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Paznea 1.
Jucyunauna "MATEPUAJIOBEJEHUE HAHOMATEPUAJIOB U HAHOCUCTEM"

Knaccudukanuy TUCIIEPCHBIX CUCTEM IO PA3IMYHBIM MPU3HAKaM (arperaTHoe COCTOSHUC
aucnepcHON (a3bl M AUCTICPCUOHHOM CPEJbl; pa3Mep YacTHIl JUCTICPCHON (a3bl; B3aMMOICHCT-
BHUE MEXIY JUCIIEPCUOHHON cpefoit u nucnepcHoi (azoit). [lonstue o HaHOMaTepuanax. O06-
IIMe MPEACTABICHUS 0 HaHOA(p(EeKTaX W HAHOCOCTOSIHMU BelecTBa. [IpuMeHeHne HaHOMATe-
pHAJIOB: MEPCIIEKTHBBI H PEATBHOCTb.

Pa3mepHbie 3(hPeKTh 1 UX BIUSHUE HA CBOKWCTBA HAHOMATEepUaIoB. DOPEKThI, CBA3aAHHBIC
CO CTPYKTYpOW HaHOOOBEKTOB. Kpucrammndeckne HaHOCTPYKTYphl. [IoHATHE O CTPYKTYPHBIX
«Maru4ecKux» 4YHucJiaXx aTOMOB B CTaOMJIbHBIX HAaHOYACTHIIAX. 3aBUCHMOCTH ITOJIHOTO YHCIIA
aTOMOB U JIOJIM TTIOBEPXHOCTHBIX aTOMOB OT Pa3MepOB HAHOYACTHII.

KBanToBbie 3¢ dexTsl. CyIIHOCTh U yCIOBUS WX MPOSBJICHUSA. BiusHue KBaHTOBBIX 3(-
(eKTOB Ha XUMHYCCKHUE, DJICKTPUICCKUE, ONITHYSCKUE U TEIUIOBBIE CBOMCTBA MaTepHasioB. [1o-
HSATHE O KBAHTOBOH sIME€, KBAHTOBOM ITPOBOJIOKE U KBAHTOBOM TOYKE.

BnusHre pa3MepoB YacTHIl Ha TEMIIEpaTypy IUIABJICHUS, MEXaHUYECKHUE, XUMUUYECKHE,
ONTHYECKHE, dJICKTPUICCKIE U MarHUTHBIC CBOMCTBAa MaTePHUAJIOB.

MeTtanmnyeckue KiacTepbl U KIACTEPHBIC COSTUHEHUs. MOHOSIICpHBIC U OUSACPHBIC CO-
eAMHCHUS MeTa/uToB. KiacTepHble COeTMHEHUS METAIIOB: MaJIbIe, CPETHKUE, OOJIBIITNE, TUTAHT-
ckre. Mepsl mpeaoTBpamieHuss arperanyu. Ponb JmrasaoB. besnuraHmaHbple MeTaIMYeCKHUC
KJacTepsl. MeTalicoaeprKaiire HaHopa3MepHbIEe YaCTHUIIBL.

VYrineponHble HaHOMaTepuanbl. Kinaccudukaius yriepoaHblX MaTepuajoB IO THITY THO-
PHIM3ALNN XUMIYECKUX CBSI3eH. YTIepoJHbIe MaTepHAIBI C SP -THOPHU3aIHei (aIMasbl, 10-
POIIIKOBBIE MaTepHalibl HA OCHOBE aiMasa, yJIbTPaTUCIICPCHBIC alMasbl, alMa30uibl). YTIiie-
POJIHBIC MAaTEpPUAIIbl C YIOPSIOUCHHBIM PACIIPEACICHHEM SP°- U SP-THOPHIH30BAHHBIX XHMIUE-
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CKUX cBsizell (rpadut, nuporpadur, rpaden). AMopdHbie yriepoaHbie HaHOMaTepuabl. Dyii-
nepenbl, QyIIIepUT, IK30- U HJI0 IPOU3BOAHbIE (yIIepeHa.

VYrneponusie Hanotpyoku (YHT). Knaccuduxanusi, ctpoeHue, METOAbl MOJYyYECHUS U
¢byukunonanuzauunY HT, obnactu ux npuMeHeHus.

