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1. IEJIX OCBOEHUA JUCHUIIJIMHBI

Pa3BuTHEe HAaHOTEXHOJOTUU B LIETIOM CTaBUT MHOKECTBO 3aJ]lay Mepe]l MPEeANPUITUSIMH 110
OCBOGHHIO HOBOM TEXHMKH M pAalMOHAIBHOMY HCIOJIb30BAaHUIO CylecTBYyomend. [lanHas
JTUCLIMIUIMHA HalpaBiieHa Ha W3ydeHue OakaisaBpaMH UCTOPUH IPEeAMETHON 0071acTH M 0ObEKTOB
cBOei npodeccruoHabHOM 1eATeTbHOCTH.

Heab AuCHUNIMHBI — U3YYUTh UCTOPUIO PA3BUTHUSI HAHOTEXHOJIOTUHM, 00JaCTH U 00BEKTOB
cBOei npodeccruoHalbHOM 1eATeIbHOCTH.

Buabl y4eOHOUW pa0oOTHI: JICKIUW, MPAKTUYECKHE 3aHATUS. V3ydeHHe NUCIUTUTHHBI
3aKaHYMBAETCS 3aYETOM C OLIEHKOH BO 2-M ceMecTpe.

3agauyu AUCHMILINHBI

O3HaKOMUTB CTYIE€HTOB:

- C Kpyrom mpo0iieM, CBA3aHHBIX C HCTOpPHEH M JalbHEWIIUM pa3BUTHEM B 00JacTu
HAHOTEXHOJIOTHif;

- y0emuTh CTYIEHTOB B HEOOXOAMMOCTH (PYyHAAMEHTAIbHOW MOATOTOBKH IO
TyMaHUTaPHBIM, COITUATBHO-HAYIHBIM, POPECCUOHATBHBIM U CIICIIHATLHBIM JUCITUTLIMHAM;

- crocoOcTBOBaTh Oojee OBICTPON ajanTaluu CTYJEHTOB-IIEPBOKYPCHUKOB K YCIOBHUSM
BY30BCKOM JKM3HU U TICUXOJIOTUYECKON MOATOTOBKE K MIOBCEITHEBHOM CAMOCTOSATEIBLHON padoTe;

- BOOPYXKUTH CTYJEHTOB 3HAHMEM HAyYHBIX OCHOB OpPraHM3allMUd M METOAUKH Y4eOHOTO
Tpyada, OOCCIICUYMBAIONIUM BBICOKOE Ka4eCTBO YCBOCHHS IPOTPAMMHOIO MaTepuaga Ipu
ONTUMAJILHOM 3aTpaTe CUJl U BPEMEHU;

- C IEPCIEKTUBAMU Pa3BUTHS HAHOTEXHOJIOTHIA.

[Ipy wu3nokeHWUU Kypca HapsiAy C JIKIHSIMH MPOBOASTCS IOCEIIEHUsl JabopaTtopuii
kadenpel u (akyapTeTa, O3HAKOMIICHHE C HOBEHIIMM OOOpYJOBAaHUEM U CpPEIACTBAMHU
BBIUMCIUTENBHON TeXHUKH. Ha NeKuusx mpoBOISTCS BCTPEUH CTYIEHTOB C MpernojaBaTelsiMu
Kadeapsl.

I[IpuBHUTHL NpaKTH4YEeCKHEe HABBIKU U 3HAHUS:

[Tocne wu3ydeHuss AMCUMIUIMHBL «Mcmopusi pazeumuss HAHOMEXHOAO2UN» CTYIEHTHI
TOJIKHBI UMETh MPEACTaBIICHUE:

- 0 3HAYEHWW W TEPCIEKTUBAX PA3BUTUS HAHOTEXHOJIOTHMH B MAIIMHOCTPOCHHH, Kak
0a30BOIi OTPACIH HAPOJHOTO XO3SICTBA;

- 0 TpeOOBaHUSIX K BBITYCKHHUKAM YHUBEPCUTETA;

- 0 HICTOPUYECKUX OTKPBITUAX U dTanax pa3BUTHUS B 0071aCTH HAHOTEXHOJOTUH;

- 0 TOCYIapCTBEHHOM 00pa3oBaTelbHOM CcTaHmapTe 1o HampaieHuio 28.03.02
«HaHounxeHepus».

- 00 yueOHOM TITIaHE, €ro CTPYKType © OJoKax Hay4yHbIX JUCHUIUIMH U
MOCJIEIOBATEIbHOCTH X U3YUYEHUSI.

2. MECTO JUCIMIIJIMHBI B CTPYKTYPE OIIOII BO

Jucuunnmba «Mcmopus pazeumus HAHOMEXHOIO2UU» OTHOCUTCA K JAMCHUINIMHAM
BapUaTHUBHOW yacTW 1o BbIOOpy. [laHHas IuCHMIUIMHA sBIIseTCsl 0a30BOM s MOArOTOBKH
OakanaBpoB AJIs1 U3YUYEHUS MOCIEAYIOUX CTIeHUATbHBIX IUCHUIUINH.

3HaHus B 00JaCTH Ha3BaHHBIX HayK HEOOXOAWMBI OakanaBpaM AJIsi MOHUMAaHUS U TIOJHOTO
OCBOEHHUSI BHOBb TMOSIBUBIIMXCS CPAaBHUTEIBHO HEJABHO COBPEMEHHBIX TEXHOJIOTHMYECKUX
IpOIECCOB M MpoOJeM, BO3HUKAIOUIMX C WX HCIOJB30BAaHUEM B MAIIUHOCTPOUTEIHHOM
npousBojcTBe. [loaroroBka B 001acTH TyMaHUTApHBIX AHUCHUUIUIMH BOOPYXaeT OakalaaBpoB
TEOPETUYECKUMU W TPAKTUYECKUMHU 3HAHUSMH OOBEKTOB HCCIIEAOBAHUS M MPHUHLUIOB HX
(GyHKIIMOHUPOBAHHUS.

3. KOMIIETEHIIMH OBYYAIOIIETOCS1, ®POPMUPYEMBIE B PE3YJIbTATE
OCBOEHMUSA JUCTIIAITJIMHBI



B pesynbrare ocBoeHUsl JUCHUILTUHBL «/cmopus pazeumus HAHOMexXHON02Ul» CTYAECHT
JIOJKEH:

B pesynpraTe OCBOEGHMSI AMCHMIUIMHBI CTYIAEHTHI JODKHBI 00JafaTh CIEIYIOIMIMMHU
KOMIIETCHITHSIMHU:

CIIOCOOHOCTBIO aHAM3UPOBATh OCHOBHBIE ATAlbl U 3aKOHOMEPHOCTH HCTOPHYECKOTO
pa3BuTHs 001IecTBa 171 hopMupoBanus rpaxaanckon nmosummu (OK-2):

3Hamo

HMCTOPUYECKUE ACTEeKThl BO3HUKHOBEHHUS HAHOTEXHOJIOTHMI M HAHOWHXXEHEPUU B HaIle
CTpaHe U 3a pyOexom;

ymembp

aHAIM3WPOBATh HOBBIE (AKTBI M OTKPBITHUS B O0JIACTHU HAHOTEXHOJOTHUH U
HAHOMH)KEHEPUU B UCTOPUUYECKOM KOHTEKCTE;

glademo;

3HaHUsIMH 0 TniepeyHe Kputumueckux TtexHosoruii Poccuiickoit ®epepanuun U
[TprOpUTETHBIX HAIPABJICHUN PAa3BUTHS TEXHUKH W TEXHOJIOTMHA B 00JIACTH HAHOWH)KECHEPUH,
HAHOMAaTEPHAaJIOB U HAHOTEXHOJIOTUH.



4. CTPYKTYPA U COAEPKAHUE JUCIHHUITJINHbI

OO0mmas TpyA0eMKOCTh JUCIUIUIMHBI COCTABIISIET 6 3a4eTHBIE ¢ AMHUIIBI, 216 Jacos.

