MuHHCTEpCTBO HAyKH U BBICIIEro oOpa3oBanus Poccuiickoit denepannn
®enepalibHOE TOCYIAapCTBEHHOE aBTOHOMHOE 00Pa30BaTeIbHOE YUPEKICHUE
BBICITIIETO 00pa3oBaHUs
«HaunoHaIbHBIN UCCIEN0BATENbCKUN sACpHBIN YHHBEepcUTEeT «MUDI»

MHCTUTYT HAHOTEXHOJIOT'UI B DJIEKTPOHUKE, CIIMHTPOHUKE U ®OTOHUKE

KA®EJPA ®N3UKN MUKPO- U HAHOCUCTEM

OAOBPEHO HTC UHT3JI
[IpoTokoin Ne 4

ot 23.07.2024 1.

PABOYASI TIPOT'PAMMA YYEBHOM JUCHUIIINHBI

CIHELIMAJIBHBIN ITPAKTUKYM I10 ®U3UKE HAHOCUCTEM

Hamnpasnenue noaroroBku [1] 11.04.04 DnexTpoHUKa U HAHOAJIEKTPOHHUKA
(cerManbHOCTD)
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AHHOTANIUA

VYuebHas 3amaua Kypca «CrenuanbHbI MPaKTUKYM 1O (U3MKEe HAaHOCHCTEM» J1aTh OCHOBHBIC
MPEJCTABICHUS O SKCIIEPUMEHTAIBHBIX METOJaX (PM3UKU HAHOCTPYKTYP U HAHO(OTOHUKH Ha IPUMEpPE
KOHKPETHBIX J1a00paTOpHBIX paldoT, BBINOJIHAEMBIX Ha COBPEMEHHOM HAyYHO-HCCIIEI0BATEIHCKOM

000pyIOBaHUH.

1. IEJIA 1 3AJAYA OCBOEHUS YYEBHOM JTACIHUILIAHBI

[lenbto ocBoeHus yueOHOM AucUUIINHBL «CrienuanbHbIN MPAKTUKYM O (U3UKE HAHOCUCTEM)

SABJICTCA ITOJTYYCHHC 3HaHI/II71, H€O6XOI[I/IMBIX IJI1 IPOBCACHUA HAYYHBIX OKCIICPUMCHTOB B obnactu

CO3aHrsd HAaHOCTPYKTYPUPOBAHHBIX MATCpPUaIOB, YCBOCHUC IIPUEMOB M METOAOB HCCICAOBAHHA U

YIpaBJICHUA CBOMCTBAMH TaKHX MarcepuruaioB,

Pe3yabTaTOB (PU3MUECKOTO IKCIIEPUMEHTA

a TaKKe MPHOOpEeTEHUE HABBIKOB 00paboTKH

2. MECTO YYEBHOM JUCIHUILIMHBI B CTPYKTYPE OOII BO

[TpodeccuonanbHblif MOAYINb, JUCLMILIMHA 10 BEIOOPY

3. OOPMUPYEMBIE KOMIIETEHIIUA U IVTAHUPYEMBIE PE3YJIbTATDBI

OBYYEHUA

YHuBepcalbHbIe H(WIH) 00IIeTPOPECCHOHATBHBIC KOMITCTCHIINU:

KOI[ N HAUMCHOBAHUEC KOMIICTCHIIN ‘ KOI[ N HAMMCHOBAHUC MHAUKATOpPA JOCTHXKCHUS KOMIICTCHIINN

[TpodeccnonanbHble KOMIETEHIIMM B COOTBECTBUH C 3agadyaMM M OOBbEeKTaMu (001acTsIMH
3HaHU) TpodeCcCHOHATBLHOMN 1A TEIbHOCTH:

3apaua
npodeccuoHaIbLHOI
aesteabHoctu (3I11)

O0beKT uiu
00J1aCTH 3HAHUSA

Kon u HammeHoBaHuUe
npogdeccuoHaIbLHOM
KOMIIETEeHI[UH;
OcHoBaHue
(mpodeccuoHAIBHBIN
cranaaprt-IIC, ananu3
onbITa)

HAaY4YHO-MCCIEN0BATEIbCKUAMN

Kon n naumenoBanue
HHANKATOpPA
AOCTHKECHU S
npogdeccuoHaILHOM
KOMIIeTEeHIIUMN

pa3paboTka pabounx
TJTAHOB U TIPOTpaMM
MPOBEJICHUST HAYYHBIX
HCCIIEIOBAHUY U
TEXHUUYECKUX
pa3paboToK,
MOATOTOBKA OTAETBHBIX
3aJaHuN UIA
UCTIOTHUTEINEH; cOop,
o0paboTka, aHaJIN3 U
CUCTeMAaTH3aIIHS
HAaY4YHO-TEXHUYECKOMN

MaTrepuaisl,
KOMIIOHEHTHI,
JJIEKTPOHHBIE
puoopHI,
YCTPOMCTBA,
YCTaHOBKH, METObI
UX UCCIIEIOBAHNUS,
MaTeMaTH4eCKue
MOZEIIH

IIK-4 [1] - cnocoben k
OpraHu3anuy u
IIPOBEJICHUIO
3KCHepI/IMeHTaHLHBIX
HCCIIEIOBAHUM C
HpI/IMeHeHI/IeM
COBPEMEHHBIX CPEJICTB U
METOJIOB

