  apceHun, Taiud, KaJAMHA Ba  OomKamap  KYJUTAaHHUIIAH.
VTKa3yBUAHNMKHYM IIAK/UTAHTHPHMIN OWIAaH OWp KATopia apajaliMajapHHHT
KYLIIWIMIIKA KPEeMHHUI acocuaard OaTapesuylapHUHT caMapaJopJIMTMHU OIIMIINTa
onn6 kenaau, ynapuuar ®UK (KILJ) ypraya 20% ra TeHr.

Xo3upru KyHJa, MOKOpHcamapaaop Ba WKTUcoawi doiganmm Kyem
OarapesyapyuHu OJIMINTa WYHANTHpUATaH Oy coxagaru ¢Gaos TaAKUKOTIAp OJIMO
OOpHIMOKIA.

Kyém 0aTrapesiiapuHUHT TypJiapu
Kpemuuii acocuna oTonanesiapHUHT y TypHU HIILIa0 YMKapUIaIu:

- MoHokpuctamiapaad. YinapHu HILIA0 YMUKApUIl y4yH OUp TypHaaru
CTPYKTypaJli MOHOKpucTayuiap Yctupwiaau. Hatwkana OyHmait ¢oTostueiikanap
Oup TEeKKUC MebEpIM 103acu OwinaH QapkiaHaau, OyHUHT oOKubOaTtuga Kyem
HypiapuHu sxmupok totaau, roxkopu DUK (KIIJ) ra sra, Oupoxk Hapxu

KHMMAaTpPOK OVyaiu.
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- Tlonmukpucramn suelkamap HOTEKKHC, MOJUKPUCTAUT CTPYKTypara i3ra
O0ynn0, Hyp IOTHUII KOOWJIMSATH MOHOsSYeHKanap/aH Oup Heda OapobOap macTpok
Oynanu, 9yHKHM HOTEKHC 103aCH HypJIApHUHT OUp KUCMUHU KalTapaiu.

- IOnka xkaBatnum Ky€m Oarapesiap KpuUCTaICUMOHAMP. bupok ymap
STWIIyBYAH sYEHKanap KYpUHHUIIMAA HWIUIa0 YMKapuiagud. YJIapHU KUUIIHK
103aapja ypHaTulll MyMKUH OViaau. by OGatapesuiapHu uILiad YUKApUII ap30H,
KyBBaT OWpJUrUTra KpHUCTAUICKMOHJIapra HucOaTaH(TaxMuHaH 2,5 wmaporada)
KYIIPOK F03aHU drajulaiau.

FOnkakaBaTinu Ky€m OaTapescu sSpUMYyTKazyBuaH OWPUKMAHM ATUITyBYaH
(omaTha - monMMeEp) TarjuKKa IMypKall HaTwxkacuia xocus OYymanu. JlactaBBan
ApuMyTKa3rud cudaruaa GakaTruHa aMopd KpeMHHUI KYJUlaHWIraH, Oupok OyHa
OJIMHTaH (OTOIIEMEHTIIAPHUHT UIILIA0 YMKAPUILl KyBBAaTH HUXOSTAA KHUUK OYJIraH
(aturm 4 — 5 %). Xo3upru KyHJIa MHUC-TALTUW-UHIWNA CEJICHU] acOCHUJiaru
IUIEHKaJap MCTUKOOIUIM XHCOOMaHaau. Muc-uHAMM-rauinidng OatapesiapuHUHT
OUK (KIIMT) 20%rada eTuiun MyMKUAH. BUpoOK xo3upya Oy KaOu 3JeMEeHTIapHUHT
IONKa KY€l TUICHKanapyu 0030puJard YpHU yHUaJuK KaTTa 3mac (TaxmMuHaH 2%).
Kaamuit Temnypua acocuaard Ij€HKaIap KEHTPOK TapKairaH (taxmuHaH 18%,
OUK (KITH) 16% raua). AMopd-kpemHuiiiau Oarapesiapra OViaran tajgad OKOpH.
VYnapauar GUK (KII) 10%raua omupuin MMKOHUSITH TYFUJITaH.

MaHTUKul KeTMa-KETJIIMKHY TY3HUIIl KePaK:

HamyHa Typu (FOTIKa IUICHKAIAP) -------=----=--=----

MHEKPOCKON TypH (DIEKTPOH €KH OITHUK) -=-=-===============

MUKPOCKOIT MIMKOHHATH (MHKPO €KUM HAHOMETP YETapacu?) --------------------

Hamynanu TacBupniam maptiapu (BaKyyMm €Kd BaKyyMmMcu3s, sccu exu 3D-
TaCBUP, AaTOM MOHHUIYJISATOPH €KH HAHOUHTCHIEP?) --------------------
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TABLE 3.1 Chart of Microscopy and Type of Information Generated

Microscopy Resolution Limit Characteristics

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

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

used to localize molecular components.

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

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

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

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

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

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

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 liquid or air with nanometer resolution
at atmospheric pressure enabling dynamic studies.
AFM provides three-dimensional surface
visualization and measurement of nanomechanical
properties of the sample.
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3-Keiic
Hanozappauasap Ba paur 3¢ dexriiapu

Kagumunii kaToaumk 4YepKOBIIApHUIArd paHIIM BUTpaxiap Ba bpuranus
my3eiinaa caknanaérran Jlukypr Kagaxu HOEO caHbAT HaMyHalapHIaH
xucobnanaau. OITHH Ba KyMYIIHMHT HAHOYJIYaMJIA 3appadaliapd KyKyHU
KYUIWITaH MIMIIAJaH sicajiraH KajaX KalTapuiraH Hypja Suil Tycra, CUHTHO
YTyBUM HypJla 3ca KuU3WJI Tycra kKupaau. Xo3upru KyHaa Oy kabu caHbar
HaMyHaJIapMHU KalTajaH sicalll MyMKHH-MHU, €KH YCTaJapHUHI CHUpJapu H3CHU3
éKkosragmu?

Amepukanuk Qusukinap, [V acpHuHr Oonuiapuaa pUMIMKIAp HILIATraH
PaHIIU MIMIIAHU OJMILI TEXHOJIOTMSCUHM KUMEBUIM CEHCOpJap Ba KacaJUIMKIApHU
aHUKJAa — JWarHocTHKacuaa KyJulamHu Takiud kuiaumrad. Myammudaap
TOMOHHMJIAaH Kall}) KWJIMHTaH KUMEBUM CEHCOpJIap TaXMHMHAH MUJLIHAP]L
HAHOYTYaMJIM TEIIWKIIAp KUJIMHTAH IJIACTUK IUJIACTUHAJAH TAIIKWJI TONTaH. Xap
OUWp TEIMIMKHUHT J€BOpUYajapy OJITMH Ba KyMYIIHMHI HaHO3appaydajlapuHu Yy3uja
cakja® yJIapHUHI (03a JJIEKTPOHJIApU JETEKLHMs >KapacHuJa MapKa3uil poJHU
VUAHANIW.

KelichHn eunm ydyH axO0poT TypJlapuHM Ba Kyilujaara caBosuiapra
YKaBOOJIApHU OMIIHII Tanad STUIAIN:

Hyp sHeprusicu Ba TYJIKUH y3yHJIUTH KaHAal OOfiaHran?

Kannait HypHUHT 4aCTOTaCH FOKOPUPOK: KU3UJ €k OnHadia?

Kanpnait ontuk xoaucanap cuszra Mabiaym?

Marepuangaru panr 3¢¢dexkTiapu Ba 3appadallapHUHT VIdyaMHu KaHaa
Oofanran?

Light




Nurepdepenumsa. CyB Ba cupT ¢aoa MoOAJATAPHUHT MydaKdagapu
CUPTHUJIard paHr My(dakYaHUHT KaJWHIUTUra OOFIMK. AHOJUIAHTaH TUTaHAAH
WIUTAHTaH 3aprapiiuk OyroMIIapy ofaTaa TypJid XU KaJTWHIUKIATH OKCHIJIaHTaH
KaBaT Tydaitn EpKUH paryiapHu HamMoEH Kuiaan — Oponsa (L = 300 am), kyk (L
~400 um), capuk (L = 600 um), Bakunkuswi (L = 700 um).

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

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

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

Tapkarum - TapROKJIMK. Typiau Xui yiryamiii 3appadajapHUHI Ba TypJu
XWI TYJIKUH Y3YHJIUKIAPUHUHT KoMOuHarusacu. OCMOH KYK Tycla KypuHaIH,
YYHKHU KUCKA TYJIKWUHJIAp MoJIeKyJanap Ounan TapKokiaaHTupuiaaan. OCMOH KU3WI
paHraa xam OVianu, YyHKW Y3yH TYJIKUAHIAP (MHUCOJ Y4yH KU3WJUIapH) KaTTapoK
3appayvaniap OuiiaH TapKOKJIAIITUPUIIAIHN.

FO3aku mua3mon.bupoH Oup MOIJAHUHT TUPKUII WYUAQ OOFJIAHUININ]IA
HaHO3appayajJapHUHI  I03acUJard  IUIa3MOHJIAPHUHT  (METaJUIIard  SPKUH
AJIGKTPOHJIADHUHT  WMKKWIAHWIIMHU ~ KaWTapyBUd  KBas3u3zappauya) pPE30HAHC
yacToTacH y3rapaau, Oy ¥3 HaBOaTuIa MIIaCTUHKAAAH YTYBUYM TYJIKUH y3yHJIUTHHU
V3rapummra onubd kemaau. by ycynm o3aku muiasmonnu pe3onancra (SPR)
yxmaiinu, OupoK yHAaH (HapKiau YIapoK, HypHUHT TYJIKUH Y3yHJIUTHHU aHYaruHa
CAIMOKJIUPOK CHJDKUIUTa onu0 kKenmaaum — TaxmuHaH 200 nanomerp. bynmait
CHUHTHaJra Miuia Oepuil Mypakkad yCKyHaJlapHH Tanald 3TMal, IIYHUHT y4YyH
MOJJIaJIApDHUHT OOFJIaHUIIMHKM KypoJJIJaHMaraH Ky3 OWIaH XaM JeTeKTUpJiall
MYMKUH.

AMepuKallUK OJIMMIIap TOMOHUAAH MIUTa0 YMKUITaH CEHCOPJIAPHUHT TYPJIH
XWJI MOJjajapra HuUcOAaTaH Ce3yBUAHJIMIMHU TEUIMKIAp o3alapuaa y3ura xoc
aHTUTENAJIAPDHUHT HMMMOOWIM3anMsIcu OunaH TabMUHIAHAAW. OIUMIapHUHT

cy3ura Kypa KUMEBUM JCTEKTOPHUHI TY3WIMIIM bputanua Myseuuaa
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cakyaHaéTrad pUMHUHT JIMKypr KagaXMHUHT HOE0 Xoccallapu TOMOHHUIAH aWTHO
Oepunran. Kagax mumacuHUHT TapKUOHWIAard METal HaHO3appadajlapyd HypHUHT
Tyl Oypyarura OOFJIMK PaBUINJA YHUHT TYJIKUH Y3YHJIUTHHH Y3rapTHUPAJIU.
[yngan kenub YMKKAH Xoyijla Myauiddiap KypwiMaHu ‘“‘HaHOYIYaMIIUd JUKYpPT

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

A -

refincted Fght {rigin)

Dayopecuenuusa. KBaHT HyKramapu XailpoTomMy3 Xoccajapra ora:
YIIAPHUHT YiyamMura OOFJIMK PaBUINA TYpId XWJI PaHTIApHU TapaTUIId MYMKHH.
Wnumyanap Typau — yiuamiapaard — HaHo3appadajap dOpUTMalapud  OujaH
(remTaHary OJIEMH KHCJIOTAaCH OWJIAH KOTUIAHTAH KaJMHM CEJICHUJIMHUHT KBAHT
HyKTaJdapu KOJUIOMJ JpUTMAacu) TYIaupwiran. by cycneHsusiapHu Ky3ra
KYpUHMalauran yiarpabuHadia auanazoHugard Hyp OuilaH HYpJIaHTHPHUIIT
HaTWKacuJa Hyp COUMIIra YHJAAIl MYMKUH. By 3appavanappan Tapaiaérran
HYPHUHT 4aCTOTACH 3appadyajlapHUHT YIdaMyapH YCUIIW OWJIaH KaMasiau.

4-keiic
HanomaTtepuaJjiiiap Ba 3K0J10rust

Hanozappauanap rokopu kumEBuii (paoyutrkka 3ra 0Yinub akoiubd kKaramuzaropiiap
xucobnanaau. byHmail XonaTHUHT acocuii cababu HaHO3appavaJapHUHT F03acuja
JKoWnamran aromiiap OuiaH Oofiuk. by arommap Oomika atomiap OuiiaH
KYUYCH3POK OOFJIaHTaHJIUTH cababiii KylIuMya SHEprusira sra.

Mabnymku, aBTOMOOWIIIAp aTpod MyXUTra Ba HWHCOH CallOMaTIIMTHTra
canouit Tabcup kypcaraau. Ilyngalt KuiuO® wWYkM EHUIN JIBUTATEJUIAPHUHT
YUKUHIU raznapuaa Kyiuaam ra3 (CO), uuknuk apomaTtuk yriiesogopoanap (CH),
a30T(Il) okcuaum (NO) (TacBupra Kapa) jap TONUJITaH.

Nuku €Huin ABUTATCIUIAPHUHT YUKUHAIW Ira3jiapn

cO 180-300 xr

Benamm
CH 25-45 xr
1 romma ABC

NO 2040 xr

ABTOMO6I/IHHapHI/IHF YUKHUHIN rasjapuHu KaTaJIuTHuK OKCujaall

Kypuinmanapuaa armocdepara  4YuKapwiaéTraH — 3apapid  YUKUHAWJIApHU
173



KaMalTUPHII MakKcaaua IIaTuHA KyuraHuiumu MyMkuH. [lnatnna yriepon (II)
okcuauHu  yriuepoa (IV) okcupura aillaHTUpUIl UMKOHUSITUHU — Oepaju.
Hanozappaudanap kypuHuImaa OYirad miaTuHa Y3MHUHT KaTATUTHK XOCCAIApUHU
AHA/IA KyWINPOK HAMOEH 3TaIH.

TiO, ro3acwra Komianran 55 arommapHu (auamerpu 1,4 HM) Y3uma
CaKJOBYM OJTHH HAHOKJIACTEpJIapy CTUPOJHM XaBO KHUCJIOpoau Ousad
OeH3zaygeruarada TaHJIOBYAHIMK acOCHIa OKCHJIJIOBUM KaTanuzaTop cudaruia
xu3mar kunaau (Nature, 2008):

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

Kusukapnucu myHnakd, 2 HM JaH OKOpPH yiodyamaard JIAaMeTpiu
3appavanap, my OwiaaH Oupra oOJauii OJITMH XaM Xe4 KaHJal KaTaJIuTHK
(haoJUTMKHN HAMOEH dTMaNIH.

Casomnnap:

1) VYruepon (II) okcuauuau yriepon (IV) okcuaura aiTaHTHUPHUIN TEHTJIAMAaCHHH
Ty3uHT. by kapa€HHM amanra ONIMINIM Y4YyH IUIATUHAJAH TallKapyd HHUMa Kepak
oynanu?

2) Tynuxk 6utta 6ax (40 n1) A-92 mapkanu 6eH3uHHUHT (OeH3UHHUHT 3uuwinru 0,75
r/cM’) GHMIIMIAH XOCWI OYIagdraH 3apapid YHKWHIMIAPHUHT Maccalapu
Jara30HUHU XMCOOJIaHT.

3) 3,5 cm® MertammmaH KaHua PtyyTapkuOmm HaHO3appadaTapHH OJHII MyMKHH
6ynanu? (wiaTuHEHT 3wamrd 21,45 r/evd).

4) Kanpaii xkunub wxdamJIMK OWJIaH KUMEBUM peakTopaa HaHOo3appayalapHU
YKOMITAIITUPHII MyMKHUH OYmanu?

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

Pt crystafiites
TR '-‘: High SA) | Aimina 2
-a. "‘....."‘-.‘.‘.
Mzsopor:’s Mc?‘?g_z‘lres
Sowrce: R. Farrauto ana C. Bartholomew, Fundamentals of Industrial catalyiic processes, Source: S. Chakrabortl, A. K Datye, ang N J. Lorg, Jownal of Catalysks, 108, 444-451 (1887)
Jotin Wiley & Sons, (2006), With parmission Wiih permission
S-keiic
y3ﬁeKl/ICTOHIlaFH HAHOTCXHOJIOIrUdJap acocuaaru TS’KI/IMa‘ll/IJII/IK
MaxcyJoTJiapu
01.04.2014

Kynpanuk wnuatum  yuyyH OakTepuuuj TYKUMAayWIMK — MaxcCyJoTd

cepTuuKanuAiIam Ba OMMaBUi MIUIA0 yuKapuil Oockuumaa TypuOtu. Wnuiabd
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YUKAPUII TEXHOIOTHACH Y36ekucTon PecryOmukacu daHgap akageMHSCHHHHT
[Tonumepnap pusnkacu Ba KUMECH MHCTUTYTHAA UIILJIA0 YHKAPUIITaH.

Xo03upru KyHJia KyMyIIHUHT HaHO3appadalapu acoCUJard Kyn MUKIOpAaru
HaHOMaTepHajyIap MOUIAd YMKapWiIrad. Xo3upAa KyMyll HaHO3appaydald THII
mieTKajap Ba THUII TAacTalapd WIUIA0 YMKApUIMOKAA, yiap Typiaud Xuil
uHbekuuanapaal XxuMosi Kuwiaau. KyMymHHHT HaHO3appaudaizapud 03 MHKAOpIA
KOCMETHKAa MaxcCyjoTjapura xaM KyIIWIHO KEJIWHMOK/A, YJIApHUHI TabCHpUIA
SUUTUKJIAHUIITHUHT OJITA OJIMHAJM Ba SIpAJIApHUHT OWUTHUINM Te3namanau. Kynruxa
KATTHK Mojjayapra (Iuia, €rod, KOFo3, KepaMuKa, METaJNIApHUHT OKCUIUIApU Ba
OOIIK.) CYpTUJIMIINIAH CYHT XaM HaHO3appaydajap Y30K BaKT Y3UHUHT OaKTEpUIU]
XYCyCHUSITIapUHU cakjiabd koyiagu. by xonaT rokopucamapaaop y30K BaKT TabCUP
ATYBUM JI€3MHGEKIHUUIOBUM  adpO30JUIapHU  MIIA0 YHUKApUIl HUMKOHUSTHHU
Oepamu. Arapna  OMHOJApHMHT  [03ajlapura  CypTWJIQJWraH  JIOK-OYEK
MaxcCyJIOTJIapura KyMyIIHUHT HaHO3appadajapu Kyuiuica 0y MaxcynoTiap OusiaH
OysanraH neBOp Ba MIMILIApJA MAaTOreH MUKPOOPTAaHU3MIIAPHUHT SIIAIIN MYMKHH
oynmaiau. CyBHM To3anaml  (QuiTprapugard  Kymupiapra KyMYIIHUHD
HaHO3appavyaJapUHUHT KYNIWIMIIK OyHAall (QUATpJApHUHT XHU3MAT MYAJAaTUHU
y3alTUpaay Ba TO3AIAHAETTaH CYBHUHT OMOJIOTHK TO3AJIUTH OPTAIH.

Hanozappauanap nHadakar ¢oiina 0agku 3apap xaM €TKa3uIIUIapd MYMKHH.
KyMymHuHT HaHO3appadaiapy HHbEKIUS CudaTuia CHYKOHIAPHUHT OPraHU3MuUra
KUPUTWIITAHUIa TOKCUK TabCUPH KypcaTWwiran OYnub, 11y MUKAOpAArd KyMyIil
MOHJIApU KUPUTUIITAHU]IA dCca YIIUMTIa 010 KeJMaras.

V36exucronna sarn maxcynoran “Policotton-patrokl” MUK “SilverteX”
CaBJO0 MapKacu OCTHJA TaKIuM OJTaau. ACCOPTUMEHTAA HAHOTEXHOJIOTSIap
KYJUITAaHWITaH X0J1/1a KyMyll OMJIaH MIUIOB O€pUIIraH — HOCKUJIap, MYKA KuiumIap,
ETOK TYKUMAYWINK MaxcyJoTiaapu. «SilverteX» HOCKUNapU TYJIUK MaxasIuid XOM
aménapaad umnad yukKapuiarad OYiuO CHHTETHK MAaXCYJOTIAPHUHT MUKJIOPH
MUHUMAJ Japaxkara kentupwiran (8%raua). Kymym OwuiaH Maxcyc HIIJIOB
Oepunuiy EKMMCHU3 XWJHHU, TEPJAIlllHU, KACAUIUK KY3FaTyBud 3aMOypyFJIapHU
VCUIIMHU OJAUHU OJIA]IH.

Huma yuyH HaHO3appayamap OakTepHIMA TYKUMAYWIMK MaxcyJloTiapH
YUyH 3HT MakOyJ xucoOnaHaaun?

KeiicHu eunin ydyH axOOpOTIApHUHT TypJapyHU Ba KyWHJIard caBoOJUIapra
YKaBOOJIApHU OWIIUII 3apyp:

XJopua KUCIOTaCH KyMYIIl OWJIaH peakiusira KHpuIaiumMu?

Huma yuyH opamii kymym XJIOpujJ KHCIOTacH OWJIaH —peakiusra
KUpHUIIMaan?

Huma yuyH Kymyln HaHo3appadaliapu XJIOpHUZ KUCJIOTacu OJaH peakiusra
KUpumaan?

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

KyMym HaHO3appayanapUHUHT KYJUTAaHWINAIIK KaHYAJIMK Jdapaxazia XaBhcus
xucoOanaau’?

