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PaGouass nporpamma aucuumianHbsl «Ilpoumecebl moydYeHHsI HAHOYACTHIL
HAHOMATEPHAJIOB» ISl 00YJaIOIUXCS 110 HarpaBiieHHo moaAroToBkH 28.04.03 HanomaTepuaisl
(ITpodunb: Hanomarepuasibl 1 HaHOTEXHOJOTHH), COCTaBlIeHAa Ha OCHOBaHMM DenepalibHOTO
rOCYJJapCTBEHHOTO 00pa30BaTENbHOTO CTAaHIAapTa BBICHIETO OOpa30BaHMA — MarucTparypa Io
HamnpasyieHuI0 oArotoku 28.04.03 Hanomartepuarnsl, yTBEpKIAESHHOTO MPUKa30M MUHUCTEPCTBA
oOpa3oBanus u Hayku Poccuiickoit @eneparuu ot 22 centsops 2017 r. Ne 966 (¢ u3m. u 1o1.),
[Topsinka opraHu3aly U OCYIIECTBICHUS 00pa30BaTEIbLHOM IEATEIHHOCTH 110 00pa30BaTeIbHBIM
nporpaMMamM BbICHIET0 00pa3oBaHus — MporpaMmmamM OakanaBpHara, IporpaMMaM CIIeHUAINTETa,
porpaMMaM MarucTpaTypbl, YTBEP>KICHHOIO MpHUKa3oM MUHHUCTEpPCTBA HAyKH M BBICIIETO
obpazoBanusi Poccuiickoit ®enepanuu ot 06 ampenss 2021 r. Ne 245 (¢ usm. u 1om.), B
COOTBETCTBUH C yU€OHBIM IUIAHOM, YTBEepKACHHBIM Y 4eHbIM coBeToM PI'BOY BO «Jlonl'Y» ms

Habopa 2026 rona.

Pazpabotunk:

npodeccop kadeapsl oomei u

TEOpPETHYECKON (PU3UKH,

JOKT. (pU3.-MaT. HayK, mpodeccop A.T. [lerpenko

Pabouas nporpamMmma ogo0OpeHa Ha 3aceaHuu Kadeapbl oOIeH U TEOPETUUECKON (DHU3UKH.

[Tpotokoi ot 09.04.2026 Ne 11

W.o. 3aBenyromiero kadeapoit A.B. bezyc
COI'JTACOBAHO:

. 0. nekana Gpu3NKO-TEXHUYECKOTO (PaKyIbTETa C.A. ®omenko
16.04.2026

Y4eOHo-MeToanYeCKask KOMUCCHUS PUBUKO-TEXHUYECKOTO (PaKyIbTeTa.
[Tpotokon ot 15.04.2026 Ne 4
[Ipencenarens B. H. Korenko

PykxoBoauTenb 0CHOBHON 00pa3oBaTeIbHOM
MIPOrpaMMel, I-p (u3.-MaT. HAyK, Tpod
15.04.2026 A. T Ilerpenko
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1. MECTO JUCLIMITJIMHLI B CTPYKTYPE OBPA3OBATEJIbHOM ITPOI'PAMMEI

1.1.  TpeboBanus kK mpeABapUTEIHHON MOATOTOBKE OOYHAIOIIUXCS, MPEANISCTBYIOIINE
Y COIyTCTBYIOLIME AUCLUUIUIMHBI, HA KOTOPBIX OCHOBBIBAETCS N3YUEHUE JTAHHOMU:

JUCHUILIMHBL IpOrpaMMbl OakanaBpuaTta: MoJenupoBaHHE MHUKPO- U HAaHO CTPYKTYD,
®u3rKa reTepo3MUTaKCHaIbHbIX HAHOCTPYKTYP, Matepualibl U METO/1bl HAHOTEXHOJIOTUH.

JIMCUMIUTMHBI, KYpCOBbIE pabOThl M TPAKTUKH, [UIsI KOTOPBIX OCBOCHHE JIAHHOM
JUCHUTUTMHBI HEO0X0AUMO KaK MPe/IIIeCTBYIOIIEE:

CoBpemennble (GyHKIIMOHAJIbHBIE MaTepuaibl, [Ipoliecchl MonydeHHs] HAHOYACTUIl U
HaHoMarepuaoB, [Ipon3BoACTBEHHAs TPaKTHKA: HAYYHO-HUCCIIEI0BaTeIbCKas padboTa.

2. OIMMCAHUE AMCHUITJIMHBI

2.1. OO6mas xapakTepucTUKa

HaumeHoBaHMe TIOKa3aTes 3HayeHue NoKa3ares
Ha3zBanue 00pa3oBaTebHOM MPOrpaMMbl 28.04.03 Hanomarepwuans (IIpoduis:
(manee — OII) HaHomaTepuasibl 1 HAHOTEXHOJIOTHH )
udp 1 Ha3BaHUE B COOTBETCTBUU C b1.B./IB.1.1 Ilpouecchl noiayyeHus
y4eOHBIM [JIAHOM HAHOYACTHIl U HAHOMATEPHAJIOB
YacTts 00pa3zoBaTeIbHON MPOrpaMMbl BapuaTuBHas yacTh: BbIOOp 00yuaromerocs
KonngecTBo 3aUeTHBIX €IMHUIL / BCETO YacOB 4/ 144

B cmyuae mpenbsBiaeHHS OT OOydyaromierocss MWIA €ro pojauTens (3aKOHHOIO
IpeJCTaBUTENs) 3asBJICHUS] HAa OOydeHHe IO aJaNTUPOBaHHON 00pa3oBaTeNbHONW HporpamMme
BBICILIETO0 00pa30BaHUsl, MOJAKPEIJICHHOIO 3aKIOYEHHEM IICHXO0JIOTr0-MeINKO-Ie1arorn4eckon
komuccuu (IIMIIK) niamn meauko-cormansHo sxcneptussl (MCD) ¢ pekoMeHAaUsAMEI CO3JaHus
WHAMBUAYaIbHON mporpammbl peaOunutauuu u abwinrtanuu (UIIPA), nannas pabouas
nporpaMMa MoOXeT ObITh aJalTHPOBaHA C YYETOM HHJIUBUAYaIbHBIX OCOOCHHOCTEH 3710pOBbS
oOyyJaromerocs.