Ocnosanue:
[IpodeccronanbHbIit
cranapt: 40.008

3-I1K-4[1] - 3Hatsb:
COBpPEMEHHEIC
IKCTIEPUMEHTAIbHBIC
METO/]IbI B 00J1aCTH
bu3uKu
KOH/ICHCUPOBAHHOT O
COCTOSTHHS,
JIIEKTPOHUKH U
HAHODJICKTPOHUKH ;
V-IIK-4[1] - YmerTs:
POBOANTH
IKCIIEPUMEHTAIbHBIC




nH(pOpMauu 1Mo Teme
HCCIIEI0BaHMsI, BEIOOP
METOJIUK U CPEJICTB
pelIeHUs 3a/1a4H;
pa3paboTKa METOIUKH,
MpOBEJICHUE
HUCCIIEIOBAHUN U
U3MEPEHUN
MapaMeTpoB U
XapaKTePUCTHK
W3IEIUHN IEKTPOHHON
TEXHHKH, aHAJIN3 UX
PE3yNIbTaTOB;
HCTIOJIb30BaHUE
dbuznveckux 3G HeKToB
pu pa3paboTKe HOBBIX
METOJIOB
HCCIIEA0BAHUN U
W3TOTOBJICHUH MaKETOB
M3MEPUTEITbHBIX
cucteMm; pazpaboTka
(U3HYECKUX H
MaTeMaTHYeCKHUX
MOJIENEH,
KOMITBIOTEPHOE
MO/JICIIMPOBAHUE
UCCIIETyEeMbIX
(bU3UIECKUX
MPOIIECCOB, MPUOOPOB,
CXEM M YCTPOWCTB,
OTHOCSIINXCS K
npo¢ecCuOHAIBHON
cdepe; MOArOTOBKA
HAyYHO-TEXHUYICCKHX
OTYETOB, 0030POB,
pedepatos,
nyOJIMKanui mo
pe3yabpTatamMm
BBITIOTHEHHBIX
HCCIICIOBAHMIA,
MOATOTOBKA U
MpeCTaBIICHUE
JIOKJIaJIOB HAa HAyYHBIE
KOH(pepeHINH U
CEeMHUHApPHI; PUKCcAIS U
3aIuTa 00bEKTOB
WHTEJIEKTYaTbHOM
COOCTBEHHOCTHU

UCCIICIOBaHMS B
SIICKTPOHHUKE U
HAaHODJICKTPOHHUKE C
MMPUMCHCHUCM
COBPEMEHHBIX CPEJICTB
U METOJIOB. ;
B-TIK-4[1] - Bnazgets:
KOMIIBIOTCPHBIMU
TEXHOJIOTHSAMH B
MMPUMCHCHHUH K
9KCIIEPUMEHTAILHBIM
HUCCIICA0BAaHUAM B
3JICKTPOHHKE H
HAHOBJIEKTPOHHKE

paboTa B Ka4eCTBE
npernojaBaTes B
o0pa3oBaTenbHbIX

MaTepHaIbl,
KOMITOHEHTHI, MIPOBOJIUTH
AJEKTPOHHBIE 1ab0paToOpHbIE U

Hay‘IHO-HeHaPOI‘I/IquKI/Iﬁ

ITK-18 [1] - crtocoben

3-T1K-18[1] - 3Hats:
yueOHBIEC TPOTPAMMBEI,
HEO00XO0IUMOT0




VUPESKICHUIX
CpeaHero
poeCCHOHATTLHOTO U
BBICIIIETO
poheCCUOHATHLHOTO
o0Opa3oBaHUs 1O
y4eOHBIM
JTUCHUTUTAHAM
MpeIMETHOM 001acTh
JaHHOTO HANPaBJICHHS
0] PyKOBOJICTBOM
npodeccopa, 10IeHTa
WIN CTapIIero
NpernoaBaTels;
y4acTHe B pa3paboTke
y4e0HO-METOTMYECKUX
MaTEepHUAIIOB IS
CTYIICHTOB 10
JTUCIUTUTMHAM
MpeAMETHOM 00acTu
JTAHHOTO HAIPaBJICHHUS;
ydacTue B
MOJICpPHU3AIIUH WITH
pa3paboTKe HOBBIX
J1a00paTOPHBIX
MIPAKTUKYMOB 110
JTUCIUTUTMHAM
po¢eCCUOHAIBHOTO
ITUKJIa

paboTa B KaueCcTBe
MperoiaBaTens B
00pa3oBaTeNbHBIX
YUIpEXKICHUAX
CpeIHero
npodheccCHoHaNBEHOTO U
BBICIIIETO
npodeccrnoHanIbHOTO
o0OpazoBaHwus 110
y4eOHBIM
JTUCIUATUTHHAM
MPEIMETHOM 001acTh
JTAHHOTO HAMPABJICHHS
0] PYKOBOJICTBOM
npodeccopa, A0IeHTa
WJIH CTapILEro
Mperno/aBaTes;
y4yacTue B pazpaboTke
y4eOHO-METOTMIECKUX
MaTepHAIIOB IS
CTYJICHTOB 10
JTUCIUTUTMHAM
MPeAMETHOM 00IacTH

IPUOOPHI,
YCTPOMCTBA,
YCTaHOBKH, METOJIbI
UX UCCIIEI0BAaHUS,
MaTeMaTHYECKHE
MOJIEJIH, aJITOPUTMBI
pELIEHNS TUIIOBBIX
3aj1ad,
IIPOU3BOJICTBEHHBIC
TEXHOJIOTUH,
HAaHOTEXHOJIOTUU

MaTepHaIbl,
KOMITIOHEHTHI,
AIIEKTPOHHBIE
npudopHl,
YCTpOICTBA,
YCTaHOBKH, METO/IbI
UX UCCIIEIOBAHMS,
MaTeMaTHYeCKue
MOJIEIN, alITOPUTMBI
peLIeHHs TUIIOBBIX
3ajad,
MIPOU3BO/ICTBEHHbIE
TEXHOJIOTHH,
HaHOTEXHOJIOTHH

NPaKTUYECKHE 3aHATHS
CO CTYIEHTaMH,
PYKOBOJHTH KYPCOBBIM
MPOCKTUPOBAHUEM U
BBINIOJIHEHUEM
BBIITYCKHBIX
KBaTU(HUKAIIMOHHBIX
pabot GakanaBpoB

OcHosanue:
[TpodeccnonanbpHbIM
crangapt: 40.011

ITK-19 [1] - crioco6en
OBJIaJIeBaTh HABBIKAMHU
pa3paboTKu yueOHO-
METOIUIECKUX
MaTepUaNoB IS
CTYZICHTOB 10
OT/ICJIbHBIM BUJIaM
YUEOHBIX 3aHATHH