MabnyMKH KyMyll MHCOH OpPraHM3MHU Y4YyH OSHI KyWId aHTUCENTHK

xucobmanagy, y 700 maH OpTUK KaccalluK KY3FaTyBYM MHUKPOOPraHU3MIIApHHU,
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3aMOypyFiapHu,  OakTepusUIapHHU,  BHPYCIApHU  YIaupaan. AHWKJIAHTaHKA
HaHO3appadajap IOKOPH pEakIMOH Xoccajapra dsra OYynmmd oaauid Momjanap
peakuusara KupuiiMaiaurad skapa¢Hiapia KaTHaIUmya MyMKUH. Onauil KyMmyIr
OWyaH XJOpWJ KHCJIOTAaCH peakusara KupumMaian. bBHpoK KyMyIIHUHT
HaHO3appadajapy XJIOPUJ KUCIOTAacHu OWJlaH peaknusra KUPUIIHO BOAOPOTHUHT
axpaymmura cababd 6Vnaau. HanozappayanapHuHr OyHai xonaTu 103a 3pdexTu
Tydaiinu ByKyara kemamu. l'am myHgakd Maiija 3appadana ro3afa JKOMalraH
aTOMJIADHUHI MUKJIOPUI KUCMHU opTaau. by aromuapaa y3wiaran OofnaHUIILIAP
MaBxyJ 6yiu0, ynap HucOaTaH I0KOpH dHEprus Ba (paostukra sra 6yiaau.
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Decreasing of ring to nanoscale leads to color change (left),

depletion of metal to nanopieces leads to great surface active area
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6-KENC

TomkeHT maxpuga xoinamradn “KoMmo3uT” KyliMa KOpXOHacuja IIuIna
ToNajap Typura Mancyo Oynran 6a3anbT Tonacu MILIad ynkapuiamoxaa. Mmmad
yuKapwia€tran Oa3ajibT TOJACHM aH4ya ap30H Ba TYypiu KYpUHHUIIAA UILIA0
YUKApWIAJIU: Y3JIYKCH3 UILIAp - aJOXKJa TojlallapAaH ubopaT; pOBUHT - Mapajuiel
UIUIapJlaH TallKWJ TONTaH; KHUCKa Toiajap — umaadH €ku 5-50 MMM KuCKa
poBHUIIaaH UOOpat, OyHJaH TAlIKApH IIUINATOJIA TYKUMA MaTo €K TYKUJIMara
MaTJIap KYpUHUIIN/IA XaM WUIUIa0 YuKapUiIaIu.

[uma Tona €xku 6a3anbT ToJAcM OWIaH apMHUPOBKA KWJIMHTAH cMoJiajap
KYpHJIUIIAAa Ba caHOaT/Aa KeHT KyutaHuwiaan. Yiaap mumaniaactuk éku GRP neb
HOMJIaHAIU: OOIIKAa KOHCTPYKIIMOH MaTepuauiap Korsiamanapu cudaruaa, €Ku 10K
TallUMalUraH JIeBOp TMaHeJUIapu, CTPYKTYpPaJapHUHT TapKUOWUW KUCMIIApH,
Jepa3a paMmaliapy, LHCTepHaiap, Tpyba Ba TpyOompoBojiap cudaruga KeHr
KYJUTaHUIIA !, 1960-yn ¥Wwummapman  Ooma®  JoAKanap — KOPITyCiapu
HIUIIATIACTUKIAH UIIIA0 YUKAPUIMOK/IA.

Kumé canoatuaa xaMm MIMIIAIIIACTUKIAP KEHT KyJUIaHWIaAu — pe3epByapiiap,
TpyOOnpoBOJ, €KMW TEXHOJOTMK TaHKiIap cudaruia. bynnan Tamkapu
mumamaactukiaap (GRP) Temmp itynnapw, aBTOMOOUJT  TPAHCIOPTH,
a’POKOCMUK CaHOATHA XaM Y3 YPHUHHM TOITaH.

AMMO HaMJIMK IIWIIA TOJACUHUHI MYCTaXKAMJIMTHMHU KECKHH MacaTUpaIH.
byHIaH Tamikapu Mvila TOJa BakT JaBOMUA Yapyallra y4ypailgu: y30K BakT
JaBOMUJA JOMMHUHN Ky4dlIaHUII TabCUp ATraH XoJaTAa LIMIIA ToJia TapKuOuaa
Epukiap Te3 YcuIM HaAaMOEH ATUIIM MyMKHUH. LIIlyHWHT yuyH BakT yTuiln OusiaH
IIMIIA TOJAHUHT MEXaHUK XOccallapyu KeCKHH macaiin® 6opaau, aMMO KUCKA BAaKT
JABOMUJIA MYCTAXKAMJIUTHY SIXIIIH XUCOOJaHAIH.

KeiicHu 0axxapuin 00CKHYWIapH Ba TONMIIHUPHUKJIIAPH:

“Kommno3ut” KyliMa KOpPXOHAacHJa WILIa0 YUKApUIL MaxCyJoTJiapu
TypJapyuHU KEHTaWTUPHIN Makcaiauaa Oa3anpT (IIMIa) TOJACH acoCHAa SIHTU
MaxCcyJioT TypiaapuHu Takiaud OSTUHT. bazanbt (IIUIIa)KOMHIO3UTIAPHUHT
KYJUIAHWIWIT HWMKOHUSTIAPUHA YEKJIAHTUPYBUM MyaMMOJIADHU aHUKJAHT Ba
yJIapHU e4uIl Wyiapuau O6enruiaanr. bazansT (1mumia) Tonaiu KOMIIO3UTIapHUHT
KYJUIAHWIUI coXaapuHM Takiud HTuHr. Keilc euynMuHM >kafBaj IIaKJIHUIa
KEJITUPUHT:

Myammo Typu Kean6 yukuim XaJa aTu Kyananuanm
cabadiapu nyJuiapu HUMKOHHUSATIAPH
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7-KEUC

SHATTLE (AKIII) pakera-TamyBYMHUHT SIIMTH Ba KOPIYCH  YTJIEPOJ
TOJIAJIN/ATIOKCH] CMOJIa KOMITO3UTHIAH Tal€piaHrad. 3aMOHaBHI camoJeTiap,
xymiamgan Boeing 787 (Dreamliner) ¢ro3ensiku Ba KaHOTJIApH yriiepo Tosacu /
AMOKCHU KOMIIO3HUTIAPIaH TalEPIIaHnO KeIMOKIA.

ByHnmaii yrieposa TOJadW/OpraHMK MAaTpPHUIAIU KOMITO3UTIIAp TaH HapXu
KAMMATJIMTH OWJIaH aXpanuO Typaau (YriaepoJa TOJACHHH CHHTE3 KWJIHII FOKOPH
xapopaT Ba O0CHMIIapHH Tajlad 3Tajn).

VYriepon Tonanapu — IOKOPU MYCTaXKaMIIMK Ba MEXAHHK XOCCAJIAPHU TEPMUK
CTaOWITMTH OWJIaH XapaKTepiiaHa[u; yJap WHEPT IIAPOUTAA CHHTETHK OPraHuK
TOJIAJIApHU FOKOPH XapopaT/aa UIILIOB OepHulll yCyiu €paaMuaa OJIMHAIU (BUCKO3a,
MOJIMAKPWIIHUTPHUI); JACTJIA0KH XOM aIlé Typura Kapald Typyu yriaepoJ Tojaiap
OJIMIII MyMKHH: UILJIap, CUM, MaTo, JICHTA, BOMJIOK.

XO03HUpru BakTAa yIJepoJ TOJAJapHUHI HApXW JOMMHUN paBHILJa MHacaind
OOpMOK/Ia, IIYHUHT YYyH KYJUIAHWIUII CcoXajllapd XaM KeHraimd OopMmokia.
VYrinepoa Tojanu KOMIO3UTIAP TEXHOJOTUK KUXO03Jap - TypOMHA, KOMIIpECcop,
11aMOJI TETUPMOHJIAPU KaHOTIIApU, MAaXOBHKJIAp Tal€pianiia; MeauuHaaa ca —
AKHUXO03J1ap Ba UMIUTAHTaTIap (TU33a CycTaBiIapy) Talépnaiaa KyJuIlaHUIMOK/IA.

Jemak, yriaepon Tojajdapu OWiIaH MyCTaxKamJIAITUPWITaH —YIJIepoa
TOJIA/OPTaHUK ~ MaTpULIAIM  KOMIIO3UT  MaTepualn  IOKOpU  (PU3MK-KUMEBHIA
XycCycusiTaapra sra.

AMMO yriepoj Tosajgapu OujlaH MycCTaxXKamJIAaIITHUPUITaH KOMIIO3UT Ky4dJIu
aHU30TPONHUAra Orajluru MyHocabaTh OWilaH YHHMHT Xoccajapu TypIH
HyHanmumuiapaa Oup Xujl 3Maciurd KeiuOd 4YMKMOoKaa. by sca KOMIO3UTHUHT
MEIUIMHA Ba TEXHHUKAJa KYJUIAHWIUII WMKOHMSTIAPUHU KHCKAPTUPMOKJA.
HcrebMomun  TOMOHUAAH  KOMIIO3UTHHHI  aHU3O0TPOINUACHUHM  KaMaTHpUII
KEePaKJIUTH Tanad dTUIIN.

Keiicau 0axxapum 00CKU4/JIapu Ba TOMIIMPUKJIAP:

« Keiicnaru MmyamMMOHM KeATUpUO YMKApraH acocui cababiapHu OenruiaaHr
(MHIMBUAYa] Ba KHYUK IypyX/Ja).

* KOMMNO3UTHUHI aHU3O0TPONUSCUHU KaMaWTUPUII Yy4YyH Oakapuiaaura
UIUIap KEeTMa-KeTJAUMTMHM  Oenrwnanr  (kypriuknapaaru  umn). 8-9—
WJIOBajaparu MabJIyMoTiaapaaH (poNiJalaHUIINHIU3 MyMKHH.
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[[uma TapakKUETH KaMUAT TapaKKUETH OWilaH y3BHM OOFJIMK. YHHUHT KYTI
xycycusitnapu 6op. AliHukca — maddodaurn xamaa mumukauruaup. lumanan
TYypJIM XWJI YH py3rop, 6e3ak Oyromiapu, TeXHUKa ac000J1apy, HCCUKJIMK Ba TOBYIII
M30JIAIIMOH MaTrepuauiap scaigaau. [lumanuHr xamd STUIMIM Typiu-TyMaH
makjapaarn OyTWIKalap, Xap XWJI HWIWIUIap, Basajlap, CTakaH, Kajaxjap
KHCKACcH, TYpMYIIl Y4yH 3apyp OyloMJIapHHM KYTuiab unuiad 4yuKapwIMIIATa OJIO
KeJIIH.

Tabunii mmIIa Tapuxd OJaM30]] TapUXHJaH KarTa. ByNIKOH OTWIHIIM,
3WI3UIa pyH Oepulld, MOMAaKaJAUPOK TyMmMOWpiamu Kabu TabuaTr XoJaucaliapu
Tabuuil muIasap-oOCUNaH Ba SIIMH MIUIIATAPUHUHT XOCHII OYnuimura cabaduu
oynraH.

Mapxkazuit Ocué Mamiakatiapyaa XaM IIUIIACO3IUK KaJIUMJIaH OOIIlJIaHTaH.
YHUHI Tapakkuil €TraH JaBpyd ypra acpjapra Tyrpu Kejnagud. Mamxyp
sHCTUKIIONeAuCT onumiap AOy Paiixon bepynuii, A0y Anu ubn Cuno, AGy bakp
Myxamman ubn 3akpué ap-Posuii acapinapupa KenTUpWITaH MabiIyMOTIap
HIUIIACO3JIMK TEeXHUKacu Oy epaa Kaaumru Mmucpaarura HUcOaTaH HOKOPUPOK
caBusiia 00 OOpUIITAaHIUTHAAH AaJI0aT Oepaiu.

NurupMandn acp JaBoMuaa Y30EKHCTOHIA KATOp IIMINA KOPXOHAIapH
Kypuiau6, umra tymupwian. [lynap xymnacura TomkeHT «Onukce» Ba «ACJI
OMHA» wnmna® umkapum OupnamMack KabM KopxoHanap kupaau. by
KOpPXOHAJapHU WINTa TYLIMPHUILI PECIyOIMKa SXTHEKIAPU YUYH KEepakiau Oyiraxn
muia MaxcynoriapuHu (PacM) ap30H Ba KEHT TapKajiraH MaxaJUldid XxoMm aménap
acocu/ia nuu1ad YMKapuIl UMKOHUSITUHU OepIu.
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[uma unuiad yukapuiga Marepuamuiap MKKUTa KarTra rypyxra OYJIMHaIu:
HIMIIA XOCUJ KWIyBUMJIAp - yJap KaToOpura OJTHUHTYTYPT, CEJI€H, Maprumyll,
dbocdop, yriepon kadbu snementiap; SiO,, FeO,, B,03, P,Os, As,03, BeF, xadu
OKCHJ] Ba OMpuKMaap.

Skka X012 MHUIIACUMOH XOJIATHU XOCHJI KWJIAOJIMalIUraH 3JIEMEHT, OKCH]L
Ba Oorka OupukMaiap Moaudukatopiap neod aranaau. Yiaapra TiO,, TeO,, CeO,,
MOOg, COOg, BigOg, A|203, F9203, CaO, MgO, NaZO, KZO Ka61/map Kupaiau.
Bbynpnait okcuj Ba OMpuKManap HIMIIA XOCHJI KHJIYyBUYMWIAP UINITUPOKHIA OCOHTHHA
IIMIIIACUMOH XOJIATHU BYXKYATa KEJITUPAAU. Yap UINTUPOKHUAA MIUXTAHUHT SPHUIIL
TeMIiepaTypacu nacasiau. JIekun xocun 6ynran amopd MOIJaHUHT MEXaHUKaBHMA
Ba KUMEBUU XYCYCUSATIAPH XaM OUPO3 KaMasiu.

[Muxta  TapkuOura KUPYBYM  KOMIIOHEHTIApP  COHUHUHT  OIIUIIU
IIMIIACO3JIMKAA MKOOMI pon YiHakau. Macanan, Na,O-CaO- SiO,, CaO-Al,Oz-
B,03, Me,O,-P,05-B,0s kabu cucremaiiap acocujia muiia OCOH X0CuI Oyau.

Cunukar TapkuOiu canoar muimaigapuaa SiO,, CaO Ba NaO Ouman Oup
karopaga MgO Ba Al,O; xam katHairagd. Maravii OKCHAM INHINATAPHHHHT
KpUCTaJUTAHUIIINUTA OYITaH TaéKaTUHU OUPO3 CycauTupau, aTlOMUHUM OKCHIN dCa
YJIAPHUHT KUMEBUW TYPFYHJIUTHMHH TaMuHjamra xu3mar kuiaau. [uma xocwin
KWIyBYM Ba Mojaudukatopiap ycruna A.A. ANmeH Kym TagkKUKOTIap OO
OopraH.

KeiicHu 0axxapuin 00CKM4IapH Ba TONIIHPHUKJIIAP:

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

SiO, okcuau mMuHEpan cudarhaa KaHmaid HomJIaHaaud Ba (akaT y acocuia
SKKa TapKUOJIM IIUIIA MAaTEPHA OJIUII MyMKUH-MH?

SiO; okcuan acocuaa sIKKa TapKUOJIHM IIHIIA MaTepHall MIIad YMKApHIIIard
MyaMMOJIApHU aHHWKJIAHT Ba €YUMHUHH Takiaug STuHTr. Keiic euynMuHM skamBai
IIaKIuAa KEITHPUHT:

Myammo Typu Kean6 yukuim XaJ1 3THII HYJI1apH
cababaapu
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TexHuka IMMIIACUMHUHT TypU XKyJda KyIl. YHHHI acOCHUM MAaxCyJIOTIapu
KAaTopura KyinJaruiapHy KYpcaTUIl MyMKHUH:

1. Kapu mmmacu - maddod Ba O6Vrux 6ynaau. Ksapi mumacuau umad
yukapuinga ¢dopmyiaacu SiO, TYFpH KenaauraH FOKOPH Japakajard To3a TOF
owypu €ku Ksapu xkymmapunan doiganananu. Anbarra, yaap OFUp TEMUPIIU
MUHEepaiap, Jlaja IIMnaTy, Clloja Ba TYNPOKAaH To3ajaHuIM 3apyp. Hatwxkana
OoluraH TOF JKUHCHHMHI KHMEBHME Tapkubu SiO, doiimacura ysrapagud Ba
MaljaiaHral 3appadalapHUHT TPaHYJIOMETPUK TapkuOu Ty3atwiaaud. Miuiad
YHKApUIIAa KYUIaHWIaéTraH XoM-alié Tapkubu Kyhumarnda Oymamu: SiO, 99.6-
99.7; P,0O3 - 0.15-0.30, my xymmagan Fe,O; 0.002-0.003; CaO 0.05-0.08; MgO
0.03-0.05; P,O 0.01-0.02 Ba xm3mmpmnranmaru uykotum 0.05-0.08%. Ksapn
IIUIIIACH YTa IOKOPH TEPMHK Ba AJICKTP OapAONUIUTH OWIaH aKpaiaud Typaju.

2. Onrtuka muniacu — OnTUKa acOobyapuaa KyJjulaHaJuraH KpoH, (JIMHT Ba
oomkamap. Earun kponnap - SiO, — 50-80 %, B,0Os; — 10%, K,O — 20% (6a3anapu
12 % ®). Kponnap — O0op-CHIIMKATIN IIUIIaiap, Orup KpPoHJIap 3ca OOp-KpeMHUi
Ba Oapwii OKCHIJIApH aCOCHa CHHTE3 KHJIMHAH.

3. DIeKTp BaKyyM Ba 3JIEKTPOHUKA IIMIIACH —PaJTAOICKTPOHUKA COXACHIA
3aMOHaBUM acOO00-yCKyHakapAa KEHI KYJUlaHwiaau. AcocaH ajJtOMUHUNA-00p-
CWIMKAT CcHUCTeManap acocuja unuiad uumkapuwiagu. HOkopu TEXHOJIOTMK Ba
OKCIUTYyTACHOH  XOccajlapura 3ra — KUMEBUM  OapJONUIMTH, MEXaHHK
MyCTaXKaMJIMTHU, TEPMHUK OapAOLUINTHU, IOKOPU JUAJEKTPUK XOcCcallapu Ba
BaKyyMra 4uJaMiInrd. DIeKTpoH Texaukacuaa B,03-PbO-Zn0, B,03- Al,03-Zn0O,
As-Fe-Se cucremacunaru muimmanap (CUTAIONEMEHTIAP) XaM KeHT KYJUTaHUIIaIH.

4. KuméBuii - maGopartopusi MUIIACK - IONMKAa Ba €EFOH IIWIIANAP,
nabopaTopus Ba wuIUIa0d YWKApUIZAA KEHT KYJUIAHWJIAAW: KUME, O3UK-OBKAT,
MenucuHa, (apMaceBTHKaaa, jJabopatopuss Ba caHoaT acOoOnapuja Ba X. by
TypJlard MUIanap TYpJH pearcHTiIap TabCUpPUTa KUMEBUN OApIOIIIUTH, IOKOPH
TEPMUK OapAONUTUTH OUJIaH aKpaaud Typasu.

Keiicau 0axxapum 00CKU4/Iapu Ba TONMIMPUKJIIAP:

» Kgapn mmmacuan Tapa maxcynotiap (OyTwika Ba mmiia OaHKaiap) uiiad
YUKAPUIIAA KYJTTAaHWIAIINA MyMKUH-MHU? CababiapuHu KeITUPHHT.
» Keiicnaru MmyamMmmMoHH KeITHpUO YMKapraH acocwii cababiap Ba Xaj JITHII

WV IUTapyuHY JKaJIBaJl aCOCHU1a U30XJIaHT (MHIMBUAYall Ba KHYUK TypyXJa).

Myammo Typu Kean6 yukuim XaJ1 3THII HYJLTIapH
cababdaapu
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10-KEM1C

Keiic 5 Typnu é&rounapiaH OJWMHTAH eNMMJIAHTaH MaTepuasuiap
Typiuda (QU3UK-MEXaHWK XOCCaJapHH HaMOEH  KHJIAIH.
V36eKUCTOH MIapONTHAA KAHCH eIMMIAHTaH SFOY MATEPHATHHH
unuiad ynkapui xap rapadaama doriganmu?

[ Keiicau 0axxapui 00CKM4IapH Ba TONIIHUPHUKJIAP: J

/

N
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VI. MYCTAKWJI TABJIUM MAB3YJIAPU

MYCTaKl/IJI TABJINMHHU TAIKWJI STUINHUHT IIAKJIA Ba Ma3MYHH

THUHIIIOBYMHUHT MYCTaKHJI TabJIUM HILIW MYailsiH MOJIYJIHUA XyCYCUSTIApPUHA
XycoOra ofraH Xojjia KyHuaaru Iakiiapiad Qoigananu® Tanépiamm TaBCUs
STUIAIN:

- Mebépuil XyXoKaTiapJaH, VKyB Ba WIMHH anaOuériapaad doigamaHuIn
acocua MOAyJ MaB3yJIapyHU YpPraHUIIL;

- TapKaTMa MaTtepuaiiap 0yiinya Mabpy3ajiap KACMUHH Y3l THPHILL;

- Maxcyc ajgabuéTiiap Ba HHTEPHET MabIyMOTIap  EpaamMuja MOy
OYnmumIIapu €KM MaB3yJiapy YCTH/IA UIIUIAILL

-TUHTJIOBUMHUHT KacOuil daonusatu OusaH OOFIMK OYiran Momys
OynuMIIapy Ba MaB3yJIApHU YYKYyp YpraHul,

- TaHJIaHTaH MYCTAaKWI TabJIUM MaB3ycH OYiiMua maTepuan TYyIUlaml Ba
TaKJAUMOT Tanépiain (pyc, ¥30ek €Ku MHTIIN3 THINU/IA);

- maxcyc apromariamTupwirad gactypiuap (EXCEL, AUTOCAD) épnamuna
MaTepuasn TapkuOuHM Ty3um  (8-wioBaja MHUCON  KEITHPWITAH), YHUHT
XOCCaJlapuHU  aBTOMATHK Tap3/la XHCOOJall Ba peXaNAMTUPHUIL, UILIA0
YUKAPUILJIArd YCKYHAJapHU TYy3WJIUIINHA YPraHuIl.

