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1. Henun, 3a1a4u ¥ IVIaHUPYeMble Pe3yJbTAThl 00y4YeHHs 110 JUCHUILTHHE

L]env Oucyunaunbl — NOATOTOBKA K JIESATEIBHOCTH, CBA3aHHOW C pealu3alueil YHUKaIbHBIX
CBOMCTB HaHOPAa3MEPHOTO COCTOSIHHS BEIIECTBA B MOTPEOUTENHCKUX CBOWCTBAX MaTEpHAIIOB
KOHCTPYKIMOHHOTO U ()yHKIIMOHAJIBHOTO Ha3HAYCHHUSI.

3aoauu Oucyunnunbl — HU3y4YEHUE TEOPETUUYECKHMX OCHOB (OPMHUPOBAHUS YHUKAIbHBIX
CBOICTB HAHOPAa3MEPHOI'O COCTOSIHMSI BEIECTBA M COBPEMEHHOI'O apceHajla TEXHOJOTHYECKUX
MPUEMOB UX MPAKTUUYECKOTO TPUMEHEHHUS.

IInanupyemvie pesynomamsi 00OyyeHuss - TIOATOTOBKA CTYJEHTOB K JEATEIbHOCTH B
COOTBETCTBUU C KBATM(UKAIMOHHOW XapaKTEPUCTUKON Marucrpa mo HampaBlICHUIO, B TOM YHCIIE
dbopMupoBaHHEe YMEHHUIl 1O BBISABICHUIO YHUKAIBHBIX CBOWCTB HAaHOPAa3MEPHOTO COCTOSHUS
BEIIECTBA U TEXHOJOTMUYECKHUX MPUEMOB UX MPAKTUUYECKOIO MPUMEHEHHUS.

O6yuenne mo mucuuiUimHe «HaHOMarepwanoBeleHHE» HAMpaBiIeHO Ha (OPMUPOBAHUE
y o0ydaronuxcs ciieyromux komnereHnuii B cootBeTcTBUU ¢ PI'OC 22.04.01 «MarepuanoBecHue
Y TEXHOJIOTHH MaTepUajioB», YTBEPKIAEHHBIM NpukazoM MunoOpHayku Poccum ot 24.04.2018 N

306:

Koa n HauMeHOBaHHe KOMIIeTeH M NuaukaTopsl 10CTHKEHUS
KOMIIETEeHIIUH
IK-2 Crioco6en pa3pabaTeiBaTh IUIAHBI U NIIK-2.1. 3naeT HOpMaTHBHYIO 0a3y, METOIbI
PEKOMEHIALUH MTPOBENICHNS HCCICAOBAaHUH, | M CPEACTBA IUIAHMPOBAHMS, OpPraHU3alHH,
cOOp ¥ aHAIU3 HAyYHO-TEXHUUECKOMN IPOBEICHUS M BHEAPEHHS HAYYHBIX
UH(OpPMAIIHMH 110 TEME UCCIIEJOBAaHUN YICCIICZIOBAHHH.

HIIK-2.2. YMmeeT npuUMEHSTh aKTYalIbHYIO
HOPMATHUBHYIO IOKYMEHTAIIUIO;
aAHAJIM3UPOBATH HOBYIO HAYYHYIO
npo0OJieMaTUKY; MPUMEHSATh METOIbI U
CpelCTBa IUNIAHUPOBAHUS, OpTraHU3aIlNH,
MPOBEJCHHS U BHEIPEHUS HAYYHBIX
HCCIICIOBAHUIA.

UIIK-1.3 Bnaneet HaBBIKAaMU aHAJIHM3a
BO3MOJKHBIX 00J1acTeil MpUMEHEHUS U
OpraHu3aly BHEAPEHUS pe3yIbTaTOB
Hay4YHO-UCCIIEA0BATEIbCKUX padoT.

2. MecTO IMCUHMILIMHBI B CTPYKTYpe 00pa3oBaTe/ibHOM MPOrPaMMbl

JlucuumiauHa OTHOCUTCS K YHCIY ODJEKTUBHBIX IUCHHUIUIMH Onoka bl «/lucrumnimnnb
(MOmymH)».

JlucuMminHa B3aMMOCBSI3aHA JJOTHUECKH U COMIEPIKATEIbHO-METOIUYECKU CO CIENYIOLIUMHU
nucuurinHaMu U nipaktukamu OOIT:

B o6s3arenbhoit yactu (b1.1):
— MeTo0510THsI HAyYHO-UCCIIEI0BATEIbCKON AeATEIbHOCTH,;
— Hayunsie kputepun BEIOOpa U METOBI HCCIIEIOBAHUST MaTEPHAJIOB.

B yactu, popmupyemoii yauactHukamu oopaszoBarenbHbIX oTHomeHui (b1.2):
— AITUTHBHOE TPOU3BOJICTBO MEIULIMHCKUX U3JIETHl;
— VHKeHepHbIe METO/IbI U CPEICTBA HCCIEIOBAHUS B METUIIHE.



3. CTpyKTypa U cofep:KaHue TUCUUIIINHBI

OO0111ast TPYI0EMKOCTh JIUCIUILTUHBI COCTaBIsieT 4 3aueTHbie equHuib (144 yaca).

3.1

Ounas ¢opma oOyueHus

Buabl yueOHOM padoThI M TPY10EMKOCTh

N Koaunuecto | CemecTpnl
Buj yueOHoi padoThI
n/n 4acoB 2
AYyIUTOpPHBIE 3aHATHUS 36 36
B tom unciie:
1. Jlexiumn 18 18
2. CeMuHapcKue/mpakTHIeCKue 18 18
3aHATUS
CamocrosiTesibHas pa6oTa 108 108
B Tom uncie:
1. [ToaroroBka k 54 94
CEMHHAPCKUM/TIPAKTUYECKUM 3aHATUSIM
2. CaMOCTOATEIbHOE N3YUYECHHE 54 54
IIpoMeskyTOUHasI aTTeCTALUSA
3auet/aud. 3auer/>K3aMeH IK3aMeH JK3aMeH
Hroro 144 144
3.2 TemaTnuyeckuii MJjiaH U3yYeHHUs TUCHHNIHHBI

Tematuueckuii TIaH pa3MenIéH B mpuiiokeHuu 1 k pabodeil mporpamme.