2.2.  Pacmpenenenue 4acoB 1o opMaM U MepuoaaM 00yueHus

OO011ee KOJIMYECTBO 4acOB
o
= CaMOCTOSI-
dopma g 8 5 - o
> | 2 JeKIU- | jJabopa- | MpakTH- | TEIbHOU opma
00yueHus 23 BCETO
Y OHHBIX | TOPHBIX | YeCKUX | paboThHI + KOHTPOJIS
KOHTPOJIb
Ounas 1 2 14 — 42 88 144 JK3aMeEH

3. LEJM JUCLUIUIMHBI

VYranyGneHHas MOATOTOBKA CTYAEHTOB B 00JacTH (PM3MYECKMX OCHOB (POpMHUPOBaHUS
CTPYKTYpPbl M «OCOOBIX» CBOMCTB HaHOpPa3MEpPHBIX M HAHOCTPYKTYPHUPOBAHHBIX MaTEpUAJIOB;
¢dopmupoBaHue y OyIylnux CIEUUAIMCTOB YMEHHH A CO3JaHUs HOBBIX (DYHKIIMOHAIBHBIX
MaTEPUAIOB U TEXHOJIOTMH UX U3TOTOBJICHUS.
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4. KOMITETEHIIMN OBYYAIOIMET'OCA, @OPMUPYEMBIE B PE3YJIBTATE
OCBOEHUMS KOMIIOHEHTA OBPA30OBATEJIbHOU ITPOI'PAMMEI, UX NH/IUKATOPDLI
N INTAHUPYEMBIE PE3VIIbTATBI ObYUYEHU A

Komnereniuu Nuaukatopel Pe3ynbrarhl 00ydeHus

[1K-4. [IK-4.1. Buocur [1IK-4.1.1. 3Haer cTpyKTypy U COACpIKAHUE

Crniocoben MIPEIJIOKEHUS B TEXHUYECKOTO 3a/IaHusl.

BHOCHUTH TEXHUYECKOE I1K-4.1.2. YmeeT aHanu3upoBarh U

MIPE/IJIOKEHUS B | 3a/laHue Ha COBEpIICHCTBOBATh TEXHUUECKOE 3a/1aHHUE.

TEXHUYECKOE pa3paboTKy [1K-4.1.3. Bnaneet HaBbIKaMH pabOTHI €

3aJlaHue Ha HaHOMPOIYKIIUU HOPMAaTUBHO-TEXHUYECKOH TOKyMEHTAIUEH.

pa3paboTky

Ha"onponykuuu | [1K-4.2. [1K-4.2.1. 3HaeT OCHOBHbIE ATaIbI
VYyactByer B IIPOM3BOACTBEHHOI'O KOHTPOJISL BBIITYCKaeMO
obecrnieueHuu HAHOTIPOTYKITHH.
KOHTpOJISI U [1K-4.2.2. YmeeT ocymiecTBIsSTh MOHUTOPUHT
MOHHUTOpPUHTA BBIIYCKaeMOIl HAHOIIPOAYKIIUH.
BBIITyCKaeMOM [1K-4.2.3. Bnaneet HaBbIKaMH pabOTHI €
HAHOTIPOIYKIIUU HOPMAaTHUBHO-TEXHUYECKON TOKYMEHTAIUEH.

5. I[TPOT'PAMMA JJUCLHATTJIMHBI

HasBanue TeMbl Kpatkoe cogepxanue TeMbl (BOIPOCH TEMBI)
Paznen 1. IIpoueccel nomyvyeHus
HaHOYaCTHI] 1 HAHOMATEpUAJIOB

Beenenune. HanoTexHONIOrNM METOIBI Krnaccugukanus BemecTs Mo arperaTHbIM
[IOJIyYEHUSI HAHOMATEPHUAJIOB U U3JIEIIUNA | COCTOSIHUSAM U Pa3MEPHBIM XapaKTEPUCTUKAM.
C HAHOCTPYKTYpOH. TepMUHOIIOTMYECKUE MOAXO0/IbI K OITMCAHUIO

HOHATHA «HaHOMaTepuam». Kputnuecknii pasmep
CyILIECTBOBAHUS HAHOKPUCTAININYECKOTO
Martepuaia. .J{oss rpaHuIl pasziena B o01emM
o0beme HaHoMaTepuana. Bo3HUKHOBEHHE HOBBIX
Ka4yeCTB IPU YMEHbIIEHUH 00beMa BEllecTBa
bazoBble MOHATHS OCHOB (DU3UKHU Kpucranmnmueckue cTpyKkTypsl. TpexMepHbIE U
TBEPOIO Tea. JBYMEpPHBIE pelIeTKU bpaBe — IpUMUTUBHAA U
aJeMeHTapHas ssYerku. JlanbHui 1 OJIVHKHII
nopsAIok. Sueiixku BopoHoro. DneMeHTsl Teopun
cuMMeTpuu. TUnsl cBs3el B MaTepuanax:
MOJIEKYJISIpHAst U MOHHAs CBSI3U; CIIMH KaK OCHOBA
KOBAJIECHTHOM CBSI3U; KPUCTAJUIBI C BOJAOPOIHON
CBA3BI0; METAJUINYECKAs CBsI3b U MOJENb Jlpyne.

Turbl HAHOPA3MEPHBIX CUCTEM. Hanousnemus. Muxkpousnenus. MaccusHbie
HaHOMaTepHalbl: OAHO(MA3HBIE W MHOTO(A3HBIE.
Komro3ursr c KOMIIOHECHTaMH 3
HAHOMAaTEPHUaJIOB.

3aKOHOMEPHOCTH 3apOXKIAECHHUS U pOCTa TI"'omorennoe 3apobIe00pa3oBaHueE.