Bunsl yue6Ho# paboThI, Ob6Bvem Dopmel
BKJIFOYAs] CAMOCTOSITEBHYIO yueOHOH TEKYLIETO
s paboTy CTyIeHTOB paboTHI, KOHTPOJIS
5 Y TPYJIOEMKOCTb (B Hacax) c YCIIEeBaEMOCTH
o )
= MIPUMEHEHU no neoensm
Ne Pazgen (Tema) 2 5 0 v o p 0
g © S| e = eM cemecmpa,),
n/m JHACLUTUIUHBI S = < 2 E A E . a
o 5 S| ¢ 8 gz 2 4 | | mHTepak dhopma
> g = = 5§38 ¢ ¢ & E BHBIX IPOMEXYTOYH
o (=¥ o
T | 2| E8 S 8 E P 2| MeromoB | oif arTecTanuu
= = g (B wacax / (no
%) cemecmpam)
1 Tema 1. HanoTtexHonoruu.
CTaHapThl, TEPMUHBL U 1-2 | 2| 2 8 2/50
OTIpe IeNICHHsI
2 gg;iﬁf ;ZEEI;I:XHOHOFI/II/I PeiiTunr-
Y HAHOTEXHOJIOTHH B 34 |2 2 8 2/50 KOHTPOITH Nol
MalIHHOCTPOCHUH
HanoTexHonoruu 110
2.1 o 56 | 2| 2 8 2/50
COBPEMEHHOH HCTOPHH.
2.2 | HaganpHeii oTan
CTaHOBJICHUS 7-8 | 2| 2 8 2/50
HAaHOTEXHOJIOTHH.
2.3 N300peTeHns MUKPOCKO-
MOB ¥ HAHOTEXHOJIOTUYHO- Y —
ro 060pyI0BAHHS U HX 9-10 | 2 | 2 8 2/50 No2
BIIMSIHHE HA Pa3BUTHE 2 KOHTPOJIb N2
HAHOTEXHOJIOTUHI
3 Poccuiickue
HaHOTEXHOJIOTUH M HX 11-121 2 | 2 8 2/50
HCTOPUYECKOE Pa3BHTHE
3.1 | llepeueHb KpUTHYECKUX
TEXHOJIOTHH U
13-141 2 | 2 8 2/50
HNPHOPUTETHBIX
HanpasJieHUH pa3BuTus PO
Hayunsle mkons PO B 9
3.2 | Hays y 15-16| 2 | 2 8 2/50 Peiirunr-
00J1aCTH HAHOTEXHOJIOT Uil No3
3.3 | llepuonnyeckue u3ganus, KOHTPOIIb N2
NyOJIUKYIOIIHE Pe3yIbTaThI
(yHIaMEHTAJILHBIX 1 17-18| 2 | 2 8 2/50
TPUKIIIHBIX UCCIICTIOBAHMUI
B 00JTaCTH HAaHOHAYK
Bcero 18 | 18 72 18/50 3auer




TemaTnka JIEKIMOHHBIX 3aHATHI

Tema 1. Hanomexnonoeuu. Cmanoapmsi, mepmuHbvl U OnpeoeneHus.

Hanortexnonmorus: tepmunbl u omnpeaenenus (mo 'OCT P TK 441, yrBepkacHHBIM
nokymentam ISO/TS 80004-1:2010 u T'OCT P 55416-2013). OOGmHOCT, M pa3nuuusi B
Poccuiickux u 3apyOe)KHBIX HOPMATHBHBIX JTOKYMEHTaX. AKIEHT Ha NPUKIAJIHOM AacCIeKTe
HAHOTEXHOJIOTUH, KIFOUEBOE XapPaKTEPUCTUUYECKOE CBOMCTBO OMpeesieHNH, 3a)UKCHPOBAHHBIX
HOPMAaTUBHBIMHU JIOKyMeHTaMu. KpuTHKa onpeneneHui.

Tema 2. cmopus pazeumus HAaHOMEXHON02UU U HAHOMEXHON02UU 8 MAUUHOCMPOeHUU

2.1. Hanomexmnonoeuu 0o cogpemenroti ucmopuu (0o 20 exa)

Onwucanue aroMoB JleMOKpUTOM, TeOpus KOpIycKy boiins, ucropuueckue apTedaxTsl C
IpUMepaMu HCIOIb30BaHUS HAHOTEXHOJIOTHHA.

2.2. Hauanvnoui sman cmanosienusi Hanomexronocuu. Ilpencrasnenus P. deiinmana u
3. Hpekcnepa. Knaccuueckoe moHMMaHWe HAHOTEXHOJIOTUH KAaK TEXHOJIOTUU «CHU3Y BBEPX)».
Hanexnpl, cBa3piBacMble C HaHOMaHunyiastopamu. KpuThka uaen HaHOMAHMITYJISTOPOB.
CoBpeMEeHHOE COCTOSIHUE HAIPaBJICHUS «CHU3Y BBEPX»: MPAKTUUYECKUE MPUMEPHI, KOTOPHIE IO
COBOKYITHOCTH CYILIECTBEHHBIX IIPU3HAKOB MOTYT OBITh OTHECEHBI K YKa3aHHOMY HaIpPaBJICHUIO
(HaHOOMOTEXHOJIOTHSI, MHKPOIIEKTPOHUKA, METOJbl aHall3a HAHOOOBEKTOB: CKaHUPYIOLIAs
30H10Basi MUKpocKkomust). COBpEMEHHOE COCTOSHHE KakK MpeodiiaJiaHue TMOAXO0/a pealn3aluu
«CBEpXy BHU3» B MPAKTUYECKUX MPUIOKEHUSIX CTPOUTEIBHOTO MarepuanoBefeHus. PaboTsl
OTEUYECTBEHHBIX U 3apyOeHbIX HAHOTEXHOJIOIOB-MaTEPUAIOBEI0B

2.3. U306pemenus MUKpOCKONO08 U HAHOMEXHOI02UYHO20 000PYO0BAHUS U UX GIUAHUE HA
passumue HaHOMeXHON02UlL

Cosznanue snektpoHHoro mukpockona M. Kuomnom u D. Pycka, mukpockon I'. bunnura
u I'. Popepa, m3oOpeTreHHME TYHHEIHLHOTO M aTOMHO CHJIOBOTO MHKpockomna. OTKpbITHE
HAHOTPYOOK, HAHOBOJIOKOH, (DyJiepeHoOB U rpadeHa.

Tema 3. Poccutickue nanomexHono2uu

3.1. Ilepeuenv xpumuueckux mexnonoeut. Paznensr denepallbHON II€JIEBOM HAy4YHO-
TEeXHUYeCKOH mnporpammsl «VccrnenoBanuss U pa3pabOTKU MO MPUOPUTETHBIM HAIPaBICHHUIM
pa3BuTus Hayku W TexHukd Ha 2002—2006 roxe». denepanbHas 1ieneBas MporpaMmma
«HccnenoBanuss M pa3paOOTKM 1O TNPUOPUTETHBIM HAIMpPABICHHUSM PA3BUTUS HAy4YHO-
TexHojoruuyeckoro komiuiekca Poccum Ha 2007—2012 roxe». Wuunmarua «Crparterus
pa3BUTHs HaHOMHAYCTpuu». [Iporpamma pa3BuTHs HaHOMHIYCTpuu B Poccuiickoit denepannn
no 2015 roma. Hanorexuosorndeckoe ob6iiectso Poccun, OAO POCHAHO: uenu u 3agaun,
MeXaHU3MBbI peann3anuu. Kputiuka MexaHu3MoB peann3aiuy.

3.2. Hayuynvie wxonvt P® 6 obracmu HaHoOmexHoa02utl

3.2. Ilepuoouueckue u3zoauus, nyoauxKyrowue pe3yivmamol @YHOAMEHMALLHLIX U
NPUKIAOHLIX Ucciedo8anuii 8 oonacmu HanoHayk. JXypHanbel «Poccuiickue HaHOTEXHOJIOTHH,
«®Pu3uka TBepaoro Tenay, «HaHoTexHONOrnus B CTpouTenbeTBe». CpaBHUTEIBHBIN aHAIU3 C
aHAJOTMYHBIMU 3apyOekHeiMu  u3manusimu  “Nature nanotechnology”, “Nature Physics”,
“Scientific American”: mpenmyIiecTBa U HEAOCTATKHU IMyOIMKAIMi B U3AaHUIX TIEPBOM U BTOPOM

TPYIIIIBL.