3.3  Conepxanue TUCHUNINHBI

Tema 1. BBegenue

O6pamH0-nponopuu0HanbHaﬂ 3A6UCUMOCMb  NPOUYHOCNTb-NIACMUYHOCMb OocpaHuvusaem
mMexHuyecKul nomeryuail KOHCMPYKYUOHHbIX ~ Mamepuanioe mpaduuLtOHHod MmMexXHoI02UuuU.
Hp€0()0ﬂ€Huﬂ OaHH020 mynuxka 603MOJNCHO C UCHOJIb306HUEM NMEXHOIOCUUYECKUX NPpUemMos
HAHOMEXHOJIo2UU. Hpuopumem pOCCMlZCKuX yuervix 6 pazeumuu HAHOMEXHOI02UU.

Tema 2. HanouacTHIbl

OcHosHble noHamMus HawomexHoaocuu. Pacnpocmpanennas mexHonocus NOJLYYeHUs.
Hanowacmuy. Juckpemuvie Monekyivl u HarHonopowku. Ipagen, yenepoowvie HaHOmMpyOKU,
Qynnepenvl, acmpaneHvl, mexHUuecKuil yenepoo, aspocui, HAaHOAIMA3bl, HAHOPA3MeEPHble Memabl,
Ux cniagvl u xumuvecxkue coeourenus. Ilpuopumem co8emckux yueuvix 8 pazeumui MexHoai02Uu
Hanowacmuy.

Tema 3. TexHo10rus KOHCOJMAUPOBAHNS HAHOYACTHIL

Knaccugpuxkayus npomvluunienHvlx mexHono2utl KOHCOAUOAYUU HAHOUACMUY 6 00bEeMHbIIL
mamepuan. Obvemuvlii  Hanocmpykmypuposanuviii mamepuanr. QOOveMubll Mamepuanl ¢
Hanonanoanumenem. ObvemHvlll HaHo@paemenmuposannviti mamepuai. ObvemHblll YyenepoOHblil
Hanomamepual. Pone cosemckux yuenvix 6 paspabomre mexHonio2uu 00beMHbIX HAHOMAMEPUANO8.



Tema 4. O6beMHbIe HAHOCTPYKTYPUPOBAHHbIE MATEPHAJIBI

Ocobennocmu ~ MeXHONO2UYECKUX — NPUEMO8  NOPOWKOBOU — Memaiiypeuu  npu
KOHconuouposanuu Harnodacmuy. Cnexkanue 6e3 oasneHus. TexwHuueckuti nomeHyual 0ObEMHbIX
HAHOCMPYKMYPUPOBAHHLIX Mamepuanos. [lpuopumem co6emcKux yYeHviX 8 CO30aHUU 0ObEMHbIX
HaHOCMPYKMYPUPOBAHHBIX MAMEPUAILOS.

Tema 5. O0beMHbIE MaTEPHAJIBI C HAHOHATIOJIHUTEIEM

TexHuko-5KOHOMUYECKUll  NOMEHYUAL UCNONb30BAHUA  HAHOO0DABOK 6  MEeXHON02UU
MPAOUYUOHHBIX ~ MAMEPUANO8 KPYNHOMOHHANCHO20 —npouzeoocmea. Hanobemon. Texnuxo-
9KOHOMUYUECKUE OCHOBbL NPOMBIULIEHHO20 NPOU3800cmea. TexHuueckuti nomeHyual HaHobemoua.
Ilpuopumem cogemckux yueHvlx 8 pazpadbomke mexHoio02uy HaHOOEemoHd.

Tema 6. Hanodgparmenranus CTPYKTYPbI MeTAJJIOB. Oo0bemHbIE
HAHOCTPYKTYPHPOBAHHBIE MATEPUAJIBI

Dusuro-xumuieckue O0CHO8bl HAHOIPDexkma. DHepeemuueckoe COCMOSHUE —AMOMO8
seujecmea 6 obveme U Ha nosepxHocmu pazoeira ¢haz. Kpumuueckuii ouamemp HAHOUACUY.
Cnocobvl HaHoppaemenmayuy, OCHOBAHHbLE HA:

- 96MEKMUYECKOM NPEBPAUJEHUU JHCeNe30-Y21ePOOUCbIX CNILABO8,

- npoyeccax HaAK1ena u peKpUCmaiiu3ayuul,

- BMOPUYHOU KPUCTATIUAYUY AMOPPHBIX MEMAIL08;

- MOOUDUYUPOBAHUU HAHOYACMUYAMU PACNIABA MEMAILIA,

- UHMEHCUBHOLL NIACMUYeCKOU dedhopmayuu.

Humencusnas naacmuueckas Oegopmayusi: Haxkosanivhs bpudocmena, ycmarnoska
PABHOKAHATILHO2O Y2l08020 NPEeCCOBAHU U 8CECMOPOHHASL U30MepMuyeckas Koska. /ucnepcHo-
VAPOUHEHHbIe MEeMAJlIbl U CHIAGLL. ATIOMUHUL, MAHUU, HUKETb, 8ONbpam, dicene3o, amop@mvlie
Memainnvl, a makyice Kepamuxa u cumannsl. Texnuueckuti NOMeHYual HaHoCMpPYKmMypupo8aHHo20
cnaaea  eonb@pam-nuoduil. IIpuopumem cOBEMCKUX YYEHBIX 6 UCCIEO08AHUSAX Npoyecca
UHMEHCUBHOU NAACUYeCcKOl Oepopmayuu.

Tema 7. HayuHble npPeINOCHUIKM MOHOCTAJAUIHONW TEXHOJOrHM O00BEMHOI0
HAHOMaTepHuaJja

Xumuyeckue cea3u  yenepooa: sp3, sp2 u sp-eubpuouzayuu. A.M.Bymnepos —
OCHOBONONONCHUK KINACCUHECKO020 YYeHUs O XUMUYECKOU aKMUBHOCTNU MHO20S0EPHBIX XUMULECKUX
coeouneHutl. Monekynapuvie ouazpammol. Unoexc c60000HOU 8AIEHMHOCMU AMOMO8 XUMUYUECKO2O
coeduneHus. Aneopumm KoIu4ecmeeHHoU OYeHKU 8eIUiUHbL Kpumuieckoz2o ouamempa. Ilpuopumem
COBEMCKUX YYUEHbIX 8 UCCIE)08AHUAX NPOYECCa SP-2UOPUOUIAYUL.

Teopemuueckue 0CHO8bL MOHOCMAOUUHOU MEXHONI02UU 00 BEMHBIX HAHOMAMEPUATOB.

Texnonocuueckue NPUHYUNbL pealu3ayuu  Mmeopemuyeckux OCHO8 MOHOCMAOUUHOU
MEeXHONo2UU  OOBLEMHbIX — HAHOMAMEPUAnos.  IKCNePUMEHMANbHA — NPO8epKa  peanusayuu
meopemuyecKux 0CHO8 MOHOCMAOULIHOU MEXHON02UU 0ObEMHBIX HAHOMAMePUalos. Annapamypuoe
ogopmnenue MOHOCMAOUUHOU MEXHOL02UU 00beMHbIX HaHomamepuanos. Ilpuopumem cosemckux
VUEHbIX 8 pa3pabomke MOHOCMAOUUHOU MEXHOI02UU 0ObEMHBIX HAHOMAMEPUAILO8.