OcHosanue:
[TpodeccuonanbHbIM
cranzaapt: 40.011

000pyI0OBaHUS U
TEXHHUKHU 0€30MacHOCTH
IIPU IPOBEICHUH
71a00paTOPHBIX U
NPAaKTUYCCKHUX 3aHITHI
CO CTYACHTaMH
OakanaBpuarta. ;
V-TIK-18[1] - Ymers:
PYKOBOJIUTH KYPCOBBIM
MPOSKTUPOBAHUEM U
BBIITOJIHEHUEM
BBIITYCKHBIX
KBaJTU(PUKAITHOHHBIX
pabot 6akanaBpoB.;
B-T1K-18[1] - Brnazgers:
HABBIKAMU TPOBEICHUS
71a00paTOPHBIX U
MPAKTUYECKUX 3aHIATUI
CO CTYJICHTaMH
OakanaBpuara.

3-T1K-19[1] - 3Hats:
yu4e0HO-METOINYECKUE
KOMILIEKCHI OTJICITbHBIX
MIPEIoIaBacMbIX
JUCIUTUTAH |
V-ITK-19[1] - VmeTb:
BBIJICJTUTH
HEOOXOIUMBIN I
U3YUEHHS MaTeprall u
pa3paboTaTh KPUTCPHH
OLICHKHU 3HAHUU U
YMEHUH CTYJICHTOB;
B-TIK-19[1] - Bnanets:
HaBBIKAMHU pa3pabOTKH
y4eO0HO-METOTMUECKUX
MaTepHaJIOB IS
CTYJICHTOB I10
OTJCNIbHBIM BUIaM
y4eOHBIX 3aHATHIA




JaHHOTO HAINPaBJICHHUS;
y4JacTue B
MOJICPHU3AIUH HITH
pa3paboTKe HOBBIX
J1a00paTOPHBIX
MPAKTUKYMOB 110
JTUCIUATUTMHAM
npo¢eCcCHOHATHLHOTO
KA

4. CTPYKTYPA U COJEP)KAHUE YYEBHOM JUCHUILIAHBI

Pa3nensl yueOHON AUCHUIUIMHBI, X 00BEM, CPOKH U3yYeHHS U (POPMBI KOHTPOJIA:
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2 Cemecmp
1 | IlepBsiii pa3aen 1-8 | 3/0/13 25 KH-8 3-I1K-4,
V-I1K-4,
B-I1K-4
2 Bropoii pazgen 9-15 | 2/0/12 25 KHN-15 | 3-TIK-18,
V-I1K-18,
B-TIK-18,
3-T1K-19,
V-IIK-19,
B-TIK-19
Hmoeo 3a 2 Cemecmp 0/0/30 50
KoHTpoJibHbIE 50 3 3-T1K-4,
MeponpusiTusi  3a 2 V-TIK-4,
CemecTtp B-I1K-4,
3-T1K-18,
V-T1K-18,
B-TIK-18,
3-T1K-19,
V-IIK-19,
B-TIK-19

* — COKpaIlleHHOe HAaNMEHOBaHUE (OPMBI KOHTPOJIS
** — cymMMa MaKCUMaJbHBIX OaJIOB MOJDKHA OBITH paBHa 100 3a cemecTp, BKIIIOYAsl 3a4eT U
(unn) sK3aMeH

COKpaIJ_ICHI/IC HaUMEHOBaHUM (I)OpM TCKYIICTO KOHTPOJIA U aTTCCTAllUN pa3aCJIOB:

O0o3Hauenue

ITo1HOE HAMMEeHOBaHME

K1

KOHTpOJlB I10 UTOramM

3

3auer




KAJIEHIAPHBIN IUIAH

Henenu | Tembl 3ansaTuii / Conepxanue Jlek., | IIp./cem., | JIaob.,
yac. yac. yac.
2 Cemecmp 0 0 30

1-8 IlepBolii pa3ae 3 0 13

1 Tema 1 Bcero aynutopHsix 4acoB
Jnuna Bonnsl e Bpoiins. Oddexr pasmepHoro kBanTosas, 1 0 | 4
kjaccuukanus HaHOCTPYKTYp. OcHOBHBIC OHATUST DU3UKK | OHIAMH
TBEepAOro Tena. Kpucrammueckas CTpyKTypa, dJIeMEHTapHas 0 0 0
siaelika, MOHATHE 00 OOpaTHOM pemieTke. Y paBHEHNE
penunrepa B 0JHOAIEKTPOHHOM IpuOIKeHun. Teopema
bnoxa. DHepreTuueckuie 30HbI B KpUCTaslie U Kiaccupukaims
BELIECTB 10 TUILY IPOBOJAUMOCTH (METaJlJl, OIY-IIPOBO/IHUK,

JTUDIIEKTPUK). Mozenb CUIIBHOM CBSI3H.

2 Tema 2 Bcero aynutopasix 4acos
[Tonsitue apipku. DddexTuBHas Macca. PU3NYECKUI CMBICI 1 | 0 | 5
3¢ (heKTHBHON MacChl. Y paBHEHHUE JIBFKCHUS DJIEKTPOHA BO Ounaiin
BHEIIHEM 3JICKTPUUECKOM MoJjIe. 3aroIHeHHE SHEPTeTHUECKUX | ( 0 0
30H. OyHKIMA pacnpeneneHus U MIIOTHOCTh COCTOSIHUN U
byukun pacnpenenenus B 3D ciydae. YpoBeHb GpepMu B
MeTaJuie U MoaynpoBoaHuKe. COOCTBEHHBIE 1 PUMECHBIE
nonynpoBoaHuku. ['ereponepexon. [lonsitue rereponepexona,

THIIBI TETEPONEPEXOO0B. Y CIIOBUS CIIMBKH BOJIHOBOM
(GYHKIIMM Ha reTeporpaHuiie. Y paBHEHHE I Oru0aromieit
BOJIHOBOH (yHKIIMH. VIcKa)KeHnEe 30HHOU CTPYKTYPHI BOJIH3U
rereporpanuil. OGiacTb 00bEMHOr0 3aps/a, €€ MacTad.
DHepreTu4ecKuil CieKTp JIEKTPOHOB MPSIMOYTOJIBHON
MOTEHLIMAIBHOMU SIME PA3JINYHONW Pa3MEPHOCTH.