TemaTnKa NPaKTHYECKUX 3aHATHH

Ne | HaummenoBanwue Te-
ConeprxaHue 3aHATUS

1/ MBI 3aHATHA
Cpasuutensbhsbiit ananu3 [OCT P TK 441, TOCT P 55416-2013 u
ISO/TS 80004-1:2010. O6mIHOCTH 1 pa3auuns B POCCHIICKHX | 3a-
HanorexHomorus:
1 | repmmmbi u ompe- pyOEKHBIX HOPMATUBHBIX JTOKYMEHTaX. AKIIEHT Ha MPUKIATHOM ac-
neJP; CHILSE MEKTe HAHOTEXHOJIOTHH KaK KIFOUEBOE XapaKTePUCTHICCKOE CBOM-

CTBO OIIpeJiesIeHuH, 3apUKCUPOBaHHBIX HOPMATHUBHBIMH JJOKYMEHTa-
MH.

2 | Knaccuku HaHo- CpaBHUTENBHBIN aHATN3 OJIXOJJOB «CBEPXY BHHU3» U «CHU3Y BBEPX»




Ne | HaumeHoBaHue Te-
ConeprxaHue 3aHATUS
/11 MBI 3aHSATUS
TEXHOJIOTHH Ha OCHOBE KJjaccu4eckux padot 60...90 rr. XX Beka.
HauanbeHslii 3Tan cTaHOBIIEHHUS HAHOTEXHONOruK. Hanexpl, CBSI3bI-
Hcropus pasButus
BaeMble ¢ HaHOMaHUIyJIATOpaMu. COBpEMEHHOE COCTOSIHHE KaK
HAHOTEXHOJIOTUU U
3 npeodiasaHue MoIX0Aa PeaTn3alnn «CBEpXy BHU3» B IPAKTHYE-
HaHOTEXHOJIOTUHU B
CKUX MPUIOKEHHUIX CTPOUTENILHOTO MaTepuanoBeeHus. PaboTsl
MalIMHOCTPOECHUU
OTEUYECTBCHHBIX U 3apyO0eKHBIX HAHOTEXHOJIOTOB-MaTePHUATIOBE/IOB.
Kpurnueckue rexnonoruu PO. Ienu u 3anaun HanorexHomornue-
N ckoro obmectBa Poccun. OAO POCHAHO: nenu u 3agaun, Mmexa-
Pocculickue Hano- N
4 TeXHONOLIH HU3MbI peanu3anuu. ColepkaHue NepuoInYecKuX U3AaHui, myoin-
KYIOIIUX Pe3yJbTaThl (DYHAAMEHTATbHBIX U MIPUKIATHBIX UCCIIEIO0-
BaHUH B 00J1aCTH HAHOHAYK.
CoBpeMeHHOE COCTOSIHME HAMPABIICHUSI «CHU3Y BBEPX»: MpaKTHUE-
[lepcriekTHBBI pea- | CKHE MIPUMEPHI, KOTOPBIE [0 COBOKYITHOCTH CYIIIECTBEHHBIX MTPU3HA-
S | nu3anuu «CHU3Y KOB MOT'YT OBITh OTHECEHBI K YKa3aHHOMY HalpaBJIeHUIO (HAHOOHO-
BBEPX» TEXHOJIOTHS, MUKPOAJIEKTPOHUKA, METO/Ibl aHaJIN3a HAHOOOBEKTOB:
CKaHMPYIOIIAsi 30HI0Basi MUKPOCKOTIHS).
Hanpasnenus pea-
Hanosnektponuka, HaHOPOTOHHMKA, HAHOOMOTEXHOJIOTHSL.
JU3ali HAHOTEX- .
63 Amnamus pa6otsi [Tyn Y., Oysnc ®@. Mup matepranoB U TEXHOJIOTHA.
HOJIOTUHU B CMEX-
Hanortexnonoruu. M.: Texnocdepa, 2004. 324c¢.
HBIX JIMCHUTLTNHAX
Hamnpasnenus pea-
OmnpIT peanu3anuy B MaTepUaIoOBEICHIUHN. AHAIN3 TEPMUHOIOTUN
7 | TWBAUMILHAROTEX™ | e niTenbHO K 1 OJIYKIIMM HAHOWHIYCTPUHU, TPUMEHSIEMOH B
HOJIOTUH B MaTepu- P . POAYK YCTpHi, p
CTPOUTENLHOI OTpaciu.
JIIOBEICHUN
MexaHu3MbI MOBBILICHUS TOKA3aTeNIed SKCITyaTallHOHHBIX CBOWCTB
KOHCTPYKIHMOHHBIX U (DYHKIMOHAIBHBIX CTPOUTENbHBIX HAHOMATE-
pHaoB I KaKJI0TO U3 HanpasiieHnd. KOHKpeTHbIE TyTH, TpeuMy-
LIECTBA U HEJOCTATKU HAIIPaBJICHUS pealn3allii, CBI3aHHOTO C BBE-
Konkpernsle nytn .
eATH3AIHH HAHO JIEHUEM B CTPOUTEIIbHBIC KOMITO3UIIMH MIEPBUYHON HAHOTEXHOJIOTH-
ESXHOHOFI/II/I B Ma yeckoi mpoaykuuu. KoHKpeTHbIe TyTH, TPEUMYIIECTBA U HEIOCTAT-
8 KU HaIpaBJICHUs peau3alliy, CBI3aHHOTO C CHHTE30M HaHOOOBEK-
TEepUAJIOBEICHHH.
CranjapTusanms B TOB Ha MeX(a3HbIX TPAHUIIAX CTPOUTEIHHBIX KOMIIO3UTOB B MPOIIEC-
ce GOpMHUPOBAHUS UX C Typbl. [IpakTHyueckune mpumoKeHus
HaHOTEXHOJIOTUU (popmmp TPYKTYP p P
CTPOUTETBHBIX HAHOKOMITO3UTOB.
00630p paboTsl: MeTposiornueckoe 00ecrieueHre, CTaHapTH3alus 1
OIIEHKa COOTBETCTBUS HAHOTEXHOJIOTUN M HAHOMPOAYKIINY / AHAIIH-
Tryeckuii 0030p. Pocrexperynuposanue, 2007 r. 38 c.
buoMmenuumrHCcKre acleKThl pealin3aluyu HaHOTeXHoIoruu. Mcrou-
HUKH DKOJIOTHYECKUX ¥ METUIIMHCKUX YIPO3: pa3Mepbl HAHOYACTHII
Y UX BBICOKAs MPOHMKAIOIIAs CIIOCOOHOCTH; MHOTOOOPa3ue KOMITO-
3UIUH HAHOYACTUII, HEIOCTATOYHBIN YPOBEHb HAHOTEXHOJIOTHYE-
Hanorexnonoruu u . .
9 CKOM KYJIBbTYpbI; BO3MOXHOCTb CKPBITOM pean3allid HaHOTEXHOJIO-

0€30I1aCHOCTb.

rudeckux npoueccoB. HopmaruBHele 1okymeHTsl PO, perinamenTu-
pytolue paboTy ¢ IpoaAyKIMe HaHOMHAYCTpUH. MeTpoioruyeckue
cpeacTBa obecriedueHus 6e30MacHOCTH MPHU MPOU3BOICTBE MPOIYK-
LMY HAHOUHJYCTPHH.

