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1. OEJb OCBOEHWS JTUCIUTIINHBI

Msyuerne nucnuiunst «MaTepHaloBeieHne HaHOCTPYKTYPHPOBAHEIX MaTepm|aJ[()B>> cTy-
ACHTAMH HANIPABICHHUA MOATOTOBKA «HAHOTEXHOMOTHH 1 MHKDOCHCTEMHAs TEXHHKAY TIPSATIONE-
raeT I0JYICHAE CUCTEMATH3NPOBAHHOTO IIPEACTABIEHHS O 3aKOHOMEPHOCTSIX ATOMHOTO CTPORHA1
TBEPALIX TeJl, U3Y4ICHHE (EHOMEHOTOTHYSCKIX Teopuit s anammsa >hhexTos B TBEPILIX TEITAX,
SHAKOMCTBO C MATEMATHHECKHMH MOJCISIMU H ()OPMATHMOM IS BBIIONHEHHIS PACUSTOB IIPH
PELICHHY KOHKPETHBIX TeXHHYECKHX 3a/1ad, CBA3AHHEIX C IPAKTHUCCKUM anMeHe]IHeM HAHOMa-
TEPHAIOE. |

Ienb10 OCBOSHUS MUCIAILIMHEL SBIETCS (JOPMUPOBAHHE IPEACTABICHHAN 0 IIPOLECCAX 1
ABJICHUAX, IPOTCKAIONIUMX B HAHOCTHCTEMAX M MATEpPHANaX, BLITONHEHHBIX HA HX OIJ;HOBG, npu
PasHLIX BHJIAX BO3AEHCTRHIL,

3agauu AHCHMIIHHED:
° M3YUeHHE 0COOCHHOCTEH ATOMHOM i 7EKTPOHHON CTPYKTYPHI HAHOMATEPHAIOB, |
® 3HAKOMCTBO C HU3KOPa3MEPHBIMHU CTPYKTYPAMH, TEXHOJOIHAMA U MATEPUATAME HA HX OCHO-

BE; .

®  IIOJIyYCHHE IIPE/ICTABICHHE O COBPEMEHHEIX METOAX MATHOCTHKY HAHOMATCPHAIOB.

2, MECTO TUCIHUILJIMHBI B CTPYKTYPE OITIOII BO

Hucnummua «MaTepranoBeeHie HAHOCTPYKYTPHPOBAHHEIX MaTePUAIORY» OTHOCHTCSH K
00s3aTeNEHEIM IHCIUIIIHEAM BapuaTisHoi wactn OLIOIT moiroToBKH OaxanaBpoB HO‘HaHpaBHﬁ‘
HUIO «HamoTeXHOMOTHI U MEKPOCHCTEMHAS TEXHUKA,

Mszyvenue IMCHMINIHELI IPEAIONAraeT Hanwuue (yHIAMEHTANBHLIX SH‘J.HI/IHI KOTOPEIE
(hOpMHPYIOTCS ¥ CTYNEHTOB IPH M3yUeHUH TIPSIIECTBYIOMMX JHUCIATLINE 6a30B0M qacm «Pu-
3uKay, «MartemaTuka», a TaxKe MUCIMIUIMH BAPHATHBHON uacTd: «Bneienne B narﬂo TEXHOJI0-
ruio», «IKBanTOBAs M cTATHCTHUECKAS (PH3HKAY

3HaHUS, OLYYCHHBIE B PAMKAX U3YUCHHs JAHHOH MUCIHUTUTHHE], MOTYT Emma IIPUMEHC
HLI IIPY U3YUCHHH JPYIHX CICUHATBHLIX JUCLIUIUIHHE 110 HAPABJICHUIO [TOATOTOBKH, & 'L‘azc}rce pr
BBIIIOJIHEHUH BBITYCKHON KBANMH(DUKAIHOHHON paBoTEL.