3-4 Tema 3 Bcero ayuTopHBIX 4acoB
DHepreTU4ecKuil CeKTp B IMIMHApUUYECKOM u chepuueckornt | 1 | 0 | 4
MOTEHIIMAJIBHBIX sIMaX. DKCUTOHBI B HAHOCTPYKTYpaXx. Omnunaiin
I110THOCTB COCTOSIHMI B CCTEMax MOHMKEHHON pa3MEPHOCTH | ( 0 0
(2D, 1D, OD cnyuan).

9-15 Bropoii pazaen 2 0 12

9 Tema 4 Bcero ayauTopHBIX 4acoB
Caepxpemerku. OcOOEHHOCTH HEPTETUUECKOTO CIEKTPA. 1 I |6
Meron cunbHoOM cBs3u. 3anaya Kponnra-Ilennu. Hekoropsie | Onnaiin
METOJIbl UCCIIEI0BAHUS HAHOCTPYKTYP. DJIEKTPOHHASA U 0 0 0
aTOMHO-CUJIOBast MUKPOCKOTHS. OCHOBBI TEXHOJIOTMH
CO3/1aHUS HAHOCTPYKTYP. MOJIEKYIISIpHO-JIyd€eBast SIUTAKCHS,
razodaszHas anurtakcus, aurorpadus. [Tornomenue n
UCIyCKaHHWE CBETA NOJIYNpPOBOAHUKAMHU. [IpsiMo30HHBIE 1
HEMpPsIMO30HHBIE MOJIYIPOBOAHUKH. Vcnonb30BaHne
TeTEPOCTPYKTYP B TEXHOJOTUU MOJYIPOBOJHUKOBBIX JIA3€POB.

10 Tema 5 Bcero aymTopHBIX 4acoB

IIpumeHeHne MoIypOBOIHUKOBBIX HAHOCTPYKTYD
MHUKpOd3JIEKTpOHUKe. Vcronb30BaHne TeTepoCcTPYKTYp B
TexHosoruu goroaerekropoB. Poronerextopsl MK nuanasona
Ha MHOKECTBEHHBIX KBaHTOBBIX siMax. [IpuMenenue
IOJIYTIPOBOJIHUKOBBIX HAHOCTPYKTYP MUKPORJIEKTPOHHUKE.

1 I IE
Oumntaiin
0 0 0




Pe3onancHoe TyHHenupoBaHHble. [1oeBbIe TPAaH3UCTOPHL.
TpaH3uCTOp ¢ IIABAIOIKM 3aTBOPOM.

CoxkpalieHHbIe HAUMEHOBAHUS OHJIANH OMIUI:

O0o3uauenue | [To1HOE HAMMEHOBAHHE

oK DJIEKTPOHHBIN KypC

IIM IToTHOTEKCTOBBIN MaTepual

I1JI [TomHOTEKCTOBEIE JEKIIUHA

BM Buneo-marepuansl

AM Aynuo-marepuaisl

I1p3 IIpe3enTannn

T TecTbl

OCM DJIEKTPOHHBIE CITPABOYHBIE MaTEPUAIIbI
nC VHTEepaKTUBHBINA CANUT

TEMBI JIABOPATOPHBIX PABOT

Henean

Tembl 3ansaTnii / Conep:kanue

2 Cemecmp

1

Paoora 1
DHepreTuvecke 30HbI B KpUCTaJUIe U Kilaccu(UKAIHs BEIIECTB MO TUITY IPOBOJUMOCTH
(MeTayu, moJIy-IPOBOAHUK, TUAIEKTPHUK). MoJieb CHIILHOM CBSI3H.

Pa6ora 2

VYpaBHeHUE TBUKEHUS SJICKTPOHA BO BHEIIHEM DJIEKTPUUECKOM T10JI€. 3ar0JIHEHHE
SHEpreTHYecKux 30H. OyHKIUS pacipee’eH s U MII0THOCT COCTOSHUM U (PyHKINUU
pacnpenenenus B 3D ciaydae. YpoBeHb ¢hepmMu B METaIE U MOJIYITPOBOTHUKE.
CoOCTBEHHBIE M IPUMECHBIE TOJTYIPOBOIHHUKH.

Padora 3

I'ereponepexon. [lonsTre rereponepexo/ia, TUIBI FETEPONEPEXOI0B. Y CIOBHS CIIUBKU
BOJTHOBOM (DYHKIIMU Ha T€TEpOTpaHUIIe. Y paBHEHHUE JUIsl OTHOAroel BOJTHOBOU (DYHKITHH.
VckaxeHne 30HHON CTPYKTYphI BOJIM3U TeTEPOrpaHull.

Pabora 4
Ob6nacte 00bEMHOT0 3apsia, ee MaciTad. DHEPreTHYeCKU CIIEKTP SJIEKTPOHOB
IPSIMOYTOJIBHOW ITOTEHIIMATIBHOM SIME Pa3JIMYHON Pa3MEPHOCTH.

Pab6ora 5

DHepreTU4ecKuil CieKTp B MIINHAPUYECKON U chepruuecKol MOTEHIIUAIbHBIX IMaXx.
OKCHUTOHBI B HAHOCTPYKTypax. IIIOTHOCTE cOCcTOsIHUI B cUcTeMax MOHMKEHHON
pazmepHoctH (2D, 1D, 0D ciyuan).

PabGora 6
Caepxpenietku. OcOOEHHOCTH SHEPreTHUYECKOoro crnekTpa. MeTo1 CHIIbHOI cBsi3u. 3aqaua
Kponwra-llennu.