B mpouecce

TEXHOJOTUH:

O0y4YeHHsS HCHOIb3YIOTCS

5. OBPA3OBATEJIBHBIE TEXHOJIOT MU

00pa3oBaTeNbHBIX

cienyomue  (HopMbl




- IpU TIPOBEJICHUH NMPAKTHUECKUX 3aHATUH UCIONb3YyeTCs NPOOIEMHBIA METO, B Pe3yJib-
TaTe 4ero oOydarourecs 3HaKOMSTCS ¢ TIOCTaBICHHBIMU 33JjauaMi U MOTYT OLIEHUTH aJIbTepHa-
TUBHBIC BAPUAHTBI UX PEIICHNUS;

-3KCKYPCHUU T10 J1a0opaTopusM HaydyHOro oOpa3zoBaTenbHOro nentpa «Hanotexnomorum»
YHHUBEpCHUTETA, TJI€ YCTAaHOBJICHA U (DYHKIMOHUPYET YCTAHOBKU JJIs IUIA3MEHHOIO HallbUICHHS
WU3HOCOCTOMKHMMHU ITOKPBITUSIMHU, BBINYIIEHHOE NepenaoBbIMH KomnaHusMu P® u I'epmanuun. B
X0JIe SKCKYpCUHU O0yYaroIuecs: 3HaKOMSTCS C COBPEMEHHBIMU CHCTEMaMM M YCTaHOBKaMHM JUIs
MOJyYEeHHUsI TIOKPBITHH, TEXHOJIOIMYECKONH OCHACTKOM M KOHTPOJBHO-U3MEPUTEIBHBIMUA MPHOO-
paMM U OPraHU3YIOTCSI BCTpEUM OOYYAIOIIMXCS CO CHELMaIMCTaMH, 00CIYyKMBAIOIUMH COBpE-
MEHHOE 000pyI0BaHHE U BBIITYCKAIOUIMMH MAIIMHOCTPOUTEIBHYIO IPOIYKIIHIO.

[IpenycmaTpuBaeTcs MUPOKOE UCIOIB30BAHUE B YUEOHOM MPOIIECCE MO TUCIUILINHE aK-
TUBHBIX U MHTEPAKTUBHBIX ()OPM MPOBEIEHUS 3aHATUHN (JUCKYCCHM, YCTHBIX IPYIIOBBIX OIpPO-
COB) B COUYETAHHH C BHEAYAUTOPHOU paboToil. OJHON M3 OCHOBHBIX aKTHBHBIX (POpM 0OyUCHHS
po¢eCCHOHATIBHBIM KOMIIETEHIIMSM, CBSI3aHHBIM C BEIGHUEM TOI'0 BHUJA WIN BUJOB JIEATEIIbHO-
CTH, K KOTOPBIM T'OTOBHUTCSI MAarucTp (Hay4yHO-HCCIIEOBATEIbCKON, Hay4YHO-IIEAaroru4ecKou,
IPOEKTHOM, OIBITHO-KOHCTPYKTOPCKOM, TEXHOJIOTMYECKOH, HCIIOJIHUTEIbCKOW, TBOPYECKOM),
st OOII maructpatypbl siBisiercss ceMuHap (YCTHBIA rpynmnoBoi ompoc). [Ipemycmorpenst
BCTPEYU C IMPEJICTABUTEISIMH POCCUHCKUX M 3apyOeKHbBIX YUPEKIEHUH 0Opa3oBaHUS U HAYKH,
MacTep-KJacchl CIELUATUCTOB.

B nporpamMmy BK/IIOUEHBI 33JaHUs, CIIOCOOCTBYIOIINE PA3BUTHIO KOMIIETCHIIMN Tpodec-
CHOHAJIBHOM JIEATEIBHOCTH, K KOTOPOIl TOTOBUTCS BBHITYCKHUK, B 00bEeMe, MO3BOJISIONIEM chop-
MHUPOBaTh COOTBETCTBYIOIME OOLIEKYIbTYPHbIE U IPOPECCUOHATBHBIE KOMIETEHIUH.

B nporuecce n3ydeHust JUCHUILIMHBI UCIIOJIB3YETCSl METO/ IPOOJIEMHOTO M3JI0KEHUS Ma-
Tepuaa, CaMOCTOSTeNIbHOE UTeHHE YyUeOHOH, yueOHO-MEeTOINYECKON 1 CIIPaBOYHOM JTUTEpaTyphl
U TOCJIEAYIOUINE TUCKYCCUHU M0 OCBOEHHOMY MaTepuainy. IIpu 3ToM MCronabp3yr0TCs MHHOBALIM-
OHHbIE TEXHOJOIMHM OOYYEHHs, pa3BUBAIOIINE HABBIKM KOMaHJIHOW paboThl, MEXIMYHOCTHOU
KOMMYHUKAIUH, IPUHITHSI PEIICHUHN, JINJEPCKUE KauecTRa.

Hayuno-uccienoBarenbckas pabota oOydaromuxcsi HampasjieHa Ha (GOpMUpOBaHHE 00-
HIEKYJIbTYPHBIX U Mpo(decCHOHATBbHBIX KOMIIETEHIIMH B cOOTBETCTBUU ¢ TpeboBaHusMu ®I'OC
BO.

6. OHEHOYHBIE CPEJACTBA /UISA TEKYIIEI'O KOHTPOJISI YCIIEBAEMO-
CTH, TIPOMEXXYTOYHOMN ATTECTAIIUU 110 UTOT'AM OCBOEHMUSI
JANCHUIVIMHBI; YYHEBHO-METOJINYECKOE OBECIIEYEHUE CAMO-
CTOSITEJIBHOMN PABOTHI CTYJEHTOB

Bonpocs! qi1s1 peiiTHHr-KOHTpOJIst Nel
Ilens v 3aa4n AUCHUIIINHBI
Oranel pa3BUTHS HAHOHAYKHU.
CoBpeMeHHBIN YPOBEHb Pa3BUTHUS HAHOTEXHOJIOTUH.
OOm11e pacxo/pl Ha HAHOTEXHOJIOTHH B MUDE.
[leHTpBI pa3BUTHS HAHOTEXHOJIOTUN B MHpE.
[IpuMepsl IpUMEHEHNS] HAHOTEXHOJIOTUHI B MUPE.
OO6mHoCcTh M pa3nuuusi B Poccuiickux M 3apyOeKHBIX HOPMATHBHBIX JOKYMEHTaX IO
HAaHOTEXHOJIOTUSAM.

NoakowhE

Bonpocs! 1i1s1 peiiTHHr-KOHTPOJIsA Ne2
1. KirodeBsie mpo6eMbl pa3BUTHSI HAHOTEXHOJIOTHI B Poccum.

2. ®opmMupoBaHHe Kpyra HamOosee MEepCHEeKTHBHBIX HX MOTpeOuTeneil, KOTOpble MOTYT
o0ecneunTh MakCUMaIbHYI0 () (PEKTUBHOCTH MPUMEHEHHSI COBPEMEHHBIX TOCTHUKEHHUH.

3. Omucanue atoMoB JleMoKpHUTOM,

4. Tteopus kopmyckyn boiins,

5. ucropuyeckue apredakThl C IPUMEPAMU UCTIOIb30BAHUS HAHOTEXHOJIOTUH.

6. IlpencraBnenus P. ®eiitnmana u D. [[pekciaepa 0 HAHOTEXHOJIOTHSIX



7.
8.
9.

10.
11.
12.
13.
14.
15.

oA~

~

Krnaccuueckoe noHrnMaHne HAHOTEXHOJIOTHH KaK TEXHOJIOTMH «CHU3Y BBEPX).

Hanex bl 1 KpUTHKA W€ HAHOMAHUITYJISITOPOB.

CoBpeMeHHOE COCTOSIHME Kak IpeoOialaHue MOAXOoJa pealln3allud «CBepXy BHHU3» B
MPAKTUYECKHUX MPUIIOKEHUSIX CTPOUTEIBHOTO MaTepUAIOBEICHHSL.

Cosznanue 3nexkTpoHHOro Mukpockona M. Kunomnom u 3. Pycka,

Mukpockon ['.bunnaura u I'.Popepa,

HcTopust n306peTeHus TYHHEIbHOTO MUKPOCKOIIA

HcTtopus n300peTeHust aToMHO CHIIOBOTO MUKPOCKOTIA.