MycTakui TabJuM MaB3yJdapu

1. Cynbuil Ba TaOUUi KOMIO3UIIMOH MaTepHraLiap.

2. KoMmo3unyon wmartepuaiiap CTPyKTypa TY3WIHIIH, CTPYKTypa
ypranumaa 3aMoHaBUM (HU3UK KUMEBUN TaXJIUI yCYIUIapH.

3. Homerammap acocuaa KOMIIO3UIIMOH MaTepHuasiap.

4. KykyH MeTajulyprusi ycyiau €paamMuja KOMIIO3UIIMOH MaTtepualiap
UIIad YuKapuII.

5. [Mynatnap unwiad unkapuiga GeppuT-leMeHT KOMITO3HUITUSIIap.

6. Metayum  KyKyHJap, VyJapHMHT  XOccallapd Ba  KYJUIAHWJIUII
UMKOHUSTIIAPH.

/. Tonanu KOMIIO3UIIMOH MaTtepuaiap.

8. lIumannacTukiap UILad YUKAPHUIIL KapacHHU.

9. Illumia apmaTypacu UIUIa0 YHKAPUIIL KapaCHH.

10.Tpumnnekc TY3WIMIIH, XOcCCajapd Ba HILIA0 YMKAPUIIT TEXHOJOTHK
KapacHU.

11.MycraxkamialITUpUILL ~ KOMIIOHEHTJIap:  Tojlajap TypJiapu  Ba

xoccanapu.
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12.Yraepon Tonanapu acocuia 3aMOHABUN KOMIO3UIIMOH MaTepraiap.
13.buokoMno3uTaap, yJIapHUHT KYJUTAHUII UMKOHHUSITIAPH.

14 KomMno3uniMoH  maTepuaulap  MIOUiad  YuUKapuijga — MaTpuia
MaTepuaiapu.

15.KoMmo3unmon marepuaiap HIuad YUKapuilga MHOJIUMEpIapHUHT

(V)

VpHH.

16.ITomumep MaTpuIaIM KOMIIO3UITMOH MaTepuauiap WIUIad YUKAPHUII
TEXHOJIOTUK JKapaHMU.

17.KepaMuk MaTpuliaid KOMIO3ULIMOH MaTepHajiap HMIUIA0 YUKapHUIl
TEXHOJIOTUK JKapacHMU.

18.MeTann MaTpuianyd KOMIIO3MIIMOH MaTepuajiap HILa0 YUKapHUI
TEXHOJIOTHK >KapacHHU.

19.Frou-enmM KOMIIO3HITHATAPHHHUHT TypIIapH

20.Enumiianran érouya érodra KyuiaJauran tajadmiap
21.EnvumMitanran €royjia eMMra Kyuuinaaura tajaosiap

22 .Enumnanran érouyHu Taépiani kapaéHura Kyiuinaaurad tanadnap
23.Enumviianran éroumad goiganaHumnaa Kynuaaaurad Tanadiap

24 EnumnanraH éroujjari MEXaHUK KydJiap

25.Enmummanran érounaru KUMEBUN OOFIap

26.Enummanran érougaru aare3us Kywiapu

27 .Enmummanran éroufaru KOTe3us Kydiapu

28.EFOUHMHT aHU30TPONHUSACH Ba YHUHT €JIMMJIAHTaH MaTepHuaiap
oJimiga nHo0aTra OJIMHUIIN
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VIl. TJIOCCAPUN

TasiH4 cy3

S’]369K TWIHAArn mapxm

HNurauns tuauaaru
apxXu

Ajsporen

Ajsporeii: CylOKIUru
IOTWITaH a3 OuiaH
YpUHAIMAIITAaH reaJaH
OJINHT'aH FOBAKCUMOH
KATTUK YYKMa

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

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

AToM-
KYY4IAHMIIJTMMHUKPOCKOI
ust (AFM) éxkn
CKAHEPJIOBYM 30H/
Mukpockonusicu (C3M):
aTOM KypCaTTU4JIN
}03aJ1ard aTOMJIAPHUHT
TaCBUPUHU EKU OOIIKA
(GyHKIIMOHAT XOCCallapuHu
TacBUPJIALI YUyH
KYJUIAaHUITYBYH IOKOPH
KYpCaTTuuwin Kypuima

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

ATOM MAaHMITYJIAIUSCH

ATOM MAHUIYJIAIUSICH:
aTOM-KyWJIaHUIILTH
MUKPOCKOTIHS Ba
CKaHEpJIOBYU TYyHEILJIU
MUKPOCKOIT KaOU UIIFOP
ycyiap Tydanau
UMKOHUSITH TYFUJITaH
I03aHUHT TY3WJIUIINHA
aTOM OpPTUJAH aTOM €KH

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

KUMEBHIA microscope
MO U (DHKaITHsIIAIT
TabKuKJIaHTaH TabKuKJIaHTaH Band gap: energy gap

YerapaHMHI' KCHIJVIMTHU

YerapaHMHI KeHIJIMIH!
Oapua 31EeKTPOH SHEPTeTUK
XOJIaTIap TabKUKJIaHTaH
KATTHK )KUCMIAru BaJeHT
gyerapa Ba yTKa3yBUYaHIUK
4yerapacu Opacuiaru
JSHEPreTUK TYWHYK

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

buomoc/amyBYaHJIUK

buomocaamyBYaHIMK!
HOXYII y3rapulljgapHu
JaKupMan MaTepUaJIHUHT
OMOJIOTHK TU3UM OWIIaH

Biocompatibility:
capability of a material
in contact with a
biological system to
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TabCUpIANTyBUIA V3
BazupaapuHu 6axapuIlIn

perform its intended
function without
causing deleterious
changes

BuoMuMeTnka buomumeTuka: Biomimetic: the
3aMOHaBUI science of imitating or
TEXHOJIOTHSUTAPHU KYJUTalll | Feverse engineering
OWIaH MyXaHIUCIUK from natural systems to
TU3UMJIAPHU TaJIKUK the study and design of
KHJIAII Ba engineered systems
JOUMXANAIITHPHUII YIYH using modern
TaOMMIA TH3UMIIApTra technology
YXIIIalll, NH)KEHEPHsI EKH
TaKJIH{ KAJIAIIT
TYFpucugaru gan

bot Bot: poboT éku Bot: a robot or

aBTOMATJIAlITUPUIITaH
HMHTCJUJICKTYAJI MalllMHa

automated intelligent
machine

Tarman-remara

Tarman-renmara: acocuii
OupIuKIapu
HaHO3appavaaap/HaHOTHU3U
MJIQPHH XOCHUT KHUJTHIIT
Ownan Oupramagural
aTOM MHUKECHUIArd aCOCHHU
OupnuKIapuaaH
HaHOMAaTepUATIIAPHUHT
CUHTE3 KHJIUIIT
CTpaTeTusicu

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

bakmuHcTep -
¢ynaepen

bakmuHcTep - dyJiepen:
Puuapn bakmuncrep
@dyuiepeH TOMOHUIaH
JIOUMXAJAITUPUIITAH
reojie3uk rymobasra
yxmamy Tyaitim yHuHT
mapadura Homianran C60
dhopmynanu 10upacuMOH
MOJIEKYJIa;
bakmuncrepdynepen —
GyIUIepeHHUHT 1acTIa0Ku
TONWJITaH MOJIEKYJIaCcH
Xxucobyianaau, 1y Ouian
Oupra Kypymaa o3
MUKJOp/1a TONUITUIITN

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
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MYMKHUH OVJITaHIUTH YIyH
TaOUMIM XOCHJT OYIIUIITN
HYKTau Ha3apuaaH SHT KyTI
TapKaJIraH XucoOJaHa/IH.

occurrence, as it can be
found in small
quantities in soot

3apsaa OoFrIaHUILIN
Kypuiama (CCD)

3apsaa OorIaHUIILIH
Kypujima
(CCD):3apsinnanran
MTO3UIIMOH-CE3TUP
axO0pOTHU HuFa OJIaIuraH
Ba paKkaMJId TaCBUPJIapHU
UIUIATUIT YYYH KEHT
KYJUTaHWJIaUTaH
MOHUITYJISIIUSIIAP YIYH
pakamJIM MabIyMoTiapra
VTKa3a OJIaJInraH 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

KommiiemenrapmeraJiok
CHU/IUIM SIPUM YTKA3ru4
(CMOS)

Kommiiemenrap
METAJIOKCHUTU SIPUM
YTKa3ru4
(CMOS):unTerpan
cxemanap (ICs) Ba yta
KaTTa HHTETPaIT
cxemanapuau (VLSI) scar
YUYH SIHTH TEXHOJIOTHS,
acocuil ad3ayuTMKIapu Kam
sHeprus capd KUIUIIHN Ba
FOKOPY IIOBKUH
napaxacuna 6ynu6 Oy y3
HaBOaTHaa 1032 OUPIUTH
Joupacuaa
KypWIMAJIAPHUHT FOKOPH
3WYJIMTUHU TAbMHUHJIAWIN

Complementary
metal—oxide
semiconductor
(CMQOS): 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

Yriepoain HAaHOTPYOKa
(CNT)

Yriepoajiun HAaHOTPYOKa
(CNT): TacBup
(bOpMaTUHUHT IOKOpHU
Y3rapTUpUIN0 TYpHILLITU
UUJIUHAPCUMOH
HAaHOCTPYKTypaJld
YTIEPOJIHUHT aJNTIOTPOITUK
LIAKJIA; YIaPHUHT y3rada
OynTraH 3JEKTPOH Ba
MarHuT XOoccajaapy KEHT
KYJUITAaHWJIQ U,

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

Koamonng

Kousnoun:y3nykens
MYXUTAATrH

Colloid: a
homogenous
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TUCTIpCHUsITIaHTaH
MOJJTAaHUHT OWp Typaaru
CYCIIEH3HSCH; KATTHUK,
CYIOK €KY Ta3CHMOH
OYJIMIIIY MYMKHH.

suspension of a
dispersoid in a
continuous medium; it
may be a solid, liquid
or gas

Bbyr ¢azacunan
KMMEBUMH Yy KTHPHUILI
(CVvD)

Byr ¢azacupan KuméEéBui
yykrupum (CVD):
ra3CUMOH peareHTIapHUHT
KYJUTAaHWINIIY OWJIaH IOMKa
IUICHKAJIApHUHT TarjauKia
JYKTUPHUIIT YCITYOU

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

XoUIAITHPUITAHXY LY

XoMIAITHPHIITAHXY XY/

Depletion zone: a

i . 3apsTapHU SPKUH region at the junction
TaITyBYMIAPUIAH XOJIH of semiconducting
Oyiran ApUMYTKA3THY materials that is devoid
MaTepUaJUTAPHUHT of free charge carriers
OMPIIAIIIMII KOUH

JIHca0KAIUA JIHCIOKAIIUSA: Dislocation: a
KpucTauiorpaduaeckuit crystallographic line
JUHEWHBIN 1e(deKT, defect involving
BKJTFOYAFOTITHI irregularity in the
HEPETYJISIPHOCTh periodic arrangement
MEPUOTNIECKOTO of atoms (missing row
PacIoJIOKCHHUS aTOMOB of atoms in a plane) in
(oTcyTcTBHE psima aToMoB | @ crystal
B INTIOCKOCTH) B KPUCTAJLIE

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

MYyTalUsAJIapHUA EKU
y3rapunuiapHu
uAeHTUUKALUSIIAL YYyH
KYJUTAaHUJIaUTaH
APUMYTKa3TA4JIN
MHKPOYHIT ACOCUIATH
JATYUK

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

TeHr kanau

Oypuakiu
npeccaam(ECAP)

Tenr kanajuin Oyp4akan
npeccaam(ECAP): makn
Ba yJIYaMJIapUHU
Y3rapTUPUIICHU3 KATTA
MUKIO0pAaru
nedopMalron CUIDKUIIIHUA
KUPUTYBYH YIATPAIUCIIEPC
TY3WIUILIN 3appadaliapHu
UIU1a0 YUKapHIl yuyH
IUIACTUK Je(hOpMaLUSHUHT

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
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OFUp TEXHUKACH;
DKCTPY3USI MIUTUPOKUIATH
VXAl )xapa€HHA HAMOEH
KWIYBYH TEHI KaHAJUIH

Oyp4aK IKCTpY3UsiCH
(ECAE)

without changing its
shape or dimensions;
equichannel angular
extrusion (ECAE) is a
similar process
involving extrusion

JIEKTPOH MHUKPOCKOI

JIEKTPOH

MUKPOCKOI : TE3JIAIITUPUIT
raH AJIEKTPOHIAPHUHT
KOJUTUMHUPJIaHTaH
JlaCTaCHU HaMyHara
dbokycnabd arom
yiyaMuaru
KaTTalalllTUPUIITaH
TACBHPHU OJIAII YIYH
KYJUITaHUIAUTaHMUKPOCKO
I

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

JIEKTPOH OypYyH

DJIEKTPOH OYPYH: XU €KU
TabMJIAPHU AHUKJIAII YIYH
Oup Heya KUMEBHI
CEHCOpJIap/iaH TaITKUI
TONTaH Kypuima

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

DJIEKTPOH THJI

DJIEKTPOH
TWJI.TabMJIAPHU aHUKJIAIII
Ba TaKKOCJIAIl y9yH OUp
HE4Ya KUMEBUH
JATYUKIIAPJIaH TAIKUII
TOMNTaH Kypuima

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

ONUTAKCHS INMUTAKCHSA:ACOCHI Epitaxy: growth of a
TarJIMK OWJIaH secondary phase
KpHcTauorpaduk maintaining a perfect
TapTHOHU crystallographic
(KOTepEHTIUKHH ) registry (coherency)
TabMUHJIAII YIYH with the underlying
UKKHJIaM4H (ha3aHHUHT substrate
YCHILIH

Fab Fab:unrerpan cxemanap | Fab: a

Ba Ba APUMYTKA3TUYJIU
acOo0siapHu uIao
YUKAPHUIL YIyH Ha30paT
KWIMHYBYH YyKTHPUIII
»Kapa€Hiapu Ba TO3a
XOHAJIAPJAH TAIIKWII

microfabrication
facility consisting of
clean rooms and
controlled deposition
process for the
fabrication of
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TONT'aH MHUKPOTEXHOJIOTHK
00BEKT

semiconductor devices
and ICs

Maiigon Maiinon 3¢ dexTiaun Field effect transistor

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

(FET 2JIEKTp Maitionu Epaamuaa | Whose conductivity
YTKa3yBUaHIMTHHU can be controlled by
OOITKAPUIIT MyMKUH electrical field
OyJIraH TPaH3UCTOP

ExnarmiaemMenTn Exnarn aaementn:tamky | Fuel cell: an
MaHOa EKUIIFUCH EKU electrochemical cell
peareHTu acocuza 3aektp | capable of producing
SHEPTUSICUHH UIILTA0 electrical energy with
yrkapuin umkonustura sra| fuel or reactant being
3JIEKTPOKUMEBHH stueiika | used up from an

external source
I'mranTMaraur I'mranTMaraur Giant

kapumurn (GMR)

kapumiauarn (GMR):
TOTTKA TUTCHKAJIH
CTpyKTypasiapaa
Ky3aTHJIaIuraH KBaHT-
MexaHUK 3P PexT:
dheppoMarHuT KaBaTHUHT
MarHUT MauJOHU
TabCUPHUTa yUparaHja
AJIEKTP KapIIUIUTH
Ce3MJIapJIn Japakaja
KaMasiu

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

3appavajiapHUHT 3appavanapHuHT Grain boundary: a
yerapacu yerapacu: 2D-nedekr, 2D defect, the interface
aHWK aHWKJIaHraH ukkuta | bordering two well-
qerapajaHyBud defined crystals
KPHCTaNTAPHUHT
unTepdercu
3appauvanap 3appavanap Grain boundary
YyerapacCMHUHT YyerapacCMHUHT migration:
MUTPAIHASICH MHTrpanmsicu: TepMuk éku | coordinated movement

MEXaHMK Ky4YIaHUII NN
épnamua
baomamTUpuITad
3appadajiap
yerapajapuHUHT
KEJIMLIWJITaH XapaKaTu

of grain boundaries
activated either
thermally or by
mechanical stress

XoJun-IleTy KOHYHH

Xosa-Ileru
KOHYHH:AaCOCaH

Hall-Petch relation:
the effect describing
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yerapajaru 3appadyaHuHr
MyCTaxKamJlallyBu
Xucooura xocuia OyIyBIn
KPUCTAJICUMOH MOJIaHUHT
KATTUKJIUTUTa
3appavyalapHUHT
YI4aMUHU T€CKapH
TabCUPUHU TaBCU(PIOBUH

ahdexTH

the inverse effect of
grain size on the
hardness of a
crystalline solid that
arises mainly due to
grain boundary
strengthening

Hccuk n3ocraTtuk
npecaam (HIPing)

Hccnk usocraTuk
npecyaam (HIPing):maiiun
3appadaiapHu SXITUT
KHCMJIapTa CHKHUII YIyH
IOKOPY THAPOCTATHK
00cHM Ba XapopaTHU
KYJUIAII Kapa¢Hu

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

Kpupnep konynun

Kpuaep KOHYHM:KaTTUK
JTUCKIIAPHUHT XOTHPA
XaKMH JIeIpin Xap Wi
UKKHU Oapobap Kymasau

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

Cseroauoa (LED)

Ceeroaunon
(LED):anekTposroMuHect
SHIIMSI PUHITUITUTA aCOCaH
UIUIOBYM SIPUMYTKA3T WA
Hyp MaHOau, HypJIaHyBUH
EPYFIIMKHUHT TYJIKUH
Y3YHJIUTH
APUMYTKA3TAYIIAPHUHT
TabKUKJIAHTaH XyIyAH
KCHIJIUTHUra OOFIINK

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

Cywkkpucrai (CK)

Cyok kpucraJj
(CK):CyroKIHK Ba KaTTHK
KPUCTaJICUMOH MO A
Xoccajapy Opaaurujaru
MaTepUsL; CYIOK KPUCTAILIN
JHCIIeIapaa KeHr
KYJUIaHWIAAU

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

MarukcoH

MarukcoH:aH4yaruHa
IOKOpH OYJraH
CTPYKTYpaBul Ba
MOTEHUIMAT TYPFYHIUKHHA
TABMUHJIOBYM KJIACTEPAATU
ATOMJIAPHUHT KPUTUK COHU

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

MexaHuk
KOTHIIMAJIALI FOKOPU
SHEPTUSIIM IIapiIn
TETUPMOH/A
3appavyajapHUHT KanTa
nedopmarusIaHUIIN Ba
EpUKJIapyu HATUXKACHUAA
MalgajJaHuUIIIH,
KYKYHJIQPHUHT
3appavanapy COBYK
MAaBAHJIAHAJIUTAaH KATTHK
YKUCMAru yKapacH

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

Cyokaanui
XapopaTUHUHI
OCUMJLISIUSICH

CyokaaHui
XapoOpaTUHUHT
OCIHMJLIISIIUSICH :3appayana
PHUHT YI4aMH acCOCUI
MaccajaH
cyOHaHOMeTpraua
KaMailnb MUKIOPUHUHT
OIIUIIN HATH)KACUATH
CYIOKJIAHHII XapOpaTHHH
OOCTHUPHII XOAUCACH

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

MuUKpPO03IeKTPOMEXAHUK

MuKpO03JIeKTPOMEXaAHUK

Microelectromechani

cucremaiaap(MEMYS) cucTreMasap cal systems (MEMS):
(MEMS):snextp a microdimensional
DHEPTUsicU OniaH mechanical system
OoIIKapuIauran driven by electrical
MUKpOpaMEpMEXaHUK energy; when the
THU3UM; MEXaHHUK dimensions of the
KypHJIMaJTapHUHT mechanical devices
yilyamiiapu HAaHOMETpUK | approach nanometric
JIuana3oHra sKMHiamranaa| range they are termed
yIapHU nanoelectromechanical
HaHoAJIeKTpoMexaHukTusu | systems (NEMS)
Myap aeb aramraau
(NEMS)

Me3oroBakiiu Me3oroBaksim:oup Mesoporous: porous

Mebépaa Oep TeKUC
YKOWJIAIITaH ME30FOBAKIIN
(muametpu 2-50 HM)
FOBaKCHMOH MaTepuaiap;
1032 CUPTUHHUHT KaTTaJTUTH
yJIapHU aJICOPOEHT eKU
KaTajau3aTopiap cudaTruaa

materials with
regularly arranged,
uniform mesopores (2—
50 nm in diameter);
their large surface
areas make them useful
as adsorbents or
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\ dhoigany Kujaam

| catalysts

MukpokaHTujieBep MuxkpokanTtuieBep:mukp | Microcantilever: a
OMETp MUKECHAATH cantilever beam with
YiyamiM KaHTUIUBEPIIU dimensions in the
Hyp,MEMS coxacuna, micrometer scale that
JTaTIUKIIap/a, Is extensively used in
pe3oHaTopiap/ia Ba XK3 the field of MEMS,
KEHT KYJUIAHWIAIN Sensors, resonators,

etc.