10

Paodora 7
Mertoabl ucciae10BaHNs HAHOCTPYKTYP. DJIEKTPOHHAS U aTOMHO-CHIIOBAasi MUKPOCKOTIHSL.

11

Padora 8

MomnexynspHo-JIydeBasi SIuTakcus, razodaznas snurakcus, tutorpadus. [lornomenue n
HCITyCKaHME CBETa MOJYNpOoBOAHUKAMHU. [IpIMO30HHbBIE U HENPSIMO30HHBIE
MOJTYITPOBOTHUKH. VIcrionb30BaHME TETEPOCTPYKTYP B TEXHOJIOTHUHU TTOTYITPOBOTHUKOBBIX
J1a3€pOB.

12 -13

Padora 9
[IpuMeHeHne noaynpoBOHUKOBBIX HAHOCTPYKTYP MUKPORJIEKTpOHUKE. Vcnonp3oBanue




reTepoCTPYKTYp B TexHoNoruu (ortoaerekTopos. Poroaerekropsl MK nuamazona Ha
MHO>KECTBEHHBIX KBAHTOBBIX SIMaxX

14 -15 | Padora 10
[IpMeHEeHHE TTOJTYIPOBOIHUKOBBIX HAHOCTPYKTYP MHKPOAJICKTPOHKKE. Pe3oHaHCHOE
TyHHeTMpoBaHHBIC. [loneBbie TpaH3ucTOphl. TPaH3UCTOP C TUIABAIOIIUM 3aTBOPOM.

S. OBPA3OBATEJIBHBIE TEXHOJIOI'MH

JUis BBINOJHEHUs J1TaOOpaTOpPHBIX PAa0OOT CTYIEHTH pa3duBaroTCs Ha Opuraapl 1o jaBa (B
MIOPSAJIKE UCKIIIOUEHMSI 110 TPHU) YEJIOBEKA.

Ha mepBoM 3aHATHUM MPOUCXOAUT MHCTPYKTAX MO TEXHUKE OE30MAaCHOCTH, O3HAKOMIICHHE C
nepeyHeM paboT, KOTOpbIE HEOOXOIMMO BBINOJIHUTH B TEUCHHE CEMECTpa, U O3HAKOMIICHHE C
MOPSAJIKOM JIOITyCKa, BBIIOJHEHUS U cjauu padoT. Ha mepBoM ke 3aHsITUM IPOUCXOJUT pacipeesieHre
CTYZICHTOB I0 Opuragamu (OArpymnam), COCTaBIsieTcs rpaduk.

Jlonmyck K BBIIOJIHEHHIO paOOThl MpeaycMaTpUBAeT COOECEJOBAHUE CO BCEMHU CTYICHTaMH,
o0pa3yromuMu Opurajy, 1 OnpeaesseT cTeleHb FTOTOBHOCTH KaXK10T0 U3 HUX K BBIIOJIHEHUIO pabOThI.
CobecenoBaHre MPOBOAMUTCA B Mpejenax MpPOorpaMMbl TOTO Kypca, MO KOTOPOMY BBIIOJIHSIOTCS
pabotel. [l opueHTanuy HampaBJIeHUs] COOECEJOBAHMUS B OMIMCAHUM K KaX/10# 1abopaTopHOl padoTe
COJIEP’KUTCS TIEpPEYEHb KOHTPOJIBHBIX BOIIPOCOB M CIIMCOK PEKOMEHJOBaHHOM JTeparypbl. Bo Bpems
JI0NyCKa K paboTe CTyAEHTaM pa3pellaeTcs MOJIb30BaThCS TOJBKO CBOMM pabouuM xypHaioMm. s
cobeceoBaHUs 110 JIOMYCKY K paboTaM OTBOASATCS TEpBbIC JIBAa Yaca Hayasa 3aHiATUH. B ToM ciydae,
€ClIM OTBEYAroIllMe CTYJCHThl HE MPOSBWIN YIOBJIETBOPUTEIHHOIO MOHUMAHUS TEMbI J1a00paTOpHOIL
paloThl, OHU K BBINOJIHEHUIO PabOThl He JomycKkatoTes. (B ocraBiieecss 10 KOHIA 3aHATUS BpEMsl OHU
MOTYT M3Y4YUTh HEOOXOIUMYIO JIMTEpATypy U B KOHIE 3aHATHUS MMOBTOPHO MPONUTH colecenoBanHue.) B
Hayaje BBINOJIHEHUs Ja0OpaTOpPHOH pPabOThl CTYJEHTHI COBMECTHO C IIpernojaBaTelieM MOIpOoOHO
M3y4YalOT YCTAaHOBKY M 3aTeéM HPOBOJAT IpeIyCMOTPEHHbIE 3aJaHueM u3MepeHus. llomydeHHbIe
pe3yNbTaThl 3aHOCATCA B JabOpaTopHbIM KypHan. llepen TeM Kak BBIKJIIOYUTH YCTAaHOBKY IOCTIE
MIPOBEJICHUS BCEX U3MEPEHUI HEOOXOAUMO PE3yNbTAThl IOKA3aTh MPENOJaBATEINIO.

Jns monydenust 3adera 1mo paboTe CTYAEHTbI 00s3aHbl MPEIBSBUTH OTYET, OJIMH Ha BCIO
Opurany. B oTuere nomKHBI OBITH MPEACTABIEHBI: CX€Ma YCTAHOBKH, TaOIMIIBI M3MEPEHHBIX BEIMYUH,
HE0O0XO/MMBIE PacyeThl, rpaMKU MOTYYEHHBIX 3aBUCUMOCTEH, OIMIMOKN M3MEPEHH, 3aKII0YeHne 110
pabote, coneprkaiiee OOBAICHEHHE MOJYyYEHHBIX PE3yJIbTaTOB M COMOCTaBJICHUE ITHX PE3yJIbTaTOB C
TEOPETUYECKUMH 3aKOHOMEPHOCTSIMHU.

