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To whom it may concern

Expert Review on the Education Module “Innovative Techmology of Compesite Materials™,
prepared for dre “Chemical technology™ specialization on teachers retraining and educafional courses

Based on the proposed program, the Module “Tnnovative Technology of Composite Materials™ is effectively devoted
o the study of modem technologies in the production of composites. The module studies materials for matrices and
fllers, with their properties and applications. Also the production technologies for polymer-matrix ceramic-matrix
and metal-matrix composites are inchoded. Interstingly, I note that a special attention is paid to carbon-carbon
composites and non-traditional composite materials such as Self-Reinforced composites, Biocomposites and
Composites for Struchursl Desizn.

Based on the information from colleapnes, the Module consists of a theoretical part and practical tasks, includes the
case siudies for self-siady programe, the glossary and the list of references. I agree on the fact that the preparation of 2
glossary, containing reviews in both Uzbek and Englich langoages, will enhance the assimdlation of the program.

I think that the module “Inneovative Technology of Composite Materials™ can be used for educational purposes on
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|. ALIIYU JACTYP

Kupum

JlacTyp pHBOXIJIaHTaH MaMJIakaTlIapAard XOPIKUN TaxpuOanap acocuaa
“KumEBuii TeXHONOTUS ™ KalTa Talépiaiml Ba Majaka OMUPHUIN WYHATUIIM OYyinda
unuiad 4MKWIraH YKyB peka Ba JacTyp Ma3MyHUJaH Kenud YMKKaH XOoJjaa
Ty3wirad 0ynub, y 3amMoHaBuUi Tanmabiap acocuaa KaiTa Tailépiam Ba Majaka
OLLMPUII ’)KapaéHIAPUHUHT Ma3MYHUHHM TaKOMUJUIAIITHPUII XaM/a OJUN TabIuM
Myaccacajlapy Meaaror KaapJapuHUHI OMJIMMUHM Ba KacOWl KOMIETEHTJINTUHU
MyHTa3aM omMpuO OOpMIIHM Makcaj Kuiaadau. JlacTyp mMa3MyHH KOMIIO3ULMOH
MaTepyajylap HMHHOBALlMOH TEXHOJOTMAJApu coXacuJa WIMHM Ba aMmaiauid
TaJKUKOTJIap, TEXHOJOTUK TapaKKUET Ba TEXHOJOTHK >KapadHJapHHU TAalllKHII
ATUIIHUHT 3aMOHABUI yciyOnapu OYiinya CYHITH I0TyKJIap Oyiinua sstHru OUinM,
KYHHKMa Ba MajlakaJlapMHU MIAKJUIAaHTUPUILHYA Ha3apaa TyTaau.

Ymby  pmactypaa = KOMIIO3MIIMOH — MaTepHAJUIApHUHT  MHHOBAIMOH
TEXHOJOTHsUIapH, KOMIIO3MLIMOH MaTepHajlap Typjapyd Ba YJIapHUHT HILIa0
YUKApUIL TEXHOJOTUSIApU, KOMIIO3UTIAPHUHT TapKUOU, CTPYKTypacH, Makpo Ba
MUKPOMEXaHUKACH, KOMIIO3UTJIap OWiIaH AU3aiiH KWIKLI yCyJUIapu, aHbaHaBUI Ba
HOaHbAHABUN KOMIIO3UTIIAD TypjapH, HAHOKOMIIO3UTIIAp, OMOKOMIIO3UTIIAp Ba
yJIapHU UIUIA0 YMKAPUIILIArd MyaMmoJiap 0a€H STUIITaH.

Moay/JJHUHT MaKcaau Ba Basudaaapu

KuméBnii TexHonorus Kanmra Tamépiam Ba Majaka OLIMPUILI WYHAIUIIUHA
“KuMEBUI TEXHOJIOTUS® MYTAXaCCUCIUIH YKYB pPEXacHaa Maxcyc MOAYJUIAp
Oomokura  kupuTwiran  “KoMmno3unmoH  MaTepUaJIApHUHT  WHHOBALMOH
TEXHOJIOTHsJIapK~ MOJYJIM YKYB HNACTYPUHHMHT Makcaou — TOJIUMEP, MeTal,
KepaMUK-MaTpULIAIA ~ KOMIIO3UTJIap  MIUIA0  YMKAapuIlJa  HMHHOBALIMOH
TEXHOJIOTHUSJIAP; HAHOKOMIIO3UTIAap, OWOKOMIIO3UTIApP, JIAMHUHATIAP TypJapH,
MaTepuaiapia Kepakiu CTPYKTypa Ba XOCCAJIIAPHU TabMUHJIANIAA KOMIIO3UIIUOH
MaTepUAUIAPDHUHT YPHU Ba MOXHUATH, acocHil ac000 yCKyHaJIlapu TYFpHUCHIIA
Hazapuil Ba KacOWl Tal€prapiMKHU TabMUHJAII Ba SHTHIANI Oyinda OWinM,
KYHMKMa Ba MaJJaKAJIAPHU TAKOMUJUIAIITUPUINTA KapaTUIITaH.

“KoMIO3UIIMOH ~ MaTepUaUIAPHUHT  WHHOBAIIMOH  TEXHOJOTHUsUIapu”
MOJYJIMHUHT 6a3u¢hacu - KOMIIO3UIMOH MaTepuaiap HIUIad 4YHUKapuiaa
WHHOBAIIMOH TEXHOJOTHSUIADUHUHT aMaJMil  MOPUHIUIUIAPH, KOMIIO3UIIMOH
MaTepruaJUIapHU 3appada, ToJa Ba CTPYKTypa Aapakacuja MyCTaxKaMJIallTHPHIL,

IIMIIa, OpraHuK, KapOOH, KepaMHUK ToJia Ba CHUMJIap; MaTpuila MaTepuasiap;
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KOMIIO3MLIMOH MAaTEPUAJUIAPHUHT CTPYKTypa TY3WIMLIUIAPM Ba XOCCAJIAPUHU,
3aMOHABHM KOMITO3UIIMOH MaTepualUlapHU MILUIa0 YMKapUlIard YCKyHa Ba
KUXO3TAPHUHT TacHU(DH, TY3WIULIM, XYAyAUA MYaMMOJIAPHUHT KOMIIO3HMIIMOH
MaTepuaulap HUILIa0 YUKApUINra TabCUPH, YJIAPHM aMaIMETra Kysulam Oyinda
MaJIaKaBUM KYHUKMaJIapUHU IAKJIIaHTUPULL.

Moaya 0yiin4a TUHIJIOBYMJIAPHUHT OMJIMMH, KYHUKMACH, MAJIAKACH Ba
KOMIIeTeHUUSIIIAPUra Ky HWjIaaurad rtajgadsaap

“KoMITO3WIIMOH MaTepUaIApHUHT WHHOBALMOH TEXHOJIOTHSUIApU MOIYJIN
Oyii4ya TUHIJIOBUMIIAP Kylugard sHru OwinM, KYHHKMA, Majlaka Xamja
KOMIETEHIIUsIapra 3ra OVIUIUIapy Tajad dTHIaau:

THHIJIOBYM:

- KOMIIO3UIIMOH MaTepuaiap TacHu(u Ba Typiapu;

- 3appavaiap, Tojajgap Ba CTpyKTypa Aapaxacujaa MyCTaxKaMJIAIITUPUILI;
- MaTpulia NOJIMMEp, METaJl1, KEpaMuKa MaTeprajliapy;

- IOJIUMEp,  METall, KEPAMUK-MATpULIAIM  KOMIIO3UTJIAPHU  OJIMII
JKapaéHiiapu,
- HAHOKOMITIO3HUTJIap, OMOKOMITO3HTIIAp, JTAMHUHATIIap VHHOBALIMOH

TEXHOJIOTHSJIApU XaKH1a OMaumiIapra 3ra OyJIMIIM J03UM.

Tunraopuu:

- WYHANTUPWITAaH XYCYCHSITIIA KOMITO3HWIIMOH MaTepuai Wnuiad 4uKapuiia
MaTpHIa MATEPUATIMHY TaHJIALL;

- MOJIUMEP, METAJUI, KEPAMHUK-MaTPUIIAIA KOMITO3UTIAPHUHT TapKUOJIapUHU
TY3HUIIL

-3apyp cudarmard KOMIO3UIIMOH MaTepuauiap HWIDad YUKApUII yIyH
TaAOWK KWIMHAETTAaH WHHOBAIIMOH TEXHOJOTHUSJIAPDHUHT —PEKUMIIAPUHH
pocTiall KYHMKMA Ba MAJIAKAJAPUHHU 3TrajlJIally 3apyp.

Tunraopuu:

- 3aMOHABUN MHHOBALIMOH TEXHOJOTHUSIAPHUHT WMKOHUSTIAPUHU HAMOMWUII
KUJIUII TaMOMMIUTApUHY aXKpaTuO KypcaTa OJIHIILL

- TEXHOJIOTHK OIEpalMsJIADHUHT WHHOBALMOH TEXHOJIOTHS JKapa€HJIapuJaru
VpHUHU Ba yJIapHUHT XapaKTepUCTUKATaApUHU (hapKJIalil;

- KepaKJIn XycycusiTiapra 3ra OyiaraH KOMIIO3UIIMOH MaTepuasl TapKUOWMHU
Ty3Uulll Ba YHUHT (UBUK-MEXAHUK XOCCAJIAPUHHU  JIOMHXATAIITHPUIIL
KOMIIETEHIUSITIAPHHU 3T AJLJIAIIN JIO3UM.



MoayaHu TAIIKKHJ 3THII Ba YyTKA3UII 0yiiM4a TaBcUusijiap

“KoMno3MIIMOH MaTepuaNIapHUHI HHHOBALIMOH TEXHOJIOTUSJIApU~ KypCH
Mabpy3a Ba aMaJInii MaIIFyJ0TiIap WaKiIuaa oJnud Oopuaiy.

KypcHu yxutnm xapa€Huia TAabJIMMHUHT 3aMOHABUM METOUJIAPH, IEIArOTUK
TEXHOJOTHsUIap Ba axOOpOT-KOMMYHHKAIUS TEXHOJOTHSJIApU  KYJUTAHUIUIIN
Has3apaa TYTUJITaH:

- Mabpy3a Japciapuaa 3aMOHAaBUM KOMIIBIOTEP TEXHOJIOTHSUIApU €paamuia

IIPE3EHTALMOH Ba MIEKTPOH-AUNAKTUK TEXHOJIOTHUIApaH;

- YTKa3uiaaguraH aMajiiid MalFyJjaoTJIapJa TEXHUK BOCHTAIIAPAAH, TapKaTMa

MaTepuaiap, SKCIpecc-CypoBiap, TECT CYpOBIapH, TYpyXJu ¢UKpIIalll,

KMUYMK TypyxJjap OujlaH MIUIall, akiIuk XyXyMm, KeWciap eduil, Ba OOlIKa

WHTEPAKTUB TAbJIUM yCYJUIAPUHHU KYJUIAII Ha3apaa TYyTUIIAIu.

MoayJITHMHT YKYB peskagaru 00mKka MoayJ/uiap OnjiaH OOFTUKJIUTH Ba
Y3BHIJIUTH

“KoMIo3uIiMoH MaTepuaNIaApHUHT UHHOBAIIMOH TEXHOJIOTHSIIApU MOIYIU
KaiiTa Tal€piall Ba Majaka OIIMpHUII HyHanumuHu “‘KuméBuii TexHonorus”
MyTaxaccuciaurygaru “KuM€ caHoaTujard HWHHOBAIMOH TeXHoJorusiap” Ba
“KumE caHoatwmard HaHOMaTepHayiap”’ MOIYJUIapu OWIaH Y3IyKCU3 OOFJIMK
Oynu6, ymlOy MOAyUIapHM  Y3MalITUpHUIAa aMaiuid  épaam  Oepaju.
«KOMIIO3UIIMOH MaTepUaUIAPHUHT WHHOBAIMOH TEXHOJIOTHSIapU MOIYJIUHU
TYIUK V3JIAalITUPHILIA Ba aMaldid BasudanapHu Oaxapumaa “MyXaHIUCITUK
TEXHOJIOTUSCHUIA TU3UMIIM TaXJIMJI acociapu (KUMEBUI TeXHONOrus)”, “ONeKTpoH
nearoruka acocjiapy Ba MENArorHUHT IIAaXCUW, KacOui axOopoT MailioHWHU
Jovmxamamr’, xamja ‘AMaJIHd XOPWXKUW TWIHA YPTraHWIIHUHT HWHTCHCHUB
ycyJutapu” MoayJutapu Epaam Oepaiu.

MoayaHUHT OJIUH TABJIUMAATH YPHU

“KoMIo3uLIMOH MaTepUaJJIAPHUHT MWHHOBALMOH TEXHOJIOTUSIApH~ MOIYJU
KalTa Tal€piiall Ba Majaka OIMpHUIN WyHanumuHA “‘KumEBuid TexHoOJIOTUS
MyTaXxacCUCIUTU Oyiidya yMyMKacOHWil Ba MXTHUCOCIHK (paHIapu MOIYJUIapHiaH
napc OepyBuu npodeccop YKUTYBUMIAp YUyH MYXUM YPUHHM drajuiaiiu. Yoy
mMonyn Onuii TabauUM Myaccacajapujia TabiuM OepyBUM Iefaroriap TOMOHHUAAH
VKyB-WIMHUN HIUIapHU OJMO OopuIll y4YyH acocuii Hazapuid Ba aMaldid
OmnMmIIapHu Oepay.
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1. | KoMno3umnuoHn Marepuamiap Ty3HUIHILIH. 6 |4 | 2 2 2
Matpunanu Ba aucnepc (asza. 3appauanap,
Tojlajap Ba  CTPyKTypa Japaxkacuia
MyCTaxKaMJIallITUPHUIII.
[uma, opraHuk, KapOOH, KepaMUK ToJja,
cumJiap. Matpuia  Matepuaiapu:
noymMepiap, MeTaniap, KepaMuKa
MaTepHraiapH.
2. | Ilomumep  Marpumanu  koMmmo3uTiapau | 4 | 4 | 2 2
oymil  okapaéHnapu. Enmmmanran  €rou
Marepuaiapu. Jlamunataap.
3. | Metann matpuuanu nojumepiap Typiaapu | 4 | 4 | 2 2
Ba OJUII >KapaéHIapu. Komnoszutnap
MUKPOMEXaHUKACH Ba MAaKPOMEXaHHKACH.
4. | Kepamuk MaTpuiiaaid KOMIOO3UTIAPHU ofumi | 6 | 6 | 2 4
yCyJUIapH. VYrnepoa-yriaeponu
KOMITO3UTIAP.
Komnosutnap 6unan nu3zaiin. HoanbanaBuit
KOMITO3UTIIAP. Hanokxommno3sutiap.
buokommnosutnap.
Kamn: 20 |18 | 8 10 2
HA3APUH MAIIFYJIOTJIAP MASMYHU
1-maB3y: Komno3uuuon marepuauiap ty3uiauimu. MaTpuuaiaum Ba
aucnepc ¢asa.
Kommno3ummon Marepuamuiap TymryHuacd. KoMMO3WIMOH —MaTepuasuiap
Ty3wmmi. Marpunanu Ba aucriepc ¢asa. 3appadanap, Tojanap Ba CTPYKTypa

napaxacuna Myctaxkamiamrupum. [Iluma, opranuk, xapOoOH, KepaMUK ToJja,
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camiap. Marpuna wMarepuamnapu. Ilomumepnap, Meramnap, Kepamuka
MaTepuaIapHy.

2-map3y: [loaumep MaTpuaJ M KOMIO3UTIAPHH OJIMII KAPAEHIAPH.

Homerann matpunanu mMarepuaiap. [lonmumep marpunanap: Tepmonactiap
Ba peakrtoruiacTiap. [lonmuMep Marpunaiv KOMITO3UTIIADHU OJUUII >Kapa€HIapH.
Enumitanran érou matepuaiuiapu. Jlamunatmap.

3-mMaB3y: MeTai MaTpulaJd NoJUMepJap TypJaapd Ba OJIHUII
JKapaéHJapu.

Meramn matpunanap. MeTtaun MaTpuiaid KOMIIO3UTIAPHU TypJapHd Ba OJIMIII
xapac¢riapu. Komnosutiaap MUKpOMEXaHUKACH Ba MAKPOMEXAHUKACH.

4-maB3y: Kepamuk maTpupaim KOMIOZMTJIAPHH OJMII YCYJUIApH.
Yraepoa-yriaepoaan  kommnosutiaap. Kommnosutiaap Ouian  au3aiiH.
HoanvanaBuii kommno3uriaap. Hanokommnosuriaap. buokommo3suraap.

Kepamuk wmarpunanap. Kepamuk Marpunanu KOMIIO3UTIIAPHU — OJIMIII
yCcyJutapu. YTAEpOA-yriiepoid kommno3uminap. KommnosuTnap OumnaH au3aifH.
HoanbanaBuii kommnosutiap. Hanokommosutnap. buokomnosutnap. ['ubpun
KOMIIO3UTJIap.

AMAJIMA MAIIFYJOT MABMYHHU

1-amanuii MalIFyJaI0T:
KoMno3numon Mmatepuauiap nuniad YnKapumaaru
MYCTaXKAMJIAIITHPYBYU KOMIIOHEHTJIAP XOCCAJTAPUHYU YPraHMIIL.

KoMrmo3ummon Marepuamiap HIUIA0 YMKAPUILIATH Tojallap XOCCaJTapuHU
yprauum. Kommosunuon wmaTepuayiiap UWIUIA0  YUKApUIIAArd  JUCTEpC
MYyCTaxKamMJIAIITUPYBUU  KOMIIOHEHTJIAPHUHT TPaHYJIOMETPUK TapKUOM Ba
XOCCAJIApUHU YpraHuil.

2-amMaJIdil MalIFyJIoT:

Martpuna MmaTepuaJiapy TapKHOU Ba X0CCAJTAPUHM YPraHMIIL.
TepmopeakTuB moJuMep MaTepHayiap TapKUOM Ba acOCHM XOCcCalapuHU
ypranumi. TepMmoIlaCTUK TOJMMEp MaTepuauiap TapkuOu Ba  acocuid
XOCCAJIApUHU YpraHuIl.



3-amasiuii MalIFyJIoT:

Komno3uinon marepuaj TApKUOMHM TY3HII Ba XOCCAJTAPUHU
JioMxaJjanl.

[Tonmumep matpuia acocuaa KOMIO3UIIMOH MaTepuai TApKUOWMHHU Ty3HI,
KOMITO3HLIMSIHY Ta€pianl ycyJiiapy Ba KOTUPHIL )Kapa€HUHH YPTraHHUILL.

4-amaJIMid MaLIFyJI0T:

HIumakoMno3uTaap HuIad YMKAPUII TEXHOJOTUSICHHM YPraHulll.

[umakommo3ut “Tpuruiexc” TapkuOHM, acoCHil Xoccajlapy Ba KYJJTAHWJIUII
UMKOHUSTIIAPUHU YPTraHUIIL.

YKUTHII NAKJJIAPA
Maskyp MoayJ Oyiinda KyiHugaru YKATUII aKJmiapuaas GonaanaHuiau:
- Mabpy3ajap, amMajlvil MalFyjloTiap (MabliyMOT/Jap Ba TEXHOJOTHSIAPHU

aHTIIa0 OJIMII, aKJIMK KU3WKHUIIHUA PUBOKIAHTUPHII, HA3apHUi OMIMMIIAPHU
MyCTaxKamJialll);

- gnaBpa cyxOatiapu (YpraHuiaa€TraH MyaMMO edumiiapu Oyinua Takaud
Oepuil KOOWIUATHHU OIIMPHIN, SIIUTHIN, HWAPOK KWIWII Ba MaHTHKUN
XyJiocajap YMKapui);

- 0Oaxc Ba MyHO3apaiap (MyammoJiap e4uMH OVinda nanuiuiap Ba acociu
apryMEHTJIApHU TaKJAUM KWIHWII, SIIMTUII Ba MyaMMOJIap €YUMUHU TOIHUII
KOOWJIMSITUHN PUBOMJIAHTHPHIIN).

BAXOJIALLI ME3OHU
M
Ne baxouaam Typaapu a;c::ran baanap
1 Kelic rTonmumpukiiapu 1.5 6amn
2.5
5 MycTakui uii 1 6o
TOMIIMPUKIAPU
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II. MOAYJIHU YKUTHUIIJIA ®OUIAJTAHUIIAIUTAH
UHTEP®AOJ TABJIUM METOAJIAPU

MeTOAHMHI MAaKcCaau:
buKpiapHd  KaMoalud  TeHeparus
daotamITUpUIL, MYaMMOHU  MYCTaKHJI

CAKJIHI XY:KYM» (OpeifHCTOPMUHT) MeTOAN

MOTHUBJIAIOTUPUIITHA PUBOKIIAHTUPHIL.

Hamymna:

KUJIHIIL,

aManuid €KW WIMHAW MyaMMOJIAPHM XaJl 3THII
VKuO-ypranum  ¢GaoausTHHA
TYyLUIYHHII  Ba  Xal

OTHUIITa

Al  Xy)KyM BakTHUJa HINTAPOKYMIAD Mypakkad MyaMMOHH
Owpranvkga xaja OdTHUINTa WHTWIAINAAW: YAApHU Xaa JTHIl Oyinya V3
bukpnapuan Owinupaau (TeHepamuss Kwiagu) Ba Oy QUKpiIap TaHKHI
KWIMHMACJaH yllap opacuiaH SHI MyBO(MUKH, caMmapajiucu, MakOyiau Ba IIy
kabu (ukpnap TaHsad oauHUO, MyXoKamMa KWJIWHAIA, PUBOXKIAHTUPHUIIAIA Ba
yiOy GukpiaapHu acociail Ba paji TUII UMKOHUATIapU OaxoiaHaau. Xap oup
TypyX W4ua yMyMHl MyaMMOHUHT OUp AKUXATH XaJ STUJIA/IH.

Xap KaHaail mnoJuMep OHMPUKMAJAPUIAH KOMIIO3UTJIAP

TapKUOUMHU Ty3uaa Goiga aHIINI MyMKAH-MHU?

Tyrpugan-TyFpu :KaMoaau aKJIUWA XYyKyM — WIOKH Oopuya KYIPOK
bukpnap MUFWIMIIMHU TabMUHIAHAU. ByTyH YKyB rypyxu (20 xummaaH OpTHK
6yaMaran) OGHTTa MyaMMOHH Xall 9Taid. YKyB TYPyXHAAard Xap OUp THHIJIOBYH
yiby Mmyammora >xaBo6 6epaju, ¥3 GUKpuHu OUnaupuo, nanusiap KeITUPAIN.

A

r X ap Kaualt MoTHMepIap KOMIIOSHTIApAA

K VILTaHIIIOT MYyMEH. UyHEI IO e pirap
KOMITO3HTTAPAA OOFTOBYH CH(aTHa Ky TAHAI.
rITomIMepIap ca KI3AIpPIIranga 5puo, SoFToBIT
XyCYCHATTAPHHI HAMOEH STa/I.

—

A

P II¥K, Xap KAHIAL IOMHMep KOMIIOSHIIAPAA KYTLTAHIITHITH
MaKcaAra TYFPHKeMMaHIH. UyHKH Gab3H [IOTHMepIap
KH3IHP HITAHAA JeTpaJaLEs KA P AéHITa KeCKHH P aBHIILIA
XaKMHI KeHTafHIITa VEIp afi e,

¢ BY KOMIIO3HTIAPHHHT FOBAKTHIHHH OIITHpATHBA MeXaHHK
XY CY CHATIIA PHHH KeCKHH ITa cafiTHp a TH. JTeMak, Hia s
SHKA P HITEAH KOMITO 3HT OKOPH XY CY CHATIIAPIa 3ra 0§71a
QIMAHIH.

* A cocaH KOMOTO3ITIAp TAPKIGIaa 2 TYPAar
TIOMAMEPTAP KVITaHIT .

PEOKOpHI Xapopatiapa YA TYIIOOI GImaH &y
Ty pyXITap ari moTaMepIap GpapKIaHaiap pa
TePMOILTACTIE, XaMa TepMOPeaKkIHe IOIImMepIap
TYpyXTapHTa o IHHaTap.

XYJIOCA:
= Komnosutnapga  monumepiap
OOFJIOBYH cudparnga  KyJUIaHWIIAIH.
[Tommepiap KHU3AMpHITaH/Ia
OOFJIOBUMIIMK ~ XYCYCHATHTA  JTamp,
IOKOpH XapopaTmaru tabwatura Kypa 2
Typra OyIWHAamW: TEPMOIUIACTHK Ba
TEPMOPEAKTHUB MOJIUMEPIIap.
- Komnosutinapia G0FI0BYM MaTpHIaIap
cudaruga KATTUK SIOKCHI, MOJUI(UD,
(dheHON cMoTanap KyJUTaHUTa M.
- IMomumep Marpumanap HOKOpH
MyCTaXKaMJIMK Ba 3JacTHK Xoccaiap;
arpeccuB MyXHTIapra 0apIOIDIHK; SXIITH
aHTH(QPUKINOH Ba (HPUKIMOH XOccamap,
XamIa FOKOPH HCCHKIMK XHMOSUIAll Ba
aMOPTH3AIAOH XyCYCHATIAPHHA
TabMHUHJIAWIHU.
- [Nonmmmep MaTpumamap KOTTaH XOJaTAa
eTapii MYCTaxKaMJIMKra 3Ta Ba 3aXapiiu
MOJJAJIApHA KYTI MUKIOpAA
YUKapMalIurad OYIuImm Tanad STHIaIH.



“BeHH quarpaMmacu’’ MeTOIu

MeTtoanunr makcaau: by metos rpaduk TacBUp OpKadW YKUTUIITHHU TAIIKHAI
ATUIN IIAKAM OYiaumb, y HKKHTa ¥3ap0 KECHINraH aijgaHa TacBUPU OpKaJIH
udomananaau. Maskyp MeTOA Typiu TyUIyHUYanap, acociap, TacaBypJIapHUHT
aHaJIN3 Ba CHHTE3WHU UKKU ACTICKT OPKAIHM KYypHO YWKHII, YIAPHUHT YMYMHH Ba
(bapKI0BUM KUXATIAPUHU aHUKJIAII, TAKKOCTAIl IMKOHIUHHU Oepaju.

MeToaHu amaJira OmMpuIl TAPTUOU:

® HIITUPOKYHIIAP UKKU KALIUJAH udopar Ky(pTaukiaapra

OupnamTupuIaauiIap Ba ynapra KypuO YMKuIa€Tran TylryH4a €K aCOCHUHT

y3ura xoc, GapkiIM KuxaTaapuHu (€KW aKCH) JAoupaliap uuura €310 YUKHII

TakJInu} dTUIAIN;

e HaBOaTaard OOCKMYAA WINTUPOKYWIAD TYPT KHUIIMIAH HOOpaT KHUYHUK

rypyxJiapra OupJalTHPUIIaIU Ba Xap Oup KyPTIMK ¥3 Tax MM OWIIaH TYPYX

ab30JIAPUHU TAaHUIITHPAAUIIAP;

e O KyQOTIUKIAPHUHT TaxJWIM ODIIMTHITa4, yjaap Oupramamub, Kypuod

YUKWIAETraH MyaMMO €Xya TYITyHYAJAPHUHT YMYMHHA KUXATIApUHU (EKH

dapknm) wu3mad TomaaMsap, YMyMIIAIITHPAgWiIap Ba JOWpadyaJapHUHT

KECHUIITaH KUCMHUTa €3aui1ap.

Hamymna 1:
“Hon-ynuamnaum MycTaxkamJIallTUPUIL KOMIIOHEHTIapu Ba “bup-ymuammu

MyCTaxKaMJIalITUPUII KOMIOHEHTJIapu~ MaB3ycu OYyitnua “BeHH nuarpammacu’.

Ymymuit srcuxamnapu:
Kommo3uTtnapaa MycTaxkamIalmTHpyBUd Ba3u(acuHu Oaxapaim.
Komno3utinapHuHT TepMHUK OapJOUUTUTHHHU OLIMPAIH.
KoMmo3uTiiapHiHT MyCTaxKaMIIMTHHU OLITHPAJIH.
Komno3utinapHUHT KaTTUKIUTUHY OIIAPaH.

N .

Dapxnu
Hoa-ymuaman
Kuxamn apu MYCTAXKAMJIAIITHPHIIT

KOMIIOHEHTJIaDH

1. Touna, um, “myiuiosiap”’ MAaKIMIArA
1. HaHo- Ba MUKpO-YIT4aMIIH 3appadaiap > ML MY P ysyH

5 KpUcTajiap
+ ¥ 30TPOIHK XOCCAIIH KOMITOSHT XOCHT 2. AHH30TPOI XYCYCHUSITIU KOMIIO3UT XOCHJII
Qyna)m oymaau
3. yvnanH yd HyHAIRINJA KITTHK OFran 3. TomacumoH TynaupyBumIap, apmMaTypa
UMY >
Ky alap AJIEMEHTJIapH, KajlTa ToJalu TaOuHii
4. Merann MaTpuIiaid KOMIO3UTIIApaa MaTepHanap
MyCTaxKaMJIaIITHPUILI KOMIIOHEHTIapH
yCTaxKaMIallTip OMIOHCHTIap 4. Komno3utinap MycTaxKaMIallTUPUIIHUHT

SHT TapKaJraH TYpH.
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Hamymna 2:
EnuMmnanran maTepuaisiapjaru ajare3usi Ba Koresus Kyuiaapu Oyitnya “Benn
auarpaMmmacu’’.

Erou-esium EJnM-XaBo

CJIMM-C€JINM

“KEUC - CTAIN” meToau

«Keiic-cragu» wWHMIIHM34a Ccy3 - (case — aHUK BaswaT, Xxonauca, Study -
ykuTum). by MeTon aHMK Ba3usAT, XOJUcara acocjaHraH YKUTHII METOAU
xucobmanaau. Keiic- ycny0 (Case study) — Oy pean MKTUCOIUM €KUM MXKTUMOUM
Ba3UATIAp TabpUPUHU KYJIIAWAUTaH TabJauM Oepull TexHukacunup. byHna
eazuam nAeraHna OUPOH aHWK XOJUCAHWHT Tabpudu Hazapaa TyTwiagu. ['ypyxra
XaKUKUM ax0opoT TakauM JTWiNO (y XaKUKUM Xojucara acocjiaHraH €ku yiinad
YUKWJITaH OYJIMIIKA MyMKHH), MyaMMOJIADHU MyXOKama KWJIUII, Ba3UATHU TaxJIHII
ATUII, MYaMMOHUHT MOXHUATUHM VPraHuO® YUKHUIN, YJIAPHUHT TaXMUHUN
CUMMJIAPUHU TakiIuG KWIUII Ba Oy ednMmiiap OpacujaH SHT SXIIUCHUHU TaHJ1a0
OJIMII TaKJIU( STUIIAIH.

«Keiic - cragm» MeToau Oyiirya UITUTAIL:

1. fxka taptubaa nnutam (ymymuit BakTHUHT 30% cu):

BasustT Ounan Tanummm (MatH Oyiimya €xku  cy3mad Oepuin  opKaju).

Myammonapuu aHUKIIam. AXOOPOTHH yMYyMITAIITUPUIIL. AXOOPOT Tax WM.
2.T'ypyxaa noutam (ymyMuid BakTHUHT 50% cu):

MyammonapHu  Xamjaa yJIapHUHT  J0j3apOonuru  Oyiiua KeTMa-KeTJIMIMHU

(uepapxuscuHu) aHuKam. MykoOw1 edyuM HYJUlapuHd Wnuiad 4yukuin. Xap oup

euMMHUHT ad3an Ba 3aud KuxaTiapuHu Oenrunam. MykoOw1n edumIiapHU

OaxoJiari.

3.5xka TapTr6Aa Ba rypyxjaa unuiam (yMmyMmuid BAaKTHUHT 20% cH):
MyKkoOui BapuaHTIApHU KYJUIall WMKOHMSITIAPUHU acociaml. XucoOOoT xamja
HaTIKajJap TaKIUMOTHHU Tal€par.

Keiic xapakatnapu ¥3 wumra Kywuparuiapau Kampad omamu:Kum (Who),
Kauon (When), Kaepna (Where), Huma yuyn (Why), Kannait/ Kanaka (How),
Huma-natmxka (What).
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“Keiic MeTOAU” HM aMAJITA OIIHPHUII HOCKHUWIAPH

€UMMUHU H3JIall, Xajdl OJTHII
HynnapuHu Uimad YuKUI

<

N DaoHAT AKJIH
0ocKu4Iapu BAa Ma3MYHH
1-6ockuu: Keiic Ba yHuMHT | v SKKa TapTHOIAary ayauo-BU3yall WIII;
ax0opoT TabMHUHOTH Owiad | v/ Kelic Ouiad TaHMIIMII(MATHIIM, ayAU0 EKU
TaHULITUPHUIILL Meua IaKiaa);

v’ axGopOTHH YMYMJIAIITHPHILT,

v’ ax00pOT TaXJIMJIH;

v MyaMMOJIapHH aHHWKJIaIIl
2-00CKHNY: Keiicau | v/ vHauBHIya Ba rypyx/ia UILIALL,
aHUKJIAINTAPUIT ~ Ba  YKYB [ ¥ MyaMMOJIapHH J0J3apOJIMK MEPapXUSCHHA
TONIIMPUFHU OeJIruIanl aHUKJIaII,

v’ acocuii MyaMMOJIM Ba3UATHU OEJITHIaL
3-06ockuu: Keiicmarn acocwuii | v/ MHAMBUIYyaT Ba rypyx/ia MIIUIALI,
MyaMMOHH  TaxJIJI  OTHII | v\ MyKOOWJI €4nuM WYJUTapUHU MILIa0 YHKHILL,
OpKadM YKyB TONIIMPUFUHHUHT | v Xap OWp €YMMHHHI HMMKOHHATIAPH Ba

TYCHUKJIAPHU TaXJIWJI KAJIUILL,
MYKOOWJI e4UMIIapHA TaHJIaII

4-o6ockuu: Keilic eunmMuHH
CUMMUWHU HIaKJ'IJ'IaHTI/IpI/IIH Ba

acocdjiama, TAaKANMOT.

<

SIKKa Ba TYpyXJa WIILJIALL;
MYKOOWJI BapHUaHTIApPHHU aMajja KyJJIall
MMKOHHUSATIAPUHU acocall;
VKOIUM-TIOMHUXA TAKIUMOTHHU TaEPIIalLL,
AKYHUM XyJjoca Ba Ba3UAT E€UYMMHUHUHT
aMaJIui aCTeKTIIAPUHUA EPUTHUI

Keiic 1. «KeBnap» Tonanapu OuiaH MycTaxKaMJIalITUPWITaH MOJUMEP —

MaTpUIAIA KOMIIO3UTIAp OKOPH 3IACTHKIMK MOJYJIMra 3ra, IMIYHUHT Y4yH yiap
nyHE OyiMuya KypoJUlM KyWwIapHM XHMMOSJIAIl BOCUTajapu/ia KEeHr KYJJIaHWIaau

(OpoHexXmimeTnap Tal€praniaa).

AMMO OyHAail KOMIIO3UTJIAPHUHT TEPMHK

OapAOLUINTH MACT KypcaTKuujapra ara.

Kommno3utnapHuHT TepMUK OapAOUUIMIMHA KaHAai OIIUPUIL MyMKUAH?

TIIIT ).

KeiicHu 6a:kapuii 60cKuMIapu Ba TONIIUPUKIAP:

 Keficgarn MyaMMOHI KeNTHpIO UIKApraH acocuil cadadmapHi
OenrumaHr( MHABIY AT Ba KITUMK TYPYXIa).

* JlHr TepMIK OapJOIN Ba FOKOPI MTAacTHK MOJYMIITa »ra OYIraH
KOMIO3UTHITHT TapKIOIHI TaKII{( STUHT

(KyQTIIKIApIATII
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Keiic 2.JICII, danepa, MJAD, ACTII matepuannapu €rodco3nukaa MeOeIb
M6 YUKAPHIIA KeHT KyIUTaHuaad. bupok, ynap Y36eKucToHra acocaH YeTaaH
KEJITHPHIAAN. Y30eKICTOH/[a eIMMIIAHTaH 6F0Y MaTepHalIap MIUIA0 YNKAPUIIHM
TAITKAJ KWW YIYH HIMKOHUSATIAPHU W3JIaHT.

Keiic 3

\

/

.

KeiicHu 6a:kapuin 6ocKunIapu Ba TONIIHPUKIAP:

* Keficgarn MyaMMOHI KeNTHpHO UHMKApPTaH acocmil cababmapHI
Genrimmaur, 3apyp OmmmmMmap pYiXaTHHI TY3UHT (ITHAMBIY Al Ba
KITUIIK TY PYX/Ia ).

« Erou xXoM ameécmHnm TYIDIam OViimdga OaskapIUlaJUraH IIIIap
KeTMa-KeTIUTITHI OeNTTINaHT (5K (PTIIITK/1a MIITIATI ).

* EnnMianrag  €Fou  MaTeplamiap O030pH  HCTEebMOTUIIIAPITHIT
I137IAHT.

= Ba)KapHHl"aH HIUIIapHII TAKAIIMOT KITJIITHT.

Typnu €rounapaH OJIMHTAaH €JMMJIAHTaH  MaTepuaiiap
Typiu4ya (U3MK-MEXAaHUK XOCCajJapHU HaMOEH  KWJIAJU.
V36eKNCTOH MaponTHia KAlCH elMMIIaHTaH F0Y MaTepHaIHHHI
uniad yukapuin xap tapadiama doiganmu?

[ KeiicHu 0axxapum 00CKU4/JIapy Ba TONMIMPUKJIAP: ]
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“TymyHyajap TaxXJuan” MeTOAU

MeToaHMHT MaKcaaW: Ma3Kyp METOJl THHIJIOBYMJIAD €KU KaTHAUTYHIIAPHU
Map3y OyiiMua TasHY TYyIIyYHYQJIAPHUA Y3MAMITUPUII JapakKaCUHU aHUKJAI, V3
OMIIMMITApUHU MYCTaKWJI PaBUIIAA TEKIIUPUII, 0ax0Jialll, ITYHUHTAEK, SSHTU MaB3y
Oyiinua pacTaOku OwiMMmiap JapaXacMHW TallXWC KWJIUI — MakKcaauaa
KYJUTaHUJIaJu.

Meroanu amaiira OmMpHUIl TapTUOU:

®  WINTUPOKYMUJIAP MAILIFYIOT KOUJanapy OWIaH TAHUILITUPUIAIN;

* THHDIOBYWIApPTa MaB3yra &ku O0obra terunum OyaTad cys3miap,
TylIyHYaJIlap HOMM TYIIMPUITaH TapkarMmanap Oepuianu ( WHAUBUAYyal EKU
TYypyXJu TapTuoaa);

®  THUHIJIOBYMWIIAD Ma3Kyp TYyIIyHYanap KaHaaid MabHO aHIJIATHIIM, KAaYOH,
KaH/1ail XoJaTiap/a KyJUTaHIWIUIITN XaKuaa €3Ma MabliyMOT Oepaauiap;

e  OeirujiaHraH  BakKT  SIKyHMra  eTrad  YKUTYBUM  Oepuiiran
TYIIYHYQJIAPHUHT TYFPU Ba TYJIUK U30XUHU YKUO SMIUTTUPAAM €KU CIIali]l OpKaJIn
HaMOMUIII TaJIH;

e xap Oup uWIITUPOKYM OepwiraH TYFPU >KaBoOIap OwWIaH Y3UHHUHT
maxcuii MyHOcaOaTHHU TakKKociaiau, (apkiapyuHU aHUKJIAWIM Ba Y3 OWIUM
JapaKaCuHU TEKITUPHUO, Oaxosiaiiu.

Hamyna: “Moaynaaru TasHy TylryH4YaIap TaxJIuin~

Cu3nnHrya oy TymyH4a Kanaau Kymumua
TymyHnyaaap y Iy ¥
MAabLHOHHU aHTJIAaTAAN? MabJIyMOT

Kommnosunnon marepuan Nmna® uywmkapwirad, WKKH EKH KYTPOK
¢u3ukaBuil Ba KUMEBUU Xap Xui Oyniras,
Matpuiia (uHTepdenc) wuduaa TapTUOIH
KoWnamran QasajapiaH TalIKWI TONTaH
MaTepuall.

Marpuna, unrepoeiic Komnozunmon MaTEepUAITHUHT oup
OYTYHJIMUTMHM  TabMHMHJIOBYM  OOFJIOBUM
KOMIIOHEHT

Martpuiia MaTepuaiiapu Mertain, kepamuka, IoJUMeEp MaTepuaiap

M30x: VMkkuHUM ycTyHYara KaTHalI4uuMiap TOMOHHUAAH (UKp OUIAMPUIAIN.
Maskyp TymryH4yanap Xakuja KyluMua MabJIyMOT TJIOCCApUIAJIa KENTUPUIITAH.

“SWOT-Taxjaunia” meroaun
MeToaHMHI MaKcaau: MaBXyJ Hasapud Owiumiap Ba amaluid
TaXpuOalapHU TaxXJIWJI KWIHIL, TaKKOCHall OpKaJIM MYaMMOHHM Xajl JTHII
HYJUIapHU TONHII, OMJIMMIIAPHU MyCTaxKamilall, TaKpopJiail, 0axoJsalll, MyCTaKuI,

TaHKUAUKM UKpIall, HoCTaHAapT TapaKKypHU MAKIUTAaHTHUPHULL.
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S — (strength) * Ky TOMOHNApII

W — (weakness) * 3a1, KyUCH3 TOMOHIAPI

O — (opportunity) * IIMKOHITATIAPI

T — (threat) * TYCHKIap

Hamyna 1: Tonanu mycraxkamialiTUpUII KOMIOHEHTIapu yuyH SWOT
TaXJIWIMHU yIIOY KaJBajira TYIIMPUHT.

Tomamm MycTaxKaMIJIAIITHPHIIT MycTaxKaMIura 9HT I0KOpH
S KOMITOHEHTJIAPHHUHT Ky4JId TOMOHJIApH | KypcaTKu4iiapra ara oynran
KOMITO3HUTIIAPHU SIpaTHII
UMKOHHUSTIIAPH. .
W Tonanu MycraxkamIamITHPULI Tonanu MyCTaxKamJIalTHPHITaH
KOMITOHCHTJIAPUHUHT Ky4CH3 TOMOHJIAPH | KOMIIO3UTIAPHUHT aHH30TPOIUIATH
Tonanu MycTaxKamIamITHPULI SlHTM  TypAarm IOKOpH  XYCYCHSTIN
O KOMIIOHEHTJIAPUHUHT UMKOHUSTIIAPH TOJIAJIAp SPATWIMOKIA — OOp ToJalapH,
(nukm) yIIepoJ ToJIajapHu. ..
TYcukmap (Tamkm) Tomanu KOMITOHEHTJIap MaTpuIa
T MaTepuaiapy OujiaH XYJUIaHWIMIIK Ba
ApaTHIIHIIIY KAHHHIIATH. ..
Hamyna 2:Erou-enum aaresuscuyays SWOT TaXIMIMHU aMajira OIMPKHT.
e SrOY 103acHra eJIMM TEKUC TaKCHMJIaHa/IH,
Kywmm ToMoH- e ciauM Erou 103aCHTa MypKalll, POJHK OwiaH cypkar, Imnaren Ouian
S sapu CypKalll, KyHuu KaOu TypiH ycyJuiap OniaH OSpUIIHIINA MyMKHH;
¢ OYHK Ba €MUK XO0JIaTJIap/ia KOTUIIIH MyMKHH,
e 1OH OOFJIAHUIILIAP SHT KYWIH OOFJIAHUII XUCOOJIAHAIH.
Kyucns ® OYHK XOJIaT/Ia KOTraH/a S)PUTYBUNHU YUKAPHO FOOOPHUIII KEepak;

W e ciIMM Ba €F0Y YpTacua MOCIAIyBYAHINK OYIITUIIH JIO3UM;

TOMOHJIApH
e nucnepc OOFJIaHMILIAP SHT KYUCH3 OOFIaHUII XUCOOJaHaIH.
e &rou CTpyKTypacura OOFIIHK;
e KNMEBUU OOFIIa aM, MeEXaHUK OO¥Fial aM SXIOH aare3us
NMkoHUAT- P Xam, p X o

O OepUIId MYMKHH;
Japu (MIKH) P YMICHH,
® JIUCIICPCUOH, MKKU KyTOJIM Ba BOZOPOJ OOFJIapH y3uJica HaMIIMK
TabCUPHJIA KalTa THKJIAHUITH MYMKHH.

e KOBAJICHT OOFJap y3ujica KalTa THKIaHManIu;

T Tycuknap  |e mucmepcust Kywiap MoJeKyJanap opacuga OyiraHga skyma Cyct
(Tamkm) Oymamu, aromjap opacuga OyiraHma o5ca  Kyda Kywid
XHCOOTIaHA .
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“Xyanocanam’ (Pe3tome, Beep) meToau

MetoanuHr mMaxkcagu: by Meroa Mypakkad, KYNTapMOKIH, MYMKHH
KaJap, MyaMMOJM XapaKTepuJard MaB3yJapHH YpraHuiura KapaTUiraH.
MeToAHUHT MOXMSTH IIYHJaH MOOpaTk, OyHAa MaB3yHHUHI TypJju TapMOKJIapu
Oyitnya Oup Xus1 axO0poT OepuiIaau Ba allHU NalT/aa, YIAPHUHT Xap OUpH ajaoxujia
acreKkTiapia Myxokama »JTwiaad. MacajiaH, MyaMMO WKOOUHA Ba cayOuii
TOMOHJIapH, ad3auikK, (Ha3uiiaT Ba KaMUWIMKIapH, (oiaa Ba 3apapiapu Oyiinda
Vpranwiaau. by wuHTepdaon merod TaHKUAWM, TaxXJWIWWA, aHUK MaHTHUKUM
¢ukpnamHn  MyBaQPakuATIM  PUBONKIAHTUPHUINTA XaMAa  YKyBUHJIAPHUHT
MYCTaKWJ Fosmapu, pukpiaapuHu €3mMa Ba OF3aKM IIAKIIA TU3UMIMA Oa€H HTHIIL,
XUMOSI KWIWIITa HWMKOHHUAT sipaTagu. “Xynocajnam’™”  METOAWAAH Mabpy3a
MaIIFyJI0TAapuaa WHANBUAYaAl Ba Ky(TIUKIApAard Wil IMakiuga, amMaiuid Ba
CEMHUHAp MAIIFyJIOTIapua KUYUK TypyXJapaard Wil MaKjinjaa MaB3y F03acujiaH
OWIMMIIApHU MyCTaxKamJiall, TaxJIMJIM KWIUII Ba TaKKOCTAIl MaKcaauja
dbolanaHuI MyMKHH.

MeTtoann amaJjira omIMpuiI TApTUON:

TpEHEP-YKUTYBUYH UILITUPOKYMUTIAPHU S5-6 KUIIKMIAH HOOpAT KHUUK
rypyxJjapra axparaiu;

TPEHUHT MaKCaJy, IapTiiapy Ba TapTUOM OWIIaH UINTUPOKYUIAPHU

TAHUILITUPTaY, Xap OUp rypyxra yMyMuii MyaMMOHHU TaXJIWJI KAJTUHUIIH
3apvp OVIIraH KHCMJIapU TVIIUDWITAH TapKaTMa MaTepHalIaDHU

xap Oup rypyx y3ura OepuiaraH MyaMMOHH aTpoduinya TaxJIuil KUiauo,
¥3 MyJ0Xa3ajdapyuHu TaBCcHsl STWIIAETraH cxema OViinda Tapkarmara €3ma
0acH Kuanm:

HapOaraaru 60ockuyga 6apua rypyxJjap y3 TaKaIuMOTIapuHA
yTkazaaunap. lyHaad CyHT, TpeHEp TOMOHUAH TaX,IMJLIap
VMVMITAIITUDUIIAAN. 3aDVDHUI ax00D0TaD OMIIaH TVIIUDUIANN Ba MaB3V

Hamyna 1:

KoMno3unmuon MaTepuaiap

IHomumep MaTpunaIu Metajn MaTpULATIH Kepamuk marpunaau

XyJoca:
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Hamymna 2:

AJITepHAaTHB éKWJIFU TypJiapu
danepa MDF OSB
a(b:sannnm KaM4iHnJIuru a(1)3am11/1r1/1 KaM4iHnJIuru a(1)3am11/1r1/1 KaM4iUJIurn
XyJjoca:
«®CMY» meToaun

TexHOJOrMIHMHI  MaKcaau: Ma3Kyp TEXHOJOrMs WIITHUPOKYMIIApIaru

yMyMUi (QUKpIapaaH XyCycui Xyrnocaiap YMKapHIll, TAKKOCHIAII, KAECIA OpKaIn
axOOpOTHM Y3MaIITHPUII, XyJIOCalall, IIYHUHTIEK, MyCTaKuiI WKOIUi (uKpaml
KYHUKMQJIADUHA IIAKJUIAHTUPUINTa Xu3MaT KWjiaad. Maskyp TEeXHOJIOrusiIaH
Mabpy3a MAaIIFYJOTIApUAA, MyCTaxKamiallla, YTUIraH MaB3yHU Cypaiija, yura
Bazuda Oepulga XaMJa amMalivil MAIIFyJOT HATIKAJApUHU TaxJIMJI ATHUIIIA

dbolnanaHuI TaBCHUs THIIAIN.

TexHOJIOrMSIHM aMaJIra OIIUPHUII TAPTUHON:
- KaTHaUIuuMjapra MaB3yra ouj Oyiran sKyHUH Xyjoca €KU Fos Takiug

STHJIAMIN;

- xap Oup wumtupokynra O®CMY TEXHOJOTHSICUHUHT OOCKUYIApU E3WIraH

KOFO3JIApHH TapKATUIIA]IH:

* (pUKPUHTIZHII OaéH STITHT

 ¢puxpuHTIRHI OaéHITra cadad

KYpCaTIHT

* k¥pcaTral caOaOIHTI3HI

11cO0TIa0 MIICOT KeITHPITHT

* (PUKPITHTIRHITY My MITATITIPITHT

- UIITUPOKYMIIADHUHT  MyHOcabaTiiapu

TapTUO/1a TAKAUMOT KUJTUHAIH.
OCMY  Taxauiau KaTHalIguiaapaa KacOuii-Hazapuil OWIMMIIApHM aMaJlhid
MalIKJIap Ba MaBXKyA Taxpubamap acocuaa Te3poK Ba MyBaddakusTiu

Y3IATUPUITUIINTA acoc OYaam.
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Hamymna 1.

Guxp: “Tloaumep MaTpUIAIM KOMIIO3UTJIAP JIHI OKOpPH (U3HMK-
MeXaHMK Ba KUMEBHI Xoccajapra raaup”.

Tonmumpuk: Ma3kyp dukpra Huco6atan MmyHocabaTuHruzHu ®CMY opkanu
TaxXJIMJ KAJTUHT.

Hamyna 2: “Enumnanran marepuanga enuM Ba EFOYHUHT Oup-Oupura
MOCJIAIIyBYAHJIMNTH KarTa axamustra sra” ¢ukpuan OCMY opkamm Taxjiwi
KWJIVHT.

+ “EnHMIAHTAH MATEPHAJIA eJTHM BAa éFOUHIHT OHp-OHpPHTa
MOCJIAMIYBYAHIHIH KATTA AXaMHATIA ra”.

+“EquM Ba érov OHp OHpHTa aAre3sdsacH WKOPH 0V.Jica, elTHM
éroura Moc 6V magn”.

«“Kapoamua-popManberuja eTHMIAPHHIHT éFoura aare3uacu
KOPH 6¥ 111, 9YHKH Y.JIapJa MeTII0JI TYPYXJapu Ba
érougari riJpOKCHI IYPYXJIapH OHIAH KYWIH 00FIap X0CHa
oymaamn”.

« "KapoaMua-gopMaabIeru/ eTuMIAPH acoCHIATH
eJIHMJIIAHTAH €F0Y MaTepHALIAPHIA MeTILIO I'YPYXJIapH Ba
érougari riAPOKCII TYPYXJapH OHIAH KYWIH O0FJap X0CHa
KILTHIIH cada0JIm agre3ns WKopH o6ymaan'.

“CHHKBeH MeTOaH

“CuHKBEHH” — THUHIJIOBUMHHM WXOauM Qaoamtupuiira, QaoausTHA
Oaxosnamura HYHaNTUpUITaH TabIUM Mamlku XucoOnanaaw. CHHKBEHH-
dbpaHiy3ua cy3naH oJuHraH Oynau0, OenuIMK JeraH MabHOHU OWIIUpaIU.
“CHHKBEIH” METOAMHU aMaJira OIUpPHILI OOCKUUIAPH:
1. VKUTYBUM THHIJIOBUMJIAPTa MaB3yra OWJ TYyLIyHYa, »KapadH KM XOiuca
HOMUHU Oepaju.
2. TunrnoBumnapgan ynap Xakugarn (QUKpIaApUHA KUCKA KYPUHHIIIA
udonananuiapu cypanmaau. AbHU, mebpra YXmarud 5 KaTop MabiIyMOTIap
E3UILIapy Kepak Oyaiu.

VY kyiugara Kkouara acoca Ty3WIMIIN Kepak:
1-kaTopna MaB3y oup cy3 6mnan (ogaraa oT OwiaH) udoaaiaHau.
2-KaTop/a MaB3yra ’KyJa MOC KeJaJuraH UKkuta cudat Oepuiaim.

3-KaTopaa MaB3y 3Ta xapakaTHU OwiIaupyBun (peb Owtan (Hongamanmaam.

4-xaTopja TeMara JOWp MyXOKaMa STYBUWIAPHUHT XUCCHUETHHU H(oganoBun
Kymia Ty3unaau. Y TYpT cy3nad ubopat O6ymanu.
5-KaTop/ia MaB3yHH MOXHUATHHU HdoaanoBun Outra cy3 Oepunaau. Y MaB3yHUHT

CHHOHUMHM OYJaju.
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Hamymna. “Marpuna” cy3ura CHHKBEWH TY3HHT.