OTKpbITHE HAHOTPYOOK, HAHOBOJIOKOH,

OTtkpoiTHE QynepeHoB U TpadeHa.

Bonpoce! 11 peiiTUHT-KOHTPOJIst No2

[Iepeuenb KpUTHUECKUX TEXHOIOTU PO NPUMEHHUTENBHO K HAHOTEXHOJIOT UM
[TepedyeHb MPUOPUTETHHIX HANIPABJICHUHN Pa3BUTHUS TEXHUKHU U TexHOJIOTHH P® B ob6iacTu
HaHOTEXHOJIOTHI1
Pa3znenbr @enepalibHBIX LEIEBBIX HAYYHO-TEXHUYECKOM MPOrpamMM M0 HAHOTEXHOJIOTUSIM
Y HAHOMHAYCTPUHU
Crparerus pa3BUTHsI HAHOUHTYCTPUH.
[Iporpamma pa3sutus HaHOMHAYCTpUM B Poccuiickon @enepannn

Hanorexnonornueckoe o6mectso Poccun, OAO POCHAHO: neau u 3amaum,
MEXaHU3MbI peasin3anuu. Kputnka MexaHnu3MoB peasin3aiuu.
Hayunsie nikosisl PO B 0651acTi HAHOTEXHOJIOTHIA
[lepronuueckre  w3maHUs, MyONUKYIONIME  Pe3yNbTaThl  (DYHAAMEHTAIBHBIX H
MPUKJIAIHBIX UCCICAOBAHUN B 00JIACTH HAHOHAYK.

Bomnpocs! k 3a4ery
Ilenp v 3a1a4M AUCHMITIIAHBI
Orarnbl pa3BUTHS HAHOHAYKHU.
CoBpeMeHHBIN YPOBEHb Pa3BUTHS HAHOTEXHOJIOTUM.
OO611me pacxo/pl HAa HAHOTEXHOJIOTUH B MUDE.
L{eHTpBI pa3BUTHSA HAHOTEXHOJIOTHIA B MUPE.
[Tpumepsl MPUMEHEHNSI HAHOTEXHOJIOTUI B MUDE.
OO61mHoCTh U pa3znnuus B Poccuiickux u 3apyOeKHbIX HOPMATUBHBIX JOKYMEHTaX IO
HAHOTEXHOJIOTHSIM.
KiroueBsie npobieMbl pa3BUTHS HAaHOTEXHONOTHI B Poccun.
dopmupoBaHue Kpyra HauOoJjiee IepCHeKTUBHBIX X MOTpeOUTeNel, KOTOpble MOT'YT
o0ecneunTh MakCUMajibHYIO0 3()()EKTUBHOCTh NPUMEHEHHUS COBPEMEHHBIX JIOCTHIKE-
HUU.
10. Onmcanue aToMoB JIeMOKpUTOM,
11. reopus kopmyckyn boiins,
12. ucropuyeckue apredakThl ¢ IPUMEPAMHU UCIOIb30BaHUS HAHOTEXHOIOTHIA.
13. IlpeacraBnenus P. deitnmana u O. Jlpekciepa 0 HAHOTEXHOJIOTUAX
14. Knaccuueckoe NOHMMaHE HAHOTEXHOJIOTUHU KaK TEXHOJIOTHH «CHHU3Y BBEPX).
15. Hanmexx1pl M KpUTHKA U/I€M HAHOMAHUITYJISITOPOB.
16. CoBpeMeHHOE COCTOSIHHE KaK MPeo0IIaJaHne MOIX0a Pealn3alui «CBepXy BHHU3» B
MPAKTUYECKUX MPUITIOKEHUSAX CTPOUTEIBHOIO MaTEpUAIOBECHMUS.
17. Coznanue snexTpoHHoro Mukpockorna M. Kaomiom u O. Pycka,
18. muxpockon I'.bunnura u I'.Popepa,
19. Ucropus nzobpereHus: TYHHEIbHOTO MUKPOCKOIA
20. UcTopus n3o0peTeHus: aTOMHO CUJIOBOI'O MUKPOCKOIIA.
21. OTKpBITHE HAHOTPYOOK, HAHOBOJIOKOH,
22. OTkpbITHE (hyaepeHoB U TpadeHa.
23. IlepedeHb KPUTHYECKUX TEXHOJIOTHI PO MpUMEHUTEIBPHO K HAHOTEXHOJIOTHUSIM

NoakowhE

© ®



24. TlepedueHb TPHOPUTETHBIX HAIMPABICHUW Pa3BUTHS TEXHUKU M TexHonoruii PD B
00JacTH HAHOTEXHOJIOTUH

25. Pasnensl

denepanbHbIX

LEJEeBbIX ~ HAYyYHO-TEXHMYECKOH  mporpamMm 1o

HAaHOTEXHOJIOTUSIM U HAHOUH]TYCTPUHU
26. Ctparerusi pa3BUTHUS HAHOUHIYCTPHUH.
27. IIporpamma pa3BuTus HaHOMHyCcTpun B Poccuiickoii deneparu
28. . Hanorexnonornueckoe o6mectso Poccun, OAO POCHAHO: nemu u 3amaum,
MEXaHU3MbI peain3anuu. Kputuka MexaHu3MoB pealii3aluu.
29. Hayunebie mkoiibl PO B 0611acTH HAHOTEXHOJIOTHIA

30. [lepuonuueckue wW3AaHMS,

NyONUKYIOIIKUe pe3ynbTaThl  (yHIAMEHTAIBHBIX H

NPUKJIAJHBIX UCCIEOBAHUHN B 00JIACTH HAaHOHAYK.

CamocrosiTebHas paﬁoTa CTYAECHTOB

Ne Haumenosarne Copepxanue pazzena (TeMbl) ISl CAMOCTOATEIbHONW paboThI
/1 pasznerna (TeMbl)
CpaBHUTENBHBII aHATTU3 TIOJIXOJIOB «CBEPXY BHHU3» U «CHU3Y BBEPX»
Ha OCHOBE KJIACCUYECKUX paboT:
Knaccuku 1. Feynman R. There's Plenty of Room at the Bottom / Lecture at the
1 .
HAaHOTEXHOJIOTUHU annual meeting of APC. 1959.
2. Drexler E. Engines of Creation: The Coming Era of Nanotechnol-
ogy. Norwell: Anchor Press/Doubleday, 1986. 298 p.
[IpennochuIKy 3aKOHOAATEIHHOTO BBIIBI)KEHUSI HAHOTEXHOJIOTHH Ha
3apyGeKHBIE HAHO- NPAOPUTETHOE MECTO: aHAIIH3 paboTHhI: YaﬁTcaﬁnc . n np. Hano-
2 X HONOLI TEXHOJIOTHS B ONMKalIleM IeCATUIETUN: TPOTHO3 HAIIPaBJICHUS HC-
cnenoanwii / [Tox pen. M.K. Poko, P.C. Yunbsmca, [1. AnuBucaro-
ca. M.: Mup, 2002. 292 c.
[TonpoOHas knaccudukanys HaHOMaTEPUAIOB U METOJIOB UX IMOJTY-
4yeHus. AHaiau3 paboT:
1. Kobascu H. Beengenue B nanorexuosioruio. M.: BMUHOM, 2008.
3 ITonyyenue HaHO- 134 c.
MaTEpHAIIOB 2. [Tyn Y., Oyanrc @. Mup maTepraioB U TexHonoruii. HanorexHo-
norun. M.: Texnocepa, 2004. 324c.
3. Goddard W. et al. Handbook of Nanoscience, Engineering, and
Technology. Boca Raton: Taylor & Francis, 2007. 1080 p.
IMepcniextuBsl pea- | Kputrka knaccuueckoit pabotsl: Drexler E. Engines of Creation:
4 | nu3anmu «CHU3Y The Coming Era of Nanotechnology. Norwell: Anchor
BBEPX» Press/Doubleday, 1986. 298 p.
Hanpasnenus pea-
g | TM3ALHH HAHOTEX- 0630p padotsr: [Tyn Y., Oysnc @. Mup matepuanoB U TEXHOJIOTUH.
HOJIOTUU B CMEX- Hanorexnonmoruu. M.: Texnocdepa, 2011 324c.
HBIX JUCIHILTMHAX
Hampasnenus pea- | OmnbIT peanusanuu B MaTepuanoBeneHuu. O630p padoThl: AHUIITUK
6 mu3anuu HaHotex- | B.M., bopucenko B.E., XKnanok C.A., Tonouko H.K., ®enocrok
HoJjoruu B Matepu- | B.M. Hanomarepuanst u Hanorexnonoruu. Musnck: bI'Y, 2011. 375
AJIOBEICHUN C.
Korkperrre myri OmnbIT peanu3aiuu B MaTepuaioBeneHun. O63op padotsr: Borisenko
7 | POAMBAMMIHANO" |\, E - gicini S, What is What in the Nanoworld: A Handbook on

TEXHOJIOTUU B Ma-
TEepUAJIOBEICHUH

Nanoscience and Nanotechnology. Wiley, 2008. 538 p.