3ayer mo paboTe MNPOCTABISETCS IOCIE 3aKIIOYUTEIBHOIO colOeceloBaHUs, Ha KOTOPOM
YTOUHSIIOTCS JeTalli TEOPETUYECKOro coOeceloBaHUs, BBIICHSIETCS TOHMMAaHUE MPOBOAMMBIX
UCCIIETOBAaHUM M TOJyYEHHBIX PE3yJbTaTOB, OMPEIENSIeTCS 3HAaHHE XapaKTEPUCTUK M BO3MOKHOCTEH
nabopaTopHON yCTaHOBKU. [Iprem 3aueTa mponu3BOAUTCS B KOHIIE 3aHSITHS.

CTyneHThI BBINIOJIHUBILNE, HO HE caBIIie 0oJiee 0/IHOM 1abopaTopHO pabOoThI K AabHEHIINM
pabotam He nomyckatoTcs. OTueTsl Mo JabopaTOpHBIM paboTaM XpaHATCS Ha Kadeape M0 KOHIA
cemecTpa.

6. ®OH/JI OHEHOYHbLIX CPEIACTB




@DOHJT OLIEHOYHBIX CPEACTB MO TUCIUIUIMHE 00ECIIeUnBaET IPOBEPKY OCBOCHHUS MIAHUPYEMBIX

pe3yabTaToB 00y4eHHs (KOMIIETEHIIMA W MX HWHAMKATOPOB) IOCPEACTBOM MEPOIPHUATUN TEKYIIETO,

PyOEKHOTO U IPOMEKYTOUYHOTO KOHTPOJIS TIO JUCIUILTHHE.

Ces3p Mexay (opMHUpPYEeMBIMH KOMIIETCHIMSAMH H (OpMaMH KOHTPOJII HMX OCBOCHHS

IpEe/CTaBICHA B CIEAyIOLIeH TabIuLe:

Komnerenuus NuaukaTopbl 0CBOEHUS ATTecTaMOHHOE MepPOoNPUsITHE
(KII 1)
I1K-18 3-11K-18 3, K1-15
Y-TIK-18 3, KH-15
B-I1K-18 3, K1-15
I1K-19 3-11K-19 3, KH-15
Y-TIK-19 3, KH-15
B-I1K-19 3, K1-15
[1K-4 3-T11K-4 3, K-8
VY-11K-4 3, KI-8
B-I1K-4 3, K-8

HIkaabl OeHKU 00pa30BaTeIbHBIX JOCTHKEHH I

IIIxana xaxgoro KOHTPOJIbHOI'O MCPOIIPUATHUA JICKUT B IIPCACIaX OT 0 A0 YCTAHOBJICHHOTI'O

MaKCUMAaJILHOTO Oajuia BKIIOUMTEILHO. MTOroBas arrecramus o JUCHUIUIAHE oreHuBaercs mo 100-

0aJUIbHOM IIKaJe W MpeACTaBIsAeT co00il CyMMy 0aiioB, 3apadOTaHHBIX CTYJCHTOM IPU BBIIIOJHEHUU

SaﬂaHI/Iﬁ B paMKax TCKYLICTO U IPOMCIKYTOYHOI'O KOHTPOJIA.

HTorosas o1ieHKa BBICTABIISIETCS B COOTBETCTBUH CO CJ'ICIIYIOH_Ieﬁ IIKAJIOMN:

Cymma OannoB

OrneHKa
ECTS

OrneHKa 110 4-ex
OQJUIFHOM IIIKAJIE

TpeGoBaHMsI K YPOBHIO OCBOCHHIO
y4eOHOW JUCIUTUTMHBI

90-100

5 — «omauunoy A

O1eHKa «OTIIMYHO» BBICTABIISETCS CTYJICHTY,
€CITH OH TITyOOKO U TMIPOYHO YCBOMII
MPOTPaMMHBIN MaTepuall, HCUEPITBIBAOIIE,
HOCJIE/I0BATENIbHO, YeTKO U JIOTHYECKU
CTPOMHO €ro u3jaraer, yMeeT TECHO
YBSI3BIBATH TEOPHIO C IPAKTHKOM,
UCTIOJIb3YET B OTBETE MaTepua
MOHOTpaUIeCKOH JIUTEPATYPHI.

85-89

75-84

70-74

4 — «xopoutoy

65-69

60-64

O1eHKa «XOPOILO0» BBICTABISIETCS CTYIEHTY,
€CJIM OH TBEPZIO 3HAET MaTepHall, TPaMOTHO U
IO CYIIECTBY M3JIaraeT ero, He JIOIMycKas
CYLIECTBEHHBIX HETOUHOCTEH B OTBETE Ha
BOIIPOC.

3_
«Y0081€MBOPUMENLHOY E

OreHKa «yIOBIETBOPUTEIHHOY
BBICTABIISIETCS CTYICHTY, €CITH OH MMEET
3HaHUS TOJIBKO OCHOBHOI'O MaTepHaia, HO He
YCBOMII €70 JeTalel, JOMyCKaeT HETOUYHOCTH,
HEJIOCTATOYHO MPABUIIbHBIE ()OPMYIIUPOBKH,
HapyILIEHUs JIOTHYECKOH
MOCIIEA0BATENILHOCTH B U3JI0KEHUH
MPOrpaMMHOT0 MaTepraa.

Huxe 60

2 —
«Hey()oeﬂemeopumeﬂbHo»

OreHKa «HEeYyTOBIETBOPUTEIHHO
BBICTaBJISIETCS CTYJIEHTY, KOTOPBII HE 3HACT
3HAUYUTEIBbHON YaCTH NPOrPaMMHOIO




MaTepHana, JOIMyCKaeT CyIIeCTBEHHbIE
ommOku. Kak mpaBuio, ommenka
«HEYJOBJIETBOPUTEIHHO» CTABUTCS
CTYZAEHTaM, KOTOpbIe HE MOTYT IIPOJOJIKHUTD
oOydenue 0e3 JOTOHUTENHHBIX 3aHATHIA O
COOTBETCTBYIOIIECH AUCIUILIHHE.