1. Marpuna.

2. BOFIIOBUMIIMK XYCYCHSITH.

3. Xaxxm Oynua TeHT TAKCUMJIAHTaH.

4. KoMITO3UTHUHT OUp KUHCIUIUTUHY TAbMUHIANINTaH KEPAMUK,
IOJIMMEP €KW METAJLT MaTepHal.

5. KoMmoHeHT.

“Kuacrep” mMeroau

Guxpnapaunr tTapMmokiaanuiu “Kmacrep”- Oy memaroruk crparerus 0ynuo,
y TUHIJIOBUYMJIADHU OUpOH OWMp MaB3yHU UyKyp YpraHuuuiapura €paam Oepuo,
TUHIJIOBYMJIAPHU MaB3yTa TAaJUTYKJIM TYyIIyHYa €KM aHUK (PUKPHU SPKUH Ba OYUK
paBUIll]a KETMA-KeTJIMK OWiIaH y3BUU OofjaraH XxoJjja TapMOKJaluiapura
ypraraau.

duKpiapHU TapMOKIAIl KyHuaruda Talkuil 3T Iu:

1.Xaénra xenran xap kanaa ¢ukp Oup cy3 Ounan udoaa 3THO KeTMa-KeT
E3MIaIu.

2.®ukpiap TyramaryHya €3uiinja 1aBoM 3TaBepUII Kepax.

3. Unoxu Oopuya (UKpIApHUHT KETMa-KETJIWTU Ba y3apo OOFIUKIUTUHU
KYTTAUTUPULLL.

Hamyna. “Komnosunmon Marepuamiap TypJapu’ Masizycura “Kmacrep”

rpaduk opraHaii3epuHU TY3UHT.

“AccecMeHT” MeTOaH

Metoauuur makcaau: Ma3skyp METOA TabJIUM OJYBUWJIAPHUHT OMIUM
JapakaCUHM  0axoJiail, Ha30paT KWIMIL, Y3MAIITHPUII KYpPCaTKUYM Ba aMajui
KYHUKMQJIADUHU TEKIIMPUILITra HyHANTUPWITaH. Ma3Kyp TEXHHKA OPKaJIU TabIUM
OJlyBUMJIAPHUHT  Ouium  QaoiausaTd Typau  WyHanunuiap (TeCT, amMaiui
KYHUKManap, MYaMMOJIM Ba3WATIAD MAaIlKW, KUECUM TaxJIWI, CUMITOMIIAPHU
aHUKJIaI) Oyinya Talxuc KUJIuHaIu Ba 0axoiaHa u.

MeToaHu aMaJira OIIMPHUII TAPTUOM:

“AccecMeHT” JapJlaH Mabpy3a MAIIFyJIOTIapua TUHIJIOBUWJIAPHUHT EKU
KAaTHAIMYWJIAPHUHT ~ MaBXya  OWIUM  JapakacMHU  ypraHuliga,  SHTU
MabIyMOTIapHA OaéH KWIMIJA, CEMUHAP, aMaJUi MAIFyJoT/Iapia 3ca MaB3y
€KM MabJIyMOTJIAPHU Y3IAIITUPUIN Japa’kacMHU OaxoJialll, IIyHUHTACK, Y3-Y3UHU
Oaxonaml Makcaauja WHIMBHIyal IMakiga  QoijJamaHUIl TaBCUS ATHIIAJIN.
[[IlyHuHraek, YKUTYBUMHUHI WXKOIMM EHAAIIYBHM XamJa YKyB MakcaJJlapuJiaH
KeJInO YMKuO, acCecCMEHTra KyInmMy4a TONIIUPUKIAPHA KUPUTUL MYMKHUH.
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Hamyna 1. Xap Oup xartakmaru tyrpu xaBoO 0,5 OGamn (tect, Ku€cuit

TaxJIuj, TYIIyHYa TaXJIMIM y9yH) €ku 1 OGamiraya (amanuii KYHUKMa, KeUC YUyH)

6aXOJ'IaHI/IIHI/I MYMKHUH.

Tect

HNxku yryamian TyJIupyBYAIap
a) Maiina 3appadany KymmuMJanap
0) Jlenranap, maTonap, Matiap,
TYPCHUMOH 3JIEMEHTIIap

B) bup ymuammm kymmumyanap

r) Maiiga 3appadanu KyMm, MeTajiap,

¢docdatnap

Kuécuit Taxjma

Jucnepc mycTaxkamJalTH-

puJiran Ba TOJaJ Ik
MYyCTaxXKaMJIaIITUPUIIOTaH
KOMITIO3UTIIaPHU

TaKKOCJIaHTI'.

TymyHnya TaxJnjamn

Huxkenr Ba amroMuBUN
acocua Tau€piaaHraln
KOMITO3UTJIAp -

AMaJIMi KYHHUKMa, Keilc

Hucnepc  ¢daza kypcaTkud-

JaApWHW ~ KEITHPUHT  Ba
yIIapHUHT aHMKJIAII
yCyJJIapUHU nudoaanad
OepuHT.

Hamyna 2. Xap Oup kartakmaru Tyrpu >xkaBo6 0,5 Gamn (tect, Kuécui
TaxXJIWJI, TyIIyHYa TaXJWIH yayH) éku 1 Oamirada (amanwii KYHUKMa, KEHC YayH)
0axoJIaHUIIA MyMKHH.

Tect

Kap6amun-dopmansaerua
CIIMMIIAPUHUHT éroura aAre3usicu
IOKOpUMH?

A) xa

B) iyx

C) xap moum sMac

Kuécuit Taxjamia

KyTt6nu Ba mon
OOFJIaHUTIIIAPHH Y3apO
TaKKOCJIaHT.

2. TymryH4a Taxjiuim

WNown Gornanwui Oy — ...

AMaJIMi KYHUKMA

Ban Jlep Banbc kyuinapunu
EroY-eJINM KOMIO3UIUsICUAA
KaHJ1al xosamapaa X0CHulI
OynuiuHu acocnad OepuHT.
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111. HASAPU MATEPUAJLJIAP

1-maB3y: KoMno3unuoH Matepuaiiap Ty3winimmn. MaTpumain Ba Aucnepc
¢a3a. 3appauanap, ToJiajiap Ba CTPYKTypa Aapakacujaa
mycTaxkamjaamTupuml. llnma, opranuk, kapooH, KepaMHK ToJ1a, CHMJIAP.
MaTtpuna MmaTepuaiapu: noJuMepJap, MeTajajiap, KepaMmuKa
MaTepHaIapu.

Pexka:
1.1. KoMmo3uimon Marepuasiap TyIIyH4YacH.
1.2. Komno3uiimon matepuamiap Ty3WIUIIIH.

1.3. Marpuniasiu Ba aucnepc ¢aza. 3appauanap, Tojajiap Ba CTPYKTypa
Japakacuia MyCTaxKaMJIaIITUPHIIL

1.4. [uma, opranuk, kapOoOH, KEpaMUK TOJIa, CUMJIAp.
15. Marpuna wmarepuasmapu. Ilomumepnap, MeTamiap, KepaMuka

MaTepHaIapH. Q\
|

Tassnu  ubopanap:  KoMnO3UyuoH,  mMampuya, unmepqgetic,
MYCMAXKAMAQUMUPUWL (ApMUposKa), myaoupeut, Oucnepc, Kamiamiu,
moaa, un, posuHe, mMam, WU, Kepamuk mojd, Memail Mampuya,
OpeaHuK, epagum, y2nepoo moia, OUCnepc-myCcmaxKamiaumupuieaH,
MONAMU KOMNOZUMAAD, KAMIAMIAU KOMNOZUMAAD, KOMNO3UMAAD,
mMampuya, mepmoniacm, mepmopeaxmus noaumep, 3MOKCUO CMOId,
Genon, nonudsup, eunun ¢up, aANOMUHUL, HUKETb, KOMUWMANAP,
WUWAKePaMuKad, KPUCMALIU3aAyUsi Kamaauzamopu, Kepamukd.

<)

)

N 1.1. KoMno3uuuon Marepuaiap TyuyH4acH.

KOoHCTpYyKITMOH MaTepHaNIapHUAT MEXaHWK MYCTaXKaMJIUTHHH OITHUPHIIT —
MaIllMHACO3JIMK/Ia SHT J1013ap0 MyaMMo OVIu0 KOMOKIa. AMMO MaTepHaUIApHUHT
MYCTaxKaMJIUTH OIIMIIY YJIAPHUHT IUIACTUKINTAHUA KECKWH TMacaiiuimmra Ba
CUHMUIITAa MOWHJUIUTUHY OIIMPHUINTA 0JIUO KeIMOKIa. by 3ca FoKOpr MyCTaKMITMKTa
sra  OynaraH  MarepuaJUIapHUHT  KOHCTPYKIIMOH  Martepuays  cudartuaa
KYJUTAHWIAIIUTA TYCKUHIIMK KITAO KEITMOKIA.

[TnacTukaukra sra MaTpHIla Ba FOKOPU MYCTaXKaMJIMKIa dra OYyJIraH Tojanap
(MaTpuIlagaH MyCTaxXKaMJINTH aH4Ya IOKOPHUPOK OYyJraH maTepuaiap) acocuaa
OJIMHTAaH KOMIIO3UIUTIAP KOHCTPYKIIMOH MAaTepPHAIAPHUHT JKCILTyaTallnoH
XOCCaJlapuHU KECKWH KEHrautupud Oopmokma. AmndaTra, OSHT 3aMOHABUU
TypOuHaap €KW KOCMUK TEXHUKACH KOHCTPYKIHMSCHHU YIIOy arpecCHB MYyXHUT/AA
WIUIAall OJaJuraH Ba IOKOPH Japakajdd Harpy3KaJapHH KyTapa OJIaJuraH
MaTepraiapcu3 X03Up/aa TacaBByp ATHO Oymmaiiim.

Kommo3summon Marepuamiap 4yKyp Tapuxra 3ra Ba TaOuaTia KeHT y4dpaiam.
Mucon Tapukacuaa KOKOC MaJdbMaCHHUHT OapriapuHu KEeATHPHUIIAMUA3 MYMKHUH:

Oapr TY3WIMIIM apMHUPOBKAa — MYyCTaxKamMJIalITUPYBUM TOJAJIap >KOMIIAIraH
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KOHCONb 1e0 TYIIyHTHpHICA XaM Oymaau. Erou xam ¥3 HaBGaTuma Tonamm
KOMITO3UTIIMP: LEJUII0J03a TOJajapyu JIMTHUH MaTpullaculia >KOMJIAIIraH.
[emono3a Tonanapu 4y3widil Oyinya IOKOpYM MyCTaxKaMJIMKra 3ra Ba IOKOpHU
Japakaja STWIYBYAHIMKTa XaM 3ra (KaTTUKJIMTH T1acT), IMTHUH MaTpHUIlack 3ca ¥3
HapOaTHaa ymdy TolalapHU OMpJIaITUPUO, MaTepraiira KaTTUKIMK Oepaau. Cysik
— TabuMil KOMITO3UIIMOH MaTepuaira sHa Oup HamyHa Oyna omaau. Cysk OyTyH
TaHaJaru XKUCMJIAPHUHT OFUPJIUTHHU KyTapaau. CysK KHUCKa Ba FOMIIIOK KOJIJIareH
ToJlanapuaa nobopat 6yaub, ynap anmatuT HOMJIM MUHEpaJ MaTpHUIla/ia >KOHIalran
oymamu. Baitnep Ba Baruepnap (1998) cysKHUHI CTPYKTYpacHHH Ba XOCCATapHHH
sxmy ypraarad. Dnucc (2000) Ba Voaiinpaiitiap aca (1982) crpykrypa-GyHKIHs
BA YHHMHI YCHMJIMK Ba XAaMBOHOT OJIaMHJIA TAPKAJIWIIHA XaKuJa y3 HWIUIAPUHU
TaKAUM OTramwnap. Tabumii KOMMIO3WTIApAaH  TallKapu  KOMIIO3HUIUsIIap
KOHIICTIIIUSICH KyAa KYI TEXHUK MaTepHayliap SpaTUIIAa XaM KEHT KYJJIaHUIHO
KeJITaH.

Macanan, kaydykiaru caxa, MOPTIAHIEMEHTHUHT €KUM ac(aJbTHUHT KyM
Owian kopuimanapu (6eton €ku acanbT 6eToH) ymlOy Marepuaiapra MHUCOI
oyna omamm. lllysmait Kkumub TabKUIANI KEpaK-KH, KOMIIO3HIIMOH MaTepHuasuiap
KOHLIETIIUSICH sSHTH €0 KaOyn KWwiMHAa OJMaigu. AMMO KOMITO3HMIIMOH
MaTepHAUIAPHUHT TEXHOJOTHSACH OXUPTH 3aMOHJAa KEHT PUBOXKIAHUO, (DaHHWHT
WHHOBAILMOH MyHanuuuiapuaad oupu 1ed xucoOJaHUIIN Kepak.

XX acpuunr oxwpura Ba XXI acpHuHr Oomnuiapura TYFpH KeNraH
KOMITO3UIIMOH ~MaTE€pUAUVIADHUHT HMHHOBAIIMOH TEXHOJIOTHUsUIapu  (aHUHUHT
PUBOXJIAHWINIA Ba WHHOBAIMOH FOSUIApM MAIIMHACO3JIMK, aBHa-, KOCMUK-
TEXHUKACH, aTOM JHEPreTUKAaCcH, JJEKTPOHUKA MaTepHaliapyu, KOMIIbIOTEpIap Ba
OOLIKA COXaJIApHU PUBOKIIAHUIIINTA OJIUO KEJIIH.

Komno3uyuon mamepuannap — Typiau Xxoccajlapra osra

OynraH  KOMIOHEHTJApAAaH  TAlIKWI  3TraH Mypakkao

cucreManapaup. bup  OyTyHnauk  Xamaa — MyTaxKaMJIMKHU
i

Ta@bMUHJIOBUM BJACTUK Ba KAaTTUK ¢azanap apajaniMacuaan -
TONTaH Marepual KOMIIO3UIIMOH MaTepuan ne0 atananu. bynna \ 4
Xap OMp KOMIIOHEHT aJloXHJa KOMIIO3ULIMOH MaTepUaJTHUHT
XaMMa XOocCCa-XyCyCHATIapura TYJIUK KaBoO Oepa oJMaiiau.
OnTuMan mapouTiapra xaBoO OepaguraH KOMIIOHEHTJIAPHU
Tymiad Tamadra TYFpU KellaJuraH KOMIIO3UIIMOH MAaTepUaUTHU
SIPATUIIT MyMKWH

By KOMMNO3UIIMOH MaTepHaUIApHUHT 3HT Ky4Jd TOMOHJIApUIAH OUPHUAMD:
KEepaKJId X0cca XYCYCHATIapH TabMHUHJANI MakKcaauaa TypJid KOMIIOHEHTJIapHU
TaHJAlll MMKOHUITH MaBXya OYnu0, xap OHp OKCIUTyaTamus I[IapouTIapH
(a3pOKOCMUK CTPYKTypajiap, JoAKajgap, aBTOMOOW €KU AJIEKTP JBUTATEIN YUYH)
yuyH Makcumanl »d(QexTUBIMKra sra OYyiraH MaxcyCc MaTepHall spaTuIll
UMKOHUSITHHH MaBXKY/I.

Cuuep Ba [Oprenc (1983) KoMIO3UTIApHM PEAKTUB camoJieTiapuiaa
KYJUIAaHWUJIUIIY YpranuO, yHaal Xyaoca Kujiaaumiap:

"Komnosutnap (KOMIO3UIIMOH MaTepuajjiap) JoWuxauaml Y4yH KEeHT

UMKOHUSTIIAD TYFAMPIW, MaTepuaiap Au3ailHepiapu xap Oup HyHanum y4yH
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yJIApHUHT OFUPJIMTUHY Ba HAPXUHHU 3bTUOOPTa OJIraH X0J1/1a TypiIu Xoccauapra sra
OYnraH sSHrM MaTepuajyIapHU spaTra KarTta Ba Y4eKCU3 UMKOHUATIap Oepau’.

Oxupru Wuiiapa MeTajlil Ba HOMETaJlJIap aCoCH1a IOKOPU MYCTaxKaMJIMK Ba
KATTUKJIMKTa 3ra OYJIraH HOOPraHuK ToJiajiap, UIICUMOH KpCUTAJLIap, HOOPTaHUK
3appavajiap OwiIaH apMHUpoOBKa (MycTaxKamJIalITUPWITaH) KWIMHTAH CYHBHM
KOMITO3UTIIAp KaTOpJIapH sIpaTUIIIN.

Tonanap cudaruna TypJim KPpUCTAJUIAPHUHT MIICUMOH makiuiapu, Si0,, SiC,
Al,O3 Tapkubnu WYHANTHPWITAaH KpPUCTALTU3AIUsA €KH TaplaH IONMKa CHMIa
YYKTUPHUIT yCy/utapu €EpaaMuaa XOCWJ KWJIWHTaH FOMKa KBapil TOJIaJaj,
KYJUTAaHUJIMOKJIA.

XaMMa CyHBUHA KOMIIO3MLIMOH MAaT€PUALUIADHUHT YMYMHUU CTPYKTypacu
TYpJ¥ KOMIOHEHTIAPHUHT OUp XaXKMJla *KoWnamuiy Ominan OofnukK, Oy epaa 6up
KOMITOHEHT TUTACTHKJIMKra J3ra (0OfioBuM), OOIIKAa KOMIIOHEHT 3Ca IOKOpH
MYCTaXKaMJIUK Ba KATTUKJIUKTa 3ra (TYJIQUprid) OYIUIId [apTIUIUD.

Komno3unnon marepuannap puBoxianumu 1965 iwinan O6onuiad KeCKUH
Kamamjap Owman  Oommmapau.  1960-ym  iiwommapmanm Gomurtab  rOKOpH
MyCTaxKaMJIMKra, KATTUKJIWKra sra OyiraH Ba €HTWJI MaTepuajuiapra Typid
coxayapja dSXTué&K Ycub Oopau — a’pOKOCMHUK TEXHHMKAJa, SHEpPreTHUKaaa Ba
Kypunumina. [y Baktna Oy martepuamnapra KyHWuiIrad sHTU Tajgabiap HIyHYaId
IOKOPY Ba TYypJiau OVATaHJIMId MyHOcabaTh OwiaH Xed KaHJall aHbaHaBUU
Matepuan Oy Tanabnapra TYIWK >kaBoO Oepa onmaau. Ba ¥y3 waBOatuma Oy
IApOUTIap KOMIIO3UIIMOH MaTe€pUAUIAPHUHT KOHIICTIIUSICUTa KaTTa >bTUOOpPHU

KapaT/Iu.
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Conpomises

Sieel

o
=9
£

Sieel

Compasitgs

Compostics

Bec Tepmuueckoe  gocmpocms Hpounocms Yemanocmua
PACLUUDEHLE A HPOUHOCHID

Pacm 1.1. AwnbaHaBuii MOHOJMT MATEPUAJUIAPHUHT Ba  KOMIIO3HUI[MOH
MaTEepUAUIAPHUHT XOCCAJIAPUHU COJIMIUTUPHIL (OFUPJIMIU, TEPMHUK KEHIaWHILH,
KATTHKITATH, MEXaHHK MYCTaXKaMJIMTH, BAKTra Gapaonumrn)’

Pacm 1.1 na MoHOMMT MaTepuaiiap (aJIIOMUHHNA Ba IyJaT) Ba KOMIO3ULUOH
MaTtepuautapHuHr  Xoccaiapu cosmmmrupmwiran (Deutsch 1978). By pacmaan
KYpUHUO TypuOAMKH, KOMIIO3UIMOH MaT€pUaUIapHU KYyJUlalll HAaTHXKacuaa
KOHCTPYKUUSJIAPHUHT OFUPJIUTWHU, TEPMUK KEHTAWWIIMHU KECKUH KaMaWTHPHIL
(4-10 maporabara), 11y BaKTHHUHI y3uJa KAaTTUKJIMK Ba MEXaHHK MYCTaxXKaMJIHK,
BaKTra OapJOUUIMK KYpPCaTKUWIAPMHU KecKuH (2-3 wmaporabara) OUIMpPHIL
MYMKUH.

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

London, 2012.- 4 p.
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KoMmrmo3unmon wmatepuaiap TEXHOJOTUSICHHN PUBOXIIAHWINN SHA OHp
TaMOWmJI OuslaH OOFNMMKIWD - WIM Ba (aH PUBOXKIAHMO, WNUIA0 YMKApPHUII Ba
jJoMmxanam wunuiapu OwiaH Oup Bakraa ogub Oopunau. SAHrm  matepuani
SApAaTWIKIIK/IAH 0010 YHU IKCIUTyaTallusIra KUpUTHUINTada ojiu0 OOpHI, WIILIall
BaKTH/Ja VYHUHI XOcCCa XYCYCHATIapW Ha3opaT KWIMIL, HIUIa0 YHUKapHII
HYKCOHJIADMHU TEKIIMPUII HATHXKACHU[A KOMITO3UIIMOH ~MaTepuaIapHUHT
xoccanapy KeCKUH puBOIaHUO O6opau. by 6opana €kyiFHM Texalra XxaM KarTa
»THOOp Kapatwigu. lllynunr yuyn xa€t Ba wunoiad YUKApUIIHA XaMMa
coxajapujia €HIrujl, aMMO MYCTaxKaM Ba KaTTHK CTPYKTypajapra Tajad Ba dXTHEK
Tobopa Yycub Oopau. 3amoH Tanabiapura Ba MPOTPECCHUB TEXHOJOTHSIIAPHUHT
PUBOXIIAHUIIINTA JHT aCOCUU TYpTKH OYIMO KOMIO3WIIMOH MaTepHaUIapHUHT
PUBOKIIAHUIIIMHU KEITUPUIIIMMHU3 MYMKHH.

[Muma Tomamap OwuiaH MycTaxXKaMJIAIITUPWITAH CMOJaiap WUTHPMaHYU
acpHUHT OomnutapuaaH KyutaHuinO kenMokna. [lumma Tonamap acocuaa OIUHTaH
KOMIIO3UTJIAap €HIUJI Ba MyCTaxkamiMkra sra OViauo, kartukiauru (FOHr mMomynn)
YHUAJIMK FOKOPH SMACIWUTU OWJaH axpainud Typaau. XX acpHUHT OXHpJapUaa
SHTU ‘‘3aMOHABUM (TaKOMWUIAIITUPUITAH) ToJIajiap Kamid TUiau: 0op, yriepos,
KpeMHUI kapOouau Ba amtoMuHuid okcuau (Yayna 1998, 2005) acocuaa onuHrax
Oynnai TonanapHuHr FOHr Moaynau (MOIyJib YIPYTOCTH) IOKOPU KypcaTKhujapra
STajUrd aHuKIaHAu. by Tomamap cMoma, MeTall Ba KEpaMHK MaTpullanapiaa
apMHPOBKAa KOMIIOHEHTJIapu cudaTha XO3UPTry BaKT/a KEHT KYJUIaHUO KeIMOK/Ia.

Komno3uinnon marepua/uiap KyWugard maprJjapra KaBoo0

OepuIIH Kepak: %
1. Marepuan nnuiad YMKapUIMIIM Kepak (TAOMUIl KOMIIO3MLIMOH [y g
MaTepualiap — MacajiaH, €Fod Oy rypyxra KUpMauin). =
2. Matepuasl UKKU KM KYTIPOK (PU3MKABHUIA Ba KUMEBUN Xap XHII \d
Oynran, wmatpuma (uHTEp(dEc) wuMga TapTUOIU >KOMIAIIraH
¢dazanapaH TaIKWI TONTaH OYJIMIIN Kepak.
3. KoMmmo3uTHUHT XOcca-XyCycUsTIapu Xe4 KalCuh YHUHT
aJIOXHUJa KOMIIOHEHTIApUAA TYIUK XaXMaa HaMOEH Oyiia oaMaian.

Tonmanu  MycTaxkamJalITUPWITaH  KOMIO3UTIAp  Oolmika  Typaaru
KOMIIO3UTJIApAaH Kypa KEHI' KYJUIAHWIMIIH, KYIIT'MHA MaTEepUaJUIapHUHT TOJIAJIH
KYPUHUIIUAA SHT FOKOPU MYCTaXKaMJIMKIa Srajurd OwiaH OOFIMKIup. AMMO
TOJIAJIM  KOMIIO3WTJIAapJa MYCTaXKaMJIAIITUPHUII acocaH Toja WyHaJuIIura
napajuien Oymaau, JeMak XOCui OyiaraH KOMIIO3UT aHM30TPOIl XOccanapra ira
Oynmamu. Arap KOMIO3UT XaMMma MYHaIMIIa OuMp Xuj Xoccajapra sra OYJIHIu
Kepak Oyica (M30TpoIl MOJ/1a), JaMUHAT €KU UKKU TypJAard Marepuajad TallKu
TONI'aH COHJBHMY I[AHEJUIAPHM TaHjalml MYMKMH. bab3u Bakmiapaa 3ca
KOMIO3UTJIapAa KYJUIAaHWITaH Tojajap MYyCTaxKamJiUrura KaTTa 3bTHOOp
OepuwiMaiinu: MacajiaH, IOKOPH VYTKasruwiapjaa YTKa3yBuUM MaTpulia OuiaH
Oupranuka yjabTpa HHIMYKA ToJlanap KYJIaHMIaIH.

2 Krishan K. Chawla. Composite Materials. Science and Engineering. Third Edition. Springer Science, New York-
London, 2012.- 5 p.
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1.2. KoMno3unuoH MaTepuasiap Ty3UJIMIIHU.

Komrmo3unuron matepuamHUHT Oup OyTYHJIUTHHH TabMHUHJIOBUYM KOMIIOHEHT
TAIIKWJI 3TyBYHMra OOFJIIOBYM KOMIIOHEHT (MaTpuua, uHtepdeiic) ned aramanu.
borka koMmoHeHTHap (APMHUPOBKA, MYCTAXKAMJIAINTHPHUIL, TYJJIMPYBYM Ba
XO0Ka30) HUHI Iy MaTpulaja >KOWIAIIWIIA MablIyM TE€OMETPUK KOHYHHUSTTa
OyiicuHuIM Eku OYWCHHMACIUTH XaM MyYMKWH. Marpuiia Kymumyaiap opacuaa
Maxcyc IONKa Kariam OYynu0, y axpanuin ro3acuHu Oenrunaviaud (1.5-pacwm).
KoMmno3unmon matepuaiiapau cuHdaapra axxpaTuilia MaTpyla €Kd apMarypa Ba
KYIIMMYaJIapHUHT TypUTra, MUKPOTY3WIUIIN XYCYCUSITIApU Ba MaTEpPUATHU OJIMIII
ycyJiura Xam bTuoop oepunaiu.

Marpuna MarepuaJMHUHT Typura KapaO, KOMIIO3MIIMOH MaTepuaiap
KyHugaru TypJapra OYJIMHUIOM MYMKHUH: “‘MeTajyl MaTpullaid’, OpraHuK
OynMaraH (opraHMK OYJMaraH mojuMmepsap, MUHepaiap, Yriaepoai, KepaMuk),
OpraHuK MAaTPULAIM Ba Ky MaTPULIAJIM apajialll KOMIIO3ULIMOH MaTepHraap.

BofrnoBun maTepuamHUHT Ba3udacu MaxcyJoTra MabliyM TF€OMETPHUK IIAKI
Oepub KoiMacaaH, OalkM Yy KyWwIaHMUOUIAPHU XaxM Oyiimya Oup Xui
TaKCUMJIAHUIIMHU ~ XaM  TabMHUHJAWAM Ba  MabiIyM MEXaHUK XOCCAaHU
MIAKJUTAHTUPAIU, Xamjaa apmarypa €Kd KylIMMYalapHA TallKu MYXHTIaH
cakyaiau. KoMIO3UIIMOH MaTepUaHUHT MCCHUK Ba KOppo3usira OapIOINUIUITHUK,
AJIEKTP Ba MCCHUKJIMKHU Cakjall KOOWJIMATH, KalTa WIUIANl TEXHOJIOTHSICH KaOu
MyXHUM XOccajapu OOFJIOBUMHUHI Xycycustiapura OofiuK. JIeKuH apMupoBKa
(MycTaxKkamJIAIITHPHII) Ba KyIIMMYa 3JIEMEHTJIIAPDHUHI Typura Kapad xamua
yIapHUHT MaTpHIlaia >KOWIAIMINKM Ba TEOMETPUK Yiodyamuapura Kapao,
KOMITO3UIIMOH MaTepHaJUIapHUHT XOoccallapu y3rapaad. MacanaH, KOMITO3HLIMOH
MaTepuaira KylumMyanap, SsbHA apMarypa 3jieMeHTinapu (ogataa, 10%man Kynpok
MUKJIOpAA KYIIMJIAAU) acocaH, MEXaHMK XOCCAJapHU Ky4YalTUpHIL Y4yH
Kyuniaad. byHna MycTaxkaMiuK, 3UWIMK, MUIACTUKIUK OPTUO, MaTEepUAIHUHT
3UYJIUTH, JJIEKTP XOccallapu, UCCUKJIMK YTKa3yBUaHJIMIU Ba OOLIKA XyCycHUSTIap
MabiIyM HyHanumaa €Ky pakat aqoxuaa OJMHTaH Koilaparnia y3rapasiu.

KoMmno3uiuron MarepruajylapHUHT 3HT MYXUM XyCycHsTiapu AedopmManusra
MycTaxkamiauruaup. TynaupyBumnap cudaruna KyJUIaHWIQIUraH >SJeMeHTIIap
oJaT/Aa MaijIa KyKyH €KW KajTa Toja XoJatna Oymaau. byHpai kymmmyanap
aCOCaH MATEpUAJHUHI TaHHAPXUHU KaMaWTupaau. JIekuH yinap KOMITO3ULIMOH
MaTEepUAIHUHT MYyCTaxKaMmiauruHu 1,5-2,0 Gapobap OMpUIIM XaM MYMKHH.
Masbnaym Mukaopaara (apmaTtypa) KymmMJaiap MaTepruaTHUHT MyCTaXKaMJIMTUHA
2-10 OGapoGapra ommpamu. Kommo3uinmoH watepuaiiapja TYIAUPYBYH Ba
Kymmm4a (apMarypa) martepuaiiap OWpralvKaa KaTHAIIUIIM XamJla YJIapHUHT
yiuamiapy Ba KOWJIANIUIIM Xap XWI OYJIUIIN MyMKHH. YT4amMu yd WyHaJIUIIIA
KMYMK OYiraH Kymumdyaiapra KyMm, Maiijna (KyKyH) JoHadaiapra sra Oyirax
MeTasuiap, gocdatiiap, muiia Ba JOMCUMOH MUKpoc(depa Imakiiara maTepuaiiap
kupamu (1.2-pacm). TYaauprudHuHT makiy 0yiuda yiaap 3 Typra 0yauHamu (pacM
1.2): HOJ-YIuamMiM, OMp-Ya4aMiii, KKK Yidamid. bup ymdamiuu Kymmmyanapra
TOJIACUMOH TYJIMPYBUWJIAp, apMarypa »>JIEMEHTIapH, KaiTa ToJIai TaOuui

MaTtepuaiap (MacajnaaH, acoecT), YCUMIIMK MaTepuasuiapy, TOJACUMOH KpUCTasuiap
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(oxkcumIap, amOMUHUNA HUTpUZ, OepwyuMii OKCuUAHM, OOp KapOWAM, KpEeMHUM
HUTPUIM), Y3YH TOJIaJIU Xap XWJ OpPraHuK OWpUKMallap Ba XOKa3oJap KUPAJU.
Wkku yimuamiau TYJIaupyBUMIIapra JIGHTaJIap, MaTojiap TYPCUMOH Ba OoOIKa
apMaTypa 3JIEMEHTJIAPHUA KEATUPUII MYMKHH.

Kommo3unmon  marepuamiap  xoccajapura  KyluuM4a  3JIEMEHTIIAp
(TYnAMpyBYM) HHUHT TabCUPHU KyJda KaTTa OYITraHIUId YYyH KYIUHYA IIy
KOMITO3UIIMOH MAaTE€pPUAJHUHI HOMHM YHUHT TYJIJAMPYBYMCH HOMHM OWIaH Xam
ailtunanu. Macanan, rpaduToriacTiap, IIMINA TOJAIM  KOMIIO3MIIMLIIAP,
OpPraHOIUTIACTHUKIAp Ba XOKa3o0.

Komno3ummon wmatepuamyiapHd MakpoOTy3WIUIIA Oyindya xam Qapkiamnt
mMymkuH  (l-gmarpamma).  lOkopuaa — TabKMUIaraHUMH3[AK,  MaTpuIlana
TYJIAUPYBUWIAD TapTUOCH3 KOWJAIIMIIM MYMKHUH, JIEKMH KYIUHYA YJIAPHUHT
TApTUOJIM KOMJIAIIUIINTa SPUIIMILTA XapaKaT KWIMHAAU. Xap XWI yiayamra sra
Oynran TYNAMpPYBYM Ba apMmaTypaiap OMprajvkaa KaTHalTaH[a YJIapHHUHT Y3apo
TapTUOIN KOMJIAIINII UMKOHUSTIAPHU KYTI OyJ1a/in.

KoMIto3unuoH maTepuaUIapHUHT XOccallapd XaMMa WyHaauIiga Oup Xui
Oynca, OyHmall maTtepuan xoccajgapu u3zoTpon OViaau. bynmalt marepuaniapra
KYKYH XOJHUIaru KyIIuMYaJdapyd XaoTHK JKOMIAITraH KOMIIO3UIUSIIAD KHPAJIH.
MarepuamnapHuHT TypJad HyHanunuiapgaru xoccaigapu ¢apk Kusica, OyHial
KOMIO3UIMSUIIAp aHU3aTPOIl Xoccanapra sra aeinianu. byHaail kommo3umusiiapaa
apMmatypa cudartuga Tonamap, IUTACTMHKANAp, Maroiap, Typiaap MabiyM
HyHamuIaa )KoUIamTupuiIrad oynaau.

TYynaupruyHuHr Typura Kapad KOMIIO3UIIMOH Marepuaiap JucHepc-
MYCMAXKAMAAUWIMUPUIZAH, MOATU 64 KAMIAMIU KOMROZUMAAP2A AXHCPAIAOU.

4

'

i) o) g)

Pacm 1.2. ApmupoBKa Tynauprudiap: a- HoJb yiuamiu, 6 — Oup yiadamiu; B-
UKKH Yimaamid, g, lp, I3 - Tymoupriy yoaammapy; L — marpumna KaauHiIira.

28



Top
photograph—
IStockphoto.
Bottom diagram
courtesy of
Black Diamond
Equipment,
Ltd.)

Tip sheet. Polyamide polymer that has fﬂﬂﬂpﬂ KAMALH - HOTUAMHA HONUMEpU {hach
‘.'ll‘|.'1||\|.'li: bow glass transition temperature and gy 8 yoenn KUANML XAPOPARI 60 CHALMA
resists chipping.

Gapdowt).

Torsion bay weap. Fiberreinforced composites that use Tﬂpcum[ KORTIME - HONATH KOMHROIUM
glass, aramid, or carbom fibers. A variety of weaves and

;tc:phlwfrrln."llrn.'-.'nh:nl.lrr posasble that are wilieed 1o ['Hl.lllll.ﬂ, ﬂpﬂ.'ll.llﬂ L Hﬂpﬁm" Ml'l.ﬂ.l'l.llj
“tune” the flesural characieristics of the ik, R'apamu D.i‘jlflll.llﬁﬂﬂlll MOTL MIHTAHINAN.

Core. Foam, vertical laminates of wood,

woid-faam laminabes, honeycomb, and other Edpo ; KY R, mﬂ &zom
materials. Commanly wsed woods inchede popla g wHHAME, E209-KURUE TAMMHLMH.
spruce, hamboo, balsa, and barch -m

xorexomd éxu 6. wamepuat Kinunua
Fibratiai-ataorhing maierial, Rubber is E‘i'ﬂl - 51"-5“\'; m E:E".wmﬂ.ﬂ.ﬂu\.

nosmally used
Bufpauuanu wmaduian MOmEPULn - LCocaH
PESURM KfTAHUAAIN.
Buse, Ubirahigh medecular weight polyethybene Aeoc - HKOPI MONEKYIAD HONUIMILIEH,

i wied becauag of its low coeflicient of friclion
KHRUE NISLEH I HWMHWIMM 3
and abrasion resistance

Reinforcement fayers. Fiber-nemloaced compossies
Thal neerrally usd glisd fibers. A vamity of waves
o weaghts af reinforcemmenl aig posuable 1o provide %
lompiiudansd stffncss.

6l BILKLUAHUINZE YUdIMIL.
HM&W“ Eddpen, Carbom stee] ihai bas been ireated 1o have B‘ “R“P zrmpoﬂnu
bt i AT 1 wlE 1l 1n 1 g ave d "'-
KOMnaMn IP - WHIMAMONLTH hardness of 48 HRC. Facilitabe tarming by “cutting™ EP 1:'
iy Ehe amow, nr.rmm, "ﬂ Imc
KOHROTHH. KOHMBRKIIRAL 320

Pacwm 1.3. Tor yanFrcH KOHCTPYKIMSICHIA KYJUITAHMIITaH KOMITO3UTIIAp TypJIapy. 3
Tynnupruunap 3appadajapuHd KYPUHUIIN Oyinda ToJIaiu

Ba JMCIEpPC TypJjapura axpaiaaud (Mopoliokiap). ApMUPOBKa

TYIAMPTAYIAPHUHT Kovtammmu 6yiinda (pacm 1.4-1.5) tonanu ¥

KOMITO3HIIMOH MaTepraiap 3 rypyxra akpajaam: Oup YKJu, e

HKKH VKM Ba y4 VKM ((pa3oBuil) MycTaXKaMJIAIITHPHUIL -

(apmupoBka). W
bup yxkiam MycraxkamJalITHPUIIAA TYJIAMPrHYHUHT

vukaopu 1...5%Hu, ukkn ykiam apmupoBkaga — 15...16%,

y4 ykau apmupoBkaga —15%paan opruxk 0yiaagu. Katnamoaum

KOMIIO3UTJIapAa TYJaauprud cudaruga KoOFo3, MaTo EKHU

acOCCTHMHI TEKHC JUCTJIAPH KYIJIAHWJIMIIA MYMKHH.

® William D.Callister, Jr., David G.Rethwisch. Materials Science And Engineering. An Introduction. Eight Edition.
USA, Wiley, 2010.- 626 p.
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Marepuan XOCCaJapUHUHT KOMIUIEKCMHHM KeHTaTupum €ku  0ab3u
XOCCACHMHM KYYaWTHUPHUII MaKcaauja KOMIIO3UT TapkKuOuaa Oup BaKTHU Y3uja
Typiu IAKJIJard TYJAUPrUWIap XaM KYJUIAaHWIMIOM MYMKUH (OMp Ba HMKKHU
Vngamnu), ©0ab3d BakTIapjaa Oup IHaKJIJard amMMo Xap Xuwil Viadamiaru
TYJIUPTUYWIAD KYJUIAHWIAIN.

Nxkkn Ba YyHIOAH Ky Typaard MYyCTaXKaMJIAIITUPHUIL —TYJIIUPTUUIAPU
KYJUIAaHWTaH KOMIIO3UIIMOH MaTepuauiap TMOJMapMHUPOBKAa KWUJIMHTaH J1e0

aTajdaaun.
| | | | Y

ol i) i)

Pacwm 1.4. ApmupoBka cxemanapu: a — oup YKiau; 6 — UKKU YKJIA; B — y4 YKJIIH.
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Pacm 1.5, Kowmmosutnmap xoccamapura Tabcup OTyBUM jgucmepc (Qasza
3appadalapuHUHT TYpJiIu XWI TEOMETpUK Ba (a3oBUN KypcaTKHUIapw: a —
KOHIICHTpauus, b - yiyamnap, € - makn, d- makia, € — 3appavdaiap HyHaIdIm
(opuenTarusch).

bu3 Oy dan Moaynuaa Kyiuaard KOMIO3UTIIAp TYpJIapyHHU Ba yJIapHU UILTA0
YUKAPHII TEXHOJIOTUACH YpraHuO YHKaMU3:

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

Particla-rainforced Fiber-reinforced Structural
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particle strengthened (aligned) [short) panels
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1.3. Marpuunajau Ba aucnepc ¢asza. 3appauajiap, ToJjajap Ba CTPYKTypa
JAapakacuaa MyCcTaxXKaMJIAIITHPHUIIL.

Tonanu KOMIO3UIIUOH MarepuaiapaaH bapxiu JCIepe
MYyCTaxKaMJIAIITUPUITAaH KOMIIO3UTIIApJia MaTpUIla OFUPJIIMK Ba MYCTaXKAMJIMKHU
TAbMHUHJIOBYM aCOCHH 3JIEeMEHT XucobnaHaau. Jlucmepc 3appadanap MeTailiia
JTUCIIOKAIUSUTAPHUAT  XapaKaTHHW  CEKWHJIAIITUPAAN, OJJUA Ba  IOKOpHU
XapopaTiapa YHUHT MyCTaXKaMJIUTUHU OIIHPAJTIH.

Jucnepc-MyCcTaxXKaMJIAIITHPHIITaH  KOMIIO3MIIMOH  Mare-

PHAJUIAPHUHI J3HI acOoCUil a@3a/UIMIM — YHHUHI XOCCAJIapUHH
U30TPOILTUTUTHUP.

ducnepc 3appavanapuunr yayamiaapu 0,01...0,1 wMxm
OyJaranaa yJjap MaTepUATHUHI KKOPH MYCTAXKAMJIUTHHHA
TabMHUHJIANAK. 3appavyajJlapHUHI MHMKIOPHM YJapHMHr ¢a3ona
JKOMJIaHMIIUra OOFyIMK 0yiam0, oxmataa xaxkm Oyiuda S5-10 %uwm
TAlIKKWJ ITAAH.

MycraxkaMIalITUPUII KOMIIOHEHTJIapU cudaTuia OKOPH XapopaTiu Ba
KUWUH 3pyBYaH (azanmap— okcupa, HUTpuaA, oopun, kapoun (Al,Os, SiO,, BN, SiC
Ba O.)map kymwmanwiaad. Jlucrepc-MycTaxKamJIalITUPHITaH — KOMIO3HIIMOH
MaTepuajylap acoCaH IIOPOLIOK METAJUIYPIHs YCyJUlapu €EKH CYIOK MeTall
TapKUOWra KyHHUIl ONIUAAH TYJIIUPrawiap KYWWIl ycyiulapu €paaMuja uiuiad
YUKAPUIIAIH.

OHr Kyn TapKairaH JAucHepc-MycTaxKaMJalITUPUITaH — KOMIIO3UIIMOH
Marepuasiap altOMUHHAN Ba HUKEJIb aCOCU1a TAaUEPIaHaIHn.

AJNIOMHHHUI acocuIa TaHépJIaHTaH MaTepUua/LIap “‘NMUIITAH AJIOMHUHHUA
nopomorn” (CAIIl) ne6 aramamu Ba amomunuii, xamma Al,O; (18%raua)
3appavanmapugan  moopar OVmamu. CAIl wmarepmanu (kamBanm 1.1) roxopu
MyCTaxKaMJIMKra sra Oynu0, 0J0BOapIONLIUIU, KOPPO3UOH OapJOLUINTU Ba
XOCCAJApHUHI TEPMUK CTAOMIUIMIH OuJlaH axpaiul Typaau. ANIOMUHHUI OKCUIH
MUKJIOpY OIIMIIM OWjaH MaTepUAIHMHI  MYCTaxXKaMJIMIW, KATTUKJIUIH,

0JIOBOAPIONUIUTHY OIIa/IM Ba IJIACTUKIIMTUA KaMainO Oopaau.
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CAIl uccuk xonma sxmu aedopmManusara MOMHI, COBYK XOJAa KUWHUHPOK,
KUPKUII OMJIaH OHCOH MIIJIOB Oepuiia/id, KOHTAaKT Ba aproH-Ayra cBapKacu OuWiaH
axmy unuioB Oepunaan. CAllman mmctnap, npodwusuiap, mramn QgopManapi,
¢dbomnbra unuiad YuKapuiIaIu.

CAIl pan mopilleHb IITOKJIApU, KOMIIPECCOp JIOMaTKallapu, BEHTHJIATOP Ba
TypOMHaTaApHUHT Mappakiapu, TpaHcGopmaTop oOMOTKaIapu TalépiaaHaau.

Kansan 1.1. CAIl kOMIO3UTIAPUHUHT MEXAHUK XOCCAJIapH.

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

CAIL-1 f...5 300 220 7
CAII-2 9..12 350 280 3
CAIIL-3 13...17 400 320

CAIlL-4 18...22 450 370 l.

Pl

L

Hukeabr acocuaa TaiiépaaHral KoOMIo3uTJapaa Marpuiia cudaruaa
HUKEJIb Ba YHUHT XpOM OWJIaH KOTUIIMAJIapu KyJUIaHWiIaau (XpOMHUHT MUKIOPH -
20%rava). MycTaxkamIaIlITHPUII KOMIIOHEHTIApU: TOPUIl Ba raHHUA OKCHUIUIAPH.
MakcuMan MycTaxkamjaallTUpuil radpHUN OKCHAMHMHT Mukaopu 3.5...4%
oynranna nHamo€H 6ynaau: og = 750...850 MIIa, 6 = 8...12%.

Hukens acocumarm wmarepuaiiap IOKOPH — OJIOBOApIOLUIMK, IOKOPH
XapopatiapJa cTpykTypa Oy3WInIINra KapuImiury Ouiad axpainud Typagd. AMMO
MaTepHAJUTAPHUHT KYJUTaHWIMIIKN (akaT Oy coxanap OuiaH 4ekIaHuO KOJIMauIu.
VnapHUHT KYJUIAHWIWIIA ABUTaTeJUIApHU KyWIAHHILIHM, SHEPreTHK Ba TPAaHCHOPT
YCKYHQJIAPUHU KyWIAHUIIMHU KECKHH OIUpUO Oepaau Ba YCKyHa-)KMXO3JIAPHUHT
OFUPJIMTUHHU KaMaWTUPUII UMKOHUHHU Oepau.

1.3. lllnma, opranuk, KapooOH, KepaMHUK TOJ1a, CUMJIaP.

Tomanm MycTaxkKamJIaIITUPWITAH KOMIO3UTIaAa Tynauprudiap cudaruma
TO3a dJIEMEHTIAp Ba roKopu xapopariu oupumkmanap (B, C, Al,O;, SiC Ba 6.)
TOJIaJapy Ba UIICHMOH KPHUCTAJUIAPU KYJUTAHWIAIU, XaM/1a METaJlJI Ba KOTUIIMAJIap
cumnapunan (Mo, W, Be, rokopu mycraxkam mynatiap Ba 0.) ¢oiiganiaHUIam.
ApMHUpOBKa Y4yH OuaMeTpu Oup Heuya MHUKPOHAAH 103 MHUKpOHTaya JUaMeTpiu
y3JyKCHU3 Ba IUCKPET ToJajlap KYJUTaHUIIAH.

Hazapuit xucobiapra Kkypa, MycCTaXKamJaIlITHPYyBUM Tojia jauamerpu d
KaHYaJIUK KUYMK OYJica, JeMaK YHUHT Y3YHJIUTH IMaMeTpura Kypa KaH4alIuK KarTa
Oynca, MIyHYAJIMK MaTepuaja TapTUOINK Japakacu 1oKopu Oymanu. by Hazapuit
xucoOJap aMalluid KUXaTAaH XaM TaCAUKIaHIH.

Tonanu KOMITO3MIIMOH MaTepHalap MYCTaxKaMJIMTU acCOCaH TOJIAHUHT
Xxoccanapura OOFJIMK, MaTpulla 3ca apMHUpPOBKa »JIIEMEHTJIApU  OpacHujaa
KYWIAaHHIIIJIAPHU TapKATHII BazudacuHu Oaxapaiu.

Kartuk apMupoBka Tonamapu Matepuaira TyITraH KyWIAHUIITHHA Y3ura om0,
KOMITO3UIIMSIHUHT MYCTaXKaMJIMTHMHM Ba KATTUKJIMTUHUA ToOJlajap WYHAIMIIN
oyiinua KydanTupud 6epau.

Martpuna Tonajiapra KyWwIaHHIIHU TYIUK YTKa3uO Oepulll yuyyH, apMHUpPOBKa

TOJIACH-MATpUIIA Opacuaa MycTaxkam OoffaHuIl Oynuiuu wmwapT. by mapTHH
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Oaxapull y4yH MaTpula TOJAHU TYJMK KOIUIAIIM Kepak: MaTepuaiia MaTpuLaHu
Mukaopu 15-20%aH 1okopu OYIUIIN Kepak.

Marepuan Tai€piaHuiuga Ba 3KCIUTyaTallds IAPOUTHU]IA MATpHIla Ba Toja
opacuaa Yy3apo TabCcUpJaHUIl Oynaumm kKepak osMac (¥3apo auddysus
TabKUKIAHAAW), YyHKH OyHIail auddys3us MycTaxKaMJIMKHM Hacauiura ojaud
kenaau. Matpuiia Ba Tojia opacuaa dasanap aare3usick HamoéH Oyinaau. Matpuria
Ba TYJIIMPTUAY Yerapacuaari CUpT TapaHTJIMTH IOKOpPH OYJica, Toja yCTUra OpajuK
KaTjaM XOCHJI KWJIyBYM Maxcyc Koriama Oepuiaau.

KoMmno3unron Marepuanjia Tojiajnap €pukiap TapKaJIUII TE3IUTMHU KECKHUH
KaMmailTupaaum Ba Jespiau OyTyHJIall TycaTnaH MypT CUHMIIHM Oaprtapad 3Taiau.
bup VK1M KOMIIO3UIIMOH MaTepuaiap/la MEXAHMK XYCYCHUSITIIADHUHT TOJIa
HyHanmMIM Ba KapaMma-Kaplid HWyHanuuuiapu OYilnad aHM30TpONUsICM HAMOEH
oynaau.

Toaanu TyIAupruvIap TypJjaapu Ba XoccajJapu.

MeTasi MmycTaxKaMyIaIITHPHUIL TYJIAMPrudJIapu:

IIyaaT cumMu (KOPPO3MOH-0AP IO TYJIAT) — ATFOMUHHIHA apMUPOBKA KHITHIII
y4yH,

Mo, W, Ta cumuapu— oJ0BOApIOII MaTPULIATIAPHU MYCTaXKaMJIAIITHPHIIT
yUyH;

Bepuwinmii cumMHM — I0KOpY COJIMIITHPMA MYCTaXKaMJIMK Ba MACT 3UWIMKIa
ara; aJIIOMUHUMN, MarHUi, THTAHHU aPMUPOBKA KUJIMII YUYH KYJUTaHUJIA]IH.

Tonanap:

Bop Tonanapm WKOpM MycTaxKamJIUK, KAaTTUKJIUK, IOKOpPH Xapoparia
Oy3WIMIlITra YUAAMIWIMTH OuiaH axkpanuO Typaau; 6op tomanapu 70...200 MxMm
JUMaMETpUra 3ra; yjiap METaJUIMK Ba MOJUMEp MaTpHUIAJIaHU apMUPOBKA KUIIMII
YU4YH KYJJIaHWIaau; Oop Tojanapu BoJbPpam cumu yctura 0op OUpPUKMACUHU
YYKTUPUIL YCYJIU OWIIaH OJUHA/IHN;

Yraepox Tosasapum — IOKOPH MYyCTaxKaMJIMK Ba MEXaHUK XOCCaJapHH
TEPMUK CTaOWJUIUTU OWJIaH XapakTepliaHa;, yJap WHEPT MIApOUTIA CUHTETHUK
OpraHMK TOJIAJAPHHU IOKOPH XapopaTAa MIUIOB OepHIll yCyiau €plaMuia OJuHaAU
(BUCKO3a, MOJIMAKPUITHUTPUT); AacTiIa0KU XOM amé Typura Kapad Typiu yriiepos
TOJAJAp OJIMII MYMKHUH: WIUIap, CUM, MaToO, JIEHTa, BOMJIOK; aJlOMUHUN Ba
MarHuiiHU apMUPOBKA KUIUII YUYH KyJUIAaHUJIAAH,

Kepamuk ToJIajlap - OKCHJA, HUTpUI, KapOujap (KpeMHHI KapOuiH,
ATIOMUHUI OKCHJIN) FOKOPH KaTTHKJIMK, MyCTaXKaMJIUK Ba TEPMUK OapKapOpIIHKra
9Ta; AMIFOMUHUI Ba MarHUITHU apMHUPOBKA KWJIHII YUYyH KYJUIaHUIAIH,

Nncumon kpucramaap - candup Al,O;, kpemHMil KapOuau THUTAHHU
apMHUPOBKA KWJIUII YUYH KYJUIAaHWIAIH;

Ilumarona - MycTaxKaMJIUK, TEPMHUK OapAOLUIMK, ITUAJIEKTPUK Xoccaiap,
NacT MCCHUKJIMK YTKa3yBUaHJMKra 5ra; IIWIIA MacCaCMHU Maxcyc (uibepanap
OpKaJIM TOPTUII YCyNU €plaMHlia OJIMHAIU, WCCUKIMK HM30JSAIUs MaTepuaap,
KOHCTPYKIIMOH MaTepuasuiap Miuiad YMKapuiia KyJulaHuIa u.

bup Typmarm Tonamap OuigaH apMHUpPOBKA KWJIMHTAH KOMIIO3ULIMOH
MaTepuaiap TOJaHUHT HOMHUTA Kapab HOMJIaHAIH.

Kap0oBosiOKHHUTIAp — MyCTaxKaMJalITUPUII Y4YyH YIJIEpoJ TOJIacu
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Kyutanwiagu. Mycraxkamiaukan 2200 °Craga Ba mact xapopamiapaa Xam
cakJtaiiau. Yiap cyB Ba kuMéBuit 6apaomr. Myctaxkamiuru -1000 MITa rayga.

KapboBonokHUTIap Mapoxoj- Ba aBTOMOOMJICO3IHMKAA (CIOPT MalluHaIap
KY30BJIapH, IACCUCH, MpONesuiepap); MOJIUIHUK, UCCUKIUK NaHemuiapu, IBM
KUCMJIapU TauépJianiia KyJUIaHWIAIu.

HIMmaBOJOKHUTIAP — IIWIIA TOJAJApHU Y3 HMUYMJia TYTraH, KOMIIO3UT
tapkuouga 80%raua OVnaranmga yHuHT wmyctaxkamiurd 700MIlanu Tamkui
Kuiaau, coBykra yugamin (—196 °C raga) Ba wmccukra ungamin (400 °C raua);
IOKOpY  IOKJIAIJa SIXIIM MIUIAlau; yJaap ap3oH Ba jae@uuuT Oyimaran
xucobnanamu. Kamuwmuru: moayns FOHra Knaukiuru (MOAyJb yIIpyrocTH).

[InaBoIOKHUTAAP IOKOPY aHUKJIUKJIATA apMaTypaiu JAeTAIApHU OJIMIIIA
kyutanuiaay. lHluma ToaajapHuHr Xap Xui Typapy MOJIUMeEp MaTpUllaJapHUHT
MyCTaxKaMJIaIITUPUIIAA KEHT KYJUTaHUIIA]IH.