Tema 8. O0beMHBIN yriiepoaHblii HaHOMaTepuaa. TexHuudyeckuii norenuuan. Meauko-
TexHn4eckni norenuuana BCN

Obvemublll  yenepoousiti  Hanomamepuan, mapkupyemvii xkak BCN  (Bulk Carbon
Nanomaterial), ne umeem anano2os é mupe u NPesOCXOOUM U3BECMHbLIE MAMEPUATbL NO.

—MexXHONI02UL; —---

KOMNIEKCY ROMpeOUmenbCKux C80LUCms; -

- OUAnAa3oHy NPUMeHeHUsl, —

- MEXHUYECKOMY NOMEHYUAT).



Texnuuecxuti nomenyuan BCN (vicoxas npounocms, 6vlcokas pabouas memnepamypa,
HU3KAsl NIOMHOCMb, HUSKUU KOIduyuenm mpeHus, XumMuieckas UHepmHoCmb, 2a30-HCUOKOCHAS
HenpoHuyaemocms u op. ) [lpuopumem cogemckux yueHvlx 6 mexHu4ecKkom npumMeHeHuu 00beMHO20
YenepooOH020 HaHOMamepuaa.

Meouxo-mexuuueckue ceoticmea BCN (maxcumanvras mpombope3zucmenm-Hocms, HU3KAS
NIOMHOCMb, BbICOKASL NPOYHOCMb, HUKUUL KOID@uyuenm mpenus) u Haiuyue 3a800CKOU
MEXHON02UU Peanu3yromcs 8 MeOUYUHCKUX U30eNUsAX CO CBOUCMEAMU 8bluie MUPOBLIX AHANLO208
(ucKyccmeenHvle KIananvl cepoya, 6ce KpYnHule U MeaKue Cycmasbl, Xupypeuieckue KpeneicHvle
usoenus, Oemanu MeOUYUHCKoU mexHuku u op.) Ilpuopumem cosemcKkux yueHviX 6 MeOuKo-
MeXHUYECKOM NPUMEHEHUU 00BbEMHO20 Y2epOOH020 HAHOMAMEePUAd.

3.4 TemaTnka ceMHHAPCKHUX/MPAKTHYECKHUX H JTa00PATOPHBIX 3aHATHH

3.4.1.1lpakTr4ecKue 3aHITHS

[Ipaktuueckoe 3anstue Nel. «BupTyasibHOE JUCTIEPTUPOBAHUE.

[TpakTuueckoe 3ansaTue No2. «OU3NKO-XUMHUYECKHUE OCHOBBI HAaHO3(PPEKTa»

[Ipaktuueckoe 3anstue Ne3. «TexHOIOTHS KOHCOMUAUPOBAHUS HAHOYACTHUI]»

[Ipaktuueckoe 3anarue Ned. «O0beMHbIE HAHOCTPYKTYPUPOBAHHbBIEC MATEPUATIBI»

[IpakTuueckoe 3anarue Ne5. «OO0beMHbIE MaTEpUAIIbl C HAHOHAIIOJTHUTEIEM

[IpakTuueckoe 3anarue Ne6. «OO6beMHbIE HAHO(PArMEHTUPOBAHHBIE MaTEPHAIIBD)

[IpakTuueckoe 3anarue Ne7. «O0beMHbIE HAHOMATEPUAIIb»

[IpakTuueckoe 3ansTre Ne§. «MamMHOCTPOUTENBHBIN MOTEHIIMAT OOBEMHOTO YTIIEPOTHOTO
HaHOMaTepHuaya

[IpakTuueckoe 3austTue Ne9. «Meauko-TeXHUYECKUN MOTEHIMAl 00bEMHOIO YIIIEPOTHOTO
HaHOMaTepHuaya

3.5 TemaTnka KypcoBbIX MPOEKTOB (KYPCOBBIX PadoT)
KypcoBbie paboThl 110 TaHHOM JUCIUILIMHE HE MPEAYCMOTPEHBDI.

4, YyebHO-MeTOoANYeCKOe U MHPOPMALIHOHHOE o0ecriedeHue
4.1 OcHoBHas JuTeparypa

1. BonkoB I'"M. B HanoTexHos0r1s B MAIIMHOCTPOECHUY : YU€OHHUK / I'M.
Boakos. — M. : UHOPA-M, 2019. — 306 c. — (Bricmiee oOpa3zoBanue: Maructparypa). — WWW.
dx.doi.org/10.12737/xxxxX. ISBN 978-5-16-14405-4 (print) ISBN 978-5-16-106920-2 (online) —

IIpaBa Ha JIEKTPOHHBIN BApUAHT
4.2 JlomoaHuTebHAS JUTEpPaTypa

1. Banues P.3. O0beMHbIe HAHOCTPYKTYpHbIE MaTepuabl: (pyHIaMeHTaIbHbIE OCHOBBI U
npuMeHeHus: nep. ¢ auri. [Tekcer] / P.3. Banues, A.Il. Kunses, T. Jlx. JIsurnon. — CII6.: Dxo-
Bextop, 2017. — 479 c.

2. Buts3s [1.A. Hanomarepuanosenenue [Tekct]: yue6. mocobue nist ByzoB/  ILA.
Bursase, H.A. Ceunynosuy, [[.B. Kync. — Munck: Beiniimas mkona, 2015. — 512 c.

3. [onsaunkoBa M.IO. HanotexHonoruu B MammHOCTpoeHUH [ TeKCT|: yaeOHUK 11t BY30B /
M.IO. Ionsnuukosa, FO.H. [Tonsnunkos, A.I'. Cxuptinanse [u ap.]. — Boarorpaa: Boar[' TV,
2013. — 620 c.



4. PakoB D.I". Heopranmdeckue Hanomatepuaisl [ Tekcr]: yueb. mocodue miist By3oB / D.1.
Pakos // Hanotexunonoruu. — M.: BUHOM. JlaGoparopus 3uanuii, 2013. — 477 c.

5. Mumenko C.B. Yraeponnsie HaHomaTepuaisl. [[pou3BoicTBo, CBOMCTBA, MPUMEHECHHE
[Tekct] / C.B. Mumenko, A.I'. Tkaués. — M.: Mammnoctpoenne, 2008. — 318 c.