7. YYEBHO-METOJWYECKOE U TH®OPMAIIMOHHOE OBECIIEYUEHUE
YYEBHOM JUCHUILINHBI

OCHOBHAA JIMTEPATYPA:

1. 620 JI33 BBenenne B caMOOPTaHU3AIIMIO B CaMOCOOPKY aHcaMOJIelt HaHOYaCTHIL : MOHOTpadus,
Jlebenes-Crenanos I1.B., Mocksa: HUSTY MU®U, 2015

2. O M31 Beenenune B pu3nKy HAHOCTPYKTYP : yueOHOE mocodue aiist By3oB, Omnenos JI.A., MacioB
M.M., Mocksa: HUAY MU®DU, 2011

3. DU K 49 Hanonnasmonuka : yuebnoe nocodue, Knumos B. B., MockBa: ®uzmariut, 2010

4. 620 M29 HanotexHonoruu - Y 1apHblii BBOAHBIN Kypc : yueOHoe nocoOue, Jlaxtakus A., MapTus-
[Tanema P.JIx., Jonronpyausiii: Matennekr, 2014

5. DU 11 18 ®wusnka norynpoBOAHUKOB : yueOHoe mocobue, [llanmumosa K. B., Cankr-IlerepOypr:
Jlans, 2022

JOITOJIHUTEJIbHA S JIMTEPATYPA:

1. 620 H25 Hanomarepuaibl 1 HAHOTEXHOJIOTUH : yueOHUK /i By30B, Kanunun B.T. [u ap.],
3anopoxse: Motop Cuy, 2014

2. 543 1178 Tlpob6nemsl anamutudeckort xumun T.20 HaHOOOBEKTHI 1 HAHOTEXHOJIOTHH B XUMHYECKOM
aHanuse, , Mocksa: Hayka, 2015

[MPOI'PAMMHOE OBECIIEYEHMUE:

CrnenuanbHOe MporpaMMHoe obecriedeHue He TpedyeTcs
LMS 1 MIHTEPHET-PECVYPCEHI:
https://online.mephi.ru/

http://library.mephi.ru/

8.  MATEPHUAJIbLHO-TEXHMYECKOE OBECNEYEHHME YUEBHOW
TUCIUATLITAHBI

1. CHGI_II/IaJ'II/BI/IpOBaHHBIﬁ CTCHA AJIA 3JICKTPOXHUMUYCCKOTO (I)OpMI/IpOBaHI/IH MOPHUCTOT'O KPCMHHA (3-

308)




2. YcraHOBKa JUTSI TOJTyYSHHSI YTIIEPOIHBIX HAHOTPYOOK METOIOM ra30(pa3HOro OCakIeHHS
(r.XXeneznonopoxusriit, DI'KY "B/g 35533")

3. YcraHOBKa JUIs IOTYYCHUS CTPYKTYPUPOBAHHBIX OKCHJIOB 30J1b-TE€JIb TEXHOJIOTHEH
(r.XKeneznonopoxusiit, DI'’KY "B/4 35533")

4. PacTpoBblii 31eKTpoHHBI MUKpocko (T.)Keneznonopoxusiit, ®I'KY "B/a 35533")

5. YcranoBka miis nomydeHus mieHok MetogoM JIDHI'MIOP-BJIOJIKETT (r.)Kene3nonoposkHbIH,
OI'KY "B/435533")

6. YcTaHOBKa JUIsl MOJICKYISIpHON XuMHuueckoi coopku (r.2Keneznomopoxusiit, DI'KY "B/g 35533")
7. AtoMHO-cmitoBOM Mukpockort (T.KenesHonopoxusiii, ®I'’KY "B/4 35533")
8. Mukpodmronanueckas ycranoBka it ananuza JJHK (r.2Keneznompopoxusiii, ®I'KY "B/4 35533")

9. YcTraHoBKa ISl MPOBEACHUS JLTUIICOMETpHUecKUX n3Mepenuii (r.2Kenesnogoposxusiii, ®I'KY "B/gy
35533")

10. JlazepHas moMuHecieHTHas yctaHoBKa (9-205)

9. YYEBHO-METOJUYECKHUE PEKOMEHJALIIMU VI CTYAEHTOB

[lenb METOAMUYECKHUX DPEKOMEHJAIMM 1 CTyJeHTa — OOJieryeHue M YCKOpEHHE Mpoliecca
n3ydeHus quciuiuiviel "CrienuanbHbli NPakTUKYM IO (pU3uKe HaHOCUCTEM .

Marepuansl  y4eO0HO-METOAMYECKOTO KOMILIEKCA MPEIOCTABISIOTCS CTYyIEHTaM B BHJIE
COOTBGTCTBYI-OHICﬁ JATCPATYpbl W DJJICKTPOHHOM BH]EC. D1H Marepuaibl ABJIAIOTCA OIHMCAHHUEM
71a00paTOPHBIX Yy4EOHO- MCCIEN0BAaTENbCKUX PA0OT, C BKIIOUYEHHWEM JIOMOJHUTEIBHOTO MaTepuaa.
CTyneHTbl JOJDKHBI aKTUBHO MOJIB30BaThCA NPEIOCTABICHHBIMH MaTepualaMHU IPH TOATOTOBKE K
MOJTyYEHHUIO JIOMYCKA, BBIOJIHEHHIO U 3aIlIUTe JJAO0OpaTOPHON pabOTHI.

[Tpornecc 3aHATHII B 1TaOOpaTOPUH CTPOUTCS cielyromuM oopazom. CTyneHThl pa30uBaroOTCs Ha
napel. s monydeHus nomycka K paboTe CTYAEHTY HEOOXOAMMO H3YYHUTh COOTBETCTBYIOIIME
METOJMYECKUE YKa3aHUsI M ONUCAHUE TaOOpaTOPHOM PabOTHI.