HanocTpykTyprpoBaHHbIE TOBEPXHOCTH W IUIEHKHU. [lodyyeHne MOHO- U TOJUMOJIEKY-
JSpHBIX cl0eB MeTonoM Jlenrmiopa-brnomxkert, HaHoCcTpykTypupoBaHHbIE MOBEpXHOCTH. Ma-
IrMYeCKUe KJIACcTephl U APYrrue aTOMHbIE KOHCTPYKIHMH. ATOMHAsi cCaMOCOOpKa U caMOOpraHu3a-
1Sl yHOPSAOUYEHHBIX HAHOCTPYKTYp Ha MOBEPXHOCTH KpeMHUsS. DPexT crabunuzanuu 3HA0-
SAPATBHBIX KPEMHHUEBBIX TPYOOK.

Komnozunnonnsie matepuansl. Knaccudukanys koMno3umoHHbIX MatepuanoB. OCHOB-
HbI€ TUIBI CTPYKTYp KOMITO3ULIMOHHBIX MaTepHUaioB. XapaKTepUCTUKA HamoJHuTeneld. Puzn-
YeCKMe UM XMMHYECKHE CBOMCTBA HEOPraHUYECKUX M OPraHMYECKUX KOMITO3UIIMOHHBIX Mare-
puanoB. Hanokepamuka.

HanocTpykTypsl B XKUAKOCTAX. MHUIIEIIBI, MUKPOAMYJIbCUM, HaHoaucnepcuu. HaHocT-
pykTypupoBaHHbie renu. Kinacrepsl B pactBopax. Komnounneie yactuipl MeTaiioB. MarHut-
Hble KUAKOCTH. HaHoCcTpykTypupoBaHHbie cTekia. Ou3ndeckue 1 XuMUYECKHe CBOMCTBA TOH-
KHUX IJIEHOK ¥ TTOBEPXHOCTHBIX CJI0€B, MULICJUISIPHBIX CUCTEM U MUKPOIMYJIbCUHN, KUIKUX KPH-
CTaJUIOB, a3P030JIEH, 30JIEH, IeJIeH.

Pazpea 11.
Jucyunauna "TUIIOBBIE MAIIIMHBI U ATITIAPATHI"

OO61mue cBeieHHsI O MPOECKTUPOBAHUU TEXHUYECKUX OOBEKTOB. AHAIU3 MOHATUN «IIPOEK-
TUPOBAHUE» U KKOHCTPYUPOBaHHE». TeXHUUYECKOE pelIeHre — CTPYKTYpHasl 4acTh pa3pabOoTKH.
[Hopsnok pa3pabOTKK HOBOTO U3JENUsl U MoJiepHu3aluu 6azoBoro. TpeboBaHus K pazpabaThi-
BaeMoMy uzzienuto. [IpornozupoBanue TexHuueckux paspadortok. [InmanupoBanue pazpadboTox
u cereBol rpaduk. TexHuueckoe 3aaaHue u ero ananus. lunpopmannonusiit nouck. IlateHTHO-
JTUIEH3UOHHBIN nouck. Co3jaHue aHATUTHYECKUX U (PU3NYECKUX MojeNield (MaKeToB) IS pe-
LIEHUA 33241 TPOCKTUPOBAHUS.

[IpoexTHBIE cTaAUM pa3pabOTKH TEXHOJIOIMYECKOro o0opynoBaHus. TeXHUYECKoe Mpea-
JI0’)KeHUe. DCKU3HBINA NMpoeKT. BapuaHTsl pa3padoTOK U BHIOOpP ONTHMAIBLHOTO BapuaHTa. B3au-
MOCBSI3b MEXAY H3JeNHeM U omneparopoM. Texnudeckuil npoekt. Pazpaborka paboueil g0Ky-
MeHTauuu. [loarotroBka JOKYMEHTALMM MO UCIBITaTeNbHBIM cTeHaaMm. CoriacoBaHHas padbora
KOHCTPYKTOPOB, TEXHOJIOTOB U JIPYTUX CHEIUAINCTOB B pa3pabOTKe HOBOI'O M3/ENIUS UIU MO-
AepHHU3auu 6a30Boro. PacueTsl mpu NpoeKTUPOBAHUMU.

O6o03Hauenue uznenuil U JoKyMeHToB. KnaccudukaTop uzaenuid 1 KOHCTPYKTOPCKUX J0-
kymeHToB (Knaccudukarop ECKJI). Koabl knaccupukanmoHHBIX XapaKTEPUCTUK H3ACIIUM.
Crpykrypa xoaa B kinaccudukatope ECKJI. Buasl nokymento. Koasl qokymentoB. HoMeHk-
JaTypa JOKYMEHTOB, pa3padaTblBaeMbIX HAa U3JENHs, B 3aBUCUMOCTHU OT CTaui pa3pabOTKH.