HaHOOOBEKTOB. I'eteporeHHOE€ BO3HMKHOBEHHE MCTOYHHMKA HOBOU

¢a3pl. CKOpoCTh HOPMAIILHOTO POCTa KpUCTala.
Poct cryneHek Ha TOBEPXHOCTH 3apojibIIia.
[IpyuumHbl paznmuuuii pa3MepoB HAHOOOBEKTOB.
KpuBsle cBOOOAHON »HEpruu sl PasIMYHbBIX
(da3oBeIXx cocrossHUU. Kputmueckuit  pasmep




3apoblllia B COOTBETCTBUM TEPMOJIMHAMHYECKOU
monenbro Tonmeiro K.b.

Teopernueckue Moaenu

Mopens KonmoropoBa - J[>xoHcoHa — Mbdima —

3apoJiblIe00pa3oBaHus 1 ABpamu. IIpencraBnenue AppeHnyca.

KPUCTAJJIN3alUH. TepmoanHaMuka «Pa3MBITBIX» (ba3oBbIX
nepexonoB. Moaens uneanbHbIX CTPYKTYyp. «dDasza
MIYCTOTBI» U «Pa3MBITHIID (a30BbIi MEPEXO/I.

Hanorexnonorumu. Oynnepensl, Qpynneputsl, HaHOTPYOkH. OCHOBHbBIE

o0ractu MPUMCHCHUA HaHOMATCPUAJIOB n
HAHOTEXHOJIOTHIi: KOHCTPYKIIMOHHBIC MAaTCpHUaJlbl,

HHCTPYMCHTAJIbHBIC Marcpualbl,
IMPOU3BOJACTBCHHBIC TCXHOJIOI'UH, TpI/I6OTCXHI/IKa,
BOCHHOC A€J10, AacpHasd SHCPreTUKa,

JJICKTPOMArHuTHAsE M JJCKTPOHHAs TEXHHUKA,
3alUTa MOBEPXHOCTH MAaTepUajoOB, MEIHWIIMHA U
OHOTEXHUKA

XHUMUYECKUN CUHTE3 HAHOIIOPOIIKOB U
HaHOCTPYKTYP.

30115 - reiab MeToa. I'napo- u coabBOTEpMAaNIbHbII
CHHTE3. XeMOCOpPOIIMOHHOE HapallUMBaHUE CJIOEB.
Merton MonekynspHoro HacinauBaHus. lMonHOe
HacllauBaHUE WM «cJoW 3a cioem». OcaxeHue

HaHOYaCTHI] u3 ra3oBoOM Cpenbl.
[Tnazmoxumuyeckuit METO/ MOJTy4EHUS
HaHOOOBEKTOB.

dopMHUpOBaHUE TETEPOCTPYKTYP.

OnuTakcuanbHas caMocOOpKa TeTepOCTPYKTYP.
I'pannuHas noBepxHOCTh. [IOBEPXHOCTHBIE CHIIBI.
Ancopbuus. [lepuoanueckuii MOTEHLINAT
KPUCTAIOB. OJIEKTPOHHO — JABIPOYHBIA Ta3 M
s dextor Xomra. DopMHUPOBAHHUE TOBEPXHOCTHBIX
HEPUOTUUYECKUX CTPYKTYP.

MeTtop1 aHaIM3a HAHOKOMIIO3UTHBIX
CTPYKTYP.

Pentrenorpaduueckue METO/IbI aHaIM3a
aMOpQHBIX W  HAHOKOMIIO3UTHBIX  CTPYKTYP.
[IpumeneHne Meroaa MajOyIJIOBOTO paccesHUs
PEHTTEHOBCKUX Jy4Ye UId aHalIu3a CTPYKTYpbI
aMOp(HBIX CIIJIaBOB U HaHO(A3HBIX KOMIIO3UTOB.
ONEKTPOHHO-MUKPOCKOIIMYECKNE METO]IbI
HCCIIEIOBaHMs CTPYKTYPHhI CIJIaBOB ¢ aMOp(pHOH 1
aMOp(PHO-KPUCTAIUTMYECKON CTPYKTYPO.

AMop(HbBIE METaJUINYECKUE CIUIABHI.

O¢ddextuBnupie  kodpduumentesl  auddysumu,
KOHTPOJIUPYIOIIUE  KPUCTAJUIM3ALMI0  CTEKOJ.
MexaHn4eckre CBOMCTBA METAINIMYECKUX CTEKOJ.
Mexanusmbl  uQPy3ur B HEYNOPSTOUECHHBIX
CTpYKTypax. MexaHu3Mbl U KMHETHKA MPOLECCOB
CTPYKTYPHOM peJakCalud B METAUIMYECKUX
CTeKJIaXx. BiMsHME penakcalMOHHBIX IPOLECCOB
Ha CTPYKTYypy U CBOWCTBa aMOP(HBIX CILIABOB.
CTtex1000pa3HbIii IEPEX01 B paciijiaBax U CTEKIIax.

MexaHn3Mbl 1 KHHETUKA
KpUCTAJUTM3alUd aMOP(HBIX CIIJIaBOB.

MexaHu3MbI n KHHETHUKA KpucTaljin3danun
aMOp(HBIX CIUTABOB. MeXaHHU3MBbl 3apOXKICHUS
KpUCTAJJIOB B paciijiaBax U CTCKJIIAaX. MexaHnuszmel
MPOIIECCOB  pOCTa KPUCTAUIOB B aMOP(HBIX
CIjiaBax. MCTOI[LI HCCIICAOBAaHUA KpUCTAJIU3AllUN
aMmopdHBIX (ha3.
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TepmoauHaMKKa IPOLIECCOB 3apOKACHUS
U pOCTa KPUCTAJNIOB B aMOpHOI
MaTrpHuile.

Tepmonnnamuueckue u KHUHETHYECKUE
napaMeTpbl, KOHTPOJHMPYIOIIKE 3apOKIEHUE U
pOCT  KpHCTAIOB B  aMOp(HBIX  CIUIaBax.
3aKOHOMEPHOCTH dbopMupoBaHus

HAaHOKPHUCTAJUIMYECKUX (a3 B aMOp(HBIX CIIIaBax.
MarHuTHbIE 1 MEXaHUUYECKHE CBOICTBA CIUIABOB C
HAaHOKOMIIO3UTHOM CTPYKTYpOH. OBTEKTHYECKas
KpHUCTaNIU3a1Us pacIuiaBoB U CTEKOJL.
MexaHU3MBbl CTAIIHOHAPHOTO U HECTALIMOHAPHOTO
npoliecca pocra.