7. VUEBHO-METOJUYECKOE U HTHOOPMALIMOHHOE OBECIIEYEHUE
JUCHUIINHBI

a) OcHoBHasi TuTeparypa (6udamoreynas cucrema Bal'y):
1. OcHoBbl HaHOoTexHOJOTHH [DnekTpoHHbIH pecypc] / H.T. Ky3unenos, B.M. HoBotopies, B.A.
Kabpes, B.1. MaproiuH. - M.: BMHOM, 2014. -
http://www.studentlibrary.ru/book/ISBN9785996323784.html .
2. OuapoBaHHe HAHOTEXHOJIOTUH [DneKTpoHHbIH pecype] / Xaptmann Y. - M.: BUHOM, 2014. -
http://www.studentlibrary.ru/book/ISBN9785996313259.html .
3. OcHOBBI HaHOTEXHONIOTHIA [DnekTpoHHBIN pecypc]| / Tomosun KO.U. - M.: MammHoOCTpOCeHHE,
2012. - http://www.studentlibrary.ru/book/ISBN9785942756628.html.
4. Maibie 00beKTHI - Oonbiue uaeu. LIupokuit B3rIs ] HAHAHOTEXHOJIOTHH [ DIEKTPOHHBIA pe-
cype] / Tempux Opmux. - 3-¢ wu3a. (d1). - M. BHHOM, 2015. -
http://www.studentlibrary.ru/book/ISBN9785996329281.html .
5. Hanomup 6e3 dopmyn [Dnektponnsiii pecypc| / FO.W. T'onoBun; mon pen. mpod. JI.H.
[TaTpukeeBa. - 2-¢ W31 (am.). - M.: BMHOM, 2013 -
http://www.studentlibrary.ru/book/ISBN9785996322602.html

0) onmoiHuTeIbHASA JUuTepaTypa (0ndauoreynasi cucrema Bal'y):
1. Mopo3sos B.B. HanorexHnonoruu B kepamuke: MmoHorpadus: B 2 4. / B.B. Mopo3os, 2.I1. CsI-
coeB; Branumupckuii rocynapcrBeHHblii yauepcuteT (Bnl'Y). — Brnagumup: Bnagumupckuii
rocynapcTBeHnblil yauepcurer (Bnl'Y), 2010-2011. Y. 1: Hanowactuisl [DneKTpOHHBIN pe-
cypc]. — DnexTponHble TekcToBbIe naHHbIe (1 daitn: 18,5 M06). — 2010. — 274 c.: un. — 3a-
TJIaBHE c TUTYJIA JKpaHa.— ISBN 978-5-9984-0056-8. —
<URL.:http://e.lib.vIsu.ru/bitstream/123456789/3076/1/00687.pdf>. Y. 2: HanomieHk:, HaHOIIO-
KpBITHS, HAHOMEMOpaHbl, HAHOTPYOKHU, HAHOCTEPKHH, HAHOIPOBOJIOKA [ DJIEKTPOHHBIN pecypc].
— DnekTpoHHbIe TeKcToBble naHHbIe (1 daitn: 24,9 M6). — 2011. — 167 c.: un. — B Ham3ar.:
Brnagumupckuii rocyiapcTBeHHbIN YHUBEpCUTET UMeHH AJjiekcanjapa ['puropreBuya n Hukonas
I'puropseBuua CTOJIETOBBIX. bubmuorp.: ¢. 159-165. — ISBN 978-5-9984-0137-4. —
<URL:http://e.lib.visu.ru/bitstream/123456789/3055/1/00633.pdf>.
2.HamonoBuHy MepTBBI KOT, WM YeM HaM Ipo3sST HAHOTEXHOJIOTHU [DIeKTpoHHBIN pecypc] /
C.b. Tapanenxko, A.A. bamskun, K.B. HWsawoB. - M.. BHHOM, 2013 -
http://www.studentlibrary.ru/book/ISBN9785996321902.html.
3. KBanroBas ¢u3nka u HaHOTEXHOJIOTHH [ DnekTpoHHBIN pecypc] / Heomuu B.K. - U3nanue 2-
e, uchp. U JIOTI. - M.: Texnocdepa, 2013. -
http://www.studentlibrary.ru/book/ISBN9785948363615.html.
4. Hanomartepuasbl, HAHOCTPYKTYpPbI, HAHOTEXHOJIOTHH. [ DaIeKTpoHHBIH pecype] / I'yceB A. U. -
2-¢ H31I., ucrmp., - M.: OU3MATIINT, 2009. -
http://www.studentlibrary.ru/book/ISBN9785922105828.html.
5. CnoBapp  HAHOTEXHOJIOTUYECKMX UM  CBA3aHHBIX C  HAHOTEXHOJOTMSIMH  TEPMUHOB
[Dnextponnsiii pecypce] / Kamoxusiii C.B.; [Tox pen. C.B. Kamtoxuoro. - M.: ®USMATIINUT,
2010. http://www.studentlibrary.ru/book/ISBN9785922112666.html
6. bensses, W.B. HMHpopmManMOHHBIM  KaTajlor  COBPEMEHHOTO  SKCIEPUMEHTAIHLHOTO
o0opy/soBaHUs M HaydyHbIX NpuUOOpPOB Ha 0aze HAy4YHO-0Opa30BaTENbHBIX OpraHU3alUil U
BeIyluX npeanpustuii Bmagumupckoii oomactu / U.B. benses, B.A. Keunn, I A. I'maakuii. —
Bnagumup: Bnagumupckuii roc. ynusepcutetr uM. A.I'. u H.I'. Cronerossix (Bal'Y), 2011. —
44 c.http://e.lib.visu.ru/bitstream/123456789/2993/1/00588.pdf.

B) [lepnoanyeckue u3IaHusi:
1. Poccwuiickue HanorexHnosoruu. — Mocksa: [Tapk-menua.
2. HanoTexHOJOTruHU: HayKa M MPOU3BOICTBO: HH(POPMAIIMOHHO-aHAIUTHYECKUH KypHATl. —
Mocksa: Obpa3oBaHuE TUTIOC.


http://www.studentlibrary.ru/book/ISBN9785996323784.html
http://www.studentlibrary.ru/book/ISBN9785996313259.html
http://www.studentlibrary.ru/book/ISBN9785942756628.html
http://www.studentlibrary.ru/book/ISBN9785996329281.html
http://www.studentlibrary.ru/book/ISBN9785996322602.html
http://e.lib.vlsu.ru/bitstream/123456789/3076/1/00687.pdf
http://e.lib.vlsu.ru/bitstream/123456789/3055/1/00633.pdf
http://www.studentlibrary.ru/book/ISBN9785948363615.html
http://www.studentlibrary.ru/book/ISBN9785922105828.html
http://www.studentlibrary.ru/book/ISBN9785922112666.html
http://e.lib.vlsu.ru/bitstream/123456789/2993/1/00588.pdf

r) UuTepHeT-pecypcesl:
http://window.edu.ru/
http://hi-news.ru/tag/nanotexnologii
http://www.nanonewsnet.ru/
http://nanodigest.ru/
http://www.portalnano.ru/