OneHka KOppO3MOHHOM M XMMHUYECKOW CTOMKOCTU. TpeOoBaHus, MpeabsIBIsieMble K KOH-
CTPYKLIMOHHBIM Matepuainam. [lokazaTenu Koppo3uu. YciaoBus pabOTbl MaTepuajoB B IPO-
MBIIUIEHHOCTH. YYET SBJICHUN KOPPO3HH U 3PO3HH IIPU PACUYETE HA MPOYHOCTh. AJITOPUTM BBI-
00pa KOHCTPYKIIMOHHBIX MaT€pPUaJIOB.

KoHCTpyKIIMOHHBIE MaTepuaidbl Ha OCHOBE jKejie3a. UyryHbl: cepble, KOBKHE, BBICOKO-
MPOYHbIE, KOPPO3UOHHOCTOMKHE U kapocToiikue. Kinaccudukanus craneid. Cranu: yriepoau-
CThIE€, KAUECTBEHHBIE KOHCTPYKIMOHHBIE, HU3KOJIETUPOBAHHBIE, JIETUPOBAHHBIE KOHCTPYKIIMOH-
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HBIE, BBICOKOJIETUPOBAHHBIE KOPPO3MOHHOCTOMKHE U *KapocToiikue. CriennalibHbIE KJIAcChl CTa-
Jen.

[{BeTHBIE MeTAJLIBI U CIUIaBbl. Meab U MeaHsble ciuiaBbl. Hukens. CBunen. L{unk. Onoso.
Amromunuii 1 ero cruiaBbl. Tutan. MonuOnaen. Tanran. briaropogubsie Metanibl. bumeransl.

Hemeraminueckre Marepuasibl HEOPraHUYECKOro MpoucxoxiaeHus. ['panut, mopdupsi,
JaBOBbIE TY(bI, acOecT, KUCIOTOYNOPHbBIE LIEMEHTHI U OETOHBI, KEpaMUKa, CTEKJIO, SMAIU — XU-
MMYECKAsT CTOUKOCTh U IPUMEHEHUE B TEXHHUKE.

Hemerannnueckrue marepuanbl OpraHM4eCKOro MPOUCXOKIACHUA. XUMUYECKU CTOUKUE Op-
rauuueckue Marepuaibl. [IIupoko mpuMeHsieMble IMIAaCTMAcChl: (DAOIUT, TEKCTOIHUT, BUHHU-
IJ1acT, MOJMUIPONUIICH, CTEKIOIIACTUKU, (PTOPOIIACTHI, MONUAITUIICH, TOJUIPONUIICH, MOJIH-
CTUPOJI, MONUU300YyTUIIeH, MOAUMeTUIMeTakpunar. CMombl, Jaku U Kieu. Pe3rHa u 300HMT.
Hpesecuna. Kokc u yronp. ['padur. Xumuueckast CTOUKOCTb U IPUMEHEHUE B TEXHUKE.

MeTtonbl 3amuThl 000PYJO0BaHUSL OT BO3JIEUCTBHS arpecCUBHBIX cpei. MeTaminyeckue u
HEMEeTaJUIMYeCKHUEe 3alluTHBhIe MOKpbITHSA. OO0paboTka nepepadbarbiBaeMol cpeiibl HUHTMOUTOpa-
MH KOPPO3UHU. DJIEKTPOXUMHUUYECKUE METOABI 3AIMUTHI: MPOTEKTOPHAS, KATOAHAA U aHOAHAs 3a-
1IUTA.

KoncrpyupoBanue anmnapatoB. OCHOBHBIE CBEJIeHUSI O MalIMHax U anmnaparax. Knaccudu-
Kauus anmnapartoB. [IpaBuia ycTpoicTBa ¥ 6€30MacHOM 3KCIUTyaTallid COCYIOB, padOoTarIMUX
noja jaeieHueM. EMKOCTHBIE ammapaThl — TpeOOBaHUS K KOHCTPYMPOBAHUIO, U3TOTOBJIEHUIO,
UCIIBITAHUSIM M DKCIUTyaTauuu. TpyOompoBoaHas apMmaTypa. Anmapatbl BEICOKOTO JIaBICHUS —
Kjaccuukanus, KOHCTPYKIUU, KOHCTPYKTHUBHBIE 3JIEMEHTHI, pacyer.

TemooOMennoe obopynoBanue. TernooOMeHHbIE amnmapaThl — HOHATHS, rpynmbl. Cxema
JIBUKEHUSI TIOTOKOB B TeIJIooOMeHHUKaX. TpeboBaHUs K TeIIOHOCUTENsIM. TersioBoil pacuer
PEKYNEPATUBHOTO TEIUIOOOMEHHUKA. ['mapaBinuueckuil pacuer TermaooOMeHHUKOB. Pacuer pe-
reHepaTUBHBIX TEIJIO0OOMEHHUKOB. PacueTr cMecUTenbHBIX TEII00OMEHHUKOB. PacyeT Tteruio-
BOH m3ousiuu. Pacuetr opeOpeHHBIX TOBEPXHOCTE.