3. KOMIIETEHIMH OBYYAIOIIETOCS, ®POPMHPYEMBIE B PE3YJLTATE
OCBOEHHMSA TUCHUILTAHBI (MOIYJISI) |
B nponecce ocBoeHMs TAHHOM JIMCIMIUIMHEL CTYEHT (BOPMUPYET 1 ,ueMQHCTppreT CIEAYIO-
IIHe POPECCHOHANEHEIE KOMIIETEHIHHT:
1) cr10COGHOCTEIO BBIBISTE CTECTBEHHOHAYIHYIO CYIIHOCTD 11po6IIEM, BOZHUKAFOIIEX B XO-
Jie TpOQeCCHORANBHON NesITeIBHOCTH, IPHBIEKATh [UIST X DEeIleHus COOTBETCTBYIOIIH
(pusuko-maremarHaeckuit anmapar (OITK-2). |
2) TOTOBHOCTEHIO TIPOBOMMTE SKCIEPHMEHTAIBHEIC HCCIE[OBANNS 110 CHHTE3Y W aHA/M3y Ma-
TCPUATOB ¥ KOMIIOHCHTOB HAHO- M MUKpOcHCcTeMHON Texnuku (TTK-2) '
B pesysnbrare 0CBOCHHS JHCLMIIIAHEL 06 YUAIOITHHCS JOMIKEH TeMOHCT PUPOBATE CIEYIO-
LIHE Pe3yIbTaThl 00pa3oBaHus: |
1) 3HaTh: 0cO6EHHOCTH ATOMHOTO | SNEKTPOHHOIO CTPOCHHS HaHOMaTePHAIOR; 0COOEHHOCTH
TCXHOJIOTHYCCKOTO MCIIONIB30BAHKS HU3KOPA3MEPHEBIX CTPYKTYD; CBOHCTRA IIaI[OI\mmpHaﬂon H
HaHOCHCTEM IIPH Pa3HBIX THIAX BO3/ekcTBul Ha Hux (OITK-1). .
2) YMeTb: BBIONHATH PACYeTHl IS OMEHKH 3(Q(EKTHBHOCTH HCIONBI0ORAHUSL 1<0111cpm [BIX
HanoMaTepuanos, (OITK-1). |
3) Brazers: Metonamu anamisa 1 KOHTPOJSL HAHOCTPYKTYPHPOBAHHEIX MaTEPHATOR i(HK—Z).




4. CTPYKTYPA U COAEPKAHUE AUCIUILIIHHBI (MOTYJI5)
O6mas Tpy10eMKOCTb JUCLIUINIMHEL COCTABIACT S 3aUeTHBIX exmuui, 180 Yacos.
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COJEPKAHUE N CHOUATTINHLI

JEKLINA

Paznen 1. ATomuast i 3JIeKRTPOHHAS CTPYKTYPBLI TBEPABIX TeJL

1.1.ATOMHO-KpHCTATIIHYECKOE CTPOSHUE TBEPABIX TCII,
1.2.30HHag CTPYKTYpa H CTATHCTHKA MOJIYIPOBOIHIKOB,

1.3.KsanTopo-pasmepnsie 3 eKTs! B HAaHOCTPYKTYpax, [INOTHOCTE cocTosMHumi,

1.4.I1omynpoBOHHKOBEIE HH3KOPa3MEPHBIE CTPYKTYPEL

1.5.2J1eKTPOHEI B ICPHOJUYECKIX CTPYKTYPax. BIOXOBCKIE BOJHEL

1.6 Jucnepcronnere KpusLie. 30HpI Bpummosna,
1.7.BonroBoit BexTop. D dexruBHag Macea.

Paszjes 2. HanocreTeMbl 1 HAXOMATEPHAJIBL

1.8.KpasuyacTHITL! B HAaHOMATEpHAIaX.

1.9.9KCHTOHEI K SKCHTOHHEIE MTOJAPHTOHEL
1.10.I'eTepocTpyKTYpHI 1 CBEPXPELIETKH.

L.11. Poronnpre xpucTaiisr. KBaHTOBEE MEKPOPE3OHATOPEL.

Pasjien 3. CroiicTBa HanHOMAaTePHAJIOB.