YyeoHo-MeToANYEeCKHE U3TAHUSA

1.2)KnanoB A.B. Meronnueckue yka3aHus K IPaKTHYECKUM padboTaM 1o gucturuinHe «Mcropus
pa3BUTUS HAHOTEXHOJIOTUN» s cTyneHToB HampasieHus 28.03.02[OnexkTpoHHBIN pecypc]
/ coct. XKnmanos A.B.; Bnaz. roc. yu-r. TMC - Bnagumup, 2016. - JlocTyn u3 KOpIOpaTHBHOM
cetu Bal'V. - Pexxum nocryma: http://cs.cdo.visu.ru/

2.Knanos A.B. Metoauueckue yka3zaHus K 1a00paTopHbIM pabotam mo aucruruinae «Mcropust
pa3BUTHS HAHOTEXHOJIOTHI» 1t cryiaeHToB HampasieHus 28.03.02[DnekTpoHHBIM pecypc]
/ coct. XKnmanor A.B.; Binaa. roc. yu-t. TMC - Bnagumup, 2016. - JfocTyn U3 KOpnopaTuBHON
cetu Bal'V. - Pexxum mocrtyma: http://cs.cdo.visu.ru/

3. XKnanoB A.B. Meroanueckue peKOMEHIAIMU K BBIMOJHEHUIO CAMOCTOSITEIbHONW PabOTHI 1O
muciumuinie  «Mcropuss  pa3sBUTUS  HAHOTEXHOJIOTMM» I CTYACHTOB — HAIpaBJICHUS
28.03.02[OnexTponnsiii pecypc] / coct. XKnanos A.B.; Bnaa. roc. yu-r. TMC - Brnagumup,
2016. - Toctyn u3 kopriopatuBHo# cetu Bal'Y. - Pexxum nocryma: http://cs.cdo.visu.ru/

4.KnanoB A.B. Ouenounsle cpezcTBa no aucuumiuHe «lcropus pasBuTHs HaHOTEXHOJIOTUI»
Uit ctyneHToB Hampasienus 28.03.02[OnekTponsslii pecypce] / coct. XKXnanos A.B.; Bman. roc.
yu-T. TMC - Brnagumup, 2016. - Jloctyn u3 xopnopatuBHoil cetu Bial'y. - Pexxum nocryna:
http://cs.cdo.visu.ru/

Ilepeuenn pecypcoB HH(POPMALIMOHHO-TEJIEKOMMYHMKALMOHHOI ceTH «AHTepHeT», HeoO-
XOIMMBIX /ISl OCBOEHUSI TMCHUTIIMHBI

1) [Moptan Lentp aucranimonHoro o0yuenust Bal'Y [anexTponHslit pecypc] / - Pexum gocryna:
http://cs.cdo.visu.ru/

2) Paznen odpunmansHoro caiita Bnl'Y, conepskamuii onucanue o6pa3oBaTeIbHOM MPOTPaMMBbI
[an1ekTpoHHBIH pecypce] / - Pexxum nocryna: O6pazoBarenbHas nporpamma 28.03.02
«Hanonnxenepus»

http://op.visu.ru/index.php?id=169

8. MATEPUAJIBHO-TEXHUYECKOE OBECIHHEYEHME JUCHUIIJIMHBI

s oOecrieyenust ydeOHOro rmpolecca MO JUcCHUIUIUHE «Mcmopus pazeumus
HaHOMexXHoA02ul» TPEIyCMOTPEHO UCTOIb30BaHUE Clenyronmx nadopartopuit kadeapsr TMC,
HOIL AKTIIIT u HOLl «Hanorexnonorum» Bal'y

1. JlaGopaTopusi HAHOAMATHOCTUKH W (PEeMTOCEKYHAHOIi J1a3epHOH TeXHUKH (aya.
118-4)

Kpamyxas xapakmepucmuka nomewjenus:

O6mas mmomane — 102 xB.M (2 3Taxa). 1 3Tax — 1abopaTopHOE U MPOU3BOACTBEHHOE
obopynoBanue (67 KB.M), KOMIIBIOTEPHBIM KjacC Ha 16 TMOCagOYHBIX MeECT; 2 JTaXK —
BCIIOMOTaTe/bHblE  MOMeleHns, KoHaunuoHep.  CoorBercTBytror  Hopmam  CanlluH
2.2.1./2.1.1.1278-03, CaulluH 2.2.4.548-96, CanlluH 2.2.2/2.4.1340-03, CaunlluH 2.4.3.1186-
03, IIIb 01-03, Cuull 21-01-97, Cuull 23-05, HIIb 104-03


http://window.edu.ru/
http://www.portalnano.ru/
http://cs.cdo.vlsu.ru/
http://cs.cdo.vlsu.ru/
http://cs.cdo.vlsu.ru/
http://cs.cdo.vlsu.ru/
http://cs.cdo.vlsu.ru/
http://op.vlsu.ru/index.php?id=169

Obopyoosanue:

1) Yucras komHaTa:

2) ycraHoBKa (heMTOCEKyHIHasl jlazepHas "yIopsI0YeHHOTO HAHOCTPYKTYpUPOBaHHS"
(PD):

- umeeT 3 pabouuX JUIMHBI BOJHBI, YIbTpa(HOIeT, 3eeHbIH, U HHPPAKPACHBIH JTyd.

- 2 yuactka oopabotku (100x100 mm; 20x20 MM ¢ BO3MOKHOCTBIO MTO3HIIMOHUPOBAHUS C
TOYHOCTBIO /10 2 HM)

- IMaMeTp ny4dka okoJjio 60 MukpomMeTpoB B cirydae noist 100x100 mm

- quaMeTp my4ka ot 0,5 MUKPOMETPOB (3aBUCUT OT UCIOIB3YEMOr0 OOBEKTHBA)

- BO3MOXHOCTh 00pabOTKM ¥ JUArHOCTHKU MPOBOISIIMX, IUAIEKTPUUYECKUX,
IIPO3pAaYHbIX, HEIPO3PAUYHbIX MAaTEPUAJIOB.

3) sonoosas nabopamopus "Unumeepa cnexkmpa” (P®D)

4) ougppaxmomemp manoyenosoeo paccesnus SAXESess

6) Muozoghynkyuonansmnwiii nianuwemnsiii anaauzamop VICTOR X3 (PerkinElmer)

2. JlabopaTopusi pEHTT€HOBCKOii THATHOCTHKH MaTepuaJioB (aya. 108-4)

Kpamxas xapakmepucmuka nomewjenus:

O6mas miomans — 175 xB.M (2 3Taxka). 1 3Ttax — 1ab0paTOpHOE M MPOU3BOICTBEHHOE
o0opynoBanue, yueOHbI kiacc (Bcero 100 kB.M), 2 3Tax —pabouyuMe MecTa HHKEHEPOB-
UCCIIeIOBATEICH, JIA0OPATOPUU M0 aHANKU3Y (DYHKIIMOHAIBHBIX M MarHUTHBIX MaTtepuaiioB (75
KB.M).