Xo3upru BaKTJa apMHUpOBKa KOMMOHeHTIap cudartuna “Kenrailtupuiaraxn
tonanap (“PacimnpeHHble BOJIOKHA KaTTa KU3WKHUII TYFIUPMOKAA. YJap IOKOpH
MyCTaXKaMJIMKTa, FOKOPH KaTTUKJIMKIa Ba KHYUK 3UYIMKTa 3ra.

Kynruna tabuuii TonanapHu IOKOPH MEXAHHUK Kywlallldjap/aa dKCIUTyaTalus
KWIMHMaNWIMraH KOMIO3UTIapHU Taiépnamga kywiam mMymkuH (Yaema 1976;
UYasna Ba bactoc 1979). Ynapuunr acocuil adzamauru — ap3oHnuruaup. Tadbuwuii
ToJIaJlap- YCUMJIMK NYyHECHMJA KEHI TapKalraH: LEJUII0JIo3a Tojalapu — MaxTa,
3UFUP, KYT, KaHOM, CHU3aJl Ba paMH ToJlaJapu TEKCTUJ CaHOATUIa KEHT
KYJUTaHWI1, €FOY Ba COMOH 3Ca KypUJIUIII Ba CAaHOAT/IA.

Apamua  Tosamap - 1960-um Wunmapna  kamd  TwaraH,  yiap
HIMIIaToNajlapra KaparaHja KaTTUKPOK Ba EHTWIPOKIUpP. ApamMuj Tojanapu:
Kepnap - Du Pont ¢upmacunuku, Twaron - Teijin Aramid ¢upmacuaa unuiad
yukapuiaad. l'el TyKMMauwiMK —yCyluJa IOKOPH MYCTaxKamJIMKra ora
nonudTIIeH Todacu 1980-un iinmmapaa Takimud STHIAN.

Oxopu »¢dexTuBankra sra OynraH KepaMuk Tojiamap — XXYU acCpHUHT
oxupuaa Kamd >Tunau: 00p, KpeMHUN KapOuau, yriepos Ba allfOMUHUN OKCHUIIU
acocuna taii€pnanrad. bawp3u KkepamuKk Tonanap SHrU UNUIA0 YUKAPUII yCyJUIapu
épmamuna wnutad YUKWIAW: Oy  30/b-Telb TEXHOJOTHSJIap Ba Hazopar
KWIMHAJUTaH OPTaHUK IPEKypcopiiap MUPOIU3U YCYIapUInp.

Tonmanmap rokopu dDPEeKTUB KOHCTPYKIMOH MaTepuayiap cudaruaa
KYJUTAaHUJIMIIHY 3 acocHii Tamoiuiiapra acociaananu (Iperrep, 1969):

1. 3appaya éxm Oomka TapKuUOMII KHCM yiadyamiiapura
Kaparaija aH4a KU4ukK auaMeTpu. by xamm Oupauruga anuya
IOKOPH Ha3apuii MYCTaXKAMJIMKHM TabMHUHJIAIIra épaam

Oepagu. by »3ddexkr - yauamuap 3¢pPexkTn ned aranaau: \/-
KAHYAJIMK 3appadaiap yadamiiapd KU4YUK 0yJjica, IYHYAJIUK \ 4
Marepuagga Aedekrjap XOoCHJ OYJIMIN IXTUMOJU KHYHUK

oyaaau.

2. YauaMIapHEHT §3apo HHCGATH IOKOPH KYpCATKHUTa 3ra
(y3ynauk/mmamerp, |/d), MaTtepmasra OGepwjiraH Ky4JaHUIIHU
KATTHK Ba MyCTaxXKaM ToJiara y3aTHIIra épaam Jepaam.

3. DrujIyBYaHJINIH IOKOPH Japaxana, 0y kmunk FOHr Moayiu Ba KMUMK
34



AUAMETP OWJIAH Y3JYKCH3 OOFJIUK Xycycusitaup. byHaaii srmiayBumMk Tosanau
KOMIO3UTJIAPHUA Taiiépjam y4yH TYpPJM XWi YCy/JIapHH Ky/JIamra
HMKOHUAT Oepaau.

Pacm 1.6. nma yriaepoa TOJACHHWUHT YHUHT JTUAMETpU OIIWINM OuiaH
MYCTaxXKaMJIUTd KaMaluIuHu KypuimmMu3 MymkuH (Jle Jlamor u Ileppu, 1970).

10
GFa

25 - | Pacm 1.6. VYriepoa TOJaCHHHHT
| ‘0 \ MYCTaXKaMJIUTH (op) YHUHT
L nuamerpu  (d)  Yeumum  Owtax

1.5 < nacasim.’

fi 8 10 12 pum 14

] e—

BopoBosIoOKHUTIap — MyCcTaxKaMJIAIITUPYBYM KOMIIOHEHT — OOp ToJanapu,
MaTpula — 3MO0KCHJA Ba nonvamuja cMonanap. CUKHIMIITra, 3TWIMIITa FOKOPH
MyCTaXKaMJIMKIra, KHYUK CHJDKUIITra MOWMIUIUTH, IOKOPH KAaTTUKJIUK Ba 3JIACTUKIIA
MOJYJIH, UCCUKJIMK Ba 3JIEKTP YTKa3yBUaHJIMKIa 3ra. bOpOBOJIOKHUTIAD paauanus,
CYB, OPTaHUK 3pUTIUWIAp Ba EKWIFU MaTepuauiap TabcUpura 6apAouuIura Ouinaxn
axpanub Typaau.

BopoBonokHuTiapaan npoduiiap, naHeuiap, potopiap Ba KoMIIpeccopiap
KHCMJIapW, BUHTJIAPHUHI Tappakiapyd Ba BepPTOJIETIAp TPAHCMHCCHS Bajllapu
tai€pnananu. JXagsam Ne 1.2 nma 8 Typmarm KepamuK MaTepual TOJAIAPUHU
KATTUKJIMTY KEJITUPUIITaH.

Kangan 1.2. 8 Typaaru kepaMuk MaTepual TOJdalapuHA KATTHKJIATH'.

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

Vickers Hardnesy Knoop Hardiess

Maiterial () (G ) Commenis
mamond (carbon) 1341 113 Single erystal, { 1K)} face
Boeron carbide (B0 44.2 — Palyvervstalline, sintered
Aduminum oxide {AlOy) i — Polyervstalline, sintered, 99.7% pure
Silieon carhide (5iC) 254 19.8 Palyervstalline, reaction bonded, sintered
Tungsten carbade (WC) 21 - Fused
Stlivon mirides (5i;M,) Ltk 172 Polyervstalline, hil pressed
Firconia (Xr0a) (partially 1.7 Polvervatallineg, ¥ mol': Y.

stabilized)
Soda-lime glass i1

OpraBoJIOKHUTIAp MOJUMEp OOFJIOBYM Ba CHHTETUK TOJAJTapHU TapKUOHIa
TyTTaH KOMIO3UTIApAUp. YJap KUYUK OFUPJUTH, TYpiad KywIaHUIILIapra
OapIOLIIUIM Ba XApOpaTHH KECKWMH Y3rapummra Oapkapopiurd OujiaH
dapknanagmiap. KamMunnukiapu: CUKWIMILTA MyCTaXKaMJIUTH KHYUKIUTH, IOKOPU
CWIDKMII XycycusaTh. OpraBoJIOKHUTIIAP arpecCUB MYXMTIApra Ba UCCUK HKIUM
mapouTiapura OapaouuMrd OWjlaH — XapakTepiaHaauiap, Xamjaa OKOpU
JTUBJIEKTPUK XOccallapra Ba KHYMK UCCUKIIUK YTKa3yBUAJIMKIa 3ra.

> 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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OpraBoJOKHUTIAp W3OJSIIIMOH Ba KOHCTPYKIIMOH Matepuan cudaruma
AIIEKTP- Ba paJiMOCaHOATAa, aBTOMOOMIIIITYHOCITUK/A, aBUACO3IUK/IAa KYJUTAHUIIA/IH.
OpraBoJIOKHUTIapAaH TpyOanap, pPeakTHB Cakjall pe3epByapiiapH, IMapoxo.l
KOpPIyCJIapy KOIUIaMaJIapy TauépaHaIu.

1.7-PacMpa mmmia  TONANApHUHT  aHbAHABUM  TEXHOJIOTMK  THU3WMHU
kentupwirad (E-mmma wMuconuma). Xom aménap OyHKepla dSpUTHIAIHN,
SPUTHIITAH IIHIIA JJICKTP EpaaMua KU3IUPUITaH IJIaTHHA BTYJIKA EKU TUTEILIapra
y3aTtuiaan; xap oup BTynkama 200tauva temmkiapu 6op (puibepa). DpuTHITaH
MU Y3 OFUPJIMTU TabCUpHa yIIOy TEIIMKIapAaH YTHO, Y3YH Y3IyKCH3 ToJia
XOCHJI KWJIaIW, yliap WM XoJlaTuja OapabaHra Tepuiaau. ToOJaHWUHT AHaMETpu
BTYJIKA TEHTUTHHHUHT JHaMeTpura OOFJIMK, MAaCCaHUHT KOBYIIKOKJIWTH TapKuO Ba
TeMIiepaTypa QyHKIHSICUINP.

Iuma ToJiajap Ba yJapHUHT X0CCAJIAPH.

Xo3upru BakTaa TypJd KUMEBUM  TapkuOiapAa IIMIIa  ToJajap
gukapuiMoka. 1lluma ToganapHUHr KUMEBHI TapKuOM: KpeMHui okcuan (~ 50-
60% SiO,), Koiranu - Kaubliui, 00p, HATPUI, ATFOMHHHN, TEMHP OKCHJIJIAPH.

Kanpan 1.3 nma Gawn3u KEHr TapKajraH IIMINA Tojajgap KUMEBUN TapKuOu
KENTUPHUJIITaH.

Kanpan 1.3. KeHr Tapkajiran muina ToJiaJapHd KUMEBHI TapKUOH.

Composition E glass O olass 5 glass

510, 552 (5.0 650
Al 5.0 4.0 25.0
Cal) 18.7 14.0 -
M) 4.6 3.0 10
Muald 03 B.A (.3
K:U 0.2 - -
Ba, 73 3.0 -

“E —glass” (E-mmma) - 1e6 syekTpuK Tosanap OenruinaHamu, E-
IIMIIA SIXIIH JJIEKTP W30JATOp, OyHIAaH TalIKaph SXIOM MEXaHUK Ba
AIIACTHKJIMK MOJTYJIUTA 3Ta;

“C —glass” (C-mmma) — ne® Koppo3us TypAard Tojajuap
oenrunanaan, C-muma OOIIKa INWIIA Typjiapura Kaparanjaa IOKOpHU
KUMEBUH KOppo3usira 6apaonuiury Ouinan TaBcuIaHaiy,

“S —glass” (S-mmia) — SHT FOKOPH TEPMHUK Ba OJIOBOAPIOILIUKIa
ara MHIaIapamp.

[[uma TonmanapHUHT acocuil KucMu E-mmumianan taiépinanany, aMmmMo unuiad
yuKapuwiran E-mumanuHr  Kyna KaM  KHUCMH - JJIEKTp  coXacu — Oyiinda
. 7
KYJUTaHUJIaIu.

! Krishan K. Chawla. Composite Materials. Science and Engineering. Third Edition. Springer Science, New York-
London, 2012.- 12 p.
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IMuxmanu apanawmupin IMenza WHXMUIHE VFOMILL
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— -
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AHHIHKIMOPL
Filament collecting
and size applicator

Strand traverse
olion

Winding head
unit

Vpaw Mexanusun

1.7.-Pacm. E-mmma ToJacMHUHT aHBbaHABHM MIUIA0 YUKAPHII TEXHOJOTHUK
Ti3uMi.®

Wnrapu 3aBoasiapia muiia Tojaacu TYFPU SPUTMaJaH sMac, Oajaku OUpUHYU
Oockuua muma Oymakiaapu (ranba) unutad yukapuiaap dau. llumra 6ymakmapu
SpUTHINO, YHJIAaH TOJAa Yy3WiIap SAW. 3aMOHABHM HMIUIA0 YMKApHUIILIapAa IIHINa
TOJIACH PPUTHIITAH IIHIIIA MACCACUJIaH TYFPUIAH - TYFPU UIUIA0 YHKAPUIMOK/IA.

[MIuma  TonmamapHuHr  wWHad  YuKapunyara Typaapu  1.8-pacmua

Pacm 1.8, Wmmad yukapwiaauran
MIAIIa TOoJajlap Typjapu: a — KUYKa
Ttoaa, b — y3naykcu3 mmmmarona, c-
posusr, d — mmma mar.’

MycTtaxkamiuk, FOHr monmynu — ypra kypcarkuwiapra sra. Iluma Tonanap
nonudbup, Hdnokcua, GeHos cMmonanmap OwiaH OuWprajaukaa apMHPOBKa
KOMIOHEHTH cudatuaa Kyuianwiaaud. [llumaroma aHda ap3oH Ba Typiud
Kypunuiga unuiad yukapwiaan (pacm 1.8): y3nmykcu3 um anoxuja TojajiapaH

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

9 Krishan K. Chawla. Composite Materials. Science and Engineering. Third Edition. Springer Science, New York-
London, 2012.- 13 p.
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nOopaT; POBUHT 3Ca Mapajuiesl UIUTapJaH TAIIKWI TOMTaH, KUCKa TOJa — WIJIaH
¢xu 5-50 MMITM KHCKa poBHUIaZaH UOopat, OyHJaH TalllKapy IMIMIIATONA TYKUMa
MaTo €KUM TYKUJIMaraH Matiap KypUHHJIa XaM UIILIa0 YuKapuiiaau.

Hamunuk M IIATOJTACMHUHT MYCTAXKAMJIMTHHH
nacauTupaau. byHIaH TamiKapu mMUIIA TOJA BAKT JaBOMMAA
yapyamra y4pauan: y30K BaKT JaBOMHUAA JOUMHH KYy4JaHHUII
TABCUP ITraH X0JIaTJAa IIMIIA TOJAa TApKUOUIA EépuKjIap Te3
yeuiM HaMO€H 3THIIM MYMKHMH. LIIyHMHI y4YyH BakT yTHII
OWJIaH IIUIIA TOJAHUHI MEXAHUK XO0CCAJIAPH KECKHH macaiind
Oopaan, aMMO KHCKAa BAaKT JaBOMHAA MYCTAXKAMJIMIH SIXIIU
XUCOOJIaHAIH.

[[umarosia 6unaH apMUPOBKA KWJIMHTAH CcMoJiajap KypWIHIIIA Ba CaHOAT/Ia
KeHT KyutaHwiaan. Ymap mmmamiactuk éku GRP ne6 nHommanagu: Oorka
KOHCTPYKIIMOH MaTepuajUiap Koruiamanapu cudartuga, €Ku IOK TalluMaiIuraH
JI€BOp TaHeapu, CTPYKTYpPAJIapHUHT TapKUOWUN KUCMJapu, Jiepa3a pamaliapi,
IMCTEepHANAp, TpyOa Ba TpyOompoBoiap cudaTuaa KeHr Kymmanuiaad. 1960-un
Hustapaad Oonuiad jioAkKanap KOpHyciaapy IUIIAIUIACTUKAAH UITa0 YMKapUIIH.
Kumé caHoatmpga XaM MIMIIAIUIACTUKIAP KEHT KYJUIAHWJIAAW — pe3epByapiap,
TpyOONpoBOJ, €KUM TEXHOJOIMK TaHKJIap cudaruaa. bynnan Ttamkapu
mumamaactukiaap (GRP) temup itynnapw, aBTOMOOWJI ~ TPaHCIOPTH,
a’POKOCMUK CAaHOATHUIA Y3 YPHUHHU TONTAH.

Yriepoa Toaajap Ba yIApHUHT KyJ1JIaHUIWIIHU.

VYraepon — €HIrwI, KHYMK 3UWIMKTa dra JEMEHTIUp. YHUHT 3uwiuru 2,268

r/em’. Yrepon Typim kprctamt dopManapaa yapaiinn. Karra xusukum rpadut
CTpPYKTypacura KapaTWJIMOKJa, TpaduTaa yriepol aTromyiapd TeKcaroHal
Katjiamiap KYypuHHUIIKUIA xoinamrad. OamMoc xam y3 YpHUAa MyXUMIUP: YIIIEepo.l
aToOMJIapHU y4 YidaMid KOHGUrypalus akiuia skounamrad 0yauo, xKyaa KH4uK
CTPYKTypa OSTUJyBUaHJMIUra J3ra. SIHrU yriepoa KypuHULUIapuga Oupu —
¢dymnepennap, Monekyisip Tapkubu C60 €xu C70; HaHOTpyOKanap — 4Yy3HK
bynnepennapaup.

I'padut maxnuaaru yraepoj aHU30TPOIl XyCyCUsITIIapra ara: KaTjiaMm opacujia
FOur monynuauHr Hazapuit kuvimatu 1000 I'Tla, C yku atpoduaa sca moaynb 35
['Tla ra Tenr. ['padut cTpykTypacu 3ud ynakoBka KuiuHTaH (1.9.-pacm). Yriepon
TOJIAaHM HIIa0 YUKApUIIAa acOCMM Makcaa — Toja reKcaroHajd TEKUCIHKIIap
Wynamummaa s>kounamran OYnaumm kepak. MOxkopu FOHr mopmymnu yriaepon
TOJIaJlapy WIUIA0 YMKApUIl YYyH OupjaM4d OpraHuK TOJIAJAPHUHT OUPUHYU
Oocknunga KapOOHM3aIWs KWIMHAIW, KEeWMHrd OocKu4Yma sca rpadutusaims
xapaCrmapu Epaamuia unoiad 4yukapuwiaau. bupmamum opraHuk Toila — Oy
KapOOHM3aIMsA KapaCHHUIa IPUMANIUTAH MaxCyC TEKCTUJ MOJMMEp Tojiamup. by
OpPTraHMK TOJIa y3yH 3aHXXHUPJIM MoJjekyianapaan udopat romrad (0,1-1 mm- uy3uk
XOoJaTnard y3yHauru). By Tomamap acocaH macT MEXaHHMK Xoccajapra JSrajaup.

Opranuk Ttonanap cudaruaa nonuakpuioHuTpus (ITAH) kenr xynnanunanw.
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VYHJaH Talikapu CyHbHIl MIAK Ba CMOJA, MOJWBUHUI CHOUPTH, NOJUUMUIJIAP Ba
dbeHomap acocua OJIMHraH ToJlajiap XxaM KapOoHU3ausl KUJIMHUIIN MyMKHH.

VYraepo1 ToTaHUHT acOCHi UILTa0 YMKapHIln OOCKUWIApY Kyhuaarnya:

1. Tona xocun Kwinil 0oCcKuYM. XY €KM KypyK ycyJjaa OupiiaMuu OpraHuk
tonaaaH, macanad [IAHnan Tona toptunaau, €ku SpUTMACUIaH TOPTHUIL YCYJIH
épaamua.

2. Crabunuzanus 0ockuun. KelnHru 1okopu xapopatin 00cKuuIap/ia ToJaHu
SPUILJIAH CaKJIAll YUYyH YTKa3WIaau.

3. Tepmuk unuioB Oepuin - kKapOOHU3AIM, HOKapOOHAT JIeMEHTIap/1aH XOJIu
KWIKII YYyH

4. OnmyoHan TEPMUK UILJIOB OepuIll OOCKHYM - TpaduThzaius, Oy kapaéH
YTAEPO]I TOJIACHHU XOCCAJIAPUHY SXIIUJIAINTa UMKOHUST Oepaji.

Pacm 1.9. I'padur
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Yriepoa Tos1acu HILIA0 YMKAPUIIHUHT ACOCUI 0OCKUYJIapH KylHuaarnya:

1. Tona xocua KwiMm 0ockKu4M. XyJa €éKH KYPYK ycyJaa OupjamMyu
opranuk ToJiagan, macainan ITAHpan Tosia TopTMianu, €KW IpUTMACHAAH
TOPTHII YCYJIH épAamMuaa.

2. Cradmam3anus 0ocku4u. KeiimHIrun oKopu xapoparim 00CcKu4Iapaa
TOJIAHM 3PUIIAAH CAKIAN YYYH YTKAZUIAAU.

3. TepMuK UILJIOB OepHIl - KAPOOHU3ALNS, HOKAPOOHAT dJIeMEHTIapAaH
XO0JIM KHJIHMII YYYH

4. OnuuoHaj I TePpMHK HMILIOB Oepuin O0OCKH4YM - rpaduru3zanus, Oy
JKapaéH yrjepo/] TOJACHHH X0CCATAPUHYU SXITWIALITa MMKOHUAT Oepaau.

1.10.-pacmna  mommakpuinonutpui (ITAH)gan yrmepox TtomacuHu wuiniad
YUKAPUII COAANTAIITUPUIITAH TEXHOJIOTUK TU3UMH KEITUPUIITAH.

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

New York-London, 2012.- 25 p.
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Pacm 1.10. Tlommakpunonutpun (ITAH)man yraepox TonacuHu — Uiad
YUKAPUIITHUHT COAIANIAIITUPUIITAH TEXHOJIIOTHUK TU3UMH.

VYrnepoa Tonanap TEXHUKaAa KEHI KYJUIAaHWJIAIU: a’pOKOCMHUK CaHOAT/a,
cnopt Maxcynomiapuau wunpiad uwukapumga. SHATTLE (AKII) — pakera-
TaITyBUMHHHT SIITUTH Ba KOPITYCH YTIEPO] TOJIATN/IMOKCH]] CMOJIa KOMITO3UTH/IaH
taii€prnanran. 3aMoHaBHi camosieTiap, MmacaimaH Boeing 787 (Dreamliner)
bro3esnk Ba  KAHOTJIApW  YIJIEPOA  TOJacu / DJMOKCHA KOMIO3UTIapaH
Taiépiann® KeIMOKIa. YJApHUHT HApXd JOUMHM paBUIIHM Macainb® OGopmokia,
IIYHUHT YYyH KYJJIAaHWJIHIIT COXaJlapy XaM KeHrainb 6opmoxaa. YTiepoa Toianu
KOMITO3UTIIAD TEXHOJOTHK JKHUXO037ap - TypOWMHA, KOMIIPECCOp, MIaMoJI
TETUPMOHJIAPY KAHOTJIApW, MAaxOBHWKJIap Tal€pnamnia, MeIuIlMHaga »d3ca —
YKUXO03J1ap Ba UMILIaHTaTIap (TU33a CyCcTaBlapH) Ta€praiiia Ky UIaHUIMOK/IA.

OpraHuk ToJIaJIapH Ba YJIAPHUHT KYJJIAHUJIHIIN,

Opranuk TOa/uIap, MacajaH apaMHJIHBIE Ba TOJHMATHJIICH  IOKOpH
MyCTaXKaMJIMKTa Ba JJIAKTUKIN MOIYJINTa dTaIHp.

[Momuytrnen Tonma (remp-umuiap, copt CBMIID) tapkubmma  90-95%
KpHCTAIHK Basa TyTyran 6ymu6, yausr suwtura 0,97 r/ e,

[Tonmumep TomamapHUHT MEXAaHUK XOCcCalapy cxemazaa
KEJITUPHUIITaH:
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' . {semicrystulline plyues) meechamicul propertics by drawing
Mo Sress—siruin Husi-reating

hlinvinr  —— e

v
tdefimitigms) e

Macroscopic delarmaliom
tmecking pheimrinenom)

[lonumep TOJNAHMHT WNUIA0 YWMKAPUII TEXHOJOTHSCH Ba HWIUIATHINII
UMKOHUSTIIApU YIAPHUHT DJpUII XapopaTtura OOFIUKAUp, Oy OOFIMKIUKHU

1 Krishan K. Chawla. Composite Materials. Science and Engineering. Third Edition. Springer
Science, New York-London, 2012.- 27 p.

40



o o 12,
Kynupaaru CxemMaJiad KypuiummMn3 MyMKHUH .

Molecular welzlit

Melting Melting Factors that affect the

) ot Fiba
Paly mer I Ilhh. phenomenan temperature melting temperature
{ Propertics/Processing)

Ilegree of branching
(palymer structore)

Chain stiffmess
{pulymer chemistry )

Apamun Tomacu yta eHrmi OynuO, IOKOPH KATTUKIMK Ba YY3WIIUINTa
MyCTaxKaMJIMKra sra. OHr wMamxyp coptiapu: Kesaap -49 Ba 29. Kesnap -29
COPTUHUHT DJIACTUKIIMK MOJYJIM HWKKHA Oapobap macTpok, aMmo Oy3WIHII
nepopmanmsicu  koahduimenTn  keBiaap-49ra  KaparaHjga UMKKA  OapoOap
karrtapokaup. [lynunr yuyn Kesnap-29 kypoiira Kapum Xpmosiiail xKUJETIapHU
Taépnaniga KyJiaHuiaaau. AMMO apaMujl Tojlacu OOIIKa OpraHUK ToJiajliap KaOu
CUKWJIMIITa MYCTaXKaMJIMTH MacT (STWJIMINTa MyCTaxKaMJIUTHHU 1/9 KucMuHU
TalIKWI 9Taau), Oy TOJAHWHT aHU30TPOIUIMTH Ownad Oormkaup. by
XycycusTiaapra Kypa apamMuj ToJiaJlapy CUKWIMIL OuiaH OOFIMK XoJuiapaa
KYJUTAaHUJIMaWU Iy,

Kesnap- apamu TONACMHUHT KYJUIAaHUWJINLI COXAJIAPHU:

1. Kesnap- mvHanapgard pe3WHaHW apMUPOBKA KHIIUII
(peMeHb, ©€Hrujl Ba OFMpP aBTOMOOWIJIADHUHT  paaua
IMIMHATAPH), YMYMaH pe3WHATCXHHKA MAaxcyJoTiap HIiad
YUKAPHIIIA.

2. Kesnap-29. Kanatnap, kabemiap, KoliaMaid MaToap, g
apXUTEKTypa MaTojapy Ba OAJUTMCTUK XUMOSI MAaTOJIAPU HIILIa0 n
yukapumaa. Kemap-29 nan Taii€prnaHraH SKWiIeTiap Kyl \.4
MaMJTaKaTJIADHUHT XYKYKHH Myxodasa KNIl OpTraHIapH
XOJUMITAPU TOMOHHJIAH UIILIATHIIAIH.

3. Keenap-49 - snokcun, nonuddup Ba OOMIKa CMOTaIapHU
apMUPOBKA KWJIHII yYyH, adPOKOCMUK, JACHTU3, aBTOMOOWI Ba
CIIOPT MaxCyJOTIAPHHU UIIA0 YNKAPHUIIIA KYIITTaHUIAIH.

Pacm 1.11. KeBnap-29 apamug Tonacu acocuaard  KOMIIO3WIIMOH
13
MaxcyJIoTJap.

12 William D.Callister, Jr., David G.Rethwisch. Materials Science And Engineering. An Introduction.
Eight Edition. USA, Wiley, 2010.- 619 p.
3 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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Apamun TojlacH SIXIIM aHTUBUOPALIMOH XycycusiTiapra sra. bomika monumep
ToyNanap KaOu, apamMu]i Tojlalapu yJapTpaOuHA(IIa Hypjara YWJaMJIWIATH TacT.
VYappabunadiua Hypliapu TabCUpUJIA apamMuj TOJalap CapuK Ba JKUTrap paHTHra
yTaau, y3 MexaHuk XxoccanapuHu Hykotaau. [lynunr yuyn Kesnap-tonanap
JIOMHUHECLIEHT JIamnanap €ku aepasza oiHanapaas 0,3 M y30KpoKJIa CakJIaHUIIW Ba
KYJUIAHWINIIU KEPaK.

Kepamuk Tos1asap Ba yJapHUHT KYJJIAHUJIWIIN.

KepaMmuk Tonanap rOKOpH MyCTaxKaMJIMK, SJIACTUKIMK MOAYJIUIa 3ra, Xam/a
yJiap IOKOPH Xapopatrjap Ba arpecCMB MyXuTiapra OapAounuiura OuiiaH axpanud
typaau. IIyHUHT y4yyH KepaMHK ToJiajlap IOKOPHU Xapoparid KOHCTPYKIIMOH
MaTepHraliap UIIad YNKapUIIa KeHT KYyJJTaHUIaIH.

Kepamuk Tonanap unuia®d 4YMKApUITHUHT 3 acOCUW yCyJiu MaBxXKyna: OyfnaH
KUMEBHM YYKMa XOCHII KWIHII; TIOJIMMEPJIAp MUPOJIN3U Ba 30J1b-T€Ib YCYIIH.

300b-TeNIb METOMJIAp KPEMHUW OKCHIM Ba ATIOMUHUN OKCHUIU acocHja
OKCUJUIM TOJaJlap MILIA0 YMKapuil yuyyH Kymianunaau. [lomumepnap nuponausu
XaM SIHTU ycyJulapAaH OMpuaAHup: KPEMHUH, yIriiepo €K a30T TyTraH MoJiuMepiaap
(KpeMHMI OpraHuk OupHKMaNap) KepaMUK IOKOPU Xapopariid Tojajgapra
alJIaHTUPUIMIIN MYMKHH. by ycyn 1.7.-pacmaa KeaTUpWIraH yriepoj Tojiaiap
unuiad yukapuira yxmam 0ynuo, nuponu3 Hatwkacuaa SiC, SisNg, B4C, Ba BN
TapKUOJIM KEpaMUK TOJIa, KYIUK KU KoIjlamanap XOCHI KUJIUIIT MyMKHH.

1.5. Marpuua matepuauiapu. [loiumepiiap, Merajiap, kepamuka
MaTepuaLuIapu.

KoMmno3uT maTepuasHUHT KOMIIOHEHTJIApH TE€OMETPUK KYpUHUIIHN OYiuda
bapknanagn. Mampuya ne6 OyTyH XaxM OVilmya y3JyKCU3 >KONIalliraH
KOMIIOHEHT atanaau. Kommno3uinumon watepuanga wmaTpunaiap cudaruga
MeTajulap Ba YJAPHUHI KOTUIIMalapy, OpPraHMK Ba HOOPTAaHMK MOJIMMeEpJap,
KepaMUK MaTepuaiap KyJUTaHUIaIu.

MarepuaiHUHT XOccaaapy KOMIOHEHTIAPHUHT PU3UK-KUMEBHI XOccaiapura
Ba yJlap opacujaard OOFJapHUHI MycCTaxkamiurura Oornukaup. Kommosuimon
MaTepuan KOMIIOHEHTIap Xap XWJ Xoccajapra sra OYiauinu Kepak. ApMUPOBKa
(MycTaxKkamMJIAIIITUPHII) KOMIIOHCHTJIApU FOKOPHJA TabKUIJAHTAHUICK FOKOPH
KATTUK Ba MyCTaXKaMJIMKHU TabMHUHJIANAWIAP.

ApMHMpOBKa KOMIIOHEHTJIApPUHM Ba MATPULIAHM aCOCUJA TauW€piaHraH
KoMrio3unmsi  HadakaT JacTIadKM  KOMIIOHEHTJAp  XOCCAJIApWHU  y3uja
My’KaccaMJIalITUPa Iy, OaJIKy STHIU, OOLUIAHFUY KOMIIOHEHTIapra Xoc 0yamaran

KOHCTPYKIIMOH KOMITO3HUTIIAp/ia apMHPOBKA KOMITOHEHTIApH
aCOCaH KEepaKJIM MEXaHWK XYCYCHSTIIApHU (MYCTaXKaMJIUK, TEPMHK
OapIoNUIMK, KAaTTUKJIMK Ba ©0.) TabMUHJIAWIM, MAaTpHLAa 3ca
apMHUPOBKA 3JIEMEHTIAPUHHA OWpra WILIANIMHK, YIAPHUHT MEXaHUK
Oy3wIMIaH Ba arpeccuB KUMEBHH MYXHUTIApJaH XUMOSUIAII
BazuQacuHu Oaxxapaiu.
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XyCYCUATIApHM  XaM HaMO€H KWIMIIM Iapt. MacanaH, apMHpOBKa
KOMITIOHEHTJIapd Ba MAaTpulla Opacuja aXpajlull yerapacu MaBxyn Oyica, Oy
MaTEepUATHUHT EPUKJIAPra YUAAMIUTHHU OILIUPAIH.

Matpuna wMarepuanu Typura Kapa®d KOMIO3UTIApHU Kyhuaarnda
KJIaCCU(pUKALUS KUTUII MyMKHUH:

noaumep MampuyaIu KOMno3umiap
Kepamux Mampuyaiu KOMno3umiap
Memann Mmampuyaiu KOMno3umaap
OKCUO-0KCUO KOMROo3umJaap

KoMmo3uimon Marepuamiapia MaTpulla MaTepUATHUHT OUp KUHCIMTHHU,
MOHOJIMTJMTMHA  TabMHUHIAWAM, OYyIOMHMHI  IIAKIMHA Ba  apMHUPOBKa
KOMIIOHEHTJIADHUHT ~ y3ap0  JKOWJIAIUMIIWHUA  CaKJaWau, TabCUpP JTAETraH
KyWIaHHUIJIApHU MaTephall XaXXMU OyilMda TakCUMJIAWIu, Tojlajapra Oup Xwui
KYWIAHUIIHA TaKCUMJIAIra Xapakar KwWwiaau. byHJaH Tamkapu Marpuia
apMHUpPOBKAa KOMIIOHEHTJIAHM MEXAaHUK Ba KHMEBUM TabCUPJIApAaH XaM
XUMOSIIaUIH.

Moaumepaap.

[Tomumepnap kepamuka Ba MeTalapra HUCOATaH Mypakkad CTpyKTypara
srajiup, amMMo TMOJUMEpPJIap ap30H Ba ylapra OCOHJMK OWJIaH HWIUIOB OepHIll
MyMKHH. XoOcCcajapura Kejicak, IOJIUMeEpiap MYCTaxXKaMJUK Ba 3JIACTUKIIUK
MOAYJIM KYpCcaTKU4YJapy MacT, 3KCIUTyaTallMs XapopaTiiapd IOKOpU Oyimaran
Matepuaiapaup. YiapTpabuHadima, EpyFiIvK Hypjapu Ba 0ab3u SPUTTHWIAPHU
Y30K BaKT/Aa TAbCUPHU MOJUMEPIAPHUHT JETPAJALMSICUTA BA XOCCAJIAPUHU KECKUH
nacaiummra onu6 kemamu. KoBasieHT Oofiap acocuaa TalIKWI ATHITAHIUTH
MyHOca0aTh OWIaH TMOJUMEpPJIap AacoCaH HWCCUKJIMKHU Ba OJJIEKTPHH EMOH
VTKazaauwinap. AMMO KUMEBUUA MOJJQIAp TabCUpUra METATIApAaH Kypa
YUJAMITUPOKIUD.

Meraji MaTpuuaJap.
Metamnap yHHBepcan KOHCTPYKIMOH Matepuamapaup. Metamiap Y3UHUHT
MYyCTaxKaMJINTH Ba KATTHKJIMTH OWJIaH axpanud Typaau. Metamiap TIIACTHK
nedopmarisi KAJUHUIIM Ba YJIApPHUHT XOCcajapu Typid Yycyiuap OwiiaH
KyJaUTUPWINIIN MYMKHH, Oy acocaH AMCIOKanusuiap ae0 aTamaJuraH YH3UKIN
nedeKTIIapHUHT Xapakatu OuiaH OOFMHMK Oymamu. Xamma Metamuiap (MeTasut
MIAIIATapAad TallKapu) KPUCTAUT Ty3widira sra. AcocaH Metammap 3 Ta

KpUCTAJIJI CHHI'OHHUAJIaApAa KPpUCTAJUIaHAON
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* ¢rtapu mapkasnamrad Kyouk (I'LK)

* XakMH —Mapkaznamral kyouk (OLK)

* ourtnOypuakiu 314 ynakoska Kuumaran (HCP)

Merann matpunanu komnoutiaapHuiar (MMK) 3 Typu maBxkya:
* Iucnepc-mycraxkamiaamrupuiaran MMK

* KHCKAa TOJIa Ba MyJIOBJap OWJIAH apMHUPOBKA KWIMHIAaH
MMK

MMK.

Kepamuk marpuunajap

Kepamuk matepuamnap Kartuk Ba MypT Oynamu. Kepamuk wmatepuaniap
MYPTIAUTHAAH TallKapu, 0ab3u Xoccajapu Typiauda OYyiauimd MyMKUH. PeakTus
JIBUTAaTE/IapAa KYJUIAaHWJIAIUTraH MeETaulMK-  cynepkotummanap 800 °C
xapopaTuraya gxmM Xxycycusitiaapra sra, ammo 1100 °Cna metaiun Komiamacu
OKCHJTAaHWINKA OONUIaHaAu. YHAAH IOKOPHM Xapopatiapaa 3ca OOIKa Typaard
KOHCTPYKLUMOH MaTepuaiapiaan Qoinananum kepak 6ynanu. lly epna kepamuk
MaTepuaiap Kepakiiid XOCccaJapHu HAMOEH KUY MyMKHH.

Kepamuka maTepuaqiapHUHI acOCHM KaMYWIWTKM — YJIAPHUHT MYPTIUTH,
IIYHUHT YYyH yJIapHU MyCTaxKaMJIAIITHPUII 3apyp OYyimaau.

[IumakepaMuk Marepuajyilap — KEpaMUK MaTepUaUIapHUHT  MaxcCyc
TYPYXUHH TAIIKWI KWJIaTu. YJap KOMIO3UIIMOH MaTepral kabu xaxm Oyitnua 95-
98 dousu kpucramn (azagaH, KoJraH KUcMH dca muima (azagan ubopar Oymanu.
Kpucrann ¢aza yra Ho3uk (3appauvanap nuamerpu 100 HMIaH KMYHK) CTPYKTypara
sra. byHaall KMYMK KpUCTa/NIapHU YCTUPUILI YYyH IIMINA Maccacu TapKuOHUra
karaigu3atop (omarma T10, Ba ZrO,) KYIIWIagd Ba OJIMHTAH IIMIIA
WYHAITAPWITaH KPUCTAUIM3ALUATA YUPAUIH.

OHI MyXuM HIMIIAKEPAMUK MaTepuaiap:

1. Li,O-Al,03-SiO, CUCTEMaCH/IA; KAYUK ~ TEPMHUK  KCHrahuIl
kod(dduimeHTura Ba JgeMak IOKOpHM TepMUK Oapiouuiukra sra. by Typaaru
maTepuasuiap «Corning ware» capao Oeirucu OuiiaH Hiniad YMKapuIaIm.

2. MgO- Al,03-SiO; cucremacu: I0KOpH JISKTPUK OApAONUIMKTa Ba IOKOPH
MEXaHHK MYCTaXxKaMJIMKra ra.

Kepamuk maTpunanu martepuaiiap Typiaud KyKyH METOJyiap OWJIaH WIUIOB
OepunuII MYMKUH (aHbaHABUW TMOJMKPUCTAUT KEepaMHMKa OJIUII YCYJUIapH),
Xamjia Maxcyc 3aMOHaBHI KepaMHUK MaTpUIAJApHUHI CHHTE3 yCyJuiap €paamuiaa
OJIMHUILIA MYMKHH.

Ha3zopar caBosiapu:
1. Tabuatga ydpaliuran apMUpOBKa KWIMHTAH KOMIIO3UTJIAPHHU, YJIAPHUHT

CTPYKTypa Ba XOCCaJapUHU KEATHUPUHT.
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Voyager camoiietu MHUCOJUJA  KOMIIO3UIIOH  MaTepuauIapHUHT
ABMACO3JIMK/Ia KYJIJTAHUIIUIIN YpraHu® YUKUHT.

Opgam TUpPHOFM - TOJAIM KOMIO3UTAUP. YHHUHI KOMIIOHEHTIApH,
MUKpPOCTPYKTYpacH Ba XOCCaJapyUHU YPraHUuO YUKHUHT.

Kommno3unmon marepuasiapHuHT (GyKapo caMoNETaapuia Ky UIaHWIAIIHHUA
yprauu® YuKMHT, acocuil 3>pTHOOpHH Boeing 787 Ba Airbus A380ra
KapaTHHT.

KoMno3uTHUHr KepaMHK MaTpullacMra HIJIOB Oepull HaTuWXKacuiaa
MaTepUaTHUHT MycTaxKkaMianru nacasau. CababuHu TyuryHTUpUO OEpUHT.

Kepamuk MaTpuiianu KoMIO3UTIap OJIUILIA 30J1b-T€Ib Ba MOJIUMEP MUPOJIN3
yCyJulapyu KYJUITAaHWIMIIN MYMKUH-MHU? By ycymnap KaHzmail KOMITO3UTIAp
oJMIIAa KyJiaid xucoOaaHaau?

Jlesspau HoJira TEHr OVJIraH MCCHUKIMKIAH KeHraui KoddduiueHTura sra
Oynran yriepoa ToJla OWiIaH MYyCTaXKaMIJIAIITUPWITAH IUIITAKePaMUK
KOMITO3HUT OJuil MyMKuH Mu? CababuHM TYITyHTUPUO OCpUHT.

Huma y4uyH kepamMuk MaTpuiiaim KOMIO3UTIApHUA UIIIA0 YMKapuinga Kypa
HUCCUKJIUK XOcCcajlapra KaTrta OJbTHOOp OepuimmMu3 Kepak (MeTayit
MaTpHUIlAId KOMIIO3UTIIAp OWJIaH COJUIITHPHUHT)?

doiifanaHnITrad agaduéraap:

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 JI.H., Munaes A.M., [lpyukunn B.A. HoBble KOMNO3MLIHOHHBIE
Marepuaiibl. Tam60B: 'OY BIIO TI'TY, 2011.-5-35 c.

[IleBueHko A.A. @OuU3UKOXMMHS W MEXaHHKa KOMIIO3UI[MOHHBIX
marepuanos. — M. : [Ipodeccus, 2010. — 120-150 c.
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2-map3y: [loaumep MaTpUUAI KOMIO3UTIAPHH OJIMII sKapaéHIapu.
Eaumaanran érou marepuasuiapu. Jlamunariaap.

Pexa:

2.1. Homerasin maTpuIiaim Matepuasiap.

2.2. Ilomumep matpunanap: TepMmoruiactiap Ba peakToriactiap.

2.3. Enumiianran €rou mMarepuauiapy — MOJIUMEP MaTpULIAId KOMIO3UIUS
cudartuaa

2.3.1. Enumiianran éroyia nHOOATra OJMHAANTaH OMIILIAP

2.3.2. EXUMIapHUHT KYILIAHUIMIOK. EFouny enummant. Anresus HazapHscH.
EFou CTpYKTYpacHHUHT aJre3usra TabCHpH.

D

S

Tassnu wubopanap:  Enumnap, kumésuu 6oznap, emumiaul Hcapaénu
bockuunapu, ganepa, OSB, MDF, aoze3us kyurapu, emumiaui xHapaéHuoa
uHobamea OIUHAOUCAH OMUILLAP, O02N08YUU MUKOOPU, MEKCIMOUM, 2eHUMAKC,
ACOMEeKCMONUMm, WUAMEKCMOoIUm, Keiap, MepMOoniacm, mepmopeaKmus
nouMep, 3NOKCUO CMOJA, (heHO, NOAUIPUD, BUHUTL Fup.

2.1. HomeTa/u1 MAaTpULAJIH MATEePUAJLIAP.

[Tonmumepnap yriepoJ KOBaJeHT-OOFIaHTaH HHUPUK 3aHXKHUP MOJIEKyJauap
KYPUHUIIIA TacaBBYp OTUIIMMHU3 MYMKHH. KWuYuk MojekynamapiaaH HWUPHK
MOJICKyJIaJlapHA TAaIlIKWJ ITHII XapaéHW MoiuMepu3anus ned aramaau, JeMak
MOJIMMEPHU3AIUA KYyIITHHA MOHOMEPJIAPHU OMPHUKUIIT KapaCHUIHP.

[TonmuMepu3anusHUHT 2 aCOCUN PEAKIUACH MABXKY I

1. Konpencamus-nonumepusanus. by xapa€Hma mosexynangap OOCKUWIN
peaknusIra KUpUIMO, peakius HaTKacula ONIuid OMpUKMa XaM XOCHJI Oynaau
(cyB).

2. bupukumi- nonumepuzanusi. by sxkapaénna MoHomepiap y3apo OUpUKUIIHO,
MOJIUMEp XOCHJI OYyiianu, aMMO KymuMya Oupukmanap xocwi Oynmaiinu. bynnaii
peakuysIap KaTauusaropiiap HMINTHpokuaa Oaxapwiamu. OtwieH (CHy)
MOJIEKYJIAJJADUHUHT YU3UKIM OUPUKHUIIM TIOJUATHIEH MOJIEKYJaCUHU XOCHII
Oynummra onub kenaau (ITWICH MOJIEKyajnapu Iiernodkacu). [lomumepHUHT
OFUPJINTYA XaMMa MOHOMEPJIAPHUHT MOJIEKYJIa OFUPJIUTU CyMMacura TeHT.

2.2. ITomumep maTpunagap: Tepmomiactiiap Ba peakToIiacrjap.
[Tonumepnap peakulsira KUpUIIKIL TaOMaTUra Kypa 2 Typra OyJIuHaIu:
TepMOpeakThB Ba TEPMOILIIACTUK nommepnap“.

Martpunanap cudatuga KaTTHK OSHOKCHA, monmdup, GEeHon cMoaiap
Kymanwiagu. [lomumep MaTpuiiaayd KOMIO3WTIAPHUHT ad3auIMKIaApH: FOKOPU

14 Krishan K. Chawla. Composite Materials. Science and Engineering. Third Edition. Springer Science, New York-
London, 2012.- 73-76 p.
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MyCTaXKaMJIUTH Ba 3JaCTHUK XOCCAaJIapu; arpeccuB MyxuTiapra OapIOlUINTH,;
XM  aHTUQPUKIMOH Ba (PUKIMOH XOccaldapu, XamJa IOKOPU HCCUKIHUK
XUMOSUTAIl Ba aMOPTH3aLMOH XYCYCHITIApUIUD.

Tepmopeakmue nonumepnap — TOIUMEDP 3aHXKUPH XOCHI
Oynma€Tranma KOTHIN peakiuscu xam coamp Oymamu. [lommmeprnap
peaknmsi HaTMKacuaa KOTHO KoJjiaau. Ym0y peakiusiap Maxcyc
KUMEBHUM MOAJanap TabCUpuia, €KM UCCUKIUK Ba OOCUM TabCUPHIA,
€K1 MOHOMeEpJIapra ICKTPOHIIAP OKUMHIHU TabCUP ATHII HATHKACHIA
coaup OVmamm.

Tepmonnacmnap — TmONWIMEpTIAp TEMIlepaTypa Ba OOCUM
TabCUPHUJA OKYBYAHJIWK dTa Oyiagmiap Ba HCCUKIUK TabCHPUIA
IOMIIIOK €KM IUIACTUK XOJaTra yraauwiap. XOHa XapopaTuradyaH
COBYTWJITaHAa OyHAall mojauMepiap XaM KOTaau. YJIapHUHT
HWCCUKJIMK TabCUpHUAA SPUIIM MOJIEKYJSIp CTPYKTypacu Ba IIaKIIH,
MoOJIeKyJanap yiadamiiapu Ba MaccacH, OOFJaHUILIAp TypH (KOBAJICHT

Kommno3utnap onumiga noauMepiap €kd To3a Xonaraa (MOpoOIIoK, TpaHyia,
JHMCTIIAP, IJICHKAAp), €K1 OOFJIOBYM XOJIATH/IA KYITAaHUIIA]IH.

TepmopeakTuB noJiuMep MaTepuaJIap

KoMmno3utnap onviga TepMOpeakTHB mojuMepiap OofioBun cudaTtuaa
KyJutanuwiagu. TepMopeakTuB MmoJuMep OOFJIIOBUM CUHTETHK cMoJia (IOJUMeEp EKU
OJINTOMEpP TapKUOIM) Ba KOTUPYBUMJIAp €KM HHHUIMATOpJap, KaTajiuzaTopiap,
KOTUIIHU TE3NAIITUPYBUMIAPJAH TAIIKWJI TONIaH WMKKUA EKU KYN-KOMIOHEHTIIN
cucreMagup. Ilonmumep OOFNOBUMIIAp KYNHMHYA MACCUB EKU aKTUB 3pUTTAYIAp,
NUTMEHTIIap Ba OyE€Bumiap, ImiactTudukartopiap, crabuimzatopiiaap Ba OoOIIKa
KOMITIOHEHTJIapHU y3 Tapkubuma tyTtran Oymamu. bynmap OofnoBuura &xu
KOMIIO3UTTa KepaKkjiy TEXHOJOTUK Ba HKCIUTyaTallMOH XOCCAIapHU TabMUHIAN N,

BOFI0BYUM KOMITIOHEHTHUHT TAPKHUOM KOTHUII >Kapa€HUHUHI MEXaHU3MHIa Ba
KOTraH MOJJaHUHT 3apyp OYyJiraH MeXaHMK Xoccajapura OOFIMK X012
TaHJIaHAIH.

[Tonumep MaTpuLaii KOMOO3WTJIAPHU Taill€piamaa acocaH MOIU3QUp,
snokcu €ku geHonogopManibaerusl OOFIoBUMIAp KYJUIaHWUIaAu: Oyjap KOTraH
XO0JIaTAa €Tapid MYCTaxKaMJIMKIra 3ra Ba 3axapid MOJJalapHU KYI MHUKIOpHAA
YyUKapManguiap.

[Monuaup-manennamiap (moaudpup CcMojaiap) TapKuOH, KUMEBHIMA
TY3WIHIIN Ba MOJIEKYJISIP OFUPJIMIUIa Kapad KYIOK CYIOKJIMK €KM KaTTUK MO
KypuHumuaa O0ynaau. KoTuim xapopatyu Ba TE3JIMIH KYJUIAHWITAH WHULIMATOP Ba
TE3JIAIITUPYBUM Typura Oofnuk Oynaau. ITact XapopaTiau KOTUPHII YUyH acOCaH

OCH30MJI  MEepEeKUCHu €KUM  M3O0MPOMWIOEH30J  THUAPONEPEKUcH  (TUIepu3)
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KYJUTaHWJIQU, FOKOPH XapopaTiu >kapa€Hiap ydyH — TpeT-OyTuimepOeH3oar
KYJUIAaHWJIAIH.

TesnamrupyBumnap cudatuia ywiaMyd aMuHIap, MacalaH JUMETH,
IVATWII- M JUATAaHOJAaMHMH  Ba 0. KYJUIaHWJAAW, TUApOIEpeKuciap OuiaH
Oupranukga HapTeH KHUCIOTAJAPHUHT KOOANbT Ty3JapH, MacajiaH, KoOaJbT
HadTeHaTH (HOMH «yckopuTens HK») nnuatunumm MyMKUH.

DMOKCH CMOJIAIap 3pYyBUaH KYIOK CYIOKJIUKIAp EKU MYPT KATTHK MOJ1ajiap
KYpUHUILINA YYpauIu, Kyl MaTepuajuiapra AXIM aAre3us Kuiagd, Ba KOTHUII
KapaéHuJla O3TMHA KUCKapaau. DIMOKCHJ CMOJIaJIapHUHT (pu3uk Xxoccanapu 2.1
JKaJIBaJIu1a KEITUPHUIITaH.

Kanpan 2.1. Dnokcu cMotallapHUHT (PU3KK XOccallapu

| Cmona Typu ‘ T °C ‘ ®dusukasuii xomatu, 20°C |
|D]1-22 1-10 | Cytok |
[9]1-20 0 | Cytox |
|D/1-16 110 | KyIOK CYIOK/IHK |
19]1-10 50 | Kartug |
[D]1-8 70 | Mypr |
Dnokcu cMoJanap KOTHPYBUHIIAPH cudaruaa aMUHJIap

(MOJMMATUIICHNIONUAMUH, T€KCaMETUJIECHAUAMUH, MUPUAMH) — COBYK Xapopativ
KOTHPYYHJIAp; XaMmJa KHCJIOTaIM KOTHpyBUmwiap (MamiemH Ba  (ranar
AHTUIPUITIAPH) — FOKOPH XapOpaTId KOTHPYBUYMIADP KYIUTAaHHUIIAIH.

deHos0popMATIBACTHA CMOJIATAD KYIOK CYIOKIHK €EKM MYpPT KaTTHK
maddop macca kypunuimmaa yupaiiau. by macca 60-120°C xapopatma Cyrok
X0J1aTra yTaau.

Arap monmMepiapaa MoJieKyJanap Tykumanap cudaruma O6ornanran 6yica,
OyHmali monuMepiiap Ku3aupwirasjga romimamaiawiap. bynmait  Oornanran
CTPYKTYypaJld TOJHMMEPJIAp TEPMOPEAKTUB MOIUMepaapaup. TepMopeakTuB
noJIuMepJap Ku3IMpWiIraija napyagaHaguiap. Marepuania OofjgaHUILIIAp Y3apo
OOFJIaHTAHJIUTH MOJIEKYJIAJApHUHT Y3apo XapakaTura TYCUKJIUK KWJIaJu, IITYHUHT
V4yH MOJUMEp KATTHMK Ba MyTaxkam Oynamu. Mucon KuiauO ByJIKaHU3AIUS
pe3uHacu, SbHU OJTUHTYTYpPT OujiaH OofjaHraH KaydyKHU KEITHPHUIINMU3
MyMKUH. ByJikaHu3aiusi KWIMHTaH pe3rHa MyCTaXKaMJIUTH TaOuuil kayuykaan 10
MapoTaba OaanaIup.

TepMoIuiacTUK moJauMepJiap.

Xapopar TabCUpUIa IOMIIANAUTAH €KW SPUUIUTAH TIOJIUMeEpIIap —
TEPMOIUIACTUK TMojumepiap ned atamanau. by Typra mact Ba roKopu
3UWIMKJIATUA MOJTMITUJICH, MOJTUCTHPOJT Ba
MOJUMETWIMETAKPUWIATIAP KUPAIH.
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Structural parts
Figure 1525 Schematic diagram of an extruder, (Reprinted with permission from
Encyclopedia Britannica, © 1997 by Encyclopadia Britannica, Inc.)
Pacwm 2.1.ITonmumep MaTepraiap MIUIA0 YMKAPHIILA KyJUIaHWIa JUraH
SKCTPYAEPHHUHI CXEMATUK KYPUHHMIIIH.

IMotumep MaTepuaLIAPHUHT 0JI0BOAPIOILIUTH.

Xamma MoJuMepIapHUHT 0JIOBOAPIONUINTY KyWuaaruiapra OoFaukK Oyiaau:
0JIOB TapKaJMIll MalAOHM, EKUIFUHU TabCUPH Ba KUCIOpoJ uHAekcu. Kucnopon
uaaekcu (LOI) — Oy €uuin gaBoOM STHIN Y4yH 3apyp OYJIraH KHCIOPOIHHHT
MUHUMAaJI KHAMaTUHU OEJITMIaiIu.