Brimapnsie annapatsl. Kitaccudukanus, npuHuun AecTBUsl, KOHCTPYKIIUH, pacyer.

VYerpoiictBa 115 coxkuranus. ['openue razoo0pasHbIX, KUIKUX U TBEPAbIX TOruB. Omnpe-
JIeJICHHE TEIUIOBOM MOIIHOCTU Tpu ropeHuu. CxxuraTelibHblE YCTPOMCTBAa — KilaccuuKanus
rOpEJIOK U MPUHLUI UX paboThl, GOPCYHKH. AMNMapaThl MyJIbCUPYIOIIETO TOPEHUS] — MPUHIUIIL
JEUCTBUS, UCTIOJIB30BaHUE /JI1 UHTEHCU(DHUKAMN XUMUKO-TEXHOJIOTHYECKUX MPOIECCOB.

[leun. TepMOTEXHOJOTUYECKHE MPOLECCHl. XUMUYECKUE U (U3UKO-XUMHUUYECKHE MpeBpa-
menus. Kiaccudukanus, HazHaueHre, KOHCTPYKTUBHBIE JIeMEHThl. BcriomoraTenbHOe U TATO-
IyTheBOE 000pYI0BaHHUE.

AnmnapaTbl KOJOHHOIO TUMA. AnmapaTsl KOJOHHOTO THUIA M UX KOHCTPYKTHUBHbIE OCOOEH-
HOCTH. PacueTr OCHOBHBIX 3JIEMEHTOB ammapatoB. PacueT Ha BeTpoBble Harpy3ku. [logbop Tu-
MOBBIX BHYTPEHHHUX YCTPOUCTB. OCOOEHHOCTH pacueTa TapesbuaThiX U HACAJOUYHBIX KOJOHH.

Hentpudyru. Xapakrepuctuka npoueccoB LeHTpudyrupoBanusa. Knaccudukanus ieH-
TpUdyr. YCTPOICTBO U NMPUHLHUI AeUCTBUS LHEeHTpU(Dyr. OcHOBHBIE y3ibl. TeXHONIOTMYECKUH U
IIPOYHOCTHOM pacuer.

XUMUYECKHE PEAaKTOpPbl. XUMHUUYECKUE PEaKIUUd U KUHETHKAa XUMHUUYECKHUX IIPOLIECCOB.
Knaccudukanus xumMuueckux peakTopoB. PeakTopsl ajis oOpabOTKH KUAKUX CPEA. TEXHOJO-
TUYECKHNM pacyeT peakTOPOB-KOTIOB. PeakTophl Mg ra3oKHIKOCTHBIX cucTeM. Kartanutuue-
CKHE PEAKTOPBI.

KoHcTpynpoBaHre n pacyeT anmapaToB C ICEBIOOKHMKEHHBIM ci10eM. OCHOBHBIE Y3IIbL.
[TapaMeTpbl OXKMKEHHOTO CJIOSI 3€pPHUCTOro Marepuana. KoHCTpynpoBaHHME ra3oBbIX Kamep U
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ra3opacrpeeIUTeIbHBIX PEIIeTOK. TEeXHOJIOTMYECKH pacdeT ammapaTtoB C ICEBI00KKCH-
HBIM cj10eM. TermmooO0MeH MeX Ty ra30M M YacTHIIAMH ChIITydero MaTepHalia B ICEBI00KIKCH-
HOM CJIO€.

OO0opymoBaHre MexaHHYECKUX mporieccoB. OOOpyaoBaHUe I MEPEMEIICHUS MaTepHa-
noB. IlutaTenu, q03aToOphl, TPAHCIIOPTEPHI, deBaTOphl. [THeBMOTpancnopT. JpoOuiku I1eko-
BbIC, KOHYCHBIC, BAJIKOBBIC, MOJIOTKOBBIC. Y CTPOMCTBO M METO/ABI pacdyeTa. MeIbHHIIBI I1apo-
BBIC, POJIMKOBBIC, BUOPAIIMOHHEIC, CTPYHHBIC. Y CTPOMCTBO M METOIBI pacuera. Kitaccudukarms
MaTepHayioB. YCTPONUCTBO M TMPHUHIUI JCUCTBHS TPOXOTOB (O0apabaHHOTO, BHOPAIIMOHHOTO).
CMecHTenu ChIMydynx MaTepuaioB. KoHCTpyKIMu 1 pacyer.