1.12.Paccesnue B HaHOCTPYKTypax. Peneesckoe paccesumue,

1.13. Paccestnne Mannensmrama-Bpunnossa. Pamanosckoe paccestiue,
1.14. TernoBrle cBOMCTBA KpHCTAIIMYECKOH penrerki, Momens (horoHHOrO B3aMMOAEHCTRHS,

1.15. CRepXIIpoBOAUMOCTE KPUCTAIIIHIECKHX TEll,

1.16. MarnuTHEIE CBOMCTBA KPHCTAIIHYECKUX MATCPHAIIOB.
1.17. Heytunelinste adiextsl B HaHOMATEpHATAX.

1.18. Hedexrst B xpucramnax. Medexrs IloTTin 1 Openxers.




INMPAKTHYECKHWE 3AHATII
Tema 1. DnemenTsl 30mH0M Teopuu. CoBCTBEHHAS 1 IIPUMECHAS IIPOBOIHMOCTD, 211.
Tema 2. Jloxamasanus 51eKTPOHOB B NPOCTEHITAX HAHOCTPYKTYpaX. Pasmeproe| kpanTOBA-
HHe. 24, |
Tema 3. CobeTBeHHAs (YHKIMS OIHOSIEKTPOHHOTO TAMUIBTORNUANA [T TIOJA C nepnonmm
cKuM ToTernranoM. Ocrmramu broxa. 2y, ;
Tema 4. [Morenumanpueie 6apbeps! U MBI B HAHOCTPYKTYpax. 2. |
Tema 5. ['eTepoCcTpyKTypHI U FeTEPOIIEPEXOBL 2.
Tema 6. Paccestnue B HaHOCTPyKTYpax. Pacuer mapaMeTpoB paccesmus, 24, !
Tema 7. Henuuetasle a((hexTh B HAHOMATEPHANAX. !
Tema 8. 'enepanus BTOpO# rapMOHHKH ¥ yCIOBUE (a30BOTO CHEXPOHU3MA 2, |
Tema 9. JleQexTrl B HAHOCTPYKTYPHPOBANNEIX MaTepHaaXx. !
JIABOPATOPHBIE PABOTDI '
1. OcHOBEI 30HI0BOM CKAHUPYIOIIEH MUKPOCKOIIHH 4. !
2, PacTpoBas 21eKTPOHHAS MUKPOCKOIHSL. 2.
3. CIrexTpocKonuyecKie MeTO/(bl aHAIH3a Hanomarepuanos (Oue, saepHBIil MAarHHTHBIH pe-
3oHaHc, Méccbayap). 4u. -
4. PerTreHonupakIHONHEIE METOABL HCCIEIOBAHMS CTPYKTYPLI HAHOMAT epHaNoB, 4.
5. PaBora ¢ MexxaynapoJHeIMU OaHKAMK CTPYKTYPHEBIX JAHHEIX, 41, |

5. OBPA3OBATEJILBHBIE TEXHOJIOT'UU |

B pamxax neximonHoro xypea: .
5.1. ARTHRHBIE H HHTePAKTHBHBIE (POPMBI 06y CHIIST :
C neisto pOpMUPOBAHHA B PA3BHTHS IPOPECCHOHATLHEIX HABBIKOB CTYACHTOR B yueOHOM IIpo-
L1ecce MCITONB3YIOTCS AKTHEHBIE ¥ MHTCPAKTHBHBIC (DOPMBI IIPOBEACHHUS 3AHATHH B COUCTAHHM C
BHEAY/IHTOPHOMH paboToH: (KOHTPONBHEIE ay/[HTOPHEIE PAGOTHI, MHIHBH/YAIEHEIE TOMALIIHE pa-
0OTEI). '
3.2. CamocTosiTesnbHast padora cTyeHTOR |
CamocrosiTenbras (BHeayMuTOpHas)) paboTa CTYJIEHTOB BKIIOUAET 3aKPEILICIIHe TEOPETHUECKOTO
MaTepHalla [PH MOATOTOBKE K BBITONHCHHUIO WHIUBHIYaNLHOH JoMainHelt paGoTsl, K mpakTuye-
CKuM 3aHATHAM. OCHOBA CaMOCTOATENBHON PaGOTEl - H3yueHHE JTUTEPATYpPBI 110 pezcoﬂm—mm.arz--
HBIM MCTOYHHKAM M KOHCIIEKTY JIEKITHIA, ‘
5.3. MyjsTHMeAHITIBIE TEXHOJOTHE 06y aenust '
HexoToprie n3 NEKIMOHHEBIX B IPAKTHYECKUX 3aHATHH IIPOBOLITCS B BHJIE NPE3CHTALUN B MYIIb-
TUMEMHHON ayJMTOPHH C HCIOJB30BAHAEM KOMIBIOTEPHOTO NPOekTopa. CTYACHTAM [IpEHo-
CTAaBJISIETCS] KOMIILIOTEPHBIM KypPC JCKITHH. '
5.4, PeiTHHr-KOHTP0JIB |
PeATHH-KOHTPONL TPOBOAHTCS TPE pasa 3a cemectp. OH NPeIoNaraeT OleHKY CyMMapHEIX Gaj-
JIOB TIO CIEAYIOIIMM COCTARJIAIOMMM: Oa/Ibl HA KOHTPOILHLIX 3aHsTHSIX, KAUSCTBO BLITOMHEH U
AOMAIIHHX THIIOBBIX 3alaHHH, PACCMATPUBAEMBIX Ha MPAKTUHECKHX 3aHATHSK. Pacrpenencine
GasIoB 10 KOHTPOTLHEIM MEPOIIPHATHSIM ONPE/IENSETCS IEKTOPOM, BEYIIHM JIMCLIHITIIHHY.