[lonumepuunr  €nyBuannuk  gapaxkacu  (éku  PMC)  x¥yitmparu
napaMeTpiapHUHT QYHKIUSACH XUCOOIaHAIU:

* MaTpHUIlIa TYPH Ba XaXMHU (acOCHil TabCUp KypcaTaan)

* 0JIOBOAPIOII KYIIUMYANap XaxKMH

* ApMUPOBKA KOMIIOHCHTIIAPHUHT TyPH Ba XaXKMHU.

[TonumepnapHUHT 010BOApAONUINTY KEITUPUIITaH KaTopaa ycub 6opaau:

[TonuacTep —» BUHWI 3Gupu —»3MOKCH]I CMOJIa —PEHOIITN oTUMEpIIap
>

[NOJIMMEPJIAPHUHI" OJIOBEAPJOIIJIMT'Y OPTUB BOPA I

®deHos moNMMEpIApU KUYMK XaXMIa TYTYH YHMKapaguwiap Ba TOKCHK
YUKUHJIUJIAp XOCKJ KuiMaiunap. MeHon MaTpulaiapHUHT ssHa Oup ad3aiiur —
¢HuI >kapa€HuAa yJjaplaH MOJYKOKC XOCWI Oynaau, y 3ca SXIIM HCCHKIUK
u3onsTopu xucobmananu. TepmopeakTuB MaTpuma cudaruga  MOJIUICTEP
KYJUIAaHWITaH XOoJ4a ajndarra oJoBOApIONI KylIMMYanap WIUIATUIIUIIN Kepak.
[Tonuactep acocuaa OJIMHTAH KOMITO3UTIAPHUHT 0JIOBOAPAOUUIMTMHNA TabMUHIIAII
Makcaauaa 6ab3u BaKTIapa Ky MUKJIOp/a MIKIIa TOJIacu KYIIUIIaau.

Matpuna matepuamiapu cudatuia aHbaHaBUI TEPMOILIACTHK CMoOJanap -
MOJIUTIPOTIMIICH, HEWIOH, TepMmormactuk mnonuddupnap ([I9T, TIBT) Ba
NOJMKAapOOHATIIapHU KYJUTalll MYMKHH. XO3UpPrd BaKT/AAa SHTU TEPMOILIACTHK
MaTpulla Marepuaiapu Takiaud dSTuaMokaa — Oy mOoJMamMui  UMUJ,
nomdenmnencynbpun  (IIOC), nommapuncynedon (polyarylsulfone) Ba

nommdup-3¢upkeron keronnapaup (PEEK).
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2.3.Enumianran érou MaTepuajiapym — nojumep
MaTPHUIAJIH KOMIO3MIUsIap cupaTuaa

Enumnap Gmnan unuiam anda KMAWH, 9yHKU Oy OuTTa pan ypraHaauraH coxa
sMac. EnmuM MycTaxKaMIIMTUHUHT MYXHMJIUTH, TOJIUMEDP 3aHKUPUJIaTU, EFOYIaru
Ba (hasasap OpaJIuFUJard acocuil Ba HKKWJIAM4YM KUMEBHM OOFNapHU ajJoxujaa
yprauuniHau Ttanad staau. Jlemak, MycTaxKaMJIMKHU XaM KAUMEBHH, XaM MEXaHUK
HYKTaW Ha3apJiaH YpraHuil 3apyp.

Opnatna, enumiam >kapaéHu ydyTa OOCKWYJa amajira OIIUPUJIagu. OJHT
aBBaJIo, €JIMM SXIIN ENUILINIIN YYyH €FOY F03acCH eMmIalira tau€pinanaau. byHaa
103ara MexaHuk €ku KUMEBMM ycyn OmiaH €Kkd apajail ycyija UILIOB OepUIUIIN
MyMKuH. bab3u xonariaapnaa, 03aHUHT XYJUTAHUIIMHA SXIIAIa €K1 udIiocianran
103ara CypKaJMIIUA y4yH OOFJIOBYM MOJIU(DUKAIUSATIAHUIIN MyMKUH. Enummanran
€Frou  MaTepuaJUIapUHUHT Tapuxu Hpamusaad onauHra 3000 Hwunnapra,
MUCpJIMKIapra 60pub Takamsau.

Enumnanran ¢€rou Ba KOFO3 HILIA0 YMUKapulaa TYpJad eJIumiiap
KyJUIAHUJIMIIUTa KapamaclaH eJIMMIIM KOMITO3UIUSJIAPHUHT WJIMHKA acociiapu
Xajuraya TyJuK yprasuiaMarad. borinoBuu Mojanap KUMECU TYJIUK YypraHWITaH,
JIEKUH enuMIap KaHjaad Kuiaub €rouHd EnuinTupand, OyHAa Tallkhu Ba WYKU
OMWUIAPHUHT UMUK aCOCIapH TYJIUK 04MO OepuiiMaras.

NkxkuHun Oockuyma, OOFJIOBUM €FOY F03acH OWJIaH MOJEKYJISIp JAapakaaa
KOHTAKTra KUpUILIAIU; OYHUHI Y4yH OOFJIOBUM CYIOK XOJlaTAa OYIuIIM Ba acocra
TYIUK ETKU3WIMIIK 3apyp. by xapa€Hma €rod peosioTHsiCh Ba CUPT Kywiapu
XaKujaru Ounumiiap xkyna 3apyp OVmamu. FO3a kywiapu €rod Ba EITUMHUHT
KyTOJIaHTaH Ba KyTOJaHMaraH TaIlKWJI KWJTyBUWJIapAaH uOopar Oyiaau. YinapHu
Yy3rapTUpHUIl OpKajdd MyCTaxKaM Ba Y30K MyJJaT TypFyH Oynaauran OOfiapHU
XOCHJI KAJIMII MyMKHH.

Yuunun 0ocknyaa, OOFIOBYM KOTAIU Ba TUKUIIA/IH.

2.3.1. EqumiiaHras éro4a uHO0ATra OJIMHAJUTaH OMUJLIIAP

JHr HUPHK €éFo4 Mmaxcyjaoraapu 0o3opu 0y - ¢aHnepa,
OpHeHTHPJAHTaH KupuHANIM maurtaaap (OSB), érou Tonaan (MDF)
BAa €r0Y KUPUHAWJIM IVIMTAJAP HILIA0 yukapumaup. Panepanan
TAalIKApPH Oapya IUIMTAJapaa ejJuMiIap €rod 3appadajapu OujiaH
SIXJIAT €F0Y-eJIMM MATPUIACUHM XOCWI KIWIATH.

[lnuTamapHUHrT MycTaxkKamyura OepujiaéTraH KyYHHMHT €JMM Ba &rou
dazanapura Tekuc TakcumiiaHuimura 6ornuk. Kommosumusimapma (€rou Tosranu
EKM KUPUHIWIN TUIMTANIap/ia) eJIMM Ba EFou (Tojanap €Ku KUpUHIWIAP) YpTacuia
anaresusl Kywiapud TMaijao Oynanu;, KeWWH yjaap IOKOpU TeMmIepaTypa OCTHa
MpeCCiIaHagy Ba Tau€p MaxCyJoT OJIMHAIW. byHmal xapa€Hja HWIIUIATHUIIAIUTaH
eIMM XOHa TEeMIIEpaTypacu OCTHIa KOTHO KOJIMAaclaH, IOKOpU TeMmIiepaTypa
TabCUPHUA MTPECCIAHTaHAa KOTUIIH 3apyp.

Erou-enuM  apanammanapuja Ba eIUMIAHTaH 6Fo4  OyIOMJIapHIaH
dolnananuma Kyduaara oMuuiapra YTHOOpHH KapaTtuii 3apyp (1-xkaasain).

Enummanran érou matepuanapna OOFIOBYM MUKAOPU 2-8% HKAHIUTHHU
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xucoOra omanurad OYJicak, YHMHT HapXWHW OWIHII >XyJaa MyXuM. byHmax
TalIKapu, €rod 103ajlapy JKUTIC EMUIITAHIUTH cabalau yIapHUHT OpaIMFHUra Kyaa
KaM enuM capduiaHaai, OUpoK EFOYHUHT €TMMHH IIMMHUIIU KaTTa MyaMMOJapHU
KenTupuO umkapaau. bomrka ToMoHmaH Kaparadaa, daHepaga IITOH Io3ajlapu
KyJda JKUTC €muInMaca XaMm yJIapHUHT (akaT 1o3a KaTjamiiapuaardHa eiauM
oymumu tanad stwiaau. Enummap maddod €ku ou panrium OYauIm Makcajara
MyBOUK, OMPOK KYIIa0d eMMIIaHTaH MaTepUaUTAPHUHT 03aJlapu OOIIIKa XHMOSI-
JIEKOpaTUB MaTepuajiap OwWwiaH KOIUIaHTaH Oynaau.
TapkuOuga coMmoHoMep cudaTtuaa GopMabIeru UITUTATUIAIN, YHIUHT TalllKapura
YUKUIIMHUHT OJIIMHU OJIUII XaM MyXHM MacayajapJad Oupu XucoOJIaHa Iu.

Kymunink  enumiap

Kanpan 2.2. EaumJ/ianran éroyia vHOOATra OJIMHAAUTaH OMIJLIAP

EauMm yuyn Erou yuyn 7KapaéH yuyH dDoligasanunga
Eaum Typu Erou Typu Enum Muknopu MycTaxKamIuK
KoBymkoxkauru 3uwiInru EnuMHUHT CwnKuI MOyJIH
TaKCUMJIAHHILIH
Mouiekyasp Hammuk Hamnuk Muxnopu Hamimk
MAaCCAHUHT MUKJI0pU TabCUPHUJIA
TAKCUMMJIAHUIIH MIUIINLL,  KypuO
KUYpanuIira
YHTAMJIUIIUTH
Pearentiap IO3a Ttypu:. | Temmneparypacu Kupummin
HHUCcOaTH paauanb,
TaHT€HIHAJIb,
KYHJIQJIAHT,
apaniai
Korui re3uru Anpoéku SmoBuannuru Hagu
ETWITaH €FoY
Kypyk Kojauru Em éxu kekca | Ymymuii yuuram | Hykcon typu
napaxT BaKTHU
Karaauszarop Opra €xu keu | [Ipeccmam Kypyk €éxum Ham
ETWITaH €FoY DKaHJIUTHA
ApanamTupuin PeaktuB €rou Enum OwaH | DIaCTUKIIUK
XYJUIAaHUIIH, €JIUM | MOAYJHU
HIMMUILLIA
Ennmkoxanru Tonanap I'a3 yTkasyBuannuk | Temneparypacu
KHUSIJIUTH
Tyaaupruu FoBakmunuk IIpeccnam BakTH ['mapomnusra
YU AAMITUIIUTH
JpuUTyBUHIAP IO3a Hactnabku unwioB | Mccukimkka
HOTEKHUCIIUTH oepuin YU JAMITAIIUT U
NsaTumm Kypumgan Kelinaru HAIUI0B | buosoruk
MYJJIATH EpUIInILI oepu1n YU AAMITUIIUTH
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3aMOypyFJiapra,
OakTepusiapra,
xamaporiapra, CyB
OpraHu3mMJjiapura
Boaxopon NmnoB  Geputr | ACOCHUHT [Tapno3znam
KYPCATKHYH HYKCOHJIapH TeMIepaTypacu
Xumositanranjuru | Udnocnan- Hypimanunuiapra
TaHJIUK, TallK1 YUJAMITUIIUTU
KylumuMyJasap
DKCTpPaKkTUB
Moaaanap
Bonopon
KYpCaTKU4u
XUMOSJIaHUIII
XYCYCHSITH

Jlamunatinap Ba OpyCOKCMMOH MaTepHaJUIapHHU eluMJianiia OOFJIOBYHIIAD
IOKOpY TemIeparypajaa €K1 XOoHa TeMIiepaTypacujia KOTUpUWIMIIN MyMKUH. byHia
eJIMM HAapXWHU aHUKJAII KyJla MyXUM, YYHKA YHUHT KQJIMHIIMTH KEHT OpajuKia
y3rapuim MyMKUH. ETUM paHTH ojlaT/ia YHUAIMK MYXUM dMac, YyHKHA SXTUETIUK
OMIaH MILIaHCa 3apapu Termaiiau. Erod cTpykTypacu aHM30TpON OYJIraHH ydyH
CJIMMHUHT HAMJTUTH Ba KUPUIITYBUAHIIUTHUTA KYTIPOK YBTHOOP KapaTHIIl Kepak.

Typnu KoHCTpyKIusIapAa Ba MeOenaa UIUIaTUIaAUTad eIumIap
oJaTaa, SIIOBYAHIMIM KKOPH OVJAMIIM Ba XOHA TeMmIeparypacuia
KOTaauran Oyammm Tanmad otunagu. Mebenga o4 paHraard,
KOBYILIKOKJIUTH TMacT, HaAMJIMK TabCUpUra €TapiiM Japaxanaa 4YuIamiIu
enuMiiap KyJuanwiaau. KoHCTpykuusiiapaa KyJUIAaHWIAQIWTAH eJnmiap
3ca IOKOPU KOBYIIKOKJWKAA OYJIUIIN, STUIYBYAHIMKHU TabMUHJIAIIN Ba
TYK paHriy OYJIUIIN MyMKHUH.

2.3.2. E1uMJIapHMHT KYJJIAHWJIM T
Erounn eaumuian.

FOxopuna kentupuiaranjiek, OOFJIADHUHT IIAKUIAHWIIM YYyH SHI aBBaJIO
enuM €F0oY lo3acura TEeKUC TaKCUMJIaHWIIM 3apyp. byHna enum €rou ro3acura
nypKall, pojauK OWJIaH CypKall, Inatena OuiaH cypKall, KyWHIl KaOu Typiu
ycymnap  OunaH  Oepuiuiid  MyMKUH. EiouM  cypTUiTaHugaH  KEWWH
TEPMOKOMIIPECCHS yCylHura kapad y OouMK €KM €NUK XO0JIaTJa KOTHUIIM MYMKHH.
Wkkana xonatga XaMm enuM €roura CHUHTUIIM Ba OOFjap XOCHJ OYIMIIM Y4YyH
MyalsH BakT Tanad stuiaad. O4MK XosiaTga KOTHUII YYYH SPUTYBUMHHUHI EKU
CYBHMHI YMKUO KETUIIH Tajad dTUIIAIN.

Ouuk xonaTga KOTHII €JIMMHUHT acoC CUPTUJA TYJIUK EMUIIMACIaH Y30K
Konub KeTuiura oub kenaau. ENUK Xonartaa TepMOKOMIPeCcCHs KapaéHuaa Erou

3appavaiapy ro3allapy JKUICIammO Ketaau. bab3u Xoiariapaa MCCHUK Hpecciiarl
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*)apaCHuIa HAMJIMK Ky Oynamu, TemrepaTypa Ba HAMIIMKHUHT OWpTraJMKAard
TabCUPH €JIMMJIAHTaH EFOYHUHT MYyCTaXKaMJIUTHHY MMacalTHpau.

Erou cuptu Mypakka®G Tapkubra sra. Y aHM30TPON TY3MIIMINIa O5ra,
XyKaWipanapu OyiiaMacura 4y3wirad, €Fo4 MapKasJaH Tallkapura Kapad ycranu
Y4YH YHHMHI PaJHa]l WyHAIMIIJArd XOCCAJIAPH, TAHTECHIMAIb WyHaJIWIIJaruaaH
dapk kunagu. apaxtia siapo €roud Ba €TWITaH EFOYjiaH, dpTa Ba Ke4 eTHIIraH
¢rounap Vy3apo Oup-Oupuman dapk kwiaau. [llyHuHrnek, &érodma WYKU
3YpUKMIILIAP, PEAKTUBIMK Ba ToJalap KUSJIMTUHUHT MaBXYUIMTA  YHUHT
TY3UIMIIMHM SHAJa MypakkaOIalITUpaad. Erod 103acuHU enumialira Taiépuar
YCYJH XaM YHUHT XYJIJTaHHII XOCCACUTa TabCUP KYpCcaTa/IH.

Aare3usi Ha3apusiCH

ENUINKOKINK enuM [03aCHHMHT acoc 1033 OWIaH TabCHPJIALIUII XOCCACHU
xucoOnaHaau, yHH OOF MyCTaXKaMJIUTH OWJIaH aJallITUPMACIUK Kepak. AndaTTa,
eJIMM acocra SXIM EnuiimMaca, CajJruHa Kyd TabCUPHUA 03ajlap aKpannld KeTau.
bupok, YOKHMHI MYCTaxKamJIUTH aH4a MYpakkad XoJilaT XHUCOOJIaHaau, YyHKU
3YPUKHII KyYJAPWHUHT KOHIIEHTPAIMACH, CUPT KYWIAPUHUHT TapKOKJIWUTH Ba
yIApHUHT CHUPT Io3ajlapyia CYCTIMTH KaOu XojaTiap ENUIIKOKJIMKKAa HUcOaTaH
MYXUMPOK  XMCOOIaHAI¥. ENMIIKOKIMK 5>ca OOFIAPHMHI IIAK/UIAHUIIN Y4yH

3apyp.

bab3u ENUIIKOKIMK Ha3apusUIapuia MEXAHUK KUXATIapra KyIpoK ypry
Oepwianu Ba OomIKamapuja 3ca KUMEBHH KuxaTiaapra bTHOOP KapaTuiiaju.
KuméBnii Ty3unuin Ba KUMEBUN TabCcHp Y3 HaBOATHAA MEXAHHK XOCCAJApHU
Oenrunad Oepaau, IIYHUHTACK, MEXaHHMK MYCTaXKaMJIMK XaM Y3 HaBOaTuaa
eMMJIAHTaH MaTepuaiiard KUMEBUN OOFIApHUHT MaBXKYJIUTHHH KYpcaTaJiu.
[y caGabnu, kuMEBMII Ba MEXAHUK KUXATIAPHU OWP-OMpUIaH aloXHa
oMuIap cubaTtuaa axxparud kapad OVimManay.

Mexanuk OofllaHMIIZA €JIMM Ba AaCOCHHMHI FOBAaKJIapW YpTacujaru
OofmaHMmIIap  Haszapga  TyTwiagd.  MexaHuk  OOFJIaHWINTa  THUKAaHAK
WIMOKJIADUHUHT MaTO WIUIapUra WIAIIMIIMHA MHUCOJ KWINO KypcaTHUIl MYyMKHH.
byHnpail ynran TMnuIalMniga WIMOKIAPHUHT Y3ap0 CHIDKUIIUTA MY Ky UHUIMaiIu.
AcnuHM oJiraH/la MEXaHUWK TULUIAIIMIIIA KUMEBUN TabCUpJiap MaBxKy sMac, 1e0
xaMm Oynmaiian. byHna axkpanuiura ro3anapAard UIIKaJIaHUuIl Ky4wIapu KapIIWIuK
Kypcaragu. Enumnap KOTHO IIAK/UIaHTaHAAH CYHI YJIApHUHI acoc 103a OuiaH
aKpaquuMra XxaM KHMEBUH, XaM MEXaHUK KywIiap KapLIIWIUK KypcaTalu.
Fopakiapra kupuim opKajJid MEXaHUK TULUIAIIMII Ky4JapuHU aHUK Yi4yad
OynMaiinu, FoBakjap KWYHMK Oyica THIIIAMMII Kydyd XaM Kam Oymamu. lllynu
TabKHUJJIAIl KEPAaKKW, MEXAaHWK OOfJlap HOpMal Kywilapra KaTTa KapIIWJIuK
Kypcataau. byHnan Tamkapu, KYyMUMINK 103alap MEXaHUK OOFJIaHMII YUyH €Tapiu
napakanard Fagup-OyIupiauKKa dra OynmMaciauru MyMKuH. byHnmait GoriaHuWIIHHA
TabMHUHJIANI YUyH I03aHU a0pa3uB MaTepuall OuiiaH UIIKaiad TeKUCIaml 3apyp.

bynnaii GofmaHumm xocwyi OYIMIK ydyH €IMM Ba acoc ypracuma y3apo
MOCJIAIIYBYAHJIMK XaM OyiauImM j03uM. byHnail MoclallyBYaHJIMK KYITYUIIUK

nosuMmepinapaa Kyzarunamaiian. Kywin tapmoxiu Oofnanuin (akat KuMEBUN Ba
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MEXaHUK OOFap XHcoOura MaBxys Oyiaanu.

bomka Ha3zapusimap, acocaH MeXaHMK HYKTaW HaszapAaH smac, Oaiku
KUMEBUI OOFmap opkaim udoganaHaam. Yiaapra Kypa eIuM Ba acoc 103a Opacuia
MOJICKYJISIp Japakajarn KOHTAKT Kywiapu Mapxyn Oymamu. by kuméBuit
TabCUPJAIIUII KywIapu opTHO Oopuil Taptubuaa kypud umkwiagu. Typiau Xuil
OoFNapHUHT ad3aTUKIapy 2-kKaaBaliga KeNTUpUITrad, ury Omian Oupra 3-pacMaa
0ab3u OofiaHuuLIap XaMm kypcatwirad. LllyHu Tapkuanam Kepakku, Kywid OOF
XocuJ OynumM yayH OyHaai Gofnap >kyAa Kym OYIHIIM Ba TabCHUPJALIUII CUPTU
OYity1ad TeKuc TakCUMJIaHTaH OYJIUIIN Kepak.

XKansan 2.3. Kumépnii Oofnap MycTaxkamiiuru

Boraanum typu Bond Energy
(kJ-mol-I)
boraanui YHeprusicu

Primary bonds (acocuii 6ofnap)

Ionic (noHJIM OOFIAHUIIT) 600-1100
Covalent (koBaseHT OOFIaHMII) 60-700
Metallic, coordination (merasmt, KoopAHMHAIIMOH

OOFJIaHUIII) 110-350
Donor-acceptor bonds (noHop-akienTopsu OOFIaHMIII) Up to 1000

Bronsted acid-base interactions
(kuCIIOTaIN-aCcOCM TabCUPJIAIINIIIATH 1000 raua
bpéncren kywiapu)

Lewis acid-base interactions Up to 80
(kucnoTtanu-acociu Tabcupamuiaard Jisronc 80 raga
Ky4JIapH )

Secondarybonds(ukkuaamuu Gormap) 1-25

Hydrogenbonds,excluding fluorines (somopon
0ornap, GTOPHM MCTHCHO KHJITaH/Ia)

VanderWaals bonds (Ban-/lep Banbc xydanapn) 4-20
Permanent dipole-dipole interactions
(I[OI/IMI/Iﬁ AUTIOJIb-AUIIOJIb TaAbCUPpHUAAI'N
KyTOJI OOFJIAHUIIN)

Dipole-induced dipole interactions Less than 2
(mumosmap TabcupuIa manao OyiraH 2 raua
KyTOJI OOFJIaHUIIN)

Dispersion (London) forces (Iucrepc 0.08-40

(JIonmoH) Kyunapm)

By KydnmapHUHT OSHT KWYUTH JUCHepCc OOFIaHWIITa TYFPU KETaIw.
Hucnepcuon Kyunap Oup-Oupura XKyJga SKHH SKOWIAINTaH MOJEKyJanap Ba
yIapHUHT TapKUOUW KucMiapu Yypracuaa mnaigo Oynmaau. Jucmepcus kyduu -
KyTOJaHMaran MoJjieKyJjajdapHu OOFJIOBUM acOCHUM BOCHUTA XuUcoOaHaau (MacaiaH,
nouATUIIeHAaru kadu). ExuMm Ba acoc 103a y3apo MOJIEKyJIsp KOHTaKTaa OyiraHa

Oy Kyuiap kyjaa cycT 0Vnaau, Oy Kyd aTomiap opacujaa OyJaraHja sca KyJa KaTra
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Kyd maiino Oynanu. ['eKKOHHMHT [eBOp Ba IIMIIIapAa IOpUIIM YOy Kydra
aCOCJIaHTaH.
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PacMm 2.2. bornanumkywrapu: (a) HKKATa yTIEBOIOPOI 3aHKUPUAATH JUCTIEPCUOH
Oornanuin (moaudTUICHAard kadu); (D) MKKUTa KapOOHWI T'YPYXHAard IUIOJb
Oormapu  (moiudcTepAard kabu), (C) 1euIroo3a CcerMeHTH Ba  (hEeHOJI-
dbopMasbaerua MOJIMMEpU opacuiard Bojoponx Ooriapu, (d) amMMoHuMii Ba
KapOOKCWII TypyXJjapH YpTacuiaru MOHIU OOFIaHUIIL.

bomka kywrap omatga KyTOiaw Tapszma comup Oynamud. YJIapHUHT OSHT
Ky4CHU3H JTUIIOJNI-AMIION TabCUpJAIMIIUAA nango O6ynmaau. Kytonu OornmaHumuiap
aToMJiap ypracuaa conup O6ynanu, OyHaa JOUMUN, TaOUUM AUIIONb Naino 6ynaau.
Arap aunoJlapHUHr MycOat Ba mMaH(uil ywiapu Oup-OMpura MOC Kejca yiap
y3apo TabCUPJIALLIAIN.

bynnait Tabcupmammimn  Kywiapu —JWIOJUIAPHUHT MyaWsH —TapTuOaa
xKoWnamumura OofnukK. ByHpail sxoiymammin KUYMK MOJIEKyJaiap y4yH OCOH
Keuaau, OMpOK HWKKWATA 3aH)XKUp Opacujia yJIApHUHT XapaKaTh YeKJIaHTaHJIUTU
cababnu KuMuH Kewyajau. JMmos-aumon TabCUpJAIIMINM HATWKACHAA Taiao
Oynran KyTOau OOFJIaHUIN OJaTAa JOUMHUN JUIOJUIAp TabCUpHUJA Taij0 OYyiraH

Ky4japra HucOaTaH aH4a CcycT Oyiaau, MOJIMMEpP MAKpOMOJIEKYJIAJApPUHUHT TEKHUC
55



KoMramMacaurura ca6ab oymanu.

Nkkunamyn OOFJaHUNUIAD MYMJA OSHI KY4WIMCH BOJOpPOJ  OoFiapu
TabcupHuaa maiino 6ynaau. by Typaaru OofnaHunuiap KyTOnaHraH TapkuOiapnaa
(a30T, KHCIIOpPOJ, OJTHHTYTYPT Ba BOJOpPOA, KapOOHWI TypyXJjapuia) COIUp
oynamu. byHmaii OofmaHumga BOJAOPOJ aTOMH HKKHTA KyTOJIAaHTaH Typyxra
TaKkCUMJIaHaI1, OyHJIaii OOFJIap acocaH €FoY Ba €IUM MOJICKyJaJlapu YpTacuaa
naijo OYIMI >XTUMONHU FOKOPH, YyHKM MKKalacuaa XaMm KyTOJIaHTaH TypyxJjap
kyn. Jespaun Oapya €ro4 KOMIOHEHTIApU THAPOKCHI TypyxJjapura 0o
xucobnmaHaa Ba Oab3u Mypakkad »ddupiap Ba KuHCIOTAIapAa KapOOKCHII
TypyxXJapu MaBxyq Oynamu. by TypyxJIapHUHT HKKaJacu XaM KyWwid WYKA
BOZIOPOJ OOFNApWHU XOCWJI KWIMO EFOYHUHT MYCTaXKaMJIUTUHU TabMUHIANIH,
IIYHUHTJEK, Oy OOFap Talku BoJopo ] OOFIaHUIIIIAPUIA XaM UIITUPOK ITAJIH.

bapua €rou enumiapuga WYKM Ba TAlIKH BOJOPOA OOFJIApUHM A0
KUJIQJNTaH KyTOJaHTaH TypyXJjap MaBxKyaIup.

XaMBOHOT Ba YCHMJIMK EJIMMJIAPUHUHI MYCTaXKaMJIMTH acOCaH yJaplaru
MaB3 Kyl BOJIOPOJ] OOFJIapura Ba eJIMM/Iard KOre3noH Ky4ujapra Oofauk Oyniaau.

Kymuunmk CHUHTETHK eIMMIIApHUHT KOTE3MOH MYCTaXKaMJIUTH BOJOPO.
Oornapura OOFJIMK 5Mac, YyHKH ylap/aa UUKH YOKJIAHUII KydJapu MaBxKyld, OMpOK
yinap Xam mryoxacus €rod OujiaH BOAOPOJA OOFiIapuHu Xocwi Kuiaau. Bomopon
OOFNApUHMHT Y3UTa XOCIUTH IIyHJAKW, yJIap HAMJIMK TabCUpHUAA TMapyajaHau.
CyB Ba BOJOpPOJHUHT OOIIKAa OMpHUKMaiapu Y3JIapuHU BOAOPOI OOFIapumaru
MaBKyJ OYJraH MKKH XWJI [IaKJja TyTUIIA MyMKHUH. by skapaéH wuku OofiapHU
KY4CH3IaHTHpaAM Ba yjap TallKd KyuJapra CycT KaplIIMIMK KypcaTaau. Erou
MaTepuaau XaM HaM Xonatia OyHpjal GormanHumuiapra sra Oynmaiinu. Erou Ba
eUM YpTacuaard OOFJaHUIUIAp XaM IIyHAal Oymanu - BOAOpoX Oofjapu aHya
Ky4CHU3JIaHUO, HYKCOHJIap naiiio Oynummra cabad 6ynaau.

WxxunamMuu OOFTApHUHT (IMCIIEPCUOH, MKKUA KyTOJIM Ba BOAOPOJ OOFIapH)
KM3UK JKUXATH IIYHJAKW,yJIap KOBAJIEHT OofjapiaH (apkiu paBula KaiTa
TUKJIAQHUIIA MYMKHUH. Bogopon OoFnmapuHUHT KailTa TUKIAHHUIIN EFOY KYIMTYMITUK
OOfap CycTialraHjia Xam Y3MHUHI MYCTaXKaMJIMTMHHU WYKOTMAacAaH TYpPHILHIra
cabab Oymamm. Emmmmapman ¢Qorimananranga Oy Jkapa€H eTUMHUHT €Fodra
MoOCTamumura Ba €rod aedopManusicura KaHaad TabCHp KWIUIIM KyJla aHUK
sMac, OMPOK yJiap KaTTa axaMUsTra sra XMcoOJaHa 1.

Oparpa, KYMUWIMK MaTepUalljiapJia SHI KaTTa TabCUP Ky4H €JIUM %
Ba acoc ypracujard KoBajJeHT OofjapuaaH Xocudl Oynmamu. Eroumaru v

ydTa acoCHUi KOMIIOHEHT/A - IEJUTF0JI03a, TeMHULIEIUII0N03a Ba JIMTHUH/IA -
THIPOKCHII TypyXJapu MaBXyJ OYnnuO, KYMUMIUK eIuMiIap TUIPOKCHI \d
TypyXJIapu OWsiaH TabCHUpPJIAIaAN, Ba MyOXacu3, YOKIAHUII PEaKIUsICH

conup OVYmamu. bupok, OomKa ONMMIAPHUHT TabKUIJAIINYA, KYII
MUKJIOp/Ia HAMIIMKHUHT OYuiiy Oy OOFJapHH CyCauTHPaIH.

JloHOp-akienTop OOFIapu TabCHpUIA Kywin OOFJIAHUILIAP MAWI0 OYIUIIH
MyMKHUH. bynmapHuUHr nunna €roy-enuM TU3UMHUJIA SHI Ky TapKairanu bpéucren

KHCJIOTAa-aCoC Kywiapuaup. bab3u katuoH Ba AHWOHJIAp S"pTaCI/II[aFI/I KHCJI0Ta-aCcocC
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TAbCUP KydJaph acocra eNMMHHHI EMMINMINMAA Ky3aTHaagd. Erouna 6ab3m Gup
KapOOKCWIM KHUCJIOTajlap MaBxyd OViauO, ymap enumiap OWJIaH Ty3 XOCHII
KWwiagu, Oy Tysnap MenamMuH(OpManbIeruajaard, OKCUJl Ba aMHUHJIM SIOKCH]
eJMMIIapUAary aMUH TypyXJapu KaOu acoc TypyXJapHH 3 Uuura ojaaiu.

Opnatma emuMHUHT EFoura EMUIITUIIT KaTTa TAbCUP Ky4dura ora.

by &énummm Xxoaucacu — TabCUPJAIIMIN KYWIADUHUHT BakT Oyiinmda
4acTOTaCH WMFUHIUCUIAH MOOpaT AeraH JadwiHu uHkop staau. lynnail kumnuo,
KOBaJICHT OOF¥Jiap, KaMpoK maiijo Oynaau Ba yjaap BOJAOpoj] Oofnapu €K JUIOJ-
JUTION KyTOnu Oofiapu kabu MyxuM sMac. Bomopon Oornapu cyB TabcupHaa
napyajaHTaHJIMru cababiu HaMm xoJataard €roujia CycTpok Oymanu. by epna
¢rouna ¢daxkat OuTTa Kywid OOFJIAHUIIHK XOCWJI OVIMIIM Xakuja sMac, Oaiaku
KYIiad MUKIoOpAard OOFJAHUIIJIAPHUHT XOCHJ OVIMIIM Xakuaaru Guxpiap
MyxuMmpokK. [llyan xam »bTHOOpPra OJMII KEpPaKKH, EIMMHUHT EFoura Kywid
OOFJIaHMac/IUTUTa EIUMHHUHT y3uaa €K acoc 1o3a OwinaH opacuaaru (Qaszana
OOFJIAHMII KYWIAPUHUHT €Tapiii IMACIIUTU cabab Oymanu.

Anre3uss Hazapusicura Kypa EnMIIMII XoJucacu OOF XOCWJI OYyiui
O0ockuuiapura OOFIMK SMac, OOFIap y3WIraHja YHHUHT 3JIEKTPOCTATHK TaOuartra
ara 3KaHJUTMHM KYpuIll MyMKUH. ByHaa enum Ba acoc 103a y3apo 6up-Oupura moc
Oy 3apyp.

Bbomka Oup Hazapusira Kypa EMUIIKOKIMK UHKOP KUIUHUO, TOJTUMED Ba EF0Y
apaJjaliMacyu MOHOJUT OMPUKMa XOCUJT KWIHIIN 3apyPJIUTUHU TabKUJJTAHA]IH.

[lyHuHraek, eauM MoJieKyJajgapu €rod Xyxkadpajgapu JeBopiiapura
IUMUJIAM Ba OUp Heuya XUl EFOU-EJIUMM CTPYKTYpaJlapHUA XOCUJ KWJIUIIN XaKU1aru
Hazapus XamM MaBxKyI.

By HazapustapHUHT KYUUIUTH OOFIap XOCHI OVIMIIMHA TYITYHHUII YYyH
KyJla MyXuM OYIu0, €M YOKJIIApUHUHT Y3WJIUIINTa KaTTa KapIIWIUK KypcaTaau.
Myxumu 11yHIaku, OOFJIaHUIUIAp Maiao Oynaérranaa, Kywiap ro3a Oyiinad Ooup
JKoWJa TYIUIaHUIIM €KW OMp XWiJa TaKCMMJIAHWIIM MYMKHUH. Arap Kywiap ro3a
Oyiinad Tekuc TakcuMilaHTaH Oyiica, y Xoiaa OOFJIlaHMII Ky4Hd KaMpoK Oyiaiu.

Kynunua, kalicu aare3us Hazapusicu TYFpH, JIeTaH caBoJ naigo Oynaau. by
epla Oup Hapcara - e€JIMM Ba EFOYHHMHT Yy3ap0 TabCHUPJIALIUIIUTA YBTUOOPHU
Kapatuil TYFpu Oynaau. Bapuantnap >xyaa Kym, yMyMHd S>KUXatgaH oJu0
KaparaHja, e1uM KaHda €MuIIKoK O0yiica, 103a/1a mryH4a Ky4in OOF XOCHIJI KUJIAJIH.

Erou CTPYKTYPACHMHHUHI aAre3usira TabCUPU

Enum Ba €rou ypracunaru OOFIapHU TYHIYHUII YUyH €FOY CTPYKTYPACUHUHT
¥y3ura XOCIUTUHU, SHEPTUSHUHT TaKCUMJIAHUIIMHU Ba aTpod MyXUT TabCHpPUJIA
8FOYHMHT Y3TapUINIMHU YBTHOOPra ONMIN KepaK. EFou KYm KHHCIM MaTepHan
cananaau. Enum €rou ro3acuaaru kyminad Typaaru Oupkmanap OusiaH OOFIaHUIIN
3apyp Oynanu.

FOmiok €rounapna Oyitiama Tpaxeuiap KYMUUIUKHA TAlIKWI 3TTaHIUTH
cababmm &érou ro3acupa yiap OViiamacura KECWITaH XoJlaTAa OYHWK OVyianu.
[Tapenxum Xyxaiipanapu (¥3ak HypJiapy Ba cMoja WyJiapv) Xam eJluM OuJiaH

OofnmaHaguraH Kymmumdya roszangap xucob6nsananu. Kartuk érounapna aubGpudopm
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TOJAJIAPA Ba MUPHUK HaWyanap acOCUM TAbCUP O3aCHHM XOCWI KWJIAJH, yjapra
Y3aKk Hypsaapy Ba OolIKa Xyxkaiipanap xaM Kymumand. Erou cTpykTypacuuaa spra
€TUITaH IONKA JIEBOPJIM Ba K€Y CTWIraH KaJIMH JEBOPJIM XyKalpanap YHUHT
I03aCUHHM JKyJla MypakkaoaamTupubd rdopau.

Enum Ba érou ypracumaru OOFiaHUII yiIdyaMu ojaTAa MUWILIUMETpiapaa
Vnuanaau. bupok, €Erou-enum OOFJIaHMILIAPH MHIJUIUMETP, MHUKpPOMETp Ba
HaHOMETpJIap/a XaM YpraHWIuM 3apyp. MusuumeTpnap Ouiian oaaui Ky3 Ouiian
yamajarajga €xku  €pyFIMK  MUKPOCKOIUIapHJa  YJI4YaHagud.  ODJIEKTPOH
MHUKPOCKOIIMANA 3ca XyXKaWpajap Japaxkacuza, MHUKPOMETpJapAa YI4aHalw.
[{emnrono3a Tonanapu, FeMULEIUIION03a Ba JUTHUHIIAD HAHOMETpIIapaa yI4aHaau.

HanomeTrp npapaxacupa envM MOJIEKYJIAJAPUHUHT E€FOY  MOJIEKYJIaJlapy
OunaH OOFJIAPUHUHI IIAK/UIAHWIIM YpraHuiaaau. ATOM MHUKPOCKOIUIApU HAHO
yiyamiapHu yiadamra UMKOH Oepaju, OMpOK EFOUHMHI CHPTH KyAa XaM Jarai
O0yn0 yHU MUKpoMeTpiiapaa udoaaiam Kyiai.

Ha3zopar caBoJsiapu:
1. ®anepanaru aare3us KydJapuHU U30XJ1a0 OCpUHT.

2. MJI® nnuracuaa Oynuimm MyMKUH OYniraH KuMEBUN OOFIapHU Tabpudad
OepuHr.

3. ACII nnactTuruaabyaumm MyMKUH OYiIraH KUMEBUU OOFiIapHU Tabpudiaad
OepuHTr.

4. NCrIl mmutacuaa 6ynuimm MyMKUH OYiraH KUMEBUIM OoriiapHu Tabpudiad
OepuHT.

5. OCII nmnuTtacuaa OyauImM MyMKHH OYiraH KUMEBUW OOfIapHU Tabpudaad
OepuHr.

6. MIIT na Oynumm MmyMkuH Oynran KUMEBHH OoFnapHu Tabpu(aad OepuHT.
7.0ru0 enuMIIaHTaH 3aroToBKayiapia OVIMIIA MyMKUH OYJIraH KUMEBHIMA
OofnapHu Tabpudiad OEpUHT.

8. XI® mnuracuna OYauIy MyMKHH OyiraH KUMEBHM OOoFmapHH Tabpudiad
OepuHr.

9. IVAII nautacuaa 6yauimy MyMKUH OYiraH KUMEBH OOFIapHH TabpuQiad
OepuHT.
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3-maB3y: MeTa/ul MATPUIIATH MOJUMeEPJIap TYpPJdapH Ba OJIUII
skapaénnapu. KoMno3uriap MUKPOMEXaHUKACH BAa MAKPOMEXaHUKACH.

Pesca:
3.1.Mertam1 MaTpULIaal KOMIIO3UTIIAP.

3.2. MeTain MaTpuniajii KOMIIO3UTIIAPHU TypJIapy Ba OJIHII KapaCHIIapH.
3.3. Komno3utinap MUKpOMEXaHHKACH Ba MAKPOMEXAHUKACH.
&)

o)

Tasinu udopajap: MeTawl, MaTpULa, IIynaT, ATFOMAHUN, HUKEIb,
CAIl, radnuii, TOpUH, KOTUIIMAiIAp, KyKyH (TIOpPOIIOK)
METAJUTypTUsACH, IBTEKTUK KOTHIIIMA, KPUCTAILIM3AIUS KaTAIU3aTOPH,

KepMeTaap, JTUCTIEPC—MYCTaXKaMJIAIITHPUIITaH, dbynnepes,
0JIOBOApAOII, KOHTPYKIIMOH, KaTjJaMJIM  METauI0-KOMITO3UTIAp,
Duralcan.
J
—/ 3.1. MeTajija MaTpuliajau KOMIO3UTJIAP.

Meramiap yHuBepcan KOHCTPYKIMOH MaTepuaapadp. Meramiap Y3uHUHT
MyCTaXKaMJIUTH Ba KATTHKJIUTH OWIaH axpanmu0 Typaau. Mertamiap TIacTHK
nedopmarisi KAJUHUIIM Ba YJIAPHUHT XOcCcajapu Typiu ycyiuiap OwiiaH
KyJaUTUPWININ MYMKHH, Oy acocaH AMCIOKanusuiap ae0 aTamaJuraH YU3WKIN
nedeKTIIapHUHT  Xapakatd OwiaH OoriuK OYymanu. Mertann wmaTpuuaiu
komno3utiaapHuar (MMK) 3 typu maBxkya:

* Jlucnepc-mycraxkamnamrupuirad MMK

* KHCKa TOJIa Ba MyiIoBiap Omian apmupoBka Kuiauaran MMK

* Y3JIyKCHU3 TOJIa Ba JINCTJIAp UJaH apMupoBKa KuimHran MMK.

3.1-xaaBanga MeTaI MaTPULIATIH KOMIIO3UTIAP/Ia SHT KEHT KYJUTAaHUIAAUTraH
apMUPOBKA MaTEpHAJUIAPUHUHT Ya4yamiiapyu Ba JUaMeTp / y3YHJIUTU HHUCOATIapU
KeJITI/IpI/IJ'Il“aHl?.I

[hameter

Type Aspect ratio f i) Examples
Farticle ~1- 1-25 S5iC, AlO5, WC, TiC, BN, B,C
Short fiber or ~ | 01 0] (h1-25 51C, AlO4, ALO, + 5i0,, C
whisker
Continuous fiber 1000 3150 SiC, AlOs, ALOs + Si0, C, B, W, NbTi.
MNh45n

Hucnepc—mycraxkamnamrtupuwirad  MMK  sHr keHr Ttapkanran OYmau0,
y3IyKCH3 ToJlajmap OWiaH MycCTaxKamJIalITHPWITaH KOMIIO3UTIApAaH Kypa
ap30HPOKJIUTH Ba XOCCaTapyu U30TPOTUIATH OWIIaH (hapKiiaHaguiap.

15 K rishan K. Chawla. Composite Materials. Science and Engineering. Third Edition. Springer Science, New York-
London, 2012.- 198 p.
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3amMOHaBUN TEXHOJOTHWSIApIa HaHO Vyiadamiuud QylmepeHnap OwiaH
MyCTaxKaMJIAIITUPHII KaTTa KU3UKUII TyFaupmokaa. Dymiepenmap (C60-3HT
KeHI' TapKaJraHjuru)-eHrun Ba Oyiukra osra. bappepa Ba 6. (1994) ¥3
TaAKUKOTJIApUIa TOPOIIOK METATYpTus ycyiapu €pramuaa QymiepeH /mMeramt
KOMIIO3UIIMOH MaTepuayjiap TapKUOWHU spaTraH. Muc-QyuiepeH KOMITO3UTIap
MUCHM yJUIepeH ycTura nmypkarii (aprosn atmodcdepacua) HaTUXKacK1a OJTUHIH.

Honp-ynuamimm  tynaupruunap  OWIaH  KOMOO3WTIAP  Y3JIADUHUHD
U30TPOIUIMTH OwinaH axpanu® Ttypanuiap. Jucnepc mycraxkamiaaliTUPUITaH
KOMIO3ULMUIAp KYKYH METAJLTyprus ycyiiapu épaamuaa uiuniad ynkapunaau. 1-
maB3yaa CAIl KoMIO3UTUHUHT TApKUOWMHM KenTuprad >au (kansan 1.1.).

Hukesp MaTpuIIaId KOMIO3UIIMOH MATepHaLIaP

Huxene maTpunanu KOMIIO3MIIMOH MaTepHajiapAa MyCTaxXKaMJIallTHPHII
KOMIIOHEHTH cudaTuaa Tokcuk topuii okcuau (ThO,) €xu radumil guOKCHIN
kymanuwnagu (HfO,). By xommnosunvion Mmatepuamiap BJY-1 Ba BAY-2 ne6
aTanaAv: ylap IUIaCTUK XOoccajlapra 3ra, TypJad ycyjuiap €pJaMHaa HIILIOB
Oepwiuiin MyYMKHH (KOBKa, IITAMIIOBKA, OCalka, YyKyp TOpTtuO osummi). BIY
TapKUOIM JeTaJUlapHU Taiyamga OKOPH XapopaTid MalBaHIam  EKd
mud¢y3uoH cBapka KyJIaHWIaau. ABHalMs JBUTraTe/uiapuHu tanépnamna B/1Y-
2 KOMIIO3UT KOTUIIMAJIapy KEHT KYJUJTAHUJIA IH.

OnoBGapoml HUKENb KOTUIIMAJapUHU apMHUpPOBKA KWIMIIAAH MakKcaa —
ymapuuar wm Xapopatuan 1100-1200 Craya kyTapuin Ba WIUIANl BaKTHHU
y3aiitupunyinp. Hukenp KOTHIIMaTapuHU MYCTaXKaMJIAIITUPHUII YYYyH UIICUMOH
KpUCTaJIap, OJOBOApIOIl Ba KHUMHMH JpUNHIUTaH MeTaulap Ba KOTHUIIMAmap,
yIaepoJi Ba KpeMHMIA kapOuIu Tosianapuiad (honganaHuiagm.

OBTEKTUK KOMITO3UIIMOH MaTepuayiap —3BTEKTHK TapKUOIU KOMIIO3HTIAp.
By xommosuTnapaa mycraxkammamTHpyBuM ¢aza cudatuga macca TapkuOuaa
UYHaNTUpUITaH KpUCTaUIM3alMs >KapaCHIapy HaTIKacuga Xocui Oynrax
KpucTayiap xu3mar Kuinaau. bynmait komnosutnap Al, Mg, Cu, Co metamnapu
acOCHJIa OJIMHTaH. AJIFOMMHUI KOMIIO3UTJIApY €HIWJUIMITH, KUYUK 3UYJIMTHU Ba 3P
MYCTaxKaMJIUTU MyHOCa0aTMHM OWJaH a3pOKOCMHUK COXaJa KEHI KYJUIaHWJIA[H.
Al-Cu-Mg Ba Al-Zn-Mg-Cu tapku0iu KOTHIIIMAIap XaM KaTTa YbTHOOpra Jra.

ATIOMUHUI-TUTUN KOTHUIIMAJapd MaxcyC AMCHEPC-KOTaauraH aJFOMUHUI
KOTUIIIMAJap Typura MaHcy0. AJIOMUHHMITA JUTUN KYIIWITaHIa KOTHIIIMAHWHT
sHaJa 3UWIATH Tacasayd Ba SJIACTUKIMK MOAynu Yycamu. ByHnmait Tapkubnap
acocaH a’pokocMuK iyHammnuiapaa ¢oimananunanu. Al-Li, Al-Cu-Mg Ba Al-
Zn-Mg—Cu xoTummMaiapu — 3BTEKTUK KOMIIO3UTIApra KUpaan (KpucTauid3anus
JTaBOMU/Ia KOTaIH).

Hukens acocuparu 3BTEKTUK KOMIO3UTJIApD — OJOBOApAOII Marepuaiap
cudaTuia pakera Ba KOCMUK TEXHUKacula KyJjaaHwiagu. Acocuil MeTal Ba
KOTHUUIMAJIApHUHT XOccanapy 2.3. xaJaBalnu/1a KEJITUPUITaH.

Karnmamnam MeTaliMKk KOMIIO3WTIAp — KEHI CIEKTpJard xoccajapra sra
Oyiaran MyxXxuM Marepuaiap cuH(uaup. Acocuil  Xoccalapu:  IOKOpHU
MYyCTaxKaMJIMIW,  Koppo3usara  OapJOLLIMIK,  3JEKTp-  Ba  HCCHUKJIMK

S'ITKaSYB‘{aHJ'II/IFI/I, OJ'IOB6ap,Z[OI_HJ'II/II‘I/I, HIIKaJIaHUIra YnJaMInInIu.
60



Kansan 3.2. KeHr Ttapkanran MeTamsl Ba KOTUIIMAJAPHUHT MEXaHUK
16
xoccajapu

E Oy O max K Ic
Property (GPa) (MPa) (MPa) (MPam'?
Aluminum 70 40 200 100
Copper 120 60 400 65
Nickel 200 70 400 350
Ti—6Al4V 110 o900 1,000 120
Alumimmum alloys
(Low strength-high 70 100-380 250-480 40-23

strength)
Plain carbon steel 210 250 420 140
Stainless steel (304) 195 240 365 200
byryaru kynga OyHaail mMarepuaiiap JCHTU3 Kemajlap -, aBTO-, TPAKTOp

CO3NIMKAA, TYpJiu YCKyHanap TauW€piamiaa, METaUyprusiga, TOF KOHJIMKIIUK,
He(dT, MAIIMHACO3JIMK CAaHOATH 1A KEHT KYJaHuaMokaa. [lonu- Ba Oumetainapaan
JUCTIap, JIGHTanap, TpyOkamap, cuM, TpyOa, dacoH mnpoduiapu, aeTaiap Ba
OolllKa KOHCTPYKIUsIap Ta€pianMokaa. by aca oKopu jierupiaHrad myiatiap,
neuiut Ba KuMmaTOaxo panrau metamiapHau ( Ni, Cu, Cr, Mo) Texara
UMKOHHUSIT Oepaim.

Karnamnu merann-kommno3utinap  (QyHKIHMOHAI Xoccajapura acocaH Oup
HeuTa Typiapra OyiMHagu:  KOPppo3uOH  Oappom, aHTU(PPUKIIHOH,
AJIEKTPOTEXHUK, WHCTPYMEHTAJ Ba 0.

Karnmamnu MeTamio-KOMIIO3UTiap acocujaa OyioMiap Typiad —ycysuiap
Epnamua wniad YMKAPWIAMW: KyWHII, KyWHIN TUIaKUpIIan, MpOKar,
MaBaH/JIII Ba HAILIABKA.

Macanan, [OKOpHM XapoparTiapJa »dKCIUTyaTalus KUJIMHAOUTaH pEaKTUB
JBUTATEIUIAp €HUIIl KaMEpPaCUHU MYM]a MOJUOJEH Ba BoibppaM CUMIIApU TUTaH
MaTpuIa acocuaaru kommnosumiap KymnaHwiaan. 1093°C xapopaTia SHI FOKOpH
mycTtaxkaminkka (c,= 2.2 I'Tla) sra W—Re—Hf—C Ttapkubnu cum Hukeidb Ba
KOOAJIbT CYNEpKOTUIIMAJIAPUHUHT YIIOY TeMmreparypajard MycTaxkaMiauruaan 6
O6apobap KarTaaup.

3.2. Mera MaTpUUAJIM KOMIO3UTJIAPHU TYPJIApH Ba OJIHII
JKapaéHJiapu.

SHrM MeTanmm MaTtpuian KOMIIO3WTIApHHW Typiapu: Oopamomunuii (6op
TOJacu — QIIOMUHHUM KOTHIIMACH MAaTpULIACH), YIJIEPOJ-aTIOMUHUN (yriaepon
TOJIAJIA KOMIIO3UTJIAP), THTAH EKU THUTAH-ATIOMUHH] MaTpUIlacHIa KPEeMHUM

KapOuaM ToJanapy OuJIaH KOMOIIBUTIAPAUDP.

16 K rishan K. Chawla. Composite Materials. Science and Engineering. Third Edition. Springer Science, New York-
London, 2012.- 210-214 p.
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Kykyn Meramnypruscu (Ilopomoxk Merayprusicu) ycyiamaa MeTall
KOMITO3UTJIAPHH OJIHIIL.

KykyHn Meramnyprus ycyiau — KyKyH MaTepuajlapHu €KUM METAJTICUMOH
OMpUKMAaTapHU yJIapHU SPUTMACIAH OJIUII YCYJUTAPUIUD.

KykyH mMetamnyprust ycynu Kydujaaru TEXHOJIOTHK OOCKUWIapAaH uoopar:

1) meraymnm Ba OommKa MaTepUaUIAPHWHT KYKYHHHU HWIUIA0
YUKApULI,

2) KuMEBUU OMPIKMHCIM KYNKOMIIOHCHTIH IIUXTa TarépIaiil
YU4yH KYKYHJIAPHU apaalliTUPUII Ba KATTUK OOFJIOBYM (CMa3Ka) EKU
IaCTU(PUKATOP KYIIIUIIL;

3) KyKyH/aH npeccinanm KM MPOKATKM — KWIMII  YCYJIH
épmamuna 3arotoBka (popma) taii€pnarnt: OOFIOBYM (CBSI3KA) KYIITUIII

€KM KyImMacaaH Oaxapuill MyMKHH.

4) 3aroTOBKaHW NHIIUPUII (acCOCHH KOMIIOHEHTHH JPHII XapopaTHIaH
NacTPOK XapopaTiapaa 6axxapuiaam);

5) numrad Oyromra KylmiuMmua HILJIOB OEpHII — MEXaHWK HIUIOB, Maxcyc
KoIjIamasiap Cypuin Ba 0.