6.

CTPYKTYPA U COAEPXXAHUE JUCHUITJINHBI

6.1. ®opma obydenus — ouHasi, Kypc — 1, cemectp — 2
HaumenoBanust pa3fennoB u TeM Kosiriiecto Hacos
Jlexu. | Jla6op. | IIpakr. | CPC+K | Beero

Pazpgen 1. IIpouecchl nomyuenus 14 42 88 144
HAHOYACTHI] 1 HAHOMATEpUAJIOB
Bsenenne. HaHOTEXHOIOrMHU METOIBI 1 3 7 11
MI0JIy4€HHUsI HAHOMATEPHaJIOB U U3JIETIHI C
HaHOCTPYKTYpPOH.
ba3oBble MOHATHSA OCHOB (DU3UKHU TBEPIOTO 1 3 7 11
Tena.
Tunel HAHOpAa3MEPHBIX CUCTEM. 1 3 7 11
3aKOHOMEPHOCTH 3apOXKIEHUS U pOCTa 1 3 7 11
HaHOOOBEKTOB.
TeopeTnyeckue MOAEIU 1 3 7 11
3apo/ibliie00pa3oBaHus M KPUCTAJUIM3ALHH.
HanorexHosoruu. 1 3 7 11
XHMMHWYECKUN CUHTE3 HAHOIIOPOLIKOB U 1 3 7 11
HaHOCTPYKTYP.
PopMHpOBaHUE TETEPOCTPYKTYP. 1 3 7 11
MerToapl aHann3a HAaHOKOMIIO3UTHBIX 1 3 7 11
CTPYKTYP.
AMop(HbIE METAJUIMYECKHE CILIABHI. 1 3 7 11
MexaHu3Mbl 1 KUHETHKA KPUCTAJUIM3aLUU 2 6 9 17
aMop(HBIX CIIaBOB.
TepMonrHaMuKa MpoLEeccOB 3apOXKACHUS U 2 6 9 17
pocTa KPUCTAJUIOB B aMOp(HOM MaTpuIle.
NTOI'O 10 KOMIIOHEHTY OI1 14 — 42 88 144

7.

OLIEHOYHBIE MATEPUAJIBI (CPEACTBA) U TEKYIIEI'O KOHTPOJIA

YCIIEBAEMOCTU, [TIPOMEXYTOYHOU ATTECTAILIUMN

7.1.  KOHTpOJIbHBIE BOIIPOCHI

Pazgen 1

1. Knaccuduxamms
XapaKTEPUCTHKAM.

BCIICCTB

o

arperaTHbIM COCTOAHUAM n PasMECPHbBIM

2. TepMI/IHOJIOFI/I‘-IeCKI/Ie noAXOAbI K OIMMCAHUIO IMTOHATUA «HAHOMATCpHUaD».
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Kputnueckuil pasmep CyleCTBOBaHUS HAHOKPUCTAJUIMYECKOI0 MaTepraa.

Jlons rpanul pas3zaena B o01meM o0beMe HaHOMaTepHaa.

Bo3HuKHOBEHHE HOBBIX KAQUueCTB IPH YMEHBIICHUN 00bEeMa BEILIECTBA.
Kpucrannuueckue CTpyKTyphl.

TpexMepHbIe U IByMEpHBIEC pelieTKH bpaBe — IpUMUTHBHAS U 3JIEMEHTApHAs SYEHKHU.
JlanpHuM ¥ OJMKHUN TTOPSJIOK.

Sueriku BopoHoro.

. DIIEMEHTBI TEOPUHU CUMMETPHH.
. Tunel cBA3€d B Marepuanax: MOJEKYJSpHas M HMOHHAs CB3M; CIIMH KaK OCHOBA

KOBAJICHTHOM CBS3M; KPHUCTaUIbI C BOJOPOJHOM CBSI3bI0; METAJUINYECKas CBA3b U
mozens [dpyne.

Hanousznenus.

Mukpounsnenus.

MaccuBHble HaHOMarepuaibl: oOAHO¢aszHele M MHorogassele. Komno3utel ¢
KOMIIOHEHTaMH U3 HAHOMATEpHUaJOB.

I"'omoreHHoe 3apo/ibilie00pa3oBaHue.

I'eTeporeHHOE BO3HUKHOBEHHE NCTOYHHUKA HOBOH (pa3bl.

CKOpOCTh HOPMaJIBHOI'O POCTa KPUCTAJLIA.

Pocr cTynenek Ha TOBEPXHOCTH 3apOAblLIa.

[Tpuumnnbl paznuuuii pasMepoB HaHOOOBEKTOB. KpuBble CBOOOAHON 3HEpruu ajs
pa3NUYHbBIX (Ha30BBIX.

Moaens Konmoroposa - J[>koncona — Majia — ABpamu.

[IpencraBnenue Appenuyca.

TepmoarHaMuKa «pa3MbITHIX» (a30BBIX EPEXOOB.

Monenb uneanbHbIX CTPYKTYp. «®Da3a mycToThI» U «pa3MBITHII» (ha30BbIi Mepexo.
Oynnepensl, QynepuThl, HAHOTPYOKH.

OcHoBHbIE  00JIaCTH ~ NPUMEHEHUS  HAHOMATepUAIOB M HAHOTEXHOJIOTHM:
KOHCTPYKLIMOHHBIE MaTe€pHaJIbl, THCTPYMEHTAIbHbIE MAaTEPHUAIIBI, IPOU3BOICTBEHHBIC
TEXHOJIOTUH, TPUOOTEXHHUKA, BOEHHOE JIEN10, SJepHas SHEPreTHKa, JJIEKTPOMarHUTHAas
Y JIEKTPOHHAsI TEXHHKA, 3aIlMTa TOBEPXHOCTH MaTepHalloB, MEUIIMHA U OMOTEXHUKA.
3071b - Telib METO/I.

I'nznpo- 1 conbBOTEpMAIIBHBIN CHHTES.

XeMocopOLMOHHOE Hapal[UBaHUE CIIOEB.