6. OIIEHOYHBIE CPEJICTBA IUIA TEKYIIET'O KOHTPOJIS YCIIEBAEM OCTH,
NPOMEXKYTOUYHOM ATTECTAIIAN 10 UTOTAM OCBOEHSI I[IflCU;I/IHJIﬂ~
HbI 1 YYEBHO-METOAUYECKOE OBECOEYEHUE CAMOCTOST EJII)H()I/I
PABOTBI CTYIEHTOB ;

0.1. Jx3amMeHANMOHILIE BONPOCHI '

1. 3onnas reopus nposomumoctir, COGCTBEHHEIE U MPUMECHEIE IOTYIPOBOJHUKHE. |
Pasmepnpie  5(Q@{eKTEl B HAHOCTPYKTYpax. ILIOTHOCTH COCTOSHMI. HHBKO]D:HSI\-IepI{[BIﬂ
CTPYKTYPEL '

3. DJeKTpoH B IOJIE ¢ HePHOAHIECKUM TI0TeHIMAToM. Teopema Bioxa.

Jucniepecronnsie Kpusele. 30HEI Bprniosaa. D pexTHRHAL Macca.

5. KBasuuacTuIils! B HaHoMarepuaiax.

i



0.
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JKCHTOHHEIE MOJIPATOHEI B TEXHOJIOTHH Ha HX OCHOBE.
['eTepoCTpyKTypPEI ¢ KBAHTOBBIME AMAMHE M CBEPXPEIICTKH.
DOTOHHEBIE KPUCTAILIEL

Peneesckoe paccesnue. PaccessHue Manaensurrama-5puimmossa.

10. PamanoBckoe pacccesiue. Paccesnne Mu.

11. ®ononHas MOZEIb TEIIOBBIX KOJIEOAHMI,

12. CpepxIIpoBOANMOCTE MATEPHANIOB, Bo3e-KOHIeHCAITHSI.

13. MaruuTHBIE CBOHCTBA HAHOMATEPHATIOR,

14, Henuneltaere a(h(heKTs! B HAHOMAaTEpHATIAX.

15. leQextrl B HAHOCTPYKTYPUPOBAIHEIX MAaTEpPHATAX.

16. 3on710Bas CKAHHPYIOIAS MUKPOCKOIIHSL.

17. Pactposas snexTponHas MEKPOCKOTIHS Al JIMATHOCTHKI HAHOMATEPHATIOR.
18. CriexTpocKoniyeckne METOAB! aHAIM3a HAIOMATEPHAIIOB.

19. PerrrenonudpakiiuonHEIe METOLBI HCCIEOBAHES CTPYKTYPEI HaHOMATEePHAJIOB,

0.2. Borpockl peliTHHr-KoHTP OIS

Peiitunr-conrposa Nel
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30HHAs TEOPHs! IPOBOIUMOCTH.