6. [Tonomapér A.H. HanoctpykrypupoBanubie 6eTOHBI. CHHEPTU3M
HaHOCTPYKTYPHUPOBAHUS IIEMEHTHBIX BSKYIIUX U apMupytomien ¢pudps! [DnekTpoHHbIH pecypc] /
[Tonomapér A.H. — 3A0 «HTIL] Ilpuknagusix Hanorexuomoruii». — URL: http://ntc-
pn.ru/pub/articles/concrete/ a6.html (mara oopamenus: 08.08.2018).

4.3  DjeKkTpoHHbIe 00pa3oBaTelbHbIE Pecypchl

[IpoBenenue 3aHATUN U aTTECTAIUI BO3MOXKHO B TUCTAHIIMOHHOM (hopMaTe ¢ MPUMEHEHUEM
CHCTEMBI JUCTAaHIHOHHOTO oOyucHus yHuBepcurera (CJIO-LMS) Ha ocHOBe pa3pabOTaHHBIX
kadenpoii AIeKTPOHHBIX 00pa3oBaTebHBIX pecypcoB (DOP) o BceM pazaenam mporpaMMsl:
Haszsanue 50P Cchuika Ha Kypce

HanomarepuanoBeaepuue https://online.mospolytech.ru/course/view.php?id=3534

4.4  JIuueH3HOHHOE | CBOOOJHO  pacmpocTpaHsieMoe NMporpaMMHoe
o0ecreuenue

Ne HaumenoBanmue | Pazpadorumnk I1O | JocTynmHocTh Ccblika Ha Enunblii peectp
(mpaBoo0dJagaren | (IMUEH3UOHHOE, | POCCHIICKHUX MPOTPAMM JJIs
b) CBO0OIHO 9BM u B/l (mpu Hagau4un)
pacnpocTpaHsieM
oe)
1. MoiiOduc OO0 "HOBBIE JIuieH3noHHOE https://reestr.digital.gov.ru/ree
OBJIAYHBIE str/301558/?sphrase_id=9433
TEXHOJIOI'M" 75

4.5 CoBpemeHHble npodeccHoHaTIbHbIe 0a3bl TAHHBIX U UHGOPMaAIHOHHBbIE
CIIPaBOYHbIE CHCTEMbI
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IIpodeccuonaibubie 6a3bl JAHHBIX

basa naHHBIX Hay4HOM http://www.elibrary.ru JlocTymHO
1. | snexTponnoii 6ubIHOTEKN
(eLIBRARY.RU)

WebofScienceCoreCollection — http://webofscience.com JlocTynHO
HOJUTEMaTHYeCcKask peepaTUuBHO-
2. | 6ubnmorpaduueckas
MHAyKOMETpHYeCKast
(bubmmomeTpuyeckasi) 6aza JaHHBIX

S. MarepuajibHO-TEXHHYECKOe o0ecreyeHue
Howmep O6opynoBanue
AyIUTOPUHA
1313 HoytOyxk, mpoekTop, sxpan
6. MeToanyeckue peKOMeHIaluu

6.1 Meroanyeckne peKOMeHAAIUM /ISl MPeNnoAaBaTeis N0 OPraHnu3auuu
00y4eHus1

6.1.1. TlpenomaBatenb OpraHU3yeT NPEMOAABAHWE JAWCIHUILUIAHBI B COOTBETCTBHH C
tpeboBanusiMu "[lonoxkeHuss 00 opraHuM3zalnuu 00pa30BATENBHOIO Ipolecca B  MOCKOBCKOM
MOJIMTEXHUYECKOM YHUBEPCUTETE U €ro (punumanax", yrBepKIEHHBIM PEKTOPOM YHUBEPCHUTETA.

6.1.2. Ha nmepBoM 3aHATUHU MperojaBaTesb JOBOAUT O CBEJCHMS CTYJIEHTOB COJEp)KaHHUE
paboueit mporpammbl auctuiuinHel (PII]) w mpemocTaBisieT BO3MOXKHOCTH O3HAKOMJICHHS C
IIPOrpaMMoi.

6.1.3. IIpenogaBares 0COOCHHO OOpamnacT BHUMAHHUE CTYJCHTOB Ha:

- BUJBl U (OpPMBI MPOBENEHUS 3aHATUN MO JUCLUIUIMHE, BKIIOYAs MOPAIOK MPOBEICHMS
3aHATUH C MPUMEHEHHEM TEXHOJOTUH IUCTAHUMOHHOIO OOYYEHHS M CHCTEMbI JUCTAaHIMOHHOIO
oOyuenus ynusepcuteta (CJ1O mocnonurexa);

- BHJbI, COJEP/KaHUE M TOPSNOK NPOBEACHMS TEKYIIEr0 KOHTPOJIS YCIEBAaEMOCTH B
COOTBETCTBUU C (POHJIOM OIIEHOUYHBIX CPE/ICTB;

- (hopmy, cojiepKaHue U MOPSA0K MPOBEIEHHS TPOMEKYTOUHOM aTTeCTallMi B COOTBETCTBUH
¢ ()OHJIOM OLIEHOYHBIX CPEJCTB, peaycmMoTpeHHbsiM PIT/I.

6.1.4. JloBoguT 40 CBEAEHHUA CTYAEHTOB TpauK BBIIOJIHEHUS Y4eOHBIX paboT,
npeaxycMoTpenHsix PIT/T.

6.1.5. HeoOxonumo ¢ camMoro Havajga 3aHSATHH PEKOMEHJIOBAaTh CTYIEHTaM OCHOBHYIO U
JOTIOTHUTEIIBHYIO JIUTEPATypy U yKazaTh MyTH AOCTYIA K HEH.

6.1.6. Brauane wunm B KOHLE CeMecTpa JaThb CIHCOK BONPOCOB MJI IOJATOTOBKH K
POMEKYTOUHOM aTTecTanuu (3K3aMEeHY UM 3a4ETy).

6.1.7. Pexomenayercs ¢akt o3zHakomsieHust ctyaeHtoB c¢ PIIJI u rpadukom paGoThl
MUCHbMEHHO 3a(UKCUPOBATH MOJMUCHIO CTYJEHTA B JIUCTE 03HAKOMJIEHHUs ¢ conepkanue PIT/I.


http://www.elibrary.ru/
http://webofscience.com/

6.1.8. IlpenomaBaTenu, BemymWii JIEKIMOHHBIE W TIPAKTUYECKUE 3aHATHS, JIOJDKHBI
COTJTaCOBBIBATh TEMATHYCCKUI TUIAH TPAKTHUYECKUX 3aHATHH, HCIOJB30BaTh EAHHYI) CHUCTEMY
0003HauCHHIA, TEPMHUHOB, OCHOBHBIX IMOHSITHN AUCIUTLTHHBI.