MouiekyJisip MoJiekyJisip Molecular

3JIeKTPOHUKA JJIeKTpOoHUKa:IekTpoH | electronics: the study
KypuiMaiapaa and application of
KYJUTAaHWJIAIIY YIyH molecules for
MOJIEKYJIAJIAPHUHT electronic device
TaJKMKH Ba KyutaHuauiny | applications

Myp KOHYHH Myp Moore’s law: a long-
KOHYHH . KyPHJIMaHUHT term trend in
1032 OUpIIUTHTa computing hardware
YpHAIITUPUITAH suggesting that the
TpaH3uCTOpJIapHUHT coHn | humber of transistors
TaxMUHaH xap 18 oiia built in a unit area of
UKKH OapoOap the device
KYIaluIIMHA Ha3apaa approximately doubles
TYTyBYH XHCOOIAIIT every 18 months
KypuIMaaapuaari
Y30KMYLIATIIA TPEH]

Myarumier Myartumiaer uxkkuiaamun | Multiply twinned

UKKWJIaMYH 3appavaJiap particles (MTP):

3appavaiaap (MTP)

(MTP):onmoc (C, Si, Ge)
Ba KOTHUIIIMajap TUITUAATH
SAPUMYTKa3TA4JIapaaH,
KyOCUMOH
EKJIapuMapKasialuTHpUIra
H MeTaJlJIap/aH OJIMHIaH
IOMKA IJICHKaIap
(KpucTal1 Taraukiapaa
YYKTUPUJITaH) Ba
HaHOKPHUCTAII
3appavaiapaard OenmHYn
TapTUOIN
MICEeBJOCUMMETPHUSHUHT
KY3aTHJINLIU

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

MyJarukaBartJiap

MyarukaBatap:oup-
Oupura KOUIamTUPUITad

Multilayers: thin films
of differing chemistry
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TYPIIU XU KUMEBUMN
TapKuOJIU EKU
CTPYKTYpaJIi FOIIKa

or structure deposited
one over the other

TUICHKAaJIap

Hano Hano:xapiukau €ku Nano: Greek prefix
OupoH-Oup kumuuK Hapcanu | meaning dwarf or
OmnaupyBuM rpekda oy | Something very small,
KyImmM4acu, Oup depicts one billionth
MWLIHAPAIAH Oup (10-9) of a unit
KMCMHHHU OMJIIUpPAIn (10'9)

Hano6oTt Hano06oT: HaHOMETPIH Nanobots: a robot
yIryamiiapaaH TallKu (semi- or fully-
TONTaH KOMITOHEHTIIN automated intelligent
poOOoT (sIpuM EKH TYIIUK machine) consisting of
aBTOMATJIAIITHPHIITAH components of a few
uHTerpaji MammHa); yinap | hundred nanometre-
HaHOPOOOTIIAp, dimensions; they are
HaHOWJIAp, HAHUTIIAP, also referred to as
HaHOMAIlIMHAIAP EKU nanorobots, nanoids,
HAaHOMUTIIAP HOMJIAPH nanites, nanomachines
OmJIaH XaM y4upauu Or nanomites

Hanotoaanap Hanotonanap:100 um gan | Nanofibre: fibres with
Ku4uK Oynran auametpiau | diameter less than 100
ToJIANIAp nm

Hanogucnepcust Hanomucnepcusi:merania | Nanofluid: colloidal

P, KEpaMUK, yIIepoaIn
HaHOTpyOKajap Ba XK3
HaHO3appayaJapHUHT
KOJJIOU]T CYCIIEH3USICH

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

Hanounaenrudguxanus
Jan

Hanounpenruduranusi
all HAaHOYI4aMJIu
Xakmiapra KyJIJIaHUITyBYU
OOCHIIIaru KaTTUK/INK
TECTH, KHIUK OocuMIapaa
ajJoxuaa
HaHO3appavyajJapHUHT
KATTUKJINTUHN aHUKJIAII

yayH

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

Hanosnurorpagus

Hanosurorpadgusi:HaHoy
JTYaMIIH JIeTallIapHU
HIaKJUTalll y4yH HAaHO
UIU1ad YMKapHUII
TEXHUKACH; UHTETpall
cxemanap Ba NEMSmnap

Nanolithography: a
nanofabrication
technique for
patterning nanoscale
features; used
extensively in the
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UIIad YuKapuIga KeHr
KYJUIAaHWIAAN

fabrication of ICs and
NEMS

Hanomartepuan Hanomartepuan:oupoH Nanomaterial: class
Oup y3rapuiiy HaHO of materials in which
napaxana (<100 M) at least one of the
Oyaran matepuaiapauuar | dimensions is on the
cuHu nanoscale (<100 nm)

HaHnocrepskniiap Hamnocrep:xuaap:Exiaapun | Nanorods: 3D
WHT HUCOaTh 3-5 nanostructures with
JUana3oHua Oyiran aspect ratio typically in
3DHaHOCTpyKTYypaap; the range of 3-5; all
yJIapHUHT Oapya their dimensions are in
Ynuamnapu 1-100 Hm the range 1-100 nm
Jarna3oHuaa oynaau

Hanoko0ukJiap Hanoxooukaap:quamerpu | Nanoshells: a thin
Oup Heya YHIUKIaru coating over a core
HaHOMETpAa OyiraH object a few tens of
OO0BEKT SAPOCH yCTHIArk | Nanometres in diameter
FOIIKa KOOMK

HaHoTexHosiorusiiap Hanotexnosorusinap:ato | Nanotechnology:
M Ba MOJIEKYJIa study of manipulating
Jnapakacuaa matter on an atomic
Mo anapHuHr yeruaard | and molecular scale;
MaHUnyJsAsuIap; ogataa | generally deals with
1 man 100 manomerpraya | structures sized
OynraH ymaamuaru between 1 and 100
CTpYKTypayiap OwiiaH nanometres in at least
UIIaHAIH, Xam1a Oup one dimension, and
KYpCaTrudy Iry involves developing
yIrgamiapaa 0ynran materials or devices
MaTepUaJUTapHH EKU possessing at least one
KypHIMaJIapHU UIILIa0 dimension within that
YUKUAIIHY Y3 HYUra ojJagu | Size

HanocumJiap Hanocumuap:aanomerp | Nanowires: 1D

YA4amIiIM KeHIJIMKIaru Ba
r€OMETPUK
YuaMIapuHUHT HUCOATH
1000 Ba yHaaH 10KOpH
oynran
1DnaHOCTpyKTYypanap

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

HaHos1ekTpoMexannue
ckue cucrembl (NEMS)

HaHo3s1ekTpomMexanunyec
kue cucrembl (NEMS):
cm MEMS

Nanoelectromechanic
al systems (NEMS):
refer MEMS

\ OnrodaeKTpoHuKa

| OnrosnexTponnka:snexr | Opto-electronics: an |
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POH KypuiMamapiaHu
AIEKTPOMArHUT
(hOoTOHIAPHUHT
KYJUTAaHWIUIIH; “DIICKTP
CUTHAJIMHU OTNTHK
curHaira” €ku “OnTHK
CUTHAJIHU AJIEKTP
CUTHAJITa” YTKa3yBYU
y3rapTruuwiap Oyauim
MYMKHH

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

doToxkaranus

DoTOKATANU3:KATATIU3ATO
p MIITUPOKKJA (OTOHIIAP
OKMMWHU KyJutail OusiiaH
KUMEBUN pEeaKIUs
TE3JIUTUHU TE3AIITUPHUII
(beHomenun

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

doToTIOMUHECHIEHIIUA
(PL)

DOoTOJTHOMHUHECHECH U
(PL):6ab3u Oup
MOJITAJIAPHUHT MabIIyM
OUp TYIKUH Y3YHIIUKIArH
AIEKTPOMArHuT HypJIapHU
FOTHO Ba KalTagad
(GOTOHJIAPHU TYPJIH XU
TYJIKUH Y3YHJIUKIA
HYpJIaTyBYH KapacH

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

@ oTOHKpPHUCTAIIAP doToHkpHucTaLIap: ekt | Photonic crystals:
POMAarHUT TYJIKUHJIAPHU periodic dielectric or
TapPKATHIIAIIATA TAbCUP metallo-dielectric
ATHINTA MYJDKaJUTaHTaH optical nanostructures
naBpuit nuasiekTpuk éku | that are designed to
meTaut audnekTpuk ontuk | affect the propagation
HAHOCTPYKTypasap 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
doToHUKA doToHMka:MabIyMOTIIApH | Photonics: electronics

1 OOITKApHUIIIA

using light (photons)
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AIIEKTPOHIIAP YPHHTA
epYFIUKHH ((POTOHIIAPHU)
KYJUTOBYH DJICKTPOHHUKA

instead of electrons to
manage data

IIbe3ope3ucTuB 3¢ dexT

IIbe3ope3ucTuB

3¢ dexT:TamKapuIaH
MEXaHUK 0OCHM TabCUpHUTA
OOFIUK paBUIIIa
MaTEPUATHUHT JJICKTP
KapIIMJIUTHHUHT Y3TrapuIi
XOJcacH

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

Il.1azma

Ils1a3mauonnamran
MOJIJTaHWHT aHYaruHa
KarTa (ppakuusICuHY y3uaa
CaKJIOBYH MOJJAHUHT
XOJIaTH; TJIa3MaHUHT
xoccajlapy KaTTUK
MoJ1aNiap/iaH,
CYIOKJIUKIIapAaH EKU
razjapjiad Tyoan dhapk
KHWJIAU

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

Bbyr ¢azacupan
(pu3ukaBuil YYKTUPHULIT

(PVD)

Bbyr ¢azacunpan
(puzukaBuil YYKTUPHUIIT
(PVD):tarnukaa romnka
MJIEHKAJapHU OJIMII YYyH
aTOMJIAPHU MYIDKAI
MaTepuauiaH OYFIaTHIIl
UIITUPOKHIA BAKYYM
YYKTUPHUILIHUHT TYPJIH

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

TCXHOJOTUAJIapHU

IMupoan3 Iupoaus:ananra(pyr) Pyrolysis: Greek word
octuaa axparumau (lysis) | denoting separation
aHTJIaTYBYM TpeKYa cy3; (lysis) under fire (pyr);
KHCTIopoa uintupokucu3 | a thermochemical
IOKOpH Xapopariapaa method involving
OpraHuK MOJIaHU decomposition of
napyaiamHy ¥3 Haura organic material at
OJIyBYH TEPMOKUMEBHI elevated temperatures
yeyi in the absence of

oxygen
KBanTkommniorepiap KBanTkommiorepJap:kup | Quantum computers:

HII MabJIIyMOTIIapuaaru
oncpanusAiaap/aa KBaHT-
MCXaHHUK XOJUCaJIapruHHU

a computational device
using quantum
mechanical phenomena
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KYJIJIOBYM XHCOOJIAIT

for operations on input

ac0o01apu data
KBanTHykranapu KBantnykranapu:siektp | Quantum dots: 0D
OHJIAPHUHT SHEPTUS nanostructures in
XoJiaTiIapu Oapua ydra which electron energy
KCHIJIMK YIdaMiiapuaa states are confined in
aHWKJTaHaTUTaH all three spatial
ODHnanocTpykTypanap; dimensions; their
YIIAPHHUHT DJIEKTPOH electronic properties
Xoccanapu Kiaactepiap Ba | are between that of
spumyTKasrudiap opacuaa | clusters and bulk
AEN semiconductors
Kyour Kyour:xucobdnanuapaaru | Qubit: a quantum-
OMTHHMHI KBaHT computing equivalent
SKBUBAJIEHTH; to a bit; with an
aTOMJIAPHUHT KBAaHT additional dimension
XOCCAJIAPUHU YITdall of quantum properties
KyIuMJacu OujiaH of atoms
Pe3onanciu Pe3onanciu Resonant tunnelling

TYHHEJUIAHTAH KypHjIMa
(RTD)

TYHHE/UIAHTaH KypHJjMa
(RTD):anekTporiiapau
(hakaTruHa UKKU
nynanumaa yuao
KOJIYBUH y3yH Ba KHCKa
SAPUMYTKa3TUYIIN
opoJtdanap/iaH TalIKui
tonrad 2DKBaHT
yCKyHaJIapu

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

Pe3onaHc-TyHHeLIH

Pe3onaHc-TyHHeLIH

Resonant tunnelling

Tpansucropiaap (RTT) | rpan3ucropaap transistors (RTT): see
(RTT):RTD ra xapa RTD

CkaHUPJIOBYH CkaHHUPJIOBYH Scanning near-field

SAKHHXYY/1TH SIKUHXY/TY/TH optical microscopy

onTUKMHUKpockonusi(SN
OoM)

onTHKMHUKpockonusi(SN
OM):HamyHaHH
WIIIATWIAETIaH HYPHUHT
TYJIKHAH Y3YHJIUTUaH
KMYMK OYiran yinuamaaru
TUPKHUILL OPKaJIU EPUTAIH,
HaMyHaHU SIKUHXYIY I
MaHOa peXUMH JIoupacuia
KOWJIAINTUPUIAIW; OIIUHN
00BeKTHB EpaMuaa
HaMYHaJlaru

(SNOM): illuminates a
specimen through an
aperture of a size
smaller than the
wavelength of light
used and with the
specimen positioned
within the near-field
regime of the source;
by scanning the
aperture across the
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nradparMaHuHT
CKaHepJIal Wyau Ovian
TaCBUp MIAKJUTAHUIIN
MYMKUH OYJ1aJid

sample through a
conventional objective,
an image can be
formed

¥Y3-y3uHM HUFULI

V3-y3unu durum: 6upop
OMp TalIKK Ky4
TabCUPHUCHU3 OUP TEKKUC
€KM TalIKWUIAIITUPUITaH
TY3WJIUII XOCHJI KUJIHIII
Y4YH KOMITIOHEHTJIapHUHT
V3 nuua y3apo
TabCUPJIALLYB JKapaEHU

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

Hlaka xoTupaan

HIaka xoTupaan

Shape memory

(SET):unKyBum 3apsgHUHT
KyJla KHIUK
Y3rapuiuIapyuHy aHUKJIALI
KOOMIMSTHUTA dTa
MocJamaap; OupruHa
AIEKTPOH YUyH Xam
3apsiaiap dhapku “EKuy-
Vurpuir” GyHKUUSICUHU
JaKUPHUIIT MYMKUH

noJiuMepJiap nosimMepJiap:xapoparaud | polymers: smart
r y3rapumu kadbu tamku | polymers capable of
Kywiap TabCUpUIa returning to their
BY)KY/Ira KeJraH TallKH original shape after
Kywiap TabCUpUIa being deformed by
nedopmMarusaad CYHD external forces, when
Y3UHUHT JacTIa0Ku triggered by an
[IAKJIUTA KAUTUIT external stimulus such
KOOWJIMATHTA dra aKJuIn as temperature change
OJMMEpIIap

Bup3JIeKTpOHIH Bup3JiekTpoHIH Single electron

Tpansuctop (SET) TPaH3HCTOP 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

3oab-reabycyJa

3oab-reabycyJr:
KEMMHYAINK KOBYILIKOK I'ell
Ba KaTTHK MaTepHalira
YTYBYH KOJUIOU]
cycneH3usinu (“3om”
TE€HEepAaLUSJIAIIHY Y3 NYNTra
OJLy4H XKapacH

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

\ CnuHTpOHMKA (CIMH

\ CnuHTpOHMKA (CIIMH

| Spintronics (spin-
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acocuaaru
IJIEKTPOHHKA)

acocuaaru
IJIEKTPOHHUKA):
AJIEKTPOHJIAPHUHT
UKKWJIaHTaH X0CCaIapUHHU,
KyMJ1aJaH 3apsij] Ba CIIUH
XOJIATUHU KYJUTOBYH STHTH
TEXHOJIOTHS, MAHHUTO-
AJIEKTPOHUKA cudaTuaa
XaM MabJIyM

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

YUKyH/IM I1a3MaJH
numuapu (SPS)

YUKyH/IM II1a3MaJH
numupui (SPS):rpadur
MaTpULACH LIYHUHTACK
YyTKa3yBYaH HaMyHajap
XOJIaTUAA MUIIAPUIAETTaH
KyKyHJaH OeBUCTa
YTaéTran JOMMUN UMITYJIC
TOKHU KYJUTAaHWJIMIIUAATA
MULIUPUILI 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

Yr1aykazyBuan Yr1aykazyBuan Superconducting
KBaHTHHTep(depoMeTp | KBaHTHHTepP(depoMeTp guantum interference
(SQUID) (SQUID):yTa kyucus device (SQUID): a
MarHUT MalOHIaAPHUHA device capable of
yrdam MMKOHUSITHTA 3ra | measuring extremely
Mociama weak magnetic fields
Koitaammm Koitaammm Stacking faults:
nedexTaapu nedextaapu:aromnapuun | crystallographic
I HOTYFpH KeTMa-KeT defects arising due to
TUTaHAP JKOMIIAITYBH wrong stacking
HATHXKACUIa XOCHII sequence of planar
Oy 1yBUH arrangement of atoms
Kpuctajiorpaduk
nedekTiaap
CxaHUPJIOBYH CxkanupJioBud TyHHeJIM | Scanning tunnelling

TyHHeJIJIH MHUKPOCKOII
(CTM)

mukpockon (CTM):atom
Japa)kacuia 13ajlapHUHT
TACBUPJIAPUHU KaTa
uuuiamnia
LYJUIAHWIAIUTaH KypUiIMa;
KBaHT TyHEJUIall KOMAacu
acocua MIUIANIN

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

‘ YTa 3ruinyBYAHIMK

| V1a

| Superplasticity:
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ITWITYBYAHJIMK  UYy3UITyBY
aHJIMKKa OYJIraH
TaJKUKOTIapaa
KyTUJIa€TraH
HOpPMAaJIAPHUHT
yerapajapujiaH aH4ya KaTTa
OynraH MaTepuaTHUHT
nedopManusIaHuII
KOOUJTUATH

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

FO3amna3mon (SP)

IO3amnazmon
(SP):épyrnuk Oomnan
KYWIH TabCHUPJIAIINIIT
HATHXKACH/Ia TMOJIIPUTOHTA
0110 KeJTyBYHM F03ara MOC
KEJIyBYH ILIa3MOHIIAP

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

Jdopuiapau makcaaiu
eTKa3uul

Jopusapau makcaaiu
eTKA3MII. Tepanusija
JIOKaJIJIalITaH 3apapiiaHra
XyXaipanapra/TyKumaiapr
a Kepak OyJraH MUKIOp/a
dbapmaneBTUK OUPUKMAHU
KUPUTHIII

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

Onka niaenkanan
TpansucropJaap (TFT)

IOnkanienkaan
TPaH3UCTOPJIap
(TFT):apumMyTKa3rudig Ba
TUDIIEKTPUK MaTepUAILTH
IOTTKA TJICHKA KaBaTIIH
TpPaH3UCTOPJIAP;
paauorpadusaunar LCD Ba

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

pakamJIM HI0oBaJlapyia applications
KYJIJTaHWIAAW

FOnka nienkanap FOnka Thin films: atomically
MJIeHKAaJap:aromap engineered layers with
KOHCTPYKIIHsJIaHTaH film thickness usually

KaBatTjap HaHOMETP/AaH
MaKCUMyM Oup Heua
MUKpOHTaua 0ynran
JuanasoHja oynaran
KaJTMHJIMKIATH TICHKaIap

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

Tykumaau uHKeHepust

Tykumanu
UHKEHEPHUS :CYyT
OMHU3YBYWIAPHUHT ACOCHUU

Tissue engineering:
science of structural
and functional
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TYKAMaJIApUHUHT
TY3WIUIIH Ba GYHKIIMOHAT
acocyiap xamja
GyHKUMSUITApUHU TUKJIAI,
KYJ1a0 TypuI €Ku
SAXIIWIIAI YYyH
OroMocHallyBYaH YpHUHA
OOCYBUMWIIAPHUHT
KYJUTAaHUJIU N
TYFpucuaara gan

fundamentals of
mammalian tissues and
application of
biocompatible
substitutes to restore,
maintain or improve
functions

Tenmagan macrra

Tenagan
MacTra:HaHOKPUCTAIUI
MaTepHUaIHH OJHII OUIaH
MHKPOKPHUCTAILIT
MOJIJaHUHT MalaalIHu
y3 U4UWra O]y,
HAaHOCTPYKTypajapHu
CUHTE3 KUJIMIIHUHT KaTTUK
MOJIIAJIA WUYJIJIapy L1y
KaTeropusAra Kupajau

Top-down: involves
fragmentation of a
microcrystalline
material to yield a
nanocrystalline
material; all solid state
synthesis routes of
nanostructures fall into
this category

Yukappaju TYyIryH

Yukappaiau TyryH:y4ra
KPUCTAJUIAPHUHT €K1
3appaJlapHUHT
TYKHAIIyBUJaru TyTryH

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

Byr-CylOKJIHUK-KATTHK
moaaa yeyau (VLS)

Byr-CylOKJIUK-KATTHK
moaaa yeyau (VLS):0yr
dazacugaH KUMEBUI
YYKTUPHUIIAATH
HaHOCUMJIAp KaOu
oupyuamiau
HAaHOCTPYKTYypaJIapHUHT
YCHUILU YUYYH MEXAHU3M;
KPUCTAJUJIAPHUHT YCHUILIU Ba
KHHETHKACH
camapaiopJIMTUHU OLLIUIIN
Y4yH KYJUIaHWIAIH,
KaTaJINTUK
CYIOKKOTUIIMAaNH (haza
OyFnapHH YTaTyHUHTaHINK
Japakacuraya Te3zia
aJcOpOIMsITAIIA MYMKHH

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

Buckepaap

BuckepJiap:3pKuHIUCIOK
alMsIaHauraH
KPUCTAJJIHUHT HO3UK

Whiskers: thin fibrous
growth of a dislocation
free crystal
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TOJIAW YCHUIIIN

PenrtrengorodjiekTponc
nekTpockonusi (XPS)

PentrengorodjieKTpoHcH
eKTPOCKONUS
(XPS):xumésnii
MOJITAaHUHT F03aCHHU
MUKJIOpUH aHAJIN3 KA
yCIIyOH, JIEMEHT
TapKUOWHU aHUKJIANIH;
Ycyi, peHTreH Hypiiapu
OWJIaH KaTTHK MOJIJTAaHUHT
HypJam épaamMuaa
OJIMHTaH
(hOTORIEKTPOHIIAPHUHT
TaBCU(DUHU Y3 ManTa
oJIa]n

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

Tepmun

V36ex THimaaru Hapxu

HUHran3 tTuanaara
Hapxu

KOM"OS’MMMOH mamepuai

Nmnab yukapunrad, MKKU KU
KynpoK  (u3ukaBuii  Ba/€ku
KUMEBUM xap Xxwil Oynras,
Mmatpulia (uHTepdeiic) uunga
TapTUOIN JKOMalran
dazanapgaH TalIKUI —TOMTaH
MaTepual.