JOHOpHEIE H aKIEITOPHEIE MOJIyIIPOBOIHHUKH.
KBanToso-pasMepHEIe 9(Q(eKTbl B HAHOCTPYKTYpax.

[InoTHOCTE COCTOAHUIA,

HuskxopasMepHBle CTPYKTYPEL

JicnepcroHHEbIE ypaBHEHNS U KPUBLIE.

Teopema Bioxa.

3oHb! Bpuiosna,

Bonnosoit sexrop. DddexTunnas Macea.

Pelirnur-konTposast Ne2

KBasu9acTHIEI B HAHOMATEPHATIAX.

JKCHTOHBI, TPHOHEI ¥ 9KCATOHHEIE TIOJSPHTOHEL.
Iorennuansusie 6apreper. TynnensHbLl 9¢hekT 1 HanbaprepHOe OTPaIKEHHE.
[eTepoCTPyKTYPEL B TeTepPOIIEPEXOIEL.

Caepxperrerku

DOTOHHEIE KPHUCTAIIIE,

Muxpope3oHaTopsL.

30HJ[0BAST CKAHKPYIOLIAs MUKPOCKOTIHAL.

Pefiranr-kouTposst Ne3

Paccesnue B narmomarepuazax.

Teruiosrie colicTBa HaHOCTPYKTYD. POHOHHAS MOIEND.
CeepxnpoBoMOoCTE. Bose-KoHeH AT.

Hemureiinsie o GexTr! B HAHOCTPYKTYPUPOBAHHEIX MATEPHATAX.
['enepanust BTOPOH rapMOHHKH 1 YCIIOBHE (pa30BOr0 CHHXPOHH3MA.
MarnuTisie 9 QeKxTs B HagoMarepuanax.

JlepexTrl B HAHOCTPYKTYpHPOBAHHEIX MaTEpHAIAX.
CrexTpansHbIe METOLI HCCIEMOBAMES.
Perrrrenonu(pakiinoHybe METOLI HCCIEOBAHHS,

6.3. Bonpoch! AJIsT KONTPOJIST €AMOCTOSTEIBLHOM paGoTeI:
OcobennocTr (PU3MYECKHX B3aMMOJEHCTBH Ha HAHOMAacIITa0ax.
Onucanne ABroKeHus HanovyacTuil. Ypasuenue [pemunrepa.
lamunsronnan. CoGeTBeHNEe ()YHKITHH H COOCTBEHHbIE 3HAUESHMUS,
Tynnensueii aexr u HanGaprepHoe oTpakeHwe.

KBaHTOBEIE MUKPOPE30HATOPEL,
Monens JleGast. POHOHBAS TENIOEMKOCTE B MOJIEINH Jlebas.
Macc-criekTporpaguueckuit MeTO/| HeeHeI0BaAHAS HAHOMATEPHAIIOB,




8.

HudQysust B KpucTaIMueckux Tenax.

7. YUHEBHO-METOJUYECKOLE U UHO®OPMAIIMOHHOE OBECHEYEHIT, JUC-

LTI HBI

OcnoBnas siureparypa:

1.

Tomuman, B, Y. Ousuueckoe matepruanosencuue. U, 1. [Taccupnnie JHOIEKTPAKH: yuel. 110~
cobue B 2 4./ B. V. Tomunun, . 1. Tomununa, B, A. BaxTuua, - Kpacnospcex : Cub. denep.
yH-T, 2012. - 280 ¢. — ISBN 978-5-7638-2510-7.

OCHOBBI COBpeMEHHOT0 MaTepranoseienus: yuebmnk / O.C.Cuporkum - M.; HUAL] UHDOPA-
M, 2015. - 364 ¢.—ISBN 978-5-16-009335-2.

MeTozbl HCCIENOBARMS MIKPOAIIEKTPORHBIX W HAHOMIEKTPORHEIX MaTEePHAIOnB H CTPYKTYP.
Hacte [I/BemruxoA.A., GumamonosallLU. - Horocu6.: HI'TY, 2014, - 227 ¢.— ISBN 978-5-
7782-2534-3.