KykyHnu Metamnyprusi ycylid HMKTUCOAUM >KUXATAaH caMapaJopJiMruHU
KypcaTau:

1) MexaHMK WIUIOBJAa MaTepuan HYKOTHUIIAp KECKHMH KaMmasiau (KyKyHJIA
yCylu y4yH WykoTunuiap S...7%, KyHuIll Ba MpOKAaTKa KWIUII yCyJIapuia -
70%HM TAIIKUI KWJIaJIN);

2) wunulad dYMKapumiaa MexHaT capQUHH  KaMaWTUpHIl  (TEXHOJIOTHUK
onepanusiap 30-40 nan 4 — 6rava kamasian);

3) TypJii YCKYHQJIAPHUHT UILJIaH 030/ KWJIMHAY;

4) unutad yuKapuil yIyHI0pauru 2 — 2,5 MmapoTaba omaiy.

Cywok (pa3a MINTUPOKHUIA KOMIIO3UTIIAP MILIA0 YUKAPHUII KAPAEHIIAPH.

FOxopu spum xapopatura sra OynmaraH MeTaijgap, MacalaH alOMUHUH,
CYIOK (haza HIITHUPOKUAA UIIUTA0 YUKAPUIIUILINA MyMKHH.

3amoHaBUil CylOK (hazanu kapa€Hiap acocuia KOMIO3UTJIApHH HILIA0
yukapuil — 0y Duralcan sxapaéau.

3.1-pacmpa Duralcan >xapaHMHI TE€XHOJOTHK CXEMacH KeNTupuirad. by
xkapa€HIa KepamMuK 3appadaiap Ba QJIIOMUHUKA OpycOorW apajaliTHpWIagd Ba
sputminanu. XKapa€uaa KyaHwIaguran 3appavanap yiauamu - 8-12 mm. Cyrontma
JUKBUYC TEMIIepaTypacuaH IKopupokK xapoparia- 600- 700 °Cna apanamtupuod

Typwiaau. Tal€piaHraH CyroJITMa 3KCTPY3Hs, OPYyCOK XOJuaa KyHHIl, MpoKaTKa
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Pacwm 3.1. Duralcan sxapa€HUHUHT TEXHOJIOTHK CXEMacH.

V3nykcu3 Tomanmap OuiaH apMHMpOBKAa KWIMHTAH MeETalll  MaTpULaIn
KOMIIO3UTJIap UIIAJI0 YMKAPUIIJIA TOJIA KIYTJIApU METaJll CYFOKJIMKIN BaHHACU/IaH
TopTuiaaayd. BanHana anoxuzaa tojanap CyroK MeTayul OuiaH KOIUTaHAAH, CYFOKIHMK
OpPTHKYACH TO3aJ1aHNO, KOMIIO3UT CUM TaiépnaHaau. 3.2.-pacMIa LIyHAAl ycyaaa
Tall€paHraH CUMHH MHKPOTAacBUPHU KenTupuiran. KoMHo3UTHMHT TapKuOwu:
KpEMHUI KapOUAH TOJIACH ATIOMUHHUIM MaTPHUIIACH.

ZaU

Fig 6,3 A silkon carbide Gberabeminmm wive proform S50 s G b s in e Iransvims:
sectinn as well as along the lengis the wire peefonn

Pacm 3.2 . Kpemuuii kapOuau Tojacu aTlOMHUHUN MaTPUIIACH KOMITO3UT
CUMHUHU MUKPOTACBUPH.

IIpeccaam yeyam.

[Ipeccnam ycynu CyrOK METaJUTHU TOJIaJM 3arOTOBKAa TapKUOUTAa KUPHUTHIL
yUyH Kyutanunaau. 3.3.-pacMia npeccianl yCyJIUHUHT 2 TP KYpcaTuiraH.

7 Krishan K. Chawla. Composite Materials. Science and Engineering. Third Edition. Springer Science, New York-
London, 2012.- 202-203 p.
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Pacwm 3.3. [Ipeccnamr ycynuaa KOMITIO3UTIIAP MINAI0 YUKAPHUII CXEMACH.
Kyiinu Ba npecce/iam TeXHOJIOTHSACH.

Kepaknn #HyHamumpa MyCTaxKamyIaIITUPHIN YYyH KYMHII Ba MPECCHall
TEXHOJOTUACU KeHTr KyimaHunaau (3.4.-pacm). Tonaniu FOBaKJId 3aroTOBKA
(omatma, xkucka Al,O; tomanmapu, Saffil kommanmscu) mnpecc dopmara
wovnamtupuiaay. CylodTUpWIraH allOMUHUN OJUHAAH KU3AUPUIITaH Mpecc
dbopmara Kymnaau (mpecc ¢popma ruapaBiIuK MPECCHU WUUA KOUTAIITUPHUITAH).
70-100 MIla Gocumu TabcUpHuaa aTIOMUHUNA CYHOJITMACH TOJIAHM WYUTa KUPUO,
yJapHu oup Oupu OunaH OOFIaiIu.

6.3 Processing 205

-G

Fig. 6.5 (a) Squeere casting technigque of making a metal matrix composite. () The miorostnac.
ture of Saffl alumma fberfaluminem matns composite made by sgqueere casting,. | Cowtesy of
i Bgpeler]
Pacwm 3.4. Kyiiui Ba mpecciall yCyJIMHUHT TEXHOJIOTHK CXEeMAacH.
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3.3. Komno3utjap MUKPOMEXaHMKACH Ba MAKPOMEXaHUKACH.
KoMrmo3utnap MUKpOMEXaHUKACUTa YHUHT TAPKUOU Ba CTPYKTYypacH KaTTa
TabCUP KypcaTaiu.
3uuiank
KoMmo3uTnapHuHT 3WYIWMTH  YHUHT Maccach Ba XaXKMHUTa OOFIMKIUD.
Kommo3uTHUHT Maccacu yHWHT TapKuOWii KOMIIOHETJIapu (MacaiaH, Toja Ba
MaTpulla) MaCCaCUHUHT cymMmacura TeHr (3.1.-popmyna).

M= m¢ + My, (3.1)
by epna c, f, u m - kOMIo3uT, TOJIa Ba MaTpHIla CHHBOJUIAPH. g
KommosuTnapaa roBakmap Oyiaran xonma xaM 3.1. dopMmyna Tyrpu e
Kemaau. AMMO KOMIIO3UTHHUHT XQXKMHUHU XHCOOJaraHjga yHIard ;
FOBAKJIMKJIAPHU YBTUPTA ONHII Kepak O0Vmanu (3.2.-popmyna).
V.= Vi+ V-V, (3.2.)

lynma  xomMmo3uTHUHr  3uwimrd  (3.4.)-popmyrnacu  opkanu
XHCOOJIaHAI:

L) P, .

My g 4 Ma g + v/
I (3.3.)

My foe 4 Ml pg + v/ o

. Myip; + Mg ip. +Vo/p

st (:”' . -“-:-j. (3.4)

By Pu

(3.3.)-popmynacu  Epmamuaa  KOMIO3HWTIAApAArd  OVIIIMKIAPHUHT  XaXM
YMYJIHUIIAHA TYFPUIAH-TYFPU aHUKJIAIIAMA3 MyMKHH.

KoMno3utiapHuHI acocuil XycycusiTjiapu:
AHU30TPONMSACH.

Kymnanunran HyHanuimra kapad KOMIIO3UTIAPHUHI XOcCca XYCyCHUSTIapu
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dapkaanum MyMKUH. bab3u BakTiapaa aHu30Tponus Kepak O6yiaam, 6ab3nuaa sca
KOMITO3UTIAPHUHT KaMUYMJIMTH J1e0 TaH oJIMHaAU (KYJUTall coXacura Kypa).

FOkopu coammTupmMa XaKMHu.
Opatna KOMIO3UTIAP IOKOPU COJMMIITHPMA Xaxmra sra. by kaMumnmk
KOMIO3UTJIApHU 0ab3u coXanapAa KyJUITaHWIHILUTA TYCUKIAp TYFAUPAIH.

I'urpockoOnMKIUIM.

KoMrmo3uimon Marepuanmiap THTPOCKOK Xycycusitra sra. KoMmno3utiapHUHT
WYKH CTPYKTypacu OWp TEKUCIUKIAa OYiaMaraHiaura cababim, ynap HaMJIMKra
cesrup OYmamu. Y30K OSKCIUTyaTallds BakTHAA Ba KyN MapoTaba My3Jall-3pHIil
XapopaTiapuja WIIaigUuraH KOMIIO3WTIapAa CyB MaTepual CTPYKTypacura
Kupu6O. YHU Oy3uiummra o0 KeJIUId MyMKHUH.

Toxkcurkanru.

DKCIuTyaTanus BaKTHa KOMITO3HMTIAP TOKCHK ra3 Ba OyFIap XOCHII KUJIHIIN
MYMKHH.

Komriozutiap MakpoMexaHUKacu KyHuaaru cxemaaa KeITHPUJITaH:

e o
J

Homogeneous

or thotropi;/,‘j — @

Laminated
composite

Fig. 11.1 Macromechanical analysis of laminate composites. A unidirectional ply is treated as a
homogeneous, orthotropic material. Many such plies are stacked in an appropriate order (following
laminated plate or shell theory) w make the composite [reprinted from MceCullough (1971,

courtesy of Marcel Dekker, Inc.]

Pacwm 3.5. Katnamian KOMITO3UTIapHUHT MakpoOMeXaHUKacH. bup texkuciukna
HYHANTHpUITaH KaTjiamiap TOMOTE€H OPTOTPONHMK MaTepuall XucoOmaHaau. Yoy
KaTJiamJiap TapTHOJIM >KOWJIAIITUPHIN HATHXKAcHUAA HYHAITHPUITAH CTPYKTYpalH
JaMHUHAT XOCUJI OYyau.
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Ha30p aT caBOJLJIapu:

3.1. Merann mMaTpunaiyd KOMMO3UTIAHU HILIad yukapuiga 00CUM ocTuaa
KyHHII ycyiau KeHT Kyianuwiaau. CabaOuHu TyIyHTUpuO OepuHT.

3.2. Merann KOMIIO3UTIAp XOCCAJIapUHU MOHOJUT MeTauiap OuilaH
COJIMILTUPUHT. YIApHUHT ad3aJUIMKIAPUHI KEITHPUHT.
3.3. Metann maTpulla KOMIO3UTIAPHUA MOJUMEpP MaTPULAIA KOMIIO3HUTIAp

OuJiaH COJMMILTUPUHT. Y TApHUHT a(3aTUKIAPUHNA KEITHPUHT.

34. Cyok ¢aza épmamuaa MeTAT KOMIIO3UTIAPHH HWINIIA0 YWUKApPHUII
ycyauHu — Oomka ycymwiap Ownan  comumTupuHr.  Kamumnukiaapu — Ba
a(3aJUIMKIAPUHU KEITUPUHT.

3.6. AnroMuHu Ba MarHuii — acocuii matpuna marepuaiapu. Cyrok xoJiaa
yIapHUHT KOBYIIKOKJIUTH KaHaani?
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4-map3y: KepaMuk MaTpunaj u KOMIO3UTIAPHHU OJIMII yCYJLJIAPH.
Yraepoa-yriepoain kommno3uriaap. Komnosuriaap Ouian au3aii.
HoanbanaBuii komnosutiaap. Hanoxkomnosuriap. buokommnosur.iap.

Pexa:

4.1 KepaMuk MaTpulaId KOMIIO3UTIAPHU OJIUII yCYJIIapH.
4.2. Yrnepo-yriepo i KOMIIO3UTIap.

4.3. KommnosuTiap OunaH au3aiiH.

4.5.HoanbaHaBUil KOMITO3UTIIAP.

4.6.Hanoxommnosutiap. buokommnosuriap, OMokepaMuka.

4.7. I'mObpua koMmo3utiap.

@)

Tasinu ubGopajap: xKepamuxa, KOMRO3UM, COBYK NpPecciaui, UCCUK
npecciawl, KpemMHUutl OpeaHux OUpUKMAa, Kepamuk mond, HpeKypcop,
Kepamuzayus, — epagumusayus,  MeXHUK  Kepamukd,  HAHO-MYNpoK,
HAHOKOMNO3UM, OUOKOMNO3Um, 2ubpud cucmemanap, Ou3auH, yenepoo,
epagum.

S

4.1. KepaMuk MATPULAJIU KOMIIO3UTIAPHH OJIUI YCYJLJIAPH.

Kepamuk Marpunaiy KOMMIO3UTIAPHU OJUII YCYJUIapU KEepaMHUK KyKYyHJIap
acocusla Marepuayiap MIUIad YUKAPUII TEXHOJIOTHSICUTa acociaHud (COBYK Ba
UCCUK TIpecciall, HW30CTaTHUK Ipecciaii) TauépiaHnuim, EKd 3aMOHaBUU
HabaHABUH yCyJap €paamMuia Xam OJIMHUIIN MYMKHH.

CoByK npecciaam Ba KyiJupHuii.

Marpuna Ba TOJaJapHUHI COBYK IMpECCHAlll Ba YHU KyHIUPUII — KEPAMHUK
MaTepuaiiap UIuiad YMKapuiaa KeHr KYJUITaHUIaAurad ycyuaup. AMMo OyHai
ycyJijia MUIIMPUII JaBOMUAa MAaTpuLa KucKapaau (ycaaka) Ba MaTepual H4ujaa
épukaap naiino 6ynaau. Komnosutnapaa sHa Oup MyaMMo - Y3yH
ToJNIajlap MaTpulla MaTepHaluja Typjap XOCui Kwinb, Marpuiana
TEKUC TAKCUMJIAHMACIUTM MYyMKUH. ByHJaH Tamikapum KepaMuK
MaTpvlia Ba APMHMPOBKA KOMIIOHEHTHHUHI TEPMHUK KEHTaWMII
KOI(pPUuMEeHTH XaM KaTTa 3bTHOOPra 3ra. YJIapHUHI Opacuiaru
dapk Kyma Karra OynraH xojlapa KOMIIO3UT  MaTepHual
COBYTHJIMIITN/KU3TUPIIINIIN BaKTHIa KOMIIOHCHTIIAP Xap XM TE3JIUKAA
KEHTas[i Ba MaTepuasl Oy3uInmy HaMoéH Oymamu (Bordia Ba Raj 1988; De Momnre
Ba 0. 1986; Cakc Ba 6.,1987; Rahaman Ba [le Wonre 1987; Prewo 1986).
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Hccuk npeccaam

Kepamuk MaTpuiianym KOMIO3UTIAp UIIA0 YNKAPHUIIIA UCCHUK Tpecciall KeHT
Kymanuan. byHnaa Oup BakToa IOKOpPH XapopaT Ba OOCHMHHU TabCHp OTHIN 3UY
CTPYKTypajid, FOBAaKCH3 Ba Maiijla 3appadaid MaTepHual OJIUIITa HMKOHHST
oepaau.

Macanan, cycmeH3us ycyimaa Y3JIyKCH3 IIWINa Toia OWjaH apMHPOBKa
KWJIMHTaH mina kommosutiap (Sambell Ba 6. 1974;. ®ummurc 1983; Cornie 1986
u ap.; Prewo Ba bpennan 1980; bpennan Ba Prewo 1982; Yasna Ba 6. 1993a, 6)
OJIUIII MyMKHH.

Cycnen3usi xapa€Huga KepaMHK MAaTPULAIM KOMIIO3UT OJMII YCYJIH
KyHugara TapTuoaa Oakapuiiau:

1. Marpunara apmupoBka (pa3acuHU KOUITAILITUPHILL.

2. Uccuk mpeccrail HaTHKacua MaTpUaH! KOTUPHILL

4.1.-pacMaa ymOy xkapa€HHUHT CXE€MAaCH KeJITUPHUIITaH.

- =m- /
I e\ ' )/
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

Composite

Pacm 4.1. Kepamuk mMatpunand KOMIO3UTHH CYCHEH3Usl OWJIaH XYJUIall Ba UCCUK
18
Ipecciiall yCYJIUHUHT TEXHOJIOTHK CXEMacH .

bupuHun 60cKkuyaa TOJIAHW TEKUCIAIITUPHUIN )Kapa€HU XaM HaMOEH OYasu.
CycneHn3usi TapkuOuaa maTtpuiia KyKyHH, 3pUTIU4Y (CyB €KM CHUPT) Ba OPTaHHK
oornoBun Oynamu. OpraHuk OOFJIOBYM KOTHUIIJAH aBBajl KyiuO keranu. bab3u
BaKTJIap/a TOJaHU SIXIIN XYJJIAHUIIMHA TabMUHJIAII MaKcaauaa Maxcyc areHTjiap
XaM KYIIWiaad. XVJUIaHTaH Tojajgap Ba JKrymiap OapabaHra TOpTWIAId Ba
KypUTIIAIA. YHIAH KEWUHH SpUM MaxcCyJoT (mpernperyiap) KUpKuiaau Ba rpadut

18 Krishan K. Chawla. Composite Materials. Science and Engineering. Third Edition. Springer Science, New York-
London, 2012.- 251p.
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dopMacuia OKOWIAIITHpUIAAU. YHra IOKOpH OOCMM Ba XapopaT TabCHp
srTupuiaau. Hatwkana ifyHanTupuiIrad CTpyKTypara 3ra Oyiarad KOMIO3UT XOCHII
oynau.

Kepamuk MaTepuaulapHUHI ToJlajdap OWJIAH MyCTaxKaMJAIITUPHIL IOKOPH
MyCTaxKaMJIMKra 3ra OyiaraH KOMIO3UTIAPHHU OJMILITa UMKOHHUSAT Oepaau, amMoO
KYJUIAHUJIAJUraH MyCTaxKaMJIAIITUPYBYM Tojdanap Kyn smac. KynuHua meramn
TONAJIApU  KyJUlaHWiIaad. byHzma Marpumanu Ba  MyCTaxKaMJallTHPYBYH
KOMITOHEHTHU TEPMHUK KEHTaWum Ko3(PQPUIIMEHTHUHN IBTUOOpPTra OJUII 3apyp
oynmanm.

Mertann 3appavanap OmiIaH MycCTaxKamJalITHPWITaH KepaMmHKa —
kepmemnap 1e6 aramaau. Kepmersap — WOKOpPH MeXaHHK
MYCTaXKaAMJIMK, HCCUKJIMK 3ap0ra 0apaoulInru, OKOPH UCCHKINK
yTrkazyByanjaukra sra. FOkopu xapopariu KepMeTiiap acocujaa ras .
TypOMHaJIap AeTaulapy, dJIEKTp Mewlap apMaTypacu, pakera Ba peakTHB 'l
TEXHUKa JeTauiapyu Tau€piaHaad. KaTTHK HIIKajgaHWIOra YUIamiIx
KepMeTJIap 3Ca KMPKUII MHCTPYMEHTJIAPU Ba JAETAJLIApU Tauépiaiia /ﬁ
KEHI KYyJUIaHWJaau. byHJIaH Tamkapu KepMmeTiap Maxcyc coxaiapaa
XaM Y3 OKOMMHM TONIaH — YpaH OKCHUIOM AaACOCOCHIArd aTroM
pPEaKTOPJIAPUHUHT HCCUKIIMK YMKAPUII 3JIEMEHTIApHH Ta€praliia Ba X0Kaszo.

KepaMuk KOMITO3ULIMOH MaTepuaiap UCCUK Mpeccial ycyiau (IIaksuiail Ba
00CHM OCTHJIa MUIIUPHUII XKapa€HJIapy), HIUIMKEp KyHUII yCynu (Toiajlap MaTpuua
MaTepUald CYCHEH3UsICM OujaH XyJUIaHWIA[W, KYpUTWITAHJIAH CYHT, TEPMHK
UIIJIOB OCpHIIaiN ).

Peakuuon kyiiaupuin ;xapaéHiapu.

MoHoIUT KepaMUK Marepuaiap HIUiad 4YUKapuiaa KyJUIaHWIaIuraH
pEaKIMOH KyWIUpUII >Kapa€Hjapy KOMIO3UIMOH  MaTepuajiap  HIuiad
yuKapuiaa xam dorganaannanu. by skapa€n kyiuaaru ad3ammkinapra ara:

* MaTpHUIlla KUCKAPUILIUHU (yCaJKa) OJAUHU OJIMIIL,

* ApMUPOBKA TONAJIAPHU KATTa XaKMJIa KYJUlalll MyMKHH;

* TAPTUOCU3 UYHANTUPUITAH, Y3IYKCU3 TOJNAJIAPHU KYIUTAIl MyMKHWH;

e cucTeMalapHu Oup Oupura OUPHKUII PEAKIHS XapopaTH KyHAHPHUII
XapopaTHaa macTpox 0ynaau, Oy ToJgaapHu AerpagalusaaH cakIanam.

MarepualHUHT FOBAKJIUTH IOKOPH KYpCcaTKUWiapra Srajurd pPeaKiHoH
KYWIHPHII KapaéHJIapUHM JHT KAaTTa KAMYHJIATHIANP.

Hccuk mpeccrnamn Ba peakUMOH KyHAMpHUIN >kapacHIapy OHWpraaukaa xam
KYJUTAaHWIMITN MyMKUH — THOpua xapaén (bxarr, bxarr, 1986, 1990). Kpemuuii
MAaTOCH KPEMHUW KyKyHHU, TOJMMEp OOFJIOBYM Ba OPTaHWK HPHUTTUY aCOCHIIA
ta€pnanaau. Tal€piaHran Macca KEPAKJIM KaJWHIIMKIA MATO OJUII KWIHII YIyH
npeccianand. Matnap Kepakiii TapTuO/aa )KOUIAITHPUIAAN Ba OOFIOBYMHU OJTHO
TalUIall y9yH TepMUK uiuioB Oepunaan (debinderized-OofnoBunHu om0 TaIuiamn
*apa€Hu) Ba a30T armocepacuaa (€ku Bakyymaa) npeccianaau. Temneparypa Ba
00CHMM 3aroToBKara KEWHWHTM WIUIOB Oepulll yuyyH TakcumiaHaiau. by Oockuna

KpeMHUN MaTpuiiacu kpeMHuil HuTpuaura avnananud (1100-1400 °© Cpa azotiu
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neuyna onud Oopunamu). Kpemuuit mutpuam acocugarun wmatpuna 30%raua
FOBAKJIMKTa 3ra Oyiaau.

KpevmHuii-opranmk  OMpuMKMajJap acocuaa 3aMOHABUIl  TeXHHKA
KepaMHKAaCH MILIA0 YUKApUII yCYy/UIapu.

Rl
Kpemuuii opranuk Gupukmanap (CUIMKOHIIAP) |
ymoy kuméBuid popmyinara sra: [R,SiX(2.05n)]m, OY S —X}
epra R=H, CHs, Bunun, ¢pennn Ba 6. rpynmnanap; X | , n
=0, N, C, Si Ba/éxu B : R

Kpemuwnii opranumk OupukMamap acocuja HAHOCTPYKTYpaldu KepaMuK
MaTpPHUILIAIH KOMIIO3UTIAPHHU OJIUI KyHuaaru oockudaiapaad noopat (Pacm 4.2.):

1) Mpekypcop Taiiépaam. CHUIMKOH TaHJIANIl Ba YHH 3PUTIHY/IA
SPUTHUI, HAHOCTPYKTypajdd  KyIMIMMYaiap  KYIIUIL  MeTajuiap
okcuasapu Ba 0. Dpurrud cudatuaa STHICHTIIMKOIb, aleTOH Ba O.
KYJUTaHWIAU. ApalaliTHPUIT: MEXaHUK apalalliTUPTUY, YIbTPATOBYII
BaHHACH.

2) Kepammszanusi. 300-450 °C ga 6-12 coar gaBoMmuga WIIJIOB
oepum. Hatmxkana amopd cTpykTypara sra KepamMHK KOMITO3UITUS
xocui OVaaau.

3. KepaMuk KOMIO3HIIUSIHA KYHTHPUIIL.

Typau makiam ycyuiapu €paMuia OJMHIaH KEPaMHUK KOMITO3UTIAPHHUHT
TacBUpH 4.3.-pacMuia KEJITUPUITaH.

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

Single-Fhase e R
Amorphous Annealing Hmm“mwm
Ceramic
.-‘-"‘-ﬂ

T

O OEL o i B
IR T :
B O—5i{——5I——0—f—— ———y ——8—0—&—O—S—O—&— =
| | T | n | M= Li, E, AL 3n, T1, 2T, | | | | %
IF. . Mo, ¥, Mn, Fe, Co, =

Hi, Pn, Fu, Gd, Lu

SI0C]a-HI,
100°C
PRC-NG

Pacm 4.2. SIHFOC tapku6iin kepaMHUK HAaHOKOMITIO3UTHUHT KPEMHH-OpTraHUK

oupukmanap (okcukapouna KymnaHwirad) acocuga cuHTed Kwmmm (PDC-NCs
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yeyan): TOM mukpocyparnap matepuannaru ¢aszanap TapKUOHU Y3rapUIINHU
K}"IpcaTaﬂnlg.

Pacm 4.3. Ilpekepamuk moOJMMEP/HAHO YiIUaMlid TYJIAUPTUY TapKUOIH
KOMITO3UIIMSUTAPHU TYpJIM YCyJUlap IIAK/Ulall Ba Tal€piaHraH MaTepUaTHUHT
MUKPOCTPYKTYpacHu:

a) 3D-npuHTEepaa TaiépaaHraH Mmak/uiap (OpraHWK OOFJIOBYM TOMYHUIIAPU
KaJIbLIUA KapOOHAT Ba CUJIMKOH KYKYHM YCTUTa TYIIYpHUII), YHrJIa - KyKYHIIU
MOJIOXKKaAaH aXXpaTHO OJMHTaH MaKJap (KyHIupuIad aBBa);

0) CYIOK CHJIMKOH Ba KaJblIMHA KapOOHATUHUHT IINPHUI] OPKAIU SKCTPY3USICH
HATWKACKU/IA OJIMHTaH MaKiiap (KyHAupUIlLIad aBBa);;

c) 2 cmx2 cmx2 cM Ymuamim SiC KpeMHHE KapOWIM TMEHOOJOKHH dar
TOMOHJIa CWJIMKOH KYIIWJIMaraH XOJJarucy, YHT TOMOHIIa — CYIOK CHJINKOH Ba
[IUPKOHUI CYCIIEH3MsACUTa COJIMHIaH makmuiap (xaBoma, 1250 °Cuoa Kydaupuirad
HaMyHaJap);

d) cunukon OornoBuKMcH €Epramuaa ENUINTUPWITaH CHAJIOH Ba TJIMHO3EM
(Y3yH OK um3nK) Takpu6u 6:1oxap (1550 © C qa kyiiaupuiran HamyHa) .

® 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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4.2. Yriepoa-yriepoajiu KOMIO3UTaap.
VYrnepoa-yriaepon Tojladapu yriepoJHUHT TOMOTeH Ba rpaduriaHMaiura

Typiapujnan Tanépnananud. IlyHuHr ydyH OyHzmal Tojamap Kymup-rpadur
MaTepUaUIAPHUHT KaMUYWJIMKIApUIaH XOJIu Oyiaau: MYPTIUK, MacT MEXaHHUK
MyCTaxKaMJIMK, MEXaHUK Ba TEPMUK 3apOiapra OapJOILUIUTH.

Yraepoa-yriepoaiu  KOMIO3WTJAPJAap MAaTPUUACH—  KOMIIO3UIMOH
MaTepUAJUTHUHT TapKUOUIl KUCMHU, YHUHT OUpJIaM4M XOCCaJapUHU Y30K BaKT
JaBOMHJIa CAKJAHUIIMHUA TabMHUHJIAWAM. YOy KOMIIO3UTJIIADHUHT arpeccuB
MyXUTIapra Ba IOKOpM Xapopamiapra OapJOIUIUTrH, >3JIEKTPUK Xoccajapu,
9po3usTa Ba paguanusira 0apouuIury MaTpuiara OOFIUKANP.

Yraepoa-yriaepoayii KOMIO3UTIIAPHUHT XOCcalapy KYJUIAHWITaH XOM alé
Typu Ba cudaru, Tojla Ba MATPULAIAPHUHI WIUIA0 YHKApUII KapaSHIapu Ba
[IAPOUTIAPU, UIIJIOB OEPHUIT XapopaTH, MPOMUTKAHUHT MUKIOPK, ApMUPOBKAHUHT
CTPYKTypacH Ba OOIllKa mapT-mapoutiapra 00ornuk 0ynaau. by keHr crnekrpaaru
xoccajapra ara OyJiraH MaTepualapHy OJUIITa UMKOHUST Oepajiu.

Macanan, apMupoBKa WyHanumuiapu Oyinya  MyCTaxKaMJIAIITHPHUII
JapakKaCUHM OIIMPUII, TOJAJIA KapKAaCHU MaTpulia OWJIaH TYJIIUPUII JapakacUuHU
Y3rapTupuil HaTWXKACHUIa TYPJIM XHWJI UCCHKJIMK-TEXHHK Ba MYCTaXKaMJIUKra 3ra
OynraH, Xap Xuj aHU30TpONMsAra 3ra OyiaraH, Typiu 3UWIMKIa Ba FOBAaKJIAra 3ra
OyaraH Marepuasuiap oJIMII MyMKHH.

Yraepoa-yriiepoaiu KOMIIO3UTJIapPJIAPHU nyJarJap ypHUra
KY/UIAaHWIWIMOKIA. Metamutyprusi Ba TepMUK >kapaéHiap OwiaH OOFIuK Oapua
coxajlapjla  yrJIepOA-YIJIEpPOIJIM  KOMIO3WUTIApJApHU  KYJUIAIIHU  YEKCHU3
UMKOHUSTIIApU MaBXyJl. by epna Kyiuaaru xoccanap MyXuM XucoOJaHau:

e MHccukIMK yTKAa3yBYAHJIHUK, MCCHUKJIUK CHUFUMH, 3UYIHMKHU
NacT KypcaTKu4iapu,

e 2800-3000 °C xapopatiapraya HOKOPH MYCTaXKaAMJIMK
xocccajiapra sra 0yJamimu,

e bapua TeMIeparypa HHTEepBa/LIapUuaa CHJIKMIITA
MOUMJIIMTHY HYKJIUTH;

e Kucioraaap Tabcupura 6apaouuIuru.

20 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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Yraepoa-yriepoaiu — KOMIOZMTJAPJAPHM  MIUIA0  YMKApPHIN
ycyJ1apH.

VYrnepoa-yriepoyii  KOMIO3UTAApAapHA HIUTA0 YUKAPHUIIHUHT  acOCHi
yCyJulapu — KYMHp IUIaCTHKJIapra IOKOPU XapopaTid HILIOB OepuIl Ba yriepon
TONANM  TYJOUPrAYra  yriaeBoAOpo[siap  KyWAUpHIITAH  XOCWI  OYyiraH
NUPOYIJIEPOJHH COJIMII YCYJUIApUAM. YTIIEPOA-yIIepOIIn KOMIIO3UTIIApIapHU
cytok dazanu, Oyr ¢dazanu Ba KOMOMHUPOBKA YCYJIHIA OJUIIT MyMKHH.

Yruaepoa-yriepoaiu KOMNO3MTJIApJAapHM 3 acocuil Muuiad 4YMKApHII
yeyJuIapu Kyiuaarnya:

1 -«HIPIC» ycyam. VYruepoa TonagaH TYKWIraH MarTo-3aroTOBKaHU
UCCUKJIMK Ba OOCHM OCTHAAQ TEPMOIUIACTUK Hojaumepra (CMojia) HIMMIWPHIL
(mponMTKa TKaHbIX 3aroToBOK). KelinHru 6ockuyia cMoia MUpoJin3ra yupainau Ba
HaTWXKaja yriaepoara ainanagu. by O0ockuunap Oup Heua mapoTad KaWTapuiauo,
KEepakiau 3UWIMKra sra OyiaraH matepuan ojuHaau. Cmosa —Typiid MOJEKyJa
OFMPJIMKIATH  YITIEBOJOPOIAPAND. YpPTa MOJNEKYIAp Macca OpTUIIM OHIaH
YIJIEPOJHUHT YHKHUIIKA OpTaau. JIEKMH FOKOPHU MOJIEKYJISIP OFUPJMKAArd cMoJianap
KyJa KOBYIIKOK Oynaau, Oy 3ca TOJIaH! XYilamiia KHHHHYWIMKIIAP TYFIUPaIu.

2- PeaknumoH Kyiaupum skapaédjgapu  ycyJau. Yriepox  Toja
dbenondopmanpaeru cMoiacuaa (TepMOpPEaKTUB MOJUMEp) AXIIMIA0 XYyiiaHnuo,
UHEpT aTMoc(hepana KyHaupuiaiu.

Carbon Fiber
Preform o Pitch or Resin

Press/Cure
PMC

Carbonize —_— Impregnate
L]

o —— Recarbonize
Composite

Pacwm 4.4. Yrnepoa-yriepoainu KOMIO3UTAAPIAPHU PEAKIUOH KYUIUPUIIT
xKapaéHapy ycylnuaa Uiad YyuKapyil TH3UMU.

Hatmxana cMona nmuponusra yupaiiu Ba yriaepoj xocui oynaau. OnuHran
KOMIIO3UT siHa Oup Oop OocuM ocTHa cMoJsiara IIUMJIMPUIAAA Ba sHA
Kyhnupunaau. by skapaénmap kynm maporaba KaWTapuirad, 3ud Ba MyCTaxKaMm
KOMITO3UT XOCHJI OYJau.

Peakumon xydaupuil skapa€Hiapy yCyJauaa yriaepoJ YIriepoJiud KOMIIO3HUT
uIuUiad YuKapui Tu3uMu 4.4-pacMaa KeITUPHUIITaH.

3 — byr ¢azacmman uykrupum ycyam. By ycya “Chemical vapor
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deposition - CVD” ne6 HomiaHamu Ba IOKOpH cu(paTIIM, KATTUK Ba MYCTaxKaM
MaTepuan OJIMII Yy4yyH uiaTwiaad. Tona Ba mpegopMagaru yriepoj TOJACUHU
KylIuM4a Tra3jid YrieBOpoUIap MINTHPOKUIA KyHAUpUiIagu. YTJIeBOAOpOJap
>550 ° C xapopamiapja TmapyajaHiud Ba yriepoara aimanaau. AcocaH Oy
*apa€H/1a MEeTaH KYJUTaHWIa . Y KyHuaaru peakuusi HaTukacujia napyajiaHaiu:

CHs(g) — C(s) + 2Ha(g).

[Naznmapausar auddy3usacuHn sxmmIam makcaauaa nact 6ocum €xku Hp, N,
¢xku Ar MHEPT ra3IapuHu KYIIUIT MyMKHH.

by ¢azacuman YYKTHpUIN YCYIMHHMHT TEXHOJOTHMK TH3uMH 4.5.-pacmpaa
KEJITUPUJITAH:

[Ca:‘hun Fihcl'J
—

* Multiple

Cycles

|

Pacm 4.5. Bbyr dazacupgan uykTUpUIl YCylIu EpaaMuia Yriaepo-yriepoiu
KOMITO3UTIIAPHUHT UILTA0 YUKAPUII TU3UMHU .

CAC
Composite

4.3. Komno3utiap OuJIaH Ju3aiH.

Komno3utnapau  nu3aiiH  KWIMHTAHAA  yJIAPHUHT  Maxcyc  Xocca-
XyCYCHUSTIapUHU YbTHOOPTa OJUII Kepak. bupuHUMIan, KOMIO3UTIap ¥3 Tabuatu
Oyiinuya MUKPOCTPYKTypa HOTEKHMCIWTH OujiaH XapaktepiaHaau. Kommosutiap
TypAu DJACTUK XOCCaJapu, TEPMHUK KeHTraium koddduiuentu Ba OoImka
Xoccanapra sra OynraH marepuaiuiapja TamKwi TornraH Oynmaau. WkkuHumaaH,
O MOHOJHUT MaTepualiap XyCYCHUSTIApU H30TPOIUIMTH OujiaH axpanud
Typaau. KoMo3utiap sca Ky4jau aHU30TPOIUATa 3ra.

Komnosutnap jguzaiiHmpa ymly — xoccajapHd Oup  HyHanumiga  Kywid
OYyJraHIurUra ajioxuaa dTHoop Oepuill kepak Oynaau.

2! Krishan K. Chawla. Composite Materials. Science and Engineering. Third Edition. Springer Science, New York-
London, 2012.- 295 p.
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Xo3upru 3aMoOHJa KOMIIO3WUTIApPHW TAPKUOWHM Ba TY3WIHIIA YpraHUIIAA,
YIIAPHUHT SHTW TypJIApUHU JW3alH KUIUIIA KOMIBIOTEP TU3UMJIAPUHUHT YpHU
yTa Myxum xucoOsnaHaau. JlaMuHaTiIaHTaH KOMIO3UTJIAPHUHT XYCYCHSATIApH Ba

MATERIAL
SELECTION

¢

COMPONENT

DESIGN

TENTATIVE CHOICE OF
MATERIAL
Consider metals, ceramics,

polymers, composites

TENTATIVE COMPONENT DESIGN
Defimtion of operating

conditions

i

ASSEMBLE MATERIALS DATA
Cost, Density

Elastic properties: E, v

Yield strength o,

Hardness H (== 30,)

Tensile strength aorg

Ductility e;

Fracture toughness K¢

Fatigue strength <,

Thermal expansion coefficient «
Thermal conductivity K

APPROXIMATE STRESS ANALYSIS

Mean stress

Bending moments
Buckling loads

Stress concentrations
Contact stresses
Permissible deflections
Fatigue stresses

OTHER CONSTRAINTS
Environment

Specific heat

Thermal shock resistance AT
Creep paramerters

Oxidauon and corrosion rates

Temperature

L L

Iterate

ANAILYSIS OF MATERIAL PERFORMARNCE

IN TENTATIVE DESIGN
Recansider choice of material or
design as necessary, leading to
material specifications for viable

Ilterate

component design

DETALLED SPECIFICATION AND DESIGN

Choice of material, detailed stress

analysis. Detailed component design

lterate

Y

Iterate

CHOICE OF PRODUCTION METHODS

Forming, Heat treatment, Joining,
Surface finish, Quality control
Detailed costing. Reconsider
material choice and design as

Iterate

necessary

PROTOTYPE TESTING

Assessment of performance; analysis

of failures, optirmisation of
performance and production.

'

ESTABLISH PRODUCTION
Monitor fieid faitlures, and
performance and cost relative
to competition

Y

FURTHER DEVELOPMENT
Improvements for better
performance or lower costs.
Innowvation: new materials,
radically new design

lterate

Pacwm 4.6. Kommosutnap au3aliHUHUHT METOJIOJIOTHSICH.
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TapKUOMHM XHcoONamaa MmaTpuia XucoOjmapu Kymail Kenaad, WIIYHHUHT Y4YyH
Maxcyc KOMIBIOTEp THU3UMIIApU YIIOY XHCOOJapHU Te3 Oakapuiura UMKOHUST
6epa (4.6.-pacMIa KOMIIO3HT/IAD AU3aHHUHUHAT METOIONOTHSCH KEITHPHIITAH ).,

Komnosutinapau  ausaiiHuia FiberSIM KOMIIBIOTEP JAacTypHIaH
doiinananmnaan. by  mactryp CAD  (cuctema — aBTOMATH3MPOBAHHOI'O
NPOCKTUPOBAHUS) JACTypH acOCHIa TY3WIraH Ba KOHCTPYKIMSUIAPHU TY3HIIIA
&pnam 6epanu. YHUHT a3aJTUKIapu:

e KOMITO3UT MyXUTHUHU JTOMUXAJIALLL.

e [[Tabnon/yHUHT X0ccayiapu. MaTepuaTHUHT KaJTMHJIUTHHU YbTHOOpTa OJIraH
X0JI7Ia XMUCOOIan UMKOHHSITH.

e JlamuHart Xoccajmapu — TOJIAHMHT WYHAJIUNIUIApH OepwiraH XoJja
KOMITO3UTHHUHT KEPaKIIA X0ccallapy TAbMHUHJIAHATH.

4.4. Hoanbanasuii komno3urJjap. Hanokommnosuraap. buokommosuriaap.

HoanbanaBuii KoMIo3utiapra (MoJmMep, MeTall, KepaMHUK MaTpUIlalin), V3
V3UIAaH TUKJIAHAAUTaH KOMIO3WTIAp, VY3 Y3UMOaH MYyCTaXxKaMJIaHAIWTaH
KOMIIO3UTIIAp, OWMOKOMIIO3UTIAp Kupaad. by KOMIO3WTiIap XO3Upru BaKTIa
OJIMMJIAp TOMOHHUJIaH YPTaHWUJIMOK/A.

I'mOpua KoMmo3uT cucTeMaJsap

Kommosur Ttapkubuma Oup TypAaaH Kym Toyiajap KYJUIAHWJITAH XOJja
MaTepuai ruOpua KoMNo3uT aed aranaan. MaTepuaaHUHT 3HT MyXUM JKoilapuaa
YHUHI MaKCHMaJl MyCTaxKaMJIMKIa 3ra OYJIUIIMHYA TabMHUHJIALI MaKcaaua TypJiu
XU  MYCTaxKaMJIAIUTUPHUII  KOMIIOHEHTJIAapd Ba  YJIapHU  KOMJIAIITHPUIL
HyHanunuiapu KyJUIAaHWIMIIA MyMKWH. Macanan, 4.7.-pacmja KeJTUPWITraH
ruOpul KOMIO3UTHUHI TaH HApXMHU aH4Ya KaMaUTHpUII MYMKHH: KUMMaTOaxo
yIaepoJl TOJACMHU MUKIOPHUHHM KaMaWTUpHUIl Wynu OunaH. AMMO Oy TOJIaHU
ONTHUMAJ XOJIJa KOWIAIITUPHIL HATHKacuaa Marepuan cudarura candouil Tabcup
KYypCaTHIMaNIN.

Carbon Pacm 4.7. Vrunepon Ba

Glass IMIIA  Tojacd  OujIaH

Carbon MyCTaxKaMJallTUPHUIITaH
rUOpHU KOMITO3UT.

SHa Oup MHCOJI - poMaH KOMIIO3UT MaTepuaj, €KH ToJIAIM-METaJlJl JaMUHAT
(pacwm 4.8.).

By rubpun ~ 0,3 MM KaJWHIUKIArd aJTlOMUHUW, TYlaT, TATaH, MarHUM
METaJIJI JINCTU Ba noiuMep- marpuuainu komno3uT (PMC) mpenperu (Tonanu
MyCTaxKaMJIAIITUPWJITaH —mojduMep) JaH  ubOopar. [lomumep- wmaTpumanu

2 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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KOMIO3UTAArd ToOjda- MW, apaMuj]] €KH yriepoja TOoJaccH OYIHMIIN MYMKHH,
MaTpuia cudaTuaa 3ca oAaTaAa SMOKCU]] CMOJIACH WIIUTATUIIA N,
by marepasHMHT KyMuaaru Typiaapy MaBxyA:

* Glare: muma Ttojgacu OWIAH MYCTAXKAMJIAIUTHPUJITAH
JIAMMHAT

e ARALL: anioMuHHMI JJaMUHATJIAP, AapaMH TOJACH OUJIAH
MYCTaXKaMJIAIITHPUJITAH.

* YXO/: yriaepoa mjiacTuk JaMMHATIIAP.

e TUT'P: Turan / I'padpur-3moxcua JaMmuHaTIAP.

Pacwm 4.8. Tonanu-merant JaMUHAT TApKUOU.

Hanoxommnosuriap

Hanokommosutnap : Oy Typaardn KOMIO3HWIIMOH Marepuasuiap
TapkuOuIa yrgamiaapyu HaHOMETp (HM) Iuarna3oHua 0yaran Ourra €ku
KYTIPOK KOMITOHEHTJIAp MaBxKyJ OViaam.

Opatna OyHaail HaHO YYamuIM MaTepuall MycTaXKaMJallTUPyBYH
KOMITIOHEHTUp: Oy HaHOTpyOKanap, HaHOTOJaJIap Ba HaHO3appayasap.

Martpunanap 3 Typaa OViMIIM MYyMKHH, aMMO acCOCUHA KUCMHU —TIOJIMMED
Matpunaiu HaHokommnosuTiapaup (bappepa 2000; bappepa u apyrue, 2005;
Shofner u ap., 2003, 2006).

bynnail marepuajulapHUM KyKyH METaULyprus €K CYIOK YCyJaa MeTall
MaTpULAJIIAPHU Tar€piiaml ycyiau €pJaMHAa OJIMII — FOKOPU MYCTaXKaMJIMKIa Ba
UIIKAJaHUIITa  YUJAAMIIA ~ HAHOKOMIIO3UTJIAp  APATUIIHUHT  MCTUKOOIIU
NYHAIUIUTAPUIUD.

IHoauMep TYNPOK-HAHOKOMIIO3UTJIAP
HaHOKOMITO3UTHUHT siHa OUp TypH: MOJUMEp TYNPOK-HAHOKOMIIO3UTIADP -
unuiad YMKApUIga Y3WHH HWKTUCOAWHN JKHUXATHaH caMapaJopiuruHU KypcaT.
Hanorympoknap OwigaH MycTaxKaMJIAIOTUPWITAH TIOJIMMEP MaTpuuaiap Ky
MuKI0opaa niurad ynkapuiMokaa (Ajayan 2003;. Koo 2006; Lee 2005; Okana Ba

Usuki 2006; ITos Ba Poocon 2008).
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Hanorynpoxnap  kumeBMid  TapkuOu  Oyiimya  MarHui
AMIOMOCHINKATIAPHAND. YJI4amMaapu - HAHOMETD AMANA30HUAA.
Kamnunauru - 1 am, y3yniauru 70-150 am. Xo3upru BakTAa 3HI KyII
MOHTMOPWIJIOHUT TYNIPOFU KYJIJIAHUIMOK/A.

Tanpk Ba ciromanan ¢GapKIMpOK, MOHTMOPHIJIOHUT aloOXuJa KaTiamiapra
OYIMHMINY OHCOH — HATIDKaZa KEpakiv yrdamiapra sra OYiaraH HaHO KaTjiamiap
xocun Oymamu. [TomuMep matpuiia OuiaH SIXIIM apalallvIlHA Ba MaidalaHUTITHA
TabMHUHJIAIT MaKCaaua TYIPOKra Aactiad UIioB Oepuiaiu.

by iynanumparun unuiap wik 6op Toyota kommnanusicu TomoHugan 1990 ii.
oaxxapuinran. General Motors xoprnopanuscu 2001 wnnga GMC Astro / Safari
dbypronnga HAHO-TYNPOK OWIaH  MyCTaXKaMJIAIITHUPWITAH  TEPMOIUIACTHK
olehUHHM KyJularaH. XOCWJ OYJraH HaHOKOMIIO3UT aHbaHABUU TOJHUMEP
MaTepuaulapuial EHTUIPOK, KAaTTUKPOK Ba HKTHCOAMM camapajluru OuiiaH
axpanmubd  Typaiau: Oy  aBTOMOOMJI  KaMpoK  EKWITH  HIIJIaTaju.
ABTOMOOMJIIIIYHOCTHKAA UKTUCOIUN caMapaJopiuK *KyJa MyXUM XHCOOJIaHaJH,
¢dakat cnopT aBTOMOOWIJIAPUHU MIUIA0 YMKAPUIIAA UKTUCOANM camapaJopJivKra
YBTUOOP OepuIManIu.

Hanotynpokiap cMOJIaHUHT MyCTaXKaMJIMTMHU Ba CTAOWJUIMTUHU OLIUPA]IH,
Ba yMyMaH OJraHja OAIUN TYJIauUpruwiapra Kaparanjga (QyHKIHOHAI
xucobmanagu. Hanozappauamap >kyaa 03 MUKAOpIA KYIIMJIAQAH — OFUPIIUTH
oyitnua 2-3%HM TamkWwi Kujdaad. ByHIaH Tamkapu HaHO TYINPOKJIAPHUHT
KYJUTAHWIMIITA ~ MAaTePUATHUHT OCTETHUK XOCCATAPUHHU  SIXIIWIAWIU:  TallK{
KYPHUHHUIIH, PAaHTH Ba 103a cudatu omasim.

buoxommnosutaap.
buokommosutinap - OGMOAKTUB KOTUTAMalld MMIUIAHTATIap. buokommo3utiap
WKk Eku Kynpok daszagaH Tamkuia TomraH Oymamu. by ¢dazamap myHgai
TaHJaHAJAWKW, KywlaHunuiap ¢$aszanap yerapacu OyiHWYa TapKaJUIIU 3apyp
Oynmanu. buokommnosutiap KY/UIAaHWIMIIM — TPaMBaTOJIOTHS, OPTOMEIuS,
CTOMATOJIOTHUS.
buoxommno3utiaap rypJjaapu:

1. ITosimMep-KepaMUK OMOKOMIIO3HUTJIAP.

By xommosutnapma Hoopranuk ¢asa (Immimra
€ku Kanblui (Qocdariapyu) OpraHuk OUPUKMa
TapkuOuga TeKWC TakcumiaHagd. OpraHuk
OMpUKMa — IOKOpPH OOCHMIIM TOJUATUIICH EKU
SIOKCHUJ CMOJIAa. DbyHIall KOMIIO3UTIIAp FOKOPHU

MYCTaxXKaMJIMKTa, J3JIAaCTUKJIMKTAa 3ra, CHIWUII,
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OmoMocnanryBuaH Ba  aHU3OTporaup  (Cysk
xoccajgapura siKuH).

2. MeTaJu1-KepaMHK OMOKOMIIO3UTJIAP.

by KOMITO3UTIIap acocaH IOKOpH
MyCTaXKaMJIMKHA  TabMHUHJIOBYM  METaJUIJaH
ubopar Oymamu. Mertamn ro3acura Kepamuk
Kormiama (Kambnmid  dochatu  €KkM  OMOAKTUB
cMoyia) KomuiaHagu. byHma kepammka MeTayin
[03aCuTa SIXIM CNHUIIUAINIAHA TabMUHIAI 3apyp

oymamu.

Xed KaHaai OMOKOMITO3UT 0J1aM TYKHUMAaJJapUHUHT Ba OPTaHU3MHHUHT XaMMa
aHaTOMUK-(DU3HOJIOTUK Ba OWMOMEXaHUK XyCyCHSTIapra TYIHUK >kaBoO Oepa
onMaiiu. LIlyHUHT yuyH Typiau KYJUIaHWIUII coXajlapuaa Typiid OMOKOMITO3UTIIap
SAPATUIUILY 3apyp OYau.

BrokoMITO3UTIapHUHT WCTUKOO WYHAMUIIIAPH: 1) KOMIO3UT UMILIATATIAp
spatuii, 2) THOpUI WMIUIATaTiIap spaTtull; 3) WHAUBUAyan OUO-THOOUIA
napamMeTrpiapra ara oynran MMILIATATIIAp TYIUJIAMUAHH SpaTUII

(“KBa3MMHTEIUIEKTYan MMIUIATATIIAD).

S C S

Pacm 4.9. Komno3uinon marepuaiiap KyTaHUIHILIH.

Xynoca KwinO, KOMIIO3UTIAPHUHT AaCOCHM KYJUIAaHWIMIN —COXaJlapUHU

KCITHUpaMHn3:
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e A5BpPOKOCMHK COXa.

e ABTOMOOWJIIIYHOCIHK.

e DJIEKTp Ba aJIOKA TAPMOKJIapH.

o Kypunui coxacu.

e Cnoprt Oytomstapy UIuIad YUKAPUIIL.
e Menuuuna.

e MamuHaco3JIuK.

e DJIEKTPOTEXHUKA.

e HanorexHomorus.

e Meramtyprus Ba 6orika coxanap (pacm 4.9.).
Ha3zopart caBoJuiapu:

4.1. Muxkpo Epukiap TOJAJIM KOMIIO3HWTIApJa HHUMa cababiapjaH maimo
OYJIUIII MYMKHH?

4.2. HaHO-TYyNpOKHH KOMIIO3UTIAp TapKMOMAa KYJUTAHUIUIIWATA MHUCOJUIAp
KEJITUPUHT.

4.3. Tor BemocuneANHU KOHCTPYKIUSACH YpPraHWUHT: KaHAail KOHCTPYKIIMOH
MaTepraiap KYJJIaHWITaHIUTHHY aHUKJIaHT.

4.4, “Hekcus” Ba “Matuz” aBTomMoOWIIapuaa KYJUIaHWUITaH KOMIIO3UTIAp
TypJapyuHU aHUKJIAHT.

4.5. Kypunumaa KaHgald KOMIIO3WIIMOH MaTepHaiap KYyJUIaHWIaau?
Mucomnnap KEITUPHUHT.

4.6. V3 y3u1aH TUK/IAHAIUTaH KOMITO3UTIAPra MECOIUIAP KEITHPHHT.

DoiigaJaHNJITAH aga0uéTaap:

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

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

. William D.Callister, Jr., David G.Rethwisch. Materials Science And

Engineering. An Introduction. Eight Edition. USA, Wiley, 2010.- 655-660 p.
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. L.Fiocco, Z.Babakhanova, E.Bernardo. Facile obtainment of luminescent
glass-ceramics by direct firing of a preceramic polymer and oxide fillers.
Ceramics International Journal. Available online 10 February 2016.
http://www.sciencedirect.com/science/article/pii/S0272884216000833

. 3.A.babaxanoBa, M.X.ApumnoBa. KpemHauii-opranuk OupuKManap acocuia
TEXHUK KepaMuKa MaTepuajiap CUHTEe3U. ¥Y30ek kumé xxypHaimu. 2015, Ne3,
16-21 6.

. 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.

. Tsummna JILH., Munaes A.M., Ilpyukun B.A. HoBble KOMMNO3UIMOHHBIE
Matepuanbl. YaeoHnoe nocooue. Tam6os: 'OY BITIO TI'TY, 2011.-5-25 c.

. lleBuenko A.A. OU3UKOXUMUS U MEXaHWKA KOMITO3UITMOHHBIX MaTEPHAJIOB.
— M. : IIpodeccus, 2010. — 140-170 c.
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IV. AMAJIU MAIIFYJI0OT MATEPUAJIJIAPHU

1- amajauii MalIFyJioT:

Kommno3numnon marepuauiap Muiad YnKapumaa
MYCTAXKaMJIAIITHPYBYH KOMIOHEHTIAPHH X0CCAJAPUHH YPraHuil

HNIHUHT MaKcaau.

Komnoszuyuon mamepuannap uwinab uuxapuwioa Kynlanaouean moiacumMoH
84 3aPPACUMOH MYCMAXKAMIO08YU KOMNOHEHMAAPHU XOCCAIAPUHU YP2AHULU.

JJiIeMeHTAap TOJAJAPHUHT ACOCHI MEXaHHMK XO0CCAJIAPH.

Hwnune makcaou: neMeHTap TOJNIAJAPHUHI MEXaHUK XOCCAJIapUHU
YpraHuml.

Tosa — Oy KYHIaJlaHT KECUM FO3aHUHT KMUMK KeCuMHUJ1a OViimama
YI4amJIapUHUHT  KYHJAJaHr  yiagamjapura  HucOataH — KaTTa
kuitmatra(10-100 nan kam sMac) sra OyaraH MaTepuaIaup.