It is manufactured, it
consists of two or
more physically
and/or chemically
distinct, suitably

arranged or distributed

phases with an
interface  separating
them.

Mampuuya, unmepdgeiic

Kommo3unmon marepuamHHHT
oup OyTYHJIUTHHU
TabMUHJIOBYH OOFII0BYM
KOMITOHEHT

The binding material
ensuring the integrity
of the structure

Mampuya mamepuannapu

MCTaJ'IJ'I, KCpaMuKa, IoJimMep

Metal,
polymer

ceramics,

boznoeuu mamepuannunz
eazughacu

Maxcynotra MabJIyM
reoMeTpuk  maka  OepuoO,
KyWIaHUILIapHA XakM Oyinda
Oup XWUJI TaKCHUMJIAHUIIHHU
TabMUHJIAWIM  Ba  MabiIyM
MEXaHUK XOCCaHU
HIaKJUTAHTUPA]IH, xamza
apmartypa €KHM KylIUMYaJapHU
TAIIKA MYXUTIAH CaKJIaniau.

Gives the material the
necessary  geometric
shape, distributes the

load evenly
throughout the
volume, keeps the
armature or fillers

from the effects of the
environment

Komnozumnune

MycraxkamiamTupyB4u

reinforcement
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MYCHaAXKAMAUSUHU
owupaouzan KOMnOHeHm

KOMITOHEHT, apMHUpOBKa
MaTepHaiy, apMarypa

material,
reinforcement

Hon-ynuamau Kywiumuanap

VYayamu y4 WyHamumiga KU4uK
Oynran Kymumyamap - KyM,
Maiga (KyKyH) JoHaJajapra

ara Oynran MeTaap,
docdarnap, IIUIIa Ba
JIOWCUMOH Mukpochepa

maKjrgaru Mmarepuauiap.

The dimensions of the
reinforcing additive is
very small in all 3

directions —  the
particles of sand,
metal powders,
phosphates,  glasses,

materials with forms
of clay microspheres

bup yrnuamnu Kymumuanap

TonacuMoH  TynAUpYyBUMIAD,
apMarypa 3JIeMEHTJIapH, KalTa

TOJIAJM TaOWUUH Martepuaiap -
acbecr, YCUMITHK
MaTepHauIapH, TOJIACUMOH
KpHUCTasiap (amromMuHMIA
HUTpUJ, OCpWILTUI  OKCHIH,
oop KapOuIu, KPEMHHUIA

HUTPUAM), Y3yH TOJAIH Xap
XHJI OpraHuK OUpHKMaap.

Fiber shaped elements,
fittings, short natural

fiber materials-
asbestos, plant
materials, fiber-shaped
crystals  (aluminum
nitride, berilliy oxide,
boron carbide, and
silicon nitride),

different length fiber
of organic compounds.

Hkku
mynoupyeuunap

yauamau

Jlenranap, marosap, Mariap,
TYPCUMOH 3JIEMEHTIIAP.

Tapes, mats, fabrics,
nets elements.

I/I3omp0n KOMRNO3UuuUuoOH
mamepuai

MarepuamiapHUHT  Xoccajlapu
Xamma HyHanumga Oup Xui
OyJIuIIN Kepak.

Material properties in
all directions are the
same.

H3zompon komnozumnapoazu | JJucnepc xonmaru | Dispersed reinforcing

Mycmaxaauimupyeuu MYyCTaxKaMJIallTHPYyBYH components: micro-

KOMnoHenm KOMIIOHETJIap: ~ MHUKpO-  Ba | and nanopowders.
HaHO3appayvaiap.

Anuzompon komnozuyuou MatepuaiapHHHT Typau | Material properties in

Mmamepuan nynamunuiapaarun - xoccanapu | all directions different
dhapk KuIau.

Anuzompon Apmarypa cudatuma tomanap, | As reinforcement in a

Komnozumaapoazu ILTAaCTHMHKAIIAp, Mmaronap, | particular order fibers,

MYCMaKIaumupyeuu Typrap MabiyM HyHamMma | plates, fabrics, nets are

KOMNOHEHM YKOMNAIITUPUITaH OYiamu. arranged

Honuapmuposxka  Kununzan | xkku Ba yHman kyn Typmaru | Composite materials,

Komno3umaJjap. MyTaxKaMJIaIlTHPHUII reinforced by two or
TYNIAPrUWIApH  KYJUIAHWITaH | more types of
KOMITO3UIIMOH MaTepuaiap. reinforcers

‘ Hucnepc- Marpuna OFHUPIIMK Ba ‘ The matrix provides ‘
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MycmaxKamiauimupujican
KOMRO3uyuon mamepuaiiap

MYCTaXKaMJIHKHH
TabMUHJIOBYH aCOCUU JJIEMCHT,
JCTIepC 3appavajapHUHT
yiuamiapu 0,01...0,1 Mmkm

strength and weight,
the particle size of
0,01... 0,1 pum

Hucnepc-
MYCHAXKAMAAUIMUPUIZAH
KOMRO3UUUOH Mamepuaniap

W3oTpon xycycusiTiiapra sra
MaTepuan

Isotropic material

Hucnepc-
MYCMAXKAMAAUIMUPUTIZAH
KOMNO3UUUOH
MamepuannapHu uwnao
yuKapuw ycyanapu

KykyH meramnyprust ycyimapu
€K CYIOK MeTayul Tapkuoura
KYWHIII oJIINIaH
TYAAUPrUYIIap KYILIHUIII
ycymiapu  Epmamuaa  wmoiad
YUKApUIaIH.

Powder metallurgical
methods, the method
of adding additives to
liguid metal before
casting

Kyiuoupunzan antomunuii
KyKkynu (CAII)

ANIOMUHHUA MaTpuacu Ba
18%raya aJIOMMHHMH OKCHIH
3appavanapuaaH noopar
oynaau

Consists of a matrix of
aluminum with
additions of up to 18%
of particles of
aluminum oxide

Hukenwv acocuoa

Marpuna cudartina HUKENIb Ba

As the matrix involved

mapépnanzan Komnosumaap | YHAHT XpoMm Ounan | Nickel and its
KoThHIMaJiapu KS'/HJ'IaHI/IHaI[I/I chromium al |oy
(XpOMHHHT MUKIOpH ~ | (chromium content up
20%rava), to 20%), reinforcing
MycTaxkaMJIatrtnpuat - components — thorium
KOMIOHCHTAAPH = TOPHH B4 | ang hafnium oxides
rapHU OKCHUJTapH.

Bop monanapu Okopu MycTaxkamiuk, | Have high strength,

KAaTTUKJIUK, IOKOpU XapopaTaa
Oy3wmuiira YUIAMITH;
70...200 MKM AMaMeTpHra ara;
ylap METaJNIMK Ba IOJHUMEp
MaTpULIAJIaHU apMHpOBKa
KWINII YYYH KyJUIaHUJIau

hardness, are not
destroyed at high
temperature, diameter
70...2000 pm, are used
for reinforcement of
metal and polymer
matrix

Yenepoo monanapu

IOkopyn mycraxkamiukra sra,
MEXaHUK XOoccallapy TEpPMHUK
Oapkapop;  QJIIOMHHUNA  Ba
MarHMiHA apMHUPOBKA KHJIHII
YUYH KYJUTaHUJIAIU;

Have high strength,
mechanical properties
resistant to the
temperatures; used for
the reinforcement of
aluminum and
magnesium

Kepamuxk monanap

Oxkcun, HUTpUO, KapOumiap
acocujia TaW€piaHaau, HOKOpHU
KaTTUKJIIUK, MYyCTaXxKaMJIUK Ba
TEPMUK OapKapopiHKra oJra;

Are made of oxides,
nitrides, carbides;
have high hardness,
strength and heat
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ATIOMUHUK  Ba  MarHuiHU | resistance; used for the
apMHpoBKa KWl  y4yH | reinforcement of
KYJUIAaHUIIa A aluminum and
magnesium

Hluwamona MycTaxKaMIIHK, tepmuk | Have strength, heat
0apJOLLIKK, JUDJIEKTPUK | resistance, dielectric
Xoccanapra Ba IacT UCCHKIMK | properties and low
YTKa3yBUaHIIMKIa ora; | thermal conductivity,
HUCCHUKJIUK N30J10UA Used in the
MaTepuamap, KOHCTPYKIHOH | o0 factire of
MatepHasuiap umuiad

YUKApULIAA KYJIJIAaHUIAIH.

insulating and
structural materials

“E —glass”
(E-muwma)

DJIEKTPUK Tojanap
Oenrunanany, E-mmma sxmm
3JIEKTP U30JIATOP, AXIIN
MEXaHMK Ba 3JIACTUKIIUK
MOJTyJINTa 3ra

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

“C —glass”
(C-wmuuwma)

Koppo3us typaaru Tonanap
oenrunanaau, C-mmiia I0Kopu
KMMEBUH KOppO3usra
OapaouLTUTry OuiiaH
taBcudIaHaIH;

Corrosion fiber, C-
glass has high
chemical resistance

“S —glass”

OHr FOKOpU TCPMUK Ba

Have the highest

(S-wuwma) 0JIOBOAP/IONITMKTA 3ra temperature resistance
muymiaiap and refractoriness
Keesnap-29 Kanatnap, kabesap, Used in the

apamuo monacu

KOIUTaMalli MaToJjap,
apXUTEKTypa MaToJapy Ba
0aJUTMCTUK XUMOSI MaTOJIAPH -
OpoHeXuIeTIap UILIa0
YHKApUIIIA Ky UTAaHUIAIHA

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

T'emunaxc

KaTtnamian koMnosur,
TapkuOua KOFO3 Ba CMOJIa
MaBXKYy/T
(benonodopmanbaerun Eku
0.).

Layered composite,
composed of paper
and resin (phenol

formaldehyde, etc.)

Ezou-lqamﬂajwm niaacmukiaap

(acu

denomodopmanbaeru Ba
Kpe3oiodopmManbierus cMoia
MaTpHIach/E€FoY IIIMTOHNIaH
udoparaup.

Consists of
phenolformaldehyde
and cresol
formaldehyde
resin/veneer

Mampuuya

MarepuanHuHr OyTyH KaxMU
Oyiinua y3JIyKCH3 JKOMIamraHn
KOMIIOHEHT aTaJIa/Ix.

Component located
continuously
throughout the volume
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of the material

Apmuposeka Komnonenmaapu

KoHcrpykumon
KOMITO3UTJIap/ia acOCaH
KEepaKIl MEXaHUK
XYCYCHSTIIAPHH
(MycTaxKkamJTuK, KATTUKJIMK Ba
0.) TabMUHIANR TN

Provide in composite
materials the
necessary mechanical
properties (strength,
hardness, etc.)

Tepmopeaxkmue nonumepnap

ITonmumep XOCUI
O6ynaérranma KOTHUII
peaKkLMsICH XaM coaup Oynau.
by peakuusiap Maxcyc
KUMEBUI MO 1anap
TabCcUpuaa, €K HCCUKIMK Ba
oocum TabCUPHU]IA, EKH
MOHOMEpJIapra  3JIEKTPOHJIAp
OKMMUHU TabCHUP ATHUII
HaTIKacuaa coaup oynanu.

3aHXKUPH

During the formation
of the polymer chain
occurs in the
hardening reaction.
The hardening
reaction can be
initiated using the
appropriate chemicals
or by applying heat
and pressure, or by
exposure to a
monomer to an
electron beam.

Tepmonnacmnap

ITonmmepinap TeMmeparypa Ba
00cuM TabCHUpPH/Ia OKYBUAHIIUK
sra Oynaauinap Ba MCCUKIMK
TabCUPHA IOMIIOK EKU
IUTACTHK X0JIaTra yTaaumiap.
XO0Ha xapopaTurada
COBYTHMJITaHa OyHaal
MoJIMMepJiap XaM KOTa/lu.

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

IHonumep mampuyanu
Komnozumanap

Tamepmamna acocaH

nonmddup,  SmoKcHI — EKu
dbeHomopopmanbIerua

OOFJIOBUMIIAD  KYJJIAHWJIAJIH,
Oynmap KOTraH XoJiaTaa eTapiiid

MYCTaxKaMJIMKTa ora.

For the manufacture of
polymer - matrix
composites most
commonly used
polyester, epoxy or
phenol-formaldehyde
binder, as the most
efficient, with
reasonably high
strength properties in
the cured state

Tepmonnacmuxk nonumepnap

Xapopart Tabcupuaa
IOMIIAUUTaH €KUM SPUNINATaH
noymmmMepiap, Oy Typra macT Ba
IOKOpH 3UYJIUKIArd
TOJIUATUIIEH, TOJUCTUPOT Ba

Polymers that soften
or melt when heated;
examples include
polyethylene low and
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HOJMMETUIMETaKpuIaTIap
KHpaJu.

high density,
polystyrene and
polymethylmethacryla
te.

Honumepnapnuune
on06o6apoowinuu

Kyiinnarunapra OOFIIHK

Oymamu:  OJOB  TapKaJWII
MalJJOHN, EKUIFUHH TabCUPU

Ba KUCJIOpOA MHACKCH.

Depends on the
surface flame spread
and penetration of fuel
and oxygen index.

Kucnopoo unoexcu (LOI)

EHuUm 1aBoM 3tHm Y4yH 3apyp
Oynran KHCIJIOPOJIHUHT
MHUHHUMAaI KUUMaTHHU

Oenrmwianm.

The minimum amount
of oxygen that will
support combustion.

IHonumep mampuyanu
Komno3umaapoa
mepmMoniacmuKk mampuyaiap

[MTonmunponuiex, HEHIIOH,
TEPMOIUIACTHK  TIOJIUAPHUpIAp
(19T, I1BT) Ba
MOJIMKApOOHATIIAP, TTOJTHAMH/T
uMuz, moaudeHmIeHCYIb(u
(ITDC), MOJINAPHIICYIb(HOH
(polyarylsulfone) Ba
noamGup-3¢pupKeToH

keronnapaup (PEEK).

Polypropylene, nylon,
thermoplastic
polyesters (PET,
PBT), and
polycarbonates,
polyamide imide,
Polyphenylene sulfide
(PPS), polyarylsulfone
(polyarylsulfone) and
polyester-etherketone
ketone (PEEK).

Memannap kpucmann
cunzonuAnapu

Acocan 3 Ta  KpHCTal

Most often, one of the
following three

CHHTOHUsIIap/Aa .
crystalline forms:
KpHUCTaJIaHa
* ¢HJIapu MapKazJiallirad KyouK * face-centered cubic
(FCC)
(I'K)
* body-centered cubic
*  XaKMH  —MapKasJamraH (BCC)
kyouk (OLIK)
* Hexagonal close-
* ONITHOYPYAKIIA 3WY YIAKOBKa Packed (HCP)
kunuarad (HCP)
Memann mampuyanu | 3 TYpU MaBxXy/: * particle-reinforced

KOMNO3UMAapHuHZ mypaapu

*Jlucniepc-
MyCTaxXKaMJIAIOTUPHUIT
MMK

* KHCKa TOJa Ba MYHJIOBIAp
OunaH apMHpPOBKa KHIIMHTAH
MMK

* Y3JIyKCU3 TOJia Ba JIMCTIIAp
WJIaH apMHUPOBKA KWIMHIaH

ra"n

MMCs

* MMCs reinforced
with short fibers or
whiskers

* MMC:s reinforced
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MMK. with continuous fibre
or sheet reinforced
MMCs
DemeKkmuk KOMRO3UUUOH DBTEKTHUK tapkubnu | Alloys of eutectic
mamepuannap KOMIOIHTIAD, comppsmor_\, in which
the reinforcing phase
MycTaxKamIamTupysas - $asa | are oriented crystals,
cubarnma Macca TapkuGuma | Which are formed by
- directional
HyHaTTHpHITaK solidification.
KpUCTa/UTU3aIMsl  KapaéHiiapu
HaTWXKacuja XOoCuil — OynraH
KpHCTAJUIAp XU3MaT KHJIa IH.
HTuwakepamux Xaxm Oyitmga 95-98 ¢dowusu | They form a sort of
Mamepunanap KkpHCTALT  (A3ATAH, KONAE CompOSIt(? material, as
they consist by
KdcMHM  3ca  mmma  (asanaH | yolume of 95-98%
ubopar  6ymagu. Kpucramn | Crystalline phase, and
. the rest submitted to
¢daza yra HO3WK (3appayanap the glassy phase.
muamerpu 100 mmpan kmuwk) | Crystalline phase is
CTpYKTypara sra. very fine (grain size
less than 100 nm in
diameter).
Kepamuxa I'pekua keramike (roHOHYA From ancient Greek
keramos) — Tynpok (keramos) - clay
Kepamuxa mamepuanu Tabunii Tynpox €ku TYIMPOK The product of high
OumaH TypJiu MUHEpaJuiap temperature
apanammMacuaH XOCHII calcination of a
KWJIMHTaH JOMHN HUIINTHO, mixture of natural clay
Kyiuno, Kyputub Ba KeHuH and other minerals
KaTTHK KU3IUPUO XOCHIT
KWJIMHTaH MaxcyJoT
Huwa KuméBwmii Tapku6 Ba KOTHUII Amorphous solids

TeMIeparypacura OOFIHUKCH3
paBuIIIa FOKOPH Xapopar
TabCUPUIA XOCHI KUJIHHTaH
SPUTMAHU yTa COBUTHIII
OpKaJli OTUHA/IUTAH KATTHK
YKUCMIIAPHUHT XOCCATapUHU
KaOyJn KUJIMHaauraH oapua
amop >xucmiap.

obtained by quenching
the melt irrespective
of the chemical
composition and the
solidification
temperature.
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Onoebapoow 6yrom

Kepamuka TexHonoruscu
Oyitnua unutad YuKapuiray,
YTXOHA Ba newinap Kypuuaa
UIJIaTUIIaIUTaH,
onoBOapaonumru 1580°C nan
KaM OyJMaran 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 Ttexnonoruscu
acoCHJa scaliraH yTKasruy,
ApUM YTKa3Tu4, U30JIATOP,
Maxcyc xoccaju (MarHur,
OMTHUK, 3JEKTPUK) OyIOM Ba
oomkanap

A conductor,
semiconductor,
insulator or a product
with special properties
(magnetic, optical,
electrical) obtained by
ceramic technology.

Kepamux mampuyanu
Komnozumaap uuwinao
YuUKapuwoa uccuK npecciaul
acapaénu

bup BaKTHHUHT y3una
MaTpeuaira IKOpy Xapopar Ba
0ocuMHU TabCUP ATUII
HaATH)Kacuaa 3u4 CTPYKTYpaly,
FOBAaKCU3 Ba MaijJa 3appadaiu
KOMITO3UIIUS XOCHII OYaiu.

The simultaneous
application of pressure
and high temperature
can accelerate the rate
of densification and
allows to obtain non-
porous and fine-
grained structure.

Kepmemnap

Merann 3appavanap OunaH
MyCTaxKaMJIallTHPHUITaH
KCpaMHuKa IOKOpH MEXaHUK
MYyCTaxKaMJITUK, HCCUKITUK
3apOra OapAOLUIUTH, IOKOPH
UCCUKJIMK  YTKa3yBYAHIIUKIa
ora.

Reinforcement of
ceramic dispersed
metal particles leads to
new materials
(cermet) with
increased resistance,
resistance relative to
thermal shock, high
thermal conductivity.

Kepmemnap
coxanapu

Kyianuaum

IOxopu xapopatiu kepmetiiap
acocuja TypOuHaap
JneTamiapu, — AJEKTp
apMarypacu,
PEaKTHB TEXHHKA JIeTaJUIapu
Kartuk
YU IaMITH
KUPKHIII

Ba

ras
neusiap
pakera Ba
Ta€piaHaau.
HIIKaJaHUIIra
KepMeTJap
MHCTPYMEHT-JIapu
JeTajylapy  Tal€pnaiiga KeHT
KYJIJTAHWJIA]IH.