6.1.9. Ilpu MOArOoTOBKE K CEMHHAPCKOMY 3aHSITHIO IO TEPEYHIO OOBSBICHHBIX TEM

MpernoAaBaTeNto HeoOXOIUMO YTOYHUTH IUIaH HUX MPOBEAEHHUS, NPOoAyMaTh (OPMYIHUPOBKH U
coJiepkaHue yueOHBIX BOIPOCOB, BBIHOCUMBIX Ha 00CYKIEHHE, 03HAKOMUTHCS C IEPEUHEM BOIIPOCOB
110 TEME CEMHUHApA.

B xone cemuHapa BO BCTYIHUTEIBHOM CJIOBE PAaCKpBITh MPAKTUYECKYIO 3HAYUMOCTb TEMBI
CEMHUHApPCKOI0 3aHATHUS, ONPEIEIUTh MOPSAJOK €ro MPOBEICHUS, BpeMsi Ha 0OCYKJEHUE Ka)JI0Iro
yuebHoro Bompoca. [IpuMeHsiss (QpPOHTaNbHBIA ONPOC JaThb BO3MOXHOCTH BBICTYIIUTH BCEM
CTyJEHTaM, IPUCYTCTBYIOIIUM Ha 3aHSATUH.

B 3aximounTensHON YacTH CEMHUHAPCKOTO 3aHITHUS CIIEIyeT OBECTH €TI0 UTOTH: AaTh OILICHKY
BBICTYIUICHUN KaXKI0T0 CTYJEHTa U y4eOHOM TPYIIIBI B IEIOM. PaCKpbITh MOT0XKHUTENbHBIE CTOPOHBI
¥ HEIOCTAaTKH MPOBEIEHHOTO CEMHHAPCKOro 3aHsATHS. OTBETUTHh Ha BOMIPOCH! CTYIEHTOB. BhinaTh
3aJJaHus JJIsl CAMOCTOSITENIbHOM pabOTHI MO MOATOTOBKE K CIIEAYIONIEMY 3aHSITHIO.

Bo3MoxHO npoBeieHNE 3aHATUI U aTTeCTallMil B TUCTAaHIIMOHHOM (popmarte ¢ IpUMEHEHUEM
CHCTEMBbl TUCTaHLUMOHHOro o0ydeHus: yHusepcureta (CJO-LMS). Ilopsaok npoBeneHus: padoT B
JTUCTaHIIMOHHOM (popMaTe yCTaHABIUBACTCS OTACIBHBIMH PACHOPSHKEHUSIMH TPOpPEKTOpa IO
yueOHoIi paboTe U/Uiu IEHTPOM yueOHO-METOINYECKO PabOTHl.

6.2 Meroanueckue yKa3aHus JAJIs1 00y4alOUIUXCsI M0 OCBOCHUIO THCIUNIMHBI

6.2.1. CtygeHt c camoro Havyajia OCBOCHUS JUCLIUILINHBI I0OJKEH BHUMATEIHHO O3HAKOMUTCS
¢ paboueil mporpaMMon JUCIUILTAHBL.

6.2.2. CtyneHTy HEOOXOAMMO COCTaBUTH JUIA ceOsi TpaduK BBIMOIHEHUS Y4eOHBIX padoT,
npenycMotpenHbslx PIIJI ¢ y4érom TpeGoBaHUM Ipyrux IUCHMIUIMH, HM3Y4aeMbIX B TEKYIIEM
ceMecTpe.

6.2.3. Ilpu npoBeneHUM 3aHATHH U MpOLEAYp TEKyIIeH M MPOMEKYTOUHOM aTTeCTaluu C
UCIIOJIb30BAaHUEM HHCTPYMEHTOB HH(GOPMAIMOHHON 0Opa30BaTeNbHOM Cpelbl IHUCTAaHI[MOHHOTO
oOpazoBanus yHuBepcutera (LMS Mocnonutexa) kak BO BpeMs KOHTakTHOM pabOTHI ¢
npenojaBaTesieM, Tak U BO BpPEMs CaMOCTOSITENIbHON pabOThl CTYAEHT JAOJKEH O0eCleyuTh
TEXHUYECKYI0 BO3MOXKHOCTh JMCTAHLMOHHOIO MOJAKIIOYEHUS K CHCTEMaM JAMCTaHLMOHHOIO
oOyuenus. Ilpu OTCYTCTBUM TakOM BO3MOXHOCTM OOCYAMTH CHUTYalMI0 C IIPENojaaBaTeIeM
JUCLUTUINHBI.

6.2.4. CamocrosiTenbHass paboTa SBISCTCS OIHUM W3 BUAOB YYeOHBIX 3aHATHH. llenmb
CaMOCTOSITENIbHONW pabOThl — MPAKTUYECKOE YCBOEHHE CTY/AEHTaMH BOIPOCOB, PACCMAaTPUBAEMbIX B
MPOLECCEe U3YUEHUS] TUCHUTUIMHBI.

Busl BHEayAUTOpHON CaMOCTOSITENTbHON pabOTHI:

- CaMOCTOSTEIbHOE U3YUYEHUE OTJENbHBIX TEM AUCLUUIIINHBL

- IOATOTOBKA K JIEKIIMOHHBIM 3aHSTHSIM;

- IOATOTOBKA K CEMUHApaM U MPaKTUYECKUM 3aHATHSIM;

JUi1st BBIIOJTHEHHUS JII0OOO0T0 BHJIa CAaMOCTOATENbHOM paboThl HEOOXO0AUMO IPOUTH CIIEAYIOIINE
STarbl:

- OTIpe/ieIeHUE eI CaMOCTOSITEIbHON paboTHl;

- KOHKpeTHU3allys Mo3HaBaTeIbHOM 3a7auu;

- CaMOOIIEHKa TOTOBHOCTHU K CAMOCTOSITENIbHON paboTe;

- BBIOOP aJIeKBaTHOTO criocoba JeHCTBUS, BEAYIIETO K PEHICHUIO 33/1a4U;

- INITAHUPOBaHUE PabOThI (CAMOCTOATENBHOM MM C TOMOILBIO MPENOAaBaTeNs) HaJl 3a/1aHUEM;

- OCYIIECTBJIEHHE B TMPOIIECCE BBINMOJIHEHUS CAMOCTOATEIbHOM pabOThl CaMOKOHTPOJIS
(TPOMEXYTOYHOTO U KOHEYHOI'0) pe3yIbTaTOB pabOThl, U KOPPEKTUPOBKA BBHIIIOJTHEHUS PAOOTHI;



- pednekcust;
- IPE3CHTAIUS CAMOCTOSITEIBHON paboTHI.