[Tocne momydeHust AOIMycKa CTYIEHThl MOTYT NPUCTYNAaTh K BBINOJHEHUIO pPabOTHI MOJ]
KOHTpOJIEM TpernojaBareis. Pe3ynbraTel BBINOJIHEHHMS pabOThl OQOPMIISIIOTCS B BHUJAE OTYETA,
COCTOALICTO M3 KPAaTKOI'o H3JIOKCHHA IPUHIUIIOB pa6OTI>I YCTaAaHOBKH, LCJIW BBIITOJHCHUA pa6OTI)I,
MOJTyYEHHBIX SKCIIEPUMEHTAIBHBIX TaHHBIX, PE3YJIbTaTOB 00PaOOTKU U BBIBOJIOB.

[Tocnenuuii a3Tan paboThl — 3alIMTa Pe3yNbTaTOB paboThl y npenoaasarens. Ocoboe BHUMaHHUE
CIIEAYeT YAETUTh BOIIPOCY 00pabOTKU U MPEACTaBICHHs pe3yabTaToB. IIpeacTaBieHHble 3aBUCUMOCTH
TOJDKHBI OBITH (pu3HuecKd OOOCHOBAHBI M HMMETh MNPOCTABJICHHBIE MOTPEIIHOCTH (IOBEpUTEIbHBIC
MHTEPBAJIbI).

Jns ueneit 3ppexTUBHOrO yCBauBaHUS U HCIIOIb30BAHUS MOTYYEHHBIX 3HAHUM PEKOMEHIyeTCs
03HAaKOMHTbHCSI C UHTEPHET — pecypcamu U JuTepaTypoil. B pekoMeH10BaHHOW TUTEpaType, 0COOEHHO
JIOTIOJTHUTEBHOMN, OT/IENbHBIE H3YYaeMble BOMPOCHI paccMaTpuBaroTcs Oolsiee IIyOOKO, X U3yueHHe
NOBbIINAeT KBadM(uKanuioo Oyaymiero crnenuanucta. Cleayer Takke MpH paboTe ¢ MaTepuaioMm
MI0JIb30BaThCsl MHTEPHET — PECYPCaMH, YaCTh U3 KOTOPBIX MPUBOIUTCS HIKE:

http://www.nanometer.ru/

http://www.nanoworld.org/russian/library.html



http://www.ntmdt.ru
http://www.nanoobr.ru/
http://www.rusnanoforum.ru/
http://nano-info.ru/
http://www.portalnano.ru/
http://www.nanonewsnet.ru/
http://www.rosnano.ru/
http://e-learning.nanoobr.ru/

10.  YYEBHO-METOJIMYECKHE PEKOMEHJIAIIUM JIJISI IPEIIOJABATEJEN

Heo6xoauMo yuuThIBaTh, YTO OCHOBHBIE MPUHIIUIIBI KBAHTOBOW MEXAHUKH CTYJACHTaMH 3- IO
Kypca yCBaUBaIOTCS OOBIYHO J0CTaTodHO (popmanbHO. [Io3TOMY HEOOXOIUMO MOBTOPEHUE B OOLIMX
yepTrax NPHUHIAIIOB KBAHTOBOM MEXAaHWKH: OIEPaToOpoB (PU3WYCCKUX BEIWYMH, MPUHIUIIA
HeonpeneneHHocTH, ypaBuenus peaunrepa. C merogamu pemenus ypaBHenus [lpeaunrepa st
OJIHOMEPHBIX MOTEHUUAIbHBIX M CTYAEHTBHl 3HAKOMBI JOCTaTO4YHO Xxopoulo. [losTomy 3TOT pasnen
MOKHO J1aTh JJIsi CaMOCTOSITeNIbHOM mpopaboTke win B (opme 3anad. OCHOBHOE BHUMaHUE HYKHO
yIeIuTh (PU3MUECKUM BBIBOJAM U3 PEICHHs] KBAHTOBOMEXaHWYECKUX ypaBHEHHH. [Ipu 3TOM BaKHBIM
SBJISIETCSL BOIPOC: IPU KAaKUX pa3Mepax HAHOCTPYKTYP M TEMIIEpaTypax SKCIEPUMEHTAIbHO
nposiBisieTcst 3G (HEKT pa3MEepHOro KBaHTOBAHHS. DTOT BOIPOC MOKHO O(DOPMHTH B BUJAC 3a/Ja4yH, HO
HYXHO IOMHHTB, YTO €€ PEIICHUE BO3MOXHO TOJIKO C MOMOILIBIO IpenojaBarens. Yacts 3aHATHS
WHTEPECHO MOCBATUTH C(PeprUIeCcKOl MOTCHIIUATBHON sIME ¢ OECKOHEYHO BBICOKHMHU CTCHKAMH. ITO —
MOJIeTTb  TIOJYITPOBOJHUKOBOW CEpHUECKON KBAaHTOBON TOUYKH. [loTHOMEpHOE pelieHHe ypaBHEHUS
[Ipenunrepa nns 3TOro ciyyas Ha 3-M Kypce — HEBO3MOXKHO, IIOCKOJIbBKY CTYJEHThl HE 3HAKOMBI CO
cHenuanbHbIME (QYHKIMAMU. PereHre BO3MOXKHO JHINb Uil 4YacTHOro ciydas. OIHAKO MOJIe3HO
IN03HAKOMUTH CTYAEHTA C ITOBEJICHUEM YaCTHUIbI B LIEHTPAJIbHOM IIOJE, TJI€ COXPAHSAETCSI MOMEHT
KOJINYECTBA [JIBUKEHUs, PACCMOTPETh YPaBHEHHUS JUIA KBaJpara MOMEHTA, 3aKOH KBAaHTOBAHHUS
MOMEHTA U €r0 MPOEKUUHU HA IPOU3BOJIBHYIO OCh.

ABTOp(BI):

MaprteiHoB Urops JIeonuaosuy, K.¢.-M.H.