OO6mwme cBegeHust 00 000PYIOBAaHUY TS Pa3ACIICHUS a3POIUCIIEPCHBIX CUCTEM. A3P0O30JIH
— BUBI, cBoMcTBa. Kimaccudukaius MeTo 0B U 000pYI0BaHUS ISl pa3IelICHUs adpPOaUCIIepC-
HBIX CHCTeM. D(PPEKTHUBHOCTH yJaBIWBaHUSA. BONMPOCH MPOMBIIIJICHHON W 3KOJOTHYCCKOU
0e30MacHOCTH.

Cyxoe MexaHu4eckoe 000pya0BaHUE JUIS Cemapari a’dpoAUCIICPCHBIX cUcTeM. OTCTOM-
HBIC Ta30X0/1bl. | OpHU30HTANBHBIC MTBUICOCATUTEIBHBIC KaMePhbl 0€3MOJIOYHOTO U TIOJIOYHOTO TH-
na. BeprukanbpHBIC TBLICOCAAUTENIBHBIE KaMepbl W Cemapatopbl. Pacdyer W MpOeKTHpOBaHUE
MBUICOCAAUTEIIbHBIX KaMep. MHepImoHHbIC ThIICYI0BUTENH. JKaIFO3UHHbBIE MHUICYIOBUTEIIH.
[{ukmoHb! (OMHOYHBIE, TPYIIIOBEIE, OaTapeiHbIe, MPIMOTOUHbIE). PacueT nmukioHoB. Buxpe-
BBIC TIBLJICYJIOBUTEIIH.

Ouwnctka razoB B ¢mibrpax. Kiaccudukamus QuibTpyrommx neperopogok. OuiabTpo-
BaJIbHbIC MaTepuaibl. PykaBHbIC PHIIBTPBI — KOHCTPYKITUH, pacyeT. BolOKHUCTHIE (DUIBTPHI.

Moxkpsie neuteyaoBuTenn. [Ipunnun nerictus. [IpenMyrecTBa U HegocTaTKu. 1 'a3ompo-
MBIBaTEJIM — TIOJIbIE, HACAJOYHBIC, TapelIbUaThie, YAapHO-HHEPIIMOHHOTO JEHWCTBHS, IEHTPO-
OC)KHOTO JECHCTBUS, CKOPOCTHBIC.
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[IlyxoBa, ObC ACB, 2014. — 162 C. — Pexum J0CTymna:
http://www.iprbookshop.ru/28406. — 9bC «IPRbooks.

3. I'mymenko A.I'. HanoMarepuanbl 1 HAHOTEXHOJOTUHU [DNEKTPOHHBIN pecypc] : yueOHoe
nocooue / A.I'. I'nymenko, E.I1. I'mymenko. — DaeKkTpoH. TeKCToBbIe AaHHbIE. — Ca-
Mapa: [ToBoJDKCKHI TOCYAapCTBEHHBI YHUBEPCUTET TEICKOMMYHHUKAIIUM U UHPOpMATH-
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MaHcypoB. — DNeKTpOH. TeKCTOBbIE NaHHble. — Caparos: Al [Iu Op Menua, 2018. —
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Jlmarnoctrka (U3NKO-MEXaHUYECKUX XapaKTEPUCTUK HaHOMATEpUaJIOB: y4eOHOE MOCOo-
oue B 2-x 4. / A.T'. TkaueB u ap. — Tam6oB: N3a-80 ®PI'BOY BIIO «TT'TY», 2014. — 4. 1
-9 c.

. KaHI/ITOHOB, E.H. PacueT onTuMaabHBIX pa3MepoOB CMKOCTHBIX aIlllapaToB, pa6OTaIOIJ_II/IX

noj atMochepHbIM JaBJIEHUEM: METO/. YKa3. K MpakT. u jaad. 3anstusm / E.H. Kanuto-
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[lonukapoB M.M. Pacuerbl MamuH U anmapatoB XMMHUYECKHX NMPOU3BOJCTB U HedTe-
raszornepepadboTku (MpuMepsl U 3a7aun): yaueoHoe nocodue s By3oB / M. U. [lonukapos,
C. W. Tlonukapos, C. B. PaukoBckuil. - M.: Anbdpa-M, 2008. - 720 c.

[lonukapoB, WM.MA. Mamuubel W anmapatbl XHMHYECKHUX TPOU3BOJACTB U  Hed-
terazonepepaboTku: yueoHuk mis By3oB / U. W. Ilonukapos, M. I'. l'alinymiun. - 2-e
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