7. DoH/1 OLIEHOYHBIX CPeICTB

7.1  Meroabl KOHTPOJISI U OLCHUBAHMS Pe3yJbTATOB 00yYeHUsI
JI7ist KOHTPOJISL YCIIEBAEMOCTH U KauecTBa OCBOCHHMS IMCLUILIMHBI HACTOSIICH pOrpaMMoit

MPElyCMOTPEHBI CIEAYIOIINE BUIbI KOHTPOJIS:
- KOHTPOJIb TEKYIIEH ycreBaeMOoCTH (TEKYLIUil KOHTPOJIb);
- IPOMEXKYTOYHAsI aTTeCTALUs (IK3aMEH).

7.2 llIkana u KpUTEPHUHU OLEHMBAHUS Pe3yJIbTATOB 00yYeHHsI NIPH
NpoBeleHUN MPOMEKYTOUHOH aTTeCTALNU

Ikana oyenuganusn Onucanue

Beimonnenst Bce  BuABl  y4eOHOH — paboThl,
MPENyCMOTPEHHbIE ~ y4eOHBIM  IJJaHOM.  MaructpaHt
JIEMOHCTPUPYET COOTBETCTBUE 3HAHHMI, YMEHHI, HABBIKOB
NpPUBEACHHBIM B TabnauIax MokaszaTened, OomepupyeT
NPUOOPETEHHBIMU  3HAHUSAMH, YMEHHUSMH, HaBBIKaMH,
MPUMEHAET UX B CUTyalUsAX MOBBILIEHHOUN cioxkHocTu. [Ipu
9TOM MOTYT OBITh JIOMYILIEHBbl HE3HAYUTENIbHbIE OIIMOKH,

OTJIINYHO

HETOYHOCTH, 3aTPyIHEHUS NPHU AHATMTHUYECKUX OIEepalusx,
MEpEHOCEe 3HAaHMM M YMEHUN Ha HOBBIC, HECTAHIAPTHBIC
CUTYalllH.

BemonHensl  Bce  BuAbl  yuyeOHOH — paloTHI,
NPEeIyCMOTPEHHbIE  YYeOHBIM  IJJAaHOM.  Marmcrpast
JEMOHCTPUPYET  HEIMOJHOE, MpPaBHIBHOE COOTBETCTBHE
Xopouio . .

3HaHWH, yMEHWH, HaBBIKOB TPUBEACHHBIM B TaOIUIAX
nokaszatesiei, au00 eciau Mpu 3TOM OBbUIM JOMyIIEHbl 2-3

HECYIIECTBEHHBIE OLTUOKHU.

BemonHensl  Bce  BuAbl  yuyeOHOW — paloTHI,
MPEeIyCMOTPEHHbIE ~ y4eOHBIM  IJIAHOM.  MarucrpaHt
Y IOBIETBOPUTENBHO | IEMOHCTPUPYET COOTBETCTBUE 3HAHMM, B KOTOPOM OCBEILIEHA
OCHOBHas, HanboJsee BakHAs YacThb MaTepuaia, HO MPH 3TOM
JIOMyIIeHa 0JTHa 3HAYUTEIbHAast OIIMOKA UM HETOYHOCTb.
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He BbmonHeH oauH wiau Oojee BUIOB Yy4eOHOMH
paboThI, MPEAYCMOTPEHHBIX YU4€OHBIM IJIAHOM. MarucTpaHT
JIEMOHCTPUPYET HEMOJHOE COOTBETCTBUE 3HAHWM, YMEHUI,
HAaBBIKOB  TNPUBEJACHHBIM B  Ta0NWIAxX  TOKa3aTeleH,
HeynoBneTBOpUTENbHO | IOMYCKAIOTCS  3HAYUTENbHbIE  OMIMOKH,  MPOSBISETCA
OTCYTCTBHE 3HAHUI, YMEHUI, HABBIKOB 10 sy IOKa3aTesei,
MarucTpaHT HUCHBITHIBAET 3HAYUTENIbHBIC 3aTPYAHEHUS IpHU
ONEPUPOBAHNHU 3HAHUSMU U YMEHUSMH MPU UX MEPEHOCE HA
HOBBIE CUTYallHUH.

7.3  OueHo4YHBIE CpeCTBA

7.3.1. Texyuwmii KOHTPOIIb

Bun pabotsl @PopMa OTYETHOCTH U TEKYLIETO KOHTPOJIS
Joxknan, cooOmienue OTrmeTka B JKypHale IIPENOJaBaTelIeM O
BBICTYIUICHHE C IPE3EHTALMEN 110 TEME TOKIaAa.

7.3.2. IlpomexxyTOouHas aTTecTaIus

[MpomexxyTouHasi arrecrainus - (IK3aMeH) MPOBOAMUTCS B (OpPME TECTHPOBAaHHS Ha CalTe
https://online.mospolytech.ru/course/view.php?id=3534. PernameHT IpoBeICHHS aTTECTALMH:

- BpeMsi JJIs IPOXOXKAEHUs TecTUpoBaHus — 60 MuH.;

- pa3pelIeHHOe KOJIMYEeCTBO MONbITOK - 10.

[TombITKa cunTaeTcs ycnenHoi, eciu gano 50% u 0oee MpaBHIIBHBIX OTBETOB.



[Tpunoxenue 1
TemaTuyeckuil iIan AucuMIVINHbI «HaHoMaTepuaioBeaeHHe)» 110 HATIPABJICHUIO IOATOTOBKH
22.04.01 «MaTtepuaJioBegeHre U TEXHOJIOTHHA MATEPHATOB)