Obopyoosanue:

1. Penmeenosckuii ougppaxmomemp Bruker D8 ADVINCE

2. Penmeenogpnyopecyenmmuoiii cnexkmpomemp ARL ADVANT X Thermo Scientific (USA)

3. Vemanoska 0Onsi uzmepenus MASHUMHBIX CEOUCE MASHUMOMEEPObIX MAMepUaios
Permograph-L

4. Ananuzamop kucnopooa u azoma ¢ memaniax u cnaiasax ELTRA CS-800

5. Ananuzamop cepul u yenepooa 6 memannax u cniasax METABAK-AK

3. JlabopaTopusi moJiy4eHusl YIJIepoJAHbIX HaHOMaTepuaioB (ayn.108a-4)
Kpamxas xapakmepucmuka nomewjenus:
O6mas mnomanb — 150 kB.M (2 aTaxa). 1 sTtax — mabopaTopHOEe M MPOU3BOJICTBEHHOE

obopynoBanue (100 kB.M), 2 3TaX — MyJbT YIpaBIEHHUs YCTAaHOBKOH, paloune Mecra
WHXXEeHepoB-uccaenoBateneii (50 kB.M).
Obopyoosanue:

ycraHoBka «Taynut» ana nmonydenus YHT, mucTunstop uisi OYMCTKH U CMEIIMBAHUS
VYHT, mapoBas MenpHHUIA, ycTaHOBKA 1m0 Y30, BCOMOraTelbHOE OO0OpPYAOBAHHUEIT OYHCTKHU
VHT

4. Jladopatopusi 2D- n 3D HaHOCTPYKTYpPHPOBAHHBIX NOKPHITHI (aya. 119-4)

Kpamkas xapakmepucmuxa nomewenus:

O6mas mmomane — 102 xB.M (2 3Taxa). 1 3Tax — 1abopaTopHOE U MPOU3BOACTBEHHOE
obopynoBanue (67 KB.M), 2 3Taxk — yueOHBIN Kacc Ha 15 mocamoyabx MecT (36 KB.M).

Obopyodosanue:

1. YcraHoBKa JJisl HAHECCHUs HAHOCTPYKTypHpoBaHHbIX TOKpbiTHii UniCoat 600SL+;
npousBoauTens — PO, rox Beimycka - 2008.

VYcraHoBka i HaHeCeHHS TOKpHITUH MetogoM PVD ¢ makcuManbHOW TONITUHOMN
MHOT'OCJIOIHOTO CAHJIBUY-MOKPHITUS 0 20 MKM Ha BECh JMAana3oH HCIOJIb3YyeMOIro KOHIIEBOTO
WHCTPYMEHTa C  CHUCTEMOW  BU3yalW3allMH, YOpaBIeHWs W  TEPMOMETPHPOBAHUS
TEXHOJIOTHYECKOT0 Ipolecca B TEUEHHE BCEro IMKJIA H3roTOBICHUSA. OCHOBHBIE THUIIBI
nokpeithii: TpaguiroHHbie TOKpeITUs — TIN, TICN, Ti-C:H; 3D-HaHOKOMITIO3UTHBIE TOKPHITHS,
2D-HaHOKOMITO3UTHBIE MTOKPHITHA U IJICHKH (B TOM YHKCIIE aIMa30IM0A00HbIC)- CYNepIaTTHKY.



2. CranmoHapHasi ~ yCTaHOBKa Jis  HM3MepeHMs MukporBepgoctd HVS 1000,
pou3BOAUTENb — TallBaHb.

[IpennaznaueH A N3MEPEHUSI MUKPOTBEPIOCTH B TOM YHCIIC U TIOKPBITHIA.

3. UcnpiTaTenbHas cucteMa Ha pactsbkeHue Tepmokameporr WDW-100.

XKectrocts cunoBoii pamer: 100 kH/MMm, Hanbonbmas npenensHas Harpyska: 100 kH (10
Tc); Tun npuBoja: 3nekTpoMexaHudeckuii, TouyHocTs u3mepenus Harpysku: +1,0%(mo 3axazy
0,5%), Huanazon usmepenust narpy3ku: 400 H ~ 100 xH; (0.4%-100% monHOM MIKAJIbI,
ABTOMATUYECKU TMEepeKiIovyaeMble InKanbl), 6 mkan, Pazpemenue nHarpysku: 0,001% FS,
Juanazon u3mepenus aepopmammu: 2 — 100%, Tounocts u3mepenus aedopmaruu: +1,0%.

3. YcTaHoBKa JIJIs1 HAHECEHUS XOJIOIHBIX ra30IUIa3MEHHbBIX TOKPBITUI

4. YcTaHOBKA IS 1711 HAHECEHUSI TOPSYHMX Ta30JUHAMUYECKUX TTOKPBITHIA

5. Kanorecrep CSM CAT (Mogens CAT-S-AE), nponssoaurens: CSM (Ilseiinapus).

6. Muxpoxom6utecrep CSM MCT Ilpouspomurens: CSM (Ilseiinapus).

7. Tpu6omerp CSM (Monens TRB-S-CE-000). IIpousBoxurens: CSM (1lBeitnapus).

6. LleHTp alIUTUBHBIX TEXHOJIOTHHA

Kpamxkas xapakmepucmuxa nomewenus:

O6mas rroniaae — 62 kB.M— 1a00paTOpHOE U IMTPOU3BOICTBEHHOE 000PYIOBAHHE

Obopyoosanue:

1. Vemanoeka no cenexmugnomy nasepnomy cnekanuio Memaiiudeckux nopouiKos.

OCHOBHBIE TEXHHYECKUE XapaKTCPUCTUKU: TabapuThl padoueit 30Hb1 250 X 250 X 280 mm;
THUIT ¥ MOIIHOCTH Jiazepa - Bonokouusnii IPG 400 Br; amuua Bomaer - 1070 HM; MakcHMalibHas
CKOPOCTh CKaHuUpoBaHus - 7 w/c; TommmHa cnost - 20-50 mkm; ba3zoBble MmaTepuaibl:
HeprkaBerolas craib; anoMuHueBbiid (Al) crumas; TutanoBsiit (T1) cruias; xaponpouyHas CTalb
(2 Buma); nukenessiii (Ni) crutas; ko6ansToBsIi (CO) cmas; Kobansroxpomossrii (CoCr) crias.

2. Cmanyus peceHepayuu azoma.

3. Yemanoska ons npoceusanus memaniuiecko20 nOpouiKd.

4. Myghenvnas neus 0115 omoscuea 20moegvlx oemaineli ¢ RPOSPAMMUPYEMbIM YUKTIOM
Ha2pesa/oxXnancoeHus..

5. Ileckocmpytinvie ycmanogku (2 wim) 0151 06pabomxu naum yYCmaHo8KU U 20mMo8blxX
Ooemareil.



Pabovas mporpamMMa AMCHMIUTHHBI COCTAaBIE€HA B COOTBETCTBHH C TpeGoBanusmMu OI'OC

BO no manpasnenuro 28.03.02 «HaHOWH)KEHEPHUSI»

(®HO, noanuce)

Pa6ouyro mporpammy coctaBuit ’/’W AT n. frocpeies W A B

Penen3enr:
(mpexncraBurens padoromarens) OO0 «Meramt ['pynimy, TeXHUYECKUH zmpe e

JleeB MLA.

ITporpamma paccmoTpeHa u onoOpeHa Ha 3acenaHuy Kadeapbl TeXHOIOTHS MAITMHOCTPOEHHSI
Ilporokon Ne #/7 ot A.#4.4¢76 tona
3apenyromuit kadenapoii 1.1.H., mpodeccop Moposzor B.B. /,h,,

(@HO, nony(cb) /.

Pabouas nmporpamMa paccMOTpeHa M 0JJ00peHa Ha 3acelaHuH YUeOHO-METOANIECKON KOMUCCHH

HarnpasiieHus 28.03.02 «HaHOWH)XEHEPHSI»

IIpotoxon Ne  §/7 ot #/.¢¥. 3¢/¢ tona

IIpencenarens komuccnu A.T.H., mpodeccop Moposos B.B. I o

(®UO, I'IO/fmgb)




JIMCT IEPEYTBEPKJIEHUSI

PABOYEW ITPOT'PAMMBI TV CIIATLIMHBI

Pabowas mporpamma onoOpenHa Ha o/ y4eOHBI! rox

IIporokon 3acenanust kapenpei No /ot #J4/. 4é4 rona

3aBenyrommii kadeapoit 1.1.H., mpodeccop Moposos B.B.

PaGouast mporpamma onobpena na &4 /44/9 yueOHBIN TOx

[Iporokon 3acenanns kapeapet No 7/ ot S#9A4A#¢ rona

3asenyromuii kadenpoit 1.1.H., mpodeccop Moposos B.B.

Pa6ouas nporpamma ono6pena Ha y4eOHBIH rox

[Tporokoun 3acenanus kagempbr Ne oT roja

3asenyromwmit kadeapoi 1.T.H., mpodeccop Moposos B.B.