High temperature
cermets used to make
parts for gas turbines,
valves furnaces, parts
for rocket and jet
technology. Hard ware
resistant cermets are
used to manufacture
the cutting tools and
parts.

| OSB

| OpueHTHpIAHTAH KHPHHIIH

| Oriented strand board |
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TIMTazap

MDF Vpraua 3udIMKIara rou Medium Density
TOJIAJIM TUTMTAJIap Fibreboard
Danepa MITIOH KaTjamiiapuiaH the tiled material
npecciiab oJIMHAUTaH TUINTa received by pressing
MaTepHain of layers of an
interline interval
Enuwrorxnux SJIMM I03aCHHHHT acocC 1032 interaction of a

OuJ1aH TabCUpPJIALIUILN

surface of glue with a
basis surface

Hucnepc 6o02nanuw

bup-Oupura xyna sKuH
JKOMJIalIraH MoJIeKyanap
Vpracugaru OOFIaHUII

Communications
between very closely
located molecules

Booopoo boznanuwm

Boaopo aTOMUHUHT UKKUTA
KyTOJIaHTaH TypyXra

TaKCUMJIAHHUIIH HATHKACHUIa
Xocui Oynaauran OOFIaHUII

Communication,
formed in a
consequence of
division of atom of
hydrogen into two
polar groups

Ilapenxum xyscaiupanapu

Erounary 4y3uH4oK 6ymMaran

Xyxaipanap (¥3ak HypJiapH,
CMoJIa YJUIapy Ba X.K.)

the wood cages
(beams, the pitch
courses, etc.) which
aren't extended on
length
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IX. HJIOBAJIAP

NJIOBA 1
Trade Names, Characteristics, and Typical Applications for a Number of Plastic
Materials
Trade Major Application
Material Type Names Characteristics Typical Applications
| Thermoplastics ‘ |
|Acry|onitri|e- | Abson | Outstanding strength and toughness, | Refrigerator linings, lawn and|
| butadiene- | Cycolac | resistant to heat distortion; good |  garden equipment, toys, |
| styrene (ABS) | Kralastic | electrical properties; flammableand | highway safety devices |
| | Lustran | soluble in some organic solvents | |
| | Novodur | | |
| | Tybrene | | |
Acrylics Acrylite Outstanding light transmission and Lenses, transparent
[poly(methyl Diakon resistance to weathering; only fair aircraft enclosures,
methacrylate)] Lucite mechanical properties drafting equipment,
Plexiglas outdoor signs
Fluorocarbons Teflon Chemically inert in almost all environ- Anticorrosive seals, chemical
(PTFE or TFE) ments, excellent electrical properties; pipes and valves, bearings,
Fluo low coefficient of friction; may be antiadhesive coatings,
n used to 260°C (500°F); relatively high- temperature
Halar weak and poor cold-flow properties electronic parts
Polyamides Nylon Good mechanical strength, abrasion Bearings, gears, cams,
(nylons) Baylon resistance, and toughness; low coef- bushings, handles, and
Durethan ficient of friction; absorbs water jacketing for wires and
Herox and some other liquids cables
Nomex
Ultramid
Zytel
Polycarbonates Calibre Dimensionally  stable; low water] Safety helmets, lenses,
lupilon absorption; transparent; very good light globes, base for
Lexan impact resistance and ductility; photo- graphic film
Makrolon chemical resistance not outstanding
Merlon
Polyethylenes Alathon Chemically resistant and electrically Flexible bottles, toys,
Alkathene insulating; tough and relatively low tumblers, battery parts, ice
Fortiflex coefficient of friction; low strength trays, film  wrapping
Hi-fax and poor resistance to weathering materials
Petrothene
Rigidex
Rotothene
Zendel
Polypropylenes Herculon Resistant to heat distortion; excellent Sterilizable bottles,
Meraklon electrical properties and fatigue packaging film, TV
Moplen strength; chemically inert; relatively cabinets, luggage
Poly-pro inexpensive; poor resistance to UV
Pro-fax light
Propak
Propathene
Polystyrenes Carinex Excellent electrical properties and Wall tile, battery cases,
Dylene optical clarity; good thermal and toys, indoor lighting
Hostyren dimensional stability; relatively panels, appliance
Lustrex inexpensive housings
Styron
Vestyron
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Vinyls Darvic Good low-cost, general-purpose Floor coverings, pipe,
Exon materials; ordinarily rigid, but may electrical wire insulation,
Geon be made flexible with plasticizers; garden hose, phonograph
Pliovic often copolymerized; susceptible to records
Saran heat distortion
Tygon
Vista
(Continued
AY
Trade Major Application
Material Type Names Characteristics Typical Applications
Polyesters Celanar One of the toughest of plastic films; Magnetic recording tapes,
(PET or Dacron excellent fatigue and tear strength, clothing, automotive tire
PETE) Eastapak and resistance to humidity, acids, cords, beverage
Hylar greases, oils, and solvents containers
Melinex
Mylar
Petra
Thermosetting Polymers
Epoxies Araldite Excellent combination of mechanical | Electrical moldings, sinks,
Epikote properties and corrosion resistance; adhesives, protective
Epon dimensionally stable; good adhesion; coat- ings, used with
Epi-rez relatively inexpensive; good electrical fiberglass laminates
Lekutherm properties
Lytex
Phenolics Bakelite Excellent thermal stability to over Motor housings, telephones,
Ambero 150°C (300°F); may be compounded auto distributors,
| with a large number of resins, fillers, electrical fixtures
Arofene etc.; inexpensive
Durite
Polyesters Aropol Excellent electrical properties and low Helmets, fiberglass boats,
Baygal cost; can be formulated for room- auto body components,
Derakane or high-temperature use; often fiber chairs, fans
Laminac reinforced
Selectron

Source: Adapted from C. A. Harper (Editor), Handbook of Plastics and Elastomers. Copyright © 1975 by
McGraw-Hill Book Company. Reproduced with permission.
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NJIOBA 2

[Tonumep GOFIOBUMIIAPHUHT TAPKUOU Ba KOTUPUII peKUMIIapU

Cmona | Yckoputens |[lmactudukarop| OtBepautens | OTBepKaecHUE
Ne i/x
(mac. u.) | (mac. 4.) (mac. 4.) (mac. u.)
3/1-20 ITH-1 [121TA
1 100 20 10-20 24 waca
KE JAbD [13ITA
2 1100 20 - 10 I uac
3 ?}?];)2 0 B ITH-1 TOAT 1,5-2 gaca
100 20 10 npu 100°C
4 KE B ITH-1 MA 5
100 20 20 Hacos
I[IH-1 HK I'unepus o
5 100 810 35 — 1 gac npu 60°C
6 IMTH-1 HK IIMSK B 2-2,5 4aca
100 0,4-0,5 1 npu 20°C
7 ITH-1 HK-1 IIM3K 3 2-2,5 yaca
100 1-8 3 pu 20°C
Crynenyatoe: 1 g
5 OOC B B MA pu 50-95°C;
100 3 90-110°C;
105-98°C
MNJIOBA 3
[TonmmMmep maTepuasIapHUHT 3UYJIATH
‘ Moana ‘ [I0THOCTS, T/cM° ‘
| Mommdupras cmorna (TTH-1) | 1,148 ‘
| Dokcuanas cmoma (J]) | 1,166 |
| Kommayn smokcnmsiii (KE) [ 1,314 |
| TpusTonamunoturanar (TDAT) [ 1,370 |
| Mommyrinennonnamus (IITIA) | 1,076 |
| TrapoIlepeKrch H30MpPOIIIGeH301a (THPIIEpH3) | 1,060 |
| Tu6yrundranar (D) | 1,042-1,049 |
| MommermmyTrakeron (IMIMAIK) | 1,060 |
| Hadrenar ko6ansra (HK) 1 0,920 ‘
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bab3u nonuMepaapHUHT EHULI XapaKTEPUCTUKACH

NIJIOBA 4

IToBenenne Mmartepuana NMpH BHECCHUH

ITonumepsl Xapakrep I1aMeHH 3amax
B TJIaMs ¥ TOPIOYECTh
Hommrivren (119) [InaButcst Teuer mo kKamisM, roput | Ceersiieecs, BHavasne | [opsmero mapaduHa
XOpOIIO, TPOAOIDKAET TOpPeTh MpH | rolmyboBaTOE, HOTOM JKEITOE
yIQJICHUHU U3 TUITAaMEHH.
THommmpormnen (I111) To xe To xe To xe
Tomikapbonrar (I1K) To xe Konsmiee
THomramun (ITA) I'opur, Tedyer HUTHIO CuneBatoe cHHM3y, C kenThiMu | [laneHbIx BOJIOC I
KpasiMu TOPENbIX PacTeHUH
Homayperan (ITY) l'opur, Teder no kKamasam Kenroe, CHUHEBATOE CHU3y, | Pe3kuil, HenmpusATHBIN
CBETsIIEECs], CEPhLI IbIM
Iomictupon (IIC) CaMmoBoOCIIaMEeHSAETCS, ITaBUTCS Spko-xenroe, ceTsmeecs, | CrnaakoBaThIil IBETOYHBIH, C

KOIITAIICC

OTTCHKOM 3ariaxa CTUupoJia

Iommtunentepedranar (II2TD)

I'opur, kanaer

}KenTo-opaaneBoe, KONTANICC

Crnankuit, apoMaTHBIN

OnokcuaHas cmona (D/1) Toputr xopomio, mpoaomkaeT ropeTh | JKenroe konrsiee Crieruuueckuii cBexuii (B
Ipy YAaJICHUW U3 IIJIAMCHU CaMOM Hayajie HaneBaHHﬂ)
IMommdupras cvona (ITH) I'oput, obyrnuBaercs Caertsiiieecsi, KONTAIIEE, JKEITOS CrnaakoBaTblit
Iomramxnopu sxectkit ([IBX) Il'oput ¢ Tpynmom m paszbpaceiBanueM, | SIpko-3eieHoe Peskuii, XJIOPUCTOTO
npyu yJaJ€HUU H3 IUIaMCHU TacCHET, BOJOpPOJa
pasmsardaercs
[MBX mnactuguipoBaHHbIi I'opur ¢ Tpynom u npu ynaineHuu u3 | SIpko-3eneHoe Peskuii, XJIOPUCTOTO
IUIaMEHH, C pa30pachIBaHHEM BOJIOpOJIA

Denonodopmanbaeriasas cvona (PPC)

3aropaercs C TPYJAOM, TOPHUT IIJIOXO,
coxpanseT hopmy

Kenroe

®deHona, popmanpaeruaa

217




[Tomumep MatepuaIapHUHT SPULL XyCYCUATIIAPH

NIJIOBA 5

PactBopurenu
. COJIsTHAsI

[Tomumepsl STHJIOBBIH YKCyCHasI

OCH3MH | alleTOH BOJIA KHCIIOTa

CIUpT KHCIIOTa
(koHII.)
denonodopmanbaerugHas
cmouta (DDC) HP HP | HP -
Onokcuanas cmona (D]1) HP P P HP |- —
[Mommupnas cmona (ITH) | HP P P HP | HP HP
[Tommamug (ITA) HP HP HP HP |P HP
[HonuBununxnopuy (I1IBX) | HP HP HP HP | HP HP
[Tonuctupon (I1C) HP Hb HP HP | HP HP
[Monuatuinen (I19) HP HP HP HP | HP -
Ipumeuanue. P — pactBopum, HP — nepactBopum, Hb — HaGyxaet, — — HET cBeieHUH.

NIJIOBA 6

JInbepman — ITopx — MopaBckuii peakuusicu Oyiinya noauMepiiap EHUII peaKkIusIcu

Oxkpacka

ITonmmmepsr

Cnabo-po3oBas

denono-hopManbIeTuaHbIe,
¢beHono-gpypdyponbHble

Po3oBas, nepexopsinas B KpacCHYIO

DMOKCUIHBIE CMOJIBI

MeJIeHHO CHHEET, 3aTEM 3€JI€HEET [TonMBUHUIXJIOPUA
OTCyTCTBY€ET, HHOT/1a KOPUYHEBAS [TosnmadupHbIE CMOJIBI
OtcyrcTBYyeT [lomuaTHnneH, mnoaMOpONMiIEH, IOJMKApOOHaT,

MOYCBHUHO- u

MOJIMaMUJ, MOJIUCTUPOI, TOTMMETUIMETaKpUIIaT,
MeNaMUHO-(hopMaIbIeTHTHbIE
CMOJIb, aKPUJIO-0yTaIMEH-CTUPOJIbHBIE TUIACTUKH
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Abstract

Akermanite (CayMgSi,0) ceramics have been successfully prepared by a novel approach, consisting of the heat treatment of silicone resins
embedding MgO and CaO precursors, in the form of micro- and nano-sized particles, that act as reactive fillers. Phase purity was promoted by the
use of nano-sized particles or by secondiry additives, such as sodium borate. The use of hydroxyapatite as additional filler allowed the fabrication
of monoliths with good specific mechanical properties, although with a complex phase assemblage. Sodium borate, besides favoring the
crystallizution of the desired silicate, promoted a substantial and homogeneous foaming of polymer/filler mixtures, Jeading to akenmanite foams

possessing good compressive strength.
© 2013 Elsevier Ltd and Techna Group S.r.l. All rights reserved.

Keywords: B, Porosity; D. Silicate; E. Biomedical applications; Polymer-derived cemmics

1. Introduction

The CaO-Si0; system has been widely demonstrated to
provide excellent biomaterials, in the form of glasses (bio-
glasses |1]), glass-ceramics (e.g. wollastonite-apatite glass-
ceramics [2]) and polycrystalline ceramics (e.g. wollastonite
polymorphs, di-calcium silicate ete. [3-5]). The investigations
concerning the most recent bioceramics, however, have under-
lined the possible improvements in bone-like apatite-formation
ability and bioactivity associated with the presence of addi-
tional oxides |6].

MgO has heen always recognized as a key secondary oxide
in bioceramics, being already present in the formulation for
wollastonite-based glass-ceramics (2] and some bioglasses | 1],
Another interesting contribution of this oxide concems the
formation of new phases, i.e. Ca-Mg silicates, in polycrystal-
line ceramics, which are the object of ‘a growing interest by
researchers [7-12].

*Carresponding aathor,
E-mail address: enncobemundo@unipd it (£ Bemardol,

Akermanite, Ca;MgSi;O5 (or 2Ca0-MgO - 25i03), is the
most reported bioactive Ce—Mg silicate, together with diopside
(CaMgS8i-0, or Ca0 - MgO - 25i0;). Compared 1o those based
on wollastonite, ceramics bases on Ca-Mg silicates are
generally stronger and are subjected to a slower degradation
in body fluids; in addition, the ionic products may stimulate

cell proliferation [9].

In the present work, akermanite ceramics are fabricated
following a novel approach, based on silicone resins, filled
with micro- or nano-sized oxide particles [ 13]. According 0
this method, the fillers directly react with the product of
oxidative decomposition of the resins, consisting of amorphous
silica, possessing a particularly defective network and conse-
quently prone to very favorable reaction kinetics. A distinctive
feature of preceramic polymers, including silicones, is that a
component may be shaped in the polymesic form using plastic
forming technologies and later converted into a ceramic;
applied to silicones embedding CaO precursors (mainly
CaCOs3) this concept has already led to several examples of
wollastonite cellular ceramics, including 3D scaffolds [14],
In the case of akermanite, we will show firsily the conditions

0272-8842/5 - see front matter © 2013 Elsevier Ltd and Techna Group Sl All nghis reserved,

hiep/idx doi.org/10, 10165 ceraming. 2013.06. 100
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for the synthesis of the desired phase in condition of high
purity and relatively low processing temperature and secondly
the fabrication of highly porous components through the use of
fillers able to perform a double role, i.e. they both react with
the silicone residue to give the desired crystalline phases and
act as foaming agents,

2. Materials and Methods
2.1. Materials

Two commercially available silicones, MK and H62C
(Wacker-Chemie GmbH, Munich, Germany) were used as silica
sources, MK is a powder, while H62C is a highly viscous liquid.
The polymers were first dissolved in isopropanol and then mixed
with micro- and nano-sized fillers, consisting of CaO and MgO
peecursors (primary fAllers). CaO was provided by CaCOy, in
form of microparticles ( < 10 pm, Sigma Aldrich; Gillingham,
UK) or nunoparticles (PlasmaChem, Berlin, Germany, 90 nm),
whereas MgO came from Mg(OH); microparticles ( < 10 pm,
Industrie Bitossi, Vinci, Italy) or MgO nanoparticles (Inframat
Advanced Materials, Manchester, CT, USA, 20 nm). Selected
formulations comprised also hydroxyapatite (later refemred 1o as
HAp: P260 S, Plasma Biotal Ltd, Tideswell, UK, dey=3 pm) and
borax (sodium borate decahydrate, NasB,O; + 10H,0, Normuapur
Prolabo, France) microparticles. The balance among the most
important constituents (silicones/Ca0 precursarMgO precursor)
followed the stoichiometric Si04/CaO/MgO molar proportions of
akermanite (i.e. SIOCaOMgO =2/2/1). Isopropanol was used
in an amount of 20 ml for every 10 g of starting materials.

The mixing was performed under magnetic stirring, fol-
lowed by ulirasonication for 10 min, which allowed to obtain
stable and homogeneous dispersions, later cast in large glass
containers and feft to dry overnight at 80 °C,

2.2. Prepararion of monoliths and foams
Monoliths were prepared using both polymers as silica

source, More precisely, 50wi% of SiO; was due to MK,
30 wi% to H62C; given the relative silica yield (0.84 for MK,

E Bernardo et al. / Ceramics Imernational 40 (2014) 1029-1035

058 for H62C), the polymers were used in the weight
proportion MK/H62C = 2/3, This solution for silica precursors
wias chosen afler preliminary experiments conceming other
silicates and alumino-silicates, such as wollastonite and cordier-
ite [14,15], Besides CaO and MgO precursors, some samples
featured HAp as additional fillee, in an amount ranging from 25
to 75 wt%. After drying at 80°C m a glass container, the
silicone/filler mixtures were heated at 200 °C (in order to favor
the cross-linking of H62C, in analogy with previous experiences
[150). for I h, and then manually ground into fine powders by
pestle and mortar. The powders were cold-pressed in a
cylindrical steel die applying a pressure of 40 MPa for 2 min,
without using any binder. Disc specimens with a diameter of
20 mm and thickness of approximately 1 mm were obtained and
heat treated at 900-1100 °C for 1 h; the heating rate was 2 °C/
min. For a selected formulation, the powders were pressed into a
tile with dimensions of approximately S0 mm x 35 mm x 4
mm, by using a bigger die. After ceramization, the tile was
cut into small beams of approximately 43 mm x 3 mm x 4 mm,
fater polished and chamfered, up to a 5 pm finish, by using
diamond tools,

Feams were prepared by using only the H62C polymer, to
which Mg(OH), micro-particles, CaCO; miro- or nano-sized
particles, and borax (S and 15 wit% of the theoretical ceramic yield
of the other components) were added. The use of H62C as the only
silica source was aimed al maximizing the rheological behavior of
the mixtures (in twm due to the fact that H62C is liquid at room
temperature) [15], After first drying at 80 °C, the H62C-based
mixtures were in the form of thick pastes, kater manually
tunsferred into Al molds, where they were subjected to a treatment
at 350 °C in air (direct insertion of samples in oven). for 30 min,
which enabled to stabilize the bubbles caused by wuter release
(from Mg hydroxide and borax). During the treatment, complete
crosslinking of the preceramic precursors was also achieved. This
treatment replaced the cross-linking cycle at 200 °C, previously
applied 1o mixtures based on both MK and H62C. After removal
from the Al molds, samples were fired at 1100 °C for | h in air
(2°C/min heating rate). Cylindrical samples, with diameter of
10 mm and height of 7-8 mm, were obtained from the fired foams,
by manual polishing (with diamond tools).

Table |
Summacy of condations for sample preparation
Type Silica precursor  Primary fillers Secondary Nller Firing temperature (°C)  Expected crystal phases
(Ca0 and MpO precursors)
Akermunite monoliths ME/H62C Micro-CaCOy, Micro-Mg(OH), Nome SO0 Akermanite
1000
Nano-CaC0,, Nano-MzO 100
AkermaniteHAp MK/H62C Nano-CaCO,. Nano-MgO Hap 900 Akermanite+HAp
compasite monokiths (25-75 wmi%)"* 1100
Akermanize foams H62C Nono-CaCO5 Micro-MglOH), None 100 Akermanite
Boray, (5-15 wi®)"
Micro-CaO0;, Micro-Mg(OH); Borax (5 wr'k)”
*Amounts referred 1o the th ic yield of the silicone/pamary fillers mixtures,
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Table | summarizes the conditions for the preparation of
samples, in both monolithic and cellular form.

2.3, Characterization

The density of discs and foams was determined geometri-
cally and by weighing using # digital balunce. The true density
of the various sumples was measured by means of a gas
pycnometer (Micromeritics AccuPyc 1330, Norcross, GA).
operating with He gas on samples in powdered form. Micro-
structural characterizations were performed by optical stereo-
microscopy and scanning electron microscopy (FEI Quanta
200 ESEM, Eindhoven, The Netherdands) equipped with EDS.

The crystalline phase identification was performed by means
of X-ray diffraction (XRD); Bruker AXS D8 Advance, Bruker,
Germany), supported by duta from PDF-2 database (ICDD-
Intemational Centre for Diffraction Data, Newtown Square,
PA) and Match! program package (Crystal Impact GbR. Boan,
Germany).

The elastic modulus of akermanite/HAp composites was
determined by subjecting the previously mentioned small
beams to non-destructive dynamic resonance testing (Grindo-
sonic, Leuven, Belgium). The bending strength of monolithic
sumples und the crushing strength of foams were measured at
room temperature, by means of an Instron 1121 UTM (Insteon
Danvers, MA) operating with a cross-head speed of 1 mmvmin,
Bending tests were conducted in the 4-point configuration
(40 mm outer span, 20 mm inner span). Each data point
represents the average value of 5-10 individual sests.

3. Results and discussion
3.1, Synthesis of akermanite ceramics

Fig. 1 confirms the possibility to obtain akermenite ceramics
exploiting the reactions between the ceramic residue from silicones
and fillkers. Considering the absence of an evident amorphous balo
in oll pattemns, the-total degree of crystallization was reputed 10 be
remarkable already after the heat treatment at 900 °C. However, the
yield of the desired silicate was strongly affected by the processing
temperature and the size of the fillers. More precisely, as already
foundt in previous investigations on wollastopite |13], the use of
nano-sized particle fillers led 10 the formation of akermanite
(PDFEET-0047) alreaxly a1 900 °C, while a higher peocessing
temperature was requined when using micro-sized fillers of the
same composition, Samples fired at 1000 °C did not show any
significant difference with respect to the ones fired &t 900 °C in
terms of crystalline phase assemblage and overall peak intensity. At
1100 "C, akermanite was the meain crystal phase in all samples, but
the sample from micro-sized fillers contained mone impurities {see
the relative beight of charscteristic peaks), in the form of secondsry
sibcaes, swch as wollastonite ($-CaSi0,, PDF¥84.0655) amd
merwinite (Ca:MgSi;0y i.e. 3Ca0- MgO - 25i0,, PDF¥350591).
The sample from microsized fillers also contained mces of
unreacted MgO (periclase, PDF287-0653). From the semiquantiti-
tive X-ray diffraction analysis provided by the Match! program
package, we can say that the final phase assemblage at 1100 °C for

dor et al. { Coramics Inte
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the best sample, obtained using nano-sized particles, was 85 wit%
akermanite, 9% merwinite and 6% wollastonite, Since both
wollastonite and merwinite are both bioactive [10), the presence
of such impurities was 1ot reputed 10 be an issue for the forecasted
biological application of the material.