(marucrp)
Buabl yueOHoii padoThl, ®opm
e = § BKJIIOYASl CAMOCTOSITEJIbHYIO Buasbl camocTosiTe/IbHOH padoThl bl
Pasien § $ 3 padoTy CTYIeHTOB, CTY/ICHTOB arrect
5 o = U TPYAOEMKOCTH B Yacax anuu
n/n o | 8 ]
JI lg: Jlab | CPC | KCP | K.P. | K.II. | PTP | Pegepar | K/p [ D | 3
Bropoii cemecTp
BBenenne
OOGpatHO-TIponOpIIMOHATIbHAS
3aBHCUMOCTh IPOYHOCTh-
IUIACTUYHOCTh OTPAaHUYUBAET
TEXHUUYECKUN TOTECHIUA
KOHCTPYKIIMOHHBIX MaTE€pHaJIOB
1.1 | TpaAMUIMOHHON TEXHOJIOTHH. 2 2
IIpeotonenns JaHHOTO TyNUKA
BO3MO>KHO C HCIIOJIb30BHHEM
TEXHOJOTHYECKHUX PUEMOB
HaHoTexHoJoruu. [lpuopurer
POCCHUUCKHX YYCHBIX B PA3BUTHH
HaHOTEXHOJIOTHH.
llpakxmuueckoe 3ansamue Nel
«Bupmyanvroe oucnepeuposarue 2 2 12
1.2 | HanoyacTuusbl 2 2
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OCHOBHBIE TIOHSITHS
HAHOTEXHOJIOTHH.
PacnipocTpaneHHast TEXHOJIOTHS
MOJTyYeHUs] HAHOYACTHII.
JIMCKpeTHBIE MOJICKYIIBI U
Ha"onopouiku. ['paden, yriepoansie
HaHOTPYOKH, QyIIepEHBI,
acTpaJeHbl, TEXHUICCKUH YTIIepo,
a’pOCHII, HAHOAIMA3HI,
HaHOpa3MEPHBIC METAILIBI, UX
CIUIaBbl U XUMUYECKUE COCTUHEHHUSL.
[TpropHUTET COBETCKUX YYCHBIX B
pa3BUTHH TEXHOJOTHH HAHOYACTHII.

Ilpakmuueckoe 3anamue Ne2
« DusuKo-xumuueckue 0CHOBbl
HaHodpexmay

12

1.3

3. TexH0JI0THsI KOHCOJIMIUPOBAHUS
HAHOYACTHI]

Knaccudukaiys npoMBIIIIEHHBIX
TEXHOJIOTMI KOHCOJIUIAUU
HAHOYACTHI] B 00bEMHBII MaTepHall.
OO0BemMHBII
HaHOCTPYKTYPUPOBAHHBIA MaTepua.
OOBemMHBIN MaTepua ¢
HaHOHanoiHuTesneM. OObEeMHBIN
HaHO(parMeHTUPOBAHHBIN
mateprai. O0beMHBIN YIIIepPOAHBIH
HaHoMmaTepuai. Poib coBeTCKUX
YUYEHBIX B pa3pabOTKe TEXHOIOTHU
00bEMHBIX HAHOMATEPHAJIOB.

Ilpaxmuueckoe 3anamue Ne3
«Texnonocus KOHCONUOUPOBAHUSL
HaHoyacmuyy

12
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1.4

4.00beMHBIE
HAHOCTPYKTYPHUPOBaHHbIE
MaTepHaJIbI

OC00CHHOCTH TEXHOJIOTMYCCKHUX
MIPUEMOB TIOPOIIKOBON METAILITypTHUH
MIPU KOHCOJIUIMPOBAHUU
Hanoyactull. Cnekanue 6e3
naBiieHus. TeXHUYeCKUH MOTEHIHAI
00BEMHBIX
HAaHOCTPYKTYPUPOBAHHBIX
MatepuanoB. [Ipuopurer coBeTCKUX
YYEHBIX B CO3JJaHUU 00BEMHBIX
HAHOCTPYKTYPUPOBAHHBIX
MaTepHaJIOB.

Ilpakmuueckoe 3anamue Ned
«Obvemnvle
HAHOCMPYKMYPUPOBAHHbLE
Mamepuansly

12

1.5

5. O0bemMHBIC MaTepHAIBI €
HAHOHATIOJIHUTEJIEM
TexHUKO-2KOHOMUYECKUN
MOTEHIIHAN UCIIOJIb30BaHUSs
HAaHOJI00ABOK B TEXHOJIOTHUH
TPAAUIIMOHHBIX MAaTEPHAJIOB
KPYIMHOTOHHa)KHOTO ITPOU3BO/CTBA.
Hano6eroHn. Texuauko-
SKOHOMMYECKUE OCHOBEI
MIPOMBIIIUICHHOTO IMPON3BO/ICTBA.
TexHunueckuil MOTEHIINAIT
HaHoOeToHa. [Ipuopurer coBeTckux
YUEHBIX B Pa3pabOTKe TEXHOIOTUU
HaHOOETOHA.




14

Ilpaxmuueckoe 3auamue No3.
«Obvemuble Mamepuavl ¢
HAHOHANOJHUMeNeM»

12

1.6

6. Hanodparmenranus
CTPYKTYPbI MeTaL10B. O0beMHbIE
HAHOCTPYKTYPHPOBAHHbIE
MaTepHuabl

OU3UKO-XUMUYECKHUE OCHOBBI
HaHOX(PpeKTa. DHEPreTUIecKoe
COCTOSTHHE aTOMOB BEIl[ECTBA B
00beMe U Ha TTIOBEPXHOCTH paszjena
da3. Kputnaeckuii auameTp
HaHovacTuil. CriocoOsI
HaHO(parMeHTaluu, OCHOBaHHbIE
Ha!

- BBTEKTUYECKOM IIPEBPALLICHUH
JKEeJe30-yTIePOAUCTHIX CIIJIABOB;

- IpoLeccax Hakjena u
pEeKpUCTATUTN3AIINN;

- BTOPUYHOM KPUCTAJUIU3ALUH
aMOp(HBIX METAJIIOB;

- MOJIU(DUITPOBAHUH
HaHOYACTHUIIAMH PACILIaBa METAJLIA;
- THTEHCHUBHOM IJIACTUYECKOM
nedopManuu.

NHTeHcruBHAs 1acTH4eCcKast
nedopMarius: HakKOBaIbHS
bpumxmena, ycraHoBKa
PaBHOKAHAJIBHOTO YTJIOBOTO
MIPECCOBAHUS U BCECTOPOHHSISI
n30TepMUYECcKas KoBka. JlucnepcHo-
YIPOYHEHHBIE METAJIIBI U CTIABHI:
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AJTFOMUHUM, MarHUM, HUKEIIb,
BOJIb(paM, jKene30, aMop(HbIe
METaJUTbl, a TAKXKE KepaMuKa u
cutajuibl. TexXHU4ecKkuil moTeHIIAaN
HaHOCTPYKTYPUPOBAHHOTO CILJIaBa
BoJIb(paM-HHOOMiA. [Ipuopurer
COBETCKHMX YYCHBIX B UCCIICIOBAHUSIX
MpoLECcCca UHTEHCUBHOM
MJIACTHYECKON nedopManuu.