Kynruna tomamap 4ysunumiaa OKOPH MEXaHUK Xoccajlap Ba
IOKOPY DJACTUKJIMK MOAYJWra oJraavpiap. byHpaill kypcarkaumiap
IOKOPY MEXaHHMK Xoccajapra sra Kommno3unuoH Marepuaimiap (KM)
OJIMIIIIA ACOCUN KYpcaTKUujIap XucoOaaHaIu.

DneMeHTap ToNalapHU MeXaHWK xoccanmapunu anmkiam ['OCT 6943.5-79
ra acocan oqu0 Oopunanu. CHHOB YyYyH 3JIEMEHTAp TOJIaJlaH KeCHUO OJIMHTaH Ba
paMKara KOTHUpWJITaH HaMyHalap Kyjutanwiaau. Pamkanap 10 MM y3yHiukIa Ba
5—6 MM KEHIJIMK/a TeIIUK KYPUHUIINAA 3UY KOFO3/1aH KUpKUO onuHaau (pacm 1,

a, 6).

Hamynanu Oy3unuimmrada roKJIaHdInl Oepuil Maxcyc acbobpa amanra
ommpuianu (pacm 2). Makcuman roknanumn F nuHamomeTp mikanmacu Oyiinua
AHWKJIAaHA/IA, TOJAHHMHT Y3YHJIMTH OVitnua Yy3rapumu Al — nedopmarus mkanacu
€KM TOPU30HTAT MUKPOCKOI (KaTeTOMETpP) OpKaJIi aHUKJIaHaau. Tanad sTuiaranaa
nedopmanus auarpammacu tysunanu ( F-Al 6ozruxnux).

Kyitnga 06ab3u 3jieMEHTap TOJAJAPHUHT YY3WIHAIIMAArH auameTp d HUHT,
Oy3yBYM Ky4wIaHHII G, Ba JIACTUKJIUK MOAYJIU £, HUHI KHAMaTJIapy KeJITHPHITaH
(xamsan 1).

Kansan 1. DnemenTap ToJIalapHUHT KYPCATKUWIAPH.

| Tona Typu |d, MkM [ 6, MITa | E,, TTIa |
| IlInma Tonacu |6-20 | 3450 | 70-73 |
| FOKOpH MycTaxKaM yrJIepOJJId ToJa | 7.5-8 | 2500-3500 |200-250 |

| FOKOp¥ MOZY/IIH YIJIEpOLIH TOJIA | 7,5-8 | 2000-2500 |300-700 |
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Pacm 1. DiemeHTap TOJNaNapJaH MEXaHWK CHHOB YYyH HaMmyHa ojumr (a—0 —
taii€pnam Oockuuigapu). 1 —TemmMkiap; 2 — KECHII YH3HMKJIApH, 3 —OyKHII
YU3HUKJIApH, 4 — 3JIeMeHTap Toja; 5 — KJIeH; 6 — Kecuk; / —KUCKA4Iap.

=

|

e %J
Pacm 2. Dnemenrtap TonanapHu Oy3yBUM KyWIAHHUII Ba SJACTHKIMK MOMYIHHH

aHUKJIA yayH ac600. 1 — nuaamomerp; 2 — pudar; 3 — KUCKAwiap; 4 — tona; 5 —
CTOMKa; 6 —nedopMarius MKanaaId MaXOBHK.

bup TOMOHIa HYHAJITHUPUJITAH TOJIAJIHA TYJAUPYBYUTAPHUHT
MYCTAXKAMJIMTHMHA AHUKJIAL

Hwinune makcaou: DneMeHTap Tojlajnap MyCTaXKaMJIMTHHU WI1 Ba OOFu4iiap
MyCTaxKaMJIMTHAaH GapKUHU KYpCaTHIIL.

DneMeHTap TOJIAJIApHUHT XOccajapy MabiyM Jaapaxaga OollKa TypJaru
TOJIAJIADHUHT XOCCAJIApUHU aHUKJaiau. bynaa Oy XxoccajapHu amaiira OLIMPHII

KailiTa uwnuiam ycyiaud Ba xapakrepura Oornuk Oynanu. IllyHunr yuyn Owup
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TOMOHJIaMa WYHAJITUPWITAH TYJAUPYBUWIAPHUHI MEXAHUK XOCCaJapH JIEMEHTap
TOJIAJJAPHUHT MEXaHUK XOCCaJIapuiaH nacT Oyiaau.

MycraxkaMJIOBYd  TYJJAUPYBYMJIAPHH  aCOCHI  MEXaHMK
X0ccaJapu  JJIACTHMKJIMK MOAYJIM Ba YY3WIMIIAATH Oy3WJIMII
KYYWIAHMIIN XUCOOJIaHAIM.

by cuHOBIapaa paMmkanapra KOTHPWITaH KecMa HaMyHalap
kyutanunaau. Hamynara P-05 tungaru yHuBepcan mamuHaaa Oy3yiryHda
60-100mm/MuH  y3rapyBYaH  Te3JWKIAa IOKJIaHWII  Oepuiaau.  bepwiran
KyWIaHUILIApHU Kyd YIuanl mKajnacu Oyinua ymyanaau.

Kepax 6ynaguran acoboOnap Ba MaTepuaiiap: MIMILIA WIT Ba IIMIIa OOFIapiaH
KeCcMaJlap, HaMyHAJIAPHU MaxKamulall y4yH paMKajiap, Kauuyuwiap, KJeld, CUHOBYMU
MallliHa.

Nimauar 6opumn taptudu. CuHOB 010 OOpUI Ba HAMyHAJIApHU Talépiari
['OCT 6943.10-79 ra myBoduk o1ubd 6opunaau.

220 MM y3yHJIIMKJArd UM KeCMajapy paMKaiapra Kotupuiaaau. EnuMiianran
UIJIap HaMyHajapra axpaTwiagd Ba CHHOB MalllMHACH KUCKUYJIapura
Kotupwiaad. bynga enumianran kucm 8-10 MM Tamkapura 4YMKUO TYpPHILH,
Kuckuunap opacuaaru Mmacoda 100£1 MM HU TaIIKKUIT STUIITN KEPAK.

Hamynamapra 60-100 MM/MUH Te37MKIa CHHOB MAallIMHACUAA KYy4WJIAHMIII
Oepunaan Ba Oy3WIMII BaKTHIAard OKJIAHUWII Kaia KuwinHaau. OJMHraH
KUAMaTiap Oyiu4a 4y3uIMIIgard Mycraxkamumk o, (Mlla) xyiunarun gpopmyna
OpKajau X1ucoOJIaHA/IN:

F
C,=—1,
Py

by epna F, — 0y3yBun roxknanunl, H; 4= r 1073 — TONAHMHT YMYMHUI K03aCH, MM’}
p
T — TYIAUPYBYMHUHI YU3UKIA 3UWIMTH(MABIYMOTHOMAJAH OJUHAIAN);, P —
TYIAMPYBYH MATEPHAIN 3UUIIUTH, T/CM .,
DKCnepuMEHT KaMHJla YH MapTa KalTapuiaay Ba ypradya KUAMATH OJUHAIM.
OnuHraH HaTwxanap Xyaau Iy TypAard 3JeMEHTap Tojla HaTwkajlapu OuiaH
COJIMIITUPWIAN Ba XyJlocayap YMKapwiaau. ONUHTaH HaTWKajnap Kaila STUIaau.

bup ToMoHra HyHANITHPWITaH TOJATH TYJIIMPYBYHIAPHH JIACTUKIUK
MOJYJTMHU AHMKJIAII.

Kepak Oyaaguran ac6o0jap Ba MaTepua/uiap: IIMila WO Ba
MUIadoFIaMaap KecMallapH, pamkasnap, Kied, CMHOB MAalllMHAcH, KaTEeTOMETD,
LITAHT€HIIUPKYJIb.

M tapruOu. Pamkanapra KOTUpWITaH HaMyHaJlapra HaMyYHaHUHT
MapKa3uJaH IOKOpHM Ba MacT TOMOHTra 25 MM Macodana OYE€k Ouman Oenru
KYWWIAIN.

benrunap opacunarn macoda |y (kareTomerp, mTaHTeHIMPKY EpAaMuia)
Oomnanruy rokiIaHuim Fy na Ynuanaau. Hamynara cexun acra rokianum AF Fp

Kydrada Oepwianu Ba HamyHaHuHr y3yHnurd Al ymuanamm. CunoB 2-3mapTta
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TaKpOPJIAHAAY Ba HAMYHAHUHT ypTaya Yy3WITAHIUTY aHUKJIAHAIH.
TynaupyBunHUHT >0aTUKIMK MonyaH E, (Mlla) kyiunaru gopmyia opkanu
XucoOaHaIu:

e _AF-l
PoAl- 4

By epna AF — ycub 6opyBunm roxinanwm, H; o — 6enrmnap opacumaru macoda, MM;
Al —4y3uiran HaMyHa y3yHJIUTH, MM; A — TOJIAaHUHT YMYMHI F03aCH, MM,
DKCNEPUMEHT KaMUJIa YH MapTa KauTapuiaayd Ba ypTadya KUMMAaTH OJIMHAIH.
OnuvHraH HaTwkajgap XyJIaud LIy TypJlard 3JIEeMEHTap ToJia HaTWKajapu OujiaH
COJIMILITHUPUIIAJN Ba XyJocajiap yukapuiaau. OJuHraH HaTWKajlap Kaa 3THIIau.

Komnosuumon  marepuasiap uvouiad 4YuUKapumjaa  3appacHuMOH
TYJIMPYBYMIAPHHU FPAHYJIaAMETPUK TAPKUOM Ba XOCCAJAPUHH YPraHHUIIL

Hwinune makcaou. TYIIUPYBUUIAPHUHT ACOCHM T€OMETPUK TaBCU(PUHU
aHUKJIall.

TynaupyBUMIapHA TaHJIAILI aBBajO, YHUHI 3appajlapyHUHI yiadyamiapy Ba
3appajapHUHT IIaKJIY Ba TaBcu(ura OOFIHK.

3appanu matepuaiiap TaBcubUU Yiauamiapu HucOatura OOFIMK XO0Jjaa
makiaura kypa cundaanaau (pacm 10).

2 0

Pacwm 3. Tynoupysuu 3appanapuu yruamu 6a mypaapu.
a — cgepa; 6 — Kyb,; 8 — napaiienenuneo, e - moiacuUMoH, O -MaHeACUMOH.
L- y3ynaux; H — 6ananonux; B —xenenux.

Kynruna TynaupyBUYnIapHUHT 3appalapuHUHT IIAKIA OUp — OMpHIaH KECKUH
dapk kunagu. [IyHUHT y4yH yJapHUHT 03aCHHUHT 3appacd CUHGIAHUII y4yH
XU3Mar Kwiaau. by makcania 3appaiapHu YI4aMuHA TaBcU(IaiiAurad TymnryH4a-
skBUBAICHT cepa nuamerpu(DCJl) kupuTuaTra.

Kaara Tonamm  TYIAMpPyBUYWJIAPHMHI  IeOMETPMK  yJa4yaM Ba
3apPACHHMHI IAKJIUHHA AHUKJIAII
Kepak Oynaguran acOoOmap Ba martepuaiap: €ro4 KUPUHIUCH, II0S

TOJIACH, JIBHOKOCTPA, MUKPOCKOII, IITAHT €HIIUPKYJIb, MUKPOMETP.
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N taptrbu. Tekuc 1o3ara mMabliyM MUKIOPAATd TYJIIAPYBUYH OUP TEKHC
Ennnaay. YaJall y4yH IITAaHT€HUUPKYJIb EKM MUKPOMETD, KyJa Maiaa 3appajiap
yuayH 3ca (<0,1 MM) MUKPOCKON UIILIATUIA/IH.

3appaHuHT TETMIUIA yioYaMyiapd aHWKJIaHanu (y3yHJIMTH, KEHTJIUTH,
KaJIMHJIMIY) Ba MAaKCUMaJl Ba MUHUMAJT YJTYaMJIapHUHT HUCOATH aHUKJIaHAIH.

Typiu TynmupyBYwIap 3appajapuHUHT IAKIW aHUKJIaHAId Ba YU3HJIAJIH.
OnuHran HaTwKanap 5 >xkaapaira €310 6opuiaau.

KyKkyHCHMMOH TYJIAMPYBYMIIAP 3apPAaIaPUHUHT IIAK/IA Ba
VI4aMJIapUHHM AaHUKJIAIL.

Kepak Oynaguran acOoOsap Ba MaTepHa/uiap. TypJH THUIJArH
KYKHCHUMOH TYJIJIMPYBUYMIAP,TUIIOB, MUKPOCKOII, IIKIIA PEAMETIIAp.

NmauHr TapTudu. 3appajapHy IIAKJIA Ba YiI4amJIapuHHU aHUKJIAIl YYYyH
MabJIyM MUKJAOpJArd TYJIAUPYBYM OJIIMHAAH HAMJIAHTAH IIWIIA IPeAMET r03acura
JKOMIaHaau Ba YCTUJAH WKKUHYM IIWINA OujaH €nuianud. byHna TYaaupyBUYUHU
TEKUC TaKCHMJIAHWUIIIA Ba 3appajlapuHUHT OUp-OMpHAaH ajoxXuja -—ajoxXuaa
Oynuiura 3pTHOO0p Gepunaau.

Hamyna  mukpockonm — ctomuacura  ypHatwiagu.  Kepak — Oynran
KaTTATAIITUPUII Ba KECKMHJIMK TaHJIAaHAIW. 3appajapHUHT IIAKIM aHUKIAHHO
yn3ub Oopuinanu. 3appaiapHuUHr acocuit yduamuapu Ba DCJ[ xucobmanaay.

TynaupyBYHIAPHUHT TPAHYJIOMETPUK TAPKUOMHHU YPraHUIII.
Hwnune maxcaou:. TaxXJTUTHUHT AJIaKIap YCYJIUHU YPTaHUII.

TynaupyBUYMHM TaHJallJa aBBaj0 YHUHI 3appallapuHUHT Yidamiiapu Ba
Yymaamiap Oyiinda TaKCUMIIAHTaHIUTH aHUKJIaHAIH.

KykyHCMMOH MaTepHaTIapHUHT TPaHYJIOMETPHUK TapKUOU KyKYyHAArd TYPJIH
ygaMaard 3appajapHUHT y3apo HHCOATH Ba KaHYa MUKIOPAAH MaBXKYJIUTH
TYFpHCHIa MabJIyMOT oJiuiira Epaam Oepaau.

3appajapHUHI YJIYaMUHU AHUKJANIHUHT OUP He4YTa ycCyJiapu
MaB:Ky/1: akiaap épaamuga(appanap yadamu 0,06 nan 19 mm raua),
mukpomerTpuk (0,001xan 0,06 mmraua), cexumentauuon ( 0,0001xan
0,06 mMraua).

Onakiap ycyiad MaTepual HAMYHACHHMHI CTaHJIAPT JJIAKJIAp TYIUIAMHJIAH
YyTKazum opkanu (pakuusigapra axpaTvilra acociaHrad. by ycynm aucnepc
AHAJIM3HMHT acoCuil ycyau xucoOnaHaau. Jlekun Oy ycyn 3appalapHUHT XaKUKWAN
YII4aMIIApUHU AHUKJIAW OJIMan/Iu.

['paHynoMeTpUK TapKUOHU aHHMKJIAIIA AXKPATUIIL JAPaKACH TAKCUMIIAHHIITH
D (pacm 11, @) Ba ¢dpakuusutapuuar HucOuil cakmanumm dD (pacm 11, 6) 3appa

Yiyamuiapu O ra OOFIMKIMKIAPU Ty3UIaIu.
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Pacm 4. Ascpanuw oapasicacu maxcumaianuws QyHKyus KypuHuwiapu (a) ea
dpaxyusnapuune 3appa yruamuea Hucouuueu (6).
Maiina qucnepc MaTepuamuiap YI4aMUHA aHUKJIAIIIA aCOCaH CEAMMEHTAINOH
YCYJII KYJUIAaHWJIAIU.
MUKpPOCKOIIUK yCYJ 3appalapHUHT YU3UKJIH YITYaMIApUHU aHUKJIAIIIard SHT
aHUK yCyJl XMCOOJaHa/ M, ICKUH aHYa MEXHAT Ba BaKT Tajgab dTaju.

AMayiuii MAlIFyJoT Basudanapu:
1- Bazuda.

Kanpanga KentupwiraH KudMatriap acocujia marepuan Yiuamjapura
OOFIMK X0J1/1a (PpaKkIUsIapHA MaBXKYUIMTY JUarpaMMAaCUHU TaCBUPJIAHT.

CapmaTt KYMHHHHT I'PAHYJIOMETPHK TAPKHOH

Tpoda| 3appawatap D1aKIard TeMHKIap ¥adaMmaIapa | 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 4,3 20,7 69,7 95.3 4,6
98 22,6 - 1,1 4.9 423 87.5 12,1
99 16,1 - - 0,6 244 83,1 16,8
100 22,7 - - 1 26,6 78,9 20,6
101 2,8 0,3 1,3 13,8 67.6 96,2 34
102 2,7 - 0,2 2,8 37.6 92,9 6,8
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2- Ba3uda.
Kentupuiran Mmukpockonuk 5,6-pacmiiapaan doiigananud, acCOCH KpUCTal
dazanap ymyamiapuHu aHUKJIAHT.

Pacwm 5. KepaMuk MaTepHaTHUHT JIEKTPOH-MUKPOCKOITHK pacMu. (JICKTPOHHBIIN
mukpockorn 9BM-100)

e ) -

AR .tf'

10kV  X2,000 10pym 0000 09 40 SEI e u&@- 12 E-QEI Boa
Pacm 6 — Bonbdpam kapOuau Ba TeMHUp KyKyHJIAPHUHHUHT 3JIEKTPOH-MUKPOCKOTIUK
pacMiapu.

Hazopar caBosiapu:
1. bup TOMOHNama WyHaIraH TOJAIM TYJJUPYBUMJIAPDHU KEJITHUPUHT Ba

TYLIYHTUPHHT.

2. TomacuUMOH TYJIAUPYBUMJIAPHU IOKJIAHUIIJATU XOJIAaTH HHUMa Makcaijaa
Vpranwnaau?

3. Uu3uKIM 3UWIMK HUMaHU TaBcUduaiian, HUManapra OOFJIMK Ba KaHJaii
aHUKJIaHAIU?

4. DnemeHTap Tola Ba OMp  TOWOHJaAMa  WyHaJraH  TOJIACUMOH
TYIAUPYBUMIAPHUHT YY3UIIUILNTa MyCTaXKaMJIUTU HUMacu Ouiad hapk Kunaau?
5. Uysmwnmmira  MyCTaxKamJIMKHM  aHUKJIAIIJa  HaMyHajgap  KaHJal
Tanéprananu?
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2 —amMaJiuii MalIFyJIo0T:
MaTtpuina MmaTepuajiapu TapKUOU Ba X0CCAJTAPUHH YPraHMIIL.
HNInHuMHT MaKCcaau.
Tepmopeakxmus 6a mepMoONnIACMUK NOAUMED MAMEPUATIAPHUHE MAPKUOU 6a
xoccanapunu ypeaHuu.

Komriosut Marepuaiap oiuIIa TepMOPEAKTHB TOJUMepIapaaH OOFIOBUN
cudaruaa dhoganaHuIaIM.

TepMmopeakTuB monuMep OOFIOBUMIIAP CHHTETHUK CMOJIAJIap Ba KOTHPYBYH,
KaTaau3aTopiiapJaH TallKWJI TONTaH HWKKA €KW KYI KOMIIOHCHTIM  CHCTEMa
XucoOIaHaIu.

BornoBUYMHUHT  TapkuOW  KOTHIN  PEAKIUSICUHUHT  OOpHWINM  Ba
MaxCyJOTHUHT MEXaHUK Xoccajaapura OOFIUK OYmaau.

KM  rait€pnampa kyn  xoiapaa — noiduddup, OMOKCHUIA  EKU
dbenonpopmanbaeruiu OOFIOBUMIIAD KYIJUTAHWIIAIH.

[Monumapupmanennariap  (moaudpup  cMoiIap) TapKUOW, KUMEBHIA
TY3WIHIIN Ba MOJEKYJISIP MaccaCHAaH KeMuO YUKKAH X0J/1a KOBYIIKOK CYIOKIHK
€Kl KaTTUK MOjIafiaH moopar. TemriepaTypa Ba KOTHII TE3JIMTH WHUIAATOP Ba
TE3NAIMTUPYBYN TYPUHU TaHJIAII OPKAIN aHUKJIaHA/IH.

KoTMalimuran SmOKCH7 CMOJIajlap IPUUIWTAH KOBYIIKOK CYHOKIUK EKU
MYPT KaTTUK Mojdanap xucoOnaHanu. Kyiiuga 0ab3u 3MOKCU]L CMOJIAJIApHU
(U3KK X0JIATIIAPU KEITUPHIITaH. (KaaBal 2).

DMOKCHUT CMOJAIAPHUHT KOTUPYBYUCH cU(aTHa aMUHIIap WILTATUIIAIH.

Kotupunmaran denonopopmaibiaerua cMosiaiap KOBYIIKOK CYFOKIMK ¢ku 60—
120°Cna cyrok xonra yTyBur KarTuk Mypt maddod amopd Macca xucobiaHaiu.
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Kanpan 2. bab3u amokcua cMonanapHu (GU3UK XOJIaTIapH.

Cmona Typu Ty °C ®dusmk xomar 20°Caa

D]1-22 -10 Cyrok

2]1-20 0 Cyrok

DJ1-16 10 KoBymKoxk

DJ1-10 50 KarTuk

OJ1-8 70 Mypt

Kepakm ac6o0map Ba Marepuayuiap: cMmojajgap — moimd(up, SIOKCHI,
dbenonoopmanperu;  KOTUpyBuUmiap —  nommTwieHnomnamud  (I1911A),

tpusTaHosmamuHotutanat (TOAT), wmanenn aumrugpua (MA), rUAPONEPOKCHT
W30IPONIOeH301 (TUTepr3); Te3naryBun: koOansT HadreHat (HK).

Wm taptubu. Ilomumep OofnoBummap Tal€prnamt ydyH TypJid THIIArd
cMoJjianap Ba KOMIIOHEHTJIAPHU BU3YyaJl YpraHHuIil.

Anabuétmap Taxymnu €paamuaa  xap OUp KOMIIOHEHTHUHT —aJloXHjia
Oenrmwnapu Oyiinua €3unaau, SbHA XWAW, PAHTH, arperar XoJIaTd, 3UYJIHTH.
Hatwmwxkanap 3- xanBanra €3u6 6opuiaay.

Kansan 3

bomka

Kommnonentnap | Panr Xuaun dusuk xonatn
XYCYCHSITIIAp

TepmopeakTuB oJMromepJap acocuaa 00FJI0BYNJIAP TailépJiain

NuHuHT MaKcaau: Typiu OOFIOBUYMIIAPHM Talpiiall yayH Kepak OyiaauraHn
KOMIOHEHTJIAPHU XUCOOIAITHYU YpraHHIIL.

[Tonrumep OofnoBuYMIap OUp HEuTa KOMIIOHEHTJIAPJAH TAaIlIKUI TOIAJIN:
cMoJjanap, KOTHPYBUWJIAp, TE3JAlITUPYBUYH, KaTajlu3aTop, IIacTu@ukarop Ba
Oo1kanap.

Mabaym Mukgopjard OOFJIOBUMHM TalEpiiaiija Kepakjid KOMIIOHEHTJIap
MacCaCMHU aHUKJIMK OWJIaH TaHJall JIO3UM Oyiaau. AHUK TaHJIaHTaH TapKuO Ba
KymnManap cudarii MaxcyJoT OJIMII y4yH 3aMuH Oynanu. KommoneHTnap
TapKUOU IMIUPHUK €K XUCO0 Wym OuiaH aHUKJIaHAIH.

Kepak 0yaaguran macca MyKOTHIIIHA XHCOOTra O0JITaH X0J11a
(traxmunan 10%) Oapua KOMIOHEHTJap Macca YJIYIIHHHU
WUFUHIUCUTA TEHT €0 Ka0dy1 KUJIMHAIH.

BoF/10BYM KOMIIOHEHT/IAPH CMOJIara 00CKMYMa 00CKHY KYIIHO
Oopuinagm Ba axmmiaad  apamamrTupwiaan.  Korupysumiap
JKAPACHHUHI OXUPHAA KyIIHJIAIM.

FOxopu koBymkok cmomnanap unviatuiigad ojiauH 80°Crava Kuzaupuiaau
Ba Iy XOJU/Ja MIacTU(PUKATOP EKK apallaliITUPYBUYU KYIIWIIAIH.

Kepaknu ac6001ap Ba Marepuaiiap: 3MOKCHJ Ba NOJudGUp OOFIOBYMIAPHU
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Taiépanira Kepakiii KOMIIOHEHTIIap, TapO3H, IUIIa TaéK4a, UIUIIL, TePMOITKad.

Nmauar taptubu. Onokcup cmoia acocuaa 100 r OGornmoBur TalépraiiHu
xpcoou. DJ1-20 — 100 mac. g, [TH-1 — 20 mac. u., IIDITA — 10 mac. 4.

KomrioneHnTnap MaccacuHu WYKOTUITUTAPHU XUCOOTa OJITaH X0JI/1a aHUKJIAIIL.
Bormosumnap maccacu 110 r, 130 mac. k. bormoBunra moc kenaau (100+20+10).

VY xonma 110 r (6ormoBun) — 130 mac. x, X; (3/1-20) — 100 mac. k., X, (ITH-1) —
10 Mmac. k., X3 (II2TIA) — 20 Mac. K. by npomopiusuiapHy edrad XoJia Kyhyaariiapra
sra Oymamus: 84,6 T —O]1-20; 8,4 r—I[1H-1; 16,9 r - TIDIIA.

OunrHraH HaTWXanap Kylujaard xaasaira €3uo oopunaau.

Kansan 4

e Cmona [TnacTuduxarop KotupyBun Te3namrupyBun
INTPTH:

v Mac.K. | T Mac.K. |T Mac.K. | T Mac.K. | T

1

bBor10BYMHUHT 3UYITHTHHHA AHUKJIAIIT
MmHuHr  Makcaau:  Typad — TEPMOPEAaKTUB  IMOJHMEpPJIap  acoCHAaru
OOFJIOBUMIIAPHUHT 3UWIMTHHH HAa3apUil Ba SKCIIEPUMEHTANl aHUKJIAIIHN YPraHUIIL.

Komnozunmon MarepuaiiapHd  TapkMOMHU — XucoOnamiga Oup Hewa
KOMIIOHEHTAaH noopat Oyiran OOFJIOBUMHHUHT 3UWIMTHHHU YpraHUIl Kepak Oyiasu.

ByHnnaii 60FJI0BUMHHMHT 3UYIIUTHHY TaCTIA0KA KOMIIOHEHTIIAP 3UWINTUHU Ba
KOMITO3UT/IaTH Macca YJyIIMHW OWTaH XO0Jijia, apajailiMa KOWJacura acocaH
Ha3apui KUXAT/IaH aHUKJIall MyMKHH.

OnuHraH KUWMATHH OSKCIIEPUMEHTA] TEKIIUPHUIN YYyH Macca Ba XaxMm
ycynuaaH (olgagaHuIl MyMKHH. ByHJa 3WYIMK KOMIIO3UT MAacCAaCHHH YHHHT
Xa)XMHTa HUCOATH OPKAJIM XUCOOIaHa H.

Kepaxmm ac6o0map Ba Marepuasuiap: 3MOKCHA Ba MOIMAGUP OOFIOBUMHU
Taiiépmam y4dyH Kepak OVmamuran kxommnoHeHtnap, 0,1 T rava aHUKIUKAArd
JabopaTopus TapO3UCH, IIUIIA TaEKYa, AN, TEPMOLIKAP, YIUOB LUTUHAP.

W taptubu. 50 r gaH Typau TapkuOiu OofnoBymiiap Tanépiananu.(2-
UIIOBA).

Xap Oup KOMIIO3UTHUHT Ha3zapuil 3WWIMTK Kyhugaru (opmyia opKaiu
XucoOaHamIu:

_P1CitprCot...4py G

Pes C,+C,+...C,

By epna p;1 p2, pn —komnoHeHTaap 3uwinrk (3-unosa); C,Cr,Cpy — TETUILIH
KOMIIOHEHTJIADHUHT Macca yJIyLIu.

3UYWIMKHU 3KCIIEPUMEHTaN aHUKJAll YYyH VIIYOB LWIMHAPH J1ab0paTopHs
Tapo3ucHaa ymyaHaau. KeWumH Yi4oB LMIMHApPWTa KOMIIO3WT JKOWJIAaHAJAW Ba
rajularal  XaXMHM aHUKJIaHaJAW. byHJa KOMITO3UTHM LWIMHAP JE€BOpJIapUra
TapKIUIIK Ba Mydakiap naijgo oyaummra iy kyimaciuk kepak. [llyHnan keinH

KOMITO3UT >KOWJaHTaH LWJIMHAP sSHA Tapo3uja YyiIdaHaad Ba Kyuujgaru ¢opmylia
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OpKAaJIM aHUKJTAHAIH:
m—m,
p3 = 1
Vv

by epia m, m; — Y14oB HWIMHAPUHU OOFJIOBYM OMJIaH Ba OYII XOIMAAru MaccacH,
r; V — OOFJI0BYM drajuiarad Xaxm, oM.

DKCHEepUMEHT KaMHa y4 MapTa TakpopjaHaau Ba ypTadya apudmeTux
KUIMAaT TOMUIIAIH.

TepMomiacTUK MNOJUMEP MATEPHAVIAPDHMHI TAapKUOM Ba XoccaJapuHU
yprasuu.

NmmHuer  makcagu:  Typad — Tabuarra osra  IpaHy/UIaHTaH — [OJIMMeEp
MaTepuaUIAPHUHT aCOCUN TaBCU(UIl XyCYCUSTIApUHN YPraHHILL

Tali€p maxcynoTrnard MoJUMep MaTepUaTHUHT TaOMAaTMHU AaHUKJIAIl Y4YyH
TU3UMIT Tap3fa cudar Ba MUKAOP aHAIM3Iap YTKa3WIaayd Ba MabiyM IOJUMEpIap
OWJIaH COMIITUPUIAITH.

[Tommumep MaTepuall HaMyHacH KyHuaaru cxema oyitnia aHuKJ1aHa Iu:

— HAMYHAaHU TAalIKH KY3aTHIII,

— IOMIIALI TeMIIEPATYPACMHU AHUKJIAII,

— HAMYHAaHU aJIaHraja Y3MHU TYTHUIIIN;

— HAMYHAHUHT JPUIINHU AHUKJIALI;

— MOJIMMEPA PAHT PeaKUUsJIAPHA 0140 OopuIl.

ABBajlo, HaMyHAHWHI TallKd KYPUHMILIWA, YHUHT (UMUK
X0JIaTH, paHrTH, Xuau, maddoduuru, KaTTUKIUTH, AIACTUKIWTH, 3UWINTH Ba
rpaHy’ia yadamiiapu OenruiaaHaau.

KeituH yHUHT SpYBUAHJIMTU TEKIIUPWIaJAW. ByHUHT ydyH HamMyHa HCCHK
XaBora €K1 MeTasul €K1 acOecT Tarjauk1a Ku3Iupuiiam.

V3unn kaHmail TyTHimMra kapab IuacTMacca TepMO SKM PeaKTOIIAcTra
aXpatunaau. Arap moJuMep TEPMOIUIACT MaTepualira TaamykKiau Oyica, yHaa
MOJMMEPHUHT IOMIIIAI TEMIEPATypacu aHUKJIAHAIH.

MarepuasiHu ~ CONMINTUPHIN ~ MaKCcaauga YHUA  aJaHrajgard  XoJiaTu
ypranunaau. ByHUHT ydyH MabiIyM MUKIOPAArd MaTepHuall dXTUETKOPIUK OWIaH
ajaHrara TyTwiaad. byHaa EHumHUHT TaBcudmapu Oenrunad Oopuiiaau:
E¢HYBYAHJIUTH, TUIUIIN, SPUIITH, XU]IM, ajJaHTa paHTH, TYTyH naijao Oymummu, ¥3-
Y3uaH VUHIIU, KyJ XOCHI OYJIUINN, paHrd Ba Ooikanap (4-uminosa).

Marepuanau sputmanapaa spuiii y €kd Oy monmmepriap CUH(pHra OWIJI|IH
OwstaH amaira ommpuiaad (5-uiiosa).

Kymuunuk cMonanap cupka aHTUIPUAM Ba Cyl(aT KUCIOTACH KYIIUJTaHAa
Typau paHriu Oupuxkmanap xocun kKuiagu. Jlubepman— Illtopx — MopaBckuii
peaKIusICH IIyHra acocyianran (6-ujiosa).

IHoaumMep MaTepua/LUIAPHUHT IPYBYAHIMTUHA AHUKJIALI

Kepaknu acOobmap Ba wmarepuauiap: Typiau TaOuaTid  MOJUMEP
MaTepuaiap; dpUTyBUM — OCH3MH, alleTOH, CYB, TWJ CIHUPTU, YKCYC KHUCJIOTAa,
XJIOPUJT KUCJIOTA.
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Wi Taptubu. DpyBuaHIuKHHA aHUKIam yayH 0,5 T Maiiiaganran HaMyHaHU
npobupkara conuHagu. 5-10 M 3puUTyBUM KYIIMIaaAW Ba yalkaTwiuO, Oup Heda
coatra TUK XoJataa Konaupuiaau. Keliun spuil 1apakxacuHu aHUKJIaHAAU-TYIIUK,
KHCMaH, OYKKaH, d)pyMaraH.

Arap HaMyHa KHCMaH »JpHraH Oyica, 3pyBYaHJIMK KU3IUPUII OpKaJIH
AHUKJIaHAIH.

MarepHaTHUHI aJJAHTAJATH X0JIATHHA AHUKJIALI

Kepakiu ac6061ap Ba MaTepuaiuiap: Typid TaOMaTIN TOJMMEp MaTepuaniap;
EHIMpruy, IIaTesb, IUHIIET.

N raptiOu. MabiiyM MUKIOpIard MaTepyall mmartel €praMuza SXTHETKOPIIUK
OvJlaH allaHraHWHT IOKOPH TeMIIepaTypajii 30HaCHa TYyTUO TypUIIaIu.

AnaHragaH OJIMHTAHJIaH CYHI YHUHI €HMINN Ky3aTuiaaad. byHaa €HUIHWUHT
taBcuaapu Oemrunad Oopunaau. bynna EnumHuHr TaBcudapu Oenruinad
Oopunanu: €HYyBYAHIIMTH, STWIWILIM, SPUILW, XUIU, ajaHTa paHrd, TyTyH Maino
Oynuim, ¥3-Y3ulad YUuIlu, KyJl XOCHII OYJIMIIM, paHTy Ba OolIKaap.

[Moaumepaa panriim peakuust

Kepakmu ac6o6map Ba matepuaiuiap: Typiad TabUaTIv TOJIMMEP MaTepuaiiap;
YUHHU TUIACTHHA, CUPKa aHTUAPHIN, KOHIICHTpJIAHTaH CyndaT KUCIOTa, MUMEeTKA.

N taptrbu. YnHHM MIacTUHKAra noymmep Oyakyacu >KOWIAlTUpWiIaad Ba
yHra Oup HEYa TOMYM CUpPKAa aHTUAPUIM TOMH3WIAIW, KeHWH cynadar KucioTta
Tomu3wiaa. 30 MUHYT JaBOMHA CYIOKJIMK Ba CMOJIa FO3aCH PaHTU  Y3rapHIln
Ky3artuiaau. Hatwkanap 6-unoBara COMMIITUPUITMO MOIMMED TYPU AHUKJIAHA M.

OMmam reMneparypacuHy aHUKJIALI

Kepakmu ac6o6nap Ba marepuaiuiap: Typiad TabuaTiIv TOJIMMEP MaTepualiiap;
MeTaill €K YUHHU TUTEN, TEPMOMETP, KBapI] KyMH, METAILT EKU acOECT TarjuK.

N taptubu. Opuin yuyH HamyHa. OJMHraH HaMyHa HMCCHK XaBO OKUMHTa
Tytunaau. Hatkara kapab yHU TepMO €KUM pEaKTOILIac SKaHIMIH aHUKTaHA TH.

IOmmam remneparypacu. 5-10 cM y3yHimkaard Ba 1 M KeHIVIMKAArd HaMyHa
KypyK KyM OWJIaH TYJIIUpWITaH TEMHp TUTelra YpHATHiIagu. TUrea acra CeKHH
KU3IMPWIaIM Ba HAMYHA STWIMILM BaKTUArd TeMreparypa oenrwnanaay. by rommar
TeMIlepaTypacy XUcoOmaHa Iu.

OKyBYaHIMK Temmeparypacu. Xy IOKOpUAard ycyia OwiaH HaMyHaHUHT
OKYBUAHJIMTUHU XaM aHMKJIAIll MyMKHUH, sSTbHU HAMyHAaHUHI MabJIyM TEMIIEepaTypaiard
OKYBYAHJIUTY YHUHT OKYBUYAHJIMK KUAMATH XUCOOJIaHA/IH.

AmMasinii MalIFyJioT Basudanapu:

1-Ba3uda.
Anabuétnap pyiixaruaa Ba niosaiap oyiauMuaa kenrupuiran E.Bernardo, J-
F. Carlotti u ap. “Novel akermanite-based bioceramics from preceramic polymers
and oxide fillers” wnMuit makonacuman doiinananu6 (7-UiaoBa) 6HoKOMIIO3HUTIAp
CUHTE3MJIa KaHJIal TOoJIMMEp Ba TYIAUPTHWIAD KYJUIAHWITAHWHW aHHUKJIAHT.

Kymmmua mabirymotiap 1-6- UioBasiapaa keaTupuiras.
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2-Bazuda.
WUuTepHeT-mabiymoTnapuaad  QoiimagaHwiraH  Xojja  KOMITO3HUITMOH
MaTEepUATHUHT aCOCHUU XOCCaJlapyu Ba yJapHU Yidamnl yCY/UIApUHU aHHKJIAHT.
TaaKuKOT HATHXKATAPH KaABAJ MAKINAIA KEATUPHIUIIN Kepak.

Ha3zopar caBosuiapu:
1. Tlonumep G6OFIIOBUM TapKUOUTa KaHIal KOMIIOHEHTIAp KUpagu?
2. Dnokcuj OOFJIOBUMIIAP YUYH KOTUPYBUMJIAPHU aHUKJIAHT.
3. Tlommapup cmonanap ydyH HMHHUIIMATOP Ba KOTHUIIHU Te31aTyBUHJIAPHU
KCJIITUPHUHT.
4. TepmopeakTHB OJMMeEpIap acocuaa OOFIOBUMIIAp Tal€épianl yayH Macca
KOMITOHEHTJIapu XucoOU KaHaai amaira Omupuiaan?
5. DBornoBUMIApPHUHT 3UYINTH KaH1ail aHUKJIaHA N ?
6. DBornoBuMIapHUHT CHUPT TapaHTJIUTUTA KaHJal MapaMeTpiap TabCUp
KypcaTaau?
7. TepMopeakTUB MOJIUMEPIAPHU CUPT TAPAHTIUTUHUA AHUKJIOBYM acOCHUM
YCyAJIapHU KSITUPHUHT.
8. BOFIOBUMIAPHUHT aCOCHI TEXHOJIOTHK TaBCU(DIAPUHU KEITUPHUHT.
9. Ilomumep MarepHaITIAPHUHT KOBYIIKOKJIMTMHUA AHUKJIAIIHUHT AaCOCUU
YCYJUTapUHU KEITUPUHT.
10. IMonmumepnapHUHT KOBYIIKOKJIUK KYpCaTKW4YWTa TeMIeparypa KaHJan
TabCHUp Kypcaraau?
doiigaaHUITran agaduéraap:
1. Krishan K. Chawla. Composite Materials. Science and Engineering. Third
Edition. Springer Science, New York-London, 2012. - 98-101, 249-306 p.
2. E.Bernardo, J-F. Carlotti and oth. “Novel akermanite-based bioceramics from
preceramic polymers and oxide fillers”// Ceramics International.- 40 (2014).-
1029-1035 p. Available at www.sciencedirect.com.
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 KOMITO3MIIMOHHBIX MaTepualioB.- M.: Jlaub, 2013.-240
C.
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3-amMasIuii MalIFyJIoT:
KoMmno3uumnon Marepuaji TApKUOUHM TY3UII BAa XOCCAJIAPUHHU
JouxaJjani.

NmuuHr Makcaad:. I0JMMEP MaTpulla acocuJa KOMIIO3UIMOH MaTepuall
Tal€piam, KOMIIO3UT Tauépialml YCyJIMHM aHHKJIAll Ba KOTHII >KapaéHWHU
yprauum. TepMopeakTHUB OOFJIOBUMIAP Ba MYCTaXKaMJIOBYM TYJIAUPYBUMIIAD
acocuJa KOMIIO3ULIMOH MaTeprall Tau€panl.

[TonmmMepiapau TYIOUPHUIL aMaJIdi KUXATIAH MATEPUAIIHU TEXHOJOTHMK Ba
AKCIUTyaTallMOH XOCCAJIapuHU OolIKapuiira WMKOH Oepaau. KoHCTpyKuMOH
TYHWMHTaH TOJMMEP MaTEPUAJUIAPHUHT XOCCAIAPH, OJIMII YCYJJIapu MOJIUMED
MaTpulla Ba TYJIUPYBYH, YIAPHUHT XQKMUNU HUCOATIIapyura OOFJIUK.

KM nan Oyromumap Taiépuamiga nmojumMep OOFIOBUYMIAPHUHT KOBYIIKOKIUK. ['ern
XOCHJI OYJTUIIT BAKTH KaOW TEXHOJIOTHK XOCCaJapHHU aHUKJIAIT JIO3UM.
'en xocwn OynuImm BakKTUHM AaHUKJIAIl aCOCHM TapameTpiiapiad  Oupu
xucoOnaHaau. Y TYWHMHraH MaTEepUATHUHT CAKJIaHUIIM JIaBOMUMJIMTUHU Ba
MatepuagjgaH OyioM Taiéprnaimn TemmnepaTrypacuHu TaBcuduaigu. KM  onwui
BAaKTUHUHI JABOMUMINIYA OOFJIOBUM apajlalliIMaCMHU XOHa XapopaTuia Tauiépaiil
BaKTH/IaH OO KETMACJIHUIU Kepak.

Bepuinran KoMmoHeHTJIap acocuaa OeJTWIAHTaH CTPYKTypa Ba
KOMIIOHeHTJIap HucOaTura 3ra KM rtaiiépaam.

MycTaxkam IJIaCTUKIAPHUHT aCOCHM KOMITOHEHTJIapuaH Oupu Oy OOFiI0BUU
xucoOnaHaau. bormoBUM  MycTaxkaMJIOBUM — TOJ&IM  TYJAMPYBUM  OuWiaH
TYWUMHTUPpWIAIU. DOFIIOBUM KOTraHJaH KEWMH TOJIa €KW TYJIAUPYBUUIIAD
KATJIAMUHHU y3apo OUpIaIITUpaIH..

MycraxkaM MJIACTUKJIAp OJMIIIA MOIMAI(PUp, SMOKCUA Ba MOAU(PUIMpIaHTaH
dbenonodopmanierni cMmonagap acocujard OOFIOBYMIAP KEHT KYJUTAaHWJIAIH.
TynnupyBumnap cudaruga Typau MaTepuaiap: JEHTalIap, MaTrojiap, WIUiap
WIUIATUIAIIN.

Kommno3utiapuau TaiépJiam xapaéHu Kyinaaru 00CKU4wiapaaH
uoopar:

— OOFJIOBYM Ba TYJIUPYBYM TYPHUHU aHUKJIALLL,

— KOMITO3UT KOMITOHEHTJIAPUHU HUCOATHHU XUCOOJIAII;

—OOFJIOBUMHU TaW€praill, OepuiiraH MponopLUsiapia KOMIIOHEHTIApHU
apaialTUPUILI,;

— TYJIUPYBUYMIIAPHU Tau€pran,

— OOFJIOBUMHM TYJAIUPYBYM KaBaTlapura Cypkail, Ba TYWWHraH
KaBaTJIApHU OMPIIAIITUPHILL,

— OeNITUJIaHraH peXUMIa MaTepUaIH KOTUIIIMHU aMaJira OLIMPHIIL



KoMmno3unuon MaTepHaAJIJIaru KOMIIOHECHT/IaAp MacCaCHHHA XHCoO0J1a1I

ABBanno KMpaH Taii€piaHrad MiaCTUHAHUHT KEPaKIu XaXKMUHH Vi (MS)
aHUKJIAaHAIH.

by epma I, b, h — KM mnnacTHHaHWHT Y3YHJIUTH, KCHIJIUTH, Kaauiaurd. KM
KQJIMHJINTH CHHOB CTaHAapTHaaH keaub unku6 tannanamy (h = 2-8 mwm).
Matepuran XaXMUHH OWJITaH X0JIJIa YHUHT MacCaCHHU aHUKJTaHAU: My, KT

Mim =Pxm Viem s

By epra pym — 3k KM, kr/m®,
3
Matepuan 3uWIMTd Pgy (Kr/°) KOMIIOHEHTJIAp HUCOATHHU OWJIraH XoJjaa
ypTadacu OJIMHAH .

Pxm :pa'Pa+pc'Pc’

By ep/a p, — apMaTypa 3HUINTH, KI/M; P, — GOFIOBYH 3UUWIHTH, KI/M® |
P., P. — apMarypa Ba OOFJIOBUNHUHT XQKMUM MUKIOPH.

Tynoupuin gapakacu TEXHOJIOTHMK Kapa€Hiiap Y4YyH Macca Yiaylnuiapaa,
xpcoOiam yuyH XakMuil ynynuiapaa oaunaan. Komnonentinapaunr maccasuii C Ba
xaxmuii P Mukgopmapu ypracugaru OOFIMKIMK KyHHIard TEHIVIMKIApD OpPKAJIH
udonanaHaIm:

C,—— TfaPa  C.=1-C,;
I:)a ‘Pa +Pc ‘Pec
Ca'pc
a— .
Capc+Ccpq

bynna marepuan tapkuOuaa roBakiap WYK 1e0 xucoOiaHaau, SbHU HOJTa
TEHT.
KommonenTinapan maccacu (T') yJIapHUHT Macca HUCOATIIapuaaH TOMUIIAIN:

My =My -G, M =My -C.

By epna m,, m. — TyaaupyBun Ba OOFIOBYH MaccacH, KT
C., Cc — TynnupyBur Ba OOFIIOBUMHUHT MacCaBUN MUKIOPH.

KM raiiépnam yuyH kepak OynaauraH TYJIAUpyBUM KaBaTiapu coHU N,
AHUKJIAHAIY
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N, =18
Q=
my

by epna m, — apmaTypa maccacu, r; m;, =Yy, -|-b— Oup KaBaT apmaTypa maccacuy,
T, XUCO0 Wynmm €kn Yaald oI OpKAJIM aHUKJIAHA/IH; Y, — apMaTypa MaTepUATHHA
103a 3UWINTH, /™%,

Xucobmamgan KeHWH TEXHOJOTUK YUKUHIWIAp XHUCOOTa ONWHAIHN, SHHU
20% OOFIIOBYM KYIIHIIATH.

bomka Typmarm KM ydyH xaM Xyaam WIyHAad XucOO uWIUIapu OJuo
oopwnanu. Onuaran Hatwxkaitap KM ONHMIIHUHT TEXHOJOTWK Kaptacura &3u0
oopmaam (KaaBai 5).

Kommno3zuumnon Marepuajl nJacTUHAJIAPHHU Talépiiann

Kepaknu acOobmap Ba Mmarepuamap: OOFJOBUM  Tai€pnamlr  y4yH
KOMIIOHEHTJIap, MaTolM TYIAUPYBYM, Kaluyd, Tapo3H, KATTUK IUIaCTUHKAJap,
Mydern neyu.

Nm taptnbu. Kommonentnapman 250x250 MM ymyampaa KaBaT-KaBaT
yCyJauaa IiInTa TanépaaHaau.

Kecwiran tynaupyBun OofJiOBUM OuiiaH TYWMHTUPHUO, TJIACTMHA YCTUTa
KaBaT-KaBaT KWIKO, XaBOCU3JIaHTUPHUO TaxJIaHAIU.

MasbiiyM MUKDOpra 3pUIIWIraHaH KeWUH KaTTUK IUIACTUHA KyHWIJIaIu Ba
KOTHII peKUMHUTA MyBODUK KOTHpHIIaay. (2-njioBa).

Kansan 5. KM tai€pralllHUHT TEXHOJIOTHUK KapTacH

Hamyna
Marepuan S"nannap, MM XaxM, Muxkopu
Y3yuwmuru | Kearnuru | Kanaauru e’
Kommonentnap Hopmarus Zionam, MHKIE)OPH' Muknopu , T
yayamuiap Macc.%
TYynaupyBun
bormosun

AMaJIMHi MALIFYJI0T Basu(aiapu:

Anabuétnap pyixatuaa Ba wWioBaiap OYIuMuaa 7-wioBaja KEITHUPHITaH
E.Bernardo, J-F. Carlotti u mgp. “Novel akermanite-based bioceramics from
preceramic polymers and oxide fillers” wimmii makosacuman ¢oiinananuo,
KOMITO3UIIMOH MATEPHAIIHUHT WIIIA0 YUKAPUII TEXHOJIOTHSICUHU YPTaHWHT.
Kepamuk maTpunaiii KOMIIO3UTJIAPHUHI KaHAAW CHHTE3 YCYJIHM KYJIJIAaHWIraH?
YHUHT TEXHOJIOTUK apaMeTPJIApUHU aHUKJIAHT.
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Ha30paT caBOJLJIApPH.

1. uma Tona OwWjaH MyCTaxKamJIaHTaH KOMIIO3UIIMOH MAaTEepUaTHUHT
TapKkuOU Ba XOCCAJIAPUHU aHUKJIAHT.

2. bup Tomonnama iyHantupwiran KM MUKpOCTpYKTypa TaxJ i KaHjaail oauo
oopunaau?

3. bup tomommama iyHanTupmwiradi KM MHKpPOCTPYKTYpacHHM aHMKJIAIIIA
KaHJal acocuil mapaMeTpiiap aHUKJIaHAIH ?

4. TyiuHuI napaxacu HUMa Ba y KaHAaill aHUKJIaHaIu?

5. bup Tomonnama WHyHanTupuiaran KM JapHUHT CTPYKTYpacHHUHT Oup
YKUHCJTM SMACIIMTUHYU KaHIal mapaMeTpiiap aHuKIanan?

doiigagaHuIran agadouéraap:

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. T'yceB, B.W. Kougpamenko, b.Il. Macmno, A.C. ®aiiBycoBuu.
DOopMuUpoOBaHUE CTPYKTYPbl KOMIIO3UIIMOHHBIX MAaTEpHUAIOB U UX CBOWCTBA.—
M. : Hayunsrit mup, 2006. — 560 c.

7. A.A. baraeB, B.A. baraes. Komno3unnonusie matepuainsl. Cep. HoBas
yHUBepcHUTeTcKas onbnuoreka.— M. : Jloroc, 2006. —400 c.

4- aMaJMii MalIFyJIo0T:
HInmakoMno3uT/ap HILIA0 YUKAPUII TEXHOJOTUSICHHY YPraHuIIlL.
HNIHuHT MaKcaau:
Hluwaxomnosum mamepuan — “Tpunnexc ’nune mapkubu, Xxoccanapu,
mauépaau mexHoa02uUACU 8a KYIAHUWUHU YDAHULI.

Kyn kaBaTiu muia oyromiiap 6up €ku Oup HeuTa HEOpraHUK LIUIIA JIUCTU Ba
yJIapHU eIUMIIAiIMTaH NoJMMep TUIeHKA €KY CYIOKJIMKAaH H00paT MaTepuasiup.

“Tpummexc” Ttepmuan (oTmHYa tripleX - yukaBaT) WKKUTa IIHINA
99



IJ1aCTUHACHMHU TIOJIMMCP MaTcpuall OujaH eJIMMJIaHTaH I(S"H KaBaTJIM IIHIIa
MaTrcpuaira KS'/JIJIaHI/IJIaI[I/I.

I'OCT 30826-2001ra wmyBodwMK, KyNKaBaTIM IIMINA KyHujgaruiaapra
OynvuHanu;

* 0JI0BJAH XUMOSUIOBYH,

* [IIOBKUHJAH XUMOSIIOBYH,
* COBYKOap/ 101,

* MaxCycC Xoccajapra Jra.

KynkaBatnu mumanap MexaHHK Xoccaiapu OViimda Owp Heda Typrapra
oynuHanu (>kaaBai 6).

Kansan 6. KynkaBaTiu muiianap MEXaHUK Xoccallapu

| [lIuma Typu \ Hopwmatus xyxxkar | Mapxkacu \
| JInctan ummna ITOCT 111 | MO, M1, M2 |
| V3opmu | TOCT 5533 'y |
| Apmarypaim \ I'OCT 7481 | A \
Apwmarypanu Ba | H/I A,
caliKaJUlaHTaH
| bysnran \ HJI | T \
| MycTaxkamiaHras | | |
| KuméBnii mycTaxkam \ HI | K \
| To6nanran | TOCT 30698 T |
| XUMOSJIOBYH ‘ HI | X ‘
| DHeprusACaKIOBYH | TOCT 30733 ) |

Kyn xaBarnm mmmanap IOMIIOK TpeaMeriap 3apOacura OapIoluTAIUTH
oyiinua Kyitugaru CM1 - CM4 xumost cuHbaapura Kupajau, KaTTHK TIpeaMeTIIap
3apbacura Oapaouutuauru o6yiinua P1A - PSA, temu6 ytumu 6yitnua P6B - PSB
XUMOS CUH(Iapura KUpUTUIaIH.

3apba TynkuHura Oapponumnaurua OViimua K1 - K14, yknan xumosuianl
oyiuua I11 - [16a xumost cundaapura KUpUTHUIAIH.

[HoBkuuaan xumosam 6yiinaa 'OCT 23166ra myBoduk A-/[ cundmapra
KUPUTHUIIA]IH.

Tpumiexkc TapkuoOn.

Kylima TpuIuiekc Imuina IUlacTUHAJIApHU OWpH-OMpH OmiaaH OyTyH 103acu
Oyiin4a Maxcyc eIMMIIOBYM CYIOKJIMK OMilaH KoriaHaau Ba Y@ wypnap €paamuia
IOJIMMEPIJIAHAN.