3.2. Developmenr and characterization of akermanite-based
ceramic composites

Hydroxyapatite (HAp) was introduced as additional filler in the
best formulation for akermamite synthesis {the ope comprising
nano-sized fillers), in order to modify the biological response of
the matenial and produce components possessing ulso a faster
dissolution rate in biological fluids. Moreover, the addition of a
further filler would potentially reduce the presence of cracks that
were observed when processing the mixtures producing  pure
akermamite, despite the choice of a silicone mixture (MK+ H62C)
as silica source, instead of only one silicone polymer. In fact, the
use of & mixture of silicones has been proved o favor the
integrity of polymer-derived silicates (a discussion of this effect
has been recently provided by Parcianello et al. | 15]), because the
different chemical and stroctural characteristics of the polymeric
precursors generte 4 sifica matrix with different features (e.g.
network connectivity and number of defects) which determine a
different ability o relax stryctural rearrangements by viscous flow
or diffusion processes.
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HAp was added in several proportions (75 wi% CaQ/MgO/
$i0, cerumic residue from silicones and active fillers, 25 wt%
HAp; 50-50 wi%, 25-75 wi%) and the samples were heat
treated at 900 °C and 1100 °C. Only samples with 75% HAp
were crack-free; the reduction of the transforming mass
(silicone and active fillers) evidently reduced the stresses
associated 1o the volumetric changes, in wm due to ceramic
conversion and reactions giving the desired crystalline phases.

HAp, howevey, did not act simply as an inent filler: besides
promoting the integrity of samples, it affected the phase
development, as shown in Fig. 2, for samples containing
25% and 75% HAp. HAp peaks remained well recognizable
for treatments at 900 °C, while at 1100 °C a novel phase
formed, that is calcium phosphate silicate Cay(PO,),Si0,
(CPS, PDF#40-0393), whose bioactivity was demonstrated
only very recently |17]. Akermanite is clearly visible only
for 25% HAp, m 1100°C, whereas almost all samples
contained merwinite. Some traces of unreacted MgO were
detected for 25% HAp, at 900 °C,

Table 2 reports the results from mechanical testing of
composites with 75% HAp fired at 1100 °C, The ceramic
composites exhibited a sensible linear shrinkage (~15%) and
were quite porous (~30 vol%), because of the production of
decomposition pases during processing and limited solid state
sintering at the processing temperature, with consequent limits
on elastic modulus and strength, If we consider, however, that

E Bernardo et al. / Ceramics International 40 (2014) 1029-1035

the composites could be applied in the form of scaffolds where
all the constitutive elements are loaded as bars in bending
configuration, we can note that the specific bending strength
index is not far from that of important natural materials, such
as cartilage (according to Ashby [18], 6*/p=1.9, where o is
the strength and p is the density). The specific bending
stiffness index (E'%/p) was also close to that of natural
materials. Improvements in strength could be obtained by
coating the ceramic components with biopolymers |19, that
could take advantage of the residual microporosity, clearly
visible in Fig. 3a, for infiltration.

3.3. Development and characterization of akermanite
ceramic foams

As previously reported, operating with H62C as the only
silica source, the first drying step at 80 °C yields a thick paste.
This condition has a great potentinl for further processing,
since the high viscosity could promote the entrapment of
gases. More precisely, Mg(OH), and borax were considered
for their ability to decompose af relatively low temperature,
with a significant release of water vapor below 350 °C 120,21).
In other words, these fillers can be used for the double purpose
of affecting the phase development and foaming,

The heating of the pastes at 350 °C was intended to:
(1) provide the evolution of water vapor; (ii) stabilize the

Xpedzs»

Intersly [ a.u.
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20/ deg 20/ dog.
Fig. 2. Qualitative X-ay diffraction patters of akermanite-based np prepared with (4) 25% HAp; and (b) 75% HAp.

Table 2
S y of physical and hanical prop of selected akermanite-based baoceramics,
Type Densaty. p (gfem’) Total porasity (%) Strengeh, o (MPa) Notes
25 Akermanite 75 HAp monolath (1100 °C) 253+ 001 27 10.6 + L5 (bending) E=240440GPa
Akermanite foams (C2CO, nano-partiches) 0.86 3 0,03 Tl ' 3.4 402 (crushing) No borax

050 +0.02 5.1 1 0.4 (crushing) 5% Borax

0854001 ks 3.4+ 0.4 (crushing) 15% Bomx
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Fig. 3. Microstructural detsils of (a) akermanite/HAp ceramic composite (76% HAp); (b,c.d) akermanite based cellular maserials (b) only Mg(OH); as foaming
zgent: and (c) 5% borax; and d: 5% borax).
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Fig. 4. X-ray diffraction patterns of akermanite foams () effect of borax and (b) effect of CaCO, powder size (nof indexed peuks all comesponding to akemunite)

cellular structure by thermal cross-linking of the H62C  addition of borax caused the formation of a well-developed
polymer, As reported in Table |, the sample resulting from  cellular structure, with many clearly interconnected macro-
the use of Mg(OH), as the only water source was very porous  pores (see iz i¢ and d)

{density well below 1 gfem®), but the pore distribution was noi Borax had also a quite unexpected effect on the development
particularly homogeneous (see Fiz 3b). On the contrary, the  of crystal phases. As shown by Iie. a, akermanite is not the only
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Fig. 5. High magnification detatls of akermandte foams (3} 15% borux und (1) 3% dorax,

crystal phase that developed from mixtures comprising nano-
sized CaCO; and micro-sized Mg(OH),: wollastonite and MgO
(weak peaks) are also cleardy visible. Mixtures comprising borx,
on the contrary, featured only the presence of akermanite. We can
posit that this additive led o the formation of a bquid phase vpon
ceramization (transformed into u borate glass phase upon cool-
ing). thus favoring ionic interdiffusion. This is confirmed by
Fig. 4b, showing that even operating only with micro-particles
(micro-sized CaCOy replaced nano-sized CaCOy) akermanite was
the dominant phase (there are in fact only weak waces of a
wnother Ca-Mg silicate, monticellite, CaMgSiO; ie. CaO-
MgO - §10,, PDF#35-0590),

Despite having & very similar bulk density, the crushing
strength of the cellular ceramics (see Table 2) increased with
the addition of a limited amount borax while, quite surpris-
ingly, that was not observed for the sample with the most
homogeneous porous structure (15% borax  addition). A
possible cause is the abnormal crystal growth of the silicate
phase (embedded in & low viscosity borate phase), visible in
Fiz. Sa, leading to a number of microvoids. The abnormal
crystal growth was not detected in the sample with i lower
content of borax (5%), as shown in Fig. 5b,

The strength of the obtained foams, in all cases, compares
favorably with the data reported in the literature for cellular
akermanite {¢.g. foams from conventional replication of PU
templates possess u crushing strength well below 2 MPa [221),
The presence of B,0O, and NisO in the amorphous phase is not
expected to compromise the bioactivity, since these oxides are
present in bioglasses in much higher amounts |1], The
validation of the bicactivity and biocompatibility of the foams
as well as the ceramic composites, will constitute the focus of
future investigations.

4. Conclusions

The main findings of this study may be summarized as
follows:

® Akermanite ceramics can be casily obtained by the thermal
treatment of silicone resins embedding CaO and MgO
precursors; the crystalline phase purity is optimized when
adding nano-sized fillers.

® Hydroxyapatite powders, itroduced as secondary fillers,
interacted with the other components, leading te monolithic
ceramic composites with complex phase assemblages and
featuring a good specific strength; all the developed crystal
phases are known to be biocompatible,

® A particular combination of starting materials, such as
H62C polymer, nano-sized CaCO; and micro-sized Mg
(OH);, was found to yield highly porous ceramic compo-
nents, by a very simple process (low temperature foaming,
followed by ceramization at 1100 °C),

® The addition of borax had a double effect, i.e. it contributed
both to the development of an homogencous celluiar
morphology and to the phase evolution; for borax-
containing mixtures the resulting ceramics feature akerma-
nite as the main phase,

® The newly developed foams compare favorably with
cellular akermanite bioceramics previously reported in the
literature; the oxides associated to borax addition (B,0, and
Na;0) are not reputed o degrade the biocompatibility, being
present in well-established biomaterials, such as bioglasses.

Acknowledgments

The authors acknowledge the financial support of the Italy—
Germany bilateral research program “Vigoni™.

References

(1] MN, Rahamun, DE Dy, B3

L F Bonewuld. A

et Boomstensaliv

Bl Q 0 SH Jun

¥ o Broactive gluss i tissue engmneeting
(2011) 2355-2372

RIT Kokubo, S I, 2 Houng. T Hayeshi. S, Saxkn Kitsust
I Yanunsang, Ca=Pneh lay D] o6 Bigh-strength e tive gl
ceramiie AW, Jourmal of Bawsechiond Nlsersaly Reseanch 24
131133

Bl PN De Arn F. 6

evalianion

| 1990
ntian, & De Aza. Bipactivicy of wollastonite coramicy

t Maenoha (1994

} Yitroe SN \-" wliuryxa
L1005

[4] PN De Am, Z Laklipska MR
Mogbologscal studics of
Journal of Micros

I8} 2 ¢

porwders, Joumul of 1y

Ansenu, I© Caltan, 'S De Az,

levonile for somedical applicamicn

o0, 1 Uhang. Symtheses umd in voirn hoscoviey of dhodciem silicane

Eurpean Ceorne Sociely 24 12004 93109



CHEMISTRY & CHEMICAL TECHNOLOGY

Vol. 9, No. 2, 2015

Chemical Technology

Gennadiy Kosnikov', Oleg Figovsky’ and Adnan Eldarkhanov®

METAL MATRIX MICRO- AND NANOSTRUCTURAL
COMPOSITES (REVIEW)

1St. Petersburg State Polytechnic University, St.Petersburg, Russian Federation,
ZPolymate Ltd. International Nanotechnology Research Center, Migdal HaEmek, Israel,
IGrozny State Oil Technical University, Grozny, Russian Federation

Received: December 30, 2013 / Revised: February 20, 2014 / Accepted: November 23. 2014

@ Kostukov G.. Figovsky O, Eldaukhanov A, 2015

Abstract, Liquid phase production technologies of metal
matrix  mucro- and  panostictral | composites  are
considered. A complex using nagnetobiydrodynamic stir-
nog ultrasonic treatment of melt during liquid and hquid-
solid states and thixocasting advantages are proposed.

Keywords: metal matrix composites, liquidphase
technology, magnetohydrodynamic stimng,  ultrasonic
treatiment, thixocasting.

1. Introduction

Research and development of metal mamx
composites (MMCs) are given a significant consideration
practically in all economncally developed coumitries due to
the complex of mechanical and service properties that
could be obtained m this class of structural materials, and
which are wnatainable m the taditional waterials
produced using the traditional techinologies. Metal matix
provides a munber of advantages if compared to other
(polymer. carbon, ceramic) matrices. in particnlar higher
harduess, strength, electric and heat conductivity. crack
resistance, and melting temperature. The use of the liquid
phase teclmologies means that i the process of MMCs
production at least one of the components is in the liquid
phase (casting technologies, liqud forging, laser and
plasma spraying, sintering with liqud phase, ere.)

Two types of composites are dishnguished:
artificial and nanwal In amficial composites the
strengthening  disperse  phase is  either introduced
artificially from the outside or is formed when matrix melt
interacts  with astificially mtroduced agents, Natural
composites include the alloys, in which the disperse
phases are formed under the natural processes of primary,
in particular, oriented crystallization. Typical natural
composites are graphitized cast irons. The properties of

natural composites can also be upproved using the
technologies typical to arificial composites. However,
arnficial composites are regarded as the pronusing
marerials with unique properties [1].

Conposites, reinforced with fibers or whisker
crystals, and lavered composites are widely used in
industry. The technologies of their production are rela-
tvely smple and the scientific bases of their deve-
lopment. amalysis and prognostication of their behavior
while using the articles are thoroughly studied. With the
exception of the production of prepregs, that serve as
senu-finished articles for the production of the construc-
tions. the composites of this type and the constructions are
produced simmiltaneously. allowing the consideration of the
specifics of the use of these constructions and conditions of
the explaitation. These composites have a munber of
positive properties (high specific strength. hardness, wear
resistance, fatigue resistance. erc.). Al the same time these
nmterials  possess  substantial  defects  (anisoropy  of
properties. lugh cost, low maintenance workability. efc.).
that given specific technology and engineering propetties
narrow the range of their application.

Dispersion-reinforced composites nclude casting
and wrought alloys as a basis and disperse particles as
remforcers, anificially incorporated {ev-sifu processes) of
mitiated as a result of the occuming (in-sind) processes.
Generally, refiactory  lhigh-strength,  ligh-modulus
particles of oxides. carbides. borides. nitrides (mwore
frequently SiC. ALO;. ByC. TiC) are used as micrometric
size remforcers. Chemical reactions /m-sity, occlaTing n
the melt in the process of incorporation of the reactive
metals. gases or chemical compounds, form thermo-
dynamically stable, werted by the melt due 1o the coherent
boundary formation. and thermostable at high temperature
of maintenance reinforcing phases [2].
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The processes of sponfaneous high-temperanue
synthests that are used to produce reinforcing particles in
the metal melts, pertain, in fact, to i-sine processes [3].

The main critenia for choosing the matrix melt
composition, size. quantity, nathwe of the reinforcing
phase and method of its unplantation mto the melt
method of shaping and conditions of obtaimng properties
of the blanks are the requirements to the finished article
properties, stability of the structure and the properties of
these articles in the process of their use. This requires
diversity and complexity of the rechnological solunons for
the MMCs aticle production.

Three principal processes of MMC's production are
used:

- mcorporation of particles mto the melt with
intensive impeller [4] or magnetohydrodynamic (MHD)
[5] mixing.

~ mmpregnation of disperse particles ar preforms
with matrix melt:

— powder technology.

With the exception of the cases when powder
technology is mplemented by the compaction of the
original manix alloy powders and reinforcing components
in the solid state. all three teclmological schemes involve
the use of liquid-phase rechmques for producing MMCs.

The problem of the development of the compaosites
with the given level of properties is only a part of the
objective concerning the finished article production out of
these composites. As a rule, it is necessary to be gwded by
the optinmm value of the property or a group of
interconnected properties that detenmne the operafing
capacity of the finished product. New engineering
solutions may be possibly used for the articles, in which
composites substitute the radinonal marerials.

Despite the abundance of works dedicated ro the
research and production of MMCs. their implementation
1s still in the semi-industrial production stage. One of the
reasons of such situation is limited possibilities of the
MMCs use for the production of the cast shapes of varied
weight and dimensions with complex internal cavities.
Due to their general-pupose properties, the waditional
foundry technologies. implying the filling of the molds
with the liqmd-state alloys, as well as thixoteclnologies.
implying the filling of the molds with the rwo-phase-state
alloys. are the most appropriate.

Specific feamwe of the cast MMCs is the need 10
provide equal distribution of the disperse particles m the
melt vohune for all stages of cast ingot produced by the
traditional casting methods: from the process of particle
incorporation infto the melr ro the process of ingot
formation in the mold. Therefore. the problem of
sedimentation stability of the cast composites 15 closely
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connected not only with MMCs property and stmcnue
formation but with the implementation of the casting
production methods.

The struchire and properties of the composites are
deternined by the matrix melt properties, by the chemical
composition, form. dimensions, quantity of incorporated
or formed in the melr disperse particles. and also by the
mteraction acnvity and processes on the “disperse
particle-melt” boundary. These factors determine the
possibility of producing of the metallic suspension. the
pouring of the latter to the molding cavity (casting mold,
molding tool). provides the production of the articles with
the given properties.

2. MMCs Production Technologies

MMCs based on the aluninium and magnesium
alloys are the promising materials for the various branches
of industry due 10 low unit weight and higher, in
comparison with the matrix alloy. level of the properties
(wear resistance. hardness. local strength, bearng
capacity. heat resistance. damping, antifriction. transport
and other properties).

Magnesium mamix composites have unique
specific characteristcs [6]. Magnesium alloys with high
tendency to vitrification and thenmostability are of
particular interest as matices for the MMCs. As the
reinforcers the following compounds are used: SiC — due
to the satisfactory wetting and chemical stability i the
magnesium melt [7]. oxides - due to low oxygen
solubility in nmmgnesium. refractory metal powders (Cu.
Ni. Ti) — due to fine wetting of the metals by magmesium
[8]. When using transition metals in in-situ processes. the
produced intermetallides provide high wear resistance and
mibological properties of magnesium MMCs,

Nowadays. alumimmum alloys are of the high
demand and wide-spread among the non-ferrous metals
materials. possessing high specific strength and a general-
purpose complex of mechamcal. service and special
properties, creating preconditions for the use of
alumanum-based naterials 10 develop engine-building.
aeropautical and space engineering.

The possibilities to enhance the service properties
of almmimun alloys, produced by the waditional
technology of component alloying. their treatment i the
liquid state and shaping are exhausted 1o a large degree.
Due to this fact all technically developed countries started
the research and developmewt in the field of the
alumomatrix composites (AMCSs) synthesis.

Microsize particles in the composites. in particular,
alumomatrix composites, serve as remforcers, and the
character of interactions on the “particle-melt” boundary
1s mainly detenmined by their wettability by the melr. The
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research [9.10] in the field of alumomatrix composites.
reinforced with widely used microsize SiC. ALO;, ByC.
TiC and the experience of use of the articles proved that
these alloys provide high level of mechanical and service
properties and may be used 1o produce shaped articles
with casting merhads.

Liquad phase techuologies of AMCs production by
corporating a sufficient amount (up to 20 vol %) of
micrometric refractory particles into the melt have been
brought to the mdustrial application.

For example, Talbor company [11] specializes on
producing alumomatiix composites, reinforced by SiC,
B.C. and ALO; microparticles m the process of
mechanical mixing. In comparison with ByC. silicon
carbide is better wetted by the melt. provides high level of
the composite harduess. and is more commercially
appropriate, However, ALy creates danger of bnttle
faihwe of the articles, The presence of adsorbed gases
does not allow ro weld and thermally treart the composite.
Even if the mamix alloy can be welded, high SiC' density
with the same incorporated quantity leads to weighting of
the articles and tends to the sedimentation. AlyO; is the
densest of the three remforcers, minimally active towards
aluminium. provides higher strength of the composites.
bur its segregation ability in the casting process is high.
For the cast composites (sand mold casting and metal
mold casting, high-presswre casting. liquid forging) the
company uses BiC as reinforcing and providing the
composite with the ability to withhold hard radianon
particles. With the density similar to the density of
aluminium, ByC provides higher sedimentation stabality of
the shury. allowing of producing thick-section castings by
the methods of gravitation casting. using ceranuc filters,
melt outgassing with argon or nitrogen, ByC particle
passivation. and special construction of the gating system.

In a munber of cases, in order to mmprove the
wettability, the disperse particles are plated by the
elements enhancing their wettability by the melr (for
example, rechmological coatings of Fe and Cr are used for
SiC). For aluminum alloys Mg, Su, Sb, and Bi serve as
interphase-active elements. improving the wettability of
the incorporated refractory particles [9].

New generations of mulitary. aerospace and civil
equipment require the development of the new structure
and  functional  waterials.  oblaining  properties,
unartainable in the waditional stucture materials and
composites, reinforced with ultradisperse micrometric
particles.

At present, special attention is drawn to the works
dedicated to the production of the metal matx
nanocomposires (MMNCs) by means of the multipurpose
use of ex-sity and in-sitt processes (polyremforcement),
mmplving nanosize structural constituents in the form of
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the nanosize thermostable particles introduced from the
outside and mtermetallides produced as a result of the
occurring  processes. It was theoretically proven and
experimentally approved that the properties of the
composites improve if the particle dispersion 1s reduced to
nanosize level [12-14).

The mvestigation [15] studies the prospects of
using nanoparticles as reinforcement agenrs fo  gain
improved perfornance of A356 Al cast alloy by adding up
to 5% AlLO; and TiO, particles. The particles size was
mtentionally reduced from 10 mm to 500 nm and to
40 nm The results showed that introducing nanoparticles
imto  senusolid sluries has a beneficial effect on
optinnzing strength-ductility relationship in Al-Si cast
alloys. The new nmterial showed higher strength values
with improved ductility compared to the monolithic alloy
under the same casting conditions. Those particles were
incorporated and entrapped within the mterdendnic
andior grain boundary interface, as well as within the
grains, developed during sohidification.

1t 1s noted [16] that SiC microparticles are mainly
located at the boundaries of the eutectic grains. and SiC
nanoparticles — in the dendrites of the primary solid
solution. The tendency of the microparticles to locate at
the boundaries of the grains leads to the lower fiacture
toughness, strength and hardness ar high remperanues,
and also 1o the machining deterioration. Nanosize SiC and
ALO; particles affect the size and morphology of the
mtermetallic compounds formed in the melt: as a result of
the interaction of the nanosize SiC and Ti particles, the
reinforcing phase TiC is formed.

However. high energy potential. ligh specific
swrface and interphase particle energy. and lugh surface
tension of the melt impede the incorporation of the
nanoparticles into the melt. and the tendency of the
nanoparticles to develop aggregates. The possibility of
their fusion m the melt requires special technology
solutions different from the teclimologies of the microsize
compoind prodlmion Thermal activation of the
ncorporated particles in the process of their plepamm ©
the incorporation into the melt and the processes occmring
in the liquid composite during the dwell time. pouring into
the mold and fimshed article solidification, contribute to
the intensification of the diffusion and recrystallization
processes, to the disappearance of the non-equilibrivm
phases, residual stress relief and, comrespondingly. to the
modification of their unique properties. The higher the
technological temperanwe is, the more intensively those
processes occur and the lower the viscosity of the melt is.

Concerming the specific processes of interaction
between the nanoparticles and the melt. it is evident that
the decrease of temperature of the inoculation of the
particles into the melt to the two-phase state amd
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successive heating of the blanks duwring the shaping
process to the temperature of the rwo-phase state (not to
total dissolution) create precondinions for the effective
problem solving i the field of cast MMNCs production
(in particular, sedimentation and aggregative stability. gas
porosity). Therefore. the processes of solid-liquid shaping
(thixoforming) are most pronusing for MMNCs and
MMCs products [17-20].