MeToa MONEKYJIApHOTO HacIauBaHUs.

HNoHnHoe HacianBaHue WIH «CJIOU 3a CII0EMY.

OcaxxieHne HaHOYACTHUIl U3 ra3oBoil cpeabl. [lma3sMoXxuMUUecKnii METO I OJTy4EHUs
HaHOOOBEKTOB.

OnuTakcHagbHasg caMocOOopKa reTepoCTpyKTyp.

['paHnuHas MOBEPXHOCTS.

IToBepxHOCTHBIE CHIIBL. AICOpOLIHSL.

[leproanueckuii MOTeHIMAT KPUCTAIUIOB. DIEKTPOHHO — JABIPOYHBIN Ta3 U 3P (EeKThI
Xomna. @opMHUpOBaHKE MOBEPXHOCTHBIX NEPUOAUUECKUX CTPYKTYP.
Pentrenorpaduueckue MeTo bl aHaIM3a aMOP(PHBIX U HAHOKOMITO3UTHBIX CTPYKTYP
[IpumeHeHne MeTo/1a MaJIOYIJIOBOTO PAacCesHUs PEHTTEHOBCKUX JIyded JUIs aHaJIn3a
CTPYKTYpbl aMOP(HBIX CIIJIABOB U HaHO(A3HBIX KOMIIO3UTOB.
ONEKTPOHHO-MUKPOCKOIIMUECKUE METOABl MCCIEN0BAHUS CTPYKTYpBl CILIABOB C
aMmopdHOI 1 aMOP(HHO-KPUCTATUTUYECKON CTPYKTYPOH.

D¢ dextuBHpie KOdGGUIHMEHTH IUBDY3UH, KOHTPOJUPYIOIINE KPUCTAJUIU3ALUIO
CTEKOJI. MeXaHN4eCKHE CBOMCTBA METAIUIMYECKHUX CTEKOJ.

Mexanu3msl JUQPy3un B HEYNOPSAAOUEHHBIX CTPYKTypax. MeXaHu3Mbl U KHHETHKA
IIPOLIECCOB CTPYKTYPHOU peNlakcallii B METAIIIMYECKHUX CTEKJIAX.

BnusiHue penakcalmOHHBIX IPOLIECCOB HA CTPYKTYPY M CBOMCTBA aMOP(HBIX CIUIABOB.



Crex000pa3HbIi epexo] B paciijiaBax U CTEKIIAX.

42. MexaHu3Mbl 1 KUHETHKA KPUCTAUTU3alUK aMOP(HBIX CILIaBOB.

43. MexaHu3Mbl 3apOKIEHUS KpPUCTAJUIOB B paciulaBax M CTekiax. MexaHHU3Mbl
MPOLIECCOB POCTa KPUCTAIJIOB B aMOP(HBIX CIulaBax. MeToJapl HCCIIEIOBAHUS
KpUCTAITU3AIMU aMOPHBIX ¢a3.

44. TepMOIMHAMMYECKUE U KUHETUYECKUE TTapAMETPbI, KOHTPOJIUPYIOIIHE 3apOKIACHUE U
POCT KPUCTAJIIOB B aMOP(HBIX CIIJIaBax.

45. 3akoHoMepHOCTH (HOPMHUPOBAHMS HAHOKPHUCTAJUIMYECKUX (Pa3 B aMOp(HBIX CIIIaBax.
MarHuTHbIE 1 MEXAHUYECKUE CBOMCTBA CIUIAaBOB C HAHOKOMITO3UTHOM CTPYKTYPOHM.
OBTEKTUYECKAs] KPUCTAILIN3AIUS PACILIABOB U CTEKOJ.

46. MexaHu3Mbl CTallMOHAPHOT'O M HECTALMOHAPHOIO IIpOLecca pocTa

(e

Tewmsl noknanoB (pedepaToB)
Bunpsl miia3MoHOB.
IIna3MOHHBIE COCTOSTHUSA.
@DOTOHHBIE KPUCTAILIIBI.
JudpaknuonHas onTuka.
[Tepemerienne GHoTOHOB B KpUCTaIaX.
AKYCTHYECKHE U ONITHYECKUE KOJICOAHMS.
OnTuyeckue Mpouecchl B HAHOCTPYKTYPaXx.
Mertamarepuarsl.
9. TlepexpectHble TepMuUecKue 3P PeKThI.
10. TTopomkoBasi METaLTYprHusl.
11. Amopduzarus.
12. Texnonorust o0pabOTKH MOBEPXHOCTH.
13. HanomaTepuasl ¥ UX IPUMEHEHNUE.
14. B3aumoeicTBre CIIMHA ¢ MAarHUTHBIM ITOJIEM.
15. OcHOBBI TEOpUU MarHeTU3Ma.
16. Hanousnenus.
17. Muxpouznenus.
18. MaccuBHbBIe HaHOMaTepUaIIbl: 0JIHO(a3HBIE U MHOTO(a3HEIE.
19. KoMno3uTsl ¢ KOMIIOHEHTAMH U3 HAHOMAaTEPHAJIOB.
20. OcobeHHOCTH CBOMCTB HAHOMATEPUAIIOB.

PN R =

7.3.  Tewmbl nMCbMEHHBIX pabOT (TUIIBI 33/1a4)

VYpasuenus JlanxkeBena u HaHotpubonorus. Stick — slip mporecchsr.

Kap6un, rpaden u rpaden, rpagur

Kpucrannudeckue CTpyKTypbl W TUIBI KpucTaiinoB. Pemerku bpaBe: koadduimeHT
YIIaKOBKH, MHIEKCH MUIIIepa U DJIEMEHTBI CHMMETPHH.

W3nydyenuss tpex TUnoB M 3akoH bparra. Meron Jlays. Meron BpamieHHs KpUCTaJLIa.
MeTtoj noponika.

O6patHas pemierka. 30HbI bpuitosHa. CTpyKTypHbIH (pakTop 6a3uca U aTOMHBIH (akTop
win ¢popM — pakTop
TemmnepaTypHas 3aBUCUMOCTD JTMHUHN oTpaxkeHus: - gakrop Jebas — Yomrepa.