[IneHkanu TpUIUIEKC MIMINATAPHU MOJMMEP IJICHKAHU FOKOPHU TeMIlieparypa
Ba 00CHM TabCcHpHUJA eIMMIIaIlTra acociaaHrad. byHna nieHka cudaruaa noaumep

IIJICHKA, MacCaJlaH, HOJII/IBI/IHI/IJI6YTI/IpaJI IJICHKaaaH q)ofmanaﬂnnazm.
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Tpunnekc

Creknc

[Muma mmactuaKanap cudaruga MOMI,M2 Mapkanu JUCTIN  Y30pJIH,
apMMpiaHrad, OysuraH, ToOjaHraH, Ky€IIJaH XUMOSJIOBYM, SHEPTUSCAKIOBUU
munragapaad GorgamaHuIn MyMKIH.

Kypunum TpumiekcuHn Tai€prnaimiga OpraHuK MIUIIaJaH XaM (QoiJanaHuIl
MYMKUH.

[Iumra naacTUHAMAp MAKIM Typindya OVaumu MyMKuH. [nactunanap makiu
€JMMIIALIIAH OJIAUH Tau€pIIaHa .

[MIvma gnucTnapHyM enumall  TPUILIEKCHU — TAlIKWI — 3TYBUYWJIAPHUHT
MyCTaXKaMJIMTUHU OLIMpMaian, Oalku KaBaTiu CTPYKTYpaHU IIAKIJIAHUIIMN Tall€p
OyrOMHUHT Oy3uiuiira oapaounivauruarormpanu. ( 60-89%ra omraau). bynman
TaIIKapu TPUILUICKC XaBPCU3 Ba XMMOSIJIOBYH IIIHIIA TYPKYMHUTa KUPAIW, YYHKH Y
CUHIUPWITaH/AA Mapyaiapyu yauOd KeTMaiau, akCMHYA MOJMMEpP KaBarra EnuIraH
X0J11a KOJIAJIH.

Tpumiekc paHrcu3 Ba KOpauTHUpwiIraH OYIWIIA MyMKHH. ByHWHT y4yH
XQKMAW  KOPaWTHUPWITaH, KOpPaWTHpWIraH IUIEHKAa Ba  IOJIUMMEpiapaaH
dbolinananum  MyMKWMH. bByHaaH — Tamkapu

TpHIUIEKC yITpaOMHAbIIa Hypiapura uppamim —eKOPITHeHs ;—ﬂ:::ﬂ:mmﬂ

oymumu kepak. Iy 6wnan 6upra EnUIMTHPYBUH = f

IUIGHKa 2 coaT KalHaTWiaTaHga axpainuo

KETMAaCJIUT'M KECpaK. EVA-nnenKa
Tpumuiekc XMpa Ba PaHINIM TalEpIaHMIIN 7 /

XaM MyYMKHH. byloMra WKkWTa Typiam ycyiaa

panr Oepum MyMKuH. bupmHum ycynna i

TPUIUIEKC Tal€p OYsuIraH muIna miacThHagapIaH ___/ /

Tanépiaanaau. VKkuHuM ycynaa Tau€p TPUILIEKC

103acura KepakyIu paHrjaru TUICHKA

ENUIITUPUIAIN. U

Kypuiaum Tpumiekcs — KEHI HMMKOHUATIapra »sra OyiraH axoununo
KOHCTPYKIIMOH MaTepuainaup. by mMaTepuainu UIIaTWIMINK KyHAaH KyHTa OIIHO

O0opMoOK1a.
101



buHOnMapHu ropuszaHTam KUCMIIAPUHU, TOMIIAPHH, 3WHAJAPHU IOJUIAPHU
TanépJaia TPUIUIEKC KEHT KYJUIAaHWIMOK/A.

Tpuniexc Taiépaam TeXHOJIOTUACH.
Tpumniekc Ta€pialllHUHT OUpP HEYa YCYJIM MaBXyA: KyiiMa TEXHOJIOTHS,
IIJIEHKAJIW TEXHOJIOTHS Ba aBTOKJIABCHU3 IIJIEHKAIM TEXHOJIOTHS.

TpumiekcHu KyiiMa ycyJijia Taiépsaam TeXHOJIOTHsACH
0ocKu4Iapu:

* IIMIIAJAPHU TAaépJiall Ba IOBUIIL;

® HMKKHM TOMOHJIAMA TACMAJIAPHM KOIJIAIII;

® HMKKHMHYHY IHUIIAHUA OMPUKTHPHIIL;

® TalépPJIaHraH KOHCTPYKUMSIHU MPeccianl, ==z

* IMHWINAJAP OPAJTUMFUHHU TYJIMPUIL;

® CMOJIAHM KOTHPHIIL.

TpumiekcHn KyWiMa ycynga Tal€piam TEXHOJOTUSICH - Oy YCYJTHHHT
ad3aIUTH  TYpJIM KaJWHJIMKIArd Ba paHTIard MHIIAJapHA  OWpIAIITHPHUIIT
MYMKUH.

[Iumranapuu roBuil. [nmanap OBUITaHIaH KEMUH yIIapHU KYPYK, EFJIapaaH
XoJiu Oynuiura 3bpTHoop Oepum kepak. Illumanap opacuaa Mabiaym OVIUIMKHU
XOCHUJT KWIMII Makcaauja YeTjiapura MKKA ToOMOHJIama énumaurad maddod
TacMalap ENUIITUPWIAAA Ba CMOJa KyWHII YYyH TEHIMK4Ya KOJIIMPWIIAIU Ba
KOHCTpYKIusi mnpeccrnaHagu. CyHrpa Taii€piaHran cMosia OWIaH OpajiuK
Tynaupuiany. TYIaupuIn BakTHAa cMolaaa mygakiiapHu naiao Oyaunmra UMKOH
Kajap uyn kyiunmanan. CMoiaaHu KOTHII skapa€HuJa yHU ro3a OYiimad Oup xui
TaKCUMJIAHHIIIATA YbTUOOp Oepritaay.

Tpuniekc TaiépiaamHu MJIEHKAJIU TEXHOJIOTUSICH.

By texnomorusauHr ad3ammuru, Oy ycynma TaW€piaHraH Ky KaBaTJIH
MUIIagap KOPH ONTHK XycycusiTra 3ra Oynamaw. by ycynma mmma muctiap
opacura mnonuBuHWIOyTHpan teHka (IIBB) kyimmm0O, keitmH KoyutaHaepna
JacTnabKu TpecclaHald, CYHrpa aBTOKJIaBAa SKYHHH ENUINTUPHUIL aMaira
OLIMPUIIATU.

Konnannep WWUFWITaH TPUIUIEKC MAKETHW JAcTiIaOKU BaKyymJall Y4yH
unuiatuiagu. by yckyHa maxcyc KamepajaaH ubopar Oynu0, yHIa WUFWJITaH
tpuruiekc 110 — 115 Crauya ku3avpunaau, mMiia Ba IUJIEHKA OpacHUlard XaBo
pe3uHa Banukiap épaamuna yukapuiaau. Kommannepaan naket maddod xonataa
YUKW Ba SKyHUM Ipeccianl y4yH aBTOKJABra OMIAlITHpUIIaavd. ABTOKJIABIa
npecciam +150 C Ba 12,5 bap 6ocum octuaa onub Gopriaay.
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ABTOKJIABCH3 IJIEHKA TEXHOJIOTUSICH

ABTOKJIABCH3 IJIEHKA TEXHOJIOTUSICH 0OCKHYWIAPH:

" IIMIIAJIAPHH TaliépJian Ba I0BMIII; .
" [IMIIA BA IVIEHKAJAaH KOMOMHUPJIAHTaH MaKeT TalépJiani; ’l
" BAKYYM XOCHJI KMJIMIII;
" BAKYYM/Ia KOHBEKIIHOH KaMepaaa Ku3I1pHuil; vaa
» 20-40 nakuka gasomuaa 130-140 °C ga ymuradé typuun;
" BAKYyM/Ia COBYTHIIL.

By TexHONOrUAHUHT ad3aUTUTH Maxcyc IUICHKaTapHU KYJJIall OpKajiu OoIIKa
KJIACCHK TPUIUIEKCIap/iaH TEXHUK MapameTpiiapura Kypa IOKOpH Xoccajapra ira
oynaau. Kamuniinru sca 10KOpU TaHHapXra ara 0ynaau.

AMaJuii MalFyJaoT Basudanapu:

1-Bazuda.
Anabuernap Ba VHTepHeT-MabiayMoTiapAaH (oiganaHwiraH XoJjjaa
TOOJIaHTaH JIMCTJIM IIWIIAa AacoCHuja TPUIUIEKC UNUIA0 YUKAPUITHUHT
TE€XHOJIOTUK TU3UMUHU TY3UHT.

2-Bazuda.
Anabuetnap Ba HMHTepHer-MabiayMoTiapiaH —(oHjganaHwiraH — Xojja
TOOJAHTaH JUCTIIM [IMIIA aCOCHIa aBTOMOOWJ YUyH UCUTUJIAJUTaH TPUILIICKC
oifHacH UNUIA0 YUKAPUIIIHUHT TEXHOJOTUK TU3UMUHU TY3HHT.

Ha3zopar caBosiapu:
1. Tpunnekc Taiéprnam y4yyH MIDIATWIAAUIaH [IUIIA  MapKaJapuHU

KEJITHPUHT.
2. Tpunuekc Tai€pnaniia Kanaai OOFIIOBYMIAD UITUTATUIIATHN?
3. [Inenkanm TEXHOJOTHS aBTOKJIABCH3 TEXHOJOTHUSIAaH HUMAacH OWIaH ¢apk
KAJIaIu?
4. Typt Ba Oelll KaBaTIX MIUIITIAKOMIIO3UT Talépiiant MyMKHHMU?

doiiranaHnIrad agaduériap:

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.  CTekiio
MHOTOCJIOIHOE CTpouTeNbHOr0 Ha3HaueHus. Jlara BBenenus 2003-01-01.

6. TOCT 111-2001 Crekyo auctoBoe. TeXHUYECKUE YCTIOBHS

7.TOCT 30698-2000 Ctekno 3akajeHHOE CTpOUTENIbHOE. TexHuYeckue
YCIIOBUSL.

8. 'OCT 30733-2000 Ctekno ¢ HHU3KOIMHCCHOHHBIM TBEPJIBIM MOKPBHITHEM.
TexHudyeckue ycioBus.

9.TTOCT 30779-2001 CrekonakeTbl CTPOUTEIBHOTO Ha3HadYeHUs. MeTos
OTpENEICHUS CONMPOTHBJICHUS aTMOC(PEPHBIM BO3JCUCTBUSAM U  OIICHKH
JIOJITOBEYHOCTH.

10. Tanuuna JI.H., Munaes A.M., Ilpyukun B.A. HoBble KOMIO3WUIIMOHHBIC
Martepuaibl. YueOHoe rnocooue. Tam6os: 'OY BIIO TI'TY, , 2011.- 82 c.
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V. KEUCJIAP BAHKH
1-KEHC

TomkeHnT maxpuaa xounamrad “KoMnos3ut” KyliMa KOpXOHacuja IIuIia
TojaIap Typura MaHcy0 OynaraH Oa3ajbT TOJIACH MIILIA0 YMKapuiaMokia. Miiabd
yuKapuiaéTran 0a3aibT TOJACM aH4Ya ap30H Ba TypJd KYypUHMIIA HILIa0
YUKApUIIAAM: Y3IYKCU3 UIUIAP - aJloXM]la ToJanapJaH uoopart; pOBUHT - THapalien
WIUIapJaH TallKWJ TONTaH; KHCKa Toiajmap — ungad €ku 5-50 MMM Kucka
poBHUIaAaH nOOpat, OyHAaH TAlIKApH MIUIIATONA TYKAMa MaTo €KM TYKUJIMaraH
MaTiap KYPpUHUIIHIA XaM UIUTa0 YMKaApUIIa IH.

[uma Tona €ku Oa3anbT ToJACK OWJIaH apMHpPOBKA KWJIMHITAH cMoJjiaiap
KyPWIHIIIJ]A Ba CAaHOATAa KEHT Ky UlaHWIaan. Yap mumaniactuk éku GRP ne6
HOMJTaHAI: OOITKAa KOHCTPYKIIMOH MaTepuasiap Koriamanapu cudartuaa, €K 1K
TalTUMalIurad JICBOp TMaHeJUIapyu, CTPYKTypaJapHUHT TapKUOWH KHUCMIIApH,
Jepa3a pamaliapu, LHCTepHanap, Tpyba Ba TpyOompoBomiap cudaruma KeHT
KYJUIaHUIaIu. 1960-un #unnapman  Oomnwiad  Jjoakaigap — KOpIyclapu
HIUIIATIACTUKAAH UIILIa0 YUKApUIMOK/IA.

Kumé canoatuia xaMm MIMIIAMIIACTUKIAP KEHT KyJUIaHUJIaAW — pe3epByapiap,
TpyOOnpoBOZT €KMW TEXHOJOTHUK TaHKIap cudaruma. bynnan Tamxkapu
mumanmaacTukiaap (GRP)  temup ityimapwu, aBTOMOOWJI  TPAHCIOPTH,
AdPOKOCMUK CaHOATHU/IA XaM y3 YPHUHU TONTIaH.

AMMO HaMJIMK IIWIIA TOJACUHUHT MYCTaXKAMJIMTHUHU KECKHH MaCauTUpPAIH.
ByHnan Tamkapu mmina ToJia BakKT JaBOMHUJIa 4Yapyallra ydpausu: y30K BakKT
JaBOMHUJA JTOMMHUN Ky4dJaHUII TahCUP OTraH XoJaTAa IIWIIa ToJia TapKuoOwma
Epukiap Te3 YcuInM HaMOEH ATUld MYMKUH. IIlyHUHT ydyH BakT yTuil OusiaH
HIMIIA TOJAHUHT MEXaHUK XOoccallapy KeCKHH macaiind 6opajau, aMMO KUCKA BaKT
JTABOMUJIA MYCTaXKaMJIUTHU SIXIIIA XUCOOJIaHA N,

Keilicau 0axapuim 60CKUYWIapy Ba TONHPUKIAPH:

“Kommo3ut” KylmiMa KOpPXOHAacHJa WILIa0 YUKAPUII MaxCyJaoTJapu
TypJapyuHU KEHraWTUpHUIl Makcaauaa O0aszanbT (IIMIIA) TOJAcCH acocuaa SIHTU
MaxCyJoT TypJapuHu Takiaud OSTUHT. bazanpr (IIKIIA)KOMIO3UTIAPHUHT
KYJUIAHUJIUII WMKOHMSTIAPUHU YEKJIAHTUPYBYM MyaMMOJIApHU aHHUKJIAHT Ba
yJIapHU e4uuIl Hymnapuan O6enrianr. ba3zanpT (mumima) Tojaau KOMITO3UTIAPHUHT
KYJUIAHWUIUI coXaylapuHu Takiud »TuHr. Keic eyuMuHM >KaaBaja IIaKIuja
KEJITUPUHT:

Myammo Typu Kean6 yukuim XaJ1 aTuil Kyananuamm
cababuaapu HyJuiapu HMKOHUSATJIAPH
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2-KENC

SHATTLE (AKIL) pakera-TamryBYMHHUHT SIIATH Ba KOPIYCH  YIJIEPOT
TOJIAJH/3MOKCH]] CMOJa KOMIIO3UTHAAH TaW€piaHraH. 3aMOHABUN camoJieTiap,
xymiamaan Boeing 787 (Dreamliner) ¢ro3ensku Ba KaHOTJIApH yriiepo Tosacu /
ATMOKCH]T KOMIIO3UTIIapAaH Taiépiaanu0 KeIMoK/a.

ByHnmait yriepoj ToJajdu/OpraHUK MaTpPHUIATUd KOMIIO3UTIIAD TaH HapXH
KAMMATIIUTH OWJIaH axpainu0 Typaiau (Yriepoja TOJACHHH CHUHTE3 KWJIMII FOKOPH
xapopat Ba 6ocuMIIapHH Tajad 3Tajn).

Yraepoa Tonanapu — IOKOPU MyCTaXKaMJIMK Ba MEXAHUK XOCCAJIAPHU TEPMUK
CTAOWILTUTY OWJIaH XapakTepiaHaau; yJap WHEPT IIapOUTAA CUHTETUK OPraHHK
TOJIAJIAPHU FOKOPH XapopaTaa MIUIOB Oepulll ycyinu EpAaamuia oJrHaau (BUCKO3a,
MOJIMAKPUIIHUTPHUIT); JACTIA0KK XOM alé Typura Kapald Typiad yriepoj ToJiajap
OJIMIII MYMKUH: UILJIAp, CUM, MaTo, JIEHTa, BOMJIOK.

X03upru BakTAa yriepoj TOJAJIapHUHT HApXHW JOMMHUN paBUIIa THacaind
OOpMOK/Ja, WIYHUHT YYyH KYJUIAaHWIMII cOoXajapu XaM KeHraimd OopMokia.
VYriepoa Tojanu KOMIO3WUTIAP TEXHOJOTMK JKUXO3JIap - TypOHMHA, KOMIIpECCOp,
11aMOJI TETUPMOHJIApU KaHOTJIAPH, MAaxXOBHUKJIAp Tauépiaiga; MEIULIMHALA 3Ca —
YKUX03J1ap Ba UMIUIAHTATIAp (THU33a CycTaBlapy) Talépianiia Ky UTaHUIMOKIA.

Jlemak, yriaepox ToJajdapu OwilaH MyCTaxKaMmJAITUPWITaH YIJIEpOJ
TOJIA/OpraHUK MAaTpUIAIM KOMIIO3UT MaTepHal IOKOpU  (PU3UK-KUMEBHIA
XyCycusTapra ora.

AMMO yriepoj Tosajgapy OWjlaH MyCTaXKamJIAIITHUPUITaH KOMIIO3UT Ky4JIH
aHU30TPONHUATAa HSrajuru MyHoca0aTh OujlaH YHUHT XOcCcalapu TypJin
HyHanmunuiapaa Oup XWJ 3Maciurd Kenmd 4YuKMokaa. by 3ca KOMITO3UTHUHT
MEIUIMHA Ba TEXHUKAAa KYJUIAHWIUII WMKOHUSTIAPUHA KUCKapTUPMOK/A.
HMcrepMOMuM  TOMOHMAAH  KOMIIO3UTHUHI  aHU3OTPONMSACHHHM  KaMaWTHPHIL
KEPAKJIUTH Tamad STUIIIN.

Keiicau 0axxapuin 00CKM4WiIapH Ba TONIIUPHUKJIIAP:

» Keiicnaru MmyamMMoHU KenTUpUO yuKapraH acocwii cabaliapHu OeiruiiaHr
(MHIMBHUIYaA Ba KHYUK TypyXJ1a).

* KOMMO3UTHUHT aHU3OTPONMSICHHN KaMaUTHUPHII YYyH OakapuiiaguraH
UIUIAp KETMa-KeTJIUTMHH Oenrwianr (Kypmmkinapaard  umn).  8-9-
WJIOBAJIapAaru MabIyMoTIapiaH (HoNgaTaHUIIIMHT U3 MYMKHH.
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3-KEMC

[Muma TapakKUETH KaMUAT TapakKKUETH OWiiaH y3BHM OOFJIMK. YHHHT KT
xycycusitiapu 6op. AiiHukca — madpdodaurn xamaa mumukauruaup. lumagan
Typau XUl yi py3rop, 0e3ak OyroMmiapu, TeXHUKa acO00JapH, HCCUKIMK Ba TOBYIII
U30JSIMMOH MaTepuaiiap sicananu. llumanusar kamd >TUIUM Typau-TyMaH
maKuiapaaru  OyTwikamap, Xap XWl UWAWIUIAp, Ba3ajap, CTakaH, KajaaxJjap
KHCKACH, TYPMYIIl Y4yH 3apyp OyromyiapHHM KYyruia® unuiad 4yuKapwIMIIATa OJI0
KEJIH.

Tabuuii mwMIa Tapuxu OJaM30]l TApUXUJaH KarTa. ByJIKOH OTWIHWIIH,
3wIBuiIa pyi Oepullid, MOMaKaJAUPOK TymOupiamu kaOu TabuaT Xojaucaiapu
TaOUUii MMIanap-o0CUINaH Ba SIIIUH IIUITATAPUHUHT XOCHJ OYuinra cabadbuu
oynraH.

Mapxkasuit Ocué Mamnakariapyaa XaM IIUIIACO3JIMK KaJUMJIaH OOIllJIaHTaH.
YHUHT Tapakkuid €TraH JaBpd ypTa acpjapra Tyrpu Kenaad. Mamxyp
sHcTUKIoneAucT onumiap AOy Paitxon bepynuii, A0y Anu u6n Cuno, A6y bakp
Myxamman ubH 3akpué ap-Posuii acapiapupa KenTUpWIraH MabIyMOTIap
[IMIIACO3JIMK TEXHUKacu Oy epaa kaaumru Mucpaarura HucOaTaH FOKOPUPOK
caBHsa 0JIMO OOPHIITAaHIUTHAAH JAI0JaT OCpaIH.

MurupMands acp JaBoMHza Y30EKHCTOHIA KATOp IIMINA KOPXOHAIApH
Kypuinu6, umra tymupuind. Hlynap sxymnacura TomkeHT «OnHukc» Ba «ACJI
OMHA» wumua6é umkapumr OupiamMacd KaGM KOpXOHamap Kupamd. by
KOpPXOHAJApHU HIITa TYHIMPUII PECHyOIrKa dXTHUEKIAPU YUYH Kepakiau Oyiran
muira Maxcynomiapuau (PacM) ap30H Ba KEHT TapKajraH MaxaUIuid XoM aménap
acocuia unuiad YuKApuIl UMKOHUSTAHU OEp/Iu.
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[uma unuiad yukapuiaa mMarepuauiap MKKATa KarTta rypyxra OyiuHaau:
HIMIIA XOCWUJ KWIyBUMJIAp - yJap KaTOpUra OJTHUHTYTYPT, CEJIeH, MapruMylil,
dochop, yrinepon kadbu snementiap; SiO,, FeO,, B,0s, P,Os, As,O3, BeF, kabu
OKCHJI Ba OMpUKMaiap.

SlkKa XoJa MIMIIACUMOH XOJIATHU XOCWJI KWJIAOJMAWIWIraH 3JIEMEHT, OKCHUJL
Ba Oolka ouprkmanap moaudukaropiap ned atananu. Yuapra TiO,, TeO,, CeO,,
MoOs;, CoOs, BiyOs, Al,O3, Fe,03, CaO, MgO, Na,O, K,O kabumap Kupaiu.
Bbynpaait okcuj Ba OMpUKManap HiMila XOCHJ KWJIyBUMIIAP UIITHUPOKHUIA OCOHTHMHA
HIMIIIACUMOH XOJIATHU BYXKYATa KEeJITUPaAU. Yap UINTUPOKHUAA HIUXTAHUHT SPUIILL
TeMrepaTrypacu nacasau. Jlekun xocusn Oyiaran amopd MOATaHUHT MEXaHUKABHM
Ba KUMEBUM XyCYCHUATIapH XaM OUPO3 KaMasi/iy.

[[luxTta  TapkuOura KUPYBYM  KOMIIOHCHTIAD  COHHHHWHT  OIIWIIH
IIMIIACO3IMKIA YKoOmid pon YitHanmu. Macaman, Na,O-CaO- SiO,, CaO-Al,Os;-
B,03, Me, O,-P,05-B,0s kabu cuctemanap acocuia muina 0COH XOCHII OYIIaiu.

Cunukat TapkuOmm caHoart mmimanapuaa SiO,, CaO Ba Na,O Owiman Oup
karopaga MgO Ba Al,O; xam karHarmagd. Marivii OKCHAM IIMIIATapUHUHT
KpUCTAJJTAHUIIIUTA OYJIraH JaéKaTUHU OUPO3 CyCauTHUpaaH, AIFOMUHUN OKCHUIU Aca
YIAPHUHT KUMEBUU TYPFYHJIUTMHM TaMUHIamra xusmar kuinaau. [uma xocui
KWIyBUM Ba Mojaudukatopiap yctuaa A.A. AmmeH Kyn TaaKUKOTIAp 0OJIHO
oopras.

Keiicau 0a:xxapum 00CKU4/JIapu Ba TONMIMPUKJIIAP:

by kelc cramum ycynuaa Kys3jJaHraH Makcaj — TypJIM OKCUIJIAPHUHT
KOMIIO3UIIMOH HIMIIA MaTepuaiap spaTHILIard pOIuHH YpraHuIll.

SiO, okcuau muHepan cudaruga KaHaald HOMIIaHAIM Ba (akat y acocuiaa
SKKa TapKUOJIM MIKIIA MaTEPUal OJIUIL MyMKUH-MU?

SiO, okcuau acocuaa sIKKa TapKHOIH KA MaTepHall HIIUTA0 YMKAPUIIIATH
MyaMMOJApHU aHUKJIAHT Ba €YUMHHHM Takiaud »Tur. Keilic eynMuHU KaaBai
MIAKJIUA KEATUPUHT:

MyamMmo Typu Kean6 unkum XaJ 3TuIn nyJjuiapu
cababsapu
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4-KEMC

TexHuka MMIIACMHUHT TypH XyJa KyIl. YHHHI aCOCHM MAaxcCyJIOTIapu
KaTropura KyWnJarmjiapHu KypcaTuill MyMKHH:

1. Kapu mmmacu - maddod Ba Oyruk 6ynmaau. Keapr mumacunu umiad
yukapuiiga Gopmynacu SiO, TYFpU KelaIuraH FOKOPH Japakagard To3a TOF
owntypu €xu KBapry kymmapuaan Qoiganananu. Andarra, yaap OFUp TEMHUPIU
MUHEpaJUIap, Jana MIMaTd, CIIo/la Ba TYNPOKIaH To3ajlaHUIIX 3apyp. Hatmxana
OoHUraH TOF JKUHCHUHMHI KHMEBHH Tapkubu SiO, doiigacura Vy3rapaaud Ba
MalaTaHTaH 3appadajapHUHT TPaHYJIOMETPUK TapkuOW Ty3aTwianu. Mmmab
YUKapHIIAa KyUlaHWIaétraH XoM-amié TapkuOu Kyhumaruda Oymamaum: SiO, 99.6-
99.7; P,03 - 0.15-0.30, my xymnangan Fe,O; 0.002-0.003; CaO 0.05-0.08; MgO
0.03-0.05; P,O 0.01-0.02 Ba xm3mupunranmaru uykotum 0.05-0.08%. Ksapi
IIMIIACH YTa IOKOPH TEPMHUK Ba 3JIEKTp OapAONUTUTH OMIaH axpaind Typaiu.

2. OnTHKa MmUIIacH — ONTUKA acbobyapuna KyigaHaauraH KpoH, (JIMHT Ba
oomkanap. Earun kponnap - SiO, — 50-80 %, B,0O; — 10%, K,O — 20% (6a3anapu
12 % ®). Kponnap — 60p-CUIMKATIN LIUIIATIAp, OTUP KPOHJIAp 3ca OOp-KpeMHUMN
Ba Oapuil OKCHITIApU aCOCHa CUHTE3 KIJIMHAIM.

3. DJexTp BakyyM Ba 3JIEKTPOHMKA IIMINACH —PaJMO3JIEKTPOHUKA cOoXacuia
3aMOHaBUN acO00-yCKyHakap/ia KEeHr KYyJJlaHwiagd. AcocaH alllOMHHHIA-O00p-
CWJIMKAT cHCcTeMajap acocuaa unuiad umkapuiaad. HOKopu TEXHOJNOTHK Ba
OKCIUTYTACMOH  Xoccajapura dSra — KAMEBHHA  OapJONUINTH, MEXaHUK
MYyCTaxKaMJIUTH, TEPMUK OapJIOIUIUTH, IOKOPH JMAIJIEKTPUK Xoccajapd Ba
BaKyyMra 4uJIaMJIurd. DJIeKTpoH TexHukacuaa B,03-Pb0O-Zn0, B,0s- Al,03-Zn0O,
As-Fe-Se cucremacuaaru mmumanap (CUTAUIOLEMEHTIAp) XaM KeHT KYJUIaHUJIaIu.

4. KuméBuit - nabopartopus IIUIIACK - ONKAa Ba EFOH IIWIIAjap,
naboparopus Ba WNUIA0 YWKApHUINAA KEHT KyJUIaHWIaau: KUME, O3MK-OBKAT,
MeaucuHa, dapmaceBTUKana, jgabopatopusi Ba caHoaT acOoOmapuaa Ba X. by
TypAard IUIIanap TypJiu peareHTIap TabCUpuUra KUMEBUM OapIOILIUTH, IOKOPU
TEPMUK OapJOIUIUTH OWIIaH aXXpayiud Typaju.

KeiicHu 0axxapuin 00CKM4IapHu Ba TONIIHPHUKJIIAP:

» Kgapi mmmacuau tapa maxcynotiaap (OyTuika Ba muia 6aHkanap) uiiad
YUKAPUILJIA KYJJTAHWIUITKN MyMKUH-MUA? CababiapyuHu KeITHPHUHT.
* Keiicnaru MyaMMOHHM KEJITUPUO YMKAapraH acocuil cababiap Ba Xajia JTHII

WUV IUTapyuHM JKaiBajl aCOCH1a U30XJIaHT (MHIMBUAYa]l Ba KHYUK TypyXJa).

MyamMmo Typu Kean6 unkum XaJ1 3TuIlI HyJuiapu
cababsapu
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Keiic 5

/

N

5-KEMC

Typnu érounapnaH OMMHTAH eNMMMJIAHTaH MaTepuasuiap
Typiuda (QU3UK-MEXaHUK XOCCaJapHW HAMOEH  KHJIAJH.
V36eKUCTOH MAapONTHAA KAMCH elMMIaHraH §F04 MaTepHaIHHU
uiiad yukapuin xap rapadiama doiganmu?

[ Keiicau 0a:xxapum 00CKU4/JIapy Ba TONMIMPUKJIIAP: J
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VI. MYCTAKHWJI TABJIUM MAB3VYJIAPU

MyCTaKHJI TABJIUMHHA TAIIKWI ITUIIIHUHI IIAKJ/IA BA MAa3MYHHU

THUHIIIOBYMHUHT MYCTaKHJI TabJIMM HILIW MYyailsitH MOJLYJIHUA XYyCYyCUSTIApUHA
XucoOra ojiraH XoJjia KyHujaru IakiiapiaaH QoiganaHun® Taiépiamu TaBcUs
STUIAAM:

- MeBEpUN XyXOKaTiiapjaH, VKyB Ba WIMHH anabuérinapaaH (ouaanaHuIil
acocu1a MOAYJ MaB3yJIapyUHU YPIraHMILL;

- TapKaTMa MaTtepuaap 0yiinya Mabpy3ajiap KUCMUHH Y3IaIITUPHILL

- Maxcyc ajgabuérnap Ba HHTEpPHET MabiIyMoTJap  €pAaMHIa MO
OynuMITapy €KU MaB3yJIapy YCTH/]Ia UIILIAI;

-TUHIJIOBYMHUHT  KacOuil Qaonustu Ownan OOfIMK OYiAran MoOAyn
OyauMIIapy Ba MaB3yJapHU YyKyp YpraHuil;

- TaHJIaHTaH MYCTaKWwiI TabJIUM MaB3ycu OViiWua marepuan TYILIall Ba
TaKJAUMOT Tanépunail (pyc, Y30eKk €K MHIIIN3 THIIH]IA);

- maxcyc apromamiamrupuwirad nacrypiap (EXCEL, AUTOCAD) épnamuna
Marepuan TapkuOWMHUM Ty3umn (8-wioBaza MHCON  KEITUPWITaH), YHHHL
XOCCaJlapyHU  aBTOMATHK Tap3la XucoOjalml Ba pexajlalllTUpUII, HUiiad
YUKAPUIIIATK YCKYHAJIAPHU TY3WIMILWHA YPraHuil.

MYCTaKI/I.H TabJIUM MaB3yJapu

1. Cynbuii Ba TabUMI KOMIIO3UIIMOH MaTepUasIap.

2. Kommo3unmon wmartepuayjiap CTPYKTypa TY3WJIUIIH, CTPYKTypa
Vpranuiiaa 3aMoHaBuN (GU3UK KUMEBUM TaXJIUJ YCYJUIapH.

3. Homerammap acocumga KOMIO3UITMOH MaTeprasuiap.

4. KykyH MeTaulyprusi ycyiu €pJaaMujia KOMIO3UIIMOH MaTepHhaliap
UIIad YuKapuil.

5. Il¥natnap unuiad yukapuiaa GeppuT-eMeHT KOMIO3UIIUSLIIAP.

6. Mertamn  KyKyHjap, yJapHMHT  XOCCaJapd Ba  KYJUIQHWJIWMI
MMKOHUSATIIAPHU.

7. Toyamy KOMITO3ULIMOH MaTepHraap.

8. lllumrammactukiap UIIiad YUKAPHIIL KaAPAEHH.

9. Iluma apmatypacu UIuIad YUKapUII KapaéHH.

10.Tpurmiekc Ty3WJUINM, XOccalapy Ba WNUIA0 YHKAPHII TEXHOJOTHUK
JKapacHu.

11.MycraxkamialmiTUpUII ~ KOMIIOHEHTJIap:  ToJlajlap  Typjlapu  Ba

Xoccanap.
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12.Yraepoa Tonanapu acocuja 3aMOHAaBHI KOMITO3UIIMOH MaTepHUasiap.
13.buokomMno3uTaap, yIapHUHT KYJTaHUII UMKOHUSTIIAPH.

14 Komno3unyoH  maTepuauiap  MIUIad  4YUKapulga  MaTpulia
MaTtepuaiapHu.

15.KoMno3union mMatepuauiap HWIriad YuKapuiiga MOJIMMEPIApHUHT

(V)

VpHHU.

16.Ilonmumep MaTpuLamy KOMIIO3UIIMOH MaTepUaliap WIUIA0 YMKAPHUII
TEXHOJIOTHUK JKapaCHMU.

17.Kepamuk MaTpullajgy KOMIIO3MIIMOH MaTepuauiap HUIUIad YMKApHUII
TEXHOJIOTMK JKapacHH.

18.Metayim maTpuiiaid KOMIO3WIMOH MaTrepuaiap Wiuiad YUKapuiil
TEXHOJIOTHK >KapacHHU.

19.Frou-ennuM KOMIO3HIMATAPUHUAT TypIIapH

20.Enumitanran éroyia €roura Kyiuiaaaurad Taiadsuap
21.Envumitadran €royjia eumra Kynuiaaaurad Tanadaap
22.EnvmMitanran €ro4Hu Taiépiaii kapaéHura Kynuinaaurad tajnaosiap
23.Envumiianran éroyian goiganaHumnga Kynuaaaurad Tanadaap

24 Enumiadran €roujjard MEXaHUK KydJiap

25.Enmumnanran érougaru KuMEBUii OOFIap

26.Enumnanran érounaru anare3vs Kydwiapu

27 .Enumnanran éroufaru KOre3usl Kydjaapu

28.ErouHuHr AHHU30TPOIIUACHU Ba YHHUHI CIIMMJIAHI'aH MaTCpualuiap
oJiMmaa MHOOATra OJMHHUIINA
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VIl. TJIOCCAPUI

Tepmun V36eK THINAATH IAPXH WHram3 Tmiangara mapxmu
Komnosuyuon WNuutad  umkapwiran, wukkm €xu | It is manufactured, it consists of
mamepuarn KyTpoK ¢usukaBuii Ba/€ku kuméBmii | two or more physically and/or
xap  xun  Oymran,  wmarpuma | chemically distinct, suitably
(uatepdeiic)  wumma  taptuOim | arranged or distributed phases
KoMnamran  ¢daszanapaan - Tamkdi | with an interface  separating
TOITaH MaTepHUall. them.

Mampuua, Kommo3unmon Marepuanuuar Oup | The binding material ensuring

unmepgeiic OyTYHJIIUTUHH tabmunsoBuH | the integrity of the structure
OOFJIOBYM KOMITOHEHT

Mampuya Merain, KepaMuKa, moJIMMep Metal, ceramics, polymer

Mamepuannapu

boznosuu Maxcynotra Mawbiaym reomerpuk | Gives the material the necessary

Mamepuannunz maks1 Oepud, KywiaHWIUIApHU Xaxm | geometric shape, distributes the

sazugpacu Oyitnua Omp xwmn Takcumuianummau | load evenly throughout the
TabMUHJIAWIM Ba MabiiyM Mexanuk | Volume, keeps the armature or
xoccanu Imakutantupann, xampaa | fillers from the effects of the
apMaTypa  €KM  KyIIMMYajaapHH | environment
TaIIKA MyXUTIAH CaKJIaiiiu.

Komnosumnunez MycTraxkamaamTHPyBUH reinforcement material,

mMycmaxkamauzunu | KOMIIOHCHT, apMUpOBKa martepuaid, | reinforcement

owiupaouzan apmartypa

KOMHOHeHm

Hon-ynuamnu
Kymwumuanap

ViayamMu yd4 WYHAIMIIIAQ KHYUK
Oynran Kymmmyanap - KyMm, Maiina
(KyKyH) JOHauajapra sra OyiraH
merayuiap, ¢ocdarinap, mwMma Ba
JOWCHMOH MUKpocepa ImIakigaru
MaTepHasuiap.

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 ynuamnu
Kywiumuanap

TonacumoH
apMmarypa

TYIAUpYyBUMIAP,
JIEMEHTIIApH,  KaiTa
TONANM TabMMHA  Marepuamgap -
acOecT, YCHUMIMK MaTepHallIapH,
TOJIACUMOH KpHUCTaJu1ap (aJIFOMMHMN
HUTpUA, Oepwumid oOKcuaw, Oop
KapOuau, KpeMHHUH HUTPUAN), y3YH
TOJIANIN xap XHIT OpraHuk
OupukKManap.

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 ynuamnu
mynoupyeuuaap

Jlenranap, MaroJap,
TYPCUMOH 3JIEMEHTIIAP.

marJap,

Tapes, mats, fabrics, nets
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elements.

H3zompon MarepuannapHuHr xoccanapu | Material ~ properties in  all
KOMNO3UYUOH XamMa Hynanumaa 6up xun Oynumn | directions are the same.
mamepuan KEpak.
H3zompon Jucnepc xonmaru | Dispersed reinforcing
Komnozumaapoazu | MyCTaXKaMJIaIITUPYBYU components: micro-and
mycmaxnawmupyey | KOMIIOHETIIAp: MHKpPO- Ba | nanopowders.
U KOMNOHEHMm HaHO3appa4alap.
Anuzompon MarepuannapHuHr typnu | Material ~ properties in  all
KOMNO3UUUOH iynamumnapaaru  xoccanapu  ¢dapk | directions different
Mmamepuan KWJIau.
Anuszompon Apmarypa  cudaruga  tonamap, | As reinforcement in a particular
Komnosumaapdazu | TUIACTHHKanap, wmaronap, Typiap | order fibers, plates, fabrics, nets
Mycmakanawmupyey | MabIyM HyHaNIMIIAR | are arranged
U KOMRoHuenm JKOMTAIITUPUIITaH OYIaau.
Ionuapmuposka Wkkn Ba yHman kyn Ttypaaru | Composite materials, reinforced
KUJIUHZaH MyTaXKamIalITHPUILIL by two or more types of
Komnozumaap. TYIAUPTUYIApU KYJUIAaHWITaH | reinforcers

KOMIIO3ULIMOH MaTepuaiap.
Hucnepc- Martpuiia OFUPIIUK Ba | The matrix provides strength and
Mycmaxkamaawimy | MyCTaXKaMJIMKHU TabMUHIIOBYH | weight, the particle size of
punzan acocuit JJIEMEHT, puctepe | 0,01... 0,1 um
KOMRO3UUUOH 3appadaJIapHUHT ydyamiiapu
Mmamepuanaap 0,01...0,1 MxMm
Hucnepc- N3otpon XycycusTiapra ara | Isotropic material
Mycmaxkamaawimu | MaTcpual
puizan
KOmMno3uuyuoH
Mmamepuaniap
Jucnepc- Kykyn meramnyprus ycymiapu €ku | Powder metallurgical methods,
mycmaxkamaawimu | CyloK Meraul Tapkubura Kyimimn | the method of adding additives
puncan ONJMIAH  TYNIMPru4iap — KYWHII | to liquid metal before casting
KOMRO3UuyuoH yecyJuiapu épnamua unad
Mamepuaniapruu YUKAPUIIAIH.
uwnad  yuKapuwl
yecyanapu
Kyiioupunzan AJHOMUAHAT MAaTpHIIACH Ba | Consists of a matrix of
anomunui kykynu | 18%rada  amomMuHM@d  okewad | aluminum with additions of up

(CAll)

3appauanapuaan uoopat Oymaau

to 18% of particles of aluminum
oxide
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Hukenw acocuoa
maiiépaanzan
Komno3umaap

Martpuna cudatuaa HUKeIb Ba
VHHHT XpOM OWIaH KOTHIIMalapu
KYJUlaHWIaau (XpOMHUHT MUKJIOPHU -
20%raua), MYyCTaXKaMJIaIITUPHIILL
KOMITOHEHTJIapH - TOpUH Ba radHUi
OKCHU/JIJTIapH.

As the matrix involved Nickel

and its  chromium alloy
(chromium content up to 20%),
reinforcing components -

thorium and hafnium oxides

bop monanapu

IOxopun MycTaxxkamiivK, KaTTHUKIIUK,
IOKOpH  Xapoparaa  Oy3uiuinra
yupgamin; 70...200 MKkM AuameTpura
9ra; yiap METAUIMK Ba MOJIUMEp
MaTpULIAJIAaHK  aApPMHUPOBKA  KHJIHII
YUYH KYJUTaHUIaau

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

Yenepoo monanapu

IOxopn  Mycraxkamiukra — ara,
MEXaHUK  Xoccajapu TEPMUK
Oapkapop; allOMUHUI Ba MarHUWHU
apMHUPOBKa KUJTHII YUyH
KYJUJTAaHWJIA]IY;

Have high strength, mechanical
properties  resistant to the
temperatures; used for the
reinforcement of aluminum and
magnesium

Kepamuk monanap

Oxkcuj, HUTPUI, KapOuaIap acocuaa
Ta€pilaHav, IOKOPU KATTUKIIHK,
MYyCTaXKaMJIUK Ba TEPMUK
OapkapopiuKra sra; aJllOMUHHANA Ba
MarHuiH{A apMHUPOBKA KWJIUII Y9YH
KYJUJTAaHWJIAIA

Are made of oxides, nitrides,
carbides; have high hardness,
strength and heat resistance;
used for the reinforcement of
aluminum and magnesium

HIuwamona MycraxkaMIiuk, tepmuk | Have strength, heat resistance,
Oapromuik, IUdIeKTpHK xoccanapra | dielectric properties and low
Ba IIACT MCCHUKJIMK YTKa3yBYaHIMKra | thermal conductivity, used in the
ora, HCCHKITHK 30U | manufacture of insulating and
Matepuajiap, KOHCTPYKIHOH | stryctural materials
MaTepuajulap MIUlAd  YMKapHIAa
KYJIJTAHWIIA]IH.
“E —glass” DnexTpuk Tonanap oenrminananu, E- | Electric fiber, E-glass is a good
(E-wuwma) HIHIIA SXIIH JICKTP U30JISATOP, insulator, has good mechanical
SXIIM MEXAaHUK Ba 3JIACTUKIIMK elastic properties
MOAyJura sra
“C —glass” Koppo3sust Typnaru Tojanap Corrosion fiber, C-glass has high
(C-uiuwma) oenrunananu, C-mmina IKopu chemical resistance
KUMEBUH KOPpO3UsiTa 6apIOIUTUTH
Ownad TaBcudIaHaN;
“S —glass” OHTI I0KOpU TEPMHUK Ba Have the highest temperature
(S-muma) 0JIOBOApIOIIMKIa 5Ta IHKIIAIap resistance and refractoriness
Keenap-29 Kanatiap, kabemiap, KoriaMmain Used in the manufacture of

apamuo moaacu

MaToJap, apXUTEKTypa MaToJapy Ba
0aJUTMCTHK XUMOS MaTOJIAPH -
OpOHEXHUJIETIIAp UIUTA0 YMKAPHUIIIIA
KYJUJTAaHWJIAIA

ropes, cables, protection fabrics,
architectural fabrics and fabrics

for ballistic protection of body -
armor
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T'emunaxc

Katiamnu koMmo3ur, Tapkudnga
KOFO3 Ba CMOJIa MaBXKY/
(penonodopmanbaeruy €xu 0.).

Layered composite, composed of
paper and resin (phenol
formaldehyde, etc.)

Ezou-kamnamnu

denonohopmanbaeru Ba

Consists of phenolformaldehyde

naacmuxaap (/ICII) | kpe3onogopmaabaerus cMoia and cresol formaldehyde
ManI/II_[aCI/I/éFO‘I IIIIOHUIaH resin/veneer
ubopataup.

Mampuya MartepuaaTHUHT OYTYH KaXMHU Component located continuously
Oyiu4a y3IyKCHU3 JKOMIAIITran throughout the volume of the
KOMIIOHCHT aTajialiy. material

Apmupoeka KOHCTpYKIIHOH KOMIIO3HUTIapaa Provide in composite materials

KoMnonenmanapu acocaH KCpaK/I¥ MEXaHUK the necessary mechanical
XYCYCHATIAPHH (MYCTaXKaMIIUK, properties (strength, hardness,
KATTHKJIMK Ba 0.) TAbMHHJIANWIN etc.)

Tepmopeaxmue [Momumep 3aHKUPU xocwui | During the formation of the

noaumepnap Oyma€rranma Kotum peakuuscu xam | polymer chain occurs in the
coqup  Oymamu. By peakumsuiap | hardening reaction. The
Maxcyc knMEBHi MOAanap | hardening reaction can be
TabCUPHA, EKM MCCUKIMK Ba BOCHM | jnitiated using the appropriate
TabCUPHAA, CKM  MOHOMEPIAPTA | pomicals or by applying heat
STCKTPOTIIap OKHMP%HUH TABCHP ST g pressure, or by exposure to a
HATIDKACHIE COMHP DYNAMH. monomer to an electron beam.

Tepmonnacmnap [Monmmepinap Temneparypa Ba 6ocum | Polymers that flow when
TabCHPH/IA OKYBYAHIIMK 3ra exposed to temperature and
Oynanuiap Ba HCCHKIIMK TabCUPUIA | pressure, i.e., they soften or
FOMIIOK €KHM TLTACTHK XOJaTra become plastic when heated.
yraguiap. XoHa Xapopaturata After cooling to room
COBYTWIIraa bynaai OMMMEPNAP | tomneratyre, the thermoplastic
XaM KoTa. solidifies.

Honumep Taiiepnamga acocan  monuddup, | For the manufacture of polymer

mampuyaiu STIOKCH 8KH (heHOTOMOPMATHICTHS | - matrix composites most

Komno3umaaap commonly used polyester, epoxy
Gornosuniap KyuraHunaay, Oymap | or phenol-formaldehyde binder,
KOTTaH XonaTaa erapiu | 8 the most efficient, with

reasonably high strength

MYCTaXKaMIKIa . properties in the cured state

Tepmonnacmux Xapopat Tabcupuaa rommaiinuran | Polymers that soften or melt

noaumepnap ¢kn opuimuran nonmmepnap, Oy | when heated; examples include
Typra mnacT Ba IOKOpW 3W4IMKIArd | polyethylene low and high
MMOJIUATUIIEH, IIOIUCTHUPOI B2 | density, polystyrene and
[MOJIMMETHIMETAKpUIIaTIIap KUPaIH. polymethylmethacrylate.

Ionumepnapnune Kyiiunarunapra Oornuk  Oymaau: | Depends on the surface flame

on1086apoowinuzu spread and penetration of fuel
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OJIOB TapKAJIUILI MalJOHU, EKWIFUHU

TabCUPHU Ba KUCJIOPOA UHACKCH.

and oxygen index.

Kucnopoo wunoexcu

(LOI)

EHMIn naBoM STMIN ydyH 3apyp

OynraH  KHCIOPOJHMHI MHHUMAI

KAHMaTUHY OeIrniIaian.

The minimum amount of oxygen
that will support combustion.

Ionumep [Tonumnponurex, Heitnon, | Polypropylene, nylon,
mampuyanu tepmortactuk nommsupaap (II9T, | thermoplastic polyesters (PET,
Komnozumnapoa IIBT) Ba  mnoiukapboHariap, | PBT), and polycarbonates,
mepmoniacmuK HOTTHAMK T UMHZ, | nolyamide imide, Polyphenylene
mampuyanap “OHH@eHH“eHcynb‘bml I(HIEDC)’ sulfide (PPS), polyarylsulfone
nomapuicybpon (polyarylsulfone) | o1 2y isuifone) and polyester-
Ba nomIGUP-SQUPKETOR. | o4y atone ketone (PEEK)
ketonnapaup (PEEK). '
Memannap Acocan 3 Ta kpuctaiut | Most often, one of the following
Kpucmanin CHHTOHHATAPIA KPHCTATIAHATH: three crystalline forms:
CUHZ2OHUATApU .
« émmapu Mmapkasmamran kyouk | * face-centered cubic (FCC)
(I'K) * body-centered cubic (BCC)
* XaXMH —MapKasJalraH KyOuK
 Hexagonal close-Packed (HCP)
(OLK)
* onTUOypYaKkiIM 3WY  YINaKOBKa
krwmaran (HCP)
Memann 3 Typu MaBXKYI: * particle-reinforced MMCs
mampuyanu Jlucnepc-MycTaxKaMaalTUPHII TaH
Komnosumnapruunz | MMK * MMC:s reinforced with short
mypJapu * KHCKa Toja Ba Myimosnap Ownan | fibers or whiskers
apmupoBKa KunuHran MMK ) )
o y3nykens Tona Ba jucrnap wnan | * MMCs reinforced with
apmupoBka KuymHran MMK. continuous fibre or sheet
reinforced MMCs
Demexkmux OBTeKTHK Tapkubau kommo3utiap, | Alloys of eutectic composition,
KOMRO3UWUOH MyCTAXKAMTATITHYBUH dasa in which the reinforcing phase
Mamepuannap are oriented crystals, which are
cudaruaa Macca TapkuOuaa | formed by directional
jiyHantupuran kpucrammmsanus | Solidification.
JKapa€Hapd  HaTWXKACUZla  XOCHII
65"JIF3.H KpucTtauiap Xxu3mat Kujialau.
Hluwaxkepamux Xaxkm  Oyiimua  95-98  ¢dowmsu | They form a sort of composite
Mamepuaanap material, as they consist by

Kpuctamn (azamaH, KONTaH KHUCMU

sca mmma ¢aszanad ubopar Oynaau.

volume of 95-98% crystalline
phase, and the rest submitted to
the glassy phase. Crystalline
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Kpucrann  ¢aza  yta  HO3uMK

(3appavanap mguamerpu 100 HMmaH

KHYHK) CTPYKTypara sra.

phase is very fine (grain size less
than 100 nm in diameter).

Kepamuxka

I'pexua keramike (roHoHua keramos)
— TYHpoK

From ancient Greek (keramos) -
clay

Kepamuxa
mamepuanu

TaOuuii Tynpok €ku Tynpok Ouian
TYpAY MUHEpaJLIap apajaiiMacuIaH
XOCHJI KWJIMHTaH JJOWHH IMHIINATHO,
Kyino, KypuTuO Ba KEHUH KaTTHK
KU3AUPUO XOCHUIT KUITHHTAH
MaxCyJIOT

The product of high temperature
calcination of a mixture of
natural clay and other minerals

HIuwa

Kuménnii Tapku0 Ba KOTHII
TeMIiepaTypacura OOFIMKCU3
paBMIIIa FOKOPH XapopaT TabCUPHIA
XOCHJI KWJIMHTaH SpUTMaHH yTa
COBHTHII OPKAJU OJIMHAIUTaH
KATTHK JKUCMIIAPHUHT XOCCaJlapUHU
KaOyJn KuiauHaaurad 6apua amopd
KUCMIIAP.

Amorphous solids obtained by
quenching the melt irrespective
of the chemical composition and
the solidification temperature.

Onosoapoows oyrom

Kepamuka TexHomorusicu 0yitnya
Unuad YUKApUIraH, YTXOHa Ba
newjap KypHiljga UuiaTuiauras,
onoBOapaonumuru 1580°C man kam
OynMaraH Kepamuka OyromH.

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 oyrwomu

Kepamuka TexHonorusicu acocuia
sicaJITaH YTKa3ruy, sipuM yTKa3ruy,
U30JIATOP, MAaXCyC XOccallu (MarHur,
OIITHUK, DJIEKTPUK) OYyIOM Ba
Oormkanap

A conductor, semiconductor,
insulator or a product with
special properties (magnetic,
optical, electrical) obtained by
ceramic technology.

Kepamuk
mMampuyaniu
Komno3umaap
uwnad yuKapuuioa
uccuk npecciaul

bup BakTHMHr ¥y3uza Marpeuanra
IOKOpH XapopaT Ba OOCHMHHU TabCHUP
ATHII HATWXKACHUJA 3UY CTPYKTYpaIH,
FOBaKCM3 Ba Maiija 3appayanu
KOMTIO3UIIUS XOCHII OYTIaiu.

The simultaneous application of
pressure and high temperature
can accelerate the rate of
densification and allows to
obtain non-porous and fine-

scapaénu grained structure.