HomonnureabHast JuTepaTypa:

(uznyeckoe Marepuanopenenue. Yacts 1. Ousnika TBEPJOTOo Tena: yuyebHoe mocobue/ Qefto-
T0B A.K.— OnexTpon. TexcToBbIe JanHbe.— Murck: Bemmitias micomna, 2010.— 400 c.
DH3UKOXUMHUSI HAHOCTPYKTYPUPOBAHHEIX MaTepuanos/MmommuB.A. - Hosocu6.: HI'TY,
2013. - 107 c.: ISBN 978-5-7782-2215-1

Beenenue B Gpemronanodoronuxy. OyHaaMeHTaTbLHEE OCHOBE 1 JTA3EPHBIE METOMEI YITDAB-
JIEMOrO TOJIyICHUS U AHATHOCTHKH HAHOCTPYKTYPHPOBAHHBEIX MAaTEPUANIOB: yueOHOE 110co-
6ue/ C.M. Apakemnss u Jp.— DIIEeKTPOH. TEKCTOBLIE JaHHbIE.— M.: Joroce, 2015.— 744 ¢,

Hurepuer-pecypenr:

8.

1. Kpucrammorpadudeckas u KpuCTammoxuMuueckas 6asa QAmHbIX UL MHHEPAIOR H HX
CTPYKTYPHBIX aHAJIOTOR «MHUHKPUCT»// Pexnm IoCTyTa:
http://database.iem.ac.ru/mincryst/rus/

2. KemOpupkenii Gank CTPYKTYPHBIX JIAHHBIX// Pexmm JocTymna;

http://webcsd.cede.cam.ac.uk/client log in.php?first attempt=1

MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE AU CUMITIIAH B
JlexuontbIe 8y AUTOPHY, OCHAIIEHHEIC MOCKOH M TEPeHOCHBIM HPOSKTOPOM IS IpoBe-

ACHHUS 3aHATHH C IPUMCHCHHEM KOMIBIOTEPHBIX NIPE3EHTANMI U JIeMOHCTPALHOHEEIX POJIUKOB.
AYIUTOPHY JUIsl IPOBENEHHS TPAKTUUECKUX H TaBOPaTOPHBIX 3aHITHH, 0CHAIIEHHEE COBpPEMEH-~
HBIME TIEPCOHAIBHBIMA KOMIIBIOTEPAMH, OOBEHHERHBIMH B JIOKAJIBHYIO BEIYHCIHTENBHYIO CETh 1
YKOMIUIEKTOBAHHEIMH HEOOXOMMMBIM CHCTEMHBIM H IIPUKJIAHEIM TPOTPAMMHEIM 06CCIICUeHHEM.



[Iporpamma cocrasiera B cootsercTBry ¢ TpeGosanusmu OIOC BO 1o HcLL"IpElBJ‘IGHIHIO O JIro- 5;)
ToBKH 23.03.01 HanoTexHOIOrHY 1 MUKPOCUCTEMHAS TeXHIKA. /> /*
Pabouyio mporpammy cocTaBuiI crapumi npemonasarens kad. GullM opuxor KA é@‘
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Iporpamma pacemorpena i ono6pera ua sacenamuu kaheapst OubHI "

ITpoToxom No // ’f ot OZ D / 5 roma

3aBenyromumii kageapoi

C.M. Apaxesisiy
/ (PUO, noamucs)
PaGouas mporpamMma paccMOTpeHa M OHOGpPEHA HA 3ACCHANNY yueOHO-METOAMUECKOH KOMMCCHI

nanpasnenns 28.03.01

TpotoxonNe A 1 or O7 D¢ /5 rojia /
Ipencenarens komuccuu C.M. Apakensig

/ (GHO, moxmmics)

JIMCT IEPEYTBEPKIEHU I
PABOYEN NPOTPAMMGBI JIMCLIUTLTHHEI

Pabouas mporpamma oro6pena na yueBHEIT 1o

IIpoToxoi 3acenanus kadenps: No oT roJia

3asenyromuit kadeapoit

PaGowuas mporpamma ono6pena Ha yueOHBIN 101

ITIpoToxon 3acenanus kadenpsr No or roja

3aBenyromuit xadeapoit |

PaGowas nporpamma ojio6pena na yueOHbIit roj

IIpoTokon 3acenamnust kadenpnr No oT roja .

3asexyromui kadeapoit