Kpucrtamnsl nneptHbix razoB. Cuibl Ban — nep — Banbca — Jlongona. PaBHOBecHBIE
MOCTOSTHHBIC PEIIeTKU. DHEprus cBsi3u. CKUMaEeMOCTh U 00BEMHBIA MOJYJIb YIIPYTOCTH.

HNonnble KpucTtajuibl. OHeprus MagjenyHra WM 3JIEKTPOCTaTUYECKas SHEPIHUsL.
[TocTostrras Manemynra. OObeMHBIN MOIYJIb YIIPYTOCTH.



— KoBanenTtHeie kpuctauibl. ['omonosnspHas cBs3b. Posb cnuna u npunnun Ilaynu. Poib
B3aMIMHOW OPHEHTAIIMU CIMHOB B ()OPMHUPOBAHHUU KYJIOHOBCKOW JHEPrUU - OOMEHHAas
SHEPTrHsl.

—  Kpucramnel ¢ BogopoaHsiMu CBsA3sIMU. OCHOBHBIE MOHATHUSI MOJIEKYJIIPHON T'€HETHKH:
TUMMWH, aJICHUH, IUTa3UH, TyaHHH.

— Meramuyeckas cBsa3b. Mogenb pyne. ®@yHkuus pacmpeaeneHus (epMyd YacTHII.
®epmu- 1 bose- yactuipl. DiieKTpocTaTudecKas 3HEpIrust JBajIb/a.

KontponbHast paboTa 1o NpOBEpKE TEOPETUYECKMX 3HAHMKH — IO BCEM TeMaM, C
UCIOJIb30BAaHUEM YKa3aHHBIX BBIIIE KOHTPOJIBHBIX BOIIPOCOB.

7.4.  OOpasen coaepkaHus SK3aMEHAITMOHHOTO OujieTa
JIoHeKni rocyJapCTBEHHBIN YHUBEPCUTET
OU3NKO-TEXHUYECKHH (PaKyIbTET
Kadenpa obmieit u Teopernueckoit puznku

[Iporpamma Beicuiero ooOpa3zoBanust  IIporpamMma marucrparypsl

Hanpasienue moaroToBku 28.04.03 Hanomarepuasnbl

[Mpodus Hanomarepuansl 1 HAHOTEXHOJIOTUU

dopma 00yueHus Ounas

Cemectp Bropoit

Jucuunnuza [Ipoueccyl ModayyeHUs HAHOYACTULl U
HaHOMAaTepHaJloB

Dk3aMeHamoHHbIA OmieT Ne 1

[ToBepxHOCTHBIE CHIIBL. AICOpOIHS.

[TpuunHbI pa3znuumii pa3mMepoB HAHOOOBEKTOB.

3. TepMoauHaMH4YecKHe W KUHETUYECKHE TTapaMeTphl, KOHTPOJIUPYIOMINE 3apOKICHUE H POCT
KPHUCTAJJIOB B aMOP(HBIX CIUIaBaX.

N —

YTBepk/IeHO Ha 3acenaHuu Kadeapbl oOuiei M Teopermdeckoil (us3uku, mporokon Ne ot
202 .

3aBenyroumii kadenpoit

DK3aMeHaTop

B ciyuae BeneHus yueOHOro rmpoiiecca ¢ MCHOJIb30BaHHUEM 3JIEKTPOHHOTO OOy4YeHMs U
JTUCTAHIIMOHHBIX 00pa30BaTENbHBIX TEXHOJOTHH, COJepKaHue OueTa MOKET OTIHYAThCS OT
MIPUBEJICHHOTO.

8. PACITPEJEJIEHUE BAJIJIOB, KOTOPBIE IIOJIVHAIOT OBYHYAIOUINECHA

OO6mrast oreHKa 3HAHWK OOYYAIONIUXCS MO JUCIMIUIMHE MPOBOIUTCS MO CTOOATIHHOMN
IKAJIE UCXOJS U3 MAaKCUMyMa, TPUBEICHHOTO B TAOJIHIIE HUXKE.

Opranm3anioHHO-y4eOHass paboTa B ayauTOpPUHM OIICHMUBAETCS HA OCHOBE TaKWX
KPpUTEPUEB KaK IMOCEIIAEMOCTh 3aHSTHI, CBOEBPEMEHHOE M KAue€CTBEHHOE BBIMOJHEHUE
JIOMAITHUX 33JIaHUl, aKTUBHOCTH BO BPEMsI MPOBEACHUS JICKITMOHHBIX U TMIPAKTUYECKUX 3aHATUN
(ydacTtre B 00CYX/I€HUH TEKYILEro M MPOHICHHOr0 MaTepuasa, peeHue 3aaad 1 T.11.).

CamocrosiTenpHass paboTa OIEHHWBAETCS HAa OCHOBE IMPEJOCTABJICHHBIX Ha IPOBEPKY
BBIIIOJIHCHHBIX OOMAIIIHUX, I/IHIII/IBI/II[yaJIBHbIX 3a;[aH1/1171 C y‘-IeTOM CBOGBpeMeHHOCTI/I nux
MPEIOCTABICHUS U COOTBETCTBUS TPEOOBAHUSM K MX BBITIOJIHCHHUIO.
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KonmdgecTBo 6aioB 3a KOHTPOJIBHYIO pabOTy BBIUMCISIETCS KaK cymMMa OajioB 3a BCe
BXojsmme B e€ cocTaB 3ajanus. Kaxmoe 3amaHue OLIEHMBACTCS HCXOMsS M3 MaKCHMAaJIbHO
BO3MOXXHOI'0O KOJIMYCCTBaA 6aHHOB C YUYCTOM IIPABUJIIBHOCTU BBIIIOJHCHUA 3aJaHH#A, IMOJIHOTLI
HPUBOJMMBIX 000CHOBAHHIA.