Kepmemnap Mertain 3appavanap ounan | Reinforcement of ceramic
MycCTaxKamjamTupuiaran kepamuka | dispersed metal particles leads to
IOKOpH ~ MEXaHHWK  MYCTaxKaMIHK, | new materials (cermet) with
MCCHKJIMK  3apbra  Gapnouumiry, | jncreased resistance, resistance

IOKOPH HMCCHUKJIMK YTKa3yBYaHIIUKTa
ara.

relative to thermal shock, high
thermal conductivity.
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Kepmemnap IOxkopu  xapoparnu  kepmetnap | High temperature cermets used
Kyianunum acocuzia ra3 Typbunanap aeramnapy, | 10 make parts for gas turbines,
coxanapu 3NeKTp mewnap apmarypacu, pakera | Valves furnaces, parts for rocket
Ba peaxkTuB Texuuka geramtapu | and jet technology. Hard ware
Taiiépnanam. Karuk nmkananmmra | [eSistant cermets are _used to
qERaMIH KepMeTIap KUK manufacture the cutting tools
and parts.
WHCTPYMEHT-JIJapU  Ba  JeTajuiapu
Ta€piiaiiia KeHT KyJulaHUIaIu.
0SB OpueHTHpIaHTaH KUPHHIWIN Oriented strand board
[UIUTAIAP
MDF Vpraua 3UdIMKIArd 6F0Y TONAIN Medium Density Fibreboard
[LUIUTAIAP
Danepa IITOH KaTjaMJiapuaan npecciad the tiled material received by
OJIMHAIUTaH TUTUTa MaTepHaIn pressing of layers of an interline
interval
Enuwxoxnux €JINM F03aCUHHHT acoc 103a OmiiaH interaction of a surface of glue

TabCUPJIAIIUIIN

with a basis surface

Hucnepc 6o02nranuwm

bup-6upura xyna sKuH KOUIAIITaH
MOJICKYJIajap ypTacuaaru OOFJIaHUIIT

Communications between very
closely located molecules

Booopoo ooznanuw

Boopo1 aTOMUHHHT HKKUTA
KyTOJIaHTaH TypyXra TaKCUMJIAHUIIIN
HaTIKacH/1a XOCHI Oyaaauran
OOFJIaHHIII

Communication, formed in a
consequence of division of atom
of hydrogen into two polar
groups

Ilapenxum
Xyacaupanapu

Erounaru uy3uHdox 6ymMaran
xyxkaiipanap (¥3ak Hypyiapu, cMoJia
1yiapu 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

HOHI/IMep 6OFHOB‘{I/IHapHPIHF TapKI/I6I/I Ba KOTUPHUII PCIKUMIIAPU

Cmona | Yckoputens |[Imactudukarop| OtBepaurens | OTBepxkAcHUE
Ne 1/1]
(mac. 4.) | (mac. 4.) (mac. 4.) (mac. 1.)
3/1-20 ITH-1 I2I1A
1 100 20 10-20 24 viaca
KE JAbD I2I1A
2 1100 20 3 10 I uac
3 ?I?g)zo _ IH-1 TOAT 1,5-2 vaca
100 20 10 npu 100°C
4 KE _ ITH-1 MA 5 yaco
100 20 20 acos
ITH-1 HK I'unepus o
S) 100 8-10 35 - 1 yac npu 60°C
6 IMH-1 HK [MIMBK 3 2-2,5 gaca
100 0,4-0,5 1 mpu 20°C
7 IMH-1 HK-1 [MIMBK B 2-2,5 gaca
100 1-8 3 pu 20°C
Crynenuatoe: 1 ug
8 OdDC 3 B MA npu 50-95°C;
100 3 90-110°C;
105-98°C
MNJIOBA 3
[TommMep maTepuaaIapHUHT 3UYJIUTH
| Monana | [LIOTHOCTD, T/cM°> |
| oo dupHas cmomna (ITH-1) 1,148 |
| Dnoxcunas cmomna (D]1) | 1,166 |
| Kommaynz srokcunbiii (KE) [ 1,314 |
| Tpusromamunoruranar (TDAT) [ 1,370 |
| Iomusrrnernonuamus (III1A) 11,076 |
| TuaponepeKnch H30MPOMMIGEH3011a (THPIIEPH3) | 1,060 |
| uGyrundranar (JIbD) | 1,042-1,049 |
| TTonumernmtriakerod (IIMDK) | 1,060 |
| Hagrenar xobansra (HK) 10,920 |
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bab3u nonumepaapHUHT EHUII XapaKTEPUCTUKACH

NIJIOBA 4

[ToBenenne marepuana MpH BHECEHHH

Tlomumepst XapakTep rjaamMeHu 3amnax
B IUIaM$I ¥ TOPIOYECTh
Tommtrnen (I19) IInaBuTcs Teder mo KamisMm, Toput | CBeTsieecs, BHavayie | ['opsmiero mapagpuna
XOpOIIO, TPOJOIDKAET TOPETh TMPH | TOIXyOOBaTOE, IOTOM XKEITOE
yIaJCHUH U3 IJIAMEHH.
TTommpormnen (TTIT) To xe To xe To xe
TTommkap6onar (ITK) To xe Konsmiee
TTomammu (TTA) TopuT, TedeT HUTHIO CuneBatoe CHU3Y, C KenThiMH | [lameHbIx BOJIOC WJTH
KpasiMu rOpeJbIX PaCTeHUH
TTomyperan (ITY) Topur, TeyeT no karsm Kenroe, CHHEBATOE cHuU3y, | Pe3kuil, HempusTHBII
CBETSIIIEECs], CEPhIH AbIM
Homctupon (TIC) CamoBoCIIIaMEHSETCS, ITaBUTCS Spko-xkenroe, cetseecs, | CaankoBaTblil IBETOYHBIH, €

KONTAIICC

OTTCHKOM 3allaxa CTHUpOJIa

HomTunenrepedranar (II9TD)

I'opur, xkamaer

)KenTo-opacheBoe, KONTAIICC

Crnankuii, apoMaTHbII

OnokcuHas cmona (D/1) T'oput xopomwo, mpomomkaer ropeth | XKenroe xonrsiee Crietuduueckuit cBexuii (B
MIpY yJAJIEHUH U3 TJIaMEHU CaMOM HauaJie HarpeBaHusl)
[ommndupras cmosa (ITH) l'oput, 00yrauBaercs Caerseecs, KONTSILEE, KEITOE CrnankoBatsblil
HomBuammxnopun xectkuii (I1BX) loput ¢ TpynoMm u paszOpaceiBaHueM, | SIpko-3esieHoe Pe3xuid, XJIOPUCTOT'O
NIpU yJaleHUM W3 IUIAMEHH TacHET, BOZIOpOAA
pa3Msruaercs
[BX mactiuimpoBaHHbIA T'opur ¢ Tpynom u npu ynanenuu u3 | SIpko-3eneHoe Pe3xuid, XJIOPUCTOT'O
IUIAMEHH, ¢ pa3dpachlBaHHEM BOOpOAA

®enonodopmarnsaeruaHas cvoina (PPC)

3aropaercsi ¢ TPYIOM, TOPHUT ILIOXO,
coxpassieT Gopmy

Kenroe

®denona, popmanbaeruaa
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[TonuMmep MaTepraIIapHUHT SPHUILL XyCYCHSITIApH

NIIOBA 5

PacTBopurenu
. coJIsiHas

[Tonumepsl STUJIOBBII YKCYyCHasI

OCH3MH | alleTOH BOJIA KHCJIOTa

CIUpT KHCIIOTa
(KoHITL.)
denonodopmanbaerugHas
cmomna (PDPC) HP HP | HP B
Onokcuanas cmona (D3]1) HP P P HP |- —
[Tommadupnas cmona (ITH) | HP P P HP | HP HP
[Tonmmamug (ITA) HP HP HP HP |P HP
[MonuBununxnopua (IIBX) | HP HP HP HP | HP HP
[Tonucrupon (I1C) HP Hb HP HP | HP HP
[onustuinen (I19) HP HP HP HP | HP -
IIpumeuanue. P — pactBopum, HP — nepactBopum, Hb — HaOyxaet, — — HET CBeICHHIA.

NIJIOBA 6

JInb6epman — lItopx — MopaBckuii peakuusicu 0yitnya nojmmepiiap EHUII PEAKIUACH

Oxkpacka

[Tonumepsl

Cnabo-po3oBas

®denono-hopManbaeTuaHbIe,
henono-hbypdyponbHbIE

Po3ogas, nepexopsinas B KpacHyO

OHNOKCUTHBIE CMOJIBI

MemiieHHO CUHEET, 3aTEM 3eJICHEEST [TonuBuHUIXIOpU T
OTCyTCTBY€ET, MUHOTJA KOPUYHEBASI [TonmaupHbIe CMOITBI
OTtcyTcTBYyET [TomaTrsieH, TOJMITPONMJICH, TOJIMKApOOHAT,

MOYEBHUHO- u

MOJTMAMUJ, TIOJUCTUPOIT, TIOTMMETHIMETAKPUIIAT,
MeJIaMUHO-(hOpMaIThICTHTHBIE
CMOJTBI, AaKPUJIO-0yTaTIMCH-CTHPOITLHBIE TUIACTUKH
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Ahstract

Akermanite (CayMgSi,00) ceramics have been successfully prepared by a novel approach, consisting of the heat trestment 8f silicone resins
embedding MgO and CaQ precursors, in the form of micre- and nano-sieed particles, that act as resctive fillers. Phase purity was promoted by the
use of nano-sized particles or by secondary adifitives, such as sodium borate. The use of hydroxyapatite as additional filler allowed the fabrication
of monoliths with good specific mechanical properties, although with 8 complex phase assemblage. Sodium borste, besides Fivoring the
crystallizution of the desired silicate, promoted a substantial and homogeneows fouming of polymen/filler mixtures, leading to akermanite foams

possessing good compressive strength.
& 2013 Elsevier Ltd and Techna Group S.r.l. All rights reserved.

Keypwords: B, Porosity; D, Silicate; E. Biomedical applications; Polymer-derived cemmics

1. Introduction

The Ca0-5i0; system has been widely demonstrated to
provide excellent biomaterials, in the form of glasses (hio-
glasses |1]), glass-ceramics (e.g. wollastonile-apatite glass-
ceramics [2]) and polverystalline ceramics (e.g. wollastonite
polymorphs, di-caleium silicate etc. |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 |i].

Mgz() has heen always recognized s a key secondary oxide
in bioceramics, being already present in the formulation for
wollastonite-based glass-cermmics [2] and some bioglasses | 1],
Another interesting contribution of this oxide concems the
formation of new phases, Le. Ca-Mg silicates, in polycrystal-
line ceramics, which are the object of a prowing inlerest by
researchers [7-12].

"Carresponding anthor,

E-mail adavess! ennod.bemundo@ unipd a0 (B Bemardo,

Akermanite, CaMgSi;0; (or 2Ca0 - Mg0O - 28i0y), is the
most reported biogctive Ca—Mg silicate, together with diopside
(CaMpSiz0y, or Cald- MgO . 25i0,), Compared to those based
on wollastonite, ceramics bases on Ca-Mg silicates are
generally stromger and are subjected o 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 1o
this method, the fillers directly react with the prodect of
oxidative decomposition of the resins, consisting of amorphous
silica, possessing a pamicularly defective network and conse-
quently prong 1o very favorable reaction Kinetics. A distinctive
feature of preceramic polymers, including silicones, is that a
component may be shaped in the polymenc form using plastic
forming technologies and later converted into a ceramic;
applied 1o silicones embedding CaD  precursors (mainly
CaCOy) this concept has already led to several examples of
wollastonite cellular ceramics, including 3D scaffolds |14,
In the case of akermanite, we will show firstly the conditions

O2T2-ER425 - see front matter © 2013 Blsevier Ltd and Technn Group Sel. All nghis reserved.
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for the synthesis of the desired phase in condition of high
purity and relatively low processing temperature and secondly
1he fubrication of highly perous components through the use of
fillers able to perform o double role, e they both react with
the silicone residue o give the desired crystalline phases and
act as foaming agents,

1. Materials and Methods
2.1, Materials

Twoe commercially availoble silicones, MK and HG2C
{Wacker-Chemie GrbH, Munich, Germany) were used as silica
sources, MK is a powder, whibe H62C is a highly viscous liquid,
The polymers were first dissolved in isopropanol and then mixed
with micro- and mimo-sized fillers, consisting of Ca0 and Ma(
precursors (pamary fillers). Call was provided by CaCOy, in
form of microparticles { < 10 pm, Sigma Aldrich, Gillingham,
UK} or nunoparticles (PlasmaChemn, Berin, Germany, 90 nm),
whereas MgO came from MeiOH); microparticles { < 10 pm,
Industrie Bitossi, Vinci, Taly) or MgO nanoparticles (Inframat
Advanced Materials, Manchester, CT, USA, 10 nm). Selected
formulations comprised afso hydroxyapatite {later referred 1o s
Hap: P260 S, Plasma Biotal Ltd, Tideswell, UK, dogy=3 pm) and
borax (sodium borsle decahydate, Na;ByO: - 10HLO, Mormupur
Prolabo, France) micropamticles. The balance among the most
important constitvents (silicones'Ca0 precursarMgO precursor)
fodbowed the stoichiometric SI0HCaOM g0 malar proportions of
akermanile {ie. Si0/Ca0MaO=221). lsopropancl was used
in an amownt of 20 ml for every 10 g of starting materials.,

The mixing was performed under magnetic stiring, fol-
lowed by ulirasonication for 10 min, which allowed to obiain
stable and homogeneous dispersions, later cast in large glass
containers and left to dry overnight at 80 °C,

2.2, Preparation of monoliths and foams

Monoliths were prepared using both polymers as silica
source, More precisely, 50wi% of 5i0; wss due o MK,
S0 wi%e to HE2C; given the relative silica yield (0.84 for MK,

Tahle |
Summary of conditions For samgle preparation.

E Bermardo & al. / Ceramics felernational 40 (2004] T028-1035

058 for HGACH, the polymens were wsed in the weight
proportion MEHG2C=2/3, This solution for silica precursors
wits chosen after preliminary experiments conceming other
silicates and alumino-silicates, such as wollastonite and cordier-
ite [ 14,15]. Besides Cal and MgO precursors, some samples
feawred HAp as additional filler, in an amount ranging from 23
to T3 wi%. After drying at 80°C in a plass container, the
siliconefiller mixtures were heated at 200 °C (in order 1o Tavor
the cross-linking of HG2C, in analogy with previous experiences
I15[). for | b, and then manually ground into fine powders by
pestle and morar. The powders were cold-pressed in a
cylindrical steel die applying a pressure of 40 MPa for 2 min,
without wsing amy binder. Disc specimens with a diameter of
20 mm and thickness of approximately 1 mm were obtained and
hean treated at 900-1100 °C for 1 h; the heating mle was 2 °CY
min. For a selected formulation, the powders were pressed into o
tile with dimensions of approximately 50 mm x 35 mm = 4
mm, by wsing a higger die. Afler ceramization, the tile was
cut inte small beams of approximately 43 mm = 3 mm = 4 mm,
later polished and chamfered, up to a 5 pm finish, by using
diarmomd tools,

Foams were prepared by using only the HE2C polymer, to
which Mg(OH) micro-particles, CaCO, micro- or nano-sized
particles, and boras (5 and 15 wi% of the theorstical ceramic yield
of the other components) were added. The use of HE2C as the only
silica source wis aimed ol muximizing the rheological behavior of
the: mixtures (in nem due w the fact that HG2C is fiquid ot room
temperature) [15], After firt drying &t 80 °C, the HA2C-based
mixtures were in the form of thick pastes, ker manually
trunsferred into Al molds, where they were subjected 1o 8 treatment
at 350 °C in air (direct insertion of samples in oven), for 30 min,
which enabled to stmbilize the bubbles caused by water release
{from Mg hydroxide and borax). During the tresiment, complete
crosslinking of the preceramic procursors was also achieved. This
treatment replaced the cross-linking cycle al 200 °C, previously
applied 1 mixtures based on both ME and HE2C. Afler mmoval
from the Al molds, samples were fired at 1100 °C for 1 h in wir
(2°Cymin heating rate). Cylindrical samples, with diameter of
10 mm and height of 7-8 mm, were oblained from the fired foams,
by manual polishing (with diamond 10615),

Type Silicn precursor Primary fillers Secondary filler Fuing lemperuture (°C)  Expectod crystal phases
{CaCY and MpO precursons)
Akermumile monoliths  MEMGIC Miero-CaC0y, Micro-MpiOH), Nose SHp Akermanide
TKHY
Mano-CalC0),, Mano-MgO L1{Hy
AkermaniieHap MEHGIC Mamo-Call0,, Nano-Mg Hap 400 Akermanite+HAp
compasite monolids (25-T5 wi%)" (i}
Akermanize foams H&2C Muno-Ca0y Micro-MpiOH), Mane 110K Akermanite

Bors (5-15 wi®)”

Micre-Cul0, Micra-MgiOH).

Barax {5 wiR)®

*Amaunts refiermed 10 the theosetical ceramic yiedl of the silicone/primary fillem s ies.
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Toble | summarizes the conditions for the preparation of
samples. in both monolithic and cellular form.

2.3, Characierization

The density of discs and foams was determined peometr-
cally and by weighing using a digital balunce. The true density
of the various sumples was messured by means of & gas
pycnometer (Micromeritics AccuPyc 1330, Norcross, GA,
operating with He gas on samples in powdered form. Micro-
simaciurel characierizations were performed by optical stereo-
microscopy and scanding electron imicroscopy (FEI Quania
200 ESEM, Eindhoven, The Netherlands) equipped with EDS.

The crystalline phase identification was performed by means
of X-ray diffraction (XRD; Bruker AXS D8 Advance, Bruker,
Germany). supponed by duta from PDF-2 datbase (ICDD-
Intermational Centre for Diffraction Dats, Newtown Square,
PA) and Match! program package (Crystal Impact GbE. Boan,
Germany).

The elastic modulus of akermanie/HAp composites was
determined by sebhjecting the previously mentoned small
beams 10 non-destructive dynamic resonance testing (Grindo-
sonic, Leuven, Belgium). The bending strength of monolithic
snmples and the crushing strength of foams were measured at
room temperature, by means of an Instron 1121 UTM (Trstron
Damvers, MA) operating with a cross-head speed of 1 mm/min.
Bending tests were conducted in the 4-poind configuration
(40 mm outer span, X0mm inner span). Each dotn point
represenis the hvernge value of 5-10 individual sests.

3. Results and discussion
A1 Swnrhesis af akermanite ceramics

Fig. | confirms the possibility to obdain skermonite ceramics
exploiling the reactions between the ceramic residue from silioones
andl filbers. Considering the sbsence of an evident amorphous halo
in ol patterns, the total degree of crysallization was reputed 1o be
remarkable abready after te heat treatment ot 900 5C. However, the
yield of the desired silicate was strongly affected by the processing
termpensiune and the size of the fillers. More precisely, as already
found in previous investigntions on wollastonite [ 13], the use of
nuno-sized particle fillers led 10 the formation of skermomine
(PDFRET-004T) nbessly ot 900 °C, while o higher processing
temperatre wais rquined when using micro-sized fillers of the
same composition. Samples fired of 1000 °C did not show amy
significant difference with respect 1o the ones fired s 900 °C in
terms of crystalline phase assemilage and overall peak imensiny. AL
100 T, akermanite was the masin crystal phase in all samples, but
the sample from micro-sized fillers contained more impuritiss (sec
(e rebative height of chamcteristic peaks), in the form of secondary
sibeates, such as wollasionite (-CaSi0,. PDPES40655) and
mierwinile (CaMgSi 0 ie. 3C20- MgO - 250k, POFSIS-0521),
The sample from micro-sized Allers abo coilsined mces of
unreacted MpO (periclase, PDFRRT-0653), From the semiguantits-
tive X-ray dilfeaction analysis provaded by the Match! program
package, we cm say that the final phase assemiblage at | 100 “C for

Ahmranie [7-0047]
Raforance lres
T "'1! i'|l'-'! .FT'!T FT!r!!'!rLT'T'| I|‘|. |.|‘|r l'l.' L
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Fig. I. Phase evolstion of cemmics from: silicone/filers maxiures simed & e
synthesis of akemanite (mécm = micro-sized Ellers, nano = nano-send Blie,

the best sample, obtained using nano-sized particles, wis B5 wi®
akermumnite, 9% mervwanilz and 6% wollsionite, Since both
wollastonile and merwanite are both bosctive | 16), the presence
of such impurities was ol reputed 10 be an issue for the forecasted
biological application of the msterial.

3.2, Development and characrerization of akermanile-based
CEFMIRIC CORposites

Hydroxyapsiite (HAp) was introduced as additional filler in the
bewt formaulation for akermanile synthesic {he ope comprising
nano-sized fillers), in order o modify the biological response of
the material and produce compomnents possessing also w faster
dissolution rate in biological fluids. Moreover, the addition of o
further filler would potentially reduce the presence of cracks that
were ohserved when processing the mixtures producing  pure
akermanile, despite the choice of o silicone mixture (MK+4 HEXC)
as silica source, instead of only one silicone polymes. In fact, the
use of a mixwore of slicones has been proved 1o Livor the
imegnty of polymer-derived silicates (s discussion of this effect
hits been recently provided by Parcianello et al. [ 15]), because the
different chemical and strectural characteristics of the polymeric
precursons pencmie 4 sifica matrix with different featores (e.g.
network connectivity and number of defects) which determine a
diffierent shility to relay sirvcturl resrmangements by viscous flow

or diffusion processes.
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HAp was added in several proportions (75 wi% CaOVMgQy/
i cemmic residue from silicones and active fillers, 25 wi%
HAp, 50-50 wi%, 25-73 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
ssociated 1o the volumeltic changes, in wm due 10 ceramic
conversion and reactions giving the desired crystalline phases.

HaAp, however, did not act simply as an inerl filler besides
promoting the integrity of samples, it affected the phase
development, as shown in Fig. 2, for samples containing
25% and T5% HAp. HAp peaks remained well recognizable
for treatments a 900 °C, while at 1100°C a novel phase
formed, that is ecaleium phosphate silicate Caw(P0,).5i0,
(CPS, FDF#40.0393), whose bioactivity was demonstrated
only very recently [17]. Akermanite s clearly visible only
for 25% HAp, m 1100°C, whereas almost all samples
contained merwinite, Some traces of wnreacted MgQ were
detected for 25% HAp, a1 900 °C.

Table 2 reports the results from mechanical testing of
composiles with 75% HAp fired at 1100 °C, The ceramic
composites exhibiled a sensible linear shrinkage (~15%) and
were quile porous (~30 vol%), because of the production of
decomposition gases during processing and limited solid stae
sintering at the processing lemperature, with consequent limits
on elustic modulus and strength, 1T we consider, however, that

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 [15], a™ p=1.9, where o is
the strength and p is the density). The specific bending
siiffness index (E'%p) was also close 1o 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 Fiz. 3a, for infilration.

2.3 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  thick paste.
This condition has a greal potentinl for further processing,
since the high viscosity could promote the entrapmeni of
gases, More precisely, MgiOH); and borax were considered
for their ability to decompose ol relatively low temperaiure,
with a significant release of water vapor below 350 °C 20,21,
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 imtended 1o:
(i) provide the evolution of water vapor; (i) siabilize the

Inderimily I au

Fig. 2. Qualimtive X-my diffraction patters of akermanite-based ceramic composites. prepared wish (n) 25% HAp; and (K) 75% HAp.

Tabde 2
Suamary of physical and mechanical properties of selected akermanite-based biocermics.
Toype Densaty, o (gfom’y Total porosity (%) Smengeh, & (MPa) Movtes
25 Akermanite T3 HAp mosolath (1100 “C) 2831000 7 106 + |5 {hending) E=24.0 4 4.0 GPa
Akermanite foams (CaC0y namo-partiches) .86 + 0,03 K} ! 3.4 4+ 0.2 {crushing) Mo borax
050 £ 002 0] 5.1 £ 04 ferushing) 5% Borx
085 4 040 ] 3.4 + 04 qerushing) 15% Bomx
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Fig. 3. Microstructural details of (o) akermanite/HAp censmic composte (76% HAp); (h,c.d) akermanite based cellular materials (h) onby Mgi0H), 2 fouming

egent: and () 5% borax; and & 15% borax)

a b
v v Akermanite
x  Wollestanite v Monticellite
& MgO
i = L Z o 153 5% borax - MgiOH),
v e [P Fe e barax micro-CaC,
v v
= 3 I I |:I I"l'l '
= [
= i
= =
@
5 §
E E
&% borax - Mg[OH),
nano-CacO,
L i B s s
W15 0 25 M0 A% 40 45 B0 G5 &0 &5 7O 15 20 25 M 3 40 485 B0 55 B0
20! deg. 24/ dag.

Fig. 4. X-ray dilTraction patiems of skermanins foams {a) elTect of borax and (h) effect of CaCO, powder stze (ool ideasd peaks all comesponding o akermunie)

cellular structure by thermal cross-hnking of the H62C
polymer, As reporied in Table [, the sample resulting from
the use of Mp(OH); as the only waler source was very porous
{density well below 1 glem®™, but the pore distribution was nod
particularly homogenecus (see Fig Sh) On the contrary, the

addition of borax caused the formation of a well-developed
cellular structure, with many clearly imterconnected macro-
pores (see Fiz. Sc and d)

Borax had also a quite unexpecled effect on the developinent
of crystal phases. As shown by Fie. da, akermanite is not the only
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Fig. 5. High magnification details of skermsandie Foams (3} 15% borx and (b) 3% borax,

crystnl phase that developed from mixtures comprising nano-
sired Co005 and micro-sized Mg{OH): wollastonite and MgO
(weak peaks) are also clearly visible, Mixtures comprising boras,
o the contrary, Teatured only the presence of akermanite. We can
posat that this additive bed 1o the formation of o bguid phase upon
ceramization (transformed ino o borate glass phase upon cool-
ingh. thus favormg ionic imerdiffusion. This s confirmed by
Fig. 4b, showing that even opemting only with micro-particles
(miyero-sized CaC0, replaced nano-sized CaCOy) akermanite was
the dominant phase (there @e in fact only wesk traces of a
another Ca—Mp  silicate, monticellite, CaMg8i0, ie. CaD-
M- S0y, PDF#35-0590),

Despite having o very similar bulk density, the crushing
strength of the cellular ceramics (see Toble 2) increased with
the addition of a limited amount borax while, quite surpris-
ingly, thot was nol observed for the sample with the most
homogeneous porous structure (5% borax  addition). A
possible cause is the abnommal crysial growih of the silicate
phase (embedded in @ low viscosity borate phase), visible in
Fig. Sa, leading 1o a number of microvoids. The abnormal
crystal growth was not detected in the sample with o lower
content of borax (3%, as shown in Fig. 5h,

The strength of the obtained foams, in all cazes, compares
favorably with the data reported in the litersture for cellular
akermanste {e.g. foams from conventional replication of PU
templades possess o crushing strength well below 2 MPa | 223,
The presence of B;0, and Nus0) in the amorphous phase is not
expected to compromise the bioactivity, since these oxides are
present in bioglnsses in much higher amounts [1], The
validation of the bioactivity and biocompatibility of the foams
as well as the cerarmic composites, will constitute the focus of
future investigations.

4. Conclusions

The main findings of this study may be summarized as
follows:

& Akermanite cesamics can be casily obiained by the thermal
treatment of silicone resins embedding Cal) and MgO
precursors; the crystalline phase purity is optimized when
adding nano-sized fllers.

® Hydroxyapatite powders, introduced as secondary fillers,
interacted with the other components, leading to monolithic
ceramic composites wilth complex phase assemblages and
featuring a good specific strength; all the developed crystal
phases are known to be biocompatible.

& A particular combination of starting matenials, such as
H62C polymer, nano-sized CaCO; and micro-sized Mg
{OH):, was found to yield highly porous cemmic compo-
nenls, by a very simple process (low temperature foaming,
Followed by ceramization at 1100 °C),

# The addition of borax had a double effect, Le. it contributed
both to the development of an homogencous cellular
maorphology  and to the phase evolution; for boras-
containing mixtures the resulting ceramics feature akerma-
nite as the main phase,

® The pewly developed foams compare [avorably with
cellular akermanite bioceramics previously reporied in the
lieraiure; the oxides associaled 10 borax addiion (B0 and
Mz are not reputed o degrade the biocompatibility, being
present in well-established biomatenals, such a5 bioglasses.
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Abstract. Liquid phase production technologies of metal
matrix micro- and nanostructural composites  are
considered. A complex using magnetohydrodynamic stir-
ring, ultrasonic treatment of melt during liquid and liquid-
solid states and thixocasting advantages are proposed.
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1. Introduction

Research and development of metal matrix
composites (MMCs) are given a significant consideration
practically in all economically developed countries due to
the complex of mechanical and service properties that
could be obtained in this class of structural materials. and
which are unaftainable in the traditional materials
produced using the traditional technologies. Metal matrix
provides a number of advantages if compared to other
(polymer. carbon, ceramic) matrices. in particular higher
hardness. strength, electric and heat conductivity, crack
resistance, and melting temperature. The use of the liquid
phase technologies means that in the process of MMCs
production at least one of the components is in the liquid
phase (casting technologies. liquid forging, laser and
plasma spraying, sintering with liquid phase, ezc.)

Two types of composites are distinguished:
artificial and natural. In artificial composites the
strengthening disperse phase is either intoduced

artificially from the outside or is formed when matrix melt
interacts with artificially introduced 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 improved using the
technologies fypical to artificial composites. However,
arfificial composites are regarded as the promising
materials with unique properties [1].

Composites, reinforced with fibers or whisker
crystals, and layered composites are widely used in
industry. The technologies of their production are rela-
tively simple and the scientific bases of their deve-
lopment, analysis and prognostication of their behavior
while using the articles are thoroughly studied. With the
exception of the production of prepregs. that serve as
semi-finished articles for the production of the construc-
tions. the composites of this type and the constructions are
produced simultaneously. allowing the consideration of the
specifics of the use of these constructions and conditions of
the exploitation. These composites have a number of
positive properties (high specific strength, hardness. wear
resistance, fatigue resistance, efc.). At the same time these
materials possess substanfial defects (anisotropy of
properties. high cost, low maintenance workability. erc.),
that given specific technology and engineering properties
narrow the range of their application.

Dispersion-reinforced composites include casting
and wrought alloys as a basis and disperse particles as
reinforcers, artificially incorporated (ex-situ processes) or
initiated as a result of the occurring (in-sifi) processes.
Generally. refractory  high-strength.  high-modulus
particles of oxides. carbides, borides. nifrides (more
frequently SiC, Al,Os. B4C. TiC) are used as micrometric
size reinforcers. Chemical reactions 7n-sifu, occurring in
the melt in the process of incorporation of the reactive
metals, gases or chemical compounds. form thermo-
dynamically stable, wetted by the melt due to the coherent
boundary formation. and thermostable at high temperature
of maintenance reinforcing phases [2].
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The processes of spontaneous high-temperature
synthesis that are used to produce reinforcing particles in
the metal melts, pertain, in fact, to in-situ processes [3].

The main criteria for choosing the matrix melt
composition, size, quantity, nature of the reinforcing
phase and method of its implantation into the melt,
method of shaping and conditions of obtaining 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 technological solutions for
the MMCs article production.

Three principal processes of MMCs production are
used:

— incorporation of particles into the melt with
intensive impeller [4] or magnetohydrodynamic (MHD)
[5] mixing:

— impregnation of disperse particles or preforms
with matrix melt;

— powder technology.

With the exception of the cases when powder
technology is implemented by the compaction of the
original matrix alloy powders and reinforcing components
in the solid state, all three technological schemes involve
the use of liquid-phase techniques for producing MMCs.

The problem of the development of the composites
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 guided by
the optimum value of the property or a group of
interconnected properties that determine the operating
capacity of the finished product. New engineering
solutions may be possibly used for the articles. in which
composites substitute the traditional materials.

Despite the abundance of works dedicated to the
research and production of MMCs, their implementation
is 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-purpose properties, the traditional
foundry technologies, implying the filling of the molds
with the liquid-state alloys, as well as thixotechnologies,
implying the filling of the molds with the two-phase-state
alloys, are the most appropriate.

Specific feature of the cast MMCs is the need to
provide equal distribution of the disperse particles in the
melt volume for all stages of cast ingot produced by the
traditional casting methods: from the process of particle
incorporation into the melt to the process of ingot
formation in the mold. Therefore, the problem of
sedimentation stability of the cast composites is closely
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connected not only with MMCs property and structure
formation but with the implementation of the casting
production methods.

The structure and properties of the composites are
determined by the matrix melt properties, by the chemical
composition, form, dimensions, quantity of incorporated
or formed in the melt disperse particles. and also by the
interaction activity and processes on the “disperse
particle-melt” boundary. These factors determine the
possibility of producing of the metallic suspension. the
pouring of the latter into 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 aluminium and magnesium
alloys are the promising materials for the various branches
of industry due to low unit weight and higher, in
comparison with the matrix alloy, level of the properties
(wear resistance, hardness. local strength. bearing
capacity. heat resistance. damping, antifiiction. transport
and other properties).

Magnesium matrix composites have unique
specific characteristics [6]. Magnesium alloys with high
tendency fo vitrification and thermostability are of
particular interest as matrices for the MMCs. As the
reinforcers the following compounds are used: SiC — due
to the satisfactory wetting and chemical stability in the
magnesium melt [7]. oxides — due to low oxygen
solubility in magnesium, refractory metal powders (Cu.
Ni, Ti) — due to fine wetting of the metals by magnesium
[8]. When using transition metals in in-situ processes, the
produced intermetallides provide high wear resistance and
tribological properties of magnesium MMCs.

Nowadays, alumimum 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 mechanical, service and special
properties. creating preconditions for the wuse of
aluminum-based materials to develop engine-building,
aeronautical and space engineering.

The possibilities to enhance the service properties
of aluminum alloys, produced by the traditional
techmology of component alloying, their treatment in the
liquid state and shaping are exhausted to a large degree.
Due to this fact all technically developed countries started
the research and development in the field of the
alumomatrix composites (AMCs) synthesis.

Microsize particles in the composites. in particular,
alumomatrix composites, serve as reinforcers, and the
character of inferactions on the “particle-melt” boundary
is mainly determined by their wettability by the melt. The
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research [9.10] in the field of alumomatrix composites,
reinforced with widely used microsize SiC, AlOs. B4C,
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 to produce shaped articles
with casting methods.

Liquid phase technologies of AMCs production by
incorporating a sufficient amount (up to 20 vol %) of
micrometric refractory particles into the melt have been
brought to the industrial application.

For example, Talbor company [11] specializes on
producing alumomatrix composites, reinforced by SiC,
B4sC. and AlO; microparticles in the process of
mechanical mixing. In comparison with B,C, silicon
carbide is better wetted by the melt. provides high level of
the composite hardness, and is more commercially
appropriate. However, AlLCs; creates danger of brittle
failure of the articles. The presence of adsorbed gases
does not allow to weld and thermally treat the composite.
Even if the matrix alloy can be welded. high SiC density
with the same incorporated quantity leads to weighting of
the articles and tends to the sedimentation. Al,Os is the
densest of the three reinforcers. minimally active towards
aluminium, provides higher strength of the composites,
but 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 ByC as reinforcing and providing the
composite with the ability to withhold hard radiation
particles. With the density similar to the density of
aluminium. B4C provides higher sedimentation stability of
the shury, allowing of producing thick-section castings by
the methods of gravitation casting. using ceramic filters,
melt outgassing with argon or nitrogen. B4C particle
passivation. and special construction of the gating system.

In a number of cases, in order to improve the
weftability, the disperse particles are plated by the
elements enhancing their wettability by the melt (for
example. technological coatings of Fe and Cr are used for
SiC). For aluminum alloys Mg, Sn. Sb. and Bi serve as
interphase-active elements, improving the wettability of
the incorporated refractory particles [9].

New generations of military. aerospace and civil
equipment require the development of the new structure
and  functional materials. obtaining  properties.
unattainable in the wadirional structure materials and
composites, reinforced with ultradisperse micrometric
particles.

At present, special attention is drawn to the works
dedicated to the production of the metal matrix
nanocomposites (MMNCs) by means of the multipurpose
use of ex-sifu and in-situ processes (polyreinforcement),
implying nanosize structural constituents in the form of
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the nanosize thermostable particles introduced from the
outside and intermetallides produced as a result of the
occuring processes. It was theoretically proven and
experimentally approved that the properties of the
composites improve if the particle dispersion is reduced to
nanosize level [12-14].

The investigation [15] studies the prospects of
using nanoparticles as reinforcement agents to gain
improved performance of A356 Al cast alloy by adding up
to 5% ALO; and TiO, particles. The particles size was
intentionally reduced from 10 mm to 500 nm and to
40 nm. The results showed that infroducing nanoparticles
into semisolid shuries has a beneficial effect on
optimizing strength—ductility relationship in Al-Si cast
alloys. The new material 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 interdendritic
and/or grain boundary interface, as well as within the
grains, developed during solidification.

It is 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 fracture
toughness. strength and hardness at high temperatures,
and also to the machining deterioration. Nanosize SiC and
AlO; particles affect the size and morphology of the
intermetallic 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, high specific
surface and interphase particle energy. and high 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 in the melt requires special technology
solutions different from the technologies of the microsize
compound production. Thermal activation of the
incorporated particles in the process of their preparing to
the incorporation into the melt and the processes occurring
in the liquid composite during the dwell time, pouring into
the mold and finished article solidification. contribute to
the intensification of the diffusion and recrystallization
processes. to the disappearance of the non-equilibrium
phases. residual stress relief and. correspondingly, to the
modification of their unique properties. The higher the
technological temperature is, the more intensively those
processes occur and the lower the viscosity of the melt is.

Concerning 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 and
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successive heating of the blanks during the shaping
process to the temperature of the two-phase state (not to
total dissolution) create preconditions for the effective
problem solving in the field of cast MMNCs production
(in particular, sedimentation and aggregative stability. gas
porosity). Therefore, the processes of solid-liquid shaping
(thixoforming) are most promising for MMNCs and
MMCs products [17-20].

It is evident that irrespective of the influence of the
nanoparticles on the crystallizing alloy, they remain as
isolated inclusions in the solid composite and affect the
processes of composite destruction, depending on the
place of their location regarding the boundaries of the
structure elements [21].

In the process of cast nanocomposite production it
is necessary to provide the inoculation of the nanoparticles
into the melt and their equal distribution in the volume of
the slurry and sedimentation stability of the melt. prevent
nanoparticles from aggregation in the process of feeding
the composition into the molding cavity and in the
recycling process of the composites and reheating before
the shaping of the previously produced nanocomposite
charges. Concurrently, the problem of providing the peak
level of the necessary complex of composite properties by
affecting the processes of crystallization and structure
formation of the matrix melt is of great value.

The inoculation of the nanoparticles into the melt
and their uniform distribution in the shury is mainly
implemented by means of the mechanical [4] and MHD
[5, 22] stiring of the particles. The reinforcing particle
powders may be introduced not only in the initial state
using plasma torch, injection in the gas current, but also in
the form of the pellets, briquettes. 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 time of the melt in the
mixer with low mixing 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 in 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 two-
phase states allows solving the problem of equal
distribution of the particles in the melt volume, ensuring
the degeneration of the dendrite structure and the
possibility to use all the advantages of thixocasting for
producing nanocomposites.
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High-power ultrasound treatment (UST) of the
alloys in the liquid and two-phase state is one of the most
efficient methods of affecting the processes of alloy
structure formation [24-28]. Stuctural changes in the
ultrasound-treated metal are determined by the processes
occurring in the melt in two-phase zone — nucleation of
crystals, their growth and dispersion, by mixing processes,
which, in turn, are connected with cavitation and acoustic
streaming development in the melt. and by the parameters
of supersonic field in the melt, its properties, volune,
impurities, and dissolved gases [29].

The impact of ultrasound diminishes with
increasing the distance between the alloy and the
ultrasonic horn; therefore it is advisable to use ultrasound
treatment along with the MHD-mixing. This allows
solving the problem of non-dendrite structure 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 dendrites.

The development in the field of production of
MMNCs wusing nanocarbon materials as reinforcing
complexes, in particular, fullerenes Cg. mnanotubes.
nanodiamonds. nanosize products of the modification of
the natural carbonaceous rock (shungites). is highly
promising [30].

The problem of the nanoparticles inoculation into
the melt may be simplified due to the preliminary
production of rich nanocomposite alloys in the liquid-
solid state with their further incorporation into the melts.

Special aftention is given to the innovative
development of cast and wrought MMNCs industry — the
superdeep penetration (SDP) phenomenon. It may be
regarded as the new physical instrument to affect the
existing materials. The new concept of the physical
phenomenon of the SDP is based on the consequent
implementation of the complex of the physical effects,
such as higher energy density (accumulation) in the local
zones of the barrier material due to 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 transition. The use of SDP allows to
incorporate into the volume of the solid body the alloying
elements tens millimeters deep at an interval of 107107 s.
In the volume of the solid body the fibrous elements,
obtaining specific nano- and microstructures, allowing
producing the materials with unique properties, are
created [31-33]. Nowadays SDP is used for the solid-state
processes; however, there is a reason to believe that
complex technologies would make it possible to use SDP
for the liquid phase methods of metallomatrix
nanocomposite production.
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As a rule, the foundrv specialists are concerned
with the production of the shaped castings out of the
casting alloys by various casting methods. However. the
development of the thixoforming (thixocasting.
thixoforging) processes proves the effectiveness of the
cooperation of the foundry specialists and the specialists
in the field of the forging processes. The field of mutual
cooperation may include the production of sheets and
shapes out of nanocomposites using the methods of the
ingotless rolling.

At present the granular teclmologies develop
rapidly. especially the new material science branch of
nanostructre  granular  composites. combining the
advantages of the metallurgy of gramules and the
principles of producing the volumetric composite out of
granules [34]. As a rule, uniform (isostatic), hydrostatic or
gas-static pressing is wused for the compaction.
Considering the experience of the foundry specialists in
the field of suspension casting, the possibility of the use of
the nanostructure gramules for the inoculation of the
nanoparticles into the melt. the cooperation of the foundry
specialists with the specialists of the metallrgy of
granules in the field of the development of the hybrid
processes, capable of providing the production of the
shapes out the new class of nanocomposites, is highly
promising.

3. Conclusions

1. Mefal matrix micro- and. especially. nano-
structural composites provide a number of advantages as
compared to traditional matrix alloys. MMCs and
MMNCs based on the aluminium and magnesium alloys
are the promising materials for the various branches of
industry due to low unit weight and higher, in comparison
with the matrix alloy, level of the properties (wear
resistance, hardness, local strength, bearing capacity. heat
resistance, damping, antifiiction, transport, and other
properties).

2. The problems of nanocomposite article pro-
duction using liquid phase technologies require the system
approach to the solving of the whole complex of the
occuwrring problems. involving specialists in various fields
(thermodynamics, physics and chemistry of the melt and
solid state. fracture mechanics, technologies of the
production and treatment of the alloys in the liquid and
two-phase state, efc.)

3. The promising technologies are the complex
technologies of MMNCs production. implementing the
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external influence (UST, MHD) on the liquid and
crystallizing matrix alloy with incorporation of the
reinforcing particles along with the thixoforming of the
finished article production.
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METAJTO-MATPHYHI MIKPO-
TAHAHOCTPYKTYPHI KOMIIO3HTH (OI JIALT)

Anomauia. Pozciasvino piokogazwi mexHonocii eupoo-
HUYMEBA MEMATO-MAMPUYHIN MIKDO- | HOHOCHIPYKIMYDHUX KOMHO-
2UMIE. 3aNPONOHOEAHO KOMILTEKCHE UKOPUCINAHHA MASHIMOZIOpo-
OUHAMIYHOZ0 NEPEeMINVEAHHA, VIbINPA3BYKOE0S0 OOPOOTEHHA PO3-
NTA8Y € PIOKOMY M PIOUHHO-INEEPOOMY CHIAHT A MUKCOTUNIMA.

Kmwouoel ciosa: AMemaio-MampuyHi  KoMnozumi, pio-
KoghasHa MexnHoiocla, MacHimociopoouHaviyte nepeMiulveaHHA,
VIBMPAIEVKOSE 0OPOOTEHHA, TNURCOTUTNINA.



NJIOBA 8
EXAMPLE PROBLEM 16.1

Property Determinations for a Glass Fiber-Reinforced
Composite—Lengitudinal Direction

A continuous and aligned glass fiber-reinforced composite consists of 40 vol %
of glass fibers having a modulus of elasticity of 62 GPa (10 10° psi) and
60 vol% of a polyester resin that, when hardened, displays a modulus of
3.4 GPa (0.5 » 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.

{c) Determine the strain that s sustained by each phase when the stress in
part (b) is applied.

Solution

(@) The modulus of elasticity of the composite is calculated using Equation
16.10%:

Eyq = (3.4 GPa)(0.6) + (69 GPa)(0.4)
= 30 GPa (4.3 % 10° psi)

(h) To solve this portion of the problem, first find the ratio of fiber load o
matrix load, using Equation 16.11; thus,

Fr (69 GPa)(04)
E | (3.4 GPa)(0.6)

or Fr= 13.5 Fy.

n addition, the total force sustained by the composite F, may be com-
puted from the applied stress o and total composite cross-sectional area A,
according to

F. = Aqgr = (250 mm?)(50 MPa) = 12,500 N (2900 Ib,)

However, this tolal load s just the sum of the loads carried by (iber and matrix
phases; that is,

F, = Fy+ Fp = 12,500 N (2900 Ib,)




Substitution for F; from the preceding equalion yields
135 F + Fp = 12500 N
or
F = 860 N (200 Iby)
whereas
Fp=F.— Fu=11500 N — 860 N = 11,640 N (2700 Ity)

Thus, the fiber phase supports the vast majority of the applied load.
{c) 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.

FFor stress calculations, phase cross-seclional areas are necessary:

A = VpA, = (0.6)(250 mm®) = 150 mm® (0.24 in.%)

and
Ap= VA, = (0.4){250 mm?) = 100 mm® (0.16 in%)
Thus,
oy = 5.73 MPa (833 psi)
Fr 11640 N
o= TR 116.4 MPa (16875 psi)
Finally, strains are computed as

7w _ _ 5.73MPa
E, 3410 MPa
_ 9 _1164MPa
T E T 9% 10° MPa

Therefore, strains for both matrix and fiber phases are identical, which
they should be, according lo Equaltion 168 in the previous development.

= 1.69 » 107

g =
"

= 1,60 x 1077




NJIOBA 9.
Kepamuk, muia Ba 00FJ1I0BYM MAaTEepUAIIAP TAPKUOU Ba XOCCAJIAPH.

M odai Crysiai jpe u (GPa) B (GFa) v  (GPa)
Caibides
c Cubic 488 416 0.082 1022
SIC Cubic 170 210 0181 402
Tac Cubic 18 77 0.270 200
TiC Cubic 182 242 0199 437
c Cubic 170 21 0.196 407
Owides
AlDy Trigonal 163 251 0.233 407
ALD, NGO Cubic 107 195 0.268 m
Ba0O-TO, Tetrgonal &7 177 0.332 178
BeO Tetragonal 165 224 0.204 297
CoO Cubic 70 185 0.332 186
FaO-Fa,0; Cubic o1 162 0.263 230
Fey0, Trigonal 03 o8 0140 212
MgO Cubic 128 154 0175 200
PMGO- 290, Orthorhombic o 120 0.239 2m
MO Cubic &5 154 0.313 172
S0 Cubic 59 g2 0.210 143
Sr0-T0, Cubic 266 183 0.010 538
IO, Tetragonal 13 206 0.268 287
L, Cubic a7 212 0.319 230
Zno Hexagonal 45 43 0.358 122
Z¥0-12¥z0, Cubic 89 204 0.310 233
S0, Trigonal a4 29 0.082 25
Chaicogenides
Cads Hexagonal 15 59 038 42
FoS Cubic 23 62 027 B4
ns Cubic a3 8 o 87
PtiTe Cubic 22 41 027 56
Flupvides
BaF; Cubic 25 5 o E5
CaF; Cubic 42 ] 029 w08
Sy Cubic s 70 0.29 20
LF Cubic 48 &7 o 116
NaF Cubic E | 49 0.2 7
Other halides
CsBr Cubic CY] 16 0.26 23
CsCl Cubic 10 18 0.27 25
csl Cubic 71 13 027 18
KC1 Cubic 10 18 027 25
Nasr Cubic 1 19 0.26 28
NaCl Cubic 15 25 0.2s 38
Nal Cubic 85 15 027 20
AbLCI Cubic 75 6 0.29 21

wvailucs wers calouleted from sngle-crystal data



Glags Sy ALDy Fey Cal MgO BaQ NaO KO0 S50y F:  Zp0 PBO B0y Se CdO Cud
Container flinl 727 2.0 008 104 0.5 136 04 0.3 0.2
Container amber 725 20 01 102 0.6 M4 0.2 5002 0.2

Container flint 7.2 21 005 63 38 05 181 04 03 01
Container flint T0.4 14 006 108 27 0F 131 06 02 01

Window gresn .7 0.2 01 96 44 134 04

Window TR0 1.3 ag as 143 03 03

Flate Rkl 1.0 98 4.3 13.3 0.2

COpal jar 7.2 7.3 48 122 20 4.2

Cpal illumination  59.0 89 46 20 7.2 5.0 12,0 30

Ruby selenium 672 18 003 19 04 146 12 501 04 11.2 0Fr 03 04
Ruby 720 20 004 9.0 166 0.2 Trace 0.05
Borosilicate TH.2 37 08 54 04 13.5

Borosilicata 743 56 0.9 2z 86 04 10,0

Borosilicate 2.0 2.5 45 120

Fiber glass 545 145 04 158 44 0.5 0.3 10.0

Lead tableware  &6.0 09 o7 0.5 6.0 9.5 155 08

Lead technical 56.3 1.3 47 T2 285 06

Lamp bult 729 22 47 386 163 02 02 0z

Heat absorbing 707 43 08 94 37 09 28 07 Trace 0.5

Composition, wit

Commercial
Matsnial 5i0,  ALO, MgQ Nao KO Zn0 Fe,0, LD Ba0 PO, F TiO, Zd, As,0, applcation
Wisian gBE 192 1.8 0.2 01 1.0 01 2.7 08 - — a7 1.8 L8  Transparent
cookWare
Zerodur 555 253 1.4 0.5 _— 1.4 0,03 37 —_— a2 - 2.3 1.9 0.5 Telescops mirrors
Ceran 634 227 u 0.7 u 1.3 u 3.3 2.2 u u 2.7 1.5 u Black Infrared
Iransmission
cookbop
Marumi B5.1 228 0.5 0.6 0.3 —_ 0,03 4.2 _— 1.2 01 2.0 2.3 11 Rangetops; stove
windows

U = urnknown

Table 15.7 Properties of ceramics




NIJIOBA 10.
Temup, amOMUHNN, HUKEIb METAJIJIAp Ba KOTUIIIMAJIap TAPKUOU Ba XOccallapu.

Table 1.1 Generic iron-based metals
Low-carbon {“mild”) Fe+0.04 00032 C Low-stress uses. General
steel (+ ==0.8 Mn) constructional steel, suitable for
welding.
Medium-carbon steel Fe+03 w7 C Medium-stress uses: machinery
{+ =0.8 Mn) parts — nuts and bolos, shafts,
gears.
High-carbon steel Fe4+07 o 1.7 C High-stress uses: springs, cuttng
(+ =0.8 Mn) tools, dies.
Low-alloy steel Fe+0.2 C 0.8 Mn High-stress uses: pressure vessels,
I Cr 2 Mi aircraft parcs.
High-alloy (“stainless™) Fe+0.1 C 05 Mn High-temperature or ant-corrosion
steel 18 Cr 8 Ni uses: chemical or steam plants.
Cast iron Fe+ | BodC Low-stress wses: cylinder blocks,

{4+ =0.8 Mn 2 5i) 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+0.5Mg 05 Si 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+ 11 Si Sand and die castings.

Aluminium— Al+3 Li Low density and good strength:

lithium alloys aircraft skins and spars.




Table 1.3  Generic nicked-based metals

Strong, corrosion resistanc

Monels

Mi+ 30 Cu IFe IMn

Superalloys  Mi+ 30 Cr 30 Fe 05 Ti 0.5 A

heat-ewchanger mbes.

furnace parts.

Mi+ 10 Co 1I0W2Cr5AIZTi  Highly creep resistant: turbine blades
and dizcs.

Table 1.5 Generic tianium-based metals

a—3 titanium Ti-6 Al4 WV Light, very strong, excellent corrosion
alloy resistance, high melting point, good
creep resistance. The alloy
workhorse: turbofans, airframes,
chemical plant, surgical implants.
Table | & Properties of the generic metals
Iron 100 {140) 75 s 200 03 80 1809 256 Th 12
il seel H-130 73 o i) 430 02l 140 1765 263 ] 12
(260300}
High-cartaom steel 150 (200) 7.8 o 350-1600  650-2000  0-02 20-50 1570 460 40 12
Low-alioy steels  180-250 7.8 03 TH0-1600  420-2000  0.-02 S0-170 1750 460 4 [}
(130-330)
High-alloy steals  1100-1-400 18 115 170~ 1600 4E0-1T700  O0-0% 50-170 1680 500 12-30 10-18
{1400~ 1800)
Cast irons 120 {160 74 152 SO—400 10800 o018 &0 1403
Copper 1020 (1330) 89 130 75 20 0509 =100 1356 385 397 17
Birasses TS0 1060 b4 105 it 350 0s 30100 e 121 pit]
{280-1390)
Bronzes 1500 (2000} B4 120 00 350 ns 0100 1 a5 (k]
Mickel 200 {4200y B9 114 &0 300 04 =100 1728 450 ] 13
Manels 3000 (3500 6% 185 340 660 Os =100 1600 410 n 14
Superaliors S000 (8500} 7.9 14 B0 1300 01 =100 1550 50 " 12
Aminam 10 {1180} 17 7l SIS 75135 DI-OS 45 913 917 240 T
1000 Series 210 (1180} 27 7l 145 7S-1ED D045 45 915 P
2000 Series 1100 (1430) 18 7l W0-500 300600 00035 10-50 BED 180 14
5000 Series 1000 {1 300} 7 Ell 40-100 130430 00035 3040 B9 130 n
7000 Series 1100 1430y 18 7l 350600 S00670  OO-0U7 2070 B30 150 14
Casting alloys 1100 (1430} 27 Tl ES-350 130400 001045 S5-30 860 140 1w
Tieanmm 30 (5020 45 120w 240 018 1940 530 i 9
Ti6 A4 Y STEO (7510} 44 15 80900 9001000 002 S0-BO 1920 &0 & B
Zine 330 (430) 7l 105 120 04 693 3%0 120 ]
Lead-on scider 2000 (2600) 94 40 456
Diecnsring asoy 800 (1040 BT 105 00-330  0.07-0,15 €50 410 "o pr)
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To whom it may concern

Expert Review on the Educafion Medule “Innovafive Technology of Composite Matertals™,
prepared for the “Chemical technelogy™ specialization en teachers remaining and ednecagonal courses

Bazed on the proposed program, the Module “Innovative Technology of Composite Matarials™ is effactively devoted
tor the study of modern technologies in the production of compesites. The moduale stodies matertals for matmices and
fillers, with their properties and applicatons. Alse the production tachnologies for polymer-matrix, Cersmic-mamie
and metal-mamix composites are inchnded. Interstingly, I note that a special atention is paid to carbon-carbon
comppsites and non-wadidonal compoesite materizls such as Self-Feinforced composites, Biocomposites and
Composites for Stmoctural Desizn.

Bazed on the information from colleagues, the Module consists of 3 theoretical part and practical fasks, includes the
case smdies for self-smdy programs, the slossary and the list of references. I agree on the fact that the preparation of a
glossary, containing reviews in both Uzbek and English lanmuszes will enhance the assimilation of the program.

I think that the module “Innevatve Technology of Composite Materials™ can be used for educationsl purpeses on
teachers refraining and educational courses.
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