Ilpakmuueckoe 3anamue Ne6.
«Obvemmuble
HaHOppazmenmuposanHvie
Mamepuansly

12

1.7

7. Hay4Hble NpeanocblIKH
MOHOCTAIUMHONH TeXHOJOTNH
00beMHOro HaHOMaTepuaJia
XVMHYECKHUE CBSI3U yriepoaa: sp3,
Sp2 U sp-TuOpUIN3aLUH.
A.M.byTnepoB — 0CHOBOIIOJIOKHHUK
KJIACCUYECKOI'0 YUEHHS O
XUMHUYECKON aKTUBHOCTH
MHOTOSIIEPHBIX XUMUYECKUX
COeIMHEHUN. MonexkynspHble
nuarpammbl. MiHaekc cBo6o1HOM
BaJICHTHOCTH aTOMOB XUMHYECKOIO
COEUHEHUS. AJITOPUTM
KOJIMYECTBEHHOW OLICHKHU BEJIMUNHBI
KPUTHYECKOIO JHaMeTpa.
[TproOpHUTET COBETCKUX YUEHBIX B
HCCIIEJOBAHMAX ITpOLECcca Sp-
rHOpHIN3AIIH.




16

TeopeTnyeckre OCHOBBI
MOHOCTANHHON TEXHOJOTHHU
00bEMHBIX HAHOMATEPHUAJIOB.
TexHOIOTUYeCKHEe MPUHIIUITBI
peanu3anyu TEOPETUYECKUX OCHOB
MOHOCTAUHHON TEXHOJOTHHU
00bEMHBIX HAHOMATEPHUAJIOB.
DKcrepuMeHTaIbHas IPOBEPKa
peanu3anyu TeOPETUYECKUX OCHOB
MOHOCTANIHON TEXHOJIOTHHU
00bEMHBIX HAHOMATEPHUAJIOB.
AmnmapaTypHoe odopmIIeHHE
MOHOCTaJUMHOMN TEXHOJIOTHHU
00BbEMHBIX HAHOMATEPUAJIOB.
[Ipuopurer COBETCKUX YYEHBIX B
pa3paboTKe MOHOCTAITUMHON
TEXHOJOTHH 00bEMHBIX
HAaHOMAaTEPHUAaJIOB.

IIpaxmuueckoe 3anamue Ne7.
«ObvemHble HaHOMamepuaIbL»

12

1.8

Tema 8. O0beMHBII yIiIepoAHBIH
HaHoMaTepuaJj. TexHuYeCcKHui
noreHuua. MeamKo-reXHu4ecKuu
norennuai BCN

OOBbeMHBIN yriepoIHbIH
HaHOMaTepHall, MApKHUPYEMBIN Kak
BCN (Bulk Carbon Nanomaterial),
HE UMEET aHAJIOrOB B MUPE U
IIPEBOCXOIUT U3BECTHBIE MaTEPUAIIBI
1o:

—TEXHOJIOTHH;

—--- KOMIUIEKCY OTPEOUTETBCKUX
CBOICTB;
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—- IMana3oHy NPUMEHEHUS;

—- TEXHUYECKOMY MOTCHIIHATY.
Texunueckuii norennyail BCN
(BBICOKasi IPOYHOCTH, BHICOKAS
pabouas Temneparypa, Hu3Kast
IUIOTHOCTb, HU3KUH KO UITHEHT
TPEeHMUsI, XUMHUECKast UHEPTHOCTD,
ra30-)KMIKOCTHasi HEIPOHUIIAEMOCTb
u ap. ) [Ipuopurer coBeTckux
YUYEHBIX B TEXHUYECKOM
MPUMEHEHUU 00BEMHOTO
YIJIEpOJAHOr0 HaHOMaTepuaa.
Menuko-TeEXHUYECKUE CBOKCTBA
BCN (MakcumanbHas
TPOMOOPE3UCTEHT-HOCTh, HU3Kas
IUIOTHOCTb, BBICOKAs! IPOYHOCTD,
HU3KUN K03 (HUIIUEHT TpeHUs ) U
HaJIMYHE 3aBOJICKOI TEXHOJIOTUU
peanu3yoTcs B MEIUIIMHCKUX
U3JIENTUSX CO CBOWCTBAMH BHIIIIE
MHUPOBBIX aHAJIOTOB (MCKYCCTBEHHbBIE
KJIAITaHbl Cep/Ia, BCE KPYITHBIE U
MEJIKHE CYCTaBbl, XUPYprUUECKHE
KPETIeKHBIE H3/ICIHS, ICTAIIN
MEIUIUHCKONW TEXHUKH U Jp.)
[TpropuTeT COBETCKUX YUEHBIX B
MEINKO-TEXHUYECKOM IPUMEHEHUN
00BEMHOTO YTIIEPOAHOTO
HaHOMaTepHaa.

llpakxmuueckoe 3ansamue NeS§.
«Mawunocmpoumenvhuiii
NOMEHYUAN 00beMHO20 YeaepOOHO20
HAHOMamepuaiay

12
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Ilpakmuueckoe 3auamue No9.
«Meouxo-mexnuueckuii nomeHyua

2 12
00beMH020 Y2nepoOHO20
HAHOMAamepuanay
Bcero 4acoB mo aJucHMILINHE 18 | 18 108




[Tpunoxenue 2

POHAOHNEHOYHBIX CPEACTBIIO JUCIUIIJIMHE

((HaHOMaTepI/IaJ'IOBeI[eHHe»
Hanpasnenue noarotoBku
22.04.01 MaTepuajioBeJleHHE U TEXHOJIOTMHA MATEPHAJIOB
O6pa3zoBarenpHas mporpamma (mpoduib MOATOTOBKH)
TexHo0rNsi 0MOCOBMECTHUMBIX MATEPHAJIOB

TeMbl 10KJIA10B, COOOIIEeHHH

Cocras, cTpoeHre U CBOWCTBA OMOJIOTHYECKON KOCTHON TKAaHU
Hanouactuist

TexHoMOorust KOHCOJIUIUPOBAHUSI HAHOYACTHII

OObeMHbIE HAHOCTPYKTYPUPOBAHHbIE MaTEPHAIIBI

OO0beMHbIe MaTepHallbl C HAHOHAMOJIHUTEIEM
HanodparmeHTamnusi CTpyKTYpbl METAILIIOB

OO0beMHbIE HAHOCTPYKTYPUPOBAHHBIE MaTEPHAIIBI

Hayunsie npeanocsuiku

MOHOCTaIMIHOM TEXHOJIOTUU 00BEMHOI0 HAHOMAaTepHasa

10 Pa3paboTka MOHOCTaIMITHON TEXHOIOTUN OOBEMHBIX HAHOMATEPUAJIOB
11. O6beMHbIH YIIIEpOIHBIN HAHOMATEpHAI

12. Meauko-rexaudeckuii morennuai BCN

CoNoOA~WNE