ITo pe3ynpTatam paboThl B ceMecTpe oOyuaromuiicsi, HabpaBmmii He MeHee 60 Gayios,
UMEeT MpaBO IMOIYYUTh OIEHKYy. Te, KTO MpeTeHayeT Ha Ooyiee BBICOKHH Oai, MPOXOIAT
NPOMEXKYTOUHYIO aTTeCTaluio. MaKCHMMallbHOE KOJMYECTBO 0alloB Ha IPOMEXKYTOYHOH
arrecraruu — 100. OO01iee KOJUUECTBO OAIOB 3a CEMECTP BBIUUCISECTCS KaK MaKCUMallbHas W3
IMMOJIYUYCHHBIX 3a CCMECTP U HA HpOMe)KyTO‘IHOfI aTTCCTAllUU U BBICTABJIACTCA COTJIACHO IPUHATOMY

MOPAIKY.

8.1. Cewmectp 2

Howmepa pazgenos Buasr padot MaxcimaibHoe
KOJIMYECTBO 0aJIJIOB
OpranuzalvoHHO-yueOHas paboTa B ayAUTOPUH 20
CamocrosiTenpHas padbora 10
1 KoHTposbHbIe pabOThI 10 IPAKTHKE 10
KoHnTpoibHast paboTa o TeoOpeTHueCKOMY 20
MaTepuany
UTOI'O 60
[IpoMexxyToUyHas arTecTanus 40
OO0mmmii UTOT 32 CEMECTP 100

CooTBeTcTBHUE 0AJLIOB OIIEHKE

OreHKa 110 IATHOAIUILHON IIIKaJIE
KomanuectBo 6amioB ECTS Sxsaven, mddepen "
13 100 , PEHIIMPOBAHHBIN 3auer
3a4eT
90-100 A OTJINYHO
80-89 B
75-79 C XOpOIHo 3a4TEHO
70-74 D
60-69 E YIOBJIETBOPUTEIHHO
35-59 FX
034 v HEYJOBJIETBOPUTEIHHO HE 3a4TE€HO

9. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYHEHUE YUEBHOI'O ITPOLIECCA

VYyeOuble 3aHsATUS mpoBoAsaTcss B 4 ydeOHOoM kopryce Jonl'Y (r. [Joneux, mp.
Tearpanbubiil, 13). [Ing npoBeaeHus 3aHATHI TpeOyeTcs ayauTopHsi, 000pyIOBaHHAs MEIOBOM
WM MapKepHOW JOCKOHM, MyJIbTUMEIUIHBIA MPOEKTOP M SKpaH, HOYTOYK, KOMILJIEKT Y4eOHOI
MeOenu Ui CTyJIeHTOB, pabodyee MeCTO MpernoiaBaTelis, BbIxol B IHTepHET — MPOBOIHON WM C
ucnoibs3oBanueM Wi-Fi.

Uit caMOCTOSITEIbHOM pabOThl HMCIONB3YIOTCS TEKCTOBBIE M 3JIEKTPOHHBIE PECYPChI
Hayunoil O6MOIMOTEKH YHUBEpPCUTETa M JPYTUX DJIEKTPOHHBIX OMONIMOTEUHBIX 0a3 JaHHBIX,
y4eOHO-MeTOIMUecKoe oOecreyeHne, NpeACTaBICHHOE B Y4eOHO-METOIUYECKOM KaOuHeTe
kadeapsl o01Iel u TeopeTndeckon ¢puzuku 4 yueoHsiii kopmyc Jloul'V (aymn.256).

OOyuaronuecss HWMEIOT BO3MOXHOCTh — HCIIONB30BaTh  y4eOHBbIE MaTepHajbl 10
JTUCIUIIINHE, pa3MenieHHble Ha tiatdopme Moodle IlenTpa aucTaHIMOHHOTO OOpa3oBaHUs
OI'BOY BO «/loHI'Y». IIpn n3yueHnn JUCUUIUTMHBI MOTYT IPUMEHSTHCS SIEKTPOHHOE 00ydeHHe
U IUCTAaHLMOHHBIE 00Pa30BaTeNbHbIE TEXHOIOIHH.
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C  wWcronmp30BaHMEM — pecypcoB  IUIAaT(GOPMBI  JTUCTAHLIMOHHOTO  OOpa3OBaHHS
OCYIIECTBIISIETCS TEKYIIUHA KOHTPOJIb 3HAHUN OOy4yarolMXcs Ha OCHOBE TECTUPOBAHUA U
IPOBEPKH PE3YIBTATOB CAMOCTOSATEIBHON PabOoTHI.

10. PEKOMEHAYEMAA JINTEPATYPA

10.1. OcHoBHas nuTeparypa

1. KOpuenko B.M. Ilpomeccsl mnoiydeHHs HAHOYACTUI[ M HaHOMaTepuaioB/ B.M.
IOpuenko, C. B. Tepexos, T.H.Menpnuk ; 'OY BIIO "JloHenkuii HallMOHAJIbHBIA YHUBEPCUTET",
Ousuko-TexHuueckuit ¢axynbrer, Kadenpa teopernueckold (M3MKM UM HAHOTEXHOJOTHH. -
Honenx : JorHY, 2020. - DnekTpoHHbBIE TeKCTOBBIE qaHHbIC (1 daii).

2. KOpuenxko B.M. Pasmepnbie 3¢dexTsl B HAHOKPHUCTAIUIMYECKHX MaTepHaniax
[DneKTpOHHBIN pecypc]: A CTYACHTOB, aCUPAHTOB, CIIEHUATU3UPYIOMIUXCS M0 HAMIPABIICHUIO
noarotoBku 030402 «dpu3uka» U CHEMUATHCTOB B 00JIacTH (DU3UKK KOHICHCHPOBAHHBIX CPEII,
TeopeTnueckoi ¢puszuku u HaHorexHonorui. / H. I1. UBanunein, C. B. Tepexos, B. M. FOpueHko;
roy BIIO " JloHenkuit HallMOHAJIbHBIN yHuBepcuTeT" ,OU3NKO-TEXHUUECKUI
dakynbrer,Kadenpa Teopernueckoit pusmku u Hanorexnonoruit. - Houenk : JdouHY, 2019. -
DJeKTPOHHBIE TEKCTOBbIC AaHHbIe (1 daiin).

3. TepexoB C. B. ®usuka HaHooObekTOB: [yuebHoe mocobue] / C. B. Tepexos, B. H.
Baproxun; I'OY BIIO «lonHY» - lonenk: JlonHY, 2013. — 418 c.