It 1s evident that irespective of the influence of the
nanoparticles on the crystallizing alloy. they remain as
isolated nclusions in the solid composite and affect the
processes of composite destruction. dependmg on the
place of their location regarding the boundaries of the
struchure elements [21].

In the process of cast nanocomposite production it
1s necessary to provide the inoculation of the nanoparticles
mto the melt and their equal distribution in the volume of
the shury and sedimentation stability of the melt. prevent
nanoparticles from aggregation i the process of feeding
the composition o the molding cavity and in the
recycling process of the composites and reheating before
the shaping of the previously produced nanocomposite
charges. Concwrently. the problem of providing the peak
level of the necessary complex of composite properties by
affecting the processes of cystallization and structure
formation of the matrix melt is of great value.

The moculation of the nanoparticles into the melt
and ther wmform distribution in the shunry s mamly
unplemented by means of the mechanical [4] and MHD
[5. 22] sturing of the particles. The reinforcing particle
powders may be mmoduced not only in the mitial state
using plasma torch. injection in the gas current, but also in
the form of the pellers, briquetres, flux cored wire, and
extended pressed compositions. In the process of the
mechanical mixing the optimum performance of the mixer
provides the onset of the shear deformation in the melt.
especially when mixing the melt in the liquid-solid state.
It prevents the agglomeration of the particles and provides
better wetting and uniform distribution of the particles in
the melt volume. The ensuing dwell rime of the melt in the
mixer with low nuxing speed enables its transporting to
the casting molds using various casting methods.

Plasma synthesis method along with the biplanar
MHD-mixing and incorporation of the nanoparticles into
the melt m the form of nanosize powder composites.
produced by mechanical alloying in high-energy mills.
possesses a number of advantages [23]. Biplanar MHD
mixing of the hypoeutectic silumins in the liquid and rwo-
phase states allows solving the problem of equal
distribution of the particles in the melt volume. ensuring
the degeneration of the dendrite structwe and the
possibility to use all the advantages of thixocasting for
producing nanocomposites.

Gennadiy Kosnikov et al.

High-power ultrasound treatment (UST) of the
alloys 1n the liquud and two-phase state is one of the most
efficient methods of affecting the processes of alloy
structire formaton [24-28]. Structwal changes in the
ultrasound-treated metal are deternuned by the processes
occurring in the melt in two-phase zone — mxcleation of
crystals, their growth and dispersion, by nuxing processes,
which, m mm, are connected with cavitation and acoustic
streaming development in the melt. and by the parameters
of supersonic field in the melt. its properties. volumne,
impurities, and dissolved gases [29].

The impact of ultrasound dinumshes with
mcreasing the distance between the alloy and the
ultrasonic horn: therefore it is advisable to use ultrasound
treatment along with the MHD-muxmg. This allows
solving the problem of non-dendrite stucture formation in
the process of composite thixocasting at the stage of the
primary treatment of the melt, considerably decreasing the
duration or excluding the reheating of the blank aimed at
final “degeneration” of dendrires,

The development in the field of production of
MMNCs using nanocarbon materials as reinforcing
complexes, in particular, fullerenes Cg.  manotubes,
nanodiamonds, nanosize products of the modificanon of
the natwral carbonaceous rock (slmmgites), is highly
promising [30].

The problem of the nanoparticles inoculation mto
the melt may be simplified due to the prelininary
production of rich nanocomposite alloys in the liquid-
solid state with their firther incorporation into the melts.

Special atfennon 1s given to the mnovative
developient of cast and wrought MMNCs industry — the
superdeep penetration (SDP) phenomenon. It may be
regarded as the new physical mstument to affect the
existing materials. The new concept of the physical
phenomenon of the SDP 1s based on the consequent
mplementation of the complex of the physical effects,
such as higher epergy densiry (accumulation) in the local
zones of the bamier material due 1o shutdown of the
system, creation of dynamically stable local zones of high
pressure. and the level of the latter sufficient to implement
the dynamic phase tansition. The use of SDP allows 1o
mcorporate into the vohune of the solid body the alloying
elements tens millimeters deep at an interval of 10°-107 s,
In the volume of the solid body the fibrous elements,
obtaining specific nano- and microstructures, allowing
producing the materials with wmique properties, are
created [31-33). Nowadays SDP is used for the sclid-state
processes: however, there is a reason to believe that
complex technologies would make it possible 1o use SDP
for the ligud pbase methods of merallomatix
nanocomposite production.
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As a rule. the foundry specialists are concerned
with the procuction of the shaped castings out of the
casting alloys by various casting methods. However, the
development  of the thixoforming  (thixocastng,
tuxoforging) processes proves the effectiveness of the
cooperation of the foundry specialists and the specialists
in the field of the forging processes. The field of murual
cooperation may mclude the production of sheets and
shapes out of nanocomposites using the methods of the
ingotless rolling.

At present the granular rtechnologies develop
rapidly. especially the new material science branch of
nanostructure  granular  composites,  combining  the
advantages of the metallwgy of granules and the
principles of producing the volumetric composite out of
granules [34]. As a rule, uniform (isostatic), hydrostatic or
gas-static pressing is used for the compaction.
Considering the experience of the foundry specialists in
the field of suspension casting, the possibility of the use of
the nanostructire granules for the moculation of the
nanoparticles into the melt, the cooperation of the foundry
specialists with the specialists of the metallwgy of
granules in the field of the development of the hybrid
processes. capable of providing the production of the
shapes our the new class of nanocomposites, is highly
promising.

3. Conclusions

1. Mewml mamx micro- and. especially, nano-
structral composites provide a munber of advantages as
compared fo faditional matix alloys, MMCs and
MMNCs based on the aluminium and maenesium alloys
are the promising materials for the various branches of
industry due to low umit weight and higher. in comparison
with the matrix alloy. level of the properties (wear
resistance. hardness. local strength. bearing capacity. heat
resistance, dampng. antifiction. fransport. and other
properties).

2. The problems of nanocomposite article pro-
duction using liquid phase teclnologies require the system
approach to the solving of the whole complex of the
occurring problems, involving specialists in various fields
(thermodynamics, physics and chemastry of the melr and
solid state. fiachwe mechanics, teclmologies of the
production and meatment of the alloys in the liqud and
two-phase staie, efc.)

3. The promising technologies are the complex
technologies of MMNCs production. implementing the
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external influence (UST. MHD) on the hqud and
aystallizing mamix alloy with incorporation of the
remnforcing particles along with the thixofornung of the
finished article production.

References

[1] Prusov E., Panfilov A, and Kechin V.: Russ. Foundryman, 2011,
12,35

[2] Zheng Q. Wu B.. Reddy R.: Adv. Eng. Mat,_ 2003, &, 167

[3] Amosoy A.. Borovinskaya L and Merzhanov A Porashkovayn
Techaologia Samorasprostraniaushegosia  Vysokotemperanunogo
Sinteza Materialov. Mashinestroenie-1. Moskwa 2007,

[4] Herling D, Grant G. and Hunt W.. Jr.: Adv. Mat, & Proc.. 2001,
July. 37.

4] Szajnar J.. Stawarz M.. Wrobel T. and Sebzda W.: J. Achievem
in Matenals and Maoufacturing Eng., 2009, 34, 95,

[6] Sazonov M., Chemushova T. and Rohlin L.. Consty. 1 Funct.
Mat. 2010. 2. 3,

[71Can Y., Tana M., Shen G. and Su H.: . Mater. Sa. Eng. A, 2000,
282, 232,

[8] Hassan S. and Gupta M. J, Mater. Sai,, 2002, 37, 2467

2] Kalastaukov I, Bolotova L. and Chernyshova T.: Tsvetnye
Metally, 2010, 9.67.

[10] Zhon W. and Xu Z.: J. Mater. Proc. Techn.. 1997, 63. 368.

[11] www taloncomposites.com

[12] Elagin V.: Tsvetnye Metally. 2009, 6, 103,

[13] Kondratenko A. and Golubkova T.. Konstr. Composit, Mat,,
2009, 1. 24

[14] Koch C.:: Nanostructurad Materials. Processing, Properties and
Potential Applications. Noyss Publications, New York 2002

[15] E1-Mahallawi 1, Shash Y., Eigenfeld K. of al.. Mat, Sci. &
Techn.. 2009. 26. 10.

[16] Petrumin A, Panfilov AV, and Pafilov A A Litéinoys
Proizvodstvo. 2009, 10, 17,

[17] Kostukov G. and Kolzsov S.: Russ, Foundryman, 2007, 4, 28
[18] de Cicco M.. Tume L -S.. Lt X.<C. and Perepezko J.: [in:] Hirt
G.. Rassili A and Buhrig-Polaczek A (Eds.), Proc. 10* Int. Conf
on Senmu-Solid Processing of the Alloys and Composites S2P 2008
Aachen, Germany and Liege, Belgiun, September 16-15, 2008,
814

[19] % S, Qian M. and Fan Z,: Metallwrg. & Mat, Tronsact. A,
2006, 3TA_TTO.

{20] Ivanchev L., Camagu S. and Govender G.: J. Solid State
Phenomena, 2013, 192-193, 61

[21] Jones R, Pint S.. Hui D. and Brumner A : Commposite Structures,
2013.99, 378

[22] Kosnikov G. and Kolesov S.: Works of VII Congress of
Russian Foundrymen. Novosibirsk 2008, 1. 298

[23) Kosnikov G.. Baranov V., Petrovich S, and Kalmykov A
Liteinoye Proizvodstve, 2012, 2, 4.

24] Abramov OV, and Prikhod’ke V. (Eds.): Moschniy Ultrazvuk
v Metallurgis i Mashinostroends. Yamis-K. Moskwa 2006.

{2%] Zhang L., Eskin D, Miroax A. and Katgennan L : Liglst
Metals. 2012, 999,



170

[26] Chen Y .-J., Hsuand W.-N. and Shih J.-R.: Mat. Transact,,
2009, 50. 401.

27] Kosnikov G., Figovsky O., Eldarkhanov A er al.: Sci. Israel-
Techn. Adv, 2013, 18, 93,

28] Yao L.. Hao H.. Shoshua L, er al.: Trans. Nonferrous Met, Soc.
China, 2011, 21, 1241,

[29] Alba-Baena N.. Pabel T.. Villa-Sierra N. and Eskin D.: Mat.
Sci. Forum, 2013, 768, 271.

{30] Prokhorov V. Blank V. Pivovarov G. and Solovyeva L.
Mezhdunar. Conf *“Novye Perspeknivnye Materdaly 1 ih
Izgotovienie (NPM-2004). Russia, Volgograd 2004, 124

[31] Figovsky O. et al.: J, Techn. Physics. 2008, 49. 3.

(32] Figovsky O., Usherenko S. and Usherenko Yu.: Sozdanie
Metallicheskikh Compozicionnykh Matenalov. Plizka 1 Technika
Vysokoenergeticheskoy ~ Obrobotks Matenalov.  Arnt-Press
Daepropetrovsk 2007,

Gennadiy Kosnikov et al.

[33] Usherenko S., Figovsky O. and Usherenko Y.: Sa. Israel-
Techn. Adv,, 2007, 9, 28,

[34] Moskvichev U, Panin V., Ageev S, ef al.: Actual Conf, 2011,
T0. 44,

METATO-MATPH'IHI MIKPO-
TAHAHOCTPYKTYPHI KOMITOZHTH (O IAD)

Anomaunin. Posxziymo pioxogazwi mexsaiosil supoo-
NULIHEA MEMATO-MANPUYNIN AIKDO- | HAKOCHIPYKROPHIN KOANO-
M4, 3ANPONONOEIND KOMNTEXCHE BUKOPUCIHANKE ANNIMoTopo-
QUHGMIYHOZO NEPENIUYVEMIHA, VISNPAIIROEOS0 OOPOOTEHHR PO3-
NIASN & PIOKONY A PIOUEHO-INEEPAGMY CHIAHT A INIKCOTIMNTINS.

Kuonosi 1060  \emato-\mupuNsl  xounozuni,  pio-
KoazHa MEXHOIOIE, MATHIMOSIOPOOUHAMINKE NEPEMILUYVEQRNHA,
VIBNIPAZEVKOES OOPOOTEHKS, IMIKCATUINMIA.



NJIOBA 8
EXAMPLE PROBLEM 16.1

Property Determinations for a Glass Fiber-Reinforced
Composite—Longitudinal Direction

A continuous and aligned glass fiber-reinforced composite consists of 40 vol%
of glass fibers having a modulus of elasticity of 69 GPa (10 x 10° psi) and
60 vol% of a polyester resin that, when hardened, displays a modulus of
3.4 GPa (0.5 x 10° psi).

(2) Compute the modulus of elasticity of this composite in the longitudinal
direction.

(b) If the cross-sectional area is 250 mm® (0.4 in?) and a stress of 50 MPa
(7250 psi) is applied in this longitudinal direction, compute the magnitude of
the load carried by each of the fiber and matrix phases.

(¢) Determine the strain that is sustained by each phase when the stress in
part (b) is applied.

Solution

(#) The modulus of elasticity of the composite is calculated vsing Equation
16.100:

Ey = (3.4 GPa)(0.6) + (69 GPa)(0.4)
= 30 GPa (4.3 x 10" psi)

(b) To solve this portion of the problem, first find the ratio of fiber load to
matrix load, using Equation 16.11; thus,

Fr (69 GPa)(0.4)
Fm (34 GPa)0.6)

135

or Fy = 13.5 Fy,

In addition, the total force sustained by the composite /. may be com-
puted from the applied stress o and total composite cross-sectional area A,
according to

F.= Agr = (250 mm?)(50 MPa) = 12,500 N (2900 Ib)

However, this total load is just the sum of the loads carried by fiber and matrix
phases; that is,

F, = Fy+ Fpy = 12500 N (2900 Ib,)




Substitution for F; from the preceding equation yields
135 F, + Fp = 12500N
or
Fn. = 860 N {200 Iby)
whereas
Fp=F, — F,= 12500 N — 860 N = 11,640 N (2700 Ity)

Thus, the fiber phase supports the vast majority of the applied load.
() The stress for both fiber and matrix phases must first be calculated. Then.
by using the elastic modulus for each [from part (a)], the strain values may be
determined.

For stress calculations, phase cross-sectional areas are necessary:

Ap = VoA, = (0.6)(250 mm’) = 150 mm® (0.24 in.%)

and
Ap= VA, = (0.4)(250 mm?) = 100 mm’ (0.16 in?)
Thus,
F, 860 N
= -z - .7
T 5.73 MPa (833 psi)
-ﬁ-w-'lm-ﬂm’a 16875
O’I— AI ‘mmmz- < ( P“)

Finally, strains are computed as

O __ 573MPa
““E. 34x10 MPa
7 1164 MPa

an e=== g -l.69x|0"
YT E T 69 % 10 MPa

Therefore, strains for both matrix and fiber phases are identical, which
they should be, according to Equation 168 in the previous development.

= 1.69 X 1077




Kepamuk, muima Ba 00frJ10BYM MaTepuaiiap TApKUON Ba X0cCaJapu.

NJIOBA 9.

Myosal I(GFe)
Capivas
c Cubic 268 216 0082 1022
sSIC Cubic 170 210 0.181 QR
TaC Cubic 18 217 027 200
TIC Cutic 182 242 0129 437
Zrc Cutic 170 223 0198 07
Owides
ALO, Trigons! 163 259 0233 402
ALO;MgO Cubic 107 195 0263 2n
BaO- M0, Tatragonal 67 77 0332 178
BeO Tatragonat 185 224 0208 297
Co0 Cubic 70 185 0332 186
FeO-Fa0, Cubic gt 162 0283 230
Fe,0y Trigonal 23 ag 0140 212
MgO Cublic 128 154 0175 300
2Mg0-SI0; Orthomombic gt 128 0239 20
MO Cubic 65 154 0313 173
s Cubic 59 & 0210 143
SO0, Cubic 265 183 0.0%0 538
o, Tetragonal 13 208 0288 287
vo, Cubic 87 212 0319 230
Zn0 H=xagonal &5 143 0.358 122
ZrO~12Y:0; Cubic 83 204 0310 233
SI0; Trigonal a as 0082 2z
Chacogenioes
cas +eyagonal 15 53 aas &2
POS Cublic 33 62 027 84
Zns Cubic 33 7B 031 &7
PoTe Cubic 22 41 027 23
Fluociaes
BaF; Cubic 25 s7 a3t 85
CaF; Cutic 2 88 029 108
8F; Cubtic as 70 029 90
uF Cubic 48 &7 o1 116
NaF Cubic 3t 29 02¢ 77
Cther refioes
Cs&r Cubic g8 16 028 23
csCt Cubic 10 18 027 25
Csl Cubic 71 12 027 18
KCi Cubic 10 18 027 25
NaS? Cubic 1 1= 0.28 28
NaCl Cubic 15 25 02s 28
Nai Cubic 85 5 027 20
RbCH Cubic 75 1% 029 21

Note-

valucs wers caloulatod o sngls-crystal dats.



Glass S0 ALO; Fe0; Ca0 MgO Ba0 Na0 KO S0, Fa 2O PDO BO; Se CdO CuO
Container flint 727 20 008 104 05 136 04 03 02
Container amber 725 20 01 102 06 144 02 S-002 02

Container flint 71.2 21 005 63 39 05 151 04 03 0.1
Container flint 704 14 006 108 27 07 131 06 02 01

Window green "7 02 01 96 44 134 04
Window 720 1.3 82 35 143 03 03
Plate 7186 1.0 88 43 133 02
712 7.3 48 122 20 4.2
Opal illumination 590 89 46 20 75 50 120 30
Ruby selenium 67.2 18 003 19 04 146 12 S-01 04 1.2 07 03 04
Ruby 720 20 004 90 166 02 Trace 0.05
Borosilicate 76.2 37 0.8 54 04 135
Borosilicate 743 56 0.9 22 66 04 100
Borosilicate 810 25 45 120
Fiber glass 545 145 04 159 44 05 0.3 100
Lead tableware  66.0 08 07 05 60 95 155 06
Lead technical 56.3 13 47 72 205 08
Lamp bulb 729 22 47 386 163 02 02 02
Heat absorbing ~ 70.7 43 08 94 37 09 98 07 Trace 0.5

Composition, wi%

Commercial
Matanial Si0, ALO; MgO NaO KO ZnO Fe0, L BaO PO. F TiO, Z0, As,0, application
Vision 688 192 1.8 02 o1 1.0 01 27 08 — — 27 18 0.8  Transparent
cookware
Zerodur 565 253 10 05 - 14 003 37 — 799 — 23 19 0.5  Telescope mirrors
Ceran 634 227 u 07 u 1.3 u 33 22 u u 27 1.5 u Black Infrared
transmission
cooklop
Narurmi 651 228 0.5 06 0.3 — 003 42 — 12 01 20 2.3 141 Rangetops; stove
windows

U = unknown

Table 15.7 Properties of ceramics




MJIOBA 10.
TeMHp, aHIOMHHl/Iﬁ, HHUKCIIb MeTaJIJIap Ba KOTI/IHIMaHap TapKI/I6I/I Ba XOCCﬁHapI/I.
Table |.| Generic iron-based merals

Low-carbon ("mild”) Fe+004w003C Low-stress uses. General

steel (+ =0.8 Mn) ‘constructional steel, suitable for
. , welding.
Medium-carbon steel Fe+03w07C Medium-stress uses: machinery
(+ =08 Mn) pnrts — nuts and bolts, shafts,
High-carbon steel Fe+07w17C kﬁ@mmmm‘
- _ (4 =0.8 Mn) tools, dies.
Low-alloy steel Fe+02C08Mn High-stress uses: pressure vessels,
‘ 1Cr2Ni aircraft pares.
High-alloy (“stainless”)  Fe+0.1 CO5 Mn High-temperature or anti-corrosion
steel 18Cr8Ni -uses: chemical or steam plants.
Castiron Fe+|8wdC Low-stress uses: cylinder blocks,

(+=08Mn28Si) drain pipes.

Table 1.4 Generic aluminium-based metals

1000 Series >99 Al Weak but ductile and a good
unalloyed Al electrical conductor: power
transmission lines, cooking foil.
2000 Series major  Al+4 Cu+ Mg, Si, Mn Strong age-hardening alloy: aircraft

additive Cu skins, spars, forgings, rivets.

3000 Series major  Al+1 Mn Moderate strength, ductile, excellent

additive Mn corrosion resistance: roofing
sheet, cooking pans, drinks can
bodies.

5000 Series major  Al+3 Mg 0.5 Mn Strong work-hardening weldable
additive Mg plate: pressure vessels, ship

superstructures.

6000 Series Al+0.5Mg05Si Moderate-strength age-hardening
major additives alloy: anodised extruded sections,
Mg+ Si e.g. window frames.

7000 Series Al+6 Zn+Mg, Cu, Mn  Strong age-hardening alloy: aircraft
major additives forgings, spars, lightweight railway
Zn+Mg carriage shells.

Casting alloys Al+11Si Sand and die castings.

Aluminium— Al+3 Li Low density and good strength:

lithium alloys aircraft skins and spars.




Table 1.3  Generic nickel-based metals

Table 1.5 Generic titanium-based metals

Table 1.6 Propertics of the generic mezals
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Padova. May 4%, 2016
To whom it may concern

Expert Review on the Education Module “Innovative Technology of Composite Marterials™,
prepared for the “Chemical technology™ specialization on teachers remaining and educanional courses

Basad on the proposed program, the Module “Innovative Technology of Composite Matenals™ is effectively devoted
to the study of moder technologies in the production of composites. The module smadies materials for mamices and
fillers, wath their properties and applications. Also the production technologies for polymer-matrix, ceramic-matix
and metal-matrix composites are inciuded. Interstingly. I note that a special attention is paid to carbon-carbon
composttes and non-gradinonal composite matenals such as Self-Reinforced composites, Biocomposites and
Compositas for Structural Design.

Basad on the information from colleagues, the Module consists of a theoretical part and practcal tasks, includes the
case smdies for self-study programs, the glossary and the list of references. I agree on the fact that the preparanon of a
glossary, contaiming reviews in both Uzbek and English languages. will enhance the assimilation of the program.
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