4. BaproxuH, B. H. Hanomarepuansl [OnekTpoHHbIi pecypc] : [yue0. mocobue] / B. H.
Baproxun, C. B. Tepexos ; Jloneukuii Hail. yH-T ; JloHeukuil pus.-texH. uH-T UM. A. A. ['ankuHa.
- Honeuk : lonHY, 2016. - Dnextponnsie nanusie (1 daiin).

10.2. JlonmoysHUTENbHAS TUTEpATypa

1.ITeiteeB 1O. I1. MonenupoBanue cyObEeKTUBHBIX CYKICHUNA MOJIENIbEepa-NUCCle0BaTENs]
o monenu oOwekta uccnenaoanust / 0. II. IlerteeB // Marematnueckoe MOJEIMpPOBAaHUE. -
Mockga, 2013. - T. 25, Ne 4. - C. 102-125.

2. MeToibl MATEMaTUYECKOTO MOJIEIMPOBAHUS U BBIUUCIUTENBHOM THAarHOCTHKY : €O. TP.
¢ax. Beranci. maremaTuku u kuoepuetuku MI'Y / Ilox pen. A. H. Tuxonosa, A. A. Camapckoro.
- M. : U3n-o MI'Y, 1990. - 300 c.

3. Xeepman /1. B. MeTo b1 KOMITBIOTEPHOTO SKCIIEPUMEHTA B TeopeTndeckoi pusuke / /1.
B. Xeepman ; mep. ¢ anrii. B. H. 3agkosa ; mox pea. C. A. Axmanosa. - M. : Hayka, 1990. - 175 c.

11.  HMHOOPMAIIMOHHBIE PECYPCHI

1. Hayuynas snexktponnas omoamoreka eLIBRARY.RU: caiit / HOb (O00). —
Mocksa, 2000- . — URL: https://elibrary.ru (mara obpamenus: 08.04.2026). — Pexxum noctymna: s
AaBTOPHU30B. MTOJIB30BATENEN. —T€KCT: IIEKTPOHHBIN.

2. Hayunas asjexktponnasi oudiauoreka «KubepJlenmnkay: caiit / Accouuanms
«OtkpeiTas Hayka». — Mocksa, 2014- . — URL: https://cyberleninka.ru/ (mata oOpamieHus:
08.04.2026). — Pexxum noctymna: cBOOOIHBIN. — TEKCT: JIEKTPOHHBIH.

3. Hanmonanbuasi moamucka: cair / PIHHM. — Mocksa, 2020- . — URL:
https://podpiska.rcsi.science/ (mara oOpamenus: 08.04.2026). — Pexum poctynma: s
aBTOpHU30B.10Nb30BaTeneil JJoul'Y. — TekceT: 21eKTpOHHBIN.

4. HauuonanbHass  3JIeKTpPOHHAasi oudamorexka  (HOB): benepanbHas
rocynapcTBeHHas HHpopmarmonHas cucreMa / MunuctepctBo Kynbsryper P®; Poccuiickas
rocynapcTBeHHas Ombnmoreka. — Mocka, 2019- . — URL: https://rusneb.ru/ (mara obpamenus:
08.04.2026). — Pexxum nocrymna: cBOOOIHBIN. — TeKCT: 31IEeKTPOHHBIH.

5. Oopa3zoBareabHas miaargopma FOpaiit: caiit. — Mocksa, 2013- . — URL:
https://urait.ru/library/svobodnyy-dostup/ (mara oGpamenus: 08.04.2026). — Pexum mocryma:
W31aHus CBOOOIHOTO IOCTYTA, JIJIsi aBTOPU30B. TIOJIb30BaTENeH. — TEKCT: AIEKTPOHHBIH.
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6. daexTponHas 6udamnoreka PI'B: paznen caiita / PI'b. — Tekcr: anekTpoHHsI# //
Poccuiickas roCcy/1apCTBEHHAs OnoOIMOTEKA: ouUIHaTBHBIN CaiT. -
https://ldiss.rsl.ru/electroniclibrary. — Pexum pgoctyna: MNOUCK CBOOOJHBIN, 3JEKTPOHHBIC
JIOKyMeHThI — BupTtyanbsubiilt untansubii 3ai1 PI'b na tepputopun Hb Jlonl'VY.

7. DJIeKTPOHHO-0MbMoTeuHas cucrema Jlanb: caiit / ObC Jlans. — C.-IletepOypr,

2011-.—URL: https://e.lanbook.com (nara oopamenus: 08.04.2026). — Pexxum qoctyna: u3nanus
CereBoil 37IEKTPOHHOM OMOIMOTEKH, ISl aBTOPU3OB. MOJIb30BaTeNel. — TeKCT: 3JIEKTPOHHBIH.
8. Dy1eKTPpOHHO-0ubnoTeuHast cuctema Jlonl'Y: caiit / ®I'BOY BO «loHl ' V». —

Honenk, 2016- . — URL: http:/library.donnu.ru/ (mata oopamenus: 08.04.2026). — Pexum
JIOCTYTIa: CBOOOHBINA. — TEKCT: 2JIEKTPOHHBIH.
9. JJekTpoHHbI katajsor Hayunoit 6ubGmmoreku [lonl'Y: pasnen caiita / Hb

Houl'Y. — Texkcr: anekrponnbiii // DbC Jlonl'Y: caiit. — URL: http://library.donnu.ru/catalog/
(mara obpamienusi: 08.04.2026). — Pexum goctyna: MOUCK CBOOOIHBIN, SJIEKTPOHHBIE JOKYMEHTBI
— 11 monk3oBareneit Jonl'Y.

10. daexTponHblii apxuB Jloul'Y: pa3aen caiita/ Hb JIon['Y. — TekcT: 21eKTpOHHBIN
// OBC Houl'Y: caiit. — URL: http://repo.donnu.ru/ (mara obpamenus: 08.04.2026). — Pexxum
JOCTyTIa: CBOOOTHBIH.

12. [TPOIT'PAMMHOE OBECITEYEHUE

1. PEJ] OC, Astra Linux (OEM).
2. OpenOffice, LibreOffice.
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